Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2016

Supplementary Information

Solution-Phase Synthesis and Biological Evaluation of Triostin A and its Analogues

Kozo Hattori!, Kota Koike!, Kensuke Okudal, Tasuku Hirayama?!, Masahiro Ebihara2,
Mei Takenakal, Hideko Nagasawa*!

1Laboratory of Pharmaceutical and Medicinal Chemistry, Gifu Pharmaceutical
University, 1-25-4 Daigaku-nishi, Gifu, 501-1196, Japan
2Department of Chemistry and Biomolecular Science, Faculty of Engineering, Gifu

University, Yanagido, Gifu, 501-1193, Japan

List of contents

Synthesis of 7, 8, 10, 13, 14, 18-20, 30-36....cccceiiiiirriiiiieeeieiiienieeeeeiieanenns S1
R O ENCES. .t et S10
K1 o] (oI ) P PP P PRSP PPNt S11
TabIE S, i ettt et et e et e e eaenas S12
K1 o] LT 1 PP PP PP PPT S13
N Td 131 s TR 1 T 3T S14
BT U T R S15
BT U T R S16
J T U T 1 T U S17
J T U T T SR S18
Scheme S3, Table S4 ..o e et eer e S19
NI 1) TR L T 1 TS S20
J T U T 5 T U S21
LT e L T PPN S22
o gUTE S8, e e ettt e, S23, S24
o gUTE SO e e ettt ettt S25, S26
FIgUIE ST e it et ettt ettt aaaas S27

TH NMR and 13C NMR charts of 1-47, TA....ccoiuieiiiiiiiii i eeeieieeenenens S28~S110



General experimental conditions

All commercially available reagents and solvents were used without further
purification. These reactions were carried out under the nitrogen atmosphere.
Normal-phase TLC was carried out on Silica gel 60 Fas: (Merck, 1.05715.0009) using
reagent grade solvents. TLC was detected by the absorption of UV light (254 nm) or
visualization reagent (molybdophosphoric acid). Column chromatography was
performed on silica gel (AP-300S Taiko-shoji) with mixed solvents as described. 'H and
13C NMR spectra were obtained for samples in indicated solution at 25 °C on a JEOL
JNM-ECAS500 spectrometer at 500 MHz frequency or JNM-AL400 spectrometer at 400
MHz frequency in CDCls with tetramethylsilane as an internal standard. H NMR
chemical shifts are reported in terms of chemical shift (5, ppm) relative to the singlet at
0 ppm for tetramethylsilane. Splitting patterns are designated as follows: s, singlet; d,
doublet; t, triplet; dd, doubledoublet; td, tripledoublet; ¢, quartet; ddd,
doubledoubledoublet; ddt, doubledoubletriplet; m, multiplet; br, broad. Coupling
constants are reported in Hz. 13C NMR spectra were fully decoupled and are reported in
terms of chemical shift (5, ppm) relative to the triplet at § = 77.0 ppm for CDCls. Melting
points were obtained on cover glasses and were uncorrected. The direct analysis in real
time ESI-MS or DART-MS measurements were carried out on a JEOL JMS-T100TD.
Optical rotations were measured on JASCO P-1020. Infrared Spectroscopy (IR) was
recorded on a JASCO FT/IR-230 spectrometer.

N-Cbz-D-Ser-OAll (7). To a solution of N-Cbz-p-Ser-OH 10 g (41.8 mmol) and imidazole
8.51 g (125 mmol, 3 equiv.) in THF (150 mL) was added a solution of TBDMSCI 7.57 g
(50.2 mmol, 1.2 equiv.) in THF (50 mL) at 0 °C. The mixture was warmed to room
temperature, and stirred at the temperature for overnight (16 h). The mixture was then
filtrated and the filtrate was extracted with Etz0 (200 mL) and 1 M KHSO4 (300 mL).
The organic layer was washed with sat. NaCl aq. (300 mL), and dried with MgSOQs,
solvent was removed under the reduced pressure. Then a solution of the residue
(colorless oil, 17.37 g), allyl bromide 5.3 mL (62.7 mmol, 1.5 equiv.) and K2COs 6.94 g
(50.2 mmol, 1.2 equiv.) in DMF (140) mL was stirred at room temperature for overnight
(20 h). After the filtration of an insoluble solid, the filtrate was extracted with AcOEt
(300 mL x 2) and water (300 mL). The organic layer was washed with sat. NaCl aq. (300
mL), and dried with MgSOQs, solvent was removed under the reduced pressure. The
residue (pale yellow oil, 15.00 g) was dissolved in the mixture of AcOH (80 mL), THF (40
mL), and water (40 mL). The mixture was stirred at 40 °C for overnight (22 h), and
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extracted with AcOEt (300 mL x 2) and water (300 mL). The organic layer was washed
with sat. NaCl aq. (300 mL), and dried with MgSOs, solvent was removed under the
reduced pressure. The residue was purified by silica gel (200 g) column chromatography
eluted with n-hexane/AcOEt (10:0, 9:1, 8:2, 6:4) to afford the target compound 7 10.41 g
(37.3 mmol, 89% yield on 3 steps) as colorless oil: Rt = 0.5 (zrhexane:AcOEt = 5:5); 1H
NMR (400 MHz, CDCls) § 7.50-7.28 (m, 5H, Cbz-Ar), 5.91 (ddt, J = 22.7, 10.9 Hz, 1H,
All-CH), 5.72 (d, J= 7.2 Hz, 1H, NH), 5.34 (d, /= 17.4 Hz, 1H, All-CH2(£)), 5.27 (d, J =
10.6 Hz, 1H, All-CH2(2), 5.13 (s, 2H, Cbz-CHy), 4.68 (d, J= 5.8 Hz, 2H, All-OCH3), 4.48
(t, J= 3.9 Hz, 1H, o-CH), 3.99 (dd, /= 31.4, 11.1 Hz, 2H, B-CH2), 2.21 (br, 1H, OH); 13C
NMR (100 MHz, CDCls) § 170.2 (Ser-CO), 156.2 (Cbz-CO), 136.0 (Cbz-Ar), 131.3
(All-CH), 128.5, 128.2, 128.1 (Cbz-Ar), 119.0 (All-CH2), 67.2 (All-OCHy), 66.3 (Cbz-CHbs),
63.3 (B-CHa2), 56.1 (a-CH); HRMS (DART) caled for C1sH1sNOs+ [M+H]+ 280.1180,
found: 280.1159; [a]p27-5 -47.2° (¢ 0.1, CHCls).

