Supplementary Information (Sl) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Zn/H,0O-Mediated Tandem Reductive Cyclization of 2-(2-
Nitrophenyl)-1H-benzimidazoles with Aldehydes to 5,6-
Dihydrobenzo[4,5]imidazo[1,2-c]quinazolines

Xiaopeng Zhang,** Qiuyang Pang,? Zhenhua Guo,? Zihua Yang® and Guisheng
Zhang**

*NMPA Key Laboratory for Research and Evaluation of Innovative Drug, Collaborative

Innovation Center of Henan Province for Green Manufacturing of Fine Chemicals, Key

Laboratory of Green Chemical Media and Reactions, Ministry of Education, School of
Chemistry and Chemical Engineering, Henan Normal University, Xinxiang, Henan 453007, China.

Contents
1. General INFOrMAatioN ........ccooiiiiiic e 2
2. Experimental ProCeAUIES...........cciiiiiiiicee e 3
2.1 Preparation of 2-(2-nitrophenyl)-1H-benzimidazoles substrates................... 3

2.2 General procedures for Zn/H,O-mediated, one-pot reductive cyclization of

2-(2-nitrophenyl)-1H-benzimidazoles with aldehydes ...........cccccccovviiiiiiciienenn, 3
2.3 General procedure for gram-scale reaction...........cccocevevieeneeiesieeseee e 3
3. Characterization Data ...........ccccoiiiiiiiieee e 5
4. RETEIEICES ...ttt bbbttt bbbt 21
5. Copies of NMR Spectra for the ProductsS ..........ccccceeviiiie i 22
6. Copies of HRMS Spectra for the Products............ccccoovvveieiieinese e 61

S1



1. General Information

Solvents and reagents: All solvents and reagents were purchased from commercial
suppliers and used without further purification.

Reactions: All sample preparation reactions were performed in oven-dried glassware
under reflux.

Chromatography: Reactions were monitored by thin-layer chromatography (TLC)
using silica gel plates (silica gel 60 F254) and components were visualized by
observation under UV light. Flash column chromatography was performed with 200-
300 mesh silica gel, eluting with a mixture of petroleum ether (b.p. 60 — 90 <C) and
ethyl acetate.

Melting point: Melting points were determined using a Yuhua X-5 apparatus (Gongyi,
China) and were not corrected.

NMR spectroscopy: *H NMR and **C NMR spectra were recorded with Bruker
Avance NEO 400 and Bruker Avance 111 HD 600 spectrometers with tetramethylsilane
(TMS) as an internal standard. All chemical shifts (6) are given in ppm, and are
referenced to residual solvent peaks (2.50 ppm for *H NMR and 39.56 +0.06 ppm for
3C NMR spectra in (CD3),SO, 7.26 ppm for *H NMR and 77.16 ppm for *C NMR
spectra in CDCl3) or TMS peak (0.00 ppm). Coupling constants (J) were reported in
Hertz (Hz). The following abbreviations are used to indicate the multiplicity of the
signals: s = singlet, d = doublet, t = triplet, m = multiplet, and associated
combinations, e.g. dd = doublet of doublets.

Mass spectrometry: High resolution mass spectrometry (HRMS) was performed on a
Bruker Micro ToF Il mass spectrometer.
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2. Experimental Procedures

2.1 Preparation of 2-(2-nitrophenyl)-1H-benzimidazoles substrates

EtOH (25 mL)

1
RQNHZ ) C[CHO AcOH (1 mL) Rji:[N\ = R?
" NH, A N0, 90°C12h N>_Q
A B

To a mixture of A (10 mmol, 1 equiv.) and B (10 mmol, 1 equiv.) in EtOH (25
mL) was added AcOH (1 mL) and the mixture was stirred under reflux for 12 hours™.
The mixture was cooled to room temperature, a yellowish-white precipitate that was
collected by filtration and washed with H,O and then dried to afford the
corresponding product 1.

2.2 General procedures for Zn/H,O-mediated, one-pot reductive cyclization of 2-
(2-nitrophenyl)-1H-benzimidazoles with aldehydes

R! N —\ R? Zn Powder (3 equiv.) R N —\ R?
j@[ \>_§\j// + RCHO j@[ >\ /
R N i-PrOH/ R N
H o,N

90 °C, 1-12 h >N

1 2 3

In a 10 mL tube with a stir bar, 2 mL i-PrOH and 0.5 mL H,O were added to a
mixture of 1 (0.5 mmol, 1.0 equiv.), Zn powder (1.5 mmol, 3 equiv.), aldehyde 2 (0.75
mmol, 1.5 equiv.) under air. The reaction mixture was refluxed in an oil bath for 1-12
h. After cooling to room temperature, the mixture was filtered over celite and
anhydrous Na,SO,, and concentrated under vacuum. The crude reaction mixture was
purified by silica gel column chromatography to give the corresponding product with
petroleum ether/ethyl acetate (PE/EA = 3/1) as the eluent.

2.3 General procedure for gram-scale reaction

N\ Zn Powder (3 equiv.) N\
+ PhCHO

N i-PrOH/H,O (4/1) N

h

ON 90°C, 2h - N

1a, 5 mmol (1.19 g) 2a, 1.5 equiv. 3a, 78%, (1.16 g)

In a 50 mL round-bottom flask with a stir bar, 20 mL i-PrOH and 5 mL H,0
were added to a mixture of 1a (1.19 g, 5 mmol, 1.0 equiv.), Zn powder (980.70 mg,
15 mmol, 3 equiv.), 2a (795.90 mg, 7.5 mmol, 1.5 equiv.) under air. The reaction
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mixture was allowed to reflux in an oil bath for 2 h. After cooling to room temperature,
the mixture was filtered over celite and anhydrous Na,SO,, and concentrated under
vacuum. The crude reaction mixture was purified by silica gel column
chromatography to give the desired product 3a with petroleum ether/ethyl acetate
(PE/EA = 3/1) as the eluent.

S4



3. Characterization Data

vied
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6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3a)

White solid (132.32 mg, 89%), Rs = 0.23 (PE/EA = 3/1), melting point: 202 — 203 <C
(Lit.2 220 <C), CAS registry number: 305851-84-7, *H NMR (400 MHz, DMSO-dg) &
7.97 (d, J = 7.6 Hz, 1H), 7.66 (d, J = 8.7 Hz, 2H), 7.31 — 7.23 (m, 6H), 7.19 — 7.09 (m,
4H), 6.88 — 6.81 (m, 2H); *C NMR (100 MHz, DMSO-ds) 6 147.4, 144.3, 143.7,
140.9, 133.3, 132.2, 129.4, 129.3, 126.5, 125.1, 122.7, 122.5, 119.2, 118.7, 115.3,
112.4,111.0, 68.3.

oy
P

6-(2-bromophenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3b)

White solid (158.03 mg, 84%), Rs = 0.32 (PE/EA = 3/1), melting point: 192 — 194 <C,
(Lit> 195 — 197 <T), CAS registry number: 38027-33-9, 'H NMR (400 MHz, DMSO-
de) 07.99 (d, J =7.7 Hz, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.53
(s, 1H), 7.33 - 7.24 (m, 4H), 7.18 (t, J = 7.7 Hz, 1H), 7.09 — 7.02 (m, 4H), 6.89 — 6.80
(m, 3H); *C NMR (100 MHz, DMSO-d) 6 147.5, 144.4, 143.0, 138.5, 133.9, 133.0,
132.3, 131.8, 129.2, 128.6, 125.2, 122.9, 122.8, 121.8, 119.3, 118.8, 115.4, 111.7,
110.4, 68.6.

oy
!

