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Analytical and Compound Purity

LC/MS data for all numbered final compounds were obtained using a Waters Alliance 2695
HPLC/MS and a Waters ZQ mass spectrometer, as previously described® (Fig. S1). All
compounds were >95% purity as indicated by LC analysis using a Waters Symmetry C18
column (4.6 x 75 mm, 3.5 ym) with a 2996 diode array detector and a linear gradient of 5-95%
acetonitrile in water (with 0.1% TFA) over nine minutes?®. Nuclear magnetic resonance spectra
(*H NMR) for all final numbered compounds synthesized in this study were recorded with a
Varian Mercury 300-MHz NMR (Fig. S2). Chemical shifts are reported in parts per million (ppm,
0) using various solvents as internal standards (CDCls, DMSO-ds, or methanol-d4), as indicated.
The peak shapes are indicated as follows: s, singlet; d, doublet; t, triplet; dd, double of doublets;

m, multiplet; br. s., broad singlet. Coupling constants are reported in hertz (Hz).

General Chemistry Procedures

Compounds 1, 10, 20, and 21 were purchased from Vitas-M Labs, Champaign, IL USA.

Compound 7 was purchased from Princeton Bio Molecular Research, Monmouth Junction, NJ,
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USA. Each sample was assayed by LCMS to determine both purity and the correct M+H* mass

ion.

Synthesis of 6

4-(4-Chlorophenyl)-2-methoxy-6-phenylpyridine-3-carbonitrile
Step 1. 2-(4-Chlorobenzylidene)malononitrile

To a solution of 4-chlorobenzaldehyde (25) (2.27 g 16.00 mmol), and malononitrile (1.06
g, 16.00 mmol) in ethanol (16 mL) was added a 10% aqueous potassium hydroxide solution
(0.32 mL). The reaction was stirred for 15 minutes, then was allowed to stand for 30 minutes,
followed by cooling to 0 °C. The mixture was filtered, then the solid was washed with ethanol (2
x5 mL), and hexane (5 mL), to give 2-(4-chlorobenzylidene)malononitrile (26) (2.69 g, 89%) as
an off-white solid. LC-MS: 189.0 [M+H]*; *H NMR (300 MHz, CDCls) & 7.83-7.94 (m, 2H), 7.72-
7.80 (m, 1H), 7.48-7.61 (m, 2H).
Step 2. 4-(4-Chlorophenyl)-2-methoxy-6-phenylpyridine-3-carbonitrile
To a mixture of 2-(4-chlorobenzylidene)malononitrile (26) (0.24 g, 1.25 mmol), and
acetophenone (150 mg, 1.25 mmol) in methanol (4 mL) was treated with crushed sodium
hydroxide (0.10 g, 2.50 mmol). The reaction was stirred for 16 hours. The mixture was filtered,
then the solid was washed with cold methanol (2 x 5 mL), and pentane (5 mL). The solid was
recrystallized from ethanol, to give 4-(4-chlorophenyl)-2-methoxy-6-phenylpyridine-3-carbonitrile
(62 mg, 16%) as a white solid. LC-MS: 321.1 [M+H]*. *H NMR (300 MHz, DMSO-ds) d 8.24-
8.32 (m, 2H), 7.84 (s, 1H), 7.76-7.83 (m, 2H), 7.64-7.71 (m, 2H), 7.51-7.58 (m, 3H), 4.15 (s,

3H). HRMS: Found: 321.0800; Expected: 321.7802.

Synthesis of 18
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2-((Pyridin-2-yl)methoxy)-4-(4-fluorophenyl)-6-(3-methylpyridin-2-yl)pyridine-3-
carbonitrile bis-hydrochloride
Step 1. 4-(4-Fluorophenyl)-2-hydroxy-6-(3-methylpyridin-2-yl)pyridine-3-carbonitrile

A mixture of 4-fluorobenzaldehyde (27) (1.00 g, 0.84 mL, 7.99 mmol), 1-(3-
methylpyridin-2-yl)ethan-1-one (28) (1.08 g, 7.99 mmaol), ethylcyanoacetate (29) (0.90 g, 0.85
mL, 7.99 mmol), and ammonium acetate (4.93 g, 63.92 mmol) in 1,4-dioxane (32 mL)was
heated at reflux for 16 hours. The mixture was concentrated, then the residue was treated with
ethyl acetate (25 mL) and was sonicated for 5 minutes. The mixture was filtered, then the solid
was washed with ethyl acetate (2 x 5 mL). The solid was slurried in water (25 mL), then was
sonicated for 5 minutes. The mixture was filtered, then the solid was washed with water (5 mL),
isopropanol (5 mL), and hexane (5 mL), to give 4-(4-fluorophenyl)-2-hydroxy-6-(3-methylpyridin-
2-yl)pyridine-3-carbonitrile (30) (833 mg, 34%) as a pale yellow solid. LC-MS: 306.4 [M+H]*. *H
NMR (300 MHz, DMSO-ds) & 12.29-12.91 (m, 1H), 8.28-8.70 (m, 1H), 7.64-7.91 (m, 3H), 7.32-
7.55 (m, 3H), 6.42-6.89 (m, 1H), 2.35-2.43 (m, 3H).
Step 2. 2-((Pyridin-2-yl)methoxy)-4-(4-fluorophenyl)-6-(3-methylpyridin-2-yl) pyridine-3-
carbonitrile bis-hydrochloride

