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TFLE R MCM-41 &1k M5 5 FEE )% Friedel-Crafts & 7 B9
Wi WAEE Mg

CHras K2 MR ORI T A M E AR E B8R 830046)

WE AN E MCM-41 LISV 5 -l 305 K 2E Friedel-Crafts N, A BT RARF=H)rh |2 A7AE 1 3-HUAK
WGIAT L. A RAT RN AR . B S LU AR it AR, ARG AAR nT 5 34 P .
KegiE LR MCM-41; BIATAED); AL, L)AL, Friedel-Crafts SV

Friedel-Crafts Reaction of Indoles with Nitroalkenes Catalyzed by
Mesoporous Material MCM-41

Chen, Yongcheng Xie, Shaolei Xie, Zhengfeng™
(Key Laboratory of Oil & Gas Fine Chemicals, Ministry of Education, Xinjiang University, Urumqi 830046)

Abstract The Frieldel-Crafts reaction of indole with S-nitrostyrenes catalyzed by MCM-41 was studied. Application of this
reaction led to produce 3-substituted indole derivatives being wide present in natural products. The method has several advan-
tages of mild reaction, condition handling-up easily, environmental friendly and economic effects. The catalyst can be also

recycled.

Keywords mesoporous material MCM-41; indole derivatives; catalysis; nitroalkenes; Friedel-Crafts reaction

HAE 1992 4E, Kresge 25U UARIE T A 4LA K
MCM-41 6k, HR M KENRAE T e 259
TR, T H 28 2 AT 2 R R A B A AR K IR B e
RIE, FEAT I RS T Ko TR . 2 25 DL S AL
AR BLA Vs A R N A R 9 i X2,

Friedel-Crafts [z V& & B2 A AEWTE 1) 0% B 4230
WA RTiE2 P, o, IR R e ik
Friedel-Crafts J N 1453 2111 3- A WA S A ) 02—
KELERANE B AE, 5228 TREZEF RS )2 8
VR, SEE SRS R I, IR AR
R s WL RREGZ LA, Bz N
THIAE A, KESCERIRIE, Wl AT A= AV
AL RN A . B . TR
WA UTAER, S A R A ] DR S T R 0 1
Friedel-Crafts < N.A FT4RIE, W CeCly*7H,O/Nal b7
P IR B AT AU Zn(In), Cu(ID) 5 MRk 4% &
Pyo117) BINOL [ RR AT AL % ph o, ACGASZH %)
05| SRS EE SR Friedel-Crafts e N ARAY T — 460157
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TAE, W Yb(OThH); AL M, Cu(D)-JE b s 44120,
Zn(I0)- B MR 2% 45 210 25 44 A W] Wk 55l 3 0 4 BEAT
Friedel-Crafts J V.. /45 il ix oAb %) e N A 80T
ML ROR, (H A AEAE — Sk, Ak B B, ek
AN N T N A S (Y N N FRIVE S VN
SCAERT AR ST SRl Bk — D3k TR, FREE K
UF A A AR B R T Bl e 22 U A IR A LA R
MCM-41 1y —FhZkC i Ab 7 (AL I W 55 i B4 48 K
. Friedel-Crafts V. Hbrtb G904 BG4 a0 Eq. 1
FiR.

Ph

NO,
MCM-41
@ " N2 <j'\—/'|)V ™
N Solvent N

H H

1.1 BFIFEAT A E87FIE
B MCM-41 (0.005 g), p-fifJE K £,44(0.2 mmol,
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0.030 g)F1N5[E(0.3 mmol, 0.035 g) T N H, HAHE
T, EZE BN 24 h, TLC K s i 2% s,
RN EEHRE, BEZRWRYE, rECHEZHT R4, thik
1 Al DR SR RN = 2R K m, A
CH;CsHs TEH AT 53%MICH (R 1, Entry 2), (e
BAFT (1 CH,Cl,, CHSCN, H,O) e 5 HAH L #B 4%
1%, PRUHFRATTIE B R IRV . A T alE— 205w
RN PEER AT 7] MCM-41 [ 3E4T T ik,
BAASH MCM-41 [N 0.015 g i, NI
FEE, [IK 79% (£ 1, Entry 9).
1 WEFREAGT 0 B R = 28 1 52 R

