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General remarks

NMR data were obtained on Bruker AVANCE III 500MHz for 'H at 500 MHz and
for °C at 125 MHz with TMS as the internal standard. MS (EI) data were determined
on an Agilent 6890N GC system with a 5973N mass selective detector. HRMS data
were measured on an Agilent 6120 LC/TOF-MS with ESI source or Waters Premier

GC/ TOF-MS with EI source.

UV-VISacidity evaluation

Tested ethanol solutions were prepared from dried ethanol, 3-nitroanline and ionic
liquids, or 98% H,SO4, 85% H3PO4 and 37% HCI. All the spectra were recorded on a
SHIMADZU UV-2550 spectrophotometer at room temperature. The results are shown

Figure 1-3.
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Fig. 1 Absorption spectra of 3-nitroaniline for [Cl]-type acids in ethanol
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Fig. 2 Absorption spectra of 3-nitroaniline for [H,PO4]-type acids in ethanol
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Fig. 3 Absorption spectra of 3-nitroaniline for [HSO4]-type acids in ethanol

General procedurefor the one-pot Fischer indole synthesis

Cyclohexanone (0.49 g, 5.0 mmol) was mixed with the catalyst in water (15 mL),
and phenylhydrazine (0.54 g, 5.0 mmol) was added. The mixture was then stirred at
80°C for about 0.5 h. Reaction progress was monitored by GC-MS. After completion,

the reaction mixture was cooled to room temperature, and 1,2,3,4-tetrahydrocarbazole
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was obtained by filtration and drying without further purification.

Table 1 The Fischer indole synthesis of cyclohexanone with phenylhydrazine in water *

Entry Acidic catalyst Time/h  Conversion (%) Isolated yield (%)
1 Dowex-50 acid resin 10 32 -
2 p-TsOH 2 90 80

3 p-TsOH 3 60 38
4®  HCl 3 92 77
5  HsPO, 3 83 70
6°  H;PO, 8 55 34
7% H,SO, 1 98 84
8°  H,SO4 10 65 42
9  [bmim][Cl] 10 30 -
10 [bmim][H,POs4] 8 68 40
11 [bmim][HSO4] 5 80 68
12 [HSOs-pmim][Cl] 10 60 30
13 [HSO;-pmim][H2PO4] 8 80 60
14 [HSO;-pmim][HSO4] 3 89 77
15  [HSOs-bmim][Cl] 8 55 30
16  [HSO;-bmim][H,PO4] 8 75 50
17 [HSO;-bmim][HSO4] 3 86 74
18  [HSOs-pPydin][Cl] 8 59 30
19 [HSOs-pPydin][H,PO4] 8 75 50
20  [HSO;-pPydin][HSO4] 3 85 73
21  [HSO;-bPydin][Cl] 8 54 30
22 [HSO;-bPydin][H,PO4] 8 72 53
23 [HSO;-bPydin][HSO4] 3 83 71
24°  [(HSOs-p),im][CI] 7 86 75
25°  [(HSOs-p),im][H2PO4] 4 97 86
26°  [(HSOs-p)im][HSO,] 0.5 >09 93
27°  [(HSOs-b),im][CI] 7 84 72
28°  [(HSOs-b),im][H,PO4] 4 98 83
29°  [(HSOs-b),im][HSO4] 0.5 >99 90
30°  [(HSO;-p)2im][HSO4] 0.5 >99 90
319 [(HSOs-p),im][HSO4] 6 55 30
32¢  [(HSOs-p),im][HSO4] 12 >99 89
335 [(HSOs-p),im][HSO4] 3 96 84

* Reaction conditions: cyclohexanone (5 mmol), phenylhydrazine (5 mmol), acidic
catalyst (5 mmol), water (15 mL). ® The amount of catalyst: 2.5 mmol. © The amount

of catalyst: 1.5 mmol. ¢
out at room temperature.
system.

The amount of catalyst: 1 mmol.

