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General

All moisture or oxygen-sensitive reactions were carried out under an argon atmosphere in oven
flasks. The solvents used were purified by distillation over the drying agents indicated and were
transferred under argon: THF (Na), CH,Cl, (CaH;), toluene (Na), Ets;N (CaH,), CH3CN (CaH,),
EtOH (Mg). 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 phosphomolybdic acid
(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 CDCl3, (CD3),CO or CD;OD solution on a
Varian Mercury-300 MHz instrument, Bruker AM 400 MHz instrument or Varian AS 600 MHz
instrument. Chemical shifts were denoted in ppm (J), and calibrated by using residual undeuterated
solvent (CDCl; (7.27 ppm), (CD3),CO (2.05 ppm), CDsOD (3.31 ppm) or tetramethylsilane (0.00
ppm)) as internal reference for 'H NMR and the deuterated solvent (CDCl; (77.00 ppm), (CD3),CO
(29.84 ppm), CD;0D (49.00 ppm) or tetramethylsilane (0.00 ppm)) as internal standard for *C
NMR. The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t
= triplet, q = quartet, br = broad, td = triple doublet, dt = double triplet, m = multiplet.

The high-resolution mass spectral analysis (HRMS) data were measured on Thermo Fisher

Orbitrap Elite Mass Spectrometer by means of the ESI technique.
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 an X—4 microscopic melting point apparatus without

calibration (BeijingTech Instrument Co., LTD).
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1. Synthesis of Precursors for Tandem Oxidative Dehydrogenation/Oxa-Michael
Reaction

1.1. Compound 15

o) HO

1) pyrrolidine 2) MsClI, NEt; H

PhMe, reflux; H H CH,Cl,, 0°C  Ox

> H Me
then acrolein, 3) LiBr, Li,CO3
THF,0°C to rt DMF, 150 °C X H

Me
40% yield
a+ f 15
(a/p ratio not determined) (80 gram scale)

To a 2-L round-bottomed flask containing 4-methylcyclohexanone (158.2 g, 1.410 mol) in
toluene (600 mL) was added pyrrolidine (217 mL, 2.63 mol). The reaction mixture was refluxed
with the removal of water for 18 h. After removal of toluene and unconverted pyrrolidine under
reduced pressure, the residue was dissolved in THF (1000 mL), and acrolein (122.5 mL, 1.837 mol)
was added dropwise at 0 °C in an argon atmosphere. The resulting mixture was stirred at ambient
temperature for 2 h. The aqueous 2N HCIl was added until the pH of the solution is 1~2. After
stirring for 30 min, EtOAc (200 mL) was added. The organic phase was separated, and the aqueous
layer was extracted with EtOAc (3 x 100 mL). The organic extracts were combined, washed with
water (1 x 200 mL) and brine (1 x 200 mL), dried with Na,SO4. The solvent was removed under
reduced pressure and the crude product was used in the next reaction without further purification.

To a stirred solution of the crude product obtained above, Et;N (413 mL, 2.97 mol) in dry
CH,Cl;, (1000 mL) was added a solution of methanesulfonyl chloride (120.3 mL, 1.55 mol) in dry
CH,Cl, (200 mL) dropwise over 1 h at 0 °C. The resulting solution was stirred at 0 °C for 2 h,
quenched with saturated NH4Cl. The organic phase was separated, washed with 2N HCI and brine,
dried over Na,SO4. Evaporation of solvent gave yellow oil, and the crude product was used for the
next reaction without purification.

A solution of the crude product obtained above, LiBr (491 g, 5.65 mol) and Li,CO3 (626 g,
8.48 mol) in DMF (1500 mL) was stirred at 150 °C (bath temperature) for 1.5 h. The reaction
mixture was allowed to cool to the ambient temperature and then filtered under reduced pressure.
The filtrate was poured into water (500 mL) and extracted with Et,O (4 x 150 mL). The organic
layers were combined, washed with brine, dried over Na,SO4, and concentrated under reduced
pressure. The pale yellow oil was obtained, which was purified by column chromatography on silica
gel (Vpetroleum ether / VEt0Ac 30:1) to afford the enone 15 ( 84.9 g, 0.566 mol, 40% yield, three steps) as
a light yellow liquid.

15: Ry= 0.39 (silica, petroleum ether/EtOAc 10:1); "H NMR (400 MHz, CDCL3): § = 5.86 (dt, J
= 9.5, 3.3Hz, 1H), 5.62-5.55 (m, 1H), 2.77-2.68 (m, 2H), 2.53-2.49 (m, 1H), 2.45 (dd, J = 18.5,
3.3 Hz, 1H), 2.36-2.21 (m, 1H), 1.92-1.83 (m, 2H), 1.59-1.46 (m, 2H), 0.90 ppm (d, J = 6.6 Hz,
3H); *C NMR (100 MHz, CDCl3): § =216.9, 129.5, 127.9, 47.2, 45.0, 44.9, 41.2, 37.1, 23.3, 20.2
ppm; IR: ¥ = 3422, 2926, 2371, 1731, 1458, 1225, 1088, 694 cm'; HRMS (ESI): m / z calcd
for C1oH;50, [M+H]": 151.1117; found: 151.1119.
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1.2. Compound 16

O~ H HO
N allylMgBr H
H Me —~ ~ , g Me + HO
< H THFE
-98 °C X H
o
15 98% yield 16

(13:1 dr)

Allylmagnesium bromide (1212 mL, 0.606 mol, 0.50 M solution in THF) was added dropwise
to the solution of enone 15 (18.2 g, 0.121 mol) in THF (200 mL) at —98 °C (MeOH/Nx(1) bath). The
resulting mixture was stirred at —98 °C for 1 h. After warmed to ambient temperature, the reaction
was quenched with saturated NH4Cl (200 mL). The organic layer was separated and the aqueous
layer was extracted with diethyl ether (3x200 mL). The organic extracts were combined, washed
with brine, dried over Na,SO,, and concentrated under reduced pressure. The residue was purified
by chromatography on silica gel (Vpetroleum ether /VE0ac 30:1) to afford 16 (20.961 g, 0.109 mol, 91%
yield) as a light yellow liquid and 16' (1.60 g, 8.33 mmol, 7 % yield) as a light yellow liquid.

16: Ry= 0.46 (silica, petroleum ether/EtOAc 10:1); "H NMR (400 MHz, CDCl3): § = 5.97-5.85 (m,
1H), 5.71 (dt, J=9.7, 3.3 Hz, 1H), 5.57 (m, 1H), 5.14 (d, /= 8.4 Hz, 1H), 5.11 (d, J=16.9 Hz, 1H),
2.40-2.25 (m, 3H), 2.11 (d, J = 2.8 Hz, 1H), 2.00 (dd, J = 19.0, 3.6 Hz, 1H), 1.83—1.71 (m, 2H),
1.62 (qd, J=11.9, 3.8 Hz, 2H), 1.64 (s, 1H), 1.30 (t, /= 13.5 Hz, 2H), 0.85 ppm (d, J = 6.4 Hz, 3H);
BC NMR (100 MHz, CDCls): 6 = 134.1, 129.1, 127.8, 118.8, 71.8, 43.1, 40.4, 38.1, 36.7, 32.8,
32.7,22.5,21.7 ppm; IR: v = 3458, 2914, 1638, 1456, 1141, 1373, 999, 915, 727 cm '; HRMS
(ESI): m / z calcd for C13HONa, [M+Na]': 215.1406; found: 215.1405.

16': Ry= 0.37 (silica, petroleum ether/EtOAc 10:1); "H NMR (400 MHz, CDCls): 6 = 6.05-5.92 (m,
2H), 5.62—5.55 (m, 1H), 5.14 (dd, J=12.9, 1.3 Hz, 2H), 2.49 (qd, J = 20.2, 7.2 Hz, 2H), 2,47 (t,J =
6.9 Hz, 1H), 2.23 (s, 1H), 1.92 (brd, J = 18.7 Hz, 2H), 1.86—1.75 (m, 1H), 1.56—1.32 (m, 4H), 0.88
ppm (d, J = 6.5 Hz, 3H); *C NMR (100 MHz, CDCl;): § = 134.0, 130.2, 128.1, 117.5, 72.3, 40.7,
40.6, 39.9, 36.8, 34.9, 31.3, 22.1, 21.5 ppm; IR: v = 3579, 3472, 2916, 1639, 1459, 1376, 1148,
1000, 910 cmfl; HRMS (ESI): m / z calcd for C;3H,0ONa, [M+Na]+: 215.1406; found: 215.1409.

1.3. Compound 18a and X-Ray Crystallography of 17
1.3.1. Compound 18a

HO |, BH4THF, THF HO |,
/F —78°C tort IBX
H Me ——— H Me| ——
= - and then DMSO
H 3N NaOH (aq.) H rt to 50 °C
30% H,0, |OH OH

52% yield
16 17 (2 steps)

To a solution of 16 (9.615 g, 50 mmol) in dry THF (150 mL) was added the BH3;*THF
complex (Across, 250 mL of 1.0 M, 0.25 mol) dropwise at —78 °C. The resulting mixture was
stirred at —78 °C for 24 h, and stirred at ambient temperature for another 24 h. 3N sodium hydroxide
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(250 mL, 0.75 mol) was slowly dripped into the reaction mixture at 0 °C, and 30% hydrogen
peroxide (250 mL) was subsequently added dropwise. The reaction mixture was stirred at ambient
temperature for 24 h, and extracted with n-butylalcohol (4 x 100 mL). After removal of
n-butylalcohol under reduced pressure, the residue was dissolved in DMSO (1000 mL), and
2-iodoxybenzoic acid (IBX, 70.0 g, 0.250 mol) was added. The reaction mixture was stirred at 50
°C and constantly monitored by TLC until complete consumption of the starting material was
observed. The reaction mixture was cooled to ambient temperature and quenched with saturated
NaHCOs (200 mL) and Na;S,03 (200 mL), diluted with EtOAc (200 mL). The organic phase was
separated, and the aqueous layer was extracted with EtOAc (3 x 200 mL). The organic layers were
combined, washed with saturated NaHCOQ3, saturated Na,S,03, water, brine, and dried with Na,SOj.
The solvent was removed under reduced pressure and the residue was purified by column
chromatography on silica gel (Vpetroleum ether / VEt0ac 3/1) to afford 18a (mp 164—167 °C, 5.850 g, 26.1
mmol, 52% yield, two steps) as a white solid.

17: (white solid, mp 173—176 °C): Ry = 0.42 (silica, CH,Cl,/MeOH 10:1); '"H NMR (400 MHz,
CDCl3): 0 = 4.38-4.24 (m, 1H), 3.59 (t, J = 6.5 Hz, 2H), 1.97-1.88 (m, 2H), 1.81-1.69 (m, 9H),
1.67-1.56 (m, 2H), 1.44 (d, J = 5.5 Hz, 2H), 0.89 ppm (d, J = 4.7 Hz, 3H); *C NMR (100 MHz,
CDCl3): 0 = 73.1, 66.4, 63.7, 39.42, 39.36, 36.9, 35.7, 28.8, 26.6, 23.9 ppm; IR: v = 3306, 2954,
2925, 1456, 1384, 1057, 1035, 994, 734 cm '; HRMS (ESI): m /z caled for C;3H4O;3Na,
[M+Na]": 251.1618; found: 251.1620.

18a: Ry= 0.29 (silica, petroleum ether/EtOAc 2:1); "H NMR (400 MHz, CDCl3): § = 5.58 (s, 1H),
2.65-2.53 (m, 3H), 2.47-2.38(m, 2H), 2.25-2.19 (m, 1H), 2.17-2.02 (m, 4H), 2.01-1.96 (m, 1H),
1.83 (td, J=13.1, 4.0 Hz, 1H), 1.74 (td, J = 12.5, 3.8 Hz, 1H), 1.64—1.44 (m, 3H), 0.88 ppm (d, J =
6.0 Hz, 3H); *C NMR (100 MHz, CDCls): § =211.4, 98.1, 84.6, 45.9, 45.6, 41.2, 38.6, 37.3, 36.8,
33.2,32.4,22.7, 222 ppm; IR: v = 3047, 2931, 2872, 1701, 1461, 1206, 1036, 994 cm '; HRMS
(ESI): m / z caled for Ci3H20O3Na, [M+Na]+: 247.1305; found: 247.1307.

1.3.2. X-Ray Crystallography of 17
The single crystal of 17, which was obtained through one recrystallization from a mixed
solvent of CH,Cl, and MeOH, was used for the determination of its relative configurations via X-

ray crystallographic analysis. The crystal structure and the X-ray crystallographic data of 17
(CCDC 1539340) were described as follows:
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HO

Il
S
<

H

OH
OH

17

X-ray of 17

Crystal data and structure refinement for compound 17

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

B/

v/°

Volume/A’

Z

Peateg/cm’

w/mm’

F(000)

Crystal size/mm’
Radiation

20 range for data collection/*
Index ranges

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

Compound 17
Ci3H2604

246.34
292.84(10)
trigonal

P-3

19.4673(6)
19.4673(6)
6.5368(3)

90.00

90.00

120.00
2145.39(14)

2

1.144

0.083

816.0

0.41 x 0.37 x 0.35
MoKa (A =0.71073)
6.68 to 52.04

21<h<23,-22<k<24,-8<1<4

4625

2804 [Rin = 0.0205, Rsigma = 0.0491]

2804/3/166

1.552

R;=0.1229, wR, = 0.3895
R;=0.1495, wR, = 0.4197
3.61/-0.28
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2. Study of the Tandem Oxidative Dehydrogenation/Oxa-Michael Reaction

OTMS OH
On
+ AcO Me
H
Tandem N o
Pd(Il)-mediated .
— Oxidative 19a (1.3:1 dn)
Dehydrogenation/ OTMS

oxa-Michael Reaction

a-19a’

2.1. General Produce of Oxidative Dehydrogenation/Oxa-Michael Reaction

To a stirred solution of 18a in the solvent was added the base (3.0 equiv) and
chlorotrimethyhilane (3.0 equiv) or TMSOTT (3.0 equiv). The reaction was constantly monitored by
TLC until complete consumption of starting material was observed, and then quenched with
saturated NaHCOs. The organic layer was separated and the aqueous layer was extracted with
EtOAc. The organic extracts were combined, washed with brine, dried over Na,SO4. The solvent
was concentrated in vacuo, and the residue was purified by flash column chromatography on silica
gel.

To a solution of the silyl enol ether obtained above in freshly distilled acetonitrile was added
palladium(Il) acetate, freshly prepared according to the reported procedure!'! and other additive.
The reaction mixture was stirred for 24 h, and filtered through a short silica gel column with EtOAc.
The filtrate was concentrated in vacuo and the residue was purified by column chromatography on
silica gel.

2.2. Detail of the Screening of Optimum Conditions

Table SI-1. Optimum Conditions Screened for the Key Tandem Reaction

Yield"[%]
Entry Conditions
19a a-19a’ p-19a’ 19a+19a’ 18a’

1. TMSOTT, NEt;, CH,Cl,, 0 °C

1 N 6 8 5 19 20
2. Pd(OAc),, CH5CN, 60 °C
1. KHMDS, TMSCI, THF, 0 °C

2 o 17 23 12 52 25
2. Pd(OAc),, CH3CN, 60 °C

3 1. LDA, TMSCI, THF, 78 °C 17 o4 1 = 2%
2. Pd(OAc),, CH;CN, 60 °C
1. LDA, TMSCI, THF, —78 °C

4 o 12 13 9 38 30
2. Pd(OAc),, CH3CN, 30 °C
1. LDA, TMSCI, THF, —78 °C

5 o 15 22 11 48 28
2. Pd(OAc),, Na,CO3, CH3CN, 60 °C

[lyield of isolated product.
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2.3. Spectroscopic Data for the Products of 18a', a-19a', f-19a' and 19a

OTMS 18a': R= 0.50 (silica, petroleum ether/EtOAc 5:1); "H NMR (400 MHz, CDCl5):
0 =5.46 (s, 1H), 2.57 (dd, J = 18.5, 6.5 Hz, 2H), 2.42-2.32 (m, 2H), 2.14-2.09
(m, 1H), 2.08—1.98 (m, 3H), 1.95-1.87 (m, 2H), 1.82 (td, J = 12.3, 3.8 Hz, 1H),
1.72 (td, J=12.0, 3.6 Hz, 1H), 1.57-1.37 (m, 3H), 0.84 (d, /= 6.1 Hz, 3H), 0.13
ppm (s, 9H); *C NMR (100 MHz, CDCL): 6 = 211.7, 97.9, 83.7, 45.9, 45.5,

18a 41.0, 38.4, 37.2, 36.7, 34.7, 32.2, 22.7, 22.3, 0.21 ppm; IR: v = 3398, 2951,
1710, 1457, 1251, 1198, 1016, 985, 842 cm '; HRMS (ESI): m / z caled for C;¢H,303SiNa,
[M+Na]": 319.1700; found: 319.1702.

QTMS a-19a': Ry = 0.37 (silica, petroleum ether/EtOAc 5:1); '"H NMR (400 MHz,
CDCl3): 6=5.62 (d, J=4.1 Hz, 1H), 3.71 (dd, J=17.7, 2.6 Hz, 1H), 2.68-2.58
Me (m, 2H), 2.55 (dd, J = 12.3, 1.2 Hz, 1H), 2.40 (dt, J = 17.8, 2.0 Hz, 1H),
2.33-2.23 (m, 2H), 2.22-2.12 (m, 1H), 2.10-2.03 (m, 1H), 1.97 (s, 3H),
a-19aTO 1.95-1.88 (m, 1H), 1.88—1.79 (m, 1H), 1.75 (td, /= 12.3, 1.8 Hz, 1H), 1.63—1.49
(m, 1H), 1.42 (dq, J = 13.1, 2.0 Hz, 1H), 0.91 (d, J = 6.2 Hz, 3H), 0.17 ppm (s,
9H); *C NMR (100 MHz, CDCls): § = 208.3, 169.6, 99.0, 85.9, 84.3, 49.9, 44.7, 42.2, 38.8, 36.4,
36.2, 30.5, 25.5, 22.3, 21.9, 0.3 ppm; '"H NMR (600 MHz, CDCl3): 6 = 5.59 (d, J = 4.3 Hz, 1H),
3.67 (dd, J=17.7, 2.6 Hz, 1H), 2.64-2.56 (m, 2H), 2.52 (dd, J = 12.3, 2.9 Hz, 1H), 2.36 (brd, J =
17.8, 2.0 Hz, 1H), 2.29-2.20 (m, 2H), 2.18-2.11 (m, 1H), 2.06—-1.99 (m, 1H), 1.94 (s, 3H),
1.91-1.86 (m, 1H), 1.85-1.77 (m, 1H), 1.72 (td, J = 12.5, 1.4 Hz, 1H), 1.56—-1.46 (m, 1H),
1.41-1.36 (m, 1H), 0.88 (d, J = 6.2 Hz, 3H), 0.14 ppm (s, 9H); *C NMR (150 MHz, CDCls): 6 =
208.1, 169.5, 99.0, 85.9, 84.2,49.8, 44.7,42.1, 38.7, 36.4, 36.1, 30.4, 25.5,22.2, 21.9, 0.2 ppm; IR:
v = 3400, 2957, 2373, 1736, 1717, 1251, 1098, 1032, 734 cm'; HRMS (ESI): m / z calcd for
C3H3005SiNa, [M+Na]": 377.1755; found: 377.1758.

The relative configuration of a-19a' was determined according to the 2D NOESY (see S72—-S73).

OTMS p-19a': Ry = 0.30 (silica, petroleum ether/EtOAc 5:1); '"H NMR (400 MHz,
CDClL): § = 5.53 (dd, J = 5.0, 2.8 Hz, 1H), 3.74 (dd, J = 17.5, 2.5 Hz, 1H),
2.65-2.43 (m, 4H), 2.36 (dt, J = 18.2, 1.8 Hz, 1H), 2.19-2.08 (m, 1H), 2.07—1.94
(m, 2H), 2.02 (s, 3H), 1.84-1.73 (m, 3H), 1.62—1.48 (m, 1H), 1.41-1.34 (m, 1H),
0.90 (d, J = 6.2 Hz, 3H), 0.17 ppm (s, 9H); *C NMR (100 MHz, CDCl;): 6 =

% 208.1, 170.0, 98.4, 85.8, 82.3, 49.7, 44.7, 39.3, 39.0, 35.9, 34.8, 27.8, 25.5, 22.4,
22.0, 0.3 ppm; IR: 7 = 3407, 2957, 1731, 1459, 1368, 1250, 1024, 842 cm '; HRMS (ESI): m / z
caled for C 3H3005SiNa, [M+Na]": 377.1755; found: 377.1760.

19a: (1.3:1 dr), Ry = 0.30 (silica, petroleum ether/EtOAc 1:1); "H NMR (400
MHz, CDCl3): 0 = 5.69 (d, J = 4.2 Hz, 1.3H, ,major), 5.50 (dd, J = 8.0, 4.5 Hz,
1H, minor), 3.80 (dd, J = 17.4, 2.4 Hz, 1H, minor), 3.72 (dd, J = 17.7, 2.6 Hz,
1.3 H, major), 2.93 (d, J = 8.3 Hz, 0.9H, minor), 2.70-2.53 (m, 9.7H,
0 major+minor), 2.47-2.28 (m, 7.1H, major+minor), 2.26-2.16 (m, 2.3H,
major+minor), 2.15-2.09 (m, 3.8H, major+minor), 2.09-2.01 (m, 3.7H,
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major+minor), 2.06 (s, 3H, minor), 2.01-1.90 (m, 1.7H, major), 1.98 (s, 3.9H, major), 1.87—1.71 (m,
5.9H, major+minor), 1.68—1.50 (m, 5H, major+minor), 1.48—1.36 (m, 3.5H, major+minor),
0.94-0.90 ppm (d, J = 6.2 Hz, 6.9H, major+minor); *C NMR (100 MHz, CDCl3): 6 = 207.9
(major), 207.4 (minor), 169.6 (major), 168.9 (minor), 99.1 (major), 98.6 (minor), 86.6 (major), 86.5
(minor), 84.1 (major), 83.1 (minor), 49.9 (major), 49.5 (minor), 44.9 (minor), 44.7 (major), 42.5
(major), 39.5 (minor), 38.8 (major), 38.6 (minor), 36.4 (major), 35.6 (minor), 34.4 (major), 34.2
(minor), 30.4 (major+minor), 26.4 (minor), 25.5 (major), 22.3 (major), 22.2 (minor), 21.84 (major),
21.76 (minor) ppm; IR: ¥ = 3434, 2955, 2929, 1711, 1459, 1369, 1252, 1028, 734 cm '; HRMS
(ESI): m / z calcd for C;sH,,05Na, [M+Na]+: 305.1359; found: 305.1363.
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3. Scope of Tandem Oxidative Dehydrogenation/Oxa-Michael Reaction

3.1. Preparation of the Substrates 18b—18h
3.1.1 Synthesis of 18b, 18g and 18h

The substrates 18b,"*! 18g,* and 18h!*! were synthesized according to the reported procedures.

18b: (colorless solid, mp 50—52 °C): Ry = 0.36 (silica, petroleum ether/EtOAc
5:1); "H NMR (400 MHz, CDCl3): 6 = 3.94 (s, 4H), 2.76 (dd, J = 17.5, 6.4 Hz,
2H), 2.23 (brd, J = 17.1 Hz, 2H), 2.03 (d, J = 4.4 Hz, 2H), 1.53 (td, J=12.5,2.4
Hz, 5H), 0.78 ppm (d, J = 5.1 Hz, 3H); *C NMR (100 MHz, CDCls): § = 211.4,
108.7, 64.5, 64.2, 44.8, 38.2, 37.8, 22.6, 21.6 ppm; IR: v = 3396, 2921, 1708,
1456, 1259, 1127, 1078, 1018 cm '; HRMS (ESI): m / z caled for C;,H;30:3Na, [M+Na]":
233.1148; found: 233.1151.

