Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2022

Highly Enantioselective J5-Protonation and Formal [3+3]

Annulation Promoted by N-Heterocyclic Carbene

Mengdie Dong, © Xiao-Yong Duan, * ™+ Yanting Li, T Binghao, Liu,  and Jing Qi* T+
"Key Laboratory of Chemical Biology of Hebei Province, College of Chemistry and Environmental
Science, and *Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of the Ministry of

Education, Hebei University, Baoding 071002, People’s Republic of China.

* Email: qijl3@hbu.edu.cn, duanxy05@126.com.

Table of Contents

Part 1: General Information.......... ... 2
Part 2: Experimental SeCtion..........o.oviiiiiiiiiii i 2
Part 3: Characterization of substrates and  products.............cccovviiiiiiiiiiinnnn.. 3
Part 4: Crystal structure 0f 3r.......c.oiiiiii e e 20
Part 5: HPLC spectra for all the products..............coooiiiiiiiiiiiiiii e, 26
Part 6: 'THNMR and PCNMR SPECIIaA. . ......ccuevniniineiniineiei e, 56



Part 1: General Information

Unless otherwise specified, all reactions were carried out under an Argon atmosphere in an oven
dried sealed tube, with dry, freshly distilled solvents in anhydrous conditions. THF was distilled
from Na and used directly. Reagents were obtained from commercial suppliers and used without
further purification unless otherwise noted. The silica gel (200-300 meshes) was used for column
chromatography, and the distillation range of petroleum was 60-90 °C. 'H and '*C NMR spectra
were recorded on Bruker 600 or 400 MHz instrument in CDCls, and spectral data were reported in
ppm relative to tetramethylsilane (TMS) as internal standard. The high-resolution mass spectra
(HRMS) were measured on a Thermo Q-Exactive spectrometer by ESI, and mass analyzer type is
Oribitrap. Data collections for crystal structure were performed at295.13 K using Cu Ka
(A =1.54184) radiation on a SuperNova, Dual, Cu at zero, Eos diffractometer. The determination
of enantiomeric excess was performed via chiral HPLC analysis Thermo Ulti Mate 3000 HPLC,
(RIGOL) L-3000 or Agilent 1260 Infinity II. Optical rotations were measured by Rudolph Research
Analytical Autopol-I instrument, cell length = 1 dm, concentrations (c¢) are quoted in g/100 mL,
sodium D line (589 nm). NHC catalysts A-E were purchased from Energy Chemical and used as
received. Enamines,! acetophenone-derived ketamine? and cyclic imine® were prepared according

to the reported literature procedures.

Part 2: Experimental Section.

1. General procedure for the preparation of enal substrates (1a as an example)
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DMF (2 mL, 26 mmol) in 25 mL dry CHCl3 was added PBr3 (2.2 mL, 23 mmol) dropwise at 0 °C,
and white solid precipitated during the addition process. The suspension was stirred at room
temperature for further 30 min, and acetophenone (10 mmol) in 5 mL dry CHCl; was added
dropwise at 0 °C. The mixture was allowed to warm to room temperature and stirred for about 8§
hours. After completely consumption of acetophenone determined by TLC, the mixture was poured
into ice water, and NaHCO3; were added to neutralize to PH~6. After extraction with CH,Cl,, the

organic layer was washed with brine, dried over anhydrous Na;SO4, and concentrated under reduced



pressure and afford the crude product of B-bromoenal. To the B-bromoenal was added methyl
methacrylate (40 mmol), PdCL, (177 mg, 1 mmol), TBAB (3.2 g, 10 mmol), Na>CO3 (4.2 g, 40
mmol) and H,O (50 mL). The mixture was stirred for 3 hours, and then quenched with saturated
NH4CI solution, extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na;SOs, concentrated under reduced pressure, and purified by silica gel column
chromatography to afford the corresponding a,p-v,6-diunsaturated enal 1a in 40% yield, and used

for next reaction immediately.

The other a,B-y,6-diunsaturated enals (1b-1f, 1h-1p) were prepared according to the standard

procedure by using the corresponding 3-bromoenals and olefins in 25%-50% yields.

2. General procedure for the catalytic reactions (3a as an example)
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A dry 25 mL Schlenk tube with stir bar was charged with 2-aminoacrylate 2a (27 mg, 0.1 mmol,
1.0 equiv), NHC A (8.4 mg, 0.02 mmol, 20 mol %), DABCO (2.2 mg, 0.02 mmol, 20 mol %). The
tube was evacuated, and refilled with argon. Then enals 1a (23 mg, 0.1 mmol, 1.0 equiv) was added
and the mixture was dissolved with newly distilled solvent DCE (1.0 mL). The mixture was stirred
at room temperature for 12 hours when the substrate was consumed completely (monitored by TLC).
The reaction mixture was concentrated under vacuum and purified by column chromatography on
silica gel (petroleum ether/ethyl acetate = 5:1) to afford product 3a as white solid (38 mg, 76%
yield).

Part 3: Characterization of substrates and products.

Me Ph O

X
M602C

1a

1a, Colorless oil, 40% yield. 'TH NMR (400 MHz, CDCl;) 6 9.80 (d, J = 8.4 Hz, 1H),7.60-7.59 (m,
1H), 7.52-7.49 (m, 2H), 7.46-7.40 (m, 3H), 6.54 (d, J = 8.0 Hz, 1H), 3.86 (s, 3H), 1.87 (d, J= 1.2
Hz, 3H); *C NMR (100 MHz, CDCls): § 192.0, 167.1, 155.4, 136.2, 135.0, 134.1, 130.8, 128.9,

127.0, 126.7, 52.3, 14.4; HRMS (ESI) m/z: [M+H]" Calcd for Ci4His05" 231.1016; Found



231.1010.

Me Ph O
LK,
1b

Et0,C

1b, Colorless oil, 42% yield. '"H NMR (400 MHz, CDCls) 6 9.80 (d, J = 8.4 Hz, 1H), 7.58 (s, 1H),
7.51-7.49 (m, 2H), 7.46-7.41 (m, 3H), 6.53 (d, J = 8.0 Hz, 1H), 4.31 (d, J = 7.2 Hz, 2H), 1.86 (d, J
= 1.2 Hz, 3H), 1.37 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCL): § 192.2, 166.7, 155.7, 136.5,
135.4, 133.9, 130.9, 129.1, 127.2, 126.8, 61.4, 14.4, 14.2; HRMS (ESI) m/z: [M+Na]" Caled for

CisHi6NaOs" 267.0992; Found 267.0995.

Me Ph O

BuO,C” N LH

1c

Ie, Colorless oil, 38% yield. "H NMR (400 MHz, CDCls) 6 9.80 (d, J = 8.4 Hz, 1H),7.58 (s, 1H),
7.51-7.49 (m, 2H), 7.46-7.41 (m, 3H), 6.53 (d, J = 8.4 Hz, 1H), 4.26 (t, J = 6.4 Hz, 2H), 1.86 (d, J
= 1.2 Hz, 3H), 1.76-1.68 (m, 2H), 1.48-1.40 (m, 2H), 0.98 (t, /= 7.6 Hz, 3H); 3C NMR (100 MHz,
CDCly): 6 192.2, 166.8, 155.7, 136.4, 135.5, 133.9, 130.9, 127.2, 126.9, 65.3, 30.6, 19.2, 14.5, 13.7;

HRMS (ESI) m/z: [M+Na]" Calcd for C17H20NaO3" 295.1305; Found 295.1308.

Me Ph O

’PrOZCJ\N S
1d

1d, Colorless oil, 35% yield. "H NMR (400 MHz, CDCls) 8 9.80 (d, J = 8.0 Hz, 1H),7.56 (s, 1H),
7.52-7.49 (m, 2H), 7.47-7.42 (m, 3H), 6.53 (d, J = 8.0 Hz, 1H), 5.19-5.12 (m, 1H), 1.86 (d, J= 1.2
Hz, 3H), 1.35 (d,J= 6.4 Hz, 6H); 3C NMR (100 MHz, CDCls): 6 192.3, 166.3, 155.9, 136.5, 135.8,
133.5, 130.9, 129.0, 127.2, 126.8, 68.9, 21.8, 14.4; HRMS (ESI) m/z: [M+Na]" Calcd for

Ci1sHi1sNaOs" 281.1148; Found 281.1152.

Me Ph O

oAy

O1e

Te, Colorless oil, 50% yield. 'TH NMR (400 MHz, CDCl3) 6 9.81 (d, J = 8.0 Hz, 1H),7.71 (s, 1H),
7.51-7.39 (m, 5H), 6.55 (d, J = 14.0 Hz, 1H), 5.04 (d, J = 14.0 Hz, 1H), 4.71 (d, J = 8.0 Hz, 1H),
1.90 (s, 3H); 1¥C NMR (100 MHz, CDCL): 5 191.9, 163.7, 155.2, 141.2, 136.1, 135.8, 134.1, 131.0,
129.1, 127.2, 127.0, 98.7, 14.4; HRMS (ESI) m/z: [M+Na]" Calcd for CisH;sNaOs" 265.0835;

Found 265.0838.



Me Ph O
o AU,

O1f

1f, Colorless oil, 40% yield. "H NMR (400 MHz, CDCls) § 9.81 (d, J = 8.0 Hz, 1H),7.57 (s, 1H),
7.52-7.50 (m, 2H), 7.46-7.41 (m, 3H), 6.54 (d, J = 8.0 Hz, 1H), 4.97-4.91 (m, 1H), 1.95-1.90 (m,
2H), 1.86 (s, 3H), 1.76-1.75 (m, 3H), 1.60-1.51 (m, 3H), 1.49-1.39 (m, 2H); 3C NMR (100 MHz,
CDCLy): 6 192.3, 166.0, 155.9, 136.4, 135.9, 133.5, 130.8, 129.0, 127.1, 126.8, 73.6, 31.5, 25.3,

23.5, 14.4; HRMS (ESI) m/z: [M+Na]" Calcd for C19H22NaOs" 321.1461; Found 321.1464.

Br.

Me (0]

Meozc)\ X kH

1h

1h, Colorless oil, 35% yield. '"H NMR (400 MHz, CDCls) 6 9.79 (d, J = 8.0 Hz, 1H),7.59 (d, J =
1.6 Hz, 1H), 7.54 (s, 1H), 7.43-7.40 (m, 2H), 7.32-7.29 (m, 1H), 6.50 (d, J = 8.4 Hz, 1H), 3.87 (s,
3H), 1.86 (d, J = 1.2 Hz, 3H); *C NMR (100 MHz, CDCL): 6 191.8, 167.0, 153.8, 138.6, 135.7,
133.7, 133.3, 130.6, 130.1, 127.8, 125.6, 123.2, 52.5, 14.6; HRMS (ESI) m/z: [M+H]" Calcd for
C14H14BrOs" 309.0121; Found 309.0108.

Me

Me (0]
IAGL,

1i

M602C

1i, Colorless oil, 40% yield. 'TH NMR (400 MHz, CDCls) 6 9.78 (d, J = 8.0 Hz, 1H), 7.54 (s, 1H),
7.40 (d, J = 8.8 Hz, 1H), 7.23 (d, J = 8.8 Hz, 1H), 6.53 (d, J = 9.2 Hz, 1H), 3.87 (s, 3H), 2.40 (s,
3H), 1.86 (d, J = 1.2 Hz, 3H); 3C NMR (100 MHz, CDCL): § 192.2, 167.3, 155.6, 141.6, 134.9,
134.4, 133.4, 129.7, 127.1, 125.9, 52.4, 21.4, 14.5; HRMS (ESI) m/z: [M+Na]® Calcd for
C1sH1eNaOs" 267.0992; Found 267.0993.

Meozc)\ N LH

1j
1j, Colorless oil, 54% yield. 'TH NMR (400 MHz, CDCl) 6 9.72 (d, J = 8.4 Hz, 1H),7.58(s, 1H),
7.51 (d,J=4.8 Hz, 1H), 7.31 (d, /= 4.0 Hz, 1H), 7.11-7.09 (m, 1H), 6.47 (d, J = 8.0 Hz, 1H), 3.87
(s, 3H), 1.90 (d, J= 1.2 Hz, 3H); ¥C NMR (100 MHz, CDCl5): § 191.5, 167.1, 148.9, 140.7, 135.5,

133.0, 129.8, 128.6, 124.0, 52.5, 14.6; HRMS (ESI) m/z: [M+H]" Calcd for Ci2H;303S"



237.0580; Found 237.0574.

