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GENERAL PROCEDURE

All commercially available reagents were purchased and used without further
purification, unless otherwise stated. Commercially available solvents (> 99.0%
purity) were used for column chromatography without any further purification.
Proton and carbon NMR spectra were recorded on a 400 MHz spectrometer.
Proton chemical shifts are reported in ppm (8) relative to residual DMSO-ds (2.49
ppm). Data are reported as follows: chemical shift (multiplicity [singlet (s), doublet
(d), doublet of doublets (dd), doublet of doublets of doublets (ddd), triplet (t),
quartet (g), quintet (p), sextet (h), multiplet (m)], coupling constants [Hz],
integration). Carbon chemical shifts are reported in ppm with the respective
solvent resonance as the internal standard (DMSO-ds, 39.52 ppm). Unless
otherwise noted, all NMR spectra were acquired at ambient temperature. Infrared
spectra (thin film) were recorded on a FT-IR, vmax (cm™) and are partially
reported. Analytical thin-layer chromatography (TLC) was performed using Silica
Gel 60 A F254 precoated plates (0.25 mm thickness). The following visualization
methods were used for monitoring reactions and column chromatography: UV
absorption by fluorescence quenching; Ninhydrin spray (Ninhydrin: acetic acid: n-
butanol/ 0.6g: 6mL: 200mL) or PMA stain (phosphomolybdic acid, H,SQO,). Flash
column chromatography was performed using Flash Silica Gel (32-63 micron).
Mass spectrometry data were collected on a UPLC/MS instrument equipped with
a reverse-phase C18 column (1.7 pm particle size, 2.1 x 50 mm), dual
atmospheric pressure chemical ionization (APIl)/electrospray (ESI) mass
spectrometry detector, and photodiode array detector.
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GENERAL PROCEDURE FOR THE SYNTHESIS OF BENZIMIDAZOLE ANALOGS

To a solution of commercially available carboxylic acid (1.0 equiv) in 30 mL of toluene or DMF was
added N-ethyldiisopropylamine (1.9 equiv) and the solution was stirred for 10 min at room
temperature. To the stirring solution, HBTU (2 equiv) was added and the reaction mixture stirred for
another 10 min. To the stirring reaction mixture, O-phenylenediamine (1 equiv) was added and stirred
for 3-4 hours. Thereafter, the reaction was heated under reflux for 3 hours. The reaction was cooled
to room temperature, after which the solvent was removed in vacuo in the case of toluene, but for
DMF, the reaction mixture was diluted with water and products were extracted using ethyl acetate
(EtOAc). The organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in
vacuo. The crude product was purified using column chromatography using hexanes/EtOAc in an
increasing polarity up to 1:1 mixture. The fractions containing the desired product were concentrated
and recrystallized in hexanes/EtOAc (1:1) to yield the product as a white solid. All the compounds
were characterized by 1D (*H and **C) NMR, FT-IR, and LC/MS.

tert-butyl (1H-benzo[d]imidazol-2-yl)methylcarbamate (15a)
(0]
>—NH N
N
H

White SO|Id 0.47 9, 91% R 0.22 (9:1/CH,Cl;:MeOH); IR: 3343.8, 2923.9, 1939.1, 1738.9,
1683.4, 1527.6cm*; 'H NMR (DMSO-dg, 400 MHz): 6 = 12.21 (s, 1H, NH) 8.33 (s 1H, NH)
7.48 (M, 2H, Ar-H), 7.14 (m, 2H, Ar-H), 4.37 (d, J=5.9Hz, 2H, CH,), 1.35 (S, 9H, C(CHs)a); 1
NMR (DMSO -ds, 100 MHz) & 156. 2,153.2,79.7, 78.7, 28.7. LC-MS: (ESID) m/z calculatedfor
C13H17N30, [M+H]" 248.14, observed 248.20.

tert-butyl (S)-1-(methoxycarbonyl)-2-(1H-benzo[d]imidazol-2-yl)ethylcarbamate (15b)

%4/{0
[¢]

O NH

TS0

N
15b

White solid, 0.40 gi 92%; R¢ 0.41 (9:1/CH,Cl,:MeOH); IR: 3300.1, 2979.8, 2618.5, 1888.4,
1676.4, 1650.9cm*; *H NMR (DMSO-dg, 400 MHz): 6 =12.21 (s, 1H, NH) 8.33 (s 1H, NH),
7.49 (m 2H, Ar-H), '7.27 (d, J=8.3Hz, 1H, Ar-H), 7.13 (m, 2H, Ar- H) 5.20 (q, J= 64Hz 1H,
CH), 3.11 (dd J=6.4, 64Hz 1H, CHZ) 3.06 (s, 3H, OCHy), 2.91 (dd, J=6.4, 6.4Hz, 1H, CHZ)
1.39 (s, 9H, C(CH3)3) 3C NMR (DMSO-dg, 100 MHz) 0 169.8, 155.9, 155.4, 125, 3, 122.1,
79.7, 78.7, 60.2, 46.7, 37.4, 37.1, 35.3, 28.7, 21.2. LC- MS: (ESI) m/z calculated for
C16H22N304 [M+H]" 320.16, observed 320.20.
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2-nonyl-1H-benzo[d]imidazole (15c)

NPT

15c¢

White solid, 0.24 g, 90%; R 0.47 (9:1/CH.Cl,:MeOH); IR: 2937.4, 2894.1, 2857.2, 2562.8,
1949.0, 1926.9, 1886.9, 1739.9cm™; *H NMR (DMSO-ds, 400 MHz): & = 12.17 (s, 1H, NH),
7.45 (m, 2H, Ar-H), 7.10 (m, 2H, Ar-H), 2.79 (t, 2H, CH), 1.75 (t, 2H, CH,), 1.24 (s, 12H,
CHs>), 0.85 (t, 3H, CH3); **C NMR (DMSO-ds, 100 MHz) & 155.6, 121.4, 31.8, 29.4, 29.2, 29.1,
29.0, 28.0, 22.6, 14.4. LC-MS: (ESI) m/z calculated for C16H2sN, [M+H]" 245.20, observed
245.20.

