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Calculation of ICsg value

Hela cells were grown in DMEM supplemented with 10% FBS, 100 units/mL penicillin, and 100
ug/mL streptomycin in a humidified atmosphere containing 5 % CO,. Various concentrations of each
compound were then added and incubated for 48 h. Cell growth was determined using WST-8
counting kit (Dojindo). ICs value was expressed as mean + SD from three independent experiments.

In vitro microtubule (MT) polymerization assay

Tubulin was prepared from porcine brain using high-molarity buffer (Protein Expr. Purif., 2003, 32,
83). Tubulin was dissolved in MES buffer (100 mM morpholine ethanesulfonic acid, 0.5 mM MgCl,,
and 1 mM ethylene glycol-bis(2-aminoethylether)-N,N, N’ N’-tetraacetic acid, pH 6.8), and stored at
—80 °C. For polymerization assay, porcine brain tubulin (1 mg/ml) was incubated with 1 mM GTP and
30 uM gatastatin derivatives in the presence of 0.8 M or 0.2 M glutamate for 30 min at 37°C. In
control condition, 0.8 M glutamate stimulates MT polymerization but not 0.2 M glutamate. After 30
min incubation, polymerized and unpolymerized tubulin were separated by ultracentrifugation
(200,000 x g, 10 min, 25°C). After electrophoresis on 10% SDS-PAGE, amount of tubulin was
guantified by Image J. Values are mean + SD from three independent experiments.

Immunofluorescence microscopy

Hela cells were seeded in 8 well chamber (IWAKI, 5232-008) at the density of 6.0 x 103 cells/200
ul/well and treated with each compound (30 uM) for 24 h. Cells were fixed with MeOH at —20°C for
5 min. After washing with PBS for 10 min, fixed-cells were incubated with anti a-tubulin antibody
(1:1000 dilution DM1A, Abcam, ab32293) and pericentrin (1:1000 dilution Abcam, ab4448)
antibodies at 37°C for 1 h. After washing with PBS once, the cell were incubated with Alexa*-
conjugated anti-mouse IgG, Alexa*®8-conjugated anti-rabbit 1gG respectively (1:2000 dilution) and 1
ug/ ml Hoechst 33258 at 37°C for 40 min. After washing the cells with PBS four times, cover glasses
were mounted with Dako fluorescent medium(Dako North America, S3023). About 300 mitotic
cells/each sample were observed under a fluorescent microscope (Leica LAS AF 6000, Leica

Microsystems, Wetzlar, Germany) and the morphology of cells were classified.

Nucleation Assay

Hela cells were seeded in 8 well chamber (IWAKI, 5232-008) at the density of 6.0 x 103 cells/200
ul/well. After 1 day, the cells were treated with 20 uM STLC for 6 h. Then, the cells were washed by
cold (4°C) medium and incubated on ice to depolymerize MT. After 1 h, the cells were treated with
1 % DMSO, 30 uM gatastatin, 10 uM colchicine or gatastatin derivatives for 15 min on ice. During
the process of drug treatment on ice, control cells were fixed with MeOH (DMSO 0 min). After
changing the medium to warm (30°C) medium containing drug or PBS (DMSO 0 min sample), cells

were incubated at 30°C for 3 min.
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GTP binding Assay

For analysis of the effect of gatastatin and derivative 9 on GTP binding of y-tubulin, 70 nM of
purified human y-tubulin in GTP binding buffer (50 mM MES, 5 mM MgCl,, 1 mM EGTA, pH 6.6)
was incubated with or without compounds for 15 min at 20°C. A final concentration of 100 nM of
a-[32P]-GTP was added and incubated at 20°C for 30 min. After incubation, bound a-[3?P]-GTP was
cross-linked to y-tubulin for 60 sec by illumination with a UV lamp using CL-1000 Ultraviolet
Crosslinker. Protein with the cross-linked GTP was separated from unbound nucleotide by TCA
precipitation and SDS-PAGE, and 3%P labeling was measured using a Typhoon FLA-9000 (General
Electronic Company). Band intensities were quantified with ImageJ software.
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Supporting Figure 1. Effects of gatastatin derivatives 3, 5, 6, and 11-15 on MT nucleation.

MT area nucleated from centrosomes (n = 20~25) were measured. Representative data of two

independent experiments is shown. Gatastatin derivatives 3, 5, 6, and 11-15 showed no inhibitory

activity against MT nucleation at 30 uM. We used GraphPad Prizm 6 to perform ANOVA. **** p <

0.0001; ns, no significance.
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Supporting Figure 2. Effects of gatastatin derivatives 4 on MT nucleation.

MT area nucleated from centrosomes (n = 20~25) were measured. Representative data of two

independent experiments is shown. Gatastatin derivatives 4 inhibited MT nucleation at 30, but not
10 uM. We used GraphPad Prizm 6 to perform ANOVA. **** p < 0.0001; ns, no significance.
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Supporting Figure 3. Effects of gatastatin derivatives 7-10 on MT nucleation.

MT area nucleated from centrosomes (n = 20~22) were measured. Representative data of two
independent experiments is shown. A. Gatastatin derivatives 7-10 inhibited MT nucleation at 30 uM.
B. Gatastatin derivatives 8 and 9 inhibited MT nucleation even at 1 uM. We used GraphPad Prizm 6
to perform ANOVA. **** p <0.0001; **, p < 0.01; ns, no significance.
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Supporting Figure 4. Effects of gatastatin derivatives 9 on GTP-binding of y-tubulin.

The effect of derivative 9 on GTP binding of y-tubulin were measured. Three independent
experiments (n = 3) is shown. Gatastatin derivatives 9 inhibited GTP binding of y-tubulin at 50 uM.
We used GraphPad Prizm 7 to perform ANOVA. *, p < 0.05; **, p < 0.01; **** p <0.001.
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Chemistry

General method

All chemicals were used as obtained from commercial supplies unless otherwise noted. Anhydrous
acetone, CHCls, MeCN, 1,4-dioxane, CH,Cl,, MeOH were purchased from Wako Pure Chemical
Industries Ltd or KANTO Chemical Co., Inc, and used without further drying. TLC analyses were
conducted on E. Merck precoated silica gel 60 F2s4 (0.25 mm layer thickness). Kanto silica gel 60 N or
E. Merck silica gel 60 were used for column chromatography. Melting point was measured on a J-
SCIENCE RFS-10 micro melting point apparatus and are uncorrected. Infrared (IR) spectra were
recorded on a HORIBA FT-720 instrument and only selected peaks are reported in wavenumbers
(cm™). H and 3C NMR spectra were recorded on a Varian 400-MR spectrometer. The 'H and 3C
chemical shifts were referenced to the solvent peaks, 1 7.26 (residual CHCl3) and oc 77.0 ppm
(CDClz). J values are given in Hz. The following abbreviations are used for spin multiplicity: s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet, and br = broad. High resolution ESI (electrospray
ionization)/TOF (time-of-flight) mass spectra were recorded on an Agilent Technologies G6520
spectrometer.
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Synthesis of gatastatin (1) and B-ring modified gatastatin derivatives (3-5)

Preparation of gatastatin (1) and B-ring modified gatastatin derivatives (3—5) is shown in Scheme S1.
Isovanillin (S1) was converted to acetophenone S2 using our previously reported procedure.?
Benzylation at the O’-hydroxy group in S2 and condensation of the resulting S3 with N,N-
dimethylformamide produced enamine S4, which was transformed into iodochromone S5. Suzuki—
Miyaura coupling®? between iodochromone S5 and the pinacol boronates S6-S9' produced
gatastatin (1) and B-ring modified gatastatin derivatives (3-5).
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Scheme S1. Synthesis of gatastatin (1) and B-ring modified gatastatin derivatives (3-5)

1-(4-(Benzyloxy)-2-hydroxy-5-methoxyphenyl)ethan-1-one (S3). To a stirred solution of the
acetophenone S2(12.3 g, 67.3 mmol) in MeCN (300 mL) were added K,CO3 (18.6 g, 135 mmol), BnCl
(7.80 mL, 67.8 mmol), and "BuaNI (30.0 g, 81.2 mmol) at room temperature. After being stirred at
room temperature for 22 h, the reaction mixture was diluted with saturated aqueous NaHCO3 (200
mL) and extracted with EtOAc (3 x 400 mL). The combined extracts were washed with brine (600
mL), dried (Na;SOas), filtered, and concentrated. The crude product was purified by column
chromatography on silica gel (300 g, hexane—-EtOAc15:1>6:1->5:1 - 3:1) to give benzyl ether
$3 (16.4 g, 90%) as a white solid: mp 124-126 °C; IR (neat) 3020, 1631, 1506, 1265, 1215, 1063 cm™
1. 1H NMR (400 MHz, CDCls) & 12.60 (s, 1H), 7.49-7.28 (m, 5H), 7.09 (s, 1H), 6.48 (s, 1H), 5.17 (s, 2H),
3.86 (s, 3H), 2.55 (s, 3H); 13C NMR (100 MHz, CDCls) 8 202.1, 159.8, 155.9, 142.1, 135.6, 128.7 (2C),
128.2,127.3(2C), 112.4,111.9, 101.9, 70.7, 56.9, 26.3; HRMS (ESI) m/z 273.1125, calcd for C16H1704
[M+H]*273.1127.
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7-(Benzyloxy)-3-iodo-6-methoxy-4H-chromen-4-one (S5). Benzyl ether S3 (3.46 g, 12.7 mmol) was

dissolved in N,N-dimethylformamide dimethyl acetal (15.0 mL, 0.11 mmol) and stirred at 90 °C for
5 h. The reaction mixture was concentrated in vacuo to give crude enamine S4 (4.53 g), which was
used for the next reaction without further purification.

