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Highly Efficient Michael-Type Friedel-Crafts Reactions
Catalyzed by Gold-bipyridine Complexes

Zhang, Yan***  Zhu, Chengjian”
(“ School of Medicine and Pharmaceutics, Jiangnan University, Wuxi 214122)
(® State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical Engineering,
Nanjing University, Nanjing 210093)

Abstract A novel highly efficient gold-bipyridine catalyst system has been tested for Michael-type Friedel-Crafts reactions.
Under the standard conditions, a series of chalcones bearing both electron-donating and electron-withdrawing substituents,
reacted with indole to give the corresponding products. The protocol developed represents an efficient methodology for the
Friedel-Crafts additions, which are extremely useful synthetic pathways and have widely been used in the construction of a

variety of synthetically, as well as biologically important compounds.
Keywords gold complex; indole derivative; Friedel-Crafts addition; unsaturated ketone
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NO+ BE, "AEHT LIAE A Lewis BRORMEAL M. (HA
IXELT i, PR AN, W R E & S A
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Figure 1 Gold complexes 1,2 and 3
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1 ZR5WE

BATLANG|E . (E)-chalcone 7E %3k T ) S5 W AE Ay A
BRREAT [ N 46 PF A 3 (Bq. 2). [V 451F 4 0.5 mmol
I51W%(6), 0.5 mmol (E)-chalcone (7a), 1 mL ZJi, =ik.
Sy AT 10 mol% A i (1 S i A R REAT s . 4 A
AuCIPPh; A AL TR, BA K2 =4, 435 LL 10
mol% NaAuCly, BuyNAuCly, 1, 2, 3 AL, i’ﬂﬁ )
A, HA L1 AR AT B e . R ROV
8 h, 1351 89%I[H &, Ffu?ﬂlhi?%@ﬂA%M’Eﬂjfif
PIEAR . 2 S W 8 R T3 40 CRY, =0
S5 N )T B SR RS2 SRR A AN 10 mol%
A2 5 mol%, 4RI 1531 89%[K) =4, [l I X 2 I3 )4
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DL LR RUR(R 1),
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Table 1 Optimization of the Michael-type Friedel-Crafts reac-

tions
Entry Catalyst (mol%) Solvent Time/h  Yield”/%
1 1(10) CH;CN 8 89
2 2 (10) CH;CN 9 69
3 3(10) CH;CN 8 72
4 BuyNAuCl, (10) CH;CN 12 75
5 NaAuCl, (10) CH;CN 10 76
6 — CH;CN 10 Trace
7 1(10) EtOH 8 75
8 1(10) THF 7 55
9 1(10) CH,Cl, 9 62
10 1(10) Toluene 8 82
11° 1(10) CH;CN 10 89
12 1(8) CH;CN 5 90
13 1(5) CH;CN 5 89

@I kA 0.5 mmol B[, 0.5 mmol 3-FKFE-1-SRKIE-2-4-1-d, L L7
(5~10 mol%), VA1 mL), Zk; * 4088774 © g Bl 40 °C.
TEE i NN, 5~8h, ;=FH 85%~95%.

R2 GHAMEIRY o - EFIEK Michael IR R @
Table 2 Gold catalyzed Michael-type Friedel-Crafts reactions
of indole with chalcones

Entry R' R? 8 Time/h Yield”/%
1 C¢Hs C¢Hs 8a 5 89
2 4-CIC¢H, C¢Hs 8b 5 91
3 4-CH;0C¢Hs  CgHs 8c 6 95
4 3-NO,C¢Hy C¢Hs 8d 4 90
5 4-CH;CgH,4 C¢Hs 8e 5 90
6 2-BrC¢H, C¢Hs 8f 7 88
7 2-CIC¢H, C¢Hs 8g 6 85
8 4-CH;CgH,4 4-CH;C¢H, 8h 3 92
9 4-CIC¢H, 4-CH;C¢H, 8i 7 85
10 C¢Hs 4-CH;C¢H,  8j 6 92
11 C¢Hs CH, 8k 5 90
12 C¢Hs Furyl 81 8 81
13 i-Pr CH; 8m 8 83
14 Cyclohex-2-enone 8n 10 Trace