2-undecyl-1H-benzo[d]imidazole (15d)

Sass

15d

White solid, 0.449 g, 92%; R 0.24 (9:1/CH,Cl,:MeOH); IR: 3296.9, 2952.9, 2921.1, 2848.8,
2775.9, 1935.9, 1738.8cm™; *H NMR (DMSO-dg, 400 MHz): 3 = 12.18 (s, 1H, NH), 7.45 (m,
2H, Ar-H), 7.09 (m, 2H, Ar-H), 2.79 (t, 2H, CHy), 1.75 (t, 2H, CHy), 1.22 (s, 16H, CH>), 0.84 (t,
3H, CHs); **C NMR (DMSO-ds, 100 MHz) & 155.6, 122.1, 31.9, 29.7, 29.7, 29.7, 29.5, 29.4,
29.4, 29.4, 22.7, 14.1. LC-MS: (ESI) m/z calculated for C1gH2gN, [M+H]" 273.23, observed
273.20.

2-tridecyl-1H-benzo[d]imidazole (15€)

Qﬂ;@

White solid, 0.46 9 90%:; R 0.26 (9:1/CH,Cl>:MeOH); IR: 3048.6, 2952.9, 2919.5, 2849.0,
1897.4,1778.9cm; *H NMR (DMSO-ds, 400 MHz): & = 12.15 (s, 1H, NH), 7.45 (m, 2H, Ar-Hg,
7.10 (m, 2H, Ar-H), 2.78 (t, 2H, CH,), 1.75 (t, 2H, CH,), 1.26 (s, 21H, CHy;), 0.85 (t, 3H, CHa3);
BC NMR (DMSO-dg, 100 MHZz) 6 155.6, 122.1, 31.9, 29.7, 29.7, 29.7, 29.5, 29.4, 29.4, 29.4,
22.7, 14.1. LC-MS: (ESI) m/z calculated for CooHs3N, [M+H]" 301.26, observed 301.30.

2-phenethyl-1H-benzo[d]imidazole (15f)

N
7

N

H

15f

White solid, 1.1 g, %; R;0.24 (9:1/CH,Cl,:MeOH); IR: 3028.9, 2677.1, 1928.2, 1644.1, 1623.9,
1591.2cm™; *H NMR (DMSO-dg, 400 MHz): & = 12.26 (s, 1H, NH), 7.48 (m, 2H, Ar-H), 7.28
(m, 2H, Ar-H), 7.20 (m, 2H, Ar-H), 7.11 (m, 2H, Ar-H), 3.12 (s, 4H, (-CH>),); **C NMR (DMSO-
ds, 100 MHz) & 154.8, 141.5, 128.8, 128.8, 126.5, 33.8, 30.9. LC-MS: (ESI) m/z calculated for
CisH1sN2 [M+H]" 223.12, observed 223.10.

S4



Benzyl 1-((1H-benzo[d]imidazol-2-yl)methylcarbamoyl)-2-phenylethylcarbamate (15g)
[0}
N
g
HN

15g

White SOIId O 22 g, 68%; R; 0.38 (9:1/CH,CIl,:MeOH); IR: 3280.7, 1691.9, 1648.3, 1539.5,
1439.8cm™; H NMR (DMSO -dg, 400 MHz): 6 =12.21 (s, 1H, NH), 8.77 (d, J=5. OHZ 1H, NH)
8.33 (s, 1H, NH), 7.52 (m, J=8.2, 3H, Ar-H), 7.22 (m, 14H, Ar-H), 4.93 (m, 2H, CH,), 4.45 (S,
2H, CHy), 4.33 (m, 1H, CH), 3.095 (dd, J=3.4, 3.8Hz, 1H, CH,), 2.84 (dd, J=3.4, 3.8 Hz, 1H, -
CHz), C NMR (DMSO-ds, 100 MHz) 6 172.3, 156.4, 152.3, 138.6, 137.5, 129.7, 128.7,
128.5, 127.9, 126.7, 122.0, 79.7, 65.7, 49.1, 37.9, 37.7. LC-MS: (ESI) m/z calculated for
C25H25N403 [M+H]" 429.19, observed 429.20.

2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole (17a)

MeO N
\©j\>_</ D

N N

H H

17a

White solid, 0.46 9, 9; 92%:; R; 0.47 (9:1/CH,Cl>:MeOH); IR: 2991.5, 2829.5, 1705.8, 1674.6,
1623.9, 1602.3cm *; 'H NMR (DMSO-de, 400 MHz): & = 12.93 (s, 1H, NH), 11.86 (s, 1H, NH),
7.67 (d, J=7.2Hz, 1H Ar-H), 7.56 (d, 1H, Ar-H), 7.34 (dd, J=8.8, 88Hz 1H, Ar-H), 7.23 (m,
2H, Ar-H), 6.83 (dd =8.8, 8.8Hz, 1H, Ar- H), 3.79 (s, 3H, OCH3) 3C NMR (DMSO-dg, 100
MHz) 0 154.3, 146.7, 144.2, 135. 2 132 9, 129.4, 128.7, 122 9, 122.1, 118.9, 114.9, 114. 1
113.3, 113.2, 111.6, 102 2, 101 9, 55.7. LC-MS: (ESI) m/z calculated for C16H14N30 [M+H]"
264.11, observed 264.10.