7 S
Me %O
MeOZC)\ X LH

1k

1Kk, Colorless oil, 58% yield. '"H NMR (400 MHz, CDCl3) d 9.76 (d, J = 8.4 Hz, 1H),7.60 (s, 1H),
7.52-7.518 (m, 1H), 7.42-7.40 (m, 1H), 7.32 (dd, J=4.8, 0.8 Hz, 1H), 6.47 (d, /= 8.0 Hz, 1H), 3.86
(s,3H), 1.88 (d,J=1.2 Hz, 3H); 3C NMR (100 MHz, CDCl3): 6 192.4, 167.2, 149.8, 238.5, 134.8,
133.8,127.8,127.5, 125.3, 125.0, 52.5, 14.4; HRMS (ESI) m/z: [M+Na]" Caled for C;,H;2NaO3S*

259.0399; Found 259.0403.

(e}
Me\ (0]

IS,
11

11, Colorless oil, 46% yield. 'H NMR (400 MHz, CDCl3) 6 9.73 (d, J= 8.4 Hz, 1H),7.59 (d,J=1.2

MeO,C

Hz, 1H), 7.48 (s, 1H), 6.68 (d, J= 3.2 Hz, 1H), 6.57-6.51 (m, 2H), 6.47 (d, J = 8.0 Hz, 1H), 3.86 (s,
3H), 1.89 (d, J = 1.2 Hz, 3H); 3C NMR (100 MHz, CDCl3): § 191.7, 167.2, 150.2, 146.0, 143.2,
135.9, 131.1, 122.3, 115.3, 112.8, 52.4, 14.5; HRMS (ESI) m/z: [M+H]" Calcd for C1,H304"

221.0808; Found 221.0801.

1m, Colorless oil, 45% yield. 'TH NMR (400 MHz, CDCl3) § 9.85 (d, J = 8.0 Hz, 1H),7.93-7.85 (m,
4H), 7.71 (s, 1H), 7.65-7.62 (m, 1H), 7.57-7.53 (m, 2H), 6.68 (d, J = 8.0 Hz, 1H), 3.90 (s, 3H), 1.89
(d,J= 1.2 Hz, 3H); 3C NMR (100 MHz, CDCL): § 191.7, 167.2, 150.2, 146.0, 143.2, 135.9, 131.1,
122.3, 115.3, 112.8, 52.4, 14.5; HRMS (ESI) m/z: [M+H]" Caled for C1sH705" 281.1172; Found
281.1176.

Me Bu O

Me0,C~ XX

1n
In, Colorless oil, 30% yield. "H NMR (400 MHz, CDCL3) 6 9.53 (dd, J = 8.0, 2.4 Hz, 1H),7.40 (s,
1H), 6.04 (d, J = 8.0 Hz, 1H), 3.83 (d, J = 2.8 Hz, 3H), 1.83 (s, 3H), 1.18 (s, 9H); *C NMR (100
MHz, CDCls): § 191.7, 167.2, 150.2, 146.0, 143.2, 135.9, 131.1, 122.3, 115.3, 112.8, 52.4, 14.5;

HRMS (ESI) m/z: [M+K]" Calcd for C1,HsKO3" 249.0888; Found 249.1100



Ph

Ph O
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1o, Colorless oil, 38% yield. "H NMR (400 MHz, CDCls) 6 9.77 (d, J = 8.0 Hz, 1H),7.61 (s, 1H),
7.45-7.37 (m, 5H), 7.18-7.10 (m, 3H), 6.95 (d, J= 7.2 Hz, 2H), 6.44 (dd, J= 8.0, 1.2 Hz, 1H), 4.34
(q, J = 7.2 Hz, 2H), 2.68-2.64 (m, 2H), 2.55-2.51 (m, 2H), 1.40 (t, /= 7.2 Hz, 3H); 13C NMR (100
MHz, CDCls): 6 191.9, 166.4, 155.4, 140.7, 138.8, 136.7, 134.5, 130.8, 128.9, 128.3, 127.2, 126.8,
126.1,61.3, 34.3,30.7, 14.2; HRMS (ESI) m/z: [M+Na]* Caled for C2:H2»NaOs* 357.1461; Found

357.1464.
Ph Ph O
Meozc)\NLH
1p

1p, Colorless oil, 60% yield. '"H NMR (400 MHz, CDCls) 6 9.79 (d, J = 8.0 Hz, 1H),7.86 (s, 1H),
7.50-7.48 (m, 2H), 7.43-7.36 (m, 4H),7.20-7.18 (m, 2H), 7.11-7.08 (m, 2H), 6.23 (d, J = 8.0 Hz,
1H), 3.86 (s, 3H); *C NMR (100 MHz, CDCls): 6 191.4, 166.7, 154.7, 140.0, 136.8, 125.8, 133.5,
130.7, 129.1, 128.9, 128.4, 128.1, 127.2, 126.3, 52.7; HRMS (ESI) m/z: [M+Na]" Calcd for

Ci9H¢NaOs" 315.0992; Found 315.0997

Me Ph O

/@)\NLH
O2N

1q

1q, Colorless oil, 25% yield. '"H NMR (400 MHz, CDCls): 6 9.91 (d, J = 7.6 Hz, 1H), 8.27 (d, J =
8.4 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.58-7.56 (m, 2H), 7.48-7.43 (m, 3H), 6.87 (s, 1H), 6.59 (dd,
J=8.0, 1.2 Hz, 1H), 2.11 (d, J = 1.2 Hz, 3H); 3C NMR (100 MHz, CDCl3): 6192.4, 156.9, 147.7,
147.5, 142.0, 137.3, 130.9, 129.1, 127.3, 127.2, 126.7, 125.7, 123.9, 17.7; HRMS (ESI) m/z:

[M+Na]" Calcd for Ci1sHisNNaOs" 316.0944; Found 316.0948.

Me Ph O

OZNOA AL

1r

Ir, Colorless oil, 28% yield. "H NMR (400 MHz, CDCls) 6 9.92 (d, J = 8.0 Hz, 1H),8.42 (s, 1H),
8.23 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.63-7.56 (m, 3H), 7.48-7.45 (m, 3H), 6.86 (s,
1H), 6.59 (d, J = 8.0 Hz, 1H), 2.13 (s, 3H); 3C NMR (100 MHz, CDCls): § 192.5, 157.0, 148.5,
143.0, 141.7, 137.5, 131.8, 130.8, 129.6, 129.0, 127.3, 127.2, 124.7, 123.0, 120.8, 17.8; HRMS

(ESI) m/z: [M+Na]" Calcd for C1sH;sNNaOs" 316.0944; Found 316.0950.
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Me 1,
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3a, Prepared according to the general procedure in 0.1 mmol scale, 76% yield, 38 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (400 MHz, CDCls)
07.71 (d, J=17.6 Hz, 2H), 7.29-7.23 (m, 4H), 7.19-7.17 (m, 2H), 7.13 (d, J = 8.0 Hz, 2H), 6.80 (s,
1H), 4.47-4.34 (m, 2H), 3.52 (s, 3H), 2.94 (d, /= 15.6 Hz, 1H), 2.67 (d, J=16.0 Hz, 1H), 2.40-2.31
(m, 5H), 1.69 (d, J=11.6 Hz, 1H), 1.43 (t,J = 7.6 Hz, 3H), 1.01 (d, J= 6.0 Hz, 3H). 1*C NMR (100
MHz, CDCl3): 0 176.2, 168.7, 163.0, 144.8, 141.1, 134.9, 132.3, 131.4, 129.3, 128.9, 128.87, 126.3,
62.2, 51.8, 44.9, 44.6, 42.1, 35.7, 21.6, 19.5, 13.9. HRMS (ESI) m/z: [M+H]" Calcd for
Ca6H30NO7S™ 500.1737; Found 500.1743. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, fr = 21.0 min (major), 26.1 min (minor), 98% ee.

Optical rotation: [a]>s° = -3 (¢ = 1.0 in EtOAc)
o}
ii,\[Ts
Me el
CO,Et
3b

3b, Prepared according to the general procedure in 0.1 mmol scale, 60% yield, 31 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1)."H NMR (600 MHz, CDCls)
07.65 (d, J=17.8 Hz, 2H), 7.25-7.24 (m, 3H), 7.16-7.15 (m, 2H), 7.09 (d, /= 7.8 Hz, 2H), 6.79 (s,
1H), 6.43 (d,J="7.2 Hz, 1H), 4.43-4.34 (m, 2H), 3.93 (q, /= 7.2 Hz, 2H), 2.93 (d, /= 15.6 Hz, 1H),
2.65 (d, J=16.2 Hz, 1H), 2.37 (s, 3H), 2.29-2.26 (m, 1H), 1.66-1.62 (m, 3H), 1.41 (t, /= 7.2 Hz,
3H), 1.18 (t,J=7.2 Hz, 3H), 0.98 (d, J= 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3):  175.9, 168.7,
163.1, 144.7, 141.3, 135.0, 132.5, 131.6, 129.3, 129.1, 128.94, 128.9, 127.5, 126.5, 126.4, 62.2,
60.7,44.8,42.3, 35.9, 21.6, 19.6, 14.0, 13.95. HRMS (ESI) m/z: [M+H]" Calcd for C27H3:NO7S*
514.1894; Found 514.1891. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate
= 1.0 mL/min, UV = 254 nm, g = 8.9 min (major), 11.0 min (minor), 98% ee. Optical rotation:

[a]os® = +21 (¢ = 1.0 in EtOAc)
(0]

T
@ s
Me 1,
XN o0

O—y
By \\\ H Ph
o 3c



3¢, Prepared according to the general procedure in 0.1 mmol scale, 60% yield, 32 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCls)
07.64 (d,J=17.2 Hz, 2H), 7.25-7.24 (m, 3H),7.16-7.15 (m, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.78 (s,
1H), 4.41-4.35 (m, 2H), 3.91-3.84 (m, 2H), 2.93 (d, J = 16.2 Hz, 1H), 2.65 (d, J = 16.2 Hz, 1H),
2.36 (s, 3H), 2.30-2.27 (m, 1H), 1.67-1.63 (m, 2H), 1.55-1.49 (m, 2H), 1.41 (t, J = 7.2 Hz, 3H),
1.35-1.29 (m, 2H), 0.98 (d, J= 7.2 Hz, 3H), 0.92 (t, /= 7.8 Hz, 3H). ¥*C NMR (150 MHz, CDCl3):
0175.9,168.7,163.1, 144.7, 141.3, 135.2, 132.5, 131.5, 129.3, 128.93, 128.92, 127.5, 126.4, 64.6,
62.2,44.9,44.8,42.3,35.9,30.4,21.6,19.6, 19.1, 14.0, 13.6. HRMS (ESI) m/z: [M+H]" Calcd for
C2oH36NO7S™ 542.2207; Found 542.2210. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, tr = 7.7 min (major), 9.3 min (minor), 99% ee.

