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General Comments:

All reactions were monitored by thin-layer chromatography over silica-gel-coated
TLC plates (Yantai Chemical Industry Research Institute). The spots on TLC were
visualized by warming 5% H,SO, (5% H,SO, in ethanol) sprayed plates on a hot plate.
Column chromatography was performed using silica gel (Qingdao Marine Chemical
Inc., China), and Sephadex LH-20 (GE Healthcare Bio-Sciences AB, Sweden). NMR
spectra were recorded on a Bruker AM-400 spectrometer (400 MHz). Optical
rotations were measured at 25 <C with a Rudolph Autopol IV automatic polarimeter
using a quartz cell with 2 mL capacity and a 1 dm path length. Concentrations (c) are
given in g/100 mL. High resolution mass spectra were recorded on a Bruker
micrOTOF Il spectrometer using electrospray ionization (ESI).

All solvents were processed under conventional way before using, and all reagents
were purchased from Adamas and used without further purification.
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Escin A R; = Tiglic acyl, R, = acetyl, R3 = H
Escin B R; = Angelic acyl, R, = acetyl, R3 = H
Escin C R; = Tiglic acyl, R, = H, R3 = acetyl
Escin D R, = Angelic acyl, R, = H, R3 = acetyl

Q

To a stirred suspension of commercially available escins (20.00 g) in 1,4-dioxane
(100.00 mL) was added 2M HCI (100.00 mL). The resulting slurry was then heated to
95 °C, at which temperature all solids were dissolved and a brown solution was
formed. The stirring was continued for another 4.5 h at the same temperature. The
reaction mixture was then cooled down to 0 °C, to which NaOH solid was added to
adjust the pH value of the reaction mixture to above 13. After being diluted with
methanol (2.00 mL) and stirred at room temperature for 10 min, the reaction mixture
was then heated to 95 °C and the stirring was continued overnight. After being cooled
to room temperature, the reaction mixture was diluted with ethyl acetate under

vigorous stirring, and all solids were removed by filtration through a pad of Celit. The



solids were thoroughly washed with ethyl acetate until TLC showed no 1 was
detected from the new filtrate. All filtrate was combined, and the organic layer was
separated. Filtration was followed by concentration under reduced pressure to give a
residue, which was further purified by silica gel column chromatography
(dichloromethane/MeOH = 16 : 1 to 6 : 1) to provide protoescigenin 1 (4.21 g) as a
white solid, whose *H NMR spectrum was shown essentially identical to that reported
in literature.>!

21,22-O-1sopropylidene-24,28-di-O-tert-butyldiphenylsilyl-protoescigenin (2)
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To a stirred solution of 1 (20.00 g, 39.47 mmol) and imidazole (16.12 g, 263.82 mmol)
in dry THF (200.00 mL) was added TBDPSCI (41.05 mL, 157.88 mmol) dropwise at
room temperature under N, atmosphere. The stirring was continued at the same
temperature for another 2 h before ethyl acetate was added to dilute the reaction. The
resulting mixture was washed saturated aqueous NaHCO3 and brine, and the organic
layer was then dried over anhydrous Na,SO,. The solid was removed by filtration and
the filtrate was concentrated in vacuo to afford the crude product, which was then
subjected to silica gel column chromatography purification (petroleum ether/ethyl
acetate = 3 : 1 to 2 : 1) to provide the disilylated intermediate (37.31 g, 96%).15"

To a stirred solution of the above obtained intermediate (15.00 g, 15.25 mmol) and
DMP (48.76 mL, 396.53 mmol) in dry acetone (200.00 mL) was added p-TsOH
(262.6 mg, 1.53 mmol) at room temperature under N, atmosphere. The mixture was
then stirred at the same temperature for 15 min before saturated aqueous NaHCO;
was added to quench the reaction. After being diluted with ethyl acetate, the resulting
mixture was washed with saturated aqueous NaHCO3; and brine. The organic layer
was then dried over anhydrous Na,SO,4. Afterwards, the volatile solvent was removed
in vacuo and the obtained residue was purified by silica gel column chromatography

(petroleum ether/ethyl acetate = 15 : 1) to provide 2 (15.30 g, 98%) as a white



solid.[1

21,22-O-1sopropylidene-28-O-tert-butyldiphenylsilyl-protoescigen (3)
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To a stirred solution of 2 (5.00 g, 4.88 mmol) in dry THF (300.00 mL) was added
TBAF (1.53 g, 5.86 mmol) at room temperature under N, atmosphere. The resulting
mixture was stirred at the same temperature for 13 min, and was then diluted with
ethyl acetate. The resulting mixture was washed with water and brine, and the organic
layer was then dried over anhydrous Na,SO,. Filtration and concentration under
reduced pressure gave a residue, which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate =2 : 1 to 1 : 1) to provide 3 (3.53 g,
92%) as a white solid: [a]p®™® = 32.7 (¢ 1.0, CHCIs); *H NMR (400 MHz, CDCl5) §
7.68-7.64 (m, 4 H), 7.44-7.31 (m, 6 H), 5.39 (dd, J = 3.2, 4.0 Hz, 1 H), 4.30 (J = 10.0
Hz, 1 H), 4.20 (d, J = 10.8 Hz, 1 H), 4.17 (d, J = 10.0 Hz, 1 H), 3.91 (q, J = 4.0 Hz, 1
H), 3.44 (d, J = 9.6 Hz, 1 H), 3.40 (d, J = 9.6 Hz, 1 H), 3.33 (dd, J = 9.2, 10.0 Hz, 1
H), 3.18 (d, J = 9.6 Hz, 1 H), 2.98 (d, J = 8.4 Hz, 1 H), 2.81 (d, J = 1.2 Hz, 1 H), 2.75
(dd, J = 5.2, 14.0 Hz, 1 H), 2.40 (d, J = 3.2 Hz, 1 H), 2.14 (t, J = 14.0 Hz, 1 H),
1.91-1.53 (m, 9 H), 1.51 (s, 3 H), 1.48 (s, 3 H), 1.43 (m, 1 H), 1.32 (s, 3 H), 1.28-1.24
(m, 2 H), 1.22 (s, 3 H), 1.07 (s, 6 H), 1.04 (s, 9 H), 1.00-0.91 (m, 2 H), 0.86 (s, 3 H),
0.83 (d, J = 12.0 Hz, 1 H); *C NMR (100 MHz, CDCl3) & 140.5, 135.8 (2 C), 133.2,
133.0, 129.8 (2 C), 127.8 (2 C), 124.4, 108.4, 83.0, 80.8, 76.1, 70.1, 65.2, 64.6, 55.9,
48.3, 47.0, 45.5, 42.8, 41.7, 40.0, 39.7, 38.5, 36.8, 34.4, 34.2, 33.3, 29.7, 27.7, 27.6,
27.2, 27.1, 26.8, 23.9, 22.5, 19.3, 18.4, 17.2 (2 C), 16.3; HRMS (ESI) calcd for
Ca9H7,06SiK [M+K]* 823.4730, found 823.4753.

3,16,24-Tri-O-benzyl-protoescigenin (4)
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To a stirred solution of 3 (2.00 g, 2.55 mmol) and BnBr (3.63 mL, 30.57 mmol) in dry
DMF (4.00 mL) was added NaH (60% dispersed in mineral oil, 815.0 mg, 20.38
mmol) portionwise at 0 °C (caution: H, gas evolved). After the addition was
completed, the stirring was continued at the same temperature under N, atmosphere
for another 12 h before ethyl acetate was added to dilute the reaction mixture. The
resulting mixture was thoroughly washed with water and brine, and the organic layer
was then dried over anhydrous Na,SO;,. Filtration and concentration in vacuo gave a
residue, which was put to the next step without further purification after
co-evaporated with toluene for three times.

The above obtained residue was then disollved in a mixed solvent of CH,Cl,/MeOH
(15.00 ml, viv = 1 : 2), to which CSA (2.96 g, 12.74 mmol) was added at room
temperature. The stirring was continued at the same temperature for 6 h before EtzN
was added to quench the reaction. The volatile solvent was evaporated under reduced
pressure and the resulting residue was then subjected silica gel column
chromatography (petroleum ether/ethyl acetate = 3 : 1 to 2 : 1) to furnish 4 (1.19 g, 60%
over 2 steps) as a white solid: [a]p® = 9.2 (c 1.0, CHCls); *H NMR (400 MHz, CDCl5)
§ 7.36-7.26 (m, 15 H), 5.30 (dd, J = 3.2, 4.0 Hz, 1 H), 4.72 (d, J = 11.2 Hz, 1 H), 4.67
(d, J=12.0 Hz, 1 H), 4.47 (s, 2 H), 4.44 (d, J = 11.6 Hz, 1 H), 4.43 (d, J = 11.2 Hz, 1
H), 4.22 (brs, 1 H), 3.95 (d, J = 9.6 Hz, 1 H), 3.81 (d, J = 9.6 Hz, 1 H), 3.66 (d, J =
9.6 Hz, 1 H), 3.58 (d, J = 10.8 Hz, 1 H), 3.56 (d, J = 9.2 Hz, 1 H), 3.36 (d, J = 11.2 Hz,
1 H), 3.04 (dd, J = 4.4, 12.0 Hz, 1 H), 2.59 (brs, 3 H), 2.45 (t, J = 13.6 Hz, 1 H), 2.04
(dd, J = 4.4, 14.0 Hz, 1 H), 1.92 (dd, J = 3.6, 8.8 Hz, 2 H), 1.83-1.44 (m, 9 H), 1.42 (s,
3 H), 1.39-1.35 (m, 1 H), 1.22 (s, 3 H), 1.12 (dd, J = 4.4, 13.2 Hz, 1 H), 0.98 (s, 3 H),
0.92 (s, 3 H), 0.89 (s, 3 H), 0.86 (s, 3 H), 0.82 (dd, J = 2.8, 10.0 Hz, 1 H); *C NMR
(100 MHz, CDCI3) ¢ 141.7, 139.5, 139.3, 138.9, 128.4, 128.3, 128.2, 127.8, 127.5,
127.4 (2 C), 127.2, 123.6, 86.8, 80.1, 78.2, 75.0, 73.5, 73.2, 72.1, 71.9, 71.3, 56.6,
47.0, 46.9, 46.3, 43.2, 41.6, 41.2, 39.9, 39.1, 37.1, 35.5, 33.6, 29.4, 26.9, 26.4, 23.7,
22.9, 20.5, 18.7, 16.5, 15.1; HRMS (ESI) calcd for Cs;HgoOs [M+H]" 777.5089,
found 777.5084.

3,16,23-Tri-O-benzyl-28-O-tosyl-protoescigenin (5)
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To a stirred solution of 4 (1.00 g, 1.29 mmol) in dry CH,CI, (60.00 mL) was added
DMAP (47.2 mg, 386.05 pmol), EtsN (0.72 mL, 5.15 mmol), TsCl (981.3 mg, 5.15
mmol) at 0 °C under N, atmosphere. The reaction mixture was gradually warmed up
to room temperature and the stirring was continued for another 8 h before ethyl
acetate was added to dilute the reaction. The resulting mixture was washed
successively with water, and brine, and then the organic layer was dried over
anhydrous Na,SO,. Filtration was followed by concentration in vacuo to give the
crude product, which was further purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 4 : 1) to furnish tosylate 5 (1.04 g, 87%) as a yellow
solid: [a]o® = 4.0 (c 1.0, CHCl3); *H NMR (400 MHz, CDCl3) & 7.78 (d, J = 8.0 Hz,
2 H), 7.36-7.27 (m, 17 H), 5.17 (t, J = 3.6 Hz, 1 H), 4.66 (d, J = 12.0 Hz, 1 H), 4.63 (d,
J =116 Hz, 1 H), 4.50 (AB, 2 H), 4.44 (d, J = 11.6 Hz, 1 H), 4.42 (d, J = 11.2 Hz, 1
H), 3.92 (d, J = 9.2 Hz, 1 H), 3.89 (d, J = 9.6 Hz, 1 H), 3.86 (brs, 1 H), 3.82 (d, J =
9.6 Hz, 1 H), 3.72 (d, J = 9.2 Hz, 1 H), 3.59 (d, J = 9.2 Hz, 1 H), 3.55 (d, J = 9.6 Hz, 1
H), 3.02 (dd, J = 4.4, 12.0 Hz, 1 H), 2.43 (s, 3 H), 2.39-2.28 (m, 2 H), 2.09 (brs, 2 H),
1.87-1.50 (M, 9 H), 1.42 (dd, J = 4.0, 12.8 Hz, 1 H), 1.32-1.23 (m, 2 H), 1.35 (s, 3 H),
1.21 (s, 3 H), 1.09 (dd, J = 2.4, 11.2 Hz, 1 H), 0.94 (s, 3 H), 0.90 (s, 3 H), 0.85 (s, 3
H), 0.78 (dd, J = 2.4, 11.6 Hz, 1 H), 0.51 (s, 3 H); *C NMR (100 MHz, CDCls) &
145.0, 140.4, 139.5, 139.3, 138.4, 132.7, 130.0, 128.4, 128.3, 128.2 (2 C), 127.9,
127.6, 127.5, 127.4, 127.3, 127.2, 124.7, 86.7, 718.2, 75.1, 74.2, 73.5, 73.3, 73.0, 71.9,
71.5, 56.5, 46.8, 46.6, 46.4, 43.1, 41.2, 39.9, 39.7, 39.1, 37.0, 35.3, 33.4, 29.3, 274,
26.3, 23.7, 23.6, 22.9, 21.8, 20.4, 18.6, 16.1, 15.0; HRMS (ESI) calcd for
CssH7sNOsS [M+NH,4]" 948.5443, found 948.5442.

3,24-Di-0-benzyl-28-deoxy-protoescigenin (6)
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To a sealed tube 5 (600.0 mg, 644.27 umol), zinc dust (421.2 mg, 6.44 mmol), Nal
(1.93 g, 12.89 mmol), and DMF/dimethoxyethane (12.00 mL, v/v = 3 : 1) were added
sequentially. The tube was sealed and the mixture was then heated to 105 °C under
vigorous stirring for 12 h. After being cooled to room temperature, filtration through a
pad of Celite was conducted. The filtrate was diluted with ethyl acetate, which was
followed by washing with water, 1M HCI, and brine successively. After being dried
over anhydrous Na,SO,, the organic layer was evaporated under reduced pressure.
The resulting residue was then subjected to silica gel column chromatography
purification (petroleum ether/ethyl acetate = 5 : 1) to furnish 6 (460.9 mg, 94%) as a
white solid: [a]p? = 27.4 (c 1.0, CHCl5); *H NMR (400 MHz, CDCl3) & 7.35-7.24 (m,
15 H), 5.33 (t, J = 3.6 Hz, 1 H), 4.68 (d, J = 10.8 Hz, 1 H), 4.65 (d, J = 11.2 Hz, 1 H),
4.45 (s, 2 H), 4.42 (d, J = 12.0 Hz, 1 H), 4.33 (d, J = 11.2 Hz, 1 H), 3.89 (d, J = 9.6
Hz, 1 H), 3.80 (d, J =9.6 Hz, 1 H), 3.78 (s, 1 H), 3.54 (d, J = 9.6 Hz, 1 H), 3.28 (d, J
= 0.6 Hz, 1 H), 3.03 (dd, J = 4.4, 12.0 Hz, 1 H), 2.40 (t, J = 13.6 Hz, 1 H), 2.17 (dd, J
= 4.0, 14.0 Hz, 1 H), 1.92-1.89 (m, 3 H), 1.81-1.55 (m, 9 H), 1.49-1.41 (m, 1 H), 1.38
(s, 3 H), 1.20 (s, 3 H), 1.08 (dd, J = 4.4, 13.2 Hz, 1 H), 0.971 (s, 3 H), 0.966 (s, 3 H),
0.93 (s, 3 H), 0.88 (s, 3 H), 0.86 (s, 3 H), 0.81 (dd, J = 3.6, 10.4 Hz, 1 H); *C NMR
(100 MHz, CDCl3) 6 142.4, 139.5, 139.3, 138.8, 128.5, 128.3, 128.2, 127.8, 127.5,
127.4 (2 C), 127.1, 123.4, 86.8, 81.4, 78.8, 73.5, 73.3, 71.9, 70.9, 56.6, 47.3, 47.0,
45.6, 43.2, 42.9, 41.6, 39.9, 39.1, 37.1, 35.5, 33.7, 29.6, 27.3, 26.9, 26.3, 23.7, 22.9,
20.6, 18.7, 16.6, 15.1, 13.9; HRMS (ESI) calcd for Cs,HgeO7 [M+HCOO] 805.5038,
found 805.5033.
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To a flask containing 6 (100.0 mg, 131.39 umol), I, (200.1 mg, 788.33 umol), PPh3
(206.8 mg, 788.33 umol), and imidazole (89.5 mg, 1.31 mmol) was charged dry
toluene (2.00 mL). The resulting mixture was then heated to reflux, and the stirring
was continued for 6 h, at which time TLC showed that all starting material was
consumed. The reaction mixture was then cooled to room temperature, and was then
diluted with ethyl acetate. The resulting mixture was washed with water and brine,
and was then dried over anhydrous Na,SO,. Filtration was followed by concentration
in vacuo to yield a residue, which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 50 : 1) to provide 7 (52.5 mg, 63%)
as a white solid: [o]o® = 20.5 (¢ 1.0, CHCI3); 'H NMR (400 MHz, CDCls) &
7.35-7.24 (m, 10 H), 5.36 (t, J = 3.6 Hz, 1 H), 4.86 (d, J = 1.2 Hz, 1 H), 4.73 (dd, J =
2.0, 3.2 Hz, 1 H), 4.70 (s, 1 H), 4.65 (d, J = 11.6 Hz, 1 H), 4.47 (AB, 2 H), 4.43 (d, J
=11.6 Hz, 1 H), 3.79 (d, J = 9.6 Hz, 1 H), 3.68 (d, J = 2.4 Hz, 1 H), 3.54 (d, J = 9.6
Hz, 1 H), 3.20-3.13 (m, 1 H), 3.10 (dd, J = 2.8, 10.8 Hz, 1 H), 3.02 (dd, J = 4.4, 12.0
Hz, 1 H), 2.22 (dd, J = 7.2, 13.2 Hz, 1 H), 1.90-1.43 (m, 12 H), 1.40 (s, 3 H), 1.38 (t,
J=6.0 Hz, 2 H), 1.20 (s, 3 H), 1.12 (s, 3 H), 0.91 (s, 3 H), 0.90 (s, 3 H), 0.80 (s, 3 H),
0.77 (d, J = 5.2 Hz, 1 H); **C NMR (100 MHz, CDCls) & 152.6, 145.0, 139.5, 139.3,
128.3, 128.2, 127.6, 127.4, 127.3, 127.1, 126.7, 104.3, 94.7, 86.9, 82.5, 73.5, 73.3,
71.9, 56.3, 53.2, 51.8, 47.7, 46.8, 56.0, 43.1, 42.6, 41.1, 40.8, 38.8, 37.1, 33.9, 31.2,
27.3,24.2,23.7,23.4,23.0, 20.5, 17.8, 14.6; HRMS (ESI) calcd for C44Hs903 [M+H]"
635.4459, found 635.4454.

Figure S1.The ORTEP drawing of 7 with 50% probability ellipsoids.
3,16-Di-O-acetyl-21,22-O-isopropylidene-24,28-di-O-tert-butyldiphenylsilyl-protoes



cigenin (8)

<o

"0 Ac,0, PPY, DIPEA

- .

27 % TBDPS toluene, reflux, 86%

HO' - AcO’ o

% 2 -
OTBDPS OTBDPS

To a stirred solution of 2 (1.00 g, 976.95 umol), PPY (29.0 mg, 195.39 umol), and

DIPEA (3.23 mL, 19.54 mmol) in dry toluene (1.00 mL) was added Ac,O (0.92 mL,
9.77 mmol) at room temperature. After the addition was completed, the reaction
mixture was heated to reflux and the stirring was continued for 12 h. After being
cooled to room temperature, the reaction mixture was diluted with ethyl acetate. The
resulting mixture was successively washed with water, saturated aqueous NaHCOs3,
and brine, and was then dried over anhydrous Na,SO,. Filtration was followed by
concentration under reduced pressure to afford a residue, which was further purified
by silica gel column chromatography (petroleum ether/ethyl acetate = 16 : 1) to
provide 8 (928.8 mg, 86%) as a light yellow foam: [o]o™ = 12.0 (c 1.0, CHCI); H
NMR (400 MHz, acetone-dg) & 7.76-7.72 (m, 8 H), 7.53-7.40 (m, 12 H), 5.50 (t, J =
3.6 Hz, 1 H), 5.16 (s, 1 H), 4.53 (dd, J = 5.2, 11.2 Hz, 1 H), 4.23 (d, J = 10.0 Hz, 1 H),
4.10 (dd, J = 10.4 Hz, 1 H), 3.94 (d, J = 10.8 Hz, 1 H), 3.83 (d, J = 10.8 Hz, 1 H),
3.52(d, J=9.2 Hz, 1 H), 3.39 (d, J = 9.2 Hz, 1 H), 2.84 (m, 1 H), 2.26 (t, J = 13.6 Hz,
1 H), 2.09 (s, 3 H), 1.94 (dd, J = 4.4, 11.2 Hz, 2 H), 1.88 (s, 3 H), 1.75-1.48 (m, 8 H),
1.45 (s, 3 H), 1.42-1.35 (m, 2 H), 1.33 (s, 3 H), 1.31 (s, 3 H), 1.29-1.19 (m, 2 H), 1.09
(s, 12 H), 1.07 (s, 12 H), 1.05 (s, 3 H), 0.99 (dd, J = 1.6, 12.0 Hz, 1 H), 0.91 (s, 3 H);
3¢ NMR (100 MHz, acetone-dg) & 170.5, 169.0, 140.6, 136.6 (2 C), 136.5, 134.4,
133.7, 133.6, 130.8, 130.7 (2 C), 130.6, 128.7 (2 C), 128.6, 128.5, 126.2, 108.8, 82.4,
80.7, 75.9, 71.2, 65.7, 65.4, 56.7, 49.0, 47.4, 45.1, 43.6, 42.3, 40.5 (2 C), 39.3, 37.6,
34.8, 34.1, 31.4, 30.4, 27.6, 27.5, 27.4, 27.1, 24.4 (2 C), 23.1, 22.0, 21.1, 20.8, 19.9,
19.8, 17.7, 17.2, 15.9; HRMS (ESI) calcd for CggHgsOsSioNa [M+Na]* 1129.6380,
found 1129.6426.

3,16-Di-O-acetyl-24-O-tert-butyldiphenylsilyl-protoescgenin (9)
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o 0><

e] 1) HOAc, H,0, reflux
- .

. OTBDPS 2) TBAF, THF, t,
OAc % (25teps)

AcO'

8 9

OTBDPS

OTBDPS

A solution of 8 (600.0 mg, 541.68 umol) in a mixed solvent of HOAc and H,0 (50
mL, v/iv = 4 : 1) was heated to reflux, and the stirring was continued at the same
temperature for 30 min. The reaction mixture was cooled down to room temperature,
and was then diluted with ethyl acetate. The resulting solution was thoroughly washed
with water, saturated aqueous NaHCOs3, and brine, and was then dried over anhydrous
Na,SO,. Filtration was followed by concentration to afford the diol intermediate,
which was used directly to the next step without further purification.