5-fluoro-2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole (17b)

MeO N F
\©j\>_</ :©/
N N
H H

17b

White solid, 0.19 g; S 53%; R¢ 0.38 (1:1/hexanes:EtOAc); IR: 3437.4, 3036.9, 1866.5, 1620.4,
1605.2, 1576 2cm 1 'H NMR (DMSO-dg, 400 MHZz): 6 = 13.06 (s, 1H NH), 11.86 (s, 1H, NH)
759(s 1H, Ar-H), 741(5 1H, Ar-H), 7.35 (d, J=8.8Hz, 1H, Ar-H), 715(s 1H Ar-H), 706(t
J=7.9Hz, 2H Ar-H), 6.84 (dd, J=2.4, 2.4Hz, 1H, Ar-H), 3.78 (s, 3H, OCH3) CNMR(DMSO-
d6, 100 MHz) 0 154.3, 132.9, 129.1, 128.6, 114.2, 113.2, 102.2, 102.1, 55.7. LC-MS: (ESI)
m/z calculated for C16H13FN3O [M+H]" 282.10, observed 282.10.
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5-chloro-2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole (17c)

MeO N Cl
@f\>—</ Ij
N N
H H

17c

White solid, 0.21 9; 5 59%:; R; 0.47 (1:1/hexanes:EtOAC); IR: 3445.4, 2993.3, 2836.7, 1870.7,
1618.2, 1576.3cm *; *H NMR(DMSO -dg, 400 MHZz): 6 = 13.14 (s, 1H NH), 11.91 (s, 1H, NH)
7.69 (s, 1H, Ar-H), 765(dd J=8.6, 8.6Hz, 1H, Ar-H), 7.55 (dd, J= 8.6, 8.6Hz, 1H, ArH) 7.34
(d, J= 88Hz 1H, Ar-H), 7.23 (m, 2H, ArH) 684(dd J=2.4, 2.4Hz, 1H, Ar- H) 378(5 3H,
OCHsa); *°C NMR (DMSO-dg, 100 MHz) 0 154.3, 133.0, 128. 8, 128. 6 114.4, 113.2, 102. 4,
102.2, 79.7, 55.7. LC-MS: (ESI) m/z calculated for C16H13CIN30 [M+H] 298. 07, observed
298.10.

5-bromo-2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole (17d)

MeO N Br
\©j\>_</ D/
N N
H H

17d

White solid, 0.25 g; 7 70%:; R; 0.42 (1:1/hexanes:EtOAC); IR: 3315.3, 2938.2, 2832.4, 1738.1,

1628.0, 1569.4cm *: H NMR(DMSO -dg, 400 MHZz): 6 = 13.14 (s, 1H NH), 11.90 (s, 1H, NH)
7.8 (s, 1H Ar-H), 7. 71 (s, 1H, Ar-H), 7.60 (dd, J=8.6, 8.4Hz, 1H, Ar-H), 7.50 (dd, J=8.6, 8.4Hz,
1H, Ar-H), 7.35 (m, 2H, Ar- H}37-15 (dd, J=2.4, 1.7Hz, 2H, Ar-H), 6.83 (dd, J=2.4, 2.4Hz, 1H,
Ar- H) 3.79 (s, 3H, OCH C NMR (DMSO-dg, 100 MHz) & 154.3, 148.0, 147.7, 145.7,
143.3, 136.5, 1344 1330 128.7,125.6, 125.1, 121.1, 120.4, 115.1, 114.4, 113.2, 102.4,
102.2, 55.7. LC-MS: (ESI) m/z calculated for C1H13BrNzO [M+H]" 342.02, observed 342.10.

2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole-5-carbonitrile (17€)

MeO N CN
@35—( Ij
N N
H H

17e

White solid, 0.25 g, 70%; R 0.40 (1 1/hexanes EtOAC); IR: 3453.1, 3387.2, 3240.1, 2970.2,

2218.1, 1738.0, 1623.1, 1595.9cm™; *H NMR (DMSO -ds, 400 MHz) ® =13.49 (s, 1H, NH)

11.97 (s 1H, NH) 8.13 (s, 1H, Ar- H) 7.73 (d, J=7.1Hz, 1H, Ar-H), 7.61 (d, J=8.2Hz, 1H Ar-
H), 7.34 (d, J:8.8Hz, 1H, Ar-H), 7. 23 (s, 1H, Ar-H), 7. 15 (s, 1H, Ar-H), 6.85 (dd J=2.4,
2.4Hz, 1H, Ar-H), 3.79 (s, 3H, OCHs); 1*C NMR (DMSO-dg, 100 MHz) 0 154.3, 133.3, 128.6,
128.2, 120.5, 114.9, 113.4, 104.3, 103.4, 102.3, 55.7. LC-MS: (ESI) m/z calculated for
C17H13N4O [M+H]" 289.11, observed 289.10.

2-(5-methoxy-1H-indol-2-yl)-5-methyl-1H-benzo[d]imidazole (17f)

MeO N CHj3
@4 Ij
N N
H H

17f

White solid, 0.32 g, 89%; Ry 0.42 (9:1/CHCly: MeOH) IR: 3461.6, 3009.7, 2970.5, 1738.0,

1626.7, 1572.2cm+; *H NMR (DMSO-ds, 400 MHz): 6 = 12.75 (s, 1H, NH), 11.79 (s, 1H, NH),
7.52 (dd, J=8.2, 8.2Hz, 1H, Ar-H), 7.45 (s, 1H, Ar-H), 7.41 (dd, J=8.2, 8.2Hz, 1H, Ar-H), 7.33
(s, 1H, Ar-H), 7.13 (d, J=2.2Hz, 1H, Ar-H), 7.07 (s, 1H, Ar-H), 7.02 (m, 1H, Ar-H), 6.81 (dd,
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J=2.4, 2.4Hz, 1H, Ar-H), 3.78 (s, 3H, OCH3), 2.45 (s, 3H, -CHj); BCc NMR (DMSO-dg, 100
MHz) & 154.3, 146.6, 144.5, 133.2, 132.8, 131.0, 129.6, 124.4, 123.6, 118.6, 113.9, 111.3,
102.2, 101.6, 79.7, 55.7. LC-MS: (ESI) m/z calculated for C;7H16N3O  [M+H]"278.13,
observed 278.10.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-3-methylbutylcarbamate (19a)

