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General Synthetic Methods

Unless otherwise noted, all reagents were obtdimed commercial suppliers and used without
further purification. Tetrahydrofuran (THF), dichbmethane (CECl,), toluene, and diethyl ether ¢EX)
were dried over alumina under a nitrogen atmosph&avents used for reactions set up in a nitregen
filled Braun inert atmosphere box, including THRdawluene, were additionally degassed with three
consecutive freeze pump thaw cycles and stored &&kemolecular sieves. Methanol was dried over
calcium hydride under a nitrogen atmosphere. Afictions, unless otherwise stated, were performed
under inert atmosphere using syringe, cannula, Sofdenk techniques, or set up in a nitrogen-filled
Braun inert atmosphere box, with flame or ovendigiassware. AltH, °F, and®*'P NMR spectra were
measured with a Bruker DRX-500, AVB-400, AVQ-4004%-300 spectrometer. NMR chemical shifts
are reported in ppm relative to 1,2-difluorobenzéi88.9) for'*F NMR and trimethylphosphate (3.0)
for *P NMR. Mass spectrometry (HRMS) was carried outh@yUniversity of California, Berkeley Mass
Spectrometry Facility.

Synthesis of | sothiazolidinone Inhibitors 2, 15, and 16
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Compound 4. Compound4 was synthesized as described in the literdture.

OH

I CF3

F
6

Compound 6. Compounds was synthesized as described in the literdture.

Compound 7. Compound? was synthesized as described in the literdture.
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Compound 8. To a 10 mL Schilenk tube fitted with a stirbar inndérogen-filled Braun inert
atmosphere box was added compourid.72 g, 1.53 mmol), followed by bis(pinacolato)afion (1.16 g,
4.59 mmol), kPO, (0.97 g, 4.59 mmol), tris(dibenzylideneacetonegtigmlium-chloroform adduct (47
mg, 0.04 mmol, 3.0 mol%), and 2-dicyclohexylphosioh?’,6’-dimethoxybiphenyl (SPhos, 38 mg, 0.08
mmol, 6.0 mol%). Toluene (3.06 mL) was then added the reaction tube was closed under N
atmosphere. The resulting mixture was then heattgdstirring in an oil bath at 110 °C for 22 hours
The reaction mixture was then diluted with@tand passed through a pad of Celite. The solast
removed under reduced pressure to provide cBidehich was purified via automated reversed-phase
C18 chromatography (linear gradient of 80 to 95%t@uitrile in HO) to yield compoun@ (0.47 g, 69%
yield) as an off-white solid; mp 81-83 °§;(400 MHz; CDC}; Me,Si) 7.82-7.73 (m, 3H), 7.41 (m, 1H),
7.33 (dd,J = 7.7, 1.6 Hz, 1H), 7.28-7.24 (m, 1H), 3.38-3.29 (), 1.91-1.75 (m, 5H), 1.53-1.43 (m,
5H), 1.37 (s, 12H)5:(376 MHz; CDC}; 1,2-difluorobenzene) -60.51 (@= 6.3 Hz), -116.51 (m); HRMS
m/z (El) [M + H]" found 448.2197, £H,BF,0, requires 448.2189.

B

9
Compound 9. Compound9 was synthesized via modified literature procedfresnalytical data
was found to match that of previous literature regg05,,(400 MHz; CDCk; Me,Si) 6.55 (s, 1H), 1.64 (s,
9H).

