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Experimental

1.1 General information

Unless otherwise stated, all commercial reagents were used without additional purification and solvents were distilled
prior to use. All reactions were carried out under nitrogen atmosphere. "H NMR and '*C NMR spectra were recorded
in CDCl; at 500 MHz, using CDCls; as a reference standard (8 = 7.26 ppm) for 'H NMR and (8 = 77.00 ppm) for 13C
NMR or DMSO-d6 as a reference standard (8 = 2.50 ppm) for 'H NMR and (8 = 39.52 ppm) for 3C NMR. Melting
points were measured with a Laboratory Device MEL-TEMP and were uncorrected. TLC was performed using
commercially prepared silica gel plates (GF254), and visualization was effected at 254 nm and 365 nm. High
resolution mass spectra (HRMS) were recorded on the Exactive Mass Spectrometer equipped with ESI ionization

source.

1.2 Control experiments

Various acids were used to treat with compound 11b to afford 12b under the optimized conditions.

Compound 11b (50 mg, 0.09 mmol) was mixed with the acid in anhydrous dichloromethane (5 mL) and the resulting
mixture was stirred under nitrogen atmosphere at -78 °C for 10 min, warmed up to room temperature and stirred
overnight, then heated to 40 °C and further stirred for 8 h. The reaction was poured into water, and the mixture was
extracted with dichloromethane (3 x 5 mL). The organic layers were combined, washed with water and brine, dried

over anhydrous MgSOQ,, filtered and concentrated in vacuo.

Table S-1 The results of the reaction with the acids.

solvent

acid A
12b
i . Yield (%)
Entry Acid Solvent Temp (time) —_—
12b
1 DAST DCM -78 °C (10min) to RT (2 h) 80
) DAST DCM -78 °C (10min) to 40 °C (1 h) 68
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3 p-TsOH DCM  -78°C (10min) to RT (8 h) to 40 °C (8 h) 0

4 CF;COOH DCM  -78°C (10min) to RT (8 h) to 40 °C (8 h) 0.
5 CF;S0;H DCM  -78°C (10min) to RT (8 h) to 40 °C (8 h) 0
6 ()-10-Camph-— 0 r 78 9C (10min) to RT (8 h) to 40 °C (8 h) 0
orsulfonic acid
7 HCI THF  -78 °C (10min) to RT (8 h) to 40 °C (8 h) N.R.
8 HNO; THF  -78 °C (10min) to RT (8 h) to 40 °C (8 h) N.R.
9 AlCI; toluene  -78 °C (10min) to RT (8 h) to 40 °C (8 h) N.R.
10 FeCly toluene  -78 °C (10min) to RT (8 h) to 40 °C (8 h) N.R.

Reaction conditions: 11b (0.09 mmol), DAST (0.24 mL), 1 M HCI (0.90 mL), 1 M HNO; (0.90 mL), p-TsOH (0.90 mmol), CF;COOH (0.90
mL), CF;SOsH (0.90 mL), AICIl; (0.90 mmol), FeCl; (0.90 mmol), (+)-10-Camphorsulfonic acid (0.90 mmol). “Yield of isolated product

12b.

The model substrate 11b was synthesized and tested in the control experiments a and b. One-equivalent of i-Pr,NEt
was used in the control experiment a and the additive of sterically hindered acid in the control experiment b. A trace
amount of 12b was observed in the control experiment a by TLC and MS detections and no product 12b was found

in the control experiment b.

1. (COCl),, DMSO, -78 °C, 2h

2. i-PryNEt, -78 °C, 30 min, then rt, overnight

OH PhsP, DIAD
- .

MeO THF, -30 °C
OMe

12b (0%)

Scheme S-1 Control experiments a and b

Oxalyl chloride (0.02 mL, 0.24 mmol) and DMSO (0.03 mL, 0.48 mmol) were dissolved in dichloromethane (10
mL) under nitrogen atmosphere and the resulting mixture was stirred at -78 °C for 30 min. To the solution was added
11b (100 mg, 0.18 mmol) and the mixture was stirred for 2 h, followed by addition of i-Pr,NEt (0.03 mL, 0.18 mmol)
and further stirred for 30 min. The reaction was warmed up to room temperature, poured into water, and the resulting
mixture was extracted with dichloromethane (3 x 5 mL). The organic layers were combined, washed with water and
brine, dried over anhydrous MgSOy, filtered and concentrated in vacuo.
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Compound 11b (180 mg, 0.33 mmol), 3.4,5-trimethoxybenzoic acid (70 mg, 0.33 mmol) and Ph;P (257 mg, 0.98
mmol) was dissolved in anhydrous THF (20 mL), then DIAD (0.19 mL, 0.98 mmol) was added at -30 °C. The mixture
was stirred at room temperature for 6 h under nitrogen atmosphere. The solvent was evaporated and the residue was
dissolved in EtOAc (50 mL), then the mixture was washed by diluted hydrochloric acid for two times, and brine in

sequence. The organic layer was dried by anhydrous MgSO, and the solvent was evaporated.

1.3 Scheme S-2 General procedure for the synthesis of compounds 10!

Jones reagent 1. DMP, acetone, p-TsOH, 56°C

-
acetone, 0 °C, 20 min 2. Ac,0, TEADMAP, DCM, t, 5 h

H
OH
1 (Oridonin)

To a stirring solution of oridonin (500 mg, 1.37 mmol) in acetone (40 mL) was added Jones reagent (0.6 mL) dropwise
at ice—water bath. The resulting mixture was stirred at 0 °C for 20 min, followed by addition of isopropyl alcohol to
quench excess Jones reagent. Then the mixture was diluted with water and extracted with dichloromethane (3 x 10
mL). The extract was washed with brine, dried over anhydrous MgSQ,, filtered, and evaporated to give a solid crude
product. The crude residue was recrystallized from acetone—hexane to give compound 10a as a white solid, 440 mg,
88% yield.

Treatment of oridonin (500 mg, 1.37 mmol) with 2,2-dimethoxypropane in the presence of p-TsOH in acetone
afforded 7,14-(1-methylethylene)-dioxy-oridonin derivative (498 mg, 1.23 mmol) in 90% yield. 7,14-(1-
methylethylene)-dioxy-oridonin derivative (200 mg, 0.50 mmol) upon reaction with Ac,O (0.05 mL, 0.50 mmol),
Et;N (1 mL), DMAP (183 mg, 1.50 mmol) in 15 mL dichloromethane, yielded the corresponding compound 13, 221
mg, 91% yield. Deprotection of compound 13 (200 mg, 0.44 mmol) with 2% HCI solution in 10 mL tetrahydrofuran

gave the corresponding compound 10b, 155 mg, 87% yield.!

1.4 Scheme S-3 General procedure for the synthesis of compounds 11a-11r!

EDCI, DMAP
R DCM, 0 °C, overnight
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Compound 10a (100 mg, 0.25 mmol) was mixed with 4-methoxycinnamic acid (50mg, 0.25 mmol), EDCI (143 mg,
0.75 mmol) and DMAP (92 mg, 0.75 mmol) in 10 mL anhydrous dichloromethane and the resulting mixture was
stirred under nitrogen atmosphere at room temperature overnight. The mixture was poured into 1 M HCI solution,
and extracted with dichloromethane (3 x 5 mL). The organic layers were combined, washed with water and brine,
dried over anhydrous MgSO,, filtered and concentrated in vacuo. The crude product was purified by column
chromatography (SiO,, DCM / MeOH) to give the compound 11a.! All of the products 11b-11r were synthesized

according to above described procedure.

1.5 Scheme S-4 General procedure for the synthesis of compounds 12a-12j

Compound 11a (94 mg, 0.18 mmol) was mixed with 0.24 mL DAST (diethylaminosulfur trifluoride) in anhydrous
dichloromethane (10 mL) and the resulting mixture was stirred under nitrogen atmosphere at -78 °C for 10 min and
then warmed up to room temperature for 2 h. The mixture was poured into water, and extracted with dichloromethane
(3 x 5 mL). The organic layers were combined, washed with water and saturated NaCl solution, dried over anhydrous
MgSQ,, filtered and concentrated in vacuo. The crude product was purified by column chromatography (petroleum
ether / ethyl acetate) to give the compound 12a. All of the products 12b-12j were synthesized according to above

described procedure.

1.6 Scheme S-5 General procedure for the synthesis of compound 14

Compound 13 (100 mg, 0.22 mmol) was mixed with 0.30 mL DAST (diethylaminosulfur trifluoride) in anhydrous
dichloromethane (10 mL) and the resulting mixture was stirred under nitrogen atmosphere at -78 °C for 10 min and
then warmed up to room temperature for 2 h. The mixture was poured into water, and extracted with dichloromethane
(3 x 5 mL). The organic layers were combined, washed with water and brine, dried over anhydrous MgSQ,, filtered

and concentrated in vacuo. The crude product was purified by column chromatography (6:1 petroleum ether / ethyl
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acetate) to give the compound 14 as a white solid, 77 mg, 89% yield.

1.7 Scheme S-6 General procedure for the synthesis of compound 15

MeO

OMe

Compound 11d (50 mg, 0.08 mmol) was mixed with (£)-3-(3,4-dimethoxyphenyl)acrylic acid (33 mg, 0.16 mmol),
0.11 mL DAST (diethylaminosulfur trifluoride) in anhydrous dichloromethane (10 mL) and the resulting mixture
was stirred under nitrogen atmosphere at -78 °C for 10 min and warmed up to room temperature overnight. The
mixture was poured into water, and extracted with dichloromethane (3 x 5 mL). The organic layers were combined,
washed with water and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. The crude product
was purified by column chromatography (6:1 petroleum ether / ethyl acetate) to give the compound 15 as a white

solid, 52 mg, 83% yield.

1.8 In vitro cytotoxicity

The HepG2, RPMI-8226, A549, L-O2 cell lines used in this study were all purchased from EnoGene company.
RPMI-8226 and A549 cells were cultured in RPMI 1640 media containing 10% heat inactivated FBS, HepG2 and L-
02 cells were cultured in DMEM media containing 10% heat inactivated FBS at 37 °C with 5% CO,. In order to
investigate the antitumor activity of some compounds, a commercial Paclitaxel (PTX) was used as a positive control
drug.

10000 cells of HepG2, RPMI-8226, A549 or L-O2 were prepared into 200 pL cell suspension in each well of 96-well
plates and the plates were incubated for 24 h at 37 °C with 5% CO,. 100 pL Medium with compounds was mixed
into each well of 96-well plates, respectively. And the negative control group, the solvent control group, the positive
control group were established, respectively. The plates were incubated for 72 h at 37 °C with 5% CO,. Then 10 puL
CCK-8 solution was mixed into each well of 96-well plates and the plates were incubated for 4 h. Optical absorbance

at 450 nm was determined with microplate absorbance reader (Bio-Rad). ICsy values were calculated from the dose—
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response curves of the assay (Prism 7.0).

Table S-2 ICs,* values (uM) of compounds 11e, 11i and 14 in human liver cancer cells HepG2 and human normal

liver cells L-O2

Compd. HepG2 L-02 N
Oridonin 7.93 +£1.25 17.42 +1.06 2.20
1le 13.81 £2.27 11.65+0.61 0.84
11i 0.98 £0.10 8.66 £ 0.21 8.84
14 2.07+0.29 7.09 £ 0.08 3.43

2[Cso: concentration that inhibits 50% of cell growth. >SI: selectivity index (ICso on normal

cells/ICsg on tumor cells)

1.9 Characterization data for all products

(4aR,55,65,6aR,95,11aS,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-

6,11b-(epoxymethano)-6a,9-methanocyclohepta[a|naphthalen-14-yl (E)-3-(4-methoxyphenyl)acrylate (11a).
White solid, mp 136-137 °C. 121 mg, 83% yield. R,=0.35 (1 : 25 MeOH in CH,Cl,); '"H NMR (500 MHz, CDCI;)
07.60 (d,J=15.9 Hz, 1H), 7.44 (d, J=8.7 Hz, 2H), 6.88 (t,J = 5.8 Hz, 2H), 6.27 (s, 1H), 6.20 (d, /= 15.9 Hz, 1H),
5.92 (s, 1H), 5.62 (d, J= 0.9 Hz, 1H), 5.47 (d, J = 8.8 Hz, 1H), 4.32 (dd, J = 10.6, 1.0 Hz, 1H), 4.05 (dd, J = 10.6,
1.5 Hz, 1H), 3.83 (d, J = 6.1 Hz, 3H), 3.25 (d, /= 9.6 Hz, 1H), 2.62 (dt, J = 14.0, 8.8 Hz, 1H), 2.47 (ddd, J = 15.4,
10.9, 6.6 Hz, 1H), 2.38 — 2.24 (m, 3H), 2.08 —2.01 (m, 1H), 1.99 (d, /= 8.6 Hz, 1H), 1.95 - 1.87 (m, 1H), 1.74 (ddd,
J=13.8,8.8, 6.7 Hz, 2H), 1.68 — 1.60 (m, 1H), 1.37 — 1.30 (m, 1H), 1.21 (s, 3H), 1.01 (s, 3H). 3C NMR (125 MHz,
CDCl;) & 211.78, 204.97, 165.43, 161.79, 149.32, 146.32, 130.08, 126.56, 122.20, 114.37, 114.06, 97.13, 75.54,
73.03, 64.93, 61.18, 60.35, 55.39, 50.77, 48.56, 41.32, 38.54, 35.83, 32.89, 30.53, 30.00, 29.69, 23.30, 19.05. HRMS

(m/z) (ESI): calcd for C3oH3505 523.2326 [M+H] * found 523.2318.
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OMe

OMe

(4aR,55,65,6aR,95,11a5,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-

6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl (E)-3-(3,4-dimethoxyphenyl)acrylate
(11b). White solid, mp 139-141 °C. 127 mg, 82% yield. R,=0.49 (1 : 25 MeOH in CH,Cl,); 'H NMR (500 MHz,
CDCl3) 6 7.57 (d,J=15.9 Hz, 1H), 7.06 (dd, J= 8.3, 1.9 Hz, 1H), 7.00 (d, /= 1.9 Hz, 1H), 6.84 (d, /= 8.4 Hz, 1H),
6.27 (s, 1H), 6.20 (d, J=15.9 Hz, 1H), 5.91 (s, 1H), 5.61 (d, J= 0.5 Hz, 1H), 5.44 (d, J=11.5 Hz, 1H), 4.44 (s, 1H),
4.31(d,J=10.6 Hz, 1H), 4.05 (dd, J=10.6, 1.3 Hz, 1H), 3.89 (s, 6H), 3.82 (dd, /= 11.4, 8.7 Hz, 1H), 3.24 (d, J =
9.5 Hz, 1H), 2.61 (dt, J = 14.0, 8.8 Hz, 1H), 2.46 (ddd, J = 15.4, 10.8, 6.6 Hz, 1H), 2.36 — 2.25 (m, 2H), 2.07 — 2.00
(m, 1H), 1.98 (d, J = 8.6 Hz, 1H), 1.94 — 1.87 (m, 1H), 1.76 — 1.69 (m, 2H), 1.68 — 1.59 (m, 1H), 1.37 — 1.30 (m,
1H), 1.20 (s, 3H), 1.01 (s, 3H). *C NMR (125 MHz, CDCl;) & 211.71, 204.97, 165.31, 151.56, 149.29, 146.48,
126.81, 123.28, 122.19, 114.29, 110.95, 109.46, 97.15, 75.56, 73.05, 64.92, 61.20, 60.34, 55.95, 50.75, 48.56, 41.32,
38.54, 35.82, 32.88, 30.54, 30.01, 29.67, 23.29, 19.05. HRMS (m/z) (ESI): caled for C3H3,09 553.2432 [M+H] *

found 553.2428.

