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General Information: Commercial reagents were used as received, unless otherwise
indicated. 'H and ?C NMR spectra were measured on a NMR instrument (400 and
500 MHz for 'H NMR, 100 and 125 MHz for *C NMR). Tetramethylsilane (TMS)
served as the internal standard for '"H NMR, and CDCl; served as the internal standard
for *C NMR. The following abbreviations were used to express the multiplicities: s =
singlet; d= doublet; t = triplet; q = quartet; m = multiplet; br = broad. HPLC analysis
was performed using Daicel Chiralpak columns. Optical rotations were measured
using a 2 mL cell with a 1 dm path length on a Perkin-Elmer 341 digital polarimeter
and reported as follows: [a]p”> (¢ = g/100 mL, solvent). HRMS was recorded on a

commercial apparatus (ESI Source or APCI Source).
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Table S1. Different Lewis Acid in Asymmetric [4+2] Annulation of B,y—
Unsaturated a-Keto Ester 2a with Methoxyallene 3a.”

I Lewis acid (5 mol %) Ph
L]

0
. 1a (5 mol %)
Ph/\)J\COZCHs I one CHCla 4AMS, 1t /Ek/f

Hy,CO,C~ 0~ "OMe !

2a 3a 4a

entry LA solvent yield (%) ee ° (%)
1 none CH,Cl, NR -

2 InBrs CH,Cl, 29 (66:34) 80 (20)
3 InCl, CH,Cl 30(77:23) 94 (67)
4 Inl, CH,Cl, 40 (50:50)  71(23)
5 InF; CH,Cl, NR -

6 In(OTH); CH,Cl, NR -

7 Sc(OTh); CH,Cl, NR -

8 YCl, CH,Cl, 25(56:44)  57(10)
9 FeCl; CH,Cl, NR -

10 MgCl, CH,Cl, 14 (>95:5) 45

1 Mg(OTH), CH,Cl, NR -

12 H(OTH), CH,Cl, NR -

13 HfCl4 CH,Cl, 38 (58:42) 47 (36)
14 InCl CH,Cl, 64 (72:28) 95 (67)
15 Inl CH,Cl, NR -

16 InBATF CH,Cl, 30(50:50)  50(11)

# General conditions: 2a (0.10 mmol), 3a (0.40 mmol), 1a (5 mol %), Lewis acid (5 mol %), and 4
A MS (20 mg), at room temperature in CH,Cl, (0.2 mL) for 6 h. ® Determined by 'H NMR
analysis with an internal standard, 1,3,5-trimethyloxyl benzene, diastereoselectivies (dr =
exo/endo) are shown in parentheses. © Determined by chiral HPLC, enantioselectivity of
endo-product is shown in parentheses. MS = molecular sieve, rt = room temperature, NR = no

reaction.
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Table S2. Different Solvents in Asymmetric [4+2] Annulation of B,y—Unsaturated
a-Keto Ester 2a with Methoxyallene 3a. “

E Ar
o I InCl (5 mol %) Ph i OO o o
+ e 1a (5 mol %) : ~pZ
> ' I
F,h/\)J\COQCH3 |L0Me solvent, 4 A MS, rt M OO 0" "OH
Ar

HsCO,C~ 0~ “OMe !

2a 3a 4a
1a: Ar = 4-(CgHs)CoHs
entry solvent yield ® (%, dr) ee “ (%)
1 CHCl; 73 (77:23) 94 (57)
2 Toluene 71 (76:24) 92 (83)
3 Et,O 60 (74:26) 98 (95)
4 Acetone 72 (82:18) 97 (78)
5 CH;CN 64 (78:22) 93 (53)
6 EtOAc 94 (82:18) 98 (90)
7 THF NR -
8 1,4-Dioxane NR -
9 DMF NR -
10 Cyclohexane NR -

# General conditions: 2a (0.10 mmol), 3a (0.40 mmol), 1a (5 mol %), InCI (5 mol %), and 4 A MS
(20 mg), at room temperature in solvent (0.2 mL) for 6 h. ® Determined by "H NMR analysis with
an internal standard, 1,3,5-trimethyloxylbenzene, diastereoselectivities (dr = exo/endo) are shown
in parentheses. ¢ Determined by chiral HPLC, enantioselectivity of endo-product is shown in
parentheses. MS = molecular sieve, rt = room temperature, NR = no reaction, EtOAc = ethyl
acetate, THF = tetrahydrofuran, DMF = N,N-dimethylformamide.
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Table S3. Different Chiral Ligands in Asymmetric [4+2] Annulation of B,y—
Unsaturated a-Keto Ester 2a with Methoxyallene 3a. *

o I In1C(|5(5 mlo‘l)/"fa) Ph
+ o mol 7o
PhA\)kCOZCH;i I8 oo ETOAC 4 AMS, i |
H3C02C (6] OMe
2a 3a 4a
1a: Ar = 4-(CGH5)CGH4
1b: Ar = 4-(CGF5)CGH4
Ar 1¢: Ar = 4-BrCgH,
OO 1d: Ar = 4-MeOCgH4
1e: Ar = 2,4,6-(CH3)3C6H2

(o) OH 1f: Ar = C6H4

OO 1g: Ar = 4-(2,4,6-(CH3)3CeH2)CeHa
" 1h: Ar = Si(CgHs)s

1i: Ar = CH(CgHs),

1j: Ar = CeFs
entry ligand yield ® (%, dr) ee © (%)
1 la 94 (82:18) 98 (90)
2 1b 76 (86:14) 96 (88)
3 1c 88 (58:42) 97 (91)
4 1d 92 (79:21) 98 (95)
5 le trace -
6 1f trace -
7 1g 56 (86:14) 84 (54)
8 1h trace -
9 1i trace -
10 1j trace -
11 Ag[1a] 35 (60:40) 89 (47)
12 Li[1a] 27 (59:41) 83 (20)
13 none NR -
14 ¢ 1a 23 (74:26) 93 (80)
15°¢ 1a 85 (80:20) 97 (88)

# General conditions: 2a (0.10 mmol), 3a (0.40 mmol), 1 (5 mol %), InCl (5 mol %), and 4 A MS
(20 mg), at room temperature in EtOAc (0.2 mL) for 6 h. ® Determined by "H NMR analysis with
an internal standard, 1,3,5-trimethyloxylbenzene, diastereoselectivities (dr = exo/endo) are shown
in parentheses. ¢ Determined by chiral HPLC, enantioselectivity of endo-product is shown in
parentheses. “1a (2.5 mol%), ® 1a (10 mol%). MS = molecular sieve, rt = room temperature, NR =

no reaction, EtOAc = ethyl acetate.
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Experimental Section

General Procedure I: Enantioselective [4+2] cycloaddition of B,y-unsaturated
a-keto esters 2 with alkoxyallenes 3:

To a dry reaction tube was added chiral phosphoric acid (0.005 mmol, 5 mol%), InCI
(0.005 mmol, 5 mol%), 4A M.S. (20 mg) and 2 (0.1 mmol), the mixture was stirred
for 0.5 h at ambient tempature, then EtOAc (0.2 mL) and 3 (0.4 mmol) was added to
the mixture. The mixture was stirred for 6 h at room temperature. The mixture was
purified by column chromatography on silica gel with petroleum-ethyl acetate (20:1

to 4:1) to give the desired cycloaddition product 4. Product 4a is a known compound.’
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Procedure for a large scale:

To a dry reaction tube was added chiral phosphoric acid (0.05 mmol, 5 mol%), InClI
(0.05 mmol, 5 mol%), 4A M.S. (200 mg) and 2g (1 mmol), the mixture was stirred for
0.5 h at ambient temperature, then EtOAc (2 mL) and 3b (4 mmol) was added to the
mixture. The mixture was stirred for 6 h at room temperature. The reaction solution
was concentrated and the residure was purified by column chromatography on silica
gel with petroleum-ethyl acetate (10:1 to 4:1) to give the desired cycloaddition

product 4p in 71% yield and with >95:5 dr and 98% ee.

Characterization:

Me0,C~ 0~ “OMe
4a

4a: Pale yellow oil as an inseparable diastereoisomeric mixture, 96% yield, 25.2 mg,
82:18 dr, 98% ee for exo-4a. [(x]D25= -203.44 (c 0.66, CHCIl3). HPLC analysis: Daicel
Chiralpak OD-H, iso-propanol/hexane = 2:98, flow rate = 1.0 mL/min, A = 210 nm,
retention time: 9.40 min (major), 10.95 min (minor). '"H NMR (500 MHz, CDCls) &
7.37—-17.27 (m, 3H), 7.21 — 7.18 (m, 2H), 6.35 (d, J =4.5 Hz, 0.18H), 6.22 (d, J =3.0
Hz, 0.82H), 5.35 (s, 1H), 5.18 (d, J = 3.0 Hz, 1H), 4.45 (d, J =2.5 Hz, 0.82H), 4.38 (q,
J = 2.5 Hz, 0.82H), 4.21 (d, J = 4.0 Hz, 0.18H), 3.83 (d, J = 5.5 Hz, 3H), 3.58 (s,
2.46H), 3.43 (s, 0.54H); °C NMR (100 MHz, CDCl3) & 163.2, 142.3, 140.7, 139.8,
129.4, 128.8, 128.6, 128.4, 127.4, 127.0, 116.3, 115.6, 115.4, 115.1, 102.2, 101.5, 56.0,
55.9,52.4,43.4, 41.9. IR (thin film, cm™):2920, 2849, 1735, 1647, 1437, 1308, 1223,
1113, 1090, 1008, 928, 702. HRMS (ESI) calcd for C;sH;cO4Na'": 283.0941, found:
283.0944.

