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Synthesis of Siderophore Hydroxy Acid Substrate 5a-8a
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Scheme S1.Synthesis of siderophore-Fe(lll) complex hydraxyd substrate$&-8a) for use in
the Fe(lll)-templated Yamaguchi macrolactonizatieactions.

Synthesis of Siderophore Methyl Esters 5c-8c
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Scheme S1.Synthesis of siderophore-Fe(lll) methyl ester carps bc-8c) for use in kinetic
hydrolysis studies.
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lll. Experimental Procedures and Compound Characteization

General Materials and Methods

All reactions were performed under a dry argoncsphere, unless otherwise stated. All
solvents and reagents were obtained from commeswnakces and used without further
purification unless otherwise stateN-Boc-O-Benzyl-protected sideropho&l was synthesized
as described previously by Roosenberg and Milldbichloromethane (C¥Cl,) was distilled
from calcium hydride. Tetrahydrofuran (THF) wasstilied from Na/benzophenone.
Dimethylformamide (DMF), diisopropylethylamineéP{EtN), and acetonitrile (C$CN) were
used from Acros Seal anhydrous bottles. Silicaag@limn chromatography was performed
using Sorbent Technologies silica gel 60 (32-63 .uM-NMR and **C-NMR spectra were
obtained on a 300 MHz, 500 MHz, or 600 MHz VarianebtDrive spectrometer and FIDs were
processed using ACD/ChemSketch version 10.04. @arshifts ¢) are given in parts per
million (ppm) and are referenced to non-deuteragsitiual solvent. Coupling constaniy ére
reported in hertz (Hz). High resolution, accuratass measurements were obtained on a
Finnigan MAT 8430 spectrometer using fast atom bamdiment (FAB) ionization or with a
Bruker micrOTOF Il electrospray ionization timedtight mass spectrometer in positive ion
mode. Sample was introduced via flow injection ati@ of 4uL/min, and mass spectra were
accumulated from 50-3000 m/z for two minutes. @dysgraphic data were collected at
Beamline 11.3.1 at the Advanced Light Source (AlL®)yrence Berkeley National Laboratory.
Analytical high-performance liquid chromatograpiyPLC) was performed on a Waters 1525
Binary HPLC Pump instrument with a Waters 2487 Dudlbsorbance Detector set at 427 nm
operated by Breeze version 3.30 software. HPLC-WM& performed on a Waters ZQ
instrument consisting of a chromatography moduleAte HT, photodiode array detector 2996,
and mass spectrometer Micromass ZQ with an MS rekgmtay source operate at capillary
voltage 3.5 kV and a desolvation temperature of 300 Both HPLC and HPLC-MS
instruments used a YMC Pro C18 reverse phase co(Bmnx 50 mm) fit with precolumn frit
(0.5um) and YMC Pro C18 guard column (2.0 x 10 mm) fibaaalyses. Mobile phases used
were 10 mM ammonium acetate in HPLC grade wateraff) HPLC grade acetonitrile (B). A
gradient was formed from 5%-80% of B in 10 min,ntt89%—-95% of B in 2 min, and then
95%-5% of B in 3 min at a flow rate of 0.7 mL/mtot@l run time of 15 min). Semi-preparative
HPLC purifications were performed on a Waters spraparative binary pump system at a flow
rate of 15 mL/min with detection by UV detection4#7 nm with separation facilitated by a
YMC-Pack Pro C18 column, 150 x 20 mm (1.D.), paetisize 5um fit with a guard column.
Thin layer chromatography (TLC) was performed watbminum-backed Merck 60.& silica
gel plates or aluminum-backed Merck RP-C1&Eilica gel plates plates using a 254 nm lamp
or ag. FeQfor visualization. Melting points were determinadcapillary tubes using a Thomas
Hoover melting point apparatus and are uncorrected.

General Procedure A: Hydrogenolysis of benzyl protected siderophores.

Fully benzyl protected siderophor83 S4aS6a S7, S9, S11) was dissolved in MeOH
(~0.01 M) in an HCl-washed, oven-dried round botftask fitted with a magnetic stir bar. The
flask was flushed with argon, charged with 10% P¢{C0% w/w), and flushed with Hgas
(balloon) several times using intermediate vacuwaceations. The mixture was then left
stirring under an KHatmosphere (~1 atm; balloon) and periodically nayed by RP-C18 TLC
(1.5:1 CHCN:H,0; FeC} Stain). Once complete, the mixture was flushetth wrgon, vacuum
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filtered through celite, and concentrated underuced pressure. The crude product was
dissolved in a minimal amount of MeOH and precigitbby addition of ED. The siderophore
(3, S4b-S6b, S8 S1Q S12 S13 was isolated as a white or off-white solid afigeration with
Et,O and drying under vacuum.

General Procedure B: Complexation of siderophores to Fe(lll).

The siderophore3( S4b-S6b, S8 S1Q S12 S13 was dissolved or suspended in MeOH
(0.002 M) and the solution was heated to 40 °C lfaih temp.). Fe(acacfl.1 equiv) was
added and the clear, orange solution was stirned fo The MeOH was removed under reduced
pressure giving the siderophore-Fe(lll) complexaasorange film. The complex was then
dissolved in a minimal amount of MeOH and prectieitbby addition of ED. The siderophore-
Fe(lll) complex ba,c-8a,c) was isolated as an orange powder after tritevatith ELO and
drying under vacuum.

Hydroxylamine S2. The N-Boc protecting group of compourfll (5.01 g, 0.0051 mol) was
removed by treatment with anhydrous TFA in LOH followed by free basing with sat. aq.
NaHCG; to give the corresponding hydroxylamin®2( in 99% yield as an amorphous solid
(4.49 g, 0.0051 mol)*H-NMR (500 MHz, CDC}) & 7.40-7.26 (m, 20 H), 6.33 (br s, 2 H) 4.85
(s, 2H),4.84 (s, 2 H), 470 (s, 2 H), 4.47 ($])23.69-3.56 (m, 4 H), 3.44 (,= 6.6 Hz, 2 H),
3.21 (t,J=6.3 Hz, 2 H), 3.17 (11 = 6.0 Hz, 2 H), 2.91 (] = 7.2 Hz, 2 H), 2.86-2.74 (m, 4 H),
2.52-2.44 (m, 4 H), 1.70-1.22 (m, 18 H).

tetra-O-Benzyldanoxamine (S3). This compound was prepared by a modified litegatu
proceduré. HydroxylamineS2 (4.49 g, 0.0051 mol), succinic anhydride (1.02.610 mol),
and catalytic DMAP (32.6 mg, 0.27 mmol) were digsdl in freshly distilled Ch{Cl, (100 mL).
After 26.5 h at rt, TLC (9% MeOH in DCM; Fegstain) showed no remaining hydroxylamine
(S2. The mixture was diluted with GBI, (50 mL) and 1 N HCI (35 mL) was added,
respectively. The organic layer was separated vmashed with brine (35 mL), dried over
anhydrous MgS@ filtered through celite, and concentrated un@eluced pressure. The crude
product was purified by silica gel column chromasghy (5%-9.5% MeOH in C}l, as
eluent) to give the desired produ@3 in 98% yield as a white solid (recrystallized rfro
hexanes/EtOAc at -20 °C; 4.90 g, 0.005 mol). Alhacterization data matched that previously
reported in the literature.Lit. Mp = 63-64.5 °C, found 64—66 °@4-NMR (500 MHz, CDC})

6 7.37-7.31 (m, 20 H), 6.82 (s, 1 H), 6.51 (s, 14484 (s, 2 H), 4.83 (s, 2 H), 4.81 (s, 2 H), 4.47
(s, 2 H), 3.72-3.70 (m, 2 H), 3.63-3.61 (m, 4 H)33(t,J = 10.0 Hz, 2 H), 3.22-3.16 (M, 4 H),
2.80-2.79 (m, 4 H), 2.67-2.65 (m, 4 H), 2.53-247 4 H), 1.66-1.58 (m, 9 H), 1.49-1.44 (m,
4 H), 1.38-1.22 (m, 6 H!:*C-NMR (125 MHz, CDGJ) § 175.0, 174.3, 172.4, 172.3, 138.5,
134.4, 134.1, 129.2, 129.2, 129.1, 128.9, 128.8,712128.6, 128.3, 127.5, 127.4, 77.2, 76.3,
76.3, 76.0, 72.8, 70.0, 39.3, 39.2, 30.6, 29.36,233.3, 28.3, 28.0, 27.9, 26.8, 26.6, 26.5, 26.2,
23.6, 23.5, 23.3; HRMS-FAB (m/z): [M+H]calcd. for GsH74sNsO11: 980.5385, found
980.5384.

Desferridanoxamine (3). tetra-O-BenzyldanoxamineS3 340.0 mg, 0.35 mmol) was dissolved
in 35 mL of MeOH in an HCIl-washed round bottom Kasealed under argon. The flask was
charged with 10% Pd-C (50.0 mg) and exposed tdladmaof hydrogen gas (~1 atm). Reaction
progress was monitored by RP-C18 TLC (1.5:13CN:H,O; FeC} stain) and after 11 h no
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starting material 3 remained. The flask was flushed with argon drerhixture was diluted
with warm MeOH, vacuum filtered through a pad ofiteeusing a fine glass frit, and
concentrated under reduced pressure. The resgbiind)was dissolved in a minimal amount of
MeOH and precipitated by addition of cold,@t After trituration with EXO, the siderophore
desferridanoxamine3)] was obtained in 97% yield as a white solid (208d) 0.34 mmol). Mp
134-140 °C}H-NMR (600 MHz, DMSOds) & 11.87 (br s, COOH, 1 H), 9.62 (br s, N-OH, 3
H), 7.78 (tJ=5.3 Hz, 2 H), 4.35 (br s, 1 H), 3.47-3.42 (nH) 3.39-3.36 (m, 2 H), 3.02-2.97
(m, 4 H), 2.57 (tJ =6.6 Hz, 6 H), 2.39 (] = 6.6 Hz, 2 H), 2.26 (1] = 6.9 Hz, 4 H), 1.49 (d]
=14.2, 7.1 Hz, 6 H), 1.43-1.34 (m, 6 H), 1.27-1(h7 6 H):;**C-NMR (150 MHz, DMSOdg) &
174.1, 172.0, 171.9, 171.6, 171.3, 60.6, 47.2,,438M4, 32.2, 29.9, 28.8, 28.7, 27.6, 27.5, 27.1,
26.2, 26.0, 23.5, 23.4, 22.7; HRMS-ESI (m/z): [M+Hdhlcd. for GHsoNsO11: 620.3501, found
620.3506; HPLC retention time 3.22 min.

() Danoxamine 5a. Desferridanoxamine3( 154.0 mg, 0.25 mmol) was dissolved in 10 mL of
MeOH at 40 °C (oil bath temperature). Fe(ag&2y.0 mg, 0.28 mmol) was added and the clear,
orange solution was stirred for 2 h. The solutk@s cooled to rt and the MeOH was evaporated
under reduced pressure. The resulting orangeuesigs dissolved in a minimal amount of
MeOH and precipitated by addition of cold,@t After trituration with EiO, the Fe(lll)-
complexed siderophore danoxamii@)(was isolated in 99% yield as an orange powdes.¢L6
mg, 0.25 mmol). Mp 151-154 °C (dec.); HRMS-ESIZn[M+H]" calcd. for G/H47FeNsO1:
673.2616, found 673.2647; HPLC retention time 2r68.