To a stirred solution of crude enamine S4 (4.53 g) in CHCl3 (90 mL) were added pyridine (5.60 mL,
69.5 mmol) and I, (3.49 g, 27.7 mmol) at 0 °C. After being stirred in dark at room temperature for 20
h, the mixture was diluted with saturated aqueous Na;S;03 (100 mL) at room temperature and
extracted with CHCIz (3 x 110 mL). The combined extracts were washed with brine (200 mL), dried
(Na2S0a), filtered, and concentrated. The crude product was purified by column chromatography on
silica gel (60 g, hexane—EtOAc20:1>10:1->8:1 > 4:1) to give iodochromone S5 (4.32 g, 76%
in two steps) as a yellow solid: mp 191-193 °C; IR (neat) 1618, 1506, 1431, 1288, 1215, 1063 cm™;
1H NMR (400 MHz, CDCls) & 8.18 (s, 1H), 7.54 (s, 1H), 7.46—7.34 (m, 5H), 6.86 (s, 1H), 5.23 (s, 2H),
3.96 (s, 3H); 3*C NMR (100 MHz, CDCl5) 8 172.4, 156.8, 153.7, 152.0, 148.5, 135.3, 128.8 (2C), 128.4,
127.3 (2C), 115.3, 105.2, 101.0, 86.5, 71.2, 56.4; HRMS (ESI) m/z 408.9929, calcd for C17H14l04
[M+H]* 408.9937.

Typical procedure for the preparation of B-ring modified gatastatin derivatives
3-(Benzo[d][1,3]dioxol-5-yl)-7-(benzyloxy)-6-methoxy-4H-chromen-4-one (3). All solvents were
degassed by freeze—thawing. To a stirred solution of pinacol boronate S7 (61.2 mg, 247 umol) in 1,4-
dioxane (600 pL) was added PdCl>(dppf)-CH2Cl; (18.2 mg, 22.3 umol) in a glove box, and were added
solution of iodochromone S5 (81.6 mg, 200 pumol) in 1,4-dioxane (1.35 mL) and aqueous 1 M Na;COs
(800 pL, 800 umol) at room temperature. The mixture was stirred at room temperature under a
stream of Ar for 15 h and diluted with H,0 (6.0 mL) and CH;Cl; (10 mL) at room temperature. The
layers were separated, and the aqueous layer was extracted with CH,Cl; (2 x 10 mL). The organic
layer and extracts were combined, washed with brine (20 mL x 2), dried (Na;S0.), filtered with
Florisil (2.0 g), and concentrated. The crude product was purified by column chromatography on
silica gel (60 g, hexane—EtOAc 8:1 > 6:1 - 4 :1) to give a yellow solid (containing Pd-metal; 46.7
mg). The resultant yellow solid was dissolved in CHCI5 (3 mL), and SiliaBond (SILICYCLE, SiliaMetS®
Thiourea, 250 mg) was added. The resulting mixture was stirred at room temperature for 1 h, filtered,
and concentrated to give 3 (44.5 mg, 55%) as a white solid: mp 148-150 °C; IR (neat) 3020, 1635,
1604, 1506, 1433,1272, 1214, 1039 cm™; *H NMR (400 MHz, CDCl3)  7.88 (s, 1H), 7.63 (s, 1H), 7.48—
7.34 (m, 5H), 7.09 (d, J = 1.6 Hz, 1H), 6.96 (dd, J = 8.0, 1.6 Hz, 1H), 6.89 (s, 1H), 6.86 (s, J = 8.0 Hz, 1H),
5.98 (s, 2H), 5.25 (s, 2H), 3.99 (s, 3H); *3C NMR (100 MHz, CDCl3) & 175.3, 153.3, 152.0 (2C), 148.1,
147.6, 147.5, 135.5, 128.8 (2C), 128.3, 127.3 (2C), 125.9, 124.4, 122.3, 118.0, 109.7, 108.3, 105.1,
101.2,101.1, 71.1, 56.4; HRMS (ESI) m/z 403.1176, calcd for C2aH1906 [M+H]* 403.1182.

7-(Benzyloxy)-6-methoxy-3-(2,3,4,5-tetramethoxyphenyl)-4H-chromen-4-one (4). White solid; mp
148-150 °C; IR (neat) 3020, 1635, 1604, 1506, 1466, 1433, 1269, 1215, 1115 cm™; *H NMR (400
MHz, CDCl3)  7.96 (s, 1H), 7.64 (s, 1H), 7.49-7.35 (m, 5H), 6.92 (s, 1H), 6.70 (s, 1H), 5.27 (s, 2H), 3.99
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(s, 3H), 3.96 (s, 3H), 3.93 (s, 3H), 3.84 (s, 3H), 3.71 (s, 3H); 3C NMR (100 MHz, CDCl3) § 175.5, 153.9,
153.3, 152.0, 149.2, 148.1, 147.2, 145.7, 143.0, 135.5, 128.8 (2C), 128.3, 127.3 (2C), 121.1, 120.2,
118.1, 109.2, 105.1, 101.3, 71.1, 61.19, 61.15 (2C), 56.4, 56.1; HRMS (ESI) m/z 479.1710, calcd for
C27H2708 [M+H]*479.1706.

7-(Benzyloxy)-3-(4,7-dimethoxy-2,2-dimethylbenzo[d][1,3]dioxol-5-yl)-6-methoxy-4H-chromen-4-
one (5). White solid; mp 164-167 °C; IR (neat) 3020, 1635, 1606, 1506, 1466, 1431, 1267, 1215, 1141
cm~; H NMR (400 MHz, CDCl3) & 7.88 (s, 1H), 7.63 (s, 1H), 7.47—7.34 (m, 5H), 6.89 (s, 1H), 6.48 (s,
1H), 5.26 (s, 2H), 3.98 (s, 3H), 3.84 (s, 3H), 3.80 (s, 3H), 1.75 (s, 6H); 3C NMR (100 MHz, CDCl3) &
175.5, 153.5, 153.2, 152.0, 148.0, 139.1, 139.0, 136.7, 136.6, 135.5, 128.8 (2C), 128.3, 127.2 (2C),
121.6, 119.6, 118.0, 117.2, 108.6, 105.1, 101.3, 71.1, 60.2, 56.5, 56.4, 25.9 (2C); HRMS (ESI) m/z
491.1709, calcd for CasH2708 [M+H]* 491.1706.

Gatastatin (1). White solid; mp 152—-155 °C; IR (neat) 3018, 1647, 1508, 1456, 1296, 1217, 1051 cm~
1. 14 NMR (400 MHz, CDCl3) & 7.86 (s, 1H), 7.62 (s, 1H), 7.48-7.34 (m, 5H), 6.89 (s, 1H), 6.51 (s, 1H),
6.01 (s, 2H), 5.26 (s, 2H), 3.98 (s, 3H), 3.86 (s, 3H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCls) & 175.4,
153.4, 153.2, 152.0, 148.0, 139.1, 138.9, 137.0, 136.7, 135.5, 128.8 (2C), 128.3, 127.2 (2C), 121.6,
118.0,117.9, 110.0, 105.1, 101.8, 101.3, 71.1, 60.1, 56.8, 56.3; HRMS (ESI) m/z 463.1388, calcd for
C26H230s [M+H]*463.1393.
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Synthesis of O°-modified gatastatin derivatives (6—10) and O°-modified 3’,4’-acetonide gatastatin
derivatives (11-15)

We prepared O®-modified gatastatin derivatives (6—10) from acetophenone S$3 (Scheme S2).
Oxidative cleavage of the methyl group at the O®-position of acetophenone S3 produced
hydroquinone S11. In this reaction, S3 is treated with CAN in the presence of L-(+)-ascorbic acid as a
radical scavenger to generate benzoquinone $10, which is reduced using sodium thiosulfate to
provide hydroquinone S11. Selective introduction of a THP group at the O°-position in $11 produced
acetophenone S12. Condensation of S12 with N,N-dimethylformamide acetal and subsequent
iodinative cyclization of enamine S13 generated iodochromone S14. Joining of iodochromone $14
and pinacol boronate S6 using Suzuki—-Miyaura coupling? gave 6, which was transformed into 0°-
hydroxy gatastatin (7). Alkylation of the O°-hydroxy group of 7 with allyl bromide, propargyl bromide,
and benzyl bromide produced O®-alkylated gatastatin derivatives (8-10), respectively. Also, O°-
modified 3’,4’-acetonide gatastatin derivatives (11-15) were prepared from S14 in the same manner
using pinacol boronate S9 (Scheme S3).