18b

H 18g: (acicular crystal, mp 100—110 °C): Ry= 0.37 (silica, petroleum ether/EtOAc 10:1);

H TH NMR (400 MHz, CDCls): 6 = 2.51 (d, J = 2.8 Hz, 2H), 2.40 (d, J = 15.8 Hz, 2H),

/ 2.29 (d, J = 16.6 Hz, 2H), 1.84-1.67 (m, 4H), 1.51 ppm (dd, J = 8.1, 4.1 Hz, 2H); *C

NMR (100 MHz, CDCl3): 6 = 212.7, 50.3, 37.8, 35.2, 29.3 ppm; IR: v = 3407, 2944,

1711, 1451, 1417, 1350, 1223, 1077, 992 cm™'; HRMS (ESI): m / z caled for CgH,50,
[M+H]": 125.0961; found: 125.0960.

H 18h: (white solid, mp 131135 °C): Ry= 0.58 (silica, petroleum ether/EtOAc 5:1); 'H
H NMR (400 MHz, CDCl3): 6 =2.63 (s, 2H), 2.51 (dd, J=14.3, 7.6 Hz, 2H), 2.19 (d, J
/ = 14.4 Hz, 2H), 2.00 (dt, J= 14.4, 5.4 Hz, 1H), 1.84 (dd, /= 14.4, 1.9 Hz, 1H),
© 1.79-1.69 (m, 2H), 1.57—1.34 ppm (m, 6H); *C NMR (100 MHz, CDCl;): 6 = 213.3,
48.4,35.1,34.6,31.2,25.9 ppm; IR: v =3398, 2921, 1712, 1457, 1416, 1238, 1115,
734 cm™'; HRMS (ESI): m / z caled for CoH,70, [M+H]™: 153.1274; found: 153.1273.

3.1.2. Synthesis of 18¢

1) TsCl, MsClI, DIPEA

HO

H CH,Cl,, 0 °C;
f Me 2) DMP, CH,Cly, rt Me
L H 40% yield
N
OH (2 steps) 0
17 18c

To a solution of triol 17 (2.283 g, 10.0 mmol) in CH,Cl, (100 mL) was added Hiinig's base
(DIPEA, 0.52 mL, 50.0 mmol) and p-toluenesulfonyl chloride (2.288 g, 12.0 mmol) at 0 °C. After
stirring for 0.5 h, the methanesulfonyl chloride was added to the above mentioned solution. The
reaction mixture was stirred at at ambient temperature for another 2 h, quenched with saturated
NH4Cl. The organic layer was separated, and the aqueous layer was extracted with CH,Cl, (3 x 30
mL). The organic extracts were combined, washed with brine, dried over Na,SO4. The solvent was
concentrated in vacuo, and the crude compound was directly used in the next step without further
purification.
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To a 250 mL round bottom flask equipped with the crude product obtained above was added
Dess—Martin periodinane (DMP, 2.969 g, 7.0 mmol) and CH»Cl, (100 mL). The resulting mixture
was stirred at ambient temperature for 3 h, quenched with saturated NaHCO; and saturated Na,S,0s.
The organic layer was separated, and the aqueous layer was extracted with EtOAc (3 x 30 mL). The
organic layers were combined, washed with brine, dried with Na,SO,4. The solvent was removed
under reduced pressure and the residue was purified by column chromatography on silica gel
(Vpetroleum ether / VEtoAc 4:1) to afford 18¢ (830 mg, 3.99 mmol, 40% yield) as a colorless liquid.

18¢: Ry = 0.68 (silica, petroleum ether/EtOAc 2:1); '"H NMR (400 MHz, CDCL): 6 = 3.87 (t, J =
6.5 Hz, 2H), 2.57 (dd, J = 18.0, 5.9 Hz, 2H), 2.41 (brd, J = 17.6 Hz, 2H), 2.06—1.93 (m, 6H), 1.76
(td, J=12.8, 2.9 Hz, 2H), 1.61-1.50 (m, 1H), 1.46 (brd, J = 13.9 Hz, 2H), 0.86 ppm (d, J = 6.1 Hz,
3H); *C NMR (100 MHz, CDCl3): 6 = 211.9, 82.3, 66.4, 45.7, 38.3, 36.9, 34.5, 25.6, 22.8, 22.2
ppm; IR: 7 =3395, 2949, 1706, 1456, 1408, 1174, 1071, 903 cm '; HRMS (ESI):
m / z calcd for Ci3H,00,Na, [M+Na]+: 231.1356; found: 231.1357.

3.1.3. Synthesis of 18d

Cla~_NHx*HCI
OH 1. NaBH;CN
MeOH/H,0 (5:1)
50°C

2. 1N NaOH(aq.)
Boc,O, rt

71% yield

Cl

To a solution of lactol 18a (65.0 mg, 0.290 mmol) in methanol (5.0 mL) and water (1.0 mL)
was added 3-chloropropylamine hydrochloride (188.2 mg, 1.450 mmol) and sodium
cyanoborohydride (NaBH3;CN, 36.4 mg, 0.580 mmol). The reaction mixture was stirred at 50 °C for
20 h, quenched with saturated NaHCOs. The aqueous layer was extracted with CH,ClI, (3 x 10 mL).
The organic extracts were combined, washed with brine, dried over Na,SO4. The solvent was
concentrated in vacuo, and the crude compound was directly used in the next step without further
purification.

To a 10 mL round bottom flask equipped with the crude product obtained above was added
Boc,0 (316.2 mg, 1.449 mmol) and 1N NaOH (aq.) (6.0 mL). The resulting mixture was stirred at
ambient temperature for 10 h, extracted with CH,CIl, (3 x 10 mL). The organic layers were
combined, washed with saturated NaHCO; and brine, dried with Na,SO4. The solvent was removed
under reduced pressure and the residue was purified by column chromatography on silica gel
(Vpetroleum ether / VEt0ac 4:1) to afford 18d (82.8 mg, 0.206 mmol, 71% yield (based on impure material

containing residual CH,Cl,)) as white foam.

18d: Ry = 0.41 (silica, petroleum ether/EtOAc 2:1); '"H NMR (400 MHz, CDCL): 6 = 3.56 (t, J =
6.3 Hz, 2H), 3.34 (t, J = 6.9 Hz, 2H), 3.33-3.18 (m, 2H), 2.57 (dd, J = 18.6, 6.3 Hz, 2H), 2.38 (brd,
J = 18.4 Hz, 2H), 2.09-1.97 (m, 4H), 1.86-1.67 (m, 6H), 1.66—1.51 (m, 2H), 1.46 (s, 11H), 0.89
ppm (d, J = 6.1 Hz, 3H); ®C NMR (100 MHz, CDCl3): 6 = 211.5, 115.6, 79.7, 71.1, 53.3, 47.5,
44.7,42.3,38.3,36.3,34.3,31.5,28.3,22.9,22.1,21.2 ppm; IR: 7 = 3445, 2928, 1705, 1478,
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1418, 1288, 1161, 1124, 734 cm '; HRMS (ESI): m / z caled for C,H36CINO4Na, [M+Na]":
424.2225; found: 424.2227.

3.1.4. Synthesis of 18e

OH 1. NH40Ac, NaBH;CN
30% NHj (aq.), EtOH
reflux

Me
2. 1N NaOH(aq.)
Boc,0, 30 °C

0 50% yield (2 steps)
18a

To a solution of lactol 18a (1.122 g, 5.00 mmol) in a saturated solution of NH4sOAc in EtOH
(100 mL) was added sodium cyanoborohydride (NaBH3CN, 942.6 mg, 15.00 mmol), and 30%
aqueous NHj (50 mL). The reaction mixture was refluxed for 18 h, cooled to ambient temperature,
and quenched with saturated NaHCO;. The aqueous layer was extracted with CH,Cl, (3 x 10 mL).
The organic extracts were combined, washed with brine, dried over Na,SO4. The solvent was
concentrated in vacuo and the crude compound was directly used in the next step without further
purification.

To a 10 mL round bottom flask was equipped with the crude product obtained above was
added Boc,0 (3.274 g, 15.0 mmol) and 1N NaOH (aq.) (150 mL). The resulting mixture was stirred
at ambient temperature for 10 h, extracted with CH,Cl, (3 x 30 mL). The organic layers were
combined, washed with brine, dried by Na,SO4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (¥petroleum ether /VEt0ac 2:1) to afford 18e (813.6 mg, 2.502
mmol, 50% yield (based on impure material containing residual CH,Cl,)) as a white foam.

18e: Ry = 0.35 (silica, petroleum ether/EtOAc 1:1); "H NMR (400 MHz, CDCl3): 6 = 3.22 (s, 2H),
2.52 (dd, J=18.4, 5.9 Hz, 2H), 2.33 (brd, J = 18.3 Hz, 2H), 2.01 (s, 2H), 1.76 (t, J = 12.0 Hz, 3H),
1.67 (s, 4H), 1.56—1.46 (m, 1H), 1.40 (s, 9H), 0.85 ppm (d, J = 6.1 Hz, 3H); *C NMR (100 MHz,
CDCl3): 6 =211.7, 155.8, 79.5, 71.2, 53.4, 47.4, 44.7, 38.3, 36.3, 28.4, 28.3, 23.0, 22.1 ppm; IR: Vv
= 3372, 2927, 1695, 1518, 1456, 1366, 1253, 1169, 737 cm '; HRMS (ESI): m / z calcd for
CisH31NO4Na, [M+Na]": 348.2145; found: 348.2148.

3.1.5. Synthesis of 18f
3.1.5.1. Synthesis of C12 epimer of 18a.
The compound C12 epimer of 18a was prepared from 16' by using the procedure same to the
above-mentioned synthesis of compound 18a (please see S3).
H C12 epimer of 18a: (white solid, mp 106—-108 °C): R, = 0.57 (silica,
Me HO™ "OH  petroleum ether/EtOAc 1:1); "H NMR (400 MHz, CDCls): 6 = 5.59 (s, 1H),
H 2.95(ddd, J=29.8, 16.7, 6.2 Hz, 2H), 2.49 (s, 1H), 2.27 (t,J = 17.8 Hz, 3H),
o 2.13-1.96 (m, 5H), 1.69 (brd, J = 13.6 Hz, 2H), 1.63—1.52 (m, 1H), 1.39 (t,
Clzepimerof18a  ;_ 131 Hz, 2H), 0.85 ppm (d, J = 6.1 Hz, 3H); *C NMR (100 MHz,
CDCl): 0 =213.3, 98.2, 85.4, 44.7, 44.0, 42.3, 39.7, 39.6, 39.2, 33.5, 31.6, 22.7, 22.0 ppm; IR: Vv
= 3405, 2920, 1703, 1459, 1376, 1260, 1114, 1017 cm'; HRMS (ESI): m /z caled for

C3H003Na, [M+Na]+: 247.1305; found: 247.1308.
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3.1.5.2. Synthesis of 18f

Cla~_NHz*HCI cl
1. NaBH5CN
MeOH/H,0 (5:1)
OH 50°C

2. CDI, NaH, THF
reflux

C12 epimer of 18a 20% vyield (2 steps)

To a solution of C12 epimer of 18a (3.929 g, 17.5 mmol) in methanol (150 mL) and water (30
mL) was added 3-chloropropylamine hydrochloride (11.387 g, 87.6 mmol), and sodium
cyanoborohydride (NaBH;CN, 3.303 g, 52.6 mmol). The reaction mixture was stirred at 50 °C for
20 h, and quenched with saturated NaHCO;. The aqueous layer was extracted with CH,Cl, (3 x 50
mL). The combined organic layers were washed with brine, dried in Na,SO4. The solvent was
concentrated in vacuo and the crude compound was directly used in the next step without further
purification.

To a solution of the crude product obtained above in THF (300 mL) was added NaH (2.520 g,
105.0 mmol) and N,N'-carbonyldiimidazole (CDI, 14.188 g, 87.5 mmol). The reaction mixture was
refluxed for 7 h, and cooled to ambient temperature. The solution was diluted with EtOAc (200 mL)
and washed with saturated NaHCO; and brine. The organic phase was dried with Na,SO4 and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (Vpetroleum
ether / VEt0Ac 3:1) to afford 18f (1.147 g, 3.51 mmol, 20% yield) as a white foam.

18f: Ry= 0.55 (silica, petroleum ether/EtOAc 1:1); "H NMR (400 MHz, CDCls): § =3.57 (t, J = 6.4
Hz, 2H), 3.47 (t, J = 7.0 Hz, 2H), 3.39 (t, J = 6.3 Hz, 2H), 3.20 (dd, J = 17.4, 6.1 Hz, 2H), 2.38 (s,
2H), 2.24 (d, J = 17.3 Hz, 2H), 2.10-2.02 (m, 4H), 1.77 (quint, J = 6.2 Hz, 2H), 1.69—1.58 (m, 3H),
1.48-1.36 (m, 2H), 0.85 ppm (d, J = 5.6 Hz, 3H); *C NMR (100 MHz, CDCl3): § = 212.2, 156.7,
82.8, 47.6, 47.3, 43.8, 42.3, 38.25, 38.21, 30.9, 30.7, 22.7, 21.8, 20.8 ppm; IR: ¥ = 3487, 2922,
1700, 1473, 1414, 1216, 1027, 913 cm '; HRMS (ESI):: m /z caled for C;7HNO;CINa,
[M+Na]": 350.1493; found: 350.1496.

3.2. General Procedure for the Key Tandem Reaction

R'"  KHMDS R’ Pd(OAC),

N , TMSCI N ) CH5CN

R3 R THF R3 R 60 °C
—_ _—

H H =
TMSO
o/
18 silyl ether intermediates

To a stirred solution of 18 in THF was added dropwise Potassium bis(trimethylsilyl)amide (3.0
equiv, 0.7 M in THF) at —78 °C. After 15 min chlorotrimethyhilane (TMSCI, 3.0 equiv) was added,
and the reaction mixture was stirred at —78 °C for 1 h. After warmed to ambient temperature, the
reaction was quenched with saturated NaHCOs. The organic layer was separated and the aqueous
layer was extracted with EtOAc. The combined organic layers were dried over Na,SO4 and
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concentrated in vacuo. The crude product was purified by short column chromatography on silica
gel.

To a solution of the silyl enol ether obtained above in freshly distilled acetonitrile was added
palladium(I) acetate, which was freshly prepared according to the reported procedure.'l The
reaction mixture was stirred for 24 h, and filtered through a short silica gel column with EtOAc.
The filtrate was concentrated in vacuo and the residue was purified by column chromatography on
silica gel.

3.2.1. Generality of the Key Tandem Reaction

Table SI-2. Reactivity of the tandem reaction

entry substrates products yield (%)b’C
OR
Me /o
1 b 52 (70)
7 4
O 48a(R=H) © 10aR=H)
19a' (R = TMS)
(19a/19a' = 1:2)
H (0]
2 M HX 35 (41)
3 / 39 (51)
18b (X =0) © 19b (X=0)
18¢ (X = CH,) 19¢ (X = CHy)
H OH H OH
4 46¢
5 22 (39)
6 46 (62)°
H H
H O _0
7 T 13"
4 O/
189 199
H H
H
8 59
o/ 5
18h 19h

®Unless otherwise noted, reactions of TMS enol ethers of 18a—h, which were individually obtained in the
presence of KHMDS (3.0 equiv) and TMSCI (3.0 equiv) in THF at 0 °C (for 18a) or at —78 °C (for 18b-h),
were performed with freshly prepared Pd(OAc), (1.5 equiv) in freshly distilled CH;CN at 60 °C. ®Overall
yield of the isolated product starting from the ketone. “The yield based on the recovered starting material was
given in parentheses. “Followed by the deprotection of N-Boc using CF3;CO,H. °The structure of 19f was
established by X-ray crystallographic analysis. fWith the remaining starting material (ca. 10%), another
structurally undetermined major byproduct was isolated.
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3.3. Spectroscopic Data for the Products 19b—19h

19b: (35% yield, colorless solid, mp 130—135 °C): Ry = 0.72 (silica, petroleum
ether/EtOAc 2:1); "H NMR (400 MHz, CDCls): 6 = 4.20 (d, J = 8.2 Hz, 2H),
4.06 (s, 2H), 3.59 (d, J = 16.6 Hz, 1H), 2.88 (d, J = 16.8 Hz, 2H), 2.69 (d, J =
9.0 Hz, 1H), 2.29 (d, J = 17.2 Hz, 1H), 2.12 (s, 1H), 1.99 (s, 3H), 1.61 (s, 3H),
1.53 (d, J= 9.9 Hz, 1H), 0.89 ppm (s, 3H); *C NMR (100 MHz, CDCl;): § =
208.3, 169.4, 108.6, 83.5, 66.6, 66.3, 49.0, 44.3, 40.6, 39.0, 37.4, 25.2, 22.4, 21.5 ppm; IR: Vv =
3404, 2928, 1734, 1713, 1370, 1245, 1129, 1035 cm™'; HRMS (ESI): m / z caled for C14H20O5Na,
[M+Na]": 291.1203; found: 291.1205.

19¢: (39% yield,colorless solid): Ry= 0.56 (silica, petroleum ether/EtOAc 2:1);
"H NMR (400 MHz, CDCls): 0 = 3.99-3.92 (m, 1H), 3.91-3.84 (m, 1H), 3.67
(dd, J=17.5, 2.4 Hz, 1H), 2.63—2.48 (m, 3H), 2.40-2.25 (m, 2H), 2.07-2.02 (m,
19¢ 2H), 1.99-1.88 (m, 1H), 1.95 (s, 3H), 1.86—1.77 (m, 1H), 1.77-1.67 (m, 2H),
1.56-1.41 (m, 1H), 1.39—1.29 (m, 1H), 0.86 ppm (d, J = 6.2 Hz, 3H); BCNMR
(100 MHz, CDCl3): 6 = 208.4, 169.7, 84.4, 84.2, 68.6, 49.6, 44.8, 39.4, 39.0, 35.9, 31.2, 26.7, 25.4,
22.2,21.7 ppm; IR: v =3403, 2953, 1732, 1458, 1369, 1248, 1071, 1026 cm_l; HRMS
(ESI): m / z caled for C;5sH»,0O4Na, [M+Na]+: 289.1410; found: 289.1411.

19d: (46% yield (based on impure material containing residual CH,Cl,),

white foam): Ry = 0.27 (silica, CH,Cl,/MeOH 10:1); '"H NMR (400 MHz,

CDCl3): 0 = 3.61 (t, J = 6.4 Hz, 2H), 3.51 (dd, J = 18.2, 1.9 Hz, 1H),

2.85-2.72 (m, 3H), 2.70-2.61 (m, 2H), 2.49 (dd, /= 18.4, 6.7 Hz, 1H), 2.30

19d (brd, J = 17.9 Hz, 2H), 2.23 (s, 1H), 2.02 (s, 3H), 2.01-1.79 (m, 6H),

ct 1.78-1.60 (m, 2H), 1.58—1.43 (m, 1H), 1.32 (brd, J = 13.3 Hz, 1H), 0.90

ppm (d, J = 6.2 Hz, 3H); ®C NMR (100 MHz, CDCl;): § = 208.5, 170.3, 85.9, 72.5, 49.8, 49.7,

46.4,43.8,42.8, 39.0, 36.5, 35.2, 32.3, 31.5, 25.6, 22.5, 22.2, 21.8 ppm; IR: v =3392, 2957, 1704,

1458, 1372, 1264, 1025, 738 cm '; HRMS (ESI): m /z caled for CisH3 CINO,, [M+H]™:
360.1936; found: 360.1942.

OH 19e: (22% yield, white foam): Ry= 0.33 (silica, petroleum ether/EtOAc 2:1); 'H

Ve N NMR (600 MHz, CDCL): 6 = 4.01 (dt, J = 14.3, 4.4 Hz, 1H), 3.13 (ddd, J =
H ﬁ=(o 13.7, 11.2, 4.2 Hz, 1H), 2.95 (dd, J = 17.9, 2.2 Hz, 1H), 2.89 (dd, J = 13.4, 4.1

o Bl Hz, 1H), 2.79 (dd, J = 17.8, 1.2 Hz, 1H), 2.65 (dd, J = 17.9, 6.5 Hz, 1H), 2.37

19 (d,J=18.0 Hz, 1H), 2.24 (s, 1H), 2.11-1.95 (m, 3H), 1.88 (td, /= 13.1, 4.1 Hz,

1H), 1.76—1.67 (m, 2H), 1.62—1.53 (m, 2H), 1.44 (s, 9H), 1.36 (dt, J = 13.2, 2.2 Hz, 1H), 0.92 ppm
(d, J = 6.2 Hz, 3H); *C NMR (150 MHz, CDCl;): § = 209.9, 156.7, 80.5, 70.4, 62.6, 46.0, 44.4,
42.1, 40.8, 40.5, 35.3, 30.6, 28.4, 25.0, 22.4, 20.1 ppm; IR: v = 3451, 2928, 1702, 1458, 1388,
1366, 1250, 1160 cmfl; HRMS (ESI): m / z calcd for C1sH29NO4Na, [M+Na]+: 346.1989; found:
346.1992.
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19f: (46% yield, colorless solid, mp 167—170 °C): R,= 0.70 (silica, petroleum
ether/EtOAc 1:1); "H NMR (400 MHz, CDCl): d = 3.57 (s, 1H), 3.54 (dd, J
' = 7.1, 5.0 Hz, 2H), 2.93 (dd, J = 17.0, 7.9 Hz, 1H), 2.75-2.63 (m, 2H),
7 H \D\' 2.56-2.50 (m, 1H), 2.41-2.28 (m, 2H), 2.18 (dt, J = 13.5, 4.6 Hz, 1H),

19f € 2.06-1.91 (m, 3H), 1.90-1.83 (m, 1H), 1.83—-1.59 (m, 5H), 1.52—1.38 (m,
2H), 0.93 ppm (d, J= 5.9 Hz, 3H); *C NMR (100 MHz, CDCls): § =201.8, 171.2, 85.5, 68.4, 68.1,
45.5,44.2,43.1,42.5,40.2,37.4,30.8, 28.7, 26.2, 24.0, 22.0, 20.3 ppm; IR: v = 3414, 2952, 1770,
1716, 1456, 1231, 1113, 1088, 963 cm '; HRMS (ESI): m / z caled for C7HosNOsCl, [M+H]:
326.1517; found: 326.1522.