Optical rotation: [a]>s° = -29 (¢ = 1.0 in EtOAc)

ﬁfs
Me 1,
XD oo

o—y
i’ \ H Ph
O 34

3d, Prepared according to the general procedure in 0.1 mmol scale, 55% yield, 29 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCl5)
07.65(d, J=17.2 Hz, 2H), 7.25-7.24 (m, 3H), 7.15-7.14 (m, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.80 (s,
1H), 4.81 (hept, J= 6.0 Hz, 1H), 4.41-4.35 (m, 2H), 2.93 (d, /= 16.2 Hz, 1H), 2.64 (d, /= 16.2 Hz,
1H), 2.43-2.31 (m, 4H), 2.23-2.20 (m, 1H), 1.60 (dd, J=15.0, 2.4 Hz, 1H), 1.41 (t,J= 7.2 Hz, 3H),
1.17 (dd, J = 14.4, 6.0 Hz, 6H), 0.96 (d, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCls): § 175.5,
168.7, 163.1, 144.6, 141.4, 135.0, 132.6, 132.2, 129.2, 128.94, 128.90, 127.5, 126.4, 68.1, 62.2,
44.8, 424, 42.2, 36.0, 21.6, 19.7, 14.0. HRMS (ESI) m/z: [M+H]" Caled for CsH3NO;S*
528.2050; Found 528.2058. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate
= 1.0 mL/min, UV = 254 nm, g = 7.5 min (major), 8.9 min (minor), 98% ee. Optical rotation:

[a]2s® = -27 (c = 1.0 in EtOAc)

o}

Me 1,
3D o

O—y
="\ H Ph
o 3e

3e, Prepared according to the general procedure in 0.1 mmol scale, 33% yield, 17 mg, colorless oil,

flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCls)

9



07.65 (d, J="7.8 Hz, 2H), 7.26-7.23 (m, 3H), 7.15-7.14 (m, 2H), 7.08 (d, /= 7.8 Hz, 2H), 6.97 (dd,
J=13.8, 6.6 Hz, 1H), 6.78 (s, 1H), 4.81 (dd, /= 14.4, 1.2 Hz, 1H), 4.53 (d, /= 6.6 Hz, 1H), 4.42-
4.35 (m, 2H), 2.96 (d, J=15.6 Hz, 1H), 2.66 (d, J= 16.2 Hz, 1H), 2.43-2.36 (m, 5H), 1.73-1.68 (m,
1H), 1.41 (t,J= 6.6 Hz, 3H), 1.02 (d, J= 6.6 Hz, 3H). 3C NMR (150 MHz, CDCl5): § 172.8, 168.6,
163.1, 144.8, 141.1, 140.9, 135.0, 132.6, 131.5, 129.3, 129.0, 128.9, 127.6, 126.4, 98.1, 62.3, 44.6,
42.2, 35.6, 29.7, 21.6, 19.3, 14.0. HRMS (ESI) m/z: [M+H]" Caled for C2;H30NO,S* 512.1737,
Found 512.1742. HPLC: CHIRALPAK OD-H, r-hexane/isopropanol = 80/20, flow rate = 1.0
mL/min, UV = 254 nm, #g = 9.8 min (major), 12.1 min (minor), 99% ee. Optical rotation: [o.]>s° =

-9 (¢c=1.0 in EtOAc)
o
iib[Ts
Me LI
o
3f

3f, Prepared according to the general procedure in 0.1 mmol scale, 55% yield, 31 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCl5)
07.65(d, J=17.2 Hz, 2H), 7.24-7.22 (m, 3H), 7.16-7.14 (m, 2H), 7.05 (d, J= 7.8 Hz, 2H), 6.81 (s,
1H), 4.59-4.58 (m, 1H), 4.39 (q, J = 7.2 Hz, 2H), 2.93 (d, J = 15.6 Hz, 1H), 2.65 (d, J = 16.2 Hz,
1H), 2.45-2.31 (m, 4H), 2.26-2.20 (m, 1H), 1.78-1.73 (m, 2H), 1.69-1.64 (m, 2H), 1.61 (dd, /= 14.4,
2.4 Hz, 1H), 1.41 (t, J = 7.2 Hz, 3H), 1.38-1.29 (m, 5H), 0.97 (d, J = 7.2 Hz, 3H). *C NMR (150
MHz, CDCl3): 0 175.4, 168.7, 163.0, 144.6, 141.4, 135.0, 132.6, 131.6, 129.2, 128.9, 128.88, 127 .4,
126.4, 72.9, 62.2, 44.9, 44.7, 42.4, 36.0, 31.3, 25.3, 23.6, 21.6, 19.8, 14.0. HRMS (ESI) m/z:
[M+Na]" Calcd for C3;H3;NNaO;S* 590.2183; Found 590.2186. HPLC: CHIRALPAK OD-H, »n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 7.2 min (major), 8.7 min

(minor), 98% ee. Optical rotation: [a]»s° =-15 (¢ = 1.0 in EtOAc)

0]

T
@ s
Me iy,
X DN come

MeO,C Y}y Ph
3g

3g, Prepared according to the general procedure in 0.1 mmol scale, 75% yield, 36 mg, white soild,
m. p. 59.6-61.3 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). 'H NMR
(600 MHz, CDCl3) 6 7.71 (d, J = 7.8 Hz, 2H), 7.26 (d, J= 7.8 Hz, 3H), 7.17-7.15 (m, 2H), 7.13 (d,

J=7.8Hz, 2H), 6.79 (s, 1H), 3.92 (s, 3H), 3.50 (s, 3H), 2.92 (d, /= 15.6 Hz, 1H), 2.65 (d, J=16.2
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Hz, 1H), 2.38 (s, 3H), 2.36-2.30 (m, 2H), 1.67 (d, J = 11.4 Hz, 1H), 0.99 (d, J = 6.6 Hz, 3H). 13C
NMR (150 MHz, CDCl3): 6 176.2, 168.7, 163.5, 144.9, 141.1, 135.0, 132.1, 131.8, 129.4, 129.0,
128.9,127.5,126.3,52.8,51.8,45.0,44.6,42.3, 35.8,21.6, 19.5. HRMS (ESI) m/z: [M+Na]" Calcd
for CsHy7NNaO,;S™ 508.1400; Found 508.1399. HPLC: CHIRALPAK OD-H, =»n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r = 14.6 min (major), 18.1

min (minor), 98% ee. Optical rotation: [a]os° = -34 (¢ = 1.0 in EtOAc)

3h, Prepared according to the general procedure in 0.1 mmol scale, 43% yield, 24 mg, white soild,
m. p.: 72.3-74.2 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). TH
NMR (400 MHz, CDCl3) 6 7.64 (d, J = 8.0 Hz, 2H), 7.37 (dt, J = 7.2, 1.6 Hz, 1H), 7.19 (s, 3H),
7.14-7.11 (m, 4H), 6.73 (s, 1H), 3.93 (s, 3H), 3.51 (s, 3H), 2.89 (d, J = 15.6 Hz, 1H), 2.61 (d, J =
16.0 Hz, 1H), 2.40 (s, 3H), 2.34-2.30 (m, 2H), 1.67-1.65 (m, 1H), 1.02 (d, J = 6.4 Hz, 3H). 13C
NMR (100 MHz, CDCl3): 6 176.0, 168.1, 163.4, 145.2, 143.7, 134.5, 132.5, 131.1, 130.7, 130.5,
129.3, 129.2, 129.0, 125.3, 123.1, 52.9, 52.0, 44.8, 44.3, 42.1, 35.7, 21.7, 19.6. HRMS (ESI) m/z:
[M+Na]" Caled for CosHa6BrNNaO7S™ 586.0506; Found 586.0509. HPLC: CHIRALPAK OD-H,
n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 15.3 min (major), 17.9

min (minor), 99% ee. Optical rotation: [a]os° = -15 (c = 1.0 in EtOAc).

3i, Prepared according to the general procedure in 0.1 mmol scale, 56% yield, 29 mg, white soild,
m. p.: 52.2-53.6 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). TH
NMR (400 MHz, CDCls) J 7.68 (d, J = 7.6 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.06-7.01 (m, 4H),
6.76 (s, 1H), 4.45-4.32 (m, 2H), 3.51 (s, 3H), 2.89 (d, /= 16.0 Hz, 1H), 2.61 (d, /= 16.0 Hz, 1H),
2.38 (s, 3H), 2.33-2.31 (m, 5H), 1.67-1.60 (m, 1H), 1.41 (t, J = 6.8 Hz, 3H), 0.99 (d, J = 6.4 Hz,
3H). 3C NMR (100 MHz, CDCl3): 6 176.3, 168.8, 163.1, 144.7, 138.0, 137.1, 135.0, 132.2, 131.7,

129.5, 129.4, 128.8, 126.2, 62.2, 51.9, 45.0, 44.8, 41.9, 35.7, 21.6, 21.0, 19.5, 14.0. HRMS (ESI)
11



m/z: [M+Na]" Calcd for C27H3;NNaO5S* 536.1713; Found 536.1723. HPLC: CHIRALPAK OD-
H, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #gr = 8.9 min (major), 11.3

min (minor), 98% ee. Optical rotation: [a]»s° = -42 (c = 1.0 in EtOAc).

3j, Prepared according to the general procedure in 0.1 mmol scale, 62% yield, 31 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCl5)
0790 (d, J=7.8 Hz, 2H), 7.24-7.22 (m, 3H), 6.90 (m, 1H), 6.84 (d, /= 3.0 Hz, 1H), 6.66 (s, 1H),
4.43-4.34 (m, 2H), 3.65 (s, 3H), 2.85 (d, J=16.2 Hz, 1H), 2.69 (d, J=16.2 Hz, 1H), 2.43-2.34 (m,
5H), 1.68 (d, J = 13.8 Hz, 1H), 1.41 (t, J = 7.2 Hz, 3H), 1.04 (d, J = 6.6 Hz, 3H); 3C NMR (150
MHz, CDCl3): 6 176.2, 168.2, 162.9, 145.9, 145.1, 135.3, 132.8, 129.7, 129.2, 129.1, 127.1, 124.9,
124.8, 62.3, 52.0, 47.6, 45.3, 41.0, 36.1, 21.7, 19.4, 14.0. HRMS (ESI) m/z: [M+H]" Calcd for
C24H2sNO7S," 506.1302; Found 506.1307. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 10.8 min (major), 12.4 min (minor), 99% ee.

Optical rotation: [a]>s° =-17 (¢ = 1.0 in EtOAc)

3k, Prepared according to the general procedure in 0.1 mmol scale, 70% yield, 35 mg, yellow oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (400 MHz, CDCls)
07.83 (d,J=8.0 Hz, 2H), 7.31 (dd, J=4.8, 2.8 Hz, 1H), 6.95-6.92 (m, 2H), 6.66 (s, 1H), 4.44-4.31
(m, 2H), 3.57 (s, 3H), 2.85 (d, J=16.0 Hz, 1H), 2.65 (d, J = 16.0 Hz, 1H), 2.40 (s, 3H), 2.36-2.30
(m, 2H), 1.64-1.58 (m, 1H), 1.40 (t, J= 7.2 Hz, 3H), 1.01 (d, J= 6.0 Hz, 3H). 3C NMR (100 MHz,
CDCl3): 6 176.2,168.7, 163.1, 145.1, 141.9, 135.1, 132.3, 130.3, 129.5, 129.1, 127.0, 125.7, 121.5,
62.2, 51.9, 457, 442, 40.2, 357, 21.7, 19.5, 14.0. HRMS (ESI) m/z: [M+H]" Calcd for
C24H2sNO7S2" 506.1302; Found 506.1305. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 12.1 min (major), 14.8 min (minor), 99% ee.

Optical rotation: [a]»s° =-12 (c = 1.0 in EtOAc)
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31, Prepared according to the general procedure in 0.1 mmol scale, 61% yield, 30 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (400 MHz, CDCls)
0 8.00 (d, J= 8.4 Hz, 1H), 7.34-7.26 (m, 4H), 6.57 (s, 1H), 6.25 (dd, J = 3.2, 2.0 Hz, 1H), 6.07 (d,
J=3.2 Hz, 1H), 4.42-4.33 (m, 2H), 3.62 (s, 3H), 2.80 (d, /= 16.0 Hz, 1H), 2.66 (d, J = 16.0 Hz,
1H), 2.43 (s, 1H), 2.38-2.30 (m, 2H), 1.71 (dd, J = 18.8, 8.0 Hz, 1H), 1.40 (d, J = 7.2 Hz, 3H). 13C
NMR (100 MHz, CDCl3): 6 176.0, 168.5, 163.0, 153.2, 145.3, 142.6, 135.2, 132.5, 129.8, 129.1,
127.5,110.3, 106.9, 62.2, 52.0, 44.2, 41.6, 39.4, 36.0, 21.7, 19.1, 14.0. HRMS (ESI) m/z: [M+H]"
Caled for C4H2sNOsS™ 490.1530; Found 490.1537. HPLC: CHIRALPAK OD-H, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r = 9.6 min (major), 11.5 min

(minor), 97% ee. Optical rotation: [a]>s° = -21 (¢ = 1.0 in EtOAc)

3m, Prepared according to the general procedure in 0.1 mmol scale, 72% yield, 40 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCls)
07.82(d,J=7.8Hz, 1H), 7.76 (d,J=9.0 Hz, 1H),7.60 (d, /= 7.8 Hz, 1H), 7.53-7.46 (m, 2H), 7.39
(s, 1H), 7.31-7.23 (m, 4H), 6.89 (s, 1H), 6.43 (d, /= 7.2 Hz, 1H), 4.46-4.34 (m, 2H), 3.24 (s, 3H),
3.11 (d,J=16.2 Hz, 1H), 2.69 (d, J=15.6 Hz, 1H), 2.45-2.41 (m, 1H), 2.38-2.31 (m, 1H), 2.02 (s,
3H), 1.72 (dd, J = 14.4, 2.4 Hz, 1H), 1.42 (t, J = 7.2 Hz, 3H), 0.99 (d, J = 6.6 Hz, 3H). ¥*C NMR
(150 MHz, CDCl3): 6 176.1, 168.5, 163.1, 144.6, 138.7, 134.4, 133.1, 132.7, 132.6, 131.8, 129.7,
128.9, 128.8, 128.3, 128.1, 127.4, 126.4, 126.38, 125.0, 124.7, 62.3, 51.6, 45.2, 43.9, 42.3, 35.6,
21.3,19.7, 14.0. HRMS (ESI) m/z: [M+H]" Calcd for C30H3NO7S" 550.1894; Found 550.1896.
HPLC: CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254
nm, fr = 13.9 min (major), 17.9 min (minor), 99% ee. Optical rotation: [a]2s® = -30 (c = 1.0 in

