% *ﬂ; {t % DOI: 10.6023/cjoc1202271 Rk

Chinese Journal of Organic Chemistry

NOTE

Fe(ll{& 1k B 4% R B2 A Friedel-Crafts MK & 57 & B % BUX BN

KakdE A F

9 REE

T

(LBOTE R A SRR A FEW] 241000)

WE £ FeCly6H,0 LN, 22 ARG A B T AR HE1T 4> F I Friedel-Crafts AL N, DA EERIMR R 7= 545 2
—RINZHUREIAL AW, %R NARERI B RV AR P44 IR, 'TH NMR, °C NMR, HR MS J X 545 5 AT
S5y M e,

KEEE 7N, FeCly»6H,0; Friedel-Crafts JA4Y [ 3, i

Synthesis of Multisubstituted Indenes by Fe(lll)-Catalyzed
Friedel-Crafts Cyclization of Allylic Alcohols

Zhang, Jitan Zhang, Jinhua Fang, Kuang Shu, Guanying Xie, Meihua™
(College of Chemistry and Materials Science, Anhui Normal University, Wuhu 241000)

Abstract FeCl;*6H,0-catalyzed intramolecular Friedel-Crafts cyclization of multisubstituted allylic alcohols proceeded
smoothly and a series of multisubstituted indenes were synthesized in moderate to high yields. The reaction has the advantages
of simple manipulation and mild reaction conditions. The products were characterized by IR, "H NMR, *C NMR, HR MS and

X-ray diffraction analysis.
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(IE C5e/ SR SERAVEVENR ), 1521 2-f P AL e 2.

1,3- R 250 AR R It - 1 H-2i (2a): 1 £ ] 4.
m.p. 85~86 ‘C; '"H NMR (CDCls;, 300 MHz) &: 7.49~
7.47 (m, 3H), 7.41~7.39 (m, 2H), 7.29~7.20 (m, 6H),
7.14~7.12 (m, 1H), 7.07~7.04 (m, 2H), 6.97~6.88 (m,
4H), 5.22 (s, 1H), 2.29 (s, 3H); “C NMR (CDCl;, 75
MHz) 6: 153.3, 148.6, 144.7, 143.4, 143.0, 138.7, 137.0,
132.1, 129.2, 129.1, 128.9, 128.7, 128.6, 128.1, 127.6,
127.5, 127.3, 124.3, 123.1, 57.5, 21.5; IR (KBr) v: 3057,
2920, 1597, 1566, 1489, 1290, 1149 c¢cm '; HRMS (EI)
caled for CosH0,S 422.1341, found 422.1339.

3-IRHE- 10 SR BE-2-0) Rl L - L H-2fi(2b): [
64K, m.p. 118~119 °C; 'H NMR (CDCl;, 300 MHz)
5 7.61~7.46 (m, 3H), 7.45~7.37 (m, 2H), 7.34~7.21
(m, 3H), 7.19~7.08 (m, 4H), 7.06~6.79 (m, 5H), 5.16 (s,
1H), 2.30 (s, 3H); *C NMR (CDCls, 75 MHz) ¢: 153.5,
148.0, 144.3, 143.7, 1429, 138.6, 135.8, 133.1, 131.9,
130.1, 129.4, 129.2, 129.0, 128.8, 128.2, 127.9, 127.6,
124.3, 123.3, 56.8, 21.6; IR (KBr) v: 3072, 2920, 1600,
1562, 1489, 1311, 1149 cm ™ '; HRMS (EI) caled for
C,3H,,Cl0,S (*°Cl) 456.0951, found 456.0948.

3- IR - 150 i ik 2 e 236 Y R I e L - 1 H- i (2¢):
({0 [ 4. mp. 169~170 ‘C; 'H NMR (CDCl;, 300
MHz) §: 8.10 (d, J=8.5 Hz, 2H), 7.51~7.49 (m, 3H),
7.48~7.41 (m, 2H), 7.40~7.31 (m, 2H), 7.30~7.23 (m,
2H), 7.21~7.14 (m, 2H), 7.07~7.04 (m, 2H), 6.99~6.92
(m, 2H), 5.31 (s, 1H), 2.31 (s, 3H); °C NMR (CDCls, 75
MHz) 6: 154.2, 147.2, 147.0, 145.4, 144.0, 143.8, 142.9,
138.3, 131.4, 129.6, 129.4, 129.2, 129.0, 128.8, 128.2,
127.6, 127.5, 124.2, 123.9, 123.6, 56.8, 21.5; IR (KBr) v:
3065, 2916, 1595, 1517, 1489, 1346, 1300, 1144 cm ';
HRMS (EI) caled for C,sH,NO4S 467.1191, found
467.1193.