X
Sisd

White solid, 0.48 g, 96%; R 0.40 (1:1/hexanes:EtOAC); IR: 3345.2, 2958.5, 1680.1, 1524.6,
1443.6, 1365.3, 1316.2cm™; 'H NMR (DMSO-dg, 400 MHz): & = 12.16 (s, 1H, NH), 7.50 (m,
2H, Ar-H), 7.30 (d, 1H, J=8.1Hz, Ar-H), 7.14 (m, 2H, Ar-H), 4.84 (m, 1H, CH), 3.37 (s, 1H,
NH), 1.74 (m, 2H, CH>), 1.60 (m, 1H, CH), 1.34 (s, 9H, C(CHs)3), 0.92 (s, 6H, C(CHs),); *°C
NMR (DMSO-dg, 100 MHz) & 156.6, 155.8, 143.5, 134.5, 122.1, 121.4, 118.9, 111.7, 78.5,
48.1, 43.5, 28.7, 24.8, 23.2, 22.3. LC-MS: (ESI) m/z calculated for C17H26N302 [M+H]" 304.20,
observed 304.20.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-methylbutylcarbamate (19b)

=,
HN«O

H

N
7

N

19b

White solid, 0.48 g, 96%; R¢ 0.56 (1:1/hexanes:EtOAC); IR: 3323.4, 2965.7, 1681.3, 1526.9,
1443.3, 1364.9, 1331.9cm™; *H NMR (DMSO-dg, 400 MHz): & = 12.17 (s, 1H, NH), 7.51 (m,
2H, Ar-H), 7.21 (d, 1H, J=8.8Hz, Ar-H), 7.15 (m, 2H, Ar-H), 4.64 (t, 1H, J=8.2Hz, CH), 3.39 (s,
1H, NH), 1.74 (m, 2H, CH,), 1.60 (m, 1H, CH), 1.34 (s, 9H, C(CHs3)3), 0.86 (d, 3H, J=2.2Hz,
C(CHs)), 0.74 (d, 3H, J=6.7Hz, C(CHs)); **C NMR (DMSO-ds, 100 MHz) & 156.0, 155.8,
155.5,121.9,118.9,111.8, 78.5, 54.4, 53.8, 38.8, 28.6, 26.2, 25.3, 16.0, 15.4,11.8, 11.5. LC-
MS: (ESI) m/z calculated for C17H26N30, [M+H]"304.20, observed 304.20.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-methylpropylcarbamate (19c)

v

(o]
H
N NH
N
19c¢c

White solid, 0.48 g, 94%; R; 0.56 (1:1/hexanes:EtOAc); IR: 3325.7, 2964.0, 1681.4, 1529.7,
1443.3, 1365.3, 1302.5cm™; *H NMR (DMSO-ds, 400 MHz): & = 12.16 (s, 1H, NH), 7.51 (m,
2H, Ar-H), 7.19 (d, 1H, J=8.8Hz, Ar-H), 7.14 (m, 2H, Ar-H), 4.57 (t, 1H, J=7.8Hz, CH), 3.37 (s,
1H, NH), 2.21 (m, 1H, C(CH)), 1.38 (s, 9H, C(CH3)3), 0.92 (d, 3H, J=5.4Hz, C(CH3)), 0.79(d,
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3H, J=5.2Hz, C(CHz); **C NMR (DMSO-ds, 100 MHz) & 155.9, 155.5, 121.6, 118.9, 111.7,
78.5,55.7, 32.6, 28.6, 19.7, 19.1. LC-MS: (ESI) m/z calculated for C16H24N30, [M+H]"290.19,
observed 290.20.

Tert-butyl 2-(1H-benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate (19d)

H
N
<

N N

5

19d

White solid, 1.0 g, 98%:; R; 0.38 (1:1/hexanes:EtOAc); IR: 2976.3, 1696.1, 1660.9, 1428.3,
1383.9, 1360.1, 1322.9, 1307.7cm™>; 'H NMR (DMSO-ds, 400 MHz): & = 8.34 (s, 1H, NH),
7.49 (m, 2H, Ar-H), 7.13 (m, 2H, Ar-H), 4.95 (dd, 1H, J=6.7, 3.6Hz, CH), 3.61 (m, 1H, CH,),
3.41 (m, 1H, CH,), 2.29 (m, 2H, CH>), 1.94 (m, 2H, CH,), 1.39 (s, 9H, C(CHas)3); *C NMR
(DMSO-dg, 100 MHz) & 157.5, 156.9, 154.3, 153.8, 121.7, 115.2, 79.7, 79.2, 78.8, 56.2, 55.7,
47.2, 46.9, 38.7, 33.7, 32.4, 28.6, 28.2, 24.3, 23.6. LC-MS: (ESI) m/z calculated for
C16H22N30, [M+H]" 288.17, observed 288.20.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-(4-(benzyloxy)phenyl) ethylcarbamate (19e)

=
HN«O

z zT
NS

x
=

White solid, 0.42 g, 84%; R; 0.40 (1:1/hexanes:EtOAc); IR: 3325.7, 2982.9, 1676.9, 1511.5,
1447.4, 1367.3, 1309.9, 1277.7, 1240.9, 1170.7, 1071.1, 1017.7, 962.1, 863.3, 813.8,
738.6cm™; *H NMR (DMSO-dg, 400 MHz): & = 12.22 (s, 1H, NH), 7.41 (m, 8H, Ar-H), 7.16 (m,
4H, Ar-H), 6.90 (d, 2H, J=7.7Hz, Ar-H), 5.04 (s, 2H, CH,), 4.95 (q, 1H, J=6.4Hz, CH2233.4O (s,
1H, NH), 3.29 (m, 1H, CH2), 3.02 (t, 1H, J=12.9Hz, CH), 1.32 (s, 9H, C(CH3)3); "°C NMR
(DMSO-dg, 100 MHZz) 6 157.4, 155.8, 155.6, 137.7, 130.7, 128.9, 128.2, 128.1, 114.9, 78.5,
69.6, 51.5, 28.6. LC-MS: (ESI) m/z calculated for C,7H30N303 [M+H]" 444.23, observed
444 .20.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-(benzyloxy) ethylcarbamate (19f)
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White solid, 0.42 g, 84%; Rf O 34 (1:1/hexanes:EtOAC); IR: 3295.8, 2869.7, 1687.7, 1532.4,
1454.2, 1366. 6, 1309.5cm™; *H NMR (DMSO-ds, 400 MHz): & = 12.29 (s, 1H NH), 7.52 (m
2H, ArH) 737(d 2H, J= 82Hz Ar-H), 7.29 (m, 4H, 7.4Hz, Ar-H), 7.16 (m, 2H Ar-H), 508
(m, 1H, CH), 4.53 (s, 1H NH), 3.86 (m, 2H, CH)), 3.38 (s, 2H CHy), 1.41 (s, 9H, C(CH3)3)
NMR (DMSO -dg, 100 MHz) 0 155.8, 153. 8 138.7, 128.6, 127. 9,78.8,72.4,71.4,49.7, 28. 7
LC-MS: (ESI) m/z calculated for C,1H26N303 [M+H]+ 368.20, observed 368.20.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-(benzylthio) ethylcarbamate (199)