(0] CAN o (0]
MeO _s L-(+)-ascorbic acid 0 sat. Nap,S,0,4 aq HO 6
—_— —_—
MeCN, H,0 CHCly, 1t
BnO OH 0°C BnO (e} BnO OH
S3 S10 S1
58%, recovered S3 30%
o (e}
DHP THPO 6 THPO 6 P

(+)-CSA (MeO),CHNMe, NMe,

CHeCly 0°C BnO OH 90°C BnO OH
S12 S13
o S6
I PdCl(dppf)-CH,Cly
pyridine THPOm' 1 M Na,COj3 aq. THPO p-TsOH-H,O
—_—

CHCI3, rt BnO 0 1,4-dioxane, rt, 97% BnO CHCl3, MeOH, rt

94% in 2 steps 75%
S14 6
OMe allyl bromide(for 8),
propargyl bromide (for 9), 8R3 ;z_/\/ 92%

or benzyl bromide (for 10)
Ko,CO3

9RI=YT N 9%

10R3 =E/\© 91%

Scheme S2. Synthesis of 0°-modified gatastatin derivatives (6—10)

acetone, reflux

1-(4-(Benzyloxy)-2,5-dihydroxyphenyl)ethan-1-one (S11). To a stirred solution of acetophenone S3
(204 mg, 749 umol) and L-(+)-ascorbic acid (158 mg, 899 pumol) in MeCN (6.0 mL) was added CAN (1
M solution in H;0, 1.50 mL, 1.50 mmol) at 0 °C. After being stirred at 0 °C for 1 h, the reaction mixture
were added L-(+)-ascorbic acid (199 mg, 1.13 mmol), CHCI5 (25 mL), and H;0 (25 mL) at 0 °C. The
layers were separated, and the aqueous layer was extracted with CHCIs; (2 x 30 mL). The organic layer
and extracts were combined, dried (Na;S0.), filtered, and concentrated. The resultant mixture was

dissolved in CH2Cl; (5 mL) and added with saturated aqueous NaS;0a4 (5 mL) at room temperature.
S10
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After being stirred at room temperature for 1 h, the resultant mixture was separated, and the

aqueous layer was extracted with CHCl3 (2 x 6 mL). The organic layer and extracts were combined,
dried (NaxSOa), filtered, and concentrated. The crude product was purified by column
chromatography on silica gel (8.0 g, hexane—acetone 30:1 > 10:1 - 5 : 1) to give hydroquinone
S11 (118 mg, 58%) as a yellow solid and acetophenone S3 (57.3 mg, 30%): mp 159-161 °C; IR (neat)
3566, 3020, 2974, 1699, 1635, 1506, 1458, 1219 cm™; 'H NMR (400 MHz, CDCls3) 6 12.46 (s, 1H),
7.43-7.40 (m, 5H), 7.24 (s, 1H), 6.53 (s, 1H), 5.14 (s, 2H), 2.54 (s, 3H). A signal due to one proton
(OH) was not observed; 3C NMR (100 MHz, CDCls) & 202.7, 158.6, 152.7, 138.0, 134.9, 128.9 (2C),
128.8, 128.0 (2C), 114.1, 112.6, 100.8, 71.2, 26.5; HRMS (ESI) m/z [M+H]* 259.0967, calcd for
Ci1sH1504 [M+H]* 259.0970.

1-(4-(Benzyloxy)-2-hydroxy-5-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)ethan-1-one (S12). To a
stirred solution of hydroquinone S11 (1.40 g, 5.43 mmol) in CH,Cl; (85.0 mL) were added DHP (2.00
mL, 22.1 mmol) and (+)-CSA (64.0 mg, 273 umol) at 0 °C. After being stirred at 0 °C for 2 h, the
reaction mixture was added EtsN (150 umL, 1.08 mmol) and stirred at 0 °C for 10 min. The resultant
mixture was diluted with saturated aqueous NaHCO3 (100 mL). The layers were separated, and the
aqueous layer was extracted with EtOAc (2 x 120 mL). The organic layer and extracts were combined,
dried (NazSOa), filtered, and concentrated. The crude product was purified by column
chromatography on silica gel (33 g, hexane—EtOAc30:1>20:1->15:1 - 8:1) to give THP ether
$12 (1.74 g, 93%) as a white solid: mp 102-105 °C; IR (neat) 3566, 3020, 2976, 1635, 1508, 1373,
1329, 1254, 1217 cm™%; 'H NMR (400 MHz, CDCl3) 8 12.60 (s, 1H), 7.43-7.32 (m, 6H), 6.50 (s, 1H),
5.26 (t,J=3.2 Hz, 1H), 5.11 (s, 2H), 4.05 (m, 1H), 3.61 (m, 1H), 2.52 (s, 3H), 2.00-1.81 (m, 3H), 1.69-
1.60 (m, 3H); **C NMR (100 MHz, CDCls) 6 202.4, 160.7, 157.3, 138.6, 135.8, 128.5 (2C), 128.0, 127.0
(2C), 120.8,112.3,101.8,99.0, 70.4, 62.2, 30.2, 26.2, 25.2, 18.7; HRMS (ESI) m/z 343.1546, calcd for
C20H230s [M+H]* 343.1546.

7-(Benzyloxy)-3-iodo-6-((tetrahydro-2H-pyran-2-yl)oxy)-4H-chromen-4-one (S14). THP ether S$12
(1.00 g, 2.93 mmol) was dissolved in N,N-dimethylformamide dimethyl acetal (10.0 mL, 75.3 mmol)
and stirred at 90 °C for 5 h. The reaction mixture was concentrated in vacuo to give crude enamine

$13 (1.21 g), which was used for the next reaction without further purification.

To a stirred solution of crude enamine S13 (205 mg) in CHCl3 (12.0 mL) were added pyridine (400 pL,
4,97 mmol) and I; (261 mg, 2.07 mmol) at 0 °C. After being stirred in dark at room temperature for
23 h, the mixture was diluted with saturated aqueous Na,S,03 (15 mL) at room temperature and
extracted with CHCI3 (3 x 20 mL). The combined extracts were washed with brine (50 mL), dried
(NazS0.), filtered, and concentrated. The crude product was purified by column chromatography on
silica gel (10 g, hexane—EtOAc 12:1 > 10:1->8:1 - 4:1) to give iodochromone S14 (223 mg,
94% in two steps) as a yellow solid: mp 166—170 °C; IR (neat) 3020, 2976, 1647, 1616, 1496, 1456,
1367, 1215 cm™L; 'H NMR (400 MHz, CDCls) 8 8.18 (s, 1H), 7.84 (s, 1H), 7.46—7.34 (m, 5H), 6.90 (s,
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1H), 5.54 (t, J=3.0 Hz, 1H), 5.21 (s, 2H), 3.96 (m, 1H), 3.62 (m, 1H), 2.01-1.88 (m, 3H), 1.72-1.62 (m,
3H); 3C NMR (100 MHz, CDCls3) & 172.3, 156.8, 155.0, 152.8, 145.4, 135.6, 128.7 (2C), 128.2, 127.0
(2C), 115.5,112.5,101.4,97.7, 86.6, 70.9, 62.2, 30.1, 25.1, 18.6; HRMS (ESI) m/z 479.0351, calcd for
C21H2010s [M+H]* 479.0355.

7-(Benzyloxy)-3-(4,7-dimethoxybenzo[d][1,3]dioxol-5-yl)-6-((tetrahydro-2H-pyran-2-yl)oxy)-4H-
chromen-4-one (6). All solvents were degassed by freeze—thawing. The mixture of pinacol boronate
S6 (100 mg, 325 umol) and iodochromone S$14 (129 mg, 270 umol) was added PdCl;(dppf)-CH,Cl,
(11.5 mg, 14.1 umol) in a glove box, and were added 1,4-dioxane (6.0 mL) and aqueous 1 M Na,COs
(1.90 mL, 1.90 mmol) at room temperature. The mixture was stirred at room temperature under a
stream of Ar for 15.5 h and diluted with H,0 (10.0 mL). The mixture was extracted with EtOAc (3 x
12 mL). The combined extracts were washed with brine (30 mL), dried (Na;SQ0a4), filtered, and
concentrated. The crude product was purified by column chromatography on silica gel (3.5 g,
hexane—EtOAc8:1 > 6:1 - 3:1)to give a yellow solid (containing Pd-metal; 142 mg). The resultant
yellow solid was dissolved in EtOAc (10 mL), and SiliaBond (SILICYCLE, SiliaMetS® Thiourea, 714 mg)
was added. The resulting mixture was stirred at room temperature for 1 h, filtered, and concentrated
to give 6 (141 mg, 97%) as a white solid: mp 88-92 °C; IR (neat) 3020, 2978, 1646, 1607, 1522, 1468,
1423, 1352, 1295 cm™%; 1H NMR (400 MHz, CDCl3) 8 7.91 (s, 1H), 7.85 (s, 1H), 7.47-7.32 (m, 5H), 6.93
(s, 1H), 6.50 (s, 1H), 6.00 (s, 2H), 5.57 (t, J = 3.0 Hz, 1H), 5.22 (s, 2H), 4.01 (m, 1H), 3.85 (s, 3H), 3.83
(s, 3H), 3.62 (m, 1H), 2.05-1.88 (m, 3H), 1.71-1.58 (m, 3H); 13C NMR (100 MHz, CDCl3) § 175.3, 154.6,
153.4, 152.8, 144.8, 139.0, 138.9, 136.9, 136.7, 135.8, 128.6 (2C), 128.1, 126.9 (2C), 121.5, 118.1,
118.0, 112.7, 110.0, 101.7, 101.7, 97.7, 70.8, 62.1, 60.1, 56.8, 30.1, 25.1, 18.6; HRMS (ESI) m/z
533.1806, calcd for C3oH2909 [M+H]* 533.1812.