The above obtained diol intermediate was then dissolved in dry THF (5.00 mL), to
which TBAF (708.2 mg, 2.71 mmol) was added at room temperature. The reaction
mixture was stirred at the same temperature for 4 h before ethyl acetate was added to
dilute the reaction. The resulting solution was washed successively with water,
saturated NaHCO3, and brine, and was then dried over anhydrous Na,SQO,. Filtration
and concentration in vacuo gave the crude product, which was further purified by
silica gel column chromatography (CH,Cl,/MeOH = 40 : 1) to furnish 9 (422.2 mg,
94%) as a white solid: [o]p® = 12.3 (¢ 1.0, CHCIs); *H NMR (400 MHz, CDCls) §
7.70-7.67 (M, 4 H), 7.45-7.35 (m, 6 H), 5.57 (brs, 1 H), 5.33 (t, J = 3.6 Hz, 1 H), 4.55
(dd, J = 6.8, 8.0 Hz, 1 H), 3.84 (d, J = 10.8 Hz, 1 H), 3.72 (d, J = 10.8 Hz, 1 H), 3.71
(d,J=10.4 Hz, 1 H), 3.61 (d, J = 10.8 Hz, 1 H), 3.51 (d, J = 9.6 Hz, 1 H), 3.38 (d, J =
11.2 Hz, 1 H), 2.94 (brs, 4 H), 2.29 (t, J = 13.6 Hz, 1 H), 2.10 (s, 3 H), 1.97 (dd, J =
4.0, 16.0 Hz, 1 H), 1.90 (s, 3 H), 1.86 (dd, J = 3.6, 9.2 Hz, 2 H), 1.74 (d, J = 14.0 Hz,
1 H), 1.61-1.30 (m, 9 H), 1.27 (s, 3 H), 1.22 (dd, J = 4.4, 9.6 Hz, 1 H), 1.07 (s, 9 H),
1.01 (s, 6 H), 0.96 (s, 3 H), 0.87 (s, 3 H), 0.85 (s, 3 H); **C NMR (100 MHz, CDCl5)
6 171.1, 170.8, 140.6, 136.0, 135.9, 133.8 (2 C), 129.7, 129.6, 127.7, 127.6, 124.4,
80.6, 78.6, 78.0, 71.1, 70.5, 64.4, 56.2, 47.0, 46.8, 45.3, 42.9, 41.3, 40.9, 39.9, 38.7,
36.9, 35.5, 33.3, 30.4, 30.0, 29.8, 27.0, 26.8, 23.6 (2 C), 22.8, 22.4, 21.3, 20.0, 19.4,
18.6, 16.6, 15.5; HRMS (ESI) calcd for CsoH7,08SiK [M+K]" 867.4628, found
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867.4643.
Compound (10)

TEMPO, BAIB, CH,Cl,
asihebbeshilaty

CH,Cly, tt, 60%
AcO' d
9 OTBDPS

16
10

OTBDPS

BAIB (PhI(OACc),) (97.1 mg, 301.49 umol) was added to a stirred solution of 9 (100.0
mg, 120.60 umol) and TEMPO (4.7 mg, 30.15 umol) in dry dichloromethane (10.00
mL) at room temperature under N, atmosphere. The reaction mixture was stirred at
the same temperature for 1.5 h, at which time TLC showed that no starting material
was detected in the reaction mixture. The reaction mixture was diluted with ethyl
acetate, and was then washed with saturated aqueous Na,S,03 and brine. After being
dried over anhydrous Na;SO,4, the volatile solvent was removed under reduced
pressure. The resulting residue was then subjected to silica gel column
chromatography purification to furnish dialdehyde 10 (55.5 mg, 60%) as a white solid:
[a]o® = 16.3 (c 1.0, CHCI3); *H NMR (400 MHz, CDCl3) § 9.41 (s, 1 H), 9.33 (s, 1
H), 7.70-7.66 (m, 4 H), 7.44-7.35 (m, 6 H), 6.84 (dd, J=3.2, 6.0 Hz, 1 H), 5.39 (t, J =
3.6 Hz, 1 H), 4.55 (dd, J = 5.6, 10.8 Hz, 1 H), 3.87 (d, J = 10.8 Hz, 1 H), 3.70 (d, J =
10.8 Hz, 1 H), 3.43 (dd, J = 4.8, 8.8 Hz, 1 H), 2.68 (dd, J = 6.0, 19.6 Hz, 1 H), 2.07
(dd, J = 3.2, 19.2 Hz, 1 H), 1.97-1.88 (m, 1 H), 1.89 (s, 3 H), 1.85-1.41 (m, 12 H),
1.28 (s, 3 H), 1.19 (s, 3 H), 1.11 (m, 1 H), 1.08 (s, 3 H), 1.07 (s, 9 H), 1.02 (s, 3 H),
0.94 (dd, J = 2.0, 12.0 Hz, 1 H), 0.82 (s, 3 H); *C NMR (100 MHz, CDCls) § 206.1,
192.3, 170.8, 152.2, 145.1, 138.9, 136.0, 135.9, 133.7 (2 C), 129.7 (2 C), 127.7, 127.6,
125.0, 80.4, 64.6, 56.4, 47.4, 46.6, 43.9, 42.8, 42.6, 39.7, 38.5, 37.9, 37.2, 33.6, 27.6,
27.1, 23.6, 23.1, 22.8, 21.4, 21.3, 20.3, 19.4, 17.3, 15.4; HRMS (ESI) calcd for
CugHe706Si [M+H]" 767.4702, found 767.4692.
3,24-0O-Thionocarbonyl-21,22-O-isopropylidene-28-O-tert-butyldiphynylsilyl-protoe
scigenin (S1)
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Im,CS, DMAP, Et;N
bl o

- OTBDPS
OH CH,Clp,0 °C to 1t, 92%
HO! o

S$1

OH

Thiocarbonyl imidazole (45.4 mg, 254.7 umol) and DMAP (15.6 mg, 127.36 umol) ,
EtsN (177.0 uL, 1.27 mmol) were added to a stirred solution of 3 (100 mg, 127.36
pumol) in dry chloromethane (1.00 mL) at 0 °C under N atmosphere. The reaction
mixture was then gradually warmed up to room temperature, and the stirring was
continued for 6 h before ethyl acetate was added to dilute the reaction. The resulting
solution was washed successively with water, saturated aqueous NaHCOg3, and brine,
and was then dried over anhydrous Na,SO,. Filtration and concentration in vacuo
gave the crude product, which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5 : 1) to furnish S1 (96.9 mg, 92%)
as a white solid: [a]p®®> = +38.4 (c 1.0, CHCI3); *H NMR (400 MHz, acetone-dg) &
7.77-7.72 (m, 4 H), 7.49-7.39 (m, 6 H), 5.45 (t, J = 3.6 Hz, 1 H), 4.76 (d, J = 11.2 Hz,
1 H), 4.63 (d, J = 10.0 Hz, 1 H), 4.26-4.20 (m, 2 H), 4.08 (d, J = 2.8 Hz, 1 H), 4.02
(dd, J = 2.0, 11.2 Hz, 1 H), 3.80 (d, J = 4.0 Hz, 1 H), 3.43 (d, J = 9.2 Hz, 1 H), 3.32 (d,
J=9.6 Hz, 1 H), 2.80 (dd, J = 4.8, 14.0 Hz, 1 H), 2.36 (t, J = 13.6 Hz, 1 H), 2.02-1.53
(m, 9 H), 1.47 (s, 3 H), 1.46 (s, 3 H), 1.41 (s, 3 H), 1.36-1.13 (m, 6 H), 1.21 (s, 3 H),
1.08 (s, 3 H), 1.07 (s, 3 H), 1.05 (s, 9 H), 1.02 (s, 3 H), 0.55 (s, 3 H); *C NMR (100
MHz, acetone-dg) 6 142.4, 136.5, 133.9, 133.8, 130.7, 130.6, 128.6 (2 C), 125.3,
108.4, 85.4, 82.2, 76.6, 76.0, 69.3, 65.9, 52.6, 49.1, 46.1, 45.6, 43.0, 41.0, 40.9, 39.8,
37.3, 36.4, 34.9, 34.8, 33.3, 28.1, 27.8, 27.7, 27.6, 27.5, 27.2, 27.1, 24.4, 19.8, 18.9,
18.1, 17.9 (2 C), 12.9; HRMS (ESI) calcd for C51H710gSSi [M+HCOO] 871.4633,
found 871.4633.

21,22-1sopropylidene-24-0O-tosyl-28-O-tert-butyldiphenylsilyl-protoescigenin (11)

TsCl, DMAP, Et3N

3 o,
orP TB0PS CH,Cl,,0 °C to rt, 92%
HO' HO

- . 1
OH OTs

To a stirred solution of 3 (6.00 g, 7.64 mmol) in dry CH,CI, (80.00 mL) was added
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DMAP (933.6 mg, 7.64 mmol), EtzsN (21.24 mL, 152.83 mmol) and TsCI (11.65 g,
61.13 mmol) successively at 0 °C under N, atmosphere. The reaction mixture was
then warmed gradually up to room temperature, and the stirring was continued for 12
h at the same temperature. Ethyl acetate was added to dilute the reaction mixture, and
the obtained solution was washed with water and brine, and then dried over anhydrous
Na,SO,. Finally, filtration as well as concentration in vacuo was conducted to get the
crude product, which was further purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 3.5 : 1) to provide 11 (6.61 g, 92%) as a light yellow
solid: [a]o®® = +34.3 (c 1.0, CHCI5); *H NMR (400 MHz, CDCls) & 7.80 (d, J = 8.4
Hz, 2 H), 7.69-7.65 (m, 4 H), 7.45-7.32 (m, 8 H), 5.38 (t, J = 3.6 Hz, 1 H), 4.29 (d, J
= 10.4 Hz, 1 H), 4.23 (d, J = 10.0 Hz, 1 H), 4.16 (d, J = 10.4 Hz, 1 H), 4.13 (d, J =
10.0 Hz, 1 H), 3.91 (dd, J = 3.2, 4.8 Hz, 1 H), 3.41 (d, J = 9.6 Hz, 1 H), 3.28 (d, J =
11.2 Hz, 1 H), 3.18 (d, J = 9.6 Hz, 1 H), 2.75 (dd, J = 5.2, 14.0 Hz, 1 H), 2.45 (s, 3 H),
2.36 (d, J = 3.6 Hz, 1 H), 2.13 (t, J = 14.0 Hz, 1 H), 1.89-1.56 (m, 8 H), 1.51 (s, 3 H),
1.48 (s, 3 H), 1.39-1.21 (m, 6 H), 1.30 (s, 3 H), 1.07 (s, 6 H), 1.06 (s, 3 H), 1.05 (s, 9
H), 1.00-0.94 (m, 2 H), 0.81 (s, 3 H); *C NMR (100 MHz, CDCl3) § 144.9, 140.5,
135.8 (2 C), 133.2, 133.0, 129.9, 129.8 (2 C), 128.1, 127.8 (2 C), 124.3, 108.4, 83.0,
78.7,76.1, 72.2, 70.1, 65.2, 55.7, 48.3, 47.0, 45.5, 42.4, 41.7, 40.0, 39.6, 38.6, 36.9,
34.3,34.2, 334, 29.7, 27.6, 27.1 (2 C), 27.0, 26.8, 23.7, 22.4, 21.8, 19.3, 19.2, 17.2,
17.0, 15.6; HRMS (ESI) calcd for CsgH7s0sSSiNa [M+Na]® 961.5079, found
961.5081.
3,24-Anhydro-21,22-0O-isopropylidene-28-O-tert-butyldiphenylsilyl-protoescigenin
(S2)

—_
rt, 62%

To a flask containing 11 (100.0 mg, 106.45 umol) was charged with 1M LiHBEt;
(1.06 mL, 1.06 mmol) at room temperature under N, atmosphere. The resulting

mixture was stirred at the same temperature for 2 h before ethyl acetate was added to
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dilute the reaction. The resulting solution was washed with saturated aqueous
NaHCOg3 and brine, and was then dried over anhydrous Na,SO,. Filtration and
concentration gave a residue, which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 15 : 1) to provide S2 (50.6 mg, 62%)
as a white solid: [a]p?®> = +48.0 (c 1.0, CHCI3); *"H NMR (400 MHz, acetone-dg) &
7.78-7.73 (m, 4 H), 7.50-7.40 (m, 6 H), 5.49 (t, J = 3.6 Hz, 1 H), 4.63 (d, J = 10.0 Hz,
1 H), 4.56 (dd, J = 2.4, 9.2 Hz, 1 H), 4.36 (d, J = 6.0 Hz, 1 H), 4.26 (d, J = 10.0 Hz, 1
H), 4.09 (dd, J = 2.8, 4.4 Hz, 1 H), 4.01 (d, J = 6.0 Hz, 1 H), 3.78 (d, J = 4.0 Hz, 1 H),
3.44 (d, J = 9.2 Hz, 1 H), 3.35 (d, J = 9.2 Hz, 1 H), 2.81 (dd, J = 5.2, 14.4 Hz, 1 H),
2.37 (t, J=13.2 Hz, 1 H), 2.02 (m, 2 H), 1.88-1.78 (m, 2 H), 1.67 (t, J = 8.4 Hz, 1 H),
1.60-1.56 (m, 2 H), 1.47 (s, 3 H), 1.46 (s, 3 H), 1.41 (s, 3 H), 1.39 (s, 3 H), 1.36 (dd, J
=2.8,12.0 Hz, 1 H), 1.29 (s, 3 H), 1.27-1.21 (m, 4 H), 1.08 (s, 3 H), 1.06 (s, 9 H),
1.02 (s, 3 H), 0.96-0.84 (m, 3 H); *C NMR (100 MHz, acetone-ds) & 142.5, 136.5,
134.0, 133.8, 130.7, 130.6, 128.6 (2 C), 125.3, 108.4, 85.4, 82.3, 79.2, 76.6, 76.1, 69.3,
66.0, 52.6, 49.1, 46.1, 45.6, 43.0, 41.0, 40.9, 39.8, 37.3, 36.4, 34.9, 34.8, 33.3, 28.1,
27.8, 27.7, 27.6, 27.5, 27.2, 27.1, 24.4, 19.8, 18.9, 18.1, 17.9, 12.9; HRMS (ESI)
calced for Cy4oH700sSiNa [M+Na]* 789.4885, found 789.4883.
21,22-O-1sopropylidene-24-S-methylphenyl-28-O-tert-butyldiphenylsilyl-protoescige
nin (12)

TolSH, K,CO4
: % OTBDPS — _
= OH DMF, 70 °C

HO'

OTs

To a stirred solution of 11 (5.00 g, 5.32 mmol) and TolSH (3.31 g, 26.61 mmol) in dry
DMF (100.00 mL) was added K,CO3 (2.94 g, 21.29 mmol) at room temperature under
N, atmosphere. The resulting suspension was then heated to 70 °C by oil bath and was
stirred at the same temperature for 8 h. The reaction mixture was then diluted by
addition of ethyl acetate, and the obtained solution was washed with water and brine
successively. After being dried over anhydrous Na,SO,, the volatile solvent was

evaporated in vacuo to yield the crude product, which was then subjected to silica gel
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column chromatography purification (petroleum ether/ethyl acetate = 8 : 1) to provide
12 (3.98 g, 84%) as a white solid: [a]p®® = 76.7 (c 1.0, CHCI3); *H NMR (400 MHz,
CDCl3) & 7.69-7.65 (m, 4 H), 7.45-7.32 (m, 6 H), 7.27 (d, J = 8.0 Hz, 2 H), 7.12 (d, J
= 7.6 Hz, 2 H), 5.41 (t, J = 3.6 Hz, 1 H), 4.31 (d, J = 10.4 Hz, 1 H), 4.18 (d, J = 10.0
Hz, 1 H), 3.92 (q, J = 4.0 Hz, 1 H), 3.42 (d, J = 9.6 Hz, 1 H), 3.38-3.32 (m, 1 H), 3.24
(d, J=12.4, 1 H), 3.20 (d, J = 9.6 Hz, 1 H), 3.09 (d, J = 12.0 Hz, 1 H), 2.76 (dd, J =
5.2, 14.0 Hz, 1 H), 2.39 (s, 1 H), 2.38 (d, J = 4.0 Hz, 1 H), 2.32 (s, 3 H), 2.16 (t, J =
10.0 Hz, 1 H), 1.93-1.54 (m, 9 H), 1.52 (s, 3 H), 1.49 (s, 3 H), 1.45-1.36 (m, 3 H),
1.33 (s, 3 H), 1.31-1.27 (m, 2 H), 1.26 (s, 3 H), 1.081 (s, 3 H), 1.077 (s, 3 H), 1.06 (s,
9 H), 0.98 (s, 3 H), 0.88 (d, J = 10.0 Hz, 1 H), 0.49 (s, 3 H); *C NMR (100 MHz,
CDCIs) 6 140.5, 136.1, 135.8 (2 C), 134.8, 133.2, 133.0, 129.8, 129.7 (2 C), 127.8 (2
C), 124.4, 108.4, 83.0, 80.5, 76.1, 70.2, 65.2, 57.2, 48.3, 47.2, 45.5, 42.8, 41.7, 40.0,
39.7, 39.1, 38.0, 37.1, 34.4, 34.2, 33.3, 29.7, 27.6, 27.3, 27.2, 27.1, 26.8, 24.5, 23.6,
21.1, 19.3 (2 C), 17.2, 17.1, 16.2; HRMS (ESI) calcd for CssH7505SSiNa [M+Na]*
913.5232, found 913.5230.

21,22-O-1sopropylidene-28-O-tert-butyldiphenylsilyl-24-deoxy-protoescigenin (13)

O,
>< Raney Ni, H,

[¢] EtOH/acetone
rt, 99%

To a solution of 12 (4.00 g, 4.49 mmol) in a mixed solvent of acetone and ethanol
(120 mL, v/v = 1 : 9) was added ethanol-rinsed Raney Ni (30.00 g). The reaction flask
was cooled to -78 °C, evacuated under reduced pressure, and was then filled with H;
(balloon). After the process was repeated for three times, the reaction mixture was
warmed up to room temperature and the stirring was continued for 8 h at the same
temperature. Filtration and concentration in vacuo afforded the crude product, which
was further purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 8 : 1) to furnish 13 (3.42 mg, 99%) as a white solid: [a]p®® = 34.5 (c 1.0,
CHCls); *H NMR (400 MHz, CDCl3) & 7.70-7.66 (m, 4 H), 7.45-7.32 (m, 6 H), 5.41 (t,
J=3.6Hz, 1H), 431 (d, J =10.0 Hz, 1 H), 4.18 (d, J = 10.0 Hz, 1 H), 3.92 (g, J =
4.0 Hz, 1 H), 3.42 (d, J = 9.2 Hz, 1 H), 3.24-3.20 (m, 1 H), 3.21 (d, J = 9.6 Hz, 1 H),
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2.76 (dd, J = 4.8, 14.0 Hz, 1 H), 2.42 (d, J = 3.2 Hz, 1 H), 2.16 (t, J = 13.6 Hz, 1 H),
1.92-1.60 (M, 6 H), 1.58-1.42 (m, 4 H), 1.52 (s, 3 H), 1.49 (s, 3 H), 1.38-1.25 (m, 5 H),
1.34 (s, 3 H), 1.080 (s, 3 H), 1.076 (s, 3 H), 1.06 (s, 9 H), 0.98 (s, 3 H), 0.92 (s, 3 H),
0.78 (s, 3 H), 0.73 (dd, J = 1.6, 12.4 Hz, 1 H), 0.50 (s, 3 H); **C NMR (100 MHz,
CDCls) & 140.5, 135.8 (2 C), 133.2, 133.0, 129.8, 129.7, 127.8, 124.5, 108.4, 83.0,
79.0, 76.1, 70.2, 65.2, 55.3, 48.2, 46.9, 45.5, 41.8, 40.1, 39.8, 38.9, 38.8, 37.1, 34.4,
34.2,33.0, 29.7, 28.2, 27.6, 27.3 (2 C), 27.1, 26.8, 23.6, 19.3, 18.3, 17.3, 17.2, 15.8,
15.7; HRMS (ESI) calcd for C4H76NOsSi [M+NH,]* 786.5487, found 786.5481.

3,16-Di-0-benzyl-24-deoxy-protoescigenin (14)

1) BnBr, NaH, DMF
B %OSTBDPS 4AMS,0°Ctort

- .
2) CSA, CH,Cl,/MeOH gy
13 rt, 75% (2 steps)

HO'

To a stirred solution of 13 (2.00 g, 2.60 mmol) and BnBr (4.63 mL, 39.00 mmol) in
dry DMF (1.00 mL) was added freshly activated powdered 4A MS at room
temperature. The suspension was stirred at the same temperature for 10 min before it
was chilled to 0 °C, to which NaH (60% dispersed in mineral oil, 1.04 g, 26.00 mmol)
was added portionwise (Caution: H, gas evolved during the addition of NaH). The
stirring was continued for another 12 h at the same temperature before ethyl acetate
was added to dilute the reaction mixture. Thus obtained solution was thoroughly
washed with water and brine, and was then dried over anhydrous Na,SO,. Filtration
and concentration in vacuo afforded the benzylated intermediate, which was directly
put to the next step without further purification.

The above obtained residue was dissolved in a mixed solvent of CH,Cl, and MeOH
(12.00 mL, viv = 1 : 2), to which CSA (3.02 g, 13.00 mmol) was added at room
temperature under N, atmosphere. The resulting mixture was stirred for 6 h at the
same temperature before ethyl acetate was added. Thus obtained mixture was washed
with saturated agueous NaHCO3; and brine successively, and was then dried over
anhydrous Na,SQO,. Filtration was followed by concentration under reduced pressure
to afford the crude product, which was further subjected to silica gel column

chromatography purification (petroleum ether/ethyl acetate = 3 : 1 to 2 : 1) to furnish
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tiol intermediate 14 (1.31 g, 75% for 2 steps) as a white solid: [a]o®> = 29.7 (c 1.0,
CHCls): 'H NMR (400 MHz, CDCls) & 7.38-7.32 (m, 8 H), 7.29-7.24 (m, 2 H), 5.30 (t,
J=3.6Hz, 1 H), 471 (dd, J = 8.8, 11.6 Hz, 1 H), 4.46 (dd, J = 12.0, 12.8 Hz, 1 H),
423 (t, 3= 2.8 Hz, 1 H), 3.94 (d, J = 9.6 Hz, 1 H), 3.65 (d, J = 9.6 Hz, 1 H), 3.58 (d, J
= 11.2 Hz, 1 H), 3.35 (d, J = 11.2 Hz, 1 H), 2.96 (dd, J = 4.0, 11.6 Hz, 1 H), 2.58 (brs,
3 H), 2.44 (t, J = 13.6 Hz, 1 H), 2.02 (dd, J = 4.4, 14.0 Hz, 1 H), 1.91-1.36 (m, 12 H),
1.42 (s, 3 H), 1.11 (dd, J = 4.8, 13.6 Hz, 1 H), 1.01 (s, 3 H), 0.97 (s, 3 H), 0.94 (s, 3
H), 0.88 (s, 3 H), 0.86 (s, 3 H), 0.85 (s, 3 H), 0.76 (d, J = 11.2 Hz, 1 H); 1C NMR
(100 MHz, CDCIs) ¢ 141.7, 139.6, 138.9, 128.4, 128.3, 127.8, 127.6, 127.4, 127.3,
123.7, 86.6, 80.2, 78.2, 74.9, 72.2, 71.5, 71.3, 55.8, 47.0, 46.7, 46.3, 41.8, 41.2, 40.0,
39.0, 38.7, 37.0, 35.5, 32.9, 29.4, 28.4, 26.8, 26.4, 23.6, 22.9, 18.7, 18.4, 16.8 (2 C),
15.7; HRMS (ESI) calcd for C44Hs0sK [M+K]" 709.4229, found 709.4232.

Methyl 3,16-di-O-benzyl-24-deoxy-28-protoescigeninate (15)

OH
. 1) TEMPO, NaCIO, KBr
TBAC, 0°C

%20 2)NaCl0,, NaH,PO,

2-methyl-2-butene gpO! .
14 {BUOHITHF, rt k
3) Mel, Cs,CO3, DMF

rt, 60% (3 steps)

BnO'

To a saturated aqueous NaHCOj solution (20.00 mL) were added KBr (354.7 mg,
2.98 mmol) and TBACI (497.1 mg, 1.79 mmol) successively at room temperature to
form solution A. To a mixed solution of saturated aqueous NaHCO3 (6.00 mL) and
brine (12.00 mL) was added 5% aqueous NaOCI (17.74 mL, 14.90 mmol) at room
temperature to form solution B. To a stirred solution of 14 (2.00 g, 2.98 mmol) in
CH.Cl, (50.00 mL) were added TEMPO (46.57 mg, 298.1 pmol) and solution A
successively at room temperature. The mixture was then cooled to 0 °C, to which
solution B (1.00 mL) was added. The stirring was continued at the same temperature
and additional solution B (0.50 mL) was added at the interval of 30 min until TLC
showed that all starting material was consumed completely. Dichloromethane was
added to dilute the reaction. The resulting mixture was washed successively with
water, saturated aqueous Na,S;03, and brine, and was then dried over anhydrous

Na,SO,. Filtration was followed concentration in vacuo to afford a syrup, which was
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put to the next step without further purification.

The above obtained syrup was dissolved a mixed solvent of ‘BuOH and THF (160 mL,
viv = 3 : 1), to which 2-methyl-2-butene (2.50 mL, 29.81 mmol) and a solution of
NaH,PO, (3.58 g, 29.81 mmol) and NaCIlO; (1.62 g, 17.9 mmol) in 30 mL water were
added successively at room temperature. The reaction mixture was stirred at the same
temperature overnight, then 3M HCI was added to adjust the pH value of the reaction
to 2-3. Extracted with ethyl acetate for three times and the organic layers were
combined, which were then washed with brine and dried over anhydrous Na,SO,.
Filtration and concentration under reduced pressure afforded the crude product, which
was put the next step without further purification.