Br
6-(3-bromophenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3c)
White solid (127.92 mg, 68%), Rs = 0.23 (PE/EA = 3/1), melting point: 225 — 227 <C,
(Lit.> 234 — 236 <), CAS registry number: 325763-56-2, '"H NMR (400 MHz,
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DMSO-dg) d 7.97 (dd, J = 7.6, 1.1 Hz, 1H), 7.68 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 1.6
Hz, 1H), 7.51 — 7.49 (m, 1H), 7.29 — 7.12 (m, 6H), 7.07 (d, J = 7.8 Hz, 1H), 6.88 —
6.83 (m, 2H); *C NMR (100 MHz, DMSO-dg) § 147.2, 144.3, 143.5, 143.2, 133.2,
132.3, 132.8, 131.6, 129.3, 125.2, 125.0, 122.9, 122.8, 122.4, 119.3, 119.0, 115.4,
112.4, 110.9, 67.2.

6-(4-bromophenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3d)

White solid (152.39 mg, 81%), R¢ = 0.18 (PE/EA = 3/1), melting point: 102 — 103 T,
(Lit.> 209 — 210 <), CAS registry number: 378199-61-2, 'H NMR (400 MHz,
DMSO-dg) 6 7.95 (d, J = 7.6 Hz, 1H), 7.67 — 7.65 (m, 2H), 7.54 (d, J = 8.4 Hz, 2H),
7.28 — 7.11 (m, 7H), 6.86 — 6.82 (m, 2H); **C NMR (100 MHz, DMSO-dg) 6 147.3,
144.3, 143.3, 140.3, 133.2, 132.3, 128.5, 125.2, 122.8, 122.7, 122.6, 119.3, 118.9,
115.4,112.4, 110.9, 67.5.

oY

Cl

6-(4-chlorophenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3e)

White solid (119.45 mg, 72%), R¢ = 0.18 (PE/EA = 3/1), melting point: 176 — 177 T,
(Lit.2 207 <C), CAS registry number: 387371-80-4, '"H NMR (400 MHz, DMSO-dg) J
7.96 (d, J = 7.4 Hz, 1H), 7.66 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.27 -
7.11 (m, 7H), 6.87 — 6.82 (M, 2H); *C NMR (100 MHz, DMSO-dg) & 147.2, 144.3,
143.3, 139.9, 134.0, 133.2, 132.2, 129.3, 128.2, 125.2, 122.8, 122.7, 119.2, 118.9,
115.4,112.3, 110.9, 67.4.
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4-(5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazolin-6-yl)benzonitrile (3f)

Yellow solid (32.23 mg, 20%), R = 0.36 (PE/EA = 1/1), melting point: 232 — 233 <C,
'H NMR (400 MHz, DMSO-dg) 6 7.96 (dd, J = 8.1, 1.6 Hz, 1H), 7.83 — 7.74 (m, 3H),
7.68 (d, J = 8.0 Hz, 1H), 7.37 — 7.32 (m, 3H), 7.28 — 7.15 (m, 4H), 6.86 — 6.83 (m,
2H); C NMR (100 MHz, DMSO-ds) 6 147.1, 146.0, 144.2, 143.0, 133.4, 133.2,
1325, 132.4, 127.4, 127.1, 125.2, 123.0, 122.9, 119.3, 119.1, 118.8, 115.5, 112.4,
112.1, 110.8, 67.1; HRMS (ESI) calcd for CxHisNs* [M+H]": 323.1291; found:
323.1292.

6-(2-methoxyphenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3h)

White solid (127.68 mg, 78%), R = 0.20 (PE/EA = 3/1), melting point: 167 — 168 <C,
CAS registry number: 1947372-92-0, *H NMR (400 MHz, DMSO-dg) & 8.03 (dd, J =
7.7, 1.2 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 2.5 Hz, 2H), 7.29 — 7.17 (m,
3H), 7.12 — 7.07 (m, 3H), 6.91 (d, J = 8.0 Hz, 1H), 6.82 (td, J = 7.8, 0.6 Hz 1H), 6.74
(t, J = 7.4 Hz, 1H), 6.66 (dd, J = 7.6, 1.6 Hz, 1H), 3.85 (s, 3H); *C NMR (100 MHz,
DMSO-dg) 0 156.6, 147.9, 144.3, 143.7, 133.3, 132.0, 130.7, 128.1, 126.6, 125.0,
122.7, 121.0, 119.1, 118.4, 115.3, 112.1, 110.6, 63.5, 56.18; HRMS (ESI) calcd for
C21H1gN3O" [M+H]": 328.1444; found: 328.1444.

vte
!

OMe

6-(3-methoxyphenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3i)
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White solid (130.96 mg, 80%), Rs = 0.17 (PE/EA = 3/1), melting point: 183 — 184 <C,
CAS registry number: 387372-04-5, *H NMR (400 MHz, DMSO-dg) 5 7.96 (t, J =
7.9 Hz, 1H), 7.69 — 7.62 (m, 2H), 7.29 — 7.05 (m, 6H), 6.91 — 6.81 (m, 4H), 6.74 (t, J
= 7.7 Hz, 1H), 3.68 (d, J = 9.6 Hz, 3H); *C NMR (100 MHz, DMSO-ds) 6 159.9,
1475, 144.3, 143.6, 142.5, 133.4, 132.2, 130.5, 125.2, 122.7, 122.6, 119.2, 118.8,
118.3, 1154, 114.1, 1128, 1125, 111.0, 68.1, 55.5; HRMS (ESI) calcd for
C21H1gN30" [M+H]": 328.1444; found: 328.1438.

oTY

MeO
6-(4-methoxyphenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3])
White solid (150.59 mg, 92%), R = 0.16 (PE/EA = 3/1), melting point: 103 — 104 <C,
(Lit.2 187 <C), CAS registry number: 325765-30-8, '"H NMR (400 MHz, DMSO-dg) &
8.02 (dd, J = 7.7, 1.1 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 1.0 Hz, 1H), 7.30
—7.25 (m, 3H), 7.18 (ddd, J = 8.2, 4.9, 3.4 Hz, 1H), 7.08 (d, J = 3.9 Hz, 2H), 7.02 (d,
J=1.3Hz, 1H), 6.91 (dd, J = 8.5, 3.3 Hz, 3H), 6.85 (t, J = 7.5 Hz, 1H), 3.69 (s, 3H);
3C NMR (100 MHz, DMSO-ds) 6 160.2, 147.6, 144.4, 143.9, 133.4, 132.9, 132.1,
128.0, 125.2, 122.6, 122.5, 119.1, 118.6, 115.3, 114.6, 112.4, 111.1, 68.3, 55.6.