N-Boc- NMe-L-Val-OH (8) [45170-31-8].1 To a solution of N-Boc-z-Val-OH 20 g (92.1
mmol) in dry THF (300 mL) was added NaH 9.20 g (60% in oil, 230 mmol, 2.5 equiv.) at
0 °C, and the reaction mixture was stirred at 0 °C for 30 min. Then methyl iodide 28.7
mL (461 mmol, 5 equiv.) was added to the reaction mixture and the resulting solution
was warmed to room temperature and stirred for overnight (17 h). The mixture was
then quenched with 10% citric acid aq. (500 mL), and extracted with AcOEt (500 mL).
The organic layer was washed with sat. NaCl aq. (300 mL), and dried with MgSOs,
solvent was removed under the reduced pressure. The residue was purified by silica gel
(300 g) column chromatography eluted with CH2Clo/MeOH (10:0, 50:1, 20:1) to afford
the target compound 8 20.19 g (87.3 mmol, 95% yield) as yellow oil: Rf = 0.55
(CH2Cl2:MeOH = 9:1); 'H NMR (mixture of rotamers, 500 MHz, CDCls) § 4.11 (d, J =
10.3 Hz, 0.43H, a-CH), 4.04 (d, J= 9.7 Hz, 0.57H, o-CH), 2.88 (s, 3H, N-Me), 2.42-2.28
(m, 0.58H, B-CH), 2.27-2.13 (m, 0.42H, B-CH), 1.48 (s, 5H, Boc ), 1.46 (s, 4H, Boc), 1.03 (d,
J=6.3 Hz, 3H, y-CHs), 0.92 (d, J = 6.3 Hz, 3H, y-CH3); 13C NMR (mixture of rotamers,
125 MHz, CDCls) § 176.2, 175.3 (Val-CO), 156.9, 155.7 (Boc-CO), 80.9, 80.6 (Boc-C), 65.3,
65.1 (Val-a-CH), 32.2, 31.1 (N-Me), 28.3 (Boc-Me), 27.8, 27.4 (Val-B-CH), 20.1, 19.7, 19.1,
18.9 (Val-y-CH3); HRMS (DART) caled for CuH22NOs+ [M+H]+ 232.1543, found:
232.1547; [alp26.9 -98.5° (¢ 0.1, CHCly).

N-Boc- NMe-L-Cys(Bam)-OH (10 [64840-24-0]. To a solution of
N-Boc- N"Me-1-Cys(Trt)-OH2 30 g (62.8 mmol) and triisopropylsilane 64.6 mL (314 mmol,
5 equiv.) in CH2Cl2 (160 mL) was added TFA 46.8 mL (628 mmol, 10 equiv.) at 0 °C. Then
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the resulting solution was warmed to 26 °C, and stirred at the temperature for
overnight (23 h). The mixture was then concentrated under the reduced pressure. Then
the residue (a mixture of colorless oil and solid, 39.25 g) was washed with MeOH (100
mL), and the elution was removed under the reduced pressure. A solution of the residue
(a2  mixture of pale yellow o0il and colorless solid, 24.35 g and
N-(hydroxymethyl)benzamide (Bam-OH)3 11.40 g (75.4 mmol, 1.2 equiv.) in TFA (210
ml) was stirred at 26 °C for overnight (21 h). Then solvent was removed under the
reduced pressure. The residue (colorless solid, 51.94 g) was then triturated with Et2O
(100 mL) to give the colorless solid (25.35 g). Then the obtained solid was dissolved in a
mixture of 1,4-dioxane (110 mL) and 2 M NaOH aq. (160 mL). A solution of Boc2O 19.18
g (87.9 mmol, 1.4 equiv.) in 1,4-dioxane (50 mL) was added to the solution, and the
resulting solution was stirred at 26 °C for overnight (21 h). The mixture was then
quenched with 10% citric acid aq. (300 mL), and extracted with AcOEt (300 mL x 4).
The organic layer was washed with sat. NaCl aq. (300 mL), and dried with MgSO4,
solvent was removed under the reduced pressure. The residue was purified by silica gel
(200 g) column chromatography eluted with mhexane/CH:2Cloa/MeOH (10:0:0, 5:5:0,
0:10:0, 0:50:1) to afford the target compound 10 13.07 g (35.5 mmol, 57% yield on 3
steps) as colorless amorphous solid: Rt = 0.4 (CH2Cl2:MeOH = 10:1); 'H NMR (mixture of
rotamers, 500 MHz, CDCl3) § 7.90-7.40 (m, 6H, Bam-Ar and NH), 4.99 (dd, J= 10.6, 4.9
Hz, 1H, Bam-CHy), 4.88 (dd, J= 14.3, 6.9 Hz, 1H, Bam-CHy), 4.48-4.33 (m, 1H, a-CH),
3.25 (dd, J= 14.6, 4.9 Hz, 1H, p-CHy), 3.12-2.70 (m, 4H, N-Me and B-CH2), 1.43 (s, 9H,
Boc); 13C NMR (mixture of rotamers, 125 MHz, CDCls) § 173.3, 172.8 (Bam-CO), 168.3,
168.0 (Cys-CO), 157.0, 156.4 (Boc-CO), 133.4, 133.2, 131.9, 131.7, 128.6, 128.4, 127.4,
127.2 (Bam-Ar), 81.0 (Boc-C), 59.7, 58.1 (Cys-a-CH), 42.7, 41.6 (IN-Me), 32.7, 31.5
(Bam-CHby), 31.3, 31.0 (Cys-p-CHa), 28.2 (Boc-Me); HRMS (ESI) calcd for C17H23N205S
[M-HI-367.1333, found: 367.1331; [alp26.9 -39.3° (¢ 0.1, CHCl3).

N-Boc- NMe-L-Val-OAll (13) [914648-32-1].4 To a solution of N-Boc-N-Me-7-Val-OH 8
10.65 g (46.0 mmol) and allyl bromide 5.9 mL (69.0 mmol, 1.5 equiv.) in DMF (150 mL)
was added K2COs 7.63 g (55.2 mmol, 1.2 equiv.) at 0 °C. The resulting solution was
warmed to room temperature, and stirred at the temperature for overnight (16 h). The
mixture was then filtrated and the filtrate was extracted with AcOEt (300 mL X 2) and
water (300 mL). The organic layer was washed with sat. NaCl aq. (300 mL), and dried
with MgSQs4, solvent was removed under the reduced pressure. The residue was
purified by silica gel (100 g) column chromatography eluted with n-hexane/AcOEt (10:0,
10:1) to afford the target compound 18 9.79 g (36.1 mmol, 78% yield) as colorless oil: Rt =

S3



0.5 (mrhexane:AcOEt = 9:1); 1H NMR (mixture of rotamers, 400 MHz, CDCls) § 5.91 (ddt,
J=22.6,10.5 Hz, 1H, All-CH), 5.32 (d, J= 16.4 Hz, 1H, All-CH2(£)), 5.23 (dd, J= 9.6 Hz,
1H, All-CH2(2), 4.62 (d, J= 4.8 Hz, 2H, All-OCH»), 4.47 (d, J= 10.6 Hz, 0.44H, o-CH),
4.24-3.98 (m, 0.56H, o-CH), 2.86 (s, 1.49H, N-Me), 2.82 (s, 1.51H, N-Me), 2.28-2.18 (m,
1H, p-CH), 1.46 (s, 9H, Boc), 0.98 (d, /= 6.3 Hz, 3H, y-CHs), 0.90 (d, /= 5.8 Hz, 3H,
y-CH3s); 13C NMR (mixture of rotamers, 125 MHz, CDCls) § 171.1, 170.6 (Val-CO), 156.1,
155.5 (Boc-CO), 131.9, 131.8 (All-CH), 118.2, 118.0 (All-CH>), 80.1, 79.8 (Boc-C), 65.0
(All-OCHy2), 63.2 (Val-a-CH), 30.5, 30.4 (NMe), 28.3 (Boc-Me), 27.7, 27.6 (Val-B-CH),
19.9, 19.7, 18.9, 18.7 (Val-y-CHs); HRMS (ESI) caled for C14H2sNNaOs+ [M+Nal+
294.1676, found: 294.1661; [a]p248 -85.0° (¢ 1.1, CHCls).

