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I. General Information

All air or moisture sensitive reactions were conducted in oven-dried glassware under

nitrogen atmosphere using dry solvents. Anhydrous tetrahydrofuran was freshly

distilled from sodium-benzophenone. Anhydrous benzene and toluene were freshly

distilled from sodium. Unless otherwise stated, chemicals and reagents were used as
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received. Flash column chromatography was performed over silica gel (200-300 mesh)
purchased from Qindao Bangkai Co., China. '"H and '3C NMR spectra were recorded on a
Bruker AV 500 MHz NMR spectrometer using residue solvent peaks as an internal
standard (‘H NMR: CDCls at 7.26 ppm, ®C NMR: CDCls at 77.0 ppm). HRMS were
recorded on an Agilent 6545 Q-TOF LC/MS instrument with electrospray ionization (ESI)
technique. X-ray diffraction was performed on a Gemini E X-ray single crystal
diffractometer. Analytical chiral HPLC was performed on an Agilent 1600 Infinity
instrument with Daicel Chiralcel OD-H column, or Daicel Chiralpak AD-H, IA-3, IC-3
columns. Optical rotations were measured on an Aton Paar MCP 150 polarimeter.

IL. Preparation of Materials

2.1 Synthesis of p-Quinone Methide Substrates

p-Quinone methide substrates 1a-1ab, 5b, 5¢, and 5e were synthesized according to the

literature reported procedure.!
o

OH CHO
R R (1) piperidine, toluene, 110 °C, 4 h
* (2) Ac,0, toluene, 105 °C, 0.5 h |
s1 s2

1a-1ab,R=R'='Bu 5¢,R=R'='Pr
5b,R=Me, R'=Bu 5e, R=R'=Ph

The characterization data of unreported compounds are shown as follows; the other
quinone methides are known compounds.
4-((3,5-di-tert-butyl-4-oxocyclohexa-2,5-dien-1-ylidene)methyl)phenyl acetate (1h)

( o ) (vellow solid)
‘Bu ‘Bu | 1H NMR (500 MHz, CDCls) & 7.51 (d, ] = 2.4 Hz, 1H), 7.50 (d, ] = 8.6
‘ Hz, 2H), 7.22 (d, ] = 8.6 Hz, 2H), 7.16 (s, 1H), 7.02 (d, ] = 2.4 Hz, 1H),
| 2.36 (s, 3H), 1.35 (s, 9H), 1.32 (s, 9H).
ACO O BC NMR (125 MHz, CDCls) d 186.5, 169.1, 151.2, 149.7, 147.9, 141.1,
- ©135.0,133.6, 132.1, 131.4, 127.4, 122.0, 35.5, 35.0, 29.6, 29.5, 21.1.
HRMS: (ESI*) [M+Na]* calcd for CasH2s0sNa: 375.1931, found: 353.2111.
2,6-di-tert-butyl-4-(4-ethoxybenzylidene)cyclohexa-2,5-dienone (1i) (yellow solid)
( o 1 'H NMR (500 MHz, CDCls) d 7.58 (d, ] =2.4 Hz, 1H), 7.46 (d, ] = 8.7
Bu Bu | Hz, 2H), 7.15 (s, 1H), 7.03 (d, ] = 2.4 Hz, 1H), 6.99 (d, ] = 8.7 Hz, 2H),
‘ 4.13 (q, ] =7.0 Hz, 2H), 1.48 (t, ] = 7.0 Hz, 3H), 1.36 (s, 9H), 1.34 (s,

9H)

EtO O 1BC NMR (125 MHz, CDCls) 6 186.5, 160.0, 149.0, 147.2, 142.7, 135.4,
S ©132.2,130.5,128.5, 127.8, 114.9, 63.7, 35.4, 35.0, 29.6, 29.5, 14.8.
HRMS: (ESI*) [M+H]* calcd for C2sH3102: 339.2319, found: 339.2325.
2,6-di-tert-butyl-4-(4-(diphenylamino)benzylidene)cyclohexa-2,5-dienone (1j)

(yellow solid)

! D. Richter, N. Hampel, T. Singer, A. R. Ofial, H. Mayr, Eur. J. Org. Chem. 2009, 19, 3203
S2



'd O ~\
|
Ph,N ‘
A\ J

29.62, 29.55.

1H NMR (500 MHz, CDCls) 8 7.64 (d, ] = 2.4 Hz, 1H), 7.38 (d, ] = 8.7
Hz, 2H), 7.37 — 7.31 (m, 4H), 7.23 - 7.18 (m, 4H), 7.15 (tt, ] = 7.5, 1.2
Hz, 2H), 7.09 (d, ] = 2.7 Hz, 2H), 7.07 (s, 1H), 7.02 (d, ] = 2.4 Hz, 1H),
1.36 (s, 9H), 1.34 (s, 9H).

13C NMR (125 MHz, CDCls) b 186.4, 149.1, 148.8, 147.0, 146.8, 142.6,
135.5, 131.9, 130.2, 129.6, 128.9, 127.7, 125.7, 124.3, 121.2, 35.5, 35.0,

HRMS: (ESI*) [M+Na]* calcd for CasH3ssNONa: 484.2611, found: 484.2615.
2,6-di-tert-butyl-4-(4-morpholinobenzylidene)cyclohexa-2,5-dienone (1k) (yellow solid)

\

,
(6]
? tBu
|
C
(0]

1H NMR (500 MHz, CDCLs)  7.63 (d, ] = 2.4 Hz, 1H), 7.47 (d, ] =
8.8 Hz, 2H), 7.12 (s, 1H), 7.02 (d, ] = 2.4 Hz, 1H), 6.97 (d, ] = 8.8 Hz,
2H), 3.98 — 3.84 (m, 4H), 3.40 - 3.26 (m, 4H), 1.36 (s, 9H), 1.35 (s,
9H).

13C NMR (125 MHz, CDCls) d 186.4, 151.6, 148.7, 146.9, 143.0,
135.5, 132.3, 129.8, 127.9, 127.0, 114.6, 66.7, 48.0, 35.4, 34.9, 29.62,
29.55.

HRMS: (ESI*) [M+H]* calcd for CsH34NOz: 380.2584, found: 380.2590.
2,6-di-tert-butyl-4-(2,4-dimethoxybenzylidene)cyclohexa-2,5-dienone (1t) (yellow solid)

'd N\
(0]
/t‘\\?/ ;tBu
MeO OMe
A\

J

1H NMR (500 MHz, CDCls) d 7.50 (d, ] = 2.4 Hz, 1H), 7.39 (s, 1H),
7.38 (d, ] = 9.6 Hz, 1H), 7.08 (d, ] = 2.4 Hz, 1H), 6.61 (dd, ] = 8.5, 2.4
Hz, 1H), 6.53 (d, ] = 2.4 Hz, 1H), 3.90 (s, 6H), 1.36 (s, 9H), 1.32 (s, 9H).
13C NMR (125 MHz, CDCls) b 186.6, 162.5, 159.8, 148.6, 146.9, 138.6,
135.5, 132.8, 130.3, 128.3, 118.2, 105.0, 98.6, 55.6, 55.5, 35.4, 35.0, 29.6,
29.5.

HRMS: (ESI*) [M+H]* caled for C2sHsz10s: 355.2268, found: 355.2266.
2,6-di-tert-butyl-4-((2,3-dihydrobenzo[b][1,4ldioxin-6-yl)methylene)cyclohexa-2,5-
dienone (1u) (yellow solid)

'd N\
(0]
Bu I Bu
1) |
O

1H NMR (500 MHz, CDCLs)  7.58 (d, ] = 2.4 Hz, 1H), 7.08 (s, 1H),
7.05 (d, = 2.0 Hz, 1H), 7.04 - 6.98 (m, 2H), 6.96 (d, ] = 8.3 Hz, 1H),
4.37 - 4.33 (m, 2H), 4.33 — 4.30 (m, 2H), 1.35 (s, 9H), 1.34 (s, 9H).

13C NMR (125 MHz, CDCLs) b 186.5, 149.1, 147.3, 144.9, 143.8, 142.3,
135.3, 130.9, 129.6, 127.7, 124.4, 119.3, 117.7, 64.6, 64.3, 35.5, 35.0,
29.6,29.5.

HRMS: (ESI*) [M+Na]* calcd for CasH2s0sNa: 375.1931, found: 375.1937.
2,6-di-tert-butyl-4-((6-methoxynaphthalen-2-yl)methylene)cyclohexa-2,5-dienone (1x)

(yellow solid)

o Ly | 1HNMR (500 MHz, CDCls) 8 7.90 (d, ] = 1.6 Hz, 1H), 7.81 (dd, ]

‘ = 8.7, 6.0 Hz, 2H), 7.68 (d, ] = 2.4 Hz, 1H), 7.58 (dd, ] = 8.7, 1.6

| Hz, 1H), 7.34 (s, 1H), 7.23 (dd, ] = 8.9, 2.5 Hz, 1H), 7.18 (d, ] = 2.5

o OO Hz, 1H), 7.09 (d, ] = 2.4 Hz, 1H), 3.98 (s, 3H), 1.38 (s, 9H), 1.35 (s,

9H).

1BC NMR (125 MHz, CDCls) d 186.5, 159.0, 149.3, 147.6, 142.9, 135.2, 134.8, 131.6, 131.4,
130.7, 130.1, 128.8, 128.0, 128.0, 127.3, 119.7, 105.9, 55.4, 35.5, 35.0, 29.60, 29.56.
HRMS: (ESI*) [M+H]* calcd for C26H3102: 375.2319, found: 375.2317.
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4-(benzofuran-2-ylmethylene)-2,6-di-tert-butylcyclohexa-2,5-dienone (1y)(yellow solid)
H NMR (500 MHz, CDCls) 8 8.39 (d, ] =2.4 Hz, 1H), 7.64 (dt, ] = 7.8,
1.0 Hz, 1H), 7.57 - 7.51 (m, 1H), 7.41 (ddd, | = 8.4, 7.2, 1.3 Hz, 1H),
7.36 — 7.24 (m, 1H), 7.05 (s, 1H), 6.99 (d, ] = 2.4 Hz, 1H), 6.81 (s, 1H),
1.43 (s, 9H), 1.36 (s, 9H).

BC NMR (125 MHz, CDCls) o 186.1, 156.4, 154.4, 149.5, 148.4, 134.6,
131.3, 128.5, 128.1, 126.8, 125.9, 123.7, 121.8, 113.9, 111.4, 35.7, 35.1,

29.63, 29.59.
HRMS: (ESI*) [M+H]* calcd for C2sH2Oz: 335.2006, found: 335.2002.
4-(benzo[b]thiophen-2-ylmethylene)-2,6-di-tert-butylcyclohexa-2,5-dienone (1z)

(yellow solid)

TH NMR (500 MHz, CDCls) d 7.96 (d, | = 2.5 Hz, 1H), 7.90 — 7.86 (m,
1H), 7.86 — 7.81 (m, 1H), 7.57 (s, 1H), 7.46 — 7.36 (m, 2H), 7.28 (s, 1H),
7.02 (d, ] =2.5 Hz, 1H), 1.43 (s, 9H), 1.36 (s, 9H).

1BC NMR (125 MHz, CDCls) o 186.1, 149.7, 148.0, 142.3, 139.1, 138.7,
135.0, 134.3, 131.1, 130.9, 127.0, 126.4, 125.2, 124.5, 122.3, 35.8, 35.1,

29.7,29.6.

HRMS: (ESI*) [M+H]* calcd for C2sH27OS: 351.1777, found: 351.1772.
2,6-di-tert-butyl-4-((1-methyl-1H-indol-3-yl)methylene)cyclohexa-2,5-dienone (1laa)
(yellow solid)

1H NMR (500 MHz, CDCls) & 7.83 (d, ] = 7.9 Hz, 1H), 7.74 (d, ] = 2.4
Hz, 1H), 7.50 (d, ] = 0.8 Hz, 1H), 7.41 (d, ] =1.1 Hz, 1H), 7.40 — 7.36 (m,
1H), 7.31 (ddd, ] = 8.0, 6.8, 1.3 Hz, 1H), 7.14 (d, ] = 2.4 Hz, 1H), 3.94 (s,
3H), 1.40 (s, 9H), 1.39 (s, 9H).

13C NMR (125 MHz, CDCls) 6 186.4, 148.1, 146.0, 137.1, 1354, 134.7,
131.4,128.1, 128.1, 128.0, 123.4, 121.4, 119.2, 113.0, 109.9, 35.4, 34.9, 33.6, 29.7, 29.6.

HRMS: (ESI*) [M+H]* calcd for C2sHsNO: 348.2322, found: 348.2322.
2-(tert-butyl)-4-(4-methoxybenzylidene)-6-methylcyclohexa-2,5-dienone (5b) (1.27:1 dr)

( o . (yellow solid)
Me ‘Bu | TH NMR (500 MHz, CDCls) & 7.65 (d, ] = 2.6 Hz, 1H), 7.48 (d, ] = 8.7
Hz, 2H), 7.17 (s, 1H), 7.07 (d, | = 2.6 Hz, 1H), 7.00 (d, ] = 8.7 Hz, 2H),
| 3.89 (s, 3H), 2.08 (s, 3H), 1.36 (s, 9H) (major isomer).
Me0/© BC NMR (125 MHz, CDCls) d 186.6, 160.7, 145.7, 143.1, 137.6, 137.1,
- - 132.3,130.1, 129.1, 128.5, 114.4, 55.4, 34.7, 29.3, 17.2 (major isomer).

HRMS: (ESI*) [M+Na]* caled for CisH2202Na: 305.1512, found: 305.1521.

p-Quinone methide lac was synthesized according to the literature reported procedure,

and it is a known compound.?

B B B B
Y Y KOH, KsFeCNg Y Y

hexane/water, rt, 1 h

S3 1ac

2 Z.-Q. Liu, P-S. You, L.-D. Zhang, D.-Q. Liu, S.-S. Liu, X.-Y. Guan, Molecules 2020, 25, 539
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p-Quinone methide 5a was synthesized according to the literature reported procedure,

and it is a known compound.?

OH COcCl oH oH
Me Me Me Me Me Me
Me(j'\"e AlCly O Zn(Hg), conc. HCI O Ag,0
+ —_— _ >
toluene, rt, 7 h EtOH/H,0, reflux, 8 h toluene, rt, 0.5 h ‘
W o C C
M

S4 S5 MeO S6 MeO s7 eO 5

p-Quinone methide 5d was synthesized according to the literature reported procedure.*

OH OH OH
T™MS Br
Br B HOCH,CH,OH, TsOH o' BT (1) HMDS, THF, reflux, 5 h (1) TMSCI, TEA, THF, rt, 1 h
toluene, reflux, overnight (2) "BuLi, -78 °C, 1 h (2) "BuLi, -78 °C, overnight
thenrt, 2 h
H )
cHo o Yo o Mo
_/ \/
s8 s9 s10
OH OH OH o
™S ™S
™S ™S TsoH ™S ™S 4 MeOPhMgEF O MsCl, TEA 'MS ‘ ™S
actone, rt, 1 h THF, rt,2h DCM, rt, 1 h |
o o CHO o
\/
s11 s12 MeO s13 MeO 5d

4-(4-methoxybenzylidene)-2,6-bis(trimethylsilyl)cyclohexa-2,5-dienone (5d)
( ) ) (yellow solid)
™S ™S | 1 NMR (500 MHz, CDCls) d 7.92 (d, ] = 2.0 Hz, 1H), 7.50 (d, ] =
‘ 8.7 Hz, 2H), 7.36 (d, ] = 2.0 Hz, 1H), 7.23 (s, 1H), 7.02 (d, ] = 8.7 Hz,
| 1H), 3.91 (s, 3H), 0.27 (s, 9H), 0.25 (s, 9H).
MeO O 13C NMR (125 MHz, CDCls)  193.1, 161.1, 149.7, 144.2, 142.9, 141.8,
S 7 140.7,132.6,129.8, 128.1, 114.5, 55.4, -1.4.

HRMS: (ESI*) [M+H]* calcd for C20H290:Si2: 357.1701, found: 357.1705.

2.2 Synthesis of L1-L3, L5, L8-L15

NH2 NN o )

; H
+ -2 Hel
©i>"'"OH EtOMOEt DCM, 40°C. 18 @

s14
L1: R-X = Mel (10 eq.), T=40°C, t=20 h

) N, THE. 111 Wj L2: R-X = Etl (10 eq.), T =45 °C, t=20 h
(1) NaH, THF, 1t L3: R-X ="Bul (10 eq.), T =50 °C, t = 24 h
(2)R-X, THF, T, 1 L5: R-X = BrCH,CH,Br (1.2 eq.), T=50 °C, t=2h

L8-L15: R-X =ArCH,Br (5eq.), T=rt,t=48h

Compound 516 was synthesized according to the literature reported procedure.
To a solution of §16 in anhydrous THF was added NaH (7.0 equiv) in portions at rt. The
resulting mixture was stirred at rt for 1 hour, and then the corresponding halide was

3 T. Uno, H. Ohta, A. Yamane, M. Kubo, T. Itoh, Journal of Polymer Science, Part A: Polymer Chemistry,
2015, 53, 437
4 L. Roisera, M. Wasera, Org. Lett. 2017, 19, 2338
5 J. L. Hofstra, A. H. Cherney, C. M. Ordner, S. E. Reisman, J. Am. Chem. Soc. 2018, 140, 139
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added. The mixture was continued to stir at the temperature indicated. After completion,
the reaction was quenched with saturated NH4Cl and extracted with CH2Cl.. The
combined organic layers were dried with Na2SOs, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
(petroleum ether/acetone) to afford the corresponding pure product.

Ligands L1, L5, L8, L9, L11, and L12 are known compounds.
(3aS,3a'5,8aR,8a'R)-2,2'-(pentane-3,3-diyl)bis(8,8a-dihydro-3aH-indeno[1,2-d]oxazole)
(L2) (white solid)

I 1H NMR (500 MHz, CDCls) 5 7.51 (dd, ] =6.9, 1.8 Hz, 2H), 7.29 -

OMO ” 7.23 (m, 6H), 5.55 (d, ] = 7.7 Hz, 2H), 5.24 (ddd, ] = 8.1, 6.9, 1.5
N N\> Hz, 2H), 3.31 (dd, ] = 17.8, 6.9 Hz, 2H), 2.97 (dd, ] = 17.8, 1.5 Hz,

& @ 2H), 1.92 (qd, ] = 7.5, 3.2 Hz, 4H), 0.56 (t, ] = 7.5 Hz, 6H).

BC NMR (125 MHz, CDCls) & 168.5, 141.9, 139.7, 128.2, 127.3,

125.6, 125.0, 83.3, 76.4, 49.0, 39.6, 35.0, 24.7.

HRMS: (ESI*) [M+H]* caled for C2sH27N202: 387.2067, found: 387.2073.

Specific rotation: [a]p? =-246.1° (c = 1.0, CH2Cl).

(3aS,3a'S,8aR,8a'R)-2,2'-(nonane-5,5-diyl)bis(8,8a-dihydro-3aH-indeno[1,2-d]oxazole)

(L3) (white solid)

1H NMR (500 MHz, CDCls) & 7.55 — 7.50 (m, 2H), 7.31 - 7.22 (m,

Oﬁﬁ 6H), 5.56 (d, ] = 7.5 Hz, 2H), 5.24 (ddd, ] = 7.9, 6.8, 1.5 Hz, 2H),
N N 3.30 (dd, J=17.8, 6.7 Hz, 2H), 2.97 (dd, | =17.7, 1.4 Hz, 2H), 1.87

8/ @ (qdd, J =13.8, 11.6, 5.0 Hz, 4H), 1.24 — 1.04 (m, 4H), 1.02 - 0.89

(m, 2H), 0.76 — 0.66 (m, 2H), 0.68 (t, ] = 7.3 Hz, 6H).

3C NMR (125 MHz, CDCls) d 168.5, 141.9, 139.7, 128.2, 127.3, 125.6, 125.0, 83.3, 76.4, 49.0,

39.6, 35.0, 24.7.

HRMS: (ESI*) [M+H]* caled for C2oHssN202: 443.2693, found: 443.2690.

Specific rotation: [a]p? =-205.2° (c = 1.0, CH2Cl).

(3aS,3a'S,8aR,8a'R)-2,2'-(1,3-bis(3,5-bis(trifluoromethyl) phenyl) propane-2,2-diyl)bis(8,8

a-dihydro-3aH-indeno[1,2-dloxazole) (L10) (pale yellow solid)

) 'H NMR (500 MHz, CDCls) 6 7.73 (s, 2H), 7.65 (d, ] = 1.6 Hz,

4H), 7.45 (dd, ] = 6.8, 1.8 Hz, 2H), 7.35 - 7.22 (m, 6H), 5.48 (d,

] =7.9 Hz, 2H), 5.16 — 5.08 (m, 2H), 3.57 (d, ] = 14.0 Hz, 2H),

3.29 (dd, ] = 18.0, 7.1 Hz, 2H), 3.14 (d, ] = 14.0 Hz, 2H), 2.84

(dd, J=18.0, 1.6 Hz, 2H).

13C NMR (125 MHz, CDCls)  165.2, 141.0, 139.2, 138.7, 131.3

(g, ] =32.5Hz), 130.3 (q, ] = 3.8 Hz), 128.6, 127.6, 125.5, 125.0,

123.2 (q, ] =271.3 Hz), 121.0 (hept, ] = 3.8 Hz), 83.3, 76.3, 47.9, 40.3, 39.4.

HRMS: (ESI*) [M+H]* calcd for CssH27F12N202: 783.1875, found: 783.1873.

Specific rotation: [a]p? =-175.4° (c = 2.0, CH2ClL).

(3aS,3a'S,8aR,8a'R)-2,2'-(1,3-bis(4-methoxyphenyl)propane-2,2-diyl)bis(8,8a-dihydro-3a

H-indeno[1,2-d]oxazole) (L13) (white solid)

H NMR (500 MHz, CDCls) 6 7.48 (d, ] = 7.3 Hz, 2H), 7.40 - 7.30 (m, 6H), 6.67 (d, ] = 8.6

Hz, 4H), 6.34 (d, ] = 8.7 Hz, 4H), 5.63 (d, ] = 7.9 Hz, 2H), 5.39 — 5.28 (m, 2H), 3.70 (s, 6H),

3.38 (dd, ] =18.0, 6.7 Hz, 2H), 3.19 (d, ] = 14.3 Hz, 2H), 3.12 (d, ] = 18.0 Hz, 2H), 2.99 (d, | =

S6



(0]

& L)

MeO Q O OMe

J

14.3 Hz, 2H).

BBC NMR (125 MHz, CDCls) d 167.5, 157.9, 141.6, 139.8,
131.2,128.3, 128.1, 127.4, 125.8, 125.1, 113.0, 83.4, 76.5, 55.0,
47.8,39.3, 37.9.

HRMS: (ESI*) [M+H]* calcd for Cs7HssN2Os: 571.2591,
found: 571.2597.

Specific rotation: [a]p? =-55.8° (c = 0.5, CH2Cl).
(3aS,3a'S,8aR,8a'R)-2,2'-(1,3-bis(4-(trifluoromethyl)phenyl)propane-2,2-diyl)bis(8,8a-di
hydr0-3aH-indeno[1 2-d]0xazole) (L14) (pale yellow solid)

8 i)

F3C Q O (:F3

J

1H NMR (500 MHz, CDCls) d 7.47 — 7.42 (m, 2H), 7.42 —
7.38 (m, 2H), 7.37 - 7.30 (m, 4H), 7.00 (d, ] = 8.0 Hz, 4H),
6.84 (d, ] = 8.0 Hz, 4H), 5.64 (d, ] = 7.8 Hz, 2H), 5.35 (ddd, |
= 7.8, 6.6, 1.1 Hz, 2H), 3.38 (dd, ] = 20.0, 10.0 Hz, 2H), 3.35
(d, ] = 10.0 Hz, 2H), 3.05 (d, ] = 10.0 Hz, 2H), 3.04 (d, ] =
20.0 Hz, 2H).

BC NMR (125 MHz, CDCls) d 166.7, 141.4, 139.9, 139.6, 130.4, 128.7, 128.6 (q, ] = 32.5 Hz),
127.7,125.7,125.2,124.5 (q, ] = 3.8 Hz), 124.2 (q, J=271.3 Hz), 83.9, 76.4, 47 .2, 39.7, 39.2.
HRMS: (ESI*) [M+H]" caled for Cs7HasFeN202: 647.2128, found: 647.2130.

Specific rotation: [a]p? =-114.9° (c = 1.0, CH2Cl).
(3aS,3a'5,8aR,8a'R)-2,2'-(1,3-di([1,1'-biphenyl]-4-yl)propane-2,2-diyl)bis(8,8a-dihydro-3a
H-indeno[1,2-d]oxazole) (L15) (whlte solid)

1H NMR (500 MHz, CDCl3) d 7.54 — 7.48 (m, 6H), 7.4
(dd, ] = 8.5, 6.9 Hz, 4H), 7.38 - 7.29 (m, 8H), 7.07 (d, ] =
8.2 Hz, 4H), 6.87 (d, ] = 8.2 Hz, 4H), 5.67 (d, ] = 7.8 Hz,
2H), 5.37 (ddd, ] = 8.0, 6.8, 1.3 Hz, 2H), 3.39 (dd, ] = 20.0,
10.0 Hz, 2H), 3.35 (d, ] = 15.0 Hz, 2H), 3.15 (d, ] = 15.0
Hz, 2H), 3.13 (d, ] = 15.0 Hz, 2H).

1BC NMR (125 MHz, CDCls) d 167.3, 141.6, 141.0, 139.8, 139.0, 135.2, 130.6, 128.6, 128.4,
127.5,127.0, 126.9, 126.3, 125.8, 125.1, 83.5, 76.5, 47.6, 39.4, 38.5.

HRMS: (ESI*) [M+Na]* caled for Ca7HssN20O2Na: 685.2825, found: 685.2818.

Specific rotation: [a]p? =-113.4° (c = 0.5, CH2Cl).

2.3 Synthesis of L4

NH,
moH  *

$17

(1) LDA, THF, - 20 °C, 3 h

EtO

* 2 HCI
OEt THF, 50 C 20h

$15

NH NH \//\W
AN J

(2) Mel, THF, -20 °C to 60 °C, 24 h

S7



Compounds S17, S18 were synthesized according to the literature reported procedure.®
To a solution of S18 (414 mg, 1.0 mmol) in anhydrous THF was added LDA (2.0 M in THEF,
1.0 mL, 2.0 equiv) dropwise at -20 °C. The solution was stirred at -20 °C for additional 3
hours, and then CHsl (710 mg, 5.0 equiv) was added. The solution was warmed to rt and
heated at 60 °C for 24 hours. After completion, the reaction was quenched with saturated
NH.4Cl and extracted with CH2Clz. The combined organic layers were dried with Na250s,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (petroleum ether/acetone) to afford the pure product.
(3aS,3a'S,8aR,8a'R)-2,2'-(cyclopentane-1,1-diyl)bis(8,8a-dihydro-3aH-indeno[1,2-d]oxazo
le) (L4) (pale yellow solid)
( Me_ Me 1 'H NMR (500 MHz, CDCls) & 7.41 (s, 2H), 7.16 (d, | = 1.4 Hz,
Oﬁﬁw 4H), 5.52 (d, | = 8.0 Hz, 2H), 5.31 (td, | = 7.6, 2.1 Hz, 2H), 3.32
(dd, ] = 17.7, 7.2 Hz, 2H), 3.01 (dd, ] = 17.7, 2.1 Hz, 2H), 2.94
(hept, ] =7.0 Hz, 2H), 1.45 (s, 6H), 1.27 (d, ] = 7.0 Hz, 12H).
13C NMR (125 MHz, CDCls) d 169.1, 148.3, 141.9, 137.1, 126.8,
) © 124.8,123.5,83.5,76.5, 39.4, 38.6, 34.0, 24.2, 24.1, 24.0.
HRMS: (ESI*) [M+H]* calcd for C2oHasN202: 443.2693, found: 443.2697.