© 2012 Chinese Chemical Society & SIOC, CAS

¢ R4 0.5 mmol W, 0.5 mmol /KA, 4L 1 (5 mol%), CH;CN
(1mL), 3 ° B

2 %t
W AE Sy 2 RS > T- I B G5 R B0 TT, E AR
HEA E AW W eh, B E e
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Crafts SNVl & Fh i A AIAE 3 475 I AAS A R HAC S
EE BIL R A EZ T FRATLL 5 mol%fEfb it
Au-biPy FLEWAMEALT, LA OISR, =i skl
RS T ) o, f-ANHEFIER A Friedel-Crafts
TS RN, FEMIGRI 3 AL DI NE RER], GRT —
Lz AT E B AENEE A A . AR 3 Y
]z, ES AR R T, e, AT, (R,
PR T SBEMFTEANRN PN, F£5 T Sm
2.

3 ZEE4S
3.1 UESEEF

SEZIG BT FH 5 7045 FH 320 de B A B 5] ) b 14 7 1%
BT, BT SR AR RS B F 25 0 . VAR o s 251
alifb JEAE . AN R 200~300 H RERE, W B FE S Ad
1 60~100 H¥HRENRS, BOZMTEH GF254 HEfR, &I
A7 R (60~90 C)FI 1% Z s uk s — S e A FH .
"H NMR 7F Bruker ARX-300 (300 MHz)#Z 5 L3R4 _F

=13

rE.
32 ZWHE
3.2.1 BEea-4[AubpyCL]ICI (1)49-8- %,

# NaAuCl, (398 mg, 1 mmol)t5 20 mL 7K i %5 2%
0 I A BBEREIE (312 mg, 2 mmol) 5 20 mL 7K FRIVE W .
FWFHERE 3 h, A RNEEARE AL R FUE, P15 mL
IKBEE A, T LA CHCN %ifift. Jds 2800 i, 744
WO ARSI AP 1 (320 mg, 7% 65%)". "H NMR
(300 MHz, CH;CN-d53) d: 9.45~9.44 (m, 2H), 8.66~8.60
(m, 4H), 8.09~8.06 (m, 2H); EI MS m/z: 424 (M").

3.2.2 Beb-H[AuPy,CL]CI (2)494- A%,

% NaAuCl, (398 mg, 1 mmol)‘5 20 mL /K [RI# 2%
&I AREBE(316 mg, 4 mmol)tj 20 mL KR .
L FBRE 3 h, AR EA . g, Bl 1S mL
IKPEE A, DL CHACN iR, Ji s 2800 IR L, 15
WO ARG AW 2 (369 mg, 77 80%)!"Y. 'TH NMR
(300 MHz, CH;CN-d5) 0: 8.55~8.51 (m, 4H), 7.84~7.76
(m, 2H), 7.42~7.36 (m, 4H); EI MS m/z: 426 (M").

3.2.3 a4 PicAuCl, (3)4946- %

¥ NaAuCl, (398 mg, 1 mmol) 5 20 mL /K I 2%
1530 I R IE F 2 (246 mg, 2 mmol) 5 20 mL /K
ohoE R 3 h, KR A AL Tk, B 1S
mL /K PESE A, T DL CHCN Wi, I 28105 22 v,
HEOR ARG AT 3 (268 mg, =% 70%)'Y. 'H
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NMR (300 MHz, acetone-dg) J: 9.30~9.28 (m, 1H),
8.71~8.66 (m, 1H), 8.27~8.23 (m, 1H), 8.20~8.17 (m,
1H).
324 B EAMEAA GBI R ap- e Fe B 6
Friedel-Crafts %z 254 R ML

7 25 mL FJEFEMH I AIEE(0.5 mmol), a,p- ANl
FIH(0.5 mmol), CH;CN (1 mL), &F4Y) 1 (5 mmol%),
S RPERE. TLC BRESRON, M RNVEEHG, MEEY
HIIA NaHCO; /KA K Y. EA AL, A HLAHFH UK
IKPEGE. JoK NapSO, T4, 2808, BUZHT, 43 HbR
FEH).