7<
HN«
T o

199

White SO|Id 1 0 g, 98 %; R; 0.45 (1:1/hexanes:EtOAc); IR: 3316.1, 2980.9, 1672.6, 1515.4,
1441.1cm™; 'H NMR (DMSO -ds, 400 MHz): & = 12.32 (s, 1H, NH), 7.58 (d, 1H, J=7.4Hz, Ar-
H), 7.48 (m, 2H, Ar-H), 7.44 (m, 4H, Ar-H), 7.22 (m, 1H, Ar-H), 7.18 (m, 2H, Ar-H), 5.01 (q,
1H, J=6.6Hz, CH) 3.75 (s, 2H, CHZ) 311(dd 1H, J=6.2, 6.1Hz, CHy), 285(dd 1H, J=8.3,

8. 3Hz CHZ), 1.43 (s, 9H, C(CH3)3), 3C NMR (DMSO de, 100 MHz) 0 155.8, 154. 7 143.4,

138.8,134.6,129.4, 1288 127.3,122.5,121.7,119.1, 111.9, 78.9, 49.4, 35.7, 35.4, 28.7.LC:
MS: (ESI) m/z calculated for C23H26N30,2S [M+H]+ 384.17, observed 384.20.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-3-(benzyloxy) butylcarbamate (19h)

>
Sraa

19h

Whlte solid, 0.47 g, 94%; R¢0.40 (1:1/hexanes:EtOAc); IR: 3324.3, 2977.1, 1678.7, 1528.7cm’

'H NMR (DMSO -ds, 400 MHz): 6 =12.25 (s, 1H, NH), 7.49 (m, 2H, Ar H), 7.30 (d, 1H,
J= 9.4Hz, Ar-H), 7.18 (m, 6H, Ar-H), 7.03 (d, 1H, J= 89Hz Ar-H), 502(m 1H, CH), 4.94 (m
1H, CH), 4.47 (m, 2H, CHZ) 401 (m, 1H, NH), 337 (m, 2H, CH,), 1.34 (s, 9H, C(CHa3)3), 1.13
(d, 3H J=5.6Hz, CH3) 5C NMR (DMSO -ds, 100 MHz) & 155. 9, 154.1, 139. 1 138.9, 128.5,
127.9, 127.8, 127.7, 79.6, 78.9, 76.5, 76.4, 70.7, 70.5, 53.4, 28. 6, 17. 0 16.6. LC-MS: (ESI)
m/z calculated for C22H2gN3zO3 [M+H]+ 382.21, observed 382.20.

N*€-bis-tert-butyloxycarbonyl-lysine-benzimidazole (19i)
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White solid, 1.00 g, 96%; R 0.29 (1:1/hexanes:EtOAc); IR: 3317.9, 1693.9, 1677.2, 1530.9,
1439.8, 1393.0, 1364.3cm™; *H NMR (DMSO-ds, 400 MHz): & = 12.15 (s, 1H, NH), 7.50 (m,
2H, Ar-H), 7.28 (d, 1H, J=7.3Hz, Ar-H), 7.14 (m, 2H, Ar-H), 6.79 (s, 1H, NH), 4.73 (m, 1H,
CH), 3.37 (s, 1H, NH), 2.90 (m, 2H, CH>), 1.84, (m, 2H, CHy), 1.38 (s, 9H, C(CH3)3); **C NMR
(DMSO-dg, 100 MHz) & 156.3, 156.0, 155.8, 121.8, 78.6, 77.8, 49.9, 34.1, 29.6, 28.7, 28.7,
23.3. LC-MS: (ESI) m/z calculated for C2,H3sN4O4 [M+H]" 419.27, observed 419.30.

Tert-butyl 2-(phenoxycarbonyl)-1-(1H-benzo[d]imidazol-2-yl)ethylcarbamate (19j)

X
Seay
fig!

19j

White solid, 0.45 g, 90%; R 0.46 (1:1/hexanes:EtOAC); IR: 3320.1, 2980.3, 1737.4, 1679.4,
1524.8, 1440.8, 1391.5, 1367.3, 1337.2cm™*; *"H NMR (DMSO-dg, 400 MHz): 5 = 12.30 (s, 1H,
NH), 7.56 (d, 1H, J=8.00Hz, Ar-H), 7.47 (m, 2H, Ar-H), 7.31 (m, 5H, Ar-H), 7.16 (m, 2H, Ar-H),
5.21 (g, 1H, J=7.4Hz, CH), 5.10 (s, 2H, CH,), 3.40 (s, 1H, NH), 3.22 (m, 1H, CH,), 2.95 (m,
1H, CHy), 1.41 (s, 9H, C(CHsa)3); **C NMR (DMSO-dg, 100 MHz) 8 170.6, 155.5, 154.6, 136.6,
134.9, 128.8, 128.3, 128.1, 121.6, 119.1, 111.9, 79.7, 78.9, 65.9, 46.6, 38.6, 28.7. LC-MS:
(ESI) m/z calculated for C22H26N30,4 [M+H]+ 396.19, observed 396.20.

