


Supplement Figure 3. Mass spectra of SF-3-030 covalent adducts on ERK2. Peptide fragmentation and spectra of ERK2 with 
covalent modification of C252 by SF-3-030 as determined using high resolution liquid chromatography-tandem mass spectrometry. 
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Supplement Figure 4. SF-3-030 treatment does not increase MEK1/2 phosphorylation. (A)
Phosphorylated MEK1/2 (pMEK1/2) levels in A375 cells treated with 25 M SF-3-030 for 0 – 4
hours or 1 hour treatment with 10μM PLX-4032. The graph shows the ratio of expression of 
pMEK1/2 to total MEK1/2 as separately quantified and determined by ProteinSimple 
immunoanalysis. 
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Supplement Figure 5. SCH772984 increases FOXD3 expression. Immunoblots of FOXD3 and α-
tubulin (control) protein levels in lysates from A375 cells treated with 10 M SCH77294 or 25 M
SF-3-030 for 0 – 24 hours. The numbers below the FOXD3 immunoblot indicate the relative levels of 
protein, normalized to α-tubulin, determined by densitometry. Molecular weight markers are 
indicated on the left of each immunoblot.
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Supplement Figure 6. NRF2 inhibitors do not affect sulforaphane inhibition of A375 cell 
proliferation. (A) Immunoblots of NRF2, NQO1, HMOX-1, and OSGIN-1, normalized over ß-actin 
(control); lysates from A375 cells treated with 25 M SF-3-030 in absence or presence of 50 μM 
ML385 or 30 nM brusatol (Bru) for 8 hours. (B) Immunoblots of NRF2, NQO1, and HMOX-1 of A375 
lysates in the presence or absence of 50 μM ML385, 10 μM sulforaphane (SFN), or 25 μM SF-3-030 for
24 hours. The numbers in each immunoblot represent the relative levels of protein, normalized to ß-
actin, as determined by densitometry. Molecular weight markers are indicated on the left of each 
immunoblot. (C) Cell viability with varying doses of sulforaphane in the absence (white bars) or
presence (black bars) of 50 μM ML-385. (D) Combination index with varying doses of sulforaphane and 
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brusatol. Relative cell viability was measured after 48 hours, and data are representative of three
independent experiments. Untreated control cells are indicated with a striped column.
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Supplement Figure 7. Effects of SF-3-030 on NRF2 regulated proteins. Lysates from A375 cells 
treated with 25 μM SF-3-030 in absence or presence of 30 nM brusatol (Bru) for 8 hours were 
immunoblotted for GCLC, AKR1B10, G6PD, TXNRD1, and xCT. Lysates from HEK293 (GCLC), 
A549 (AKR1B10 and xCT), or HeLa (G6PD and TXNRD1) cells were used as a positive control for 
each antibody as indicated by the vendor. The numbers below each immunoblot represent the relative 
levels of protein, normalized to ß-actin, as determined by densitometry. Molecular weight markers 
are indicated on the left of each immunoblot.
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Supplemental Methods: Synthesis of SF-2-110, SF-3-026 and SF-3-030

SF-2-110 (1,1-dioxidotetrahydrothiophen-3-yl benzenesulfonate)

3-Sulfolene (5g, 42.4 mmol) was suspended in H2O (20 mL). A solution of 10 M KOH (53 mL) was added
dropwise, then the reaction was allowed to stir at room temperature for 16 h.  Ice was subsequently added and the
reaction was neutralized with the dropwise addition of 12 M HCl (approx. 45 mL). The solvent was concentrated
in vacuo, then the residue was stirred vigorously in EtOAc, dried over sodium sulfate, filtered and concentrated to
give 3-hydroxytetrahydrothiophene 1,1-dioxide in quantitative yield as a pale yellow viscous oil (5.7g): δH (500
MHz, CDCl3-d6) 5.47 (s, 1H, OH), 4.47 (s, 1H, CHOH), 3.25- 3.22 (m, 1H, CH2), 3.18-3.12 (m, 1H, CH2), 3.07-
3.02 (m, 1H, CH2), 2.82 (d, 1H, CH2), 2.23-2.17 (m, 1H, CH2), 2.08-2.04 (m, 1H, CH2); δC (500 MHz, DMSO-d6)
67.4, 59.5, 49.9, 31.8. 3-Hydroxytetrahydrothiophene 1,1-dioxide (150 mg, 1.10 mmol, 1 eq) was dissolved in
anhydrous CH2Cl2 (11 mL). DIPEA (249 μL, 1.43 mmol, 1.3 eq) and DMAP (13 mg, 10 mol%) were added,
followed by benzenesulfonyl chloride (155 μL, 1.21 mmol, 1.1 eq), and the reaction was stirred for 16 h at room
temperature. The reaction was diluted with CH2Cl2, washed with 0.1 M HCl, H2O, then brine. The organic layer
was dried over sodium sulfate, filtered and concentrated. The crude residue was subsequently adsorbed to silica
gel, then purified by flash column chromatography with a gradient of EtOAc in hexanes to furnish the title
compound as a white solid (172 mg, 57%): δH (500 MHz, CDCl3-d6) 7.93 (d, 2H, Ar, J = 8 Hz), 7.72 (t, 1H, Ar, J
= 7.5 Hz), 7.61 (t, 2H, Ar, J = 8 Hz), 5.32 (quin, 1H, CHOH, J = 3.5 Hz), 3.31-3.20 (m, 3H, CH2), 3.14-3.09 (m,
1H, CH2), 2.57-2.46 (m, 2H, CH2); δC (500 MHz, CDCl3-d6) 136.0, 134.5, 129.6, 127.7, 75.5, 56.3, 48.9, 29.9.