3R F - 150 F AR R S R -2 ) R i Rk -1 - B
(2d): AGEA. mp. 104~105 ‘C; 'H NMR (CDCls,
300 MHz) 0: 7.47~7.45 (m, 3H), 7.38 (d, J=2.1 Hz, 2H),
7.39~7.18 (m, 5H), 7.11 (d, J=6.6 Hz, 1H), 7.00~6.89
(m, 4H), 6.73 (d, J=8.7 Hz, 2H), 5.17 (s, 1H), 3.79 (s,
3H), 2.28 (s, 3H); °C NMR (CDCl;, 75 MHz) ¢: 158.9,
152.9, 148.8, 144.8, 143.4, 142.9, 138.8, 132.2, 129.8,
129.2, 128.9, 128.7, 128.1, 127.7, 127.5, 124.3, 123.1,
114.1, 56.9, 55.3, 21.5; IR (KBr) v: 3197, 2966, 1612,
1508, 1304, 1149 cm™'. Anal. caled for CyoH,05S: C
76.96, H 5.35, S 7.09; found C 76.58, H 5.46, S 6.83.

1R -3 2R3 -2 0 B ORIl I - 1 H-8fi (2e): 1 £ [
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. m.p. 136~137 C; '"H NMR (CDCl;, 300 MHz) o:
7.49~7.33 (m, 5H), 7.28~7.09 (m, 8H), 7.10~6.95 (m,
5H), 4.41~4.39 (m, 1H), 3.97~3.93 (m, 1H), 3.21~3.14
(m, 1H), 2.32 (s, 3H); *C NMR (CDCl;, 75 MHz) &
152.6, 146.3, 143.6, 1432, 143.1, 139.0, 137.8, 131.9,
131.2, 130.2, 129.9, 129.1, 128.7, 128.1, 127.9, 127.5,
127.4, 126.5, 124.2, 123.0, 52.7, 37.3, 21.6; IR (KBr) v:
3236, 1600, 1462, 1288, 1145 cm '. Anal. calcd for
CoH,,0,8: C 79.78, H 5.54, S 7.34; found C 79.59, H
5.34,S 7.70.

(E)-3- 2K - 1-T8 Z5 -2 5% FE ARt k- 1 H- 21 (21):
O E K. mop. 108~109 °C; 'H NMR (CDCls, 300
MHz) J: 7.49~7.37 (m, 8H), 7.32~7.24 (m, 6H), 7.12~
7.09 (m, 2H), 7.02~7.00 (m, 2H), 6.86 (d, J=15.9 Hz,
1H), 5.67 (dd, J=9.3, 15.5 Hz, 1H), 4.81 (d, J=9.3 Hz,
1H), 2.29 (s, 3H); *C NMR (CDCls, 75 MHz) ¢: 152.8,
145.7, 143.8, 143.2, 139.0, 136.8, 134.3, 132.1, 129.2,
129.1, 129.0, 128.9, 128.8, 128.6, 128.1, 127.9, 127.7,
127.3, 126.5, 125.3, 124.6, 123.3, 55.5, 21.6; IR (KBr) v:
3024, 2965, 1654, 1600, 1462, 1319, 1146 cm™'; HRMS
(EI) caled for CaoH,40,S 448.1497, found 448.1495.

