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Section S1. Chemicals, supplies and instruments

Chemicals and supplies

4-tert-Butylbenzaldehyde (assay 97%), 4-fluorobenzaldehyde (assay 98%), 4-
chlorobenzaldehyde (assay 97%), 4-bromobenzaldehyde (grade reagentPlus®,
assay 99%), 3-chlorobenzaldehyde (assay 97%), 3-bromobenzaldehyde (assay
97%), 2-chlorobenzaldehyde (assay 99%), 2-bromobenzaldehyde (assay 98%),
salicylaldehyde (reagent grade, assay 98%), 2-nitrobenzaldehyde (assay 98%),
cyclohexane-carbaldehyde (assay 97%), benzo[d][],3]dioxole-5-carbaldehyde
(piperonal, assay 99%), 2-hydroxy-5-methylbenzaldehyde (assay 98%), 2-hydroxy-
S-nitrobenzaldehyde (assay 98%), 4-(dimethylamino)benzaldehyde (ACS reagent,
assay 99%), aniline (ACS reagent, > 99.5%), o-toluidine (assay > 99%), 3,5-
dichoroaniline (assay > 98%), 2,5-dichoroaniline (assay > 99%), 3,4-dichoroaniline
(assay > 99%), 2,5-dibromoaniline (assay > 98%), triethylenetetramine (assay >
97.0% (T)), tetraethylenepent-amine (technical grade), phenylhydrazine (assay
97%), 2,4-dinitrophenylhydrazine (reagent grade, 97%), 4-nitroaniline (assay >
99%), 4-nitro-o-phenylenediamine (assay 98%), 2-amino-4-nitrophenol (assay >
99.0% (NT)), 2-amino-p-cresol (assay 97%), 4-aminobenzonitrile (assay 98%), 4-
1odoaniline (assay 98%), 2-aminobiphenyl (assay 97%), methyl 4-aminobenzoate
(assay 98%), and 4-aminophenol (assay 99%), 2,4-dinitroaniline (assay 98%), 4-
amino-3-hydroxybenzoic acid (assay 97%) were abtained form Sigma-Aldrich.
Butyraldehyde (for synthesis), benzaldehyde (for synthesis), 4-methylbenzaldehyde
(for synthesis), 2-naphthol (for synthesis), cinnam-aldehyde (for synthesis) were

obtained from Merck.

Analytical techniques

The 'H and '3C NMR spectra were recorded on a Bruker Advance 500 instruments
using CDCl; as solvent and solvent peaks or TMS as internal standards. HRMS
(ESI) data were collected using Bruker micrOTOF-QII MS at 80 eV. FT-IR spectra
were recorded in the form of KBr pellets by a Bruker Vertex 70. GC-MS analyses
were performed on an Agilent GC system 7890 equipped with a mass selective

detector Agilent 5973N and a capillary DB-5MS column (30m x 250 pm x 0.25
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um). Analytical thin-layer chromatography (TLC) was acquired on F-254 silica gel
coated aluminum plates from Merck. Silica gel column chromatography was carried
out with silica gel (60, 230-400 mesh) from Merck. Thermal gravimetric analysis
(TGA) was obtained using a TA Q500 thermal analysis system with the sample held
in a platinum pan in a continuous airflow. Ultrasonic irradiation-assisted reactions
were performed on an Elma sonic S30H Ultrasonic cleaning unit at the frequency of
37 kHz. Raman spectra were recorded on a Horiba Xplora One using a 532 nm
argon ion laser. ICP-MS was recorded on a PerkinElmer 350X. Scanning electron
microscope (SEM) was performed on an S4800 Hitachi, Japan. The electron
diffraction spectroscopy (EDS) was conducted on a Horiba H7593. ICP-OES was
recorded on a PerkinElmer 350X.

Section S2. General procedure

Preparation of magnetic Fe;O4 nanoparticle (MNPs) !

MNP was synthesized by simple co-precipitation of ferric and ferrous ions in an
alkaline condition. Typically, FeCl;.6H,O (20 mmol) and FeSO,.7H,0O (10 mmol)
were dissolved in 100 mL deionized water. The mixture was stirred at 80 °C and
then KOH (12 mmol) was added and stirred continuously within 2 h. The black
precipitate, after being collected by a permanent magnet, was washed with water (3
x 100 mL) and ethanol (3 x 50 mL). This MNP material was dried at 60-70 °C
under vacuo for 1 h.

General procedure for the synthesis of LAIL@MNP

The imidazolium chloride ionic liquid was synthesized according to a procedure
reported in the literature 2. A mixture of 3-chloroethoxy-propylsilane (5.0 mmol, 1.2
mL) and imidazole (5.0 mmol, 0.34 g) was stirred at reflux for 17 h. The ionic
liquid obtained as a yellowish viscous liquid was diluted in 50 mL of ethanol-water
(1:1 volume ratio) solution. To the freshly prepared suspension of MNP material in
100 mL of 1:1 ethanol-water was added the above ionic liquid solution and the
mixture was sonicated at 40 °C for 4 h. The resultant IL@MNP was washed with
dichloromethane and dried at 70 °C in vacuo. To synthesize LAIL@MNP, a
mixture of IL@MNP (1.0 g) and ZnCl, (1.0 mmol) in ethanol (50 mL) was refluxed

for 24 h. After cooling to room temperature, the catalyst was separated by a magnet,
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washed with ethanol, and dried at 100 °C for 5 h. The LAIL@MNP was
characterized by FT-IR, SEM, TEM, TGA, Raman, and SEM-EDS. The loading
amount of Zn metal was determined based on ICP-OES.

General procedure for one-pot multicomponent reaction

A mixture of 2-naphthol (1.0 mmol, 0.144 g), benzaldehyde (1.0 mmol, 0.106 g),
dimedone (1.0 mmol, 0.140 g) was reacted under solvent-free sonication in the
presence of LAIL@MNP (15 mg) at 80 °C for 30 min. Upon completion of the
reaction (monitored by TLC), ethyl acetate (15 mL) was added and the solid
catalyst was removed from organic solution by a magnet. The catalyst was washed
with ethyl acetate (2 x 5 mL) followed by ethanol (3 x 5 mL) and then reused for
next cycles after drying under vacuum. Meanwhile, the organic solution was dried
over MgSQO, and then concentrated under reduced pressure. The resultant crude
product was recrystallized from ethanol to yield pure benzoxanthene whose
structure was by 'H and 13C NMR.

General procedure for Paal-Knorr reaction

A mixture of aniline (1.0 mmol), acetonylacetone (1.2 mmol) and LAIL@MNP (15
mg) was reacted under solvent-free sonication for an appropriate time. Upon
completion of the reaction (monitored by TLC and GC), ethyl acetate (15 mL) was
added and the solid catalyst was removed from the organic solution by a magnet.
The catalyst was washed with ethyl acetate (2 x 5 mL) followed by ethanol (3 x5
mL) and then reused for next cycles after drying under vacuum. Meanwhile, the
organic solution was dried over MgSO, and the solvent was removed by a rotary
evaporator. The crude product was purified through silica gel chromatography using
ethyl acetate—hexane (1:9). The purified pyrrole was then characterized by 'H and
BC NMR, GC-MS or HRMS (ESI).
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Section S3. Optimization of the reaction condition

Table S1. Optimization of reaction conditions?

CHO O 0
OH © o LAIL@MNP O .
* * solvent-free sonication o

30-60 min

Entry Temperature (°C) Time (min) Catalyst loading (mg)  Yield® (%)

1 r.t. 1 15 14
2 r.t. 5 15 19
3 r.t. 10 15 24
4 r.t. 15 15 32
5 r.t. 20 15 43
6 r.t. 25 15 55
7 r.t. 30 15 67
8 r.t. 45 15 75
9 r.t. 60 15 88
10 r.t. 90 15 90
11 r.t. 120 15 94
12 80 1 15 23
13 80 5 15 25
14 80 10 15 31
15 80 15 15 40
16 80 20 15 66
17 80 25 15 75
18 80 30 15 96
19 80 45 15 96
20 80 60 15 95
21 80 90 15 97
22 80 120 15 99
23 80 30 0 10
24 80 30 1 65
25 80 30 5 77
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Entry Temperature (°C) Time (min) Catalyst loading (mg)  Yield® (%)

26 80 30 10 81
27 80 30 20 97
28 80 30 25 99
29 80 30 30 94
30 80 30 35 95
31 80 30 50 96
32 80 30 100 99

aReaction condition: 2-naphthol, dimedone, and benzaldehyde in the presence of LAIL@MNP.
bIsolated yields.

Table S2. Effect of catalysts and solvents.?

