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General information and methods

Melting points were determined on a melting point apparatus and are uncorrected. 'H and 3C
NMR spectra were recorded on 400, 500, and 600 MHz and 100, 125, and 150 MHz NMR
spectrometers. TMS was used as an internal reference; chemical shifts (& scale) are reported in
parts per million(ppm). '"H NMR spectra are reported in the order: multiplicity, coupling constant
(J value) in hertz (Hz), and no. of protons; signals were characterized as s (singlet), d (doublet), t
(triplet), m (multiplet), and bs (broad). IR spectra were recorded on an IR spectrophotometer.
HRMS spectra were recorded using ESI and APCI (TOF) mode. The crystal structure was

determined using a single crystal XRD diffractometer.

Figure S1. ORTEP diagrams of compound 5e
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Table S1. Crystal data and structure refinement for compound Se

Entry Identification code Compound Se
01 Empirical formula C,7H,5sNO,
02 Formula weight 395.48
03 Temperature 2906 K
04 Wavelength 0.71073
05 Radiation type Mo K\a
06 Radiation system Fine-focus sealed tube
07 Crystal system Monoclinic
08 Space group P21/n
09 Cell length a=8.9415 (9)

b=20.8156 (11)
c=11.0217 (8)
10 Cell angle a=90
B=109.915 (9)
=90
11 Cell volume 1928.7 (3)
12 Density 1.293
13 Completeness to theta 100
14 Absorption correction multi-scan
15 Refinement method Full-matrix least-squares on
F2
16 Index ranges -10<=h<=10,
-24<=k<=24,
-13<=1<=13
17 Reflection number 3415
18 Theta range 25.049
19 Cell formula units Z 4
20 CCDC no 2153056
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Table S2. Optimization of reaction conditions®?

Solvent, A
—_—

I 7,
N

!4eHO I

Entry Solvent Temperature Time % Yield®
(h) (Se)
1. DMSO 25°C 24 NR
2. DMSO 50°C 24 NR
3. DMSO 70°C 24 NR
4. DMSO 80°C 24 NR
5. DMSO 90°C 24 10
6. DMSO 100°C 15 30
7. DMSO 110°C 9 54
8. DMSO 120°C 6 70
9. DMSO 130°C 6 72
10. Neat 120°C 24 NR
11.  Toluene 110°C 24 NR
12. H,O 100°C 24 NR
13. DMF 120°C 6 30

“All reactions were carried out with 2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-
yl)phenol (4e) in 1 mL solvent. Isolated yield. NR. No reaction.
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Scheme S1. Control experiments

Scheme S1a
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0, ballon
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Scheme S1b

4e HO

de HO

Reactions was carried out with 2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo[ c]phenanthridin-6-yl)phenol
(4e) (0.20 mmol) derivatives in 1 mL DMSO solvent at 120 °C.

Experimental Section

General procedure for synthesis of 2-(7,8,9,10-tetrahydrobenzo|c]phenanthridin-6-yl)-
phenol derivatives 4.

Into a dry 25 mL single necked round-bottomed flask, 1-naphthylamine 1 (143 mg, 1.0 mmol),
aromatic aldehyde 2 (1.0 mmol), and cyclohexanone derivatives 3 (154 mg, 1.0 mmol) were
dissolved in acetonitrile (5.0 mL). A catalytic amount of (+)-camphor-10-sulfonic acid (CSA)
(0.023 g, 0.10 mmol) was added and the reaction mixture was allowed to stir at reflux condition
on preheated oil bath. The progress of reaction was monitored by TLC time to time in an interval
of 30 minutes. After completion of the reaction, the reaction mixture was allowed to cool at room
temperature. Precipitate, thus obtained was filtered through Buchner funnel, washed with

acetonitrile (3 x 2.0 mL), air dried and recrystallized with acetone to obtain desired product 4.
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General procedure for synthesis of benzo[c|]chromeno[4,3,2-gh]|phenanthridine derivatives
5.

Compound 4 (0.20 mmol) was dissolved in DMSO (1.0 mL) and taken into a 10 mL single
necked-round bottomed flask. The resultant solution was stirred at preheated oil bath (120 °C) in
air atmosphere. After completion of reaction (monitored on TLC), the reaction mixture was
cooled to room temperature. Distilled water (10 mL) was added, extracted with ethyl acetate (3 x
10 mL), washed with distilled water (3 x 10 mL), dried over Na2SOs, filtered, and evaporated on
rotary evaporator under reduced pressure. Crude was purified through silica gel (60-120 mesh)
column chromatography with hexane to obtain pure product 5.
2-(7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-yl)phenol (4a).Yield 71% (231 mg), white
solid, mp 176 °C; '"H NMR (400 MHz, Chloroform-d) 6 12.44 (s, 1H), 9.14 (d, J = 8.0 Hz, 1H),
7.94 —7.85 (m, 3H), 7.76 — 7.68 (m, 2H), 7.64 (d, J = 6.5 Hz, 1H), 7.35 (t, /= 7.7 Hz, 1H), 7.20
(d, J=7.3 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 3.31 (t, J = 6.6 Hz, 2H), 3.08 (t, J = 5.9 Hz, 2H),
2.08 —2.02 (m, 2H), 1.80 — 1.76 (m, 2H). 13C NMR (100 MHz, CDCl;) & 157.5, 156.0, 145.1,
141.4, 133.3, 130.7, 130.6, 130.5, 130.3, 128.2, 128.0, 127.9, 127.6, 124.4, 124.0, 122.6, 120.4,
118.5, 117.9, 30.1, 26.7, 23.0, 22.5. IR (KBr)vyay: 2957, 1614, 1251 cm™!; HRMS (ESI) Caled
for Co3H,oNO 326.1540 (M + H"); Found 326.1555.
2-(9-methyl-7,8,9,10-tetrahydrobenzo|c]phenanthridin-6-yl)phenol (4b). Yield 72% (244
mg), white solid, mp 178—180 °C; 'H NMR (500 MHz, Chloroform-d) 6 12.54 (s, 1H), 9.09 (d, J
=8.1 Hz, 1H), 7.90 (d, /= 7.7 Hz, 1H), 7.88 — 7.85 (m, 1H), 7.81 (d, /= 8.8 Hz, 1H), 7.72 (t, J =
7.4 Hz, 1H), 7.69 — 7.65 (m, 2H), 7.36 (t, J = 7.7 Hz, 1H), 7.18 (d, J = 8.2 Hz, 1H), 6.97 (t, J =
7.5 Hz, 1H), 3.45 (d, J=17.7 Hz, 1H), 3.16 (t, /= 13.1 Hz, 1H), 3.08 (d, /= 16.2 Hz, 1H), 2.7 —
2.67 (m, 1H), 2.04 (s, 1H), 1.98 (d, J=13.9 Hz, 1H), 1.26 (d, /= 11.4 Hz, 1H), 1.22 (d, /= 6.5
Hz, 3H). *C NMR (100 MHz, CDCl;) 6 157.5, 155.9, 145.1, 141.4, 133.3, 130.6, 130.3, 130.0,
128.1, 128.0, 127.8, 127.6, 124.2, 124.0, 122.6, 120.4, 118.5, 117.9, 35.5, 31.2, 30.1, 28.8, 22.3.
IR (KBr)vimax: 2956, 1617, 1251 cm™!; HRMS (ESI) Calcd for C,4H2,NO 340.1696 (M + HY);
Found 340.1696.

2-(8-methyl-7,8,9,10-tetrahydrobenzo|c]phenanthridin-6-yl)phenol (4¢). Yield 72% (244
mg), white solid, mp 212-214 °C; 'H NMR (500 MHz, Chloroform-d) & 12.39 (s, 1H), 9.11 —
9.08 (m, 1H), 7.91 (d, J= 7.6 Hz, 1H), 7.84 (q, J = 9.1 Hz, 2H), 7.72 (t, J = 7.4 Hz, 1H), 7.70 —
7.67 (m, 1H), 7.65 (d, J= 7.7 Hz, 1H), 7.36 (t, J= 7.7 Hz, 1H), 7.19 (d, J = 8.1 Hz, 1H), 6.98 (t,
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J=17.5Hz, 1H), 3.44 — 3.40 (m, 1H), 3.19 (dt, J = 17.8, 8.8 Hz, 1H), 3.06 (d, J = 16.2 Hz, 1H),
2.75 (dd, J=16.0, 10.5 Hz, 1H), 2.13 — 2.09 (m, 1H), 1.70 (s, 1H), 1.63 — 1.56 (m, 1H), 1.11 (d,
J=6.4 Hz, 3H).13C NMR (125 MHz, CDCls) 8 157.4, 155.8, 145.0, 141.2, 133.3, 130.7, 130.4,
130.1, 128.7, 128.2, 128.0, 128.0, 127.6, 124.2, 124.0, 122.5, 120.5, 118.6, 118.0, 38.2, 30.5,
29.2, 26.9, 21.7. IR (KBr)vp.: 2958, 1614, 1250 cm™!; HRMS (ESI) Calcd for C,4H»,NO
340.1696 (M + H"); Found 340.1705.
2-(8-ethyl-7,8,9,10-tetrahydrobenzo|[c]phenanthridin-6-yl)phenol (4d). Yield 74% (261 mg),
solid, white solid, mp 164 °C; 'H NMR (500 MHz, Chloroform-d) & 12.57 (s, 1H), 9.09 (d, J =
8.0 Hz, 1H), 7.92 — 7.80 (m, 3H), 7.70 (m, 3H), 7.36 (t, /= 7.6 Hz, 1H), 7.19 (d, J= 8.1 Hz, 1H),
6.98 (t, J = 7.4 Hz, 1H), 3.44 (d, J = 17.8 Hz, 1H), 3.21 — 3.18 (m, 1H), 3.12 (d, J = 16.4 Hz,
1H), 2.79 — 2.75 (m, 1H), 2.19 (s, 1H), 1.57 (s, 2H), 1.46 — 1.43 (m, 2H), 0.97 (t, J = 6.7 Hz,
3H). BC NMR (125 MHz, CDCl;) & 157.6, 156.0, 145.0, 141.4, 133.3, 130.7, 130.6, 130.3,
130.0, 128.1, 128.0, 127.9, 127.6, 124.2, 124.0, 122.6, 120.5, 118.5, 117.9, 36.4, 35.9, 28.8, 28.1,
26.8, 11.6. IR (KBr)vmax: 2956, 1614, 1252 cm™!'; HRMS (ESI) Caled for C,sHp4NO 354.1853
(M + H¥); Found 354.1841.
2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo|[c]phenanthridin-6-yl)phenol (4e). Yield 71% (270
mg), white solid, mp 230 °C; 'H NMR (400 MHz, Chloroform-d) 6 12.65 (s, 1H), 9.19 (d, J =
7.9 Hz, 1H), 7.93 — 7.83 (m, 3H), 7.74 — 7.67 (m, 3H), 7.36 (t, /= 8.5 Hz, IH), 7.19 (d, /= 7.1
Hz, 1H), 6.99 (t, J = 7.0 Hz, 1H), 3.54 (d, J = 23.8 Hz, 1H), 3.23 — 3.13 (m, 1H), 3.08 (dt, J =
16.3, 2.8 Hz, 1H), 2.91 — 2.84 (m, 1H), 2.27 — 2.23 (m, 1H), 1.63 — 1.58 (m, 1H), 1.30 (t, J =
11.5 Hz, 1H), 0.98 (s, 9H). 13C NMR (100 MHz, CDCl;) & 157.6, 156.2, 145.0, 141.3, 133.3,
130.8, 130.7, 130.6, 130.2, 128.1, 128.1, 127.9, 127.6, 124.1, 124.0, 122.6, 120.6, 118.5, 118.0,
44.8, 32.5, 31.7, 28.2, 27.5, 23.9. IR (KBr)vpyay: 2957, 1620, 1248 cm™!; HRMS (ESI) Calcd for
C,7HgNO 382.2166 (M + H*); Found 382.2174.
4-chloro-2-(9-methyl-7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-yl)phenol (4f). Yield 71%
(264 mg), white solid, mp 200-202 °C; 'H NMR (500 MHz, Chloroform-d) & 12.51 (s, 1H),
9.04 (t, J = 6.4 Hz, 1H), 7.92 — 7.82 (m, 3H), 7.70 (dq, J = 14.8, 7.2 Hz, 2H), 7.64 — 7.63 (m,
1H), 7.29 (dd, J = 8.7, 2.2 Hz, 1H), 7.10 (d, J = 8.8 Hz, 1H), 3.46 (t, J = 17.4 Hz, 1H), 3.16 —
3.05 (m, 2H), 2.76 — 2.67 (m, 1H), 2.03 (s, 2H), 1.29 — 1.24 (m, 1H), 1.22 (d, J = 6.6 Hz, 3H).
13C NMR (125 MHz, CDCl3) 6 156.3, 154.6, 145.5, 141.5, 133.4, 130.6, 130.3, 129.9, 129.8,
128.3, 128.2, 128.1, 127.7, 124.5, 123.9, 123.7, 123.2, 120.4, 119.3, 35.5, 31.2, 29.9, 28.7, 22.3.
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IR (KBr)viax: 2958, 1615, 1251 cm™!; HRMS (ESI) Calcd for C,4H,;CINO 374.1307 (M + H");
Found 374.1308.
4-chloro-2-(8-methyl-7,8,9,10-tetrahydrobenzo|[c|phenanthridin-6-yl)phenol  (4g). Yield
71% (264 mg), white solid, mp 189-191 °C; 'H NMR (400 MHz, Chloroform-d) & 12.39 (s,
1H), 9.02 (d, J= 7.8 Hz, 1H), 7.91 (d, J= 7.5 Hz, 1H), 7.81 (s, 2H), 7.75 — 7.67 (m, 2H), 7.59 (d,
J=2.4Hz, 1H), 7.30 (dd, /= 8.7, 2.4 Hz, 1H), 7.11 (d, J = 8.7 Hz, 1H), 3.34 (dd, /= 18.1, 4.4
Hz, 1H), 3.13 (dt, /= 17.7, 8.5 Hz, 1H), 3.01 (d, J = 16.1 Hz, 1H), 2.68 (dd, J = 16.1, 10.3 Hz,
1H), 2.10 — 2.05 (m, 1H), 1.71 — 1.67 (m, 1H), 1.53 (dp, J = 17.6, 6.5 Hz, 1H), 1.11 (d, J= 6.5
Hz, 3H). 13C NMR (125 MHz, CDCly) § 156.1, 154.5, 145.3, 141.2, 133.4, 130.4, 129.9, 129.8,
128.4, 128.3, 128.1, 127.8, 124.5, 123.9, 123.7, 123.4, 120.4, 119.3, 37.9, 30.3, 29.0, 26.8, 21.6.
IR (KBr)vmax: 2957, 1614, 1251 cm™!; HRMS (ESI) Calcd for C,4H,;CINO 374.1306 (M + H");
Found 374.1305.