Benzyl protected siderophore S4a.HydroxylamineS2 (98.0 mg, 0.11 mmol)Pr,EtN (19.16
uL, 0.11 mmol), monobenzylmalonate (27.0 mg, 0.14atpcatalytic DMAP (3.5 mg, 0.03
mmol), and EDC-HCI (43.0 mg, 0.22 mmol) were digsdlin 2.0 mL of CHCl,. After 60 h,
TLC (6% MeOH in CHCI,; FeCk stain) showed no remaining hydroxylamig2 After 90 h,
the mixture was diluted with 15 mL of G@l, and washed with 10% agq. citric acid (2 x 10 mL),
brine (10 mL), 10% aq. NaHG®2 x 10 mL), and brine (10 mL), dried over anhydsdMgSQ,
filtered, and concentrated under reduced presstines gave 115.3 mg of a clear, colorless oil
that was purified by silica gel column chromatodmagl x 4 in silica gel; 3%—6% MeOH in
CH.CI,) to give the desired produc®49g in 98% yield as a viscous oil (113.8 mg, 0.11 fjmo
'H-NMR (600 MHz, CDC}) & 7.40-7.28 (m, 25 H), 6.30 (br s, 2 H), 5.13 ({)24.86 (s, 2 H),
4.85 (s, 2 H), 4.78 (s, 2 H), 4.48 (s, 2 H), 3.69 € 6.7 Hz, 2 H), 3.45 (s, 2 H), 3.44 Jt= 6.6
Hz, 2 H), 3.21-3.17 (m, 4 H), 2.83-2.76 (m, 4 HA&(t,J = 6.5 Hz, 4 H), 1.66-1.59 (m, 8 H),
1.52-1.43 (m, 4 H), 1.38-1.25 (m, 6 HJC-NMR (150 MHz, CDGJ) & 174.0, 173.8, 172.2,
172.1, 167.4, 167.3, 138.5, 135.3, 134.3, 133.9,2012129.1, 129.0, 128.9, 128.8, 128.7, 128.7,
128.6, 128.5, 128.4, 128.3, 128.3, 127.5, 127.43,78%6.3, 76.3, 76.2, 72.8, 70.1, 67.0, 45.5,
44.9, 44.8, 40.7, 39.3, 39.2, 30.7, 30.5, 29.73,288.9, 28.5, 28.1, 28.0, 26.7, 26.4, 26.1, 23.7,
23.6, 23.4; HRMS-ESI (m/z): [M+H]calcd. for GiH7gNsO011; 1056.5692, found 1056.5687.

Siderophore hydroxy acid S4b. Benzyl protected sideropho®la(43.0 mg, 0.041 mmol) was
deprotected according to general proceddir® give the pure siderophorg4b) in 73% as an
off-white powder (18 mg, 0.030 mmol). Mp 139-141 (tec.);"H-NMR (600 MHz, CROD) &
3.63 (t,J=6.7 Hz, 2 H), 3.59 (1 = 7.0 Hz, 4 H), 3.55 (} = 6.6 Hz, 2 H), 3.18-3.15 (m, 4 H),
2.78-2.75 (m, 4 H), 2.46 3,= 7.3 Hz, 2 H), 2.45 () = 7.3 Hz, 2 H), 1.69-1.61 (m, 6 H), 1.58—
1.50 (m, 6 H), 1.40-1.31 (m, 6 HYC-NMR (150 MHz, CROD) § 175.1, 175.1, 174.6, 174.6,
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173.3,169.8, 62.9, 48.7, 40.4, 33.4, 31.7, 31071,,30.0, 29.2, 29.1, 27.7, 27.5, 27.4, 25.0,,24.9
24.1; HRMS-ESI (m/z): [M+Nd]calcd. for GgHs7NsNaOy1: 628.3164, found 628.3172.

(x) Siderophore-Fe(lll) complex hydroxy acid 6a. Siderophores4b (8.0 mg, 0.013 mmol)
was complexed to Fe(lll) according to general pdoce B to give the siderophore-Fe(lll)
complex 6a) in 97% yield as an orange powder (8.4 mg, 0.0b3jn Mp 189-191 °C (dec.);
HRMS-ESI (m/z): [M+H] calcd. for GgHisFeNsO11: 659.2460, found 659.2465; HPLC
retention time 2.32 min.

Benzyl protected siderophore hydroxy acid S5aHydroxylamineS2 (196.0 mg, 0.22 mmol),
iIPLEtN (38.3uL, 0.22 mmol), glutaric anhydride (50.2 mg, 0.44 atypand catalytic DMAP
(7.0 mg, 0.057 mmol) were dissolved in 3.0 mL of,CH, respectively, giving a clear, colorless
solution. After 60 h, TLC (6% MeOH in GRlI,; FeCk stain) showed no remaining starting
material §2). After 89 h, the mixture was diluted with @El; (15 mL) and washed with 10%
ag. citric acid (2 x 10 mL) and brine (1 x 10 mHdyjed over anhydrous MgS(filtered, and
concentrated under reduced pressure. This gaveés 20F of a clear, colorless oil that was
purified by silica gel column chromatography (1X28 in silica gel; 3%—6% MeOH in Gil,).
Pure product$5g was obtained in 70% vyield as a clear, colorlesgous oil (154.0 mg, 0.155
mmol). *H-NMR (600 MHz, CDC}) § 7.41-7.29 (m, 20 H), 6.57 (br s, 1 H), 6.50 (bt ${),
4.85 (s, 4 H), 4.79 (br s, 2 H), 4.48 (s, 2 H),13:3.59 (m, 6 H), 3.44 (1= 6.6 Hz, 2 H), 3.24—
3.16 (m, 4 H), 2.85-2.78 (m, 4 H), 2.54-2.45 (nk})62.43—-2.37 (m, 2 H), 1.99-1.92 (m, 2 H),
1.67-1.58 (m, 8 H), 1.52—1.45 (m, 4 H), 1.40-1183Z H), 1.33-1.23 (m, 4 H)*C-NMR (150
MHz, CDCk) 6 175.3, 174.2, 173.9, 172.4, 138.5, 134.3, 13428.2, 129.2, 129.2, 129.0,
128.9, 128.7, 128.7, 128.3, 127.6, 127.5, 76.2,7&.8, 70.1, 45.5, 44.7, 44.4, 39.3, 39.2, 33.1,
33.0, 30.9, 30.7, 29.3, 28.8, 28.4, 28.1, 28.07,2%.3, 23.6, 23.5, 23.4, 19.9, 19.7; HRMS-ESI
(m/z): [M+Na] calcd. for GeHzsNsNaOy1: 1016.5355, found 1016.5357.

Siderophore hydroxy acid S5b. Benzyl protected sideropho&5a(29.7 mg, 0.03 mmol) was
deprotected according to general procedute give the pure siderophor83b) in 95% yield as
an off-white powder (18.0 mg, 0.028 mmol). Mp 1334 °C:*H-NMR (600 MHz, CROD) 5
3.61-3.57 (m, 6 H), 3.55 {,= 6.6 Hz, 2 H), 3.18-3.15 (m, 4 H), 2.76Jt& 7.3 Hz, 4 H), 2.53
(t,J=7.5Hz,2H),245 1=7.2 Hz, 4 H), 2.31 (1) = 7.5 Hz, 2 H), 1.88 (quinted,= 7.4 Hz,

2 H), 1.66-1.61 (m, 6 H), 1.58-1.49 (m, 6 H), 1832 (m, 6 H);**C-NMR (150 MHz,
CDs0OD) 6 175.8, 175.8, 175.1, 174.6, 174.6, 62.9, 40.44,3®.1, 33.0, 31.7, 30.1, 30.1, 29.1,
27.7, 275, 275, 25.1, 25.0, 24.1, 23.1, 22.9; HRBESI (m/z): [M+Na] calcd. for
CaogHsiNsNaOy1: 656.3477, found 656.3485.

(x) Siderophore-Fe(lll) complex hydroxy acid 7a. SiderophoreS5b (8.0 mg, 0.013 mmol)
was complexed to Fe(lll) according to general pdoce B to give the siderophore-Fe(lll)
complex {a) in 71% as an orange powder (8.5 mg, 0.012 mmdllp 164-169 °C (dec.);
HRMS-ESI (m/z): [M+Na] calcd. for GgHssFeNsNaOy1: 709.2592, found 709.2582; HPLC
retention time 2.2 min.

Benzyl protected siderophore methyl ester S6aHydroxylamineS2 (122.0 mg, 0.14 mmol),

adipic acid monomethyl ester (29.0 mg, 0.18 mm&lLEtN (37.5 mg, 0.29 mmol), catalytic
DMAP (4.2 mg, 0.034 mmol), and EDC-HCI (55mg, 0/28nol) were dissolved in 5 mL of
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CH.CI,, respectively. After 17 h, TLC (6% MeOH in @El,; FeCk stain) showed no remaining
starting material%2. The mixture was diluted with GBI, (15 mL) and was washed with 10%
ag. citric acid (10 mL) and brine (10 mL), driedeovanhydrous MgS§) filtered, and
concentrated under reduced pressure. This gaventh0f a waxy, off-white solid that was
purified via silica gel column chromatography (16xn silica gel; 3%-5% MeOH in Gi&l,.
Pure product$69 was obtained in 87% yield as a waxy, off-whitéd@l24.2 mg, 0.12 mmol).
Mp 71-73 °C;*H-NMR (500 MHz, CDC}) § 7.41-7.28 (m, 20 H), 6.32 (br s, 2 H), 4.85 (s, 2
H), 4.84 (s, 2 H), 4.79 (s, 2 H), 4.48 (s, 2 HRS3(s, 3 H), 3.64-3.59 (m, 6 H), 3.44Jt 6.5

Hz, 2 H), 3.22-3.17 (m, 4 H), 2.83-2.77 (m, 4 HR(®2-2.46 (m, 4 H), 2.39 (§,= 6.6 Hz, 2 H),
2.31 (t,J = 7.0 Hz, 2 H), 1.66-1.58 (m, 12 H), 1.53-1.47 4Hl), 1.39-1.35 (m, 2 H), 1.33—
1.25 (m, 4 H):*C-NMR (125 MHz, CDCJ) § 173.9, 172.1, 172.1, 138.5, 134.3, 129.1, 129.1,
128.9, 128.9, 128.9, 128.7, 128.7, 128.6, 128.3,51227.4, 77.2, 76.3, 76.3, 76.2, 72.8, 70.1,
51.5, 45.5, 45.0, 44.6, 39.3, 39.3, 33.8, 31.97,380.5, 29.3, 29.1, 28.4, 28.1, 28.0, 26.6, 26.5,
26.4, 24.6, 24.0, 24.0, 23.6, 23.4; HRMS-ESI (mi)+H] " calcd. for GgHgoNsO11: 1022.5849,
found 1022.5838.

Siderophore hydroxy acid S6b. Benzyl protected methyl ester sideroph&e@a (44.0 mg,
0.043 mmol) was dissolved in a 3:1 THEmixture (2 mL) and anhydrous LiOH (3.5 mg,
0.15 mmol) was added. After 2.5 h, TLC (6% MeOHGHLCI,; FeCk stain) showed no
remaining starting materiab6g. The reaction was quenched with satd. aq. dcid (5 mL)
and the THF was evaporated under reduced pres3ine.aq. slurry was extracted with &b

(2 x 15 mL) and the combined GEl, layers were washed with brine (5 mL), dried over
anhydrous MgSQ filtered, and concentrated under reduced presstlites gave 30.0 mg of a
clear, colorless oil that was purified by silicd gelumn chromatography (0.5 x 2.5 silica gel,
5%—-9% MeOH in CHCIl,). Pure benzyl protected carboxylic acid sideraphmas obtained in
52% vyield as a clear, colorless oil (22.3 mg, 0.6280l). *H-NMR (600 MHz, CDC}) & 7.42—
7.30 (m, 20 H), 6.58 (br s, 1 H), 6.49 (br s, 1 #H85 (s, 4 H), 4.79 (s, 2 H), 4.48 (s, 2 H), 3.72—
3.59 (m, 6 H), 3.44 (1 = 6.6 Hz, 2 H), 3.22-3.16 (m, 4 H), 2.84-2.77 (nk)42.52-2.46 (m, 4
H), 2.44-2.39 (m, 2 H), 2.32 = 6.6 Hz, 2 H), 1.71-1.58 (m, 12 H), 1.53-1.45 4ni{), 1.40—
1.34 (m, 2 H), 1.34-1.27 (m, 4 HY}C-NMR (150 MHz, CDCJ) & 175.6, 174.6, 174.3, 173.9,
172.4, 172.3, 138.5, 134.4, 134.2, 129.2, 129.9,112128.9, 128.9, 128.7, 128.7, 128.7, 128.3,
127.6, 127.5, 76.3, 76.1, 72.8, 70.1, 45.5, 44483,439.4, 39.3, 33.8, 31.8, 30.7, 30.6, 29.3,,28.7
28.4, 28.1, 28.0, 26.6, 26.5, 26.3, 24.6, 24.28,233.6, 23.4; HRMS-ESI (m/z): [M+Nagalcd.

for Cs;H7NsNaOpp;: 1030.5512, found 1030.5482. The benzyl protectadboxyl acid
siderophore (10.8 mg, 0.011 mmol) was deprotectedrding to general procedufeto give
the pure siderophoré&6b) in 99% vyield as a light tan solid (7.1 mg, 0.0ffnol). Mp 108-111
°C; *H-NMR (500 MHz, CQOD) & 3.63-3.57 (m, 6 H), 3.55 (1,= 6.6 Hz, 2 H), 3.16 () = 6.8
Hz, 4 H), 2.76 (tJ=7.2 Hz, 4 H), 2.49 ({1 = 6.7 Hz, 2 H), 2.45 (1 = 7.0 Hz, 4 H), 2.28 (1] =

6.8 Hz, 2 H), 1.68-1.59 (m, 10 H), 1.58-1.47 (mH)6 1.41-1.30 (m, 6 H)}*C-NMR (125
MHz, CD;OD) & 175.9, 175.1, 174.6, 174.5, 62.9, 40.4, 36.2,,3%41, 31.6, 30.1, 29.1, 27.6,
27.5, 27.5, 26.5, 25.8, 25.1, 25.0, 24.1; HRMS-f8k): [M+Na] calcd. for GgHssNsNaO,1:
670.3634, found 670.3638.