Entry Catalyst Solvent® Yield® (%)
1 [BMIM]PF4 Solvent-free 70
2 [EMIM]CI Solvent-free 77
3 [BMIM]OTf  Solvent-free 71
4 [TMSPIM]¢ Solvent-free 60
5 AlCl, Solvent-free 84
6 FeCl4 Solvent-free 80
7 CuCl, Solvent-free 81
8 HfCl, Solvent-free 80
9 ZnCl, Solvent-free 85
10 AlLO; Solvent-free 61
11 Fe, 04 Solvent-free 65
12 MgO Solvent-free 58
13 CuO Solvent-free 63
14 Cu,O Solvent-free 51
15 Zn0O Solvent-free 69
16 CuFe,0, Solvent-free 57
17 ZnFe,O4 Solvent-free 55
18 1-Fe,04 Solvent-free 64
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Entry Catalyst Solvent® Yielde (%)
19 Nano Fe;0y4 Solvent-free 68
20 None Solvent-free 10
21 LAIL@MNP  Solvent-free 96
22 LAIL@MNP  Butan-2-ol 42
23 LAIL@MNP  Ethanol 59
24 LAIL@MNP  Propan-2-ol 61
25 LAIL@MNP  Dichloromethane 50
26 LAIL@MNP  Tetrahydrofuran 54
27 LAIL@MNP  Acetone 73
28 LAIL@MNP  DMF 68
29 LAIL@MNP  Acetonitrile 77
30 LAIL@MNP  Dimethyl sulfoxide 65
31 LAIL@MNP  Ethyl acetate 59
32 LAIL@MNP  Chloroform 65
33 LAIL@MNP  CPME 57
34 LAIL@MNP  Hexane 55
35 LAIL@MNP  Toluene 63
36 LAIL@MNP  Dioxane 61

aReaction condition: 2-naphthol (1.0 mmol), dimedone (1.0 mmol), benzaldehyde (1.0 mmol) and

catalyst (15 mg). ®Solvents (1.5 mL). Isolated yield. 43-(3-(trimethoxysilyl)propyl)-1H-imidazol-3-

ium chloride.

Table S3. Optimization of reaction conditions.?

)

LAIL@MNP (15 mg)

sonication

o

Entry Time (min) Catalyst loading (mg) Molar ratio (mmol)  Yield® (%)
1 1 15 1:1.2 26
2 2 15 1:1.2 29
3 3 15 1:1.2 32
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4 5 15 1:1.2 46
5 7 15 1:1.2 54
6 10 15 1:1.2 58
7 15 15 1:1.2 70
8 30 15 1:1.2 95 (91)¢
9 30 0 1:1.2 43
10 30 1 1:1.2 59
11 30 5 1:1.2 57
12 30 10 1:1.2 67
13 30 50 1:1.2 93
14 30 15 1:1 66
15 30 15 1:1.1 67
16 30 15 1:1.3 59
17 30 15 1:1.4 65
18 30 15 1:1.5 59
19 30 15 1:2 51
20 30 15 1:3 51
21 30 15 1:4 50
22 30 15 1:5 46

*Reaction condition: Aniline (1.0 mmol), acetonylacetone (1.2 mmol) and Fe;04@Si0,-1L-Zn,Cl,
(15 mg) under solvent-free sonication. ®Yield was reported by GC. °Yield in parenthesis was

isolated yield.

Table S4. Effect of various catalysts and solvents.

Entry Catalyst Solvent Yield (%)
1 [BMIM]PF, Solvent-free 73
2 [EMIM]CI Solvent-free 74
3 [BMIM]OTf Solvent-free 79
4 AlCl; Solvent-free 86
5 FeCl4 Solvent-free 87
6 CuCl, Solvent-free 83
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7 HfCl, Solvent-free 84

8 ZnCl, Solvent-free 84
9 Al,O4 Solvent-free 25
10 Fe,O5 Solvent-free 35
11 MgO Solvent-free 19
12 CuO Solvent-free 57
13 Cu,O Solvent-free 17
14 Zn0O Solvent-free 55
15 CuFe,0, Solvent-free 28
16 ZnFe, 0, Solvent-free 15
17 Fe;Oy4 Solvent-free 30
18 17-Fe, 03 Solvent-free 49
19 No catalyst Solvent-free 43
20 LAIL@MNP Solvent-free 95

21 LAIL@MNP Dichloromethane 14
22 LAIL@MNP Tetrahydrofurane 16

23 LAIL@MNP 2-Butanol 46
24 LAIL@MNP Ethanol 53
25 LAIL@MNP Propan-2-ol 48
26 LAIL@MNP Acetone 57
27 LAIL@MNP DMF 6
28 LAIL@MNP Acetonitrile 28
29 LAIL@MNP Dimethyl sulfoxide 14
30 LAIL@MNP Ethyl acetate Trace
31 LAIL@MNP CPME 10
32 LAIL@MNP Toluene 15
33 LAIL@MNP Dioxane 13
34 LAIL@MNP Chloroform 70

*Reaction condition: Aniline (1.0 mmol), acetonylacetone (1.2 mmol) Fe;04@Si0,-IL-Zn,Cl, (15

mg), and solvent (2.0 mL) under sonication for 30 min. *Yield was reported by GC.
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Section S4. Spectral data
9,9-Dimethyl-12-propyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one?’

O
[ L

Yellow powder, M.p. = 170-171 °C

'H NMR (500 MHz, CDCl;) ¢ 7.94 (s, 1H), 7.89-7.87 (d, J = 8.0 Hz, 1H), 7.63—
7.62 (d, J = 6.5 Hz, 1H), 7.61-7.59 (d, J = 9.5 Hz, 1H), 7.48-7.45 (t, J = 8.0 Hz,
15.5 Hz, 1H), 7.19 (s, 1H), 6.65-6.63 (d, J = 9.5 Hz, 1H), 3.36 (s, 2H), 2.93-2.89
(g, J=7.5 Hz, 15.0 Hz, 2H), 1.60-1.53 (m, 3H), 1.51 (s, 4H), 1.32-1.29 (t, J=17.5
Hz, 15.0 Hz, 3H), 1.13-1.10 (t,J = 7.5 Hz, 15 Hz, 3H).

13C NMR (125 MHz, CDCl;) ¢ 187.8, 151.5, 151.4, 143.6, 139.7, 139.6, 134.1,
134.0, 131.5, 131.1, 130.3, 128.0, 125.6, 32.6, 29.9, 26.2, 235, 15.7, 15.7, 15.2,
15.1,1.2.

12-Cyclohexyl-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-
one?!

| @R
e

Yellow oil

TH NMR (500 MHz, CDCl3) ¢ 8.12 — 8.10 (d, J = 8.5 Hz, 1H), 7.83 — 7.81 (d, J =
8.0 Hz, 1H), 7.71 — 7.69 (d, J = 9.0 Hz, 1H), 7.56 — 7.53 (t, /= 7.0 Hz, 1H), 7.45 —
7.42 (t,J=7.0 Hz, 1H), 7.23 — 7.22 (d, J = 8.5 Hz, 1H), 4.69 — 4.68 (d, J = 3.4 Hz,
1H), 2.63 —2.50 (q, J=17.5 Hz, 2H), 2.43 — 2.29 (q, J = 16.5 Hz, 2H), 1.84 — 1.81
(d, J=13.0 Hz, 1H), 1.75 - 1.66 (m, 3H), 1.57 — 1.51 (m, 2H), 1.41 - 1.39 (d, J =
11.0 Hz, 1H), 1.25 (s, 3H), 1.14 (s, 3H), 0.96 — 0.87 (m, 4H).
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13C NMR (125 MHz, CDCl;) ¢ 197.5, 167.0, 149.3, 131.6, 131.5, 128.4, 127.7,
126.5, 124.7, 123.6, 118.7, 117.0, 112.4, 51.1, 45.7, 41.5, 32.8, 31.9, 31.3, 29.9,
28.9,27.4,26.8,26.4,26.4.

9,9-Dimethyl-12-phenyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one??

B
O

White powder, M.p. = 154—155 °C.

TH NMR (500 MHz, DMSO-dg) ¢ 8.05-8.03 (d, /= 8.0 Hz, 1H), 7.92-7.90 (d, J =
9.0 Hz, 2H), 7.50-7.47 (dt, /= 1.0 Hz, 7.0 Hz, 1H), 7.46-7.45 (d, J = 9.0 Hz, 1H),
7.44-7.41 (dt, J= 1.0 Hz, 8.0 Hz, 1H), 7.30-7.28 (d, J = 7.5 Hz, 2H), 7.19-7.16 (4,
J="1.5Hz, 15.5 Hz, 2H), 7.06-7.03 (t, J = 7.5 Hz, 14.5 Hz, 1H), 5.57 (s, 1H), 2.70
—2.57 (q, J = 17.0 Hz, 2H), 2.35 - 2.32 (d, J = 16.0 Hz, 1H), 2.14 - 2.11 (d, J =
16.0 Hz, 1H), 1.06 (s, 3H), 0.88 (s, 3H).

13C NMR (125 MHz, DMSO-dg) 0 196.4, 164.3, 147.7, 145.3, 131.6, 131.1, 129.6,
129.0, 128.6, 128.6, 127.6, 126.7, 125.4, 123.7, 117.8, 117.6, 113.7, 50.6, 40.7,
34.6,32.4,29.3,26.7.