The above obtained crude carboxylic acid intermediate was finally dissolved in DMF
(20.00 mL), to which Cs,CO3 (3.88 g, 11.92 mmol) and Mel (1.86 mL, 29.81 mmol)
were added at room temperature under N, atmosphere. The reaction mixture was
stirred at the same temperature for another 6 h before ethyl acetate was added. The
resulting solution was washed successively with water and brine, and was then dried
over anhydrous Na,SO,. Filtration and concentration in vacuo gave the crude product,
which was further purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 6 : 1 to 4 : 1) to provide methyl ester 15 (1.25 g, 60% over 3
steps) as a white solid: [o]p® = 33.2 (¢ 1.0, CHCI3); *H NMR (400 MHz, CDCls) &
7.38-7.31 (m, 8 H), 7.30-7.24 (m, 2 H), 5.39 (t, J = 4.0 Hz, 1 H), 4.69 (d, J = 11.6 Hz,
2 H), 450 (t, J = 2.8 Hz, 1 H), 4.47 (dd, J = 9.6, 10.4 Hz, 2 H), 3.95 (d, J = 9.2 Hz, 1
H), 3.67 (s, 3 H), 3.63 (d, J = 9.2 Hz, 1 H), 3.08 (dd, J = 4.4, 14.4 Hz, 1 H), 2.96 (dd,
J=4.4,11.6 Hz, 1 H), 2.45 (t, J = 14.0 Hz, 1 H), 2.18 (brs, 2 H), 1.92 (dd, J = 3.6, 8.8
Hz, 2 H), 1.84-1.78 (m, 1 H), 1.70-1.47 (m, 7 H), 1.38 (s, 3 H), 1.36-1.26 (m, 2 H),
1.14 (dd, J = 4.4, 13.2 Hz, 1 H), 1.00 (s, 3 H), 0.96 (s, 3 H), 0.94 (s, 3 H), 0.92 (m, 1
H), 0.86 (s, 3 H), 0.85 (s, 3 H), 0.76 (dd, J = 1.5, 12.0 Hz, 1 H), 0.71 (s, 3 H); **C
NMR (100 MHz, CDCl3) 6 175.6, 141.6, 139.6, 138.6, 128.4, 128.3, 127.9, 127.5,
127.3, 123.6, 86.6, 76.0, 75.8, 71.6, 71.5, 55.9, 52.5, 46.8, 46.5, 41.7, 40.4, 39.7, 39.0,
38.5, 37.1, 35.2, 33.0, 29.2, 28.6, 28.4, 26.3, 23.5, 22.9, 18.9, 18.4, 16.9, 16.8, 15.5;
HRMS (ESI) calcd for CasHgs0s [M+H]* 699.4619, found 699.4598
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Methyl 3,16-di-O-benzyl-21,22-di-O-mesyl-24-deoxy-28-protoescigeninate (S3)

"OH  \1sCl, DMAP, Et;N
COMe = T T

“OBn  4AMS, 60°C, 80%

BnO' BnO'

To a stirred solution of 15 (200 mg, 286.13 pmol), DMAP (174.8 mg, 1.43 mmol),
and EtsN (0.60 mL, 4.29 mmol) in dry CH,Cl, (2.00 mL) was added freshly activated
4A MS at room temperature. The suspension was stirred at the same temperature for
30 min before MsCl (0.22 mL, 2.86 mmol) was added under N, atmosphere. The
resulting mixture was heated to 60 °C, and the stirring was continued for another 6 h.
Filtration was conducted to remove the MS, and the filtrate was diluted with ethyl
acetate. The solution was washed with water and brine, and then dried over anhydrous
Na,SO;,. Filtration was followed by concentration under reduced pressure to afford the
crude product, which was further purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 10 : 1 to 8 : 1) to provide S3 (195.7 mg, 80%) as a
white solid: [o]p® = -3.0 (c 1.0, CHCI3); *H NMR (400 MHz, CDCl3) & 7.50 (d, J =
1.6, 8.4 Hz, 2 H), 7.39-7.26 (m, 8 H), 5.44 (d, J = 9.6 Hz, 1 H), 5.38 (t, J = 3.6 Hz, 1
H), 5.12 (d, J = 9.6 Hz, 1 H), 4.685 (d, J = 12.0 Hz, 1 H), 4.682 (d, J = 10.8 Hz, 1 H),
4.46 (d, J = 10.8 Hz, 1 H), 4.45 (d, J = 12.0 Hz, 1 H), 4.35 (dd, J = 1.6, 3.6 Hz, 1 H),
3.65 (s, 3 H), 3.14 (s, 3 H), 3.10 (m, 1 H), 2.96 (dd, J = 4.4, 11.6 Hz, 1 H), 2.86 (s, 3
H), 2.55 (t, J = 14.0 Hz, 1 H), 1.94-1.37 (m, 12 H), 1.35 (s, 3 H), 1.17 (dd, J = 4.4,
13.6 Hz, 1 H), 1.09 (s, 3 H), 1.01 (s, 3 H), 1.00 (s, 3 H), 0.92 (s, 3 H), 0.85 (s, 3 H),
0.76 (dd, J = 2.0, 12.8 Hz, 1 H), 0.67 (s, 3 H); *C NMR (100 MHz, CDCls) & 173.2,
139.8, 139.5, 136.9, 129.9, 128.5, 128.3, 128.1, 127.6, 127.3, 125.1, 86.5, 85.1, 82.3,
73.5, 71.5, 70.7, 56.3, 55.8, 53.1, 46.6, 46.1, 41.7, 41.2, 39.8, 39.2, 39.0, 38.8, 38.5,
37.0, 36.6, 33.0, 30.0, 28.4, 27.0, 26.5, 23.6, 22.8, 20.0, 18.3, 16.8 (2 C), 15.4; HRMS
(ESI) calcd for C47Hg7010S, [M+H]" 855.4170, found 855.4208.

Methyl 3,16-di-O-benzyl-21,22-di-0x0-24-deoxy-28-protoescigeninate (16)

_.OH =0

""" OH X DMsO
) CO,Me A o
“0Bn t, 72% B OBn

BnO'

16
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To a stirred solution of 15 (200.0 mg, 286.13 pmol) in dry DMSO (2.00 mL) was
added IBX (801.2 mg, 2.86 mmol) at room temperature under N, atmosphere. The
reaction mixture was stirred at the same temperature for 8 h, and then ethyl acetate
was added. The resulting mixture was washed with saturated aqueous Na,S,03, water,
and brine, and was then dried over anhydrous Na,SO,. Filtration and concentration in
vacuo gave the crude product, which was then subjected to further purification by
silica gel column chromatography (petroleum ether/ethyl acetate =20 : 1 to 15: 1) to
provide 16 (143.2 mg, 72%) as a light yellow foam: [a]po®® = -28.0 (¢ 1.0, CHCl3); 'H
NMR (400 MHz, CDCls) & 7.37-7.24 (m, 8 H), 7.21-7.19 (m, 2 H), 5.50 (t, J = 3.6 Hz,
1 H), 4.68 (d, J = 11.6 Hz, 1 H), 4.45-4.39 (m, 3 H), 4.20 (d, J = 10.8 Hz, 1 H), 3.72
(s, 3 H), 3.62 (dd, 4.8, 14.0 Hz, 1 H), 3.03 (t, J = 14.0 Hz, 1 H), 2.96 (dd, J = 4.4, 11.6
Hz, 1 H), 2.00 (dd, J = 4.4, 8.0 Hz, 1 H), 1.93 (dd, J = 3.6, 9.2 Hz, 2 H), 1.84-1.78 (m,
1 H), 1.70-1.48 (m, 7 H), 1.43-1.32 (m, 2 H), 1.38 (s, 3 H), 1.20 (s, 3 H), 1.01 (s, 3 H),
0.96 (s, 3 H), 0.93 (s, 3 H), 0.92 (dd, J = 3.6, 13.6 Hz, 1 H), 0.85 (s, 3 H), 0.76 (dd, J
=2.0,12.4 Hz, 1 H), 0.70 (s, 3 H); *C NMR (100 MHz, CDCl3) & 200.1, 198.1, 169.5,
139.6, 138.8, 136.6, 128.9, 128.4, 128.3, 128.1, 127.6, 127.4, 125.8, 86.5, 80.8, 72.0,
71.5, 65.4, 55.8, 52.9, 46.8, 46.2, 41.0, 40.9, 39.8, 39.0, 38.5, 37.1, 32.9, 28.4, 28.3,
26.8, 24.0, 23.7, 23.3, 22.8, 18.3, 17.0, 16.8, 15.4; HRMS (ESI) calcd for C4sHs90¢
[M+H]" 695.4306, found 695.4280.

Methyl 3,16-di-O-benzyl-21-oxo-echinocystate (17)

0

0 sml,
'CO,Me MeOH/THF 'CO,Me
B “”, —_— 2
: ©Bn t, 94%

BnO'

BnO
16 - 17

A flame-dried flask containing 16 (1.00 g, 1.44 mmol) were treated with THF (10.00
mL) and methanol (60.00 mL). After being cooled to -78 °C, the flask was evacuated
under recued pressure and refilled with N,. After this process was repeated for 3 times,
Sml, (0.1M in THF, 144 mL, 14.4 mmol) was added via a syringe at the same
temperature. Afterwards, the evacuation/refilling process was repeated for another 3
times (caution: the reaction is highly air-sensitive, thus the air should be strictly

excluded by gas exchange from air to N;). The reaction mixture was then warmed up
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N
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to room temperature and the stirring was continued at the same temperature for 4 h,
during which time the reaction system changed from blackish green to purple and
then to colorless. Ethyl acetate was added to dilute the reaction and the resulting
mixture was washed with saturated aqueous NaHCOg3 and brine, and was then dried
over anhydrous Na,SO,. Filtration was followed by concentration in vacuo to provide
a residue, which was further purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 18 : 1 to 15 : 1) to afford 17 (921.1 mg, 94%) as a white solid:
[@]o?® = 30 (c 1.0, CHCIs); *H NMR (400 MHz, CDCls) & 7.35-7.24 (m, 10 H), 5.46 (t,
J=3.6Hz, 1H), 468 (d, J=12.0 Hz, 1 H), 4.47 (d, J = 10.0 Hz, 1 H), 4.44 (d, J =
11.2 Hz, 1 H), 4.34 (d, J = 10.4 Hz, 1 H), 4.08 (dd, J = 2.0, 2.8 Hz, 1 H), 3.64 (s, 3 H),
3.37 (dd, J = 5.6, 14.4 Hz, 1 H), 2.95 (dd, J = 4.0, 11.6 Hz, 1 H), 2.67 (d, J = 15.2 Hz,
1 H), 2.64 (t, J = 14.0 Hz, 1 H), 2.39 (d, J = 15.6 Hz, 1 H), 1.93-1.90 (m, 2 H),
1.82-1.77 (m, 1 H), 1.71-1.47 (m, 7 H), 1.39-1.25 (m, 4 H), 1.32 (s, 3 H), 1.19 (s, 3 H),
1.00 (s, 3 H), 0.93 (s, 3 H), 0.91 (m, 1 H), 0.85 (s, 3 H), 0.78 (s, 3 H), 0.75 (dd, J =
2.0, 12.4 Hz, 1 H), 0.69 (s, 3 H); *C NMR (100 MHz, CDCls) § 211.9, 174.5, 141.2,
139.6, 137.5, 129.2, 128.3 (2 C), 127.8, 127.6, 127.4, 124.2, 86.6, 80.5, 72.5, 71.5,
55.8, 53.7, 52.4, 47.3, 46.8, 44.5, 44.4, 41.1, 40.4, 39.8, 39.0, 38.5, 37.1, 32.8, 28.9,
28.4, 27.2, 26.6, 24.8, 18.4, 16.9, 16.8, 15.4; HRMS (ESI) calcd for CssHgsNOs
[M+NH,]" 698.4779, found 698.4748.

Methyl
oleana-3,16-di-O-benzyloxyl-12,21-dien-28-oate-21-trifluoromethylsulfonate (18)

Comins' reagent
~coMe———————
2""0Bn  KHMDS, -78 °C, 92%

BnO' BnO'

17

To a stirred solution of 17 (681.0 mg, 1.0 mmol) in dry THF (20.00 mL) was added
1M KHMDS in THF (10.00 mL, 10.0 mmol) at -78 °C under N, atmosphere. After
being stirred for 10 min at the same temperature, Comins’ reagent (785.4 mg, 2.00
mmol) was added, and the stirring was continued at -78 °C for another 8 h before
ethyl acetate was added to dilute the reaction mixture. The resulting solution was

washed successively with saturated aqueous NaHCO3 and brine, and was then dried
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over anhydrous Na,SQO,. Filtration and concentration in vacuo afforded the crude
product, which was then subjected to purification by silica gel column
chromatography (petroleum ether/ethyl acetate = 50 : 1 to 20 : 1) to provide 18 (748.0
mg, 92%) as a white solid: [a]p? = 16.8 (¢ 1.0, CHCl5); *H NMR (400 MHz, CDCls)
§ 7.38-7.24 (m, 10 H), 5.60 (s, 1 H), 5.46 (t, J = 3.6 Hz, 1 H), 4.69 (d, J = 12.0 Hz, 1
H), 4.60 (d, J = 11.2 Hz, 1 H), 4.46 (d, J = 11.6 Hz, 1 H), 4.43 (d, J = 11.2 Hz, 1 H),
415 (t, J = 3.6 Hz, 1 H), 3.67 (s, 3 H), 3.14 (dd, J = 4.0, 14.8 Hz, 1 H), 2.97 (dd, J =
4.4,11.6 Hz, 1 H), 2.78 (dd, J = 13.2, 14.8 Hz, 1 H), 1.95-1.91 (m, 2 H), 1.85-1.79 (m,
1 H), 1.72-1.50 (m, 7 H), 1.44 (m, 2 H), 1.34 (s, 3 H), 1.33 (dd, J = 3.6, 12.8 Hz, 1 H),
1.21 (s, 3 H), 1.01 (s, 3 H), 0.99 (s, 3 H), 0.96 (s, 3 H), 0.93-0.89 (m, 1 H), 0.86 (s, 3
H), 0.77 (s, 3 H), 0.77 (dd, J = 1.6, 12.4 Hz, 1 H); *C NMR (100 MHz, CDCl3) &
173.3, 158.3, 141.0, 139.6, 138.4, 128.3, 127.9, 127.6 (2 C), 127.4, 124.3, 120.1,
116.9, 116.8, 86.6, 78.7, 72.5, 71.5, 55.9, 53.6, 52.8, 46.8 (2 C), 41.6, 39.6, 39.1, 39.0,
38.6, 37.2, 36.0, 33.3, 29.0, 28.4, 26.3, 25.8, 25.5, 23.6, 22.9, 18.4, 17.0, 16.8, 15.6;
HRMS (ESI) calcd for C4eHgoF307S [M+H]" 813.4006, found 813.3963.

Methyl oleana-3,16-di-benzyloxyl-12,21-dien-28-oate (19)

HCO,NH,, Pd(PPh.
CoMe ICO,NHy, Pd(PPhg),

OBn (51uene, 80 °C, 91%
BnO' g

To a sealed tube charged with 18 (200.0 mg, 245.99 pmol), HCO,NH, (62.1 mg, 984
pmol), and Pd(PPhs), (28.4 mg, 24.60 pmol) was added dry toluene (2 mL) under N,
atmosphere. The mixture was then heated to 80 °C by an oil bath and the stirring was
continued at the same temperature for 6 h. After being cooled to room temperature,
the reaction mixture was diluted with ethyl acetate, washed with brine, and then dried
over anhydrous Na,SO,. Filtration as well concentration under reduced pressure
provided a residue, which was further purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 50 : 1 to 20 : 1) to afford 19 (148.9 mg, 91%) as a
white solid: [a]p® = 27.4 (c 1.0, CHCI3); *H NMR (400 MHz, CDCl3) & 7.38-7.22 (m,
10 H), 5.68 (dd, J = 1.2, 9.6 Hz, 1 H), 5.45 (d, J = 10.0 Hz, 1 H), 5.44 (t, J = 3.6 Hz, 1
H), 4.69 (d, J = 12.0 Hz, 1 H), 4.62 (d, J = 12.0 Hz, 1 H), 4.45 (d, J = 12.0 Hz, 1 H),
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4.42 (d, J = 11.6 Hz, 1 H), 4.17 (t, J = 3.2 Hz, 1 H), 3.63 (5, 3 H), 3.17 (dd, J = 3.6,
14.4 Hz, 1 H), 2.97 (dd, J = 4.4, 12.0 Hz, 1 H), 2.52 (dd, J = 12.4, 14.4 Hz, 1 H),
1.94-1.91 (m, 2 H), 1.84-1.79 (m, 1 H), 1.70-1.50 (m, 7 H), 1.42-1.36 (m, 2 H), 1.34
(s, 3 H), 1.22-1.17 (m, 1 H), 1.05 (s, 3 H), 1.00 (s, 3 H), 0.95 (s, 3 H), 0.94 (dd, J =
3.6, 13.6 Hz, 1 H), 0.90 (s, 3 H), 0.85 (s, 3 H), 0.77 (s, 3 H), 0.77 (dd, J = 2.0, 12.8 Hz,
1 H); B3C NMR (100 MHz, CDCl3) 6 175.4, 142.9, 140.9, 139.6, 139.3, 128.3, 128.2,
127.6, 127.3, 127.2, 125.3, 123.1, 86.6, 79.4, 72.4, 71.5, 55.9, 53.2, 52.4, 46.8, 44.9,
41.7, 39.7, 39.5, 39.0, 28.5, 37.2, 33.4, 33.0, 30.6, 29.8, 29.4, 28.4, 28.0, 25.6, 23.5,
22.9, 18.4, 17.1, 16.8, 15.6; HRMS (ESI) calcd for CasHerOs [M+H]" 665.4564,
found 665.4547.

Methyl echinocystate (20)

[ Ncome He 10%Parc
27 "OBn  MeOH/THF, rt, 98% o "oH

HO! g
20

To a solution of 19 (140.0 mg, 210.54 pmol) in mixed solvent of MeOH and THF
(5.00 mL, v/iv = 4: 1), was added 10% Pd/C (45.0 mg). The reaction flask was then
subjected to gas-exchange from air to H, at low temperature for three times. The
resulting suspension was stirred at room temperature for 12 h, then the black solid
was removed by filtration through a pad of Celite and silica gel. The filtrate was
concentrated in vacuo to yield a residue, which was further purified by silica gel
column chromatography (petroleum ether/ethyl acetate =6 : 1 to 4 : 1) to provide 20
(100.4 mg, 98%) as a white solid: [a]p?® = 24.8 (c 1.0, CHCIl3); *H NMR (400 MHz,
CDCl3) 6 5.39 (t, J = 3.6 Hz, 1 H), 4.52 (td, J = 1.2, 3.6 Hz, 1 H), 3.60 (s, 3 H),
3.23-3.19 (m, 1 H), 3.06 (dd, J = 4.4, 14.4 Hz, 1 H), 2.17 (dd, J = 12.8, 14.8 Hz, 1 H),
1.90-1.70 (m, 6 H), 1.65-1.44 (m, 9 H), 1.40-1.29 (m, 3 H), 1.34 (s, 3 H), 1.20-1.16
(m, 1 H), 1.13 (ddd, J = 1.6, 4.8, 12.8 Hz, 1 H), 0.98 (s, 3 H), 0.96 (s, 3 H), 0.905 (s, 3
H), 0.895 (s, 3 H), 0.77 (s, 3 H), 0.75 (dd, J = 2.0, 12.8 Hz, 1 H), 0.72 (s, 3 H); *C
NMR (100 MHz, CDCl3) ¢ 177.6, 142.9, 123.0, 79.1, 75.1, 55.4, 52.0, 48.9, 46.9,
46.5, 41.4, 40.7, 39.6, 38.9, 38.6, 37.2, 35.7, 35.6, 33.0, 32.9, 30.7, 30.5, 28.2, 27.3,
27.2, 24.9, 23.4, 18.4, 17.1, 15.7, 15.6; HRMS (ESI) calcd for CaHsO4K [M+K]*
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525.3341, found 525.3338.
Echinocystic acid (21)

LiOH, 1,4-dioxane
- NcoH
“OH

150 °C, 91%

HO” 7
“ Echinocystic acid (21)

To a sealed tube charged with 20 (100.0 mg, 205.45 pmol) was added LiOH (59.0 mg,
2.47 mmol) and 1,4-dioxane (0.5 mL). The tube was sealed and was then heated to
150 °C via an oil bath. The stirring was continued at the same temperature for 8 h.
After being cooled to room temperature, 3M HCI was added to the reaction mixture to
adjust the pH value of the reaction mixture to 2-3, which was followed by the addition
of ethyl acetate to dilute the reaction mixture. The resulting mixture was washed with
water and brine, and was then dried over anhydrous Na,SO,. Filtration and
concentration in vacuo gave a residue, which was further purified by silica gel
chromatography (DCM/MeOH = 10 : 1) to provide echinocystic acid (88.3 mg, 91%)
as a white solid: [o]o® = 48.5 (c 0.1, MeOH); *H NMR (400 MHz, DMSO-ds) & 5.20
(t,J=3.6 Hz, 1 H), 4.72 (d, J = 3.2 Hz, 1 H), 4.32 (brs, 1 H), 4.30 (d, J = 5.2 Hz, 1 H),
3.35 (brs, 1 H), 3.02-2.97 (m, 1 H), 2.91 (dd, J = 4.4, 14.0 Hz, 1 H), 2.24 (dd, J = 12.4,
14.4 Hz, 1 H), 1.95 (td, J = 4.8, 12.8 Hz, 1 H), 1.82-1.39 (m, 12 H), 1.31 (s, 3 H),
1.27-1.17 (m, 3 H), 1.09-1.04 (m, 1 H), 0.97 (dd, J = 3.6, 12.8 Hz, 2 H), 0.90 (s, 3 H),
0.89 (s, 3 H), 0.85 (s, 3 H), 0.83 (s, 3 H), 0.68 (s, 3 H), 0.67 (s, 3 H); *C NMR (100
MHz, DMSO-dg) 6 178.2, 144.0, 121.2, 76.8, 73.0, 54.9, 47.3, 46.4, 46.2, 41.0, 40.1,
38.9, 38.4, 38.1, 36.6, 35.2, 34.7, 32.9, 32.7, 31.5, 30.3, 28.3, 27.0, 26.5, 24.2, 22.9,
18.1, 16.8, 16.1, 15.2; HRMS (ESI) calcd for C3gHs2NO4 [M+NH,4]* 490.3891, found
490.3874.

Methyl 3,16-di-O-benzyl-21-ox0-24-deoxy-28-protoescigeninate (22)

N\ .OH N
1) Swern oxidation

“'OH  2) Pinnick oxidation
o .

. OH 3)Mel, KHCO,, DMF
oBn rt, 58% (3 steps) = Obn
BnO BnO

22

To a stirred solution of (COCI), (3.78 mL, 44.71 mmol) in dry dichloromethane

(35.00 mL) was added a solution of DMSO (6.35 mL, 89.42 mmol) in dry
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dichloromethane (60.00 mL), which was dried over freshly activated powdered 4A
MS, dropwise at -78 °C under N, atmosphere. After the addition was completed, the
stirring was continued for another 15 min at the same temperature before a solution of
14 (2.00 g, 2.98 mmol) in dry dichloromethane (10 mL) was added. The resulting
mixture was stirred at -78 °C for another 16 h, then EtsN (20.00 mL) was added
carefully at the same temperature. After the addition was completed, the stirring was
continued for another 15 min at the same temperature. Then the mixture was
gradually warmed up to room temperature, to which ethyl acetate was added. The
resulting solution was washed successively with saturated aqueous NaHCO3 and brine,
and was then dried over anhydrous Na,SQO,. Filtration was followed by concentration
under reduced pressure to afford a residue, which was put to the next step directly
without further purification.

The above obtained residue was dissolved in a mixed solvent of 'BtOH (120.00 mL)
and THF (80.00 mL), to which 2-methyl-2-butene (2.50 mL, 29.81 mmol) and a
solution of NaClO, (2.16 g, 23.85 mmol) and NaH,PO, (3.58 g, 29.81 mmol) in water
(30.00 mL) were added successively at room temperature. The reaction mixture was
stirred at the same temperature for 8 h before 3M HCI was added to adjust the pH
value of the reaction mixture to 2-3. Ethyl acetate was then added to dilute the
reaction mixture, and the resulting mixture was washed successively with saturated
aqueous Na,S,03, water, and brine, and was then dried over anhydrous Na,SO,.
Filtration and concentration under reduced pressure presented the crude product,
which was put to the next step without further purification.

The above obtained crude carboxylic acid intermediate was then dissolved in dry
DMF (20 mL), to which KHCO3 (1.19 g, 11.9 mmol) and Mel (1.86 mL, 29.81 mmol)
were added successively at room temperature under N, atmosphere. The reaction
mixture was stirred at the same temperature for 6 h before ethyl acetate was added.
The resulting mixture was washe with water and brine, and was then dried over
anhydrous Na,SO,. Filtration and evaporation under reduced pressure gave a residue,
which was finally purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10 : 1 to 6 : 1) to provide 22 (1.21 g, 58% over 3 steps) as a
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white solid: [o]p® = 40.4 (c 1.0, CHCI3); *H NMR (400 MHz, CDCl3) & 7.37-7.24 (m,
10 H), 5.44 (t, J = 3.6 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.44-4.36 (m, 4 H), 4.20 (d,
J=10.0 Hz, 1 H), 3.71 (s, 3 H), 3.39 (dd, J = 5.6, 14.0 Hz, 1 H), 2.95 (dd, J = 4.0,
11.6 Hz, 1 H), 2.66 (t, J = 14.0 Hz, 1 H), 1.93-1.88 (m, 3 H), 1.83-1.77 (m, 1 H),
1.66-1.47 (m, 6 H), 1.43-1.36 (m, 2 H), 1.33 (s, 3 H), 1.33-1.29 (m, 1 H), 1.24 (s, 3 H),
1.00 (s, 3 H), 0.92 (s, 3 H), 0.90 (m, 1 H), 0.85 (s, 3 H), 0.74 (s, 3 H), 0.72 (m, 1 H),
0.68 (s, 3 H); *C NMR (100 MHz, CDCls) § 212.2, 173.2, 140.6, 139.6, 137.3, 129.6,
128.3,128.2, 127.9, 127.6, 127.4, 124.6, 68.5, 74.6, 73.2, 72.5, 71.5, 59.7, 55.8, 52.6,
475, 46.8, 42.9, 41.6, 40.5, 40.0, 39.0, 38.4, 37.1, 32.6, 28.8, 28.4, 27.9, 27.5, 24.8,
23.6, 22.8, 18.3, 16.8, 16.7, 15.3; HRMS (ESI) calcd for CsHeOg [M+HCOO]
741.4361, found 741.4348.

Methyl 3,16-di-O-benzyl-21-0x0-28-echinocystate (17)

“IOH
COsMe SMlz: MeOHITHE COMe

= oBn rt, 94%

22 17

Except for the applied amount of Sml, (10 eq), similar procedure as that used for the
synthesis of 17 from 16 was adopted to mediate the transformation form 22 (600 mg,
860.87 umol) to 17 (551.1 mg, 94%) as a white solid after silica gel column
chromatography purification.