3-(1H-3-M5|)-1,3- K FE-1- A Wi (8a)'™: % (4 [
. m.p. 130~131 ‘C; '"H NMR (300 MHz, CDCl;) &:
8.01~7.94 (m, 3H, ArH), 7.58~7.54 (m, 1H, ArH),
7.47~734 (m, 5H, ArH), 7.31~7.14 (m, 4H, ArH),
7.06~6.99 (m, 2H, ArH), 5.12~5.07 (m, 1H, CH), 3.89~
3.71 (m, 2H, CH,).

3-(4- F K KL )-3-(1H-3- W] Wk )-1- 2K 3 -1- T4 Il
(8o A, mp. 118~121 C; 'H NMR (300
MHz, CDCl3) 6: 8.01~7.99 (m, 2H, ArH), 7.59~7.56
(m, 1H, ArH), 7.48~7.43 (m, 3H, ArH), 7.31~7.28 (m,
3H, ArH), 7.24~7.15 (m, 3H, ArH), 7.07~7.00 (m, 2H,
ArH), 5.08~5.04 (m, 1H, CH), 3.86~3.69 (m, 2H, CH.,).

3-(1H-3- W] Wi )-3-(4- F 48 2 O 8 )-1- 2R 3 -1- T il
(8c)'%: Eth [ 4. mp. 125~126 °C; 'H NMR (300
MHz, CDCl;) 6: 8.00~7.91 (m, 3H, ArH), 7.46~7.44 (m,
1H, ArH), 7.38~7.33 (m, 3H, ArH), 7.31~7.24 (m, 1H,
ArH), 7.19~7.13 (m, 2H, ArH), 7.05~6.99 (m, 2H, ArH),
6.93~6.90 (m, 2H, ArH), 5.10~5.05 (m, 1H, CH), 3.86
(s, 3H, OCHs), 3.82~3.65 (m, 2H, CH.,).

3-(1H-3- M| Wt )-3-(3- fifd 2 % KL )-1- 2K 2 -1- 14 il
8" A E K. mp. 139~140 C; 'H NMR (300
MHz, CDCl5) &: 8.05~8.00 (m, 4H, ArH), 7.78~7.75 (m,
1H, ArH), 7.61~7.55 (m, 1H, ArH), 7.49~7.35 (m, 5H,
ArH), 7.21~7.16 (m, 1H, ArH), 7.08~7.02 (m, 2H, ArH),
5.22~5.17 (m, 1H, CH), 3.94~3.80 (m, 2H, CH,).

3-(LH-3- M| W )- 1- 2 B -3 %6f YL 2 i 1- AT il (8e) !
0 [ A, mp. 130~131 ‘C; 'H NMR (300 MHz,
CDCly) 8: 8.01~7.94 (m, 3H, ArH), 7.56~7.53 (m, 1H,
ArH), 7.48~7.42 (m, 3H, ArH), 7.33~7.31 (m, 1H, ArH),
7.24~7.18 (m, 1H, ArH), 7.16~7.14 (m, 1H, ArH),
7.07~6.98 (m, 4H, ArH), 5.08~5.03 (m, 1H, CH), 3.87~
3.68 (m, 2H, CH,), 2.30 (s, 3H, CH3).

3-(2- YRR HE)-3-(1H-3- 5] W )-1- 2 Fk - 1- T4 i (8)! ")
WO [ 4K mp. 128~129 C; 'H NMR (300 MHz,

http://sioc-journal.cn/ 2285
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CDCl;) d: 8.07~7.92 (m, 3H, ArH), 7.63~7.59 (m, 2H,
ArH), 7.55~7.43 (m, 3H, ArH), 7.32~7.22 (m, 1H, ArH),
7.19~7.01 (m, 2H, ArH), 6.98~6.52 (m, 3H, ArH),
5.57~5.52 (m, 1H, CH), 3.86~3.66 (m, 2H, CH,).

