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Figure S1. Nitroxides are protective against ferroptosis in multiple cell lines.
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Figure S2. Co-treatment of HT-1080 cells with XJB-5-131 (100 nM) and ferrostatin-1 (20
nM) in the presence of erastin (10 uM).
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General Experimental Part. All moisture- and air-sensitive reactions were performed in
oven dried glassware under a positive pressure of argon. All reagents and solvents were used
as received wunless otherwise specified. THF and Et,O were distilled over
sodium/benzophenone ketyl; CH,Cl, was distilled over CaH,, MeCN and DMF were dried
over molecular sieves. Reactions were monitored by TLC analysis (pre-coated silica gel 60
Fas4 plates, 250 um layer thickness) and visualization was accomplished with a 254/280 nm
UV light and/or by staining with KMnOj solution (1.5 g KMnO4 and 1.5 g K,COj3 in 100 mL
of a 0.1% NaOH solution), a ninhydrin solution (2 g ninhydrin in 100 mL EtOH), a PMA
solution (5 g phosphomolybdic acid in 100 mL EtOH), or a p-anisaldehyde solution (2.5 mL
p-anisaldehyde, 2 mL AcOH and 3.5 mL conc. H;SO4 in 100 mL EtOH). Flash
chromatography was performed on silica gel (40-63 pm). Melting points were determined on
a Mel-Temp II capillary melting point apparatus fitted with a Fluke 51 II digital thermometer.
Infrared spectra were recorded on an ATR spectrometer. NMR spectra were recorded on 300,
400 or 500 MHz instruments. Chemical shifts were reported in parts per million (ppm) and
referenced to residual solvent. '"H NMR spectra are tabulated as follows: chemical shift,
multiplicity (br = broad, s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet),
coupling constant(s), number of protons. °C NMR spectra were obtained using a proton-
decoupled pulse sequence and are tabulated by observed peak. LC-MS analyses were
performed on a Shimadzu UFLC instrument equipped with an Applied Biosystem MDS
SCIEX API 2000 mass spectrometer (ESI), under the following conditions: column: Varian
Polaris C18-A (100 x 4.6 mm, 5um) equilibrated at 40 °C; buffer A: 0.1% aqueous AcOH,
buffer B: 0.1% AcOH in MeCN; 30 min gradient: 5% buffer B in buffer A for 1 min, then 5
to 95% buffer B in buffer A over 13 min, then 95% buffer B in buffer A for 4 min, then 95-
5% buffer B in buffer A over 7 min, then 5% buffer B in buffer A for 5 min; flow rate: 0.2
mL/min; detection: TIC and/or UV A = 254/280 nm. Mass spectra were obtained on a Waters

Autospec double focusing mass spectrometer.
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Benzyl ((45)-4-((25)-2-((28)-1-((2S,58,E)-2-Benzyl-7-methyl-5-(((2-(((3-methyloxetan-3-
yD)methyl)sulfinyl)ethoxy)carbonyl)amino)oct-3-enoyl)pyrrolidine-2-carboxamido)-3-
methylbutanamido)-5-((1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)amino)-5-
oxopentyl)carbamate (2). To a solution of XJB-5-131" (50 mg, 0.050 mmol) in CH,Cl, (1
mL) was added trifluoroacetic acid (40 pL, 0.54 mmol). The mixture was stirred for 4 h, and
the solvent was evaporated. After drying on high vacuum for ~1 h, CH,Cl, (1 mL), DIPEA
(110 uL, 0.63 mmol) and activated carbonate 1* (21 mg, 0.057 mmol) were added, and the
resulting solution was stirred for 16 h. The solvent was evaporated, and the residue was
purified by chromatography on SiO, (0-7.5% MeOH/CH,Cl,, eluted ~6%) to provide
nitroxide 2 (28.6 mg, 52%) as a pink-orange solid: IR (ATR, neat) 3387, 3299, 2982, 2881,
2709, 1689, 1674, 1535, 1454, 1405, 1201, 1177, 1129, 831, 800, 719 cm™'; HRMS (ESI")
m/z calcd for Cs¢HgsO11N7S 1063.6022 (M+H), found 1063.6002.
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tert-Butyl (5)-2-(((S)-1-methoxy-3-methyl-1-oxobutan-2-yl)carbamoyl)pyrrolidine-1-
carboxylate (3). To N-Boc-L-proline (5.00 g, 23.2 mmol) and L-valine methyl ester
hydrochloride (4.00 g, 23.6 mmol) in CH,Cl, (115 mL) at 0 °C was added slowly N,N-
diisopropylethylamine (9.80 mL, 58.1 mmol). The reaction mixture was stirred for 5 min,
then T3P (50 wt% in EtOAc, 15.20 mL, 25.53 mmol) was added slowly. The resulting
mixture was allowed to warm to rt and stirred for 12 h. The solution was poured into
saturated aqueous NaHCOs, and the aqueous layer was extracted with CH,Cl,. The combined
organic layerss were dried (MgSO,) and evaporated to give Boc-Pro-Val-OMe (7.62 g,
100%) as a white semi-solid. Spectral data are in accordance with literature values:® "H NMR

(400 MHz, CDCl3) 6 7.49 (br s, 1 H), 4.36-4.20 (m, 1 H), 3.72 (s, 3 H), 3.53-3.22 (m, 2 H),
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2.37 (brs, 1 H), 2.17-2.14 (m, 2 H), 2.02-1.84 (m, 3 H), 1.46 (s, 9 H), 0.89 (dd, J = 8.5, 5.0
Hz, 6 H)

o
O H N
\O NN
(0]

Methyl ((28,5S,E)-2-benzyl-5-((tert-butoxycarbonyl)amino)-7-methyloct-3-enoyl)-L-
prolyl-L-valinate (5). A solution of Boc-Pro-Val-OMe (3) (250 mg, 0.761 mmol) in a 4.0 N
solution of HCl in 1,4-dioxane (3.5 mL, 14.0 mmol) was stirred at 0 °C for 30 min and at rt
for an additional 1 h. Dioxane was removed in vacuo and the white foamy residue was
dissolved in CH,Cl,, washed with 5% Na,COj; solution, water and brine. The organic layer
was dried (MgSO,), and the solvent was evaporated to afford the crude amine as a pale

yellow foamy gum, which was used for the next step without further purification.

