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Tk $5 B4 7E 15| Ik 5 7& B f% Friedel-Crafts = iz 5 B4 52 FH

BExlE  EKE

5 fF & %

I I

AR OR AL TR &opT s i /R A X RS0 s B KAt e ToE e S8 ARSE 830046)

TR LIRS AL, BRI HEAL T W5 S EE ML (¥ Friedel-Crafts SRV, JEA T — FREMGIM BT 24, T
FEERER, 10 mol%BE MR RS AR A MW AHEAL L SR, AT B 97%. P A XU G F e T £ (K 45 R e A 3 i

X S B AT T
KR WL Wk, 54918 Friedel-Crafts g MY

Friedel-Crafts Reaction of Indoles with N-Sulfonyl Imines
Catalyzed by H3PW12040

Hui, Yonghai Wang, Changchun

Shi, Wei

Meng, Hua Xie, Zhengfeng*

(Key Laboratory of Oil & Gas Fine Chemicals, Ministry of Education & Xinjiang Uyghur Autonomous Region,

College of Chemistry and Chemical Engineering, Xinjiang University, Urumqi 830046)

Abstract H3;PW,,0,4, was found to be effective catalysts for the reactions of indoles with various N-sulfonyl imines to afford
the corresponding bis(indolyl)methanes. The results indicated that the good yield (up to 97%) was obtained by using 10 mol%
H3PW ,04. The structures of these products were characterized by NMR and X-ray crystallography.

Keywords indoles; imines; H;PW,,0,; Friedel-Crafts reaction

Friedel-Crafts J% W J&: /I BB fifk 58 5 A7 201K 1k 2
— o RS A YL ) Friedel-Crafts W
R, AT Z AN T BEHERE LA K
FRTBMAH. 5545, WIWER) Friedel-Crafts JédtAk =4
R e, HAT 2 AR T, andu i F i e 55
FEPEDA DRIk, O F b A A AR 48 52 B R
Z . H AT 1A Ok FR eSS IR 7 T
T A WG W () S5 ] g | g 5 0 g sz i), i ik
AL TR SAR 2790 (0 TSR —RhERET R4 Al
grth. A TR R AT I ) 32 24T 55

LRI, BERAR SR £ )8
ARk, R IE T RE AR . TR,
CUK 2% 22 BRI T AL S vk, b, Sk e i, 2,
et s, Michael et ek fig Ak s b RN A
IS AR A B IS K, ARG ok 2k 22 R N T
#| Mannich {652 ORI A g S AR TSR
2 T BRI A AL, A ] Dk L T I P i 1)
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Friedel-Crafts [ V. TEGIHRIE T LAWG[RAT N-fift BV iz
Sk}, A ECT — R ARG AT A (Eq. 1), FFX)
SR PSIECLE e W R RIE A 7] FH 25 S N 4R A ) 7 2
I SE I BEAT T WFSR.

R2
HsPW 4,0, O O
@ PN L o \ )

CH20|2, rt N I N

|
R 2 q A
1 R 3 R
R' = H, CHs, C,Hs; R? = CgHj, 4-CICgHj, 4-CH30CgH,, 3-NO,CgHg,

4-(CH3)o,NCgHy, 3-HO-4-CH30CgH3, 2-Furyl, Styrenyl

1 SR5it1iE
1.1 ELFTFIE
PLIGI(0.4 mmol) Al N-fiff iV 1% (0.2 mmol)fF 2

MNJEH, CH,Cly (5 mL)YE# I, %) Friedel-Crafts < W 4¢
PEREATIR . 15, X 4% 2 M (W1 R Rl AH ) 1R AT T
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1, W1 PR, B ERABEEHER(10 mol%) 73 Ik
FEHEAT AR IS, Bl IR I P AL R R B T EH IR, T LA
33 94%[7 7 HK (K 1, Entry 1), SBFRIHER 10
mol%It, 755 Friedel-Crafts [V [K) 7= R e, 24fiAk,
AT ek 2D s G I, 7 AR AT AN R R R BRAR (R 1,
Entries 3~5).