1- P -3 2R -2 0] FEOR R e - 1 -2l (2g): IR (4
[E4A. m.p. 67~68 ‘C; '"H NMR (CDCl;, 300 MHz) J:
7.58~7.46 (m, 1H), 7.45~7.31 (m, 6H), 7.31~7.22 (m,
4H), 7.21~6.92 (m, 2H), 4.21 (s, 1H), 2.50~2.19 (m,
5H), 1.37~1.19 (m, 2H), 0.86 (t, J=7.2 Hz, 3H); °C
NMR (CDCl;, 75 MHz) 6: 1522, 147.2, 143.6, 143.4,
138.8, 132.3, 129.1, 128.6, 128.5, 128.0, 127.6, 127.2,
123.2, 123.0, 51.7, 32.9, 21.6, 17.3, 14.3; IR (KBr) v:
3313, 2955, 1627, 1597, 1489, 1339, 1146 cm ™ '; HRMS
(E) calcd for Cy5H,40,S 388.1497, found 388.1499.

3- T 1R A 20 F ORI A - 1 H-2fi(2h): 1 L[]
. m.p. 110~111 C; '"H NMR (CDCl;, 300 MHz) o:
7.51 (d, J=7.2 Hz, 2H), 7.37~7.20 (m, 5H), 7.17~6.97
(m, 4H), 6.80 (d, J=6.9 Hz, 2H), 4.96 (s, 1H), 3.17~3.08
(m, 2H), 2.31 (s, 3H), 1.78~1.71 (m, 4H), 1.01 (t, J=6.9
Hz, 3H); “C NMR (CDCl;, 75 MHz) §: 155.5, 149.3,
143.4, 142.0, 141.8, 139.1, 137.2, 129.2, 129.0, 128.8,
128.4, 127.4, 127.3, 127.0, 124.4, 121.8, 57.0, 31.7, 26.5,
23.5, 21.5, 14.1; IR (KBr) v: 3056, 2951, 1597, 1566,
1466, 1311, 1149 cm™'. Anal. caled for CyHa0,S: C
77.58,H6.51, S 7.97; found C 77.57, H 6.31, S 8.01.

3- T 210 GURBE-2- 0] FEOR I e 56 - 1 -2 (21):
A, mp. 117~118 ‘C; 'H NMR (CDCls, 300 MHz)
d: 7.53 (d, J=7.8 Hz, 1H), 7.39~7.24 (m, 4H), 7.10~
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6.97 (m, 5H), 6.69 (d, J=7.5 Hz, 2H), 4.91 (s, 1H), 3.22~
3.09 (m, 2H), 2.34 (s, 3H), 1.75~1.53 (m, 4H), 1.01 (t,
J=17.5 Hz, 3H); *C NMR (CDCl;, 75 MHz) J: 155.8,
148.7, 143.6, 141.9, 141.3, 139.0, 135.8, 132.8, 130.1,
129.2, 128.5, 127.6, 127.2, 124.3, 122.0, 56.1, 31.8, 26.4,
23.4, 21.5, 14.1; IR (KBr) v: 3058, 2958, 1595, 1564,
1491, 1314, 1147 cm™'; HRMS (EI) calcd for CagH,5C10,S
(*°Cl) 436.1264, found 436.1265.

3- T J - - 0 A 35 2R 3R -2 ) FE R I 5 - 1 - 2 (25):
F {0 E 4K, mp. 142~143 ‘C; '"H NMR (CDCl;, 300
MHz) §: 7.91 (d, J=8.3 Hz, 2H), 7.58 (d, J=7.6 Hz, 1H),
7.44~727 (m, 4H), 7.09~6.96 (m, 5H), 5.03 (s, 1H),
3.30~3.22 (m, 1H), 3.16~3.08 (m, 1H), 2.33 (s, 3H),
1.75~1.56 (m, 4H), 1.04 (t, J=7.0 Hz, 3H); “C NMR
(CDCls, 75 MHz) 6: 156.8, 147.8, 146.9, 145.5, 144.1,
141.9, 140.6, 138.8, 129.5, 129.3, 128.1, 127.1, 124.3,
123.6,122.3, 56.1, 31.8, 26.5, 23.4, 21.5, 14.0; IR (KBr) v:
3062, 2924, 1597, 1568, 1514, 1313, 1145 cm™'; HRMS
(EI) caled for CqHosNO,S 447.1504, found 447.1497.