The single crystal of 19f, which was obtained through one recrystallization from a mixed
solvent of petroleum ether and EtOAc, was used for the determination of its relative
configurations via X-ray crystallographic analysis. The crystal structure and the X-ray
crystallographic data of 19f (CCDC 1539341) were described as follows:

Cl

X-ray of 19f

Crystal data and structure refinement for compound 19f

Identification code Compound 19f
Empirical formula C17H24CINO;
Formula weight 325.82
Temperature/K 294.06(10)
Crystal system monoclinic
Space group P2,/c

a/A 11.5513(3)
b/A 13.8572(5)
c/A 10.2194(3)
o/° 90.00

pB/° 103.624(3)
v/° 90.00
Volume/A® 1589.79(9)

Z 4

pczﬂcg/cm3 1.361

wmm’' 0.253
F(000) 696.0

Crystal size/mm’ 0.27 x 0.25 x 0.24
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Radiation MoKa (A =0.71073)
20 range for data collection/® 6.76 to 52.04

Index ranges -14<h<14,-17<k<15,-12<1< 11
Reflections collected 6189

Independent reflections 3128 [Rint = 0.0294, Rgigma = 0.0464]
Data/restraints/parameters 3128/0/200

Goodness-of-fit on F? 1.046

Final R indexes [[>=2c (I)] R; =0.0505, wR,=0.1071

Final R indexes [all data] R;=0.0769, wR, = 0.1257

Largest diff. peak/hole /e A®  0.34/-0.57

H 19g: (13% yield, colorless liquid): Ry = 0.14 (silica, petroleum ether/EtOAc 10:1);

0.0 "H NMR (400 MHz, CDCls): 6 = 30.2 (dd, J = 15.6, 2.8 Hz, 1H), 2.89 (dt, J = 15.5,

WM/e 2.3 Hz, 1H), 2.49 (s, 1H), 2.41-2.26 (m, 3H), 2.14-1.87 (m, 4H), 2.01 (s, 3H),

o 1.47-1.37 ppm (m, 1H); *C NMR (100 MHz, CDCls): § = 208.5, 170.2, 84.8, 53.3,

199 48.7,41.5,34.4,31.6,27.6,21.8 ppm; IR: v =3413, 2953, 1736, 1369, 1240, 1210,

1071, 1022 cmfl; HRMS (ESI): m /z caled for C;oH;4O;3Na, [M+Na]+: 205.0835; found:
205.0836.

H  19h: (59% yield, pale yellow liquid): Ry= 0.16 (silica, petroleum ether/EtOAc 10:1); 'H
NMR (300 MHz, CDCl3): 6 = 5.55 (s, 1H), 2.48-2.03 (m, 7H), 1.94-1.76 (m, 2H),
I 1.60-1.33 (m, 2H), 1.26—1.03 ppm (m, 2H); *C NMR (75 MHz, CDCl3): 6 = 199.8,
0/19h 165.1, 123.0, 45.5, 37.3, 35.3, 32.0, 29.2, 28.6, 23.9 ppm; IR: v = 3422, 2927, 2860,
1720, 1659, 1446, 1244, 1024 cm™'; HRMS (ESI): m / z caled for C1oH,;50, [M+H]":

151.1117; found: 151.1119.
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4. Total Synthesis of (+)-Lycodoline
4.1. Compound 19a + 19a’

OR
Pd(OAc), (1.5 equiv) 0
KHMDS, TMSCI CH4CN, 60 °C H
] ~ AcO Me
THF, 0°C 52% vyield
H
_ Yo
20 19a (R = H): 17% yield, 1.3:1 dr

a-19a" (R = TMS): 23% yield
192" (R = TMS): 12% yield

To a stirred solution of 18a (2.243 g, 10.0 mmol) in THF (150 mL) was added dropwise
Potassium bis(trimethylsilyl)amide (KHMDS, 42.8 mL, 30.0 mmol, 0.7 M in THF) over 15 min at
0 °C. After 15 min chlorotrimethyhilane (3.8 mL, 30.0 mmol) was added, and the reaction mixture
was stirred at 0 °C for 2 h. After warmed to ambient temperature, the reaction was quenched with
saturated NaHCO; (50 mL). The organic layer was separated and the aqueous layer was extracted
with EtOAc (4 x 50 mL). The combined organic layers were dried over Na,SO4 and concentrated in
vacuo. The crude product was purified by short column chromatography on silica gel (Vpetroleum ether
/VEoac 60:1).

Or to a stirred solution of 18a (2.243 g, 10.0 mmol) in THF (150 mL) was added dropwise
lithium diisopropylamide (LDA, 15.0 mL, 30.0 mmol, 2.0 M in THF) over 5 min at =78 °C. After
15 min chlorotrimethyhilane (3.8 mL, 30.0 mmol) was added, and the reaction mixture was stirred
at —78 °C for 2 h. After warmed to ambient temperature, the reaction was quenched with saturated
NaHCO; (50 mL). The organic layer was separated and the aqueous layer was extracted with
EtOAc (4 x 50 mL). The combined organic layers were dried over Na,SO, and concentrated in
vacuo. The crude product was purified by short column chromatography on silica gel (Vpetroleum ether
/VEeoac 60:1).

To a solution of the silyl enol ether obtained above in freshly distilled acetonitrile (260 mL)
was added palladium(II) acetate (2.694 g, 12.0 mmol), which was freshly prepared according to the
reported procedure.l'! The reaction mixture was stirred at 60 °C for 24 h, and filtered through a short
silica gel column with EtOAc. The filtrate was concentrated in vacuo and the residue was purified
by column chromatography on silica gel (Vpetroleum ether /VEt0ac 10:1 to 2:1) to give the products 19a
(480.0 mg, 1.70 mmol, 17% yield, 1.3:1 dr) as a yellow liquid, e~19a' (815.1 mg, 2.30 mmol, 23%
yield) as a colorless liquid, f-19a' (425.4 mg, 1.20 mmol, 12% yield) as a colourless liquid as well
as 18a' (770.1 mg, 2.60 mmol, 26% yield) as a yellow liquid.

OoTMS 18a': Ry= 0.50 (silica, petroleum ether/EtOAc 5:1); "H NMR (400 MHz, CDCl5):
0 =5.46 (s, 1H), 2.57 (dd, J = 18.5, 6.5 Hz, 2H), 2.42-2.32 (m, 2H), 2.14-2.09
(m, 1H), 2.08—1.98 (m, 3H), 1.95-1.87 (m, 2H), 1.82 (td, J = 12.3, 3.8 Hz, 1H),
1.72 (td, J=12.0, 3.6 Hz, 1H), 1.57—1.37 (m, 3H), 0.84 (d, /= 6.1 Hz, 3H), 0.13
ppm (s, 9H); *C NMR (100 MHz, CDCL): 6 = 211.7, 97.9, 83.7, 45.9, 45.5,

18a 41.0, 38.4, 37.2, 36.7, 34.7, 32.2, 22.7, 22.3, 0.21 ppm; IR: v = 3398, 2951,
1710, 1457, 1251, 1198, 1016, 985, 842 cm '; HRMS (ESI): m / z caled for C;¢H,303SiNa,
[M+Na]": 319.1700; found: 319.1702.
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a-19a'": Ry = 0.37 (silica, petroleum ether/EtOAc 5:1); '"H NMR (400 MHz,
CDCl3): 0 =5.62 (d, J= 4.1 Hz, 1H), 3.71 (dd, J=17.7, 2.6 Hz, 1H), 2.68-2.58
(m, 2H), 2.55 (dd, J = 12.3, 1.2 Hz, 1H), 2.40 (dt, J = 17.8, 2.0 Hz, 1H),
2.33-2.23 (m, 2H), 2.22-2.12 (m, 1H), 2.10-2.03 (m, 1H), 1.97 (s, 3H),
1.95-1.88 (m, 1H), 1.88—1.79 (m, 1H), 1.75 (td, J = 12.3, 1.8 Hz, 1H), 1.63—1.49
(m, 1H), 1.42 (dq, J = 13.1, 2.0 Hz, 1H), 0.91 (d, J = 6.2 Hz, 3H), 0.17 ppm (s,
9H); *C NMR (100 MHz, CDCls): d = 208.3, 169.6, 99.0, 85.9, 84.3, 49.9, 44.7, 42.2, 38.8, 36.4,
36.2, 30.5, 25.5, 22.3, 21.9, 0.3 ppm; "H NMR (600 MHz, CDCl3): 6 = 5.59 (d, J = 4.3 Hz, 1H),
3.67 (dd, J=17.7, 2.6 Hz, 1H), 2.64-2.56 (m, 2H), 2.52 (dd, J = 12.3, 2.9 Hz, 1H), 2.36 (brd, J =
17.8, 2.0 Hz, 1H), 2.29-2.20 (m, 2H), 2.18-2.11 (m, 1H), 2.06-1.99 (m, 1H), 1.94 (s, 3H),
1.91-1.86 (m, 1H), 1.85-1.77 (m, 1H), 1.72 (td, J = 12.5, 1.4 Hz, 1H), 1.56-1.46 (m, 1H),
1.41-1.36 (m, 1H), 0.88 (d, J = 6.2 Hz, 3H), 0.14 ppm (s, 9H); *C NMR (150 MHz, CDCls): 6 =
208.1, 169.5, 99.0, 85.9, 84.2,49.8, 44.7, 42.1, 38.7, 36.4, 36.1, 30.4, 25.5, 22.2, 21.9, 0.2 ppm; IR:
v = 3400, 2957, 2373, 1736, 1717, 1251, 1098, 1032, 734 cm'; HRMS (ESI): m / z calcd for
Ci13H3005SiNa, [M+Na]+: 377.1755; found: 377.1758.

a-19a’

The relative configuration of a-19a' was determined according to the 2D NOESY (see S72-S73).

OTMS p-19a': Ry = 0.30 (silica, petroleum ether/EtOAc 5:1); '"H NMR (400 MHz,
CDCls): § = 5.53 (dd, J = 5.0, 2.8 Hz, 1H), 3.74 (dd, J = 17.5, 2.5 Hz, 1H),
2.65-2.43 (m, 4H), 2.36 (dt, J= 18.2, 1.8 Hz, 1H), 2.19-2.08 (m, 1H), 2.07-1.94
(m, 2H), 2.02 (s, 3H), 1.84-1.73 (m, 3H), 1.62—1.48 (m, 1H), 1.41-1.34 (m, 1H),
0.90 (d, J = 6.2 Hz, 3H), 0.17 ppm (s, 9H); *C NMR (100 MHz, CDCLy): 6 =

1% 208.1, 170.0, 98.4, 85.8, 82.3, 49.7, 44.7, 39.3, 39.0, 35.9, 34.8, 27.8, 25.5, 22.4,
22.0, 0.3 ppm; IR: v = 3407, 2957, 1731, 1459, 1368, 1250, 1024, 842 cm '; HRMS (ESI): m / z
caled for C 3H3005SiNa, [M+Na]™: 377.1755; found: 377.1760.

19a: (1.3:1 dr), Ry = 0.30 (silica, petroleum ether/EtOAc 1:1); "H NMR (400
MHz, CDCl3): 6 = 5.69 (d, J = 4.2 Hz, 1.3H, ,major), 5.50 (dd, J = 8.0, 4.5 Hz,
1H, minor), 3.80 (dd, J = 17.4, 2.4 Hz, 1H, minor), 3.72 (dd, J = 17.7, 2.6 Hz,
1.3 H, major), 2.93 (d, J = 8.3 Hz, 0.9H, minor), 2.70-2.53 (m, 9.7H,
major+minor), 2.47-2.28 (m, 7.1H, major+minor), 2.26—2.16 (m, 2.3H,
major+minor), 2.15-2.09 (m, 3.8H, major+minor), 2.09-2.01 (m, 3.7H,
major+minor), 2.06 (s, 3H, minor), 2.01-1.90 (m, 1.7H, major), 1.98 (s, 3.9H, major), 1.87—1.71 (m,
5.9H, major+minor), 1.68—1.50 (m, 5H, major+minor), 1.48-1.36 (m, 3.5H, major+minor),
0.94-0.90 ppm (d, J = 6.2 Hz, 6.9H, major+minor); *C NMR (100 MHz, CDCl3): 6 = 207.9
(major), 207.4 (minor), 169.6 (major), 168.9 (minor), 99.1 (major), 98.6 (minor), 86.6 (major), 86.5
(minor), 84.1 (major), 83.1 (minor), 49.9 (major), 49.5 (minor), 44.9 (minor), 44.7 (major), 42.5
(major), 39.5 (minor), 38.8 (major), 38.6 (minor), 36.4 (major), 35.6 (minor), 34.4 (major), 34.2
(minor), 30.4 (major+minor), 26.4 (minor), 25.5 (major), 22.3 (major), 22.2 (minor), 21.84 (major),
21.76 (minor) ppm; IR: ¥ = 3434, 2955, 2929, 1711, 1459, 1369, 1252, 1028, 734 cm '; HRMS
(ESI): m / z caled for C;sH»,OsNa, [M+Na]": 305.1359; found: 305.1363.

19a
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4.2. Compound 21 and Its X-Ray Crystallography
4.2.1. Synthesis of Compound 21

HO.

Me HO__ ~_ NH;

NaBH,CN, CF;COOH
MeOH/H,0 (5:1), 30 °C

19a (R'=H, 1.3:1 dr) 21
fsar (R = TMS) 80% yild (19a521)
85% yield (19a'—>21)

To a stirred solution of lactol (-19a' + f-19a') (1.773 g, 5.0 mmol) in methanol (120 mL) and
water (24.0 mL) was added 3-aminopropanol (1.878 g, 25.0 mmol), sodium cyanoborohydride
(NaBH3CN, 1.414 g, 15.0 mmol) and TFA (1.1 mL, 15.0 mmol). The reaction mixture was stirred at
30 °C for 20 h, and quenched with saturated NaHCO;. The aqueous layer was extracted with
CH,CI; (4 x 80 mL). The combined organic layers were washed with brine, dried over Na,SO4 and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CH,Cl/MeOH/NH3*H,O 500:10:1) to give the diol 21 (1.195 g, 4.25 mmol, 85% yield, mp
145-148 °C) as a white powder.

Following the procedures as mentioned above, 19a could also generate the diol 21 in 80%
yield.

21: Ry = 0.29 (silica, CH,Cl,/MeOH 5:1); "H NMR (600 MHz, CDClL): 6 = 3.75 (t, J = 5.8 Hz),
2.96-2.89 (m, 2H), 2.88 (dd, J = 17.3, 1.2 Hz, 1H), 2.83 (s, 1H), 2.62 (dd, J = 17.8, 6.6 Hz, 1H),
2.44-2.34 (m, 2H), 2.23 (dd, J = 17.3, 2.2 Hz, 1H), 2.13-2.07 (m, 2H), 2.05-1.95 (m, 2H), 1.91 (td,
J=12.6, 4.1 Hz, 1H), 1.82—1.74 (m, 2H), 1.67-1.62 (m, 1H), 1.61-1.55 (m, 2H), 1.52 (dd, J = 12.3,
2.0 Hz, 1H), 1.51-1.47 (m, 1H), 1.36 (brd, J = 13.2 Hz, 1H), 0.93 ppm (d, J = 6.2 Hz, 3H); “C
NMR (150 MHz, CDCl3): 6 = 211.4, 69.2, 62.4, 60.9, 46.1, 46.0, 44.6, 41.2, 40.7, 39.8, 35.3, 30.7,
30.4, 24.9, 22.5, 20.7 ppm; IR: 7 = 3438, 2932, 1702, 1457, 1269, 1227, 1069, 736 cm '; HRMS
(ESI): m / z calcd for CsH,sNO3, [M+H]": 282.2064; found: 282.2061.

4.2.2. X-Ray Crystallography of Compound 21

The single crystal of 21, which was obtained through one recrystallization from a mixed
solvent of n-hexane and CH,Cl,, was used for the determination of its relative configurations via
X-ray crystallographic analysis. The crystal structure and the X-ray crystallographic data of 21
(CCDC 1539342) were described as follows:
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21

X-ray of 21

Crystal data and structure refinement for compound 21

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

B/

v/°

Volume/A®

Z

Pealcg/cm’

w/mm’

F(000)

Crystal size/mm’
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*
Final R indexes [[>=20 ()]
Final R indexes [all data]
Largest diff. peak/hole / e A

Compound 21

Ci6H27NO;

281.39

293(2)

monoclinic

P2,/n

12.4770(9)

8.3561(3)

15.4163(8)

90.00

106.701(7)

90.00

1539.48(15)

4

1.214

0.083

616.0

0.37 x 0.34 x 0.22

MoKa (A =0.71073)

6.82 to 52.04
-15<h<15,-5<k<10,-19<1<16
6004

3035 [Rine = 0.0284, Rgigma = 0.0471]
3035/0/184

1.055

R;=0.0524, wR, =0.1105
R;=10.0821, wR, =0.1288
0.17/-0.18
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4.3. (£)-Lycodoline and Its X-Ray Crystallography
4.3.1. Synthesis of (+)-Lycodoline

1) KH, Ph,CO, toluene
V —i 25 °C to reflux
2) PtO,, EtOH

H, (35 atm), 30 °C

75% yield (2 steps) ()-Lycodoline (2)

To a suspension of potassium hydride (KH, 1.534 g, 38.36 mmol, prepared by washing 4.50 g
of 30% KH in mineral oil with three portions of diethyl ether) in toluene (10.0 mL) was added diol
21 (1.542 g, 5.48 mmol) under argon. After stirring for 30 min at 25 °C, benzophenone (9.986 g,
54.80 mmol) was added and the resulting mixture refluxed for 17 h. The resulting brown suspension
was allowed to cool to ambient temperature, diluted with diethyl ether (6 mL), and extracted with
aqueous 5% HCI (aq.) (3 x 10 mL). The aqueous extracts were neutralized with solid K,CO3 and
extracted with CH,Cl, (4 x 15 mL). The organic extracts were combined, washed with brine, dried
by Na,SO4. The solvent was removed under reduced pressure and the crude product was directly
used in the next reaction without further purification.

To a solution of the crude enone product obtained above in anhydrous ethanol (110 mL) was
added platinum dioxide (165.2 mg), and the resulting mixture was stirred under hydrogen
atmosphere (50 atm) until uptake ceased at 30 °C for 15 h. The catalyst was removed by filtration
and the solvent evaporated. The residue was purified by column chromatography on silica gel
(CH,Cl/MeOH/NH3°H,0 500:10:1) to give (£)-lycodoline (2) (1.077g, 4.09 mmol, 75% yield, mp
180—184 °C) as a pale yellow powder.

(£)-Lycodoline (2): Ry = 0.55 (silica, CH,ClMeOH 5:1); '"H NMR (400 MHz, CDCls): § =
3.28-3.16 (m, 2H), 2.99-2.91 (m, 2H), 2.64—2.54 (m, 2H), 2.45 (dd, J = 14.6, 5.3 Hz, 1H), 2.33 (dd,
J=16.7, 1.6 Hz, 1H), 2.26 (d, J = 9.2 Hz, 1H), 2.19-2.01 (m, 4H), 2.00—1.81(m, 2H), 1.75-1.56
(m, 2H), 1.50 (d, J = 11.7 Hz, 1H), 1.46-1.31 (m, 4H), 0.88 ppm (d, J = 5.7 Hz, 3H); "C NMR
(100 MHz, CDCls): 6 = 212.4, 69.5, 61.5, 46.2, 46.1, 44.3, 43.2, 40.6, 36.0, 35.6, 30.2, 24.3, 22.6,
20.7,19.6, 17.7 ppm; IR: ¥ = 3438, 2945, 1701, 1457, 1301, 1124, 1099, 1073 cm™'; HRMS (ESI):
m / z calcd for CicHysNO3, [M+H]+: 264.1958; found: 264.1954.

4.3.2. X-Ray Crystallography of (+)-Lycodoline
The single crystal of (£)-lycodoline (2), which was obtained through one recrystallization
from a mixed solvent of CH,Cl,, was used for the determination of its relative configurations via

X-ray crystallographic analysis. The crystal structure and the X-ray crystallographic data of
(£)-lycodoline (2) (CCDC 1539343) were described as follows:
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(x)-Lycodoline (2)

X-ray of 2

Crystal data and structure refinement for (+)-lycodoline (2)

Identification code (+)-Lycodoline (2)

Empirical formula Ci16H25NO»
Formula weight 263.37
Temperature/K 293(2)
Crystal system monoclinic
Space group P2;/n

a/A 10.8530(9)
b/A 7.9767(5)
c/A 16.4717(16)
a/° 90.00

pB/° 107.414(10)
v/° 90.00
Volume/A® 1360.6(2)
Z 4

Pealeg/cm’ 1.286
wmm' 0.084
F(000) 576.0

Crystal size/mm’ 0.25 x 0.22 x 0.17

Radiation MoKa (A =0.71073)

20 range for data collection/° 7.28 to 52.04

Index ranges -9<h<13,-9<k<8,-20<1<10
Reflections collected 4803

Independent reflections 2675 [Rin; = 0.0528, Rgigma = 0.1029]
Data/restraints/parameters 2675/0/174

Goodness-of-fit on F? 1.052

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

R; =0.0682, wR, = 0.1487
R;=0.1407, wR, = 0.1979
0.18/-0.18
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5. Study the Aminolysis of Bridgehead Tertiary Alcohol Ester
5.1. The Preparation of Substrate 19i

1) 1N NaOH, THF, rt;
OYO 2) CF3CO,H, CH,Cl,, it Me

Mej
& ~N

Boc
18d

Cl Cl

71% vyield (2 steps)

To a solution of 18d (138.0 mg, 0.30 mmol) in THF (20 mL) was added 1N NaOH (2.0 mL).
The reaction mixture was stirred at ambient temperature for 5 h, and quenched with saturated
NaHCOs. The aqueous layer was extracted with CH,Cl, (3 x 10 mL). The organic extracts were
combined, washed with brine, dried over Na,SO4. The solvent was concentrated in vacuo and the
crude compound was directly used in the next step without further purification.

To a 25 mL round bottom flask was equipped with the crude product obtained above was
added CF;CO,H (1.0 mL) and CH,Cl, (10 mL). The resulting mixture was stirred at ambient
temperature for 6 h, extracted with CH,Cl; (3 x 10 mL). The organic layers were combined, washed
with brine, dried by Na,SO4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CH,Cl,/MeOH/NH3*H,O 250:5:1) to afford 19i (67.7 mg, 0.213
mmol, 71% yield) as a white foam.

19i: Ry= 0.41 (silica, CH,Cl,/MeOH 5:1); "H NMR (400 MHz, CDCls): § = 5.30 (s, 0.5H), 3.63 (t,
J = 6.3 Hz, 2H), 2.97-2.87 (m, 1H), 2.87-2.80 (m, 1H), 2.79-2.70 (m, 1H), 2.69-2.52 (m, 3H),
247 (dd, J = 18.2, 6.6 Hz, 1H), 2.33 (brd, J = 18.2 Hz, 1H), 2.21 (s, 1H), 2.06—1.95 (m, 4H),
1.85-1.74 (m, 3H), 1.69—1.59 (m, 1H), 1.56—1.44 (m, 2H), 1.38—1.31 (m, 1H), 0.89ppm (d, J = 5.9
Hz, 3H); *C NMR (100 MHz, CDCl;): 6 = 210.4, 73.7, 72.3, 51.3, 49.8, 46.3, 45.7, 45.0, 42.8,
37.0,35.4,32.1,31.6,25.9,22.4,21.9 ppm; IR: v =3425, 2930, 1701, 1456, 1308, 1221,
1109, 1029, 732 cm_l; HRMS (ESI): m / z caled for C;sH9CINOs, [M+H]+: 318.1830; found:
318.1831.

5.2. General Procedure for the Aminolysis Reaction

NaBH3CN (3.0 equiv)
CF3C02H (3.0 equiv)

OR' 3-aminopropanol (5.0 equiv) OE;’
R2 MeOH/H,0 (5:1), 30 °C, 20 h IR2
Me OAc > Me N
H H ((
O/ O/
X

To a stirred solution of the substrate in methanol and water was added 3-aminopropanol (5.0
equiv), sodium cyanoborohydride (NaBH3;CN, 3.0 equiv) and CF;COOH (TFA, 3.0 equiv). The
reaction mixture was stirred at 30 °C for 20 h, and quenched with saturated NaHCOs. The aqueous

layer was extracted with CH,Cl,. The combined organic layers were washed with brine, dried over
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Na,SOy4 and concentrated in vacuo. The residue was purified by column chromatography on silica

gel.
5.3. Controlled Experiments of the Aminolysis Reaction

Table SI-3. Reactivity of the aminolysis reaction

Entry Substrate Product Yield'™

1 80%
22

2 No reaction

3 No reaction

[l Isolated yield.