7-(Benzyloxy)-3-(4,7-dimethoxybenzo[d][1,3]dioxol-5-yl)-6-hydroxy-4H-chromen-4-one (7). To a
stirred solution of 6 (17.1 mg, 32.1 umol) in CHCIs—-MeOH (2 : 1, 10.5 mL) was added p-TsOH-H,0
(1.20 mg, 6.31 umol) at room temperature. After the mixture was stirred at room temperature for
1.5 h, Et3sN (20.0 uL, 143 pmol) and H;0 (3 mL) were added. The layers were separated, and the
aqueous layer was extracted with CHCIl3 (2 x 5 mL). The organic layer and extracts were combined,
dried (NazSOa), filtered, and concentrated. The crude product was purified by column
chromatography on silica gel (6.0 g, hexane—EtOAc3:1 > 1:1) to give 7 (10.8 mg, 75%) as a white
solid: mp 224-226 °C; IR (neat) 3608, 3020, 2976, 1647, 1558, 1541, 1219 cm™; 'H NMR (400 MHz,
CDCl3) 8 7.88 (s, 1H), 7.74 (s, 1H), 7.46—7.45 (m, 5H), 6.96 (s, 1H), 6.52 (s, 1H), 6.02 (s, 2H), 5.23 (s,
2H), 3.87 (s, 3H), 3.84 (s, 3H). A signal due to one proton (OH) was not observed; 33C NMR (100 MHz,
CDCls) 6 175.5, 153.6, 151.5, 150.8, 144.1, 139.1, 139.0, 137.0, 136.7, 134.8, 128.94 (2C), 128.90,
127.9 (2C), 121.5, 118.9, 118.0, 110.0, 109.0, 101.8, 100.3, 71.6, 60.2, 56.9; HRMS (ESI) m/z
449.1233, calcd for CasH210s [M+H]* 449.1236.

Typical procedure for the preparation of O%-alkylated gatastatin derivatives
6-(Allyloxy)-7-(benzyloxy)-3-(4,7-dimethoxybenzo[d][1,3]dioxol-5-yl)-4H-chromen-4-one (8). To a
S$12
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stirred solution of 7 (15.6 mg, 34.8 umol) in acetone (6.0 mL) were added K,CO3 (9.80 mg, 70.9 pumol)

and allyl bromide (4.40 uL, 52.0 umol) at room temperature. After being stirred at reflux for 8.5 h,
the mixture was diluted with saturated aqueous NaHCOs3 (10 mL) and extracted with CHCls (3 x 12
mL). The combined extracts were washed with brine (30 mL), dried (Na;SO4), filtered, and
concentrated. The crude product was purified by column chromatography on silica gel (2.0 g,
hexane—EtOAc 7 :1 > 5:1 - 3 :1) to give allyl ether 8 (15.7 mg, 92%) as a white solid: mp 146—
148 °C; IR (neat) 3020, 2933, 1635, 1608, 1506, 1456, 1268, 1097, 1038 cm™; 'H NMR (400 MHz,
CDCl3) 8 7.86 (s, 1H), 7.64 (s, 1H), 7.48-7.34 (m, 5H), 6.91 (s, 1H), 6.51 (s, 1H), 6.11 (ddt, J = 17.2,
10.4, 5.2 Hz, 1H), 6.01 (s, 2H), 5.48 (ddt, J = 17.2, 1.6, 1.6 Hz, 1H), 5.32 (ddt, J = 10.4, 1.6, 1.6 Hz, 1H),
5.26 (s, 2H), 4.71 (ddd, J = 5.2, 1.6, 1.6 Hz, 2H), 3.86 (s, 3H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCl5)
0175.4,153.6,153.4,152.1, 146.9, 139.1, 138.9, 137.0, 136.7, 135.7, 132.6, 128.7 (2C), 128.2, 127.1
(2C), 121.6, 118.1, 118.0, 117.9, 110.0, 106.9, 101.8, 101.6, 71.0, 69.9, 60.2, 56.8; HRMS (ESI) m/z
489.1546, calcd for CasH2508 [M+H]* 489.1549.

7-(Benzyloxy)-3-(4,7-dimethoxybenzo[d][1,3]dioxol-5-yl)-6-(prop-2-yn-1-yloxy)-4H-chromen-4-
one (9). White solid; mp 174-176 °C; IR (neat) 3307, 3020, 2976, 1635, 1608, 1506, 1456, 1419, 1295,
1261, 1215, 1097 cm=2; *H NMR (400 MHz, CDCls) § 7.87 (s, 1H), 7.78 (s, 1H) 7.48-7.33 (m, 5H), 6.92
(s, 1H), 6.51 (s, 1H), 6.02 (s, 2H), 5.26 (s, 2H), 4.87 (d, J = 2.2 Hz, 2H), 3.86 (s, 3H), 3.84 (s, 3H), 2.54
(t,J=2.2 Hz, 1H); 3C NMR (100 MHz, CDCl5) § 175.3, 153.7, 153.5, 152.6, 145.7, 139.1, 138.9, 137.0,
136.7, 135.5, 128.8 (2C), 128.3, 127.2 (2C), 121.7,117.88, 117.86, 110.0, 108.1, 101.8, 101.7, 77.8,
76.3,71.1,60.2, 57.0, 56.8; HRMS (ESI) m/z 487.1385, calcd for CagH230s [M+H]*487.1393.

6,7-Bis(benzyloxy)-3-(4,7-dimethoxybenzo[d][1,3]dioxol-5-yl)-4H-chromen-4-one (10). White
solid; mp 154—158 °C; IR (neat) 3020, 2976, 1608, 1456, 1296, 1245, 1153, 1037 cm™%; *H NMR (400
MHz, CDCls) 8 7.87 (s, 1H), 7.73 (s, 1H), 7.51-7.32 (m, 10H), 6.92 (s, 1H), 6.51 (s, 1H), 6.01 (s, 2H),
5.27 (s, 2H), 5.25 (s, 2H), 3.86 (s, 3H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCls) & 175.4, 153.8, 153.5,
152.2, 147.1, 139.1, 138.9, 137.0, 136.7, 136.4, 135.8, 128.7 (2C), 128.5 (2C), 128.2, 128.0, 127.4
(2€), 127.0 (2C), 121.6, 117.99, 117.97, 110.0, 107.5, 101.8, 101.7, 71.04, 70.96, 60.2, 56.8; HRMS
(ESI) m/z 539.1709, calcd for C32H2708 [M+H]* 539.1706.
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Synthesis of O®-modified 3’,4’-acetonide gatastatin derivatives (11-15)
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Scheme S3. Synthesis of 0°-modified 3’,4’-acetonide gatastatin derivatives (11-15)

7-(Benzyloxy)-3-(4,7-dimethoxy-2,2-dimethylbenzo[d][1,3]dioxol-5-yl)-6-((tetrahydro-2H-pyran-
2-yl)oxy)-4H-chromen-4-one (11). All solvents were degassed by freeze-thawing. The mixture of
pinacol boronate $9 (29.5 mg, 91.9 umol) and iodochromone S14 (36.6 mg, 76.5 umol) was added
PdCl,(dppf)-CH2Cl2 (3.10 mg, 3.80 umol) in a glove box, and were added 1,4-dioxane (2.0 mL) and
aqueous 1 M NaCOs (540 pL, 540 umol) at room temperature. The mixture was stirred at room
temperature under a stream of Ar for 15 h and diluted with H,O (5.0 mL). The mixture was extracted
with EtOAc (3 x 6 mL). The combined extracts were washed with brine (15 mL), dried (Na2SOa),
filtered, and concentrated. The crude product was purified by column chromatography on silica gel
(1.5 g, hexane—EtOAc 10:1 > 6:1 = 4 : 1) to give a yellow solid (containing Pd-metal; 34.2 mg).
The resultant yellow solid was dissolved in EtOAc (3.0 mL), and SiliaBond (SILICYCLE, SiliaMetS®
Thiourea, 102 mg) was added. The resulting mixture was stirred at room temperature for 1 h, filtered,
and concentrated to give 11 (34.0 mg, 79%) as a white solid: mp 68-72 °C; IR (neat) 3020, 2962,
1647,1522,1458, 1419, 1375, 1261 cm™; *H NMR (400 MHz, CDCl3) § 7.91 (s, 1H), 7.84 (s, 1H), 7.48—
7.34 (m, 5H), 6.91 (s, 1H), 6.46 (s, 1H), 5.55 (t, J = 3.0 Hz, 1H), 5.20 (s, 2H), 4.01 (m, 1H), 3.82 (s, 3H),
3.78 (s, 3H), 3.63 (m, 1H), 2.04-1.91 (m, 3H), 1.73 (s, 6H), 1.70-1.59 (m, 3H); 3C NMR (100 MHz,
CDCl3) 6 175.3,154.5,153.4,152.7, 144.7, 139.0, 138.8, 136.6, 136.5, 135.7, 128.5 (2C), 128.0, 126.8
(2C€), 121.5,119.4,118.1,117.1,112.6, 108.6, 101.6, 97.5, 70.7, 62.0, 60.0, 56.4, 30.0, 25.7 (2C), 25.0,
18.5; HRMS (ESI) m/z 561.2126, calcd for C32H3309 [M+H]* 561.2125.

