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Abstract

The Michael addition reaction of indoles with «, B-unsaturated ketones was studied using
brgnsted acidic ionic liquid [ThiN(CH2)4SO3][p-CH3PhSO3] as catalyst. A series of $-indolone deriv-
atives were obtained in up to 99% yield. The catalyst ionic liquid used in the approach can be eas-
ily recycled and reused for at least three cycles without decreasing its catalytic activity. The ap-
proach is characterized by mild condition and simple operation. It provides a new method for the
synthesis of -indole derivatives.
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1. 51§

RPN, WA Ry — R B SRR S5 R AE VS M A &, TE25%0 . ThREM BN & R 540k 5
T[4 [2] [3] [4] [5]- B-Ml Wi 1 & W £E 8| WAk, 2 (R AT 9T vh B B AT, 303 5 JR I RS S 4 %Ak
HYHIA &% 2 —[6] [7] [8] [9] [10].

IEAESR, B PR A CEE . (RAE R M R 7 M P RE AN m] (5 A 056 FH S0 sl 32 SRR [11] [12]
[13] [14]. BSFWAARLE R R BLE R MEAFRIBE RN T A LA BUR L, FTRARRL. s Rt H 2R
M SEBUL S22 8 1A, FFE SO A [15] [16]. T AU B LR B IR A0 (1 BT 70 S
[17] [18], ASCKFH Bronsted 24 Th RE AL ERL R R 25 -7 14 [ ThiN(CH,),SO5] [p-CH3PhSOs LG Ik 5 o,
B-AN VLRI ¢ A2 3 SR MR S, LA 82%~99%[11 7 245 21 1 — R 51 B-WIWREiAL &G AR J5 A AE TR
VIREE VR . P, MR DB A 3 W DL A A s PR TG B 2 R P
2. SRS
2.1. X5

Hi-t Buchi B-540 %% fif%; 7% Bruker Equinox 55 ZL4MGi X (KBr [% /): %[ Varian inova-400
RUTESEARAL(TMS AR, CDCly. D,0 Bt DMSO-dg J¥7); 35 E HP1100 iAH (il iR AL . Fif ik
RIS ATTE AT, HIRTA S B A .

2.2. Bronsted B4 B8 FRAE[ThiN(CH,),SOs][p-CH:PhSOs] & R
Bronsted 21 25 FRAA[ThiN(CH,),SO3] [p-CH3PhSOs] ) & il 2 [ STk [19]
2.3. 0, B-AIAFMENKE K
o, B-ANHLFIER & 2 ISR [20]
2.4, B-W|REEEL &) 3a-3z A R R GEHDH
WL A (L mmol). o, B-A1EFIE LA (L mmol). Brensted R M B T R A& i 4 5
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[ThiN(CH,),SOs5][p-CH3PhSO3] (10 mol%)Fl Z. (5 mL){E 80°C N it FE /N 5 he NS H 5, 5[
REWEBZFR, MUK SRR IR A, g, BT K e RS 2 P H =4
GRERHEE N B AL B B AR =gl Ml 1 R, it &% "HNMR, C NMR,
IR A1 MS HE .

KA AV AR RAE DT«

WA 3h: # KA *H NMR (CDCls, 400 MHz): § (ppm): 7.99 (s, 1H), 7.90-7.92 (m, 2H), 7.92 (d, J =
7.6 Hz, 2H), 7.46-7.52 (m, 1H), 7.39 (d, J = 7.6 Hz, 1H), 7.27-7.32 (m, 1H), 7.14 (t, J = 8.0 Hz, 1H), 6.88-7.03
(m, 6H), 5.03 (t, J = 8.0 Hz, 1H), 3.84 (s, 3H), 3.60-3.76 (m, 2H): *C NMR (CDCl;, 100 MHz): & (ppm) :
196.91, 163.47, 162.53, 160.10, 140.01, 139.98, 136.63, 130.37, 130.12, 129.29, 129.21, 126.48, 122.23,
121.29, 119.47, 119.44, 119.33, 115.24, 115.03, 113.73, 111.15, 76.70, 55.47, 44.80, 37.64; IR (KBr), vyadcm™:
3390, 3048, 2908, 2838, 1659, 1598, 1507, 1419, 1355, 1253, 1218, 1180, 1020, 980, 837, 742, 591, 534;
ESI-MS: m/z (%) = 396 (100) [M+Na] *.