When conducted the substrate 19d under the general procedure, the aza-annulation product
22 was generated in 80% yield (entry 1 of Supplementary Table 3). Instead of the bridgehead
acetate group with hydroxyl, the 19i was treated with 3-aminopropanol, NaBH3;CN and TFA
(entry 2), but the aza-annulation product could not be observed, meaning the bridgehead acetate
group is crucial for the bridgehead C—O bond cleavage under the mild conditions. Compared with
the intramolecular aminolysis of bridgehead tertiary alcohol ester, conducting the compound 19¢
under the conditions mentioned above (entry 3), we just obtained the starting material.

HO

HO\/\/NHZ HN\/\/| Aminolysis V —1
e > Ve /\ Me Z
NaBH;CN, CF,CO,H W/

MeOH/H,O (5:1), 30 °C

\o Reductive Amination Cec—>Oho
19a (R'=H, 1.3:1 dr) TS-2 21
;’:3:. ((FF; z mg; 80% yield (19a—21)
85% yield (19a'—>21)

According the results obtained above, this unusual transformation might undergo a
subsequent intramolecular bridgehead aminolysis after the initial reductive amination, wherein
acid-promoted direct aminolysis of bridgehead tertiary alcohol ester might proceed through the
transition state TS-2 due to the intrinsic leaving ability of bridgehead acetate group, which was
partially accelerated by the favorable hyperconjugate effect in the [3.3.1] bicycle system.
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Spectroscopic Data for the Products 22

L, OH 22: Ry = 0.38 (silica, CH,Cl,/MeOH 10:1); "H NMR (400 MHz, CDCl;): § =

Me gf n—/ 3.58(t,J=6.3 Hz, 2H), 3.33 (s, 1H), 2.96—2.85 (m, 2H), 2.77 (brd, J = 13.1 Hz,

H 1H), 2.60 (dd, J=17.8, 6.6 Hz, 1H), 2.51-2.41 (m, 1H), 2.36 (brd, J=17.9 Hz,

/CI 1H), 2.22 (dd, J = 17.3, 1.8 Hz, 1H), 2.14-2.02 (m, 2H), 2.01-1.77 (m, 5H),

22 1.70 (dd, J = 12.3, 4.2 Hz, 1H), 1.66—1.60 (m, 1H), 1.59—1.51 (m, 1H), 1.51

—1.37 (m, 2H), 1.36—1.29 (m, 1H), 0.91 ppm (d, J= 6.1 Hz, 3H); C NMR

(100 MHz, CDCls): 6 = 211.4, 69.0, 60.9, 46.3, 44.9, 44.6, 42.8, 41.6, 40.9, 39.1, 35.2, 32.0, 30.5,

24.8, 22.5, 20.8 ppm; IR: v = 3488, 2929, 1702, 1457, 1307, 1264, 1122, 1082, 737 cm ';
HRMS (ESI): m / z calcd for CcH,7CINO,, [M+H]": 300.1725; found: 300.1716.

O
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6. Bioinspired Total Synthesis of (£)-Lycojaponicumin D
6.1. Synthesis of (¥)-Lycoposerramine G

'BUOK, P(OEt)3
0,, DMSO, rt
—_—

84% yield

()-Lycodoline (2) (x)-Lycoposerramine G (5)

‘BuOK (80.8 mg, 0.72 mmol), P(OEt); (1.0 mL, 6.0 mmol), (£)-lycodoline (2) (158.0 mg, 0.60
mmol) and dimethyl sulfoxide (12.0 mL) were added to a 50 mL Schlenk tube. The resulting
mixture was stirred at ambient temperature under oxygen atmosphere (balloon pressure) for 24 h.
The solution was then diluted with saturated NaHCO; (20 mL). The aqueous layer was extracted
with EtOAc (3 x 15 mL). The combined organic layers were washed with brine, dried over Na,SO4,
and evaporated under vacuum. The crude product was purified by column chromatography on silica
gel (CH,Cl,/MeOH/NH3°H,0 125:5:1) to give (+)-lycoposerramine G (5) (140.7 mg, 0.504mmol,
84% vyield (based on impure material containing residual CH,Cly), mp 220-223 °C) as a white
solid.

(¥)-Lycoposerramine G (5): Rr= 0.63 (silica, CH,Cl,/MeOH 5:1); "H NMR (400 MHz, CDCl;): ¢
=4.02 (ddd, J=13.1, 11.0, 4.5 Hz, 1H), 3.39-3.26 (m, 2H), 3.18 (s, 1H), 2.92 (td, J=13.1, 5.2 Hz,
1H), 2.62-2.54 (m, 2H), 2.51 (s, 1H), 2.37-1.95 (m, 7H), 1.74 (brd, J = 13.8 Hz, 2H), 1.57 (t, J =
13.1 Hz, 1H), 1.49—1.34 (m, 4H), 0.85 ppm (d, J = 5.8 Hz, 3H); *C NMR (100 MHz, CDCl): J =
208.8, 78.5, 70.1, 61.5, 48.6, 46.0, 40.6, 40.5, 38.4, 35.3, 31.1, 27.5, 24.3, 22.8, 19.9, 15.4 ppm; IR:
vV = 3398, 2924, 1708, 1458, 1301, 1103, 1073, 1024 cm '; HRMS (ESI): m / z calced for
C16H26NOs, [M+H]": 280.1907; found: 280.1911.

6.2. Synthesis of (¥)-Miyoshianine A

H—
H,0, (30% aq.) O[H
MeOH, 30 °C }
_ > N Me
quantitive yield H
HO~ A
(e}
(¢)-Lycoposerramine G (5) (x)-Miyoshianine A (4)

(()-Lycoposerramine F)

To a solution of (+)-lycoposerramine G (5) (139.7 mg, 0.50 mmol) in methanol (15.0 mL) was
added 30% hydrogen peroxide (3.0 mL). The reaction mixture was stirred at 30 °C for 20 h. The
solvent was removed under reduced pressure, and the residue was purified by column
chromatography on silica gel (CH,Cl,/MeOH/NH3*H,0 500:10:1) to give (£)-miyoshianine A (4)
(147.2 mg, 0.499 mmol, >99% yield, mp 212-215 °C) as a white solid.

(£)-Miyoshianine A (4): Ry= 0.26 (silica, CH,Cl,/MeOH 10:1); "H NMR (400 MHz, CD;0D): § =
5.00 (td, J = 12.7, 4.0 Hz, 1H), 3.63 (td, J = 13.8, 4.0 Hz, 1H), 3.38-3.33 (m, 1H), 3.11-2.98 (m,
3H), 2.79-2.64 (m, 2H), 2.29-1.99 (m, 5H), 1.95 (dd, J = 13.8, 4.9 Hz, 1H), 1.90-1.80 (m, 2H),
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1.79-1.61 (m, 2H), 1.46-1.34 (m, 2H), 0.95 ppm (d, J = 6.2 Hz, 3H); *C NMR (100 MHz,
CD;OD): 6 = 207.2, 78.9, 75.0, 73.7, 64.93, 64.86, 42.5, 41.0, 36.1, 33.4, 32.0, 25.7, 25.5, 23.2,
19.2, 17.4 ppm; IR: v = 3408, 2956, 2128, 1708, 1639, 1457, 1022, 578 cm '; HRMS (ESI):

m / z calcd for CicHy6NOs, [M+H]+: 296.1856; found: 296.1861.

6.3. Synthesis of (+)-Lycojaponicumin D and Its X-Ray Crystallography

6.3.1. Attempts to Optimize the Tandem Fragmentation/Mannich Reaction

He— o
O|H
v[tj Me Conditions
_
(e}

(x)-Miyoshianine A (4)
((x)-Lycoposerramine F)

(x)-Lycojaponicumin D (1)

Entry | Conditions Results'!

1 Ac-0O, NEt;, CH,Cl,, =78 °C no reaction

2 (CF5C0),0, CH,Cl,, 0 °C undetermined byproducts

3 (CF3CO),0, NEt3, CH,Cl,, —40 °C undetermined byproducts

4 (CF3C0),0, ‘BuOK, THF, rt undetermined byproducts

5 (CF;CO),0, CF;COO0OH, 0 °C no reaction

6 (CF5S0,),0, CH,Cl,, 0 °C no reaction

7 TsCl, CH,Clp, rt no reaction

8 TsCl, ‘BuOK/BuOH, 60 °C no reaction

9 TsCl, ‘BuOK, THF, 50 °C SM recovered partially

10 Et,AICI, CH,Cl,, 0 °C to rt SM recovered partially

11 MesAl, THF, reflux no reaction

12 (COCl),, NEt3, CHCl,, 0 °C to rt SM disappeared, no desired product
13 CO(OCCl3),, NEt3, CH,Cl,, 0 °C to rt 44% yield

14 CO(OCCl3),, pyridine, CH,Cl,, 0 °C to rt | SM disappeared, no desired product

2] SM: Starting material.
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6.3.2. Synthesis of (£)-Lycojaponicumin D

He

? H CO(OCCl5),, NEts
[¢] o]
vN ye CHaCl, 0°Ct025°C

—_—

HO— A\ H 44% yield

(0]

(x)-Miyoshianine A (4) (x)-Lycojaponicumin D (1)
((£)-Lycoposerramine F)

The solution of triphosgene (29.7 mg, 0.10 mmol) in dry CH,Cl, (0.5 mL) was added dropwise
to a stirred solution of (£)-miyoshianine A (4) (59.1 mg, 0.20 mmol) and NEt; (139 pL, 1.0 mmol)
in dry CH,Cl, (4.0 mL) at 0 °C under argon. The resulting mixture was warmed to 25 °C, stirred at
this temperature for 20 h, and quenched with saturated NaHCOj3; (5 mL). The organic layer was
separated and the aqueous layer was extracted with CH,Cl, (4 x 5 mL). The organic extracts were
combined, washed with brine, dried in Na,SO4, concentrated in vacuo. The residue was purified by
column chromatography on silica gel (CH,Cl,/MeOH/NH3*H,O 200:10:1) to give
(#)-lycojaponicumin D (1) (24.4 mg, 0.0880 mmol, 44% yield, mp 182—185 °C) as a white powder.

(¥)-Lycojaponicumin D (1): Ry = 0.24 (silica, CH>Cl,/MeOH 10:1); '"H NMR (600 MHz,
(CD3),CO): 6 =6.99 (s, 0.32 H), 3.38 (s, 0.47 H), 3.18-3.12 (m, 1H), 3.10-3.03 (m, 1H), 2.88 (dd,
J=18.4,5.2 Hz, 1H), 2.72-2.62 (m, 3H), 2.56 (ddd, J=19.1, 7.6, 1.5 Hz, 1H), 2.38 (ddd, J = 13.2,
11.8, 3.3 Hz, 1H), 2.07 (qt, J=13.2, 4.0 Hz, 1H), 2.01-1.91 (m, 2H), 1.80 (td, J=12.9, 4.1 Hz, 1H),
1.63 (t, J = 12.1 Hz, 1H), 1.50 (brd, J = 13.5 Hz, 1H), 1.44 (brd, J = 12.4 Hz, 1H), 1.41-1.34 (m,
3H), 0.86 ppm (d, J = 6.4 Hz, 3H); *C NMR (150 MHz, (CD5),CO): § = 196.3, 144.3, 133.7, 74.4,
71.1, 51.8, 49.9, 43.5, 42.4, 38.5, 36.9, 33.1, 29.8, 26.1, 22.0, 21.2 ppm; '"H NMR (400 MHz,
CDCl3): 0 = 6.66 (s, 1H), 3.24-3.07 (m, 2H), 2.90-2.59 (m, 5H), 2.39 (td, J = 13.1, 3.5 Hz, 1H),
2.12-1.89 (m, 3H), 1.76 (td, J = 12.9, 4.2 Hz, 1H), 1.67-1.55 (m, 2H), 1.50-1.36 (m, 4H), 0.90
ppm (d, J = 5.9 Hz, 3H); *C NMR (100 MHz, CDCl3): § = 195.8, 143.1, 133.4, 73.7, 70.7, 51.1,
494, 42.6, 41.0, 37.8, 36.0, 32.0, 29.2, 25.1, 21.6, 20.5 ppm; IR: v = 3401, 2953, 1622, 1456,
1354, 1264, 1132, 908, 736 cm '; HRMS (ESI): m / z caled for Ci¢HouNOs, [M+H]": 278.1751;
found: 278.1754.

6.3.3. X-Ray Crystallography of (+)-Lycojaponicumin D

The single crystal of (£)-lycojaponicumin D (1), which was obtained through one
recrystallization from a mixed solvent of CH,Cl, and acetone, was used for the determination of
its relative configurations via X-ray crystallographic analysis. The crystal structure and the X-ray

crystallographic data of (+)-lycojaponicumin D (1) (CCDC 1539344) were described as follows:
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()-Lycojaponicumin D (1)

X-ray of 1

Crystal data and structure refinement for (+)-lycojaponicumin D (1)

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

a/A

b/A

c/A

o/°

pr°

v/°

Volume/A®

Z

Pealeg/cm’
w/mm’
F(000)
Crystal size/mm’

Radiation

20 range for data collection/®

Index ranges

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

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A~

(¥)-Lycojaponicumin D (1)
Ci6H23NO;

277.35

293.8(3)

triclinic

P-1

8.499(3)

9.1139(17)

10.798(3)

91.404(18)

104.88(2)

116.48(2)

714.2(3)

2

1.290

0.088

300.0

0.25x0.22 x 0.18

MoKa (A=0.71073)

6.9 to 52.04
-10<h<10,-10<k<11,-13<I1<11
4522

2817 [Rin = 0.0311, Ryjgma = 0.0651]
2817/0/184

1.031

R; =0.0590, wR, = 0.1238
Ry =0.1005, wR, = 0.1542
0.20/-0.19
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6.3.3. Comparison of ’C NMR Data for Synthetic and Natural (+)-Lycojaponicumin D

The 'H and °C NMR spectra for our synthetic (+)-lycojaponicumin D in (CD;),CO are in
good agreement with those of isolated natural (z)-lycojaponicumin D in (CDs),CO. For detailed
spectral comparisons, please see the below.
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Figure SI-1. Comparison of "H NMR Spectra of Lycojaponicumin D
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Figure SI-2. Comparison of BC NMR Spectra of Lycojaponicumin D
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Table SI-4. Comparison of BC NMR Spectral Data of Lycojaponicumin D

Natural Synthetic
Lycojaponicumin D Lycojaponicumin D A8 (ppm)
(125 MHz, (CD5),CO)™! (150 MHz, (CD5),CO)

20.21 21.21 1.0

21.10 22.05 0.9
25.16 26.07 091
28.77 29.78 ~1.01
32.07 33.07 1.0

35.97 36.93 —0.96
37.45 38.46 ~1.01
41.53 42.42 —0.89
42.56 43.49 093
48.96 49.90 —0.94
50.91 51.84 —0.93
70.39 71.06 —0.67
73.59 74.39 —0.80
132.30 133.68 138
142.94 144.27 133
195.13 196.30 —LI7

[2JThe spectral data from Org. Lett. 2012, 14, 5688.

In addition, the spectroscopic analysis of our synthetic (+)-lycojaponicumin D was also
performed in CDCls. The related *C NMR spectral data of our synthetic sample are consistent to
those of the natural sample. However, the partial deviation of 'H NMR spectra in CDCl; was
observed. The reason for such deviation could not be concluded at this stage.
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7. Synthesis of Lycodoline-Type Lycopodium Alkaloids
7.1. Synthesis of (£)-Obscurumine A

H~o
m-CPBA ? H
CH,Cl,, 0°C
b Me
85% yield H
H-
\O
(+)-Lycodoline (2) ()-Obscurumine A (6)

To a solution of (+)-lycodoline (2) (8.4 mg, 0.032 mmol) in CH,Cl, (2.0 mL) was added
3-chloroperoxybenzoic acid (m-CPBA, 7.1 mg, 0.035 mmol). The reaction mixture was stirred at 0
°C for 1.5 h, and then quenched with saturated NaHCOj3. The organic layer was separated and the
aqueous layer was extracted with CH,Cl, (4 x 5 mL). The organic extracts were combined, washed
with brine, dried in Na,SO4, concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CH,Cl,/MeOH/NH3°H,O 500:10:1) to give (£)-obscurumine A (6)
(7.6 mg, 0.027 mmol, 85% yield, mp 214-218 °C) as a white solid.

(£)-Obscurumine A (6): Ry = 0.23 (silica, CH,Cl,/MeOH 10:1); "H NMR (600 MHz, CD;0D): § =
431 (tt,J=13.2, 3.8 Hz, 1H), 3.62 (td, J = 13.8, 4.9 Hz, 1H), 3.30-3.27 (m, 1H), 2.98 (dd, J = 12.9,
4.7 Hz, 1H), 2.92 (dd, J = 13.5, 4.5 Hz, 1H), 2.83-2.73 (m, 2H), 2.56-2.45 (m, 2H), 2.36 (dd, J =
17.0, 1.5 Hz, 1H), 2.15-2.10 (m, 1H), 2.08 (dd, J = 13.4, 4.4 Hz, 1H), 2.04—1.87 (m, 5H), 1.81 (brd,
J=14.4 Hz, 1H), 1.73-1.63 (m, 1H), 1.53 (brd, J = 13.8 Hz, 1H), 1.51-1.45 (m, 1H), 1.40-1.35 (m,
1H), 0.97 ppm (d, J = 6.2 Hz, 3H); *C NMR (150 MHz, CD;0D): 6 =209.2, 74.6, 73.1, 64.3, 60.8,
50.6, 44.8, 42.5, 36.4, 30.6, 30.3, 25.9, 22.8, 22.1, 18.7, 17.4 ppm; "H NMR (400 MHz, CDCls): 6
=4.03 (t, J= 12.7 Hz, 1H), 3.60 (td, J = 13.5, 4.1 Hz, 1H), 3.10-2.99 (m, 2H), 2.92 (brd, J = 12.6
Hz, 1H), 2.84 (brd, J = 12.7 Hz, 1H), 2.77 (d, J = 13.2 Hz, 1H), 2.62 (dd, J = 17.0, 6.1 Hz, 1H),
243 (d,J=17.1 Hz, 1H), 2.27-2.05 (m, 4H), 1.96-1.61 (m, 6H), 1.54—1.40 (m, 1H), 1.32 (brd, J =
12.8 Hz, 1H), 0.96 ppm (d, J = 6.2 Hz, 3H); *C NMR (100 MHz, CDCls): é = 207.1, 72.7, 70.9,
63.2,59.7,49.9, 44.1, 41.2, 35.2,29.6, 24.7, 22.4, 21.4, 17.8, 16.4 ppm; IR: ¥ = 3403, 2925, 2372,
1705, 1458, 1265, 1144, 1097, 735 cm '; HRMS (ESI): m / z caled for Ci¢HagNOs, [M+H]":
280.1907; found: 280.1905.

The spectroscopic data ('"H NMR, >C NMR in CD;0D) of the synthetic product were in good
agreement with those of the natural product.
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7.2. Synthesis of (¥)-Serratezomine C and Its X-Ray Crystallography
7.2.1. Synthesis of (¥)-Serratezomine C

NaHMDS, THF
Me —40to-78°C p
O:S/;/N
29% yield 4 o
90% yield (brsm)
(x)-Lycodoline (2) (x)-Serratezomine C (7) (1S)-(+)-(Camphorylsulfonyl)
Oxaziridine

To a solution of (£)-lycodoline (2) (13.2 mg, 0.050 mmol) in dry THF (1.0 mL) was added
sodium hexamethyldisilazide (NaHMDS, 75 uL, 2.0 M in THF) at =78 °C. The resulting mixture
was warmed to —40 °C, stirred at this temperature for 10 min, and cooled to —78 °C. A solution of
(18)-(+)-10-(camphorsulfonyl)oxaziridine (34.4 mg, 0.15 mmol) in THF (0.50 mL) was added
dropwise to this reaction mixture, which was stirred for another 20 min. The reaction was quenched
with Et;N (28 pL, 0.20 mmol) at =78 °C and added a drop of HOAc. The resulting mixture was
taken up in CH,Cl, (10 mL), which was washed with saturated NaHCOs, brine, and dried over
Na;SO4. The solvent was concentrated in vacuo and the residue was purified by column
chromatography on silica gel (CH,Cl,/MeOH/NH3*H,0 500:10:1) to give (£)-serratezomine C (7)
(4.0 mg, 0.014 mmol, 29% yield, 90 % brsm, mp 221-223 °C) as a pale yellow solid and
(¥)-lycodoline (2) (9.0 mg, 0.034 mmol).

(¥)-Serratezomine C (7): Ry= 0.20 (silica, CH,Cl,/MeOH 10:1); "H NMR (600 MHz, CD;0D): § =
3.83(d,J=2.0Hz, 1H), 3.34 (td, /= 13.0, 3.2 Hz, 1H), 3.23 (td, /= 14.0, 3.9 Hz, 1H), 2.77 (td, J =
14.4, 4.6 Hz, 1H), 2.57 (brd, J = 7.8 Hz, 1H), 2.45 (dd, J = 14.3, 4.7 Hz, 1H), 2.25-2.21 (m, 2H),
2.20—-1.94 (m, 4H), 1.65—1.53 (m, 3H), 1.46 (brd, J = 14.7 Hz, 1H), 1.40 (brd, J = 2.4 Hz, 1H),
1.37-1.23 (m, 3H), 0.86 ppm (d, J = 6.2 Hz, 3H); *C NMR (150 MHz, CD;0D): = 213.7, 79.2,
70.5, 64.2,49.5,47.8,47.2,41.0, 35.9, 34.4, 33.3, 26.2, 23.2, 21.6, 20.6, 18.7 ppm; IR: v = 3402,
2923, 2853, 1707, 1458, 1267, 1099, 1046 cm'; HRMS (ESI): m / z caled for CigHyNO:s,
[M+H]": 280.1907; found: 280.1903

The 'H and >C NMR data for (+)-Serratezomine C+TFA salt as shown below.

(+)-Serratezomine C*TFA: '"H NMR (600 MHz, CD;OD): § = 5.49 (s, 1H), 3.93 (d, J = 1.83 Hz,
1H), 3.92 (td, /= 13.4, 3.7 Hz, 1H), 3.69 (dd, J = 12.0, 3.3 Hz, 1H), 3.55 (td, /= 13.8, 4.0 Hz, 1H),
3.05(dd, J=13.1, 4.8 Hz, 1H), 2.98 (td, /= 14.6, 4.4 Hz, 1H), 2.87 (dd, /= 13.6, 5.0 Hz, 1H), 2.43
(qt, J=13.8, 4.6 Hz, 1H), 2.32 (dd, J = 12.6, 4.9 Hz, 1H), 2.14-2.08 (m, 2H), 2.06—1.98 (m, 2H),
1.87 (brd, /= 15.1 Hz, 1H), 1.83—1.77 (m, 2H), 1.73 (ddd, J = 26.1, 13.7, 4.9 Hz, 1H), 1.62 (brd, J
=15.2 Hz, 1H), 1.44 (brd, J = 13.4 Hz, 1H), 1.41-1.33 (m, 1H), 0.93 ppm (d, J = 6.2 Hz, 3H); *C
NMR (150 MHz, CD;0D): 6 = 208.2, 78.1, 69.8, 68.5, 49.1, 48.4, 47.8, 42.1, 34.1, 33.6, 31.2, 26 .4,
22.7,19.7, 18.8, 18.2 ppm.