12-(4-(tert-Butyl)phenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

benzo[a]xanthen-11-one

HE
e

White powder, M.p. =209 — 210 °C
TH NMR (500 MHz, CDCl;) ¢ 8.04-8.03 (d, J= 8.5 Hz, 1H), 7.78-7.77 (d, J=17.5
Hz, 1H), 7.75-7.74 (d, J = 9 Hz, 1H), 7.46-7.43 (dt, J = 1.5 Hz, 7 Hz, 1H), 7.39-
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7.36 (t, J = 8.0 Hz, 1H), 7.33-7.31 (d, J = 9.0 Hz, 1H), 7.24-7.22 (d, J = 8.5 Hz,
2H), 7.17-7.15 (d, J = 8.5 Hz, 2H), 5.68 (s, 1H), 2.58-2.56 (d, J = 7.0 Hz, 2H),
2.29-2.27 (d, J=7.0 Hz, 2H), 1.19 (s, 9H), 1.14 (s, 3H), 0.99 (s, 3H).

13C NMR (125 MHz, CDCL3) § 197.0, 163.9, 148.7, 147.8, 141.7, 131.5, 128.6,
128.3, 127.9, 126.9, 125.1, 124.8, 123.8, 118.0, 117.1, 114.5, 51.0, 41.5, 34.1, 32.3,
31.27,29.1, 27.5.

9,9-Dimethyl-12-(p-tolyl)-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one?’

N
el

White powder, M.p. = 181-182 °C

TH NMR (500 MHz, CDCl;) ¢ 8.02-8.01 (d, J= 8.5 Hz, 1H), 7.78-7.74 (t, J=11.0
Hz, 20.0 Hz, 2H), 7.45-7.42 (t, J = 7.5 Hz, 15.0 Hz, 1H), 7.38-7.35 (t, J = 7.5 Hz,
14.5 Hz, 1H), 7.33-7.31 (d, J = 9.0 Hz, 1H), 7.24-7.23 (d, J = 6.5 Hz, 2H), 6.99—
6.97 (d, J = 8.0 Hz, 2H), 5.68 (s, 1H), 2.57 (s, 2H), 2.32-2.23 (q, J = 16.0 Hz, 13.0
Hz, 2H), 2.20 (s, 3H), 1.12 (s, 3H), 0.98 (s, 3H).

13C NMR (125 MHz, CDCl;) J 196.9, 163.8, 147.7, 141.9, 135.7, 131.5, 131.4,
129.0, 128.7, 128.4, 128.3, 127.0, 124.9, 123.7, 117.9, 117.1, 114.4, 51.0, 41.5,
34.3,32.3,29.3,27.3, 21.0.

12-(4-Dimethylamino)phenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

benzo[a]xanthen-11-one?’
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White powder, M.p. =200 — 201 °C

TH NMR (500 MHz, CDCls) 6 8.04 — 8.03 (d, /= 8.5 Hz, 1H), 7.77 — 7.72 (dd, J =
8.0 Hz, 9.0 Hz, 2H), 7.44 — 7.41 (t, J=7.5 Hz, 15.5 Hz, 1H), 7.37 - 734 (t, J="7.0
Hz, 14.5 Hz, 1H), 7.31 — 7.29 (d, J = 9.0 Hz, 1H), 7.19 — 7.17 (d, J = 8.5 Hz, 2H),
6.55 — 6.54 (d, J = 8.5 Hz, 2H), 5.61 (s, 1H), 2.82 (s, 6H), 2.56 (s, 2H), 2.32 — 2.23
(q,J=16.5 Hz, 8.5 Hz, 2H), 1.11 (s, 3H), 1.00 (s, 3H).

13C NMR (125 MHz, CDCl;) 6 197.1, 163.5, 148.9, 147.7, 133.3, 131.5, 129.2,
129.0, 128.4, 128.3, 126.9, 124.7, 123.9, 118.4, 117.0, 114.7, 112.4, 112.3, 51.0,
41.4,40.5, 33.6, 32.3,29.2, 27.4.

12-(2-Hydroxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

benzo[a]xanthen-11-one?*

HOI
Bl L
el

White powder, M.p. =225 — 226 °C

TH NMR (500 MHz, CDCls) 6 9.24 (s, 1H), 7.79 — 7.76 (t, J = 9.0 Hz, 3H), 7.68 —
7.66 (d, J = 8.5 Hz, 1H), 7.40 — 7.37 (m, 2H), 7.34 — 7.32 (d, J = 9.0 Hz, 1H), 7.01
—7.00 (t,J=2.0 Hz, 1H), 6.61 — 6.60 (t, J = 3.0 Hz, 1H), 5.77 (s, 1H), 2.61 (s, 2H),
2.43-2.34(q,J=16.5Hz, 13.0 Hz, 2H), 1.15 (s, 3H), 0.99 (s, 3H).

13C NMR (125 MHz, CDCl;) ¢ 200.6, 166.8, 152.9, 133.1, 132.7, 131.6, 131.1,
129.1, 128.7, 128.2, 127.9, 127.5, 127.4, 125.3, 123.5, 121.5, 118.8, 116.6, 50.3,
41.6, 30.9, 30.5, 29.7, 29.2, 29.0, 28.0, 27.5.

12-(Benzo|d][1,3]dioxo0l-5-y1)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

benzo[a]xanthen-11-one?’
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White powder, M.p. =234 — 235 °C

'TH NMR (500 MHz, CDCl;) 6 =7.99 - 7.97 (d, /= 8.5 Hz, 1H), 7.79 - 7.77 (d, J =
8.0 Hz, 1H), 7.76 — 7.75 (d, J = 9.0 Hz, 1H), 7.46 — 7.43 (t, J= 7.0 Hz, 1H), 7.40 —
7.37 (t,J=8.0 Hz, 1H), 7.32 - 7.30 (d, /= 9.0 Hz, 1H), 6.86 — 6.84 (dd, /= 2.0 Hz,
1H), 6.79 - 6.78 (d, /= 1.5 Hz, 1H), 6.62 — 6.61 (d, J= 8.0 Hz, 1H), 5.83 — 5.79 (d,
5.64 (s, 1H), 2.56 (s, 2H), 2.33 — 2.25 (q, J = 16.5 Hz, 2H), 1.12 (s, 3H), 1.00 (s,
3H).

13C NMR (125 MHz, CDCl;) 6 197.0, 163.8, 147.7, 147.5, 145.8, 138.9, 131.5,
131.4, 128.8, 128.4, 127.0, 124.9, 123.7, 121.8, 117.7, 117.1, 114.1, 109.0, 107.9,
100.7, 51.0,41.4, 34.3, 32.3, 29.7, 29.2, 28.0, 27.3.

12-(2-Hydroxy-5-methylphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

benzo|a]xanthen-11-one

HO
(L]
el

White powder, M.p. =178 — 179 °C

TH NMR (500 MHz, CDCl) 6 8.97 (s, 1H), 7.79 — 7.77 (m, 2H), 7.72 — 7.70 (d, J =
8.5 Hz, 1H), 7.43 — 7.36 (m, 2H), 7.35 - 7.33 (d, J = 8.5 Hz, 1H), 6.91 — 6.89 (d, J
= 8.0 Hz, 1H), 6.80 — 6.78 (d, J = 8.0 Hz, 1H), 6.37 (s, 1H), 5.75 (s, 1H), 2.66 —
2.56 (q, J = 17.5 Hz, 2H), 2.42 — 2.34 (q, J = 16.5 Hz, 2H), 1.96 (s, 3H), 1.14 (s,
3H), 1.01 (s, 3H).
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13C NMR (125 MHz, CDCl;) ¢ 200.5, 166.7, 150.5, 147.9, 132.5, 131.6, 131.3,
130.6, 129.0, 128.9, 128.7, 128.2, 127.5, 125.2, 123.6, 118.6, 117.6, 116.63, 114.1,
50.3,41.6, 32.5, 28.87, 28.0, 27.5, 20.6.

HRMS (ESI) m/z caled for [M + Na]" Cy¢H,403Na* 407.16232, found 407.16252

12-(2-Hydroxy-5-nitrophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

benzo[a]xanthen-11-one?¢

HO
NPE
el

Yellow powder, M.p. =117 - 118 °C

'TH-NMR (500 MHz, CDCl13/DMSO) ¢ 7.74 (m, 1H), 7.44 — 7.38 (m, 4H), 7.06 —
7.02 (q, J = 7.0 Hz, 1H), 7.00 — 6.93 (m, 2H), 6.55 — 6.51 (m, 1H), 5.47 (s, 1H),
2.26 (s, 2H), 1.96 — 1.74 (m, 2H), 0.75 (s, 3H), 0.60 (s, 3H).

IBC-NMR (125 MHz, CDCIl;/DMSO) ¢ 197.2, 165.4, 160.4, 147.8, 140.5, 132.7,
131.3, 129.2, 128.6, 127.3, 126.3, 125.1, 123.8, 123.4, 117.3, 116.6, 50.7, 41.3,
40.4,40.2,40.0, 39.9, 39.7, 32.3, 29.3, 27.0.

12-(4-Fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-

11-one?’?