Et0,C” ~0” "OMe
ab
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4b: Yellow oil as an inseparable diastereoisomeric mixture, 86% yield, 23.6 mg, 86:14
dr, 95% ee for exo-4b. [o]p” = -75.52 (¢ 1.62, CHCl3). HPLC analysis: Daicel
Chiralpak OD-H, iso-propanol/hexane = 2:98, flow rate = 1.0 mL/min, A = 239 nm,
retention time: 7.83 min (major), 8.61 min (minor). '"H NMR (500 MHz, CDCl3) &
7.35(t,J=7.5 Hz, 2H), 7.32 — 7.28 (m, 1H), 7.20 (d, J = 7.0 Hz, 2H), 6.34 (d, J=4.0
Hz, 0.14H), 6.21 (d, J = 3.0 Hz, 0.86H), 5.35 (d, J = 4.5 Hz, 1H), 5.32 (s, 0.14H),
5.18 (d, J =2.5 Hz, 1H), 4.45 (d, J =2.5 Hz, 1H), 4.38 (d, J = 3.0 Hz, 1H), 4.38-4.20
(m, 2H), 3.58 (s, 2,58H), 3.43 (s, 0.42H), 1.32 (t, J = 7.0 Hz, 3H); °C NMR (125
MHz, CDCls) & 162.7, 142.3, 142.0, 141.6, 141.0, 140.8, 139.8, 129.4, 128.7, 128.5,
128.3, 127.4, 127.0, 116.3, 115.3, 115.1, 115.0, 102.1, 101.4, 61.4, 55.9, 55.8, 43.3,
41.9, 14.3. IR (thin film, cm™): 2981, 2929, 1730, 1663, 1446, 1371, 1304, 1224, 1111,
1089, 764, 702. HRMS (ESI) calcd for C16H1504Na": 297.1097, found: 297.1103.

iPro,c”~ >0~ "OMe
4c

4c: Yellow oil as an inseparable diastereoisomeric mixture, 80% yield, 23.1 mg, 77:23
dr, 89% ee for exo-d¢. [a]p> = -68.06 (¢ 1.86, CHCl3). HPLC analysis: Daicel
Chiralpak OD-H, iso-propanol/hexane = 2:98, flow rate = 1.0 mL/min, A = 254 nm,
retention time: 6.12 min (major), 6.96 min (minor). 'H NMR (500 MHz, CDCl3) &
7.37 — 7.19 (m, 5H), 6.31 (d, J = 4.0 Hz, 0.23H), 6.18 (d, J = 3.0 Hz, 0.77H),
5.35-5,31 (m,1.23H), 5.17 — 5.12 (m, 2H), 4.45 (d, J=2.5 Hz, 0.77H), 4.37 (d, J = 3.0
Hz, 0.77H), 4.20 (d, J = 4.0 Hz, 0.23H), 3.57 (s, 2.31H), 3.44 (s, 0.69H), 1.31 (t, J =
7.0 Hz, 6H); °C NMR (125 MHz, CDCl3) & 162.2, 142.4, 142.0, 141.7, 141.2, 141.0,
139.9, 129.4, 128.7, 128.5, 128.4, 127.3, 126.9, 116.3, 115.0, 114.9, 114.8, 102.0,
101.3, 69.0, 55.9, 55.8, 43.3, 41.9, 21.9, 21.9. IR (thin film, cm™): 2982, 2936, 1728,
1375, 1302, 1225, 1105, 1007, 764, 702. HRMS (ESI) caled for C;7HO4Na':
311.1254, found: 311.1260.
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MeO,C I 0~ "OMe
4d

4d: Pale Yellow oil as an inseparable diastereoisomeric mixture, 85% yield, 23.7 mg,
84:16 dr, 95% ee for exo-4d. [a]p> = -163.45 (c 0.70, CHCls). HPLC analysis: Daicel
Chiralpak AD-H, iso-propanol/hexane = 1:99, flow rate = 0.5 mL/min, A = 239 nm,
retention time: 46.18 min (minor), 52.45 min (major). 'H NMR (400 MHz, CDCl;) &
7.27 - 6.96 (m, 4H), 6.31 (d, J =4.0 Hz, 0.16H), 6.16 (d, J = 2.5 Hz, 0.84H), 5.34 (s,
1H), 5.31 (s, 0.16H), 5.18 (d, J=2.5 Hz, 1H), 4.43 (d, J=2.5 Hz, 0.84H), 4.37 (q, J =
2.5 Hz, 0.84H), 4.18 (d, J = 4.0 Hz, 0.16H), 3.84 (s, 0.48H), 3.83 (s, 2.52H), 3.57 (s,
2.52H), 3.43 (s, 0.48H); >C NMR (100 MHz, CDCl3) & 163.4, 163.1, 161.0, 142.3,
140.8, 135.5, 135.5, 131.0, 130.9, 129.9, 129.8, 116.5, 115.8, 115.6, 115.4, 115.3,
115.2, 115.1, 115.0, 102.1, 101.4, 56.0, 55.9, 52.4, 42.6, 41.2. IR (thin film, cm™):
2920, 2849, 1735, 1648, 1510, 1314, 1223, 1114, 1090, 1007, 838. HRMS (ESI) caled

for CysH;s04FNa’: 301.0847, found: 301.0852.

Cl

MeO,C”~ 0" “OMe
4e

4e: Yellow oil as an inseparable diastereoisomeric mixture, 85% yield, 25.0 mg, 85:15
dr, 97% ee for exo-de. [a]p> = -154.52 (¢ 0.83, CHCls). HPLC analysis: Daicel
Chiralpak OD-H, iso-propanol/hexane = 1:99, flow rate = 0.5 mL/min, A = 210 nm,
retention time: 26.56 min (minor), 29.49 min (major). 'H NMR (500 MHz, CDCl;) &
7.32 (d, J = 8.5 Hz, 1.70H), 7.26 (d, J = 1.5 Hz, 0.60H), 7.13 (d, J = 8.5 Hz, 1.70H),
6.30 (d, J =4.0 Hz, 0.15H), 6.15 (d, J = 3.0 Hz, 0.85H), 5.34 (s, 1H), 5.30 (s, 0.15H),
5.19(dd, J=6.5,2.0 Hz, 1H), 4.44 (d, J= 2.5 Hz, 0.85H), 4.36 (q, J = 3.0 Hz, 0.85H),
4.17 (d, J = 4.0 Hz, 0.15H), 3.84 (s, 0.45H), 3.83 (s, 2.55H), 3.57 (s, 2.55H), 3.42 (s,
0.45H); *C NMR (100 MHz, CDCls) & 163.1, 142.0, 140.9, 138.3, 133.3, 130.7,

129.7, 129.0, 128.7, 116.6, 115.1, 114.9, 114.6, 102.1, 101.4, 56.0, 55.9, 52.5, 42.7,
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41.3. IR (thin film, cm™): 2921, 2849, 1735, 1648, 1491, 1313, 1222, 1114, 1091,

1007, 928, 830. HRMS (ESI) calcd for C;sH;504CINa™: 317.0551, found: 317.0554.

Cl
Cl

Me0,C~ ~0” “OMe
4f

4f: Yellow oil as an inseparable diastereoisomeric mixture, 96% yield, 31.6 mg, 84:16
dr, 96% ee for exo-4f. [o]p™ = -111.98 (¢ 0.89, CHCI3). HPLC analysis: Daicel
Chiralpak OD-H, iso-propanol/hexane = 5:95, flow rate = 1.0 mL/min, A = 239 nm,
retention time: 8.37 min (major), 9.01 min (minor). '"H NMR (500 MHz, CDCl3) &
7.43 (d, J=8.0 Hz, 1H), 7.36 (d, J = 8.5 Hz, 0.16H), 7.29 (d, J = 2.0 Hz, 0.84H), 7.16
(dd, J = 8.0, 2.0 Hz, 0.16H), 7.04 (dd, J = 8.0, 2.0 Hz, 0.84H), 6.28 (d, J = 4.0 Hz,
0.16H), 6.11 (d, J = 3.0 Hz, 0.84H), 5.37 (s, 0.16H), 5.34 (s, 0.84H), 5.24 (d,J=1.0
Hz, 0.16H), 5.22 (d, J = 2.5 Hz, 0.84H), 4.46 (d, J = 2.5 Hz, 0.84H), 435 (q, J = 2.5
Hz, 0.84H), 4.14 (d, J = 4.0 Hz, 0.16H), 3.85 (s, 0.48H), 3.84 (s, 2.52H), 3.57 (s,
2.52H), 3.42 (s, 0.48H); °C NMR (125 MHz, CDCl3) & 163.0, 141.7, 141.4, 141.3,
141.1, 140.9, 140.1, 132.9, 132.5, 131.6, 131.3, 131.0, 130.8, 130.4, 130.3, 128.8,
127.7, 117.2, 115.4, 114.0, 113.6, 102.0, 101.3, 56.1, 55.9, 52.6, 52.6, 42.2, 41.1. IR
(thin film, cm™): 2923, 2850, 1733, 1648, 1471, 1438, 1308, 1114, 1091, 1007, 929,
768. HRMS (APCI) calcd for C;5H;304Cl,: 327.0198, found: 327.0196.

Br

MeO,C~ 0" “OMe
4g

4g: Yellow oil as an inseparable diastereoisomeric mixture, 77% yield, 26.2 mg, 86:14
dr, 96% ee for exo-4g. [a]p” = -129.42 (¢ 3.69, CHCls;). HPLC analysis: Daicel
Chiralpak AD-H, iso-propanol/hexane = 1:99, flow rate = 0.5 mL/min, A = 239 nm,
retention time: 27.05 min (minor), 29.53 min (major). 'H NMR (500 MHz, CDCl;) &
7.48 (d, J = 8.5 Hz, 1.72H), 7.42 (d, J = 8.5 Hz, 0.28H), 7.20 (d, J = 8.5 Hz, 0.28H),

7.07 (d, J = 8.5 Hz, 1.72H), 6.30 (d, J = 4.0 Hz, 0.14H), 6.14 (d, J = 3.0 Hz, 0.86H),
S11



5.34 (d, J =4.5 Hz, 1H), 5.20 (dd, J = 7.0, 2.0 Hz, 1H), 4.44 (d, J = 2.5 Hz, 0.86H),
4.35 (q, J = 3.0 Hz, 0.86H), 4.15 (d, J = 4.0 Hz, 0.14H), 3.84 (s, 0.42H), 3.83 (s,
2.58H), 3.57 (s, 2.58H), 3.41 (s, 0.42H); °C NMR (125 MHz, CDCl3) & 163.1, 141.8,
141.4, 141.1, 140.9, 140.6, 138.8, 131.9, 131.6, 131.1, 130.1, 121.4, 121.0, 116.7,
115.2, 114.8, 114.5, 102.1, 101.4, 56.0, 55.9, 52.5, 42.7, 41.4. IR (thin film, cm™):
2998, 2952, 1734, 1488, 1437, 1313, 1223, 1114, 1090, 1010, 928, 827, 761. HRMS
(ESI) calcd for C,sH,504BrNa’: 361.0046, found: 361.0046.