Table 1 Solvent and catalyst loadings effect on the reaction

N\ 1o N0y __MCM-41
@ *RTS Toluene, 30 °C
| 2
1 R

R1
NO,
|| )
N
|
R 3
1a: R = H, 1b: R = CHj; 2a: R' = Ph, 2b: R = p-FCgH,, 2¢: R' =
p-ClCgHa, 2d: R = p-BrCgH,, 2e: R' = p-CH3CgHy, 2f: R =
p-CH30CgH4, 2g: R = p-NO,CgH,, 2h: R" = 0-NO,CgHy, 2i:
R = p-N(CH3),CeHa, 2j: R' = 2,4-Cl,CeH3, 2k: R" = 3-CH30-
4-HOCgH3, 2I: R" = p-HOCgH,4, 2m: R" = 2-furfuryl

K3 MCM-41 EALRIIE L p-I R Z Mt &)
Table 3 Reaction of indole with various f-nitrostyrenes cata-
lyzed by MCM-41

Entry MCM-41/g  Solvent Time/h  Yield/%
1 0.005 CH,Cl, 24 31
2 0.005 CH;C¢Hy4 24 53
3 0.005 EtOH 24 Trace
4 0.005 CH;CN 24 18
5 0.005 THF 24 Trace
6 0.005 AcOEt 48 n.r.”
7 0.005 H,0 24 37
8 0.010 CH;C¢Hy4 24 66
9 0.015 CH;C¢Hy4 24 79
10 0.020 CH;C¢H,4 24 79

#n.r.=no reaction.

1.2 JRYIEC LR S N P ER A 220

1 0.015 g MCM-41, CH;CH; 1E ¥ 71175 82 M Ic L
X SN PE AR IR, SRR 2 B, AN EYIC Eox
SN SRAT W SR (RS, B R B BT 20 5 M|
12 250 B2 B B be ) 4T J N, 77 ] ik
99%(F 2, Entry 4). Kk, FATLL B-HIEM IS S50 1
2.5t a2 L0 I LB T I R, W98 I N A
IR E AR IS S5 0 77 2R [ 5

2RI LT SN = [

Table 2 Reactants proportion effect on the reaction

Entry 1 2 Product Yield/%
1 la 2a 3aa 99
2 la 2b 3ab 96
3 la 2¢ 3ac 93
4 la 2d 3ad 91
5 la 2e 3ae 89
6 la 2f 3af 82
7 la 2g 3ag 78
8 la 2h 3ah 69
9 la 2i 3ai 58
10 la 2j 3aj 99
11 la 2k 3ak Trace
12 la 21 3al Trace
13 la 2m 3am 86
14 1b 2a 3ba 96
15 1b 2e 3be 84
16 1b 2m 3bm 85
17 1b 2f 3bf 69

Entry Nitroolefin - Indole Yield/%
1 1:1.0 58
2 1:15 79
3 1:20 92
4 1:25 99
5 1:3.0 99

1.3 RIS RN PR B0

JH0.015 g MCM-41, CHyCeHs R 71, M|k K N-HX
RIS —RFII) - Gt 2.5 01
R OB BI/E =38 B Y 24 h, B8] 7 — &
H1) 3-W| R AHHAL A PI( 3, Entries 1~17).

M3 R LIA H, 24 R L ZRIR_EEAT OH I,
JLT-3BA A H bt &3 3, Entries 11~12); R' 3 [4]
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MR IR FHEA N(CHs), B, N 72545 ff F B (R 3,
Entry 9). BRIz Ah, e I W # REAS 2148 = 1) H Ax
b & ¥)(3 3, Entries 1~8, 10, 13~17).
1.4 145 MCM-41 BYEIRFI R

BE, BATHEALF MCM-41 I A I BEAT T 18
T, RIVEALFIIERRIT 4 R, RIVHKIRA 80% LA 111
FEEL AR E 1 PR,
1.5 RN ATRERYANIE

LM BE MCM-41 {48 W] I 55 1 55 45 02 19
Friedel-Crafts = V. 1] g (1] e W ATLEE U1 Scheme 1 fros. H
IR S AR MCM-41 B T RE
PHIE o S A TR ORI R A, b R ) 4 5 g et —
LN R T Friedel-Crafts bedetb &4, 2 Gl H &
THBAR T 3-BURMIAE AL S ).

