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Preparation and Characterization of N-Boc-2-alkynylbenzimidazole Substrates 1a-10

Substrates 1a-1o0 were prepared by Boc protection of 2-bromo-1H-benzo[d]imidazoles (as reported in the
literature) [1-4] followed by Sonogashira coupling reaction with terminal alkynes, as described below.

1st Step: Boc protection of 2-bromo-1H-benzo[d]imidazoles

To a solution of the 2-bromo-1H-benzo[d]imidazole derivative (11.7 mmol) (2-bromo-1H-
benzo[d]imidazole: 2.30 g; 2-bromo-5,6-dimethyl-1H-benzo[d]imidazole: 2.63 g; 2-bromo-5-methoxy-1H-
benzo[d]imidazole: 2.11 g; 2-bromo-5,6-dichloro-1H-benzo[d]imidazole: 3.11 g; 2-bromo-5-nitro-1H-
benzo[d]imidazole: 2.83 g) in an anhydrous DMF-CH3CN mixture (1:1, v/v; 92 mL), was added triethylamine
(2 mL, 14 mmol) under nitrogen. The mixture was allowed to stir for30 min at room temperature and then
solution of Boc,0 (3.82 g, 17.5 mmol) in anhydrous DMF (33 mL) was added dropwise. After the addition
was complete, the reaction was allowed to stir at room temperature overnight. After evaporation of the
solvent, products were purified by flash chromatography on silica gel using a 7:3 hexane-EtOAc (v/v) as
eluent.

N-Boc-2-bromo-1H-benzo[d]imidazole. Yield: 3.30 g, starting from 230 g of 2-bromo-1H-
benzo[d]imidazole (95%). *"H NMR (300 MHz, CDCl3): & = 7.95 — 7.86 (m, 1 H aromatic), 7.72 - 7.66 (m, 1 H
aromatic), 7.38 — 7.29 (m, 2 H aromatic), 1.75 (s, 9 H, t-Bu).2*3C NMR (75 MHz, CDCls): & = 147.7, 141.8,
132.3, 124.5, 124.4, 122.3, 118.2, 114.3, 87.8, 27.8. The spectroscopic data agreed with those reported in
the literature [5].

N-Boc-2-bromo-5,6-dimethyl-1H-benzo[d]imidazole. Yield: 2.59 g, starting from 2.63 g of 2-bromo-5,6-
dimethyl-1H-benzo[d]imidazole (68%). Colorless solid, mp: 140 - 144°C; IR (KBr): v = 1744 (s), 1396 (m),
1342 (s), 1281 (m), 1196 (w), 1150 (s), 1119 (s), 841 (m) cm™; *H NMR (300 MHz, CDCls): & = 7.70 (s, 1 H,
aromatic), 7.41 (s, 1 H, aromatic), 2.36 (s, 3 H, CHs), 2.34 (s, 3 H, CHs), 1.72 (s, 9 H, t-Bu); 13C NMR (75 MHz,
CDCls): 6 = 147.6, 141.2, 134.4, 133.6, 132.3, 125.6, 119.6, 115.2, 86.6, 28.1, 20.8, 20.2; HRMS (ESI - TOF)
m/z: [M + Na]* Calcd for C14H17BrN,NaO,* 347.0366; Found: 347.0365.

Mixture of Regioisomers N-Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole (A) and N-Boc-2-bromo-5-
methoxy-1H-benzo[d]imidazole (B) and (A/B ratio ca. 1, by *H NMR). Yield: 2.83 g, starting from 2.11 g of
2-bromo-5-methoxy-1H-benzo[d]imidazole (74%). Colorless solid, mp: 64 - 67°C; IR (KBr): v = 1744 (s), 1620
(m), 1435 (m), 1397 (w), 1350 (w), 1319 (m), 1211 (m), 1150 (s), 825 (m) cm™%; H-NMR (500 MHz, CDCl): &
=7.76[d,J=9.1, 1 H, H-4 (A) or H-7 (B)], 7.54 [(d, J = 8.7, 1 H, H-7 (B) or H-4 A), 7.47 [(d, J = 2.5, 1 H, H-7 (A)
or H-4 (B)], 7.14 [(d, J = 2.5, 1 H, H-4 (B) or H-7 (A)], 6.98 — 6.90 [(m, 2 H, H-5 (A) + H-6 (B)], 3.86 [s, 3 H,
OCHs (A or B)], 3.85 [s, 3 H, OCHs (B or A)], 1.73 [s, 9 H, t-Bu (A + B)]; NMR (125 MHz, CDCls): & = 158.0,
157.3, 147.5, 147.3, 143.7, 137.2, 134.7, 128.2, 126.9, 124.5, 119.9, 115.3, 114.1, 113.3, 102.3, 99.1, 86.7,
55.8, 55.7, 28.1; HRMS (ESI - TOF) m/z: [M + Na]* Calcd for Ci13H1sBrN,NaOs* 349.0158; Found: 349.0161.

N-Boc-2-bromo-5,6-dichloro-1H-benzo[d]imidazole. Yield: 2.57 g, starting from 3.11 g of 2-bromo-5,6-
dichloro-1H-benzo[d]imidazole (60%). Colorless solid, mp: 157 — 160 °C; IR (KBr): v = 1751 (s), 1435 (w),
1373 (w), 1119 (s), 1072 (s), 849 (m) cm®; *H NMR (300 MHz, CDCl3): 6 = 8.07 (s, 1 H, aromatic), 7.74 (s, 1 H,
aromatic), 1.74 (s, 9 H, t-Bu); *C NMR (75 MHz, CDCl3): & = 146.6, 141.8, 132.8, 129.5, 128.9, 128.7, 120.5,
116.5, 87.9, 28.0; HRMS (ESI - TOF) m/z: [M — t-Bu]~ Calcd for C;H,BrCl;N,™ 262.8784; Found: 262.8784.

Mixture of Regioisomers N-Boc-2-bromo-6-nitro-1H-benzo[d]imidazole (A) and N-Boc-2-bromo-5-nitro-
1H-benzo[d]imidazole (B) (A/B Ratio ca. 1, by *H NMR). Yield: 2.12 g, starting from 2.83 g of 2-bromo-5-
nitro-1H-benzo[d]imidazole (53%). Yellow solid, mp: 240 - 243°C; IR (KBr): v = 1751 (s), 1528 (s), 1474 (w),
1435 (m), 1327 (s), 1273 (m), 1150 (m), 826 (m) cm; *H-NMR (500 MHz, CDCl5): §=8.89 [d, /= 2.1, 1 H, H-7
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(A) or H-4 (B)], 8.55 [d, J = 1.9, 1 H, H-4 (B) or H-7 (A)], 8.33 —8.23 [m, 2 H, H-5 (A) + H-6 (B)], 8.09 [d, /= 9.1,
1 H, H-4 (A) or H-7 (B)], 7.78 [d, J = 8.9, 1 H, H-7 (B) or H-4 (A)], 1.78 [s, 9 H, t-Bu (A or B)], 1.76 [s, 9 H, t-Bu
(B or A)]; 3C NMR (75 MHz, CDCls): 6 = 146.8, 146.7, 146.5, 146.4, 145.1, 142.3, 137.9, 133.2, 131.9, 130.4,
120.4, 120.3, 119.7, 115.5, 115.1, 111.7, 88.6, 85.2, 28.0, 27.5; HRMS (ESI - TOF) m/z: [M — t-Bu]" Calcd for
C;H3BrNsO> 239.9414; Found: 239.9413.

2nd Step: Sonogashira coupling of N-Boc-2-bromo-1H-benzo[d]imidazoles with terminal alkynes

To a stirred solution of the N-Boc-2-bromo-1H-benzo[d]imidazole derivative (3.36 mmol) (N-Boc-2-bromo-
1H-benzo[d]imidazole: 1.00 g; N-Boc-2-bromo-5,6-dimethyl-1H-benzo[d]imidazole: 1.09 g; 1/1 mixture of
N-Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole and N-Boc-2-bromo-5-methoxy-1H-benzo[d]imidazole:
1.10 g; 1/1 mixture of N-Boc-2-bromo-6-nitro-1H-benzo[d]imidazole and N-Boc-2-bromo-5-nitro-1H-
benzo[d]imidazole: 1.15 g; N-Boc-2-bromo-5,6-dichloro-1H-benzo[d]imidazole: 1.23 g) in triethylamine (34
mL) was added under nitrogen the terminal alkyne (5.04 mmol) (hex-1-yne: 414.1 mg; dec-1-yne: 696.8 mg;
5-methylhex-1-yne: 484.7 mg; but-3-yn-1-ylbenzene: 656.2 mg; prop-2-yn-1-ylcyclohexane: 615.9 mg; 1-
ethynylcyclohex-1-ene: 535.1 mg; 3-methoxyprop-1-yne: 353.3 mg; but-3-yn-1-ol: 353.3 mg; methyl pent-4-
ynoate:” 565.1 mg], followed by Cul (96 mg, 0.504 mmol) and Pd (OAc), (75 mg, 0.0336 mmol). The reaction
mixture was allowed to stir for 20 h under nitrogen at room temperature, and then was filtered on celite
using a mixture of EtOAc-hexane (1:3, v/v). The solvent was evaporated under reduce pressure and the
crude product dissolved in AcOEt (250 mL). To the resulting solution was added HCI (1% by weight solution,
50 mL), the organic layer was separated and then washed with water (50 mL) and brine (50mL). After
drying over Na,SO,, filtration and evaporation of the solvent, the product was purified by column
chromatography on silica gel (9:1 hexane-AcOEt, v/v, for 1a, 1b, 1e and 1h-o; The purification of crude
mixtures resulting from reaction of the 1/1 mixture of N-Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole
and N-Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole and from reaction of 1/1 mixture of N-Boc-2-bromo-
6-nitro-1H-benzo[d]imidazole and N-Boc-2-bromo-5-nitro-1H-benzo[d]imidazole were carried out by
column cromatography on silica gel using 95:5 hexane-AcOEt. In the case of the mixture of N-Boc-2-bromo-
methoxy-1H-benzo[d]imidazole derivatives, substrates 1c and 1d were obtained (order of elution: 1c
followed by 1d). In the case of of the mixture of N-Boc-2-bromo-nitro-1H-benzo[d]imidazole derivatives,
substrates 1f and 1g were obtained (order of elution: 1g, 1f).

