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General experimental procedures

All nonaqueous reactions were performed in flame-dried glassware under a nitrogen atmosphere. All
chemicals were purchased from commercial vendors and used as received unless otherwise specified.
Anhydrous tetrahydrofuran (THF) was distilled from benzophenone-sodium under N, before use.
Reactions were magnetically stirred and monitored by thin layer chromatography (TLC) with 250 pum
precoated silica gel plates or by mass spectrometry with an Advion S-CMS (ASAP Probe). Reactions
requiring heating were heated in an oil bath. TLC plates were visualized using a UV lamp (254 nm). 'H NMR
and 3C NMR high resolution nuclear magnetic resonance spectra were recorded on a Varian Mercury Plus
400 (400 MHz/101 MHz) or Varian Unity Inova 500 (500 MHz/126 MHz) spectrometers at room
temperature. Chemical shifts are reported relative to CDCls (6 7.26) for *H NMR and TMS (& 0.00) for 3C
NMR. Proton and 3C and 'H NMR spectra were obtained in suitable deuterated solvents. IR spectra were
recorded as thin films (PerkinEImer Spectrum 100 FT-IR Spectrometer). High-resolution mass spectra were
obtained on a Thermo-Electron LTQ-FT 7T Fourier transform ion cyclotron resonance (FT-ICR)
spectrometer with an atmospheric pressure chemical ionization (APCI) source with direct infusion run in

positive ion mode at 5 kV.

S3



General imidazole synthesistti2l;

OMe OMe
S._NC LIHMDS s N
Vi
RCN INH
R

A THF solution of LIHMDS (1.0 M, 1.1 eq.) was added dropwise to a -78 °C, THF solution of Asmic® (0.10
M, 1.0 eq.). After 5-10 min, the nitrile or formimidate (1.1 eq.) was added either neat or as a THF solution
to the resulting yellow solution. The reaction was maintained at -78 °C for 1-2 h, after which the cooling
bath was removed and the reaction was allowed to warm to room temperature. After 1-2 h, saturated,
aqueous NH,4Cl (buffered with NH,OH; pH 7) was added, the phases were separated, and then the aqueous
phase was extracted with EtOAc (x3). The combined organic phase was dried (Na;S0.), concentrated, and
then the crude imidazole was purified on a Reveleris X2 MPLC purification system using a silica gel

cartridge.

OMe 4-((2-Methoxyphenyl)thio)-5-propyl-1H-imidazole (7a) was prepared following the
S<_-N
©/ \ I\?H general imidazole procedure using LIHMDS (0.10 mL, 0.10 mmol), Asmic®® (16 mg, 0.09
, mmol), and butyronitrile (7 mg, 0.10 mmol). Purification by MPLC (4 g-silica gel
a
cartridge, EtOAc/hexanes 0:100 to 100:0) furnished 22 mg (99%) of the imidazole 7a as white solid: mp
134-135 °C; IR (ATR) 2928, 1579 cm™*; 'H NMR (400 MHz, CDCls) & 7.56 (s, 1H), 7.06 (td, J = 8.2, 7.5, 1.6 Hz,

1H), 6.81 (dd, J = 8.2, 1.2 Hz, 1H), 6.76 (td, J = 7.6, 1.2 Hz, 1H), 6.61 (dd, J = 7.6, 1.6 Hz, 1H), 3.89 (s, 3H),

2.67 — 2.58 (m, 2H), 1.58 (h, J = 7.4 Hz, 2H), 0.84 (t, J = 7.4 Hz, 3H); **C NMR (101 MHz, CDCl;) § 155.2,

sS4



136.0, 127.1, 126.2, 126.0, 121.2, 110.3, 55.8, 29.7, 27.2, 22.9, 13.7; HRMS (+APCl) m/z [M+H] calcd for

Ci13H17N,0S 293.1318; found 293.1322.