To acid 4* (200 mg, 0.553 mmol) at 0 °C was added a solution of the above crude amine in
dry CH,Cl, (16 mL), followed by HOBt (90 mg, 0.67 mmol), EDCI (125 mg, 0.652 mmol),
and DMAP (7 mg, 0.06 mmol). The reaction mixture was stirred at rt for 42 h, then quenched
with saturated aqueous NH4Cl. The aqueous phase was extracted with CH,Cl,, and the
combined organic layers were dried (MgSQO4) and purified by chromatography on SiO, (1%
to 7.5% MeOH/CH,CL,) to provide 5 (271 mg, 86% for 2 steps) as a white foam: 'H NMR
(400 MHz, CDCl3) 6 7.41 (d, J= 7.2 Hz, 1 H), 7.27-7.14 (m, 5 H), 5.68 (dd, J = 15.2, 8.8 Hz,
1 H), 550 (d, J=11.6 Hz, 1 H), 4.63 (brt, J=7.2 Hz, 1 H), 4.57 (d, /= 8.0 Hz, 1 H), 4.43
(dd,J=7.8,5.0Hz, 1 H), 4.16 (brs, 1 H), 3.75 (s, 3 H), 3.46 (t,/=8.2 Hz, 1 H), 3.39 (q, J =
7.9 Hz, 1 H), 3.14 (dd, J = 13.2, 8.8 Hz, 1 H), 2.99 (q, J = 8.8 Hz, 1 H), 2.78 (dd, J = 13.4,
6.2 Hz, 1 H), 2.27 (br dd, J = 12.0, 6.8 Hz, 1 H), 2.16-2.04 (m, 1 H), 1.98-1.86 (m, 1 H),
1.78-1.71 (m, 1 H), 1.65-1.54 (m, 2 H), 1.44 (s, 9 H), 1.32-1.23 (m, 2 H), 0.90-0.86 (m, 12
H); IR (ATR, neat) 3316, 2959, 2876, 1742, 1707, 1685, 1623, 1525, 1436, 1366, 1247,
1204, 1174 cm™; HRMS (ESI") m/z caled for C3,HsoOeN3 572.3694 (M+H), found 572.3687.
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tert-Butyl  ((4S,7S,E)-7-Benzyl-8-((5)-2-(((S)-1-((1-o0xyl-2,2,6,6-tetramethylpiperidin-4-
yl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)pyrrolidin-1-yl)-2-methyl-8-oxooct-5-

en-4-yl)carbamate (6). A solution of 5 (250 mg, 0.437 mmol) in MeOH (12 mL) was treated
at 0 °C with 1 N NaOH (4.3 mL, 4.3 mmol). The reaction mixture was stirred at rt for 3 h,
then adjusted with 1 N HCI to pH ~4. The solution was extracted with CH,Cl,, and the
combined organic layers were dried (MgSO,) and evaporated to afford the corresponding

acid as a white solid, which was immediately carried on for the next step.

To the above acid were added 4-amino-TEMPO (97.5 mg, 0.569 mmol), EDCI (105 mg,
0.548 mmol), HOBt (75 mg, 0.56 mmol), DMAP (55 mg, 0.45 mmol) and CH,Cl, (8 mL).
The resulting mixture was stirred at rt for 40 h, then poured into saturated aqueous NH4Cl.
The layers were separated, and the aqueous layer was extracted with CH,Cl,. The combined
organic layers were dried (MgSQO,) and the residue was purified by chromatography on SiO,
to provide 6 (257 mg, 83% for 2 steps) as an orange foamy solid: IR (ATR, neat) 3303, 2963,
2932, 2871, 1704, 1681, 1651, 1505, 1364, 1244, 1167, 972, 749, 700 cm™'; HRMS (ESI")
m/z calcd for C40HgsO¢Ns 711.4929 (M+H), found 711.4926.

A small sample of nitroxide 6 was reduced to the corresponding hydroxylamine for NMR
analysis: To a solution of 6 (10 mg, 0.014 mmol) in MeOH (0.5 mL) was added L-(+)-
ascorbic acid (5.3 mg, 0.030 mmol) at rt. The mixture was stirred for 15 min, and then
evaporated. The residue was extracted with CH,Cl, (1 mL) and water (1mL). The aqueous
layer was washed with CH,Cl, and the combined organic layers were dried (MgSQ,), filtered
and concentrated to provide the crude hydroxylamine. The material was dissolved in CDCl3
and layered with 10% ascorbic acid in D,O: '"H NMR (500 MHz, CDCls, signals broadened
due to rotamers) 6 7.24 (t,J=7.5 Hz, 2 H), 7.17 (t, /= 8.0 Hz, 1 H), 7.13 (d, J = 8.0 Hz, 2
H), 5.59 (dd, J = 15.0, 8.5 Hz, 1 H), 5.46 (dd, J=15.0, 5.0 Hz, 1 H), 4.48 (d, /= 6.0 Hz, 1
H), 4.20 (t, J=5.5 Hz, 2 H), 4.07 (brs, 1 H), 3.50 (¢, J=7.5 Hz, 1 H), 3.38 (q, /J=7.8 Hz, 1
H), 3.11 (dd, /= 13.5, 8.5 Hz, 1 H), 3.06 (br s, 1 H), 2.77 (dd, J=13.5, 6.5 Hz, 1 H), 2.23 (br
s, 1 H), 2.13 (br s, 1 H), 1.93-1.83 (m, 3 H), 1.76 (brs, 2 H), 1.64 (br s, 2 H), 1.52 (br's, 1 H),
1.41 (s, 9 H), 1.31-1.20 (m, 16 H), 0.85 (dd, J = 8.5, 5.0 Hz, 12 H); *C NMR (125 MHz,
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CDCly) 6 173.7, 171.6, 171.5, 170.3, 155.3, 139.1, 135.3, 129.2, 128.4, 127.4, 126.5, 79.3,
60.6, 58.3 53.5, 50.3, 47.3, 44.2, 40.4, 39.9, 30.4, 18.5, 18.0, 24.8, 24.7, 22.8, 22.4, 20.1,
19.5,17.5.

BocHN &
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Methyl (8)-5-(((benzyloxy)carbonyl)amino)-2-((S)-1-((S, E)-5-((tert-
butoxycarbonyl)amino)-7-methyloct-3-enoyl)pyrrolidine-2-carboxamido)-3-

methylbutanamido)pentanoate (9). A solution of Boc-Pro-Val-Orn(Z)-OMe (77 (2.35 g,
4.08 mmol) in a 4.0 N HCI in 1,4-dioxane (20 mL, 80.00 mmol) was stirred at 0 °C for 30
min and at rt for an additional 1 h. Dioxane was removed in vacuo and the white foamy
residue was dissolved in CH,Cl,, washed with 5% Na,CO; solution, water and brine. The
organic layer was dried (MgSOs), and the solvent was evaporated. The crude amine was used

without further purification.