Methyl 21-p-ethylsulfenyl-echinocystate (23)

COMe_EtSH. BFy/ELO

2 "oen  CH:Cly, 0°C, 86%
HO™

17 23

To a stirred solution of 17 (100.0 mg, 146.85 mmol) and EtSH (87.0 L, 1.17 mmol)
in dry dichloromethane (1.00 mL) was added BFz;*Et,O (72.5 pL, 587.40 pmol)
dropwise at 0 °C under N, atmosphere. The mixture was gradually warmed up to
room temperature and the stirring was continued at the same temperature for 5 h
before an additional portion of BF3*Et,O (36.3 |, 293.70 pmol) was added. The
reaction mixture was then stirred at room temperature for another 3 h, at which time

TLC showed that all starting material was consumed. Ethyl acetate was added to
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dilute the reaction mixture, and the resulting solution was washed successively with
saturated aqueous NaHCO3 and brine. Dried over anhydrous Na,SO,, filtered through
a pad of Celite, and evaporated in vacuo gave a residue, which was further purified by
silica gel column chromatography (petroleum ether/ethyl acetate =12 : 1 to 10 : 1) to
provide 23 (69.1 mg, 86%) as a white solid: [o]o> = 33.6 (¢ 1.0, CHCI3); *H NMR
(400 MHz, CDCl5) 5 5.38(t, J = 3.6 Hz, 1 H), 4.64 (dd, J = 3.2, 4.0 Hz, 1 H), 3.30 (dd,
J =48, 124 Hz, 1 H), 3.23 (d, J = 10.4 Hz, 1 H), 3.11 (dd, J = 3.2, 14.8 Hz, 1 H),
2.57 (td, J = 2.4, 7.6 Hz, 1 H), 2.38 (t, J = 13.6 Hz, 1 H), 2.25 (dd, J = 4.8, 14.0 Hz),
1.90-1.82 (m, 4 H), 1.67-1.50 (m, 7 H), 1.47-1.30 (m, 6 H), 1.37 (s, 3 H), 1.26 (t, J =
7.2 Hz, 3 H), 1.07 (s, 3 H), 0.98 (s, 3 H), 0.96 (s, 3 H), 0.91 (s, 3 H), 0.77 (s, 3 H),
0.74 (dd, J = 1.6, 11.6 Hz, 1 H), 0.68 (s, 3 H); *C NMR (100 MHz, CDCls) 5 176.1,
142.2,123.4, 79.1, 75.2,55.4, 52.2, 51.6, 50.4, 48.7, 46.8, 41.3, 40.7, 40.0, 39.5, 38.9,
38.6, 37.2, 36.2, 35.3, 33.1, 30.9, 28.2, 27.3, 27.2, 26.4, 23.4, 19.7, 18.4, 17.0, 15.7,
15.5, 15.4; HRMS (ESI) calcd for CasHs404SNa [M+Na]* 569.3635, found 569.3606.
Methyl echinocystate (20)

HO” -

Similar procedure as that used for the synthesis of 13 was adopted to mediate the
transformation of 23 (60.0 mg, 109.72 pmol) to 20 (51.3 mg, 96%).
Methyl 3,16-di-O-benzyl-21-p-hydroxyl-echinocystate (24)---From diketone (16)

e}
O Sml, MeOH/THF
o>
H,0, rt, 94%

BnO "
" 24 (w/p=1:155)

To a flask charged with 16 (500.0 mg, 719.47 pmol) were added THF (5.0 mL) and

methanol (25.0 mL) successively. The reaction flask was then subjected to
gas-exchange from air to N, at -78 °C for three times. To the reaction flask Smi,
(0.1M in THF, 115.0 mL, 11.51 mmol) and H,O (2.0 mL) were added successively at
-78 °C, the reaction flask was then subjected to gas-exchange for another 3 times. The

reaction mixture was then warmed up to room temperature, and the stirring was
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continued for 4 h at room temperature before ethyl acetate was added to dilute the
reaction mixture. The resulting mixture was washed with saturated aqueous Na,S,03,
saturated aqueous NaHCOs, and brine, and was then dried over anhydrous Na,SOa..
Filtration was followed by concentration under reduced pressure to give a residue,
which was further purified by silica gel column chromatography (toluene/ethyl acetate
=18 : 1 to 10 : 1) to furnish 24p (432.6 mg, 88%) and 24a (27.9 mg, 6%),
respectively. The pure 24p was obtained as a white solid: [o]p? = 29.4 (¢ 1.0, CHCl5);
'H NMR (400 MHz, CDCl3) § 7.37-7.24 (m, 10 H), 5.39 (t, J = 4.0 Hz, 1 H), 4.75 (d,
J=11.2 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.44 (d, J = 12.0 Hz, 1 H), 4.37 (d, J =
11.2 Hz, 1 H), 4.22 (t, J = 2.8 Hz, 1 H), 4.07 (dd, J = 1.2, 11.2 Hz, 1 H), 3.61 (s, 3 H),
3.08 (dd, J = 4.4, 14.4 Hz, 1 H), 2.95 (dd, J = 4.4, 11.6 Hz, 1 H), 2.34 (t, J = 14.0 Hz,
1 H), 1.96-1.88 (m, 3 H), 1.83-1.77 (m, 1 H), 1.69-1.46 (m, 8 H), 1.41-1.29 (m, 3 H),
1.34 (s, 3 H), 1.17 (dd, J = 4.8, 13.2 Hz, 1 H), 0.99 (s, 3 H), 0.93 (s, 3 H), 0.91 (s, 3
H), 0.86 (s, 3 H), 0.84 (s, 3 H), 0.74 (dd, J = 2.0, 11.6 Hz, 1 H), 0.71 (s, 3 H); *3C
NMR (100 MHz, CDCl3) 6 176.0, 142.0, 139.6, 138.6, 128.4, 128.3, 127.7, 127.6,
127.6, 123.4, 86.6, 82.0, 73.8, 71.8, 71.5, 55.9, 52.2, 51.6, 47.2, 46.8, 41.4, 40.0, 39.8,
39.6, 39.0, 38.5, 37.2, 35.7, 33.2, 28.9, 28.4, 28.3, 26.0, 23.5, 22.9, 18.4, 17.5, 17.0,
16.8, 15.5; HRMS (ESI) calcd for CysHe20sK [M+K]" 721.4229, found 721.4231.
The pure 24a was obtained as a white solid: [o]p®® = 25.0 (c 1.0, CHCI3); *H NMR
(400 MHz, CDCl3) § 7.40-7.24 (m, 10 H), 5.40 (t, J = 3.6 Hz, 1 H), 4.86 (brs, 1 H),
4.84 (d, J = 10.4 Hz, 1 H), 4.69 (d, J = 12.0 Hz, 1 H), 4.45 (d, J = 11.6 Hz, 1 H), 4.40
(d, J=10.8 Hz, 1 H), 4.16 (t, J = 3.2 Hz, 1 H), 3.61 (s, 3 H), 3.21 (dd, J = 4.4, 10.4
Hz, 1 H), 3.13 (dd, J = 4.4, 14.8 Hz, 1 H), 2.96 (dd, J = 4.4, 11.6 Hz, 1 H), 2.15-2.08
(m, 2 H), 1.93-1.78 (m, 5 H), 1.70-1.49 (m, 7 H), 1.42-1.32 (m, 2 H), 1.39 (s, 3 H),
1.00 (s, 3 H), 0.96 (s, 3 H), 0.95 (s, 3 H), 0.94 (s, 3 H), 0.92 (m, 1 H), 0.85 (s, 3 H),
0.77 (d, J = 10.8 Hz, 1 H), 0.84 (s, 3 H); °C NMR (100 MHz, CDCls) § 176.5, 142.1,
139.6, 135.9, 129.0, 128.8, 128.6, 128.3, 127.6, 127.4, 123.6, 86.5, 79.9, 72.2, 71.7,
71.5, 56.0, 52.4, 50.1, 46.8, 41.39, 41.35, 39.8, 39.5, 39.0, 38.6, 38.2, 37.2, 35.8, 33.4,
28.4, 28.0, 27.4, 25.6, 25.2, 23.5, 22.8, 18.4, 17.0, 16.8, 15.6; HRMS (ESI) calcd for
CusHs205Na [M+Na]* 705.4490, found 705.4439.
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Methyl 3,16-di-O-benzyl-21-#-hydroxyl-echinocystate (24)---From monoketone (17)

Sml,, MeOH/THF
e———————> | “CO,Me
H,0, 1t, 96% ""0Bn

" 24 (wp=1:155)

Except for the applied amount of Sml; (6.0 eq), similar procedure as that used for the
synthesis of 24 from 16 was adopted to mediate the transformation of 17 (200.0 mg,
293.70 pmol) to 24 (192.6 mg, 96%).

3,16-Di-0-benzyl-acacic acid lactone (25)

{_OH

KHMDS, THF, -78 °C
o,Me ————
“0Bn 99%

BnO'’ o BnO'’

24 N 25

To a stirred solution of 24 (100.0 mg, 146.42 pmol) in dry THF (1.00 mL) was added
1M KHMDS in THF (0.59 mL, 590.00 pmol) at -78 °C under N, atmosphere. The
reaction mixture was stirred at the same temperature for 6 h before ethyl acetate was
added to dilute the reaction mixture. The resulting solution was washed with water
and brine, and was then dried over anhydrous Na,SO,. Filtration and concentration in
vacuo gave the crude product, which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 12 : 1 to 10 : 1) to provide 25 (94.3
mg, 99%) as a white solid: [a]p? = 24.6 (¢ 1.0, CHCls); *H NMR (400 MHz, CDCl5)
§ 7.37-7.24 (m, 10 H), 5.42 (dd, J = 3.2, 4.8 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.56
(s, 2 H), 4.44 (d, J = 12.0 Hz, 1 H), 4.20 (d, J = 5.6 Hz, 1 H), 3.89 (dd, J = 5.2, 10.4
Hz, 1 H), 2.94 (dd, J = 4.4, 11.6 Hz, 1 H), 2.56-2.52 (m, 1 H), 2.45 (dd, J = 5.6, 12.0
Hz, 1 H), 2.12 (d, J = 11.6 Hz, 1 H), 2.10 (dd, J = 5.6, 14.0 Hz, 1 H), 1.93-1.75 (m, 4
H), 1.66-1.36 (m, 8 H), 1.20 (s, 3 H), 1.14 (dd, J = 10.4, 14.4 Hz, 1 H), 1.03 (s, 3 H),
1.00 (s, 3 H), 0.99 (s, 3 H), 0.90 (s, 3 H), 0.88 (dd, J = 3.6, 11.2 Hz, 1 H), 0.85 (s, 3
H), 0.74 (s, 3 H), 0.74 (d, J = 11.6 Hz, 1 H); *C NMR (100 MHz, CDCls) & 180.9,
139.5, 139.4, 138.9, 128.3 (2 C), 127.9, 127.6, 127.5, 127.3, 124.6, 86.4, 83.7, 74.9,
72.2, 71.4, 56.0, 49.1, 47.0, 43.0, 41.6, 41.2, 40.1, 39.0, 38.4, 37.1, 34.0, 33.5, 32.3,
28.6, 28.4 (2 C), 27.9, 24.7, 23.6, 22.8, 18.3, 16.7, 16.2, 15.6; HRMS (ESI) calcd for
CusHs04K [M+K]" 689.3967, found 689.3954.
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Acacic acid lactone (26)

H,, Pd/C, MeOH/THF

96%
HO 7

Acacic acid lactone (26)

Except for the reaction media (MeOH/THF =3 mL : 1 mL), similar procedure as that
used for the synthesis of 20 was adopted to convert 25 (80.0 mg, 122.9 pmol) to
acacic acid lactone 26 (55.5 mg, 96%) as a white solid:!*? [o]p> = -0.4 (c 1.0, CHClI5);
'H NMR (400 MHz, CDCl3) § 5.39 (td, J = 1.2, 3.6 Hz, 1 H), 4.24 (d, J = 5.6 Hz, 1 H),
4.01 (dd, J = 4.8, 12.4 Hz, 1 H), 3.23 (dd, J = 4.8, 10.8 Hz, 1 H), 2.61 (dd, J = 6.8,
12.4 Hz, 1 H), 2.44 (dd, J = 5.6, 11.6 Hz, 1 H), 2.11-2.04 (m, 2 H), 1.92-1.89 (m, 4 H),
1.77 (dd, J = 12.8, 14.4 Hz, 1 H), 1.64-1.53 (m, 4 H), 1.49-1.39 (m, 4 H), 1.23 (s, 3 H),
1.13-1.06 (m, 1 H), 1.03 (s, 3 H), 1.00 (s, 6 H), 0.96 (dd, J = 1.6, 6.4 Hz, 1 H), 0.91 (s,
3 H), 0.89 (s, 3 H), 0.80 (s, 3 H), 0.75-0.71 (m, 1 H); *C NMR (100 MHz, CDCl5) &
125.1, 83.9, 79.0, 67.4, 55.5, 49.8, 47.0, 43.7, 43.3, 40.6, 40.3, 38.8, 38.6, 37.1, 36.4,
33.9,32.2,29.0 (2 C), 28.1, 27.2, 26.6, 23.9, 23.5, 18.3, 16.1, 15.7, 15.6; HRMS (ESI)
calcd for C3;H4706 [M+HCOQ] 515.3367, found 515.3380.

Methyl 3-O-benzyl-16,21-anhydro-echinocystate (27)

Burgess reagent
CO,Me 9SS reagent

""0Bn toluene, 100 °C
40%

BnO! Bno”

C 2

To a stirred solution of 24 (100.0 mg, 146.42 pumol) in dry toluene (1.00 mL) was
added Burgess’ reagent (69.8 mg, 292.83 umol) at room temperature under N,
atmosphere. The reaction mixture was then heated to 100 °C and the stirring was
continued at the same temperature for 2 h. The reaction mixture was then cooled to
room temperature, to which ethyl acetate was added. The resulting mixture was
washed with water and brine, and was then dried over anhydrous Na,SO,. Filtration
was followed by concentration to afford the crude product, which was further purified
by silica gel column chromatography (petroleum ether/ethyl acetate = 40 : 1 to 20 : 1)
to provide 27 (33.6 mg, 40%) as a white solid: [o]o”> = 10.8 (c 1.0, CHCls); *H NMR
(400 MHz, CDCl3) & 7.37-7.23 (m, 5 H), 5.32 (t, J = 3.6 Hz, 1 H), 4.68 (d, J = 11.6
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Hz, 1 H), 4.47-4.45 (m, 1 H), 4.44 (d, J = 11.6 Hz, 1 H), 3.76 (d, J = 6.8 Hz, 1 H),
3.62 (s, 3 H), 3.02-2.97 (m, 1 H), 2.95 (dd, J = 4.4, 11.6 Hz, 1 H), 2.14 (d, J = 11.6 Hz,
1 H), 2.09 (dd, J = 6.4, 11.6 Hz, 1 H), 2.01 (dd, J = 6.0, 16.0 Hz, 1 H), 1.90-1.86 (m, 2
H), 1.81-1.74 (m, 2 H), 1.66-1.47 (m, 8 H), 1.42 (s, 3 H), 1.40 (dd, J = 3.6, 12.0 Hz, 1
H), 1.34-1.26 (m, 2 H), 1.00 (s, 3 H), 0.97 (s, 3 H), 0.89 (s, 6 H), 0.84 (s, 3 H), 0.76
(dd, J = 2.0, 11.6 Hz, 1 H), 0.63 (s, 3 H); *C NMR (100 MHz, CDCls) § 174.2, 143.0,
139.6, 128.3, 127.6, 127.3, 122.7, 86.6, 83.0, 79.7, 71.5, 55.7, 51.8, 50.3, 47.2, 40.3,
40.2, 40.1, 39.8, 39.0, 38.4, 37.6, 37.1, 36.1, 32.0, 31.8, 30.4, 29.1, 28.4, 27.0, 23.5,
22.8, 18.3, 16.8, 16.7, 15.2; HRMS (ESI) calcd for CssHssOsNa [M+Na]* 597.3914,
found 597.3936.

Methyl 3,16-di-O-benzyl-21,22-dehydro-21-phenyl-echinocystate (28a)

~_OTf oH
O
OH

NCO,Me
“0Bn

Pd(dppf)Cly, Ce,CO5
toluene, 100 °C, 86% gy
BnO” 7

18

A sealed tube was charged 18 (60.0 mg, 73.80 umol), phenyl boronic acid (18.0 mg,
146.60 pmol), PdCly(dppf) (16.2 mg, 22.14 umol), and Cs,CO;3; (96.18 mg, 295.19
umol) successively. The sealed tube was then evacuated and refilled with N, for two
times, to which dry toluene (1.00 mL) was added. The resulting suspension was again
subjected to gas-exchange at -78 °C for three times, and then heated to 100 °C. The
stirring was continued for 16 h at the same temperature before the reaction mixture
was cooled to room temperature. Ethyl acetate was added to dilute the reaction
mixture, and the resulting mixture was washed with water and brine successively, and
was then dried over anhydrous Na,SO,. Filtration was followed by concentration to
give the crude product, which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 60 : 1 to 50 : 1) to provide 28a (47.0
mg, 86%) as a white solid: [a]p? = 10.2 (¢ 1.0, CHCl5); *H NMR (400 MHz, CDCls)
§7.41-7.32 (m, 8 H), 7.30-7.21 (m, 5 H), 7.09-7.07 (m, 2 H), 5.51 (t, J = 4.0 Hz, 1 H),
5.35 (s, 1 H), 4.71 (d, J = 12.0 Hz, 1 H), 4.70 (d, J = 11.6 Hz, 1 H), 4.48 (dd, J = 8.8,
11.6 Hz, 1 H), 4.24 (t, J = 3.2 Hz, 1 H), 3.63 (s, 3 H), 3.37 (dd, J = 3.6, 14.8 Hz, 1 H),
2.98 (dd, J = 4.4, 11.6 Hz, 1 H), 2.78 (dd, J = 12.8, 14.8 Hz, 1 H), 1.97-1.94 (m, 2 H),
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1.85-1.79 (m, 1 H), 1.74-1.61 (m, 4 H), 1.55-1.51 (m, 2 H), 1.43-1.33 (m, 2 H), 1.39
(s, 3 H), 1.29-1.22 (m, 3 H), 1.25 (s, 3 H), 1.01 (s, 3 H), 0.97 (s, 3 H), 0.95 (dd, J =
3.6,14.0 Hz, 1 H), 0.86 (s, 3 H), 0.80 (s, 3 H), 0.79 (s, 3 H), 0.79 (dd, J = 2.0, 13.2 Hz,
1 H); C NMR (100 MHz, CDCls) § 175.1, 150.6, 142.7, 142.6, 139.6, 139.3, 129.0,
128.3 (2 C), 127.6, 127.5, 127.3 (3 C), 126.5, 126.4, 123.3, 86.7, 79.8, 72.5, 71.5,
56.0, 53.9, 52.4, 47.5, 46.9, 41.8, 39.6, 39.5, 39.1, 38.6, 37.2, 35.7, 33.5, 29.3, 29.0,
28.4, 27.8, 25.6, 23.6, 22.9, 18.4, 17.2, 16.8, 15.6; HRMS (ESI) calcd for Cs;HgsO4Na
[M+Na]" 763.4697, found 763.4703.

Methyl 21-phynyl-echinocystate (29a)

0% HOT

29a (/B =11:8)

Similar procedure as that used for the synthesis of 20 was adopted to convert 28a
(40.0 mg, 53.98 umol) to 29a (27.3 mg, 90%) as a mixture of a/p stereoisomers (o/p =
11 : 8), which were separated by silica gel column chromatography (petroleum
ether/ethyl acetate = 12 : 1 to 10 : 1). The a-isomer was obtained as a white solid:
[a]o® = 41.8 (c 0.5, CHCI5); *H NMR (400 MHz, CDCls) § 7.24-7.12 (m, 5 H), 5.44
(t, J = 4.0 Hz, 1 H), 4.65 (t, J = 3.6 Hz, 1 H), 3.62 (s, 3 H), 3.39 (dd, J = 4.0, 13.2 Hz,
1 H), 3.22-3.18 (M, 2 H), 2.49 (dd, J = 12.8, 14.4 Hz, 1 H), 2.22 (t, J = 14.0 Hz, 1 H),
1.97 (dd, J = 4.4, 14.4 Hz, 1 H), 1.93 (dd, J = 4.0, 8.4 Hz, 2 H), 1.86 (dd, J = 4.0, 15.6
Hz, 1 H), 1.67-1.46 (m, 10 H), 1.43 (s, 3 H), 1.38-1.24 (m, 6 H), 1.00 (s, 3 H), 0.93 (s,
3 H), 0.90 (s, 3 H), 0.78 (s, 3 H), 0.75 (s, 3 H), 0.73 (s, 3 H); *C NMR (100 MHz,
CDCl3) 6 176.9, 142.7, 129.4, 127.6, 126.2, 123.2, 79.1, 75.4, 55.4, 52.2, 49.7 (2 C),
49.0, 46.8, 41.4, 40.4, 39.5, 38.9, 38.6, 37.8, 37.2, 36.0, 34.6, 33.1, 31.0, 28.2, 27.4,
27.1, 23.5, 19.6, 18.4, 17.0, 15.7, 15.6; HRMS (ESI) calcd for C37Hs404Na [M+Na]”
585.3914, found 585.3912. The B-isomer was obtained as a white solid: [o]p” = 45.4
(c 0.5, CHCl5); *H NMR (400 MHz, CDCls) § 7.28-7.11 (m, 5 H), 5.59 (t, J = 3.6 Hz,
1 H), 4.12 (dd, J = 3.6, 10.0 Hz, 1 H), 3.66 (s, 3 H), 3.32 (dd, J = 3.2, 14.8 Hz, 1 H),
3.24 (dd, J = 5.2, 11.2 Hz, 1 H), 2.46 (dd, J = 2.0, 6.0 Hz, 1 H), 2.12 (dd, J = 13.2,
14.8 Hz, 1 H), 1.93-1.90 (m, 2 H), 1.87 (dd, J = 3.6, 14.4 Hz, 1 H), 1.74-1.50 (m, 15
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H), 1.23 (s, 3 H), 1.22 (d, J = 2.8 Hz, 1 H), 1.08 (s, 3 H), 1.00 (s, 3 H), 0.93 (s, 3 H),
0.87 (s, 3 H), 0.79 (s, 3 H), 0.77 (dd, J = 1.6, 11.6 Hz, 1 H); **C NMR (100 MHz,
CDCIs) 6 178.2, 143.4, 140.6, 128.8, 127.8, 126.1, 123.5, 79.1, 71.4, 55.6, 52.9, 52.5,
47.5,47.1, 45.9, 42.1, 41.6, 40.4, 39.0, 38.9, 37.2, 34.8, 34.2, 32.9, 29.2, 28.3, 28.2,
27.4, 27.0, 23.5, 18.4, 17.9, 16.1, 15.7; HRMS (ESI) calcd for Cs7Hss04 [M+H]"
563.4095, found 563.4092.

Methyl 3,16-di-O-benzyl-21,22-dehydro-21-furanyl-echinocystate (28b)

o oH
8
U oH
Me o (dppf)Cla, Ce,COs
toluene, 100 °C, 92% gy

Similar procedure as that used for the synthesis of 28a was adopted to mediate the
coupling between 18 (100.0 mg, 123.00 umol) and furanyl boronic acid (27.5 mg,
245.99 pmol) to provide 28b (82.7 mg, 92%) as a light yellow solid: [a]p®® = -28.7 (c
1.0, CHCls5); *H NMR (400 MHz, CDCl3) & 7.38-7.18 (m, 11 H), 6.36 (dd, J = 1.6, 3.2
Hz, 1 H), 6.28 (d, J = 3.2 Hz, 1 H), 5.98 (s, 1 H), 5.48 (t, J = 4.0 Hz, 1 H), 4.69 (d, J =
12.0 Hz, 1 H), 4.63 (d, J = 11.6 Hz, 1 H), 4.45 (d, J = 12.0 Hz, 2 H), 4.25 (t, J = 3.2
Hz, 1 H), 3.62 (s, 3 H), 3.27 (dd, J = 3.6, 14.8 Hz, 1 H), 2.96 (dd, J = 4.4, 11.6 Hz, 1
H), 2.74 (dd, J = 12.8, 14.8 Hz, 1 H), 1.95-1.92 (m, 2 H), 1.83-1.78 (m, 1 H),
1.72-1.50 (m, 8 H), 1.40-1.33 (m, 1 H), 1.38 (s, 3 H), 1.34 (s, 3 H), 1.26 (dd, J = 3.6,
12.8 Hz, 1 H), 1.02 (s, 3 H), 1.00 (s, 3 H), 0.96 (s, 3 H), 0.94 (dd, J = 3.2, 14.6 Hz, 1
H), 0.85 (s, 3 H), 0.78 (s, 3 H), 0.77 (dd, J = 2.4, 12.8 Hz, 1 H); *C NMR (100 MHz,
CDCI3) 6 174.9, 155.1, 142.4, 141.0, 139.8, 139.6, 139.2, 128.3, 128.2, 127.6, 127.4,
127.3, 127.2, 126.4, 123.3, 110.7, 107.0, 86.6, 79.8, 72.5, 71.5, 56.0, 53.8, 52.5, 47.9,
46.8, 41.7, 39.6, 39.0, 38.6, 37.2, 34.6, 33.4, 29.5, 29.0, 28.4, 27.7, 25.6, 23.6, 22.9,
18.4, 17.1, 16.8, 15.6; HRMS (ESI) calcd for CgoHg30s [M+H]" 731.4670, found
731.4657.