EtOAc)
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3n

3n, Prepared according to the general procedure in 0.1 mmol scale, 30% yield, 14 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). 6 8.10 (d, J = 8.4 Hz, 2H),
7.32 (d, J = 8.4 Hz, 2H), 5.89 (s, 1H), 4.41-4.32 (m, 2H), 3.64 (s, 3H), 2.53 (d, /= 17.4 Hz, 1H),
2.43 (s,3H), 2.33 (d, J=16.8 Hz, 1H), 2.08 (dd, J = 14.4, 7.8 Hz, 1H), 1.57-1.56 (m, 1H), 1.87 (t,
J=7.2Hz,3H),1.17 (d,J=7.2 Hz, 3H), 0.94 (s, 9H);'3C NMR (150 MHz, CDCl5): 6 176.9, 170.2,
163.3, 145.3, 135.7, 132.9, 129.9, 129.1, 126.7, 62.0, 52.1, 44.5, 39.3, 38.6, 37.4, 36.5, 26.0, 21.7,
20.3. HRMS (ESI) m/z: [M+Na]" Calcd for C24H33NO7SNa* 502.1870; Found 502.1874. HPLC:
CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, =

9.1 min (major), 13.4 min (minor), 99% ee. Optical rotation: [a]>s” = -1 (c = 1.0 in EtOAc).

0]

N/Ts
Ph 1,
Y come

EO,C 1 ph
3o

30, Prepared according to the general procedure in 0.1 mmol scale, 52% yield, 31 mg, yellow soild,
m.p.: 58.9-60.2 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR
(400 MHz, CDCl3) ¢ 7.63 (d, J = 8.4 Hz, 2H), 7.26-7.22 (m, 6H), 7.14-7.06 (m, 6H), 6.73 (s, 1H),
4.42-4.33 (m, 2H), 3.51 (s, 3H), 3.34-3.31 (m, 1H), 2.89-2.66 (m, 2H), 2.52 (d, J = 16.0 Hz, 1H),
2.37 (s, 3H), 2.14 (dd, J = 14.4, 5.2 Hz,1H), 1.40 (t,J = 7.2 Hz, 3H). '3C NMR (100 MHz, CDCl5):
0 173.4, 168.5, 163.0, 144.7, 141.1, 138.7, 125.0, 132.4, 131.3, 129.2, 129.0(2C), 128.9, 128.87,
127.6(2C), 126.3,62.2,52.3,47.4, 44.5, 42.3(2C), 21.6, 14.0. HRMS (ESI) m/z: [M+H]" Calcd for
C33H3sNO7SNa* 612.2026; Found 612.2018. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, g = 15.7 min (major), 21.8 min (minor), 99% ee.

Optical rotation: [a]»s° = -41 (¢ = 1.0 in EtOAc)

T
N S
Ph I,
X coet

MeO,C Iy ph
3p

3p, Prepared according to the general procedure in 0.1 mmol scale, 73% yield, 41 mg, colorless oil,

flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (400 MHz, CDCls)
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07.69 (d, J= 8.0 Hz, 2H), 7.26-7.19 (m, 6H), 7.14-7.09 (m, 4H), 7.03 (d, J= 7.6 Hz, 2H), 6.76 (s,
1H), 3.96-3.87 (m, 5H), 2.90 (d, J = 16.0 Hz, 1H), 2.63 (d, J = 16.0 Hz, 1H), 2.44-2.39 (m, 2H),
2.36-2.31 (m, 4H), 2.25-2.19 (m,1H), 1.83-1.7 (m, 2H), 1.54-1.43 (m, 1H), 1.19 (t, J=7.2 Hz, 3H).
I3C NMR (100 MHz, CDCl3): 6 175.1, 168.7, 163.5, 144.9, 141.0, 140.8, 134.9, 132.0, 131.9, 129.3,
129.0, 128.9, 128.4, 128.2, 127.5, 126.3, 126.0, 60.7, 52.8, 44.7, 43.2, 42.2, 41.1, 35.9, 33.1, 21.6,
14.0. HRMS (ESI) m/z: [M+H]" Caled for C3;H3NO7S" 562.1894; Found 562.1898. HPLC:
CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r =

19.7 min (major), 31.2 min (minor), 99% ee. Optical rotation: [a]2s” = +5 (c = 1.0 in EtOAc)

o

ﬁfs
Me iy,

3D o
" )

O,N 3q
3q, Prepared according to the general procedure in 0.1 mmol scale, 70% yield, 39 mg, white soild,
m.p.: 68.1-69.7 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). "H NMR
(400 MHz, CDCl3) 6 8.07 (d, J= 8.8 Hz, 2H), 7.82 (d, J= 8.4 Hz, 2H), 7.26-7.25 (m, 3H), 7.18 (d,
J=8.0Hz, 2H), 7.10 (d, J= 8.4 Hz, 4H), 6.32 (s, 1H), 4.32-4.24 (m, 1H), 4.22-4.14 (m, 1H), 2.78-
2.66 (m, 3H), 2.44-2.39 (m, 4H), 2.20 (dd, J = 14.4, 3.6 Hz, 1H), 1.27 (t,J= 7.6 Hz, 3H), 1.15 (d,
J=6.8 Hz, 3H); *C NMR (100 MHz, CDCls): § 163.1, 162.7, 153.8, 146.5, 145.0, 141.2, 135.1,
131.6,131.4,129.4, 129.1, 128.0, 127.4, 126.0, 123.9, 62.1, 47.7,47.0, 42.5, 36.6, 24.3, 21.6, 13.8.
HRMS (ESI) m/z: [M+H]" Calcd for CsoH31N,O7S™ 563.1846; Found 563.1826. HPLC:
CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, tr =

22.6 min (minor), 34.7 min (major), 99% ee. Optical rotation: [a]>s” = +18 (c = 1.0 in EtOAc)

3r, Prepared according to the general procedure in 0.1 mmol scale, 53% yield, 30 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCls)
0798 (d,J=7.8Hz, 1H), 7.78 (d, J= 7.8 Hz, 2H), 7.69 (s, 1H), 7.38 (t, /= 7.8 Hz, 1H), 7.31 (d, J
=17.8 Hz, 1H), 7.22-7.19 (m, 3H), 7.16 (d, J = 8.4 Hz, 2H), 7.07-7.06 (m, 2H), 6.39 (s, 1H), 4.33-

4.28 (m, 1H), 4.24-4.19 (m, 1H), 2.80 (d, J = 15.6 Hz, 1H), 2.73-2.67 (m, 2H), 2.39-2.35 (m, 4H),
15



2.17 (dd, J = 14.4, 3.6 Hz, 1H), 1.31 (t, J = 7.2 Hz, 3H), 1.15 (d, J = 6.6 Hz, 3H); *C NMR (150
MHz, CDCl3): 6 169.0, 162.8, 148.3, 148.1, 145.0, 141.3, 135.2, 133.4, 131.9, 131.5, 129.6, 129.4,
129.1,129.0, 127.4,126.0, 122.1, 121.4, 62.1,48.0, 46.4, 42.5,36.4,24.5, 21.6, 13.9; HRMS (ESI)
m/z: [M+H]" Calcd for C30H31N,07S" 563.1846; Found 563.1827. HPLC: CHIRALPAK OD-H, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r = 15.5 min (major), 18.2
min (minor), 99% ee. Optical rotation: [a]s° = +1 (c = 1.0 in EtOAc)

0
O“s’ Ph
N7
Me m.i;k 0
X CO,Me

MeO,C H Ph
3s

3s, Prepared according to the general procedure in 0.1 mmol scale, 76% yield, 36 mg, white solid,
m.p.: 112.3-114.6 °C, flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). TH
NMR (600 MHz, CDCl3) 6 7.83 (d, J = 7.8 Hz, 2H), 7.52 (t, /= 7.2 Hz, 1H), 7.34 (t, /= 7.8 Hz,
2H), 7.27-7.24 (m, 3H), 7.17 (d, J = 7.8 Hz, 2H), 6.81 (s, 1H), 3.93 (s, 3H), 3.50 (s, 3H), 2.93 (d, J
=16.2 Hz, 1H), 2.66 (d, J = 16.2 Hz, 1H), 2.38-2.31 (m, 2H), 1.68 (d, J = 13.2 Hz, 1H), 1.00 (d, J
= 6.0 Hz, 3H). 3C NMR (150 MHz, CDCl3): § 176.2, 168.7, 163.5, 141.0, 138.1, 133.8, 132.0,
129.3, 129.0, 128.4, 127.7, 126.3, 52.9, 51.9, 45.0, 44.7, 35.8, 19.6. HRMS (ESI) m/z: [M+Na]"
Calcd for CyHpsNNaO,S™ 494.1244; Found 494.1245. HPLC: CHIRALPAK OD-H, »n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r = 15.2 min (major), 20.4

min (minor), 96% ee. Optical rotation: [a]s° = -41 (¢ = 1.0 in EtOAc)

B
@ 5
Me 1y,
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X CO,Me

MeO,C H Ph
3t

3t, Prepared according to the general procedure in 0.1 mmol scale, 42% yield, 23 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (600 MHz, CDCls)
07.63(d,J=17.2Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.30-7.24 (m, 3H), 7.27-7.24 (m, 3H), 7.13 (d,
J="17.2Hz, 2H), 6.84 (s, 1H), 3.92 (s, 3H), 3.49 (s, 3H), 2.96 (d, /= 16.2 Hz, 1H), 2.63 (d, J=16.2
Hz, 1H), 2.40-2.28 (m, 2H), 1.68 (d, J = 12.0 Hz, 1H), 1.01 (d, J = 6.6 Hz, 3H). 3C NMR (150
MHz, CDCl3): 6 176.2, 168.7, 163.3, 141.0, 136.7, 132.7, 131.9, 131.6, 130.7, 130.5, 129.0, 127.7,
126.3,52.9,51.9,44.9,42.3, 35.8, 19.6. HRMS (ESI) m/z: [M+Na]" Calcd for C24H24BrNNaO7S*

572.0349; Found 572.0353. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate
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= 1.0 mL/min, UV = 254 nm, #r = 13.7 min (major), 16.9 min (minor), 98% ee. Optical rotation:

[a]2s® = -18 (c = 1.0 in EtOAc)

3u, Prepared according to the general procedure in 0.1 mmol scale, 64% yield, 36 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (400 MHz, CDCls)
017.78 (d, J= 8.4 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 7.32 (dd, J = 5.2, 2.8 Hz, 1H), 6.95-6.91 (m,
2H), 6.71 (s, 1H), 4.44-4.31 (m, 2H), 3.57 (s, 3H), 2.87 (d, J = 15.6 Hz, 1H), 2.65 (d, J = 16.0 Hz,
1H), 2.37-2.30 (m, 2H), 1.67-1.60 (m, 1H), 1.40 (t, J = 6.8 Hz, 3H), 1.03 (d, J = 6.4 Hz, 3H). 13C
NMR (100 MHz, CDCl3): 6 176.2, 168.8, 162.9, 141.7, 137.0, 132.1, 131.7, 131.0, 130.9, 129.4,
137.1,125.7,121.6,62.4,52.0,45.6,44.3,40.3, 35.8, 19.5, 14.0. HRMS (ESI) m/z: [M+Na]" Calcd
for Cy3Ho4BrNNaO5S;" 592.0070; Found 592.0068. HPLC: CHIRALPAK OD-H, =»n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV =254 nm, #g = 11.0 min (major), 13.7 min
(minor), 98% ee. Optical rotation: [a]os° = -1 (c = 1.0 in EtOAc)
N
2
3v