2.4 Synthesis of L6, L7
n
DBU
NCTCN + Br R B e Q
’ ’ NC CN
s19 $20 $21

n

$14, Zn(OTf),

toluene, 110 °C, 48h 8/ o L6 n= 2

Compound 521 was synthesized according to the literature reported procedure.”

A solution of §21 and Zn(OTf): (1.0 equiv) in anhydrous toluene was stirred at rt for 10
minutes, and then S14 (2.2 equiv) was added. The mixture was heated at 110 °C for 48
hours under nitrogen atmosphere. After completion, ethyl acetate was added, and the
organic layer was washed by saturated NaHCOs and brine. The collected organic layer
was dried with Na25O;, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (petroleum ether/acetone) to afford
the corresponding pure products.
(3aS,3a'S,8aR,8a'R)-2,2'-(cyclopentane-1,1-diyl)bis(8,8a-dihydro-3aH-indeno[1,2-d]oxazo
le) (L6) (white solid)

1H NMR (500 MHz, CDCls)  7.54 — 7.48 (m, 2H), 7.31 - 7.22 (m,
6H), 5.53 (d, ] = 7.8 Hz, 2H), 5.27 (td, ] = 7.4, 1.7 Hz, 2H), 3.31 (dd,

(0] O,
I Nj J=17.8, 7.0 Hz, 2H), 2.97 (dd, ] = 17.8, 1.7 Hz, 2H), 2.28 - 2.16 (m,
@ 2H), 2.16 — 2.07 (m, 2H), 1.68 — 1.48 (m, 4H).

6 C.Liu, J.-C.Yi, Z.-B. Zheng, Y. Tang, L.-X. Daj, S.-L. You, Angew. Chem. Int. Ed. 2016, 55, 751
7 T.-Y. Tsai, K.-S. Shia, H.-J. Liu, Synlett 2003, 97
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BBC NMR (125 MHz, CDCls) d 168.5, 141.9, 139.7, 128.2, 127.3, 125.6, 125.0, 83.3, 76.4, 49.0,
39.6, 35.0, 24.7.

HRMS: (ESI*) [M+H]* calcd for C2sH2sN202: 385.1911, found: 385.1920.

Specific rotation: [a]p? =-335.9° (c = 1.0, CH2Cl).
(3aS,3a'S5,8aR,8a'R)-2,2'-(cyclohexane-1,1-diyl)bis(8,8a-dihydro-3aH-indeno[1,2-d]oxazol
e) (L7) (white solid)

1H NMR (500 MHz, CDCls) & 7.55 — 7.48 (m, 2H), 7.32 - 7.25 (m,
o o 4H), 7.23 (dd, | = 6.2, 2.4 Hz, 2H), 5.55 (d, ] = 7.8 Hz, 2H), 5.27 —
8’“ L 5.22 (m, 2H), 3.31 (dd, ] = 17.8, 6.9 Hz, 2H), 2.95 (dd, ] = 17.8, 1.6
@ Hz, 2H), 1.99 (td, ] = 8.1, 3.6 Hz, 2H), 1.91 (ddd, ] = 13.6, 8.4, 2.9
Hz, 2H), 1.55 — 1.40 (m, 2H), 1.35 — 1.23 (m, 4H).
13C NMR (125 MHz, CDCL)  168.5, 141.9, 139.7, 128.2, 127.3,
125.6, 125.0, 83.3, 76.4, 49.0, 39.6, 35.0, 24.7.

HRMS: (ESI*) [M+H]* caled for C2sH27N202: 399.2067, found: 399.2063.
Specific rotation: [a]p? =-272.8° (c = 0.5, CH2Cl).

III. Screening of Reaction Conditions

Table S1. Preliminary Screening of Ligands

OH

Bu ‘Bu
Cu( OTf)2 Ligand O o
( / THF 0°C,18h
O O . OEt
OMe MeO

Bu tB

BnJ: (")‘/>_<\'C“)j""’an Phim}% o \%WJ Ph'gfwj

36% yield 46% yield 97% yield
1.7:1dr 3.3:11dr < 5% yield 26:1dr
0% ee 16% ee 51% ee
O
j j Van\ ]
N "
35% yield 33% yield 18% yield : 72% yield
2.1:1dr 1.7:1dr 1.6:1dr 3.9:1dr
0% ee 0% ee 0% ee -13% ee
| X
o} / N
7% yield 97% yield
< 5% yield 2.01dr _°4 61
78% ee
N HN
51% yield
3.1:1dr
24% ee < 5% yield
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Table S2. Optimization of Reaction Conditions

Bu Bu
o O Cu(OTf), (10 mol %)
L8 (12 mol %)
| + OEFt —————— >
THF, T, t
MeO ‘ (x equiv) MeO

entry T (°C) (x equiv) t(h) yield (%) dr ee (%)

1 -10 1.5 18 98 11.5:1 94
2 -15 1.5 18 98 14.6:1 98
3 -20 1.5 18 67 14.5:1 96
4 20 1.5 24 73 14.5:1 97
5 -30 1.5 18 33 15.6:1 97
6 -30 1.5 24 46 15.4:1 96
7 30 1.5 36 51 15.6:1 96
8 -15 1.2 18 73 13.9:1 94
9 -15 1.2 24 82 13.8:1 95
10 -15 1.5 12 89 14.3:1 97
11 -15 1.8 12 93 14.2:1 97
12 -15 1.8 18 98 14.7:1 98
132 -15 1.5 24 0

a: Without Cu(OTf),

IV. Diarylmethylation of 1,3-Dicarbonyl Compounds

o Cu(OTf), (10 mol %)
L8 (12 mol %)
+ "
| R'MR THF, T, 18 h

An oven-dried Schlenk tube was charged with Cu(OTf)2 (1.8 mg, 0.005 mmol, 10 mol%),
L8 (4.4 mg, 0.006 mmol, 12 mol%), p-quinone methide substrates (0.05 mmol) and a stir

bar. The tube was degased and refilled with nitrogen for 3 times, and then anhydrous
THF (0.5 mL) was injected to the tube via a syringe. The reaction mixture was cooled to
the temperature indicated. After stirring for 3 minutes, a solution of 1,3-dicarbonyl
compounds (0.075 mol, 1.5 equiv) in anhydrous THF (0.5 mL) was injected to the reaction
mixture via a syringe. After stirring at the same temperature for additional 18 hours, the
reaction was quenched with saturated NH4Cl and extracted with ethyl acetate (3 x 20
mL). The combined organic layers were dried with Na2SOs, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(petroleum ether/ethyl acetate) to afford the pure product.

(R)-ethyl  1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (3a) (colorless oil)

H NMR (500 MHz, CDCls) 6 7.22 (d, ] = 8.6 Hz, 2H), 6.90 (s, 2H), 6.82 (d, ] = 8.7 Hz, 2H),
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f ) 5.12(s, 1H), 5.09 (s, 1H), 3.98 (dq, ] = 10.7, 7.1 Hz, 1H), 3.89 (dq, |
=10.7, 7.1 Hz, 1H), 3.80 (s, 3H), 2.99 (dddd, ] =12.7, 7.2, 4.0, 1.4
Hz, 1H), 2.32 - 2.23 (m, 1H), 2.20 (ddd, ] =13.1, 9.3, 7.4 Hz, 1H),
1.82 (dddd, ] = 15.3, 12.1, 9.4, 7.6 Hz, 1H), 1.69 (dt, ] = 18.5, 9.1
Hz, 1H), 1.46 — 1.39 (m, 1H), 1.36 (s, 18H), 0.91 (t, ] = 7.1 Hz,
3H).

13C NMR (125 MHz, CDCls) d 214.3, 169.0, 158.0, 152.4, 135.4, 133.6, 131.0, 130.0, 126.5,
113.5, 66.6, 61.5, 55.2, 54.5, 38.7, 34.3, 30.3, 29.4, 19.5, 13.6.

HRMS: (ESI*) [M+Na]* caled for CsoH0OsNa: 503.2768, found: 503.2770.

Specific rotation: [a]p? =-96.2° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 99.0:1.0,
0.7 mL/min, A =210 nm, retention time: 7.58 min (minor), 10.29 min (major).

(2R,35)-ethyl 2-benzoyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)
propanoate (3b) (dark yellow solid)

( 1 'HNMR (500 MHz, CDCls) 0 7.88 (dd, ] = 8.1, 1.3 Hz, 2H), 7.55 -
7.49 (m, 1H), 7.40 (t, ] = 7.7 Hz, 2H), 7.32 (d, ] = 8.7 Hz, 2H), 6.92
(s, 2H), 6.86 (d, ] =8.7 Hz, 2H), 5.34 (d, ] =11.9 Hz, 1H), 4.90 (d, |
=119 Hz, 1H), 4.91 (s, 1H), 4.00 (qd, ] =7.1, 1.8 Hz, 2H), 3.79 (s,
3H), 1.24 (s, 18H), 1.04 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) o 194.5, 167.9, 158.2, 152.1, 137.5,
135.5, 134.6, 133.1, 131.8, 129.0, 128.43, 128.35, 124.4, 113.8, 61.4,
59.7,55.2,50.9, 34.1, 30.0, 13.8.

HRMS: (ESI*) [M+Na]* calcd for CssHaOsNa: 539.2768, found: 539.2768.

Specific rotation: [a]p® = +3.6° (c = 1.0, CH2CL).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,
0.7 mL/min, A =210 nm, retention time: 14.80 min (minor), 16.91 min (major).
(2R,3S)-ethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-(4-fluorobenzoyl)-3-(4-methoxy-
phenyl)propanoate (3c) (dark yellow solid)

( 1 'HNMR (500 MHz, CDCl3) 9 7.92 (dd, ] =8.7, 5.5 Hz, 2H), 7.35
- 7.27 (m, 2H), 7.08 (t, ] = 8.6 Hz, 2H), 6.91 (s, 2H), 6.89 — 6.82
(m, 2H), 5.27 (d, ] = 11.8 Hz, 1H), 4.93 (s, 1H), 4.89 (d, ] = 11.8
Hz, 1H), 4.00 (qd, ] =7.1, 1.9 Hz, 2H), 3.79 (s, 3H), 1.26 (s, 18H),
1.04 (t, ] =7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 192.9, 167.8, 165.7 (d, | = 253.8
Hz), 158.3, 152.2, 135.7, 134.5, 134.0 (d, ] = 2.5 Hz), 131.9, 131.1
(d, ] =10.0 Hz), 129.0, 124.4, 115.6 (d, | = 22.5 Hz), 113.9, 61.5, 59.9, 55.2, 50.9, 34.2, 30.1,
13.8.

F NMR (471 MHz, CDCls) d -104.82.

HRMS: (ESI*) [M+Na]* calcd for CssHsoFOsNa: 557.2674, found: 557.2678.

Specific rotation: [a]p® = +2.2° (c = 1.0, CH2CL).

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =254 nm, retention time: 19.23 min (major).

(2R,3S)-ethyl 2-(4-chlorobenzoyl)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxy-
phenyl)propanoate (3d) (yellow solid)
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Y\ 'H NMR (500 MHz, CDCls) 6 7.81 (d, ] = 8.6 Hz, 2H), 7.37 (d, |
= 8.6 Hz, 2H), 7.31 (d, | = 8.7 Hz, 2H), 6.91 (s, 2H), 6.86 (d, | =
8.7 Hz, 2H), 5.26 (d, ] = 11.8 Hz, 1H), 4.94 (s, 1H), 487 (d, | =
11.8 Hz, 1H), 4.01 (qd, ] =7.1, 1.7 Hz, 2H), 3.79 (s, 3H), 1.26 (s,
18H), 1.04 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 193.4, 167.7, 158.2, 152.2, 139.6,
135.8, 135.6, 134.4, 131.7, 129.7, 128.9, 128.7, 124.4, 113.9, 61.5,
59.9,55.2,50.9, 34.1, 30.1, 13.8.

HRMS: (ESI*) [M+Na]* calcd for CasHso>ClOsNa: 573.2378, found: 573.2381; [M+Na]*
caled for CssHs9%7ClOsNa: 575.2349, found: 575.2368.

Specific rotation: [a]p? =-8.0° (c = 1.0, CH2Cl2).

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 90.0:10.0,
0.5 mL/min, A = 210 nm, retention time: 12.68 min (minor), 13.83 min (major).
(2R,35)-ethyl 2-(4-bromobenzoyl)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxy-
phenyl)propanoate (3e) (yellow solid)

( 1 H NMR (500 MHz, CDCl3) 6 7.72 (d, ] = 8.6 Hz, 2H), 7.54 (d, |
= 8.6 Hz, 2H), 7.30 (d, | = 8.7 Hz, 2H), 6.90 (s, 2H), 6.86 (d, | =
8.7 Hz, 2H), 5.24 (d, ] = 11.8 Hz, 1H), 4.94 (s, 1H), 487 (d, | =
11.8 Hz, 1H), 4.00 (qd, ] =7.1, 1.6 Hz, 2H), 3.79 (s, 3H), 1.26 (s,
18H), 1.04 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 193.7, 167.7, 158.3, 152.2, 136.2,
135.6, 134.4, 131.7, 131.7, 129.8, 128.9, 128.4, 124.4, 113.9, 61.5,
59.9,55.2,50.9, 34.1, 30.1, 13.9.

HRMS: (ESI*) [M+Na]* calcd for CssHso’BrOsNa: 617.1873, found: 617.1874; [M+Nal*
caled for CssHs98'BrOsNa: 619.1853, found: 619.1861.

Specific rotation: [a]p? = -4.0° (c = 1.0, CH2Cl2).

HPLC analysis of the product: Daicel Chiralpak IC-H column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =210 nm, retention time: 26.03 min (major).

cl

Br )

(2R,35)-ethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)-2-(4-
(trifluoromethyl)benzoyl)propanoate (3f) (red solid)
( ) 'HNMR (500 MHz, CDCl3) 7.93 (d, ] = 8.2 Hz, 2H), 7.65 (d,

J=8.2Hz, 2H), 7.32 (d, ] = 8.6 Hz, 2H), 6.89 (s, 2H), 6.87 (d, |

=8.6 Hz, 2H), 5.30 (d, ] =11.8 Hz, 1H), 4.94 (s, 1H), 4.87 (d, | =

11.8 Hz, 1H), 4.02 (qd, ] =7.1, 1.1 Hz, 2H), 3.80 (s, 3H), 1.24 (s,

18H), 1.06 (t, ] =7.1 Hz, 3H).

CF, | 1BBC NMR (125 MHz, CDCls) 8 194.1, 167.5, 158.4, 152.3, 140.4,
135.8, 134.28 (q, | = 32.5 Hz), 134.26, 131.5, 128.8, 128.5, 125.4

(9, J=3.8Hz), 124.5,123.5 (q, ] = 271.3 Hz), 114.0, 61.6, 60.3, 55.2, 51.2, 34.1, 30.1, 13.9.

F NMR (471 MHz, CDCls) 8 -63.23.

HRMS: (ESI*) [M+Na]* calcd for CasHsoFsOsNa: 607.2642, found: 607.2644.

Specific rotation: [a]p® =-15.9° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 92.0:8.0,

0.5 mL/min, A =210 nm, retention time: 9.90 min (minor), 10.57 min (major).

(2R,35)-ethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)-2-(4-nitro-
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benzoyl)propanoate (3g) (yellow solid)

N 'H NMR (500 MHz, CDCl3)d 8.23 (d, ] = 8.8 Hz, 2H), 7.96 (d,

J=8.8 Hz, 2H), 7.31 (d, ] = 8.7 Hz, 2H), 6.90 (s, 2H), 6.87 (d, |

=8.7Hz, 2H), 5.28 (d, ] =11.8 Hz, 1H), 4.96 (s, 1H), 4.87 (d, | =

11.8 Hz, 1H), 4.03 (q, ] = 7.1 Hz, 2H), 3.80 (s, 3H), 1.25 (s,

18H), 1.06 (t, ] =7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) 0 193.8, 167.3, 158.4, 152.4, 150.0,

142.0, 135.8, 133.9, 131.4, 129.2, 128.8, 124.4, 123.6, 114.0, 61.8,

60.6, 55.2, 51.1, 34.1, 30.1, 13.9.

HRMS: (ESI) [M+Na]* caled for CssH3NO7Na: 584.2619, found: 584.2619.

Specific rotation: [a]p® =-5.7° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 90.0:10.0,

0.5 mL/min, A =254 nm, retention time: 16.50 min (major), 17.59 min (minor).

(2R,3S)-ethyl  3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)-2-(4-methyl-

benzoyl)propanoate (3h) (colorless oil)

( )} 'H NMR (500 MHz, CDCl3)d 7.80 (d, ] = 8.1 Hz, 2H), 7.32 (d,

J=8.6 Hz, 2H), 7.20 (d, ] = 8.1 Hz, 2H), 6.92 (s, 2H), 6.85 (d, |

=8.6 Hz, 2H), 5.31 (d, ] =11.8 Hz, 1H), 4.91 (s, 1H), 4.89 (d, | =

11.8 Hz, 1H), 3.98 (qd, ] = 7.1, 2.8 Hz, 2H), 3.79 (s, 3H), 2.39 (s,

3H), 1.25 (s, 18H), 1.03 (t, ] = 7.1 Hz, 3H).

Me 13C NMR (125 MHz, CDCls) 0 193.9, 168.1, 158.1, 152.1, 144.0,
’ 135.4, 135.0, 134.7, 132.0, 129.1, 129.0, 128.6, 124.4, 113.8, 61.3,

59.6, 55.2, 50.8, 34.1, 30.1, 21.6, 13.8.

HRMS: (ESI*) [M+Na]* caled for CssHa20OsNa: 553.2924, found: 553.2925.

Specific rotation: [a]p® =-3.7° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 90.0:10.0,

0.6 mL/min, A =254 nm, retention time: 10.04 min (minor), 12.25 min (major).

(2R,35)-ethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-(4-methoxybenzoyl)-3-(4-

methoxyphenyl)propanoate (3i) (yellow oil)

)} H NMR (500 MHz, CDCls) 6 7.91 (d, ] = 9.0 Hz, 2H), 7.31 (d,

J =8.6 Hz, 2H), 6.93 (s, 2H), 6.88 (d, ] = 9.0 Hz, 2H), 6.85 (d, |

=8.6 Hz, 2H), 5.28 (d, ] =11.9 Hz, 1H), 4.91 (s, 1H), 4.90 (d, | =

11.1 Hz, 1H), 3.98 (qd, ] = 7.1, 3.1 Hz, 2H), 3.86 (s, 3H), 3.79 (s,

3H), 1.26 (s, 18H), 1.02 (t, ] = 7.1 Hz, 3H).

omel BCNMR (125 MHz, CDCls) 0 192.5, 168.2, 163.6, 158.1, 152.0,
’ 135.4, 134.8, 132.1, 130.9, 130.8, 130.4, 129.0, 124.4, 113.8, 61.3,

59.4, 55.5, 55.2, 50.6, 34.1, 30.1, 13.9.

HRMS: (ESI*) [M+K]* caled for CssH4206K: 585.2613, found: 585.2638.

Specific rotation: [a]p? = +2.6° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 90.0:10.0,

0.5 mL/min, A =210 nm, retention time: 20.60 min (minor), 28.98 min (major).

(2R,3S)-ethyl  3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)-2-(3-methyl-

benzoyl)propanoate (3j) (colorless oil)

H NMR (500 MHz, CDCl3) 9 7.71 (d, ] = 7.6 Hz, 1H), 7.63 (s, 1H), 7.36 — 7.27 (m, 4H), 6.92

NO, |
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Y (s, 2H), 6.86 (d, ] = 8.7 Hz, 2H), 5.33 (d, ] = 11.8 Hz, 1H), 4.91
(s, 1H), 4.89 (d, ] = 11.8 Hz, 1H), 4.00 (qt, ] = 7.1, 3.7 Hz, 2H),
3.79 (s, 3H), 2.37 (s, 3H), 1.25 (s, 18H), 1.04 (t, ] = 7.1 Hz, 3H).
13C NMR (125 MHz, CDCls) d 194.8, 168.0, 158.2, 152.1, 138.2,
137.7, 135.5, 134.7, 133.9, 131.9, 129.0, 128.8, 128.3, 125.6,
124.4,113.8, 61.4, 59.7, 55.2, 51.0, 34.1, 30.1, 21.3, 13.9.

HRMS: (ESI*) [M+Na]* caled for CasHaeOsNa: 553.2924,

found: 553.2923.

Specific rotation: [a]p® =-0.7° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 92.0:8.0,
0.5 mL/min, A =254 nm, retention time: 12.97 min (minor), 13.67 min (major).
(2R,35)-ethyl 2-(3-chlorobenzoyl)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxy-
phenyl)propanoate (3k) (colorless oil)

( ) H NMR (500 MHz, CDCl3)d 7.78 — 7.72 (m, 2H), 7.49 (ddd, |
=8.0, 2.1, 1.0 Hz, 1H), 7.37 - 7.29 (m, 3H), 6.90 (s, 2H), 6.86 (d,
J=8.7Hz, 2H), 5.25 (d, ] = 11.8 Hz, 1H), 4.94 (s, 1H), 4.86 (d, |
=11.8 Hz, 1H), 4.02 (qd, ] =7.1, 2.8 Hz, 2H), 3.80 (s, 3H), 1.26
(s, 18H), 1.06 (t, ] =7.1 Hz, 3H).

1BC NMR (125 MHz, CDCls) 8 193.7, 167.6, 158.3, 152.3, 139.2,
135.7, 134.8, 134.3, 132.9, 131.5, 129.7, 128.9, 128.3, 126.3,
124.5, 113.9, 61.6, 59.9, 55.2, 51.1, 34.1, 30.1, 13.9.

HRMS: (ESIY) [M+Na]* calcd for CssHs9*>ClOsNa: 573.2378, found: 573.2375; [M+Nal*
caled for CssH39%7ClOsNa: 575.2349, found: 575.2366.

Specific rotation: [a]p® =-21.5° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =210 nm, retention time: 15.79 min (major), 26.68 min (minor).
(2R,3S)-ethyl 2-(3-bromobenzoyl)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxy-
phenyl)propanoate (31) (yellow oil)

( ) H NMR (500 MHz, CDCls)d 7.91 (t, ] = 1.8 Hz, 1H), 7.79 (dt,
J=77,13 Hz, 1H), 7.66 — 7.63 (m, 1H), 7.37 — 7.28 (m, 3H),
6.90 (s, 2H), 6.86 (d, | = 8.7 Hz, 2H), 5.25 (d, | = 11.8 Hz, 1H),
4.95 (s, 1H), 4.86 (d, ] = 11.8 Hz, 1H), 4.02 (tq, ] = 7.1, 3.3 Hz,
2H), 3.80 (s, 3H), 1.27 (s, 18H), 1.06 (t, | =7.1 Hz, 3H).

BC NMR (125 MHz, CDCls) 83C NMR (126 MHz,
Chloroform-d) d 193.6, 167.6, 158.3, 152.3, 139.4, 135.8, 135.8,
134.4, 131.6, 131.2, 130.0, 128.9, 126.8, 124.5, 122.8, 113.9, 61.5, 60.0, 55.2, 51.1, 34.2, 30.1,
13.9.

HRMS: (ESI*) [M+Na]* calcd for CssHso’BrOsNa: 617.1873, found: 617.1875; [M+Nal*
caled for CssHs98'BrOsNa: 619.1853, found: 617.1862.

Specific rotation: [a]p® =-18.5° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =254 nm, retention time: 17.99 min (major), 27.53 min (minor).
(2R,3S)-ethyl  3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)-2-(2-methyl-
benzoyl)propanoate (3m) (dark yellow oil)
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1H NMR (500 MHz, CDCls) 8 7.89 (dd, ] = 7.3, 1.6 Hz, 1H), 7.38 —
7.29 (m, 4H), 7.08 (d, ] = 7.3 Hz, 1H), 6.95 (s, 2H), 6.83 (d, ] = 8.6
Hz, 2H), 5.26 (d, ] = 12.1 Hz, 1H), 4.98 (s, 1H), 4.80 (d, ] = 12.1 Hz,
1H), 4.08 (tq, ] = 7.1, 3.4 Hz, 2H), 3.77 (s, 3H), 1.80 (s, 3H), 1.24 (s,
18H), 1.12 (t, ] = 7.1 Hz, 3H).

3C NMR (125 MHz, CDCL) d 197.8, 168.0, 158.2, 152.4, 139.3,
138.8, 135.6, 134.8, 131.5, 131.28, 131.25, 128.6, 128.1, 125.5, 124.5,

113.9, 62.1, 61.4,55.2,52.1, 34.1, 29.9, 19.6, 14.0.

HRMS: (ESI*) [M+Na]* calcd for CasH42OsNa: 553.2924, found: 553.2929.

Specific rotation: [a]p? =-25.3° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.0:2.0,

0.5 mL/min, A =210 nm, retention time: 15.68 min (minor), 17.99 min (major).

(R)-methyl

2-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-3-

oxobutanoate (3n) (yellow oil)

OMe

N

30.1.

1H NMR (500 MHz, CDCls) 8 7.23 (d, ] = 8.7 Hz, 2H), 7.03 (s, 2H),
6.83 (d, ] = 8.7 Hz, 2H), 5.08 (s, 1H), 4.64 (d, ] = 12.1 Hz, 1H), 4.46
(d, ] = 12.1 Hz, 1H), 3.78 (s, 3H), 3.55 (s, 3H), 2.04 (s, 3H), 1.41 (s,
18H).

15C NMR (125 MHz, CDCls) d 202.3, 168.4, 158.2, 152.5, 136.0,
134.3, 131.7, 128.5, 124.3, 113.9, 65.8, 55.1, 52.4, 50.5, 34.3, 30.3,

HRMS: (ESI*) [M+Na]* calcd for C27HseOsNa: 463.2455, found: 463.2459.
Specific rotation: [a]p® = +2.5° (c = 1.0, CH2CL).
HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,

0.7 mL/min, A =280 nm, retention time: 10.91 min (major), 13.38 min (minor).

(R)-ethyl

2-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-3-

oxobutanoate (30) (yellow oil)

P
Bu l Bu
O

OEt

N

30.3, 13.8.

1H NMR (500 MHz, CDCls) d 7.24 (d, ] = 8.7 Hz, 2H), 7.04 (s, 2H),
6.82 (d, ] = 8.7 Hz, 2H), 5.08 (s, 1H), 4.63 (d, ] = 12.1 Hz, 1H), 4.44
(d, ] = 12.1 Hz, 1H), 4.00 (qd, ] = 7.1, 1.6 Hz, 2H), 3.77 (s, 3H), 2.05
(s, 3H), 1.41 (s, 18H), 1.05 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCL) d 202.4, 167.9, 158.2, 152.5, 136.0,
134.4, 131.8, 128.6, 124.2, 113.9, 66.0, 61.3, 55.2, 50.5, 34.3, 31.6,

HRMS: (ESI*) [M+Na]* calcd for CasHssOsNa: 477.2611, found: 477.2613.
Specific rotation: [a]p? = +5.5° (c = 1.0, CH2Cl2)
HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 96.0:4.0,

0.6 mL/min, A =280 nm, retention time: 9.82 min (major), 12.30 min (minor).

(R)-isopropyl

2-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-3-

oxobutanoate (3p) (yellow oil)

1H NMR (500 MHz, CDCls) d 7.24 (d, ] = 8.7 Hz, 2H), 7.04 (s, 2H),
6.82 (d, ] = 8.7 Hz, 2H), 5.07 (s, 1H), 4.84 (hept, | = 6.3 Hz, 1H),
462 (d, ] = 12.2 Hz, 1H), 441 (d, ] = 12.2 Hz, 1H), 3.77 (s, 3H),
1.41 (s, 18H), 1.05 (d, ] = 6.3 Hz, 3H), 1.00 (d, ] = 6.3 Hz, 3H).
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13C NMR (125 MHz, CDCls) & 202.4, 167.5, 158.2, 152.5, 135.9, 134.5, 132.0, 128.7, 124.2,
113.8, 68.9, 66.2, 55.2, 50.5, 34.3, 31.6, 30.3, 21.4, 21.3.