~N

o=

Compound 10. To a 1 mL Schlenk tube fitted with a stirbar in #rogen-filled Braun inert
atmosphere box was added compo@n@4 mg, 0.10 mmol), followed by compou®d(41 mg, 0.15
mmol), K:PQO, (127 mg, 0.600 mmol), palladium acetate (3.4 m@20mmol, 15 mol%), and 2-
dicyclohexylphosphino-2’,6'-dimethoxybiphenyl (SRhol2 mg, 0.04 mmol, 30 mol%). A 10:1
THF:H,0 solution (0.20 mL) was then added and the readtibe was closed undes Btmosphere. The
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resulting mixture was then heated with stirringamoil bath at 60 °C for 24 h. The reaction migturas
then diluted with BO and passed through a pad of Celite. The somst removed under reduced
pressure to provide crud®, which was purified via automated silica gel chavography (linear gradient
of 2 to 15% EtOAc in hexanes) to yield compod@d34 mg, 69% vyield) as a yellow solid;(400 MHz;
CDClg; Me,Si) 7.79-7.77 (m, 2H), 7.54 (m, 1H), 7.45 (m, 2AB3-7.30 (m, 1H), 6.48 (s, 1H), 2.80-2.70
(m, 1H), 1.95-1.73 (m, 5H), 1.72 (s, 9H), 1.55-1(B80Q 5H); 5376 MHz; CDC}; 1,2-difluorobenzene) -
60.57 (d,J = 12.6 Hz), -115.18 (m); HRM8Vz (El) [M + H]" found 494.1777, £H.F.NO,S requires
494.1772.

11

Compound 11. To a 10 mL flask fitted with a stirbar undeps Was added compourid (263 mg,
0.530 mmol) and MeOH (1.77 mL), followed by coolitg0 °C. Sodium borohydride (40 mg, 1.07
mmol) was then added and the resulting slurry wiered at 0 °C for 2 h. The reaction was quencitedl
°C by dropwise addition of a 10% solution of acetitd in THF, with the flask open to the atmosphere
The mixture was concentrated to remove MeOH to givele11, which was purified by recrystallization
from EtOAc/MeOH to give compoundll (219 mg, 83% vyield) as an off-white soli&;(400 MHz;
CDCl;; MeySi) 7.90-7.68 (m, 2H), 7.55 (d,= 8.2 Hz, 1H), 7.47 (d] = 1.7 Hz, 1H), 7.42 (dd=8.1, 1.8
Hz, 1H), 7.31-7.24 (m, 1H), 7.31-7.24 (m, 1H), 4(64,J = 12.0, 7.1 Hz, 1H), 3.57 (dd,= 17.1, 12.0,
1H), 3.02 (ddJ = 17.0, 7.1 Hz, 1H), 2.84-2.79 (m, 1H), 1.98-1(#Y, 5H), 1.65 (s, 9H), 1.63-1.50 (m,
5H); 6:(376 MHz; CDC}; 1,2-difluorobenzene) -60.50 (d,= 12.4 Hz), -115.96 (m); HRM8Vz (ESI)
[M + H]" found 496.1928, &H30FsNO,S requires 496.1855.

12

Compound 12. Compoundll (219 mg, 0.44 mmol) was added to a flask undgrdisolved in
chloroform (5.5 mL), and cooled to 0 °C. 3-Chlagogxybenzoic acid (>77%, 197 mg, 0.88 mmol) was
added at 0 °C, and the reaction was allowed to warambient temperature and stirred for 18 h. The
reaction was quenched at 0 °C by dropwise addifaqgueous saturated NaHg;@llwed by extraction
with NaHCQ; (5 x 5 mL), and washing with brine (1 x 5 mL). €Tlorganic layer was dried over
anhydrous Nz50Oy(s) and filtered. The solvent was removed undaguced pressure to provide crutiz
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which was purified via automated silica gel chrongagphy (linear gradient of 5-20% EtOAc in hexanes)
to yield compoundl?2 (117 mg, 56% vyield) as a white solid; mp 153-155 8({400 MHz; CDC};
Me,Si) 7.80-7.70 (m, 2H), 7.51 (d,= 1.3 Hz, 1H), 7.48-7.40 (m, 2H), 7.33-7.26 (m,)16124 (ddJ =

8.3 Hz, 1H), 3.31 (dd] = 17.2, 8.6 Hz, 1H), 3.20 (dd=17.1, 7.9 Hz, 1H), 2.95-2.82 (m, 1H), 2.05-1.75
(m, 5H), 1.68 (s, 9H), 1.65-1.40 (m, 5KK376 MHz; CDC}; 1,2-difluorobenzene) -60.56 (d,= 15.1
Hz), -115.56 (m); HRM3Wz (El) [M + H]" found 511.1804, £&H,sF,NOsS requires 511.1803.