3u, Prepared according to the general procedure in 0.1 mmol scale, 33% yield, 17 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (400 MHz, CDCls)
0 7.53-7.51 (m, 2H), 7.43-7.37 (m, 4H), 7.24-7.23 (m, 6H), 7.00 (d, J = 8.0 Hz, 2H), 6.03 (s, 1H),
3.48 (s, 3H), 3.03 (d, J=16.4 Hz, 1H), 2.72 (d, /= 16.4 Hz, 1H), 2.37-2.31 (m, 5H), 1.67-1.60 (m,
1H), 0.95 (d, J = 6.4 Hz, 3H). 3C NMR (100 MHz, CDCl3): 6 176.5, 170.5, 144.2, 142.5, 140.6,
137.6, 135.5, 129.1, 128.8, 128.4, 127.2, 126.7, 126.5, 125.8, 125.5, 51.8, 45.6, 45.4, 35.8, 21.6,
19.6. HRMS (ESI) m/z: [M+Na]" Calcd for C20H20NNaOsS™ 526.1659; Found 526.1659. HPLC:
CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, =

13.9 min (minor), 18.8 min (major), 97% ee. Optical rotation: [a]>s° = -1 (¢ = 1.0 in EtOAc)
o}

Q.0
N-SC

Me\(m. P
MeO,C \ Ph
H

3w
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3v, Prepared according to the general procedure in 0.1 mmol scale, 75% yield, 31 mg, white solid,
m.p. 81.3-82.7°C, flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR
(400 MHz, CDCl3) 0 7.84 (d, J= 8.0 Hz, 1H), 7.80-7.73 (m, 2H), 7.67-7.63 (m, 1H), 7.39-7.26 (m,
5H), 6.19 (s, 1H), 3.34 (s, 3H), 3.10 (d, /= 16.0 Hz, 1H), 2.87 (d, J = 16.0 Hz, 1H), 2.67-2.59 (m,
1H), 2.20-2.40 (m, 1H), 1.98 (dd, J = 14.4, 2.4 Hz, 1H), 1.14 (d, J = 7.2 Hz, 3H). 3C NMR (100
MHz, CDCl3): 6 176.5, 165.3, 142.2, 134.1, 132.6, 131.1, 129.3, 129.1, 127.6, 126.5, 125.9, 121.7,
121.6, 109.2, 51.7, 45.0, 44.2, 439, 36.4, 19.7. HRMS (ESI) m/z: [M+Na]" Calcd for
C22H21NNaOsS* 434.1033; Found 434.1035. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol =
80/20, flow rate = 1.0 mL/min, UV = 254 nm, fr = 26.5 min (major), 39.1 min (minor), 92% ee.

Optical rotation: [a]os° =-18 (c = 1.0 in EtOAc).

3w, Prepared according to the general procedure in 0.1 mmol scale, 89% yield, 38 mg, yellow oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1). '"H NMR (400 MHz, CDCls)
07.64 (dd, J=17.6, 1.2 Hz, 1H), 7.47 (td, J = 8.0, 1.6 Hz, 1H), 7.38 (t, J = 7.6 Hz, 3H), 7.35-7.28
(m, 3H), 7.22 (d, /= 8.0 Hz, 1H), 6.21 (s, 1H), 3.39 (s, 3H), 3.10 (d, /= 16.0 Hz, 1H), 2.87 (d, J =
16.0 Hz, 1H), 2.59 (dd, J = 14.4, 9.6 Hz, 1H), 2.47-2.37 (m, 1H), 1.95 (dd, J = 14.4, 2.4 Hz, 1H),
1.13 (d, J= 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3): § 176.6, 166.6, 147.3, 141.4, 132.4, 131.5,
129.1, 127.7, 126.0, 120.0, 119.4, 114.9, 51.8, 45.0, 43.8, 42.3, 36.3, 19.7. HRMS (ESI) m/z:
[M+H]" Caled for C2oH21NOeS™ 428.1162; Found 428.1162. HPLC: CHIRALPAK OD-H, n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #g = 15.7 min (minor), 18.5
min (major), 66% ee. Optical rotation: [o]>s® = +1 (c = 1.0 in EtOAc).

0 o

w0

%
S

N™""O

Me\(u_
MeO,C \ Ph
H

3y Me

3y, Prepared according to the general procedure in 0.1 mmol scale, 96% yield, 42 mg, yellow oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 5:1)."H NMR (400 MHz, CDCls)

§7.41-7.24 (m, 8H), 7.09 (d, J = 8.0 Hz, 1H), 6.17 (s, 1H), 3.40 (s, 3H), 3.09 (d, J = 16.0 Hz, 1H),
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2.86 (d,J=16.0 Hz, 1H), 2.60 (dd, J=14.4,8.8 Hz, 1H), 2.46-2.40 (m, 4H), 1.94 (dd, /=14.4,2.4
Hz, 1H), 1.13 (d,J=7.2 Hz, 3H). BC NMR (100 MHz, CDCl3): 6 176.5, 166.7, 145.2, 141.5, 137.6,
132.5,132.2,129.1, 127.6, 126.0, 125.7, 119.7, 119.1, 114.6, 51.7, 44.9,43.8, 42.2, 36.3, 21.1, 19.7.
HRMS (ESI) m/z: [M+H]" Calcd for C3H2aNOeS™ 442.1319; Found 442.1322. HPLC:
CHIRALPAK OD-H, n-hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, UV = 254 nm, #r =

12.4 min (major), 14.3 min (minor), 67% ee. Optical rotation: [a]2s” = +1 (c = 1.0 in EtOAc)

6a
6a, Prepared according to the general procedure in 0.1 mmol scale, 46% yield, 12 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1)."H NMR (400 MHz, CDCls)
0 7.42-7.37 (m, 5H), 6.09 (s, 1H), 3.76 (s, 3H), 3.53 (dd, J = 12.0, 8.0 Hz, 1H), 3.47 (s, 3H), 3.30
(dd, 13.2, 6.8 Hz, 1H), 2.61-2.52 (m, 1H), 1.12 (d, J= 7.2 Hz, 3H). 1*C NMR (100 MHz, CDCl5):
0176.0, 166.7, 158.0, 140.6, 129.1, 128.6, 126.9, 119.1, 51.5, 51.2, 38.8, 34.0, 16.4. HRMS (ESI)
m/z: [M+Na]" Caled for CisH;s04Na" 285.1097; Found 285.1096. HPLC: CHIRALPAK OD-H, n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, UV = 254 nm, & = 6.3 min (major), 7.5 min

(minor), 16% ee. Optical rotation: [a]>s° =-13 (¢ = 1.0 in EtOAc)

O
Me | OEt

MeO,C Ph
6b

6b, Prepared according to the general procedure in 0.1 mmol scale, 35% yield, 10 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1)."H NMR (400 MHz, CDCls)
0 7.42-7.35 (m, 5H), 6.08 (s, 1H), 4.21 (q, J = 8.0 Hz, 2H), 3.53 (dd, /= 13.2, 7.6 Hz, 1H), 3.47 (s,
3H), 3.29 (dd, 13.2, 7.6 Hz, 1H), 2.61-2.52 (m, 1H), 1.31 (t, /= 7.2 Hz, 3H), 1.12 (d, J = 6.8 Hz,
3H). BC NMR (100 MHz, CDCl5): 6 176.1, 166.3, 157.5, 140.7, 129.0, 128.6, 126.9, 119.7, 60.0,
51.5,38.9,33.9, 16.4, 14.3. HRMS (ESI) m/z: [M+Na]" Calcd for C16H2004Na* 299.1254; Found
299.1253. HPLC: CHIRALPAK OD-H, rn-hexane/isopropanol = 90/10, flow rate = 1.0 mL/min,
UV =254 nm, tg = 5.03 min (major), 5.60 min (minor), 21% ee. Optical rotation: [o]>s” = -5 (¢ =

1.0 in EtOAc)
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Me | OPr
MeO,C Ph
6c

6¢, Prepared according to the general procedure in 0.1 mmol scale, 33% yield, 10 mg, colorless oil,
flash column with a petroleum ether/ethyl acetate eluent (gradient 8:1). '"H NMR (400 MHz, CDCls)
07.42-7.39 (m, 2H), 7.38-7.35 (m, 3H), 6.05 (s, 1H), 5.09 (hept, /= 6.4 Hz, 1H), 3.52 (dd, J=13.2,
8.0 Hz, 1H), 3.47 (s, 3H), 3.28 (dd, /= 13.2, 7.2 Hz, 1H), 2.57 (sext, J = 6.8 Hz, 1H), 1.29 (q, J =
3.2 Hz, 6H), 1.12 (d, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls): § 176.1, 165.8, 157.0, 140.8,
128.9, 128.5, 126.8, 120.2, 67.3, 51.4, 38.8, 33.9, 21.9, 16.4; HRMS (ESI) m/z: [M+Na]" Calcd
for C17H2204Na” 313.1410; Found 313.1408. HPLC: CHIRALPAK OD-H, n-hexane/isopropanol
=90/10, flow rate = 1.0 mL/min, UV = 254 nm, tr = 3.96 min (major), 4.18 min (minor), 33% ee.

Optical rotation: [a]>s° = +9 (¢ = 1.0 in EtOAc)
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Part 4. Crystal structure of 3s.

The product 3s was obtained by slow diffusion in CH>Cly/hexanes at room temperature, colorless

crystal was observed, and absolute configuration was determined by X-Ray structure analysis.

Supplementary information of the crystal is available under CCDC number 2114888, which could

be accessible at free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk. Thermal ellipsoid probability is 30%.

Figure S1. X-ray Crystallographic Analysis of 3s

Table 1 Crystal data and structure refinement for 3s.

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

a/A

b/A

c/A

o/°

pr°

y/°

Volume/A3

Z

Pealcg/cm’

pw/mm!

F(000)

Crystal size/mm’®

dongmd 1208
C24H25NO7S
471.51

293(2)
orthorhombic
P21212,
9.32517(16)
11.40245(17)
22.4950(4)

90

90

90

2391.89(7)

4

1.309

1.579

992.0

0.11 x 0.05 x 0.04
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Radiation

Cu Ko (A= 1.54184)

20 range for data collection/°7.86 to 151.946

Index ranges

Reflections collected

Independent reflections

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

Final R indexes [[>=2c (I)]

Final R indexes [all data]
Largest diff. peak/hole / e A 0.16/-0.42

Flack parameter

Table 2 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic

11<h<8,-7<k<13,-28<1<27
8276

4194 [Rine = 0.0257, Rsigma = 0.0343]
4194/0/311

0.892

Ri = 0.0438, wR> = 0.1154

Ri = 0.0476, wR> = 0.1204

0.018(11)

Displacement Parameters (A2x10%) for dongmd_1208. U is defined as 1/3 of of
the trace of the orthogonalised Uy tensor.

Atom X

S1 -6991.8(8)
01 -7814(3)
02 -3092(3)
03 -3543(3)
04 -3432(3)
05 -5048(3)
06 -6323(3)
o7 -8499(2)
N1 -6245(2)
Cl -5139(3)
C2 -5190(3)
C3 -6384(3)
C4 -6566(3)
C5 -6957(3)
C6 -3849(3)
C8 -7791(3)
C9 -7854(4)
C10 9131(5)
Cll1 -10350(5)
C12 -10325(4)
Cl13 -9056(4)

y z
-5423.1(6) -1209.2(3)
-7628(2) -597.0(11)
-4325(3) -423.7(13)
-5694(2) -1100.7(12)
-4779(3) 1651.6(18)
-3418(2) 1442.1(13)
-4299.0(17) -1222.1(11)
-5502(2) -1149.2(11)
-6094.0(19) -610.8(10)
-5492(2) -296.1(12)
-5430(2) 293.4(12)
-6026(2) 633.0(12)
7212(2) 306.1(13)
-7039(2) -333.9(13)
-5158(3) -645.7(18)
-5333(2) 612.6(12)
-4184(3) 417.9(16)
-3559(4) 430(2)
-4083(5) 630(2)
-5225(5) 833(2)
-5839(3) 824.1(17)

U(eq)

58.3(2)
72.9(6)
85.9(7)
75.8(7)
104.8(10)
87.9(8)
70.6(6)
76.9(7)
51.1(5)
49.9(6)
51.3(6)
50.6(6)
55.7(7)
54.5(6)
72.2(10)
53.4(6)
69.0(8)
88.7(12)
98.6(14)
93.2(14)
73.2(9)
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Cl4
CI5
Cl16
C18
CI19
C20
C21
C22
C23
C24
C25
C7

C17

-5957(4)
-5924(4)
-4663(4)
-3890(6)
-5831(6)
-6457(4)
-5451(5)
-5086(6)
-5705(6)
-7066(5)
-6687(7)
-1804(7)
-2152(9)

-6299(3)
-5259(3)
-4476(3)
-2608(4)
-5730(5)
-6224(3)
-5743(4)
-6343(5)
~7398(5)
~7300(4)
-7877(4)
-4122(8)

-5208(10)

1281.9(13)
1721.7(14)
1607.0(15)

1305(3)
2358.0(16)

-1840.3(13)

-2216.1(16)

-2731.3(18)

-2858.3(19)

-1960.7(17)

-2478(2)
-783(4)
-1337(5)

62.2(7)
68.3(8)
69.4(8)

114.5(17)

102.3(15)
62.2(7)

79.6(10)
99.9(14)
101.1(15)
87.0(11)
109.5(17)
95(2)
90(3)

Table 3 Anisotropic Displacement Parameters (A2x10%) for dongmd_1208. The
Anisotropic displacement factor exponent takes the form: -
2n2[hza*2U11+2hka*b*U12+...].