(x) Siderophore-Fe(lll) complex hydroxy acid 8a. SiderophoreS6b (6.9 mg, 0.011 mmol)
was complexed to Fe(lll) according to general pdoce B to give the siderophore-Fe(lll)
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complex Ba) in 72% vyield as an orange powder (5.4 mg, 0.008oth HRMS-ESI (m/z):
[M+H] " calcd. for GgHs1FeNsO11: 701.2929, found 701.2960; HPLC retention timetéin.

Benzyl protected siderophore methyl ester S7A solution of Diazalfl (113.5 mg, 0.53 mmol)

in 1.5 mL of EtO was added dropwise to a solution of KOH (143.Q0 21§5 mmol) in 1.0 mL

of 5:4 Ethanol:HO at 65 °C (oil bath temperature) using a diazoarethsmooth-joint glassware
kit. The diazomethane generatedsitu was immediately condensed as a dilutgDE$olution
using a dry ice/acetone cooled cold finger intmlatson of tetra©-benzyldanoxamin&3 (50.0
mg, 0.051 mmol) in 6 mL of 1:1:1 £d:EtOAc:DCM at 0 °C. Once all of the diazometharss
condensed the reaction was stirred for 30 min, theanched with 10% acetic acid in@t The
volatiles were removed under reduced pressure gis#h3 mg of a clear, colorless oil. This
material was dissolved in 15 mL of @El; and washed with satd. aq. NaHCQO0 mL), dried
over anhydrous MgSf)filtered, and concentrated under reduced pressLines gave the desired
product §7) in 89% vyield as a white, waxy solid (45.0 mg,450mmol) with no need for
purification. Mp 78—80 °C*H-NMR (600 MHz, CDC}) & 7.41-7.30 (m, 20 H), 6.34 (br s, 1 H),
6.32 (brs, 1 H), 4.85 (s, 2 H), 4.85 (s, 2 H), 548, 2 H), 4.48 (s, 2 H), 3.68 (s, 3 H), 3.67-3.60
(m, 6 H), 3.44 (t) = 6.5 Hz, 2 H), 3.23-3.17 (m, 4 H), 2.84-2.76 (n)42.73 (tJ = 5.9 Hz, 2
H), 2.62 (t,J = 6.6 Hz, 2 H), 2.51-2.46 (m, 4 H), 1.67-1.58 (nt})31.53-1.45 (m, 4 H), 1.40-
1.33 (m, 2 H), 1.33-1.25 (m, 4 H}’C-NMR (150 MHz, CDCJ) & 174.0, 173.8, 173.5, 173.1,
172.1,172.1, 138.5, 134.4, 134.3, 129.1, 129.8,912128.9, 128.8, 128.7, 128.7, 128.6, 128.3,
127.5,127.4,76.3, 76.3, 76.2, 72.8, 70.1, 515/,45.2, 44.7, 39.3, 30.7, 30.5, 29.3, 29.0,,28.4
28.4, 28.1, 27.9, 27.3, 26.7, 26.4, 26.3, 23.96,223.4; HRMS-ESI (m/z): [M+N4]calcd. for
CsgH7sNs5NaO; 1 1016.5355, found 1016.5326.

Siderophore methyl ester S8. Benzyl protected sideropho&7 (34.8 mg, 0.035 mmol) was
deprotected according to general procedireo give the siderophoresg) in 92% yield as a
white solid (20.0 mg, 0.032 mmol). Mp 132-133 *8:NMR (600 MHz, CROD) & 3.66 (s, 3
H), 3.59 (t,J = 6.7 Hz, 6 H), 3.55 () = 6.6 Hz, 2 H), 3.18-3.14 (m, 4 H), 2.80-2.75 (nH)6
2.58 (t,J= 6.7 Hz, 2 H), 2.48-2.43 (m, 4 H), 1.67-1.60 (nt})}41.59-1.48 (m, 8 H), 1.40-1.30
(m, 6 H);*C-NMR (150 MHz, CQOD) & 175.2, 174.9, 174.5, 174.5, 174.4, 174.2, 62.8,52
40.3, 33.3, 32.4, 32.4, 31.5, 31.5, 30.2, 30.00,39.9, 29.4, 28.9, 28.9, 28.3, 27.5, 27.3, 27.3,
25.2, 24.9, 24.9, 24.3, 24.0; HRMS-ESI (m/z): [M+Hdalcd. for GgHsNsO11: 634.3658, found
634.3649.

(x) Siderophore-Fe(lll) complex methyl ester 5c.SiderophoreS8 (7.5 mg, 0.012 mmol) was
complexed to Fe(lll) according to general procedBin® give the siderophore-Fe(lll) complex
(50) in 93% yield as an orange powder (7.5 mg, 0.0fioh Mp 95-100 °C (dec.); HRMS-ESI
(m/z): [M+Na] calcd. for GgHsgFeNsNaOyq: 709.2592, found 709.2651; HPLC retention time
3.38 min.

Benzyl protected siderophore methyl ester S9.HydroxylamineS2 (160.0 mg, 0.18 mmol),
monomethylmalonate (42.3 mg, 0.36 mmaRREIN (29.3 mg, 0.23 mmol), catalytic DMAP
(6.9 mg, 0.06 mmol), and EDC-HCI (88.0 mg, 0.46 mmeere dissolved in 5 mL of Ci€l..
After 20.5 h, TLC (6% MeOH in C¥Cl,; FeCk stain) showed no remaining starting material
(S2. The mixture was diluted with GBI, (15 mL) and washed with 10% agq. citric acid (10
mL), brine (5 mL), 10% aq. NaHGd5 mL), and brine (5 mL), dried over anhydrous NIgS
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filtered, and concentrated under reduced presstines gave 207.1 mg of a clear, colorless oil
that was purified by silica gel column chromatodmagl x 4 in silica gel; 3%—6% MeOH in
CH.CI,). Pure product§9 was obtained in 97% yield as a clear, colorlesghligiviscous oil
(172.7 mg, 0.18 mmol)*H-NMR (600 MHz, CDC}) § 7.41-7.31 (m, 20 H), 6.32 (br s, 2 H),
4.85 (s, 2 H), 4.85 (s, 2 H), 4.81 (s, 2 H), 4.48(H), 3.68 (s, 3 H), 3.67-3.61 (m, 6 H), 3.44 (t
J=6.5Hz, 2 H), 3.40 (s, 2 H), 3.23-3.18 (m, 4 BIg0 (br s, 4 H), 2.48 (1 = 6.6 Hz, 4 H),
1.69-1.59 (m, 8 H), 1.53-1.47 (m, 4 H), 1.39-11834 H), 1.31-1.26 (m, 2 H}*C-NMR (150
MHz, CDCk) 6 174.0, 173.8, 172.1, 172.1, 167.9, 167.5, 138%.4, 133.9, 129.2, 129.1,
129.1, 128.9, 128.8, 128.7, 128.7, 128.6, 128.3,5,2127.4, 76.3, 72.8, 70.1, 52.2, 45.5, 44.9,
44.7, 40.4, 39.3, 39.2, 30.7, 30.5, 29.3, 28.94,283.1, 28.0, 26.7, 26.4, 26.1, 23.7, 23.6, 23.4;
HRMS-ESI (m/z): [M+Na] calcd. for GsH73NsNaOyy: 1002.5199, found 1002.5214.

Siderophore methyl ester S10.Benzyl protected sideropho&9 (60.0 mg, 0.061 mmol) was
deprotected according to general procedAir®m give the siderophoreés(0 in 92% vyield as a
white solid (35.0 mg, 0.056 mmol). Mp 126.5-129 *8-NMR (600 MHz, CROD) & 3.71 (s,

3 H), 3.62 (tJ = 6.9 Hz, 2 H), 3.61-3.57 (m, 4 H), 3.55J& 6.6 Hz, 2 H), 3.51 (s, 2 H), 3.19-
3.15 (m, 4 H), 2.76 () = 7.2 Hz, 4 H), 2.48-2.43 (m, 4 H), 1.69-1.60 (nt})61.59-1.49 (m, 6
H), 1.40-1.30 (m, 6 H)-*C-NMR (150 MHz, CROD) § 175.1, 174.6, 174.6, 170.0, 169.0, 62.9,
52.8, 52.8, 52.8, 49.0, 48.9, 48.9, 41.2, 40.44,331.6, 31.6, 30.1, 30.0, 29.1, 29.1, 27.7, 27.5,
27.3, 25.0, 24.9, 24.1; HRMS-ESI (m/z): [M+Najalcd. for G;HsgNsNaOy1: 642.3321, found
642.3302.

() Siderophore-Fe(lll) complex methyl ester 6¢. SiderophoreS10 (15.0 mg, 0.024 mmol)
was complexed to Fe(lll) according to general pdoce B to give the siderophore-Fe(lll)
complex 6¢) in 90% vyield as an orange powder (14.5 mg, 01@2®l). Mp 127-130 °C (dec.);
HRMS-ESI (m/z): [M+H] calcd. for G/HiFeNsO11: 673.2616, found 673.2643; HPLC
retention time 3.15 min.

Benzyl protected siderophore methyl ester S11Benzyl protected siderophoba(67.0 mg,
0.067 mmol), DMAP (0.8 mg, 0.0067 mmol), and EDC{HE5.7 mg, 0.134 mmol) were
dissolved in 5 mL of MeOH. After 3 h, TLC (3% MeQOH CH,Cl,; FeC stain) showed no
remaining starting materiabgg. The MeOH was evaporated under reduced pressuge/e
the desired producSQ]) in 52% vyield as a clear, viscous oil (35.0 m@35. mmol) with no
need for purification."H-NMR (600 MHz, CDC}) & 7.42—7.24 (m, 20 H), 6.34 (br s, 2 H), 4.85
(s, 2 H), 4.85 (s, 2H),4.79 (s, 2 H), 4.48 ($])23.64 (s, 3 H), 3.64-3.58 (m, 4 H), 3.44)(&

6.5 Hz, 2 H), 3.22-3.17 (m, 4 H), 2.84-2.76 (m, 4 H51-2.42 (m, 6 H), 2.35 3,= 7.2 Hz, 2

H), 1.99-1.89 (m, 4 H), 1.68-1.58 (m, 8 H), 1.5351(m, 4 H), 1.40-1.33 (m, 2 H), 1.33-1.24
(m, 6 H);*C-NMR (150 MHz, CDCJ) 6 174.0, 173.8, 173.6, 172.2, 172.1, 138.5, 1329,3,
129.1, 128.9, 128.6, 128.5, 128.5, 128.2, 128.1,8,A427.7, 127.4, 127.3, 76.2, 75.9, 72.8, 70.1,
51.6, 51.4, 45.5, 45.0, 44.7, 39.3, 39.3, 33.2,330.7, 30.5, 29.3, 29.0, 28.1, 26.6, 26.5, 23.9,
23.6, 23.4, 19.8; HRMS-ESI (m/z): [M+H]calcd. for G7H7eNsO:1: 1008.5692, found
1008.5705.