A mixture of 4-(4-fluorophenyl)-2-hydroxy-6-(3-methylpyridin-2-yl)pyridine-3-carbonitrile
(30) (50 mg, 0.16 mmol), 2-(bromomethyl)pyridine . HBr (81 mg, 0.32 mmol), and silver
carbonate (133 mg, 0.48 mmol) in DMF (1 mL) was heated in a sealed vessel at 140 °C for 16
hours. The reaction was treated with water (15 mL), then was extracted with ethyl acetate (2 x
20 mL). The combined organic extracts were washed with water (2 x 10 mL), and brine (1 mL),
dried (NazS0O4), and concentrated. The crude material was purified by column on silica (0-5%
methanol: dichloromethane). The product was dissolved in dichloromethane (4 mL) and
methanol (1 mL), then was treated with 4N HCI in 1,4-dioxane (0.25 mL). The mixture was
allowed to stand for 5 minutes and was then concentrated to give 2-((pyridin-2-yl)methoxy)-4-(4-
fluorophenyl)-6-(3-methylpyridin-2-yl)pyridine-3-carbonitrile as the bis-HCI salt (35 mg, 47%), a
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pale yellow solid. LC-MS: 397.5 [M+H]*. *H NMR (300 MHz, methanol-d4) 6 8.92 (t, J=6.44 Hz,
2H), 8.62-8.79 (m, 2H), 8.35 (d, J=8.20 Hz, 1H), 8.04-8.19 (m, 2H), 7.78-8.01 (m, 3H), 7.38 (t,

J=1.00 Hz, 2H), 6.14 (s, 2H), 2.70 (s, 3H). HRMS: Found: 397.1440; Expected: 397.4243.

Synthesis of 19
4-(4-Aminophenyl)-2-methoxy-6-(3-methylpyridin-2-ypyridine-3-carbonitrile bis-
hydrochloride monohydrate
Step 1. Tert-butyl 4-((E)-3-(3-methylpyridin-2-yl)-3-oxoprop-1-enyl)phenylcarbamate

A mixture of tert-butyl 4-formylphenylcarbamate (31) (1.20 g, 5.42 mmol) in methanol (30
mL) was treated with 1-(3-methylpyridin-2-yl)ethan-1-one (28) (1.10 g, 8.14 mmol), and a
solution of KOH (457 mg, 8.14 mmol) in water (0.3 mL). The reaction was stirred for 3 days. The
mixture was treated with water (50 mL), then was concentrated to remove the methanol. The
residue was extracted with ethyl acetate (2 x 50 mL). The combined organic extracts were
washed with brine (10 mL), dried (Na=S0Oa4), and concentrated. The crude material was purified
by column on silica (0-20% ethyl acetate/ hexanes), to give tert-butyl 4-((E)-3-(3-methylpyridin-
2-yl)-3-oxoprop-1-enyl)phenylcarbamate (32) (1.15 g, 63%) as a yellow solid. LC-MS: 339.6
[M+H]*. *H NMR (300 MHz, CDClz) & 8.48-8.60 (m, 1H), 7.51-7.85 (m, 5H), 7.40 (d, J=8.79 Hz,
2H), 7.31 (dd, J=4.39, 7.91 Hz, 1H), 6.84 (s, 1H), 2.58 (s, 3H), 1.50 (s, 9H).
Step 2. Tert-butyl 4-(3-cyano-2-methoxy-6-(3-methylpyridin-2-yl)pyridin-4-yl)phenylcarbamate

A mixture of tert-butyl 4-((E)-3-(3-methylpyridin-2-yl)-3-oxoprop-1-enyl)phenylcarbamate
(32) (429 mg, 1.27 mmol) in methanol (3.4 mL) and 5.4M sodium methoxide in methanol (0.24
mL) was treated with malononitrile (83 mg, 1.27 mmol). The reaction was stirred for 16 hours,
then was filtered. The solid was washed with cold methanol (10 mL). The crude solid was
purified by column on silica (0-2% methanol: dichloromethane), to give tert-butyl 4-(3-cyano-2-
methoxy-6-(3-methylpyridin-2-yl)pyridin-4-yl)phenylcarbamate (33) (623 mg, 38%) as a pale
yellow solid. LC-MS: 417.6 [M+H]*. *H NMR (300 MHz, CDCls) & 8.50-8.58 (m, 1H), 7.78 (s,
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1H), 7.60-7.70 (m, 2H), 7.51 (d, J=8.79 Hz, 1H), 7.26-7.32 (m, 1H), 6.56-6.66 (m, 1H), 4.13 (s,
3H), 2.67 (s, 3H), 1.36-1.66 (m, 9H).
Step 3. 4-(4-Aminophenyl)-2-methoxy-6-(3-methylpyridin-2-yl)pyridine-3-carbonitrile - bis-
hydrochloride monohydrate

To a mixture of tert-butyl 4-(3-cyano-2-methoxy-6-(3-methylpyridin-2-yl)pyridin-4-
yl)phenylcarbamate (33) (615 mg, 1.48 mmol) in dichloromethane (7 mL) and methanol (3 mL)
was added a 4N solution of HCI in 1,4-dioxane (3.75 mL). The reaction was stirred for 3 days.
The mixture was filtered, then the solid was washed with dichloromethane (10 mL), to give 4-(4-
aminophenyl)-2-methoxy-6-(3-methylpyridin-2-yl)pyridine-3-carbonitrile bis-hydrochloride mono-
hydrate (19) (572 mg, 99%) as a white solid. LC-MS: 317.4 [M+H]*. *H NMR (300 MHz, DMSO-
ds) & 8.62-8.69 (m, 1H), 8.09 (d, J=7.62 Hz, 1H), 7.82 (s, 1H), 7.75 (d, J=8.20 Hz, 2H), 7.66 (dd,
J=4.98, 7.91 Hz, 1H), 7.28 (d, J=8.20 Hz, 2H), 4.09 (s, 3H), 2.65 (s, 3H). HRMS: Found:
317.1409; Expected: 317.1402. Microanalysis: Found: C, 56.40%, H, 4.92%, N, 13.57%;

Expected: C, 56.03%, H, 4.95%, N, 13.76%.

Compound 2: 4-(4-Fluorophenyl)-2-methoxy-6-(4-methoxyphenyl)pyridine-3-carbonitrile.
Obtained following the procedure reported in Scheme 1. LC-MS: 335.1 [M+H]*. *H NMR (300
MHz, DMSO-ds) 6 8.25 (d, J=8.79 Hz, 2H), 7.70-7.93 (m, 3H), 7.43 (t, J=8.79 Hz, 2H), 7.08 (d,

J=8.20 Hz, 2H), 4.13 (s, 3H), 3.84 (s, 3H). HRMS: Found: 335.1190; Expected: 335.3516.