oY

6-(p-tolyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3k)

White solid (116.77 mg, 75%), R¢ = 0.26 (PE/EA = 3/1), melting point: 104 — 105 <TC,
CAS registry number: 387372-24-9, *H NMR (400 MHz, DMSO-dg) J 7.96 (d, J =
7.1 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.56 (s, 1H), 7.24 (t, J = 7.2 Hz, 1H), 7.17 -
7.06 (m, 7H), 7.02 (s, 1H), 6.87 — 6.80 (m, 2H), 2.23 (s, 3H); *C NMR (100 MHz,
DMSO-dg) 0 147.5, 144.3, 143.7, 138.9, 138.0, 133.4, 132.1, 129.7, 126.4, 125.1,
122.6, 122.5, 119.1, 118.6, 115.3, 112.4, 111.0, 68.2; HRMS (ESI) calcd for
CaiH1gNs" [M+H]*: 312.1495; found: 312.1495.
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6-(4-(tert-butyl)phenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3I)
White solid (139.62 mg, 79%), Rs = 0.27 (PE/EA = 3/1), melting point: 94 — 95 <C,
CAS registry number: 387372-44-3, 'H NMR (400 MHz, DMSO-dg) 6 7.97 (dd, J =
7.7,1.1 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 1.5 Hz, 1H), 7.32 (d, J = 8.4 Hz,
2H), 7.27 — 7.16 (m, 5H), 7.10 (td, J = 7.9, 0.7 Hz, 1H), 7.05 (d, J = 1.6 Hz, 1H), 6.88
—6.81 (m, 2H), 1.19 (s, 9H); *C NMR (100 MHz, DMSO-dg) 6 151.9, 147.4, 144.3,
143.7, 138.2, 133.3, 132.1, 126.0, 126.0, 125.1, 122.7, 122.5, 119.1, 118.6, 115.3,
112.4, 111.0, 67.9, 34.8, 31.4; HRMS (ESI) calcd for CosHosNs* [M+H]": 354.1965;
found: 354.1965.

veey

6-(thiophen-2-yI)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3m)

White solid (125.90 mg, 83%), Rs = 0.23 (PE/EA = 3/1), melting point: 174 — 175 <C,
(Lit.* 210 — 212 <T), CAS registry number: 387371-68-8, 'H NMR (400 MHz,
DMSO-dg) 6 7.98 (dd, J = 7.7, 1.2 Hz, 1H), 7.77 (d, J = 1.9 Hz, 1H), 7.66 (dd, J = 6.9,
1.5 Hz, 1H), 7.47 — 7.44 (m, 2H), 7.37 (dd, J = 5.0, 1.1 Hz, 1H), 7.31 (td, J = 8.5, 1.5
Hz 1H), 7.22 — 7.15 (m, 3H), 6.97 — 6.87 (m, 3H); *C NMR (100 MHz, DMSO-dg) ¢
146.9, 144.3, 144.2, 143.3, 133.0, 132.2, 127.0, 126.9, 126.5, 125.1, 122.8, 122.7,
119.3,199.2, 115.9, 112.8, 111.0, 64.2.

vee

6-(pyridin-3-yl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3n)
White solid (107.40 mg, 72%), R¢ = 0.30 (EA), melting point: 221 — 222 <, (Lit.*
216 — 217 <C), CAS registry number: 326618-68-2, 'H NMR (400 MHz, DMSO-dg)
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5 8.55 (d, J = 2.1 Hz, 1H), 8.51 (dd, J = 4.8, 1.6 Hz, 1H), 7.99 (dd, J = 7.7, 1.2 Hz,
1H), 7.73 (d, J = 1.8 Hz, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.52 (dt, J = 8.0, 1.9 Hz, 1H),
7.34 —7.12 (m, 6H), 6.90 — 6.85 (m, 2H). **C NMR (100 MHz, DMSO-dg) ¢ 150.6,
147.7, 147.3, 144.3, 143.2, 136.4, 133.8, 133.1, 132.3, 125.2, 124.5, 122.9, 122.8,
119.3,119.1, 115.5, 112.5, 110.8, 66.1.

6-(naphthalen-1-yl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (30)

White solid (145.92 mg, 84%), Rs = 0.24 (PE/EA = 3/1), melting point: 180 — 181 <TC,
CAS registry number: 387371-76-8, 'H NMR (400 MHz, DMSO-dg) J 8.54 — 8.51 (m,
1H)., 8.09 — 7.97 (m, 3H), 7.75 (s, 1H), 7.59 — 7.55 (m, 3H), 7.44 (t, J = 7.7 Hz, 1H),
7.24 (td, J = 7.7, 1.6 Hz, 1H), 7.20 — 7.18 (m, 1H), 7.12 — 7.08 (m, 1H), 6.88 — 6.83
(m, 3H), 6.47 (d, J = 8.1 Hz, 1H); *C NMR (100 MHz, DMSO-ds) J 148.3, 144.5,
143.8, 134.5, 134.3, 133.4, 132.1, 130.6, 130.5, 129.3, 127.2, 126.7, 125.8, 125.3,
124.2, 122.6, 122.4, 119.2, 118.7, 115.4, 112.1, 110.9; HRMS (ESI) calcd for
C24H1gN3" [M+H]": 348.1495; found: 348.1495.

- .

6-ethyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3p)

White solid (74.79 mg, 60%), Rf = 0.14 (PE/EA = 3/1), melting point: 161 — 162 <C,
CAS registry number: 3018902-72-9, *H NMR (400 MHz, DMSO-dg) ¢ 7.88 (dd, J =
7.7, 1.3 Hz, 1H), 7.65 — 7.59 (m, 2H), 7.26 — 7.17 (m, 4H), 6.90 (d, J = 7.9 Hz, 1H),
6.78 (td, J = 7.7, 0.84 Hz,1H), 6.05-6.02 (m, 1H), 1.88 — 1.71 (m, 2H), 0.82 (t, J = 7.4
Hz, 3H); *C NMR (100 MHz, DMSO-dg) 6 147.1, 144.2, 143.9, 133.2, 132.0, 125.0,
122.4, 122.4, 119.0, 118.2, 115.3, 112.5, 110.6, 67.0, 29.4, 9.1; HRMS (ESI) calcd
for C16H16N3s" [M+H]": 250.1339; found: 250.1339.
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6-propyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3q)

White solid (93.49 mg, 71%), R; = 0.20 (PE/EA = 3/1), melting point; 70 — 71 <C, *H
NMR (400 MHz, DMSO-dg) 6 7.88 (d, J = 7.7 Hz, 1H), 7.65 — 7.58 (m, 2H), 7.26 —
7.16 (m, 4H), 6.89 (d, J = 8.1 Hz, 1H), 6.78 (t, J = 7.5 Hz, 1H), 6.07 (s, 1H), 1.84 —
1.75 (m, 1H), 1.71 - 1.62 (m, 1H), 1.33 — 1.24 (m, 2H), 0.79 (t, J = 7.3 Hz, 3H); *C
NMR (100 MHz, DMSO-dg) 6 147.0, 144.2, 143.8, 133.1, 132.0, 125.0, 122.4, 119.0,

118.3, 115.4, 112.5, 110.5, 65.8, 38.5, 17.7, 14.0; HRMS (ESI) calcd for Cy7H1gN3"
[M+H]": 264.1495; found: 264.1495.

