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Supplementary Tables and Figures

Table S1. Diastereoselective reduction of the precursor 32 4-ketone.?

N . dr ratio® yields®
entry conditions temp time (h) (35:36) (35, 36)
1 NaBHs4, MeOH -78°C 1 4:1 -d
2 K-selectride, THF -78°C 2 >10:1 94%, <5%
3 BHs-Me;S, THF 0 °C-rt 2 1:2 30%, 62%
4 BH3-MesN, HCI, THF 0 °C-rt 16 1:2.5 -
5 BHs-pyridine, HCI, THF 0 °C-rt 16 1:3 -€
6 BHs-tBuNH2, HCI, THF 0 °C-rt 16 1:1 -
7 BHz3-2-picoline, HCI, THF 0 °C-rt 16 1.5 -€
8 BHz3-2-picoline, HCI, THF -78 °C-rt 16 1.5 -€
9 BH3-2-picoline, AcOH, THF 0 °C-rt 16 -d ¢
10 BHz-2-picoline, TSOH, THF 0 °C-rt 16 1:4 -€
11 BH3-2-picoline, (BnO).P(O)OH, THF 0 °C-rt 16 1:3 -
12 BH3-2-picoline, HCI, DME 0 °C-rt 16 1:10 6%, 62%
13 BHz3-2-picoline, HCI, tBuOMe 0 °C-rt 16 1:8 9%, 71%
14 BHz3-2-picoline, HCI, dioxane 0 °C-rt 16 1:10 5%, 52%
15 BH3-2-picoline, HCI, ether 0 °C-rt 16 1:10 8%, 75%

8Key NOE crosspeaks are highlighted (red arrows). All reactions were carried out with substrate (0.05 mmol)
under specified conditions and analyzed by analytical HPLC. "based on HPLC peak areas. ‘Isolated yields. “No
reaction. °Not determined.
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Table S2. Diastereoselective reduction of 4’-ketone of precursor 23.2

\
Y

g\ O /\8. OH e 4‘ oH
OH conditions equatorlal attack (A) aX|aI alcohol (35)
= 5
OMe c’)~\< o 9 ;o
23 o] OH —X»> OH
! O%H
axial attack (B) equatorial alcohol (36)
N i dr ratio® yields®
entry conditions temp time (h) (35:36) (35, 36)
1 2 eq NaBH4, 0.1 M MeOH -78 °C 1 >10:1 80%, <5%
2 2 eq K selectride, 0.1 M THF -78 °C 2 >10:1 50%, <5%
3 2 eq NaCNBHs, 0.1 M MeOH rt 16 -d -
4 2 eq NaHB(OAC)s3, 0.1 M THF rt 16 -d -
5 2 eq LiBH4, 0.1 M MeOH -718 °C 0.5 >10:1 85%, <5%
6 2 eq LiHAI(OtBu)3;, 0.1 M THF rt 16 -d -
7 2 eq NaBHj4, 2 eq CeCls, 0.1 M MeOH -78 °C-rt 2 >10:1 -
8 2 eq Red-Al, 0.1 M THF -78 °c-rt 2 >10:1 -
9 2 eq BH3-Me2S, 0.1 M THF 0 °C-rt 2 10:1 -
10 2eqBHs-MesN, 4 eq HCI in dixoane, 0.1 M THF 0°C-rt 16 5:1 -
11 2 eq BHs-2-picoline, 4 eq HCI in dixoane, 0.1 M THF 0°C-rt 16 10:1 -

Reactions were carried out with 0.05 mmol 23 under specified conditions. Upon completion, a small portion of
the reaction was analyzed by analytical HPLC and, where necessary, the reaction mixture purified on semi-
preparative HPLC (products 35 and 36 could not be resolved via on normal phase chromatography). "HPLC peak
area ratio. ®Isolated yields. “No reaction.
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Table S3. Diastereoselective reduction of 4’-ketone of precursor 37.2

g\ K ©

OMe 6

37 o]
entry conditions dr ratio® (S:R) yield® (38)
1 2 eq BH3-Me.S, 0.1 M THF, 0 °C-rt 1:2 -
2 2 eq BH3;-MesN, 4 eq HCI in dixoane, 0.1 M THF, 0 °C-rt 2:1 -
3 2eq BHas-pyridine, 4 eq HCI in dixoane, 0.1 M THF, 0 °C-rt 16 1.3:1 -
4 2 eq BHs-EtsN, 4 eq HCI in dixoane, 0.1 M THF, 0 °C-rt 16 1:1.8 -
5 2 eq BH3;-2-picoline, 4 eq HCI in dixoane, 0.1 M THF, 0 °C-rt 16 1.5:1 -
6 2 eq BH3-MesN, 4 eq HCl in dixoane, 0.1 M DME, 0 °C-rt 16 2:1 -
7 2 eq BH3-MesN, 4 eq HCl in dixoane, 0.1 M tBuOMe, 0 °C-rt 16 4:1 -
8  2eqBH;3-MesN, 4 eq HCI in dixoane, 0.1 M diglyme, 0 °C-rt 16 2:1 -
9 2 eq BH3-MesN, 4 eq HCI in dixoane, 0.1 M dioxane, 0 °C-rt 16 1.2:1 -
10 2 eqBHs-MesN, 4 eq HCI in dixoane, 0.1 M ether, 0 °C-rt 16 3:1 -
11  2eqBHs:-MesN, 4 eq TsOH, 0.1 M ether, 0 °C-rt 16 1.5:1 -
12 2eqBHs-MesN, 4 eq HCIO4, 0.1 M ether, 0 °C-rt 16 1:15 -
13 2eqBHs-MesN, 4 eq F,HCOOH, 0.1 M ether, 0 °C-rt 36 6:1 56%
14 2 eqBHs:-MesN, 4 eq TFA, 0.1 M ether, 0 °C-rt 16 9:1 65%
159 2 eq BHs-MesN, 4 eq TFA, 0.1 M ether, 0 °C-rt 36 9:1 74%

4Reactions were carried out with 0.02 mmol 37 under specified conditions. Upon completion, a small portion of
the reaction was analyzed by analytical HPLC and, where necessary, the reaction mixture purified on semi-
preparative HPLC. PHPLC peak area ratio. ‘Isolated yields. 90.5 mmol scale.
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Table S4. Regioselective acetylation of precursor 35.2

entry conditions time (h)  yields® (39, 40, 41, 35)
1  5eqvinyl acetate, 10 mol% IMes®, THF 16 15%, 10%, 0%, 60%
2  5eqvinyl acetate, 5 mol% PdCl2, 10mol% CuCly, toluene 16 0%, 0%, 0%, >90%
3 10eqAc0,10eq TEA, DCM 16 44%, 15%, 0%, 32%
4 10 eq Ac20, 10 eq DIPEA, DCM 16 46%, 14%, 35%, <5%
5 10eqAc0, 10 eq DIPEA, DCM 40 61%°, 24%, 5%, <5%
6  10eq Acz0, 10 eg DCHMAY, DCM 40 70%¢, 23%, <5%, <5%
7 10eqAc20, 10 eq pyridine, DCM 16 <5%, 73%, 19%, <5%
8 5eqAc20, 5 eq pyridine, DCM 16 <5%, 88%°, <5%, <5%
9  10eqAc0, 10 eq DABCO', DCM 16 <5%, <5%, 93%, <5%

3Also see experimental details. PAll reaction were carried out with substrate (0.02 mmol) under specified
conditions and analyzed by 'H NMR analysis using 1-bromo-3,5-dichlorobenzene as an internal standard.
°1,3-bis(2,4,6-trimethylphenyl)-imidazolium.  “dicyclohexymethyl —amine. °Clsolated yields. '1,4-
diazabicyclo[2.2.2]octane.
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Table S5. Enantioselective B-conjugate addition of bis(pinacolato)diboron to precursor 27.2

oo 0”0
Bz(Pin)z
conditions
XxCOOMe —> s COOMe
OMe OMe
27 28
entry conditions tl(rr?)e yield®  eec
1 1 mol% Rh][(S,S)Phebox(OAc)2], 5 mol% NaOtBu, toluene, 80 °C 3 37% 75
2 1 mol% McQuade I, 5 mol% NaOtBu, MeOH (2 eq), toluene, -78 °C-0 °C 3 56% 37
3 1 mol% McQuade I, 5 mol% NaOtBu, MeOH (2 eq), THF, -78 °C-0 °C 3 92% 52
4 1.5mol% CuCl, 3 mol% S-Ry-josiphos, 2.5 mol% NaOtBu, MeOH (2 eq), THF, rt 3 93% 86
5 1.5 mol% CuCl, 3 mol% S-R-josiphos, 2.5 mol% NaOtBu, MeOH (2 eq), toluene, rt 16 <5% -
0, 0, -R.--10SI 0, ocC.
6 :t.S mol% CuCl, 3 mol% S-R;-josiphos, 2.5 mol% NaOtBu, MeOH (2 eq), THF, 0 °C 16 87% 90
0, 0, -R.-10Si 0, oC.
7d 1.5 mol% CuCl, 3 mol% S-Ry-josiphos, 2.5 mol% NaOtBu, MeOH (2 eq), THF, 0 °C 16 91% 90

rt
4Reactions were carried out with 0.1 mmol 27 under specified conditions. Upon completion, 2 equivalent of
NaBOs in water (1 mL) was added to the reaction and the resulting mixture was stirred at rt for 2 h. Plsolated
yields. “Enantioselectivity were determined by NMR analysis of (R)-mosher esters obtained with intermediate 28
and its racemate rac-28 (see Supplementary Methods for details).! 9% mmol scale.
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Table S6. C-H olefination of precursor 28.2

[¢] QTES
N
o><o 29R
conditions
OMe COOMe OMe COOMe
28 43 53

entry conditions solvent  vyields® of 43, 52, 53, 28
1 20 mol% Pd(OAC)2, 4 eq Ag2CO3 DCE 37%, 11%, <5%, 50%
2 20 mol% Pd(OAC)2, 4 eq Ag2CO3 DCM 25%, 16%, 13%, 40%
3 20 mol% Pd(OAC)2, 4 eq Ag2CO3 CHCIs 50%, 15%, <5%, 28%
4 20 mol% Pd(OAC)2, 4 eq Ag2COs CCly <5%, <5%, <5%, 83%
5 30 mol% Pd(OAC)2, 4 eq Ag2CO3 CHCIs 61%, 12%, <5%, 22%
6 40 mol% Pd(OAC)2, 4 eq Ag2CO3 CHCIs 55%, 13%, 23%, 8%
7 40 mol% Pd(OAC)2, 2 eq Ag2CO3 CHCIs 66%, 18%, <5%, 10%
8 50 mol% Pd(OAC)2, 2 eq Ag2CO3 CHCIs 59%, 21%, <5%, 8%
9° 40 mol% Pd(OAC)2, 2 eq Ag.COs CHCI3 63%, -%°, -%, -%

3 Also see experimental details. PAll reactions were carried out with 28 (0.05 mmol), 29R (0.065 mmol),
Li.COs (0.05 mmol), solvents (0.3 mL) at 80 °C for 16-24 h under specified conditions and analyzed by *H
NMR using 1-bromo-3,5-dichlorobenzene as an internal standard. °4 mmol scale. YIsolated yields. Not
determined.
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Table S7. Diastereoselective epoxidation of epi-deacetylgriseusin B (8) to 4a,10a-epoxy-epi-deacetylgriseusin B
(11).2

OH conditions
e

.., COOH /., _COOH

o]
8
entry conditions time (h) ar ratlo]*-’l()ll:epl- yield® (11)

1 2 eq H20,, 0.1 M DCM, 0 °C-rt 16 - <5%

2 2 eq mCPBA, 0.1 M DCM, 0 °C-rt 16 - <5%

3 2eqdimethyldioxirane, 0.1 M DCM, 0 °C-rt 16 - <5%

4 2 eq cumene oxide, 0.1 M DCM, 0 °C-rt 16 - <5%

5 2 eq tBuOOH, 0.1 M DCM, 0 °C-rt 16 - <5%

6 2 eq H20,, 2 eq NaHCO3, 0.1 M DCM, 0 °C-rt 2:1 76%

7 2 eq H203, 2 eq Na2COs, 0.1 M DCM, 0 °C-rt 31 90%

8 2 eq H20,, 2 eq KOtBu, 0.1 M DCM, 0 °C-rt - messy mixture

9

10 2eqH202 2eq DABCO, 0.1 M DCM, 0 °C-rt 8:1 88%
11 2 eq H0,, 2 eq pyridine, 0.1 M DCM, 0 °C-rt 3:1 83%
12 2eqH:02 2eqDBU, 0.1 M DCM, 0°C 31 80%
2 eq cumene oxide, 2 eq DABCO, 0.1 M DCM, 0 °C-

2
2
2
2 eq H.0,, 2 eq TEA, 0.1 M DCM, 0 °C-rt 2 6:1 87%
2
16
1

13 rt 16 - <5%
14 2eqtBuOOH, 2 eq DABCO, 0.1 M DCM, 0 °C-rt 1 - messy mixture
15  2eqH20 2eq DABCO, 0.1 M DCM, -30 °C-0 °C 2 8:1 82%

4Reactions were carried out with 0.01 mmol 8 under specified conditions. Upon completion, dr ratio of the crude
product was determined by *H-NMR. Where necessary, the reaction mixture was subsequently purified on semi-
preparative HPLC. ®Determined *H-NMR peak area ratio. ®Isolated yields.
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Table S8. Spectroscopic comparison of isolated? and synthetic 11.

. Isolated 11 Synthesized 11
POSItION 11 MR (ppm) *C-NMR (ppm) H-NMR (ppm) *C-NMR (ppm)
1 97.1 97.0
1-OH 11.6 11.6
3 4.32 62.4 4.36 62.3
4 2.29,2.48 27.5 2.33,2.49 27.3
4a 63.9 63.8
5 189.4 189.4
6a 131.1 131.0
6 7.55 119.2 7.59 119.2
7 7.58 136.9 7.63 136.9
8 7.22 125.1 7.24 125.1
9 162.7 162.6
9-OH
9a 114.4 114.4
10 193.1 193.0
10a 62.9 62.8
11 253, 2.64 38.8 259, 2.67 38.5
12 174.1 173.9
3 4.44 74.3 4.46 74.3
4 3.88 68.9 3.91 68.8
5 1.54,1.96 40.1 1.57,1.99 39.9
6 4.03 66.3 4.03 66.3
7 1.23 21.2 1.25 20.8
[OL]EO +90 +110
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Table S9. Spectroscopic comparison of isolated griseusin D* and synthetic 12.

z T2 OI\1/I3e
(0] OH
isolated griseusin D
position griseusin D
H-NMR (ppm) *C-NMR (ppm) *H-NMR (ppm) BC-NMR (ppm)
1 100.2 100.2
1-OH 11.84
3 4.31 67.9 4.33 67.9
4 4.45 58.5 4.46 58.5
4a 136.8 136.7
5 182.0 182.0
6a 131.5 1315
6 7.57 118.5 7.57 118.5
7 7.78 137.0 7.78 137.0
8 7.38 124.6 7.39 124.6
9 160.5 160.5
9-OH
%9a 114.9 114.9
10 187.8 187.8
10a 145.3 145.3
11 2.81, 2.69 34.7 2.80, 2.72 34.7
12 171.0 171.0
13 3.62 515 3.62 515
3’ 5.13 76.3 5.13 76.3
4 203.7 203.8
5’ 2.42,2.59 a7.7 2.42,2.59 a71.7
6’ 4.28 67.5 4.28 67.5
7 1.25 211 1.25 21.1
[0]Z -67° +75°
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Figure S1. The inhibitory 1Cso of compound 13, frenolicin B (FB), and conoidin A against peroxiredoxin 1 (A)
and 2 (B) based on the glutamine synthase (GS) protection assay (see Supplementary Methods) under various

concentrations (0.03-30 uM) in triplicate.
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Figure S2. Single dose ETR assay of compounds (1-4 and 6-19) at 10 uM (see Supplementary Methods).
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Supplementary Methods

General Chemistry Methods. *H (400 MHz) and *C (100 MHz) NMR spectra were recorded on a Varian Unity
Inova 400 MHz instrument (Palo Alto, CA). The chemical shifts were reported in 6 (ppm) using the 67.26 signal
of CDCls, §1.94 signal of CDsCN and 62.50 signal of DMSO-ds (*H NMR), the §77.16 signal of CDCls, §1.32
signal of CDsCN and §39.52 signal of DMSO-ds (**C NMR) as internal standards. The following abbreviations
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. HR-ESI-MS
experiments were carried out using AB SCIEX TripleTOF® 5600 System with internal standard (M = 510.3554)
in the positive mode. HPLC analyses were performed using an Agilent 1260 system equipped with a DAD
detector and a Phenomenex C18 column (4.6 x 150 mm, 0.5 pm, 1 mL/min, CH3CN-H2O gradient as eluent).
Semi-preparative HPLC separation was performed using a Varian Prostar 210 HPLC system equipped with a
PDA detector 330 using a Supelco C18 column (25 x 21.2 mm, 10 pum 10 mL/min, CH3CN-H.O gradient as
eluent). All commercially available reagents were used without further purification, purchased from Sigma-
Aldrich (St. Louis, MO), TCI America (Portland, OR) and Alfa-Aesar (Tewksbury, MA). The progress of the
reactions was monitored by analytical thin-layer chromatography (TLC) from EMD Chemicals Inc. (Darmstadt,
Germany) with fluorescence Fzss4 indicator. And Silica gel (230400 mesh) for column chromatography was
purchased from Silicycle (Quebec City, Canada).