Methyl 16-O-benzyl-21,22-dehydro-21-tetrahydrofuranyl-chinocystate (29b)

H,, Pd/C

=T,
., CO2Me MeOH/THF, rt
" "oBn 61%

Bn0” 7 HO” 7

28b
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Similar procedure as that used for the synthesis of 29a was adopted to convert 28b
(60.0 mg, 82.08 umol) to 29b (32.3 mg, 61%) as a mixture of diasteroisomers (o/p =
4 : 3), which were separated by silica gel column chromatography (petroleum
ether/ethyl acetate = 10 : 1 to 8 : 1). The pure 29ba was obtained as a white solid:
[a]o?® = +15.1 (c 0.5, CHCIl3); *H NMR (400 MHz, CDCls) & 7.39-7.28 (m, 4 H),
7.24-7.19 (m, 1 H), 5.70 (s, 1 H), 5.42 (t, J = 3.6 Hz, 1 H), 4.57 (d, J = 11.6 Hz, 1 H),
4.48 (d, J = 12.0 Hz, 1 H), 4.39-4.35 (m, 1 H), 4.18 (dd, J = 2.8, 4.4 Hz, 1 H),
3.95-3.89 (m, 1 H), 3.80-3.74 (m, 1 H), 3.62 (s, 3 H), 3.24 (dd, J = 4.4, 10.8 Hz, 1 H),
3.19 (dd, J = 3.6, 14.8 Hz, 1 H), 2.66 (dd, J = 12.8 Hz, 1 H), 2.13-2.06 (m, 1 H), 1.92
(m, 2 H), 1.67-1.53 (m, 12 H), 1.42-1.35 (m, 3 H), 1.32 (s, 3 H), 1.12 (s, 3 H), 1.11
(dd, J = 3.6, 12.4 Hz, 1 H), 0.99 (s, 3 H), 0.95 (s, 3 H), 0.93 (s, 3 H), 0.78 (s, 3 H),
0.76 (s, 3 H), 0.73 (m, 1 H); *C NMR (100 MHz, CDCl5) & 175.4, 148.6, 142.8,
139.5, 128.1, 127.5, 127.1, 123.0, 121.4, 79.6, 79.1, 78.1, 72.7, 67.6, 55.4, 53.5, 52.3,
48.1, 46.9, 41.7, 39.5, 39.4, 38.9, 38.6, 37.2, 34.5, 34.1, 33.4, 28.4, 28.2, 27.4, 26.5,
25.6, 23.5, 18.5, 17.1, 15.7, 15.6; HRMS (ESI) calcd for C4oHg:05 [M+H]" 645.4514,
found 645.4503. 29bp was obtained as a white solid: [a]o?®> = +42.5 (c 0.5, CHCls);
'H NMR (400 MHz, CDCl5) § 7.32-7.21 (m, 5 H), 5.60 (d, J = 1.2 Hz, 1 H), 5.43 (t, J
=3.6 Hz, 1 H), 4.63 (d, J = 11.6 Hz, 1 H), 4.34 (d, J = 11.6 Hz, 1 H), 4.26 (t, J = 7.2
Hz, 1 H), 4.16 (t, J = 3.2 Hz, 1 H), 4.00-3.95 (m, 1 H), 3.71-3.65 (m, 1 H), 3.61 (s, 3
H), 3.24 (dd, J = 4.4, 10.4 Hz, 1 H), 3.20 (dd, J = 3.6, 16.0 Hz, 1 H), 2.61 (dd, J =
12.4,14.8 Hz, 1 H), 2.04-1.79 (m, 5 H), 1.69-1.38 (m, 13 H), 1.35 (s, 3 H), 1.17 (dd, J
= 3.6, 12.8 Hz, 1 H), 0.99 (s, 3 H), 0.93 (s, 3 H), 0.88 (s, 3 H), 0.78 (s, 3 H), 0.764 (s,
3 H), 0.756 (dd, J = 2.0, 12.4 Hz, 1 H); **C NMR (100 MHz, CDCls) & 175.4, 150.0,
142.7, 139.2, 128.2, 127.2 (2 C), 123.0, 120.8, 79.8, 79.1, 77.6, 72.4, 68.0, 55.5, 53.2,
52.4,47.2, 46.9, 41.6, 39.5, 39.1, 38.9, 38.6, 37.2, 34.4, 34.2, 33.4, 28.4, 28.2, 27.6,
27.4,26.2, 25.6, 23.5, 18.5, 17.1, 15.7, 15.6; HRMS (ESI) calcd for C4Hg105 [M+H]”
645.4514, found 645.4502.

Benzyl echinocystate (30)
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COpH  BnBr, KHCO,
=7 OH TowE, 1, 96%
HO”

21

To a stirred solution of 21 (120.0 mg, 253.86 umol) in dry DMF (1.00 mL) were
added KHCO3 (101.7 mg, 1.02 mmol) and BnBr (180.9 L, 1.52 mmol) successively
at room temperature under N, atmosphere. The reaction mixture was stirred at the
same temperature for 5 h before ethyl acetate was added to dilute the reaction mixture.
The resulting mixture was washed successively with water and brine, and was then
dried over anhydrous Na,SQO,. Filtration was followed by concentration to give a
residue, which was further purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 12 : 1 to 10 : 1) to furnish 30 (137.2 mg, 96%) as a white solid:
[a]o?® = 27.5 (¢ 1.0, CHCI5); *H NMR (400 MHz, CDCl3) & 7.37 (m, 5 H), 5.38 (t, J =
3.6 Hz, 1 H), 5.08 (AB, 2 H), 4.55 (td, J = 1.2, 3.6 Hz, 1 H), 3.23 (dd, J = 4.0, 10.8 Hz,
1 H), 3.11 (dd, J = 4.8, 14.8 Hz, 1 H), 2.19 (dd, J = 12.8, 14.4 Hz, 1 H), 1.93-1.72 (m,
6 H), 1.64-1.42 (m, 8 H), 1.31-1.09 (m, 4 H), 0.98 (s, 3 H), 0.96 (s, 3 H), 0.90 (s, 3 H),
0.88 (s, 3 H), 0.77 (s, 3 H), 0.74 (dd, J = 2.0, 12.0 Hz, 1 H), 0.59 (s, 3 H); *C NMR
(100 MHz, CDCl53) 6 176.7, 142.8, 136.2, 128.6, 128.4, 128.2 (2 C), 123.1, 79.1, 75.1,
66.5, 55.4, 48.9, 46.8, 46.5, 41.5, 40.8, 39.6, 38.9, 38.6, 37.1, 35.6 (2 C), 33.0, 32.9,
30.7, 30.5, 28.2, 27.3, 27.1, 24.8, 23.4, 18.4, 17.1, 15.7, 15.6; HRMS (ESI) calcd for
Cs7HssNO, [M+NH,]" 580.4360, found 580.4344.

Benzyl 3-O-tert-butyldimethylsilyl-echinocystate (31)

'CO,BnTBSCl, imidazole

: OH THF, rt, 92%

8BS0 7

HO' g
30

To a stirred solution of 30 (130.0 mg, 230.97 umol) in dry THF (0.30 mL) were added
imidazole (94.4 mg, 1.39 mmol) and TBSCI (139.3 mg, 923.89 umol) successively at
room temperature under N, atmosphere. The reaction mixture was stirred at the same
temperature for 8 h before ethyl acetate was added. The resulting mixture was washed
with water and brine, and was then dried over anhydrous Na,SO,. Filtration as well as

concentration in vacuo gave the crude product, which was further purified by silica
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gel column chromatography (petroleum ether/ethyl acetate = 60 : 1) to provide 31
(143.9 mg, 92%) as a white solid: [a]p?® = 23.6 (c 1.0, CHCI3); *H NMR (400 MHz,
CDCls) § 7.37-7.28 (m, 5 H), 5.39 (t, J = 3.6 Hz, 1 H), 5.08 (AB, 2 H), 4.56 (td, J =
1.2, 4.0 Hz, 1 H), 3.20 (dd, J = 4.8, 11.1 Hz, 1 H), 3.11 (dd, J = 4.8, 14.8 Hz, 1 H),
2.19 (dd, J = 13.2, 14.8 Hz, 1 H), 1.92-1.72 (m, 6 H), 1.59-1.42 (m, 8 H), 1.34 (s, 3 H),
1.31-1.10 (m, 4 H), 0.96 (s, 3 H), 0.905 (s, 3 H), 0.898 (s, 3 H), 0.89 (s, 12 H), 0.74 (s,
3 H), 0.71 (dd, J = 2.0, 12.0 Hz, 1 H), 0.59 (s, 3 H), 0.04 (s, 6 H); *C NMR (100
MHz, CDCl3) 6 176.7, 142.7, 136.2, 128.6, 128.2 (2 C), 123.2, 79.6, 75.1, 66.5, 55.5,
49.0, 46.9, 46.5, 41.5, 40.8, 39.7, 39.5, 38.7, 37.0, 35.6 (2 C), 33.1, 32.9, 30.7, 30.5,
28.6, 27.8, 27.2, 26.1, 25.8, 24.8, 23.5, 18.6, 18.3, 17.1, 16.3, 15.6; HRMS (ESI)
caled for Cy3HeeO4Si [M+H]" 677.4960, found 677.4954.

Benzyl 16-O-benzyl-echinocystate (32)

1) BnBr, NaH, DMF
|, "COzBn 0°Ctort

H @ ———
2) CSA, CH,Cl,/MeOH
rt, 89% (2 steps) HO' B

Similar procedure as those used for the synthesis of 14 was adopted to mediate the
transformation of 31 (130.0 mg, 192.00 umol) to 32 (111.6 mg, 89% over 2 steps),
and 32 was obtained as a white solid after silica gel column chromatography
(petroleum ether/ethyl acetate = 12 : 1): [o]o® = 3.5 (c 1.0, CHCIl5); *H NMR (400
MHz, CDCls) 6 7.38-7.25 (m, 10 H), 5.36 (t, J = 3.6 Hz, 1 H), 5.08 (AB, 2 H), 4.73 (d,
J=11.2 Hz, 1 H), 4.37 (d, 3 = 11.6 Hz, 1 H), 4.26 (t, J = 2.8 Hz, 1 H), 3.23 (dd, J =
3.6, 5.6 Hz, 1 H), 3.10 (dd, J = 4.4, 14.4 Hz, 1 H), 2.26 (dd, J = 13.2, 14.4 Hz, 1 H),
1.89-1.79 (m, 4 H), 1.77 (dd, J = 4.8, 6.0 Hz, 1 H), 1.70-1.45 (m, 10 H), 1.38-1.25 (m,
2 H), 1.35 (s, 3 H), 1.10-1.04 (m, 2 H), 0.98 (s, 3 H), 0.93 (s, 3 H), 0.89 (s, 3 H), 0.79
(s, 3 H), 0.78 (s, 3 H), 0.73 (dd, J = 2.0, 12.0 Hz, 1 H), 0.58 (s, 3 H); *C NMR (100
MHz, CDCl3) 6 176.5, 143.1, 138.9, 136.2, 128.6, 128.3, 128.2, 127.7, 127.4, 122.9,
82.5, 79.1, 71.8, 66.4, 55.4, 49.0, 46.8, 46.3, 41.6, 40.7, 39.5, 38.9, 38.6, 37.1, 35.3,
33.2, 32.9, 32.0, 30.6, 28.8, 28.2, 27.3, 25.9, 24.5, 23.4, 18.4, 17.0, 15.7, 15.5; HRMS
(ES)) calcd for C44HeoO4K [M+K]™ 691.4123, found 691.4122.

Benzyl 3-O-diethylhydrosilyl-16-O-benzyl-echnocystate (33)
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E,SiH, [Ir], THF, rt
e,

96%

Et,HSIO” ™

A sealed tube was charged with 32 (100.0 mg, 153.15 pumol) and [Ir(cod)OMe], (1.0
mg, 1.53 umol). After being sealed, the tube was chilled to -78 °C and gas-exchanged
from air to N, was then conducted for three times. Afterwards, to the sealed tube dry
THF (0.50 mL) and Et,SiH; (23.8 L, 183.78 umol) were added successively at the
same temperature. After the gas-exchange process was repeated for another 3 times,
the reaction mixture was warmed up to room temperature, and the stirring was
continued for 16 h. Evaporation under reduced pressure afforded the crude product,
which was further purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 100 : 1) to give 33 (108.7 mg, 96%) as a colorless syrup: [a]p> =
1.3 (¢ 1.0, CHCI5); *H NMR (400 MHz, acetone-dg) & 7.42-7.25 (m, 10 H), 5.33 (t, J
=4.0,1H),5.10 (AB, 2 H), 4.79 (d, J = 11.2 Hz, 1 H), 4.49 (t, J = 2.4 Hz, 1 H), 4.41
(d, J=11.2 Hz, 1 H), 4.31 (t, J = 2.8 Hz, 1 H), 3.30 (dd, J = 4.8, 10.8 Hz, 1 H), 3.14
(dd, J = 4.4, 14.4 Hz, 1 H), 2.32 (t, J = 13.6 Hz, 1 H), 2.06-1.51 (m, 13 H), 1.40 (s, 3
H), 1.36-1.29 (m, 2 H), 1.09 (dd, J = 4.0, 12.4 Hz, 2 H), 1.02-0.97 (m, 8 H), 0.95 (s, 3
H), 0.94 (s, 3 H), 0.93 (s, 3 H), 0.78 (s, 3 H), 0.77 (s, 3 H), 0.70-0.64 (m, 4 H), 0.63 (s,
3 H); BC NMR (100 MHz, acetone-dg) 6 176.4, 143.9, 139.7, 139.7, 137.4, 129.2,
129.0, 128.9, 128.8, 128.6, 128.1, 123.6, 83.2, 82.0, 72.3, 66.8, 56.1, 49.5, 47.6, 47.0,
42.2, 41.5, 40.3, 40.0, 39.8, 39.2, 37.7, 36.0, 33.9, 33.2, 32.6, 31.1, 29.2, 28.8, 27.8,
26.4, 24.7, 24.1, 19.2, 175, 16.6, 15.9, 7.2, 7.1, 6.4, 6.0; HRMS (ESI) calcd for
CagH7104 [M+H]" 739.5116, found 739.5108.

Benzyl 16-0-benzyl-23-hydroxyl-echinocystate (34)

1) [Ir], Me4phen, nbe
THF, 120 °C

n

2) H,0,, KHCOj, 50°C
30%, (2 st

@steps),

OH 34

A sealed tube was charged with 33 (120.0 mg, 162.34 umol), MesPhen (4.8 mg, 20.29
umol), norbornene (22.9 mg, 243.52 umol) successively. The reaction tube was then

evacuated under reduced pressure for 30 min, then [Ir(cod)OMe], (5.38 mg, 8.12
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umol) was added under N, atmosphere. Afterwards, the reaction tube was chilled to
-78 °C, and the gas-exchange process was conducted for 3 times at the same
temperature. To the reaction tube, dry THF (1.00 mL) was then added, which was
followed by 3 times of gas-exchange at -78 °C. After being stirred at room
temperature for 1 h, the reaction mixture was then heated to 120 °C, and the stirring
was continued for another 36 h. After being cooled to room temperature, KHCOj3;
(162.5 mg, 1.62 mmol), MeOH (1.00 mL), and 30% H,0O, (331.65 L, 3.25 mmol)
were added successively. The resulting mixture was then heated to 50 °C, and the
stirring was continued for another 16 h before ethyl acetate was added. The resulting
mixture was washed with NaHSOs3;, water, and brine, and was then dried over
anhydrous Na,SO,. Filtration was followed by concentration to give the crude product,
which was further purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 3 : 1 to 2 : 1) to afford 34 (32.6 mg, 30% over 2 steps) as a white
solid: [o]p?® = 18.1 (c 1.0, CHCIls); *H NMR (400 MHz, CDCl3) & 7.37-7.24 (m, 10
H), 5.35 (t, J = 3.6 Hz, 1 H), 5.07 (AB, 2 H), 4.71 (d, J = 11.2 Hz, 1 H), 4.36 (d, J =
11.2 Hz, 1 H), 4.25 (t, J = 3.2 Hz, 1 H), 3.73 (d, J = 9.6 Hz, 1 H), 3.65 (dd, J = 6.8,
8.4 Hz,1H),343(d,J=10.4Hz,1H),3.09 (dd, J=4.4,14.4Hz, 1 H), 2.25 (dd, J =
13.2, 14.6 Hz, 1 H), 1.92-1.81 (m, 4 H), 1.79-1.68 (m, 2 H), 1.65-1.57 (m, 5 H),
1.51-1.38 (m, 3 H), 1.34 (s, 3 H), 1.25-1.19 (m, 1 H), 1.09-0.97 (m, 3 H), 0.933 (s, 3
H), 0.927 (s, 3 H), 0.89 (s, 3 H), 0.85 (dd, J = 3.6, 10.4 Hz, 1 H), 0.78 (s, 3 H), 0.57 (s,
3 H); *C NMR (100 MHz, CDCls) & 176.5, 143.1, 138.8, 136.2, 128.6, 128.3, 128.2,
127.7, 127.4, 122.8, 82.5, 77.1, 72.4, 71.8, 66.4, 50.0, 49.0, 46.8, 46.3, 41.9, 41.6,
40.7, 39.5, 38.3, 37.0, 35.3, 33.0, 32.9, 32.0, 30.6, 28.8, 26.9, 26.0, 24.5, 23.4, 18.6,
17.0, 15.9; HRMS (ESI) calcd for C44Hg105 [M+H]" 669.4514, found 669.4509.

Benzyl 16-O-benzyl-quillaic ester (35)

TEMPO, NaCIO

CO,BN TBACI, KBr

"y _—
7 "0Bn  CH,ClyH,0,0°C
86%
3 HO” ™
[ OHC
OH 34

35

Similar procedure as that used for the transformation of 14 to its aldehyde

intermediate (Anelli oxidation) was applied to convert 34 (30.0 mg, 44.85 umol) to 35
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(25.7 mg, 86%) as a white solid after silica gel column chromatography (petroleum
ether/ethyl acetate =8 : 1 t0 6 : 1): [a]o”™ = 46.5 (¢ 1.0, CHCI3); *H NMR (400 MHz,
acetone-dg) 6 9.31 (s, 1 H), 7.42-7.28 (m, 10 H), 5.34 (t, J = 3.6 Hz, 1 H), 5.10 (AB, 2
H), 4.78 (d, J = 11.2 Hz, 1 H), 4.42 (d, J = 11.2 Hz, 1 H), 4.30 (dd, J = 1.2, 3.2 Hz, 1
H), 3.83-3.78 (m, 1 H), 3.73 (d, J = 5.2 Hz, 1 H), 3.14 (dd, J = 4.4, 14.4 Hz, 1 H),
2.31 (dd, J = 12.8, 14.4 Hz, 1 H), 1.99-1.84 (m, 4 H), 1.78-1.65 (m, 6 H), 1.62-1.44
(m, 3 H), 1.41 (s, 3 H), 1.37-1.29 (m, 2 H), 1.25 (dt, J = 3.2, 12.4 Hz, 1 H), 1.17-1.04
(m, 3 H), 1.00 (s, 3 H), 0.97 (s, 3 H), 0.94 (s, 3 H), 0.91 (dd, J = 1.2, 12.4 Hz, 1 H);
3C NMR (100 MHz, acetone-dg) & 203.9, 176.4, 144.0, 139.8, 137.4, 129.3, 129.0,
128.9, 128.8, 128.7, 128.2, 123.4, 83.2, 72.3 (2 C), 66.8, 56.2, 49.5, 47.9, 47.5, 47.1,
42.3, 41.6, 40.6, 39.0, 36.6, 36.0, 33.2 (2 C), 32.6, 31.1, 29.2, 27.2, 26.4, 24.7, 24.1,
21.3, 17.5, 16.0, 9.4; HRMS (ESI) calcd for CuHseOs [M+H]" 667.4357, found
667.4336.

Quillaic acid (36)

CO,8n Ha: PIC, MeOHITHF
=z

7 0Bn 1, 92%

HO'

oHC 35 oHC %6

Except for the reaction media (MeOH/THF =3 mL : 1 mL), similar procedure as that
used for the synthesis of 20 was adopted to convert 35 (23.0 mg, 34.49 umol) to 36
(15.4 mg, 92%) as a white solid after silica gel column chromatography
(dichloromethane/methanol = 16 : 1 to 12 : 1):5¥ [0]p®® = 70.0 (c 0.1, MeOH); H
NMR (400 MHz, DMSO-dg) 5 12.01 (s, 1 H), 9.24 (s, 1 H), 5.22 (t, J = 3.6 Hz, 1 H),
472 (d, J = 4.4 Hz, 1 H), 4.65 (d, J = 5.2 Hz, 1 H), 4.23 (d, J = 3.6 Hz, 1 H),
3.69-3.64 (m, 1 H), 2.91 (dd, J = 4.4, 14.0 Hz, 1 H), 2.25 (dd, J = 12.4, 14.4 Hz),
1.95-1.77 (m, 4 H), 1.69-1.49 (m, 6 H), 1.46-1.39 (m, 1 H), 1.34 (s, 3 H), 1.30-0.94
(m, 7 H), 0.90 (s, 3 H), 0.88 (s, 3 H), 0.87 (s, 3 H), 0.83 (s, 3 H), 0.77 (d, J = 11.6 Hz,
1 H), 0.68 (s, 3 H); °C NMR (100 MHz, DMSO-dg) & 207.1, 178.2, 144.0, 121.0,
72.9,70.4,55.1, 47.2, 46.4, 46.0, 41.1, 40.1, 39.3, 37.7, 35.4, 35.2, 34.6, 32.9, 31.8,
31.4, 30.2, 26.5, 26.0, 24.1, 22.8, 20.3, 16.8, 15.3, 8.9; HRMS (ESI) calcd for
CaoHsoNOs [M+NH,]* 504.3684, found 504.3692.

w
o



References

[S1] a) Gruza, M. M.; Jatczak, K.; Zagrodzki, B.; Laszcz, M.; Koziak, K.; Malinska,
M.; Cmoch, P.; Tomasz, G.; Zegrocka-Stendel, O.; Wozniak, K.; Grynkiewicz, G.
Molecules 2013, 18, 4389-4402. b) Jatczak, K.; Gruza, M.; Filip, K.; Cmoch, P,
Grynkiewicz, G. Cent. Eur. J. Chem. 2014, 12, 1222-1231.

[S2] Gafur, M. A.; Obata, T.; Kiuchi, F.; Tsuda, Y. Chem. Pharm. Bull. 1997, 45,
620-625. In this literature, the *H NMR spectra was recorded in deuterated
pyridine. To avoid the disturbance of the fake impurity-signals originated from
the deuterated pyridine, the NMR data were collected in CDCls. For direct
comparison with the data reported in the above literature, the 'H NMR
experiment has also been conducted in pyridine-ds, and identical ‘H NMR
spectrum as that reported in the above literature was obtained.

[S3] The comparison of spectroscopic data of the synthetic sample with those of the
authentic sample has been made, and the authentic sample has been purchased

form Nanjing Spring & Autumn Biological Engineering Co., Ltd.

w
—



99£°0

€080

/180

€280 ol

0£8°0 — ok

€80 - oLef

2r80 A

9%8°0 o~ S0°€ |

258°0- — (30

411} S— — » ool

€60 €29

8960 / ; LOE

7 g

00| -

ol

€271 N o
~ 4

omm.i ~ = 660

08€°L - J 0L

Bm.: N MM 660

19¢€ N.g ~ A 160]

mmm.ﬁ - = L0'L

L6€E'L] = e

€0¥'L1

6Li'L

@mv.L S —F 201

ey'Ls

eSv'L

9St'L

691/

85, .