Siderophore methyl ester S12.Benzyl protected siderophogd1(22.5 mg, 0.022 mmol) was

deprotected according to general procedur® give the siderophore&s12 in 99% vyield as an
off-white solid (14.2 mg, 0.022 mmol). Mp 127-129; *H-NMR (500 MHz, CQOD) & 3.66
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(s, 3 H), 3.60 (tJ = 6.7 Hz, 6 H), 3.55 (1) = 6.6 Hz, 2 H), 3.16 (t} = 6.6 Hz, 4 H), 2.76 (] =
7.1 Hz, 4 H), 2.52 (t) = 7.4 Hz, 2 H), 2.45 () = 7.0 Hz, 4 H), 2.38 (i) = 7.3 Hz, 2 H), 1.92—
1.84 (m, 2 H), 1.67-1.59 (m, 6 H), 1.59-1.47 (mH% 1.41-1.25 (m, 6 H)**C-NMR (125
MHz, CD;OD) 6 175.5, 175.2, 175.1, 174.6, 174.5, 62.9, 52.24,484.3, 33.4, 32.5, 31.6, 31.6,
30.1, 30.1, 29.1, 29.0, 27.6, 27.5, 25.1, 25.01,221.3; HRMS-ESI (m/z): [M+H] calcd. for
CooHs4NsO11: 648.3814, found 648.3778.

(x) Siderophore-Fe(lll) complex methyl ester 7c.Siderophoré&s12(7.0 mg, 0.011 mmol) was
complexed to Fe(lll) according to general proceddin® give the siderophore-Fe(lll) complex
(70) in 87% yield as an orange film (6.6 mg, 0.009 HMBIRMS-ESI (m/z): [M+H] calcd. for
CogHs1FeNsO,1: 701.2929, found 701.2932; HPLC retention timed3rbn.

Siderophore methyl ester S13.Benzyl protected siderophog6a(31.0 mg, 0.030 mmol) was
deprotected according to general procedAir®m give the siderophoreés{3 in 99% vyield as a
white solid (20.0 mg, 0.030 mmol). Mp 130-132 *8:NMR (600 MHz, CQOD) § 3.65 (s, 3
H), 3.62-3.57 (m, 6 H), 3.54 3,= 6.6 Hz, 2 H), 3.16 ()= 6.9 Hz, 4 H), 2.76 ()= 7.2 Hz, 4

H), 2.48 (t,J = 7.0 Hz, 2 H), 2.45 () = 6.7 Hz, 4 H), 2.35 (t} = 6.9 Hz, 2 H), 1.72 (br s, 1 H),
1.67-1.60 (m, 10 H), 1.58-1.50 (m, 6 H), 1.39-11B0 6 H); *C-NMR (150 MHz, CROD) &
175.7,175.5,174.9, 174.9, 174.4, 174.4, 62.8),58.8, 40.3, 34.5, 33.3, 32.8, 31.5, 31.5, 30.0,
29.9, 28.9, 28.9, 27.5, 27.3, 27.3, 25.7, 25.49,224.9, 24.0; HRMS-ESI (m/z): [M+Natalcd.

for CsoHssNsNaO, 1 684.3790, found 684.3773.

(x) Siderophore-Fe(lll) complex methyl ester 8c.Siderophoré&13(4.0 mg, 0.006 mmol) was
complexed to Fe(lll) according to general procedBin® give the siderophore-Fe(lll) complex
(8¢) in 95% yield as an orange powder (4.1 mg, 0.006om Mp 114-118 °C (dec.); HRMS-
ESI (m/z): [M+H] calcd. for GoHsaFeNsO11: 715.3086, found 715.3114; HPLC retention time
3.92 min.

Desferridanoxamine macrolactone (4).Danoxamine macrolactor (9.5 mg, 0.0145 mmol)
was dissolved in 5 mL of 0.53 M aq. Na-EDTA (2.65hol Na-EDTA). After 15 h, the solution
had turned from clear orange to clear and colarld@$ee desferrisiderophore was extracted into a
1:1 phenol:CHG mixture (2 x 30 mL). The phenol:CHGNVas then diluted with ED (360 mL)
and the desferrisiderophore was extracted backHp@(3 x 100 mL). The kD was evaporated
using high vacuum rotary evaporation to give theepdesferridanoxamine macrolactohen
95% yield as a clear, colorless film (8.3 mg, 0.@dmhol). *H-NMR (500 MHz, CROD) § 4.08

(t, J=6.1 Hz, 2 H), 3.61 (§ = 6.3 Hz, 6 H), 3.17 (1) = 6.2 Hz, 4 H), 2.78 (1 = 6.3 Hz, 6 H),
2.57 (t,J=6.5Hz, 2 H), 2.47 ()= 6.8 Hz, 4 H), 1.71-1.57 (m, 8 H), 1.56-1.47 (ni)41.43—
1.26 (m, 6 H);**C-NMR (125 MHz, CROD) 6 175.1, 174.9, 174.6, 174.6, 174.4, 65.7, 49.4,
48.9, 48.7, 40.3, 40.2, 31.8, 31.7, 30.0, 29.98,229.5, 29.2, 29.1, 28.6, 27.4, 27.3, 27.3, 24.8,
24.6, 24.1; HRMS-ESI (m/z): [M+H]calcd. for G/H4eNs010: 602.3396, found 602.3393.

(x) Danoxamine macrolactone (5b). Danoxamine %a 75.0 mg, 0.11 mmol), 2,4,6-
trichlorobenzoyl chloride (51.6L, 0.33 mmol),iPLEtN (115.0uL, 0.66 mmol), and catalytic
DMAP (6.8 mg, 0.056 mmol) were dissolved in 23 mlLamhydrous DMF (0.005 M with
respect to5a). After 144 h, HPLC (visible detection at 427 nmehjowed the desired
macrolactone to be the major siderophore-contaim@agtion component. The reaction was
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quenched with BD (10 mL) and the DMF/FD were removed using high vacuum rotary
evaporation. The resulting orange film was pamiéd between ¥ (75 mL) and BEO (50 mL).
The layers were separated and th®hvas washed with KD (2 x 50 mL) and concentrated to
give 72 mg of an orange film. This material wasifped by semi-preparative HPLC using 0.1
mM ammonium acetate 8 (A) and CHCN (B) as eluent. A gradient was formed from 95%-
20% of A in 10 min, then 20%-5% of A in 2 min, thB%-95% of A in 3 min (total run time =
15 min). Pure fractions were concentrated to pledidanoxamine macrolactobb in 53%
yield (39.0 mg, 0.060 mmol). X-ray quality crystaere grown from MeOH/ED at -20 °C.
An X-ray structure was obtained by Dr. Allen Oliv@dND) at the Advanced Light Source
Beamline at Lawrence Berkeley National Lab as desdrin sectionXll of this Supporting
Information. HRMS-ESI (m/z): [M+N43] calcd. for G/HiFeNsNaOy,: 677.2330, found
677.2373; HPLC retention time 3.67 min.

Optimization of Yamaguchi conditions for the macrobctonization of danoxamine (Table 1
Entries 1-4). All reactions were performed in anhydrous DMF ustngng of danoxaminesg)

at a concentration of 0.005 M and 0.5 equivaled®AP. Varying amounts of the Yamaguchi
reagent (2,4,6-trichlorobenzoyl chloride) ambEtN were included along with varying reaction
temperatures, as indicated in Table 1, Entries 1-Relative percent compositions were
determined after 72 h by quenching the reactiontun&xwith MeOH. The quenched mixture
was analyzed by HPLC and/or LC-MS with visible @@t at 427 nm, the.n. for 1:1
trinydroxamate siderophore:Fe(lll) complexes, teniify and quantify all reaction components
(5a-5€) as shown in Table 1.

Scope of Yamaguchi macrolactonization conditions. Syntheses of ferric siderophore
macrolactones 5b-8b (Table 1; Entries 5-8)All reactions were performed in anhydrous DMF
using 1 mg of siderophore-Fe(lll) hydroxy ackEb{8a) at a concentration of 0.005 M with 3.0
equivalents of 2,4,6-trichlorobenzoyl chloride, @quivalents ofPLEtN, and 0.5 equivalent of
DMAP added from stock solutions. Relative percamnpositions were determined after 72 h
by quenching the reaction mixture with MeOH andlyriag by HPLC with visible detection at
427 nm, thé\max for 1:1 trihnydroxamate siderophore:Fe(lll) commex Some reaction mixtures
were heated to 50 °C to ensure complete solubzaif the siderophore, as indicated in Table
1. The identity of the siderophore macrolactoriis8b) was confirmed by HRMS, LC-MS,
and analytical HPLC 6b, n=1.HRMS-ESI (m/z): [M+H] calcd. for GeHs3FeNsOyq: 641.2354,
found 641.2326; HPLC retention time 3.37 mbb, n=2. HRMS-ESI (m/z): [M+Na] calcd. for
CoHasFeNsNaOyo: 677.2330, found 677.2373; HPLC retention time/din. 7b, n=3.HRMS-
ESI (m/z): [M+H] calcd. for GgH47FeNsO1g: 669.2667, found 669.2657; HPLC retention time
3.20 min. 8b, n=4. HRMS-ESI (m/z): [M+H] calcd. for GgHsoFeNsO1: 683.2823, found
683.2781; HPLC retention time 4.00 min.

Hydrolysis of siderophore-Fe(lll) complex methyl eters (5c¢-8c) to acids (5a-8a). All
reactions were performed in,@ buffered to pH 10 (KCOs, K3sBOs, KOH; Fisher) at 22 °C with

a siderophore-Fe(lll) complex methyl estgéc-8c) concentration of 0.5 mM. Reaction half-lives
(t12) and R values were derived from linear first order kinefilots (In[siderophore-Fe(lll)
methyl ester] versus time) generated by integyaie siderophore ester and acid peak areas of
HPLC chromatograms collected at various time pawith visible detection at 427 nm, thgax

for 1:1 trihydroxamate siderophore:Fe(lll) complexe
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IV. HPLC Chromatograms of Reactions from Table 1
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Figure S1. HPLC chromatogram of substréia macrolactonization reaction mixture at 72 h
after MeOH quench using conditions specified inl&dh Entry 1 of main text.
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Figure S2. HPLC chromatogram of substrai@ macrolactonization reaction mixture at 72 h

after MeOH quench using conditions specified inl&€dh Entry 2 of main text.
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Figure S3. HPLC chromatogram of substrai@ macrolactonization reaction mixture at 72 h

after MeOH quench using conditions specified inl&€dh Entry 3 of main text.
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Figure S4. HPLC chromatogram of substrai@ macrolactonization reaction mixture at 72 h
after MeOH quench using conditions specified inl&dh Entry 4 of main text.
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Figure S5. HPLC chromatogram of substra@a macrolactonization reaction mixture at 72 h
after MeOH quench using conditions specified inl&dh Entry 5 of main text.
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Figure S6. HPLC chromatogram of substréia macrolactonization reaction mixture at 72 h
after MeOH quench using conditions specified inl&dh Entry 6 of main text.
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V. Graph of % Macrolactone 5b vs Time for Reactios in Table 1, Entries 1-4
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Figure S9. Graph of percent macrolactobb vs time for reactions described in Table 1, Estrie
1-4 from the main text. See Table S1 below for HLC data used to calculate relative percent
compositions.