Cell Culture. Human colon (HCT116, DLD-1), prostate (PC3) and lung (A549) cancer cell lines were obtained
from the American Type Culture Collection (ATCC, Manassas, VA) and cultured as per ATCC recommendations.
All the cell lines were confirmed to be free of mycoplasma contamination via PCR (e-Myco Plus kit; iNtRON
Biotechnology). In addition, all the cell lines were routinely checked for morphologic and growth changes, to
avoid cross-contamination or genetic drift. If observed, cell lines were re-authenticated using the short tandem
repeat (STR) profiling service by ATCC.

Antibodies and Chemicals. Antibodies for phospho-AKT (Ser473) (#4060), phospho-p44/42 MAPK (Erk1/2)
(Thr202/Tyr204) (#4370), phospho-p70S6 kinase (Thr389) (#9234), phospho-4E-BP1 (Thr37/46) (#2855),
phospho-4E-BP1 (Ser65) (#13443) and phospho-4E-BP1 (Thr70) (#13396) were from purchased from Cell
Signaling Technology (Danvers, MA). Peroxiredoxin 1 antibody (#ab15571) was from purchased from Abcam
(Cambridge, MA), glutaredoxin 3 antibody (sc-100601) from Santa Cruz Biotechnology (Santa Cruz, CA) and
[B-actin antibody (#A5411) from Sigma (St. Louis, MO).

Cell Viability Assay. Cell growth was assessed as previously described.* Briefly, 5 x 10* cells/well were seeded
in 6-well plates in triplicate. After 24 h, cells were treated with the indicated compounds for 3 days, and the
number of viable cells was counted using the Vi-CELL XR 2.03 (Beckman Coulter).

Western Blot Analysis. Cells were lysed in NP-40 lysis buffer (50 mM Tris-HCI, pH 7.5, 150 mM NaCl, 1 mM
EDTA, 1% NP-40, 10% glycerol, protease and phosphatase inhibitor cocktail). Protein concentrations were
measured using the BCA protein assay reagent (ThermoFisher Scientific, Waltham, MA). Equal amounts of
protein were resolved by SDS-PAGE, transferred to PVDF membranes, immunoblotted with specific primary and
secondary antibodies, and detected using chemiluminescence (GE Healthcare, Chicago, IL).

Frenolicin B -Based Pulldown Competition Assay. FB-based biotinylated active probe 1 and inactive probe 2
were synthesized and reported previously.* HCT116 cells were lysed in the NP-40 lysis buffer. The cell lysates
(500 pg protein) were incubated with 1 uM probe 1 or probe 2 in the absence or presence of a ten-fold excess of
compound 13 for 1 h, followed by pulldown with streptavidin agarose beads and Western blot analysis for the
indicated proteins.

Prx1/2 Inhibition Assay. The Prx1/2 assay was conducted as previously described.*® Varying concentrations of
FB, compound 13 and conoidin A (0.03-30 uM) were incubated with 0.2 ug DTT-reduced Prx1 or Prx2 in a total
volume of 16 uL 100 mM HEPES buffer (pH 7.4) at room temperature for 15 min. Glutamine synthase (GS; 1 ul
of 1 unit/ul stock in HEPES buffer, pH 7.4) and 3 ul of inactivation solution (50 mM DTT, 5 uM FeClz, 100 mM
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HEPES, pH 7.4) were added and the mixture was incubated at 30°C for 20 min. Initiation solution (150 ul total;
100 mM HEPES, 10 mM KH2AsO4, 20 mM NH20H-HCI, 0.4 mM ADP, 0.5 mM MnClz, 100 mM glutamine,
pH 7.0) was subsequently added and the mixture incubated at 30°C for an additional 30 min. Finally, the reaction
was terminated by the addition of termination solution (80 pl total; 5.5% FeCls-6H20, 2% TCA, 2% concentrated
HCI), after which the absorption at 540 nm was measured and normalized to a corresponding blank lacking
inhibitor. Assays were conducted in triplicate and the 1Cso values were calculated using Prism software. Using
the described conditions, linear signal range was observed with assays containing 0.2-0.4 ug Prx1 and Prx2. FB
and compound 13 were also confirmed to have no direct effect on GS activity (highest concentration tested 30

uM).

Axolotl embryo tail regeneration assay. The tail regeneration assay was conducted as previously described.®
Mexican axolotl (Ambystoma mexicanum) embryos were obtained from the Ambystoma Genetic Stock Center at
the University of Kentucky. Stage 42 embryos were manually hatched, administered benzocaine anesthesia (0.2
g in 10 mL EtOH stock diluted in 1L water), and photographed. For each test agent, 4-6 embryos were
administered tail amputations. Additionally, control groups of embryos with tail amputations were reared in
artificial pond water (43.25 g NaCl, 0.625 g KCl, 1.25 g MgS0Os, 2.5 g NaHCO3z and 1.25 g CaCl per 50 L charcoal
filtered municipal water). In administering amputations, the distal most 2 mm of tail tissue was removed with a
sterile razor blade and photographs were taken to document the regeneration process. Images were captured using
an Olympus microscope with 0.5x objective lens and DP400 camera. Embryos were reared at 18-19 °C in 12-
well microtiter plates, one embryo per well. Each well contained 2.0 mL of artificial pond water and 10 uM of
chemical (or serial dilutions where noted). All chemicals were dissolved in DMSO and diluted to 0.1% final
DMSO concentration. The solutions were changed on days 3 and 5 post-amputation (DPA), and experiments were
terminated on 7 DPA. At 7 DPA, embryos were euthanized by prolonged exposure to 10x benzocaine (0.4 g in
10 mL EtOH stock diluted in 1L water) and imaged. The proportional increase in body length (day 7 body length
— post-amputation body length / post-amputation body length) was compared between chemically treated and
control embryos using Student's t-test. The use of pre-feeding stage axolotls does not require a protocol approved
by the Institutional Animal Care and Use Committee (IACUC) at University of Kentucky. However, embryos
used in this study were treated according to the same ethical standards that apply to feeding axolotls, which are
cared for using standard axolotl husbandry methods approved under IACUC protocol 2017-2580. Embryos
(RRID:AGSC_100E) were obtained from the Ambystoma Genetic Stock Center (RRID:SCR_006372).

(4'R,6'R,7bR,10aR,12S)-4'-Hydroxy-7-methoxy-2,2,6'-trimethyl-3',4',5",6',10,10a-
hexahydrospiro[furo[2",3':5",6']pyrano[3’,4":2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-9(7bH)-one
(33). A solution of compound 328 (44 mg, 0.1 mmol) in anhydrous THF (1 mL) was cooled to -78 °C and then
treated with K-selectride (0.2 mL, 0.2 mmol, 1 M in THF) in dropwise fashion with stirring. The reaction mixture
was stirred for 2 h before the addition of saturated NH4Cl solution (2 mL). The mixture was warmed to room
temperature and extracted with EtOAc (10 mL x 2) and the combined organic layers were washed with brine,
dried over Na>SQg, filtered, and concentrated. The residue was purified by silica gel chromatography using 1:1
hexane/EtOAC to afford 33 as a colorless solid (41 mg, 94% yield). Rs 0.40 (2:3 hexane/EtOAC); *H NMR (400
MHz, CDCls): 6 =7.64 (d, J = 8.8 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 5.59 (d, J = 2.4 Hz,
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1H), 4.81 (dd, J = 2.4, 4.4 Hz, 1H), 4.29 (m, 2H), 4.09 (s, 3H), 3.43 (br s, 1H), 3.18 (dd, J = 3.6, 14.4 Hz, 1H),
3.03 (dd, J = 4.4, 17.6 Hz, 1H), 2.75 (d, J = 17.6 Hz, 1H), 2.00 (d, J = 14.8 Hz, 1H), 1.93 (d, J = 14.0 Hz, 1H),
1.69 (s, 3H), 1.62 (s, 3H), 1.59 (m, 1H), 1.24 (d, J = 6.0 Hz, 3H); *C NMR (100 MHz, CDCls) 6 = 174.9, 150.9,
148.8, 128.5, 128.1, 118.9, 117.3, 115.3, 115.2, 111.0, 110.1, 101.9, 98.6, 72.3, 66.6, 65.2, 64.4, 62.4, 39.2, 37.8,
36.7, 25.5, 25.0, 21.7 ppm; HRMS (ESI) m/z [M + H]* calcd for CasH270s 443.1706, found 443.1710.

O
BH3+2-picoline, HCI,
ether, 0 °C-rt, 16 h

\OH

(4'S,6'R,7bR,10aR,12S)-4'-Hydroxy-7-methoxy-2,2,6'-trimethyl-3',4',5',6",10,10a-
hexahydrospiro[furo[2",3":5",6"]pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-9(7bH)-one
(34). BHz+2-picoline (21 mg, 0.2 mmol) and HCI (100 uL, 0.4 mmol, 4 M in dioxane) were added to a cooled
solution of compound 33° (44 mg, 0.1 mmol) in ether (2 mL) at 0 °C. The mixture was stirred for 16 h during
which the temperature was allowed to equilibrate to room temp. The resulting solution was neutralized with
saturated NaHCO3 (2 mL) and extracted with EtOAc (10 mL x 2). The combined organic layers were washed
with brine, dried over Na>,SO4 and concentrated. The residue was purified using silica gel chromatography with
1:1 hexane/EtOAcC to afford the product as a colorless solid (33 mg, 75% yield). Rr 0.40 (2:3 hexane/EtOAc); 1H
NMR (400 MHz, CDCl3): 6 =7.61 (d, J=8.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1H), 5.57 (s,
1H), 4.66 (s, 1H), 4.33-4.27 (m, 1H), 4.07 (s, 3H), 4.93-3.99 (m, 2H), 2.96 (dd, J = 4.4, 17.2 Hz, 1H), 2.79-2.69
(m, 2H), 2.07-2.01 (m, 2H), 1.66 (s, 3H), 1.64 (s, 3H), 1.34 (g, J = 11.6 Hz, 1H), 1.22 (d, J = 6.0 Hz, 3H); *°C
NMR (100 MHz, CDCls) 6 = 176.0, 150.7, 148.8, 141.6, 128.4, 128.0, 119.2, 117.2, 115.3, 115.1, 110.8, 101.9,
97.8, 72.6, 66.7, 66.1, 65.1, 64.3, 41.7, 40.6, 37.6, 25.2, 25.1, 21.7 ppm; HRMS (ESI) m/z [M + H]" calcd for
C24H2705 443.1706, found 443.1688.

LiBH,4, THF,
-78°C,1h

identical
conditions to
above

(3'R,4'R,6'R,7bR,10aR,12R)-3",4'-dihydroxy-7-methoxy-2,2,6'-trimethyl-3',4',5',6",10,10a-

hexahydrospiro[furo[2",3":5",6"]pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxine-12,2"-pyran]-9(7bH)-one

(35). LiBH4 (9 mg, 0.4 mmol) was added to a THF solution (2 mL) containing compound 23° (90 mg, 0.2 mmol)

at -78 °C. The resulting mixture was stirred for 1 h at -78 °C followed by the addition with H,O (1 mL). The
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mixture was extracted with EtOAc (10 mL x 2) and the combined organic layers were washed with brine (5 mL),
and dried over NaxSOa. After evaporating the volatiles, the residue was purified using silica gel chromatography
with 1:2 hexane/EtOAc to obtain the product as a colorless solid (78 mg, 85% yield). R¢ 0.25 (2:3 hexane/EtOAC);
'H NMR (CD30D, 400 MHz): 6 = 7.68 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 8.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H),
5.65 (s, 1H), 4.86 (br s, 1H), 4.79 (s, 1H), 4.32-4.28 (m, 1H), 4.15 (br s, 1H), 4.07 (s, 3H), 3.16 (dd, J = 4.4, 17.6
Hz, 1H), 2.87 (d, J = 17.6 Hz, 1H), 2.00 (d, J = 14.0 Hz, 1H), 1.83-1.77 (m, 1H), 1.69 (s, 3H), 1.60 (s, 3H), 1.20
(d, J = 6.0 Hz, 3H); *3C NMR (CD3;0D, 100 MHz): § = 178.1, 151.9, 150.1, 142.5, 129.5, 129.2, 121.6, 117.7,
116.2,116.1,111.8,103.1, 100.5, 73.3, 69.7, 69.3, 68.1, 64.4, 62.9, 40.9, 38.0, 25.5, 25.1, 21.2 ppm; HRMS (ESI)
m/z [M + NHg4]" calcd for C24H30NOg 476.1921, found 476.1912. The synthesis of ent-35 followed the same
protocol starting from ent-23 and the corresponding characterization data was consistent with that of 35.

0]

KOtBu, BnBr, THF,
OH 0°C-rt, 16 h

(3'R,6'R,7bR,10aR,12R)-3"-(benzyloxy)-7-methoxy-2,2,6'-trimethyl-5',6",10,10a-
tetrahydrospiro[furo[2",3":5",6"]pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-
4',9(3'H,7bH)-dione (37). KOtBu (22 mg, 0.2 mmol) and benzyl bromide (23 uL, 0.2 mmol) were added to a
THF solution (1 mL) containing compound 23° (45 mg, 0.1 mmol) at 0 °C. The resulting mixture was allowed to
equilibrate to room temperature with stirring overnight. The mixture was neutralized with saturated NH4CI
solution (2 mL), extracted with CHCI3 (10 mL x 2) and the combined organic layers were washed with brine (5
mL), and dried over Na;SO4. After evaporating the volatiles, the residue was purified by silica gel
chromatography using 4:1 hexane/EtOAc to obtain the product as a colorless solid (42 mg, 77% yield). Rs 0.35
(2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 7.67 (d, J = 8.4 Hz, 1H), 7.51 (t, J = 8.0 Hz, 1H), 6.92-
6.86 (M, 6H), 5.57 (d, J = 2.4 Hz, 1H), 5.23 (s, 1H), 4.72-4.70 (m, 1H), 4.64 (d, J = 13.2 Hz, 1H), 4.33 (d, J =
13.2 Hz, 1H), 4.27-4.24 (m, 1H), 4.15 (s, 3H), 2.93 (dd, J = 4.4, 17.6 Hz, 1H), 2.81 (d, J = 17.6 Hz, 1H), 2.62
(dd, J = 3.2, 14.0 Hz, 1H), 2.45 (dd, J = 2.0, 14.0 Hz, 1H), 1.58 (s, 3H), 1.46 (s, 3H), 1.30 (d, J = 6.0 Hz, 3H);
HRMS (ESI) m/z [M + H]" calcd for Ca1H3109 547.1968, found 547.1981.

SO
BH3*Me;3N, TFA, ether,

OBn 0°C-rt, 16 h

‘v,

<

6]

OMe O
37

(3'R,4'S,6'R,7bR,10aR,12R)-3'-(benzyloxy)-4'-hydroxy-7-methoxy-2,2,6'-trimethyl-3',4",5',6",10,10a-
hexahydrospiro[furo[2",3':5",6']pyrano[3’,4":2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-9(7bH)-one
(38). BH3*MesN (9 mg, 0.15 mmol) and TFA (14 uL, 0.2 mmol) were added to a cooled solution of compound
37 (42 mg, 0.077 mmol) in ether (0.8 mL) at 0 °C. The mixture was stirred for 16 h during which the temperature
was allowed to equilabrate to room temperature. The resulting solution was neutralized with saturated NaHCO3
(2 mL) and extracted with EtOAc (10 mL x 2). The combined organic layers were washed with brine, dried over
Na>SO4 and concentrated. The residue was purified by silica gel chromatography using 3:2 hexane/EtOAc to
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afford the product as a colorless solid (33 mg, 75% yield). Rr 0.40 (2:3 hexane/EtOAc); *H NMR (400 MHz,
CDCl3): 6 = 7.64 (d, J = 8.4 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.11-7.00 (m, 5 H), 6.92 (d, J = 7.2 Hz, 1H), 5.60
(d, J =2.4 Hz, 1H), 4.72 (t, J = 3.2 Hz, 1H), 4.55 (d, J = 8.8 Hz, 1H), 4.20-4.17 (m, 3H), 4.11(s, 3H), 4.06-4.02
(m, 1H), 2.98 (dd, J = 4.4, 17.2 Hz, 1H), 2.82 (d, J = 17.2 Hz, 1H), 2.09-2.07 (m, 2H), 1.82 (s, 3H), 1.60-1.54 (m,
1H), 1.52 (s, 3H), 1.22 (d, J = 6.0 Hz, 3H); **C NMR (100 MHz, CDCls) § = 175.3, 150.9, 148.8, 141.7, 137.9,
128.6, 128.3 x 2, 128.2 x 2, 128.0, 127.6, 119.6, 116.1, 115.2, 114.8, 111.0, 102.2, 97.8, 82.2, 73.8, 71.9, 68.2,
66.6, 66.1, 64.7, 40.1, 37.7, 27.1, 23.6, 21.5 ppm; HRMS (ESI) m/z [M + Na]* calcd for C31H32NaOg 571.1944,
found 571.1926.