N-Me-L-Val-OAIl'-HC1 (14). To a solution of N-Boc-N-Me-7-Val-OAll 13 9.79 g (36.1
mmol) in AcOEt (70 mL) was added 4 M HCI in AcOEt 50 mL (200 mmol) at 0 °C. Then
the resulting solution was warmed to room temperature, and stirred at the temperature
for overnight (20 h). The mixture was concentrated under the reduced pressure, and the
residue was washed with Et20 (50 mL) to afford the target compound 14 7.35 g (35.4
mmol, 98% yield) as colorless solid: 1H NMR (400 MHz, CDCls) § 9.65 (br, 1H, NH), 5.96
(ddt, = 22.8, 11.0 Hz, 1H, All-CH), 5.42 (d, = 17.4 Hz, 1H, All-CH2(£)), 5.33 (d, J=
10.6 Hz, 1H All-CH2(2), 4.75 (ddd, J= 25.4, 12.8, 6.3 Hz, 2H, All-OCH>), 3.63 (d, J= 4.3
Hz, 1H, o-CH), 2.78 (s, 3H, N-Me), 2.71-2.57 (m, 1H, 8-CH), 1.19 (d, J = 6.8 Hz, 3H,
y-CHpy), 1.15 (d, J = 7.2 Hz, 3H, y-CHs); 13C NMR (100 MHz, CDCls) § 166.6 (Val-CO),
130.7 (All-CH), 120.4 (All-CHy), 67.1 (All-OCHb), 66.9 (a-CH), 32.8 (N-Me), 29.5 (B-CH),
19.7 (y-CHs), 17.6 (y-CHs); HRMS (DART) caled for CoH1sNOg*+ [M-HCI+H]+ 172.1332,
found: 172.1309.

N-Boc- N"Me-DVal-OH (18) [89536-85-6].1 To a solution of N-Boc-p-Val-OH 5 g (23.0
mmol) in dry THF (80 mL) was added NaH 2.30 g (60% in oil, 57.5 mmol, 2.5 equiv.) at 0
°C, and the reaction mixture was stirred at 0 °C for 30 min. Then methyl iodide 7.2 mL
(115 mmol, 5 equiv.) was added to the reaction mixture and the resulting solution was
warmed to room temperature and stirred for overnight (16 h). Judging from monitoring
TLC analysis, the starting material was still remained, then additional NaH 2.30 g
(60% in oil, 57.5 mmol, 2.5 equiv.) and methyl iodide 7.2 mL (115 mmol, 5 equiv.) were
added. The mixture was stirred at room temperature for overnight (20 h). The mixture
was then quenched with 10% citric acid aq. (300 mL), and extracted with AcOEt (300
mL X 2). The organic layer was washed with sat. NaCl aq. (300 mL), and dried with

MgSOs, solvent was removed under the reduced pressure. The residue was purified by

S4



silica gel (200 g) column chromatography eluted with n-hexane/CH2Cloe/MeOH (10:0:0,
5:5:0, 0:10:0, 0:50:1) to afford the target compound 18 5.26 g (22.7 mmol, quantitative
yield) as dark green oil: Rt = 0.4 (CH2Cl2:MeOH = 10:1); 1H NMR (mixture of rotamers,
500 MHz, CDCls): § 4.11 (d, J=10.3 Hz, 0.39H, a-CH), 4.06 (d, J= 9.7 Hz, 0.61H, a-CH),
2.88 (s, 3H, N"Me), 2.41-2.28 (m, 0.70H, p-CH), 2.26-2.14 (m, 0.30H, p-CH), 1.48 (s, 6.1H,
Boc), 1.46 (s, 2.9H, Boc), 1.03 (d, J= 6.3 Hz, 3H, y-CHs), 0.92 (d, /= 6.9 Hz, 3H, y-CHb);
13C NMR (mixture of rotamers, 125 MHz, CDCls): § 175.8, 175.6 (Val-CO), 156.6, 155.7
(Boc-CO), 80.6 (Boc-C), 65.0, 64.3 (Val-o-CH), 31.5, 31.0 (A-Me), 28.2 (Boc-Me), 27.7,
27.4 (Val-p-CH), 20.0, 19.6, 19.0, 18.8 (Val-y-CHs); HRMS (DART) calcd for C11H22NO4*
[M+H]+ 232.1543, found: 232.1553; [alp235 +66.2° (c 0.1, CHCls).

N-Boc- N-Me-DVal-OAll (19) [914648-32-1].5 To a solution of N-Boc-N-Me-p-Val-OH 18
1.5 g (6.5 mmol) and allyl bromide 0.83 mL (9.7 mmol, 1.5 equiv.) in DMF (15 mL) was
added K2CO3 1.08 g (7.8 mmol, 1.2 equiv.). The resulting solution was stirred at room
temperature for overnight (15 h). The mixture was then filtrated and the filtrate was
extracted with AcOEt (200 mL) and water (200 mL). The organic layer was washed with
sat. NaCl aq. (200 mL), and dried with MgSO4, solvent was removed under the reduced
pressure. The residue was purified by silica gel (100 g) column chromatography eluted
with nm-hexane/AcOEt (10:0, 50:1, 20:1, 10:1) to afford the target compound 19 1.40 g (5.2
mmol, 79% yield) as colorless oil: Rt = 0.4 (m-hexane:AcOEt = 9:1); 1H NMR (400 MHz,
CDCls) 6 5.91 (ddt, J=22.5, 10.9 Hz, 1H, All-CH), 5.32 (d, /= 17.4 Hz, 1H, All-CH2(5)),
5.23 (dd, J=9.7 Hz, 1H, All-CH2(2), 4.62 (d, J= 4.8 Hz, 2H, All-OCH>), 4.48 (d, /= 10.6
Hz, 0.5H, o-CH), 4.13 (d, J=10.1 Hz, 0.5H, o-CH), 2.86 (s, 1.47H, N*Me), 2.82 (s, 1.53H,
N-Me), 2.31-2.12 (m, 1H, p-CH), 1.46 (s, 9H, Boc), 0.98 (d, J= 4.8 Hz, 3H, y-CHs), 0.90 (d,
J=6.3 Hz, 3H, y-CH3); 13C NMR (mixture of rotamers, 125 MHz, CDCls): § 171.1, 170.6
(Val-C0), 156.1, 155.5 (Boc-CO), 131.9, 131.8 (All-CH), 118.2, 118.0 (All-CH2), 80.1, 79.8
(Boc-0), 65.2, 63.2 (Val-a-CH), 30.5, 30.4 (N-Me), 28.2 (Boc-Me), 27.7, 27.6 (Val-B-CH),
19.9, 19.6, 18.9, 18.7 (Val-y-CHs); HRMS (DART) calcd for C14H26NO4+ [M+H]+ 272.1856,
found: 272.1848; [alp235 +92.7° (¢ 0.1, CHCl3).

