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1. General considerations

1-1. Solvents and Reagents

Unless otherwise noted, commercial reagents were purchased from Sigma Aldrich,
Combi-blocks, TCI, Strem Chemicals, FUJIFILM Wako Pure Chemical Co., Watanabe
Chemical Industries LTD., BLDPharm and/or Kanto Chemical Co., and used without
additional purification. Solvents were purchased from Sigma Aldrich, TCI and/or Kanto
Chemical Co, and used without additional purification (stored over molecular sieves).
THF and DCM were sparged with argon and dried by passing through alumina columns

using argon in a Glass Contour solvent purification system.

1-2. Experimental Procedures

Unless otherwise noted in the experimental procedures, reactions were carried out in
flame- or oven-dried glassware under a positive pressure of N> in anhydrous solvents
using standard Schlenk techniques. Reaction temperatures above room temperature (20—
25 °C) were controlled by an IKA® temperature modulator or AS ONE Co. Oil Bath and
monitored using liquid-in-glass thermometers. Reaction progress was monitored by thin-
layer chromatography (TLC) on Sigma Aldrich/Millipore silica gel TLC plates (60 A,
F254 indicator). TLC plates were visualized by exposure to ultraviolet light (254 nm),
and/or stained by submersion in p-anisaldehyde, ninhydrin, 2,4-dinitrophenyl hydrazine,
or phosphomolybdic acid stains and heating with a heat gun or heating plate. Organic
solutions were concentrated under reduced pressure on an EYELA temperature-
controlled rotary evaporator equipped with a cooling condenser. Flash column
chromatography was performed with glass columns using Kanto Chemical silica gel (60
N, spherical neutral, 40—50 pm particle size), using ACS grade solvents. All yields refer
to spectroscopically (‘H and '*C NMR) pure material.
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1-3. Analytical Instrumentation

"H NMR and '3C NMR data were recorded on a JEOL JNM-ECA-500 (500 MHz for 'H
NMR and 126 MHz for '*C NMR) spectrometer or Agilent MR-400 spectrometer (400
MHz for 'H NMR and 100 MHz for 3C NMR) using CDCl3, CD30D, or (CD3),SO as a
solvent, typically at 20-23 °C. Chemical shifts (8) are reported in ppm relative to the
residual solvent signal (8 7.26 for 'H NMR & & 77.2 for 3C NMR in CDCls, & 3.31 for
"H NMR & & 49.0 for 3C NMR in CD;0D, and & 2.49 for 'H NMR & & 39.5 for 13C
NMR in (CDs3),S0). Data for 'H and '3C spectroscopy are reported as follows: chemical
shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet,
br = broad, app = apparent), coupling constant (Hz), integration. High-resolution mass
spectra (HRMS) were measured on a JEOL JMS-AX505HA, JEOL JMS-700 MStation
and/or JEOL JMS-T100LP. Data acquisition and processing were performed using the
Xcalibur™ software. Optical rotations were measured on a JASCO P-2020 polarimeter.
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2. Isolation and Structure Elucidation of Tetraselide

2-1. Fermentation and Isolation

Strain Trichoderma sp. FKJ-0225 was grown and maintained on an agar slant containing
0.1% glycerol, 0.08% KH2POs, 0.02% KoHPO4, 0.02% MgSO4-7H20, 0.02% KCl, 0.2%
NaNOs, 0.02% yeast extract and 1.5% agar (adjusted to pH 6.0 before sterilization). A
loopful of spores of the strain was inoculated into 100 mL of the seed medium containing
2.0% glucose, 0.5% Hipolypepton (Nihon Pharmaceutical Co. Ltd., Tokyo, Japan), 0.2%
yeast extract, 0.2% KH>POs4, 0.05% MgSO4-7H>0, and 0.1% agar (adjusted to pH 6.0
before sterilization) in twelve 500 mL-Erlenmeyer flasks. The flasks were incubated on
a rotary shaker (210 rpm) at 27 °C for three days. The seed cultures (40 mL) were
inoculated into each 30-culture bag (Ulpack 47, Hokken Co. Ltd., Tochigi, Japan)
containing a production medium (1 kg of water-sodden rice and 10 g of seaweed tea
powder (Ito-en Ltd., Tokyo, Japan)). Static fermentation was continued at 25 °C for 13
days.

Acetone (30 L) was added to the stationary cultured material (30 kg) as shown in Figure
S1. After vacuum filtration and removal of acetone in vacuo, the resulting aqueous
solution was filtered through a filter paper to obtain a water-insoluble material. The dried
material (33.5 g) was dissolved in a small amount of CHCl3/MeOH (100/10) and charged
to a silica gel column (150 mL resin, 55 i.d. x 55 mm; Merck KgaA), and eluted stepwise
with a solvent mixture of CHCl;/MeOH (100/10, 100/20, 1/1, 0/100, 0/100+0.1% TFA,
each 500 mL). The CHCl3/MeOH = 1/1 fraction was dried in vacuo. The residue in the
1/1 fraction (6.52 g) was washed with CHCl3 (20 mL) and MeOH (20 mL) to afford 870
mg as an insoluble material. A part of the insoluble material (750 mg) was subjected to
reverse-phase HPLC using a Capcell Pak C18 column (20 i.d. x 250 mm; Osaka Soda Co.
Ltd, Osaka, Japan) with an isocratic solvent system of MeCN/H,O/TFA (45:55:0.1) at a
flow rate of 7.0 mL/min detected by UV 210 nm. Because the sample had low solubility
in the mobile phase, the injection sample was prepared as a 100 mg/mL DMSO solution,
followed by an addition of the mobile phase at a ratio of 1:2 (DMSO solution: the mobile
phase), and injected at 30 mg each in 25 portions. The fractions eluted in the retention
time of 15-18 min were collected (Figure S1b). The solvent mixture was evaporated in
vacuo to remove MeCN, and freeze-dried to afford the crude material (68.1 mg). A part
of this material (26.2 mg) was subjected to reverse-phase HPLC using analogous
conditions, in which changing solvent system MeCN/H>O/trifluoroacetic acid (40:60:0.1)

was used. The fractions eluted in the retention time of 31-34 min were collected (Figure
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S1c). The solvent mixture was evaporated in vacuo to remove MeCN, and freeze-dried to
afford tetraselide (1) (15.6 mg).

(@) (b)
Trichoderma sp. FKJ-0225
Cultured material (water-sodden rice 30 kg)

Added Acetone (30 L)
Filtrated in vacuo
Removed acetone in vacuo
Filtrated by filter paper
Water-insoluble material (33.5 g) 500 4

Silica gel column (55 i.d. x 55 mm)

CHCI3/MeOH system (each 500 mL) 300 1
(100/10, 100/20, 1/1, 0/100, 0/100+0.1% TFA) J

700
tetraselide

mV

1/1 fraction (6.52 g) 100 |

Washed with CHCl; (20 mL) : : ‘
Washed with MeOH (20 mL) 100 § 5 o1 15
Time (min)
Insoluble material (750 mg/ 870 mg)
HPLC (©)
Capcell Pak C5 (20 i.d. x 250 mm)
Mobile phase: 45% CH3CN/0.1% TFA aq. 500 -
Flow rate : 7.0 mL/min, UV : 210 nm
Removed CH;CN in vacuo and freeze-dried
15-18 min fraction (26.2 mg/ 68.1 mg) 300 4
HPLC
Capcell Pak C5 (20 i.d. x 250 mm)
Mobile phase: 40% CH;CN/0.1% TFA aq. 100 1 JJ\
Flow rate : 7.0 mL/min, UV : 210 nm 0 : - )
Removed CH;CN in vacuo and freeze-dried 10 20 30
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400 | tetraselide

mV

200 -

Figure S1. Isolation of tetraselide (1) from the cultured material
of Trichoderma sp. FKJ-0225

(a) Isolation procedure of 1
(b) First HPLC chart of insoluble material fraction,
(¢) Second HPLC chart for isolation of 1
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2-2. Structure Elucidation of Tetraselide

Compound 1 was isolated as a colorless powder. The molecular formula of 1 was
determined as C41H73N9O15 by HR-MS analysis (ESI, m/z 932.5301, calculated for C41H74
NoO15 [M+H]" 932.5299), requiring 10 degrees of unsaturation (Figure S2). The typical
'H and 3C NMR signals and HSQC spectra of 1 in (CD3)2SO (Table S1 and Figures S7—
9) and IR absorption at 1655 cm™! (Figure S4) indicated the presence of amide groups.
The 'H-'H COSY and HMBC spectra revealed the presence of eight a-amino acid
residues (Orn, Thr, Ser, Ser, Ser, Ser, Ala, and Gly) and one S-hydroxy-y-methyl-fatty
acid (Figures S5, S10, and S11). Considering the fact that the molecular weight of 1 got
increased by 18 (an addition of H>O) under the simple basic hydrolysis conditions, we
assumed that 1 was likely a cyclic depsipeptide. We could not assign the amino acid
sequence by MS/MS fragment analysis of the basic hydrolysate of 1. The linear peptide
derivative was prepared by mono-acetylation of the ornithine residue, followed by
macrolactone hydrolysis in 1 through LC-ESI-MS/MS analysis, which revealed the
sequence of Orn-Ser-Ser-Ser-Ser-Thr-Gly (Figure S6). Finally, the overall planar
structure was determined by HMBC cross-peaks from Ala H-1 (du 4.18) to 3-hydroxy-4-
methyl tetradecanoic acid (Hmta) C-1 (dc 169.5), from Orn NH (Ju 8.10) to Ala C-2 (dc
172.5), from Ser-1 NH (Ju 7.86) to Orn C-5 (dc 171.2), from Ser-2 H-1 (du 4.09) to Ser-
1 C-3 (oc 171.3), from Ser-3 NH (du 7.71) to Ser-2 C-3 (dc 170.0), from Ser-4 NH (Jou
7.53) to Ser-3 C-3 (Jc 169.8), from Thr NH (du 7.98) to Ser-4 C-3 (dc 170.3), from Gly
H»-1 (6n 3.85 and 3.77) to Thr C-3 (dc 170.2), and from Hmta H-3 (du 5.04) to Gly C-2
(dc 168.8) as shown in Figure S5.

S6



Intensity, cps

4672729

932.f

|

5301

0

200 300 400 500 600

700

800 800

s
1000
mz,

1100
Da

1200

1300

1400

1500

1600

1700

1800

1800

200

Figure S2. HR-ESI-MS data of 1

Figure S3. UV spectrum of 1 in MeOH
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Table S1. NMR data of 1 in (CD3),SO (‘H: 400 MHz, '*C: 100 MHz)

Tetraselide (1)

position S¢ Sy (int., mult., J in Hz) COSY HMBC
Ala 1 48.6 4.18 (1H, dq, 7.0, 7.0) Ala NH, Ala 1-CH; Ala 1-CH3, Ala-2, Hmta 1
1-CH, 17.7 1.18 (3H, d, 7.0) Ala 1 Alal, Ala2
2 172.5 -
NH - 7.99 (1H)* Ala 1
Orn 1 52.1 4.28 (1H, m) Orn 2, Orn NH Orn 5
2 28.3 1.54 (1H, m) Orn 1 Orn 1,0rn 3
1.75 (1H, m) Orn 3
3 23.6 1.53 (2H, m) Orn 4 Orn 4
4 359 2.73 (2H,t,7.2) Orn 3 Orn 2, Orn 3
5 171.2 -
NH - 8.10 (1H, d, 8.0) Orn 1 Ala2
4-NH, - N.D.
Ser-1 1 54.2 4.44 (1H, m) Ser-1 2, Ser-1 NH Orn 5, Ser-1 3, Ser-1 2
2 62.2 3.82 (1H, m)
3.59 (1H, m) Ser-11 Ser-11
3 171.3 -
NH - 7.86 (1H, d, 8.3) Ser-1 1 Orn 5
2-OH - N.D.
Ser-2 1 57.2 4.09 (1H, m) Ser-2 2, Ser-2 NH Ser-1 3, Ser-2 2, Ser-2 3
2 60.6 3.66 (2H, m) Ser-2 1 Ser-2 1
3 170.0 -
NH - 8.43 (1H,br.s) Ser-2 1
2-OH - N.D.
Ser-3 1 55.9 4.24 (1H, m) Ser-3 2, Ser-3 NH Ser-3 2, Ser-3 3
2 61.2 3.58 (2H, m) Ser-3 1 Ser-3 1, Ser-3 3
3 169.8 -
NH - 7.71 (1H,d, 7.7) Ser-3 1 Ser-2 3
2-OH - N.D.
Ser-4 1 54.9 4.39 (1H, m) Ser-4 2, Ser-4 NH Ser-4 2, Ser-4 3
2 61.8 3.61 (2H, m) Ser-4 1 Ser-4 1
3 170.3 -
NH - 7.53 (1H, d, 8.3) Ser-4 1 Ser-3 3
_________________ 2-0H o N
Thr 1 58.4 4.26 (1H, m) Thr 2 Thr 2, Thr 3
2 66.6 3.88 (1H, m) Thr 1, Thr 2-CH; Thr 1
2-CH; 19.8 1.05 (3H, d, 6.4) Thr 2 Thr 1, Thr 2
3 170.2 -
NH - 7.98 (1H)* Ser-4 3
2-OH - N.D.
Gly 1 41.1 3.85 (1H, dd, 16.6, 5.4) Gly NH Gly 2, Thr 3
3.77 (1H, dd, 16.6, 5.6) Gly 2, Thr 3
2 168.8 -
NH - 8.00 (1H)* Gly 1 Thr 3
Hmta 1 169.5 -
2 36.9 2.31 (2H, br. d, 5.5) Hmta 3 Hmta 1, Hmta 3, Hmta 4
3 75.4 5.04 (1H, m) Hmta 2, Hmta 4 Hmta 1, Hmta 2, Hmta 4, Hmta 4-CH;, Hmta 5
4 359 1.69 (1H, m) Hmta 3, Hmta 4-CH;, Hmta 5
4-CH,4 14.5 0.81 (3H, d, 4.0) Hmta 4 Hmta 3, Hmta 4, Hmta 5
5 31.8 1.31 (1H, m)
1.00 (1H, m) Hmta 4
6-11 29.3
29.1
29.1 1.17-1.26 (12 H, overlapped)
29.1
28.8
26.5
12 31.3 1.22 (2H, m)
13 22.1 1.23 (2H, m) Hmta 13-CH;
13-CH;, 14.0 0.82 (3H, t, 6.7) Hmta 13 Hmta 12, Hmta 13

N.D. Not detected

* Overlapped
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Figure S6. MS/MS fragmentation analysis of a linear-degraded compound from 1
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CARBON_01 — 220627-FKJ-0225-AZ-M-sol-16min-DMSO —

Figure S8. 3C NMR data of 1 (100 MHz, (CD3),SO)
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gHSQCAD_01 — 220627-FKJ-0225-AZ-M-sol-16min-DMSO —
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Figure S9. HSQC data of 1 (400 MHz, (CD3)2SO)
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gCOSY_01— 220627-FKJ-0225-AZ-M-sol-16min-DMSO —
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Figure S10. COSY data of 1 (400 MHz, (CD3).SO)
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Figure S11. HMBC data of 1 (400 MHz, (CD3)>S0O)
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2-3. Determination of the Absolute Configuration of Amino Acid residues in
Tetraselide

Attempts to determine the absolute configuration of amino acid residues in compound 1
were described as follows. The Ala, Orn, and Thr residues in 1 were determined as L-Ala,
L-Orn, and D-allo-Thr by the advanced Marfey’s method!!! (Figure S12). Similarly, the
four Ser residues in 1 were detected as D-Ser:L-Ser = 1:3 although the order of the Ser
residues remained ambiguous by this analysis. Therefore, we thought to undertake
bioinformatic analyses to predict the absolute configurations at the C3 and C4 positions

in Hmta and Ser-1-4 residues.

Ala from (1) Orn from (1)
3.79 min
3.92 min
L-Orn
L-Ala
3.92 min 5.77 min
D-Ala D,L-Orn
4.46 min 5.65 min
Ser from (1) Thr from (1)
3.57 min 3.93 min
- 3.69 min
o T L-Thr
P 1 3.57 min
L-Ser
i L-allo-Thr
|
I " . 3.70 min
o|f 3.70 min
- 18 WK app
—TTTT D-Thr
1 D-Ser ’
4.19 min
e D-allo-Thr
5 ¥
|
be 3.60 min 3.92 min

me

Figure S12. Extracted ion chromatogram profile of L-FDLA derivatives of alanine,

ornithine, serine, threonine, and hydrolysates of 1.
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LC-MS method

Column ; ACQUITY UPLC BEH C; (2.1 i.d. x 50 mm)

Mobile phase A ; 10% CH;CN agq. + 0.1% formic acid

Mobile phase B ; 100% CH;CN aq. +0.1% formic acid

Linear gradient ; A:B = 100:0 to A:B =0:100 (0-10 min), A:B = 0:100 (10-15 min)
Flow rate ; 0.5 mL/min

UV ; PDA

MS ; ESI- MS, positive mode

Value of extracted ion, Ala; m/z = 384-385, Orn; m/z =721-722, Ser; m/z =400-401,
and Thr; m/z =414-415.
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Material and methods

The genomic DNA of strain FKJ-0225 was obtained from the mycelium. The strain FKJ-
0225 was cultured for 3 days in 100 ml Potato dextrose broth at 27 °C. The myceliums
were collected, washed and frozen at —80 °C. The frozen mycelium was ground into a
powder and suspended in 10 mL of TE buffer (pH 8.0). To the resulting suspension was
added 0.5 mL of 10% SDS and the mixture was incubated for 5 min on ice. After addition
of 2.5 mL of 5 M KOAc, the mixture was incubated for 15 min on ice. To the resulting
suspension was added 10 mL of a mixture of phenol:chloroform:isoamyl alchol (25:24:1).
After adding EtOH and subsequent centrifugation, the DNA was obtained from the
supernatant. The genomes were sequenced using the Pacbio RSII technology (Macrogen,
Inc., Seoul, Republic of Korea). The obtained genomic sequence was analyzed using
antiSMASH7.0 and 2ndFind. The amino acid sequences of polyketide synthase and
nonribosomal peptide synthetase in tetraselide biosynthetic gene cluster are shown in
bellow.

> polyketide synthase
MILDDDYVACVLYFNTLFPLVHSFFNTPKRKDLFNKMTADTMPEPIAVIGMSCRFPGDASEPSRLWDVLAAGKSAWSEVPEDRFNMK
AFYHGKDPHNTTTNTPGGHFLSTDVAAFDCSFFEIKPTEAQAVDPQQRITLELAYEAFENAGLTLPQLWGSSTSVYVGQWSSDYSEV
LARDPESQERYHTLGIGAAITSNRLSYFFNLRGPSFTVDTGCSASLVALHNAVQSLRSGESTMSLYGGVNILLDPQRFTYQSKLKMFS
PDGRCFSFDDRANGYGRGEGCGCVVLKPLSAAIRDGDRIRAVIRNSALNQDGRTPQGISVPSGEAQEELIRRAYAEVGLIPTETDYAE
AHGTGTAVGDPIEAEAIANVLARPRAPSQGPLLIGSMKGNIGHTESAAGIAGLIKAVLMLENQAIAPQVNYRRPNPKIPLDIWNLQIPLSF
EKKDIRRISVNSFGYGGTNAHVIVDRVEEHIRPQNGTNGVDDSHIEAERPRAFIVSGADEQSCHKNAERLAQYLIKSQDESVEDPNELL
DRLAITVNKRTVHEYNASVVAYDTEDLVEQLEVLQQTTIAVRTPTKGGARVGYVFGGQGAQYFNMGREMMKDWPVFRQSLDRANT
HLRTLGCKWDTLAELSHEKAEDSHVDEPEYGQTLSTVIQLALVDTLASLGLSPTSVVGHSSGEIAAAYAVGALSFEDSLTVAYHRGRL
TSKLIASGVSGGMLAVGSSPEVAQTYIDKVKATTSAELKIACYNSVGSVTLSGDNETISAVAALLQDNDVFHRKLKTQGAAYHSQMM
QAIEEEYRAALAHIKPRPVAGNMMSSLNGKKVSSELLLDGDYWARNLVSPVRFSGALRGMIVSEKQDGQHDLGVDILLEVGPHAQMQ
GAVKDTMKDSGYASRIQYLSCLKRKANAAENMLSTLADLFALGAPVSFHQANAGFTTKLPAMLNDVPPYAFNHDQRHWHESRISRE
YTHRQFLPHELLGNLSSDVNHTEPRWRRIMNLKEMPWLQHHMVQGQIVFPAAGYLAIAMEAMRRFAALKPENQSKATVGYSLSNCS
FVKALVLREGDTETEMCLSLRPETQSAKGSWQDWKEFRIFSISPGKGWSEHCRGRIRAVTDDGMLADRLNDTLDVKKSNLASIQHHV
TPIRFYSAARQIGMEWYAPFDNIVSLEALVDSSVATNKMPSLDAAAHPFGEECYVVHPGMLDSTLFHGICASLLVERESKSAMVPVFIE
QLTVSTALKVPEGTELRTYALAQDKGTSWSGQVESNDQAMMSFHGLRIAQLPGNDLSTAPRQLATSPEWVGHYPSMTREQIANCM
NSLPAGSSRYRNIVLNADVRAHVERALKQVTPDQVATGFQQAWYKWMQSFVATKADSPELVAKARVAVASDPSISFEAVKRIGEDLE
NLLTGATNSLSILTLNDMLGKLYSEERNGRCYHQINEYCKTLGKYNPSLRIVEVGGGTASATLPLLEALTHHGKPLVAQYDFTDLSTAF
FPAARERLNQYSNVVNYKAFDLATSPDLQEFEPGTYDVVIACNVVHATPNIASSLENIHHLLRPGGVLILMEITNPEPYYQLIFGSLSGW
WLGVDEGRVSSAVLSVSDWKRELSKQGYESDPVIVSDYAEGEGETISVIFAKTPVAPQPDLSEVSLHFTNGGNLGKVAESLRQNTGL

GLRQITTGDLDSIPNIANTVLVIDPELSEALAGHMDASTWQKFQKCALSCKGLVLISRGATGDSPVPEGALTIGFARTLRLEQRGIRYVT

S18



LDLDPDNSHGAIEQRLSQSLAKLLASEAFDLERDCIGLDFQFAERSGQLYVNRMFQNDQLDQHIVRSTARAKPEQTAFLQPSRPLKV
GLGVPGLMETFRWADDVEHARALAPDEIRIECRAASINFRDVLVASGELGASATMMNDCAGTVVEVGSNMKSRYSVGDRVCSYYAQ
SYNNYPIVDGHHCARIPDNVSFALGASLPIVWATTYHSLVNVAKLQAGESILVHAAAGAVGQAAVILAKHLGAVVYATCGSEEKRARL
QSLGVPQENIFTSRSAAFGPALLAATKNKGVNVVLNSLAGELFRESLGCLASFGRFIEIGKKDFLDDALMPTKFLLRNITFACVDLVQM
INEDKMLVNRLLKDVVELIASNKLTDQVNLRLFKIGEIESAFRLIQAGKHMGKVILTADSDEMVPALPETPALAKLLPEATYILVGGFGGL
GVEVLPKACDIASKESVEAVVKSLQGVGKIRGVINAAMALEDVLFDQMTHQQWDASLAPKVAGTKNLHEVLPADMDFFVVLSSIAGII
GHPAQANYTSACAFQDAFMHYRRAQGQAAFAIDVGVVSDAGFVSENPAVYANMKRQGFAFITVAELLATLDYALAGSGPECQASLG
VAPDAGKPDWAEQRHLSHLVQDSNLFGGADLGDGSGGSDHIDKIRRSQTVEEVVEAVGGAVLAELSKLIVTPVDRILPHRTLDSYGV

DSLVAVELRNWIVAMLAADVSLLLIRESRSIENLIHLVAGKSRLVPAKLQEAPPECPVTKPSGAVPPSKCAQP

> nonribosomal peptide synthetase

MENSNSIEARLQPSKLALGKVAAQILDIDVDSLDWDKSFILLGGDSILAIDFIVKCRDAGIHVDMMELLTAESLGAIAEQIDQ
KNAATLNGDANGVNGHANGINGHENGNARFPLVNWQDSALEDLAANLKTHNIAMSDIDSIAPCSAVQEGFFVSQAINPTS
YISHISLRLLSSSTNGPRPTIDGVVNAWRGLVKRHAILRTTFVESNDRPGKFDQLVFKPDMPPLIIICSSKSEADTVPALTIREF
EVPLRLCVYEVSADELRLDVEISHALVDGHSGRILLHDFRASYLQSEYFSDNRLPYTSFASHQQAIIKEAPAGAEYWTSYLN
NATESHLPLITNNTQLLRLETARSSVPLPDGKLRAVCSQLMITPANLFQVAWALAIRRIILSDTITFSYIVSGRNSSLEGADGT
VGPFINTLPCSLTFTPETSAADALLLMKKDWQDGLPFQNIAIADLATAKTRSLKRLGNTLLSIEREASNTHVLTEGTSMTLD
ARTSATDFDITANVRLADDRIDLSLEYWASRVAWPVAKAQMTAFHDAVLFLLEGAGSIRDFPSYGLEDRLTISKWNSTIPP
RVERCVHDLVRDKMVAQPKAQAVSAWDGEMTYGELNEASRRLAYRLVELGVRPEVKVGLCMDKSKLGVVAMLAILRA
GGVAVPVGVQHPVARIEGIMEDTSALVMLVDRVHEQRLADLGTATQLLAVDSFFDEAPSTPTPSAEPCPSVRHDNSAWVL
YTSGSTGKPKGVVLEHGALTTSILAHGPALGIQPSDRLSQFAAYTFDVSIAEIMTPLSIGACVCVPSEHDRISRLTAFLSEANV
TIATLTSTVAALVQPQDTPKIRTLVLTGEALQRKVVDQWIQQATVINAYGPSENSIWTTGKIVRDSSEANNIGTPLAGGFWV
VNPTNISELVPVGATGELLIEGPLLAREYLNDPAKTAAAFVTDPAFVEELGLSPGRRMYLTGDLVQQHPDGSLTYLGRRDT
QIKIRGQRVEIGEIESQIARLLPDAREVMVDMIKPASEANDDGASMLVAVVEYAEAGSALSNCGALDLYNPDAVSQAVRT
ALEKLDGDLVQALPLYMVPSVFLLTPKIPINISGKLDRRTIQEELRVLSREALNGYSCSTVIKQAPKTAMEKRLHGLWATAL
SLSPASVGINDSFFRLGGDSVVAMKLVAAARAERIPLSVADIFQWPRLVDVAAAIEEKQVQESSLEDSKDPAPLSLWPELA
QDDIADADREQLLADVAAQCDITTSQIEDIYPCSPLQAGLMAITAQHPDAY VIQRVFRLNSKLSTERLKAAWTRLVEALPIL
RTRIIPSVKADALQVVVREQPVWYHGSSLKDYLATDKANAITYGGKLSRTAIIESKDNGGRTFVWTSHHSVYDGWSKSKM
IEMLGQLLRDEAPLPSPVPVSRFIAYLARQDERDKAAFWKNHLQDVNWMPYPPLPSVQHKVNPRDILNSQLNISLAPGAAT
MSTLLRATWALLVATNTGAEEAVINVVLSGRMAPVDGITDLVAPTITSVPFRVSALREQTVRGLLSNIQEQSTDMIPYEHT
GLQNIRRMVPDLGSEFDPGHIFLVQPAAESESAKPMFDMGMDVDEEAASLDAFDAYALNIECTVSGKSDEVMIELSFDRD
VVPVDAAHRLLAQFNNIAKQLTRYADVELPLGELKLLPEEDSAQLIQWNSVVSPRIERCLHDLMRENVRVRPSAVAISAW
DGEMTYSELDDSSRRLASRLADQGVGPEVMVGLCMDKSKWAVVAILAILRAGGAVVPLGVKHPLTRIERIVQDTGMRIV
LVDSSQQSRLGSVPAISTITVDATLHKSLPPTAYDACSTVTPSNVAWVQYTSGSTGQPKGVVLEHGTLITAVLANAQFLSLT
AESRTLQFAAFTFDVCITDIFCSLATGGCVCLISEEERMNDLAGCFQRTKATYAELTPTTLKLLSPDQVPALTKLALGGEAIE