N-Boc-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1a). Yield: 890 mg, starting from 1.00 g of N-Boc-2-bromo-
1H-benzo[d]imidazole (89%). Yellow solid, mp: 48-53°C; IR (KBr): v = 2222 (w), 1728 (s), 1450 (w), 1366 (w),
1342 (m), 1134 (m), 764 (s) cm™%; *H NMR (300 MHz, CDCls): & = 7.99 — 7.92 (m, 1 H, aromatic), 7.74 — 7.67
(m, 1 H, aromatic), 7.41 — 7.30 (m, 2 H, aromatic), 2.53 (t, / = 7.1, 2 H, =CCHy), 1.80 — 1.61 (m, 2 H,
CH,CH,CH3), 1.71 (s, 9 H, t-Bu), 1.52 (hexuplet, J = 7.2, 2 H, CH,CHs), 0.95 (t, J = 7.2, 3 H, CHs); 3C NMR (75
MHz, CDCls): 6 = 147.9, 142.6, 136.3, 132.0, 125.5, 124.6, 120.0, 114.8, 97.8, 85.5, 72.3, 30.0, 28.1, 22.1,
19.5, 13.6; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for CisH,2N20,Na* 321.1573; Found: 321.1579.

N-Boc-2-(hex-1-yn-1-yl)-5,6-dimethyl-1H-benzo[d]imidazole (1b). Yield: 968 mg, starting from 1.09 g of N-
Boc-2-bromo-5,6-dimethyl-1H-benzo[d]imidazole (88%). Colorless solid, mp: 73 - 75 °C; IR (KBr): v = 2230
(w), 1751 (s), 1458 (m), 1350 (s), 1228 (m), 1157 (s), 1134 (s), 1026 (w), 849 (s), 764 (m) cm™%; *H NMR (300
MHz, CDCls): 6 =7.75 (s, 1 H, H-4 or H-7), 7.43 (s, 1 H, H-7 or H-4), 2.51 (t, J= 7.2, 2 H, =CCH,), 2.37 (s, 3 H,
CHs3 at C-5 or C-6), 2.34 (s, 3 H, CH; at C-6 or C-5), 1.75 - 1.60 (m, 2 H, CH,CH,CHs), 1.70 (s, 9 H, t-Bu), 1.51
(hexuplet, J = 7.3, 2 H, CH,CH3), 0.95 (t, J = 7.3, 3 H, CH,CHs); 3C NMR (75 MHz, CDCl3): 6 = 148.1, 141.1,
135.4,134.9, 133.5, 130.5, 120.0, 115.1, 97.0, 85.2, 72.5, 30.1, 28.1, 22.1, 20.7, 20.2, 19.5, 13.6; HRMS (ESI
- TOF) m/z: [M + Na]* Calcd for CyH26N20,Na* 349.1886; Found: 349.1891.

N-Boc-2-(hex-1-yn-1-yl)-6-methoxy-1H-benzo[d]imidazole (1c). Yield: 423 mg, starting from 1.10 g of N-
Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole (38%). Colorless solid, mp: 54 - 55°C; IR (KBr): v = 2237 (w),
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1744 (s), 1612 (m), 1481 (m), 1435 (m), 1350 (m), 1335 (s), 1281 (w), 1219 (m), 1150 (s), 1026 (w), 849 (m)
cm; 'H NMR (500 MHz, CDCls): 6 = 7.56 (d, J = 8.8, 1 H, H-4), 7.51 (d, J = 2.4, 1 H, H-7), 6.95 (dd, J = 8.8, 2.4,
1 H, H-5), 3.86 (s, 3 H, OCH3), 2.51 (t, J = 7.3, 2 H, =CCH3), 1.75 — 1.61 (m, 2 H, CH>CH,CHs), 1.71 (s, 9 H, t-
Bu), 1.52 (hexuplet, J = 7.3, 2 H, CH,CHs), 0.95 (t, J = 7.3, 3 H, CH,CH;); *C NMR (75 MHz, CDCl5): 6 = 158.6,
148.1,136.9, 135.1, 133.0, 120.4, 113.9, 98.6, 96.8, 85.4, 72.5, 55.7, 30.1, 28.1, 22.1, 19.5, 13.6; HRMS (ESI -
TOF) m/z: [M + Na]* Calcd for Ci9H24N,03Na*351.1679; Found: 351.1685.

N-Boc-2-(hex-1-yn-1-yl)-5-methoxy-1H-benzo[d]imidazole (1d). Yield: 230 mg, starting from 1.10 g of N-
Boc-2-bromo-5-methoxy-1H-benzo[d]imidazole (21%). Yellow oil; IR (KBr): v = 2237 (w), 1751 (s), 1612 (w),
1489 (m), 1435 (m), 1327 (s), 1288 (m), 1219 (m), 1150 (s), 1026 (m), 849 (m) cm™; 'H NMR (500 MHz,
CDCls): 6 =7.82 (d, J = 9.0, 1 H, H-7), 7.15 (d, J = 2.5, 1 H, H-4), 6.98 (dd, J = 9.0, 2.5, 1 H, H-6), 3.85 (s, 3 H,
OCHs), 2.52 (t, /= 7.3, 2 H, =CCH,), 1.75 — 1.62 (m, 2 H, CH.CH,CH3), 1.71 (s, 9 H, t-Bu), 1.53 (hexuplet, J =
7.3, 2 H, CHaCHs), 0.95 (t, J = 7.3, 3 H, CH,CHs); 3C NMR (125 MHz, CDCls): & = 157.5, 147.9, 143.6, 136.6,
126.4, 115.2, 115.0, 102.3, 97.8, 85.4, 72.4, 55.7, 30.1, 28.1, 22.1, 19.5, 13.6; HRMS (ESI - TOF) m/z: [M +
Na]* Calcd for Ci9H24N203Na* 351.1679; Found: 351.1686.

N-Boc-5,6-dichloro-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1e). Yield: 976 mg, starting from of 1.23 g of
N-Boc-2-bromo-5,6-dichloro-1H-benzo[d]imidazole (79%). Colorless solid, mp: 70-71°C; IR (KBr): v = 2237
(w), 1751 (s), 1504 (m), 1443 (m), 1335 (s), 1219 (m), 1150 (s), 872 (m) cm™; *H NMR (300 MHz, CDCls): & =
8.10 (s, 1 H, H-4 or H-7), 7.74 (s, 1 H, H-7 or H-4), 2.53 (t, J = 7.1, 2 H, =CCH,), 1.75 — 1.61 (m, 2 H,
CH,CH,CHs), 1.71 (s, 9 H, t-Bu), 1.59 — 1.44 (m, 2 H, CH,CH3), 0.96 (t, J = 7.2, 3 H, CH,CHs); *C NMR (75 MHz,
CDCls): 6 = 147.2, 141.8, 137.7, 131.1, 129.6, 128.8, 120.8, 116.4, 99.3, 86.5, 71.9, 29.9, 28.0, 22.1, 19.5,
13.6; HRMS (ESI - TOF) m/z: [M + Na]* Calcd for Ci5H20Cl,N,0,Na* 389.0794; Found: 389.0796.

N-Boc-2-(hex-1-yn-1-yl)-6-nitro-1H-benzo[d]imidazole (1f). Yield: 427 mg, starting from 1.15 g of N-Boc-2-
bromo-6-nitro-1H-benzo[d]imidazole (37%). Colorless solid, mp: 149 - 150°C; IR (KBr): v = 2230 (w), 1744
(s), 1520 (s), 1443 (w), 1342 (s), 1250 (w), 1157 (m), 756 (m) cm%; *H NMR (300 MHz, CDCl5): 6 =8.92 (d, J =
2.2, 1 H, H-7),8.27 (dd, J = 8.9, 2.2, 1 H, H-5), 7.77 (d, J = 8.9, 1 H, H-4), 2.57 (t, J = 7.1, 2 H, =CCH,), 1.81 —
1.62 (m, 2 H, CH,CH,CHs), 1.75 (s, 9 H, t-Bu), 1.60 — 1.45 (m, 2 H, CH,CH3), 0.97 (t, J = 7.2, 3 H, CH,CHs); 3C
NMR (75 MHz, CDCls): & = 147.0, 146.8, 145.5, 140.4, 131.5, 120.3, 120.0, 111.8, 101.1, 87.1, 71.9, 29.9,
28.0, 22.1, 19.6, 13.6; HRMS (ESI - TOF) m/z: [M + Na]* Calcd for C1gH2:N304Na* 366.1424; Found: 366.1433.

N-Boc-2-(hex-1-yn-1-yl)-5-nitro-1H-benzo[d]imidazole (1g). Yield: 431 mg, starting from 1.15 g of N-Boc-2-
bromo-5-nitro-1H-benzo[d]imidazole (37%). Colorless solid, mp: 103 - 106°C; IR (KBr): v = 2237 (w), 1751
(s), 1528 (s), 1373 (w), 1335 (s), 1150 (s), 741 (m) cm™; *H NMR (300 MHz, CDCl3): 6 = 8.55 (d, J = 2.0, 1 H, H-
4), 8.27 (dd, J =9.0, 2.0, 1 H, H-6), 8.10 (distorted d, / = 9.0, 1 H, H-7), 2.56 (t, /= 7.0, 2 H, =CCH,), 1.83 —
1.62 (m, 2 H, CH,CH,CHs), 1.74 (s, 9 H, t-Bu), 1.61 — 1.45 (m, 2 H, CH,CH3), 0.97 (t, J = 7.2, 3 H, CH,CHs); 3C
NMR (75 MHz, CDCl5): & = 147.1, 145.2, 142.3, 139.2, 136.2, 120.7, 116.0, 115.1, 100.2, 87.1, 71.7, 29.9,
28.0, 22.1, 19.5, 13.6; HRMS (ESI - TOF) m/z: [M + Na]* Calcd for CisH,1N304Na*366.1424; Found: 366.1433.