885, %

009°L = - -

€09 3 Fgeel

L09LF = =008

L19°L = i

129, = - 0 2

8€9'/ 55 g g

2v9'L % @ o

GS9'L m m ¢

-1.0

8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0 -0.5

8.5

9.0

f1 (ppm)

AN
)



—2. bE+07

—2. 0E+07

1. 5E+07

1. 0E+07

~5. 0E+06

~0. 0E+00

1291
LLLL
6L°LL
2961
1961
2vee
€0°'/2
61°/2
ov'L2
¥9'12
61°0€
99'7E
St L€
620
L0
Ov'zy
L'€Y
18'S
05 L
095
6999
81'69
559/
286/
1128
L£'801

982l

28zl

Rard)

25821

2 0EL

25061

09°0€L

901
LLEEL

Z8°EEL

9£'9¢ |1

8E9E -

PyOgL-

o R N

o_Nq_\
00902

77Y200702.2.1.1r
727Y200702

OTBDPS

2 (100 MHz, Acetone-dg)

Lk

il

140

-20

-10

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

210 200 190 180 170 160 150

220

™)
)



¥SP0

5580

Sv0'L .
L90°L Nmm
1221 o0°c
€521 H 20z}
ral) — S0'6
WAl . %Mu ﬂm
6,21 ~—~ . m\ 12e
12€°L~¥ — - Y LUE|
6.1l —F _— I 2s’l
8%@/ y mm
B:\ - 5 EVOL
911 _ oLt
96€2 N0l
vOv'e X K ool
08€°€ ~ A ool
vOv'€ /H 2 poLt
L9 » 60'L
AN _ e
0L2 507
oom.j/ S MW oLt
2EE L

SEE'L]

121743 L7

LSE 'L - ——J= 001]
89€'L1

2LE LS

6.5,

€8¢’/

18€°L

L0V L

vov'L - ]

NN._VN / w HI €99
WWWM [m] m —_F
959'/ = g

099°L 23 K

99/ R

SL9°/ m m

8.5 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5 00 -0.5 -1.0
f1 (ppm)

9.0

<
)



MmN OMLWNOOWOWNO —10000000
INDNOMNOOMNMNMNMNMNMNMOMOWSOMOMOODOUSOMOAN~NMNOVAMNMOSSAS O OTMmOVOASWOVOOLOOANOAN SN —
OCNMWBLMOONNNSONOT —OO - NOANNNONOMNWINMNMNTEINNWN«— OO MAN — M
T O N ANANANANANNOANOMNMUOUUOOSTNOVOOUNANTTOOODOWTAATONNNMNNMNNOUOOANONDN O
— v 0O O0OMNMNMNMNMMNUNSN NSNS NSO oo N AIANANNANANANANANANA T~ — — —
T e e e e e e e e e N\ 29000000
~8000000
77Y190904-1.2.1.1r
77Y190904-1
~7000000
o><
© 6000000
OTBDPS
H
HO
—5000000
OH
3 (100 MHz, CDCl)
—4000000
—3000000
~2000000
|| L1000000
N — il . - " ' \ wiml | L0
r— 1T " 1T " ""T17 " ""T1T T 1T 7T 1 | | T | | L | | | L | | | | L
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S45



—8000000
7000000

~6000000

—5000000

4000000

—3000000
2000000
—1000000

1980
/880
q¢60
0860
cci’lL
oLY'L
919'L
169°L
L69°L
988’1

968 FV
GESE
899°€
06L'€
9¢6'€
Sy
190174
olv'Yy
LEV' Yy
vy
MY
6E9Y
699"
c69Y
0cLy
¥62'S

s wles rrd sy // ///[/[/Jm/

T e——

62E L
WA
L€/
Sve/]
0SE'L-
c9e7/)

77Y190423-3.1.1.1r
77Y190423-3

|

|

R e R

@)
c
m

4 (400 MHz, CDCls)

3l

Vel
LLE
9ce
9Ly
LLL
a3

90°¢
996
L0¢

Ll
vee
€0l

€0¢
L0°L
€0l
L0°L
860
LL'L

=

80°L
660

= 001

FogsL|

9ze|

gL

2oL

oL

00°L [

86'L [

10

f1 (ppm)

[{e)
)



S N AT T ALnN~MNASONM 14000000
NN ONO SN NAIMNINDS N e ONOOONVNOUWLOMOMOe AN AN OINSOMMOANOUNOSNSO —
— O DNWOVOBONNNNNMNMIA T AT —OANANOOMOOM— OANO — ONMNMY OO
<SS oo oA AN ANANANANANANANANANOOOMNMNMNOSOOMeEr O OVWUOUOMeE T OO NNMLOYOMAN 0O LW
\—I;\—I*\—I;F;\—I‘\—;\—;\—\—\—\—\—\—wWI\l\l\l\l\l\l\l\l\mﬂ'ﬂ'ﬁ'##fﬂMMMNNNN\—\—\—_13000000
—12000000
Z7Y190423-3.2.1.1r 11000000
77Y190423-3 I
—10000000
~9000000
~8000000
~7000000
BnO
OBn ~6000000
4 (100 MHz, CDCl3) 5000000
~4000000
~3000000
~2000000
1 ‘ } J \“\ \M l ’H o
v A L [ 1 _0
~—1000000

S I I
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S47



—10000000

—9000000

7000000

~6000000

—5000000

—4000000

—3000000

—2000000

—1000000
0

2150
€580
8680
560
0LZL
e _w
20LL
6.1
0602~
8LEC
veee ]
92
LYSE
mmm.m/
858
698°¢}
mmw.mx
668°€
601y
L2y
8EY'Y
89Y'r
LYY
509
ey
799y
991’

cLEL
0EEL-
EvE L
ySE.
95/ 1
29111
28/°1

77Y190423-2.1.1.1r
727Y190423-2

= SN //// s J/ J //’/f/m/ f __8000000

| U\ W UomM |

@]
<
m

5 (400 MHz, CDCly)

|1

L6¢C

LLE

eee
60°L

8lL¢

980

334
eLe

T ——F R = e

660

€0l

00°¢

68°L

T e

FeozL|

B 20y

SO'L}

62°€ |

cLef
L0°€ |
56 |
00°€ |
202 |
vO'L [
eLe|
v0Z |

00°L |

0.0

3.0

0.5

1.5 1.0

2.0

2.5

6.5 6.0 5.5 50 45 40 3.5

7.0

7.5

8.0

10.0 9.5 9.0 8.5

10.5

f1 (ppm)

0
)



12000000

—11000000

~10000000

—9000000

8000000

7000000

~6000000

—5000000

4000000

—3000000

2000000

—1000000

AN OINOWOW™M MWUMve— NN AN O «— I~
o AW OSNS MNTAANODOWLINSSMNM e MO ANANANOOWMUOUMeE MeINOANN—O)WOW—A A
MO O OANONWWWONNNNNNNT I OANNAATNMNM— NN OMMMOMN O — O
<SS oo oo on A AN AN ANANANANANANANANANANOONMNMNOUSOMOeE, e OOV OUMeE OO0 OWNODYWOWMT«—Oo0 O LW
\—I*\—;\—I;F;\—;\—;\—\—\—\—\—\—\—\—\—\—CDI\I\I\I\I\I\l\l\mﬁq?#mmmm(\JNNN‘_‘_‘_
e — e T\ —Y——————
77Y190423-2.2.1.1r
77Y190423-2
BnO
OBn
5 (100 MHz, CDCls)

L B B R — T | E— T T | E— T T T T T T T T T | —
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
S49

——1000000



—8000000
—7000000
~6000000

—5000000

4000000

—3000000

—2000000

—1000000

—0

™M
O
@
o |

1880
0€60
9960
1260
s0¢ F/ -

LLEL
¥29'1
2€9°1
JWAL)
82/l N
/8891 \
9691
L06°L
SL6L
1261
6£S €
08L€”
S0EP~
CEEVF
S6E Y
Sery
MY
1291
679"
9/9%
LLE'S

V7 B

r

Ul U

605
SLE/]
L2€ 1
65€L
gL

77Y190415.2.1.1r
77Y190415

I
o

BnO

OBn

6 (400 MHz, CDCl)

hil

SlLy

L0€

eLet

¥0'€

qelL
¥0'€

eelL

1443
o'l

L0°L

00°L

LOL

0L
00¢

e B T S R A e e e e

g

Feooaly

2€9|

LEET
196}
00°L [
00°L ¢

102 |

co'L|

LO0C|

€0'L|

-0.5

2.0 1.5 1.0 0.5 0.0

2.5

4.0 3.5 3.0

4.5

6.0 5.5 5.0

6.5

7.5 7.0

8.0

8.5

9.0

9.5

10.0

f1 (ppm)

(@]
)



—2. OE+07

1. 5E+07

—1. 0E+07

—5. OE+06

~0. OE+00

LLSL
2991
€81
9502
0L°€2
v1'€2
0£'92
mm.R%
1S62—
€5°GE—
80°LE/f
ZL6E
26'6€
€9'LY
26°2Y
gL'EY
59'SY
16°9%
8z LY
19°95
980/
26'LL
1Z€1
0S°€.
¥8'9/
9L'LL
8¥LL
¥8'8/
9€°'18
5898

s ezl

)

9g'/21

65121

A4

€8 /21

vz'8el

cegel

17821

G885l

LE6EL

— e e e ——t——

77Y190415.3.1.1r
77Y190415

O
=
m

6 (100 MHz, CDCl)

|

L i

-10

30 20 10

40

| | | | | | | | | | |
200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
210

i
)



N
= .®
- Bz s J
) O(ﬁz R ' éi
ﬁ@s )
° T @ ®
&2 -4
BnO m @ 4]
OBn S ®
[ ] [ -]
6 (CDCl;, COSY) . <
& ] . -3 °
____:23 2 S
O @
—__ @D @
e
= -
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
8.5 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

£2 (ppm)
S52

f1 (ppm)



L e

| L

i

—20

—40

—60

~80

—100

—120

140

160

—180

77Y1$ .
ZZY1S e
?Q':nﬁ::a.
-3
< @ho
BnO <o <o <o
OBn
<<:®
6 (CDCl;, HSQC) £ - -
6
E e
I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
85 80 7.5 7.0 65 6.0 55 50 45 40 35 3.0 25 20 L5 1.0 05 00 -0.5 -1.0

£2 (ppm)
S53

f1 (ppm)



86.°0

2060

6060 ]

0zl o

S02'L ) k e

19€71 o —= — 7 /79

vov._/ — UU = 80°S

S09'L — J—— 90°€

wmoi/ w 061

99 L s1zl

0/9°L S 00l

119°L

589°1 -
o 20'lL

@%.: 2 m 60

9Ll oo

058'L ~ > mmw

198 L] S R Lol

iy

LES°€E o v €0E |

2L9°€ ~ v mmw

e i M

0071 N —TF 00'L]

62t Y

65V Y

vy

5297

¥59P

momi |

oLLY o017

12l R

€587 S

958 0

8YE’S 0

092 L1 s

ONN N.* h m

962'L = <

9LE L =i=

AR g

LEE - 5SS o

Gpes ] g

10.0 9.5

0.5

4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5

4.5

8.5 80 7.5 7.0 6.5 6.0 55 50
f1 (ppm)

9.0

<
)



2. 4E+07

—2. 2E+07

—2. OE+07

1. 8E+07

—1. 6E+07

—1. 4E+07

—1. 2E+07

—1. OE+07

8. 0E+06

—6. OE+06

4. 0E+06

—2. OE+06

—0. 0E+00

Ot ININoO AN A —
LN N N AN W< N — I NN MNOODDDOUWTOODOVUTTTOUMLMNOININDETINNOUMMONONMNMNOMUOWOSE ML
NONOONNNNOSTSOOITIL T OTANAANANMNONOON—NONWOOQ— N~ MNMO N Y
nmonAaAaAaNNAaAN AN AN AN OO AANMNNMNMNUOUONYCOODODEE O MN T NOINDNONDND AT OO TN YN ANNO NS |
\—I;\—I*\—I;FI*\—I‘\—;\—\—\—\—O\WQJI\I\l\l\l\l\mmmﬁqqqq#ﬁ'mmmm(\JNNNNN‘_‘_
e e e~ N i
77Y190311.3.1.1r
77Y190311
BnO
OBn
7 (100 MHz, CDCly)
N L \H“WKHHMM ,
T T 1T v 17T T 1T T 1T T I T 1T T 71T T 1 | L I I I I I I I I I T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
S55

——2. 0E+06



—
L

BnO
OBn
7 (CDCl;, COSY)
e Eﬁf? o e
8- O
éfa -~ .
B . e -
_g -0 = - o
—_ [ -] >
_é &8 o

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£2 (ppm)
S56

-0.5

-1.0

f1 (ppm)



£2 (ppm)
S57

— £ 3

; a®™ <>

] BnO s

= =
= OBn -8 B

= | ® o

— ® &8 ® @

— o

—— w
I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T
8.5 80 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

—20

—40

—60

~80

—100

—120

140

160

—180

f1 (ppm)



—3500000

3000000

—2500000
BnO

OBn 2000000
7 (CDCl;, DEPT 135°)

—1500000

—1000000

~500000

——500000

——1000000

——1500000

~—2000000

L I I
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30
f1 (ppm)

S58



. ¢ .7 . f.F ¢ T . FLF 8 T T R e
0LS0 ﬁ 0
[ oL
F1LT
PLLL|
j feoel
— uiﬁ 02
N — €oe|
— S vZ'E
= —= ¥ o
A = 1 o
. o L0
L95'Ly — 202
288l X ™ voe|
5702 o
0502 s £ o0y
9502 ol
mmmm / 3 W L0'L
. ~ y 0L+
LES'E-T > W 20l
LL6'E \ N 1y mwm
860°Y S RSO
902 |
WMW% q F 660|
| .
LS
@mﬁ.ﬂ
L9V,
89Y'/
28y'L
MMWN —_— JL Fezel
€8}
6LLL -
veL'L <
2€L’L g
65L'L ) ¢
2NE . s
mﬁ.g e , B
€51 %% s
1SLL S g 5
09L'L 5K 2
9271

— N M)

T
1.0

1.5

2.0

3.5

5.5

7.5

0.0 -0.5

0.5

2.5

3.0

4.5 4.0

5.0

8.0 7.0 6.5 6.0

8.5

9.0

.0 10.5 10.0 9.5

f1 (ppm)

(2]
)



<tTWLPLOONOODO O —mM <
OINNMNMNOWNOOOWNnA
O OVWOOOO OO0 0 WO !
nmonmMmomomonn nalaaN N A ~11000000
A uunl waa e . s D v wn i e e e e
~10000000
77Y200628-1
~8000000
~7000000
AcO ~6000000
OTBDPS
8 (100 MHz, Acetone-dg) 5000000
~4000000
~3000000
~2000000
l ~1000000
L I N - T
~—1000000

—— T T T ~ 1 *~ 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
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
60



(e} (@) (e} (@) (] (e} (] (e} (@] (e} () (]
[« () [« () () [« () () () () () (] ()
[« () [« () () () () () (e} () () (] ()
() () o () o () () () () [« () () ()
() () o S o S () () () () () () S
S Lo () Lo (e Lo () Lo S Lo () (@] Lo
O Lo LO <t <t (ap] o (@] [aN] — — Lo () |
| L | | | | | | | | | | | | |

— [4R3

[40R3

29°¢

k €09

E— H\.wo.m

— .
= Sl

Z7Y181217.1
77Y181217

,jr,
f}MJ

OTBDPS

9 (400 MHz, CDCly)

0

Fveo

= Fs1y

-1.0

-0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.5 6.0 5.5 5.0 4.5

7.0

7.5

8.0

8.5

1.0

f1 (ppm)

—
)



-3. 4E+07

-3. 2E+07

133.79

1133.75
129.71
129.64
127.70
127.60
124.41
80.64
78.63

I

171.09
170.80
140.60
135.99
135.94
77.98

77.48

e

—3. OE+07

~2. 8E+07

Z7Y181217.3.1.1r 2. 6E+07
727Y181217

2. 4E+07
~2. 2E+07
—2. OE+07
—1. SE+07

1. 6E+07

OTBDPS

—1. 4E+07
9 (100 MHz, CDChL)
—1. 2E+07
—1. OE+07
—8. OE+06

6. 0E+06

—4. 0E+06

i oo

——2. 0E+06

T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T |
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S62



j=) o o o o o o o (@] o (@] o (@] o o
> (e} (@) (e} o (e} o (e} (] o (] (e} (] (e} (] (e}
S £ £ £ £ £ £ £ £ g g g g g g g
s E 8 g B 2 2. S 8B 8 § § =2 = g o 7
| | | | | | | | | | | | | | | | |
_—
20°€
«_ &W L0°€
— = T-g8c9]
— — A 62
T =
8zZl
N N LY
901
\ =F 101
f F ooL
. I SO'L
N 101
N .JHI c0’L
G ——=F 10'L]
L Jw 001
—_ — T €19
N _ I+ gop|
=
mmo.ﬁ >
€L9'L o ] J 20l
. h 0o =K S0°L
589/ = z
689°L1 = 28
m%i 5 5 m 2
169/ %
/2€6 s 9
N N <

10

f1 (ppm)

™)
)



206.10
192.29
170.85
152.16
145.14
136.00
135.91
133.71
133.68
129.71
129.66
127.69
127.60
124.99
80.44

77.48

76.84

177.16
64.55

56.36
47.36

/
!

e

Z7Y181221.3.1.1r
727Y181221

AcO

OTBDPS

10 (100 MHz, CDClg)

| L]

46.58

43.94
42.82

42.59

39.71

38.48
37.91

37.17

33.62
27.59

27.06
23.62

23.12

ﬁ

22.82
21.42
21.28

20.28

19.39
17.27
15.37

~20000000
;19000000
;18000000
;17000000
;16000000
;15000000
;14000000
;13000000
;12000000
;11000000
;10000000
;9000000
;8000000
;7000000
;6000000
;5000000
;4000000
;3000000
;2000000
;1000000
Lo

——1000000

210 200 190 180 170 160 150 140 130

120

110

100

90

f1 (ppm)
S64

80

70

60

50

40



|

AcO

OTBDPS

10 (CDCl;, HSQC)

®0

Q0

16

15 14 13

—20

—40

60

80

—100

—120

140

160

—180

200

220

f1 (ppm)



3500000

3000000

2500000

—2000000

—1500000

—1000000

~500000

——500000

——1000000

——1500000

AcO
OTBDPS
10 (CDCl3;, DEPT 135°)
L L ' : JJ \’l T
[ I I I I I T I T I T I T I T I I I I I I
50 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

66



7500000
7000000
6500000
—6000000

5500000
—5000000
—4500000
4000000
—3500000
3000000
—2500000
—2000000
—1500000

—1000000
~500000

——500000

44"
0180
050°L
6501
990°L
vac'l
19¢-A

S

//Jf

00€° Lt
6L7'L— —
905'L/f

129']
629'L
0Sv'z—
LeLyy
19 _\.j
60211
wom;ﬁ
092'Z
8ZE .1
LEEL] :
SYE'L;
8VEL;
85€'/
Y9E'/]
08€L: S
¥8E/
665°.
YOv'L
LLVL
g
8+9'/
259°/
159'/
¥99°/
899°/
219/
089°Z
¥89°/
889°/
¥8/°/
5082

T
—
,/.

77Y190904-2.1.1.1r
727Y190904-2

|

_

O
OTBDPS

11 (400 MHz, CDCl)

O
T

i

¥

=

4

o L0l

= 0L}

N 0071

s LOL|
€02

7o
00'L

= v0L|

Fs
v SO
FooLe]

T T T T
3.9 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.0

4.5
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

9.0




O M OWOOMSNOO W UOUO
VO ONNMNANOOOOONMNTONANMOWOOMODOUTOWOOANMMOANNTTE OWINMMNIOTE OODOWNMTE  — OSSN M — —
T M NN ONNTONOT VOO MRNOINTNONYE— NN — OO0 0MmAN O Y L7000000
< o on en enAaAl AN ANANANANANANODANOMMNMNMNMNOUOUOILNMNNDANTOOUOVUSONMNNMNNMNMOOUANANTOMNMNSMDMNMNMWG
T e v v v v v v = v OSSN TTTOOMmMmANANNANNANNAN e e e
e e e e —— | 6500000
~6000000
77Y190904-2.2.1.1r
Z7Y190904-2 5500000
~5000000
~4500000
~4000000
OTs ~3500000
11 (100 MHz, CDCly)
~3000000
~2500000
~2000000
~1500000
~1000000
~500000
b A -0
~—500000
L e e s B A L By E s RO Sy N S s Ay I I B A BN S i A EL A A R A
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 20

f1 (ppm)
S68



8810 "
8/6°0 ﬁwmm
LSO'L To.m I
L0 €16 |
180°L \U /19
G2 r00°c i
] e
- 4 70'€
_‘m_ﬁ —  Fere |
w_\m _‘% — clLe
mf_/ — vL'eE
G2E'T M ol
£8E| ~ MNQM
L6EC T c0C
160°€ ~ wmwuw
(A3 = Yooz |
LY = 0L |
€82V 101
860'L - Mwmﬁ !
TR -
092'L1
V12 L I
o¢m.3 = —=F€0L |
reL
65€°L i
€9€'/
615 -
v8e'L 80C |
68€, — i%:
S A A— Wﬂ 860 |
86€°L — = M.ﬂ.w
LOV'L 0 -
vivL 0 ]
¥59°/ 5 R
859/ o i
0,91 = S
v.9 g . z :
819/ 2 2 3
G89°/ 8 5 o I
mwo.t m m o ? i
€69°- 2

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

8.5 80 7.5 7.0

9.0

10.5 10.0 9.5

[e2]
)



OSSOSO O N~ —12000000
O OMNOONMNMNMNMNMNMNMOMOCNMINSSOQOOSSOWNMNINMN NS OSSN OO MNMMSMNMNOOOTEOINSSAS N —
OCLLOOONNSOAINT OO - — ANNMNENOMNOOOANMNINAN«— OO WY MNMA — A
MO MNMANNNNNNOANONMNMNUOWOONNLATOONNSYONNNNOSSONO—-OONNUO
\—:;\—I*FI‘\—;\—;\—;\—\—\—wWI\I\I\l\I\Lﬁﬂ'?###MMMMNNNNNNNNN\—\—\—\—\—_11000000
e e e | "
—10000000
727Y190906.3.1.1r
7.2Y190906 ~9000000
O>%: ~8000000
s I
OTBDPS ~7000000
OH
HO
~6000000
STol
12 (100 MHz, CDCly) ~5000000
~4000000
~3000000
~2000000
\H H 1000000
} l__‘ 1 ‘ ‘ __‘___'“l_‘ " 1 _0
~—1000000

1 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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
S70



MH\ LO'E
 LLL|
— M LLE
— pL'€
1 zeel
= 916
009
86'8 [
LELL
59|
L0'L
10°L
F oot}
MW 902}
F 201
: - €0l
. / v YO0l
Sm.j/ 3 MW 20'L
mvm.ﬁ
JA43 E I
L9€°L
9L€°/ -
08€'/ < —— = b0l
98€"/ 1
68¢° /L
¥6¢E.
L0V L
oLY'L
LV ]
9G9°/
099\ > Lw ol
599/ = cv3
197/ #r N = Zlv]
S19°/ SN _ =
089'Z S S =
/897 m w =
_‘mm.m SES
G699/

0.5

2.0

4.0

-0.5

0.0

1.0

1.5

2.5

3.0

3.5

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

f1 (ppm)

—
)



140.51
135.83

135.76
129.81

129.73
127.76

124.54

— e e e ——

108.37
82.96
79.00
77.48

77.16

HZN-190920.3.1.1r

HZN-190920

.
-

13 (100 MHz, CDCh)

76.84
76.11

70.19
55.31

46.91
45.54
41.78
40.07

39.76
38.88

38.79

37.06
34.45

34.18

33.01

29.73

28.19

27.57

27.34
27.26
27.09

26.81

i

23.63
19.34
18.32
17.29
17.24
15.79
15.74

—16000000

—15000000

—14000000

—13000000

~12000000

~11000000

~10000000

—9000000

—8000000

7000000

—6000000

—5000000

—4000000

3000000

2000000

~1000000

0

——1000000

20

210

200

190

180

170

160

150

140

130

120

110

100

90

f1 (ppm)
S72

80

70

60

50

40

30

-20



HO

L

J’lll |

=20

—20

%, OTBDPS b= > 10

-
-

60
13 (CDCl;, HSQC) -

° o -

—100
—120
140
—160
180

200

~220

T T T T T T T T T — T T T T T T — T T
85 80 7.5 7.0 6.5 6.0 5.5 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)

S73

f1 (ppm)



—10000000
—9000000

—8000000

7000000

~6000000

—5000000

4000000

—3000000

2000000
—1000000

—0

/

@)
=
[a0]

14 (400 MHz, CDCh)

) MUUUUUMMWM\L !

T T e

e S A e

T

80°L

sogl

OL€

vO€r

S0°€
TS

glLe|

965t |

0L

oLy

1.5

2.0

-1.0

0.0 -0.5

0.5

1.0

2.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.9 3.0

8.0

8.5

f1 (ppm)

<
[7p



ANOMNM AN —LINWN O 2. 8E+07
NN OS NMN~NINSSONTNOOOO O AN S INOMOONNNOTO MM OONS T OO LWIMmMmM
— O WWONNNNMWM T T - O0ANMOOMNANNRANOOQ YOO MMOO N O OWYMOA MM T
T OO ANANNANANANNOONNOT - —NOVOOO-—NNONNANONOWOWOMANDOW©WO LW |7
T v v v O NSNS ST STTOOO0MmmMmANNANNNN e e e e :
e ————t—r———————— e
~2. 4E+07
77Y190928.3.1.1r 2. 2807
77Y190928
~2. OE+07
~1. 8E+07
1. 6E+07
BnO 1. AE+07
14 (100 MHz, CDCh)
1. 2E+07
1. OE+07
~8. OE+06
—6. OE+06
~4. OE+06
H } \Iﬂ » -
J - - ~ 0. OE+00
-—2. 0E+06

| T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T |
20 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)
S75



“\ IILJ min

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

c - - <
ce <
y a,f -
7 L o
BnO )
14 (CDCl3, HSQC) ° .
G
| T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | 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 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

£2 (ppm)
S76

~220

f1 (ppm)



2LL0
52L0
1580
098°0 ﬁ %m
: [
:wm.o = r609
6560 o'l
200°L B
EZA N | A — — mem
2€sL — —
~ =v0'L
L09°L €0'¢
559'L o~ W«\E
2991 - H/%M
168°L S0'L
0L9°¢ — veo’l
€€9° - =Kot
L99° / (50
LE6 m/ 867
¥S6°€— - 2001
Ocv v —_ 90
i —_=
vivy
A% — —Jtc0l
099
689" \
9/€°S
092'L
BNNW
WL €82
J wmm L8
o
()
(@]
43 = I
6E€°L1 . =
wvmi 2 & >
141w R
89€°/ - s o
€161 =

-1.0

9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 30 2.5 20 1.5 1.0 0.5 0.0 -0.5

.0 9.5

f1 (ppm)

N~
)



N~ 00 O 0 <t N <
5mm;moomm®moomm<rom<roml\moo<rl\\—N\—mNNON\—mo@l\mmo
A0 BB NNNmMNIMN—COONOMNOINNREYOON -~ ONOYMUNOOMENL!|
NS N A ANANANANNONMNNMNNMNOOUINFEEFINAN VOO WNMNLLMOWOWWMOA O W W WL [
\—;\—I‘\—;F;\—;\—;\—g\—\—wl\l\l\l\l\l\l\l\mmﬁ'ﬁﬁQ'MMMMMMNNNNNN\—\—\—\—\—

e e e e e e e e | e —
~9000000
77Y190929.3.1.1r

Z7Y190929 8000000

7000000
6000000
~5000000
16 (100 MHz, CDClk)
~4000000
—3000000
—2000000
—1000000
l \H ) | ] ,
~—1000000
| T | T | T | T | T | | | | | | | | T | | | | | | | | | | | T |
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S78



- =
o
s w“
& " ©
15 (CDCl3, COSY)
a8 o
€@ o 0
(-]
-
O &P
H @
@ @

85 80 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)
S79

f1 (ppm)




| ]u Ll

L

L

£2 (ppm)
S80

A, MM LL
@ _ o 4o
16 (CDCl3, HSQC)
<% i
T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

f1 (ppm)



—10000000
—9000000

~8000000

—7000000
—6000000

—5000000

4000000
—3000000

—2000000
~1000000

0

——1000000

90°¢
LL)
€0¢c

B

LL)

L

eLe

60°€

€0e

60°¢
¥S'S
68°L
9Ll
€6l
601

Fooze

0L

77Y200602-4.1.1.1r
727Y200602-4

@]
=
[a0]

-
r’d

16 (400 MHz, CDCL)

~80'¢

~eol
Fvie
00'L

L MMM\

=c0L

L0¢C

3.0 2.9 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

8.5 80 7.5 7.0 6.5 6.0 55 50 4.5 4.0
f1 (ppm)