N\7/©
ote

T
6-isopropyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3r)
White solid (23.70 mg, 18%), Rf = 0.18 (PE/EA = 3/1), melting point: 195 — 196 <C,
CAS registry number: 2674076-31-2, *H NMR (400 MHz, DMSO-dg) & 7.85 (dd, J =
7.7, 1.6 Hz, 1H), 7.64 — 7.59 (m, 2H), 7.24 — 7.17 (m, 4H), 6.91 (dd, J = 8.1, 1.0 Hz,
1H), 6.74 (td, J = 7.5, 1.1 Hz, 1H), 5.89 (dd, J = 5.1, 2.9 Hz, 1H), 2.24 — 2.16 (m, 1H),
0.88 (d, J = 6.9 Hz, 3H), 0.71 (d, J = 6.7 Hz, 3H); *C NMR (100 MHz, DMSO-dg) &
147.3, 1445, 144.1, 133.6, 132.0, 124.9, 122.4, 122.3, 119.0, 117.9, 114.7, 112.6,

111.0, 70.3, 35.3, 18.7, 17.04; HRMS (ESI) calcd for C17H1sN3" [M+H]": 264.1495;
found: 264.1495.

6-isobutyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3s)

White solid (70.73 mg, 51%), R = 0.27 (PE/EA = 3/1), melting point: 169 — 170 <C,
'H NMR (400 MHz, DMSO-ds) 6 7.89 (d, J = 7.6 Hz, 1H), 7.64 (dd, J = 7.1, 1.5 Hz
1H), 7.52 (d, J = 7.6 Hz, 1H), 7.27 — 7.19 (m, 4H), 6.92 (d, J = 8.1 Hz, 1H), 6.80 (t, J

= 7.5 Hz, 1H), 6.12 — 6.10 (m, 1H), 1.78 — 1.69 (m, 2H), 1.45 — 1.39 (m, 1H), 0.96 (d,
s11



J = 6.3 Hz, 3H), 0.82 (d, J = 6.3 Hz, 3H): ®°C NMR (100 MHz, DMSO-ds) § 147.0,
144.2,143.4,132.9, 132.1, 125.0, 122.4, 119.1, 118.4, 115.8, 112.7, 110.2, 64.5, 44.4,
23.7, 22.3; HRMS (ESI) calcd for CigHoN3™ [M+H]™: 278.1652; found: 278.1651.

N\7/©
QQTN
6-(tert-butyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3t)
White solid (15.26 mg, 11%), Rf = 0.23 (PE/EA = 3/1), melting point: 156 — 157 <C,
'H NMR (600 MHz, DMSO-dg) 6 7.83 (dd, J = 7.6, 1.2 Hz, 1H), 7.66 (dd, J = 6.3,
2.5 Hz, 1H), 7.62 — 7.61 (m, 1H), 7.23 — 7.16 (m, 4H), 6.91 (d, J = 7.9 Hz, 1H), 6.73
(td, J = 7.6, 0.8 Hz,1H), 5.81 (d, J = 3.1 Hz, 1H), 0.85 (s, 9H); *C NMR (100 MHz,
DMSO-dg) 6 151.9, 147.4, 144.3, 143.7, 138.2, 133.3, 132.1, 126.0, 126.0, 125.1,
122.7, 122.5, 119.1, 118.6, 115.3, 112.4, 111.0, 67.9, 34.8, 31.4; HRMS (ESI) calcd
for C1gH2oN3" [M+H]": 278.1652; found: 278.1652.

N\7/©
O

-+
6-hexyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3u)
White solid (88.57 mg, 58%), R¢ = 0.25 (PE/EA = 3/1), melting point: 162 — 163 T,
'H NMR (600 MHz, DMSO-dg) 6 7.86 (dd, J = 7.7, 1.1 Hz, 1H), 7.62 (dd, J = 6.6,
2.0 Hz, 1H), 7.59 (dd, J = 6.7, 1.8 Hz, 1H), 7.25 — 7.19 (m, 3H), 7.16 (d, J = 2.0 Hz,
1H), 6.88 (d, J = 8.0 Hz, 1H), 6.78 (t, J = 7.4 Hz, 1H), 6.08 — 6.05 (m, 1H), 1.99 (s,
1H), 1.82 — 1.77 (m, 1H), 1.70 — 1.65 (m, 1H), 1.29 — 1.25 (m, 2H), 1.18 — 1.15 (m,
5H), 0.78 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz, DMSO-dg) 6 147.0, 144.2, 143.8,
133.1, 132.1, 125.0, 122.4, 122.4, 119.0, 118.3, 115.4, 112.5, 110.5, 66.0, 36.2, 31.6,

28.7, 24.2, 22.4, 14.3; HRMS (ESI) calcd for CyH24N3" [M+H]": 306.1965; found:
306.1965.
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9,10-dibromo-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3v)
Yellow solid (186.61 mg, 82%), Rs = 0.30 (PE/EA = 3/1), melting point: 218 — 220 <C,
'H NMR (400 MHz, DMSO-dg) & 8.06 (s, 1H), 7.95 (dd, J = 7.7, 1.2 Hz, 1H), 7.78 (d,
J =18 Hz, 1H), 7.59 (s, 1H), 7.36 — 7.34 (m, 3H), 7.31 — 7.27 (m, 3H), 7.13 (d, J =
1.9 Hz, 1H), 6.88 — 6.81 (m, 2H); *C NMR (100 MHz, DMSO-dg) 6 149.7, 144.9,
144.0, 140.1, 133.8, 133.0, 129.7, 129.5, 129.4, 127.3, 126.5, 125.6, 123.3, 118.9,
117.1, 116.5, 115.6, 115.5, 111.6, 68.2; HRMS (ESI) calcd for CooH14BroNs" [M+H]*:
455.9540; found: 455.9538.