Scheme 1: (a) Benezenesulfonyl chloride, DIPEA, cat. DMAP, CH2Cl2, RT, 1 h, 54%; (b) 2-napthalenesulfonyl 
chloride, DIPEA, cat. DMAP, CH2Cl2, RT, 1 h, 61%.

SF-3-026 (1,1-Dioxido-2,3-dihydrothiophen-3-yl benzene-2-sulfonate)

3-Hydroxy-2,3-dihydrothiophene 1,1-dioxide (75 mg, 0.560 mmol, 1 eq.) was dissolved in CH2Cl2 (6 mL). Then
benzenesulfonyl chloride (79 μL, 0.616 mmol, 1.1 eq.), DIPEA (112 μL, 0.644 mmol, 1.15 eq.), DMAP (3.4 mg,
0.028 mmol, 0.05 eq.) were added, and the reaction was stirred for 1 h at room temperature. Then, the reaction
was worked up partitioned between 1M HCl and CH2Cl2. The organic layer was washed with brine, dried over
sodium sulfate, filtered, and concentrated. The residue was adsorbed to silica gel from CH2Cl2 at room
temperature, then purified by flash column chromatography with a gradient of EtOAc in hexanes to give the final
compound as a white solid (82 mg, 54%) that was spectroscopically identical to commercial 1,1-dioxido-2,3-
dihydrothiophen-3-yl benzene-2-sulfonate.

SF-3-030 SF-3-026
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SF-3-030 (1,1-Dioxido-2,3-dihydrothiophen-3-yl naphthalene-2-sulfonate)

3-Hydroxy-2,3-dihydrothiophene 1,1-dioxide (75 mg, 0.560 mmol, 1 eq.) was dissolved in CH2Cl2 (6 mL). Then
2-naphthalenesulfonyl chloride (140 mg, 0.616 mmol, 1.1 eq), DIPEA (112 μL, 0.644 mmol, 1.15 eq.), DMAP
(3.4 mg, 0.028 mmol, 0.05 eq.) were added, and the reaction was stirred for 1 h at room temperature. Then, the
reaction was worked up partitioned between 1M HCl and CH2Cl2. The organic layer was washed with brine, dried
over sodium sulfate, filtered, and concentrated. The residue was adsorbed to silica gel from CH2Cl2 at room
temperature, then purified by flash column chromatography with a gradient of EtOAc in hexanes to give the final
compound as a white solid (111 mg, 61%): δH (400 MHz, DMSO-d6) 8.70 (s, 1H, Ar), 8.24-8.20 (m, 2H, Ar), 8.10
(d, 1H, Ar, J = 8.4 Hz), 7.90 (d, 1H, Ar, J = 8.8 Hz), 7.79-7.69 (m, 2H, Ar), 7.45 (d, 1H, J = 6.8 Hz), 6.83-6.81
(m, 1H, Ar), 5.87 (br s, 1H, CHO), 3.68-3.68-3.62 (dd, 1H, CH, 15.2, 7.2) 3.36 (m, 1H, CH, obsc); δC (500 MHz,
DMSO-d6) 142.3, 140.8, 140.3, 137.0, 136.8, 135.4, 135.2 135.1, 134.8, 133.3, 133.2, 127.2, 80.7, 58.1

Saturation Transfer Difference – Nuclear Magnetic Resonance (STD-NMR) methods and protocol:

To a 600 μL solution of SF-3-030 at 1mM freshly prepared from its dry powder in 85% D2O:15% d6-
DMSO(v/v), 10 μL of ERK2 was added, rendering the final concentration of the protein at about 5 μM.  For 
compound-only experiments, SF-3-030 was prepared exactly the same, omitting protein. 

The STD (Mayer, 2001) experiments were performed at 25°C on an Agilent DD2 500 MHz spectrometer. The 
vendor supplied pulse sequence (dpfgse_satxfer.c) was used. The on‐ and off‐resonance FIDs (free induction 
decay) are subtracted in‐place through phase‐cycling, to yield only the difference FID. A related pulse sequence 
(dpfgse_satxfer2.c) also supplied by the vendor, was used on selected samples, where the on‐ and off‐ resonance 
FIDs are produced and stored separately, followed by post‐acquisition manual subtraction of the FIDs.  No 
significant differences on the results from these two pulse sequences on the same sample were identified.  
Spectral width of 6000 Hz (12ppm), a 90 deg pulse of 9.6 msec, and 16384 points were used to collect the data. 
Transmitter offset was on the water signal. Solvent suppression was achieved via excitation sculpting. The 
selective saturation period was 2.5 sec. Irradiation consisted of a series of 50 msec Gaussian selective pulses, 
separated by 1 msec delay, at a field strength of 50 Hz. Delay between FIDs was set to 0.5 sec, and 1000 to 5000 
transients were collected. The selective irradiation on‐resonance with the protein was at 0.5 ppm and the off‐
resonance irradiation was at 25 ppm. The difference FID was multiplied by an exponential broadening function of 
0.5 Hz and zero‐filled once prior to transformation. 

For 1D experiments, spectral width of 6000 Hz (12ppm), a 90 deg pulse of 9.6 msec, and 16384 points were used 
to collect the data. Data were processed with in-place with VnmrJ, a vendor-supplied application, or with 
OpenVnmrJ, the open-source version of VnmrJ, available through NMRBox.org (Maciejewski, 2017). Some data 
were also processed with NMRPipe (Delaglio, 1995). Viewing and analyses of spectra were accomplished with 
Sparky (Sparky - NMR Assignment Program, n.d. SPARKY 3, University of California, San Francisco).
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