Pd/C, Hy,
MeOH, rt, 4 h

(3'R,4'S,6'R,7bR,10aR,12R)-3",4'-dihydroxy-7-methoxy-2,2,6'-trimethyl-3",4' ,5°,6',10,10a-
hexahydrospiro[furo[2",3':5",6']pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-9(7bH)-one
(36). Solid 10% Pd/C (16 mg, 50% w/w) was added to a stirred solution of 36 (32 mg, 0.058 mmol) in MeOH (2
mL) under argon. The flask evacuated under vacuum and then quenched with Hz (x 3). After 4 h under Ha, the
reaction mixture was passed through a Celite pad, washed with MeOH and volatiles removed under vacuum to
give the pure product without further purification (25 mg, 95% yield). R¢ 0.20 (2:3 hexane/EtOAc); *H NMR (400
MHz, CDCls): 6 = 7.64 (d, J = 8.4 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 6.91 (d, J = 7.6 Hz, 1H), 5.61 (d, J = 1.6 Hz,
1H), 4.78 (s, 1H), 4.56 (d, J = 8.8 Hz, 1H), 4.09 (s, 3H), 4.05-4.00 (m, 2H), 3.02 (dd, J = 4.4, 17.6 Hz, 1H), 2.76
(d, J = 17.6 Hz, 1H), 2.13-2.10 (m, 1H), 1.95 (br s, 2H), 1.70 (s, 3H), 1.66 (s, 3H), 1.60-1.57 (m, 1H), 1.25 (d, J
= 6.0 Hz, 3H); *C NMR (100 MHz, CDCls) § = 175.1, 150.9, 145.9, 141.8, 128.7, 128.4, 119.5, 115.3, 115.1,
114.5, 111.0, 102.1, 98.8, 77.3, 75.1, 72.2, 69.6, 66.7, 64.5, 40.0, 37.5, 25.3, 25.2, 21.3 ppm; HRMS (ESI) m/z
[M + NHa4]" calcd for C2sH30NOg 476.1921, found 476.1917.

OH

Ac,0, DCHMA,
OH DCM,rt, 40 h

(3'R,4'R,6'R,7bR,10aR,12R)-3"'-hydroxy-7-methoxy-2,2,6'-trimethyl-9-oxo-3',4',5',6',7b,9,10,10a-

octahydrospiro[furo[2',3'":5',6']pyrano[3',4':2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-4'-yl  acetate
(39). Dicyclohexylmethylamine (128 uL, 0.6 mmol) and Ac2O (57 uL, 0.6 mmol) were added to a DCM solution
(0.6 mL) of compound 35 (27 mg, 0.06 mmol). The resulting mixture was stirred for 40 h at room temperature
and subsequently quenched with H,O (2 mL). The mixture then extracted with EtOAc (5 mL x 2) and the
combined organic layers washed with brine (5 mL), and dried over Na>SO4. After evaporating the volatiles, the
residue was purified by silica gel chromatography using 3:2 hexane/EtOAc to afford the product as a colorless
solid (21 mg, 0.042 mmol, 70% vyield). R¢ 0.60 (2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 7.64 (d, J
=8.0 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 5.62 (s, 1H), 5.32 (d, J = 7.6 Hz, 1H), 4.95 (d, J
=4.4 Hz, 1H), 4.81 (br s, 1H), 4.21-4.18 (m, 1H), 4.10 (s, 3H), 3.05 (dd, J = 4.4, 17.6 Hz, 1H), 2.74 (d, J = 17.6
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Hz, 1H), 2.14 (s, 3H), 2.14-2.09 (m, 1H), 1.78-1.76 (m, 1H), 1.71 (s, 3H), 1.62 (s, 3H), 1.20 (d, J = 6.4 Hz, 3H);
13C NMR (CDCls, 100 MHz): ¢ = 175.3, 170.8, 150.9, 148.8, 141.5, 128.5, 128.3, 119.8, 115.5, 115.2, 115.1,
111.0, 101.9, 98.1, 72.0, 70.4, 67.0, 66.5, 64.5, 62.2, 37.8, 36.7, 25.5, 25.0, 21.4, 20.9 ppm; HRMS (ESI) m/z [M
+ NHa4]" caled for C2sH32NO10 518.2026, found 518.2017.

OH

Ac,0, pyridine,
OH DCM,rt, 16 h

(3'R,4'R,6'R,7bR,10aR,12R)-4'-hydroxy-7-methoxy-2,2,6'-trimethyl-9-oxo0-3',4',5',6',7b,9,10,10a-
octahydrospiro[furo[2',3":5",6"]pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-3'-yl  acetate
(40). Pyridine (20 uL, 0.25 mmol) and Ac20 (24 uL, 0.25 mmol) were added to a DCM solution (0.5 mL) of
compound 35 (23 mg, 0.05 mmol). The resulting mixture was stirred for 16 h at room temperature and
subsequently quenched with H.O (2 mL). The mixture was extracted with EtOAc (5 mL x 2) and the combined
organic layers washed with brine (5 mL), and dried over Na2SO4. After evaporating the volatiles, the residue was
purified by silica gel chromatography using 3:2 hexane/EtOAc to afford the product as a colorless solid (22 mg,
88% yield). Rr 0.40 (2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 7.64 (d, J = 8.8 Hz, 1H), 7.48 (t, J =
8.0 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 5.98 (d, J = 3.6 Hz, 1H), 5.60 (d, J = 2.0 Hz, 1H), 4.81-4.80 (m, 1H), 4.40-
4.37 (m, 2H), 4.08 (s, 3H), 3.41 (d, J = 7.6 Hz, 1H), 3.03 (dd, J = 4.4, 17.6 Hz, 1H), 2.79 (d, J = 17.6 Hz, 1H),
2.08-2.05 (m, 1H), 1.88 (s, 3H), 1.82-1.78 (m, 1H), 1.68 (s, 3H), 1.64 (s, 3H), 1.24 (d, J = 6.4 Hz, 3H); °C NMR
(CDCl3, 100 MHz): 6 =174.7,170.2, 150.5, 148.9, 141.6, 128.8, 128.4, 119.2, 115.2, 115.1, 113.9, 111.1, 102.2,
98.6, 71.6, 70.2, 67.2, 66.3, 64.4, 62.5, 39.6, 38.0, 25.6, 24.6, 20.9, 20.9 ppm; HRMS (ESI) m/z [M + H]" calcd
for C26H29010 501.1761, found 501.1759.

Ac,0, DABCO,
OH DCM, rt, 16 h

(3'R,4'R,6'R,7bR,10aR,12R)-7-methoxy-2,2,6'-trimethyl-9-oxo-3",4*,5",6*,7b,9,10,10a-
octahydrospiro[furo[2",3":5",6']pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxine-12,2'-pyran]-3',4'-diyl
diacetate (41). DABCO (22 mg, 0.2 mmol) and Ac20 (20 uL, 0.20 mmol) were added to a DCM solution (0.2
mL) of compound 35 (9 mg, 0.02 mmol). The resulting mixture was stirred for 16 h at room temperature and the
reaction subsequently quenched with H20 (2 mL). The mixture then extracted with EtOAc (5 mL x 2) and the
combined organic layers washed with brine (5 mL), and dried over Na>SOa. After evaporating the volatiles, the
residue was purified by preparative TLC using 3:2 hexane/EtOAc to afford the product as a colorless solid (10
mg, 93% yield). R 0.60 (2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 7.64 (d, J = 8.0 Hz, 1H), 7.46 (t,
J=8.0Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.02 (d, J = 4.0 Hz, 1H), 5.61 (m, 2H), 4.74 (dd, J = 2.0, 4.4 Hz, 1H),
4.42-4.40 (m, 1H), 4.07 (s, 3H), 3.01 (dd, J = 4.4, 16.8 Hz, 1H), 2.75 (d, J = 16.8 Hz, 1H), 2.04 (s, 3H), 1.97-1.91
(m, 2H), 1.78 (s, 3H), 1.72 (s, 3H), 1.64 (s, 3H), 1.23 (d, J = 6.4 Hz, 3H); 3C NMR (CDCls, 100 MHz): 6 =
175.4,170.7, 170.4, 150.5, 148.9, 141.7, 128.7, 128.4, 119.8, 115.2, 115.1, 114.2, 111.0, 102.2, 96.6, 71.6, 68.7,
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66.7, 66.6, 64.4,62.7, 38.3, 36.7, 25.9, 24.5, 21.2, 21.0, 20.7 ppm; HRMS (ESI) m/z [M + H]" calcd for C2sH31011
543.1866, found 543.1870.

nBuLi, B(OiPr)s,
THF, 78 °C, 2 h

B(OH),
42

(6-Methoxy-2,2-dimethylnaphtho[1,8-de][1,3]dioxin-5-yl)boronic acid (42). A solution of n-butyllithium (13
mL, 20 mmol, 1.6 M in hexane) was added in dropwise fashion to a solution of 24° (4.0 g, 13 mmol) in anhydrous
THF (40 mL) at -78 °C over 20 min. The resulting mixture was stirred for 30 min before the addition of B(OiPr)3
(6 mL, 26 mmol). The reaction was allowed to equilibrate to room temperature with stirring for 2 h. The reaction
was quenched with 1 M HCI solution (100 mL), stirred vigorously for 30 min and then extracted with EtOAc
(100 mL x 2). The organic layers were washed with brine, dried over Na;SOa, filtered, and concentrated. The
residue was purified by silica gel chromatography using a gradient of 10:1-4:1 hexane/EtOAc to provide the
product as a colorless solid (2.85 g, 80%). R 0.40 (2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 7.62 (d,
J=8.4Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.23 (s, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.83 (br s, 2H), 4.01 (s, 3H), 1.65
(s, 6H); 3C NMR (CDCls, 100 MHz): 6 = 157.1, 148.7, 144.2, 127.6, 127.4, 116.4, 115.1, 115.0, 113.0, 110.6,
101.9, 63.8, 25.3 x 2 ppm; HRMS (ESI) m/z [M + H]" calcd for C14H16BOs 275.1091, found 275.1087.

\ COOMe

Pd(OAc)2 KF, X COOMe
dioxane, rt, 2 h

Methyl (E)-4-(6-methoxy-2,2-dimethylnaphtho[1,8-de][1,3]dioxin-5-yl)but-2-enoate (27). A mixture of
compound 42 (2.8 g, 10.2 mmol) and KF (2.7 g, 46 mmol) in 1,4-dioxane (100 mL) was stirred for 10 min
followed by the addition of Pd(OAc)2 (56 mg, 0.025 mmol) and compound 26 (1.48 mL, 11.2 mmol). The
resulting mixture was stirred at room temperature for 2 h, filtered through Celite and washed with DCM (100
mL). After evaporating the volatiles, the residue was purified by silica gel chromatography using a gradient of
(50:1-30:1 hexane/EtOAC to obtain the product as a colorless oil (2.47 g, 74%). R¢ 0.95 (2:1 hexane/EtOAc); 1H
NMR (CDCls, 400 MHz): 6 = 7.59 (d, J = 8.8 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H), 7.14 (dt, J = 6.4, 15.6 Hz, 1H),
6.84 (d, J=7.2 Hz, 1H), 6.62 (s, 1H), 5.86 (dt, J = 1.2, 15.2 Hz, 1H), 3.87 (s, 3H), 3.70 (s, 3H), 3.68 (dd, J = 1.6,
6.8 Hz, 2H), 1.64 (s, 6H); *C NMR (CDClz, 100 MHz): § = 166.8, 148.5, 147.6, 147.3, 144.2, 128.5, 127.7,
127.6,122.5, 114.9, 113.5, 110.2, 109.1, 101.9, 62.3, 51.5, 32.6, 25.3 x 2 ppm; HRMS (ESI) m/z [M + H]* calcd
for C19H2105 329.1389, found 329.1380.
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>( CuCl, S-Rp-josiphos, NaOtBu, ><

o O B(pin),, THF, 0 °C-rt, 16 h; 0" O
then NaBOj,, THF/H,0, rt, 2 h OH
OO X COOMe - OO ~_COOMe
OMe OMe
27 28
CuCl, PPhg, NaOtBu, B(pin)s, 0>(0

THF, 0 °C-rt, 16 h;

then NaBO3, THF/H,O, rt, 2 h OH
COOMe

OMe
28-rac

Methyl (S)-3-hydroxy-4-(6-methoxy-2,2-dimethylnaphtho[1,8-de][1,3]dioxin-5-yl)butanoate (28). CuCl (6
mg, 0.06 mmol), S-Rp-josiphos (77 mg, 0.12 mmol), and NaOtBu (8.6 mg, 0.09 mmol) were dissolved in THF (3
mL) and placed in an oven-dried Schlenk tube with a stirring bar under an argon atmosphere. The reaction mixture
was stirred for 30 min at room temperature and bis(pinacolato)diboron (1.01 g, 4.0 mmol) in THF (2 mL) was
added. The reaction mixture was stirred for another 10 min and then cooled to 0 °C. Compound 27 (1.18 g, 3.6
mmol) in THF (4 mL) was added to the resulting mixture followed by MeOH (288 uL, 7.2 mmol). The mixture
was allowed to equilibrate to room temperature with stirring overnight. The reaction was quenched with H2O (10
mL) and NaBO3-4H,0 (1.12 g, 7.2 mmol) and stirred for another 2 h at room temperature. The mixture was
extracted with EtOAc (50 mL x 2) and the organic layers were combined, washed with brine, dried over Na>SO4
and concentrated. The residue was purified by silica gel using a gradient of (10:1-5:1) hexane/EtOAc to afford
the product as a colorless oil (1.13 g, 91%). Rr 0.40 (2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): § = 7.58
(d, J=8.4 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H), 6.83 (d, J = 7.2 Hz, 1H), 6.71 (s, 1H), 4.42-4.36 (m, 1 H), 3.90 (s,
3H), 3.68 (s, 3H), 3.23 (br s, 1H), 3.04 (dd, J = 6.8, 13.6 Hz, 1H), 2.94 (dd, J = 6.4, 13.2 Hz, 1H), 2.53-2.49 (m,
2H), 1.64 (s, 6H); 3C NMR (CDCls, 100 MHz): § = 173.2, 148.5, 148.0, 144.2, 128.4,127.9, 127.7, 114.9, 113.6,
110.9, 109.3, 101.9, 68.9, 62.0, 51.8, 40.7, 37.3, 25.4, 25.3 ppm; HRMS (ESI) m/z [M + H]* calcd for C19H230s
347.1495, found 347.1488; ee, 90%); [a]> +8.8° (CHCIs, ¢ = 1.0). Racemic 28-rac was synthesized following the
same protocol wherein S-Rp-josiphos was replaced by PPhs. The corresponding characterization data for 28-rac
was consistent with that of 28.
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0™<o
OO OH Pyridine, DCM, RT, 2h
: OMe
COOMe ,/COOM

MeO CF3
OMe OMe
28 O 28-MTPA
R-MTPA-CI

0o oo o
identical conditions
OH to above . (0] -,
COOMe

> F.C_OMe
$~COoOMe
OMe OMe
rac-28 rac-28-MTPA

28-MTPA and rac-28-MTPA.! To a solution of 28 (11 mg, 0.03 mmol) and pyridine (8 uL, 0.1 mmol) in DCM
(0.5 mL) at room temperature was added R-MTPA-CI (10 pL, 0.06 mmol). The resulting mixture was allowed to
stir for 2 h. After evaporating the volatiles, the residue was purified by silica gel chromatography using a gradient
of 3:1-2:1 hexane/EtOAc to obtain the product 28-MTPA as a colorless solid (16 mg, 88% yield). R¢: 0.90 (1:1
hexane/EtOAC); *H NMR (CDCls, 400 MHz): 6 = 7.53 (d, J = 8.4 Hz, 1H), 7.43-7.37 (m, 3H), 7.22-7.19 (m, 3H),
6.86 (d, J = 8.0 Hz, 1H), 6.64 (s, 1H), 5.87-5.82 (m, 1H), 3.87 (s, 0.16H), 3.80 (s, 3H), 3.63 (s, 3H), 3.58 (s,
0.16H), 3.49 (s, 3H), 3.23 (dd, J = 6.8, 13.2 Hz, 1H), 2.96 (dd, J = 6.8, 13.2 Hz, 1 H), 2.75-2.66 (m, 2H), 1.64 (s,
3H), 1.62 (s, 3H) ppm; HRMS (ESI) m/z [M + H]" calcd for C29H30F30s 563.1893, found 563.1890.