Table S1. Peak heights and relative % compositions of 5a-5e for reactions in Table 1, Entries 1-4.
Table 1, Entry 1°

Time (h)b 5a Height" 5b Height 5c Height 5d Height 5e Height
0 14619 1413 4505 4592 293
1.5 4002 1975 1779 3087 390
3 6478 4493 2798 2780 1027
4.5 3719 3285 1501 3544 682
6 3910 4022 1685 4223 770
15 3335 6189 1055 4662 722
24 1890 4087 1816 4116 627
36 1416 4383 2368 3859 792
48 1513 4392 2585 4127 804
72 2041 5562 1515 3179 708
Time (h) % 5a° % 5b % 5¢ % 5d % 5e
0 57.5053104 5.558177956 17.72087169 18.06309496 1.15254504
1.5 35.6271699 17.5821241 15.8372652 27.48152764 3.471913113
3 36.8570778 25.56326809 15.91943559 15.81702321 5.843195266
4.5 29.2121593 25.80315765 11.79011861 27.83756186 5.357002592
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6 26.7624914  27.52908966 11.53319644 28.90485969 5.270362765
15 20.8920629  38.77090772 6.60903339 29.20503665 4.522959343
24 15.0765795  32.60210593 14.48627951 32.83343969 5.001595405
36 11.0469652  34.19410204 18.47402091 30.1061008 6.178811047
48 11.2733775  32.72483422 19.26085985 30.75031667 5.990611728
72 15.6939639  42.76816609 11.64936563 24.44444444 5.444059977

Table 1, Entry 2
Time (h) 5a Height 5b Height 5c Height 5d Height 5e Height

0 7809 2011 4631 1964 947
1.5 1863 4116 2543 2877 916

3 1707 4054 1917 2515 818
4.5 1583 3471 1973 2517 804

6 2215 4651 2308 2213 1005
15 1782 3936 1984 1938 746
24 1998 4029 1535 1825 774
36 3516 5492 1325 3200 1151
48 3381 5775 1824 3163 1177
72 3550 5237 1004 2650 956

Time (h) % 5a % 5b % 5¢ % 5d % 5e

0 449775372  11.58276696 26.67319433 11.31206082 5.454440733
1.5 15.1278928 33.4226553 20.64961429 23.36175396 7.438083638

3 15.5026791  36.81772773 17.40986286 22.84079557 7.428934702
4.5 15.2976421  33.54271357 19.06648628 24.32354078 7.769617317

6 17.8744351  37.53227889 18.6249193 17.85829567 8.110071014
15 17.1577123  37.89716927 19.10263817 18.65973426 7.182746004
24 19.663419 39.65160909 15.10678083 17.96083063 7.617360496
36 23.9444293  37.40125306 9.023426859 21.79242713 7.838463634
48 22.0691906  37.69582245 11.90600522 20.6462141 7.682767624
72 26.4984698  39.09084123 7.494215123 19.78054788 7.135925954

Table 1, Entry 3
Time (h) 5a Height 5b Height 5c Height 5d Height 5e Height

0 7325 0 8686 537 280
0.5 6285 771 5824 859 487
2.5 2890 3213 6144 1628 1301
4.5 1172 7484 2362 1602 1719
6 327 6044 1166 1151 1752
9.5 0 6572 1318 1238 431
23 0 6981 1416 1224 1455
29 0 6117 703 1100 1210
50 0 6964 984 834 1006
72 0 6927 827 979 754

Time (h) % 5a % 5b % 5c¢ % 5d % 5e

0 43.5286427 0 51.6163537 3.191110055 1.663893511
0.5 44.179671 5.419654154 40.93912554 6.038239843 3.423309433
2.5 19.0432261  21.17158672 40.48497628 10.72746442 8.572746442
4.5 8.1735128 52.19331892 16.47255736 11.17232722 11.9882837
6 3.13218391  57.89272031 11.16858238 11.02490421 16.7816092
9.5 0 68.7519615 13.78805314 12.95114552 4.508839837
23 0 63.02816901 12.7843987 11.05092091 13.13651138
29 0 66.99890471 7.699890471 12.04819277 13.25301205
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50 0 71.14834491 10.05312628 8.520637515 10.2778913
72 0 73.0157057 8.717191947 10.31938442 7.94771793
Table 1, Entry 4
Time (h) 5a Height 5b Height 5c Height 5d Height 5e Height
0 3083 5991 5660 1051 3206
0.5 0 5813 3629 896 2767
1 0 6745 4004 1016 3202
1.5 0 5283 2447 814 2192
2 0 4714 1684 627 1446
5.5 0 5955 2445 589 1041
18.5 0 6879 2198 655 1132
24 0 6588 582 419 879
45 0 6740 1378 639 1047
72 0 9818 1018 918 1575
Time (h) % 5a % 5b % 5c¢ % 5d % 5e
0 16.2340056 31.54652204 29.80359117 5.534200411 16.8816808
0.5 0 44.3571156 27.69172072 6.837085082 21.1140786
1 0 45.06581145 26.75218815 6.788267522 21.39373288
1.5 0 49.20827124 22.79247392 7.581967213 20.41728763
2 0 55.64868374 19.87958919 7.401723527 17.07000354
5.5 0 59.37188435 24.37686939 5.872382851 10.37886341
18.5 0 63.31921944 20.23195876 6.029086892 10.4197349
24 0 77.79877185 6.872933396 4.948039679 10.38025508
45 0 68.74745002 14.05548756 6.517747858 10.67931457
72 0 73.65893916 7.637482182 6.887238352 11.81634031

°All data values in this table were generated from HPLC chromatograms of macrolactonization
reaction mixtures described in Table 1 of the main text. “Time points refer to the exact time of
quenching the reaction mixture with MeOH. C‘Height refers to the peak height of the reaction
components when monitored at 427 nm ‘Relative percent compositions were determined for all
siderophore components using the peak heights at 427 nm, which is the wavelength of max
absorbance for trihydroxamate siderophore-Fe(lll) complexes.

Table S1. Peak heights and relative percent compositions rm@ted from HPLC

chromatograms monitored at 427 nm for macrolactdima reactions at various time points
using conditions indicated in Table 1, Entries ftedn the main text.
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VI. Graph of Relative % Products vs Time for Reacion in Table 1, Entry 3

Relative % Products 5a-5e vs Time
Table 1, Entry 3
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|—+— 9 5a —— % 5b —— % 5¢ = % 5d —*— % 5e |
Figure S10. Graph of relative percent producks-5e vs time for the macrolactonization
reaction described in Table 1, Entries 3 from tlemtext. See Table S1 above for raw HPLC
data used to calculate relative percent composition
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Figure S11.

HPLC chromatograms monitored at 427 nm and 254 rima cscaled-up
macrolactonization reaction of siderophore-Fe@bmplex5b taken at (a) 140 h after a MeOH
qguench, (b) after an aqueous work-up and washindp \EibO, (c) after purification by
preparative HPLC. See experimental descriptiosdationll for compoundSb to get exact
experimental details for the aqueous work-up aegagrative HPLC purification.
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VIIl. HPLC Chromatograms from Hydrolyses of Siderophore Methyl Esters
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Figure S12.HPLC chromatograms (427 nm; pH 10) for hydrolysisnethyl estebc to acidSa.
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Figure S13.HPLC chromatograms (427 nm; pH 10) for hydrolysisnethyl este6c to acidéa.
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Figure S14.HPLC chromatograms (427 nm; pH 10) for hydrolysisnethyl estei7c to acid7a.
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Figure S15.HPLC chromatograms (427 nm; pH 10) for hydrolydisnethyl esteBc to acid8a.
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IX. 1% Order Rate Plots for Methyl Ester Hydrolyses

Hydrolysis of Siderophore Methyl Ester Sc to Acid 5a at pH 10

Time (h) 5c Peak Area 5aPeak Area % 5¢ % 5a  In[“:Ester] 5c¢c Half Life
0 679116 13859 98 1.9999 4584968 81h
0.55 6535431 40271 9404 59599 4543722
1.55 606423 105983 85123 14877 44441
238 506217 140949 78.221 21779 4.359533
7.88 319497 340131 48 436 51564 3.880242
20.38 101138 505512 16.672 83328 2813704
2596 76582 617202 11.038 88962 2401372

In{% 5¢c) vs time y = -0.0848x + 4.5725
R* = 0.9994
5
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4_%
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g 3 e~
= 25 _\\'—-r
£ 2
15
1
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15
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Figure S16.First order kinetic plot for hydrolysis of methydter5c to acid5a at pH 10.

Hydrolysis of Siderophore Methyl Ester 6¢ to Acid 6a at pH 10

Time (h) 6c Peak Area 6a Peak Area % Bc % Bc In[%6¢c] 6c Half Life
0.08 382913 12112 96.93386 3.066135 4574029 16h
1.2 258034 169184 60.39867 39.60133 4.100967
1.82 225297 258521 46.56648 5343352 3.840881
243 136762 264927 34 04674 8595326 3527734
3.25 108870 333914 2458761 7541239 3.202243
547 43643 393772 9977481 90022562 2300331
In{% 6¢) vs time y=-04237x + 450974
R® = 0.9991
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Figure S17.First order kinetic plot for hydrolysis of methydter6c to acidéa at pH 10.
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Hydrolysis of Siderophore Methyl Ester 7c to Acid 7a at pH 10

Time (h) 7c Peak Area T7aPeak Area % Te % Ta In[%7¢] T7c Half Life
1 322777 17980 9472351 5276487 4550962 13 h
293 233448 41956 8476565 1523435 443989
587 263078 100929 7227279 2772721 4280448
30.72 55603 233971 1920165 B0.79835 2954996
In(% 7c) vs time y = -0.0535x + 4.5089
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Figure S18.First order kinetic plot for hydrolysis of methydter7cto acid7aat pH 10.

Hydrolysis of Siderophore Methyl Ester 8c to Acid 8a at pH 10

Time (h) 8c Peak Area 8a Peak Area % 8¢ % 8a In[%Ester] 8¢ Half Life
0.08 358378 0 100 0 4. 60517 199h
1.3 366570 7481 98.00001 1.999995 4584968
197 324903 24796 92 90933 7.090669 4531624
333 352045 51342 8727227 1272773 4469033
555 321419 78084 80.45471 1954529 4387694
8.95 280856 115247 70.90479 29.09521 4.261338
277 193760 243483 4431403 5568597 3.791301
33.15 118944 256325 31.69566 68.30434 3.45618
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Figure S19.First order kinetic plot for hydrolysis of methydter8c to acid8a at pH 10.
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X. H-NMR and **C-NMR Spectra of Pure Compounds
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XI. HPLC Chromatograms of Pure Siderophore-Fe(lll) Complexes

1,5[1'[)E a. .
] Siderophore-Fe(lll) CompleXs
1.000 427 nm
o .
< 0500
0,00{:@ S - o - P E—
200 400 " 500 " 800 7000 1200 1400
Minutes
0_2&3 b. Siderophore-Fe(lll) Comple&a
z ] 254 nm
0.00—— — N
L, 020 427 nm
< ]
0.00- T T T T T T T T — T T T T T T T
200 400 6.00 8.00 10.00 12.00 14.00
Minutes
0.1007 c. Siderophore-Fe(lll) CompleXa
2 ] A 254 nm
0.0004 — 1 Sl e — _
S D.?UO% ‘ 427 nm
< B \
0.000- T T —= T T T T T T T T T T T T T T T T !
200 400 6.00 8.00 10.00 12.00 14.00
Minutes
0.1009 (. Siderophore-Fe(lll) Comple&a
2 ] 254 nm
0.000- S ~ —
3 0,100—: 427 nm
<< ]
0.000- T = T R T T T T T T T T T T 1 T T T T (R
2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

Figure S20. HPLC chromatograms of purified siderophore-Fe(Bhmplex hydroxy acid

substrates for the Yamaguchi macrolactonizatiorctieas.

hydroxy acid5a. (b) Siderophore-Fe(lll) complex hydroxy add. (c) Siderophore-Fe(lll)

complex hydroxy acida (Note: Retention time in this chromatogram is acturate due to an
HPLC injection malfunction, but chromatogram ssilows the high compound purity. Actual
retention time is 2.2 min as shown in Figure S14J) Siderophore-Fe(lll) complex hydroxy

acid8a
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Figure S21. HPLC chromatograms of purified siderophore-Fg¢(kbmplex methyl ester
substrates for kinetic hydrolysis studies. (a)eBaphore-Fe(lll) complex methyl estgéc. (b)
Siderophore-Fe(lll) complex methyl es&s. (c) Siderophore-Fe(lll) complex methyl ester
(d) Siderophore-Fe(lll) complex methyl es8er
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XIl. X-ray Diffraction Data for 5b

Discussion

The complextb crystallizes as red, blade-like crystals. Theetawo molecules of the
complex, a racemic mixture @f/A-cis coordination isomers, and associated wateeoutgs of
crystallization in the unit cell of the primitiveentrosymmetric, triclinic space group P-1.