Compound 3: 4-(4-Fluorophenyl)-2-methoxy-6-(3-methoxyphenyl)pyridine-3-carbonitrile.
Obtained following the procedure reported in Scheme 1. LC-MS: 335.1 [M+H]". *H NMR (300
MHz, DMSO-ds) 6 7.72-8.06 (m, 6H), 7.35-7.63 (m, 3H), 7.00-7.22 (m, 1H), 4.15 (s, 3H), 3.85

(s, 3H). HRMS: Found: 335.1185; Expected: 335.3516.

Compound 4. 4-(4-Fluorophenyl)-2-methoxy-6-(2-methoxyphenyl)pyridine-3-carbonitrile.

Obtained following the procedure reported in Scheme 1. LC-MS: 335.1 [M+H]*. *H NMR (300
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MHz, CDCls) & 8.04 (dd, J=1.76, 7.62 Hz, 1H), 7.75 (s, 1H), 7.61-7.70 (m, 2H), 7.40-7.51 (m,
1H), 7.18-7.29 (m, 2H), 7.13 (t, J=7.62 Hz, 1H), 7.04 (d, J=8.79 Hz, 1H), 4.17 (s, 3H), 3.91 (s,

3H). HRMS: Found: 335.1174; Expected: 335.3516.

Compound 5. 6-tert-Butyl-4-(4-fluorophenyl)-2-methoxypyridine-3-carbonitrile. Obtained
following the procedure reported in Scheme 3. LC-MS: 285.5 [M+H]*. *H NMR (300 MHz,
DMSO-ds) 6 7.62-7.84 (m, 2H), 7.32-7.52 (m, 2H), 7.18 (s, 1H), 4.03 (s, 3H), 1.34 (s, 9H).

HRMS: Found: 285.1410; Expected: 285.3360.

Compound 8. 4-tert-Butyl-6-methoxy-[2,2']bipyridinyl-5-carbonitrile. Obtained following the
procedure reported in Scheme 3. LC-MS: 268.5 [M+H]*. 'H NMR (300 MHz, DMSO-ds) & ppm
8.75 (br. s.,1 H) 8.44 (d, J=7.62 Hz, 1 H) 8.17 (s, 1 H) 8.02 (t, J=7.03 Hz, 1 H) 7.54 (br. s., 1 H)
4.10 (s, 3 H) 1.48 (s, 9 H). HRMS: Found: 268.1433; Expected: 268.3336.

Compound 9. 2-(2-Methoxyethoxy)-4-(4-fluorophenyl)-6-phenylpyridine-3-carbonitrile. Obtained
following the procedure reported in Scheme 1. LC-MS: 349.1 [M+H]*. *H NMR (300 MHz,
DMSO-ds) 6 8.25 (dd, J=2.34, 6.44 Hz, 2H), 7.79-7.89 (m, 3H), 7.50-7.58 (m, 3H), 7.44 (t,
J=8.79 Hz, 2H), 4.64-4.81 (m, 2H), 3.72-3.85 (m, 2H), 3.30 (s, 3H). HRMS: Found: 349.1363;

Expected: 349.3782.

Compound 11. 2-Methoxy-6-phenyl-4-(pyridin-4-yl)pyridine-3-carbonitrile. Obtained following
the procedure reported in Scheme 1. LC-MS: 288.2 [M+H]*. *H NMR (300 MHz, DMSO-ds) &
8.75-9.05 (m, 2H), 8.29 (dd, J=2.34, 6.44 Hz, 2H), 7.95 (s, 3H), 7.49-7.68 (m, 3H), 4.10-4.25 (m,

3H). HRMS: Found: 288.1139; Expected: 288.3232.

Compound 12. 4-(4-Fluorophenyl)-2-methoxy-6-(pyridin-3-yl)pyridine-3-carbonitrile. Obtained
following the procedure reported in Scheme 1. LC-MS: 306.1 [M+H]*; *H NMR (300 MHz,

DMSO-ds) & 9.63 (s, 1H), 9.07 (d, J=8.20 Hz, 1H), 8.91 (d, J=4.69 Hz, 1H), 8.11 (s, 1H), 7.75-
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8.05 (m, 3H), 7.48 (t, J=9.08 Hz, 2H), 4.11-4.23 (m, 3H). HRMS: Found: 306.1024; Expected:

306.3137.

Compound 13. 4-(4-Fluorophenyl)-2-methoxy-6-(pyridin-4-yl)pyridine-3-carbonitrile. Obtained
following the procedure reported in Scheme 1. LC-MS: 306.1 [M+H]*; *H NMR (300 MHz,
DMSO-ds) 6 8.84-9.25 (m, 2H), 8.72 (d, J=4.10 Hz, 2H), 8.25 (s, 1H), 7.72-8.00 (m, 2H), 7.34-

7.62 (m, 2H), 4.15-4.27 (m, 3H). HRMS: Found: 306.1047; Expected: 306.3137.

Compound 14. 4-(4-Fluorophenyl)-2-methoxy-6-(pyridin-2-yl)pyridine-3-carbonitrile. Obtained
following the procedure reported in Scheme 1. LC-MS: 306.6 [M+H]*. *H NMR (300 MHz,
DMSO-ds) 6 8.71-8.80 (m, 1H), 8.50 (d, J=8.20 Hz, 1H), 8.12-8.18 (m, 1H), 8.01-8.11 (m, 1H),
7.76-7.86 (m, 2H), 7.58 (dd, J=5.27, 7.03 Hz, 1H), 7.38-7.51 (m, 2H), 4.18 (s, 3H). HRMS:

Found: 306.1031; Expected: 306.3137.

Compound 15. 4-(4-Fluoro-phenyl)-6-methoxy-3'-methyl-[2,2']bipyridinyl-5-carbonitrile.
Obtained following the procedure reported in Scheme 3. LC-MS: 320.5 [M+H]*. *H NMR (300
MHz, DMSO-ds) 6 8.60 (d, J=4.10 Hz, 1H), 7.87-7.99 (m, 2H), 7.76-7.87 (m, 3H), 7.38-7.58 (m,

3H), 4.11 (s, 3H), 2.67 (s, 3H). HRMS: Found: 320.1205; Expected: 320.3403.