Br

MeO,C”~ 0~ “OMe
4h

4h: Yellow oil as an inseparable diastereoisomeric mixture, 83% yield, 28.2 mg, 82:18
dr, 97% ee for exo-4h. [a]p”’ = -157.85 (¢ 0.65, CHCl3). HPLC analysis: Daicel
Chiralpak OD-H, iso-propanol/hexane = 1:99, flow rate = 0.5 mL/min, A = 239 nm,
retention time: 26.92 min (major), 30.58 min (minor). 'H NMR (500 MHz, CDCl;) &
7.49 —7.40 (m, 1H), 7.34 (t, J =2.0 Hz, 1H), 7.23 (t, J = 8.0 Hz, 1H), 7.20 — 7.10 (m,
1H), 6.31 (d, J = 4.0 Hz, 0.18H), 6.15 (d, J = 3.0 Hz, 0.82H), 5.35 (d, J = 12.0 Hz,
1H), 5.22 (dd, J=11.0, 2.0 Hz, 1H), 4.46 (d, J = 2.5 Hz, 0.82H), 4.35 (q, J = 3.0 Hz,
0.82H), 4.16 (d, J = 4.0 Hz, 0.18H), 3.85 (s, 0.54H), 3.84 (s, 2.46H), 3.57 (s, 2.46H),
3.42 (s, 0.54H); °C NMR (125 MHz, CDCLs) & 163.0, 143.8, 142.1, 141.7, 141.2,
141.1, 140.9, 132.3, 131.4, 130.6, 130.3, 130.1, 130.1, 128.2, 126.9, 122.8, 122.6,
117.0, 115.3, 114.6, 114.3, 102.0, 101.3, 56.0, 55.9, 52.5, 42.8, 41.6. IR (thin film,
cm™): 2922, 2849, 1733, 1649, 1437, 1310, 1222, 1114, 1090, 1007, 928. HRMS (ESI)
caled for CsH;504BrNa’: 361.0046, found: 361.0047.

CF3

MeO,C” ~0” “OMe
4i

4i: Yellow oil as an inseparable diastereoisomeric mixture, 64% yield, 21.0 mg, 88:12

dr, 96% ee for exo-4i. [a]p>™ = -108.53 (¢ 1.40, CHCI3). HPLC analysis: Daicel
S12



Chiralpak OD-H, iso-propanol/hexane = 2:98, flow rate = 1.0 mL/min, A = 210 nm,
retention time: 8.50 min (minor), 9,85 min (major). 'H NMR (500 MHz, CDCl3) &
7.61 (d, J = 8.0 Hz, 1.76H), 7.55 (d, J = 8.0 Hz, 0.24H), 7.44 (d, J = 8.0 Hz, 0.24H),
7.32 (d, J = 8.0 Hz, 1.76H), 6.32 (d, J = 4.0 Hz, 0.12H), 6.15 (d, J = 3.0 Hz, 0.88H),
5.37 (s, 0.12H), 5.35 (s, 0.88H), 5.24 (d, J = 1.5 Hz, 0.12H), 5.20 (d, J = 3.0 Hz,
0.88H), 4.45 (d, J = 3.0 Hz, 0.88H), 4.39 (d, J = 2.5 Hz, 0.88H), 4.24 (d, J = 4.0 Hz,
0.12H), 3.84 (s, 0.36H), 3.83 (s, 2.64H), 3.57 (s, 2.64H), 3.41 (s, 0.36H); °C NMR
(125 MHz, CDCls) ¢ 163.0, 145.5, 143.9, 141.7, 141.2, 141.0, 129.9, 129.8, 129.7,
128.6, 125.8, 125.8, 125.8, 125.7, 125.5, 125.5, 125.3, 123.1, 117.1, 115.3, 114.3,
114.0, 102.0, 101.4, 56.0, 55.9, 52.5, 42.9, 41.7. IR (thin film, cm™): 2955, 1735,
1325, 1166, 1111, 1069, 930, 840. HRMS (ESI) calcd for C;¢H;504F3Na’: 351.0815,
found: 351.0819.

Me

MeO,C”~ 0" “OMe
4j

4j: Yellow oil as an inseparable diastereoisomeric mixture, 72% yield, 19.7 mg, 93:7
dr, 96% ee for exo-4j. [o]p> = -111.54 (¢ 0.26, CHCI3). HPLC analysis: Daicel
Chiralpak OJ-H, iso-propanol/hexane = 10:90, flow rate = 1.0 mL/min, A = 210 nm,
retention time: 10.74 min (major), 27.55 min (minor). 'H NMR (500 MHz, CDCl;) &
7.16 (d, J=8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.34 (d, J = 4.0 Hz, 0.07H), 6.20 (d,
J =3.0 Hz, 0.93H), 5.34 (s, 1H), 5.17 (d, J = 3.0 Hz, 1H), 4.48 (d, J = 2.5 Hz, 1H),
4.34 (q, J = 3.0 Hz, 1H), 3.83 (s, 0.21H), 3.82 (s, 2.79H), 3.57 (s, 2.79H), 3.43 (s,
0.21H), 2.35 (s, 2.79H), 2.32 (s, 0.21H); *C NMR (100 MHz, CDCl3) § 163.3, 142.4,
140.6, 137.0, 136.7, 129.5, 129.3, 115.9, 115.0, 102.2, 56.0, 52.4, 41.5, 21.2. IR (thin
film, cm™): 3360, 2925, 2854, 1735, 1653, 1514, 1437, 1306, 1223, 1114, 953, 927.
HRMS (ESI) calcd for C1¢H130sNa": 297.1097, found: 297.1097.
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Me

Me0,C” 0~ “OMe
ak

4k: Yellow oil as an inseparable diastereoisomeric mixture, 70% yield, 19.2 mg, 92:8
dr, 96% ee for exo-4k. [o]p> = -134.21 (¢ 0.19, CHCl;). HPLC analysis: Daicel
Chiralpak OD-H, iso-propanol/hexane = 2:98, flow rate = 1.0 mL/min, A = 210 nm,
retention time: 8.01 min (major), 9.18 min (minor). '"H NMR (500 MHz, CDCl3) &
7.23 (s, 1H), 7.10 (d, J = 8.0 Hz, 1H), 7.01 — 6.95 (m, 2H), 6.34 (d, J = 4.0 Hz, 0.08H),
6.21 (d, J = 3.0 Hz, 0.92H), 5.34 (s, 1H), 5.18 (d, J = 2.8 Hz, 1H), 4.48 (s, 1H), 4.34
(d, J=3.0 Hz, 1H), 3.84 (s, 0.24H), 3.83 (s, 2.76H), 3.57 (s, 2.76H), 3.49 (s, 0.24H),
2.34 (s, 2.76H), 2.33(s, 0.24H); >C NMR (100 MHz, CDCl3) & 163.3, 142.3, 140.6,
139.7, 138.5, 130.1, 128.6, 128.2, 126.5, 115.8, 115.0, 102.2, 56.0, 52.4, 41.9, 21.5.
HRMS (ESI) calcd for C1H;304Na’: 297.1097, found: 297.1099.

OMe

MeO,C”~ 0~ “OMe
41

41: Yellow oil as an inseparable diastereoisomeric mixture, 81% yield, 23.5 mg, 87:13
dr, 96% ee for exo-4l. [a]p™ = -191.14 (¢ 0.66, CHCI3). HPLC analysis: Daicel
Chiralpak IC-H, iso-propanol/hexane = 10:90, flow rate = 1.0 mL/min, A = 239 nm,
retention time: 9.45 min (minor), 12.60 min (major). '"H NMR (400 MHz, CDCls) &
7.22 (d, J = 8.5 Hz, 0.26H), 7.10 (d, J = 8.5 Hz, 1.74H), 6.88 (d, J = 8.5 Hz, 1.74H),
6.83 (d, J = 8.5 Hz, 0.26H), 6.32 (d, J = 4.0 Hz, 0.13H), 6.18 (d, J = 3.0 Hz, 0.87H),
5.33 (s, 0.87H), 5.32 (s, 0.13H), 5.16 (d, J = 3.0 Hz, 1H), 4.47 (d, J = 2.5 Hz, 0.87H),
4.33 (d, J=3.0 Hz, 0.87H), 4.16 (d, J = 4.0 Hz, 0.13H), 3.86 — 3.76 (m, 6H), 3.56 (s,
2.61H), 3.43 (s, 0.39H); °C NMR (100 MHz, CDCl3) & 163.2, 159.0, 142.6, 140.5,
133.7,131.7, 130.4, 129.4, 116.0, 115.8, 114.9, 114.2, 114.0, 102.2, 101.5, 56.0, 55.9,
55.4,55.4,52.4,42.7, 41.1. IR (thin film, cm™): 2920, 2849, 1733, 1647, 1512, 1304,
1252, 1112, 1090, 1007, 833. HRMS (ESI) calcd for C;¢H;30sNa": 313.1046, found:
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313.1050.

SNgZ

MeO,C~ >0~ “OMe

4m
4m: Brown oil as an inseparable diastereoisomeric mixture, 99% yield, 26.4 mg,
88:12 dr, 99% ee for exo-4m. [o]p” = -194.01 (¢ 1.39, CHCI;). HPLC analysis:
Daicel Chiralpak OD-H, iso-propanol/hexane = 2:98, flow rate = 1.0 mL/min, A = 239
nm, retention time: 12.83 min (major), 13.73 min (minor). '"H NMR (400 MHz,
CDCly) 6 7.28 — 7.23 (m, 0.98H), 7.16 (d, J = 2.0 Hz, 0.12H), 7.00 (dd, J = 5.0, 3.5
Hz, 1H), 6.95 — 6.89 (m, 1H), 6.37 (d, J=4.0 Hz, 0.12H), 6.23 (d, J = 2.5 Hz, 0.88H),
5.39 (s, 0.12H), 5.34 (d, J = 8.5 Hz, 1H), 5.30 (s, 0.12H), 5.24 (d, J = 2.5 Hz, 0.88H),
4.74 (dd, J = 17.0, 2.5 Hz, 1.86H), 4.45 (d, J = 4.0 Hz, 0.12H), 3.83 (s, 0.36H), 3.82
(s, 2.64H), 3.57 (s, 2.64H), 3.43 (s, 0.36H); °C NMR (100 MHz, CDCl3) & 163.0,
144.7, 142.2, 141.3, 141.2, 140.5, 140.3, 127.0, 126.8, 126.7, 125.2, 125.1, 124.5,
116.9, 114.9, 114.8, 114.6, 101.8, 101.2, 56.1, 55.8, 52.4, 38.3, 37.1. IR (thin film,
cm™): 2921, 2849, 1735, 1647, 1437, 1305, 1256, 1112, 1090, 1005, 948, 702. HRMS
(ESI) calcd for C;3H404SNa’: 289.0505, found: 289.0506.