N-Boc-2-(dec-1-yn-1-yl)-1H-benzo[d]imidazole (1h). Yield: 910 mg, starting from 1.00 g of N-Boc-2-bromo-
1H-benzo[d]imidazole (76%). Yellow oil; IR (KBr): v = 2237 (m), 1752 (s), 1504 (m), 1450 (m), 1340 (s),
1211 (m), 1158 (s), 849 (m), 764 (m) cm™*; *H NMR (300 MHz, CDCl3) 6 = 8.00 — 7.92 (m, 1 H, aromatic),
7.73 - 7.66 (m, 1 H,aromatic), 7.40 — 7.28 (m, 2 H, aromatic), 2.52 (t, /= 7.1, 2 H, =CCH,), 1.80-1.62 (m, 2
H, =CCH.CH,), 1.71 (s, 9 H, t-Bu), 1.55 — 1.42 (m, 2 H, =CCH,CH,CH,), 1.39 — 1-20 (m, 8 H, CH,(CH,)4CHs),
0.93-0.83 (m, 3 H, CH,CHs); 3C NMR (75 MHz, CDCl3): & = 147.9, 142.6, 136.4, 132.1, 125.6, 124.6, 120.0,
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114.8,97.9, 85.5, 72.3, 31.9, 29.18, 29.16, 29.07, 28.10, 28.06, 22.7, 19.8, 14.1; HRMS (ESI - TOF) m/z: [M +
Na]* Calcd for C2H3oN20O;Na* 377.2199; Found: 377.2204.

N-Boc-2-(5-methylhex-1-yn-1-yl)-1H-benzo[d]imidazole (1i). Yield: 795 mg, starting from 1.00 g of N-Boc-
2-bromo-1H-benzo[d]imidazole (76%). Colorless oil, IR (KBr): v = 2237 (m), 1751 (s), 1504 (m), 1450 (w),
1126 (m), 1011 (m), 849 (m), 738 (m) cm™; *H NMR (300 MHz, CDCls): 6§ = 7.99 — 7.93 (m, 1 H, aromatic),
7.73 - 7-66 (m, 1 H, aromatic), 7.41 - 7.29 (m, 2 H, aromatic), 2.53 (t, /= 7.4, 2 H, =CCH), 1.88 — 1.66 (m,
10 H, t-Bu + CH(CHs)2), 1.59 (g, J = 7.4, 2 H, CH,CH), 0.94 [d, J = 6.6, 6 H, CH(CH:)2]; *C NMR (75 MHz,
CDCls): & = 147.9, 142.6, 136.3, 132.1, 125.5, 124.6, 120.0, 114.8, 97.8, 85.5, 72.2, 36.8, 28.1, 27.3, 22.2,
17.8. HRMS (ESI - TOF) m/z: [M + Na]* Calcd for C19H,4N>0,Na* 335.1730; Found: 335.1736.

N-Boc-2-(4-phenylbut-1-yn-1-yl)-1H-benzo[d]imidazole (1j). Yield: 1.09 g, starting from 1.00 g of N-Boc-2-
bromo-1H-benzo[d]imidazole (94%). Colorless solid, mp: 53 - 54 °C; IR (KBr): v = 2237 (w), 1751 (s), 1504
(w), 1451 (m), 1320 (s), 1219 (m), 1157 (s), 1126 (s), 741 (s) cm™; *H NMR (300 MHz, CDCl5): 6 = 8.01 —7.92
(m, 1 H, aromatic), 7.75 — 7.66 (m, 1 H, aromatic), 7.42 — 7.17 (m, 8 H, aromatic), 3.01 (t, J = 7.5, 2 H,
=CCH,), 2.81 (t, J = 7.5, 2 H, CH,Ph), 1.66 (s, 9 H, t-Bu); 3C NMR (75 MHz, CDCls): § = 147.9, 142.6, 140.1,
136.1, 132.1, 128.54, 128.46, 126.5, 125.6, 124.7, 120.1, 114.9, 96.6, 85.6, 72.9, 34.3, 28.0, 22.1; HRMS
(ESI - TOF) m/z: [M + Na]* Calcd for C2H22N,0,Na* 369.1573; Found: 369.1578.

N-Boc-2-(3-cyclohexylprop-1-yn-1-yl)-1H-benzo[d]imidazole (1k). Yield: 1.02 g, starting from 1.00 g of N-
Boc-2-bromo-1H-benzo[d]imidazole (90%). Yellow solid, mp: 65-68°C; IR (KBr): v = 2230 (m), 1736 (s), 1504
(m), 1451 (m), 1360 (s), 1211 (m), 1134 (s), 1057 (w), 849 (m), 764 (s) cm™%; *H NMR (500 MHz, CDCls): & =
7.97 —-7.94 (m, 1 H, aromatic), 7.73 — 7.68 (m, 1 H, aromatic), 7.39 — 7.31 (m, 2 H, aromatic), 2.41 (d, J = 6.8,
2 H, =CCH3), 1.97 — 1.88 (m, 2 H, cyclohexyl ring), 1.80 — 1.62 (m, 4 H, cyclohexyl ring), 1.71 (s, 9 H, t-Bu),
1.34 — 1.24 (m, 2 H, cyclohexyl ring), 1.24 — 1.05 (m, 3 H, cyclohexyl ring); *C-NMR (125 MHz, CDCl3): § =
148.0, 142.7, 136.4, 132.1, 125.5, 124.6, 120.1, 114.8, 96.8, 85.5, 73,2, 37,2, 32.9, 28.1, 27.6, 26.2, 26.1;
HRMS (ESI - TOF) m/z: [M + Na]* Calcd for C2;H26N,0,Na* 361.1892; Found: 361.1894.

N-Boc-2-(cyclohex-1-en-1-ylethynyl)-1H-benzo[d]imidazole (1l). Yield: 890 mg, starting from 1.00 g of N-
Boc-2-bromo-1H-benzo[d]imidazole (82%). Yellow solid, mp: 78-80°C; IR (KBr): v = 2199 (w), 1736 (s), 1498
(m), 1451 (m), 1350 (s), 1227 (m), 1150 (s), 1111 (m), 849 (w), 764 (m) cm™; *H NMR (500 MHz, CDCl3): & =
7.98 — 7.93 (m, 1 H, aromatic), 7.74 — 7.68 (m, 1 H, aromatic), 7.41 — 7.32 (m, 2 H, aromatic), 6.45 (s, 1 H,
=CH), 2.34 — 2.25 (m, 2 H, cyclohexenyl ring), 2.24 — 2.15 (m, 2 H, cyclohexenyl ring), 1.77 — 1.59 (m, 4 H,
cyclohexenyl ring), 1.71 (s, 9 H, t-Bu); 3C-NMR (125 MHz, CDCls): § = 147.9, 143.0, 139.2, 139.1, 136.6,
132.2, 125.6, 124.7, 120.1, 114.9, 97.3, 85.7, 78.4, 28.5, 28.2, 26.0, 22.2, 21.4; HRMS (ESI - TOF) m/z: [M +
Na]* Calcd for CyoH22N20,Na* 345.1573; Found: 345.1581.

N-Boc-2-(3-methoxyprop-1-yn-1-yl)-1H-benzo[d]imidazole (1m). Yield: 755 mg, starting from 1.00 g of N-
Boc-2-bromo-1H-benzo[d]imidazole (78%). Colorless solid, mp: 63 - 67°C; IR (KBr): v = 1751 (s), 1504 (w),
1450 (m), 1335 (s), 1219 (m), 1157 (m), 1103 (m), 849 (w), 741 (m) cm; *H NMR (500 MHz, CDCls): 6 = 8.03
—7.96 (m, 1 H, aromatic), 7.77 — 7.71 (m, 1 H, aromatic), 7.44 — 7.33 (m, 2 H, aromatic), 4.42 (s, 2 H, =CCH,),
3.51 (s, 3 H, OCHs), 1.72 (s, 9 H, t-Bu);**C-NMR (125 MHz, CDCls): & = 147.7, 142.7, 135.3, 132.2, 126.1,
124.8, 120.4, 115.0, 91.5, 86.1, 77.7, 60.3, 58.1, 28.1; HRMS (ESI - TOF) m/z: [M + Na]* Calcd for
Ci6H1sN,0sNa* 309.1210; Found: 309.1217.

Methyl N-Boc-5-(1H-benzo[d]imidazol-2-yl)pent-4-ynoate (1n). Yield: 890 mg, starting from 1.00 g of N-
Boc-2-bromo-1H-benzo[d]imidazole (81%). Colorless solid, mp: 110 - 111°C; IR (KBr): v = 2230 (w), 1744 (s),
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1504 (w), 1443 (m), 1343 (s), 1289 (w), 1180 (m), 1157 (s), 764 (m) cm™*; *H NMR (500 MHz, CDCl3): 6 = 7.98
— 7.93 (m, 1 H, aromatic), 7.73 — 7.67 (m, 1 H, aromatic), 7.40 — 7.31 (m, 2 H, aromatic), 3.73 (s, 3 H,
CO,CHs), 2.89 —2.83 (m, 2 H, =CCH;), 2.76 — 2.70 (m, 2 H, CH,CH,CHs), 1.71 (s, 9 H, t-Bu);*C-NMR (125 MHz,
CDCl3): 6 =171.9, 147.8, 142.6, 135.9, 132.1, 125.8, 124.7, 120.1, 114.9, 95.0, 85.7, 72.9, 52.0, 32.4, 28.1,
15.6; HRMS (ESI - TOF) m/z: [M + Na]* Calcd for Ci1sH20N204Na*351.1315; Found: 351.1324.

