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1) General Information

IH NMR spectra were recorded on a Bruker 400 MHz spectrometer at ambient temperature with CDCl; as the solvent unless
otherwise stated. 13C NMR spectra were recorded on a Bruker 101 MHz or 126 MHz spectrometer (with complete proton decoupling)
at ambient temperature. *3C NMR spectra of synthetic Fmoc-pseudopaline and natural Fmoc-pseudopaline were recorded on a Bruker
AVANCE 201 MHz spectrometer (with complete proton decoupling) at ambient temperature. **C NMR spectrum of compound 16 was
recorded on a Bruker AVANCE 239 MHz spectrometer (with complete proton decoupling) at ambient temperature. Chemical shifts are
reported in parts per million relative to chloroform (*H, & 7.26 ppm; *3C, & 77.00 ppm) or deuterium oxide (*H, & 4.79 ppm). Data for ‘H
NMR is reported as follow: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet) and
coupling constants. IR spectra were recorded on a Thermo Fisher FT-IR200 spectrophotometer. High—resolution mass spectra were
obtained at Peking University Mass Spectrometry Laboratory using a Bruker Fourier Transform lon Cyclotron Resonance Mass
Spectrometer Solarix XR. Optical rotations were recorded on an AUTOPOL Il digital polarimeter at 589 nm as [a]? (concentration in
grams/100 mL solvent). The samples were analyzed by HPLC/MS on a Waters Auto Purification LC/MS system (3100 Mass Detector,
2545 Binary Gradient Module, 2767 Sample Manager, and 2998 Photodiode Array (PDA) Detector). The system was equipped with a
Waters C18 5 um SunFire separation column (150*4.6 mm), equilibrated with HPLC grade water (solvent A) and HPLC grade methanol
(solvent B) with a flow rate of 0.3 mL/min at rt. Preparative HPLC—MS on a Waters Auto Purification LC/MS system (3100 Mass Detector,
2545 Binary Gradient Module, 515 HPLC pump, 2767 Sample Manager, and 2998 Photodiode Array (PDA) Detector). The system was
equipped with a Waters C18 5um X-bridge separation column (150*19 mm). Analytical thin layer chromatography was performed using
0.25 mm silica gel 60-F plates. Flash chromatography was performed using 200-400 mesh silica gel. Yields refer to
chromatographically and spectroscopically pure materials, unless otherwise stated. All reagents were used as supplied by Sigma—
Aldrich, J&K and Alfa Aesar Chemicals. All reactions were carried out in oven—dried glassware under an argon atmosphere unless
otherwise noted.



II) Detailed Experimental Section

Syntheses of the building blocks

Compound 12
BocHN NH 1) CbzCl, NaHCO; BocHN NCbz
HO | N/> acetone/H,0, 0 °C, Zh‘ BnOMN)

o} 2) BnBr, K,CO3, DMF, 12h o
SM 12

To a stirred solution of SM (15 g, 59 mmol, 1 eq) in H,O (100 mL) and acetone (125 mL) at 0 °C was added NaHCO3 (12.9 g, 153
mmol, 2.6 eq) and CbzCl (10 mL, 71 mmol, 1.2 eq). After stirring for 2 h at 0 °C, acetone was removed in vacuo, then added sat. KHSO,4
to pH=1-2. The water phase was extracted by EA (100 mL x 2). The combined organic phases were dried over Na,SO4and concentrated
in vacuo. To the residue was added DMF (100 mL), K,COs3 (12.2 g, 88 mmol, 1.5 eq) and BnBr (7.4 mL, 62 mmol, 1.05 eq), and the
resulting mixture was stirred for 12 h. then added EA (300 mL) and H,O (100 mL), the organic phase was washed with brine (50 mL x
3) and dried over Na,SO,4. The solvent was evaporated in vacuo, and the crude product was purified by recrystallization from hexane:
DCM to afford the product 12 as a white solid (21.2 g, 44.3 mmol, 75%).

Compound 6
NCbz TFA/DCM,1h NCbz
BootlY T ) then NsCl, NaHCO, )
BnO N/ » BnO. N/
o EA/H,0 12h, 87% o
12 6

To a stirred solution of compound 12 (21.2 g, 44.3 mmol, 1 eq) in DCM (132 mL) at 0 °C was added TFA (14.7 mL). After stirring for 1
h at room temperature, the solvent was removed in vacuo. To the residue was added EA (110 mL), NsCI (10.8 g, 48.7 mmol, 1.1 eq)
and a solution of NaHCO3 (14.9 g, 177.2 mmol, 4 eq) in H,O (110 mL), and the resulting mixture was stirred for 12 h. The organic
phase was washed with agq. NaHCO3 (100 mL x 2), brine (100 mL x 1) and dried over Na,SO4. The solvent was evaporated in vacuo,
and the crude product was purified by recrystallization from hexane: DCM to afford the product as a white solid (21.7 g, 38.5 mmol,
87%). 'H NMR (400 MHz, CDCls) 8 8.00 — 7.96 (m, 2H), 7.75 — 7.66 (m, 1H), 7.60 — 7.52 (m, 2H), 7.46 — 7.38 (m, 5H), 7.25 — 7.19 (m,
3H), 7.12 — 7.09 (m, 3H), 7.05 (s, 1H), 5.38 (s, 2H), 4.93 (d, J = 12.0 Hz, 1H), 4.82 (d, J = 12.0 Hz, 1H), 4.65 —4.61 (m, 1H), 3.12 —
3.09 (m, 2H); 3C NMR (101 MHz, CDCIl3) 6 170.1, 148.2, 147.4, 138.1, 137.0, 134.9, 133.9, 133.1, 132.6, 130.3, 129.3, 128.9, 128.9,
128.4, 128.3, 125.3, 114.9, 69.9, 67.2, 56.2, 31.0; IR (neat) vmax 1683, 1515, 1387, 1362, 1319, 1148, 928 cm~*; HRMS (ESI): [M+H]*
calculated for C7H2sN40gS: 565.1388, found: 565.1381; [a]5 —88.6 (¢ 0.5, CHCIl3); m.p. = 125-130°C; Rf= 0.52 (DCM/MeOH = 40/1
with 1/1000 ammonium hydroxide).
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homoserine Y-lactone byproduct

Scheme S1: Initial Synthesis of the Homoserine Building Block 8

Compound 10a

To a stirred solution of 10 (3.26 g, 10.5 mmol, 1 eq) in DCM (24 mL) at 0 °C was added TFA (6 mL). After stirred for 1 h at r.t., the
solvent was removed in vacuo. To the residue was added EA (20 mL), NsClI (2.35 g, 10.6 mmol, 1.01 eq) and saturated NaHCO3 (30
mL), and the resulting mixture was stirred for 12 h. The organic phase was washed with ag. NaHCO3 (20 mL x 2), brine (10 mL x 1)
and dried over Na,SO,4. The solvent was evaporated in vacuo, and the crude product was purified by silica gel column chromatography
(PE/EA=10:1 to 8:1) to afford product 10a (1.19 g, 3.05 mmol, 29%) as white oil. *H NMR (400 MHz, CDCl3) & 8.02 — 7.99 (m, 1H),
7.82 —7.80 (m, 1H), 7.64 — 7.59 (m, 2H), 7.32 — 7.29 (m, 3H), 7.17 — 7.15 (m, 2H), 6.54 (d, J = 8.8 Hz, 1H), 4.96 (d, J = 12.1 Hz, 1H),
4,91 (d, J = 12.1 Hz, 1H), 4.43 (td, J = 8.7, 4.3 Hz, 1H), 3.85 — 3.79 (m, 2H), 2.20 — 2.13 (m, 1H), 1.99 — 1.88 (m, 2H); 3C NMR (101
MHz, CDCls) d 171.0, 147.4, 134.7, 133.8, 133.5, 132.8, 130.3, 128.5, 128.5, 128.3, 125.6, 67.4, 58.2, 54.2, 35.0; IR (neat) Vmax 3329,
2925, 1741, 1540, 1356, 1167, 1119 cm=%; HRMS (ESI): [M+H]* calculated for C;7H19N,0-S: 395.0906, found: 395.0907; [a]%* —173 (c
1, CHCls); Ry = 0.22 (PE/EA = 2/1).

Compound 8

Compound 10a (1.19 g, 3.02 mmol, 1.0 eq) was dissolved in DCM (10 mL) and to this solution was added imidazole (308 mg, 4.53
mmol, 1.5 eq) and TBSCI (569 mg, 3.78 mmol, 1.25 eq) at 0 °C under argon. The mixture was warmed to r.t. and stirred for 1 h. The
reaction was quenched by water (10 mL) at 0 °C, and the water phase was extracted by DCM (10 mL x 3). The combined organic



phases were dried over Na,SO4 and concentrated in vacuo. The residue was purified by silica gel column chromatography (PE/EA =
20/1) to afford the desired product 8 (1.38 g, 2.72 mmol, 90%) as a colorless oil. *H NMR (400 MHz, CDCl3) & 7.98 (d, J = 7.6 Hz, 1H),
7.78 (d, J = 7.6 Hz, 1H), 7.62 — 7.57 (m, 2H), 7.32 — 7.30 (m, 3H), 7.22 — 7.13 (m, 2H), 6.48 (d, J = 8.8 Hz, 1H), 4.95 (d, J = 12.0 Hz,
1H), 4.86 (d, J = 12.0 Hz, 1H), 4.47 — 4.42 (m, 1H), 3.77 — 3.70 (m, 2H), 2.14 — 1.99 (m, 2H), 0.90 (s, 9H), 0.06 (s, 6H);

13C NMR (101 MHz, CDCl3) & 170.9, 147.5, 134. 9, 134.4, 133.3, 132.6, 130.3, 128.5, 128.4, 128.2, 125.4, 67.1, 59.0, 54.7, 35.2, 25.9,
18.3, -5.6; IR (neat) vmax 3329, 2957, 2857, 1745, 1542, 1368, 1172, 1122, 837 cm~; HRMS (ESI): [M+H]* calculated for C23H3,N.0O7SSi:
509.1772, found: 509.1768; [a]3'—110 (c 1, CHCIls); Rs = 0.67 (PE/EA = 2/1).

Compound 11

Os_OBn Os_OBn
X X
3 1) TBSCl,imidazole,DCM :
BocHN” "0H 03% > BocHN” "oTBS
0
10 1

Compound 10 (7.8 g, 25.2 mmol, 1.0 eq) was dissolved in DCM (126 mL) and to this solution was added imidazole (2.58 g, 37.8 mmol,
1.5 eq) and TBSCI (4.76 g, 31.6 mmol, 1.25 eq) at 0 ‘C under argon. The mixture was stirred for 1 h at 0 “C. Then the reaction was
quenched by water (50 mL) at 0 C, the water phase was extracted by DCM (100 mL x 3). The combined organic phases were dried
and concentrated in vacuo. The residue was further purified by silica gel column chromatography (PE/EA = 20/1) to afford the desired
product 11 (9.1 g, 23.4 mmol, 93%) as a colorless oil. 'H NMR (400 MHz, CDCl3) 8 7.35 — 7.29 (m, 5H), 5.76 (d, J = 7.5 Hz, 1H), 5.21
(d, J=12.4 Hz, 1H), 5.11 (d, J = 12.4 Hz, 1H), 4.42 (dd, J = 11.6, 7.0 Hz, 1H), 3.71 — 3.61 (m, 2H), 2.11 — 1.98 (m, 1H), 1.94 (dd, J =
12.9, 7.4 Hz, 1H), 1.42 (s, 9H), 0.88 (s, 9H), 0.02 (s, 6H); *C NMR (101 MHz, CDCl3) 6 172.4, 155.6, 135.7, 128.5, 128.3, 128.2, 79.5,
66.8, 60.2, 52.6, 33.7, 28.3, 25.9, 25.7, 18.1, -5.6, -5.7; IR (neat) vmax 2916, 1723, 1496, 1460, 1378, 1159, 836, 730 cm™*; HRMS (ESI):
[M+H]* calculated for C,,H3sNOsSi: 424.2514 found: 424.2528; [a]3 -25.4 (¢ 1, CHCI3); Ry = 0.80 (PE/EA = 3/1).

Compound 8
OE’OBn 2) TMSOTY, 2,6-lutidine, DCM OYOBn
BocHN™""0TBS 0 NsCl, aq.NaHCO3, 72% NsHN""oTBS
1 8

TMSOTTf (18.8 mL, 98.7 mmol, 8.0 eq) was added to a stirring solution of compound 11 (5.23 g, 12.3 mmol, 1.0 eq) in DCM (61.5
mL) in the presence of 2,6-lutidine (14.3 mL, 123.0 mmol, 10.0 eq) at r.t.. After 1.5 h, MeOH (20 mL) was added to the reaction mixture
at 0 °C, then warmed to r.t. and stirred for 2 h. The reaction mixture was concentrated in vacuo to afford colorless oil, which was
immediately used for the next reaction without further purification. NsClI (3.27 g, 14.8 mmol, 1.2 eq) was added in one portion to a
stirring EA (30 mL) solution of the crude amine at r.t.. A solution of NaHCO3 (5.46 g, 65 mmol, 5.0 eq,) in 31.5 mL H,O was added to
the mixture. After stirring for 12 h, the mixture was diluted with EA (100 mL), and the water layer was separated. The organic layer was
concentrated in vacuo to afford a residue, which was purified by silica gel column chromatography (PE/EA 30/1) to afford compound 8
(4.50 g, 8.9 mmol, 72%) as a colorless oil.

The Asymmetric Tsuji-Trost reaction

General procedure:

Preparation of these substrates: The amino group was firstly protected by NsCl using EA and aq. NaHCOs as co-solvent. The carboxylic
acid was protected by BnBr using NaHCO3 as base and DMF as solvent.

For the asymmetric Tsuji-Trost reaction: to a solution of Pd,(dba)s;*CHCI3(5.2 mg, 0.005 mmol, 0.05 eq) and Trost-ligand (11.9 mg,
0.015 mmol, 0.15 eq) in THF (1 mL) was added compound 9 (42.6 mg, 0.3 mmol, 3 eq) and TEA (30.3 mg, 0.3 mmol, 3 eq) at 0 °C.
Then a solution of SM (0.1 mmol, 1 eq) in THF (1 mL) was added into the mixture. The reaction was monitored by TLC. The reaction
mixture was concentrated in vacuo and the residue was purified by silica gel column chromatography (PE/EA=10/1 to 8/1) to afford the
desired product.

OVan NCbz

SBPR

“W N
Ns

Compound 7c, 91% vyield, d.r.>20:1, white solid

Single crystals with X-ray diffraction quality were grown by dissolving the material in DCM and n-hexane. The mixture was lightly
capped and the solvents were allowed to slowly evaporate.

1H NMR (400 MHz, CDCls) & 8.06 (s, 1H), 8.03 (dd, J = 8.0, 1.3 Hz, 1H), 7.58 — 7.45 (m, 3H), 7.44 — 7.41 (m, 5H), 7.31 — 7.28 (m, 3H),
7.26 — 7.23 (m, 2H), 7.18 (s, 1H), 5.96 (dd, J = 5.6, 2.4 Hz, 1H), 5.60 (dd, J = 5.6, 2.4 Hz, 1H), 5.40 (d, J = 11.6 Hz, 1H), 5.37 (d, J =
11.6 Hz, 1H), 5.11 (d, J = 12 Hz, 1H), 5.04 (d, J = 12 Hz, 1H), 4.90 — 4.85 (m, 1H), 4.66 (t, J = 6.8 Hz,1H), 3.59 (dd, J =14.8 Hz, 7.0
Hz, 1H), 3.16 (d, J = 14.8 Hz, 7.0 Hz, 1H), 2.61 — 2.55 (m, 1H), 2.30 — 2.07 (m, 2H), 1.72 - 1.67 (m, 1H); 3C NMR (101 MHz, CDCl3) &
170.5, 148.6, 148.4, 139.8, 136.9, 136.6, 135.1, 134.6, 134.0, 133.2, 131.3, 130.8, 129.3, 129.2, 128.9, 128.8, 128.5, 128.4, 123.9,



115.1, 69.8, 67.6, 66.4, 58.4, 31.4, 31.2, 28.8; IR (neat) vmax 2958, 1757, 1544, 1405, 1243, 1213, 1012 cm™t; HRMS (ESI): [M+H]*
calculated for C32H3:1N4OsS: 631.1857, found: 631.1855; [a]? —30.4 (¢ 1, CHCI3); Rf =0.55(DCM/MeOH = 40/1 with 1/1000 ammonium
hydroxide); m.p. =146-149°C.

O %%

NsHN/:\)LOBn

Substrate for Compound 7d, white oil

1H NMR (400 MHz, CDCl3) & 7.95 (dd, J = 7.7, 1.5 Hz, 1H), 7.79 (dd, J = 7.9, 1.5 Hz, 1H), 7.64 — 7.54 (m, 2H), 7.36 — 7.30 (m, 8H),
7.15-7.13 (m, 2H), 6.24 (d, J = 9.1 Hz, 1H), 5.13 (s, 2H), 4.94 — 4.83 (m, 2H), 4.31 (td, J = 9.1, 4.7 Hz, 1H), 2.64 — 2.50 (m, 2H), 2.32
—2.24 (m, 1H), 2.08 — 1.92 (m, 1H); **C NMR (101 MHz, CDCl3) 8 172.2, 170.4, 147.5, 135.7, 134.6, 133.8, 133.6, 132.8, 130.3, 128.6,
128.6, 128.6, 128.3, 128.3, 128.3, 125.6, 67.5, 66.6, 56.0, 29.7, 28.1; IR (neat) vmax 3358, 2954, 1740, 1539, 1355, 1169 cm™; HRMS
(ESI): [M+NH4]* calculated for C24H26N30sS: 516.1435, found: 516.1449; [a]¥ -132.0 (¢ 2, CHCIl3); Ry= 0.32 (PE/EA = 2/1).