4-chloro-2-(8-ethyl-7,8,9,10-tetrahydrobenzo|c]phenanthridin-6-yl)phenol (4h). Yield 71%
(274 mg), white solid, mp 166—168 °C; 'H NMR (500 MHz, Chloroform-d) & 12.18 (s, 1H),
9.03 (d,J=17.6 Hz, 1H), 7.91 (d, J= 7.2 Hz, 1H), 7.82 (s, 2H), 7.71 (t, J = 8.3 Hz, 2H), 7.59 (s,
1H), 7.29 (d, J= 8.6 Hz, 1H), 7.11 (d, /= 8.3 Hz, 1H), 3.34 (d, /= 17.6 Hz, 1H), 3.14 — 3.09 (m,
1H), 3.04 (d, J = 16.1 Hz, 1H), 2.70 — 2.67 (m, J = 15.6 Hz, 1H), 2.13 (s, 1H), 1.48 — 1.44 (m,
2H), 0.96 (s, 3H). 13C NMR (126 MHz, CDCl;) & 156.0, 154.4, 141.0, 133.3, 130.5, 130.1,
129.8, 128.8, 128.4, 128.3, 128.1, 127.8, 126.2, 124.5, 123.9, 123.6, 123.4, 120.4, 119.3, 35.8,
35.6, 28.6, 27.7, 26.8, 11.5. IR (KBr)vy.: 2958, 1617, 1253 cm™'; HRMS (ESI) Calcd for
C,sH»;CINO 388.1463 (M + HY); Found 388.1462.
4-chloro-2-(8-isopropyl-7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-yl)phenol (4i). Yield
70% (280 mg), white solid, mp 211-213 °C; 'H NMR (500 MHz, Chloroform-d) 4 9.38 (d, J =
7.6 Hz, 1H), 7.89 (d, J = 4.2 Hz, 1H), 7.81 (d, /= 9.1 Hz, 1H), 7.74 (d, J = 7.2 Hz, 1H), 7.69 —
7.63 (m, 2H), 7.55 — 7.52 (m, 2H), 7.49 — 7.46 (m, 1H), 3.53 (dd, J=12.5, 5 Hz, 1H), 3.10 (td, J
=11.7, 6.4 Hz, 1H), 2.88 (d, J = 16.3 Hz, 1H), 2.71 — 2.66 (m, 1H), 2.24 — 2.20 (m, 1H), 1.51
(dgq, J=12.3, 6.9 Hz, 1H), 1.42 (d, J = 5.2 Hz, 1H), 1.40 — 1.37 (m, 1H), 0.93 (s, 6H). *C NMR
(100 MHz, CDCl;) 8 158.6, 143.4, 142.2, 141.7, 133.1, 132.2, 130.5, 129.6, 129.5, 129.4, 128.3,
128.1, 128.0, 127.5, 127.1, 126.7, 125.1, 124.0, 120.7, 44.6, 32.4, 30.4, 27.6, 27.4, 23.9. IR
(KBr)Vpax: 2957, 1614, 1251 ecm™'; HRMS (ESI) Caled for Co6HpsCINO 402.1620 (M + HY);
Found 402.1627.
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2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo|c|phenanthridin-6-yl)-4-chlorophenol (4j). Yield
71% (295 mg), white solid, mp 175 °C; 'H NMR (600 MHz, Chloroform-d) & 12.71 (s, 1H),
9.04 (d, J= 8.1 Hz, 1H), 7.93 (d, J= 7.7 Hz, 1H), 7.87 — 7.83 (m, 2H), 7.73 (t, J = 7.0 Hz, 1H),
7.70 (t, J= 6.9 Hz, 1H), 7.66 (d, J = 2.3 Hz, 1H), 7.30 (dd, J = 8.7, 6.6 Hz, 1H), 7.11 (d, J = 8.7
Hz, 1H), 3.49 (d, J = 17.7 Hz, 1H), 3.16 — 3.10 (m, 1H), 3.04 (d, J = 15.8 Hz, 1H), 2.84 — 2.79
(m, 1H), 2.22 (s, 1H), 1.51 (d, J= 6.7 Hz, 1H), 1.28 (t, J = 12.1 Hz, 1H), 0.98 (s, 9H). *C NMR
(150 MHz, CDCl;) 6 156.4, 154.9, 145.4, 141.3, 133.4, 130.7, 130.5, 130.4, 129.8, 128.4, 128.3,
128.2, 127.8, 124.4, 123.9, 123.6, 123.3, 120.6, 119.4, 44.7, 32.6, 31.5, 28.2, 27.6, 23.8. IR
(KBr)Vimax: 2958, 1614, 1248 cm™'; HRMS (ESI) Calcd for Cy;Hy;CINO 416.1776 (M + H*);
Found 416.1785.
4-chloro-2-(8-phenyl-7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-yl)phenol  (4k). Yield
71% (309 mg), green solid, mp 175 °C; 'H NMR (500 MHz, Chloroform-d) & 12.20 (s, 1H),
9.06 (d,J=8.0 Hz, 1H), 7.93 (d, /= 7.4 Hz, 1H), 7.84 (s, 2H), 7.75 - 7.71 (m, 2H), 7.53 (s, 1H),
7.33 (d,J=7.1 Hz, 2H), 7.24 (d, J = 5.4 Hz, 4H), 7.06 (d, J = 8.5 Hz, 1H), 3.44 (d, J=16.9 Hz,
1H), 3.28 (d, J = 8.3 Hz, 1H), 3.19 (s, 2H), 2.77 (s, 1H), 2.30 (s, 1H), 2.03 (s, 1H). 3C NMR
(100 MHz, CDCls) 6 155.9, 154.7, 145.2, 144.8, 141.7, 133.4, 130.5, 130.4, 129.8, 129.7, 128.8,
128.5, 128.4, 128.2, 127.8, 127.0, 126.7, 124.4, 124.0, 123.7, 123.5, 120.5, 119.3, 40.5, 37.4,
29.5,27.5. IR (KBr)Vpay: 2948, 1614, 1255 cm™!; HRMS (ESI) Calcd for Co9Hp3CINO 436.1463
(M + H¥); Found 436.1472.
4-bromo-2-(9-methyl-7,8,9,10-tetrahydrobenzo|c|phenanthridin-6-yl)phenol (41). Yield 71%
(296 mg), pale yellow solid, mp 268270 °C; '"H NMR (400 MHz, DMSO-dy) 6 9.36 (d, J=9.1
Hz, 1H), 8.29 (d, J = 8 Hz, 1H), 8.00 — 7.94 (m, 2H), 7.71 — 7.69 (m, 2H), 7.33 (d, J= 7.9 Hz,
2H), 7.21 (d, J = 8.7 Hz, 1H), 3.03 — 2.99 (m, 2H), 2.91 — 2.85 (m, 1H), 2.72 — 2.71 (m, 1H),
2.20 —2.10 (m, 2H), 1.57 (dq, /= 16.3, 5.9, 5.3 Hz, 1H), 1.38 (d, J = 6.5 Hz, 3H). 3C NMR (150
MHz, CDCl3) 6 155.1, 151.3, 142.4, 139.4, 134.8, 133.7, 132.7, 131.8, 130.5, 130.3, 128.7,
128.6, 128.4, 126.0, 125.8, 124.1, 119.8, 119.3, 110.6, 35.8, 27.7, 26.9, 21.7, 21.1. IR (KBr)vppax:
2958, 2925, 1610, cm™!; HRMS (ESI) Caled for CyH, BrNO 418.0801 (M + HY); Found
418.0806 and 420.0787.
4-bromo-2-(8-methyl-7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-yl)phenol (4m). Yield
71% (296 mg), pale yellow solid, mp 228-230 °C; 'H NMR (400 MHz, DMSO-dg) & 9.37 (d, J
= 8.6 Hz, 1H), 8.30 — 8.26 (m, 2H), 8.00 — 7.94 (m, 2H), 7.76 — 7.71 (m, 2H), 7.34 (d, J = 7.9
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Hz, 1H), 7.23 (d, J = 8.1 Hz, 1H), 3.45 — 3.36 (m, 1H), 2.88 (dd, J = 16.7, 3.8 Hz, 1H), 2.72 (s,
1H), 2.62 (dd, J = 16.8, 10.6 Hz, 1H), 2.26 — 2.24 (m, 1H), 2.02 — 2.00 (m, 1H), 1.74 — 1.64 (m,
1H), 1.22 (d, J = 6.4 Hz, 3H). 3C NMR (125 MHz, CDCls) 8 155.8, 133.9, 133.9, 133.8, 133.4,
132.6, 132.6, 130.7, 129.0, 128.9, 128.8, 128.2, 126.2, 124.8, 124.1, 120.1, 111.1, 36.9, 30.0,
28.7, 27.0, 21.5. IR (KBr)vpa: 2956, 1613, 1251 cm™!; HRMS (ESI) Calcd for CyH,BrNO
418.0801 (M + H*); Found 418.0812 and 420.0796.
4-bromo-2-(8-ethyl-7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-yl)phenol (4n). Yield 71%
(306 mg), pale yellow solid, mp 158-160 °C; *H NMR (500 MHz, Chloroform-d) & 12.57 (s,
1H), 9.03 (d, J = 7.9 Hz, 1H), 7.92 (d, J = 7.5 Hz, 1H), 7.85 (q, J = 9.0 Hz, 2H), 7.77 (s, 1H),
7.71 (dt, J = 16.6, 6.8 Hz, 2H), 7.44 (d, J = 8.6 Hz, 1H), 7.07 (d, /= 8.7 Hz, 1H), 343 (d, J =
18.2 Hz, 1H), 3.22 — 3.15 (m, 1H), 3.09 (d, J = 16.0 Hz, 1H), 2.76 — 2.71 (m, 1H), 2.18 (s, 1H),
1.51 — 1.44 (m, 2H), 0.98 (t,J = 7.1 Hz, 3H). 3C NMR (125 MHz, CDCl;) § 156.8, 154.6, 145.4,
141.4, 133.4, 133.2, 132.7, 130.5, 129.9, 128.3, 128.3, 128.1, 127.7, 124.5, 124.2, 123.9, 120.5,
119.8, 110.3, 36.1, 35.8, 28.6, 27.9, 26.8, 11.6. IR (KBr)vpmay: 2957, 1617, 1250 cm™!; HRMS
(ESI) Caled for C,5Hp;BrNO 432.0958 (M + H*); Found 432.0958 and 434.0940.
4-bromo-2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo|[c]phenanthridin-6-yl)phenol (40). Yield
71% (326 mg), pale yellow solid, mp 170 °C; 'H NMR (600 MHz, Chloroform-d) & 12.72 (s,
1H), 9.02 (d, J= 8.0 Hz, 1H), 7.92 (d, /= 7.4 Hz, 1H), 7.83 — 7.79 (m, 3H), 7.73 (t, /= 7.5 Hz,
1H), 7.69 (t, J= 7.3 Hz, 1H), 7.43 (d, J= 6.4 Hz, 1H), 7.05 (d, /= 8.7 Hz, 1H), 3.41 (d, J=17.6
Hz, 1H), 3.11 — 3.05 (m, 1H), 3.01 (d, J = 15.8 Hz, 1H), 2.78 — 2.74 (m, 1H), 2.19 — 2.16 (m,
1H), 1.44 (dd, J = 12.1, 5.5 Hz, 1H), 1.29 — 1.22 (m, 1H), 0.97 (s, 9H). 3C NMR (150 MHz,
CDCl) 6 156.8, 154.6, 145.3, 141.1, 133.3, 133.2, 132.7, 130.6, 130.4, 128.3, 128.2, 128.1,
127.8, 124.3, 124.0, 123.8, 120.5, 119.8, 110.2, 44.6, 32.5, 31.4, 28.1, 27.5, 23.6. IR (KBr)vpax:
2959, 1614, 1250 cm™'; HRMS (ESI) Caled for C,7H,7BrNO 460.1271 (M + H"); Found
460.1275 and 462.1258.
2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo|c|phenanthridin-6-yl)-4,6-dichlorophenol  (4p).
Yield 70% (314 mg), pale yellow solid, mp 180 °C; 'H NMR (400 MHz, Chloroform-d) & 13.72
(s, 1H), 9.01 (d, /= 7.9 Hz, 1H), 7.91 (d, J= 7.6 Hz, 1H), 7.82 — 7.68 (m, 4H), 7.56 (d, J = 2.1
Hz, 1H), 7.44 (d, J = 2.2 Hz, 1H), 3.34 (d, J = 23.2 Hz, 1H), 3.07 — 2.98 (m, 1H), 2.93 (d, J =
15.8 Hz, 1H), 2.70 — 2.63 (m, 1H), 2.15-2.12 (m, 1H), 1.35 (dt, J=12.2, 6.1 Hz, 1H), 1.19 (t, J
= 11.7 Hz, 1H), 0.94 (s, 9H). 3C NMR (100 MHz, CDCls) & 154.1, 152.9, 145.6, 140.8, 133.3,
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130.7, 130.4, 130.1, 128.6, 128.5, 128.4, 128.2, 128.0, 124.5, 123.9, 123.8, 123.4, 122.8, 120.3,
44.5,32.4,31.4,28.1,27.4, 23.5. IR (KBr)vpya: 2957, 1614, 1251 cm™!; HRMS (ESI) Calcd for
C,7H,6CILNO 450.1386 (M + HY); Found 450.1425.
2-(8-ethyl-7,8,9,10-tetrahydrobenzo[c]phenanthridin-6-yl)-5-methoxyphenol (4q). Yield
71% (271 mg), white solid, mp 204-206 °C; 'H NMR (500 MHz, Chloroform-d) & 13.53 (s,
1H), 9.04 (d, /= 8.1 Hz, 1H), 7.90 (d, /= 7.8 Hz, 1H), 7.85 (d, /=9.1 Hz, 1H), 7.79 (d, J=9.1
Hz, 1H), 7.72 (t, J=7.4 Hz, 1H), 7.67 (t, J= 7.3 Hz, 1H), 7.62 (d, /= 8.7 Hz, 1H), 6.72 (s, 1H),
6.55 (d, J=10.3 Hz, 1H), 3.89 (s, 3H), 3.42 (d, /= 22.7 Hz, 1H), 3.20 — 3.15 (m, 1H), 3.11 (d, J
=16.5 Hz, 1H), 2.74 (dd, J = 15.9, 8.9 Hz, 1H), 2.19 — 2.16 (m, 1H), 1.55 — 1.41 (m, 4H), 0.97
(t, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl;) 8 161.6, 160.0, 156.2, 144.8, 141.0, 133.3,
131.4, 130.4, 129.6, 128.0, 128.0, 127.5, 127.4, 123.9, 123.7, 120.5, 115.2, 105.3, 102.3, 55.4,
36.7, 36.0, 28.8, 28.0, 26.9, 11.6. IR (KBr)vy,y: 2950, 1620, 1251 cm™'; HRMS (ESI) Calcd for
Cy6H26NO; 384.1959 (M + H"); Found 384.1958.
2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo|c]phenanthridin-6-yl)-5-methoxyphenol (4r).
Yield 71% (292 mg), white solid, mp 162—164 °C; "H NMR (600 MHz, Chloroform-d) & 13.35
(s, 1H), 8.88 (d, /= 7.9 Hz, 1H), 7.79 (d, J= 7.7 Hz, 1H), 7.77 (d, J = 9.1 Hz, 1H), 7.70 (d, J =
9.0 Hz, 1H), 7.56 (dd, J = 17.6, 7.6 Hz, 2H), 7.48 (d, J = 8.7 Hz, 1H), 6.56 (s, 1H), 6.42 (d, J =
8.6 Hz, 1H), 3.75 (s, 3H), 3.41 (d, J = 12.5 Hz, 1H), 3.05 — 3.02 (m, 1H), 2.91 (d, J = 16.0 Hz,
1H), 2.44 (s, 1H), 2.12 — 2.09 (m, 1H), 1.44 — 1.41 (m, 1H), 1.16 (t, J = 11.8 Hz, 1H), 0.84 (s,
9H). 3C NMR (150 MHz, CDCl;) 6 161.4, 159.6, 156.1, 152.7, 143.0, 141.8, 139.2, 136.6,
133.2,131.0, 130.4, 128.0, 127.4, 127.4, 123.6, 123.6, 120.4, 105.2, 102.2, 55.3, 44.6, 32.3, 31.6,
28.1, 27.3, 23.6. IR (KBr)vy.: 2957, 1620, 1251 cm™'; HRMS (ESI) Calcd for CogH30NO,
412.2272 (M + H"); Found 412.2329.
2-(12-bromo-8-(tert-butyl)-7,8,9,10-tetrahydrobenzo|c]phenanthridin-6-yl)phenol (4s).
Yield 69% (317 mg), yellow solid, mp 162—-164 °C; 'H NMR (400 MHz, DMSO-d¢) 6 9.23 (d,
J=7.6 Hz, 1H), 8.16 — 8.15 (m, 3H), 7.82 (p, J = 6.6 Hz, 2H), 7.43 (d, ] = 7.4 Hz, 1H), 7.10 —
7.06 (m, 1H), 7.04 (d, J = 7.6 Hz, 1H), 3.30 — 3.15 (m, 2H), 2.69 (d, J = 18.0 Hz, 1H), 2.58 (d, J
=10.2 Hz, 1H), 2.18 (d, J = 8.6 Hz, 1H), 1.49 — 1.41 (m, 2H), 0.87 (s, 9H). 3C NMR (100 MHz,
DMSO) 6 155.3, 135.9, 133.6, 133.2, 132.9, 131.6, 131.1, 130.5, 129.7, 129.3, 129.0, 128.1,
125.2, 124.4, 124.4, 121.2, 120.2, 119.6, 116.3, 43.3, 32.5, 28.1, 27.4, 27.3, 23.3. IR (KBr)vpax:
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2957, 1620, 1251 cm™!; HRMS (ESI) Calcd for Cy;Hp;BrNO 460.1271 (M + HY); Found
460.1279, 462.1259.