7.2.2. X-Ray Crystallography of (£)-Serratezomine C

The single crystal of (%)-serratezomine C (7), which was obtained through one
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recrystallization from a mixed solvent of CH,Cl, and MeOH, was used for the determination of its

relative configurations via X-ray crystallographic analysis. The crystal structure and the X-ray

crystallographic data of (+)-serratezomine C (7) (CCDC 1539345) were described as follows:

Serratezomine C (7)

X-ray of 7

Crystal data and structure refinement for (+)-serratezomine C (7)

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

a/lA

b/A

c/A

o

o/
pre

y/°

Volume/A®

Z

Pealcg/cm’

wmm''

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

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

Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A

(¥)-Serratezomine C (7)
Ci6H2sNO;

279.37

293.18(10)

monoclinic

P2/c

12.3508(9)

7.8777(4)

15.0955(14)

90.00

102.872(8)

90.00

1431.82(19)

4

1.296

0.088

608.0

0.28 x0.25 x0.24

MoKa (A =0.71073)

6.76 t0 52.04
-14<h<15,-9<k<9,-18<1<10
5403

2815 [Rine = 0.0583, Rgigma = 0.1061]
2815/0/184

1.033

R;=0.0686, wR, =0.1414
R;=0.1386, wR; =0.1969
0.20/-0.20
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7.2.3. Comparison of ?C NMR Data for Synthetic and Natural Serratezomine C

Table SI-5. Comparison of BC NMR Spectral Data of Serratezomine C

Natural Synthetic
Serratezomine C Serratezomine C AS (ppm)
(125 MHz, CD;0D)® (150 MHz, CD;0D)

18.59 18.66 —0.07
20.57
21.36!
21.61
2233
23.11 23.19 —0.08
26.24 26.23 +0.01
33.05 33.32 —0.27
34.26 34.36 —0.10
35.66 35.86 ~0.20
41.23 41.02 +0.21
47.30 47.22 +0.08
47.89 47.81 +0.08
49.42 49.47 —0.05
64.68!° 64.16 +0.52
70.40 70.45 —0.05
79.10 79.22 —0.12
213.00"! 213.70 —0.70

lalThe spectral data from J. Org. Chem. 2000, 65, 6241. ™'Wrong
assignment. '“/Not observed in *C NMR spectrum, published on J. Org.

Chem. 2000, 65, 6241.

S36



7.3. Synthesis of (+)-Huperzine O

DMSO, (CF3C0),0
Me NEts, CHyCly, -60 °C

—_—

76% yield

(x)-Serratezomine C (7) (x)-Huperzine O (8)

(CF3CO),0 (10 pL, 0.072 mmol) was added dropwise to a stirred solution of dimethyl
sulfoxide (DMSO, 6.1 uL, 1.4 mmol) in dry CH,Cl; (2.0 mL) at =60 °C under argon. The resulting
colourless, clear solution was stirred at —60 °C for 10 min, and a solution of (+)-serratezomine C (7)
(4.1 mg, 0.015 mmol) in CH,ClI, (0.50 mL) was added dropwise. The reaction solution was stirred
at —60 °C for 1.5 h and NEt; (20 pL, 0.14 mmol) was added dropwise. The light yellow reaction
mixture was stirred at —60 °C for another 1.5 h, warmed to ambient temperature, quenched with
saturated NaHCOs. The organic layer was separated and the aqueous layer was extracted with
CHyCl; (4 x 5 mL). The combined organic extracts were washed with brine, dried by Na,SOs,
contracted under reduced pressure. The residue was purified by column chromatography on silica
gel (CH,Cl,/MeOH/NH3H,0 125:5:1) to give ()-huperzine O (8) (3.1 mg, 0.011 mmol, 76% yield,
mp 243-249 °C) as a white solid.

(+)-Huperzine O (8): Ry= 0.29 (silica, CH,Cl,/MeOH 10:1); "H NMR (400 MHz, CDCLs): § = 6.07
(s, 1H), 3.41 (td, J=13.7, 4.1 Hz, 1H), 3.03 (td, J = 12.2, 2.5 Hz, 1H), 2.96 (dd, J = 17.5, 6.5 Hz,
1H), 2.82 (s, 1H), 2.69 (dd, J = 14.6, 5.7 Hz, 1H), 2.61-2.53 (m, 2H), 2.33-2.23(m, 1H), 2.18-2.06
(m, 1H), 2.03 (dd, J = 12.7, 4.6 Hz, 1H), 1.96-1.74 (m, 3H), 1.64—1.55 (m, 3H), 1.46—1.35 (m, 3H),
0.95 ppm (d, J = 6.3 Hz, 3H); *C NMR (100 MHz, CDCL): 6 = 195.7, 144.7, 130.0, 70.5, 61.8,
53.3,48.6,45.7,34.2,32.4,30.5,25.1, 21.5, 21.1, 19.8, 15.6 ppm; IR: ¥ = 3406, 2924, 2373, 1666,
1458, 1270, 1196, 1092, 1070 cm™'; HRMS (ESI): m / z caled for C¢H4NOs, [M+H]": 278.1751;
found: 278.1753.
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7.4. Synthesis of (+)-Anhydrolycodoline

SOCl,, DABCO
DMF, 35 °C
>

97% yield

(x)-Lycodoline (2) (x)-Anhydrolycodoline (9)

To a solution of (£)-lycodoline (2) (26.3 mg, 0.10 mmol) in DMF (5.0 mL) was added thionyl
chloride (SOCl,, 15 pL, 0.21 mmol) and 1,4-diazabicyclo[2.2.2]octane (DABCO, 56.1 mg, 0.50
mmol). The reaction mixture was stirred at 35 °C for 15 h, and then quenched with saturated
NaHCOs. The aqueous layer was extracted with EtOAc (4 x 5 mL). The organic layers were
combined, washed with brine, dried over Na,SO4. The solvent was removed under reduced pressure
and the residue was purified by column chromatography on silica gel (CH,Cl,/MeOH/NH;3°H,O
500:10:1) to give (£)-anhydrolycodoline (9) (23.8 mg, 0.097 mmol, 97 % yield) as a white foam.

(£)-Anhydrolycodoline (9): Ry = 0.68 (silica, CH,Cl,/MeOH 10:1); "H NMR (400 MHz, CDCls): 6
=5.60 (t, J = 3.9 Hz, 1H), 3.06 (td, J = 12.7, 3.7 Hz, 1H), 2.86-2.77 (m, 2H), 2.76-2.67 (m, 1H),
2.64-2.52 (m, 3H), 2.39 (d, J = 15.5 Hz, 1H), 2.36 (dd, J = 12.9, 3.8 Hz, 1H), 2.32-2.24 (m, 1H),
2.23-2.12 (m, 1H), 2.11-2.02 (m, 1H), 1.76 (dt, J = 12.9, 2.3 Hz, 1H), 1.65-1.51 (m, 3H),
1.33—1.24 (m, 2H), 1.12 (t, J = 12.6 Hz, 1H), 0.85 ppm (d, J = 6.2 Hz, 3H); *C NMR (100 MHz,
CDCly): 6 = 212.0, 142.7, 116.6, 59.2, 54.2, 47.64, 47.57, 45.1, 43.7, 40.4, 37.0, 26.2, 25.1, 23.0,
22.4, 19.5 ppm; IR: v = 3374, 2920, 1704, 1457, 1259, 1111, 1022, 801 cm'; HRMS (ESI):
m / z calcd for C;sHy4NO, [M+H]+: 246.1852; found: 246.1857.

To confirm its structure, (+)-anhydrolycodolinesTFA salt was additionally prepared. Its 'H and
3C NMR spectral data are consistent with those previously reported by Olafsdottir (Phytochemistry
2010, 71, 149).[5] It should be noted that some unknown contaminants could be observed in the
NMR spectra of anhydrolycodoline*TFA in CD;OD. The inseparable contaminants might result
from the chemical instability of anhydrolycodoline in acid conditions (For an early note on the
chemical instability of anhydrolycodoline, see: Ayer, W. A.; Iverach, G. G. Can. J. Chem. 1964, 42,
2514).1%

The 'H and *C NMR data for (+)-anhydrolycodolinesTFA salt as shown below.

(2)-Anhydrolycodoline*TFA: '"H NMR (400 MHz, CD;OD): 6 = 5.9 (d, J = 6.0 Hz, 1H), 3.86 (td, J
=12.3, 4.5 Hz, 1H), 3.76 (td, J = 13.4, 4.9 Hz, 1H), 3.52-3.39 (m, 1H), 3.27 (d, J = 5.8 Hz, 1H),
3.25-3.15 (m, 2H), 3.00 (t, J = 3.4 Hz, 1H), 2.84-2.61 (m, 3H), 2.49 (d, J = 16.1 Hz, 1H),
2.46-2.39 (m, 1H), 2.14-2.04 (m, 1H), 1.97-1.83 (m, 3H), 1.75-1.64 (m, 2H), 1.36 (dd, J = 12.7,
3.8 Hz, 1H), 1.25 (t, J= 13.2 Hz, 1H), 0.96 ppm (d, J = 6.2 Hz, 3H); *C NMR (100 MHz, CD;0D):
0 =208.3, 140.3, 117.8, 64.2, 53.0, 49.6, 48.8, 45.9, 42.1, 40.4, 40.3, 26.3, 23.6, 22.1, 19.6, 18.8

For ?C NMR comparison of synthetic anhydrolycodolinesTFA salt with natural one, see
below:
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Table SI-6. Comparison of 13C NMR Data for AnhydrolycodolinesTFA salt

Natural Synthetic
Anhydrolycodoline*TFA salt Anhydrolycodoline*TFA salt Ad (ppm)
(100 MHz, CD;OD)" (100 MHz, CD;0D)
18.8 18.8 0
19.6 19.6 0
22.1 22.1 0
23.7 23.6 +0.1
26.4 26.3 +0.1
40.3 40.26 0
40.4 40.35 +0.05
42.2 42.1 +0.1
46.0 45.9 +0.1
48.9 48.8 +0.1
49.7 49.6 +0.1
53.1 53.0 +0.1
64.2 64.2 0
117.9 117.8 +0.1
140.3 140.3 0
208.3 208.3 0

[2The spectral data from Phytochemistry 2010, 71, 149.
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7.5. Synthesis of (+)-12-Epilycodoline and Its X-Ray Crystallography
7.5.1. Synthesis of (£)-12-Epilycodoline

Co(acac),, PhSiH3
Me O,, THF, rt

60% yield

(x)-Anhydrolycodoline (9) (z)-12-Epilycodoline (10) ()-Lycodoline (2)
(43% yield) (17% yield)

To a solution of (£)-anhydrolycodoline (9) (61.3 mg, 0.25 mmol) in anhydrous THF (4.0 mL)
was added cobalt(Il) acetylacetonate (Co(acac),, 77.1 mg, 0.30 mmol) and phenylsilane (PhSiHj3,
153 pL, 1.243 mmol). The resulting mixture was stirred at ambient temperature under oxygen
atmosphere (balloon pressure) for 24 h. The solution was then diluted with saturated NaHCO; (5
mL). The aqueous layer was extracted with CH,Cl, (4 x 10 mL). The organic extracts were
combined, washed with brine, dried over Na,SO,, and concentrated under vacuum. The residue was
purified by column chromatography on silica gel (EtOAc/MeOH/NH;*H,O 125:5:1) to give
(£)-12-epilycocoline (10) (28.3 mg, 0.108 mmol, 43% yield, mp 125-128 °C) as a white solid and
(£)-lycodoline (2) (11.2 mg, 0.043 mmol, 17% yield).

(¥)-12-Epilycodoline (10): Ry = 0.33 (silica, CH,Cl,/MeOH 10:1); "H NMR (300 MHz, CDCl3): 6
= 3.48 (s, 1H), 3.09 (dd, J = 16.4, 6.4 Hz, 1H), 2.80 (brd, J = 12.3 Hz, 1H), 2.61-2.39 (m, 4H),
2.23-1.89 (m, 5H), 1.83—1.65 (m, 3H), 1.59—1.34 (m, 7H), 0.89 ppm (d, J = 3.5 Hz, 3H); °C NMR
(75 MHz, CDCl3): 6 = 211.9, 70.1, 62.3, 52.1, 48.6, 47.8, 43.8, 40.7, 37.3, 30.1, 25.5, 25.0, 24.5,
22.6,20.8, 18.5 ppm; "H NMR (600 MHz, CDCls): § = 3.48 (s, 1H), 3.09 (dd, J = 15.8, 6.3 Hz, 1H),
2.79 (dd, J = 12.1, 2.7 Hz, 1H), 2.54 (td, J = 12.6, 3.5 Hz, 1H), 2.49 (td, J = 12.4, 3.3 Hz, 1H),
2.46—2.41 (m, 2H), 2.20-2.13 (m, 3H), 2.07 (brd, J = 14.0 Hz, 1H), 2.03—1.93 (m, 1H), 1.78 (brd, J
= 12.9 Hz, 1H), 1.73—-1.68 (m, 1H), 1.67-1.62 (m, 1H), 1.58—1.43 (m, 6H), 1.37 (ddd, J = 26.2,
13.6, 4.2 Hz, 1H), 0.89 ppm (d, J = 5.6 Hz, 3H); IR: v = 3448, 2924, 1697, 1262, 1105, 1071,
1014, 803 cmﬁl; HRMS (ESI): m / z calcd for C;¢HysNO,, [M+H]+: 264.1958; found: 264.1952.

7.5.2. X-Ray Crystallography of (+)-12—Epilycodoline
The single crystal of (£)-12-epilycocoline (10), which was obtained through one
recrystallization from a mixed solvent of CH,Cl, and n-hexane, was used for the determination of

its relative configurations via X-ray crystallographic analysis. The crystal structure and the X-ray
crystallographic data of (+)-12-epilycocoline (10) (CCDC 1539346) were described as follows:
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(x)-12-Epilycodoline (10)

X-ray of 10

Crystal data and structure refinement for (+)-12-epilycodoline (10)

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

a/A

b/A

c/A

o

o/
pr°

V/°

Volume/A®

Z

Peatcg/cm’

w/mm’'

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

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

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A

(£)-12-Epilycodoline (10)
Ci6H2sNO,

263.37

293(2)

monoclinic

P2,/c

11.0578(8)

8.8764(5)

14.6334(12)

90.00

98.677(7)

90.00

1419.87(17)

4

1.232

0.080

576.0

0.21 x0.15%x0.14

MoKa (A =0.71073)

6.78 to 52.04
-13<h<10,-6<k<10,-18<1<14
4909

2792 [Rin; = 0.0320, Rgigma = 0.0524]
2792/0/174

1.030

R;=0.0680, wR, = 0.1582
R; =0.1059, wR, = 0.1883
0.33/-0.16
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7.6. Synthesis of (+)-12-Epilycodoline N-Oxide
7.6.1. Synthesis of (+)-12-Epilycodoline N-Oxide

m-CPBA
CH,Cl,, 0°Cc H-o-
o-N

85% yield

(£)-12-Epilycodoline (10) (£)-12-Epilycodoline N-Oxide (11)

To a solution of the (+)-12-epilycodoline (10) (27.9 mg, 0.106 mmol) in CH,Cl, (2.0 mL) was
added 3-chloroperbenzoic acid (m-CPBA, 22.1 mg, 0.128 mmol). The resulting mixture was stirred
at 0 °C for 1.5 h, and then quenched with saturated NaHCO;. The organic layer was separated and
the aqueous layer was extracted with CH,Cl, (4 x 5 mL). The organic extracts were combined,
washed with brine, dried over Na,SO4. The solvent was removed under reduced pressure and the
residue was purified by column chromatography on silica gel (CH,Cl,/MeOH/NH3*H,0O 500:10:1)
to give ()-12-epilycodoline N-oxide (11) (25.1 mg, 0.090 mmol, 85% yield, mp 195-200 °C) as a
colorless solid.

(¥)-12-Epilycodoline N-Oxide (11): Ry = 0.51 (silica, CH,Cl,/MeOH 10:1); '"H NMR (300 MHz,
CDCl3): 6 =4.29 (d, J=11.7 Hz, 1H), 3.49 (t, J = 12.3 Hz, 1H), 3.42-3.24 (m, 2H), 3.13-2.93 (m,
2H), 2.74 (dd, J = 11.2, 4.2 Hz, 1H), 2.61-2.42 (m, 1H), 2.35-2.09 (m, 5H), 1.78—1.42 (m, 9H),
0.93 ppm (d, J = 4.2 Hz, 3H); ®C NMR (75 MHz, CDCL): § = 211.5, 73.1, 71.4, 61.4, 61.0, 45.5,
43.4, 42.2, 36.9, 34.7, 29.8, 25.9, 22.4, 19.2, 17.2, 16.6 ppm; IR: v = 3377, 2962, 1696, 1474,
1261, 1099, 1024, 801 cm ™ '; HRMS (ESI): m / z caled for C;¢HysNO;3, [M+H]": 280.1907; found:
280.1902.
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7.6.2. Comparison of *C NMR Data for 12-Epilycodoline N-Oxide

Table SI-7. Comparison of BC NMR Spectral Data for 12-Epilycodoline N-Oxide

Original Report on Synthetic
12-Epilycodoline N-Oxide 12-Epilycodoline N-Oxide AS (ppm)
(100 MHz, CDCl5)" (75 MHz, CDCl5)

16.4 16.6 -0.2

17.8 17.2 +0.6
21.4 19.2 +2.2
22.5 22.4 +0.3
24.7 25.9 -1.2

29.6 29.8 -0.3

29.6 34.7 =5.1

35.2 36.9 -1.7

41.2 42.2 -1.0

44.1 43.4 +0.7
49.9 45.5 +4.4
59.7 61.0 -1.3

63.2 61.4 +1.8
71.0 71.4 -0.4

72.8 73.1 -0.3
207.0 211.5 —4.5

[®1The spectral data from Helv. Chim. Acta 2004, 87, 1963.
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7.6.3. Comparison of 3C NMR Spectral Data for 12-Epilycodoline N-Oxide and Obscurumine A

Table SI-8. Comparison of ?C NMR Spectral Data for 12-Epilycodoline N-Oxide and

Obscurumine A
Original Report on Synthetic
12-Epilycodoline N-Oxide Obscurumine Ad (ppm)
(100 MHz, CDCl;)™! (100 MHz, CDCl;)

16.4 16.4 0

17.8 17.8 0

21.4 21.4 0

22.5 22.4 +0.1
24.7 24.7 0

29.6 29.6 0

29.6 29.6 0

35.2 35.2 0

41.2 41.2 0

44.1 44.1 0

49.9 49.9 0

59.7 59.7 0

63.2 63.2 0

71.0 70.9 +0.1
72.8 72.7 +0.1
207.0 207.1 —0.1

[2)The spectral data from Helv. Chim. Acta 2004, 87, 1963.

By ?C NMR comparison of original report on the natural (+)-12-epilycodoline N-oxide with
our synthetic (+)-12-epilycodoline N-oxide, two notes are described as follows: 1) The *C NMR
data of the synthetic product is different from the natural 12-epilycodoline N-oxide isolated by Zhu
(Helv. Chim. Acta. 2004, 87, 1963),") Thasana (Tetrahedron 2014, 70, 8017),"*) and Zhao (Nat.
Prod. Bioprospect. 2014, 4, 213).”) 2) The *C NMR data in CDCl; of the natural 12-epilycodoline

N-oxide previously claimed by Zhu are matched with those of natural obscurumine A.
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7.7. Synthesis of (+)-4-Hydroxy-12-Epilycodoline N-Oxide

1) Mn(acac),, PhSiH;
O,, EtOH, 35 °C;
2) m-CPBA, CH,Cl,, 0 °C

_—
53% yield
(2 steps)
(+)-4-Hydeoxy-12-
(x)-Anhydrolycodoline (9) Epilycodoline N-Oxide (12)

To a solution of (£)-anhydrolycodoline (9) (20.1 mg, 0.0819 mmol) in anhydrous EtOH (2.0
mL) was added manganese(II) acetylacetonate (Mn(acac),, 92.9 mg, 0.367 mmol) and phenylsilane
(PhSiH3, 70 pL, 0.57 mmol). The reaction mixture was stirred at 35 °C under oxygen atmosphere
(balloon pressure) for 16 h. The solution was then diluted with saturated NaHCO; (5 mL). The
aqueous layer was extracted with CH,ClI, (4 x 10 mL). The combined organic layers were washed
with brine, dried over Na,SOs, and concentrated under reduced pressure. The crude product was
directly used in the next reaction without further purification.

To a solution of the crude product obtained above in CH,Cl, (2.0 mL) was added
3-chloroperbenzoic acid (m-CPBA, 18.8 mg, 0.0815 mmol). The reaction mixture was stirred at 0
°C for 1.5 h, and then quenched with saturated NaHCOs. The organic layer was separated and the
aqueous layer was extracted with CH,Cl, (4 x 5 mL). The organic extracts were combined, washed
with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by column
chromatography  on  silica  gel  (CH,Cly/MeOH/NH3*H,O  500:10:1) to  give
(£)-4-hydroxy-12-epilycodoline N-oxide (12) (12.8 mg, 0.0434 mmol, 53% yield) as a white solid.

(+)-4-hydroxy-12-epilycodoline N-oxide (12): R; = 0.46 (silica, CH,Cl,/MeOH 10:1); "H NMR
(300 MHz, CDCls): 6 = 9.11 (s, 0.7H), 3.93 (dd, J = 14.9, 5.1 Hz, 1H), 3.55 (t, J = 12.6 Hz, 2H),
3.12-2.75 (m, 4H), 2.40—2.26 (m, 1H), 2.25-1.97 (m, 4H), 1.97-1.64 (m, 7H), 1.63—1.47 (m, 2H),
0.92 ppm (s, 3H); ®C NMR (75 MHz, CDCl;): = 206.5, 78.5, 73.1, 69.4, 63.0, 62.4, 42.4, 40.2,
37.8, 36.1, 30.7, 25.5, 25.0, 22.6, 16.4, 15.8 ppm; IR: v =3386, 2962, 1715, 1457, 1412,
1261, 1101, 1028, 802cm '; HRMS (ESI): m / z calcd for C¢HaNOg, [M+H]": 296.1856;
found: 296.1856.

7.8. Synthesis of (+£)-12-epi-Flabelliformine N-Oxide and Its X-Ray Crystallography
7.8.1. Synthesis of (+)-12-epi-Flabelliformine N-Oxide
1) Mn(acac)s, PhSiH;

0,, EtOH, 35 °C;
2) m-CPBA, CH,Cl,, 0 °C

B ———
40% vyield
(2 steps)
(x)-12-epi-Flabelliformine
(£)-Anhydrolycodoline (9) N-Oxide (14)

To a solution of (£)-anhydrolycodoline (9) (40.0 mg, 0.1630 mmol) in anhydrous EtOH (4.0
mL) was added manganese(Ill) acetylacetonate (Mn(acac);, 185.8 mg, 0.734 mmol) and
phenylsilane (PhSiHs, 141 uL, 1.14 mmol). The reaction mixture was stirred at 35 °C under oxygen
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atmosphere (balloon pressure) for 16 h. The solution was then diluted with saturated NaHCOs3 (5
mL). The aqueous layer was extracted with CH,Cl, (4 x 10 mL). The combined organic layers were
washed with brine, dried over Na,SOj,, and concentrated under reduced pressure. The crude product
was directly used in the next reaction without further purification.

To a solution of the crude product obtained above in CH,Cl, (2.0 mL) was added
3-chloroperbenzoic acid (m-CPBA, 30.7 mg, 0.178 mmol). The reaction mixture was stirred at 0 °C
for 1.5 h, and then quenched with saturated NaHCOs. The organic layer was separated and the
aqueous layer was extracted with CH,Cl, (4 x 5 mL). The organic extracts were combined, washed
with brine, dried over Na,SO,4, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CH,Cl,/MeOH/NH;3°H,0 500:10:1) to give
(£)-12-¢pi-flabelliformine N-oxide (14) (18.2 mg, 0.0652 mmol, 40% yield, mp 197-200 °C) as a
white solid.