1.2 BFIFIEME LR 5 I

TEPEAG R N, RN A IR R . I+
AL FIREAL R 5, E—20% e N AT T 0
%, RICBREFFH I RN EA KA, 76 DY |
LTk FRFN s Ae ke S B R b O kA, S
DL R i, 77 R0k 3 94%(3K 2, Entries 1~

6). e, XF NI EC EEBEAT TRIFST, 4 ) ] e
TR R R A 12 1,2 0 1 F 3 0 1 HEAT O I,
RIPFUR LA 3 01 I, £330 Friedel-Crafts WY
()7 Z fg 7 (3 2, Entry 8).
1.3 JRYIGEMX R = E BN

B, EHE, H 10 mol%HIiEas R b i1k
], SR 50,6 mmol) A 5% 3 (0.2 mmol) 7t
AR R R N LT T ST, L 4 R LR 3.
MR, A AR R Y i, AN A R A
W HL -, B NS ] DUBRIEAT, (R A - S AR Y
W, Cr= i) WAL T W i IR W i, X mT g A
EH T U 1 R RN BT 3 I i 1) 3-8 A P

R AFEMEA TS 5| FIEETE V1% ) Friedel-Crafts J V5200 ¢
Table 1 Different catalysts effect on the reaction of indole with N-sulfonyl imine
Entry Catalyst Catalyst loading/mol% Time/h Yield”/%
1 H3PW 1,04 10 6 94
2 H3PM012040 10 6 86
3 H3PW 1,049 1 6 30
4 H3PW 1,049 5 6 80
5 H;PW5049 20 6 90

“ All the reactions were carried out using 10 mol% catalyst in 5 mL of CH,Cl, at room temperature, and the molar ratio of indole : N-sulfonyl imine is 2 © 1. * Iso-

lated yield by column chromatography.

2 VNPT HEXT S5 ) s @
Table 2 Various solvent and reactants proportion effect on the reaction
Entry Solvent n(indole) : n(imine) Yield®/%
1 CH,Cl, 2.1 94
2 CHCl; 2.1 90
3 THF 2.1 63
4 Et,0 2.1 52
5 CH;CH,0OH 2.1 —
6 toluene 2.1 34
7 CH,Cl, 1:1 40
8 CH,Cl, 3.1 95

“ All the reactions were carried out using 10 mol% HsPW 204 in 5 mL of solvent at room temperature. * Isolated yield by column chromatography.

R3 DHESIRAE LA W 5 R IE Y % (¥ Friedel-Crafts S @
Table 3 Friedel-Crafts reaction of various indoles with N-tosylarylimines catalyzed by H;PW 1,0,

Entry R! R? Product Yield”/% m.p./C (Ref.)
1 H CeHs 3a 95 93~94 (93~95!°))
2 H 4-CIC¢H,4 3b 78 75~77 (76~77")
3 H 4-CH,CeH, 3¢ 95 101~103 (98~100!'")
4 H 4-CH,0C¢H, 3d 93 185~186 (188~1911"")
5 H 4-(CH5),NCgH, 3e 90 111~113 (111~1132%
6 H 3-NO,C¢H, 3f 61 220~222 (221~22321)
7 H 4-HO-3-CH;0C¢Hs, 3g 91 115~117 (112~1142%)
8 H 2-Furyl 3h 93 322~325 (322~3251%)
9 CH; CeHs 3i 97 196~198 (199~20124)
10 C,H;s CeHs 3j 96 226~228
11 C,H; 4-CH;0CgH, 3k 92 273~274

“ All the reactions were carried out using 10 mol% H3;PW,04 in 5 mL of CH,Cl, at room temperature, and the molar ratio of indoles: N-sulfonyl imines is 3 © 1.