¢ The reaction was carried
2.5 mmol NH,OH was previously added into the reaction
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Spectra and data of typical SOzH-functionalized ionic liquids

[\ HSO,
A0S NN SO 50,-p),im][HSOL: 'H NMR (500 Mz,
D0, & ppm): & 2.12-2.18 (m, 4H), 2.75-2.78 (t, 4H, J = 7.5 Hz), 4.18-4.21 (t, 4H, J =
7.5 Hz), 7.39-7.40 (d, 2H, J = 1.5 Hz), 8.70 (s, 1H). >C NMR (125 MHz, D,0, &
ppm): 27.6, 49.8, 50.4, 125.1, 138.3. HRMS: calcd for CoH;7N,06S>: 313.0527
[M-HSO,4]" found: 313.0528 [M-HSO,]".
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Formula (M) Score Mass Calc Mass Difference (ppm) DBE
C9H17N206S2 100 313.0527 313.0528 0.33 25
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/;\ HSO,

SN UN
HO3S ~ SOsH [(HSD4-b),im][HSO.]: "H NMR (500
MHz, D,O, & ppm): 1.48-1.54 (m, 4H), 1.76-1.82 (m, 4H), 2.69-2.72 (m, 4H),
3.99-4.02 (t, 4H, J = 7.5 Hz), 7.29 (d, 2H, J = 2 Hz), 8.59 (s, 1H). °C NMR (125
MHz, D,0O, & ppm): 20.9, 28.0, 48.9, 50.0, 122.4, 135.2. HRMS: calcd for

C11H21N»O4S5: 341.0844 [M-HSO4]", found: 341.0841 [M-HSO,]".
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Formula (M) Score Mass Calc Mass Difference (ppm) DBE
C11H21N206S2 100 341.0844 341.0841 -0.87 25
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/E\ HSO,
/N\/N\/\/SOSH : 1 .
[HSO3-pmim][HSO,4]: 'H NMR (500 MHz, D0, 6 ppm):
2.17-2.23 (m, 2H), 2.79-2.82 (t, 2H, J = 7.5 Hz), 3.78 (s, 3H), 4.24-4.27 (t, 2H, J =
7.5 Hz), 7.33-7.34 (t, 1H, J=2 Hz), 7.41 (t, 1H, J=2 Hz), 8.64 (s, 1H).

8.642
414
410
407
340
337
333

) ) l|1 | i
L oy AR y .
o o N N e N
2 EE s & s 8

‘ T T T T T T T TT ‘ TT T T T 1T TT ‘ T T T 111 rrT ‘ T T T 111 rrT ‘ T T T T T T TrTT ‘ T T T T T T TrTT ‘ T T T rrrT ‘ T T 17T

ppm 8.0 7.0 6.0 5.0 4.0 3.0 2.0

—\  HSO,;
N® N
NS

SOsH [HSO4-bmim][HSO4]: 'H NMR (500 MHz, DMSO, 5
ppm): 1.51-1.55 (m, 2H), 1.84-1.90 (m, 2H), 2.43-2.46 (t, 2H, J = 7.5 Hz), 3.85 (s,
3H), 4.17-4.20 (t, 2H, J = 7 Hz), 7.70-7.71 (t, 1H, J= 2 Hz), 7.78 (t, 1H, J = 2 Hz),
9.14 (s, 1H).
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N ™51 1HSO-pPydim][HSO.: 'H NMR (500 MHz, D,O, § ppm):
2.34-2.40 (m, 2H), 2.87-2.90 (t, 2H, J = 7.5 Hz), 4.66-4.70 (t, 2H, J = 7.5 Hz),
7.98-8.00 (t, 2H, J = 7.5 Hz), 8.45-8.48 (t, 1H, J = 8 Hz), 8.79-8.80 (d, 2H, J = 5.5
Hz).
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Spectra and data of indole products ™!