7-(Benzyloxy)-3-(4,7-dimethoxy-2,2-dimethylbenzo[d][1,3]dioxol-5-yl)-6-hydroxy-4H-chromen-4-

one (12). To a stirred solution of 11 (160 mg, 285 pmol) in CHCl3—MeOH (2 : 1, 18.0 mL) was added
p-TsOH-H;0 (9.20 mg, 48.4 umol) at 0 °C. After the mixture was stirred at room temperature for 5 h,
EtsN (20.0 pL, 143 umol) and H,0 (10 mL) were added. The layers were separated, and the agueous
layer was extracted with CHCIls (3 x 12 mL). The organic layer and extracts were combined, dried
(NazS0.), filtered, and concentrated. The crude product was purified by column chromatography on
silica gel (3.0 g, hexane—EtOAc 3 : 1 - 1: 1) to give 12 (123 mg, 96%) as a white solid: mp 200-
203 °C; IR (neat) 3608, 3020, 2960, 1635, 1508, 1457, 1271, 1217 cm™; *H NMR (400 MHz, CDCls) &
7.88 (s, 1H), 7.75 (s, 1H), 7.45=7.40 (m, 5H), 6.95 (s, 1H), 6.48 (s, 1H), 5.83 (s, 1H), 5.23 (s, 2H), 3.85
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(s, 3H),3.80(s, 3H), 1.75 (s, 6H); 3C NMR (100 MHz, CDCl3)  175.6, 153.6, 151.5, 150.7, 144.1, 139.2,
139.0, 136.8, 136.6, 134.8, 128.94 (2C), 128.89, 127.9 (2C), 121.5, 119.6, 118.9, 117.2, 109.0, 108.7,
100.3, 71.6, 60.2, 56.6, 25.9 (2C); HRMS (ESI) m/z 477.1551, calcd for C27H250s [M+H]* 477.1549.

Typical procedure for the preparation of 0%-alkylated 3’,4’-acetonide gatastatin derivatives
6-(Allyloxy)-7-(benzyloxy)-3-(4,7-dimethoxy-2,2-dimethylbenzo[d][1,3]dioxol-5-yl)-4H-chromen-
4-one (13). To a stirred solution of 12 (15.2 mg, 31.9 umol) in acetone (3.0 mL) were added K,COs
(8.80 mg, 63.7 umol) and allyl bromide (4.10 pL, 48.5 umol) at room temperature. After being stirred
at reflux for 10 h, the mixture was diluted with saturated agueous NaHCOs3 (5.0 mL) and extracted
with CHCI3 (3 x 6 mL). The combined extracts were washed with brine (15 mL), dried (Na2S0a),
filtered, and concentrated. The crude product was purified by column chromatography on silica gel
(2.0 g, hexane—EtOAc7:1 > 3:1 - 1:1) to give allyl ether 13 (16.4 mg, quant) as a white solid:
mp 125-129 °C; IR (neat) 3018, 2937, 1639, 1606, 1502, 1454, 1267, 1141, 1054 cm™; 'H NMR (400
MHz, CDCls) & 7.88 (s, 1H), 7.64 (s, 1H), 7.48-7.34 (m, 5H), 6.90 (s, 1H), 6.47 (s, 1H), 6.11 (ddt, J =
17.2,10.4, 5.2 Hz, 1H), 5.48 (ddt, /= 17.2, 1.6, 1.6 Hz, 1H), 5.32 (ddt, /= 10.4, 1.6, 1.6 Hz, 1H), 5.26
(s, 2H), 4.71 (ddd, J = 5.2, 1.6, 1.6 Hz, 2H), 3.84 (s, 3H), 3.80 (s, 3H), 1.75 (s, 6H); 3C NMR (100 MHz,
CDCls) 6 175.5, 153.59, 153.56, 152.1, 146.9, 139.1, 139.0, 136.8, 136.6, 135.7, 132.6, 128.7 (2C),
128.2,127.1(2C), 121.6,119.6,118.1, 118.0,117.2, 108.7, 107.0, 101.6, 71.0, 69.9, 60.2, 56.6, 25.9
(2C); HRMS (ESI) m/z 517.1868, calcd for CaoH290s [M+H]* 517.1862.

7-(Benzyloxy)-3-(4,7-dimethoxy-2,2-dimethylbenzo[d][1,3]dioxol-5-yl)-6-(prop-2-yn-1-yloxy)-4H-
chromen-4-one (14). White solid; mp 143-147 °C; IR (neat) 3307, 3018, 2933, 1641, 1606, 1502,
1460, 1377, 1269, 1214, 1089 cm™; 'H NMR (400 MHz, CDCls3) & 7.88 (s, 1H), 7.79 (s, 1H) 7.50-7.32
(m, 5H), 6.92 (s, 1H), 6.48 (s, 1H), 5.26 (s, 2H), 4.87 (d, J = 2.4 Hz, 2H), 3.85 (s, 3H), 3.80 (s, 3H), 2.54
(t,J=2.4 Hz, 1H), 1.75 (s, 6H); 13C NMR (100 MHz, CDCl3) § 175.4, 153.7, 153.6, 152.6, 145.7, 139.1,
139.0, 136.8, 136.6, 135.5, 128.8 (2C), 128.3, 127.2 (2C), 121.7, 119.6, 117.9, 117.1, 108.7, 108.2,
101.7, 77.8, 76.3, 71.1, 60.2, 57.0, 56.6, 25.9 (2C); HRMS (ESI) m/z 515.1700, calcd for C3oH270s
[M+H]* 515.1706.

6,7-Bis(benzyloxy)-3-(4,7-dimethoxy-2,2-dimethylbenzo[d][1,3]dioxol-5-yl)-4H-chromen-4-one
(15). White solid; mp 64-69 °C; IR (neat) 3020, 2979, 1602, 1516, 1456, 1419, 1215cm~; 'H NMR
(400 MHz, CDCls3) 6 7.88 (s, 1H), 7.74 (s, 1H), 7.51-7.32 (m, 10H), 6.92 (s, 1H), 6.47 (s, 1H), 5.27 (s,
2H), 5.25 (s, 2H), 3.85 (s, 3H), 3.80 (s, 3H), 1.75 (s, 6H); 3C NMR (100 MHz, CDCl3) & 175.5, 153.8,
153.5, 152.2, 147.1, 139.1, 139.0, 136.8, 136.6, 136.5, 135.8, 128.7 (2C), 128.5 (2C), 128.2, 128.0,
127.4 (2C), 127.0 (2C), 121.6, 119.6, 118.0, 117.1, 108.6, 107.6, 101.7, 71.05, 70.95, 60.2, 56.6, 25.9
(2C); HRMS (ESI) m/z 567.2015, calcd for C3sH310s [M+H]* 567.2019.

S15



Supporting Information
References

S1) Hayakawa, I.; Shioda, S.; Ikedo, A.; Kigoshi, H. Bull. Chem. Soc. Jpn. 2014, 87, 544-549.
S2) Hoshino, Y.; Miyaura, N.; Suzuki, A. Bull. Chem. Soc. Jpn. 1988, 61, 3008-3010.

S16



Supporting Information

o o o o o o o o o o (=] o o o
< o~ (@] [¢5] [{e] << (] o (@] (@] (@] o
m ® ® & & & & & @ @ ¥ 49 e 5 o ¥ & o ¢
1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1
T
(@) @)
™
wn
@) @)
i) c
= m
—_—
2887 — —_— =< Fooef
£98'€— S— — Fue
69L'G— S— —  Feoz
£87'9— e — V60 }
180°L
£|op009zz\
zzeL M - Fo01
TAA - _ - )
sgg‘_{lr\ = 1_989-
09¢g°
eogsd
89€¢
8LE"L
16
96€° £
66€L1
SLy 2
€LV
LEV LY
9657l — —_— —— =90
TY
o0
N N
R
1o 10
T
<<
g

'H NMR spectra of S3 (400 MHz, CDCls)
S17

10

il

12

13

1 (ppm)



4500

4000

3500

3000

Supporting Information

)
S
S
i

2500
~1500
~1000

vE'9Ce—

L6905 —

99°0L~

89°0L
€1po OO'L.LB

5916-2-2-13C

new experimgnt

CELL

v6'L0L—

98'LLL~_
A aditd

SZ'Lel
LZ'SZL'}
£9'821

8G'GEL—

cLevl—

v6'SSL—
28'65L—

0¢0c—

MeO

OH

BnO

S3

13C NMR spectra of §3 (100 MHz, CDCls)
S18

0 210

-10

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

200

1 (ppm)



-4500

-4000

3500

~3000

Supporting Information

Qo
o

-2500
-1500
~1000
-500

o
i

E96'€E—

LECS—

7989

EPP2092'L

4730-1-2-1MH

ovEL

€58/

[SEL

L9€'L
W BLEL
@ 18€°L
b z6eL
S 96€L
< gov,
T vive
Q /vy
DLocys

E 8L —

STANDARD

MeO

BnO

S5

'H NMR spectra of S5 (400 MHz, CDCls)
S19

F00¢€

F=E07C |

=101l

} EL'S -

=20l

=160 |

00 -05 -0

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
1 (ppm)