® Isolated yield by column chromatography.
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TIEARE, SN AR BEMA AT, =4 e I s 1 el
7N 3 ATV S e e S L1 32 S i P
AL (B ) AN, TR 65 o 1) s I 3

1.4 KRN3R

7] TLC BRER S NI AR, AE S NARKT I 8], 47
PG| R IR R I A 2B k. B B B ] PRI, g
R A PR O e = A 28 o 2>, XU | e FR e 208 = 38
W%, MR SCER[25, 2610 LAHEDN I ] 6 1 S S AL 4o
Scheme 1: HEAAISEHEEE W INE, 285 TV 5010k Ao
RN, AERrb A 3; whiidk 3 FERR 41 FARE,
SORBR AR BRI A O AR S, AR T o il —
SPREBCHRRIA S, AT A UG Wk F e 7= 4.

wCat.
. 9 \La
RO,S_ >S
N Cat. O™ N
Ar H Ar H ”

1 2

.\\Cat wCat.
R

O
’/ NH ’/ {NH
Ar
\ \
N
H

N
H
6

s IZH

Scheme 1
1.5 L&Y 3k BB RITE
i A% 27 H5CHE RO AT 5 A B BOHE M SE E R-AXIS
SPIDER [T SCGHAT B S &5 # 40 Hr. T —120 °C (153
K) 44 B a0 Mo Ka HH4:(A=0.071073 nm){E
HNGHEE S, WCERRT R EOE, 75 3.12°<0<<27.48°ju [
N—11<h<1l, —28<k<34, —11<I<11, Dl w-204]
#i72, HEA S0 kV, HYEA 90 mA, FHII K 60 s
ZAFR, SOREER] 21330 ANMATH AT, 4989 AN BT AT
M [R(int)=0.0386], i 281 ANHLWLI A [1>20(D)]H T
e REE R MRAT, S AR TR S I gl 335
e/nm’, FAKIE A —304 e/nm’. fFhAK4EH4 B SHELXTL-97
PP EBAMR N, Xt F TR S AR AU 7 0 Ak b
R S8, SR T HZEE Fourier A MBS T
HARE, AV 3k 1SRRG R B C AT ARSI ik g
Ky, CCDC 524 966140.
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B1 a3k 514t

Figure 1 Molecular structure of compound 3k

2 it

ﬁfJ”T P R A B A |
2% 2 W W IR 4w bk 5 N- i T iE
Frledel Crafts V. 70 BIMEAGT] . 37RO e L
G RY A N AT T 5, i b X S8
SR T M, SRR TV B AT ROV AR e
B PR AR L AR TR R W FR e AT AR
HET A H R .

3 ZREH
3.1 eSS

X-4 B8R B A E A IR Al BRUKER
EQUINXS5 YL AN (KBr [ F)sE; g iRit
{ii ] Varian Inova-400 %A% S L3R 100 32 (CDCl; /E % 71,
TMS {E W bxR); HP-5988A R it (EI J§, 70 eV); ZF-2
T = R AMY. H#EH(TLC): REiE GF254(H SitErfAk
T A7), 0.6%I15 AL 4E R A (CMO)Flitl, A&is
P H AT, 7EH 2 AR EIMT g, FE 28T H]
JENTIEIR(300~400 H). B4 2 i allid A 4L,
ff T AR & 2k,
32 XWAHE
321 BAaG R

WA 2a~2k 14 B R SCHR[2 7] HRE ¥ 77 1.
322 HAMLE 696K

LI A 3a K1 KmaIWE 1 (0.6 mmol) Rt 75 7
J1(0.2 mmol, 0.012 g)¥% 1 5 mL & ke, FHINA S
mol% MR, %t FiHE 6 h 5, TLC BRER. RV5E
A5, WAL, *Hﬁf%ﬁﬁﬁwfé gt
VEMEAA VO EE) @ V(SR CER)=S5 & 1 4y 4l it
) 3a.

W RS RT RN 53,
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3.3 WEMEIE

REE g e (3a): LA, 7 95%. mup.
118~120 °C; 'H NMR (400 MHz, CDCl;) J: 5.89 (s, 1H),
6.67 (s, 2H), 7.00 (t, J=6.8 Hz, 2H), 7.19~7.40 (m, 11H),
7.93 (s, 2H); *C NMR (100 MHz, CDCl;) 6: 40.3, 55.3,
111.2, 119.4, 119.8, 120.1, 122.1, 123.8, 126.3, 127.2,
128.4, 128.9, 136.8, 144.2; IR (KBr) v: 744, 1093, 1600,
1618, 3055, 3412 (NH) cm . Anal. caled for Co3sH sNy: C
85.68, H 5.63, N 8.69; found C 85.57, H 5.59, N 8.77.