HRMS: (ESI*) [M+Na]* calcd for C2oHa0OsNa: 491.2768, found: 491.2768.

Specific rotation: [a]p? = +6.0° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 97.0:3.0,
0.45 mL/min, A =210 nm, retention time: 13.53 min (major), 17.21 min (minor).
(2R/S,35)-ethyl  2-(cyclopropanecarbonyl)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-
methoxyphenyl)propanoate (3q) (colorless oil)

H NMR (500 MHz, CDCl3) 0 7.22 (d, ] = 8.7 Hz, 2H), 7.09 (s, 2H),
6.82 - 6.79 (m, 2H), 5.05 (s, 1H), 4.72 (d, ] = 10.0 Hz, 1H), 4.52 (d, |
=10.0 Hz, 1H), 4.01 - 3.96 (m, 2H), 3.77 (s, 3H), 2.17 (tt, [ =7.7, 5.4
Hz, 1H), 1.42 (s, 18H), 0.98 (t, ] = 7.1 Hz, 3H), 0.93 — 0.84 (m, 2H),
0.75 - 0.67 (m, 2H) (diastereoisomer A).

07.27 (d, ] =8.7 Hz, 2H), 7.04 (s, 2H), 6.83 (d, ] = 8.7 Hz, 2H), 5.05
(s, 1H), 4.70 (d, ] =12.1 Hz, 1H), 4.54 (d, ] =12.1 Hz, 1H), 4.02 (qd,
J=7.1,28Hz, 2H), 3.78 (s, 3H), 2.05 (tt, ] = 7.6, 4.8 Hz, 1H), 1.40 (s, 18H), 1.07 (t, ] = 7.1 Hz,
3H), 0.85 - 0.72 (m, 4H) (diastereoisomer B).

13C NMR (125 MHz, CDCls) d 204.1, 168.21, 158.15, 152.36, 135.7, 134.3, 132.5, 128.9, 124.2,
113.9, 66.5, 61.1, 55.16, 50.5, 34.3, 20.5, 13.8, 11.9, 11.40. (diastereoisomer A).

0 204.0, 168.17, 158.20, 152.34, 135.8, 134.6, 132.1, 128.7, 124.5, 113.9, 66.3, 61.2, 55.18, 50.6,
30.3, 21.0, 13.9, 11.8, 11.36. (diastereoisomer B).

HRMS: (ESI*) [M+Na]* caled for CsoHs0OsNa: 503.2768, found: 503.2776.

Specific rotation: [a]p® =-3.8° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 95.0:5.0,

0.5 mL/min, A = 280 nm, retention time: 12.71 min (major), 16.56 min (minor)

(diastereoisomer A)/15.47 min (minor), 17.16 min (major) (diastereoisomer B).

(2R,35)-ethyl 2-(cyclopentanecarbonyl)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-

methoxyphenyl)propanoate (3r) (colorless oil)

1 'H NMR (500 MHz, CDCls) 6 7.28 (d, ] = 8.7 Hz, 2H), 7.02 (s, 2H),

6.84 (d, ] = 8.7 Hz, 2H), 4.68 (d, | = 12.0 Hz, 1H), 4.52 (d, ] = 12.0

Hz, 1H), 4.07 — 3.94 (m, 2H), 3.78 (s, 3H), 2.71 (m, 1H), 1.78 - 1.17

(m, 8H), 1.39 (s, 3H), 1.03 (t, ] = 7.1 Hz, 3H).

1BC NMR (125 MHz, CDCls) o 206.2, 167.9, 158.2, 152.4, 135.9,

) 134.6,132.2,128.7,124.8 113.9, 65.0, 61.2, 55.2, 52.4, 50.5, 34.3, 30.3,
28.51,28.49,25.8, 25.7, 13.9.

HRMS: (ESI*) [M+Na]* caled for Cs2HasOsNa: 531.3081, found: 531.3086.

Specific rotation: [a]p® =-40.6° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 97.0:3.0,

0.45 mL/min, A =210 nm, retention time: 16.53 min (major), 30.26 min (minor).

(2R,35)-ethyl 2-(cyclohexanecarbonyl)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-

methoxyphenyl)propanoate (3s) (colorless oil)

H NMR (500 MHz, CDCls) d 7.28 (d, ] = 8.7 Hz, 2H), 7.02 (s, 2H), 6.84 (d, ] = 8.7 Hz, 2H),

5.06 (s, 1H), 4.63 (d, ] = 12.1 Hz, 1H), 4.56 (d, ] = 12.1 Hz, 1H), 4.05 — 3.95 (m, 2H), 3.78 (s,

3H), 2.04 (m, 1H), 1.76 — 1.67 (m, 2H), 1.62 — 1.54 (m, 2H), 1.40 (s, 18H), 1.34 — 1.22 (m, 2H),
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1.20 - 1.08 (m, 2H), 1.04 (t, ] = 7.1 Hz, 3H), 1.01 - 0.83 (m, 2H).

13C NMR (125 MHz, CDCls) o 207.1, 167.9, 158.1, 152.5, 135.9,
134.5, 132.1, 128.5, 124.7, 113.9, 63.5, 61.1, 55.2, 52.3, 50.9, 34.3,
30.2,28.0, 27.4, 25.72, 25.67, 25.2, 13.9.

HRMS: (ESI*) [M+Na]* calcd for CssHssOsNa: 545.3237, found:
545.3238.

Specific rotation: [a]p® =-59.3° (c = 1.0, CH2Cl2).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.0:2.0,
0.5 mL/min, A =210 nm, retention time: 11.13 min (major), 15.24 min (minor).
(2R,35)-ethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-(furan-2-carbonyl)-3-(4-methoxy-
phenyl)propanoate (3t) (yellow oil)

( ) 'H NMR (500 MHz, CDCl3) 6 7.58 (d, ] = 1.6 Hz, 1H), 7.32 (d, | =
8.7 Hz, 2H), 7.21 (d, | = 3.3 Hz, 1H), 7.00 (s, 2H), 6.85 (d, ] = 8.7
Hz, 2H), 6.51 (dd, ] = 3.6, 1.7 Hz, 1H), 5.15 (d, ] = 12.0 Hz, 1H),
4.95 (s, 1H), 4.87 (d, ] =12.0 Hz, 1H), 3.99 (q, | = 7.1 Hz, 2H), 3.79
(s, 3H), 1.31 (s, 18H), 1.03 (t, ] = 7.1 Hz, 3H).

1BC NMR (125 MHz, CDCls) d 182.3, 167.7, 158.2, 152.4, 152.2,
147.0, 135.5, 134.5, 131.8, 128.9, 124.3, 118.5, 113.8, 112.5, 61.4,
59.7,55.2,50.3, 34.2, 30.2, 13.8.

HRMS: (ESI*) [M+Na]* caled for CsiHssOsNa: 529.2561, found: 529.2569.

Specific rotation: [a]p® =-3.7° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 95.0:5.0,
0.8 mL/min, A =280 nm, retention time: 25.24 min (major), 31.33 min (minor).
(2R,35)-ethyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)-2-(thiophene-
2-carbonyl)propanoate (3u) (yellow oil)

)\ 'H NMR (500 MHz, CDCls) © 7.77 (dd, | = 3.8, 1.1 Hz, 1H), 7.62
(dd, J=4.9,1.1 Hz, 1H), 7.31 (d, ] = 8.6 Hz, 2H), 7.08 (dd, ] = 4.9,
3.8 Hz, 1H), 6.97 (s, 2H), 6.86 (d, | = 8.6 Hz, 2H), 5.09 (d, ] = 11.9
Hz, 1H), 4.94 (s, 1H), 4.89 (d, ] = 11.9 Hz, 1H), 3.99 (q, ] = 7.1 Hz,
2H), 3.80 (s, 3H), 1.28 (s, 18H), 1.03 (t, ] = 7.1 Hz, 3H).

1BC NMR (125 MHz, CDCls) d 186.4, 167.7, 158.3, 152.2, 1444,
135.6, 134.5, 134.5, 132.8, 131.9, 129.0, 128.0, 124.4, 113.9, 61.4,
55.2,50.6, 46.5, 34.2, 30.1, 13.8.

HRMS: (ESI*) [M+Na]* caled for CsiHssOsSNa: 545.2332, found: 545.2339.

Specific rotation: [a]p? =-30.4 (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 90.0:10.0,
0.8 mL/min, A =210 nm, retention time: 13.12 min (major), 15.58 min (minor).

(R)-methyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl) (4-methoxyphenyl)methyl)-2-
oxocyclopentanecarboxylate (3v) (pale yellow solid)

f ) 'H NMR (500 MHz, CDCls) & 7.21 (d, | = 8.7 Hz, 2H), 6.91 (s,
2H), 6.83 (d, ] = 8.7 Hz, 2H), 5.12 (s, 1H), 5.10 (s, 1H), 3.80 (s, 3H),
3.47 (s, 3H), 3.00 (dddd, | =12.8, 7.3, 4.0, 1.4 Hz, 1H), 2.33 - 2.17
(m, 2H), 1.89 - 1.74 (m, 1H), 1.74 — 1.66 (m, 1H), 1.48 — 1.38 (m,
1H), 1.37 (s, 18H).
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13C NMR (125 MHz, CDCls) d 214.4, 169.5, 157.9, 152.4, 135.4, 133.4, 130.7, 129.9, 126.5,
113.5, 66.8, 55.1, 54.6, 52.7, 38.8, 34.3, 30.3, 29.2, 19.6.

HRMS: (ESI*) [M+Na]* calcd for C2oHssOsNa: 489.2611, found: 489.2612.

Specific rotation: [a]p? =-84.6° (c = 1.0, CH2Cl2).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,
0.7 mL/min, A =210 nm, retention time: 9.40 min (major), 11.33 min (minor).

(R)-ethyl  1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-oxo-
cyclohexanecarboxylate (3w) (colorless oil)

( 1 'H NMR (500 MHz, CDCls) & 7.37 (d, ] = 8.7 Hz, 2H), 7.23 (s,
2H), 6.79 (d, ] = 8.7 Hz, 2H), 5.05 (s, 1H), 4.87 (s, 1H), 3.98 - 3.88
(m, 1H), 3.85 — 3.73 (m, 1H), 3.77 (s, 3H), 2.61 (dd, ] = 13.8, 3.0
Hz, 1H), 2.52 - 2.46 (m, 1H), 2.46 — 2.37 (m, 1H), 1.95 (ddd, | =
12.6, 6.0, 3.0 Hz, 1H), 1.80 — 1.71 (m, 2H), 1.60 — 1.51 (m, 2H),
? 1.42 (s, 18H), 0.95 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) & 206.7, 171.0, 158.1, 152.1, 134.9, 133.6, 131.7, 131.4, 127.3,
113.1, 66.5, 61.1, 55.2, 42.0, 34.4, 31.6, 30.4, 29.7, 26.8, 22.9, 13.6.

HRMS: (ESI*) [M+Na]* calcd for CaiH42OsNa: 517.2924, found: 517.2927.

Specific rotation: [a]p® = +13.6° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 98.5:1.5,
0.5 mL/min, A =210 nm, retention time: 11.99 min (major), 15.34 min (minor).

(S)-methyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-oxo-
2,3-dihydro-1H-indene-1-carboxylate (3x) (colorless oil)

H NMR (500 MHz, CDCls) 6 7.63 (d, ] =7.5 Hz, 1H), 7.46 (t, | =
7.5Hz, 1H), 7.30 (d, ] =7.5 Hz, 1H), 7.25 (t, ] = 7.5 Hz, 1H), 7.22 (d,
] =8.7 Hz, 2H), 6.87 (d, ] = 8.7 Hz, 2H), 6.75 (s, 2H), 5.39 (s, 1H),
4.88 (s, 1H), 4.18 (d, ] =17.1 Hz, 1H), 3.83 (s, 3H), 3.57 (s, 3H), 3.52
(d, J=17.1 Hz, 1H), 1.20 (s, 18H).

1BC NMR (125 MHz, CDCls) d 201.7, 170.2, 158.0, 153.9, 152.2,
135.2, 135.0, 133.8, 130.2, 129.7, 127.2, 126.1, 125.8, 124.3, 113.7,
66.5,55.2,54.1,52.9, 34.1, 33.6, 30.1.

HRMS: (ESI*) [M+Na]* calcd for CssHssOsNa: 537.2611, found: 537.2616.

Specific rotation: [a]p® =-207.9 (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =210 nm, retention time: 23.46 min (major), 28.36 min (minor).
(5)-3-acetyl-3-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)di
hydrofuran-2(3H)-one (3y) (colorless oil)

( 1 'H NMR (500 MHz, CDCls) d 7.10 (d, | = 8.7 Hz, 2H), 6.94 (s,
2H), 6.86 (d, | = 8.7 Hz, 2H), 5.25 (s, 1H), 5.18 (s, 1H), 4.06 (td, | =
8.3, 7.3 Hz, 1H), 3.81 (s, 3H), 3.49 (td, ] = 8.7, 4.6 Hz, 1H), 3.30
(ddd, J =127, 8.3, 4.6 Hz, 1H), 2.31 (ddd, ] = 12.7, 9.1, 7.3 Hz,
1H), 2.24 (s, 3H), 1.37 (s, 18H).

) ? 1BC NMR (125 MHz, CDCls) d 201.6, 175.4, 158.5, 152.9, 135.9,
131.4, 130.1, 129.9, 126.0, 114.2, 67.5, 66.3, 55.2, 53.7, 34.4, 30.2, 25.9, 25.5.

HRMS: (ESI*) [M+Na]* calcd for CasH3sOsNa:475.2455, found: 475.2460.
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Specific rotation: [a]p? =-120.2° (c = 0.5, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 97.5:2.5,
0.5 mL/min, A =210 nm, retention time: 15.70 min (major), 18.05 min (minor).

(R)-ethyl 2-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-
methyl-3-oxobutanoate (3z) (colorless oil)

) HNMR (500 MHz, CDCl3)d 7.27 (d, ] = 8.7 Hz, 2H), 7.09 (s, 2H),
6.80 (d, ] = 8.7 Hz, 2H), 5.09 (s, 1H), 5.08 (s, 1H), 4.09 — 4.00 (m,
2H), 3.79 (s, 3H), 2.03 (s, 3H), 1.48 (s, 3H), 1.40 (s, 18H), 1.11 (t, ] =
7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) o 205.1, 172.1, 158.1, 152.3, 135.4,
“133.8, 131.0, 130.9, 126.5, 113.3, 65.5, 61.4, 55.2, 53.7, 34.4, 304,

27.2,18.4,13.8.

HRMS: (ESI') [M+Na]* caled for C2oH400sNa: 491.2768, found: 491.2775.

Specific rotation: [a]p® = +9.1 (c = 1.0, CH2Cl)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 97.0:3.0,
0.8 mL/min, A =210 nm, retention time: 7.20 min (minor), 10.36 min (major).
(R/S)-2-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-1-phenyl
butane-1,3-dione (3aa) (colorless oil)

H NMR (500 MHz, CDCls)d 7.99 — 7.93 (m, 2H), 7.58 — 7.48 (m,
1H), 7.43 (t, ] = 7.7 Hz, 2H), 7.17 (d, ] = 8.7 Hz, 2H), 7.13 (s, 2H),
6.70 (d, ] =8.7 Hz, 2H), 5.51 (d, ] =4.3 Hz, 1H), 5.49 (d, ] = 4.3 Hz,
1H), 5.11 (s, 1H), 3.69 (s, 3H), 2.01 (s, 3H), 1.44 (s, 18H)
(diastereoisomer A).

0 7.87 - 7.80 (m, 2H), 7.58 — 7.48 (m, 1H), 7.39 (t, ] = 7.7 Hz, 2H),
7.34 - 7.29 (m, 2H), 6.92 (s, 2H), 6.87 (d, ] = 8.7 Hz, 2H), 498 (d, |
=11.9 Hz, 1H), 4.92 (d, ] = 11.9 Hz, 1H), 4.91 (s, 1H), 3.80 (s, 3H), 2.13 (s, 3H), 1.24 (s, 18H)
(diastereoisomer B).

13C NMR (125 MHz, CDCls) d 203.1, 194.7, 158.0, 152.6, 137.2, 136.1, 134.7, 133.4, 132.0,
130.0, 128.59, 128.5, 124.7, 113.9, 70.0, 55.1, 51.0, 34.4, 30.6, 27.7 (diastereoisomer A).
0203.6,195.7, 158.4, 152.2, 137.7, 135.7, 134.0, 133.2, 132.1, 128.7, 128.63, 128.4, 124.3, 114.2,
69.3, 55.2, 51.6, 34.2, 30.1, 28.1 (diastereoisomer B).

HRMS: (ESI*) [M+Na]* caled for Cs2HssOsNa: 509.2662, found: 509.2669.

Specific rotation: [a]p® =-14.9° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,

0.7 mL/min, A = 254 nm, retention time: 9.69 min (major), 11.93 min (minor)

(diastereoisomer A)/13.06 min (minor), 19.23 min (major) (diastereoisomer B).
(R/S)-2-acetyl-2-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)
cyclopentanone (3ab) (colorless oil)

( oH ) H NMR (500 MHz, CDCls) & 7.14 (d, | = 8.7 Hz, 2H), 6.95 (s,
‘Bu ‘Bu 2H), 6.83 (d, | = 8.7 Hz, 2H), 5.23 (s, 1H), 5.10 (s, 1H), 3.80 (s,
O o 3H), 3.14 - 3.06 (m, 1H), 2.27 — 2.13 (m, 1H), 2.11 (s, 3H), 2.09 —
O 2 Me 1.97 (m, 1H), 1.78 — 1.65 (m, 2H), 1.50 — 1.38 (m, 1H), 1.36 (s,
MeO . °© 18H) (diastereoisomer A).

‘ 56.99 - 6.94 (m, 2H), 6.81 (s, 2H), 6.78 (d, ] = 8.7 Hz, 2H), 5.19 (s,
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1H), 5.11 (s, 1H), 3.78 (s, 3H), 3.24 — 3.14 (m, 1H), 2.27 — 2.13 (m, 1H), 2.08 - 1.98 (m, 1H),
2.06 (s, 3H), 1.77 — 1.65 (m, 2H), 1.50 — 1.38 (m, 1H), 1.41 (s, 18H) (diastereoisomer B).

13C NMR (125 MHz, CDCls) d 215.68, 203.0, 158.2, 135.5, 132.7, 131.3, 130.0, 126.2, 124.3,
114.0, 74.8, 55.2, 54.8, 34.3, 31.6, 30.3, 27.3, 26.1, 19.4 (diastereoisomer A).

013C NMR (126 MHz, Chloroform-d) d 215.72, 202.6, 152.5, 136.0, 133.4, 131.0, 130.8, 125.6,
124.9,113.5,75.1, 55.1, 54.6, 39.2, 31.9, 30.4, 27.5, 25.9, 19.7 (diastereoisomer B).

HRMS: (ESI*) [M+Na]* calcd for C2oHssOsNa: 473.2662, found: 473.2667.

Specific rotation: [a]p? =-18.3° (c = 0.9, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A = 210 nm, retention time: 7.04 min (major), 7.46 min (minor)
(diastereoisomer A)/8.80 min (minor), 9.74 min (major) (diastereoisomer B).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl) (4-fluorophenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4a) (pale yellow oil)

H NMR (500 MHz, CDCls) d 7.33 — 7.22 (m, 2H), 6.98 (t, ] = 8.7 Hz,
2H), 6.86 (s, 2H), 5.18 (s, 1H), 5.12 (s, 1H), 3.99 (dq, ] =10.8, 7.0 Hz,
1H), 3.90 (dq, ] = 10.8, 7.1 Hz, 1H), 2.99 (ddd, ] = 12.3, 7.2, 4.2 Hz,
1H), 2.28 (ddd, ] =18.2, 8.4, 4.6 Hz, 1H), 2.19 (ddd, ] = 13.0, 9.2, 7.5
Hz, 1H), 1.93 - 1.78 (m, 1H), 1.70 (dt, | = 18.4, 9.2 Hz, 1H), 1.50 —
1.36 (m, 1H), 1.36 (s, 18H), 0.90 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.09, 168.77, 161.3 (d, | = 243.8 Hz), 152.51, 137.3 (d, | =
3.8 Hz), 135.52, 130.4, 130.3 (d, ] = 7.5 Hz), 126.42, 115.0 (d, ] = 21.3 Hz), 66.4, 61.6, 54.4,
38.6,34.3, 30.2, 29.2, 19.5, 13.5.

F NMR (471 MHz, CDCls) d -116.73.

HRMS: (ESI*) [M+Na]* calcd for C2oHs7FOsNa: 491.2568, found: 491.2570.

Specific rotation: [a]p? =-74.8° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 99.5:0.5,
0.5 mL/min, A =254 nm, retention time: 18.06 min (major), 22.09 min (minor).

(R)-ethyl 1-((S)-(4-chlorophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4b) (yellow solid)

( 1 'H NMR (500 MHz, CDCls) & 7.27 (d, ] = 8.6 Hz, 1H), 7.23 (d, | =
8.6 Hz, 2H), 6.85 (s, 2H), 5.16 (s, 1H), 5.12 (s, 1H), 3.99 (dq, ] = 10.8,
7.1 Hz, 1H), 3.91 (dq, ] = 10.8, 7.1 Hz, 1H), 2.99 (ddd, ] = 12.3, 7.2,
4.0 Hz, 1H), 2.28 (ddd, ] = 18.5, 8.4, 4.5 Hz, 1H), 2.23 - 2.15 (m, 1H),
1.86 (ddt, ] = 16.8, 12.6, 7.2 Hz, 1H), 1.69 (dt, ] = 18.4, 9.2 Hz, 1H),
“ 1.44-1.38 (m, 1H), 1.36 (s, 18H), 0.92 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.0, 168.8, 152.6, 140.2, 132.1, 131.3, 130.2, 128.3, 126.5,
125.5, 66.2, 61.7, 54.6, 38.6, 34.3, 30.3, 29.3, 19.5, 13.6.

HRMS: (ESI*) [M+Na]* calcd for CxH37*°ClOsNa: 507.2273, found: 507.2279; [M+Nal*
caled for C20H3737ClO4Na: 509.2243, found: 509.2259.

Specific rotation: [a]p® =—48.0° (c = 0.5, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 99.5:0.5,
0.5 mL/min, A =210 nm, retention time: 16.60 min (minor), 17.48 min (major).

(R)-ethyl 1-((S)-(4-bromophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4c) (yellow solid)
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H NMR (500 MHz, CDCls) 6 7.41 (d, ] =8.5 Hz, 1H), 717 (d, | =
8.5 Hz, 2H), 6.85 (s, 2H), 5.14 (s, 1H), 5.12 (s, 1H), 3.99 (dq, ] =10.8,
7.1 Hz, 1H), 3.91 (dq, ] =10.8, 7.1 Hz, 1H), 2.98 (dddd, ] =12.9, 7.4,
4.1,1.4 Hz, 1H), 2.32 - 2.23 (m, 1H), 2.19 (ddd, ] =13.1, 9.1, 7.5 Hz,
1H), 1.90 - 1.80 (m, 1H), 1.70 (dd, ] = 18.3, 9.1 Hz, 1H), 1.45 - 1.34
(m, 1H), 1.37 (s, 18H), 0.92 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.0, 168.8, 152.6, 140.7, 135.6, 131.3, 130.6, 130.0, 126.5,
120.1, 66.2, 61.7, 54.6, 38.6, 34.3, 30.2, 29.3, 19.5, 13.6.

HRMS: (ESI¥) [M+Na]* calcd for CxH37°BrOsNa: 551.1767, found: 551.1770; [M+Nal*
calcd for C2oH372BrOsNa: 553.1747, found: 553.1755.

Specific rotation: [a]p? =—-62.8° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 99.5:0.5,
0.5 mL/min, A =210 nm, retention time: 17.55 min (major), 23.51 min (minor).

methyl  4-((5)-(3,5-di-tert-butyl-4-hydroxyphenyl)((R)-1-(ethoxycarbonyl)-2-oxocyclo-
pentyl)methyl)benzoate (4d) (colorless oil)

( )} 'H NMR (500 MHz, CDCls) 8 7.97 (d, ] = 8.4 Hz, 2H), 7.37 (d, |
= 8.4 Hz, 2H), 6.83 (s, 2H), 5.25 (s, 1H), 5.13 (s, 1H), 3.99 - 3.93
(m, 1H), 3.92 (s, 3H), 3.91 - 3.85 (m, 1H), 3.03 (dddd, ] = 12.9,
7.4, 4.3, 1.3 Hz, 1H), 2.34 — 2.19 (m, 2H), 1.92 - 1.81 (m, 1H),
1.76 — 1.65 (m, 1H), 1.42 - 1.36 (m, 1H), 1.35 (s, 18H), 0.86 (t, | =
7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 213.8, 168.8, 167.0, 152.6, 147.3, 135.7, 129.9, 129.5, 128.9,
128.1, 126.6, 66.1, 61.6, 55.1, 52.0, 38.6, 34.3, 30.3, 29.4, 19.5, 13.5.

HRMS: (ESI*) [M+Na]* caled for CsiHaOsNa: 531.2717, found: 531.2720.

Specific rotation: [a]p? =-98.5° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 90.0:10.0,
0.8 mL/min, A =254 nm, retention time: 7.65 min (major), 7.94 min (minor).

(R)-ethyl 1-((S)-(4-cyanophenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4e) (colorless oil)

H NMR (500 MHz, CDCls) 6 7.60 (d, ] = 8.4 Hz, 2H), 7.41 (d, ] =
8.4 Hz, 2H), 6.79 (s, 2H), 5.24 (s, 1H), 5.16 (s, 1H), 3.99 (dq, ] = 10.8,
7.1 Hz, 1H), 3.91 (dq, ] =10.8, 7.1 Hz, 1H), 3.04 — 2.96 (m, 1H), 2.34
-2.26 (m, 1H), 2.21 (ddd, ] =13.1, 9.0, 7.6 Hz, 1H), 1.93 — 1.82 (m,
1H), 1.70 (dt, ] =18.4, 9.2 Hz, 1H), 1.44 — 1.36 (m, 1H), 1.35 (s, 18H),
0.90 (t, ] =7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 213.4, 168.7, 152.8, 147.6, 135.9, 132.0, 129.6, 129.3, 126.5,
118.8, 110.2, 65.8, 61.8, 55.1, 38.4, 34.3, 30.2, 29.4, 19.5, 13.6.

HRMS: (ESI*) [M+Na]* caled for CsoHs7NOsNa: 498.2615, found: 498.2617.

Specific rotation: [a]p? =-98.9° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 97.0:3.0,
0.8 mL/min, A =254 nm, retention time: 20.77 min (major), 22.26 min (minor).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-(trifluoromethyl)phenyl)methyl)-
2-oxocyclopentanecarboxylate (4f) (colorless oil)

H NMR (500 MHz, CDCls) d 7.56 (d, ] = 8.1 Hz, 2H), 7.42 (d, ] = 8.1 Hz, 2H), 6.84 (s, 2H),
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5.24 (s, 1H), 5.14 (s, 1H), 3.98 (dq, ] =10.8, 7.1 Hz, 1H), 3.90 (dq, ] =
10.8, 7.1 Hz, 1H), 3.02 (ddd, ] = 12.3, 7.4, 4.2 Hz, 1H), 2.34 — 2.20
(m, 2H), 1.94 - 1.83 (m, 1H), 1.71 (dt, ] = 18.3, 9.1 Hz, 1H), 1.46 —
1.36 (m, 1H), 1.36 (s, 18H), 0.88 (t, ] =7.1 Hz, 3H).