OYOBB
@N/\)J\
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Compound 7d, 97% yield, d.r.>20:1, colorless oil

IH NMR (400 MHz, CDCl3) 8 8.07 — 7.97 (m, 1H), 7.77 — 7.67 (m, 1H), 7.64 — 7.56 (m, 2H), 7.41 — 7.26 (m, 8H), 7.10 — 7.04 (m, 2H),
6.75 (d, J = 9.0 Hz, 1H), 5.10 (s, 2H), 4.87 (dd, J = 31.3, 12.1 Hz, 2H), 4.53 (dt, J = 9.0, 4.5 Hz, 1H), 3.18 (dd, J = 17.3, 4.4 Hz, 1H),
2.97 (dd, J = 17.3, 4.6 Hz, 1H); *C NMR (101 MHz, CDCl3) 8 170.2, 169.6, 147.4, 135.0, 134.4, 134.3, 133.4, 132.7, 130.2, 128.6,
128.6, 128.5, 128.5, 128.5, 128.3,125.6, 67.9, 67.2, 53.2, 38.0; IR (neat) Vmax 3033, 2917, 1734, 1543, 1341, 1160 cm~*; HRMS (ESI):
[M+NH,]* calculated for CaoHs,NsOsS: 582.1904, found: 582.1907; [a]Z -75.9 (¢ 1, CHCIs); Ry = 0.42 (PE/EA = 2/1).

OYOBn 1) DMP, DCM, 0°C-r.t.

<: ‘ < 2) NaC|02, KH2PO4 @
'IN/\)I\OBn

“INTN"0oH tBuOH/a-isoamylene, 0°C;
Ns > Ns
13a 3) NaHCO3, BnBr, DMF, r.t. 7d

To a solution of the alcohol 13a (28 mg, 0.06 mmol) in DCM (1mL) was added Dess-Martin reagent (38 mg, 0.09 mmol 1.5 eq) at 0 °C,
then the reaction mixture was warmed to room temperature and stirred for 2.5 h, then cooled to 0 °C, and quenched with saturated
Na,S»03 (1 mL) and saturated NaHCO3 (1 mL). The resulting mixture was warmed up to room temperature again and stirred for an
additional 1 h. The resulting solution was extracted with DCM (10 mL x 3), then dried over anhydrous Na,SO, and the filtrate was
concentrated in vacuo to afford the crude aldehyde which was directly used for the next step without further purification.

To a cooled (0 °C) stirred solution of the intermediate aldehyde in 5:1.2 -BuOH/2-methyl-2-butene (1.4 mL) was added an ice-cold
buffered 1.1 M aqueous solution of NaClO, (0.27 mL, 0.3 mmol 5 eq) dropwise. The reaction mixture was stirred for 3 h and then
quenched with pH=2 KH,PO4-HCI buffer (1 mL). The mixture was extracted with EA (10 mL x 3) and dried (MgSO,), filtered and
evaporated under reduced pressure to give colorless oil. The product was used without further purification.

To the residue in DMF (1 mL) was added NaHCO3 (15.1 mg, 0.18 mmol, 3 eq) and BnBr (7.8 pL, 0.066 mmol, 1.1 eq), the mixture was
stirred for 12 h at room temperature. The mixture was quenched with water (2 mL), and extracted with EA (10 mL x 2). The organic
phase was washed with brine (2 mL x 2), dried with Na,SO4, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (PE/EA = 10/1) to afford the desired product 7d (22 mg, 0.039 mmol, 65%) as colorless oil. '"H NMR was provided.

OVOBn

B
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Substrate for Compound 7e, white oil

'H NMR (400 MHz, CDCl3) 8 7.95 (dd, J = 7.7, 1.5 Hz, 1H), 7.79 (dd, J = 7.9, 1.5 Hz, 1H), 7.64 — 7.54 (m, 2H), 7.36 — 7.30 (m, 8H),
7.15-7.13 (m, 2H), 6.24 (d, J = 9.1 Hz, 1H), 5.13 (s, 2H), 4.94 — 4.83 (m, 2H), 4.31 (td, J = 9.1, 4.7 Hz, 1H), 2.64 — 2.50 (m, 2H), 2.32
—2.24 (m, 1H), 2.08 — 1.92 (m, 1H); *3C NMR (101 MHz, CDCl3) 8 172.2, 170.4, 147.5, 135.7, 134.6, 133.8, 133.6, 132.8, 130.3, 128.6,
128.6, 128.6, 128.3, 128.3, 128.3, 125.6, 67.5, 66.6, 56.0, 29.7, 28.1; IR (neat) vmax 3319, 2955, 1735, 1540, 1355, 1169, 970 cm™;
HRMS (ESI): [M+NH,]* calculated for C25H23N30sS: 530.1591, found: 530.1592; [a]7’ —141.2 (c 1, CHCI); Ry= 0.45 (PE/EA = 2/1).



OYan
< ],,,N/'\/\H/OBH
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Compound 7e, 80% vyield, d.r.>20:1, colorless oll

IH NMR (400 MHz, CDCl3) 5 8.10 — 8.04 (m, 1H), 7.63 — 7.51 (m, 2H), 7.49 — 7.43 (m, 1H), 7.38 — 7.24 (m, 10H), 6.10 — 5.96 (m,
1H), 5.66 — 5.51 (m, 1H),, 5.16 — 4.96 (m, 4H), 4.91 — 4.83 (m, 1H), 4.78 (dd, J = 9.4, 3.6 Hz, 1H),d 3.54 (dd, J = 16.7, 9.4 Hz, 1H),
2.79 (dd, J = 16.7, 3.8 Hz, 1H), 2.55 — 2.39 (m, 1H), 2.32 — 2.17 (m, 2H), 1.85 — 1.72 (m, 1H); *3C NMR (101 MHz, CDCl3) 8 170.5,
137.4,134.8, 5 133.6, 133.5, 131.5, 130.7, 129.0, 128.4, 128.3, 128.3, 128.2, 128.2, 124.0, 67.9, 66.9, 66.0, 54.7, 38.1, 31.2, 28.7.
IR (neat) Vmax 2925, 1734, 1543, 1372, 1348, 1259, 1160 cm~1; HRMS (ESI): [M+NH,]* calculated for C3oH3oN20sS: 596.2061, found:
596.2059; [a]? +7.0 (c 1, CHCIy); Rf = 0.55 (PE/EA = 2/1).
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Compound 21a. colorless oil

IH NMR (400 MHz, CDCl3) 5 8.00 (dd, J = 7.7, 1.6 Hz, 1H), 7.81 (dd, J = 7.7, 1.6 Hz, 1H), 7.68 — 7.58 (m, 2H), 7.35 — 7.31 (m, 3H),
7.22 —7.09 (m, 2H), 6.15 (d, J = 8.6 Hz, 1H), 4.97 — 4.90 (m, 2H), 4.34 — 4.26 (m, 1H), 1.50 (d, J = 7.2 Hz, 3H); 3C NMR (101 MHz,
CDCl;) 5 171.3, 147.6, 142.4, 134.7, 133.5, 132.8, 130.3, 128.6, 128.6, 128.2, 125.6, 67.4, 52.6, 19.8; IR (neat) vmax 3325, 2916, 1741,
1540, 1353, 1172, 1123 cm™; HRMS (ESI): [M+NH,4]* calculated for C1gH20N306S: 382.1067, found: 382.1066; [a]%-176.1 (c 1, CHCly);
R:=0.31 (PE/EA = 2/1).

O%_/OBH
@'qN/\/H
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Compound 7f, 95% vyield, d.r.>20:1, colorless oil

IH NMR (400 MHz, CDCl3) 8 8.10 (dd, J = 7.9, 1.4 Hz, 1H), 7.62 — 7.59(m, 1H), 7.55 — 7.50 (m, 2H), 7.36 — 7.28 (m, 5H), 5.98 — 5.94
(m, 1H), 5.60 — 5.56 (m, 1H), 5.15 (d, J = 12.2 Hz, 1H), 5.09 (d, J = 12.2 Hz, 1H), 4.74 — 4.71 (m, 1H), 4.56 (g, J = 7.2 Hz, 1H), 2.57 —
2.50 (m, 1H), 2.32 — 2.21 (m, 2H), 1.97 — 1.90 (m, 1H), 1.66 (d, J = 7.2 Hz, 3H); **C NMR (101 MHz, CDCls)  171.6, 148.5, 136.1,
135.2,134.8, 133.3, 133.1, 131.3, 131.0, 129.6, 128.5, 128.4, 128.3, 123.9, 67.4, 65.7, 55.3, 31.5, 29.7, 18.3; IR (neat) vmax 2947, 1741,
1543, 1372, 1342, 1160, 1126 cm™; HRMS (ESI): [M+NH,4]* calculated for C1H26N306S: 448.1537, found: 448.1535; [a]¥ -29.5 (c 1,
CHCI3); Rf = 0.43 (PE/EA = 2/1).
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Substrate for compound 7g, colorless oil

'H NMR (400 MHz, CDCI3) & 8.00 (dd, J = 7.6, 1.4 Hz, 1H), 7.82 (dd, J = 7.6, 1.4 Hz, 1H), 7.67 — 7.59 (m, 2H), 7.33 — 7.32 (m, 3H),
7.22 - 7.18 (m, 2H), 6.12 (d, J = 8.9 Hz, 1H), 5.69 — 5.59 (m, 1H), 5.13 — 5.08 (m, 2H), 5.00 — 4.86 (m, 2H), 4.36 — 4.31 (m, 1H), 2.58
(t, J = 6.5 Hz, 2H); *C NMR (101 MHz, CDCl3) & 170.2, 147.6, 134.7, 134.3, 133.5, 132.8, 130.9, 130.3, 128.6, 128.6, 128.4, 125.5,
120.3, 67.4, 56.2, 37.4; IR (neat) vmax 3328, 1747, 1540, 1355, 1171, 1124 cm™; HRMS (ESI): [M+NH,]* calculated for C1gH2,N306S:
408.1224, found: 408.1223; [a]7 —130.9 (c 1, CHCI3); Rs = 0.54 (PE/EA = 2/1).
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Compound 7g, 71% yield, d.r.=8:1, colorless ail

IH NMR (400 MHz, CDCI3) 6 8.06 (dd, J = 8.8, 1.6 Hz , 1H), 7.59 — 7.55 (m, 1H), 7.49 — 7.46 (m, 2H), 7.36 — 7.31 (m, 3H), 7.25 - 7.22
(m, 2H), 6.02 — 5.99 (m, 0.11H), 5.98 — 5.94 (m, 0.88H), 5.89 — 5.82 (m, 1H), 5.61 — 5.58 (m, 0.11H), 5.56 — 5.52 (m, 0.88H), 5.18 —
5.04 (m, 4H), 4.70 — 4.67 (m, 1H), 4.62 — 4.58 (m, 1H), 3.05 — 2.98 (M, 1H), 2.65 — 2.55 (m, 2H), 2.32 — 2.17 (m, 2 H), 2.11 — 2.05 (m,
1H); ¥C NMR (101 MHz, CDCl3) & 170.8, 148.3, 136.4, 135.0, 135.0, 134.0, 133.1, 131.5, 131.2, 129.4, 128.5, 128.4, 128.4, 123.8,
118.4, 67.4, 66.1, 60.6, 36.1, 31.6, 30.0; IR (neat) vmax 2924, 1739, 1542, 1371, 1345, 1161, 1061 cm; HRMS (ESI): [M+NH4]*
calculated for C3H2sN306S: 474.1693, found: 474.1687; [a]5+8.2 (c 1, CHCIl3); Ry = 0.63 (PE/EA = 2/1).
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Substrate for compound 7h, colorless oil

1H NMR (400 MHz, CDCls) & 8.03 — 8.01 (m, 1H), 7.84 — 7.82 (m, 1H), 7.63 — 7.61 (m, 2H), 7.35 — 7.30 (m, 3H), 7.23 — 7.18 (m, 2H),
6.44 (d, J = 9.1 Hz, 1H), 5.04 — 4.94 (m, 2H), 4.43 (dt, J = 9.5, 4.9 Hz, 1H), 2.88 — 2.74 (m, 2H), 2.05 (t, J = 2.6 Hz, 1H); 13C NMR (101
MHz, CDCls) 6 169.1, 155.0, 147.5, 134.6, 133.6, 132.9, 130.2, 128.7, 128.6, 128.4, 125.7, 72.8, 67.9, 55.2, 24.0; IR (neat) Vmax 3292,
2917, 1742, 1538, 1354, 1168, 1114, 739 cm™; HRMS (ESI): [M+NH,4]* calculated for C1gH20N306S: 382.1067, found: 382.1066; [a]Z -
153.6 (¢ 1, CHCIs); Rf = 0.33 (PE/EA = 2/1).
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Compound 7h, 85% yield, d.r.=10:1, colorless oil

IH NMR (400 MHz, CDCl3) 8 8.14 — 8.12 (m, 1H), 7.64 — 7.61 (m, 1H), 7.58 — 7.52 (m, 2H), 7.35 — 7.30 (m, 5H), 5.96 (dd, J = 6.0, 2.1
Hz ,0.96H), 5.62 (dd, J = 5.6, 2.3 Hz, 0.91H), 5.20 — 5.06 (m, 2H), 4.87 - 4.83 (m, 1H), 4.50 (dd, J =8.8, 4.2 Hz, 0.94H), 4.32 (dd, J
=8.8, 4.2 Hz, 0.09H), 3.18 - 3.12 (m, 1H), 3.00 - 2.92 (m, 1H), 2.59 - 2.51 (m, 1H), 2.31 - 2.14 (m, 3H), 2.09 (t, J = 2.7 Hz, 1H); 3C
NMR (101 MHz, CDCl3) & 169.6, 148.5, 136.6, 134.8, 134.6, 133.3, 131.3, 130.9, 129.4, 128.5, 128.4, 128.4, 124.0, 80.2, 71.8, 67.8,
66.0, 58.5, 31.4, 29.2, 22.1, 14.1; IR (neat) vmax 3287, 2917, 1740, 1543, 1346, 1167, 742 cm™; HRMS (ESI): [M+NH,]* calculated for
Ca3H26N306S: 472.1537, found: 472.1535; [a]% -20.2 (c 1, CHCIs); Ri= 0.45 (PE/EA = 2/1)
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Compound 7i, 77% yield, d.r.>20:1, colorless olil

IH NMR (400 MHz, CDClI3) 5 8.15—8.08 (m, 1H), 7.58 — 7.27 (m, 18H), 7.12 - 7.06 (m, 6H), 6.63 (s, 1H), 5.92 (dd, J =5.5, 2.0 Hz, 1H),
5.21 (dd, J = 5.5, 2.0 Hz, 1H), 5.17 — 5.02 (m, 2H), 4.98 - 4.96 (m, 1H), 4.60 (t, J = 7.0 Hz, 1H), 3.54 (dd, J = 14.9, 7.4 Hz, 1H), 3.09
(dd, J = 14.9, 7.4 Hz, 1H), 2.42 — 2.36 (m, 1H), 2.20 — 2.07 (M, 2H), 2.00 — 1.99 (m, 1H); *C NMR (101 MHz, CDCl;) & 170.8, 148.7,
142.3, 137.9, 137.2, 135.2, 134.0, 133.2, 131.2, 131.0, 129.7, 128.8, 128.5, 128.2, 128.0, 128.0, 123.7, 120.1, 75.3, 67.4, 65.7, 58.6,
31.1, 31.0, 28.6; IR (neat) vmax 2926, 1741, 1544, 1372, 1161, 1128 cm™; HRMS (ESI): [M+H]* calculated for C43sH3sN4OsS: 739.2585,
found: 739.2584; [a]7 +23.0 (c 1, CHCI3); Rf = 0.35 (DCM/MeOH = 40/1 with 1/1000 ammonium hydroxide); m.p. = 83-86 °C.

Total synthesis of pseudopaline

Compound 13a

B
0CO,Me Ox-08B" Pd,(dba);eCHCls, Ox-08B"
+ ~ = A~
g NsHN" "oTBS Trost-ligand, TEA, THF(0.1M); '“/\/\OH
then HF.Py,94% s
9 8 13a

To a solution of Pd,(dba)s;*CHCI; (63 mg, 0.061 mmol, 0.05 eq) and Trost-ligand ent-L2 (144 mg, 0.183 mmol, 0.15 eq) in THF (10.2
mL) was added compound 9 (520 mg, 3.66 mmol, 3 eq) and TEA (370 mg, 3.66 mmol, 3 eq) at 0 °C, then a solution of compound 8
(620 mg, 1.22 mmol, 1 eq) in THF (2 mL) was added into the mixture which was stirred at 0 °C for 2 h. TLC showed 8 was consumed
completely. To the mixutre at 0 °C was added HF-pyridine (70% solution) (0.63 mL, 4.88 mmol, 4 eq). After stirring for 10h at r.t., the
mixture was cooled to 0 °C, diluted with EA (20 mL), quenched with saturated NaHCO3 (20 mL), and the aqueous phase was extracted
with EA (20 mL x 2). The combined organic phases were washed with brine, dried over Na,SO,4 and concentrated in vacuo to afford
crude product, which was purified by silica gel column chromatography (PE/EA=6/1 to 4/1) to afford compound 13a (553 mg, 1.15
mmol, 94%) as an oil (d.r.=27:1).

TBS-protection of 13a.