Compound 16. 2-(Allyloxy)-4-(4-fluorophenyl)-6-(pyridin-2-yl)pyridine-3-carbonitrile. Obtained
following the procedure reported in Scheme 2. LC-MS: 332.5 [M+H]*. *H NMR (300 MHz,
DMSO-ds) 6 8.69-8.81 (m, 1H), 8.40-8.55 (m, 1H), 7.98-8.21 (m, 2H), 7.80 (t, J=6.15 Hz, 2H),
7.50-7.63 (m, 1H), 7.39-7.49 (m, 2H), 6.09-6.24 (m, 1H), 5.51 (d, J=17.57 Hz, 1H), 5.32 (d,

J=11.13 Hz, 1H), 5.10-5.19 (m, 2H). HRMS: Found: 332.1208; Expected: 332.3510 .

Compound 17. tert-Butyl 4-(2-(3-cyano-4-(4-fluorophenyl)-6-(3-methylpyridin-2-yl)pyridin-2-
yloxy)ethyl)piperazine-1-carboxylate. Obtained following the procedure reported in Scheme 2.

LC-MS: 518.7 [M+H]*. *H NMR (300 MHz, CDCl:) & 8.46-8.58 (m, 1H), 7.76 (s, 1H), 7.55-7.71
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(m, 3H), 7.10-7.32 (m, 3H), 4.46-4.70 (m, 2H), 3.33-3.49 (m, 4H), 2.77-2.98 (m, 2H), 2.64 (s,

3H), 2.40-2.60 (m, 4H), 1.43 (s, 9H). HRMS: Found: 518.2566; Expected: 518.6024.

Compound 22. 2-Methoxy-3-methyl-4,6-diphenylpyridine.

(2)-1,3-Diphenyl-3-(prop-2-ynylamino)prop-2-en-1-one

Step 1: A mixture of 1,3-diphenylprop-2-yn-1-one (200 mg, 0.97 mmol) and propargylamine (64
mg, 74 pL, 1.17 mmol) in methanol (2.6 mL) was heated at 60 °C for 6 hours. The mixture was
concentrated, and the residue was partitioned between ethyl acetate (30 mL) and brine (3 mL).
The organic layer was dried (NazSOa4) and concentrated. The crude material was purified by
column on silica (0-20% ethyl acetate: hexane), to give (2)-1,3-diphenyl-3-(prop-2-
ynylamino)prop-2-en-1-one (143 mg, 57%) as a pale yellow solid. LC-MS: 262.4 [M+H]*. 'H
NMR (300 MHz, CDCls) & 11.05-11.50 (m, 1H), 7.90 (d, J=7.03 Hz, 2H), 7.37-7.53 (m, 8H), 5.84

(s, 1H), 3.90-3.98 (m, 2H).

Step 2: A mixture of (2)-1,3-diphenyl-3-(prop-2-ynylamino)prop-2-en-1-one (50 mg, 0.19 mmol),
methanol (12 mg, 15 pL, 0.38 mmol), and NaOH (8 mg, 0.19 mmol) in DMSO (0.4 mL) was
stirred for 1.5 hours. The mixture was treated with water (10 mL) and was extracted with ethyl
acetate (3 x 15 mL). The combined organic extracts were dried (Na2S0O4), and concentrated.
The crude material was purified by column on silica (0-5% ethyl acetate: hexane), to give 2-
methoxy-3-methyl-4,6-diphenylpyridine (22) (19 mg, 36%) as a clear gum. LC-MS: 276.4
[M+H]*. *H NMR (300 MHz, CDCls) & 8.08 (d, J=7.03 Hz, 2H), 7.34-7.51 (m, 8H), 7.29 (s, 1H),

4.12 (s, 3H), 2.17 (s, 3H). HRMS: Found: 276.1400; Expected: 276.3523.
Compound 23. 4-(4-Fluorophenyl)-2-methoxy-6-(pyridin-2-yl)pyridine-3-carboxamide.

A mixture of 4-(4-fluorophenyl)-2-methoxy-6-(pyridin-2-yl)pyridine-3-carbonitrile (14) (50 mg,
0.16 mmol) in tert-butanol (0.5 mL) was treated with crushed potassium hydroxide (33 mg, 0.59

mmol). The mixture was heated in a sealed vessel at 95 °C for 2 hours. The reaction was
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treated with brine (2 mL), and water (10 mL). The mixture was extracted with 5% methanol in
dichloromethane (3 x 15 mL). The combined organic extracts were washed with brine (5 mL),
dried (NazS04), and concentrated. The crude material was purified by column on silica (0-5%
methanol: dichloromethane). The product was dissolved in CH2Cl2 (3 mL) and methanol (1 mL),
then was treated with 4N HCI in 1,4-dioxane (0.25 mL). The mixture was allowed to stand for 5
minutes, and then was concentrated to give 4-(4-fluorophenyl)-2-methoxy-6-(pyridin-2-
yl)pyridine-3-carboxamide (23) as the HCI salt (16 mg, 28%) as a pale yellow solid. LC-MS:
324.6 [M+H]*. H NMR (300 MHz, DMSO-ds) 5 8.66-8.80 (m, 1H), 8.49 (d, J=7.62 Hz, 1H),
8.04-8.18 (m, 1H), 7.95-8.04 (m, 1H), 7.88 (br. s., 1H), 7.59-7.72 (m, 2H), 7.50-7.59 (m, 1H),

7.28-7.41 (m, 1H). HRMS: Found: 324.1131; Expected: 324.3289.
Compound 24. 4-Ethoxy-2,6-diphenylpyrimidine-5-carbonitrile.

Step 1. A mixture of ethyl benzimidate.HCI (1.00 g, 5.39 mmol) in toluene (15 mL) was treated
with trimethylamine (1.20 g, 1.64 mL, 11.86 mmol). The reaction was stirred for 5 minutes, then
a solution of benzoyl chloride (0.76 g, 0.63 mL, 5.39 mmol) in toluene (4 mL) was added
dropwise. The reaction was stirred for 40 hours, then was filtered. The solid was washed with
toluene (10 mL), then the combined filtrates were concentrated, to give (Z)-N-(ethoxy(phenyl)
methylene)benzamide (1.25 g, 92%) as a viscous liquid, which was used without further
purification. *H NMR (300 MHz, CDCls) & 8.11-8.25 (m, 1H), 8.01 (d, J=7.03 Hz, 2H), 7.36-7.76

(m, 8H), 7.17-7.36 (m, 2H), 4.31-4.57 (m, 2H), 1.36-1.60 (m, 3H).