4-GUORSE WM FEE3b): AL A, 7= 78%.
m.p. 97~99 C; 'H NMR (400 MHz, CDCly) 6: 5.82 (s,
1H), 6.54 (s, 2H), 7.00~7.35 (m, 12H), 7.81 (s, 2H); "*C
NMR (100 MHz, CDCly) o: 39.4, 111.2, 129.2, 1294,
129.8, 122.0, 123.2, 126.4, 128.0, 130.0, 131.4, 136.2,
142.5; IR (KBr) v: 1089, 1455, 1487, 3054, 3410 (NH)
cm . Anal. caled for CyHy;CIN,: C 77.41, H 4.80, N
7.85; found C 77.39, H 4.87, N 7.81.

4-FHEIRIL g R 2 (3e): 2L fEE, 773 95%.
m.p. 101~103 °C; '"H NMR (400 MHz, CDCl3) 6: 2.32 (s,
3H), 5.85 (s, 1H), 6.65 (s, 2H), 7.02 (t, J=7.0 Hz, 2H),
7.08 (d, J=7.0 Hz, 2H), 7.17 (t, J=7.2 Hz, 3H), 7.23 (d,
J=28.0 Hz, 2H), 7.34 (d, J=7.0 Hz, 2H), 7.39 (d, J/=7.0
Hz, 2H), 7.88 (br s, 2H) cm . Anal. calcd for Co4H,0N,: C
85.68, H 5.99, N 8.33; found C 85.69, H 5.87, N 8.42.

4- A L DR L g Ik e (3d): 206 ] A, 7 o
93%. m.p. 185~186 C; '"H NMR (400 MHz, CDCl;) ¢:
3.78 (s, 3H), 5.84 (s, 2H), 6.61~7.42 (m, 13H), 7.90 (s,
2H); “C NMR (100 MHz, CDCly) 6: 28.5, 39.8, 54.5,
111.5, 119.5, 119.8, 120.4, 121.8, 122.2, 126.3, 126.6,
127.5, 137.2, 139.2, 158.2; IR (KBr) v: 1200, 1244, 1455,
1508, 1609, 2928, 3410 (NH) cm '. Anal caled for
CyHpoN,O: C 81.79, H 5.72, N 7.95; found C 81.77, H
5.69,N 7.71.

450 PR IREE g I H e (Be): ZLEO AR, R
90%. m.p. 111~113 C; '"H NMR (400 MHz, CDCl;) ¢:
291 (s, 6H), 6: 5.79 (s, 1H), 6.53 (s 2H), 6.69 (t, /=8 Hz,
2H), 6.96~7.74 (m, 10H), 7.89 (s, 2H); *C NMR (100
MHz, CDCl3) §: 40.3, 55.1, 111.2, 119.4, 119.8, 120.1,
122.1, 123.8, 126.3, 127.2, 128.4, 128.9, 136.8, 144.2; IR
(KBr) v: 739, 1092, 1455, 1487, 3054, 3408 (NH) cm .
Anal. calcd for C,sHy3N;5: C 82.16, H 6.34, N 11.50; found
C82.11,H 6.30, N 11.45.

3-FYFEIRIE W B3 AR, PR 61%.
m.p. 220~222 °C; 'H NMR (400 MHz, CDCl;) d: 5.81 (s,
3H), 6.59 (s, 2H), 7.01~7.42 (m, 10H), 7.91 (s, 2H); * C
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NMR (100 MHz, CDCly) d: 40.8, 111.6, 119.2, 119.8,
120.2, 121.8, 124.2, 126.5, 126.6, 127.5, 137.8, 139.2,
159.2; IR (KBr) v: 1459, 1502, 1675, 2947, 3054, 3495
cm '. Anal. caled for Co3H7N30,: C 75.19, H 4.66, N
11.44; found C 75.14, H 4.63, N 11.56.