N-Boc-4-(1H-benzo[d]imidazol-2-yl)but-3-yn-1-ol (10). Yield: 800 mg, starting from 1.00 g of N-Boc-2-
bromo-1H-benzo[d]imidazole (83%). Colorless solid, mp: 94 - 97°C; IR (KBr): v = 3240 (m, br), 2245 (w), 1767
(s), 1450 (m), 1350 (m), 1219 (w), 1126 (s), 1057 (m), 741 (m) cm™; *H NMR (500 MHz, CDCl3): 6 = 7.92 —
7.87 (m, 1 H, aromatic), 7.69 — 7.66 (m, 1 H, aromatic), 7.39 — 7.30 (m, 2 H, aromatic), 4.23 (s, br, 1 H, OH),
4.00 - 3.90 (m, 2 H, CH,OH), 2.81 (t, J = 6.3, 2 H, =CCH,), 1.71 (s, 9 H, t-Bu);"3C-NMR (125 MHz, CDCls): § =
147.9, 142.2, 136.1, 125.8, 124.8, 120.0, 114.9, 95.5, 86.2, 73.8, 60.3, 28.1, 24.3; HRMS (ESI - TOF) m/z: [M
+ Na]* Calcd for Ci6H1sN,OsNa* 309.1210; Found: 309.1217.
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Experimental details [6].
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X-Ray crystallographic data for products 2a, 2c, and 2f

2a 2C 2f

Crystal data

Chemical formula C14H1N202 C15H16N203 C14H13N304

M, 242.27 272.30

Crystal system Triclinic Monoclinic Monoclinic

Space group P-1 P 21/c P 21/c

a, b, c(A) 7.1535(5), 7.7338(5), 7.0113(16), 17.861(4), 29.074(3), 4.9642(5),
12.4256(9) 11.960(3) 18.6784(19)

a By (%) 88.2344(18), 82.9643(18), 90, 113.747(5), 90 90, 99.2187(18), 90
64.7163(11)

V (A% 616.72(7) 1370.9(6) 2661.0(5)

M(20) 53.0 34.0 13.9

Dx (Mg m?) 1.305 1.319 1.434

u (mm?) 0.720 0.763 0.902

z 2 4 8

Temperature (K) 293 293 293

Radiation type

Data collection
Diffractometer
Specimen mounting
Data collection mode
Scan Method
Absorption correction

Counting time per step ()

26 (°)

Refinement

R factors and goodness of

fit

Experimental points
Profile function

No. of parameters
No. of restraints
RMS (A)

Cu Ka radiation

Rigaku RINT2500
Special glass capillary
Transmission
Continuous

None

4

ngin = 600, ngax =
8000, 205tep = 002

Rp=0.03919, Rup=

0.05978, Rexp = 0.02153,

R(F?) = 0.03245,
12 =2.77643
3701

Pearson VII

96
0
0.097

Cu Ka radiation

Rigaku RINT2500
Special glass capillary
Transmission
Continuous

None

6

ngin = 800, Zemax =
6500, zgstep = 002

Rp= 0.03758, Rup=

0.05888, Rexp = 0.02143,

R(F?) = 0.07597, *=
2.74734

2851

Pearson VI

101

22

0.136

Cu Ka radiation

Rigaku RINT2500
Special glass capillary
Transmission
Continuous

None

6

29min = 500, zemax =
6500, 295tep = 002

Rp=0.02740, Rup =
0.03998, Rexp = 0.02123,
R(F?) = 0.05738, ;{2 =
1.88298

3001

Pearson VII

166

46

0.341
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Structural solutions and refinements

All the steps of the ab initio solution and refinement process were performed automatically by
EXPO2014 software [7], a package capable of solving crystal structure from powder data by
carrying out the following steps: a) determination of the unit-cell parameters and identification of
the space group; b) structure solution by direct methods and/or real-space approach; d) structure
model refinement by the Rietveld method [8].

The first low-angle well-defined peaks of the powder diffraction pattern were selected and fitted
by EXPO2014 for carrying out the indexation via N-TREORQ9 [9] and DICVOL04 [10] programs. The
cell parameters and the M(20) [11] figures-of-merit are shown in Table 1. The space group
determination was based on the evaluation of the systematic absences.

The structures were solved in the real-space using the simulated annealing algorithm
implemented in EXPO2014. The method is based on the minimization of the difference between
observed and calculated intensities moving, within the unit cell, an expected molecular model by
varying its position, orientation and conformation. The starting models were assembled using the
sketching facilities of ACD/ChemSketch [12] and the geometry optimization with the program
MOPAC [13]. For each structure, the algorithm was run 100 times under Linux workstation in a
default mode and in parallel over 25 CPUs. The best solutions with the lowest cost function were
selected. The criterion to accept the solution was based also on the soundness of the crystal
packing. All the solutions obtained by real space method was also confirmed by direct methods.
The solutions derived from the real-space procedure were supplied as starting models to Rietveld
refinement. Restraints were applied to bond distances when necessary to stabilize the refinement.
The isotropic displacement factors of the atoms were refined in separate blocks; one Ui for all
non-H atoms of the benzoimidazo-oxazinone system and one Uiso for the butyl substituent. The
isotropic displacement factor for all H atoms was refined as 1.2 times the Uis of the parent atoms.
The peak shapes were modelled using the Pearson VII function. Almost all bond lengths, bond
angles, and torsion angles in the experimentally determined structures fall within the normal
ranges indicated by a Mercury Mogul geometry check [14]. This validation process is based on the
comparison with average bond distances, angles and torsions in structures reported in the
Cambridge Structural Database (CSD) [15].

DFT calculations

Periodic, solid-state calculations were performed using the Quantum ESPRESSO [16], an ab initio
guantum-mechanical program employing plane waves and density-functional theory (DFT) to
simulate the properties of solids. The following execution parameters were used: PBE potentials
from the SSSP Efficiency PBE (version 1.1) library [17], an optional cut-off controlling the accuracy
of the calculations set to 60 Ry, k-point spacing was 0.15 A, van der Waals interactions were
corrected by means of a Grimme’s D3 dispersion correction [18]. Atomic-coordinate-only
optimizations of the three compounds were performed using the experimental cell parameters
and atomic positions obtained from the X-ray powder diffraction Rietveld refinement. The root-
mean-square (RMS) displacements of all non-H atoms between the energy-minimized and
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experimental crystal structures are shown in the table 1. The RMS values are within the range
expected for DFT-D3 minimisation of a correct experimental structure [19].
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Figure 1. Final observed (points), calculated (lines) and difference profiles of the Rietveld plot for
2a.
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Figure 2. Final observed (points), calculated (lines) and difference profiles of the Rietveld plot for
2c.
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Figure 3. Final observed (points), calculated (lines) and difference profiles of the Rietveld plot for
2f.

Figure 4. Asymmetric unit content of 2a showing displacement ellipsoids at the 50% probability
level. Color legend: carbon (light grey), hydrogen (white), oxygen (red), nitrogen (blue).
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Figure 5. Asymmetric unit content of 2c showing displacement ellipsoids at the 50% probability
level. Color legend: carbon (light grey), hydrogen (white), oxygen (red), nitrogen (blue).

v

Figure 6. Asymmetric unit content of 2f showing displacement ellipsoids at the 50% probability
level. Color legend: carbon (light grey), hydrogen (white), oxygen (red), nitrogen (blue).
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Copies of HRMS spectra
N-Boc-2-bromo-5,6-dimethyl-1H-benzo[d]imidazole
Calcd for C14H17BrN2NaO2* 347.0366; Found: 347.0365

Sample Name  Sou data file Position Instrument Name Iratrument & User Name QTOFHMadmn
Inj Vel -1 InjPosition SanpheType Sampke TRM Calibeation Status Sucess
Data Alename  1Cd ACD Method infimone- 10 minm  Comment Acquired Tame 11/9/2020 3:25:24 MM

x10 5 +ES| Scun (0.208-0.317 min, 4 Scuns) Frugs170.0v 1C.d
4.6

4.4
a2
4
384
36
344
3.2
a
28
206
244
2.2
24
1.8
1.6
144
1.2
14
0.8
064
0.1
o2
el

347.0365 349.0347

348.0391 350.0374
| |

333 234 335 2336 337 238 339 240 341 342 243 244 245 240 247 348 349 350 351 352 353 354

N-Boc-2-bromo-5,6-dichloro-1H-benzo[d]imidazole
Calcd for C7H2BrClaN2262.8784; Found: 262.8784

Sample Name  Soe data fe Position Instrument Name  [nstrument 1 User Name QTOFHP\admin
Ing Vol 3 InjPosition SampleType Savple IRM Calibration Status Success
Data Flename  1G-MEOH N0 ACQ Mathod infione- 10ul-mnm  Comment Acguired Time 12/11/2020 12:32:18

%10 8 |-ESI Scan (0.676-0.774 min, 7 Scans) Frag=170.0vV 1G-MEOMH-N.d Subtract

2
1.9
1.8
1.7
1.6
1.5
1.4
13

2064 8761

12 2082.8784
11

1
09
o8
0.7
0.6
0s
04
03 ‘
02
0.1 i\ 263 8808 \ ) ‘. 2678760 2088708

I\ A N [@es.2a73 [\ /288 2825
2625 263 2635 264 264.5 266 2655 266 2665 267 267.5 268 2685 269 2005 270

2668732

265 8788

o
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Mixture of Regioisomers N-Boc-2-bromo-5-methoxy-1H-benzo[d]imidazole (A) and
N-Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole (B)
Calcd for C13H1sBrN2NaOs* 349.0158; Found: 349.0161

Sample Name Sew data file Positan Instrument Name Instrument 1 User Name Qros ¥ \acmn
Inj Vol -1 InpPosition SampleType Samph: IRM Calibration Status Soocess
Data Fllenanwe 184 ACQ Methoxd Infusiore- 1ok minm  Conunent Acquired Tinwe 11/10V020 12:20:02 PM

x10 4 | *ES| Scan (0.416-0. 448 lﬁln. 3 Scans) Frag=170.0V 1R.d Subtrsct
24

349 0161
a51.0132

IR BRI -

-
N @ -

0.94
0.8+
07
0.6

0.4

0.3, " 3500187 352.0187

0.2

1611
0.1 346 .16

345 2485 346 23465 2347 2475 348 2485 2349 3466 2350 3505 361 3515 262 3525

Mixture of Regioisomers N-Boc-2-bromo-5-nitro-1H-benzo[d]imidazole (A) and
N-Boc-2-bromo-6-nitro-1H-benzo[d]imidazole (B)
Calcd for C7H3BrN3O2  239.9414; Found: 239.9413

Saenple Namw See dats fie Position Trstruiment Name Instyumsnt 1 User Nasw QTOF-+P\admin
Iy Vol -1 InpPosstion SampleType Samphe 1RM Caldbration Status Success
Data Filename IMNG ACQ Method Infusions- L0t ménum Conmument Acquired Time 11/10/2000 9:45:16 AM
x10 8 [-ES|I Scan (0.397-0 430 min, 3 Scans) Frag=170.0V 1M-N.d Subiract
14

088

0.9 2350413
0.85

59.0145 116.0762  141.0165 178,0267 209.9434 i 266 2477
50 60 70 80 00 100 110 120 130 140 150 160 170 180 160 200 210 220 230 240 250 260 270
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1y Vol
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N-Boc-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1a)
Calcd for C1gH22N202Na* 321.1573; Found: 321.1579.

