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Details of protein constructs

The tag sequence is underlined, the cleavage sequence is in italics

Bcl-2#2 sequence:
N-terminal His tag - thrombin cleavage site

MGSSHHHHHHSSGLVPRGSHMAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDDVE
ENRTEAPEGTESEVVHLTLRQAGDDFSRRYRRDFAEMSSQLHLTPFTARGRFATVVEEL

FRDGVNWGRIVAFFEFGGVMCVESVNREMSPLVDNIALWMTEYLNRHLHTWIQDNGG

WDAFVELYGPSMR

Bcl-2#3 sequence:
C-terminal His tag

MSQDNREIVMKYISYKLSQRGYEWDAGDVEENRTEAPEGTESEVVHQTLRQAGDDFSL
RYRRDFAEMSSQLHLTPGTAYASFATVVEELFRDGVNWGRIVAFFEFGGVMCVESVNR
EMSVLVDNIAAWMATYLNDHLHTWIQDNGGWDAFVELYGNNAAAESRKGQERFLEH
HHHHH

Bcl-2#3’ sequence:
C-terminal His tag

MSQDNREIVMKYISYKLSQRGYEWDAGDVEENRTEAPEGTASAVVHQTLRQAGDDFSL
RYRRDFAQMSSQLHLTPGTAYASFATVVEALFRDGVNWGRIVAFFEFGGVMCVESVNR
AMSVLVDNIAAWMATYLNDHLHTWIQDNGGWDAFVELYGNNAAAESRKGQERFLEH

HHHHH

hBcl-2 sequence
N-terminal His tag — thrombin cleavage site

MGHHHHHHHHSAGLVPRGSMAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDVGA
APPGAAPAPGIFSSQPGHTPHPAASRDPVARTSPLQTPAAPGAAAGPALSPVPPVVHLTL
RQAGDDFSRRYRRDFAEMSSQLHLTPFTARGRFATVVEELFRDGVNWGRIVAFFEFGG

VMCVESVNREMSPLVDNIALWMTEYLNRHLHTWIQDNGGWDAFVELYGPSMR

GST-3C-hMcl-1 sequence
N-terminal GST, 3C protease cleavage site, hMcl-1 - Used for initial crystallography

MSPILGYWKIKGLVOPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYI
DGDVKLTQOSMAINIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLK
VDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDALDVVLYMDPMCLDAFPKL
VCFKKRIFAIPQIDKYLKSSKYIAWPLOGWQATFGGGDHPPKSDLEVLFOGPLGSEDELY
RQSLEIISRYLREQATGAKDTKPMGRSGATSRKALETLRRVGDGVQRNHETAFQGMLR
KLDIKNEDDVKSLSRVMIHVFSDGVTNWGRIVTLISFGAFVAKHLKTINQESCIEPLAESI
TDVLVRTKRDWLVKQRGWDGFVEFFHVEDLEGG
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GST-3C-hMcl-1#1 sequence
N-terminal GST, 3C protease cleavage site, hMcl-1 with mutations — used for some
crystallography

MSPILGYWKIKGLVOPTRLLLEYLEEKYEEHL YERDEGDKWRNKKFELGLEFPNLPYYI
DGDVKLTQSMAINIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLK
VDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDALDVVLYMDPMCLDAFPKL
VCFKKRIEAIPQIDKYLKSSKYIAWPLOQGWQATFGGGDHPPKSDLEVLFQGPLGSEDDLY
RQSLEIISRYLREQATGAKDTKPMGRSGATSRKALETLRRVGDGVQRNHETAFQGMLR
KLDIKNEGDVKSFSRVMVHVFKDGVTNWGRIVTLISFGAFVAKHLKSVNQESFIEPLAET
ITDVLVRTKRDWLVKQRGWDGFVEFFHVQDLEGG

His-TEV-hMcl-1 sequence
N terminal hexahis tag, TEV cleavage site, hMcl-1 — used for fragment screen and FP assay

MAHHHHHHSSENLYFOGPLGSEDELYRQSLEIISRYLREQATGAKDTKPMGRSGATSRK
ALETLRRVGDGVQRNHETAFQGMLRKLDIKNEDDVKSLSRVMIHVFSDGVTNWGRIVT
LISFGAFVAKHLKTINQESCIEPLAESITDVLVRTKRDWLVKQRGWDGFVEFFHVEDLEG
G

Double His-TEV-hMcl-1 sequence
MHHHHHHSSGLVPRGSGMKETAAAKFERQHMDSPDLGTDDDDKAMAHHHHHHSSEN
LYFOGPLGSEDELYRQSLEIISRYLREQATGAKDTKPMGRSGATSRKALETLRRVGDGV
QRNHETAFQGMLRKLDIKNEDDVKSLSRVMIHVFSDGVTNWGRIVTLISFGAFVAKHLK
TINQESCIEPLAESITDVLVRTKRDWLVKQRGWDGFVEFFHVEDLEGG

His-Thrombin-hMcl-1 sequence
N terminal hexahis tag Thrombin cleavage site, hMcl-1 — used for crystallography

MHHHHHHZVPRGSEDELYRQSLEIISRYLREQATGAKDTKPMGRSGATSRKALETLRRV
GDGVQRNHETAFQGMLRKLDIKNEDDVKSLSRVMIHVFSDGVTNWGRIVTLISFGAFV
AKHLKTINQESCIEPLAESITDVLVRTKRDWLVKQRGWDGFVEFFHVEDLEGG

MBP-hMcl-1 sequence
Maltose-binding protein N-terminal fusion, used for later crystallography

MKIEEGKLVIWINGDKGYNGLAEVGKKFEKDTGIKVTVEHPDKLEEKFPOVAATGDGP
DIIFWAHDRFGGYAQSGLLAEITPDKAFODKLYPFTWDAVRYNGKLIAYPIAVEALSLIY
NKDLLPNPPKTWEEIPALDKELKAKGKSALMFENLQEPYFTWPLIAADGGYAFKYAAGK
YDIKDVGVDNAGAKAGLTFLVDLIKNKHMNADTDYSIAEAAFNKGETAMTINGPWAW
SNIDTSAVNYGVTVLPTFKGQPSKPFVGVLSAGINAASPNKELAKEFLENYLILTDEGLEA
VNKDKPLGAVALKSYEEELAKDPRIAATMENAQKGEIMPNIPOMSAFWYAVRTAVINA
ASGROQTVDEALKDAQTGSELYRQSLEIISRYLREQATGAADTAPMGASGATSRKALETL
RRVGDGVQRNHETAFQGMLRKLDIKNEDDVKSLSRVMIHVFSDGVTNWGRIVTLISFG
AFVAKHLKTINQESCIEPLAESITDVLVRTKRDWLVKQRGWDGFVEFFHV

This protein was used for crystallography undertaken during late lead optimisation.
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His-TEV mMcl-1 sequence
N terminal hexa his tag, TEV cleavage site, mouse Mcl-1 — used for 2D NMR experiments

MAHHHHHHSSENLYFOGPLGSEDDLYRQSLEIISRYLREQATGSKDSKPLGEAGAAGRR
ALETLRRVGDGVQRNHETAFQGMLRKLDIKNEGDVKSFSRVMVHVFKDGVTNWGRIV
TLISFGAFVAKHLKSVNQESFIEPLAETITDVLVRTKRDWLVKQRGWDGFVEFFHVQDL
EGG
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Compound synthesis

Chemistry. General Methods. All solvents and reagents were used as obtained from

commercial vendors. All tested compounds were determined to be >95% pure by LC-MS
(Method A).

LC-MS Method A

Instruments: Agilent HP1100 with DAD and MSD G1946 D (positive and negative
ionization, scanning range: 150-1000 Da) or Agilent HP1200 with DAD
and MSD 6140 (positive and negative ionization, scanning range: 150—
1000 Da). UV detection was at 230 nm, 254 nm and 270 nm. The
conditions and methods are identical for both instruments.

Column: Gemini NX 5 um C18, 30 x 2.1 mm, from Phenomenex.
Temperature: 40 °C.

Mobile phase: Solvent A: Water/ 10 mM ammonium formate/ 0.08% (v/v) formic acid
pH=3.5.
Solvent B: Acetonitrile/ 5.3 % (v/v) Solvent A/ 0.08% (v/v) formic acid.
Injection volume: 1 pL

Gradient:

Time (min) Solvent A (%) Solvent B (%) Flow Rate (ml min")

0.00 95 5 1.0

0.25 95 5 1.0

2.50 5 95 1.0

2.55 5 95 1.7

3.60 5 95 1.7

3.65 5 95 1.0

3.70 95 5 1.0

3.75 95 5 1.0
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LC-MS Method B
Instrument: Agilent 1290 Infinity II series instrument connected to an Agilent TOF
6230 single quadrupole with an ESI source.

Column: Gemini NX 5 pm C18, 30 x 2.1 mm, from Phenomenex.
Temperature: 40 °C.

Mobile phase: Solvent A: Water/ 10 mM ammonium formate/ 0.08% (v/v) formic acid
pH=3.5.

Solvent B: Acetonitrile/ 5.3% (v/v) Solvent A/ 0.08% (v/v) formic acid.

Injection volume: 1 pL

Gradient:

Time (min) Solvent A (%) Solvent B (%0) Flow Rate (ml min')
0.00 95 5 1.3

0.12 95 5 1.3

1.30 5 95 1.3

1.35 5 95 1.6

1.85 5 95 1.6

1.90 5 95 1.3

1.95 95 5 1.3

'H (400 MHz) NMR analyses were performed using a Bruker DPX-400 spectrometer. The
spectral reference was the known chemical shift of the sample solvent (chloroform; 7.25 ppm or
DMSO-dg; 2.50 ppm). 'H NMR data are reported indicating the chemical shift (§) as parts per
million (ppm), the integration (e.g. 1 H), and the multiplicity (s, singlet; d, doublet; t, triplet; q,
quartet; sept, septet; m, multiplet; br, broad; dd, doublet of doublets). Coupling constants are
reported in hertz.

Method for Preparative HPLC compound purification

Preparative HPLC purifications were performed on a Waters FractionLynx MS
autopurification system with a Gemini 5 uM C18(2), 100 mm % 20 mm i.d. column from
Phenomenex, running at a flow rate of 20 mL min™! with UV diode array detection (210400 nm)
and mass-directed collection. The mass spectrometer was a Waters Micromass ZQ2000
spectrometer operating in positive or negative ion electrospray ionization modes, with a
molecular weight scan range of 150 to 1000.
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Solvent A: HPLC grade Water + 10 mM ammonium acetate + 0.08% v/v formic acid.

Solvent B: 95% v/v HPLC grade acetonitrile + 5% v/v Solvent A + 0.08% v/v formic
acid.

Gradient:

Time (min) Solvent A (%) Solvent B (%)

0.00 95 5

1.50 77 23

7.50 67 33

10.00 5 95

PAINS analysis of compounds reported in this paper

The 41 compounds were assessed against the 480 PAINS filters in the RDKit software
(http://rdkit.blogspot.com/2015/08/curating-pains-filters.html). The SMILES representation of
three compounds (3, 11 and 36) match a PAINS filter. All three compounds were confirmed as
binding by NMR and in the FP assay. The crystal structure of 3 was determined bound to hMcl-
1 (Figure 4) and 6 is part of the hybrid compound for which a crystal structure was determined
bound to Bcl-2 (Figure 6). This confirms that these compounds are binding to the targets and
this 1s not an artefact.
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Scheme S1. Synthesis of compound 1.2
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“Reagents and conditions: (a) EDC, DIPEA, DMAP, THF, rt; (b) DIPEA, KI, DMF, rt; (c) 5N
HCI, dioxane, rt.
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2-[[(3R)-3-[4-[[4-[4-[[2-(4-Chlorophenyl)phenyl]methyl]piperazin-1-
yl]benzoyl]sulfamoyl]-2-nitro-anilino]-4-phenylsulfanyl-butyl]-dimethyl-ammonio]acetate
dihydrochloride 1) Step 1. To a suspension of  4-[4-[[2-(4-
chlorophenyl)phenyl|methyl]piperazin-1-yl]benzoic acid dichloride (42) (99 mg, 0.207 mmol) in
THF (8 mL) was added 4-[[(1R)-3-(dimethylamino)-1-(phenylsulfanylmethyl)propyl]amino]-3-
nitro-benzenesulfonamide (43)' (80 mg, 0.188 mmol), N,N-diisopropylethylamine (0.1 mL,
0.564 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (50 mg, 0.263
mmol) and 4-dimethylaminopyridine (32 mg, 0.263 mmol). The solution was stirred at room
temperature overnight, poured into water and extracted with ethyl acetate. The combined
organic layers were dried over MgSQa, filtered and evaporated to dryness. The residue was
purified by reverse phase chromatography (acetonitrile/ water + 0.5% TFA as eluent) to give 4-
[4-[[2-(4-chlorophenyl)phenyl|methyl]piperazin-1-yl]-N-[4-[[(1R)-3-(dimethylamino)-1-
(phenylsulfanylmethyl)propyl]amino]-3-nitro-phenyl]sulfonyl-benzamide (44) (68 mg, 35%) as
a white solid. 'H NMR (400 MHz, DMSO-ds) &: 9.50 (1H, m), 8.55 (1 H, br s), 8.20 (1 H, d),
7.90 (1 H, dd,), 7.75 (2 H, d), 7.65 (1 H, m), 7.45 (4 H, m), 7.40 (2 H, d), 7.30 (3 H, m), 7.15 (4
H, m), 6.90 (2 H, d), 4.20 (1 H, m), 3.90 (2 H, m), 3.35 (6 H, m), 3.15 (2H, m), 2.75 (10 H, m),
2.15 (2 H, m). ESI/FIA/HR: [M+H]" = 813.2657 measured (813.260 theoretical).