OMe 5-(tert-Butyl)-4-((2-methoxyphenyl)thio)-1H-imidazole (7b) was prepared following

S
©/ | '\R_' the general imidazole procedure using LiIHMDS (0.26 mL, 0.26 mmol), Asmic® (43 mg,
7b 0.24 mmol), and pivalonitrile (22 mg, 0.26 mmol). Purification by MPLC (4-g silica gel
cartridge, EtOAc/hexanes 0:100 to 100:0) furnished 48 mg (76%) of the imidazole 7b as a white solid: mp
178-181 °C; IR (ATR) 2963, 1579, 1476 cm™’; 'H NMR (400 MHz, CDCl3) 6 7.58 (s, 1H), 7.07 (td, /= 8.2, 7.6,
1.6 Hz, 1H), 6.82 (dd, J = 8.2, 1.2 Hz, 1H), 6.79 (td, J = 7.8, 1.2 Hz, 1H), 6.56 (dd, J = 7.8, 1.6 Hz, 1H), 3.90 (s,

3H), 1.39 (s, 9H); *C NMR (101 MHz, CDCl5) § 155.1, 134.9, 126.4, 126.0, 121.3, 110.3, 55.9, 30.2; HRMS

(+APCl) m/z [M+H] calcd for C14H19N,0S 263.1213; found 263.1215.

OMe 5-Cyclopropyl-4-((2-methoxyphenyl)thio)-1H-imidazole (7c) was prepared following
S._-N

| l\?H the general imidazole procedure using LiIHMDS (0.18 mL, 0.18 mmol), Asmic® (30 mg,

7e 0.17 mmol), and cyclopropanecarbonitrile (13 mg, 0.18 mmol). Purification by MPLC

(4g-silica gel cartridge, EtOAc/hexanes 0:100 to 100:0) furnished 36 mg (88%) of the imidazole 7c as a

white solid: mp 166 °C; IR (ATR) 3059, 2835, 1579 cm®; *H NMR (400 MHz, CDCl5) & 7.60 (s, 1H), 7.17 -

7.07 (m, 1H), 6.90 — 6.77 (m, 2H), 6.74 —6.66 (m, 1H), 3.92 (s, 3H), 2.09 — 1.99 (m, 1H), 0.92 — 0.85 (m, 4H);

3C NMR (101 MHz, CDCl3) 6 155.2, 136.0, 126.9, 126.3,126.0, 121.2,110.3, 55.8, 22.9, 13.8; HRMS (+APCl)

m/z [M+H] calcd for C13H1sN20S 247.0900; found 247.0901.
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OMe 5-Cyclohexyl-4-((2-methoxyphenyl)thio)-1H-imidazole (7d) was prepared following
S

©/ | '\ri?H the general imidazole procedure using LIHMDS (0.16 mL, 0.16 mmol), Asmic® (26 mg,
g 0.15 mmol), and cyclohexanecarbonitrile (18 mg, 0.16 mmol). Purification by MPLC (4g-

silica gel cartridge, EtOAc/hexanes 38:62 to 100:0) furnished 28 mg (67%) of the imidazole 7d as a
colorless-light yellow oil: IR (ATR) 2852, 1579 cm™;*H NMR (400 MHz, CDCl3) § 7.62 (d, J= 0.9 Hz, 1H), 7.18
—-6.99 (m, 1H), 6.84 — 6.80 (m, 1H), 6.77 (tt, J = 7.5, 1.1 Hz, 1H), 6.59 (dt, J = 7.7, 1.3 Hz, 1H), 2.87 (tt, J =
13.0, 12.3, 3.2 Hz, 1H), 1.74 (td, J = 13.0, 12.3, 3.2 Hz, 4H), 1.66 (g, / = 13.0, 3.2 Hz, 2H), 1.50 (qd, J = 13.0,
12.3, 3.2 Hz, 2H), 1.31 (tt, J = 13.2, 3.6 Hz, 2H), 1.18 (qt, J = 13.2, 12.3, 3.6 Hz, 1H); *C NMR (101 MHz,

CDCls) 6 155.2, 136.1, 127.0, 126.3, 126.1, 121.2, 110.9, 55.8, 35.1, 32.8, 26.4, 25.8; HRMS (+APCl) m/z

[M+H] calcd for C16H20N,0S 289.1369; found 289.1368.