Compound 2. To a J-Young tube was added compotf@d21 mg, 0.04 mmol) as a solution igd
TFA (0.55 mL), which was sealed and heated to 80n°@n oil bath. The reaction was monitored by
NMR until complete conversion of starting materiahs observed. The resulting mixture was
concentrated to give crudg which was dissolved in a minimal volume of dimdshlfoxide (1.0 mL)
and purified via automated reversed-phase C18 goldmomatography (linear gradient of 15 to 95%
acetonitrile in HO with 0.1% trifluoroacetic acid) to give pug12 mg, 62% yield) as a white powder;
mp 188-189 °Cpp(400 MHz; CQOD) 7.86-7.75 (m, 2H), 7.53-7.47 (m, 2H), 7.44 (d&; 4.1, 1.8 Hz,
1H), 7.33 (tJ = 9.6 Hz, 1H), 5.55 () = 8.4 Hz, 1H), 3.33 (dd] = 17.4, 8.2 Hz, 1H), 3.27 (dd,= 17.4,
8.2 Hz, 1H), 2.99-2.90 (m, 1H), 1.90-1.66 (m, 5H)59-1.22 (m, 5H);3-(376 MHz; CQOD; 1,2-
difluorobenzene) -62.06 (d = 12.8 Hz), -118.48 (m); HRM&Vz (FAB) [M - H] found 454.1091,
CooHooFsNOsS requires 454.1106.

Compounds 15 and 16. Compoundl2 was separated into enantiomerically pure isothidinones
15 and 16 with >99% chemical purity and >99% ee by Lotus@afions, LLC using chiral preparatory
supercritical fluid chromatography. The racemianpound was loaded as a 7 mg/mL solution in
methanol, with an injection volume of 0.7 mL, omdChiralpak AD-H column (2 x 15 cm), and eluted
with 35% isopropanol/C@Qat 100 bar, with a flowrate of 65 mL/min. Pealersvvisualized using UV at
220 nm. Analytical chromatograms were obtainedrjgcting compound solutions onto a Chiralpak
AD-H column (25 x 0.46 cm), followed by elution WiB5% isopropanol/Cgat a flowrate of 3 mL/min.
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HPLC trace of compoun@ (racemic 1ZD)

6008 KAR-VI-135 # 69.DATA [1] RT [min]
5503 MAU

STH 10.00
SMH 100.00

<
=
=

HPLC trace of enantiomerically put® or 16 (“peak 1")

KAR-VI135 Pk 1 pur ck file#0.DATA [1] RT [min]
7001 MAU

/ Peak 1, 1.42 min

5004

3004
2004

1007

HPLC trace of enantiomerically put® or 16 (“peak 2")

T %% KAR-VI-135 Pk 2 purck file#1.DATA [1] RT [min]
4 450 MAU

§ 400 / Peak 2, 2.14 min
T 350
300

17 18

Compounds 17 and 18. Compoundsl7 and 18 were synthesized via the procedure described for
compound, startingfrom enantiomerically pure compountsand16.
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Synthesis of Difluoromethylphosphonic Acid I nhibitor 3

Compound 19. To a 5 mL Schlenk tube fitted with a stirbar in #@rogen-filled Braun inert
atmosphere box was added compound (100 mg, 0.21 mmol), followed by
bis(neopentylglycolato)diboron (96 mg, 0.43 mmolK;PO, (90 mg, 0.43 mmol),
tris(dibenzylideneacetone)dipalladium-chloroformdact (13 mg, 0.01 mmol, 6.0 mol%), and 2-
dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (SRhd.1 mg, 0.02 mmol, 12.0 mol%). Toluene (0.43
mL) was added, and the reaction tube was closedrusmd N atmosphere. The resulting mixture was
then heated with stirring in an oil bath at 100fd6€26 h. The reaction mixture was diluted withCEt
and passed through a pad of Celite. The solvestremoved under reduced pressure to provide crude
19, which was purified via automated silica gel chadography (linear gradient of 5 to 20% EtOAc in
hexanes) to yield compourd® (63 mg, 92% pure by NMR) as a yellow-orange solitlich was taken
on without further purification$,(400 MHz; CDC}k; Me,Si) 7.81-7.71 (m, 3H), 7.42-7.40 (m, 1H), 7.32
(dd,J = 7.7, 1.8 Hz, 1H), 7.28-7.22 (m, 1H), 3.80 (s, ABiB3-3.23 (m, 1H), 1.96-1.73 (m, 5H), 1.53-
1.36 (m, 5H), 1.07 (s, 6H}E(376 MHz; CDC}; 1,2-difluorobenzene) -60.50 (d,= 12.5 Hz), -116.83
(m).