Atom
S1
o1
02
03
04
05
06
o7
N1
Cl
C2
C3
C4
C5
Co6
C8
C9
C10
Cl1
Cl12
Cl13

Un

53.0(4)
69.4(14)
61.1(13)
59.0(12)
58.1(15)
75.9(17)
84.6(16)
51.0(11)
48.3(12)
40.2(12)
43.7(12)
46.7(13)
59.7(16)
51.4(14)
46.1(15)
44.1(13)
62.3(18)

81(3)
59(2)
48.5(18)
52.8(16)

Uz
66.9(4)
75.1(12)
103.4(18)
89.7(14)
113(2)
86.9(15)
55.5(10)
109.2(17)
54.4(11)
49.1(12)
50.9(12)
52.4(12)
47.7(12)
52.6(12)
82(2)
62.2(13)
66.8(16)
90(2)
130(4)
125(4)
79(2)

Uss
54.9(3)
74.3(13)
93.1(17)
78.6(15)
143(3)
101.0(19)
71.6(13)
70.6(14)
50.5(11)
60.4(14)
59.2(14)
52.7(14)
59.8(15)
59.4(14)
88(2)
53.9(13)
78(2)
95(3)
106(3)
106(3)
88(2)

U2z Uz
3.9(3) 2.7(3)
11211 4.9(12)

20.9(14) 6.2(13)
21.8(12)  26.2(12)
9(2) -9.5(17)
-4.6(14) 8.8(15)
10.1(9) 0.9(12)
-5.9(14) 1.3(10)
4.4(9) 2.9(10)
9.0(10) 43(11)
3.1(11) 0.6(12)
2.9(11) 5.2(11)
57(11)  11.9(13)
32(11)  10.1(13)

41.4(19) 9.2(17)
7.1(11) 1.0(11)
5.4(14) 1.4(16)
1) -5(2)
-32(3) -8(2)
-38(3) 12(2)

173(17)  12.9(17)

Uz
13.4(3)
21.2(12)
26.7(14)
14.6(11)
5.2(15)
0.7(14)
13.7(10)
18.2(12)
1.2(9)
0.2(11)
3.1(12)
20.6(11)
4.8(12)
-3.0(13)
9.9(15)
-1.9(12)
10.0(15)
28(2)
32(2)
-8(2)
-10.5(15)
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Cl4
CI5
Cl16
C18
CI19
C20
C21
C22
C23
C24
C25
C7

C17

59.6(16)
53.6(16)
60.1(17)
110(4)
100(3)
60.3(17)
87(2)
115(4)
123(4)
93(3)
136(4)
58(3)
52(5)

71.5(16)
95(2)
87(2)
93(3)

153(4)

72.7(16)

90(2)
116(3)
113(3)

98(2)
106(3)
128(5)
113(7)

55.5(15)
56.7(16)
61.2(16)
141(4)
53.9(19)
53.7(15)
61.4(17)
69(2)
67(2)
70(2)
87(3)
99(5)
106(7)

Table 4 Bond Lengths for dongmd_1208.
AtomAtom Length/A AtomAtom Length/A

S1

S1

S1

S1

01
02
02
O3
O3
04
05
05
NI
N1
Cl
Cl
C2
C3

06
o7
NI
C20
Cs
C6
C7
C6
C17
Cl16
Cl6
CI8
Cl
(O8]
C2
C6
C3
C4

1.426(2) C3
1.415(2) C3
1.698(2) C4
1.760(3) C8
1.200(4) C8
1.284(5) C9
1.466(6) C10
1.226(5) C11
1.507(8) C12
1.203(4) Cl4
1.313(5) C15
1.454(6) C15
1.427(4) C20
1.411(4) C20
1.329(4) C21
1.487(4) C22
1.512(4) C23
1.548(4) C24

C8

Cl4
G5

C9

CI13
C10
Cll1
Cl12
CI13
C15
Cl6
C19
C21
C24
C22
C23
C25
C25

Table 5 Bond Angles for dongmd_1208.
Atom Atom Atom

Angle/*

9.3(13)
-7.8(15)
-19.5(16)
-14(3)
2(2)
2.2(13)
6.3(16)
7(2)
-12(2)
-16.9(18)
-32(2)
11(4)
49(6)

1.533(4)
1.544(4)
1.498(4)
1.383(4)
1.397(4)
1.388(5)
1.360(7)
1.380(7)
1.375(6)
1.544(5)
1.499(5)
1.531(5)
1.376(5)
1.379(5)
1.388(6)
1.364(7)
1.367(7)
1.383(5)

Atom Atom Atom

5.0(14)
2.3(14)
2.9(14)
27(3)
12(2)
4.2(13)
15.4(18)
34(2)
32(2)
25(2)
34(3)
15(3)
31(5)

Angle/*

-1.0(14)
12.7(17)
4.4(17)
-20(3)
8(3)
9.3(15)
2(2)
-1(3)
7(3)
-17(2)
-18(3)
-39(4)
4(5)
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06
06
o7
o7
07
NI
Cé6
Co6
Clé6
Cl
(O]
C5
N1
C2
C2
Cl
C2
C2
C2
C8
C8
Cl4
(O]
Ol
01
NI

S1

S1

S1

S1

S1

S1

02
03
05
N1
N1
N1
Cl
Cl
Cl
C2
C3
C3
C3
C3
C3
C3
C4
C5
Cs
(O8]

N1
C20
06
N1
C20
C20
C7
C17
CI8
S1
S1
Cl1
C6
N1
C6
C3
C4
C8
Cl4
C4
Cl14
C4
C3
N1
C4
C4

103.99(13) 02
109.02(15) O3
119.60(16) O3
107.63(14) C9
109.00(16) C9
106.83(13) C13
110.7(4) C8
108.1(6) Cl11
116.13) C10
118.24(18) C13
120.12) C12
119.2(2) C3
116.5(3) C16
119.7(2) C16
122.93) C19
120.4(3) 04
103.5(2) 04
112.5(2) 05
112.2(2) C21
110.1(2) C21
110.7(2) C24
107.5(2) C20
111.6(2) C23
121.5(3) C22
124.3(3) C20
114.2(2) C23

Co

C6

Cé6

C8

C8

C8

C9

C10
Cl1
Cl12
C13
Cl4
CI5
CI5
CI5
Cle6
Cl6
Cl6
C20
C20
C20
C21
C22
C23
C24
C25

Cl
02
Cl
C3
CI13
C3
C10
C9
Cl2
Cl1
C8
CI15
Cl4
C19
Cl4
05
CI5
CI5
S1
C24
S1
C22
C21
C25
C25
C24

115.4(3)
124.4(3)
120.1(3)
122.3(3)
117.6(3)
120.0(3)
121.1(4)
119.9(4)
120.7(4)
119.4(4)
121.4(4)
117.1(3)
111.2(3)
109.0(3)
109.3(3)
123.3(4)
124.3(4)
112.4(3)
118.8(3)
121.0(3)
120.2(3)
118.9(4)
120.4(4)
120.3(4)
118.9(4)
120.5(4)

Table 6 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement
Parameters (A2x103) for dongmd_1208.

Atom
H2
H4A
H4B
H9
H10
H11
H12
H13
H14A

X

-4486.96
-5676.66
-7308.23
-7027.29
-9153.63
11208.19
11158.73
-9040.36
-5012.35

y

-5016.65
-7651.29
-7667.16
-3823.37
-2783.32
-3667.62

-5575.5
-6608.34
-6654.59

498.38
330.55
500.87
276.26
302.32
629.53
974.05
961.81
1277.71

U(eq)

62
67
67
83
106
118
112
88
75
25



H14B
HI15
HI8A
HI18B
HI8C
HI9%A
HI19B
HI9C
H21
H22
H23
H24
H25
H7A
H7B
H7C
HI7A
H17B
H17C

Table 7 Atomic Occupancy for dongmd_1208.

-6620.26
-6808.81
-3441.11

-3194.6
-4268.64

-6656.7
-5798.73
-4978.45
-5023.76

-4416.2
-5456.88

-7720.8
-7104.24
-2077.23
-1208.47
-1281.91
-1868.51
-1422.76

-2278.1

Atom Occupancy

C7
H7C
H17B

Reference:

0.6 H7A
0.6 C17
0.4 H17C

-6880.12
-4802.83
-2836.33
-2624.03
-1828.86
-6205.41
-5084.96

-6194.6
-5027.51

-6024.1
-7792.84
-7632.13

-8595.9

-3956.7
-4808.68

-3467.4
-5641.41
-5275.01
-4397.33

Occupancy

Atom
0.6 H7B
0.4 HI7A

1435.24
1678.38
938.9
1619.81
1266.3
2440.67
2632.02
2400.34
-2126.34
-2991.38
-3205.06
-1698.3
-2568.27
-1185.49
-773.84
-623.84
-1682.95
-1037.17
-1439.69

Occupancy

75

82
172
172
172
153
153
153

96
120
121
104
131
142
142
142
135
135
135

1) X.-S.Li, L.-L. Zhao, X.-K. Wang, L.-L. Cao, X.-Q. Shi, R. Zhang, J. Qi, Org. Lett. 2017, 19,

3943-3946.

2) Q. Yang, G. Shang, W. Gao, J. Deng, X. Zhang, Angew. Chem. Int. Ed. 2006, 45, 3832 —3835.

3) B.Li,J. Chen,Z. Zhang, 1. D. Gridnev, W. Zhang, Angew. Chem. Int. Ed. 2019, 58, 7329 —7334.
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Part 5. HPLC spectrum for all the products.

(0]

N
Me 1y,
=
\( COLEt

we" N P
o
3a
550 7 DMD-191192-8X #5 [ J-2) 145] DMD-191192-5X UV_VIS_1 WVL:254 nm
50.0 11-21.203
40.0-
=y j2-25.208
E 30.0
8
g
g 20.0
10.0-
0.0- ! | T
504 — -
15.0 17.5 200 225 25.0 275 30.0 325 35.0 36.6
I [11) [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 21.203 53.779 47.546 52.58
2 25.208 48.503 31.309 47.42
Total 102.281 78.855 100.00
120 1 DMD-191192.8X #6 [ T3 B/} DMD-191192-SX UV_VIS_1 WVL:254 nm
) 11-20.962
100-
BD:
2 o0
g ]
£ 0]
i ]
20
0_: , | 122605
e .,
15.0 17.5 20.0 225 250 275 30.0 325 350 363
it} 1] min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 20.962 131.785 113.305 99.24
2 26.090 131.785 0.752 0.76
Total 132.800 114.056 100.00
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300+ ) DMD-248262263264280281283 #11 [ [=IB!71] UV_VIS_1 WVL:254 nm
250]
200:
]
.§. 4
3 150t
g \1-8.807
2 100—: 12- 10675
50]
: h"‘---..._‘___l
04 T T
201l __ — S— __ :
840 9.00 9.50 10.00 11.00 11.50 11.80
11 111] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 8.997 45.618 110.815 48.62
2 10.675 48.207 88.646 51.38
Total 93.825 199.460 100.00
5001 DMD-246262263264280281283 #12 [T 2)F1 /7] UV_VIS_1 WVL:254 nm
700
6004
_— 500+
2
E
3 400 -
E \1-8.937
12 - 10,967
o T
10.00 10.50 11.00 11.50 12,00
[} (4] [min)
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 8.937 133.650 330.822 98.94
2 10.967 1.438 4.296 1.06
Total 135.088 335.117 100.00
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ﬁL/,\[Ts
M 1,
X

