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1. General Information

Unless otherwise mentioned, all reactions were carried out under argon
atmosphere under anhydrous conditions and all reagents were purchased from
commercial suppliers without further purification. Anhydrous solvents were distilled
prior to use (toluene, THF, and Et,0O from Na/benzophenone; MeCN, DCM, and
pyridine from CaH,). Yields refer to chromatographically and spectroscopically (‘H
NMR) homogeneous material, unless otherwise stated. Lower temperatures were
maintained using dry ice/acetone (—78 °C), dry ice/MeCN (—40 °C), ice/water (0 °C)

baths, and low temperature reactor.

Reactions were monitored by thin layer chromatography on plates (GF254)
supplied by Yantai Chemicals (China), using UV light as the visualizing agent and/or
ethanolic phosphomolybdic acid, acidic ethanolic anisaldehyde, or basic aqueous
KMnO, and heat as developing agents. If not specially noted, flash column
chromatography uses silica gel (200-300 mesh) supplied by Tsingtao Haiyang
Chemicals (China) and preparative thin layer chromatography (PTLC) separations were

carried out 0.50 mm Yantai (China) silica gel plates.

NMR spectra were recorded on Briikker Avance 600, Briikker Avance 500, and
Bruker Briiker Avance 300, and calibrated using residual undeuterated solvent as an
internal reference. The following abbreviations were used to explain NMR peak
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad.
High-resolution mass spectra (HRMS) were recorded on a Bruker Apex IV FTMS mass
spectrometer using ESI (electrospray ionization). Infrared spectra were recorded on a
Shimadzu IR Prestige 21, using thin films of the sample on KBr plates. Melting points
were obtained on an MP450-01 micro-melting point apparatus (Hanon Instrument,

Shandong, China) without correction.
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2. Synthetic Procedures and Characterization Data

Synthesis of compound 15

o LDA OH
4-pentenal 0 =
THF, -78 °C 5
MeO B ——
) 70% MeO S
(dr 1.7:1 at C2)
14 15

To a mixture of 5-methoxybenzofuran-3(2H)-one (14) (10.0 g, 61.0 mmol, 1
equiv) in THF (120 mL) was added lithium diisopropylamide (LDA, 2.0 M in THF,
39.6 mL, 79.3 mmol, 1.3 equiv) and the resulting mixture was stirred at —78 °C for 0.5
h. Then 4-pentenal (7.68 g, 91.5 mmol, 1.5 equiv) was added slowly and stirring was
continued for another 1 h. The mixture was quenched with saturated aqueous NH,4CI
(100 mL) at 0 °C carefully and extracted with EtOAc (3 x 80 mL). The combined
organic layers were washed with brine (50 mL), dried over Na,SO,, filtered and
concentrated. The residue was purified by silica gel column chromatography with
hexane/EtOAc (50:1 to 5:1) as eluent to afford 15 (10.6 g, 70% yield, 1.7:1

diastereomeric mixture at C2’) as a yellow oil.
Data for compound 15:
Rr= 0.3 (hexane/EtOAc = 5:1);

TH NMR (300 MHz, CDCl;, 1.7:1 diastereomeric mixture) & 7.23 — 7.14 (m, 1.6H),
7.03 (s, 1H), 7.00 (s, 0.6H), 6.96 (d, J= 2.8 Hz, 0.6H), 6.94 (d, J= 2.8 Hz, 1H), 5.88 —
5.70 (m, 1.6H), 5.08 —4.91 (m, 3.2H), 4.59 — 4.41 (m, 1.6H), 4.21 — 4.08 (m, 1H), 4.03
—3.87 (m, 0.6H), 3.74 (s, 1.8H), 3.72 (s, 3H), 3.18 (s, 0.5H), 2.60 (s, 0.85H), 2.34 —
2.10 (m, 3.28H), 1.93 — 1.49 (m, 3.13H);

13C NMR (75 MHz, CDCl;, 1.7:1 diastereomeric mixture) 8 201.3, 201.1, 168.8, 168.6,
155.1, 155.0, 137.9, 137.7, 128.4, 128.1, 121.6, 121.2, 115.5, 115.3, 114.3 (114.33),
114.3 (114.28), 103.9 (103.91), 103.9 (103.87), 87.9, 87.4, 70.9, 70.7, 55.9 (55.90),
55.9 (55.86), 32.4, 31.1, 29.8, 29.5;
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HRMS (m/z): calcd for Ci4aH1sNaO4 [M+Na]*271.0941, found 271.0933.

Synthesis of compound 16

0" \=

OH o
0 NaH PhMe
allyl Y/ R
bromide MeO / 110°C
e o DMF ° 73%
0to25°C L 2 steps

15 13 16 (dr 1.4:1 at C2')

To a stirred solution of alcohol 15 (9.00 g, 36.3 mmol, 1 equiv) in DMF (100 mL)
was added NaH (60% dispersion in mineral oil, 3.19 g, 79.8 mmol, 2.2 equiv) at 0 °C.
After 5 min, allyl bromide (9.41 mL, 109 mmol, 3 equiv) was added. The mixture was
stirred at 25 °C for 1 before it was quenched with saturated aqueous NH4CI (50 mL) at
0 °C carefully and extracted with Et,O (3 x 50 mL). The combined organic layers were
washed with brine (50 mL), dried over Na,SOy, filtered and concentrated to give the
crude 13. Compound 13 was dissolved in toluene (36 ml) and refluxed at 110 °C for 1
h. At this point, TLC showed complete consumption of 13 (Ry= 0.75, hexane/EtOAc =
5:1). After the reaction mixture was concentrated, the residue was purified by silica gel
column chromatography with hexane/EtOAc (100:1 to 50:1) as eluent to afford 16 (8.69

g, 73% yield over 2 steps, 1.4:1 diastereomeric mixture) as a colorless oil.

Note: We found that intermediate 13 underwent Claisen rearrangement slowly at room
temperature. Silica gel could accelerate this process during purification by flash column
chromatography. However, upon heating, the rearrangement of 13 to give 16 proceeded

rapidly.
Data for compound 16:
R;= 0.6 (hexane/EtOAc = 5:1);

'H NMR (300 MHz, CDCls, 1.4:1 diastereomeric mixture) 8 7.18 — 7.15 (m, 0.7H),
7.15-7.12 (m, 1H), 6.99 (d, J = 1.4 Hz, 1H), 6.96 (d, J = 1.4 Hz, 0.7H), 6.95 — 6.92

(m, 1.7H), 5.79 — 5.42 (m, 5.1H), 5.12 — 4.86 (m, 10.2H), 4.06 — 3.86 (m, 3.4H), 3.70
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(s, 3H), 3.70 (s, 2.1H), 3.64 — 3.56 (m, 1.7H), 2.79 — 2.49 (m, 3.47H), 2.29 — 1.94 (m,
3.62H), 1.85 — 1.62 (m, 2.7H), 1.36 — 1.26 (m, 0.76H);

13C NMR (75 MHz, CDCl;, 1.4:1 diastereomeric mixture) 8 202.9, 202.1, 167.8, 167.6,
154.7,154.6,138.0, 137.9, 134.5, 134.4, 130.3, 130.0, 127.9, 127.8, 122.0, 121.9, 119.6
(119.59), 119.6 (119.56), 116.9, 116.6, 115.19, 115.18, 113.9, 113.8, 103.7, 103.6,
95.3,94.9, 81.6, 80.8, 74.0, 73.6, 55.7 (55.70), 55.7 (55.69), 38.0, 36.9, 30.0, 29.9, 29.0,
28.6;

HRMS (m/z): calcd for CyoH,4NaO4 [M+Na]" 351.1567, found 351.1555.

Synthesis of compounds 11a and 11b

BCl;, DCM
—_—
R MeO
MeO 0°c
12a: C2' (S)
12b: C2' (R)
Grubbs I l DCM, 25 °C
HO, HO,
o o,
) .00
MeO \ MeO'
o (o]
11b (43% from 16) 11a (32% from 16)

To astirred solution of 16 (1.4:1 diastereomeric mixture at C2’, 7.60 g, 23.2 mmol,
1 equiv) in DCM (46 mL) was added BCI; (1.0 M in DCM, 46.4 mL, 46.4 mmol, 2
equiv) at 0 °C. The resulting mixture was stirred at 0 °C for 1 h before it was quenched
with saturated aqueous NaHCO; (50 mL) and extracted with DCM (3 % 50 mL). The
combined organic layers were washed with brine (50 mL), dried over Na,SOy, filtered
and concentrated. The residue was disolved in DCM (50 mL) and then filtered through

a pad of silica gel rapidly. The silica gel was thoroughly washed with hexane/EtOAc
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(2:1, 3 x 50 mL). The filtrate was concentrated in vacuo. The crude 12a and 12b were

azetropically dried with toluene (2 x 30 mL) and then used in the next step.

To a stirred solution of the crude alcohols 12a and 12b in DCM (100 mL) was
added Grubbs 2nd generation catalyst (Grubbs II, 984 mg, 1.16 mmol, 0.05 equiv) at
25 °C. The mixture was stirred at 25 °C for 5 h. After concentration, the residue was
purified by silica gel column chromatography with hexane/EtOAc (10:1 to 3:1) as
eluent to give 11a (1.93 g, 32% yield) as a white solid and 11b (2.59 g, 43% yield) as

a white solid.
Data for compound 11a:

Note: Using the described route, > 5 g of 11a was readily prepared after three parallel

operations.

R;= 0.4 (hexane/EtOAc = 3:1);

m.p. = 131 — 133 °C;

IR (film) v,y = 2934, 1697, 1630, 1492, 1275, 1221, 1034, 802 cm’!;

TH NMR (600 MHz, CDCl) § 7.24 (dd, J = 9.0, 2.8 Hz, 1H), 7.05 (d, J= 9.0 Hz, 1H),
7.01 (d, J=2.8 Hz, 1H), 6.11 — 6.02 (m, 1H), 5.58 — 5.51 (m, 1H), 3.93 — 3.88 (m, 1H),
3.78 (s, 3H), 3.44 (t, J= 1.7 Hz, 1H), 3.00 — 2.91 (m, 1H), 2.71 — 2.62 (m, 1H), 2.16
(dd, J=15.5,7.5 Hz, 1H), 2.07 — 1.99 (m, 2H), 1.89 — 1.82 (m, 1H);

I3C NMR (151 MHz, CDCl;) 6 204.6, 167.4, 155.2, 134.9, 128.8, 124.2, 119.9, 114.7,
104.3,89.2,72.3, 56.0, 28.7, 28.2, 21 .4;

HRMS (m/z): calcd for C1sH;sNaO4 [M+Na]" 283.0941, found 283.0933.