3-(2- S AR K )-3-(1 H-3- W3] W )-1- 25 Fk - 1- T4 il (8g)!™:
WO [ 4. mp. 120~121 °C; 'H NMR (300 MHz,
CDCl;) d: 8.11~7.99 (m, 3H, ArH), 7.59~7.55 (m, 1H,
ArH), 7.52~7.45 (m, 4H, ArH), 7.32~7.7.30 (m, 1H,
ArH), 7.27~7.14 (m, 3H, ArH), 7.06~6.99 (m, 2H, ArH),
5.60~5.56 (m, 1H, CH), 3.87~3.66 (m, 2H, CH,).

3-(1H-3-M5|W)-1.3- 5% F LR - 1- T i (8h)!' 7 %
& 44, m.p. 128~129 °C; 'H NMR (300 MHz, CDCl5)
5: 8.01~7.85 (m, 3H, ArH), 7.48~7.46 (m, 1H, ArH),
7.40~7.33 (m, 1H, ArH), 7.26~7.14 (m, 4H, ArH),
7.10~6.95 (m, 4H, ArH), 5.08~5.03 (m, 1H, CH), 3.84~
3.65 (m, 2H, CH,), 2.42 (s, 3H, CH3), 2.30 (s, 3H, CH;).

3-(4- SR B )-3-(1H-3- W] W )-1- % FH R KL -1- T il
8)": A AR, mp. 123~124 C; 'H NMR (300
MHz, CDCl;) 6: 8.09~7.98 (m, 1H, ArH), 7.94~7.86 (m,
2H, ArH), 7.42~7.26 (m, 5H, ArH), 7.23~7.15 (m, 5H,
ArH), 7.07~6.99 (m, 2H, ArH), 5.08~5.03 (m, 1H, CH),
3.83~3.63 (m, 2H, CH,), 2.41 (s, 3H, CH3).

3-(1H-3-W5W)-3-ZK F5- 1-X6) FF R FE- 1- AT I (85)1*: 3¢
O E 44, mp. 120~121 °C; 'H NMR (300 MHz, CDCl5)
5: 8.01~7.90 (m, 3H, ArH), 7.46~7.44 (m, 1H, ArH),
7.39~731 (m, 4H, ArH), 7.27~7.13 (m, 4H, ArH),
7.06~6.99 (m, 2H, ArH), 5.11~5.06 (m, 1H, CH), 3.85~
3.67 (m, 2H, CH,), 2.41 (s, 3H, CH3).

4-(1H-3- M5 Wi )-4- 2K BL 2= T i (8k)21: 3 {4, [ 44 .
m.p. 108~109 ‘C; '"H NMR (300 MHz, CDCl;) 6: 8.10 (s,
1H, ArH), 7.48~7.46 (m, 1H, ArH), 7.35~7.14 (m, 4H,
ArH), 7.09~7.04 (m, 2H, ArH), 7.01~6.99 (m, 2H, ArH),
4.88~4.83 (m, 1H, CH), 3.32~3.14 (m, 2H, CH,), 2.10
(s, 3H, CHs).

1-(3-WR M )-3-(1 H-3- W5 Wk )-3- 7% F - 1 - T4 i (81)1™): - %
& 44, m.p. 103~104 °C; '"H NMR (300 MHz, CDCl,)
d: 8.05~8.00 (m, 1H, ArH), 7.55~7.53 (m, 1H, ArH),
7.46~7.43 (m, 1H, ArH), 7.41~7.35 (m, 3H, ArH),
7.26~6.99 (m, 6H, ArH), 6.49~6.48 (m, 1H, ArH),
5.08~5.03 (m, 1H, CH), 3.72~3.56 (m, 2H, CH,).

4-(3-(2- P B W ))-5- FY e -2- CL 0 (8m): ¥4 35 €5 9
JRAE. 'TH NMR (300 MHz, CDCLy) d: 0.71 (d, J=6.8
Hz, 3H), 1.02 (d, J=6.4 Hz, 3H), 1.84 (s, 3H), 2.13 (m,
1H), 2.28 (s, 3H), 2.87 (dd, J=14, 3.6 Hz, 1H), 3.04 (dd,

2286 http://sioc-journal.cn/
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J=9.6, 4.0 Hz, 1H), 3.10 (m, 1H), 7.01~7.07 (m, 2H),
7.16~7.19 (m, 1H), 7.55 (dm, J=8.0 Hz, 1H), 7.95 (bs,
1H).
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