2 it

ASCAEERL T, AR A AL E MCM-41 4
eI e N-BARISIN S p-fil3Eda 1 K 2 Friedel-Crafts
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Figure 1 Reusability of MCM-41
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BN, DA = R A3 8] T 3-HURMIVEAT A4, b 3-HUAR
WGIWRAT AL B AR R HE T — R RSB S N 4% kL
H IR JUF . AR BN AT Rl 22 vk oA A T ) gk 6
ZTF AL,
3 XEIHN
31 ESEHF

X-4 BF BN BAE S IR BRUKER
EQUINX55 LI AMEREA(KBr s ) iR
FJ Varian Inova-400 A% R4 LRGN 2 (CDCL; VE#,
TMS YEWNFR); JCE 3 #1H Perkin-Elmer 2400CHN %4t
FZ TN, ZF-2 B = FERAMY. 32 (TLC): HEAR
GF254( T Byl VEL T 2E77), 0.6% 1032 F L 27 4 2540
(CMO)HiMR, NG AT, T2 ORE U4t
YT RS, A EHTHE TR (300~400 H). BRI
TR HFRLRG R ERAL, JLEaR i S I o T
ormTal, RTARZ AP
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32 ZLWAHE
3.2.1 BAtay AR

AW 1b 16 AR B SRR [22] R HRIE 7 1%, s
W) 2a~2m (15 AR FESCHER[23 ] 408 1) 757
3.22 A IUHA MCM-41 8946,

I 2.508 g +/NEe IR (CTAB) I A £ 48 mL 7K
FHS T IZ I CTAB ¥, AR5 MV NN 48 mL
TR CHERN 15 mL 2K IRTR AW, BEEE 15 min, 117 %F
TP 221NN 4.7 g IEHERR ZBR(TEOS), Stk S Y 3
h, A A EREAE R, 8, 100 mL ZE187K A 100 mL
SR 2~3 IR, JEVHEMAE S 105 C R4 12 h, &
JEAE 550 CURJE TIEE 5 h, G188, 15 Ok AR [H
A MCM-4124, MCM-41 (1335 5F F B2 i B A6 e s i
B0 5 DL B 2 A 3.

(@ 500 nm

(®) 500 nm

B2 A fLAR MCM-41 [)35 5 B it 1]

Figure 2 Transmission electron microscope (TEM) images of
mesoporous material MCM-41
323 BAFMLEMEG SR

UL AW 3aa A5 K MCM-41 (0.015 g), M5[(0.5
mmol, 0.058 ) B-fHFE 2K £,44i(0.2 mmol, 0.030 g)¥F T2
mL 2R, T3 FHRE 24 h, TLC Kl 405, X
N R, AR, HEERHENV wwew @V iwe=1:
10~1 : 5)RIFF4l=4), F=2nl1k 99%. 3ab~3bf 1) 5 %,
JiiERAL.
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B3 A fLAR MCM-41 (R4 s 1
Figure 3 Scanning electron microscope (SEM) images of
mesoporous material MCM-41

&) 3aa: 7% 99%. '"H NMR (CDCls, 400 MHz)
5: 498 (dd, J=8.4, 12.4 Hz, 1H), 5.01 (dd, J=17.6, 12.4
Hz, 1H), 5.15 (t, J=8.0 Hz, 1H), 6.91~7.43 (m, 10H,
ArH), 8.02 (brs, NH); IR (KBr) v: 3660, 3421, 2927, 1602,
1550, 1457, 1378, 1103, 745 cm~ ! Anal. caled for
Ci6HuN>O,: C 72.16, H 5.30, N 10.52; found C 72.21, H
5.26,N 10.55.

1b&) 3ab: 77 96%. '"H NMR (CDCls, 400 MHz)
5: 4.83 (dd, J=8.4, 12.4 Hz, 1H), 5.00 (dd, J=8.0, 12.4
Hz, 1H), 5.14 (t, J=7.9 Hz, 1H), 7.00~7.30 (m, 9H,
ArH), 8.13 (brs, NH ); IR (KBr) v: 3416, 3048, 2911,
1613, 1542, 1449, 1371, 1083, 738 cm '. Anal. calcd for
Ci6H1sFN,O,: C 67.60, H 4.61, N 9.85; found C 67.55, H
4.56,N 9.81.