O

EtO,C~ ~O” "OMe
4n

4n: Yellow oil as an inseparable diastereoisomeric mixture, 97% yield, 20.6 mg, 75:25
dr, 94% ee for exo-4n. [o]p” = -84.08 (¢ 1.95, CHCl;). HPLC analysis: Daicel
Chiralpak AD-H, iso-propanol/hexane = 1:99, flow rate = 1.0 mL/min, A = 239 nm,
retention time: 9.33 min (minor), 12.89 min (major). '"H NMR (500 MHz, CDCls) &
6.11 (d, J=4.0 Hz, 0.25H), 5.98 (d, J = 2.5 Hz, 0.75H), 5.24 (d, J = 7.0Hz, 1H), 5.22
—5.08 (m, 1H), 5.01 (d, J=2.5 Hz, 1H), 4.25 (q, J = 7.0 Hz, 2H), 3.48 (d, J = 18.0 Hz,
3H), 3.23 (dddd, J = 10.0, 7.0 4.5, 3.0 Hz, 0.75H), 2.98 (qd, J = 7.5, 4.0 Hz, 0.25H),
1.30 (td, J = 7.5, 3.5 Hz, 4H), 1.23 (d, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCl5)
0 162.8, 143.6, 142.8, 139.9, 139.4, 117.8, 117.6, 114.2, 111.5, 102.1, 101.8, 61.2,

61.2, 55.9, 55.8, 32.8, 29.0, 22.0, 16.3, 14.3. IR (thin film, cm™): 2967, 2920, 1730,
s15



1371, 1313, 1242, 1098, 1023, 964, 767. HRMS (ESI) caled for C;H;s0sNa":
235.0941, found: 235.0942.

Me0,C” O~ "OEt
40

40: Pale yellow oil, 69% yield, 18.9 mg, >19:1 dr, 94% ee. [o]p> = -197.48 (c 0.74,
CHCI;). HPLC analysis: Daicel Chiralpak OD-H, iso-propanol/hexane = 5:95, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 5.43 min (major), 6.27 min (minor).
'H NMR (400 MHz, CDCls) & 7.35 (t, J = 7.0 Hz, 2H), 7.32 — 7.27 (m, 1H), 7.24 —
7.16 (m, 2H), 6.21 (d, J = 2.5 Hz, 1H), 5.45 (s, 1H), 5.17 (d, J = 3.0 Hz, 1H), 4.49 —
4.36 (m, 2H), 3.94 (dq, J = 10.0, 7.0 Hz, 1H), 3.82 (s, 3H), 3.73 (dq, J = 10.0, 7.0 Hz,
1H), 1.28 (t, J = 7.0 Hz, 3H); °C NMR (100 MHz, CDCl3) & 163.3, 142.6, 140.7,
140.0, 129.4, 128.8, 127.4, 115.5, 114.7, 100.9, 64.3, 52.4, 42.0, 15.3, 1.2. IR (thin
film, cm™): 2920, 2849, 1735, 1647, 1437, 1308, 1259, 1222, 1091, 994, 928, 798,

702. HRMS (ESI) calcd for C16H1s0sNa": 297.1108, found: 297.1104.
Br

MeO,C”~ 0~ "OEt
4p

4p: Pale yellow oil, 75% yield, 26.5 mg, >19:1 dr, 98% ee. [a]p> = -164.91 (c 0.80,
CHCls). HPLC analysis: Daicel Chiralpak AD-H, iso-propanol/hexane = 2:98, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 7.34 min (minor), 8.37 min (major).
'H NMR (500 MHz, CDCl3) § 7.48 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 6.14
(d, J=2.5 Hz, 1H), 5.44 (s, 1H), 5.18 (d, J = 2.5 Hz, 1H), 4.40 (dd, J = 22.0, 2.5 Hz,
2H), 3.93 (dq, J = 10.0, 7.0 Hz, 1H), 3.82 (s, 3H), 3.73 (dq, J = 10.0, 7.0 Hz, 1H),
1.27 (t, J = 7.0 Hz, 3H); >C NMR (125 MHz, CDCl3) & 163.2, 142.1, 140.9, 139.0,
131.9, 131.2, 121.3, 114.9, 114.7, 100.8, 64.3, 52.5, 41.4, 15.2. IR (thin film, cm™):
3358, 2920, 2894, 1736, 1488, 1312, 1114, 1090, 992, 922, 826. HRMS (ESI) calcd
for C16H1704BrNa’: 375.0202, found: 375.0206.
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Me

MeO,C”~ N0~ "OEt
4q

4q: Yellow oil, 64% yield, 18.5 mg, >19:1 dr, 97% ee. [a]p™ = -125.79 (¢ 0.70,
CHCI;). HPLC analysis: Daicel Chiralpak IC-H, iso-propanol/hexane = 10:90, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 6.58 min (minor), 7.29 min (major).
'H NMR (500 MHz, CDCl3) & 7.23 (t, J = 8.0 Hz, 1H), 7.09 (d, J = 7.5 Hz, 1H), 7.00
(d, J=17.5 Hz, 2H), 6.20 (d, J = 3.0 Hz, 1H), 5.45 (s, 1H), 5.17 (d, J = 3.0 Hz, 1H),
447 (d, J=2.5 Hz, 1H), 4.37 (d, J = 3.0 Hz, 1H), 3.94 (dq, J = 10.0, 7.0 Hz, 1H),
3.82 (s, 3H), 3.73 (dq, J = 10.0, 7.0 Hz, 1H), 2.34 (s, 3H), 1.27 (t, J = 7.0 Hz, 3H); °C
NMR (126 MHz, CDCl3) 6 163.3, 142.5, 140.6, 139.8, 138.4, 130.1, 128.6, 128.1,
126.5, 115.7, 114.7, 100.9, 64.2, 52.4, 41.9, 21.5, 15.3. IR (thin film, cm™): 2976,
2924, 1734, 1647, 1438, 1308, 1253, 1114, 1090, 992, 772, 706. HRMS (ESI) calcd
for C17H004Na': 311.1254, found: 311.1257.

MeO,C” 0" "0-n-CsHy4
ar

4r: Yellow oil, 96% yield, 30.4 mg, >19:1 dr, 99% ee. [a]p> = -177.91 (c 0.89,
CHCls). HPLC analysis: Daicel Chiralpak IC, iso-propanol/hexane = 10:90, flow rate
= 1.0 mL/min, A = 239 nm, retention time: 5.09 min (minor), 5.67 min (major). 'H
NMR (500 MHz, CDCl3) 6 7.35 (t, J = 7.5 Hz, 2H), 7.31 — 7.25 (m, 1H), 7.20 (d, J =
7.0 Hz, 2H), 6.21 (d, J = 3.0 Hz, 1H), 5.43 (s, 1H), 5.16 (d, J = 3.0 Hz, 1H), 4.42 (dd,
J=15.0, 3.0 Hz, 2H), 3.87 (dt, J = 10.0, 7.0 Hz, 1H), 3.82 (s, 3H), 3.66 (dt, J = 10.0,
6.5 Hz, 1H), 1.64 (t, J = 6.5 Hz, 2H), 1.33 (q, J = 4.0 Hz, 4H), 0.90 (t, J = 7.0 Hz, 3H);
C NMR (125 MHz, CDCls) & 163.3, 142.6, 140.7, 139.9, 129.4, 128.7, 127.3, 115.6,
114.6, 101.1, 68.8, 52.4, 42.0, 29.4, 28.3, 22.6, 14.2. IR (thin film, cm™): 2954, 2930,
1737, 1307, 1222, 1114, 1090, 993, 763, 702. HRMS (ESI) calcd for CjoHO4Na':
339.1567, found: 339.1571.
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Br

Me0,C” 0" 0-n-CsHy4
4s

4s: Pale yellow oil, 84% yield, 33.2 mg, >19:1 dr, 99% ece. [(x]D25= -212.67 (¢ 0.94,
CHCls). HPLC analysis: Daicel Chiralpak AD-H, iso-propanol/hexane = 2:98, flow
rate = 1.0 mL/min, A = 239 nm, retention time: 6.51 min (minor), 8.65 min (major).
'H NMR (500 MHz, CDCl3) § 7.43 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 2.0 Hz, 1H), 7.22
(t, J = 8.0 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 6.14 (d, J = 3.0 Hz, 1H), 5.42 (s, 1H),
5.18 (d, J=3.0 Hz, 1H), 4.44 (d, J = 2.5 Hz, 1H), 4.38 (d, J = 3.0 Hz, 1H), 3.86 (dt, J
=10.0, 7.0 Hz, 1H), 3.83 (s, 3H), 3.66 (dt, J = 10.0, 6.5 Hz, 1H), 1.63 (t, J = 6.5 Hz,
2H), 1.39 — 1.28 (m, 4H), 0.90 (t, J = 6.5 Hz, 3H); °C NMR (100 MHz, CDCl;) &
163.1, 142.3, 142.0, 141.1, 132.4, 130.6, 130.3, 128.2, 122.8, 114.8, 114.4, 101.0,
68.8, 52.5, 41.7,29.3, 28.3, 22.5, 14.2. IR (thin film, cm™): 2954, 2931, 2871, 1737,
1311, 1115, 1091, 928, 764. HRMS (ESI) calcd for C19H2304BrNa’: 417.0672, found:
417.0677.