9,10-dimethyl-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3w)
White solid (125.28 mg, 77%), Rs = 0.21 (PE/EA = 3/1), melting point: 238 — 240 <C,
(Lit.2 230 <), CAS registry number, 932022-75-8; *H NMR (400 MHz, CDCl3) §
8.17 (dd, J = 7.7, 0.9 Hz 1H), 7.52 (s, 1H), 7.42 — 7.33 (m, 5H), 7.21 (td, J = 8.0, 1.4
Hz 1H), 6.93 (t, J = 7.5 Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H), 6.58 (s, 1H), 6.30 (s, 1H),
4.78 (s, 1H), 2.29 (s, 3H), 2.16 (s, 3H); *C NMR (100 MHz, CDCls) J 146.9, 142.9,
141.8, 138.9, 131.7, 131.5, 131.5, 131.2, 129.9, 129.2, 126.9, 125.4, 120.1, 119.5,
114.8,113.7, 110.6, 70.3, 20.6, 20.3.

s

6-phenyl-5,6-dihydronaphtho[2’,3":4,5]imidazo[1,2-c]quinazoline (3x)

White solid (112.82 mg, 65%), Rs = 0.22 (PE/EA = 3/1), melting point: 148 — 145 <C,

'H NMR (600 MHz, DMSO-dg) & 8.20 (s, 1H), 8.07 — 7.99 (m, 3H), 7.81 (s, 2H),

7.68 (s, 1H), 7.39 — 7.36 (m, 2H), 7.33 — 7.31 (m, 5H), 7.21 (s, 1H), 6.91 (d, J = 8.1

Hz, 1H), 6.87 (t, J = 7.4 Hz, 1H); *C NMR (150 MHz, DMSO-dg) 6 151.2, 144.5,
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1443, 140.9, 134.2, 133.2, 130.5, 130.2, 129.4, 129.3 128.5, 127.7, 126.3, 125.9,
1245, 123.9, 118.7, 115.5, 1154, 111.7, 106.5, 68.0; HRMS (ESI) calcd for
CaqH1gN3" [M+H]": 348.1495; found: 348.1495.

vietl
o)

2-chloro-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3y)

White solid (109.26 mg, 66%), R = 0.31 (PE/EA = 4/1), melting point: 236 — 238 <C,
'H NMR (600 MHz, DMSO-ds) 6 7.97 (d, J = 8.3 Hz, 1H), 7.88 (s, 1H), 7.67 (d, J =
8.0 Hz, 1H), 7.36 — 7.39 (m, 5H), 7.20 (t, J = 7.4 Hz, 1H), 7.14-7.10 (m, 3H), 6.91 (s,
1H), 6.86 (d, J = 8.3 Hz, 1H); **C NMR (150 MHz, DMSO-ds) J 146.5, 144.7, 144.3
140.6, 136.4, 133.3, 129.6, 129.4, 126.8, 126.5, 122.9, 122.8, 119.3, 118.6, 114.4
111.1, 68.2; HRMS (ESI) calcd for CpoH1sCINs™ [M+H]™: 332.0949; found: 332.0951.

Peey
&

2-chloro-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3z)

White solid (84.43 mg, 51%), Rf = 0.20 (PE/EA = 3/1), melting point: 188 — 190 <C,
'H NMR (600 MHz, DMSO-dg) 6 7.92 (s, 1H), 7.83 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H),
7.35 (s, 3H), 7.30 (d, J = 7.3 Hz, 3H), 7.21 (t, J = 7.4 Hz, 1H), 7.16 — 7.12 (m, 3H),
6.90 (d, J = 8.6 Hz, 1H); *C NMR (150 MHz, DMSO-dg) & 146.1, 144.2, 142.4,
140.6, 133.3, 131.8, 129.6, 129.4, 126.5, 124.1, 123.0, 122.2, 119.4, 117.1, 113.6,
111.2, 68.3; HRMS (ESI) calcd for CooH15CINs™ [M+H]": 332.0949; found: 332.0949.

3-bromo-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3aa)
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White solid (116.26 mg, 62%), R = 0.30 (PE/EA = 4/1), melting point: 236 — 238 <C,
'H NMR (600 MHz, DMSO-dg) 6 7.90 (d, J = 8.2 Hz, 1H), 7.87 (s, 1H), 7.68 (d, J =
8.0 Hz, 1H), 7.36 — 7.30 (m, 5H), 7.20 (t, J = 7.3 Hz, 1H), 7.15 — 7.10 (m, 3H), 7.07
(s, 1H), 7.00 (d, J = 8.2 Hz, 1H); **C NMR (150 MHz, DMSO-ds) 6 146.5, 144.8,
144.3, 140.5, 133.3, 129.6, 129.4, 126.9, 126.4, 125.2, 122.9, 122.8, 121.4, 119.3,
117.3, 111.4, 111.1, 68.2; HRMS (ESI) calcd for CyoHisBrNs" [M+H]": 376.0444;
found: 376.0442.

el
.

2-bromo-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3ab)

White solid (112.88 mg, 60%), R = 0.32 (PE/EA = 3/1), melting point: 207 — 209 <C,
'H NMR (400 MHz, DMSO-ds) 6 8.04 (d, J = 2.4 Hz, 1H), 7.85 (d, J = 1.5 Hz, 1H),
7.68 (d, J = 8.0 Hz, 1H), 7.40 (dd, J = 8.7, 2.4 Hz, 1H), 7.35 — 7.28 (m, 5H), 7.20 (td,
J =82, 1.7 Hz, 1H), 7.16 — 7.09 (m, 3H), 6.84 (d, J = 8.7 Hz, 1H); *C NMR (100
MHz, DMSO-ds) ¢ 146.0, 144.2, 142.7, 140.5, 134.5, 133.3, 129.6, 129.4, 127.0,
126.5, 123.0, 119.4, 117.5, 114.0, 111.2, 109.5, 68.3; HRMS (ESI) calcd for
C2oH1sBrNs* [M+H]": 376.0444; found: 376.0444.

wietl
o)

3-methyl-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3ac)

White solid (91.79 mg, 59%), R¢ = 0.33 (PE/EA = 3/1), melting point: 102 — 104 <C,
'H NMR (600 MHz, DMSO-ds) 6 7.86 (d, J = 7.7 Hz, 1H), 7.64 (d, J = 7.9 Hz, 1H),
7.56 (s, 1H), 7.32 (d, J = 5.9 Hz, 3H), 7.27 (d, J = 7.1 Hz, 2H), 7.17 (t, J = 7.2 Hz,
2H), 7.09 (t, J = 7.6 Hz, 1H), 7.06 (s, 1H), 6.68 — 6.66 (m, 2H), 2.26 (s, 3H); °C
NMR (150 MHz, DMSO-dg) 6 147.6, 144.4, 143.6, 142.1, 141.0, 133.3, 129.3, 129.2,
126.4,125.1, 122.6, 122.3, 119.9, 119.0, 115.4, 110.9, 110.0, 68.2, 21.9; HRMS (ESI)
calcd for CoHigNs™ [M+H]": 312.1495; found: 312.1495.
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2-methyl-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3ad)

White solid (85.56 mg, 55%), R = 0.33 (PE/EA = 3/1), melting point: 196 — 198 <C,
'H NMR (600 MHz, DMSO-dg) 6 7.80 (s, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.45 (s, 1H),
7.32 (s, 3H), 7.28 (s, 2H), 7.20 — 7.16 (m, 2H), 7.11 — 7.08 (m, 2H), 7.05 (s, 1H), 6.80
(d, J = 8.1 Hz, 1H), 2.28 (s, 3H); *C NMR (150 MHz, DMSO-dg) 5 147.6, 144.3,
141.4, 141.0, 133.4, 133.0, 129.3, 129.2, 126.4, 125.1, 122.6, 122.6, 122.5, 119.1,
115.5, 112.5, 111.0, 68.3, 20.7; HRMS (ESI) calcd for Cp1H1gNs" [M+H]*: 312.1495;
found: 312.1495.