3C NMR (125 MHz, CDCls) d 213.6, 168.8, 152.7, 146.0, 135.8,
130.3, 129.2, 128.6 (q, ] = 39.0 Hz), 126.6, 125.1 (q, | = 4.5 Hz), 124.2
(g, ] =324.0 Hz), 66.0, 61.7, 55.0, 38.5, 34.3, 30.2, 29.5, 19.5, 13.5.

F NMR (471 MHz, CDCls) d -62.44.

HRMS: (ESI*) [M+Na]* caled for CaoHs7FsOaNa: 541.2536, found: 541.2531.

Specific rotation: [a]p? =-82.3° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,
0.7 mL/min, A =210 nm, retention time: 6.21 min (major), 6.70 min (minor).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-nitrophenyl)methyl)-2-oxocyclo-
pentanecarboxylate (4g) (colorless oil)

1 'H NMR (500 MHz, CDCls) & 8.18 (d, ] = 8.8 Hz, 2H), 7.46 (d, | =
8.8 Hz, 2H), 6.81 (s, 2H), 5.30 (s, 1H), 5.17 (s, 1H), 4.01 — 3.96 (m,
1H), 3.96 - 3.91 (m, 1H), 3.02 (ddd, | =12.4, 7.4, 4.3 Hz, 2H), 2.37 -
2.20 (m, 2H), 1.96 - 1.85 (m, 1H), 1.71 (dt, ] = 18.5, 9.2 Hz, 1H),
1.47 -1.36 (m, 1H), 1.36 (s, 18H), 0.92 (t, ] = 7.1 Hz, 3H).

7 1BC NMR (125 MHz, CDCls) & 213.3, 168.7, 152.9, 149.8, 146.4,
136.0, 130.9, 129.7, 126.6, 123.5, 65.8, 61.8, 54.9, 38.4, 34.4, 31.6, 30.2, 19.5, 13.6.

HRMS: (ESI) [M+Na]* caled for C2oH37NOsNa: 518.2513, found: 518.2519.

Specific rotation: [a]p? =-94.4° (¢ = 0.5, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =254 nm, retention time: 20.63 min (major), 22.87 min (minor).

(R)-ethyl  1-((S)-(4-acetoxyphenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4h) (colorless oil)

H NMR (500 MHz, CDCls) & 7.30 (d, ] = 8.5 Hz, 2H), 7.02 (d, ] =
8.5 Hz, 1H), 6.88 (s, 2H), 5.18 (s, 1H), 5.11 (s, 1H), 4.02 (dq, ] = 10.6,
7.1 Hz, 1H), 3.89 (dq, ] =10.6, 7.1 Hz, 1H), 3.00 (dddd, | =12.9, 7.4,
4.1, 1.3 Hz, 1H), 2.37 - 2.16 (m, 2H), 2.29 (s, 3H), 1.92 - 1.78 (m,
1H), 1.70 (dt, ] = 184, 9.1 Hz, 1H), 1.47 — 1.33 (m, 1H), 1.36 (s,
18H), 0.89 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.0, 169.1, 168.9, 152.5, 149.2, 139.2, 135.6, 130.5, 129.8,
126.6, 121.2, 66.4, 61.7, 54.7, 38.6, 34.3, 30.3, 29.5, 21.1, 19.5, 13.5.

HRMS: (ESI*) [M+Na]* calcd for CsiH400O6Na: 531.2717, found: 531.2722.

Specific rotation: [a]p? =-79.9° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 97.5:2.5,
0.6 mL/min, A =210 nm, retention time: 18.97 min (minor), 20.95 min (major).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl) (4-ethoxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4i) (yellow oil)

H NMR (500 MHz, CDCls) d 7.20 (d, ] = 8.7 Hz, 2H), 6.90 (s, 2H), 6.81 (d, ] = 8.7 Hz, 2H),
5.12 (s, 1H), 5.09 (s, 1H), 4.07 — 3.94 (m, 3H), 3.89 (dq, /] =10.7, 7.1 Hz, 1H), 3.05 - 2.93 (m,
1H), 2.32 - 2.22 (m, 1H), 2.22 - 2.15 (m, 1H), 1.89 - 1.75 (m, 1H), 1.70 (dd, ] = 18.3, 9.1 Hz,
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1H), 1.44 - 1.38 (m, 1H), 1.41 (t, ] = 7.1 Hz, 3H), 1.36 (s, 18H), 0.90
(t, ] = 7.1 Hz, 3H).

BC NMR (125 MHz, CDCls) d 214.3, 169.0, 157.3, 152.4, 135.4,
133.5, 131.1, 130.0, 126.5, 114.2, 66.6, 63.4, 61.5, 54.6, 38.7, 34.3,
30.3,29.4,19.5, 14.8, 13.6.

HRMS: (ESI*) [M+Na]* caled for CsiHs«20OsNa: 517.2924, found:

517.2928.

Specific rotation: [a]p? =-102.5° (¢ =1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 98.5:1.5,
0.5 mL/min, A =210 nm, retention time: 15.62 min (minor), 16.39 min (major).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-(diphenylamino)phenyl)methyl)-
2-oxocyclopentanecarboxylate (4j) (yellow oil)

f ) 'H NMR (500 MHz, CDCls) & 7.28 — 7.17 (m, 6H), 7.07 = 7.02 (m,
6H), 7.00 (t, ] = 8.4 Hz, 2H), 6.92 (s, 2H), 5.16 (s, 1H), 5.13 (s, 1H),
413 (dq, ] =10.7, 7.1 Hz, 1H), 3.93 (dq, ] = 10.7, 7.1 Hz, 1H), 2.99
(tt, ] =10.7, 3.3 Hz, 1H), 2.34 — 2.25 (m, 1H), 2.18 (ddd, ] = 13.1,
9.2,74 Hz, 1H), 1.91 - 1.80 (m, 1H), 1.72 (dt, ] = 18.5, 9.2 Hz, 1H),
© 1.50-1.36 (m, 1H), 1.39 (s, 18H), 0.96 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.4, 168.8, 152.4, 147.8, 145.9, 136.2, 135.4, 130.8, 129.8,
129.1, 126.5, 124.4, 123.7, 122.4, 66.6, 61.6, 54.7, 38.7, 34.4, 30.3, 29.3, 19.6, 13.6.

HRMS: (ESI*) [M+K]* caled for CsiH#ZINO4K: 656.3137, found: 656.3136.

Specific rotation: [a]p? =-60.2° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 98.0:2.0,
0.35 mL/min, A =280 nm, retention time: 14.52 min (major), 17.69 min (minor).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-(pyrrolidin-1-yl)phenyl)methyl)-
2-oxocyclopentanecarboxylate (4k) (red oil)

H NMR (500 MHz, CDCls) & 7.14 (d, ] = 8.7 Hz, 2H), 6.98 (s,
2H), 6.48 (d, ] = 8.7 Hz, 2H), 5.05 (s, 1H), 5.02 (s, 1H), 3.99 — 3.94
(m, 1H), 3.94 — 3.87 (m, 1H), 3.26 (ddd, | = 7.3, 4.9, 2.4 Hz, 4H),
298 (dddd, | = 12.8, 7.2, 3.9, 1.4 Hz, 1H), 2.30 — 2.18 (m, 2H),
2.00 (td, J=7.7,7.1,3.9 Hz, 4H), 1.84 - 1.74 (m, 1H), 1.73 - 1.65
(m, 1H), 1.46 — 1.32 (m, 1H), 1.37 (s, 18H), 0.95 (t, ] =7.1 Hz, 3H).
13C NMR (125 MHz, CDCls) d 214.5, 169.2, 152.2, 146.5, 135.2,
131.7,129.8, 128.1, 126.5, 111.5, 66.9, 61.4, 54.8, 47.7, 38.9, 34.3, 30.4, 29.6, 25.4, 19.6, 13.7.
HRMS: (ESI*) [M+Na]* calcd for CasHasNOsNa: 542.3241, found: 542.3244.

Specific rotation: [a]p? =-53.6° (c = 0.25, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,
0.7 mL/min, A =254 nm, retention time: 9.15 min (minor), 11.46 min (major).

(R)-ethyl  1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-morpholinophenyl)methyl)-2-
oxocyclopentanecarboxylate (41) (brown oil)

H NMR (500 MHz, CDCls) d 7.21 (d, ] = 8.7 Hz, 2H), 6.92 (s, 2H), 6.84 (d, ] = 8.7 Hz, 2H),
5.08 (s, 2H), 3.98 (dq, ] =10.7, 7.1 Hz, 1H), 3.94 - 3.83 (m, 5H), 3.12 (q, ] = 4.3 Hz, 4H), 2.98
(dddd, ] =12.8,7.2, 39, 1.4 Hz, 1H), 2.30 — 2.16 (m, 2H), 1.88 — 1.76 (m, 1H), 1.68 (dt, ] =
18.4,9.2 Hz, 1H), 1.44 — 1.34 (m, 1H), 1.36 (s, 18H), 0.90 (t, ] = 7.1 Hz, 3H).

Ph,N
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1BBC NMR (125 MHz, CDCls) d 214.3, 169.0, 152.3, 135.4, 131.0,
130.7, 129.7, 126.5, 125.6, 115.5, 66.9, 66.6, 61.5, 54.6, 49.6, 38.7,
34.3, 30.3, 29.7, 19.5, 13.6.
HRMS: (ESI*) [M+Na]* calcd for CssHasNOsNa: 558.3190, found:
558.3183.
o— ) Specific rotation: [a]p? = -42.4° (c = 1.1, CH2CL)

HPLC analysis of the product: Daicel Chiralpak IC-3 column,
hexane/i-PrOH = 90.0:10.0, 0.8 mL/min, A = 254 nm, retention time: 7.39 min (minor), 8.02

min (major).

P4

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(p-tolyl)methyl)-2-oxocyclopentane-
carboxylate (4m) (colorless oil)

1 'H NMR (500 MHz, CDCls) d 7.22 — 7.13 (m, 2H), 7.08 (d, ] = 7.8
Hz, 2H), 6.91 (s, 2H), 5.13 (s, 1H), 5.09 (s, 1H), 3.97 (dq, ] = 8.6, 7.11
Hz, 2H), 3.90 (dq, ] = 8.6, 7.1 Hz, 2H), 3.00 (ddd, ] = 12.1, 7.2, 4.0
Hz, 1H), 2.34 - 2.17 (m, 2H), 2.31 (s, 3H), 1.82 (ddd, ] = 20.8, 12.9,
5.1 Hz, 1H), 1.69 (dt, ] = 18.5, 9.2 Hz, 1H), 1.44 — 1.36 (m, 1H), 1.37
“ (s, 18H), 0.90 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.5, 169.0, 152.4, 138.3, 135.6, 135.3, 130.9, 128.8, 128.8,
126.5, 66.5, 61.5, 55.0, 38.8, 34.3, 30.3, 29.4, 21.0, 19.6, 13.5.

HRMS: (ESI*) [M+Na]* calcd for CaoH400OsNa: 487.2819, found: 487.2818.

Specific rotation: [a]p? =-76.2° (c = 0.9, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.7 mL/min, A =210 nm, retention time: 7.58 min (minor), 8.17 min (major).

(R)-ethyl 1-((S)-(4-(tert-butyl)phenyl)(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4n) (colorless oil)

H NMR (500 MHz, CDCls) & 7.28 (d, ] = 8.3 Hz, 2H), 7.22 (d, | =
8.3 Hz, 2H), 6.93 (s, 2H), 5.12 (s, 1H), 5.08 (s, 1H), 4.01 (dq, ] =10.8,
7.1 Hz, 1H), 3.86 (dq, ] = 10.8, 7.1 Hz, 1H), 3.01 (ddt, ] = 12.3, 7.7,
3.3 Hz, 1H), 2.25 (dddd, | = 17.2, 13.2, 8.6, 5.7 Hz, 2H), 1.89 - 1.77
(m, 1H), 1.70 (dt, ] = 18.5, 9.2 Hz, 1H), 1.44 — 1.36 (m, 1H), 1.36 (s,
18H), 1.29 (s, 9H), 0.81 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.4, 169.0, 152.4, 149.1, 138.3, 135.4, 130.9, 128.6, 126.6,
125.0, 66.6, 61.5, 55.0, 38.7, 34.3, 31.3, 30.4, 30.3, 29.6, 19.6, 13.3.

HRMS: (ESI*) [M+Na]* calcd for CssHasOsNa: 529.3288, found: 529.3291.

Specific rotation: [a]p? =-87.9° (c = 1.0, CH2CL).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 99.5:0.5,
0.7 mL/min, A =210 nm, retention time: 8.27 min (minor), 10.98 min (major).

(R)-ethyl  1-((S)-[1,1'-biphenyl]-4-yl1(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (40) (yellow solid)

H NMR (500 MHz, CDCls) d 7.65 — 7.59 (m, 2H), 7.55 (d, ] = 8.4
Hz, 2H), 7.45 (t, ] = 7.8 Hz, 2H), 7.38 (d, ] = 8.4 Hz, 2H), 7.37 - 7.32
(m, 1H), 6.94 (s, 2H), 5.23 (s, 1H), 5.12 (s, 1H), 4.01 (dq, ] =10.8, 7.1
Hz, 1H), 3.91 (dq, ] =10.8, 7.1 Hz, 1H), 3.06 (dddd, [ =12.9, 7.3, 4.1,
1.4 Hz, 1H), 2.41 — 2.22 (m, 2H), 1.87 (ddt, ] = 20.1, 9.6, 3.2 Hz, 1H),
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1.72 (dt, ] =18.5,9.2 Hz, 1H), 1.47 - 1.33 (m, 1H), 1.37 (s, 18H), 0.89 (t, ] =7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.3, 168.9, 152.5, 140.7, 140.7, 138.9, 135.5, 130.5, 129.3,
128.7,127.1, 126.9, 126.8, 126.6, 66.4, 61.6, 55.0, 38.7, 34.3, 30.3, 29.5, 19.6, 13.5.

HRMS: (ESI') [M+Na]* caled for CssH420sNa: 549.2975, found: 549.2974.

Specific rotation: [a]p? =-94.2° (¢ = 0.9, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 97.0:3.0,
0.5 mL/min, A =210 nm, retention time: 11.19 min (minor), 12.60 min (major).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(phenyl)methyl)-2-oxocyclo-
pentanecarboxylate (4p) (colorless oil)

H NMR (500 MHz, CDCls) & 7.33 — 7.08 (m, 5H), 6.89 (s, 2H), 5.19 (s,
1H), 5.10 (s, 1H), 3.97 (dq, ] = 10.8, 7.1 Hz, 1H), 3.87 (dq, ] = 10.8, 7.1
Hz, 1H), 3.11 - 2.97 (m, 1H), 2.26 (dddd, | =22.4, 13.2, 7.1, 4.4 Hz, 2H),
1.92 - 1.80 (m, 1H), 1.70 (dt, | = 18.3, 9.2 Hz, 1H), 1.46 — 1.34 (m, 1H),
1.36 (s, 18H), 0.85 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.3, 169.0, 152.4, 141.6, 135.5, 130.8,
128.9, 128.2, 126.6, 126.2, 66.4, 61.5, 55.3, 38.7, 34.3, 30.3, 29.5, 19.6, 13.5.

HRMS: (ESI*) [M+Na]* calcd for C2oHssOsNa: 473.2662, found: 473.2662.

Specific rotation: [a]p? =-72.7° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,
0.7 mL/min, A =210 nm, retention time: 6.67 min (minor), 7.69 min (major).

(R)-ethyl 1-((R)-(3,5-di-tert-butyl-4-hydroxyphenyl)(2-methoxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4q) (colorless oil)

H NMR (500 MHz, CDCls) 6 7.33 (dd, ] =7.6, 1.6 Hz, 1H), 7.18 (td, |
=7.8,1.6 Hz, 1H), 6.94 (s, 2H), 6.91 (td, ] =7.6, 1.1 Hz, 1H), 6.82 (dd, |
=8.2, 1.1 Hz, 1H), 5.66 (s, 1H), 5.06 (s, 1H), 3.97 (dq, ] =10.7, 7.1 Hz,
1H), 3.82 (dq, ] = 10.7, 7.1 Hz, 1H), 3.74 (s, 3H), 3.09 — 2.97 (m, 1H),
2.31 -2.16 (m, 2H), 1.88 — 1.75 (m, 1H), 1.70 (dt, ] = 18.2, 9.0 Hz, 1H),
1.46 - 1.29 (m, 1H), 1.36 (s, 18H), 0.80 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.5, 169.0, 157.3, 152.3, 135.2, 130.4, 130.3, 128.3, 127.4,
126.4,119.9, 111.0, 66.5, 61.3, 55.7, 47.7, 38.8, 34.3, 30.4, 29.9, 19.6, 13.4.

HRMS: (ESI*) [M+Na]* calcd for CsoH0OsNa: 503.2768, found: 503.2774.

Specific rotation: [a]p? =-32.4° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =280 nm, retention time: 11.59 min (major), 16.17 min (minor).

(R)-ethyl 1-((R)-(3,5-di-tert-butyl-4-hydroxyphenyl)(3-methoxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4r) (colorless oil)

( ) 'H NMR (500 MHz, CDCls) & 7.20 (t, ] = 7.9 Hz, 1H), 6.92 (s, 2H),
6.91 - 6.88 (m, 1H), 6.85 (t, ] =2.1 Hz, 1H), 6.75 (dd, | =8.2, 2.5 Hz,
1H), 5.14 (s, 1H), 5.10 (s, 1H), 4.00 (dq, J = 10.8, 7.1 Hz, 1H), 3.89
(dg, ] = 10.8, 7.1 Hz, 1H), 3.79 (s, 3H), 3.10 — 2.97 (m, 1H), 2.36 —
2.17 (m, 2H), 1.83 (dddd, ] = 18.0, 14.6, 9.1, 7.4 Hz, 1H), 1.70 (dd, | =
S © 183, 9.1 Hz, 1H), 1.42 - 1.32 (m, 1H), 1.37 (s, 18H), 0.89 (t, ] = 7.1
Hz, 3H).

1BC NMR (125 MHz, CDCls) d 214.4, 168.8, 159.4, 152.5, 143.0, 135.4, 130.4, 129.1, 126.5,

S25



121.2,114.8, 112.0, 66.5, 61.5, 55.4, 55.1, 38.7, 34.3, 30.3, 29.5, 19.6, 13.5.

HRMS: (ESI) [M+Na]* caled for CsoH400sNa: 503.2768, found: 503.2770.

Specific rotation: [a]p? =-68.1° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =280 nm, retention time: 11.64 min (major), 12.96 min (minor).

(R)-ethyl  1-((R)-(3,5-di-tert-butyl-4-hydroxyphenyl)(3,4-dimethoxyphenyl)methyl)-2-
oxocyclopentanecarboxylate (4s) (yellow oil)

1 'H NMR (500 MHz, CDCls) d 6.94 (s, 2H), 6.90 — 6.82 (m, 2H),
6.80 (d, ] = 8.3 Hz, 1H), 5.10 (s, 1H), 5.09 (s, 1H), 3.98 (dq, ] = 10.9,
7.1 Hz, 1H), 3.88 (dq, ] = 10.9, 7.1 Hz, 1H), 3.87 (s, 3H), 3.85 (s,
3H), 3.03 - 2.95 (m, 1H), 2.27 (ddd, | = 18.3, 8.1, 4.0 Hz, 1H), 2.18
(ddd, ] =13.1, 9.5, 7.4 Hz, 1H), 1.88 — 1.78 (m, 1H), 1.69 (dt, | =
“ 18.5,9.2 Hz, 1H), 1.44 - 1.35 (m, 1H), 1.37 (s, 18H), 0.91 (t, ] = 7.1

Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.2, 168.9, 152.4, 148.6, 147.5, 135.5, 134.1, 130.8, 126.4,

120.8, 113.1, 110.8, 66.8, 61.5, 55.82, 55.79, 55.0, 38.7, 34.3, 30.3, 29.5, 19.6, 13.7.

HRMS: (ESI*) [M+Na]* calcd for CsiHs20sNa: 533.2874, found: 533.2878.

Specific rotation: [a]p? =-64.9° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 95.0:5.0,

0.8 mL/min, A =280 nm, retention time: 15.51 min (major), 18.37 min (minor).

(R)-ethyl  1-((R)-(3,5-di-tert-butyl-4-hydroxyphenyl)(2,4-dimethoxyphenyl)methyl)-2-

oxocyclopentanecarboxylate (4t) (colorless oil)

)} 'H NMR (500 MHz, CDCls) d 7.24 (d, ] = 8.4 Hz, 1H), 6.95 (s, 2H),

6.45 (dd, ] = 8.4, 2.5 Hz, 1H), 6.40 (d, ] = 2.5 Hz, 1H), 5.56 (s, 1H),

5.05 (s, 1H), 4.01 - 3.92 (m, 1H), 3.91 - 3.82 (m, 1H), 3.81 (s, 3H),

3.72 (s, 3H), 2.99 (dddd, ] =12.9, 7.3, 4.1, 1.5 Hz, 1H), 2.25 (dddd,

J=18.0,8.1, 4.1, 1.4 Hz, 1H), 2.17 (ddd, ] = 13.1, 9.2, 7.4 Hz, 1H),

S Z 1.85 - 1.74 (m, 1H), 1.69 (ddd, ] = 18.3, 9.8, 8.6 Hz, 1H), 1.41 -

1.32 (m, 1H), 1.37 (s, 18H), 0.86 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 214.5, 169.1, 159.2, 158.3, 152.2, 135.2, 130.8, 128.9, 126.4,

122.8, 103.3, 98.9, 66.7, 61.3, 55.6, 55.2, 47.2, 38.8, 34.3, 30.4, 19.6, 13.5.

HRMS: (ESI*) [M+Na]* calcd for CsiHa20OsNa: 533.2874, found: 533.2876.

Specific rotation: [a]p? =-30.1° (¢ =1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 97.0:3.0,

0.5 mL/min, A =210 nm, retention time: 17.01 min (minor), 20.67 min (major).

(R)-ethyl  1-((R)-(3,5-di-tert-butyl-4-hydroxyphenyl)(2,3-dihydrobenzo[b][1,4]dioxin-

7-yDmethyl)-2-oxocyclopentanecarboxylate (4u) (colorless oil)

f OH 1 'HNMR (500 MHz, CDCls) 6 6.92 (s, 2H), 6.81 (d, ] =1.2 Hz, 1H),
‘Bu 6.77 (d, ] =1.2 Hz, 2H), 5.09 (s, 1H), 5.04 (s, 1H), 4.24 (d, ] =1.9 Hz,

O o 4H), 4.04 (dq, ] =10.7, 7.1 Hz, 1H), 3.93 (dq, ] = 10.7, 7.1 Hz, 1H),

;é\oa 297 (dtd, ] =129, 5.5, 4.5, 2.7 Hz, 1H), 2.24 (tddd, ] = 20.5, 13.2,

(e}

o J, 6.7, 4.5 Hz, 2H), 1.81 (tdd, ] = 17.2, 15.7, 7.1, 4.6 Hz, 1H), 1.67 (dt,
‘ ] =185, 9.3 Hz, 1H), 1.46 — 1.36 (m, 1H), 1.37 (s, 18H), 0.96 (t, ] =
7.1 Hz, 3H).
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13C NMR (125 MHz, CDCls) d 214.2, 169.0, 152.4, 143.1, 141.9, 135.4, 134.9, 130.8, 126.5,
121.9, 118.0, 116.7, 66.5, 64.4, 64.3, 61.5, 54.6, 38.7, 34.3, 30.3, 29.4, 19.6, 13.6.

HRMS: (ESI') [M+Na]* caled for Cs1H40OsNa: 531.2717, found: 531.2722.

Specific rotation: [a]p? =-97.2° (c = 0.5, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 95.0:5.0,
0.8 mL/min, A =210 nm, retention time: 10.11 min (minor), 10.60 min (major).

(R)-ethyl  1-((R)-(3,5-di-tert-butyl-4-hydroxyphenyl)(naphthalen-1-yl)methyl)-2-oxo-
cyclopentanecarboxylate (4v) (yellow solid)

) 'HNMR (500 MHz, CDCls) d 8.24 - 8.14 (m, 1H), 7.86 - 7.77 (m, 1H),
7.73 (d, ] =8.2 Hz, 1H), 7.50 (dd, ] = 7.3, 1.1 Hz, 1H), 7.47 — 7.41 (m,
3H), 6.95 (s, 2H), 6.05 (s, 1H), 5.06 (s, 1H), 3.81 (dq, ] = 10.7, 7.1 Hz,
1H), 3.68 (dq, ] = 10.7, 7.1 Hz, 1H), 3.22 (ddd, | = 12.6, 7.4, 4.7 Hz,
1H), 2.41 — 2.27 (m, 2H), 1.89 (dp, ] = 12.2, 8.3 Hz, 1H), 1.76 (dt, | =
) ©18.0,8.9 Hz, 1H), 1.37 - 1.25 (m, 1H), 1.33 (s, 18H), 0.43 (t, ] =7.1 Hz,
3H).

13C NMR (125 MHz, CDCls) d 214.6, 168.9, 152.6, 137.6, 135.6, 134.1, 132.1, 129.8, 128.5,
127.2,126.2,125.9, 125.3, 124.6, 124.4, 124.1, 66.9, 61.3, 50.9, 38.8, 34.3, 30.3, 29.7, 19.6, 13.1.
HRMS: (ESI*) [M+Na]* calcd for CssHaOsNa: 523.2819, found: 523.2819.

Specific rotation: [a]p? =-101.9° (¢ =1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 98.5:1.5,
0.5 mL/min, A =210 nm, retention time: 15.24 min (major), 18.52 min (minor).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(naphthalen-2-yl)methyl)-2-oxo-
cyclopentanecarboxylate (4w) (pale yellow solid)

H NMR (500 MHz, CDCls) d 7.86 — 7.78 (m, 2H), 7.78 — 7.73 (m,
2H), 7.46 (ddd, ] = 6.9, 4.3, 1.8 Hz, 2H), 7.40 (dd, ] = 8.5, 1.9 Hz,
1H), 6.94 (s, 2H), 5.35 (s, 1H), 5.10 (s, 1H), 4.00 - 3.78 (m, 2H),
3.16 (ddd, ] =12.6, 7.5, 4.4 Hz, 1H), 2.42 - 2.22 (m, 2H), 1.88 (dp, |
=12.6, 8.6 Hz, 1H), 1.72 (dt, ] = 18.2, 9.1 Hz, 1H), 1.47 - 1.38 (m,
) “ 1H), 1.35 (s, 18H), 0.78 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) & 214.2, 169.1, 152.5, 139.3, 135.6, 133.3, 132.1, 130.5, 128.1,
127.9,127.8, 127.5, 126.8, 126.7, 125.8, 125.5, 66.4, 61.6, 55.4, 38.7, 34.3, 30.3, 29.6, 19.6, 13.5.
HRMS: (ESI*) [M+Na]* calcd for CssHaOsNa: 523.2819, found: 523.2823.

Specific rotation: [a]p® =-108.2° (c = 0.8, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =254 nm, retention time: 8.89 min (major), 10.93 min (minor).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(6-methoxynaphthalen-2-yl)methyl)
-2-oxocyclopentanecarboxylate (4x) (yellow solid)

H NMR (500 MHz, CDCl3)  7.70 (d, ] =8.9 Hz, 1H), 7.67 (d,
J=1.7 Hz, 1H), 7.66 (d, ] = 8.6 Hz, 1H), 7.37 (dd, ] = 8.5, 1.9
Hz, 1H), 7.14 (dd, ] =8.9, 2.5 Hz, 1H), 7.11 (d, ] =2.4 Hz, 1H),
6.95 (s, 2H), 5.32 (s, 1H), 5.10 (s, 1H), 3.93 (s, 3H), 3.97 — 3.87
(m, 1H), 3.90 - 3.80 (m, 1H), 3.18 — 3.10 (m, 1H), 2.35 - 2.25
(m, 2H), 1.93 - 1.81 (m, 1H), 1.72 (dt, ] = 18.3, 9.1 Hz, 1H),
1.43 -1.32 (m, 1H), 1.35 (s, 18H), 0.78 (t, ] = 7.1 Hz, 3H).
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13C NMR (125 MHz, CDCls) o 214.3, 169.1, 157.4, 152.5, 150.0, 136.9, 135.5, 133.1, 130.8,
129.3, 128.8, 128.5, 126.70, 126.66, 118.6, 105.6, 66.5, 61.5, 55.24, 55.22, 38.7, 34.3, 30.3, 29.5,
19.6, 13.5.