The rac-28-MTPA was synthesized following the same procedure. The comparison of proton NMR between
28-MTPA and rac-28-MTPA revealed the key proton signals at 6 3.87 (ent-28-MTPA) and 5 3.80 (28-MTPA)
to belong to the two enantiomers, respectively. Thus, ee values were determined by the ratio of areas of these two
peaks. 28-MTPA R¢: 0.90 (1:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): § = 7.53 (d, J = 8.4 Hz, 1H), 7.43-
7.37 (m, 3H), 7.22-7.19 (m, 3H), 6.86 (d, J = 8.0 Hz, 1H), 6.64 (s, 1H), 5.87-5.82 (m, 1H), 3.87 (s, 0.16H), 3.80
(s, 3H), 3.63 (s, 3H), 3.58 (s, 0.16H), 3.49 (s, 3H), 3.23 (dd, J = 6.8, 13.2 Hz, 1H), 2.96 (dd, J = 6.8, 13.2 Hz, 1
H), 2.75-2.66 (m, 2H), 1.64 (s, 3H), 1.62 (s, 3H) ppm. rac-28-MTPA Rs: 0.90 (1:1 hexane/EtOAc); *H NMR
(CDCl3, 400 MHz): ¢ = 7.53-7.17 (m, 14H), 6.89-6.84 (m, 2H), 6.74 (s, 1H), 6.64 (s, 1H), 5.87-5.82 (m, 2H),
3.87 (s, 3H), 3.80 (s, 3H), 3.63 (s, 3H), 3.58 (s, 3H), 3.49 (s, 3H), 3.41 (s, 3H), 3.27-3.25 (m, 2H), 3.23 (dd, J =
6.8, 13.2 Hz, 1H), 2.96 (dd, J = 6.8, 13.2 Hz, 1 H), 2.75-2.66 (m, 4H), 1.64 (s, 6H), 1.62 (s, 6H) ppm.

1) TESCI, imidazole, DCM;
2) N,O-dimethylhydroxylamine,

0 iPrMgCl, THF, -20 °C; o) OTES
R 3) vinyl magnesiumbromide, THF X R
EtOM >
29R
(0] OH O OTES
identical conditions to above \)J\)\
EtOM
29S
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(R)-5-(triethylsilyloxy)hex-1-en-3-one (29R). [Rxn 1] Imidazole (5.1 g, 76 mmol) was added to a solution of
ethyl (R)-3-hydroxybutyrate (5 g, 38 mmol) and TESCI (8.3 mL, 50 mmol) in CHCl, (15 mL) at 0 °C. After
stirring the thick suspension at room temperature overnight, H.O (50 mL) was added. The organic layers were
separated and the aqueous layer was washed with CH2Cl2 (10 mL x 2). The combined organic layers were washed
with H20 (20 mL) and brine (10 mL), dried over Na.SOs, filtered, and concentrated to give the crude product as
a colorless oil.

[Rxn 2] The recovered crude product and N,O-dimethylhydroxylamine hydrochloride (5.5 g, 56 mmol) were
subsequently dissolved in anhydrous THF (100 mL) at -20 °C. Isopropylmagnesium chloride in THF (55 mL, 110
mmol, 2M in THF) was added to the mixture in dropwise fashion over 30 min and the reaction was stirred at -20
°C for 2 h. The reaction was subsequently quenched by the addition of saturated NH4Cl solution (50 mL) and
EtOAc (100 mL x 2). The combined organic layers were washed with H>O (100 mL) and brine (100 mL), dried
over NaxSOyg, filtered, and concentrated. The crude product was purified by silica gel chromatography using a
gradient of 15:1-10:1 hexane/EtOAc to afford the desired product as a colorless oil (8.5 g).

[Rxn 3] Vinylmagnesium bromide in THF (39 mL, 39 mmol, 1 M in THF) was added in dropwise fashion to
a solution of the Rxn 2 product in THF (160 mL) at 0 °C over 20 min. The reaction mixture was stirred at 0 °C
for 20 min and subsequently quenched by the addition of saturated NH4Cl solution (50 mL) and EtOAc (100 mL).
The organic layers were separated and the aqueous layer was washed with EtOAc (100 mL). The combined
organic layers were washed with H,O (100 mL) and brine (100 mL), dried over Na>SOg, filtered, and concentrated.
The crude product was purified by silica gel chromatography using a gradient of 100:1-50:1 hexane/EtOAc to
obtain the product 6 as a colorless oil (6.1 g, 71% three steps from ethyl (R)-3-hydroxybutyrate). R¢: 0.95 (10:1
hexane/EtOAC); 'H NMR (CDCls, 400 MHz): § = 6.35 (dd, J = 10.4, 18.0 Hz, 1H), 6.22 (d, J = 18.0 Hz, 1H),
5.83 (dt, J = 0.4, 10.4 Hz, 1H), 4.36-4.31 (m, 1H), 2.85 (dd, J = 6.4, 15.2 Hz, 1H), 2.57 (dd, J = 5.6, 15.2 Hz, 1
H), 1.20 (d, J = 6.0 Hz, 3H), 0.93 (t, J = 8.0 Hz, 9 H), 0.57 (g, J = 8.0 Hz, 6H); *3C NMR (CDCls, 100 MHz): ¢
=199.7, 137.5, 128.6, 65.6, 49.3, 24.4, 6.9, 4.9 ppm. The synthesis of 29S followed the same protocol starting
from ethyl (S)-3-hydroxybutyrate and the corresponding characterization data was consistent with that of 29R.

O OTES O OTES
o>(o o OTES Me Me
\)J\/\
AL ———
: _—
COOMe py0ac),, Ag,CO;, ,,.-COOMe ., -COOMe
OMe Li,CO5 CHClI5, 80 °C, 20 h OMe OMe OMe
28 43 52 53

Methyl 2-((S,2)-11-((R)-4-((triethylsilyl)oxy)-2-oxopentylidene)-7-methoxy-2,2-dimethyl-8,11-dihydro-9H-
pyrano[3',4':2,3]naphtho[1,8-de][1,3]dioxin-9-yl)acetate (43). Compound 28 (1.4 g, 4 mmol), 29 (1.2 g, 5.2
mmol), Pd(OAc)2 (356 mg, 1.6 mmol), Li>.COz (326 mg, 4.4 mmol), and Ag>COz (2.2 g, 8 mmol) in a solution of
CHCIs (24 mL) was added to a sealed tube equipped with a magnetic stir bar. The reaction mixture was stirred at
80 °C for 20 h, cooled and then filtered through a pad of Celite washed with 2:1 hexane/EtOAc. The filtrate was
concentrated and then purified by silica gel chromatography using 6:1 hexane/EtOAc to obtain the desired product
43 as pale yellow oil (1.43 g, 63%). Rf 0.60 (2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 =7.59 (d, J =
8.0 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 6.34 (s, 1H), 4.58-4.56 (m, 1 H), 4.45-4.40 (m,
1H), 3.87 (s, 3H), 3.77 (s, 3H), 3.41 (dd, J = 2.4, 15.2 Hz, 1H), 3.00-2.94 (m, 2H), 2.86-2.73 (m, 3H), 1.76 (s,
3H), 1.64 (s, 3H), 1.22 (d, J = 6.0 Hz, 3H), 0.93 (t, J = 8.0 Hz, 9 H), 0.60 (q, J = 8.0 Hz, 6H); *C NMR (CDCls,
100 MHz): 0 = 198.8, 170.6, 155.7, 149.1, 145.8, 143.9, 129.6, 128.7, 124.4, 114.8, 113.2, 110.4, 110.3, 110.2,
102.6, 72.4, 65.5, 62.0, 54.3, 52.2, 39.7, 28.6, 25.8, 24.7, 24.5, 7.0 x 3, 5.0 x 3 ppm; HRMS (ESI) m/z [M + H]*
calcd for C31H4308Si 571.2727, found 571.2713; [a]5 -191.0° (CHCIs, ¢ = 1.0).
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Methyl 2-((9S)-11-((R)-4-((triethylsilyl)oxy)-2-oxopentyl)-7-methoxy-2,2-dimethyl-8,11-dihydro-9H-
pyrano[3',4':2,3]naphtho[1,8-de][1,3]dioxin-9-yl)acetate (52). Compound 52 was isolated as a side product in
the preparation of 43. Rr 0.40 (2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 7.57 (d, J = 8.4 Hz, 1H),
7.37 (t, J = 8.0 Hz, 1H), 6.80 (d, J = 7.2 Hz, 1H), 5.68 (dd, J = 2.8, 10.0 Hz, 0.4 H), 5.46 (dd, J = 2.8, 9.2 Hz,
0.6H), 4.40-4.34 (m, 2H), 4.03-3.98 (m, 0.8H), 3.87 (s, 1.8H), 3.86 (s, 1.2H), 3.72 (s, 1.2H), 3.71 (s, 1.8H), 3.27
(dd, J = 2.8, 15.2 Hz, 0.8H), 3.14 (d, J = 16.0 Hz, 1.2H), 2.82-2.57 (m, 6H), 1.65 (s, 3H), 1.57 (s, 3H), 1.21 (d, J
=6.0Hz,1.2H),1.17(d, J=6.0 Hz, 1.8 H) 0.93 (t,J=8.0 Hz, 9 H), 0.60 (g, J = 8.0 Hz, 6H); carbon signal was
complicated due to diastereomeric mixture; HRMS (ESI) m/z [M + NHa]" calcd for C31H4sNOsSi 590.3149, found
590.3132.

Methyl (S)-4-(4-((R,E)-5-((triethylsilyl)oxy)-3-oxohex-1-en-1-yl)-6-methoxy-2,2-dimethylnaphtho[1,8-
de][1,3]dioxin-5-yl)-3-hydroxybutanoate (53). Compound 53 was isolated as a side product in the preparation
of 43. R; 0.50 (2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): § = 7.81 (d, J = 12.8 Hz, 1H), 7.56 (d, J = 6.0
Hz, 1H), 7.45 (t, J = 6.0 Hz, 1H), 7.11 (d, J = 12.8 Hz, 1H), 6.87 (d, J = 5.4 Hz, 1H), 4.44-4.40 (m, 1H), 4.25-
4.23 (m, 1H), 3.90 (s, 3H), 3.68 (s, 3H), 3.19 (t, J = 5.2 Hz, 2H), 2.99-2.95 (m, 1H), 2.73-2.70 (m, 1H), 2.56 (t, J
=6.0 Hz, 2H), 1.70 (s, 3H), 1.67 (s, 3H), 1.27 (d, J = 4.8 Hz, 3 H), 0.94 (t, J = 8.0 Hz, 9 H), 0.60 (g, J = 8.0 Hz,
6H); 13C NMR (CDCl3, 100 MHz): 6 =199.8, 173.1, 148.9, 148.4, 145.0, 136.0, 132.2, 129.0, 128.4, 127.8, 115.9,
115.3,113.2, 110.0, 102.2, 68.8, 65.9, 61.9, 51.8, 50.9, 40.7, 33.7, 25.5, 25.2, 24.5, 7.0 x 3, 5.0 x 3 ppm; HRMS
(ESI) m/z [M + H]" calcd for C31Hss0sSi 573.2884, found 573.2874.

>( ethyl acrylate, Pd(OAc),,
o 0 Ag,CO3, Li,CO3, DCE,

OO OH 80 °C, 16h‘

7/

OMe ©~< OMe 6~\<

20 ) 54 e)

\

Ethyl (2)-2-((7bR,10aR)-7-methoxy-2,2-dimethyl-9-ox0-7b,9,10,10a-tetrahydro-12H-
furo[2",3":5',6']pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxin-12-ylidene)acetate (54). Compound 208 (66 mg,
0.2 mmol), ethyl acrylate (28 pL, 0.26 mmol), Pd(OAc). (9 mg, 0.04 mmol), Li.COs (16 mg, 0.22 mmol) and
Ag2CO3 (220 mg, 0.8 mmol) in a solution of DCE (1.4 mL) were added to a sealed tube equipped with a magnetic
stir bar. The reaction mixture was stirred at 80 °C for 16 h, cooled and then filtered through a pad of celite. The
filtrate was concentrated and purified by silica gel chromatography using 3:1 hexane/EtOAc to provide the desired
product 54 as pale yellow solid (69 mg, 81%). Rs 0.30 (2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 =
7.68 (d, J = 8.4 Hz, 1H), 7.55 (t, J = 8.0 Hz, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.52 (s, 1H), 5.84 (s, 1H), 4.86-4.85
(m, 1 H), 4.21 (q, J = 6.4 Hz, 2H), 4.08 (s, 3H), 3.10 (d, J = 17.6 Hz, 1H), 2.99 (dd, J = 4.4, 17.6 Hz, 1H), 1.73
(s, 6H), 1.32 (t, J = 7.2Hz, 3 H); *C NMR (CDCls, 100 MHz): § = 174.4, 166.0, 154.7, 150.4, 149.1, 143.7,
129.8, 128.5, 117.8, 115.6, 114.8, 111.9, 108.8, 103.2, 102.9, 73.8, 71.4, 64.5, 59.8, 38.2, 25.6, 25.1, 14.5 ppm;
HRMS (ESI) m/z [M + H]" calcd for C23H230s 427.1393, found 427.1381.
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HF<pyridine,
CH3CN, rt, 12 h

OMe OMe
43 44
Methyl 2-((2S,6R,9'S)-7"-methoxy-2',2",6-trimethyl-4-ox0-3,4,5,6,8',9'-hexahydrospiro[pyran-2,11'-

pyrano[3',4':2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetate (44). HF-pyridine (52 uL, 2 mmol) was added in
dropwise fashion to a CH3CN solution (2 mL) of 43 (114 mg, 0.2 mmol) in a polypropylene centrifuge vial. The
resulting mixture was stirred for 16 h and then quenched with H>O (10 mL). The resulting mixture was extracted
with EtOAc (20 mL x 2) and the combined organic layers were washed with 1N HCI (10 mL), saturated NaHCOs3
(10 mL), brine (10 mL), and dried over Na>SOa. After evaporating the volatiles, the residue was purified by silica
gel chromatography using 7:1 hexane/EtOAc to obtain the product as a colorless oil (74 mg, 81%). R¢ 0.65 (2:1
hexane/EtOAc); 'H NMR (CDCls, 400 MHz): 6 = 7.56 (d, J = 8.8 Hz, 1H), 7.41 (t, J = 8.0 Hz, 1H), 6.81 (d, J =
7.6 Hz, 1H), 4.64-4.59 (m, 1H), 4.44-4.40 (m, 1H), 3.86 (s, 3H), 3.73 (s, 3H), 3.43 (d, J = 16.0 Hz, 1H), 3.14 (dd,
J=2.8,16.0 Hz, 1H), 2.74-2.70 (m, 4H), 2.48 (d, J = 16.0 Hz, 1H), 2.35 (dd, J = 11.6, 16.0 Hz, 1H), 1.65 (s, 3H),
1.62 (s, 3H), 1.35 (d, J = 6.0 Hz, 3H); *C NMR (CDCls, 100 MHz): § = 206.9, 171.3, 148.6, 146.3, 141.5, 128.0,
127.9, 124.7, 118.4, 114.4, 113.1, 109.1, 102.1, 98.3, 65.6, 64.8, 61.3, 51.8, 50.4, 47.8, 40.5, 28.9, 25.3, 24.7,
21.7 ppm; HRMS (ESI) m/z [M + H]" calcd for C2sH200s 457.1862, found 457.1848; [a]5 -31.0° (CHCls, ¢ =
1.0).