PQLIDQWSSSVQLINSYGPSECAIVCAANILSETKDAKNFGKALAGAFWIVHPGNYNSLCPIGVPGELLIEGPLLARGYLNDP
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DKTAAAFIKDPAFVQALGLAPGRRMYRTGDIVQQNADGTLSYFGRIDTQVKIRGQRVEIGEIENQINLLLLHGHQGMVDV
VRPAGEALDAPLMLVAVIEYPEAGPASSSLEPMNLFNGAQITEAARKEMENLEASLGQLLPSYMVPATFLLAPSIPVNASG
KLDRRAVRDHLRLMSRESLSSFSCSAGLKQAPTTAMEQRLQNLWATALMLDPSSIGINDSFFRLGGDSIIAMKLTAAARAE
KIPLSVADIFQWPRLVDIAATIEEKQVEDSGLADENPAPLSLWPELLYADNSEAERVRLLTDVAAYCGVSIDDVEDVYPCSP
LQAGLMAITAQRQEAYTAQRVFSLEADLSIQKLKVAWARLVEALPIVRTRIIPSARADALQVVVREQPSWKSWTSLEEYLE
ADKSIPMTYGSALSRAAIVVDGDSRYFVWTTHHSVYDGWSLVEMAKLLAQLLSDEAPSPSVPVSRFIAYLARQDKERAAT
FWKQQLEGSNWAQYPALPSPQHVVNPRDLIKRRVEIPNGPGDGSMATLLRAAWGLLVSANTGSEESIISVVLSGRMAAVE
GITSLVAPTITSVPFRVSASPTQSVRDFLSTIHKQAAEMIPYEHTGLQNIRRMVSSLGPDFDPGHSFIVQPAEESESALPMSYM
QRENADSSADAFNAYSLTIECTLATGTNAIEVEVRYDREVLPVDNATRLLAQFDHIVQQLAQYAETETPLGQLQLLSKEDS
VQLTRWNSAVPPPVERCIHDIVLDKMTDQPCALAISAWDGDMTYKELDDASSRLAYHLVERGVGPETMVGMCMDKSKF
GAVAMLAILRAGGAVVPLGIQHPLARIEGIAKDTGMRIILVDRGQEERLATLATLAEHIQLVVVDSFLNTTKSTSTPSGKPCI
SVRPENVAWVIYTSGSTGTPKGVVLEHKALVTSILAHGRAFDIKPSDRLSQFAAYTFDVAIQETMTTLAFGACICIPSEDDR
LNRLTSFLSDFNVTIATLTSTVACLVQPEHTPTVRSLVLMGEAVQPKVIDQWGNYADIINAYGPSECCIHTTGNKIKERSEA
LNVGKPLAGVFWVVNPVNAGQLVPIGAPGELLIEGPQLARGYLNDSTKTEAAFIKDPAFIKALGLGPGRRMYRTGDLVQQ
SPDGSLTYIGRRDTQVKIRGQRVETGEIESQILSLVPDATEAIVDIVRPAGEAHEGVLMLVAIIEYPKAGPSSSGELGLFDEIT
DAARNSIQGLDIKLGQILPSYMVPSAYLLTSKIPMNNSGKLDRRTTRDQLRLLSRESLSRFSNSILAKQAPTTPMERKLHSL
WAAALSLPPDAIGINDSFFRLGGDSVVAMKLAAVARTEQIPISVADILRWPRLAQLAEAIENRSNDFGFVDGDPAPLSMWP
ELAQLSPQTDGERERLLADVAMQCGVTSELIEDVYPCSPLQAGLMAITAQRPGAYIVQRVFRLQDNLSTQQLKAAWSKLT
ESLPILRTHIPSVLCNAVQVVLKKDPVWQDGTSLDNYLAADRANPITYGGALSRTAIIHNGSDRHFVWTTHHSVYDGWSV
AKMMELLAQLLQGAAPPAPVPVSRFIAYLNQQTEAKTTTFWRNYLKDANWARYPALPSPQHYVNPRDTLQQHLNVPLKS
DAVTLPIVLRVAWALVVASKTGLDDAVINVVLSGRMAPIDGIMDLVAPTVATVPFYISASKEQSVKSLLAEVQNQSTEMIP
YEHTGLQSIRRMVPGLGPEFDPGHIFVVQPAGESESAIPTFNMGMVVDEQAASLDDFDAYPLTVECTVAADANDVEVELR
YDSDVVPADAAQRLLAQFGHIVQQLSENADNNKPLGELQLISLEEKMQVSKWNSAVPPPVDRCIHELVLDEMVAHPESIAI
SSWDGEMTYGELNEASRRLAHHLSAEYGIGPEVMVGMCMDKSKLGVVAMLAILRAGGAVVPLGVQHPLTRIEAIVQDIA
APLVLVDRTHKKRLDSLSSQTQLLAVDSFFESAPSTPAPAGEPSTSVRPENVAWLIFTSGSTGTPKGVVLEHRALATSILAH
GRGFDIQPHDRLSQFAAYTFDVAIQEIMTTLALGACICIPSEDDRVSRLTPFLLESNVTIATLTSTVAALVRPQDTNVRTLVL
MGEAVQPKVVSQWTDHATIINAYGPSECCIHTTANKIKETSEALNVGKPLAGVFWVVNPTNVNQLVPIGAPGELLIEGPQL
ARGYLNDAEKTAGAFVKDPAFAQDLGLTGRRMYRTGDLVQQNADGSVTYVGRRDTQVKIRGQRVEIGEIESQMMKLLP
EASEAIVDVVRPAESHDGVLILVAVIEYPGAGSSTSGELDLYDYSNVTDAARNSLQRLDMALGQVLPAYMVPSAYLLTPK
MPVNNSGKLDRRAVRDQLRLMSRESLSRFSYSMSVKKAPSTPMEHKLHRLWATVLSLAPEQVGINDSFFRLGGDSVIAMK
LTAAARAENLPLSVADVFQWPHLTDIAAALEEKHGLTNGNVTNGLAREDPAPLSLWPELSQDADREQLLEDVAAQCDITT
SQIEDVYPCSPLQAGLMAITTQNSEAYIIQRVFSLEAELSTQKLKTAWARLVEALPILRTRIIPSVQVDALQVVVRDLQPIWK
DSTSLDNYLAADKATPITYGGALSRTAIVTSEDGTERFFVWTAHHSIYDGWSMAQTMNMLVQLLRDEAVPAPVPVSRFIA
YLSQQDQQQTTSFWKNHLEGANWARYPALPSLRHKVDPRDVLNREIRISRKVGSAVTTPTLLRAAWGLLIAANTGSDEAIIL
NIVLSGRMAPVDGIVDIMAPTITSAPFRVSTLREQTIRRFLSAVQEQGTQMIPFEHTGLQNIRRMVPDLGSEFDPGHVFVVQL

AEETESSPLLYDKLFKKELTIADAFHSTPLNIECTVSEGNSLIKVEALYDSGVISVDATQRLLAQFAHIVQQLADNTEAEQSL
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GQIQVLSKEDGLQLSQWNSVTPPKADRCIHELVQEQIVARPAAPAISSWDGEMTYSELDVASRRLAHHLSTLGVGPEVMV
GLCMDKSKLGVVAMLAILRAGGAVVPLGVQHPVGRIEAIVKDTAAPVILVDRGHEQRLAELSSHTKLLAVDSFFDKAPAT
LETTSPEPAVRPENVAWVIYTSGSTGTPKGVVLEHQALSTSILAHGRGFDMQPYDRVSQFAAYTFDVAIQENMTTLAFGAC
ICIPSEEDRINRLTPFLSKAEITFLTLTSTVAALVQPRDVPTVRSLALMGEAVQPKVVTQWAEHATIINAYGPSECCIHTTAN
RIKDKAEALSIGKALAATFWVVDPVSTQLVPIGAPGELLIEGPQLARGYLNDPVKTAASFIQDPPFVEALGLTPGRRMYRTG
DIVQQNADGSLTYVGRRDTQVKIRGQRVEIGEIESQIVHLLPGASEAVVDVVRPAGEAHEGVMMLIAVIEYPEAGPSSDKV
LELYDPTKITEAARKALEKLDADLGQILPAYMIPSAFLLASKIPINISGKLDRRTVREQLRLMSREELASFSCSFVIKQAPTTA
MEESLRSLWAKALALEPEAIGINDSFFRLGGDSVLAMKLTAAARAEKIPLSVADIFRWPRLEDIAVAMEERNGLENGNANS
EDPAPLSLWPELAAQADDADATTRLLSDVAAQCSVSVDQIEDIYPCTPLQAGLMAITAQRPEAY VIQRVFRLDSNLSTEKL
KAAWTRLVEALPILRTRIIPSARTDALQVVIRSESAWQDWKSLDDYLATDKASPITYGGALSRAAIVSNEGTSDRFFVWTT
HHSVYDGWSVAKTIEILAGMLKGEAPPVTVPVSRFIGYLERQKKEEIAAFWQGHLEGANWARYPALPSPQHDVSPTASLQ
EHIQVPLTSETGIPTVLRAAWALLVATNTGLDDAVINVVLSGRMAPIDGIMDLIAPTVTTAPFRVSASKEQSVKGFLADIYN
RAAEMIPYEHTGLQNIRRLVPGLGPEFDPGHIFVVQPAAEKEEATPMLDMNIERENTSLGAFDAYALTVECTIGQGMDVDV
EVRYDSTVLPSKDVQRLITQFGHIVQQLAQNAETEQPLGQLQLLSAEDSAQLHKWNSTVPSQIDRCIHDLVNDKMVEQPSA
VAISAWDGEMTYGELDTASKQLAYYLIQQNVGPEVMVGMCMDKSKFGVVAMLAILRAGGAVVPLGVQHPVARIEGIVT
ETAAPIVLVDRAHEQRLSKLAAHTKLLAVDSFFDTASSTPAITSAELCKSVGPNNVAWIIYTSGSTGQPKGVVLEHKALATS
ILAHGRAFGITPQDRLSQFAAYTFDVAIQEIMTTLALGACICIPSEEDRMNRLTPFLEEAKITIVILTSTVAALIHPQNIPTIRTL
VLMGEAVQPKVVDQWAGHTTVINAYGPSECCIHATGNPISHRSEASNIGLPLASVFWVANPSSVGQLVPRGTPGELLIEGP
QLARGYLNDPVKTAASFIQDPPFVKALGLAAGRRMYRTGDLVQQNADGSMTYLGRRDTQIKIRGQRVEVGEIEYHIGKQA
GIHDAVVLYMRQGPLAGQLVAAVILDETENSAASRQQNADVKHVAEEHKESAQTLLRKAQHDLSQQVMHYMVPSVWIP
LAAAPINASGKTDRLTLTRWVQSLPQDEIVALTRSTENTEDTEEMMAMATPFERSLREVWSEVLAIPLQEVNFSTTFFSLGG
DSITAMQVVSASRARGILVTVRKILESQTIPQLAAVAQRIEATDDTETSSGNIVDGSAGAARTGKAKDFPLAKLSDSDMDVI
EGQYLSSIGVSSITEIEDILPCSPIQQGILLTQIQSPSTY CIQQTCRIKSSDPAKHPFSMDQFIGAWRQVVMRHSILRTVLLEPLP
GQERFIQIVLRQPNLGIVNANGVADAAVSEWFDSQPVLDVTDLQHPPHRLTLLTTTTGEVYCRLDVSHALVDASSLTLIIGD
LITAYEGALPASGGSHYSAYVAFLEGSEPQEDLQFWKESLRDAEPCNLPSQDPPHNSEEAKLEKVYAQIDDLTALYSFRDT
YGVSIASICQLAWTLVLSSQMGTQNISFGNLSSGRDAPIPGVEELVGPMINMLVCHTQVDWTARVSDVARKLQSQVADAF
EHQRTSLASIQHELNFSRDQPLFNSTLSYKRQPVAGAEQSAIILEGLTWEDPTEYDLNVNINAAPTELAIDLQYSTSMFSGEA
ATRLAERLVRAISAICENAGSSLGQLSLISPDDGAQFCKWNSTMPARLDRCVHDLVVERMAIQPEALAISACDGEMTYGEV
DEASRRLAYHLVEQGVGPDVMVGLCMDKSKLGAVAMVAILRAGGAVVPLGVQQPLARIEGIMQDAATPLVLVDRVHEQ
RLGPLKAHARFLAVDAFFEAPPSAVATAQSGEPCTTVRPEHAAWVIYTSGSTGKPKGVVLQHGALATSIFFHGRRLDIQPH
DRLLQFAAFTFDAAIQEIITAFAFGACTCLPSEEDRMDRLSAYLSEANVTIATLTSTVAALVKPQDAPSVRTMILMGEAVQA
KVVDQWIGHANVINAYGPSECCIHSTCQKIPDTSLSLNIGTAIAGGTWVVNPASVGQLVPRGAPGELLIEGPLLARGYLNDP
VKTDAAFIKDPAFLAELGLSPGRRMYRTGDLVRQNPNGTLTYLGRIDAQIKIRGQRVEVGEIEYHIGKNSGVHDAVVLYM
RQGPLSGQLIAAVILTESSVASRHQNAAVEPVSAEVRQSAQKLLSKAQEDLSQQVMHYMVPNIWLPLAAAPINASGKTDR
MALTRWIQSLPQEDIAAMTSTGTEENEEEEDLPETATAVERSLREIWSEVLGVPLRKVTYSAKFFSLGGDSITAMQVVSAG

RARGILVTVRKVLESQTIPKLAAQAQTRKDTGDASHIPEGVFNLSPVQHMYFDQIAPDGLRAEGEYHFNQGVALHITKRTE
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LSQLAWALDAAVGKHAMLRARFRHSQERGWQQWIERELAGSYRLSSHTASDAQSVRDIIAQSQGSLNLEHGPVFAASLIE
LQGKQVLHLVAHHLVIDLVSWRILAKDLEELLGRRKLPNPSSLSFPVWLERQYQSLSKFVGELGTPAETFVADTLPVTVPT
TNWEYWGLNPGQDVWGNLTSIQTKLDSNTTTLLYDTANATLNTEPVEILLAALFLSFREVFTDRPVPAVFTEGHGREATD
DETDLSDTIGWFTTMTPLY VPVEANSNGSIDILRRVKDQRRRIPGRGVPYFGSRFLTARGREDFAGHGPAEILFNYTGRFQQ
TKREDTLFRIDDGEYSTPDVGDMVKTFAVLDVTATVEDDELCLSLRFSRQVRQQAVVQEWLQAYGKAVKSLVDELLIAA
PRATATDFPLASLSDRDMVVIEGQYLRTIGLSSTTQIEDILPCSPIQQGILLTQVQSPSTYCIQQTCHIKPSDPANPVSMERLVK
AWHQVVMRHSILRTVLLEPLPGQERFIQVVLKQPDVSIVSEVNIADGAVVEWLDSRPILDLSDLHRPPHRLTVAQTATGKV
YCRLDVSHTLVDASSLTLIIGDLIAAYEGALPAGGSNYSAYVAFLEGRQPQDDLQFWKTMLSDAQPCILEPQEPPRNAEHE
QTKLAKVFTDLNDLSALHDFRDTYGISIASICQLAWALVLATRTGVNNVSFGNLSSGRDAPIPGVENLVGPMINMLVSHLQ
VDWSATVSDIALKLQSQSAEAFEHQRTSLASIQHELGFSRSQPLFNSTLSYKRQGSDSAEQASISLEGLAWEDPTEYDLNVN
VDASPTKLVIDLQYSTAVFSDAAATRFAQGFVQAICAICENPNQSLRQLNLLSSQDKAQFATWNAIMPPRVERCLHELVMD
QVAAQPAAPAVCAWDGELTYAELEKTSRRLAHHLVGRGVGPEVKVGVCMDKSKWTIVAMLSILRAGGAVVPLGVGHPL
ARIAGIVDDIAAPIVLVDRGHEQRLDGLSAHTQMLAVDSFFESAPSAPVPSGEPCTSVRSNNVAWVIFTSGSTGKPKGVVLE
HGGLVTSILAHAPLWGLSPSTRTLQFAAFTFDVSISDVMATLSFGGCICALSEDDRLSRLNQSANDLRVTYANVTPTVARLL
DPKQIPTLKTLVLIGEPVDAGVVDRWNKDAIVINGYGPAEASIVFHCSPPILDPAVAANVGQPIAGGAWVADPEDIGRLVPL
GAPGELLIEGPLLSRGYLNDPVKTAAVFVTDPAFVQELGLGPNRRMYRTGDMVQQNTDGSLTFVGRRDTQIKIRGQRVEI
GEVESEIVRLLPDATHAY VSKKGQSLVGIIESTSPGLQTPHATVPSILMPDREQQKAFDSLHASLLETLPRYMIPSAFLAISKF
PLNDSGKMDRKAVGVLLDSIPSDKWLEYTAKSQLYQPPVGPKEQLLSELWATCIGLDNVLVSRMDNFFDLGGDSMTAMT
LVQQLRGHNLRLSVIDIFNFPVLYDMAACATTDNDEVADYKPLSLVSPEERSSVLECLPVEKAQAVVDILPTTDFQAQIIRE
NVAPEHRQLNYFAFDASGPCDTSRVTSAVSELVTKFESLRTAFARPSGQRFFQVVYAKWEPEVRVFHTDMDLDAFCQDPL
NNGMFAAPSLARPMFDVAIVVAPTQHRIVFRISHALYDGATLHHVWTTLEEITAGQPTGNFIPVGSYFQSLQARTTQETEDY
WRDLLRGSHVPSISANTEPQVSRLGIVSGEPIALGSRSGQPDFPIALAVKAAWGIVLGLHTSTRDVVFADVYTGRNTVHPSA
AGAVACCARAIPCRVAYEPELTVDKLLEQLKKQQVHSMRHEGLEFPTLAQRWMGWPEGDAADLRASMAMKEELSLCGT
AYQGAEVSPKQPYASIDFAIETVEEKDGMLSLGAAFAADRIPEQLARTLIDQFRDTLERILENRQCSVGHLMEKVTGGAAS

S
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3. Biosynthetic Analysis
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Figure S13. (A) Biosynthetic gene cluster of tetraselide; #ts4, B, C, D and E encoding

polyketide synthase, thioesterase, transporter, transporter, and nonribosomal peptide

synthetase, respectively. (B) Proposed biosynthetic pathway of tetraselide.
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Domains recognizing serine were predicted by colabofold and named Aser1-4 from the
N-terminal in NRPS. We identified the key residues to determine the substrate specificity
by mesuaring 5 A from docked L-Ser (Figure S13). Because all Aser domains have same

key residues, it suggests that these domains likely recognize the same enantiomer of Ser.
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Figure S14. Comparison of substrate binding pockets in the corresponding adenylation
domains predicted by Colabfold?!
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In general, phylogenetic analysis of condensation (C) domains can classify the
corresponding C domains having similar functions (e.g. 1Cr domain catalyzes
condensation between two L-amino acids) into the same clade. Therefore, we conducted
phylogenetic analysis of nine C domains in the tetraselide biosynthetic gene cluster and
known C domains in cephamycin, cyclosporin, daptomycin, fumiquinazolines, cyclo-
tetrapeptide, gramicidin, JBIR-34, penicillin, pyochelin, tyrocidine, vancomycin and
echinocandin. As a result, we identified that C domains 2—6, 7-8 and 9 are different clade.
C domains 1-5 are the same clade as ones that catalyze condensation of L-amino acids
(LCL) in the biosynthesis of echinocandin'®!. C domains 6 and 7 are the same clade as ones
that catalyze the condensation of an upstream D-amino acid and a downstream L-amino
acid (pCvr) in the biosynthesis of cyclic tetrapeptide biosynthesis!*! and fumiquinazoline
biosynthesis®!. Considering this phylogenetic analysis and the function of C domain 7
that catalyzes the condensation of D-Thr and Gly, we speculated that C domain 6 would
deliver D-Ser as an upstream amino acid for the corresponding condensation reaction.

This result implies that the C-terminal of the consecutive four Ser moiety in tetraselide

might be in the D-configuration.
oCL
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Figure S15. Phylogenetic analysis of C domains in the tetraselide biosynthetic gene
cluster
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Alignment of keto reductase (KR) and enoyl reductase (ER) domains shows that KR
domain in this cluster is the B-type because it has a LDD motif (the second amino acid is
changeable) which represents catalytically important residues to construct the
corresponding stereocheistry. Alignment of ER domain also indicates that a D-methyl
group should be formed in the growing polyketide chain because substitution of Tyr with
Val/Leu in ER domain gives an o-substituent with D-configuration. Red bars and red
asterisks in FIgure S16A show important residues for determination of the

stereochemistry. The complete reaction sequence in this PKS is shown in Figure S16B.

KR domain
[0 * * *
2 FKJ0225 KR G SLAPMMAET K NIMHIE L PAD - -MID FEAAY L 1 AG | I[EHP AQANMT SACIEY
' 2FRO_KR V] RAMY . EARNMHENTRELD -INT AIVARFEEFASAFEAPGL GGNAP GNIY
0 275L KR GAL®ICEAE L MHEINT AD | K GIND AIAVARFENV TG TWEN AGQG AMAA AN
 AHXY KR T C AN AALGYE @A IO P D~ - T D DIAANF IS 1S G WA AGQA GHAATGNE
ER domain .
- *
FKJ0225_ER S | NIRYVIMVEAS[EE L GASATMVND CING TR VIES .. S Llele L BRI GR PRI ERIGKINDIRD
3SLK_ER GVINIERR AW 1R LEVYPGVRAS LGS EGINE VA T[€ P SR VIRP RGENE LALLM TRV RE
1st cycle
S S S S S
O=< @ O @ 0} (0} (0]
_ —_— —_— _—
R Me Me / Me
O o HO
R R R R
e reactions catalyzed by MT, an are skippe
2nd cycle «n i lyzed by MT, DH and ER are skipped

i |

O S i

~ 0 ~ o0 ~ o __—, tetraselide

D (R))+-*1Me -
(o] HO== L (S)
R D (R))-1Me D (R))-1iMe

Figure S16. (A) Multiple sequence alignment of PKS domains. (B) Important reactions

in PKS for construction of the stereochemistry.
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4. Reaction Investigations

4-1. Initial attempts to synthesize dipeptides

E
o F F
C15HarO )L Fmoc-Orn-OMe - HCI o] DBU, piperidine o
o” Yo . F Et;N Tebz. CHClg, rt.

TChz
P N OMe > N OMe
CyaHa,0O CHClj, rt H 599% H
o >99% FmocHN (solidification) NH,
OCgHs7 (solidification) s1 o
TCbz-OAr: (2)
Fmoc-Ala-OH

TCbz TCbz T3P®, DIPEA
o] N O N o CHClg, rt.
TCbz H H >99%
SN WL NH W’LOMe DBU Wome (solidification)
H R S B
HN NH NH
Me CHCl, rt.
HoN—, FmocHN—,

0 Me Me
diketopiperazine (S5) sS4 S3
(short live)

We first attempted to synthesize a western fragment using Fmoc-Orn-OMe+HCI as a
starting material. However, when we tried to remove the Fmoc group after condensation
with Ala, the reaction gave a messy mixture, in which we detected the formation of
diketopiperazine by FAB-MS. Therefore, we undertook a survey of the C-terminal

protecting groups (S6 to S15) in the Orn residue to suppress the problematic formation of
the diketopiperazine (Figure S17).

TCbz
~ NWL NH
H

diketopiperazine (S5)

HRMS (m/z): FAB [M+Na]" calculated for C70Hi2007N3Na: 1146.9728, found:
1146.9750.
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N
R H
TCbz " TChz AL AN\ """ P o R
N OH N R ===-- > NH
FmocHN FmocHN H N—>—
! o
20 S6-S16 Me
TChb suppress the problematic
o N Z formation of the diketopiperazine
Ry
TCbz\H /\/\)J\O AC| o
FmocHN NHFmoc
Ac; Activation reagent o-lactam
S6 s7 S8 S9 NF S10
H Bn | CN
_ ;\N f\ NQ g\N/ fr\ ,NVQ
R = N H R 1 N S
HN\R Boc I\I/Ie Me” "~ >Me
S yield 99% 98% 0% 0% 95%
—Fmoc cond. —Fmoc cond. ) —Fmoc cond.
- decomp - decomp. d-lactam: 31% - decomp
S11 S12 S$13 O S14 O S15 O
Me z
&£ k Me £ J?Me r&o s‘ko A"I‘\o
\O ~
) o ¢ 0 ®
S yield 64% 0% 0% X =H: 0%, Cl : 52% 71%
Tég:gg:\ll‘;ze &-lactam: 91% orthogonal (TCbz)

Figure S17. Investigation of the C-terminal protecting group to suppress a problematic

diketopiperazine formation.

S6 (Reaction conditions were based on the known literature. 1)

H,N
o] NH, o
EDCI-HCI, HOBt
TChz TCbz
N OH SN N
CHClj, r.t. H
FmocHN 90% FmocHN )
20
S6-1
[e] o]
DBU
TCbz TCbz
SN N [—" - N WL N
H CHClg, r.t. H H
FmocHN NHAlloc decomp. NH,
S6-2 S6-3
HoN
o NHMe o
TChz COMU, DIPEA TCbz
N OH SN N
EmocHN CHCls, 40 °C H
20"1 (conv. = 100%, 1spot) FmocHN NHMe
S6-4
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Alloc-Cl (¢}
DIPEA TChz.
N N
CHClg, 40 °C H H
99% FmocHN NHAlloc
S$6-2
NHAlloc
[0}
DBU
TCbz
N N
CHCl3, 40 °C H H
decomp. NH, NHMe
S6-5



S7 (Reaction conditions were based on the known literature.[’1)

(o}
TCbz N
FmocHN
20
TCbz N
FmocHN
20

N
. ’ \©
o DBU o
EDCI-HCI, HOBt TCbz‘N/\/\HLN’N or piperidine TCbz\N/\/\HLN,N
CHClj, rt. H H CHClj, rt. H H
98% FmocHN decomp. NH,
s7-1 S7-2
N
H,N” “Cbz o o
H H
EDCI-HCI, HOBt TCbz N DBU TCbz N
‘H u’ SCbz ——— ‘H u’ “Cbz
t. CHClg, rt.
CH;'S/’Q rt FmocHN deco?n:). NH;
S7-3 S7-4

S8 (Reaction conditions were based on the known literature.[®])

TCbz
SN OH
FmocHN
20
(o}
TCbz N
FmocHN
20

HaN /\©

EDCI-HCI, HOBt o Boc,0 0
DIPEA TCbz DMAP TCbz
CHClj, r.t. CHClg, rt.
>993% FmocHN messy FmocHN Boc
S8-1 $8-2
b
Boc
o
EDCI-HCI, HOBt TCbz ( TCbz NHFmoc
: } \
CHClg, rt FmocHN Boc
messy
$8-3 S8-4
(0%) (34%)

S9 (Reaction conditions were based on the known literature.1)

methyl hydrazine

o EDCI-HCI, HOBt; o NP
2-pyridinecarboxaldehyde |
TCbz AcOH TCbz N N
SN OH > SN N’ X
FmocHN DCII\:I",e(;s"C rt FmocHN Me
20 v S9-1
methyl hydrazine
EDCI-HCI, HOBt; =
o 2-pyridinecarboxaldehyde (o] N |
BocHN OH A > BocHN N7 NX X L T, oow
DCM, 0 °C r.t. | 2. HCl/dioxane
FmocHN 80% FmocHN Me
S9-2 §9-3 o N
N X I
Cl-HgN l}l X
FmocHN Me
F $9-4
o F F
S9-4 0 N7
C1gH370 O)J\ F EtsN [
—_ TCbz N Ne NS AN
F CHCl, rt. \
CygH370 0% FmocHN Me
OCigHs7 S9-5
TCbz-OAr (2)
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S10 (Reaction conditions were based on the known literature.['%T)

Me &+
\?/\CN
Me
®
Tovz. on T3P®, DIPEA
CHClg, r.t.
FmocHN 95%
20

S11 (Reaction conditions were based on the known literature.[!!))

l\llle
TCbz AN

FmocHN
$10-1

CN

DBU

Me

CHClg, .
decomp.