& 3j: L# KA, 'H NMR (CDCls, 400 MHz): & (ppm): 7.88 (d, J = 12.0 Hz, 3H), 6.86-7.48 (m,
10H), 4.98 (t, J = 8.0 Hz, 1H), 4.04-4.09 (m, 2H), 3.59-3.77 (m, 2H), 2.17 (s, 6H ), 1.40 (t, J = 4.0 Hz, 3H); **C
NMR (CDCls, 100 MHz): & (ppm) : 197.16, 162.76, 141.82, 136.59, 136.38, 134.27, 130.38, 130.10, 129.59,
129.17, 126.74, 124.97, 121.99, 121.34, 119.73, 119.61, 119.28, 114.08, 111.01, 76.69, 63.71, 44.97, 37.89,
19.89, 19.32, 14.66; IR (KBr), vmadcm™ 3335, 3041, 2982, 2936, 2889, 1649, 1592, 1420, 1357, 1259, 1171,
1041, 816, 741, 610; ESI-MS: m/z (%) = 420 (100) [M+Na] *.

AW 3k: ALK AR, 'H NMR (CDCls, 400 MHz): 8 (ppm): 8.05 (s, 1H), 7.87-7.91 (m, 2H), 6.86-7.50
(m, 10H), 5.01 (s, 1H), 4.04-4.10 (m, 2H), 3.56-3.75 (m, 2H), 1.41 (t, J = 8.0 Hz, 3H); *C NMR (CDCls, 100
MHz): & (ppm) : 196.46, 163.02, 158.75, 156.30, 141.95, 141.92, 136.63, 132.64, 130.37, 129.77, 128.45,
128.37, 126.33, 122.36, 121.31, 119.59, 119.28, 118.67, 116.29, 116.07, 114.22, 111.24, 108.93, 108.72, 76.71,
63.79, 44.57, 37.34, 14.65; IR (KBr), vne/cm™ 3331, 3058, 2983, 2935, 2895, 1645, 1598, 1493, 1334, 1246,
1172, 1042, 980, 813, 738, 612; ESI-MS: m/z (%) = 490 (100) [M+Na] *.

A 31 ¥ B KR 'TH NMR (CDClg, 400 MHz): & (ppm): 7.92-7.99 (m, 2H), 6.80-7.39 (m, 9H), 5.46
(t, J = 8.0 Hz, 1H), 4.06-4.11 (m, 2H), 3.72-3.84 (m, 1H), 3.53-3.76 (m, 2H), 1.55 (s, 1H), 1.41 (t, J = 8.0 Hz,
3H); *C NMR (CDCl;, 100 MHz): & (ppm) : 196.56, 141.28, 137.40, 137.29, 136.69, 136.58, 134.57, 133.14,
130.17, 129.69, 129.07, 127.10, 126.87, 126.14, 124.83, 121.72, 119.48, 118.90, 117.74, 109.31, 109.21, 76.69,
45.42, 37.78, 32.69, 19.91, 19.34; IR (KBr), vn/cm’™: 3384, 3059, 2980, 1652, 1598, 1484, 1340, 1248, 1173,
1041, 907, 844, 742, 640; ESI-MS: m/z (%) = 444 (100) [M+Na] *.

o s
ThiN(CH,),SOj3][p-CH3PhSO
N\ 4 _ [T 2)4=05][p"Hs 3] N
©\/'\> Rz)J\/\ Rs CHLCN, 80 °C o
R, Ry Rs
Ry =H, CH,
ThiN(CH,)4SO4][p-CHsPhSO5 = S NH
[ (CH2)4503)[p-CH3 3] by \/\/\SOSH
I p-CH;PhSO3