O CFs

F
20

Compound 20. Compoundl9 (416 mg, 0.96 mmol) was added to a flask undeam dissolved in
THF (4.8 mL). Sodium iodide was then added asOaN.solution in water (1.2 mL) followed by
chloramine-T (541 mg, 1.92 mmol). The resultingtuie was stirred vigorously for 15 min at room
temperature. The reaction was quenched by addifiéO, and the aqueous layer extracted witfOEt
(3 x 5 mL). The organic layer was dried over airbys NaSQy(s) and filtered. The solvent was
removed under reduced pressure to provide c2@jewhich was purified via automated silica gel
chromatography (linear gradient of 3-10% EtOAc @xdmnes) to yield compoursi) (188 mg, 71% pure
by NMR) as a white solid, which was taken on withfawther purification;3,(400 MHz; CDC}; Me,Si)
7.90 (d,J = 8.1 Hz, 1H), 7.78-7.66 (m, 2H), 7.35-7.23 (m,))2H04 (ddJ = 8.1, 2.2 Hz, 1H), 2.85-2.80
(m, 1H), 2.02-1.75 (m, 5H), 1.58-1.32 (m, 58376 MHz; CDC}; 1,2-difluorobenzene) -60.55 (d=
12.5 Hz), -115.90 (m).
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Compound 21. To a 25 mL flame-dried flask fitted with a stirbamder an Natmosphere was
added activated zinc dust (500 mg, 7.65 mmol)ovedid byN,N-dimethylacetamide (3.8 mL). The
resulting mixture was heated to 60 °C in an oilhbaith stirring. In a separate flask under an N
atmosphere, diethyl(bromodifluoromethyl)phosphonéte86 mL, 7.65 mmol) was dissolved MN-
dimethylacetamide (3.8 mL), and this solution wddeal to the zinc mixture dropwise at 60 °C. The
resulting mixture was stirred for 10 min at 60 f@lowed by stirring at ambient temperature for.4Ih
a separate 10 mL flask fitted with a stirbar unalem\, atmosphere, compourd (135 mg, 0.30 mmol)
and CuBr (86 mg, 0.60 mmol) were dissolved\ilN-dimethylacetamide (0.1 mL), followed by stirring
for 30 min at ambient temperature. This solutiaaswhen added dropwise to the zinc solution, aad th
resulting mixture was sonicated for 12 h at ambientperature. The reaction was quenched by additio
of H,O (10 mL), and the resulting mixture was dilutedmmiEtO (15 mL), and filtered through Celite.
The aqueous layer was extracted withCE(3 x 15 mL), and the organic layer was washdt tfine (1
X 75 mL), dried over anhydrous pBO,(s) and filtered. The solvent was removed undéuced pressure
to provide crude2l, which was purified via automated silica gel chatography (linear gradient of 6-
25% EtOAc in hexanes) to yield compow2id(77 mg, 50% yield) as a white solid};(400 MHz; CDC};
Me,Si) 7.81-7.70 (m, 2H), 7.63-7.58 (m, 1H), 7.57-7(68 1H), 7.43-7.38 (m, 1H), 7.32-7.26 (m, 1H),
4.32-4.12 (m, 4H), 3.28-3.17 (m, 1H), 1.96-1.73 Ghi), 1.56-1.38 (m, 5H), 1.35 @ = 7.1 Hz, 6H);
d:(376 MHz; CDC}; 1,2-difluorobenzene) -60.57 (8= 12.6 Hz), -100.766 (d = 116.3 Hz), -115.51
(m); 8p(162 MHz; CQOD; trimethylphosphate) 6.29 (= 116.2 Hz); HRMSwz (El) [M + H]" found
509.1680, GyH25F:O3P requires 509.1690.