2-(12-bromo-8-(tert-butyl)-7,8,9,10-tetrahydrobenzo|c]phenanthridin-6-yl)-4-chlorophenol
(4t). Yield 65% (320 mg), yellow solid, mp 174-176 °C; 'H NMR (400 MHz, DMSO-dy) &
9.20-9.18 (m, 1H), 8.35 — 8.32 (m, 1H), 8.26 (d, J = 8.0 Hz, 1H), 8.08 (s, 1H), 7.79 - 7.78 (d, J
=3.8 Hz, 1H), 7.41 (d, J= 3.8 Hz, 1H), 7.08 (d, J = 9.4 Hz, 1H), 7.03 (d, J = 8.7 Hz, 1H), 3.07
(d, J=14.1 Hz, 2H), 2.71 (d, J=16.1 Hz, 2H), 2.21 — 2.19 (m, 1H), 1.48 — 1.42 (m, 2H), 0.90 (s,
9H). *C NMR (101 MHz, CDCl;) 8 157.6, 156.2, 151.9, 145.0, 140.9, 132.1, 130.9, 130.7,
130.1, 127.7, 124.3, 123.4, 122.5, 121.4, 119.6, 118.6, 118.0, 116.5, 112.0, 44.7, 32.5, 31.7, 28.2,
27.5, 23.8. IR (KBr)vpa: 2957, 1620, 1251 ¢cm™'; HRMS (ESI) Caled for C,;H,cBrCINO
494.0881 (M + H*); Found 494.0903, 496.0886.

