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General

All moisture or oxygen-sensitive reactions were carried out under an argon atmosphere in oven or heat-
dried flasks. The solvents used were purified by distillation over the drying agents indicated and were
transferred under argon: THF (Na), CH,Cl, (CaHs), toluene (Na), CHCIl; (P,Os). All reactions were monitored
by thin-layer chromatography (TLC) on silica gel Fas4 plates using UV light as visualizing agent (if applicable),
and a solution of ammonium molybdate tetrahydrate (50 g/L) in EtOH followed by heating as developing
agents. The products were purified by flash column chromatography on silica gel (200-300 meshes) from the
Anhui Liangchen Silicon Material Company in China.

"H NMR and "*C NMR spectra were recorded in CDCl; solution on a Bruker AM 400 or 500 MHz
instrument. Chemical shifts were denoted in ppm () and calibrated by using residual undeuterated solvent
(CHCl; (7.27 ppm) tetramethylsilane (0.00 ppm)) as internal reference for 'H NMR and the deuterated solvent
(CDCl; (77.00 ppm) as internal standard for '*C NMR. The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, dd = double doublet, tq = triplet quartet, br = broad, m =
multiplet. High-resolution mass spectral analysis (HRMS) data were measured on a Thermo Scientific™ Q
Exactive™ UHMR (Ultra-High Mass Range) Hybrid Quadrupole-Orbitrap™ mass spectrometer. The IR
spectra were recorded on Nicolet Nexus 670 FT-IR spectrometer. The X-ray single-crystal determination was
performed on an Agilent SuperNova single crystal X-ray diffractometer. The melting points were measured
on a Kolfer melting point apparatus without calibration (Beijing Tech Instrument Co., LTD).

1. Preparation of Substrates

The indoles 1a—le were prepared according to the reported literature procedures.!'! The cyclopropanes
2a-2n were prepared according to the reported literature procedures. !

2. General Procedure for the Synthesis of Products 3aa—3an and 3ba—3ea

1
COZR R102C MeO,C COzMe
R'0,C\ '
Yb(OT
+ Acone J,
\ A" co,Me  60°C, DCE
N
R2
1a-1e 2a-2n 3aa-3na

3ba-3ea

To a solution of indoles 1 (0.2 mmol) and D-A cyclopropanes 2 (0.24 mmol) in DCE (2.0 mL) was added
Yb(OTf)3 (0.02 mmol). The resulting mixture was stirred vigorously at 60 °C (oil bath) for the indicated time.
The solvent was concentrated under reduced pressure, and the resulting residue was purified by flash column

chromatography on silica gel eluting with petroleum ether/ethyl acetate, giving the products 3.
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3. Spectroscopic Data for the Products 3aa—3an, 3ba—3ea, 4aa and Saa

MeO,C, CO,Me
MeO,C )

MeO,C . O
O \
N
Me
3aa
13:1dr
3aa: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10: 1 — 3:1), giving the product 3aa,
(24 h, white foam, 96.3 mg, 95% yield, 13:1 dr). Spectroscopic data of major isomer: 'H NMR (500 MHz,
CDCl3) 6 7.46 — 7.40 (m, 2H), 7.37 (dd, J = 10.3, 4.8 Hz, 2H), 7.32 — 7.26 (m, 1H), 7.20 (dd, /= 6.6, 1.6 Hz,
1H), 7.15 —7.08 (m, 2H), 6.24 (d, J= 1.4 Hz, 1H), 5.15 (dd, /= 4.6, 0.8 Hz, 1H), 4.14 (dd, J=12.9, 3.3 Hz,
1H), 4.00 (d, J=3.9 Hz, 1H), 3.75 (s, 3H), 3.70 (s, 3H), 3.65 (s, 3H), 3.58 (s, 3H), 3.04 — 2.96 (m, 1H), 2.89
(s, 3H), 2.74 ppm (ddd, J = 14.6, 4.2, 1.4 Hz, 1H). 3C NMR (126 MHz, CDCl3) § 171.9, 169.6, 169.5, 167.7,
146.8, 136.9, 130.8, 128.43, 128.40, 128.3, 126.5, 125.3, 121.4, 121.0, 117.3, 107.9, 60.6, 54.4, 53.0, 52.7,
52.4,51.7,47.9, 41.8, 37.0, 32.6 ppm. IR: & =2956, 1734, 1639, 1455, 1366, 1182, 1025, 703 cm™'. HRMS
(ESI) m/z: [M + H]" calcd for C2sH30NOg 508.1966; found: 508.1969.

MeO,C, CO,Me

3ab
8.1:1dr

MeO,C
M902C

Br

-Z_

Me

3ab: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10: 1 — 3:1), giving the product the
product 3ab (60 h, white foam, 104.1 mg, 89% yield, 8.1:1 dr). Spectroscopic data of major isomer: '"H NMR
(400 MHz, CDCl3) 6 6 7.70 — 7.50 (m, 2H), 7.32 (td, /= 7.6, 1.2 Hz, 1H), 7.21 (dd, J=6.5, 1.7 Hz, 1H), 7.13
(td, J=17.8, 4.1 Hz, 3H), 6.22 (d, J= 1.5 Hz, 1H), 5.15 (d, J= 3.7 Hz, 1H), 4.84 — 4.70 (m, 1H), 3.98 (d, J =
4.5 Hz, 1H), 3.75 (s, 3H), 3.71 (s, 3H), 3.69 (s, 3H), 3.58 (s, 3H), 2.95 — 2.85 (m, 4H), 2.73 ppm (ddd, J = 14.4,
4.2, 1.4 Hz, 1H).'3C NMR (101 MHz, CDCl3) 8 171.9, 169.4, 167.7, 146.2, 137.0, 132.4, 130.8, 130.7, 128.1,
127.9, 127.8, 125.5, 124.0, 121.6, 121.1, 116.3, 108.0, 60.6, 54.5, 53.0, 52.7, 52.5, 51.7, 47.9, 40.0, 35.9, 32.7
ppm. IR: & = 3454, 2088, 1734, 1734, 1638, 1435, 1266, 1204, 742 cm™. HRMS (ESI) m/z: [M + H]" calced
for CosH29BrNOg 586.1071; found: 586.1086.
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3ac
6.1:1dr

3ac: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3ac
(24 h, white foam, 108.8 mg, 93% yield, 6.1:1 dr). Spectroscopic data of major isomer: "H NMR (400 MHz,
CDCl3) 6 7.55 (t, J= 1.6 Hz, 1H), 7.42 (ddd, J=17.9, 1.8, 1.0 Hz, 1H), 7.36 (d, /= 7.7 Hz, 1H), 7.27 — 7.24
(m, 1H), 7.21 (dd, /= 6.3, 2.3 Hz, 1H), 7.15—-7.07 (m, 2H), 6.25 (d, /= 1.4 Hz, 1H), 5.16 (d, /= 3.6 Hz, 1H),
4.17 (dd, J=12.6, 3.6 Hz, 1H), 3.99 (d, /= 4.1 Hz, 1H), 3.75 (s, 3H), 3.70 (s, 3H), 3.63 (s, 3H), 3.59 (s, 3H), 3.01
—2.91 (m, 1H), 2.90 (s, 3H), 2.72 ppm (ddd, J = 14.6, 4.4, 1.3 Hz, 1H). *C NMR (101 MHz, CDCl3) 5 171.8,
169.5, 167.7, 149.4, 137.0, 131.5, 130.7, 130.1, 129.7, 128.3, 127.2, 125.3, 122.4, 121.7, 121.2, 116.7, 108.0,
60.7, 54.4, 53.1, 52.7, 52.4, 51.7, 47.9, 41.5, 37.0, 32.7 ppm. IR: & = 3437, 2952, 2850, 1735, 1637, 1455,
1226, 745 cm™. HRMS (ESI) m/z: [M + H]" calcd for CosH2oBrNOs 586.1071; found: 586.1084.

MeO,c, COMe
MEOQC y

3ad
7.5:1dr

3ad: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3ad
(15 h, white solid, 105.4 mg mg, 90% yield, 7.5:1 dr, mp 187—-189 °C). Spectroscopic data of major isomer:
'"H NMR (400 MHz, CDCls) & 7.49 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.20 (dd, J = 6.2, 1.7 Hz,
1H), 7.18 — 7.04 (m, 2H), 6.22 (s, 1H), 5.15 (d, J=4.1 Hz, 1H), 4.16 (d, J=9.5 Hz, 1H), 3.98 (d, /= 3.6 Hz,
1H), 3.75 (s, 3H), 3.70 (s, 3H), 3.63 (s, 3H), 3.59 (s, 3H), 3.01 — 2.90 (m, 1H), 2.90 (d, /= 9.1 Hz, 3H), 2.71
ppm (dd, J = 14.6, 3.4 Hz, 1H). *C NMR (101 MHz, CDCl;) & 171.8, 169.52, 169.47, 167.7, 146.0, 137.0,
131.6, 130.8, 130.3, 128.3, 125.4, 121.6, 121.2, 120.3, 116.9, 108.0, 60.7, 54.5, 53.1, 52.7, 52.4, 51.7, 47.9,
41.3,37.0,32.7 ppm. IR: & = 3442, 2922, 1735, 1605, 1485, 1455, 1226, 1198, 1011, 746 cm™'. HRMS (ESI)
m/z: [M + H]" calcd for CsH20BrNOg 586.1071; found: 586.1082.
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3ae
5.1:1dr

3ae: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3ae
(15 h, white foam, 103.8 mg, 96% yield, 5.1:1 dr). Spectroscopic data of major isomer: "H NMR (400 MHz,
CDCl3) 6 7.45 — 7.28 (m, 4H), 7.23 — 7.07 (m, 3H), 6.22 (d, /= 1.2 Hz, 1H), 5.15 (d, /= 3.9 Hz, 1H), 4.17
(dd, J=12.6, 3.4 Hz, 1H), 3.98 (d, J=4.0 Hz, 1H), 3.75 (s, 3H), 3.70 (s, 3H), 3.63 (s, 3H), 3.59 (s, 3H), 3.07
—2.90 (m, 1H), 2.89 (s, 3H), 2.75 — 2.64 ppm (m, 1H). ®C NMR (101 MHz, CDCl3) § 171.9, 169.6, 169.5,
167.7,145.5,137.0, 132.2,130.8, 129.9, 128.6, 128.3, 125.4, 121.6, 121.2, 117.0, 108.0, 60.7, 54.5, 53.1, 52.7,
52.5,51.8,47.9,41.2,37.1,32.7 ppm. IR: & = 3418, 2084, 1638 cm™'. HRMS (ESI) m/z: [M + H]" calcd for
CasH29CINOg 542.1576; found: 542.1587.