Tert-butyl 3-((benzyloxy)carbonyl)-1-(1H-benzo[d]imidazol-2-yl)propylcarbamate (19k)

19k

White solid, 0.40 g, 80%; R; 0.33 (1:1/hexanes:EtOAc); IR: 3312.3, 2977.1, 1737.5, 1677.3,
1525.8, 1453.8, 1391.4, 1366.9cm™; *H NMR (DMSO-dg, 400 MHz): & = 12.22 (s, 1H, NH),
7.57 (dd, 1H, J=6.9, 6.9Hz, Ar-H), 7.46 (dd, 1H, J=6.9, 6.9Hz, Ar-H), 7.39 (m, 5H, Ar-H), 7.15
(m, 2H, Ar-H), 5.08 (s, 2H, CHy), 4.85 (m, 1H, CH), 3.38 (s, 1H, NH), 2.49 (d, 2H, J=12.0Hz,
CHy), 2.29 (m, 1H, CHy), 2.09 (m, 1H, CH>), 1.40 (s, 9H, C(CH3)3); *°C NMR (DMSO-ds, 100
MHz) & 172.7, 155.8, 155.5, 143.4, 136.6, 134.7, 128.9, 128.4, 128.4, 122.3, 121.5, 119.0,

111.8, 79.7, 78.7, 65.9, 49.0, 30.6, 29.3, 28.7. LC-MS: (ESI) m/z calculated for Cy3H28N304
[M+H]" 410.21, observed 410.20.
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-carbamoylethylcarbamate (19I)

~

0

<s5s

o)
NH,
191

White solid, 0.48 g, 96%; R; 0.41 (1: 1/hexanes EtOAC); IR: 3296.2, 2983.9, 1728.0, 1676.4,
1526.9, 1446.2, 1394.7, 1371.1, 1303.5cm™; *H NMR (DMSO-ds, 400 MHz): & = 12.43 (s, 1H,
NH), 832(d 1H J= 12Hz NH) 7.79 (d, 1H, J=8.3Hz, Ar-H), 7.60 (dd, 1H, J=7.2, 7.4Hz, Ar-
H), 7.48 (dd, 1H, J=7.2, 7.4Hz, Ar-H), 7.19 (t, 1H, J= 76Hz Ar-H), 5.19 (m, 1H, CH), 3.39 (s,
2H, NHy), 3.13 (m 1H, CHZ) 1.44 (s, 9H, C(CH3)3) 3C NMR (DMSO-dg, 100 MHz) o 155.5,
152.9, 143.1, 134.9, 122.8, 121.8,119.2,118.8, 112.0, 79.6, 79.3, 46.5, 28.6, 22.5. LC-MS:
(ESI) m/z calculated for C15H»1N4O3 [M+H]" 305.16, observed 305.20.

1,2,3,4-Tetrahydro-1-oxo-pyrido[1,2a]benzimidazole (19m)

%)\QQ

19m

White solid, 0.48 g, 96%; R 0.53 (1:1/hexanes:EtOAC); IR: 3376 1, 2973.6, 1738.1, 1682.0,

1610.6, 1548.1, 1514.3, 1445.9, 1356.8, 1330.4, 1303.4cm™; 'H NMR (DMSO -de, 400 MHz)
o= 814(m 1H Ar-H), 771(m 1H, Ar-H), 756(d 1H, J= 85Hz Ar-H), 7.39 (m, 2H, Ar-H),
5.12 (m, 1H, CH) 3.04 (m, 1Hi NH) 2.88 (m, 1H, CH) 2.17 (m 2H, CH,), 1.45 (s 9H,
C(CH53)3), O. 92 (s, 6H, C(CH3)y); SCNMR (DMSO- d6, 100 MHz) & 169.6, 155.6, 155.5, 142.7,

131.6, 125.4, 125.3, 119.9, 115.2, 78.9, 45.9, 31.8, 28.7, 27.6. LC-MS: (ESI) m/z calculated
for C16H19N303 [M+H]" 302.15, observed 302.18.

Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-phenylethylcarbamate (19n)

19n

White solid, 1.0 g, 99%; R;0.40 (1: 1/hexanes EtOAc); IR: 3307.6, 1681.9, 1531.8, 1457.6,
1433.8, 1367.1, 1335.5, 1311.8cm™"; 'H NMR (DMSO-ds, 400 MHZ): & = 12.22 (s, 1H, NH),
7.51 (m, 1H, Ar-H), 7.40 (d, 1H, J=8.3Hz, Ar-H), 7.20 (m, 7H, Ar-H), 4.99 (m, 1H, CH), 3.36 (S,
1H, NH), 3.07 (t, 1H, J=11. 6Hz CHy), 1.21 (s, 9H, C(CHs)s); **C NMR (DMSO- de, 100 MHz) &
155.8, 155.6, 138.6, 138.9, 129.7, 128.5, 126.7, 78.5, 51.3, 28.6. LC-MS: (ESI) m/z calculated
for CooH24N30, [M+H]" 338.19, observed 338.20.
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Tert-butyl 2-(4-(benzyloxy)phenyl)-1-(5-chloro-1H-benzo[d] imidazol-2-yl)ethylcarbamate (20)

20

White solid, 0.45 g, 90%; R{ 0.47 (7:3/hexanes:EtOAc); IR: 3318.2, 2930.1, 1675.5, 1607.9,
1510.4, 1445.3, 1371.1cm™*; *H NMR (DMSO-dg, 400 MHz): 6 = 12.41 (s, 1H, NH), 8.15 (s,
1H, Ar-H), 7.82 (m, 1H, Ar-H), 7.71 (m, 1H, Ar-H), 7.48 (m, 9H, Ar-H), 7.11 (m, 4H, Ar-H),
5.05 (m, 1H, CH), 3.37 (s, 2H, CH>), 3.27 (m, 1H, CH>), 3.01 (m, 1H, CH,), 1.31 (s, 9H,
C(CHa3)3); BC NMR (DMSO-dg, 100 MHz) & 157.4, 137.7, 130.7, 128.9, 128.2, 128.1, 118.4,
114.9, 78.6, 69.6, 28.6. LC-MS: (ESI) m/z calculated for C,7H29CIN3O3 [M+H]" 478.19,
observed 478.20.