Step 2. To a solution of 4-[4-[[2-(4-chlorophenyl)phenyl]methyl]piperazin-1-yl]-N-[4-[[(1R)-
3-(dimethylamino)-1-(phenylsulfanylmethyl)propyl]amino]-3-nitro-phenyl]sulfonyl-benzamide
(44) (200 mg, 0.245 mmol) in N,N-dimethylformamide (10 mL) was added tert-butyl 2-
bromoacetate (40 pL, 0.26 mmol), N,N-diisopropylethylamine (90 pl, 0.49mmol) and potassium
iodide (41 mg, 0.245mmol). The reaction mixture was stirred for 2 h at room temperature and
then diluted with a mixture water/ ethyl acetate. The combined organic layers were washed two
times with a saturated lithium chloride solution, dried over MgSOsa, filtered and evaporated to
dryness. The residue was purified by flash chromatography (heptane/ methanol gradient) to give
(2-tert-butoxy-2-oxo-ethyl)-[(3R)-3-[4-[[4-[4-[[2-(4-chlorophenyl)phenyl]methyl]piperazin-1-
yl]benzoyl]sulfamoyl]-2-nitro-anilino]-4-phenylsulfanyl-butyl]-dimethyl-ammonium (45) (125
mg, 51%) as a white powder. "H NMR (400 MHz, DMSO-ds) &: 8.46 (1 H, d), 8.10 (1 H, d),
7.81 (1 H,dd),7.72(2H,d), 751 (1 H,d), 748 (4 H,s), 7.37 (2H, m), 7.29 (2 H, d), 7.24 (3 H,
m), 7.17 (1 H, 1), 6.88 (1 H, d), 6.78 (2 H, d), 4.28 (2 H, s), 4.08 (1 H, m), 3.62 (1 H, m), 3.52 (1
H, m), 3.38 (2 H,s), 3.34 (2 H, d), 3.15 (6 H, s), 3.12 (4 H, m), 2.39 (4 H, dd), 2.22 (2 H. q), 1.42
(9 H, s). ESI/FIA/HR: [M]*=927.337 measured 927.334.

Step 3. To a suspension of 4-(2-tert-butoxy-2-oxo-ethyl)-[(3R)-3-[4-[[4-[4-[[2-(4-
chlorophenyl)phenyl]lmethyl]piperazin-1-yl]benzoyl]sulfamoyl]-2-nitro-anilino]-4-
phenylsulfanylbutyl]-dimethylammonium (45) (119 mg, 0.128 mmol) in dioxane (1.3 mL) was
added dropwise a 6N HCI solution in water (1 mL, 5.77 mmol). The reaction mixture was stirred
for 60 h at room temperature, and then concentrated to dryness. The residue was purified by
reverse phase chromatography (acetonitrile/ water) to give 2-[[(3R)-3-[4-[[4-[4-[[2-(4-
chlorophenyl)phenyl]methyl]piperazin-1-yl]benzoyl]sulfamoyl]-2-nitro-anilino]-4-
phenylsulfanyl-butyl]-dimethyl-ammonio]acetate dihydrochloride (1) (80 mg, 74%) as a white
powder. 'H NMR (400 MHz, DMSO-dp) &: 8.58 (1 H, d), 8.20 (1 H, d), 8.00 (1 H, m), 7.89 (1
H, dd), 7.77 (2 H, d), 7.48 (4 H, m), 7.37 (2 H, d), 7.29 (1 H, m), 7.26 (2 H, d), 7.15 (4 H, m),
6.90 (2 H, d), 427 (2 H, s), 4.18 (1 H, m), 4.11 (2 H, m), 3.63 (2 H, m), 3.53 (4 H, m), 3.37 (2 H,
m), 3.19 (6 H, s), 2.90 (4 H, m), 2.27 (2 H, q). ESIFIA/HR: [M + H]" = 871.2714 measured
871.2760.
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Scheme S2. Synthesis of compound 2.2

“Reagents and conditions: (a) EDC, HOBt, EtsN, DCM, rt; (b) LiOH.H>0, dioxane, H>O, rt; (c)
NHBu,, EDC, HOBt, Et;N, DCM, rt; (d) HCI, dioxane, DCM, rt.

1-[2-[(3S)-3-(Aminomethyl)-3,4-dihydro-1H-isoquinoline-2-carbonyl]phenyl]-N,N-

dibutyl-5-methyl-pyrazole-3-carboxamide (2) Step 1. To a solution of 2-(3-ethoxycarbonyl-
5-methyl-pyrazol-1-yl)benzoic acid (46)? (0.3 g, 1.09 mmol) in dichloromethane (20 mL) was
added tert-butyl N-[[(3S)-1,2,3,4-tetrahydroisoquinolin-3-yl]methyl]carbamate (47)° (0.3 g, 1.15
mmol), N,N,N-triethylamine (310 pL, 2.2 mmol), N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (0.25 g, 1.31 mmol) and hydroxybenzotriazole (0.18 mg, 1.31
mmol). The reaction mixture was stirred at room temperature overnight, poured into water and
extracted with ethyl acetate. The combined organic layers were washed with saturated aqueous
NaHCOg solution, brine, dried over MgSOg, filtered and evaporated to dryness. The residue was
purified by flash chromatography on silica (petroleum ether/ ethyl acetate as eluent) to give ethyl
1-[2-[(3S)-3-[(tert-butoxycarbonylamino)methyl]-3,4-dihydro-1H-isoquinoline-2-
carbonyl]phenyl]-5-methyl-pyrazole-3-carboxylate (48) (0.4 g, 71%) as a colourless oil. 'H
NMR (400 MHz, DMSO-dg) : 7.3 (4 H, m), 7.2 (4 H, m), 7.05 (1 H, t), 6.55 (1 H, s), 4.9/4.25 (2
H, 2d), 4.1 (2 H, m), 3.9 (1 H, m), 3.35/2.5 (2 H, m), 29 (2 H, m), 2.15 (3 H, s), 1.4 (9 H, 9),
1.15 (3 H, t). MS (ESI): m/z 519 [M + H]".
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Step 2. To a solution of ethyl 1-[2-[(3S)-3-[(tert-butoxycarbonylamino)methyl]-3,4-dihydro-
1H-isoquinoline-2-carbonyl]phenyl]-5-methyl-pyrazole-3-carboxylate (48) (300 mg, 0.578
mmol) in dioxane (8 mL) and water (2 mL) was added lithium hydroxide monohydrate (120 mg,
2.81 mmol). The reaction mixture was stirred at room temperature overnight and evaporated to
dryness. The residue was suspended in HCI 1N aqueous solution, and the resulting white
precipitate was filtered, washed with water and dried under vacuum in presence of P>Os at 40 °C
overnight, affording 1-[2-[(3S)-3-[(tert-butoxycarbonylamino)methyl]-3,4-dihydro-1H-
isoquinoline-2-carbonyl]phenyl]-5-methyl-pyrazole-3-carboxylic acid (49) (215 mg, 71%) used
in the next chemical step without purification. 'H NMR (400 MHz, DMSO-ds) &: 12.166 (1 H,
m), 7.65-7.4 (4 H, m), 7.2-6.85 (4 H, m), 6.65-6.3 (1 H, m), 6.48 (1 H, s), 5.00-4.15 (2 H, m),
4.8-3.8 (1 H, m), 3.25-2.5 (4 H, m), 2.15 (3 H, s), 1.34 (9 H, 5). MS (ESI): m/z 491 [M + H]".

Step 3. To a solution of 1-[2-[(3S)-3-[(tert-butoxycarbonylamino)methyl]-3,4-dihydro-1H-
isoquinoline-2-carbonyl]phenyl]-5-methyl-pyrazole-3-carboxylic acid (49) (200 mg, 0.407
mmol) in dichloromethane (15 mL) was added dibutylamine (75 pL, 0.428 mmol), N,N,N-
tricthylamine (110 uL, 0.815 mmol), N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide
hydrochloride (94 mg, 0.489 mmol) and hydroxybenzotriazole (66 mg, 0.489 mmol). The
reaction mixture was stirred at room temperature for 48 h, poured into water and extracted with
dichloromethane. The combined organic layers were washed with brine, dried over Na;SOsa,
filtered and evaporated to dryness. The residue was purified by flash chromatography on silica
(dichloromethane/ methanol as eluent) to give tert-butyl N-[[(3S)-2-[2-[3-(dibutylcarbamoyl)-5-
methylpyrazol-1-yl]benzoyl]-3,4-dihydro-1H-isoquinolin-3-yllmethyl]carbamate (50) (193 mg,
79%) as a white solid. '"H NMR (400 MHz, DMSO-ds) : 7.65-7.3 (4 H, m), 7.2-6.85 (4H, m),
6.52 (1 H, m), 6.31 (1 H, s), 5-4.2 (2 H, m), 4.85-3.8 (1 H, m), 3.5-2.5 (8 H, m), 2.16 (3 H, s),
1.5-0.9 (8 H, m), 1.35 (9 H, m), 0.79 (6 H, m). MS (ESI): m/z 602 [M + H]".

Step 4. To a solution of tert-butyl N-{[(3S)-2-{2-[3-(dibutylcarbamoyl)-5-methyl-1H-pyrazol-
1-yllbenzoyl}-1,2,3,4-tetrahydroisoquinolin-3-ylJmethyl}carbamate (50) (120 mg, 0.199 mmol)
in dichloromethane (10 mL) was added a 4N HCI solution in dioxane (150 uL, 0.6 mmol). The
reaction mixture was stirred at room temperature overnight and evaporated to dryness. The
residue was suspended in diisopropyl ether, then the resulting white precipitate was filtered,
washed with diisopropylether and dried under vacuum in presence of P.Os at 40 °C overnight,
affording 1-[2-[(3S)-3-(aminomethyl)-3,4-dihydro-1H-isoquinoline-2-carbonyl]phenyl]-N,N-
dibutyl-5-methyl-pyrazole-3-carboxamide (2) (76mg, 75%) as a white crystalline powder. 'H
NMR (400 MHz, DMSO-ds) 8: 7.99 (3 H, m), 7.63 (4 H, m), 7.15 (4 H, m), 6.33 (1 H, s), 4.87 (1
H, m), 4.43 (2 H, m), 3.4-2.6 (§ H, m), 2.16 (3 H, s), 1.5-0.6 (14 H, m). Presence of conformers
observed at room temperature. IR (ATR): v: NHz* : 3100-220 cm?; v: >C=0 : 1613 cm™.
HRMS (ESI): m/z calculated for C3oH4oNsO2 [M + H]" 502.3182. Found: 502.3193. Elemental
analysis: calculated (%) for C3oH4oNs02.HCI: C 66.96, H 7.49, N 13.01, Cl 6.59 found: C 67.25,
H 7.32, N 12.95, Cl 6.62.
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Scheme S3. Synthesis of compound 3.7
{ =N
0 Osg—NH
0 10/
/ NH

52

51 53

“Reagents and conditions: (a) PACl2(PPh3)2, 2M K3POug), 1,4-dioxane, 90 then 140 °C, pwave;
(b) 2M NaOHaq), THF, MeOH, 40 °C, 49%.

7-(3,5-Dimethyl-1H-pyrazol-4-yl)-3-[3-(naphthalen-1-yloxy)propyl]-1H-indole-2-

carboxylic acid (3) Step 1. Ethyl 7-bromo-3-[3-(naphthalen-1-yloxy)propyl]-1H-indole-2-
carboxylate (51)* (150 mg, 0.33 mmol) and 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole (52) (369 mg, 1.66 mmol) were stirred in a mixture of dioxane
(2 mL) and 2M aqueous potassium phosphate (1.16 mL) under nitrogen. The reaction mixture
was then treated with bis(triphenylphosphine)palladium dichloride (23 mg, 33 umol), and heated
at 90 °C for 96 h under nitrogen. The reaction mixture was then heated with microwaves at 140
°C for a further 0.5 h and then cooled, diluted with saturated brine (30 mL) and extracted with
ethyl acetate (2 x 30 mL). The combined organic extracts were then dried over magnesium
sulfate, concentrated in vacuo, loaded onto a 20 g silica column and eluted with hexane-ethyl
acetate (0 to 100%). Ethyl 7-(3,5-dimethyl-1H-pyrazol-4-yl)-3-[3-(naphthalen-1-yloxy)propyl]-
1H-indole-2-carboxylate (53) was isolated as a yellow solid (151 mg, 97%). LC-MS (Method A)
m/z 468 [M + H]"; 'R = 2.82 min. '"H NMR (400 MHz, DMSO-ds) &: 12.32 (1 H, s), 12.02 (1H,
s), 10.73 (1 H, s), 8.29-8.21 (1 H, m), 7.93-7.84 (1 H, m), 7.68-7.51 (17 H, m), 7.53-7.44 (1 H,
m), 7.44-7.36 (1 H, m), 7.11-7.01 (2 H, m), 6.93 (1 H, d, J 7.1 Hz), 4.32-4.18 (4 H, m), 3.37-
3.31 (2H, m),2.29-.18 2 H, m), 2.12 (8 H, s), 2.05 (6 H, s), 1.28 3 H, t, J 7.1 Hz).
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Step 2. Ethyl 7-(3,5-dimethyl-1H-pyrazol-4-yl)-3-[3-(naphthalen-1-yloxy)propyl]-1H-indole-
2-carboxylate (53) (151 mg, 0.32 mmol) was dissolved in THF (1.5 mL) and methanol (1.5 mL),
treated with 2M aqueous sodium hydroxide solution (1.5 mL) and then heated at 40 °C for 3 h.
The volatile components were then removed in vacuo and the residue was diluted with saturated
brine (30 mL), adjusted to pH 1 with 2M hydrochloric acid then extracted with ethyl acetate (2 x
30 mL). The combined organic extracts were washed with saturated brine (20 mL), dried over
magnesium sulfate and concentrated in vacuo. The residue was dissolved in DCM, loaded onto a
5 g Isolute PE-AX anion exchange cartridge, washed with DCM, methanol and then further
DCM to remove impurities. The product was eluted from the cartridge with 10% formic acid in
DCM, and the eluent was concentrated in vacuo, redissolved in ethyl acetate (50 mL), washed
with saturated brine (2 x 20mL), dried over magnesium sulfate and concentrated in vacuo. 7-
(3,5-Dimethyl-1H-pyrazol-4-yl)-3-[3-(naphthalen-1-yloxy)propyl]-1 H-indole-2-carboxylic acid
(3) was isolated as a white foam (69.4 mg, 49%). LC-MS (Method A) m/z 440 [M + H]"; R =
2.64 min. '"H NMR (400 MHz, DMSO-ds) &: 12.61 (1 H, s), 10.53 (1 H, s), 8.26 (1 H, dt, J 6.5,
3.4 Hz), 7.92-7.84 (1 H, m), 7.63 (1 H, dd, J 7.3, 2.0 Hz), 7.58-7.48 (2 H, m), 7.47 (1 H,d, J 8.3
Hz), 7.44-7.36 (1 H, m), 7.09-6.99 (2 H, m), 6.92 (1 H, d, J 7.4 Hz), 4.21 (2 H, t, J 6.1 Hz), 3.35
(1Hd,J15.1 Hz),2.24 (2 H, q,J 6.7 Hz), 2.04 (6 H, s).
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Scheme S4. Synthesis of 7-9 and 30°
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“Reagents and conditions: (a) HC(O)NH_, 230 °C, 75%; (b) MeCO-H, Br, rt, 100%; (c) POCls,
PhNMe;, 120 °C, 76%; (d) EtsN, DMF, 60 °C, 53%; (¢) PhPhB(OH), PS-PPhs3-Pd, Na>COs,
DME, EtOH, H>O, rt to 150 °C, uwave, 28%; (f) [(E)-2-phenylethenyl]boronic acid, PS-PPhs-
Pd, Na,COs;, DME, EtOH, H>O, rt to 150 °C, uwave, 5%; (g) Mets:N, DMF, 60 °C, 35%; (h)
PhB(OH)., PS-PPh3-Pd, Na,COs, DME, EtOH, H20, 160 °C, uwave, 60%; (i) K2CO3, H20, 100
°C then 2M HClg), 84%; (j) 2-naphthyl-B(OH),, K»COs3, Pd(OAc)2, PPhs, DME, EtOH, H-O,
100 °C then 2M HClyaq), 23%.