MeO,c, EO2Me
l\/]eOzC y

MeO,C . O F

3af: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3af
(15 h, white foam, 95.5 mg, 91% yield, 6.8:1 dr). Spectroscopic data of major isomer: "H NMR (400 MHz,
CDCl3) 6 7.44 — 7.32 (m, 2H), 7.20 (dd, J = 6.1, 2.3 Hz, 1H), 7.16 — 7.00 (m, 4H), 6.22 (d, J= 1.5 Hz, 1H),
5.15(dd, J=4.5,0.9 Hz, 1H), 4.17 (dd, J = 12.6, 3.4 Hz, 1H), 3.99 (d, /=4.2 Hz, 1H), 3.75 (s, 3H), 3.70 (s,
3H), 3.63 (s, 3H), 3.58 (s, 3H), 2.96 (dd, J = 14.4, 13.1 Hz, 1H), 2.88 (s, 3H), 2.71 ppm (ddd, /= 14.6,4.3, 1.4
Hz, 1H). 3C NMR (101 MHz, CDCl3) § 171.9, 169.5, 169.4, 167.7, 161.6 (d, 'Jrc = 244.3 Hz), 142.7, 142.6,
137.0, 130.7, 129.9, 129.80, 128.2, 125.3, 121.5, 121.1, 115.3, 115.1, 108.0, 60.7, 54.5, 53.0, 52.7, 52.4, 51.7,
47.9, 41.0, 37.3, 32.6 ppm. IR: & = 3444, 2953, 1735, 1637, 1434, 1222 cm™'. HRMS (ESI) m/z: [M + HJ
calcd for C,3H20FNOg 526.1872; found: 526.1879.
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4.3:1dr

e

3ag: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1 — 3:1), giving the product 3ag (60
h, white foam, 72.8 mg, 66% yield, 4.3:1 dr). Spectroscopic data of major isomer: '"H NMR (400 MHz, CDCl5)
68.23 (d, /J=8.7 Hz, 2H), 7.62 (d, J= 8.7 Hz, 2H), 7.34 — 7.10 (m, 3H), 6.19 (d, /= 1.1 Hz, 1H), 5.19 (d, J =
3.7 Hz, 1H), 4.39 (dd, J = 12.4, 3.8 Hz, 1H), 3.98 (d, /= 3.8 Hz, 1H), 3.76 (s, 3H), 3.72 (s, 3H), 3.64 (s, 3H),
3.60 (s, 3H), 3.08 — 2.94 (m, 1H), 2.91 (s, 3H), 2.74 ppm (dd, J = 14.7, 3.4 Hz, 1H). *C NMR (101 MHz,
CDCl3) 6 171.6, 169.4, 169.3, 167.7, 154.6, 146.8, 136.9, 130.6, 129.4, 128.2, 125.3, 123.9, 121.8, 121.4,
116.0, 108.2, 60.6, 54.5, 53.2, 52.8, 52.5, 51.8, 47.9, 41.6, 36.7, 32.7 ppm. IR: & = 3443, 2954, 2089, 1638,
1251, 1436, 1227, 1077, 741 cm. HRMS (ESI) m/z: [M + H]" calcd for CasH29N>O1o 553.1817; found:
553.1826.

3ah
8.2:1dr

3ah: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3ah
(11 h, white foam, 96.9 mg, 93% yield, 8.2:1 dr). Spectroscopic data of major isomer: 'H NMR (400 MHz,
CDCl3) 6 7.30 (d, J= 8.0 Hz, 2H), 7.22 — 7.14 (m, 3H),, 7.12 - 7.08 (m, 2H), 6.25 (d, /= 1.4 Hz, 1H), 5.14 (d,
J=4.0Hz, 1H),4.18 —4.07 (m, 1H), 4.00 (d, J=4.3 Hz, 1H), 3.74 (s, 3H), 3.69 (s, 3H), 3.63 (s, 3H), 3.57 (s,
3H), 3.04 - 2.92 (m, 1H), 2.88 (s, 3H), 2.72 (ddd, J = 14.7, 4.3, 1.3 Hz, 1H), 2.38 ppm (s, 3H). *C NMR (101
MHz, CDCl3) 6 171.9,169.7,169.5,167.7,143.9,137.0, 136.0, 130.9, 129.1, 128.3, 128.2, 125.4, 121.4,121.0,
117.5, 107.9, 60.7, 54.5, 53.0, 52.6, 52.3, 51.6, 47.9, 41.3, 37.2, 32.6, 21.0 ppm. IR: ¢ = 3439, 2952, 1735,
1637, 1434, 1330, 1225, 743 cm™. HRMS (ESI) m/z: [M + H]" caled for CaH3NOg 522.2122; found:
522.2126.
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3ai
7.8:1dr

3ai: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1 — 3:1), giving the product 3ai (8
h, white foam, 91.6 mg, 87% yield, 7.8:1 dr). Spectroscopic data of major isomer: '"H NMR (400 MHz, CDCl5)
67.33 (d, J=8.6 Hz, 2H), 7.19 (dd, /= 6.2, 2.2 Hz, 1H), 7.10 (dd, /= 7.2, 5.1 Hz, 2H), 6.91 (d, J = 8.7 Hz,
2H), 6.25 (d,J= 1.5 Hz, 1H), 5.17 - 5.10 (m, 1H), 4.16 — 4.04 (m, 1H), 4.00 (d, J=4.2 Hz, 1H), 3.83 (s, 3H),
3.75 (s, 3H), 3.69 (s, 3H), 3.64 (s, 3H), 3.58 (s, 3H), 3.01 — 2.90 (m, 1H), 2.88 (s, 3H), 2.71 ppm (ddd, J =
14.6,4.2, 1.5 Hz, 1H). C NMR (101 MHz, CDCl3) § 171.9, 169.7, 169.5, 167.7, 158.3, 139.1, 137.0, 130.8,
129.3,128.3,125.4,121.4,121.0, 117.7, 113.8, 107.9, 60.7, 55.2, 54.5, 53.0, 52.7,52.3,51.7,47.9, 40.9, 37.3,
32.6 ppm. IR: & = 3458, 2952, 1735, 1511, 1435, 1229 cm™. HRMS (ESI) m/z: [M + H]" calcd for C29H3:NOy
538.2072; found: 538.2079.

Me0,c, €O2Me
MGOZC )

3aj
6.1:1dr

3aj: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3aj
(24 h, white foam, 98.9 mg, 86% yield, 6.1:1 dr). Spectroscopic data of major isomer: "H NMR (400 MHz,
CDCl3) 6 7.51 (d,/J=2.0 Hz, 1H), 7.43 (d, J=8.2 Hz, 1H), 7.34 - 7.18 (m, 2H), 7.12 (dd, /= 6.9, 4.5 Hz, 2H),
6.25(d,J=1.3 Hz, 1H), 5.16 (d, /= 3.6 Hz, 1H), 4.29 — 4.14 (m, 1H), 3.97 (d, /= 3.9 Hz, 1H), 3.76 (s, 3H),
3.71 (s, 3H), 3.63 (s, 3H), 3.60 (s, 3H), 3.01 —2.90 (m, 1H), 2.90 (s, 3H), 2.80 — 2.64 ppm (m, 1H). *C NMR
(101 MHz, CDCl3) 6 171.7, 169.4, 169.3, 167.6, 147.4, 137.0, 132.3, 130.6, 130.5, 130.4, 128.2, 128.0, 125.2,
121.7,121.2, 116.3, 108.1, 60.6, 54.4, 53.1, 52.7, 52.5, 51.7, 47.8, 41.0, 36.9, 32.7 ppm. IR: & = 3458, 2953,
2088, 1734, 1641, 1463, 1227, 1029, 739 cm™. HRMS (ESI) m/z: [M + H]" calcd for CosHasC1LNOs 576.1186;
found: 576.1204.
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3ak
>20:1 dr

3ak: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1 — 3:1), giving the product (12 h,
white foam, 97.6 mg, 86% yield, >20:1 dr). Spectroscopic data of major isomer: "H NMR (400 MHz, CDCl5)
67.19 (dd, J=5.4,29 Hz, 1H), 7.14 - 7.05 (m, 2H), 6.60 (d, J = 2.2 Hz, 2H), 6.40 (t, /= 2.2 Hz, 1H), 6.35
(d, /=13 Hz, 1H), 5.14 (d, /J=3.8 Hz, 1H), 4.20 — 4.08 (m, 1H), 4.01 (d, J=3.9 Hz, 1H), 3.80 (s, 6H), 3.75
(s, 3H), 3.70 (s, 3H), 3.62 (s, 3H), 3.59 (s, 3H), 3.05 — 2.93 (m, 1H), 2.85 (s, 3H), 2.81 — 2.71 ppm (m, 1H).
3C NMR (101 MHz, CDCl5) § 171.8, 169.6, 169.5, 167.7, 160.7, 149.4, 136.9, 130.7, 128.3, 125.4, 121.5,
120.9, 116.8, 107.9, 106.7, 98.2, 60.7, 55.22, 55.20, 54.4, 53.0, 52.6, 52.3, 51.5, 47.9, 42.0, 36.9, 32.6 ppm.
IR: & = 3439, 2956, 2922, 2089, 1732, 1638, 1457, 1431, 1203, 1154, 749 cm™. HRMS (ESI) m/z: [M + H]"
calcd for C30H34NOo 568.2177; found: 568.2180.