N-Me-DVal-OAII'HC1 (20). To a solution of N-Boc-N-Me-p-Val-OAll 19 1.40 g (5.2
mmol) in AcOEt (5 mL) was added 4 M HCI in AcOEt 5 mL (20 mmol) at 0 °C. Then the
resulting solution was warmed to room temperature, and stirred at the temperature for
overnight (12 h). The mixture was concentrated under the reduced pressure, and the
residue was washed with Et20 (50 mL) to afford the target compound 20 976.7 mg (4.7
mmol, 90% yield) as colorless solid: 1H NMR (400 MHz, CDCls) § 5.96 (ddt, /= 21.5 Hz,
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1H, All-CH), 5.43 (dd, J = 17.2, 1.1 Hz, 1H, All-CH2(%)), 5.33 (d, J = 10.3 Hz, 1H
All-CH2(2)), 4.75 (ddd, J = 30.6, 12.9, 6.0 Hz, 2H, All-OCH>), 3.59 (d, J = 4.0 Hz, 1H,
a-CH), 2.77 (s, 3H, N"Me), 2.70-2.55 (m, 1H, p-CH), 1.19 (d, J= 7.4 Hz, 3H, y-CHs), 1.16
(d, J= 6.9 Hz, 3H, y-CH3); 13C NMR (125 MHz, CDCls) 6 166.3 (Val-CO), 130.4 (All-CH),
119.8 (All-CHy2), 66.6, 66.4 (All-OCHs, Val-o-CH), 32.4 (N-Me), 29.0 (Val-p-CH), 19.4,
17.2 (Val-y-CHs); HRMS (DART) caled for CoHi1sNOg+ [M-HCIl+H]*+ 172.1332, found:
172.1337.

N-Cbz-D-Ser[ N-Boc-Z-Ala- NMe- L-Cys(Bam)- N-Me-D-Vall-OH (30). To a solution of
N-Cbz-D-Ser[N-Boc-z-Ala- NMe-z-Cys(Bam)- NMe-p-Vall-OAll 26 1.6 g (2.0 mmol),
PPhs 20.6 mg (0.079 mmol, 4 mol%), N-methylaniline 0.26 mL (2.4 mmol, 1.2 equiv.) in
THF (10 mL) was added Pd2(dba)s 18.0 mg (0.020 mmol, 1 mol%). The resulting solution
was stirred at room temperature for overnight (8 h) in the dark. Then the mixture
extracted with AcOEt (300 mL x 2) and sat. NH4Cl aq. (300 mL). The organic layer was
washed with sat. NaCl aq. (300 mL), and dried with MgSOys, solvent was removed under
the reduced pressure. The residue was purified by silica gel (100 g) column
chromatography eluted with CH2Clo/MeOH (10:0, 50:1, 20:1) to afford the target
compound 30 1.43 g (1.8 mmol, 92% yield) as pale brown amorphous solid: Rf = 0.2
(CH2Cla:MeOH = 9:1); 'H NMR (mixture of rotamers, 500 MHz, CDCls) § 7.93-7.75,
7.57-7.28 (m, 11H, Bam-Ar, NH, Cbz-Ar), 6.24 (d, /= 7.4 Hz, 0.26H, Ser-NH), 5.76 (m,
0.74H+0.26H, Ser-NH, Cys-a-CH), 5.61 (t, J= 7.2 Hz, 0.74H, Cys-a-CH), 5.43 (d, J= 8.0
Hz, 0.68H, Ala-NH), 5.36 (d, J = 8.6 Hz, 0.32H, Ala-NH), 5.20-4.94 (m, 2H, Cbz-CHb),
4.87 (dd, J = 14.3, 6.9 Hz, 1H, Bam-CH»), 4.78-4.23 (m, 5H, Ban-CH2, Ala-o-CH,
Ser-a-CH, B-CHz), 4.54-4.23 (m, 4H), 4.12 (d, /= 10.3 Hz, 0.28H, Val-o-CH), 4.08-3.93
(m, 0.60H, Val-a-CH), 3.72 (d, J = 10.9 Hz, 0.12H, Val-a-CH), 3.28-3.08 (m, 1H,
Cys-B-CH2), 3.06-2.60 (m, 7H, Cys-B-CHz, N*Me, Val-N-Me), 2.43-2.14 (m, 1H, Val-p-CH),
1.44 (s, 6.06H, Boc-CHs), 1.43 (s, 2.94H, Boc-CHb), 1.30 (t, J= 3.2 Hz, 3H), 0.98 (d, /=
6.3 Hz, 1.90H, Val-y-CHs), 0.86 (d, J = 6.3 Hz, 1.10H, Val-y-CHs), 0.77 (d, J = 6.9 Hz,
1.95H, Val-y-CHa), 0.71 (d, J= 6.9 Hz, 1.05H, Val-y-CHz3); 13C NMR (mixture of rotamers,
125 MHz, CDCls) § 174.2, 173.7, 171.0, 170.6, 170.0, 169.6, 169.2, 167.94, 167.87
(Ser-CO, Ala-CO, Cys-CO, Val-CO, Bam-CO), 156.1, 155.7, 155.1, 155.0 (Cbz-CO,
Boc-CO), 135.9, 133.2, 131.9, 131.8, 128.5, 128.4, 128.3, 128.1, 128.03, 127.95, 127.3,
127.2 (Cbz-Ar, Bam-Ar), 79.9 (Boc-C), 67.0, 64.7 (Cbz-CHs, Ser-p-CHb2), 64.2, 53.6, 53.3,
53.0, 52.9, 51.2, 46.8, 46.4 (Ser-a-CH, Ala-a-CH, Cys-a-CH, Val-a-CH), 42.4, 41.9
(Bam-CHa), 32.9, 30.0, 28.9 (Cys-NMe, Val-NMe), 30.4 (Cys-p-CH2), 28.2 (Boc-CHs),
27.0, 26.8 (Val-B-CH), 20.0, 19.2, 18.7, 18.4, 18.0 (Val-y-CHs, Ala-p-CHs); HRMS (ESID
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caled for Cs7Hs50N5011S- [M-H]- 772.3233, found: 772.3207.