Me

Me0,C~ 0" ™0-n-CsHy4
at

4t: Yellow oil, 72% yield, 23.8 mg, >19:1 dr, 96% ee. [a]p> = -200.41 (c 0.85,
CHCls). HPLC analysis: Daicel Chiralpak AD-H, iso-propanol/hexane = 2:98, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 11.60 min (minor), 13.76 min (major).
'H NMR (500 MHz, CDCl;) & 7.24 (dd, J = 15.0, 8.0 Hz, 1H), 7.09 (d, J = 7.5 Hz,
1H), 7.00 (d, J = 8.0 Hz, 2H), 6.20 (d, J = 3.0 Hz, 1H), 5.43 (s, 1H), 5.15(d, J=2.5
Hz, 1H), 4.45 (d, J =2.5 Hz, 1H), 4.36 (d, J = 3.0 Hz, 1H), 3.87 (dt, J = 10.0, 7.0 Hz,
1H), 3.82 (s, 3H), 3.66 (dt, J =10.0, 6.5 Hz, 1H), 2.34 (s, 3H), 1.64 (t, J = 6.5 Hz, 2H),
1.33 (q, J = 4.0 Hz, 4H), 0.90 (t, J = 7.0 Hz, 3H); °C NMR (100 MHz, CDCls) &
163.3, 142.6, 140.6, 139.8, 138.4, 130.1, 128.6, 128.1, 126.5, 115.7, 114.5, 101.1,

68.8, 52.3, 41.9, 29.4, 28.3, 22.5, 21.5, 14.2. IR (thin film, cm™): 2954, 2930, 1736,
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1313, 1114, 1090, 996, 774, 705. HRMS (ESI) calcd for CyH,604Na': 353.1723,
found: 353.1725.

MeO,C”~ O~ ™OBn
4u

4u: Yellow oil, 72% yield, 24.2 mg, >19:1 dr, 91% ee. [a]p” = -154.38 (c 1.01,
CHCls). HPLC analysis: Daicel Chiralpak IC, iso-propanol/hexane = 10:90, flow rate
= 1.0 mL/min, A = 239 nm, retention time: 6.81 min (minor), 8.56 min (major). 'H
NMR (500 MHz, CDCl3) & 7.41 —7.26 (m, 8H), 7.19 (d, J = 7.0 Hz, 2H), 6.23 (d, J =
3.0 Hz, 1H), 5.53 (s, 1H), 5.15 (d, J = 2.5 Hz, 1H), 4.92 (d, J = 12.0 Hz, 1H), 4.77 (d,
J=12.0 Hz, 1H), 4.45 (q, J = 3.0 Hz, 2H), 3.81 (s, 3H); °C NMR (125 MHz, CDCl5)
0 163.2, 142.2, 140.6, 139.8, 137.3, 129.4, 128.8, 128.6, 128.0, 128.0, 127.4, 115.8,
115.1, 100.2, 70.0, 52.4, 41.9. IR (thin film, cm™): 3030, 2951, 1733, 1437, 1307,
1222, 1114, 1087, 998, 761, 701. HRMS (ESI) calcd for CyHy0O4Na": 359.1254,
found: 359.1257.

Br

MeO,C”~ >0~ ™0Bn
4v

4v: Pale yellow oil, 74% yield, 30.7 mg, >19:1 dr, 97% ee. [o]p> = -216.30 (¢ 0.27,
CHCls). HPLC analysis: Daicel Chiralpak AD-H, iso-propanol/hexane = 2:98, flow
rate = 1.0 mL/min, A = 210 nm, retention time: 13.17 min (minor), 16.96 min (major).
'H NMR (500 MHz, CDCl;) & 7.43 (d, J = 8.0 Hz, 1H), 7.40 — 7.33 (m, 5H), 7.31 (ddt,
J=28.5,5.5,3.0Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.13 (d, J= 8.0 Hz, 1H), 6.17 (d, J
=3.0 Hz, 1H), 5.52 (s, 1H), 5.17 (d, J = 3.0 Hz, 1H), 491 (d, J = 12.0 Hz, 1H), 4.76
(d, J=12.0 Hz, 1H), 4.48 — 4.39 (m, 2H), 3.82 (s, 3H); °C NMR (125 MHz, CDCls)
0 163.0, 142.2, 141.7, 141.0, 137.2, 132.4, 130.6, 130.3, 128.6, 128.2, 128.0, 122.8,
115.3, 114.7, 100.1, 70.1, 52.5, 41.6. IR (thin film, cm™): 3359, 2920, 2850, 1733,
1647, 1471, 1438, 1311, 1221, 1114, 1088, 998, 930, 698. HRMS (ESI) calcd for
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C»1H1904BrNa': 437.0359, found: 437.0363.
Me

Me0,C” ~0” OBn

4w

4w: Pale yellow oil, 73% yield, 25.6 mg, >19:1 dr, 98% ee. [a]p>> = -219.30 (¢ 0.29,
CHCls). HPLC analysis: Daicel Chiralpak IC, iso-propanol/hexane = 10:90, flow rate
= 1.0 mL/min, A = 239 nm, retention time: 6.26 min (minor), 7.60 min (major). 'H
NMR (500 MHz, CDCls) & 7.36 (q, J = 8.0 Hz, 4H), 7.31 (d, J = 7.0 Hz, 1H), 7.23 (t,
J=8.0 Hz, 1H), 7.09 (d, J = 7.5 Hz, 1H), 6.99 (d, J = 7.5 Hz, 2H), 6.23 (d, J = 3.0 Hz,
1H), 5.52 (s, 1H), 5.15 (d, J=3.0 Hz, 1H), 4.91 (d, J=12.0 Hz, 1H), 4.76 (d,J = 12.0
Hz, 1H), 4.47 (d, J = 2.5 Hz, 1H), 4.41 (d, J = 3.0 Hz, 1H), 3.81 (s, 3H), 2.34 (s, 3H);
C NMR (125 MHz, CDCl3) & 163.3, 142.2, 140.5, 139.7, 138.4, 137.4, 130.1, 128.6,
128.6, 128.1, 128.0, 128.0, 126.5, 116.0, 115.1, 100.3, 70.0, 52.4, 41.9, 29.9, 21.5. IR
(thin film, cm™): 3361, 2920, 2850, 1733, 1647, 1436, 1314, 1252, 1233, 1113, 1087,
996, 702. HRMS (ESI) caled for C,,H»04Na': 373.1410, found: 373.1415.

MeO,C~ O ””o/\©\
F

4x
4x: Yellow oil, 76% yield, 26.9 mg, >19:1 dr, 98% ee. [a]p> = -114.68 (¢ 0.76,
CHCI3). HPLC analysis: Daicel Chiralpak OD-H, iso-propanol/hexane = 2:98, flow
rate = 1.0 mL/min, A = 239 nm, retention time: 10.68 min (major), 11.71 min (minor).
'H NMR (500 MHz, CDCl3) & 7.39 — 7.32 (m, 4H), 7.29 (t, J = 7.5 Hz, 1H), 7.19 (d, J
= 7.0 Hz, 2H), 7.04 (t, J = 8.5 Hz, 2H), 6.23 (d, J = 3.0 Hz, 1H), 5.50 (s, 1H), 5.15 (d,
J=2.5Hz, 1H), 4.87 (d, J =12.0 Hz, 1H), 4.73 (d, J = 12.0 Hz, 1H), 4.50 — 4.38 (m,
2H), 3.81 (s, 3H); °C NMR (125 MHz, CDCl3) & 163.6, 163.1, 161.6, 142.1, 140.6,
139.7, 133.1, 133.1, 129.9, 129.8, 129.4, 128.8, 127.4, 115.9, 115.5, 115.4, 115.2,
100.1, 69.4, 52.4, 41.9. IR (thin film, cm™): 3359, 2921, 2851, 1735, 1511, 1308,
1222, 1114, 1082, 1000, 771, 702. HRMS (ESI) calcd for CyH;904FNa’: 377.1160,
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found: 377.1160.

MeO,C~ O ””'o/\©\
o

4y

4y: Pale yellow oil, 94% yield, 34.8 mg, >19:1 dr, 97% ee. [a]p> = -213.68 (c 0.29,
CHCls). HPLC analysis: Daicel Chiralpak IC, iso-propanol/hexane = 10:90, flow rate
= 1.0 mL/min, A = 254 nm, retention time: 6.35 min (minor), 7.73 min (major). 'H
NMR (500 MHz, CDCls) 8 7.39 — 7.27 (m, 7H), 7.19 (d, J = 7.0 Hz, 2H), 6.23 (d, J =
3.0 Hz, 1H), 5.50 (s, 1H), 5.16 (d, J = 3.0 Hz, 1H), 4.86 (d, J = 12.0 Hz, 1H), 4.74 (d,
J=12.0 Hz, 1H), 4.44 (dd, J = 13.5, 3.0 Hz, 2H), 3.81 (s, 3H); °C NMR (125 MHz,
CDCl3) 6 163.1, 142.0, 140.5, 139.7, 135.9, 133.8, 129.5, 129.4, 128.8, 128.8, 127.5,
115.9, 115.3, 100.3, 69.3, 52.5, 41.9. IR (thin film, cm™): 2919, 2849, 1733, 1492,
1436, 1307, 1221, 1113, 1085, 996, 930, 701. HRMS (ESI) calcd for CyH;904CINa":
393.0864, found: 393.0868.

MeO,C~ O ””'o/\©\
OMe

4z
4z: Yellow oil, 53% yield, 19.4 mg, >19:1 dr, 92% ee. [o]p> = -87.14 (¢ 0.56, CHCl;).
HPLC analysis: Daicel Chiralpak IC, iso-propanol/hexane = 5:95, flow rate = 1.0
mL/min, A = 210 nm, retention time: 13.36 min (minor), 21.21 min (major). "H NMR
(500 MHz, CDCl3) & 7.37 = 7.27 (m, 5H), 7.18 (d, J = 6.5 Hz, 2H), 6.89 (d, J = 8.5 Hz,
2H), 6.22 (d, J = 2.5 Hz, 1H), 5.50 (s, 1H), 5.13 (d, J = 2.5 Hz, 1H), 4.84 (d, J=11.5
Hz, 1H), 4.69 (d, J=11.5 Hz, 1H), 4.43 (d, J=4.5 Hz, 2H), 3.82 (s, 3H), 3.81 (s, 3H);
BC NMR (125 MHz, CDCl3) & 163.2, 159.5, 142.3, 140.6, 139.8, 129.8, 129.5, 129.3,
128.8, 127.4, 115.8, 115.0, 114.0, 99.9, 69.7, 55.4, 52.4, 41.9. IR (thin film, cm™):
3359, 2920, 2859, 1734, 1514, 1304, 1250, 1113, 1081, 764, 702. HRMS (ESI) calcd
for C5,H»,0sNa': 389.1359, found: 389.1359.
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MeO,C”~ ~0” “0Ph
exo-5

exo-5: Pale yellow oil, 40% yield, 12.8 mg, 91% ee. [a]p”’ = -327.53 (¢ 0.47, CHCL5).
HPLC analysis: Daicel Chiralpak IC, iso-propanol/hexane = 10:90, flow rate = 1.0
mL/min, A = 210 nm, retention time: 6.26 min (minor), 6.62 min (major). '"H NMR
(400 MHz, CDCls) 6 7.35 (dq, J =15.5, 7.5 Hz, 5H), 7.25 (t, J = 3.5 Hz, 2H), 7.20 (d,
J=8.5Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H), 6.29 (d, J = 2.5 Hz, 1H), 6.04 (s, 1H), 5.27
(d, J=2.5 Hz, 1H), 4.60 (d, J = 2.5 Hz, 1H), 4.55 (d, J = 2.5 Hz, 1H), 3.78 (s, 3H);
C NMR (100 MHz, CDCl3) & 162.9, 156.7, 141.5, 140.8, 139.6, 129.8, 129.5, 128.9,
127.5, 123.0, 117.5, 115.6, 115.6, 99.5, 52.4, 41.8. IR (thin film, cm™): 2951, 2920,
2849, 1735, 1494, 1228, 1108, 1005, 754, 702. HRMS (ESI) calcd for Cy0H;304Na '
345.1100, found: 345.1097.