O OTES OH
Me  HF.pyridine, TEA, O Me  DMDO, TfOH,
dioxane, rt, 1 h DCM, -78 °C, 2h
—_— _—
COOMe - COOMe
OMe OMe
43 30-int 30
Methyl 2-((2R,3R,6R,9'S)-3-hydroxy-7'-methoxy-2',2",6-trimethyl-4-oxo-3,4,5,6,8",9'-

hexahydrospiro[pyran-2,11'-pyrano[3’,4':2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetate (30). HF-pyridine
(400 pL, 16 mmol) in a solution of dixoane (1 mL) was added in dropwise fashion to a dioxane solution (16 mL)
of compound 43 (912 mg, 1.6 mmol) and trimethylamine (450 uL, 3.2 mmol) in a in a polypropylene centrifuge
vial at room temperature. The resulting mixture was stirred for 1 h before the addition with H,O (50 mL). The
resulting mixture was extracted with EtOAc (20 mL x 2) and the combined organic layers were washed with 1N
HCI (10 mL), saturated NaHCO3 (10 mL), brine (10 mL), and dried over Na>SO4. After evaporating the volatiles,
the residue was purified on silica gel using hexane/EtOAc (2/1-1/2) as eluent to obtain the product 30-int as a
yellow oil (638 mg, 88%). Rr 0.10 (2:1 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 7.60 (d, J = 8.0 Hz,
1H), 7.51 (t, J = 8.0 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 6.33 (s, 1H), 4.60-4.57 (m, 1H), 4.29-4.25 (m, 1H), 3.88-
3.87 (m, 1H), 3.87 (s, 3H), 3.76 (s, 3H), 3.41 (d, J = 16.0 Hz, 1H), 3.03-3.75 (m, 5H), 1.77 (s, 3H), 1.64 (s, 3H),
1.22 (d, J = 6.0 Hz, 3H); **C NMR (CDCls, 100 MHz): 6 = 201.8, 170.5, 157.4, 149.1, 145.8, 144.3, 129.9, 128.9,
124.2, 114.8, 113.2, 110.4, 110.0, 109.8, 102.7, 72.6, 64.4, 62.0, 52.2, 51.9, 39.8, 28.5, 25.8, 24.8, 22.3 ppm;
HRMS (ESI) m/z [M + H]* calcd for CsH290s 457.1862, found 457.1861; [a]y -293.0° (CHCIs, ¢ = 1.0).

A precooled DMDO solution’ (12 mL, 0.6 mmol, 0.05 M) in acetone was added to a solution of 30-int (228
mg, 0.5 mmol) in DCM (10 mL) at -78 °C over 5 min. The reaction was stirred for 5 min at -78 °C followed by
the addition of TfOH (22 uL, 0.25 mmol) in acetone (200 pL). The reaction was stirred for 2 h, during which the
temperature was allowed to adjust to -20 °C. The reaction was neutralized by the addition of triethylamine (700
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uL, 5 mmol) and partitioned between EtOAc (20 mL) and water (20 mL). The aqueous phase was extracted with
EtOAc (20 mL) and the combined organic layers were washed with saturated aqueous NaHCO3 solution (20 mL),
brine, and dried over Na;SOs. After evaporating the volatiles, the residue was purified by silica gel
chromatography using a gradient of 4:1-3:1 hexane/EtOAc to obtain the product 30 as a pale yellow foam (220
mg, 93%). *H NMR (CDCls, 400 MHz): § = 7.57 (d, J = 8.4 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H), 6.83 (d, J = 7.6
Hz, 1H), 5.36 (d, J = 8.4 Hz, 1H), 4.52-4.48 (m, 1H), 4.39-4.34 (m, 1H), 3.86 (s, 3H), 3.71 (s, 3H), 3.19-3.11 (m,
2H), 2.70-2.51 (m, 5H), 1.70 (s, 3H), 1.68 (s, 3H), 1.38 (d, J = 6.0 Hz, 3H); 3C NMR (CDCls, 100 MHz): 6 =
205.7,171.2, 148.8, 146.3, 142.0, 128.3, 128.2, 125.2, 114.8, 114.5, 113.3, 109.3, 102.1, 101.8, 76.8, 66.9, 65.4,
61.4,51.9, 48.3, 40.3, 28.6, 25.6, 25.1, 22.0 ppm; HRMS (ESI) m/z [M + H]" calcd for C25H2909 473.1812, found
473.1815; [a]y +17.0° (CHClI3, ¢ = 1.0).

oH LiBH,, THF,
-78°C, 1h
., COOMe >
OMe
30
“IOH identical conditions
to above
COOMe -
OMe
ent-45
Methyl 2-((2R,3R,4R,6R,9'S)-3,4-dihydroxy-7'-methoxy-2',2",6-trimethyl-3,4,5,6,8',9'-

hexahydrospiro[pyran-2,11'-pyrano[3,4':2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetate (45). LiBH4 (11 mg,
0.5 mmol) was added to a THF solution (2.5 mL) of compound 30 (118 mg, 0.25 mmol) at -78 °C. The resulting
mixture was stirred for 1 h at -78 °C and then quenched with H2O (1 mL). The mixture was extracted with EtOAc
(10 mL x 2) and the combined organic layers were washed with brine (5 mL), and dried over Na,SOa4. After
evaporating the volatiles, the residue was purified by silica gel chromatography using 1:1 hexane/EtOAc to afford
the product as a colorless solid (102 mg, 86% yield). Rt 0.35 (2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz):
0=7.54(dd, J=0.8, 8.4 Hz, 1H), 7.39 (dd, J = 7.6, 8.4 Hz, 1H), 6.81 (dd, J = 0.8, 7.6 Hz, 1H), 4.65 (dd, J = 4.0,
11.2Hz, 1H), 4.52-4.47 (m, 1H), 4.20-4.12 (m, 2H), 3.85 (s, 3H), 3.76 (s, 3H), 3.53 (d, J = 12.0 Hz, 1H), 3.16 (dd,
J=2.4,16.8 Hz, 1H), 2.79-2.69 (m, 4H), 2.11-2.06 (m, 1H), 1.78-1.74 (m, 1H), 1.72 (s, 3H), 1.60 (s, 3H), 1.23
(d, J = 6.0 Hz, 3H); C NMR (CDCls, 100 MHz): § = 171.5, 148.8, 146.3, 141.7, 128.1, 128.0, 125.1, 116.2,
114.4,113.4,109.2,101.6, 101.1, 69.4, 68.4, 65.6, 61.4, 60.9, 52.2, 40.7, 40.3, 29.1, 25.8, 24.8, 21.3 ppm; HRMS
(ESI) m/z [M + Na]* calcd for C2sH3oNaOg 497.1778, found 497.1776; [o]5 -32.0° (CHCls, ¢ = 1.0). The synthesis
of ent-45 followed the same protocol starting from ent-30 and the corresponding characterization data was
consistent with that of ent-45.

S26



LiOH (aq), MeOH,

rt, 1h
>< ‘\\OH
""OH identical conditions to
O above
COOMe -
OMe OMe
45 46

2-((2R,3R,4R,6R,9'S)-3,4-dihydroxy-7'-methoxy-2',2",6-trimethyl-3,4,5,6,8',9'-hexahydrospiro[pyran-

2,11'-pyrano[3',4':2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetic acid (46). Aqueous 1 N LiOH (0.3 mL) was
added to a stirred solution of 45 (28 mg, 0.06 mmol) in MeOH (0.6 mL) and the resulting mixture was stirred for
1 h at room temperature. Upon completion, the resulting mixture was neutralized with 2N HCI (0.2 mL) and
extracted with EtOAc (3 mL x 2). The organic layers were combined and washed with brine, dried over Na,SO4
and concentrated to give the crude product without further purification. Rf 0.10 (2:3 hexane/EtOAc); *H NMR
(CDCls, 400 MHz): 6 = 7.54 (d, J = 8.4 Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 6.81 (d, J = 7.2 Hz, 1H), 4.68 (d, J =
3.2Hz, 1H), 4.56-4.51 (m, 1H), 4.33-4.22 (m, 2H), 3.86 (s, 3H), 3.16 (d, J = 14.8 Hz, 1H), 2.81-2.75 (m, 3H),
2.13-2.10 (m, 1H), 1.76-1.73 (m, 1H), 1.69 (s, 3H), 1.60 (s, 3H), 1.22 (d, J = 6.0 Hz, 3H), hydroxyl and carboxylic
proton signals did not appear; 3C NMR (CDClIs, 100 MHz): § = 174.0, 148.8, 146.3, 141.7, 128.1, 128.0, 125.2,
116.0, 114.4, 113.3, 109.2, 101.6, 101.0, 69.9, 68.4, 65.5, 61.4, 61.1, 40.5, 40.0, 28.9, 25.8, 24.8, 21.2 ppm;
HRMS (ESI) m/z [M + H]" calcd for C2sH2909 461.1812, found 461.1807. The synthesis of ent-46 followed the
same protocol starting from ent-45 and the corresponding characterization data was consistent with that of ent-

46.
Sy
BnBr, Ag,0,
OH NMP, rt, 36 h
—_—
~,, ~COOMe
OMe
30
Methyl 2-((2R,3R,6R,9'S)-3-(benzyloxy)-7'-methoxy-2',2",6-trimethyl-4-0x0-3,4,5,6,8",9"-

hexahydrospiro[pyran-2,11'-pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetate (47). Ag-O (1.83 g,
8.0 mmol) and BnBr (970 uL, 8.0 mmol) were added to an N-methyl-2-pyrrolidone (NMP) solution (10 mL) of
compound 30 (470 mg, 1 mmol) and the resulting mixture stirred at room temperature for 36 h. The mixture was
filtered, washed with EtOAc (50 mL) and partitioned between EtOAc (50 mL) and water (50 mL). The organic
layer was recovered, washed with brine (20 mL), and dried over Na,SO4. After evaporating the volatiles, the
residue was purified by silica gel chromatrography using 5:1 hexane/EtOAc to obtain the product as a colorless
oil (427 mg, 76% yield). R 0.40 (2:1 hexane/EtOAC); *H NMR (CDCls, 400 MHz): § = 7.59 (dd, J = 0.4, 8.4 Hz,
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1H), 7.44 (dd, J = 7.6, 8.4 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 6.81-6.71 (m, 5H), 5.03 (s, 1H), 4.63 (d, J = 12.4 Hz,
1H), 4.50-4.40 (m, 2H), 4.25 (d, J = 12.4 Hz, 1H), 3.89 (s, 3H), 3.67 (s, 3H), 3.11 (dd, J = 4.4, 16.0 Hz, 1H), 2.87
(dd, J = 8.0, 16.0 Hz, 1H), 2.75-2.66 (m, 2H), 2.55 (dd, J = 2.4, 13.6 Hz, 1H), 2.41 (dd, J = 8.0, 12.0 Hz, 1H),
1.55 (s, 3H), 1.46 (s, 3H), 1.31 (d, J = 6.0 Hz, 3H); 13C NMR (CDCls, 100 MHz): 6 = 204.2, 171.4, 148.8, 146.1,
141.7,137.4,128.1,128.0, 127.7 x 2, 127.6, 127.5 x 2, 126.0, 115.6, 114.3, 113.0, 109.0, 101.8, 101.5, 82.1, 73.0,
66.4, 65.8, 61.5, 51.8, 49.4, 39.9, 28.7, 27.1, 23.3, 21.9 ppm HRMS (ESI) m/z [M + H]* calcd for C32Hss00
563.2281, found 563.2256.

BHs*MesN, TFA, ether, o) 0

0°C-rt, 16 h OBn
,, ~COOMe ,, ~COOMe
OMe OMe
47 48
Methyl 2-((2R,3R,4S,6R,9'S)-3-(benzyloxy)-4-hydroxy-7'-methoxy-2',2",6-trimethyl-3,4,5,6,8",9'-

hexahydrospiro[pyran-2,11'-pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetate (48). BH3*MesN (90
mg, 1.5 mmol) and TFA (140 uL, 2 mmol) were added to a cooled solution of compound 47 (280 mg, 0.5 mmol)
in ether (5 mL) at 0 °C. The mixture was stirred for 16 h during which the temperature was allowed to equilibrate
to room temperature. The resulting solution was neutralized with saturated NaHCO3 (10 mL) and extracted with
EtOAc (20 mL x 2). The combined organic layers were washed with brine, dried over Na>SOs, concentrated and
the recovered residue purified by silica gel chromatography using 2:1 hexane/EtOAc to afford the product as a
colorless solid (216 mg, 77% yield). Rs 0.20 (2:1 hexane/EtOAc); *H NMR (400 MHz, CDCls): 6 = 7.57 (d, J =
8.4 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H), 7.09-7.07 (m, 3H), 6.95-6.93 (m, 2H), 6.82 (d, J = 7.2 Hz, 1H), 4.47-4.44
(m, 1H), 4.39 (d, J = 9.2 Hz, 1H), 4.17-4.13 (m, 4H), 3.87 (s, 3H), 3.71 (s, 3H), 3.15 (dd, J = 2.0, 16.0 Hz, 1H),
2.85(dd, J =4.4, 16.0 Hz, 1H), 2.75-2.73 (m, 2H), 2.07-2.06 (br s, 2H), 1.80 (s, 3H), 1.53 (s, 3H), 1.53-1.52 (m,
1H), 1.22 (d, J = 6.0 Hz, 3H); 3C NMR (100 MHz, CDCls) ¢ = 171.5, 148.9, 146.3, 142.0, 138.0, 128.2 x 2,
128.1, 128.0, 1279 x 2, 127.8, 126.2, 117.1, 114.4, 113.1, 109.1, 101.8, 98.9, 82.7, 74.1, 68.3, 65.2, 65.0, 61.5,
51.8, 40.7, 40.5, 29.2, 27.3, 23.5, 21.5 ppm; HRMS (ESI) m/z [M + Na]* calcd for Cs2H3sNaOg 587.2257, found

587.2213.
g\ 1, \OH
Pd/C, H,,
OBn MeOH, rt, 16 h
—_—
,, ~COOMe

OMe

48
Methyl 2-((2R,3R,4S,6R,9'S)-3,4-dihydroxy-7'-methoxy-2',2',6-trimethyl-3,4,5,6,8',9'-

hexahydrospiro[pyran-2,11'-pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetate (49). Solid 10%
Pd/C (29 mg, 50% w/w) was added to a stirred solution of 36 (58 mg, 0.1 mmol) in MeOH (1 mL) under argon.
The flask was evacuated under vacuum and filled with Hz (x 3) and then stirred for 16 h under H. The reaction
mixture was subsequently filtered through a celite pad, washed with MeOH and recovered organics concentrated
to give the pure product without further purification (44 mg, 93% yield). Rr 0.40 (2:1 hexane/EtOAc); *H NMR
(400 MHz, CDCl3): 0 = 7.53 (dd, J = 0.4, 8.4 Hz, 1H), 7.39 (dd, J = 7.6, 8.4 Hz, 1H), 6.81 (d, J = 7.2 Hz, 1H),
4.54-4.50 (m, 1H), 4.37 (d, J = 9.2 Hz, 1H), 4.01-4.06 (m, 1H), 4.04-3.96 (m, 1H), 3.84 (s, 3H), 3.70 (s, 3H), 3.15
(dd, J=2.4,16.4 Hz, 1H), 2.75-2.74 (m, 2H), 2.65 (dd, J = 3.6, 16.4 Hz, 1H), 2.40-2.25 (br s, 2H), 2.07-2.02 (m,

S28



1H), 1.70 (s, 3H), 1.62 (s, 3H), 1.56-1.53 (m, 1H), 1.24 (d, J = 6.0 Hz, 3H); *C NMR (100 MHz, CDCls) 6 =
171.2, 148.9, 146.2, 141.9, 128.1, 128.0, 125.5, 115.9, 114.3, 113.4, 109.1, 101.7, 99.5, 75.5, 70.0, 65.6, 65.0,
61.3, 51.9, 40.6, 40.1, 29.0, 25.8, 24.8, 21.4 ppm; HRMS (ESI) m/z [M + Na]* calcd for CasHaoNaOy 497.1788,
found 497.1777; [o]? -25.0° (CHCls, ¢ = 1.0).

LiBH,, THF,
-78°C, 1h
OMe OMe
47 50
Methyl 2-((2R,3R,4R,6R,9'S)-3-(benzyloxy)-4-hydroxy-7'-methoxy-2',2",6-trimethyl-3,4,5,6,8",9'-

hexahydrospiro[pyran-2,11'-pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetate (50). LiBHa4 (4.4 mg,
0.2 mmol) was added to a THF solution (1 mL) of compound 47 (56 mg, 0.1 mmol) at -78 °C. The resulting
mixture was stirred for 1 h at -78 °C and then quenched with the addition with H,O (1 mL). The mixture was
extracted with EtOAc (10 mL x 2) and the combined organic layers were washed with brine (5 mL), and dried
over Na;SQO4. After evaporating the volatiles, the residue was purified by silica gel chromatography using 2:1
hexane/EtOAC to obtain the product as a colorless solid (54 mg, 96% yield). Rr 0.40 (2:3 hexane/EtOAc); *H
NMR (CDCls, 400 MHz): 6 = 7.57 (d, J = 8.4 Hz, 1H), 7.42 (t, J = 8.4 Hz, 1H), 7.01-6.97 (m, 1H), 6.93-6.79 (m,
5H), 4.53-4.42 (m, 3H), 4.36-4.24 (m 3H), 3.89 (s, 3H), 3.83-3.81 (m, 1H), 3.75 (s, 3H), 3.12 (dd, J = 2.4, 16.4
Hz, 1H), 2.90-2.74 (m, 3H), 2.04-2.00 (m, 1H), 1.59-1.58 (m, 1H), 1.57 (s, 3H), 1.44 (s, 3H), 1.19 (d, J = 6.0 Hz,
3H); 3C NMR (CDCls, 100 MHz): 6 = 171.4, 148.8, 146.1, 141.5, 138.0, 127.9 x 2, 127.8 x 2, 127.6, 127.4,
126.0, 117.1, 114.3, 113.1, 108.9, 101.4, 100.2, 74.6, 70.8, 66.2, 65.9, 61.5, 61.2, 52.0, 40.6, 40.5, 29.8, 29.1,
27.0, 23.4, 21.3 ppm; HRMS (ESI) m/z [M + Na]" calcd for C32H3zsNaOg 587.2257, found 587.2237.