31 HE 1) AR DR L -2 0 R R IR - 1 -
(2K): HHOE A mp. 101~102 C; 'H NMR (CDCl;,
300 MHz) 6: 7.51 (d, J=7.4 Hz, 2H), 7.36~7.24 (m, 4H),
7.11 (d, J=7.4 Hz, 1H), 7.01 (d, J=8.0 Hz, 2H), 6.71 (d,
J=8.0 Hz, 2H), 6.59 (d, J=7.9 Hz, 1H), 4.92 (s, 1H), 3.76
(s, 3H), 3.18~3.10 (m, 2H), 2.32 (s, 3H), 1.74~1.52 (m,
4H), 1.01 (t, J=6.7 Hz, 3H); *C NMR (CDCls, 75 MHz)
5: 158.7, 155.2, 149.4, 1432, 141.9, 139.2, 129.8, 129.1,
128.9, 128.8, 127.3, 127.2, 124.4, 121.8, 113.8, 56.2, 55.3,
31.7,26.4,23.4,21.5, 14.1; IR (KBr) v: 3032, 2954, 1612,
1512, 1303, 1145 cm ' Anal. caled for CyH,505S: C
74.97,H 6.52, S 7.41, found C 74.57, H 6.73, S 7.21.

(E)-3- 1 H&-1- 74 945 55 -2- 6 B 25 il 19 66 - 1L H- 213 21):
WA E AR, mp. 80~81 C; 'H NMR (CDCl;, 300
MHz) §: 7.80 (d, J=8.4 Hz, 2H), 7.49~7.47 (m, 1H),
737~7.28 (m, 5H), 5.83 (dd, J=6.5, 14.9 Hz, 1H),
4.75~4.72 (m, 1H), 4.33 (d, J=9.3 Hz, 1H), 3.20~3.04
(m, 2H), 2.42 (s, 3H), 1.91~1.64 (m, 7H), 1.01 (t, J=7.2
Hz, 3H); °C NMR (CDCl;, 75 MHz) §: 154.8, 146.9,
143.8, 141.9, 139.9, 139.7, 129.9, 129.4, 128.9, 127.9,
127.4, 127.1, 124.4, 121.7, 54.9, 31.7, 26.3, 23.3, 21.6,
18.0, 14.0; IR (KBr) v: 3066, 2926, 1595, 1566, 1465,
1313, 1144 cm™'; HRMS (EI) caled for Cy3H,60,S (M)
366.1654, found 366.1658.

3- L HE-1-DRHE-2- 0 BRI e -1 H- i (2m): (1 (8
44, m.p. 107~108 C; '"H NMR (CDCls, 300 MHz) o:
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7.53 (d, J=6.9 Hz, 2H), 7.35~7.21 (m, 4H), 7.14~6.97
(m, 5H), 6.92~6.81 (m, 2H), 4.97 (s, 1H), 3.24~3.16 (m,
2H), 2.31 (s, 3H), 1.35 (t, J=7.5 Hz, 3H); "C NMR
(CDCLs, 75 MHz) §: 156.6, 149.4, 143.3, 141.6, 139.1,
137.1, 129.1, 129.0, 128.8, 128.4, 127.4, 127.2, 127.0,
124.5, 121.7, 57.0, 21.5, 19.9, 13.9; IR (KBr) v: 3062,
2933, 1597, 1494, 1311, 1145 cm™'. Anal. caled for
C»sH»0,S: C 76.97, H 5.92, S 8.56; found C 76.61, H
571, S 8.92.

3- £ Fk-1- 50 B AR R R -2 56 R M 0 A - 1 -
(2n): HEAE A, mp. 85~86 ‘C; 'H NMR (CDCl,,
300 MHz) &: 7.54 (d, J=7.2 Hz, 2H), 7.39~7.26 (m, 3H),
7.14 (d, J=7.1 Hz, 1H), 7.02 (d, J=7.7 Hz, 2H), 6.72 (d,
J=17.6 Hz, 2H), 6.60 (d, J=8.0 Hz, 2H), 4.95 (s, 1H), 3.77
(s, 3H), 3.25~3.16 (m, 2H), 2.33 (s, 3H), 1.37 (t, J=7.3
Hz, 3H); “C NMR (CDCl;, 75 MHz) §: 158.7, 156.1,
149.4, 143.1, 141.6, 141.4, 139.2, 129.7, 129.0, 128.8,
128.7, 127.2, 127.1, 124.3, 121.5, 113.7, 56.1, 55.2, 21.4,
19.7, 13.9; IR (KBr) v: 3024, 2929, 1633, 1566, 1492,
1247, 1145 cm~!; HRMS (EI) caled for C,sH,40;S
404.1446, found 404.1452.