benzo[c]chromeno[4,3,2-gh]|phenanthridine (5a). Yield 60% (38 mg), solid, light green, mp
200-202 °C; '"H NMR (500 MHz, Chloroform-d) 6 9.55 (d, J= 8.2 Hz, 1H), 8.91 (d, /= 7.8 Hz,
1H), 8.40 (d, J = 8.9 Hz, 1H), 8.20 (d, /= 8.2 Hz, 1H), 7.94 (dd, J = 13.3, 8.5 Hz, 2H), 7.83 (t, J
= 8.1 Hz, 1H), 7.76 (t, J= 7.5 Hz, 1H), 7.68 (t,J = 7.4 Hz, 1H), 7.54 (t, J = 7.7 Hz, 1H), 7.38 (t,
J=1.5 Hz, 1H), 7.33 (dd, J = 8.0, 4.3 Hz, 2H). 3C NMR (100 MHz, CDCl;) § 154.3, 153.1,
146.5, 142.4, 1344, 133.9, 132.2, 132.1, 131.9, 127.7, 127.6, 126.8, 126.8, 125.3, 125.3, 124.2,
122.1, 120.4, 120.2, 117.3, 115.5, 114.9, 111.2. IR (KBr)vyax: 2925, 1575, 1251 cm™!; HRMS
(ESI) Calcd for Cp3H14NO 320.1070 (M + H*); Found 320.1069.
8-methylbenzo[c]chromeno[4,3,2-gh]|phenanthridine (5b). Yield 65% (43 mg), solid, light
green, mp 220222 °C; '"H NMR (500 MHz, Chloroform-d) 6 9.51 (d, J= 8.2 Hz, 1H), 8.85 (d, J
= 7.8 Hz, 1H), 8.32 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 4.6 Hz, 2H), 7.87 (d, J = 8.8 Hz, 1H), 7.73
(t, J=7.5 Hz, 1H), 7.66 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.7 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H),
7.28 (d, J= 8.3 Hz, 1H), 7.11 (s, 1H), 2.62 (s, 3H). 13C NMR (125 MHz, CDCl;) 8 154.3, 152.9,
146.3, 142.8, 142.6, 134.3, 133.9, 132.3, 131.9, 127.7, 127.5, 126.6, 126.5, 125.3, 125.3, 124.0,
122.1, 120.4, 119.9, 117.2, 114.9, 113.7, 112.4, 22.8. IR (KBr)vpa.: 2930, 1580, 1258 cm™;
HRMS (ESI) Caled for C4HNO 334.1227 (M + H*); Found 334.1229.
9-methylbenzo[c]chromeno[4,3,2-gh]phenanthridine (5c¢). Yield 67% (45 mg), solid, light
green, mp 196—-198 °C;'H NMR (500 MHz, Chloroform-d) & 9.54 (d, J= 8.2 Hz, 1H), 8.91 (d,
J=7.8Hz, 1H), 8.38 (d, /= 8.9 Hz, 1H), 8.12 (d, /= 8.3 Hz, 1H), 7.94 (d, J=7.9 Hz, 1H), 7.91
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(d, J=8.9 Hz, 1H), 7.75 (t, J = 7.1 Hz, 1H), 7.71 (d, J = 8.3 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H),
7.54 (t, J = 8.5 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H), 2.58 (s, 3H). '*C NMR (100 MHz, CDCl;)
154.4, 150.3, 146.4, 141.7, 134.2, 133.7, 132.5, 132.2, 132.0, 127.7, 127.3, 126.7, 125.3, 125.2,
124.1, 122.1, 120.6, 120.3, 117.3, 115.4, 114.3, 29.8. IR (KBr)vpa: 2924, 1550, 1259 cm™;
HRMS (ESI) Calcd for C,4H¢NO 334.1227 (M + H"); Found 334.1221.
9-ethylbenzo|c|chromeno|4,3,2-gh|phenanthridine (5d). Yield 68% (47 mg), solid, light
green, mp 214-216 °C; 'H NMR (500 MHz, Chloroform-d) & 9.54 (d, J = 8.3 Hz, 1H), 8.91 (d,
J="71.7Hz, 1H), 8.39 (d, /= 8.9 Hz, 1H), 8.16 (d, /= 8.3 Hz, 1H), 7.94 (d, /= 7.9 Hz, 1H), 7.91
(d, J= 8.8 Hz, 1H), 7.75 (d, J = 8.3 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H),
7.37 (t, J=9.0 Hz, 2H), 3.01 (q, J = 7.6 Hz, 2H), 1.40 (t, J = 7.6 Hz, 3H). 3C NMR (150 MHz,
CDCl) 6 154.4, 149.9, 146.5, 141.7, 133.7, 132.7, 132.5, 132.2, 132.0, 127.7, 127.3, 126.7,
126.7, 126.6, 125.3, 125.1, 124.1, 122.1, 120.4, 120.3, 117.3, 115.5, 114.6, 23.0, 14.3. IR
(KBr)Viax: 2918, 1560, 1258 cm™'; HRMS (ESI) Calcd for C,5HgNO 348.1383 (M + H*); Found
348.1396.

9-(tert-butyl)benzo|c]chromeno[4,3,2-gh]phenanthridine (5e). Yield 72% (54 mg), solid, light
green, mp 220-222°C; 'H NMR (600 MHz, Chloroform-d) & 9.54 (d, J = 8.2 Hz, 1H), 8.92 (d,
J=28.1 Hz, 1H), 8.40 (d, /= 8.9 Hz, 1H), 8.15 (d, /= 8.7 Hz, 1H), 7.94 (d, J=7.9 Hz, 1H), 7.91
(d, J=8.5 Hz, 2H), 7.75 (t, J = 7.5 Hz, 1H), 7.67 (t, J = 6.8 Hz, 1H), 7.56 — 7.54 (m, 1H), 7.39
(t, J = 7.3 Hz, 2H), 1.62 (s, 9H). '*C NMR (150 MHz, CDCl;) & 153.9, 150.7, 146.5, 141.5,
133.7, 132.6, 132.4, 132.1, 131.9, 130.2, 127.7, 127.3, 126.7, 126.6, 125.3, 125.1, 124.1, 121.9,
120.3, 120.1, 117.1, 116.0, 114.4, 35.1, 29.8. IR (KBr)viax: 2920, 1540, 1248 cm~'; HRMS (ESI)
Calcd for C,7H,,NO 376.1696 (M + H*); Found 376.1705.
13-chloro-8-methylbenzo|[c]chromeno[4,3,2-gh]|phenanthridine (5f). Yield 70% (51 mg),
solid, light green, mp 208-210 °C; 'H NMR (500 MHz, Chloroform-d) 6 9.49 (d, J = 8.3 Hz,
1H), 8.78 (d, /= 2.6 Hz, 1H), 8.33 (d, /= 8.9 Hz, 1H), 7.96 — 7.93 (m, 2H), 7.90 (d, J = 8.9 Hz,
1H), 7.76 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H), 7.70 — 7.66 (m, 1H), 7.44 (dd, J = 8.7, 2.6 Hz, 1H),
7.22 (d, J= 8.8 Hz, 1H), 7.12 (s, 1H), 2.64 (s, 3H). 13C NMR (125 MHz, CDCl;) 4 152.7, 152.6,
145.1, 143.1, 142.5, 134.3, 133.9, 132.2, 131.8, 129.6, 127.7, 127.7, 127.0, 126.9, 125.3, 124.7,
123.4, 120.3, 120.2, 118.8, 115.2, 113.6, 112.5, 22.9. IR (KBr)vpa: 2927, 1557, 1241 cm™;
HRMS (ESI) Calcd for C,4H;5C1O 368.0837 (M + H"); Found 368.0836.
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13-chloro-9-methylbenzo|[c|chromeno[4,3,2-gh]|phenanthridine (5g). Yield 71% (52 mg),
solid, light green, mp 204-206 °C; 'H NMR (500 MHz, Chloroform-d) & 9.39 (d, J = 8.2 Hz,
1H), 8.66 (s, 1H), 8.23 (d, /= 8.8 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 7.7 Hz, 1H),
7.84 (d, J=8.8 Hz, 1H), 7.75 - 7.72 (m, 1H), 7.66 (td, J= 7.5, 6.9, 1.2 Hz, 1H), 7.56 (d, J = 8.2
Hz, 1H), 7.39 (dd, J = 8.7, 2.6 Hz, 1H), 7.16 (d, J = 8.7 Hz, 1H), 2.45 (s, 3H). *C NMR (150
MHz, CDCl3) 6 152.6, 149.7, 144.9, 141.3, 134.1, 133.5, 132.2, 132.0, 131.7, 129.4, 127.7,
127.4, 126.9, 126.7, 125.0, 124.6, 123.1, 120.6, 120.4, 120.1, 118.7, 114.9, 114.4, 15.6. IR
(KBr)Viax: 2927, 1570, 1260 cm™!; HRMS (ESI) Calcd for Cp,H;sCINO 368.0837 (M + HY);
Found 368.0835.

13-chloro-9-ethylbenzo|[c]chromeno[4,3,2-gh|phenanthridine (5h). Yield 71% (53 mg), solid,
light green, mp 164-166 °C; 'H NMR (500 MHz, Chloroform-d) & 9.32 (d, J = 8.2 Hz, 1H),
8.58 (d, J=2.6 Hz, 1H), 8.17 (d, /= 8.9 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.87 (d, /= 7.8 Hz,
1H), 7.79 (d, J= 8.8 Hz, 1H), 7.72 — 7.69 (m, 1H), 7.65 — 7.62 (m, 1H), 7.55 (d, J = 8.3 Hz, 1H),
7.35(dd, J=8.7, 2.6 Hz, 1H), 7.11 (d, J= 8.7 Hz, 1H), 2.83 (t, /= 7.6 Hz, 2H), 1.34 (t, /= 7.6
Hz, 3H). 13C NMR (125 MHz, CDCly) 8 152.6, 149.3, 144.9, 141.4, 133.6, 132.4, 132.2, 132.0,
131.5, 129.4, 127.6, 127.3, 126.9, 126.7, 126.5, 125.1, 124.6, 123.2, 120.3, 120.0, 118.6, 114.9,
114.6, 22.7, 14.1. IR (KBr)vimax: 2927, 1575, 1248 cm™'; HRMS (ESI) Caled for CysH;;CINO
382.0994 (M + H*); Found 382.0993.
13-chloro-9-isopropylbenzo[c]chromeno[4,3,2-gh|phenanthridine (5i). Yield 73% (58 mg),
solid, light green, mp 214-216 °C; 'H NMR (500 MHz, Chloroform-d) 6 9.47 (d, J = 8.2 Hz,
1H), 8.78 (d, /= 2.4 Hz, 1H), 8.33 (d, /= 8.9 Hz, 1H), 8.15 (d, /= 8.5 Hz, 1H), 7.92 (d,J="7.9
Hz, 1H), 7.89 (d, J = 8.9 Hz, 1H), 7.80 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 7.5 Hz, 1H), 7.67 (t,J =
7.4 Hz, 1H), 7.44 (dd, J=8.7, 2.4 Hz, 1H), 7.25 (s, 1H), 3.68 (p, /= 6.9 Hz, 1H), 1.42 (d,J=6.9
Hz, 6H). 3*C NMR (125 MHz, CDCl;) 6 152.8, 148.9, 145.3, 141.6, 133.7, 132.3, 132.1, 131.8,
131.1, 129.9, 129.6, 127.7, 127.5, 127.1, 126.8, 125.2, 124.8, 123.4, 120.5, 120.2, 118.8, 115.3,
115.1, 27.0, 22.7. IR (KBr)Viax: 2918, 1570, 1245 cm™!; HRMS (ESI) Caled for Cy6H;9CINO
396.1150 (M + H"); Found 396.1145.
9-(tert-butyl)-13-chlorobenzo[c]chromeno[4,3,2-gh]|phenanthridine (5j). Yield 75% (61 mg),
solid, light green, mp 245-247 °C; 'H NMR (600 MHz, Chloroform-d) 4 9.43 (d, J = 8.2 Hz,
1H), 8.75 (d, /= 2.4 Hz, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.05 (d, J= 8.6 Hz, 1H), 7.90 (d,J="7.9
Hz, 1H), 7.85 (dd, J = 12.3, 8.7 Hz, 2H), 7.74 (t, /= 7.4 Hz, 1H), 7.65 (t, J = 7.3 Hz, 1H), 7.44
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(d, J=8.7 Hz, 1H), 7.28 (d, J = 8.7 Hz, 1H), 1.61 (s, 9H). 3C NMR (150 MHz, CDCl3) & 152.3,
150.3, 145.1, 141.3, 133.6, 132.5, 132.3, 131.9, 131.7, 130.3, 129.5, 127.7, 127.4, 127.0, 126.8,
125.1, 124.7, 123.1, 120.2, 120.1, 118.5, 115.6, 114.6, 35.0, 29.9. IR (KBr)vpay: 2929, 1550,
1251 ecm™!; HRMS (ESI) Caled for C»7H,;CINO 410.1307 (M + H"); Found 410.1312.
13-chloro-9-phenylbenzo|c]chromeno[4,3,2-gh]phenanthridine (5k). Yield 75% (64 mg),
solid, light green, mp 246-248 °C; 'H NMR (500 MHz, Chloroform-d) 4 9.49 (d, J = 8.2 Hz,
1H), 8.79 (d, J = 2.5 Hz, 1H), 8.37 (d, J = 8.9 Hz, 1H), 8.23 (s, 1H), 7.93 (d, J = 9.0 Hz, 2H),
7.90 (d, J = 8.5 Hz, 1H), 7.79 — 7.75 (m, 3H), 7.69 (t, J= 7.0 Hz, 1H), 7.55 (t, J = 7.5 Hz, 2H),
7.46 (t, J= 7.5 Hz, 1H), 7.42 (dd, J = 8.7, 2.6 Hz, 1H), 7.16 (d, J = 8.8 Hz, 1H). 3C NMR (100
MHz, CDCl3) 6 152.4, 148.9, 136.8, 133.8, 133.8, 133.6, 132.0, 131.9, 129.8, 129.6, 128.6,
127.8, 127.3, 127.0, 125.2, 124.7, 124.5, 123.3, 120.3, 120.2, 119.0, 115.5, 115.4. IR (KBr)vyax:
2927, 1528, 1260 cm™!; HRMS (ESI) Calcd for C,0H;7CINO 430.0994 (M + H"); Found
430.0996.