Tert-butyl 2-(4-(benzyloxy)phenyl)-1-(5-bromo-1H-benzo[d] imidazol-2-yl)ethylcarbamate (21)

21

White solid, 0.46 g, 92%; R{ 0.47 (7:3/hexanes:EtOAC); IR: 3314.6, 2914.3, 1675.6, 1613.5,
1512.9, 1443.4, 1371.9cm™; *H NMR (DMSO-dg, 400 MHz): 6 = 12.44 (s, 1H, NH), 7.77 (s,
1H, Ar-H), 7.60 (d, J=8.3Hz, 1H, Ar-H), 7.48 (m, 7H, Ar-H), 7.15 (dd, J=8.1, 8.2Hz, 2H, Ar-H),
6.89 (dd, J=8.1, 8.2Hz, 2H, Ar-H), 5.05 (mi 1H, CH), 3.37 (s, 2H, CHy), 3.27 (m, 1H, CHy>),
3.01 (m, 1H, CH,), 1.31 (s, 9H, C(CHa3)3); 3C NMR (DMSO-dg, 100 MHz) 6 157.4, 155.7,
144.9, 137.7, 130.7, 133.7, 129.4, 128.9, 128.2, 128.1, 124.9, 121.4, 120.7, 114.9, 114.5,
78.6, 69.6, 51.5, 38.9, 28.6. LC-MS: (ESI) m/z calculated for C,7H29BrNzO3z [M+H]" 522.14,
observed 522.10.

Benzyl 1-(1H-benzo[d]imidazol-2-yl)-2-carbamoylethylcarbamate (22)

(o}

ey

0] 0]

|
N
22

White solid, 0.41 g, 82%; R; 0.40 (1:1/hexanes:EtOAc); IR: 3303.1, 1693.3, 1528.7, 1440.3,

1328.9cm™; *H NMR (DMSO-dg, 400 MHz): & = 12.52 (s, 1H, NH), 8.31 (d, 1H, J=9.2Hz, NH),
7.61 (dd, 1H, J=7.6, 7.6Hz, Ar-H), 7.49 (dd, 1H, J=7.6, 7.6Hz, Ar-H), 7.33 (m, 5H, Ar-H), 7.23
(m, 1H, Ar-H), 7.18(m, 2H, Ar-H), 5.27 (q, 1H, J=7.4Hz, CH), 5.13 (q, 2H, J=12.7Hz, CHy),
3.38 (s, 4H, NH», CH>), 3.33 (d, 1H, J=5.0Hz, CH), 3.18 (m, 1H); **C NMR (DMSO-dg, 100
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MHz) 6 156.3, 152.6, 143.0, 137.2, 135.0, 128.9, 128.4, 128.3, 122.9, 121.9, 119.2, 118.8,
112.0,66.4,47.0, 22.4. LC- MS: (ESI) m/z calculated for C18H19N40O3 [M+H] 339.15, observed
339.12.

Benzyl 1-(1H-benzo[d]imidazol-2-yl)-2-phenylethylcarbamate (23)

White solid, 1.0 g, 98% R¢ 0.54 (1:1/hexanes:EtOAC); IR: 3303.2, 1685.8, 1524.9, 1454.9,
1429.8, 1335.8cm’™’; 'H NMR (DMSO-dgs, 400 MHz): & = 12.33 (s 1H, NH) 7.99 (d, 1H,
J= 82Hz Ar-H), 753(m 2H, Ar-H), 725(m 13H, Ar-H), 5.00 (q, 2H, J= 127Hz CH), 340(5
4H, CH,), 3.11 (t, 1H, J=12.0Hz, NH); 23C NMR (DMSO-ds, 100 MHz) 5 156.3, 155.5, 138.6,
137.5, 129.7, 128.8, 128.6, 128.1, 127.9, 126.8, 65.7, 51.9. LC-MS: (ESI) m/z calculated for
Cs3H25N30, [l\/H'H]+ 372.17, observed 372.20.

Benzyl 1-(1H-benzo[d]imidazol-2-yl)-3-methylbutylcarbamate (24)
0] 0]
'y
NH
N

Whlte SO|Id 0.45 g, 90%; R¢0.40 (1:1/hexanes:EtOAc); IR: 3255.3, 1693.1, 1530.7, 1326.9cm’

'H NMR (DMSO -ds, 400 MHZz): 6 =12.25 (s 1H, NH), 7.83 (d, 1H, J=8. 2Hz Ar- H) 7.41 (m,
6H, Ar- H), 7.15 (m, 2H, Ar-H), 5.06 (q, 2H, J=12. 6Hz, CHy), 4.89 (q, 1H, J 7.7Hz, NH), 3.37
(s, 2H, CHy), 1.79 (m, 1H, CH), 1.63 (m, 1H, CH), 0.92 (s, 6H, C(CH3)2) 3C NMR (DMSO -ds,
100 MHz) 6 156.5, 156.4, 137.5, 128.8, 128.3, 128.2, 66.0, 48.6, 43.1, 24.8, 23.2,22.2. LC-
MS: (ESI) m/z calculated for CooH24N302 [M+H]"338.19, observed 338.20.
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NMR SPECTRA

tert-butyl (1H-benzo[d]imidazol-2-yl)methylcarbamate (15a)
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tert-butyl (S)-1-(methoxycarbonyl)-2-(1H-benzo[d]imidazol-2-yl)ethylcarbamate (15b)

'H NMR
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2-nonyl-1H-benzo[d]imidazole (15c)
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dazole (15d)
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2-tridecyl-1H-benzo[d]imidazole (15€)
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2-phenethyl-1H-benzo[d]imidazole (15f)

'H NMR
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Benzyl 1-((1H-benzo[d]imidazol-2-yl)methylcarbamoyl)-2-phenylethylcarbamate (15g)