To a solution of this amine in CH,Cl, (15 mL) were added EDCI (700 mg, 3.65 mmol),
HOBt (540 mg, 4.00 mmol), DMAP (41 mg, 0.33 mmol), and a solution of acid 8° (900 mg,
3.32 mmol) in CH,Cl, (15 mL). The reaction mixture was stirred at rt for 40 h, then poured
into saturated NH4Cl and water. The layers were separated, and the aqueous layer was
extracted with CH,Cl,. The combined organic layers were dried (MgSO4) and evaporated.
The residue was purified by chromatography on SiO, (0-10% MeOH/CH,Cl,) to give 9 (2.42
g, 67%) as a white foamy solid: "H NMR (500 MHz, CDCls, signals broadened due to
rotamers) o 7.45 (br s, 1 H), 7.23-7.18 (m, 5 H), 6.78 (br s, 1 H), 6.14 (br s, 1 H), 5.57-5.32
(m, 2 H), 4.97 (dd, J=16.0, 12.5 Hz, 2 H), 4.55-4.49 (m, 1 H), 4.46-4.40 (m, 1 H), 4.32-4.23
(m, 1 H), 4.16-4.08 (m, 1 H), 3.61 (s, 3 H), 3.52 (br s, 1 H), 3.33 (q, J = 8 Hz, 1 H), 3.14—
2.87 (m, 4 H), 2.07-1.72 (m, 6 H), 1.61-1.50 (m, 2 H), 1.49-1.38 (m, 2 H), 1.35 (s, 9 H),
1.30-1.23 (m, 1 H), 1.21-1.15 (m, 2 H), 0.81 (dd, J=9.8, 6.8 Hz, 12 H); °C NMR (125 MHz,
CDCl3) 6 172.2, 171.5, 171.3, 170.9, 156.6, 155.4, 136.8, 135.8, 128.2, 127.9, 127.7, 121.2,
78.6, 66.1, 60.2, 58.0, 52.1, 51.6, 49.7, 47.3, 44.5, 40.3, 38.8, 21.2, 29.1, 28.9, 28.8, 28.3,
25.8,24.7, 24.6, 22.8, 22.6, 22.1, 19.0, 17.9; IR (ATR, neat) 3295, 2956, 2876, 1737, 1687,
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1653, 1521, 1439, 1366, 1245, 1212, 1165 cm™'; HRMS (ESI") m/z caled for C3sHsoOoNsNa
752.4205 (M+H), found 752.4185.

Benzyl ((S)-4-((S)-2-((S)-1-((S,E)-5-((tert-Butoxycarbonyl)amino)-7-methyloct-3-
enoyl)pyrrolidine-2-carboxamido)-3-methylbutanamido)-5-((1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl)amino)-5-oxopentyl)carbamate (10). A solution of 9 (1.50
g, 2.06 mmol) in MeOH (60 mL) was treated at 0 °C with 1 M NaOH (20.0 mL, 20.0 mmol).
The reaction mixture was stirred at rt for 3 h, then treated with 1 M HCI (20.0 mL, 20.0
mmol). The solution was extracted with CH,Cl,, and the combined organic layers were dried
(MgS0s4) and evaporated to afford the acid as a white solid, which was immediately carried
on.

To a solution of the acid in CH,Cl, (20 mL) were added N,N-diisopropylethylamine (520 pL,
3.08 mmol), 4-amino-TEMPO (460 mg, 2.69 mmol), EDCI (470 mg, 2.45 mmol), and HOBt
(330 mg, 2.44 mmol). The reaction mixture was stirred at rt for 20 h, then quenched with
saturated aqueous NH4Cl. The aqueous layer was extracted with CH,Cl,. The combined
organic layers were dried (MgSOs) and evaporated, and the residue was purified by
chromatography on SiO; (1-10% MeOH/CH,Cl,) to provide 10 (1.15 g, 64%) as a pale
orange-pink solid: HRMS (ESI") m/z caled for CysH7509N; 869.5621 (M+H), found
869.5709; IR (ATR, neat) 3299, 3064, 2964, 2930, 2869, 1683, 1644, 1519, 1448, 1390,
1364, 1241, 1167 cm’".

A small sample of nitroxide 10 was reduced to the corresponding hydroxylamine for NMR
analysis: To a solution of 10 (10 mg, 0.012 mmol) in MeOH (0.5 mL) was added L-(+)-
ascorbic acid (6.1 mg, 0.035 mmol). The mixture was stirred for 15 min, and then evaporated.
The residue was extracted with CH,Cl, (1 mL) and water (ImL). The aqueous layer was
washed with CH,Cl, and the combined organic layers were dried (MgSQO,), filtered and
concentrated to provide the crude hydroxylamine. The material was dissolved in CDCl; and
layered with 10% ascorbic acid in D,O: "H NMR (500 MHz, CDCl;, signals broadened due
to rotamers) 6 7.32-7.27 (m, 5 H), 5.70-5.54 (m, 1 H), 5.51-5.39 (m, 1 H), 5.04 (dd, J = 15.5,
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12.5 Hz, 2 H), 4.57-4.06 (m, 5 H), 3.69-3.52 (m, 1 H), 3.44 (br q,J=7.5 Hz, 1 H), 3.18-2.90
(m, 4 H), 2.25-1.42 (m, 17 H), 1.39 (s, 9 H), 1.36-1.20 (m, 4 H), 1.20-1.07 (m, 12 H), 0.91-
0.77 (m, 12 H); “C NMR (125 MHz, CDCL;) & 172.3, 171.8, 171.2, 170.7, 156.8, 155.3,
136.7, 136.0, 128.4, 128.0, 121.7, 79.2, 66.5, 60.7, 59.4, 5.9, 50.3, 47.7, 44.7, 44.3, 40.8,
40.2, 38.9, 31.9, 30.9, 30.0, 29.7, 29.0, 28.5, 26.0, 25.0, 24.7, 23.2, 22.8, 22.3, 22.0, 19.9,
19.5,17.9.

(0]
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Benzyl ((49)-5-((1-Oxyl-2,2,6,6-tetramethylpiperidin-4-yl)amino)-4-((25)-3-methyl-2-
((28)-1-((58,E)-7-methyl-5-(((2-(((3-methyloxetan-3-yl)
methyl)sulfinyl)ethoxy)carbonyl)amino)oct-3-enoyl)pyrrolidine-2-
carboxamido)butanamido)-5-oxopentyl)carbamate (11). To a solution of Boc-protected
nitroxide 10 (175 mg, 0.201 mmol) in CH,Cl;, (4 mL) was added trifluoroacetic acid (150 pL,
2.02 mmol). The mixture was stirred for 4 h, and the solvent was evaporated. The residue was
dried on high vacuum for ~1 h and treated with a solution of activated carbonate 1> (90 mg,
0.25 mmol) in CH,Cl, (2 mL), followed by DIPEA (375 pL, 2.15 mmol) upon which there
was an immediate color change from yellow to dark red. The resulting solution was stirred
for 16 h, the solvent was evaporated, and the residue was purified by chromatography on
Si0; (1-7.5% MeOH/CH,Cl,, eluted ~6%) to provide carbamate 11 (162 mg, 83%) as a pale
orange solid: IR (ATR, neat) 3308, 2989, 2709, 1671, 1534, 1451, 1405, 1199, 1173, 1126,
1071, 1025, 829, 800, 719 cm™; HRMS (ESI") m/z calcd for C49H7001;N7S 973.5553 (M+H),
found 973.5536.