1,2,3,4-Tetrahydrocyclopenta[blindloe: mp 101-103°C (lit!'102-104°C). 'H
NMR (500 MHz, CDCLs, 8 ppm): 2.51-2.57 (m, 2H), 2.82-2.88 (m, 4H), 7.06-7.10 (m,

2H), 7.29-7.30 (dd, 1H, J = 2.5 Hz), 7.42-7.44 (dd, 1H, J = 2.5 Hz), 7.82 (s, 1H). MS
(ED): m/z 157 [Mr.
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2,3,4,9-Tetrahydro-1H-carbazole: mp 116-118 °C (lit®118-119°C). 'H NMR
(500 MHz, CDCls, & ppm): 1.86-1.93 (m, 4H ), 2.70-2.74 (m, 4H), 7.05-7.12 (m, 2H ),

7.27-7.29 (d, 1H, J = 7.5 Hz), 7.45-7.47 (d, 1H, J = 7.5 Hz), 7.67 (s, 1H). MS (EI):
m/z 171 [M]".
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5,6,7,8,9,10-Hexahydrocycloheptalblindole: mp 143-144°C. (1it*138-142°C) 'H
NMR (500MHz, CDCls, 8 ppm): 1.75-1.80 (m, 4H), 1.87-1.92 (m, 2H), 2.80-2.84 (m,
4H), 7.05-7.10 (m, 2H), 7.24-7.26 (d, 1H, J = 8.5 Hz), 7.46-7.48 (dd, 1H, J = 2.5 Hz,
3.5 Hz), 7.66 (s, 1H). MS (EI): m/z 185 [M]".

NNNNNSNNN NNNNNNSN NaNaNNNNAATA A AT oo

Ly v by

[=N=ly=0d » NA

2988 8 =

TTTTTTT TTTTTTTT TTTTTT TTTTTTT T T TTTT \\‘ TTT \\‘\\ ‘
DBH 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

1,3,4,5-Tetrahydrothiopyrano[4,3-blindole: mp 157-159 °C (lit'158-160°C). 'H
NMR (500 MHz, CDCLs, 8 ppm): 3.01-3.02 (d, 4H, J = 3 Hz), 3.87 (s, 2H), 7.08-7.11
(m, 1H), 7.13-7.16 (m, 1H), 7.28-7.30 (dd, 1H, J =1 Hz, 7 Hz), 7.44-7.46 (d, 1H, J =
8 Hz ), 7.78 (s, 1H). MS (EI): m/z 189 [M]".
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3-Methyl-2,3,4,9-tetrahydro-1H-car bazole: mp 109-110 °C (1it"'”108-111°C). 'H
NMR (500 MHz, CDCls, & ppm): 1.13-1.14 (d, 3H, J = 6.5 Hz), 1.53-1.62 (m, 1H),
1.95-1.99 (m, 2H), 2.26-2.30 (dd, 1H, J = 9.5 Hz, 15 Hz), 2.73-2.78 (m, 2H),
2.82-2.86 (dd, 1H, J = 5 Hz, 15Hz), 7.05-7.12 (m, 2H), 7.26-7.28 (d, 1H, J = 7.5 Hz),
7.44-7.45 (d, 1H, J= 7.5 Hz), 7.67 (s, IH). MS (EI): m/z 185 [M]".
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3-tert-Butyl-2,3,4,9-tetrahydro-1H-carbazole: mp 126-127 °C (lit!1126-127°C).
'H NMR (500 MHz, CDCLs, & ppm): 1.00 (s, 9H), 1.50-1.56 (m, 2H), 2.09-2.12 (m,
1H), 2.38-2.43 (t, 1H, J = 12.5 Hz ), 2.74-2.85 (m, 3H), 7.05-7.12 (m, 2H), 7.26-7.27