Data for compound 11b:

Note: Using the described route, > 5 g of 11b was readily prepared after three parallel

operations.
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Rs= 0.2 (hexane/EtOAc = 3:1);
m.p. = 135 - 138 °C;
IR (film) v,y = 2934, 1705, 1623, 1487, 1277, 1220, 1031, 774 cm’!;

H NMR (600 MHz, CDCl3) § 7.21 (dd, J = 9.0, 2.8 Hz, 1H), 7.06 (d, J = 9.0 Hz, 1H),
7.03 (d, J=2.8 Hz, 1H), 6.11 — 6.05 (m, 1H), 5.63 — 5.58 (m, 1H), 4.15 — 4.08 (m, 1H),
3.77 (s, 3H), 2.46 — 2.41 (m, 1H), 2.36 — 2.30 (m, 1H), 2.23 (dd, J= 15.7, 8.2 Hz, 1H),
2.14-2.07 (m, 1H), 1.99 — 1.93 (m, 2H), 1.80 — 1.73 (m, 1H);

13C NMR (151 MHz, CDCl;) 6 203.8, 167.8, 155.0, 134.2, 127.9, 125.2, 120.8, 114.4,
104.5,91.7, 76.6, 56.0, 30.6, 29.5, 23 .4;

HRMS (m/z): calcd for C5H;sNaO4 [M+Na]" 283.0941, found 283.0933.

Synthesis of compound 17a

HO, MsO,
o, MsCl, Et;N o,
—_—
MeO MeO
83%
o} ° o}
11a 17a

To a stirred solution of alcohol 11a (20.0 mg, 76.9 umol, 1 equiv) and Et;N (53.2
pL, 0.385 mmol, 5 equiv) in DCM (2 mL) was added methanesulfonyl chloride (MsCl,
12.0 pL, 0.154 mmol, 2 equiv) at 0 °C. The reaction mixture was warmed to 25 °C and
stirred for 1 h before it was quenched with saturated aqueous NH,4ClI (5 mL) at 0 °C and
extracted with DCM (3 x 5 mL). The combined organic layers were washed with brine
(25mL), dried over Na,SO,, filtered and concentrated. The residue was purified by
silica gel column chromatography with hexane/EtOAc (50:1 to 10:1) as eluent to afford
17a (21.5 mg, 83% yield) as a colorless oil.

Data for compound 17a:

Rs= 0.5 (hexane/EtOAc = 5:1);
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IR (film) vy, = 3412, 1595, 1492, 1355, 1093,1034, 801, 708 cm’!;

H NMR (300 MHz, CDCls) & 7.23 (dd, J = 9.0, 2.8 Hz, 1H), 7.03 (d, /= 2.8 Hz, 1H),
7.00 (d, J= 9.0 Hz, 1H), 6.16 — 6.02 (m, 1H), 5.66 — 5.52 (m, 1H), 4.97 (dd, J = 10.7,
3.6 Hz, 1H), 3.80 (s, 3H), 2.85 (s, 3H), 2.55 (d, J = 6.8 Hz, 2H), 2.52 — 2.35 (m, 2H),
2.31-2.16 (m, 1H), 2.14 — 2.02 (m, 1H);

13C NMR (75 MHz, CDCl3) 6 198.7, 165.9, 155.3, 134.2, 128.3, 122.5, 121.1, 113.9,
104.7, 88.1, 85.2, 56.1, 38.4, 31.3, 28.1, 22.9;

HRMS (m/z): calcd for C;cH;sNaOgS [M+Na]* 361.0716, found 361.0721.

Synthesis of compound 17b

MsO
MsCl, Et;N
DCM 25°C
87°/

To a stirred solution of alcohol 11b (20.0 mg, 76.9 umol, 1 equiv) and Et;N (53.2
pL, 0.385 mmol, 5 equiv) in DCM (2 mL) was added methanesulfonyl chloride (MsCl,
12.0 pL, 0.154 mmol, 2 equiv) at 0 °C. The reaction mixture was warmed to 25 °C and
stirred for 1 h before it was quenched with saturated aqueous NH,4ClI (5 mL) at 0 °C and
extracted with DCM (3 x 5 mL). The combined organic layers were washed with brine
(25 mL), dried over Na,SO,, filtered and concentrated. The residue was purified by
silica gel column chromatography with hexane/EtOAc (50:1 to 10:1) as an eluent to
afford 17a (22.6 mg, 87% yield) as a colorless oil.

Data for compound 17b:
Rs= 0.5 (hexane/EtOAc = 5:1);
IR (film) vy, = 3423, 1596, 1382, 1353, 1261, 1093, 1035, 801 cm’!;

TH NMR (300 MHz, CDCl3) § 7.27 (dd, J = 9.0, 2.7 Hz, 1H), 7.09 (d, J = 9.0 Hz, 1H),
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7.01 (d, J=2.7 Hz, 1H), 6.18 — 6.03 (m, 1H), 5.70 — 5.53 (m, 1H), 4.99 (dd, J = 10.9,
3.8 Hz, 1H), 3.80 (s, 3H), 2.80 (s, 3H), 2.54 — 2.24 (m, 4H), 2.21 — 2.04 (m, 2H);

13C NMR (75 MHz, CDCls) § 202.0, 167.9, 155.4, 134.1, 128.8, 124.6, 119.8, 115.0,
104.1, 89.4, 86.0, 56.1, 38.3, 30.0, 29.1, 22.9;

HRMS (m/z): calcd for C;cH;sNaOgS [M+Na]* 361.0716, found 361.0720.

Synthesis of compound 24

HO, fo)

O ; Q e O j Q
2. —_—
tone, 0 °C
MeO acetone MeO

81% from 11a

0 70% from 11b o
11a: C2' (S) 24
11b: C2' (R)

From 11a: To a stirred solution of alcohol 11a (1.50 g, 5.77 mmol, 1 equiv) in
acetone (30 mL) was added Jones’ reagent (2.0 M in H,O, 11.5 mL, 23.1 mmol, 4
equiv) dropwise at 0 °C. After being stirred at 0 °C for 12 h, the reaction mixture was
quenched by slow addition of i-PrOH (5 mL). The resulting solution was diluted with
EtOAc (200 mL) and then washed with brine (2 x 50 mL). The organic phase was dried
over anhydrous Na,SO,, filtered and concentrated. The residue was purified by silica
gel column chromatography with hexane/EtOAc (20:1 to 5:1) as eluent to give diketone
24 (1.21 g, 81% yield) as a white solid.

From 11b: To a stirred solution of alcohol 11b (2.00 g, 7.69 mmol, 1 equiv) in
acetone (40 mL) was added Jones’ reagent (2.0 M in H,0, 15.4 mL, 30.8 mmol, 4
equiv) dropwise at 0 °C. After being stirred at 0 °C for 36 h, the reaction mixture was
quenched by slow addition of i-PrOH (5 mL). The resulting solution was diluted with
EtOAc (200 mL) and then washed with brine (2 x 50 mL). The organic phase was dried
over anhydrous Na,SQ,, filtered and concentrated. The residue was purified by silica
gel column chromatography with hexane/EtOAc (20:1 to 5:1) as eluent to give diketone
24 (1.39 g, 70% yield) as a white solid.
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Data for compound 24:

R;= 0.6 (hexane/EtOAc = 3:1);

m.p. =96 — 98 °C;

IR (film) v,y = 2922, 2842, 1706, 1489, 1278, 1194, 828, 785, 764 cm™!;

H NMR (500 MHz, CDCls) & 7.28 (dd, J = 9.0, 2.8 Hz, 1H), 7.15 (d, /= 9.0 Hz, 1H),
6.99 (d, J= 2.8 Hz, 1H), 5.84 — 5.74 (m, 2H), 3.78 (s, 3H), 3.53 — 3.43 (m, 1H), 3.33
(s, 1H), 2.68 — 2.61 (m, 1H), 2.56 — 2.47 (m, 2H), 2.41 — 2.35 (m, 1H);

13C NMR (126 MHz, CDCl;) 6 200.8, 195.9, 167.9, 155.6, 131.3, 129.0, 124.2, 119.0,
114.6, 104.6, 99.8, 56.1, 37.8, 31.6, 27.2;

HRMS (m/z): calcd for CsH4NaO4 [M+Na]" 281.0784, found 281.0779.

Synthesis of compound 19

OMe
0 '
o MeOCH,PPh,CI 10
C c s D
MeO THF, 65 °C MeO
o 65% Y
24 19

To a stirred suspension of (methoxymethyl)triphenylphosphoniumchloride (199
mg, 0.581 mmol, 3 equiv) in THF (4 mL) was added potassium bis(trimethylsilyl)amide
(KHMDS, 1.0 M in THF, 0.581 mL, 0.581 mmol, 3.0 equiv) at 0 °C. The resulting
mixture was stirred at that temperature for 0.5 h before 24 (50.0 mg, 0.194 mmol, 1
equiv) in THF (2 mL) was added dropwise. The reaction mixture was heated to 65 °C
and stirred for 2 h. The mixture was quenched with saturated aqueous NH4CI (10 mL)
at 0 °C carefully and extracted with Et,0 (3 x 10 mL). The combined organic layers
were washed with brine (10 mL), dried over Na,SO,, filtered and concentrated. The
residue was purified by silica gel column chromatography with hexane/EtOAc (100:1

to 10:1) as eluent to afford 19 (36.0 mg, 65% yield) as a yellow oil.
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Data for compound 19:

The geometry configuration of C3’-C10’ double bond of 19 was not identified.
Rs= 0.5 (hexane/EtOAc = 7:1);

IR (film) vy, = 3429, 1599, 1384, 1356, 1261, 1261, 1096, 1035, 803 cm™';

H NMR (500 MHz, C¢Ds) & 7.08 (d, J = 2.8 Hz, 1H), 6.96 (dd, J = 8.9, 2.8 Hz, 1H),
6.75 (d, J= 9.0 Hz, 1H), 6.23 (s, 1H), 5.78 — 5.70 (m, 1H), 5.61 — 5.52 (m, 1H), 3.15
(s, 3H), 3.06 — 3.00 (m, 1H), 2.93 (s, 3H), 2.92 — 2.86 (m, 1H), 2.84 — 2.75 (m, 1H),
2.47 —2.38 (m, 1H), 2.36 — 2.29 (m, 1H), 2.26 (dd, J = 16.0, 7.7 Hz, 1H);

13C NMR (126 MHz, C¢Dg) 5 201.2, 166.4, 155.4, 145.9, 132.7, 128.0, 123.7, 120.4,
115.5, 114.5, 105.1, 94.0, 59.3, 55.3, 34.8, 30.2, 22.8;

HRMS (m/z): calcd for C17H 904 [M+H]" 287.1278, found 287.1280.