OPh

MeO,C~ O
E-5'

E-5’: Pale yellow oil, 29% yield, 9.3 mg, 99% ee. [a]p> = -377.39 (¢ 0.46, CHCI5).
HPLC analysis: Daicel Chiralpak IC, iso-propanol/hexane = 10:90, flow rate = 1.0
mL/min, A = 210 nm, retention time: 11.29 min (major), 34.30 min (minor). 'H NMR
(400 MHz, CDCls, for E-4ah’) 6 7.41 (d, J = 7.5 Hz, 2H), 7.34 (q, J = 7.5 Hz, 4H),
7.25 (d, J = 3.0 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 7.04 (d, J = 8.0 Hz, 2H), 6.63 (s,
1H), 6.28 (d, J = 5.0 Hz, 1H), 4.76 (d, J = 5.0 Hz, 1H), 4.44 (s, 2H), 3.85 (s, 3H); "°C
NMR (101 MHz, CDCls) 6 163.3, 157.0, 145.1, 142.4, 139.1, 129.9, 128.7, 128.1,
127.0, 123.6 , 116.9, 116.5, 112.2 , 65.2, 52.5, 37.1. IR (thin film, cm™): 2951, 2921,
2853, 1732, 1491, 1277, 1223, 1113, 757, 701. HRMS (ESI) calcd for C50H304Na '
345.1100, found: 345.1097.
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HPLC Spectrum

MeO,C” 0~ “OMe

4a
{Chromatogram>
mal
2007 FDA Multl 1 210om &m
] g -
1 o @
400 A it
] | =
4 ||| I'I
. [ 1
300 | I
] | N w
] R [ | @
200+ | | it
] | [ N 2
- ! \ [nt)
] | |I | || I|I | ]
100 [ | A ~
7 \ . I [
4 | | [ | [\ | \
i | \ | \ | \ |
1 R SN 4 Ny | ]
O i s s S SV Nl NRESEES AN E —
7.5 10,0 12.50 15.0 17.5 20,0
min
<Peak Results>
FDi Chl 210rm
Index | Time/min | Height/mal Cuantity/irea Area %%
1 9, 469 389569 To24043 31. 839
2 10. 899 361493 TeT2E27 30, 772
3 13. 565 178528 4242478 17. 951
4 16, 240 111920 4593771 19, 438
{Chromatogram>
mal
1000_ FD4 Multi 1 210mm, 4rm|
7501 2
- o
i =
- ||II
i i
500 | ||
4 |
] |
b | I|
250+ | |
. |
1 [ 2
1 | \ =
1 . = —
0 ! A -} — —
— — e -
7.5 10,0 12.5 15.0 17.5 20,0
min

<Peak Results>
PD4 Chl 210rm

Index | Time/min | Height/mall Quantity/hrea Area %/%
1 3. 396 b23223 11948052 99, 088
2 10. 945 TI7Y 109943 0,912
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Et0,C”~ 0~ “OMe
4b
KChromatogram>
mall
1000_ PDA Multi 1 239mm, 4rm
T
G000
250
J s\ N
] f \ \ Y ~.
0o Ny ! / e / - L
——— ——
B ki 3 9 10 13 14
min
{Peak Results>
FDi Chl Z3%rm
Index | Time/min | Height/mall Cuantity/irea Area %%
1 7. 660 213133 3662201 30. Thl
2 8. 597 205407 3562508 29, 922
3 10, 279 121722 2308556 19. 366
4 12, 300 2006 2370380 19, 952
KChromatogram>
mall
15003 PDA Tulii 1 230, 4rm
12580+
1000 _
E I|'I'|II
7507 [
] [
] [
500+ [
B [
] [
250+ [\
4 | "..
| ]
o] / A= L — i
— T —
4] T a 9 10 11 13 14
min
<{Peak Results>
POA Chi Z23%m
Index | Time/min | Height/mal Quantity/irea Area %/%
1 Y. 830 939091 16699549 97, 219
2 8. 612 32189 477781 2.781
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iPro,c”~ 0" "OMe

4c
<Chromatogram>
mall
2007 FDA Tultl 1 254, 4o
150+
100+
] a) )
[ ."-I N
50 ~
1 / \ [ [ Y
. / \ / \ / Y / \\\
T L _r%\‘-_*/_ \._4; \‘“-—J._--’ - J
H— T T
4] 4] ki 9 10
min
<{Peak Results>
Phb Chl 25drm
Index | Time/min | Height/mall Quantity/irea Area %/%
1 6. 16T 71914 1185788 28, Bod
2 b, 922 BhLAT 1107002 26. 914
3 Y. B8O 54240 954676 23,211
4 8. 444 462080 BE4EHS 21, 022
{Chromatogram.>
mall
1000_ FD4 Multi 1 254nm, 4rm|
Ta0
J Ia
: I|I IIIII
500 Fo
- | |
i | |
i | |
J | \
250 |'
] |I \ ’\
- II III-I
T / ] ) — );I S
————————— e e
al a1 7 a 9 10
min
{Peak Results>
PDh Chl 254rm
Index | Time/min | Height/mal Cuantitv/irea Area %%
1 b 120 715127 124360052 o4, Ald
2 h. B55 43916 TOTH3E 5. 386
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MeO,C”~ 0~ “OMe
4d
{Chromatogram>
mall
0] FDA Multi 1 230mm, 4mm
150
100+ 2\
50+ \
i / \ \
] \ \\
B - /,f' \ _ \.%____ _ J
e e EEE———
42,8 45,0 47. 8 50,0 92,8 55.0
nin
<Peak Results>
FDi Chl 23%9mm
Index | Tine/min | Height/mal Quantity/irea Area %/%
1 45, 700 103352 2364762 43, 896
2 52, 747 109328 2742428 51. 104
{Chromatogram>
mall
1000_ ~ PDA Multi 1 23%9mm, drm|
750 [
i { .
. |
|
: |I '.I
500+ '
250
] \
- \\\
71— — —
42,5 45,0 47. 5 50,0 52.5 55,0
min
<{Peak Results»
Phi Chl 23%mm
Index | Time/min | Height/malU Duantity/irea Area %/%
1 46, 184 21191 2043815 2. 619
2 52, 453 958147 75999450 97, 381

S54



Cl

MeO,C”~ 0~ “OMe
4e
<{Chromatogram>
malT
2007 FDA Multl 1 210w, &
400-]
300
200
] Iu' ".I I|I I",I
] I |1
1w L
] I A
1\ B
] \ [BRYA —
o] AN R N [
————t —
25 30 35 40 45 50 55 B0
min
<Peak Results>
FDi Chi 210rm
Index | Time/min | Height/mal Ouantity/irea Area %%
1 2h. Alk 156119 T816E2T 28. 318
2 29, 953 171929 9304789 33, T04
3 31. 558 Gdh2d 5364475 19, 432
4 a3, 011 42102 5120951 18, 549
KChromatogram>
mall
1000_ PD& Multi 1 210nm, 4rm
Ta0
~ i
] |
] I
500+ R
1 |
4 | |
i |
i u
2080 ‘ |
] R
] | :
gk ) M f T—
e ———— —— —
25 30 358 40 45 a0 55 [414]
min
<Peak Results>
PDi Chl 21 0rm
Index | Time/min | Height/mall Quantitv/irea Area %/%
1 26. 506 14971 BZ29308 1. 995
2 29, 491 T10220 38836002 98, 400
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Cl

Cl
| oy
MeO,C~ ~O0” “OMe
4f
{Chromatogram>
mall
10067 FDA Tultl 1 230mm, 4m
750
] N,
£\
500+ \ —~
] j / \\
: \
4 \-\_
250 \
i , \\ / A
: / _}\__ //‘_ - \\,__ ] L
B e S S—i s S
7. 80 7.7 2. 00 8. 25 2.5 B8.754 9.00 9. 25 9,80
nin
{Peak Results>
PO Chl 23%9mm
Index | Time/min | Height/mal Cuantity/irea Area %/%
1 2. 431 oTeL2Y 2270413 01,491
2 3. 075 4581943 TT96294 48, 509
KChromatogram>
mal
20007 FD& Multl 1 230mm, 4
] e\
1500+ [\
- |II II|I
1000+
500 |
] ,-'I I"\
4 ,-'I \\
o e————— .,
7.4 3.0 8.4 9.0 9.5 10.0
min
<Peak Results>
Phh Chl Z3%rm
Index | Time/min | Height/mal Quantity/irea Area %/%
1 8. 370 1744186 26784638 98, 190
2 9. 005 33477 405682 1.810
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Br

MeO,C~ O~ “OMe
49
{Chromatogram>
mall
1007 FDA Multi 1 23omm, 4m)
75
i " Ia)
4 IlI I|I '.II
- | ] II
50 .' [\
- | L
i | | \
| II f \
- | |' fa ™
25 | | [\
] III I'I \ I."I | .‘\
i ] \ i A / N/ N
] / A /
Iy I; \‘--—-_ 1 g \___1
—r— — T
25.0 27.5 30.0 32.8 350 37.5 40,0 42. 5 45,0
min
<{Peak Results>
Phi Chl 23%mm
Index | Tine/min | Height/mil Quantity/irea hrea %/%
1 27. 230 67813 4639335 30, 759
2 29,874 BO0Z1 0432802 36. 418
3 38. 165 31165 2298186 15, 2387
4 40, 273 31979 2652529 17. 586
{Chromatogram>
mAl
B ~ PD& Multi 1 23%9mm, d4rm|
] |II III'.
750-] lu' \
| 1
] [
4 | |
- | I|I
500 Il \
- 1
i | §
] | \
- | III
250 f
b | \
- | Y\ -
] | \ _f/ \\
Y S /A
T t
— — —— T —
25,0 27.4 30,0 32.58 38,0 37.5 40,0 42,4 45,0
min
<{Peak Results>
FDi Chl 23%rm
Index | Time/min | Height /mal Cuantity/irea Area %%
1 27. 048 22409 1403000 2.003
2 29. 528 924379 bB634E34 7. 997
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Br