3al
13:1dr

3al: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1 — 3:1), giving the product 3al (24
h, white foam, 112.2 mg, 94% yield, 13:1 dr). Spectroscopic data of major isomer: "H NMR (500 MHz, CDCls)
6 7.20 (dd, J=4.8, 3.5 Hz, 1H), 7.16 — 7.09 (m, 2H), 6.68 (s, 2H), 6.35 (d, /= 1.1 Hz, 1H), 5.16 (d, J=4.1
Hz, 1H), 4.26 — 4.15 (m, 1H), 4.04 (d, /= 3.1 Hz, 1H), 3.88 (s, 3H), 3.87 (s, 6H), 3.76 (s, 3H), 3.72 (s, 3H),
3.62 (s, 3H), 3.62 (s, 3H), 3.05 — 2.93 (m, 1H), 2.85 (s, 3H), 2.76 ppm (dd, J = 14.6, 4.6 Hz, 1H). 3C NMR
(126 MHz, CDCl3) 6 172.0, 169.7, 169.5, 167.8, 153.1, 142.9, 136.9, 136.5, 130.6, 128.5, 125.3, 121.5, 121.0,
117.1 108.0, 105.4, 60.9, 60.6, 56.1, 54.5, 53.1, 52.8, 52.5, 51.7, 47.9, 42.1, 37.1, 32.8 ppm. IR: & = 3450,
2953, 2064, 1733, 1952, 1459, 1227, 1127, 752 cm™'. HRMS (ESI) m/z: [M + H]" calcd for C3H36NO;
598.2283; found: 598.2292.
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3am: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1 — 3:1), giving the product 3am (8
h, white foam, 98.1 mg, 89% yield, 8.8:1 dr). Spectroscopic data of major isomer: 'H NMR (400 MHz, CDCl5)
6 7.18 (dd, J=5.2, 3.1 Hz, 1H), 7.13 — 7.05 (m, 2H), 6.92 (d, /= 1.5 Hz, 1H), 6.86 (dd, /=7.9, 1.6 Hz, 1H),
6.78 (d,J=17.9 Hz, 1H), 6.31 (d, /= 1.4 Hz, 1H), 5.95 — 5.85 (m, 2H), 5.13 (d, /= 4.0 Hz, 1H), 4.11 (dd, J =
12.2,3.7 Hz, 1H), 3.98 (d, /= 4.1 Hz, 1H), 3.74 (s, 3H), 3.69 (s, 3H), 3.61 (s, 3H), 3.58 (s, 3H), 3.00 — 2.89
(m, 1H), 2.86 (s, 3H), 2.75 — 2.67 ppm (m, 1H). *C NMR (101 MHz, CDCl;) & 171.8, 169.5, 169.4, 167.6,
147.6, 146.1,140.8, 136.9, 130.7, 128.2, 125.2,121.4,121.2, 120.9, 108.7, 107.8, 100.7, 60.6, 54.4, 52.9, 52.5,
52.2,51.5,47.8,41.4,37.3, 32.5 ppm. IR: & = 3464, 1734, 1636, 1486, 1437, 1230, 1037, 738 cm™'. HRMS
(ESI) m/z: [M + H]" calcd for C20H30NOo 552.1864; found: 552.1869.

3an: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3an
(8 h, white foam, 110.3 mg, 99% yield, 6.3:1 dr). Spectroscopic data of major isomer: 'H NMR (400 MHz,
CDCl3) 6 7.89 — 7.76 (m, 4H), 7.58 (dd, J = 8.5, 1.3 Hz, 1H), 7.54 — 7.40 (m, 2H), 7.22 (d, J = 7.5 Hz, 1H),
7.12(dd, J=5.5,4.2 Hz, 2H), 6.22 (d,J= 1.1 Hz, 1H), 5.19 (d, /=4.3 Hz, 1H), 4.44 — 4.27 (m, 1H), 4.05 (d,
J=4.2Hz, 1H), 3.75 (s, 3H), 3.70 (s, 3H), 3.68 (s, 3H), 3.53 (s, 3H), 3.18 — 3.04 (m, 1H), 2.94 (s, 3H), 2.81
ppm (dd, J=14.7, 4.4 Hz, 1H). ®*C NMR (101 MHz, CDCl;) § 171.9, 169.7, 169.5, 167.7, 144.1, 137.0, 133.5,
132.5, 130.9, 128.5, 128.3, 127.7, 127.6, 126.9, 126.6, 126.0, 125.5, 121.5, 121.0, 117.2, 108.0, 60.8, 54.5,
53.0, 52.7,52.4, 51.7, 48.0, 41.9, 36.9, 32.6 ppm. IR: & = 3477, 2953, 2094, 1734, 1634, 1456, 1434, 1227,
1079, 742 cm™. HRMS (ESI) m/z: [M + H]" caled for C3,H3,NOg 558.2122; found: 558.2130.
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MeO,c, COMe
Et0,C -

e~ )
o
N
\
M

3ba
20:1 dr

e

3ba: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3ba
(36 h, white foam, 87.7 mg, 82% yield, 20:1 dr). Spectroscopic data of major isomer: 'H NMR (400 MHz,
CDCl3) 6 7.42 (d, J=17.0 Hz, 2H), 7.35 (t, J= 7.4 Hz, 2H), 7.31 — 7.19 (m, 2H), 7.15 — 7.05 (m, 2H), 6.22 (d,
J=1.4Hz, 1H), 5.18 (d, /=3.7 Hz, 1H), 4.36 —4.17 (m, 2H), 4.17 — 4.07 (m, 1H), 3.97 (d, /=4.2 Hz, 1H),
3.68 (s, 3H), 3.64 (s, 3H), 3.56 (s, 3H), 3.47 — 3.29 (m, 1H), 3.25 - 3.12 (m, 1H), 3.07 — 2.92 (m, 1H), 2.82 —
2.62 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 0.62 (t, J = 7.2 Hz, 3H). 3C NMR (101 MHz, CDCl3) 6 171.9, 169.7,
169.1, 167.5, 147.0, 137.0, 131.1, 128.5, 128.4, 128.1, 126.5, 125.7, 121.6, 121.0, 117.6, 107.8, 61.5, 61.0,
60.9, 54.8,52.9,52.3,47.6,41.9,37.2,32.6, 14.0, 13.0 ppm. IR: & = 3438, 2086, 1639, 1457, 702 cm™". HRMS
(ESI) m/z: [M + H]" calcd for C30H34NOs 536.2279; found: 536.2286.

MeO,c, CO2Me

BnO,C
BnO,C
A\
N
\
Me
3ca
>20:1 dr

3ca: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3ca
(24 h, white foam, 110.1 mg, 76% yield, >20:1 dr). Spectroscopic data of major isomer: "H NMR (400 MHz,
CDCl3) 6 7.45 — 7.03 (m, 17H), 6.76 (d, J= 7.2 Hz, 2H), 6.19 (s, 1H), 5.29 — 5.18 (m, 2H), 5.12 (d, /= 12.3
Hz, 1H), 4.40 (d, J=12.2 Hz, 1H), 4.19 —4.03 (m, 2H), 3.82 (d, /= 12.0 Hz, 1H), 3.63 (s, 3H), 3.55 (s, 3H),
3.50 (s, 3H), 3.01 — 2.84 (m, 1H), 2.68 ppm (dd, J = 14.3, 3.6 Hz, 1H). ®C NMR (101 MHz, CDCl3) § 171.8,
169.7, 168.9, 167.4, 146.7, 136.9, 135.3, 134.7, 131.0, 128.41, 128.38, 128.3, 128.22, 128.15, 128.1, 128.0,
126.4, 125.6,121.7, 121.1, 117.5, 107.9, 67.4, 67.0, 60.7, 54.8, 52.8, 52.3,47.7,41.9, 37.4, 32.5 ppm. IR: 0 =
3442, 2958, 2087, 1730, 1637, 1455, 1227, 749, 699 cm™. HRMS (ESI) m/z: [M + H]" calcd for C4oH3sNOs
660.2592; found: 660.2598.
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MeO,C COzMe
MEOZC g

MeO,C . O
L
N
/7

3da
9:1dr

3da: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3da
(24 h, white foam, 102.3 mg, 96% yield, 9:1 dr). Spectroscopic data of major isomer: 'H NMR (400 MHz,
CDCl3) 6 7.47 — 7.33 (m, 4H), 7.27 (dd, /= 14.1, 6.9 Hz, 1H), 7.23 — 7.16 (m, 1H), 7.10 (d, J = 3.7 Hz, 2H),
6.27 (s, 1H), 5.83 (ddt, J = 15.6, 10.5, 5.3 Hz, 1H), 5.15 (d, /=4.2 Hz, 1H), 5.08 (d, J= 10.2 Hz, 1H), 4.94
(d,J=16.1 Hz, 1H), 4.51 (d, J=5.2 Hz, 2H), 4.15 (d, J=9.7 Hz, 1H), 4.00 (d, /= 3.6 Hz, 1H), 3.74 (s, 3H),
3.69 (s, 3H), 3.65 (s, 3H), 3.00 (t, J = 13.8 Hz, 1H), 2.86 (s, 3H), 2.74 ppm (dd, J = 14.7, 3.8 Hz, 1H). B3C
NMR (101 MHz, CDCl3) § 171.9, 169.6, 169.5, 167.8, 146.8, 136.4, 133.4, 130.9, 128.5, 128.4, 127.2, 126.6,
125.7,121.7,121.1, 117.8, 116.8, 108.3, 60.8, 54.4, 53.0, 52.7, 52.3, 51.6, 48.6, 47.9, 41.9, 37.2 ppm. IR: & =
3439, 2087, 1640, 1434, 1223, 1196, 702 cm™. HRMS (ESI) m/z: [M + H]" calcd for C30H3»NOs 534.2122;
found: 534.2130.