OMe
OMe

OMe

(4aR,55,65,6aR,95,11a5,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-

6,11b-(epoxymethano)-6a,9-methanocycloheptaja|naphthalen-14-yl (E)-3-(3,4,5-trimethoxyphenyl)acrylate
(11c). White solid, mp 113-115 °C. 137 mg, 84% yield. R,= 0.64 (1 : 25 MeOH in CH,Cl,); '"H NMR (500 MHz,
CDCl;) 6 7.52 (d, J=15.9 Hz, 1H), 6.69 (s, 2H), 6.27 — 6.21 (m, 2H), 5.92 (s, 1H), 5.61 (s, 1H), 5.43 (d, J=11.5 Hz, 1H),
4.39 (s, 1H), 4.30 (d, J=10.7 Hz, 1H), 4.03 (d, /= 10.7 Hz, 1H), 3.88 — 3.78 (m, 10H), 3.22 (d, J= 9.3 Hz, 1H), 2.59 (dt,
J=14.0, 8.8 Hz, 1H), 2.50 — 2.41 (m, 1H), 2.36 — 2.22 (m, 2H), 2.05 — 1.98 (m, 1H), 1.96 (d, J= 8.7 Hz, 1H), 1.93 — 1.86
(m, 1H), 1.74 — 1.67 (m, 1H), 1.63 (td, J=13.1, 7.4 Hz, 1H), 1.36 — 1.29 (m, 1H), 1.18 (s, 3H), 0.98 (d, /= 7.8 Hz, 3H).
3C NMR (125 MHz, CDCl3) 8 211.66, 204.95, 165.09, 153.37, 149.31, 146.34, 140.44, 129.28, 122.25, 116.04,
105.39, 105.18, 97.12, 75.50, 73.09, 64.92, 61.22, 60.90, 60.23, 56.17, 50.73, 48.53, 41.33, 38.48, 35.79, 32.86,

30.52,30.01, 29.64, 23.26, 19.06. HRMS (m/z) (ESI): calcd for Cs,H390;9 583.2538 [M+H] * found 583.2530.
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(185,4aR,55,65,6aR,9S5,11a8,11bS,14R)-1-acetoxy-5,6-dihydroxy-4,4-dimethyl-8-methylene-7-

oxododecahydro-1H-6,11b-(epoxymethano)-6a,9-methanocycloheptajajnaphthalen-14-yl (E)-3-(3,4-
dimethoxyphenyl)acrylate (11d). White solid, mp 144-145 °C. 122 mg, 83% yield. R, = 0.60 (1 : 30 MeOH in
CH,Cly); '"H NMR (500 MHz, CDCl;) 6 7.55 (d, /= 15.8 Hz, 1H), 7.04 (d, /= 8.3 Hz, 1H), 6.97 (s, 1H), 6.82 (d, J
= 8.3 Hz, 1H), 6.18 (d, /= 15.9 Hz, 1H), 6.16 — 6.10 (m, 2H), 5.87 (s, 1H), 5.48 (s, 1H), 4.61 (dd, J=11.1, 5.5 Hz,
1H), 4.42 (s, 1H), 4.27 (d, /= 10.6 Hz, 1H), 4.16 (d, J = 10.6 Hz, 1H), 3.88 (t, /= 7.0 Hz, 6H), 3.78 (dd, J = 10.3,
6.5 Hz, 1H), 3.24 (d, /=9.9 Hz, 1H), 2.61 — 2.50 (m, 1H), 2.09 — 2.00 (m, 2H), 1.98 (s, 3H), 1.73 (dd, /=9.1, 5.2
Hz, 1H), 1.57 — 1.49 (m, 1H), 1.45 (t, /= 12.6 Hz, 2H), 1.33 (d, J = 6.4 Hz, 1H), 1.28 (d, /= 6.6 Hz, 1H), 1.22 (s,
1H), 1.10 (s, 6H). 3C NMR (125 MHz, CDCl5) 8 206.41, 169.88, 165.37, 151.65, 149.43, 149.24, 146.68, 126.69,
123.25, 120.54, 114.07, 110.98, 109.52, 96.20, 76.64, 75.37, 73.69, 63.50, 61.50, 60.32, 55.96, 55.92, 53.61, 41.05,
39.74, 38.10, 33.56, 32.34, 30.19, 25.17, 21.53, 21.47, 17.95. HRMS (m/z) (ESI): caled for C53H41019 597.2694

[M+H] * found 597.2689.

(55,6S5,6aR,9S5,11a8,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-

(epoxymethano)-6a,9-methanocycloheptaa]naphthalen-14-yl (zert-butoxycarbonyl)-L-valinate (11e). White
solid, mp 96-97 °C. 130 mg, 86% yield. R,=0.38 (1 : 25 MeOH in CH,CL,); 'H NMR (500 MHz, CDCl;) & 6.22 (s,
1H), 5.86 (d, J=13.6 Hz, 1H), 5.58 (s, 1H), 5.35 (d, J=11.7 Hz, 1H), 4.98 (d, /= 8.1 Hz, 1H), 4.27 (d, /= 10.7 Hz,
1H), 4.22 (s, 1H), 4.08 — 3.99 (m, 2H), 3.77 (dd, J = 11.6, 9.0 Hz, 1H), 3.10 (d, J = 9.3 Hz, 1H), 2.55 (dt, J = 14.0,
8.8 Hz, 1H), 2.48 — 2.38 (m, 1H), 2.36 — 2.28 (m, 1H), 2.21 (dd, J = 13.6, 4.4 Hz, 1H), 2.03 (dt, J = 18.1, 5.9 Hz,
1H), 1.95 (dt, J=17.5, 7.1 Hz, 2H), 1.88 (dd, /= 10.9, 4.3 Hz, 1H), 1.71 (ddd, J=18.1, 12.4, 8.1 Hz, 1H), 1.61 (td,
J=13.1,7.4Hz, 1H), 1.41 (d,J=9.9 Hz, 9H), 1.33 — 1.26 (m, 1H), 1.18 (s, 3H), 0.97 (d, /= 12.7 Hz, 3H), 0.88 (dd,
J=13.8, 5.8 Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H). 3C NMR (125 MHz, CDCl;) & 211.67, 204.52, 171.19, 149.36,
121.94,96.79,79.92, 75.15, 73.36, 64.86, 61.31, 59.79, 59.05, 50.68, 48.48, 41.44, 38.38, 35.73, 32.84, 30.76, 30.49,
29.92, 28.24, 23.18, 19.12, 18.85, 17.75. HRMS (m/z) (ESI): calcd for C;0H44NOg 562.3011 [M+H] * found

562.2998.
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(18,55,68,6aR,95,11aS,11bS,14R)-1-acetoxy-5,6-dihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-
6,11b-(epoxymethano)-6a,9-methanocyclohepta[a|naphthalen-14-yl (fert-butoxycarbonyl)-L-valinate (11f).
White solid, mp 80-82 °C. 123 mg, 82% yield. R,= 0.56 (1 : 30 MeOH in CH,CL); '"H NMR (500 MHz, CDCl;) &
6.11 (s, 1H), 6.06 (d, J=10.6 Hz, 1H), 5.81 (d, /= 0.6 Hz, 1H), 5.46 (s, 1H), 4.98 (d, J= 8.1 Hz, 1H), 4.60 (dd, J =
11.3, 5.5 Hz, 1H), 4.23 (dd, J=10.6, 1.1 Hz, 1H), 4.20 — 4.11 (m, 2H), 4.06 (dd, J= 8.1, 5.2 Hz, 1H), 3.74 (dt, J =
11.7, 5.8 Hz, 1H), 3.13 (d, J = 10.0 Hz, 1H), 2.56 — 2.47 (m, 1H), 2.08 — 1.94 (m, 6H), 1.74 (ddd, J=12.1, 7.3, 3.1
Hz, 1H), 1.54 — 1.48 (m, 1H), 1.48 — 1.41 (m, 2H), 1.41 — 1.36 (m, 9H), 1.32 (d, /= 6.7 Hz, 1H), 1.27 (d, /= 6.7 Hz,
1H), 1.22 (s, 1H), 1.10 (s, 6H), 0.89 (d, J = 6.8 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H). *C NMR (125 MHz, CDCl;) &
205.95,171.22,169.87, 155.54, 149.35, 120.41, 95.82, 79.96, 76.53, 75.36, 74.16, 63.43, 61.62, 59.99, 59.12, 53.70,
41.07, 39.63, 38.11, 33.52, 32.39, 30.76, 30.10, 29.65, 28.21, 25.11, 21.61, 21.52, 18.91, 18.02, 17.74. HRMS (m/z)

(ESI): calcd for C3,Hy470,0NNa 628.3092 [M+H] * found 628.3082.

(18,55,6S8,6aR,98,11aS5,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-

(epoxymethano)-6a,9-methanocycloheptaa]naphthalen-14-yl (tert-butoxycarbonyl)-L-valinate (11g). White
solid, mp 219-220 °C. 128 mg, 84% yield. R,=0.25 (1 : 25 MeOH in CH,Cl,); '"H NMR (500 MHz, CDCl;) 6 6.13
(s, 1H), 6.07 (t, /= 10.0 Hz, 1H), 5.88 (s, 1H), 5.48 (s, 1H), 5.03 (d, /= 8.2 Hz, 1H), 4.29 (d, /= 10.4 Hz, 1H), 4.21
(s, 1H), 4.08 (t,J=11.7 Hz, 2H), 3.75 (dd, J = 10.5, 7.0 Hz, 1H), 3.52 — 3.45 (m, 1H), 3.15 (d, /= 9.8 Hz, 1H), 2.60
(dt,J=13.9,9.1 Hz, 1H), 2.24 (dt, J=21.5, 13.4 Hz, 1H), 2.06 (dd, J=12.2, 6.3 Hz, 1H), 1.95 (dd, J=12.8, 5.2 Hz,
1H), 1.84 (s, 1H), 1.81 — 1.72 (m, 1H), 1.70 — 1.63 (m, 1H), 1.62 — 1.54 (m, 2H), 1.50 (s, 1H), 1.45 (t, /= 10.3 Hz,
1H), 1.41 (d, J=9.2 Hz, 9H), 1.27 (d, /= 10.0 Hz, 1H), 1.11 (s, 6H), 0.90 (t, J = 8.5 Hz, 3H), 0.84 (t, /= 8.7 Hz,
3H). 3C NMR (125 MHz, CDCls) § 206.21, 171.12, 155.58, 149.87, 120.08, 96.00, 79.94, 74.37, 73.45, 63.36, 61.99,
59.51,59.01, 54.71, 41.33, 38.70, 33.71, 32.62, 30.90, 30.44, 29.95, 29.68, 28.25, 21.76, 19.85, 18.91, 17.66. HRMS

(m/z) (ESI): calcd for C30H46NOg 564.3167 [M+H] * found 564.3152.

S10



(55,65,6aR,9S5,11a8,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-

(epoxymethano)-6a,9-methanocycloheptaa]naphthalen-14-yl (tert-butoxycarbonyl)-L-leucinate (11h). White
solid, mp 128-129 °C. 127 mg, 82% yield. R,=0.39 (1 : 25 MeOH in CH,Cl,); '"H NMR (500 MHz, CDCl;) & 6.24
(s, 1H), 5.90 (s, 1H), 5.60 (s, 1H), 5.38 (d, /J=11.6 Hz, 1H), 4.84 (d, /= 7.3 Hz, 1H), 4.29 (dd, J=10.7, 0.7 Hz, 1H),
4.23 (s, 1H), 4.20 — 4.14 (m, 1H), 4.03 (dd, J=10.7, 1.4 Hz, 1H), 4.01 — 3.99 (m, 1H), 3.78 (dd, J = 11.6, 8.9 Hz,
1H), 3.10 (d, J=9.3 Hz, 1H), 2.55 (dt, J = 13.9, 8.7 Hz, 1H), 2.46 (ddd, /= 15.6, 10.9, 6.5 Hz, 1H), 2.33 (ddd, J =
15.4,8.9,4.6 Hz, 1H), 2.22 (dd, J=13.7,4.3 Hz, 1H), 2.02 — 1.87 (m, 3H), 1.77 — 1.71 (m, 1H), 1.69 (s, 1H), 1.64 —
1.57 (m, 2H), 1.45 - 1.38 (m, 9H), 1.32 (dd, J=13.4, 6.7 Hz, 1H), 1.20 (s, 3H), 1.00 (s, 3H), 0.88 (t, /= 6.5 Hz, 6H).
3C NMR (125 MHz, CDCl3) & 211.67, 204.53, 171.90, 155.33, 149.42, 121.87, 96.83, 79.98, 74.99, 73.40, 64.86,
61.33, 59.80, 52.53, 50.72, 48.52, 41.42, 40.88, 38.41, 35.74, 32.85, 30.51, 29.98, 29.68, 28.25, 24.81, 23.19, 22.62,

22.07, 19.15. HRMS (m/z) (ESI): calcd for C3;H46NOg 576.3167 [M+H] * found 576.3158.

(18,4aR,5S,6S,6aR,9S,11a8,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-

6,11b-(epoxymethano)-6a,9-methanocyclohepta[a|naphthalen-14-yl (tert-butoxycarbonyl)-L-leucinate (18i).
White solid, mp 217-218 °C. 139 mg, 89% yield. R,=0.28 (1 : 25 MeOH in CH,Cl,); '"H NMR (500 MHz, CDCI;)
06.11 (s, 1H), 5.87 (s, 1H), 5.47 (s, 1H), 4.90 (d, J=7.6 Hz, 1H), 4.28 (d, /= 10.4 Hz, 1H), 4.23 (s, 1H), 4.20 - 4.13
(m, 1H), 4.05 (d, J = 10.4 Hz, 1H), 3.73 (dd, J = 10.6, 6.9 Hz, 1H), 3.50 — 3.44 (m, 1H), 3.12 (d, J = 9.8 Hz, 1H),
2.62 —2.54 (m, 1H), 2.24 (ddd, J=21.4, 13.4, 8.4 Hz, 1H), 1.96 (d, /=9.5 Hz, 1H), 1.80 — 1.72 (m, 1H), 1.71 — 1.63
(m, 2H), 1.58 (ddd, J=19.7, 13.3, 6.9 Hz, 4H), 1.48 — 1.35 (m, 11H), 1.26 (dd, J = 18.6, 4.6 Hz, 3H), 1.10 (s, 6H),
0.87 (t,J=5.9 Hz, 6H). 3C NMR (125 MHz, CDCl;) § 206.25, 171.84, 155.28, 149.89, 119.99, 96.01, 79.96, 77.24,
76.52,74.40, 73.37, 63.38, 62.01, 59.51, 54.71, 52.52, 41.30, 40.89, 38.70, 33.70, 32.62, 30.49, 29.89, 28.23, 24.77,

22.71,21.94,21.73, 19.84. HRMS (m/z) (ESI): calcd for C3;H4sNOg 578.3324 [M+H] * found 578.3327.
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(55,65,6aR,9S5,11a8,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-

(epoxymethano)-6a,9-methanocycloheptaa]naphthalen-14-yl (28)-2-((tert-butoxycarbonyl)amino)-3-
methylpentanoate (11j). White solid, mp 88-89 °C. 134 mg, 86% yield. R,= 0.48 (1 : 25 MeOH in CH,CL,); 'H
NMR (500 MHz, CDCls) & 6.23 (s, 1H), 5.87 (s, 1H), 5.58 (s, 1H), 5.35 (d, J=11.6 Hz, 1H), 4.99 (d, /= 7.8 Hz,
1H), 4.27 (d, J=10.7 Hz, 1H), 4.23 (s, 1H), 4.13 — 4.08 (m, 1H), 4.02 (d, /= 10.6 Hz, 1H), 3.78 (dd, /= 11.5, 9.0
Hz, 1H), 3.10 (d, J=9.3 Hz, 1H), 2.55 (dt, /= 14.0, 8.7 Hz, 1H), 2.48 — 2.40 (m, 1H), 2.35 - 2.28 (m, 1H), 2.21 (dd,
J=13.6,4.5 Hz, 1H), 1.96 — 1.91 (m, 2H), 1.88 (dd, J=10.9, 4.3 Hz, 1H), 1.75 — 1.67 (m, 1H), 1.61 (td, J = 13.0,
7.3 Hz, 1H), 1.40 (d, J=9.8 Hz, 8H), 1.29 (dd, J=13.4, 6.9 Hz, 2H), 1.18 (s, 3H), 1.14 — 1.04 (m, 1H), 0.98 (s, 3H),
0.90 — 0.80 (m, 6H). 3C NMR (125 MHz, CDCl3) § 211.69, 204.48, 149.40, 121.88, 96.78, 75.21, 73.33, 64.84,
61.30, 59.78, 58.21, 50.66, 48.49, 41.44, 38.39, 37.39, 35.73, 32.84, 30.49, 29.91, 28.25, 25.08, 23.18, 19.11, 15.34,