Scheme 1. Synthesis of B-indolone compounds
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&% 3m: WK 'H NMR (CDCls, 400 MHz): & (ppm) : 7.94 (s, 2H), 7.71 (d, J = 8.0 Hz, 1H),
7.00-7.06 (m, 9H), 4.98 (t, J = 8.0 Hz, 1H), 3.61-3.75 (m, 2H), 2.18 (s, 6H); *C NMR (CDCl;, 100 MHz): &
(ppm) : 196.57, 196.02, 141.09, 137.43, 136.68, 136.57, 134.62, 133.15, 130.61, 130.15, 129.69, 129.06,
127.09, 126.51, 124.88, 122.20, 121.28, 119.46, 111.10, 58.49, 45.27, 37.89, 19.90, 19.33; IR (KBr), vpad/cm™:
3393, 3040, 2922, 1677, 1580, 1453, 1387, 1276, 1190, 1026, 880, 802, 741, 523; ESI-MS: m/z (%) = 444 (45)
[M+Na] *.

A 30: WHEK A, 'H NMR (CDCl,, 400 MHz): § (ppm) : 7.91-7.94 (m, 2H), 7.16-7.57 (m, 7H),
7.24 (t, J = 3.6 Hz, 1H), 6.99-7.03 (m, 1H), 6.90-6.95 (m, 2H), 6.83 (s, 1H), 5.02 (t, J = 8.0 Hz, 1H), 3.75 (d, J =
9.6 Hz, 2H), 3.74 (s, 3H); *C NMR (CDCls, 100 MHz): & (ppm) : 196.57, 141.09, 137.43, 136.68, 136.57,
134.62, 133.15, 130.61, 130.15, 129.69, 129.06, 127.09, 126.51, 124.88, 122.20, 121.28, 119.46, 119.27,
111.10, 76.69, 45.27, 37.89, 19.90, 19.33; IR (KBr), vmadcm™: 3058, 2878, 1673, 1569, 1505, 1448, 1308, 1223,
1155, 1012, 976, 830, 742, 690; ESI-MS: m/z (%) = 380 (100) [M+Na] *.

&9 3q: HEEK AR "H NMR (CDCls, 400 MHz): & (ppm) : 7.92 (d, J = 7.6 Hz, 2H), 7.46-7.52 (m,
4H), 7.19-7.32 (m, 5H), 7.11-7.15 (m, 1H), 7.01 (t, J = 1.6 Hz, 1H), 6.84 (s, 1H), 5.12-5.16 (m, 1H), 3.74 (s,
3H), 3.32-3.3.52 (m, 2H); *C NMR (CDCl;, 100 MHz): & (ppm) : 188.35, 164.42, 163.01, 161.89, 138.54,
138.53, 136.34, 136.23, 130.92, 130.50, 129.86, 129.83, 129.07, 128.98, 124.37, 124.34, 117.69, 117.44,
114.81, 114.59, 114.31, 76.69, 63.80, 14.67.; IR (KBr), vmad/cm™ 3056, 2909, 2823, 1673, 1592, 1471, 1371,
1237, 1196, 1071, 998, 881, 737, 686; ESI-MS: m/z (%) = 442 (100) [M+Na] *.

&9 3t: kK ; *H NMR (CDCl,, 400 MHz): § (ppm) : 7.75-7.79 (m, 2H), 7.54-7.57 (m, 2H), 7.43
(d, J = 8.0 Hz, 1H), 7.14-7.35 (m, 7H), 6.99-7.03 (m, 1H), 6.81 (s, 1H), 5.02 (t, J = 8.0 Hz, 1H), 3.73-3.79 (m,
2H), 3.72 (s, 3H); *C NMR (CDCl;, 100 MHz): § (ppm) : 197.54, 144.10, 137.30, 135.80, 131.83, 129.61,
128.45, 128.12, 127.72, 126.87, 126.33, 126.18, 121.73, 119.50, 118.89, 117.58, 109.30, 109.22, 45.22, 38.17,
32.71; IR (KBr), vmadcm™: 3054, 2885, 1679, 1580, 1481, 1397, 1243, 1194, 1069, 972, 828, 740, 697; ESI-MS:
m/z (%) = 442 (75) [M+Na] .