HRMS: (ESI') [M+Na]* caled for CaaH420sNa: 553.2924, found: 553.2928.

Specific rotation: [a]p? =-128.7° (c = 1.0, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 98.5:1.5,
0.7 mL/min, A =210 nm, retention time: 9.22 min (minor), 9.90 min (major).

(R)-ethyl  1-((S)-benzo[blfuran-2-yl(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-oxo-
cyclopentanecarboxylate (4y) (colorless oil)

) 'H NMR (500 MHz, CDCls) & 7.52 (dd, ] = 7.3, 1.5 Hz, 1H), 7.45 -
7.41 (m, 1H), 7.24 (td, ] = 7.3, 1.6 Hz, 1H), 7.20 (td, | = 7.3, 1.6 Hz,
1H), 7.06 (s, 2H), 6.55 (s, 1H), 5.33 (s, 1H), 5.17 (s, 1H), 4.10 (dq, | =
10.8, 7.1 Hz, 1H), 4.03 (dq, ] =10.8, 7.1 Hz, 1H), 2.99 (dddd, ] =13.2,
7.5,4.2,1.2 Hz, 1H), 2.37 (ddd, ] = 13.5, 9.1, 7.6 Hz, 1H), 2.30 — 2.21
© (m, 1H), 1.97 - 1.83 (m, 1H), 1.71 - 1.59 (m, 2H), 1.47 - 1.36 (m, 1H),
1.39 (s, 18H), 1.03 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) & 213.0, 168.9, 158.0, 154.5, 153.1, 135.8, 128.4, 127.4, 126.6,
123.6, 122.5, 120.6, 110.9, 104.2, 65.3, 61.8, 49.0, 38.7, 34.3, 30.3, 28.8, 19.6, 13.8.

HRMS: (ESI*) [M+Na]* caled for CsiHssOsNa: 513.2611, found: 513.2619.

Specific rotation: [a]p? =-86.5° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 95.0:5.0,
0.8 mL/min, A =210 nm, retention time: 5.53 min (minor), 5.80 min (major).

(R)-ethyl  1-((S)-benzo[b]thiophen-2-yl(3,5-di-tert-butyl-4-hydroxyphenyl)methyl)-2-
oxocyclopentanecarboxylate (4z) (yellow solid)

) 'H NMR (500 MHz, CDCls) 8 7.76 (d, ] =7.9 Hz, 1H), 7.71 (dd, | =
7.6, 1.3 Hz, 1H), 7.33 (td, ] = 7.5, 1.3 Hz, 1H), 7.30 — 7.25 (m, 1H),
7.17 (s, 1H), 7.08 (s, 2H), 5.46 (s, 1H), 5.16 (s, 1H), 4.07 (dq, ] = 10.8,
7.1 Hz, 1H), 4.00 (dq, ] = 10.8, 7.1 Hz, 1H), 3.04 (ddd, | =12.7, 7.7,
4.4 Hz, 1H), 2.37 (ddd, ] =13.3, 8.9, 7.7 Hz, 1H), 2.26 (ddd, ] = 18.1,
?  8.6,4.5Hz, 1H), 1.89 (dp, ] = 12.5, 8.8 Hz, 1H), 1.66 (dt, ] = 18.4,9.2
Hz, 1H), 1.47 - 1.36 (m, 1H), 1.39 (s, 18H), 0.99 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) & 213.1, 168.9, 152.9, 145.6, 139.6, 139.5, 135.6, 129.0, 126.6,
124.0, 123.8, 123.1, 122.2,121.9, 66.7, 61.8, 51.0, 38.7, 34.4, 30.3, 28.9, 19.5, 13.7.

HRMS: (ESI*) [M+Na]* caled for CsiHssOsSNa: 529.2383, found: 529.2386.

Specific rotation: [a]p? =-82.2° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 99.0:1.0,
0.55 mL/min, A =254 nm, retention time: 14.19 min (major), 14.50 min (minor).

(R)-ethyl 1-((R)-(3,5-di-tert-butyl-4-hydroxyphenyl)(1-methyl-1H-indol-3-yl)methyl)-2-
oxocyclopentanecarboxylate (4aa) (colorless oil)

H NMR (500 MHz, CDCls) 6 7.48 (dt, ] =7.9, 0.9 Hz, 1H), 7.25 (t, |
=9.0 Hz, 1H), 7.18 (ddd, | =8.1, 6.9, 1.1 Hz, 1H), 7.08 (s, 2H), 7.06 —
7.02 (m, 1H), 7.01 (s, 1H), 5.42 (s, 1H), 5.05 (s, 1H), 3.91 (dq, ] =10.7,
7.1 Hz, 1H), 3.86 (dq, ] =10.7, 7.1 Hz, 1H), 3.79 (s, 3H), 2.96 (dddd,
J =129, 73, 4.3, 1.4 Hz, 1H), 2.36 — 2.29 (m, 1H), 2.27 — 2.19 (m,
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1H), 1.85 - 1.75 (m, 1H), 1.71 — 1.62 (m, 1H), 1.38 - 1.28 (m, 1H), 1.37 (s, 18H), 0.75 (t, ] =
7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) o 214.1, 169.6, 152.4, 136.6, 135.2, 130.1, 128.2, 126.5, 125.5,
121.5,119.8, 118.6, 114.6, 108.6, 67.0, 61.4, 46.5, 39.1, 34.3, 32.8, 30.4, 29.1, 19.4, 13.4.
HRMS: (ESI) [M+Na]* caled for Cs2HaNOsNa: 526.2928, found: 526.2930.

Specific rotation: [a]p? =-50.9° (¢ = 0.8, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 90.0:10.0,
0.8 mL/min, A =280 nm, retention time: 5.71 min (major), 6.03 min (minor).

(R)-ethyl 1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(thiophen-2-yl)methyl)-2-oxocyclo-
pentanecarboxylate (4ab) (yellow solid)

( 1 'H NMR (500 MHz, CDCls) & 7.20 — 7.14 (m, 1H), 7.04 (s, 2H), 7.00 —
6.89 (m, 2H), 5.42 (s, 1H), 5.12 (s, 1H), 4.08 (dq, ] = 10.8, 7.1 Hz, 1H),
3.98 (dq, ] =10.8, 7.1 Hz, 1H), 2.94 (ddt, ] =12.7, 7.9, 4.0 Hz, 1H), 2.33
—-2.20 (m, 2H), 1.92 - 1.78 (m, 1H), 1.71 - 1.58 (m, 1H), 1.47 - 1.38 (m,
1H), 1.39 (s, 18H), 1.03 (t, ] =7.1 Hz, 3H).

) ? 1BC NMR (125 MHz, CDCls) 6 213.3, 168.8, 152.7, 144.1, 135.5, 129.7,
126.5, 126.2, 125.8, 123.9, 67.1, 61.7, 50.3, 38.8, 34.4, 30.3, 28.8, 19.5, 13.6.

HRMS: (ESI) [M+Na]* caled for C2rHssOsSNa: 479.2227, found: 479.2231.

Specific rotation: [a]p? =-50.1° (¢ = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 99.0:1.0,
0.5 mL/min, A =280 nm, retention time: 12.50 min (major), 15.51 min (minor).

(R)-ethyl 1-((S)-1-(3-(tert-butyl)-4-hydroxy-5-methylphenyl)ethyl)-2-oxocyclopentane-
carboxylate (4ac) (yellow oil)

H NMR (500 MHz, CDCls) 8'H NMR (500 MHz, Chloroform-d) d
7.02 (s, 2H), 5.13 (s, 1H), 4.34 — 4.15 (m, 2H), 3.83 (q, /] = 7.1 Hz, 1H),
2.62 - 2.47 (m, 1H), 2.20 — 2.04 (m, 2H), 1.88 — 1.68 (m, 2H), 1.57 — 1.48
(m, 1H), 1.44 (s, 18H), 1.30 (d, ] = 7.1 Hz, 3H), 1.26 (t, ] = 7.1 Hz, 3H)
(diastereoisomer A).

S 0 6.99 (s, 2H), 5.09 (s, 1H), 4.09 — 3.95 (m, 2H), 3.65 (q, ] =7.1 Hz, 1H),
2.46 - 2.36 (m, 1H), 2.01 - 1.93 (m, 1H), 1.79 - 1.68 (m, 2H), 1.55 — 1.45 (m, 1H), 1.43 (s,
18H), 1.39 - 1.32 (m, 1H), 1.30 (d, ] = 7.1 Hz, 3H), 1.12 (t, ] = 7.1 Hz, 3H) (diastereoisomer
B).

13C NMR (125 MHz, CDCls) d 214.4, 170.0, 152.53, 135.3, 131.3, 125.7, 66.42, 61.6, 42.8, 39.0,
34.34, 304, 27.3, 19.3, 16.3, 14.1 (diastereoisomer A).

0 214.6, 169.7, 152.47, 135.4, 132.7, 124.7, 66.35, 61.3, 43.8, 39.2, 34.30, 30.3, 29.4, 19.5, 17.7,
13.9 (diastereoisomer B).

HRMS: (ESI*) [M+Na]* caled for Ca1Hs00sNa: 369.2036, found: 369.2040.

Specific rotation: [a]p? =-15.3° (c = 1.2, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 98.5:1.5,
0.8 mL/min, A =280 nm, retention time: 11.93 min (major), 12.44 min (minor).

(R)-ethyl 1-((S)-(4-hydroxy-3,5-dimethylphenyl)(4-methoxyphenyl)methyl)-2-oxocyclo-
pentanecarboxylate (6a) (pale yellow oil)

H NMR (500 MHz, CDCls) d 7.18 (d, ] = 8.7 Hz, 2H), 6.87 (s, 2H), 6.82 (d, ] = 8.7 Hz, 2H),
5.08 (s, 1H), 4.61 (s, 1H), 4.06 — 3.87 (m, 2H), 3.79 (s, 3H), 3.12 — 2.96 (m, 1H), 2.35 - 2.23 (m,
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( ) 2H), 2.21 (s, 6H), 1.95 - 1.80 (m, 1H), 1.74 (dq, ] = 19.1, 9.5 Hz,
1H), 1.56 (dtt, | = 20.8, 8.1, 4.3 Hz, 1H), 0.92 (t, ] = 7.1 Hz, 3H)
(diastereoisomer A).

07.04 (d, ] =8.7 Hz, 2H), 6.76 (d, | = 8.7 Hz, 2H), 6.69 (s, 2H),
5.07 (s, 1H), 4.60 (s, 1H), 4.06 — 3.85 (m, 2H), 3.76 (s, 3H), 3.10 —
h “ 292 (m, 1H), 2.34 - 2.23 (m, 2H), 2.16 (s, 6H), 1.97 - 1.80 (m, 1H),
1.74 (dq, ] = 19.1, 9.5 Hz, 1H), 1.57 (dtd, ] = 18.1, 8.1, 3.9 Hz, 1H), 0.91 (t, ] = 7.1 Hz, 3H)
(diastereoisomer B).

13C NMR (125 MHz, CDCls) d 214.2, 168.79, 158.2, 150.9, 133.8, 133.0, 131.1, 129.8, 122.6,
113.6, 66.4, 61.56, 55.2, 53.7, 38.6, 29.30, 19.80, 15.98, 13.6 (diastereoisomer A).

0 214.3, 168.84, 157.9, 150.6, 133.0, 132.2, 130.2, 129.1, 122.7, 113.5, 66.5, 61.52, 55.1, 53.6,
38.6, 29.34, 19.78, 16.01, 13.6 (diastereoisomer B).

HRMS: (ESI') [M+Na]* caled for C2sH2s0sNa: 419.1829, found: 419.1834.

Specific rotation: [a]p? =-86.2° (c = 0.9, CH2Cl).

HPLC analysis of the product: Daicel Chiralpak IA-3 column, hexane/i-PrOH = 95.0:5.0,
0.5 mL/min, A =210 nm, retention time: 33.00 min (major), 44.60 min (minor).

(R)-ethyl 1-((S)-(3-(tert-butyl)-4-hydroxy-5-methylphenyl)(4-methoxyphenyl)methyl)-2
-oxocyclopentanecarboxylate (6b) (yellow oil)

( )} H NMR (500 MHz, CDCls) 8 7.20 (d, ] =8.7 Hz, 2H), 6.93 (d, ] =
2.2 Hz, 1H), 6.82 (d, ] = 8.7 Hz, 2H), 6.65 (d, ] = 2.2 Hz, 1H), 5.11
(s, 1H), 4.69 (s, 1H), 3.99 (dq, ] = 10.7, 7.1 Hz, 1H), 3.90 (dq, ] =
10.7, 7.1 Hz, 1H), 3.80 (s, 3H), 3.04 — 2.96 (m, 1H), 2.30 - 2.21 (m,
2H), 2.15 (s, 3H), 1.90 — 1.81 (m, 1H), 1.78 — 1.67 (m, 1H), 1.50
(qd, J=8.5,4.1 Hz, 1H), 1.35 (s, 9H), 0.91 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) & 214.3, 168.9, 157.9, 151.3, 135.2, 133.7, 131.7, 131.0, 129.9,
126.8, 122.7, 113.6, 66.5, 61.6, 55.2, 54.1, 38.7, 34.5, 29.7, 29.3, 19.7, 16.1, 13.6.

HRMS: (ESI*) [M+Na]* calcd for C27Hs:OsNa: 461.2298, found: 461.2303.

Specific rotation: [a]p? =-93.0° (c = 0.8, CH2Cl).

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 97.5:2.5,
0.8 mL/min, A =280 nm, retention time: 14.88 min (major), 17.35 min (minor).

(R)-ethyl  1-((S)-(4-hydroxy-3,5-diisopropylphenyl)(4-methoxyphenyl)methyl)-2-oxo-

cyclopentanecarboxylate (6¢) (pale yellow oil)

( )} H NMR (500 MHz, CDCls) & 7.20 (d, ] = 8.3 Hz, 2H), 6.83 (d, ] =
' : 8.3 Hz, 2H), 6.77 (s, 2H), 5.15 (s, 1H), 4.73 (s, 1H), 3.99 (dq, ] =
10.6, 7.1 Hz, 1H), 3.91 (dq, ] = 10.6, 7.1 Hz, 1H), 3.80 (s, 3H), 3.07
(hept, ] = 6.8 Hz, 2H), 3.01 (ddd, | = 12.1, 7.2, 4.0 Hz, 1H), 2.24
(ddt, ] = 26.3, 16.6, 6.3 Hz, 2H), 1.83 (dq, ] = 21.0, 8.8 Hz, 1H),
1.76 — 1.66 (m, 1H), 1.42 (ddt, ] =124, 8.2, 4.1 Hz, 1H), 1.22 (d, ]
=6.8 Hz, 6H), 1.14 (d, ] = 6.8 Hz, 6H), 0.92 (t, ] =7.1 Hz, 3H).

1BC NMR (125 MHz, CDCls) d 214.4, 169.0, 157.9, 148.5, 133.6, 133.3, 132.4, 129.9, 125.1,
113.5, 66.5, 61.6, 55.2, 54.3, 38.7, 29.3, 27.1, 22.7, 22.7, 19.6, 13.6.

HRMS: (ESI*) [M+Na]* calcd for CasHssOsNa: 475.2455, found: 475.2458.

Specific rotation: [a]p® =-79.1° (c = 0.9, CH2Cl).

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 95.0:5.0,
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0.5 mL/min, A =280 nm, retention time: 21.11 min (major), 22.37 min (minor).

(R)-ethyl 1-((S)-(4-hydroxy-3,5-bis(trimethylsilyl)phenyl)(4-methoxyphenyl)methyl)-2-
oxocyclopentanecarboxylate (6d) (yellow oil)

( )} 'H NMR (500 MHz, CDCls) & 7.21 (d, | = 8.7 Hz, 2H), 7.09 (s,
2H), 6.83 (d, ] = 8.7 Hz, 2H), 5.13 (s, 1H), 4.94 (s, 1H), 3.99 (dq, |
=10.7, 7.1 Hz, 1H), 391 (dq, ] = 10.7, 7.1 Hz, 1H), 3.80 (s, 3H),
3.10 - 2.87 (m, 1H), 2.35 - 2.24 (m, 1H), 2.23 - 2.11 (m, 1H), 1.86
(dtt, ] =12.2, 9.9, 7.7 Hz, 1H), 1.72 (ddd, ] = 18.8, 10.2, 8.9 Hz,
1H), 1.54 (qd, ] = 8.6, 3.8 Hz, 1H), 0.91 (t, ] = 7.1 Hz, 3H), 0.28 (s,

18H).

13C NMR (125 MHz, CDCls) d 214.0, 168.8, 163.9, 158.0, 138.1, 133.4, 131.9, 130.0, 123.6,
113.5, 66.6, 61.6, 55.2, 53.9, 38.6, 29.3, 19.7, 13.6, -0.6.

HRMS: (ESI') [M+Na]* caled for C2sH400s55i2Na: 535.2306, found: 535.2306.

Specific rotation: [a]p? =-82.8° (c = 1.2, CH2Cl).

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 99.2:0.8,
0.5 mL/min, A =210 nm, retention time: 17.27 min (major).

(R)-ethyl 1-((5)-(2'-hydroxy-[1,1":3',1"-terphenyl]-5'-yl)(4-methoxyphenyl)methyl)-2-
oxocyclopentanecarboxylate (6e) (yellow oil)

( )} H NMR (500 MHz, CDCls) d 7.58 — 7.33 (m, 10H), 7.23 (d, ] =
8.7 Hz, 2H), 7.06 (s, 2H), 6.82 (d, ] = 8.7 Hz, 2H), 5.39 (s, 1H),
5.23 (s, 1H), 4.05 — 3.96 (m, 1H), 3.96 — 3.90 (m, 1H), 3.79 (s, 3H),
3.08 (ddd, J = 12.1, 5.2, 2.5 Hz, 1H), 2.44 — 2.30 (m, 2H), 2.03 -
1.83 (m, 2H), 1.74 - 1.66 (m, 1H), 093 (t, ] = 7.1 Hz, 3H)
(diastereoisomer A).

O'H NMR (500 MHz, Chloroform-d) d 7.57 - 7.36 (m, 10H), 7.10 (d, ] = 8.7 Hz, 2H), 6.95 (s,
2H), 6.78 (d, | = 8.7 Hz, 2H), 5.32 (s, 1H), 5.24 (s, 1H), 4.18 — 4.11 (m, 1H), 4.07 — 3.97 (m,
1H), 3.82 (s, 3H), 3.10 — 3.01 (m, 1H), 2.45 — 2.22 (m, 2H), 2.00 - 1.83 (m, 2H), 1.69 (dq, ] =
10.9, 3.8, 3.2 Hz, 1H), 0.95 (t, ] = 7.1 Hz, 3H) (diastereoisomer B).

13C NMR (125 MHz, CDCls) d 214.0, 213.9, 170.0, 168.83, 168.79, 168.7, 158.3, 158.1, 148.1,
147.8, 137.64, 137.56, 137.3, 135.8, 133.3, 132.8, 131.5, 131.1, 130.4, 129.9, 129.25, 129.24,
129.0, 128.9, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 127.64, 127.57, 66.6, 66.5, 61.7, 60.4, 55.3,
55.2,53.8, 53.7, 38.6, 38.5, 29.5, 29.3, 21.3, 19.8, 14.2, 13.6 (diastereoisomer A and B).
HRMS: (ESI*) [M+Na]* calcd for CssHs205Na: 543.2142, found: 543.2149.

Specific rotation: [a]p? =-71.5° (c = 1.5, CH2Cl).

HPLC analysis of the product: Daicel Chiralcel OD-H column, hexane/i-PrOH = 96.0:4.0,
0.7 mL/min, A =254 nm, retention time: 28.76 min (minor), 33.55 min (major).
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V. Gram-Scale Synthesis

o O Cu(OTf), (3.0 mol %)

L8 (3.6 mol %)
+ OEt
THF, -15°C, 36 h

An oven-dried Schlenk flask was charged with Cu(OTf)2 (32.5 mg, 0.09 mmol, 3 mol%),
L8 (79.5 mg, 0.108 mmol, 3.6 mol%), p-quinone methide substrates (3 mmol) and a stir bar.

The flask was degased and refilled with nitrogen for 3 times, and then anhydrous THF
(25 mL) was injected to the tube via a syringe. The reaction mixture was cooled to -15 °C.
After stirring for 3 minutes, a solution of ethyl 2-oxocyclopentanecarboxylate (702 mg,
4.5 mmol, 1.5 equiv) in anhydrous THF (15 mL) was injected to the reaction mixture via a
syringe. After stirring at the same temperature for additional 36 hours, the reaction was
quenched with saturated NH4Cl and extracted with ethyl acetate (3 x 100 mL). The
combined organic layers were dried with Na2SO;, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
(petroleum ether/ethyl acetate) to afford the pure product.

VI. Synthesis of Compounds 7 and 8

6.1 Synthesis of Compound 7

NaBH, (5.0 equiv)
it B e

MeOH, rt, 2 h
‘. OEt eOH, ,

3a $22, 94% yield

To a solution of compound 3a (240 mg, 0.5 mmol) in methanol (50 mL) was added NaBH4
(95 mg, 2.5 mmol) in portions. The reaction mixture was then stirred at rt for 2 hours.
After completion, the reaction mixture was quenched quenched with saturated NH4Cl
solution and extracted with ethyl acetate (3 x 50 mL). The combined organic solvents
were concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford a colorless o0il 522.
(1R,25)-ethyl  1-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(4-methoxyphenyl)methyl)-2-
hydroxycyclopentanecarboxylate (S22)

( ) HNMR (500 MHz, CDCls) 0 7.50 (d, | = 8.7 Hz, 2H), 7.11 (s, 2H),
6.86 (d, ] =8.7 Hz, 2H), 5.05 (s, 1H), 4.51 (s, 1H), 4.44 (s, 1H), 3.90
(dg, ] =104, 7.2 Hz, 1H), 3.80 (s, 3H), 3.80 — 3.69 (m, 1H), 2.46
(ddd, J=11.7, 8.6, 2.7 Hz, 1H), 2.11 - 1.95 (m, 1H), 1.89 - 1.69 (m,
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3H), 1.60 — 1.51 (m, 2H), 1.41 (s, 18H), 0.93 (t, ] = 7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 1752, 158.1, 152.1, 135.0, 134.6, 132.4, 130.5, 126.0, 113.7,
77.5,64.1, 60.4, 55.2, 54.3, 34.3, 32.6, 32.0, 30.3, 20.8, 13.6.

HRMS: (ESI*) [M+Nal* caled for CaoHa2OsNa: 505.2924, found: 505.2931.

AIClI3 (10.0 equiv)
benzene, 60 °C, 1 h

~, OEt

MeO
7, 85% yield, 97% ee

An oven-dried Schlenk tube was charged with AICls (133.3 mg, 1.0 mmol, 10 eq.) and a
stir bar. The tube was degased and refilled with nitrogen for 3 times, and then a solution

of S12 (48.2 mg, 0.1 mmol) in anhydrous benzene (5.0 mL) was injected to the tube via a
syringe. The mixture was heated at 60 °C for 1 hours. The reaction was quenched with
water and extracted with ethyl acetate (3 x 50 mL). The combined organic layers were
dried with Na2SOs, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum ether/ethyl acetate = 2/1) to
afford the pure product 7 as a colorless solid.

(1R,25)-ethyl 2-hydroxy-1-((R)-(4-hydroxyphenyl)(4-methoxyphenyl)methyl)cyclo-
pentanecarboxylate (7)

( 1 'H NMR (500 MHz, CDCl3) 6 7.41 (d, ] =8.7 Hz, 2H), 7.21 (d, ] =
8.5 Hz, 2H), 6.83 (d, ] = 8.7 Hz, 2H), 6.71 (d, ] = 8.5 Hz, 2H), 5.37
(s, 1H), 4.55 (s, 1H), 4.52 (s, 1H), 3.92 (dddd, ] =17.8,10.8, 7.2, 3.6
Hz, 2H), 3.79 (s, 3H), 2.44 (ddd, ] =11.7, 8.4, 2.9 Hz, 1H), 2.01 (dt,
J=13.0, 9.1 Hz, 1H), 1.89 — 1.81 (m, 1H), 1.78 - 1.65 (m, 2H), 1.59
h “ (ddd, J=13.7,5.2,3.1 Hz, 1H), 1.55-1.49 (m, 1H), 1.00 (t, /= 7.1
Hz, 3H).

13C NMR (125 MHz, CDCls) d 175.4, 158.1, 154.2, 134.6, 134.3, 130.9, 130.2, 114.8, 113.7,
774,634, 60.6,55.2,52.9,32.4,32.3,20.6, 13.7.

HRMS: (ESI*) [M+Na]* calcd for C22H260OsNa: 393.1672, found: 393.1676.

Specific rotation: [a]p? =-33.0° (c = 1.0, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak IC-3 column, hexane/i-PrOH = 92.0:8.0,
0.8 mL/min, A =210 nm, retention time: 21.73 min (minor), 22.85 min (major).

6.2 Synthesis of Compound 8

OH OH
Bu ‘Bu Bu
O 0 Pd/C, H, (balloon)
o ey
O OEt MeOH, rt, 24 h OEt
MeO Ph MeO Ph
3b © S23

An oven-dried vial was charged with compound 3b (256 mg, 0.5 mmol), 5% Pd/C (250
mg), methanol (50 mL) and a stir bar. The reaction mixture was degased and refilled with
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Ho for 3 times, and then stirred at rt for 24 hours under H2 atmosphere (balloon). After
completion, the reaction mixture was filtered through a Celite pad and the filtride was
washed with ethyl acetate for 3 times (3 x 50 mL). The combined organic solvents were
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (petroleum ether/ethyl acetate) to afford the pure product S23.

(25,3S)-ethyl 2-benzyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(4-methoxyphenyl)
propanoate (S23)

Y 'H NMR (500 MHz, CDCls)  7.31 - 7.22 (m, 4H), 7.21 - 7.15 (m,
3H), 7.12 - 7.06 (m, 2H), 6.80 (d, | = 8.7 Hz, 2H), 5.10 (s, 1H),
4.05 (d, ] = 11.7 Hz, 1H), 3.79 - 3.70 (m, 2H), 3.76 (s, 3H), 3.44
(ddd, J=11.7, 8.9, 5.7 Hz, 1H), 2.88 — 2.71 (m, 2H), 1.47 (s, 18H),
0.82 (t, ] = 7.1 Hz, 3H).

BBC NMR (125 MHz, CDCls) o 174.6, 158.1, 152.4, 139.7, 136.1,
135.6, 132.9, 128.8, 128.6, 128.3, 126.2, 124.3, 113.7, 59.9, 55.2,
54.3,54.2,38.1, 34.4, 30.4, 13.8.

HRMS: (ESI*) [M+Na]* calcd for CasH42OsNa: 525.2975, found: 525.2974.

OH OH

Bu ‘Bu
O 0 AICl3 (4.0 equiv) O o

benzene, 60 °C, 1.5 h

O OEt O OEt

MeO Ph MeO Ph
S23 8, 98% yield, >99% ee

An oven-dried Schlenk tube was charged with AICIs (26.7 mg, 0.20 mmol, 4 eq.) and a stir
bar. The tube was degased and refilled with nitrogen for 3 times, and then a solution of
$23 (25.0 mg, 0.05 mmol) in anhydrous benzene (2.0 mL) was injected to the tube via a
syringe. The mixture was heated at 60 °C for 1.5 hours. The reaction was quenched with
water and extracted with ethyl acetate (3 x 20 mL). The combined organic layers were
dried with Na2SOs, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum ether/ethyl acetate) to afford
the product 8 as a colorless oil.