N-Cbz-D-Ser[ N-Cbz-D-Ser(N-Boc-L-Ala- NMe- L-Cys(Bam)- Me- D-Val)-L-Ala- N-Me
-L-Cys(Bam)- N-Me-D-Val]-OAll (31). To a solution of
N-Cbz-DSer[ N"Boc-1-Ala- N-Me- - Cys(Bam)- N-Me- p-Val]-OAll 26 1.26 g (1.6 mmol, 1.2
equiv.) in AcOEt (10 mL) was added 4 M HCl in AcOEt 5 mL (20 mmol) at 0 °C. Then the
resulting solution was warmed to room temperature, and stirred at the temperature for
overnight (14 h). The mixture was concentrated under the reduced pressure, and the
residue was extracted with AcOEt (300 mL x 2) and sat. NaHCOs aq. (300 mL). The
organic layer was washed with sat. NaCl aq. (300 mL), and dried with MgSOys, solvent
was removed under the reduced pressure. Then a solution of the residue (colorless
amorphous solid, 1.04 g), N-Cbz-D-Ser[N-Boc-z-Ala- N"Me-z-Cys(Bam)- N-Me-p-Val]-OH
30 1 g (1.3 mmol, 1.2 equiv.)) and DMT-MM 0.43 g (1.6 mmol, 1.2 equiv.) in AcOEt (10
mL) was stirred at room temperature for overnight (18 h). The mixture was then
extracted with AcOEt (300 mL x 2) and water (300 mL). The organic layer was washed
with sat. NaCl aq. (300 mL), and dried with MgSOs, solvent was removed under the
reduced pressure. The residue was purified by silica gel (100 g) column chromatography
eluted with n-hexane/AcOEt (10:0, 8:2, 6:4, 4:6, 3:7) to afford the target compound 31
1.24 g (0.84 mmol, 65% yield on 2 steps) as pale yellow amorphous solid: Rt = 0.55
(mrhexane:AcOEt = 2:8); HRMS (ESD) calcd for C72HosN10NaO19Ss+ [M+Nal+ 1491.6187,
found: 1491.6161; 'H NMR (500 MHz, CDCls) and 13C NMR (125 MHz, CDCls) chart

were shown in page S80, 81 in Supplementary Information.

N-Cbz-D-Ser[ N-Cbz-D-Ser(N-Boc-L-Ala- NMe- L-Cys(Bam)- NMe- D-Val)-L-Ala- N-Me
-L-Cys(Bam)- N"Me-D-Vall-OH (32). To a solution of Boc-p, p-octadepsipeptide-OAll 31
1.2 g (0.82 mmol), PPhs 17.1 mg (0.065 mmol, 8 mol%), Nmethylaniline 0.11 mL (0.98
mmol, 1.2 equiv.) in THF (10 mL) was added Pds(dba)s 17.1 mg (0.016 mmol, 2 mol%).
The resulting solution was stirred at room temperature for overnight (14 h) in the dark.
Then the mixture extracted with AcOEt (300 mL X 2) and sat. NH4Cl aq. (300 mL). The
organic layer was washed with sat. NaCl aq. (300 mL), and dried with MgSOy4, solvent
was removed under the reduced pressure. The residue was purified by silica gel (100 g)
column chromatography eluted with CH2Cle/MeOH (10:0, 100:1, 50:1, 20:1) to afford the
target compound 32 1.04 g (0.73 mmol, 88% yield) as pale brown amorphous solid: R =
0.4 (CH2CloMeOH = 9:1); HRMS (ESD caled for CesH91N10019S2” [M-H]- 1427.5909,
found: 1427.5898; 'H NMR (500 MHz, CDCls) and 3C NMR (125 MHz, CDCls) chart

were shown in page S82, 83 in Supplementary Information.
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(IV-Cbz-D-Ser-L-Ala- NMe-L-Cys- N-Me-D-Val): (Serine-hydroxy)-Dilactone Disulfide
(83). The reaction condition was almost the same of the method, the synthesis of
macrolide 1. Boc-D, D-octadepsipeptide-OH 32 500 mg (0.35 mmol) was used instead of
Boc-octadepsipeptide-OH 29. The target compound 33 was obtained 219.7 mg (0.21
mmol, 60% yield on 2 steps) as colorless solid: R¢ = 0.5 (m-hexane:AcOEt = 2:8); TH NMR
(500 MHz, CDCls) § 7.53 (d, J = 8.6 Hz, 2H, Ser-NH), 7.49-7.30 (m, 12H, Ala-NH,
Cbz-Ar), 5.40 (d, J= 11.5 Hz, 2H, Cbz-CH>), 5.29 (d, J= 9.2 Hz, 2H, Ser-B-CHs), 4.97 (d,
J = 8.6 Hz, 2H, Val-o-CH), 4.92 (d, J = 11.5 Hz, 2H, Val-o-CH), 4.90-4.78 (m, 4H,
Ala-a-CH, Ser-a-CH), 4.46 (dd, J= 12.6, 2.3 Hz, 2H, Cys-a-CH), 3.84 (dd, J= 11.2, 2.6
Hz, 2H, Ser-p-CHo), 3.11 (s, 6H, Cys-N-Me), 2.98 (dd, /= 16.3, 12.9 Hz, 2H, Cys-p-CHo),
2.77 (dd, J = 16.6, 2.3 Hz, 2H, Cys-B-CHy2), 2.70 (s, 6H, Val-NMe), 2.31-2.13 (m, 2H,
Val--CH), 1.07 (d, J= 6.3 Hz, 6H, Val-y-CHs), 0.78 (d, /= 6.9 Hz, 6H, Ala-B-CHs), 0.77
(d, J = 6.5 Hz, 6H, Val-y-CHs); 13C NMR (125 MHz, CDCls) 6 174.8 (Ala-CO), 170.6
(Cys-CO), 169.2 (Val-CO), 167.2 (Ser-CO), 156.2 (Cbz-CO), 135.2, 129.8, 128.7, 128.5
(Cbz-Ar), 68.7 (Cbz-CHs), 64.5 (Ser-p-CH2), 60.9 (Val-a-CH), 54.2 (Cys-a-CH), 53.8
(Ser-a-CH), 45.5 (Ala-a-CH), 36.3 (Cys-B-CHs), 31.8 (Cys-N-Me), 31.6 (Val-N-Me), 27.8
(Val-B-CH), 20.8 (Val-y-CHs), 18.9 (Val-y-CHs), 16.9 (Ala-p-CHs); HRMS (ESD calcd for
CisHesNsNaO14S2+ [M+Nal+ 1065.4032, found: 1065.4032; needles; m.p. 184.2-187.8 °C
(recrystallization from AcOEt); [alp 278 +88.3 ° (c 0.1, CHCls). Crystallographic data for
the structure of 33 have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication numbers CCDC 1441091.

N-Cbz-D-Ser[ N-Cbz-D-Ser(N-Boc-L-Ala- NMe- L-Cys(Bam)- NMe-L-Val)- - Ala- N Me-
L-Cys(Bam)-N"Me-D-Vall-OAll (34). To a solution of
N-Cbz-p-Ser[N-Boc-1-Ala- N-Me- - Cys(Bam)- N-Me- p-Val]-OAll 26 1.26 g (1.6 mmol, 1.2
equiv.) in AcOEt (10 mL) was added 4 M HCl in AcOEt 5 mL (20 mmol) at 0 °C. Then the
resulting solution was warmed to room temperature, and stirred at the temperature for
overnight (8 h). The mixture was concentrated under the reduced pressure, and the
residue was extracted with AcOEt (300 mL x 2) and sat. NaHCOs aq. (300 mL). The
organic layer was washed with sat. NaCl aq. (300 mL), and dried with MgSOy4, solvent
was removed under the reduced pressure. Then a solution of the residue (colorless
amorphous solid, 1.04 g), N-Cbz-D-Ser[N-Boc-7z-Ala- N-Me- z-Cys(Bam)- N>Me- - Vall-OH
27 1 g (1.3 mmol, 1.2 equiv.) and DMT-MM 0.43 g (1.6 mmol, 1.2 equiv.) in AcOEt (10
mL) was stirred at room temperature for overnight (14 h). The mixture was then