8.0

8.5



1300

~1200

~1100

Supporting Information

~800
-700
600
~500
400
-300
200

100

--100

ov'9S—

8l'LL—

89'9L
£1opo 00'&&}

4730-1-2-13C

4730-1-2

CELL

Lv'98—

Z0'LoL—
8L'S0L—

rESLL—

LT°L21
L7’ 8Cl~=
GL'BZL-/

9¢ GEL—

ov'8rL—
20TSL~
L9ESL—
¢8'951L—

SETL—

MeO

BnO

S5

13C NMR spectra of S5 (100 MHz, CDCls)
S20

-10

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

30



-2400

-2200

-1800

Supporting Information

-1600
-1400
~1200
-1000
-800
-600

-400
-200

--200

LBBE—

(AT b

7R
6989
£88'9
0569
7569
0£6'9
v/6'9
Z60°L
960'.{)'
£10p0 09T L —
e L
z9gL
98,
oov'L
vovL
zevL
STyl
& LSP'L
S vivL
Deivs
Qoo
> 188'L
<

4820-1-4-1-1H

'H NMR spectra of 3 (400 MHz, CDCls)
S21

oot

Fo0z

=661

-1.0

3.0 25 2.0 1.5 1.0 05 0.0 -05

35

8.0 7.5 7.0 6.5 6.0 55 5.0 45

8.5

1 (ppm)



~1500

1000

Supporting Information

900

GE'9G—

oL'LL—

89'9L
€Ppo OO'LL}

4820-1-4-1-13C

CELL

LL'LOL
0Z'LoL
80°G0L—
£E€'80L—
L 601"

L6°LLL
Le'eel
or'vel
SB'SZL%
STLEL~C
EE'8CL-F
SL'BZI.-/
IS'GEL—

£G°L1L
19°L1L

80‘817[-/
SE'LSL-S
LE'SSL'/

EGL—

4820-1-4-1-13C

13C NMR spectra of 3 (100 MHz, CDCls)
S22

-10

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

0



-1700

~1600

-1500

-1400

-1300

-1200

Supporting Information

-1100
~1000
-900
-800
-700
-—600
~500
-400
-300
~200
-100

--100

S0L'E
SES'S*
8Z6'E~"
856 €7
ee6e/

LLTS—
8699
8L6'9

EPPOQ9T’L

4X28-3-1H
4X28-3

0EEL
creEL
8VEL
GSEL
99E°L
0LE'L
L6E°L
90vL
oL
ETrL
LZVL
0EVL
v L-~8
(421744
S8vL
oL
896 L—

o
=
O

OMe

'H NMR spectra of 4 (400 MHz, CDCls)
S23

9ze

¢CE |
JBZ'E
gt

8E'E

Bl AN

=Ll |

=2l

Leos |

=601

=001

-1.0

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)

8.0

8.5



1000

700

Supporting Information

600
500
400
300
200

100

O

+-100

195
8E'9S

SL'L9
6L‘L9>

cl'LL—

89'9L
EpPp2 OO'LL}
CELL

zeor"
60°50L—
LLB0L~_

90'8LL~_
SL'OZL~
0'LzZLY"
STLTL

SE'8Zl~
oggz/

76'5EL—
vOEVL
04SPl
zum\
LO°8YL~Y
vZ 6L~
10'ZSL—
Ls:'sstf
Z6'€51

v'SLL—

4X28-3-13C
4X28-3-13¢C

13C NMR spectra of 4 (100 MHz, CDCls)
S24

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100

0

f1 (ppm)



Supporting Information

o o
) o 8 8 }=4
o o rs) o =
[32] o~ — — wn (@]
1 1 i 1 i L 1 1 1 1 i
————————————
(7]
{
oL =009 |
664 '€~ - __ 96T |
evge~" - = 9z'€
v86'€~" 3 6L'E
15TG— —_— ——— 0T}
8/v'9— —_— —_— =70l
eopoB83 97 - =000
8EEL
99€'L§ —_ L
6SE'L K -
08€'L ‘_E I\-osz's
¥8EL —_ ——— =660
S6EL €60 [
66EL — —_—
L ave
o« — 0Z¥L
< L pstL
- & UvL
+ + Siv'L
© ©829L
S< < 98¢L
SRS

'H NMR spectra of 5 (400 MHz, CDCls)
S25

-1.0

0.0 -05

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

8.0

8.5



2800

2600

2400

2200

Supporting Information

-1800
1600
~1400
-1200
~1000
800

600

400
200

o
L " 1 "

o

)

o
1

S8'6c—

GE'9S
£6'99
91'09~"

9Q0'LL—

89'9L
EPP2 00'11}

4X16-1-1-1-1-13C

CELL

8Z'101~"
ZLS0L—
29801~

oLZLL
se'ml
Z96LL—"
091217
LT L2~
6282l —
sren’
£9'GEL~_
09'9€L

vros1/y
16‘881{
ZUBEL

L6 LPL~
66151

8L oL
£5°EGL

1Z28'SLL—

4X16-1-1-171-13C

OMe

n

13C NMR spectra of 5 (100 MHz, CDCls)
S26

-10

180 1770 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

0



Supporting Information

2 O o © o o o O O ¢ O o o o
B EEEEEEEEEEEEEEEEEEE R
—
| I U T I U ST T ST T T ST T T ST R R ST — R, ST T ST ST S, E_——"
i
—ﬁ
LEBE _ wf
= =
ge8'e~" — }53-2
186~ —;‘
§5TG— —_— = EIZT
800'9— — = 150C
805'9— — 501
v68'9— — —  F901
£19p009Z'£
6EE'L
vreE'L x - — L I
95E'L -:% 35
18, ‘
, — = 10
S6€'L j v60 |
66€ 'L _ o
I ave
A
& Yozve
o PSEL
N e
G zzow
5 Sezost
T T
© ©

'H NMR spectra of 1 (400 MHz, CDCls)
S27

3.0 25 2.0 1.5 1.0 0.5 00 -05 -0

35

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

8.5

f1 (ppm)



~1000

-900

Supporting Information

~700
-600
-500
~400
-300
-200

-100

--100

PE9S~
64957
7109~

90'LL—

89'9L
£10p2 00‘11}

6107-2-2-1-13C

6108-2

CELL

LT0L=F
6[[0L§
60°'G0L

S6'60L—

£6LLL
66':1I.L>
09'12L~"
zT'LTL
6287l
scgzLs
LS'GEL
RIS
00°LEL
ss‘smf
LO'BEL
86°LVL~_
00ZS5L
1Z'est
L7'ESL

LEGLL—

13C NMR spectra of 1 (100 MHz, CDCls)
S28

-10

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

0



Supporting Information

(wdd) L
OL- §0- 00 S0 OL SL 0¢ 9¢ 0€ §€ O¥ Sv 0SS §S 09 g9 0L S92 08 S8 06 S6 00LSOL OLL S'LL O¢L §¢CL O€EL G"
L " 1 L 1 L 1 " 1 " 1 L 1 " " 1 " 1 " 1 L 1 " 1 " 1 L 1 L 1 1 " 1 L 1 " 1 " 1 L 1 L 1 " 1 " L "

1 1 s 1
w N = = o
00L- 3 S 2 ga 2
. ] ! k hely [
01 T 4J\||1.1|..J_‘ . Jj JJ‘.
00L- !
T |
002
00€-
00v
008-
E |
009
0041
008
006
000L- LIS R b
HO oud
0011
002ZL- OH
] @)
00€ 1L | —7
N o D NNNNNNN 3
. 2 5 aRRBERRE 5
] = BOAOBBID® &
0071 3 Z7LOXS-HVL
] & HL-Z-L0XS

'H NMR spectra of S11 (400 MHz, CDCls)
S29



Supporting Information

(wdd) |y
OL- 0 oL 0 0g oOF 0S5 09 0L 08 06 O00L OLL 0O¢L O€EL ObL 0SL 09L O0LZL 08L 06L 00Z OlLe

L " 1 L 1 . 1 2 1 " 1 " 1 L 1 " 1 L 1 s 1 L 1 " 1 " 1 L 1 " 1 L 1 " 1 " 1 " 1 " 1 " 1 " 1

00¢-

00L-A

00LA
00¢+
00€+
oov..
oom..

009+

004+
oom;.
oom..
000L+

00LLA

00¢LA

00€L
| LS

00tL
1 HO Ooug

0051+
009l OH

0041+

7

E6VEL-"
£0'8EL~"

>

c0c—

008l

BLLL~_

89°9L

€PP200°LL
00'8CL~

8v'9t—
CE'LL
08'00L
rOTLL~
oLvLL—"
18'8¢21L
gg'ecL
LLESLl—
£9'86L—

[}
juatlladxa mau

0061
] JEL-Z-LOXS

13C NMR spectra of S11 (100 MHz, CDCls)
S30



7500

7000

6500

6000

5500

Supporting Information

5000
4500
4000
3500
3000
2500
2000
1500
1000

~-500

€PP209Z°L]

5Y05-1-1-1H

78511
965'L1
L09'LA
0LY'L
1Z9'LA
EEY'LT
89l
Zr9'L
S59'L
099'L
0L9'L+

€891
v69'L

cL8’l
9E8’L
vre’L
€68l
298'L
048l
088l

L68'L
€06°L
9L6'L
S86°L
666°L
£€28°C
6LS°E
€8S'E
68S°E
€6SE
665t
€09'E
£L09°E

LL9'E
8L9°E
129'e
879t
LEQ'E
1207
620v
Iro'v
6v0Y
£50v
LSO7
EL0T
L80'¥
GLL'S
fATAs]
092°S
897G
L6Y'9