MeO,C~ 0~ “OMe
4h
{Chromatogram>
mal
2007 FDA Multl 1 239, 4
150+
: II‘Ill M
| ||I I|I
100+ | |||
: | [ | |
o
1 f || [
50+ | | | |
i | f
4 | II | I| [
| | | | |I | \ I's
Pl S S N S N — Ny / —
e — T
25 a0 1a] 40 45 50 fala] [&0n]
min
{Peak Results>
PDi Chl 23%rm
Index | Tine/min | Height/mall Quantity/irea Area %/%
1 27,512 129378 BATA4 50 a4, 524
2 20, (R 118182 596R543 32,289
3 43, 404 44792 A08LETT 16. 515
4 o5, 899 26430 3080615 16. 672
{Chromatogram>
malT
1000_ FD& Multi 1 23%nm, 4rm
- I'l
I
1l
TH0H |||
1 |
] ‘ |
b |
500 i
] |
|
1|
|
250 |
11
10
| N B —
0 { AN | T
S T
28 30 30 40 45 a0 55 B0
min
<{Peak Results>
Phi Chl 23%mm
Index | Tine/min | Height/mal Quantity/irea Area %%
1 26. 918 918089 48455051 98, 285
2 30. 576 17477 845487 1. 715
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CF3

Uy,

MeO.C” 0~ “OMe
4i
{Chromat ogram’
mAU
2007 PDA WMulti 1 210mm, dr
150+
100+
50
o e — e — e ———
i 8 9 10 11 12
min
{Peak Results>
PDA Chl 210nm
Index | Time/nin | Height/m&U | Quantity/Avea | Area %/%
1 8.518 89004 1622288 48.681
2 9.940 84184 1710170 51. 319
{Chromat ogr am’
malU
5007] PDA Wulti 1 210mm, dnn)
400
300+
200
1004
e T s b
7 8 9 10 11 12
min
<{Peak Results>
PDA Chl 210nm
Index | Time/min Height/mal Quantity/Area Area %/%
1 8. 500 7092 114806 1.873
2 9. 8565 J00575 5015966 98. 127
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MeO,C”~ O~ “OMe

4j
<{Chromatogram>
mal
2007 FDA Multi 1 239rm, 4m
150
100+
- Irl
4 |I|
B0 Il |
i | X
] ! | I N\
1 A [ / T
ol N / \ i S i
—t—— stk
10 19 20 25 30 35 40 45
min
<{Peak Results>
Phi Chl 23%mm
Index | Time/min | Height/mal Quantity/irea Area %/%
1 10. 585 73085 2967680 30, 789
2 20, 264 33806 1922197 19, 543
3 27, 000 29626 2892308 30, 008
4 a9, 432 14996 1356446 19. 261
<{Chromatogram>
mal
N0 FDA Multl 1 2309mm, 4mm
: i
400 ||||
300 ‘|
200+ ‘ ||
1 11
100 | I|
7 |
1 13 a)
1Ny a L
et
10 15 20 258 30 34 40 45

min
<{Peak Results>
PO4 Chl Z3%mm

Index | Time/min | Height/mal Quantity/irea Area %/%
1 10, 735 437082 17353588 98, 206
2 27. 544 4087 317020 1. 784
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Me

MeO,C” Y0~ “OMe
4k
KChromatogram>»
mal
2007 FDA a1l 1 210mm, 4o
400
300
200
i {"\ I.-”\I
i .'I I". "I I'-. PN —
/ \ / N
] . . y,
i . \\._ v \\. /'Jr \\ \\._
ot~ L~ e
T a 9 10 11 12 13
min
<{Peak Results>
Phi Chl =1 Orm
Index | Time/min | Height/mall Ouantity/irea Area %%
1 B. 087 167021 2059286 2. TTd
2 9.182 155308 2866150 32. 579
3 10, 955 72339 1436256 16. 326
4 11. 888 61149 1435845 16. 321
<Chromatogram>
mall
10007 FD4 Multi 1 Z10rm, dn|
Ta0H
500H
i |II II'.
] I|
] III
250 Fo
] | .
] |II II".
R N T~
——— =
T g 9 10 11 12 13
min
{Peak Results>
FO4 Chl 2Z10mm
Index | Time/min | Height/mal Quantityv/irea Area %/%
1 8. 010 496543 BET3TET 98, A3
2 9.178 10005 175325 1. 957
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Me0,C” YN0~ “OMe
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{Chromatogram>
mall
500- PD& Multi 1 239nm, 4rm
7 [l
1 S
400 P
I
1 [ o
300 [ 2
] f o
] n
200 | [
- B | !
1 | | 0 [ =
: | | = II Ill Ln
100+ [ [ =
] [ [\ \ AN
i | | [N I\
o] A N NN
— e Iy ——
T a 9 10 11 1z 13 14 14
min
{Peak Results>
PDh Chl 23%9mm
Index | Time/min | Height/mil Cuantity/irea Area %/%
1 4. 383 390946 4559526 36, 831
2 11. 350 106512 1763704 13. 899
3 12, 562 241617 4606378 36. 604
4 13, 544 85378 17095974 13,475
{Chromatogram>
mall
15007 = FDA Multi 1 23omm, 4m
: .
1250-] -
4 | |
4 |I
1000 u
b i
] |
TalH =
] |
] ﬂ
500 '.
] \
250 2
] \\ﬁt / Km_ L
Tt . b
T 2 10 11 12 13 14 15
min
<{Peak Results>
PDA Chl 23%mm
Index | Time/min | Height/mdl Quantity/Area Area %%
1 3. 445 49099 DBe1TE 2. 144
2 12. BO0 1318345 26701347 37, 8h6
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Me0,C”~ 0~ “OMe
4m
{Chromatogram>
mall
10007 FD4 Multi 1 239rm, drn|
a0
500—_ E o
] - o
250 r""/ \\ /N
! 4
i / \\\ y
i / Y,
o] v 1 ~— L
——7— 7
12. 0 12.58 130 125 14.0 14. 5 15.0
min
{Peak Results»
PO Chl 23%rm
Index | Time/min | Height/mil Quantitv/irea Area %/%
1 12. 781 388309 7901085 a0, 557
z2 13, 452 325581 7726951 49, 443
{Chromatogram>
mall
2000_ b PDA Multi 1 Z23%mm, dnm|
1 s
- {/\—1
1500
: |III ‘
1
10001 f
B | Y
i I| ".‘
i | \
i | \.\
2007 \
II g o
i / 8
O e ——
12. 0 12.5 13. 0 134 14.0 14. 5 15.0
min
<{Peak Results>
Phi Chl 23%mm
Index | Time/min | Height/mal Cuantity/irea Area %/%
1 12. 831 1708413 417471056 99, 741
2 13, 733 19181 108198 0. 259
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Me

Et0,C”~ 0~ “OMe
4n
<Chromat cgram>
mall
3003 PDA Multi 1 239mm, dn]
250+
200
160
100 N\ / \
o\ SN
S - 1 o — 1 J
e e e e e e | —t—
=] 10 11 12 13 14
min
<Peak Results>
PD4 Chl 25%9nm
Index Time/min Height /mall Quantity irea Area %%
1 0. 328 111855 3513362 48, 676
2 12,720 110528 3863044 50, 324
<Chromat ogram>
ma1T
10007 FD& Walti 1 230nm, 4an]
ThiH
B0
1 ™
] at
250 \
: B \x .
r———
10 11 1z 13 14
min
<Peak Results>
PDA Chl 2359nm
Index Time/min Height /mall Quantity/hrea Area %%
1 O, 320 12787 342408 3.079
2 12,894 3140z 107795359 H5. 921
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MeO,C~ 0~ "OEt
40
<Chromat ogram>
ma Il
007 FDA Malti 1 254mm, dnn]
150+
100+
] /\ ~
] 7\ ) / \
] / \ /
] / . S/ \
I3""|7'/'"|"'-.'__|_----1|":/"'|" T
8. 00 5.25 5. 80 5. 78 G. 00 A. 25 A. &0 6.78 .00
min
<Peak Results>
PD4 Chl 264nm
Index | Time/min | Height/mal Quantity/hrea Area %%
1 5,472 7456 BET2TE 50,093
2 5. 284 BEE6E 553000 48, 807
<Chreomat ogram>
mal
10007 DA Milti 1 25dnm, drm]
TH0— ~
500 [
: I|I II'.II
250
: .-'II '\.\
] .
o= — L —— L
L L B s L B L R L
5.00 5.28 5. 60 5.75 .00 G. 25 G. 50 6. 75 T. 00
nin
<Peak Results>
PD4 Chl 254nm
Index Time/min Height /mall Quantity/firea Area %/%
1 5,431 745134 8306062 97.014
2 G. 268 22889 256685 2. 988
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MeO,C” 0~ "OFEt
4p
<Chromat ogram?
malT
1007 FDA Multi 1 235am, 4o
Hilin
B0H
25 AN
] i “, .,-"’ \
| AN
i /
1 \ / .
4 S — S e — .
L e B B L L I A
5.5 7.0 7.8 8.0 8.8 9.0 9.5
min
<Peak Results>
FDA Chl 235nm
Index Time/min Height/mall Quantity/brea Area %%
1 T.3563 Jilaasis) TI2T08 48.915
2 8. 383 32653 736208 50,085
<Chromat ogram>
malr
1000_ PDA Multi 1 238nm, 4nm
i Fay
750
4 | I'.I
500 [
4 |I !
4 III I.\I“‘
250+ f \
: /f"; \\"»._ .
o
.5 T.0 7.5 8.0 8.8 9.0 9.5
min
<Peak Results>
PDA Chl 239nm
Index Time/min Height/mall Quantity/irea Area %%
1 7. 340 10185 193011 1.063
2 8. 367 837107 18130410 08, 947
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Me