(¥)-12-epi-Flabelliformine N-Oxide (14): Ry = 0.44 (silica, CH,Cl,/MeOH 10:1); "H NMR (400
MHz, CDCls): 0 = 12.75 (s, 1H), 3.59-3.34 (m, 4H), 3.00 (dd, /= 11.9, 5.3 Hz, 1H), 2.94-2.67 (m,
3H), 2.20 (dd, J = 15.4, 2.0 Hz, 1H), 2.20 (t, J = 3.3 Hz, 1H), 2.01 (dd, J = 14.5, 4.2 Hz, 1H),
1.93-1.83 (m, 2H), 1.83—1.73 (m, 3H), 1.71-1.57 (m, 3H), 1.46 (d, J = 3.1 Hz, 1H), 1.44 (s, 1H),
0.92 ppm (d, J = 5.9 Hz, 3H); *C NMR (100 MHz, CDCl;): 6 = 206.8, 77.7, 70.4, 61.8, 61.1, 43.7,
34.9, 33.32, 33.28, 30.6, 25.1, 24.3, 23.2, 22.3, 19.6, 16.0 ppm; IR: v = 3384, 2929, 1714, 1458,
1254, 1102, 939, 734 cm '; HRMS (ESI): m / z caled for C;sH6NOs3, [M+H]": 280.1907; found:
280.1910.

7.8.2. X—Ray Crystallography of (+)-12-epi-Flabelliformine N-Oxide

The single crystal of (+)-12-epi-flabelliformine N-oxide (14), which was obtained through
one recrystallization from a mixed solvent of n-hexane and EtOAc, was used for the
determination of its relative configurations via X-ray crystallographic analysis. The crystal
structure and the X-ray crystallographic data of (+)-12-epi-flabelliformine N-oxide (14) (CCDC
1539347) were described as follows:
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(x)-12-epi-Flabelliformine
N-Oxide (14)

Crystal data and structure refinement for (+)-12-epi-flabelliformine N-oxide (14)

X-ray of 14

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

a/lA

b/A

c/A

o/°

p/e

v/°
Volume/A®
V4

Peatcg/cm’
w/mm’

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

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

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A~

Flack parameter

12-epi-Flabelliformine N-Oxide (14)
Ci6H2sNO;

279.37

295.37(10)

monoclinic

P2,

7.6488(8)

9.1105(5)

10.2100(6)

90.00

100.967(7)

90.00

698.49(9)

2

1.328

0.091

304.0

0.13 x 0.07 x 0.05

MoKa (A =0.71073)

7.04 to 52.04
-9<h<8,-7<k<11,-6<1<12
2473

1962 [Rine = 0.0225, Rgigma = 0.0564]
1962/1/183

1.063

R;=10.0499, wR, = 0.1008
R;=0.0721, wR, =0.1146
0.18/-0.17

0(2)
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7.9. Synthesis of (+)-12-epi-Flabelliformine

Zn, 30 °C
AcOH/H,0 (1:1)
_—
58% yield
(x)-12-epi-Flabelliformine
N-Oxide (14) (x)-12-epi-Flabelliformine (13)

To a solution of (£)-12-epi-flabelliformine N-oxide (14) (11.0 mg, 0.0394 mmol) in 3 mL of
AcOH/H;0 (1:1) was added zinc powder (12.9 mg, 0.197 mmol). The resulting mixture was stirred
at 30 °C for 15 h. The solution was then neutralized with solid K,COs and extracted with CH,Cl, (4
x 15 mL). The organic layers were combined, washed with brine, dried over Na,SO4. The solvent
was removed under reduced pressured and the residue was purified by column chromatography on
silica gel (CH,Clp/MeOH/NH3°H,O 200:10:1) to give (%)-12-epi-flabelliformine (13) (6.0 mg,
0.023 mmol, 58% yield, mp 215-218 °C) as a white solid and recovered ()-12-epi-flabelliformine
N-oxide (14) (3.9 mg, 0.014 mmol).

(¥)-12-epi-Flabelliformine (13): Ry = 0.21 (silica, CH>Cl,/MeOH 10:1); '"H NMR (400 MHz,
CDCly): 0 =4.35 (s, 1H), 3.08 (ddd, J = 15.6, 6.5, 0.8 Hz, 1H), 2.66—2.44 (m, 3H), 2.39 (brd, J =
5.5 Hz, 1H), 2.34-2.30 (m, 1H), 2.27 (dd, J = 15.6, 1.8 Hz, 1H), 2.11-2.05 (m, 1H), 1.95-1.83 (m,
2H), 1.79 (d, J = 9.9 Hz, 1H), 1.75-1.69 (m, 1H), 1.69—1.55 (m, 4H), 1.50—1.32 (m, 5H), 0.87 ppm
(d, J=5.6 Hz, 3H); *C NMR (100 MHz, CDCls): § = 210.6, 74.7, 61.1, 48.7, 46.8, 45.1, 36.8, 36.5,
34.9, 25.9, 25.3, 24.7, 24.3, 23.8, 23.1, 19.7 ppm; IR: v = 3339, 2935, 1710, 1666, 1452, 1245,
1135, 907, 732 cm '; HRMS (ESI): m / z caled for CisHy6NOs3, [M+H]": 264.1958; found:
264.1949.
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8. Preliminary Study of the Biogenetic Transformation from Lycodoline to
Fawcettimine

8.1. Screening of Conditions for Aza-Semipinacol Rearrangement

aza-semipinacol (
rearrangement
(£)-lycodoline (2) (+)-fawcettimine (3
Entry Conditions Results'!

1 HCI (conc.) RSM

2 <40% HBr (aq.), AcOH, 60 °C RSM

3 45% w/v HBr (in AcOH), 110 °C elimination byproduct™
4 CF;CH,0H, 250 °C RSM

5 (CF;),CHOH, 200 °C RSM

6 B(OH)s, 250 °C elimination byproduct™
7 Et,AICI, CH,Cly, 35 °C RSM

8 MesAl, CH,Clp, 35 °C RSM

9 BF;¢Et,0, CH,Cly, 1t RSM

10 ‘BuOK, MsCl, THF, 35 °C decomposed

11 ‘BuLi, MsCl, THF, 0 °C RSM

12 KH, MsCl, THF, 0 °C RSM

13 KH, TFAA, THF, 60 °C RSM

14 KH, triphosgene, THF, rt RSM

15 KH, phenylphosphonic dichloride, THF, rt decomposed

16 (COCl),, DABCO, CH,Cl,, 35 °C elimination byproduct!®
17 NaH, SOCI,, CH,Cl, 35°C elimination byproduct[c]

[RSM: recovered starting material. ' The starting material disappeared completely, and the
major elimination product, anhydrolycodoline, was obtained. “!'With the partial recovery of

starting material, the main elimination product, anhydrolycodoline, was isolated.

From the results obtained above, when treating lycodoline with a series of Brensted and Lewis
acids, no desired rearrangement product was detected, partially showing the negative influence of
the decreased migratory aptitude of C—C bond adjacent to electronically deactivated aliphatic amine

moiety of lycodoline under acidic conditions.
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Besides, in situ introduction of the hydroxyl leaving group by using various electrophilic
reagents (e.g., acyl, sulfonyl and phosphoryl chlorides, and anhydrides) were also performed under
basic conditions, and disappointedly there was still no positive result for the proposed
aza-semipinacol rearrangement. This non-rearrangeable transformation might give a clue that
electronic deactivation of conformationally rigid convex nitrogen atom of lycodoline, competitively
caused by reaction with electrophilic reagents being used for installing an oxygen leaving group,

might to some extent retard the proposed aza-semipinacol rearrangement.

8.2. Compound 23 and Its X-Ray Crystallography
8.2.1. Synthesis of Compound 23

(COCl),, NaH
CH20|2, 35°C Cl

34% yield, 89% brsm

(x)-Lycodoline (2)

To a solution of (+)-lycodoline (2) (26.3 mg, 0.10 mmol) in CH,Cl, (2.0 mL) was added oxalyl
chloride ((COCl),, 18 pL, 0.21 mmol) and NaH (12.1 mg, 0.50 mmol). The reaction mixture was
stirred at 35 °C for 15 h, and then quenched with saturated NaHCO;. The organic layer was
separated and the aqueous layer was extracted with CH,Cl, (4 x 5 mL). The combined organic
layers were washed with brine, dired in Na;SO4. The solvent was removed under reduced pressure
and the residue was purified by column chromatography on silica gel (Vpetroleum ether /VEt0Ac 2:1) to
afford 23 (12.0 mg, 0.034 mmol, 34% yield, 89% brsm, mp 287-289 °C) as a white solid and
(¥)-lycodoline (2) (16.3 mg, 0.062 mmol).

23: Ry = 0.56 (silica, petroleum ether/EtOAc 1:1); "H NMR (400 MHz, CDCLy): 6 = 4.17 (dt, J =
14.4, 3.6 Hz, 1H), 3.75 (dt, J = 10.9, 5.0 Hz, 1H), 3.50 (ddd, J = 11.0, 9.9, 3.9 Hz, 1H), 3.15-3.06
(m, 1H), 2.74 (dd, J = 17.4, 6.5 Hz, 1H), 2.68-2.61 (m, 2H), 2.52 (dd, J = 17.5, 1.2 Hz, 1H),
2.49-2.37 (m, 2H), 2.31 (ddd, J = 14.7, 12.1, 4.9 Hz, 1H), 2.25-2.16 (m, 1H), 2.16—2.05 (m, 1H),
2.05-1.87 (m, 2H), 1.81 (td, J = 13.5, 3.1 Hz, 1H), 1.68-1.49 (m, 4H), 1.34—-1.23 (m, 1H), 0.90
ppm (d, J = 6.0 Hz, 3H); *C NMR (100 MHz, CDCl3): § = 204.9, 155.6, 154.0, 82.3, 60.8, 51.1,
44.7,43.7,38.9, 38.3, 34.9, 34.8, 29.6, 25.8, 24.3,22.4, 21.5, 17.2 ppm; IR: Vv =3477,2925, 1747,
1674, 1415, 1286, 1211, 1032, 799 c¢cm '; HRMS (ESI): m / z caled for C;3H24sNO4ClINa,
[M+Na]": 376.1286; found: 376.1292.

8.2.2. X-Ray Crystallography of 23
The single crystal of 23, which was obtained through one recrystallization from a mixed
solvent of n-hexane and EtOAc, was used for the determination of its relative configurations via

X-ray crystallographic analysis. The crystal structure and the X-ray crystallographic data of 23
(CCDC 1539348) were described as follows:
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23

X-ray of 23

Crystal data and structure refinement for compound 23

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

a/A

b/A

c/A

o

o/
pre

v/°

Volume/A’

Z

Peatcg/cm’

w/mm’

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

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

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A~

Compound 23
C13H24CINOy4

353.83

294.09(10)

monoclinic

P2:/c

7.4830(3)

13.0673(7)

17.5715(8)

90.00

91.061(4)

90.00

1717.89(14)

4

1.368

0.244

752.0

0.27 x 0.25 x 0.24

MoKa (A =10.71073)

6.66 t0 52.04
-9<h<8§,-8<k<16,-21<1<17
6549

3380 [Rin = 0.0339, Ryigma = 0.0645]
3380/0/218

1.032

R;=0.0593, wR, =0.1189
R;=0.1072, wR; =0.1508
0.21/-0.34
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FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 203
DW 62.400 usec
DE 6.50 usec
TE 294.3 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.79 usec
ST 65536
SF 400.1300058 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
OTMS
-
)
H
AcO Me
H
N
@)
a-19a’

A A I E N I B

85 80 75 70 65 60 55 50 45 40 35 30 25 20 S5 10 05 0.0 ppm
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g\] g < ™Mo N O © O I OYO MWW NAME zxh-2236-1
. o AN MO W O~ A< AT MO n EXPNO 11
2 2 o IR P o PROCNO 1
o~ — o 0 00 ™~ ™~ ™~ IO M NN N o Date_ 20160301
Time 9.23
T AV TY |
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 260
Ds 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 912
DW 20.800 usec
DE 6.50 usec
TE 295.4 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 100.6127707 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
OTMS
-
O
H
AcO Me
H
N
O
a-19a’

I I I I I L A B R B
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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7.270

5.590
5.583
3.686
3.682
3.656
3.652

2.614

2.349

A JUastdl A

1.00

1.20
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<
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9

3.25

9.28

NAME zxh-2329-1-H
Origin Varian
Spectrometer inova
Solvent CDC13
Temperature 25.0
Pulse Sequence s2pul
Number of Scans 8
Receiver Gain 18
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.5249
Acquisition Date 2016-06-24
Modification Date 2016-06-24
Spectrometer Frequency 599.85
Spectral Width 5372.0
Lowest Frequency -373.8
Nucleus 1H
Acquired Size 8192
Spectral Size 16384

QTMS

On

AcO Me

a-19a’
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208.095
169.514
——98.976
_—85.855
——84.205
77.210
76.999
76.786

—49.802

_—44.654

_—42.116

_—38.705

36.361
36.091
——30.385
__—25.466

_—22.245

T~ 21.875

—0.176

NAME zxh-2329-1-C
Origin Varian
Spectrometer inova
Solvent CDC13
Temperature 25.0
Pulse Sequence s2pul
Number of Scans 2107
Receiver Gain 30
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 0.8692
Acquisition Date 2016-06-24

Modification Date 2016-06-24
Spectrometer Frequency 150.85

Spectral Width 37700.3
Lowest Frequency -2258.7
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
OTMS
O
H
AcO Me
H
N
O
a-19a'
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NAME

Origin
Spectrometer
Solvent
Temperature

Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date
Modification Date
Spectrometer Frequency
Spectral Width
Lowest Frequency
Nucleus

Acquired Size
Spectral Size

QTMS
H
AcO
\O
a-19a’

zxh-2329-1-QC
Varian

inova

CDC13

25.0

gHSQCAD

8

30

1.0000
0.0000
0.1500
2016-06-24
2016-06-24

(599.85, 150.85)
(5372.0, 34692.1)
(-373.8, -1508.8)

)
)
)

(1H, 13C
(806, 128
(1024, 1024

Me
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NAME zxh-2329-1-NOESY
Origin Varian
Spectrometer inova
Solvent CDC13
Temperature 25.0
Pulse Sequence NOESY
’ Number of Scans 4
Receiver Gain 18
| | Relaxation Delay 2.0000
n Pulse Width 0.0000
Acquisition Time 0.1500
| ‘ \ Acquisition Date 2016-06-24
I wl ' ‘l“ i I ~‘ Modification Date 2016-06-24
\ i M‘ \ "Ew”h\ JL { b Spectrometer Frequency (599.85, 599.85)
|, '\
) T N L A A AR Vi U J bl - :
— — = — Spectral Width (5372.0, 5372.0)
Lowest Frequency (-373.8, -373.8
: - Nucleus (1H, 1H)
' i Acquired Size (806, 200)
H : Spectral Size (1024, 1024)
H 4
' e
e e e = e e - - R S U= D" S S S - Y o e 0 o
L} ° f
'
'
: !
' ﬁ s
' oe 2 V= = @ - - - &
: °. !
: ;
: b
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H
L
[
3
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_— -] ao s
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NAME zxh-2329-1-NOESY

i \ Origin Varian

1 \ Spectrometer inova

. Solvent CcDC13

| \ | | Temperature 25.0

| \ Pulse Sequence NOESY

| | Number of Scans 4

Receiver Gain 18

Relaxation Delay 2.0000

Pulse Width 0.0000

— R — —— I — E— — T B —_—— Acquisition Time 0.1500
Acquisition Date 2016-06-24

Modification Date 2016-06-24

- Spectrometer Frequency (599.85, 599.85
Fl 4 Spectral Width (5372.0, 5372.0)
— Lowest Frequency (-373.8, -373.8
- Nucleus (1H, 1H)

) - Acquired Size (806, 200)
Spectral Size (1024, 1024)

N
(g ]
L1 \‘\\ \\‘\

3.0 -
\\‘\\HH‘\H‘ \‘HH‘\\‘\\\\‘\\‘HH‘\\‘\\\\‘\H‘
569 5.67 5.65 5.63 5.61 559 557 555 553 551 549 547 545

F2 (ppm)
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

AcO
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zxh-2236-2
10

1

20160301
8.31

spect

5 mm PABBO BB/
zg30

65536
CDC13

8

2

8012.820
0.122266
4.0894966
128

62.400
6.50

294.1
1.00000000
1

CHANNEL fl ====

400.1324710
1H

10.79

65536
400.1300058
EM

0
0.30
0
1.00

OTMS

p£-19a'

Hz

Me
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: g el O o N O M W oOWo AN WIS~ NAME zxh-2236-2
. ™ ~ANMO 0 ~ ONO®OWMN < MO < EXPNO 11

) o) « e . . .. .. ™

o © © DN~ O O T TN A . PROCNO 1

~ — o © 0 ™~ ™~ ™~ T TONOONNONNNN o Date_ 20160301
Time 9.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 500
Ds 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 1030
DW 20.800 usec
DE 6.50 usec
TE 295.6 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
SE 100.6127714 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

AcO Me

[
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

—7.270

AcO
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7.04

zxh-2236-3
10

1

20160301
7.39

spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2

8012.820
0.122266
4.0894966
228

62.400
6.50

294.2
1.00000000
1

CHANNEL f1l ====

400.1324710
1H

10.92

65536
400.1300058
EM

0

0.30

0
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NAME zxh-2236-3
EXPNO 12
PROCNO 1
Date_ 20160301
Time 8.49
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1200
Ds 2
SWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 2050
DW 20.800
DE 6.50
TE 295.1
D1 2.00000000
D11 0.03000000
TDO 1
======== CHANNEL fl ====
SFO1 100.6228298
NUC1 13C
Pl 14.70
SI 32768
SF 100.6127707
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40

AcO

H
\O
19a (1.3:1 dr)

Hz

Me
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o ~ OSTWVWO MWLM © o o~ 4 NAME z¥h-2358

~ ™ AT O™ 1AM o) o~ o EXPNO 10

~ oy ~~~~ N NO O [FolTe] o~~~ . PROCNO 1

~ ™ NNNN NNNN — oo CI) Date_ 20160902
Time 17.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
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 297.9 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.92 usec
SI 65536
SF 400.1300052 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

A N L A

L s B B e o B B e N A By B B B L S B By B S ) B B |
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

Dw

DE

211.41

108.68
——44.78
_—22.60
TT—21.60

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

S79

zxh-2358
11

1

20160902
17.16
spect

5 mm PABBO BB/
zgpg30
65536
CDC13

100

2
24038.461
0.366798
1.3631988
1030
20.800
6.50

298.8
2.00000000
0.03000000

CHANNEL f1 ====

100.6228298
13C

14.70

32768
100.6127810
EM

0

1.00

0

1.40

Hz
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o ANV AT OONN AT ANATOMONNOITAIT AN MO I O NAME 2xh-2398
~ O NOOMMANNONSONNDMOONNSI TN OO DO
~ VOOV ITNOOONNNANS~OLWWOLWNLWNMOS S 0O EXPNO 24
~ nomonoaaNaNaNNNNNNAAAAAAAAAAAAAAAAAA A O OO SESENO 20170301
Time 7.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
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 291.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.92 usec
ST 65536
SF 400.1300059 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
i J l |
e s o e e o e s o e s o e s B
8.5 8.0 75 70 6.5 6.0 5.5 50 45 4.0 3.5 30 25 2.0 1.5 1.0 05 0.0 ppm
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Q Q| RN <
N N[N ©| (N[N [y}

S80


sniper
图章


()}

[e0) N N O oo — — — < ™M 0 N
. mmow o« ~ Mmown 0o
— L . . . .. o
— N~ w©O o N oS NN
~ o~~~ © < MmO m NN
— . N ' " " " " kol P i N kel N

e V Wb W ot f Al b P R r—— U A A "

50

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

Dw

DE

zxh-2398
25

1

20170301
8.02

spect

5 mm PABBO BB/
zgpg30
65536
CDC13

200

2
24038.461
0.366798
1.3631988
2050
20.800
6.50

292.0
2.00000000
0.03000000

CHANNEL f1 ====

100.6228298
13C

14.70

32768
100.6127729
EM

0

1.00

0
1.40
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NAME zxh-2398
EXPNO 26
PROCNO 1
Date_ 20170301
Time 8.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35
TD 65536
SOLVENT CDC13
NS 100
DS 4
SWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 1820
DW 20.800
DE 6.50
TE 291.5
CNST2 145.0000000
D1 2.00000000
D2 0.00344828
D12 0.00002000
TDO 1
= CHANNEL f
SFO1 100.6228298
NUC1 13C
Pl 14.70
P13 2000.00
SI 32768
SF 100.6127690
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40

Hz
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AR

2.5

1.98
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

zxh-dicycloNBoc
10

1

20160908
16.36
spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2

8012.820
0.122266
4.0894966
256

62.400
6.50

296.8
1.00000000
1

CHANNEL f1
400.1324710
1H

10.92

65536
400.1300055
EM

0

0.30

0
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

zxh—dicycloNBoc
12

1

20160909
12.46
spect

5 mm PABBO BB/
zgpg30
65536
CDC13

200

2
24038.461
0.366798
1.3631988
2050
20.800
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CHANNEL f1 ====
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14.70
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0
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7.270

I

s 2a3385033828558808 3 zxh-1687.1
~N OO OMOSSS WO LWS ™M 0 0 o EXPNO 10
. . . . o e e .. . PROCNO 1
™ NNNNNNNAAAAAAAAO O o Date 20141216
Time 17.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
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 288.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 11.60 usec
SI 65536
SF 400.1300057 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

OH
H

Me

o/ NHBoc
18e

k . * CH,Cl,
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Ln b NAME zxh-1687-1

© ® nNS3Y 2 B8 R 5859 EXPNO 11

- m S 0 R S0 Soaa i ;

~ — o~ S N T OMm NNNN Date_ 20141216
Time 17.27
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 1030
DW 20.800 usec
DE 6.50 usec
TE 289.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.45 usec
SI 32768
SF 100.6127802 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

18e
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o ~ TONCOITANNNOALTOD ATOMS HOMOOSO0 H0ONF0WOOWON NS A O~ NAME zxh-2234
~ © HOCOITNDNON AOVONAADNOSONFTNONOOOOWM OO WWOWNN DWW~ EXPNO 10
N 0 CRANNNNDOITNANNTATOOO0O0O0O0O0O0OOONE VLV TIMM®O®O PROCNO 1
~ 0 ONNNNNNNNNNNNNNNNNNNNNNNNAAAAAAAAAAAAO OO Date 20160227
Time 14.17
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 362
DW 62.400 usec
DE 6.50 usec
TE 293.4 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.79 usec
SI 65536
SF 400.1300058 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
C12 epimer of 18a
S A Y I O R I
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
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NAME zxh-2234

EXPNO 11
PROCNO 1
Date_ 20160227
Time 15.28
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1200

DS 2

SWH 23148.148 Hz
FIDRES 0.353213 Hz
AQ 1.4156276 sec
RG 812

DW 21.600 usec
DE 6.50 usec
TE 295.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6238364 MHz
NUC1 13C

Pl 12.00 usec
SI 32768

SF 100.6127701 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

ppm

C12 epimer of 18a
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213.31

—98.20

—85.42

NAME zxh-2234
EXPNO 12
PROCNO 1
Date_ 20160227

Time 16.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35

TD 65536
SOLVENT CDC13

NS 600

DS 4

SWH 23148.148 Hz
FIDRES 0.353213 Hz
AQ 1.4156276 sec
RG 2050

DW 21.600 usec
DE 6.50 usec
TE 295.2 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6238364 MHz
NUC1 13C

Pl 12.00 usec
P13 2000.00 usec
SI 32768

SF 100.6127690 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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x
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x
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x
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x
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= ONOMVONOOMOPOWITANNNN A TOMMMES OO O IO o NAME 2xh-2105