White powder, M.p. = 185-186 °C
TH NMR (500 MHz, CDCl;) 6 7.93 — 7.92 (d, J = 8.5 Hz, 1H), 7.80 — 7.76 (t, J =
8.5 Hz, 17.5 Hz, 2H), 7.46 — 7.42 (dt, J = 1.5 Hz, 7.0 Hz, 1H), 7.40 — 7.37 (dt, J =
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1.0 Hz, 8.0 Hz, 1H), 7.33 — 7.32 (d, J= 9.0 Hz, 1H), 7.31 — 7.28 (dt, J= 2.5 Hz, 5.5
Hz, 2H), 6.87 — 6.83 (t, J = 8.5 Hz, 2H), 5.70 (s, 1H), 2.57 (s, 2H), 2.33 - 2.23 (q, J
=16.0 Hz, 16.5 Hz, 2H), 1.12 (s, 3H), 0.97 (s, 3H).

13C NMR (125 MHz, CDCl;) 6 196.9, 163.9, 161.2 (d, J = 243.0 Hz, 1C), 147.8,
140.6, 131.5, 131.3, 129.9 (d, J = 8.0 Hz, 1C), 129.8, 129.0, 128.5, 127.1, 125.0,
123.5,117.4, 117.0, 115.0 (d, J = 21.1 Hz, 1C), 114.13, 50.9, 41.4, 34.0, 32.3, 29.3,
27.1.

12-(4-Chlorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-

11-one28

Cl
N
el

White powder, M.p. = 181-182 °C

TH NMR (500 MHz, CDCl;) 6 7.92 — 7.90 (d, J = 8.5 Hz, 1H), 7.80 — 7.77 (t, J =
7.5 Hz, 16.0 Hz, 2H), 7.46 — 7.42 (dt, J = 1.0 Hz, 7.0 Hz, 1H), 7.40 — 7.37 (dt, J =
1.0 Hz, 8.0 Hz, 1H), 7.33 - 7.32 (d, J=9.0 Hz, 1H), 7.28 — 7.26 (d, J = 8.5 Hz, 2H),
7.14 —7.13 (d, J = 8.5 Hz, 2H), 5.69 (s, 1H), 2.57 (s, 2H), 2.33 — 2.23 (q, J = 16.0
Hz, 17.0 Hz, 2H), 1.12 (s, 3H), 0.97 (s, 3H).

13C NMR (125 MHz, CDCl;) J 196.8, 164.0, 147.8, 143.3, 131.9, 131.5, 131.2,
129.8, 128.5, 127.1, 125.0, 123.5, 117.1, 117.0, 113.9, 50.9, 41.4, 34.2, 32.2, 29.3,
27.1.

12-(4-Bromophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-

11-one?’?
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Br
B T
el

White powder, M.p. = 186—187 °C

'TH NMR (500 MHz, CDCl;) 6 7.91 — 7.89 (d, J = 8.0 Hz, 1H), 7.80 — 7.77 (t, J =
7.5 Hz, 2H), 7.46 — 7.42 (dt, J= 1.5 Hz, 7.0 Hz, 1H), 7.40 — 7.37 (dt, J= 1.0 Hz, 8.0
Hz, 1H), 7.33 — 7.31 (d, J = 9.0 Hz, 1H), 7.30 — 7.28 (d, J = 8.5 Hz, 2H), 7.22 -
7.21 (d, J=8.5 Hz, 2H), 5.68 (s, 1H), 2.57 (s, 2H), 2.33 — 2.23 (q, /= 16.0 Hz, 16.5
Hz, 2H), 1.12 (s, 3H), 0.97 (s, 3H).

13C NMR (125 MHz, CDCls) ¢ 196.8, 164.1, 147.8, 143.8, 131.5, 131.4, 131.2,
130.2, 129.1, 128.5, 127.1, 125.0, 123.5, 120.1, 117.0, 117.0, 113.8, 50.9, 41.4,
34.3,32.3,29.3,27.2.

12-(3-Chlorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-

11-one??

o
HQE
e

White powder, M.p. = 173-174 °C

'TH NMR (500 MHz, CDCl;) 6 7.93 — 791 (d, J = 8.0 Hz, 1H), 7.81 — 7.78 (t, J =
6.5 Hz, 2H), 7.47 — 7.44 (dt,J= 1.0 Hz, 7.0 Hz, 1H), 7.41 — 7.38 (dt, /= 1.0 Hz, 8.0
Hz, 1H), 7.34 -7.32 (d, /= 9.0 Hz, 1H), 7.29 — 7.26 (t, /= 7.5 Hz, 2H), 7.13 - 7.10
(t,J=8.0 Hz, 1H), 7.05 - 7.03 (d, J = 8.0 Hz, 1H), 5.69 (s, 1H), 2.62 —2.54 (q, J =
17.5 Hz, 2H), 2.33 - 2.25 (q, J = 16.0 Hz, 10.5 Hz, 2H), 1.12 (s 3H), 0.98 (s, 3H).
13C NMR (125 MHz, CDCl;) J 196.7, 164.1, 147.8, 146.7, 134.1, 131.6, 131.3,
129.4, 129.2, 128.5, 128.4, 127.2, 126.8, 126.6, 125.0, 123.5, 117.1, 116.9, 113.7,
50.9,41.4,34.5,32.3,29.2,27.2.
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12-(3-Bromophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo|a]xanthen-

11-one?®

Br
P
[l

White powder, M.p. = 177-178 °C

TH NMR (500 MHz, CDCl;) 6 7.93 — 7.92 (d, J = 8.5 Hz, 1H), 7.81 — 7.78 (t, J =
7.0 Hz, 15.5 Hz, 2H), 7.47 — 7.38 (m, 3H), 7.34 — 7.33 (d, J = 9.0 Hz, 2H), 7.21 —
7.18 (m, 1H), 7.07 — 7.04 (t, J = 8.0 Hz, 1H), 5.69 (s, 1H), 2.62 — 2.54 (q, J=17.5
Hz, 4.5 Hz, 2H), 2.33 —2.25 (q, J = 16.5 Hz, 8.5 Hz, 2H), 1.12 (s, 3H), 0.99 (s, 3H).
13C NMR (125 MHz, CDCl;) ¢ 196.8, 164.2, 147.8, 147.0, 131.6, 131.3, 131.2,
129.7,129.5, 129.2, 128.5, 127.3, 127.2, 125.0, 123.3, 122.5, 50.9, 41.4, 34.5, 32.3,
29.2,27.2.

12-(3-Fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo|a]xanthen-

11-one3?

White powder, M.p. = 155-156 °C

TH NMR (500 MHz, CDCl3) 6 7.96 — 7.94 (d, J = 8.5 Hz, 1H), 7.81 — 7.77 (t, J =
7.0 Hz, 15.5 Hz, 2H), 7.46 — 7.43 (t,J=7.0 Hz, 15.5 Hz, 1H), 7.41 - 7.38 (t,J="7.0
Hz, 15.0 Hz, 1H), 7.35 - 7.33 (d, /= 9.0 Hz, 1H), 7.20 — 7.12 (m, 2H), 7.02 — 7.00
(d, J=10.5 Hz, 1H), 6.78 — 6.75 (t, J = 8.5 Hz, 16.5 Hz, 1H), 5.74 (s, 1H), 2.58 (s,
2H), 2.34-2.25(q, /= 16.0 Hz, 12.0 Hz, 2H), 1.13 (s, 3H), 0.98 (s, 3H).
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13C NMR (125 MHz, CDCl;) 6 = 196.8, 164.2, 162.9 (d, J = 243.9 Hz, 1C), 147.8,
147.2 (d, J = 6.4 Hz, 1C), 131.5, 131.3, 129.6 (d, J = 8.1 Hz, 1C), 129.1, 128.5,
127.1, 125.0, 124.2 (d, J = 2.6 Hz, 1C), 123.5, 117.1, 117.0, 115.4, 115.2, 113.8,
113.4,113.2,50.9,41.4, 34.5,32.2,29.3, 27.1.

12-(2-Chlorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo|a]xanthen-

11-one??

Cl I
NPE
el

Yellowish powder, M.p. = 180-181 °C

'H NMR (500 MHz, CDCl3) ¢ 8.24-8.23 (d, J = 8.5 Hz, 1H), 7.77-7.74 (t, J = 8.0
Hz, 2H), 7.50-7.47 (t,J = 8.0 Hz, 1H), 7.40-7.37 (t,J = 8.0 Hz, 1H), 7.31-7.27 (t,J
=9.0 Hz, 3H), 7.08-7.05 (t, J= 7.0 Hz, 1H), 7.01-6.98 (dt, /= 1.5 Hz, 7.5 Hz, 1H),
6.01 (s, 1H), 2.61 (s, 2H), 2.34-2.22 (q, /= 16.0 Hz, 2H), 1.14 (s, 3H), 1.01 (s, 3H).
13C NMR (125 MHz, CDCl;) 0 196.8, 164.3, 147.7, 142.2, 133.0, 131.7, 131.4,
130.0, 129.1, 128.4, 127.7, 127.1, 126.9, 126.4, 125.0, 124.0, 123.3, 118.1, 117.1,
113.5,109.5, 50.9, 41.5, 33.0, 32.2, 29.4, 27.1.