'H NMR (400 MHz, CDCIz) 8 8.05 (d, J = 1.6 Hz, 1H), 7.61 — 7.57 (m, 1H), 7.52 — 7.48 (m, 2H), 7.34 — 7.28 (m, 5H), 5.95 — 5.93 (m,
1H), 5.63 - 5.61 (m, 1H), 5.13 (d, J = 12.1 Hz, 1H), 5.05 (d, J = 12.1 Hz, 1H), 4.85 — 4.81 (m, 1H), 4.51 (t, J = 6.7 Hz, 1H), 3.77 - 3.73
(m, 2H), 2.57 — 2.50 (m, 2H), 2.27 — 2.21 (m, 2H), 2.04 — 1.96 (m, 2H), 0.85 (s, 9H), 0.01 (s, 6H); **C NMR (101 MHz, CDCl3) & 171.2,
148.6, 136.2, 135.2, 134.5, 133.2, 131.2, 130.9, 129.8, 128.5, 128.3, 123.8, 67.3, 66.3, 59.9, 55.4, 35.6, 31.3, 28.8, 25.9, 18.2, 5.5, —
5.5; IR(neat) vmax 2928, 2855, 1739, 1544, 1358, 1257, 1161, 1095 cm™; HRMS (ESI): [M+NH,]* calculated for CysH42N307SSi:
592.2507, found: 592.2511; [a]s’ —34.5(c 1, CHCls); Ri= 0.22 (PE/EA = 15/1).
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Compound 13a

IH NMR (400 MHz, CDCls3) & 8.04 (dd, J = 8.0, 4.0 Hz, 1H), 7.59-7.55 (m, 1H), 7.51 — 7.49 (m, 2H), 7.32 — 7.30 (m, 3H), 7.24 — 7.18
(m, 2H), 5.99 — 5.97 (m, 1H), 5.55 — 5.52 (m, 1H), 5.11 (d, J = 12 Hz, 1H), 5.04 (d, J = 12 Hz, 1H), 4.87 (dd, J = 9.2, 5.2 Hz,1H), 4.62
—4.58 (m, 1H), 3.85 — 3.76 (m, 2H), 2.68 — 2.62 (m, 1H), 2.54 — 2.44 (m, 1H), 2.33 — 2.13 (M, 4H), 1.98 — 1.92 (m, 1H); 3C NMR (101
MHz, CDCl3) 6 171.3, 148.1, 136. 5, 134.8, 134.4, 133.3, 131.2, 129.0, 128.5, 128.4, 123.8, 67.5, 66.37, 58.3, 57.6, 34.0, 31.6, 29.7;
IR (neat) vmax 3557, 2949, 1737, 1543, 1372, 1160, 1061 cm™; HRMS (ESI): [M+NH,4]* calculated for Cz2H2sN30;S: 478.1642, found:
478.1636; [a]z' 1.5 (c 1, CHCI); Ry=0.22 (PE/EA = 2/1).

Compound 5a

OYOBn
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The Ph,P-Py (264 mg, 1.00 mmol, 1.5 eq) was dissolved in THF (3 mL) and to this solution was added DEAD (158 uL, 1.00 mmol, 1.5
eq) at 0 'C under argon. The mixture was stirred for 10 minutes, then a solution of compound 6 (265 mg, 0.47 mmol, 0.7 eq) in THF (1
mL) was added. A solution of compound 13a (310 mg, 0.67 mmol, 1 eq) in THF (2.7 mL) was dropwise into the solution. After stirring
at r.t. for 2 h, the mixture was evaporated under in vacuo, and the residue was dissolved in EA and washed by 2N HCI (5 x 10 mL) and
brine. The organic phase was concentrated in vacuo. The residue was purified by silica gel column chromatography (PE/EA = 7/1) to
afford the desired product (389 mg, 0.39 mmol, 82%) as a colorless oil.

'H NMR (400 MHz, CDCl3) & 8.06 — 7.99 (m, 1H), 7.97 (d, J = 0.9 Hz, 1H), 7.87 (dd, J = 7.9, 1.1 Hz, 1H), 7.62 — 7.54 (m, 1H), 7.53 —
7.26 (m, 18H), 7.22 — 7.12 (m, 2H), 5.96 (dd, J =5.5, 2.1 Hz, 1H), 5.55 (dd, J = 5.5, 2.1 Hz, 1H), 5.38 (s, 2H), 5.16 — 4.86 (m, 5H), 4.70
—4.66 (m, 1H), 4.36 (t, J = 6.5 Hz, 1H), 3.79 — 3.58 (m, 1H), 3.53 — 3.39 (m, 1H), 3.34 (dd, J = 15.6, 5.1 Hz, 1H), 3.12 (dd, J = 15.6,
9.6 Hz, 1H), 2.60 — 2.56 (m, 2H), 2.31 — 2.16 (m, 3H), 2.00 — 1.90 (m, 1H); **C NMR (101 MHz, CDCl;) 5 170.7, 169.9, 148. 5, 148.4,
148.0, 138.9, 136.8, 136. 7, 135.0, 134.8, 134.4, 134.1, 133.4, 133.3, 132.2, 131.4, 131.4, 131.2, 130.0, 129.4, 129.1, 128.8, 128.8,
128.6, 128.5, 128.5, 128.5, 128.4, 123.9, 123.7, 115.0, 77.4, 77.1, 76.7, 69.8, 67.7, 67.5, 66.3, 60.3, 57.8, 45.3, 33.6, 31.6, 29.6, 29.2;
IR (neat) Vmax 2955, 1739, 1542, 1213, 1162, 970, 730, 580 cm; HRMS (ESI): [M+H]* calculated for C49H47N6014S,: 1007.2586, found:
1007.2585; [a]3'-17.2 (c 1, CHCIg); Rf = 0.29 (PE/EA = 1/1).

Compound 14a
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Compound 5a (380 mg, 0.377 mmol, 1 eq) was dissolved in dioxane (25.1 mL) and H,O (12.6 mL), and to this solution was added 2,6—
lutidine (174 pL, 1.51 mmol, 4 eq), OsO,4 (0.01 M in t-BuOH) (7.6 mL, 0.076 mmol, 0.2 eq) and NalO,4 (808 mg, 3.77 mmol, 10 eq) at
r.t.. After stirring for 3 h at r.t., the resulting solution was quenched by saturated Na,S,05 solution (12 ml) and extracted by EA (16 mL
x 3) and the combined organic extracts were washed with saturated Na,S,O3 solution (20 mL x 2), 5% NaH»PO4 solution (20 mL x 2)
and brine. The organic phases were dried over anhydrous Na,SO, and the filtrate was concentrated in vacuo. The residue was directly
used in next step without further purification. The residue was dissolved in acetone (18.9 mL), then Jones reagent (2 M, 414 pL, 0.829
mmol, 2.2 eq) was added to the solution at 0 °C. After stirring for 16 h at r.t., the reaction mixture was quenched by i—-PrOH (1 mL),
diluted with EA (20 mL) and washed with saturated Na,S,0Os3 solution (10 mL x 2) and brine (10 mL). The water phase was extracted
by EA (5 mL x 2). The combined organic phases were dried over anhydrous Na,SO, and the filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (DCM/MeOH = 100:1 with 1/10000 AcOH) to afford pure product 14a (235
mg, 0.219 mmol, 58%) as white solid.



'H NMR (400 MHz, CDCIz) & 10.35 (br, 2H), 8.42 (s, 1H), 7.97 (d, J = 7.2 Hz, 1H), 7.86 (d, J = 7.2 Hz, 1H), 7.65 — 7.01 (m, 23H), 5.47
—5.28 (m, 2H), 5.13 — 4.63 (m, 6H), 4.47 (m, 1H), 3.89 — 3.65 (m, 1H), 3.49 — 3.38 (m, 2H), 3.14 (dd, J = 16.0, 9.6 Hz, 1H), 2.67 — 2.25
(m, 4H), 2.16 — 2.08 (m, 1H), 1.98 — 1.86 (m, 1H); *C NMR (101 MHz, CDCl3) 8 177.0, 173.0, 171.9, 169.1, 147.9, 147.8, 147.3, 136.7,
135.4, 134.5, 134.4, 133.8, 133.4, 132.7, 131.9, 131.8, 131.7, 131.6, 131.1, 129.2, 128.9, 128.9, 128.8, 128.6, 128.5, 123.9, 123.8,
116.2, 77.4, 77.3, 77.1, 76.8, 70.9, 68.1, 67.9, 60.1, 58.2, 56.8, 45.2, 31.3, 28.1, 16.3; IR (neat) vmax 3148, 2961, 1739, 1544, 1372,
1165, 753, 591 cmt; HRMS (ESI): [M+H]* calculated for C49H47NsO15S, : 1071.2384, found: 1071.2585; [a]5’ +76.3 (c 1, CHCl3); Ry =
0.59 (DCM/MeOH = 10/1 with 1/10000 AcOH); m.p. = 102-105 C.

Pseudopaline 2
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To a solution of diacid 14a (184 mg, 0.172 mmol, 1 eq) in DCM (17.2 mL) was added anisole (206 pL, 1.89 mmol, 11 eq) and
trifluoromethanesulfonic acid (151 pL, 1.72 mmol, 10 eq) at 0 “C. The reaction mixture was stirred at 0 ‘C for 0.5 h, then warmed to
room temperature, and stirred for 1.5 h. The reaction was quenched with a solution of NaHCO3 (218 mg, 2.58 mmol, 15 eq) in water
(20 mL) at 0 °C and stirred for an additional 0.5 h. The mixture was washed with DCM (20 mL x 3) and the water phase was concentrated
in vacuo and directly used for the next step without further purification. The crude mixture and K,CO3 (190 mg, 1.37 mmol, 8 eq) were
dissolved in dry DMF (8.6 mL) and to this solution was added thiophenol (352 uL, 3.44 mmol, 20 eq). After stirring for 14 h at r.t. water
(20 mL) was added and the aqueous phase was washed with DCM (20 mL x 3). Then the aqueous phase was concentrated in vacuo
to the resulting solid which was purified by gel column to afford 2 (49 mg, 0.127 mmol, 74 %) as a white solid. *H NMR (400 MHz, D,0)
5 7.72 (d, J=0.9 Hz, 1H), 6.92 (s, 1H), 3.61 (t, J = 6.3 Hz, 1H), 3.32 — 3.19 (m, 2H), 3.10 (dt, J = 11.2, 5.4 Hz, 1H), 3.03 (d, J = 6.4 Hz,
2H), 2.90 (ddd, J = 12.4, 8.9, 5.8 Hz, 1H), 2.20 (t, J = 7.9 Hz, 2H), 2.03 — 1.78 (m, 4H); *3C NMR (101 MHz, D,0) 5 181.8, 176.9, 176.1,
175.5, 135.6, 131.3, 117.4, 62. 9, 62.8, 62.2, 45.6, 33.8, 28.6, 28.4, 28.1; IR (neat) vmax 3359, 1570, 1395, 1103, 995, 831cm™; HRMS
(ESI): [M-H] calculated for C15H21N4Os : 385.1365, found: 385.1372; [a]s + 5.9 (¢ 1, H20); m.p.>330°C.

Total synthesis of epi-pseudopaline
Same procedure as the synthesis of pseudopaline.
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Compound 7b, colorless oil, 27:1 d.r.

'H NMR (400 MHz, CDCl3) 8 8.05 (d, J =8.0 Hz, 1H), 7.60 — 7.57 (m, 1H), 7.54 — 7.45 (m, 2H), 7.35 — 7.29 (m, 5H), 5.97 (dd, J =5.2,
2.0 Hz, 1H), 5.60 (dd, J = 5.2, 2.0 Hz, 1H), 5.14 (d, J = 12.2 Hz, 1H), 5.08 (d, J = 12.2 Hz, 1H), 5.04 — 5.00 (m, 1H), 4.36 (dd, J = 8.0,
4.2 Hz, 1H), 3.71 (dd, J = 8.0, 4.0 Hz, 2H), 2.56 — 2.31 (m, 2H), 2.32 — 2.14 (m, 2H), 2.10 — 1.84 (m, 2H), 0.85 (s, 9H), —0.01 (d, J=4.0
Hz , 6H); 3C NMR (101 MHz, CDCIl3) 8 171.0, 148.6, 137.2, 135.1, 134.1, 133.3, 131.3, 130.7, 128.8, 128.5, 128.4, 128.3, 123.9, 67.4,
65.8, 60.0, 54.5, 35.2, 31.1, 28.8, 25.9, 18.2, -5.4, -5.6; IR (neat) vmax 2958, 2928, 2856, 1740, 1544, 1360, 1259, 1091 cm~!; HRMS
(ESI): [M+NH4]+ calculated for C2gH42N307SSi: 592.2507, found: 592.2515; [a]5' —35.8 (¢ 1, CHCI3); Rf= 0.22 (PE/EA = 15/1).
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Compound 13b, 87% yield, colorless oil, d.r.=27:1

IH NMR (400 MHz, CDCl3) d 8.05 (d, J = 8.0 Hz, 1H), 7.58 — 7.53 (m, 1H), 7.48 (d, J = 8.2 Hz, 2H), 7.33 (m, 3H), 7.25-7.23 (m, 2H),
5.99 (dd, J = 5.6, 2.4 Hz, 1H), 5.56 (dd, J = 5.6, 2.4 Hz, 1H), 5.13 — 4.97 (m, 3H), 4.50 (t, J = 6.8 Hz, 1H), 3.80 — 3.72 (m, 2H), 2.54 —
2.48 (m, 2H), 2.32 — 2.27 (m, 2H), 2.00 — 1.97 (m, 3H); **C NMR (101 MHz, CDCl3) & 171.3, 148.4, 137.5, 134.7, 133.7, 133.4, 131.4,
130.7, 128.6, 128.6, 128.5, 128.45, 123.9, 67.7, 65.5, 59.2, 55.6, 34.4, 31.1, 29.5; IR (neat) vmax 3559, 2961, 2924, 1738, 1542, 1373,
1256, 1158 cm™; HRMS (ESI): [M+NH,4]* calculated for C,:HxsN307S: 478.1642 , found: 478.1648; [a]? —31.7 (c 1, CHCls); Ry = 0.22
(PE/EA = 2/1).
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Compound 5b, 80% yield, colorless oil

1H NMR (400 MHz, CDCls) 5 8.06 — 7.98 (m, 2H), 7.91 — 7.87 (m, 1H), 7.60 — 7.26 (m, 20H), 7.22 — 7.12 (m, 2H), 5.96 (dd, J =5.5, 2.1
Hz, 1H), 5.55 (dd, J = 5.5, 2.1 Hz, 1H), 5.38 (s, 2H), 5.16 — 5.03 (m, 3H), 4.97 — 4.90 (m, 3H), 4.10 (d, J = 8.0 Hz, 1H), 3.79 — 3.58 (m,
1H), 3.44 — 3.37 (m, 1H), 3.34 (dd, J = 15.6, 5.1 Hz, 1H), 3.12 (dd, J = 15.6, 9.6 Hz, 1H), 2.59 — 2.49 (m, 1H), 2.45 — 2.35 (m, 1H), 2.26
—2.10 (m, 3H), 2.00 — 1.90 (m, 1H); *3C NMR (101 MHz, CDCl3) & 170.7, 169.8, 148.4, 148.3, 147.8, 138. 9, 138.1, 136.7, 134.8, 134.
8, 134.0, 133.8, 133.4, 133.4, 132.1, 131.6, 131.3, 131.0, 130.7, 129.0, 128.8, 128.7, 128.5, 128.5, 128.4, 128.4, 128.4, 128.3, 128.2,
124.0,123.6, 114.9, 69.7, 67.7, 67.3, 65.3, 60.2, 55.8, 45.1, 33.7, 31.2, 29.4, 28.6; IR (neat) vmax 2958, 1742, 1543, 1405, 1372, 1244,
1163 cmt; HRMS (ESI): [M+H]* calculated for C49H47NgO14S: 1007.2586, found: 1007.2587; [a]s'—23.7 (c 1, CHCIs); R¢= 0.29 (PE/EA
= 1/1).
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HO N/.\/\NNS NCbz
0 NanO\'H\/[N)

o

Compound 14b, 55% yield for 2 steps, white solid

'H NMR (400 MHz, CDCls3) & 8.42 (s, 2H contain COOH), 7.97 (d, J = 7.2 Hz, 1H), 7.86 (d, J = 7.2 Hz, 1H), 7.55 — 7.29 (m, 18H), 7.25
—7.22 (m, 3H), 7.17 - 7.13 (m, 2H), 5.38 (s, 2H), 5.18 — 5.08 (m, 2H), 4.94 (s, 2H), 4.89 (t, J = 6 Hz, 1H), 4.50 —4.46 (m, 1H), 4.29
—4.25(m, 1H), 3.65 — 3.59 (m, 1H), 3.56 — 3.49 (m, 1H), 3.44 (dd, J = 8.4, 4.2 Hz, 1H), 3.11 (dd, J = 8.4, 4.2 Hz, 1H), 2.67 — 2.62 (m,
1H), 2.51 — 2.40 (m, 2H), 2.35 — 2.28 (m, 2H), 2.11 — 2.04 (m, 1H); *C NMR (126 MHz, CDCl3) & 176.7, 172.6, 170.0, 169.6, 148.7,
147.8, 147.5, 137.0, 136.5, 134.8, 134.7, 134.0, 133.6, 133.5, 132.7, 132.2, 131.7, 131.2, 130.9, 129.4, 129.0, 128.9, 128.8, 128.7,
128.6, 128.6, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4, 128.3, 127.7, 127.0, 123.8, 123.8, 115.8, 70.6, 69.7, 68.1, 67.6, 60.5, 59.4,
57.8, 32.3, 30.4, 28.3, 25.6; IR (neat) vmax 2923, 1737, 1543, 1372, 1259, 1017 cm™; HRMS (ESI): [M+H]* calculated for C49H47NsO15S>:
1071.2383, found: 1071.2396; [a]5 —2.5 (¢ 0.8, CHCls); Rf =0.47 (DCM/AcOH = 20/1); m.p. = 89-91°C.

epi-pseudopaline 3, 80% vyield for 2 steps, white solid.

IH NMR (400 MHz, D,0) & 7.70 (s, 1H), 6.96 (s, 1H), 3.68 (t, J = 7.2 Hz, 1H), 3.43 (t, J = 7.2 Hz, 1H), 3.32 (t, J = 7.2 Hz, 1H), 3.07 (m,
2H), 2.99 (m, 2H), 2.25 (t, J = 7.2 Hz, 2H), 2.00 (m, , 2H), 1.89 (g, J = 7.2 Hz, 2H); *3C NMR (101 MHz, D,0O) & 181.8, 175.7, 174.9,
174.8, 135.9, 131.7, 117.1, 62.3, 61.5, 59.9, 44.3, 33.7, 27.7, 27.0, 26.3; IR (neat) vmax 3395, 1628, 1574, 1399, 1318, 1118, 835,
758cm1; HRMS (ESI): [M+H]"* calculated for C15H23N4Osg: 387.1510 , found: 387.1511; [a]5+9.5 (c 0.9, H,0); m.p. >330 C.