&Y 3u: Bk K ; tH NMR (CDCls, 400 MHz, TMS): 8 (ppm) : 7.83-7.85 (m, 2H), 7.16-7.43 (m, 7H),
7.01 (t, J = 7.6 Hz, 1H), 6.77-6.80 (m, 3H), 4.97 (t, J = 8.0 Hz, 1H), 3.74 (s, 3H), 3.71 (s, 3H), 3.62-3.70 (m,
2H); *C NMR (CDCls, 100 MHz): & (ppm) : 188.07, 146.42, 140.47, 137.96, 137.35, 137.09, 133.19, 132.12,
130.68, 130.41, 130.32, 129.77, 127.48, 126.38, 119.66, 76.68, 19.95, 19.77; IR (KBr), vya/cm™: 3050, 2934,
2834, 1677, 1585, 1508, 1466, 1250, 1173, 1092, 1035, 1009, 976, 829, 802, 740; 7.88-7.92 (d, 2H, CH),
7.18-7.21 (d, 2H, CH), 7.04-7.06 (d, 2H, CH); ESI-MS: m/z (%) = 426 (98) [M+Na] *.

A 3v: Bty & *H NMR (CDCls, 400 MHz): 8 (ppm) : 7.75 (d, J = 8.8 Hz, 2H), 7.53 (d, J = 8.8 Hz,
2H), 7.46 (d, J = 8.0 Hz, 1H), 6.99-7.25 (m, 7H), 6.79 (s, 1H), 3.62-3.66 (m, 2H), 3.76 (s, 3H), 2.18 (s, 6H); °C
NMR (CDCls, 100 MHz): & (ppm) : 197.64, 141.50, 137.27, 136.47, 135.86, 134.42, 131.77, 129.62, 129.08,
128.00, 126.92, 126.12, 124.82, 121.63, 119.50, 118.81, 117.89, 109.15, 77.30, 77.19, 76.99, 76.67, 45.36,
37.71, 32.67, 19.89, 19.32; IR (KBr), vmad/cm™ 3044, 2915, 1677, 1580, 1478, 1377, 1248, 1197, 1069, 1004,
975, 816, 744; ESI-MS: m/z (%) = 468 (100) [M+Na] *.

A 3w: B K A ; 'H NMR (CDCls, 400 MHz): & (ppm) : 7.92-7.96 (m, 2H), 6.80-7.41 (m, 10H), 5.46
(t, J = 8.0 Hz, 1H), 4.09 (dd, 2H, J = 12.0, 7.2 Hz), 3.73-3.75 (m, 1H), 3.72 (s, 3H), 3.54-3.60 (M, 1H), 1.45 (s,
3H); *C NMR (CDCls;, 100 MHz): & (ppm) : 196.30, 162.91, 162.01, 159.54, 137.87, 137.83, 137.29, 133.97,
133.87, 130.40, 129.89, 129.81, 129.69, 126.92, 126.55, 121.79, 119.42, 118.94, 116.94, 116.70, 116.16,



114.14, 113.93, 109.19, 76.66, 63.73, 43.95, 34.36, 32.75, 14.65; IR (KBr), vmad/cm™: 3051, 2981, 2902, 1668,
1599, 1483, 1315, 1244, 1177, 1040, 904, 846, 745, 600; ESI-MS: m/z (%) = 458 (100) [M+Na] *.

A 3x: FELLH A, 'H NMR (CDCls, 400 MHz): & (ppm) : 7.89-7.92 (m, 2H), 7.46 (d, J = 8.0 Hz,
1H), 6.86-7.25 (m, 8H), 6.80 (s, 1H), 4.97 (t, J = 8.0 Hz, 1H), 4.07 (d, J = 7.2 Hz, 2H), 3.61-3.75 (m, 5H), 2.18
(s, 6H), 1.42 (t, J = 7.2 Hz, 3H); *C NMR (CDCls, 100 MHz):8 (ppm) : 197.08, 162.73, 141.97, 137.28, 136.37,
134.21, 130.37, 130.08, 129.58, 129.16, 127.06, 126.16, 124.90, 121.51, 119.64, 118.70, 118.24, 114.04,
109.08, 76.68, 63.69, 45.08, 37.73, 32.67, 19.91, 19.34, 14.67; IR (KBr), vnad/cm™ 3044, 2974, 2929, 1667,
1599, 1472, 1309, 1247, 1174, 1045, 838, 742, 610; ESI-MS: m/z (%) = 434 (100) [M+Na] *.