13-bromo-8-methylbenzo|c|chromeno[4,3,2-gh]phenanthridine (51). Yield 69% (57 mg),
solid, light green, mp 243-245 °C; 'H NMR (400 MHz, CDCl;) 4 9.46 (d, J= 8.2 Hz, 1H), 8.89
(d, J=2.3 Hz, 1H), 8.30 (d, /= 8.9 Hz, 1H), 7.92 (s, 1H), 7.87 (s, 1H), 7.76 (t, J= 7.4 Hz, 2H),
7.68 (t,J=17.5 Hz, 1H), 7.58 — 7.55 (m, 1H), 7.13 (d, J = 8.8 Hz, 1H), 7.09 (s, 1H), 2.62 (s, 3H).
13C NMR (150 MHz, CDCl3) 6 153.0, 152.4, 144.8, 143.0, 142.2, 134.5, 134.1, 133.7, 132.0,
127.7, 127.7, 127.6, 126.9, 126.8, 125.2, 123.7, 120.2, 120.0, 119.0, 116.9, 115.2, 113.4, 112.5,
22.9. IR (KBr)vpay: 2937, 1520, 1260 cm~!; HRMS (ESI) Calcd for C,4H;sBrNO 412.0332 (M +
H™); Found 412.0324 and 414.0493.
13-bromo-9-methylbenzo|c|chromeno[4,3,2-gh]phenanthridine (Sm). Yield 70% (58 mg),
solid, light green, mp 244-246 °C; '"H NMR (500 MHz, Chloroform-d) & 9.32 (d, J = 8.2 Hz,
1H), 8.72 (d, J = 2.4 Hz, 1H), 8.15 (d, /= 8.8 Hz, 1H), 7.87 (t, /= 7.4 Hz, 2H), 7.79 (d, J = 8.8
Hz, 1H), 7.73 — 7.70 (m, 1H), 7.66 — 7.63 (m, 1H), 7.49 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 8.7 Hz,
1H), 2.40 (s, 3H). 13C NMR (125 MHz, CDCl;) & 153.1, 149.7, 144.6, 141.4, 134.4, 134.1,
133.6, 132.2, 132.0, 127.6, 127.4, 126.9, 126.7, 125.1, 123.6, 120.5, 120.4, 120.0, 119.0, 116.9,
114.9, 114.4, 15.5. IR (KBr)vpa: 2930, 1570, 1250 cm™'; HRMS (ESI) Calcd for CpH;sBrNO
412.0332 (M + H"); Found 412.0332 and 414.0371.
13-bromo-9-ethylbenzo[c|chromeno[4,3,2-gh]phenanthridine (5n). Yield 70% (60 mg), solid,
light green, mp 247-249 °C; 'H NMR (500 MHz, Chloroform-d) 8 9.46 (d, J = 8.3 Hz, 1H),
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8.91 (s, 1H), 8.32 (d, /= 8.9 Hz, 1H), 8.10 (d, /= 8.3 Hz, 1H), 7.93 (d, J=7.9 Hz, 1H), 7.89 (d,
J=8.9 Hz, 1H), 7.76 (t, J= 7.6 Hz, 1H), 7.70 — 7.66 (m, 2H), 7.58 (d, J= 8.7 Hz, 1H), 7.18 (d, J
= 8.7 Hz, 1H), 2.95 (q, J = 7.6 Hz, 2H), 1.37 (t, J = 7.6 Hz, 3H). 3C NMR (125 MHz, CDCl;) §
153.3, 149.5, 145.0, 141.6, 134.6, 133.7, 132.8, 132.4, 132.1, 127.8, 127.7, 127.5, 127.1, 126.8,
126.8, 125.2, 123.8, 120.5, 120.1, 119.1, 117.0, 115.2, 114.9, 22.8, 14.3. IR (KBr)vyax: 2929,
1570, 1240 cm~!'; HRMS (ESI) Calcd for C,5H,7BrNO 426.0489 (M + HY); Found 426.0489 and
428.0471.

13-bromo-9-(tert-butyl)benzo|[c]chromeno|4,3,2-gh|phenanthridine (50). Yield 72% (65 mg),
solid, light green, mp 250 °C; '"H NMR (600 MHz, Chloroform-d) & 9.45 (d, J = 8.2 Hz, 1H),
8.92 (s, 1H), 8.31 (d, J = 8.8 Hz, 1H), 8.08 (d, J = 8.5 Hz, 1H), 7.91 (d, J = 7.9 Hz, 1H), 7.87
(dd, J=13.2, 8.7 Hz, 2H), 7.75 (t, J = 7.5 Hz, 1H), 7.66 (t, J= 7.3 Hz, 1H), 7.59 (d, J = 8.6 Hz,
1H), 7.23 (d, J = 8.6 Hz, 1H), 1.61 (s, 9H). 3C NMR (150 MHz, CDCl;) 8 152.8, 150.3, 145.0,
141.3, 134.6, 133.7, 132.5, 132.4, 131.9, 130.4, 127.8, 127.7, 127.5, 127.0, 126.8, 125.1, 123.6,
120.2, 120.1, 118.9, 117.0, 115.7, 114.7, 35.0, 29.9. IR (KBr)vp.: 2921, 1550, 1260 cm™;
HRMS (ESI) Caled for C,;H,BrNO 454.0802 (M + HY); Found 454.0807.
9-(tert-butyl)-11,13-dichlorobenzo|[c|chromeno[4,3,2-gh]|phenanthridine (5p). Yield 75% (66
mg), solid, light green, mp 254-256 °C; 'H NMR (600 MHz, Chloroform-d) & 9.43 (d, J = 8.1
Hz, 1H), 8.70 (s, 1H), 8.33 (d, /= 8.8 Hz, 1H), 8.14 (d, /= 8.6 Hz, 1H), 7.92 (t, J = 8.7 Hz, 3H),
7.76 (t,J = 7.3 Hz, 1H), 7.67 (t, J= 7.2 Hz, 1H), 7.56 (s, 1H), 1.66 (s, 9H). 3C NMR (150 MHz,
CDCly) 6 149.7, 148.7, 144.4, 141.3, 133.7, 133.1, 132.5, 131.9, 131.7, 130.6, 129.2, 127.7,
127.6, 127.4, 126.9, 125.0, 124.3, 123.3, 123.1, 120.4, 120.1, 115.5, 115.3, 35.1, 29.5. IR
(KBr)Vimax: 2919, 1540, 1250 cm™'; HRMS (ESI) Calced for C7H,0CIL,NO 444.0917 (M + HY);
Found 444.1122.

9-ethyl-13-methoxybenzo|c|chromeno[4,3,2-gh]phenanthridine (5q). Yield 68% (51 mg),
solid, light green, mp 224 °C; '"H NMR (500 MHz, Chloroform-d) 8 9.50 (d, J = 8.2 Hz, 1H),
8.79 (d, J=8.8 Hz, 1H), 8.36 (d, /= 8.9 Hz, 1H), 8.12 (d, /= 8.4 Hz, 1H), 7.93 (d, /= 7.9 Hz,
1H), 7.87 (d, J= 8.9 Hz, 1H), 7.72 (dd, J = 13.8, 8.1 Hz, 2H), 7.65 (t, J = 7.9 Hz, 1H), 6.95 (dd,
J=28.8,2.4Hz, 1H), 6.83 (d, /=2.4 Hz, 1H), 3.95 (s, 3H), 2.99 (q, /= 7.6 Hz, 2H), 1.40 (t, J =
7.6 Hz, 3H). BC NMR (125 MHz, CDCl3) 6 163.1, 155.7, 150.1, 146.7, 141.9, 133.8, 132.4,
132.2, 127.7, 127.2, 126.6, 126.6, 126.5, 126.1, 125.2, 120.3, 119.8, 115.4, 115.1, 114.7, 112.3,
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100.9, 55.8,22.9, 14.3. IR (KBr)vpax: 2927, 1574, 1248 cm™!; HRMS (ESI) Caled for CysH,0NO,
378.1489 (M + H"); Found 378.1490.
9-(tert-butyl)-13-methoxybenzo|c|chromeno|4,3,2-gh|phenanthridine (5r). Yield 67% (54
mg), solid, light green, mp 210-212 °C; 'H NMR (600 MHz, Chloroform-d) 4 9.50 (d, J = 8.1
Hz, 1H), 8.81 (d, J= 8.7 Hz, 1H), 8.36 (d, /= 8.8 Hz, 1H), 8.12 (d, /= 8.5 Hz, 1H), 7.93 (d, J =
7.8 Hz, 1H), 7.87 (d, J = 8.6 Hz, 2H), 7.73 (t, J = 7.3 Hz, 1H), 7.65 (t, J= 7.3 Hz, 1H), 6.96 (d, J
= 8.6 Hz, 1H), 6.83 (s, 1H), 3.96 (s, 3H), 1.62 (s, 9H). 3C NMR (150 MHz, CDCl;) é 163.0,
155.2, 150.9, 146.7, 133.7, 132.6, 132.3, 131.9, 130.0, 127.7, 127.3, 126.6, 126.5, 126.0, 125.1,
120.3, 119.5, 115.5, 115.1, 114.5, 114.2, 112.3, 100.6, 55.8, 35.0, 29.9. IR (KBr)vp.x: 2920,
1545, 1260 cm™'; HRMS (ESI) Calcd for CogHp4NO, 406.1802 (M + H*); Found 406.1811.

5-bromo-9-(tert-butyl)benzo[c]chromeno|[4,3,2-gh|phenanthridine (5s). Yield 65% (59 mg),
solid, light green, mp 228-230 °C; 'H NMR (500 MHz, Chloroform-d) & 9.55 (d, ] = 9.2 Hz,
1H), 8.87 (d, ] = 8.1 Hz, 1H), 8.68 (s, 1H), 8.32 (d, ] = 9.0 Hz, 1H), 8.05 (d, J = 8.7 Hz, 1H),
7.90 (d, J = 8.6 Hz, 1H), 7.77 (t, J = 8.5 Hz, 2H), 7.55 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 7.7 Hz,
2H), 1.63 (s, 9H). 13C NMR (100 MHz, CDCl;) & 153.8, 150.6, 146.8, 141.0, 133.0, 132.9,
132.1, 131.9, 131.4, 130.4, 128.3, 127.2, 127.1, 125.3, 125.2, 124.2, 124.1, 121.5, 121.3, 120.5,
117.0, 115.9, 114.1, 35.0, 29.7. IR (KBr)vimax: 2930, 1540, 1270 cm™'; HRMS (ESI) Caled for
C,7H,BrNO 454.0802 (M + H"); Found 454.0807, and 456.0789.