Synthesis of Fmoc-pseudopaline 17

Oy OH Oy OH
w\: Ox-OH r Ox OH

= Fmoc-NHS, pH=10 Buffer =

HO__~ /:\/\ NH > HO. /:\/\
\ﬂ/\ﬂ NH ) r.t. ACN \ﬂ/\ﬂ N N>Fm°°
o HO N o) HO. N/
[¢] O

pseudopaline 17

Scheme S2: Synthesis of the Fmoc-pseudopaline

To a solution of pseudopaline (4 mg, 0.0104 mmol, 1 eq) in water (0.6 mL) and pH=10 buffer ( 0.4 mL) was added a solution of Fmoc—
NHS (17 mg, 0.052 mmol, 5 eq) in ACN (0.6 mL) at room temperature. After stirring for 3h at r.t., the reaction mixture was subjected
directly to C-18 reverse phase column (a gradient of 0% — 50% acetonitrile in water) to afford the crude product which was purified
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further by reverse phase prep-TLC with 30% acetonitrile in water to give pure Fmoc—pseudopaline (2.1 mg, 3.4 umol, 33%). This
compound is unstable in water for a long period of time, so the NMR spectrum was recorded immediately.

IH NMR (400 MHz, D;0) 8 7.92 (t, J = 7.2, 3H), 7.72 (d, J = 7.2, 2H), 7.48 (t, J = 7.2, 3H), 7.42 (t, J = 7.2, 3H), 7.20 (s,1H), 4.92 (d, J
=5.2, 2H), 4.49 (t, J = 5.2, 1H), 3.89 (t, J = 5.6, 1H), 3.65 — 3.59 (m, 2H), 3.24 (t, I = 7.2, 2H), 3.09 (d, J = 5.2, 2H), 2.38 (t, I = 7.2,
2H), 2.30 — 2.21(m, 2H), 2.10 — 2.08(m, 2H); *C NMR (201 MHz, D,0) & 180.3, 173.2, 172.2, 172.0, 149.0, 143.1, 141.0, 138.0, 136.2,
128.2,127.5,125.0, 120.2, 115.6, 69.4, 62.8, 61.6, 59.8, 46.4, 43.5, 32.8, 27.4, 26.8, 26.5; IR (neat) vmax 3397, 1767, 1700, 1616, 1532,
1491, 1449, 1410, 1281, 1248, 1215,1169, 1107, 1104, 763, 740 cm™1; HRMS (ESI): [M+H]* calculated for C3oH33sN4O10: 609.2191,
found: 609.2193; [M-H] calculated for C3oH31N4O10: 607.2046, found: 607.2046;

[a]? +18 (c 0.1, H20); R; = 0.3 (ACN/H,0 = 3:7).

Natural product isolation

DCM layer
evaporation Washed by DCM ’e (1.10 g)
culture medium (4.2 L) —> Crude (69.54
( ) ( &) g H,0 layer
(68.10 g)
Diation® HP-20
100%H,0-100%MeOH
v ¥ N ¥ \
Fraction A | Fraction B  FractionC  FractionD  Fraction E
(6535 g) (50 mg) (700 mg) (140 mg) (98 mg)
Sephadex® LH-20
100%H,0
v

Fraction Al | Fraction A2  Fraction A3
(220.1 mg) | (10.12 g) (30.2 mg)

Fmoc protection

‘ Fraction A1-Fmoc ‘

C18-Reverse phase column
50% ACN:H,0 (isocratic)

¥

Fraction Ala | Fraction Alb Fraction Alc
(22.6mg)

C18-Reverse phase column TLC Reverse phase.| Pseudopaline-Fmoc
0-50% ACN:H,O (gradient) |—| (30% ACN:H,0) (L.1mg)

Scheme S3: Isolation of the Fmoc-pseudopaline

= Diation® HP-20
Sephadex@ LH-20

selected fraction

evaporatiqn containing
and extraction pseudopaline MS signal
— ‘ N
\_—/ 7
g then Fmoc Protection
4.2 liters of VBMM Further separated
medium cultivated by column Further purified by C-18
P. aeruginosa chromatography Reverse phase column and
Prep. TLC (C-18 reverse phase)
OfH O, OH
Fmoc-NHS (5 eq) W\;
N O%:/OH buffer pH=10 S O%:/OH
< H ACN < H
HO\H/\N/\/\NH NH =Ho\n/\N/\/\NH NFmoc
H | p H | p
O HO O HO
N N
O (@]
Synthetic pseudopaline (2) Fmoc-pseudopaline

Scheme S4. Comparison of the natural Fmoc-pseudopaline and synthetic Fmoc-pseudopaline.
The bacteria cells were separated from the broth by centrifugation and filtration. The filtrate (4.2 L) was evaporated under reduced
pressure to afford a crude mixture (69.54 g) then washed by CH,Cl,. The residue (68.10 g) was applied on a Diation® HP-20 column
eluting with H,O (1 L), 10% MeOH (1 L), 25% MeOH (1 L), 60% MeOH (1 L), and 100% MeOH (1 L) to yield five fractions (A-E). 50 pL
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of each fraction was added to 50 pL of borate buffer (0.2 M, pH 10.0) and 100 uL of Fmoc-NHS (100 mM in acetonitrile), and stirred at
room temperature overnight, followed by addition of 200 uL MeOH then subjected to LC-MS analysis.

Fraction A (65.35 g), where Fmoc-pseudopaline derivative was previously detected by LC-MS after modification of Fmoc, was eluted
through Sephadex® LH-20 column with 100% H,O and yielded three sub-fractions, A1-A3. 50 uL of each sub-fraction was added to 50
uL of borate buffer (0.2 M, pH 10.0) and 100 pL of Fmoc-NHS (100 mM in acetonitrile), and stirred at room temperature overnight,
followed by addition of 200 uL MeOH then subjected to LC-MS analysis by which Fmoc-pseudopaline was found from sub-fraction Al.

Sub-fraction Al (220.1 mg) was added to Fmoc-NHS in acetonitrile. After stirring for overnight, the mixture was subjected to C-18
reverse phase column with an isocratic conditions of 50% acetonitrile in water giving three sub-fractions (Ala-Alc). Sub-fraction Alb
(22.6 mg) was further purified by C-18 reverse phase column with a gradient of 0%-50% acetonitrile in water followed by reverse phase
prep. TLC with 30% acetonitrile in water to afford Fmoc-pseudopaline (1.1 mg).

'H NMR (400 MHz, D;0) 8 7.92 (t, J = 7.2, 3H), 7.73 (d, J = 7.2, 2H), 7.49 (t, J = 7.2, 3H), 7.41 (t, J = 7.2, 3H), 7.20 (s,1H), 4.94 (d, J
=5.2, 2H), 4.50 (t, J = 5.2, 1H), 3.90 (t, J = 5.6, 1H), 3.66-3.60 (m, 2H),3.25 (t, J = 7.2, 2H), 3.10 (d, J = 5.2, 2H), 2.46 (t, J = 7.2, 2H),
2.32 — 2.24 (m, 2H), 2.15 — 2.09 (m,2H); 3C NMR (201 MHz, D,0) & 180.2, 173.2, 172.2, 172.0, 149.0, 143.1, 141.0, 138.0, 136.2,
128.2,127.5, 125.0, 120.2, 115.6, 69.4, 62.8, 61.6, 59.9, 46.4, 43.5, 32.7, 27.4, 26.8, 26.4; IR (neat) vmax 3397, 1767, 1700, 1616, 1532,
1491, 1449, 1410, 1281, 1248, 1215, 1169, 1107, 1104, 763, 740 cm™%; HRMS (ESI): [M+H]* calculated for C3oH33sN4O10: 609.2191,
found: 609.2204; [M-H] calculated for C3oH31N4O10: 607.2046, found: 607.2047; [a]? +15 (c 0.1, H,0); R = 0.3 (ACN/H;0 = 3:7).
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Syntheses of the analogs 15a, 15b and 15c

Os_ _OH o H HO\H)\
\]\; OYOBn

@ : e O"’N/\/\NNS f.g Ho FR h,i
NN —_— N"N"NNs = O -OH

H NanO\n/'\
Ns R 0 Nsgno T %
n R HOL A A

fo) T \n/\N/\/\NH
13a 19a-c 20a-c o H HOWNHZ
150 If 4
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{aNHBoc
Bno. pne N, Oy OH
n R 18aR=Me  18bR= YL ~\ich 18R o | N t Y (reNH,
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H | N
! HONN,
o)

Scheme S5: (e) 18a-c (1.2 eq), PhsP (1.5 eq), DEAD (1.5 eq), THF (0.1 M), 0°C-r.t., 2 h; 76% for 19a, 78% for 19b, 96% for 19c; (f)
0s04 (0.2 eq), NalO4 (10 eq), dioxane/H,0O (2:1, 0.01 M) 2,6-lutidine (4 eq), r.t., 3 h; (g) Jones reagent (2.2 eq), acetone (0.02 M), 0°C-
r.t., 16 h; 65% for 20a, 2 steps, 67% for 20b, 2 steps, 54% for 20c, 2 steps; (h) TfOH (5 eq), anisole (15 eq), DCM (0.01 M), 0°C, 0.5
h; r.t., 2 h for 20a; TfOH (10 eq), anisole (15 eqg), DCM (0.01 M), 0°C, 0.5 h; r.t., 2 h for 20b; TfOH (10 eq), anisole (11 eq), DCM (0.01
M), 0°C, 0.5 h; r.t., 1.5 h for 20c; (i) PhSH (20 eq), K.COs3 (8 eq), DMF (0.02 M), r.t., 14 h; 75% for 15a, 2 steps, 72% for 15b, 2 steps,
78% for 15c, 2 steps.

Compound 19a

o OB PPh3,DEAD OVOBn
NHNS @ Y ) THF’OOC- @ /g\/\
BnO. + L i —_— “N NNs
\n/k /'N/\/\OH . Ns
5 Ns rt, 2 h; 76% BnO.
18a 13a 19a O

The PPh; (86 mg, 0.33 mmol, 1.5 eq) was dissolved in THF (1 mL) and to this solution was added DEAD (52 uL, 0.33 mmol, 1.5 eq) at
0 °C under argon. The mixture was stirred for 10 minutes, then a solution of compound 18a (95 mg, 0.26 mmol, 1.2 eq) in THF (0.7 mL)
was added. A solution of compound 13a (100 mg, 0.22 mmol, 1.0 eq) in THF (0.5 mL) was added dropwise into the solution. After
stirring at r.t. for 2 h, the mixture was evaporated in vacuo, and the residue was purified by silica gel column chromatography (DCM/EA
= 10/1) to afford the desired product (134 mg, 0.167 mmol, 76%) as a colorless oil.

H NMR (400 MHz, CDCl3) 8 8.05 (dd, J = 8.3, 1.4 Hz, 1H), 7.92 (dd, J = 7.9, 1.5 Hz, 1H), 7.65 — 7.35 (m, 6H), 7.35 — 7.30 (m, 6H),
7.28 — 7.24 (m, 2H), 7.23 — 7.17 (m, 2H), 6.00 (dd, J = 5.6, 2.3 Hz, 1H), 5.57 (dd, J = 5.6, 2.3 Hz, 1H), 5.13 (d, J = 12.1 Hz, 1H), 5.04
(d, J=12.1 Hz, 1H), 5.00 (d, J = 12.2 Hz, 1H), 4.91 (d, J = 12.2 Hz, 1H), 4.84 (q, J = 7.3 Hz, 1H), 4.68 (d, J = 8.5 Hz, 1H), 4.43 (t, J =
6.7 Hz, 1H), 3.70 (ddd, J = 16.1, 10.9, 5.6 Hz, 1H), 3.37 (ddd, J = 15.6, 11.2, 4.5 Hz, 1H), 2.67 — 2.53 (m, 2H), 2.36 — 2.20 (m, 3H),
2.02 (ddd, J = 14.4, 7.2, 3.6 Hz, 1H), 1.57 (d, J = 7.4 Hz, 3H); **C NMR (101 MHz, CDCl3) & 171.0, 170.7, 148.6, 148.0, 136.9, 135.1,
135.0, 134.6, 133.6, 133.5, 132.6, 131.7, 131.5, 131.4, 131.0, 129.5, 128.8, 128.7, 128.7, 128.5, 124.1, 124.0, 67.9, 67.5, 66.5, 58.0,
56.6, 45.0, 34.3, 31.7, 29.5, 17.3; IR (neat) Vmax 1741, 1544, 1556, 1373, 1159, 1061 cm*; HRMS (ESI): [M+NH,]* calculated for
C3sH12Ns012S;: 824.2266, found: 824.2263; [a]5'— 21.2 (¢ 1, CHCI3); Rf = 0.30 (PE/EA = 2/1).

Compound 20a

(o] OH
O, OBn
(@) OBn
@ E/ 0s0,, Nalo,  Jones Reagent Y
NSNS 2,6-lutidine acetone ~ HO. "’N/-\/\NNS
NSBnO dioxane/H,O 0°C ~r.t. Ns
65% (o) BnO\n/'\
o o]
19a 20a

Compound 19a (120 mg, 0.15 mmol, 1 eq) was dissolved in dioxane (10 mL) and H.O (5 mL), and to this solution was added 2,6—
lutidine (69 L, 0.59 mmol, 4 eq), OsO,4 (0.01M in t-BuOH) (3.0 mL, 0.03 mmol, 0.2 eq) and NalO,4 (317 mg, 1.48 mmol, 10 eq) at r.t..
After stirring for 3 h at r.t., the resulting solution was quenched by saturated Na,S,03 solution (12 mL) and extracted by EA (10 mL x 3)
and the combined organic extracts were washed with saturated Na,S,03 solution (15 mL x 2), 5% NaHPO, solution (15 mL x 2) and
brine, dried over anhydrous Na,SO, and the filtrate was concentrated in vacuo. The residue was directly used in next step without
further purification. The residue was dissolved in acetone (7.5 mL) and Jones reagent (2 M, 163 uL, 0.33 mmol, 2.2 eq) was added to
the solution at 0 °C and the mixture was allowed to stir for 16 h at r.t. before quenched by i~PrOH (1 mL). The mixture was diluted by
EA (20 mL) and washed by saturated Na,S,O3 solution (10 mL x 2) and brine (10 mL), the water phase was extracted by EA (5 mL).
The organic phase was dried over anhydrous Na,SO;, the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography to afford pure product 20a (85 mg, 0.097 mmol, 65%) as white solid.
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'H NMR (400 MHz, CDCl3) 8 8.10 (d, J = 7.6 Hz, 1H), 7.93 (d, J = 7.6, 1H), 7.60 — 7.46 (m, 5H), 7.42 — 7.39 (m, 1H), 7.32 — 7.28 (m,
6H), 7.25 — 7.22 (m, 2H), 7.20 — 7.16 (m, 2H), 5.11 (d, J = 12.1 Hz, 1H), 5.03 (d, J = 12.1 Hz, 1H), 4.96 (d, J = 12.2 Hz, 1H), 4.88 (d, J
=12.2 Hz, 1H), 4.81 (q, J = 7.5 Hz, 1H), 4.74 (t, J = 6.5 Hz, 1H), 4.41 (dd, J = 8.9, 4.5 Hz, 1H), 3.77 — 3.65 (m, 1H), 3.39 — 3.25 (m,
1H), 2.64 — 2.35 (m, 5H), 2.11 — 1.98 (m, 1H), 1.51 (d, J = 7.4 Hz, 3H); *3C NMR (101 MHz, CDCl3) 5 177.6, 172.5, 171.8, 171.1, 148.2,
147.9, 135.1, 134.4, 134.4, 133.8, 132.5, 132.3, 132.2, 132.0, 131.8, 131.1, 129.1, 128.9, 128.9, 128.8, 128.7, 128.7, 128.6, 128.5,
128.5,128.4, 128.4, 124.3, 124.0, 68.7, 67.5, 58.8, 58.1, 56.7, 44.7, 33.0, 31.0, 26.3, 17.2; IR (neat) vmax 1740, 1544, 1372, 1153, 750,
587 cm™; HRMS (ESI): [M+NH,]* calculated for CssHi2NsO16S; : 888.2062, found: 888.2048; [a]7’ — 26.2 (c 1.9, CHCIs); Rf =0.45
(DCM/MeCH = 10/1); m.p. = 125-128 C.

Compound 15a

H H . OYOH
HO. 2 TfOH, anisole  PhSH, K,CO R
NN —— e = 2753 HO NN
o Nsgho DCM, 0°C - r.t. DMF, r.t. p
" 75% o) HO
20a © 15a O

To a solution of diacid 20a (40 mg, 0.046 mmol, 1 eq) in DCM (4.6 mL) was added anisole (75 pL, 0.690 mmol, 15 eq) and
trifluoromethanesulfonic acid (20 L, 0.23 mmol, 5 eq) at 0 ‘C. The reaction mixture was stirred at 0 “C for 0.5 h, then warmed to room
temperature, and stirred for 2 h. The reaction was quenched with a solution of NaHCO3 (31 mg, 0.370 mmol, 8 eq) in water (5 mL) at
0 °C and stirred for an additional 0.5 h. The mixture was washed with DCM (10 mL x 3) and the water phase was concentrated in vacuo
and directly used for the next step without further purification. The crude mixture and K,COj3 (51 mg, 0.370 mmol, 8 eq) were dissolved
in dry DMF (2.3 mL) and to this solution was added thiophenol (94 pL, 0.920 mmol, 20 eq). The reaction mixture was stirred for 14 h at
room temperature before water (10 mL) was added and washed with DCM (10 mL x 3). Then the aqueous phase was concentrated in
vacuo. The resulting solid was purified by gel column to afford 15a (11 mg, 0.034 mmol, 75 %) as a white solid.