Me, P H Me
0 >—N=C—N—< o Me Fmoc-OSu
ooz on e Me TCbz\N/\/\HI\O/j(Me DIPEA
- Me
° H CHClg, rt.
FmocHN ™ 25(32 c NH 982/9r
20 S11-1
o Me o
TCbz Me 85% HaPO, aq. TChz .
N 07 Mve > N OH
DCM, rt.
FmocHN competitive TCbz-cleavage FmocHN
S$11-3 20
L
+. /. /
Br—@— N SbClg
0 Me Br o
TCbz Me EtsSiH TCbz
N 07 e > N OH
DCM, r.t.
FmocHN competitive TCbz-cleavage FmocHN
S$11-3 20
(0] Me o]
TCbz Me TCbz
N 07 Mve > N OH
FmocHN FmocHN
S11-3 jme e . 20
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H
NH, CN
$10-2
o] Me
TCbz /j< Me
N (@) Me
FmocHN
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S12 (Reaction conditions were based on the known literature.[!2))

z
Me
fo) MsO

Me o =z
TCbz EtsN TCbz Me
N OH N 0" “Me
o
FmocHN CHCIS’SRC tort. FmocHN
20 S12-1
=z
Me
o HO™ “Me o}
TChz conditions TCbz Me TCbz { NHFmoc
N OH N (o] + N
FmocHN CHClg FmocHN
20 S12-1 S8-4
. ield (%
entry conditions temperture time (h) conv. (%) —JEEE) results
S12-1 S8-4
1 DCC, DMAP, (+)-CSA 0°Ctor.t./40°C 2.5/15.5 100 0 0 r.t. : no reaction
2 Shiina reagent, DMAP, DIPEA rt. 10 100 0 91 -
3 Yamaguchi reagent, DMAP, DIPEA r.t./50°C 10/9 100 0 69 -
4 Mukaiyama reagent, Et;N rt 10 100 0 0 messy
5 Mandal reagent, DMAP, DIPEA 5 5 0 0 0 no reaction
6 Liu reagent, DIPEA rt 10 100 0 31 messy
Me N° Me Me Me [e] Cl
N
O\ .c* X o cl
N“ [
N NO, O,N cl cl
DCC, DMAP MNBA 2,4,6-trichlorobenzoyl chloride
(Steglich condition) (Shiina reagent) (Yamaguchi reagent)
cl ] (o}
| S N Me, N+ n
\ + -
e 07 0" Me /N—</3N—ﬁ—0|r3 0-S—CF,
Cot CN Me =/ 0 0
Me Cl Cl
2-Chloro-1-methylpyridinium lodide TCBOXY Tf-DMAP

(Mukaiyama reagent)

(Mandal reagent)
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d-lactam (Reaction conditions were based on the known literature.[!3])

(o} (o}
TCbz N NHFmoc bBU TCbz N NH,
—"—.
CHClj, r.t.
>99%
S8-4 S8-4-1
Q Fmoc-Ala-OH DBU o, Me
TCbz NH, DEPBT, DIPEA TCbz or pperidine TCbz N ~
N > \n/\ NHFmMoG ————————— 3 N \n/\ NH,
CHClj, rt. decomp. o
85%
S8-4 S$8-4-2 S$8-4-3
i H A
N (o) A
- \n/ \n/\NHAIIoc o, e
TCbz N A table
° > SN \n/\ NHAlloc
THF, 35 °C (e]
88%
$8-4-4
Me Me
N O _A
- \n/ \n/\NHTeoc o " Me
TCbz N A F=
o . ‘hé/ \n/\NHTeoc
THF
o
TH%;Q, c o decomp.
$8-4-5
entry conditions additive temp (°C) time (h) conv. (%) yield (%) note
1 Pd(PPhj), (10 mol%) PhSiH; (5.0 eq.) rt. 0.5 100 12 lactam ring opning?
2 Pd(PPhj), (10 mol%) Et3SiH (5.0 eq +.5.0 eq.) rt. 16/22 incomplete - messy
3 Pd(PPhg), (10 mol%) oxyma (5.0 eq.) rt./40 16/22 incomplete - trace
4 Pd(PPhj), (10 mol%) imidazole (5.0 eq.) r.t./40 8/24 incomplete - RSM: 24%
5 Pd(PPhj), (10 mol%) N-Me imidazole (5.0 eq.) r.t./40 5/24 incomplete - RSM: 48%
6 Co(SaltButBuY) (2,0 mol%) PhSiH; (1.0 eq.), NFTPB (1.0eq)  rt. 24 incomplete 16 lactam ring opning?
EtOH (10%)°) +RSM: 12%
7 Pd(PPhg), (100 mol%) imidazole (5.0 eq.) rt. 5 (min) 100 5 lactam ring opning?

a) accurate structure unidentified ) added after 1 hour of stirring

CHy
8 A
_N Co\ BF,
HO” X 0" NcH, By + o
N7 NCH,
CN ’I:

Oxyma Co(SaI"B“v"E’“) NFTPB

Note: Attempts to use d-lactam S8-4 as a C-terminal protective equivalent of the Orn

residue failed to control the instability of the imide moiety.
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S13, S14, S15

O Trt-Cl (10 eq.) o)
DIPEA (15 eq.)

TCbz
H — N
toluene, 80 to 110 °C H

decomp. FmocHN
20 (80 °C > NR)

TCbz N

FmocHN

2-CI Trt-Cl
TCbz

FmocHN

o 9-Br-9-PhPI
TCbz . DIPEA Tebz.,
N (o) P —— N
H CHClg, rt. H

FmocHN FmocHN

69 % (RSM =17 %)

S

TCbz

FmocHN
w0

entry conditions additive temp (°C) time (h)
1 10% HFIP/DCM(0.05 M) - rt. 3
to 67%HFIP/DCM (0.03 M) - r.t./40 213
2 50% AcOH/DCM(0.05 M) - rt. 1
3 50% TFE/DCM(0.05 M) - rt. 10
4 50% HFIP/DCM(0.05 M) - rt. 30
5 50% HFIP/DCM(0.05 M) - 30 05
6 50% HFIP/DCM(0.05 M) PhSiH; (5.0 eq.) 30 2

S13 O
i .
DIPEA TCbz
N oH Ty 0
CHClg, rit.,
52 % (RSM = 38 %) FmocHN ClI
20 g
S14
. O
o O
15 O

HWLO .O table

DBU TCbz.
—_
CHCl3, r.t.

TCbz N

conv. (%)

100

100

100

FmocHN

20

yield (%)

70

NR

trace

37

>99

HWLO .O

FmocHN

. O

note

r.t. = prod observed

+ 1 spot (above S.M)

poor solubility
incomplete
+ 1 spot (above S.M)

- 9-PhPI migration ? ("H NMR)
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5. Experimental Procedures and Characterization Data
5-1. Degradation of Naturally Occurring Tetraselide

Linear peptide 3

oHo
0
HoN o AcHN oo
N HO o N
) N H
‘>—NH HN _>’NH HN
HN HN—, o
Me HN  OH
L
HN
OH

o
NH HN
Ca G H\H/Q,o [
o} OH J\/H
(o] H HN
o o N
Me OH

tetraselide (1)

HN OH 1-2MNaOH
—_—>» Me
MeOH, r.t.

To a solution of tetraselide (1) (8.01 mg, 8.59 umol) in MeOH (1.53 mL, 5.0 mM) was
added 2 M NaOH aq. (170 puL) at room temperature. After stirring at room temperature
for 3 h, to the reaction mixture was added Ac2O (32.4 puL, 0.343 mmol, 40 equiv) at room
temperature. After stirring at room temperature for 1 h, the reaction mixture was
concentrated in vacuo. This crude material was used in the next reaction without further

purification.

Fatty acid 4

HO

o
N
H

O Ho
(0]
}NH HN
HN ore o oH
(o) o
HN OH 2.6 MHCI
Me —_— Me
100 °C
(¢]
HN Me 9 OH
OH OH
oAt 1
[¢]
OH

Me—), OH

H 4

ry-

Me
3

To a glass vessel charged with the crude material (3) was added 6 M HCl aq. (1.00 mL,
8.6 mM) at room temperature. After stirring at 100 °C for 24 h, the reaction mixture was
extracted with hexane/EtOAc (1:1 v/v, 2 mL X 3). The combined organic layers were
concentrated in vacuo. This crude material was used in the next reaction without further

purification.

S34



Benzyl ester derivative 5

OH OBn
o 3.Cs,C04 o

Ve MeOH/H,0, r.t. Ve

4. BnBr

Me—), OH DMF, 0°C Me—)
10% (4 steps)

4 5

To a solution of the crude material (4) in MeOH (20 pL) was added 0.6 M Cs>COs aq.
(10 puL) at room temperature. After stirring at room temperature for 2 h, the reaction
mixture was concentrated in vacuo and the resulting residue was azeotropically
concentrated using toluene three times. The resulting residue was dissolved in DMF (20
pL) and cooled down to 0 °C under a N> atmosphere. To the resulting solution was added
benzyl bromide (1.3 pL, 10.6 umol) at 0 °C. After stirring at room temperature for 23 h,
the reaction mixture was quenched with H2O at 0 °C and extracted with hexane/EtOAc
(1:1 v/v, 0.5 mL x 3). The combined organic layers were washed with brine and
concentrated in vacuo. The resulting residue was purified by thin-layer preparative TLC

(hexane/EtOAc =4:1), yielding 5 (0.3 mg, 0.9 umol, 10% over 4 steps) as a colorless oil.
Rf-value: 0.68 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)

HRMS (m/z): ESI [M+Na]" calculated for C22H26O3Na: 371.2562, found: 371.2558.
[a]p** =-11.7 (c=0.03, CHCl5)

TH NMR (500 MHz, CDCls): § 7.39-7.31 (m, 5H), 5.15 (s, 2H), 3.89 (m, 1H), 2.85 (m,
1H), 2.53 (dd, J= 17.0, 2.5 Hz, 1H), 2.46 (dd, J= 17.0, 10.0 Hz, 1H), 1.45 (m, 1H), 1.36
(m, 1H), 1.37-1.25 (m, 16H), 1.11 (m, 1H), 0.88-0.86 (m, 6H)

13C NMR (126 MHz, CDCls): § 173.5, 135.6, 128.6 (2C), 128.4, 128.3 (2C), 71.8, 66.5,
38.1,37.8,32.3,31.9,29.9, 29.6, 29.6 (2C), 29.3, 27.1,22.7, 14.8, 14.1
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5-2. Fatty acid synthesis

Sulfide S16

. 1 -1H- HCy y7
HsC 5-mercapto-1-phenyl-1H-tetrazole ‘{]i N—N
o s

\Y
)7 DIAD, PPh, . SN
DGM, 0°C to r.t. N
OH 94% Ph

1-nonanol s16

To a solution of 1-nonanol (8.69 mL, 50.0 mmol), 5-mercapto-1-phenyl-1H-tetrazole
(17.4 g, 97.5 mmol, 2.0 equiv) and PPh3 (19.7g, 75.0 mmol, 1.5 equiv) in DCM (250 mL,
0.2 M) was added DIAD (1.9 M in toluene, 46.1 mL, 87.5 mmol, 1.8 equiv) dropwise at
0 °C under a N atmosphere. After stirring at room temperature for 15 h, the reaction
mixture was concentrated in vacuo. The resulting residue was purified by silica gel flash
column chromatography (hexane/EtOAc = 10:1 to 4:1), yielding S16 (14.3 g, 47.0 mmol,

94%) as a colorless solid.
Rf-value: 0.74 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+H]" calculated for Ci6H25N4S: 305.1800, found: 305.1800.

TH NMR (500 MHz, CDCls): § 7.59-7.50 (m, 5H), 3.38 (t, J = 7.3 Hz, 2H), 1.80 (m, 2H),
1.43 (m, 2H), 1.34-1.25 (m, 10H), 0.86 (t, /= 7.3 Hz, 3H)

13C NMR (126 MHz, CDCl3): 8 154.5, 133.7, 130.0, 129.7 (2C), 123.8 (2C), 33.3, 31.8,
29.3,29.2,29.0, 29.0, 28.6, 22.6, 14.1

Sulfone 8

Me
>
-

HsC
Cx)7 N- N, (NH,)6M0;0,4+4H,0 7NN
A /N H202 aq. /& IN
S ’\{ N
Ph

)
EtOH, 0 °C to r.t. /,S\\ \
Y (o6 Pl

S16
8

To a solution of S16 (14.3 g, 47.0 mmol) in EtOH (157 mL, 0.3 M) was added
(NH4)6M07024°4H20 (5.47 g, 4.70 mmol, 0.1 equiv) and H>02 aq. (30.0-35.5 wt%, 70.3
mL) at 0 °C. After stirring at room temperature for 6 h, the reaction mixture was quenched
with sat. Na;SO3 aq. (250 mL) at 0 °C and extracted with CHCI3 (250 mL x 3). The
combined organic phase was dried over Na;SOs, filtered, and concentrated in vacuo. The
resulting residue was purified by silica gel flash column chromatography (hexane/EtOAc
=10:1), yielding 8 (14.3 g, 44.4 mmol, 94%) as a colorless solid.

Rf-value: 0.60 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)
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HRMS (m/z): ESI [M+H]" calculated for C1sH25N4O2S: 337.1698, found: 337.1698.

TH NMR (500 MHz, CDCls): & 7.70-7.68 (m, 2H), 7.65-7.59 (m, 3H), 3.73 (t, /= 8.0 Hz,
2H), 1.95 (m, 2H), 1.49 (m, 2H), 1.34-1.27 (m, 10H), 0.88 (t, J = 7.0 Hz, 3H)

13C NMR (126 MHz, CDCl3): 8 153.5, 133.0, 131.4, 129.7 (2C), 125.0 (2C), 56.0, 31.7,
29.1,29.1, 28.9, 28.1, 22.6, 21.9, 14.1

alkene 9
Me, OBn S5 Me, OBn
% KHMDS 5
——
H THF, 78 °C =
(o] 7% (EZ=>20:1)  Me—4/),
7 pUTmmTmmmmemmemesss ! 9
1 Me '
U
' N .
: S/LN, :
' A\ \ H
O O Ph

To a solution of 8 (17.1 g, 53.0 mmol, 1.5 equiv) in THF (235 mL, 0.15 M) was added
KHMDS (1.0 M in THF, 53.0 mL, 53.0 mmol, 1.5 equiv) dropwise at —78 °C under a N>
atmosphere. After stirring at —78 °C for 1.5 h, to the reaction mixture was added 7!'41 (6.29
g, 35.3 mmol) in THF (118 mL) dropwise at —78 °C. After stirring at —78 °C for 1 h, the
reaction mixture was warmed up to room temperature and stirred for an additional 37 h.
The reaction mixture was quenched with sat. NH4Cl aq. The resulting mixture was
extracted with hexane/EtOAc (1:1 v/v, 353 mL X 3). The combined organic phase was
washed with brine, dried over Na,SOs, filtered, and concentrated in vacuo. The resulting
residue was purified by silica gel flash column chromatography (hexane/EtOAc = 10:1),
yielding 9 (7.25 g, 25.2 mmol, 71%, E/Z = 20:1) as a colorless solid.

Rf-value: 0.64 (hexane/EtOAc = 5:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+H]" calculated for C20H3302: 289.2531, found: 289.2545.

TH NMR (500 MHz, CDCls): & 7.34-7.33 (m, 5H), 5.46 (m, 1H), 5.34 (dd, J = 15.5, 7.0
Hz, 1H), 4.51 (s, 2H), 3.35 (dd, J= 9.1, 6.5 Hz, 1H), 3.26 (dd, J= 9.1, 6.5 Hz, 1H), 2.45
(m, 1H), 1.98 (m, 2H), 1.34-1.26 (m, 12H), 1.01 (d, J = 7.0 Hz, 3H), 0.88 (t, J = 6.9 Hz,
3H)

I3C NMR (126 MHz, CDCl3): 4 138.7, 132.5, 130.3, 128.3 (2C), 127.5 (2C), 127.4,75.6,
72.8,36.8,32.7,31.9, 29.5, 29.5,29.3,29.1,22.7, 17.4, 14.1
Aldehyde 10
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Me, OBn 1. Hy, Pd/C

; THF, . Me, H
- 2. Dess-Martin Me—ﬁo
Me 7 periodinane H,0 9

DCM, r.t.
9 10

To a solution of 9 (1.44 g, 5.0 mmol) in THF (100 mL, 0.05 M) was added Pd/C (10 wt%

loading, 1.62 g, 1.5 mmol, 30 mol%) at room temperature. The reaction vessel was

carefully evacuated and backfilled with H (balloon, 1 atm). After stirring at room
temperature for 8 h under a H> atmosphere (1 atm), the reaction mixture was filtered
through a pad of Celite (washed with CHCl;) and concentrated in vacuo. This crude
material was used in the next reaction without further purification.

*A portion was used from the crude material.

To a solution of crude material “ (120 mg, 0.60 mmol) in DCM (3.60 mL, 0.17 M) was
Dess-Martin periodinane (469 mg, 1.11 mmol, 1.8 equiv) and H>O (2 drops) at room
temperature. After stirring at room temperature for 1.5 h, the reaction mixture was cooled
down to 0 °C and diluted with Et:O (18.0 mL). After stirring at 0 °C for 10 min, the
reaction mixture was filtered through a pad of Celite (washed with Et,0). The filtrate was
washed with 10% Na>S>03 aq. (18.0 mL), sat. NaHCOs aq. (18.0 mL), brine (18.0 mL),
and concentrated in vacuo. This crude material was used in the next reaction without

further purification.

Oxazoline thione derivatives 14a and 14b

o s=°
s
M H 3.TiCl,, DIPEA §(J ﬁ/J
e, 13 N—. N=—,
", - o Y M o) “—Me
Me_ﬁo oM. —78°C . M/.- e | e Me/—‘
46% (3 steps) ~ © *
10 (14a:14b = 1.2:1) "
T o. 7 . Me—), OH Me—)s  OH
HI] :
' §( 7 ' 14a 14b
: N—, :
0] Me
Me Me

To a solution of 13[!31 (74.0 mg, 0.40 mmol) in DCM (2.60 mL, 0.15 M) was added TiCls
(1 Min DCM, 0.45 mL, 0.45 mmol, 1.2 equiv) dropwise and DIPEA (124 pL, 0.71 mmol,
1.80 equiv) dropwise at 0 °C under a N> atmosphere. After stirring at 0 °C for 30 min, the
reaction mixture was cooled down to —78 °C. To the reaction mixture was added aldehyde
10 (110 mg, theoretically 0.55 mmol, 1.4 equiv) in DCM (0.7 mL) dropwise at —78 °C.
After stirring at —78 °C for 10 min, the reaction mixture was quenched with sodium
phosphate buffer (pH = 7.0, 1.6 mL) and sat. NH4Cl aq. (1.6 mL). The resulting mixture
was extracted with DCM (3.3 mL x 3), dried over Na>SOs, filtered, and concentrated in
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vacuo. The resulting residue was purified by silica gel flash column chromatography
(hexane/EtOAc = 50:1 to 10:1), yielding 14a (38.1 mg, 98.8 umol, 25%*, 3 steps) as a
pale-yellow oil and 14b (31.6 mg, 81.9 umol, 21%™, 3 steps) as a pale-yellow oil.

*Yields were calculated from 9.

Note: The absolute configuration of the hydroxyl groups of 14a and 14b was determined
by the Mosher method described below (817x and S17y).

14a (major diastereomer)

=~

o 7—-—Me
Me, Me
Me g OH

14a

Rf-value: 0.40 (hexane/EtOAc = 8:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+H]" calculated for C21H4oNO3S: 386.2729, found: 386.2734.
[a]p?® = +200.3 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCls): § 4.72 (m, 1H), 4.41 (app s, 1H), 4.39 (d, J = 3.0 Hz, 1H),
4.00 (ddd, J= 10.5, 6.5, 2.0 Hz, 1H), 3.60 (dd, J = 17.5, 2.0 Hz, 1H), 3.30 (dd, J = 17.5,
10.5 Hz, 1H), 2.47 (m, 1H), 2.36 (m, 1H), 1.67 (m, 1H), 1.50 (m, 1H), 1.39 (m, 1H), 1.32-
1.21 (br-m, 16H), 1.16 (m, 1H), 0.97-0.92 (m, 6H), 0.89 (t, J = 7.8 Hz, 6H)

13C NMR (126 MHz, CDCl3): & 186.1, 174.1, 71.6, 67.7, 63.2, 41.4, 38.2, 32.3, 31.9,
29.9,29.6 (3C), 29.3,29.0, 27.2,22.7, 18.3, 15.0, 15.0, 14.1

14b (minor diastereomer)

~J

o ‘7-—Me
Me, Me
Me 9 OH

14b

Rf-value: 0.48 (hexane/EtOAc = 8:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+H]" calculated for C21H4oNO3S: 386.2729, found: 386.2728.

[a]p® =+96.9 (¢ = 0.1, CHCl3)
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IH NMR (500 MHz, CDCL3): 8 4.74 (m, 1H), 4.42-4.38 (m, 2H), 4.00 (ddd, J=10.5, 4.5,
2.5 Hz, 1H), 3.61 (dd, J = 17.5, 10.5 Hz, 1H), 3.36 (dd, J = 17.5, 2.5 Hz, 1H), 2.50-2.31
(m, 2H), 1.59 (m, 1H), 1.49 (m, 1H), 1.36 (m, 1H), 1.32-1.21 (m, 15H), 1.16 (m, 1H),
0.96-0.92 (m, 6H), 0.89 (t, J = 6.9 Hz, 6H)

13C NMR (126 MHz, CDCl3): & 186.3, 174.2, 71.6, 67.8, 63.2, 42.0, 38.2, 32.8, 31.9,
29.9,29.6 (3C), 29.3,29.0,27.3,22.7, 18.2, 15.0, 14.4, 14.1

Benzyl ester 12a

0.

S§\/ OBn
N Benzyl alcohol (o}
o Y DMAP
/—" e — Me, ()
Me, Mé DCM, 0°C y
- 42% Me g(S) H

Me—), OH
14a

12a

To a solution of 14a (15.0 mg, 38.9 umol) in DCM (0.2 mL, 0.19 M) was added benzyl
alcohol (4.8 uL, 46.7 umol, 1.2 equiv) and DMAP (0.95 mg, 7.8 umol, 0.2 equiv) at 0 °C.
After stirring at room temperature for 10 h, the reaction mixture was concentrated in
vacuo. The resulting residue was purified by thin-layer preparative TLC (hexane/EtOAc
=4:1), yielding 12a (5.7 mg, 16.4 umol, 42%) as a colorless oil.

Rf-value: 0.72 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+Na]" calculated for C2,H3¢O3Na: 371.2562, found: 371.2554.
[a]p?®=-7.2 (c=0.1, CHCl3)

TH NMR (500 MHz, CDCls): & 7.38-7.33 (m, 5H), 5.16 (s, 2H), 3.90 (br-m, 1H), 2.87
(br-d, J = 3.5 Hz, 1H), 2.53 (dd, J=17.0, 3.0 Hz, 1H), 2.46 (dd, J = 17.0, 10.0 Hz, 1H),
1.45 (m, 1H), 1.37 (br-m, 1H), 1.31-1.20 (m, 16H), 1.11 (m, 1H), 0.89-0.86 (m, 6H)

13C NMR (126 MHz, CDCls): 8 173.4, 135.5, 128.6 (2C), 128.4, 128.3 (2C), 71.8, 66.5,
38.1,37.8,32.2,31.9,29.9, 29.6, 29.6 (2C), 29.3, 27.1,22.7, 14.8, 14.1
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Benzyl ester 12b

0.

S# OBn
N Benzyl alcohol (e]
o - DMAP
e M
Me, M DCM, 0°C —
-, 30% S)
L o Me—4S oH
Me OH
o 12b

140
To a solution of 14b (4.5 mg, 11.7 umol) in DCM (60.0 pL, 0.19 M) was added benzyl
alcohol (1.4 uL, 14.0 pumol, 1.2 equiv) and DMAP (0.29 mg, 2.3 pumol, 0.2 equiv) at 0 °C.
After stirring at room temperature for 16 h, the reaction mixture was concentrated in
vacuo. The resulting residue was purified by thin-layer preparative TLC (hexane/EtOAc
=4:1), yielding 12b (1.2 mg, 3.4 umol, 30%) as a colorless oil.

Rf-value: 0.72 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+Na]" calculated for C2,H3¢O3Na: 371.2562, found: 371.2556.
[a]p?®=-21.9 (¢ = 0.1, CHCl;)

IH NMR (500 MHz, CDCl3): & 7.39-7.33 (m, 5H), 5.16 (s, 2H), 3.96 (br-s, 1H), 2.74 (s,
1H), 2.56-2.48 (m, 2H), 1.51-1.43 (m, 2H), 1.33-1.18 (br-m, 16H), 1.11 (br-m, 1H), 0.91-
0.87 (m, 6H)

13C NMR (126 MHz, CDCl3): & 173.3, 135.6, 128.6 (2C), 128.3, 128.3 (2C), 71.2, 66.5,
38.8,38.0, 32.7, 31.9, 29.9, 29.6, 29.6 (2C), 29.3, 27.2, 22.7, 14.2, 14.1
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Mosher ester S17x

OBn

OBn M
o <,
(S)-MTPACI 0
Me,‘ —_— Me 9 (o]
. pyridine/DCM, r.t. - CFs
78% Ay,
Me OH OMe

S17x
To a solution of 12a (2.6 mg, 7.5 umol) in pyridine/DCM (1:1 v/v, 150 pL, 0.05 M) was
added (S)-(+)-a-Methoxy-a-(trifluoromethyl)phenylacetyl Chloride (2.9 pL, 15.5 pmol,
2.0 equiv) at room temperature under a N> atmosphere. After stirring at room temperature
for 9 h, the reaction mixture was quenched with H>O at 0 °C. The resulting solution was
extracted with DCM (1.0 mL x 3). The combined organic phase was concentrated in
vacuo. The resulting residue was purified by thin-layer preparative TLC (hexane/EtOAc
=4:1), yielding S17x (3.3 mg, 5.8 umol, 78%) as a colorless oil.

Rf-value: 0.80 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+NH4]" calculated for C3:Ha7F3NOs: 582.3406, found: 582.3407.
[a]p?® =+59.7 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCL3): § 7.53-7.51 (m, 2H), 7.41-7.36 (m, 3H), 7.36-7.31 (m, 3H),
7.29-7.27 (m, 2H), 5.53 (m, 1H), 5.04-4.97 (m, 2H), 3.48 (s, 3H), 2.64 (dd, J = 16.0, 9.5
Hz, 1H), 2.55 (dd, J = 16.0, 3.5 Hz, 1H), 1.91 (m, 1H), 1.40-1.34 (m, 2H), 1.31-1.24 (m,
15H), 1.10 (m, 1H), 0.89 (m, 6H)

13C NMR (126 MHz, CDCls): § 170.2, 165.8, 135.5, 132.2, 129.5 (2C), 128.5 (2C), 128.4,
128.3 (2Q), 127.6 (3C), 124.4 (*CF3, 'J = 288.5 Hz), 122.2 (*CFs, 'J = 288.5 Hz), 84.7
(*CFs, 2J = 28.7 Hz), 84.7 (*CF3, 2J = 28.7 Hz), 76.4, 66.7, 55.3, 36.0, 34.7, 32.4, 31.9,
29.7,29.6 (2C), 29.5,29.3,27.1,22.7, 14.5, 14.1

Note: Only two peaks could be detected in >C NMR of CF3 ('J) and the neighboring
quaternary carbon (°J) (see below figure)
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Mosher ester S17y

OBn Me,
(R)-MTPACI / O

pyridine/DCM, r.t. (s) wCF3

A
OH >99% OMe

stry
To a solution of 12a (2.6 mg, 7.5 umol) in pyridine/DCM (1:1 v/v, 150 pL, 0.05 M) was
added (R)-(-)-a-methoxy-a-(trifluoromethyl)phenylacetyl chloride (1.0 M in DCM, 15.5
pL, 15.5 pumol, 2.0 equiv) at room temperature under a N> atmosphere. After stirring at
room temperature for 9 h, the reaction mixture was quenched with H>O at 0 °C. The
resulting solution was extracted with DCM (1.0 mL x 3). The combined organic phase
was concentrated in vacuo. The resulting residue was purified by thin-layer preparative
TLC (hexane/EtOAc = 4:1), yielding S17y (4.2 mg, 7.5 umol, >99%) as a colorless oil.