6- FHAE-1,3- 2R -2 0 F A I k-1 H-Efi (20): H
4K, mp. 112~113 °C; 'H NMR (CDCls, 300 MHz)
8: 7.46~7.45 (m, 3H), 7.39~7.38 (m, 2H), 7.25~7.21
(m, 4H), 7.05~7.01 (m, 5H), 6.92~6.89 (m, 3H), 5.16 (s,
1H), 2.29 (s, 3H), 2.27 (s, 3H); *C NMR (CDCl;, 75
MHz) §: 153.5, 149.0, 143.5, 143.4, 140.5, 139.8, 138.9,
137.4, 132.3, 129.2, 129.0, 128.8, 128.7, 128.5, 128.2,
127.6, 127.3, 125.1, 123.0, 57.4, 21.8, 21.6; IR (KBr) v:
3059, 2916, 1595, 1556, 1489, 1313, 1151 cm'; HRMS
(EI) caled for CooH,40,S 436.1497, found 436.1493.

6- FF BE-3- DR - 100 il 266 2R 56 -2 ) PR R g 9 - 1 -
Ei2p): AL mp. 71~73 C; '"H NMR (CDCl;,
300 MHz) &: 8.09 (d, J=8.4 Hz, 2H), 7.50~7.42 (m, 3H),
7.32~7.25 (m, 3H), 7.15~7.03 (m, 5H), 6.95 (t, J=9.9
Hz, 3 H), 5.26 (s, 1H), 2.33 (s, 3H), 2.30 (s, 3H); *C NMR
(CDCLs, 75 MHz) §: 154.2, 147.4, 145.7, 143.9, 142.6,
140.3, 138.3, 131.6, 130.0, 129.8, 129.5, 129.4, 129.1,
129.0, 128.7, 128.2, 127.5, 124.9, 123.9, 123.1, 56.6, 21.7,
21.5; IR (KBr) v: 3059, 2922, 1595, 1489, 1317, 1142
cm '; HRMS (EI) calcd for CyoHy3NO4S 481.1348, found
481.1355.

6- 1 -3 DR R - 1) P4 35 DR R -2 o P T g s -
1H-8i(2q): %A, mp. 77~78 C; 'H NMR
(CDCls, 300 MHz) 6: 7.47~7.39 (m, 3H), 7.29 (d, J=8.8
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Hz, 2H), 7.07~6.94 (m, 9H), 6.75 (d, J=7.1 Hz, 2H),
5.14 (s, 1H), 3.82 (s, 3H), 2.32 (s, 3H), 2.30 (s, 3H); "*C
NMR (CDCl;, 75 MHz) 6: 158.9, 153.0, 149.1, 143.2,
140.3, 139.7, 139.0, 132.4, 129.1, 129.0, 128.8, 128.7,
128.4, 128.1, 127.7, 127.6, 127.4, 125.0, 122.9, 114.1,
56.6, 55.3,21.7,21.5; IR (KBr) v: 3026, 2920, 1608, 1489,
1317, 1149 cm '; HRMS (EI) caled for CsHy05S
466.1603, found 466.1606.

6- 5 -1,3- R K250 ORI Ik BE -1 H-2fi(2r):
44, m.p. 101~102 “C; '"H NMR (CDCl;, 300 MHz) §:
7.48 (d, J=6.9 Hz, 3H), 7.38~7.23 (m, 8H), 7.14~7.12
(m, 1H), 7.04~6.97 (m, 5H), 5.21 (s, 1H), 2.32 (s, 3H);
C NMR (CDCl;, 75 MHz) d: 152.0, 148.6, 145.3, 143.8,
142.6, 138.6, 136.8, 135.0, 130.8, 129.5, 129.1, 128.8,
128.5, 127.8, 127.7, 127.4, 1245, 123.0, 57.7, 21.6; IR
(KBr) v: 3028, 2916, 1610, 1568, 1483, 1315, 1153 cm " !;
HRMS (EI) caled for Co5H,,C1O,S (°Cl) 456.0951, found
456.0946.