Z okt
Bu/O\\\ H Ph Z
0 3c
200 DMD-272262247 #5 [T A 171] DMD-272262247 UV_VIS_1 WVL:254 nm
175
150
125
2
E
8 100+ 11-7.748
8
g 75 \2-9.255
50
254
0 T
T | — ’ — e —
725 750 8.00 8.50 9.00 9.50 10,00 10.50 1100
11} 1) [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 7.748 32.937 90.628 49.34
2 9.255 33.825 66.380 50.66
Total 66.762 157.008 100.00
220 %) DMD-272262247 #6 [ -sh BL14r] DMD-272262247 UV_VIS_1 WVL:254 nm
2005
1?5-3
%125: 1-7.735
8 100]
£ ]
% ?5-;
50-5
25—2
0_5 1 2-9325
-20 :l T T T T T T T T T T T T T T T T 1
7.20 750 8.00 850 9.00 950 10,00 10,50
11 [11] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 7.735 40.595 110.914 99.27
2 9.325 0.299 0.824 0.73
Total 40.894 111.738 100.00
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o
N
Me i
P
e COREt
P W H Ph
0 34

7] DMD-248262263264280281283 #13 [ T=lfl77]

400, UV_VIS_1 WVL:254 nm
350%
300%
—_ 250-:
3 -
E' 4
8 200]
g
E: 150-:
1 \1-7.555
100 12-8.813
50-3
-10: 1 |
7.00 7.50 8.00 8.50 9.00 9.50 10.00
11 1] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 7.555 39.126 114.863 49.48
2 8.813 39.941 84.858 50.52
Total 79.067 199.721 100.00
500 1 DMD-248262263264280281263 #14 [ I-3111/}] UV_VIS_1 WVL:254 nm
400}
= 300
z
8
8
2 200}
2
11-7.540
100
p 12 -8.893
20 T T
7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50
1} 1) [min)
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 7.540 48.630 139.469 98.94
2 8.893 0.520 1.326 1.06
Total 49.150 140.795 100.00
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o

_Ts
ﬁi
Me .
%
R CO.Et

<% en
o 3e
300 1 DMD-248262263264280281283 #7 [T B\ 71] UV_VIS_1 WVL:254 nm
250
200
]
E
8 150
5
2
< 100 1-9.848
12 - 11.897
50
100 !
8.98 10.00 11.00 12.00 13.00 13.70
1 (1) [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 9.848 40.545 89.711 47.61
2 11.897 52.588 72.578 52.39
Total 93.132 162.289 100.00
200 ] DMD-248262263264280281283 #8 [ T-=l1 B14r] UV_VIS_1 WVL:254 nm
175
150
_125]
2
E
2 100+
8
2 75]
= 1 -9.857
50
25]
04 1 X | 12 vll2.153
-10
9.00 9.50 10.00 10.50 11.00 1150 12.00 12,50 13.00
1} [ (min)
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 9.857 30.142 65.656 99.70
2 12.158 0.091 0.079 0.30
Total 30.233 65.735 100.00
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N/Ts
Me i
mﬂ\\\}{. pn OO
o
3501
) 1504
100
501
‘!]'\-.h' 6.9 7.37.47.57.6 .7 .8 7.98.0 8.1 8.2 8.38.4 8.5 8.6 8.7 8.8 8.99.00.1 9.2 9.3 9.4 9.5 9.6 9.7
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 7.238 2513.14 113.44 49.87
2 8.593 2526.38 83.51 50.13
Total 5039.52 100.00
250
1754
150
= 1254
1004
¢
6.8 7.0 7.6 7.8 8.0 8#2 8.1 8.6 88 _u.'u 9.2 9.4 9.6 9.8 10.0 10.2 10.4 10.6 10.8 11.0
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 7.224 4824.87 210.26 98.95
2 8.726 51.22 1.76 1.05

4876.09

100.00
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ﬁ;\/ﬁ

N

Me 1y,

=

X COMe

Meo,C % Ph
39
100.0 .13 DMD-248262263264280281283 #9 [T 41F1 /1] UV_VIS_1 WVL:254 nm
87.5
75.0 11-14.683
625
g 00 \2-17.797
§®
B
5 315
2
250
125
0.0 ! |
-10.0 = ——————————————— —_—————— ——
12000 1375 15.00 16.25 1750 18.75 20.00 21.25 22174
i1 1) [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 14.683 52.345 71.929 50.11
2 17.797 52.122 51.111 49.89
Total 104.467 100.00
22013 DMD-248262263264280281283 #10 [ 5B /1] UV_VIS_1 WVL:254 nm
200
1751 11-14.587
150
21257
E
8 1001
8
% 75
504
25
0 | | 12 - 18,148
T T
20 - - . . - - .
12.00 12:50 13.75 15.00 16.25 1750 1875 20.00 2154
1} (4] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 14.587 121.149 164.822 98.92
2 18.148 1.327 1.449 1.08
Total 122.477 100.00
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50
154
10
30H
2(H -
15 g
104 .
10 1l I 3 ¥ 15 16 718 19 20 2
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.304 396.03 7.68 51.65
2 17.861 370.74 5.57 48.35
Total 766.77 100.00
154
1
2
154
11 &
pE— : t .
10 11 I 14 15 17 18 19 20
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.283 1323.10 24.72 99.72
2 17.961 3.66 0.11 0.28
Total 1326.75 100.00
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1601
1404
1204
100
3 s t
404 .-;I
201 J 3 :
0 - e < . i )
60 65 7.0 7.5 B0 B85 90 95 100 10.5 IL0O IL5 120 125 1.0 135 14.0 145 150
Bt @ [ainl
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 9.078 2095.73 73.76 50.03
2 11.304 2093.53 51.89 49.97
Total 4189.25 100.00
velen
3501 5
3004 v
2507 i)
= 2007
1501
1001
501 _ :
ol J . o !
6.0 65 7.0 7.5 80 85 0.0 95 100 105 1.0 1L5 12.0 125 13.0 135 140 145 150
Bf[E [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 8.907 7978.37 284.18 98.98
2 11.270 81.94 2.15 1.02
Total 8060.31 100.00
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% DMD-272262247 #7 [1-4) b1 7r]

DMD-272262247

UV_VIS_1 WVL:254 nm

80.0
70.0
60.0
500
2
E
g 400
2300
<
1-10.827
200
2-12.303
10,0
0.0 : .
5.0
882 10.00 11.00 12.00 13.00 14.00 15.00 1600  16.58
11 [B] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 10.827 7.979 18.989 52.40
2 12.303 7.249 10.446 47.60
Total 15.227 29.434 100.00
250 ) DMD-272262247 #8 [ T-sh I 77] DMD-272262247 UV_VIS_1 WVL:254 nm
] 11410772
200]
150
s ]
E
8 100
g 4
a2 ]
< ]
50|
0_: | - 2: 12360
50 :
8.00 9.00 10,00 11.00 12.00 13.00 1400 15.00
11 [11] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 10.772 112.147 220.392 99.75
2 12.360 0.284 0.835 0.25
Total 112.431 221.227 100.00
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0
= 175
= 150
125
100+ .
; 8 9 10 i B 3 11 15 16 18
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.097 1574.84 38.02 50.88
2 14.833 1520.45 30.05 49.12
Total 3095.29 100.00
_
i
100 —
4 /\ -
3 7 ?I\ !IP IIU Ill ll' 4 I:’- [I | II.'\ l‘li l.T :I‘H
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 12.109 1981.60 50.46 99.38
2 14.839 12.35 0.51 0.62
Total 1993.95 100.00
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11t
1004
104
.1.”: /\ ¥y
&0 85 80 95 100 105 150 1.5 12,0 125 13.0 1.0 145 150
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 9.601 177.25 7.00 5291
2 11.508 157.75 4.22 47.09
Total 335.00 100.00
110
1004
704
10 i
{ég_/x .
0 v
8.0 .\_l.'\ ‘_i_lll ‘_!_l.'_u III‘_ 1] lll‘_ 5 1 I‘. 0 1 I‘. 5 ]Z.". 0 1'.3’_ 5 ].\'l_ 0 ]: 5 1 |l_ 0 1 ll_ 5 ]._\l_ 0
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 9.579 393.65 15.38 98.38
2 11.522 6.49 0.22 1.62
Total 400.14 100.00
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7] DMD-248262263264280281283 #3 [ &) £147]

150 UV_VIS_1 WVL:254 nm
140+
120
100+
2
E 804
8
g 60
g
40
20] 11-13.942 2172
o4
-10
1250  13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
1} 1) [min)
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.942 15.709 19.340 48.28
2 17.772 16.827 17.668 51.72
Total 32.536 37.008 100.00
1000 %] DMD-248262263264280281283 #4 [ -z Bl 7}] UV_VIS_1 WVL:254 nm
875
750
5 625
<<
E
g 5004
£
2 3757
260
1254 i 1-13.963
] R T | 12-17.947
-20- - - - - - - - - - - L
1250  13.00 14.00 15.00 16.00 17.00 18.00 19.00
1} [1) [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.963 79.183 99.650 99.67
2 17.947 0.266 0.447 0.33
Total 79.449 100.098 100.00
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Me 1

MeO.C 1 'Bu

(0]

Ts

-

CO,Et

3n
250 1 DMD-216217218219 #4 [T 51E1/1] DMD-216217218219 UV_VIS_1 WVL:254 nm
200+
5 1501 1-9.382
=
g
£ 100
g 12-13.295
50-
0 I | L .
20 — .
8.00 8.75 10.00 11.25 12.50 15.00 16.25 17.21
11 i3] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 9.382 67.279 140.227 50.40
2 13.295 66.220 71.073 49.60
Total 133.499 211.299 100.00
1000 L DMD-236 #2 [T & BL71] DMD-236 UV_VIS_1 WVL:254 nm
675
75.[1E
62.5
2
£ 5001
8
£ 36
% 1-8.045
25.0
125
0.0- . |2 - 13.380
100 - . - - - -
8.20 9.00 10:00 11.00 1200 14.00 15.00 16.00
1 [11] [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 9.045 12.327 33.543 99.76
2 13.380 0.030 0.000 0.24
Total 12.357 33.543 100.00
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Ph _
EtO.C 1 p
30
11( -
100
4
B
7
2 %
104 i
304
204 ; -':.
104 l—/\ ‘/J\
(
16 IIT IIH Ilfa 20 "II 22 _'Iﬁ € . 29 30 Ii _'iI:f 33 3 5 :Ili 3
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 19.763 1076.30 13.67 50.65
2 30.989 1048.71 7.95 49.35
Total 2125.02 100.00
150
100
3507
= 2501
2001
150 y
1004 ::
50 3
r|-J/t\ v
16 17 18 19 20 '!II 1 25 . € 8 9 30 31 33 5
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 19.698 3230.20 33.47 99.69
2 31.222 10.04 0.09 0.31
Total 3240.24 100.00
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Ph.__

R

Z > CO,Et
MeOC H ph
3p (major)
100.0 ] DMD-226227219SX #8 [ [ a)B14r) DMD-226227219SX UV_VIS_1 WVL:254 nm
s?.s.f
75.0—5
62.5-:
ERE
£ 5001
8 ]
8 ]
g 3?.5-_
201
1 \1-16.108
12.55 12 -20.822
00 L T . 1
-10.0 :I ; T = = = - - - T T 1
12.0 140 16.0 18.0 200 220 24.0 254
1 [1) [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 16.108 20.626 20.004 51.03
2 20.822 19.790 12.030 48.97
Total 40.416 32.034 100.00
2001 DMD-226227219SX #10 [T-5) L }] DMD-226227219SX UV_VIS_1 WVL:254 nm
11-15.892
1754
150 ]
125]
2
£ 100
8
g
2 754
50
25
0 1 T 1 12 -21.‘}05
20— —_— - y —_— —_— ; - !
120 140 16.0 18.0 200 220 240 26.0 284
1 [ [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.892 181.453 182.777 99.88
2 21.105 0.213 0.207 0.12
Total 181.667 182.984 100.00
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})\‘;N(Ts
Ph 1
Ny

MeO,C 1y ph

0]

Z > Co,Et

3p (minor)

% DMD-226227219SX #11 [ T2 7r]