Step 2. To a mixture of 0.5 M sodium methoxide in methanol (9.87 mL, 4.94 mmol) and
methanol (7 mL) was added in one portion cyanoacetamide (0.42 g, 4.94 mmol). The mixture
was stirred for 5 minutes, then a solution of (2)-N-(ethoxy(phenyl)methylene)benzamide (1.25 g,
4.94 mmol) in methanol (3 mL) was added dropwise. The reaction was stirred for 4 days, then
was treated with sulfuric acid (0.15 mL). The mixture was stirred for 10 minutes, then was
filtered. The solid was washed with cold methanol (2 x 5 mL), and hexane (5 mL). The solid
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was treated with ethanol (50 mL), then was heated to boiling, and then was allowed to cool to
20 °C. The mixture was filtered, then the solid was washed with cold ethanol (2 x 5 mL), and
hexane (5 mL), to give 4-hydroxy-2,6-diphenylpyrimidine-5-carbonitrile (672 mg, 50%) as a

white solid. LC-MS: 274.5 [M+H]*. *H NMR (300 MHz, DMSO-ds) 6 8.16-8.33 (m, 2H), 7.89-

8.09 (m, 2H), 7.42-7.68 (m, 6H).

Step 3. 4-Ethoxy-2,6-diphenylpyrimidine-5-carbonitrile (24) was obtained following the
procedure reported in Scheme 2. LC-MS: 302.5 [M+H]*. *H NMR (300 MHz, DMSO-ds) & 8.42-
8.59 (m, 2H), 7.95-8.15 (m, 2H), 7.44-7.76 (m, 6H), 4.63-4.82 (m, 2H), 1.35-1.56 (m, 3H).

HRMS: Found: 302.1273; Expected: 302.3498.

SQOR Activity Assays

Recombinant human SQOR was expressed in E. coli BL21(DE3) cells and purified as
previously described®?4. Enzyme activity was measured using a 2,6-dichlorophenolindophenol
(DCIP) endpoint assay developed for high-throughput screening, as we recently reported?*22,
Briefly, reaction mixtures containing enzyme, substrates (HzS, sulfite, CoQ1) and inhibitors are
incubated in 96-well plates. The reactions are quenched after 60 s by addition of formaldehyde
to denature SQOR and N-ethylmaleimide to consume unreacted HzS, a step that prevents the
nonenzymic reduction of DCIP by H2S. DCIP is added after a 10 min incubation. The
absorbance at 600 nm is read 2 min after DCIP addition. For ICso determinations, different
concentrations of inhibitor are added to columns 3-10. Columns 1-2 and 11-12 are reserved for
negative and positive control reactions, respectively. SQOR is not added to negative control
wells. For each inhibitor concentration, fractional activity values were calculated and ICso values
and Hill slopes were determined using SigmaPlot 10 (Systat Software) and a four-parameter
logistic equation with top or bottom values of the sigmoidal curve anchored to 1 or O fractional

activity, respectively.
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Docking Studies

Docking of inhibitors into the previously identified CoQ-binding site in human SQOR?*
was conducted using GLIDE (Schrddinger Suite 2019-3; Schrodinger, LLC). The protein-
preparation wizard in Maestro 12.1.013 (Schrddinger Suite 2019-3) was used to prepare the
ligand-free protein (PDB:ID 6M06) for docking. The Builder and LigPrep tools in Maestro
12.1.013 were used to prepare compounds for docking, which was conducted using the extra
precision mode of Glide-XP?¢. Refinement of ligand-protein complexes was performed using
Prime refine mode?"28,

Docking studies were also conducted using the GOLD Suite of Programs (CSDC-
2019.1, CCDC Software Ltd., Cambridge, UK). The protein was prepared for docking and the
CoQ-binding cavity (delimited by atoms within 6 A of the binding site of DCQ) was defined using
the Gold Setup Wizard. Mercury was used to prepare compounds for docking. Docking was
conducted using Hermes and the GOLD High Accuracy Sampling and Scoring Protocol with
settings intended to produce diverse solutions with highly flexible ligands. Docking and rescore
were performed using GoldScore and CHEMPLP scoring functions, respectively. Docking
solutions were ranked, in part, based on Goldscore Fitness and PLP Fitness scores. In each
case, solution 1 was designated as the top-scoring pose and, in tests with 6 inhibitors, was
found to be very similar to that obtained with Glide.

Structural figures of models of SQOR-inhibitor complexes were prepared using Pymol
2.3.4.

Physicochemical and ADME/PK Properties of SAR Class A’ Lead Compounds
The aqueous solubility, mouse plasma protein binding, and Caco-2 permeability of 15
were determined by Alliance Pharma Inc. (Malvern, PA). The aqueous solubility, mouse plasma

protein binding, and Caco-2 permeability of 19 were determined by Pharmaron, Inc. (Beijing,

28



China). Mouse PK studies with 15 were conducted by Pharmaron, Inc. Values for tPSA and

clogP were calculated using ChemBioDraw Ultra Version 14.0.0.117.
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Figure S1LC/MS Analysis

LC/MS analysis of compound 1
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LC/MS analysis of compound 3
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LC/MS analysis of compound 5
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LC/MS analysis of compound 7

10-May-201714:50:51
SB-4-23 2: Diode Array
6.57 321
2. Compound 7 Ranger 273
55
< 1
0 T CrEe T LB O B BB UL N LR W L (B VU T T LER ) P SR I LR ) R L G IR O
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
10-May-201714:50:51
SB-4-23 705 (6.521) 1: Scan ES+
100- 354.95 6.97e7
356.99
°\°.4
358.00
| 158.96 254.29293.99 o 639.29 683.56 774.48 981.19
c 7'4“ T 2135.0|3 ey [' L8 "l T T 'Jk?g‘al.’?'e ) 5°IB.361>'5'5'?'?§ [s'gglzsslog‘zf b T .' B B4 ; ¥ 17'4'1 :16'3' T 'I 8161'7I2\87I9.611 I'95? '95I l‘
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