IH NMR (400 MHz, D,0) & 3.68 (m, 2H), 3.60 (t, J = 5.9 Hz, 1H), 3.24 (t, J = 7.7 Hz, 2H), 2.41 (t, J = 7.3 Hz, 2H), 2.29 (m, 2H), 2.11
(m, 2H), 1.49 (d, J = 7.2 Hz, 3H);

13C NMR (201 MHz, D;0) 5 181.2, 174.7, 173.5, 172.2, 63.0, 59.9, 57.9, 42.6, 33.6, 27.0, 26.8, 14.9; IR (neat) Vmax 3383, 3038,
1514, 1399, 1117 cm™; HRMS (ESI): [M+H]* calculated for C12H21N2Og: 321.1292, found: 321.1293; [a]Z + 10.7 (¢ 1, H,0);
m.p.>330°C.

Compound 18b
1. NsCl, NaHCO3,

NH2 THF/H,0 IVHNs
HO. _— BHOM
\[('\/\/\NHCbZ 2. NaHCO3,BnBr,DMF NHCbz
o 25% for 2 steps o
s-1
18b

To a mixture of compound S-1 (2 g, 7.14 mmol, 1 eq) in THF (20 mL) and H,O (20 mL) was added NaHCO3 (2.4 g, 28.60 mmol, 4 eq)
and NsCI (1.6 g, 7.14 mmol, 1 eq) at r.t. After stirring for overnight, the mixture was diluted with EA (100 mL), and adjusted to pH~3
with 1N HCI. The organic phase was washed with 1N HCI (20 mL x 2), brine (20 mL x 2), dried with Na,SO,, and evaporated in vacuo.
The residue was used in next step without purification. To the residue in DMF (20 mL) was added NaHCO3 (0.90 g, 10.71 mmol, 1.5
eq) and BnBr (0.85 mL, 7.14 mmol, 1 eq), the mixture was stirred for 12 h at room temperature. The mixture was quenched with water
(20 mL), and extracted with Et,O (100 mL x 1). The organic phase was washed with H,O (20 mL x 4), brine (20 mL x 1), dried with
Na,SO., and evaporated under in vacuo. The residue was further purified by silica gel column chromatography (PE/EA = 10/1) to afford
the desired product (990 mg, 1.79 mmol, 25%) as yellow oil.

H NMR (400 MHz, CDCl3) 8 7.98 (dd, J = 7.6, 1.7 Hz, 1H), 7.79 (dd, J = 7.8, 1.5 Hz, 1H), 7.65 — 7.55 (m, 2H), 7.39 — 7.28 (m, 8H),
7.16 (dd, J = 6.5, 3.0 Hz, 2H), 6.18 (d, J = 9.0 Hz, 1H), 5.10 (s, 2H), 4.91 (d, J = 12.4 Hz, 1H), 4.87 (d, J = 12.4 Hz, 1H), 4.77 (d, J =
6.2 Hz, 1H), 4.20 (td, J = 8.6, 4.9 Hz, 1H), 3.14 (g, J = 6.6 Hz, 2H), 1.91 — 1.82 (m, 1H), 1.81 — 1.69 (m, 1H), 1.5 — 1.34 (m, 4H); *°C
NMR (101 MHz, CDCl3) & 170.9, 156.6, 147.7, 136.7, 134.8, 134.1, 133.7, 132.9, 130.4, 128.76, 128. 73, 128.6, 128.5, 128.23, 128.19,
125.7, 67.5, 66.8, 56.7, 40.6, 32.8, 29.3, 22.2; IR (neat) Vmax 1719, 1541, 1455, 1355, 1260, 1170, 1124 cmt; HRMS (ESI): [M+H]*
calculated for C27H30N30sS: 556.1748, found: 556.1744; [a]5 — 90.3 (¢ 2.7, CHCI3); Ry = 0.30 (PE/EA = 5/3).

Compound 19b

PPh3;,DEAD OVOBn

NHNs
Bno\n)\/\/\ @ OYOB“ THROCrd @ /:\/\
H e "
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‘NTTIOH e Nsgho
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18b 13a S

19b

PPhs (170 mg, 0.65 mmol, 1.5 eq) was dissolved in THF (2 mL) and to this solution was added DEAD (100 pL, 0.65 mmol, 1.5 eq) at
0 °C under argon. The mixture was stirred for 10 minutes, then a solution of 18b (290 mg, 0.52 mmol, 1.2 eq) in THF (2 mL) was added.
A solution of 13a (200 mg, 0.43 mmol, 1.0 eq) in THF (1 mL) was added into the solution. After stirring for 2 h, the mixture was
evaporated in vacuo, and the residue was purified by silica gel column chromatography (DCM/EA = 15/1) to afford the desired product
(404 mg, 0.41 mmol, 78%) as colorless oil.
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'H NMR (400 MHz, CDCl3) 8 8.04 (dd, J = 8.2, 1.5 Hz, 1H), 7.89 (dd, J = 7.9, 1.4 Hz, 1H), 7.61 — 7.57 (m, 1H), 7.55 — 7.46 (m, 3H),
7.45-7.28 (m, 13H), 7.17 (dd, J = 6.6, 3.0 Hz, 2H), 6.01 (dd, J = 5.8, 2.3 Hz, 1H), 5.58 (dd, J = 5.8, 2.3 Hz, 1H), 5.15 — 4.94 (m, 5H),
4.87 — 4.83 (m, 2H), 4.74 — 4.68 (m, 1H), 4.62 (dd, J = 10.4, 4.5 Hz, 1H), 4.38 (t, J = 6.8 Hz, 1H), 3.75 - 3.62 (m, 1H), 3.43 — 3.27 (m,
1H), 3.18 — 3.10 (m, 1H), 2.66 — 2.60 (m, 1H), 2.52 — 2.46 (m, 1H), 2.39 — 2.32 (m, 3H), 2.10 — 2.00 (m, 2H), 1.80 — 1.70 (m, 1H), 1.53
—1.41 (m, 4H); *C NMR (126 MHz, CDCIl3) 8 168.0, 167.8, 153.9, 145.9, 145.4, 134.2, 132.3, 132.3, 132.0, 130.9, 130.8, 129.6, 128.9,
128.8,128.7,128.3, 126.9, 126.09, 126.07, 126.0, 125.96, 125.94, 125.9, 125.5, 125.4, 121.4, 121.2, 65.3, 64.8, 64.0, 63.9, 58.5, 42.7,
38.2,31.3,29.1, 27.3, 27.2, 26.9, 26.5, 20.8; IR (neat) Vmax 2925, 1739, 1545, 1456, 1374, 1166 cm~t; HRMS (ESI): [M+H]* calculated
for CagHs2N5014S5: 998.2947, found: 998.2934; [a]3— 6.2 (c 0.3, CHCI3); Ry = 0.35 (PE/EA = 5/3).

Compound 20b

Os_OH
O&0OBn
Y OVOBn
} /-\/\ 0504, NalO, Jones Reagent H
“SB OTI/'\QS/\/\ 2,6-lutidine acetone . HO. NN NNs
n dioxane/H,0 0°C ~r.t. Ns
NHCbz o (o] BnO.
ol 67% " \ﬂ/'\/\/\NHCbz
19b o
20b

Compound 19b (281 mg, 0.28 mmol, 1 eq) was dissolved in dioxane (18.6 mL) and H,O (9.3 mL). To this solution was added 2,6—
lutidine (130 pL, 1.12 mmol, 4 eq), OsO4 (0.01M in t-BuOH) (5.6 mL, 0.056 mmol, 0.2 eq) and NalO4 (600 mg, 2.81 mmol, 10 eq) at
r.t.. After stirring for 2 h at r.t., the resulting solution was quenched by saturated Na,S,03 solution (20 mL) and extracted by EA (20 mL
x 3) and the combined organic extracts were washed with saturated Na,S,03 solution (15 mL x 2), 5% NaH,PO, solution (15 mL x 2)
and brine, dried over anhydrous Na,SO, and the filtrate was concentrated in vacuo. The residue was directly used in next step without
further purification. The residue was dissolved in acetone (14 mL) and Jones reagent (2 M, 309 pL, 0.62 mmol, 2.2 eq) was added to
the solution at 0 'C and the mixture was allowed to stir for 2 h at r.t. before quenched by i-PrOH (1 mL). The mixture was diluted by EA
(20 mL) and washed by saturated Na,S,03 solution (10 mL x 2) and brine (10 mL). The aqueous phase was extracted by EA (5 mL).
The organic phase was dried over anhydrous Na,SO;, the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography to afford pure product 20b (199 mg, 0.19 mmol, 67%) as white solid. Single crystals with X-ray diffraction
quality were grown by dissolving the material in CDCls. The mixture was lightly capped and the solvents were allowed to slowly
evaporate.

IH NMR (400 MHz, CDCls) & 8.20 — 8.12 (m, 1H), 8.10 — 8.05 (m, 1H), 7.75 — 7.48 (m, 5H), 7.42 — 7.21 (m, 16H), 7.20 — 7.12 (m, 2H),
6.89 — 6.84 (m, 1H), 5.34 — 4.75 (m, 8H), 4.70 — 4.60 (m, 1H), 4.49 (dd, J = 10.0, 3.8 Hz, 1H), 3.90 — 3.64 (m, 1H), 3.28 — 3.10 (m,
3H), 2.95 (t, J = 12.9 Hz, 1H), 2.70 — 2.50 (m, 4H), 2.32 (id, J = 8.1, 4.2 Hz, 1H), 2.23 — 2.12 (m, 1H), 1.89 — 1.78 (m, 1H), 1.68 — 1.60
(m, 1H), 1.57 — 1.30 (m, 4H); **C NMR (126 MHz, CDCl3) & 177.5, 175.5, 173.6, 170.4, 158.9, 148.1, 147.8, 136.0, 134.9, 134.4, 134.0,
133.5, 133.2, 132.4, 132.3, 131.6, 131.5, 131.4, 129.0, 128.9, 128.8, 128.6, 128.54, 128.51, 128.47, 128.2, 128.1, 124.4, 123.8, 72.8,
69.0, 67.6, 61.4, 59.0, 45.2, 41.6, 32.1, 30.0, 29.7, 28.1, 26.9, 23.8; IR (neat) Vmax 2931, 1737, 1544, 1372, 1155, 755 cm™; HRMS
(ESI): [M-H] calculated for C49HsoNsO15S; : 1060.2598, found: 1060.2641; [a]7 — 14.2 (c 1.5, CHCI3); R =0.35 (DCM/MeOH = 10/1);
m.p. = 102-105 C.

Compound 15b

Oy _OH OsOH
OYOBn t OYOH
H TfOH, anisole.  PhSH, K,CO3 B B
HO. ., - ] HO.
,“S/\/\NNS P— OVF e Y\H/\/\NH
o BnO. % O HO.
os Ao B -
[¢] (0]
20b 15b

To a solution of diacid 20b (40 mg, 0.038 mmol, 1 eq) in DCM (3.8 mL) was added anisole (61 pL, 0.564 mmol, 15 eq) and
trifluoromethanesulfonic acid (33 pL, 0.380 mmol, 10 eq) at 0 'C. The reaction mixture was stirred at 0 C for 0.5 h, then warmed to
room temperature, and stirred for 2 h. The reaction was quenched with a solution of NaHCO3 (32 mg, 0.380 mmol, 10 eq) in water (5
mL) at 0 °C and stirred for an additional 0.5 h. The mixture was washed with DCM (10 mL x 3) and the water phase was concentrated
in vacuo and directly used for the next step without further purification. The crude mixture and K,COj3 (42 mg, 0.301 mmol, 8 eq) were
dissolved in dry DMF (2 mL) and to this solution was added thiophenol (77 uL, 0.752 mmol, 20 eq), and the reaction was stirred for 14
h at room temperature before water (10 mL) was added and washed with DCM (10 mL x 3). Then the water phase was concentrated
in vacuo. The resulting solid was purified by gel column to afford 15b (10 mg, 0.027 mmol, 72 %) as a white solid.

H NMR (400 MHz, D,0) 8 3.55 (t, J = 6.0 Hz, 1H), 3.36 — 3.21 (m, 3H), 3.11 — 2.88 (m, 3H), 2.40 — 2.17 (M, 2H), 2.12 — 1.81 (m, 6H),
1.76 — 1.63 (m, 2H), 1.53 — 1.34 (m, 2H); 3C NMR (201 MHz, D,0) d 182.1, 174.9, 62.6, 62.6, 62.3, 46.7, 39.0, 33.9, 30.0, 29.2, 28.6,
26.4, 21.4; IR (neat) Vmax 3381, 2945, 1577, 1399, 1033 cm™; HRMS (ESI): [M+H]* calculated for CisHzsN3Os : 378.1871, found:
378.1858;

[a]Z + 7.6 (c 0.65, H20); m.p.>330°C.

Compound 18c
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NHNS/ NHN N
s—N,
BnON + o~ NHBoe Na ascorbate _ B"O\n/'\/[ N
3 - N NHB
0 CuSOy, rt., 12h I ¢
s-2 s-3 96% 18c

To a mixture of S-2 (753 mg, 1.94 mmol, 1 eq) in THF (20 mL) and H,O (20 mL) was added S-3 (622 mg, 2.91 mmol, 1.5 eq),
CuS045H,0 (1.46 g, 5.82 mmol, 3 eq) and Na ascorbate (1.15 g, 5.82 mmol, 3 eq) at r.t.. After stirring for 2 h, THF was removed, and
the residue was diluted with EA (100 mL). The combined organic phases were washed with brine (20 mL x 2), dried with Na,SO,, and
evaporated under in vacuo. The residue was further purified by silica gel column chromatography (DCM/EA = 10/1) to afford the desired
product (1.12 g, 1.86 mmol, 96%) as colorless oil.

IH NMR (400 MHz, CDCls) 5 8.04 — 7.93 (m, 1H), 7.76 — 7.71 (m, 1H), 7.64 — 7.55 (m, 2H), 7.31 — 7.25(m, 3H), 7.17 — 7.13(m, 2H),
6.66 (d, J = 8.8 Hz, 1H), 4.96 — 4.88 (m, 2H), 4.70 — 4.62 (m, 1H), 4.57 (dt, J = 8.8, 5.6 Hz, 1H), 4.27 (t, J = 7.0 Hz, 2H), 3.34 — 3.26
(m, 2H), 3.13 - 3.08 (m, 2H), 1.93 — 1.75 (m, 2H), 1.45 - 1.35 (m, 11H);

13C NMR (101 MHz, CDCls3) & 169.9, 156.0, 147.4, 134.7, 134.1, 133.4, 132.7, 130.2, 128.5, 128.4, 125.4, 122.4, 79.1, 67.5, 56.1, 49.8,
39.6, 29.4, 28.3, 27.3, 26.9; IR (neat) Vmax 3332, 2927, 1743, 1699, 1540, 1364, 1165, 742 cm™; HRMS (ESI): [M+H]* calculated for
C27H3sNs0sS: 603.2232, found: 603.2225; [a]5' — 99.1 (¢ 1, CHCI3); Ry = 0.15 (PE/EA = 1/1).

Compound 19c

Ox_-OBn
PPhy,DEAD X
O8N THF,0°C A
NHNs @ E il N NNs i N
T N0H Nsgno N
NHBoc Ns rt., 2 h; 96% N NHBoc
o)

19¢

Same procedure as the synthesis of 5a to afford 19¢ as white solid, yield = 96%.

IH NMR (400 MHz, CDCls) & 8.06 (d, J = 7.7 Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.62 — 7.27 (m, 15H), 7.21 — 7.16 (m, 2H), 5.97 (d, J =
3.3 Hz, 1H), 5.53 (d, J = 3.4 Hz, 1H), 5.16 — 4.92 (m, 5H), 4.72 — 4.58 (m, 2H), 4.32 (t, J = 6.8 Hz, 3H), 3.76 — 3.58 (m, 1H), 3.54 —3.40
(m, 2H), 3.30 (dd, J = 15.8, 10.9 Hz, 1H), 3.11 — 3.07 (m, 2H), 2.62 — 2.50 (m, 2H), 2.30 — 2.14 (m, 3H), 1.95 - 1.81 (m, 3H), 1.39 (s,
11H); *C NMR (101 MHz, CDCl3) & 170.6, 169.6, 156.0, 148.4, 147.8, 142.8, 136.7, 134.9, 134.7, 134.2, 133.6, 133.3, 132.1, 131.8,
131.6, 131.5, 131.14, 131.05, 129.2, 128.59, 128.57, 128.53, 128.50, 128.5, 128.4, 123.8, 123.7, 122.4, 79.0, 67.8, 67.6, 66.2, 60.8,
57.6, 49.8, 45.2, 39.7, 33.6, 31.5, 29.1, 28.3, 27.4, 27.2, 26.9; IR (neat) Vmax 3417, 2928, 1739, 1706, 1543, 1370, 1163, 750 cm™;
HRMS (ESI): [M+H]* calculated for CagHs7NgO14S,: 1045.3430, found: 1045.3425; [a]3 — 13.8 (c 1, CHCIs); Rf = 0.30 (PE/EA = 1/2);
m.p. = 65-68 C.

Compound 20c
Oy _OH
OvOBI‘I
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. 0s0y, NalOy ones Reagen! Y
,N/\/\NNs N
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o
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Same procedures as the synthesis of 14a to afford 20c as a white solid, yield = 54% for 2 steps.