OMe 5-(Adamantan-1-yl)-4-((2-methoxyphenyl)thio)-1H-imidazole (7e) was prepared

N
©/ | N\> following the general imidazole procedure using LIHMDS (0.14 mL, 0.14 mmol), Asmict!
H
7e (24 mg, 0.13 mmol), and 1-adamantanecarbonitrile (24 mg, 0.15 mmol). Purification by
MPLC (4g-silica gel cartridge, EtOAc/hexanes 51:49 to 100:0) furnished 26 mg (57%) of the imidazole 7e
as an off-white solid: mp 204 °C; IR (ATR) 2904, 1666, 1577 cm™%; *H NMR (400 MHz, CDCl5) § 7.55 (s, 1H),
7.06 (td, J = 8.1, 7.4, 1.6 Hz, 1H), 6.81 (dd, J = 8.1, 1.2 Hz, 1H), 6.78 (td, J = 7.8, 1.2 Hz, 1H), 6.54 (dd, J =
7.8, 1.6 Hz, 1H), 3.89 (s, 3H), 2.08 (d, J = 3.0 Hz, 6H), 1.98 (t, J = 3.0 Hz, 3H), 1.70 (t, J = 3.0 Hz, 6H); 3*C NMR

(101 MHgz, CDCIs) 6 155.1, 135.1, 127.6, 126.3, 125.7, 121.2, 110.2, 55.9, 41.4, 36.5, 34.3, 28.5; HRMS

(+APCl) m/z [M+H] calcd for CaoH24N,0S 341.1682; found 341.1681.
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OMe 4-( (2-Methoxyphenyl)thio)-5-phenyl-1H-imidazole (7f) was prepared following the
S

©/ | r:?_l general imidazole procedure using LIHMDS (0.23 mL, 0.23 mmol), Asmic® (39 mg, 0.22
mmol), and benzonitrile (25 mg, 0.24 mmol). Purification by MPLC (4g-silica gel

7f
cartridge, EtOAc/hexanes 0:100 to 100:0) furnished 57 mg (93%) of the imidazole 7f as a white solid: mp
171-174 °C; IR (ATR) 2836, 1578, 1476 cm™; *H NMR (400 MHz, CDCl5) 6 7.98 — 7.90 (m, 2H), 7.74 (s, 1H),
7.40-7.33 (m, 2H), 7.31-7.27 (m, 1H), 7.16 — 7.09 (m, 1H), 6.89 — 6.84 (m, 1H), 6.82 — 6.75 (m, 2H), 3.90

(s, 3H); 3C NMR (101 MHz, CDCls) § 136.9, 128.4, 127.7, 127.2, 127.0, 121.5, 110.7, 55.9; HRMS (+APClI)

m/z [M+H] calcd for C16H15sN20S 283.0900; found 283.0901.

OMe 4-((2-Methoxyphenyl)thio)-5-(4-(trifluoromethyl)phenyl)-1H-imidazole (7g) was
S N
©/ | l\?H prepared following the general imidazole procedure using LIHMDS (0.12 mL, 0.12

mmol), Asmic® (20 mg, 0.11 mmol), and 4-(trifluoromethyl)benzonitrile (21 mg, 0.12