5-bromo-9-(tert-butyl)-13-chlorobenzo|[c]chromeno[4,3,2-gh]|phenanthridine (5t). Yield 64%
(62 mg), solid, light green, mp 245-247 °C; '"H NMR (400 MHz, Chloroform-d) & 9.46 (d, J =
8.1 Hz, 1H), 8.80 (d, J = 2.5 Hz, 1H), 8.36 (s, 1H), 8.17 (d, ] = 8.8 Hz, 1H), 7.94 (t, ] = 3.9 Hz,
2H), 7.92 (s, 1H), 7.77 (s, 1H), 7.74 (d, J = 2.4 Hz, 1H), 7.69 (d, J = 7.5 Hz, 1H), 1.69 (s, 9H).
3C NMR (100 MHz, CDCI3) & 149.8, 141.1, 134.6, 133.6, 133.0, 132.4, 131.9, 131.8, 130.6,
129.6, 127.6, 127.5, 127.4, 126.8, 124.9, 124.0, 120.3, 120.0, 115.3, 111.4, 35.0, 29.4. IR
(KB1)Viax: 2920, 1540, 1265 cm™!'; HRMS (ESI) Calcd for C»7H,,BrCINO 488.0412 (M + HY);
Found 488.0411, and 490.0425.
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TH NMR Spectra of 4a
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13C NMR Spectra of 4a
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HRMS Spectra of 4a

Sample Name ATK-SBM-19-19 Position P1-C7 Instrument Name Instrument 1 User Name

Inj Vol

20 InjPosition SampleType Sample IRM Calibration Status

Data Filename  ATK-SBM-19-19.d ACQ Method ESI ALS 100-600.m Comment Acquired Time

Success
4/16/2019 4:42:25 PV

x10 5
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4.4
4.2
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3.6
3.4
3.2
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1.2

14
0.8
0.6
0.4
0.2

+ES| Scan (#37) Frag=175.0V ATK-SBM-19-19.d
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Counts vs. Mass-to-Charge (m/z)
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'H NMR Spectra of 4b
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Sample Name SAMPLE 21
User Name
Sample Type Sample

HRMS Spectra of 4b

Position P1-B9
Inj Vol 20
IRM Calibration Status  Success

ACQ Method EST ALS 100-500.m Comment

Instrument Name
InjPosition
Data Filename

Acquired Time

x10 &

0.9
0.8
0.7
0.6
0.5
0.44
0.3

0.2

0.1

+ESI Scan (rt: 0.119 min) Frag=175.0V SY-G7.d

340.1696

Me
\I
7
N

ab HO

T T T T T T T
339.9 340 3401 340.2 340.3 3404 340.5 340.6 340.7 340.8
Counts vs. Mass-to-Charge (m/z)
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TH NMR Spectra of 4¢
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Sample Name
User Name
Sample Type
ACQ Method

HRMS Spectra of 4¢

SAMPLE 20 Position P1-B8

Inj Vol 20
Sample IRM Calibration Status Success
ESI ALS 100-500.m Comment

Instrument Name
InjPosition
Data Filename

Acquired Time

x10 © +ESI Scan (rt: 0.866 min) Frag=175.0V SY-G6.d

1.3
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Counts vs. Mass-to-Charge (m/z)
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13C NMR Spectra of 4d
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Sample Name WASH

User Name

Sample Type Sample

ACQ Method ESI ALS 100-1000.m

HRMS Spectra of 4d

Position P2-B5
Inj Vol 20
IRM Calibration Status Success

Comment

Instrument Name
InjPosition
Data Filename

Acquired Time

x10 §
3.8
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34
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3
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+ESI Scan (rt: 0.299 min) Frag=175.0V ATK-SY-D1.d
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T
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T T T T T T T T T
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Counts vs. Mass-to-Charge (m/z)

S29

Instrument 1

ATK-SY-D1.d
08-Apr-21 05:09:48 PM (UTC+05:30)



'TH NMR Spectra of 4e
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13C NMR Spectra of 4e
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HRMS Spectra of 4e

Sample Name SAMPLE 3 Position P2-B1 Instrument Name Instrument 1 User Name
Inj Vol 20 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename GRO-R.d ACQ Method ESI ALS 100-500.m Comment Acquired Time 12/26/2018 3:53:22 PM
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'TH NMR Spectra of 4f
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13C NMR Spectra of 4f
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Sample Name
User Name
Sample Type
ACQ Method

HRMS Spectra of 4f

SAMPLE Position P2-C4
Inj Vol 20
Sample IRM Calibration Status  Success
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'H NMR Spectra of 4g
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13C NMR Spectra of 4g
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HRMS Spectra of 4g

Sample Name SAMPLE Position P2-C3 Instrument Name Instrument 1
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TH NMR Spectra of 4h
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Sample Name
User Name
Sample Type
ACQ Method

HRMS Spectra of 4h
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Inj Vol 20
Sample IRM Calibration Status Success
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InjPosition
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'H NMR Spectra of 4i
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13C NMR Spectra of 4i
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HRMS Spectra of 4i

Display Report

Analysis Info

Acquisition Date
Analysis Name
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Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.8 Bar
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'H NMR Spectra of 4j
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13C NMR Spectra of 4j
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HRMS Spectra of 4j

Sample Name SAMPLE Position P2-B7 Instrument Name Instrument 1 User Name
Inj Vol 20 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  ATK-RA-3-19.d ACQ Method ESI ALS 100-600.m Comment Acquired Time 2/5/2020 4:55:27 PM
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TH NMR Spectra of 4k
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HRMS Spectra of 4k

Display Report

Acquisition Date  1/27/2022 2:06:17 PM
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'H NMR Spectra of 41
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13C NMR Spectra of 41
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Sample Name SAMPLE

User Name

Sample Type Sample

ACQ Method ESI ALS 200-500.m

HRMS Spectra of 41

Position P2-B11
Inj Vol 20
IRM Calibration Status ~ Success
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Instrument Name
InjPosition

Data Filename
Acquired Time
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13C NMR Spectra of 4m
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Sample Name SY-G9

User Name

Sample Type Sample

ACQ Method ESI ALS 100-1000.m

HRMS Spectra of 4m

Position P1-B8
Inj Vol 20
IRM Calibration Status Success
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Instrument Name
InjPosition
Data Filename

Acquired Time
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TH NMR Spectra of 4n
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HRMS Spectra of 4n

Sample Name SAMPLE 17 Position P1-B5 Instrument Name Instrument 1

User Name Inj Vol 20 InjPosition

Sample Type Sample IRM Calibration Status Success Data Filename SY-G2.d

ACQ Method ESI ALS 100-500.m Comment Acquired Time 21-Apr-21 10:35:35 PM (UTC+05:30)
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TH NMR Spectra of 40
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13C NMR Spectra of 40
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HRMS Spectra of 40

Sample Name SAMPLE Position P2-B8 Instrument Name Instrument 1 User Name
Inj Vol 20 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  ATK-RA-5-19.d ACQ Method ESI ALS 100-600.m Comment Acquired Time 2/5/2020 4:57:15 PM

x10 & | *ESI Scan (#9) Frag=175.0V ATK-RA-5-19.d

6.6 462.1258
6.4 - 460.1275

5.6
()
5.2
54 AN
7
4.4 N

Br

4 40 HO

0 - , ‘ . . : | 1 . . - , - ||‘ . - . : :
446 448 450 452 454 456 458 460 462 464 466 468 470 472 474
Counts vs. Mass-to-Charge (m/z)
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TH NMR Spectra of 4p
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13C NMR Spectra of 4p
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Sample Name

Inj Vol

Data Filename

HRMS Spectra of 4p

WASH Position
20 InjPosition
19.d ACQ Method

P2-C1 Instrument 1

Sample

Instrument Name
SampleType

ESI ALS 100-600.m Comment

User Name
IRM Calibration Status
Acquired Time

Success

4/5/2019 11:24:24 AM

x10 6

1.65 A
1.6
1.55+
1.5+
1.45+
1.4
1.354
1.3+
1.25+
1.2
1.15+
1.1
1.05 A
1
0.95
0.9+
0.85
0.8+
0.75
0.7+
0.65
0.6+
0.551
0.5+
0.45
0.4+
0.35
0.3+
0.25
0.2
0.15
0.1
0.05

o

+ESI| Scan (#10) Frag=175.0V 19.d

450.1425

452.1409

450 452 454 456
Counts vs. Mass-to-Charge (m/z)
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TH NMR Spectra of 4q
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HRMS Spectra of 4q

Sample Name SAMPLE 18 Position P1-B6
User Name Inj Vol 20

Sample Type Sample

IRM Calibration Status  Success

ACQ Method ESI ALS 100-500.m Comment

Instrument Name
InjPosition

Data Filename
Acquired Time

x10 8 |+*ESIScan (rt: 0.744 min) Frag=175.0v 8Y-G4.d

4.8
46
44
421
4]
381
36
341
32
3,
2381
261
241
221
2]
1.8
1.6
1.4
1.2
1
038-
06
041
021

384.1958

QA

49 HO

Et

OMe

0 T T T T T
383.7 3838 3839 384 384.1

3842 3843 3844 3845

Counts vs. Mass-to-Charge (m/z)
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384.6

384.7
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384.9

385

Instrument 1

SY-G4.d
21-Apr-21 10:43:19 PM (UTC+05:30)



'TH NMR Spectra of 4r
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13C NMR Spectra of 4r
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HRMS Spectra of 4r

Sample Name SAMPLE-6 Position P1-A7 Instrument Name Instrument 1 User Name
Inj Vol 20 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  ATK-RA-7-19.d ACQ Method ESI ALS 100-600.m Comment Acquired Time 1/18/2019 4:13:51 PM

x10 5 | +*ESI| Scan (#53) Frag=175.0V ATK-RA-7-19.d

2.4+ 412.2329
2.3
2.2
2.1

2_
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81 O S
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e S i
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ol . L | we o | AR -
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Counts vs. Mass-to-Charge (m/z)
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'TH NMR Spectra of 4s
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Sample Mame
User Name
Sample Type
ACD Method

AD-5Y-G36

Sample

HRMS Spectra of 4s

g
Inj Vol

IRM Calibration Status

Direct Mass-2017.m Comment

Vial 21

0.1

Some Jons Missad

Instrument Name Instrument 1

InjPosition

Data Filename AD-5Y-GE36.d

Acquired Time 28-03-2022 21:00:07 (UTC+05:30)

%10 5

0.95 4
0.8
0.85 1

0.8 4
0.75
0.7 4
0.65 -
0.6
0.55
0.5 4

0.45 |
04
0.35
0.3
0.25
02
0.15 4
0.1

0.05

+ES| Scan (rt 0.228 min) Frag=118.0V AD-8Y-G36.d

Br.
7

N

4s HO

460.1279

462.1259

L
457 4575 458 4585 459 4595 460 4605 461 4615 462 4625 463 4635 464 4645

Counts vs. Mass-to-Charge (m/z)
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TH NMR Spectra of 4t
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13C NMR Spectra of 4t
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HRMS Spectra of 4t

Sample Name AD-SY-G40 Position vial 23 Instrument Name Instrument 1
User Name Inj Vol 0.1 InjPosition

Sample Type Sample IRM Calibration Status  Some Ions Missed Data Filename AD-SY-G40.d

ACQ Method Direct Mass-2017.m Comment Acquired Time 28-03-2022 21:07:19 (UTC+05:30)

xig 5 |*ESI Scan (it 0.210 min) Frag=118.0V AD-SY-G40.d

4.2

44

496.0886

38
3.6 1
()
3.2
Br- X
7
N
HO

3
Cl

494.0903

28
26
4t
2.4 1

22

495.0928

0.8 4

0.6

0.4 4

0.2 4

494 4942 4944 4946 4948 495 4952 4954 4956 4958 406 4962
Counts vs. Mass-to-Charge (m/z)
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TH NMR Spectra of 5a
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13C NMR Spectra of 5a
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Sample Name SAMPLE