IH NMR (400 MHz, CD3CN) 8 8.13 (d, J = 7.9 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.76 — 7.68 (m, 1H), 7.68 —7.60 (m, 4H), 7.58 — 7.52
(m, 2H), 7.38 — 7.26 (m, 8H), 7.19 — 7.13 (m, 2H), 5.38 — 5.28 (m, 1H), 5.17 — 4.79 (m, 5H), 4.62 (dd, J = 9.8, 3.9 Hz, 1H), 4.52 — 4.42
(m, 1H), 4.31 (t, J = 6.8 Hz, 2H), 3.66 — 3.58 (m, 1H), 3.43 — 3.35 (m, 1H), 3.35 — 3.25 (m, 1H), 3.18 — 3.09 (m, 1H), 3.05 — 2.95 (m,
2H), 2.47 — 2.21 (m, 5H), 1.84 — 1.74 (m, 3H), 1.38 — 1.33 (m, 11H); **C NMR (101 MHz, CDsCN) & 174.5, 172.0, 171.5, 170.4, 157.3,
149.2, 148.7, 143.5, 136.1, 136.0, 135.7, 135.4, 133.2, 132.8, 132.1, 132.0, 131.6, 129.7, 129.63, 129.56, 129.5, 129.4, 129.3, 125.0,
124.9, 124.3, 79.4, 68.9, 68.3, 62.4, 59.4, 58.3, 50.7, 46.1, 40.3, 33.2, 31.4, 28.6, 28.0, 27.6, 27.4, 26.9; IR (neat) vmax 2925, 2852,
1731, 1544, 1370, 1261, 1165, 754 cm~; HRMS (ESI): [M+H]* calculated for CsgHs7NgO1sS2: 1109.3227, found: 1109.3195; [a]Z + 7.4
(c 1, CHCl3); m.p. = 112 - 115 C.

Compound 15c

O _OH
O._OH
0O _OB
Y OVOH
HO. . /\/\ N TfOH, anisole _ PhSH, K,CO3
”
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Same procedures as the synthesis of 2 to afford 15c as a white solid, yield = 78% for 2 steps.

1H NMR (400 MHz, D,0) & 7.85 (s, 1H), 4.45 (t, J = 6.5 Hz, 2H), 3.66 (t, J = 5.8 Hz, 1H), 3.38 (dd, J = 9.0, 4.1 Hz, 1H), 3.33 (, J= 5.9
Hz, 1H), 3.27 — 3.11 (m, 3H), 3.02 — 2.91 (m, 3H), 2.37 — 2.23 (m, 2H), 1.97 (dt, J = 15.5, 7.8 Hz, 6H), 1.59 (d, J = 7.6 Hz, 2H); 3C
NMR (126 MHz, D,O) & 181.9, 177.4, 176.8, 176.3, 143.0, 124.3, 62.9, 62.7, 62.6, 49.6, 46.2, 38.8, 33.9, 29.0, 28.5, 27.5, 26.4, 23.7;
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IR (neat) vmax 3411, 1554, 1397, 1102, 996, 829 cm™; HRMS (ESI): [M+H]* calculated for C1sHz1NeOg: 459.2198, found: 459.2198; [q]
2 +9.8 (c 0.5, H,0O); m.p. >330°C.

Et;N, H,0 Ox-OH
Os_ _OH r.t., overnight H
X 22%, 65%brsm s Oy °
—_—
N/\/\NH N, HO\H/\N/\/\NH N
,,N H ho | N
HO OH N NH. N
(¢]

15¢ 16

Compound 16

Scheme S6: Syntheses of the pseudopaline-fluorescein probe.

To a solution of 15¢ (5.6 mg, 12.3 pmol, 1 eq) in water (1 mL) was added EtsN (8.5 pL, 61.5 ymol, 5 eq) and S-4 (4.8 mg, 12.3 ymol,
1 eq) at r.t.. After stirring for overnight at r.t., The reaction mixture was subjected directly to prep-HPLC (20% acetonitrile in 0.02% HCI
in H,O for 3 min then a gradient of 20% — 90% acetonitrile in 0.02% HCI in H,O for 10 min) to afford the pure product 16 (2.3 mg, 2.71
umol, 22%) and the recovered 15c¢ (2 mg).

'H NMR (400 MHz, D,0) & 8.27 (s, 1H), 7.97 (s, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.62 (d, J = 9.8 Hz, 2H), 7.41 (d, J = 8.1 Hz, 1H), 7.35
(d, J=2.0 Hz, 2H), 7.17 (dd, J = 9.2, 2.0 Hz, 2H), 4.48 (t, J = 5.6 Hz, 2H), 4.36 (d, J = 5.7 Hz, 1H), 4.12 (t, J = 6.4 Hz, 1H), 4.08 (t, J =
6.4 Hz, 1H), 3.64 — 3.56 (m, 2H), 3.50 — 3.38 (m, 4H), 2.72 — 2.57 (m, 2H), 2.48 — 2.33 (m, 2H), 2.29 — 2.16 (m, 2H), 2.03 — 1.93 (m,
2H), 1.65 — 1.56 (m, 2H); *C NMR (239 MHz, D,O/ CDsCN) & 180.8, 176.2, 171.3, 170.8, 170.2, 168.7, 166.0, 156.7, 141.0, 140.7,
131.8, 129.8, 129.6, 128.5, 124.9, 117.3, 114.4, 102.9, 100.0, 62.8, 60.3, 60.0, 59.0, 50.3, 44.0, 29.9, 27.1, 26.6, 25.5, 25.2, 25.1; IR
(neat) vmax 3209, 2292, 2851, 1608, 1393, 1115 cm™; HRMS (ESI): [M+H]* calculated for C3gH4oN7013S: 846.2410, found: 846.2440;
[a]3' + 18.0 (c 0.05, H,O/ACN); m.p. > 330°C.
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[I) Comparison of the synthetic and natural Fmoc-pseudopaline

Table S1:

H NMR Comparison of the synthetic and natural Fmoc-pseudopaline

IH NMR of Fmoc—pseudopaline

Natural Fmoc—pseudopaline

Synthetic Fmoc—pseudopaline

7.92 (t, = 7.2, 3H)

7.92 (t, J = 7.2, 3H)

7.73(d, J=7.2, 2H)

7.72(d, J = 7.2, 2H)

7.49 (t, J = 7.2, 3H)

7.48 (t, J = 7.2, 3H)

7.41(t, J=7.2, 3H)

7.42 (t, J = 7.2, 3H)

7.20 (s, 1H)

7.20 (s, 1H)

4.94 (d, J = 5.2, 2H)

4.92 (d, J = 5.2, 2H)

450 (t, J=5.2, 1H)

4.49 (t, J = 5.2, 1H)

3.90 (t, J = 5.6, 1H)

3.90 (t, J = 5.6, 1H)

3.66-3.60 (m, 2H))

3.65-3.59 (m, 2H))

3.25(t, J = 7.2, 2H)

3.24 (t, J= 7.2, 2H)

3.10 (d, J = 5.2, 2H)

3.09 (d, J = 5.2, 2H)

2.46 (t, J = 7.2, 2H)

2.38 (t, J= 7.2, 2H)

2.32-2.24 (m, 2H)

2.30-2.21 (m, 2H)

2.15-2.09 (m, 2H)

2.10 —2.08 (m, 2H)

Table S2:

3C NMR Comparison of the synthetic and natural Fmoc-pseudopaline

13C NMR of Fmoc—pseudopaline

Natural Fmoc—pseudopaline Synthetic Fmoc—pseudopaline
180.2 180.3
173.2 173.2
172.2 172.2
172.0 172.0
149.0 149.0
143.1 143.1
141.0 141.0
138.0 138.0
136.2 136.2
128.2 128.2
127.5 127.5
125.0 125.0
120.2 120.2
115.6 115.6

69.4 69.4
62.8 62.8
61.6 61.6
59.9 59.8
46.4 46.4
43.5 43.5
32.7 32.8
27.4 27.4
26.8 26.8
26.4 26.5

Table S3:

o] Comparison of the synthetic and natural Fmoc-pseudopaline

Natural Fmoc—pseudopaline

Synthetic Fmoc—pseudopaline

[0

+15 (c 0.1, H,0)

+18 (¢ 0.1, H,0)
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IH NMR Comparison of synthetic and natural Fmoc-pseudopaline
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3C NMR Comparison of synthetic and natural Fmoc-pseudopaline
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HRMS Comparison of synthetic and natural Fmoc-pseudopaline
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IV) Biological Evaluations

(3 no metallophore

— —
< T

log, (ng/ODgq0)
o

@l 100 pM pseudopaline

-5 |-TI' |
Mn Cu

Ca
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Fig. S1 Pseudopaline had no influence on the uptake of Mn?*, Cu?*, Ca?* and Mg?* in P. aeruginosa. Intracellular manganese,
copper, magnesium or calcium contents of wild type P. aeruginosa grown in VBMM containing corresponding metal and 50 yM EDTA
and treated with or without 100 uM pseudopaline was measured by ICP-MS from three independent trials. Error bars, mean + SD.
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Fig. S2 Pseudopaline could not promote metal uptake in nutrient-rich LB medium (A) or in the VBMM medium containing the
corresponding metal but without EDTA (B). Intracellular zinc, cobalt, nickel or iron contents of wild type P. aeruginosa treated with or
without 100 uM pseudopaline was measured by ICP-MS from three independent trials. Error bars, mean * SD.
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PAO1/P-FL(16) AzrmA/P-FL(16) PAO1/FL

Fig. S3 Pseudopaline-fluorescein conjugate (P-FL 16) could be transported into P. aeruginosa. Fluorescence microscopy images
of PAO1 and AzrmA treated with pseudopaline-fluorescein (P-FL 16), and PAOL treated with fluorescein (FL) for 15 min. The top
pictures were taken at: ex. 493+20 nm/em. 51620 nm. The bottom pictures were taken by light microscopy (bright phase). Scale bar:
20 ym.

Bacterial strain, growth condition and strain construction

Unless indicated, P. aeruginosa and E. coli were grown at 37 °C in LB medium. Gentamycin was used at 10 ug/ml for E. coli, while
gentamycin was used at 30 pg/ml, and irgasan at 25 pg/ml for P. aeruginosa.

The pseudopaline receptor mutated strain AzrmA was constructed according to Battistoni’s paper.?2 An unmarked, nonpolar deletion
strategy was used. Simply, the upstream and downstream regions of zrmA were amplified by primers Up-F
(GCTCGGTACCCGGGGATCCGAAATGCAGCGGATCGAGC), Up-R (TAGTTCAGGGGGGAAATCGCACCAGAAAAG), and Dw-F
(GCGATTTCCCCCCTGAACTACTGAGCCCTC), Dw-R (GACGGCCAGTGCCAAGCTTGAAGCGATCAGGAAATGCGT), overlapped,
and ligated in plasmid pEX18Gm.2 The recombinant plasmid was transferred to PAO1 by mating, and a double-crossover recombinant
was isolated as previously described.® This generated strain AzrmA, in which 1-2113 bp were deleted.

Inductively coupled plasma mass spectrometry (ICP-MS)

The intracellular metal concentration was detected according to Battistoni's method with slight modification.? Overnight P. aeruginosa
culture was collected, washed with PBS twice, diluted in the VBMM medium containing 10 pM ZnSO4, a cocktail of transition metals in
trace amounts (0.1 yM FeSO,, NiSO,4, CoSO4, CuSO, and MnSO,) or 1 yM MgSO, and CaCl, and supplied with 50 yM EDTA. The
intracellular metal contents were detected with or without 100 uM pseudopaline or epi-pseudopaline. The intracellular metal contents
were also detected in LB medium with 50 uM EDTA or VBMM medium without EDTA. The effect of pseudopaline analog 15a, 15b, or
15c on metal uptake was detected in VBMM medium containing 10 uM ZnSO,4and 50 uM EDTA. After grown for 18 h at 37 °C, 10 mL
of bacterial cultures were collected, centrifuged at 8000 rpm for 5 min and then the pellet was washed with 10 mL of PBS with 1 mM
EDTA twice and 10 mL PBS once to remove excess metals. After the ODgoo Was measured, the cell pellet was dried overnight at 95 °C.
The metal contents were determined by re-suspending the dried pellet with 5 mL absolute HNO3, heated at 140 °C for 3 h and then
diluted with 15 mL water. The metal contents were analyzed by ICP-MS (PerkinElmer NexION™ 350x) operating in argon collision gas
mode to remove possible interferences. The intracellular metal concentration was normalized by ODego.

Fluorescence Microscopy

The uptake of pseudopaline-fluorescein 16 was detected according to Mislin’'s method with slight modification.* Overnight culture of
wild type P. aeruginosa PAO1 and pseudopaline receptor mutated AzrmA were collected, washed with PBS twice, re-suspended in
PBS, 100 fold diluted into VBMM medium, and grown at 37 °C for 6 h with shaking. The pseudopaline-fluorescein 16 and fluorescein
(5-Carboxyfluorescein) were first incubated with zinc at a ratio of 1: 1 for 15 min at room temperature before addition to the cells. The
zinc complexes of the pseudopaline-fluorescence 16 or fluorescence molecule were then added to 1 mL aliquots of bacterial culture to
obtain a 10 pM final concentration. The mixtures were then incubated at 37 °C for 15 min. Cells were pelleted, washed with PBS for
five times, re-suspended in PBS and then the fluorescence intensity of the bacteria was detected using Infinite F200 PRO Reader

24



(TECAN) (ex. 485 nm; em. 535 nm). And the images of fluorescence microscopy were acquired on a Leica TCS SP8x with 100x oil
immersion lens using the following filter set: ex. 493+20 nm and em. 51620 nm.
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V) Chelation Experiments

The Metal-Chelation experiments were established referring to P. Arnoux and co-workers’ work® and our previous work®. Fe(lll)
has a poor affinity for staphylopine at neutral pH reported in the same work?, so we just tested the affinity of Cu(Il), Co(ll), Ni(ll), Zn(1l),
Mn(ll) and Fe(ll). And the same mass-response pattern was observed in ESI-MS tests which suggested the metal(ll)-chelators were
maintained in the whole processes, and no oxidation reaction was observed by ESI-MS, especially for Fe(ll).

We also tested the ion intensity of apo-ligands and holo-ligands to establish maximize ion intensities prior to doing the competition
and found they shared the similar ion intensity (always the level from 108 to 10°) by ESI-MS under the conditions we had screened.
Only the [M+H]* ions were collected to estimate the pKq values.

1) Stability constant test

The lon intensities (measured by MS) of different metal-ligand complexes have strongly positive correlation to the concentrations
of chelation complexes, which allows us to using ESI-MS to estimate the pKy value of Pseudopaline-metal complexes by pKq values of
staphylopine complexes.! Stability constants for Pseudopaline-metal complexes were estimated by metal competition experiments with
staphylopine by using ESI-MS. A mixture of Pseudopaline (Pseudopaline, epi-Pseudopaline, Pseudopaline analog 15c) (100 uyM,
presented as Cpseuy=100 M), staphylopine (100 uM, presented as C(sta=100 yM) and limited level of metal (80 uM, each metal was
tested in a different experiment, presented as C,=80 uM) to create competition and the different lon intensity ratios (presented as Rx)
were observed by ESI-MS between metal complexes. The equations between equilibrium concentration of different species (presented
as [X]) and dissociation constants of ligand — metal complex (presented as Kg g.x)) were established to estimate the Ky of Pseu. The
equations were listed here:

Dissociation reactions in the mixture of different metal complexes:
M-PSEU =M + PSEU
M-STA =M + STA
Equations between C, and [X]:
Cuw = [M-STA] + [M- PSEU] + [M]
"2 [M-STA] + [M- PSEU]
Cerseu) = [M- PSEU] + [PSEU]
Cista) = [M- STA] + [STA]

Equations between [X] and Kq (w-x):

Ry = [M-STA]
X~ M- PSEU]+[M—STA]

[M-STAJ=C(M) "Ry, [M-PSEU]=C(M)—[M-STA]

[STA]=C(sta—[M-STA], [PSEU]=C pseuy—[M-PSEU]

_ [PSEUI[M] _ [STAIM]
Kd (v-pseuy = [M_PSEU Kd (v-sTa) = IMSTA]
_ [PSEU][M-STA]
Kd - pseu) = {PSEU—MI[STA] Kd M- sta)

When pseudopaline was replaced by other analogues, the equations still exist.
General Procedures:

A water solution of Metal salts (Immol/L, 80 yL) was added to a mixture of Pseu solution (100 yL, 1mmol/L), Sta solution (100 pL,
1mmol/L) and then diluted with 720 yL water. The obtained solution was allowed to shake for half an hour at room temperature to get
a full chelation to get Pseudopaline-Metal complex and Sta-Metal complex. Then 200 uL of the solution was diluted by 200 uL methanol
and 4 pL formic acid, and the mixture was directly injected to the mass spectrum to observe the different lon intensity ratios of Pseu-
Metal complex and Sta-Metal complexes. Each sample was measured for two times.
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Results:

Table S4: lon intensity Data for Pseu-M(Il) complexes and Sta-M(Il) complexes.

Metal
Cu2+
Ni2+
COZ+
Zn2+
Fe2+
Mn2+

I: lon intensity

Table S5: pKq values of Pseudopaline-metal complexes.

Metal

Cu2+

Ni2+

C02+

Zn2+

Fe?

Mn2+

l1(sta-m)
1.11x10%°
3.88x10°
1.80x10°

9.9x108
2.64x108

8.82x108

Raver
0.342
0.435
0.204
0.257
0.197

0.128

l1(PsEU -M)
1.91x10%°
4.82x10°
7.21x10°
2.76x10°
1.15%x10°

5.90x10°

PKad (sta)
19.0
16.4
15.1
15.0
12.3

9.1
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I2(sta-m)
5.56x10°
3.63x10°
1.39x10°
5.85x108
2.62x108

5.10x108

Ka (psev)
3.72x10%°
2.58x1017
8.89x10Y7
1.77x1016
7.24x1014

3.94x101!

l2(psEU-M)
1.07x10%°
4.93x10°
5.24x10°
1.75x10°
1.13x10°

3.52x10°

pPKaq (pseu)
19.42
16.59
15.1
15.75
13.14

10.40



Table S6: lon intensity Data for epi-Pseudopaline-M(ll) and Sta-M(Il) complexes.

Metal
Cu2+
Ni2+
COZ+
Zn2+
FeZ+
Mn2+

I: lon intensity

Table S7: pKq values of epi-Pseudopaline-metal complexes.