MeO,c €O2Me
MGOZC g

MeO,C

Bn
3ea
9:1dr

3ea: Following the above General Procedure, the reaction residue was purified by flash column
chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1), giving the product 3ea
(24 h, white foam, 107.2 mg, 92% yield, 9:1 dr). Spectroscopic data of major isomer: "TH NMR (400 MHz,
CDCl3) 6 7.43 (d,J=17.2 Hz, 2H), 7.36 (t, J= 7.5 Hz, 2H), 7.30 — 7.15 (m, 6H), 7.05 (d, J=4.4 Hz, 2H), 6.96
(d, J=6.3 Hz, 2H), 6.36 (d, /= 1.1 Hz, 1H), 5.16 (d, J = 4.1 Hz, 1H), 5.10 (d, /= 2.4 Hz, 2H), 4.17 (d, J =
9.9 Hz, 1H), 4.01 (d, J=3.7 Hz, 1H), 3.74 (s, 3H), 3.69 (s, 3H), 3.66 (s, 3H), 3.01 (t,J=13.8 Hz, 1H), 2.81 —
2.70 ppm (m, 4H). *C NMR (101 MHz, CDCl3) § 171.9, 169.6, 169.5, 167.8, 146.8, 137.6, 136.6, 131.0,
128.5, 128.4, 127.8, 127.4, 126.6, 126.4, 125.9, 121.8, 121.3, 118.1, 108.5, 60.8, 54.5, 53.0, 52.7, 52.4, 51.6,
49.9,47.9,41.9,37.3 ppm. IR: & = 3438, 2088, 1639, 1433, 1124, 701 cm™". HRMS (ESI) m/z: [M + H]" caled
for C34H34NOg 584.2279; found: 584.2294.
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4aa: Following the above General Procedure, AgSbFs was the catalyst in this case, the reaction residue was
purified by flash column chromatography on silica gel eluting with petroleum ether/ethyl acetate (10:1 — 3:1),
giving the product 4aa (48 h, white foam, 17.2 mg, 34% yield, 5:1 dr). Spectroscopic data of mixed isomers:
'"H NMR (400 MHz, CDCls) 8 7.33 — 7.23 (m, 5H, major + minor), 7.22 — 7.14 (m, 1H), 7.12 — 6.96 (m, 3H,
major + minor), 6.83 (s, 1H), 6.79 — 6.71 (m, 1H), 6.57 — 6.39 (m, 3H, major + minor), 4.95 (d, /= 10.3 Hz,
1H, major), 4.68 (d, /= 7.9 Hz, 1H, minor), 4.41 (dd, J= 9.8, 8.1 Hz, 1H, minor), 4.01 (t, /= 10.1 Hz, 1H,
major), 3.85 (s, 1H, minor), 3.84 (s, 1H, minor), 3.78 (s, 3H, major), 3.77 (s, 1H, minor), 3.73 (s, 3H, major),
3.72 (s, 3H, major), 3.70 (s, 1H, minor), 3.59 (s, 3H, major), 3.58 — 3.50 (m, 1H, major), 3.39 (ddd, J = 18.5,
10.1, 6.0 Hz, 1H, minor), 2.87 (s, 3H, major), 2.77 (dd, J = 13.3, 6.0 Hz, 1H, major), 2.72 (d, /=4.4 Hz, 1H,
minor), 2.40 (dd, J=13.0, 5.9 Hz, 1H, minor), 2.12 ppm (t,J=12.9 Hz, 1H). 3C NMR (101 MHz, CDCl;) §
172.0 (major), 171.5 (minor), 167.0 (major), 169.2 (minor), 167.0 (minor), 166.8 (major), 164.2 (minor), 163.9
(major), 155.3 (minor), 153.1 (major), 141.03 (major), 140.98 (major), 139.9 (minor), 138.2 (minor), 131.7
(major), 130.4 (minor), 129.9 (minor), 129.6 (major), 129.3 (minor), 128.69 (major), 128.65 (minor), 128.5
(major), 128.1 (major), 127.8 (major), 127.1 (minor), 126.7 (major), 125.1 (major), 123.7 (minor), 117.2
(major), 116.7 (minor), 110.2 (minor), 101.0 (major), 77.8 (minor), 77.6 (major), 65.9 (major), 64.4 (minor),
54.3 (major), 53.7 (major), 52.9 (minor), 52.8 (major), 52.4 (minor), 52.33 (major), 52.26 (major), 52.2 (minor),
52.1 (minor), 52.0 (major), 49.6 (major), 48.1 (minor), 44.5 (minor), 38.5 (minor), 38.4 (minor), 37.6 ppm
(major). IR: & = 2951, 1732, 1631, 1442, 1247, 1075, 1005, 828, 701 cm™". HRMS (ESI) m/z: [M + Na]" calcd
for CosH29NOgNa 530.1785; found: 530.1776.

MeO,C

MeO,C
22N Ph CO,Me

CO,Me

T

5aa
5aa: Following the above General Procedure, EtOAc was the solvent in this case, the reaction residue was
purified by flash column chromatography on silica gel eluting with petroleum ether/ethyl acetate (5:1 — 3:1),
giving the product S5aa (24 h, white foam, 29.9 mg, 59% yield) 'TH NMR (400 MHz, CDCls) & 8.19 (s, 1H),
7.35-17.21 (m, 6H), 7.21 — 7.13 (m, 2H), 7.10 (t,J= 7.8 Hz, 1H), 6.98 (d, /= 7.3 Hz, 1H), 4.35 (t, /= 7.7 Hz,
1H), 3.88 (s, 3H), 3.78 (s, 3H), 3.70 (s, 3H), 3.62 (s, 3H), 3.60 (s, 3H), 3.51 (t, J = 7.3 Hz, 1H), 2.71 — 2.47
ppm (m, 2H). 3C NMR (101 MHz, CDCl;) & 169.8, 169.5, 166.8, 164.2, 143.9, 143.8, 137.4, 128.3, 128.1,
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127.8, 126.7, 126.5, 126.4, 125.3, 121.4, 119.5, 116.8, 111.20, 52.4, 52.3, 52.2, 52.1, 50.1, 41.3, 36.8, 32.9
ppm. IR: & = 2938, 1730, 1437, 1221, 1069, 751 cm™'. HRMS (ESI) m/z: [M + Na]"* calcd for CsH290NOgNa
530.1785; found: 530.1780.
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4. General Procedure for the Gram-Scale reaction

MeOoC MeO,C MeO,C CO,Me

M602C N MeO,C
Yb(OTF .
ACOZMe (0T

+
N\ PR co,Me  60°C, DCE
|

1a (1.00 g) 2a (1.03 g) 3aa (1.75 g)
24 h, 94% yield, 15:1 dr

To a solution of 1a (1.00 g, 3.66 mmol) and 2a (1.03 g, 4.39 mmol) in DCE (37.0 mL) was added
Yb(OTf)3 (226 mg, 3.66 mmol). The resulting mixture was stirred vigorously at 60 °C (oil bath) for 24 h, then
the reaction mixture was quenched by H,O, the resulting residue was extracted with DCM, the combined
organic phases were washed with brine, then dried over Na,SOs, filtered and concentrated and the resulting
residue was purified by flash column chromatography on silica gel eluting with petroleum ether/ethyl acetate
(10:1 — 3:1), giving the corresponding products 3aa (1.75 g, 94% yield, 15:1 dr).

5. General Procedure for the Synthesis of 6

Me0,C MeO,C CO,Me CO,Me
NaCl 0 O

DMSO, 130°C O \

|

6 h, 68% yield

6

To a solution of 3aa (50.7 mg, 0.1 mmol) in DMSO (1.0 mL) and H,O (0.1 mL) was added NaCl (35.1mg,
0.60 mmol). The resulting mixture was stirred vigorously at 130 °C (oil bath) for 6 h, then the solution was
diluted with saturated aqueous NaHCOs (2 mL) and extracted with EtOAc. Then the combined organic layers
were dried over anhydrous Na,SO4 and concentrated. The residue was purified by column chromatography on
silica gel using petroleum ether and ethyl acetate (5:1) to give 6 in 68 % yield. 'H NMR (500 MHz, CDCls) &
7.98 (d,/J=0.7Hz, 1H), 7.39 - 7.14 (m, 8 H), 6.40 (s, 1H), 4.25 (d,J=9.2 Hz, 1H), 3.77 (s, 3H), 3.72 (s, 3H),
3.35(dd, J = 14.6, 1.5 Hz, 1H), 3.09 ppm (dd, J = 14.5, 9.4 Hz, 1H). *C NMR (126 MHz, CDCls) § 169.0,
145.3, 140.4, 137.3, 129.8, 128.5, 128.3, 128.0, 127.1, 126.3, 126.1, 124.0, 121.6, 120.9, 110.6, 52.1, 43.0,
35.5,32.7. IR: & = 2922, 1696, 1627, 14563, 1273, 1217, 746 cm™. HRMS (ESI) m/z: [M + Na]" calcd for
C21H19NO;Na 340.1308; found: 340.1303.
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6. Relative Configuration Assignment of 3ad by X-Ray Crystallographic Analysis
The single crystal of 3ad which was used for the determination of its relative configurations via X-ray

crystallography (see below), was recrystallized from ethyl acetate and petroleum ether. The intensity data were

collected using graphite-monochromated Mo Ko radiation.