The structure of the complex is as expected (sgar&i3 in main text). The iron adopts
an octahedral coordination geometry and is cootédihdy six oxygens of the siderophore
macrocycle. Though the data resolution was nohigh as often desired, location of the
hydrogens on the macrocycle and water moleculespassible. This allowed identification of
the lactone oxygen since the amide hydrogens wesereed. The amides and water molecule
all form hydrogen bonds to nearby H-bond acceptoma (see Table S8 of Hydrogen-bonds for
details). The molecules form 2D H-bonded sheetsimwthe lattice. The H-bond from N3 to the
neighboring oxime oxygen, O1, propagates chainsgalbea-axis. The H-bond from N5 to the
carbonyl O7 of a molecule related by translatiamgltheb-axis, propagates the sheet along that
axis. The water molecule forms a bifurcated hydrmbgond to the carbonyl oxygens O2 and O9
(which also coordinate the Fe center) and an H-lhortde same carbonyl, O7, contacted by N5.

The data quality is not as high as usually desinesvever, the connectivity and identity
of the molecules are unequivocal. The bond digsnand angles are within reasonable,
expected values, though they do have somewhat lrge normal standard uncertainties.

Limited examples of ferrioxamine siderophore x-iyuctures have been solved and
presented in the literature. These structuresudteclferrioxamine B ferrioxamine DB,*
ferrioxamine E and a retro-hydroxamate isomeric structure oidgamine E5 A comparative
analysis of these structures has been reportedtr@ndtructural parameters of danoxamine
macrolactone presented here are in good agreément.

The propeller-like structures and conformationaltfiees of danoxamine macrolactone
(5b) and ferrioxamine E, both macrocyclic ferrioxamgiderophores with a preformed cavity
for binding Fe(ll)>° compare very well with each other as shown inrég822 A and B,
respectively. One interesting structural differenie observed when viewing space filling
models of the two faces of the siderophore stresturBoth structures present three carbonyl
groups on one face, but on the opposing face feanmne E presents three amide NH groups (H-
bond donors) while danoxamine macrolactone predamsamide NH groups (H-bond donors)
and one ester oxygen (H-Bond acceptor). This sus$iluctural difference could influence
biological activity of the siderophores since reaitijon and transport by membrane-associated
siderophore receptor/transport proteins is higldpashdent on the presented structural features
surrounding the Fe(lll)-octahedron of the siderapffo
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Danoxamine Ferrioxamine E
macrolactone (5b)

$=C & :N @=0 @ -r¢

Figure S22.Comparison of danoxamine macrolactob®; (A) and ferrioxamine ER) X-ray
structures viewed through the pseudg axis using ball and stick and space filling models
generated by Mercury version 2.4 (cif file for fexamine E (FEROXE10)was obtained from
the Cambridge Structural Database).

Crystal Summary

Crystal data for gzHsFeNsO11; M, = 671.53; Triclinic; space group P-4~ 7.9412(10)
A; b =10.3832(14) Ar = 19.910(3) Ao = 97.593(10)°p = 92.835(9)°y = 106.253(9)°; V =
1555.8(4) Rz=2T-= 150(2) Ki(synchrotron) = 0.77490 Aj(synchrotron) = 0.646 mrh
dearc = 1.434g.crit; 20051 reflections collected; 4479 unique(R 0.1468); giving R= 0.1000,
WR, = 0.2398 for 2441 data with [I52)] and R = 0.1754, wR = 0.2783 for all 4479 data.
Residual electron density (&) max/min: 0.884/-0.896.

An arbitrary sphere of data were collected on abtade-like crystal, having approximate
dimensions of 0.06 x 0.05 x 0.015 mm, on a BrukBEX-II diffractometer using a combination
of - and ¢-scans of 0.3% Data were corrected for absorption and polariragéfects and
analyzed for space group determination. The stractmas solved by direct methods and
expanded routinely. The model was refined by fuditnix least-squares analysis dfdgainst all
reflections. All non-hydrogen atoms were refinedthwianisotropic thermal displacement
parameters. Unless otherwise noted, hydrogen atsers included in calculated positions.
Thermal parameters for the hydrogens were tiedaadotropic thermal parameter of the atom to
which they are bonded (1.5 x for methyl, 1.2 xdbwothers)**°
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Table S2. Crystal data and structure refinementSbr

Identification code nd65a
Empirical formula G7H4sFeNsO11
Formula weight 671.53
Temperature 150(2) K
Wavelength 0.77490 A
Crystal system Triclinic
Space group P-1

Unit cell dimensions

a=7.9412(10) A o =97.593(10)°
b=10.3832(14) A p =92.835(9)°
c=19.9103) A  y=106.253(9)°

Volume 1555.8(4) A
VA 2

Density (calculated) 1.434 g.¢in
Absorption coefficienty) 0.646 mnt
F(000) 712

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness té = 25.50°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on ¥

Final R indices [I>2(1)]

R indices (all data)
Largest diff. peak and hole

0.06 x 0.05 x 0.015 mm
2.25 to 25.50°
-8 h<8,-11<k<11,-22<1<22
20051
4479;[R= 0.1468]
100.0 %
Semi-empirical from equivaken
0.7458 and 0.5520
Full-matrix least-squares on F
4479/ 3/ 403
1.039
R1=0.1000, wRR=0.2398
R=0.1754, wR=0.2783
0.884 and -0.8948

Table S3. Atomic coordinates and equivalent isotropic disptaent parameters A
for 5b. U(eq) is defined as one third of the trace efanthogonalized Ptensor.

X y z U(eq)
Fe(1) 0.10065(16) 0.16502(13) 0.23336(8) 0.043(1)
0(1) 0.3196(7) 0.1169(6) 0.2521(3) 0.043(2)
0(2) 0.0956(8) 0.0290(6) 0.1488(3) 0.046(2)
0(@3) 0.2568(9) 0.1098(7) -0.0446(4) 0.062(2)
0(4) 0.4541(8) 0.1312(6) 0.0437(4) 0.047(2)
0(5) 0.2148(7) 0.3290(6) 0.1957(3) 0.044(2)
0(6) -0.1126(7) 0.2116(6) 0.1936(3) 0.041(2)
o(7) -0.2076(11) 0.5433(8) 0.2699(4) 0.075(2)
0(8) 0.1183(8) 0.2671(6) 0.3247(4) 0.048(2)
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0(9)
0(10)
N(1)
N(2)
N(3)
N(4)
N(5)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
o(1w)
H(3C)
H(5C)
H(2A)
H(2B)
H(3A)
H(3B)
H(5A)
H(5B)
H(6A)
H(6B)

H(12B)

-0.0517(7)
0.1641(10)
0.3521(9)
0.0981(9)

-0.4232(10)
0.0359(10)
0.0912(10)
0.2362(12)
0.2586(13)
0.2058(11)
0.3188(12)
0.3435(13)
0.2568(12)
0.2616(12)
0.1734(12)
0.1741(11)

-0.0693(11)

-0.2108(10)

-0.3707(11)

-0.3290(13)

-0.4143(14)

-0.4286(18)

-0.2924(16)

-0.1082(13)
0.0366(14)

-0.0502(11)

-0.1523(13)

-0.1271(12)
0.0587(15)
0.2614(15)
0.3574(13)
0.3850(12)
0.4821(11)
0.5170(11)

-0.0543(10)

-0.4994
0.0037
0.1852
0.3832
0.2134
0.0817
0.3405
0.4684
0.3154
0.1322

-0.4227

0.0176(6)
-0.0790(8)
0.0323(7)
0.3915(7)
0.3785(8)
0.1848(9)
-0.2912(8)
-0.0109(9)
-0.1077(9)
-0.0689(9)
0.0669(10)
0.2422(9)
0.3486(10)
0.3753(10)
0.4819(9)
0.5097(8)
0.3237(9)
0.3788(9)
0.3607(10)
0.4337(10)
0.4356(11)
0.3321(13)
0.2502(12)
0.3413(11)
0.2605(11)
0.0577(10)
-0.0329(9)
-0.1740(10)
-0.1753(12)
-0.3112(13)
-0.2946(11)
-0.1549(10)
-0.1427(9)
-0.0078(9)
-0.2530(7)
0.2981
-0.3590
-0.2003
-0.1082
-0.1392
-0.0674
0.2356
0.2707
0.4347
0.3195
0.2628
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0.2822(4)
0.4331(4)
0.1988(4)
0.1723(4)
0.3021(5)
0.3700(5)
0.3753(4)
0.1463(6)
0.0880(6)
0.0207(6)
0.0083(6)
-0.0622(6)
-0.0348(6)
0.0405(5)
0.0666(5)
0.1415(5)
0.1711(5)
0.1427(5)
0.1848(5)
0.2554(6)
0.3713(6)
0.4192(7)
0.4152(7)
0.4337(7)
0.4359(6)
0.3454(6)
0.3911(5)
0.3791(6)
0.3977(6)
0.3835(6)
0.3204(6)
0.2972(5)
0.2346(5)
0.2105(6)
0.1943(4)
0.2892
0.3542
0.0917
0.0893
-0.0168
0.0200
-0.1123
-0.0436
-0.0511
-0.0539
0.1863

0.043(2)
0.069(2)
0.041(2)
0.040(2)
0.046(2)
0.047(2)
0.046(2)
0.045(3)
0.049(3)
0.051(3)
0.043(3)
0.050(3)
0.050(3)
0.043(2)
0.045(3)
0.041(3)
0.038(2)
0.037(2)
0.042(2)
0.043(2)
0.056(3)
0.080(4)
0.076(4)
0.069(4)
0.062(3)
0.039(2)
0.049(3)
0.048(3)
0.054(3)
0.068(3)
0.057(3)
0.051(3)
0.044(3)
0.047(3)
0.063(2)
0.055
0.055
0.059
0.059
0.061
0.061
0.060
0.060
0.060
0.060
0.051



H(14A) -0.5108 0.4781 0.3775 0.067
H(14B) -0.3013 0.5078 0.3833 0.067
H(15A) -0.5168 0.3180 0.4503 0.096
H(16A) -0.3196 0.1822 0.4466 0.091
H(16B) -0.3015 0.2010 0.3685 0.091
H(17A) -0.1028 0.3959 0.4788 0.083
H(17B) -0.0791 0.4047 0.4001 0.083
H(18A) 0.1546 0.3254 0.4496 0.074
H(18B) 0.0102 0.1978 0.4699 0.074
H(20A) -0.2790 -0.0406 0.3830 0.058
H(20B) -0.1136 0.0082 0.4391 0.058
H(21A) -0.2078 -0.2332 0.4062 0.058
H(21B) -0.1602 -0.2126 0.3305 0.058
H(23A) 0.2484 -0.4036 0.3946 0.082
H(23B) 0.3321 -0.2451 0.4221 0.082
H(24A) 0.2905 -0.3657 0.2829 0.068
H(24B) 0.4740 -0.3094 0.3289 0.068
H(25A) 0.2688 -0.1400 0.2879 0.061
H(25B) 0.4518 -0.0832 0.3344 0.061
H(26A) 0.5963 -0.1610 0.2438 0.053
H(26B) 0.4134 -0.2138 0.1975 0.053
H(27A) 0.5743 -0.0116 0.1675 0.056
H(27B) 0.5995 0.0622 0.2447 0.056
H(1WA) -0.029(15) -0.167(3) 0.215(4) 0.075
H(1WB) -0.102(14) -0.311(6) 0.223(3) 0.075
Table S4.Anisotropic displacement parameterg)for 5b.
The anisotropic displacement factor exponent tékesorm:
-2n°[h%a*?Uyy + ... + 2hka*b*Us)