Rf-value: 0.80 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+NH4]" calculated for C3:Ha7F3NOs: 582.3406, found: 582.3411.
[a]p?® =-33.5 (¢ = 0.1, CHCl;)

IH NMR (500 MHz, CDCls): & 7.52 (app d, J = 6.5 Hz, 2H), 7.39-7.31 (m, 8H), 5.50
(ddd, J = 10.0, 7.0, 3.5 Hz, 1H), 5.09 (s, 2H), 3.46 (s, 3H), 2.67 (dd, J = 17.0, 10.0 Hz,
1H), 2.58 (dd, J = 17.0, 3.5 Hz, 1H), 1.87 (m, 1H), 1.36-1.17 (m, 17H), 1.04 (m, 1H),
0.88 (t,J = 6.8 Hz, 3H), 0.74 (d, J = 7.0 Hz, 3H)

13C NMR (126 MHz, CDCL3): § 170.5, 165.8, 135.4, 132.3, 129.5 (2C), 128.6 (2C), 128.4,
128.3 (2C), 127.3 (2C), 127.2, 124.5 (*CF3, '.J = 288.4 Hz), 122.2 (*CF3, 'J = 288.4 Hz),
84.6 (*CF3, 2J = 27.6 Hz), 84.4 (*CF3, 2J = 27.6 Hz), 76.6, 66.7, 55.4, 35.7, 34.6, 32.3,
31.9,29.7, 29.6 (2C), 29.5, 29.3, 27.0, 22.7, 14.1, 14.1

Note: Only two peaks could be detected in >C NMR of CF3 ('J) and the neighboring
quaternary carbon (°J) (see below figure)
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5-3. Mosher ester analysis (Figure S18)

position

H,
Hp
HC

Hq

OMe

S17y

5, (S17y: 5S)

5.09
(2.67+2.58)+2 = 2.63
5.50
(1.91+1.83):2 = 1.87
0.88

0.74

Ha
Ha
(0]
(0]
H
Me, H, °
y Hy 0
Me, 5 Hy O CFs
RYZ
OMe
S$17x

B (S17x: 3R)

5.00
(2.64+2.55)+2 = 2.60
5.53
(1.94+1.91):2=1.93
0.89

0.86-0.91

Ad =3S -3R

+0.09

+0.03

-0.03

-0.06

-0.01

=017 ~-0.12
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5-4. Comparison of Natural and Synthetic f-hydroxy-y-methyl fatty acids (Figure

S19)
'H NMR (CDCls)

] o OBn Hc
= Ha Me_ Hy c He '_l_\
Hc

A votd, or A

5 (from Nat. Prod.)

-02

Ha
’_l_\

A

abundance

T T
40 39 38 37 36 35 34 33 32
X : parts per Million : 1H

OBn
(0]
Me,
Me 9 OH
5
[a]?p =-11.7 [a]®p = +14.6
(c =0.03, CHCl3) <:> (c =0.1, CHCI3)

enantiomer
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5-5. (3S, 4R)-f-hydroxy-y-methyl fatty acid synthesis

Benzoyl 24
04\/\0Bn
Me 23 OBn

Me c-Hex,BCl, Me,NEt Me,

. Me, 4

THF, =78 °C to -20 °C - OH
BzO [¢] >99%(dr = 20:1)
BzO
22 24

To a solution of c-Hex>,BCl (1.0 M in hexane 15.0 mL, 15.0 mmol, 1.5 equiv) was added
Me:NEt (1.94 mL, 18.0 mmol, 1.8 equiv) dropwise and 22!1%1 (2.06 g, 10.0 mmol) in Et;O
(39.6 mL, 0.25 M) dropwise at —78 °C under a N> atmosphere. After stirring at 0 °C for 2
h, the reaction mixture was cooled down to —78 °C. To the reaction mixture was added
23[171(2.46 g, 15.0 mmol, 1.5 equiv) in Et;0 (16.9 mL) dropwise at —78 °C. After stirring
at —78 °C for 2 h, the reaction mixture was warmed up to —20 °C and stirred for an
additional 2 h. The reaction mixture was quenched with MeOH (28.3 mL), sodium
phosphate buffer (pH = 7.0, 28.3 mL) and H>O; aq. (30.0-35.5 wt%, 28.3 mL), and
extracted with DCM (170 mL x 4). The combined organic phase was washed with sat.
NaHCO;3 aq. and brine, and concentrated in vacuo. The resulting residue was purified by
silica gel flash column chromatography (hexane/EtOAc = 4:1 to 1:1), yielding 24 (3.70
g, 10.0 mmol, >99%, dr = 20:1) as a colorless oil.

Rf-value: 0.23 (hexane/EtOAc = 4:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+H]" calculated for C22H270s: 371.1858, found: 371.1857.
[a]p?® =-10.2 (¢ = 0.1, CHCl;)

TH NMR (500 MHz, CDCls): & 8.08-8.07 (m, 2H), 7.58 (m, 1H), 7.45 (t, J = 7.8 Hz, 2H),
7.35-7.28 (m, SH), 5.43 (q, J = 6.8 Hz, 1H), 4.50 (s, 2H), 4.00 (m, 1H), 3.73 (m, 1H),
3.66 (m, 1H), 3.24 (d, J= 4.0 Hz, 1H), 2.93 (m, 1H), 1.86 (m, 1H), 1.72 (m, 1H), 1.56 (d,
J=17.5Hz, 3H), 1.22 (d, J= 7.0 Hz, 3H)

13C NMR (126 MHz, CDCls): §211.1, 165.8, 137.7, 133.2, 129.7 (2C), 129.4, 128.3 (4C),
127.6, 127.6 (2C), 74.8, 73.2, 70.2, 68.4, 48.2, 33.6, 15.5, 13.8
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S18

OBn OBn
TBSOTH
Me, 2,6-lutidine Me,
Me, 4 ————» Me ",
- OH DCM, 78°Ct00°C Y, oTBS
BzO e} ° BzO e}
o s18

To a solution of 24 (1.35 g, 3.64 mmol) in DCM (36.4 mL, 0.1 M) was added 2,6-lutidine
(1.27 mL, 10.9 mmol, 3.0 equiv) and TBSOTT (1.68 mL, 7.29 mmol) dropwise at —78 °C
under a N> atmosphere. After stirring at —78 °C for 2 h, the reaction mixture was warmed
up to —10 °C. After stirring at —10 °C for 2 h, the reaction mixture was quenched with sat.
NaHCO;s aq. (36.4 mL), and extracted with DCM (40 mL x 4). The combined organic
phase was dried over Na>SOs, filtered, and concentrated in vacuo. The resulting residue
was purified by silica gel flash column chromatography (hexane/EtOAc = 4:1), yielding
S18 (1.60 g, 3.32 mmol, 91%) as a pale-yellow oil.

Rf-value: 0.52 (hexane/EtOAc = 2:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+NH4]" calculated for C23H44NOsSi: 502.2989, found: 502.2983.
[a]p?® =+17.3 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCls): § 8.07 (dd, J = 8.5, 1.0 Hz, 2H), 7.57 (m, 1H), 7.44 (t, J =
6.8 Hz, 2H), 7.34-7.28 (m, 5H), 5.40 (q, J = 6.8 Hz, 1H), 4.49 (d, J = 12.0 Hz, 1H), 4.46
(d, J=12.0 Hz, 1H), 4.18 (m, 1H), 3.62 (td, J = 9.0, 7.0 Hz, 1H), 3.56 (td, J= 9.0, 7.0
Hz, 1H), 3.09 (m, 7.1 Hz, 1H), 1.87-1.77 (m, 2H), 1.49 (d, J = 6.5 Hz, 3H), 1.14 (d, J =
6.9 Hz, 3H), 0.82 (s, 9H), 0.01 (s, 3H), -0.05 (s, 3H)

13C NMR (126 MHz, CDCls): 209.0, 165.7, 138.4, 133.2, 129.7 (2C), 129.5, 128.3 (2C),
128.2 (20), 127.4 (2C), 127.4 (2C), 74.7, 72.9, 70.4, 65.6, 47.8, 32.9, 25.8 (3C), 15.4,
12.7, 4.8, -5.0

Aldehyde 25
OBn OBn
Me, . 4 THF, 1—-7L8IB°24t0 rt. Me,
y ores 2.Nalo, H otBS
BzO (0] H,O/MeOH, r.t. o
si8 69% (2 steps) 2

To a solution of S18 (1.61 g, 3.32 mmol) in THF (32.5 mL, 0.1 M) was added LiBH4 (4
M in THF, 14.9 mL, 59.7 mmol, 18.0 equiv) dropwise at —78 °C under a N atmosphere.
After stirring at —78 °C for 30 min, the reaction mixture was warmed up to room
temperature. After stirring at room temperature for 37 h, the reaction mixture was

quenched with H,O (23.7 mL), sat. sodium potassium tartrate aq. (23.7 mL) and sat.

S49



NH4Cl aq., and extracted with DCM (40 mL x 4) and Et;O (40 mL x 4). The combined
organic phase was dried over NaxSOs, filtered, and concentrated in vacuo. This crude

material was used in the next reaction without further purification.

To a solution of the crude material in HxO/MeOH (3:5 v/v, 33.2 mL, 0.01 M) was added
NalO4 (4.25 g, 19.9 mmol, 6.0 equiv) at room temperature. After stirring at room
temperature for 3 h, the reaction mixture was quenched with H2O (45 mL) and filtered
through a pad of Celite (washed with Et,0). The filtrate was extracted with Et;O (45 mL
% 4). The combined organic phase was dried over Na;SOs, filtered, and concentrated in
vacuo. The resulting residue was purified by silica gel flash column chromatography
(hexane/EtOAc = 10:1), yielding 25 (765 mg, 2.27 mmol, 69%) as a pale-yellow oil.

Rf-value: 0.61 (hexane/EtOAc = 10:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+Na]" calculated for C19H3,03SiNa: 359.2018, found: 359.2015.
[a]p?® =+2.7 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCls): §9.72 (d, J = 2.5 Hz, 1H), 7.36-7.27 (m, 5H), 4.50 (d, J =
12.0 Hz, 1H), 4.46 (d,J=12.0 Hz, 1H) 4.16 (dt, J= 6.5, 5.0 Hz, 1H), 3.55 (t, J= 6.8 Hz,
2H), 2.56-2.51 (m, 1H), 1.86 (m, 1H), 1.79 (m, 1H), 1.11 (d, J= 7.0 Hz, 3H), 0.87 (s, 9H),
0.06 (s, 6H)

13C NMR (126 MHz, CDCls): § 204.7, 138.3, 128.4 (2C), 127.6 (3C), 73.0, 70.4, 66.3,
51.6,34.7,25.7 (3C), 18.0, 10.1, -4.5, -4.7

Alkene 26

OBn OBn
8

Me, KHMDS Me

H “OTBS THF, 78 °C t0 0 °C K
80% (E/Z = 20:1) — otes
------------------- . 7
25 : 2

TOoN-N
\I*\N:

// \\ \

To a solution of 8 (1.10 g, 3.41 mmol, 1.5 equiv) in THF (15.1 mL) was added KHMDS
(1.0 M in THF, 3.41 mL, 3.41 mmol, 1.5 equiv) dropwise at—78 °C under a N> atmosphere.
After stirring at —78 °C for 1 h, to the reaction mixture was added 25 (765 mg, 2.27 mmol)
in THF (7.57 mL) dropwise. After stirring at —78 °C for 1 h, the reaction mixture was
warmed up to —40 °C and stirred for an additional 11 h. After stirring at 0 °C for an
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additional 1 h, the reaction mixture was quenched with sat. NH4Cl aq. (22.7 mL) and
extracted with hexane (22.7 mL X 4). The combined organic phase was dried over Na;SOs,
filtrated, and concentrated in vacuo. The resulting residue was purified by silica gel flash
column chromatography (hexane/EtOAc = 20:1), yielding 26 (809 mg, 1.81 mmol, 80%,
E/Z=120:1) as a yellow oil.

Rf-value: 0.70 (hexane/EtOAc = 20:1, stained with phosphomolybdic acid)
HRMS (m/z): ESI [M+Na]" calculated for C23Hs002SiNa: 469.3478, found: 469.3470.
[a]p?® =+5.9 (¢ = 0.1, CHCl3)

IH NMR (500 MHz, CDCL3): & 7.36-7.33 (m, SH), 5.40-5.30 (m, 2H), 4.50 (d, J = 12.0
Hz, 1H), 4.46 (d, J = 12.0 Hz, 1H), 3.72 (m, 1H), 3.54-3.47 (m, 2H), 2.24 (m, 1H), 1.97
(dd, J = 13.0, 6.5 Hz, 2H), 1.75-1.62 (m, 2H), 1.33-1.26 (m, 12H), 0.96 (d, J = 6.9 Hz,
3H), 0.89-0.86 (m, 12H), 0.04 (s, 3H), 0.03 (s, 3H)

13C NMR (126 MHz, CDCL): § 138.6, 132.0, 130.7, 128.3 (2C), 127.6 (2C), 127.4, 72.9,
72.8,67.5,42.3,33.0,32.7,31.9,29.5, 29.5,29.3, 29.2, 25.9 (3C), 22.7, 18.1, 15.0, 14.1,
4.4, 4.6

Diol 27

OBn
Me, Pd/C, Hy

OH
Me

- MeOH, 50 °C ’,
oTBS 35% Ve OH

9
Me 7

2 27
To a solution of 26 (265 mg, 0.594 mmol) in THF (11.9 mL, 0.05 M) was added Pd/C
(10 wt% loading, 316 mg, 0.30 mmol, 50 mol%) at room temperature. The reaction vessel
was carefully evacuated and backfilled with H» (balloon, 1 atm). After stirring at 50 °C
for 6 h under a H» atmosphere (1 atm), the reaction mixture was filtered through a pad of
Celite (washed with CHCI3) and concentrated in vacuo. The resulting residue was purified
by silica gel flash column chromatography (hexane/EtOAc =4:1 to CHCI3/MeOH = 10:1),
yielding 27 (129 mg, 0.529 mmol, 89%) as a colorless solid.

Rf-value: 0.53 (CHCI3/MeOH = 10:1, stained with phosphomolybdic acid)

HRMS (m/z): ESI [M+Na]" calculated for CisH3,0»Na: 267.2300, found: 267.2301.
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[a]p?® = +22.5 (¢ = 0.1, CHCL)

TH NMR (500 MHz, CDCL): § 3.87 (m, 1H), 3.80 (m, 1H), 3.68 (m, 1H), 2.94 (br-s, 2H),
1.66-1.62 (m, 2H), 1.42 (m, 1H), 1.35 (m, 1H), 1.30-1.17 (m, 16H), 1.09 (m, 1H), 0.89
(s, 3H), 0.86 (s, 3H)

13C NMR (126 MHz, CDCl3): 8 76.3, 62.1, 39.1, 34.1, 32.2, 31.9, 29.9, 29.6 (3C), 29.3,
27.2,22.7,14.8, 14.1

(35, 4R)-f-hydroxy-y-methyl fatty acid (28)

OH

OH TEMPO, PIDA [e]
Me buffer/THF, 0 °C to r.t.
Me,
. then 2-Me-2-butene /
Me g OH NaClO, Me . OH
27 28

To a solution of 27 (86.9 mg, 0.356 mmol) in pH 7.0 sodium phosphate buffer/THF (1:4
v/v,3.56 mL, 0.1 M) was added TEMPO (58.4 mg, 37.4 mmol, 1.1 equiv) and PIDA (241
mg, 2.1 equiv) at 0 °C. After stirring at room temperature for 17 h, to the reaction mixture
was added 2-methyl-2-butene (378 pL, 3.56 mmol, 10.0 equiv) and NaClO; (161 mg,
1.78 mmol, 5.0 equiv) at room temperature. After stirring at room temperature for 5 h,
the reaction mixture was diluted with 1 M NaOH aq. (pH adjusted to 12). The aqueous
phase was washed with DCM (3 times) and acidified with 1 M HCI aq. (pH adjusted to
2). The aqueous phase was extracted with EtOAc (Same amount as water layer x 4). The
combined organic phase was dried over Na;SOs, filtrated, and concentrated in vacuo. This

crude material was used in the next reaction without further purification.
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5-6. Ornithine derivative synthesis

S6-1

HoN

o o] NH;
(o} (o}
CigH370. O)LN/\/\)LOH EDI—?CI).SICL C1gH370 JL /©
H —_— N N
CmHgyO:@/\ FmocHN CH&IE/, rt. :Q/\O H/m)LH NH,
OC1gHa7 (salidific;tian) CreHarO
20 OCigHs7 S6-1
To a solution of Fmoc-Orn(TCbz)-OH (20) ¥ (38.8 mg, 30.0 umol) in CHCI; (600 pL,
0.05 M) was added 1,2-phenylendiamine (4.5 mg, 42.0 umol, 1.4 equiv), HOBt (1.2 mg,
9.0 umol, 0.3 equiv) and EDCI*HCI (9.2 mg, 48.0 umol, 1.6 equiv) at room temperature.
After stirring at room temperature for 7 h, the reaction mixture was cooled down to 0 °C
and poured into cold MeOH (3.00 mL, 0.01 M). The resulting suspension was stirred for
30 min at 0 °C and filtered through a pad of Celite (washed with excess MeOH). The
product collected on the filter cake was dissolved in CHCl; and then eluted by suction
filtration using excess CHCIs. The resulting filtrate was concentrated in vacuo and dried

under high vacuum, yielding S6-1 (37.4 mg, 27.0 umol, 90%) as a colorless powder.
Rf-value: 0.42 (CHCI3/MeOH = 30:1, stained with phosphomolybdic acid)

'"H NMR (500 MHz, CDCl3): § 8.15 (br-s, 1H), 7.76 (d, J = 7.5 Hz, 2H), 7.61-7.59 (br-
m, 2H), 7.39 (t, /= 7.5 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.05-7.02 (m, 2H), 6.77 (t, J =
7.8 Hz, 2H), 6.54 (m, 1H), 6.50 (s, 2H), 5.67 (m, 1H) 5.02-4.92 (m, 2H), 4.59 (m, 1H),
4.45-4.40 (m, 2H), 4.23 (t, J = 7.0 Hz, 1H), 3.97-3.87 (m, 6H), 3.55 (m, 1H), 3.19 (m,
1H), 1.99 (m, 1H) 1.80-1.69 (m, 7H), 1.45-1.41 (m, 6H), 1.34-1.11 (m, 86H), 0.88 (t, J =
6.8 Hz, 9H)

(*NH> proton was not detected.)

13C NMR (126 MHz, CDCls, 45 °C): § 170.5, 157.3, 156.6, 153.3 (2C), 143.8, 143.7,
141.4 (2C), 140.5, 138.6, 131.2, 127.7 (2C), 127.1 (2C), 125.2, 125.0 (2C), 123.7, 120.0
(20), 119.1, 117.6, 107.2 (2C), 73.5, 69.4 (2C), 67.4, 67.1, 54.3, 47.3, 39.7, 31.9 (3C),
30.4, 30.1, 29.7-29.3 (overlap, 39C), 26.5, 26.2 (3C), 22.7 (3C), 14.0 (3C)

Note 1: Because compound S6-1 has poor solubility in various solvents, the optical

rotation could not be recorded.

Note 2: HRMS using any routine conditions including Fast Atom Bombardment (FAB)
could not be conducted, presumably due to the instability at the C-terminal.
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S6-2

(o} e} (o} (o}
Alloc-Cl
C1gH370 OJLN N DIPEA C1gH370 OJLN N
H —_— H
FmocHN NH, CHCls, 40 °C FmocHN NHAlloc
C1gH370 96% C1gH370
OC;gHg7 S6-1 (solidification) OCqgH37 s6-2

To a solution of S6-1 (12.7 mg, 9.2 umol) in CHCI3 (459 pL, 0.02 M) was added DIPEA
(2.6 puL, 14.7 pmol, 1.6 equiv) and Alloc-Cl (1.4 pl, 12.9 pmol, 1.4 equiv) at room
temperature. After stirring at 40 °C for 1 h, the reaction mixture was cooled down to 0 °C
and poured into cold MeCN (2.30 mL, 0.004 M). The resulting suspension was stirred for
30 min at 0 °C and filtered through a pad of Celite (washed with excess MeOH). The
product collected on the filter cake was dissolved in CHCl; and then eluted by suction
filtration using excess CHCIs. The resulting filtrate was concentrated in vacuo and dried

under high vacuum, yielding S6-2 (13.3 mg, 9.1 umol, 99%) as a colorless powder.
Rf-value: 0.52 (CHCI3/MeOH = 60:1, stained with phosphomolybdic acid)

TH NMR (500 MHz, CDCL): § 8.62 (br-s, 1H), 7.76 (d, J= 7.5 Hz, 2H), 7.59 (br-s, 3H),
7.43-7.37 (br-m, 2H), 7.33-7.28 (br-m, 2H), 7.21 (t, J = 7.3 Hz, 2H), 7.12 (t, J = 7.5 Hz,
2H), 6.54 (m, 1H), 6.51 (s, 2H), 5.89 (m, 1H), 5.67 (d, J= 5.5 Hz, 1H), 5.28 (d, J= 17.5
Hz, 1H), 5.17 (d, J = 10.5 Hz, 1H), 5.01 (d, J = 12.0 Hz, 1H) 4.92 (d, J = 12.0 Hz, 1H),
4.61-4.52 (m, 2H), 4.44 (br-d, J = 7.0 Hz, 1H), 4.23 (t, J = 6.8 Hz, 1H), 3.98-3.90 (m,
8H), 3.51 (br-s, 1H), 3.20 (br-s, 1H), 1.96 (br-m, 1H), 1.78-1.69 (m, 7H), 1.49-1.41 (m,
6H), 1.31-1.09 (m, 86H), 0.88 (t, J = 7.0 Hz, 9H)

13C NMR (126 MHz, CDCl, 45 °C): § 166.8, 165.1, 157.2, 156.6, 153.3 (2C), 143.7 (2C),
141.4 (20), 140.6, 138.5,132.5, 131.1, 131.0, 127.7 (2C), 127.1 (2C), 126.6, 125.3, 125.0,
124.9, 123.2, 120.0 (2C), 118.8, 118.0, 117.1, 107.1 (2C), 73.5, 69.4 (2C), 67.3, 67.2,
66.1, 54.5, 47.3, 31.9 (3C), 30.4, 30.1, 29.7-29.3 (overlap, 39C), 26.3, 26.2 (2C), 22.7
(30), 14.0 (3C)

Note 1: Because compound S6-2 has poor solubility in various solvents, the optical

rotation could not be recorded.

Note 2: HRMS using any routine conditions including Fast Atom Bombardment (FAB)
could not be conducted, presumably due to the instability at the C-terminal.
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S7-1

HoN

(o] (o]
C1gH370 JL EDCI-HCI, o o "
0~ N OH HOB CigHsrO Jj\ X
" FmocHN oo o~ N
moc
CigHg70 CH;:s'S/;"" CiH0 FmocHN
OCigHs7 (solidification) 18ter
20 OCigHs7 S7-1

To a solution of Fmoc-Orn(TCbz)-OH (20) (129 mg, 0.100 mmol) in CHCI; (2.00 mL,
0.05 M) was added phenylhydrazine (13.8 pL, 0.140 mmol, 1.4 equiv), EDCI*HCI (30.7
mg, 0.160 mmol, 1.6 equiv) and HOBt (4.1 mg, 30.0 pumol, 0.3 equiv) at room
temperature. After stirring at room temperature for 9 h, the reaction mixture was cooled
down to 0 °C and poured into cold MeOH (10.0 mL, 0.01 M). The resulting suspension
was stirred for 30 min at 0 °C and filtered through a pad of Celite (washed with excess
MeOH). The product collected on the filter cake was dissolved in CHCI3 and then eluted
by suction filtration using excess CHCls. The resulting filtrate was concentrated in vacuo
and dried under high vacuum, yielding S7-1 (135 mg, 97.7 umol, 98%) as a pale-yellow

powder.
Rf-value: 0.50 (CHCI3/MeOH = 50:1, stained with phosphomolybdic acid)
[a]p?® =—-6.9 (c= 0.1, CHCl3)

TH NMR (500 MHz, CDCls): § 8.42 (d, J = 3.0 Hz, 1H), 7.76 (d, J = 7.5 Hz, 2H), 7.59
(d, J=7.0 Hz, 2H), 7.39 (t, J = 7.3 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.20 (t, J = 7.8 Hz,
2H), 6.87 (q,J= 7.5 Hz, 1H), 6.80 (br-d, J="7.5 Hz, 2H), 6.56-6.52 (m, 1H), 6.50 (s, 2H),
6.03 (d, J = 3.5 Hz, 1H), 5.61 (d, J = 9.0 Hz, 1H), 5.00-4.95 (m, 2H), 4.90 (d, J = 12.0
Hz, 1H), 4.51 (br-s, 1H), 4.42 (app t, J = 6.5 Hz, 1H), 4.21 (t, J= 7.0 Hz, 1H), 3.98-3.90
(m, 6H), 3.51 (br-m, 1H), 3.16 (br-m, 1H), 1.86 (br-m, 1H), 1.79-1.71 (br-m, 6H), 1.55
(m, 1H), 1.46-1.37 (m, 6H), 1.37-1.12 (m, 86H), 0.88 (t, /= 6.8 Hz, 9H)

13C NMR (126 MHz, CDCls): § 172.0, 157.2, 156.5, 153.2 (2C), 147.7, 146.7, 143.7,
143.6, 141.3 (2C), 138.1, 131.1, 129.5, 129.2, 127.7 (2C), 127.1 (2C), 125.0 (2C), 121.1,
120.0 (2C), 113.4, 106.7 (2C), 73.4, 69.1 (2C), 67.4, 67.0, 52.0, 47.1, 39.5, 31.9 (3C),
30.3, 29.8-29.7 (overlap, 32C), 29.4-29.4 (overlap, 7C), 26.3, 26.1 (3C), 22.7 (3C), 14.1
(30)

Note: HRMS using any routine conditions including Fast Atom Bombardment (FAB)
could not be conducted, presumably due to the instability at the C-terminal.
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S7-3
N
o o H,N” SChbz

C1gH3;70. )L EDCI-HCI, j\ o y

o7 N OH HOBt C1gHg70 07y N
JEEE—.
FmocHN H
C1gH370 CH;'E/' it FmocHN
° C1gHg70
OCqgHg; (column)
20 OCigHa7 s7-3

To a solution of Fmoc-Orn(TCbz)-OH (20) (129 mg, 0.100 mmol) in CHCI; (2.00 mL,
0.05 M) was added benzyl carbazate (23.3 mg, 0.140 mmol, 1.4 equiv), EDCI*HCI (30.7
mg, 0.160 mmol, 1.6 equiv) and HOBt (4.1 mg, 30.0 pmol, 0.3 equiv) at room
temperature. After stirring at room temperature for 2 h, the reaction mixture was cooled
down to 0 °C and poured into cold MeOH (10.0 mL, 0.01 M). The resulting suspension
was stirred for 30 min at 0 °C and filtered through a pad of Celite (washed with excess
MeOH). The product collected on the filter cake was dissolved in CHCI3 and then eluted
by suction filtration using excess CHCls. The resulting filtrate was concentrated in vacuo.
The resulting residue was purified by silica gel flash column chromatography
(CHCI3/MeOH = 50:1), yielding S7-3 (132 mg, 91.3 umol, 91%) as a pale-yellow powder.

Rf-value: 0.66 (CHCI3/MeOH = 50:1, stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for CooH44010N4Na: 1464.0780, found:
1464.0787.