1 InjPosition SampleType

Data Filenamne 144 ACQ Method risione-10u-minm  Comment

Instrument Namwe Insbrumsnt 1

Sample

User Name
1RM Calibration Status
Acouiired Time

QTOF-HP\admin
Sucoes
11/972020 2:34:38 MM

=10
52-

o
4.8
4.64
4.4
4.2

a
3.8+
2.6+
344
324

a4
28
264
244
224

24
1.8

1.6+
1.4+
1.24

14
0.8+
0.6
0.4+
0.2

+ESI Scan (0.410-0.432 min, 2 Scans) Frag=170.0V 1A.d Subtract

259 1751 204 2613

|
2907.0953 | | 2022448 |

321.1579

?

318.2370 [

Sample Name
Inj Vol
Data Filename

288 200 202 204 296 208 300 302 304 306 308

310 212 314 316 318 320 322 324 326

N-Boc-2-(hex-1-yn-1-yl)-5,6-dimethyl-1H-benzo[d]imidazole (1b)
Calcd for CooH26N202Na* 349.1886; Found: 349.1891

Se data fike Position Instrument Namwe Instrument 1

3 LigPosition SamgleType
184 ACQ Method nfimione- 10 -minam  Comtwent

Sample

User Name
1RM Calibration Status

QTOFH\acmin
Success
LLA9T2020 2:47:42 PM

%10 % | *ESI Scan (0. 480-0 513 min, 3 Scane) Frag=170.0V 16.d Subiract

244
2.3+
2.2
214
2
1.9+
1.8
74

- - - - - -
- Nwas0o0

0.8+
0.74
06

0.5
o4

0.3
0.2
0.1+

327.2071

|

321.1582
3251265 |

349.1891

3462720

312 314 316 318 320 2322 324 326 2328 330 332 334 336 338 240 342 344 346 348 350 352 384
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N-Boc-2-(hex-1-yn-1-yl)-6-methoxy-1H-benzo[d]imidazole (1c)
Calcd for C19H24N203Na*351.1679; Found: 351.1685.

Sample Nanwe S it fle Position Lostrusmest Name Instrument 1

2 TnjPosition SampleType Sample

Data Flename UM ACQ Method rfmone 10uLmnm  Conment

User Nanwe
TRM Calibration Status
Acguired Tame

QTOFHP\admin
Success
1L 10/2020 1:07:19 PM

( . NRNNNONNN
.Q-1N9§GOQQDN—N93WOQU\DU 2]

-k o e o .

+ESI Scan (0.415-0.464 min. 4 Scans) Frag=170.0V 1U.d Subact

329.1860 3451597

351 1GR6

340.1899

324 326 “338 330 332 334 336 338 340 342 344 346

348 350 352 354

N-Boc-2-(hex-1-yn-1-yl)-5-methoxy-1H-benzo[d]imidazole (1d)
Calcd for C19H24N203Na* 351.1679; Found: 351.1686.

Sample Name Seu data file Pasition Instrument Name testrument 1

Tuj Vol

1 InjPosition SaenpleTyps Samph:

Data Floname 1S4 ACQ Method mfusione-10L-minm  Comment

Usor Name
IRM Calibration Status
Acquired Time

356

QTOF-HP\admin
Sucoess
11/10/2000 123617 PN

=x10%
2.3
2.2
2.1
2
1.9
1.8
1.7
1684
1.64
144
1.3
1.2
1.1
14
0.9
O .84
0.7
0.6
0.5
0.4
[eBa B
0.2
0.14

o

+ESI Scan (0.513-0.546 min, 3 Scans) Frag=170 0V 15 .d Subwract

329 1466

|

3511685

314 216 318 320 322 324 326 328 330 332 334 336 3328 340 242 344 346 348 250 252 284 256 353



Sample Nanwe  See oita ik

g Vol

Data Filename
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N-Boc-5,6-dichloro-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1e)
Calcd for C1gH20ClaN202Na * 389.0794; Found: 389.0796.

Position Instrument Nanw Tnstyumentt | User Name
-1 TnjPosition SampleTypo Saphe TRM Cabbration Status
1Hd ACQ Method nfigione (0l -mnm  Commment Acquired Tine

QTOF-HP\admn
Sucoess
11)10/2020 8:53:41 AM

=101
314
-
2.91
2.8
27
26
254
24
234

+ES| Scan (0.626-0.707 min, 6 Scans) Frag=170.0V 1H.d Subuact

3800796
|

381.0770
|

Sample Name  See data e

nj Vol

Data Flename

v

N-Boc-2-(hex-1-yn-1-yl)-6-nitro-1H-benzo[d]imidazole (1f)
Calcd for CisH21N304Na*366.1424; Found: 366.1433.

Position Instrument Natiw User Name
-1 InPasition SanpleType TRM Calibration Status
INd ACQ Method rfimione-10ulmnm  Comment Acquired Time

Iratrument 1
Sarpk

374 375 376 377 378 370 380 381 382 383 384 388 386 347 388 340 360 351 392 363 394 305 396

QTOF-H\admin
Success
1130/2020 10:45:05 AM

=104
6
%04
5.6
5.4
524

s
4]
4.64

4.4
4.2

+ESI Scan (0.415-0 448 min, 3 Scans) Frag=170.0V IN.d Subiract

366.1433

368 2399
|

ans 2327 !
{ 367 1464

360 2433

370 9906

|

262 363 2364 365 366 267 362 269

370

ar”



Sample Nanse  Sew ot file

nj Vel

Data Flenatme
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N-Boc-2-(hex-1-yn-1-yl)-5-nitro-1H-benzo[d]imidazole (1g)
Calcd for C1gH21N304Na*366.1424; Found: 366.1433.

Posstion Lnstrument Naive Instiument | User Name
-1 TipPosation SampleType Sameke TRM Calibration Status

104 ACQ Method Itfusons-10ul-minm  Commnent Acquiced Time

QIO+ admin
SUC0Ess
LYHVXQ0 11:01:22 AM

x10 *
324
.14

3
20
284

294

NN

.---_,-___
el S L e

+ESI Scan (0.476.0.544 min, 5 Scans) Frag=170.0Vv 10.d Subtract

366 1433

368.2395

354 2581

367.1473
364 2319 |

a58.2337
370 9916

|

Sanple Name  See 0a fls

1) Vol

Data Filenarne

x10 %

1.354
1.3+
1.251
1.2
1154
1.1
1.05
14
0.95 1
0.91
0.85 4
0.8 4
0.75 4
0.7
0.65
0.6
0.554
0.6
0.45

0a

0.35 4

0.3

0N 25 4
0.2+
015
0.1
0.00

354 355 356 357 358 350 360 361

N-Boc-2-(dec-1-yn-1-yl)-1H-benzo[d]imidazole (1h)
Calcd for C22H30N202Na* 377.2199; Found: 377.2204.

Position

Name Trsoument J
1 ImjPosstion SampleType Sample
1Fa ACQ Method PAsione=10uL-minm  Conmment

User Name
1RM Calibration Status
Acquired Tinwe

362 363 364 365 366 367 368 360 370 371 372 373

QTOF-H7\acdkmin
Suceess

LI/ANV2020 8:15:24 AM

«ES| Scan (0.838-0.936 min, 7 Scans) Frag=170.0V 1F.d Subtract

377.2204

378.2240
|

379.2264 3802513

(4]

372 373 374 375 377 378 370 A80
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N-Boc-2-(5-methylhex-1-yn-1-yl)-1H-benzo[d]imidazole (1i)
Calcd for C19H24N202Na* 335.1730; Found: 335.1736

Samgle Name  See data file Position Instrumeant Name Instrument | User Nanwe QTOF-HMadmn
1m Vol 1 InjPosstion SampleType Samgle IRM Calibration Status Sucoess
Dats Flename 104 ACQ Method Phsone-10ul-mieun  Comnsent Acoutired Timne 111/2020 7:47:10 AM

=105 +ESI Scan (0.464.0.497 min, 3 Scans) Frag=170.0V 1D.d Subrract

335.1736

- o o o
.‘d\)uig}\@’l@?”

3131913
3111204 3202616 326.2443

310 312 314 316 318 320 2322 324 326 228 330 332 334 336 2333 340

600600060060
-NLasooud® QO

o 4 " F— r—

N-Boc-2-(4-phenylbut-1-yn-1-yl)-1H-benzo[d]imidazole (1j)
Calcd for C22H22N202Na* 369.1573; Found: 369.1578.

Sample Name 5o data file Posstion Instrument Name Instrumwat 3 User Name QTOF-H\admin
1nj Vol 1 InjPosition SampleType Samohe IRM Callbration Status Success
Data Filename  1EC AOQ Method infusions=10uLmenm  Comment Acguired Time 111072020 8:00:10 AM

x10 6 | *ESI Scan (0.561-0.610 min, 4 Scans) Frag=170.0V 1E.d Subiract
1.564

1.54
1.451
144 366.1578
1.3654
1.3+
1.254
1.24
1.154
1.14
1.064

|}

33517256 2471759
232 334 236 338 340 342 344 346 348 360 352 354 356 358 360 362 364 366 368 270 372 274 376




S19

N-Boc-2-(3-cyclohexylprop-1-yn-1-yl)-1H-benzo[d]imidazole (1k)
Calcd for C21H26N202Na* 361.1892; Found: 361.1894

Sample Rame  See cata fle Position Tostrument Nanse Tnstyument 1 User Name QTOF-HPadmin
Inj Vol -1 IngPosition Sample Type Samgple 1IRM Calibration Status Success
Data Fllepame 194 ACG Method niisione- 10clmnm  Conumant Acguired Time 13/10/2020 13:17:33 AN

10 % | *ESI Scan (0.740-0 788 min, 4 Scans) Frag=170 0V 1P d Subiract
235
224
214

24

361.18%4
|

1

1.
1.
1.
1.6+
'
1.
1
1

1~

14
0.0+
0.8
0.7+
0.64
0.5 339 2071
04
0.34
0.2+

0.14 3371269 | 3451590  340.1884 )
a . . .
334 336 338 340 342 344 346 348 350 352 364 356 358 260 362 364 366

N-Boc-2-(cyclohex-1-en-1-ylethynyl)-1H-benzo[d]imidazole (1l)
Calcd for CyoH22N202Na* 345.1573; Found: 345.1581

Satmple Nanw Seex difa e Pusition Erstrument Nanw Irstrumest 1 User Naroe QTOFH@dmin
) Vol -1 TryPosition SampleType Samok TRM Calibration Status Sucess
Data FHlename 104 ACQ Method rfmone- 10L-minm  Comment Acguired Time 13/10/2020 9223210 M
%10 5 | *ES| Scan (0.448-0 481 min, 3 Scans) Frag=170.0V 1L d Subwact
3.1+

0.4+ 929 1765

0“; 321.0056 327 0025 \ | 340.1004
" 316 318 320 322 324 326 328 330 332 334 336 338 340 342 344 346 348 350 352




Sample Name  Se cita fie Position Tnstrursent Name Erstrument 1
-1 TnyPosition SangleType Sample

Inj Vol

S20

N-Boc-2-(3-methoxyprop-1-yn-1-yl)-1H-benzo[d]imidazole (1m)
Calcd for C16H18N203Na* 309.1210; Found: 309.1217.