F3C
79
mmol). Purification by MPLC (4g-silica gel cartridge, EtOAc/hexanes 40:60 to 100:0)

furnished 30 mg of the imidazole 7g as white solid: mp 148-149 °C; IR (ATR) 2937, 1620, 1580 cm™; *H
NMR (400 MHz, CDCl5) 6 8.13 (d, J = 8.2 Hz, 2H), 7.80 (s, 1H), 7.60 (d, J = 8.2 Hz, 2H), 7.17 (dddd, J = 8.2,
6.9, 2.0, 0.9 Hz, 1H), 6.89 (dt, J = 8.2, 1.0 Hz, 1H), 6.81 (tt, /= 7.8, 6.9, 1.0 Hz, 1H), 6.78 (ddd, J = 7.8, 2.0,
0.7 Hz, 1H), 3.91 (s, 3H); 3 C NMR (101 MHz, CDCl5) § 156.0, 137.3, 129.3 (g, /=32 Hz), 127.6,127.5, 127.1,
125.6, 125.3 (q, J = 3.7 Hz), 124.2, 122.9, 121.6, 110.9, 56.0; HRMS (+APCl) m/z [M+H] calcd for

Ci17H14F3N>0S 351.0773; found 351.0777.
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OMe 5-(4-Methoxyphenyl)-4-((2-methoxyphenyl)thio)-1H-imidazole (7h) was prepared
S N
©/ | N?—l by the general imidazole procedure using LIHMDS (0.13 mL, 0.13 mmol), Asmic®! (22

mg, 0.12 mmol), and 4-methoxybenzonitrile (18 mg, 0.14 mmol), with the

MeO
7h

modification that the reaction was allowed to stir for 3 h at -78 °C before removal
from the cooling bath. Purification by MPLC (4g-silica gel cartridge, EtOAc/hexanes 0:100 to 100:0)
furnished 25 mg (65%) of the imidazole 7h as an off-white solid: mp 194-196 °C; IR (ATR) 1577, 1508, 1476
cm™;*H NMR (400 MHz, CDCl3) 6 7.87 — 7.82 (m, 2H), 7.70 (s, 1H), 7.11 (ddd, J = 8.1, 7.1, 1.9 Hz, 1H), 6.90
—6.86 (m, 2H), 6.85 (dd, /= 8.1, 1.0 Hz, 1H), 6.79 (td, /= 7.4, 1.0 Hz, 1H), 6.74 (dd, J = 7.4, 1.9 Hz, 1H), 3.90
(s, 3H), 3.79 (s, 3H); 3C NMR (101 MHz, CDCl3) 6 159.2, 155.7, 136.7, 128.3, 126.9, 126.8, 121.5, 113.8,

110.6, 55.9, 55.3; HRMS (+APCI) m/z [M+H] calcd for C17H17N,0,S 313.1005; found 313.1012.

OMe 5-(4-Fluorophenyl)-4-((2-methoxyphenyl)thio)-1H-imidazole (7i) was prepared

S
| N\>H following the general imidazole procedure using LIHMDS (0.26 mL, 0.26 mmol), Asmic"®!
(44 mg, 0.25 mmol), and 4-fluorobenzonitrile (33 mg, 0.26 mmol). Purification by MPLC
" (4g-silica gel cartridge, EtOAc/hexanes 0:100 to 100:0) furnished 50 mg (59%) of the
imidazole 7i as a light orange solid: mp 165 °C; IR (ATR) 1608, 1579, 1506 cm%; *H NMR (400 MHz, CDCls)
67.88—-7.78 (m, 2H), 7.61 (s, 1H), 7.10 (ddd, J = 8.2, 7.3, 1.7 Hz, 1H), 7.03 - 6.93 (m, 2H), 6.82 (dd, J = 8.2,
1.2 Hz, 1H), 6.77 (td, J = 7.6, 1.2 Hz, 1H), 6.70 (dd, J = 7.6, 1.7 Hz, 1H), 3.85 (s, 3H); 3C NMR (101 MHz,
CDCl3) 6 162.4 (d, YJcr = 247.1 Hz), 155.8, 137.0, 128.8, 128.8, 127.2, 127.1, 121.5, 115.3 (d,Jc.r = 22 Hz),