LC/MS analysis of compound 8
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LC/MS analysis of compound 9
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LC/MS analysis of compound 11
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LC/MS analysis of compound 12
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LC/MS analysis of compound 13
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LC/MS analysis of compound 14
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LC/MS analysis of compound 15
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LC/MS analysis of compound 17
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LC/MS analysis of compound 19
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LC/MS analysis of compound 20

30-Aug-201714:03:29
SB-4-154 3: Diode Array
6.88 280
! Range: 2.873
20 Compound 20
2 l
< 1 |
w
3 |
ol LA
= T T T T T T T T Ll ey T T | d T T T T T T T T | A T T T T | i | b’ I T T
050 100 150 200 250 300 350 400 450 500 6550 600 650 700 750 800 850 9.00
SB-4-154 341 (6.877) 1: Scan ES+
100 317.57 3.80e7]
™
31859
| 319.61
157.07 ( 429.71 716.55 796.46 955.05
0-bL ., 21025 24725 28948 | 32056 3806141386,/ 50404 5638157748 6558966263 765.93 ... 88663.90002 TN 97987 .
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1

39



LC/MS analysis of compound 21
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LC/MS analysis of compound 23
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LC/MS analysis of compound 24

27-Nov-201715:12:39

3: Diode Array
SB-4-195 7.04 280
1 Range: 2.88
20 Compound 24
= |
< ]
1.0+
k!
! ) X
0.0+ P - - IBARGR pass s onaadd | srrrrpren T sy - ;
050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
5B-4-195 349 (7.033) 1 Scag 5:?;7
30254 .
100+
|
|
| |
|
‘ ]
i | I
=4 i
27445 |
. i
| [303.56
I
167.07 [ 665.75 975.65
0 7 21012 25459 38557416.51422.63 460.44492.34 53341 596.05 61012 . 6BB.94721.18727.84 80414 BE562874.19  926.53957.84 . .
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

41



Figure S2NMR Analysis

NMR analysis of compound 2
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H) 3.84 (s, 3 H)
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NMR analysis of compound 3
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NMR analysis of compound 5
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3.96971
1.25744

p.870"
éxo

SB-4-64
SAMPLE PRESATURATION
data Jun 82017 n 6
solvent dmso n Compound
file /home/FCwalkup/vnm
rsys/data/20170608_SB-4- SPECIAL
6401/SB-4-64_PROTON_01.f = B = =
id temp 25.0
32
20
ACQUISITION 0.008
— SRR = 13.700
47985 10.000
1.707
16384
2600 .
32 if n
d 1.000 in n
32 dp y
¢ 32 is nn
PROCESSING
fa not used
pwr 56 o
ow 6.850 -598.9
4797.9
DECOUPLER 59&:
ci3 -162.9
0 -77.3
nnn
W40_HCNSmm
42 - =
13100 # 234
5c 8
617 s
0
UL TR, L T R L L | T TT [P T T [0
13 12 11 10 9 8 & 6 5 4 3 2 b 0 -1 ppm
bptitg=tpd B e St '-1:
e 24 2 38 38a&8 E
¥ <5 Sk b,



NMR analysis of compound 8

$B-4-190
SAMPLE
date Jan 10 2018
t dmso
/home/FCwalkup/vnm

rsys/data/20180110_SB-4-

19001/SB-4-190_PROTON_01

ACQUISITION

fid

47985
1.707
16384
2600
32
1.000
32

32

H1
299.966
297.0

PRESATURATION

iode

SPECIAL

temp
gain

Compound 8

PEAK FREQUENCIES

Index intensity
1 9.8242
2 8.07689
3 8.35664
4 8.16557 16.0233
5 8.04645 4.74678
6 8.02302 7.99806
7 7.99959 3.76759
8 7.54265 7.51867
9 4.28939 15.3536
10 4.10193 48.4192
1. 24753 154.913
12 14794 132.235
13 1.38958 4.83415

"

3T T Te2ia7z | T BB T | T 083 T T TR TeF e T T T T T
4 809281 7.92213 0999
5 761631 8 746696 1 1001 4 1 ppm
6 414566 4.04609 3357
7 154979 1.42888 9.000
NMR analysis of compound 9
PRESATURATION
satmode n
wet n
SPECIAL Compound 9
temp 250
gain 30
spin 20
ACQUISITION hst 0.008
- — S pusd 13.700
s 47985 alla 10.000
at 1707
oo 16384 FLAGS
it 2600 —————— -
bs 32 il n
dat 1.000 n n
nt 32 dp y
ot 32 hs nn
PROCESSING
H1 {0} not used
299.966
2070 DISPLAY
o i e
pw 6.850 sp -598.9
p 4797.9
DECOUPLER i 5095
e ip [ f
dn c13 w -156.8
o 0 Ip -80.0
dm nnn
docwave  WAO_HCNSmm pLOT
dpwa 42
dimt 13100 we 234 [~ [ r
sC 8
vs 510 A Y o »
th o
al cde ph \ J
S 7 B e ) T L o e L B e T
13 12 11 10 9 8 6 5 4 3 2 0 -1 ppm
R R N
e ~ hd M N - N o wn
™ ™ ™~ @ ~N - - 0O
- o~ - “oN o o ﬂ o
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NMR analysis of compound 11

SB-4-62
SAMPLE PRESATURATION C
Jun 82017 satmode n ompound 1 1
dmso wet n
/home/FCwalkup/vnm
rsys/data/20170608_SB-4- SPECI