Synthesis of compound 21

Q TfO,

o c KH.M[!S o
O omins' rgt O
Q _ = 0
MeO THF MeO
(o) -78 to 25°C (o)
73%
24 21

To a stirred solution of diketone 24 (1.20 g, 4.65 mmol, 1 equiv) in THF (25 mL)
was added potassium bis(trimethylsilyl)amide (KHMDS, 1.0 M in THF, 5.12 mL, 5.12
mmol, 1.1 equiv) dropwise over 10 min at —78 °C. The reaction mixture was stirred at
that temperature for 1 h before Comins’ reagent (2.01 g, 5.12 mmol, 1.1 equiv) in THF
(10 mL) was dropwise over 10 min. The mixture was slowly warmed to 25 °C and
stirred for another 30 min. The reaction mixture was quenched with saturated aqueous
NH,4CI (25 mL) at 0 °C carefully and extracted with EtOAc (3 x 25 mL). The combined
organic layers were washed with brine (20 mL), dried over Na,SO,, filtered and
concentrated. The residue was purified by silica gel column chromatography with

hexane/EtOAc (50:1 to 20:1) as eluent to afford triflate 21 (1.32 g, 73% yield) as a
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yellow solid.

Data for compound 21:

R;= 0.6 (hexane/EtOAc = 5:1);

m.p. = 123 — 125 °C;

IR (film) v,y = 2922, 2358, 1713, 1629, 1496, 1274, 1215, 1026, 828 cm’!;

H NMR (300 MHz, CDCl3) § 7.31 (dd, J= 9.0, 2.8 Hz, 1H), 7.12 (d, J = 9.0 Hz, 1H),
7.07 (d, J=2.8 Hz, 1H), 6.37 (dd, J=7.1, 4.8 Hz, 1H), 6.27 — 6.16 (m, 1H), 5.97 — 5.87
(m, 1H), 3.83 (s, 3H), 3.21 — 3.08 (m, 1H), 3.07 — 2.94 (m, 1H), 2.75 (ddt, J= 14.8, 6.7,
1.2 Hz, 1H), 2.62 (dd, J = 14.7, 7.0 Hz, 1H);

13C NMR (75 MHz, CDCls) 6 198.1, 166.9, 155.5, 145.0, 133.1, 129.0, 127.7, 125.7,
119.0, 114.9, 104.4, 88.1, 55.9, 32.0, 24.0 (the signal for CF; was not observed);

HRMS (m/z): caled for CigH3F;NaOgS [M+Na]* 413.0277, found 413.0262.

Synthesis of compound 23

o
TfO Pd(PPhy)s MeO
O o} 0 CO, Et;N OH
—_—
MeO DMF/MeOH O 0
) =10:1 MeO
25°C, 87% 0
21 23

To a stirred solution of triflate 21 (70.0 mg, 0.179 mmol, 1 equiv) in DMF/MeOH
(5 mL/0.5 mL) was added Et;N (124 pL, 6.65 mmol, 5 equiv) and Pd(PPh;), (10.4 mg,
8.97 umol, 0.05 equiv) at 25 °C. The reaction mixture was evacuated/backfilled with
CO three times and then stirred under CO atmosphere (balloon) for 12 h. The mixture
was quenched with saturated aqueous NH4CI (10 mL) at 0 °C and extracted with Et,0O
(3 x 10 mL). The combined organic layers were washed with brine (10 mL), dried over
Na,SO,, filtered and concentrated. The residue was purified by silica gel column

chromatography with hexane/EtOAc (10:1 to 3:1) as eluent to afford 23 (46.5 mg, 87%
S13



yield) as a yellow oil.

Data for compound 23:

Rs= 0.5 (hexane/EtOAc = 5:1);

IR (film) vy, = 3410, 1596, 1387, 1356, 1261, 1903, 1037, 806 cm’!;

TH NMR (500 MHz, C¢Dg) 5 12.09 (s, 1H), 7.09 (d, J= 11.5 Hz, 1H), 6.98 (d, J= 3.1
Hz, 1H), 6.95 (d, J= 9.0 Hz, 1H), 6.79 (dd, J=9.0, 3.1 Hz, 1H), 6.39 (dd, J=11.5, 5.5
Hz, 1H), 5.91 (dd, J=9.2, 5.5 Hz, 1H), 5.07 — 5.00 (m, 1H), 3.18 (s, 3H), 3.04 (s, 3H),
2.25 (d, J = 6.8 Hz, 2H);

13C NMR (126 MHz, C¢Dy) 8 201.8, 165.9, 158.0, 152.2, 137.0, 133.1, 128.2, 128.1,
124.3,122.1, 119.7, 119.1, 114.5, 55.2, 51.7, 30.8;

HRMS (m/z): caled for Ci7H,,NaOs [M+Na]+324.0890, found 324.0897;

Synthesis of compounds 25a and 25b

TfO
m-CPBA o
MeO 75% MeO
o o

dr =2:1

21 25a (X-ray): C2'(S)
25b (X-ray): C2'(R)

To a stirred solution of triflate 21 (1.20 g, 3.08 mmol, 1 equiv) in DCM (30 mL)
was added 3-chloroperoxybenzoic acid (m-CPBA, 85%, 1.88 g, 9.23 mmol, 3 equiv) at
25 °C. After being stirred at 25 °C for 36 h, the mixture was quenched with saturated
aqueous NaHCO; (15 mL) and saturated aqueous Na,S,0; (15 mL) at 0 °C carefully.
The aqueous phase was further extracted with DCM (3 % 30 mL). The combined organic
layers were washed with brine (30 mL), dried over Na,SOy,, filtered and concentrated.
The residue was purified by silica gel column chromatography with hexane/EtOAc
(50:1 to 10:1) as an eluent to afford a 2:1 diastereomeric mixture (indicated by 'H NMR

analysis) of 25a and 25b (937 mg, 75% yield).
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Note: For characterization purpose, 25a and 25b were separated by PTLC
(hexane/EtOAc = 10:1) using a small amount of sample. The structures of 25a and 25b
were confirmed by X-ray crystallographic analysis after obtaining the pure 25a and

25b.

Data for compound 25a:

R;= 0.4 (hexane/EtOAc = 5:1);

m.p. = 126 — 128 °C;

IR (film) v,y = 3432, 1716, 1599, 1485, 1421, 1346, 1216, 1143, 822 cm’!;

TH NMR (500 MHz, CDCl5) § 7.32 (dd, J = 9.0, 2.8 Hz, 1H), 7.12 (d, J = 9.0 Hz, 1H),
7.05 (d, J = 2.8 Hz, 1H), 6.23 (dd, J=10.0, 3.8 Hz, 1H), 3.81 (s, 3H), 3.55 — 3.49 (m,
1H), 3.37 — 3.30 (m, 1H), 2.96 — 2.86 (m, 1H), 2.52 — 2.41 (m, 2H), 2.09 — 2.01 (m,
1H);

13C NMR (126 MHz, CDCl;) 6 197.8, 167.0, 155.9, 145.3, 129.5, 124.9, 118.7, 118.2
(q,/=319.9 Hz, CF3), 115.1, 104.6, 89.3, 56.0, 55.1, 50.2, 33.9, 25.3;

HRMS (m/z): caled for Ci¢H 3F3NaO,S [M+Na]* 429.0226; found 429.0210.

Data for compound 25b:

R;=0.38 (hexane/EtOAc = 5:1);

m.p.=109-111 °C;

IR (film) v, = 3441, 1721, 1603, 1488, 1416, 1214, 1147, 1035, 614 cm™!;

H NMR (500 MHz, CDCl3) § 7.31 (dd, J=9.1, 2.8 Hz, 1H), 7.12 (d, J = 9.0 Hz, 1H),
7.04 (d, J = 2.8 Hz, 1H), 6.15 (dd, J = 8.6, 4.8 Hz, 1H), 3.82 (s, 3H), 3.50 (q, J= 5.7
Hz, 1H), 3.33 — 3.28 (m, 1H), 2.97 — 2.89 (m, 1H), 2.62 — 2.51 (m, 2H), 2.30 (dd, J =
14.6, 8.3 Hz, 1H);

13C NMR (126 MHz, CDCl3) & 197.8, 167.1, 155.8, 145.6, 129.3, 123.5, 118.7, 118.1
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(q,/=319.7 Hz, CF3), 115.1, 104.5, 88.0, 55.9, 55.0, 48.9, 32.9, 25.0;
HRMS (m/z): caled for CiH3F3NaO;S [M+Na]* 429.0226; found 429.0210.

Synthesis of compounds 27a and 27b

o)
Pd(PPh;), MeO o
coy E G0
MeO DMFIMeOH MeO
=10:1, 25 °C °
88% OH
25a: C2' (S) 27a: C2' (S)
25b: C2' (R) 27b: C2' (R)

To a stirred solution of triflates 25 and 25b (ca. 2:1 diasterecomeric mixture at C2’,
900 mg, 2.22 mmol, 1 equiv) in DMF/MeOH (10 mL/1 mL) was added Et;N (920 pL,
6.65 mmol, 3 equiv) and Pd(PPh;), (128 mg, 0.111 mmol, 0.05 equiv) at 25 °C. The
reaction system was evacuated/backfilled with CO three times before it was stirred at
25 °C for 12 h. The mixture was quenched with saturated aqueous NH,4Cl1 (15 mL) at 0
°C and extracted with Et,0O (3 x 10 mL). The combined organic layers were washed
with brine (10 mL), dried over Na,SQO,, filtered and concentrated. The residue was
purified by silica gel column chromatography with hexane/EtOAc (10:1 to 3:1) as

eluent to afford a 2:1 diastereomeric mixture of 27a and 27b (616 mg, 88% yield).