12-(2-Bromophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-

11-one3!

Br
B |
el

Pinkish powder, M.p. = 175-176 °C
'H NMR (500 MHz, CDCl3) ¢ 8.32-8.31 (d, J = 8.5 Hz, 1H), 7.77-7.74 (t, J= 7.0
Hz, 2H), 7.51-7.47 (t, J = 8.0 Hz, 2H), 7.40-7.37 (t, J = 7.5 Hz, 1H), 7.30-7.29 (d,

S18



J=8.5 Hz, 1H), 7.26-7.23 (t, J = 10 Hz, 1H), 7.10-7.07 (t, J = 7.5 Hz, 1H), 6.92—
6.89 (t, J = 7.5 Hz, 1H), 5.97 (s, 1H), 2.61 (s, 2H), 2.33-2.22 (q, J = 16 Hz, 2H),
1.14 (s, 3H), 1.00 (s, 3H).

13C NMR (125 MHz, CDCl) 6 196.7, 164.1, 147.7, 133.4, 131.8, 131.4, 129.2,
128.4, 127.8, 127.6, 127.1, 1245.0, 124.5, 123.5, 117.1, 51.0, 41.6, 35.3, 32.1, 29.3,
27.2.

12-(2-Fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-benzo|[a]xanthen-

11-one3?

White powder, M.p. = 155-156 °C

TH NMR (500 MHz, CDCl;) ¢ 8.12-8.10 (d, J = 8.5 Hz, 1H), 7.78-7.73 (q, J = 8.0
Hz, 4.0 Hz, 2H), 7.50-7.47 (t, J = 8.0 Hz, 15.0 Hz, 1H), 7.40-7.37 (t, J = 7.5 Hz,
14.5 Hz, 1H), 7.34-7.29 (m, 2H), 7.07-7.00 (m, 1H), 6.97-6.92 (m, 2H), 5.89 (s,
1H), 2.61 (s, 2H), 2.34-2.32 (q, J = 16.5 Hz, 2H), 1.14 (s, 3H), 1.01 (s, 3H).

13C NMR (125 MHz, CDCls) 6 196.6, 164.4, 160.0 (d, J = 245.6 Hz, 1C), 152.9,
147.7,131.5, 131.4, 130.9 (d, J = 4.1 Hz, 1C), 129.0 (t, J = 18.4 Hz, 44.6 Hz, 1C),
128.4, 128.2 (t, J = 5.0 Hz, 13.5 Hz, 1C), 127.9, 127.5, 127.2, 125.3, 124.9, 124.1
(d, J=3.3 Hz, 1C), 123.5, 123.2 (d, J = 3.4 Hz, 1C), 121.5, 118.9, 117.1, 116.6,
115.6 (d, J =22.6 Hz, 1C), 112.8, 50.8, 50.3, 41.4, 33.3, 29.4, 29.2 (d, J = 2.0 Hz,
1C), 29.0, 28.0, 27.1.

9,9-Dimethyl-12-(2-nitrophenyl)-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-

11-one33
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Yellow powder, M.p. = 223 — 224 °C

'"H NMR (500 MHz, CDCl;) 6 = 8.56 — 8.54 (d, J = 8.5 Hz, 1H), 7.86 — 7.84 (dd, J
= 1.5 Hz, 1.0 Hz, 1H), 7.83 — 7.81 (d, /= 9.0 Hz, 1H), 7.80 — 7.78 (d, J = 8.0 Hz,
1H), 7.48 — 7.45 (t,J= 6.5 Hz, 1H), 7.41 — 7.39 (t, J=7.0 Hz, 1H), 7.33 - 7.32 (d, J
=9.0 Hz, 1H), 7.27 -7.24 (t,J= 6.5 Hz, 1H), 7.19 - 7.16 (t, J= 7.0 Hz, 1H), 7.06 —
7.04 (dd, J= 1.5 Hz, 8.0 Hz, 1H), 6.58 (s, 1H), 2.59 —2.48 (q, J = 17.5 Hz, 19.0 Hz,
2H), 2.29 — 2.18 (m, 2H), 1.09 (s, 3H), 0.87 (s, 3H).

13C NMR (125 MHz, CDCl;) ¢ = 196.8, 163.8, 149.3, 148.3, 139.2, 132.7, 131.8,
131.6, 131.1, 129.7, 128.2, 127.6, 127.1, 125.3, 124.7, 124.5, 116.9, 116.2, 113.4,
50.5,41.5,32.2,30.9, 30.3, 29.1, 27.0.

2,5-Dimethyl-1-phenyl-1H-pyrrole!# 16, 18, 34-36

Yellow powder, M.p. 52-54 °C

TH NMR (500 MHz, CDCl3) 6 7.49 — 7.46 (t, J = 7.0 Hz, 2H), 7.43 — 740 (t, J =
7.5 Hz, 1H), 7.24 — 7.23 (d, J = 7.0 Hz, 2H), 5.93 (s, 2H), 2.06 (s, 6H).

13C NMR (125 MHz, CDCls) 6 139.1, 129.0, 128.8, 128.3, 127.6, 105.6, 13.0.
GC-MS (EIL, 70 eV) m/z 171 ((M]")

2,5-Dimethyl-1-(o-tolyl)-1H-pyrrole!? 16,34, 36

@ \
N
/

S20



Yellow oil

'H NMR (500 MHz, CDCl3) ¢ 7.33 — 7.32 (m, 2H), 7.29 — 7.27 (m, 1H), 7.17 —
7.15(d, J = 7.5 Hz, 2H), 5.91 (s, 2H), 1.94 (s, 3H), 1.92 (s, 6H).

13C NMR (125 MHz, CDCl;) ¢ 137.1, 130.7, 128.9, 128.3, 128.2, 126.6, 105.2,
29.7,17.0, 12.5.

GC-MS (EIL 70 eV) m/z 185 ([M]")

1-(2’-Amino-4’-nitrophenyl)-2,5-dimethyl-1H-pyrrole

4
N

/

O,N NH,

Yellow powder, M.p. = 128-130 °C

'TH NMR (500 MHz, CDCl5) 6 7.65 — 7.63 (m, 2H), 7.21 — 7.19 (d, J = 9.0 Hz, 1H),
5.97 (s, 2H), 3.82 (s, 2H), 1.97 (s, 6H).

13C NMR (125 MHz, CDCl;) ¢ 145.1, 130.3, 130.2, 124.0, 118.0, 112.8, 109.8,
107.1, 12.2.

HRMS (ESI) m/z caled for [M + H]* C1oH 4N;0," 230.1049, found 230.1011.

1-(3,5-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole’’

Cl
O

Cl

Orange powder, M.p. 79-81 °C

TH NMR (500 MHz, CDCl3) 6 7.42 — 7.41 (t,J = 2.0 Hz, 1H), 7.15-7.14 (d, J =

1.5 Hz, 2H), 5.90 (s, 2H), 2.06 (s, 6H).

13C NMR (125 MHz, CDCLy) 6 141.0, 135.2, 128.6, 128.6, 127.0, 106.7, 29.7, 13.0.
GC-MS (EL 70 eV) m/z 239 (M%)

1-(2,5-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole3?
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Black powder, M.p. 136-137 °C

TH NMR (500 MHz, CDCl3) 6 7.51 — 7.50 (d, J = 8.5 Hz, 1H), 7.42 - 7.39 (dd, J =
2.5 Hz, 2.5 Hz, 1H), 7.36 — 7.35 (d, J = 2.5 Hz, 1H), 5.97 (s, 2H), 2.01 (s, 6H).

13C NMR (125 MHz, CDCl;) ¢ 138.1, 133.0, 132.7, 131.0, 130.8, 129.8, 128.6,
106.2, 12.5.

GC-MS (EL, 70 eV) m/z 239 (IM]")

1-(3,4-Dichlorophenyl)-2,5-dimethyl-1H-pyrrole!4 16, 34, 36

=

Yellow powder, M.p. 101-103 °C

TH NMR (500 MHz, CDCly) 6 7.55 —7.54 (d, J = 8.5 Hz, 1H), 7.35 (d, J = 2.5 Hz,
1H), 7.10 — 7.08 (m, 1H), 5.91 (s, 2H), 2.05 (s, 6H).

13C NMR (125 MHz, CDCls) ¢ 138.5, 133.0, 132.0, 130.8, 130.2, 128.7, 127.6,
106.5, 13.0.

GC-MS (EI, 70 eV) m/z 239 (IM]")

1-(2,5-Dibromophenyl)-2,5-dimethyl-1H-pyrrole

Br
Br
Yellow oil

H NMR (500 MHz, CDCl3) 6 7.59 — 7.57 (d, J = 8.5 Hz, 1H), 7.47 — 7.44 (m, 2H),
5.92 (s, 2H), 1.97 (s, 6H).
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13C-NMR (125 MHz, CDCls) 6 140.0, 134.3, 133.6, 133.0, 128.4, 123.5, 121.3,
106.1, 12.6.
GC-MS (EL 70 eV) m/z 326 (IM]")

1-(4-Iodophenyl)-2,5-dimethyl-1H-pyrrole3 4
O

Yellow powder, M.p. 63-65 °C

TH-NMR (500 MHz, CDCl3) 6 7.80 — 7.79 (d, J = 8.5 Hz, 2H), 6.97 — 6.96 (d, J =
8.0 Hz, 2H), 5.90 (s, 2H), 2.03 (s, 6H).