(25)-2-[(5{[1,1’-Biphenyl]-4-yl}-6-ethylhieno[2,3-d]pyrimidin-4-y)amino]propanoic  acid
(7). Step 1. FEthyl 2-amino-5-ethyl-thiophene-3-carboxylate (54) (10 g, 50.18 mmol) in
formamide (50 mL) was heated to reflux (230 °C) for 1.5 h. The reaction mixture was cooled to
room temperature, poured into water (200 mL) with stirring and stirred for 1 h. The resulting
precipitate was filtered, and the residue washed with water (3 x 100 mL) and then dried under
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reduced pressure to give 6-ethyl-3H,4H-thieno[2,3-d]pyrimidine (55) as a brown powder (6.79 g,
75%). LC-MS (Method A) m/z 181 [M + H]*; 'R = 1.67 min. 'H NMR (400 MHz, DMSO-dj) &:
12.44 (1 H, s, br), 8.07 (1 H, s), 7.12 (1 H, m), 2.83-2.89 (2 H, m), 1.27 (3 H, t, J 7.60 Hz).

Step 2. To a 100 mL round bottom flask was added 6-ethyl-3H,4H-thieno[2,3-d|pyrimidin-4-
one (55) (1.33 g, 7.4 mmol) and glacial acetic acid (15 mL) followed by bromine (1.35 mL, 63
mmol) drop-wise over 1 min. After the addition, the reaction mixture was stirred at room
temperature for 4 h. The mixture was then diluted with water (15 mL). The resulting precipitate
was collected by filtration, the residue washed thoroughly with water then dried under reduced
pressure to a beige powder (1.91g, 100%), identified as 5-bromo-6-ethyl-3H,4H-thieno[2,3-
d]pyrimidine (56). LC-MS (Method A) m/z 259 [M + H]"; 'R = 1.91 min. 'H NMR (400 MHz,
DMSO-ds) 8: 12.59 (1 H, brs), 8.13 (1 H, s), 2.84 (2 H, q,J 7.60 Hz), 1.23 (3 H, t, J 7.6 Hz).

Step 3. 5-Bromo-6-ethyl-3H,4H-thieno[2,3-d]pyrimidin-4-one (56) (1 g, 3.86 mmol) was
stirred in phosphoryl trichloride (14 mL, 150 mmol). N,N-dimethylaniline (0.49 mL, 3.86 mmol)
was added and the reaction mixture was heated at reflux (~120 °C) for 4 h. Excess phosphoryl
trichloride was removed under reduced pressure and the residue quenched by addition of ice-
water (300 mL) with vigorous stirring. The resulting precipitate was filtered and the residue
washed with water (3 x 30 mL) and then dried under reduced pressure for 16 h to give a beige
solid (0.81 g, 76%), identified as 5-bromo-4-chloro-6-ethylthieno[2,3-d]pyrimidine (57). LC-
MS (Method A) m/z 228 [M + H]"; 'R = 1.42 min. '"H NMR (400 MHz, DMSO-dj) : 8.94 (1 H,
s), 7.12 (1 H, s), 3.01 (2 H, q,J 7.60 Hz), 1.30 (3 H, t, J 7.60Hz).

Step 4. 5-Bromo-4-chloro-6-ethylthieno[2,3-d|pyrimidine (57) was suspended in DMF (10
mL), and then methyl (25)-2-aminopropanoate hydrochloride (58) (230 mg, 1.62 mmol) was
added followed by triethylamine (0.458 mL, 3.30 mmol). The reaction mixture was heated to 60
°C for 4 h, cooled to room temperature, diluted with water (20 mL) and then extracted with ethyl
acetate (3 x 50 mL). The organic extracts were combined, dried (MgSO4) and evaporated under
reduced pressure. The residue was purified on a silica gel column using hexane to 50% ethyl
acetate in hexane to give methyl (25)-2-({5-bromo-6-ethylthieno[2,3-d]pyrimidin-4-
yl}amino)propanoate (59) as a yellow gum (201 mg, 53%). LC-MS (Method A) m/z 345 [M +
H]"; 'R = 1.37 min. '"H NMR (400 MHz, DMSO-ds) &: 8.39 (1 H, s), 7.34 (1 H, d, J 6.60 Hz,),
4.78-4.85 (1 H, m), 3.70 3 H, s), 2.89 (2 H, q, J 7.60 Hz,), 1.53 3 H, d, J 7.20 Hz), 1.26 3 H, t,
J7.60 Hz).

Step 5. To a 5 mL microwave vial were added methyl (25)-2-({5-bromo-6-ethylthieno[2,3-
d]pyrimidin-4-yl} amino)propanoate (59) (50 mg, 0.146 mmol), 4-biphenylboronic acid (58 mg,
0.291 mmol), polystyrene-supported tetrakis(triphenylphosphine) palladium(0) (PS-PPhs-Pd)
(0.11 mmol/ g, 146 mg), sodium carbonate (46 mg, 0.41 mmol), followed by 1,2-
dimethoxyethane (0.75 mL), ethanol (0.75 mL) and water (0.5 mL). The reaction mixture was
stirred at room temperature for 5 min under a stream of nitrogen, heated with microwaves at 150
°C for 60 min and then cooled to room temperature. The reaction mixture was then filtered
through Celite and the eluted material was concentrated under reduced pressure The residue was
purified by preparative HPLC to give (25)-2-[(5{[1,] -biphenyl]-4-yl}-6-ethylhieno[2,3-
d]pyrimidin-4-y)amino]propanoic acid (7) as a white solid (16.5 mg, 28%). LC-MS (Method A)
m/z 404 [M + H]"; 'R = 1.40 min. 'H NMR (400 MHz, DMSO-ds) &: 12.79 (1 H, br s), 8.38 (1
H, s), 7.87-7.89 (2 H, m), 7.76-7.79 (2 H, m), 7.50-7.54 (4 H, m), 7.40-7.44 (1 H, m), 5.26 (1
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H, dJ 6.6 Hz), 4.50-4.42 (1 H, m), 2.73 2 H, q, J 7.6 Hz), 1.21 3 H, t, J 7.6 Hz,), 1.14 3 H, d,
J7.1 Hz).

(25)-2-({6-Ethyl-5-[(E)-2-phenylethenyl|thieno[2,3-d]pyrimidin-4-yl}amino)propanoic
acid (8). To a 5 mL microwave vial was added methyl (25)-2-({5-bromo-6-cthylthieno[2,3-
d]pyrimidin-4-yl}amino)propanoate (59) (50 mg, 0.146 mmol), [(E)-2-phenylethenyl]boronic
acid (43 mg, 0.291 mmol), PS-PPh3-Pd (0.11 mmol/ g, 146 mg ) and sodium carbonate (46 mg,
0.41 mmol), followed by 1,2-dimethoxyethane (0.75 mL), ethanol (0.75 mL) and water (0.5 mL).
The reaction mixture was stirred at room temperature for 5 min under a stream of nitrogen,
heated with microwaves at 150 °C for 60 min and then cooled to room temperature. The
reaction mixture was then filtered through Celite and the eluted material was concentrated under
reduced pressure. The residue was purified by preparative HPLC to give (25)-2-({6-ethyl-5-
[(E)-2-phenylethenyl]thieno[2,3-d]pyrimidin-4-yl } amino)propanoic acid (8) as an off-white solid
(2.8 mg, 5%). LC-MS (Method A) m/z 354 [M + H]'; 'R = 1.33 min. 'H NMR (400 MHz,
DMSO-ds) 8: 12.86 (1 H, br s), 8.33 (1 H, s), 7.64-7.67 (2 H, m), 7.27-7.48 (4 H, m), 6.80 (1 H,
d,J16.1 Hz), 6.58 (1 H, d, J 6.6 Hz), 2.93 (2 H, q,J 7.6 Hz), 1.35 3 H, d, J 7.2 Hz), 1.25 (3 H,
t,J 7.6 Hz).

(25)-2-({6-Ethyl-5-phenylthieno[2,3-d]|pyrimidin-4-yl}amino)-3-hydroxypropanoic  acid
(9). Step 1. A mixture of 5-bromo-4-chloro-6-ethylthieno[2,3-d]pyrimidine (57) (100 mg, 0.36
mmol), (L)-serine methyl ester hydrochloride (60) (84 mg, 0.54 mmol), and trimethylamine (0.15
mL, 1.08 mmol) in dry DMF (5 mL) was heated at 60 °C under nitrogen for 6 h, and was then
allowed to cool to ambient temperature. Dilution with water afforded a precipitate that was
collected by filtration, washed with water, and dried in vacuo. Purification by flash column
chromatography, eluting with 10-75% ethyl acetate in hexane, afforded methyl (25)-2-({5-
bromo-6-ethylthieno[2,3-d]pyrimidin-4-yl} amino)-3-hydroxypropanoate (61) as an off-white
solid 45.6 mg, 35%). LC-MS (Method A) m/z 360 [M + H]"; 'R = 2.12 min. 'H NMR (400
MHz, DMSO-ds) 6: 8.38 (1 H, s), 7.61 (1 H,d, J 7.5 Hz), 5.43 (1 H, s), 4.87 (1 H, dt, J 7.0, 3.3
Hz), 4.02-3.80 (2 H, m), 3.69 (3 H, s), 2.89 (2 H, q,J 7.5 Hz), 1.26 (3 H, t, J 7.5 Hz).

Step 2. A mixture of methyl (25)-2-({5-bromo-6-ethylthieno[2,3-d|pyrimidin-4-yl}amino)-3-
hydroxypropanoate (61) (41.9 mg, 0.12 mmol), phenylboronic acid (28 mg, 0.24 mmol), sodium
carbonate (37 mg, 0.36 mmol), and PS-PPh3-Pd (0.11 mmol/g, 205 mg, 10 mol%) in DME (0.7
mL)/ ethanol (0.7 mL)/ water (0.45 mL) was evacuated and flushed with nitrogen (4 %) then
heated at 160 °C for 2 h under microwave irradiation. The reaction mixture was then filtered
through Celite, eluting with a mixture of methanol and aqueous sodium carbonate, and the
volatile organics were removed by rotary evaporation. The resulting aqueous phase was washed
with dichloromethane, filtered, and then acidified with 2N aqueous hydrochloric acid to pH 3.
The aqueous phase was extracted with dichloromethane (3 %), dried (MgSQOs), and evaporated to
afford (25)-2-({6-ethyl-5-phenylthieno[2,3-d]pyrimidin-4-yl}amino)-3-hydroxypropanoic acid
(9) as a light-beige solid (24.7 mg, 60%). LC-MS (Method A) m/z 344 [M + H]"; 'R = 1.97 min.
'H NMR (400 MHz, DMSO-ds) &: 8.34 (1 H, s), 7.57-7.44 (3 H, m), 7.46-7.34 (2 H, m), 5.61 (1
H, d, J 7.4 Hz), 4.55 (1H, dt, J 7.3, 3.6 Hz), 3.66-3.52 (2H, m), 2.65 (2 H, q, J 7.5 Hz), 1.17 (3
H,td,J7.4,4.5 Hz).