[a]p® =—7.9 (c = 0.1, CHCl3)

IH NMR (500 MHz, CDCls): & 8.60 (br-s, 1H), 7.74 (d, J = 7.0 Hz, 2H), 7.57 (br-s, 2H),
7.38 (t, J = 7.0 Hz, 2H), 7.51-7.27 (m, 7H), 6.84 (br-s, 1H), 6.56 (s, 1H), 6.53 (s, 2H),
5.67 (d, J= 7.5 Hz, 1H), 5.16-4.89 (br-m, 4H), 4.48-4.33 (br-m, 3H), 4.18 (br-s, 1H),
3.97-3.85 (m, 6H), 3.42 (br-s, 1H), 3.14 (br-s, 1H), 1.89 (br-s, 1H), 1.78-1.71 (m, 7H),
1.49- 1.39 (br-m, 6H), 1.38-1.10 (m, 86H), 0.88 (t, J = 6.0 Hz, 9H)

13C NMR (126 MHz, CDCL): § 172.2, 157.4, 156.6, 156.2, 153.3 (2C), 149.9, 143.9,
143.7, 141.4 (2C), 138.2, 135.5, 131.2, 128.6 (2C), 128.5 (2C), 128.3 (2C), 127.8 (2C),
127.2 (2C), 125.2, 120.1 (2C), 107.0, 73.5, 69.2 (2C), 67.9, 67.5, 67.2, 52.0, 47.2, 39.5,
32.0 (3C), 30.4, 30.1-29.7 (overlap, 33C), 29.6-29.5 (overlap, 7C), 26.2 (3C), 26.1, 22.8
(30), 14.2 (3C)
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S8-1

HoN

[¢] [¢]
C1gHg70! JL /\/\HL EDCI-HCI, o o
07 N oH HOBt CigHarO L
" FmocHN o HWLH
CigHarO Cligg,%r.t. Gt FmocHN
OCygHa7 (solidification) 18ris7
20 OCigH37 S8-1

To a solution of Fmoc-Orn(TCbz)-OH (20) (64.7 mg, 50.0 umol) in CHCl; (1.00 mL,
0.05 M) was added benzyl amine (6.6 mg, 60.0 pmol, 1.2 equiv), EDCI*HCI (15.3 mg,
80.0 umol, 1.6 equiv) and HOBt (2.0 mg, 15.0 umol, 0.3 equiv) at room temperature.
After stirring at room temperature for 10 h, the reaction mixture was cooled down to 0 °C
and poured into cold MeOH (10.0 mL, 0.01 M). The resulting suspension was stirred for
30 min at 0 °C and filtered through a pad of Celite (washed with excess MeOH). The
product collected on the filter cake was dissolved in CHCl; and then eluted by suction
filtration using excess CHCIs. The resulting filtrate was concentrated in vacuo and dried

under high vacuum, yielding S8-1 (68.9 mg, 49.8 umol, >99%) as a colorless powder.
Rf-value: 0.75 (CHCI3/MeOH = 30:1, stained with phosphomolybdic acid)
[a]p*® =-7.9 (c=0.1, CHCl3)

IH NMR (500 MHz, CDCL3): & 7.76 (d, J = 7.5 Hz, 2H), 7.59 (d, J = 7.0 Hz, 2H), 7.39
(t, J = 7.0 Hz, 2H), 7.31-7.23 (m, 7H), 6.77 (br-s, 1H), 6.54 (m, 1H), 6.46 (s, 2H), 5.58
(d, J=7.5 Hz, 1H), 4.86 (d, J = 11.0 Hz, 2H), 4.68 (d, J = 12.0 Hz, 1H), 4.48-4.35 (m,
3H), 4.20 (t, J= 6.8 Hz, 1H), 3.98-3.91 (m, 6H), 3.49 (br-s, 1H), 3.15 (br-s, 1H), 1.86 (br-
m, 1H), 1.80-1.70 (m, 7H), 1.65 (br-m, 1H), 1.48-1.42 (m, 6H), 1.37-1.07 (m, 86H), 0.88
(t,J = 6.8 Hz, 9H)

13C NMR (126 MHz, CDCL): § 171.7, 157.1, 156.4, 153.1 (2C), 143.8, 143.7, 141.2 (2C),
138.0, 137.9, 131.1, 128.6 (2C), 127.7 (3C), 127.4, 127.0 (2C), 125.1 (2C), 119.9 (2C),
106.6 (2C), 73.4, 69.1 (2C), 67.1, 66.9, 53.3, 47.1, 43.5, 39.4, 31.9 (3C), 30.3, 29.7
(overlap, 33C), 29.4 (overlap, 7C), 26.4, 26.1 (3C), 22.7 (3C), 14.1 (3C)

Note: HRMS using any routine conditions including Fast Atom Bombardment (FAB)
could not be conducted, presumably due to the instability at the C-terminal.
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S8-4

(o}

(o]
CygH3,0.
1837/ OJJ\N/\/\)J\'il
H';l CHO FmocHN Boc
Boc 18Ha7

o Q OCygHs7 S8-3
o

EDCI-HCI
Hs,O 0%
CigHa7! OJLN OH DMAP

H +

FmocHN CHClg, r.t. o o

DA o
OCigHa7 CigHa70 JJ\ NHFmoc
20 (0] N
CigH370

OC18H37

C1gH370

S8-4
34%

To a solution of Fmoc-Orn(TCbz)-OH (20) (12.9 mg, 10.0 pmol) in CHCl3 (200 puL, 0.05
M) was added N-Boc benzyl amine (4.1 mg, 20.0 umol, 2.0 equiv), EDCI*HCI (5.8 mg,
30.0 umol, 3.0 equiv) and DMAP (0.4 mg, 3.00 umol, 0.3 equiv) at room temperature.
After stirring at room temperature for 19 h, the reaction mixture was cooled down to 0 °C
and poured into cold MeOH (1.0 mL, 0.01 M). The resulting suspension was stirred for
30 min at 0 °C and filtered through a pad of Celite (washed with excess MeOH). The
product collected on the filter cake was dissolved in CHCl; and then eluted by suction
filtration using excess CHCls. The resulting filtrate was concentrated in vacuo. The
resulting residue was purified by thin-layer preparative TLC (hexane/EtOAc = 2:1),
yielding S8-4 (4.3 mg, 3.37 umol, 34%) as a colorless powder. The desire product S8-3

wasn’t obtained.
Rf-value: 0.55 (Hex/EtOAc = 2:1, stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for CgHi3sOsNoNa: 1298.0038, found:
1298.0022.

[a]p® = +2.7 (c = 0.1, CHCl5)

TH NMR (500 MHz, CDCls): 8 7.77 (d, J = 7.5 Hz, 2H), 7.60 (d, J = 7.0 Hz, 2H), 7.40
(t, J=17.5 Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 6.64 (s, 2H), 5.79 (m, J = 5.0 Hz, 1H), 5.19
(s, 2H), 4.41-4.33 (m, 2H), 4.24 (t, J = 6.8 Hz, 1H), 4.08 (m, 1H), 3.99-3.92 (m, 6H), 3.63
(br-m, 1H), 2.60 (br-m, 1H), 1.96 (br-m, 1H), 1.81-1.72 (m, 6H), 1.60 (br-m, 1H), 1.49-
1.41 (m, 6H), 1.40-1.07 (m, 86H), 0.88 (t, J = 6.8 Hz, 9H)

13C NMR (126 MHz, CDCLs): & 170.8, 155.9, 153.3, 153.2, 143.8, 143.7, 141.3 (2C),
138.2, 129.9, 127.7 (2C), 127.0 (2C), 125.1 (2C), 119.9 (2C), 106.9 (2C), 73.4, 69.3, 69.1
(20), 67.1,53.0,47.1,44.3,31.9 (3C), 30.3, 29.8-29.6 (overlap, 32C), 29.4-29.3 (overlap,
7C), 26.6, 26.1 (3C), 22.7 (3C), 20.3, 14.1 (3C)
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S10-2

Moot Br
\S/\CN

1
o) o) Me
® o o Me
CigHgrO J 3P
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(0) H OH DIPEA C4gH370. O)LN/\/\HI\KS\MQ
—_——
FmocHN H
CygH3,0° CHCl3, r.t. CrHO FmocHN CN
0C1Hg7 95% 18M137
20

(column) OCqgHgz7 $10-2

To a solution of Fmoc-Orn(TCbz)-OH (20) (388 mg, 0.300 mmol) in CHCI; (6.00 mL,
0.05 M) was added T3P® (229 ug, 0.390 mmol, 1.3 equiv) and DIPEA (157 uL, 0.900
mmol, 3.0 equiv) at room temperature. After stirring at room temperature for 5 min, to
the reaction mixture was added cyanosulfurylide (65.5 mg, 0.360 mmol, 1.2 equiv) at
room temperature. After stirring at 40 °C for 4 h, the reaction mixture was cooled down
to 0 °C and poured into cold MeOH (30.0 mL, 0.01 M). The resulting suspension was
stirred for 30 min at 0 °C and filtered through a pad of Celite (washed with excess MeOH).
The product collected on the filter cake was dissolved in CHCI3 and then eluted by suction
filtration using excess CHCls. The resulting filtrate was concentrated in vacuo. The
resulting residue was purified by silica gel flash column chromatography (CHCl;/MeOH
=30:1), yielding S10-2 (394 mg, 0.287 mmol, 95%) as a pale-yellow powder.

Rf-value: 0.58 (CHCI3/MeOH = 30:1, stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for CscHi41OsN3SNa: 1399.0337, found:
1399.0317.

[a]p® =+9.0 (¢ = 0.1, CHCl3)

IH NMR (500 MHz, CDCL3): & 7.75 (d, J = 7.5 Hz, 2H), 7.61 (d, J = 7.0 Hz, 2H), 7.39
(t,J=7.5 Hz, 2H), 7.32-7.29 (m, 2H), 6.55 (s, 2H), 5.70 (d, J = 8.0 Hz, 1H), 5.45 (d, J =
8.0 Hz, 1H), 5.01-4.94 (m, 2H), 4.67 (m, 1H), 4.41-4.32 (m, 2H), 4.21 (t,J = 7.0 Hz, 1H),
3.97-3.91 (m, 6H), 3.28-3.15 (br-m, 2H), 2.86-2.72 (br-m, 6H), 1.87 (br-m, 1H), 1.80-
1.70 (m, 6H), 1.62 (br-m, 1H), 1.50-1.44 (m, 6H), 1.37-1.13 (m, 86H), 0.88 (t, /= 6.8 Hz,
9H)

I3C NMR (126 MHz, CDCl3): 3 189.7, 156.4, 155.8, 153.1 (2C), 144.0, 143.8, 141.3 (2C),
137.8,131.5,127.7,127.6, 127.0 (2C), 125.2,125.1, 119.9 (2C), 117.8, 106.6 (2C), 73 .4,
69.0 (2C), 67.0, 66.8, 55.4, 47.2, 40.4, 31.9 (3C), 30.9, 30.3, 29.7 (overlap, 32C), 29.4-
29.3 (overlap, 7C), 28.3, 28.2, 26.1 (3C), 25.5, 22.7 (3C), 14.1 (3C)
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To a solution of Fmoc-Orn(TCbz)-OH (20) (129 mg, 0.100 mmol) in THF (1.00 mL, 0.10
M) was added O-tert-butyl-N, N'-diisopropylisourea (119 pg, 0.500 mmol, 5.0 equiv) at
room temperature. After stirring at 60 °C for 46 h, the reaction mixture was cooled down
to 0 °C and poured into cold MeOH (30.0 mL, 0.01 M). The resulting suspension was
stirred for 30 min at 0 °C and filtered through a pad of Celite (washed with excess MeOH).
The product collected on the filter cake was dissolved in CHCI3 and then eluted by suction
filtration using excess CHCls. The resulting filtrate was concentrated in vacuo. The
resulting residue was purified by silica gel flash column chromatography (hexane/EtOAc
=4:1 to CHCI3/MeOH = 10:1), yielding S11-1 (72.9 mg, 64.6 umol, 65%) as a colorless

powder.
Rf-value: 0.51 (CHCI3/MeOH = 50:1, stained with phosphomolybdic acid)

To a solution of S11-1 (72.9 mg, 64.6 umol) in CHCI3 (1.29 mL, 0.05 M) was added
Fmoc-Osu (26.2 mg, 77.6 umol, 1.2 equiv) and DIPEA (16.9 pL, 97.0 pmol, 1.5 equiv)
at room temperature. After stirring at room temperature for 1 h, the reaction mixture was
cooled down to 0 °C and poured into cold MeOH (6.45 mL, 0.01 M). The resulting
suspension was stirred for 30 min at 0 °C and filtered through a pad of Celite (washed
with excess MeOH). The product collected on the filter cake was dissolved in CHCI3 and
then eluted by suction filtration using excess CHCIs. The resulting filtrate was
concentrated in vacuo and dried under high vacuum, yielding S11-2 (85.8 mg, 63.6 pmol,

98%) as a colorless powder.

Rf-value: 0.62 (hexane/EtOAc = 2:1, stained with phosphomolybdic acid)
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HRMS (m/z): FAB [M+Na]® calculated for CssHi44O9N2Na:1372.0770, found:
1372.0800.

[a]p® =+3.2 (¢ =0.1, CHCl3)

TH NMR (500 MHz, CDCls): § 7.76 (d, J = 7.5 Hz, 2H), 7.60 (d, J = 7.5 Hz, 2H), 7.40
(t,J=17.5 Hz, 2H), 7.33-7.30 (m, 2H), 6.54 (s, 2H), 5.39 (d, J= 8.0 Hz, 1H), 4.97 (s, 2H),
4.81 (br-m, 1H), 4.43-4.36 (m, 2H), 4.28-4.17 (m, 2H), 3.96-3.91 (m, 6H), 3.22 (br-q, J
= 6.2 Hz, 2H), 1.86 (br-m, 1H), 1.81-1.70 (m, 6H), 1.66 (br-m, 1H), 1.49-1.42 (m, 15H),
1.37-1.12 (m, 86H), 0.88 (t, J = 6.8 Hz, 9H)

13C NMR (126 MHz, CDCls): § 171.3, 156.3, 155.9, 153.2 (2C), 143.9, 143.7, 141.3 (2C),
138.0, 131.3, 127.7 (2C), 127.0 (2C), 125.1, 125.0, 120.0 (2C), 106.8 (2C), 82.4, 73.4,
69.1 (2C), 67.1, 66.9, 53.9, 47.2, 40.6, 31.9 (3C), 30.3, 30.1, 30.0-29.7 (overlap, 31C),
29.4-29.4 (overlap, 7C), 28.0 (3C), 26.1 (3C), 25.7, 22.7 (3C), 14.1 (3C)
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S14

C4gH370. /\/\Hj\
o N OH DIPEA C1gH370.
Y e OJLH 1<)
moc CHClg, r.t.
CygH370 52% (RSM: 38 %) CraHarO FmocHN CI
OC1gHg7 (PTLC)
20 OC1gH37 s14

To a solution of Fmoc-Orn(TCbz)-OH (20) (25.9 mg, 20.0 pmol) in CHCl; (400 puL, 0.05
M) was added 2-chlorotrityl chloride (12.5 mg, 40.0 umol, 2.0 equiv) and DIPEA (13.9
pL, 80.0 umol, 4.0 equiv) at room temperature. After stirring at room temperature for 24
h, the reaction mixture was cooled down to 0 °C and poured into cold MeOH (2.0 mL,
0.01 M). The resulting suspension was stirred for 30 min at 0 °C and filtered through a
pad of Celite (washed with excess MeOH). The product collected on the filter cake was
dissolved in CHCl; and then eluted by suction filtration using excess CHCl3. The resulting
filtrate was concentrated in vacuo. The resulting residue was purified by thin-layer
preparative TLC (hexane/EtOAc = 2:1), yielding S14 (16.4 mg, 10.4 pmol, 52%) as a
pale-yellow powder. (RSM: 9.9 mg, 38%)

Rf-value: 0.75 (CHCI3/MeOH = 50:1, stained with phosphomolybdic acid)
[a]p?® =+3.5 (¢ = 0.1, CHCls)

IH NMR (500 MHz, CDCls): § 7.74 (t, J = 5.8 Hz, 2H), 7.60-7.54 (br-m, 2H), 7.41-7.37
(m, 2H), 7.35-7.22 (m, 14H) 7.14-7.10 (td, J = 8.0, 1.5 Hz, 1H), 6.70 (dd, J = 8.0, 2.0 Hz,
1H), 6.52 (s, 2H), 5.40 (d, J = 8.0 Hz, 1H), 5.02-4.95 (m, 2H), 4.72 (br-t, J= 7.5 Hz, 1H),
4.63 (m, 1H), 4.45-4.36 (m, 2H), 4.20 (t, J = 6.8 Hz, 1H), 3.97-3.91 (m, 6H), 3.27-3.14
(br-m, 2H), 1.90 (br-m, 1H), 1.80-1.70 (m, 6H), 1.56 (br-m, 1H), 1.50-1.41 (m, 6H), 1.37-
1.12 (m, 86H), 0.88 (t, J = 6.8 Hz, 9H)

13C NMR (126 MHz, CDCls): § 170.2, 156.9, 153.2 (2C), 145.5, 143.8, 143.7, 141.3 (2C),
139.1, 138.0, 133.2, 131.8, 131.6, 131.5, 131.3, 131.2, 129.5, 129.1, 128.0 (overlap, 4C),
127.7 (overlap, 5C), 127.4 (2C), 127.0 (2C), 126.4, 126.0, 125.1, 125.1, 120.0 (2C), 106.8
(20), 82.6, 73.4, 69.1, 69.0, 67.0, 47.1, 40.4, 31.9 (3C), 30.3, 29.9-29.7 (overlap, 33C),
29.5-29.4 (overlap, 7C), 26.1 (3C), 25.8, 22.7 (3C), 14.1 (3C)

Note: HRMS using any routine conditions including Fast Atom Bombardment (FAB)
could not be conducted, presumably due to the instability at the C-terminal.
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5-7. Western fragment synthesis

Fmoc-Orn(TCbz)-OFlI (S15)

0 0 . . O
C1gH370 JL 9-Br-9PhF|

(o) N OH DIPEA CygH370.
N ~ T __ DIPEA Gl OJLH/\/\HI\O O
'moc
CygH370 CHC7I§‘,°/5°0 °c FmocHN .
CigHa,0
OCigH37 (column)
20 OCigHs7

S§15

To a solution of Fmoc-Orn(TCbz)-OH (20) (64.7 mg, 50.0 umol) in CHCl; (1.00 mL,
0.05 M) was added 9-bromo-9-phenylfluorene (24.2 mg, 75.0 pumol, 1.5 equiv) and
DIPEA (34.8 uL, 0.200 mmol, 4.0 equiv) at room temperature. After stirring at 50 °C for
10 h, the reaction mixture was cooled down to 0 °C and poured into cold MeCN (5.00
mL, 0.01 M). The resulting suspension was stirred for 30 min at 0 °C and filtered through
a pad of Celite (washed with excess MeOH). The product collected on the filter cake was
dissolved in CHCl; and then eluted by suction filtration using excess CHCl3. The resulting
filtrate was concentrated in vacuo. The resulting residue was purified by silica gel flash
column chromatography (CHCI; only), yielding Fmoc-Orn(TCbz)-OF1 (S15) (54.4 mg,
35.5 pumol, 71%) as a pale-yellow powder. The notation “FI” indicates the 9-

phenylfluorene.
Rf-value: 0.50 (hexane/EtOAc = 3:1, stained with p-anisaldehyde)

HRMS (m/z): FAB [M+Na]" calculated for CioiHi4sO9N2Na: 1556.1083, found:
1556.1082.

[a]p® =+4.9 (¢ = 0.1, CHCl3)

IH NMR (500 MHz, CDCL3): & 7.73 (d, J = 7.5 Hz, 2H), 7.71 (d, J = 7.5 Hz, 2H), 7.53
(t,J = 6.5 Hz, 2H), 7.38 (dd, J = 15.5, 7.5 Hz, 4H), 7.31-7.22 (m, 11H), 6.54 (s, 2H), 5.30
(d,J=8.0 Hz, 1H), 4.99 (s, 2H), 4.77 (br-t, J = 5.8 Hz, 1H), 4.53 (br-dd, J = 12.5, 7.0 Hz,
1H), 4.38-4.30 (m, 2H), 4.15 (t, J = 7.0 Hz, 1H), 3.93 (td, J = 6.5, 4.0 Hz, 6H), 3.23 (br-
dd, J=13.5, 7.0 Hz, 2H), 2.00 (br-m, 1H), 1.80-1.70 (m, 6H), 1.54 (br-m, 1H), 1.49-1.41
(br-m, 6H), 1.32-1.21 (m, 86H), 0.88 (t, J = 7.3 Hz, 9H)

13C NMR (126 MHz, CDCL): § 169.7, 156.4, 155.7, 153.2 (2C), 146.0, 146.0, 143.7,
143.6, 141.2 (2C), 140.6 (2C), 140.4, 138.0, 131.2, 129.4, 129.4, 128.5 (2C), 128.3 (2C),
127.9, 127.6 (2C), 127.0 (2C), 125.1, 124.9 (3C), 124.5, 124.2, 120.2, 120.2, 119.9 (2C),
106.8 (2C), 89.8, 73.4, 69.0 (2C), 67.2, 66.9, 53.6, 47.0, 40.4, 31.9 (3C), 30.3, 29.9-29.6
(overlap, 32C), 29.4-29.3 (overlap, 7C), 26.1 (3C), 25.5, 22.7 (3C), 14.1 (3C)
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Orn(TCbz)-OF1 (29)

o (0]
DBU
CigH370 OJLN CigH370 OJLN
M FmocHN CHClg, rit H NH,
C1gH370 >99% CigHgrO
(solidification)
OCigHs7 OCigHs7
S15 29

To a solution of Fmoc-Orn(TCbz)-OF1 (S15) (15.3 mg, 10.0 umol) in CHCI3 (200 pL,
0.05 M) was added DBU (4.0 puL, 26.8 umol, 2.7 equiv) at room temperature. After
stirring at room temperature until the consumption of the starting material (judged by
TLC), the reaction mixture was cooled down to 0 °C and poured into cold MeCN (1.00
mL, 0.01 M). The resulting suspension was stirred for 30 min at 0 °C and filtered through
a pad of Celite (washed with excess MeOH). The product collected on the filter cake was
dissolved in CHCl; and then eluted by suction filtration using excess CHCl3. The resulting
filtrate was concentrated in vacuo and dried under high vacuum, yielding Orn(TCbz)-OF1

(29) (13.1 mg, 10.0 pmol, >99%) as a pale-yellow powder.
Rf-value: 0.67 (CHCI3/MeOH = 10:1, stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for CgsHizgO7NoNa: 1334.0402, found:
1334.0396.

[a]p® = +5.2 (c = 0.1, CHCl5)

IH NMR (500 MHz, CDCls): & 7.71 (d, J = 6.0 Hz, 2H), 7.40-7.36 (m, 2H), 7.30-7.21
(m, 9H), 6.53 (s, 2H), 4.97 (s, 2H), 3.93 (m, 6H), 3.54 (br-s, 1H), 3.23 (m, 2H), 1.89 (br-
m, 1H), 1.80-1.70 (m, 6H), 1.64 (br-m, 1H), 1.45 (br-m, J = 7.3 Hz, 6H), 1.37-1.20 (m,
85H), 1.14 (m, 1H), 0.88 (t, J = 6.8 Hz, 9H)

13C NMR (126 MHz, CDCL): § 173.4, 156.4, 153.1 (2C), 146.5, 146.4, 141.0, 140.5,
140.5, 138.0, 131.3, 129.3 (2C), 128.5 (2C), 128.2 (2C), 127.8, 124.9 (2C), 124.3, 124.1,
120.2 (2C), 106.8 (2C), 89.1, 73.4, 69.0 (2C), 67.1, 54.3,40.7, 31.9 (3C), 30.3, 29.9-29.5
(overlap, 32C), 29.4-29.3 (overlap, 7C), 26.1 (3C), 26.0, 22.7 (3C), 14.1 (3C)
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Dipeptide (30)

1. Fmoc-Ala-OH

9 o PyBOP, DIPEA CigHarO OJ\
CigHarO L == CHCly, rt.
0”7 N o >
H \ y/, 2.DBU CigHa;0

NH, CHCI
3, It 0OC.4H
Ciger0 >99% (2 steps) 18787
OCigHs7 (solidification)
29

To a solution of Orn(TCbz)-OF1 (29) (13.1 mg, 10.0 umol) and Fmoc-Ala-OH (3.7 mg,
12.0 umol, 1.2 equiv) in CHCl3 (200 pL, 0.05 M) was added PyBOP (7.8 mg, 15.0 umol,
1.5 equiv) and DIPEA (3.5 pL, 20.0 pmol, 2.0 equiv) at room temperature. After stirring

at room temperature for 4 h, the reaction mixture was cooled down to 0 °C and poured
into cold MeCN (1.00 mL, 0.01 M). The resulting suspension was stirred for 30 min at 0
°C and filtered through a pad of Celite (washed with excess MeOH). The product
collected on the filter cake was dissolved in CHCl; and then eluted by suction filtration
using excess CHCIls. The resulting filtrate was concentrated in vacuo and dried under high

vacuum. This crude material was used in the next reaction without further purification.

To a solution of crude material in CHCI3 (200 puL) was added DBU (4.0 pL, 26.8 pmol)
at room temperature. After stirring at room temperature until the consumption of the
starting material (judged by TLC), the reaction mixture was cooled down to 0 °C and
poured into cold MeCN (1.00 mL). The resulting suspension was stirred for 30 min at 0
°C and filtered through a pad of Celite (washed with excess MeOH). The product
collected on the filter cake was dissolved in CHCl; and then eluted by suction filtration
using excess CHCIls. The resulting filtrate was concentrated in vacuo and dried under high
vacuum, yielding dipeptide (30) (13.8 mg, 10.0 umol, >99%) as a pale-yellow powder.

Rf-value: 0.51 (CHCI3/MeOH = 30:1, stained with phosphomolybdic acid)
[a]p?® =+4.9 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCl3): 8 7.71-7.69 (m, 2H), 7.39-7.35 (m, 2H), 7.31-7.20 (m, 9H),
6.53 (s, 2H), 4.97 (s, 2H), 4.87 (br-d, J = 5.0 Hz, 1H), 4.75 (br-q, J = 5.0 Hz, 1H), 3.93
(m, 6H), 3.44 (br-s, 1H), 3.22 (br-d, J = 6.0 Hz, 2H), 2.00 (br-m, 1H), 1.94 (s, 1H), 1.81-
1.70 (m, 6H), 1.55 (br-m, 1H), 1.45 (br-m, 7.3 Hz, 6H), 1.30-1.14 (m, 89H), 0.88 (t, J =
7.0 Hz, 9H)

(*NH> proton was not detected.)

13C NMR (126 MHz, CDCl3): 8 180.2, 169.5, 156.3, 153.1 (2C), 146.2, 146.0, 140.8,
140.5, 140.3, 138.0, 131.3, 129.4, 129.3, 128.5 (2C), 128.3 (2C), 127.8, 125.0 (2C), 124.5,
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124.2, 120.2, 120.2, 106.7 (2C), 89.6, 73.4, 69.0 (2C), 67.1, 51.4, 50.6, 40.5, 31.9 (3C),
30.3,29.9, 29.7-29.5 (overlap, 31C), 29.5-29.4 (overlap, 7C), 26.1 (3C), 25.6, 22.7 (3C),
21.6, 14.1 (3C)

Note: HRMS using any routine conditions including Fast Atom Bombardment (FAB)
could not be conducted. Because we only observed the corresponding 9-phenyl fluorenyl
cation including analysis of compounds, the products having a Fl group likely
decomposed during the mass spectra measurement. Therefore, we provided HRMS data
after cleavage of the Fl group and fully-characterized the product (S19) after

condensation with phenol 35 (vide infra).
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Oligopeptide (31)

OH
(0]

Me,

I ®
o) Me R OH C1gH370. OJI\N o
H
C1gH370 )l\ o) o
’\/»/U\ PyBOP DIPEA CigHgr0 ->_NH .
CigHarO .O CHClo, 1. OC1aHsr HN— O

94% M
OCygHa7 H N O (solidification) o ©
2 "Me Me.