9.0

—
(V]



169.52
139.56
138.83
136.64

| IS S E— —

128.92
128.42
128.33
128.09
127.56
127.37
125.79
86.50

80.84

77.48

77.16

76.84
71.52

172.00
65.36
55.84
52.90
46.76
46.22
41.00
40.93

[

77Y200602-4.2.1.1r
727Y200602-4

BnO

-
-

16 (100 MHz, CDCh)

39.79
39.03
38.49

37.10
32.89

28.45
28.30
26.82
23.95
23.66
23.26
22.83

—————————————— =

/

IR

18.32
16.99
16.76
15.40

—15000000

14000000

~13000000

—12000000

—11000000

~10000000

—9000000

—8000000

7000000

~6000000

—5000000

—4000000

3000000

—2000000

—1000000

~—1000000

20 210 200

70 60 50 40 30 20 10 0

-20



2690
18/°0
9780 ]
6260 el
100°L oLl
Mmmm w — =¥ %0t
| =)
6Tl —=_ I s67|
085'L 80'€
i }
029'L H/ o8
[29'L - L 02|
€991 LOL
€/9'L ~— b coz|
1681 < p 660
906'L
yee? ~ 201
€6€C _ = 50€
8092 -
¢l9¢ - T VO'L[
ov9's — E €07
€L0" ~ ¥ 660]
60€ Y
GEEY
vl - — o
897
Y59
¥89'
257'S ~
X a
80€°L 3
LE 5 = .
coc s f = 2 FroLL
rzeL] 2 =
62€'L 53
Gre L] 5 5
LYE L] 5 & 2

N N

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

8.5

™)
)



ooooanNOS N
<t O AN MAN 0L M
<t O O 00 0O I~ I~ I~
M on Al ANl AN AN AN AN
A uunl e S D v e e

e

124.17
86.56
77.48
77.16
76.84
72.49
71.51
55.84
53.66

80.51
52.41
47.33
46.83
44.53
44.36
41.12
40.37

Z7Y191101-1.3.1.1r

727Y191101-1

BnO

17 (100 MHz, CDCl)

————— e e

|

39.03
38.47

37.12
32.82

39.83
/28.89
28.43
27.22
26.61
24.85
23.60
22.84
18.37
16.87
16.75
15.42

|

F———

I

14000000

~13000000

~12000000

—11000000

—10000000

—9000000

—8000000

7000000

—6000000

—5000000

—4000000

—3000000

—2000000

~1000000

~—1000000

20 210 200 190

-20



@
6 &
BnO o e
17 (CDCl;, COSY) . ; - .
[}
2 @
] = a

L
¥
!

f1 (ppm)



(L0 i ]

LUl

(LI

=20

- 20

BnO

17 (CDCl5, HSQC) 60

—100
—120
140
—160
180

200

~220

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

H}
S
/\O

ppm)

(92]
oo
(op]

f1 (ppm)



(L0 i ]

L

(LI

=20

b ’ Yoot

1] . ‘ ." \ '... ! i
b

ik oy -40

. @9 o 0 _

b . "o o0 C o om )

—20

(1

BnO " "3...“ 1]

"
~ ]

17
(CDCl5, HMBC) o

b LU *

“w " ; "m0 ~80
1] L] " 9 . ’ 0
~100
~120
ot v % . — T 140
~160

180

200

~220

f1 (ppm)



890y

L5801

L5601

1660

L10'L

1021 .
92’1 mm
2es’L )
6EE’L _ muw L0°E|
S I
6€5'L ~ m; 0E]
9/G°L — 28
88G°1 voL|
229'1 - . Mmm
2691 o MH\ c0'l
L19°] ~ & zoL|
¥89°1

126°L — —'t 0€]|
@@@.m\ _ ~ 00'L
Sl - 002
86EY =~ = 001
Yads coly
Sy [
0.5V — —J= 001
8651 a T 00k

u =
5 mm

~
—
—
o
e
|
O O
o o
NN
—
o o
—
e
N N
N N

18 (400 MHz, CDCL)

-1.5

-1.0

7.0 6.5 6.0 55 50 45 40 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

7.5

8.0

8.5

9.0

10.0 9.5

f1 (ppm)

Q0
)



<t NO MM AN MM~ O —11000000
MO OFEFMMOO OINMANN VOO OVUTANANANOODAIN VO S ST HN~NOUNANODOOTOOHOOANNINDINO MO O
MOANOOSNNNNSNOT - ONWNOANWOOONNO—OWN—OMOYMOOLWNLWNWOMONRMN WO |
Nt AANANANANANANANOOMNMNOUANANTETOL NOTAN OO —TOOOOODDONLLLYMMOODOVWINWL NMNMANNOMN OLWN
— S ONNMNMNMNMMNMNMNMNMNLONDOLD DS S S OO oo oD oD AN AN ANANANANANANAN T — —
e e e e e e e e N =" 710000000
~9000000
77Y191206-1.3.1.1r
77Y191206-1
—8000000
—7000000
~6000000
BnO
18 (100 MHz, CDCL) 5000000
—4000000
—3000000
—2000000
} ” ! ‘ H ~1000000
e } 1 J 'JIIL | y | — .'“>J —-Ji 0
~—1000000
r---—r—"——7r———7T T —7Tr 7T Tr——Tr—Tr T —TrrTTrrT—T1rr 17 TTT1T T 17T T 1T T 1T T 1 I I I T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S89



L ll.l C

UL JL__A,

BnO

-
—

18 ( CDCl, HSQC)

oTf

e D

L]

1J

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

8.5

8.0

7.5

7.0

6.5

6.0

5.9

5.0

4.5

—
4.0 3.5

£2 (ppm)
S90

3.0

2.9

2.0

1.5

1.0

0.5

0.0

-0.5

-1.0

f1 (ppm)



12170
€980
G680
2060
7560 —
700°L OVt
750°L wmw
: __ I
omm._ Je— —— 3 /0°¢
#@m._% - %w ovel
LES L~ 8C'L
T =0
: -~
0651 H/ 60'L
6€9°L S02|
Nmm.; N =F 001
659 | N L 660|
_m@.m o MH: L0°L
oLy *) I
ez — — F 80|
4544
65 _ v 20
5297 — 7 00|
7997~ S £ 0
v697/ [
6cv’S
._\m._\m./ — - 2072
09¢'L ~ = 10L|
FreeL|

~
—
—
N
— —
— —
AN N
—
A N
— —
oie
N N
N N

1

19 (400 MHz, CDClL)

o
[=
m

1.5

2.5

-1.0

-0.5

0.0

0.5

1.0

2.0

8.0 75 7.0 6.5 6.0 55 50 45 40 3.5 3.0

8.5

9.0

f1 (ppm)

—
)



—2. bE+07

2. 0E+07

—1. 5E+07

—1. OE+07

—5. 0E+06

—0. OE+00

Z7Y191211.3.1.1r
727Y191211

i

l

O
=
m

19 (100 MHz, CDCly)

-10

10

40 20

60

70

| | | | | | | | | | |
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

AN
)



ML L a

i

'

@ ==
) (5]
o <]
BnO ®
() [ -] 1]
19 (CDCl,, COSY) - o =
S S -]
-
-] <>
L
& e
- a" o
[ -

f1 (ppm)




NI

| Il "H

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

M ﬂ Jiv| m A |
s How
h-aas i T
«P@;@ ﬂeé
= < =
L -] [ -]
BnO ‘9 ©
£ D
19 (CDCl;, HSQC)
N
) °
S
& 8
| | | | | | | | | T | T | | T | | | | | | |
8.5 80 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0 -0.5
2 (ppm)
S94

~220

f1 (ppm)



S & € & & & & & & g ¢t S
S S S S S S S S S S S S
() S S S S S S S S S S S
— () S S S S S S S S S —
R . U SR R SR AN SR
—
L0V
___J o0
—— =209
LO€
L)
LOL
L9
LL'6
H/B.@
S0l
Mm\mo._
€0l
JHlmo.m
3
—= 10l
—=E00'L
g )
o )
N
LyL'g] = =
70C'€- = S
So.ﬁ z 3 =
v0SY > &
805 - <gs
. N N

-0.5

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)

LO



~16000000

122.95
79.10
77.48

77.16
76.84

75.12
55.40
52.04

48.94
41.44

40.70
39.62
38.89
38.63
35.67
35.56
32.99
32.93
30.73
23.45
18.43
17.09
15.73
15.60

46.87
46.47
37.16
30.51
28.21
27.33
27.18
24.87

—15000000

—177.57
142.87

g
§

—14000000

~13000000
77Y191204.3.1.1r

727Y191204 ~12000000

—11000000
—10000000
—9000000

~8000000

20 (100 MHz, CDCly) 7000000
-—6000000
~5000000
~4000000

3000000

T

~—1000000

| T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T | T |
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)
S96



u A

%% 20 (CDCl3, COSY)
—

L]

&o
== = 0&
-] 9=:©°
8 % -
o = ®
2. : 1
=
-

8.0 7.5 7.0 6.5

4.0 3.5 3.0

£2 (ppm)
597

2.0 1.5 1.0

f1 (ppm)




| Ml

|

20 (CDCl;, HSQC)

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

8.0

7.5

7.0

6.5

6.0

5.5

5.0

4.5

4.0
£2 (ppm)
S98

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

~220

f1 (ppm)



6000000
—5500000
—5000000
4500000
4000000
—3500000
—3000000
—2500000
2000000
—1500000
—1000000
—500000

~0

~—500000

6990
¢89°0
680
7580
680

I B R R E— E—]

]
=

*i

— ==

7N

A

»

€12
L6172
96121
0052
5052
0152
€5E €
6821
20€
V2V
G616
¥02'S-

21 (400 MHz, DMSO-dg)

727Y191214.1.1.1r
727Y191214

- O

f1 (ppm)

10

13 12

14




77Y191214.2.1.1r
727Y191214

21 (100 MHz, DMSO-dg)

—15000000

14000000

—13000000

~12000000

—11000000

—10000000

~9000000

—8000000

7000000

—6000000

—5000000

—4000000

—3000000

2000000

—1000000

——1000000

—
20 210 200 190 180 170 160

T
100 90

f1 (ppm)
S100



L l Jl}llhlil M

=20

—20

® e (-J L 40

-
-
-

21 (DMSO-dg, HSQC) ~60
-80

-100
¢ -120
140
-160

180

200

~220

13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2

f1 (ppm)



8/90
vl 0
L¥80
1260
€00l S .
SvZ'L !
8ce’lL I I zLe
L9¢’L i — —— 7 0L}
cesLf 1 5
19G L+ T—— 0y
695°L _ lee|
/5L ol
285l 00°€
€Lol ~ E 00L|
288’L ~ E 001
1681 o
S06'L R 1o
qlL6'L — = 00°€}
oK.m\
VLLY-T - = 001+
oir] -
9GEY I
69€Y
6y _ = 00l
Mwmoi-

Z7Y191109-3.1.1.1r
Z7Y191109-3

(e}
=
m

v
v
'’

22 (400 MHz, CDCL)

2.0

-1.0

0.0 -0.5

0.5

1.0

1.5

2.5

3.0

3.5

8.0 7.5 7.0 6.5 6.0 55 50 45 4.0

8.5

9.0

9.5

f1 (ppm)

AN

)



9000000

~8000000

7000000

—6000000

5000000

—4000000

—3000000

2000000

—1000000

resL
V.9l
6,91
eesl
18°¢¢
09°€c
8L1¢
¢q’Lc
FmNNV
m#.wm\
18°8¢
19°¢¢
90°L¢E
S¥'8¢
c0'6¢E
66°6¢
¢sov
89'LY
co’cy
8L9Y
€9°¢q
819§
0465
ov'LL
ov'¢L
LZEL
a9vL
¥89.
9L’LL
8V’ LL
7598
S9v¢cl
qE’Lcl
99°/¢1
€6’Lcl
qc'8cl
ce8llL
q9'6ll
89'6EL
SSovl
0c€ElL

77Y191109-3.2.1.1r
Z7Y191109-3

e}
=
m

22 (100 MHz, CDCL)

-10

60 50 40 30 20 10

70

| | | | | | | | | | |
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

™

w



09¢’L

$89°0
LLLO
9060
/560
186°0 e
890°L % ozl |
veeL e
el — — T v0Ef
09Z'L — —— 3 o0t
wmﬁ MU A O'€ |
Gog'L 8¥'S
elf T .wg.e-
LIV i Ly mw
6lyl ~ = 90'L|
LV ~ NG
AN — Bo/1e
985°1 -
CEN ~ 20l
€09°L S R V0L
£09°L ), 8ol
2Ll | — b6y
SL9°L
[29°L
€€9°L
LEIL - — = 00l
0v9'L -
818l
058’1 ot
s L]l h — = 00
898°L
8/8'L .
G88’L o= ~

. 2 O B
168°L o a
006'L \ N
R3w4 § z
GEST] = S
mvm.A N o o —
552 2 8 J
065 '€ 5 &
9/€°s] e

N N

1.5

0.5 0.0 -0.5

1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

8.0

f1 (ppm)

<

w



176.12
142.24
123.43
79.11
-77.48
76.84
75.24
55.39

-77.36
77.16
52.16

-

77Y191130-2.3.1.1r
727Y191130-2

SEt

23 (100 MHz, CDCly)

51.59
50.41

48.74

46.75

41.27
40.69

40.04
39.49
38.88

38.59

37.17

36.15

35.26
33.06
30.86

28.23

Ll

27.33

27.23
26.42
23.45

—19.73

|

18.42
16.96
15.73
15.51
15.42

£ 1UUUUUU
;20000000
;19000000
;18000000
;17000000
;16000000
;15000000
;14000000
;13000000
;12000000
;11000000
;10000000
;9000000
;8000000
;7000000
;6000000
;5000000
;4000000
;3000000
;2000000

—1000000

~0

——1000000

——2000000

20 210 200 190 180 170 160

150

140

130

120

110

100

90

f1 (ppm)

S10

5

80

70

60

50

40

30

-20



Be Je N ) L |
SEt )
° 24
CO,Me °
u 8
'
23 (CDCl;, COSY)
[}
a& =]
- - .p -
< o ° -
= o o
—_% -
| T | T | T | | | | | | °I | | | | | | |
8.0 7.5 7.0 65 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0
£2 (ppm)

S106

f1 (ppm)



il

|

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

B e e A By L |
SEt L = ey,
L ]
o« e = & I
CO,Me - I P I
‘ - 0 e o R
23 (CDChL, HSQC) .
I I I I I I I I T I T I T I T I T I T I T I T I T I
8.0 7.5 7.0 65 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0

£2 (ppm)
107

~220

f1 (ppm)



A A
L]
SEt
I | 40*.&90
o ] ] .'
CO,Me " 68
2 ?: 0 :‘: 9 lao 8 [N 0
: (]
! " o rﬂl ‘ o
o A
23 (CDCl, HMBC)
' ' [ ] L) [
§ ¢
" [ B
.’ 809
T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£2 (ppm)
S108

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

f1 (ppm)



—1000000
—900000
—800000

SEt L
—700000

CO,Me ~600000
~500000

400000
23 (CDChL, DEPT135°) 300000
200000

—100000

0
——100000

——200000

——300000

——400000

——500000

——600000
——700000
~—800000

~—900000

~—1000000

T T~ T T T *~ 1 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
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40

f1 (ppm)
S109



—6000000

5500000

5000000

—4500000

—4000000

—3500000

3000000

2500000

—2000000

—1500000

—1000000

~500000

——500000

: 76500000

BnO

248 (400 MHz, CDCk)

| JUUMMM I |

J"L

1743
LLE

[4 %3

60°L

0.8

LOE

e e e

0L

00°€

0L

€0l

SR R b

00°L

i

FieLLy

ondl

gLel
80 [
189}
2Ll
90°'L |

€0°L |

oLt
co'L|

00°L |

00°L|

3.5

2.0

-1.5

-1.0

2.0 1.5 1.0 0.5 0.0 -0.5

2.5

3.0

4.0

4.5

9.0 85 80 7.5 7.0 6.5 6.0 5.5 5.0

9.5

f1 (ppm)

(@)

)



s 12000000

17.53
16.96
16.77
15.53

~11000000

Z7Y191101-2.3.1.1r ~10000000

727Y191101-2
~9000000

—8000000

7000000

BnO 4
2 ~6000000

248 (100 MHz, CDCly)
5000000
4000000

3000000

2000000

b ol il

——1000000

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S111



f1 (ppm)

< . 37
‘g.
BnO
" Q%@@
o a Q g
24p (CDCl;, COSY)
3 9. b
= 3
®
[.~] = =
W &
W %
: &
f 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 !
85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)
S112



[T |

=20

—20

L0 0l

|

Ll

BnO

24p (CDCl;, HSQC)

¢

1.0

0.5

—
0.0 -0.5 -1.

0

—40

—60

~80

—100

—120

140

160

180

200

~220

f1 (ppm)



RZA0)
058°0
2v6°0
2v6°0
L¥6°0 :
9560
¥700°L __J 60t
AT\ S —— — & 119
€6€°L T - 'l
S — WM 159
87S'L / r LL'S
Nmm._‘\ / 7 KN
885°L — R
208l
768°L -
€06°L - s 201
VL6 > r Lol
8161 N EOLT
9¢6'L Ra— = 80°¢
mE.m\ -
2SLY~ - - 101
LLE Y~ - 7 mmw
86EY - - To1
0cvrvy ™ N 61
a4

— IlHI L0

~
—
—
—
—
[
[N
—
o N
—
A N
—
e
N N
N N

o
[
m

240 (400 MHz, CDCL)

4.0

5.0

-1.0

3.0 2.9 2.0 1.5 1.0 0.5 0.0 -0.5

3.9

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

f1 (ppm)

<

w



— N0 N O 0 AN M
O O LN O) 0O O O I~
M~ o N AN AN AN AN AN
— — T — — — — —

=S

127.35
123.58
86.54
79.90
77.48

77.16
76.84

r72.24
71.50
55.95
5242
50.13
41.39
41.35
39.82

39.52

71.68
46.75

77Y191217-1.2.1.1r
727Y191217-1

BnO

240, (100 MHz, CDCL)

g

|

39.02

38.55
35.79

28.41
27.39
25.62

25.16
23.47

22.85
18.38
16.98
16.77
15.61

37.17
28.05

Al

~ 1OUUUUUY
—15000000
—14000000
—13000000
—12000000
~11000000
~10000000
—9000000
—8000000
7000000
—6000000
5000000
4000000
—3000000
—2000000

—1000000

——1000000

20 210 200 190 180

20



LRl e

|

!

s N

wOH

BnO

240, (CDClz, HSQC)

L

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

0.5

0.0

-0.5

-1.0

f1 (ppm)



0v.0
1580
0/8°0
S06°0 )
6860 o
) - ey
6¢0°L —_ — wm ge'e
102 L~ _~ —= } w0t
ey = |
86€°L el
T T oL'e
ELYL e 206 |
Yad) - 'y
] h H/ 0l¢
18/°1 < H/ i
90l
omN.l H/ LO'L|
@om.;
2L6°L ; ol
. ~ gl
880 ; ) " 201
LT o0t
€8Ly > 00T
/611 ~ " 001}
LOV'Y
LEV'Y N
29S — J F 901
6791
619"
LLY'S
SL¥'S
o,DOm FesolL|

v0€',
GLE L
Gzs .
2re /]
8YE" L
9¢°/ ]

~
—
—
—
—
| |
o O
AN N
AN N
—
(oo )
—
oie
N N
N N

©]
c
18}

-
-
-

25 (400 MHz, CDCl)

0.5

1.5

4.5
f1 (ppm)

-0.5

0.0

1.0

3.5 3.0 2.5 2.0

4.0

9.0 85 80 7.5 7.0 6.5 6.0 55 50

9.5

N~

w



139.52
138.87
128.31
128.30
127.88
127.57
127.53
127.33
124.56
86.42
83.73
77.48
77.16

e e e e ——

77Y191220-1.2.1.1r
77Y191220-1

BnO

-
-

25 (100 MHz, CDCh)

76.84
74.86
72.23
71.45
55.99
49.07
41.62
41.22

40.13
39.00

47.03
42.97
38.41
37.11
33.98
33.53

32.34
28.60
28.40

28.35

\1

|

27.86
24.73
23.62
22.80
18.30
16.72
16.25
15.63

—15000000

—14000000

—13000000

—12000000

—11000000

—10000000

—9000000

—8000000

7000000

—6000000

—5000000

4000000

3000000

2000000

~1000000

~—1000000

20 210 200 190 180 170 160

50

=20



6920
8580
S88°0
0£6°0 3 .
SE60 60°€
0960 00
¢.6°0 — =_ #/0¢
e Va LE S— 0L
od D == 109
143
€Le
0°¢
8¢tV
LE9
9l°L
LL¢
q0¢
66°L
c0’L
lﬂ. 201
660
=00°L
———F101
8681 y
502 N -
65021 = g
5802 S 8
2Ly S
@NN.J g g
€5€°S e
N N

092°.




2. 6E+07

83.88

78.95
77.48

77.16
76.84
67.42
55.50
49.78
47.02
43.68
43.33
40.64
40.29
38.85
38.56
37.07
36.42
33.90
32.19
29.05
29.02
28.14

~2. 4E+07

—181.34
139.24
125.06

?

2-27.21

2. 28+07

77Y200110-2.2.1.1r 2. 0E+07
727Y200110-2

—1. SE+07

1. 6E+07

—1. 4E+07

—1. 2E+07

26 (100 MHz, CDCl3) 1. 0E+07

—8. OE+06
—6. OE+06

—4. OE+06

" ‘ i LA o Y U AL, L _0.0E+00

——2. 0E+06

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S120



€€9°0
280
2680 oL
.60 80°L
200'L T e
Al .

: - JfLoe
sy B — o
cUS Tt E— — S6°L
il =i
LV5- _ V6L
/55’1 — et
19S°L = 08'L
195°1 €Ll
85°L wmmw
2l9’L M 660

-
099°L i Woo._
qm@.i .
¢LL 1, ( 1 /0€
€Q8’ 1 [ — |UJ B00°L
980°2-
/0 _.A — M 402
919°¢ —~ =201
Sv.L€
29/L°€ - )+ 001
AN A%
AL %
SS Y
691
8/91
SLE'S
2s2.
I

692/ 2
v0€L S
gLE . § £
ces’s = B
9z i :
ovm.g o=
EvEL S8 g
SYE /- m m 5
67 L

9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

9.5

).0

—

)



AN NOO I AN O
ANOOYD OMNMWINLMNMNOWOWWWVDOUTOANNTOUNMNOOrE OO OMerMNM AN INDNT MNMA < — I~
St AOONNANYLNAOT - OINMHNOAN—TANN—TN~NOMY— — O0MO T QLN 0mMmOaQN
N N A ANANANANOVOANONNMNOTINTONMNOOOOOODWMNMNMNMNOANNT OO MNMNMA O W WOWLW L10000000
—9000000
77Y200111-2.1.1.1r
7Z7Y200111-2 ~8000000
—7000000
—6000000
RIS 7 -5000000
27 (100 MHz, CDCl)
~4000000
3000000
—2000000
1000000
- “L—_...,..,. "™ - L J . L | _O
~—1000000

T T~ T T T~ 1 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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S122



2. 0E+07

—1. BE+07

1. 0E+07

—5. OE+06
—0. OE+00

= S
i
//f J /S rr

/]

)

77Y200602-2.1
727Y200602-2

28a (400 MHz, CDCls)

¥ Co'L

€08

-1.0

8.0 7.5 7.0 6.5 6.0 5.9 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

8.5

f1 (ppm)

™

)



NN S NN O < v 0 — N~
COOMAMNIMLMNMNANSTANNOOTOTOONTOLANONNOSTLLDONMO DL 11900000
MO O WONNMNNNNOOMUONT —TOWNINONMUNOMNINNWNOANYSTOSN MNWNLWNO — © Y
NN onAaAaAaAaNNANANANAN AN AN ANANANANANOUONMNMNNMNMNOANNTEWLM MDA . — OO O IN~NLL MOMOOOONNWL ONOCAINN O W
\—\—\—F\—\—\—\—\—\—\—\—\—wl\l\l\l\l\I\LnLﬂLﬁﬂ'Eﬂ'MMMMMMNNNNNN\—\—\—
D ==\ e L 10000000
~9000000
77Y200602-2.2.1.1r
77Y200602-2
—8000000
—7000000
~6000000
Brid™ 72 28a (100 MHz, CDCly)
—5000000
~4000000
~3000000
—2000000
‘ ‘ M ~1000000
R [ | il ...\.}MMUN,“J,-
~—1000000

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S124



~11000000

—10000000

—9000000

—8000000

—7000000

—6000000

—5000000

—4000000

—3000000

2000000
—1000000
——1000000

0

omr

/

77Y200701-1.2.1.1
727Y200701-1

1743
LOE

eLe

et

LL9

6,01

80°¢
80°L

eo’l

29a o (400 MHz, CDCls)

®
T

JMMMJJ
AL — e e bl i e

J

I

5.5

Mw 0S|

90°¢ |

c0e}

00€r

oL'L|
2oL}

S0¢Ct

8¢

F 00'L |

0L

-1.0

-0.5

0.5

1.5 1.0

2.0

f1 (ppm)

4.5

5.0

7.0

7.5

8.0




m O mM N AN <
N~ ONNTOOFTF —INMOMOMIN—OANDVDOLNINMO<LNA O A LN M <t O
Omao~NO0OmMm T YT OSSN OVONYYITNOOONANON— OANM— X O Y OMNW
N YT A NANANONNONINAONOON O —O0NOWONMNNUOTMNMOONNMO O~ LN LW L9 AE+07
\—F\—\—\—\—\—l\l\l\l\I\I;Lﬁ;m;ﬂ';ﬂ'ﬂ'ﬁ'ﬁ'ﬂ'MMMMMMMMMNNNN\—\—\—\—\—
——— e et e\ et —
=2. 2E+07
77Y200701-1.3.1.1r ~2. 0E+07
7Z7Y200701-1
~1. 8E+07
\ @ L1, 6E+07
YCOopMe ~1. 4E+07
‘OH
HO” >
. 29a « (100 MHz, CDCly) L1 ops07
—1. 0E+07
8. 0E+06
~6. OE+06
~4. 0E+06
H ‘ { “ “ -
——2. OE+06