11.45. HRMS (m/z) (ESI): caled for C3;HysNOgy 576.3167 [M+H] * found 576.3157.

(18,55,6S8,6aR,98,11aS5,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-

(epoxymethano)-6a,9-methanocycloheptaa]naphthalen-14-yl (28)-2-((tert-butoxycarbonyl)amino)-3-
methylpentanoate (11k). White solid, mp 249-251 °C. 126 mg, 81% yield. R,=0.24 (1 : 25 MeOH in CH,Cl,); 'H
NMR (500 MHz, CDCls) & 6.14 (s, 1H), 6.05 (d, J = 10.7 Hz, 1H), 5.88 (s, 1H), 5.47 (s, 1H), 5.01 (d, /= 8.0 Hz,
1H), 4.29 (d, J=10.4 Hz, 1H), 4.15 (d, /= 10.6 Hz, 2H), 4.07 (d, J = 10.4 Hz, 1H), 3.76 (dd, J=10.6, 6.9 Hz, 1H),
3.53-3.45 (m, 1H), 3.16 (d, J=9.9 Hz, 1H), 2.61 (dt, J=13.9, 9.1 Hz, 1H), 2.25 (dt, J=21.4, 13.3 Hz, 1H), 1.96
(dd, J=12.8, 5.2 Hz, 1H), 1.77 (dd, J = 14.1, 7.2 Hz, 2H), 1.73 (s, 2H), 1.71 — 1.55 (m, 4H), 1.47 (d, J = 13.7 Hz,
1H), 1.42 (d, J = 9.8 Hz, 9H), 1.31 (d, J = 3.8 Hz, 2H), 1.12 (s, 6H), 0.91 — 0.83 (m, 6H). *C NMR (125 MHz,
CDCl;) & 206.16, 171.07, 155.45, 149.89, 120.06, 96.00, 79.96, 74.34, 73.49, 63.32, 61.98, 59.52, 58.33, 54.68,
41.32, 38.68, 37.54, 33.72, 32.61, 30.44, 30.01, 29.69, 28.27, 25.01, 21.77, 19.85, 15.38, 11.56. HRMS (m/z) (ESI):

calcd for C31H47NOgNa 600.3134 [M+H] * found 600.3143.

1-(tert-butyl) 2-((58,6S5,6aR,9S5,11a8,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-
dioxododecahydro-1H-6,11b-(epoxymethano)-6a,9-methanocycloheptaja]naphthalen-14-yl) (2S5)-pyrrolidine-
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1,2-dicarboxylate (111). White solid, mp 212-213 °C. 131 mg, 87% yield. R,=0.38 (1 : 25 MeOH in CH,Cl,); 'H
NMR (500 MHz, CDCl;) & 6.22 (d, J =22.1 Hz, 1H), 5.80 (d, /= 17.4 Hz, 1H), 5.59 (s, 1H), 5.45 - 5.31 (m, 1H),
4.58 (s, 1H), 4.23 (ddd, J=26.9, 19.5, 8.4 Hz, 2H), 4.02 (dd, /= 10.7, 1.3 Hz, 1H), 3.80 (dt, /= 14.8, 7.5 Hz, 1H),
3.46 —3.30 (m, 2H), 3.13 (dd, J=39.1, 9.4 Hz, 1H), 2.56 (dt, J=13.9, 8.8 Hz, 1H), 2.48 — 2.40 (m, 1H), 2.36 — 2.28
(m, 1H), 2.23 (dd, J=13.5, 4.8 Hz, 1H), 2.12 (dq, J = 12.9, 8.2 Hz, 1H), 2.00 — 1.91 (m, 3H), 1.87 (dd, J=12.3, 7.7
Hz, 2H), 1.82 (dd, /= 13.1, 6.1 Hz, 1H), 1.78 — 1.68 (m, 2H), 1.65 — 1.55 (m, 1H), 1.40 (s, 8H), 1.34 — 1.26 (m, 2H),
1.24 (s, 1H), 1.19 (s, 3H), 0.99 (s, 3H). 3C NMR (125 MHz, CDCl3) 8 211.85,204.71, 171.55, 149.19, 121.97, 96.88,
80.14, 75.94, 73.15 (d, J = 15.5 Hz), 64.83, 61.20, 60.26, 59.99, 59.23, 50.76, 48.51, 46.61, 46.30, 41.35, 41.11,
38.48 (d, J=15.2 Hz), 35.82, 32.86, 30.51, 30.01, 29.71 (d, J=9.1 Hz), 28.34 (d, /= 13.9 Hz), 24.51,23.36 (d, J =

14.1 Hz), 19.05. HRMS (m/z) (ESI): caled for C3gH,,NO, 560.2854 [M+H] * found 560.2839.

1-(tert-butyl) 2-((18,5S,6S8,6aR,9S,11a8,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-
oxododecahydro-1H-6,11b-(epoxymethano)-6a,9-methanocycloheptaja]naphthalen-14-yl) (2S)-pyrrolidine-
1,2-dicarboxylate (11m). White solid, mp 99-100 °C. 128 mg, 85% yield. R,=0.23 (1 : 25 MeOH in CH,CL,); 'H
NMR (500 MHz, CDCl3) 6 6.19 — 6.12 (m, 1H), 6.11 — 5.99 (m, 1H), 5.80 (d, /= 15.9 Hz, 1H), 5.49 (s, 1H), 4.48 (s,
1H), 4.28 (d, J=10.3 Hz, 1H), 4.18 (d, /= 6.6 Hz, 1H), 4.06 (d, J= 9.8 Hz, 1H), 3.77 (dd, J = 10.3, 6.7 Hz, 1H),
3.53-3.31 (m, 3H), 3.21 (dd, J=48.5,9.7 Hz, 1H), 2.65 — 2.55 (m, 1H), 2.33 —2.22 (m, 1H), 2.17 (dd, /= 20.5, 7.7
Hz, 1H), 1.98 (dd, /= 12.6, 5.5 Hz, 1H), 1.93 — 1.80 (m, 2H), 1.78 — 1.62 (m, 5H), 1.57 (dd, J = 26.4, 16.5 Hz, 2H),
1.46 (d, J = 13.5 Hz, 1H), 1.40 (d, J = 5.0 Hz, 8H), 1.26 (dt, J = 21.9, 9.2 Hz, 4H), 1.10 (d, J = 13.8 Hz, 5H). 13C
NMR (125 MHz, CDCly) 6 171.47, 120.25, 96.18, 77.73, 73.91, 73.46, 63.34, 61.83, 59.88, 59.35, 54.55, 46.69,
41.25, 40.84, 38.64, 33.74, 32.51, 30.52, 30.03 (d, /= 7.1 Hz), 28.31 (d, J = 18.3 Hz), 24.60, 21.70, 19.70. HRMS

(m/z) (ESI): calcd for C3oHuNOy 562.3011 [M+H] * found 562.2997.

(55,6S5,6aR,9S5,11a8,11bS,14R)-5,6-dihydroxy-4,4-dimethyl-8-methylene-1,7-dioxododecahydro-1H-6,11b-
(epoxymethano)-6a,9-methanocycloheptaja]naphthalen-14-yl (tert-butoxycarbonyl)-L-phenylalaninate (11n).
White solid, mp 118-119 °C. 126 mg, 84% yield. R,=0.50 (1 : 30 MeOH in CH,Cl,); '"H NMR (500 MHz, CDCI;)
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§7.27 (s, 1H), 7.22 (dd, J = 12.9, 6.5 Hz, 2H), 7.12 (d, J = 7.3 Hz, 2H), 6.17 (s, 1H), 5.89 (s, 1H), 5.49 (s, 1H), 5.37
(d,J=11.7 Hz, 1H), 5.01 (d,J = 6.8 Hz, 1H), 4.43 (dd, J= 13.4, 6.6 Hz, 1H), 4.27 (d, J= 10.6 Hz, 1H), 4.17 (s, 1H),
4.01 (d, J=10.6 Hz, 1H), 3.75 (dd, J= 11.5, 9.1 Hz, 1H), 3.04 (dd, J= 13.7, 7.0 Hz, 1H), 2.95 (dd, J=12.5, 7.7 Hz,
1H), 2.83 (d, J = 9.1 Hz, 1H), 2.54 — 2.40 (m, 2H), 2.36 — 2.28 (m, 1H), 2.17 (dd, J = 13.5, 4.1 Hz, 1H), 1.91 (dt, J =
14.8, 7.9 Hz, 3H), 1.77 (s, 1H), 1.75 — 1.68 (m, 1H), 1.62 — 1.53 (m, 1H), 1.42 — 1.33 (m, 9H), 1.19 (s, 3H), 0.9 (s,
3H). *C NMR (125 MHz, CDCl3) § 211.67, 204.53, 170.90, 155.10, 149.21, 136.00, 129.29, 128.47, 126.93, 122.00,
96.71, 80.12, 74.74, 73.46, 64.81, 61.37, 59.68, 54.95, 50.72, 48.50, 41.29, 38.37, 37.84, 35.72, 32.83, 30.49, 30.00,

29.68, 28.24, 23.17, 19.14. HRMS (m/z) (ESI): calcd for C34H4409N 610.3011 [M+H] * found 610.2997.

(18,55,6S8,6aR,98,11a5,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-6,11b-

(epoxymethano)-6a,9-methanocycloheptaja]naphthalen-14-yl (fert-butoxycarbonyl)-L-phenylalaninate (110).
White solid, mp 111-112 °C. 147 mg, 89% yield. R,=0.29 (1 : 25 MeOH in CH,Cl,); '"H NMR (500 MHz, CDCI;)
6 7.28 —7.18 (m, 3H), 7.10 (d, J = 6.8 Hz, 2H), 6.20 (d, J = 10.7 Hz, 1H), 6.09 (s, 1H), 5.91 (s, 1H), 5.41 (s, 1H),
5.10(d,J=7.2 Hz, 1H), 4.49 (s, 1H), 4.41 (dd, /= 13.2, 6.4 Hz, 1H), 4.25 (d,/=10.4 Hz, 1H), 4.02 (d,/=10.3 Hz,
1H), 3.70 (dd, J=10.1, 7.5 Hz, 1H), 3.46 — 3.38 (m, 1H), 3.07 (dd, J=13.9, 6.3 Hz, 1H), 2.97 — 2.87 (m, 2H), 2.53
(dt,J=13.7,9.1 Hz, 1H), 2.25 - 2.11 (m, 2H), 2.03 (d, J=4.1 Hz, 1H), 1.88 (dd, J=12.9, 5.3 Hz, 1H), 1.80 — 1.71
(m, 1H), 1.71 — 1.47 (m, 4H), 1.42 (d, J= 13.6 Hz, 1H), 1.36 (s, 9H), 1.07 (d, J= 6.6 Hz, 6H). 3C NMR (125 MHz,
CDCl;) 6 206.31, 170.64, 155.00, 149.91, 136.08, 129.33, 128.43, 126.90, 120.09, 95.94, 80.03, 75.95, 74.53, 73.35,
63.37,62.13,59.40, 54.93, 54.75, 41.42,41.27, 38.76, 37.76, 33.66, 32.68, 30.55, 29.75, 28.26, 21.67, 19.85. HRMS

(m/z) (ESI): calcd for CsHiNOy 612.3167 [M+H] * found 612.3163.

(18,4aR,5S,6S5,6aR,9S,11a8,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-

6,11b-(epoxymethano)-6a,9-methanocyclohepta[a|naphthalen-14-yl (tert-butoxycarbonyl)glycinate (11p).
White solid, mp 151-152 °C. 122 mg, 87% yield. R,=0.19 (1 : 25 MeOH in CH,Cl,); '"H NMR (500 MHz, CDCI;)
6 6.20 (d, J=10.7 Hz, 1H), 6.12 (s, 1H), 5.95 (s, 1H), 5.50 (s, 1H), 5.37 (t, J= 5.2 Hz, 1H), 4.52 (s, 1H), 4.27 (d, J
=10.3 Hz, 1H), 4.02 (d, J = 10.3 Hz, 1H), 3.79 (ddd, J = 23.2, 18.2, 5.7 Hz, 2H), 3.69 (dd, J = 10.8, 7.0 Hz, 1H),
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3.44 (dd, J=11.3, 5.5 Hz, 1H), 3.11 (d,J= 9.7 Hz, 1H), 2.56 (dt, J= 13.8, 9.1 Hz, 1H), 2.28 — 2.13 (m, 1H), 2.05 (s,
1H), 1.89 (dd, J= 13.0, 5.6 Hz, 1H), 1.76 (dd, J = 14.0, 6.8 Hz, 1H), 1.71 — 1.62 (m, 1H), 1.57 (dt, /= 19.4, 8.7 Hz,
2H), 1.46 — 1.35 (m, 10H), 1.07 (d, J=2.2 Hz, 6H). 3C NMR (125 MHz, CDCl5) § 206.48, 169.40, 155.90, 149.84,
120.35,95.98, 79.87, 75.67, 74.39, 73.32, 63.36, 62.09, 59.37, 54.70, 42.92, 41.36, 41.26, 38.72, 33.67, 32.65, 30.56,

29.75,28.27,21.67, 19.86. HRMS (m/z) (ESI): calcd for C,7H,NOy 522.2698 [M+H] * found 522.2686.

1-(tert-butyl) 4-((1S8,5S,6S5,6aR,9S,11a8,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-
oxododecahydro-1H-6,11b-(epoxymethano)-6a,9-methanocycloheptaja]naphthalen-14-yl)  (((9H-fluoren-9-
yDmethoxy)carbonyl)-L-aspartate (11q). White solid, mp 119-121 °C. 170 mg, 83% yield. R,=0.27 (1 : 25 MeOH
in CH,Cl,); '"H NMR (500 MHz, CDCl;) 8 7.77 (d, J = 7.5 Hz, 2H), 7.66 — 7.61 (m, 2H), 7.41 (t, J = 7.4 Hz, 2H),
7.33 (t,J=7.3 Hz, 2H), 6.12 (s, 1H), 6.09 (d, J= 8.1 Hz, 1H), 6.05 (d, /= 10.9 Hz, 1H), 5.93 (s, 1H), 5.44 (s, 1H),
4.48 (dd, J=8.2,4.3 Hz, 1H), 4.41 (dd, J=10.0, 7.5 Hz, 1H), 4.30 (t, /= 12.2 Hz, 2H), 4.24 (t, J= 7.2 Hz, 1H), 4.07
(d,J=10.4 Hz, 1H), 4.03 (s, 1H), 3.74 (dd, J=10.7, 7.2 Hz, 1H), 3.52 — 3.45 (m, 1H), 3.14 (d, /J=9.7 Hz, 1H), 2.90
(ddd, J=42.1, 16.9, 4.6 Hz, 2H), 2.64 — 2.55 (m, 1H), 2.24 (ddd, /= 27.1, 13.4, 8.4 Hz, 1H), 1.94 (dd, J=13.0, 5.5
Hz, 1H), 1.79 — 1.72 (m, 1H), 1.68 (s, 1H), 1.64 (dd, J=11.5, 3.7 Hz, 1H), 1.62 — 1.53 (m, 2H), 1.47 (d, J=11.5 Hz,
10H), 1.24 (d, J = 3.9 Hz, 1H), 1.21 (d, J = 3.9 Hz, 1H), 1.12 (d, J = 6.2 Hz, 6H). >*C NMR (125 MHz, CDCl3) &
206.30, 169.37, 156.02, 149.67, 143.89, 141.25, 127.68, 127.09, 125.29, 120.63, 119.94, 95.92, 82.84, 76.34, 74.54,
73.47, 67.20, 63.32, 62.00, 59.31, 54.84, 50.73, 47.12, 41.36, 38.63, 37.24, 33.71, 32.61, 30.55, 30.02, 29.69, 27.86,

21.77, 19.87. HRMS (m/z) (ESI): calcd for C43H5,NOy; 758.3535 [M+H] * found 758.3542.