(2R)-2-{|6-Ethyl-5-(naphthalen-2-yl)thieno[2,3-d|pyrimidin-4-yl]amino}propanoic acid

(30). Step 1. 5-Bromo-4-chloro-6-ethylthieno[2,3-d]pyrimidine (57) (1.85 g, 6.67 mmol), D-
alanine (62) (2.97 g, 33.3 mmol) and potassium carbonate (4.60 g, 33.3 mmol) were placed in a
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flask, to which water (20 mL) was added. The reaction mixture was stirred at 100 °C for 4 h
under N2. The reaction mixture was then filtered through Celite, and the pad washed with water.
The pH of the filtrate was adjusted to 1 with 2 M aqueous HCI. The formed precipitate was
filtered, washed with water and then dried in vacuo to yield (2R)-2-({5-bromo-6-ethylthieno[2,3-
d]pyrimidin-4-yl}amino)propanoic acid (63) (1.84 g, 5.58 mmol, 84%); *H NMR (500 MHz,
DMSO-ds) 6: 13.07 (1 H, brs),8.39 (1 H,s), 7.39 (1 H, d, J 6.5 Hz), 4.72 (1 H, m), 2.88 (2 H, q,
J7.5Hz),1.51 (3H,d,J7.0Hz), 1.25 (3 H, t, J 7.5 Hz,). ¥*C NMR (125 MHz, DMSO-ds) 5:
174.3, 163.4, 155.0, 153.7, 138.3, 113.5, 99.0, 49.6, 23.1, 18.0, 14.7. HRMS calculated for
C11H12BrN30,S: 328.9834; found 329.9901 (M+H).

Step 2. (2R)-2-({5-Bromo-6-ethylthieno[2,3-d]pyrimidin-4-yl}amino)propanoic acid (63) (165
mg, 0.50 mmol), 2-naphthylboronic acid (258 mg, 1.50 mmol), potassium carbonate (346 mg,
2.50 mmol), palladium(ll) acetate (11 mg, 0.05 mmol) and triphenylphosphine (26 mg, 0.10
mmol) were mixed with a mixture of DME (1.5 mL), ethanol (1.5 ml) and water (3 mL). The
reaction mixture was stirred under nitrogen at 100 °C for 18 h and then cooled, filtered through
Celite, and washed with water. The filtrate was washed with Et,O, and then the pH of the
aqueous phase was set to 1 with 2 M aqueous HCI. The formed precipitate was filtered, washed
with water and dried in vacuo. The residue was purified via preparative reverse phase
chromatography using 0.1% aqueous TFA solution and MeCN as eluent to obtain (2R)-2-{[6-
ethyl-5-(naphthalen-2-yl)thieno[2,3-d|pyrimidin-4-ylJamino } propanoic acid (30) (44 mg, 0.12
mmol, 23%) H NMR (500 MHz, DMSO-ds) &: 12.68 (1 H, brs), 8.40 (1 H, s), 8.11 (1 H, dd, J
8.3, 3.5 Hz), 8.06-7.97 (3H, m), 7.61 (2 H, m), 7.54 (1 H, t,J 7.2 Hz), 5.28 (1 H, m), 4.43 (1 H,
m), 2.71 (2 H, m), 1.19 (3 H, t, J 7.5 Hz), 1.03/0.97 (3 H, d, J 7.0 Hz). 3C NMR (125 MHz,
DMSO-de) 6: 153.0, 129.5, 129.3, 128.5, 128.1, 127.5, 127.2, 127.2, 48.9, 21.8, 17.9, 16.4.
HRMS calculated for C21H19N30-S: 377.1198; found 378.1268 (M+H).
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Scheme S5. Synthesis of compound 12.°
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“Reagents and conditions: (a) HC(O)CO:H.HO, dioxane, A; (b) EDC, HOBt, Etz:N, DCM, rt;
(¢) BH3.THF, THF, A; (d) HCI, Et,0.

1-[2-(4-Bromophenyl)-2-(6-methoxy-1,3-benzodioxol-5-yl)ethyl]pyrrolidine hydrochloride
(12) Step 1.° To a solution of 5-methoxy-1,3-benzodioxole (64) (1 g, 6.57 mmol) in dioxane (20
mL) was added (4-bromophenyl)boronic acid (65) (1.3 g, 6.57 mmol) and oxoacetic acid
monohydrate (605 mg, 6.57 mmol). The reaction mixture was refluxed for 20 h and then
evaporated to dryness. The residue was purified by flash chromatography on silica
(dichloromethane/ methanol as eluent) to afford 2-(4-bromophenyl)-2-(6-methoxy-1,3-
benzodioxol-5-yl)acetic acid (66) (1.65 g, 71%) as a white solid. 'H NMR (400 MHz, DMSO-
de) 6: 126 (LH, m), 75 (2H,d),7.2(2H,d),6.8(LH,s),6.6(1H,s),595(2H,m),51(1H,
s), 3.7 (3 H,s). MS (ESI): m/z 364.9 [M + H]".

Step 2. To a solution of 2-(4-bromophenyl)-2-(6-methoxy-1,3-benzodioxol-5-yl)acetic acid
(66) (1.65 g, 4.52 mmol) in dichloromethane (90 mL) was added pyrrolidine (67) (0.41 mL, 4.97
mmol), N,N,N-triethylamine (1.2 mL, 9.04 mmol), N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (1 g, 5.42 mmol) and hydroxybenzotriazole (0.733 g, 5.42
mmol). The reaction mixture was stirred at room temperature overnight, poured into aqueous
HCI 0.1N, and extracted with dichloromethane. The combined organic layers were washed with
water, a saturated aqueous solution of NaHCO3 followed by brine, then dried over MgSOsa,
filtered and evaporated to dryness. The residue was purified by flash chromatography on silica
(petroleum ether/ ethyl acetate) to afford 2-(4-bromophenyl)-2-(6-methoxy-1,3-benzodioxol-5-
yl)-1-pyrrolidin-1-yl-ethanone (68) (1.6 g, 84%) as a white solid. 'H NMR (400 MHz, DMSO-
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de) 0: 742 (2H,d),7.18(2H,d),6.7(1H,s),65(1H,s),589(2H,s),5.38 (1 H,s),3.74 (3H,
s), 3.48 (4 H, m), 1.85 (4 H, m). HRMS (DEI): calculated for C20H20BrNO4 [M + H]* 417.0570.
Found: 407.0572.

Step 3. To a suspension of 2-(4-bromophenyl)-2-(6-methoxy-1,3-benzodioxol-5-yl)-1-
pyrrolidin-1-yl-ethanone (68) (600 mg, 1.43 mmol) in THF (29 mL) was added a 1M solution of
borane tetrahydrofuran complex solution in THF (1.7 mL, 1.7 mmol). The reaction mixture was
refluxed for 4 h and another portion of borane tetrahydrofuran complex solution in THF was
added (2 mL, 2 mmol). After 15 h of reflux, another portion was added (2 mL, 2 mmol) and the
reaction mixture was refluxed for 6 h, cooled down and evaporated to dryness. The residue was
diluted with methanol (20 mL), HCI 5N was added (0.6 mL) and the reaction mixture was heated
to reflux for 1 h and stirred for 50 h at room temperature. After evaporation to dryness, the
residue was neutralized until pH 8 with saturated aqueous solution of NaHCOs3, and extracted
with ethyl acetate. The combined organic layers were washed with brine, dried over MgSOq,
filtered and evaporated to dryness. The residue (1-[2-(4-bromophenyl)-2-(6-methoxy-1,3-
benzodioxol-5-yl)ethyl]pyrrolidine as free base, 524 mg, 91%) appeared pure enough to undergo
salt formation in the next synthetic step. '"H NMR (400 MHz, DMSO-ds) &: 7.37 (2 H, d), 7.13
(2 H, d), 6.88 (2 H, m), 6.69 (1 H, s), 6.49 (1 H, s),4.53 (1 H, m), 3.7 3 H, s),2.92 (2 H, m), 2.5
(4 H, m), 1.7 (4 H, m).

Step 4. To a suspension of 1-[2-(4-bromophenyl)-2-(6-methoxy-1,3-benzodioxol-5-
ylethyl]pyrrolidine (100 mg, 0.248 mmol) in dichloromethane (5 mL) was added 1M
hydrochloric acid solution in diethyl ether (0.3 mL, 0.3 mmol). The reaction mixture was
allowed to stir at room temperature for 15 min and was then evaporated to dryness. The residue
was suspended in diisopropyl ether, then the resulting white precipitate was filtered, washed with
diisopropylether (2 %) and dried under vacuum in presence of P>Os at 40 °C overnight, affording
1-[2-(4-bromophenyl)-2-(6-methoxy-1,3-benzodioxol-5-yl)ethyl]pyrrolidine hydrochloride (12)
as white crystalline powder (88 mg, 81%). 'H NMR (400 MHz, DMSO-ds) &: (1 H, br s), 7.55
(2H,d),7.3(2H,d),7.05(1 H, s), 6.8 (1 H, s),5.95 (2 H, dd), 4.75 (1 H, t), 3.85 (2 Hm), 3.75
(3H,s),3.4-3.0(4 H,m), 1.95-1.8 (4 H, m). IR (ATR): v:>NH": 2440 cm™; v Ar: 1625 cm!;
v >C-0-C<: 1031 cm™'. ESI/FIA/HR: [M + H]" = 404.0880 measured (404.0861 theoretical).
Elemental analysis: calculated (%) for C20H22BrNO3.HCI: C 54.50, H 5.26, N 3.18, Cl 8.04
Found: C 54.44, H 5.22, N 3.14, CI 8.00.
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Scheme S6. Synthesis of compound 14.
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“Reagents and conditions: (a) KoCOs3, Pd(PPh3)s, PhMe, A; (b) SN HClg), dioxane; (c) EDC,
DMAP, DCM, rt; C18 purification.

4-[4-[1-(6-Methoxy-1,3-benzodioxol-5-yl)-2-pyrrolidin-1-yl-ethyl]phenyl]-N-[4-[[(1R)-3-
morpholino-1-(phenylsulfanylmethyl)propyl]amino]-3-(trifluoromethylsulfonyl)phenyl]
sulfonyl-benzamide (14) Step 1. To a solution of 1-[2-(4-bromophenyl)-2-(6-methoxy-1,3-
benzodioxol-5-yl)ethyl]pyrrolidine (69) (5 g, 12.4 mmol) in a mixture of dioxane (124 mL) and
water (41 mL) was added (4-methoxycarbonylphenyl)boronic acid (70) (2.7 g, 14.8 mmol) and
potassium carbonate (3.4 g, 24.8 mmol). The suspension was degassed over 15 min by bubbling
a stream of argon. Tetrakis(triphenylphosphine)palladium(0) (716 mg, 0.62 mmol) was added
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and the reaction mixture was refluxed for 5 h, then cooled down, poured into a mixture water/
ethyl acetate and extracted with ethyl acetate. The combined organic layers were washed with a
saturated aqueous solution of ammonium chloride and then brine, dried over MgSQOyg, filtered and
evaporated to dryness. The residue was purified by flash chromatography on silica
(dichloromethane/ methanol) to afford methyl 4-[4-[1-(6-methoxy-1,3-benzodioxol-5-yl)-2-
pyrrolidin-1-yl-ethyl]phenyl]benzoate (3.36 g, 59%) as a white solid. 'H NMR (400 MHz,
DMSO-de) 8: 8 (2 H, d), 7.8 (2 H, d), 7.6 2 H, d), 7.4 (2 H, d), 6.9 (1 H, s), 6.7 (1 H, s5), 5.95 (2
H, dd), 4.55 (1 H,1t),3.9(3H,s),3.7(3H,s),3.0(2H,m),2.45 (4 H, m), 1.6 (4 H, m).

Step 2. To a solution of methyl 4-[4-[1-(6-methoxy-1,3-benzodioxol-5-yl)-2-pyrrolidin-1-yl-
ethyl]phenyl]benzoate (0.5 g, 1.09 mmol) in dioxane (11 mL) was added an aqueous 5N
hydrochloric acid solution (10.9 mL, 54.5 mmol). The reaction mixture was refluxed for 4 h and
then evaporated to dryness. The residue was triturated with ethyl acetate and the precipitated
was filtered and purified by C18 chromatography (acetonitrile/ water + 0.1% TFA) to afford 4-
[4-[1-(6-methoxy-1,3-benzodioxol-5-yl)-2-pyrrolidin-1-yl-ethyl]phenyl]benzoic ~  acid (71)
(255mg, 53%) as a slightly beige solid. 'H NMR (400 MHz, DMSO-de) &: 13 (1 H, brs), 9.2 (1
H, brs),80(2H,d),78(2H,d),7.7(2H,d),745(2H,d),7.1(1H,s),6.85(1H,s),595 (2
H, dd), 4.75 (1 H. t), 3.95 (2 H, dd), 3.75 (3 H, s), 3.6-3.0 (4 H, m), 2.1-1.8 (4 H, m).
ESI/FIA/HR: [M+H]" = 446.1974 measured (446.1967 theoretical).