(d, 1H, J= 7.5 Hz), 7.46-7.47 (d, 1H, J = 7.5 Hz ), 7.65 (s, 1H). MS (EI): m/z 228
[M+1]".
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2,3-Dimethyl-1H-indole: mp 106-107 °C (1itt”'107°C). "H NMR (500 MHz, CDCls,
& ppm): 2.22 (s, 3H), 2.36 (s, 3H), 7.05-7.12 (m, 2H), 7.24-7.26 (d, 1H, J = 9 Hz),
7.46-7.47 (d, 1H, J= 7.5 Hz), 7.67 (s, IH). MS (EI): m/z 145 [M]".
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2-Ethyl-3-methyl-1H-indole: mp 64-65 °C (lit!"'164-65°C). "H NMR (500 MHz,
CDCls, & ppm): 1.26-1.29 (t, 3H J = 7.5 Hz), 2.24 (s, 3H), 2.74-2.78 (t, 2H, J = 7.5
Hz), 7.06-7.12 (m, 2H), 7.26-7.28 (d, 1H, J =9 Hz), 7.47-7.49 (t, 1H, J= 7 Hz), 7.71
(s, 1H). MS (EI): m/z 159 [M]".
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3-Benzyl-1H-indole: mp 103-105 °C (lit!"¥'102-105°C ). '"H NMR (500 MHz,
CDCls, & ppm): 4.12 (s, 2H), 6.90-6.91 (t, 1H, J= 1 Hz), 7.06-7.10 (m, 1H), 7.16-7.20
(m, 2H), 7.25 (d, 1H, J= 3.5 Hz), 7.27-7.28 (d, 2H, J = 4.5 Hz), 7.34-7.36 (d, 1H, J =
8 Hz), 7.51-7.53 (d, 1H, J=8 Hz ) 7.93 (s, 1H). MS (EI): m/z 207 [M]".
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3-Methyl-2-phenyl-1H-indole: mp 92-93 °C (lit*'93-94°C). "H NMR (500 MHz,
CDCls, & ppm): 2.47 (s, 3H), 7.13-7.16 (m, 1H), 7.19-7.22 (m, 1H), 7.34-7.37 (m, 2H),
7.46-7.49 (t, 2H, J= 8 Hz), 7.57-7.61 (m, 3H), 8.00 (s, 1H). MS (EI): m/z 207 [M]".
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8-Chloro-2,3,4,9-tetr ahydro-1H-carbazole: mp 178-180 °C (lit!"'178-180°C). 'H
NMR (500 MHz, CDCls, & ppm): 1.85-1.88 (m, 2H), 1.89-1.93 (m, 2H), 2.67-2.70 (m,
2H), 2.72-2.75 (m, 2H), 6.97-7.00 (t, 1H, J = 8 Hz), 7.09-7.10 (d, 1H, J = 7.5 Hz),
7.33-7.35(d, 1H, J=8 Hz ), 7.88 (s, 1H). MS (EI): m/z 205 [M]".
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6-Chloro-2,3,4,9-tetr ahydro-1H-carbazole: mp 141-143°C (lit!"142-144°C). 'H
NMR (500 MHz, CDCls, & ppm): 1.85-1.89 (m, 2H), 1.89-1.92 (m, 2H), 2.64-2.67 (m,
2H), 2.71-2.73 (m, 2H), 7.04-7.06 (dd, 1H, J=2 Hz, 8.5Hz), 7.17-7.18 (d, 1H, J=8.5
Hz), 7.41 (d, 1H, J=2 Hz), 7.70 (s, 1H). MS (EI): m/z: 205 [M]".
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6,8-Dichloro-2,3,4,9-tetrahydro-1H-car bazole: mp 64-66°C. '"H NMR (500 MHz,
CDCls, & ppm ): 1.85-1.88 (m, 2H), 1.89-1.93 (m, 2H), 2.63-2.65 (m, 2H), 2.73-2.76
(m, 2H) 7.10 (d, 1H, J =2 Hz), 7.31-7.32 (d, 1H, J =2 Hz), 7.90 (s, 1H ). MS (EI):
m/z 239 [M-1]".
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6-Nitro-2,3,4,9-tetrahydro-1H-carbazole: mp 165-166 °C. '"H NMR (500 MHz,
CDCls, 6 ppm): 1.89-1.96 (m, 4H), 2.72-2.77 (m, 4H), 7.27-7.29 (d, 1H, J =9 Hz),
8.02-8.04 (dd, 1H, J = 2.5 Hz), 8.08 (s, 1H), 8.41-8.42 (d, 1H, J = 2 Hz). MS (EI):
m/z 216 [M]".
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8-Chloro-3-methyl-2,3,4,9-tetrahydro-1H-carbazole: mp 98-100 °C. 'H NMR
(500 MHz, CDCls, & ppm): 1.13-1.14 (d, 3H, J = 6.5 Hz), 1.53-1.62 (m, 1H),
1.92-1.99 (m, 2H), 2.25-2.29 (m, 1H), 2.78-2.84 ( m, 3H), 6.98-7.01 (t, 1H, J=8 Hz),
7.09-7.10 (d, 1H, J = 7 Hz), 7.33-7.34 (d, 1H, J = 7.5 Hz), 7.90 (s, 1H). °C NMR
(125 MHz, CDCls, 6 ppm): 21.6, 22.8, 29.4, 29.5, 31.2, 111.3, 115.9, 116.4, 119.9,