AW 3y: ¥k & ; *H NMR (CDCls, 400 MHz): 8 (ppm) : 7.51 (d, J = 7.6 Hz, 1H), 7.12-7.37 (m, 7H),
7.00-7.04 (m, 3H), 6.83 (s, 1H), 4.92 (t, J = 8.0 Hz, 1H), 3.74 (s, 3H), 3.54-3.70 (m, 1H), 2.34 (s, 3H), 2.29 (s,
3H); *C NMR (CDCls, 100 MHz):3 (ppm) : 201.35, 144.80, 141.99, 138.65, 137.30, 134.91, 132.90, 132.26,
130.25, 130.05, 129.77, 128.64, 127.35, 126.66, 126.26, 126.15, 121.93, 119.27, 119.08, 116.67, 109.31, 76.68,
47.58, 37.76, 32.74, 21.36, 21.10; IR (KBr), vpna/cm™: 3051, 2958, 2917, 1668, 1561, 1466, 1347, 1290, 1199,
1124, 1029, 978, 818, 741, 6890; ESI-MS: m/z (%) = 437 (100) [M+H"], 458 (93) [M+Na] *.

AW 3z # kK ; 'H NMR (CDClg, 400 MHz): § (ppm) : 7.94 (d, J = 1.6 Hz, 1H), 7.70 (dd, J = 12, 2.0
Hz, 1H), 7.45-7.49 (m, 3H), 7.16-7.26 (m, 5H), 7.00-7.09 (m, 5H), 6.79 (s, 1H), 4.94 (t, J = 8.0 Hz, 1H),
3.66-3.73 (m, 3H), 2.18 (s, 3H); *C NMR (CDCl;, 100 MHz): 5 (ppm) : 196.54, 141.27, 137.40, 137.28,
136.68, 136.56, 134.56, 133.13, 130.59, 130.16, 129.69, 129.06, 127.09, 126.86, 126.13, 124.83, 121.71,
119.47, 118.89, 117.73, 109.20, 45.42, 37.78, 32.70, 19.91, 19.34; IR (KBr), vma/cm™: 3085, 3013, 2934, 2891,
1678, 1579, 1463, 1387, 1243, 1197, 1027, 815, 744, 677; ESI-MS: m/z (%) = 458 (100) [M+Na] *.

3. RiTie
3.1. bR HE

ARG IR FN 3-(4- Y HE IR I ) -1-(4-F AR B R 8 )- 1- TR PE 28 T ) S SRS, of S L 2k ARk AT 1 A4k,
SKIGAE R 1o ERFEE [ Bronsted BB 114 [ThiN(CH,),SO3][p-CH3PhSOs] i F X Js i
520 (Table 1, entries 1-4). 4AINAELLFIRT, Toik S 2] H AR =#)(Table 1, entry 1), ML E N 15
mol%Itt, LA A, P2 ATk 98% (Table 1, entry 4), BN LG, BRI HERN
10 mol% (Table 1, entry 3). FLIRFHEE T R MNITH] ¥ IR0 250 1% ) B (I 5 0E (Table 1, entries 5-10). i@
Wik, Whe R RSN B FRAARMELLTTI[ThiN(CH,),SOs][p-CHsPhSOs] & 10 mol%, ZfEN
SNEEF, N TE] 5 h, SR 80°C

32. RNRPMEEETR

TERER AT, W BRI EYERATIE 7E, RN 20 WHFURIL o, -SRI I 2530 |
HEAMEHE T M Me. Et. OMe 5% OEt S5 F SR R BT 1 i I, R BN ERRESEIRI I EAT, Bt =4
FEEON 82%~99% (Table 2, 3b-3l, 30-3x). 24 o, B-ANUEANERAIAIA L N BUBUARES, tHEELUME 5 17 R 15
FIF L B FRr=9(Table 2, 3m. 3y, 3z). Bh4h, Toit2mIMan 2 N-F R AT RE 5 SRR FEUR Y o, B-
AEFIER PRI RN . PA S5 RR I, R MR & LT
4. EUFINBEIMER MR