Bis(1,3-dioxoisoindolin-2-yl) carbonate (19). To a suspension of N-hydroxyphthalimide
(3.90 g, 23.2 mmol) in CH,Cl, (110 mL) was added triethylamine (3.30 mL, 23.3 mmol). The
reaction mixture turned dark orange-brown while the hydroxyphthalimide went into solution.
The mixture was cooled to 0 °C, and trichloromethyl chloroformate (670 pL, 5.50 mmol) was

added slowly, during which time the reaction mixture became colorless and cloudy. The
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solution was stirred at 0 °C for 30 min, then at room temperature for 1 h, and then poured into
a 0.1 M HCI solution. The the aqueous layer was extracted with CH,Cl, (3x). The combined
organic layers were washed with 0.1 M HCI and water (2x), dried (MgSQO,), filtered and
concentrated to provide bis(1,3-dioxoisoindolin-2-yl) carbonate 19 (2.85 g, 73%) as a white
solid: "H NMR (300 MHz, CDCls) § 8.35-8.32 (m, 1 H), 7.96-7.92 (m, 2 H), 7.89-7.82 (m, 5
H).

1,3-Dioxoisoindolin-2-yl (oxetan-3-ylmethyl) carbonate (12a). To a suspension of
diphthalimidyl carbonate 19 (433 mg, 1.23 mmol) and 3-oxetanemethanol (0.10 mL, 1.2
mmol) in THF (12 mL) was added triethylamine (170 pL, 1.21 mmol). Upon addition of
base, the suspension turned yellow, eventually progressing to a clear orange solution after 30
min. The reaction mixture was stirred for 4 h, and the solvent was evaporated. The residue
was dissolved in EtOAc (25 mL) and washed with saturated aqueous NaHCO; (5 x 3 mL)
until the organic layer became clear. The combined aqueous washings were extracted with
EtOAc (10 mL). The combined organic layers were dried (MgSO.,), filtered, and concentrated
to provide 1,3-dioxoisoindolin-2-yl (oxetan-3-ylmethyl) carbonate (12a, 0.325 g, 96%) as a
white solid: Mp 88-93 °C; IR (ATR, CH,Cl,) 2975, 2888, 1819, 1787, 1732, 1365, 1230,
1183, 1128, 977, 874, 693 cm™'; '"H NMR (400 MHz, CDCls) & 7.93-7.89 (m, 2 H), 7.84-7.79
(m, 2 H), 4.86 (dd, J=17.8, 6.6 Hz, 2 H), 4.60 (d, /= 7.2 Hz, 2 H), 4.51 (t, /= 6.2, 2 H), 3.49-
3.39 (m, 1 H); °C NMR (100 MHz, CDCL3) & 161.4, 152.5, 135.0, 128.6, 124.2, 73.4, 71.7,
33.8; HRMS (ESI") m/z caled for C13H;,06N 278.0659 (M+H), found 278.0656.

1,3-Dioxoisoindolin-2-yl ((3-methyloxetan-3-yl)methyl) carbonate (12b). To a suspension
of diphthalimidyl carbonate 19 (0.354 g, 1.00 mmol) and 3-methyl-3-oxetanemethanol (0.10
mL, 0.99 mmol) in THF (12 mL) was added triethylamine (140 pL, 1.00 mmol). Upon
addition of base, the suspension turned yellow, eventually progressing to a clear orange

solution after 30 min. The reaction mixture was stirred for 4 h, and the solvent was
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evaporated. The residue was dissolved in EtOAc (25 mL) and washed with saturated aqueous
NaHCO; (5 x 3 mL) until the organic layer became clear. The combined aqueous washings
were extracted with EtOAc (10 mL). The combined organic layers were dried (MgSOs),
filtered, and concentrated to provide 1,3-dioxoisoindolin-2-yl ((3-methyloxetan-3-yl)methyl)
carbonate (12b, 0.287 g, 99%) as a waxy solid: IR (ATR, CH,Cl,) 3063, 2966, 2951, 2934,
1819, 1789, 1744, 1372, 1264, 1234, 1186, 954, 874, 730, 697 cm™'; 'H NMR (400 MHz,
CDCl3) 6 7.93-7.90 (m, 2 H), 7.84-7.80 (m, 2 H), 4.56 (d, /= 6.4 Hz, 2 H), 4.48 (s, 2 H), 4.44
(d, J= 6.4, 2 H), 1.42 (s, 3 H); °C NMR (100 MHz, CDCL;) & 161.4, 152.6, 135.0, 128.6,
124.1, 79.0, 75.2, 39.3, 20.7; HRMS (ESI") m/z calcd for C4H 406N 292.0816 (M+H), found
292.0813.