(ZS ,3R)-ethyl 2-benzyl-3-(4-hydroxyphenyl)-3-(4-methoxyphenyl)propanoate (8)

) 'H NMR (500 MHz, CDCl3) d 7.30 — 7.22 (m, 6H), 7.21 - 7.16 (m,
1H), 7.14 - 7.07 (m, 2H), 6.82 (d, ] = 8.5 Hz, 2H), 6.78 (d, ] =8.7
Hz, 2H), 5.00 (s, 1H), 4.11 (d, ] = 11.6 Hz, 1H), 3.75 (s, 3H), 3.74
(g, J=7.1Hz, 2H), 3.44 (ddd, ] =11.6,9.7, 5.3 Hz, 1H), 2.87 - 2.73
(m, 2H), 0.81 (t, ] =7.1 Hz, 3H).

13C NMR (125 MHz, CDCls) d 174.4, 158.2, 154.3, 139.3, 135.1,
134.9, 129.1, 128.7, 128.7, 128.3, 126.3, 115.7, 113.8, 60.00, 55.2,

53.6,53.3, 38.1, 13.8.

HRMS: (ESI*) [M+Na]* calcd for CasH2604Na: 413.1723, found: 413.1730.

Specific rotation: [a]p® =-8.8° (c = 0.5, CH2Cl2)

HPLC analysis of the product: Daicel Chiralpak AD-H column, hexane/i-PrOH = 80.0:20.0,
0.5 mL/min, A =210 nm, retention time: 34.23 min (major).
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VII. X-Ray Crystallographic Analysis

7.1 Relative Configuration of 3g

> Prob = S0
e Temp = 293
@
0004 CoOX
Z
S
=
[o2]
S
i
%
IS
n
3
g|
T
T
Z -158 1 P212121 R =0.09 RES= 0 -130 X
Figure S1. ORTEP Drawing of 3g (CCDC1963665)
Empirical formula C33 H37 N O7
Formula weight 559.63
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
Space group P212121
Unit cell dimensions a=10.4833(19) A a=90°.
b=14.435(2) A b=90°.
c=21.245(4) A g =90°.
Volume 3214.9(9) A3
V4 4
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Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(I)]

R indices (all data)

Absolute structure parameter

Extinction coefficient
Largest diff. peak and hole

1.156 Mg/m3
0.081 mm!
1192
?x7?x?mm?

3.413 to 29.351°.

-13<=h<=14, -19<=k<=19, -27<=1<=28

17567

7044 [R(int) = 0.0674]

99.7 %

None

Full-matrix least-squares on F?
7044 /0/384

1.032

R1=0.0864, wR2 =0.1593
R1=0.2473, wR2 =0.2271
-1.4(10)

n/a
0.258 and -0.205 e.A3
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7.2 Relative Configuration of 3v

- Prob = 50
@ = 293
&
8
l
[o2]
=
o
&
2
L
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=z
z
o
=
T
7 =70 exp 7327 P 212121 R =0.07 RES= 0 -86 X
Figure S2. ORTEP Drawing of 3v (CCDC1958259)
Identification code exp_7327
Empirical formula C29 H38 O5
Formula weight 466.59
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
Space group P212121
Unit cell dimensions a=10.0470(9) A a=90°.
b=11.0487(7) A b=90°.
c=24.2420(14) A g=90°.
Volume 2691.0(3) A3
V4 4
Density (calculated) 1.152 Mg/m?
Absorption coefficient 0.077 mm!
F(000) 1008
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Crystal size ?x?x?mm?

Theta range for data collection 3.362 to 29.433°.

Index ranges -12<=h<=13, -13<=k<=14, -32<=1<=32
Reflections collected 21343

Independent reflections 6455 [R(int) = 0.0649]
Completeness to theta = 25.242° 99.6 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.00000 and 0.30697

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 6455 /2 /316

Goodness-of-fit on F2 1.027

Final R indices [I>2sigma(I)] R1=0.0652, wR2 =0.1506

R indices (all data) R1=0.1185, wR2 =0.1814
Absolute structure parameter -1.4(10)

Extinction coefficient n/a

Largest diff. peak and hole 0.230 and -0.239 e. A
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7.3 Absolute Configuration of 4z

> Prob = S0
iy Temp = 293
|
©
™
o
=
|
(e2)
IS
N
1 g
é 000C o %
P4
o
t c000 @ cooo
g c3
=z
=z
'C_) c2
a
: D,
Z -1 exp 7482 C 121 R =0.10 F§1E5= 0 -23X
Figure S3. ORTEP Drawing of 4z (CCDC1963687)
Identification code exp_7492
Empirical formula C31H3904S
Formula weight 507.68
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group C121
Unit cell dimensions a=23.808(4) A =90°.
b=10.360(3) A =95.046(15)°.
c=11.8065(17) A =90°.

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

2900.7(9) A3
4

1.163 Mg/m3
0.144 mm!
1092

S39



Crystal size ?x?x?mm?

Theta range for data collection 3.436 to 29.479°.

Index ranges -32<=h<=23, -13<=k<=13, -15<=I<=15
Reflections collected 11710

Independent reflections 6219 [R(int) = 0.0758]
Completeness to theta = 25.242° 99.7 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.00000 and 0.50177

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 6219 /3 /333

Goodness-of-fit on F2 0.992

Final R indices [I>2sigma(I)] R1=0.1019, wR2 =0.2143

R indices (all data) R1=0.1964, wR2 = 0.2670
Absolute structure parameter -0.02(18)

Extinction coefficient n/a

Largest diff. peak and hole 0.350 and -0.328 e.A3

VIII. NMR Spectra and HPLC Spectra

Please refer to next pages
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OH

Bu l ‘Bu
o

OEt
MeO O . ©
DAD1 C, Sig=210,6 Ref=off (lixin\lx-2091-0 0.7 mL OD 99%.D)
mAU | z
100 "3
80— @
60— ;
40 A
20|
o o o _ _
2 4 6 8 10
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | |
I 8.818 BV 0.2025 1620. 01392 122. 35436 51. 8096
2 9.493 VB 0.2531 878.31750  53.61618 17. 2461
3 10.583 BV 0.2845 1544. 20459  83.21940 30. 3210
4 11.323 VB 0. 3262 1050. 31299  47.83245 20. 6233
DAD1 C, Sig=210,6 Ref=off (lixin\lx-2139 0.7 mL OD 99%.D)
mAU | 2
| N
350 e
300 [
250 | ‘
200 ||
150
100 > ©
50 5 §
o o O . I
2 4 6 8 10 12
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—|—— e || — — |
1 7.579 BB 0.4491 109. 58862 3. 18734 1.1302
2 9.596 BV E 0.3437 244. 46278 11.06776 2.5212
3 10.289 VB R 0.3337 9080.55176 417.53647 93.6514
4 12.961 BB 0.4150 261. 52100 10. 00333 2.6972
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mAU
350
300
250

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2106-4 0.7 mL OD 98.5%.D)

200

150
100
50

Peak
#

RetTime

[min]

0o o=

Sy U1 e W

11. 608
12. 790
14. 096
15.515
16. 662
17.810

Type

BV
Vv
VV R
VV E
VB E
BB

mAU

200
150
100

50

Peak

1
2
3
4

g8 &
ﬁ g F
I 2
| | [ 1 o I\
10 15 20
Width Area Height Area
[min] [mAU*s] [mAU] %

- S —
0.4073 1.09948e4  401. 74408 24. 8412
0.4259 1.10621e4  400. 88791 24. 9932
0.4219 1.07713e4  385H. 62802 24. 3363
0. 6898 688. 06812 13. 16368 1. bH46
0. 5820 181. 23712 5.10722 0. 4095
0.7394 1.0bH628e4 198. 9H833  23. B6H2

DAD1 C, Sig=210,6 Ref=off (lixin\lx-2114-3 0.7 mL OD 98.5%.D)

RetTime

Type

11. 185 BV
12. 339 VB
14. 799 BB
16.911 BB

A
|
c8 g
10 15 20 25 30
Width Area Height Area
[min] [mAU*s] [mAU] %
R |
0.3976 1013.98352  38.20911 5. 8679
0.3923 1026. 96887  39.63898  5.9430
0.3235 46, 98057 1.96111  0.2719
0.7867 1.5H1923e4  2b8. 84998 87.9172
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S68

DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2111-3 0.8 mL IC 98.5%.D)
mAU -
250—;
200~
150 ~
] 3 5 <t
50 i f“o & ‘f\‘l
p | f‘ I“. { l\ ‘;‘f\\\ | “'\
0 S I N S S — J A ‘\_._/, AN
5 | 1b 15 | 2b 2|5 | min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e | | —|

I 13.414 VB R 0.3087 1329. 76343  67. 76629 21. 5803

2 16.317 BV R 0.3436 1771. 35400 78.19429 28. 7467

3 20.221 BV 0. 4935 1307.29395  40.83018 21. 2156

4 22.124 VB 0.4814 1753. 53357 56. 60907 28.4575H

DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2153-1 0.8 mL IC 98.5%.D)
mAU ﬁ
2

40 I

30 :\‘

20 1 "

10 I

0 [

-10 S o )“

20 - e —
| 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
| | | -
I 19.228 BB 0. 4605 2040. 50671 67. 91088 100. 0000
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DAD1 C, Sig=210,6 Ref=off (lixin\x-2171-2 0.5 mL AD 90%.D)
mAU 1 §
800 #r‘- %E
aoo—: || TT i
400 | ” ! [I %
1 “ |‘|M “'ﬁ‘-\
200 oI [
o+ — _/I L.\\|I 1 I\\_/\ S S S A I |
5 10 15 2‘0 2‘5 3‘0 3‘5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e EE] e [ |
1 11.441 BB 0.2211 1.31686e4  897.81628 28. 0297
2 12.882 BV 0. 2519 9863. 95508 599. 63757 20. 9956
3 13.515 VV R 0.2737 1.12122e4  599. 60980 23. 8654
4 28.523 BB 0.6045 1.27362e4  326. 91876 27.1092
DAD1 C, Sig=210,6 Ref=off (lixin\x-2116-3 0.5 mL AD 90%.D)
mAU 2
g
1000 — T(
800 — ||
600 — ‘
400 — ~ H
200 - ‘ : g \'lw
0 DY N U 0 A o - -
;5 1‘0 15 2‘0 25 30 3|5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
——————————— e e - .
1 11.657 BB 0.2038 1222.91516  92.77933  6.1172
2 12.679 BY £ 0.2308 23, 33870 1.37679 0. 1167
3 13.830 VB R 0.2468 1.874h3e4 1174, 19495 93. 7661
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Br

DAD1 C, Sig=210,6 Ref=off (lixin\x-2171-1 0.8 mL IC 98.5%.D)

mAU
250

200 |
150
100 |
50
(S —
50

Peak RetTime
# [min]

Type

Width

[min]

Area
[mAU*s]

1 16.122 BB
2 19.733 BB
3 26.044 BV
4 28.473 VB

0. 4645 9760. 11328
0.4853 8157. 81201
0. 8182 9045. 38574
0. 7456 8283. 14160

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2118-3 0.8 mL IC 98.5%.D)

mAU
150

100 -
50

50
-100

Peak RetTime
# [min]

Type

5 10

Width

[min]

Area
[mAU*s]

§ g
[
20
Height Area
[mAU] %

317.63513
206. 30795
172. 38573
169. 06358

15 20
Height Area
[mAU] %

27.6911
23. 1451
25. 6633
23. 5006

e
1 26.031 BB

| -|
0. 4992 9851. 46289

303. 08517 100. 0000

572

> 26.044

28473

_26.031
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mAU 08 8
400—; :ﬁﬁ T
300 — || i
200 | ““ M 8
i
o e »_g}ﬁJ\\ﬁ,, i - _ \
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MmAU*s] [MAU] %
| | | |— |
1 9.495 BV 0. 1640 4093. 63843 391.55130 21. 60567
2 9.906 VV 0. 1674 H266.91943 482. 15863 27. 7981
3 10.b88 VB 0. 1864 H344. 69092 444. 06894 28. 2085
4 26.656 BB 0. 5812 4241. 81152 113. 20433 22. 3877
mAU | %
2000 | TOT
1500 | |‘
1000 | \‘
5 10 15 20 25 30 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | | |
1 9.482 BV 0.1719 636.51666  57. 15864 1. 8025
2 9.895 VB 0.1766 249.69833  21.64906  0.7071
3 10.571 BB 0. 2200 3.42337e4 2405.36792 96. 9412
4 26.653 BB 0.4831 193. 96458 5.67012 0. 5493
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NO,

DAD1 B, Sig=254,6 Ref=off (lixin\x-2111-1 0.5 mL IA 90%.D)

mAU § E %
20 =TT
bl I
15 |I ‘ I %
I ]
107 Il f
5 ||\ | "\ |‘ “ T A
e AN JUINN ST S
.‘5 ‘ 10 1|5 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| | | | | |
1 15.548 BB 0.2301 290.73160  19.25895 19. 0532

2 16.451 BB 0.2778 468. 02454  24.83919 30. 6721
3 17.873 BB 0.3164 460. 84305  21.46884 30. 2015
4 28.394 BB 0. 4460 306.29721  10. 15161 20. 0733

NO,

DAD1 B, Sig=254,6 Ref=off (lixin\x-2178-1 0.5 mL |A 90%.D)

mAU ﬁ

400 \‘

300 i‘

200 | [ Il

100 | \“ 2
il M=

0 e 4 S Y . N —— S
‘5 1‘0 1‘5 2‘0 2‘5
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e e | e
1 16.495 BB 0. 2452 8312.83594 5H17. 93628 99. 0109

2 17.590 BB 0.2054  83.04434 6.39733  0.9891
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DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2115-1 0.6 mL 1A 90% 3rd.D)

mAU %
300 <
250 |

200

—12.698

150 |
100 ‘\
50 I

5 10 15
Width

[min]

Peak Area

[mAU*s]

RetTime Type

0. 1417 3112. 66821
0. 1578 2439. 96582
0. 1958 2453. 72412
0. 5037 3094. 95703

20 25

Height
[mAU]

331. 08389
233. 71851
191. 05081
94. 60931

20.
Height
[mAU]

32209

o —
Area
%
28. 0387
21.9791
22,1030
27. 8792

| 1 29.140

25 30

Area
%

mAU E
300 $
250 ‘.
200 ‘|‘
150 |
100 9 | |
50~ =2
0 — e
| 5 10 15
Peak RetTime Type Width Area
# [min] [min] [mAU*s]
B e e
I 8.935 BB 0. 1346 262. 45718
2 10.037 BB 0.1429  31.40182
3 12,247 BB 0. 1824 4286. 68359
4 29.140 BB 0. 4359 314. 93463
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29. 83787
3. 36352
361. 43555
11. 00304

|- -|
5. 3612
0.6414
87. 5642
6. 4332

40 min

min



10T
[don? V
€0'T

97’1

6L°€
98'¢
S6'€
96°€
16°€
16°€
86°€
66'€
66'€
00t
687~
677
975~
6rs”

I

Y

= 68¢C
FT'8T

s 08¢
86T
A 80'C

F16T

00T

S8'T
%mwa
otT'e

16T

=v8'T

0.0

0.5

3.0 25 20 15

3.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5
1 (ppm)

9.5

J.0

S8'ET —

60°0€ —
vTve —

Hm.om/
8T'SS

hw.mmV
9€'6S
mN.ﬁm\

LLETT —
9EvTT
v0'67T
TY°0€T /
v8'0ET
88°0€T W
60°ZET
8LVET
Tr'SET
v0'zsT
Z1'8ST —
85°€9T ~_
ST'89T

¢SC6T —

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

210

1 (ppm)
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mAU o 3
Q0 3 =)
:50 : ‘;I‘ b &
300 , I S -‘" ©
250 | I f I @
200 ‘ ! i (1 N
150 - (| [ " M i
100 il | i | | I\ A
50 I | I '
L e e - -
5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e B e B -
I 17.481 BB 0. 3276 9069. 72168 430. 88080 28.9274
2 20.491 BB 0. 3857 6641. 52588 269. 35156 21. 1828
3 25.804 BB 0. 3973 8700. 80664 339. 10632 27. 7508
4 28.906 BB 0.5579 6941. 31982 194. 70026  22. 1390
OMe
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2116-2 0.5 mL AD 90%.D)
mAU g
;5
700 — ]
600 |I
500 W
400 [
300 — ‘u
200 8 I
100 ) g
0o — - e —
. 5 1.0 . 15 2.0 . . 25 - T 36 o . 35 - 40
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P | | o —
1 20.596 BB 0.4187 593. 37311 21. 99978 1. 8766
2 28.979 BB 0. 5768 3.10263e4  840. 27081 98. 1234
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3

>

c
2

5 10 15 20

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| | | | |— | |
1. 422 BB 0.2032 4961. 38135 372.95795  25. 0187
12.959 BV 0.2264 4872. 22510 333.61206 24. 5692
15.709 VB 0.2515 4939, 85742  307. 32446 24. 9102
19. 887 BB 0. 3937 5057, 19141 198. 15967 25. 5019

H= o D =

DAD1 B, Sig=254,6 Ref=off (lixin\lx-2118-1 0.5 mL AD 92%.D)

mAU - 2
350 - $
300 ‘
250 ‘
200 “
150 ‘
100 ES\' |
E -]
50~ (. ‘\
0-— _ e JU A AN
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.966 BY E 0.2424 116. 59943 7.62098  1.7135
2 13.668 VW R 0.2431 6688. 10889 415, 32471 98. 2865
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OH
'Bu\©/‘8u
)
oy

DAD1 C, Sig=210,6 Ref=off (lixin\x-2111-5 0.8 mL IC 98.5%.D)
mAU | %
800 ;
1 ‘|
600 — ‘ g
400 M E %
] M < /\ 8
200 | R g
] | I M N
0 — *J"x,_,wj_ I T ;} ,\L — _‘J “"\, -— L _J Kf —’,/f \; — _
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e | -| = |
1 11.382 VW R 0.2411 1.55251ed  944. 63605 36. 3763
2 14.571 BV R 0.3089 5914, b4346 284, 38367 13. 8482
3 19.525 BV R 0.5H397 1.52807e4  409. 29648 35H. 8038
4 25.003 VB 0. 6031 59568. 71680 151. 42682 13.9617
mAU 3
400 %
300 | M
200 - ‘
100 - "
] \ )
0 1 | | <
; \"ﬁ-‘\_;"'x_.x_;\wv\ %_j\,_pﬂ \‘\—-——i\/\— o g_,_ﬁ_—
'1 00 T T T T T T T T T T
10 20 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

i — | el e
1 15.788 BV R 0.3297 1.28646e4  563. 77795 97, 7830
2 26.67H BV 0.8108 291.67194 5. 165609 2.2170
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9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 35 3.0 2.5 20 15 1.0 0.5 0.0
1 (ppm)
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mAU - o
120 %
100 ‘
: | g
@ S
] = "
40- H ? ‘.. g
2 1o '
P S A B Y A N S SN
s 0 15 20 25 30 | i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e it B | | |
1 11.951 VB R 0.2590 2374, 21875  140. 90221 37. 8990
2 15.062 VB R 0.3222 768.55597  36.85001 12. 2682
3 21.030 VW R 0.6219 2357.91064  56. 98749 37. 6386
4 27.662 BV 0.6567 763. 91736 17.94394 12. 1942
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2166-1 0.8 mL IC 98.5%.D)
mAU 2
250 E
200 I‘{
150 | |
100 | ~
0 R I I SN S
5 10 15 20 275 V 30 V 35 40 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
|— — |
1 17.989 BB 0. 4470 8757. 70020 297, 87286 81. 8043
2 27.527 BB 0. 8647 1947.96619  32. 80621 18. 1957
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=18.291

,__‘j — N
5 10 520 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | —|— -|
1 13.833 BV 0. 3755 8991. 82129 375. 30170 27. 7951
2 14.546 VV 0. 4524 9495. 72168 310. 84763  29. 3b27
3 15.942 VB 0. 4349 6971. 92627 245. 83466 21. 5513
4 18.291 BV R 0.4964 6890.91699 210. 10516 21. 3009
mAU | 5
800 %
600 |
7 \
400 - ‘I '\
B |
200 \ '\
e |
0 e |
T~ \J\__,%*i__,f\/x_},—&hﬂ; \ -
5 10 15 I 20 5 30min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
——————————— e e e B
1 15.676 VB 0.4228 985. 88251  35.19396  3.0103
2 17.987 BV R 0.4743 3.17644e4 1022, 72363 96. 9897
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DAD1 E, Sig=280,6 Ref=off (lixin\lx-2106-1 0.7 mL OD 98.5% 2nd.D)

mAU 8 £ @
IO 2
12 b3 ﬁ u‘_-,
10 i‘| | “ fﬂ
° | ‘ \I I‘" | £
¢ IR | 8
4 AR . N
2 ‘\I ‘ .w" ‘ |‘ ‘u_\. gl
ol e~ _ J SN ) - o
2‘,5 5 7.5 ﬂb 125 15 17‘_5 2‘0 22‘,5 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | ———1- |
1 11.436 BB 0.2630 219. 33919 12. 98876 20. 5095
2 12.315 BB 0.3612 292, 10883 12.47531 27. 3139
3 15.799 BB 0.4487 317.07516 10. 48841  29. 6484
4 20.017 BB 0.6359 240. 92737 5. 22547 22,5281
OH
Bu Bu
.
OMe
MeO O 07 "Me
DAD1 E, Sig=280,6 Ref=off (lixin\Ix-2114-1 0.7 mL OD 98.5%.D)
mAU §
50 - ﬁ
404 [
30 ‘ ‘l‘
20 w‘l ‘.‘ -
r gl B :
04— — — - R S A VA
é 1|0 1‘5 2‘0 ‘mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P - —
1 10.516 BY E 0.2096  63. 71282 4. 71795  4.6259
2 10.905 VB R 0.2949 1059. 58069  54.47292 76.9314
3 13.380 BB 0.3730  64. 78043 2. 59731 4. 7034
4 16.960 BB 0.5166 189, 23131 h. 32526 13. 7392
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OEt
MeO O 07 Me
DAD1 E, Sig=280,6 Ref=off (lixin\Ix-2106-2 0.6 mL IA 96%.D)
25 T I" ;" ]
20 Lol [
15 [
10 [ I
54 R
0 B B - - N\ I S
2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—| |——| | | | |
1 10.021 BV 0. 2026 447.91220  26. 58543  26. 9907
2 10.607 VB 0. 1822 376.92108  30.92938 22.7128
3 11.Hb8 BV 0.1688 431.11761 39. 04399 25, 9787
4 11.851 VB 0. 1852 403.55502  31.98929 24. 3178
OH
Bu ‘Bu
.
OEt
MeO O 07 ~Me
DAD1 E, Sig=280,6 Ref=off (lixin\Ix-2107-2 0.6 mL IA 96%.D)
mAU &
60 :
50 I
40 ‘
30 |,
. || 3
10 {;I i
0 — — - S AU — -
5 10 15 20 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o e e - |- e
1 9. 824 BB 0.1738 789.80359  67.87210 86. 3255
2 12.304 BB 0. 1831 125. 11005 10. 49387 13.6745H
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mAU

1500 =
1250

1000~ I
750 (|
500 |ﬁ
250 -

Peak RetTime Type Width Area
# [min] [min] [mAU*s]

20
Height
[mAU]

25
Area

%

1 13.443 BB 0.2108 2.67177e4
2 15.456 BB

|
1937. 90088

26. 2849

S95

0. 2458 2.35157e4 1460. 98657 23. 1348
3 16.674 BV 0. 2669 2.33474e4 1355. 93909 22.9693
4 17.222 VB 0. 2684 2.8065h6e4 1586. 52917 27.6110
OH
Bu Bu
.
O'Pr
MeO O 07 ~Me
DAD1 C, Sig=210,6 Ref=off (lixin\lx-2110-1 0.45 mL IA 97% 2nd.D)
mAU o
b &
400 2‘ §
300 ‘ ' ‘w'\':
100 |‘ 1' (| ‘_?—
o B — A S (B o \-"‘\\7
| 25 5 75 10 125 15 175
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—| | | —| -|
1 13.530 BB 0.2280 6844. 13477 458. 81247 44. 8408
2 15.602 BV 0.2325 H152. 74561 336. 78214 33. 7593
3 16.794 VV 0.2414 1989. 53760 126.53970 13.0349
4 17.208 VB 0.2482 1276.76123  77.49190  8.3650

30

225

min




1

dr=1.8

i)

vsv |

._KJL

789

£8'9
891
78'9
v0°L
60°L |
1L
(3%
o7z |
rze ]
7

e

—_—

wN.h;

~

lrd I

r
i

1N

N

E2

.

0'8T
we

€T'T
€50
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So'e
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1 (ppm)
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68°ETT
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89'8¢T
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60°CET
SY'ZeT
CEVET
VovET V
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9L'SET
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ST'8ST
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81'89T
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£€0'70C
€T'70C v.