~ 00 [~ 1N 00 W OIS M O 00O OO WOML 0L <

o~ ODOOLILIIITOONNAATONONNO OO~ OO MO O o EXPNO 10

~ NN NMNONOMNONNNNNNAAAAAAAA OO o gzggﬁo 2015103é
Time 8.43
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 101
DW 62.400 usec
DE 6.50 usec
TE 291.5 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.79 usec
ST 65536
SF 400.1300058 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Cl

i .
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NAME zxh-2105
EXPNO 11
PROCNO 1
Date_ 20151030
Time 8.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 200

Ds 2

SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 2050

DW 19.200 usec
DE 6.50 usec
TE 292.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f

SFO1 100.6238364 MHz
NUC1 13C

Pl 12.00 usec
ST 32768

SF 100.6127772 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

Cl
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE
CNST2

zxh-2105
12

1

20151030
9.03

spect

5 mm PABBO BB/
deptspl35
65536
cDC13

100

4
26041.666
0.397364
1.2583412
2050
19.200
6.50

291.7
145.0000000
2.00000000
0.00344828
0.00002000

CHANNEL fl ====

100.6238364
13C

12.00
2000.00
32768
100.6127690
EM

0

1.00

0

1.40

Cl
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o WO WOHOMIL TN WML MO OO M N O = NAME zxh-2323-1

~ A A AN N OOVONNOSONTOMN AN O O o EXPNO 10

™~ OO TOOMNNONSSSSS S-S 000N S . PROCNO 1

~ NNNNNNNNNA A A A A A A A A T Date_ 20160526
Time 13.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 114
DW 62.400 usec
DE 6.50 usec
TE 294.4 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.92 usec
ST 65536
SF 400.1300055 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

H
H
4

189

LA
A A ) A I I
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
=28 |3y
NN N < N
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212.73

—50.31
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—29.26
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NAME zxh-2323-1
EXPNO 11
PROCNO 1
Date_ 20160526
Time 14.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 200
DS 2
SWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 1030
DW 20.800
DE 6.50
TE 295.2
D1 2.00000000
D11 0.03000000
TDO 1
======== CHANNEL fl ====
SFO1 100.6228298
NUC1 13C
Pl 14.70
SI 32768
SF 100.6127744
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40
H
H
7
O
189

Hz
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

zxh-2332
10

1
20160623
17.23
spect

5 mm PABBO BB/

18h

= CHANNEL f1

zg30
65536
CDC13

4

2
8012.820
0.122266
4.0894966
128
62.400
6.50
298.2
1.00000000
1

400.1324710
1H

10.92

65536
400.1300057
EM

0

0.30

0

1.00

usec

Hz
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N N o o o NN o™ NAME 2xh-2332
m. ™M o < owN o EXPNO 11
e . [ PROCNO 1
N EER 2 RS Date_ 20160623
Time 17.30
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 1030
DW 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6127714 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
H
H
4
O
18h
oy W .T ,..‘vaw " 'A " K‘l' m "u 'W“‘,‘ m;.rnwl._m‘ l' " ’rml " " y ‘\J "’: mA.Al-“A rA r‘ . ”l” o - " wu' " " uwwu‘w" )
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o OLMOOL® M- DO HON O TN OO 0 3 NaME zxh-2362-1

~ O O 0w WwWO ™~ AO> A~ N0 o< o o)} o EXPNO 10

o~ NN OO VW WSO NN OO O © . PROCNO 1

~ R UL v Mool NNNN NNN A A A A o | Date_ 20160907
Time 8.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
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 296.4 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.79 usec
SI 65536
SF 400.1300057 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

M

()

A A Y ) I I I I

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
de ld e i
|- - (3 IR o =l ™|~ (3]
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

Dw

DE

zxh-2362-1
11

1

20160907
8.58

spect

5 mm PABBO BB/
zgpg30
65536
CDC13

200

2
24038.461
0.366798
1.3631988
2050
20.800
6.50

297.6
2.00000000
0.03000000

CHANNEL f1 ====

100.6228298
13C

12.00

32768
100.6127722
EM

0

1.00

0
1.40

Hz
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e ”7 [ NAME zxh-2362-1
™ ™ © —H NO oW LW < SN O < 0 Oy EXPNO 12
. . N Mmow 1um o MmO N ™S

© o Ies) . . .. e e e e e PROCNO 1

S g E nooe 8 23285 89d Date_ 20160907
Time 9.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35
TD 65536
SOLVENT CDC13
NS 100
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 297.3 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 12.00 usec
P13 2000.00 usec
SI 32768
SF 100.6127690 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
pPC 1.40

L \

x ' x ' x ' x ' x ' x ' x ' x ' x ' x ' x
200 180 160 140 120 100 80 60 40 20 ppm
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7.270
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3.962
3.943
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3 850
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2 318
2.313
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2. 283
2.266
2.036

1.949
1.845
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1.454
1.361
1.356
1.323
0.865
0.849
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

zxh-2402-1
10

1

20170302
17.12
spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2

8012.820
0.122266
4.0894966
32

62.400
6.50

292.1
1.00000000
1

CHANNEL fl ====

400.1324710
1H

10.92

65536
400.1300055
EM

0
0.30
0
1.00

Hz
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rkv?) g O WwNO W ™M™ N N = O oW mo NAME zxh-2402-1
. T HMO W W © © O —HWOMNnN ™ EXPNO 11

© o .. . . . . C e e e

o © T S~ ~ O © O OO H O N PROCNO 1

N — oM~~~ 0 T T NN MONNNN Date_ 20170302
Time 17.18
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
DW 20.800 usec
DE 6.50 usec
TE 293.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SE 100.6127802 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

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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- @ OO NO W ™ N N H O 0 oMm O NAME zxh-2402-1

. . T AHMOWO © © © FOWHOMNAN M~ EXPNO 12

g 3 Serre R P PROCNO L

~ — 0~~~ O T OO NNN NN Date_ 20170302
Time 17.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35
TD 65536
SOLVENT CDC13
NS 50
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 1820
DW 20.800 usec
DE 6.50 usec

| TE 292.6 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
P13 2000.00 usec
SI 32768
SF 100.6127690 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) 1

x ' x ' x ' x ' x ' x ' x ' x ' x ' x ' x
200 180 160 140 120 100 80 60 40 20 ppm
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o NWLOMOAAITNMNEOOVNOVOFEONNTNOTSWOONNTOMIONWSNLWO NAME 2xh-1565-1

~ NOOAMMOVOASEIENNOSONDMNANDOITODSENHOOS—HNMOO OO

~ COULVVTICETVONLIIONNSNNNNDOOE OOV TOMM DD EXPNO 10

~ NN MO MmmmNNNNNNNNNNNNN A o oo A O OO SI;\SENO 2014100é
Time 13.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 71.8
DW 62.400 usec
DE 6.50 usec
TE 297.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 14.10 usec
ST 65536
SF 400.1300055 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Cl

| ) _ * CH,Cl,

L e e B By B B S L B B e I S ey B B B I B ) BN S B |

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
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zxh-1565-1
11

1

20141008
14.23
spect

5 mm PABBO BB/
zgpg30
65536
CDC13

800

2
24038.461
0.366798
1.3631988
1030
20.800
6.50

298.8
2.00000000
0.03000000

CHANNEL f1
100.6228298
13C

12.00

32768
100.6127751

EM

0

1.00

0
1.40

Hz
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zxh-2085-H
Varian
inova
CDC13

25.0
2016-06-21
2016-06-21
599.85
9598.1
-1200.0
16384
32768

Spectrometer Frequency

Spectral Width
Lowest Frequency

Spectrometer
Nucleus

Solvent
Temperature
Modification Date

Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date
Acquired Size
Spectral Size

Origin
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Title zxh-2085-C

Q ?—Oc N MmN O W0 < TOOOMS I AT O N P :
© ~ 10— O o0 © NSO A=~ O MO IO W0 Origin Varian
. . TNO~™M Lo OTOWITMWOMOIT O Spectrometer inova
3 o or~r™~wo I OIFTNO OO ®IONO Solvent CDC13
~ — 0~~~ ~ © I TLTOONONN NN Temperature 25.0
Pulse Sequence s2pul
Number of Scans 1594
Receiver Gain 30
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 0.8692
Acquisition Date 2016-06-21
Modification Date 2016-06-21
Spectrometer Frequency 150.85
Spectral Width 37700.3
Lowest Frequency -2258.7
Nucleus 13C
Acquired Size 32768
Spectral Size 65536

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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o NN AANTOO AT M VOT AT OIITNAONOMN AODVOONOLOS™ T O NAME 2xh-2176
~ COTONOITNONNATONOONITN AO0OFTOONDEOINNOSOIN A= NOLW O WONOMN
™~ WNWONANANATTETOVOOVOVNLMMMON 00 EO®MO:LVLOOYNS MO EXPNO 12
~ MmO mmmNNNNNNNNNNNNNNNNNN NN NN NN A A OO SESENO 20151215
Time 17.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 4
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 289.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.92 usec
ST 65536
SF 400.1300058 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
M |
T 11T rrr I r T T T R R
85 80 75 70 65 60 55 50 45 4.0 3 5 30 25 20 15 10 05 0.0 ppm
f)w O (N[N r=|[cOf|vr=[ [ (2]
2l (2|22 22N |2 =
| [N = Mol N ™
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

Me

T VRRATROP N NS A op—

10 ppm

zxh-2176
11

1

20151215
17.15
spect

5 mm PABBO BB/
2gpg30
65536
CDC13

200

2
26041.666
0.397364
1.2583412
2050
19.200
6.50

290.2
2.00000000
0.03000000

CHANNEL f1 ====

100.6238364
13C

14.70

32768
100.6127748
EM

0

1.00

0
1.40

Hz
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= Q N NO® NN AN OO NN S O WD NAME, zxh-2176
N n Mo Ww LNO T MO NO O M EXPNO 11
S . 5 e ww Seddorosen o PROCNO !
N — © ~r~ VO ST ITONNNN NN Date_ 20151215
Time 17.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CcDC13
NS 200
DS 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 2050
DW 19.200 usec
DE 6.50 usec
TE 290.2 K
D1 2.00000000 sec
o o AW " ™ ; " D11 0.03000000 sec
" ) ' " ' N M i o i TDO 1
======== CHANNEL fl ========
SFO1 100.6238364 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6127748 MHz
WDW EM
SSB 0
1B 1.00 Hz
GB 0
PC 1.40

19f Cl

x ' x ' x ' x ' x ' x ' x ' x ' x ' x ' x
200 180 160 140 120 100 80 60 40 20 ppm
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NAME zxh-2326-2
EXPNO 10
PROCNO 1
Date_ 20160528
Time 23.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820
FIDRES 0.122266
AQ 4.0894966
RG 144
DW 62.400
DE 6.50
TE 294.17
D1 1.00000000
TDO 1
======== CHANNEL fl ====
SFO1 400.1324710
NUC1 1H
Pl 10.79
SI 65536
SF 400.1300054
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
H
O
YO
Me
7
O
199

Hz
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208.50
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NAME zxh-2326-2
EXPNO 11
PROCNO 1
Date_ 20160528
Time 23.43
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 150
DS 2
SwWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 2050
DW 20.800
DE 6.50
TE 295.8
D1 2.00000000
D11 0.03000000
TDO 1
======== CHANNEL fl ====
SFO1 100.6228298
NUC1 13C
Pl 12.00
SI 32768
SF 100.6127736
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40
H
O
\|//O
Me
2
O
199

Hz
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7.270
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S112

Title zxh-2334-H
Comment STANDARD 1H OBSERVE
Origin Varian
Spectrometer mercury
Author fanchuan

Solvent CDC13
Temperature 3.0
Pulse Sequence s2pul
Number of Scans 4

Receiver Gain 0

Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.9971
Acquisition Date 2016-06-24
Modification Date 2016-06-24

Spectrometer Frequency 300.08
Spectral Width 4803.1
Lowest Frequency -601.1
Nucleus 1H
Acquired Size 9592
Spectral Size 32768

H

19h
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199.781
165.097
122.986
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Title zxh-2334-C
Comment 13C OBSERVE
Origin Varian
Spectrometer mercury
Author fanchuan

Solvent CDC13
Temperature 3.0
Pulse Sequence s2pul
Number of Scans 8
Receiver Gain 20
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.8150

Acquisition Date 2016-06-24
Modification Date 2016-06-24
Spectrometer Frequency 75.46

Spectral Width 18867.9
Lowest Frequency -1134.1
Nucleus 13C
Acquired Size 34246
Spectral Size 131072

H

4
O
19h
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7.270

Title zxh-1709-H
Origin Varian
Spectrometer inova
Solvent CDC13
Temperature 25.0
PulseSequence s2pul
NumberofScans 8
ReceiverGain 30
RelaxationDelay 1.0000
PulseWidth 0.0000
AcquisitionTime 1.7070
AcquisitionDate 2015-01-07
ModificationDate 2015-01-07
SpectrometerFrequency 599.85
SpectralWwidth 9598.1
LowestFrequency -1200.0
Nucleus 1H
AcquiredSize 16384
SpectralSize 32768
OH
O—
HlH

V ./Iil Me

3 2 1 0 -1 ppm
] B ] e i ] X o] S
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—69.200

.

_—62.412

T™—60.913

46.137
46.043
44.592
41.174
40.740
39.799

TT~—35.308

ya
—
j\\k

30.737
30.358

22.472
20.674

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
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Title

Origin
Spectrometer
Solvent
Temperature
Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date
Modification Date

Spectrometer Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size
Spectral Size

zxh-1709-C
Varian
inova
CDC13

25.0

s2pul
15000

30

1.0000
0.0000
0.8692
2015-01-07
2015-01-07
150.85
3700.3
-2258.8
13C

32768
65536

Me
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NAME
EXPNO
PROCNO
Date_

e

PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

7.270
3.273
3.265
3.239
3.212
3.205
3.183
2.967
2.938
2.627
2.612
2.587
2.571
2.475
2.463

[}
o
<f‘
0

2 428
2.362
2.320

@ ™M
o~ w0
N N
N N

2 148
2.138
2.089
1.954

~
—
m
H

l 728
1.691
1.655
1.647
1.625
1.614
1.522
1.493
1.397

n
[ee}
(")
H

l 368
0.887
0.873
0.074

L L L L N A E A I I I

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm

ANfo(O|| | D
AN[v=|v|r—=|F|N

zxh-1800
10

1
20150405
13.50
spect

5 mm PABBO BB/
zg30
65536
CDC13

16

2
8012.820
0.122266
4.0894966
228
62.400
6.50
294.3
1.00000000
1

CHANNEL f1l ====

400.1324710
1H

11.60

65536
400.1300058
EM

0

0.30

0

1.00

Hz

(x)-Lycodoline (2)
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212.42

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

Dw

DE

——61.48
—1.00

zxh-1800
11

1

20150405
15.44
spect

5 mm PABBO BB/
zgpg30
65536
CDC13

2048

2
26041.666
0.397364
1.2583412
1030
19.200
6.50

294.0
2.00000000
0.03000000

CHANNEL f1 ====

100.6238359
13C

14.45

32768
100.6127712
EM

0

1.00

0
1.40

Hz

(x)-Lycodoline (2)

220

200

w
180

w
160

140

w
120

w
100

80
S117

T

|| ]H HH |

60 40 20 0 ppm
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7.270
5.301

*

]

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

Me

T

8.5

T

80 75

T

7.0

T

6.5

T

6.0

T

5.5

T

5.0

T

4.5

T

4.0

I

3.5

o
e

T

3.0
Ol

S118

‘
2.5

T

2.

IO
Al
|||

T

1.5

0

é\m
=
<l

1.21

<
-

.07

AN

(3]

CHANNEL f1

zxh-2405
11

1
20170306
17.22
spect

5 mm PABBO BB/
zg30
65536
CDC13

16

2
8012.820
0.122266
4.0894966
144
62.400
6.50
292.1
1.00000000
1

400.1324710
1H

10.92

65536
400.1300058
EM

0
0.30

0
1.00

P{
e

OH

Hz

C
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210.36

NAME zxh-2405
EXPNO 10
PROCNO 1
Date_ 20170306
Time 17.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 600

DS 2

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 1820

DW 20.800 usec
DE 6.50 usec
TE 292.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C

Pl 14.70 usec
SI 32768

SF 100.6127736 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

H
e

Me OH

Cl

100 90

S119

80

ppm
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7.270

3.596
3.581
3.565
3.329
2.941
2.923
2.906
2.881
2.878
2.782
2.749
2.630
2.614
2.586
2.569
2.491
2.467
2.460
2.437
2.429

e

2.335
2.242
2.238

| ) _
T T TTTTTTTT T T R D D e L T T T
8.5 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
2 |3 EEeEREEERENE
N o N[~ |=|~ NI~ O|N|+~| ™M

S120

NAME zxh-1567
EXPNO 10
PROCNO 1
Date_ 20141010

Time 2.59
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 114

DW 62.400 usec
DE 6.50 usec
TE 296.3 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 11.60 usec
SI 65536

SF 400.1300055 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

Me

., OH

* CH,Cl,
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211.44

—60.94

Me

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

210 200

190

180

170

160

150

140

130

120

110

100 90 80
S121

70

60

50

40

30

20

10

ppm

zxh-1567
11

1

20141010
6.03

spect

5 mm PABBO BB/
zgpg30
65536
CDC13

3200

2
24038.461
0.366798
1.3631988
2050
20.800
6.50

297.3
2.00000000
0.03000000

CHANNEL f1l ====

100.6228298
13C

14.45

32768
100.6127714
EM

0

1.00

0

1.40

OH

P{

Hz
Hz
sec

usec
usec
K
sec
sec

Hz
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J NOo o 10 T MOV AT OO OM NAME zxh-1567
. Mmoo w o oy M 0L~ N O LN S O EXPNO 12
o FEe 8 S Sssadomwaovao FROCNO ;
~ N~ O O SIILITITONONN NN Date_ 20141010
Time 7.12
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35
TD 65536
SOLVENT CDC13
NS 1200
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 296.7 K
CNST2 145.0000000
- D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.45 usec
P13 2000.00 usec
SI 32768
SF 100.6127690 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

HOH

Me

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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o COOFOITOVOOAATNOODFTMNOODVONFTDVOTMODOSNTNMNODOLIMOONOMOW OO NAME 2xh-1999
~ DILANNAATNDOTOTAOTOVLOONDMNANVOVONTITOAITITOONNNDONNODOMS O WM
~N oooooommmmmmmmc\lmHowowowowooookommmmmmmmmmﬂ.—«oooml\l\mmmwmmmo EXPNO 10
. PROCNO 1
~ TTTTSTOMOMOOmmmmmaNNNNNNNNNNNNNNNNNNNNNN A OO O Date_ 20150824
Time 11.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 181
DW 62.400 usec
DE 6.50 usec
TE 295.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.79 usec
SI 65536
SF 400.1300057 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.00
(x)-Lycoposerramine G (5)
*
J\M \\\. *
CH.CI,
L B L B ) By ) B B B e
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm
o Q| (N I\Q'WNf <|(©0(© N
°. el = (=el | hrd b
- AN|v— - AN AN =< ™
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'—‘ NAME zxh-1999

e} T N OO © O™~ 0 <[~ 0O <N — N

. HMNoO©0A < LM MNO NN ®O EXPNO 11

© C . PROCNO 1

S N - e L R Date_ 2015082
Time 13.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 3000
Ds 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 2050
DW 19.200 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl == =
SFO1 100.6238364 MHz
NUC1 13C
Pl 12.00 usec
SI 32768
SE 100.6127701 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

(x)-Lycoposerramine G (5)

| |

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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—

e} T NO O [0} O™~ 00 I~ O AN — N NAME zxh-1999

. nmowH < LMD MNOL N O EXPNO 12

o o~~wvwo o 0N OO0 N OO PROCNO 1

~ o~~~ ©0 LT ONONONNN A Date_ 20150824
Time 15.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35
TD 65536
SOLVENT CDC13
NS 1500
DS 4
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 2050
DW 19.200 usec
DE 6.50 usec
TE 298.4 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec

‘ l ’ D12 0.00002000 sec

TDO 1
======== CHANNEL fl ========
SFO1 100.6238364 MHz
NUC1 13C
Pl 12.00 usec
P13 2000.00 usec
ST 32768
SF 100.6127690 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

()-Lycoposerramine G (5)

x ' x I ' x ' T x ' T x ' x I ' x ' T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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AN TN AANOLFFOONDNO HXMNNANOANNDNODIFTNONS O NNWDOWDO TN W NAME 2xh=N, O

O NOOA~LOVANDLMNMNONOFT AN ATOTSTOVWONOMNANSOITINOMWOMNON®DO AN MO ’

OO NVLOVOOVWINMMMOOOTrTLVWANNNHAAATONAANNWWSS VOO MO DO EXPNO 10

PN T T TN ONONMONOMONNNNNNNNNNN A Ao oo oA O oo SESENO 2015120%
Time 8.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT MeOD
NS 32
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 362
DW 62.400 usec
DE 6.50 usec
TE 288.7 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.79 usec
SI 65536
SF 400.1300077 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
H—_

N
\OOH
EN Me
HO— N
(x)-Miyoshianine A (4)
((x)-Lycoposerramine F)
R R A R I
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
S S| | |of |2 —|=[2o| (@ o
- - o ™ N ||| - (2]
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N ANLO MO MHAO0ONDOEANOANNMO N NAME zxh-N, O

. NOW 00w TNOSLITNOMOWOWINNM EXPNO 32

5 T L PROCNO L

S o[\ou[\)p T 2SI Tmmma NS Date_ 20160103
Time 10.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT MeOD
NS 2083
DS 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 2050
DW 19.200 usec
DE 6.50 usec
TE 286.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6238364 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6126269 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

H—_

N Me

(+)-Miyoshianine A (4)
((£)-Lycoposerramine F)

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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— DO FTONST AL ATMONTANDITNOM ATFTOAITTNONOMOMSOOVWOWOMSOWNO ST OO O0LW0NLWNO
o CIMNOOLSONT O FFOOSTTNODTNOANDNT TN OOOLANNLILIONNONOSLM O NN WOWNM
o MAA 1000 WOWOOOWOWUOVOWWOLWMOOLOWLMOMMNMHMHMHMMMNOOONNNONO OO WOVWWLW S TMMOO O A Title 2xh-2313-H
© mmmmmmomadNdNNNNNNNNNNNNNNNNNNNNNNNNAAAAAAAAAAAAAAAAAAA A O OO Origin Varian
Spectrometer inova
Solvent Acetone-dé
Temperature 25.0
Pulse Sequence s2pul
Number of Scans 64
Receiver Gain 30
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.7070
Acquisition Date 2016-05-30
Modification Date 2016-05-30
Spectrometer Frequency 599.85
Spectral Width 9598.1
Lowest Frequency -1200.0
Nucleus 1H
O~ T O N~ — =™ ONSNWDTNOM A 0O ™~ <N Acquired Size 16384
N ™M N O o o~ © ST O~ WS MO O~~~ Spectral Size 32768
— - 00O G\ 00 O O LOWVWOOWOWOWOWOWOWMMOMMMOMM
MmMmmmomm NN NN NNNNNNNNNNNNNNNNN

N
HO O

(x)-Lycojaponicumin D (1)
((CD3)0)

| - ,

w
8 7 6 5

4 3 2 1 0 -1 ppm
SRR
Olrr~r=Mr~=r~INr~r~r~[r[r~=]|r~Mm
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[t
o~ g : g 0 o NOOMANDNINWOWWOM ML
— ™ o~ 0 © O TOWWOWMWONORDWI™ OO O Title zxh-2313-C
ER <« mS ®ATIAgAeARn NS ooq origin varian
o o < ™ < —H O M OWMOOO OO OON Spectrometer inova
~N — — — o~ o~ DT OMOOMONNNNNNNNN Solvent Acetone-dé6
Temperature 25.0
| GO B i
Number of Scans 2625
Receiver Gain 24
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 0.8692
Acquisition Date 2016-05-30
Modification Date 2016-05-30
Spectrometer Frequency 150.85
Spectral Width 37700.3
Lowest Frequency -2126.5
Nucleus 13C
Acquired Size 32768
Spectral Size 65536

HO |,

Me
T T T .
HO O
(x)-Lycojaponicumin D (1)
((CD3)20)
T T T T T T T
30.4 30.2 30.0 29.8 29.6 29.4 ppm

x x x x
220 200 180 160 140 120 100 80 60 40 20 ppm
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NAME zxh-2313
EXPNO 10
PROCNO 1
Date_ 20160513
Time 0.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 2817

DW 62.400 usec
DE 6.50 usec
TE 295.8 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 10.92 usec
ST 65536

SF 400.1300057 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

N
HO )

)

L

1.