Ui1 Uzz Us3 Uz3 Uiz U1
Fe(1) 0.0195(7) 0.0427(9) 0.0729(12) 0.0166(7)0004(6) 0.0142(6)
0(1) 0.028(3) 0.040(4) 0.063(5) 0.006(3) 0.009(30.013(3)
0(2) 0.027(3) 0.045(4) 0.074(5) 0.015(3) 0.007(3)0.019(3)
0(3) 0.029(4) 0.065(5) 0.090(6) 0.007(4) 0.002(40.015(3)
0(4) 0.021(4) 0.052(4) 0.069(5) 0.014(4) -0.003(30.009(3)
o(5) 0.022(3) 0.043(4) 0.076(5) 0.021(3) 0.004(3)0.020(3)
0(6) 0.015(3) 0.038(4) 0.074(5) 0.016(3) 0.006(3).010(3)
o(7) 0.064(5) 0.059(5) 0.087(6) 0.006(4) 0.020(590.007(4)
0(8) 0.026(3) 0.048(4) 0.076(5) 0.023(4) 0.010(30.011(3)
0(9) 0.026(3) 0.040(4) 0.065(5) 0.015(4) 0.007(3)0.010(3)
0(10) 0.051(5) 0.078(6) 0.077(6) -0.003(5) -0(@09 0.028(4)
N(1) 0.021(4) 0.037(4) 0.071(6) 0.017(4) 0.008(4).015(4)
N(2) 0.022(4) 0.037(4) 0.062(6) 0.013(4) 0.001(4)0.011(3)
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N(3) 0.034(5)
N(4) 0.035(5)
N(5) 0.038(5)
C(1) 0.028(5)
C(2) 0.033(5)
C@3) 0.018(5)
C(4) 0.020(5)
C(5) 0.037(6)
C(6) 0.022(5)
C(7) 0.024(5)
C(8) 0.025(5)
C(9) 0.021(5)
C(10)  0.026(5)
C(11)  0.019(4)
C(12)  0.025(5)
C(13)  0.038(6)
C(14)  0.044(6)
C(15)  0.080(9)
C(16)  0.069(9)
C(17)  0.040(7)
C(18)  0.048(7)
C(19)  0.022(5)
C(20)  0.039(6)
C(21)  0.030(5)
C(22)  0.057(7)
C(23)  0.051(7)
C(24)  0.038(6)
C(25)  0.023(5)
C(26)  0.016(5)
C(27)  0.015(5)
o(1W)  0.057(5)

Table S5.Bond lengths [A] fo5b.

atom-atom

Fe(1)-0(5)
Fe(1)-0(1)
Fe(1)-0(2)
O(1)-N(1)
O(3)-C(4)
O(4)-C(4)

0.010(4)0.012(4)
0.014(4)0.028(4)
0.004(4)0.022(4)
0.007(6)0.012(4)
0.013(5).018(5)
0.009(5)0.010(4)
0.011(5)0.021(5)
0.014(5)0.014(5)
0.007(5).026(5)

-0.003(50.016(4)

0.007(5)0.010(4)
0.001(5)0.008(4)
0.009(40.018(4)

-0.@)3( 0.015(4)
-0.806( 0.016(4)

0.010(50.014(5)
0.011(60.025(5)
0.019( 0.058(8)
0.012( 0.029(7)
0(622 0.009(6)

-0.@)2( 0.012(6)

0.001(50.016(4)
0.007(50.019(5)

-0.8)5( 0.010(5)

0.010(60.023(6)
0.017(70.037(6)
0.001(60.022(5)

-0.8)1( 0.009(5)
-0.8)2( 0.008(4)

0.004(50.013(4)
0.0)7(40.016(4)

0(6)-C(10)

0O(8)-N(4)

0(10)-C(22)

N(1)-C(27)

0.050(5) 0.057(6) 0.019(5)
0.058(6) 0.061(6) 0.016(5)
0.039(5) 0.067(6) 0.011(4)
0.035(5) 0.076(8) 0.020(5)
0.038(6) 0.084(8) 0.018(6)
0.040(6) 0.094(9) 0.001(6)
0.054(6) 0.064(7) 0.012(6)
0.050(6) 0.066(7) 0.010(5)
0.068(7) 0.072(8) 0.027(6)
0.053(6) 0.058(7) 0.018(5)
0.043(6) 0.071(8) 0.023(5)
0.027(5) 0.078(8) 0.015(5)
0.039(6) 0.056(7) 0.015(5)
0.038(5) 0.057(7) 0.002(5)
0.049(6) 0.056(7) 0.010(5)
0.034(6) 0.060(8) 0.009(5)
0.062(7) 0.069(9) 0.012(6)
0.105(10) 0.081(9) 0.039(8)
0.075(8) 0.095(10) 0.029(7)
0.065(7) 0.090(10) -0.029(7)
0.070(8) 0.063(8) 0.013(7)
0.045(6) 0.058(8) 0.020(6)
0.047(6) 0.066(7) 0.016(5)
0.056(6) 0.059(7) 0.017(5)
0.058(7) 0.055(7) 0.019(6)
0.085(8) 0.089(9) 0.044(7)
0.065(7) 0.077(8) 0.033(6)
0.064(7) 0.064(7) 0.015(6)
0.053(6) 0.064(7) 0.013(5)
0.049(6) 0.079(8) 0.010(5)
0.052(4) 0.081(6) 0.012(4)
distance atom-atom
1.956(6) Fe(1)-0O(8)
1.970(6) Fe(1)-O(6)
2.040(7) Fe(1)-0(9)
1.368(9) 0(2)-C(1)
1.322(12) 0(3)-C(5)
1.223(11) 0O(5)-N(2)
1.266(10) O(7)-C(13)
1.386(9) 0(9)-C(19)
1.218(13) N(1)-C(1)
1.498(10) N(2)-C(10)
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distance

1.957(7)
2.038(6)
2.055(6)
1.296(10)
1.452(11)
1.368(9)
1.257(11)
1.271(11)
1.301(12)
1.316(11)



N(2)-C(9) 1.437(10) N(3)-C(13) 1.313(12)
N(3)-C(14) 1.416(12) N(4)-C(19) 1.319(12)
N(4)-C(18) 1.436(13) N(5)-C(22) 1.326(13)
N(5)-C(23) 1.429(12) C(1)-C(2) 1.484(14)
C(2)-C(3) 1.521(14) C(3)-C(4) 1.503(13)
C(5)-C(6) 1.516(13) C(6)-C(7) 1.484(14)
C(7)-C(8) 1.517(13) C(8)-C(9) 1.480(13)
C(10)-C(12) 1.515(11) C(11)-C(12) 1.538(12)
C(12)-C(13) 1.479(14) C(14)-C(15) 1.514(15)
C(15)-C(16) 1.550(16) C(16)-C(17) 1.500(16)
C(17)-C(18) 1.604(15) C(19)-C(20) 1.498(13)
C(20)-C(21) 1.523(13) C(21)-C(22) 1.508(14)
C(23)-C(24) 1.506(15) C(24)-C(25) 1.541(13)
C(25)-C(26) 1.498(14) C(26)-C(27) 1.498(12)
N(3)-H(3C) 0.8800 N(5)-H(5C) 0.8800
C(2)-H(2A) 0.9900 C(2)-H(2B) 0.9900
C(3)-H(3A) 0.9900 C(3)-H(3B) 0.9900
C(5)-H(5A) 0.9900 C(5)-H(5B) 0.9900
C(6)-H(6A) 0.9900 C(6)-H(6B) 0.9900
C(7)-H(7A) 0.9900 C(7)-H(7B) 0.9900
C(8)-H(8A) 0.9900 C(8)-H(8B) 0.9900
C(9)-H(9A) 0.9900 C(9)-H(9B) 0.9900
C(11)-H(11A) 0.9900 C(11)-H(11B) 0.9900
C(12)-H(12A) 0.9900 C(12)-H(12B) 0.9900
C(14)-H(14A) 0.9900 C(14)-H(14B) 0.9900
C(15)-H(15A) 0.9500 C(16)-H(16A) 0.9900
C(16)-H(16B) 0.9900 C(17)-H(17A) 0.9900
C(17)-H(17B) 0.9900 C(18)-H(18A) 0.9900
C(18)-H(18B) 0.9900 C(20)-H(20A) 0.9900
C(20)-H(20B) 0.9900 C(21)-H(21A) 0.9900
C(21)-H(21B) 0.9900 C(23)-H(23A) 0.9900
C(23)-H(23B) 0.9900 C(24)-H(24A) 0.9900
C(24)-H(24B) 0.9900 C(25)-H(25A) 0.9900
C(25)-H(25B) 0.9900 C(26)-H(26A) 0.9900
C(26)-H(26B) 0.9900 C(27)-H(27A) 0.9900
C(27)-H(27B) 0.9900 O(AW)-H(1WA) 0.899(10)
O(1W)-H(wWB) 0.900(10)

Symmetry transformations used to generate equivatems:

Table S6.Bond angles [°] fobb.

atom-atom-atom angle atom-atom-atom angle
O(5)-Fe(1)-0(8) 92.2(3) 0(5)-Fe(1)-0(1) 95.1(2)
0(8)-Fe(1)-0(1) 92.9(3) O(5)-Fe(1)-0(6) 78.9(2)
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0(8)-Fe(1)-0(6)
0(5)-Fe(1)-0(2)
O(1)-Fe(1)-0(2)
O(5)-Fe(1)-0(9)
O(1)-Fe(1)-0(9)
0(2)-Fe(1)-0(9)
C(1)-0(2)-Fe(1)
N(2)-O(5)-Fe(1)
N(4)-O(8)-Fe(1)
C(1)-N(1)-0(1)
O(1)-N(1)-C(27)
C(10)-N(2)-C(9)
C(13)-N(3)-C(14)
C(19)-N(4)-C(18)
C(22)-N(5)-C(23)
0(2)-C(1)-C(2)
C(1)-C(2)-C(3)
O(4)-C(4)-0(3)
0(3)-C(4)-C(3)
C(7)-C(6)-C(5)
C(9)-C(8)-C(7)
0(6)-C(10)-N(2)
N(2)-C(10)-C(11)
C(13)-C(12)-C(11)
0(7)-C(13)-C(12)
N(3)-C(14)-C(15)
C(17)-C(16)-C(15)
0(9)-C(19)-N(4)
N(4)-C(19)-C(20)
C(22)-C(21)-C(20)
0(10)-C(22)-C(21)
N(5)-C(23)-C(24)
C(26)-C(25)-C(24)
C(26)-C(27)-N(1)
C(14)-N(3)-H(3C)
C(23)-N(5)-H(5C)
C(3)-C(2)-H(2A)
C(3)-C(2)-H(2B)
C(4)-C(3)-H(3A)
C(4)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(6)-C(5)-H(5A)
C(6)-C(5)-H(5B)
C(7)-C(6)-H(6A)
C(7)-C(6)-H(6B)
H(6A)-C(6)-H(6B)

97.6(3)
97.0(3)
78.6(3)
167.6(2)
94.6(2)
92.4(3)
113.5(6)
113.0(5)
111.7(5)
118.6(7)
114.3(8)
128.2(7)
126.4(9)
129.6(9)
123.2(10)
121.4(9)
111.0(8)
123.5(9)
113.1(9)
115.0(8)
115.3(8)
120.0(8)
120.3(8)
114.1(8)
121.3(9)
112.9(9)
111.4(10)
118.6(9)
119.7(10)
113.5(8)
121.5(10)
112.0(9)
112.6(9)
112.4(7)
116.8
118.4
109.4
109.4
108.9
108.9
107.7
109.2
109.2
108.5
108.5
107.5