>< 0, OH OAc
1) LiOH, MeOH, rt, 1h;
OBn 2) ACZO, DABCO, OBn
DCM, rt, 40 h
., ~COOMe > ..,, ~COOH
OMe OMe
50 51

2-((2R,3R,4R,6R,9'S)-4-acetoxy-3-(benzyloxy)-7'-methoxy-2',2",6-trimethyl-3,4,5,6,8",9'-
hexahydrospiro[pyran-2,11'-pyrano[3',4":2,3]naphtho[1,8-de][1,3]dioxin]-9'-yl)acetic acid (51). [Rxn 1]
Agueous 0.5 N LiOH (0.6 mL, 0.3 mmol) was added to a stirred solution of 50 (46 mg, 0.1 mmol) in MeOH (1
mL) and the resulting mixture stirred for 1 h at room temperature. Upon completion, the resulting mixture was
neutralized with 1N HCI (0.3 mL) and extracted with EtOAc (5 mL x 2). The organic layers were combined and
washed with brine, dried over Na,SO4 and concentrated to give the crude product without further purification.
[Rxn 2] DABCO (122 mg, 1.0 mmol) and Ac20 (0.1 mL, 1.0 mmol) were added to a DCM solution (1 mL) of
the Rxn 1 crude product and the resulting mixture stirred for 40 h at room temperature The reaction was quenched
with H20 (0.5 mL) and then extracted with DCM (5 mL x 2). The combined organic layers were washed with
brine (5 mL), and dried over Na>SOa. After evaporating the volatiles, the residue was purified by silica gel using
a gradient of 70:30:1-50:50:1 hexane/EtOAc/AcOH to afford the product as a colorless solid. Rf 0.70 (2:3:0.1
hexane/EtOAC/AcOH); *H NMR (CDCls, 400 MHz): 6 = 7.57 (dd, J = 0.8, 8.4 Hz, 1H), 7.43 (t, J = 8.4 Hz, 1H),
6.89-6.86 (m, 1H), 6.80-6.73 (m, 5H), 5.57-5.54 (m, 1H), 4.46-4.436 (m, 4H), 4.21 (d, J =12.8 Hz, 1H), 3.89 (s,
3H), 3.15 (dd, J = 2.4, 16.0 Hz, 1H), 2.94-2.92 (m, 2H), 2.81 (dd, J = 4.4, 16.0 Hz, 1H), 2.18 (s, 3H), 2.00-1.96
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(m, 1H), 1.68-1.65 (m, 1H), 1.55 (s, 3H), 1.40 (s, 3H), 1.16 (d, J = 6.0 Hz, 3H), carboxylic proton signals did not
appear; *C NMR (CDClz, 100 MHz): 6 = 171.2, 170.3, 148.8, 146.1, 141.5, 137.1, 128.0, 127.9 x 2, 127.8 X 2,
127.7, 127.6, 125.4, 116.5, 114.2, 113.1, 109.3, 101.3, 98.6, 72.6, 71.1, 66.5, 65.0, 61.7, 61.5, 40.4, 36.9, 28.3,
27.0, 23.3, 21.4, 21.2 ppm; HRMS (ESI) m/z [M + H]" calcd for CasH37010 593.2387, found 593.2370.

R4 R4
OH O o
R, method A or B

R,
— (I3
Rs3 Rs3

O R,

General method A for the deprotection of acetonide and methyl ether. AgO (0.25 mmol) and 6N HNO3 (82
uL, 0.5 mmol) were added in succession to a stirred solution of substrate (0.05 mmol) in THF (1 mL) at 0 °C.
After stirring for 10 min, the mixture was filtered through celite. The filtrate was partitioned between EtOAc (5
mL) and H20 (5 mL), and the aqueous layer was extracted with EtOAc (5 mL). The combined extracts were
washed with brine (5 mL), dried over Na>SOs, and evaporated. The residue was purified on silica gel using
hexane/EtOAcC to access the product as an orange solid.

General method B for the deprotection of acetonide and methyl ether. AgO (0.11 mmol) and 3N HNO3 (100
uL, 0.3 mmol) were added in succession to a stirred solution of substrate (0.05 mmol) in THF (1 mL) at -10 °C.
After stirring for 30 min the mixture was filtered through celite. The filtrate was partitioned between EtOAc (5
mL) and H20 (5 mL), and the aqueous layer was extracted with EtOAc (5 mL). The combined extracts were
washed with brine (5 mL), dried over Na>SOs4, and evaporated. The residue was purified by semi-preparative
reverse-phase HPLC using a CH3CN/water gradient and then lyophilized to access the product as an orange solid.

Griseusin A (1). Compound 39 was deprotected by general method A to give 1 in 81% vyield. Rf 0.45 (2:3
hexane/EtOAC); *H NMR (CDCls, 400 MHz): § = 11.89 (s, 1H), 7.64-7.63 (m, 2H), 7.29-7.28 (m, 1H), 5.28-5.26
(m, 2H), 4.91 (d, J = 4.0 Hz, 1H), 4.78 (t, J = 4.0 Hz, 1H), 4.19-4.10 (m, 1H), 3.06 (dd, J = 4.8, 17.6 Hz, 1H),
2.72 (d, J=17.6 Hz, 1H), 2.10 (s, 3H), 2.10-2.04 (m, 1H), 1.92-1.86 (m, 1H), 1.22 (d, J = 6.4 Hz, 3H); 1°C NMR
(CDCls, 100 MHz): ¢ = 187.7, 181.9, 174.0, 169.0, 162.1, 143.3, 138.8, 137.1, 131.2, 125.5, 119.6, 115.4, 96.8,
69.8, 68.6, 66.9, 66.0, 63.1, 36.6, 36.1, 21.4, 20.6 ppm; HRMS (ESI) m/z [M + NH4]" calcd for C22H24NO19
462.1400, found 462.1401; [a]s -153° (CHCIs, ¢ = 1.0). The characterization data is consistent to that of the
isolated natural product.®

4’-Deacetyl griseusin A (2). Compound 35 was deprotected by general method A to give 2 in 85% vyield. R¢ 0.10
(2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz): § = 11.89 (s, 1H), 7.63-7.61 (m, 2H), 7.28-7.26 (m, 1H), 5.27
(s, 1H), 4.80-4.76 (m, 2H), 4.22-4.17 (m, 2H), 3.05 (dd, J = 4.4, 17.6 Hz, 1H), 2.83 (d, J = 17.6 Hz, 1H), 2.04 (d,
J=14.4 Hz, 1H), 1.91-1.85 (m, 1H), 1.25 (d, J = 6.0 Hz, 3H); 3C NMR (CDCls, 100 MHz): § = 187.4, 181.9,
173.9, 162.1, 143.1, 138.4, 137.0, 131.2, 125.5, 119.5, 115.4, 98.7, 68.6, 68.4, 68.1, 66.5, 62.7, 39.2, 36.5, 20.7
ppm; HRMS (ESI) m/z [M + NHa4]" calcd for C20H22NOg 420.1295, found 420.1298; [a]? -202° (CHCls, ¢ = 1.0).
The characterization data is consistent to that of the isolated natural product.®

Griseusin C (3). Compound 23° was deprotected by general method A to give 3 in 63% vyield. Rf 0.20 (2:3
hexane/EtOAC); 'H NMR (CDCls, 400 MHz): 6 = 11.91 (s, 1H), 7.70-7.68 (m, 2H), 7.33 (dd, J = 2.4, 7.6 Hz,
1H), 5.50 (d, J = 7.6 Hz, 1H), 5.29 (d, J = 2.8 Hz, 1H), 4.69 (dd, J = 2.8, 4.8 Hz, 1H), 4.25-4.20 (m, 1H), 3.19 (d,
J=8.4 Hz, 1H), 2.95 (dd, J = 4.8, 18.0 Hz, 1H), 2.72-2.68 (m, 3H), 1.41 (d, J = 6.0 Hz, 3H); 3C NMR (CDCls,
100 MHz): 6 =203.1, 187.4,181.7,173.1, 162.4, 140.6, 138.6, 137.3, 131.3, 125.7, 119.8, 115.3, 99.5, 76.0, 69.6,
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68.2, 66.8, 47.7, 36.1, 21.6 ppm; HRMS (ESI) m/z [M + NHa]* calcd for C20H20NOg 418.1138, found 418.1132;
[a]> -100° (MeOH, ¢ = 1.0). The characterization data is consistent to that of the isolated natural product.©

epi-4’-Deacetylgriseusin A (4). Compound 36 was deprotected by general method A to give 4 in 62% yield. Rt
0.10 (2:3 hexane/EtOAC); *H NMR (CDCls, 400 MHz): 6 = 11.92 (s, 1H), 7.64-7.62 (m, 2H), 7.29-7.28 (m, 1H),
5.29 (s, 1H), 4.75 (s, 1H), 4.53 (d, J = 9.2 Hz, 1H), 4.04-3.99 (m, 2H), 3.02 (dd, J = 4.4, 17.6 Hz, 1H), 2.77 (d, J
= 17.6 Hz, 1H), 2.73-2.14 (brs, 2H), 2.13-2.09 (m, 1H), 1.74-1.67 (m, 1H), 1.27 (d, J = 6.0 Hz, 3H); *C NMR
(CDCls, 100 MHz): 0 = 187.2, 181.9, 162.1, 148.8, 142.6, 138.5, 137.0, 130.7, 125.6, 122.1, 119.5, 97.4, 74.8,
69.1, 68.9, 67.9, 66.3, 39.7, 36.3, 21.0 ppm; HRMS (ESI) m/z [M + NH4]"* calcd for C20H22NOg 420.1295, found
420.1289; [a]o -107° (CHCIs, ¢ = 1.0). The characterization data is consistent to that of the isolated natural
product.?

ent-4’-deacetyl-griseusin A (5). Compound ent-35 was deprotected by general method A to give 5 in 77% yield.
Rr 0.10 (2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz): § = 11.88 (s, 1H), 7.65-7.62 (m, 2H), 7.30-7.28 (m,
1H), 5.27 (s, 1H), 4.81-4.79 (m, 2H), 4.19-4.15 (m, 2H), 3.05 (dd, J = 4.4, 17.6 Hz, 1H), 2.80 (d, J = 17.6 Hz,
1H), 2.06 (d, J = 14.4 Hz, 1H), 1.93-1.86 (m, 1H), 1.26 (d, J = 6.0 Hz, 3H); **C NMR (CDCls, 100 MHz): 6 =
187.5,181.9,173.9,162.1, 143.1, 138.4, 137.0, 131.3, 125.5, 119.6, 115.4, 98.8, 68.7, 68.4, 68.1, 66.6, 62.8, 39.2,
36.6, 20.8 ppm; HRMS (ESI) m/z [M + H]* calcd for C20H1909 403.1029, found 403.1025; [a]5 190° (CHCls, ¢
= 1.0). The characterization data is consistent to that of the isolated natural product.!

Griseusin B (6). Compound 51 was deprotected by general method B to give 6 in 54% yield. R¢ 0.2 (2:3:0.2
hexane/EtOAC/AcOH); *H NMR (CDCls, 400 MHz): § = 12.16 (s, 1H), 7.62-7.59 (m, 2H), 7.28-7.26 (m, 1H),
5.27 (d, J=3.6 Hz, 1H), 4.78 (d, J = 4.4 Hz, 1H), 4.54-4.51 (m, 1H), 4.28-4.24 (m, 1H), 2.94-2.73 (m, 3H), 2.42
(dd, J=11.2,18.8 Hz, 1H), 2.10 (s, 3H), 2.06-2.02 (m, 1H), 1.92-1.88 (m, 1H), 1.20 (d, J = 6.4 Hz, 3H), hydroxyl
and carboxylic proton signals did not appear; *C NMR (CDCls, 100 MHz): 5 = 187.9, 183.2, 173.7, 171.0, 162.1,
147.0, 139.9, 136.3, 131.5, 125.3, 119.1, 115.3, 97.6, 70.3, 67.1, 63.3, 62.0, 39.7, 36.1, 28.0, 21.2, 20.6 ppm;
HRMS (ESI) m/z [M + Na]* calcd for C22H22NaO10 469.1111, found 469.1114; [a]5 -189° (CHCI3, ¢ = 1.0). The
characterization data is consistent to that of the isolated natural product.®

4’-Deacetyl-griseusin B (7). Compound 46 was deprotected by general method B to give 7 in 68% yield. Rf 0.1
(2:3:0.2 hexane/EtOAC/AcOH); *H NMR (CDCls, 400 MHz): 6 = 12.10 (s, 1H), 7.56-7.54 (m, 2H), 7.24-7.21 (m,
1H), 4.70 (s, 1H), 4.44-4.31 (m, 5H), 4.18-4.17 (m, 1H), 2.87-2.79 (m, 2H), 2.71-2.67 (m, 1H), 2.52 (dd, J = 11.2,
19.2 Hz, 1H), 2.10-2.07 (m, 1H), 1.90-1.86 (m, 1H), 1.23 (d, J = 6.4 Hz, 3H); 13C NMR (CDCls, 100 MHz): § =
187.7,183.1,173.2,161.9, 146.7, 139.4, 136.2, 131.4, 125.2, 119.1, 115.2,99.3, 69.3, 68.2, 63.7, 61.6, 39.6, 39.3,
28.1, 20.8 ppm; HRMS (ESI) m/z [M + Na]* calcd for C20H20NaOg 427.1005, found 427.0998; [a]> -200° (MeOH,
¢ = 1.0). The characterization data is consistent to that of the isolated natural product.®

epi-4°-Deacetyl-griseusin B (8). Compound 49 was deprotected by general method B to give 8 in 56% yield. Rt
0.1 (2:3:0.2 hexane/EtOAC/AcOH); *H NMR (CD30D, 400 MHz): 6 = 7.67-7.58 (m, 2H), 7.27 (dd, J = 1.2, 8.0
Hz, 1H), 4.44-4.40 (m, 1H), 4.37 (d, J = 9.2 Hz, 1H), 4.29-4.25 (m, 1H), 3.98-3.92 (m, 1H), 2.84 (dd, J = 2.8,
19.2 Hz, 1H), 2.78-2.70 (m, 2H), 2.38 (dd, J = 11.2, 19.2 Hz, 1H), 2.02-1.98 (m, 1H), 1.54 (g, J = 12.0 Hz, 1H),
1.20 (d, J = 6.4 Hz, 3H); *C NMR (CDs0OD, 100 MHz): 6 = 189.3, 184.4, 174.5, 162.8, 148.9, 140.7, 137.2,
133.0, 125.5, 119.5, 116.4, 99.6, 75.8, 69.4, 67.0, 64.8, 42.2, 40.6, 29.1, 21.3 ppm; HRMS (ESI) m/z [M + Na]*
calcd for CaoH20NaOg 427.1005, found 427.0996; [a]y -152° (MeOH, ¢ = 1.0). The characterization data is
consistent to that of the isolated natural product.?

ent-4’-Deacetyl-griseusin B (9). Compound ent-45 was deprotected by general method B to give 9 in 55% yield.
Rf 0.1 (2:3:0.2 hexane/EtOACc/AcOH); *H NMR (CDCls, 400 MHz): § = 12.11 (s, 1H), 7.57-7.55 (m, 2H), 7.24-
7.22 (m, 1H), 4.71 (s, 1H), 4.44-4.31 (m, 5H), 4.18-4.17 (m, 1H), 2.89-2.79 (m, 2H), 2.71-2.68 (m, 1H), 2.52 (dd,
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J=11.2,19.2 Hz, 1H), 2.11-2.08 (m, 1H), 1.91-1.84 (m, 1H), 1.23 (d, J = 6.4 Hz, 3H); *C NMR (CDCls, 100
MHz): 6 =187.7,183.2, 173.2, 161.9, 146.7, 139.5, 136.3, 131.4, 125.3, 119.2, 115.3, 99.3, 69.3, 68.2, 63.8, 61.7,
39.6, 39.3, 28.2, 20.9 ppm; HRMS (ESI) m/z [M-H]" calcd for C2oH1909 403.1029, found 403.1037; [a]5 198°
(MeOH, ¢ = 1.0). The characterization data is consistent to that of the isolated natural product.t!

ent-4’-Deacetyl-griseusin B methyl ester (10). Compound ent-46 was deprotected by general method A to give
10 in 79% yield. R¢ 0.3 (2:3 hexane/EtOAC); *H NMR (CDCls, 400 MHz): 6 = 12.14 (s, 1H), 7.61-7.57 (m, 2H),
7.24 (d, J = 8.0 Hz, 1H), 4.66 (dd, J = 4.0, 11.2 Hz, 1H), 4.46-4.40 (m, 1H), 4.25-4.22 (m, 1H), 4.12-4.08 (m,
1H), 3.75 (s, 3H), 3.34 (d, J = 12.0 Hz, 1H), 2.90-2.71 (m, 4H), 2.40 (dd, J = 11.2, 19.2 Hz, 1H), 2.09-2.04 (m,
1H), 1.91-1.85 (m, 1H), 1.25 (d, J = 6.4 Hz, 3H); 3C NMR (CDCls, 100 MHz): 6 = 187.7, 183.2, 171.2, 162.0,
146.4, 139.7, 136.3, 131.4, 125.2, 119.1, 115.3, 99.4, 68.8, 68.2, 63.7, 61.5, 52.3, 39.8, 39.6, 28.4, 20.9 ppm;
HRMS (ESI) m/z [M + H]* calcd for Ca1H2309 419.1342, found 419.1330; [a]s 176° (MeOH, ¢ = 1.0). The
characterization data is consistent to that of the isolated natural product.!!