110.7, 55.9; HRMS (+APCI) m/z [M+H] calcd for C16H14FN>0S 301.0805; found 301.0805.
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OMe 5-(4-Chlorophenyl)-4-((2-methoxyphenyl)thio)-1H-imidazole (7j) was prepared
S._N
©/ \ r\?-l following the general imidazole procedure using LIHMDS (0.16 mL, 0.16 mmol), Asmic!®

(27 mg, 0.15 mmol), and 4-chlorobenzonitrile (23 mg, 0.17 mmol). Purification by MPLC
Cl ;

! (4g-silica gel cartridge, EtOAc/hexanes 0:100 to 100:0) furnished 38 mg (80%) of the
imidazole 7j as an off-white solid: mp 189-190 °C; IR (ATR) 1579, 1477 cm™; *H NMR (400 MHz, CDCl3) &
7.94 (d, J=8.2 Hz, 2H), 7.78 (s, 1H), 7.35 - 7.29 (m, 2H), 7.16 (td, J= 8.1, 7.3, 1.8 Hz, 1H), 6.88 (dd, J = 8.1,
1.2 Hz, 1H), 6.80 (td, J = 7.5, 1.2 Hz, 1H), 6.75 (dd, J = 7.5, 1.8 Hz, 1H), 3.92 (s, 3H); *C NMR (101 MHz,

C2D6SO-CDCl3) 6 145.0, 137.9, 132.9, 128.3, 128.1, 126.7, 126.3, 121.6, 110.5, 55.8; HRMS (+APCl) m/z

[M+H] calcd for C16H14CIN,OS 317.0510; found 317.0514.

OMe 5-(4-Bromophenyl)-4-((2-methoxyphenyl)thio)-1H-imidazole (7k)*! was prepared
S N
©/ \ N\>H following the general imidazole procedure using LIHMDS (0.19 mL, 0.19 mmol), Asmic"®!

(32 mg, 0.18 mmol), and 4-bromobenzonitrile (36 mg, 0.19 mmol). Purification by MPLC

Br 7k

(4g-silica gel cartridge, EtOAc/hexanes 0:100 to 100:0) afforded 39 mg (61%) of the
imidazole 7k as an off-white solid: mp 193 °C; IR (ATR) 1580, 1475 cm™; *H NMR (400 MHz, CDCl5) § 7.92
—7.86 (m, 2H), 7.80 (s, 1H), 7.52 — 7.43 (m, 2H), 7.16 (ddd, J = 8.3, 7.2, 1.8 Hz, 1H), 6.88 (dd, J = 8.3, 1.2
Hz, 1H), 6.80 (td, J = 7.7, 7.2, 1.2 Hz, 1H), 6.75 (dd, J = 7.7, 1.8 Hz, 1H), 3.92 (s, 3H); 3C NMR (101 MHz,
CDCls) 6 155.9, 137.0, 131.5, 128.5,127.5, 127.4, 121.7, 121.6, 110.8, 56.0; HRMS (+APCI) m/z [M+H] calcd

for C16H14BrN,OS 361.0005; found 361.0011.

S9



3-(4-((2-Methoxyphenyl)thio)-1H-imidazol-5-yl)-1-methyl-1H-indole
OMe (71) was prepared following the general imidazole procedure using LIHMDS (0.23 mL,
> \ N\> 0.23 mmol), Asmic®® (39 mg, 0.22 mmol), and 1-methylindole-3-carbonitrile (38 mg,
NH
\ 0.24 mmol). Purification by MPLC (4g-silica gel cartridge, EtOAc/hexanes 43:57 to
N
Me 7 100:0) furnished 58 mg (79%) of the imidazole 71 as a yellow-orange solid: mp 214 °C;
IR (ATR) 2161, 2031, 1577, 1474 cm™; *H NMR (400 MHz, CDCls) 6 8.13 (br's, 1H), 7.84 (s, 1H), 7.55 (s, 1H),
7.36-7.29 (m, 1H), 7.29 - 7.24 (m, 3H), 7.23 - 7.16 (m, 1H), 7.14 - 7.04 (m, 1H), 6.88 — 6.84 (m, 1H), 6.81
—-6.74 (m, 1H), 3.93 (s, 3H), 3.76 (s, 3H); *C NMR (101 MHz, CDCl5) 6 126.7, 121.5, 110.5, 55.9, 33.0; HRMS

(+APCI) m/z [M+H] calcd for C1sH1sN30S 336.1165; found 336.1167.