Crystal Structure of 3ad

X-ray of 3ad

(Displacement ellipsoids are drawn at the 20% probability level)

X-Ray Crystallographic Data of 3aa

CCDC number 1973911
Empirical formula C23H23BrNOg
Formula weight 586.42
Temperature/K 294.34(10)
Crystal system orthorhombic
Space group Pbcn

a/A 18.6120(12)
b/A 14.5673(4)
c/A 21.9115(7)
a/° 90.00

p/e 90.00

v/° 90.00
Volume/A’ 5940.8(5)

V4 8

Pealeg/em’ 1.311
wmm'! 1.430

F(000) 2416.0

Crystal size/mm?®

0.35x0.31 x0.28

Radiation

Mo Ka (A =0.71073)

20 range for data collection/

6.72 to 52.04

Index ranges

24<h<17,-11<k<19,-29<1< 14

Reflections collected

18653
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Independent reflections 5836 [Rint = 0.0621, Rgigma = 0.1008]
Data/restraints/parameters 5836/24/358

Goodness-of-fit on F? 1.016

Final R indexes [[>=2c (I)] R;=0.0760, wR>=0.2019

Final R indexes [all data] R =0.1565, wR, =0.2434

Largest diff. peak/hole / e A 0.63/-0.94
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8. Copies of NMR Spectra

(Please see the next page!)
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Time 13.13h
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NS 8
DS 2
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Me
3aa
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Meo2c - DE 6.50 usec
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M LB 1.00 Hz
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6.1:1dr
(CDCls, 400 MHz)
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\ SSB 0
LB 1.00 Hz
Me c& 0
PC 1.40
3ac
6.1:1dr
(CDCls, 101 MHz)
Aty el il a " b ol e, P S ‘"“‘-.ml W MO s

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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S~ DWW NS N WO A ~ ™ ™ NWWNM AN O ™~ — 0L o — M NAME 2x2—-655-3
A~ =N H OO0 N A S [Toly ~ <O~ O Mo ~ <O NN O ©
T O NNNN A A A A o~ — AN Nl e Te] O) O) O O [~ [~ O © EXPNO 12
[ e e el o NeJ [TolTo] SO N OHOMO NN NNNNNN gl;(t)iNo 2014091%
Time 17.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
CO Me AQ 4.0894966 sec
RG 144
MeOQC, 2 DW 62.400 usec
. DE 6.50 usec

MeO,C

TE 296.6 K
D1 1.00000000 sec
MGOQC Br TDO 1
———————— CHANNEL £l ========
SFO1 400.1324710 MHz
NUCL 1H
\ Pl 11.60 usec
ST 65536
SF 400.1300115 MHz
N wow EM
\

SSB 0
LB 0.30 Hz
GB 0

e pC 1.00

3ad
7.5:1dr
(CDCls, 400 MHz)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
P
- OlIN|N|N|™ | AN|O

S22
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NAME zxz—-655-3

— N~ O — NOW®OWWOrSN™ O N
© 1" T~ o OO ANANMWOAMO® o N O © OHONSTITA =~ OO O EXPNO 13
. . . . . . . . . . . . . [ea & Ne) O W A~ <~ O N (@) \e) PROCNO l
— O O [~ © S HOOWW OO s} . . . . N . D 20140919
~ © 0o < MOOMONNNNN A o ~~ 0 oTOmONN—H> H >~ ate_
— — o — o~ oo VCOWOLLWLO S T O O Time 17.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 209
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
MeO,C 002Me RG 512
M O C -~ DW 20.800 usec
e 2 ¥ DE 6.50 usec

TE 297.3 K

Meo C Br D1 2.00000000 sec
2 D11 0.03000000 sec

TDO 1
======== CHANNEL fl ========
100.6228298 MHz

13C
Pl 14.45 usec

ST 32768
SF 100.6127733 MHz

WDW EM

e
EE:
Qo
g

_Z
=
®

SSB 0
1.00 Hz

GB 0

PC 1.40

3ad
7.5:1dr
(CDCl, 101 MHz)

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

S23



NAME zxz-655-2-20140929
EXPNO 10
PROCNO 1
Date_ 20140929
Time 12.23

4.187
4.179
4.156

ey R R VA s

D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
CO Me AQ 4.0894966 sec
RG 203
M O Cme02C’ 2 DW 62.400 usec
. DE 6.50 usec
€ 2 TE 295.1 K
D1 1.00000000 sec
MeO,C Cl 1
CHANNEL f1 ==
400.1324710 MHz
1H
\ 11.60 usec
65536
400.1300104 MHz
N EM
0
\ 0.30 Hz
0
Me 1.00

3ae
51:1dr

(CDCl,, 400 MHz)

MLMMLMJ

L L LU ) R I

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

3 [gmsEEm g



N NN\ VoW
MeOZC,CO2M6
MeO,C ;
MeO,C Cl
\
N
\
Me
3ae
5.1:1dr
(CDCl,, 101 MHz)
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S25

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

zxz-655-2-20140929

1

20140929
12.52
spect

5 mm PABBO BB/
zgpg30
65536
CDC13

500

2
24038.461
0.366798
1.3631988
2050
20.800
6.50

296.3
2.00000000
0.03000000
1

CHANNEL f1 ==
100.6228298
13C

14.45

32768
100.6127714
EM

0

1.00

0

1.40

Hz



NAME zxz-20180505-5-chun

7.400

DO AMCONIILTIOFOMNOOANTOOVOILDMNMONNOMANDNHTNITNDONWOMWONO WO EXPNO 10
NV~ ONAONANITNAOCNLVLOMIITANNNADODFTFTANOOVONOFOMODNOIONOMMNANNO O O © PROCNO 1
TN NOOONNNTAAATATHO0O000000O0NNAAAAdAAAANNT SO0 ®M™ MM OO0 Pate 20180521
oo T T 0OV IONNNONONONNNNNNNNNNNNN Time 17.54
INSTRUM spect
l\&w’ﬂ%/ V \\\/ \/// \V/% PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
CO M AQ 4.0894966 sec
RG 80.6
MEOQC 2lVie DW 62.400 usec
Meo C “ DE 6.50 usec
2 TE 295.4 K
D1 1.00000000 sec
MeO,C - ;

CHANNEL f1 ==
400.1324710 MHz
1H
10.92 usec
65536
400.1300130 MHz
EM
0
0.30 Hz
0
1.00

N

Me

3af
6.8:1dr
(CDCl,, 400 MHz)

I
9 8 7 6 5 4 3 2 1 0 ppm
o|o|© o o (<2 1= =18 d = 1K =] (=K< 10
il - - ololelblailel |=laile

S26



0 < O~ ST OTOOMNMD™ O O NAME 2x2-20180505-5-chun
0O oM LCWOWOM~WONMIOMNO D N O DO N O ™ EXPNO 11
e e e e e e e e e e e e e e e e MmO W OFTOWOWMWOWO N WO
OO~ ANO NN~ OO LW A ™ OLWr . . e . . . . PROCNO 1
~ O W W W FLONONNNNANNAAAO o~~~ o O MANN > 0> N Date 20180521
o A A A A A A o ~ o~~~ COOLOWW T T O ™ S
Time 18.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
MEOQC/ CO2Me RG 2050
3 DW 20.800 usec
Meo2c DE 6.50 usec
TE 296.2 K
MeO2C F D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ==
\ SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
N SF 100.6127780 MHz
\ WDW EM
M SSB 0
e LB 1.00 Hz
GB 0
PC 1.40

3af
6.8:1dr

(CDCls, 101 MHz)

A U OO O 1 Y 5V S MO DYRPUSHORY VAL O OO P S O A

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME zxz-20180505-12-chun
10

MDD WOLTONNMSATONOM — N C O~ 0WWOWLFE-ANNWMO TN~ 0 EXPNO
TANOOVOIITOND TN OO NW OV WHTFONGOWO WO N A PROCNO 1
Lo S S S R S R SR P DWW SELLTOMNONNMNNNNNNN NN N Time 3.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 203
DW 62.400 usec
M802C, CO2Me DE 6.50 usec
It TE 295.0 K
r\""leo2c D1 1.00000000 sec
MeO,C NO - 1
€ 2 2 ======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 12.40 usec
\ ST 65536
SF 400.1300080 MHz
WDW EM
SSB 0
N LB 0.30 Hz
GB 0
PC 1.00

Me

3ag
4.3:1 dr
(CDCl,, 400 MHz)

JA ST . 1

I
8 7 6 5 4 3 2 1 0 ppm
s 5@y s |8 ESEzE Rk
N - N - - o - | QN[
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SRR — b OO NOMNH O N NAME zxz-20180505-12~-chun
O M O o) o) OO <~ (N 0 oM O — N O - OWN T ANOWO - M EXPNO 11
. . . L . ™M O WO O < NI~ o oW O~
— O) O [~ < e} WOoONWWNM AL . . . - B . . PROCNO 1
~ O 0o 9} < MM ANNANNNN A o o~ o~ o O MO NANAH> - O N Date 20180522
— — — R B B B B B I B B | — | i el OO WWLW T T D M Tim67 3.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
CO M AQ 1.3631988 sec
RG 2050
MeO2C olvie DW 20.800 usec

Me02c /, DE 6.50 usec

TE 295.7 K
D1 2.00000000 sec
Meo2c NO2 D11 0.03000000 sec
DO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
\ NUC1 13C
Pl 15.50 usec
ST 32768
SF 100.6127755 MHz

bJ WDW EM

\ SSB 0
LB 1.00 Hz

Me GB 0

PC 1.40

3ag
4.3:1 dr
(CDCls, 101 MHz)

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

S29



NAME zxz-20180505-2-20180521
12

AU MW N O MOFOMOLNOONNNDWONDANOM MO O EXPNO
OWNHOM™OHOO I TOHONONONOANTOMOOOMDMILITMMOO O O [~ PROCNO 1
ON—AA A1 NN A A A A1O0OO0N =~ 0VONOANNWSSS--SW0OMm Date_ 20180521
Time 17.33
[ e e R Sl VRV DO LTONOOONNNNNNNNNNNN N INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT cDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 80.6
DW 62.400 usec
M O C COZMe DE 6.50 usec
e 2 TE 295.0 K

Meozc /' ?éo lAOOOOOOO? sec

== CHANNEL fl === =
Meozc Me SFO1 400.1324710
NUC1 1H
Pl 10.92 usec
ST 65536
SF 400.1300173 MHz
WDW EM
\ SSB 0
LB 0.30 Hz
GB 0
N PC 1.00
\

3ah
8.2:1dr
(CDCl;, 400 MHz)

1 N JULJU ULJLUU]LJ | Y |

9 8 7 6 5 4 3 2 1 0 ppm
d-od-coﬁ\\coroowmq- (=)
Qe (NeIT|I=|2 = (2
™ r=MMNMO|r~AN|r— (3]
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© O~ COMWVWHOITNOWOWN O NAME 2x2-20180505-2-20180521
© O =~ NO OO ANNT O © N O © NDOTANO AT O O 0 EXPNO 13
. . . ™M o © SO OMOOM 0 o PROCNO b

— O O I~ M- OVWOWWWO O~ ™~ . . R . ...