6- FH AR 3 - 1,3- - 2R 6 -2 56 Y 2 i 9 3 - 1 - 23 (2s):
{4 4. m.p. 80~81 °C; 'H NMR (CDCls, 300 MHz)
5: 7.49~7.47 (m, 3H), 7.41~7.39 (m, 2H), 7.28~7.21
(m, 4H), 7.08~7.04 (m, 3H), 6.97~6.88 (m, 3H), 6.83~
6.75 (m, 2H), 5.18 (s, 1H), 3.75 (s, 3H), 2.30 (s, 3H); "°C
NMR (CDCl;, 75 MHz) 6: 161.2, 153.4, 150.9, 143.1,
137.4, 1359, 132.4, 130.7, 129.1, 128.8, 128.7, 128.1,
127.5, 127.2, 124.1, 113.9, 113.6, 109.9, 57.4, 55.6, 21.5;
IR (KBr) v: 3061, 2924, 1597, 1564, 1490, 1301, 1147
cm” !, HRMS (ED) calcd for CyoH,403S 452.1446, found
452.1449.

6- P 53-8 - 1 P -2 56 T ik G - 1 - 21 (2¢):
WA E AR, mp. 76~77 C; 'H NMR (CDCl;, 300
MHz) 0: 7.47~7.19 (m, 8H), 7.05~6.96 (d, J=7.5 Hz,
4H), 4.17 (s, 1H), 2.43 (s, 3H), 2.33 (s, 3H), 1.33~1.09
(m, 4H), 0.86 (t, J=6.9 Hz, 3H); “C NMR (CDCl;, 75
MHz) d: 152.4, 147.5, 143.5, 142.4, 140.9, 139.0, 132.5,
129.1, 128.7, 128.6, 128.5, 128.1, 128.0, 127.6, 124.0,
122.7, 51.5, 33.0, 21.9, 21.6, 17.3, 14.3; IR (KBr) v: 3059,
2926, 1595, 1560, 1489, 1315, 1147 cm '; HRMS (EI)
caled for CogH,40,S 402.1654, found 402.1657.

1.3 L&Y 2i #1 20 BRI E

&) 21 A1 20 AhAL5K7E Bruker SMART 1000
CCD B! i S T4 BllE, & S5 A0 Mo
Ka $£:(1=0.71073 ABEEEE, RN o/o F1H7,
7 1.33° <6< 25.00° 70 [H P9 W B2 AT 59 55, &5 0 2R
SHELXS-97 B /e fiftbr, /D KB IE. (&)
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2i F1 20 11 S AR 22 50 A7 1 9% [ QUM Ed o0, CCDC 5
S5k 753617 1 753616.

2 ZR5WE

BATHE I T 1,3,3- = IR FE-2- 06 F A e -2 1A
Jfi-1-lF(1a) 1) Friedel-Crafts M4k [ WV, XT&F‘L%#:EHT
ik, ,n%m% 1. £ 1 Mg 8KV, H 10 mol%ikai
1’%% fl, AU R, ONVIEEAT 90 min J5 4k

, AILLLL 40%%?%?%@ HA#r=#) 2a(3 1, Entry 1).
Hm"z R AR 2] 50 mol%I, [ v BE ik, 7~
RRKEEE, NVIET 5 min BIA] L 90% #7715 31k,
AW 2a(F 1, Entry 2). 24 NAE 5 mol% FeCly*6H,0 fi
R HHATH, ONAE 5 min R TS5 R, AR 98%f)
FERS R A 2a(3% 1, Entry 3). ¥ FeCly»6H,0 F ik
DF] 2 mol%, FEEREATRRAK, FURL OV AT AT ZE K
(# 1, Entry 4). J/K FeCl; FITG/K AICI; 1] LU 25 AL,
1% ] V(2 1, Entries 5, 6), {H AlCl;26H,0, CeCly+7H,0 Fll
Cu(OTH), FxF 1% s ¥ A A FH (R 1, Entries 7~
9). Wik, AMEFAERSLHET, L 2 mol%
FeCls6H,0 fEMEAF . LA S0 F B A 5 7R A 74 A i
143 Friedel-Crafts ¥4k Jz .