3- FHBE-4-FR RE AL 5[k PR Be (3g): 20 (o [l 44, 7™
% 91%. m.p. 115~117 “C; '"H NMR (400 MHz, CDCl;)
8: 3.78 (s, 3H), 5.48 (s, 1H), 5.80 (s, 2H), 6.52 (s, 2H),
6.81~7.38 (m, 10H), 7.89 (s, 2H); *C NMR (100 MHz,
CDCLy) d: 55.4, 56.2, 111.2, 119.4, 119.8, 120.1, 122.1,
122.2, 123.8, 126.3, 127.2, 128.4, 128.9, 136.5, 136.8,
144.2; IR (KBr) v: 1030, 1120, 1203, 1270, 1508, 1599,
1771, 3052, 3404 cm '. Anal. caled for CyyH,0N,O,: C
78.24, H 5.47, N 7.60; found C 78.21, H 5.42, N 7.57.

2- R 3 5 W B BE (3h): L[4, P2 93%.
m.p. 322~325 °C; '"H NMR (400 MHz, CDCl5) d: 5.94 (s,
1H), 6.04~6.06 (m, 1H), 6.28~6.30 (m, 1H), 6.74 (s,
2H), 7.02 (t, J=8 Hz, 1H), 7.18~7.46 (m, 8H), 7.96 (brs,
2H); IR (KBr), v: 1045, 1095, 1145, 1160, 1505, 1555,
1610, 1725, 3120, 3414, 3896 c¢cm '. Anal. caled for
C,HsN,O: C 80.75, H 5.16, N 8.97; found C 80.72, H
5.16, N 8.99.

IR (- ) I FROGE (3): 1 (R T A, R R
97%. m.p. 196~198 “C; 'H NMR (400 MHz, CDCL;) o:
3.68 (s, 6H), 5.87 (s, 1H), 6.52 (s, 2H), 6.99 (t, J=7.6 Hz,
2H), 7.17~7.38 (m, 11H); *C NMR (100 MHz, CDCl;) ¢:
424,557, 111.1, 112.4, 120.1, 122.2, 125.8, 126.5, 127.8,
128.7, 129.1, 137.6, 138.1; IR (KBr) v: 3052, 3019, 2934,
1596, 1473, 1327, 1199, 1150, 743, 701 cm™'. Anal. calcd
for C,sH»N,: C 85.68, H 6.33, N 7.99; found C 85.20, H
6.30, N 8.04.

RHEE (- S HE )W T (3)): AR, e
97%. m.p. 226~228 “C; 'H NMR (400 MHz, CDCl;) o:
1.36 (t, J=7.2 Hz, 6H), 4.06 (q, J=7.6 Hz, 4H), 5.87 (s,
1H), 6.58 (s, 2H), 6.97 (t, J=7.6 Hz, 2H), 7.15~7.37 (m,
11H); *C NMR (100 MHz, CDCly) d: 16.2, 46.2, 55.7,
111.1, 112.4, 119.0, 120.1, 126.5, 1276, 127.8, 128.7,
129.1, 137.6; IR (KBr) v: 3051, 2974, 2931, 1596, 1469,
1445, 1355, 1196, 1150, 734, 703 cm™'. Anal. caled for
C,7Ha6N,: C 85.68, H 6.92, N 7.40; found C 85.65, H 6.89,
N 7.42.