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S126



|

il

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

S127

4 =g,
© <> @ *,
~NCOo,Me - ~ 4
“OH .
- o0
HO™ 77 29a « (CDCls, HSQC)
. °
T I T I T I T I T I T I T I T I T I T I T I T I T I T I I T I T I T I T
8.0 7.5 7.0 65 60 55 50 45 40 3.5 30 25 20 L5 10 05 0.0 -0.5
£2 (ppm)

~220

f1 (ppm)



08%°0
06.°0
1280 g oz
8260 - I el
6660 ) % 10°€
6L0°L N 60°€
: — W 00°€
== €0’c
4 LLE
LLY
€LslL
oLl
S0¢
o611
= SL'1
| soz
—= F €0°¢
=T 001
Nmm:
e _
a4 .
Nm.v.NL ,J H_”| OO —‘ I
%q.ﬁ R
€99°€ o
€89°S °
6LL'L =
44V g
6EL°L § m
evl'l— =N " ——= "8V|
291"/ “ﬁ = — | €0
9€2’L 53
152 S S X
S5z 1 %R o
g N N T

09¢’L

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

[0

w



—16000000

178.25
143.35
140.64
128.82
127.76
126.10
123.47

—15000000

|

14000000

~13000000
77Y200701-2.2.1.1r

727Y200701-2 ~12000000

~11000000
~10000000
~9000000

—8000000

7000000
—6000000
—5000000
—4000000
—3000000

—2000000

| I H\L T T

——1000000

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S129



—9000000
—8000000

—7000000

—6000000

—5000000

—4000000

—3000000

—2000000
—1000000

0

o

O

(9p]

~
77Y200605.2.1.1r
7.7Y200605

mor wl s Jff/ f////}”/”f

@)
c
m

28b (400 HMz, CDClg)

J{ [ |

LEL

60°€

¥0'€

LOE

628
6L'6

LLe

€0l

LL'E

I A i e e e I i

€0l

o'l

T A
S

ARSI
m — O
QoCQ

Fuerry

Lee|
00°Ly
9L'Et

LS|

LUL]

oL

LO'Ly

80|

cLLy

— — —
T T

1.0

3.5

5.5

0.0 -0.5 -1.0 -1.5

0.5

2.0 1.5

2.9

3.0

4.5 4.0

5.0

6.0

9.0 85 80 7.5 7.0 6.5

). 5

f1 (ppm)

o

)



— N <tOoOANOMNOO <
OO0 O—MmMm—NnmmA
<t — OO0 00 O INMNIMNINS
N ononAaAl AN AL A A
) yunl wan wa e e s . v w e
\I

727Y200605.3.1.1r
272Y200605

BnO

28b (100 HMz, CDCl)

126.35
123.34
110.72
106.97
86.64
79.81
77.48

77.16
76.84

72.50
71.53
55.95
53.79
52.47

46.85

41.67

39.58
37.20

39.05
34.58
33.39
29.02
28.44
27.66
25.65
23.58
22.91

—_———— e ——— | ————

Il \Mn -

18.44
17.12
16.79
15.62

—16000000

—15000000

—14000000

—13000000

—12000000

—11000000

—10000000

—9000000

—8000000

7000000

—6000000

—5000000

—4000000

—3000000

—2000000

—1000000

——1000000

20 210 200 190 180 170 160

70 60 50 40 30 20 10 0

-20



9.°0
8.0
82601
75601
8860
801l
44N = e0
¢sc’lL % 20€]
6LEL pL'e
89€'L — = 7 8l
— H/ 6L€|
17724
4R 3
v0'€|
H/o::
H/ 8¢}
LL'L
F €0l
. LO'L
809’1 X Z o1l
L19°L J L0€
929'L1 S el
] N ? 501
PE9'L ~ v
79’1 - A
588l 2 & 001
068°L LOL|
206'L
226'L N
129°€ R = 00l
VLY
8LLY
LYY ~
LESY m
ELY'S 9  eo
669'S ~3 2 IMH/ se'e |
092'. = g
8T o - N
282, 55 g
00€°Z S8
0g€’. s
8vEL

-1.5

-1.0

0.0 -0.5

0.5

1.0

1.5

8.0 75 7.0 6.5 6.0 55 50 45 40 3.5 3.0 2.5 2.0

8.5

9.0

f1 (ppm)

[

w



S St —AANANO 0w —12000000
ST OONT— N - OO NSO ANOOOTNASANONOTETENOMT-EONOOOWTOUOUWNANO X I —
MO ANANONNAN— LT LT ON~NOTINANOONRINMOYOANNOMMNMNANMY OLWNLW = QO
N T OO AN ANANANANANODOODONNMNMNOANNILMMOANOO OO WONNSSMNMOOWWNNS O MOAMNLWLWN
\—\—\—F\—\—\—\—\—Nl\l\l\l\;l\;l\;@;mmm###mY)MMMMMMNNNNNN\—\—\—\—_11000000
—10000000
27Y200707-1.3.1.1r
77Y200707-1 —9000000
~8000000
7000000
~6000000
29b o (100 MHz, CDCl3) —5000000
~4000000
~3000000
—2000000
( —1000000
SRS 1V S 0
~—1000000

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S133



960
9.0
)
2
90°L |
7 M 80°€
— 60°€ |
— 3 or¢
— SO€r
gL'
gL'y |
se'e
H/@m.m_
vLgt
=T 501
=t e0z|
€0’
Lm 80'L
20°L[
w 10°L
W oLt
€0'L
20|
LyLY - Mw so'L|
geCYy - = 00k |
oLEY
6EEY
869V
.29V
eer’S
S65°S s — T 19|
165°S 0
SsT'L 0
09z L f
89¢'L 3
182'L] 3
682"/ | &
€62/
. o)
96l’L T

1.0

4.0

-1.0

-0.5

0.0

0.5

3.0 2.5 2.0 15

3.5

7.5 7.0 6.5 6.0 5.5 50 4.5

8.0

8.5

f1 (ppm)

<t

w



—17000000

18.50
17.06
15.73
15.60

23.51

o o 116000000
-15000000

14000000
77Y200707-2.2.1.1r

727Y200707-2 ~13000000

—12000000
—11000000
~10000000

—9000000

~8000000

29b 3 (100 MHz, CDCl3)

7000000
-—6000000
-—5000000
-—400()000
-—3000000

—2000000

L1 | E LY L

——1000000

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S135



mOOUVUUU
—6000000
5500000
—5000000

—4500000

4000000

—3500000

—3000000

2500000

—2000000

—1500000

~1000000

—500000
~—500000

265
L1270
588°0
668°0
85601
0860
SSZ'L
1821
LOE'L

o
I [— R—

60¢’L

9€t’L

Lesly
9551

2951
085'L ~
76S'L
109'L
909'L
€921
99/'L
9LL'L
98/'L
528l
958l
058'L
658'L
6.8'L
oSy
€Sy
650'S
8V0'S
V.LES
092'L
023
90,
60€'L
6LE'L
82€',
LE€'L
el
oveL

ff I I/

/

77Y200610-2.2.1.1r
727Y200610-2

30 (400 MHz, CDCly)

———=F00'L

= F¢c0¢

e

J =167

8.5 80 75 7.0 6.5 6.0 55 50 45 40 3.5 30 25 2.0 1.5 1.0 0.5 00 -0.5 -1.0 -1.5

9.0

f1 (ppm)

<o}

)



—3. 4E+07

—3. 2E+07

176.69
142.75
136.18
128.59
128.43
128.20
128.17
123.11
79.09
77.48
77.16
76.84
75.08
66.46
55.39
48.94
46.84
46.48
41.47
40.84
39.62
38.88
38.64
37.13
35.62
35.56
33.05

32.91
30.72

30.52
28.21
27.32
27.13
24.82
23.42
18.40
17.11
15.73
15.60

L

ﬁ
§

3. 0E+07

—2. 8E+07

77Y200610-2.3.1.1r

727Y200610-2 2. 6E+07

—2. 4E+07
—2. 2E+07
—2. OE+07

—1. SE+07

~
P’

1. 6E+07
30 (100 MHz, CDCly) L
—1. 4E+07
1. 2E+07
1. 0E+07
—8. OE+06

6. 0E+06

—4. OE+06

I

-—2. 0E+06

—

i

T T~ T T T~ 1 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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S137



0

I

? el £
@ 0 oage L =3
30 (CDCI3, HSQC) -
©@e
| | | | | | | | | | | | | | | | |
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£2 (ppm)

5138

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

f1 (ppm)



—14000000
—13000000

~12000000
~11000000

—10000000

—9000000

—8000000

7000000

~6000000

—5000000

—4000000

—3000000

—2000000

~1000000

——1000000

f 0 oA
L OO WMo
) .ﬁ.o‘.o‘.Oo.Oo.'\.m
Soocooo
~l—A—————

) ///{/m |

r

/

/

I

727Y200611.2
27Y200611

31 (400 MHz, CDCly)

UUWWWML 1y

VN

7
3

= /S'S

OL€
m\ oL'L
OLEr

S07¢lL
91°¢

€|

éce
LL'Y

128

0€9|

o'l

= 101

= 20¢

= 10|

F oos|

M -
:

3.0

0.0 -0.5

0.5

1.5 1.0

2.0

2.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

7.5

8.0

f1 (ppm)

[ep)

w



142.72
136.19
128.61
128.22
128.19
123.23
79.55

| I S I S S ——

77.48

77.16
76.84

75.14
66.48
55.50
48.96
46.49
41.46
40.85
39.66
39.46
38.66
37.03
35.64
35.57
33.14

46.89

77Y200611.3.1.1r
27Y200611

>
-

31 (100 MHz,

\.

32.94

30.71
30.54

28.65
27.77

ONNO—OANNMNYO OO
— O O T OAN— ANYON~
NO<S MO 0N OB m <
AN ANANAN ™™™ ™ ™ ™ | )

| e ——

ikl |

~18000000
;17000000
;16000000
;15000000
;14000000
;13000000
;12000000
;11000000
;10000000
;9000000
;8000000
;7000000
;6000000
;5000000
;4000000
;3000000
;2000000
;1000000
L

——1000000

20 210 200 190 180

40 30 20 10 0 -10 -20



—2. 8E+07
2. 6E+07
—2. 4E+07

—2. 2E+07

2. 0E+07
—1. SE+07
—1. 6E+07
—1. 4E+07

—1. 2E+07
—1. 0E+07
~8. 0E+06
6. 0E+06

—4. OE+06
—2. OE+06
—0. OE+00
——2. 0E+06

77Y200623-3.2.1.1r
27Y200623-3

|

L0°L

00°€

L0€

32 (400 MHz, CDCly)

L€

P

90°¢

910l

%€

00°L

AR}

860

00¢

LJJJM _ (ﬁMJ‘VUWdUM

L

i

66°¢C|

8¢
LL'EL
TR
¢60}|

00°L

00°L ¢t

00'L
860

00°L |

Fzool|

-0.5

1.5 1.0 0.5

2.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

9.0

f1 (ppm)

—

)



ANl O <t O O 0 I~ O

\—OONLn(‘ﬁ_W\—OMOONOOO@Q'I\NOOO\—NanmI\Oﬂ'NNI\GOOOOMQ'mman\—mN

MO OBOWOBVONNNAN T I —ONSTOOOMINOWNWOO— MANOOAANANMOWN N N OMNWN

< OO N AN ANANANANANANONMNMNMNMNOT OINOODUOUOTTOOODOMNLL OMOAN— OO MNLYSEOMO NS, LW LW 2 4E+H07

\—;\—;\—;F;\—;\—;\—;\—\—OOI\I\I\l\l\mmﬁ-##vvmmmmmmmmmmmmmmmx—\—\—\—
e e N r——m————"

-2. 2E+07
77Y200623-3.3.1.1r ~2. 0E+07
77Y200623-3

-1. 8E+07

-1. 6E+07

-1. 4B+07

32 (100 MHz, CDCL) L1 9F+07

—1. 0E+07

8. 0E+06

6. 0E+06

—4. 0E+06

| l» Hh““‘ '}“ ‘} o
. , . - : -0. OE+00
-—2. OE+06

T T T T~ 1 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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S142



Ll

§

|1l

.

g‘ g é-, 6'0.
o -] &
-9 S>
32 (CDCl3, HSQC) &
& $
4
I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)

S143

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

f1 (ppm)



—8000000
7000000

6000000
—5000000
4000000

3000000
—2000000

—1000000

o) //m I

Ifffff'

77Y200708
77Y200708

ﬂ-

Q—

(qp)]

N~
\L/k’

.j/i;r

90°¢

g [4%3

33 (400 MHz, Acetone-dg)

—— > 7 Ol¢

[4%3
L6C|
808

8L¢

cLet

90°¢
oarEl

E 8607

00°L

0L

eo’L

L0¢C

< T T

\ ﬂ\K_
|—|—|

S

e

8.0

0cyy

L60]

so'L|

960}

oLt

1.0

-0.5

0.0

2.0 1.5 0.5

2.5

3.0

<

L »n

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.

7.5

f1 (ppm)



<t OO VWM™ ~2. 6E+07

ANOOOOOWMe—LINWIMMNOMNWOOODO—OOANMNOOIN~NANMOMNSLWLLLNOMNOO — O 0m

NOBVOOwmnNANMOQOILTINANTANCOO—INOITANOOOFN—M~EMO~NOWNMWNOREND

T T T T e 00O~ TITITOOOHONOMONMOANANANANNNNANAN =SSO O L YET
e e e e —————— || e m——

-2. 2E+07
77Y200708.2.1.1r L9 0E+07
727Y200708

S -1. 8E+07
~1. 6E+07
_TCO,Bn
“oBn
Et,HSIO 1. 4E+07
33 (100 MHz, Acetone-de) 1. 2E+07

-1. OE+07

~8. OE+06

—6. OE+06

~4. 0E+06

J \‘ |>\}{ -
: ~0. OE+00
-—2. 0E+06

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
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S145



150 g
820
6880 662 |
/260 K L0’
€€6°0 - —) M |
090°L =SS - = 20°€
omm.» = LW 90°€
05TLF =i
2/ ~_ €'l
ges’Ll, — .
0651 // czel
1651 29°
0L9'L ™ H/ €eey
0€9'L o
9€9°L -
LEL - =& o0
@Nw._: N m !
9€8°L AN E s60]
1sgL ]l
mmw.; _ -
118'] < 1 00
va.m; . M 660
€0.°€] 00°L |
Ly Y — I3 Mmﬂ
62€Y - J
leLTwm.S-
-

~
—i
—
™
o
S S
N X
o o
S o
NN
e
N N
N N

34 (400 MHz, CDCly)

1.5

0.0

0.5

1.0

2.0

2.5



176.51
143.11
138.83
128.59
128.33
128.17
127.71
127.40
122.79
82.49
77.48
77.16
77.09
76.84
72.39
71.81
66.43
50.05
48.98

41.92
41.57
40.69
38.28
37.03
35.32
33.01
32.86
31.96

46.82
46.31
39.53
30.58

i

727Y200709.3.1.1r
727Y200709

HO™ ™
I
OH

34 (100 MHz, CDCly)

|1

TN

]

28.79

Iy

26.94
25.95

24.53

A

23.43

18.62
17.03
15.88
11.50

]

;19000000
;18000000
;17000000
;16000000
;15000000
;14000000
;13000000
;12000000
;11000000
;10000000
;9000000
;8000000
;7000000
;6000000
;5000000
;4000000
;3000000
;2000000

~1000000

~0

~—1000000

20 210 200 190 180 170 160 150 140

130

e I
120 110 100 90 80 70 60 50 40 30

f1 (ppm)
S147



L ol L

|

[ 1

&
P .
P 0
st °
e =@, ¢
L e =
S & Q-o
L 4
& [
I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T
8.5 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 05 0.0 -0.5 -10

2 (ppm)
S148

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

f1 (ppm)



—10000000

—9000000

~8000000

7000000

—6000000

5000000

—4000000

—3000000

2000000

—1000000

0

77Y200718.1.1.1r
77Y200718

I

rc0'€
r86°¢C
ﬁmm.v
rL6°C

r90°¢

86°¢

TS
0c’'L

vee
60°¢

Ly

A
- m/mo.@
U 001

/60

680
o'l
860
L0°L
=00'L
F-007¢

L 20l

35 (400 MHz, Acetone-dg)

A

=10l

10

f1 (ppm)

[op)

)



[ o~ [ o~ o~ o~ O ()
o (e} (e} (e) o (e} (e o
+ + + + + + + +
m m m m m 6] M m
Lo [w) Lo (e) Lo [} (e) o
i i Q 7 n n iy T
e
—_
o
2
[0)
c
[®]
—
(]
Q
<
i
I
=
Q _—
Qo
—
N
n
[y}
~
—
—
o~ 0
0 o0 I
—
[
o O
o O
N ON
>
N N
N N

-10

30 20 10

40

50

70

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

T
210

f1 (ppm)

(@)

w



—6000000
—~5500000
5000000
4500000
—4000000
—3500000
3000000
2500000
—2000000
—1500000
~1000000
~500000

~—500000

L€
vl
443
- feLe
L0°€
X
V'L

= 1€
/S’
859
oLy

00°L
m =00'L

EeoL

€01

€60
~co1

— = 00'L

—— 10l

LN
o
O
S
J

36 (400 MHz, DMSO-dg)

N~

o

N

ki
77Y200107.3.1.1r
77Y200107

10

11

12

13

14

f1 (ppm)

—

w



N~ NLb o
o — OO0 O0OA—~—INMNAOODINOTNA—OOOONNINECOINS HONTMWOOmM
N OF =YL - ANMNOO —-OOAOAMNINMAN™—OYWMI™—©OOWOAMT NN O — 0N MNMOD
o NS ANANOILWNNOVOUUOU——OOoOOOOOOOOOMNLINITA———dON<tA O O LN XD
(@V) N NN NSt SN SNSNSNS NS oo o o omn omn on on on on on on on oAl ANANNANA — — 00 3. bE+07
Z7Y200107.4.1.1r 3. 0E+07
77Y200107
2. 5E+07
2. 0E+07
36 (100 MHz, DMSO-dg)
1. 5E+07
1. OE+07
5. OE+06

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
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S152



36 (DMSO-dg, HSQC)

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

~220

f1 (ppm)



9750
_Jt oo
u 90|
———— 2 006
wu % 6672|
= ./ LLE
0,01
S0t
b zo€
10°E
R €66
00'L

: = p0Lf

4
Qe8¢ ~ r 0Ly
Liee] R R 00
A - .
06L'€ < 7 o]
oow.m — K 9ozt
2ed #\

: - T 201
85e'Y N —f 9
€09V
8297 -
vivLy . —F 501
Cradh
mmv.ﬁ
Evb'L;

LY. .

454 3

09v'. 2

SLLL <

02L'L ) L

SELLf —— o g E €179
ot L il Z E L0}
0SLL -

GG/l . I =

69L°L S As

8.0 7.5

8.5



LN OO WM~ LN
O < 1N WLt OLN o T AFTT N A NOOANOOTOMNMNONMNMOMOTALNOALNO OWOWS WM~
OANOVOOCwWONoITNOMONWOVWO— VOONONWOANWOXANNOONVOWOWUOTITANANNMN— — O
O N N AN ANANOIMLM AN OOLANODOSOUOVOUL MOOONNSNSOOOOOOOOOOOOOIMNNDMNMNDIMNDNSO
Nr——— === ——00~N0ONITIITIIITOHOOMmOHOHOHOHNHANANANNNNNNNNNAN — |
— e e | e — "
—4
77Y190829-2.2.1.1r
77Y190829-2 3
o><:
g -3
-~ OTBDPS
OH
e
2
s)\
@] S1 (100 MHz, Acetone-dg)
2
—1
—1
' =5
ol IR e
"1 "™ ""T1T "™ 71T "™ T T I I 1T T "1 "™ 1T "™ T T I I I I I I I I T 1 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 20
f1 (ppm)

S155

. 5E+07

. OE+07

. 5E+07

. OE+07

. 5E+07

. OE+07

. 5E+07

. OE+07

. OE+06

0E+00



S156

A SO
2 48 bl
=) = Q- 5
e & @
2 ® i
-] 1%} &@0 o0
® )
= o
88
o =
@ ﬂ ] [ ]
® a9 o
&P o id
o (-}
o @
o ©
—r T - T - T 1 1 "~ 1 "~ 1 1 "~ 1 "~ 1 " 1 " 1T "~ T "~ T "~ T "~ 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 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£2 (ppm)

f1 (ppm)



l }ll‘l | e Ilﬂlhhnlm.l

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

S157

A SO
L--]
82\
O S1 (Acetone-dg, HSQC) °
<p
4
. %6 ©
& .
©
3
o é ?
{} °
S e
— T T T T T T T " T " T "~ T "~ T " T T T T T T T T T T T T 1 ‘| - e
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£2 (ppm)

~220

f1 (ppm)



/890
GLO'L
650'L 80°
€80°L mwm
8vc'L — :
1106
Tl g2
68¢C°L L€
: - Jdere
vmm._ W oLl
L0V o =1
851 — —— 160t
Ly L~ — =, xL0¢€
9002 // ﬁwm
9102 O )Nm._
6€0°¢ H/mq.m
¥r0°2 - 1
co0 e =~ = =50
7G88°¢ H\Noe
€9 m.mM = —= 1501
cLye _ 00'L
2106 - o1
Nwm.m\ _ Mmo._
LLOY — =€0'L
192'% = Mww
moo.ﬁ\
0€9 v
9Z¥'L |
LEV L7 - — Fso'L
@mv.E
S L]
omﬁ.ﬂ
151
65'L 3
6cl’L m
vEL L $ |
vl L\ a5 - F0€9
€SL’L T = EoLY
19L°L S 3 .
99/, S S o
18/°L m m

98/L°L

-1.0

7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

8.9

[ee)

)



O O ONSN~NMW L

o < E; NI O N<TMUOBLANMAOOrE — MO T— SO ANODOWOUMUWOUMNTSTOLLOLWL WO WM
OCANWVWOOowONo TNOMANAOO— OVOONOANTANANNOOWOYWYNITANMNDN =« O |7
O MM N AANANOINNANOVOOTINANDDOVOUINMMe OONOONMNOOODOODOOOOOO0OO0OOIN~NNINIDNSO )
Nr————————0O0ON~NOVOonNSTITIIFITTMmMmmmmmmmaAANANANANNNNNNAN— |

— e e (e e ——————

—2. OE+07
77Y200714.2.1.1r —1. 8E+07
77Y200714

—1. 6E+07

—1. 4E+07

—1. 2E+07

$2 (100 MHz, Acetone-dg) 1. OE+07

8. 0E+06

~6. OE+06

~4. 0E+06

—2. OE+06

~—2. 0E+06

T T~ T T *~ 1 * 1 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
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
S159



S$2 (Acetone-dg, COSY)

= =
0
= 8
] ®
[ @
@ o
o (-3
ﬁl ® -
& o @
- o

7.0 6.5 6.0 55 50 45 40 35 3.0 2.5 20 1.5 1.0 0.5 0.0

£2 (ppm)
S160

-0.5

f1 (ppm)



IMI | TRl H““IIHL_LMLL

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

S161

L) o
(| "
6 ¢
' " m
e LA I an o
: | [ ] ne g
S$2 (Acetone-dg, HMBC) IR I |
ho "
8 ' .
wou Ow (1]
Q. “.O J (N
.mg"
» )
i ®
i
0 [+ (17 ] 4 [ ]
@
T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£2 (ppm)

~220

f1 (ppm)



IMI | TRl H““hHL_LML

=20

—20

—40

—60

~80

—100

—120

140

160

180

200

S162

i R %c#:=-
S2 (Acetone-dg, HSQC) . -
=== 1
—pe
T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£2 (ppm)

~220

f1 (ppm)



5500000
—5000000

—4500000
—4000000

—3500000

3000000

—2500000

2000000

—1500000

~1000000
—500000
——500000

~0

o
N~
O |
o

678°0
5260
200'L
0L0'L
680'L
PSE'L
0S5'L
095°L
588

568’1
298'C
9EL’E
S9°€
8LY'Y
9EY'Y
8y
€9ty
SS9y
2897
589y
160°S
SLL'S
LES
ELY'S
LEV'S
GSTL;
092°.
LLEL;
VLE L]
TAWA
0EE"L]
43

8YE'L

€5€7L

L9E'L

LLEL

LY.

SLY'L

261'L

96%'L

/ /

| /I[M

80°¢
Lw% oLl

AN

el

v0'€|

LLEL

J/(f

y

sy

/s

j/IJ.lr

J

Z7Y191109
Z7Y19110

o
c
11]

S3 (400 MHz, CDCly)

NN

AN
M A O
o O O
- —

— L el

=i

UW €0'€|
860
002
02|

1.0

-0.5

0.0

0.5

7.0 6.5 6.0 5.5 5.0 4.5

7.5

8.0



139.54
136.91
129.90
128.50
128.32
128.13
127.55
127.35
125.14
86.48

85.07

82.23

T ————————

77Y191109-4.2.1.1r
Z7Y191109-4

BnO

$3 (100 MHz, CDCly)

77.48
77.16
76.84
73.54
71.49
70.71
56.30
55.80
53.11

. 13000000

—12000000

—11000000

—10000000

~9000000

—8000000

7000000

—6000000

5000000

—4000000

3000000

—2000000

—1000000

0

——1000000

20 210 200 190 180 170 160

-20