DMD-2262272195X

UV_VIS_1 WVL:254 nm

11-15.820

% 12-21.745
8
2
2
1
-2.0
130 140 16.0 18.0 20.0 220 240 256
[ 1) [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.820 10.260 10.323 53.71
2 21.745 8.841 5.697 46.29
Total 19.101 16.021 100.00
60,0 1 DMD-226227219SX #12 (T2 B\ 7] DMD-2262272195X UV_VIS_1 WVL:254 nm
50‘0: 11-15.725
400
E 30.0
8
]
5 200
2
100
0.0: | | 12- 21.81I2
-1 0.0—‘
10.0 125 15.0 175 20.0 250 275 302
i1} 11 [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.725 49.599 50.217 99.86
2 21.812 0.069 0.068 0.14
Total 49.668 50.285 100.00
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O,N 3q
110k
100
G
s
T0-
G
10
20+ r
= k /t\
tl].’l I’E'\ ll'f 1..‘{ I".I '.fIIJ '.f‘l f.”if Z.'I:’. '.fII 'fl._\ Zl‘:i Z.'IT Z.'IH Z;‘.F :iIiJ \’.II :ill’, JII :{.,'| :ill'\ .II'.' :{IH :EI‘_u llll !Il II'_! II:'. lII 1‘.’1 16 4 1‘H I"_i .'|III
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 23.837 2878.13 29.19 51.19
2 36.113 2744.40 17.22 48.81
Total 5622.54 100.00
. VWDIA, Wavel:
1004
1
301
20 = =
10 i /!\
r *
15 Ilu II‘,‘ 1‘.\' II!J '..'.[I :’.'l :!':.' '!I:’. :i'i "'-': '.!Ili 97 -"\' :."s} ::'n 'J'I !.:’. {'I ::',-“ :1'|: :{".' :’.I:\ '.il.‘J 1'n I'l i':z 1‘:1 ; l'.'\ 'Ilti II‘.‘ IIH 1't.r .'\'r]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 22.616 9.34 0.13 0.73
2 34.709 1269.31 8.03 99.27
Total 1278.65 100.00
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_ =) PP M T T Jm Tt I IR 1T .
15,00 15,25 15,50 15.75 16,00 16.25 16,50 16,75 17.00 17.25 17,50 17,75

Seg

T T T T T T T T T
18. 00 18,25 18.50 18,75 19.00 19,25 19.50 19,75 20. 00

Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 16.489 555.85 9.88 49.85
2 18.292 559.15 8.70 50.15
Total 1115.00 100.00
180+
1604
14104
= 120
= 10
Ilrs- /\
i
0 ¥
13.0 IZil_ 5 1 ll. 1] 1 1‘. 5 I._)‘. 0 I.'_ul_ 5 IH’_U Il'\‘_ 5 ]T'_ 0 17.5 I.‘\'._II IH‘_ 5 ]‘_{ 0 I‘.i‘_ 5 '__'II‘_II f.’[ll_ 5 f_']’_i]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.541 3850.91 62.45 99.90
2 18.221 3.81 0.10 0.10

Total

3854.71

100.00
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9 Q\S,Ph
N7
Me Mi;k o
R COo,Me

MeO,C H Ph

3s

ERG
104
( /'\
13.0 !Zil_._\ ||I. 0 |1'.._> |._:_ 0 |._:'_ 5 |l"|._ 0 ll‘l‘_ g lTl_ 0 lT‘_ 5 IH’_ 0 |H‘_.._} Illl_ 0 ]‘_;_._\ '_'!II_ 0 :i!’_ 5 !!‘_ 0 ff]'_ 5 '__'f_’._ 0 22.5 '__':'-l_ 0 ':i‘_ 5 2 |l_ 0
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.312 1391.11 30.99 50.80
2 20.252 1347.35 2231 49.20
Total 2738.46 100.00
5004
1504
1004
350
3004
T 2501
F-.'\t?-
huJ-J—/\ <
.Jn: ;
13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19,0 19.5 20.0 20.5 21.0 21.5 22.0 0 23.5 24.0
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.159 3759.41 97.83 98.23
2 20.368 67.92 1.18 1.77
Total 3827.33 100.00
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Me 1,
XD come

MeO,C H Ph

3t
S0
(il
Gy
.—_g 1(H
3H
1(H
(H
6 } 8 5 i’l’r l'I | [ ::In '.!‘:1
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.701 2663.71 61.96 50.43
2 16.778 2618.58 44.23 49.57
Total 5282.29 100.00
200
150
1604
1404
= 120
£ 1004
10
20
0 v
6 7 8 )10 11 11 |'§ 6 17 18 19 20
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.684 4728.52 111.89 98.83
2 16911 55.92 1.15 1.17
Total 4784.44 100.00
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1604

110+
120
100

S

I o
10.0 10, 5

T T T
15.0 15.5 16. 0

L=,
16.5

o LI
1.0 17.5

T
15.0

Peak#

Ret. Time (min)

Area (mAU)

Height (mAU)

Area %

11.006

4089.04

115.96

50.34

13.630

4034.25

85.51

49.66

Total

8123.29

100.00

mAl

110

1004
4
504

(il
Gl

104
30

10

Peak#

Ret. Time (min)

Area (mAU)

Height (mAU)

Area %

11.014

872.10

24.71

99.02

13.721

8.64

0.22

0.98

Total

8123.29

100.00
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e
Zpn
MeO,C HPh
3v
HI[‘I-
¥
i
3a
- ' '?
1tH
8 10 1 12 13 1 15 1 17 18 19 20 21
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.072 752.32 14.98 51.80
2 18.970 700.17 10.69 48.20
Total 1452.49 100.00
<
1104
10 B
-
o
10H
30 =
204 _
o s
13.5 140 145 150 155 16.0 165 17.0 17.5 _|-‘~".n 8.5 19.0 19.5 20.0 20.5 21.0 2.5 22.0
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.900 79.17 3.62 1.55
2 18.808 5043.86 77.72 98.45
Total 5123.03 100.00
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00
= 200
150
100 = =
[P_/\ s
24 :IS '_’lli "IT '_'.N :_'r ] ; ::'l ) 5 36 7 38 '_ily l‘n lll l': I'I 5
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 26.092 3373.33 47.82 50.28
2 38.956 3336.02 21.47 49.72
Total 6709.35 100.00
160
1104
1201
100+
il
104 :_-
-<, /’\
24 3] _'rzi 4] :!'U {i] 1 35 3 :'.'.- 38 Z'\I‘.I lrn l.l l".,' 13 11 15 16
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 26.524 96.92 1.24 3.54
2 39.140 2639.48 16.47 96.46
Total 2736.40 100.00
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1504
160
1104
1204
= 100+
“]-—A,‘_/i\
I:-:_U 13.5 1.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 v.r'__n 19.5 20.0 20.5 21.0 21.5 22.0 22.5 23.0 23.5 24.0 24.5 25.0
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.827 934.71 27.81 54.54
2 18.788 779.20 18.38 45.46
Total 171391 100.00
5004
1504
100
.]-._\U: ~ _
100 M
hnu 1 11 15 6 17 18 19 20 1
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15.669 1075.22 29.66 17.06
2 18.468 5228.23 113.16 82.94
Total 6303.45 100.00
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13. 00 IZ'._"..'.') IZ'\_I.'\II IZ'-.ITR Il.ltrl’l I |.I'._'.'\ I |_I._\H ]F_’._._\ I._}_.II[F Iﬁ_lﬁﬁ I._\_.SEI IS_ITE Ili_ll’lll Ili_lf_'._s Il"n_lﬁll IIi.I._ﬁ IT_I[FII IT.IZ_'R IT.’._\H ||_..._3 |-\.'||U
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 13.868 456.68 13.22 50.87
2 15.955 441.08 8.95 49.13
Total 897.76 100.00
= IIT._|'
")
100
e 02 B I Bl L T o e 1.5 18.0
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 12.395 1021.14 30.25 16.62
2 14.312 5121.88 124.44 83.38
Total 6143.03 100.00
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MeO,C Ph
6a
110K
10004
i ¥
— 6004 *
2004
1004
" 1.Ih 6.0 [} [§ Ea,..'- T.0 7.6 .-: 0 '-:," 8.1
i) [min
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 6.361 6353.01 693.84 49.87
2 7.561 6385.09 594.49 50.13
Total 12738.10 100.00
16004
Yo
1400+
12004
B 1000 *
i '_':.' ‘r "\ [ l|| '1 l‘l li_’H !n : : 1 .'.':“\ : H'rl H_l 2 \‘ 1
Frfo] [mir
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 6.339 13463.15 1467.64 58.00
2 7.528 9748.95 899.91 42.00
Total 23212.11 100.00
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MeO,C
6b
?‘\'”II' \ *
¥ )
|-nr|-
III_. 1] i 1. € I_IH 0 5. € a_lh' n,'n 1'\_I:.' 1 6.¢ t_l‘\ i] i 1.8 ,'n
] [min
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 5.181 6821.64 866.49 49.81
2 5.809 6874.50 792.05 50.19
Total 13696.14 100.00
1100k
10004 v\
I nlinu- v
100+
300
1004
iz : :
1.0 1.':.' I I. ¢ 1_'5 'u.'u .3.' | .’._Iri . 8 6.0 ( ( ( _IH _Itl
W] [mir
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 5.033 7357.32 968.46 60.69
2 5.602 4766.00 580.07 39.31
Total 12123.32 100.00
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Me | O'Pr
MeO,C Ph
6¢c
%102
L 21
1. 04
‘:é 0. 54
0. 61
0. 4+
0. 01
370 3.75 3.80 3.85 3.90 3.95 4.00 4.05 410 4.15 4.20 425 430 435 4.40 445 4.50
Sec
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.977 4759.20 593.52 49.37
2 4212 4881.26 640.01 50.63
Total 9640.46 100.00
x101:
1. 14
1. 07
0. 91
0. &5
= 07
L 0.6
0. 5 & -
0. 41 3
0.3 _.
O'TJ\/"\
0. 11
0-0— T T T T T T T T T T T T T T T T
3.70 3.75 3.80 3.85 3.00 3.05 4.00 4.05 410 4.156 4.20 4.256 4.30 4.35 4.40 4.45 4.50
Sec
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 3.956 2088.27 282.64 66.79
2 4.184 1038.31 160.73 33.21
Total 3126.58 100.00
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(7% D)

(7% D) <o ]

- D/HD/HﬁNL/TS
Ph— INA
MeOZC\%H/D PhH/D CO-Et
(9% D) \(10% D)
3p’
10
16
o
_ ,
.-E' ¥ ot ¢
41 : 4 2
i
= T T T T =  — T T T T T T T
12 13 14 15 16 17 13 19 20 21 22 23 24 25 26 27 28
B8 [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 15912 231.47 3.93 50.35
2 21.837 228.25 2.46 49.65
Total 459.73 100.00
10T
100
10+
o :
¢ v
10 1‘| l: IT |"I ].\ 1t ‘._ ) l‘N I‘ ] II[I '.."] "_' ; '.'ll _"
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 14.728 3184.70 58.48 99.98
2 20.751 0.53 0.02 0.02
Total 3185.23 100.00
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(60% D)

(14% D) NpH 9

T DHeE N
MD%““ ~
e—
MeOsC SpPhl COMe
(100% D) \(73% D)
39’
4007
3501
3001 X
_ 250 ] v
E 2001 '
1501
100
504 L
0— — T l\ —I' T L} T T T :
12 13 14 15 16 17 15 19 20 21 22
Bffal [min]
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 14.683 13649.12 305.96 49.79
2 16.784 13763.91 226.74 50.21
Total 27413.02 100.00
1804
160+
1104
= 1204
E 100
|‘u~ 3
20 A o«
(r h 4
6 ! 8 9 Ilu 1'I I‘ 3 I‘i 1'3 I‘ni I'T .I‘\ 1!'.I 'n 'I ¥ :!':i ‘1 : :_".‘: 9 30
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 14.661 1579.20 30.36 98.87
2 18.034 17.97 0.26 1.13
Total 1597.18 100.00
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mAl
g

16.0 16.5 17.0 17.5 15.0 15.5 19.0 19.5 20.0 20.5 21.0 21.5 22.0 22.5 23.0 23.5 24.0 24.5 25.0 25.5 26.0 26.5 27.0 27.5 25.0
Bff@ [minl

Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 19.609 1064.77 17.24 50.11
2 24.028 1060.19 12.43 49.89
Total 2124.95 100.00
SO0
1504
100
200+
0]
100 I
6 9 10 11 12 3 14 15 16 17 18 19 '.."l\ll\‘.'..'l 22 23 24 25 t 7T 28 3
Peak# Ret. Time (min) Area (mAU) Height (mAU) Area %
1 19.772 18838.86 273.82 99.01
2 24.956 188.28 2.11 0.99
Total 19027.14 100.00

Part 6: '"HNMR and *CNMR spectra
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