Metal

Cu2+

Ni2+

C02+

Zn2+

Fe*

Mn2+

l1(sta-m)
1.36x10°
3.41x10°
8.24x108
3.91x108
4.84x108

1.37x10°

Raver
0.299
0.422
0.566
0.589
0.306

0.419

11(epi-Pseu -M)
3.26x10°
4.64x10°
6.45x108
2.78x10°
1.09x10°

1.85x10°

PKa (sta)
19.0
16.4
15.1
15.0
12.3

9.1
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I2(sta-m)
1.91x10°
2.66x10°
8.06x108
6.15x108
3.75x108

6.91x108

Kad (epi-pseu)
2.47x102%°
2.36x10%7
1.24x101°
1.82x101°
1.30x101®

4.60x101°

I2(epi-Pseu-M)
4.36x10°
3.66x10°
6.04x108
4.20x10°
8.60x108

9.87x108

PKad (epi-Pseu)
19.60
16.62
14.90
14.73
12.89

9.34



Table S8: lon intensity Data for 15c-M(ll) complexes and Sta-M(ll) complexes.

Metal
Cu2+
Ni2+
COZ+
Zn2+
FeZ+
Mn2+

I: lon intensity

Table S9: pKy values of Pseudopaline-15c-metal complexes.

Metal

Cu2+

Ni2+

C02+

Zn2+

Fe*

Mn2+

l1(sta-m)
1.20x10%°
3.43x10°
1.31x10°
9.08x108
7.73x108

7.02x108

Raver

0.410
0.300
0.297
0.410
0.193

0.243

l1(8c -m)
1.58x10%°
7.77x10°
3.14x10°
1.80x10°
3.22x10°

2.15x10°

PKa (sta)
19.0
16.4
15.1
15.0
12.3

9.1
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I2(sta-m)
4.62x10°
4.77x10°
5.28x108
5.85x108
4.58x108

2.58x108

Ka (Psev)
5.46x102°
9.9x1018
1.93x1016
3.34x10°16
5.01x1014

1.98x101%°

I2(18c-m)
7.28x10°
1.15x10%
1.23x10°
1.75x10°
1.93x10°

8.50x10°8

PK4 (pseu)
19.26
17.01
15.72
15.47
13.30

9.70
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Scope of the Tsuji-Trost Reaction
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600.0 602.5 605.0 6075 610.0 6125 615.0 6175 620.0 miz
Meas. miz_# lon Formula Score miz__err [ppm] Mean err [ppm] mSigma rdb e~ Conf _N-Rule
C30H33N4010 10000 609219120 02 -35 1729 170 even ok

600219247 1
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[M-H]

Imj%ﬁé FTMS-18040233_Neg_20180425_000001.d: -MS]
X
607.20466
08 0. _-CH
i OQ\E,OH
HO X
06 N "NH J NFmoc
H 7
o HO
N
o] 608.20950
04 natural Fmoc-pseudopaline
0.2 |
610.20156
609.21325 |
503.5‘19515 | fr,"
00 . 7 r ! L T o gt iy T T
604 605 606 607 608 609 610 611 612 miz
Meas. m/z # lon Formula Score m/z_err [ppm] Mean err [ppm] mSigma rdb e Conf N-Rule
607.204664 1 C30H31N4O10 100.00 607.204567 02 -16 740 170 even ok
IntenEQ.: FTMS-18040234_Neg_20180425_000002.d: -M5{
*107]
4 607.20453
1.504
1.25
] Oj\_;OH
] Oy OH
1.00] Y
] - - 608.20896
] HO. N7 ~""NH J NFmoc
] H P
N HOWK,EN
b o]
0_50: synthetic Fmoc-pseudopaline
025
] 609.21365
00l 4 : : : B G W : 4 : —
i 604 606 608 610 612 614 miz
Meas.miz_# lon Formula Score miz_err [ppm]_Mean err [ppm] _mSigma _rdb _e” Coni _N-Rule
607.204588 1 C30H3TN4010 100.00 607.204567 -0.0 22 1220 170 even ok
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'H and *C NMR spectra of analogs 15a, 15b, and 15c¢
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400 MHz,298.0 K
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VII) HRMS Data for Chelation Experiments

1) Pseudopaline-Metal complexes and Staphylophine complexes

['\/H‘H]+ of [M-Sta] was calculated as C13H19N4OM
[M+H]* of [M-Pseu] was calculated as CisH21N;,OsM
1.1 Pseudopaline-Cu Complexes and Staphylophine-Cu Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080006_FPos_20180809_000003.d Acquisition Date 8/9/2018 4:19:31 PM
Sample \Wss-0495-Cu Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
'l"‘éf'sg FTMS-180B0006_Pos_20150809_000003 d: +hig]
o 38715050
5
4
3
2 448 06482
390.05936
@
! 30915100
409.13302
369.14040 470.04719
35113039 |,,, 3715490 } ‘ 42510887 44006271 | 486.02108
1] Yo— L TR L il i Loy Wiair} i L L.
340 360 320 400 420 440 460 420 5000 miz
Meas. miz_# lon Formula Score miz_err rdb e Conf_N-Rule |
380058360 1 C13H18CuN406 100.00 390.058508 04 65 odd ok 1110588144
448064816 1 C15HZ1CuN40D8 10000 443 064988 04 75 odd ok 1915392128
Peking University Mass Spectrometry Sample Analysis Report
Analysis Info
Analysis Name FTMS-18080006_Fos_20180809_000004.d Acquisition Date 8/9/2018 4:19:43 PM
Sample Wss-0495-Cu Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Mer?g FTMS-L8080006_Pos_20180809_000004.d: +M3]
1
20 387.15031
25
20
15
44806470
o 340.05823
05 | 39915086
369.14033 409.13295 47004718
34114549 { J I I ‘ 425106855 44006283 H | 43602118
0.0 n " L 4 L Loy 1 Al Il
340 360 380 400 420 440 460 480 500 miz
Meas. m/'z_# lon Formula Score miz_err rdb e~ Conf N-Rule |
380.059230 1 C13H19CuN4O6 100.00 390.059508 0.7 65 odd ok 556110336
448084699 1 C15HZ1CuN4D8 10000 448 064988 06 75 odd ok 1071163008
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1.2 Pseudopaline-Ni Complexes and Staphylophine-Ni Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080009_Fos_20180809_000002.d Acguisition Date 8/9/2018 4:43:11 PM
Sample Wwss-0495-Ni Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
'm’?a FTMS-1B080009_Pos_20180809_000002.d: +Ms{
# 38715049
5
4
3
2
1 38506503
® 43 BF068
5605 351104 E) T(m ‘I 399.;5101 | 25 1065 | ‘
L
340 360 380 400 420 440 480 480 500 miz
Meas. miz_# lon Foermula Score miz_err rdb_&” Conf N-Rule 1
385065032 1 C13H1SN4NiO& 10000 385065254 06 70 even ok 388434112
443070675 1 C15HZ1N4NIOB  100.00 443070733 0.1 80 even ok 482600544
Peking University Mass Spectrometry Sample Analysis Report
Analysis Info

Analysis Name

FTMS-18080009_Fos_20180809_000001.d

Acquisition Date

8/9/2018 4:43:00 PM

Sample wss-0495-Ni Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
\me?g FTMS-180B0009_Pos_20150809_0D000L d: +Mg
1
5 387.15066
4
¥
2
1 385.06513
443 57069
5
389.14035 39915105
. 3355[7412 35113042 ( ‘ } 425 10591 I 465.05282
L L n L
340 360 380 400 420 440 460 480 500 miz
Meas. m/z_# _lon Formula Score miz__err rdb_e” Conf N-Rule
385085129 1 CI13H19N4NIO6 10000 385065254 03 70 even ok 363059936
443070691 1 C1SHZIN4NIO8 10000 443070733 01 80 even ok 493273888
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1.3 Pseudopaline-Co Complexes and Staphylophine-Co Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080008_Pos_20180809_000002.d

Acquisition Date

8/9/2018 4:3722 PM

Sample Wss-0495-Co Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Inﬂ.erBsg FTMS-180B0008_Pos_20180803_000C0Z d: +M3]
1
38715051
8
6
4
2
386.06806
33797194 39915100
369.14036 409.13298 4 geses
35113040 L @ 425.10596 X
340 360 380 400 420 440 460 480 500 miz
Meas.miz_# lon Formula Score miz_err rdb_e” Conf N-Rule I
386.063058 1 C13H1%CoN406 100.00 386 063108 1 70 even - 179817424
444068649 1 C15H21CoN4O8 100.00 444068585 01 80 even - 721422208

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080008_Pos_20180809_000001.d

Acquisition Date

8/9/2018 4:37:09 PM

Sample w5s-0495-Co Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Imea?é FTMIS-180B0008_Pos_20180803_00000L d: +Mg
x1
387.15062
5
4
3
2
19 33783721 386.06310
399.15107 44406865
369.14038
34400572 ¥ 425.10697
0 Ly it l, 1
340 360 380 400 420 440 460 480 500 miz
Meas.m'z_# lon Formula Score miz_err rdb_e” Conf_N-Rule !
386.063096 1 C13H19CoN40& 10000 386083106 00 70 even - 138679552
444068682 1 C15H21CoN4O8  100.00 444.068585 0.2 80 even - 523823584
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1.4 Pseudopaline-Zn Complexes and Staphylophine-Zn Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Mame

FTMS-18080007_Pos_20180808_000002.d

Acquisition Date

8/9/2018 431:38 PM

Sample wss-0495-Zn Insfrument Bruker Solarix XR FTMS
Comment Operator Peking University
\m?g FTMS-18080007_Pos_20180803_000002.d: +Mg]
x1
337.15087
5
4
¥
2
1
39105925
369.14038 409.13308
342.56805 400{15420 425.10702 4996461 48504159
o AT L o420 | I . rih
340 360 380 400 420 440 460 430 500 miz
Meas. miz_# lon Formula Score mz m] rdb e~ Conf N-Rule I
391.059253 1 C13H19MN406Zn  100.00 391.058053 05 7.0 even ok 58516136
449064608 1 C15H21N408Zn 100.00 449.064532 02 8.0 even ok 175408086

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name

FTMS-18080007_Pos_20180809_000001.d

Acquisition Date

8/9/2018 4:31:27 PM

Sample wss-0495-Zn Insfrument Bruker Solarix XR FTMS
Comment Operator Peking University
IMestg_ FTMS-18080007_Pos_20180808_D00C01.d: +Ms]
®1
387.15068
6
4
2
1.05813
39915109
369.14039 | 409.13304
34296802 _ 42510658 44395457
AT o . i i
340 360 380 400 420 440 480 430 500 miz
Meas. miz_# lon Formula Score miz m] rdb e~ Conf N-Rule I
391059193 1 C13H19M406Zn 100.00 2391.059053 04 7.0 even ok 99059112
449064573 1 C15H21M408Zn 100.00 449.064532 01 80 even ok 276485280
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1.5 Pseudopaline-Fe Complexes and Staphylophine-Fe Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name
Sample
Comment

Intens.

FTMS-18080087_Pos_20180820_000002.d
wss-0496-5P-Fe

Acquisition Date
Instrument
Operator

8/20/2018 2:21:44 PM
Bruker Solarix XR FTMS
Peking University

x108

1.50-

0.50-

0.00--L

369.14047

387.15099

38306500 ‘
i .

399.15107 409.13301

[

FTMS-18080087_Pos_20180820_000002 d: +M3|

44107058
42509795
1 . |

47110534
L

360

Meas. m/z_#
383.085003
441.070591

lon Formula

1 C13H19FeN40B
1 C15H21FeN40B

380

Score: mz
100.00 283.064848
100.00  441.070328

400

m] rdb_e” Conf N-Rule

04 70 even
06 80 even

420 440 460 miz

]
ok 26370426
ok 114791312

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080087_Pos_20180820_000001.d Acquisition Date 8/20/2018 2:21:34 FM
Sample wss-0496-SP-Fe Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
II'MhDsg FTMS-180B0087_Pos_20180820_000001.d: +MS]
xl
387.15099
125
1.00
0.75
0.50
0.25
365.14046 39905108 400 iaan 44107056
393.02862 425.08737
383.06501 1 449.06459 47110521
0,004 - i " " ol ) L L
360 400 420 440 450 miz
Meas. m/z_# lon Formula Score miz_err [ppm] _rdb e Conf_N-Rule ]
383.065012 1 C13H1SFeN40E 100.00 383.064848 04 70 even ok 26169726
441070558 1 C15H21FeN408 100.00 441.070328 05 80 even

ok 112785584
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1.6 Pseudopaline-Mn Complexes and Staphylophine-Mn Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name

FTMS-18080010_Pos_20180809_000002.d

Acquisition Date

8/9/2018 4:48:08 PM

Sample wss-0495-Mn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
‘me?g FTMS-18080010_Pos_20180809_00D000Z d: +M9]
xl
387.15055
&
&
4
2
3820679
39915103
369.14037 409.13303 44007386
{ 340.01453 35113047 @ | 425.10653 I
i I k3 A 1 I
0 360 380 400 420 440 460 480 500 miz
Meas. m'z_# lon Formula Score miz_err rdb e Conf N-Rule I
382.06/960 1 C13H19MnN40G 100.00 382067956 -00 7.0 even - BB226352
440073660 1 C15HZ1MnN408 10000 440073435 -05 80 even - 590819776

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name

FTMS-18080010_Pos_20180809_000001.d

Acquisition Date

8/9/2018 4.47 57 PM

Sample wss-0495-Mn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
|I"‘tﬂ';'9g FTMS-18080010_Pos_20130809_000001 d: +h45]
®1
387.15061
4
3
2
1
38206754 399.15110
35014038 44047365
340.01456 351 13058 @ | 425 10659
oLl | ol
340 360 380 400 420 440 460 420 500 miz
Meas. miz_# lon Formula Score miz_err rdb €~ Conf N-Rule 1
382067988 1 C13H1SMnN40O& 10000 382067956 <01 70 even - 50385168
440073647 1 CISHZ1MNMN4OE  100.00 440073435 0.5 8.0 even - 352160512
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2) Pseudopaline-Metal complexes and Staphylophine complexes

[M+H]* of [M-Sta] was calculated as C13H19N4sOsM

[M+H]* of [M-epi-Pseu] was calculated as C15H21N4OsM

2.1 epi-Pseudopaline-Cu Complexes and Staphylophine-Cu Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080066_Pos_20180820_000001 d Acquisition Date 8/20/2018 11:07:51 AM
Sample \Wss-0496-8E-Cu Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
\Met?é FTMS-18080065_Pos_20180820_000001.d: +M3]
®1
443 DESOA
3
386 98886
2
39005948
1
411.05680 42205925
38205663 41422531
l I. i l 40403888 | J szoraze 43723817 43494951 l 45712995
daly ul |11 1 T by u TN i, auly | I\ ddy Lywgaya 0y
380 380 400 410 420 430 440 450 480 miz
Meas. miz_# lon Fermula Score miz_err rdb_e” Conf N-Rule I
390.059482 1 C13H19CUN4O& 100.00 390.059508 01 B5 odd ok 135590480
448065039 1 C1SH21CuN408 10000 443084988 01 75 odd ok 328262176

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080066_Pos_20180820_000002.d Acquisition Date 8/20/2018 11:08:29 AM
Sample wss-0496-SE-Cu Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Im‘?& FTMS-1B0B006E_Pos_20150820_D0000Z d: +Ms|
®1
248 86527
4
s 387.09105
2 35085967
41105700
1
404.03920 41422563 437.23866
o 39824148 43313365 460.07403
380 390 400 410 420 430 440 450 460 miz
Meas. m/z_# lon Formula Score miz_err rdb_e” Conf_ N-Rule I
390.0596/3 1 C13H1SCuN40G 100.00 390.058508 0.4 65 odd ok 191046624

448.065266 1 C15H21CuN40B 100.00 443 064988 08 75 odd

ok 435927424
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2.2 epi-Pseudopaline-Ni Complexes and Staphylophine-Ni Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name

FTMS-18080069_Fos_20180820_000002.d Acquisition Date 8/20/2018 11:28:09 AM

Sample \Wss-0496-SE-Ni Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Imet;es FTMS-18080069_Pos_20180820_00000Z.d: +M3|
x1
44397079
4
3850652
3
41931573
39128435
2
413.26629
1 409.13308
37915501 403.30553
l 39826150 ‘ ] 42528755
244 43333143
NI P Y | 1 ]i. L, Ll \l L i. Al ]“ dobadopa AL Ll L
380 380 400 410 420 430 440 450 miz
Meas. miz_# lon Form Score miz_err rdb e~ Conf N-Rule 1
385065284 1 CI3HISMN4NIOS 100.00 385.065254 01 7.0 even ok 341180128
443070794 1 CISHZ1M4NIOS 100,00 443.070733 0.1 80 even ok 464360320

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name

FTMS-18080069_Pos_20180820_000001.d

Acquisition Date 8/20/2018 11:28:00 AM

Sample wss-0496-SE-Ni Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
'Mef::s FTMS-16080062_Pas_20180820_000001 d: +Md]
®1
443 87076
3
38506525
41931564
2 391.28431
1 4
17915497 13.26624
403.30549  409.13303
42528747
39824143 43333134
oLl | T IT Llby 1 d L . ae Jd LI
380 390 400 410 420 430 440 430 miz
Meas. miz_# lon Formula Score miz_err rdb_e” Conf N-Rule 1
385065250 1 CI3HISM4NIO6 10000 385.065254 0.0 70D even ok 266114688
443070758 1 CISHZ1M4NIO8 10000 443070733 <01 80 even ok 365610880
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2.3 epi-Pseudopaline-Zn Complexes and Staphylophine-Zn Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name

FTMS-18080067_Pos_20180820_000001.d

Acquisition Date

8/20/2018 11:14:14 AM

Sample wss-0496-SE-Zn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Im#rase FTM5-1B0B00G7_Pos_20180820_00000L.d: +1i3
1
40330545 419.31566
5
39128428
4
387.15097
42528752
3
2
413.26622
! ke ol 299.17247 40913306 e
4 | 3T 43333136
| I l J | J | Hagedsi 48727151
oLl Iy pa W b ) Lo by, N I J
380 400 410 420 430 440 450 460 miz
Meas. m/z_# lon Formula Score m'z m] rdb_ e  Conf_N-Rule I
391.059137 1 C13H1SN406Zn 100.00 391.058053 02 7.0 even ok 39112548
449064512 1 C15H21N408Zn  100.00 449064532 00 80 even ok 27795290