(18,4aR,5S,6S,6aR,9S,11a8,11bS,14R)-1,5,6-trihydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-

6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-14-yl (((9H-fluoren-9-yl)methoxy)carbonyl)-L-
phenylalaninate (11r). White solid, mp 146-147 °C. 166 mg, 84% yield. R,= 0.27 (1 : 25 MeOH in CH,Cl,); 'H
NMR (500 MHz, CDCly) 6 7.76 (d, J = 7.4 Hz, 2H), 7.55 (d, /= 7.3 Hz, 2H), 7.40 (t, /= 7.4 Hz, 2H), 7.32 (t, J =
7.4 Hz, 2H), 7.24 (d, J = 9.6 Hz, 2H), 7.12 (d, /= 6.9 Hz, 2H), 6.17 (d, J = 10.9 Hz, 1H), 6.07 (s, 1H), 5.95 (s, 1H),
5.51-5.45 (m, 1H), 5.40 (s, 1H), 4.53 (dd, J=13.4, 6.6 Hz, 1H), 4.37 (dd, /= 10.2, 7.5 Hz, 1H), 4.32 (s, 1H), 4.30
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—4.23 (m, 2H), 4.17 (t, J = 7.0 Hz, 1H), 4.03 (d, J = 10.3 Hz, 1H), 3.72 (dd, J = 10.8, 7.1 Hz, 1H), 3.41 (d, J= 5.9
Hz, 1H), 3.12 (dd, J = 13.9, 6.5 Hz, 1H), 2.99 (dd, J = 13.8, 6.3 Hz, 1H), 2.93 (d, J=9.7 Hz, 1H), 2.52 (dt, J = 13.6,
8.9 Hz, 1H), 2.17 (dt, J=21.5, 13.4 Hz, 1H), 1.92 (s, 1H), 1.87 (dd, J= 12.9, 5.3 Hz, 1H), 1.77 — 1.68 (m, 1H), 1.63
(d, J=3.5 Hz, 2H), 1.60 — 1.48 (m, 2H), 1.42 (d, J = 13.5 Hz, 1H), 1.08 (d, J = 13.7 Hz, 6H). *C NMR (125 MHz,
CDCls) § 206.20, 170.35, 155.67, 149.86, 143.83, 143.75, 141.24, 135.93, 129.38, 128.56, 128.51, 127.69, 127.13,
127.10, 127.02, 125.22, 125.15, 120.22, 119.93, 95.97, 75.89, 74.71, 73.41, 67.14, 63.36, 62.14, 59.31, 55.40, 54.72,
47.08,41.44, 41.26, 38.70, 37.74, 33.67, 32.69, 30.49, 29.82, 21.75, 19.91; HRMS (m/z) (ESI): calcd for C44HisNO,

734.3324 [M+H] * found 734.3319.

(5R,6aR,95,11a5,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-

6a,9-methanocycloheptaa]naphthalen-14-yl (E)-3-(4-methoxyphenyl)acrylate (12a). White solid, mp 119-120
°C. 73 mg, 81% yield. R,=0.46 (1 : 1 petroleum ether / ethyl acetate); '"H NMR (500 MHz, CDCl;) § 7.58 (d, J =
15.9 Hz, 1H), 7.44 (d, J= 8.7 Hz, 2H), 6.86 (d, J= 8.7 Hz, 2H), 6.20 (d, /= 15.9 Hz, 1H), 6.16 (s, 1H), 5.72 (s, 1H),
5.50 (s, 1H), 4.38 (d,J=9.7 Hz, 1H), 4.31 — 4.26 (m, 2H), 3.82 (s, 3H), 3.23 (d, /= 7.9 Hz, 1H), 2.74 (ddd, J = 14.6,
11.7,6.3 Hz, 1H), 2.56 — 2.45 (m, 2H), 2.35 (dt, /= 14.6, 4.6 Hz, 1H), 2.18 — 2.10 (m, 2H), 1.96 — 1.81 (m, 3H), 1.77
—1.69 (m, 1H), 1.66 (s, 1H), 1.19 (d, J= 15.1 Hz, 3H), 1.05 (s, 3H). '*C NMR (125 MHz, CDCl;) 3 209.87, 202.56,
199.65, 166.04, 161.48, 147.69, 145.74, 129.98, 126.97, 119.22 , 114.68, 114.21, 83.31, 77.27,77.01, 76.76, 75.61,
70.10, 64.24, 61.58, 61.31, 55.34, 47.17, 42.05, 41.18, 36.37, 31.96, 31.33, 30.17, 29.68, 23.23, 19.17. HRMS (m/z)

(ESI): calcd for C30H3307 505.2221 [M+H] * found 505.2218.

OMe

OMe

(5R,6aR,95,11a5,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-

6a,9-methanocycloheptaa]naphthalen-14-yl (E)-3-(3,4-dimethoxyphenyl)acrylate (12b). White solid, mp 144-
146 °C. 77 mg, 80% yield. R;=0.32 (1 : 1 petroleum ether / ethyl acetate); 'H NMR (500 MHz, CDCls) 6 7.61 —7.56
(m, 1H), 7.07 (dd, J=8.3, 1.8 Hz, 1H), 7.03 (d, /= 1.8 Hz, 1H), 6.85 - 6.82 (m, 1H), 6.22 (d, J=15.9 Hz, 1H), 6.18
(s, 1H), 5.74 (s, 1H), 5.51 (s, 1H), 4.38 (t, /= 7.7 Hz, 1H), 4.30 (dd, J=14.7, 4.9 Hz, 2H), 3.91 (d, J = 4.0 Hz, 6H),
3.25(d,J=7.9 Hz, 1H), 2.75 (ddd, /= 14.6, 11.7, 6.3 Hz, 1H), 2.57 —2.52 (m, 1H), 2.49 (ddd, /= 16.3, 8.1, 4.2 Hz,
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1H), 2.36 (dt, J = 14.6, 4.6 Hz, 1H),2.19 — 2.11 (m, 2H), 1.98 — 1.83 (m, 4H), 1.79 — 1.71 (m, 1H), 1.62 (s, 2H), 1.21
(d, J=6.5Hz, 3H), 1.06 (d, J= 9.5 Hz, 3H). 3C NMR (125 MHz, CDCl5) § 209.83, 202.53, 199.76, 165.95, 151.23,
149.11, 147.63, 145.99, 127.20, 123.14, 119.28, 114.84, 110.84, 109.47, 83.31, 75.67, 70.12, 64.26, 61.63, 61.34,

55.92,47.17,42.06,41.19,36.36,31.97,31.34,30.17, 23.22, 19.16. HRMS (m/z) (ESI): calcd for C5,H3505 535.2326

[M+H] * found 535.2327.

(5R,6aR,95,11a5,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-

6a,9-methanocycloheptala]naphthalen-14-yl (E)-3-(3,4,5-trimethoxyphenyl)acrylate (12c¢). White solid, mp
185-186 °C. 82 mg, 81% yield. R;=0.28 (1 : 1 petroleum ether / ethyl acetate); 'TH NMR (500 MHz, CDCl;) & 7.54
(d, /=159 Hz, 1H), 6.71 (s, 2H), 6.25 (d, J=15.9 Hz, 1H), 6.17 (s, 1H), 5.73 (s, 1H), 5.51 (s, 1H), 4.38 (d, /= 9.7
Hz, 1H), 4.33 —4.27 (m, 2H), 3.87 (d, /= 2.1 Hz, 9H), 3.24 (d, /= 7.8 Hz, 1H), 2.75 (ddd, J = 14.6, 11.8, 6.3 Hz,
1H), 2.58 —2.45 (m, 2H), 2.35 (ddd, J = 14.5, 9.5, 5.1 Hz, 1H), 2.19 - 2.10 (m, 2H), 1.95 - 1.85 (m, 3H), 1.79 - 1.71
(m, 1H), 1.21 (s, 3H), 1.06 (s, 3H). 3C NMR (125 MHz, CDCl;) 8 209.78, 202.48, 199.77, 165.66, 153.31, 147.55,
145.99, 129.67, 119.38, 116.46, 105.37, 83.31, 75.82, 70.13, 64.23, 61.64, 61.34, 60.94, 56.17, 47.16, 42.05, 41.21,

36.36, 31.98, 31.36, 30.19, 29.68, 23.22, 19.16. HRMS (m/z) (ESI): calcd for C;5,H3;09 565.2432 [M+H] * found

565.2428.

(18,5R,6aR,95,11aS,11bS,14R)-1-acetoxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-

(epoxymethano)-6a,9-methanocycloheptaja]naphthalen-14-yl  (E)-3-(3,4-dimethoxyphenyl)acrylate (12d).
White solid, mp 148-150 °C. 84 mg, 85% yield. Ry=0.46 (1 : 1 petroleum ether / ethyl acetate); 'H NMR (500 MHz,
CDCl;) 8 7.55 (d, J=15.9 Hz, 1H), 7.04 (dd, J = 8.3, 1.7 Hz, 1H), 7.00 (d, /= 1.6 Hz, 1H), 6.81 (d, /= 8.3 Hz, 1H),
6.18 (d, J=15.9 Hz, 1H), 6.11 (s, 1H), 5.74 (s, 1H), 5.42 (s, 1H), 4.88 (dd, /= 10.9, 6.1 Hz, 1H), 4.34 (d, /= 10.1
Hz, 1H),4.19 (d, J="7.1 Hz, 2H), 3.88 (d, /= 7.2 Hz, 6H), 3.27 (d, /= 6.7 Hz, 1H), 2.49 — 2.38 (m, 1H), 2.22 (t,J =
7.8 Hz, 1H), 2.00 (s, 3H), 1.99 — 1.92 (m, 1H), 1.92 — 1.86 (m, 1H), 1.71 (s, 1H), 1.70 — 1.63 (m, 1H), 1.58 (d, J =
13.7 Hz, 1H), 1.46 (qd, J=12.8, 4.2 Hz, 2H), 1.38 — 1.30 (m, 1H), 1.02 (s, 3H), 0.95 (d, /= 10.0 Hz, 3H). *C NMR
(125 MHz, CDCl3) 6 202.84, 199.89, 169.92, 165.84, 151.23,149.12, 147.32, 145.93, 127.18, 123.11, 118.48, 114.84,
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110.87, 109.47, 83.77, 75.76, 69.16, 65.22, 58.36, 55.91, 54.18, 51.90, 42.34, 41.94, 36.89, 32.29, 31.23, 29.97,

26.98, 24.50, 21.96, 21.36, 18.57. HRMS (m/z) (ESI): caled for Cs33H3909 579.2589 [M+H] * found 579.2596.

(5R,6aR,98,11a5,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-

6a,9-methanocycloheptaja|naphthalen-14-yl (tert-butoxycarbonyl)-L-valinate (12e). White solid, mp 67-68 °C.
78 mg, 80% yield. R,=0.51 (1 : 1 petroleum ether / ethyl acetate); 'H NMR (500 MHz, CDCls) § 6.12 (s, 1H), 5.60
(s, 1H), 5.45 (s, 1H), 4.95 (d, J = 8.8 Hz, 1H), 4.33 — 4.24 (m, 3H), 4.18 — 4.12 (m, 1H), 3.16 (d, J = 7.6 Hz, 1H),
2.73 (ddd, J=14.6, 11.8, 6.3 Hz, 1H), 2.54 — 2.49 (m, 1H), 2.48 — 2.40 (m, 1H), 2.34 (dt, /= 14.6, 4.6 Hz, 1H), 2.16
(d,J=9.6 Hz, 1H), 2.13 — 2.05 (m, 2H), 1.92 — 1.84 (m, 3H), 1.75 - 1.67 (m, 1H), 1.41 (s, 9H), 1.21 (s, 3H), 1.05 (s,
3H), 0.88 (d, J = 6.8 Hz, 3H), 0.80 (d, J = 6.9 Hz, 3H). 3C NMR (125 MHz, CDCl;) & 209.67, 170.82, 147.29,
119.21, 83.23,76.52,70.10, 63.98, 61.62, 61.32, 58.71,47.19, 41.97, 41.23, 36.35, 31.97, 31.35, 30.88, 30.06, 28.29,

23.17,19.07, 18.93, 17.42. HRMS (m/z) (ESI): calcd for C30H4,NOg 544.2905 [M+H] * found 544.2910.

(18,5R,6aR,95,11aS,11bS,14R)-1-acetoxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-

(epoxymethano)-6a,9-methanocycloheptaa]naphthalen-14-yl (tert-butoxycarbonyl)-L-valinate (12f). Light
yellow solid, mp 100-101 °C. 78 mg, 80% yield. R,= 0.43 (3 : 2 petroleum ether / ethyl acetate); 'H NMR (500 MHz,
CDCl;) 8 6.07 (d,J=17.0 Hz, 1H), 5.61 (s, 1H), 5.36 (s, 1H), 4.94 — 4.81 (m, 2H), 4.31 —4.22 (m, 1H), 4.15(d, J =
11.9 Hz, 2H), 4.09 (dd, J=8.8,4.7 Hz, 1H), 3.16 (d, /= 5.9 Hz, 1H), 2.36 (td, J=13.9, 6.9 Hz, 1H), 2.19 (t,J= 7.7
Hz, 1H), 2.04 — 1.90 (m, 5H), 1.82 (td, J=15.5, 7.8 Hz, 1H), 1.68 (s, 1H), 1.66 — 1.58 (m, 1H), 1.55 (d, J=13.6 Hz,
1H), 1.52 — 1.42 (m, 2H), 1.40 — 1.35 (m, 9H), 1.33 (dd, J = 14.2, 2.1 Hz, 1H), 1.00 (s, 3H), 0.93 (s, 3H), 0.83 (d, J
= 6.8 Hz, 3H), 0.75 (d, J = 6.9 Hz, 3H). 13C NMR (125 MHz, CDCl;) § 202.25, 199.35, 170.65, 169.90, 155.53,
146.99, 118.41, 83.68, 79.48, 76.54, 76.36, 69.17, 64.93, 58.74, 58.33, 54.11, 51.85, 42.20, 36.84, 32.25, 31.20,
30.96, 29.83, 28.27, 24.43, 21.93, 21.35, 18.88, 18.47, 17.41. HRMS (m/z) (ESI): calcd for C;,H46NOg 588.3167

[M+H] * found 588.3162.
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(5R,6aR,95,11a5,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-

6a,9-methanocycloheptaa]naphthalen-14-yl (fert-butoxycarbonyl)-L-leucinate (12g). White solid, mp 118-120
°C. 79 mg, 79% yield. Ry=0.46 (1 : 1 petroleum ether / ethyl acetate); 'H NMR (500 MHz, CDCls) 3 6.12 (s, 1H),
5.62 (s, 1H), 5.46 (s, 1H), 4.84 (d, /J=8.2 Hz, 1H), 4.31 (d, /=9.8 Hz, 1H), 4.27 —4.17 (m, 3H), 3.12 (d, /= 8.1 Hz,
1H), 2.73 (ddd, J=14.6, 11.9, 6.2 Hz, 1H), 2.52 — 2.40 (m, 2H), 2.33 (dt, /= 14.6, 4.6 Hz, 1H), 2.17 — 2.08 (m, 2H),
1.92 - 1.79 (m, 3H), 1.70 (d, /= 16.9 Hz, 2H), 1.67 — 1.58 (m, 1H), 1.59 — 1.50 (m, 1H), 1.39 (s, 9H), 1.22 — 1.18
(m, 3H), 1.04 (s, 3H), 0.88 (d, J= 6.4 Hz, 6H). 13C NMR (125 MHz, CDCl3)  209.75, 119.19, 83.12, 75.80, 69.96,
63.91, 61.10, 52.36, 47.01, 41.85, 41.06, 36.31, 31.90, 31.32, 30.08, 29.67, 28.29, 24.67, 23.21, 22.73, 21.80, 19.21.