&%) 3ac: 773 93%. '"H NMR (CDCls, 400 MHz)
5: 491 (dd, J=8.8, 12.4 Hz, 1H), 5.05 (dd, J=7.2, 12.4
Hz, 1H), 5.17 (t, J=8.0 Hz, 1H), 7.01~7.42 (m, 9H,
ArH), 8.10 (brs, NH); IR (KBr) v: 3420, 3059, 2921, 1620,
1549, 1458, 1378, 1092, 746 cm ! Anal. caled for
C16H15CIN,O,: C 63.90, H 4.36, N 9.32; found C 63.93, H
4.34,N9.37.

&) 3ad: 77 91%. '"H NMR (CDCls, 400 MHz)
5: 491 (dd, J=8.8, 12.4 Hz, 1H), 5.05 (dd, J=7.6, 12.4
Hz, 1H), 5.05 (t, J=8.0 Hz, 1H), 7.01~7.46 (m, 9H,
ArH), 8.11 (brs, NH); IR (KBr) v: 3421, 3058, 2919, 1620,
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1551, 1488, 1378, 1104, 745 cm ™ '. Anal. caled for
Ci6H3BrN,O,: C 55.67, H 3.80, N 8.12; found C 55.65, H
3.83, N 8.15.

tb &%) 3ae: 773 89%. '"H NMR (CDCls, 400 MHz)
8: 2.30 (s, 3H), 4.90 (dd, J=8.4, 12.4 Hz, 1H), 5.03 (dd,
J=17.6, 12.4 Hz, 1H), 5.14 (t, J=8.0 Hz, 1H), 6.98~7.45
(m, 9H, ArH), 8.04 (brs, NH); IR (KBr) v: 3421, 3054,
2921, 1549, 1551, 1458, 1379, 1101, 745 cm '. Anal.
caled for C;7H¢N,O,: C 72.84, H 5.75, N 9.99; found C
72.86, H 5.73, N 10.04.

b4 3af: 773 82%. 'H NMR (CDCls, 400 MHz)
8: 3.77 (s, 3H), 4.90 (dd, J=8.4, 12.0 Hz, 1H), 5.05 (dd,
J=17.6, 12.0 Hz, 1H), 5.14 (t, J=8.0 Hz, 1H), 6.83~7.44
(m, 9H, ArH), 8.02 (brs, NH); IR (KBr) v: 3409, 3056,
2926, 1549, 1510, 1457, 1246, 1180, 748 cm '. Anal.
calced for C;;H(N,O3: C 68.91, H 5.44, N 9.45; found C
68.96, H 5.48, N 9.43.

1k &%) 3ag: =% 78%. '"H NMR (CDCl;, 400 MHz)
5: 4.99 (dd, J=8.8, 12.8 Hz, 1H), 5.11 (dd, J=6.8, 12.8
Hz, 1H), 530 (t, J=7.2 Hz, 1H), 7.07~8.14 (m, 9H,
ArH), 8.22 (brs, NH); IR (KBr) v: 3419, 3063, 2921, 1553,
1526, 1378, 1350, 1101, 748 cm ™ !. Anal. caled for
CigH13N304: C 61.73, H 4.21, N 13.50; found C 61.77, H
4.19,N 13.51.

b4 3ah: 773 69%. "H NMR (CDCls, 400 MHz)
5: 5.24 (dd, J=8.4, 13.2 Hz, 1H), 5.29 (dd, J=7.2, 13.2
Hz, 1H), 6.04 (t, J=8.0 Hz, 1H), 7.18~7.68 (m, 9H,
ArH), 8.35 (brs, NH); IR (KBr) v: 3421, 3062, 2923, 1620,
1551, 1459, 1355, 1106, 745 cm ™ '. Anal. caled for
C1¢H3N;04: C 61.73, H 4.21, N 13.50; found C 61.77, H
4.22,N 13.53.

tb &%) 3ai: 7% 58%. '"H NMR (CDCl;, 400 MHz)
5: 2.92 (s, 6H), 4.88 (dd, J=8.0, 12.0 Hz, 1H), 5.03 (dd,
J=8.0, 12.0 Hz, 1H), 5.10 (t, J=8.0 Hz, 1H), 6.66~7.47
(m, 9H, ArH), 8.05 (brs, NH); IR (KBr) v: 3429, 3062,
2913, 1544, 1520, 1456, 1379, 1104, 741 cm '. Anal.
caled for CigsH9N3;0,: C 69.88, H 6.19, N 13.58; found C
69.86, H 6.24, N 13.56.