1,3-Dioxoisoindolin-2-yl ((3-ethyloxetan-3-yl)methyl) carbonate (12¢). To a suspension of
diphthalimidyl carbonate 19 (0.360 g, 1.02 mmol) and 3-ethyl-3-oxetanemethanol (0.120 mL,
1.01 mmol) in THF (10 mL) was added triethylamine (142 pL, 1.01 mmol). Upon addition of
base, the suspension turned yellow, eventually progressing to a clear orange solution after 30
min. The reaction mixture was stirred for 4 h, and the solvent was evaporated. The residue
was dissolved in EtOAc (25 mL) and washed with saturated aqueous NaHCO; (5 x 3 mL)
until the organic layer became clear. The combined aqueous washings were extracted with
EtOAc (10 mL). The combined organic layers were dried (MgSQ.,), filtered, and concentrated
to provide 1,3-dioxoisoindolin-2-yl ((3-ethyloxetan-3-yl)methyl) carbonate (12¢, 0.283 g,
92%) as a colorless oil: IR (ATR, CH,Cl,) 2962, 2876, 1810, 1786, 1739, 1620, 1465, 1223,
1184, 1128, 979, 954, 874, 764, 695 cm™'; 'H NMR (400 MHz, CDCl3) § 7.94-7.89 (m, 2 H),
7.85-7.81 (m, 2 H), 4.54 (s, 2 H), 4.51 (d,/J=6.4 Hz,2 H), 447 (d,J=6.0,2 H), 1.84 (q, J =
7.5 Hz, 2 H), 0.96 (t, J = 7.4 Hz, 3 H); °C NMR (100 MHz, CDCl3) & 161.4, 152.6, 135.0,
128.6, 124.1, 73.0, 42.9, 26.3, 8.1; HRMS (ESI") m/z calcd for C;5H 06N 306.0972 (M+H),
found 306.0970.
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1,3-Dioxoisoindolin-2-yl ((3-fluorooxetan-3-yl)methyl) carbonate (12d). To a suspension
of diphthalimidyl carbonate 19 (0.194 g, 0.551 mmol) and (3-fluorooxetan-3-yl)methanol’
(0.059 g, 0.55 mmol) in THF (6 mL) was added triethylamine (77 pL, 0.55 mmol). Upon
addition of base, the suspension turned yellow, eventually progressing to a clear orange
solution after 30 min. The reaction mixture was stirred for 4 h, and the solvent was
evaporated. The residue was dissolved in EtOAc (15 mL) and washed with saturated aqueous
NaHCO; (5 x 3 mL) until the organic layer became clear. The combined aqueous washings
were extracted with EtOAc (10 mL). The combined organic layers were dried (MgSOs),
filtered, and concentrated to provide 1,3-dioxoisoindolin-2-yl ((3-fluorooxetan-3-yl)methyl)
carbonate (12d, 0.155 g, 95%) as a white solid: Mp 145-150 °C; IR (ATR, CH,Cl,) 3063,
2970, 2888, 1814, 1790, 1741, 1614, 1467, 1448, 1355, 1273, 1266, 1225, 1184, 1128, 1079,
958, 874, 762, 733, 695 cm™'; '"H NMR (400 MHz, CDCl3) § 7.94-7.90 (m, 2 H), 7.85-7.81
(m, 2 H), 4.87 (dd, J = 18.0, 8.8 Hz, 2 H), 4.74 (d, J = 20.8 Hz, 2 H), 4.68-4.62 (m, 2 H); °C
NMR (100 MHz, CDCl3) 6 161.2, 152.4, 135.0, 128.5, 124.2, 91.3 (d, Jcr = 214.0 Hz), 77.6
(d, Jor = 24.0 Hz), 70.1 (d, Jor = 26.0 Hz); HRMS (ESI") m/z caled for C;3H; O¢NF
296.0565 (M+H), found 296.0563.

OH
# N
H

tert-Butyl (S,E)-(8-((1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-methyl-8-
oxooct-5-en-4-yl)carbamate (14). To a solution of JP4-039 (0.30 g, 0.71 mmol) in MeOH (6
mL) was added L-(+)-ascorbic acid (0.15 g, 0.85 mmol). The orange solution became
colorless in less than 1 min. The mixture was stirred for 20 min then evaporated. The residue
was extracted with CH,Cl, (15 mL) and water (15 mL). The aqueous layer was washed with
CH,Cl, and the combined organic layers were dried (MgSOs), filtered and concentrated to
provide the crude hydroxylamine that was used in the subsequent deprotection step without
further purification.

To a solution of the crude hydroxylamine in CH,Cl, (6 mL) was added trifluoroacetic acid
(1.05 mL, 14.1 mmol) and the mixture was stirred for 3 h. The reaction was concentrated, and
the residue was dissolved in CH,Cl, (30 mL). The organic layer was washed with 5%
NayCOs (2 x 30 mL) and brine (30 mL), dried (MgSQO,), filtered and concentrated to provide
tert-butyl (S,E)-(8-((1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-methyl-8-oxooct-
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5-en-4-yl)carbamate (14, 0.170 g, 74%) as a light yellow solid that was used without further

purification.

General procedure for the oxetane-containing JP4 analogs 13.

To a solution of tert-butyl (S,E)-(8-((1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-
methyl-8-oxooct-5-en-4-yl)carbamate (14, 0.20 mmol) in CH,Cl, (2 mL) was added
carbonate 12 (12a—12d, 0.22 mmol) followed by N,N-diisopropylethylamine (0.40 mmol)
upon which there was an immediate color change to dark orange. The solution was stirred at
room temperature for 24 h, and saturated aqueous NaHCO; was added. The layers were
separated, and the aqueous layer was extracted with EtOAc (3x). The combined organic
layers were dried (MgSQ,), filtered, concentrated, and purified by chromatography on SiO,
(CH,Cl/MeOH, 15:1) to provide the corresponding pure products 13a—13d.

A small sample was reduced and acetylated for NMR analysis according to the following
procedure: To a solution of 13 (13a—13d, nitroxide form, 0.02 mmol) in MeOH (0.5 mL) was
added L-(+)-ascorbic acid (0.04 mmol). The orange solution became colorless in less than 1
min. The mixture was stirred for 30 min then acetic anhydride (0.08 mmol) and DMAP (0.01
mmol) were added and stirred for additional 2—-12 h at room temperature. The solvent was
evaporated and the crude mixture was re-dissolved in CH,Cl, and extracted with water. The
organic layers were dried (MgSQ,), filtered and concentrated to afford the corresponding

acetylated product.

(@]
F N

Oxetan-3-ylmethyl (S,E)-(8-((1-0xy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-methyl-
8-oxooct-5-en-4-yl)carbamate and/or oxetan-3-ylmethyl (S,E)-(8-((1-hydroxy-2,2,6,6-
tetramethylpiperidin-4-yl)amino)-2-methyl-8-oxooct-5-en-4-yl)carbamate (13a). Pale
orange foam (nitroxide, 49 mg, 55%): IR (ATR, CH,Cl,) 3303, 3059, 2934, 2869, 1705,
1655, 1536, 1450, 1232, 1193, 1128, 1094, 1029, 982, 734 cm™'; HRMS (ESI") m/z calcd for
C23H4105N3 439.3041 (M+H), found 439.3036.
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(S,E)-2,2,6,6-Tetramethyl-4-(7-methyl-5-(((oxetan-3-ylmethoxy)carbonyl)amino)oct-3-
enamido)piperidin-1-yl acetate. White foam (7.3 mg, 95%): IR (ATR, CH,Cl,) 3515, 3308,
3058, 2933, 2889, 1764, 1701, 1648, 1536, 1465, 1454, 1359, 1255, 1215, 1193, 1077, 1028,
982, 839 cm™'; "H NMR (400 MHz, CDCl3) § 6.05-6.03 (m, 1 H), 5.70 (dt, J=15.2, 7.5 Hz, 1
H), 5.41 (dd, J=15.2, 7.2 Hz, 1 H), 4.80 (ddd, /J=8.1,5.9, 2.3 Hz, 2 H), 4.73-4.72 (m, 1 H),
4.49 (td, J=6.1,2.5 Hz, 2 H), 4.34 (dd, J=11.0, 6.2 Hz, 1 H), 4.27-4.16 (m, 2 H), 4.09-4.03
(m, 1 H), 3.31-3.24 (m, 1 H), 2.95 (d, J = 7.2 Hz, 2 H), 2.08 (s, 3 H), 1.85-1.79 (m, 2 H),
1.69-1.52 (m, 3 H), 1.39-1.34 (m, 2 H), 1.23 (s, 6 H), 1.05 (d, J= 6.8 Hz, 6 H), 0.92 (dd, J =
6.8, 3.2 Hz, 6 H); °C NMR (100 MHz, CDCl3) § 170.2, 155.9, 136.5, 124.6, 74.0, 65.5,
60.07, 60.02, 52.1, 44.8, 44.5, 43.6, 40.8, 39.9, 34.2, 31.9, 29.7, 24.6, 22.51, 22.43, 21.0,
19.1; HRMS (ESI") m/z calcd for CosHy4ON3 482.3225 (M+H), found 482.3224.