HRMS (m/z) (ESI): calcd for C3;H44NOg 558.3061 [M+H] * found 558.3048.

(5R,6aR,95,11a5,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-

6a,9-methanocycloheptala]naphthalen-14-yl (25)-2-((tert-butoxycarbonyl)amino)-3-methylpentanoate(12h).
White solid, mp 114-116 °C. 83 mg, 83% yield. R,=0.57 (1 : 1 petroleum ether / ethyl acetate); '"H NMR (500 MHz,
CDCl;) 8 6.12 (s, 1H), 5.58 (s, 1H), 5.44 (s, 1H), 4.96 (d, J = 8.6 Hz, 1H), 4.32 — 4.25 (m, 3H), 4.19 (dd, J=8.5, 4.5
Hz, 1H), 3.16 (d, J = 7.4 Hz, 1H), 2.73 (ddd, J = 14.5, 11.9, 6.3 Hz, 1H), 2.55 — 2.48 (m, 1H), 2.44 (dtd, J = 12.5,
8.0,4.3 Hz, 1H), 2.33 (dt, J=14.6, 4.5 Hz, 1H), 2.17 — 2.07 (m, 2H), 1.92 — 1.83 (m, 3H), 1.83 — 1.75 (m, 1H), 1.75
—1.68 (m, 1H), 1.41 (s, 9H), 1.29 (ddd, /= 10.8, 8.0, 4.4 Hz, 1H), 1.21 (s, 3H), 1.09 (dd, J=15.2, 6.6 Hz, 1H), 1.05
(s, 3H), 0.84 (dd, J=9.0, 7.1 Hz, 6H). *C NMR (125 MHz, CDCl;) 4 209.67 , 170.78, 147.28, 119.18, 83.24, 76.59,
70.10, 63.95, 61.69, 61.35, 57.99, 47.19, 41.98, 41.25, 37.61, 36.35, 31.97, 31.35, 30.05, 28.30, 24.89, 23.16, 19.05,

15.32, 11.52. HRMS (m/z) (ESI): calcd for C3;H44NOg 558.3061 [M+H] * found 558.3051.

1-(tert-butyl)  2-((5R,6aR,98,11aS,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-

(epoxymethano)-6a,9-methanocycloheptaa]naphthalen-14-yl) (25)-pyrrolidine-1,2-dicarboxylate (12i). White
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solid, mp 84-85 °C. 82 mg, 84% yield. R;=0.39 (1 : 1 petroleum ether / ethyl acetate); "H NMR (500 MHz, CDCls)
6 6.04 (d, J=19.2 Hz, 1H), 5.52 (d, J= 7.0 Hz, 1H), 5.40 (d, /= 15.8 Hz, 1H), 4.26 (dd, J=9.7, 2.5 Hz, 1H), 4.23
—4.17 (m, 2H), 4.12 (ddd, J = 29.3, 8.7, 3.0 Hz, 1H), 3.39 — 3.19 (m, 2H), 3.04 (dd, J = 24.3, 7.9 Hz, 1H), 2.73 -
2.63 (m, 1H), 2.43 (dd, J=16.2, 7.0 Hz, 1H), 2.39 — 2.32 (m, 1H), 2.31 — 2.23 (m, 1H), 2.10 — 1.99 (m, 3H), 1.94 —
1.87 (m, 1H), 1.86 — 1.77 (m, 3H), 1.77 — 1.70 (m, 1H), 1.70 — 1.57 (m, 1H), 1.34 (d, /= 7.7 Hz, 9H), 1.18 (s, 1H),
1.15 (s, 3H), 0.97 (t, J = 8.8 Hz, 3H). 3C NMR (125 MHz, CDCI;) & 209.68, 201.68, 199.19, 171.65 (d, J = 14.5
Hz), 153.60, 147.51 (d, J = 39.1 Hz), 119.15 (d, J = 29.6 Hz), 83.22, 79.58 (d, J = 54.9 Hz), 75.82 (d, J = 5.7 Hz),
69.99 (d, J=5.7 Hz), 63.81, 61.43 (d,J=9.9 Hz), 61.16 (d, J=3.5 Hz), 59.21 (d, /= 14.4 Hz), 47.03, 46.30 (d, J =
31.9 Hz), 41.95 (d, J = 18.9 Hz), 41.18, 36.32, 31.90, 31.31 (d, J = 3.1 Hz), 30.36, 30.04 (d, J = 16.9 Hz), 29.65,
28.34, 24.08, 23.33, 19.18 (d, J = 5.6 Hz). HRMS (m/z) (ESI): calcd for C30H4NOg 542.2748 [M+H] * found

542.2742.

(5R,6aR,95,11a8,11bS,14R)-4,4-dimethyl-8-methylene-1,6,7-trioxododecahydro-1H-5,11b-(epoxymethano)-

6a,9-methanocycloheptaa]naphthalen-14-yl (tert-butoxycarbonyl)-L-phenylalaninate (12j). White solid, mp
74-76 °C. 86 mg, 81% yield. R,=0.53 (1 : 1 petroleum ether / ethyl acetate); '"H NMR (500 MHz, CDCls) 3 7.28 —
7.16 (m, 3H), 7.10 (d, J=7.1 Hz, 2H), 6.09 (d, J = 16.6 Hz, 1H), 5.62 (d, J = 24.5 Hz, 1H), 5.43 (d, J = 13.8 Hz,
1H), 4.96 (d, J=7.7 Hz, 1H), 4.47 (d, J= 6.5 Hz, 1H), 4.33 — 4.15 (m, 3H), 3.12 — 2.98 (m, 2H), 2.93 (dd, J = 13.7,
7.0 Hz, 1H), 2.72 (ddd, J = 14.6, 12.1, 6.1 Hz, 1H), 2.51 — 2.36 (m, 2H), 2.34 — 2.27 (m, 1H), 2.16 — 2.05 (m, 2H),
1.93 - 1.76 (m, 3H), 1.67 (dt, J = 26.0, 8.5 Hz, 1H), 1.37 (d, J=17.9 Hz, 9H), 1.20 (d, /= 10.6 Hz, 3H), 1.01 (d, J
= 17.3 Hz, 3H). 3*C NMR (125 MHz, CDCl;) 3 209.71, 201.84, 199.43, 170.59, 154.99, 147.46, 136.37, 129.30,
128.38, 126.74, 119.44, 83.05, 79.60, 76.26, 69.92, 63.84, 61.06, 54.69, 46.99, 41.75, 41.10, 37.86, 36.30, 31.88,

31.32, 30.12, 29.65, 28.25, 23.20, 19.19. HRMS (m/z) (ESI): calcd for C3;H4oNOg 592.2905 [M+H] * found

592.2900.

(18,5R,6aR,95,11aS,11bS,14R)-14-hydroxy-4,4-dimethyl-8-methylene-6,7-dioxododecahydro-1H-5,11b-
(epoxymethano)-6a,9-methanocycloheptala]naphthalen-1-yl acetate (14). Yellow solid, mp 115-116 °C. 77 mg,
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89% yield. R,=0.27 (1 : 1 petroleum ether / ethyl acetate); 'H NMR (500 MHz, cdcls) § 6.13 (s, 1H), 5.53 (s, 1H),
4.88 (dd, J=10.9, 6.0 Hz, 1H), 4.88 (dd, /= 10.9, 6.0 Hz, 1H), 4.74 (s, 2H), 4.58 (s, 1H), 4.17 (s, 1H), 4.12 (d, J =
10.0 Hz, 1H), 4.10 (q, /= 10.0 Hz, 2H), 4.09 (d, J = 10.0 Hz, 1H), 3.83 (dd, J=43.1, 15.7 Hz, 1H), 3.11 (d, J = 8.7
Hz, 1H), 3.11 (d, J=8.7 Hz, 1H), 2.44 — 2.35 (m, 1H), 2.45 —2.33 (m, 1H), 2.19 (dd, J=12.2, 6.1 Hz, 1H), 2.19 (dd,
J=12.2,6.1 Hz, 1H), 1.99 (s, 3H), 1.89 (s, 1H), 1.64 — 1.57 (m, 2H), 1.49 (s, 1H), 1.41 (d, J= 8.7 Hz, 1H), 1.21 (s,
1H), 1.04 (s, 3H), 1.01 (s, 3H). 3C NMR (125 MHz, CDCl;) 4 205.36, 203.22, 169.94, 149.04, 120.20, 82.53, 76.74,
73.59, 68.21, 64.94, 55.04, 52.97, 51.04, 43.79, 36.97, 32.26, 30.83, 29.68, 29.37, 24.60, 22.45, 21.40, 18.95. HRMS

(m/z) (ESI): calcd for CyyHaoOg 389.1959 [M+H] * found 389.1959.

OMe
OMe

MeO

OMe
(18,55,68,6aR,98,11a5,11bS,14R)-1-acetoxy-6-hydroxy-4,4-dimethyl-8-methylene-7-oxododecahydro-1H-

6,11b-(epoxymethano)-6a,9-methanocycloheptaja]naphthalene-5,14-diyl (2E,2'E)-bis(3-(3.,4-
dimethoxyphenyl)acrylate) (15). White solid, mp 125-126 °C. 52 mg, 83% yield. R,=0.63 (1 : 1 petroleum ether /
ethyl acetate); '"H NMR (500 MHz, CDCls) § 7.88 (d, J = 15.9 Hz, 1H), 7.59 (d, /= 15.9 Hz, 1H), 7.18 (d, J = 8.3
Hz, 1H), 7.15 (s, 1H), 7.04 (d, J = 8.3 Hz, 1H), 6.99 (s, 1H), 6.88 (d, /= 8.2 Hz, 1H), 6.81 (t,J=9.1 Hz, 1H), 6.56
(d, J=15.9 Hz, 1H), 6.20 (dd, J = 15.8, 6.4 Hz, 1H), 6.01 (d, J = 13.7 Hz, 2H), 5.36 — 5.31 (m, 2H), 5.02 (s, 1H),
4.73 (dd,J=11.2,5.5 Hz, 1H), 4.41 (d, J=10.6 Hz, 1H), 4.28 (t, /= 8.9 Hz, 1H), 3.93 (d, /= 6.4 Hz, 6H), 3.89 (d,
J=5.4Hz, 6H),3.17 (d,/=9.9 Hz, 1H), 2.61 — 2.53 (m, 1H), 2.36 — 2.31 (m, 1H), 2.04 (d, /= 7.4 Hz, 3H), 1.90 —
1.78 (m, 2H), 1.71 (d, J= 6.1 Hz, 1H), 1.56 (d, J=12.9 Hz, 1H), 1.46 (t,J=12.7 Hz, 1H), 1.40 — 1.30 (m, 3H), 1.21
(d, J=8.9 Hz, 3H), 0.90 (d, J= 8.9 Hz, 3H). 3C NMR (125 MHz, CDCl3) 4 200.70, 169.93, 168.85, 165.90, 151.30,
151.20, 150.25, 149.16, 146.21, 146.05, 127.58, 127.10, 123.20, 117.17, 115.70, 114.89, 110.93, 110.86, 109.77,
109.31, 96.81, 75.94, 75.16, 74.05, 63.40, 60.14, 56.04, 52.18, 41.97, 40.46, 40.23, 37.70, 33.68, 31.65, 30.37, 29.68,

27.00, 25.17, 21.58, 21.38, 17.82. HRMS (m/z) (ESI): caled for C44Hs5;NO;3 787.3324 [M+H] * found 787.3342.
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Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FOO0O

FOOO’

h,k, lmax
Nref

Tmin, Tmax
Tmin’

C=C =

a=7.3902(4)

alpha=90
150 K

Calculated
2679.5(3)
P21 21 21
P 2ac 2ab
C31 H34 0S8
C31 H34 08
534 .58
1.325

4

0.782
1136.0
1139.70
9,10,53
5323[ 3093]
0.894,0.932
0.882

0.0055 A

b=8.3748 (5)
beta=90

Wavelength=1.54184

c=43.293 (3}
gamma=90

Reported
2679.5(3)
P: 21 21 21
P 2ac 2ab
?

C31 H34 08
534.5b8
1.325

4

0.782
1136.0

8,10,52
5085
0.839,1.000

Correction method= # Reported T Limits: Tmin=0.839 Tmax=1.000

AbsCorr =

Data completeness= 1.64/0.96

R(reflections)=

S = 1.1589

MULTI-SCAN

0.0506( 4899)

Theta (max) =

WR2 (reflections)= 0.1218(

Npar= 364

72657

5085)

Crystal of 12b was obtained from methanol. Thermal Ellipsoid Plot for the crystal structure of 12b are shown at the

50% probability level.

1.12 NMR Spectra

'"HNMR of 11a
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'H NMR of PK-B-7
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' NMR of LD-28
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'H NMR of LD-5
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11 Number of 268
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2016-05-13
n Date T11:02:12
17 Modificati 2016-05-13
on Date T11:11:58
18 Spectromet 125.69
er
| Frequency
! 1 19 Spectral  31250.0
| Width
| 20 Lowest 1800. 4
! | Frequency
] | ‘ J J l 21 Nucleus  13C
) 1 | 22 Acquired 32768
ize
23 Spectral 65536
ize
T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40
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£1 (ppm)

Parameter Value
1 Comment LD-26
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent cdeld
8 Temperatur 45.0
O
9 Pulse s2pul
Sequence
10 Experiment 1D
[ 11 Number of 8
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
jof I I <Lo
14 Pulse 0. 0000
; Width
15 Acquisitio 2.0447
| n Time
16 Acquisitico 2017-10-12
n Date T09:32:53
17 Modificati 2017-10-12
on Date T15:30:04
18 Spectromet 499.78
Frequency
- . 1t ' 1 19 Spectral  8012.8
Il Width
I ‘ I TS by A0 !
A JJKM i ,V L HU'L "HJ"W\JM.U I w" | | 20 Lovest 1007.7
Frequency
21 Nueleus 11
w PR w TTTE Y T 22 hewsired 16381
5 d2gd o g S20% zE3fRntodis
s —SS- = - Smms SS e —wea ey 23 Spectral 32768
T T T T T T T T T ize
5.0 4.5 4.0 3.5 3.0 2.5 i} L Lo
1 (ppm)
BC NMR of 11j
BC NMR of LD-26
% 2
3 3 = g SEERRd88s §3 I3RI$598==4%
2 = = £ EEELRIEaE 2% TRALEARLg2 o
| I I I S NNV AWV TR paraneter Value
1 Comment LD-26
2 Origin Varian
3 Owner
4 Site
5 Spectromet vmrs
er
6 Author
T Solvent cdeld
8 Temperatur 45.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 168
Scans
12 Receiver 30
Gain
13 Relaxation 1. 0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2017-10-16
n Date 11:46:46
17 Modificati 2017-10-16
on Date T15:06:00
18 Spectromet 125.68
er
Frequency
19 Spectral  31250.0
Width
20 Lowest 1801. 4
Frequency
21 Nucleus 13C
22 Acquired 32768
ize
23 Spectral 65536
T T T T T T Size
120 110 100 90 80 60 30 20
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T T T T T T
200 190 180 170 160 150