-10
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DAD1 E, Sig=280,6 Ref=off (lixin\x-2119-9 0.5 mL AD 95%.D)

® ¢ g ¢
% l | :}I 5
15 I e
( [N
10— ‘ | | ‘ A
| ‘I | I | “ I
7 I " I\ Jl I‘t"
0 B —— — u" — Av‘ v I — —_ _— —
Wb 15 20 25 30 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R -1 | -|
1 12.588 BB 0.2486 455. 50131  27.58817 26. 5030
2 15.354 BB 0.2607 406, 24695  23. 85800 23.6371
3 16.355 BV 0. 3037 444. 05624  22.75021 25. 8370
4 17.067 VB 0.4295 412. 87698 14, 10403 24,0229
DAD1 E, Sig=280,6 Ref=off (lixin\x-2178-2 0.5 mL AD 95%.D)
mAU | 3
40 E
30 | l‘
/| s
20 | .‘ E
10 | | \ % E
0 o R J VA o - B
‘ IZ‘.B 5 T‘.E 10 125 - 1‘5 ‘ I1?‘,5I ‘ 2‘0 ‘ 22‘.5 mlin
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e e - | |
I 12.708 BB 0. 2639 919.29767  52.085466 5H7. 7148
2 15.469 BB 0.2882  49.06168 2.62363  3.0802
5 16. 560 BV 0.2975  86.59732 4.44101  5.4367
4 17.160 VB 0.5190 5H37.87042  15. 04872 33. 7683
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2119-3 0.45 mL 1A 97%.D)

mAU i
175 E
160 T
125 “‘
100 =l -
S || =3
75 el S
50 I ‘ o
25 I ‘
0 1 T - 0. ) f \ -
5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e e e aae
I 16.031 BV 0. 2465 987. 44672  61. 10079 11.8594
2 16.615 VB 0. 2559 3210. 76123 189. 24934 38. 5619
3 20.397 BB 0.3113 1042. 77161 50. 40765 12. 5239
4 28.983 BB 0. 4377 3085. 27881 106. 58026  37. 0548

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2153-2 0.45 mL IA 97%.D)

1000
800
600 !
400~
200 -
0 | I

Peak RetTime
# [min]

Type

10 V 15
Width

[min]

Area
[mAU*s]

20

Height

25
Area

%

o

—=28.983

130.255
‘

30

min

min

1 16.532 VB R 0.2728 2. 37779e4
2 30.255 BB 0.6084 788, 26190

1282. 13757 96. 7913
18. 01918 3. 2087

S99
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DAD1 C, Sig=210,6 Ref=off (lixin\lx-2119-8 0.5 mL OD 98%.D)
mAU

500 —

8:934

~10.803

400 — \ I

300 {

~>15.306

200 —

- 14.067

100

5 ‘ ‘ 10 ‘ 15 I ‘ 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e e e e o |
1 8.934 VW R 0.2163 8610. 02148 574. 67969 22. 8665
2 10.803 VB 0.2999 1.06124e4  524. 86365 28. 1845
3 14.067 BV 0.7054 7870. 21094 187.62021 20.9017
4 15.306 VV R 0.6655 1.056608¢4  237.95599 28.0473

DAD1 C, Sig=210,6 Ref=off (lixin\x-2121-3 0.5 mL OD 98%.D)

mAU Ptj
600 ft
500 —
400
300
200 [ N
100~ | = 8
o | I o2
0o — AU — i T S
5 ‘ ‘ 10 ‘ 15 20min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

|- -1 | | |
9.915 W E 0.5352 930.60742  25.17933 6. 0059

1

2 11,127 VB R 0.2844 1.42488e4  749. 33350 91. 9573
3 14.172 W 0.5725 226. 44160 5.19516  1.4614
4 15.237 VB 0.7503  89. 15880 1.58974  0.5754

$101
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DAD1 E, Sig=280,6 Ref=off (lixin\lx-2119-6 0.8 mL IC 95%.D)

mAU § %
60 - Q § ;
50 &
a0 o
: | Il I
30
20 i
10 ‘ I
0! S _ A W
10 20 30
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| -| | | —
1 25.156 VB R 0.4774 2216. 85913 71.80289 25. 5820
2 29.385 VW R 0.6629 2047. 67358 49. 49503 23. 6296
3 31.059 VB 0. 6338 2251. 16431 54. 50805 25.9779
4 36.410 BV R 0.7516 2149, 99976 43.91474 24. 8105
DAD1 E, Sig=280,6 Ref=off (lixin\x-2121-1 0.8 mL IC 95%.D)
mAU - %
140 ﬁ
120
100
80 -
60
40 % [=2] %
0 — I AVE AN
10 20 30
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | |- |
| 25.241 BB 0.4876 5259. 70215 166.91177 81.0169
2 29.646 VV R 0.5312 569. 17609 16. 34356 8. 7672
3 31.329 VW E  0.6921 42. 69526 8. 95732e-1 0. 6576
4 36.652 VV R 0.7285 620. 52881 12. 29725 9. 5582

5103
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DAD1 C, Sig=210,6 Ref=off (lixin\lx-2149-4 0.8 mL IC 90%.D)
mAU 5 8 ht
= o
175 - % ﬁ ©
150
: \|| I | 5
125 | “ | =
100 | | &
] | | i h
75 E | | | ‘ | \ | \I
50 I i ﬂi |
25— . | ] [ I
0 éik‘_v/‘JJ‘)l\ )_,Jhu»\_/\,;ﬁ__A__Q__j_J‘ HJ \_&'_,_J‘I \ 4_4_/’ \_ -
: S L ) N AL | L B
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.791 VW R 0.2727 3244.83936 181. 34914 22, 8505
2 13.288 VB 0.2960 3688. 12354 192. 08798 25.9722
3 16.014 BV R 0.3908 4039. 87671 155.67432 28. 4493
4 21,707 VV R 0.5341 3227.43701  92.72589Y 22, 7280

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2150-3 0.8 mL IC 90%.D)
mAU
250
200 ‘ |
150 —
100 — I

50 | {

) 15.583

5 10 15 20 25 30min|

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| R e | |- |
1 13.121 BB 0. 2783 H45H8. 13770 302.85736 96, 4085
2 15.5H83 BB 0.4814 203. 33443 2.88032  3.5915

S$105
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OH

‘Bu l Bu
(0]

OMe
MeO O . ©
DAD1 C, Sig=210,6 Ref=off (lixin\x-2106-5 0.7 mL OD 98.5%.D)

mAU; g R g
= <
1 o2 ‘g ~—
500 - (IR T
] e |
400 iy
] |
300 I ‘|l‘ ‘|\
1 | |

200 L]
E I
100 | ] ‘." | [
. YA

0 S N S ———
I I ! ! l ! l I
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| | |— | |
[ 9.033 BV 0.2098 7346. 66553 529.58002 21.7026

2 9.677 W 0. 2408 9741. 04004 642, 86279 28. 7758
3 10.232 VB 0.2703 7230. 87354 408. 89154 21. 3606
4 11.487 BB 0. 3048 9532. 89551 494, 76224 28. 1609

©Q
: 3
700 | @
600 !‘|
500 - |
400 - I
300 | |‘

HEE

100 Sile 2

0 E_ R § ey l\Z\\'_,/‘_\.; — R —
é 7 1ID 1‘5 I 2‘0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e e e ] e

1 8.708 VB 0.2304 554.89728  37.12251 3. 8228
2 9.398 BV R 0.2460 1.25797e4  806. 24609 8§6. 6641
3
4

10.093 VB E  0.2798 698. 29895  39. 19778 4. 8107
11.326 BV R 0.3603 682.57336  25. 95677  4.7024

5107
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OH
Bu ! ‘Bu
(0]
O O OEt
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DAD1 C, Sig=210,6 Ref=off (lixin\x-2108-3 0.5 mL AD 98.5%.D)

200 A | | I
150 : I-‘ | "‘ i t-‘ ]
100 \ "‘ “! ‘ | " " “.‘
50 fl I“".‘. f \ [ I
07 ———/© — Y ¥ -
| 2.5 5 75 10 125 15 17.5 20 225 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | |
I 11.049 BV 0. 4003 6059. 26465 233. 83890 24. 35H6
2 12.013 VWV 0.3727 6401. 92188 262. 30228 25. 7329

13. 169 VB 0. 3757 6157. 46387 251. 48016 24. 7503
15. 314 BB 0.3537 6259. 67236 270. 82025 25, 1612

=~

DAD1 C, Sig=210,6 Ref=off (lixin\ix-2116-2 0.5 mL AD 98.5%.D)
(=]
| b
700 [
600 — [}

w

o

o
10975
-15.341

513178

5 10 15 20 25 min|

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e I R |
1 10.975 BV E 0.5033 4999. 48633 154. 58099 12. 3626
2 11.990 VW R 0.4555 2.67411e4  892. H8423 66. 1247
3 13.176 VB £ 0.4261 3943. 36963 141. 93524 9. 7510
4 15.341 BB 0.4327 4756. 49756 167.81361 11.7617

$109
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2119-7 0.8 mL IC 98.5%.D)
mAU ] % % ﬁ
* S I
200 \ \ o
1 I (-
4 H ‘ | ‘r
150 | | | I
] ‘ | | o
100 ‘ | \ Mo
] | A
S J« A AN
01— JL.J\LR_AA S | U ,u}I ‘\R ,\lﬁ__;___jl \ . \\V N — ]
e 10 20 30 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | e
1 18.254 BV R 0.4534 7784.59326 251. 17899 23. 5461
2 24.689 VV R 0.hH823 9371. 14063 236. 10056  28. 3450
3 28.948 BV 0. 6818 8664. 12500 196. 72520 26. 2064
4 31.496 VV R 0.7931 7241. 19922 136. 72217 21.9025
DAD1 C, Sig=210,6 Ref=off (lixin\x-2121-2 0.8 mL IC 98 5% D)
mAU - ©
500 ﬁ
400-; ‘
300 ‘\ |
1 |
200 |\
100 | | a
1 (| ©
T Ty S J &
1IO 2‘0 | 3b min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 23.456 VV R 0.4898 1.76296e4  556. 12042 99. h860

2 28.362 VV 0.5225  73.29155

2. 30813

S111

0.4140
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2117-4 0.5 mL AD 97.5%.D)

mAU § §
400 %’é ?
300 |“ | i
200 | M I
| [
100 | lb' | =
o o J“ ‘k r“l‘ ‘I‘\_, - 77_//5”"1,\\ )
5 10 15 20 25 il
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | |— | | |
15. 780 BV 0.2H66 9148, 44336 5Hh4. 07855 27.8HT0

1

2 16.256 VB
3 18.026 BB
4 25.717 BB

0
0

. 2764 7250. 90137
3031 9349. 63867

J98. 22513
476. 18875

22.0790
28. 4696

1.5779 7091. 76660  5H8. 10468 21. 5944
DAD1 C, Sig=210.6 Ref=off (lixin\Ix-2153-3 0.5 mL AD 97.5%.D)
mAU 3
2
¥
800 i
600 ‘ |
400 | ‘I
200 | I‘ \ g
o+ N B A _u%_ o
5 10 15 0 s 0 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e L P B - | |
1 15.703 BB 0.2607 1.83171ed 1086.64856 97. 0229

2 18.045 BB

0. 3073

H62. 05084

28. 35166

S113

2.9771
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mAU - 229

600 %% .
500 | ‘ h g
400 '
300—: H ‘\ ‘l“l
200 \‘IH I
100 - J‘M Il IJ \I
0;4“&%__ JyIi ., \\_ I o
% 1|U 1‘5 2|D min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | | | |
1 7.218 BV 0. 1305 5422, 11523 642, 33398  23. 0219
2 7.660 VV 0. 1453 5985, 21338 663. 26019  25. 4128
3 8.026 VB 0. 1472 6280. 74805 636. 06702 26. 6676
4 10.503 VV R 0.2078 5863. 87549 414. 65347 24. 8976

DAD1 C, Sig=210,6 Ref=off (lixinlx-2150-1 0.8 mL IC 97% D)
mAU —: %
600 2
500 i
400 — |‘ |‘
300 - A
1 B
200 I
. o ||
100 & .
] ~ N .
0- U A NIV AVAN .
o T ‘ T T T | T T ‘ T T T | T T T T T T ‘ T
2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

[ 7.200 BB 0. 1289 183.22093  22. 06487  1.9377
2 10.364 VV R 0.2051 9272. 56445 688. 70886 98. 0623
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DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2123-2 0.7 mL OD 98.5%.D)
AU - «
" 5§ 3
o © o
604 L g
50 - L] @
1 1 \ ‘ \ e}
40*_ | | | ‘ N
30— |\I il N
207 | Lo ‘\ A
10 AR |\
0— NS J N
[ I ! ! I ! [
5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

|— | | | |
1 8.572 BV 0.3270 15H31. 86768  67. 96443 23. 7829
2 9.996 VV 0.3107 1392. 34302  68. 03885 21. 6167
3 11.248 VB 0.3208 1740. 41443 84. 31390 27. 0207
4 15.606 VB R 0.6035 1776.41760  42. 74687 27. 5797

DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2141-4 0.7 mL OD 98.5%.D)

mAU 2
%

40

%0 | A

20 1 § %

+ — “g’ AN -
25 5 7.5 10 12.5 15 17.5
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

I 9.68h BB 0.4371 1531. 35327  H2.6797H 42.0714
2 11.934 BB 0.4445 323.41205  11.28021 8. 8852
3 13.058 BB 0.3906 310.82974 12, 22462  8.5395
4 19.233 BB 0.8751 1474.29651  22. 89889 40. 5039
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OH

Bu l ‘Bu
(0]

Me
MeO O . °
DAD1 C, Sig=210,6 Ref=off (lixin\x-2108-2 0.8 mL IC 98 5% D)
mAU 32
400 N
5 W g .
[ee]
1
200 - H |“ \”|
] |
100 || “ \‘|
] |
0 \“H" "" i
T ) |- | _‘\_PJ . o
5 I 20 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P R R o e — |
1 7.038 BV 0.1238 3716, 73828 472, 14755 26, 2695
2 7.399 VB 0. 1425 3814. 45435 434, 18027 26. 9601
3 8.640 BB 0. 1655 3297. 90186 327. 45908 23. 3092
4 9,532 BV R 0.1710 3319.41211 295. 61563 23,4612
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2110-2 0.8 mL IC 98.5%.D)
] 2
300 3 [
250 F ‘[
200 oz |1| -
150 I} & [ E
100 ;%fE JL i
50 FH )
0o A . YA JoN
2 4 6 8 10 12 14 m
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R e
1 7.044 BV 0. 1497 2496. 10767 256. 17279 25.5715
2 7.464 VB 0. 1593 1352. 56592 130. 13994 13. 8564
3 8.804 BV 0. 1795 4407. 53906 379. 38504 45, 1532
4 9.737 VB 0.1998 1505. 09204 115.68549 15,4190
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Peak

[N

3
4

6
L
2
0‘

5 10 15 20
RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAU] %
|—| |- —|
13. 525 BB 0.3157  82.45230 3.91588  12. 2556
17.001 BB 0.4021  78.401358 2.82229 11.6535
18.491 BB 0.7199 246. 21324 4. 40666  36. H967

21.852 BB

0.2419  265.70749

DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2132-2 0.5 mL OD 99.5%.D)

16. 85353

39. 4943

5122

mAU 8
g
15 ES{
125 ‘I ‘.
75 - | §
5 g g | i
25 n 2| |
( — . - /) SN S
| 5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | - | | |
1 13.628 BB 0.3347  58.76923 2.H3257  6.6019
2 16.943 BB 0.3620  49. 13311 1.92379  5.5195
3 18.056 BB 0.5457 711.26233  18.05146 79.9009
4 22.088 BB 0.2148  71.01564 5.02774  7.9777

———21.852

25

26

min|
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2078-3 0.5 mL OD 99.5%.D)

mAU | ﬁ > E
i a8 S
60 “ ® g i
40 ” H g ‘k
I | \I ‘:“.‘I | |‘
07— _ o .“ I‘ |; | ‘\I I‘L.'\
é 10 ‘ 15 20 2|5 ‘ min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | | |
I 13.770 BB 0. 3504 2068. 84351  89.94075 25. 1248
2 16,299 BV 0.4551 2064. 40747  69. 05700 24. 9495
3 17.392 VB 0.6011 1977. 74463  49. 18896 24. 0185
4 20.248 BB 0.4067 2133.27588  75.95226 25.9073
DAD1 C, Sig=210,6 Ref=off (lixin\lx-2105-4 0.5 mL OD 99.5%.D)
mAU | ~
| :
250—: IH,‘
200*: I‘ \
150 |
100~ 2 | "
% g | @
o AN a»‘;_\;‘ AN -
5 10 1|5 20 2|5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e e | —| |
1 13.903 BB 0. 3878 1310. 78467  50.67213  7.8056
2 16.600 BV E 0.4036 765. 38818  29.80852 4. 5578
3 17.477T VB R 0.6180 1.30746e4  320. 48593 77.8376
4 21.613 BB 0.6438 1642. 17957  36. 29714  9.7790
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DAD1 C, Sig=210,6 Ref=off (lixin\x-2075-3 0.5 mL OD 99.5%.D)

300 g 5
250 o [ N
200 §- s 2
150 i S [\
100 I f\ |
50 i Y AN
0o — o ~ . | - | \\..
5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | |
1 14.432 BB 0. 3877 4611. 97510 180. 73631 11.3733
2 16.777 BV 0. 4697 4282. 09668 138. 11496 10. 5598
3 17.911 VB 0.6797 1.64766e4  369. 88248 40.6319
4 23.001 BB 0.9649 1.51803e4  223.91840 37.4351

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2178-7 0.5 mL OD 99.5%.D)

mAU @
1200 g
1000 [
800 | |
600 & '
400 3 8
200 . M\ g
0 L e - [y . -
| 5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 13.992 BB 0. 3377 6566, 94971 294.95740 9. 7823
2 16.721 BV E  0.4320 4037. 18921 145.37434  6.0139
3 17.549 VB R 0.5617 5. 11689e4 1376. 42908 76. 2222
4 23.513 BB 0.7424 5358, 21191 103. 77435  7.9817

$126

23,513

30

25

mir

30 min



S8°01
980
880 1
SETH
99°T

wm.ﬁAﬁ

0L'T
(745
vLT

8T
98°T 4
98°T |
18T
18T /
12
[aay
T
€z
vz
vee ]
STz
9z
LYard
LTard
v
]
0£'z ]
[\}3rd
1e°C
1e°C
16T
334
£0'e
£0'e
v0'E
98°¢
88°¢
88°¢
68°¢
06'¢
[4X3
[4X3
v6'E
S6'¢
96°¢
X3
£T's
sT's
€89
og' |
e
962

———

862

Py

ESTE

Rss6t
ST
porT

Foee

Fsot

Fers

= L60
00T

ooz

Feoe

86T

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 20 15 1.0 0.5 0.0
1 (ppm)

9.5

€S'€T —
7561 —
AT
szoe”
1evE
958~

9615 —
erss
€979 ~
5099 ~

95921
Y182t /
98871 A
vS'62T *
88671

TL°SET

8T LYT —
¥9°2ST —

£6"99T ~
££°89T 7

¢8'ETT —

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

210

$127



OH

Bu ! Bu
o

OEt
MeO,C O ' ©
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2142-3 0.8 mL IC 90%.D)
mAU | pga
1 %‘\!
70 T
60 - HH
50 IF::
1 ” © v
40 ‘\ ‘|$ <
30 ||'. ‘f:
20 Al
10 \ ARAEE
I — —————J IS
25 5 75 10 125 15 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e e | | |
1 7.881 BV 0. 1508 766.04126  80.67302 32. 6879
2 8B.242 VWV 0.1625 774, 88220  73.82061 33. 0651
3 8B.H69 VB 0.1776  410.50931  34.811656 17.5169
4 9.435 BB 0. 1892 392, 06885  32.40253 16. 7300
DAD1 B, Sig=254,6 Ref=off (lixin\x-2152-5 0.8 mL IC 90%.D)
mAU - ©
] &
200—; T
wor j
100 — “‘
5% ¢
1 | "“' N CP
o — P ) o Y A V7 NP, - — — S —
2 a 6 8 10 12 14 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | |- | |
1 7.646 BV R 0.1359 1998. 84216 228.93124 79. 6863
2 7.940 VWV E 0. 1428 119.81644  12.61357 4. 7766
3 8.254 VB E 0.1528 222.33044  22.59768  8.8635
4 9.062 BB 0.1761 167.39993  14.56363 6.6736
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mAU

120 /
100
80 ‘
60 |
" | | 2 T
0 J gl‘ ./ \ N
5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | |- -| |
1 20.462 BB 0.3950 5H16.47723  20.28951 35. 8235
2 21.841 BB 0. 4490 506. 97284 17.44513 35,1643
3 24.564 BB 0.4614 195. 68358 6.53348 13.5729
4 29,508 BB 0. 5839 222.59216 h. 64611 15.4393

DAD1 B, Sig=254,6 Ref=off (lixin\ix-2169-3 0.8 mL IC 97%.D)
mAU

100
80
60
40
20

Width Area
[min] [mAU*s]

Peak RetTime
# [min]

Type

2.0
Height
[mAU]

20771

522261

Area
%

1 20.771 BB
2 22,261 BB

0. 4336 3707, 22388
0.4693 318.82248

|
132. 83463
10. 52896
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OH

Bu l Bu
o

OEt
FsC O ' °
DAD1 C, Sig=210,6 Ref=off (lixin\x-2075-4 0.7 mL OD 98.5%.D)
mAU Z B
»n @
1 e ¢
200 w Il
; 2 || |
150 | Q=1 ||
] 63 | |
100 i
] VL]
% A
O;*‘ff ﬁR\_‘\”LH_\__,A___/\—'-\ S _u“l T \ H I\‘ — —
T ! T T | I '
2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e et B ] |
1 5.829 BV 0. 1187  73.68b40 9.91421 12. 2623
2 6.091 W 0. 1445  74. 13377 8. 27458 12. 3370
3 6.391 VB 0. 1441 228, 19540  25.57241 37.9751
4  6.838 BB 0. 1580 224.89366  22. 22635 37.4256
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2105-5 0.7 mL OD 98.5%.D)
mAU §
200 - ﬁ
150 !;
100 - ;‘
50 T
0 o _ S I\ ,ﬁu?:‘»(o - S _
5 tll é fli 10 1‘2 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—| e et o B — |
1 5.830 BB 0.0962 111.98220  18.09220 7.1169
2 6.055 BV E 0.0781  44.27112 8.89284  2.8136

6.205 VV R 0.0871 1348. 55347 221.40514 85.7055
6.702 VB £ 0.2218  68. 66701 4.77505 4. 3640

o
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OH

Bu l ‘Bu
(e]

OEt
O,N O . ©
DAD1 B, Sig=254 6 Ref=off (lixin\lx-2096-1 0.8 mL IC 98 5% 2nd D)
mAU — p=
. g o
SDE ﬁ' 5
40 I
! A
30 -
| I s
20f | 5
. | l‘ l‘ \ '{\« %
10 [ B
] J \ 9 \ J \ f \
gi —_— LN N N SN |
5 10 15 20 5 0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P == R —— |
I 20.601 VV R 0.4426 1771. 11353  60. 85490 34. 9785
2 22.712 VV 0.6176 1737.47388  42.80026 34. 3141
3 24.756 VB 0.5627 791.25043  21.23731 15.6268
4 30.403 BV R 0.7710 763.59644  15. 11681 15. 0806
2
10— ﬁ
8- ‘l'
]
6 |‘ ‘l
4- A
2 § B g
0- : o83 @
2_,‘ N~ AANWANYA
5 10 5 20 % 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | | |
I 20.631 VW R 0.4870 447.75009  13.78463 67. 6644
2 22.87T4 VV E 0.8921 65, 53629 1. 06592  9.9039
3 24.798 VB E  0.6636  60. 23436 1.31197  9.1027
4 30.605 VV R 0.7704 88, 20069 1. 50067  13. 3290
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OH

Bu l ‘Bu
(e]

OEt
AcO O . ©
DAD1 C, Sig=210,6 Ref=off (lixin\x-2096-4 0.6 mL IC 97.5%.D)
mAU ] » &
| - &
150 i
] [
125 - [
100 = 1] ©
1 - | ¢}
75 - fl -
: Il by
50 I A
25 I I
1 [ [\
o :
e . e
5 10 15
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e e e — |
[ 18. 117 BB 0. 3262 1603. 70190  78.55562 13. 3672
2 18.937 BV 0.3643 4123. 07422  179. 29413 34. 3667
5 19.723 VB 0.3741 4362. 26758 182.99480 36. 3605
4 21.836 BV R 0.4470 1908. 24207  64. 97588 15. 9056

DAD1 C, Sig=210,6 Ref=off (lixin\x-2152-2 0.6 mL IC 97.5%.D)

mAU |
200

~20:950

150

100 | I

50 1

- 18972
123241

50— ] S * B — —
5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| L R
1 18.972 BB 0.36560  313. 11130  13.09260 4. 3047
2 20.950 BB 0.4065 6806. 86914 257. 38055 93. 5825
3 23.241 BB 0. 3826 153. 67906 6. 12845 2. 1128
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OH
Bu l ‘Bu
(e]
OEt
F (o
EtO

DAD1 C, Sig=210,6 Ref=off (lixin\x-2142-1 0.5 mL AD 98.5%.D)

52
57
= S 2
| & &
15
Height
[mAU]

20
Area

%

mAU

400 -

350

300

250

200

150

100

50 \ Iy
0+ - S — - - - - ,7-.,' - 7 LN

5 10
Peak RetTime Type Width Area
# [min] [min] [mAU*s]

__ ‘ ‘ _

I 13.757 BV 0. 2727 5750. 36035

2 14.191 VB 0. 2442 7047. 83252

3 15.721 BV 0.2794 4419. 53955

4 16.584 VB 0. 2858 4516. 96924

EtO

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2143-1 0.5 mL AD 98.5%.D)

324.H8197  26. 4570

436. 82874
243. 89597
244. 24625

32. 4266
20, 3340
20. 7823

mAU ! %
500 i
400 — |
300 ] ‘
200
100
-100 ! T o . 9_,
25 . 5 . 7:5 . 10 12.5 . 1.5
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | | | |

I 15.620 BV E 0.3187 199. h3831 9.51499  1.3028
2 16.392 VB R 0.3144 1.51167e4  746. 05170 98. 6972

$139
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OH

Bu ! ‘Bu
o

Ph,N

OEt

o

mAU

120

100
80

60
40
20

Peak

DAD1 E, Sig=280,6 Ref=off (lixinIx-2105-1 0.35 mL 1A 98%.D)

RetTime Type

13. 446 BB
14. 322 BV
14. 909 VvV
15.756 VB

13446
14322

4 6 8
Width Area
[min] [mAU*s]

0. 2498 2372. 83838
0. 2414 2046. 57544
0.2744 2150. 11865
0.4990 2325. 02661

DAD1 E, Sig=280,6 Ref=off (lixin\Ix-2134-4 0.35 mL IA 98%.D)

Height
[mAU]

Area
%

147. 38861
130. 17674
118. 07677
68. 66835

26. 6774
23. 0093
24. 1734
26. 1399

—=14.909

~ 15756

mAU @
i

500 Il
400 (
300 | 1‘ |
200 M s
100 | E 8

. - o E

10 15
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

|- —| |-
1 14.521 BV 0. 2189 9176. 25586 633. 76440 90, 5038
2 15.764 VV 0.1965 383.78079  29.36015 3. 78h2
3 16.006 VB 0.2373 533.8b368  32.90141 5. 2653
4 17.687 BB 0.2783  45. 19367 2.50748 0. 4457

5141
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OH

Bu l Bu
o]

OEt
C,N O ' °
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2145-2 0.7 mL OD 98.5%.D)
mAU - S
120 f
100 |\m
] %
80 \RT g
60 h\\ s <
] 'W i ©
40~ . g
20 IV A f\\\\\\\
] [ [ [
0_:_ — — - _’I ¥—_}J)_; S— I\_,“ B —
! ! ! | ! ! ! I ' ! ! ! I ! ! ! ! ! ! !
5 10 15 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e -] e R |
1 8.802 BV 0.2625 2286. 06860 134. 33971 30. 3488

2 9.373 VW R 0.2997 1447. 70581  73.99107 19. 2191
3 11.445 BV R 0.4239 1405. 67859  50. 38414 18.6612
4 17.814 VV R 1. 1299 2393, 18555 27.47340 31.7709

DAD1 B, Sig=254,6 Ref=off (lixin\x-2147-2 0.7 mL OD 98.5%.D)

mAU - X
3 T
120 - 1”
100 I
8- i
60 ‘ ‘I
40 — %\ '\I @
20~ s/ Z
ol A N R e o
2‘.5 é 7‘.5 1‘0 12|.5 15 17.5 2IO 22‘,5 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| |- | | | |
1 8651 BV E 0.2164 237.36667 17.05150 8. 3178

2 9,148 VB R 0.2609 2495. 06372 146. 36200 87. 4320
3 11.463 BB 0.3705  121. 268978 4.47070 4. 2502
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OH
Bu l Bu
o]

O ' oOEt

e
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2142-4 0.8 mL IC 90% 2nd.D)
mAU _| 5 8
80— ﬁ ﬁ g5
] I
60 \||\ :l h
40 ‘ | I | ‘ | “
| HL (L
7 AN
Di - e ‘." "F \ VoA o B o o
I2‘.5 o ‘ é - T:SI o 10 o 12.5‘ 15 ‘ 17..5‘ Y 20 .22‘.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
——————————— e ] e e B
I 11.257 BV 0.2215 1493. 88623 104. 07958 26. 6167
2 11.980 VB 0.2429 1477.72266  94. 27510 26. 3287
3 12.887 BV 0.2576 1309. 74756  78.93672 23. 3359
4 13.703 VB 0.2979 1331. 23608  69. 37406 23. 7187
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2143-3 0.8 mL IC 90% 2nd.D)
mAU S
200 %
175 - |
150 - ‘
125 -
100 w
75 |
50 g ||
25 ﬁ,ﬁ 2
0 _ S N | W VA WL (S S e
5 10 15 2|0 25 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | |——- o - —|
1 7.385 BB 0.1302  88.48915  10.10199 4. 7265
2 8.020 BB 0.1261 1783.70056 216. 50288 95. 2735
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DAD1 C, Sig=210,6 Ref=off (lixin\lx-2078-1 0.7 mL IC 98.5%.D)
mAU