6201/SB-4-62_PROTON_01.f —— —
id femp 25.0
gain 34
spin 20 [
ACQUISITION hst 0.008
N ows0 13.700
SW 4798.5 alfa 10.000
at 1.707
np 16384 FLAGS
b 2600 P R ———— S
b 32 i n
dt 1.000 in n
nt 32 dp y
a 32 hs nn
-
PROCESSING 2
tn H1 f not used
strg 299.966
tot 297.0 DISPLAY
1pwr 56 e SESSS i
pw 6.850 8 -598.9
4797.9
DECOUPLER 599.5
Wi i i e G 0
h c13 -151.5
do o p -108.3
dm nnn
qecwave W40_HCNSmm PLOT
dpws 42 e RS S s 555
dmt 13100 we 234 |
st 8
i 321 —~ - 4 -~ —| — > o o
th
ai cdz ph
T
l\|||lll|l|ll][|l|l|IIIIIIIII|II|IIlIII|l|‘llllll|[lll]_|'|ll!‘!]l\I|lAIIIlIII|I'T|
13 12 11 10 9 8 # 6 5 4 3 2 ) 0 -1 ppm
e e o T el o =
no © o @ od o © ~
me o« 0 o ne o m Qo © -
NG o maom mo -J_.c o ;; o o o

NMR analysis of compound 12

SB-4-57
SAMPLE PRESATURATION
Jun 12017 n
dmso n Compound 12
/home/FCwalkup/vnm
rsys/data/20170601_SB-4- SPECIAL
5701/$B-4-57_PROTON_01.f
id temp 25.0
¥ 34
Sf 20
ACQUISITION 4 0.008
13.700
4798.5 10.000
1.707
16384 FLAGS
i 2600
32 n
1.000 n /
32 ¥ /
32 ! nn
TRANSMITTER PROCESSING
H1 fi not used
299.966
297.0 DISPLAY |
56
6.850 -598.9 r [
W 47979 { !
DECOUPLER it 599.5 /
: ||
c13
] i
i nnn i
Jeows W40_HCNSmm PLOT
v 42
fiat 13100
/
/ -
| J 2
W E |
L e L L o T ) LIRS A L2 L L I S O e L (L
13 12 11 6 3 2 1 0 -1 ppm
S T s . 5% b
v o o ~o® - s
N &~ 9 e oM ~ ”
N o wo c oo - c
B g ~
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NMR analysis of compound 13

S$B-5-54
SAMPLE PRESATURATION
May 31 2017 n Compound 13
SOl dmso n
fif2 /home/FCwalkup/vam
rsys/data/20170531_SB-5- SPECIAL
5401/SB-5-54_PROTON_01.f 5
id 25.0
34
20
ACQUISITION 0.008
13.700
4798.5 10.000
1.707
16384 FLAGS
L 2600
S 32 n
1.000 n
32 y
32 nn
TRANSMITTER PROCESSING i
H1 e not used
209.966
297.0 DISPLAY
56
6.850 sn
DECOUPLER f
c13 f
0
T nnn
W40_HCNSmm PLOT
¥ 42
tmt 13100 /
a= / —_
M
A 7
N I [ s 7 R T 7 I T3 S L B e o 2 LR
13 12 11 10 9 8 7 6 1 0 -1 ppm
e W 5 5 T T B i - e
-« <« oMo w O @ ™~ O 0 TNO w -~ 9 (2] -
! 2 M QOW~O © o 0 © o won - o~ o -
S o cumHo o o - 1n o coo o~ o o )
- - - 1 - | o~
NMR analysis of compound 14
SB-4-63
SAMPLE PRESATURATION
date Jun 132017 samode n Compound 14
solvent dmso wet n
ife /home/FCwalkup/vnm
rsys/data/20170613_SB-4- SPECIAL
6301/SB-4-63_PROTON_01.f ET Tk SO ==
id temp
gaiti
spin [
ACQUISITION hst
N pwsa .
sw 47985 alfa 10.000
at 1.707
ap 16384 FLAGS
o 2600 — W v
bs 32 il n
4 1.000 i n
Mt 32 dp y
« 32 hs nn
TRANSMITTER PROCESSING
m H1 fn not used
sfrg 299.966
tof 297.0 DISPLAY
tpwr 56 T N s
pw 6.850 sp -598.9
we 4797.9
DECOUPLER M 599.5
s LT i1} 0
dn c13 (i3 -165.4
ot 0 In -59.7
dm nnn
decwave W40_HCNSmm PLOT
dpw 42 25 g 5
dint 13100 we 234
s¢ 8 B
vs 499 —4 —_ — — | — —r
th [
al ede ph
) " *
lIlYIII'l[IlIIIIl\lllTWIIIlll‘llllllllllllIlllVll‘!llllII||I||||I||I[|I|II[IIII
13 12 A, 10 9 8 7 6 5 4 3 2 1 0 -1 ppm
I L e
N oWy~ o ONOY H @ T OM 0 0
N eNO H « ONFO ®m N o™ @
ArHomm < ovclio'éo c;:'o co
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NMR analysis of compound 15

$B-4-213
SAMPLE PRESATURATION
Dec 212017 satmodo n Compound 15
dmso wet n
/home/FCwalkup/vnm
rsys/data/20171221_SB-4- SPECIAL
21301/SB4-213_PROTON_01 A S
fid lemp 250
gain 38
spin 20
hst 0.008
. ( 13.700
4798.5 alfa 10.000
1.707
16384 FLAGS
2600 T .
32 i n
ait 1.000 i n
nt 32 y
o 32 nn
TRANSMITTER
tn H1 fn not used
shg 299.966
fof 297.0 DISPLAY
tpwr 56 i A
pw 6.850 50 -598.9
wp 4797.9
DECOUPLER ] 599.5
o m———— e ip 0 i~
dn c13 ip 1574 {-
dot 0 ip -97.9
dm nnn
dev W40_HCNSmm
dpwi 42 I
dmb 13100 234
8
283 5 1 A ~
’ I\
lllllll||[ﬂll\||l|I'IIII‘ITIITTYTTI'IIIT[IlIl[lllf]’lllllll|[l|llll|l||llll[llll
13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 ppm
o iy s b v v n Tl iy
) Ho o~ o m ~ ~ o o®
- me N @ 0 - © ©on
@ Mo o L s o cwvo
- - - =)
NMR analysis of compound 16
$B-4-215
SAMPLE PRESATURATION
. Compound 16
solvent wet n
fife /home/FCwalkup/vnm
rsys/data/20180103_SB-4- SPECIAL
21501/SB-4-215_PROTON_01 - 4 I
fid temp 25.0
gan 38
spin 20
ACQUISITION hst 0.008
T e pweo 13.700
W 4798.5 aifa 10.000
at 1.707
np 16384 FLAGS
fy 2600 == s
bg 32 it n
1 1.000 n n
nt 32 dp y
o 32 hs nn
PROCESSING
H1 fny not used
297.0 DISPLAY
56 e = SR
6.850 sp -598.9
wp 4797.9
DECOUPLER Ml 599.5
Yy 2B 3 e fin o
dn c13 n 1514 r
=
4 =d |~ -
T T
6 5 4 3 2 . 0 -1 ppm
L il e ol e b s e Le
-~ Moo o N ©o - 0 © 0 o
oo A Mm@ ® © o © N o< ~