T T
120 110 100 90 80 70

1 (ppm)

g 88228 =
— Iinirind S
. 2 5
T Parameter  Value
1 Comment LD-13
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 16
cans
12 Receiver 32
Gain
/' 13 Relaxation 1.0000
r ¢ / s ¥ Delay
I & 4 / 14 Pulse 0. 0000
Width
15 Acquisitio 2.0447
n Time
16 Aequisitio 2017-09-07
n Date T08:35:51
17 Modificati 2017-09-07
on Date T08:36:44
18 Spectromet 499, 82
1 |
! Frequency
! i | ‘ \ 19 Spectral 80128
it I | 'j i ‘ U | m W ﬂ‘\ || Width
M ) LAy 20 Lovest 1007.5
TN, (TSNP RN |t , Y Lu B, JL'L . gl ,,J’JL/ J v \ l‘ Frequeney
21 Nucleus 1H
L H bk oo H H H, 22 gcuuned 16384
832 2 =83 & § 8 a g5 i
o = L = = & o 23 Spectral 32768
T T T T T T T T Size
7.5 7.0 6.9 6.0 9.5 4.5 4.0 3.8 3.0
£1 (ppm)
1
3C NMR of 11k
3C NMR of LD-13
" g =i E £55525383388052 a2
£ = b 8 Sarrerdddam gt Sk
a = = = - SEREREEEER R G ninn  TEmm
I [ [ S I e T Parameter  Value
1 Comment LD-13
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent cdeld
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 4664
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2017-09-07
n Date T10:46:05
17 Modificati 2017-09-07
on Date T13:25:30
18 Spectromet 125. 69
i Frequency
| 19 Spectral  31250.0
! Width
| 20 Lowest 1800, 4
i Frequency
| | ‘ I 21 Nuclews  13C
| J ! l | I 22 Aequired 32768
Size
23 Spectral 65536
T T T T T de
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-6.24

I R e R e L R N I R N R I Ty
QX NI TN S S S SRR T TN T T I TnMMONNN——— R0 0SB RRIBBE R TN ANNNN =S
R AR AR e i e e A e A R R R R R R R R e T T e e et et e e e e e o R e X
TR LR AR AR
— =TT L L w u | === Parameter  Value
1 Comment LD-11
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
6 Author
7 Solvent
8 Temperatur
e
9 Pulse s2pul
Sequence

10 Experiment 1D

11 Number of 8
Scans

12 Receiver 30

. Gain

| | 13 Relaxation 1.0000

{
PARP I ST / 7 s il 1 i, A

Width
15 Acquisitio 2. 0447
n Time
16 Acquisitio 2017-09-15
n Date T09:19:47
17 Modificati 2017-09-15
on Date T10:36:59
18 Spectromet 499.78

Frequency
19 Spectral  8012.8
Width
20 Lowest 1007. 7
Lo - W Frequency
! ‘ ! | 21 Nuel 1H
| | I \L | | ‘)’Ium Nucleus
1 | I 1 Wl i u I
N L T A M I N LA LTS i, AU e | ncquire 16384
g Rk BT IR kR e [Am e e R L Stze
= Z 8z E =28 = ] 7 SIZE=282598848R 23 Spectral 32768
i = = = ] d = = o = QIR RECRE = ul B DA B p¥ SRR I H Size
T T T T T T T T T T T T T T
] 7.0 6.5 6.0 6.5 5.0 4.5 4.0 a5 3.0 2.5 2.0 i5 1.0 0.5
f1 (ppw
13
C NMR of 111
3C NMR of LD-11
2 £ a 2 5 = TR 0T =0 MOVMm CNO-—TSR—oW
= 3 S ES a g 3ZHRfGad3s F28d sh8ZszzdIas
& a - - - & xkrir-hhr-'h R R-R+) nr«ilimmw\r?mra—
I I | I ==\ mpesy V| [ Parometer  Value
1 Comment  LD-11
2 Origin Varian
3 Owner
1 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent  edel3
8 Temperatur 45.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 344
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2017-10-12
n Date T09:34:57
17 Modificati 2017-10-12
on Date T15:29:54
18 Spectromet 125. 68
i er
I Frequency
|4 1 19 Spectral 312500
1 1 RN 1T Width
! | i
P ; ! | | l, I l I H Lowest 18014
J Frequency
e b ' " k 21 Nucleus  13C
22 Acquired 32768
Size
23 Spectral 65536
Size

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 80 70 60 50 40 30 20
f1 (ppm)
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L ZHEE SR8 849
= ek T [ Parameter  Value

1 Comment LD-12

2 Origin Varian

3 Owner

4 Site

5 Spectromet vnmrs
er

6 Author

7 Solvent cdeld

8 Temperatur 25.0
e

9 Pulse s2pul
Sequence

10 Experiment 1D
11 Number of 8

Scans
/ 12 Receiver 30

/ Gain

|
/ | | 13 Relaxation 1.0000
|
. [ - J / 4 Delay
/Sl A Al ST e SoossNSS MPulee  0.0000
Width
15 Acquisitio 1.8219
n Time
16 Acquisitio 2017-10-10
n Date T10:18:33
17 Modificati 2017-10-10
on Date T14:47:10
| 18 Spectromet 489. 78

er
! Frequency
10 Spectral  8992.8
‘ Width

| ii w Eofii 1) i i i M.I”\ HMHIIH i ||‘H' | 20 Lowest 997.9
| Il 1] Il "
. ‘ S SR A A SRR U rreasency
21 Nucleus 1M
22 Acquired 16384
Size

e U I s e U sl L e =V
88 8 g 8 3915 b 5 8 2 o= B LEogeg 23 Spectral 32768
S = = = S - = S i = = R FoaSren Size
T T T T T T T T T T T T T T T T T T T T T T T T T T
6.2 6.0 58 56 54 52 50 48 46 44 42 40 38 36 3.4 32 30 28 26 2.4 2.2 2.0 1.8 L6 1.4 L2 1LO
1 (ppm)
BC NMR of 11m
13C NMR of LD-12
o o "
g = s 2 REgEa9AR8n LIRCUSBAER
a = = £ Eﬁﬁﬁi’:’-’%;%%% ﬁ%ﬁﬁﬁﬁﬁﬁﬁ
I I e N s T
1 Comment LD-12
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 45.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 792
Scans
12 Receiver 30
ain
13 Relaxation 1. 0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2017-10-12
n Date T09:48:18
17T Modificati 2017-10-12
on Date T15:29:46
18 Spectromet 125.68
er
| N Frequency
| | 19 Spectral 31250.0
1 ! | Width
‘ ‘ | HH " ‘..,l | 1|20 Lowest 1801 4
Frequency
i ,l | | || i JJ || HL " | | gl Nucleus  13C
22 Acquired 32768
Size
23 Spectral 85536
Size
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 80 0 60 50 40 30 20

f1 (ppm)
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I3C NMR of 11n

Parameter

3 Origin
1 Owner

5 Site

6 Spectromet
er

Author

Solvent

© @

Temperatur
e

10 Pulse
Sequence

11 Experiment

Number o
Scans

13 Receiver
Gain

14 Relaxation
Delay

15 Pulse
Width

16 Acquisi
n Time

on Date

19 Spectromet

Modificati 2

Value
PROTON_O01
B

Varian

vnmrs

cdeld

25.0

T09:35:
499,82

—211.67
—204.53

BC NMR of Y-B

73.46
—64.81
-61.37
+59.68

o S ¥ oo~ ®mo
& - o QN QO - o~
o w o © @B © o b= ks
M~ wn = M ONN NN w o=
- - - = o M~
o ] |
T NP SN
1
| |
| ; 1
| | , . -
- s s Y "

=
=
@
—
Parameter Value
1 Title CARBON 01
2 Comment Y-B
3 Origin Varian
4 Owner
5 Site
6 Spectromet vnmrs
er
7 Author
8 Solvent deld
9 Temperatur 25.0
e
10 Pulse s2pul
Sequence
11 Experiment 1D
12 Number of 552
Scans
3 Receiver 30
Gain
14 Relaxation 1. 0000
Delay
15 Pulse 0. 0000
Width
16 Acquisitio 1.0486
n Time
17 Acquisitio 2018-05-21
n Date T14:10:18
18 Modificati 2018-05-21
on Date T14:30:34
19 Speciromet
er
Frequency
20 Speetral  31250.0
Width
21 Lowest 1800. 5
Frequency
Nucleus 3c
32768
65536

24 Spectral
Size

T T T T T T T T T
1790 160 150 140 130 120 110 100 90 80
£l (ppm)
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Parameter Value
1 Comment PK-R-30
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 25.0
e
9 Pulse s2pul
/ Sequence
/ 10 Experiment 1D
11 Number of 16
i Scans
‘ 12 Receiver 20
| Gain
/ | |13 Relaxation 1.0000
[ / / fé Delay
|
/ | I 7 AN A A4 S S S SS ] e vom
Width
15 Acquisitio 2. 0447
n Time
| 16 Acquisitio 2016-09-01
n Date T10:38:35
[ 17 Modificati 2016-09-01
on Date T10:39:28
18 Spectromet 499.82
I Frequency
‘ 10 Spectral  8012.8
! | | | M | | Width
n | o 'u i i | il \'A | 20 Lowest 1007.5
| I ] ‘ ] W i wd o d T Frequency
P | | J LJM it e | O, J;)'_ylu_j"d "\L_gﬂ_‘%u;,)"mmﬂ! Y L‘ U\ 21 Nucleus H
22 Acquired 16384
i et o i i el i AT i ST Pt b bttt b, o .
g 83 £ 8 582 8 = & 8 2 =1 R5Caaddss 23 Spectral 32768
o A SS = = =] S== = = — - = PR Dk Ik ol Qe e i
T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1 L0
£1 (ppm)
1
3C NMR of 110
3C NMR of PK-R-30
= = o tmma s
iz 2 se fRiiiia: £izngzsnn SoSsSSe ganceggnEscy
a3 = s 3 c88gaaan ELSEERELER QCEEIEIT FFFREALHRAZAZ
) et e ety
~ I [ [ i L L e e s Parameter  Value
1 Comment PK-R-30
2 Origin Varian
3 Owner
i 4 Site
I 5 Spectromet vnurs
er
6 Author
7 Solvent edel3d
& Temperatur 25.0
| e
9 Pulse sZpul
! Sequence
10 Experiment 1D
11 Number of 3164
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2016-09-01
| Ti4:43:58
" 17 Modificati 2016-09-01
on Date T16:32:10
i | i 18 Spectromet 125. 69
| " ! | Frequency
i 19 Speetral  31250.0
20 Lowest 1800. 4
i i Frequency
Nl i | 1, | |21Nuclens  13C
22 Acquired 32768
ize
23 Spectral 65536
ize
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 80 70 60 50 40 30 20 10
£1 (ppw
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'"H NMR of PK-R-28

R R e s s REE E g3 YIS i a2 5 28R o e e e8I Y3 S4aASES
A R i e i e R e s I e T e gt B s S L S R L i e .
o relarlralire o i PTG TRV RTR AT SR -
e == y w e B s — Parameter Value
1 Comment PK-R-28
2 Origin Varian
3 Owner
4 Site
5 Spectromete vnmrs
r
6 Author
7 Solvent cdeld
8 Temperature 25.0
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 16
I Scans
12 Receiver 24
Gain
s ¢ 13 Relaxation 1.0000
S ., Al :
71 Ir VAR SNV AV VA S| VARV T e
15 Acquisitien 2.0447
ime
16 Acquisition 2016-09-28T
10:18:06
17 Modificatio 2016-09-28T
n Date 10:19:00
18 Spectromete 499, 82
r Frequency
1 19 Spectral 8012.8
| Width
I 20 Lowest 1007.5
I | ! Frequeney
H\ i | T H Y g b H 21Nucleus  1H
bl | ‘N 3
) ) U B U U U W W UL VWV Acquired 16354
il B R SIS T et e i )
—— _— g = gz %wg = o e 0o = o 23 Spectral 32768
oy = *h < = 2 49 S = = MmN Q Size
- =c = = = fi= = = - B e R R ]
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 8.5 5.0 4.5 4.0 3.8 3.0 2.5 2.0 i} Lo
£1 (ppm)
1
3C NMR of 11p
BC NMR of PK-R-28
& S g 2 “ 2 CUSSEEANSSNS SSSNEERLRES
& a wiooo = ] DR ENIES, 00 SOL IR O e Sty O O I D AC N T R O
S z i A s & %E.’:Eﬁ."?ﬁﬁ‘?%‘%; FITRORRAERS
I [ e e N O R Y] Parameter  Value
1 Comment PE-R-28
2 Origin Varian
3 Ouner
4 Site
5 Spectromete vnmrs
r
6 Author
7 Solvent edeld
8 Temperature 25.0
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 1084
cans
12 Receiver 30
Gain
| 13 Relaxation 1. 0000
Delay
14 Pulse Width 0. 0000
15 Acquisition 1. 0486
i 1 i Time
16 Acquisition 2016-09-28T
Date 12:26:18
17 Modificatio 2016-09-28T
| ! ) | n Date 13:03:26
| I 18 Spectromete 125. 69
1 | : r Frequency
| 19 Spectral 31250.0
! | | ! Width
20 Lowest 1800. 4
21 Nucleus 13C
22 Acquired 2768
Size
23 Spectral 65536
T T T T T T T T T T T T T T T T T T T Size
200 190 180 170 160 150 140 130 120 110 100 90 80 70 G0 50 40 30 20
f1 (ppm)
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rRE8E9s
Ceseses
= Parameter  Value
1 Comment LD-16
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 16
cans
12 Receiver 34
ain
13 Relaxation 1.0000
I/ o Delay
/] W / wleh r ¥ FE O£ & T
15 Acquisitio 2.0447
n Time
16 Acquisitio 2017-09-11
n T10:18:44
17 Modificati 2017-09-11
on Date T10:19:38
18 Spectromet 499.82
er
Frequency
i 19 Spectral 8012.8
| Width
20 Lowest 1007. 5
Iy | | I Frequency
N o i | 21 Nucleus 1
i | TR L Ly L_H! \ |22 feauirea 16384
e %_'#’74‘&"7\174& " Size
= =28 s A 23 Sgeuljul 32768
e 2222 2 e Size
T T T T
.5 (i 6.0 5.5 5.0 4.5 1.0
£1 (ppm)
13
CNMR of 11q
- = 4 swan
B & g azsg ERINUEEBASEREEE
S 2 5w grEgygEnddesme
[ A0 SN Paramster | Yalis
1 Comment LD-16
2 Origin Varian
o 3 Owner
\_ 4 Site
- 1 5 Spectromet vnmrs
er
6 Author
7 Solvent cdeld
8 Temperatur 25.0
o e
9 Pulse s2pul
Sequence
7( 10 Experiment 1D
11 Number of 1032
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2017-09-12
n Date T09:19:29
17 Modificati 2017-09-12
on Date T09:55:10
18 Spectromet 125.69
! Frequency
| 19 Spectral ~ 31250.0
1 Width
Lo i ! 20 Lowest 1800.4
I J ' J [ 1 ! I | Frequency
I ] | ] 21 Nucleus  13C
22 Acquired 32768
Size
23 Spectral 65536
Size

T
200

T
190

T T T T T T T
160 150 140 130 120 110 100 920 80 70
£1 (ppm)
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7.76
175

72

0751

N

=

0.84-T
0.76-x

20644
20631

A

170.64

—155.00
—14991

—136.08

T
200

T T
160 150

£l (ppm)

SEEEEE
R N
B Ca Parameter  Value
1 Comment PE-R-35
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Selvent cdeld
& Temperatur 25.0
e
1 9 Pulse s2pul
I Sequence
10 Experiment 1D
11 Number of 16
Scans
’ 12 Receiver 30
‘w Gain
// | 13 Relaxation 1. 0000
ol [/ / / / [ / elay
/A / I 14 Pulse 0. 0000
Width
15 Acquisitio 2. 0447
n Time
16 Aequisitio 2016-09-28
n Date T10:20:45
17 Modificati 2016-09-28
on Date T10:21:38
; 18 Spectromet 499. 82
N Frequency
\ | 19 Spectral  8012.8
Il | Width
Ly - 1 20 Lowest 1007.5
1 1 | vy 1 T I‘ o Freguency
il P A "\j il g Al y | | 21 Nucleus 1M
| | ¥ iy v | 22 Aequired 18384
— wﬁ uwl‘ gy *dewj ~ wu'-h‘ ‘)*qdwwww“)wiﬂ\‘“ e
Sod x - - @ o = ® Toan 2w 23 Spectral 32768
€838 3 = = 8§ 8 3 SRN58%E £ opectra :
—“Ss4 S = = -2 - - ISR pui P ize
T T T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.5 Lo
f1 (ppm)
1
3C NMR of 11r
CNS3DY SNREERCSES
QI en THRGv oG R
'@Q"E%EE TFREEAES2
|dm=— N {3\ Parameter  Value
1 Comment PK-R-30
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
6 Author
7 Solvent cdeld
| 8 Temperatur 25.0
| e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 3164
Seans
12 Receiver 30
1 Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
| 16 Aequisitio 2016-09-01
n Date T14:43:58
17 Modificati 2016-09-01
] | I on Date T16:32:10
18 Spectromet 125. 69
| 9
o ! | Frequency
1 h | 19 Spectral  31250.0
Width
20 Lowest 1800. 4
Frequency
g’ l ;i , | 21 Nucleus 13C
22 Acquired 32768
ize
23 Spectral 65536
T T T T T T T T T T T
120 110 100 90 L) 70 60 a0 40 30 20