Step 3. To a solution of 4-[4-[1-(6-methoxy-1,3-benzodioxol-5-yl)-2-pyrrolidin-1-yl-
ethyl]phenyl]benzoic acid (71) (395 mg, 0.706 mmol) in dichloromethane (10 mL) was added 4-
[[(1R)-3-morpholino-1-(phenylsulfanylmethyl)propyl]amino]-3-
(trifluoromethylsulfonyl)benzenesulfonamide  (72)° (469 mg, 0.847 mmol), N,N-
diisopropylethylamine (0.49 mL, 2.82 mmol), N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide
hydrochloride (189 mg, 0.988 mmol) and 4-dimethylaminopyridine (121 mg, 0.988 mmol). The
reaction mixture was stirred at room temperature for 50 h, poured into aqueous saturated solution
of ammonium chloride and extracted with dichloromethane. The combined organic layers were
washed with water, then brine, dried over MgSQs, filtered and evaporated to dryness. The
residue was purified by flash chromatography on silica (dichloromethane/ 7N NHs in methanol
solution) to afford 4-[4-[1-(6-methoxy-1,3-benzodioxol-5-yl)-2-pyrrolidin-1-yl-ethyl]phenyl]-N-
[4-[[(1R)-3-morpholino-1-(phenylsulfanylmethyl)propyl]amino]-3-
(trifluoromethylsulfonyl)phenyl]sulfonyl-benzamide (14) (529 mg, 72%) as a white solid. 'H
NMR (400 MHz, DMSO-ds) 6: 10 (1 H, brs), 9.2 (1 H, brs), 8.2 (1 H, s), 2.0-1.8 (4 H, m), 8.05
(1 H,dd),7.95((2H,d),78(2H,d),39539(2H,m),7.7(2H,d),745(2H,d),7.3((2H,d),
7.25(2H, m), 7.15 (2 H, m), 7.1 (1 H, s), 7.0 (1 H, d), 6.8 (1 H, s), 6 (2H, 5), 4.75 (1 H, dd), 4.15
(1H, m),3.8((3H,s),3.75-2.8 (16 H, m), 2.15 (2 H, m). °F NMR (376 MHz, DMSO-ds) §: -
73.7 (TFA), -78.7 (CFs). IR (ATR): v > NH : 3371 cm™; v > NH* : 2800-2380 cm™; v >C=0 :
1671 cm; v C=C: 1600 cm™; v NO2<: 1510/1349 cm™; v SO2: 1349/1167 cm™. ESI/FIA/HR:
[M+H]" = 981.2832 measured (981.2848 theoretical). Elemental analysis: calculated (%) for
CusHs1F3N409S3.2TFA: C 51.65, H 4.42, N 4.63, S 7.96 Found: C 50.81, H 4.32, N 4.51, S 7.74.
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Scheme S7. Synthesis of compound 18°
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“Reagents and conditions: (a) KoCO3, MeCN, 85 °C, 82%; (b) PhCH>Br, K>.CO3, Me,CO, 60 °C,
100%; (c) Fe, MeCO2H, H:0, 85°C, 93%; (d) 6M HCl. MeCO2H, NaNO2, H20, then KI, I,
H>0, 86%:; (e) KOAc, Bopinz, DMF, Pd(OAc)2, 90 °C, (f) PACI2(PPh3)2, K3PO4ag),1,4-dioxane,
100 °C, 45% over 2 steps; (g) EtNH2, MeOH, 85°C, 93%; (h) BCls, CH2Cl», 87%; (i) NIS,
MeCO:zH, 61%; (j) NaCN, Cul, Pd(PhsP)4, MeCN, 75 °C; 84%; (k) PdCl,, EtsSiH, MeCN, 110
°C, 33%.
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2-Amino-4-(6-chloro-2-cyano-3-hydroxyphenyl)-N-ethylthieno[2,3-d]pyrimidine-6-

carboxamide (18) Step I. Ethyl-2-mercaptoacetate (73) (2.86 mL, 26 mmol) was added
dropwise to a suspension of 2-amino-4,6-dichloro-5-pyrimidine carbaldehyde (74) (5.0 g, 26
mmol) and potassium carbonate (9.0 g, 65.2 mmol) in acetonitrile (160 mL). The reaction
mixture was heated to 85 °C for 5 h and then allowed to cool to ambient temperature. The
reaction mixture was then filtered, and the residue was washed with acetonitrile (250 mL)
followed by water (250 mL) and dried in vacuo at 60°C to afford 2-amino-4-chloro-thieno[2,3-
d]pyrimidine-6-carboxylic acid ethyl ester (75) (5.52 g, 82%) as a yellow solid: LCMS (Method
A) m/z 260 [M + H]"; 'R = 2.37 min. 'H NMR (400 MHz, DMSO-ds) 6: 2.09 (3 H, t, J 7.0 Hz),
431(2H,q,J7.0Hz),7.70 (2 H, brs), 7.78 (1 H, s).

Step 2. Benzyl bromide (6.54 mL, 55 mmol) was added to a stirred suspension of 4-chloro-3-
nitrophenol (76) (8.0 g, 46 mmol) and potassium carbonate (7.6 g, 55 mmol) in acetone (50 mL).
The mixture was heated to 60 °C for 3 h and then allowed to cool to ambient temperature. Water
was added to the suspension (150 mL) and this was extracted twice with dichloromethane (100
mL). The combined extracts were washed successively with aqueous sodium hydroxide (2.0 M),
water and saturated sodium chloride solution. The combined organic extracts were dried over
MgSO4 and concentrated in vacuo to afford 4-(benzyloxy)-1-chloro-2-nitrobenzene (77) (13 g,
100%) as a yellow oil. 'H NMR (400 MHz, CDCI3) &: 7.40 (1 H, d, J 3.0 Hz), 7.36-7.21 (6 H,
m), 7.04 (1 H, dd, J 8.9, 3.0 Hz), 5.02 (2 H, s).

Step 3. Iron powder (12.83 g, 230 mmol) was added to a suspension of (4-(benzyloxy)-1-
chloro-2-nitrobenzene (77) (12.12 g, 46 mmol) in a mixture of acetic acid (150 mL) and water
(75 mL). This mixture was heated at 85°C for 1.5 h. The resulting suspension was filtered
through Celite, and the hot filtrate was allowed to cool. Water (200 mL) was added and the
mixture was extracted with dichloromethane (3 x 175 mL). The combined organics were
washed with 2M sodium hydroxide solution followed by saturated sodium chloride solution and
then dried over MgSO4 and concentrated in vacuo to afford 5-(benzyloxy)-2-chloroaniline (78)
(9.95 g, 93%) as a light tan powder. LCMS (Method A) m/z 234, 236 [M + H]"; 'R = 2.67 min.
'H NMR (400 MHz, CDCls) 8: 7.40-7.20 (7 H, m), 7.05 (1 H, d, J 8.8 Hz), 6.34 (1 H, d, J 2.8
Hz), 6.28 (1 H, dd, J 8.7, 2.8 Hz), 4.93 (2 H, s).

Step 4. Hydrochloric acid (6.0 M, 18 mL) was added to a solution of 5-(benzyloxy)-2-
chloroaniline (78) (5.0 g, 21.4 mmol) in acetic acid (70 mL) and the resulting suspension cooled
(ice-water salt bath). A solution of sodium nitrite (1.77 g, 25.7 mmol, 1.2 eq) in water (10 mL)
was added slowly (keeping the internal temperature <5 °C). On complete addition, the resulting
solution was stirred for 30 min, then poured into a solution of potassium iodide (7.1 g, 42.79
mmol) and iodine (1.63 g, 6.42 mmol) in water (40 mL), and the mixture stirred for 90 min.
Water (100 mL) was added and the mixture extracted with dichloromethane (3 x 75 mL). The
combined organic extracts were washed with 10% (w/v) aqueous sodium thiosulfate solution (2
x 50 mL), aqueous sodium hydroxide (2.0 M; 50 mL), water (2 x 50 mL) and saturated aqueous
sodium chloride solution (100 mL). The solution was dried over anhydrous Na>SO4 and
concentrated in vacuo to afford 4-(benzyloxy)-1-chloro-2-iodobenzene (79) (6.22 g, 86%) as a
dark brown oil. '"H NMR (400 MHz, CDCls) §: 7.39 (1 H, d, J 2.9 Hz), 7.35-7.20 (6 H, m), 6.82
(1 H,dd,J8.38,2.8 Hz),4.94 (2 H, s).

Step 5. Potassium acetate (5.3 g, 53.98 mmol) was added to a solution of 4-(benzyloxy)-1-
chloro-2-iodobenzene (79) (6.2 g, 18 mmol, 1 eq) and bis(pinacolato)diboron (80) (4.8 g, 18.9
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mmol) in DMF (30 mL) under a nitrogen atmosphere. Palladium acetate (202 mg, 0.9 mmol)
was added and the mixture heated at 90 °C for 18 h. The resulting solution was concentrated in
vacuo, and the residue taken up in ethyl acetate (150 mL), washed with water (3 x 100 mL)
followed by saturated aqueous sodium chloride solution (100 mL) and then dried over anhydrous
Na>SO4 and concentrated in vacuo to a pale-brown gum. The residue was taken up in 1,4-
dioxane (60 mL) and ethyl 2-amino-4-chlorothieno[2,3-d|pyrimidine-6-carboxylate (75) (4.17 g,
16.2 mmol) and aqueous potassium phosphate (tribasic; 2.0 M; 15 mL) were added under a
nitrogen atmosphere. Dichlorobis(triphenylphosphine)palladium(Il) (180 mg) was then added
and the mixture heated at 100 °C for 3 h. The mixture was allowed to cool and ethyl acetate (100
mL) was added. This mixture was washed with saturated aqueous sodium chloride solution (50
mL), dried over anhydrous Na;SO4 and concentrated to a pale yellow solid, which was washed
with diethyl ether/ hexane (1:1) then dried in vacuo at 40 °C to afford ethyl 4-[5-(benzyloxy)-2-
chlorophenyl]thieno[2,3-d]pyrimidine-6-carboxylate (81) (3.17 g, 45%) as a tan powder. LCMS
(Method A) m/z 440, 442 [M + H]"; 'R = 2.84 min. '"H NMR (400 MHz, DMSO-ds) &: 7.59-7.30
(9H, m),7.22 (2Hm),5.15(2H,s),428(2H,q,/7.2Hz), 1.27 (3 H,t,J 7.1 Hz).

Step 0. Ethyl 2-amino-4-[5-(benzyloxy)-2-chlorophenyl]thieno[2,3-d]pyrimidine-6-
carboxylate (81) (3.17 g, 7.2 mmol) was suspended in ethylamine in methanol solution (21.6 mL,
2 M, 43.2 mmol) and the mixture was heated in a sealed vial (Caution) at 85°C for 18 h. The
reaction mixture was cooled to 0 °C, the vial was opened, and the solvents were removed in
vacuo. The solid residue was triturated with diethyl ether, and the residue filtered off and
washed with diethyl ether/hexane (1:1) to afford 2-amino-4-[5-(benzyloxy)-2-chlorophenyl]-N-
ethylthieno[2,3-d]pyrimidine-6-carboxamide (82) (2.95g, 93%) as a tan powder. This powder
was suspended in DCM (30 mL) and cooled to -78 °C under a nitrogen atmosphere. Boron
trichloride solution (1M in DCM, 33.6 mL, 1 M, 33.6 mmol) was added dropwise. The resulting
suspension was allowed to warm to ambient temperature and stirred for 3 h. The reaction
mixture was then cooled in an ice/water bath. Methanol (20 mL) was added cautiously, and the
resulting mixture was stirred for 1 h and then concentrated to a yellow/green solid. The residue
was suspended in aqueous sodium acetate (10% w/v; 100 mL) and extracted with ethyl acetate
(200 mL). The extracts were washed with water (2 x 200 mL) and then saturated aqueous
sodium chloride solution (100 mL). The organic solution was dried over anhydrous Na>SO4 and
concentrated to a pale-brown solid in vacuo, which was washed with hexane, filtered, and dried
in vacuo to afford 2-amino-4-(2-chloro-5-hydroxyphenyl)-N-ethylthieno[2,3-d]pyrimidine-6-
carboxamide (83) (2.07 g, 87%) as a pale-brown solid. LCMS (Method A) m/z 349, 351 [M +
H]"; 'R = 2.00 min. 'H NMR (400 MHz, DMSO-ds) &: 10.05 (1 H, s), 8.63 (1 H, t, J 5.5 Hz),
7.56 (1 H,s),7.42 (1 H,d,J8.7Hz),7.21 (2 H,s),694 (1 H,dd, J8.7,2.9 Hz), 6.86 (1 H,d, J
2.9 Hz),3.27-3.16 (2 H, m), 1.07 (3 H, t, J 7.2 Hz).

Step 7. N-lodosuccinimide (178 mg, 0.79 mmol) was added to a stirred solution of 2-amino-4-
(2-chloro-5-hydroxyphenyl)-N-ethylthieno[2,3-d]pyrimidine-6-carboxamide (83) (230 mg, 0.7
mmol) in acetic acid (5 mL). The reaction mixture was stirred at ambient temperature for 2 h.
The solvents were then evaporated; and the residue was partitioned between water and ethyl
acetate. The organic extracts were washed with saturated aqueous sodium chloride solution, then
dried over anhydrous Na;SO4 and concentrated to a pale-brown solid in vacuo. The residue was
washed with diethyl ether/hexane (1:1) to afford 2-amino-4-(6-chloro-3-hydroxy-2,4-
diiodophenyl)-N-ethylthieno[2,3-d]pyrimidine-6-carboxamide (84) (242 mg, 61%) as a beige
powder. LCMS (Method A) m/z 601, 603 [M + H]"; 'R = 2.31 min. 'H NMR (400 MHz,
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DMSO-ds) &: 10.05 (1 H, s), 8.55 (1 H, t, J 5.5 Hz), 8.04 (1 H, s), 7.42 (1 H, s), 7.29 (2 H, s),
3.25-3.16 (2 H, m), 1.10 ( 3H, t, J 7.1 Hz).

Step 8. To a degassed solution of 2-amino-4-(6-chloro-3-hydroxy-2,4-diiodophenyl)-N-
ethylthieno[2,3-d]pyrimidine-6-carboxamide (84) (190 mg, 0.32 mmol) and sodium cyanide (31
mg, 0.63 mmol) in acetonitrile (10 mL) was added copper(l) iodide (6 mg, 0.03 mmol) and
tetrakis(triphenylphosphine)palladium (18.3 mg, 0.02 mmol). The reaction mixture was heated at
75 °C for 12 h under nitrogen. The mixture was then cooled to ambient temperature, diluted
with ethyl acetate (20 mL) and filtered through celite. The filtrate was washed with water
followed by saturated sodium chloride solution. The organic extracts were dried over MgSO4
and concentrated in vacuo to afford 2-amino-4-(6-chloro-2-cyano-3-hydroxy-4-iodophenyl)-N-
ethylthieno[2,3-d]|pyrimidine-6-carboxamide (85) (133 mg, 84%) as a brown powder, which was
carried forward without further purification. LCMS (Method A) m/z 500, 502 [M + H]"; R =
2.18 min.