For characterization purpose, 27a and 27b were separated by PTLC
(hexane/EtOAc = 5:1) using a small amount of sample to give pure 27a as a yellow oil

and 27b as a yellow oil.

Data for compound 27a:

R;=0.53 (hexane/EtOAc = 2:1);

IR (film) v,y = 3432, 2832, 1594, 1493, 1358, 1280, 1058, 770 cm’!;

H NMR (500 MHz, CDCl3) § 7.30 (d, J = 8.1 Hz, 1H), 7.23 (dd, J = 8.9, 2.8 Hz, 1H),
7.15 (d, J=2.8 Hz, 1H), 6.98 (d, J= 9.0 Hz, 1H), 6.46 (dd, J=11.7, 3.8 Hz, 1H), 6.02
~5.97 (m, 1H), 5.00 — 4.91 (m, 1H), 3.82 (s, 3H), 3.57 (s, 3H), 2.65 (dd, J = 14.2, 8.7
Hz, 1H), 2.14 —2.10 (m, 1H), 1.76 (bs, 1H);
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I3C NMR (126 MHz, CDCl;) 6 201.7, 166.1, 165.1, 155.1, 146.3, 138.3, 131.3, 127.3,
120.7,120.3, 114.1, 105.1, 88.6, 65.0, 55.9, 52.3, 39.8;

HRMS (m/z): calcd for C17H;sNaOg [M+Na]* 339.0839; found 339.0829.

Data for compound 27b:
R;=0.5 (hexane/EtOAc = 2:1);
IR (film) v,y = 3507, 2832, 1707, 1596, 1358, 1358, 1263, 775 cm’!;

TH NMR (500 MHz, CDCl3) § 7.48 (d, J = 7.9 Hz, 1H), 7.23 (dd, J = 8.9, 2.8 Hz, 1H),
7.13 (d, J= 2.8 Hz, 1H), 6.99 (d, J = 8.9 Hz, 1H), 6.55 (dt, J= 11.5, 2.0 Hz, 1H), 6.06
—5.99 (m, 1H), 4.76 — 4.69 (m, 1H), 3.81 (s, 3H), 3.58 (s, 3H), 2.31 (dd, J= 14.0, 11.4
Hz, 1H), 1.99 (dt, J = 14.0, 1.8 Hz, 1H), 1.89 (bs, 1H);

13C NMR (126 MHz, CDCl;) 6 201.5, 166.3, 164.6, 155.2, 149.5, 140.7, 130.8, 127.3,
121.4,120.2, 114.4, 105.0, 87.2, 67.9, 56.0, 52.5, 44.3;

HRMS (m/z): calcd for C1;H;sNaOg [M+Na]* 339.0839; found 339.0829.

Synthesis of compounds 28a and 28b

MeO MeO MeO
1. Pd/C, H,
O ‘ _THF,25°C_
MeO 2 Jones' rgt
acetone, 0 °C
27a: C2' (S) 28a (40%, 2 steps) 28b (36%, 2 steps)
27b: C2' (R)

To a solution of 27a and 27b (500 mg, 1.58 mmol, 1 equiv) in THF (15 mL) was
added 10% Pd/C (2.50 g, m x 5) at 25 °C. The reaction system was evacuated/backfilled
with H, three times. After being stirred under H, atmosphere (balloon) at 25 °C for 1 h,
the reaction mixture was filtered through a pad of silica gel. The filtrate was

concentrated under reduced pressure. The residue was dissolved in acetone (8 mL) and
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then cooled to 0 °C. Jones’ reagent (2.0 M in H,0, 3.16 mL, 6.33 mmol, 4 equiv) was
slowly. After 2 h, the reaction was quenched by addition of i-PrOH (5 mL). The
resulting solution was diluted with EtOAc (50 mL) and then washed with brine (2 x 10
mL). The combined organic layer was dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by silica gel column chromatography with
hexane/EtOAc (20:1 to 10:1) as eluent to give 28a (201 mg, 40% yield over 2 steps) as

a yellow solid and 28b (181 mg, 36% yield over 2 steps) as a yellow oil.
Data for compound 28a:

Ry=0.58 (hexane/EtOAc = 2:1);

m.p. = 135 - 137 °C;

IR (film) vy, =2951, 2830, 1707, 1605, 1493, 1367, 770 cm’!;

H NMR (500 MHz, CDCls) & 7.12 (dd, J = 9.0, 2.8 Hz, 1H), 6.96 (d, J= 2.8 Hz, 1H),
6.86 (d, J=9.0 Hz, 1H), 3.69 (s, 3H), 3.46 (s, 3H), 3.08 (dd, /= 9.9, 3.4 Hz, 1H), 2.93
—2.83 (m, 2H), 2.76 — 2.66 (m, 1H), 2.59 — 2.53 (m, 1H), 2.28 —2.21 (m, 1H), 2.12 —
2.05 (m, 2H), 1.81 — 1.72 (m, 1H);

13C NMR (126 MHz, CDCl;) 6 207.8, 200.6, 171.8, 165.3, 155.4, 128.1, 120.8, 114.3,
104.7, 86.8, 56.0, 53.4, 52.2,49.9, 43.4, 26.9, 21.7,

HRMS (m/z): calcd for C17H;sNaOg [M+Na]* 341.0996; found 341.0984.

Data for compound 28b:
Rs=0.55 (hexane/EtOAc = 2:1);
IR (film) v,y = 2955, 2832, 1714, 1603, 1490, 1362, 1277, 1213, 772 cm’};

H NMR (500 MHz, CDCl3) § 7.24 (dd, J= 9.0, 2.8 Hz, 1H), 7.07 (d, J = 2.8 Hz, 1H),
7.03 (d,J=9.0 Hz, 1H), 3.80 (s, 3H), 3.47 (s, 3H), 3.27 (dd, J= 11.6, 3.8 Hz, 1H), 2.98
(d, J=15.3 Hz, 1H), 2.77 — 2.66 (m, 2H), 2.62 (d, J = 15.3 Hz, 1H), 2.48 — 2.40 (m,
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1H), 2.18 — 2.09 (m, 2H), 1.89 — 1.79 (m, 1H);

13C NMR (126 MHz, CDCl;) 6 207.6, 202.1, 171.5, 166.0, 155.4, 128.0, 120.0, 114.5,
104.8, 86.9, 56.0, 52.2, 51.6,47.7, 43.8, 28.2, 22.1;

HRMS (m/z): calcd for C1;H;sNaOg [M+Na]" 341.0996; found 341.0984.

Synthesis of compound 29b

MeO’// MeO’//
1. CeCl3
MeMgBr
THF, -78 °C
HO Me
2. Py, SOCl,
DCM, 0 °C
v
M 3
eO 3. Se0, MeO’//
dloxane Y
MeO 100 °C
36% from 28b  MeO \

29b

The procedure was adapted from Imamoto’s protocol.3! CeCls (232 mg, 0.943
mmol, 2 equiv) was placed in a 50 mL Schlenk tube and dried under vacuum (0.1
mmHg, with oil pump) at 140 °C for 2 h before it was cooled to 25 °C. A solution of
compound 28b (150 mg, 0.472 mmol, 1 equiv) in THF (4 mL) was added. The resulting
suspension was vigorously stirred for 2 h before it was cooled to —78 °C. MeMgBr (1.0
M in THF, 0.943 mL, 0.943 mmol, 2 equiv) was added dropwise over 5 min. Stirring
was continued at —78 °C for 30 min. The reaction mixture was quenched aqueous
NH,4CI1 (10 mL) at 0 °C and extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine (10 mL), dried over Na,SO,, filtered and concentrated

to give the crude S1, which was used in next step without further purification.

The crude S1 was dissolved in DCM (4 ml) and then cooled to 0 °C. Pyridine (Py,
380 uL, 4.72 mmol, 10 equiv) and SOCI, (171 pL, 2.36 mmol, 5 equiv) was added
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sequentially. After 30 min, the reaction mixture was quenched with saturated aqueous
NaHCO; (5 mL) and extracted with DCM (3 x 5 mL). The combined organic layers
were washed with brine (5 mL), dried over Na,SO,, filtered and concentrated. The
residue was taken in DCM (5 mL) and then filtered through a pad of silica gel rapidly.
The silica gel was thoroughly washed with hexane/EtOAc (1:1, 3 x 5 mL). The filtrate
was concentrated under vaccum to give crude S2 as a mixture of endo and exo olefins

(C6’—C7’ olefin dominated). The crude S2 was directly used in the next step.

To a stirred mixture of crude S2 in dioxane (4 mL) was added SeO, (209 mg, 1.89
mmol, 4 equiv) at 25 °C. The resulting mixture was heated to 110 °C and stirred for 6
h. The reaction mixture was cooled to room temperature and filtered through a pad of
silica gel. The filtrate was concentrated under vacuum. The residue was purified by
silica gel column chromatography with hexane/EtOAc (10:1 to 5:1) as eluent to give

aldehyde 29b (56.0 mg, 36% yield over 3 steps) as a yellow oil.

Data for compound 29b:

R;= 0.4 (hexane/EtOAc = 2:1);

IR (film) vy, = 3441, 1709, 1596, 1490, 1273, 1207, 1025, 772 cm’!;

TH NMR (500 MHz, CD;0D) § 9.34 (s, 1H), 7.27 (dd, J=9.1, 2.7 Hz, 1H), 7.24 — 7.18
(m, 1H), 7.03 (s, 1H), 7.01 (d, J = 5.0 Hz, 1H), 3.80 (s, 3H), 3.47 (s, 3H), 3.37 (dd, J =
11.8, 2.9 Hz, 1H), 2.94 (d, J = 14.8 Hz, 1H), 2.87 — 2.80 (m, 1H), 2.77 (d, J = 14.8 Hz,
1H), 2.68 — 2.60 (m, 1H), 2.37 — 2.28 (m, 1H), 2.04 — 1.97 (m, 1H);

I3C NMR (126 MHz, CD;0D) 6 202.2, 194.4, 173.5, 166.6, 158.0, 156.7, 139.4, 128.3,
123.1, 115.0, 105.4, 86.9, 56.7, 56.4, 52.4, 31.1, 28.7, 24.4;

HRMS (m/z): calcd for C1gH;sNaOg [M+Na]" 353.0996; found 353.0988.