@N r\\7/9/@\/@
o)

3-methoxy-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3ae)

White solid (91.60 mg, 56%), R = 0.25 (PE/EA = 2/1), melting point: 198 — 200 <C,
'H NMR (600 MHz, DMSO-ds) 6 7.95 (d, J = 8.4 Hz, 1H), 7.69 (s, 1H), 7.65 (d, J =
7.9 Hz, 1H), 7.33 (s, 5H), 7.16 — 7.15 (m, 2H), 7.08 — 7.06 (m, 2H), 6.49 — 6.47 (m,
2H), 3.76 (s, 3H); *C NMR (150 MHz, DMSO-dg) § 162.9, 147.8, 145.3, 144.5,
141.0, 133.3, 129.4, 129.3, 126.9, 126.5, 122.5, 122.1, 118.8, 110.7, 106.1, 105.8,
99.4, 68.3, 55.5; HRMS (ESI) calcd for C1HigNsO" [M+H]": 328.1444; found:
328.1444.

oeet)
e

2-methoxy-6-phenyl-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline (3af)
White solid (85.12 mg, 52%), R; = 0.16 (PE/EA = 3/1), melting point: 89 — 90 <C, 'H
NMR (400 MHz, DMSO-dg) ¢ 7.67 (d, J = 8.0 Hz, 1H), 7.51 (d, J = 2.9 Hz, 1H), 7.33
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~7.25 (m, 6H), 7.21 — 7.08 (m, 3H), 7.02 (d, J = 1.9 Hz, 1H), 6.94 — 6.91 (m, 1H),
6.85 (d, J = 8.8 Hz, 1H), 3.78 (s, 3 H); *C NMR (100 MHz, DMSO-dg) J 152.7,
147.5, 144.2, 140.8, 137.8, 1335, 129.3, 129.2, 126.5, 122.7, 120.0, 119.2, 117.2,
113.3, 111.0, 108.1, 68.5, 55.8; HRMS (ESI) calcd for CpHigNsO® [M+H]":
328.1444; found: 328.1444.

L0
\

N

H o,N

2-(2-nitrophenyl)-1H-benzo[d]imidazole (1a)

Yellow solid (1.87 g, 78%), Rs = 0.29 (PE/EA = 1/1), melting point: 225 — 227 <C
(Lit> 259 — 262 <), CAS Registry Number: 2208-58-4, 'H NMR (400 MHz,
DMSO-dg) 6 13.10 (s, 1H), 8.04 — 7.99 (m, 2H), 7.85 (t, J = 7.5 Hz, 1H), 7.74 (t, J =
7.5 Hz, 1H), 7.68 (s, 1H), 7.61 (s, 1H), 7.26 (s, 2H); **C NMR (100 MHz, DMSO-dg)
0149.5,147.9,144.1, 135.1, 133.1, 131.4, 131.3, 124.8, 123.6, 122.4, 119.7, 112.2.

Br N

0
5,6-dibromo-2-(2-nitrophenyl)-1H-benzo[d]imidazole (1v)
Yellow solid (2.57 g, 65%), Rs = 0.16 (PE/EA = 3/1), melting point: 120 — 122 <C,
(Lit.° 213 — 215 <T), CAS Registry Number: 2829334-38-3, '"H NMR (400 MHz,
DMSO-d6) ¢ 13.39 (s, 1H), 8.10 — 8.01 (m, 2H), 8.00 — 7.97 (m, 2H), 7.91 — 7.87 (m,
1H), 7.83 - 7.78 (m, 1H).

O
\
>0

H o,N
5,6-dimethyl-2-(2-nitrophenyl)-1H-benzo[d]imidazole (1w)
White solid (1.66 g, 62%), Rs = 0.23 (PE/EA = 3/1), melting point: 120 — 122 <C
(Lit.° 203 — 204 <C), CAS registry number: 10173-74-7, *"H NMR (400 MHz, DMSO-
ds) 0 12.78 (s, 1H), 7.99 — 7.94 (m, 2H), 7.83 (t, J = 7.5 Hz, 1H), 7.72 (t, J = 7.6 Hz,
1H), 7.42 (s, 1H), 7.33 (s, 1H), 2.33 (s, 6H).
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H o,N
2-(2-nitrophenyl)-1H-naphtho[2,3-d]imidazole (1x)
White solid (0.95 g, 33%), Rs = 0.25 (PE/EA = 2/1), melting point: 249 — 251 <,
(Lit.” 270 <C), CAS Registry Number: 1449387-77-2, *H NMR (400 MHz, DMSO-dg)
0 13.02 (s, 1H), 8.16 (s, 1H), 8.04 — 7.94 (m, 5H), 7.85 (td, J = 7.6, 1.1 Hz, 1H), 7.75
(td, J= 7.8, 1.3 Hz, 1H), 7.37 — 7.30 (m, 2H).

N
@E N cl
N
H o,N

2-(4-chloro-2-nitrophenyl)-1H-benzo[d]imidazole (1y)

Yellow solid (1.67 g, 61%), Rs = 0.33 (PE/EA = 2/1), melting point: 210 — 212 <C,
(Lit.® 256 — 258 <C), CAS Registry Number: 2409006-77-3, *"H NMR (600 MHz,
DMSO-dg) 0 13.14 (s, 1H), 8.25 (d, J = 1.8 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.99 (dd,
J=28.3, 19 Hz, 1H), 7.67 (d, J = 6.6 Hz, 1H), 7.59 (d, J = 6.7 Hz, 1H), 7.29 (d, J =
6.0 Hz, 1H), 7.25 (d, J = 6.2 Hz, 1H).

ci
L,

\

N

H o,N

2-(5-chloro-2-nitrophenyl)-1H-benzo[d]imidazole (1z)

Yellow solid (1.34 g, 49%), R¢ = 0.3 (PE/EA = 3/1), melting point: 215 — 217 <C, (Lit.
° not reported), CAS Registry Number: 10173-75-8, *H NMR (400 MHz, DMSO-ds)
013.16 (s, 1H), 8.12 (s, 2H), 7.85 (s, 1H), 7.64 (s, 2H), 7.28 (s, 2H).