Step 9. Palladium chloride (4.72 mg, 0.03 mmol, 0.1 eq) was added to a degassed solution of
2-amino-4-(6-chloro-2-cyano-3-hydroxy-4-iodophenyl)-N-ethylthieno[ 2,3-d]|pyrimidine-6-
carboxamide (85) (133 mg, 0.27 mmol, 1 eq) and triethylsilane (63.8 pL, 0.4 mmol) in
acetonitrile (4 mL). The reaction mixture was heated in a microwave at 110 °C for 11 mins. The
mixture was then absorbed onto celite and purified via flash column chromatography eluting in a
gradient of DCM to 10% methanol in DCM to afford 2-amino-4-(6-chloro-2-cyano-3-
hydroxyphenyl)-N-ethylthieno[2,3-d|pyrimidine-6-carboxamide (18) as a white powder (33 mg,
33%). 'H NMR (400 MHz, DMSO-ds) &: 8.59 (1 H, d, J 5.3 Hz), 7.79 (1 H, d, J 9.0 Hz), 7.51 (1
H,s), 7.38 (2 H,s), 7.21 (1 H, d, J9.0 Hz), 3.27-3.18 (2 H, m), 1.08 (3 H, t, J 7.2 Hz).
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Scheme S8. Synthesis of compound 22.9
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®Reagents and conditions: (a) Et20, -78 °C to rt, 77%; (b) CuBrz, CHCl3, EtOAc, A, 84%); (c)
EtOH, 140 °C, pwave, 46%; (d) 2M NaOHag), EtOH, rt, 80%.

5-Benzyl-2-(2,3-dihydro-1,4-benzodioxin-2-yl)-1,3-thiazole-4-carboxylic acid (22). Step 1.
Diethyl oxalate (87) (2.0 g, 13.7 mmol) was dissolved in dry diethyl ether (20 mL) and cooled to
-78 °C under Na. To this was then slowly added a solution of 1.0M phenethylmagnesium
chloride (86) in THF (15.06 mL, 15.06 mmol). The reaction mixture was stirred at -78 °C for 15
min, warmed to room temperature and stirred for 30 mins, and then quenched with dropwise
addition of saturated aqueous ammonium chloride solution. The reaction mixture was then
diluted with saturated aqueous ammonium chloride solution (50 mL) and extracted with diethyl
ether (2 x 50 mL). The combined organics were dried over magnesium sulfate, concentrated in
vacuo, dry-loaded onto a 50 g silica column and eluted with a gradient of hexane to 9:1 hexane-
diethyl ether. Ethyl 2-oxo-4-phenylbutanoate (88) was isolated as a clear oil (2.168 g, 77%). 'H
NMR (400 MHz, DMSO-ds) 8: 7.16-6.92 (5 H, m), 4.15-4.00 (2 H, m), 2.99 (2 H, dd, J 8.0, 7.0
Hz),2.66 2 Ht,J7.5 Hz), 1.15-1.00 (3 H, m).

Step 2. Ethyl 2-oxo0-4-phenylbutanoate (88) (2.168 g, 10.5 mmol) was stirred in a mixture of
chloroform (50 mL) and ethyl acetate (100 mL). The reaction mixture was then treated with
copper(Il) bromide (7.04 g, 31.5 mmol) and refluxed for 16 h under nitrogen. The reaction
mixture was then cooled to room temperature, and filtered through a Celite pad. The residue was
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washed with further ethyl acetate (2 x 100 mL) and the combined organic extracts were
concentrated in vacuo and loaded onto a 50g silica column. The column was eluted with a
gradient of hexane to 9:1 hexane-diethyl ether. Ethyl 3-bromo-2-oxo-4-phenylbutanoate (89)
was isolated as a yellow oil (2.516 g, 84%). 'H NMR (400 MHz, DMSO-ds) §: 7.39-7.25 (6 H,
m), 5.36 (1 Hdd, J 10.1, 4.5 Hz), 4.38-4.24 (3 H, m), 3.48 (1 H, dd, J 14.7, 4.4 Hz), 3.09 (1 H,
dd,J 14.8, 10.1 Hz), 1.28 (3 H, dt, J 9.6, 7.1 Hz).

Step 3. Ethyl 3-bromo-2-ox0-4-phenylbutanoate (89) (1.50 g, 5.26 mmol) and (2,3-dihydro-
1,4-benzodioxine-2-carbothioamide (90) (1.03 g, 5.26 mmol) were combined in dry ethanol (20
mL). The reaction mixture was then sealed and heated with microwaves at 140 °C for 1.5 h.
After cooling to ambient temperature, the reaction mixture was diluted with saturated aqueous
sodium bicarbonate solution (50 mL) and extracted with ethyl acetate (2 x 70 mL). The
combined organic extracts were then washed with saturated brine (20 mL), dried over
magnesium sulfate and concentrated in vacuo. The residue was loaded onto a 50 g silica column
and eluted with a gradient of hexane to 4:1 hexane-diethyl ether. Ethyl 4-benzyl-2-(2,3-dihydro-
1,4-benzodioxin-2-yl)-1,3-thiazole-5-carboxylate (91) (931 mg, 2.42 mmol, 46%) was isolated as
a yellow solid. LC-MS (Method A) m/z 382 [M + H]*; 'R = 2.64 min. 'H NMR (400 MHz,
DMSO-dg) 6: 7.37-7.21 (5 H, m), 7.02-6.94 (1 H, m), 6.94-6.84 (3 H, m), 5.70 (1 H, dd, J 5.9,
2.6 Hz), 4.62-4.47 (3 H, m), 4.42-4.26 (3 H, m), 1.31 3 H, t, J 7.1 Hz).

Step 4. Ethyl 4-benzyl-2-(2,3-dihydro-1,4-benzodioxin-2-yl)-1,3-thiazole-5-carboxylate (91)
(904 mg, 2.37 mmol) was stirred in ethanol (10 mL) at room temperature. 2M Aqueous sodium
hydroxide (10 mL) was added and the reaction mixture was stirred for 3 h at ambient
temperature. The ethanol was removed in vacuo and the residual aqueous solution was acidified
to pH 1 with 2M aqueous hydrogen chloride, diluted with water (50 mL) and extracted with ethyl
acetate (2 x 100 mL). The combined organics were washed with saturated brine (20 mL), dried
over magnesium sulfate and concentrated in vacuo. The residual solid was triturated with
hexane-diethyl ether (5 mL) and then dried in vacuo. 4-Benzyl-2-(2,3-dihydro-1,4-benzodioxin-
2-yl)-1,3-thiazole-5-carboxylic acid (22) was isolated as a cream solid (673 mg, 80%). LC-MS
(Method A) m/z 354 [M + H]"; 'R =2.33 min. 'HNMR (400 MHz, DMSO-dj) &: 13.18 (1 H, s),
7.37-7.20 (5 H, m), 7.02-6.94 (1 H, m), 6.94-6.84 (3 H, m), 5.68 (1 H, dd, J 5.9, 2.6 Hz), 4.62—
447 (3 H,m),4.36 (1 H,dd,J11.7, 5.9 Hz).
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Scheme S9. Synthesis of 23-27.7
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“Reagents and conditions: (a) Boc,O, NEt3, DMAP, THF, 76%; (b) 40% (NH4)2S(aq), MeOH,
rt, 99%; (c) EtOH, 140 °C, pwave, 36%; (d) 2M NaOHgqq, EtOH, THF, rt, 67%; (e)
NaBH(OAc);, 1,4-dioxane, 100 °C, pwave; (f) 2M NaOHqq), EtOH, 14% (over 2 steps); (g)
BnBr, NaH, DMF, 48%; (h) 2M NaOHq), EtOH, 93%; (i) Daicel chiralpak AD.

2-(3,4-Dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylic acid (23). Step 1. 3,4-
Dihydro-2H-1,4-benzoxazine-2-carbonitrile (92) (1.02 g, 6.37 mmol) was dissolved in dry THF
(20 mL) under Na. Triethylamine (2.13 mL, 15.29 mmol) and 4-dimethylaminopyridine (10 mg,
0.082 mmol) were added, followed by di-fert-butyl dicarbonate (1.53 g, 7.0 mmol) and the
reaction mixture was stirred at room temperature for 16 h. The reaction mixture then underwent
dropwise addition of 2M aqueous sodium hydroxide, and was then diluted with saturated
aqueous sodium bicarbonate solution (50 mL) and extracted with ethyl acetate (2 x 70 mL). The
organic extracts were then washed with saturated brine (20 mL), dried over magnesium sulfate
and concentrated in vacuo. The crude residue was then loaded onto a 50 g silica column and
eluted with a gradient of hexane to hexane-ethyl acetate (13:2). tert-Butyl 2-cyano-3,4-dihydro-
2H-1,4-benzoxazine-4-carboxylate (93) was isolated as an off-white solid (1.27g, 76%). LC-MS
(Method A) m/z 205 [M-Boc + H]*; 'R = 2.35 min. 'H NMR (400 MHz, DMSO-d) &: 7.69 (1 H,
d, J 8.3 Hz), 7.13-7.05 (1 H, m), 7.05-6.96 (2 H, m), 5.72 (1 H, t, J 2.6 Hz), 4.61 (1 H, dd, J
14.3, 2.5 Hz), 3.63-3.55 (1 H, m), 1.50 (9 H, s).

Step 2. tert-Butyl 2-cyano-3,4-dihydro-2H-1,4-benzoxazine-4-carboxylate (93) (1.27 g, 4.84
mmol) was stirred in methanol (50 mL) at room temperature. 40% Aqueous ammonium sulfide
solution (1.2 mL) was then added and the reaction mixture was stirred at room temperature for
16 h. The reaction mixture was concentrated in vacuo and the crude residue was diluted with
saturated ammonium bicarbonate solution (100 mL) and extracted with ethyl acetate (2 x 100
mL). The organic extracts were then washed with saturated brine (20 mL), dried over
magnesium sulfate and concentrated in vacuo. fert-Butyl 2-carbamothioyl-3,4-dihydro-2H-1,4-
benzoxazine-4-carboxylate (94) was isolated as a yellow solid (1.43 g, 99%). LC-MS (Method
A) m/z 239 [M + H]"; 'R = 2.28 min. 'H NMR (400 MHz, DMSO-dj) &: 10.14 (1 H, s), 9.35 (1
H,s), 7.63 (1 H, d, J 8.2 Hz), 7.08-6.99 (2 H, m), 6.91 (1 H, ddd, J 8.6, 5.4, 3.4 Hz,), 4.91 (1 H,
dd,J7.4,3.2Hz),443 (1 H,d,J12.6 Hz,), 3.61 (1 H, s), 1.49 (9 H, s).

Step 3. tert-Butyl 2-carbamothioyl-3,4-dihydro-2H-1,4-benzoxazine-4-carboxylate (94) (1.43
g, 4.79 mmol) and ethyl bromopyruvate (0.61 mL, 4.79 mmol) were combined in dry ethanol (20
mL) and then sealed and heated with microwaves at 140 °C for 1.5 h. The reaction mixture was
then cooled, diluted with saturated aqueous sodium bicarbonate solution (50 mL) and extracted
with ethyl acetate (2 x 70 mL). The combined organic extracts were then washed with saturated
brine (20 mL), dried over magnesium sulfate and concentrated in vacuo. The crude residue was
loaded onto a 50 g silica column and eluted with a gradient of hexane to 3:1 hexane-ethyl
acetate.  Ethyl 2-(3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylate (95) was
isolated as a yellow solid (501 mg, 36%). LC-MS (Method A) m/z 291 [M + H]"; 'R = 2.15 min.
'H NMR (400 MHz, DMSO-ds) &: 8.54 (1 H, s), 6.82 (1 H, dd, J 7.8, 1.4 Hz,), 6.75 (1 H, td, J
7.5, 1.4 Hz), 6.64 (1 H, dd, J 7.9, 1.6 Hz), 6.56 (1 H, td, J 7.6, 1.7 Hz), 6.10 (1 H, t, J 2.6 Hz),
559 (1 H,dd, J5.4, 29 Hz),4.31 (2 H, qd, J 7.1, 1.8 Hz), 3.65 (1 H, dt, J 12.2, 2.8 Hz), 3.46
(1H, ddd, J 12.3,5.4, 2.8 Hz), 1.31 3 H, t, J 7.1 Hz).
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Step 4. Ethyl 2-(3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylate (95) (200
mg, 0.69 mmol) was stirred in ethanol (2 mL) and THF (2 mL) at room temperature, treated with
2M aqueous sodium hydroxide solution (4 mL) and then stirred for 2 h. The organic solvents
were then removed in vacuo and the remaining aqueous residue was diluted with 0.1M aqueous
hydrochloric acid (20 mL) and extracted with ethyl acetate (2 x 50 mL). The organic extracts
were then dried over magnesium sulfate and concentrated in vacuo. The residual solid was then
triturated with minimal diethyl ether (2 X). 2-(3,4-Dihydro-2H-1,4-benzoxazin-2-yl)-1,3-
thiazole-4-carboxylic acid (23) was isolated as an off-white solid (121 mg, 67%). LC-MS
(Method A) m/z 263 [M + H]"; 'R = 1.74 min. 'H NMR (400 MHz, DMSO-ds) &: 13.10 (1 H, s),
8.45 (1 H,s), 6.82 (1 H, dd, J 8.0, 1.4 Hz), 6.75 (1 H, td, J 7.6, 1.5 Hz), 6.64 (1 H, dd, J 7.9, 1.6
Hz), 6.56 (1 H, td, J 7.6, 1.6 Hz), 6.09 (1 H, s), 5.56 (1 H, dd, J 5.5, 3.0 Hz), 3.66 (1 H. dt, J
12.3,2.8 Hz), 3.46 (1 H, ddd, J 12.2, 5.6, 2.7 Hz).