I3C-NMR (125 MHz, CDCl;) ¢ 138.8, 138.3, 130.2, 128.6, 106.2, 92.9, 13.0.
GC-MS (EL, 70 eV) m/z 297 ([M]").

1-([1,1'-Biphenyl]-2-yl)-2,5-dimethyl-1H-pyrrole*
A

Yellow powder, M.p. 98-99 °C

IH NMR (500 MHz, CDCl3) & 7.55 — 7.53 (dd, J = 1.5 Hz, 8 Hz, 1H), 7.48 — 7.45
(dt, J = 1.5 Hz, 1H), 7.43 — 7.39 (dt, J = 1.5 Hz, 1H), 7.25 — 7.22 (m, 4H), 7.01 —
6.99 (dd, J = 2.0 Hz, 2H), 5.76 (s, 2H), 1.84 (s, 6H).

13C NMR (125 MHz, CDCl3) ¢ 140.4, 138.7, 136.4, 130.82, 129.9, 128.5, 128.5,
128.3, 128.2, 128.0, 127.3, 105.8, 12.9.

GC-MS (EL 70 eV) m/z 247 (IM]")

1-(4-Hydroxyphenyl)-2,5-dimethyl-1H-pyrrole!!, 1217, 40
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Yellow powder, M.p. 105-107 °C

TH-NMR (500 MHz, DMSO-d;) 6 9.66 (s, 1H), 7.01 — 6.98 (m, 2H), 6.85 — 6.82
(m, 2H), 5.71 (s, 2H), 1.90 (s, 6H).

I3C-NMR (125 MHz, DMSO-dy) 6 157.2, 130.0, 129.5, 128.1, 116.1, 105.7, 13.3.
GC-MS (EL 70 eV) m/z 187 ([M]").

1-(2’-Hydroxy-5’-methylphenyl)-2,5-dimethyl-1H-pyrrole

Black oil

TH NMR (500 MHz, CDCl;3) 6 = 7.14 — 7.12 (dd, J = 2.0 Hz, 2.0 Hz, 1H), 6.96 —
6.95 (d, J = 8.5 Hz, 1H), 6.92 - 6.91 (d, J = 1.5 Hz, 1H), 5.94 (s, 2H), 5.08 (s, 1H),
2.31 (s, 3H), 1.98 (s, 6H).

13C NMR (125 MHz, CDCl;3) 6 150.4, 130.5, 130.1, 129.4, 129.0, 116.5, 115.9,
106.7,20.4, 12.3.

HRMS (ESI) m/z calcd for [M + H]" C3H,NO* 202.1226, found 202.1201.

1-(2’-Hydroxy-5’-nitrophenyl)-2,5-dimethyl-1H-pyrrole

O,N \@N Y%
OH

Orange powder, M.p. 167-170 °C

H NMR (500 MHz, CDCL;) 6 8.28 — 8.24 (dd, J = 2.5 Hz, 2.5 Hz, 1H), 8.09 — 8.08
(d,J =3 Hz, 1H), 7.18 - 7.16 (d, J = 9.5 Hz, 1H), 5.99 (s, 2H), 1.9 (s, 6H).
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13C NMR (125 MHz, CDCl;) ¢ 158.7, 141.3, 129.1, 126.1, 125.7, 116.8, 107.9,
12.3.
HRMS (ESI) m/z calcd for [M + H]* C,,H3N,05" 233.0920, found 233.0939.

2,5-Dimethyl-1-(4-nitrophenyl)-1H-pyrrole!!- 12 14,16, 36
et

Yellow powder, M.p. 144-146 °C

TH NMR (500 MHz, CDCl;) 6 8.35 — 8.34 (d, J/ = 9.0 Hz, 2H), 7.40 — 7.38 (d, J =
9.0 Hz, 2H), 5.96 (s, 2H), 2.07 (s, 6H).

I3C NMR (125 MHz, CDCl3) 6 146.8, 144.8, 128.8, 124.6, 109.0, 107.4, 29.7.
GC-MS (EL 70 eV) m/z 216 (M]")

N-(2,4-Dinitrophenyl)-2,5-dimethyl-1H-pyrrol-1-amine*?-45

NO,
H
aste

Yellow powder, M.p. 182-184 °C

'"H NMR (500 MHz, CDCls) 6 9.96 (s, 1H), 9.19 - 9.18 (d, J = 2.5 Hz, 1H), 8.27 —
8.24 (m, 1H), 6.22 - 6.20 (d, J = 9.5 Hz, 1H), 5.94 (s, 2H), 2.08 (s, 6H).

13C NMR (125 MHz, CDCl;) ¢ 148.7, 139.2, 130.9, 127.4, 123.5, 114.6, 105.7,
11.1.

N,N?-bis(2-(2,5-Dimethyl-1H-pyrrol-1-yl)ethyl)ethane-1,2-diamine

Yellow oil
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H NMR (500 MHz, CDCl;) 6 5.77 — 5.76 (d, J = 5.0 Hz, 4H), 3.88 — 3.85 (1, J =
7.0 Hz, 4H), 2.83 — 2.81 (t, J = 7.0 Hz, 4H), 2.71 (s, 4H), 2.23 (s, 12H).

13C NMR (125 MHz, CDCl5) § 127.6, 105.4, 49.7, 49.0, 43.7, 12.6.

HRMS (ESI) m/z caled for [M + H]* Ci5Hs Ny 303.2543, found 303.2575.
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Section S5. 'H, ¥3C NMR and HRMS spectroscopy

-tetrahydro-11H-

-propyl-8,9,10,12

9-Dimethyl-12

3C NMR of 9,

'H and

benzo|a]xanthen-11-one
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'H and C NMR of 12-cyclohexyl-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

benzo[a]xanthen-11-one
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of 12-(4-(tert-butyl)phenyl)-9,9-dimethyl-8,9,10,12-

tetrahydro-11H-benzo|a]xanthen-11-one
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'H and C NMR of 9,9-Dimethyl-12-(p-tolyl)-8,9,10,12-tetrahydro-11H-

benzo[a]xanthen-11-one
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'H and B3C NMR of 12-(4-dimethylamino)phenyl)-9,9-dimethyl-8,9,10,12-

tetrahydro-11H-benzo[a]xanthene-11-one
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'H and 3C NMR of 12-(2-hydroxyphenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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IH and BC NMR of 12-(benzo[d][1,3]dioxol-5-yl)-9,9-dimethyl-8,9,10,12-

-11-one

tetrahydro-11H-benzo[a]xanthen
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H, 3C NMR and HRMS of 12-(2-hydroxy-5-methylphenyl)-9,9-dimethyl-

8,9,10,12-tetrahydro-11H-benzo[a]xanthen-11-one
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Sample Name
User Name
Sample Type
ACQ Method

Thd-32

Sample

Pasition P1-AS Instrument Name
Inj Vol 5 InjPosition
IRM Calibration Status  Success Data Filename

All Ton MSMS-Positive-100MeOH.m Comment Acquired Time

x10 &
1

095
0.8
0.85
08
0.75
07
0.65
0.6
056
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045
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035
03
025
0.2
0.15
0.1
0.05

o

Instrument 1

Thd-32.d
20/05/2018 5:43:24 PM

+ESI Scan (rt: 0.482 min) Frag=140.0V Thd-32.d
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)
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1

409.16799

1 41017100
1
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Counts vs. Mass-to-Charge (m/z)
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imethyl-8,9,10,12-

trophenyl)-9,9-d

-1

IH and 3C NMR of 12-(2-hydroxy-5

tetrahydro-11H-benzo|a]xanthen-11-one
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'H and *C NMR of 12-(4-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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'H and BC NMR of 12-(4-chlorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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'H and ¥C NMR of 12-(4-bromophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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'H and BC NMR of 12-(3-chlorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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'H and ¥C NMR of 12-(3-bromophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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12-(3-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-11H-

of

'H NMR

benzo[a]xanthen-11-one
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'H and BC NMR of 12-(2-chlorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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'H and ¥C NMR of 12-(2-bromophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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'H and *C NMR of 12-(2-fluorophenyl)-9,9-dimethyl-8,9,10,12-tetrahydro-

11H-benzo[a]xanthen-11-one
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itrophenyl)-8,9,10,12-tetrahydro-11H-

-ni

'H and 3C NMR of 9,9-dimethyl-12-(2

benzo[a]xanthen-11-one
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TH NMR, 3C NMR, and GC-MS of 2,5-Dimethyl-1-phenyl-1H-pyrrole
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File :C:\GC-MS8\2016\08.01.2016\ANILINE-ACETONYLACTONE-DES-SA-80C-2