-0

H o,N
2-(4-bromo-2-nitrophenyl)-1H-benzo[d]imidazole (1aa)
Yellow solid (1.65 g, 52%), Rf = 0.33 (PE/EA = 2/1), melting point: 218 — 220 <C,
(Lit.° not reported), CAS Registry Number: 1392427-60-9, 'H NMR (400 MHz,
DMSO-dg) ¢ 13.13 (s, 1H), 8.33 (d, J = 2.0 Hz, 1H), 8.10 (dd, J = 8.3, 2.1 Hz, 1H),
7.95 (d, J = 8.3 Hz, 1H), 7.70 — 7.57 (m, 2H), 7.31 — 7.20 (m, 2H).
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5-bromo-2-(2-nitrophenyl)-1H-benzo[d]imidazole (1ab)

Yellow solid (1.91 g, 60%), Rs = 0.25 (PE/EA = 3/1), melting point: 204 — 206 <C, *H
NMR (400 MHz, DMSO-dg) 6 13.15 (s, 1H), 8.25 (d, J = 1.7 Hz, 1H), 7.99 — 7.94 (m,
2H), 7.64 (s, 2H), 7.26 (d, J = 2.1 Hz, 2H); **C NMR (100 MHz, DMSO-ds) 6 148.3,
146.3, 144.0, 135.1, 134.0, 133.8, 126.7, 126.3, 126.1, 123.9, 122.6, 119.9, 112.3,
HRMS (ESI) calcd for C13HgBrNzO," [M+H]": 317.9873; found: 317.9871.

L~

” O.N

2-(4-methyl-2-nitrophenyl)-1H-benzo[d]imidazole (1ac)

Yellow solid (1.42 g, 56%), Rs = 0.25 (PE/EA = 2/1), melting point: 242 — 245 <C,
(Lit.® 260 — 262 <T), CAS Registry Number: 2409006-80-8, '"H NMR (400 MHz,
DMSO-ds) ¢ 13.02 (s, 1H), 7.91 — 7.88 (m, 1H), 7.70 — 7.58 (m, 3H), 7.31 — 7.22 (m,
2H), 2.50 (s, 3H).

L
\
N

H o,N
2-(5-methyl-2-nitrophenyl)-1H-benzo[d]imidazole (1ad)
Yellow solid (1.27 g, 50%), R; = 0.25 (PE/EA = 1/1), melting point: 226 — 228 <C, 'H
NMR (400 MHz, DMSO-ds) 6 12.99 (s, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.78 (s, 1H),
7.66 (s, 1H), 7.55 (d, J = 8.0 Hz, 2H), 7.25 (s, 2H), 2.49 (s, 3H); *C NMR (100 MHz,
DMSO-ds) 0 148.2, 147.2, 143.9, 135.1, 132.1, 131.5, 125.1, 124.9, 123.4, 122.3,
119.7, 112.1, 21.3; HRMS (ESI) calcd for C14H1oN30," [M+H]™: 254.0924; found:
254.0924.

N
N OMe
N

H o,N

2-(4-methoxy-2-nitrophenyl)-1H-benzo[d]imidazole (1ae)
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White solid (1.02 g, 38%), Rs = 0.25 (PE/EA = 1/1), melting point: 190 — 192 <,
(Lit.® 242 — 244 <T), CAS Registry Number: 942614-32-6, 'H NMR (400 MHz,
DMSO-dg) 0 12.92 (s, 1H), 7.91 (dd, J = 9.9, 5.0 Hz, 1H), 7.63 — 7.59 (m, 2H), 7.54
(d, J=5.8 Hz, 1H), 7.44 — 7.40 (m, 1H), 7.24 — 7.20 (m, 2H), 3.93 (s, 3H).

OMe

CL0)

” O,N
2-(5-methoxy-2-nitrophenyl)-1H-benzo[d]imidazole (1af)
Brown solid (1.67 g, 62%), R; = 0.29 (PE/EA = 1/1), melting point: 207 — 209 <C, 'H
NMR (400 MHz, DMSO-dg) 6 12.97 (s, 1H), 8.09 (d, J = 9.0 Hz, 1H), 7.67 (d, J = 4.3
Hz, 1H), 7.57 (d, J = 5.1 Hz), 7.41 (d, J = 2.2 Hz, 1H), 7.26 (dd, J = 8.5, 1.9 Hz, 3H),
3.94 (s, 3H); *C NMR (100 MHz, DMSO-dg) ¢ 162.6, 148.3, 144.0, 142.3, 135.0,
128.1, 127.5, 123.4, 122.2, 119.7, 117.1, 116.0, 112.1, 56.9; HRMS (ESI) calcd for
C14H1,N303" [M+H]": 270.0873; found: 270.0870.
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5. Copies of NMR Spectra for the Products
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6. Copies of HRMS Spectra for the Products

+MS,

1.6min #92

Intens. ]
x107
1.257

1.004
0.75
0.50
0.25
0.00

+MS, 1.6min #92

323.1292

230.0712
It

i

100

+MS,

T 2(I)OI y3[.)0. T .460. — '5(50‘ — IG(IJOI — .760. — YS(VJOI — IQ('JO' T .r.mZ

3f, HRMS calcd for Cp1HisN4* [M+H]": 323.1291; found: 323.1292

1.8min #100

Intens.
x107]
0.81
0.6
0.4
0.29
0.0

+MS, 1.8min #100

328.1444

194.0804

L
T

+MS,

100, —

|2(|)0I ‘3[|)0| T r460| — '560' — IG(IJOI — Y7El)0| — '8(.])0| — |9(‘JOY T Ir'n/z

3h, HRMS calcd for CyHigNsO" [M+H]": 328.1444; found: 328.1444

1.7min #95

Intens. 3
x107
1.257

1.004
0.754
0.507
0.254
0.00

+MS, 1.7min #95

328.1438

194.0832
L

"

+MS,

100

|2(|)OI — '3[I)OI T .40,0. — '5(')0‘ — I6(I]OI T VT[.)O. — YS(VJOI — IQ(V]O' T Ir'n/z

3i, HRMS calcd for Co1H1gNsO* [M+H]": 328.1444; found: 328.1438

1.5min #85

Intens.
x1073
1.007
0.757
0.501
0.257
0.00

+MS, 1.5min #85

312.1495

219.0908

100, —

" 200 "300 400 500 €00 700 800 900 miz

3k, HRMS calcd for Co1H1gNs™ [M+H]™: 312.1495; found: 312.1495
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+MS,

1.7min #98

Intens.d
x1073
1.257

1.00]
0.753
0.503
0.257
0.0

+MS, 1.7min #98

354.1965

226.9502

+MS,

100r —

" 200 "300 "400 | 500  e00 700 860 900 miz

31, HRMS calcd for Co4H24N3™ [M+H]": 354.1965; found: 354.1965

2.0min #109

Intens.d
x1074
1.253

1.007
0.757
0.507
0.253
0.00

+MS, 2.0min #109

348.1495

220.0867
|
—T— T

+MS,

100' —

200 "s00 400 500 600 700 800 @00 miz

30, HRMS calcd for CsH1gNs" [M+H]": 348.1495; found: 348.1495

1.4min #78

Intens.]