2-(4-Ethyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylic acid (24). Ethyl
2-(3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylate (95) (75 mg, 0.258 mmol)
was dissolved in dry dioxane (3 mL), treated with sodium triacetoxyborohydride (164 mg, 0.775
mol) then sealed and heated with microwaves at 100 °C for 5 min. The reaction was then
cooled, poured onto saturated brine (20 mL) and extracted with ethyl acetate (2 x 20 mL). The
organic extracts were dried over magnesium sulfate and concentrated in vacuo. The crude
residual materials were then dissolved in ethanol (2 mL), treated with 2M aqueous sodium
hydroxide solution (1 mL) and then stirred for 2 h. The reaction mixture was concentrated in
vacuo and the residual aqueous solution was diluted with water (20 mL), adjusted to pH 1 with
2M aqueous hydrochloric acid and then extracted with ethyl acetate (2 x 20mL). The combined
organic extracts were then dried over magnesium sulfate, concentrated in vacuo and then purified
by reverse phase preparative HPLC. 2-(4-Ethyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-
thiazole-4-carboxylic acid (24) was isolated as an off-white solid (10.6 mg, 14%). LC-MS
(Method A) m/z 291 [M + H]"; 'R = 2.03 min. 'H NMR (400 MHz, DMSO-de) §: 13.11 (1 H, s),
8.45 (1 H, s), 6.89-6.76 (3 H, m), 6.66—6.57 (1 H, m), 5.66 (1 H, dd, J 5.7, 2.9 Hz), 3.67 (1 H,
dd, J12.2,3.0 Hz), 3.50-3.36 (3 H, m), 1.07 (3 H, t, J 7.0 Hz).

2-(4-Benzyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylic acid (25). Step
1. Ethyl 2-(3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylate (250 mg, 0.86
mmol) and benzyl bromide (176 mg, 1.03 mmol) was dissolved in dry DMF (5 mL) under
nitrogen. 60% Sodium hydride in mineral oil was added and the reaction mixture was stirred at
room temperature for 72 h. The mixture was then quenched with dropwise addition of acetic
acid, and then adjusted to pH 10 with aqueous ammonium hydroxide. The reaction mixture was
then diluted with saturated ammonium bicarbonate solution (30 mL) and extracted with ethyl
acetate (2 x 40 mL). The combined organic extracts were then washed with saturated brine (20
mL), dried over magnesium sulfate and concentrated in vacuo. The crude residue was loaded
onto a 20 g silica column and eluted with a gradient of hexane to 4:1 hexane-ethyl acetate. Ethyl
2-(4-benzyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylate (96) was isolated
as a yellow oil (157 mg, 48%). LC-MS (Method A) m/z 381 [M + H]*; 'R = 2.61 min. 'H NMR
(400 MHz, DMSO-dp) o: 8.56 (1 H, s), 7.34-7.17 (6 H, m), 6.89 (1 H, dd, J 7.9, 1.5 Hz), 6.82—
6.69 (2 H, m), 6.71-6.54 (1 H, m), 5.75 (1 H, dd, J 5.7, 2.9 Hz), 4.58-4.45 (2 H, m), 4.31 (2 H,
qd,J7.1,2.3 Hz), 3.84-3.71 (1 H, m), 3.61-3.52 (1 H, m), 1.30 3 H, t, J 7.1 Hz).
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Step 2. Ethyl 2-(4-benzyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylate
(157 mg, 0.41 mmol) was dissolved in ethanol (1.3 mL) and treated with 2M aqueous sodium
hydroxide solution (1.3 mL) and then stirred for 3 h. The reaction mixture was then diluted with
water (20 mL), acidified to pH 1 with 2M aqueous hydrochloric acid and then extracted with
ethyl acetate (2 x 30 mL). The combined organic extracts were then dried over magnesium
sulfate and concentrated in vacuo. 2-(4-Benzyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-
thiazole-4-carboxylic acid (25) was isolated as a yellow solid (136 mg, 93%). LC-MS (Method
A) m/z 353 [M + H]'; 'R =2.27 min. '"H NMR (400 MHz, DMSO-dj) &: 13.10 (1 H, s), 8.48 (1
H,s), 7.35-7.19 (5§ H, m), 6.89 (1 H, dd, J 7.9, 1.5 Hz,), 6.78 (1 H, ddd, J 8.6, 7.0, 1.5 Hz,), 6.73
(1 H,dd,J8.1,1.7 Hz), 6.63 (1 H, td, J 7.5, 1.7 Hz), 5.73 (1 H, dd, J 5.7, 2.9 Hz,), 4.59-4.46 (2
H, m), 3.78 (1 H, dd, J 12.3, 2.9 Hz), 3.60 (1 H, dd, J 12.3, 5.8 Hz).

2-[(2R)-4-Benzyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl]-1,3-thiazole-4-carboxylic acid (26)
2-[(25)-4-Benzyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl|-1,3-thiazole-4-carboxylic acid (27)

2-(4-Benzyl-3,4-dihydro-2 H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylic acid (25), 20 mg,
0.057 mmol) was separated by chiral chromatography using Daicel chiralpak AD-10 pM
column. Mobile phase was 85:15 hexane-isopropanol with 0.2% TFA as modifier.

2-[(2R)-4-Benzyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl]-1,3-thiazole-4-carboxylic acid (26)
was isolated as a brown solid (7.5 mg). LC-MS (Method B) m/z 353 [M + H]"; 'R = 1.34 min.
"H NMR (400 MHz, DMSO-ds) &: 13.10 (1 H, s), 8.47 (1 H, s), 7.34-7.20 (5 H, m), 6.89 (1 H,
dd, J 8.0, 1.5 Hz), 6.81-6.71 (2 H, m), 6.63 (1 H, td, J 7.4, 1.7 Hz), 5.73 (1 H, dd, J 5.7, 2.9 Hz),
4.53(2H,d,J2.8 Hz),3.78 (1 H, dd, J 12.3, 3.0 Hz), 3.60 (1 H, dd, J 12.3, 5.8 Hz).

2-[(25)-4-Benzyl-3,4-dihydro-2 H-1,4-benzoxazin-2-yl]-1,3-thiazole-4-carboxylic acid (27)
was isolated as a brown solid (6.7 mg). LC-MS (Method B) m/z 353 [M + H]"; 'R = 1.34 min.
'H NMR (400 MHz, DMSO-de) &: 13.12 (1 H, s), 8.47 (1 H, s), 7.34-7.23 (5 H, m), 6.89 (1 H,
dd, J 8.1, 1.4 Hz), 6.82-6.71 (2 H, m), 6.63 (1 H, td, J 7.5, 1.7 Hz), 5.73 (1 H, dd, J 5.7, 2.9 Hz),
4.53(2H,d,J3.0Hz),3.78 (1 H, dd, J 12.3, 3.0 Hz), 3.60 (1 H, dd, J 12.4, 5.8 Hz).
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Scheme S10. Synthesis of compound 28.°

o]///

N

o. =

AR A R

H O

97 98 99 100
C
S

o. \
(0] O
B 0]

Oj/ﬁg rQJ\W = oj)KNHZ

S (0]

~ N
N d L :
© 101
102
\ o
0] @) 0]

%70H %fOH %70H
NN NN NN
oA o A oL

f (R)|or (S) + (SH or (R)

N N N

103 28 104
Peak 1 Peak 2

“Reagents and conditions: (a) K2COs3, MeCN, A, 54%; (b) NaH, DMF, PhCH2Br, 61%; (c)
S(NHa)2(aq), MeOH, 87%; (d) EtOH, A, 29%; (e) LIOH.H,0, MeOH, 79%; (f) Chiral HPLC.

2-[(2R or S)-4-Benzyl-8-methyl-3,4-dihydro-2 H-1,4-benzoxazin-2-yl]-1,3-thiazole-4-
carboxylic acid (28) Step 1. A stirred mixture of 6-amino-2-methylphenol (97) (5.00 g, 40.61
mmol), 2-chloroacrylate (98) (3.57 mL, 44.66 mmol), potassium carbonate (16.84 g, 121.83
mmol) and acetonitrile (200 mL) was heated at reflux for 21 h. The reaction mixture was then
cooled and evaporated. The residue was subjected to silica-gel column chromatography [hexane
then hexane-EtOAc (4:1) as eluent]. The eluted material, obtained as a brown solid (3.83 g,
54%), was identified as 8-methyl-3,4-dihydro-2H-1,4-benzoxazine-2-carbonitrile (99); LC-MS
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(Method B) m/z 175 [M + H]"; 'R = 1.11 min. 'H NMR (400 MHz, DMSO-d) &: 6.68 (1 H, t, J
7.6 Hz), 6.51 (1 H, dd, J 8.0, 1.7 Hz,), 6.45 (1 H, dt, J 7.4, 1.1 Hz), 6.10 (1 H, d, J 3.3 Hz), 5.59
(1 H,td,J2.9,0.9 Hz), 3.56 (1 H, ddd, J 12.9, 4.0, 2.7 Hz,), 3.44 (1 H, ddd, J 13.0, 3.2, 2.0 Hz,),
2.09 (3 H, d, J 0.9 Hz).

Step 2. To a solution of 8-methyl-3,4-dihydro-2H-1,4-benzoxazine-2-carbonitrile (99) (0.500
g, 2.87 mmol) in DMF (5 mL) was added sodium hydride (60% dispersion in mineral oil, 0.10
g), followed by benzyl bromide (0.34 mL, 2.87 mmol). The reaction mixture was stirred at rt for
18 h, and then quenched with dropwise addition of water and evaporated. The residue was
subjected to silica-gel column chromatography [hexane then hexane-EtOAc (4:1) as eluent]. The
eluted material (0.462 g, 61%) was identified as 4-benzyl-8-methyl-3,4-dihydro-2H-1,4-
benzoxazine-2-carbonitrile (100); LC-MS (Method B) m/z 265 [M + H]"; 'R = 1.38 min. 'H
NMR (400 MHz, DMSO-ds) 6: 7.40-7.14 (5 H, m), 6.70 (1 H, dd, J 8.2, 7.4 Hz), 6.61-6.49 (2
H, m), 4.58 (1 H, d, J 16.3 Hz), 4.49 (1 H, d, J 16.3 Hz), 3.70 (1 H, dd, J 12.9, 2.6 Hz), 3.63 (1
H, dd,J12.9,3.1 Hz), 2.13 (3 H, s).

Step 3. To a solution of 4-benzyl-8-methyl-3,4-dihydro-2H-1,4-benzoxazine-2-carbonitrile
(100) (0.430 g, 1.627 mmol) in methanol (20 mL) was added ammonium sulfide (20% aqueous
solution, 5 mL). After 72 g stirring at rt, the reaction mixture was evaporated, and the residue
dried in vacuo. The resulting yellow solid (0.420 g, 87%), was identified as 4-benzyl-8-methyl-
3,4-dihydro-2H-1,4-benzoxazine-2-carbothioamide (101); LC-MS (Method B) m/z 299 [M +
H]"; 'R = 1.27 min. 'H NMR (400 MHz, DMSO-ds) 8: 10.16 (1 H, br s), 9.17 (1 H, br s), 7.38—
7.20 (5 H, m), 6.65 (1 H, dd, J 8.2, 7.2 Hz), 6.58 (1 H, dd, J 8.1, 1.7 Hz), 6.53-6.45 (1 H, m),
4.83 (1 H, dd, J 8.0, 2.6 Hz), 4.53 (1 H, d, J 16.2 Hz,), 4.44 (1 H, d, J 16.1 Hz), 3.73 (1 H, dd, J
12.0,2.7 Hz), 3.29 (1 H, dd, J 11.9, 8.1 Hz), 2.20 (3 H, s).

Step 4. A stirred mixture of 4-benzyl-8-methyl-3,4-dihydro-2H-1,4-benzoxazine-2-
carbothioamide (101) (0.42 g, 1.78 mmol) and ethyl bromopyruvate (0.32 mL, 1.78 mmol) in
ethanol (10 mL) was heated at reflux for 18 h. The reaction mixture was then cool and
evaporated.. The residue was subjected to silica-gel column chromatography [hexane then
hexane-EtOAc (4:1) as eluent]. The eluted material, obtained as a yellow solid (0.20 g, 29%),
was identified as ethyl 2-(4-benzyl-8-methyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-
4-carboxylate (102); LC-MS (Method B) m/z 395 [M + H]"; 'R = 1.46 min. '"H NMR (400 MHz,
DMSO-ds) 8: 8.55 (1 H, s), 7.36-7.18 (5 H, m), 6.67 (1 H, dd, J 8.2, 7.3 Hz), 6.58-6.51 (2 H, m),
577 (1 H, q, J 2.8 Hz), 4.56-4.48 (2 H, m), 4.36-4.28 (2 H, m), 3.80 (1 H, dd, J 12.3, 3.0 Hz),
3.59 (1 H,dd,J12.3,5.7 Hz),2.20 3 H, s), 1.31 3 H, t,J 7.1 Hz).