o}
0 h

/
(3-Methyloxetan-3-yl)methyl (S,E)-(8-((1-0xy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-
2-methyl-8-oxooct-5-en-4-yl)carbamate and/or (3-methyloxetan-3-yl)methyl (S,E)-(8-((1-
hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-methyl-8-oxooct-5-en-4-
yDcarbamate (13b). Orange foam (nitroxide, 27 mg, 29%): IR (ATR, CH,Cl,) 3484, 3307,
3095, 2955, 2932, 2869, 1700, 1646, 1532, 1460, 1437, 1376, 1297, 1242, 1178, 1085, 1044,
1023, 973, 835, 764 cm™'; HRMS (ESI") m/z caled for Ca4Hy305N; 453.3197 (M+H), found

453.3194. White foam (hydroxylamine, 29 mg, 31%): HRMS (ESI") m/z caled for
C24H4405N3 454.3275 (M+H), found 454.3271.
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(S,E)-2,2,6,6-Tetramethyl-4-(7-methyl-5-((((3-methyloxetan-3-
yl)methoxy)carbonyl)amino)oct-3-enamido)piperidin-1-yl acetate. White foam (6.3 mg,
79%): IR (ATR, CH,Cl,) 3516, 3303, 3059, 2933, 2876, 1761, 1700, 1646, 1532, 1465,
1450, 1420, 1365, 1245, 1215, 1193, 1127, 1094, 999, 982, 917, 797, 690 cm™'; 'H NMR
(500 MHz, CDCl3) 6 6.06-6.05 (m, 1 H), 5.70 (dt, J = 15.2, 7.5 Hz, 1 H), 5.42 (dd, J=15.3,
7.8 Hz, 1 H), 4.79-4.78 (m, 1 H), 4.55-4.54 (m, 2 H), 4.38 (d, /= 6.0 Hz, 2 H), 4.23-4.18 (m,
2 H), 4.08-4.04 (m, 2 H), 2.95 (d, J = 7.0 Hz, 2 H), 2.08 (s, 3 H), 1.85-1.79 (m, 2 H), 1.68-
1.63 (m, 2 H), 1.45-1.35 (m, 3 H), 1.33 (s, 3 H), 1.25-1.24 (m, 6 H), 1.06 (d, J = 8.5 Hz, 6 H),
0.93 (dd, J = 6.5, 4.0 Hz, 6 H); °C NMR (125 MHz, CDCl;) & 170.1, 156.0, 136.4, 124.5,
79.5, 68.9, 60.1, 52.1, 44.8, 44.6, 43.6, 40.8, 39.9, 39.3, 31.9, 29.7, 24.6, 22.7, 22.5, 22.4,
21.2,21.0, 19.1; HRMS (ESI") m/z caled for Co6HasO6N3 496.3381 (M+H), found 496.3381.

(3-Ethyloxetan-3-yl)methyl (S,E)-(8-((1-0xy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-
methyl-8-oxooct-5-en-4-yl)carbamate and/or (3-Ethyloxetan-3-yl)methyl (S,E)-(8-((1-
hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-methyl-8-oxooct-5-en-4-
yDcarbamate (13c). Pale orange oil (nitroxide, 40 mg, 30%): IR (ATR, CH,Cl,) 3328, 3065,
2955, 2949, 2869, 1704, 1648, 1529, 1460, 1264, 1240, 1117, 1087, 1051, 973, 731, 701 cm
! HRMS (ESI") m/z calcd for CpsHysOsN3 467.3354 (M+H), found 467.3350. White solid
(hydroxylamine, 40 mg, 30%): HRMS (ESI") m/z calcd for CasH4s05N3 468.3432 (M+H),
found 468.3430.
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(S,E)-4-(5-((((3-Ethyloxetan-3-yl)methoxy)carbonyl)amino)-7-methyloct-3-enamido)-

2,2,6,6-tetramethylpiperidin-1-yl acetate. White foam (11 mg, 96%): IR (ATR, CH,Cl,)
3514, 3298, 3059, 2934, 2882, 1764, 1701, 1670, 1654, 1646, 1629, 1534, 1465, 1450, 1359,
1232, 1215, 1192, 1094, 1029, 982 cm™'; '"H NMR (400 MHz, CDCl3) & 6.03-6.01 (m, 1 H),
5.70 (dt,J=15.1,7.5Hz, 1 H), 5.43 (dd, J=15.2 7.2 Hz, 1 H), 4.79-4.77 (m, 1 H), 4.50-4.48
(m, 2 H), 4.40 (d, J = 6.0 Hz, 2 H), 4.26-4.15 (m, 2 H), 4.12-4.03 (m, 2 H), 2.95 (d, J= 7.6
Hz, 2 H), 2.08 (s, 3 H), 1.87-1.55 (m, 7 H), 1.41-1.33 (m, 2 H), 1.25-1.23 (m, 6 H), 1.06 (d, J
= 6.0 Hz, 6 H), 0.94-0.90 (m, 9 H); °C NMR (100 MHz, CDCl3) § 170.1, 156.0, 136.4,
124.3, 77.7, 66.8, 60.0, 52.0, 44.7, 44.6, 43.7, 42.7, 40.8, 39.9, 31.9, 29.7, 26.9, 24.6, 22.5,
22.4, 21.0, 19.1, 8.2; HRMS (ESI") m/z caled for Cy7Hi;s06N; 510.3538 (M+H), found