'"H NMR of 12a
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25405
2
4

I R R P R a  r r  r  rE
R R L e L e R R L L L s L e e I b e e be]
rRP rdm/r\;\\c_\?k\‘c CowntrrfFmaimoicicicicicicicicacian
T Fm— m——t e Parameter Value
1 Comment LD-R-5
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnurs
6 Author
7 Solvent  cdeld
8 Temperatur 25.0
e
9 Pulse s2pul
. ;| Seasence
| | | 10 Experinent 10
p [ 11 Number of 8
F { f | Scans
/ i 12 Receiver 30
/ Gain
[ i
( f f" r [ [ [ Y 13 Relaxation L0000
J | ‘ / ‘ | | | [ / / Delay
[ ) 1 I ‘N J j [ ) 14 Pulse 0.0000
Width
15 Acquisitio 1.8219
o Time
16 Acquisitio 2017-06-02
n Date T09:24:00
17 Modificati 2017-06-02
on Date T10:03:58
18 Spectromet 499.78
! er
Lo ; Frequency
! 1 ! 19 Spectral  8992.8
I Width
! | | 20 Lowest 998. 0
! | I Frequency
ool |l L L 21 Nucleus 10
! \ L1 AL LA N ey
[ ] O R | | Y, S ., S S LR WA ML) 22 equived 16384
e i [ ki T i SRl poR| siee
=z 2 g2 g 2 5o z 2 5 59 3 g% S = |23 Spectral 52708
- i —-= s = =i P = = b= S E=< o ize
T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 10
f1 (ppm)
13
C NMR of 12a
13
C NMR of LD-R-5
& 28 = 22 g5 dEga5 —E—0—Oog®—md CNEEVmE® M &
=3 IR g = [ ] ot D RSk e bl Thy - e s B e e Ml o R (i
= $i" s = 33 88 oo &“R'ﬁﬁ)ﬂr($§3$ Fe9FELaRa a2
i ik W Y EER S R A S ————
]
1 Comment LD-R-5
2 Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 120
Scans
12 Receiver 30
in
13 Relaxation 1. 0000
e 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2017-06-13
n Date T16:27:53
17 Modificati 2017-06-13
on Date T16:05:02
18 Spectromet 125.68
er
Frequency
19 Spectral  31250.0
Width
20 Lowest 1801. 4
Frequency
21 Nucleus 13C
22 Acquired 32768
Size
23 Spectral 65536
Size

T T
210 200

T T T T T T T
120 110 100 90 80 70 60
f1 (ppm)

T T T T T T T
190 180 170 160 150 140 130

T
20

10

'"H NMR of 12b
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T
170

T T T T
120 110 100 90 80 70 60 50 40 30 20

£1 (ppm)

Parameter Value
Comment LD-R-2
Origin Varian
Owner
Site
Spectromet vnmrs
er
6 Author
7 Solvent  cdeld
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 16
Scans
{ { ( 12 Receiver 36
[ ain
/ [ ’ 13 Relaxation 1.0000
[ (l | iy | / ‘ elay
/l 7l / / i | |upuse  0.0000
Width
15 Acquisitio 2. 0447
n Time
16 Acquisitio 2017-05-08
n Date T15:39:08
17 Modificati 2017-05-08
! on Date  T15:40:02
18 Spectromet 499, 82
Frequency
19 Spectral  8012.8
i Width
i 20 Lovest  -1007.5
m | i Frequency
u ‘ | i ) o | 21 Noclews TN
k L,,A‘J\.A,A,_L J\A,g‘,km.ﬂ, ‘.JR&JL\__,—/U \_{22 Acquired 16384
7 Lo it T =T Ty i Stz
Iy = = 88 =4 o qaggag 28 =t & 23 Spectral 32768
=8 s 3 =d g s 252282 &9 @ @ Size
T T T T T T
5.5 3.5 3.0 2.5 2.0 L5
1
3C NMR of 12b
NMR of LD-R-2
= & Hq=E3 EEER SRNLLNSETY m229nIt o e
-3 “ S 'd?ds‘ Lot et B e B e G ] O NI > it}
= g a33I3 f=fimph] ZEEECETEEE S938RRFE A2
| Ny VO Ve o VT TIREET T —
1 Comment LD-R-2
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent  edeld
8 Temperatur 50.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 96
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
| Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1. (0486
n Time
16 Acquisitio 2017-06-16
n Date T11:18:21
17 Modificati 2017-06-16
on Date T16:11:30
18 Spectromet 125. 68
er
Frequency
19 Spectral  31250.0
Width
20 Lowest 1801.4
Frequency
21 Nucleus 13C
22 Acquired 32768
Size
23 Spectral 65536
ize

H-H COSY of 12b
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N o) il \‘ ” I
A U L b N L " e N ol R e
| e
— ]
j "
i L]
fi
= 3
B i
- |
— 0
— b
» 6
= | @ i
fi
B &
¥ £
[}
75 70 65 60 55 50 45 10 35 50 25 20 s 10
£2 (ppm)
HSQC of 12b
HSQCAD of LD-R-2
il Jo l .LL. : N
— 20
30
_ 40
% |50
O ES
6o
—_— : S o
¥ s ™ B
Fao ;
100
— B g Fiio
— % -k :
] s 120
B F130
k120
— 4
= F1s0

T T T T
8.5 8.0 7.8 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)

HMBC of 12b

S44




HMBCAD of LD-R-2
7

LLLL

awn .

. o 60

Ll

L

N

DEPTI1 of 12b

/\Q DEPTI of LD-R-2

T T T T T T
150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

DEPT2 of 12b

S45

f1 (ppm)




DEPT2 of LD-R-2
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Parameter
Title

Comment

o —

Origin
Ouner

Site
Spectromet
er

Author
Solvent

Temperatur

e
Pulse
Sequence
Experimen
Number of
Scans

10

Receiver

Gain

4 Relaxation
Delay

15 Pulse
Width

16 Acquisitio

n Time

17 Acquisitio

n Date

18 Modificati
on Date

19 Spectromet
er
Frequency

20 Spectral
Width

21 Lowest
Frequency

22 Nucleus

23 Acquired
Size

24 Spectral
Size

Value
PROTON_01
Y-2

Varian

vnmrs

cdeld

60.0

s2pul

30

1. 0000

0. 0000

499. 78

8992. 8

998.0

16384

32768

T T T T T
5 5.0 4.5 4.0 3.5
£1 (ppm)

I3C NMR of 12¢
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© @~ © 0o N~ @O ~
~ o~ © k] e o ™ FPOLTOVODONG
Do D 5 G W F oo [T O G D
I=R=%-)] © g« N e = GRS -0 aaag -
S - ety & £ ¥ BITIOOSDIGT Parameter  Value
7NN Y o7 R S A : :
1 Title CARBON_01
2 Comment Y-2
3 Origin Varian
4 Owner
5 Site
- 6 Spectromet vnmrs
1 \ —~0 er
! / 7 Author
//;ka“’ 8 Solvent  cdeld
o 9 Temperatur 60.0
Y L]
10 Pulse s2pul
Sequence
11 Experiment 1D
12 Number of 64
Scans
13 Receiver 30
Gain
14 Relaxation 1.0000
Delay
15 Pulse 0. 0000
Width
16 Acquisitio 1.0486
n Time
17 Acquisitio 2017-12-06
n Date T11:01:13
18 Modificati 2017-12-06
on Date T15:33:06
19 Spectromet 125.68
Frequency
20 Spectiral  31250.0
Width
21 Lowest 1801. 4
Frequency
22 Nucleus 13C
23 Aequired 32768
Size
24 Spectral 65536
Size
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 -10
£1 (ppm)
1
H NMR of 12d
Parameter Value
1 Comment PK-B-8-1
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
6 Author
7 Solvent cdeld
8 Temperatur 25.0
e
9 Pulse sZpul
Sequence
10 Experiment 1D
11 Number of 32
cans
(f 12 Receiver 22
( . . ‘f ‘ 13 Relaxation 1.0000
1 n ] Il { / { / ] /
, / ' | / N s
! [ ) | / /| / J o /W e/ ll 14 Pulse 0.0000
| Width
15 Acquisitio 2.0447
n Time
16 Acquisitio 2016-12-05
n Date T09:12:23
17 Modificati 2016-12-05
| ! on Date  T09:14:06
| | 1 18 Spectromet 499,82
! 1 er
1 1 ‘| Frequency
JI J‘ . u | | PR [P e ‘ 19 Spectral  8012.8
A I mb Width
.} ISR A "g O | s L R | e
20 Lowest 1007.5
Frequency
21 Nueleus 1
22 Acquired 16384
i i ity i i 1y i i iy P e fetebe b A
= L52 23 5 £ 2 == = £ § B E%=2=4E53 &3 |23Spectral 32768
—== == < = = = a "] - - = = ==On~ el Size
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4 3.5 3.0 2.5 2.0 L5 Lo

BC NMR of 12d
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C NMR of PK-B-8-1
ES s
E““- e £ 3gz¥ q 23Z2R FTRALERERG
=k =258 O CEeE g wwd o PR R i
&= &= 233X "Homoon=R 2 FEES®R 8 guds gEaRadsass
I NSNS N1 L Ny FNSSY S T —
1 Comment  PK-B-8-1
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 192
Scans
12 Receiver 30
Gain
13 Relaxation 1. 0000
Delay
| 14 Pulse 0. 0000
Width
| ! 15 Acquisitio 1. 0486
\ n Time
! 16 Acquisitio 2016-12-05
| n Date T14:59:39
| 17 Modificati 2016-12-05
on Date T15:06:20
18 Spectromet 125, 69
er
Frequency
19 Speetral  31250.0
Width
20 Lowest 1800. 4
Frequency
N I 21 Nucleus  13C
22 Acquired 32768
Size
23 Spectral 65536
Size
T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
H-H COSY of 12d
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HSQC of 12d
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DEPT! of PK-B-8-1
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"H NMR of 12e
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Parameter Value
1 Comment LD-R-9
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent  edel3
8 Temperatur 45.0
e
9 Pulse s2pul
s Sequence
10 Experiment 1D
11 Number of 8
Scans
12 Receiver 30
Gain
( ([ 13 Relaxation L.0000
J Delay
J I / s o / 14 Pulse 0.0000
Width
15 Acquisitio 1.8219
n Time
16 Aequisitio 2017-10-17
Date T09:31:10
N 17 Modificati 2017-10-17
] on Date  T14:20:18
18 Spectromet 499.78
er
Frequency
19 Spectral  8992.8
! ; Width
| i ! ‘ 20 Lowest 997.9
b | Frequency
il i b - ‘ || 21 Nucleus  1H
| [ A i W Nlﬁu A /\ JUI | JUL |22 cquirea 16384
N L N | C— O | N i | — i, i, S AL L UL |22 4
b [ i kD, T i T e e i ST A it e
8 g 3 3 b 2 8 238 g1 2 § o 5 ® o= |235pectral 32768
= ) = - = b Qe o s S S Size
T T T T T T T T T T T T T T T T T T T T T T T T T
6.2 6.0 58 56 5.4 5.2 50 48 46 4.4 42 40 3.8 3.6 3.4 3.2 3.0 28 26 2.4 2.2 20 1.8 16 1.4 1.2 1.0 0.8
f1 (ppm)
13
C NMR of 12e
13, B
C NMR of LD-R-9
= oo o a =
e = o ISl o b
2 3 g g 2 o
T T 1 1 v
Parameter  Value
1 Comment LD-R-9
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 45.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 296
Scans
12 Receiver 30
Gain
13 Relaxation 1. 0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2017-10-19
n Date T09:37:54
17 Modificati 2017-10-19
on Date  T11:38:32
18 Spectromet 125.68
er
Frequency
19 Spectral  31250.0
Width
20 Lowest 1801. 4
Frequency
21 Nueleus 13C
22 Acquired 32768
Size
23 Spectral 65536
Size

T
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T
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T T T T
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T T T T T T T T T T
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1 (ppm)
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'"H NMR of 12f
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Parameter Value
1 Title PROTON_01
2 Comment LD-R-14
3 Origin Varian
4 Owner
5 Site
6 Spectromet vnmrs
er
7 Author
8 Solvent cdeld
9 Temperatur 40.0
e
10 Pulse s2pul
Sequence
11 Experiment 1D
12 Number of 8
Scans
13 Receiver 18
5 Gain
7 l f| I 14 Relaxation 1.0000
[ { Delay
P P [ r / |
J J / Sl J /o J,‘I ¥ 15 Pulse 0.0000
Width
16 Acquisitio 1.8219
n Time
17 Acquisitio 2018-04-17
n Date T10:58:26
ol 18 Medificati 2018-04-17
on Date T14:34:46
19 Spectromet 499.78
! er
1 Frequency
20 Spectral 8992.8
Width
! i 21 Lowest 998.0
; | Frequency
ol | ] u, i lHl" wlm ! "“ ‘ 22 Nucleus 1
A8 ) 4 S J tL It 23 Acquired 16384
g R FibH, Pl Size
& 88 2 335 = Rﬁ%ﬁ °“‘°°°"588 @ |24 Spectral 52768
- - - o~ -NOo - -\—m-\—‘—omm‘—mm o Size
T T T T T T T T T T T T
1.5 7.0 6.5 6.0 5.5 5.0 4.0 3.8 3.0 2.5 ZU 15 1U 0.5
£l (ppm)
I3C NMR of 12f
3C NMR of LD-R-14
[T Re) no -]
s % & 2 g gezstgTacy
o @ oo [T ] > ottt G L Gt
2 EE 2 B s SEECEIBRI 5 Pt Tt
o/ N [ I S T e 1 Title CARBON_O1
2 Comment LD-R-14
3 Origin Varian
4 Owner
5 Site
6 Spectromet vnmrs
er
7 Author
8 Solvent cdeld
9 Temperatur 40.0
e
10 Pulse s2pul
Sequence
11 Experiment 1D
12 Number of 24
Scans
13 Receiver 30
Gain
14 Relaxation 1.0000
elay
15 Pulse 0. 0000
Width
16 Acquisitio 1. 0486
n Time
17 Acquisitio 2018-04-20
n Date T16:52:12
18 Modificati 2018-04-20
on Date T16:02:24
19 Spectromet 125. 68
er
Frequency
20 Spectral 31250.0
Width
21 Lowest 1801.4
Frequency
22 Nucleus 13C
23 Acquired 32768
ize
24 Spectral 65536
Size

T
20

T
210

T T
110 100
f1 (ppw)