Synthesis of spiroapplanatumine H (8)
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BBr3 DCM

—78 to0°C
80%

Spiroapplanatumine H (8)

To a stirred solution of 29b (30.0 mg, 90.9 umol, 1 equiv) in DCM (2 mL) was
added BBr; (1.0 M in DCM, 0.909 mL, 0.909 mmol, 10 equiv) dropwise at —78 °C.
After 10 min, the reaction mixture was warmed to 0 °C and stirred for another 1 h. The
reaction mixture was quenched with saturated aqueous NaHCO; (5 mL) and extracted
with DCM (3 x 5 mL). The combined organic layers were washed with brine (5 mL),
dried over Na,SO,, filtered and concentrated. The residue was purified by silica gel
column chromatography with hexane/EtOAc (2:1 to 1:5) as eluent to give

spiroapplanatumine H (8) (22.1 mg, 80% yield) as a yellow oil.

Data for spiroapplanatumine H (8):

R;= 0.2 (hexane/EtOAc = 1:2);

IR (film) v,y = 2919, 2852, 2356, 1706, 1482, 1258, 1094, 1035, 804 cm’!;

H NMR (500 MHz, CD;0D) 6 9.34 (s, 1H), 7.21 (t, J= 6.0 Hz, 1H), 7.12 (dd, J = 8.8,
2.7 Hz, 1H), 6.94 (d, J = 8.8 Hz, 1H), 6.86 (d, J = 2.6 Hz, 1H), 3.28 (dd, J = 9.5, 3.0
Hz, 1H), 2.92 (d, J = 14.7 Hz, 1H), 2.87 — 2.79 (m, 1H), 2.74 (d, J= 14.6 Hz, 1H), 2.68
~2.60 (m, 1H), 2.41 —2.31 (m, 1H), 2.09 —2.01 (m, 1H);

13C NMR (126 MHz, CD;0D) 6 202.9, 194.5,175.0, 165.7, 158.1, 153.8, 139.5, 127.5,
123.5, 114.6, 108.3, 86.6, 57.3, 31.4, 29.0, 24.6;

HRMS (m/z): caled for CisH130¢ [M-H]~ 301.0718; found 301.0720.

Synthesis of spiroapplanatumine R (10)
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TMSCHN2

PhMe/MeOH
=10:1,25°C
85%

Spiroapplanatumine H (8) Spiroapplanatumine R (10)

To a stirred solution of spiroapplanatumine H (8) (7.0 mg, 23.2 umol, 1 equiv) in
PhMe/MeOH (2 mL/0.2 mL) was added TMSCHN, (2.0 M in hexane, 28.9 uL, 57.9
pmol, 2.5 equiv) at 0 °C. After 10 min, the solution was warmed to 25 °C and stirred for
30 min. The reaction mixture was concentrated. The residue was purified by silica gel
column chromatography with hexane/EtOAc (3:1 to 1:1) as eluent to give

spiroapplanatumine R (10) (6.2 mg, 85% yield) as a yellow oil.

Data for spiroapplanatumine R (10):

Rs= 0.5 (hexane/EtOAc = 1:2);

IR (film) v,y = 2957, 2852, 2363, 1711, 1685, 1482, 1213, 1022, 799 cm’!;

H NMR (500 MHz, CD;0D) & 9.34 (s, 1H), 7.24 — 7.17 (m, 1H), 7.15 (dd, J = 8.9,
2.7 Hz, 1H), 6.94 (d, J = 8.9 Hz, 1H), 6.88 (d, J = 2.6 Hz, 1H), 3.47 (s, 3H), 3.34 (dd,
J=11.8,2.9 Hz, 1H), 2.93 (d, J= 14.8 Hz, 1H), 2.87 — 2.80 (m, 1H), 2.76 (d, J= 14.8
Hz, 1H), 2.67 — 2.59 (m, 1H), 2.37 — 2.25 (m, 1H), 2.03 — 1.96 (m, 1H);

13C NMR (126 MHz, CD;0D) 4 202.6, 194.5, 173.5, 165.7, 158.0, 154.0, 139.5, 127.8,
123.2,114.7, 108.2, 86.6, 56.7, 52.4, 31.2, 28.7, 24.4;

HRMS (m/z): calcd for C7H;sNaOg [M+Na]* 339.0839; found 339.0829.

Synthesis of compound 30
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NaCIOZ
NaH2P04
2-Me-2-butene

Y
=
@
(o]

t-BuOH/H,0
=3:1,25°C
95%

29b

To a stirred mixture of 29b (17.0 mg, 51.5 umol, 1 equiv), 2-methyl-2-butene (109
pL, 1.03 mmol, 20 equiv), NaH,PO,4 (61.8 mg, 0.515 mmol, 10 equiv) in #~BuOH/H,0
(1.5 mL/0.5 mL) was added NaClO, (46.3 mg, 0.515 mmol, 10 equiv) at 0 °C. The
reaction mixture was warmed to 25 °C. After being stirred at 25 °C for 15 min, the
reaction mixture was quenched with saturated aqueous Na,S,0;3 (5 mL) at 0 °C and
extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with brine
(5 mL), dried over Na,SQ,, filtered and concentrated. The residue was purified by silica
gel column chromatography with hexane/EtOAc (5:1 to 1:1) as eluent to give 30 (16.9
mg, 95% yield) as a yellow oil.

Data for compound 30:
R;= 0.3 (hexane/EtOAc = 2:1);
IR (film) v,y = 2964, 2363, 1734, 1624, 1489, 1269, 1101, 1038, 804 cm!;

TH NMR (500 MHz, CD;0D) § 7.41 (t, J= 6.7 Hz, 1H), 7.26 (dd, J=9.0, 2.8 Hz, 1H),
7.05 (d, J=2.7 Hz, 1H), 7.01 (d, J= 9.0 Hz, 1H), 3.80 (s, 3H), 3.47 (s, 3H), 3.35 - 3.32
(m, 1H), 2.98 (d, J= 14.7 Hz, 1H), 2.93 (d, J = 14.8 Hz, 1H), 2.70 — 2.62 (m, 1H), 2.50
—2.42 (m, 1H), 2.32 — 2.24 (m, 1H), 2.00 — 1.94 (m, 1H);

I3C NMR (126 MHz, CD;0D) 4 202.5, 173.6, 170.0, 166.6, 156.6, 146.4, 128.9, 128.0,
123.4,115.0, 105.5, 86.9, 57.0, 56.4, 52.3, 34.9, 27.8, 24.6;

HRMS (m/z): calcd for C1gH;sNaO; [M+Na]" 369.0945; found 369.0932.

Synthesis of spiroapplanatumine B (2)
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BBr3
DCM
_—
—78100°C
86%

HO

Spiroapplanatumine B (2)

To a stirred solution of 30 (13.0 mg, 37.6 umol, 1 equiv) in DCM (2 mL) was
added BBr; (1.0 M in DCM, 0.376 mL, 0.376 mmol, 10 equiv) dropwise at —78 °C.
After 10 min, the reaction mixture was warmed to 0 °C and stirred for another 1 h. The
reaction mixture was quenched with saturated aqueous NaHCO; (5 mL) and extracted
with DCM (3 x 5 mL). The combined organic layers were washed with brine (5 mL),
dried over Na,SO,, filtered and concentrated. The residue was purified by silica gel
column chromatography with hexane/EtOAc (3:1 to 1:5) as eluent to give

spiroapplanatumine B (2) (10.3 mg, 86% yield) as a yellow oil.

Data for spiroapplanatumine B (2):

R;= 0.2 (hexane/EtOAc = 1:2);

IR (film) v,y = 2962, 2927, 2367, 1708, 1480, 1087, 1030, 807 cm’!;

H NMR (600 MHz, CD;0D) & 7.42 (t,J= 6.2 Hz, 1H), 7.11 (dd, J= 8.8, 2.7 Hz, 1H),
6.94 (d, J= 8.8 Hz, 1H), 6.90 (d, J=2.7 Hz, 1H), 3.29 — 3.21 (m, 1H), 2.96 (d, J= 14.4
Hz, 1H), 2.91 (d, J = 14.5 Hz, 1H), 2.70 — 2.62 (m, 1H), 2.51 — 2.42 (m, 1H), 2.35 —
2.26 (m, 1H), 2.06 — 1.99 (m, 1H);

I3C NMR (126 MHz, CD;0D)  203.3, 165.7, 153.7, 146.4, 129.1, 127.2, 123.9, 114.6,
108.3, 86.7, 57.8, 35.2, 28.1, 24.8 (the signals for the two carboxy groups were not

observed);

HRMS (m/z): calcd for CicH4NaO; [M+Na]" 341.0632; found 341.0623.

Synthesis of spiroapplanatumine D (4) and 31
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]
TMSCHN, MeO /
(1 equiv) O,
—> N
+ &
HO Ph'!ﬁ’:;’!‘;o“ HO HO \
0°C o
OH OMe
Spiroapplanatumine B (2) Spiroapplanatumine D (4) 31
0,

43% 17%

To a stirred solution of spiroapplanatumine B (2) (8.0 mg, 25.2 pmol, 1 equiv) in
PhMe/MeOH (2 mL/0.2 mL) was added TMSCHN, (2.0 M in hexane, 12.6 puL, 25.2
pmol, 1 equiv) at 0°C. The reaction mixture was stirred at 0 °C for 15 min before it was
quenched by addition of acetic acid (one drop). The reaction mixture was concentrated.
The residue was purified by silica gel column chromatography with hexane/EtOAc
(10:1 to 1:5) as eluent to give spiroapplanatumine D (4) (3.6 mg, 43% yield) as a yellow
oil and 31 (1.5 mg, 17% yield) as a yellow oil.