Me0,C~ 0~ OEt
4q

{Chromatogram>

mal

FD4 Multi 1 254rm, 4rm

300

T

{Peak Results>
PDé Chl 254rm

hrea %%

Index | Time/min

Height /mal

Quantity/irea

1 6. 870

40953

445380

49, 085

2 7. 2589

38825

465106

80,915

<Chromatogram>

mall

FDA Multi 1 254nm, 4rm|

{Peak Results>

POA Chl 25drm
Index [ Time/min

Height /mall

Quantity/irea

Area %%

1 6. 578

14603

144243

1. 506

2 7. 286

778937

9434660

98. 494
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<{Chromatogram>
malT
1000_ PDA Multi 1 23%m, 4|
T80
200 0 =
T — =
i s i
- I-'/ ".\.I Il_l(\ll
250 [
} I l\__ 1 ;. \.ﬂ__l.
7t
4.0 4. 5 5.0 5.5 A0 A5 7.0
nin
<Peak Results>
PD4 Chl 23%rm
Index | Time/min | Height/mill Quantitv/irea Area %/%
1 ho12h 362295 3282364 49, 071
2 0. 710 309678 3406684 a0, 929
<{Chromatogram>
mall
10007 - FDA Multi 1 239rm, dnn]
7 $
T |'I‘I'|
TH0H [
- | |1
| (.
i | |I
4 || |I
500 II |I
] | \
4 | I|I
|
7 | I|
250 |'
] f
i 2 {
= \,
i C oy S~ 4
77—k
4.0 4.5 5.0 5.0 A0 [ST] 7.0
min
{Peak Results>
PDA Chl Z3Grm
Index | Time/min | Height/mill Quantitv/irea Area %/%
1 0. 093 63094 DE0EE 0. 671
2 5. 674 348977 BaN2T2h 99, 329
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Br

Me0,C”~ 0 ™0-nCsHa
4s
{Chromatogram>
mal
1007 FDA Multl 1 235:m, dol
T
] A
50— [
i [
] Fo .
] II \ | \
25 [\ |
p | L / \
| |
g | \ | \
i { Y / Y
4 / \ . ~ ___f" \\_L___
o . — ——
S s e — =t — — e
4] 5] T a 9 10 11
min
<Peak Results>
PDi Chl Z3%rm
Index | Time/min | Height/mall Quantity/hrea Area %/%
1 6. 53T hOR31 1220534 49, 411
2 8. 699 ho9a3A 1249650 50, BE9
<Chromatogram>
mll
15003 PDA Wultl 1 230nom, érm
12080
] ™
1000]
| |I III
] [
50 {1
- I III
] [
500 ||'
E I|I I
{ Y
250_: |II .\-‘
1 .-'II \\\-._
o —T— ——— — —
4] a] ki a 9 10
min
<{Peak Results>
Phh Chl 23%rm
Index | Time/min | Height/ml Quantity/irea Area %%
1 6. 515 10153 151825 0. Tdd
2 2. 640 1146448 25604135 99, 256
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Me

Me0,C” 07 ™0-nCsH
at

{Chromat ogram>

mall

FDA Multi 1 254nm, 4rm

16

<Peak Results>

min

FDi Chl Z5drm

Index

Time/nin

Height /mall

Quantity/irea

Area %%

1

11. 596

T3216

1726545

48. 525
51. 475

2

13. 768

TH2T72

1851524

<{Chromatogram>

mal

PD4 Multi 1 25d4rm, do

{Peak Results>

Phh Chl Z54rm
Index | Time/min

Height /mall

Quantity/irea

Area %/%

1 11. 599

9501

213702

1. 884
98. 116

2 13, Thd

474885

11129614
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0~ "0OBn
4u

MeO,C

{Chromatogram>

mal

6. 7049

5. 400

™

FD4 Multi 1 23%9mm, 4rm

<{Peak Results>
PD4 Chl 23%9mm

Index | Time/min

Height /mall

Quantity/Area

brea %%

1 B. 709

39067H

4055093

49. 649

2 g, 400

339230

4120483

a0, 351

<Chromatogram>

mall

1500

B. 514

FDA Multi 1 23%nm, 4rm)

w
i3]
o

<{Peak Results>
Phi Chl 23%mm

Index [ Time/min

Height /mal

Quantity/irea

Area %%

1 6. 814

77386

778762

4. 679

2 8. 561

1138522

15877935

95. 320
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Br

MeO,C~ 0~ ™0Bn
4v
{Chromatogram>
mall
200_ FD4 Multi 1 Z10nm, drm|
150+
100+
50 I\ ™\
] I.'I \\ . \.\
i . \
o ] \\“-—- L e — __ L
— T e T e e
13 14 14 16 17 18 19 20 21
min
<{Peak Results>
FD4A Chl 21 0rm
Index | Time/min | Helght/mal Quantitv/irea Area %%
1 13,192 61557 2035474 49,135
2 16. 978 55281 2107103 50. 865
{Chromatogram>
mall
500_ PDA& Multi 1 Z210mm, d4rm
] n
400+ A
] II
| )
] .
300 [
: | |
. II I|I
200 [
7 | 1
4 | \
] |
100 (
J | \\&
oL ! / — |
————t——rr 77—t
13 14 15 16 17 18 19 20 21
min
<{Peak Results>
PDi Chl 21 0rm
Index | Time/min | Height/mal Quantity/Area Adrea %%
1 13. 167 6303 230223 1. 575
2 16, 956 4244052 14385475 98, 425
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Me

MeO,C”~ 0~ “0Bn
4w
{Chromatogram>
mall
1000_ PDA Multi 1 239nm, d4rm)
Ta0H

- cJ
] a .

i o &

4 N =

500

] \ .'I \
i | [

1 ) 1

7 |} ] 1
i | o

| ! |
250 \ [

4 i |II II| ,II

B I|I 1 { I'-.

1 . \ _ . /'. .\___]L
e e T S
8.0 5.4 6.0 B. 5 7.0 7.0 8.0 8.4 9.0

min
<Peak Results>
PDA Chl Z3%9rm
Index | Time/min | Height/mall Quantity/irea Area %/%
1 B 232 573069 5950375 49, 216
z2 7. 5038 217697 5140094 0. 784
<Chromatogram>
mal
2007 FDA Multl 1 230nm, dmm
150+
100+
50+
od /

] o J \\_ L
A e
5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 5.0

min
{Peak Results>
POA Chl Z23%9rm
Index | Time/min | Height/malU Quantity/irea Area %/%
1 6. 260 1248 12264 1. 2050
2 7. 600 80138 1005763 S8, 785
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4x
{Chromatogram>
mal
1000_ PDA Multi 1 23%nm, drm|
Ta0
H00+
i -
7 f/ N -
250 \ /
4 /
1 / N, .-'.
1 /
ol ,// \\xh_ L —
— —— T T e
9.0 9.5 10,0 10.5 1.0 11. 5 12.0 12.5 13.0
min
{Peak Results>
Phi Chl 23%9mm
Index | Time/min | Height/mal Quantity/irea Area %%
1 10, 705 342914 Tdd 0032 51, 022
2 11. 683 281950 T142025 48, 978
{Chromatogram>
mal
10007 FDA Multl 1 230mm, dmm
750 A
500 f
- ) \
4 / \
| 1
260 /
1 III I'.\.
] \\
G_ i ~— - L
———
5.0 5.5 10,0 10.5 11. 0 11.5 12.0 12.5 13.0
min
<Peak Results»
Pl Chl 23%rm
Index | Time/min | Height/mal Quantity/irea hrea %/%
1 10. 678 T37a41 16727055 G938, 859
2 11. 709 10264 1593055 1.141
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MeO,C” 0 ”“’o/\©\

4y Cl

{Chromatogram>

mal

00

B. 357

PDé Nulti 1 254rm, dnm|

7. 752

<{Peak Results>
Pl Chl Z54nm

Index | Time/min | Height/mil

Quantity/Area

hrea %/%

1 6. 397 158564

2034555

48. B6A

1783526

2 7. 752

2146065

51. 334

{Chromatogram>

mal

a0y

FD4 Multi 1 254rm, 4m)

<{Peak Results>
Phh Chl Z54rm

Index | Time/min | Height/mil

Quantitv/irea

hrea %%

1 6. 347 27687

27723

1. 580

142872

2 7. 731

1727060

9B, 420

S75



MeO,C” 0

4z

{Chromatogram>

”%)/A\W::::l\
OMe

mal

00

13. 326

FD4 Multi 1 210rm, drm|

Z1. 310

<{Peak Results>
PDi Chl 21 0rm

Index | Time/nin

Height /mal

Cuantity/Area

hrea %%

1 13. 326

201863

4323089

a0. 326

2 21. 310

92144

4267041

48, 674

{Chromatogram>

min

mal

00

13. 358

PDA Multi 1 210rm, dnm|

p

{Peak Results>
PDi Chl 21 0rm

Index

Time/min

Height /mall

Quantity/irea

Area %/%

1

13. 358

37887

TEITER

4. 105

2

21. 214

36A3859

18447131

945, 894
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MeO,C

{Chromat ogram>

mal

SO

E.138

E. 492

PD& Multi 1 210mm, dnnf

<Peak Results>
FDA Chl 210nm

Index Time/min

Height /mall

Quantity/irea

Area %%

1 6.138

189373

1737780

49. 188

2 5.482

182611

1785118

50.812

{Chromat ogr am”

E. 25T

PD4 Multi 1 210nm, 4nm|

<Peak Results>
FDA Chl 210nm

Index

Time/min

Height/mall

Quantity/irea

Area %%

1

6. 267

40979

349237

4. 661

z

6.615

7139735

7143230

95, 338
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<Chromat ogr am?

mal

180 FDA Malti 1 210mm, don

[
[
(.?
11. &5

54, 055

10 15 20 25 30 35 40

<Peak Results>
PDA Chl 210nm

Index | Time/min | Height/maU Quantityfirea Area %/%
1 11. 266 BOSEAE 13R1BAT 0. 179
2 34. 058 26100 1362175 48, 821
<Chromat ogram>
malT
1500: @ FD& Multi 1 210nm, dnm
12604 [ -
1000 ‘
760 ‘
500+ H
260 | z
] || w
1 | <+
o |y “)
b — ——— — N
10 15 20 25 35 40
min
<Peak Results>
FD& Chl 210nm
Index | Time/min | Height/maU Quantity/brea | Area %/%
1 11. 283 1264537 20989915 99, 523
2 34. 208 1808 100650 0. 477
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X-ray Crystallographic study for 4p
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