20€'L1
cLE'L]
0ZE'L]
L2E'L
CEE'LA
LEE'LA
LvE' L]
LSE'LA
85€'L
L9E" LA
CLE LA
9LE'LA
8LE LT
88€'L
v6E L
96€°LA
[AU S
SOv'LA
- Olv'LA
w5 Cev'Ly
L LCV' LA

$heg'zL
Te]

OH
S12

BnO

|

'H NMR spectra of S12 (400 MHz, CDCls)
S31

80°E
€0'e

F00€

F160

Fos0
861

€60

=v60

Foo9

=160

10

1

12

13

f1 (ppm)



Supporting Information

~4000
-3500
-3000
-2500
-2000
-1500
-1000
-500

89'9L
EPp2 DO'LL}

5Y05-1-1-13C

S12

S9'8l—

OL'SZT~

THPO
BnO

gz 9z

vz oe—

oIz9— S

SE0L— —

CELL

c0'66— E—
re'L0L— —_—

EETLL—

18'0gL— —_—

LG'QZL\_

£0'8CL—

SF'BZL'/

8L'SEL—
09'8EL—

0ELS1—

LL09L—

£'20e— -

5Y05-1-1-13C

13C NMR spectra of $12 (100 MHz, CDCls)
S32

20 210 200

-10

180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)



1200

1000
900

Supporting Information

800
700
1600
1500
1400
1300
1200
1100
)

--100

5Z08-1-1H

THPO

O
S14

BnO

]

A

M

Nl

R -

'H NMR spectra of S14 (400 MHz, CDCls)
S33

Feol
Foau

ooz

960

=660

FS60

=060

-1.0

-0.5

3.0 25 2.0 1.5 1.0 0.5 0.0

35

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

8.5

1 (ppm)



700
650

600

Supporting Information

29'8L—

LO'SC—

800E—

[AAA®

£6'0L—

89'9L
£1p2 OO‘LL}
ZeLL

85'98—

89'L6—
v LI0L—

grelL—
paGlL—

96'9ZL~_
£€2'8Cl~
gogzL

C9'SEL—

8E'ShL—

9LTSL~
LBVSL—
78'95L—"

EETUL—

5Z08-1-13C
5Z08-1-13C

THPO

BnO

il

13C NMR spectra of $14 (100 MHz, CDCls)
S34

-10

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

0



~1100
~1000

-900
-800

Supporting Information

~700
600
500
-400
-300

200

-100

£85'11
€651
709°L A
8L9'LA
Z179‘l'|
Zggl‘]
€991
789'L1
L6919
£0L'L4
L1
Zve'L
0S8l
0L8'L
LL8'L
S88°L
£06°'L
ZLe6’L
0ze'L
EV6'L
2S6'L
196'L
SL6'L
986'L
6L0C
LEOT
90T
280¢
790

09t
OlLg’E
8L9'e
929't
B6EQ'E
avo'e

A

SZ8'E -
7/

LVB'E
SLB'E
286'E
€00
207
SEOQV

02Z's—

09S'S
899'9}
GLS'G

LBB'S—

¢05'9—

L26'9—
€PP209C'L
9EEL
vSE'L
BLEL
86EL
SLy'L

vSvL
(74
0S8°L

oL6'L

6121-1-1-1H
6121-1-1

~—
—

'H NMR spectra of 6 (400 MHz, CDCls)
S35

oL'E

v

Foze

1zl

F602

401

= 00'L
=801

3.0 25 2.0 1.5 1.0 0.5 00 -05 -10

35

45

5.0

55

8.0 7.5 7.0 6.5 6.0

8.5

1 (ppm)



2000

1900

Supporting Information

-1200
-—1100
1000
;900
~800
700
~600
500
~400

~300

200

~100

=100

--200

95'8l—

80GC—

LO0E—

SL'95—
€109~
oLreo—

08'0L—

89'9L
€19p2 00‘[1‘1}

6121-1-1-13C

CELL

G9L6—
99'L0L—

96'60L—
99°CIL—
oo'gLL

EI.'SI,I.l‘
Sl ~

2692l
60'87L~
gggzl”
Lg'SEL
PO
LE'9EL
SS'BEL{
£0'6EL
g vols
BLTSL_
ov'ESL—
851

€6L—

6121-1-1-13C

13C NMR spectra of 6 (100 MHz, CDCls)
S36

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100

0

f1 (ppm)



Supporting Information

o o Q o (@] (=] (@] (@] o
o) o S o o o] o S S
(o)) (o] ~ (o] w < [12] [} — o
i 1 1 1 1 1 1 i 1 " 1 i 1 1 L
M~
)
-
OV8'E~_ _ 00
s98'e~" B ) ZLe
£ETG— —_— —_— 1T
5L09— — j EEeLe
[159— —_— — =001
556'9— —_— —— =%01
£1oP2 097 L
80v'L ] I
0zv'L _—.g. Fees
STyl
0Et'L
avv'L -— — =860}
SSY'L b — 560
N N
Vst
‘]‘:. 5 09v'L
<o
o~ 1 EVLL
< g SL8'L
3
S
> <<
iorF

'H NMR spectra of 7 (400 MHz, CDCls)
S37

00 -05 -1.0

0.5

3.0 25 2.0 1.5 1.0

35

7.0 6.5 6.0 55 5.0 4.5

7.5

8.0

8.5

1 (ppm)



~1100

800

Supporting Information

~700
600
500
-400
~300
200

~100

--100

]

5Y19-1-1-13C

S8'95—
LZ’09—

95 L4~
899/
000//

CeLL

vGLl—

5Y19-1-1-13C

13C NMR spectra of 7 (100 MHz, CDCls)
S38

-10

70 60 50 40 30 20 10

80

80 170 1860 150 140 130 120 110 100

)0

f1 (ppm)



3400

3200

2400

Supporting Information

12200
L2000
L1800
1600
L1400
L1200
11000

£po 8837

LVS'.{\
98€'L

5211-3-1-1H

LEB'EA
LSB'E
LOL 71
S04t
60171
SLL P
8LL Y
zzrvl
L9Z'S
Z0€'51
90£'S1
62£'S
ZEES
GEE'S
LSV'S
Lov's
LBY'S
005'S
05°S
z109
5909
8/09
1609
¥OL'9
80L'9
gLL'9
1ZL'9
PEL'9
(P19

S05'9—

66E'L
798t
g8e'L
00v'L
vorL
[A
[T
Zor'L
< BLYL
o EBY'L
< 9€9'L
N~ 298,
w

OMe

—_—
_—

SuNN

/]

N

'H NMR spectra of 8 (400 MHz, CDCls)
S39

00¢€ [
{EG'Z

Fez |

SL'C t

LE'L
Fez1

oLe

621

Foal

Foal

I\VS‘Q

L

ﬂSO'L I

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05 -0
1 (ppm)

8.0

8.5



-850
-800

-750

-650

-600

Supporting Information

550
500
450
400
350
300
250
200
1150

-100

-50

--100

¢8'9G—
L109—

8869~
86'0L~"

89'9L
EPp2 00'!1}

5211-3-1-13C

5Z211-3-1

ceLL

95°LOL
cg’'LoL
L6'90L—
66'60L—

v6'LLL
oosu}
r1'8LL
6g'LzL"
9071~
1Z'8ZL—F
wen’
95ZEL~"
€LGEL—F
VL'QEL{
ZO'LEL
v6'8EL
60'6EL
£6'9%L
LLZSL—
vi'ESL
19°ESL

6ESLL—

OMe

13C NMR spectra of 8 (100 MHz, CDCls)
S40

-10

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

)0



900

Supporting Information

~500
400
300
200
100

¢ESC
LES‘Z}
EVSe

BES'E~_
zoge~"

LOB'Y
€48V

09Z2°6—

L109—

rS9—

616'9
SIODDOQZ‘!_\
8vEL
Z9e°L
99gL
69€L
06€'L
£6€°L
vOv'L
80v'L
- 1ZrL
o Qer'L
6L
W EIY'L
N 08P L
WO yep L
T oslt
Segss

5215-1-1-1-1H

'H NMR spectra of 9 (400 MHz, CDCls)
S41

=101

00E [
(60‘8

Fozz

=elz

Bl A A

=01

=1L

= L0l [

101

3.0 25 2.0 1.5 1.0 0.5 00 -05 -10

35

6.0 5.5 5.0 4.5

6.5

7.5 7.0

8.0

8.5

f1 (ppm)



1000

Supporting Information

500
~400
300
200

100

~-100

£€8'95
86'95
L1009~

OL'LL
88'91-\
89'0L

E€PP200°LL
ce'LL

LLLL

0’LoL
2g8'L0L

cL'80L~
66'60L—

9g'LLL
8gLLL
(911"
\z'LzL
P
szt
0S'GEL~_
ZL9EL
vO'LEL
ZG'G’EL{
80'6EL
89yl
89751
05°€81
erest’

8C'GLL—

5Z215-1-1-13C
5715-1-1

13C NMR spectra of 9 (100 MHz, CDCls)
S42

-10

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

1 (ppm)



-1300

Supporting Information

800
700
600
500
~400
300

200

~-100

ov8'€~

658'c~

052G~
s

€IPP209C'L

5215-2-1-1H

36887
zze‘g\
aLe'L
veEL
£VEL
19E'L
v9€'L
aLEL
18g'L
L6E°L
Lov'L
6LY'L
£9V'L
osv'L
18Y'L
68t'L
L0S'L
TLSL
Nzere
W yog,
N
w