120.3, 129.3, 133.1, 134.7. HRMS caled for C;3H;4NCI: 219.0816 [M]", found:
219.0815 [M]".
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6-Chloro-3-methyl-2,3,4,9-tetrahydro-1H-carbazole: mp 106-108 °C. '"H NMR
(500 MHz, CDCls, & ppm): 1.12-1.14 (d, 3H, J = 6.5 Hz), 1.54-1.57 (m, 1H),
1.93-1.98 (m, 2H), 2.21-2.26 (m, 1H), 2.74-2.80 (m, 3H), 7.03-7.06 (dd, 1H, J=2 Hz,
8.5Hz), 7.16-7.18 (d, 1H, J = 8.5 Hz), 7.40 (d, 1H, J=2 Hz ), 7.70 (s, 1H). °C NMR
(125 MHz, CDCl;, 6 ppm): 21.6, 22.8, 29.1, 29.5, 31.2, 109.9, 111.2, 117.3, 120.9,
124.6, 128.9, 134.2, 135.5. HRMS caled for C;3H4NCIL: 219.0822 [M],

219.0815 [M]".
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3-Methyl-6-nitro-2,3,4,9-tetrahydro-1H-carbazole: mp 149-151 °C. '"H NMR
(500 MHz, CDCl, § ppm): 1.15-1.16 (d, 3H, J = 7 Hz), 1.58-1.63 (m, 1H), 1.96-2.05
(m, 2H), 2.28-2.33 (m, 1H), 2.78-2.80 (m, 2H), 2.85-2.89 (dd, 1H, J = 5 Hz, 15.5Hz),
7.27-7.28 (d, 1H, J = 8.5 Hz), 8.02-8.04 (dd, 1H, J = 2 Hz, 8.5 Hz), 8.12 (s, 1H),
8.40-8.41 (d, 1H, J=2 Hz). MS (EI): m/z 230 [M]".
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2,3-Dimethyl-5,7-dichloro-1H-indole: mp 93-94°C. '"H NMR (500MHz, CDCl;, &
ppm): 2.17 (s, 3H), 2.38 (s, 3H), 7.09-7.10 (d, 1H, J = 1.5 Hz), 7.33 (d, 1H, J= 1.5
Hz), 7.89 (s, 1H). *C NMR (125MHz, CDCls, 8 ppm): 8.5, 11.6, 108.3, 115.8, 116.4,
120.2, 124.6, 130.9, 131.3, 133.2. HRMS calcd for C;3H4NCI: 213.0116 [M]", found:
213.0112 [M]".
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2,3-Dihydro-1H-carbazol-4(9H)-one: mp 224-225 °C (lit!"®*1223-224 °C). 'H
NMR (500 MHz, DMSO, & ppm): 2.10-2.15 (m, 2H), 2.42-2.44 (t, 2H, J = 6.5 Hz),
2.95-2.98 (t, 2H, J = 6 Hz), 7.12-7.18 (m, 2H), 7.39-7.40 (d, 1H, J = 2 Hz), 7.94-7.96
(d, 1H, J=7 Hz), 11.86 (s, 1H). MS (EI): m/z 185 [M]".
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2,2-Dimethyl-2,3-dihydro-1H-carbazol-4(9H)-one: mp 195-196°C. 'H NMR
(500 MHz, DMSO, & ppm): 1.09 (s, 6H), 2.33 (s, 2H), 2.85 (s, 2H), 7.12-7.18 (m, 2H),
7.39-7.40 (dd, 1H, J = 2 Hz, 7 Hz), 7.92-7.94 (d, 1H, J = 6.5 Hz), 11.83 (s, 1H). MS
(ED): m/z 213 [M]".
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