H.D

Operator : TRUONG HAI

Instrument: GCMSD

Acquired : 1Aug 2016 16:44 using AcqMethod ACYLATION-SHORT-DELAY-3MIN.M
Sample Name: ANILINE-ACETONYLACTONE-DES-SA-80C-2H

Misc Info :

Abundance TIC: ANILINE-ACETONYLACTONE-DES-SA-80C-2H.D\DATA MS
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Abtflnﬁ%aorbcﬁe Scan 659 (7.759 min): ANILINE-ACETONYLACTONE-DES-SA-80C-2H.D\DATA.MS

| 170

140000
120000,
100000/
80000|
eooooé

40000/
- 77

| 51
20000! - 154

39 85
32 | 58 _65 71 94 104 141
[ e . e e e e e e s o LI L e e L B i B

miz--> 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

S49



TH NMR, 3C NMR, and GC-MS of 2,5-Dimethyl-1-(o-tolyl)-1H-pyrrole
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File :C:\GC-MS8\2016\08.03.
Operator : TRUONG HAI
Acquired : 4 Aug 2016 11:12
Instrument : GCMSD

2016\0-TOLUIDIN-ACETONYL-DES-SA-80-2H.D

using AcgMethod ACYLATION-SHORT-DELAY-3MIN.M

Sample Name: O-TOLUIDIN-ACETONYL-DES-SA-80-2H

Misc Info :
Vial Number: 3
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TH NMR, BC NMR, and GC-MS of 1-(2’-Amino-4’-nitrophenyl)-2,5-dimethyl-
1H-pyrrole
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Display Report

Analysis Info
Analysis Name  D:\Data\2016\4-ni_1-b,2_01_2263.d

Acquisition Date  12/29/2016 6:12:14 PM

Method dmm 2017.m Operator Anh Mai
Sample Name  4-ni Instrument micrOTOF-Q 10187
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Active Set Capillary 4000 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 9.0 l/min
Scan End 1000 miz Set Collision Cell RF 450.0 Vpp Set Divert Valve Source
Intens.
1500
1000
500
0 T T T T T T T T T
0 1 2 3 4 5 7 8 9 Time [min]
[—— EIc 230.0000 +All MS, -Spectral Bkgrnd, Smoothed (3.01,2,GA) \
Intens. +MS, 3.1min #185, -Spectral Bkgrnd
7007 230.1011
600
500
400
300
232.1403
2001 231.1125
1001
229.0 2295 230.0 230.5 231.0 2315 232.0 2325 233.0 " iz
Bruker Compass DataAnalysis 4.0 printed: 12/30/2016 3:20:00 PM Page 1 of 2
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TH NMR, 3C NMR, and GC-MS of 1-(3,5-Dichlorophenyl)-2,5-dimethyl-1H-
pyrrole
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File  :CAGC-MS\2016\08.03.2016\35-DICHLOROANILIN-ACETONYLACETON-DE

S-SA-80-2H.D

aperator : TRUONG HAI

Instrument :

GCMSD

Acquired : 3 Aug 2016 18:03 using AcqMethod ACYLATION-SHORT-DELAY-3MIN.M
Sample Name: 35-DICHLOROANILIN-ACETONYLACETON-DES-SA-80-2H

Misc Info :

Abundance
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TH NMR, B3C NMR, and GC-MS of 1-(2,5-Dichlorophenyl)-2,5-dimethyl-1H-
pyrrole
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File :C:\GC-MS\2016\08.03.2016\25-DICHLOROANILIN-ACETONY-DES-SA-80
-2H.D

Operator : TRUONG HAI

Instrument: GCMSD

Acquired : 8 Aug 2016 16:19  using AcgMethod ACYLATION-SHORT-DELAY-3MIN.M
Sample Name: 25-DICHLOROANILIN-ACETONY-DES-SA-80-2H

Misc Info :
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TH NMR, 3C NMR, and GC-MS of 1-(3,4-Dichlorophenyl)-2,5-dimethyl-1H-

pyrrole
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File
-2H.D

Operator : TRUONG HAI
Instrument : GCMSD
Acquired : 8 Aug 2016 16:54

:C:\GC-MS\2016108.03.2016\34-DICHLOROANILIN-ACETONY-DES-SA-80

using AcqMethod ACYLATION-SHORT-DELAY-3MIN.M

Sample Name: 34-DICHLOROANILIN-ACETONY-DES-SA-80-2H

Misc Info :
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TH NMR, B3C NMR, and GC-MS of 1-(2,5-Dibromophenyl)-2,5-dimethyl-1H-
pyrrole
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File :C:\GC-MS\2016\08.17.2016\25-DIBROMOANILIN-ACETONYL-DES-SA-80
C-2H.D
Operator : TRUONG HAI

Instrument :

GCMSD

Acquired :17 Aug 2016 13:038 using AcgMethod ACYLATION-SHORT-DELAY-3MIN.M
Sample Name: 25-DIBROMOANILIN-ACETONYL-DES-SA-80C-2H

Misc Info :
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'H NMR, 3C NMR, and GC-MS of 1-(4-Iodophenyl)-2,5-dimethyl-1H-pyrrole
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File
Operator

Instrument :

GCMSD

:C:\GC-MS\2016111.29.2016\4-IODOANILINE-AA-DES-SA-80-2H.D
: THAO TRAN
Acquired :29 Nov 2016 14:10

using AcgMethod ACYLATION-SHORT-DELAY-3MIN.M

Sample Name: 4-IODOANILINE-AA-DES-SA-80-2H

Misc Info :

Vial Number: 2
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1H NMR, *C NMR, and GC-MS of 1-([1,1'-Biphenyl]-2-yl)-2,5-dimethyl-1H-

pyrrole
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File :C:\GC-MS8\2016111.03.2016\2-AMINOBIPHENYL-AA-DES-SA-80-2H.D

Operator : TRUONG HAI

Acquired : 3 Nov 2016 14:21 using AcgMethod ACYLATION-SHORT-DELAY-3MIN.M
Instrument : GCMSD

Sample Name: 2-AMINOBIPHENYL-AA-DES-SA-80-2H

Misc Info :

Vial Number: 8

Abundance TIC: 2-AMINOBIPHENYL-AA-DES-SA-80-2H.D\DATA.MS
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'H NMR, B¥C NMR, and GC-MS of 1-(4-Hydroxyphenyl)-2,5-dimethyl-1H-
pyrrole
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File :C:\GC-MS\2016\11.16.2016\4-AMINOPHENOL-0-4.D

Operator : TRUONG HAI

Acquired : 16 Nov 2016 16:21  using AcqMethod ACYLATION-SHORT-DELAY-3MIN.M
Instrument: GCMSD

Sample Name: 4-AMINOPHENOL-0-4

Misc Info :

Vial Number: 2
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'H NMR, BC NMR, and HRMS of 1-(2’-Hydroxy-5’-methylphenyl)-2,5-
dimethyl-1H-pyrrole
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Display Report

Analysis Info Acquisition Date  12/30/2016 3:54:34 PM
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'H NMR, BC NMR, and HR-MS of 1-(2’-Hydroxy-5’-nitrophenyl)-2,5-
dimethyl-1H-pyrrole
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TH NMR, 13C NMR, and GC-MS of 2,5-dimethyl-1-(4-nitrophenyl)-1H-pyrrole
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TH NMR, BC NMR, and GC-MS of N-(2,4-dinitrophenyl)-2,5-dimethyl-1H-

.
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'H NMR, BC NMR, and HRMS of N,N;-bis(2-(2,5-Dimethyl-1H-pyrrol-1-
yl)ethyl)ethane-1,2-diamine

~ WO s MmMoNoO —Mm
~ N BBL DD NN
mn wn Mo m NN NN
N N
HC
HaC .
NH Ne 7
/ N W g
e CHs
CH,
I
]
1
B LUV o e

[ ¥ Ch | ==
wn
wn o m o —
S = NS

r T T T T T T T T T T T T = T T T Id— T \* =+ T N T T T T
120 115 110 10.5 10.0 9.5 9.0 8.5 8.0 75 70 6.5 @ (6.0 ) 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm

© «+

~ n I Q0 o

~ =] @ a o

— - T —
| A A

HaC

HaC =
V4 N NH\/\NH/\/D
— CH
CH,

3

r T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 g %10 ) 100 90 80 70 60 50 40 30 20 10 0
1 (ppm

S75



Analysis Info

Display Repo

Analysis Name  D:\Data\2016\triet_1-a,8_01_2245.d
Method dmm 2017.m

Sample Name  triet
Comment

Acquisition Parameter
Source Type ESI

lon Polarity Positive

Focus Active Set Capillary 4000 V
Scan Begin 50 m/z Set End Plate Offset -500 vV
Scan End 1000 m/z Set Collision CellRF  450.0 Vpp

rt

Acquisition Date  12/28/2016 11:47:51 PM

Operator Anh Mai
Instrument micrOTOF-Q 10187

Set Nebulizer 1.2 Bar
Set Dry Heater 200 °C
Set Dry Gas 9.0 l/min
Set Divert Valve Source

Intens.