TERAE R BT, LA 3-(4- F 6 JE)-1-(4- AR JE A 3E) - 1- R W A B Y S I, 588 1 88 T AA



Table 1. Optimization of reaction conditions®

=1 REFMHMLS

0]
CD - (Y0
N OMe

la

2a

Catalyst

—_ >
Solvent, r.t !
Me:

oW
o X
3a OMe

Entry Solvent Cat. (mol%) Time (h) Yields (%)°
1 Acetonitrile None 4 0
2 Acetonitrile IL (5) 4 80
3 Acetonitrile IL (10) 4 96
4 Acetonitrile IL (15) 4 98
5 Acetonitrile IL 3 89
6 Acetonitrile IL 5 99
7 Dichloromethane IL 4 80
8 Ethanol IL 4 61
9 Ethyl acetate IL 4 67
10 Toluene IL 4 56
A RiZAF: 1a (1 mmol), 2a (1 mmol), AL IL: [ThiN(CH,)4SOs][p-CHsPhSOs], %77 (5mL), 80°C; °4yBif=%.,
Table 2. Research of substrate scope®
=2 RYMEEMERR °
Entry Ri R Rs Yields (%)° Mp (€)
Found Reported
3a H Ph Ph 95 127-128 127-128 [21]
3b H Ph 4-F- CgHy 99 140-142 142-143 [22]
3c H Ph 4-Cl-CgH4 92 116-118 118-120 [23]
3d H Ph 4-OCH3-CgH4 94 120-122 124-125 [24]
3e H 4-Cl-CeH,4 Ph 94 155-156 154-155 [25]
3f H 4-Br-CeH, Ph 99 173-175 174-176 [26]
39 H 4-OCHj3-CgH4 Ph 93 180-181 182-183 [25]
3h H 4-OCHj3-CgH4 4-F- CgH4 92 170-172
3i H 4-OCH3-CgH,4 4-CHg- CeH, 92 184-185 183-186 [27]
3j H 4-OEt-CgH, 3,4-(CHs),-CeHs 86 146-148
3k H 4-OEt-CgH,4 3-F-4-Br-CeHs 91 114-116
3l H 4-OEt-CgH4 2-Cl-4-F-CgH3 89 157-159
3m H 3,4-(C1)-CsHs 3,4-(CHz),-CsHs 88 105-107
3n CHs Ph Ph 98 125-126 127-129 [28]
30 CHs Ph 4-F- CgH, 84 161-163
3p CHs Ph 4-Cl- CgHa 99 151-155 153-154 [29]
3q CHs; Ph 4-Br- C¢Ha 92 102-104
3r CHs; Ph 4-OCHjs- CgH4 93 134-136 130-131 [30]
3s CHs 4-Cl-CeH,4 Ph 85 135-136 142-143 [24]
3t CHs 4-Br-CgH, Ph 96 138-140
3u CHs; 4-Cl-CgH4 4-OCHjs- CsH4 82 160-162
3v CHs 4-Br-CeH, 3,4-(CHs)2-CeHs 99 169-171
3w CHs 4-OEt-CeH, 2-Cl-4-F-C¢H; 99 144-145
3x CHs 4-OEt-CeH, 3,4-(CH3)-CsHs 97 135-137
3y CHs 2,4-(CHs),-CeHs 3,4-(Cl)-CeHs 94 153-154
3z CHs 3,4-(Cl)-CgHs 3,4-(CH3)2-CeHs 86 127-128

A J R kAt WEIMEEEEUA I mmol), «, B-AHLFIER(L mmol), [ThiN(CH2),SOs][p-CHsPhSOs] (10 mol%), 80°C, 5h, ZJiE(BmL). P 4F i/,
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Figure 1. Recycling research of ionic liquid [ThiN(CH,),SO5][p-CH3PhSOs]
B 1. BF&E[ThiN(CH,),S03][p-CHsPhSO;] HITBER MR 5T

HEALFI([ThiN(CH,)4SOs][p-CHsPhSO]) PRI R, S5 R IMLIE 1. BfktffEre: ¥ 15 mL 4/ LB
UMM BNBR KW 5 B R AU B AL, SRS R OKAE R KRR, AT R R EE, RIS
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