extracted with AcOEt (300 mL x 2) and water (300 mL). The organic layer was washed
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with sat. NaCl aq. (300 mL), and dried with MgSOs, solvent was removed under the
reduced pressure. The residue was purified by silica gel (100 g) column chromatography
eluted with n-hexane/AcOEt (10:0, 8:2, 6:4, 4:6, 3:7) to afford the target compound 34
1.26 g (0.86 mmol, 67% yield on 2 steps) as yellow amorphous solid: R = 0.4
(mrhexane:AcOEt = 2:8); HRMS (ESI) caled for C72HoeN10NaO19Se+ [M+Nal+ 1491.6187,
found: 1491.6161; 1H NMR (500 MHz, CDCls) and 3C NMR (125 MHz, CDCls) chart

were shown in page S86, 87 in Supplementary Information.

N-Cbz-D-Ser[ N-Cbz-D-Ser(N-Boc-L-Ala- NMe- L-Cys(Bam)- N-Me- L-Val)- L Ala- NMe-
L-Cys(Bam)-N-Me-D-Vall-OH (35). To a solution of Boc-D, Z-octadepsipeptide-OAll 34
1.26 g (0.86 mmol), PPhs 18.0 mg (0.069 mmol, 8 mol%), N-methylaniline 0.11 mL (1.0
mmol, 1.2 equiv.) in THF (10 mL) was added Pda(dba)s 15.7 mg (0.017 mmol, 2 mol%).
The resulting solution was stirred at room temperature for overnight (14 h) in the dark.
Then the mixture extracted with AcOEt (300 mL X% 2) and sat. NH4Cl aq. (300 mL). The
organic layer was washed with sat. NaCl aq. (300 mL), and dried with MgSOy4, solvent
was removed under the reduced pressure. The residue was purified by silica gel (100 g)
column chromatography eluted with CH2Clo/MeOH (10:0, 100:1, 50:1, 20:1) to afford the
target compound 35 1.16 g (0.81 mmol, 94% yield) as pale brown amorphous solid: Rt =
0.3 (CH2Cl:MeOH = 9:1); HRMS (ESD caled for CesH91N10019S2™ [M-H]- 1427.5909,
found: 1427.5924; '1H NMR (500 MHz, CDCls) and 13C NMR (125 MHz, CDCls) chart

were shown in page S88, 89 in Supplementary Information.

(WV-Cbz-D-Ser-L-Ala- N-Me-L-Cys- N-Me- D-Val)-(N*Cbz- D-Ser- L-Ala- N-Me- L- Cys- NM

e-L-Val) (Serine-hydroxy)-Dilactone Disulfide (36). The reaction condition was almost
the same of the method, the synthesis of macrolide 1. Boc-D, Z-octadepsipeptide-OH 35
500 mg (0.35 mmol) was used instead of Boc-octadepsipeptide-OH 29. The target
compound 36 was obtained 197.5 mg (0.19 mmol, 54% yield on 2 steps) as colorless solid:
Rt = 0.3 (rrhexane:AcOEt = 2:8); 1H NMR (mixture of conformers, 500 MHz, CDCls) &
7.69-7.13 (m, 14H, Ser-NH, Ala-NH, Cbz-Ar), 5.46-5.34 (m, 3.5H, Cbz-CHz, Cys-a-CH),
5.36 (dd, J=10.9, 8.6 Hz, 0.5H, Ser-B-CHz2), 5.26 (d, J= 10.9 Hz, 0.5H, Ser-3-CHz), 5.23
(d, J=10.9 Hz, 0.5H), 5.09 (dd, J= 10.9, 2.3 Hz, 0.5H), 5.05-4.74 (m, 7.5H, Val-a-CH,
Cbz-CHs, Ser-a-CH, Ala- a-CH), 4.64 (dd, J=12.9, 2.0 Hz, 0.5H, Cys-o-CH), 4.55 (d, J=
10.9 Hz, 0.5H, Ser-p-CHy), 4.50 (dd, J=11.5, 2.9 Hz, 0.5H, Ser-p-CHb>), 4.43 (dd, J= 12.6,
2.3 Hz, 1H, 0.5H, Cys-a-CH), 4.39 (dd, J= 12.6, 2.9 Hz, 0.5H, Cys-a-CH), 4.04 (d, J=9.7
Hz, 0.5H, Ser-p-CH2), 3.91 (d, /= 10.3 Hz, 0.5H, Val-a-CH), 3.86 (dd, /= 10.9, 2.3 Hz,
1H, Ser-B-CHb2), 3.32-2.51 (m, 16H, Cys-N-Me, Cys-B-CHz, Val-N-Me), 2.36 (d, J= 6.9 Hz,
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1H), 2.42-2.14 (m, 2H, Val-B-CH), 1.13 (d, /= 6.3 Hz, 2H, Val-y-CHs), 1.08 (d, J= 6.9 Hz,
2H, Val-y-CHs), 1.07 (d, J = 6.0 Hz, 1.5H, Val-y-CHs), 0.98 (d, J = 6.3 Hz, 1.5H,
Val-y-CHs), 0.91 (d, J = 6.9 Hz, 1.5H, Val-y-CHs), 0.83-0.74 (m, 7.5H, Ala-B-CHs,
Val-y-CHa), 0.72 (d, J/ = 6.0 Hz, 2H, Val-y-CHa3); 13C NMR (mixture of conformers, 125
MHz, CDCly) 6 175.2, 174.6, 174.5, 173.9 (Ala-CO), 171.4 (Val-CO), 170.5, 170.4
(Cys-CO0), 169.5 (Val-C0O), 169.3 (Ser-CO), 169.2, 168.6 (Val-CO), 168.1, 167.9 (Cys-CO),
167.4, 167.3, 167.1 (Ser-CO), 156.3, 156.2, 156.1 (Cbz-CO), 135.3, 135.23, 135.17, 135.09,
132.1, 132.0, 131.9, 129.9, 129.80, 129.76, 129.5, 128.7, 128.6, 128.5, 128.4 (Cbz-Ar),
68.7, 66.7 (Ser-p-CHa), 65.5 (Val-a-CH), 64.9, 64.3 (Ser-p-CHa), 60.9 (Val-o-CH), 56.0,
54.8, 54.3 (Cys-o-CH), 54.0, 53.9, 53.6 (Ser-a-CH), 50.0 (Cys-a-CH), 46.1, 45.7, 45.6
(Ala-a-CH), 39.7 (Cys-NMe), 36.7, 36.3, 35.7, 35.5 (Cys-B-CHo), 32.1, 31.9 (Val-N-Me),
31.5 (Cys-NMe), 29.6 (Val- N-Me), 28.1, 27.8, 27.6 (Val-B-CH), 22.5, 20.8, 20.1, 20.0, 19.8,
19.0, 18.9 (Val-y-CHs), 17.3, 17.0, 16.7 (Ala-p-CHs3); HRMS (ESI) caled for
CasHesNsNaO14Sz* [M+Nal+ 1065.4032, found: 1065.4005; m.p. 148.3-150.7 °C; [a]p276
+50.3 ° (c 0.1, CHCls).
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) 0