4 3aj: 773 99%. 'H NMR (CDCl;, 400 MHz)
5: 4.93 (dd, J=7.2, 12.8 Hz, 1H), 4.99 (dd, J=8.4, 12.8
Hz, 1H), 5.69 (t, J=8.0 Hz, 1H), 7.04~7.47 (m, 8H,
ArH), 8.13 (brs, NH); IR (KBr) v: 3419, 3060, 2923, 1620,
1551, 1469, 1378, 1103, 745 cm ™ '. Anal. caled for
C6H,,CLN,0,: C 57.33, H 3.61, N 8.36; found C 57.29, H
3.64, N 8.39.
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&) 3am: 77 % 86%. "H NMR (CDCls, 400 MHz)
5: 4.92 (dd, J=17.6, 12.4 Hz, 1H), 5.05 (dd, J=8.0, 12.0
Hz, 1H), 5.24 (t, J=8.0 Hz, 1H), 6.15~6.17 (m, 1H),
6.30~6.32 (m, 1H), 7.09~7.56 (m, 6H, ArH), 8.13 (brs,
NH); IR (KBr) v: 3420, 3058, 2919, 1620, 1555, 1458,
1378, 1013, 743 cm ' Anal. caled for C;,H;,N,05: C
65.62, H4.72, N 10.93; found C 65.64, H 4.75, N 10.98.

&) 3ba: 773 96%. "H NMR (CDCls, 400 MHz)
d: 3.67 (s, 3H), 4.92 (dd, J=8.6, 12.4 Hz, 1H), 5.00 (dd,
J=17.6, 12.4 Hz, 1H), 5.17 (t, J=8.0 Hz, 1H), 6.82~7.45
(m, 10H, ArH); IR (KBr) v: 3058, 2927, 1552, 1475, 1337,
1332, 1248, 1132, 744 cm™'. Anal. caled for C7H;¢N,O,:
C 77.84, H5.75,N 9.99; found C 77.81, H 5.74, N 9.98.

&) 3be: 7% 84%. 'TH NMR (CDCls, 400 MHz)
d: 2.30 (s, 3H), 3.72 (s, 3H), 4.89 (dd, J=8.8, 12.4 Hz,
1H), 5.02 (dd, J=8.0, 12.4 Hz, 1H), 5.13 (t, J=8.0 Hz,
1H), 6.84~7.46 (m, 9H, ArH); IR (KBr) v: 3054, 2919,
1615, 1553, 1475, 1377, 1013, 916, 741 cm™'. Anal. calcd
for CygH;sN,0,: C 73.45, H 6.16, N 9.52; found C 73.47,
H 6.13, N 9.56.

&% 3bm: 7% 85%. "H NMR (CDCls, 400 MHz)
9: 3.72 (s, 3H), 4.85 (dd, J=7.2, 12.4 Hz, 1H), 5.02 (dd,
J=8.0, 12.4 Hz, 1H), 5.23 (t, J=8.0 Hz, 1H), 6.15~6.17
(m, 1H), 6.29~6.31 (m, 1H), 6.96~7.55 (m, 6H); C
NMR (CDCls, 100 MHz) d: 32.7, 41.2, 79.7, 109.6, 113.0,
119.1, 119.3, 122.2, 126.4, 126.6, 127.7, 129.6, 136.5,
137.1, 137.3; IR (KBr) v: 3024, 2962, 1552, 1474, 1377,
1261, 1090, 1016, 742 cm™'. Anal. caled for C;sH4N,O5:
C 66.66, H 5.22, N 10.36; found C 66.63, H 5.24, N 10.41.

b &4 3bf: 2% 69%. '"H NMR (CDCls, 400 MHz)
8: 3.72 (s, 3H), 3.75 (s, 3H), 4.89 (dd, J=8.4, 12.4 Hz,
1H), 5.06 (dd, J=7.6, 12.4 Hz, 1H), 5.16 (t, J=8.0 Hz,
1H), 6.88~7.68 (m, 9H, ArH); >C NMR (CDCl;, 100
MHz) 0: 32.4, 35.7, 55.4, 78.6, 100.9, 112.3, 113.1, 119.6,
120.7, 122.0, 122.5, 126.7, 127.9, 128.9, 136.3, 156.6; IR
(KBr) v: 3052, 2930, 1551, 1511, 1468, 1376, 1249, 1178,
743 cm . Anal. caled for CsHsN,O;5: C 69.66, H 5.85, N
9.03; found C 69.63, H 5.82, N 9.01.
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