x1077
1.257

1.003
0.753
0.507
0.25
0.00%

157.0760
I\ .

+MS, 1.4min #78

250.1339

100

+MS,

200 "300 400 500 €00 700 800 900 miz

3p, HRMS calcd for C1gHigNs™ [M+H]": 250.1339; found: 250.1339

1.4min #81

Intens. 1
x1073
1.257

1.007
0.753
0.507
0.254
0.00LL

+MS, 1.4min #81

264.1495
221.0930

I

100

|2(IJOI T ‘360. — '4('30I — '5(')0' — .660. T ,760. — ,860. — IQCV)OV T .|,T“’Z

3q, HRMS calcd for C17H1gN3" [M+H]": 264.1495; found: 264.1495
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+MS,

1.5min #83

Intens.
x107]
0.8
0.6
0.4+

0.2
0.0

+MS, 1.5min #83

264.1485

209.0947

L

+MS,

100

T |2(|)0| ,360. — r4010| — '5(')0' — IG(IJOI T 'T(l)OI — VB(VJOI — IQ(VJOV T Ir'n/z

3r, HRMS calcd for C17H1gNs™ [M+H]": 264.1495; found: 264.1495

1.5min #85

Intens.
x1077
1.257

1.001
0.751
0.503
0.257
0.0

+MS, 1.5min #85

278.1651

221.0943

|l

+MS,

100

"200 300 400 500 600 700 800 900 miz

3s, HRMS calcd for C1gH2oN3" [M+H]": 278.1652; found: 278.1651

1.4min #82

Intens. 1
x107
1.254

1.001
0.754
0.50
0.254
0.00

+MS, 1.4min #82

278.1652
210.1005

A
i

+MS,

100

T |2(I)OI '3[I)OI T r4(|]0| — I5(')O' — I6(I]OI T r760| — .860. — IQ(V]O' T .r.ﬂ/Z

3t, HRMS calcd for CigH2oN3* [M+H]": 278.1652; found: 278.1652

2.2min #128

Intens.J
x1073
1.25
1.00
0.753
0.503
0.257
0.001

+MS, 2.2min #128

306.1965

221.0924 376.0443

i A
L

100r —

"200 300 400 | s00 00 700 80O 900 mf=

3u, HRMS calcd for CooH24N3™ [M+H]™: 306.1965; found: 306.1965
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+MS, 3.0min #170

Intensé +MS, 3.0min #170
x10°
455.9538
4_
2_
0 226.9500 362.8969 "
100 200 300 400 500 600 700 800 900 m/z

3v, HRMS calcd for CoH14BraNs" [M+H]": 455.9540; found: 455.9538

+MS, 2.9min #169

Intenség +MS, 2.9min #169
x10°7
259
2.0
159

1.07
1 149.0233
0.5 i 244‘10998

0.0 ‘I.'."“.‘.. IIIIIIIIIIIIIIIIII -
100 200 300 400 500 600 700 800 900 miz

348.1495

3x, HRMS calcd for CsH1gNs" [M+H]": 348.1495; found: 348.1495

+MS, 2.4min #138

Intens.: +MS, 2.4min #138
x106]

5]

] 332.0951

21

1]

05 139.0216 2203921 2071264 437.1950

100 200 300 400 500  e00 700 800 900 miz

3y, HRMS calcd for CxoH15CIN3* [M+H]": 332.0949; found: 332.0951

+MS, 2.8min #163

Intenss._ +MS, 2.8min #163
x10° ]

332.0949

| 139.0211  226.9519
100 200 300 400 500 600 700 800 900 miz

o

3z, HRMS calcd for CoH1sCINs™ [M+H]": 332.0949; found: 332.0949
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+MS, 2.5min #143

Intens.q
x1077]
1.0
081
0.5:
0.4
0.2]
0.0

+MS, 2.5min #143

376.0442

207.1252
205.0757 I

100 200 " Ta0 400 500 600 700 800 900  miz

3aa, HRMS calcd for C20H15BI’N3+ [M+H]+: 376.0444; found: 376.0442

+MS, 2.1min #121

Intens. ] +MS, 2.1min #121
x1067

37

] 376.0444

24

1

] 2269523 2971259

100 200 300 400 500 600 700 800 900 miz

3ab, HRMS calcd for CyoH1sBrNs* [M+H]": 376.0444; found: 376.0444

+MS, 2.0min #111

Intens.{
x1063

1.59
1.0

0.5

0.0

+MS, 2.0min #111

312.1495

226.9521

W SRS ! B l‘\ul "

1139.0216

100 200 300 400 500 600 700 800 900 | mz

3ac, HRMS calcd for Co1H1gN3* [M+H]": 312.1495; found: 312.1495

+MS, 2.5min #145

Intens. 1
x1067

+MS, 2.5min #145]

312.1495

133.0859 ~ 226.9519

100

200 300 400 500 600 700 800 900 miz

3ad HRMS calcd for CyHigNs" [M+H]": 312.1495; found: 312.1495
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+MS, 2.2min #125

Intensj‘ +MS, 2.2min #125
x107]

0581 328.1444
0.6
0.41

0.2
0.0 139'021.2. .?269518 IIIIIIIIIIIIIIII

100 200 300 400 500 600 700 800 900 @ mhz

3ae HRMS calcd for C1H1gN3O" [M+H]™: 328.1444; found: 328.1444

+MS, 1.8min #104

Intens 1 +MS, 1.8min #104
x1073
1.25]

1.007
0.751
0.507

0.257
] 205.0762 ,

ooo}  , »~2% oo

100 200 300 400 500 600 700 800 900 miz

328.1444

3af, HRMS calcd for Co1H1gN3O™ [M+H]™: 328.1444; found: 328.1444

+MS, 1.7min #100

Intens +MS, 1.7min #100
x106
159 271.9935
1.09 317.9871
0.5 193.0736
0.0 ““““l‘
100 200 300 400 500 600 700 800 900 miz

lab, HRMS calcd for C13HgBrN3zO," [M+H]": 317.9873; found: 317.9871

+MS, 1.9min #108

Intens7.- +MS, 1.9min #108
x1017
1.0+

208.0994
0.81 254.0924

0.6

0.24 \
OD- l IAlﬂy‘l ] S —

047 148.0385 \
100 200 300 400 500 600 700 800 900 | miz

lad HRMS calcd for C14H12N30," [M+H]": 254.0924; found: 254.0924
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+MS, 1.5min #87

+MS, 1.5min #87|

Intens.
x1083
41
1 164.0316
31
2 270.0870
1 l
ot 40 b
100 200 300 400 500 600 700 800 900 miz

1af, HRMS calcd for C14H1,N305" [M+H]": 270.0873; found: 270.0870
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