O(1)-Fe(1)-O(6)
0(8)-Fe(1)-0(2)
0(6)-Fe(1)-0(2)
0(8)-Fe(1)-0(9)
0(6)-Fe(1)-0(9)
N(1)-O(1)-Fe(1)
C(4)-0(3)-C(5)
C(10)-O(6)-Fe(1)
C(19)-0(9)-Fe(1)
C(1)-N(1)-C(27)
C(10)-N(2)-O(5)
0(5)-N(2)-C(9)
C(19)-N(4)-O(8)
0(8)-N(4)-C(18)
0(2)-C(1)-N(1)
N(1)-C(1)-C(2)
C(4)-C(3)-C(2)
O(4)-C(4)-C(3)
0(3)-C(5)-C(6)
C(6)-C(7)-C(8)
N(2)-C(9)-C(8)
0(6)-C(10)-C(11)
C(10)-C(11)-C(12)
O(7)-C(13)-N(3)
N(3)-C(13)-C(12)
C(14)-C(15)-C(16)
N(4)-C(18)-C(17)
0(9)-C(19)-C(20)
C(19)-C(20)-C(21)
0(10)-C(22)-N(5)
N(5)-C(22)-C(21)
C(23)-C(24)-C(25)
C(27)-C(26)-C(25)
C(13)-N(3)-H(3C)
C(22)-N(5)-H(5C)
C(1)-C(2)-H(2A)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(2)-C(3)-H(3A)
C(2)-C(3)-H(3B)
0(3)-C(5)-H(5A)
0(3)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(5)-C(6)-H(6A)
C(5)-C(6)-H(6B)
C(6)-C(7)-H(7A)
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168.1(3)
167.9(3)
91.8(3)
79.6(3)
92.9(2)
112.1(5)
120.9(8)
113)0(
11B)3(
126.9(9)
115 (7
115.4(6)
1175(
11B)(
11@9(
121.7(8)
113.3(9)
123.4(9)
112.1(8)
113.9(8)
114.1(8)
118 (

13@8)
12(1.8)
11(Bp
13@.0)
189)
12Bp(
18(8)
124.0)
11(4.0)
13@)
1m(8)
116.8
118.4
109.4
109.4
108.0
108.9
108.9
109.2
109.2
107.9
108.5
108.5
108.8



C(8)-C(7)-H(7A)
C(8)-C(7)-H(7B)
C(9)-C(8)-H(8A)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(8)-C(9)-H(9A)
C(8)-C(9)-H(9B)
C(10)-C(11)-H(11A)
C(10)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)
N(3)-C(14)-H(14A)
N(3)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(16)-C(15)-H(15A)
C(15)-C(16)-H(16A)
C(15)-C(16)-H(16B)
C(16)-C(17)-C(18)
C(18)-C(17)-H(17A)
C(18)-C(17)-H(17B)
N(4)-C(18)-H(18A)
N(4)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
C(21)-C(20)-H(20A)
C(21)-C(20)-H(20B)
C(22)-C(21)-H(21A)
C(22)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
C(24)-C(23)-H(23A)
C(24)-C(23)-H(23B)
C(23)-C(24)-H(24A)
C(23)-C(24)-H(24B)
H(24A)-C(24)-H(24B)
C(24)-C(25)-H(25A)
C(24)-C(25)-H(25B)
C(27)-C(26)-H(26A)
C(27)-C(26)-H(26B)
H(26A)-C(26)-H(26B)
N(1)-C(27)-H(27A)
N(1)-C(27)-H(27B)

H(1WA)-O(1W)-H(1WB)

108.8
108.8
108.5
108.5
107.5
108.7
108.7
108.9
108.9
107.7
108.7
108.7
109.0
109.0
107.8
121.6
109.3
109.3
113.4(9)
108.9
108.9
109.7
109.7
108.2
109.3
109.3
108.9
108.9
107.7
109.2
109.2
108.6
108.6
107.6
109.1
109.1
108.5
108.5
107.5
109.1
109.1
110(3)

C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
N(2)-C(9)-H(9A)
N(2)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(12)-C(11)-H(11A)
C(12)-C(11)-H(11B)
C(13)-C(12)-H(12A)
C(13)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(15)-C(14)-H(14A)
C(15)-C(14)-H(14B)
C(14)-C(15)-H(15A)
C(17)-C(16)-H(16A)
C(17)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(16)-C(17)-H(17A)
C(16)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(17)-C(18)-H(18A)
C(17)-C(18)-H(18B)
C(19)-C(20)-H(20A)
C(19)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(20)-C(21)-H(21A)
C(20)-C(21)-H(21B)
N(5)-C(23)-H(23A)
N(5)-C(23)-H(23B)
H(23A)-C(23)-H(23B)
C(25)-C(24)-H(24A)
C(25)-C(24)-H(24B)
C(26)-C(25)-H(25A)
C(26)-C(25)-H(25B)
H(25A)-C(25)-H(25B)
C(25)-C(26)-H(26A)
C(25)-C(26)-H(26B)
C(26)-C(27)-H(27A)
C(26)-C(27)-H(27B)
H(27A)-C(27)-H(27B)

Symmetry transformations used to generate equivatems:
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108.8
107.7
108.5
108.5
108.7
108.7
107.6
108.
198.
108
108.
167
109.0
109.0
181
189.
189.
108
819
198.
1@7
109.7
109.7
139
189.
107
108.
198.
1@9.
109.2
107
168.
168.
19
109.
187
188.
188.
109
109.1
107.



Table S7.Torsion angles [°] fobb.

atom-atom-atom-atom

O(5)-Fe(1)-O(1)-N(1)
O(6)-Fe(1)-O(1)-N(1)
0(9)-Fe(1)-O(1)-N(1)
O(8)-Fe(1)-0(2)-C(1)
O(6)-Fe(1)-0(2)-C(1)
O(8)-Fe(1)-O(5)-N(2)
O(6)-Fe(1)-O(5)-N(2)
O(9)-Fe(1)-O(5)-N(2)
O(8)-Fe(1)-O(6)-C(10)
O(2)-Fe(1)-0(6)-C(10)
O(5)-Fe(1)-O(8)-N(4)
O(6)-Fe(1)-O(8)-N(4)
O(9)-Fe(1)-O(8)-N(4)
O(8)-Fe(1)-0(9)-C(19)
O(6)-Fe(1)-0(9)-C(19)
Fe(1)-O(1)-N(1)-C(1)
Fe(1)-0(5)-N(2)-C(10)
Fe(1)-O(8)-N(4)-C(19)
Fe(1)-0(2)-C(1)-N(1)
O(1)-N(1)-C(1)-0(2)
O(1)-N(1)-C(1)-C(2)
0(2)-C(1)-C(2)-C(3)
C(1)-C(2)-C(3)-C(4)
C(5)-0(3)-C(4)-C(3)
C(2)-C(3)-C(4)-0(3)
0O(3)-C(5)-C(6)-C(7)
C(6)-C(7)-C(8)-C(9)
O(5)-N(2)-C(9)-C(8)
Fe(1)-O(6)-C(10)-N(2)
O(5)-N(2)-C(10)-O(6)
O(5)-N(2)-C(10)-C(11)
0O(6)-C(10)-C(11)-C(12)

C(10)-C(11)-C(12)-C(13)

C(14)-N(3)-C(13)-C(12)
C(11)-C(12)-C(13)-N(3)
N(3)-C(14)-C(15)-C(16)

C(15)-C(16)-C(17)-C(18)

0(8)-N(4)-C(18)-C(17)
Fe(1)-0(9)-C(19)-N(4)
O(8)-N(4)-C(19)-0(9)
0(8)-N(4)-C(19)-C(20)
0(9)-C(19)-C(20)-C(21)

angle

-91.6(5)
-32.2(15)
96.2(5)
-51.2(14)
167.7(6)
-90.1(6)
7.3(5)
-42.0(16)
85.0(6)

-102.6(6)

175.6(5)
96.5(5)
5.0(5)
-4.9(5)

-102.1(6)

-3.8(9)
-8.0(10)
-4.8(8)
4.8(10)
-0.7(11)

-177.2(7)

45.1(12)
63.0(10)
176.7(7)

-170.2(8)

62.4(11)
179.3(8)
94.3(9)

3.2(11)

3.1(13)

-176.6(8)

41.5(12)
62.3(10)

-175.0(8)
-148.3(8)

56.5(14)
175.6(10)
76.1(10)
3.7(9)
0.6(11)

-175.6(7)

46.2(11)

atom-atom-atom-atom

O(8)-Fe(1)-O(1)-N(1
O(2)-Fe(1)-O(1)I(
O(5)-Fe(1)-0(2)-C(1)
O(1)-Fe(1)-O(2)1¢(
0(9)-Fe(1)-0(2)-£(1
O(1)-Fe(1)-O(5)-N(2
O(2)-Fe(1)-0(5)-N(2)
O(5)-Fe(1)-O(6)40]
O(1)-Fe(1)-0(6)-G)1
O(9)-Fe(1)-O(6)20)
O(1)-Fe(1)-O(8)-Hi(4
O(2)-Fe(1)-O(8)-N(4)
O(5)-Fe(1)-0(9)-C(19)
O(1)-Fe(1)-0(9)-0]1
O(2)-Fe(1)-0(929)
Fe(1)-O(1)-N(1)-C{27
Fe(1)-O(5)-N(2)a)(
Fe(1)-O(8)-N(4)-@{1
Fe(1)-0(2)-C(1)-C(2)
C(27)-N(1)-C(1)-0(2)
C(27)-N(1)-C(1)-G(2
N(1)-C(1)-C(2)-C(3)
C(5)-0(3)-C(4)-O(4)
C(2)-C(3)-C(4)-0(4)
C(4)-0(3)-C(5)-C(6)
C(5)-C(6)-C(7)-C(8)
C(10)-N(2)-C(9)-C(8)
C(7)-C(8)-C(9)-N(2)
Fe(1)-O(6)-C(10)3a)
C(9)-N(2)-C(10)-0(6)
C(9)-N(2)-C(10y41)
N(2)-C(10)-C(1Q}12)
C(14)-N(3)-C(43{7)
C(11)-C(12)-CJ43(7)
C(13)-N(3)-C(38f15)
C(14)-C(15)-C(4B{17)
C(19)-N(4)-CAB(17)
C(16)-C(17)-C(18J4)
Fe(1)-0(9)-C(19)-0)2
C(18)-N(4)-C(19)-Q(9
C(18)-N(4)-C(1€}20)
N(4)-C(19)-C(20§21)

angle

176.0(5)
4.6(5)
88.6(6)
-5.2(6)
-99.4(6)
176.9(6)
97.7(5)
-5.8(6)
-66.5(14)
164.9(6)
-89.1(5)
-44.2(14)
-54.0(15)
87.2(6)
166.0(5)

-179.9(5)
-177.6(6)
-175.6(6)
-178.7(7)

174.8(7)
-1.7(14)

-138.6(9)

-3.2(14)
9.6(13)
-97.4(10)

-179.8(8)

-73.7(12)
-55.5(10)

-177.1(7)

171.1(8)
-8.7(15)

-138.8(9)

5.5(15)
31.1(13)

-140.2(10)

62.6(15)
-93.3(11)

61.0(13)
179.9(6)
169.5(8)

-6.7(14)

-137.7(9)



C(19)-C(20)-C(21)-C(22) 65.4(11)  C(23)-N(5)-C(X2f10) -7.4(17)

C(23)-N(5)-C(22)-C(21) 176.0(9) C(20)-C(21)-C(X2§10) 16.1(15)
C(20)-C(21)-C(22)-N(5) -167.2(9) C(22)-N(5)-C(28)24) -98.5(13)
N(5)-C(23)-C(24)-C(25) 58.3(13)  C(23)-C(24)-C(5(26) 179.5(9)
C(24)-C(25)-C(26)-C(27) -178.6(8) C(25)-C(26)-TYN(1) -55.1(11)
C(1)-N(1)-C(27)-C(26) -79.1(12)  O(1)-N(1)-C(27)B) 96.6(9)

Symmetry transformations used to generate equivatems:

Table S8.Hydrogen bonds fdsb [A and °].

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
N(3)-H(3C)...O(1)#1 0.88 2.04 2.919(10)  175.4
N(5)-H(5C)...0(7)#2 0.88 2.23 3.043(12)  153.1
O(1W)-H(1WA)...O0(9) 0.899(10)  2.24(4) 3.101(10) (8L
O(1W)-H(1WA)...0(2) 0.899(10)  2.57(7) 3.109(9) 16)(

O(1W)-H(IWB)...O(7)#2  0.900(10)  1.902(18)  2.793(10) 170(7)

Symmetry transformations used to generate equivatems:
#1lX-,y,z #2Xx,y-1,2z
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