User Name

Sample Type Sample

ACQ Method ESI ALS 200-600.m

HRMS Spectra of S5a

Position
Inj Vol
IRM Calibration Status

Comment

P2-C4
20

Success

Instrument Name
InjPosition
Data Filename

Acquired Time

x10 4 |*ESIScan (it: 0.162 min) Frag=175.0V 8Y-CG11-Rd

2.6
25
24
23
22
21
2
19
18
1.7
1.6
1.5
14
1.3
1.2
1.1
1
0.9
0.8
0.7 4
0.6
0.5
04
0.3
0.2
0.1

0

320.1069

A/

5a

3194 3195

3196 3197

T T T
319.8 3199 320 320.1

3202 3203

Counts vs. Mass-to-Charge (m/z)
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3204

3205 3206 3207 326.8

Instrument 1

SY-CG11-R.d
30-Aug-21 04:35:33 PM (UTC+05:30)
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13C NMR Spectra of 5b
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Sample Name
User Name
Sample Type
ACQ Method

SY-CG7

Sample

ESI ALS 100-1000.m

HRMS Spectra of 5b

Position P1-D5
Inj Vol 20
IRM Calibration Status Success

Comment

Instrument Name
InjPosition
Data Filename

Acquired Time

x10 4 +ES8I Scan (rt: 0.781 min) Frag=175.0V SY-CG7.d

13
1.25
12
1.15
11
1.05

0.95
09
0.85
08
0.75
0.7
0.65
06
0.55
05
0.45
04
0.35
03
0.25
02
0.15
01
0.05

334.1229

Me

A/

5b

333.2 3334 3336 333.8 334 334.2 334.4 3346 3348 335
Counts vs. Mass-to-Charge (m/z)
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Instrument 1

SY-CG7.d
05-May-21 04:43:07 PM (UTC+05:30)



TH NMR Spectra of 5¢
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13C NMR Spectra of 5¢

§8°6¢ —

R

10

20

30

40

50

60

70

P89 \

T¥ L

8v'LL

80

9EHTT 7
P°'GTT

920

8E/TT

PE0CT

69°0¢T 7
£1°CCT

100
f1 (ppm)

rd %74t

T

[E7°9¢T
¢L9Ct
LE°/CT
LL°LTT
00°ceT
[CCET

120

130

9S°ZET

9l €eT

zever’

alaed
Sb'opT —
/S 0ST ~

140

150

CE'LCT

SV

160

170

180

190

ATK-SY-CG6-1i3C.1.fid
ATK-SY-CGp-13C

200

S85



Sample Name WASH Position
User Name Inj Vol
Sample Type Sample

HRMS Spectra of 5S¢

IRM Calibration Status

ACQ Method ESI ALS 100-600.m Comment

P1-C7

20

Success

Instrument Name
InjPosition
Data Filename

Acquired Time

x10 3 +ESI Scan (rt: 0.732 min) Frag=175.0V SY-CG6.d
214

0.9+
0.8 4
0.7 4
0.6
0.5 4
0.4+
0.3
0.2

0.1

334.1221

333.7 333.8 333.9

334

334.1

334.2

Counts vs. Mass-to-Charge (m/z)

S86

3343

334.4

334.5

Instrument 1

SY-CG6.d
26-Aug-21 02:45:47 PM (UTC+05:30)



'TH NMR Spectra of 5d
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pectra of 5d

¥

6EPT —

00°€Cc —

10

20

30

40

60

70

80

90
L (ppm

1go

TTTeT
0T'beT |
61°SCT
9€°STT
69°921

110

6,921
821
LL°LTT L

120

T0°CET
baeer
mm.NmH\.
€L7CET
SLEET
LLTPT /
95°9%T —

130

140

S6'6PT —
TH'$GT

150

60

17Q

ATK-SY+CG1713C.1.fid
13C

180

S88



Sample Name SY-0G1
User Name
Sample

ESI ALS 100-1000.m

Sample Type
ACQ Method

HRMS Spectra of 5d

Position Pi-D2
Inj Vol 20
IRM Calibration Status ~ Success

Comment

Instrument Name
InjPosition

Data Filename
Acquired Time

10 5 |*+ES! Scan (it 0.857 min) Frag=175.0V SY-CG1.d

3.3
3.24
3.1

3_
29
26
274
26
25
24
234
224
214

2_
1.9
1.8
174
1564
1.5
14
1.3
12
1.1

14
094
0.5
0.7
0.6
05
0.4
0.3
0.2
0.1

0 T

A/

5d

Et

3474

3476 M4IB 348 M82  34B4
Counts vs. Mass-to-Charge (m/z)
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3456

349

Instrument 1

SY-Ci51.d
05-May-21 D4:12:56 PM (UTC+05:30)



'TH NMR Spectra of Se
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13C NMR Spectra of 5e
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HRMS Spectra of Se

Sample Name SAMPLE 6 Position P2-A5 Instrument Name Instrument 1 User Name
Inj Vol 20 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  RA-5-26-18.d ACQ Method ESI ALS 100-600.m Comment Acquired Time 12/26/2018 4:29:26 PM
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HRMS Spectra of 5f

Sample Name SAMPLE Position P2-C6 Instrument Name Instrument 1

User Name Inj Vol 20 InjPosition

Sample Type Sample IRM Calibration Status Success Data Filename SY-CG14-R.d

ACQ Method ESI ALS 200-600.m Comment Acquired Time 30-Aug-21 04:54:25 PM (UTC+05:30)
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13C NMR Spectra of 5
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Sample Name
User Name
Sample Type
ACQ Method
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Sample

ESI ALS 200-600.m

HRMS Spectra of 5g
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Inj Vol 20

IRM Calibration Status
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TH NMR Spectra of 5h

[45" /

PET
Se'T

[4 4
€8¢

NN

- =177¢ |

0.0

0.5

1.0

1.5

2.0

2.5

§8'¢
98°¢

ATK-SY-CGE164.2.fid
ATK-SY-CGBi15
N

JOUF

0T
m\.mm.o

Jv0'T

T

»Mo.ﬁ
0

z0°T |

=560 |

T
660 [

*+6'0

=00'T |

3.0

4.0 3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

S99



13C NMR Spectra of 5h
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HRMS Spectra of Sh

Sample Name WASH Position P1-E5 Instrument Name Instrument 1

User Name Inj Vol 20 InjPosition

Sample Type Sample IRM Calibration Status Success Data Filename CG-5.d

ACQ Method ESI ALS 100-1000.m Comment Acquired Time 30-Aug-21 12:04:27 PM (UTC+05:30)

%10 4 | *ESI Scan (rt: 0.126 min) Frag=175.0V CG-5.d
1 382.0993
2.2

Et

2+

15 Cl

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

381.925 38195 381.975 382 382.025 382.05 382075 3821 382125 38215 382175 3822
Counts vs. Mass-to-Charge (m/z)

S101



'H NMR Spectra of 5i
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13C NMR Spectra of 5i

9s7¢e —
00°4¢ —

10

20

30

Cl

N

1
|
N

o
AN
4

=

7
N
5i

X
S

70

TaoL
o oL

QT'/L/L —F

/

L7

TT'STT
0€'STT 1

T
8p

T
90
1 (ppm)

T88TT
02°02T 1
bS'0ZT
TH'€CT
€8'bTT 1
12°S2T

T
100

110

T19'6¢T
96°6¢CT
CTIET /

T8 TET ~

L

T
120

sTzer

GETET k\

40

Q/7¢cT

SO THT
PESHT —

T
150

T
160

C

1Y

ATK-SY-CG2p-13C.3.fid

ATK-SY-CG2p-1

T
180

5103



HRMS Spectra of 5i

Display Report

Analysis Info
Analysis Name

Acquisition Date  1/27/2022 1:53:16 PM

D:\Data\user data\HPLC\DR LOKMAN\PRABHAS\SY-CG-27_RC4_01_1498.d

Operator vidhi

Method low mass bruker.m
Sample Name SY-CG-27 Instrument  impact HD 1819696.00197
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.8 Bar
Focus Active Set Capillary 4500V Set Dry Heater 200°C
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'H NMR Spectra of 5j
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13C NMR Spectra of 5j
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HRMS Spectra of 5j

Sample Name SAMPLE 1 Position P1-A2 Instrument Name Instrument 1 User Name
Inj Vol 20 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  ATK-RA-4-19R.d ACQ Method ESI ALS 200-600.m Comment Acquired Time 1/21/2019 3:50:39 PM
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TH NMR Spectra of 5k
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13C NMR Spectra of 5k
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HRMS Spectra of 5k

Display Report
Analysis Info Acquisition Date  1/27/2022 1:50:48 PM
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Acquisition Parameter
Sairce Type ESI leq Palarity Posiive Sl Nebulizer 1.8 Bar
Fecus Actve Sed Capillary 4500V Sed Dry Healar 200°C
Scan Bagin Sl miz Sed End Plate Offset =500 W Sed Dry Gas 6.0 Vrun
Scan End 1500 miz Sed Charging Voltage 2000 v Sed Divedt Valve WWaste
Sed Corona 0 nA Sel APCI| Heater g c
Intens.
il . Ph
3- JI. -'I. ‘
" N (0
21 . L
Il [} 7
= J»
BN 5k
st - . o LT T - - . - . .
0.5 1.0 1.5 20 25 30 35 40 45 Time [min]
[ BPC ~AIMS |
rnle‘;--:;‘I SY-C6-35_RCS_01_1499.4: +k45, 0,6-1.5mir AZE-BA
%
1 4300996
20 4321103
1,51
1.0
4311096
05 4331143 341138
272034 . I 4351166
plesd ; ] g s L T . iz : ;
427 428 428 430 44 432 432 424 435 436 miz

S110



]L_

-

0.0

0.5

1.0

1.5

2.0

S111

n
~
9 C M ~ Ol ¢
N\ D\
\ =z © o
P
O wn
O 1
o
4-.
—
wn
o
© ok
<
e
! £
[<P]
o 5 &
7z N
R G
S 6041 i
AV W
ST/
= 9T/ 1 o
SS°L 1 ©
S5/ 1
LS/ 1 1n
8G°/ ©
99°Z7
89/ o
69/ _ 90T [
\a = B0 T|
9L 0T | n
8LL == %o.ﬁ ~
YA WA ./. Inlllfm *08'T
68°L 7 —==7 2$T'T | o
6L 01T | ®
6C'8 N 3 . L
€87 — =711 .
[o0]
88’8 .
) -— =80T
8’8 =
% = 00T | 2

ATK-SY-CG
ATK-SY-CG

10.0




il

10

30

Br

!
.