3’-Dehydroxyl griseusin C (13). Compound 32° was deprotected by general method A to give 13 in 73% yield.
Rr 0.60 (2:3 hexane/EtOAC); *H NMR (CDCls, 400 MHz): 6 = 11.77 (s, 1H), 7.68-7.66 (m, 2H), 7.32 (dd, J = 2.8,
6.8 Hz, 1H), 5.27 (d, J = 2.8 Hz, 1H), 4.80 (t, J = 2.8 Hz, 1H), 4.40-4.36 (m, 1H), 3.39 (d, J = 17.6 Hz, 1H), 2.97
(dd, J=5.2, 17.6 Hz, 1H), 2.76-2.52 (m, 4H), 1.35 (d, J = 6.4 Hz, 3H); 3C NMR (CDCls, 100 MHz): 6 = 203.1,
187.5,182.1,173.6, 162.2, 143.0, 137.4, 136.7, 131.2, 125.6, 119.8, 115.1, 96.0, 68.5, 67.8, 66.7, 47.6, 46.7, 36.3,
21.3 ppm; HRMS (ESI) m/z [M + NHa]* calcd for C20H20NOs 402.1189, found 402.1188; [a]? -163° (CHCls, ¢
=1.0).

1,3’-epi-Griseusin C (14). Compound 1,3’-epi-23°® was deprotected by general method A to give 14 in 63% yield.
R¢ 0.20 (2:3 hexane/EtOAc); *H NMR (CDsOD, 400 MHz): 6 = 7.76 (t, J = 8.0 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H),
7.37 (d, J =8.0 Hz, 1H), 5.56 (s, 1H), 5.42 (d, J = 4.0 Hz, 1H), 5.25 (t, J = 4.0 Hz, 1H), 5.00-4.97 (m, 1H), 3.01
(dd, J=5.2,17.6 Hz, 1H), 2.74-2.55 (m, 3H), 1.39 (d, J = 6.0 Hz, 3H); *C NMR (CD30D, 100 MHz): § = 206.6,
189.4,182.9,176.9, 163.0, 143.0, 140.0, 138.2, 132.8, 126.0, 120.2, 100.0, 78.8, 73.3, 70.0, 69.6, 49.8, 46.2, 38.4,
21.7 ppm; HRMS (ESI) m/z [M + NHa]* calcd for C2oH20NOg 418.1138, found 418.1133; [a]y -14° (MeOH, ¢ =
1.0).

3’-Acetyl-4’-deacetyl-griseusin A (15). Compound 40 was deprotected by general method A to give 15 in 75%
yield. R 0.35 (2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz): § = 11.92 (s, 1H), 7.68-7.62 (m, 2H), 7.32 (dd,
J=2.0, 7.6 Hz, 1H), 5.82 (d, J = 4.4 Hz, 1H), 5.26 (d, J = 2.8 Hz, 1H), 4.78-4.77 (m, 1H), 4.42-4.39 (m, 1H),
4.30-4.29 (m, 1H), 3.01 (dd, J = 4.8, 17.6 Hz, 1H), 2.78 (d, J = 17.6 Hz, 1H), 2.06-2.04 (m, 1H), 1.96 (s, 3H),
1.93-1.92 (m, 1H), 1.27 (d, J = 6.4 Hz, 3H), hydroxyl proton signals did not appear; **C NMR (CDCl3, 100 MHz):
0=187.1,182.0,173.5,170.6, 162.1, 142.5, 136.8, 136.4, 131.2, 125.6, 119.6, 115.4, 96.5, 69.8, 68.0, 66.6, 66.2,
62.8, 38.5, 36.9, 20.7, 20.6 ppm; HRMS (ESI) m/z [M + NHa]* calcd for C22H24NO10 462.1400, found 462.1395;
[a]5 -205° (CHCls, ¢ = 1.0).

3’-Dehydroxy-4’-deacetyl-griseusin A (16). Compound 33 was deprotected by general method A to give 16 in
78% vyield. R 0.40 (2:3 hexane/EtOAC); *H NMR (CDCls, 400 MHz): 6 = 11.91 (s, 1H), 7.66-7.65 (m, 2H), 7.30
(dd, J=2.8, 6.8 Hz, 1H), 5.26 (d, J = 2.8 Hz, 1H), 4.79 (dd, J = 2.8, 4.8 Hz, 1H), 4.28-4.25 (m, 2H), 3.20 (br s,
1H), 3.06-3.00 (m, 2H), 2.73 (d, J = 18.0 Hz, 1H), 1.90-1.78 (m, 2H), 1.75-1.72 (m, 1H), 1.26 (d, J = 6.0 Hz, 3H);
13C NMR (CDCls, 100 MHz): 6 = 187.5, 182.5, 173.5, 162.1, 143.9, 137.2, 137.1, 131.2, 125.5, 119.6, 115.4,
97.0, 68.8, 66.2, 64.0, 63.1, 38.5, 36.6, 36.1, 21.4 ppm; HRMS (ESI) m/z [M + NH4]" calcd for C2H22NOs
404.1345, found 404.1355; [a]? -135° (CHCIs, ¢ = 1.0).

3’-Dehydroxy-epi-4’-deacetyl-griseusin A (17). Compound 34 was deprotected by general method A to give 17
in 75% vyield. Rr 0.40 (2:3 hexane/EtOAc); *H NMR (CDCls, 400 MHz): 6 = 11.96 (s, 1H), 7.65-7.64 (m, 2H),
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7.30 (dd, J = 2.8, 6.8 Hz, 1H), 5.25 (s, 1H), 4.66-4.64 (m, 1H), 4.25-4.22 (m, 1H), 3.97-3.94 (m, 1H), 2.95 (dd, J
= 4.8, 17.6 Hz, 1H), 2.71-2.61 (m, 2H), 2.07-2.01 (m, 2H), 1.67 (br s, 1H), 1.55-1.49 (m, 1H), 1.27 (d, J = 6.0
Hz, 3H); 13C NMR (CDCls, 100 MHz): 6 = 187.5, 182.4, 174.0, 162.1, 143.8, 137.1, 137.0, 131.3, 125.4, 119.5,
115.5,96.5, 69.1, 67.9, 65.7, 64.5, 41.5, 40.0, 36.4, 21.5 ppm; HRMS (ESI) m/z [M + NHa]* calcd for C20H2:NOg
404.1345, found 404.1341; [o]? -146° (CHCls, ¢ = 1.0).

ent-Griseusin C (18). Compound 25 was deprotected by general method A to give 18 in 63% vyield. R¢ 0.20 (2:3
hexane/EtOAC); *H NMR (CDsOD, 400 MHz): § = 7.77-7.72 (m, 1H), 7.66 (dd, J = 1.2, 7.6 Hz, 1H), 7.35 (dd, J
=1.2,7.6 Hz, 1H), 5.53 (s, 1H), 5.36 (d, J = 3.2 Hz, 1H), 4.79 (dd, J = 2.8, 4.8 Hz, 1H), 4.31-4.26 (m, 1H), 3.12
(dd, J =5.2, 18.0 Hz, 1H), 2.74-2.71 (m, 1H), 2.68-2.56 (m, 2H), 1.36 (d, J = 6.4 Hz, 3H); 1*C NMR (CD3s0D,
100 MHz): 6 = 204.9, 189.1, 183.2, 176.6, 163.1, 142.2, 140.3, 138.2, 132.9, 126.1, 120.1, 116.6, 100.8, 77.3,
70.3, 70.2, 68.3, 36.7, 21.6, 14.5 ppm; HRMS (ESI) m/z [M + NH4]* calcd for C20H20NOg 418.1138, found
418.1126; [a]y 102° (MeOH, ¢ = 1.0); [a]y 198° (MeOH, ¢ = 1.0).

3’-Dehydroxy-4’-oxo-griseusin B (19). Compound 44 was deprotected by general method B to give 19 in 52%
yield. Rr0.40 (1:1:0.2 hexane/EtOAC/AcOH); 'H NMR (CDCls, 400 MHz): 6 = 12.01 (s, 1H), 7.62-7.60 (m, 2H),
7.29-7.26 (m, 1H), 4.55-4.49 (m, 1H), 4.48-4.44 (m, 1H), 3.39 (d, J = 15.6 Hz, 1H), 2.87 (d, J = 2.8 Hz, 1H),
2.75-2.74 (m, 2H), 2.58-2.42 (m, 4H), 1.34 (d, J = 6.4 Hz, 3H), carboxylic proton signals did not appear; *C
NMR (CDClz, 100 MHz): ¢ = 205.7, 187.8, 183.5, 175.4, 162.0, 145.1, 140.4, 136.5, 131.5, 125.3, 119.3, 115.0,
96.9, 66.9, 63.2, 48.3, 47.2, 39.4, 28.1, 21.3 ppm; HRMS (ESI) m/z [M + H]" calcd for C20H190g 387.1080, found
387.1081; [ -228° (CHClIs, ¢ = 1.0).

/, WOH o,
H,0,, DABCO, ~ OH O |

OH DCM, 0 °C-rt, 2h
%

.., ~COOH

®© 0
o

4a,10a-Epoxy-epi-4’-deacetyl-griseusin B (11). Aqueous 30% H20. (10 uL, 0.08 mmol) was added to a
precooled solution of 8 (17 mg, 0.04 mmol) and DABCO (9 mg, 0.08 mmol) in DCM (0.4 mL) at 0 °C. The
reaction was stirred for 2 h during which the temperature was allowed to equilibrate to room temperature. The
resulting mixture was partitioned between EtOAc (1 mL) and water (1 mL) and the organic phase collected and
concentrated. The recovered residue was dissolved in CH3CN and purified by semi-preparative reverse-phase
HPLC (10 mL/min, 30%-40% CH3sCN/H0) to afford the product as colorless solid (15 mg, 88%). R¢0.1 (2:3:0.2
hexane/EtOAC/AcOH); *H NMR (CDCls, 400 MHz): § = 11.60 (s, 1H), 7.63-7.59 (m, 2H), 7.24-7.22 (m, 1H),
4.46 (d, J = 9.2 Hz, 1H), 4.36-4.32 (m, 1H), 4.01-4.05 (m, 1H), 3.94-3.87 (m, 1H), 3.67 (br s, 3H), 2.67 (dd, J =
4.0, 15.6 Hz, 1H), 2.59-2.49 (m, 2H), 2.33 (dd, J = 11.6, 14.4 Hz, 1H), 2.01-1.97 (m, 1H), 1.59-1.54 (m, 1H),
1.25 (d, J = 5.6 Hz, 3H); *C NMR (CDs0OD, 100 MHz): 6 = 193.0, 189.4, 173.9, 162.6, 136.9, 131.0, 125.1,
119.2, 114.4, 97.0, 74.3, 68.8, 66.3, 63.8, 62.8, 62.3, 39.9, 38.5, 27.3, 20.8 ppm; HRMS (ESI) m/z [M + Na]*
calcd for CaoH20NaO1o 443.0954, found 443.0958; [a]s +11° (MeOH, ¢ = 1.0). The characterization data is
consistent to that of the isolated natural product.?
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2-((1S,35,3'R,4aR,4'S,55,6'R,10aR)-3",4',5,9,10a-pentahydroxy-6'-methyl-10-oxo-
3,3"4,4a,4'5,5",6%,10,10a-decahydrospiro[benzo[g]isochromene-1,2'-pyran]-3-ylacetic acid (55). The
reaction flask containing a solution of 11 (13 mg, 0.03 mmol) and Pd/C (6 mg, 10% w/w) in MeOH (3 mL) was
evacuated under vacuum and quenched with Hz (x 3) and then the reaction was stirred at room temperature for 2
h under with Hz. The reaction mixture was subsequently filtered via a 0.45 uM syringe filter, washed with MeOH
(1 mL), concetrated and purified by semi-preparative reverse-phase HPLC (10 mL/min, 15%-40% CH3CN/H-O)
to get the product as colorless solid (5.3 mg, 42%). *H NMR (DMSO-ds, 400 MHz): 6 = 12.13 (br s, 1H), 11.44
(s, 1H), 7.61 (t, J = 8.0 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 6.17 (s, 1H), 5.79 (d, J = 5.6
Hz, 1H), 5.69 (s, 1H), 5.13 (t, J = 5.6 Hz, 1H), 4.70 (d, J = 4.0 Hz, 1H), 4.05-3.99 (m, 1H), 3.91-3.88 (m, 1H),
3.68 (d, J = 8.0 Hz, 1H), 3.64-3.60 (m, 1H), 3.20-3.16 (m, 1H), 2.36 (dd, J = 4.4, 16.0 Hz, 1H), 2.18 (dd, J = 8.8,
16.0 Hz, 1H), 1.89-1.84 (m, 1H), 1.79-1.75 (m, 1H), 1.27-1.24 (m, 1H), 1.20 (d, J = 6.4 Hz, 3H), 0.85-0.75 (m,
1H); 13C NMR (DMSO-dg, 100 MHz): 6 =201.7, 171.9, 162.2, 146.1, 137.5,117.0, 116.1, 114.4, 99.6, 78.8, 70.3,
69.0, 66.2, 64.0, 63.3, 43.3, 39.9, 39.5, 27.7, 20.7 ppm; HRMS (ESI) m/z [M + Na]* calcd for C20H24NaO1o
447.1267, found 447.1270; [o]¥ +39° (MeOH, ¢ = 1.0).

)

MeOH/DCM,
OH  HcCl, 16 h, 66%

Griseusin D (12). Concentrated HCI (6 uL, 0.07 mmol) was added to a stirred solution of 18 (14 mg, 0.035 mmol)
in MeOH (5 mL) and DCM (1 mL) at room temperature and the reaction progress monitored by analytical reverse
phase HPLC with gradient CH3CN-H-O as eluent. Upon completion (~18 h, based on consumption of starting
material), the mixture was concentrated to 1 mL and purified by semi-preparative HPLC (10 mL/min, 40%-50%
CHsCN/H20) to afford the product as an orange solid (10 mg, 66%). R 0.2 (2:3 hexane/EtOAc); *H NMR
(DMSO-ds, 400 MHz): 6 = 11.84 (s, 1H), 7.78 (dd, J =7.2, 8.4 Hz, 1H), 7.57 (dd, J = 1.2, 7.2 Hz, 1H), 7.39 (dd,
J=1.2,8.4Hz, 1H), 5.14-5.12 (m, 2H), 4.96 (d, J = 9.2 Hz, 1H), 4.46-4.44 (m, 1H), 4.33-4.28 (m, 2H), 3.62 (s,
3H), 2.80 (dd, J = 4.4, 16.4 Hz, 1H), 2.72-2.56 (m, 2H), 2.42 (dd, J = 3.2, 14.0 Hz, 1H), 1.25 (d, J = 6.4 Hz, 3H);
13C NMR (DMSO-ds, 100 MHz): ¢ = 203.8, 187.8, 182.0, 171.0, 160.5, 145.3, 137.0, 136.7, 131.5, 124.6, 118.5,
114.9, 100.2, 76.3, 67.9, 67.5, 58.5, 51.5, 47.7, 34.7, 21.1 ppm; HRMS (ESI) m/z [M + Na]* calcd for
C21H20NaO10 455.0954, found 455.0945; [a]? 75° (MeOH, ¢ = 1.0). The characterization data is consistent to
that of the isolated natural product.®
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Spectrum from yz-e79.wiff (sample 1) - yz-e79, +TOF MS (100 - 1500) from 0.325 min, noise filtered, Gaussian smoothed
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Figure S63. NOESY (CDCls, 400 MHz) of 15.
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Specium fmam 10516 MTMwif (sample 7) - YZe114. Experament 1. +TOF M5 (1D - 20000 from 0340 to 0634 min_ ne=e fitered, Gauszioan smoothed
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W +TOF MS: 0.7183 to 1.2095 min from Sample 1 (JJ042015 _¥z-d131 -1 10f JJO4201 5_%z-d131 -1 wiff different calibrations (DuoSpray 0 Max. 5.5e6 cps.
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W +TOF MS: 0.7692t0 0.9963 min from Sample 1 (JJ042015 _Yz-d131 230 JJ04201 5_Yz-d1 31 -2 wiftf different calibrations (DuoSpray 0
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Spectum from (92616 wiff (sample 16} - Y2-0113-3, Expesament 1, +TOF MS {100 - 2000} from 0.575 min, noise Slered. Gassian smoothed
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‘I +TOF W 0.1955 to 02966 min from Sarrple 1 (JOB0B15_z-056) of JOE0B15_Yz-d66 wiff e, 1026 cps:
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—l +TOF MS: 0.5021 min from Sample 1 (YZ-E40) of YZ-E40. wiff Max. 5.0e6 cps
a=7.02766264596809160e-004, t0=-4 97236408362308420e-001 (DuoSpray ())
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Figure S149. (+)-HRESI-MS of 43.
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"I +TOF ME 01507 to 0.3243 rin from Sarrple 1 (JJ0B0B15_vz-e25-2) of LUOBO0B15_Yz-8 252 wiff
a=7 1 20634294BE565000 & 004, 01,2671 72349157 3160 e+000 (DuoSpray ()
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Figure S156. (+)-HRESI-MS of 44.
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—I +TOF MS: 0.3719 to 0.4138 min from Sample 1 (YZ-E28) of YZ-E28 wiff Max. 1.3e6 cps
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4971776 [M+Na]®
1.25€6
1.20e6
1.15¢6
1.10e6
1.0506 ] 387.1435
1.006
9.50e5
9.00e5 481.2041
8.50e5
8.00e5
7.50e5
7.00851
6.505
6.00e54
5.5085
5.00e5
4.50e5
4.00e5
3.50e5
3.00851
2505
2.00e54
1.50e57

Intensity, cps

i 731.2632
1.00e5 45k 1 848-&‘30 Pops 971.2654

—-213.1514

5.00e4 277.5878 $
] 5 3 - 723.2741 58,456
0 00N 157.0829 ] 3??-132? P T . ~{l5-743.2464 949 3827965 4567 1013 3501

100 200 300 400 500 500 700 800 900 1000 1100 1200 1300 1400 1500
m/z, Da

Figure S162. (+)-HRESI-MS of 45.