Dats Fidename  1T.d 200 Method infusione-10u-mieum Comitment

User Name
TRM Calibration Status Success

QTOF@'admn

Acquired Time 10/10/2020 12:5::33 PM

=106
11

1.05-
14
065
0.9
0.854
o.e
0.754
0.7
0.664
0.6
0.55
0.5
0.454
0.4
0.354
0.3
0254
0.2
0154
0.1+
0.051

+ESI Scan (0.530-0.595 min, 5 Scans) Frag=170.0V 1T.d Subuact

276.2268 285 0596 295 1063

304 2618

|

300.1217

\
]

Tnj vod

274 276 278 280 282 2384 286 288 290 292 204 266 298 300 302 304 306 308 210 312 314 316 318

Methyl N-Boc-5-(1H-benzo[d]imidazol-2-yl)pent-4-ynoate (1n)
Calcd for C1gH20N204Na*351.1315; Found: 351.1324

Sample Name  See data file Postion Irstrument Nosne

-1 TnjPosition SampleType

Data Alename 1X0o ACQ Mathod infusione 10Lminum  Coniment

Instrument 1 User Nase QO \admn
Samgh: TRM Calibration Status SUcess
Acguired Time 12/11/2020 11:32:08 AM

x10 4
464
A4
4.2+

a
3.8+
3.6+
34
3.2

34
2.84
20
24
2.2+

24
1.8+

1.6
1.4
1.2

1
0.8+
0.6+
0.4

02

+ESI Scan (0 416-0. 448 min, 3 Scans) Frag«170.0V 1X.d Subtract

205.0696

2851
G 1 R0R 311.0418

273.0851

320.1603

3350102
-

361.1324

265 270 275 280 285 200 205 300 305 310 315 320

325 330 335

340

345 350 355 360
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N-Boc-4-(1H-benzo[d]imidazol-2-yl)but-3-yn-1-ol (10)
Calcd for C1gH18N203Na* 309.1210; Found: 309.1217

Sample Mame  See data e Position Instrument Nanw Trstrument 1 User Name QTOF-H"admin
Inj Vol 1 IngPosition SanipleType Savphe 1RM Calibration Status Suctes
Data Filenanwe 114 ACQ Method Infusione-10UL-minm  Consment Acquered Time LU/10/2020 9:05:38 AM

<10 6 [*ESI Scan (0.610-0.662 min, 6 Scans) Frag=170.0V 11L.d Subiract

1.054

14
0.95 309.1217
0.9
0.85-
0.8
0,751
0.7
0.85
0.6
0.55
0.51
0.45 1
6.4
0.36
0.3
0.25 4
024
0.15
i 301.0827

0.05 4 205 0692 3250954
8 260.0310 || 317.0517 ‘

265 270 275 280 285 260 265 300 305 310 315 320 325 2330

3-Butyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2a)
Calcd for C14H15sN202" 243.1128; Found: 243.1132

Sanaple Rame Sew data fle Position Instrument Name Instrument § Usor Name QTOF-HMadmin
Inj Vol 1 LigPosition SanpleType Samgle 1RM Caldbration Status Success
Data Filename 244 ACQ Method infugione-10uL-minm  Commnment Acquired Time 1U/1072020 3:04:03 PM

x10 4 +ES| Scun (0.088-0.3006 min, 18 Scans) Frag=170.0V 2Ad

74
6.75
6.54
6.25
Q-
8764
5.5
5.254
5=
4.75- '
4.5-
4.254
-
3.75+
as
3.254
a3
2.754
2.64
2.254
24
1.76-
1.5
125 217.1338
14
0,754 2231234 i
0.5 199.1231 | 264 2480
028 | [

' L '
Oy - .
195 200 2056 210 218 220 225 230 235 240 245 250 2585 260

243.1132

2291338 239.1166




S22

3-Butyl-7,8-dimethyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2b)
Calcd for C1gH19N20>* 271.1441; Found: 271.1446

Samiphe Name Sew data ke Pusition Irstrument Natie Iretrutment 1 User Natie QIOFHP \admn
Inj Vol -1 InjPosition SampleType Sample TRM Calibeation Status Scess
Data Filename 284 AC) Method Infusione-10L-minum  Conment Acnuirad Tene 11/10/2020 3:23:58 M

<10 4 [*ESI Scan (0.080-0.237 min, 10 Scuns) Frag=170.0V 2B.d

254
244

27114486
224 |

267 1306
|

2721476
03 268.1338

266 2665 267 2675 268 2685 260 2605 270 2705 271 2715 272 2725

3-Butyl-8-methoxy-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2c)
Calcd for CisH17N203* 273.1234; Found: 273.1237.

Saenphe Nanss See dda fhe Position Tnstrument Mame Instrument L User Nanwe QTOFP\admin
) Vol B ] In)Postion SampleType Sample IRM Calibration Status Succes
Dot Filename 204 AL Method rizon=10ul-mnm  Comenent Acguired Tiene 111272020 10:29:00 AM

x10 5 | *ES| Scan (0.479-0.512 min, 3 Scans) Frag=170.0V 2F.d Subtract

1.254
1.24
1.15
1.14
1.05
14
0.95 4
09
0.85
0.8
0.751
07
0.654
0.64
0.554
os
0454
0.4
0.35
0.3
0.25
0.2
0.15
014

0.05 4 2611
a 1441494 1741675 214.0904 250.2273 i

60 20 100 120 140 160 180 2060 220 240 260 280 300

273.1237




S23

3-Butyl-7-methoxy-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2d)
Calcd for C1sH17N203* 273.1234; Found: 273.1242.

Sample Name  See data e Position Instrument Name Instrurmett 1 User Mane QTOFPadmin
Ty Vol 1 TnpPosition SampleType Samgle IRM Calibration Status Sucoess
Data Flename 204 ACQ Method infusione-t0ut-minm  Comument Acquitred Thme 13/12/2020 10:41:20 AM
x10 5 | *ESI Scan (0.578-0.611 min, 3 Scans) Frag=170.0V 2Q.d Subuact
26
2.54

24
25 2731242

|
111.0392 149.0238 205.1378 2291345 2511142 | 2851908
100 110 120 130 140 150 160 170 180 160 200 210 220 230 240 250 260 270 280 290 300

3-Butyl-7,8-dichloro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2e)
Calcd for C14H13ClN2027311.0349; Found: 311.0348

Sample Name See data fle Position Trstrument Name Instrument 1 User Namo QTOF-HP\admin
Inj Vol 1 InjPosstion SampleType Sample IRM Cabibration Status Sucowss
Data Filename ¢4 AC) Method nfumione-10ul-minm  Comenent Acquired Time 11/22/2020 8:53:06 AM

%10 3 | *ESI Scan (0.836-1 034 min. 7 Scans) Frag=170.0V 2F.d Subtract

5.8 3110348

aod

PLRW Maaa
Lo0ENFOIBOVED

313.0336

A o
doWwN

N
-

N
aE-N2DdBNN

- -

=]

312.0377 314.0354

(=]

o0
ona

3075 308 2085 300 23055 310 3105 311 3115 312 3125 313 3135 314 3145
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3-Butyl-8-nitro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2f)
Calcd for C1sH17N3OsNa* 342.1060; Found: 342.1064.

Sample Namme Sewe At Fike Position Irstrument Name Iretrummest 1 User Name QUOF+P admn
) Vol -1 InjPosition SampleType Sample TRM Calitwation Status Success
Data Filename 210 ACD Method mfusions- 10l minm  Consment Acired Time 11/13/2020 B46: 24 AM

x10 5 | *ES| Scan (0.431-0.464 min. 3 Scans) Frag=170.0V 21L.d Subiract

1.7
1.654
1.6
1.55
15 342.1084
1.45 |
144
1.36

343.1008

0D.05 4 3441125

339 335.5 340 340.5 341 241.5 342 3425 343 2435 344

3-Butyl-7-nitro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2g)
Calcd for CisH17N30sNa* 342.1060; Found: 342.1064.

Samgple Name Sew ata fike Position Lnstrumsent MNasme Iretrument 1 User Name QToFH"\admin
1nj Vol -1 InjPosition SampleType Sample IRM Calibration Status Succuss
Data Flename 200 ACQ Method rAsons-10L-minm  Comment Acquired Time 11/13/2020 8:29:34 AM

105 +ESI Scan (0.662.0.595 min, 3 Scans) Frag=170.0V 2L d Subwact

1.45-
1.4
1.35-
1.3 342.1064
1.25-
1.24
1.15+
1.1
1.05-
1-
0.06-
0.9+
086
0.8+
0.754
Q.74
0.65
06
0.55 4
a5
0.45+
0.4
0.35+
0.3-
0.25

0.2
320.2516 290 1428

0161 318.2464
0.1- | 3322023

0.08 228 00647 336 2510
o \ ] |

o

312 2314 316 318 320 322 2324 336 2328 2330 232 334 2336 338 340 342 2344 346 248
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3-Octyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2h)
Calcd for CigH23N20," 299.1754; Found: 299.1757.

Sample Name  See data fle Position Tnstrummest Nane Trstzumeet 1 User Nanw QTOFHMadmin
Iy Vol -1 InjPosition SamplaType Sampk: TRM Calibration Status SUCoRss

Data Flename X d ACQ Method infusiones 10U min.m  Comnement Acquered Time L112/2020 8: 2298 2M
%10 4 | *ESI Scan (0.725-0.790 min, 5 Scans) Frag=170.0V 2C d Subuact
5.6
5.4
5.24
54 299.1757
4.8
4.6
4.4
4.2
a
3.8
3.0
3.4
3.2
a4
28
2.6
24
224
24
1.8
1.6
1.4 4
1.2
14
0.84
0.64 205 1802
0.4
0.24 206.1845 267.1422

300.1790

203 2035 204 2045 205 2055 206 20865 267 2075 208 2085 290 2065 300 300.5 301

3-Isopentyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2i)
Calcd for C1sH17N20,"257.1285; Found: 257.1286.