H H
N ~~ i) excess HCI N _
Cbz fko AcOEt, r.t., overnight Cbz fj\o/\/
_/SBam

I o |
N. ii) 1.2 equiv. Boc-MeCys(Bam)-OH 10 N ‘__BoC
o Boc 1.5 equiv. reagents o \HAN
o |
11

solvent, r.t., overnight

50 mg, 0.10 mmol

entry  reagents solvent tridepsipeptide 11

1 DMT-MM AcOEt 62.5 mg, 0.084 mmol, 84% yield on 2 steps

2 EDCI-HCI CH,Cl, 44.8 mg, 0.060 mmol, 60% yield on 2 steps
HOAt
DIPEA

3 HATU DMF 25.9 mg, 0.035 mmol, 35% yield on 2 steps
HOAt
DIPEA

42 PyBOP DMF 19.9 mg, 0.027 mmol, 27% yield on 2 steps
HOAt
DIPEA

52 DEPBT DMF 42.5 mg, 0.057 mmol, 57% yield on 2 steps
DIPEA

8The isomerization of the target tridepsipeptide was observed.
Table S1. Optimization about condensation reagent on the acylation of

N-Cbz-p-Ser(N-Boc- N-Me-z-Val)-OH 9 and N-Boc-N-Me-z-Cys(Bam)-OH 10.
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0 0

H H
N ~~ i) excess HCI N _
Cbz fko AcOEt, r.t., overnight Chz fj\o/\/
_SBam

(@] | (0] |
N. i) 1.2 equiv. Boc-MeCys(Bam)-OH 10 N ‘_ _Boc
O Boc 1.5 equiv. DMT-MM / base o \HAN
solvent, r.t., overnight 0] |
9 11
50 mg, 0.10 mmol
entry base solvent tridepsipeptide 11
1 NMM AcOEt 54.9 mg, 0.074 mmol, 74% yield on 2 steps
2 DMF trace (complex mixture)
3 CH3CN trace (complex mixture)
4 THF 46.1 mg, 0.062 mmol, 62% yield on 2 steps

none AcOEt 62.5 mg, 0.084 mmol, 84% yield on 2 steps
DMF trace (complex mixture)
CH3CN 16.7 mg, 0.022 mmol, 22% yield on 2 steps

o N O O

THF 56.4 mg, 0.076 mmol, 76% yield on 2 steps

Table S2. Optimization of the reaction solvent and base on the acylation of
N-Cbz-p-Ser(N-Boc- N-Me-z-Val)-OAll 9 and N-Boc-N-Me-z-Cys(Bam)-OH 10. In the
case of N-methylmorpholine (NMM) addition, the quench method of the de-Boc step was
just concentration to remove the reaction solvent. On the other hand, the extraction of
the reaction solvent with sat. NaHCOs aq. for neutralization was performed in the case

of none base condition.
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O

H H O
-N AN i) excess HCI _N ~F
cbz fl\o AcOEt, r.t., overnight Cbz fj\o SBam
_SBam /
1 i o £ O 4
N__~ .Boc ii) 1.2 equiv. Boc-Ala-OH 12 N N
0o \ﬂﬂ’?‘ 1.5 equiv. DMT-MM / base o} TIA'?' Boc

(0] solvent, r.t., overnight (0]
11 2

50 mg, 0.067 mmol

entry base solvent tetradepsipeptide 2
1 NMM AcOEt 8.9 mg, 0.011 mmol, 16% yield on 2 steps
2 DMF 26.8 mg, 0.033 mmol, 49% vyield on 2 steps
3 CH3CN 15.3 mg, 0.019 mmol, 28% yield on 2 steps
4 THF 11.9 mg, 0.015 mmol, 22% yield on 2 steps

none AcOEt 5.5 mg, 0.0068 mmol, 10% yield on 2 steps
DMF 23.8 mg, 0.029 mmol, 43% yield on 2 steps

CH3CN 21.3 mg, 0.026 mmol, 39% yield on 2 steps

o N o O

THF 16.4 mg, 0.020 mmol, 30% yield on 2 steps

Table S3. Optimization of the reaction solvent and base on the acylation of
N-Cbz-p-Ser[N-Boc- N-Me-z-Cys(Bam)- NMe-2-Vall-OAll 11 and N-Boc-z-Ala-OH 12. In
the case of N-methylmorpholine (NMM) addition, the quench method of the de-Boc step
was just concentration to remove the reaction solvent. On the other hand, the extraction
of the reaction solvent with sat. NaHCOs aq. for neutralization was performed in the

case of none base condition.

S13



K,COgs, allyl bromide
OH ’I\l DMF f o HCI, ACOEt f o
- N. - NH
o Boc o Boc o} Hel
78% 98%

8 13 14

Scheme S1. Synthesis of AMe-L-Val-OAll-HCI 14.

NaH, Mel K5COg, allyl bromide
ji/n THF ji/ I DMF f o
N N.
0~ Y Boc 0~ > Boc O)\./ N-Boc
= uant. = 79% :
N q N 0 PN
18 19
HCI, ACOEt f o
A N
90% :
° P
20

Scheme S2. Synthesis of N*Me-p-Val-OAll-HC1 20.
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Figure S1. 'H NMR charts of N-Boc-N-Me-7z-Cys(Bam)-N-Me-7-Val-OAll 15 (upper),
N-Boc- NMe-1-Cys(Bam)- NMe-p-Val-OAll 21 (middle). The bottom chart is merging of
them.
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Figure S2. 'H NMR charts of N*Boc-z-Ala- N-Me-z-Cys(Bam)- N"Me-7-Val-OH 5 (upper),
N-Boc-z-Ala- NMe-1-Cys(Bam)- N"Me-p-Val-OH 23 (middle) and the mixture of them

(lower).
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Figure S3. 'H NMR charts of N-Cbz-D-Ser[N-Boc-1-Ala- NMe- -Cys(Bam)- N-Me-1-Val]
-OAll 2 (red), N-Cbz-D-Ser[N'Boc-1-Ala- N-Me--Cys(Bam)-N-Me-p-Val]-OAll 28 (blue)
and N-Cbz-D-Ser[ N*Boc--Ala- N-Me- z-Cys(Bam)- N"Me-p, -Vall-OAll 17 (black).
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Figure S4. LC/MS analysis of corresponding amine derivatives of N-Cbz-D-Ser[N-Boc

1-Vall-OAll 2a, N-Cbz-D-Ser[ N-Boc-z-Ala- NMe-L-Cys

(Bam)- N"Me-p-Vall-OAll 26a and N-Cbz-p-Ser[N-Boc-z-Ala- NMe-z-Cys(Bam)- N-Me

-1-Ala- N-Me- - Cys(Bam)- N-Me-
-D, I-Val]-OAll 17a.
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N t. Pdy(dba)s, PPh N
-N cat. Pd, 3, PPh3 B
Cbz © Bam N-methylaniline, THF Cbz o) Bam
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AN e AN
(0] | (0]
2 27

Scheme S3. Synthesis of N-Cbz-p-Ser[N-Boc-z-Ala- N-Me- z-Cys(Bam)- N>Me- z-Vall-OH
27.