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080067_Pos_20180820_000002.d Acquisition Date 8/20/2018 11:14:40 AM
Sample wss-0496-SE-Zn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
In’lel;sg FTWIS-180B0067_Pos_20180820_00000Z d: +Mg]
«1
41%.31570
0.8 391.28425 403.30548
387.15096
06
42525756
0.4
41326628
02 44129776
Rl 40913312
l p 299.17250 | I 43333150 PR
. el iR ] AR PPPEEN T | DU SR
390 400 410 420 430 440 450 miz
Meas. miz_# lon Formula Score. miz_err [ppm] _rdb e~ Conf N-Rule I
391059169 1 C13H19N406Zn 10000 381.058053 03 70 even ok 61467232
449064593 1 C15H21N408Zn  100.00 449064532 0.1 8.0 even ok 42003280
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2.4 epi-Pseudopaline-Co Complexes and Staphylophine-Co Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080068_Pos_20180820_000002.d Acquisition Date 8/20/2018 11:22.35 AM
Sample w5s-0496-SE-Co Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
'l"‘ﬁ?a FTMS-1B0B0068_Pos_20180820_0D000Z d: +M3]
®1
38715103
4
3 41931573
39128434
2
38506420 41326629
7815459 40913310
1 40330558
425.28757 444, 06594
39824151 43333143 44809435
A N NPT N an Jlnu.l L |LL1\| Loi lll Ilu]tl PN Y T Jlll Al o
380 390 400 410 120 430 440 450 miz
Meas. m/z_# lon Formula Score miz_err rdb e~ Conf N-Rule I
386.063195 1 C13H19CoN40& 100.00 386.063106 02 70 even - 82440144
444068936 1 C15H21CoN40OE 10000 444 068585 -08 80 even - 64471776

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name

FTMS-18080068_Pos_20180820_000001.d

Acquisition Date 8/20/2018 11:22:24 AM

Sample wss-0496-SE-Co Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
'Mef:e_ FTMS-18080065_Pos_20180620_000001 d: +Ms]
1
387.15103
4
419.31566
3 391.28431
2
41326626
386.06815
403.30551
1 379.15438 409.13304
®
42528751 444.06888
l “L 198 28148 i L 43333136 P
oldy e e ML N Lllidiy, ‘ TS L1 ST e 1T P v
380 390 400 410 420 430 440 450 miz
Meas. miz_# lon Formula Score miz_err rdb e Conf N-Rule
386063146 1 C13H19CoN406 100.00 386.063106 0.1 7.0 even - 80554424
444068881 1 C15H21CoMN4D8 100.00 444 068585 07 80 even - 80373152
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2.5 epi-Pseudopaline-Fe Complexes and Staphylophine-Fe Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080088_Pos_20180820_000002.d Acquisition Date 8/20/2018 2:28:36 FM
Sample wss-0496-SE-Fe Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Mef::a FTMS-18080083_Pos_20130820_000002.d: +Mg]
®1
387.15101
8
6
4
2 409.13300
44107063
38308492
J.W =1 122‘" 92042 spsomnL | 413.06158 42510712 43111495 I I Al
0 n n 1 T P I sl i
380 390 400 410 420 430 440 450 miz
Meas.m'z_# lon Formula Score. miz_err [ppm] rdb e~ Conf N-Rule !
383064923 1 C13H19FeN406 10000 383064848 02 70 even ok 48432136
441070682 1 C15HZ1FeMN4O8 100.00 441.070328 D& B0 even ok 108706456

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080088_Fos_20180820_000001.d Acquisition Date 8/20/2018 2:28:25 FM
Sample ws5s-0496-SE-Fe Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Im?& FTMS-15080085_Pos_20180820_000C01 d: +M3|
x1
387.15102
6
4
2
409.13299
44157063
383 96491
BB o ona0 aga03899 41904163 42510714 93111495 l 44903438
ol i " 1 L Il w re 1 ildy 1y
380 390 400 410 420 430 440 450 miz
Meas. miz_# lon Formula Score miz_err [ppm] rdb e  Conf N-Rule I
383064907 1 C13H19FeMNd406 100.00 383.064848 02 7.0 even ok 37434300
41070632 1 C15H21FeM408 100.00 441.070328 -0.7 80 even ok 86002280
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2.6

epi-Pseudopaline-Mn Complexes and Staphylophine-Mn Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name

FTMS-18080070_Pos_20180820_000002.d

Acquisition Date

8/20/2018 11:34:12 AM

Sample \Wss-0496-SE-Mn Instrument Bruker Solarix XR FTMS
Comment QOperator Peking University
Intet?g FTMS-18080070_Pos_20180820_000002.d: +Ms|
®1
387.15103
125
1.00
075
0.50
391.12246
412.31570
025 409.13307
: 41326628 44007365
b 40330852
39824150 ]J J 43111503 J 44909501
a.00Led o lhe dgd | ol a by i 1 [ Lyl P 1) 1
380 380 400 410 420 430 440 450 miz
Meas. miz_# lon Formula Score miz_err rdb e~ Conf _N-Rule 1
382068028 1 C13H19MnN4O& 10000 382067956 -02 70 even - 136608752
440073650 1 CISHZIMAN4OS  100.00 440073435 -0.5 8.0 even - 184520368

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name

FTMS-18080070_Fos_20180820_000001.d

Acquisition Date 8/20/2018 11:33:58 AM

Sample wss-0496-SE-Mn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
IMHEG FTMS-180B0070_Pos_20180820_000001 d: +Ms3]
®1
387.15103
6
4
2 39112244 41931565
409.13305
413.26625 44007362
382.06801 40330547
I BT sraress 45016205
N I T T P 1T IR A PO T P J,] PO AT IILLI.L P
380 390 400 410 420 430 450 miz
as. m/z_# lon Formula Score miz_emr rdb e Conf N-Rule 1
382.068013 1 C13H19MnN406 100.00 382067956 <01 7.0 even - 69142664
440073618 1 C15H21MnN408 10000 440073435 -04 80 even - 98724816
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3)

15c-Metal complexes and Staphylophine complexes

[M+H]* of [M-Sta] was calculated as C13H19N,OsM

[M+H]* of [M-Pseu-linker] was calculated as C;5H21N,OsM

3.1 15c-Cu Complexes and Staphylophine-Cu Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name: FTMS-18080071_Pos_20180820_000002.d Acquisition Date 8/20/2018 11:42:10 AM
Sample Wss-0496-S2-Cu Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intenosg_ FTMS- 1808007 1_Pos_20180820_00000Z d: +Ms]
x1
459.21995
52043392
15
39005954
10
44120931
0.5
4831578 48120211 54211600
379.15503 h.l | 47110545 497.16705 S57.48751
loap e T m TR Y I T ln e Ly " i (Y} " U Y SRR | MR
350 375 400 425 450 475 500 525 550 miz
Meas. miz_# lon Formula Score miz_err rdb_e Conf N-Rule |
380.059537 1 C13H19CUNA06 100.00 390.058508 0.1 65 odd ok 1202426368
520133933 1 C18H29CuNE08 100.00 520133736 04 75 odd ok 1584576898

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080071_Pos_20180820_000001.d Acquisition Date 8/20/2018 11:41:58 AM
Sample Wwss-0496-SZ-Cu Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
II"‘MB% FTWIS-18080071_Pos_20180820_000C0L d: +Ms]
A 8 459.21980
52043388
6
39085952
4
44120926
2.
419.31569
412.04153 481.20200 54211566
359.08690 l 47110835 497.16696 557.18748
o e gl ™ g L " s bl Laial | ™
350 375 400 425 450 475 500 525 550 miz
Meas. miz_# lon Formula Score miz_err rdb e Conf N-Rule I
3890059518 1 C13H19CuN406 100.00 380058508 00 65 odd ok 461976064
520.133877 1 C18H29CUNGO8 100.00 520.133736 03 75 odd ok 727656832
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3.2 15c-Ni Complexes and Staphylophine-Ni Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080074_Pos_20180820_000002.d Acquisition Date 812012018 11:54:18 AM
Sample wss-0496-SZ-Ni Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
'f“tf'usg FTMS-18080074_Pos_20180820_000002 d: +M3]|
®1
45921992
125
1.00;
51543963
0.75;
0.50: 441.20529
38596528
0.25;
l v oarss 1931578 48120207 537.12181
497.16710
0.00.L TN P O ¥ bakveiadallll | AR e U il RN
360 380 400 420 440 460 480 500 520 240 miz
Meas. miz_# lon Formula Score miz_err rdb_e” Conf N-Rule 1
385065276 1 C13H19M4NiO6 10000 385085254 -01 70 even ok 343434368
515139633 1 CI18H2ZINGNIOB 100.00 515138481 0.3 80 even ok 777142208

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080074_Fos_20180820_000001.d Acquisition Date 8/20/2018 11:54:06 AM
Sample ws5-0496-SZ-Ni Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Im?g FTMS-18080074_Pos_20180820_000001.d. +Md]
x1
45521969
15
515 43962
1.0
441.20926
05 38506525
41331568 481.20197 537.12173
407.04726 497.16701
0.0
360 380 400 420 440 450 480 500 520 540 miz
Meas. m/z_# lon Formula Score miz_err rdb_e” Conf N-Rule I
385.065255 1 C13HISN4MIO& 10000 385065254 -0.0 70 even ok 477076704
515139624 1 C18HZ9NGMNIO8 100.00 515138481 03 8.0 even ok 1150678272
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3.3 15c-Zn Complexes and Staphylophine-Zn Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080076_Pos_20180820_000002.d Acquisition Date 8/20/2018 12:06:41 PM
Sample wss-0496-8Z-Zn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Im?s FTMS-1B0B0076_Pos_20180820_000002 d: +M]|
x1
43921923
3
2
44130923
1
48120209 2
379.15500 391.:%5915 41931580 | 497.16705 saLgpst
o e LT ] I R " I
360 380 400 420 440 460 480 500 520 540
Meas. m/z_# lon Formula Score m/z_err [ppm] rdb e Conf N-Rule I
391.059154 1 C13H19N406Zn 100.00 391.058053 03 7.0 even ok 90750464
521.133743 1 C18H28NG08Zn 100.00 521.133281 09 80 even ok 179796496
Peking University Mass Spectrometry Sample Analysis Report
Analysis Info
Analysis Name FTMS-18080076_Pos_20180820_000001.d Acquisition Date 8/20/2018 12:06:28 PM
Sample Wwss-0496-S7-Zn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
ImetBsg FTMS-18080076_Pos_20150620_000CO1 d: +Mi5]
X
1 459.21583
3
2
44120920
1
48120198 52123365
379.15457 3105910 419.31570 497.16692
0 1 Tn ‘ﬁ_. " | l [T " L | nn
380 380 400 420 440 480 480 500 520 540 miz
Meas.m/z_# lon Formula Score miz_er [ppm] rdb e Conf N-Rule I
391059102 1 C13H19N406Zn 100.00 391.059053 -0.1 7.0 even ok 110415616
521133649 1 C18H29N608Zn 100.00 521.133281 07 80 even ok 208558512
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3.4 15c-Co Complexes and Staphylophine-Co Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080073_Fos_20180820_000001.d Acquisition Date 8/20/2018 11:48:04 AM
Sample ws5-0496-SZ-Co Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
\menosg FTMS-18080073_Pos_20180820_000C01.d: +Mg]
x1
45321987
25
20
15
10 44120924
05
51643758
481.20203
aae.ans 419.31575 497 16700
a0l o ML e . P L dl,
360 380 400 420 440 450 480 500 520 540 miz
Meas. miz_# lon Formula Score miz_err rdb e Conf N-Rule
386063192 1 C13H19CoN40& 10000 386063106 02 70 even - 130852272
516.137579 1 C18H29CoNGOB 10000 516.137333 05 80 even - 314113408

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080073_Pos_20180820_000002.d Acguisition Date 8/20/2018 11:48:15 AM
Sample wss-0496-SZ-Co Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
'I'"ﬁf'usg FTMS-18080073_Pos_20180820_000002 d: +hag]
x
12 45921987
1.0
0.8
0.6
0.4 441.20928
0.z
51613764
481.20207 T
38606320 41931573 49716709
N . . . I N . | -
360 380 400 420 440 460 480 500 520 540 miz
Meas. miz_# lon Formula Score miz_err rdb e Conf N-Rule I
386063202 1 C13H19CoN406 100.00 386.063106 0.2 7.0 even - 52798276
516.137640 1 C18H29CoNE08 100.00 516137333 06 80 even - 122784616
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3.5 15c-Fe Complexes and Staphylophine-Fe Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080089_Pos_20180820_000002.d Acquisition Date 8i20/2018 2:33:21 PM
Sample Wss-0496-SZ2-Fe Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
\Met?G FTMS-18080089_Pos_20180820_000002.d: +M3|
x1
45921981
30
25
20
15
10
05
513 43939
441.20926 481.20195
383.06494 487.16677 527.17715
00 I In L L L N rildanditt "
380 400 420 440 460 480 500 520 540 miz
Meas. miz_# lon Fermula Score miz_err [ppm] rdb e Conf N-Rule I
383.064942 1 C13H19FeN40G 100.00 383064848 02 70 even ok 77252280
513139385 1 C18H29FeNGO& 100.00 513.138076 <06 8.0 even ok 322008096

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080089_Pos_20180820_000001.d Acquisition Date 8i20/2018 2:33:11 PM
Sample wss-0496-SZ-Fe Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Inﬂ»e%sg FTMS- 18080089 _Pos_20180820_000C0L d: +Ms]
®1
459.21981
15
10
05
513 43930
44120925 481.2018%
383 0490 497.16671 53717714
0.0 Ly in A 1 - 1
380 400 420 440 460 480 500 520 540 miz
Meas. miz_# lon Fermula Score miz_err [ppm] rdb e Conf N-Rule I
383.064900 1 C13H19FeM4O6 100,00 383.064848 0.1 7.0 even ok 45801936
513139301 1 C18H29FeNGOS 100.00 513.139076 04 8.0 even ok 192920560
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3.6 15c-Mn Complexes and Staphylophine-Mn Complexes

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name FTMS-18080075_Pos_20180820_000002.d Acquisition Date 8/20/2018 11:58:17 AM
Sample Wwss-0496-SZ-Mn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Inﬂ»e%sg FTMS-180B0075_Pos_20180820_000C0Z d: +Ms]
®1
a5 45921986
2.0
1.5
1.0
44120927
05
481.20206 51234250
38206805 41331580 497 16702
0o
360 380 400 420 440 450 480 500 520 540 miz
Meas. miz_# lon Formula Score miz__err rdb e~ Conf_N-Rule 1
382068048 1 C13H19MnN40& 10000 382067956 -02 70 even - 70222208
512142500 1 C18HZ9MnNEOE  100.00 512142183 -06 80 even - 215342480

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTMS-18080075_Pos_20180820_000001.d Acquisition Date 8202018 11:59:06 AM
Sample W5s-0496-SZ-Mn Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Inﬂ»eras‘3 FTMS-1808B0075_Pos_20180820_000C01.d: +M3]
1
45921934
10
0.8
0.6
0.4 44120922
02
51246231
48120198
3&2@6?9? | 43058 41931564 | 497.16587
00 PRI T e 8 1Y L . m N I
380 380 400 420 440 450 480 500 520 540 miz
Meas. miz_# lon Formula Score miz__err rdb e~ Conf_N-Rule 1
382067961 1 C13H19MnN40O& 10000 382 067956 -00 70 even - 25787570
512142307 1 C18H2OMnNEOE 10000 512142183 02 80 even - B4966288
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VIII) X-ray crystal structures

1. Crystal data and X-ray structure refinement for 14c (CCDC 1850196):

@) OBn
%_/ NCbz
O, )
/N N

Ns
7c
Crystal data and X-ray structure refinement for 7c.
Identification code Compound 7c
Empirical formula C32H30N4OsS
Formula weight 630.66
Temperature/K 179.99(11)
Crystal system orthorhombic
Space group P2:2,2,
alA 7.7277(2)
b/A 11.2221(3)
c/A 35.0781(8)
a/° 90
p/° 90
y/° 920
Volume/A3 3042.01(13)
z 4
Pealcg/cm?® 1.377
p/mm-t 0.165
F(000) 1320.0
Crystal size/mm? 0.3 x 0.08 x 0.04
Radiation MoKa (A = 0.71073)
20 range for data collection/° 3.81 to 54.968
Index ranges -10£h<10,-14<k<14,-45<|<45
Reflections collected 68493

Independent reflections 6961 [Rint = 0.0496, Rsigma = 0.0269]
Data/restraints/parameters  6961/0/406

Goodness-of-fit on F2 1.017

Final R indexes [I>=20 (I)] R;=0.0344, wR, = 0.0881

Final R indexes [all data] R; =0.0391, wR;, = 0.0907

Largest diff. peak/hole / e A 0.25/-0.28
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Flack parameter

-0.03(2)
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2. Crystal data and X-ray structure refinement for 20b (CCDC 1863986):

Crystal data and structure refinement for 20b.

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

alA

b/A

c/A

al®

B/

v/°

Volume/A3

z

Peacg/cm?®

p/mm-t

F(000)

Crystal size/mm?3

Compound 20b
CSlHSSC|6N5018SZ
1300.80
180.00(10)
monoclinic

P21

14.5442(2)
14.2345(2)
14.7460(2)

90

106.978(2)

920

2919.80(8)

2

1.480

0.441

1344.0

0.25 x 0.12 x 0.08
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Radiation Mo Ka (A =0.71073)
20 range for data collection/° 4.066 to 54.97

Index ranges -18<h<18,-18<k<18,-19<1<19
Reflections collected 68502
Independent reflections 13403 [Rint = 0.0329, Rsigma = 0.0287]

Data/restraints/parameters  13403/2/738
Goodness-of-fit on F2 1.039

Final R indexes [I>=20 (I)] Ri1=0.0552, wR, =0.1421
Final R indexes [all data] R; = 0.0611, wR, = 0.1458
Largest diff. peak/hole / e A 0.83/-0.75

Flack parameter 0.002(11)
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