To a solution of dipeptide 30 (42.6 mg, 30.8 umol) and 28 (9.6 mg, theoretically 37.0
pmol, 1.2 equiv) in CHCl; (616 pL, 0.05 M) was added PyBOP (24.0 mg, 46.2 umol, 1.5
equiv) and DIPEA (10.7 uL, 61.6 pmol, 2.0 equiv) at room temperature. After stirring at
room temperature for 5 h, the reaction mixture was cooled down to 0 °C and poured into
cold MeCN (3.08 mL, 0.01 M). The resulting suspension was stirred for 30 min at 0 °C
and filtered through a pad of Celite (washed with excess MeOH). The product collected
on the filter cake was dissolved in CHCI3 and then eluted by suction filtration using excess
CHCIs. The resulting filtrate was concentrated in vacuo and dried under high vacuum,
yielding dipeptide (31) (47.1 mg, 29.0 umol, 94%) as a pale-yellow powder.

Rf-value: 0.55 (CHCI3/MeOH = 30:1, stained with phosphomolybdic acid)
[a]p?® =—-1.2 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCls): § 7.68 (dd, J = 7.5, 3.0 Hz, 2H), 7.37 (app t, J = 7.5 Hz,
2H), 7.30-7.21 (m, 9H), 6.75 (d, J = 8.0 Hz, 1H), 6.57 (d, J = 7.5 Hz, 1H), 6.53 (s, 2H),
5.05 (t,J= 6.0 Hz, 1H), 4.95 (app dd, J = 11.5 Hz, 2H), 4.70 (br-td, J= 7.5, 4.0 Hz, 1H),
4.37 (m, 1H), 3.93 (app dd, J= 11.0, 6.5 Hz, 6H), 3.72 (br-m, 1H), 3.54 (br-s, 1H), 3.15
(dd, J=12.5, 6.5 Hz, 2H), 2.29 (dd, J = 15.0, 2.5 Hz, 1H), 2.24 (dd, J= 14.5,9.5 Hz, 1H),
1.98 (br-m, 1H), 1.80-1.70 (m, 6H), 1.52 (m, 1H), 1.44 (m, 7H), 1.38-1.19 (m, 105H),
1.15 (m, 1H), 1.06 (m, 1H), 0.88 (app t, J = 7.3 Hz, 12H), 0.83 (d, /= 7.0 Hz, 3H)

13C NMR (126 MHz, CDCLs): & 172.8, 171.8, 169.3, 156.6, 153.1 (2C), 146.0, 145.9,
140.6, 140.5, 140.3, 138.0, 131.2, 129.4, 129.3, 128.5 (2C), 128.3 (2C), 127.9, 125.0 (2C),
124.5,124.2, 120.2, 120.2, 106.7 (2C), 89.8, 73.4, 72.4, 69.0 (2C), 67.2, 52.2, 48.7, 40.4,
38.9, 38.5, 32.2, 31.9 (4C), 30.3, 29.9, 29.7-29.5 (overlap, 35C), 29.4-29.3 (overlap, 8C),
27.1,26.1 (3C), 25.5,22.7 (4C), 17.6, 14.8, 14.1 (4C)
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Oligopeptide (32)

; i .
CigHarO JJ\ O CrafterO J\
ﬁ )
cwoji;A .O ngff;t i e
OCigHs7 O 2 p— e O
Me

CHClg, rt.
96% (2 steps) Me,
(solidification)

To a solution of 31 (23.8 mg, 14.7 umol) and Fmoc-Gly-OH (5.2 mg, 17.6 pmol, 1.2
equiv) in CHCls (293 pL, 0.05 M) was added MNBA (7.6 mg, 22.0 umol, 1.5 equiv),
DMAP (0.5 mg, 4.4 umol, 0.3 equiv) and DIPEA (5.1 pL, 29.3 pumol, 2.0 equiv) at room
temperature. After stirring at room temperature for 5 h, the reaction mixture was cooled
down to 0 °C and poured into cold MeCN (1.47 mL, 0.01 M). The resulting suspension
was stirred for 30 min at 0 °C and filtered through a pad of Celite (washed with excess
MeOH). The product collected on the filter cake was dissolved in CHCI3 and then eluted
by suction filtration using excess CHCls. The resulting filtrate was concentrated in vacuo
and dried under high vacuum. This crude material was used in the next reaction without

further purification.

To a solution of crude material in CHCI3 (293 pL) was added DBU (5.9 puL, 39.3 pmol)
at room temperature. After stirring at room temperature until the consumption of the
starting material (judged by TLC), the reaction mixture was cooled down to 0 °C and
poured into cold MeCN (1.47 mL). The resulting suspension was stirred for 30 min at 0
°C and filtered through a pad of Celite (washed with excess MeOH). The product
collected on the filter cake was dissolved in CHCl; and then eluted by suction filtration
using excess CHCIls. The resulting filtrate was concentrated in vacuo and dried under high

vacuum, yielding 32 (23.6 mg, 14.0 umol, 96%) as a pale-yellow powder.
Rf-value: 0.47 (CHCl3/MeOH = 30:1, stained with p-anisaldehyde)
[a]p?® =-5.4 (c=0.1, CHCl3)

TH NMR (500 MHz, CDCL): & 7.68 (dd, J = 7.5, 3.0 Hz, 2H), 7.37 (app t, J = 7.5 Hz,
2H), 7.30-7.21 (m, 9H), 6.69 (d, J = 8.0 Hz, 1H), 6.59 (d, J= 7.5 Hz, 1H), 6.52 (s, 2H),
5.19 (br-t, J = 5.8 Hz, 1H), 5.14 (br-m, 1H), 4.95 (s, 2H), 4.71 (m, 1H), 4.35 (m, 1H),
3.93 (m, 6H), 3.33 (m, 2H), 3.23-3.15 (m, 2H), 2.40-2.33 (m, 2H), 2.02 (m, 1H), 1.80-
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1.70 (m, 6H), 1.56 (m, 1H), 1.49-1.42 (m, 7H), 1.38-1.12 (m, 105H), 1.12-1.00 (m, 2H),
0.88 (app t, /= 6.8 Hz, 12H), 0.84 (d, /= 7.0 Hz, 3H)
(*NH> proton was not detected.)

13C NMR (126 MHz, CDCl3): 8 173.9, 171.9, 169.9, 169.3, 156.6, 153.1 (2C), 146.1,
146.0, 140.6, 140.5, 140.3, 138.0, 131.3, 129.4, 129.3, 128.5 (2C), 128.3 (2C), 127.8,
124.9 (2C), 124.5,124.2,120.2, 120.2, 106.8 (2C), 89.7,75.2, 73.4, 69.1 (2C), 67.1,52.2,
48.8, 43.8, 40.4, 37.9, 36.5, 32.1, 31.9 (4C), 30.3, 29.9-29.5 (overlap, 36C), 29.4-29.2
(overlap, 7C), 28.8, 27.0, 26.1 (3C), 25.5, 22.6 (4C), 18.1, 14.7, 14.1 (4C)

Oligopeptide (33)

o
o Ci1gHa70 OJLN o
C1gHa70. JJ\ o H
(0] N (0]
H CygH370 Q
o 0] 18M137' NH
CygH370’
18Ha7 -_>’NH . Fmoc-D-allo-Thr-OH HN

OC1gHar N O PyBOP, DIPEA %

>

3 o) Me
o Me CHCl3, r.t.
80% Me,
Me (solidification) /
“ NH
K NH, Mol O{ 1 nHe
I moc
Me=ls O_r ’ ° 0
o

32 Me OH

1
To a solution of 32 (16.8 mg, 10.0 umol) and Fmoc-D-allo-Thr-OH (4.1 mg, 12.0 pmol,
1.2 equiv) in CHCI; (200 pL, 0.05 M) was added HOBt (0.5 mg, 3.0 umol, 0.3 equiv),
EDCI-HCI (3.1 mg, 16.0 umol, 1.6 quiv) and DIPEA (3.8 pL, 22.0 pmol, 2.2 equiv) at
room temperature. After stirring at room temperature for 3 h, the reaction mixture was
cooled down to 0 °C and poured into cold MeCN (1.00 mL, 0.01 M). The resulting
suspension was stirred for 30 min at 0 °C and filtered through a pad of Celite (washed
with excess MeOH). The product collected on the filter cake was dissolved in CHCI3 and
then eluted by suction filtration using excess CHCIs. The resulting filtrate was
concentrated in vacuo and dried under high vacuum, yielding 33 (16.1 mg, 8.0 umol,

80%) as a pale-yellow powder.
Rf-value: 0.58 (CHCI3/MeOH = 30:1, stained with phosphomolybdic acid)
[a]p?® = +4.6 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCls): 8 7.75 (d, J = 7.5 Hz, 2H), 7.66 (dd, J= 7.5, 5.0 Hz, 2H),
7.57 (br-d, J = 7.0 Hz, 2H), 7.40-7.33 (m, 4H), 7.31-7.24 (m, 11H), 7.01 (br-s, 1H), 6.72
(br-d, J = 7.0 Hz, 1H), 6.63 (br-d, J = 6.0 Hz, 1H), 6.51 (s, 2H), 5.87 (br-d, J = 8.0 Hz,
1H), 5.15 (br-t, J = 5.3 Hz, 1H), 5.12-5.09 (br-m, 1H) 4.97-4.92 (m, 2H), 4.70 (br-dd, J

S69



=12.0, 6.5 Hz, 1H), 4.42 (app t, J = 8.8 Hz, 1H), 4.34 (app t, J = 8.8 Hz, 1H), 4.28 (m,
1H), 4.18 (t,J = 6.5 Hz, 1H), 4.04 (br-t, /= 6.5 Hz, 1H), 3.95-3.87 (m, 7H), 3.85 (br-d, J
= 5.5 Hz, 1H), 3.81 (br-d, J = 5.5 Hz, 1H), 3.17 (app d, J = 6.0 Hz, 2H), 2.40-2.33 (m,
2H), 2.00 (m, 1H), 1.80-1.69 (m, 6H), 1.51 (m, 1H), 1.47-1.40 (m, 7H), 1.37-1.10 (m,
109H), 1.03 (m, 1H), 0.88 (app t, /= 6.8 Hz, 12H), 0.82 (d, J= 6.5 Hz, 3H)

(*OH proton was not detected.)

13C NMR (126 MHz, CDCls): § 172.2, 171.2, 170.1, 169.5 (2C), 156.6, 156.5, 153.1 (2C),
146.0, 145.9, 143.7, 143.6, 141.2 (2C), 140.6, 140.5, 140.2, 137.9, 131.3, 129.4, 129.3,
128.5 (20), 128.3 (2C), 127.8, 127.7 (2C), 127.0 (2C), 125.0 (2C), 124.9 (2C), 124.5,
124.2, 120.2 (2C), 119.9 (2C), 106.8 (2C), 89.7, 76.1, 73.4, 69.0 (2C), 67.1, 59.3, 52.2,
49.2, 47.0, 41.5, 40.4, 37.5, 36.3, 32.1, 31.9 (4C), 30.3, 30.1-29.4 (overlap, 36C), 29.4-
29.1 (overlap, 7C), 28.8, 26.9, 26.1 (3C), 25.4, 22.6 (4C), 19.6, 18.0, 14.5, 14.1 (4C)

*p-allo-Thr carbon 1 and 2 were overlapped. See the 1>C NMR below.
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Oligopeptide (34)

[e] (o]
CigHg70 Jj\ CigHg70 N o

A
H
o oH
CrgHarO . CrahHarO e
OCigHs7 OCigHs7
H N k% 50% HFIP HN X
o Me i o Me

PhSiHg

Me, DCM , 30 °C Me
(solidification)
NH NH

Me—), ’o—r H Me—), 'o—\(__ H
NHFmoc NHFmoc
0 4 ° o
Me” “OH Me” “OH

33 34
To a glass vessel charged with 33 (66.6 mg, 33.3 umol) was added DCM/HFIP (1:1 v/v,
664 uL, 0.05 M) and phenylsilane (20.4 pL, 0.166 mmol, 5.0 equiv) at room temperature.
After stirring at 30 °C for 21 h, the reaction mixture was cooled down to 0 °C and poured
into cold MeCN (3.32 mL, 0.01 M). The resulting suspension was stirred for 30 min at 0
°C and filtered through a pad of Celite (washed with excess MeOH). The product
collected on the filter cake was dissolved in CHCl; and then eluted by suction filtration
using excess CHCIls. The resulting filtrate was concentrated in vacuo and dried under high

vacuum. This crude material 34 was used in the next reaction without further purification.
Rf-value: 0.40 (CHCl;/MeOH/AcOH = 30:1:0.1, stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]® calculated for CiosHi170015NsNa: 1785.3295, found:
1785.3292.

Oligopeptide (S19)
o) 0
HO
CygH370 o] CygH370 (o]
187137’ OJLN =~ 187137 OJJ\N
H OH H o)
o) 35 o)
CygH370 NH o OMe CygH370 NH —
OCygHg7 DCC, DMAP, OC1gHs7
HN—, ()-CSA HN—, OMe
o Me o Me o
CHClg, rt.
Me, 58% (2 steps) Me,
/ (PTLC) /
Me—), 'o—\(_NH H me—4, 'o—‘(_NH H
NHFmoc NHFmoc
0 4 ° o
Me” “OH Me” “OH
34 s19

To a solution of crude material 34 and 35" (7.1 mg, 39.9 umol, 1.2 equiv) in CHCl3
(665 uL, 0.05 M) was added DCC (15.1 mg, 73.1 umol, 2.2 equiv), DMAP (1.2 mg, 10.0
pmol, 0.3 quiv) and (£)-CSA (2.3 mg, 10.0 pmol, 0.3 equiv) at room temperature. After
stirring at room temperature for 11 h, the reaction mixture was cooled down to 0 °C and
poured into cold MeOH (13.33 mL, 0.01 M). The resulting suspension was stirred for 30
min at 0 °C and filtered through a pad of Celite (washed with excess MeOH). The product
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collected on the filter cake was dissolved in CHCl; and then eluted by suction filtration
using excess CHCls. The resulting filtrate was concentrated in vacuo. The resulting
residue was purified by thin-layer preparative TLC (CHCl3/MeOH = 30:1), yielding S19
(35.6 mg, 19.4 umol, 58%, 2 steps) as a colorless powder.

Rf-value: 0.40 (CHCI3/MeOH = 30:1, stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for C116H1s7017NsNa:1945.3820, found:
1945.3805.

[a]p® =-26.5 (c=0.1, CHCl3)

TH NMR (500 MHz, CDCls): 7.77-7.72 (m, 3H), 7.61 (d, J= 8.0 Hz, 1H), 7.57 (br-s, 2H),
7.38 (app t,J = 7.3 Hz, 3H), 7.29-7.23 (m, 3H), 7.16 (d, /= 8.0 Hz, 1H), 7.12 (d, /= 8.0
Hz, 1H), 6.94 (br-d, 1H), 6.51 (s, 2H), 6.46 (br-d, /= 5.5 Hz, 1H), 6.41 (br-m, 1H), 5.98
(br-dd, J = 12.0, 8.5 Hz, 1H), 5.53 (br-m, 1H), 5.15 (br-m, 1H), 5.05 (m, 1H), 4.95 (app
dd, J=10.5 Hz, 2H), 4.80 (br-m, 1H), 4.57 (app t, J = 7.3 Hz, 1H), 4.51 (app t, /= 6.8
Hz, 1H), 4.41 (br-m, 1H), 4.32 (br-t, 8.5 Hz, 1H), 4.18 (t, /= 7.0 Hz, 1H), 4.14 (br-m,
1H), 4.06 (br-m, 1H), 3.95-3.90 (m, 8H), 3.79-3.70 (br-m, 3H), 3.28 (br-m, 1H), 2.48-
2.42 (m, 2H), 2.12 (br-m, 1H), 1.97 (br-m, 1H), 1.79-1.63 (m, 6H), 1.48-1.38 (m, 8H),
1.35-1.10 (m, 108H), 1.09-0.95 (br-m, 1H), 0.88 (app t, /= 6.5 Hz, 15H)

13C NMR (126 MHz, CDCls): § 172.9, 172.6, 171.2, 170.4, 169.5, 167.3, 156.8, 156.5,
153.1, 153.0, 149.0, 143.7, 143.6, 141.1, 138.2, 138.0, 137.9, 131.4, 127.6 (2C), 127.0
(30), 126.5 (2C), 125.0 (2C), 122.9, 119.8 (2C), 119.6, 119.3, 106.7 (2C), 76.1, 73.3,
69.0 (2C), 67.1 (2C), 59.5, 52.7, 51.8, 48.9, 47.0, 41.6, 40.4, 37.4, 36.3, 32.2, 31.8 (4C),
30.3, 29.8-29.5 (overlap, 36 C), 29.4-29.3 (overlap, 7C), 28.4, 26.9, 26.1 (3C), 25.6, 22.6
(40), 19.5, 18.1, 14.5, 14.0 (4C)

*A D-allo-Thr carbon peak was overlapped.
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Western fragment (18)

(o] [¢]
CygH370 o CygH370. [¢]
18H37 OJJ\u 18H37 O)LH
0 0 o} o
C1gHg70 —>,NH = CigHarO —>_NH 7
OC1gHar HN— OMe 0s0,, 0C1eHer HN—
o Me [e] NalQO, on silica o Me
Me THF, rt. Me
89%
" NH (solidification) ., NH
Me—), o—‘(_ H Me—, o{ H
NHFmoc NHFmoc
° 0 0 ¢
Me' OH Me OH
s19 18

NalOs on silica was prepared by following the literature procedure (The final
concentration of silica supported NalO4 was calculated as 0.64 mmol/g).2" To a solution
of' S19 (98.8 mg, 51.4 umol) in THF (2.05 mL, 0.025 M) was added OsO4 (13.1 mg, 51.4
pmol, 1.0 equiv) and NalOj4 on silica (1.4 mg, 5.8 umol, 0.3 equiv) at room temperature.
After stirring at room temperature for 10 h, the reaction mixture was cooled down to 0 °C
and poured into cold MeOH (10.3 mL, 0.01 M). The resulting suspension was stirred for
30 min at 0 °C and filtered through a pad of Celite (washed with excess MeOH). The
product collected on the filter cake was dissolved in CHCl; and then eluted by suction
filtration using excess CHCIs. The resulting filtrate was concentrated in vacuo and dried

under high vacuum, yielding 18 (85.0 mg, 45.5 umol, 89%) as a colorless powder.

Rf-value: 0.52 (CHCls/MeOH/toluene = 30:1:5, stained with 2,4-dinitrophenyl
hydrazine)

[a]p® =+1.8 (¢ =0.1, CHCl3)

'"H NMR (500 MHz, CDCl3): 4 10.02 (br-s, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.74 (d, J =
7.5 Hz, 2H), 7.62-7.56 (m, 3H), 7.38 (m, 3H), 7.30-7.26 (m, 2H), 7.16 (t,J= 8.3 Hz, 1H),
6.75 (br-m, 1H), 6.53 (s, 2H), 5.97 (br-m, 1H), 5.24-5.13 (m, 2H), 5.04 (br-m, 1H), 4.96
(s, 2H), 4.82 (br-m, 1H), 4.50 (m, 1H), 4.41 (br-t, 8.8 Hz, 1H), 4.33 (br-m, 1H), 4.18 (t, J
=6.5 Hz, 1H), 4.13 (br-m, 1H), 4.08 (br-m, 1H), 4.02 (br-m, 1H), 3.98-3.89 (m, 8H), 3.27
(br-s, 2H), 2.48-2.37 (m, 2H), 2.15 (br-m, 1H), 1.95 (br-m, 1H), 1.77-1.60 (m, 6H), 1.47-
1.37 (br-m, 8H), 1.29-1.08 (m, 108H), 1.03 (m, 1H), 0.88 (app t, 6.8 Hz, 15H)

(*NH proton was not detected.)

13C NMR (126 MHz, CDCls): § 189.1, 172.9, 171.3, 170.2, 169.5, 169.4, 156.8, 156.6,
153.2(20), 151.0, 143.8, 143.7, 141.3, 138.4, 135.3, 131.4, 128.1, 127.7 (2C), 127.0 (2C),
126.7, 125.0 (2C), 123.3, 119.9 (2C), 107.2 (2C), 76.2, 73.4, 69.3 (2C), 69.0, 67.3, 67.1,
59.6, 52.5, 49.2, 49.0, 47.2, 41.6, 40.5, 37.7, 36.5, 32.2, 31.9 (4C), 30.4, 30.0-29.4
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(overlap, 40C), 29.3 (3C), 28.5, 27.0, 26.1 (3C), 25.6, 22.6 (4C), 19.6, 18.0, 14.6, 14.6,
14.0 (4C)

Note: HRMS using any routine conditions including Fast Atom Bombardment (FAB)

could not be conducted, presumably due to the instability at the C-terminal.
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5-8. Serine fragments synthesis

D-Ser(‘Bu)-OTag (D-19)

CooHaeO Fmoc-D-Ser('Bu)-OH CooH,O.
zers DCC, DMAP 2 NH,

CHCly, r.t
OH s o -.,, ~O'Bu

then propylamine
OCpoHys then DBU OCpoHys (0]
recipitate,
. (precipitate) b1

To a screw-cap centrifuge tube charged with 362! (303 mg, 0.400 mmol) and Fmoc-D-
Ser(‘Bu)-OH (184 mg, 0.480 mmol, 1.2 equiv) was added CHCl; (8.00 mL, 0.05 M), DCC
(182 mg, 0.880 mmol, 2.2 equiv) and DMAP (14.7 mg, 0.12 mmol, 0.3 equiv) at room
temperature. After stirring at room temperature for 3 h, to the resulting mixture was added
propylamine (240 pL, 2.92 mmol, 7.3 equiv) at room temperature. After stirring at room
temperature for 30 min, to the resulting mixture was added DBU (240 pL, 1.61 mmol,
4.0 equiv) at room temperature. After stirring at room temperature for 1 h, to the reaction
mixture was added a solution of HOBt in MeOH (10 mM, 40.0 mL, 0.01 M). The resulting
heterogeneous solution was vortexed for 1 min. After centrifuging at 4x103 rpm for 5 min,
the supernatant was removed by decantation. The resulting solid residue was washed once
with a solution of HOBt in MeOH (10 mM, 40.0 mL, 0.01 M) and then twice with pure
MeCN (40.0 mL, 0.01 M) by repeating the centrifuge separation described above (a total
of 4 washes). The resulting precipitate was dried under high vacuum to afford p-Ser(‘Bu)-
OTag (D-19) as a colorless solid.

* General Procedure 1 for condensation of soluble hydrophobic tag-supported amines

with an amino acid

To the centrifuge tube containing the residual tag-supported amine was added a solution
of the corresponding Fmoc-amino acid (0.480 mmol, 1.2 equiv) in DCM (8.00 mL, 0.05
M) at room temperature. To the resulting mixture was added COMU (206 mg, 0.48 mmol,
1.2 equiv) and DIPEA (111 pL, 0.640 mmol, 1.6 equiv) at room temperature. After
stirring at room temperature for 3h, to the resulting mixture was added propylamine (80.0
pL, 0.974 mmol, 2.4 equiv) at room temperature. After stirring at room temperature for
30 min, to the resulting mixture was added DBU (320 pL, 2.14 mmol, 5.4 equiv) at room
temperature. After stirring at room temperature for 1 h, to the reaction mixture was added
a solution of HOBt in MeCN (10 mM, 40.0 mL, 0.01 M). The resulting heterogeneous
solution was vortexed for 1 min. After centrifuging at 4x10° rpm for 5 min, the

supernatant was removed by decantation. The resulting solid residue was washed once
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with a solution of HOBt in MeOH (10 mM, 40.0 mL, 0.01 M) and then twice with pure
MeCN (40.0 mL, 0.01 M) by repeating the centrifuge separation described above (a total
of 4 washes). The resulting precipitate was dried under high vacuum and used in the next

reaction without further purification.

Dipeptide (37)

HoN B,

CooHys0. Fmoc-Ser('Bu)-OH 2 o8
NH, COMU, DIPEA CoHO
CHClg, r.t 22145/
(0] e, /O‘Bu 3 - HN o)
then propylamine (o] ..
OCozHas ¢} then DBU “_~0Bu
D-19 (precipitate) OCpoHas fo)

37

Prepared according to the General Procedure 1 from D-Ser(‘Bu)-OTag (D-19) using
Fmoc-Ser('‘Bu)-OH (184 mg, 0.480 mmol, 1.2 equiv) as the amino acid.

Tripeptide (38)

O'Bu

HN ) HoN
2 O'Bu Fmoc-Ser('Bu)-OH o

COMU, DIPEA
CaoHysO. . CHClj, 1t HN O'Bu
0
0 A then propylamine CosHacO
“_~0'Bu then DBU 22145 HN
recipitate, [e]
OCaoHas o (precipitate) o /
37 “%_—~0'Bu
OC2oHys o

38

Prepared according to the General Procedure 1 from dipeptide (37) using Fmoc-Ser(‘Bu)-
OH (184 mg, 0.480 mmol, 1.2 equiv) as the amino acid.

Tetrapeptide (39a)
HO.
O'Bu
HN 0 O'Bu
HoN 2
Fmoc-Ser('Bu)-OH HN
o COMU, DIPEA
HN OBy CHClg, r.t o
> HN !
then propylamine OBu
Co2HusO then DBU
HN™ N 95% (from 36) CooHys0
o .. (precipitate) HN o)
“.~0'Bu o /
OCuis  © OB
38 OCysHas o

39a

Prepared according to the General Procedure 1 from tripeptide (38) using Fmoc-Ser-OH
(157mg, 0.480 mmol, 1.2 equiv) as the amino acid. The resulting precipitate was
concentrated in vacuo and dried under high vacuum, yielding 39a (486 mg, 0.382 mmol,

95%) as a colorless powder.
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Rf-value: 0.30 (CHCI3/MeOH = 30:1 stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for C7sHi40011N4Na: 1296.0416, found:
1296.0406.

[a]p® =+8.1 (¢ = 0.1, CHCl3)

IH NMR (500 MHz, CDCL): & 7.73 (d, J = 7.5 Hz, 1H), 7.39 (d, J = 7.5 Hz, 1H), 7.32
(br-d, J= 7.5 Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 6.40-6.39 (m, 2H), 5.17 (d, J = 12.0 Hz,
1H), 5.13 (d, J = 12.0 Hz, 1H) 4.76 (br-s, 1H), 4.56 (td, J = 6.5, 3.5 Hz, 1H), 4.51 (br-m,
1H), 3.91 (t, J = 6.5 Hz, 4H), 3.84 (dd, J = 9.0, 3.0 Hz, 2H), 3.81-3.76 (m, 2H), 3.68 (dd,
J=10.5, 8.0 Hz, 1H), 3.53-3.45 (m, 3H), 3.31 (dd, J = 8.5, 6.5 Hz, 1H), 2.56 (br-s, 1H,*
OH), 1.78-1.72 (m, 4H), 1.67 (br-s, 2H,*NHa), 1.42-1.37 (br-m, 4H), 1.29-1.20 (br-m,
72H), 1.19-1.15 (m, 18H), 1.08-1.04 (m, 9H), 0.86 (t, J = 6.8 Hz, 6H)

13C NMR (126 MHz, CDCL): § 174.4, 170.6, 170.2, 169.8, 160.6, 158.1, 130.8, 116.1,
104.4,99.4,73.9 (2C), 73.3, 68.0 (2C), 65.5, 62.3, 61.9, 61.6, 61.3, 56.1, 53.5, 53.3, 53.1,
31.8 (2C), 29.6-29.0 (overlap, 34C), 27.3-27.1 (overlap, 9C), 26.0 (2C), 22.6 (2C), 14.0
(20)

Ser('‘Bu)-OTag (L-19)

CaoHasO Fmoc-D-Ser('Bu)-OH CooHys0.