(£)-Lycojaponicumin D (1)
(CDCl)

* CH.CI,

L B A B B B I

85 80 75

U B |

70 6.5

o
ot
S

T
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™0 o — NAME zxh-2313
[e0) o < N O o~ O WO < A>T O O 0 EXPNO 13
. (SRS RCRRV) oM WOr~-OONOLW!
o ™ ™ . PROCNO 1
o < ™ ~S~omo —HO NH>ONO LW AO Date 20160516
— — — S~~~ DT FITOMNNNNN s
Time 4.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 4200
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 812
DW 20.800 usec
DE 6.50 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6127707 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
N
HO O
(x)-Lycojaponicumin D (1)
(CDCl)
" . N M " ' . " | m | ’ (“’ . l . lu P

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm
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O
(o)}
[\
N

4.316
4.309
4.303
3.307
3.305
3.291
2.992
2.984
2.971
2.963
2.932
2.925
2.910
2.903
2. 789
2.767
2.758

~
lee]
N
<l"

s

3 629
3.621
3.598
3.315
3.312
3.310

_—4.331

Title
Origin

Spectrometer
Solvent
Temperature

Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date
Modification Date
Spectrometer Frequency
Spectral Width
Lowest Frequency
Nucleus

Acquired Size
Spectral Size

|—(\

(CD50D)

b

zxh-1768-H
Varian
inova
CD30D

25.0

s2pul

64

10

1.0000
0.0000
1.7070
2015-03-12
2015-03-12
599.85
9598.1
-1199.8

1H

16384
32768

Me

(£)-Obscurumine A (6)

L B I e B e B L I R B L L B

8 7 6 5 4 3 2 1 0 ppm

M O|Q[O(Or (DO | V|| D] O
Bl e B R s Dl T s R B e
NN~~~
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S < %0 o it} NOFOLONMND LN OO S~  Title zxh-1768-C

. © S N = FTNPJOS D~ IF O N HPD—~ O <K S .
o2} .. .. R .. . . . . . . . Origin Varian
& NG TZ ZLYSLELR SSEINEE spectrometer inova
Solvent CD30D
Vel ST N NN remperature 25.0
Pulse Sequence s2pul
Number of Scans 15000
Receiver Gain 30
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 0.8692
Acquisition Date 2015-03-13
Modification Date 2015-03-13
Spectrometer Frequency 150.85
Spectral Width 37700.3
Lowest Frequency -2258.7
Nucleus 13C
Acquired Size 32768
Spectral Size 65536

l-k\o
O|H
=N Me
H™ :
(£)-Obscurumine A (6)
(CD30D)
Y g Y h Megth/ - y
[ 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 1
30220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
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o MO HOOFOSMAONMS AFONOTS —OTONOLAWWNLOMS A ™~ NAME zxh-2314-2-H

~ OCMNOTOONTMMNONANONMITNODLFO AN OMWOWMDOIT OV WO EXPNO 11

N OOO\QKOLDmOO\O\OOOO.l\-l\.ko.LO.kOmﬁ:ﬁ‘NOOOOO[\[\kOKOQ‘W(")mO\O\C{ PROCNO 1

~ SLLOONNONNNNNNNNNNNNNNAAAAAAAAAAOO O Date 20160510
Time 10.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 203
DW 62.400 usec
DE 6.50 usec
TE 295.4 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.79 usec
ST 65536
SF 400.1300056 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

H
vltl Me

(£)-Obscurumine A (6)
(CDCl)

] -

* CH.CI,

""N'"'N""N""N""N""N'"'N""N""N""N""N'"'N""N""N""N""N""N""N""N""\

85 80 75 70 65 60 55 50 45 40 35 25 20 15 1.0 05 0.0 ppm
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o NAME zxh-2314-2-C
o NOOWLW A O I N A O O EXPNO 10
. mowr~-o N~ O AN A O~ oM
= ElOaS B o wa 8 seaosW i 5
o~ I e L NIy To) < T M NNNN A A Date_ 20160510
Time 17.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 900
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 1030
DW 20.800 usec
DE 6.50 usec
TE 297.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6127707 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
H~
bOH
N Me
H- i
N

(£)-Obscurumine A (6)
(CDClh)

N "

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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*
A .
A M A I
8 7 6 5 4 1 0 -1 ppm
N [=3[=} O || < F;FE ] (S
] Qe =22 et el I I
o |- Ol DM (3]

Title

Origin
Spectrometer
Solvent
Temperature

Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date
Modification Date
Spectrometer Frequency
Spectral Width
Lowest Frequency
Nucleus

Acquired Size
Spectral Size

HO

zxh-1854-H
Varian
inova
CD30D

23.0

s2pul

32

40

1.0000
0.0000
1.7070
2015-05-11
2015-05-11
599.85
9598.1
-1199.9

1H

16384
32768

(x)-Serratezomine C (7)
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o)

g T2 8 5IUSRONIIE KEIJE Title 2xh-1854-C
- N <~ — TN~ OO0~ 1BD 0 MM AN — O O ©O Origin Varian
— o3 S ¥ SIS THLoILB TR G =D Spectrometer invoa
[N ~ ~ © FIHIFIFFFHONN ANNN —~ Solvent CD30D
Temperature 23.0
| | | \ \\I \ \\/ / Pulse Sequence s2pul
Number of Scans 5813
Receiver Gain 30
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 0.8692
Acquisition Date 2015-05-11
Modification Date 2015-05-11
Spectrometer Frequency 150.85
Spectral Width 37700.3
Lowest Frequency -2043.5
Nucleus 13C
Acquired Size 32768
Spectral Size 65536

o~ N o o9} © 0

=~ 0 < S Yo} — =

<+ N — S 0 ~ o

g g g g B B I

< < <t < A < < <

(x)-Serratezomine C (7)
T T T T T T T T T T
49. 6 49.2 48. 8 48. 4
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 1
30 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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Title zxh-1880-H

Origin Varian
Spectrometer invoa
Solvent CD30D
Temperature 23.0
Pulse Sequence s2pul
Number of Scans 64
Receiver Gain 40
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.7070

Acquisition Date 2015-05-28
Modification Date 2015-05-28
Spectrometer Frequency 599.85

Spectral Width 9598.1
Lowest Frequency -1199.9
Nucleus 1H
Acquired Size 16384
Spectral Size 32768

HO
HI|H

|
VN Me
HO-1ZLO\H H
©
O CF;CO0O0

(£)-Serratezomine C+TFA

§ -

* CH,Cl,

L [ I B B B I L B B S LA ELELELLE B

I
8 7 6 5 4 3 2 1 0 -1 ppm

w0 DN T|W]|D|M|D|ND
et ] N B B B e e o B e B Bt et
AN =] ol ININI~ N~~~
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™ i _ _
© O TOLTMAHAANCIO M T OO NI OO S 0O~ Tlﬂ? thlSSQC
— N~ OOV NOITON AN N OO > O Origin Varian
. O DI NAADNOSOMMDS A DN O Spectrometer invoa
© . e e e e e e e e e e e e e
o O OV 00 OYON OO0 00 MO NS M O N O 0 Solvent CD30D
N D OIS TTONONNN A A Temperature 23.0
Pulse Sequence s2pul
Number of Scans 1345
Receiver Gain 30
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 0.8692

Acquisition Date 2015-05-28
Modification Date 2015-05-28
Spectrometer Frequency 150.85

Spectral Width 37700.3
Lowest Frequency -2042.4
Nucleus 13C
Acquired Size 32768
Spectral Size 65536

HO
HI|H

Me
HO-) L O\H H

49.424
—49.283

—— 49.141

—49.101
48.999
—48.857

—48.715
48.573
g—

©
O CF,C00

(x)-Serratezomine C<TFA

f ) I ) I ) I ) I ) I

49.4 49.2 49.0 48.8 ppm

B T I I I I B RN R RANRAAR
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

zxh-1883-1
20

1

20150529
16.39
spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2

8012.820
0.122266
4.0894966
362

62.400
6.50

295.4
1.00000000
1

CHANNEL f1
400.1324710

1H

10.92

65536
400.1300056

EM

0
0.30
0
1.00

Hz

(£)-Huperzine O (8)
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g 2 8: N O N ~N N DM —NOWOMN NAME zxh-1883-1
. M o v Wn © ™ o~ — <0 DO 0O o EXPNO 14

o - o . . o

o < ~ ~~ 0o — ™ © TNOW A O . PROCNO 1

— — — o~~~ © 0 NOMOMNNN A A — Date_ 20150528
Time 15.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 800
Ds 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 645
DW 19.200 usec
DE 6.50 usec
TE 294.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6238364 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SE 100.6127709 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

(£)-Huperzine O (8)

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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o NSO TONITIADNAONNNEITOCOEAHRONDITNO A HAOATONNANONOONM == DWOOTOON  yavg 2xh-2175-1

~ OO VOWOLNANATDNOINADNODVOILT AOOSFHMENOOSNOSSTONNGCOOWOWTN AN OO T OO~

~ LWOINOOOOOOWONEEE~TOVWOVWONMOLOITITMNONNONANAAATCOTTTE-OVUNOOWOMOWOMIOMNMNNNH—A OO EXPNO 10

~ DO MMMNMOMONNNNNNNNNNNNNNNNNNNNNNNNNAAAAAAAAAAAAAAAAAA A A A O OO SESENO 2015121%
Time 4.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 228
DW 62.400 usec
DE 6.50 usec
TE 291.3 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.92 usec
SI 65536
SF 400.1300054 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

(£)-Anhydrolycodoline (9)

-
rlal+olal =[Sl +~lml [ail ] [
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gs ﬁ S N O @ LSO NTO OO O NAME zxh-2175-1
. ™M O O NNONHO=MO O™ LD EXPNO 11
- g 9 e B R R PROCNO 1
o~ — — o~~~ OO NNNNA Date_ 20151210
Time 8.07
VAR
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 3500
Ds 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 2050
DW 19.200 usec
DE 6.50 usec
TE 291.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f
SFO1 100.6238364 MHz
NUC1 13C
Pl 14.70 usec
SI 32768
SF 100.6127717 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
(x)-Anhydrolycodoline (9)
I ) I ) I ) I ) I ) I ) I ) I ) I ) I ) I ) I )
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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P OP T MO ®n oo e NAME 2xh-2175-1 (TFA)
LWWLVWWOWMMHMHMMMAN NN O O EXPNO 10
R R S I R R evaitet 1
AA A A" A~ —0O0 Date. 20151211
Time 0.12
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT MeOD
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 256
DW 62.400 usec
DE 6.50 usec
TE 291.7 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.92 usec
SI 65536
SF 400.1300078 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
<|=

Me

H
O

\O CF;CO0
(£)-AnhydrolycodolinesTFA

-

3.5

ol [~fo|~
Q| (9|e|e
| lol+lai
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o
2 N gg o) O T OO O W W AN ™M O oY O NAME zxh-2175-1 (TFA)
. — cwvwor-oOHMA Mmoo~
© o ~ EXPNO 11
o < — < M OO NO O O M AN o PROCNO 1
o~ — — ) [IPRSIES IS NN N A A Date 20151211
Time 2.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT MeOD
NS 2048
Ds 2
SWH 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 2050
DW 19.200 usec
DE 6.50 usec
TE 292.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl == =
SFO1 100.6238364 MHz
NUC1 13C
2 g g Pl 14.70 usec
© =N ~ SI 32768
. SF 100.6126277 MHz
N ® ® WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
H H
‘|\
EN T

H

H™ N S
O CF,CO0

49.5 49.0 48.5 ppm (¥)-Anhydrolycodolines TFA
o L0 ™ o
™M o — (@]
< o Lo o
- © © -

* CF;COOH
I I I I RN RN RN
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm
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o OITNADNOSTMILTONOMWOMO NS N MO WO <

~ DONOSD A TMONONOMSLO T OWOOWMS OO0 ~

o~ WHHOOOOI\LDLOLOWQ“WN-—{-—{O[\@LD<r‘<r‘(")fV)OOOO o Title 2zxh-2315-H

~ MM O ENNNNNNNNNNNN A A Ao O O o Comment STANDARD 1H OBSERVE
Origin Varian
Spectrometer mercury
Author fanchuan
Solvent CDC13
Temperature 3.0
Pulse Sequence s2pul
Number of Scans
Receiver Gain 20
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.9971
Acquisition Date 2016-05-12
Modification Date 2016-05-12
Spectrometer Frequency 300.08
Spectral Width 4803.1
Lowest Frequency -601.1
Nucleus 1H
Acquired Size 9592
Spectral Size 32768

H

(£)-12-Epilycodoline (10)

o

L e B B 1 By Ny B L S N L B BN L B L e L B e I B |

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm

3 ElElE N e @
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o

™ M o w < O OW—HLNOO0OLW S © O

o N O~ o N W~ ONM~0MWOWNOON O '] Title zxh-2315-C

. T O Wn o ™ ONWWWOWNHITOLWWLW O o Comment. 13C OBSERVE

: ~ 0o o~ NOE-MO- OO © < Origin Varian

~ o~~~ <) D FTITFTOONNNNN A — Spectrometer mercury
Author fanchuan
Solvent CDC13
Temperature 3.0
Pulse Sequence s2pul
Number of Scans 9024
Receiver Gain 20
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.8150
Acquisition Date 2016-05-12
Modification Date 2016-05-12
Spectrometer Frequency 75.46
Spectral Width 18867.9
Lowest Frequency -1127.4
Nucleus 13C
Acquired Size 34246
Spectral Size 131072

(£)-12-Epilycodoline (10)

x x x x
220 200 180 160 140 120 100 80 60 40 20 ppm
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o O N ADO=T=MNOFOMOMIO)ODT N T 0O
o~ ONOTWO AT MOONHLWVNO-LWHWOWWO W O
N Q‘HHOOODI\LDLOLDWQ‘W(\]-—(-—(OI\@LQWWMM
o~ W7W)W)m m N N N N N N N N N N N N ﬁlﬁlﬁlﬂ ﬁiﬁiﬁ

O 896
0.886
—0.074

NN

B
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Title

Origin
Spectrometer
Solvent
Temperature

Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date
Modification Date
Spectrometer Frequency
Spectral Width
Lowest Frequency
Nucleus

Acquired Size
Spectral Size

zxh-2315-H
Varian
inova
CDC13

25.0

1.7070
2016-05-12
2016-05-12

599.85

9598.1

-1200.0
1H
16384
32768

(£)-12-Epilycodoline (10)
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— NWOWOITOMSFONALLTHOMONMAN OO LN O N o

~ OO NOANAINMHOWALWOWMNMO LW N O MO ™M N ~

N mwmmvmmmmwwoot\l\l\mww.—«.—«\o\om. mm o Title 2 xh—2289-H

~ LLLONMNONONMNMMONNNNNNNN A A o o o Comment STANDARD 1H OBSERVE
Origin Varian
Spectrometer mercury
Author fanchuan
Solvent CDC13
Temperature 3.0
Pulse Sequence s2pul
Number of Scans
Receiver Gain 20
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.9971
Acquisition Date 2016-04-20
Modification Date 2016-04-20
Spectrometer Frequency 300.08
Spectral Width 4803.1
Lowest Frequency -601.1
Nucleus 1H
Acquired Size 9592
Spectral Size 32768

(£)-12-Epilycodoline N-Oxide (11)
(proposed structure)

1 L"“’M * CH,Cl,

vvvv{vvvv{vvvvvavvxvvvv{vvvvvavvxvvvv{vvvvvavvxvvvv‘vvvvvavvxvvvvxvvvvxvvvvxvvvv{vvvv{vvvv{vvvv‘

85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 15 10 05 0.0 ppm

o el s
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Title zxh-2289-C

[ee)

B Qgesn 88 R R b 13¢ 0BSERVE

. TOLWH®M MO T H OO~ NN LD Origin Varian

— RSO S LS Spectrometer mercury

(‘:; CERlE Bh TETON NNN A A A Author fanchuan
Solvent CDC13
Temperature 3.0
Pulse Sequence s2pul
Number of Scans 4000
Receiver Gain 20
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.8150
Acquisition Date 2016-04-21
Modification Date 2016-04-21
Spectrometer Frequency 75.46
Spectral Width 18867.9
Lowest Frequency -1134.1
Nucleus 13C
Acquired Size 34246
Spectral Size 131072

(x)-12-Epilycodoline N-Oxide (11)
(proposed structure)

B I I I I A R AN AR RN
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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< o AT AT A O NOOSMOOWWOWWOWWOATOOONO ™

— ~ O AL AHOM A OMOANTANNDMOMIM™ O N ™~

— o~ mmoToommmczczomW?Nhiﬁczmoooczl\l\ko.m‘m.ow. o Title 2xh-2397-H

o ~ NN OMONOMNNNNNNNA A A A A A A A O o Origin Varian
Spectrometer mercury
Solvent CDC13
Temperature 3.0
Pulse Sequence s2pul
Number of Scans 8
Receiver Gain 20
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.9971

Acquisition Date 2017-02-28
Modification Date 2017-02-28
Spectrometer Frequency 300.08

Spectral Width 4803.1
Lowest Frequency -601.1
Nucleus 1H
Acquired Size 9592
Spectral Size 32768

(£)-4-Hydroxy-12-
Epilycodoline N-Oxide (12)

I

e e S L I L L L B B R

I
8 7 6 5 4 3 2 1 0 ppm

(L B B

T

[<2] (=3 - N O[O (O|r—|MN (2]
© QN - ||| -
o - N < | ANIN|~=[O|N [y}
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A O A~ NO OO VWO N Title zxh=2397-C
A T NOS — O N WD NO L)W AOMM>M Origin Varian
© DO Amos T 0o wn owmo Spectrometer mercury
o WS~ OMOo MN NOM™WOWOoOWnWN WL Solvent CDC13
[\ N R CRCR) ST OMONNN A Temperature 3.0
Pulse Sequence s2pul
Number of Scans 7784
Receiver Gain 20
Relaxation Delay 1.0000
Pulse Width 0.0000
Acquisition Time 1.8150

Acquisition Date 2017-02-28
Modification Date 2017-02-28
Spectrometer Frequency 75.46

Spectral Width 18867.9
Lowest Frequency -1134.1
Nucleus 13C
Acquired Size 34246
Spectral Size 131072

(£)-4-Hydroxy-12-
Epilycodoline N-Oxide (12)

220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

7.270

e n

L B i I B e B B ey B B e e I B O B L L B B B

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 ppm
5 s §EEsEReEE &
o - N Ol O’ (3]
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zxh-2376-2
11

1

20170120
0.40

spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2

8012.820
0.122266
4.0894966
228

62.400
6.50

364.1
1.00000000
1

CHANNEL f1l ====

400.1324710
1H

10.92

65536
400.1300057
EM

0

0.30

0

15.00

usec

Hz

(£)-12- epi-Flabelliformine (13)
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A

210.622

77.320
77.001

74.699

j
\
\

—61.140

48.724
46.805
——45.058

/
-

36.801

ik

——34.870

25.882
25.283
24.663

23.753
23.139
19.684

£
\

(£)-12- epi-Flabelliformine (13)

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

80
S154

70

60

50

40

30

20

NAME zxh2376-2
EXPNO 12
PROCNO 1
Date_ 20170120
Time 3.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 3000
Ds 2
SWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 912
DW 20.800
DE 6.50
TE 293.0
D1 2.00000000
D11 0.03000000
TDO 1
======== CHANNEL fl ==

SFO1 100.6228298
NUC1 13C
Pl 14.70
SI 32768
SE 100.6127722
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40

H
\O

Hz

Me
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12.751

7.270
3.571

1.03

12

11

10

5 4
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NAME zxh-2376-1
EXPNO 10
PROCNO 1
Date_ 20170120
Time 8.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 456

DW 62.400 usec
DE 6.50 usec
TE 290.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 10.79 usec
ST 65536

SF 400.1300059 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

1)-12- epi-Flabelliformine
N-Oxide (14)
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206.786

o Ie} @© o

< — o ©

~ ™ o ©
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TrrrTrTrTTT T r T T T T T T
78.5 78.0 77.5 77.0 76.5 ppm

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

77.740
77.315
76.998
76.680

TT——70.425

e
~

80
S156

70

__—61.825
TT—+61.083

60

50

34.886
33.318

40

30

25.100
24.337
23.180
22.341

\

X

20

19.625
16.043

74

10

0

(£

ppm

NAME zxh2376-1
EXPNO 11
PROCNO 1
Date_ 20170120
Time 10.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1477

Ds 2

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050

DW 20.800 usec
DE 6.50 usec
TE 290.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl == =
SFO1 100.6228298 MHz
NUC1 13C

Pl 12.00 usec
ST 32768

SF 100.6127729 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

)-12- epi-Flabelliformine

N-Oxide (14)
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1.01
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1.25

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

zxh-2356-1
10

1

20160822
17.46
spect

5 mm PABBO BB/
zg30

65536
CDC13

16

2
8012.820 Hz
0.122266 Hz
4.0894966 sec
203
62.400 usec
6.50 usec
298.3 K
1.00000000 sec
1

CHANNEL f1 ==
400.1324710 MHz
1H
10.92 usec
65536
400.1300057 MHz
EM

0
0.30 Hz
0

1.00

23

* CH.Cl,
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204.93
_—155.56
—T—154.02

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

80
S158

70

—60.77

60

——51.09
44.69
43.66
38.95
38.31

50

P
4

40

34.89

NAME
EXPNO
PROCNO
Date_

Time
INSTRUM
PROBHD

PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

34.79
—29.61
_—25.83
—24.27

22.42

21.49

17.21

X

Cl O

o ki iachibloaiid o M“m iow
e L W gy

30 20 10 ppm

zxh-2356-1
11

1

20160822
18.08
spect

5 mm PABBO BB/
zgpg30
65536
CDC13

360

2
24038.461
0.366798
1.3631988
1620
20.800
6.50

298.9
2.00000000
0.03000000

CHANNEL f1 ====

100.6228298
13C

14.70

32768
100.6127707
EM

0

1.00

0
1.40

23

Hz
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o e — N O ~ ANV AN AN N O NAME zxh-2356-1
. Bk mmo v ~ OWVWWOMOOM™WWWwN TN EXPNO 12
< o . PROCNO 1
o [TolTe] o~~~ o o —H N0 O T N
[N — @ ™~ [~ ~ o OTTONMOONNNNNN A Date_ 20160822
Time 18.17
| T NNV
PROBHD 5 mm PABBO BB/
PULPROG deptspl35
TD 65536
SOLVENT CDC13
NS 150
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 298.4 K
i CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MHz
NUC1 13C
Pl 14.70 usec
P13 2000.00 usec
SI 32768
SF 100.6127690 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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