6000

4000

2000

2.50 275 3.00 325 3.50 3.75

4.00 425 450 Time [min]

[—— EIC 303.0000 +All MS, -Spectral Bkgrnd, Smoothed (4.01,2,GA)

Intens.

x104]

2.01

1.5

1.0

0.57
274.2306

0.0 und iy

288.2921

303.2575 321.212
316.3245

gy \|1||‘\|.|\ I|‘J “u ‘ LU “

1

327.22

I{I ||(

+MS, 3.0min #178, -Spectral Bkgrnd

3472117

02

361.2240
341.2279

I"l\lll{.‘l\l\ll\. |1‘1|1‘\|I|\\|‘L|.\.

270 280

290 300 310 320

330 340 350 360 miz

Intens.

x104/ 303.2575

1.0
0.8
0.6
0.4

0.2

0.0

304.2773

304.7047

305.1902

+MS, 3.0min #178, -Spectral Bkgrnd

3057079 306.|1991

303.0

3035 304.0 3045

305.0

305.5 306.0 miz

Bruker Compass DataAnalysis 4.0 printed: 12/30/2016 2:51:58 PM Page 1 of 2

S76



Section S6. References

10.

11.

12.
13.

14.

15.

16.

J. Safari and Z. Zarnegar, C. R. Chimie, 2013, 16, 920-928.

S. Nazari, S. Saadat, P. K. Fard, M. Gorjizadeh, E. R. Nezhad and M. Afshari,
Monatsh. Chem., 2013, 144, 1877-1882.

E. E. Reza Mohammadi, Monireh Ghavami, Mohammad Zaman Kassaee, J.
Mol. Catal. A: Chem., 2014, 393, 309-316.

K. Tabatabaeian, M. A. Zanjanchi, M. Mamaghani and A. Dadashi, Res. Chem.
Intermed., 2016, 42, 5049-5067.

S. R. Ali Amoozadeh, J. Mol. Catal. A: Chem., 2015, 396, 96-107.

F. S. Arbosara, F. Shirini, M. Abedini and H. F. Moafi, J. Nanostruct. Chem.,
2015, 5, 55-63.

B. Das, B. Ravikanth, R. Ramu, K. Laxminarayana and B. V. Rao, J. Mol. Cat.
A: Chem., 2006, 255, 74-77.

Q. Zhang, H. Su, J. Luo and Y. Wei, Green Chem., 2012, 14, 201-208.

B. K. Banik, 1. Banik, M. Renteria and S. K. Dasgupta, Tetrahedron Lett., 2006,
46, 2643-2645.

R. H. Peiris, C. Hallé, H. Budman, C. Moresoli, S. Peldszus, P. M. Huck and R.
L. Legge, Water Research, 2010, 44, 185-194.

J. Chen, H. Wu, Z. Zheng, C. Jin, X. Zhang and W. Su, Tetrahedron Lett.,
20006, 47, 5383-5387.

A. Rahmatpour, J. Organomet. Chem., 2012, 712, 15-19.

B. Wang, Y. Gu, C. Luo, T. Yang, L. Yang and J. Suo, Tetrahedron Lett., 2004,
45, 3417-3419.

M. R. P. Hossein Reza Darabi, Kioumars Aghapoor, Asyeh Mirzaee, Farshid
Mohsenzadeh, Nazafarin Asadollahnejad, Hossein Taherzadeh, Yadollah
Balavar, Environ. Chem. Lett., 2012, 10, 5-12.

K. Aghapoor, L. Ebadi-Nia, F. Mohsenzadeh, M. Mohebi Morad, Y. Balavar
and H. R. Darabi, J. Organomet. Chem., 2012, 708-709, 25-30.

K. A. Hossein Reza Darabi, Abbas Darestani Farahani, Farshid Mohsenzadeh,
Environ. Chem. Lett., 2012, 10, 369-375.

S77



17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

. M. Curini, F. Montanari, O. Rosati, E. Lioy and R. Margarita, Tetrahedron
Lett., 2003, 44, 3923-3925.

S. S. Bimal K. Banik , Indrani Banik, J. Org. Chem., 2004, 69, 213-216.

A. Rahmatpour and J. Aalaie, Heteroat. Chem., 2011, 22, 85-90.

F. Taghavi, M. Gholizadeh, A. S. Saljooghi and M. Ramezani, RSC Adv., 2016,
6, 87082-87087.

V. Rama, K. Kanagaraj and K. Pitchumani, Tetrahedron Lett., 2012, 53, 1018-
1024.

M. L. K. Adinarayana Murthy Akondi, Rajiv Trivedi, Bojja Sreedhar, Sudheer
Kumar Buddana, Reddy Shetty Prakasham, Suresh Bhargava, J. Mol. Catal. A:
Chem., 2014, 386, 49-60.

S. P. Manmeet Kour, James H. Clark, Vivek K. Gupta, Rajni Kant, J. Mol.
Catal. A: Chem., 2016, 411, 299-310.

D. L. da Silva, B. Silva Terra, M. Ribeiro Lage, A. Lucia Tasca Gois Ruiz, C.
Capeletti da Silva, J. Ernesto de Carvalho, J. Walkimar de Mesquita Carneiro,
F. Terra Martins, S. Antonio Fernades and A. de Fatima, Org. Biomol. Chem.,
2015, 13, 3280-3287.

D. L. da Silva, B. Silva Terra, M. Ribeiro Lage, A. L. Ruiz, C. Capeletti da
Silva, J. E. de Carvalho, J. Walkimar de Mesquita Carneiro, F. Terra Martins, S.
A. Fernades and A. de Fatima, Org. Biomol. Chem., 2015, 13, 3280-3287.

S. Fatma, P. K. Singh, P. Ankit, Shireen, M. Singh and J. Singh, Tetrahedron
Lett., 2013, 54, 6732-6736.

M. A. Ali Maleki, Nakisa Ghamari, Appl. Organomet. Chem., 2016, 30, 939-
942.

M. Sadeghpour, A. Olyaei and M. Rezaei, J. Heterocyclic Chem., 2016, 53,
981-988.

M. S. Patil, A. V. Palav, C. K. Khatri and G. U. Chaturbhuj, Tetrahedron Lett.,
2017, 58, 2859-2864.

C. Syama Sundar, K. U. Maheswara Rao, N. Bakthavatchala Reddy, M. V.
Narayama Reddy, S. Siva Prasad and C. Suresh Reddy, Catal. Sci. Technol.,
2012, 2, 1382—-1385.

S78



31

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.

43.
44,

45

. A. R. Moosavi-Zare, M. A. Zolfigol, M. Zarei, A. Zare and V. Khakyzadeh, J.
Mol. Lig., 2015, 211, 373-380.

X. J. Sun, J. F. Zhou and P. S. Zhao, J. Heterocycl. Chem., 2011, 48, 1347-
1350.

F. Shirini, M. Abedini, M. Seddighi, O. G. Jolodar, M. Safarpoor, N. Langroodi
and S. Zamani, RSC Adv., 2014, 4, 63526-63532.

K. Aghapoor, L. Ebadi-Nia, F. Mohsenzadeh, M. Mohebi Morad, Y. Balavar
and H. R. Darabi, J. Organomet. Chem., 2012, 708-709, 25-30.

H. Cho, R. Madden, B. Nisanci and B. Torok, Green Chem., 2015, 17, 1088-
1099.

F. M. Kioumars Aghapoor, Hossein Reza Darabi, Hani Sayahi, Yadollah
Balavar, Res. Chem. Intermed., 2016, 42, 407-415.

M. A. V. R. d. S. Ana Filipa L. O. M. Santos, Struct. Chem., 2013, 24, 1981-
1992.

S. J. H. Hazlewood, Gordon K.; Lions, Francis; Baldick, Kenric J.; Cornforth,
John W.; Graves, John N.; Maunsell, James J.; Wilkinson, Thomas; Birch,
Arthur J.; Harradence, Rita H., Journal and Proceedings of the Royal Society of
New South Wales, 1937, 71, 92-102.

Liudvikas Akelis, Jolanta Rousseau, Robertas Juskenas, Jelena Dodonova, Cyril
Rousseau, Stéphane Menuel, Dominique Prevost, Sigitas Tumkevicius, Eric
Monflier and F. Hapiot, Eur. J. Org. Chem., 2015, 2016, 31-35.

S. Handy and K. Lavender, Tetrahedron Lett., 2013, 54, 4377-4379.

H. M. Abbas Ali Jafari, Environ. Chem. Lett., 2013, 11, 157-162.

T. D. Binns and R. Brettle, Journal of the Chemical Society C: Organic, 1966,
DOI: 10.1039/J39660000341, 341-343.

T. Zsolnai, Biochem. Pharmacol., 1961, 5, 387-304.

P. Grammaticakis, Comptes Rendus des Seances de I'Academie des Sciences,
Serie C: Sciences Chimiques 1971, 272, 1574-1547.

. K. N. D. Zelenin, J., Zhurnal Organicheskoi Khimii 1973,9, 1295-1304.

S79