S194




ETT T~
87T
865'T

mmm.?/r
0ELT—
o1
860°C~_
PET'Z~

05842
0LLe
08¢
:m.muﬂ.
SETE~_
B1E~"

S58'E—
12
T2
VEED
605b
Teos-\
095°b~"
Rmf%
£89°%

008'9~_
818'9-"

LIS
hmm.hﬁ
LWL
peSLT
555

Esve |

16°¢C
—

S60 |

Feot

M\.ﬁm.ﬂ

M_Hlmmd I

T-o0'1

6.0

6.5

7.0

7.5

8.0

\
8.5

9.0

9.5

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.5

1.0

Figure S163.*H-NMR (CDCls, 400 MHz) of 46.

$195



18T TE—
ST8FT~_
L88°5T—
868 —

5000t~
6150~

LET' 19—
ch.Gk\.
6¥5°59—
SO 89—~
T06°69—

EE0TOT~_
S£9°T01~"

STZ°60T—
E6E°ETT

mm_u._uﬁlf./rl
960°9TT—

BTTSTT~_
LE0°8TT
180°8CT

PELTHT
BTEIbT~_
GES'BHT~_

L90'RLT—

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

)0

Figure S164. *C-NMR (CDCls, 100 MHz) of 46.

5196



7.6ed5
7.0ed 1

6.0ed

5.0ed 1

4.0e5

3.0e5

20e5

1.0e5;

0.0

"I +TOF W& 01716 to 0.2968 min from Sarrple 1 (J0B0615_vz-e29) of JOB0B15_Yz-e28miff
a=7 2F52967575155540e- 004, 10=1. 2791 54504432 16200-+000 (Duo Spray (1)

[M+Na]*

373.1261

1[[2_12?2?115.9333 ]53.9378 76T 217 ey 295_111gg971?15 “329-1330 1734?.1%7 :139_?152ﬁ

50

100 150 200 250 300
m/z, Da

350 400

M. 7625 cps.
4511807
4851627
457 1467
5103554
4431688 751
L T
450 500

Figure S165. (+)-HRESI-MS of 46.

$197




S0L9
£2L9
eLL9
T6L9
£78°9~k
SZ6'9~—

969

TP
0FFL W
[Aas
T9%°L \
£85°L
P85
$097L
509

T T

067 |

85T
E-1587C

sz |

F68°0

Foev

Fe60

10T
o001

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

9.5

1.0

Figure S166. 'H-NMR (CDCls, 400 MHz) of 47.

5198



£66° T~
LEE'EC—
09T°Le—
PSL 8T

PE6'6E—

80F'6t—
T08'15—

65519~
SE'SO~_
95'99—

LIOEL—

6rT'¢8—

985°10T
vom.s.ﬁv

10601~
SLOETT
m.mm.w:M
P9’ STT-"
600°9¢T
mmm.mmﬁ/
LL9LET
L8L°LET
FEO'8ZT
£60°8¢T

bSbLET
YSLTHT—
8T 9P T~
0E8'8bT~_

SSPTLT—

FSTP0E—

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

L0

Figure S167. 3C-NMR (CDCls, 100 MHz) of 47.

S199



—l +TOF MS: 0.4695 min from Sample 1 (YZ-E48) of YZ-E48 wiff Max. 3.9e6 cps
a=7.02757381673027640e-004, t0=-6.02770044162187490e-001 (DuoSpray ())

3 966 . 3731272

3 866 -
3.666 ]
3.4e6 ]
3,206 ]
3,066
2866
2606 5632256 [MFH]
2 466
2266
2 066 ]

1.8e6 4

Intensity, cps

1.6e6

1.4e6 1

on

'I_QGG—- 5.2081

1.0e6 1

8.0e31 38B.2270

6.0e5

4_095_' 4782737

2.0e54

8271?705 __872.7937
L.

208.1803 463.174 qo1(6854 6752547
0 {]’-| 220_0962_%_314_17511\_ 355.2 1|7 i 340414% 31 541_‘;@ 7“ l__r—ﬁ[:l'| .E]S 1 746.;]664[ 1092.3125_ 114?’_‘424L_-|182_3601

i T T T T T 1 T T T 1 T T T T T T T T T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
m/z, Da

Figure S168. (+)-HRESI-MS of 47.

S200




61T T~
S

CES'T

66T~
6102

#90°C
040°¢ W.
#*0e
0S£7T
STBT
8T
#98°C
SB8T~E

0ET'E
9€T .mv

T .m*.
9LT°E

orsE—
198€—
SIIp

Eﬁrﬁ
L1y
08E"b~,_
e
m$+wu

Ot

918’9
PER9
£T6°9
9€6'9
S¥6'9

LL0°L
£80°L W.
160°L
L6E'L
8IvL W
LEVL

mmm.h*
085

tﬂﬂﬂlﬂ#m;wm.

0T
0z

Foe |

0t

e |
BT

Tzt

F-06'1

Fes8e

01
00T

B1077

0.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

9.0

9.5

1.0

Figure S169. 'H-NMR (CDCls, 400 MHz) of 48.

5201



885 T —
brsee—"
ObE LT~
P86 —

LIS 0~
/% =

L18'1S—

TLL288—

9686 —
+¥88'T0T—

81601
BLTETT~_
b FIT—
TOTLTT ~—

mﬂw.mwﬂ
mom.nmﬂ ‘/
[45-yd4
0081
L61°8T1
062821

€L0°BET s
BE0TFT —
68E°9¥T

¥Z6'8F1 #

TES'TLT—

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

10

Figure S170.3C-NMR (CDCls, 100 MHz) of 48.

S202



(I

:
|
E

.. 1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Fac] = B
(1] =]
°0 odF
- (@O
. .E -

e - o
& o =

T T T T T T T T T T T T T T T T T T T

75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5

f2 (ppm)

Figure S171. 'H-'H COSY (CDCls, 400 MHz) of 48.

5203

f1 (ppm)



L]

1L

dLJ |

|

-

-] B0

o >] © ]

O eo
ss D =o

7.5 7.0 6.5

Figure S172. HSQC (CDCls, 400 MHz) of 48.

4.5 4.0 3.5 3.0 2.5 2.0 1.5
f2 (ppm)

5204

1.0

10

20

30

-40

50

60

70

80

90

100

110

120

130

f1 (ppm)



| |‘|‘ I

L

|

L3

L1
o

;30
;40
;50
;60
;70
;80
;90
;100
;110
;120
;130
;140
;150
;160

170

8.5 8.0 7.5 7.0

Figure S173. HMBC (CDCls, 400 MHz) of 48.

6.5

6.0

5.5

T T T
5.0 45
f2 (ppm)

5205

4.0

3.5

3.0

2.5

2.0

1.5

1.0

f1 (ppm)



J

crosspeak 10

© - crosspeak 2

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f2 (ppm)

Figure S174. NOESY (CDCls, 400 MHz) of 48.

S206

2.5

2.0

1.5

1.0

f1 (ppm)



—I +TOF MS: 0.4369 min from Sample 1 (YZ-E55) of YZ-ES5 wiff
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[ <TOF MS: 0.3998 to 04417 min from Sample 1 (YZ-E28-2) of YZ-E28-2 wiff different calibrations (DuoSpray () Max. 1.5e6 cps
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Spectum fram 100516_MTM.wiff (sample 1) - YZe5, Experiment 1. +TOF MS {100 - 2000 from 0.445 win, noise filiered, Gawssian smoalhed

256

246k -

2366

2 Jehs -

2166 -

1.9e6 -

1.8e6 -

1.7e6

1.6e6 -

1.5e6 -

1.4eb -

1366 -

Intenalty

12e6

Figure S184. (+)-HRESI-MS of 50.

5847192

585 7186

b2 [MHNa]

5961993
|

5216



A

00T

Fsov t

860

60T
707

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0
f1 (ppm)

9.5

1.0

Figure S185. 'H-NMR (CDCls, 400 MHz) of 51.

S217



T TT~_
S arad
Tl
b60'LT—
vrege"

PPE9E—
EEVOb—

mmm,S
mo:ow.
#1069~
mwm.mm\
SPT'TL~—
L89CL—

LC9'86—
BLETOT—

0£0°60T—
POTETT~
6LCFTT—
095911 —

PLPSTT
009°/21 /
S6LLTT
PeBLCT
TE€6'L2T
£40°8C1

98T LET S
L6GTHT—
TLT9FT

0T88rkl J//.f

98E°0LT~_
69CTLT

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

)0

Figure S186.3C-NMR (CDCls, 100 MHz) of 51.

5218



[ W STOF W& 1719 10 18587 minfrom Sarrple 1 (N21115_ Yz-e52) of 21115 Yz-eB2wiff different calibrations (DuoSoray (1) W, 1.1e4 cps
M+H]" 53 2370
1490 (MH]
1400
A10.3554
1200
COOH
1000
8001 41125 573 2865
600 -
S342405
400 -
AT ED 586250 BE5 4565
’ ﬁ B14.4826
e 194353 L
(o EgnErEs
580 640

Figure S187. (+)-HRESI-MS of 51.

S219




2500
8900
080°0

858°0—
0911
ST
6021
5721
15T~
99" T~
5991~

PLS'C

omw.m/
wfﬁw#
mmm‘m./

LTTE
89T'c
6¥2°E
957°c
L8T°€
Y6T'E
LOLE
91LE
098°'E~_
€/8°€~"

I86'E
$00'F
Te0d

9EEY
m,mm._w\

LSP'S
¥or'S
6LF'S
98k'S

£99°S
¥£9°S
€69
669°S

56479~
£18'9~"

8bes
6957~
gger~
09527
157/

=

E 79

= o1

960

F 00T

Feeer

:Yard

w0z}
= 18T
Fozee|
_v 919 |
711
I:TA

LS°T
£ I

UH.$d
S0 |

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0
f1 (ppm)

9.5

1.0

Figure S188.'H-NMR (CDCls, 400 MHz) of 52.

S220



—I +TOF MS: 0171410 0.3011 min from Sample 1 (JJ07 1615 _Yz-e2-2) of JJO71 615_Yz-e2-2 wiff Max. 2586 cps.
a=7.0281 606030391 9690e-004, 10=-1 79163461 745352002+ 000 (Duo Spray ()

2 196 [N[+NH'|']_ 2803132

20e6 1

1.8e6

1.6e6 -

1.4e6 -

1.2e6

1.0e6 -

8.0e5 1

6.0e5 -

4.0e5-

5732863

20e5

ET.ZEE?
510.3554
0.0 4061877 4111010 443.1711-448 3097 453 7860 168 £356 1 2937180 550 2462 5552406 I 2509 el Res

400 420 440 460 480 500 520 540 560 580 600
m/z, Da

Figure S189. (+)-HRESI-MS of 52.
S221



P50
065 .oH/
909'0—=

72907
2610~
656 oﬂ
5560

POT'T~_
9T

CL9 T~
969'T~"

£€65°C
€957¢
mhm.w%
£0£7C

12T
ceLT—
6V6T~,
29677
7662

8/T°C
T6T°E
S0T°E
8/9°€
mmm.mv
168°€
868 .mV.
95Ty
POFP
LTbP

6iF'y
(A4

Fess

Mlmm.m

Fere |

SS°E
Mmh.m F

o8t

Fsrr |

vt

Ferz |

ez |

662

Toot |

Fart

980

180

Bg0
Agg0

H\wm.o r

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

9.5

1.0

Figure S190. *H-NMR (CDCls, 400 MHz) of 53.

S222



€96 —
686'9—

6Z5°FC
mmw.mww
£85'S¢

9TLeE—

8hL0b—

14605~
95815~

626719~
L1669~
8G889~_

£82°°0T—

900 T~
98ZETT~_
ETESTI~
FO6'GTT~"

SISLTT~
1Z¥'821-7
¥80'62T

vmw.wmﬁ\
8L0°9ET~"

120°GPT~
04b8PT~_
S86'BKT—

LETELT—

$58°66T—

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

20

Figure S191. 3C-NMR (CDCls, 100 MHz) of 53.

5223



3.3e4

3.0ed

25ed4 1

20e4

1.5e4 -

1.0e4

5000.0

A40134

[ W +TOF M5 1.4965 to 15208 min from Sarrple 1 (21115 Yz-edlhint) of JI21115 Y zedlhint wiff different calibrations (DuoSoray ()

My, 3.3ed cps
357162
srazars [MAH]T
453219
11606
510354
556, 2500
ol emae VW owae psem vesnd ioss e 19mess
600 800 1000 1200 1400

m/z, Da

Figure S192. (+)-HRESI-MS of 53.

5224




1521
206 T~
0zE'1-7
mmm.ﬁ.\.

0ELT—

586°C
nmm.m/
TEO'E~5

TH0'E“F
ogﬁ\-
PET'E

£80v
[4: 184
oow.vﬂ/ﬁ
JAYA 4
SET .vw

858t
98 .vv

eSS —

5159—

6£6'9~_
8669~

€657
857
€5t

QBN%”
1692

A

8¢ |

e -

F6ET
=t

S5k

Fs8ee |

It

=00'T

€60

ST

e

12T |

0.5

1.0

1.5

2.0

2.5

T
5.5 5.0 4.5 4.0
f1 (ppm)

6.0

6.5

7.5

8.0

8.5

9.5

1.0

Figure S193. 'H-NMR (CDCls, 400 MHz) of 54.

S225



6L5FT —

SLT'GT~_
919'52~"

658 —

99865 —
859 —

0EP 14—
a8eL—

£06°70T ~_
s0z'e0r -

98801 —
0b6TTT~_
EL8HTI~_
S€9'GTI—
688411 —

945801~
888°6¢T—

S9LEFT —

ETT'64T —
60p0sT~
0ELbST ~—

L¥0799T —

il —

.

L

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

)0

Figure $194. *C-NMR (CDCls, 100 MHz) of 54.
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Figure S196. HSQC (CDCls, 400 MHz) of 54.
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Figure S197. HMBC (CDCls, 400 MHz) of 54.
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B +TOF MS: 1.8535 to 2.1453 min from Sample 1 (YZ073014_YZ-d13) of YZ073014_YZ-d'13.wiff different calibrations (DuoSpray (}) Max. 3.0ef cps.
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Figure S198. (+)-HRESI-MS of 54.
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Figure S199. 'H-NMR (DMSO-ds, 400 MHz) of 55.
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Figure S202. HSQC (DMSO-ds, 400 MHz) of 55.
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Figure S203. HMBC (DMSO-ds, 400 MHz) of 55.
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Spectum from 092616 wiff (sample 15} - YZ-4F30. Expeximent 1, +TOF MS (100 - AHMJ) from 0.612 min_ naise ihered, Gaussian smoothed
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Figure S$205. (+)-HRESI-MS of 55.
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