Sample Name  See data fle Posstian Instranent Name Instrument 3 Usor Name QTOF-H7admin
Iny Vol -1 InpPosition SamgleType Samgle 1RM Calibration Status Suctess
Data Flename 204 ACQ Method Infusione-10uLminm  Comnent Acyuined Time 11/12/2020 8;55:35 AM

x10 4 +ESI| Scun (0. 12530172 min, 4 Scans) Frug=170.0V 2D0.d
4.8

40
a4
42 257.1286

e
a8
3.6
3.4
3.2

34
2.8
2.6
2.4
-3 2583 1310

2
1.8+
16
1.4
1.24

1
o8 258 1312

a.6 245.1645
04 ;
024 244.1133 | 260.2142

0

254.1346

1

244 245 246 247 248 240 260 281 252 253 264 265 266 257 288 280 260 261 262
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3-Phenethyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2j)
Calcd for C1gH1sN202" 291.1128; Found: 291.1126.

Saenphe Name  See data fle Position Instrument Name Instrusment 1 User Native QTOFH\admin
nj Vol -1 TryPusiticn SampleType Samphs TRM Calibration Status Success
Data Filename  JE0 ACQ Method mfsooe 1L minm  Comment Acguired Time 11/12/2020 8:40:33 AM
%10 4 | *ESI Scan (0.853-1.018 min, § Scans) Frag=170.0V 2E d Subiract
165
1.6
1.454
144
1.1126
1.264 .
1.3 |
1.251 !

1.24

1.15
1.1

1.051 |
'-

0.95

09

0.34 292 1156
0.251 |

283.? 155 285.0788

282 283 284 285 286 287 288 289 200 201 292 203 204 205 206

3-(Cyclohexylmethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2k)
Calcd for C17H19N20," 283.1441; Found: 283.1448.

Sample Name S data tle Position Trstrument Nanwe Trstument | User Name QTOF-HMadmin
Iny Vol 1 InpPosition SampleType Sample IRM Calibration Status Succuas
Dats Filename 204 A0Q Method Infusiore- L0 minm  Comment Acquired Time 11272020 10:18:00 AM
x10 5 +ES| Scan (0.562-0.584 min, 3 Scans) Frag=170.0V 20.d Subtract
1.4
1.354
1.3
1.254 283 1448
1.2
1.154
114
1.054
14
0.954
0.9+
0.85 4
o8
0,76
0.7
0.65 4
0.6
055
0.5
0454
0.4
0.35
0.34
0.254
0.24
015
0.1+

0.05-4
e G4.0140 157.0783 214.1100 261.1370 304 2656

6o 20 100 120 140 160 180 200 220 240 260 280 300 320




Samgle Name  See cata e

Lng Vol

S27

3-(Cyclohex-1-en-1-yl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2I)
Calcd for C16H15N202" 267.1128; Found: 267.1129.

Usar Name

Position Instrument Nanw

1 InpPosition Samplelype
Data filename 24 ACQ Method rfusone-10uL-minm Comment

Trsument 1
Sample

1AM Calibration Status
Acguired Tine

QTOF-HPadmin

Sigres

LI/11/2020 10:30:15 AN

x10 *
4.6

4 44
4.2

4 4
as
3.6-
3.4
3.2

a4
28
26
24
2.2

2
1.8
1.6
144
1.2

14
aOR
06
0.4
o2

+ESI Scan (0.464-0.480 min, 2 Scans) Frag=170.0V 2H.d Subtract

261.0794

2671120

Sample Name  See data Se

Inj Vol

Data Fiename 2R.¢

240 250 251 252 253 254 255 256 257 258 250 260 261 262 263 264 265 266 267 268 260 270 291

3-(Methoxymethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2m)
Calcd for C12H11N203" 231.0764; Found: 231.0768

4 InjPosition SampleType

ACQ Method hsone-10A-mnm  Comment

Instrumant Name Instrument |

Sampke

Acquired Time

QTOF-HP\aamin
Success

11/12/2020 10-53:29

x10 8
3.6

3.4
3z
3
28
2.6
24
22
24
1.8
1.6
1.4
1.2
14
os
0.6
0.4
0.2

+ES!| Scan (0.774-0.822 min, 4 Scans) Frag=170.0v 2R.d Subtract

231,

187.0865

144.0675 |

D768

4292278

304 2612
£ 380.2346 |

556 2456

783,1370

o
50 100 150 200

250 300 350 400 4S50 S00 S80 o000

aso

700

750 BOO

aso
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Methyl 3-(1-oxo-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-3-yl)propanoate (2n)
Calcd for C14H13N2047273.0870; Found: 273.0874.

Sample Name  See daa file Position Tnstrument Nans Frstrumest: | User Name QTOF-H\aamén
g Vol B TigPasition SamploTypo Samoke IRM Calibration Status SucoRss
Dats Filename 2X4 ACD) Method rfumons10uL-minm  Conument Acguired Tune 121172020 11:52:35 aM
%10 % | *ESI| Scan (0.757-0.822 min, 5 Scans) Frag=170.0V 2X.d Subwract
21

2

1.9+ 273.0874
1.8+

1.7
1.6
1.5
144
1.3
1.24
1.14
14
0.0
0.8
0,74
0.64
0.5
0.4
0.3
0.2

0.14

146.0238 197.0714 225.1960 261,0785 295.0675
150 160 170 180 190 200 210 220 230 240 250 260 270 280 200 300

3-(2-(Tert-butoxy)ethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (20')
Calcd for C1gH19N203* 287.1390; Found: 287.1395.
Sampla Name See data fle Position Instrument Name Instrument 1 User Manw QTOF-H\admin

nj Vol 1 IngPositicn SanpleType Sample IRM Calibration Status Success
Data Filename 2G4 ACQ Method phsone-10U-minm  Conmment Acquired Tame 13/12/2020 S22:09 2

%10 5 | *ESI Scan (0.367-0 383 min, 2 Scans) Frag=170.0V 2G.d Subiract

4
384
364
3.4 |
321 [

34 |
2.8
2.6
244

224 |

287.1395

2 |
1.84 {
1.6 ,
1.4, j.
1.2 |

14
0.8 |
0.6+ |
0.4 ‘

024 \
s PR 2431505 266.1308 | 2082178

170 180 160 200 210 220 230 240 250 260 270 280 290 300 310 320 230




Sample Name Sew data file

In) Vol

-1

Data Fillename  2Nd

S29

2-(Hex-1-yn-1-yl)-6-nitro-1H-benzo[d]imidazole (3f)
Calcd for C13H14N302" 244.1081; Found: 244.1081.

=104
5.4
5.2
s
4.8
46
a4
a2
4
38
.6
34
3.2
34
28
2.6
2.4.
22
2
1.8
1.6+
1.44
1.2
14
0.8
06
0.4
0.2

Positson ment Name K t1 User Naime QIOFHMadmin
TngPosition SampleType Sampl= TRM Calibration Status S CEss

ACD Method rfusone-10ulminm  Conument Acguured Time 11/12/2020 1000640 AM

+ESI Scan (0.561-0 584 min, 3 Scans) Frag=170.0V 2N d Subiract
244 1081
266.0007
2201141
197 0891

60 70 80 9O 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

Sample Mamwe Sew data file

Inj Vol

-1

Data Filename  2Md

2-(Hex-1-yn-1-yl)-5-nitro-1H-benzo[d]imidazole (3g)
Calcd for C13H14N302" 244.1081; Found: 244.1082.

Postan Instrument Name Inramert 1 User Name
LnjPosition SampleType Sarrgle IRM Calibration Status
A0Q Method ohsion=10ul-minum  Conmment Acquired Time

QIOF HMadmn
Socress
LU/12/200 9:50:55 AM

x10 4
a
7.75+
7.5
7.25-
-
/754
6.5
625
(5]
5754
55
5254
5
4.754
4.5
4.251
4
3.754
3.54
3.25
3-
2.754
25
2284
2
1.75
1.5
1254
-
0.754
0.5
0254

o

+ES| Scan (0.871.0.952 min, & Scans) Frag=170.0V 2M.d Subtract

1220976

244,1082

233.0240

266 0901

120

130

140 150 160 170 180 180 200 210 220 230 240 250

260 270



S30

Copy of *H and '3C NMR Spectra

N-Boc-2-bromo-5,6-dimethyl-1H-benzo[d]imidazole
'H NMR (300 MHz CDCls)

N
- 5500
Boc
Me h{ 5000
I
| Br
/>
hie =N 4500
4000
3500
3000
2500
2000
O <
M ™
o~
/
1500
1000
R &
~N N 8
Lo 7 - 500
|
L e [
PN 2 i
S @ a5 ~
— o oo (=] 7_500
T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00  -05

4.0
f1 (ppm)
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N-Boc-2-bromo-5,6-dimethyl-1H-benzo[d]imidazole.
13C NMR (75 MHz CDCls)

3200
Boc
3000
S >_

Er - 2800

¥ = N/ L
B - 2600
- 2400

2200

28.13

T

2000

1800

77.16

1600

T

——141.19
13437
== 133.56
132,27
119.55
115.17
——86.57
T
o]
o
o

__~20.78
~™-20.18
T
(o))
o
o

— 147.55
——125.61

0 60 50 40 30 20 10 0 -10

160 150 140 130 120 110 100 90 80 7
f1 (ppm)



S32

Mixture of Regioisomers N-Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole (A) and N-Boc-2-bromo-5-methoxy-1H-benzo[d]imidazole (B)

(A/B Ratio = 1 by 'H NMR)
H NMR (500 MHz CDCls)

N
! 4500
Boc Boc [
MeO { !
\@Nf L
Br Br
y %
L L L
N MeO N
A B - 3500
s 3000
<
|
2500
2000
88
™Mm o
Y
| 1500
1000
RRBATEINIER3383a4 500
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S33

Mixture of Regioisomers N-Boc-2-bromo-6-methoxy-1H-benzo[d]imidazole (A) and N-Boc-2-bromo-5-methoxy-1H-benzo[d]imidazole (B)

(A/B Ratio ca 1 by *H NMR)
13C NMR (125 MHz CDCls)