~ © o TOONNNNNNNA O ~~© O NNN > > — Date_ 20180521

[ gt g’ B e e e e R ~ o~ OOWLWOOW ST O M o~ Time 17.39
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec

RG 2050
CO Me DW 205828 usec
DE . usec

MGOZC/ 2 TE 295.8 K
MeOZC - D1 2.00000000 sec

D11 0.03000000 sec
TDO 1
MeO,C Me e
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6127788 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
N PC 1.40
\

3ah
8.2:1dr
(CDCl,, 101 MHz)

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

S31



7.340
7.335
7.324
7.179
7.136
7.116
7.106

[}
—
(")
[\

7. 311
7.251
7.200
7.194
7.184

M@OQC
MEOzc

o
o
—
=

3ai

7. 085
6.920
6.898
6.250
6.246
5.144
5.141
5.132
5.130
4.121
4.098
4.090
4.002
3.992
3.832
3.745
3.694

N
N
\
Me

7.8:1 dr

(CDCl,, 400 MHz)

MeO,C. CO,Me

f9}
o
e
o

2.995
2.959
2.926

OMe

[e))
~
<o)
N

2.738
2.734
2.727
2.724
2.702
2.698
2.691
2.687

Ry e AN

[—

S32

2

1

0

ppm

NAME zxz-20180505-3-chun

EXPNO 10
PROCNO 1
Date_ 20180521
Time 17.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 90.5
DW 62.400 usec
DE 6.50 usec
TE 295.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
400.1324710 MHz
1H
10.92 usec
65536
400.1300132 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00



S33

W WAV VoSN
MeO,C COQME
]\ﬂf?(:}g(: %
MeO,C . OMe
§e
N
\
Me
3ai
7.8:1 dr
(CDCl5, 101 MHz)
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

zxz-20180505-3-chun
11

1
20180521
17.50
spect
5 mm PABBO BB/
zgpg30
65536
CDC13
100
2
24038.461 Hz
0.366798 Hz
1.3631988 sec
2050
20.800 usec
6.50 usec
296.2 K
2.00000000 sec
0.03000000 sec
1

CHANNEL f1 ==
100.6228298 MHz
13C
14.70 usec
32768
100.6127775 MHz
EM
0
1.00 Hz
0
1.40




PN NOAONS 0N OO N O NT ANNAONNOOOINOSOMNI O™ OO
AATNOOASNSINNAOOMN N O < 0 N N AN O~ ONHONOONDAMMA O O O O NAME zxz-20180505-10-chun
OO TTNNNNNNNNN A A A NN A N NAAONO~ OO O™~~~ OO O EXPNO 10
. PROCNO b
[ O T et ol o o o o Sl Sl S SR e} OO LT OOONONNONNNNNNNN NN Date. . 20180522
Time 3.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 161
MEO2C/ COZM6 DW 62.400 usec
5 DE 6.50 usec
MeO2C TE 294.9 K
D1 1.00000000 sec
MeO,C Cl 1
======== CHANNEL f1l ========
SFO1 400.1324710 MHz
NUC1 1H
\ Cl Pl 12.40 usec
ST 65536
SF 400.1300109 MHz
WDW EM
N SSB 0
\ LB 0.30 Hz
GB 0
Me pC 1.00
.
3aj
6.1:1dr
(CDCls, 101 MHz)
e e o e e L e o T B
9 8 7 6 5 4 3 2 1 0 ppm
—N@}ﬁﬁ o - ofsfofa|oN o|(w©
Q|| Q Q ~|e@e(e( I
=N - - = |ANM MmN [Se 100 ol

S34



171.685
169.432
169.346
167.629
—— 147.346
136.945
132.259

Cl

(CDCls, 101 MHz)

—36.935
—32.706

NAME  zxz-20180505-10—chun
EXPNO 12

PROCNO 1
Date 20180522
Time 3.22
INSTRUM spect

PROBHD 5 mm PABBO BB/
PULPROG zgpg30
65536

TD

SOLVENT CDCI3
NS 100

DS 2

SWH 24038.461 Hz

FIDRES 0.366798 Hz
Al

Q 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 295.7K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ========
SFO1 100.6228298 MHz
NUCA 13C
P1 15.50 usec
Sl 32768
SF 100.6127773 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

200 180 160 140 120

100

S35

80

20 ppm



NOMWOWOSSINDN™— QNI L ©©O VNDONOONONDOODOIFTT—IONTONND—
OOON—-ODOOOOM T X IO OFTNAN-—OOTD—ODONOWLNO©F O®M
FrrrrrO0OITMNHN® —r rrrrr OO0 ANOODE OO 0NNNNN
NNNNNNN GGG O© OO O WY IFFFFFFOOOmmoooadaaaNNNNA

NAME  zxz-20180624—1-chun
EXPNO 10

PROCNO 1

Date__ 20180629

Time 7.26

INSTRUM spect

PROBHD 5 mm PABBO BB/
PULPROG 362930

TD 655
MeO2C, COZMe OMe §C§>LVENT 2CDc|3

2
SWH 8012.820 Hz
Me O2C FIDRES 0.122266 Hz

AQ 4.0894966 sec
MeO,C Re i
2 DW 62.400 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDoO 1
\ OMe === CHANNEL 1 =======
SFO1  400.1324710 MHz
NUC1 1H
N P1 12.40 usec
\
Me

65536
SF 400.1300121 MHz
EM
0
LB 0.30 Hz
0
PC 1.00

>20:1dr
(CDCl,, 400 MHz)

o [aplRep)iy (a0} <t [ [ [0~ || 0] [D| N[O
™0 — (MDD o O~ |—[O|— (I |D| |O| |0
Sle  [o|a|® S Slo|m|¥|o|0|0| oo S
| AN[—|O — | OMMANIAN| [—~|N|+—

S36



mome o o N - R it S — oo = AN AOMNWO © o NAME 2x2-20180624-1-chun
[eSITORE ANCR ™ o O N MmO © © 2] N O © ONOFTOAONNO W O EXPNO 11
. . . . LY N ™M O O OCANNTOHOOMWN WO W [Te} PROCNO 1
— O O ™~ o o O [N To R = N e RiNe) -~ O . . . . . . . . . . .
~0wowo © < ™ NHNN NN A oo © ~r~ © OCLWLITNNNHNSN O Date_ 20180629
S S — — RV — o ~~ o~ COWLWOLOOOO ST O M Time 7.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
MeO C COZMe OMe RG 2050
2 DW 20.800 usec
M802 DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
Meo2c D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
OM SFO1 100.6228298 MHz
e NUC1 13C
Pl 15.50 usec
ST 32768
SF 100.6127795 MHz
\ WDW EM
SSB 0
Me LB 1.00 Hz
GB 0
PC 1.40
3ak
>20:1 dr
(CDCl;, 101 MHz)
H . ‘HIJJ ’M’JLLJ
T j T j T j T j T j T T T j T T j T j
200 180 160 140 120 100 80 60 40 20 0 pprm

S37



K22 LB T RN NAME  2xz_155 12 H
. © QO 30 ONMNMNNNN
omoaaNaNaaaaA PROCNO 1

Date_ 20200104
%/ Time 15.41h
INSTRUM Avance NEO 500

PROBHD Z119470_0332 (

PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
SWH 10000.000 Hz
FI(IDZ)RES 0.305176 Hz
A 3.2768500 sec

MeO,C COzME OMe RG 100

5 DW 50.000 usec

MeO2C DE 10.79 usec
TE 293.9 K
MeO-,C OMe D1 100000000 sec
SFO1 500.1530884 MHz
NUC1 1H
O Me PO 3.33 usec
P1 10.00 usec
Sl 65536
SF 500.1500097 MHz
EM

V%

N w1
Me B 0.30 Hz
GB 0
PC 1.00
3al
13:1 dr

(CDCl,, 500 MHz)

1 M r\J\_JU\JUL .

1 /\_J\ e,
TTTTTTTTT‘TTTTTTTTT‘TTTTTTTTT‘TTTTTTTTT{TTTTYTTTT{TTTTTTTTY{TTTTTTTTT{TTYTTTTTT{TTYTTTTTT{TTTTTTYTT{TTTTTTTTT‘
9 8 7 6 5 4 3 2 1 0 ppm
< |0 (0] < Al ool < (O] —
DO (92] < N~ OO~ |+~ (A Al
oo =1 [=) o o|®|;|O|—|® —|o|—
— QN Al — — —[Ol0M M —|QN|+—



200

190

167.796

~~—169.535
-

—153.093
—142.910
_-136.926
T~ 136.450
- 130.590
——128.452
—125.299
_—121.548
~—120.980
—117.134

~ 169.677

3al
13:1dr

(CDCls, 126 MHz)

180 170 160 150 140 130 120

—108.013
——105.430

110

100

S39

90

77.254
77.000
76.746

80

70

60.892
60.599
56.094
54.548

e
-
X
\

60

52.773
52.492
51.654
47.944

50

—42.056

40

—37.140

—32.753

30

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

D11
TDO
SFO1
NUC1
PO

Pl

ST

SF

WDW
SSB

LB

GB

PC

20

zxz_155_1_2_C

11

1
20191228
12.55 h

Avance NEO 500
7119470_0332 (

zgpg30
65536
CDC13
500
4
30120.482 Hz
0.919204 Hz
1.0879476 sec
101
16.600 usec
6.50 usec
293.2 K