Data for spiroapplanatumine D (4):
R;=0.5 (hexane/EtOAc = 1:2);
IR (film) vy, = 2922, 2368, 1708, 1699, 1217, 1054, 1024, 792 cm’!;

TH NMR (500 MHz, CD;0D) § 7.40 (t, J= 6.4 Hz, 1H), 7.13 (dd, J= 8.8, 2.7 Hz, 1H),
6.93 (d, J = 8.8 Hz, 1H), 6.91 (d, J = 2.7 Hz, 1H), 3.46 (s, 3H), 3.31 — 3.28 (m, 1H),
2.98 (d, J = 14.7 Hz, 1H), 2.91 (d, J = 14.7 Hz, 1H), 2.69 — 2.61 (m, 1H), 2.49 — 2.40
(m, 1H), 2.32 —2.21 (m, 1H), 1.99 — 1.91 (m, 1H);

I3C NMR (126 MHz, CD;0D) 6 202.9, 173.7, 170.2, 165.6, 153.8, 146.3, 129.2, 127.5,
123.6, 114.6, 108.3, 86.6, 57.0, 52.3, 34.9, 27.8, 24.6;

HRMS (m/z): calcd for CcH4NaO; [M+Na]* 355.0788; found 355.0777.

Data for compound 31:
R;=0.7 (hexane/EtOAc = 1:2);

IR (film) vy, = 3451, 1731, 1593, 1385, 1352, 1156, 518 cm™!;

S25



TH NMR (600 MHz, CD,Cl,) 8 7.37 — 7.33 (m, 1H), 7.13 (dd, J = 8.8, 2.8 Hz, 1H),
6.97 (dd, J=2.8, 0.4 Hz, 1H), 6.93 (dd, J= 8.8, 0.4 Hz, 1H), 3.66 (s, 3H), 3.48 (s, 3H),
3.22 (dd, J =11.9, 3.1 Hz, 1H), 3.00 (d, J = 14.9 Hz, 1H), 2.85 (dt, J= 14.8, 1.2 Hz,
1H), 2.68 — 2.63 (m, 1H), 2.41 — 2.35 (m, 1H), 2.31 — 2.25 (m, 1H), 1.99 — 1.95 (m,
1H);

I3C NMR (151 MHz, CD,Cl,) 6 200.6, 172.4, 167.6, 164.9, 151.4, 145.1, 127.8, 126.2,
122.8,114.1, 108.3, 85.8, 56.0, 52.4, 52.3, 34.4, 27.5, 23.8;

HRMS (m/z): calcd for C1gH ;707 [M-H] 345.0980, found 345.0973.

Synthesis of compound 32

K,CO;

Spiroapplanatumine H (8)

To a stirred mixture of spiroapplanatumine H (8) (12.5 mg, 41.4 umol, 1 equiv)
amd K,CO; (57.1 mg, 0.414 mmol, 10 equiv) in DMF (1.5 mL) was added p-
methoxybenzyl chloride (PMBCI, 56.0 uL, 0.414 mmol, 10 equiv) was added at 0 °C.
After 2 h, the reaction mixture was quenched with H,O (5 mL) at 0 °C and extracted
with Et;O (3 x 5 mL). The combined organic layers were washed with brine (5 mL),
dried over Na,SO,, filtered and concentrated to afford crude S3. which was directly
used in the next step. The crude S3 was dissolved in DCM (1.5 ml) and cooled to 0 °C.
Imidazole (Imid., 42.2 mg, 0.621 mmol, 15 equiv) and fert-butyldimethylsilyl chloride
(TBSCI, 62.5 mg, 0.414 mmol, 10 equiv) were added sequentially. After 30 min, the
reaction mixture was quenched with saturated aqueous NaHCO; (5 mL) and extracted
with DCM (3 x 5 mL). The combined organic layers were washed with brine (5 mL),
dried over Na,SQ,, filtered and concentrated. The residue was purified by silica gel

column chromatography with hexane/EtOAc (10:1 to 2:1) as eluent to give 32 (16.7
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mg, 75% yield over 2 steps) as a yellow oil.

Data for compound 32:

R;=0.45 (hexane/EtOAc = 2:1);

IR (film) v,y = 2917, 2361, 1627, 1522, 1255, 1099, 1040, 802 cm’!;

TH NMR (600 MHz, C¢Dy) 8 9.13 (s, 1H), 7.21 (d, J=2.7 Hz, 1H), 6.96 (d, J = 8.6 Hz,
2H), 6.80 (dd, J = 8.8, 2.7 Hz, 1H), 6.68 (d, J = 8.8 Hz, 1H), 6.66 (d, J = 8.6 Hz, 2H),
6.11 (t, J=6.4 Hz, 1H), 4.83 (d, J=11.9 Hz, 1H), 4.72 (d, J= 11.9 Hz, 1H), 3.28 (d, J
= 14.9 Hz, 1H), 3.25 (s, 3H), 3.11 (dd, J= 11.6, 2.5 Hz, 1H), 2.49 (d, J= 14.9 Hz, 1H),
2.46 — 2.39 (m, 1H), 2.02 — 1.95 (m, 1H), 1.70 — 1.64 (m, 2H), 0.91 (s, 9H), -0.05 (s,
6H);

13C NMR (151 MHz, C¢Dy) 8 199.7, 191.6, 171.2, 165.3, 160.2, 154.1, 150.9, 138.3,
130.5, 130.2, 128.3, 123.1, 114.1, 113.8, 113.5, 86.0, 66.7, 55.8, 54.7, 30.9, 27.8, 25.7,
23.5,18.2,-4.72,-4.74;

HRMS (m/z): calcd for C30H34NaO;Si [M+Na]* 559.2123; found 559.2107.

Synthesis of compound 33

a
2.Me-2- PMBO % Phlﬁlgn:OH PMBO "
butene
0 °c $
t- BuOHIHzO TBSO 87% TBSO \

2 steps

H OMe

0o

33

To a stirred mixture of 32 (11.0 mg, 20.5 pumol, 1 equiv), 2-methyl-2-butene (43.5
uL, 0.410 mmol, 20 equiv), NaH,PO4 (24.6 mg, 0.205 mmol, 10 equiv) in ~-BuOH/H,0
(1.5 mL/0.5 mL) was added NaClO, (18.4 mg, 0.205 mmol, 10 equiv) at 0 °C. After
being stirred at 0 °C for 15 min, the reaction mixture was quenched with saturated
aqueous Na,S,05 (5 mL) and extracted with EtOAc (3 x 5 mL). The combined organic

layers were washed with brine (5 mL), dried over Na,SQ,, filtered and concentrated to
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afford crude S4, which was used in the next step without further purification.

To a stirred solution of crude S4 in PhMe/MeOH (2 mL/0.2 mL) was added
TMSCHN; (2.0 M in hexane, 41.0 pL, 81.9 umol, 4 equiv) at 0 °C. After 30 min, the
reaction mixture was concentrated. The residue was purified by silica gel column
chromatography with hexane/EtOAc (20:1 to 5:1) as eluent to give 33 (10.1 mg, 87%

yield over 2 steps) as a yellow oil.

Data for compound 33:

R;= 0.4 (hexane/EtOAc = 5:1);

IR (film) v,y = 2924, 2368, 2368, 1723, 1624, 1480, 1260 cm’!;

TH NMR (500 MHz, C¢Dg) & 7.26 (d, J = 2.6 Hz, 1H), 7.22 (t, J = 6.5 Hz, 1H), 6.95 (d,
J=28.6 Hz, 2H), 6.80 (dd, J = 8.8, 2.7 Hz, 1H), 6.70 (d, J = 8.8 Hz, 1H), 6.65 (d, J =
8.6 Hz, 2H), 4.82 (d, J = 11.6 Hz, 1H), 4.70 (d, J = 11.6 Hz, 1H, the phase at this
position is reversed in the provided spectrum ), 3.37 (d, /= 14.8 Hz, 1H), 3.30 (s, 3H),
3.25 (s, 3H), 3.17 (dd, /= 12.0, 2.7 Hz, 1H), 2.77 (d, J= 14.7 Hz, 1H), 2.52 — 2.41 (m,
1H), 2.05 - 1.94 (m, 1H), 1.73 — 1.66 (m, 2H), 0.92 (s, 9H), -0.04 (d, J = 2.1 Hz, 6H);

13C NMR (126 MHz, C¢Dy) 8 199.9, 171.3, 166.9, 165.3, 160.1, 150.8, 144.5, 130.5,
130.0, 123.5, 114.1, 113.9, 113.5, 86.0, 66.6, 56.1, 54.7, 51.6, 34.7, 27.1, 25.8, 23.7,

18.2, -4.7 (the signals for two carbons are not observed);

HRMS (m/z): calcd for C3;H35NaOgSi [M+Na]* 589.2228; found 589.2212.

Synthesis of spiroapplanatumine F (6)

o]
PMBO’/Z,,_
0 TFA, DCM, 25 °C
S then aq. HCI
TBSO \ T . > HO
% 72%

33 Spiroapplanatumine F (6)
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To a stirred solution of 33 (8.0 mg, 14.1 umol, 1 equiv) in DCM (1 mL) was added
trifuluoracetic acid (TFA, 100 pL) at 25 °C. After 1 h, aqueous HC1 (2.0 M, 1 mL) was
added to the reaction mixture. After being stirred for another 3 h, the reaction mixture
was diluted with DCM (10 mL) and washed with brine (2 x 5 mL). The organic layer
was dried over Na,SQO,, filtered and concentrated. The residue was purified by silica
gel column chromatography with hexane/EtOAc (10:1 to 2:1) as eluent to give

spiroapplanatumine F (6) (3.4 mg, 72% yield) as a yellow oil.

Data for spiroapplanatumine F (6):

Rs=0.35 (hexane/EtOAc = 2:1);

IR (film) v,y = 2924, 2366, 2323, 1706, 1624, 1412, 1260, 1040, 804 cm’!;

H NMR (500 MHz, CD;0D) 6 7.39 (dd, J = 8.4, 5.6 Hz, 1H), 7.12 (dd, J = 8.8, 2.7
Hz, 1H), 6.94 (d, J = 8.8 Hz, 1H), 6.89 (d, J = 2.7 Hz, 1H), 3.66 (s, 3H), 3.25 (dd, J =
12.2, 3.1 Hz, 1H), 2.94 (s, 2H), 2.70 — 2.62 (m, 1H), 2.51 — 2.42 (m, 1H), 2.32 — 2.22
(m, 1H), 2.04 — 1.98 (m, 1H);

13C NMR (126 MHz, CD;0D) 6 203.2, 175.1, 168.8, 165.6, 153.7, 146.7, 128.7, 127.3,
123.9, 114.6, 108.2, 86.5, 57.6, 52.5, 35.2, 28.0, 24.8;

HRMS (m/z): calcd for C7H;sNaO; [M+Na]* 355.0788; found 355.0777.