40000
3
Boc Boc <
MeO W o
| = | = 35000
Br B
/> />_f
N MeO TN
A B 30000
25000
20000
15000
10000
R
n wn
o n wn
s %83 = Y
.e ooEyg g g © 5000
sy g ogg RRT IR T E
n %Y 8% 8oy | |
\/ VO ‘
YoV | ] !
A e, Fo
T T T
160 150 140 130 120 110 100 20 60 50 40 30 20 10 0

80
f1 (ppm)



S34

Mixture of Regioisomers N-Boc-2-bromo-6-nitro-1H-benzo[d]imidazole (A) and N-Boc-2-bromo-5-nitro-1H-benzo[d]imidazole (B)
(A/B Ratio ca 1 by *H NMR)
IH NMR (300 MHz CDCl3)
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S35

Mixture of Regioisomers N-Boc-2-bromo-6-nitro-1H-benzo[d]imidazole (A) and N-Boc-2-bromo-5-nitro-1H-benzo[d]imidazole (B)
(A/B Ratio = 1 by *H NMR)
13C NMR (75 MHz CDCls)
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S36

N-Boc-2-bromo-5,6-dichloro-1H-benzo[d]imidazole
IH NMR (300 MHz CDCl3)
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N-Boc-2-bromo-5,6-dichloro-1H-benzo[d]imidazole
13C NMR (75 MHz CDCl3)
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S38
N-Boc-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1a)
1H NMR (300 MHz CDCls)
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N-Boc-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1a)
13C NMR (75 MHz CDCls)
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S40

N-Boc-2-(hex-1-yn-1-yl)-5,6-dimethyl-1H-benzo[d]imidazole (1b)

1H NMR (300 MHz CDCl3)
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S41

N-Boc-2-(hex-1-yn-1-yl)-5,6-dimethyl-1H-benzo[d]imidazole (1b)
13C NMR (75 MHz CDCls)
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S42

N-Boc-2-(hex-1-yn-1-yl)-6-methoxy-1H-benzo[d]imidazole (1c)
IH NMR (500 MHz CDCl3)
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N-Boc-2-(hex-1-yn-1-yl)-6-methoxy-1H-benzo[d]imidazole (1c)
13C NMR (125 MHz CDCls)
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S44

N-Boc-2-(hex-1-yn-1-yl)-5-methoxy-1H-benzo[d]imidazole (1d)

H NMR (500 MHz CDCls)
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N-Boc-2-(hex-1-yn-1-yl)-5-methoxy-1H-benzo[d]imidazole (1d)
13C NMR (125 MHz CDCls)
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N- Boc-5,6-dichloro-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1e)
IH NMR (300 MHz CDCl3)
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N- Boc-5,6-dichloro-2-(hex-1-yn-1-yl)-1H-benzo[d]imidazole (1e)
13C NMR (75 MHz CDCls)
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N-Boc-2-(hex-1-yn-1-yl)-6-nitro-1H-benzo[d]imidazole (1f)
IH NMR (300 MHz CDCl3)
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N-Boc-2-(hex-1-yn-1-yl)-6-nitro-1H-benzo[d]imidazole (1f)
13C NMR (75 MHz CDCls)
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N-Boc-2-(hex-1-yn-1-yl)-5-nitro-1H-benzo[d]imidazole (1g)

1H NMR (300 MHz CDCls)
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N-Boc-2-(hex-1-yn-1-yl)-5-nitro-1H-benzo[d]imidazole (1g)
13C NMR (75 MHz CDCl3)
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S52

N-Boc-2-(dec-1-yn-1-yl)-1H-benzo[d]imidazole (1h)

1H NMR (300 MHz CDCls)
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S53

N-Boc-2-(dec-1-yn-1-yl)-1H-benzo[d]imidazole (1h)
13C NMR (75 MHz CDCls)
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S54

N-Boc-2-(5-methylhex-1-yn-1-yl)-1H-benzo[d]imidazole (1i)

1H NMR (300 MHz CDCl3)
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N-Boc-2-(5-methylhex-1-yn-1-yl)-1H-benzo[d]imidazole (1i)
13C NMR (75 MHz CDCls)
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N-Boc-2-(4-phenylbut-1-yn-1-yl)-1H-benzo[d]imidazole (1j)

1H NMR (300 MHz CDCl3)
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N-Boc-2-(4-phenylbut-1-yn-1-yl)-1H-benzo[d]imidazole (1j)
13C NMR (75 MHz CDCls)
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S58

N-Boc-2-(3-cyclohexylprop-1-yn-1-yl)-1H-benzo[d]imidazole (1k)

IH NMR (500 MHz CDCl3)
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N-Boc-2-(3-cyclohexylprop-1-yn-1-yl)-1H-benzo[d]imidazole (1k)
13C NMR (125 MHz CDCls)
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S60

N-Boc-2-(cyclohex-1-en-1-ylethynyl)-1H-benzo[d]imidazole (1)
1H NMR (500 MHz CDCls)
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Se61

N-Boc-2-(cyclohex-1-en-1-ylethynyl)-1H-benzo[d]imidazole (1)
13C NMR (125 MHz CDCls)

90000
5 \}i,, 80000
*?,-o
ONOW Y [
M LA h ekl
= o ERENEN
= \ N 70000
i
11
60000
50000
40000
30000
58
83 20000
\
| 908 S 8
T 89238 o g 3 q 2 n s
2 doaw o - - > ‘# ~10000
§ Loag d . I @
[ \ |
L |
WU W0 W OO Y | . " L o
--10000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 8 60 50 40 30 20 10 0

0 70
f1 (ppm)



S62

N-Boc-2-(3-methoxyprop-1-yn-1-yl)-1H-benzo[d]imidazole (1m)

IH NMR (500 MHz, CDCl3)
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S63

N-Boc-2-(3-methoxyprop-1-yn-1-yl)-1H-benzo[d]imidazole (1m)
13C NMR (125 MHz, CDCls)
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S64

Methyl N-Boc-5-(1H-benzo[d]imidazol-2-yl)pent-4-ynoate (1n)
'H NMR (500 MHz CDCls)
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Methyl N-Boc-5-(1H-benzo[d]imidazol-2-yl)pent-4-ynoate (1n)
13C NMR (125 MHz CDCls)

¥ 3
S 3 7500
7000
5 \}zi*’ 6500
>,O 0
o 6000
Fy i ,
| P ﬁ’ - 0CHs ‘ 5500
in r
5000
4500
RET] |
K8y 4000
N I
! 3500
3000
2500
. I
% 2000
2 @
8 N « L
N © w 2 ™~ |
N 2 2 © oS S 1500
N E s g8 \ ‘ ‘ § r
‘ | } I § ‘ 1000
| | L
500
MM«M -0
-500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



S66

N-Boc-4-(1H-benzo[d]imidazol-2-yl)but-3-yn-1-ol (10)
'H NMR (500 MHz CDCls)
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N-Boc-4-(1H-benzo[d]imidazol-2-yl)but-3-yn-1-ol (10)
13C NMR (125 MHz CDCls)
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S68

3-Butyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2a)

1H NMR (300 MHz CDCl3)
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S69
3-Butyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2a)

13C NMR (75 MHz CDCl3)
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S70
3-Butyl-7,8-dimethyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2b)

IH NMR (300 MHz CDCl3)
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S71
3-Butyl-7,8-dimethyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2b)

13C NMR (75 MHz CDCl3)
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S72
3-Butyl-8-methoxy-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2c)

IH NMR (500 MHz CDCl3)
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S73
3-Butyl-8-methoxy-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2c)

13C NMR (125 MHz CDCls)
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S74
3-Butyl-7-methoxy-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2d)

IH NMR (500 MHz CDCl3)
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S75
3-Butyl-7-methoxy-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2d)

13C NMR (125 MHz CDCls)
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S76
3-Butyl-7,8-dichloro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2e)

'H NMR (500 MHz DMSO-ds)
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S77

3-Butyl-7,8-dichloro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2¢e)

13C NMR (125 MHz DMSO-ds)
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S78

3-Butyl-8-nitro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2f)
1H NMR (300 MHz CDCls)
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3-Butyl-8-nitro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2f)
13C NMR (75 MHz CDCls)
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S80

3-Butyl-7-nitro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2g)

1H NMR (300 MHz CDCls)
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3-Butyl-7-nitro-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2g)

'H NMR (300 MHz CDCls)
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3-Octyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2h)

1H NMR (300 MHz CDCls)
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S83

3-Octyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2h)

13C NMR (75 MHz CDCl3)
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S84

3-Isopentyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2i)

1H NMR (300 MHz CDCls)
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3-Isopentyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2i)

13C NMR (75 MHz CDCls)
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3-Phenethyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2j)
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3-Phenethyl-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2j)

13C NMR (75 MHz CDCl3)
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3-(Cyclohexylmethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2k)

1H NMR (500 MHz CDCls)
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S89

3-(Cyclohexylmethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2k)

13C NMR (125 MHz CDCl3)
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S90

3-(Cyclohex-1-en-1-yl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2I)
1H NMR (300 MHz CDCls)
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S91
3-(Cyclohex-1-en-1-yl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2I)

13C NMR (75 MHz CDCls)
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3-(Methoxymethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2m)

1H NMR (500 MHz CDCls)
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3-(Methoxymethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (2m)

13C NMR (125 MHz CDCl3)
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S94

Methyl 3-(1-oxo-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-3-yl)propanoate (2n)

1H NMR (500 MHz CDCls)
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S95
Methyl 3-(1-oxo-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-3-yl)propanoate (2n)

13C NMR (125 MHz CDCls)
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S96

3-(2-(tert-Butoxy)ethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (20')
1H NMR (500 MHz CDCls)
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S97

3-(2-(tert-Butoxy)ethyl)-1H-benzo[4,5]imidazo[1,2-c][1,3]oxazin-1-one (20')
13C NMR (125 MHz CDCl3)
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2-(Hex-1-yn-1-yl)-6-nitro-1H-benzo[d]imidazole (3f)
'H NMR (500 MHz DMSO-ds))
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S99

2-(Hex-1-yn-1-yl)-6-nitro-1H-benzo[d]imidazole (3f)
13C NMR (125 MHz DMSO-ds)
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2-(Hex-1-yn-1-yl)-5-nitro-1H-benzo[d]imidazole (3g)
1H NMR (500 MHz CDCls)
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2-(Hex-1-yn-1-yl)-5-nitro-1H-benzo[d]imidazole (3g).
13C NMR (125 MHz CDCls)
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