F 1 J&AEE 1a [f) Friedel-Crafts AL W
Table 1 Friedel-Crafts cyclization of allylic alcohol 1a

Ph_ SO,Tol Catayst _
>—& O SO, Tol
PH Ph  CH,Cly, rt.
HO
1a
Entry  Catalyst (dosage/mol%)  Time/min Yield“/%

1 H,SO4 (concd.) (10) 90 40
2 H,S0; (concd.) (50) 5 90
3 FeCl;°6H,0 (5) 5 98
4 FeCl3*6H,0 (2) 12 98
5 FeCl; (5) 3 97
6 AlCl; (5) 9 88
7 AlCl3°6H,0 (5) 90 0
8 CeCl;3*7H,0 (5) 90 0
9 Cu(OTf), (5) 90 0

© 2012 Chinese Chemical Society & SIOC, CAS

“Isolated yield based on 1a.

TS AE RN AT, TATFI T & AR
(I R S AR L, RN 5 RT3k 2 v AR 2 7T
DUE H, 2 SR [RIERCAC SRS R 945 A e #8 o LUUR 1A T 43
T W Friedel-Crafts M6, DL EE SR [ 1 7= 26159 3]
EIfTAEY). IR EE S P ER3E R RD R S R N e
WA S SR, (AL R X 5 I e IR b 7 25 A AR K
IREm, 4R I 5 T 57 FE RN FE R (35 2, Entries
1, 4, 6, 8, 11~15, 17~19), F=RM R, [V R,
MR MK ECRIERT, AR RN B R (R 2,
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Entries 2, 9); {H4 R* N X E A RE sl e SNy, [ b s %
A EE, H M) B 2 2E K (3R 2, Entries 3, 5, 7, 10,
16, 20). X AJAESE T R A HL RN S S U1, ML
A4 2f A 2111 TH NMR Sl v LU H, ARG IEE
BEHEE NN 15.5 F 149 Hz, X MELE Y+
HUARHE R? A (R 005y E-7L,

&1 2 45K 4 IR, "TH NMR, “C NMR #1 HR MS
RAE, LAY 21 F 20 M0 FEMICIET T X S48

HESHHTHIE, 30 T45 K L 1.
3 it

1 ik FeCly»6H,O i A6 1 4 N BE 1 20 + I
Friedel-Crafts Ik [ VA5 % T 2-ff 0SS 22 BUAR e, el
R & et 7 — ROl 5k, i AT B E
. PR BR . JoBE PREE A I 2k fh A7) 5
.

F2 ZHUCE 2 9B
Table 2 Preparation of polysubstituted indenes 2

R
R3 R’ FeCl3%6H,0 (2 mol%) OO SO Tl
o H—50,Tl CH,Cly, rt. R3 2
R2
R? 2
1
Entry Product 2 R' R? R’ Time/min Yield“/%
1 2a CeHs CeHs H 12 98
2 2b CeHj; p-CIC¢H, H 360 98
3 2¢ CeH; p-O,NC¢H, H 750 57
4 2d CeH; p-CH;0C¢H, H 16 98
5 2e CeHj; C¢HsCH, H 650 50
6 2f CeH; CsHsCH=CH, H 10 98
7 2g CeH; n-CsH; H 720 77
8 2h n-C4Hyg CeHj; H 20 78
9 2i n-C4Hyg p-CIC¢H, H 320 84
10 2j n-C4Hyg p-O,NC¢H, H 750 46
11 2k n-C4Hyg p-CH;0C¢H, H 10 98
12 21 n-C4Hyg CH;CH=CH, H 40 78
13 2m C,H; CeHj; H 10 85
14 2n C,H; p-CH;0C¢H, H 10 98
15 20 CeHj; CeHj; CH; 15 98
16 2p CeHj; p-O,NC¢H, CH; 700 54
17 2q CeHj; p-CH;0C¢H, CH; 5 98
18 2r CeH; CeHj; Cl 10 99
19 2s CeHs; CeHj; CH;0 5 98
20 2t CeH; n-CsH; CH; 720 57
“Isolated yield based on 1.
B aW 20 Bl 20 15 145K
Figure 1 Molecular structures of 2i and 20
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