NMR analysis of compound 17

Compound 17

r r
J
- o L N e <] £ o
’YII'ITI"YIT]"FTT]TIIYTTTI’YTIII||1]II]!III]IIII]Y||vl||ll[\l||||III|¥IIl||YII|IlI1
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 ppm
i e v Lot et b b L o
EIX $d V| 283% 87 5
o c;g ® w o o -s‘a'o‘aoc;s;ﬁ o
NMR analysis of compound 18
Compound 18
.
-

- #
II1TV|||II|I|I|]ITVII|Ill1IIII|Ip11|IYlIII‘TT]II'"|IIVI|lI|II‘IFI|TII|I YI||I’YI']'1I1FI
14 13 12 11 10 9 8 o 6 5 4 3 2 1 0 -1 ppm

by Ll - — g e t
Bi3h a3k @ 2 g 84 22 2
A <oH AH® @ = a a‘u':' < o
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NMR analysis of compound 19

'"H NMR (300 MHz, DMSO-d,) & ppm 8.67 (d, J=4.10 Hz, 1 H) 8.12 (d, J=7.62 Hz, 1 H) 7.82 (s, | H) 7.77 (d, /=8.20 Hz, 2 H) 7.68 (dd, J=7.62,
5.27Hz, 1 g) 7.33 (d, J=8.20 Hz, 3 H) 4.09 (s, 3 H)
1

SB-6-55_PROTON_0O MQ]_SS)
3
| Compound 19
uo2(c)
MOflg‘(dd)
Mo4(d)
MO3(s)
Jo JUt
8
o
& e e g g T Chemical Shift (pprm)
NMR analysis of compound 22
Compound 22
i d
4 J Al == j i (ST —_
JLJ Ju S .

VEEEN EERTIIBEEELE I EEN T EESEN EELEY EEEES LE EEN B EE A TR T R D e U R Y R R S
[ I f I I I T I I I I | I I I I

14 13 12 11 10 9 7 6 5 4 3 1 -1 ppm

oo
~own

ococo

0.14
17.52
0.14
0.26
17.50
-0.03
0.47{ o

]
o o
i
.

0



NMR analysis of compound 23

Compound 23

, ), 1| B v S Y |

U B L L N T T [N UL I T S N B (N U A L 70 RELTEL NS LT N L UL P T LR

13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 ppm
— e e ey — o
m o D~ o0 - e n o v o o
or M mo@ o~ o ™ @ )
A4S oHwod N @ ca o o -
w o~
NMR analysis of compound 24
$B-4-195
SAMPLE PRESATURATION
date Nov 29 2017 salmode n Comp ound 24
solvent dmso wet n
file /home/FCwalkup/vam
rsys/data/20171129_SB-4- SPECIAL
19501/SB-4-195_PROTON_01 e — 7
fid tomp 25.0
gain 38
spin 20
ACQUISITION hst 0.008
e e pwee 13.700
sW 4798.5 alfa 10.000
al 1.707
np 16384 FLAGS
b 2600 . . N
bs 32 it n
dt 1.000 in n (
U 32 dp y
ot 32 hs nn
TRANSMITTER PROCESSING
n H1 fiy not used
strq 299.966
tot 297.0 DISPLAY
towr 56 e Sl
pw 6.850 se -598.9
wp 4797.9
DECOUPLER dt 599.5
T T rp 0
dn Cc13 P 1515
do 0 p -80.7
dm nnn
decyave ‘W40_HCNSmm PLOT
dpwit 42 s
dmt 13100 ¥ 234
8
‘7§ - J |~ > —_
A k J LJ
lll‘]llllllfll‘IIII|Il!I[VllIIII!l]TIlI’VlII|II|I|YTri|}lllllllllllll]ll’lllll’l
13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 ppm
e - - il e R o
g - o - (=3 ” - © o @ W -
o © o - o L] T M ~ - -
I T o < o ) w o o
- ~ o
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Class A Class A'

’
EtO \CN F MeO \CN O

N

~Oyoy

g o] CN
HTS12411 RH00520 HTS07545
ICs0 = 9.4 nM ICs0 =21 nM . ICs0 = 30 nM
clogP =5.7 clogP = 5.1o i clogP = 5.2
tPSA = 45 A2 tPSA=45A2 | tPSA = 72 A2

QJ J &
® A
NI RS N# | Nl S N= | N| =N
CN CN O 0% >NH; F CN
20 21 22 23 24

ICs0: 132 £ 6.4 nM IC50: 5343 nM  ICs0: 437 £62nM  ICso: 16200 + 6400 nM  IC50: 121 £6.1 nM
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NC._ _CN
CHO |
CH,(CN i
Oy ey A e
cl i P
cl MeO
25 26
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—4

| |
CHO | ) NCCH,COEt  Me N Me”
_N i
(o el et G
F Ac i l/ I/
27 28 HO ~ o
CN
. ~ CN .
18

30

O Me I A
NN i e AN
N =~ >

BocHN NT
32 | A

f_ MeO
28T ! CN

R
31

CHO
__~ 33,R=NHBoc
BocHN N g
19, R = NH,
@ @
N
Me” ¥
N | | :> NZ |
EtO,C” 07 ‘ MeO”
CN CN NH,
Hit Compound 19
HTS07545 IC50: 29 NM

clogP =5.2 clogP = 3.0
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