'H NMR

DATE = 2016/12f]a| =

= 17:3 r
; el b e - SHENSEEMTOUOE@-aTTESHTErmod TOE - T30 Ly
= [t b o o el L= Eo - N-—nvwﬁh—nug:ﬂu T T AR e B P 8 P Il ™ = spacit L
o™ 00 = 073 v= 0 P O O O3 50 GD 40 W 01 = O P 0 3 0 O 00 07 O 80 == 10 W P N 4 0 04 G0 00 D D U0 04 O D . g
=l I PR e P S S T 5 O O 5 W £ P ) v i ) O 8 e P 5 0C - =g30 &
e il ol i i 3 -
g B P el . f
! . T e P11 L
EI - GEE3E B
EF = 400.13 -
SW p - S012_82
-

—
T T T T 2 T T T T i

l}_
ET'::_________

— =

-
—
-

= R = [ S| |ojs|e (e | w0 L
= ) = | | M| wlo (e 3|2 (= ]
= k=] = = (e =| |eElme - | =
J‘Q |‘E| F‘-‘ ’—.{ Bl "1{ "."."‘1 ‘U! bl '1‘ o r
-l - Jeldeh el eilela alle=l = =
DATE = 201T7/027]€
s £ B "3 ESESEEBR i - Dpah e oo @ WTIME = 12:07
o @ o4 @i oo ) [t DD P R ] = P r
o = i i et 4 & EES=xHe M - spact
i £ o sE AEEEREY 4 5 Soogag s abos - megf |
pa - = lFe erreeee - = FERASAGAOS
| ] W it | | 1 S e e

EI = 32TE8
EF = 100.£13 B
EW_p = Z4035.44Z

P VRIS Il ‘hl " W PL' Ir ryu.L. w—lp'-—w—'—- :

S20




4038 . 462

IHTES
10p.£€1

5l =
EF =
5W_p -

S21

2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole (17a)

'H NMR
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5-fluoro-2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole (17b)
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dazole (17¢c)

imi

5-chloro-2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]

'H NMR
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5-bromo-2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole (17d)

'H NMR
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2-(5-methoxy-1H-indol-2-yl)-1H-benzo[d]imidazole-5-carbonitrile (17€)

'H NMR
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2-(5-methoxy-1H-indol-2-yl)-5-methyl-1H-benzo[d]imidazole (17f)
'H NMR
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-3-methylbutylcarbamate (19a)
1
H NMR
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-methylbutylcarbamate (19b)

'H NMR
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-methylpropylcarbamate (19c)

'H NMR
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Tert-butyl 2-(1H-benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate (19d)

'H NMR
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-(4-(benzyloxy)phenyl)ethylcarbamate (19e)

'H NMR
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-(benzyloxy)ethylcarbamate (19f)

'H NMR
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-(benzylthio)ethylcarbamate (199g)
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-3-(benzyloxy)butylcarbamate (19h)

'H NMR
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Tert-butyl 2-(phenoxycarbonyl)-1-(1H-benzo[d]imidazol-2-yl)ethylcarbamate (19j)

'H NMR
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Tert-butyl 3-((benzyloxy)carbonyl)-1-(1H-benzo[d]imidazol-2-yl)propylcarbamate (19k)

'H NMR

LENETI L E
[ =
DATE 4 20160721 =
- TIME 0E:0Z B
- 5 P o= P W O [y s e b L o e | s 1kET spact
S ERNINAZE 383 £ ZRSupnsar g e - et |
o e Sm= L B FULPREC - 030
a2 ~ W L E

L
15

FL [1E}

s8I E5536
EF 400.13

5N p B01Z.821
=
i
| 1 L
Jy L J‘!I WL J JnL_ 14[ J.)'J" A =
o bl il b=d s o | &= | =3
= A2 = = S/ =
Ll b=l kd P | B o =k L=3 r
(=3 ijlr‘ J Y= -2
1 1 -
DATE - 2016/07/21f
X s = 2T 2ZESE: 2 ww = L onm - rimo ot w g TIME = 11:51
e = 2 TmELII =
L = = wmEe | Mo = =@ IRSTEIM - spact
5 =2 3 mEmImoEn = 8 ] SoREEERARNE T - e |
[ s - P PdTard T - o w iggdmgasioanm M- = =
- - - e T e - [ @ -3 = e 5 el
| o | Vi e N | o 1 et

F1 (130)

=14 337e8
L T
EW_p 24038 482 |

S37



Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-carbamoylethylcarbamate (19l)

'H NMR
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1,2,3,4-Tetrahydro-1-oxo-pyrido[1,2a]benzimidazole (19m)

'H NMR
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Tert-butyl 1-(1H-benzo[d]imidazol-2-yl)-2-phenylethylcarbamate (19n)

'H NMR
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Tert-butyl 2-(4-(benzyloxy)phenyl)-1-(5-chloro-1H-benzo[d]imidazol-2-yl)ethylcarbamate (20)

'H NMR

b weam ey - =
— Iﬂxﬂ- - L] = =
1 231 EZ2Z =2 =
o e et ] "eNe - -
e =] o i e S =z
[ - — et I 1
W_p
-
-
% o
LK ”l‘ | I s N )
). ad Vi AW W ed -
|$| EJ I$|J$J$|Z| LSJ%L I:L ‘E |§
2z =i 12 = 125 2|3 ElE =
= =1~ || == = = <=| (= =1
= = 2L =S =) i =l | A=k
|I T - T I: T T T T T T T T .lu
g
T
ESgT r =
w = rose = :
= o L -] & oo, = = EZ
2 S SZRe 25 = £ =pg=t
- - = e = = = i , -
i L ] = = o= =oFEIo
= B - = = =
| | 11 | 1 =
o
100.61
W D 3
-
=
-
=

S41



Tert-butyl 2-(4-(benzyloxy)phenyl)-1-(5-bromo-1H-benzo[d]imidazol-2-yl)ethylcarbamate (21)

'H NMR
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Benzyl 1-(1H-benzo[d]imidazol-2-yl)-2-carbamoylethylcarbamate (22)

'H NMR
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Benzyl 1-(1H-benzo[d]imidazol-2-yl)-2-phenylethylcarbamate (23)

'H NMR
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Benzyl 1-(1H-benzo[d]imidazol-2-yl)-3-methylbutylcarbamate (24)

'H NMR
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