DCC, DMAP NH,
OH CHClg, r.t - o o'Bu
then propylamine
OCyooHys then DBU OCyoHys o

recipitate,
55 (precipitate) 1o

To a screw-cap centrifuge tube charged with 36! (303 mg, 0.400 mmol) and Fmoc-
Ser(‘Bu)-OH (184 mg, 0.480 mmol, 1.2 equiv) was added CHCl; (8.00 mL, 0.05 M), DCC
(182 mg, 0.880 mmol, 2.2 equiv) and DMAP (14.7 mg, 0.120 mmol, 0.3 equiv) at room
temperature. After stirring at room temperature for 3 h, to the resulting mixture was added
propylamine (240 pL, 2.92 mmol, 7.3 equiv) at room temperature. After stirring at room
temperature for 30 min, to the resulting mixture was added DBU (240 pL, 1.61 mmol,
4.0 equiv) at room temperature. After stirring at room temperature for 1 h, to the reaction
mixture was added a solution of HOBt in MeOH (10 mM, 40.0 mL, 0.01 M). The resulting
heterogeneous solution was vortexed for 1 min. After centrifuging at 4x103 rpm for 5 min,
the supernatant was removed by decantation. The resulting solid residue was washed once
with a solution of HOBt in MeOH (10 mM, 40.0 mL, 0.01 M) and then twice with pure
MeCN (40.0 mL, 0.01 M) by repeating the centrifuge separation described above (a total
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of 4 washes). The resulting precipitate was dried under high vacuum to afford Ser('Bu)-
OTag (L-19) as a colorless solid.

Dipeptide (S20)

HN 0'B
CaoHasO Fmoc-D-Ser('Bu)-OH N

NH, COMU, DIPEA CoHLO o

om)\/o«Bu CHClg, r.t ‘ 221145 N 5
then propylamine (0]
OCa2Hss o then DBU \"/k/O‘Bu
19 (precipitate) OCooHas 0o

S20

Prepared according to the General Procedure 1 from Ser(‘Bu)-OTag (L-19) using Fmoc-
D-Ser(‘Bu)-OH (184 mg, 0.480 mmol, 1.2 equiv) as the amino acid. *The same reaction

was performed using three tubes in parallel.

Tripeptide (S21)
O'Bu
. ‘ HoN
2 /O Bu Fmoc-Ser(‘Bu)-OH o
. COMU, DIPEA
Ca2Hss50. CHClg, r.t HN O'Bu

HN > ."/

(e}
o) then propylamine
\Q\/ \n/k,o'su then DBU Ca2HasO N
recipitate, o
OCaoHys le} (precip. ) o
S20 O'Bu

OCaoHss o
S21

Prepared according to the General Procedure 1 from dipeptide (S20) using Fmoc-
Ser('‘Bu)-OH (184 mg, 0.480 mmol, 1.2 equiv) as the amino acid.

Tetrapeptide (39b)
HO.
O'Bu
HN 0 O'Bu
HoN 2
Fmoc-Ser(‘Bu)-OH HN
o COMU, DIPEA
HN O'Bu CHCljg, r.t o
wnl/ > HN OBy
then propylamine /
CaoHys0 then DBU .
HN™Ng 97% (from 36) C2zHas0
o (precipitate) HN [e]
o'Bu O\n/«/
t)
OCpHss O o'Bu
s21 OCyHys o

3%

Prepared according to the General Procedure 1 from tripeptide (S21) using Fmoc-Ser-OH
(157 mg, 0.480 mmol, 1.2 equiv) as the amino acid. The resulting precipitate was
concentrated in vacuo and dried under high vacuum, yielding 39b (492 mg, 0.386 mmol,

97%) as a colorless powder.

Rf-value: 0.31 (CHCI3/MeOH = 30:1 stained with phosphomolybdic acid)
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HRMS (m/z): FAB [M+Na]" calculated for C7sHi40011N4Na: 1296.0416, found:
1296.0397.

[a]p* =-4.8 (c=0.1, CHCl3)

TH NMR (500 MHz, CDCL): § 7.76 (d, J = 7.5 Hz, 1H), 7.51-7.47 (m, 2H), 7.17 (d, J =
9.0 Hz, 1H), 6.39-6.36 (m, 2H), 5.16 (d, J= 12.5 Hz, 1H), 5.11 (d, J= 12.5 Hz, 1H), 4.69
(m, 1H), 4.49-4.47 (m, 2H), 3.91-3.86 (m, 4H), 3.85-3.75 (m, 3H), 3.66 (dd, J= 10.0, 6.0
Hz, 1H), 3.53 (dd, J= 9.0, 3.0 Hz, 1H), 3.48 (dd, J= 8.5, 6.0 Hz, 2H), 3.32 (m, 1H), 3.26
(br-m, 1H), 2.52 (br-s, 1H, *OH), 1.77-1.70 (m, 4H), 1.65 (br-s, 2H, *NH,), 1.44-1.37 (m,
4H), 1.30-1.22 (m, 72H), 1.19-1.14 (m, 18H), 1.05 (s, 9H), 0.85 (t, J = 7.0 Hz, 6H)

13C NMR (126 MHz, CDClz): & 174.2, 170.1, 169.9, 169.8, 160.5, 158.1, 130.8, 116.3,
104.4,99.3,74.0,73.7,73.2,67.9 (2C), 65.2,62.3,61.8,61.1, 61.0, 56.1, 53.3, 53.2 (20),
31.8 (2C), 29.6-29.0 (overlap, 34C), 27.3-27.1 (overlap, 9C), 25.9 (2C), 22.6 (2C), 14.0
20)

Dipeptide (S22)

HoN O'Bi

CaoHasO Fmoc-Ser('Bu)-OH ’ ’
NH, COMU, DIPEA CooHacO
om)\,O‘Bu CHCl rt - A
then propylamine o
OCooHys o then DBU OBy
19 (precipitate) OCooHys o

S22
Prepared according to the General Procedure 1 from Ser(‘Bu)-OTag (L-19) using Fmoc-
Ser(‘Bu)-OH (184 mg, 0.480 mmol, 1.2 equiv) as the amino acid. * The same reaction was

performed using two tubes in parallel.

Tripeptide (S23)
O'Bu
\
HN HoN (o
4
2 OBu Fmoc-b-Ser('Bu)-OH o
COMU, DIPEA
CapHys0 CHClj, rt HN O'Bu
HN o) I
(o) then propylamine
\n/&,otsu then DBU CozHasO N
recipitate, (o]
OCaoHas o) (precip ) o
S22 O'Bu

OCyzHys o
S23

Prepared according to the General Procedure 1 from dipeptide (S22) using Fmoc-D-
Ser(‘Bu)-OH (184 mg, 0.480 mmol, 1.2 equiv) as the amino acid.
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Tetrapeptide (39¢)

HO.

O'Bu
O 4
H.N «\ HaN j\( O\Bu
N (. A

Fmoc-Ser('Bu)-OH HN
o COMU, DIPEA
HN O'Bu CHClj, .t o
> HN  OBu
then propylamine
C22H4s0 then DBU
HN o) 92% (from 36) CaoHys0.
o (precipitate) HN™Ng
O'Bu o\n/k’ )
OCo2Hys o OBu
S23 OCyoHys o

39¢

Prepared according to the General Procedure 1 from tripeptide (S23) using Fmoc-Ser-OH
(157mg, 0.480 mmol, 1.2 equiv) as the amino acid. The resulting precipitate was
concentrated in vacuo and dried under high vacuum, yielding 39¢ (467 mg, 0.368 mmol,

92%) as a colorless powder.
Rf-value: 0.29 (CHCI3/MeOH = 30:1 stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for C7sHi40011N4Na: 1296.0416, found:
1296.0430.

[a]p® =+17.9 (¢ = 0.1, CHCl3)

TH NMR (500 MHz, CDCls): § 8.19 (br-d, J= 7.0 Hz, 1H), 7.70 (d, J = 9.0 Hz, 1H), 7.55
(d,J=7.0Hz, 1H), 7.17 (d, J= 8.5 Hz, 1H), 6.40-6.39 (m, 2H), 5.16 (d, J = 12.0 Hz, 1H),
5.12 (d, J = 12.0 Hz, 1H), 4.70 (br-m, 1H), 4.52-4.45 (br-m, 2H), 4.06 (dd, J = 10.5, 3.0
Hz, 1H), 3.92-3.89 (m, 4H), 3.86 (dd, J= 9.5, 4.0 Hz, 1H), 3.79 (dd, J = 8.5, 2.0 Hz, 1H),
3.74 (dd, J = 8.0, 3.0 Hz, 1H) 3.64 (dd, J = 11.0, 4.0 Hz, 1H), 3.53-3.44 (m, 2H), 3.37
(app t, J = 8.8 Hz, 1H), 3.29 (m, 1H), 2.54 (br-s, 1H,*OH), 1.79-1.69 (m, 4H), 1.68 (br-
s, 2H,*NHa), 1.45-1.38 (m, 4H), 1.35-1.21 (br-m, 72H), 1.19-1.10 (m, 18H), 1.06-1.04
(m, 9H), 0.85 (t, J = 7.0 Hz, 6H)

13C NMR (126 MHz, CDCl3): § 174.5, 170.3, 170.0, 170.0, 160.5, 158.0, 130.7, 116.1,
104.4,99.3,74.2,73.7,73.3,68.0 (2C), 65.2,62.2,61.9, 61.2, 60.4, 56.3, 53.0, 53.0, 52.8,
31.8 (2C), 29.6-29.0 (overlap, 34C), 27.3-27.2 (overlap, 9C), 26.0 (2C), 22.6 (2C), 14.0
20)
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Tripeptide (S24)

OBu

HoN l
2 Ou Fmoc-Ser(Bu)-OH o
COMU, DIPEA
Ca2oHy50 N CHClg, rt _ HN O'Bu
© then propylamine -
(o]
\n/&,otsu then DBU Ca2HasO .
recipitate, (o]
OCasHas o) (p P! ) o

§22 O'Bu

OCyzHys o
S24

Prepared according to the General Procedure 1 from dipeptide (S22) using Fmoc-
Ser(‘Bu)-OH (184mg, 0.480 mmol, 1.2 equiv) as the amino acid.

Tetrapeptide (39d)

HO.
O'Bu

H N/.\(O O'Bu
HoN 2
Fmoc-D-Ser('Bu)-OH HN

o COMU, DIPEA
HN O'Bu CHCl3, r.t _ (o]

- - HN O'Bu
then propylamine

CooHys0. t then DBU
HN™ Ny 92% (from 36) CapHas0
[e) (precipitate) HN 0o
0'Bu o \n/&’

O'Bu
OCpoHys o
S24 OC22Hss o
39d

Prepared according to the General Procedure 1 from tripeptide (S24) using Fmoc-D-Ser-
OH (157mg, 0.480 mmol, 1.2 equiv) as the amino acid. The resulting precipitate was
concentrated in vacuo and dried under high vacuum, yielding 39d (468 mg, 0.367 mmol,

92%) as a colorless powder.
Rf-value: 0.30 (CHCI3/MeOH = 30:1 stained with phosphomolybdic acid)

HRMS (m/z): FAB [M+Na]" calculated for C7sHi40011N4Na: 1296.0416, found:
1296.0404.

[a]p® =+10.4 (¢ = 0.1, CHCl3)

IH NMR (500 MHz, CDCl3): 5 8.31 (d,J = 7.5 Hz, 1H), 7.62 (br-d, J = 8.0 Hz, 1H), 7.40
(d,J=7.5 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 6.40-6.38 (m, 2H), 5.19-5.11 (m, 2H), 4.69
(br-m, 1H), 4.55 (m, 1H), 4.47 (br-m, 1H), 4.20 (dd, J = 10.5, 3.0 Hz, 1H), 3.92-3.87 (m,
4H), 3.79-3.72 (m, 2H), 3.62 (dd, J = 10.0, 4.0 Hz, 1H), 3.56 (dd, J = 9.0, 2.5 Hz, 1H),
3.52-3.45 (m, 2H), 3.33 (app t, J = 8.0 Hz, 1H), 3.27 (br-m, 1H), 2.48 (br-s, 1H,*OH),
1.77-1.72 (m, 4H), 1.65 (br-s, 2H*NH,), 1.45-1.38 (m, 4H), 1.37-1.21 (br-m, 72H), 1.18-
1.10 (m, 18H), 1.09-1.01 (m, 9H), 0.86 (t, J = 7.0 Hz, 6H)
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13C NMR (126 MHz, CDCL): § 174.2, 170.3, 169.9, 169.7, 160.5, 158.1, 130.9, 116.1,
104.4,99.4,73.9, 73.6, 73.6, 68.0 (2C), 65.1, 62.3, 62.0, 61.6, 61.2, 56.1, 53.6, 53.2, 52.7,
31.9 (2C), 29.6-29.0 (overlap, 34C), 27.3-27.1 (overlap, 9C), 26.0 (2C), 22.6 (2C), 14.1
(20)
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5-9. Cyclic depsipeptide synthesis

* General Procedure 2 for fragment coupling

To a glass vessel charged with Western fragment (18) (1.0 equiv) and Ser fragment 39x
(1.05 equiv) was added a solution of AcOH/pyridine = 1:1 mol in DCM (5:95 v/v, 0.03
M) at room temperature. After stirring at room temperature for 18 h, the reaction mixture
was cooled down to 0 °C and poured into cold MeCN (0.006 M). The resulting suspension
was stirred for 30 min at 0 °C and filtered through a pad of Celite (washed with excess
MeCN). The product collected on the filter cake was dissolved in CHCI3 and then eluted
by suction filtration using excess CHCls. The resulting filtrate was concentrated in vacuo.
The resulting residue was purified by silica gel flash column chromatography
(CHCI3;MeOH = 50:1), yielding oligopeptide 40x as a powder.

(x=a,b,c,d)

* General Procedure 3 for cleavage of Fmoc groups and C-terminus soluble hydrophobic
TAGs

To a solution of 40x (1.0 equiv) in CHCI3 (0.05 M) was added DBU (2.7 equiv) at room
temperature. After stirring at room temperature until the consumption of the starting
material (judged by TLC), the reaction mixture was cooled down to 0 °C and poured into
cold MeCN (0.01 M). The resulting suspension was stirred for 30 min at 0 °C and filtered
through a pad of Celite (washed with excess MeOH). The product collected on the filter
cake was dissolved in CHCl3 and then eluted by suction filtration using excess CHCls.
The resulting filtrate was concentrated in vacuo and dried under high vacuum. This crude

material was used in the next reaction without further purification.

To a solution of crude material in CHCI3 was added HFIP (HFIP/CHCI3 = 2:8 v/v, total
0.05 M) at room temperature. After stirring at room temperature until the consumption of
the starting material (judged by TLC), the reaction mixture was concentrated in vacuo
and dried under high vacuum. This crude material 42x was used in the next reaction

without further purification.
(x=a,b,c,d)
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» General Procedure 4 for macrolactamization

To a solution of crude material 42x in CHCI3 (0.01 M) was added HATU (1.5 equiv) and
DIPEA (2.0 equiv) at room temperature. After stirring at room temperature for 4 to14 h,
the reaction mixture was cooled down to 0 °C and poured into cold MeCN. The resulting
suspension was stirred for 30 min at 0 °C and filtered through a pad of Celite (washed
with excess MeCN). The product collected on the filter cake was dissolved in CHCI3 and
then eluted by suction filtration using excess CHCIs. The resulting filtrate was
concentrated in vacuo and dried under high vacuum. This crude material 43x was used in
the next reaction without further purification.

(x=a,b,c,d)

* General Procedure 5 for global deprotection

To a solution of crude material 43x in CHCl; was added HFIP and TFA
(CHCI3/HFIP/TFA = 3:3:4 v/v, total 0.025 M) at room temperature. After stirring at room
temperature for 3 h, the reaction mixture was cooled to —10 °C and added MeCN (0.025
M) and NHj3 aq. (same amount as TFA). After stirring at —10 °C for 1 h, the reaction
mixture was poured into cold MeCN. The resulting suspension was stirred for 30 min at
0 °C and filtered through a pad of Celite (washed with excess MeCN). The resulting
filtrate was concentrated in vacuo. The resulting residue was dissolved in a solution of
DMSO/MeCN/H>O/TFA (60:16:24:0.04 v/v, 100 mg/mL) and purified by reverse-phase
HPLC (Pegasil ODS SP100 (20 i.d. x 250 mm), isocratic 40% MeCN/H>O with 0.1%
TFA, 7 mL/min flow rate, UV = 210 nm detection), yielding 44x as a colorless powder.
(x=a,b,c,d)
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Oligopeptide (40a)

(o]
C1gH370. JL o
(e) /\/\/U\
(0)
0,
CigHg70 ; NH
1) H
HN—,
o) Me

Iz

OC18H37

+
Me,
ve—4, "o NH CapHasO

NHFmoc

)
o

CigHa70

01 8H37O

AcOH/pyridine
(1:1 mol, 5%)

DCM (0.03 M), r.t.
>99%
(column)

O \{
HoN j\( \gu

OH
(@] @\ro
A, N
H
Q o
—>,NH o
HN—,
o) Me

BuO,

N (¢]
H 0'Bu
OCigHs7 HN

o
HN

¥ O'Bu
o)

g
é/oczzms

OCz2Hss

Me,
A O
Me—), b—rNH H
NHFmoc
0 ¢
Me' OH
40a

Prepared according to the General Procedure 2 from Western fragment 18 (43.3 mg, 23.2

pumol) using Ser fragment 39a (31.0 mg, 24.2 umol, 1.05 equiv), yielding 40a (72.1 mg,

23.1 pmol, >99%) as a pale-yellow powder.

Note: NMR spectra of the two-tagged compound (40a) was broad and most of the peaks

were overlapped under the analysis conditions that we attempted using several solvents,

temperatures and so on. In addition, HRMS using any routine conditions including Fast

Atom Bombardment (FAB) could not be conducted because the molecular weight of 40a

is more than 3000. Therefore, we confirmed the compound after removal of a tag at the

C-terminal by treatment with HFIP. The diastereomers (separable on TLC) were

observed as a single peak on reversed-phase chromatography (see below).

S8&5



Rf-value: 0.55 and 0.53 (diastereomer)
(CHCl3/MeOH/toluene = 30:2:5, stained with 2,4-
dinitrophenyl hydrazine)

1000 — on
QL.
BuO,
- N
N
HN
800 7 e f prod.
HN O‘
o ~
- o H
) O)iNHFmoc OH v
Me' OH
600 — Me
5 prod.
g (from 40a)
>
z ]
@
c
()
8
(=]
- 400 —
200 —
0_/—J
T I T I T I T I
0 10 20 30 40
Time (min)

(GL Science, column: Inertsil ODS-4, 5 um, 4.6 i.d. x 250 mm, flow rate: 1.0 mL/min,
solvent condition: 20-80% MeCN/THF gradient, UV = 210 nm detection, injection
solution: 0.2 mg/mL (100% THF), injection volume: 50.0 pL, retention time: 24.6 min
[single peak] *Impurities could not be identified.)
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3 r
HN— HN,

NHFmoc
o e}
Me' OH

HRMS (m/z): ESI [M+H]" calculated for CssHgsO18No: 1172.6091, found: 1172.6071.
Note: We identified the corresponding HRMS of compound S25 after removal of the TChz

group at the side chain of the Orn residue using TFA.

Cyclization precursor (42a)

@TOH
CigHg70

o oL,
JL BuO,
07 N N
H o H 0
(0] t
CygH370 —>—NH 0 O'Bu
HN

OCigHa7 HN

(e}
HN

O'Bu
. o) "u/
o o Xy
NHFmoc o)
0 ¢
Me OH OCo2Hss
40a

OC22H45

Me

OH
o @j‘-ro
'BuO,
CygH370.
N (0]
1.DBU o Y N )
CHClg, rt C1gHar0 NH 0 0'Bu
(solidification) OCigHg7 N HN
_— A
2.20% HFIP A
CHClg, . o]
(concentration) HN
O'Bu
o) L4

OH

Prepared according to the General Procedure 3 from oligopeptide 40a (62.5 mg, 20.0
umol). The resulting crude material 42a was used in the next reaction without further

purification.

S8&7



Tagged cyclic peptide (43a)

(o]
'BuO,
CygH370
18H37! OJLN N
H o N o
CigH370 NH 0 g H O'Bu
HN
Me
(0]
HN !
O'Bu
4 o w/
NH, OH
[e]
Me' OH
42a
CigH370
3. HATU CigHg70
DIPEA
CHClg, r.t.

(solidification)

OJJ\N N
:@/\ Hm in\gsu

OH
O,
o

" (0]
HN

. b{NH H H HN o)
°© o)i \ﬂ/‘o/o‘su
o
Me OH
43a

O'Bu

Prepared according to the General Procedure 4 from cyclic precursor 42a. The resulting

crude material 43a was used in the next reaction without further purification.

Cyclic peptide (44a)

4. TFA/HFIP/CHCly

39% (4 steps)
(HPLC)

(o}

TFA-H,N
2 /\/\/U\Nj\€o HO
Q H

->—NH
HN—,
s o N H oy HN’zo—/
’ ):LL o
o
Me' OH

44a
(L-L-L-D)

Me

Prepared according to the General Procedure 5 from tagged cyclic peptide 43a, yielding

44a (7.2 mg, 7.7 umol, 39% over 4 steps) as a colorless powder.
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HRMS (m/z): ESI [M+H]" calculated for C41H74015No: 932.5304, found: 932.5308.
[a]p?® = +16.1 (¢ = 0.05, pyridine)

IH NMR (500 MHz, (CDs),S0): 8.43 (d, J=5.5 Hz, 1H), 8.11 (d, J = 8.0 Hz, 1H), 8.04-
7.97 (m, 3H), 7.87 (d, J= 8.5, 1H), 7.71 (d,J= 7.5, 1H), 7.53 (d, J= 8.0 Hz, 1H,), 5.08-
5.04 (m, 2H), 4.46 (br-dt, J=9.5, 4.5 Hz, 1H), 4.40 (m, 1H), 4.29-4.26 (m, 3H), 4.19 (m,
1H), 4.09 (q, J= 5,2 Hz, 1H), 3.92-3.80 (m, 4H), 3.72-3.52 (m, 8H), 2.75 (br-s, 2H), 2.32-
2.30 (m, 2H), 1.80-1.67 (br-m, 2H), 1.60-1.49 (br-m, 3H), 1.31 (br-m, 1H), 1.27-1.20 (m,
16H), 1.19 (d, J = 7.3 Hz, 3H), 1.07 (d, J = 6.0 Hz, 3H), 1.01 (br-m, 1H), 0.86-0.81 (m,
G6H)

13C NMR (100 MHz, (CD3),SO): 8 172.6, 171.4, 171.2, 170.3, 170.2, 170.0, 169.9,
169.6, 168.9, 75.5, 66.6, 62.2, 61.8, 61.2, 60.7, 58.4, 57.3, 55.9, 55.0, 54.2, 52.1, 48.6,
41.1,38.6,36.9,36.0,31.8,31.4,29.3, 29.1, 29.1 (2C), 28.8, 28.3, 26.5, 23.5, 22.2,
19.8,17.7, 14.5, 14.0.
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Oligopeptide (40b)
(o]

CygH37,0 (o}
18M137/ OJLHWL HO
(o]

O o ‘B

C1gHa70 N HeN QBu
o) H
N—,
0. Me

OC1 BH37 Hi HN

\ﬁo
Me. + HN O'Bu
e
> NH CooHas0.
Me—, o{ H HN

NHFmoc [e]
o o 0
O'Bu

Me®™ "OH OCpHis O
18 39b

OH
o] @,’/O 8
C1gHa70 OJJ\

uO,
N N
A N o
CigHa7O —>\_NH 0g7 H lO‘Bu
HN_
& X

0. Me
AcOH/pyridine
(1:1 mol, 5%) HN

Me,
—»
DCM (0.03 M), r.. - NH Oﬁ)\/
95% Me=t), O{ i
NHFmoc o)
° 0
Me OH
40b

OCgHs7
o

O'Bu

(column)

OCy2Hys

OCyHys
Prepared according to the General Procedure 2 from Western fragment 18 (93.4 mg, 50.0
pumol) using Ser fragment 39b (66.9 mg, 52.5 umol, 1.05 equiv), yielding 40b (147.7 mg,
47.3 umol, 95%) as a pale-yellow powder.

Note: NMR analysis of the two-tagged compound was difficult because many of the peaks
were very broad and overlap, although the solvent, temperature, and other conditions
were investigated. In addition, it was difficult to obtain Fast Atom Bombardment (FAB)
mass spectra for a two-tagged compound with a molecular weight greater than 3000, so
the two-tagged compound was identified using a compound with the serine C-terminal

soluble hydrophobic tag removed using 1,1,1,3,3,3-Hexafluoropropan-2-ol.

Rf-value: 0.55 and 0.52 (diastereomer, second from left) (CHCIz/MeOH/toluene = 30:2:5,
stained with 2,4-Dinitro-phenylhydrazine)
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1000 —

800 - I;» {ﬁ —l( prod.

600 —

prod.

w00 (from 40b) - impurity

_ b

200 —

Intensity (mAU)
1
=

T I T | T I T I
0 10 20 30 40

Time (min)

(GL Science, column: Inertsil ODS-4, 5 um, 4.6 i.d. x 250 mm, flow rate: 1.0 mL/min,
solvent condition: 20-80% MeCN/THF gradient, UV = 210 nm detection, injection
solution: 0.2 mg/mL (100% THF), injection volume: 50.0 pL, retention time: 24.4 min
[single peak] *Impurities could not be identified.)

HO
o) O HO
HQNW\

o N HN

H ‘QO
_>_NH oH
HN—, AN

HNT O

OH
NH HO

',o_(\ H
NHFmoc
o
Me' OH

HRMS (m/z): ESI [M+H]" calculated for CssHgsO18No: 1172.6091, found: 1172.6080.
Note: We identified the corresponding HRMS of compound S$26 after removal of the TChz
group at the side chain of the Orn residue using TFA.
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Cyclization precursor (42b)

OH
(6] @TO
'BuO
CygH370.
18H37! OJLN N
A N o
C1gH370 NH 0 g H IO‘Bu
OC1gHa7 HN AN
e Lo

HN

O'Bu
. O
NHFmoc e}

Me OCg20Hys

OH
40b

OCyHss

1.DBU
CHClg, rt
(solidification)

2.20% HFIP
CHClg, rt.
(concentration)

Prepared according to the General Procedure 3 from oligopeptide 40b (147.7 mg, 47.3
pmol). The resulting crude material 42b was used in the next reaction without further

purification.
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Tagged cyclic peptide (43b)

| 'BuO,
CigHg70
CigHa,0 w O‘Bu
OC‘ 8H37 L
o

HN

Q\)\/OlBu

HN

@:
(o]
o)
C1gH370 J’L
(0] N N
H O'Bu
o) H
3. HATU CigHa,0 o N

DIPEA }NH 0
— = OC1gHa7 HN—, o
CHCl, rt. Me
(solidification) HN /O‘Bu
o

o NH H H HN o)
-\(\o )j:N\n/&O'BU
Me OHo
Prepared according to the General Procedure 4 from cyclic precursor 42b. The resulting

crude material 43b was used in the next reaction without further purification.

Cyclic peptide (44b)

4. TFA/HFIP/CHCly

17% (4 steps)
(HPLC)
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Prepared according to the General Procedure 5 from tagged cyclic peptide 43b, yielding
44b (7.6 mg, 8.2 umol, 17%, 4 steps) as a colorless powder.

HRMS (m/z): ESI [M+H]" calculated for C41H74015No: 932.5304, found: 932.5301.
[a]p?” = +8.04 (¢ = 0.05, pyridine)

IH NMR (400 MHz, (CD5),SO): 5 8.31 (d, J = 7.6 Hz, 1H), 8.25-8.14 (m, 2H), 8.02 (d,
J=9.6 Hz, 1H), 7.93 (d,J= 7.6 Hz, 1H), 7.82 (d, J = 9.2 Hz, 1H), 7.73-7.69 (br-m, 1H),
7.64 (d, J=8.0 Hz, 1H), 7.56 (br-s, 1H), 5.60 (d, J = 8.0 Hz, 1H), 5.05-5.02 (m, 2H), 4.95
(br-s, 1H), 4.89 (br-s, 1H), 4.48 (dd, J = 13.6, 5. 2 Hz, 1H), 4.40-4.20 (m, 4H), 4.15-4.10
(m, 1H), 3.88-3.82 (m, 1H), 3.77 (d, J = 4.4 Hz, 1H), 3.73 (d, J = 4.0 Hz, 1H), 3.69-3.50
(m, 6H), 2.82-2.65 (br-m, 2H), 2.38-2.28 (m, 1H), 1.77-1.42 (br-m, 5H), 1.32 (br-s, 1H),
1.27-1.18 (m, 15H), 1.18-1.12 (m, 4H), 1.07-0.99 (m, 3H), 0.86-0.82 (m, 6H)

Note: Because many peaks broaden and overlap, some peaks were difficult to identify.