510.3538.
F\@o .
o}
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(3-Fluorooxetan-3-yl)methyl (S,E)-(8-((1-0xy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-
2-methyl-8-oxooct-5-en-4-yl)carbamate and/or (3-fluorooxetan-3-yl)methyl (S,E)-(8-((1-
hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)amino)-2-methyl-8-oxooct-5-en-4-
yDcarbamate (13d). Orange foam (nitroxide, 29 mg, 40%): IR (ATR, CH,Cl,) 3503, 3311,
2958, 1708, 1655, 1536, 1458, 1363, 1286, 1242, 1193, 1127, 1085, 973, 842, 735 cm’’;
HRMS (ESI") m/z caled for Cp3HuoOsN3F 457.2947 (M+H), found 457.2945. White foam
(hydroxylamine, 14 mg, 19%): HRMS (ESI") m/z calcd for Cp3H41OsN3F 458.3025 (M+H),
found 458.3022.
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(S,E)-4-(5-((((3-Fluorooxetan-3-yl)methoxy)carbonyl)amino)-7-methyloct-3-enamido)-

2,2,6,6-tetramethylpiperidin-1-yl acetate. White foam (8.6 mg, 84%): IR (ATR, CH,Cl,)
3339, 2955, 2945, 2882, 1760, 1713, 1647, 1532, 1454, 1355, 1264, 1212, 1182, 1119, 1085,
992,971, 733 cm™'; 'TH NMR (400 MHz, CDCls) § 6.04-6.02 (m, 1 H), 5.71 (dt, J=15.2, 7.5
Hz, 1 H), 5.41 (dd, J =154, 7.4 Hz, 1 H), 4.80 (ddd, J = 18.9, 7.9, 3.3 Hz, 3 H), 4.66-4.40
(m, 4 H), 4.20 (tdt, J=12.2, 8.1, 4.1 Hz, 1 H), 4.06 (quintet, J= 7.2 Hz, 1 H),2.95(d, J=7.6
Hz, 2 H), 2.08 (s, 3 H), 1.85-1.79 (m, 2 H), 1.71-1.51 (m, 3 H), 1.37 (td, J = 7.3, 2.3 Hz, 2
H), 1.25-1.23 (m, 6 H), 1.05 (d, J = 8.8 Hz, 6 H), 0.92 (dd, J = 6.4, 4.0 Hz, 6 H); °C NMR
(125 MHz, CDCls) 6 170.0, 155.2, 136.2, 124.8, 92.4 (d, Jcr = 211.1 Hz), 78.2 (dd, Jcr =
23.6, 6.1 Hz), 64.9 (d, Jcr = 25.5 Hz), 60.0, 52.3, 44.9, 44.6, 43.6, 40.8, 39.8, 31.91, 31.85,
29.7,24.6,22.5,22.4,20.99, 20.97, 19.1; HRMS (ESI") m/z caled for C,5H4306N5F 500.3130

(M+H), found 500.3128.

.OH
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(S,E)-N-(1-Oxy-2,2,6,6-tetramethylpiperidin-4-yl)-7-methyl-5-(oxetan-3-ylamino)oct-3-

enamide and/or  (S,E)-N-(1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)-7-methyl-5-
(oxetan-3-ylamino)oct-3-enamide (16). To a solution of 14 (82 mg, 0.25 mmol) in DCE (4
mL) were added AcOH (14 uL, 0.25 mmol) and 3-oxetanone (17 uL, 0.27 mmol) at room
temperature and stirred for 30 min. The reaction was cooled to 0 °C and sodium
triacetoxyborohydride (75 mg, 0.35 mmol) was added and the reaction stirred at room
temperature for 35 h. The reaction was quenched with saturated NaHCO3 solution (10.0 mL)
and extracted with CH,Cl, (15.0 mL). The aqueous layer was back-extracted with CH,Cl,
and the combined organic layers were dried (MgSQO,), filtered, concentrated, and purified by
chromatography on SiO, (CH,Cl,/MeOH, 15:1) to provide 16 as a mixture of nitroxide and
hydroxylamine. White foam (nitroxide, 15 mg, 16%): IR (ATR, CH,Cl,) 3296, 3059, 2934,
2869, 1629, 1544, 1450, 1420, 1359, 1340, 1232, 1215, 1178, 1094, 1029, 982, 956, 838, 734
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cm™'; HRMS (ESI") m/z caled for CyH3003N3 381.2986 (M+H), found 381.2983. White foam
(hydroxylamine, 25 mg, 25%): HRMS (ESI") m/z calcd for Ca;H40O5N3 382.3064 (M+H),
found 382.3060.

T
(S,E)-2,2,6,6-Tetramethyl-4-(7-methyl-5-(oxetan-3-ylamino)oct-3-enamido)piperidin-1-
yl acetate. To a solution of 16 (a mixture of nitroxide and hydroxylamine, 8§ mg, ca. 0.02
mmol) in MeOH (0.5 mL) was added L-(+)-ascorbic acid (7 mg, 0.04 mmol). Complete
discoloration of the solution occurred within a few seconds. After stirring for 30 min at room
temperature, acetic anhydride (8.4 pL, 0.082 mmol) and DMAP (1.3 mg, 0.010 mmol) were
added and stirred at room temperature for 2 h. The solvent was evaporated, the mixture was
re-dissolved in CH,Cl, and extracted with water. The organic layers were dried (MgSOs),
filtered and concentrated to provide (S,E)-2,2,6,6-tetramethyl-4-(7-methyl-5-(oxetan-3-
ylamino)oct-3-enamido)piperidin-1-yl acetate (3.5 mg, 40%) as a colorless oil: IR (ATR,
CH,Cl,) 3492, 3301, 3279, 1762, 1646, 1542, 1465, 1359, 1215, 1193, 982, 956, 870, 725
cm™; 'H NMR (400 MHz, CDCl3) & 5.60 (dt, J = 14.9, 7.3 Hz, 1 H), 5.31-5.25 (m, 2 H), 4.77
(dt, J=12.8, 6.5 Hz, 2 H), 4.37 (dt, J = 20.3, 6.3 Hz, 2 H), 4.21 (tdt, /= 12.2, 8.1, 4.1 Hz, 1
H), 3.96 (quintet, J = 6.7 Hz, 1 H), 3.04 (q, /= 7.7 Hz, 1 H), 2.91 (dd, J= 7.0, 1.0 Hz, 2 H),
2.10 (s, 3 H), 1.87-1.83 (m, 2 H), 1.60-1.50 (m, 4 H), 1.30 (td, J=7.1, 1.6 Hz, 2 H), 1.25 (s, 6
H), 1.07 (s, 6 H), 0.89 (dd, J = 8.2, 6.6 Hz, 6 H); °C NMR (125 MHz, CDCl;) & 169.9,
138.0, 124.5, 80.6, 80.1, 60.1, 57.5, 51.6, 45.1, 44.8, 40.9, 40.2, 31.8, 24.7, 23.0, 22.3, 21.0,
19.1; HRMS (ESI") m/z calcd for Co3H4p04N3 424.3170 (M+H), found 424.3167.