OMe 4-((2-Methoxyphenyl)thio)-1-phenyl-1H-imidazole (7m) was prepared following
S._N

\EN\> general imidazole procedure using LIHMDS (0.81 mL, 0.81 mmol), Asmic® (132 mg,

m " 0.74 mmol), and ethyl-N-phenylformimidate (121 mg, 0.81 mmol). Purification by

MPLC (4g-silica gel cartridge, EtOAc/hexanes 0:100 to 40:60) afforded 142 mg (69%) of the imidazole 7m
as an orange solid: mp 88 °C; IR (ATR)2 1577 cm™; *H NMR (400 MHz, CDCl3) & 7.97 (d, J = 1.4 Hz, 1H), 7.52
(d, J = 1.4 Hz, 1H), 7.51 — 7.46 (m, 2H), 7.41 — 7.36 (m, 3H), 7.14 — 7.09 (m, 1H), 7.08 — 7.04 (m, 1H), 6.87
- 6.80 (m, 2H), 3.91 (s, 3H); **C NMR (101 MHz, CDCls) § 155.6, 136.9, 136.8, 131.5, 130.0, 127.9, 127.8,

126.6, 126.3, 123.8, 121.3, 121.2, 110.5, 55.9; HRMS (+APCI) m/z [M+H] calcd for C16H15sN,0S 283.0900;

found 283.0900.

H N\ 5-Phenyl-1H-imidazole (8f). An aqueous slurry of Raney Nickel (50% (w/w) 2.5 mL) was
|

NH added to a methanolic solution (20 mL) of 4-((2-methoxyphenyl)thio)-5-phenyl-1H-

8f
imidazole (7f, 82 mg, 0.29 mmol). After 35 min, the slurry was filtered through celite and
then washed with several portions of methanol until the imidazole was not able to be detected in the

filtrate by TLC. The combined filtrate was filtered through a pad of silica, the solvent was evaporated in-

vacuo, and then the aqueous phase was extracted with EtOAc (x3). The combined organic layers were

S10



dried with (NaS04), concentrated, and purified by MPLC (4-g silica gel cartridge, EtOAc/hexanes 10:90 to
100:0) to furnish 27.0 mg (64%) of the imidazole 8f as a colorless solid with spectral properties consistent

with those exhibited by material previously synthesized.?

EN\> 1-Phenyl-1H-imidazole (8m). A methanolic solution (25 mL) of 4-((2-methoxyphenyl)thio)-1-

N phenyl-1H-imidazole (7m, 98 mg, 0.35 mmol) was added to an aqueous slurry of Raney Nickel
o @ (50% (w/w) 2.5 mL). After 15 min the slurry was filtered through celite washing with several
portions of methanol until the imidazole was not able to be detected by TLC in the filtrate. The methanol
was evaporated in-vacuo, and then largely aqueous phase was extracted with EtOAc (x3). The combined
organic phase was dried (Na,;SO.), concentrated, and purified by MPLC (4-g silica gel cartridge,
EtOAc/hexanes 10:90 to 100:0) to furnish 29.0 mg (58%) of the imidazole 8m as a colorless amorphous
solid with spectral properties identical to that exhibited by material previously synthesized:!®! *H NMR (400
MHz, CDCl3) 6 7.86 (s, 1H), 7.53 = 7.44 (m, 2H), 7.43 = 7.33 (m, 3H), 7.29 (s, 1H), 7.21 (s, 1H); *C NMR (126

MHz, CDCl3) 6 137.4, 135.6, 130.4, 129.9, 127.5, 121.5, 118.2.

S11
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