250 W S
200 B :. I
150 “’ 5|
100 | R
50
0 ————— - . -
| 2 4 6 8 V 10 12 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | B el B
1 8. 0503 BV 0. 1393 1469. 94873 162.84169 16. 2736
2 8401 W 0. 1483 1408. 34753 146. 34930 15. 5916
3 8.6b9 VB 0. 1562 3108. 70801 301.64221 34.4160
4 10. 235 BB 0. 1994 3045. 72998 234.64156 33. 7188
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2101-2 0.7 mL IC 98.5%.D)
mAU E
1500 | OT
1250 | ii
1000 | I
750 N
500 | o || =
250 ,'?j | | §
0 | I - A NN L . .
25 5 75 10 12.5 15 17.5 20 225 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| || ———1 | |—————|
1 7.583 BV E 0.1473 1089. 11060 114. 17785 3. 7069

2 8,174 VB R 0.2209 2.70492e4
3 10.620 BB 0.3199 1242. 48865

1824. 96887 92, 0642
08. 93825 4. 2289
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2075-5 0.7 mL OD 99.5%.D)

rnAU_i E
175 % o
150 2 jl o
125 - T | 0
100 | (- A
75— J! | > I
50_: | I‘\ | " \‘ “"
25 R \
E | ‘\ /R AN | \
OE I Y NN _,—MJJ ,\\-\ J . \\k \_; e J N
B B U/ A s ] ‘ T T |
25 5 7.5 10 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R - | |
1 7.485 BB 0.194H 1685, 98926 134. 21985 14. 6415
2 8.494 BV 0.2741 3839.83081 213.21825 33.34h9
3 9.454 VB 0.3506 1855.95483  T77.71581 16.1175
4 12.881 VWV R 0.4553 4133. 36426 141. 39445 35. 8950
mAU | &
] &
2000 | f%
| |
1500 — ‘k
1000-% f \
500 | 4 o © | “\\
0 : o |'\;,_°B. N | k — o ]
.'l') 1‘0 1‘5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | -| | |
1 7.284 VB 0.3122 154. 31569 7.25009  0.1529
2 8.268 BV 0.3044  80.89815 4.20634  0.0801
9. 719 BV E 0.3839 4106. 14502 161.89053 4. 0682

3
4 10.979 VB R

5149

0.6259 9.65923e4 2338, 31738 95, 6988
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2096-2 0.5 mL 1A 87%.D)

mAU © 3
7 . N
oN
1000 % T\‘r
800 IH M
600 ‘|‘ 1
g e |
400 - 2 | R | |
el
AW f\ [
0 I\ \J \_fj' k_ .
' 25 5 75 10 125 15 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | |
1 10.343 BV 0. 15682 2545, 32349 251. 29065 7. 0564
2 10.798 VV 0. 1886 1.49702e4 1242. 49036 41.5019
3 11.636 VB 0.2154 2597.66016 190. 15742  7.2015
4 12.434 BY R 0.2153 1.59579e4 1113.09985 44, 2402
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2103-1 0.5 mL |A 97%.D)
mAU 8
2000—5 %
] |
1500 ‘\
1000 H
] \
500 | g8 § \| “
] eS= =
0 — /&V\F/’A\;{’ \- I
é 1b 15 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
|- |- |- R R — |
1 10.638 VV R 0.1962 1749. 04431  91. 86221 4. 7290
2 11.192 VB 0.2039 811.98242  60. 77063 2. 1954
3 11.995 BV E  0.1958 2137.88135 160. 11205  5.7803
4 12.605 VV R 0.2024 3. 22869e4 2424, 33447 87.2954
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DAD1 C, Sig=210,6 Ref=off (lixin\x-2075-1 0.7 mL OD 98.5%.D)

mAU © =
140 - ﬁ i
120 =
100 - s | g
] Il | © [
80 || ! o ||
] o
60 ] |“ | |‘ IHI \ ‘|
40— | J HL;E
. | Y
20 AR
of "~ I\
é 4‘1 6 | é min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | | | |
1 6.176 BB 0. 1052 725.00977 106. 77317 16. 7564
2 6.596 BV 0. 1333 1388. 50879 159.85616 32.0911
3 6.883 WV 0.1386 739.16875  80.86410 17.0834
4  7.149 VB 0.1617 1474.09473 138.98164 34. 0692
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2177-1 0.7 mL OD 98.5%.D)
mAU 1 &0
é g
1200 - [
1000 ﬁt
800~ I
600 i ! |
400 | § ‘| \I ©g
200 o | 2R
0 WAV AN B )
2‘.5 5 7‘5 1b 12‘.5 1|5 175 2‘0 22‘,5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | | | -
1 5.949 BB 0. 1470 1819. 43652 162. 08327 4. 7688
2 6.673 BY R 0.3605 3.16453ed4 1406. 62390 82.9430
3 T.318 VW E 0.2454 1929. 78821 118.86016 5. 05680

[N

7.690 VB E

0. 3269 2758. H6665

133. 58318
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DAD1 E, Sig=280,6 Ref=off (lixin\Ix-2075-7 0.8 mL IC 98.5%.D)
mAU - ©

] S g
125 T «
: ! T
10 —; |‘ I
75- o
5 | | 5 |
25- | EJ‘
ol 1—
] A \ VoA
25 S VAGS A R e -
5 1w 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e B | | - |
1 10.716 BB 0. 1988 236. 21201 18. 27972 35. 4655
2 13.762 BV 0.2671  89.55h058 h. 14507 13. 4454
3 14,395 VB 0.3006 244.51947  12.47864 36. 7128
4 26.921 VB R 0.5977  95. 75100 2. 42066 14,3763
DAD1 E, Sig=280,6 Ref=off (lixin\x-2167-3 0.8 mL IC 98.5%.D)
mAU | 5
60 i
50 1
40~ “
30 &
m |
10- I i
0 . . g\ S
5 V 10 V 15 20 V 25 V 3’0 35
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| —| | | | |
1 11.587 BB 0.2445 1153. 12500 72, 13361 68,8897
2 16.167 BB 0.4199 520.74725  18.99386 31.1103

S$155

40

min
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mAU & x
£
] © =
12— 2 - \“ l‘n“
104 T
8- f\ e f
6 |
1 I o I
4 [ |
1 | | | |
2 I [ I
I AR
07: T JA )N N
2 T ‘ T T T I T T
25 5 7.5 10 12.5 15 17.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| —| | |
I 9.356 BB 0. 1847 128.20503  10.94332 16. 7026
2 10.908 BV 0.2319 128. 39276 8.51333 16.7271
3 11,772 VV 0.2371 2b6.56372  16.52964 33. 4253
4 13.108 VB 0.2913 254. 41156  13.53224  33. 1449
DAD1 E, Sig=280,6 Ref=off (lixin\lx-2136-3 0.8 mL IC 98.5%.D)
mAU ! %
40 “'\‘
30— ‘||‘
20—2 |\ I‘
] B
103 A P I
0 f o - J‘i‘ '\\\ /j \\u’.‘ \-—F /\\‘
I 25 | é 75 B 1b I 1£5‘ I 1% | ém
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—| |~ e | -
1 11.635 VB 0.2361 833.050762  53.95769 89, 0880
2 12.961 BB 0.2949 102. 03762 5. 34180 10.9120

$157
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OH
Bu [ Bu
(@]
O OEt
Ore
MeO,
© MeO

DAD1 E, Sig=280,6 Ref=off (lixin\lx-2145-5 0.8 mL IC 95%.D)
mAU %
] - 5
e % s 3
20 | i | e ©
| i ©
] | o o
15 ‘ [ =
1 [ o I
10 \ ‘ .‘ ] H'\
] | 1 ‘ |‘ | ‘, I‘ ‘\
5 | P I
| | y !.( | ‘\
o ——m— SN S G S B Y A
R 10 15 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—mm |- | | |
1 13.071 VB R 0.2810 547.38855  29. 29502 28. 0284
2 15.5H51 BV 0.3786 H22. 79639  21.58084 26. 7692
3 16.304 VWV R 0.3655 449. 12469  18. 66358 22. 9969
4 19.616 BB 0.4368 433.66684  15.20045 22. 2054
DAD1 E, Sig=280,6 Ref=off (lixin\Ix-2152-4 0.8 mL IC 95%.D)
mAU o~
5
50 b 1]
40 : ‘I
0 (|
20~ % i N
o o9
0 - AU, YA
é 1IO 1‘5 2‘0 2‘5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.596 BB 0. 2507  223. 46402
2 14.885 BV E 0.3046 104. 52560
3 15.512 VB R 0.3163 1199. 94775
4 18.372 BB 0.3792 152, 90733

$159

i
15. 81766 13.2947
5.33441 6. 2186
08. 73967 T1. 3896
6. 25530  9.0971
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DAD1 C, Sig=210,6 Ref=off (lixin\x-2096-3 0.5 mL AD 97%.D)

mAU 3 e
300 F &
250 I I
200 ‘ ‘II
150 ‘ ; “
100 | 2 g
50 s %
0 I N . i N : ,A/” \W'\;_ __7
| 5 10 15 20 25  min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e B e R |- |
1 17.268 BB 0.3125 7324. 68848 361. 27548 46. 1718
2 20.658 BV E 0.3022 290.96011 14. 24978 1. 8341
3 21,217 VWV R 0.4022 7995. 40674  300. 68402  50. 3997
4 21.823 VB E 0.3429 252.94128 10. 81427 1. 5944
DAD1 C, Sig=210,6 Ref=off (lixin\x-2141-3 0.5 mL AD 97%.D)
mAU %
350 ﬁ
300 i‘\
250 [
200 o |l
150 = I
100 .‘"“" .‘
50 |
L Y A, GH— S _
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| |- |— | | |
I 17012 BB 0.3288 2523.56616 119.29267 19. 4076
2 20.669 BV 0.3872 1.04794ed  411.35666 80.5924
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OH

Bu l Bu
(0]

0] OEt
(s J . o
DAD1 C, Sig=210,6 Ref=off (lixinx-2142-2 0.8 mL IC 95%.D)
mAU | ee s
] E S T
1 [«>]
300 \ "‘
250 | | ‘ ‘I “
200 - |‘ |‘| H |
150 - \‘ "‘ HI M
100 | ||‘ " \“ \
3 ‘ || | ‘ |
50 7 VY
O_E—ﬁ,__.erJE_____‘ L _J‘ "gu" _‘\_.V‘I *__\'¥1__‘_, o
s 40 s 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R B B
1 B.678 BV 0. 1685 4002. 18481 363. 40536 22. 3619
2 9.310 VB 0. 1880 3957. 82764 329. 86627 22.1140
3 10. 164 BV 0. 2040 4882. 44043 365. 05630 27. 2802
4 10.697 VB 0.2110 5054. 92432 361.91153  28. 2439
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2143-2 0.8 mL IC 95%.D)
mAUé I~
700 - %
600 H
500 - |‘
400 | \
300 i
200 - g
] o |
100 S|
] =
O*ﬁvki"ﬂm H e — A ‘ T
25 5 75 1o 125 15 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 10.106 BV E 0.2402 101. 62663 6. 43828 0. 8869
2 10.597 VB R 0.2173 1.13b69e4  821. 18353 99. 1131
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2113-1 0.5 mL AD 98.5%.D)

mAU - 3
] &
: ¥
800 \
| |z
600 =
|| f
40 s |
] 2 I
200 H£ M g
] ||\,'\ I &
O;W__JLJ . 7__._,_¢J‘ LA _+_j \-\_T_J__/\kl -
5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| — | | |- |—- | |
I 14.914 BV R 0.2505 1.65463e4 1035, 07825 44. 3666
2 15.550 VB E 0.2921 2152.65112 114.08670  5.7720
3 18.553 VW R 0.5083 1.66818e4  489. 20352 44. 7298
4 25,043 VB R 0.5305 1913. 78882 54, 03866 5. 1316
DAD1 C, Sig=210,6 Ref=off (lixin\x-2136-1 0.5 mL AD 98.5% D)
mAU - E
400 — o
350 - |
300 |
250 “
200 |
150 — 3
E| @ o™
100 = | E: & 5
e O o
0 ;K*—\_—\_—&-h_,,_ S |_j L\_'_‘i\\\r__H _ VAN .
5 I 10 | 15 2 2 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e e R |
1 15.240 BY R 0.2584 7557.73193 443. 05884 66. 9057
2 15.888 VV E 0.2865 1129. 58740  59. 22829 9. 9998
3 18.522 VB 0. 4380 1262.67615  42.09131 11.1780
4 25.357 VB R 0.5325 1346. 09680  22. 98726 11.9165
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OH

Bu l Bu
(0]

Oa . OOEt
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2075-2 0.8 mL IC 98.5%.D)
mAUi <
50 ' -
z | B
40 \ =
] | fi
0 LI
20 & g
f IR
e VA
0 Y A SN \J
B 25 5 75 10 125 15 il
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e | | —| —m | e |
I 8.121 BB 0.1761 160. 39052 13.95206 9. 0689
2 8.939 BV 0. 1917 729. 77838  H8. 42525 41.2179
3 9.700 VV 0.2531 151.06519 9. 12661 8. 5316
4 10.523 VB 0.3216 729.31531  34.64781 41. 1917
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2134-2 0.8 mL IC 98.5%.D)
mAU %
40? W
30? |
1 | ‘
20 - i
| |
10 | 5
] A &
] I\ e
o A N i
0 - 2‘.5 - I5 - 7.5 - | 1b - 12‘.5I 1‘5 | min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 &.889 BB 0.1912 645.24048  51.83414 96. 8214
2 10.927 BB 0.2630  21.18292 1.19403  3.1786
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OH

‘Bu ! 'Bu
o

o OOEt
MeO O '
DAD1 C, Sig=210,6 Ref=off (lixin\x-2113-3 0.7 mL OD 98.5%.D)
mAU - 3 -
z : g
250 o |l =)
1 2 || i\
200 e “ A
] i [
V| .
100 A ‘.‘ | I 3
507; “l “I‘ ‘I‘ ‘\!‘ “.‘ ‘\‘. Jj/\
0 7, ,"‘[\l‘\'\___,v__;_ SR _JI \UI I\_y“ \‘____{ ,___/f} - —
25 5 75 10 125 15 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e | S — |
1 8.660 BV 0. 2574 2988. 45410 180. 30756 16. 7856
2 9,309 WV 0.2773 5732, 22217 313. 51987 32, 1968
3 10.631 VV R 0.3798 5712, 43652 232.61742 32. 0856
4 13.816 VW R 0.6577 3370.60596  70.75017 18.9320
DAD1 B, Sig=254,6 Ref=off (lixin\lx-2144-1 0.7 mL OD 98.5% 2nd.D)
mAU o
70 i
60 ‘
50 |
40 M
30— I |
20 o
10 3| |
0 B "',:\" S S ————————————————————
é 1|0 15 2‘0 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | =—m e | | |
I 9.218 BV E 0.2823  89.31616 4.77399  5.4920
2 9.902 VB R 0.2975 1536. 98804  78.81986 94. 5080
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DAD1 C, Sig=210,6 Ref=off (lixinIx-2133-1 0.8 mL IC 95%.D)

mAU - N

500 %0
] $ g
] @D

400 \ \‘ s X
! | Y

300 f |‘| ‘l
] |

200 ” | J

100 "1 Jkdﬂ

U:— I\ 7‘.“ ‘wl \\iljl‘ “‘\!j‘l A
e e R —— e
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

I 5,991 BV 0.0946 3180. 60132 525, 37842 25,6457
2 5. .868 VB 0.1115 3357. 73999 492.80194 27.0740
3 6.835 BV 0. 1234 2882. 17505 367.99380 23. 2394
4 7.289 VB 0.1424 2981. 57715 339.80167 24. 0409

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2152-6 0.8 mL IC 95%.D)
mAU - §
1750 - ®
1500 ‘
1250 i
1000 | \

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e e e e
I 5.532 BV E 0.0943 557. 17432 89.93005 3. 8855
2 H.803 VB R 0.1037 1.37827e4 2016. 536560 96. 1145
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DAD1 B, Sig=254,6 Ref=off (lixin\Ix-2142-5 0.55 mL 1A 99%.D)

mAU | §§
80 - $
70~
60 11|
50~
40— i -
30 - e S
20 z
10 AN
0 - - - — T — —
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
|- |——-] | - | | |
1 13.888 BV 0.2016 1173.12183  90. 27656  32. 8581
2 14.207 VB 0.2131 1173.07434  82.90812 32. 8h67
3 19.171 BB 1. 0287 1224. 07397 16. 5h349 34. 2852
DAD1 B, Sig=254,6 Ref=off (lixin\x-2148-2 0.55 mL IA 99%.D)
mAU 2
350 g
300 F
250
200 ‘;
150 =)
100 | E
50 IR
0 1 - - —
5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| |- - | s
I 14.189 BV R 0.2224 5941. 44482 411. 58832 91. 0960
2 14.500 VB E 0.2231 580.73248  36.99688 8. 9040
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mAU -

e
50 T g
il © -
40— ‘ \‘ |"‘ @
1 \ ~
> -
2 I
10 Wt
i e
25 5 75 10 12.5 15 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R |- | | |
1 h. 710 BV 0. 1103 392.70038 58, 50808 27. 0667
2 6.030 WV 0. 1181 401.38361  H4. 36011 27.665H2
3 6.497 VB 0.1247 323.41547  40. 68876 22.2912
4 7.631 BB 0.1692 333.36362  30.096H4 22.9769
DAD1 E, Sig=280,6 Ref=off (lixin\Ix-2143-5 0.8 mL IC 90% D)
mAU — 8
200 - i
175 ‘
150 — ‘
125
100 — ‘
75 -
8
25 o
0 ; ,\||)j'\rf“\ p
5 10 15 -
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| |- -] | | |
I 5.705 BV R 0.1086 1423.55835 216.93916 91. 0470
2 6.028 VBE 0.1482 139.98412  14.05317  8.9530
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DAD1 E, Sig=280,6 Ref=off (lixinIx-2145-1 0.5 mL IA 99%.D)
mAU @ =
70- o & 5
50 1
40- R
30 LA A"
@ RIRNEE-
10 ARV RVAN
0_ _“_‘ N ‘\.7‘7 -
‘ 2‘ - 4 - é o é o 10 12 1I4 1|6 rnlin
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | —- | | | |
I 12.218 BV 0. 2275 747.78461  50.85527 19. 6821
2 12.679 VB 0. 2547 1240. 13037  75. 08587 32. 6409
3 13.431 BV 0. 2721 1077.95630  59. 28917 28. 3724
4 14.461 VB 0.7913 733, 44080 13.05751 19. 3046
DAD1 E, Sig=280,6 Ref=off (lixin\lx-2147-1 0.5 mL IA 99%.D)
mAU &
E g
60 - 1‘|
50 ‘\‘
40 ‘ \
30 | “
20 | Lﬁ 2 -
10 e s 8
0 ‘ - e
2,‘5 é ?‘,5 1‘0 12|.5 1‘5 17|.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e - | |
112,498 BV R 0.2553 1207. 21985  72.86346 81. 6090
2 13.060 VB E 0.2330 107, 17213 6.8317H  7.2449
3 14,299 BB 0.2966  80. 37186 4. 06591 2. 4332
4 15.5H14 BB 0. 4058  84. 50947 3.06412  5.7129
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N~ O
(= =)
S B

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.576 BB 0. 1708 197. 76097  17.90735 60, 7900
2 11.007 BV 0.2019  62. 95538 4. 77298 19. 3519
3 11.506 VB 0. 2080  64. 60209 4.77146  19. 8581

DAD1 E, Sig=280,6 Ref=off (lixin\lx-3036-3 0.8 mL IC 98.5%.D)

mAU 2
20 %l‘
15 I
I 2
10| I < 2
| N
5 R oA
El - N AN _ \
‘2 4 é 5‘5 ‘ 10 12
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| | | | |
I 8.253 BB 0.1762 265.48730  22.73929 57. 1869
2 11933 BV 0.2119 116.79064  8.52051 25. 1571
312,440 VB 0.2171  81.96734  5.72184 17.6560
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-3048-1 0.5 mL IA 95%.D)
mAU % g ©
300 ﬁ F % 2
250 1 "‘ / <
| .u
150 |l '
100 ‘I " I | .‘ | ‘.‘
50 AEEAE [
I o I R A RN N
10 2‘0 3‘0 4‘0 SIO mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e |- | -| -|
1 29.739 BB 0.4814 1.13295e4  35H7. 84882 24. 7865
2 32.370 BV 0.5017 1.10246e4  340.56436 24. 1195
3 33.416 VB 0.5304 1.18184e4  337.59784 25. 8560
4 45.418 BB 0.7161 1.1535%e4  248. 28638 25. 2380
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-3048-2 0.5 mL |A 85%.D)
mAU 2
400 | E 8
‘ -
300 “ | T
I I
200 | @ g | ‘\ I‘ I‘\
& & I
100 § ﬂjk Hx
0] o Y A \»3I | N g."‘ “\_ o
1|0 ‘ 2‘0 3‘0 ‘ 4|0 50 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—m e |- = |- |- | |
1 29.389 BB 0. 5295 3244. 38379  90.66420 7.7638
2 31.962 BV 0. 5200 4661. 09570 137.30804 11. 1540
3 33.000 VB 0.5985 1.85899e4 462, 97427 44, 4857
4

44.603 BB

0.7610 1.52931e4

303. 95435

5181
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DAD1 E, Sig=280,6 Ref=off (lixin\Ix-3018-1 0.8 mL IC 97.5%.D)

3 (i
4 N
2 N
o - -— L - lk;__
25 5 V 75 10 12.5 15 175
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| | —| | |
1 13.677 BB 0.2604 143. 78377 8.54199 20.9614
2 14. 482 BB 0.2733 196. 58699 11. 17237 28.6592
3 15.503 BB 0. 3055 145. 49522 7.26863 21.2109
4 16.773 BB 0. 3388 200. 08087 9. 23551  29. 1686
DAD1 E, Sig=280,6 Ref=off (lixin\Ix-3018-3 0.8 mL IC 97.5%.D)
mAU 2
5 | 2
40
30 I
| o ||
20 5 ||
o] - o S N ANE A 7
25 5 7.5 10 125 15 17.5 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
fffffffffffffff == | R
1 14.070 BV 0.3024 226. 61327 11.57590 14. 1997
2 14.875 VB 0. 3300 1234. 47620  57.61588 77. 3528
3 16.015 BB 0.3242  39. 75277 1.85338  2.4909
4 17.350 BB 0. 3809  95. 06054 3.73602  5.9565
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DAD1 E, Sig=280,6 Ref=off (lixin\x-3016-1 0.5 mL AD 95%.D)

mAU - S 8
10 E % -
8 | I ff.
53 [l 1] i
: i
2 (1 |
0l o P o Y B ¥ S WY AL U
5 10 15 20 25 30
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R e
1 21.329 BB 0. 3597 266. 70422 11. 36937 29.3375
2 22.590 BB 0. 3861 267. 35431 10. 75305 29. 4090
3 24.403 BB 0.4161 185. 83469 6. 81547 20. 4418
4 32.605 BB 0.5h46 189. 19640 h. 07868  20.8116
DAD1 E, Sig=280,6 Ref=off (lixin\x-3016-2 0.5 mL AD 95%.D)
mAU &
70 it
60 I
50
40 n
30 ‘I
20 ey
10 \ E e
0 e e S
5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 21.107 BB
2 22.374 BB
3 24,182 BB
4 32.177 BB

0. 3848 2131. 23779

0. 3396
0. 3960
0. 5402

45, 72258
52. 60191
123, 11397

84. 33810
2. 08730
1. 82620
3. 21926
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-3031-1 0.5 mL IC 99.2%.D)
mAU % 5 § E
{ w i .
40 T &
| N il
20| Mo |
I |
0] P
™~ |y
-20 | B o
40!
5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e B o | R
1 15.890 BV 0.4355 2681. 47925  89.51240 22.7982
2 17.211 W (0. 5831 318h.41650  79. 21661 27. 0827
3 18.585 VB 0. 5609 2683. 53516  70. 68896 22. 8156
4 23.478 BB 0.6946 3211.39624  70. 08749 27.3035

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-3031-2 0.5 mL IC 99.2% D)

mAU ﬁ
400 - T:
300 \!"‘.‘
2001 I‘ ‘I‘
100 ' g | |8
oM 2l N\NE
5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—| |-—| |- e B
1 16.003 BB 0.3792 239, 49644 9. 79727 1. 2189
2 17.274 BV R 0.5380 1.89455e4  497. 77588 96. 4254
5 18.698 VB E 0.6199 462. 83081 9.92772  2.3556

5187
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Ph ! Ph
o

OEt
O O
MeO .
DAD1 B, Sig=254,6 Ref=off (lixin\Ix-3018-2 0.7 mL OD 96%.D)
mAU § 2]
35 g = 8
] P S
30 [ & T
25 ‘ 3
il
20 ._/ \\.
15
10
5 \,
/N o . Ny
| 15 20 25 30 35
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 21.433 BB
2 24,702 BB
329,208 BB
4 34.114 BB

R |
37.30320 23,8384
32.97206  23.9369
27. 05408  26. 1161
20. 65232  26. 1086

0.7215 1744, 09412
0. 8057 1751, 29395
1. 0680 1910. 73108
1.2411 1910. 18787

DAD1 B, Sig=254,6 Ref=off (lixin\x-3018-5 0.7 mL OD 96%.D)

mAU 2
80 i)
70 © m ‘I‘.
60 S [
50
40
30 >
20 = 8
10 & S N
.l A~ s .
15 20 25 30 35
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—| | ] | |
1 20.995 BB 0. 6908 2420. 13159  53.80505 23.5019
2 24.189 BB 0.7666 434. 43671 8.22039  4.2188
3 28.757 BB 0.8613 395, 33597 0. 75625  3.8391
4 33.5H53 BB 1. 2093 7047. 69971  87.16129 68. 4402

5189
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OH

l o

OEt
O OH
MeO .
DAD1 C, Sig=210,6 Ref=off (lixin\Ix-3030-3 0.8 mL IC 92%.D)
704 5 8§ R 5
60 | I
[ 1 [
50 | [
40+ AR
[ | |
30 |
20
10
od~ o \_ - -
| 10 12‘ 5 15 . 17‘,5 20 . 225 25 o 275 . . 30
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 21.728 BV 0.40667 2229. 91870  T74. 59883 22, 7006
2 22,847 VW 0.4795 2232.86426  72. 06480 22. 7306
3 23.907 VB 0.4992 2724. 71289  84. 27470  27.7376
4 27.902 BB 0.6047 2635. 66919  67.91964 26. 8312

DAD1 C, Sig=210,6 Ref=off (lixin\Ix-3044 0.8 mL IC 92%.D)

mAU g
400 b
300 “
200 "‘ I‘.
100 § 'z 3
S S ‘*Eff, 8
5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

| | | | | |
21.428 BV E  0.4091 232.92355 8. 40991 1. 4785

1

2 22.436 VV R 0.4794 1.44816e4  467.43732 91. 9246
3 23.513 VB E 0.4751 418.72577  13.16331  2.6579Y
4 27.449 BB 0.6079 620, 52545  15.27567  3.9389
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DAD1 C, Sig=210,6 Ref=off (lixin\Ix-2180 0.5 mL AD 80%.D)

mAU
250 '
200
150 g .
50 H }\ "’ ﬁ
0 _ s _ — \ AN {
5 10 15 20 25 30 35 40 45 min:
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e I
1 26.305 BB 0.4749 3180. 76172 103.98998 27. 3097
2 34.241 BB 0. 6380 2606. 00732  62.56393 22,3749
3 37.329 BV 0.6819 3215.57788  72.72440 27. 6086
4 38.531 VB 0. 7099 2644. 67651 Hh. 70596 22. 7069
DAD1 C, Sig=210,6 Ref=off (lixin\lx-2182 0.5 mL AD 80%.D)
mAU %
250 ‘?’;
200 ‘ ‘I
150 | ::
100E J'
50 |\
0 | -
5 10 15 20 25 30 35 40 45 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 34,232 BB 0.6766 1.31845e4  301. 27390 100. 0000
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