NHBoc O ﬁﬁ \ﬂ/
)\WJ\ 0
N
H
(S,E)-4-(5-((zert-butoxycarbonyl)amino)-7-methyloct-3-enamido)-2,2,6,6-
tetramethylpiperidin-1-yl acetate. To a solution of JP4-039 (40 mg, 0.094 mmol) in MeOH
(0.2 mL) was added L-(+)-ascorbic acid (33 mg, 0.19 mmol). Complete discoloration of the

solution occurred within a few seconds. After stirring at rt for 10-15 min, acetic anhydride
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(35 pL, 0.38 mmol) and DMAP (5.7 mg, 0.047 mmol) were added and left to stir at rt for one
hour. The solvent was evaporated, the crude re-dissolved in CH,Cl, (0.2 mL) and extracted
with water (2 x 0.5 mL). The organic layers were dried (MgSQ,), filtered and concentrated to
dryness to give the desired product as a pale yellow foam (37 mg, 84%): Mp 57.4-60.6 °C;
IR (ATR, neat) 3307, 2958, 1761, 1685, 1651, 1646, 1527, 1363, 1245, 1200, 1172, 999, 869,
938 cm™'; '"H NMR (400 MHz, CDCL3) & 6.03 (br s, 1 H), 5.66 (dt, J = 6.8, 15.4 Hz, 1 H),
5.46 (dd, J = 6.8, 15.4 Hz, 1 H), 4.48 (br s, 1 H), 4.25-4.13 (m, 1 H), 4.00 (quintet, J = 7.1
Hz, 1 H), 2.94 (d, J = 7.3 Hz, 2 H), 2.09 (br s, 2 H), 2.07 (br s, 1 H), 1.86-1.78 (m, 2 H),
1.70-1.52 (m, 3 H), 1.44 (s, 9 H), 1.35-1.27 (m, 2 H), 1.22 (br s, 6 H), 1.04 (d, /= 8.7 Hz, 6
H), 0.91 (dd, J = 2.1, 6.6 Hz, 6 H); °C NMR (400 MHz, CDCL3) & 174.7, 170.5, 155.4,
137.2, 123.3, 79.5, 60.0, 51.4, 44.7, 44.5, 43.9, 40.9, 39.9, 31.8, 28.5, 24.6, 22.5, 20.9, 19.1;
HRMS (ESI) m/z calcd for C,sHaN3O5 468.3432, found 468.3433.

1-Oxy-2,2,6,6-tetramethylpiperidin-4-yl (S,E)-(8-((1-oxy-2,2,6,6-tetramethylpiperidin-4-
yl)amino)-2-methyl-8-oxooct-5-en-4-yl)carbamate (18). To a solution of 4-hydroxy-
TEMPO (67 mg, 0.38 mmol) in DMF (700 uL) was added disuccinimidyl carbonate (115 mg,
0.449 mmol) and pyridine (62 pL, 0.075 mmol). The mixture was heated at 40 °C for 14 h to
give 17. Separately, trifluoroacetic acid (565 pL, 7.53 mmol) was added to a solution of JP4-
039 (160 mg, 0.377 mmol) in CH,Cl, (3.5 mL) at 0 °C. The reaction was stirred 3 h until the
starting carbamate was consumed, and the solvent and excess acid were evaporated. The
material was dissolved in EtOAc and washed 3x with 10% aqueous Na,COs. The combined
aqueous layers were extracted with EtOAc (2x), and the combined organic layers were dried

(NayCOs3) and evaporated.

The TEMPO-mixed carbonate solution (17) was cooled to rt and transferred to a solution of
the above amine and K3PO4 (83 mg, 0.38 mmol) in DMF (2.1 mL) and water (700 pL). The
mixture was stirred 16 h, then diluted with water (20 mL) and EtOAc (10 mL). The layers
were separated, and the aqueous layer was extracted with EtOAc (3x). The combined organic

layers were washed with 5% aqueous LiCl, dried (MgSO,), and evaporated. The residue was

520



purified by chromatography on SiO, (40-80% EtOAc/hexanes) to provide bis-nitroxide 18
(110 mg, 56%) as a pale orange solid: Mp 89-92 °C; HRMS (ESI) m/z calcd for CysHs1N4Os
523.3854 (M+H), found 523.3846; IR (ATR, neat) 3310, 2972, 2934, 2871, 1713, 1649,
1528, 1465, 1363, 1316, 1239, 1178, 1116, 1085, 1049, 971, 776, 741, 685 cm’".

Cell Lines and Media. HT-1080 cells were obtained from ATCC and grown in DMEM with
glutamine and sodium pyruvate (Corning 10-013) supplemented with 10% Heat-Inactivated
FBS, 1% non-essential amino acids (Invitorgen), and 1% penicillin-streptomycin mix
(Invitrogen). Panc-1 cells were obtained from ATCC and grown in DMEM with glutamine
and sodium pyruvate (Corning 10-013) supplemented with 10% Heat-Inactivated FBS, and
1% penicillin-streptomycin mix (Invitrogen). BJeLR cells were grown in DMEM with
glutamine and sodium pyruvate (Corning 10-013) supplemented with 20% Medium-199
(Sigma), 15% Heat-Inactivated FBS, and 1% penicillin-streptomycin mix (Invitrogen). All

cells were maintained in a humidified environment at 37 °C and 5% CO» in a tissue incubator.

Cell Viability Assay. 3,000 cells were seeded per well in black, clear bottom 384-well plates
(Corning) and allowed to adhere overnight. The next day, the medium was replaced with 50
uL of growth medium and 5 pL. medium containing erastin (10 uM) or (1, 3R)-RSL3 (2 uM)
and a dilution series of ferrostatin-1 or a nitroxide-containing molecule. 24 hours later, 6.1 pL.
of Presto Blue (Thermo-Fisher) were added. Cells were incubated for an additional 5 hours
and the Presto Blue fluorescence intensity was measured using a Victor X5 plate reader
(PerkinElmer)(ex/em 530/590). Background (no cells) fluorescence was subtracted and the
resulting fluorescence intensities were averaged between biological replicates. From these

data, dose-response curves and ECs values were computed using Prism 6.0 (GraphPad).
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