Step 5. A mixture of ethyl 2-(4-benzyl-8-methyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-
thiazole-4-carboxylate (102) (0.190 g, 0.482 mmol), lithium hydroxide monohydrate (0.101 g,
2.41 mmol) and methanol (3 mL) was stirred at rt for 72 h. The reaction mixture was
evaporated, and the residue partitioned between water and ethyl acetate. The aqueous phase was
separated, and acidified to pH 1 with 2M HClq). The mixture was extracted with ethyl acetate
(2 x), and the combined organic extracts were dried (MgSO4) and evaporated to a white solid
(0.140 g, 79%), identified as 2-(4-benzyl-8-methyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-
thiazole-4-carboxylic acid (103); LC-MS (Method B) m/z 367 [M + H]"; 'R = 1.36 min. 'H
NMR (400 MHz, DMSO-ds) 6: 13.10 (1 H, s), 8.48 (1 H, s), 7.34-7.18 (5§ H, m), 6.71-6.62 (1 H,
m), 6.57-6.50 (2 H, m), 5.75 (1 H, dd, J 5.7, 3.0 Hz,), 4.58-4.43 (2 H, m), 3.88-3.75 (1 H, m),
3.60 (1 H, dd,J12.2,5.7 Hz), 2.20 (3 H, s).
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Step 6. 2-(4-Benzyl-8-methyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl)-1,3-thiazole-4-carboxylic
acid was separated by chiral chromatography using a Daicel chiralpak AD-10 uM column.
Mobile phase was 85:15 hexane-isopropanol with 0.2% TFA as modifier. The first eluted
material, obtained as a pale brown solid (0.004 g), was identified as 2-[(2R or S)-4-benzyl-8-
methyl-3,4-dihydro-2H-1,4-benzoxazin-2-yl]-1,3-thiazole-4-carboxylic acid (28); LC-MS
(Method B) m/z 367 [M + H]"; 'R = 1.36 min. The second eluted material, obtained as obtained
as a pale brown solid (0.006 g), was identified as 2-[(2S or R)-4-benzyl-8-methyl-3,4-dihydro-
2H-1,4-benzoxazin-2-yl]-1,3-thiazole-4-carboxylic acid (104); LC-MS (Method B) m/z 367 [M +
H]"; 'R = 1.36 min.

Scheme S11. Synthesis of compound 29.¢
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“Reagents and conditions: (a) EtONa, -78 °C to rt , (b) MeCO,H, HoNNH2.H>0, 58% (c) 2M
NaOHaq), MeOH, 32%.

5-(4-Methylnaphthalen-1-yl)-1H-pyrazole-3-carboxylic acid (29). Step /. Sodium (49.91
mg, 2.17 mmol) was dissolved in anhydrous ethanol (2 mL) under nitrogen and then cooled to -
78 °C. A solution of 1-(4-methylnaphthalen-1-yl)ethanone (105) (200 mg, 1.09 mmol) in ethanol
(5 mL) was added and the reaction mixture was stirred at -78 °C for 30 min, followed by the
addition of diethyl oxalate (106) (162 nL, 1.19 mmol). The reaction mixture was slowly allowed
to warm to rt and stirred overnight, upon which a pale yellow precipitate had formed. Acetic
acid (124 pL, 2.17 mmol) followed by hydrazine hydrate (58 pL, 1.19 mmol) was added and the
reaction mixture continued to stir at rt. On completion, the reaction was diluted with water and
acidified with aqueous 2M HCI. The reaction mixture was extracted with ethyl acetate, and the
combined organic extracts were washed with dilute aqueous HCI followed by saturated sodium
bicarbonate solution. The organic extracts were dried (MgSOs4) and evaporated under reduced
pressure. The residue was purified by column chromatography on an Isolute pre-packed silica
column in a gradient of isohexane to 1:1 ethyl acetate/isohexane to afford ethyl 5-(4-
methylnaphthalen-1-yl)-1H-pyrazole-3-carboxylate (107) as a yellow oil (177 mg, 58%). LC-
MS (Method A) m/z 561 [2M + H]*; 'R = 2.45 min. '"H NMR (400 MHz, CDCls) &: 8.21 (1 H, d,
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J 83 Hz), 8.09 (1 H, d, J 8.1 Hz), 7.63-7.48 (3 H, m), 7.38 (1 H, d, J 7.2 Hz), 7.12 (1 H, s), 4.46
(2H,q,J7.1Hz),2.77 3 H, s), 1.45 3 H, t, J 7.1 Hz).

Step 2. To a solution of ethyl 5-(4-methylnaphthalen-1-yl)-1H-pyrazole-3-carboxylate (107)
(177 mg, 0.63 mmol) in methanol (2 mL) was added 2M NaOH (1 mL) and the reaction mixture
heated to 40 °C for 2 h. The reaction was then cooled to rt, diluted with water and acidified to
pH 4 with 2M HCI. The reaction mixture was extracted with ethyl acetate, and the combined
organic extracts were dried (MgSO4) and evaporated under reduced pressure. The residual
material was triturated with ether and collected by filtration to afford 5-(4-methylnaphthalen-1-
yl)-1H-pyrazole-3-carboxylic acid (29) as a white powder (53 mg, 0.21 mmol, 32%). LC-MS
(Method A) m/z 253 [M + H]"; 'R = 2.06 min. 'H NMR (400 MHz, DMSO-ds +TFA) &: 8.31—
8.25 (1 H, m), 8.11-8.05 (1 H, m), 7.62-7.53 (3 H, m), 7.45-7.40 (1 H, m), 7.01 (1 H, s), 2.69 (3
H, s).
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Supplementary Figures
Figure S1 — 13C->N HSQC spectrum for compound binding

10%.00

(a)

(a). Titration of compound 1 (0 — black, 50- blue, 100-green, 200-orange pM)
onto 200 uM Bcl-2#3 (b). Titration of compound 21 (0 — black, 10 — blue, 30 —
green, 60 — red, 100 — orange, 200 — cyan, 400 — crimson uM) onto 40 uM
mMcl-1
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Figure S2 — comparison of structures of Mcl-1 bound to various peptides

(a) 2NL9 (BIM) b) 3PK1 (BAX) (c) 5C3F (BID) ¥
(d) 2NLA (NOXA) (e) hMcl-1+BIM  (f) hMcl-1#1 + PUMA

Cartoon representations of literature and Vernalis structures of different forms of Mcl-1
(coloured blue to red for N to C terminal secondary structure) bound to different BH3-
only peptides (yellow) as: (a). pdb code 2NL9 - BIM peptide bound; (b). pdb code 3PK1
- BAX peptide bound (Mcl-1 in 3PKI has the same sequence as in 2NL9 with
methionine in place of seleno-methionine and residues SGAAGRR replaced by the
human sequence AKATSRK, and with D173S); (c). pdb code 5C3F - BID peptide
bound (Mcl-1 in 5C3F has the same sequence as in 3PK1 with S173E); (d). pdb code
2NLA with BIM peptide bound (Mcl-1 in 2NLA has the same sequence as in 2NL9 with
methionine in place of seleno-methionine). (e) and (f). structures reported here for (e)
hMcl-1 with BIM peptide bound and (f) hMcl-1#1 with PUMA peptide bound
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Figure S3 — ITC and SPR measurements

Time 5

(a). 3 hMcl-10.03pM (b) 14 Bcl-2#2 0.03uM
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Figure S3. Measurement of direct binding of (a) 3 to hMcl-1 and (b) 14 to Bcl-2 by SPR and (c)
3 to hMcl-1by ITC. The SPR measurements were made in a multiple cycle kinetics mode, with
the raw sensorgrams coloured and the calculated curves fitted to 1:1 binding model in black.
The measurements were made on double his-tagged hMcl-1 and single-his tagged Bcl-2#2
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Figure S4 — Hits from a fragment screen against Bcl-2
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Figure S5 — Hits from a fragment screen against Mcl-1
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Figure S6 — Comparison of X-ray and NGM generated structures

Details of the binding site of the structure of 2 binding to Bcl-2 as determined in (a) crystal
structure of Bcl-2#3 and (b) NGM using the Bcel-2 structure of 1 bound to bel-2#3; details of the
binding site of the structure of 3 binding to Mcl-1 as determined in (c) crystal structure of hMcl-
1 and (d) NGM using the Mcl-1 structure of pdb code 2NL9; details of the binding site of the
crystal structure of MBP-hMcl-1 bound to (e) 9 and (f) S 63845! compared to (g) ) NGM of 30
using a homology model of hMcl-1 generated as described in methods. The solvent accessible
surface of the protein is shown together with compounds in stick with grey (for X-ray) and
yellow (for NGM) carbon atoms
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Supplementary Tables
Table S1 — BH3-only peptides bind Bcl2#3 with the same selectivity vs Bcl-x. as Bcl-2

Protein F-Puma BAKCF | F-BIML | F-BADL F-HRK F-BMF
GST-Bel- 103 16 15 10 200 15
XL
Bel-2 54 89 9 8 No binding 97
Bel-2#3 24 19 3 4 No binding 53

Data are the K4 (nM) measured in an FP assay (for conditions see above) for each of three
proteins (Bcl-xi, Bel-2 and Bel-2#3) binding to 6 different fluorescein labelled BH3 peptides.
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Table S2 — crystallographic data collection

Compound | Data Space Resolution | Comple | Unique Redund <l/o(l)
(PDB collecti | group, A)a teness reflectio | ancy Rmerge | >4, ¢
code) on (Unit cell (%) ns ab
dimensions)
Mcl-1
Bim ESRF | 1222, 2.3 -50.0 | 79.4 8265 3.7 0.083 | 15.0
(6QF) |ID29 |(a=52.8, |(2.30 -|(17.2) (0.342 | (1.5)
b=71.7, 2.38) )
c=117.7A)
Puma ESRF | P212121 2.0 -1 84.8 9678 3.2 0.079 | 13.3
(6QFM) | ID29 | (a=36.0, |25.0 (40.4) (0.355 | (1.9)
b=58.3, (2.00 - )
¢=76.9) 2.07)
3 DLS | P41212 1.6 -199.0 43693 | 4.6 0.078 | 15.3
(6QFQ) |i03 (a=b=48.1, | 50.0 (98.8) 1) | (1.3)
c=148.5) | (1.60 -
1.66)
9 DLS | P21212 1.76 -1994 52298 | 4.0 0.052 | 12.9
MBP- 103 (a=100.5, | 344 (99.2) (0.895 | (1.4)
Mcll b=135.8, (1.76 - )
(6QGD) ¢=38.0) 1.81)
Bcl-2
Puma ESRF | P212121 1.8 -175.0 13577 | 3.5 0.111 10.7
(6QG8) | ID29 |(a=40.1, |50.0 (16.7) (0.534 | (1.3)
b=55.0, (1.80 - )
c=84.7) 1.86)
1 DLS P41 1.49 -194.7 27361 | 4.1 0.059 | 19.8
(6QGG) | i03 (a=b=55.3, | 50.0 (94.9) (0.196 | (
¢=58.6) (149 - ) 7.1)
1.54)
2 DLS P212121 1.7 -1 82.8 14748 | 4.4 0.071 17.4
(6QGK) | i04 (a=47.6, |25.0 (45.2) (0.360 | (2.6)
b=50.1, (170 - )
c=65.4) 1.76)
13 R-axis | P212121 1.90 - 198.0 12847 | 4.6 0.103 | 8.1
(6QGH) (a=44.4, |27.9 (90.8) (0471 | (2.8)
b=55.1, (190 - )
c=64.7) 1.97)
14 R-axis | P212121 1.75 - 199.1 16972 | 3.9 0.034 | 35.6
(6QGJ) (a=45.0, | 30.0 (98.0) (0.539 | (2.3)
b=56.2, 175 - )
c=64.4) 1.81)
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DLS — Diamond Light Source, Harwell, UK; ESRF — European Synchrotron Facility, Grenoble,
France; R-axis - rotating anode RUH300 coupled with R-axis [V++ image plate (Rigaku MSC
instrument installed at Vernalis (R&D) Ltd, Cambridge, UK).

@ Values in parentheses are for highest resolution shells
® Rmerge = Y (I-<I>)/ 3|

¢ Signal to noise ratio of intensities.
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Table S3 - Refinement statistics

Compound | Resolution | No. of | Complete | Rwork 29 | Rfree 9 | Avera | RMS Ramacha
A2 reflections | ness e ge B- | deviatio | ndran plot
used in | (%) factor | ns from | favoured /
refinement (A2 ideal f | Allowed /
a Bonds Outliers
A 1| )
Angles
(0)
Mcl-1
Bim 2.4 - 17623 88.1 0.186 0.236 46.7 1 0.010 |96.3 /
(6QFI) | 20.0 (561) (44.8) | (0.269) | (0.315) /133 [3.0/0.6
(2.40 -
2.53)
Puma 2.0 - 19105 83.9 0.202 0.261 352 [ 0.009 |98.0 /
(6QFM) | 10.0 (679) (43.3) | (0.270) | (0.286) /128 [2.0/0.0
(2.00 -
2.11)
3 1.6 - | 22548 99.3 0.189 0.223 269 |0.015 | 100/0/
(6QFQ) |20.0 (3344) | (99.7) |(0.297) | (0.311) /1.84 |0
(1.60 -
1.69)
9 MBP- | 1.8 - 20| 46429 99.2 0.177 0.208 38.0 [ 0.021 [99.0 /
Mcll .0 (1.80 - | (6989) | (99.6) |(0.318) |(0.337) /1.88 | 1.0/0.0
(6QGD) | 1.90)
Bcl-2
Puma 1.90 -1 12321 84.4 0.169 0.216 29.3 10.011 {993 /
(6QG8) |20.0 (950) (43.6) | (0.251) | (0.267) /149 [0.7/0.0
(1.80 -
1.85)
1 1.50 -1 25595 94.6 0.151 0.173 16.8 | 0.019 |99.3 /
(6QGG) | 15.00 (3948) | (95.8) |(0.171) | (0.210) /191 |0.7/0.0
(150 -
1.58)
2 1.80 - | 12725 88.7 0.166 0.202 29.5 10.012 (993 /
(6QGK) | 15.00 (1519) | (71.8) | (0.228) | (0.233) /145 |0.7/0.0
(1.80 -
1.90)
13 2.00 - | 10574 98.8 0.177 0.206 29.6 | 0.012 [96.7 /
(6QGH) |20.0 (1555) | (97.9) |(0.267) | (0.314) /147 |3.3/0.0
(2.00 -
2.11)
14 1.90 - | 12582 98.6 0.201 0.225 36.6 | 0.014 |98.6 /
(6QGJ) |10.0 (1831) | (100) | (0.247) | (0.283) /190 | 1.4/0.0
(1.90 -
2.00)
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@ Values in parentheses are for highest resolution shells

4R =Y (Fobs-Fecaic) / 3 Fobs

€ Five percent of reflections were randomly chosen for calculation of Riree.
f Root mean square deviations from ideal geometry?

9 As defined in3
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