Synthesis of compound 29a
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MeO MeO
1. CeCl3
MeMgBr
THF -78 °C
HO Me

2. Py, SOCl,
DCM, 0 °C
3. SeO, MeO’//
dioxane
~—
100 °C

32% from 28a  MeO

29a

The procedure was adapted from Imamoto’s protocol.8! CeCl; (77.4 mg, 0.314
mmol, 2 equiv) was placed in a 25 mL Schlenk tube and dried under vacuum (0.1
mmHg, with oil pump) at 140 °C for 2 h before it was cooled to 25 °C. A solution of
compound 28a (50.0 mg, 0.157 mmol, 1 equiv) in THF (1 mL) was added. The resulting
suspension was vigorously stirred for 2 h before it was cooled to —78 °C. MeMgBr (1.0
M in THF, 0.314 mL, 0.314 mmol, 2 equiv) was added dropwise over 5 min. Stirring
was continued at —78 °C for 30 min. The reaction mixture was quenched aqueous
NH,4CI (10 mL) at 0 °C and extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine (10 mL), dried over Na,SO,, filtered and concentrated

to give the crude S5, which was used in next step without further purification.

The crude S5 was dissolved in DCM (2 ml) and then cooled to 0 °C. Pyridine (Py,
127 pL, 1.57 mmol, 10 equiv) and SOCIl, (57.0 uL, 0.786 mmol, 5 equiv) was added
sequentially. After 30 min, the reaction mixture was quenched with saturated aqueous
NaHCO; (5 mL) and extracted with DCM (3 x 5 mL). The combined organic layers
were washed with brine (5 mL), dried over Na,SO,, filtered and concentrated. The
residue was taken in DCM (5 mL) and then filtered through a pad of silica gel rapidly.
The silica gel was thoroughly washed with hexane/EtOAc (1:1, 3 x 5 mL). The filtrate
was concentrated under vaccum to give crude S6 as a mixture of endo and exo olefins

(C6°’—C7’ olefin dominated). The crude S6 was directly used in the next step.
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To a stirred mixture of crude S6 in dioxane (3 mL) was added SeO, (69.8 mg,
0.629 mmol, 4 equiv) at 25 °C. The resulting mixture was heated to 110 °C and stirred
for 6 h. The reaction mixture was cooled to room temperature and filtered through a
pad of silica gel. The filtrate was concentrated under vacuum. The residue was purified
by silica gel column chromatography with hexane/EtOAc (10:1 to 5:1) as eluent to give

aldehyde 29a (16.6 mg, 32% yield over 3 steps) as a yellow oil.
Data for compound 29a:

R;= 0.4 (hexane/EtOAc = 2:1);

IR (film) v,y = 3373,2921,2851,1598,1387,2353,769 cm’!;

TH NMR (500 MHz, CDCl;) 6 9.38 (s, 1H), 7.19 (dd, /= 8.9, 2.7 Hz, 1H), 7.10 (d, J =
2.6 Hz, 1H), 6.99 (t,J=5.0 Hz, 1H), 6.91 (d, J=9.0 Hz, 1H), 3.81 (s, 3H), 3.39 (dd, J
= 8.1, 4.0 Hz, 1H), 3.34 (s, 3H), 3.01 (d, J = 16.1 Hz, 1H), 2.96 — 2.88 (m, 1H), 2.66 —
2.58 (m, 1H), 2.53 (d, J=16.1 Hz, 1H), 2.34 — 2.24 (m, 1H) (there are some impurities
in the high field area);

13C NMR (126 MHz, CDCl3) 4 202.3, 193.2, 171.0, 166.2, 155.8, 139.1, 130.1, 127.7,
120.3, 114.1, 105.0, 88.6, 56.0, 51.8, 50.5, 27.8, 27.4, 23.5 (there are some impurities
in the high field area);

HRMS (m/z): calcd for C1gH;sNaOg [M+Na]" 353.0996; found 353.0988.
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3. X-ray Crystallographic Data

=
3
o=, fo
{

Crystal data and structure refinement for 11b (CCDC 2363816):

Identification code 11b

Empirical formula Ci5H1604

Formula weight 260.28
Temperature/K 293.15

Crystal system monoclinic

Space group P2;/n

a/A 9.7545(2)

b/A 8.7863(2)

c/A 15.2338(3)

a/° 90

B/° 96.718(2)

v/° 90

Volume/A3 1296.66(5)

V4 4

P caeg/em’ 1.333

B /mm-! 0.794

F(000) 552.0

Crystal size/mm? 0.14 X 0.13 X 0.12
Radiation CuKa (A =1.54184)

20 range for data collection/® 10.25 to 147.444

Index ranges AlI<Sh<10,-10<Sk<10,-18 <1

Reflections collected 4915

S32



Independent reflections
Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=2 0 ()]

Final R indexes [all data]

2536 [Rin; = 0.0188, Rgigma = 0.0254]
2536/0/174
1.055

R;=0.0391, wR, = 0.1031

R; =0.0427, wR, = 0.1071

Largest diff. peak/hole / e A= 0.15/-0.28

o
CLX )
MeO
o
24

Crystal data and structure refinement for 24 (CCDC 2363817):

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

a/A

b/A

c/A

a/°
B/°

y/°

Volume/A3
Z

P careg/cm’d

U /mm-!
F(000)

Crystal size/mm?

24
CisH1404
258.26
169.99(10)
triclinic

P-1
7.3842(8)
9.3169(9)
10.2980(11)

71.253(10)

70.522(10)

76.976(9)

626.93(13)
2

1.368

0.821
272.0

0.18 X 0.15 X 0.12
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Radiation

2 ® range for data collection/®

Index ranges

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

Final R indexes [[>=20 (I)]

Final R indexes [all data]
Largest diff. peak/hole / e A~

CuKa (A =154184)

9.456 to 147.902

8§<h<9,-11<k

N
>
N

3925

2432 [Rip = 0.0248, Rigma = 0.0336]
2432/0/173

1.135

R;=0.0469, wR, = 0.1246

R;=0.0576, wR, =0.1315
0.33/-0.25
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Table 1 Crystal data and structure refinement for 25a (CCDC 2363818):

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

a/A

b/A

c/A

a/°
B/°

y/°

Volume/A3
Z

0 calcg/cm’

U /mm-!
F(000)

Crystal size/mm3

Radiation

2 ® range for data collection/*

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters

25a
Ci6H13F305S
406.32
170.00(10)
monoclinic
P2,/n
10.8244(6)
14.0485(7)
11.0895(6)

90
101.020(6)

90

1655.24(16)
4

1.630

0.267
832.0

0.15 X 0.13 X 0.12

MoKa (M =0.71073)

4.734 to 49.992

-2sh<12,-l6<k<13,-10<1< 13

6755
2909 [Rin = 0.0282, Rgigma = 0.0387]
2909/0/245

S35



Goodness-of-fit on F? 1.032
Final R indexes [[>=20 (I)]  R;=0.0385, wR, =0.0912

Final R indexes [all data] R; =0.0463, wR, = 0.0962
Largest diff. peak/hole / e A3 0.23/-0.41
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25b

Crystal data and structure refinement for 25b (CCDC 2363819).

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

a/A

b/A

c/A

a/°
B/°

y/°

Volume/A3
Z

0 calcg/cm’

I /mm-!
F(000)

Crystal size/mm3

Radiation

2 ® range for data collection/*

Index ranges

Reflections collected
Independent reflections

25b
Ci6H13F305S
406.32
169.99(10)
monoclinic
P2,/n
10.7585(10)
14.0755(16)
11.0794(11)

90
100.732(9)

90

1648.4(3)
4

1.637

2.436
832.0

0.14 X 0.13 X 0.1

CuKa (M =1.54184)

10.272 to 133.166

-l0sh<12,-l6 k< 16,-12<1< 13

5943
2900 [Rip; = 0.0625, Rgigma = 0.0639]
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Data/restraints/parameters 2900/0/245
Goodness-of-fit on F? 1.062

Final R indexes [[>=20 ()] R;=0.0759, wR, =0.2127

Final R indexes [all data] R;=0.0872, wR, = 0.2404
Largest diff. peak/hole /e A3 0.58/-0.58
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Table 1 Crystal data and structure refinement for 28a (CCDC 2363820).

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

a/A

b/A

c/A

a/°
B/°

y/°

Volume/A3
Z

0 calcg/cm’

U /mm-!
F(000)

Crystal size/mm3

Radiation

2 ® range for data collection/*

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters

28a
C17H1306
318.31
150.01(14)
monoclinic
P2,/c
8.5810(6)
7.0851(5)
24.335(2)

90
97.198(8)

90

1467.8(2)
4

1.440

0.109
672.0

0.16 X 0.11 X 0.1

MoKa (M =0.71073)

4.784 to 49.992

-I0<h<10,-6<k=<8§-21 <1=<28

5629
2572 [Rint = 0.0568, Rgigma = 0.0661]
2572/0/210
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Goodness-of-fit on F? 1.055
Final R indexes [[>=20 ()]  R;=0.0539, wR, =0.1342

Final R indexes [all data] R;=0.0635, wR, =0.1438
Largest diff. peak/hole /e A3 0.28/-0.31
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4. Comparison of NMR Data of Natural and Synthetic Products

Table S1. Comparison of 'H NMR spectroscopic data of the natural (Cheng)$? and

synthetic spiroapplanatumine H (8).

Spiroapplanatumine H (8)

Position Natural (Cheng)? Synthetic (us)? Ad
(600 M, CD;0D) (500 M, CD;0D) (Nat-Syn)
3 6.87,d (2.7) 6.86,d (2.6) +0.01
5 7.13,dd (8.8,2.7)  7.12,dd, (8.8, 2.7) +0.01
6 6.94, d (8.8) 6.94, d (8.8) 0
3 3.27,dd (9.5, 3.0) 3.28,dd (9.5, 3.0) —0.01
4 236, m 236, m 0
2.05, m 2.05, m 0
5 2.83,m 2.83,m 0
2.63, m 2.65,m —0.02
6’ 7.22,1(6.1) 7.21,1(6.0) +0.01
8 2.92,d (14.6) 2.92,d (14.7) 0
2.74,d (14.6) 2.74,d (14.6) 0
9 9.34,s 9.34,s 0

2 Chemical shifts referenced to residual undeuterated MeOH at 3.31 ppm.
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Table S2. Comparison of 13C NMR spectroscopic data of the natural (Cheng)*?

and synthetic spiroapplanatumine H (8).