2.00000000 sec
0.03000000 sec

1
125.7753938 MHz

13C
3.33 usec
10.00 usec
32768

125.7628242 MHz

10

EM
0
1.00 Hz

0
1.40

0 ppm



M COQMe
MeO,C e 2%

M9020

N
N

\
Me

3am
8.8:1 dr
(CDCl,, 400 MHz)

5 136

4. 097

i

9

8 7 6

WAN|—|N
ARSI
||

1.1
1.00

<
-
N

=)
Q
-

5

I
3
(|0
oo
il

2

1

0

ppm

NAME zxz-20180505-4-chun

EXPNO 21
PROCNO 1
Date_ 20180520
Time 16.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 32
DW 62.400 usec
DE 6.50 usec
TE 298.7 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
400.1324710 MHz
1H
10.92 usec
65536
400.1300147 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00



O N O~ DO o+ 0ONI>NWOMON ™ NAME zxz-20180505-4-chun
~ <t NO 0O WNNMNOWN OO ™~ NHDOWOMNNDS O o EXPNO 2
.« . e e e e e e s e e e e e e . MWW NS TN W0
— O O I~ ~O0 O WVWOoOWOH—AOMNS O~ O .. .. e e PROCNO 1
~ 0w o S T OO NNNNNA OO O O NNN > > Date 20180520
— A A A A A A AAAA A A COHOLOWOLW TN ™M™ L=
Time 17.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
Cone AQ 1.3631988 sec
RG 2050
M O CMGO2C, DW 20.800 usec
e 2 i DE 6.50 usec
TE 299.5 K
M O C D1 2.00000000 sec
> 2 o D11 0.03000000 sec
TDO 1
) ======== CHANNEL fl ==
SFO1 100.6228298 MHz
\ 0 NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6127876 MHz
N WDW EM
\ SSB 0
LB 1.00 Hz
Me ca 0
PC 1.40
3am

8.8:1 dr
(CDCl;, 101 MHz)

L Jul it

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

S41



TONOLMNLT A FOLTO AN AONMNSEONONDATMNAN NITLFTONNWOTOMOWOS LW N NAME 2%7-20180505-11-chun
OCINT N TONNOE=~VOTFNANMN A A AN A AN COOMNOTFODNTMTHOMONONOD O O
WOOWOWWWOLOMOLIIILILFTFITITANNAAAAAONNAA MMONMOOM OO OO W W W™~ EXPNO 10
NSNS NSNS 00NN LI LTONONOOONONNNNNN EESZNO 2018052%
Time 3.25
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 144
CO Me DW 62.400 usec
Meo2c 2 DE 6.50 usec
M OC - TE 295.0 K
els D1 1.00000000 sec
TDO 1
Meo2C = CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 12.40 usec
ST 65536
SF 400.1300207 MHz
WDW EM
SSB 0
N LB 0.30 Hz
GB 0
r\w PC 1.00
e
3an
6.3:1dr
(CDCl,, 400 MHz)
A Jk A JL,_M uJU A A I,
[ e e 0 B I
9 8 7 6 5 4 3 2 1 0 ppm
< Qe e il = 1Yl (e[
< =N~ - o - M olm |



O~ o< AL OONDID NN OO N~
o O 0~ OO TN NWWOWOOH WO N OAN O
— O O) ™~ NN O™~ O WOWNnLW A~~~
~ 0w LLOMOOMOOMONNNNNNNNNN A
— L B B I e B T B e e IO e IO B I B O e B B |

NZAEEESSS

hﬂeCJQCL_(:C)2Nae
ﬂﬂE?C)g(: ;

MeO,C

\
Me

3an
6.3:1dr

(CDCl,, 101 MHz)

4//,,60 81
.
\

AN

b L ’ul..‘

—32.61

210 200 190 180 170 160 150 140 130 120 110 100 90

80

S43

70

L ¢

60

50

"

40

i

30

20

Wi

10

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

zxz-20180505-11-chun

11

1

20180522
3.32

spect

5 mm PABBO BB/
zgpg30
65536
CDC13

100

2
24038.461
0.366798
1.3631988
2050
20.800
6.50

295.7
2.00000000
0.03000000

CHANNEL f1 ====

100.6228298
13C

15.50

32768
100.6127788
EM

0

1.00

0

1.40

Hz



400.1324710 MHz

7.46
spect
2930
65536
CDCI3
2
2
0.122266 Hz
4.0894966 sec
144
62.400 usec
6.50 usec
298.1 K
1H
12.40 usec
65536
400.1300155 MHz
T

zxz-20180524-chun
10
20180629
8012.820 Hz
1.00000000 sec
1
CHANNEL f1

PROBHD 5 mm PABBO BB/

INSTRUM
PULPROG

[ 4484

444

-

i AN
o0 —LIO}
i =Ly
H =051t
i —76€62

—> [ =008z
i \L662
- < 10}
i E9E'E

3 /660

L \&8¢'¢

<
— 000°1
~N r
T L
() e = L
o Qo L
2 © _ 2 4 I _0%0%¢
— ST L —09ee
- SIS TN
O

MeO,C. CO5Me

EtO,C
EtO,C

S44



545

QO — M — OHWwwooMmLuw <t o 00 —
0 N ™M N e} OHMHOWOWOO OO ANO [Te) ~ o - OO O OO N O o el Nej < <
QO [~ [} N HAT T A O>NOWN ~ — O) 0 T O DO~ O n n e} o
. . ™M o O DOV >~ N O ® — N o o
— O O [~ e} O~ 00 00 WL A >~ —~ . .. D . . . . DY
~ WO < MM ANNNNNNN - o ~ 0w — OO I NN ™~ — ~ N ™M
L B B B | — R B B e B B B IR B e B B | — ~ -~ ©O© OO NN < < (s8] o —
NAME zx2-20180524-chun
EXPNO 11
PROCNO 1
CO Me Date_ 20180629
Time 7.52
M eOQC, 2 INSTRUM spect
EtOzC . PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
Et02C SOLVENT cpCl3
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
\ 20 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
N TE 298.8 K
\ D1 2.00000000 sec
D11 0.03000000 sec
Me DO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
3ba Pl 15.50 usec
sI 32768
SF 100.6127773 MHz
20:1 dr Wi M
SSB 0
LB 1.00 Hz
(CDCls, 101 MHz) = ]
PC 1.40
AR aaLi ettt S tgo Ay iy Aoy Ay Al
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



3ca

>20:1 dr

(CDCl,, 400

MHz)

NAME  zxz-20180622—-1-chun
EXPNO 10

PROCNO 1

Date_ 20180628

Time 8.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930

TD 65536
SOLVENT CDCI3

NS 2

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 128

DW 62.400 usec
DE 6.50 usec

TE 297.4 K

D1 1.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 400.1324710 MHz
NUCH 1H

P1 12.40 usec

SI 65536

SF 400.1300297 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

17.186

™ o | | |o|((o|n)— ~
0 S N~|<t <t |S| || ©| |0 ™
o S} o|o S| |O]|=|—=|—|S o
ol - Qi+~ ~| |a||[+~|o|m|m -~

1.050



gglg((y) gggg&'ggﬁgﬁgﬁgigggﬁ oo <~ O~ O ~ o A NAME zxz-20180622-1-chun
W O O ~COMOOTMNMMOHAN—AONMWO WO O — O © MmO O OO w © OB Rt} EXPNO 11
MNHNO© <o © ®e~N © © ™ 0 PROCNO 1
— OV 0~ O OO WML~ .. . . . .
~ © © © TOMOOONNNNNNNNNNNAO ~WoO S~V O AN~ ~ ~ Date_ 20180628
— o~ R B B B s e T O IO e B T B O B e e B B B | ~ -~ - O e} 0w < < o o Tlme 8_44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 29
DS 2
SWH 24038.461 Hz
CO M FIDRES 0.366798 Hz
AQ 1.3631988 sec
M@OzC, 2 e RG 2050
. DW 20.800 usec
Bn02C DE 6.50 usec
TE 298.0 K
Bno C D1 2.00000000 sec
2 D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 15.50 usec
SI 32768
N SF 100.6127824 MHz
\ WDW EM
SSB 0
Me LB 1.00 Hz
GB 0
PC 1.40
>20:1 dr
(CDCl,, 101 MHz)
SRS ’d it Ih. b Lk mlﬂﬂlwn“w‘ R i
T j T j T j T j T j T T T j T T j T j
200 180 160 140 120 100 80 60 40 20 0 ppm



3da
9:1dr

(CDCl,, 400 MHz)

A r—(|o

1.0

12|12
Sledleiled

S48

A B L I B B |

2

1

0

ppm

NAME zxz-20180519-1-chun
EXPNO 10
PROCNO 1
Date_ 20180523
Time 0.17
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 2
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 144
DW 62.400 usec
DE 6.50 usec
TE 295.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
400.1324710 MHz
1H
12.40 usec
65536
400.1300148 MHz
EM
0
0.30 Hz
0
1.00




o~~~ w0 DAL AN TNO AT O NM A NAME zxz-20180519-1-chun
© O <~ SO AN LD O 0 M N O N <TOWTONOLWO EXPNO 11
. . e e e e D ) ™M O O O WOWMWWOo W
— O O [~ W WMOOWOWIM WL A >~ ©O 0 . . . . . PROCNO 1
~ 0w LOMNONNNNNNNAAO ~ o~ 0 O <M NN — 0~ >~ Date 20180523
— = A A A A A ~ oo~ OO T M L=
Time 0.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
CO M AQ 1.3631988 sec
MeO-C olVie RG 2050
2 / DW 20.800 usec
M602 DE 6.50 usec

TE 296.0 K
MeO-C D1 2.00000000 sec
S O] D11 0.03000000 sec
DO 1
======== CHANNEL fl ==
SFO1 100.6228298 MHz
\ NUC1 13C
Pl 15.50 usec
ST 32768
N sF 100.6127780 MHz

WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

3da
9:1dr
(CDCl5, 101 MHz)

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

S49



(CDCls, 400 MHz)

N

3ea

\
Bn

9:1 dr

MO A~ LN O N[~ ~
OO HO O 0>~ MAN
A HOOM~WVWWOW oo~~~
L OOONO OONNNN

| S L
N ) O
9 8 5 4 3 2 1 0 ppm
< |(D(W©| 0 (=] (=20 Af©[o(N| T | o
?e|eN Q 2|9 c|@@e(@ el e
<TIOIN|N - | ™ OINIMIAN | <

SS0

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

zxz-20180519-2~

10

1

20180523
0.27

spect

5 mm PABBO BB/
zg30

65536
CDC13

2

2

8012.820
0.122266
4.0894966
144

62.400
6.50

295.3
1.00000000
1

CHANNEL f1l ====

400.1324710
1H

12.40

65536
400.1300191
EM

0

0.30

0

1.00

chun

Hz



128.44

~
S
[ee}
N
—

171.87
169.62
169.47
167.77
146.75
137.56
136.57
131.02

MeO,C EO2Me
MeO,C ¢

MeO,C

m-Z o

Jea
9:1 dr
(CDCl5, 101 MHz)

210 200 190 180 170 160 150 140 130 120 110 100 90

127.78

[Tg)
™
~
[Q\
—

126.60

126.41

125.90

N
e8]
—
[QV
—

121.33

118.14

108.52

NN 4

80

S51

70

60

50

40

30

20

10

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

zxz-20180519-2-
11

1

20180523
0.34

spect

5 mm PABBO BB/
zgpg30
65536
CDC13

100

2
24038.461
0.366798
1.3631988
2050
20.800
6.50

296.0
2.00000000
0.03000000
1

CHANNEL f1 ==
100.6228298
13C

15.50

32768
100.6127785
EM

0

1.00

0

1.40

chun

Hz



! - £
I
5 5 " - g
W % ZWC [9) Q ““W M [ p
S . s33 8 Zgd 85 % e g2 i
Jo-o > axg Av 8 o ] P [
47 SpilTe0 QN8 8cen  SdToesiil e i
¢ g E B  ZoE geqg Ig ¥BT S - I
g © s e o% S [
2 R B
wos | Emf Y w [
| $£356085 0 ozt oon,. 2 193 .33 :
mmww SNESFZEZRR2850 203 8HEE 152505522988 L
YA AN [
6.8 L
¥6€°2 [
Zlre L -
92r'z L
0122 [
2vle r
VAT [
G112 r
06L2 L
9982 I
oot - N st
89€°€ i —
MMMM F G8¢€0
006 F 8GL'L
rive - st
65 - o \88ee
€0L°€ r
vel'e L -
€eLe i 6.0
6o/6 L /0L'¥
pL's Nk e
e < oot
o F r
T 1980
r [ —
i —£9¢0
- o 000k
m L
™~ O o (Co)
5 e 3
O % ~N i .
O W - __ 8¢
P L 1/0°L
—:H - [ mmmo
\ © o F r V|
£ - ®~ — I~ 9662
m) 7 L 60.L'V
o~ o [
S H
v 2 i
s O -
D r
> [
- o

S52



HONWO AOVODL>IE AN ONOWL-LANYVLOMS AN O O NAME 72x72-692-1-20141007
DOV~ OMAOCOO AN AOTMOILOFNONTONM LW HDONOHWMMO N LDMO O W WO
AT ANONOTN AONONEMNNOMOO A A~ OS N~ O WO HDWE=MMIO MO NML) O N OO EXPNO 11
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e COMANHNOOILTMNOWASETNONNHODO AL PROCNO 1
HHOO D OVOLTMIN AONOHONDNNWWWNOMS™WOMMS OO Date 20141007
DOV OVOVOVLOVUNIITNNNNANNNNNNNNNNNNAAAO SOOI ONNNNNNN O S 00 —
HA A A A A AAAAAAAAAAAAAAAAAAAAA A A A A A [ e L e eI\ To R To I To T T oo N Yo ITo RTo ITO NS ARSI S N N S N 3e) Time 5.06
INSTRUM spect
K\§§$\. b/%z// \\\\u\:>§§g§§;;fS§g§§g%lééfi;i,;:iji;iﬁigéﬁL) K\i§§%b/ K\EQ;:E:éS§§§§§Jé%g?;é?éiij;ééﬁﬁ/) PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1200
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 645
DW 20.800 usec
DE 6.50 usec
TE 298.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 12.00 usec
SI 32768
SF 100.6127736 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

(CDCls, 101 MHz)

‘1‘1“ 1‘ |1 ’1 I“I | Ll |

190 180 170 1e0 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S§3



8.186
7.300
7.280
7.268

[s\)
Yo
| AN
N

7 244
7.231

7.181
7.175
7.169
7.160
7.153
7.121
7.102
7.082

~
[ee]
> O
Lo

6. 969

=

MGOzc \

MeO,C

\

N
l

5aa
(CDCl,, 400 MHz)

4.373
4.354

4.335

3.883
3.780
3.698
3.622

< < 0
oM —
) © O 1O
N RN

3. 497
2.694

2.676

[
0 <t
> © ©
[aVia\}

2.630

2.623
2.611

2.591

2.576
2.557

SN2

Ph COQME

COQME

xxxwxxxxx{xwxwxwxxx{xxwxwxwxw{xwxwxwxwx{xwxwxwxwx‘xxxxxxwxw{xwxxxxxxw{xwxwxwxxx{xwxwxwxwx‘xxxxxxxxx{xxxxxxxxx‘

9

1.000

8

5.701

~

6

2.160
1.101
1.031

5

044

D[
N WO~
OOY_
~llmlm

S54

[e0)
Al
(O
o))

1.112

3

2.085

2

y

0

ppm

NAME zxz-638-fc
EXPNO 10
PROCNO 1
Date 20140903
Time 9.04
INSTRUM spec
PROBHD 5mm PABBO BB/
PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 4
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 32
DW 62.400 usec
DE 6.50 usec
TE 296.8 K
D1 1.00000000 sec
TDO 1

= CHANNEL 1 ====

400.1324710 MHz
1H
14.10 usec
65536
SF 400.1300154 MHz
EM

SSB 0
LB 0.30 Hz
GB 0

PC 1.00



N/ NN \V72 44 \/ N
MeO,C
MERRE™ Ph  CO,Me
\ (:();g“nia
N
l
5aa
(CDCls, 101 MHz)
I j I j I j I j I j I I I j I I
200 180 160 140 120 100 80 60 40 20 ppm

SSS

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

zxz—-638-fc
12

1

20140903
9.17

spect

5 mm PABBO BB/
zgpg30
65536
CDC13

200

2
24038.461
0.366798
1.3631988
1620
20.800
6.50

298.2
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

12.00

32768
100.6127839
EM

0

1.00

0

1.40

Hz



A== N ONO©®OOMNT— MO CODOONDO NAME zxz_158 H
DONH—OONOLNAN— O O O ©O-rOOI®m—O — -
OOMNMNMONNNNNNN T NN NNOOOOD+~— EXPNO 10
NNNNNNNNNNNNN © Tt OB OOOMD® PROCNO 1
Date__ 20200110
N ENE\yapE
INSTRUM Avance NEO 500
PROBHD Z119470_0332 (
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 16
DS 2
C O2M e SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2768500 sec
RG 101
DwW 50.000 usec
DE 10.79 usec
TE 295.9 K
D1 1.00000000 sec
TDO 1
SFO1 500.1530884 MHz
NUC1 1H
PO 3.33 usec
P1 10.00 usec
Sl 65536
SF 500.1500142 MHz
WDW EM
SSB 0
N LB 0.30 Hz
GB 0
| PC 1.00
(CDCl5, 500 MHz)
J A J I m A
T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T { T T T T T T T T T ‘
9 8 7 6 5 4 3 2 1 0 ppm
o O o] — [(o}{e] —| O
o olm 0] (V] — |~ Q| O
Qe - @ - —el el
— <t < o — [ap]Nep] | [

SS6



169.03

—52.10

—42.97

——35.50
—32.74

COzMe

N
|
6

(CDCl,, 126 MHz)

|

1’1 IMHI 1

-

w
180

T

w
160

T

w
140

T

w
120

T

w
100

80

S§7

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE
CNST2
D1

D2

D12
TDO
SFO1
NUC1
Pl

P13

ST

SF

WDW
SSB

LB

GB

PC

zxz-158-C
11

1

20200111
0.48

Avance NEO 500
2119470_0332 (
deptspl35
65536

CDC13

500

8

20000.000
0.610352
1.6384500
101

25.000

6.50

296.5
145.0000000
2.00000000
0.00344828
0.00002000

1
125.7728786
13C

10.00
2000.00
32768
125.7628175
EM

0

1.00

0

1.40

Hz
Hz
sec
usec
usec

sec
sec
sec
MHz

usec
usec

MHz

Hz



(:3(:);2hu1£a

(-0,

!

. M A
N 7x7-158-C

| L1
(CDCl,, 500 MHz) -2
=3

| ’ ]

)
4

- l #
=5
-6
=7

—= "
— l -8
-9
T - T 1 T~ 1 1 T~ 17 "~ 1T "~ 1T "~ 1T "~ T T~ T "~ T " T "~ T "~ T " T "~ T T 1
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£2 (ppm)

S58

f1 (ppm)



COzMe

(CDCl,)

il

ey

-10
;20
;30
10
;50
;60
;70
;80
;)o
;100
;110
150
;130

140

1 l N LL, M, , D G
7x7—158-C
#
I -
. +
';ii' ¢
[ ]
— 1 + 1 ‘+ 1 + 1 _+ ‘1 *+ T ‘+ T *~ 1 *+ T ‘+ T ‘ T T~ T ‘* T ‘* T * T T~ T * T ‘T T T T 7T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

92f ((pm

S59

—150

91f ((pm