13C NMR (100 MHz, (CD3)2S0): 8 172.2,171.5, 170.6, 170.4, 170.3, 170.0, 169.9, 169.9,
169.2,75.1,66.7,62.1,61.6,61.6,61.4,58.2,55.8,55.4,55.3,54.8,51.7,48.8,47.5, 36.5,
36.2,33.4,31.6,31.3,29.3,29.1, 29.0 (2C), 28.7 (2C), 26.6, 23.2,22.1, 19.6, 17.2, 14.7,
14.0.
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Oligopeptide (40c¢)

(¢}
CygH370. [e]
18137 OJLH/\/\/U\ HO

(0) o)
[} O'Bi
CigH370 NH HoN \ u
o H
N—,
o) Me

OCigHg7 H HN -

¥O
Me, + HN O'Bu
. NH CapHys0 t
Me— o—\(\ H HN

NHFmoc o]
(o] o fo)
OBu
M OH

OCaoHys5 o
18 39¢

OH
o C"\/«.\/O \
BuO,
C1gHa70 Jl\ N
; S

\
N (0}
(o} H—Y |
NH O'Bu
HN
HN—,

(e]
CigHa70
OCygHs7
o) Me

AcOH/pyridine
(1:1 mol, 5%) HN

Me,
—_—
DCM (0.03 M), rt. B NH o
95% Me 9 O—‘(\ H
° NHFmoc o)
o
Me' OH
40c

(0]
O'Bu

(column)

0022H45

OCasHys
Prepared according to the General Procedure 2 from Western fragment 18 (37.4 mg, 20.0
pumol) using Ser fragment 39¢ (26.8 mg, 21.0 umol, 1.05 equiv ), yielding 40c (59.6 mg,
19.1 pmol, 95%) as a pale-yellow powder.

Note: NMR analysis of the two-tagged compound was difficult because many of the peaks
were very broad and overlap, although the solvent, temperature, and other conditions
were investigated. In addition, it was difficult to obtain Fast Atom Bombardment (FAB)
mass spectra for a two-tagged compound with a molecular weight greater than 3000, so
the two-tagged compound was identified using a compound with the serine C-terminal

soluble hydrophobic tag removed using 1,1,1,3,3,3-Hexafluoropropan-2-ol.

Rf-value: 0.53 (one spot, third from left) (CHCIz3/MeOH/toluene = 30:2:5, stained with
2,4-Dinitro-phenylhydrazine)
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1000 —

prod.

o
C4gH370.
200 " A
H
O

CigHay!

Hi

OH
@‘/\ro
'BuO,
N& \
N—_0
Wo H__Y ‘
_>.—NH [} O'Bu
HN
N—",
Me

600 —

prod.
(from 40c)

Intensity (mAU)
1
=

100 ] impurity

_ I

200 —

T I T | T | T I
0 10 20 30 40

Time (min)

(GL Science, column: Inertsil ODS-4, 5 um, 4.6 i.d. x 250 mm, flow rate: 1.0 mL/min,
solvent condition: 20-80% MeCN/THF gradient, UV =210 nm detection, retention time:
24.3 min [single peak] *Impurities could not be identified.)

HO
o O HO,

N L 3
N &
o NT RN o
—>,NH
HN—, HN

OH
'Me r
(0]

HN

4 OH
b{NH H HO«\/
NHFmoc
[e]

(¢]
Me OH

S27

HRMS (m/z): ESI [M+H]" calculated for CssHgsO18No: 1172.6091, found: 1172.6086.
Note: We identified the corresponding HRMS of compound S27 after removal of the TChz
group at the side chain of the Orn residue using TFA.
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Cyclization precursor (42¢)
OH
| ‘BuO
CigHa70 - g
C!sH37OI;/\ /\M tO'Bu

O‘Bu

NHFmoc

Me OCo2Hys

OCa2Hys

1.DBU
CHClg, rt C1gHgrO

(solidification)

2.20% HFIP
CHCl, 1.t
(concentration)

Prepared according to the General Procedure 3 from oligopeptide 40¢ (46.9 mg, 15.0
pmol). The resulting crude material 42¢ was used in the next reaction without further

purification.
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Tagged cyclic peptide (43c)

<o

'BuO,
C18Ha7o: ; ~o N
CygH370 —/\-;’% ’\frogu
ﬁ)\/O‘Bu

42c OH
o]
o]
CIBH37O JL
N N
N /\/\—< N O\tBu
o

3. HATU C1gHa70 N &

DIPEA

CHClg, rt.
(solidification)

) NH H y HN/&OJ
_‘(‘o%j:N\n/kfo'B“
Me' OHo
Prepared according to the General Procedure 4 from cyclic precursor 42¢. The resulting

crude material 43¢ was used in the next reaction without further purification.

O‘Bu
HN O'Bu

O'Bu

TFA-H,N 9
2l
WN %o
Q H \
_>¢NH HN_
HN—, 3:0

4. TFA/HFIP/CHClg

23% (4 steps)
(HPLC)

Prepared according to the General Procedure 5 from tagged cyclic peptide 43¢, yielding
44c¢ (3.2 mg, 3.4 umol, 23%, 4 steps) as a colorless powder.
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HRMS (m/z): ESI [M+H]" calculated for C41H74015No: 932.5304, found: 932.5304.

[a]p2® =+11.4 (c = 0.05, pyridine)

IH NMR (400 MHz, (CD3),S0): & 8.24 (br-s, 2H), 8.18 (d, J = 6.8 Hz, 1H), 8.08 (br-s,
1H), 8.02 (d, J = 6.8 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.72-7.58 (br-m, 4H), 5.14-5.10
(m, 1H), 4.98 (d, J = 4.8 Hz, 1H), 4.94-4.86 (m, 4H), 4.36-4.31 (m, 2H), 4.28-4.22 (m,
2H), 4.19-4.11 (m, 3H), 3.93-3.87 (m, 2H), 3.81 (d, J = 4.4 Hz, 1H), 3.77 (d, J = 4.8 Hz,
1H), 3.63 (br-d, J = 5.2 Hz, 6H), 2.77 (br-s, 2H), 2.37-2.33 (br-m, 2H), 1.79-1.71 (br-m,
1H), 1.69-1.64 (br-m, 1H), 1.61-1.52 (br-m, 3H), 1.34-1.28 (br-m, 2H), 1.26-1.14 (m,
19H), 1.03 (d, J = 6.0 Hz, 3H), 0.86-0.82 (m, 6H)

Note: Because many peaks broaden and overlap, some peaks were difficult to identify.

13C NMR (100 MHz, (CD3)2S0): 6 172.9, 171.4,171.2,170.9, 170.6, 169.9, 169.9, 169.8,
169.4,75.2,66.8,61.4,61.2,60.9, 60.8,58.1, 56.3, 56.2, 56.2, 55.7, 54.9,49.3,41.2, 38.5,
37.2,36.1,31.6,31.3,29.3,29.1,29.0 (20), 28.7, 28.6, 26.4, 23.5, 22.1, 19.7, 17.3, 14.7,
14.0.
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Oligopeptide (40d)

(o]
C4gH370. OJL /\/\/ICJ)\ HO\_
o) HEPS
[¢] O'Bi
o HN
N—,
[e) Me

Iz

OC18H37 H

\ﬁ O
Me. * HN O'Bu
~ NH CaoHasO /z—/
Me 9 O{ HN

H
NHFmoc [e]
(o] o (o)
O'Bu

Me™ ~OH OCzHis O
18 39d

CqgH370 K
18137 O)LN N
H o N o
CygH370 N 2o H O'Bu
OCigHa7 HN HNf

AcOH/pyridine HN °

(1:1 mol, 5%)

Me
_
DCM (0.03 M), r. -, NH Oﬁ)\/
98% Me—t/)q O{ M
NHFmoc 0.
° ¢
Me OH
40d

O'Bu

(column)

OCZZH45

OC2ZH45

Prepared according to the General Procedure 2 from Western fragment 18 (121 mg, 65.0

pumol) using Ser fragment 39d (86.9 mg, 68.3 pmol, 1.05 equiv), yielding 40d (198.6 mg,

63.6 pmol, 98%) as a pale-yellow powder.

Note: NMR analysis of the two-tagged compound was difficult because many of the peaks

were very broad and overlap, although the solvent, temperature, and other conditions

were investigated. In addition, it was difficult to obtain Fast Atom Bombardment (FAB)

mass spectra for a two-tagged compound with a molecular weight greater than 3000, so

the two-tagged compound was identified using a compound with the serine C-terminal

soluble hydrophobic tag removed using 1,1,1,3,3,3-Hexafluoropropan-2-ol.
Rf-value: 0.55 (broad spot, rightmost)

(CHCl3/MeOH/toluene = 30:2:5, stained with 2,4-Dinitro-phenylhydrazine)
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1000 —

prod.

O,
H, s
800 — C1gHa70. a N—
" y °
(9] 1
CygHg70’ —_>—NH 0 O'Bu
a7 HN—,
e

600 —

prod. *impurity

(from 40d)
400 | l ll /

200 —

Intensity (mAU)

o

0 10 20 30 40

Time (min)
(GL Science, column: Inertsil ODS-4, 5 pm, 4.6 i.d. x 250 mm, flow rate: 1.0 mL/min,
solvent condition: 20-80% MeCN/THF gradient, UV = 210 nm detection, retention

time: 25.7 min [single peak] *Impurities could not be identified.)

e ase

N _>_NH b
)5
o

Me OH

Me S28

HRMS (m/z): ESI [M+H]" calculated for CssHgsO18No: 1172.6091, found: 1172.6090.
Note: We identified the corresponding HRMS of compound S28 after removal of the TChz
group at the side chain of the Orn residue using TFA.
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Cyclization precursor (42d)

OH
O,
‘ § BuO,

o
CygH370.
18H37! O)LN N
H
C1gH370 }NH (e} O'Bu

OCigHs7 r
¥\/ o
_r NHFmoc
Me OCozHas

HN
Me

OCo2Hss
OH
§ BuO,
N—"
N o
1. DBU W } y
CHCly, 1t %0 O'Bu
(solidification) HN
2.20% HFIP
CHClg, rit. s
tratie
(concentration) o'Bu
O,

Prepared according to the General Procedure 3 from oligopeptide 40d (198.6 mg, 63.6
pmol). The resulting crude material 42d was used in the next reaction without further

purification.
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Tagged cyclic peptide (43d)

C18H37o

CigHg70

3. HATU
DIPEA

CHClg, r.t.

(solidification) HN O'Bu

o _‘(‘ NH H H HN o)
N
o O'Bu
o
Me OH

Prepared according to the General Procedure 4 from cyclic precursor 42d. The resulting

crude material 43d was used in the next reaction without further purification.
Cyclic peptide (44d)

CigHg70

N R
/\/\—< N O'Bu

fo) H

CigHg70 N
(o]

43d o N

TFA-H,N :
WL N/-\(O HO
Q H
_>—NH HN
HN—,

4. TFA/HFIP/CHCly

20% (4 steps)
(HPLC)

44d
(D-L-L-L)

Prepared according to the General Procedure 5 from tagged cyclic peptide 43d, yielding
44d (11.6 mg, 12.5 pmol, 20%, 4 steps) as a colorless powder.
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HRMS (m/z): ESI [M+H]" calculated for C41H74015No: 932.5304, found: 932.5303.

[a]p?® = +12.9 (¢ = 0.05, pyridine)

IH NMR (400 MHz, (CD3),SO): & 8.39 (d, J = 6.8 Hz, 1H), 8.30 (d, J = 6.8 Hz, 1H),
8.20-8.15 (m, 2H), 7.86 (t, J = 8.6 Hz, 2H), 7.76 (br-d, J = 6.8 Hz, 4H), 7.67 (d, J = 7.6
Hz, 1H), 5.62 (d, J = 8.0 Hz, 1H), 5.16 (br-t, J = 5.0 Hz, 1H), 4.97 (br-d, J = 5.2 Hz, 4H),
491 (br-t, J = 5.0 Hz, 1H), 4.43-4.36 (m, 2H), 4.30-4.25 (m, 2H), 4.21-4.14 (m, 2H),
3.95-3.88 (m, 2H), 3.81 (dd, J = 17.2, 6.0 Hz, 1H), 3.73-3.52 (m, 8H), 2.80 (br-s, 2H),
2.33-2.23 (m, 2H), 1.78-1.48 (br-m, 6H), 1.30-1.18 (m, 18H), 1.10-1.04 (m, SH), 0.88-
0.78 (m, 6H)

13C NMR (100 MHz, (CD3)S0): § 173.1, 171.8, 170.7, 170.4, 170.1 (2C), 169.7, 169.7,
168.7,75.6, 66.6,61.7,61.6,61.2, 61.0, 58.5, 56.4, 55.9, 5.0, 54.5, 52.5, 48.3, 47.5, 38.5,
36.7,35.8,,31.8,31.3,29.2,29.1,29.1,29.0, 28.7, 27.7, 26.4, 23.6,22.1,20.1, 17.8, 14.3,
14.0
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6. Spectral Data Comparison of Natural and Synthetic Tetraselide

6-1. Investigation of NMR measurement conditions of Authentic Tetraselide
TH NMR tetraselide (1): (400 MHz, (CD3)>SO)

IQ.O

1 mg/600 puL (Ic)

20 mg/600 uL () MM)J ML

T T T T T T T T
80 70 60 50 40 30 20 10
X : parts per Million : 1H

undance
-10.0

Enlarged view: 8.8-4.5 ppm

70
i

50
ey

1 mg/600 puL (Ic)

20 mg/600 pL (hc)

30
I

1.0

-1.0
T

=30
!

AS‘.()

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
8.8 8.7 8.6 85 84 83 82 8.1 80 79 78 7.7 76 75 74 73 72 7.1 70 69 68 6.7 6.6 65 64 63 62 6.1 60 59 58 57 56 55 54 53 52 5.1 50 49 48 47 46

X : parts per Million : 1H
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Enlarged view: 4.8-0.3 ppm

7‘.0

1 mg/600 puL (lc)

20 mg/600 pL (kc)

o U

L L A Mt A A A B B B A LA A S S LA AN AR AN AN RS RS R
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 3029 28 27 26 2524 2322212019 18 1.7 1.6 1.5 14 1.3 12 1.1 1.0 09 08 0.7 0.6 05 04

X : parts per Million : 1H

1.0 3‘.0 ) 50

-1.0
|

-3‘.()

-5.0

<70

abundance
-9‘.0

lc: low concentration, he: high concentration

Note: Because tetraselide (1) has a cyclic structure and a basic amino group, we
investigated whether there is a difference in the NMR shift depending on the dissolution
concentration of the substrate (see figure above). As a result, it was found that the shift
of 1 doesn’t differ significantly depending on the dissolution concentration of the
substrate, so there is no need to specifically match the concentrations of the natural and

synthetic samples for NMR measurements.
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6-2. Comparison of Spectral Data of Natural Tetraselide and Synthetic
Compounds (40a—d)

HO. Ho
TFA-H,N TFAH N H
/\/%N © +o O Ho S~ Ho
9, H ¥ ﬂ \ N
}NH HN HN N
¥
HN o {o] ¥O
OH HN HN OH
/&" /
AN,
"kn/K,OH

HNt e

O

o) 0 [¢)
Me” “OH
tetraselide (1 44a 44b 44c 44d
(L-L-L-D) (L-L-D-L) (L-D-L-L) (D-L-L-L)
natural product synthetic products

TH NMR authentic (1): (400 MHz, (CD5),SO), 44a, 44b, 44¢, 44d: (400 MHz, (CD3),SO)

authentic (1)

b
. 44a
T | ML/AM\U

44b

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

b
0

T T T T T T T
8.0 70 6.0 50 40 30 20 10
X : parts per Million : 1H

* : impurity

Enlarged view: 8.6-4.5 ppm

MM authentic (1)

Q/JL_,
44a
VA,JM I\ VNI S
I VSV SR “b oA
2 e JU‘M_,
JWUWL

_'_}UUU\/\JL 44d JM/L

LA B B S s A A M s A e A A e A A s A A S A B A B A A A
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X : parts per Million : 1H
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0
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Enlarged view: 4.7-0.5 ppm

o
ES
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13C NMR authentic (1): (100 MHz, (CD3)2SO), 44a, 4b, 44c, 44d: (100 MHz, (CD3),SO)
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Enlarged view: 180-159 ppm
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TH NMR authentic (1): (400 MHz, CD30D), 44a, 44b, 44c, 44d: (500 MHz, CD3;0D)

(Thousands)
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Enlarged view: 180-162 ppm
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o 2
HoN 3_2 o
HO
Q R Ser2
Ala NH HN 2
/2 i
HN—, =0
o) Me HN oH
3-hydroxy-4-methyl Me 2 1
tetradecanoic acid(Hmta) | 3 Ser3

Me” 2 0H Ser4

D-allo-Thr
tetraselide (1)

Table S2. 'H and 13C data of 1 measured in (CD3),S0

tetraselide (1): natural product (8.: 100 MHz, 5,:400 MHz)

S49 : synthetic product (8.: 100 MHz, §,:500 MHz)

position dc &y (mult,, J, int.) position 5. &y (mult., J, int.) A8 A6
Ala 1 48.5 4.19 (m, 1H) Ala 1 48.5 4.19 (m, 1H) 0 0
2 172.5 2 172.5 0
1-CH; 17.7 1.19 (d, 7.2 Hz, 3H) 1-CH; 17.7 1.19 (d, 7.3 Hz, 3H) 0 0
NH 8.02-7.98 (overlap, m, 3H) NH 8.04-7.97 (overlap, m, 3H) —0.02-0.01
Orn 1 52.1 4.29-4.25 (overlap, m, 3H) Orn 1 52.1 4.29-4.26 (overlap, m, 3H) 0 0--0.01
2 28.3 1.60-1.48 (overlap, br-m, 3H) 2 28.3 1.60-1.49 (overlap, br-m, 3H) 0 0--0.01
1.81-1.67 (overlap, br-m, 2H) 1.80-1.67 (overlap, br-m, 2H) 0.1-0
3 23.6 1.60-1.48 (overlap, br-m, 3H) 3 235 1.60-1.49 (overlap, br-m, 3H) 0.1 0--0.01
4 38.6 2.74 (t, 6.8 Hz, 2H) 4 38.6 2.75 (app br-s, 2H) 0 —-0.01
5 171.2 5 171.2 0
NH 8.11(d, 7.6 Hz, 1H) NH 8.11 (d, 8.0 Hz, 1H) 0
NH NH
Ser-1 1 542 4.45 (app-dd, 12.0, 4.4 Hz, 1H) Ser-1 1 542 4.46 (br-dt, 9.5, 4.5 Hz, 1H) 0 —0.01
2 62.2 3.72-3.52 (overlap, m, 7H) 2 62.2 3.72-3.52 (overlap, m, 8H) 0 0
3 171.3 3 171.3 0
NH 7.87 (d, 7.6 Hz, 1H) NH 7.87 (d, 8.5, 1H) 0
2-OH 2-OH
Ser2 | 57.2 4.10 (overlap, app br-s, 4H) Ser2 | 57.2 4.09 (m, 1H) 0 0.01
2 60.6 3.72-3.52 (overlap, m, 7H) 2 60.6 3.72-3.52 (overlap, m, 8H) 0 0
3 170.0 3 170.0 0
NH 8.44 (app br-s, 1H) NH 8.43 (d, 5.5 Hz, 1H) 0.01
2-OH 2-OH
Ser-3 1 55.9 4.29-4.25 (overlap, m, 3H) Ser-3 1 559 4.29-4.26 (overlap, m, 3H) 0 0--0.01
2 61.2 3.72-3.52 (overlap, m, 7H) 2 61.2 3.72-3.52 (overlap, m, 8H) 0 0
3 169.8 3 169.9 -0.1
NH 7.72 (d, 7.2, 1H) NH 7.71 (d, 7.5, 1H) 0.01
2-OH - 2-OH
Ser-4 1 54.9 4.40 (m, 1H) Ser-4 1 55.0 4.40 (m, 1H) 0.1 0
2 61.8 3.72-3.52 (overlap, m, 7H) 2 61.8 3.72-3.52 (overlap, m, 8H) 0 0
3 1703 - 3 170.3 - 0
NH 7.54 (d, 8.0, 1H) NH 7.53 (d, 1H, 8.0 HZ) 0.01
OH OH
D-allo | 58.4 4.29-4.25 (overlap, m, 3H) D-allo 1 58.4 4.29-4.26 (overlap, m, 3H) 0 0--0.01
-Thr 2 66.6 3.90-3.81 (overlap, m, 4H) -Thr 2 66.6 3.92-3.80 (overlap, m, 4H) 0 -0.02-0.01
3 170.2 3 170.2 0
2-CH, 19.8 1.07 (d, 6.4 Hz, 3H) 2-CH, 19.8 1.07 (d, 6.0 Hz, 3H) 0 0
2-OH 2-OH
__NH 8.02-7.98 (overlap, m, 3H) NH 8.04-7.97 (overlap, m, 3H) -0.02-0.01
Gly 1 41.1 3.90-3.81 (overlap, m, 4H) Gly 1 41.1 3.92-3.80 (overlap, m, 4H) 0 -0.02-0.01
2 168.8 2 168.8 0
NH 8.02-7.98 (overlap, m, 3H) NH 8.04-7.97 (overlap, m, 3H) -0.02-0.01
Hmta 1 169.5 Hmta 1 169.6 —0.1
2 36.9 2.31 (br-d, 5.2 Hz, 2H) 2 36.9 2.32-2.30 (m, 2H) 0 0
3 75.4 5.05 (m, 1H) 3 75.5 5.08-5.04 (overlap, m, 2H) 0.1 0.01-0.03
4 359 1.81-1.67 (overlap, br-m, 2H) 4 35.9 1.80-1.67 (overlap, br-m, 2H) 0 0.01-0
4-CH; 14.5 0.83 (overlapp, app dd, 13.6, 6.8 Hz, 6H) 4-CH; 14.5 0.83 (overlap, app, dd, 14.5 7.0 Hz, 6H) 0 0
5 31.8 1.31 (br-m, 1H) 5 31.8 1.31 (br-m, 1H) 0
1.00 (br-m, 1H) 1.01 (br-m, 1H) -0.01
611 293,291, 6-11 293 29.1, 0,0,
29.1,29.1, 1.26-1.20 (overlap, m, 16H) 29.1,29.1,  1.27-1.20 (overlap, m, 16H) 0,0, -0.01-0
28.8,26.5 28.7,26.5 0.1,0
12 313 1.26-1.20 (overlap, m, 16H) 12 31.3 1.27-1.20 (overlap, m, 16H) 0 -0.01-0
13 22.1 1.26-1.20 (overlap, m, 16H) 13 22.1 1.27-1.20 (overlap, m, 16H) 0 -0.01-0
13-CH; 14.0 0.86-0.81 (m, 6H) 13-CH. _14.0 0.86-0.81 (m, 6H) 0 0

authentic (1): [a]p?® = +16.16 (c = 0.05, pyridine)
44a : [a]p?® = +16.08 (¢ = 0.05, pyridine)
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TH NMR authentic (1) and 44a: (CD3)2SO)
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0225-syn-1 24-Nov-2024

14:28:25

241123_YW_9 Diode Array
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8.0e-2 44a Range: 2.896e-2

2 .0e-2
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241123_YW_10 Diode Array
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241123 _YW_11 Diode Array
220
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2
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241123_YW_12 Diode Array
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241123_YW_13 Diode Array
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. 5.84
S5 6062 authentic (1)
<
4.0e-2
Time

4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

LC-MS method

Column ; ACQUITY UPLC BEH Ci3(2.1 i.d. x 50 mn)
Mobile phase A ; 10% CH3;CN aq. + 0.05 % formic acid
Mobile phase B ; 100 % CH3CN + 0.05 % formic acid
Linear gradient ; A:B = 100:0 to A:B = 0:100 (0-14min)
Flow late ; 0.6 mL/min

UV ; PDA

Figure S20. LC-MS analysis of 1, 44a, 44b, 44¢ and 44d
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0225-syn-1vs natural 24-Nov-2024

15:03:47
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241123_YW_15 Diode Array
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241123_YW_16 Diode Array
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241123 _YW_18 Diode Array
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44a + 44b + 44c¢ + 44d 5.66
2 60e2 + authentic (1)
4.0e-2 )
i T T T T T T T T T T T T T T T T T T T Time

LC-MS method

Column ; ACQUITY UPLC BEH Ci3(2.1 i.d. x 50 mn)
Mobile phase A ; 10% CH3;CN aq. + 0.05 % formic acid
Mobile phase B ; 100 % CH3CN + 0.05 % formic acid
Linear gradient ; A:B = 100:0 to A:B = 0:100 (0-14min)
Flow late ; 0.6 mL/min

UV ; PDA

Figure S21. LC-MS analysis (co-injection) of 1, 44a, 44b, 44¢ and 44d
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6-3. Antifungal Activity of the Natural and Synthetic Tetraselides using a Paper Disc
Method

Natural 1, synthesized 44a and three constitutional isomers of the Ser moiety (44b: L-L-
D-L, 44C: L-D-L-L, and 44d: D-L-L-L) were tested for antifungal activity using a paper disc
method®?. Aspergillus fumigatus ITFM 61493, was provided by Medical Mycology
Research Center, Chiba University through the National Bio-Resource Project, Japan.
Only natural 1 and synthetic 44a showed antifungal activity with the inhibition zone of 8
mm at 1 pg/6 mm disc. The other three stereoisomers showed no antifungal activity at 5

png/8 mm disc. This result indicates that the configuration of the Ser moiety is important

for antifungal activity (Figure S22).

G & C ©
ltraconazole tetraselide (authentic)

Figure S22. Antifungal activity against Aspergillus fumigatus IFM 61493

Test compounds were placed on an agar plate at 5 pg/8mm disc (left) and 1 pg/6mm disc

(right). Itraconazole was placed on an agar plate at 2 pg/6mm disc.
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8. NMR NMR Spectra Chart
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241123 YW_13 Diode Array
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241123 _YW_18 Diode Array
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4.0e-2 _
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4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

LC-MS method

Column ; ACQUITY UPLC BEH Cig (2.1 i.d. X 50 mn)
Mobile phase A ; 10% CH;CN ag. + 0.05 % formic acid
Mobile phase B ; 100 % CH;CN + 0.05 % formic acid
Linear gradient ; A:B =100:0 to A:B = 0:100 (0-14min)
Flow late ; 0.6 mL/min

UV ; PDA
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LC-MS method

Column ; ACQUITY UPLC BEH Cig (2.1 i.d. X 50 mn)
Mobile phase A ; 10% CH;CN ag. + 0.05 % formic acid
Mobile phase B ; 100 % CH;CN + 0.05 % formic acid
Linear gradient ; A:B =100:0 to A:B = 0:100 (0-14min)
Flow late ; 0.6 mL/min

UV ; PDA
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LC-MS method

Column ; ACQUITY UPLC BEH Ci3(2.1i.d. X 50 mn)
Mobile phase A ; 10% CH;CN aq. + 0.05 % formic acid
Mobile phase B ; 100 % CH;CN + 0.05 % formic acid
Linear gradient ; A:B =100:0 to A:B = 0:100 (0-14min)
Flow late ; 0.6 mL/min

UV ; PDA
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LC-MS method

Column ; ACQUITY UPLC BEH Cig (2.1 i.d. X 50 mn)
Mobile phase A ; 10% CH;CN ag. + 0.05 % formic acid
Mobile phase B ; 100 % CH;CN + 0.05 % formic acid
Linear gradient ; A:B =100:0 to A:B = 0:100 (0-14min)
Flow late ; 0.6 mL/min

UV ; PDA
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LC-MS method

Column ; ACQUITY UPLC BEH Cig (2.1 i.d. X 50 mn)
Mobile phase A ; 10% CH;CN ag. + 0.05 % formic acid
Mobile phase B ; 100 % CH;CN + 0.05 % formic acid
Linear gradient ; A:B =100:0 to A:B = 0:100 (0-14min)
Flow late ; 0.6 mL/min

UV ; PDA
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