T T T T T T T T T
200 190 180 170 160 150 140 130 120

'H NMR of 12g
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'"H NMR of LD-R-4
U S IR R RN N S R N RN N R R R Y eI E AN 2O g I rEECUBRRIHERRZEEZRE
N LTFIT ST FraaidicidainidddaididaidniddaaddanddaainSo SO i S H S S S
! S s e i S LN — -
Parameter Value
1 Comment LD-R-4
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent  cdel3
8 Temperatur 25.0
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 8
‘f Scans
12 Receiver 30
Gain
/ [ ] |13 Relaxation 1.0000
5o [ | Delay
/ I i i / | |1apuse  0.0000
Width
15 Acquisitio 2. 0447
| n Time
I| |16 Acquisitio 2017-09-06
n Date T10:02:07
17 Modificati 2017-09-06
on Date  T15:43:35
| 18 Spectromet 499. 78
1
Frequency
1 ‘ 19 Spectral  8012.8
| Width
| | 20 Lowest 1007.7
| | I f o I il | Frequency
i i i | 21 Nucleus 1
M ! T I Tt (1 1Nucleus 1
J | LA, e oo WV ,_Jﬂ_a_ﬁ SR VLY ARz Acquired 16384
w L] L [N m T T riprT e i | Sise
2 g2 3 4] 2 = £ 23 5 Izgeg S %S |23Spectral 32768
— - = = = = = PR == - oo Size
T T T T T T T T T T T T T
7.0 6.5 6.0 2.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 Lo
1 (ppm)
I3C NMR of 12g
C NMR of LD-R-4
“ E
“ 2
S =
£ =
I I

Parameter Value

1 Comment LD-R-4

2 Origin Varian

3 Owner

4 Site

5 Spectromet vnmrs
er

6 Author

7 Solvent cdel3

! 8 Temperatur 25.0

e

9 Pulse s2pul
Sequence

10 Experiment 1D

11 Number of 136
cans

12 Receiver 30
Gain

13 Relaxation I.0000
Delay

14 Pulse 0.0000
Width

15 Acquisitio 1.0486
n Time

16 Acquisitio 2017-09-08
n Date T11:39:43

17 Modificati 2017-09-08
on Date Ti4:13:24

18 Spectromet 125.68

Frequency

19 Spectral  31250.0
Width

20 Lowest 1801.4
Frequency

21 Nucleus 13

22 Acquired 32768

ize

23 Spectral 65536

Size

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 80 70 60 50 40 30 20 10
£1 (ppm)

'"H NMR of 12h
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NMR of LD-R-11

ARIMARAInCS22RRE R RRERIAAAAEANNS288283R
tnlhl hERER A EnE nEn SRR 111111111117':%1 bru b AT AT T_?,_i‘i';’
—mr 1 - B B = T Parameter Value
| 1 Comment  LD-R-11
2 Origin  Varian
3 Owner
14 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 45.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 8
; " Scans
| |12 Receiver 30
| Gain
{ / | |13 Relaxation 10000
‘\ , / | | Delay
r r
J I / )/ ;o7 A s o
Width
15 Acquisitio 1.8219
n Time
16 Acquisitio 2017-10-17
nDate  T09:35:15
17 Modificati 2017-10-17
on Date T14:20:00
18 Spectromet 499. 78
er
Frequency
{ | 19 Spectral  8992.8
‘ | | i Width
‘ 20 Lowest 997. 9
| T | 1 Frequency
| ! “ u oo m ) ‘\ r |‘ o ‘ 21 Nucleus  1H
I LA A U i PPk, RS JUIUP UL U 22 Aequired 16384
g T Uy T i L S s B L i
g s 8 2 83 £ 8 g2 1 9% 5585 % |23Spectral 32768
—_ - = = ce — — —_—— o= - 06— e — Size
T T ¥ T T ¥ T T T T T T T T
125 7.0 6.5 6.0 5.5 5.0 5 4. 3.5 3.0 2. 2.0 1.5 1.0
1 (ppm)
13
C NMR of 12h
13,
C NMR of LD-R-11
= & & 2 TL_MoSKonNE SBVoMELVNOS VN
g g 5 g ONEEE32502 S208@2032030302
3 = bt = BEEEEREEER FIFRanmsadgzoz
I I SN LVSNY D SSSN N ;
Parameter  Value
1 Comment  LD-R-11
2 Origin Varian
3 Owner
PRI
SR

petiicit
TR B
TR
TILIEEEE

-

R0
IERLE

S

v
SEVER

"H NMR of 12i
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Parameter Value
1 Comment LD-R-8
2 Origin
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edel3d
8 Temperatur 25.0
e
9 Pulse sZpul
Sequence
10 Experiment 1D
11 Number of &
Scans
/ 12 Receiver 18
f Gain
) ,’/ / [ |13 Relaxation 1.0000
. / / / / | Delay
/ [/ " A4 F s | |t4puse  0.0000
Width
15 Acquisitio 2.0447
n Time
! |16 Acquisitio 2017-09-19
n Date T13:28:32
17 Modificati 2017-09-19
on Date T15:03:06
18 Spectromet 499.78
‘ Frequency
| 1 19 Spectral  8012.8
‘ I 0 Width
| ' i 20 Lovest 1007.7
N ‘N | ’ | . "1 i M “M Frequency
! ) ! il ] ﬂ | } I 21 Nucleus 1
| ! M L Wt | )
| I ‘A_JHJ i \Jhg,., J M _M Pr'._ ) | TR '*"LLNJ \»““UL 22 Acquired 16384
i o by o Mg | Size
] 232 £3= ® = 888 |[235pectral 32768
= pi=] i i = % o o Size
T T T T T T T T T T T T
7.0 6.5 6.0 a3 5.0 4.5 4.0 3.5 3.0 2.5 2.0 Lo
£1 (ppm)
13 3
C NMR of 12i
g 82 2 = ~e o
o e ~ N Parameter  Value
1 Comment LD-R-8
2 Origin Varian
3 Owner
14 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent  cdel3
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
[ 10 Experiment 1D
11 Number of 40
Seans
12 Receiver 30
Gain
13 Relaxation 1. 0000
elay
14 Pulse 0. 0000
Width
15 Acquisitio 1. 0486
n Tin
16 Acquisitio 2017-09-21
n Date T14:42:02
17 Medificati 2017-09-21
on Date T15:22:21
18 Spectromet 125. 68
er
Frequency
19 Speetral  31250.0
Width
20 Lowest 1801. 4
13C
22 Acquired 32768
Size
23 Spectral 65536

Size

T T T
20 210 200 190 180

T T T
170 160 150

T T T
120 110 100
f1 (ppm)

T T
140 130

90

"H NMR of 12j
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e e S o o o of o o
\pe——— = e = Parameter  Value
| 1 Comment  LD-R-7
o 2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent cdel3
8 Temperatur 40.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 8
Scans
12 Receiver 18
Gain
/ [ / ([ |8 Relaxation 1.0000
fr ;“ / / Delay
/1 S I i L g off VA / S l J | ;’“lﬁ 0-0aao
idth
I 115 Acquisitio 1.8219
n Time
16 Acquisitio 2017-08-21
n Date T11:39:42
17 Modificati 2017-08-21
on Date  T15:17:54
18 Spectromet 499.78
er
Frequency
| | ! 19 Spectral 8992, 8
o | | Width
N ‘ \ ‘ 20 Lowest 998.0
Wl I P | | Frequency
il i | | Yy [ P \!{ u{;ﬁ{ }[\‘ I U, ,‘,““ Ul |l |2t Sueleus 1
_J lu L L S A AR I i AV a0 W VY L W TV A VLD | Acquired 16384
N ) oo L) A 2 L P L ) O "‘=L"r‘J’*,:5“e 3
K = = 8 8 & & 3 a8 = §3 B & 7 S8 |2 Spectral 32768
ool - - = = = o= = g = o o= e Size
T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10
£l (ppm)
3C NMR of 12
3C NMR of LD-R-7
= ga = ° - Quww
£ 2% 2 $ & 3738t 3 5252353335 § 3rSs3sqENas
8 82 = a X =2 Z‘“T““_.‘ = SREREE8EEE ® #;ﬁ‘;ﬁ;;‘a;ﬂgmz
I \ T T 1T N7 T e S e e
1 Comment LD-R-7
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent edeld
8 Temperatur 70.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 96
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
| Delay
bl 14 Pulse 0.0000
Width
15 Aequisitio 1.0486
n Time
! 16 Acquisitio 2017-08-22
n Date T16:18:23
17 Modificati 2017-08-22
on Date T15:52:24
| 18 Spectromet 125. 68
| er
| Frequency
| 19 Spectral  31250.0
| ‘ 1 | Width
20 Lowest 1801. 4
. —— , e W
i S ™ 21 Nucleus  13C
22 Acquired 32768
Size
23 Spectral 65536
ize
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 80 0 60 50 40 30 20
f1 (ppm)

'"H NMR of 14

S56




' NMR of PK-F

1 (ppm)

DR -cOVONNCANODDVO=DDON DO OO il
NeEeCs 0SS TTOOMNCT S —RRRD Parameter Value
o e s A e S Sy BB K KO B BN R B o R vl 1 Title PROTON_02
' ' 2 Comment  PKF
3 Origin Varian
4 Owner
5 Site
6 Spectromet vnmrs
er
7 Author
8 Solvent edeld
9 Temperatur 25.0
e
10 Pulse s2pul
Sequence
11 Experiment 1D
12 Number of 32
Scans
13 Receiver 38
ain
J . 14 Relaxation 1.0000
|
|
‘ | 15 Pulse 0. 0000
| i3 Iy Width
’ | il p [ [ [l 16 Acquisitio 2. 0447
| "/ | [ FI n Time
| | I/ “ ;‘ | ‘ ‘\' ‘l [ 17 Acquisitio 2016-01-06
! ! / ! ! ! n Date T13:11:32
18 Modificati 2016-01-06
on Date T13:13:14
19 Spectromet 499. 82
| er
| | Frequency
| 20 Spectral 8012.8
Width
) 21 Lowest 1006. 5
| 1 [}
[/ il ] | i | ‘“H‘ | Frequency
W JAM MW e
L ) T SENISES L W e . 23 Acquired 16384
! p drd  ddd & BEE Shedds i
- = - 1 "
o ) I -R=) RS R =1 NADS —~BPNO® 24 Spectral 32768
- = b gy Saio et “rov Movrroa Size
T T T T T T T T T T T
5.5 5. 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
I3C NMR of 14
BC NMR of PK-F
28 3 2 a cwmn oo = e s nemmmonon
He = 5 = f%8988a53 253 R 5SR¥ELBESE
a8 = = = SéRFEr‘E:r?%E nen ?3%2%%3?}155‘
y o | | I R R L2 B M e Paremeter | Yalue
1 Comment PK-F
2 Origin Varian
3 Owner
4 Site
5 Spectromet vmmrs
er
6 Author
7 Solvent cdeld
8 Temperatur 25.0
e
9 Pulse s2pul
Sequence
10 Experiment 1D
11 Number of 224
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitie 1. 0486
n Time
16 Acquisitio 2016-01-06
n Date T12:40:33
17 Modificati 2016-01-06
on Date T12:48:56
18 Spectromet 125,69
er
Frequency
19 Spectral  31250.0
! Width
20 Lowest 1800. 2
Frequency
21 Nucleus 13C
22 Acquired 32768
Size
23 Spectral 65536
Size
T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 0 60 50 40 30 20

H-H COSY of 14

S57




gCOSY of PK-F ‘ |

y |
,JL, D ,J_/A\AJK, R | W T ) J"AJ.k/‘“uLM.)M"-’"‘U""/ LVWL\_/'\\,‘

| eCOSY 01
PK-F

N J@

AN

A L,lu‘gtl_‘g‘

7 =
1V} O]

bl

0.0
F0.5
r1.0
F1.5
2.0
2.5
3.0
3.5
r4.0
4.5
5.0
5.5
6.0
6.5

6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0
2 (ppm)

0.5

fl (ppm)

HSQC of 14

gHSQCAD of PK-F |

JL J S— J..&, JulL Law

|
A m ) L\.L‘\ J”“Aﬂk/" M

0 0>

—— o

B>

D

0g

50
;60
;70
;SO
;90
:IOO
;I 10

r120

F130

60 55 50 45 40 35 30 25 20 15 10 05
12 (ppm)

f1 (ppm)

HMBC of 14

S58




gHMBCAD of PK-F

L N
.
/ ool A
e A Ju e b o M MR A
rl0
wee -— 20
i wear F30
o
. 40
=53 50
wiman
F60
i ssiv [70
F80
90
100 &
F1o &
F120 &=
F130
F140
F150
F160
- F170
F180
190
e T _200
T T T T T T T T
6.0 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0
2 (ppm)
'"H NMR of 15
Parameter  Value
1 Comment PK-B-8-2
2 Origin Varian
3 Owner
14 site
5 Spectromet vamrs
er
6 Author
T Solvent cdeld
8 Temperatur 25.0
e
[ 9 Pulse s2pul
Sequence
™ 10 Experiment 1D
11 Number of 32
Scans
12 Receiver 32
Gain
13 Relaxation 1.0000
[ f Delay
/ / ¢
VAV T f /S / ;o i AT f// // 14 Pulse 0.0000
Width
15 Acquisitio 2.0447
n Time
16 Acquisitio 2016-12-06
T09:06:13
17 Modificati 2016-12-06
on Date T09:08:02
18 Spectromet 439.82
er
I Fregquency
- 19 Spectral  8012.8
! | Width
IR (g § 20 Lowest 1007.5
| . | H il H ’M | ;U\ Frequency
i | M i Uun g uwl F"d'ly‘ 21 Nuclews i
Y| R P, LJULJU;,.I_ »LA_._.___,.J L JL AL L_, S, I N UUPW T\ W 22 acquired 16384
b F A i, il i o i b Top i e B Size
£93823 o B s £ = g 8 BRR%5383%32%53 Poectizal B
prpn g e o = = o = ol = e e i Bl i S e Size
T T T T T T T T T
7.0 6 6.0 4.5 4.0 3.5 3.0 2.5 2 i.5
£1 (ppm)

BC NMR of 15

S59




5.0 4.0 35 3.0

4.5
12 (ppm)

1
g a2
‘ ' Parameter Value
1 Comment PK-B-8-2
2 Origin Varian
3 Owner
4 Site
5 Spectromet vnmrs
er
6 Author
7 Solvent  cdel3
8 Temperatur 25.0
e
9 Pulse sZpul
Sequence
10 Experiment 1D
11 Number of 1528
Scans
12 Receiver 30
Gain
13 Relaxation 1.0000
Delay
14 Pulse 0. 0000
Width
15 Acquisitio 1.0486
n Time
16 Acquisitio 2016-12-06
n Date Ti2:37:49
17 Modificati 2016-12-06
| on Date T13:30:16
I " 18 Spectromet 125.69
" I ! | | er
! : . Frequency
i || 19 Spectral  31250.0
Width
! ! 20 Lowest 1800.4
I ‘ Jll J Frequency
o - . 21 Nucleus  13C
22 Acquired 32768
Size
23 Spectral 65536
Size
T T T T T T T T T T T
120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)
H-H COSY of 15
gCOSY of PK-B-8-2
I ___U._ - _JJ__J'_JLLJJL_ I EPYA O | YT
rl
r2
r3
4
g
a
&
=5
=6
=7
r8

HSQC of 15

S60




‘ I

Il

gHSQCAD of PK-B-§-2

J.U.L_MJJJUL JLJ_ . ,JangUL) S ,,J_A,wg,«ﬂm-‘a-k_dkf

b

s @
— IH\L%@B\- B W» i

8 L @By

90

100

F110

120

130

140

7.5 7.0 6.5 6.0 5.5 5.0 4.5
2 (ppm)

4.0

150

11 (ppm)

HMBC of 15

o

[ ]
W 94

gHMBCAD of PK-B-8-2

__}IL_, _,_'_)L,"__ </| ‘k__ S o A /")l LL'\."U

M
\

I

7.0 6.5 6.0 55 5.0 4.5
2 (ppm)

F145

150

155

160

r165

F170

175

180

F185

190

195

200

205

f1 (ppm)

DEPTI of 15

S61




DEPTI of PK-B-§-2

200

T
190

T
180

T
170

T
160

T T T
150 140 130

T T T T
110 100 90 80

7 60 50 40 30 20 10
£1 (ppn)
DEPT2 of 15
DEPT?2 of PK-B-8-2
Oy
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 10 o -0

£1 (ppm)

S62