4- PR ORI (1- L BL) MW e (3Kk): 1 L] 4,
FEE 97%. mp. 273~274 C; 'H NMR (400 MHz,
CDCLy) d: 1.37 (t, J=8.4 Hz, 6H), 3.81 (s, 3H), 4.07 (dd,
J=17.2, 14 Hz, 4H), 5.82 (s, 1H), 6.56 (d, J=4.0 Hz, 2H),
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AL
6.81 (d, J=44 Hz, 2H), 6.97~6.99 (m, 2H), 7.15~7235 [12] Firouzabadi, H.; Iranpoor, N.; Nowrouzi, F.; Amani, K. Synthesis
2005, 299.
(m’ 6H)’ 7.37~7.38 (m’ ZH); IR (KBr) v: 734, 1067, 1196, [13] Firouzabadi, H.; Iranpoor, N.; Nowrouzi, F.; Amani, K. J. Chem.
1455, 1468, 2974, 3051 cm ™ '. Anal. calcd for CogHagN,O: Soc., Perkin Trans. 1 2002, 2601.
C 82.32, H 6.91, N 6.86; found C 82.30, H 6.89, N 6.88. [14] Purnima, K. V.; Sreenu, D.; Bhasker, N.; Nagaiah, K.; Lingaiah,
N.; Subba Reddy, B. V.; Yadav, J. S. Chin. J. Chem. 2013, 31, 534.
References [15] Chen, J. L.; Xie, Z. F.; Xing, Y. Chin. J. Org. Chem. 2011, 31,
e c 1714 (in Chinese).
[1] Olah, G. A.; Khrisnamurti, R.; Prakash, G. K. S. In Comprehensive (T, fifiF 0%, ﬁzi{l@-, 1]_71’%4&'%, 2011, 37,1714
Organic Synthesis, Vol. 3, Pergamon, New YOl‘k, 1991’ p. 203. [16] Zhou, G. P‘; Yu, L.; Hul, Y. H.; Xle, Z. F. Acta Chim. Sinica 2012,
[2] Peddibhotla, S. Curr. Bioact. Compd. 2009, 5, 20. 11,1289, . _
[3] Marugan, J. J.; Manthey, C.; Anaclerio, B.; Latrance, L.; Lu, T.; [17] Ren, S.Y.; Xie, Z. F.; Cao, L. Q; Xie, X. P.; Qin, G. F.; Wang, J.
Markotan, T.; Leonard, K. A.; Crysler, C.; Eisennagel, S.; Das- D. Catal. Commun. 2009, 10, 464.
[4] Zhang, H. C.; Ye, H.; Moretto, A. F.; Brumfield, K. K.; Maryanoff, 27,925.
B. E. Org. Lett. 2000, 2, 89. [19] Osawa, T.; Namiki, M. Tetrahedron Lett. 1983, 24,4719.
[5] Poulsen, T.B.; Jorgensen, K. A. Chem. Rev. 2008, 108, 2903. [20] Bandgar, B. P.; Shaikh, K. A. Tetrahedron Lett. 2003, 44, 1959
[6] Morteza, S. Chem. Rev. 2012, 112. 3508. [21] Li, J. T.; Dai, H. G.; Xu, W. Z.; Li, T. S. Ultras. Sonochem. 2006,
[7] Chen,Y.C; Xie, Z. F. Chin. J. Org. Chem. 2012, 32, 452 (in Chi- 13,21.
nese). [22] Sadaphal, S. A.; Kategaonkar, A. H.; Labade, V. B.; Shingare, M.
(B, fRIEWE, A AL, 2012, 32,452) S. Chin. Chem. Lett. 2010, 21, 39.
[8] Sh1r1n1, F.; Khahgh, N. G.; Jolodar, 0. G. Dyes Pigm. 2013’ 98, [23] Azizian, J.; Teimouri, F.; Mohammadizadeh, M. R. Catal. Com-
290. mun. 2007, 8, 1117.
[9] Lin, H.; Zang, Y.; Sun, X. W.; Lin, G. Q. Chin. J. Chem. 2012, 30, [24] Alonso, I.; Esquivias, J.; Gémez-Arrayas, R.; Carretero, J. C. J.
2309. Org. Chem. 2008, 73, 6401.
[10] Firouzabadi, H.; Iranpoor, N.; Nowrouzi, F.; Amani, K. Green [25] Hui, Y. H.; Zhang, Q.; Jiang, J.; Lin, L. L.; Liu, X. H.; Feng, X. M.
Chem. 2001. 3. 131. J. Org. Chem. 2009, 74, 6878.
[11] Firouzabadi, H.; Iranpoor, N.; Nowrouzi, F.; Amani, K. Chem. [26] Trost, B. M.; Milller, C. J. Am. Chem. Soc. 2008, 130, 2438.
[27] Zwierzak. A.; Napieraj, A. Tetrahedron 1996, 52, 8789.

902

Commun. 2003, 764.

http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

(Li, L; Lu, Z)

Chin. J. Org. Chem. 2014, 34, 898~902