Compound 3. To a 5 mL flame-dried flask fitted with a stirbander an Natmosphere was added
compound2l (72 mg, 0.14 mmol) and CHLI(0.24 mL). To the resulting solution was added
iodotrimethylsilane (61uL, 0.43 mmol) dropwise by syringe. The resultinguson was stirred at
ambient temperature for 14 h, and then the solw@stremoved under reduced pressure to give Gude
as an orange oil. The crude oil was dissolvednmiramal amount of dimethylsulfoxide (1.0 mL) which
was purified by automated reversed-phase C18 colcnnomatography (linear gradient of 5 to 95%
acetonitrile in HO with 0.1% trifluoroacetic acid) to give compou8d42 mg, 66% vyield) as a white
powder; mp 149-150 °Cpy(400 MHz; CQCOCD;) 8.08-7.96 (m, 2H), 7.83-7.77 (m, 1H), 7.65-7.47
(m, 2H), 6.61 (br s, 2H), 3.41-3.29 (m, 1H), 1.923L (m, 10H);6:(376 MHz; CQCOCD;; 1,2-
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difluorobenzene) -61.03 (d] = 12.6 Hz), -102.52 (dJ-r = 113.7 Hz), -118.01 (m)$(162 MHz;
CD;COCD;; trimethylphosphate) 5.96 (@ = 113.6 Hz); HRMSWz (El) [M + H]" found 475.0874,
CooH1dFsOsPna requires 475.0873.

Assay Procedure and Determination of Inhibitor K;

96-well plates were used to rinassays, with reaction volumes of 4d0per well. 45uL of water
was added to each well, followed by gD of sodium citrate buffer (stock solution: 100 mdddium
citrate, pH 6.2, 0.02% Triton X-100), & of 20 mM ethylenediamine tetraacetic acid (EDT#dck
solution, 5uL of 20 mM DL-dithiothreitol (DTT) stock solutiorgnd 10uL of 1 uM PtpB stock solution.
Then 5uL of the appropriate inhibitor stock solutions,ialy diluted 2-fold for a total of 10 different
concentrations in DMSO, plus one blank well as atrab (DMSO only) was added to the wells and the
plate was incubated at room temperature for 5 regiuiThe reaction was started by addition ofill®f
2 mM pNPP substrate stock, and reaction progresswamitored at 405 nm with continued incubation at
ambient temperature. The initial rate data caolldovas used for the determinationkgfvalues. The
kinetic values were obtained from nonlinear regogs®f substrate-velocity curves in the presence of
various concentrations of inhibitor using the etarav = Vi, [S)/(Ku((1+[1])/ K)+[S]).

Analytical Data for Determination of Inhibitor K;
Compoundsl-3 were assayed in duplicate, and repeated in attigpldtate. Compound&6 and17

were assayed in duplicate. Examplecurves are provided, along with averdfevalues and average
Hill slopes for each inhibitor.

HO

Ki (average) = 1.3+ 0.6
Hill slope (average) =-1.2+ 0.1

0.0006+ Ki (average) = 3.7 £ 0.6

0.00044 Hill slope (average) =-0.9 £ 0.1

0.00024

0.0000 T T
0 2 4 6

log [I], nM
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0.00051
0.00044 n
0.00034
>
0.00024
0.00014
0.0000: T T =
0 2 4 6
log [I], nM
Ki (average) =8.0+ 0.4
Hill slope (average) =-1.0 £ 0.0
0.0004
0.00034
> 0.00024
0.00014
0.0000:
log [I], nM
16
o Ki (average) = 2.4 £ 0.0
Hill slope (average) =-0.9 £+ 0.1
I
P (OH), 0.00061
O 0.00044 Ki (average) = 0.69 + 0.21
> Hill slope (average) =-0.9 £ 0.1
O 0.00024
CF4
F 0.0000: T T
3 0 2 4 6
log [I], nM
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NMR Spectra
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F-NMR of Compound
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'H-NMR of CompoundLO
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F-NMR of Compound.0
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'H-NMR of CompoundL1
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F-NMR of Compound1
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'H-NMR of CompoundL2
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F-NMR of Compound2
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'H-NMR of Compound
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F-NMR of Compoune®
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'H-NMR of Compound1
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F-NMR of Compoun®1
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