AN | 0
gy O N O  .Cbz
_N i) excess HCI H HN Y l‘\l HN
Cbz o Bam ACcOEt, r.t., overnight _N 0 1) o
S Cbz O SBam
-
(¢} ‘ - 0 H . ] ] ) BamS. o
N : N i) 1.2 equiv. Boc-tetradepsipeptide-OH 27 (0] ‘ i (0] H
(e} Y\N “Boc 1.5 equiv. DMT-MM / base N N P
o | ACcOEt, r.t., overnight o) Y\N Boc
o ‘
2 28

50 mg, 0.061 mmol

entry base solvent Boc-octadepsipeptide-OAll 28
1 NMM AcOEt 46.4 mg, 0.032 mmol, 52% yield on 2 steps
2 DMF 36.1 mg, 0.025 mmol, 41% yield on 2 steps
3 CH3CN 25.4 mg, 0.017 mmol, 28% yield on 2 steps
4 THF 42.8 mg, 0.029 mmol, 48% yield on 2 steps
5 none AcOEt 43.8 mg, 0.030 mmol, 49% yield on 2 steps
6 DMF 46.2 mg, 0.031 mmol, 51% yield on 2 steps
7 CH3CN 47.9 mg, 0.033 mmol, 54% yield on 2 steps
8 THF 41.5 mg, 0.028 mmol, 46% yield on 2 steps
92 AcOEt 56.6 mg, 0.039 mmol, 60% yield on 2 steps

8s.m. 27 = 50 mg (0.065 mmol, 1 equiv.), Boc-tetradepsipeptide-OAll 2 = 1.2 equiv.

Table S4. Optimization of the reaction solvent and base on the acylation of
N-Cbz-DSer[N-Boc-z-Ala- N-Me--Cys(Bam)- N-Me-2-Val]-OAll 2 and N-Cbz-D-Ser[ N

-Boc-z-Ala- Me-1-Cys(Bam)-N-Me-z-Val]-OH 27. In the case of N-methylmorpholine
(NMM) addition, the quench method of the de-Boc step was just concentration to remove
the reaction solvent. On the other hand, the extraction of the reaction solvent with sat.

NaHCOs agq. for neutralization was performed in the case of none base condition.
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A) Echinomycin (EC)
HIF-1 Luciferase Assay : HEK293p2.1#3
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E) 42 (D,D)
HIF-1 Luciferase Assay : HEK293p2.1#3
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Figure S8. HIF-1 Dependent Luciferase Assay.
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A) Echinomycin (EC)
MTT Assay for MCF-7
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E) 42 (D,D)
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1H NMR and 13C NMR Charts

1H NMR (400 MHz, CDCls)
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13C NMR (100 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (400 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (400 MHz, CDCls)
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13C NMR (100 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (400 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (400 MHz, CDCls)
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13C NMR (100 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)

15

)

40.0 30.0 20.0 10.0

50.0

180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0

190.0

£52°8T
£€89'8T
£68'8T
696'8T
=27 0,561
N\ T9L6T

S0T'L¢C

e 96¢'LC

2N\ 0v0'82
y 20282
eTY'6¢
oLy Ty
_ w66y
= 2.0ty

N

» 6¥¢'39
9¢/°99

¢yl 9L
= 000°LL

¢L9°08

% 102708
£58°08

0€S'8TT
" 05e'6TT
O\ GOr6TT

622 LT
= 650821

__€8TTET
O\ 8IETET

/ 6T9'EET
119°€ET

\ L0L°€ST
—/ 995v4T
70951
TTIT'99T

¥6.°99T

228991
688'99T
G/6'99T

526971
LT7'6918
£0L'69T-

X : parts per M

S53



1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)

X : parts per Million : 1H

S80



13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)

X : parts per Million : 1H

S82



13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)

80'6

0T
Ge'9 I

09

80'T

00T

S92

X : parts per Million : 1H



13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)

8.°G

P72

0Ty
T
1062
G6'T
[.
e !
4
STy @
e A
T/
U 002
[
pd e
\  /
OHNL €T'T
ZT
(@) .
T ST'1
O\|W!N —
o UN‘ _
z— o) _m 6'9
OHw \S/ Z— < — mmﬂc:wr
Sl -
/ £
—z n WHO m e
o —Z = T
pd @) 23
—
H\WL 5
I=
TNﬂo 4
7\ )
z z

X : parts per Million : 1H

S96



'H NMR (500 MHz, DMSO-ds)
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13C NMR (125 MHz, CDCls)
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13C NMR (125 MHz,

CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)

¢0'9
EHD-Ljep  CE9

B

tHo-dey L9

SN A

HD-¢ e f

¥8¢C

€LS

EHD-N sAD

42 (D,D)

‘Ho-g shd
10°¢C
-dgshh T 0

‘Ho-gdJ8s-a 202
¢«
] e —————

HD-g ses-a ¢
e ..

HO-D ey [@ﬂJ
HJ-0 43S-a

HD-0 sAD J

HN e|v £

_ Y

HD LD pue 93-XD [bj
§S9¢ : —

HD 8D pue §3-X0 —

H)€XD
v1'2 F

HN J35-d f

|

—v9c’L

uyl
—g8v.
_\.z852
Nl

M 906'2
/ 2e6'L
96'L

¢96°L

180'6
62C'6
T 67C'6

X : parts per Million : 1H

S103



13C NMR (125 MHz, CDCls)

ijﬁ Jk

)\/NWAN

42 (D,D)

W&@

0 120.0 110.0

o

MMHMWAM"IMMMMM“ it N bbbl o Utk it vl R U Ll AR \L.m‘imuumm Mhhmd\mm M Lkl Immm

T
190 0 180.0 170.0 160.0 150.0 140.0 13 100.0

ML M NS IS O MmN 0 O N < ™ N o™ ™M N O o © ©

O O NM Mo NON < O < [o0) (2] © < @0 N © I O ©

SxoH9© NN~ 0O~ ©®© NS~ < ® ~ooS N©®© IO

[ 2 22 el 3] MM O Do N~ © [32] ™ w0 [*2] — O N~ 00 00 ©

M~ © O oo SO O NN M~~~ © Yol < ™ o NN o
X : parts per Million : 13C

mhi.uml mnmmumh.mmmmum
20.0 10.0

S104



1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)

46 (SO)

T T T T T T T T T \
180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

T
190.0

9ve'6CT
44 474"
v18'6¢T
198'6¢T
L6T'TET

Y9C'TET
C0ETET
TE6'TET
ovLerT
L6L'EVT
656°CYT

crLe9T

08.°€9T
998'€9T
€T V9T

_ - cleeol

M 287'891
=0\ 62€°69T
u/ €69'6910
6LL'69T
T9E0L1g
LEV'OLTE
8L0CLT=
¥897CLTs

X @ parts pi

S108



1H NMR (500 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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