.\

'H NMR spectra of 10 (400 MHz, CDCls)
S43

Fo009

Fvev |

F=3607¢

= Lol

=90l

kOS'Q
Ly

- S0 |

Y60

-05 -1.0

0.0

3.0 25 2.0 1.5 1.0 0.5

3.5

4.5

5.0

55

6.0

6.5

7:5 7.0

8.0

8.5

1 (ppm)



-900

-800

Supporting Information

-600
-500
-400
-300
-200

-100

--100

¢8'96—
8L09—

96'0L
vo'LL

89'9L
EPP2 OO‘LL}
CELL

LS°£0L
86'60L

LB'LLL
BG'LLL\
o9zl
ZO'LZL\

LELCL
L6'LEl
8L'8ZL
[AR-TAN
69'8¢L
6L'SEL
17b"€-JELl
EL'QEL{
c0LEL
£6'8EL
60°6EL
I.L‘LVL'/
veesl—
Sv'ESL
L8'ESL

£6L—

5215-2-1-13C
5215-2-1-13C

13C NMR spectra of 10 (100 MHz, CDCls)
S44

-10

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

0



Supporting Information

2 o o o o o
5 o o S o = = o (= o o o o o S
7 A & Q o o o o o o o o o S =
L i i T .Y @ it T e d s N i o T @ !
—
B 8L'6
= SLE
Nezi
Foo9
- ozt
161G— —_ - =161
€556 — ~~ - Ful
ror'9— — =860
0L6'9— — 860
£PP209Z £
gszz\ |
vIE'L LLE
LEE'L \“:—‘: €6'l
ISE'L
9LEL ot
v6e'L b
sev'L - Ess0
estr'L
I w8
T _ 906
N
S
NN
NN
w0 w

'H NMR spectra of 11 (400 MHz, CDCls)
S45

3.0 25 2.0 1.5 1.0 0.5 00 -05 -10

3.5

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

8.5

f1 (ppm)



-1700
-1600

-1500

-1400

-1300

-1200

Supporting Information

~1100
-1000
900
800
-—700
600
-500
-400
-300

-200

-100

--100

Sp'8l—

66'vZ—
89'92f
L6'6C—

896 —
L1009~
L6'19—

89°0L—

89'9L
€ppo OO'LL}

5221-2-1-13C

CELL

€9°L6—
95°L0L—

L5801~
95°ZLL~_
60°LLL
S0'8LL~L
Lr6LL~
or'LzL—
£8'921
86'L7L~
Ly'8ZL
EL'SEL
8r'9€L
99'9¢1
oe'saf
96'8€l
8o vl

89751~
6£°€S5L—
9 vSl

EGL—

5221-2-1-13C

OMe

13C NMR spectra of 11 (100 MHz, CDCls)
S46

-10

1770 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180



Supporting Information

o o o
S 2 g8 g8 €& 8 & 8 g8 8 8 s g
N PN N o © 3 S = @ © = I o o
i 1 1 1 1 1 1 1 1 1 1 1 1 1 1
O
() (o)
= =
O O
N
Q =
O 4
e 9
. m .
Ll — EL09}
86L°E~ —— 00°€ |
. * .
ovg'e~" 55 L0°E
8726 — —_— —_— 807}
1286 — — -— F 10l
08r'9— — —— E£01
8v6'9— — — /01
£19P2 09Z'L
Zov'L ”
sov'L T )
i : Fses
6LY'L
€L — — =101
Zr'L — ——— =960
ZEv'L
ovv'L
Stv'L
I zsve
= OSLL
0 o788
L EE, T
N N
0w

'H NMR spectra of 12 (400 MHz, CDCls)
S47

00 -05 -1.0

0.5

2.0 1.5 1.0

2.5

4.0 3.5 3.0

f1 (ppm)

4.5

6.0 55 5.0

6.5

8.0 1.5 7.0

8.5



- 140U
-1300

-1200

-1000

Supporting Information

-900
~800
-700
-600
-500
-400
~300

-200

-100

--100

98'6e—

09'96—
¢C 09—

§G' 1L~

89'9L
£10P0 00/ / k

ceLL

LE'00L—

89'80L
ZO'BOL>

LULLL
06'8LL~"
79'6LL—
5L
06'£2ZL
68'8ZL
v6'8ZL
ZEVEL~_
Z9'9EL
9L'9€EL
SG‘BQLf
GL'6EL
EO'VVLf
L OSL~_
8’161~
€9°€5L~"

09'GLL—

5218-1-13C
5218-1

13C NMR spectra of 12 (100 MHz, CDCls)

S48

-10

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

0



~1700

1600

1500

Supporting Information

~1300
1200
1100
1000
900
800
700
600
500
400

300

200
~100

=100

SVL'L'L

d

964"
Zv8'E
P0OL P
8047
LLL T
JAVA &
12L7
VL v
292G
662G
[Avioacy
S0E'G
60E'S
GZE'S
8¢E'S
ZEE'S
GEE'S
SS¥'S
86Y'S
cor's
99r'S
86¥'S
¢05's
S0S'S
605'S
9909
6409
<609
SOL'9
60L'9
8LL'g
L9
GEL9
8rL9
oL'g
ELV'I—

r06'9—

ERPP2 09T’ L

6111-1-1-1H

e

Ao

'H NMR spectra of 13 (400 MHz, CDCls)
S49

F8s |

Q0€E

90t

Fooz |

€0T

ELL

Fizu

Fozu

= 1oL

=Ee0l

%LZ'S
661

A660 |

560

3.0 25 2.0 1.5 1.0 0.5 00 -05 -10

35

7.5 7.0 6.5 6.0 5.5 5.0 45

8.0

8.5

f1 (ppm)



-450

Supporting Information

-400
-350
-300
-250
-200
-150
-100

-50

98'G¢—

95'965—
6L'09—

0669~
86'0L~"

89'9L
£19p2 OO'LL}

6111-1-1-13C
6111-1-1-13C

CELL

£S'10L—

96'90L~
99'80L—

aL'LLL
BB'LLLX
vi'slL

79°6LL—"
09'1zL"
oLz
Li‘SZL/
(5TEL"
vLSEL=F
zg'gsz
9/'9€L
L6'8EL
EL'6EL
L6'9L
LL'ZSL—
95°gsl
65ESL

SGL—

13C NMR spectra of 13 (100 MHz, CDCls)

S50

-10

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

0



Supporting Information

0 o o) o o) o o) o
n 1 n 1 1 1 n 1 n 1 L 1 L 1 n 1 n 1 n 1 n 1 n 1
)
=
O
BYL L= T E=0TL |
£ES'Z }
689‘3} — - 801
SYS'Z
86LE~ - é zee t
oree~" - Zre
L8 I
L8 D Feee
7975 — —_— — Ewg
9/7'9— — — =501
8L6'9— —_ ——— =L
£10P209Z £
8YEL ]
99€'L - )
06E'L K = }369
£6EL
vOv'L B =601 |
o BO7L —_ =00
o Q9L
o 1 6CYL
o~ Yeors
o Rosrs
Q @srL
© © 6Lt
I Tzsg
T Teesy
[y

'H NMR spectra of 14 (400 MHz, CDCls)
S51

-1.0

-0.5

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

8.5

f1 (ppm)



900

800
700

Supporting Information

600
500
400
300
200

100

~-100

89'9L
EPP200°LL
CELL

6111-2-1-1-13C

6111-2-1-1

§8'6C—

[5'9G6~,
L5~
6109~

LULL
ZE'QL\.

SL'LL/

cLoL—

12'80L~_
89'80L~"

SOZLL
£6 LI~
v9'6LL~"
69'1ZL
0T LZL~_
LE'8ZL—F
srga’
£5'gEL
Z9'9€L
8L°9€EL
GG'BEL{
ZUBEL
996yl
85°ZSL
6GEGL
LL'ESL

LW'SLL—

13C NMR spectra of 14 (100 MHz, CDCls)
S52

-10

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

0



Supporting Information

1600
-1500

6111-3-2-1H

erpo 86897 e T

o~ 60G'L
™ EISL
< L8LL
— 9/8'L
©

98

BnO

_J

&

L08'E~C —_—
Sv8'e" )

A

o M
N W
NN
ww

viv'9— e =

OQS'L\

oLEL =
08€'L

L6€°L S

Lov'L
6Ly,
€9V,
08t'L
v8v'L
Z6v'L

'H NMR spectra of 15 (400 MHz, CDCl3)
S53

ET6s |

00€ [
KQO‘S

Feov |

=201

=G0l

k 129
L'y

+ 80°L |

7960

3.0 25 2.0 1.5 1.0 0.5 00 -05 -1.0

35

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

8.5

1 (ppm)



-1400
-1300
~1200
~1100
1000

Supporting Information

900
~800
~700
600
500
-400

98'6C—

96'95—
8L'09—

S6'0L
90'l£>

89'0L
€1p2 OO'LL%
ceLL

¢L’10L

GS°L0L
980l
ELLLL

ro'8LL
EQ'6LL
L9°LZL
LO'LZL
ggLel
96'L2L
8L'gel
[AR:1A3
69°8¢L
L8'GEL
9F'9EL
29‘9817
9L'9¢EL
96'8€L
CL'GEL
SO'LVL-/
¢eesl—
PSESL
8L'ESL

'SLL—

6111-3-2-13C
6111-3-2-13C

13C NMR spectra of 15 (100 MHz, CDCls)
S54

-10

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

)0