Spiroapplanatumine H (8)

Position Natural (Cheng)? Synthetic (us)? Ad
(150 M, CD;0D) (126 M, CD;0D) (Nat-Syn)
1 165.7 165.7 0
2 123.5 123.5 0
3 108.3 108.3 0
4 153.7 153.8 -0.1
5 127.5 127.5 0
6 114.7 114.6 +0.1
r 202.9 202.9 0
2’ 86.6 86.6 0
3 57.2 57.3 —-0.1
4 24.6 24.6 0
5 28.9 29.0 —-0.1
6’ 158.3 158.1 +0.2
7 139.4 139.5 —-0.1
8 31.4 31.4 0
9 194.5 194.5 0
10° 175.0 175.0 0

2 Chemical shifts referenced to CD;0D at 49.00 ppm.
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Table S3. Comparison of 'H NMR spectroscopic data of the natural (Cheng)3? and

synthetic spiroapplanatumine B (2).

[o]
ol

(o)

Spiroapplanatumine B (2)

Position Natural (Cheng)? Synthetic (us)? Ad
(600 M, CD;0D) (600 M, CD;0D) (Nat-Syn)
3 6.91,d (2.7) 6.90,d (2.7) +0.01
5 7.13,dd (8.8,2.7) 7.11, dd (8.8, 2.7) +0.02
6 6.96, d (8.8) 6.94, d (8.8) +0.02
3 3.27,dd (12.2, 3.0) 3.26, m +0.01
4 2.29, m 231, m —0.02
201, m 201, m 0
s 2.65, m 2.66, m —0.01
245, m 246, m —0.01
6’ 7.42,1(6.3) 7.42,1 (6.2 Hz) 0
8 2.96,d (14.7) 2.96,d (14.4) 0
291,d(14.7) 291,d(14.5) 0

2 Chemical shifts referenced to residual undeuterated MeOH at 3.31 ppm.
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Table S4. Comparison of 13C NMR spectroscopic data of the natural (Cheng)*?

and synthetic spiroapplanatumine B (2).

o
HO’/ZJ_O' 4

6
5 10

Spiroapplanatumine B (2)

Position Natural (Cheng)? Synthetic (us)? Ad
(150 M, CD;0D) (126 M, CD;0D) (Nat-Syn)
1 165.6 165.7 —-0.1
2 123.8 123.9 -0.1
3 108.3 108.3 0
4 153.6 153.7 -0.1
5 127.3 127.2 +0.1
6 114.6 114.6 0
r 203.2 203.3 —-0.1
2’ 86.6 86.7 -0.1
3 57.5 57.8 -0.3
4 24.7 24.8 -0.1
5 28.0 28.1 —-0.1
6’ 146.6 146.4 +0.2
7 128.9 129.1 —0.2
8 35.1 35.2 -0.1
9 170.1 b \
10° 175.2 b \

2 Chemical shifts referenced to CD;0D at 49.00 ppm.

b Not observed
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Table S5. Comparison of 'H NMR spectroscopic data of the natural (Cheng)3? and

synthetic spiroapplanatumine D (4).

o)
6 MeO’/Z,j_’O' 4

5 1-Q

Spiroapplanatumine D (4)

Position Natural (Cheng)? Synthetic (us)? Ad
(600 M, CD;0D) (500 M, CD;0D) (Nat-Syn)

3 6.91,d (2.7) 6.91,d (2.7) 0

5 7.13,dd (8.8,2.7) 7.13,dd (8.8, 2.7) 0

6 6.93,d (8.8) 6.93,d (8.8) 0
3 3.30,dd (12.0, 3.3) 3.29, m +0.01

4 2.27, m 227, m 0
1.95, m 1.96, m —0.01

s 2.65, m 2.65,m 0
245, m 244, m +0.01

6’ 7.40,1(6.3) 7.40, 1 (6.4) 0

8 2.98,d (14.9) 2.98,d (14.7) 0

2.91,d (14.9) 291,d(14.7) 0

10’-OMe 3.46, s 3.46,s 0

2 Chemical shifts referenced to residual undeuterated MeOH at 3.31 ppm.
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Table S6. Comparison of 13C NMR spectroscopic data of the natural (Cheng)*?

and synthetic spiroapplanatumine D (4).

o)
6 MeO’/Z,j_’O' 4

10

Spiroapplanatumine D (4)

Position Natural (Cheng)? Synthetic (us)? Ad
(150 M, CD;0D) (126 M, CD;0D) (Nat-Syn)
1 165.6 165.6 0
2 123.6 123.6 0
3 108.3 108.3 0
4 153.8 153.8 0
5 127.5 127.5 0
6 114.6 114.6 0
r 202.9 202.9 0
2’ 86.6 86.6 0
3 57.0 57.0 0
4 24.6 24.6 0
5 27.8 27.8 0
6’ 146.2 146.3 -0.1
7 129.2 129.2 0
8 35.0 34.9 +0.1
9 170.3 170.2 +0.1
10° 173.7 173.7 0
10°>-OMe 52.3 52.3 0

2 Chemical shifts referenced to CD;0D at 49.00 ppm.
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Table S7. Comparison of 'H NMR spectroscopic data of the natural (Cheng)3? and

synthetic spiroapplanatumine F (6).

Spiroapplanatumine F (6)

Position Natural (Cheng)? Synthetic (us)? Ad
(600 M, CD;0D) (500 M, CD;0D) (Nat-Syn)

3 6.89,d (2.5) 6.89,d (2.7) 0
5 7.11,dd (8.8, 2.5) 7.12,dd (8.8, 2.7) —0.01
6 6.93,d (8.8) 6.94, d (8.8) —0.01
3 3.23,dd (10.3,3.0) 3.25,dd (12.2,3.1) —0.02
4 2.27, m 2.28, m —0.01
201, m 2.02, m —0.01
s 2.65, m 2.66, m —0.01
245, m 247, m —0.02

6’ 7.39,dd (8.3, 5.5) 7.39,dd (8.4, 5.6) 0
8 292,s 2.94,s —0.02
9’-OMe 3.65,s 3.60, s —0.01

2 Chemical shifts referenced to residual undeuterated MeOH at 3.31 ppm.
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Table S8. Comparison of 13C NMR spectroscopic data of the natural (Cheng)*?

and synthetic spiroapplanatumine F (6).

Spiroapplanatumine F (6)

Position Natural (Cheng)? Synthetic (us)? Ad
(150 M, CD;0D) (126 M, CD;0D) (Nat-Syn)
1 165.6 165.6 0
2 124.0 123.9 +0.1
3 108.3 108.2 +0.1
4 153.7 153.7 0
5 127.2 127.3 —-0.1
6 114.6 114.6 0
r 203.4 203.2 +0.2
2’ 86.6 86.5 +0.1
KX 58.2° 57.6 +0.6
4 24.8 24.8 0
5 28.1 28.0 +0.1
6’ 146.8 146.7 +0.1
7 128.7 128.7 0
8 35.2 35.2 0
9 168.8 168.8 0
10° 175.8¢ 175.1 +0.7
9°-OMe 52.5 52.5 0

2 Chemical shifts referenced to CD;0D at 49.00 ppm.

b In the 13C NMR spectrum provided by Cheng,5? there are some impurities. There is
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an unassigned peak near this signal (see Page S75).

¢ This signal is very weak in the original 13C NMR spectrum provided by Cheng (see
Page S75).52
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TH NMR of natural (Cheng)$? spiroapplanatumine H (8) (600 MHz, CD;0D)
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ssoLve-
908 -

876598~

91901
629 7H—

PLBLETI
WL
(110

SETI9i-

659554

%795
LSEV0L-
SP6H 5L

L0

20

210

08'vz —
. z182 —
# 91'se
A0 6781
Q0sIN 99°8Y
§  aqoewessy
Q0PN 0061
falat=1.\WAN-~"]
8 aoewveey
QOSIN LS'6Y
Tg75—
g
O:;
o
o~
(=]
e
i
Ca 0,98 —
-
p=
S
o
N’
o ,~ E£80L—
¢ N
- N’
g 09FLL—
§ 2
a m €6°€Z) ~
zz L2~
-4 = 116821 —
v
_ =
.=
< =2
roa
=
e SvovT—
e &
v R
7 Q9'¢GL —
5
2
§ 3
£  o9soL—
s £
~ >
- v
5
g o
- S
c
9 =4
.1 M
V4
8 s
= 0£°€0Z —

S72



1p0

1 (ppm)

S73

110

120

30

140

150

160

170

v6'L ©
96'L ro
161
161 |o
522} e
9221 °
8221 Fo
6221
Zr'z ° S
. > 95'vz
€v'e M~ mm.mN\
WW.MA £6'vE
voz ] Le 0N 6v'8Y
%.NU aoan 99'8¥
soz | LS ererrmn
992y aosm 216y
92 .
- el QO=veor
ese [oi AO®IN LG'6¥
6T 1ezs ]
N@.N/f © 00728
00€~ =
62
og's % |0
doen 0e'€ @
Qo Le's 1698 —
aoem Le'e LS
aoen Le'e z
aoemn ze'e -
aoew Nmi s &
or'e =
98y — =4 o 9T YOT —
© €9vLL—
L 8G°€ZL ~
€S LT~ —_
° G624 xF W
> AL
—_— [[© o
069 ) =}
16'9 N 03 b m o
269 o 0 © STovL — ‘e N
769 e° o o s
cre EN o T 0oL = =
. T 0L c ©
zLL S A N
. - s Lo'L O
vLL © — g0, |® r
vLL c o 0 b 20:604—
8g' L ] “ QL Ll ~ M.|m
. g Qoo L — o=
ov'L 2 o o 89°cLh 2=
WL s @ 2
-3 L0
o n T @
I
o
Fo
68202 —
0
o
o
Lo

T
190 180

210 200




'H NMR of natural (Cheng)S? spiroapplanatumine IT (4) (600 MHz, CD;0D
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