Me
z

7
N
51

R
Z

70

a0 9L
orT'LL

VA Sk

L=~ =1 =

TC'Z1T A

feTT

PrETT

TT'STT

T
90

Z6°9TT
80°6TT 1
60°0¢T 1

L2021

=CICH

VA YA

T
100
1 (ppm)

£seT
¥8'92T
£6'921
§9°/21
04'LTT
2L LT

13C NMR Spectra of 51

110

T0°TETAE
R.MMH%

8TVET ~

|l o

T
130

N
N <
I o

[e]e)]
+

T
140

90°EbT
18bb1 7

CP'CST N

T
150

60°€ST -

| I
01?/

T
17

T
180

ATK-SY-CG-10-13C 600MHz.1.fid
13C

T
190

T
200

S112



HRMS Spectra of 51

Sample Name SAMPLE Position P2-C3 Instrument Name Instrument 1

User Name Inj Vol 20 InjPosition

Sample Type Sample IRM Calibration Status Success Data Filename SY-CG10-R.d

ACQ Method ESI ALS 200-600.m Comment Acquired Time 30-Aug-21 04:26:19 PM (UTC+05:30)
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'H NMR Spectra of 5m
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Sample Name SAMPLE

User Name

Sample Type Sample

ACQ Method ESI ALS 200-600.m

HRMS Spectra of Sm

Position p2-c2
Inj Vol 20
IRM Calibration Status  Success

Comment

Instrument Name
InjPosition

Data Filename
Acquired Time
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Counts vs. Mass-to-Charge (miz)
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'TH NMR Spectra of 5n
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13C NMR Spectra of 5n
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Sample Name WASH Position
User Name Inj Vol

HRMS Spectra of 5n

P1-E4
20

Sample Type Sample IRM Calibration Status = Success

ACQ Method ESI ALS 100-1000.m Comment

Instrument Name
InjPosition

Data Filename
Acquired Time

{0 & |*ESI Sean (rt: 0.791 min} Frag=175.0V 5¥-CG-2d
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TH NMR Spectra of 50
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13C NMR Spectra of 50
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HRMS Spectra of So

Sample Name SAMPLE 2 Position P1-A3 Instrument Name Instrument 1

Inj Vol

20 InjPosition SampleType Sample

Data Filename  ATK-RA-6-19R.d ACQ Method ESI ALS 200-600.m Comment

User Name

IRM Calibration Status Success
Acquired Time 1/21/2019 3:52:32 PM

- -
iy
L

+ESI| Scan (#33) Frag=175.0V ATK-RA-6-19R.d

454.0807

A/

50

Br

1
453.3 453.4 453.5 453.6 453.7 453.8 453.9 454 A454.1 454.2 454.3 454.4 454.5 454.6 454.7 454.8 454.9

Counts vs. Mass-to-Charge (m/z)
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'TH NMR Spectra of 5p
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13C NMR Spectra of 5p
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Sample Name SAMPLE

Inj Vol

20

Data Filename  19-r003.d

Position
InjPosition
ACQ Method

P1-A6

HRMS Spectra of 5p

Instrument Name
SampleType

ESI ALS 100-600.m Comment

Instrument 1
Sample

User Name
IRM Calibration Status
Acquired Time

Success
1/30/2020 8:21:01 PM

Y R T Qs qpar s
41
!

+ESI Scan (#46) Frag=175.0V 19-r003.d

444.1122

A/

5p
(of

Cl

441

442

443

444

445 446
Counts vs. Mass-to-Charge (m/z)
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TH NMR Spectra of 5q
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Sample Name SY-CG4
User Name

Sample Type Sample

HRMS Spectra of 5q

Position P1-D3
Inj Vol 20
IRM Calibration Status Success

ACQ Method ESI ALS 100-1000.m Comment

Instrument Name
InjPosition
Data Filename

Acquired Time

x10 4

3.2
3.1
a

29
28
2.7
26
25
2.4
2.3
2.2
2.1
24
191
1.8
1.7
16
151
14
134
1.3
1.1
1 4
0.9
08|
07+
06
05-
04 |
0.3
0.2
0.1
0

+ESI Scan (rt: 0.128 min) Frag=175.0V SY-CG4.d

378.1490

376.8 377 377.2 377.4 3776 377.8 378 378.2 378.4
Counts vs. Mass-to-Charge (m/z)
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3786

378.8

379

Instrument 1

SY-CG4.d
05-May-21 04:22:21 PM (UTC+05:30)



'TH NMR Spectra of 5r
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13C NMR Spectra of 5r
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HRMS Spectra of 5r

P1-D7 Instrument 1 User Name

Sample

Instrument Name

SampleType
Comment

Position
InjPosition
ACQ Method

Sample Name ATK-RA-10-19
Inj Vol 20

Data Filename  ATK-RA-10-19.d ESI ALS 100-600.m Acquired Time

IRM Calibration Status

Success
4/16/2019 5:11:09 PM

x10 6 |+ESI| Scan (#32) Frag=175.0V ATK-RA-10-19.d

406.1811

7.5
7

6.5

5.5
5

4.5

407.1838

2.5+
2

1.5+

0.5+

A/

5r

OMe

406 407 408 409 410
Counts vs. Mass-to-Charge (m/z)

404 405
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'TH NMR Spectra of 5s
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13C NMR Spectra of 5s
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HRMS Spectra of Ss

Display Report

Analysis Info Acqguisition Date  3/23/2022 11:25:34 AM
Analysis Name  D:\Data\user data\HPLC\DR LOKMAN\PRABHAS\ATK-23-3-22\ATK-SY-CG-36_RA3_01_1714.d
Method low mass bruker.m Qperator vidhi
Sample Name  ATK-SY-CG-36 Instrument  impact HD 1819696.00197
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.8 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 200°C
Scan Begin 50 mfz Set End Plate Offset =500V Set Dry Gas 6.0 Vmin
Scan End 1500 miz Set Charging Voltage 2000 Vv Set Divert Valve Waste
Set Corona 0nA Set APCI Heater o c
Intens. [ :
x1 | | %
37 | | &
| | rj \\, ‘
| | i 1
I I P B
I I I i r
2 | i ,‘I I1l A 0o
I I H
i | ! | Z
I I I \‘ O N O
[ I ] \
19 | : { Y
| —_l ! 1
bt ] % 5s
| # \ Fi -
[t § (Y 1] e
| F | sy e
0 -l ! Il . T R e R e R e b
0.5 1.0 1.5 20 2.5 3.0 3.5 4.0 4.5 Time [min]
[---- BPC +All MS |
Intens, ATK-5Y-CG-36_RA3_01_1714.d: +MS, 0.6-1.8min #36-105|
x104]
G 456.0789
1.0
0.8
0.6
041 455.0844 457.0825
0.2 458.1101
453.1688 n 459.3036
00 - : o : : . - . -
451 452 453 454 455 456 457 458 459 m'z
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13C NMR Spectra of 5t
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HRMS Spectra of 5t

Sample Name AD-SY-CE40 Position Vial 24 Instrument Name Instrument 1

User Name Inj Vol 01 InjPosition

Sample Type Sample IRM Calibration Status  Some lons Missed Data Filename AD-SY-CC40.d

ACQ Method Direct Mass-2017.m Comment Acquired Time 28-03-2022 21:10:58 (UTC+05:30)

x10 3 [+ESI Scan (rc 0.685 min) Frag=118.0v AD-SY-CG40.d

214

2

488.04 11
490,04 25

1.9
18
17
1.6 1
e Br

1.4

QA

13
12 5t
Cl

1.1

1
054
0.8
0.7
0.6
05
0.4
0.3
02

0.1+

i}

4874 487G 4B7E 488 4BBD 48R4 4BBG 4BBE 4RO 4802 4804 4806 4808 400 4902 4904
Counts vs. Mass-to-Charge (m/z)
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Detection of intermediates in HRMS

0.10 mmol (37 mg) of 2-(8-(tert-butyl)-7,8,9,10-tetrahydrobenzo[ c]phenanthridin-6-yl)phenol (4e) was stirred in DMSO in a 10 mL
r.b at 120 °C temperature. After 2.5 h. the reaction mixture was subjected to ESI-MS mass experiment, and the intermediates B, C, D,
E, F, G, H, I were detected by HRMS values. The observed m/e values are as follows: intermediate B - 398.2106 (expected
398.2115); intermediate C, D, E — 380.2000 (expected 380.2009); intermediate F — 396.1950 (expected 396.1959); intermediate G, H
—378.1853 (expected 378.1853); intermediate I — 394.1795 (expected 394.1802).
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Sample Name
User Name
Sample Type
ACQ Method

SY_CGRO

Sample
FULL SCAN-POSITIVE.m

HRMS Spectra of intermediate B

Position
Inj Vol

P1-A3
10

IRM Calibration Status Success
Comment

Instrument Name
InjPosition

Data Filename
Acquired Time

Instrument 1

_SY_CGRO_004.d
31-03-2022 21:48:53 (UTC+05:30)

x10 5 |+ESI Sean (rt: 0.478 min) Frag=175.0v _SY_CGRO_004.d

1.2
1.15 4
1.1
1.05 4

0.95
0.9
0.85
0.8
0.75
0.7
0.65
061
055 -
0.5
0.45
0.4
0.35 -
0.3
0.25 -
0.2
015
0.1
0.05

ol

398.2106

N N

297.8

297.9

398

308.1

398.2

3983 3984 3985 3986
Counts vs. Mass-to-Charge (m/z)

2087 3988 3989

Expected [M+H"] for C,;H,sNO;: 398.2115. Found: 398.2106.
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Sample Name
User Name
sample Type
ACQ Method

SY_CGRO

Sampla

HRMS Spectra of intermediate C or D or E

Position P1-A3 Instrument Name

1Inj Vol 10 InjPosition
IRM Calibration Status  Success Data Filename

FULL SCAN-POSITIVE.m Comment Acquired Time

x10 §

34
32

3
28
26
24

22

0B
06
0.4

02

Instrument 1

SY_CGRO_004.d
31-03-2022 71:48:53 (UTC+05:30)

+ES| Scan (rt- 0.395 min) Frag=175.0¢ _SY_CGRO_004.d

3B0.2000

3797 3798 37989 380 3801 3802 3803 3BO4 3805 3806 3807 3BOE
Counts vs. Mass-to-Charge (m/z)

$140

380.9

38

Expected [M+H"] for C,;HsNO: 380.2009. Found: 380.2000.
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Sample Name
User Name
Sample Type
ACQ Method

5¥_CGRO

Sample

HRMS Spectra of intermediate F

Position P1-A3
Inj Vol 10
IRM Calibration Status ~ Success

FULL SCAN-POSITIVE.m Comment

Instrument Name
InjPosition

Data Filename
Aoguired Tima

Instrument 1

SY_CGRO_004.d
31-03-2022 21:48:53 (UTC+05:30)

x10 4
85

8.25
LR
7.75
751
7.25
:.‘ .
675
651
6.25
a 4
5.75
55-
5.25
54
475
45
425
4
3.75
35
3.25
3
275
25
225
2
175
15
1.25
1
075
05
0.25 4

+ES| Scan (rt: 0.485 min) Frag=175.0V _SY_CGRO_004.d

396.1950

396.2304

04

Counts vs. Mass-to-Charge (m/z)

3956 3957 3958 3950 396 3961 3962 3963 3964 3965 3966 3967

Expected [M+H"] for C,;H,sNO,: 396.1959. Found: 396.1950.
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Sample Nama
User Name
Sample Type
ACQ Method

SY_OGRO

Sample

HRMS Spectra of intermediate G or H

Position
Inj Vol
IRM Calibration Status

FULL SCAN-POSITIVE.m Comment

x10 &
14
095
0.9
0.85
0.8
0.75
0.7
065
0.6
0.55
0.5
045
0.4
0.35
031
0.25
02
0.15
0.11

0.05

P1-A3
10

Success

Instrument Name

InjPosition
Data Filename
Acquired Time

Imstrument 1

5Y_CGRO_004.d
31-03-2022 21:48:53 (UTC+05:30)

+ESI Scan (it 0.212 min) Frag=175.0V _SY_CGRO_004.d

* 378.1853

377.9 378 378.1

Counts vs. Mass-to-Charga (m/z)

Expected [M+H"] for C,;H;NO: 378.1853. Found: 378.1853.
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378.3

378.4
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HRMS Spectra of intermediate I

Sample Name SY_CGRO Position P1-A3 Instrument Name Instrument 1

User Name Inj Val 10 InjPosition

Sample Type Sample IRM Calibration Status Success Data Filename _SY_CGRO_004.d

ACQ Method FULL SCAN-POSITIVE.m Comment Acquired Time 31-03-2022 21:48:53 (UTC+05:30)

x10 5 |*ESI Scan (rt: 0.379 min) Frag=175.0vV _SY_CGRO_004.d

1.7 4

1.6+

394 1795

1.5+

1.4

1.3

1.2 1

1.1

1

0.9 -

0.8

0.7 4

0.6 -

0.5

0.4+

0.3+

394.2140

0.24

0.1+

0 B - i P - " ] - i : - - T
394 394.05 3941 39415 3942 39425 3943 394.35 3944

Counts vs. Mass-to-Charge (m/z)

Expected [M+H"] for C,;H,NO,: 394.1802. Found: 394.1795.
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