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Fig.1 Friedel-Crafts-Type hydroarylation and hydroalkenylation of vinylarenes
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Table 1 Optimization of Reaction Conditions for the

Hydroalkenylation®

X Ionic liquid _ Y
Solvent, t (°C), 12h O O

la 2a

Entry Tonic liquid T/C  Yield /%"
1 A, 05¢g 80 -
2 B,05g 80 64
3 C,05¢g 80 38
4 D, 05¢g 80 76
5 E,05¢ 80 -
6 F,05¢ 80 -
8 D,02¢g 80 78
9 D, 0.11 g (0.7 eq) 80 78
10 D, 95 mg (0.6 eq) 80 69
11 D, 0.11 g (0.7 eq) 60 75
12 D, 0.11 g (0.7 eq) 70 83
13 D, 0.11 g (0.7 eq) 90 63

a. Reaction conditions; 1a (0.4 mmol, 42 mg), 60~
90 °C, 12 h; b. Isolated yield

ANEBMALIETE (entries 1-6). A, B, C 3 ME T



%3

XIFESCEE . BT IRARMEAL R LI B W i U S AR e 2 A0 S i 213

TRARERIRAS ) (4 Ak i 0 U B B 8~ AL 30 A 3
PEEA B R, BB 7 B 5538 1Y Brensted iR
PEE AR B D MG PR, R IR
BETWAR D B b e )1, = FN 76%
(entry 4). XT B FUAA D A9 FH 201701 0k A& 20 24 48
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78% (entry 9). BCAR Wil FE & B N #E 70 °C
B BE AR A5 I i 77 % 83% , Y I il R AIKE] 60 C
SETHRE ) 90 °C, RN REA T FRE (entries
11-13).
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Table 2 Homo-Hydroalkenylation of Diverse Vinylarenes®

AN

Tonic liquid D (0.7 eq) -

F No solvent, 70 °C, 12 h

P~
N X
R | R
= =

2

O C
t-Bu

t-Bu

2b, 84% 2¢,90% 2d, 84%
F F
OhA® 0 ' ans
] ] OhA®
2e,92% 2f, 80% 2g,72%
0 A OO CD
Cl Cl Br Br
2h, 65% 2i, 82% 2j, 81%
Oha® ' 0y
2k, 82% 21,77% O 2m, 74%

a. Reaction conditions; 1 (0.4 mmol) , ionic liquid D (0.7 eq), 70 C, 12 h, isolated yields were given.

F 9% S 7 AN R h 22 ) ) 38 S U BE T B oAl
RENDURIEAT. Nk 3 Fiom, LS A2 1e A5k}
MR —AKHEHALEY) 1b, 1d, 1n Fl 1o, TEFR
HEZRAT T LA 60% ~ 89% 1 7= 45 31| 28 L= ¥ 3a—d.
le KK &, e S5BURIE M & A RN, M
IR A 100 B 2R RN

TETE Tl RN Z )5, FEF Rt

BRI, XS BT R A YRR O
& A 07 FE A R b AT TR, Ik 4
R, EFZE N 1a A 1,2, 3-= F S IR 0 I B iR
Y, HiEE R 80 CHE, RELL 97% )™ 357 15 5
Hirr=4) (entry 2). dEZ2 82 &R, HBLRAI N,
FHO AT (entries 3, 4). 80 °C AL
HE 0.6 eq, JORWAT TR (entry 5).
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Table 3 Cross-Hydroalkenylation of Vinylarenes®

(j/\ Tonic liquid D (0.7 eq) AN
le+Ry- > | TR
Pz No solvent,70 °C, 12 h F Pz
1 3
Entry 1 3 Yield/ %"
1 4-Me, 1b 3a 89
2 4-tert-butyl , 1d 3b 75
3 2,5-dimethyl, 1n 3c 88
4 4-Cl, 1o 3d 60

a. Reaction conditions: 1e (1.0 mmol), 1’ (0.2 mmol) , i-

onic liquid D (0.7 eq), 70 C, 12 h; b. Isolated yield.

TERAR 2T, 2 EA R
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Table 4 Optimization of Reaction Conditions

for the Hydroarylation®

MeO
©/\ O_Q Ionic liquid D O O OMe
+ Me —_—
No solvent
OMe
MeO OMe
la 4a Sa
Entry Tonic liquid T/°C Yield/%"
1 D, 0.7 eq 70 87
2 D, 0.7 eq 80 97
3 D, 0.7 eq 90 91
4 D, 0.7 eq 100 89
5 D, 0.6 eq 80 82

a. Reaction conditions :

1a (0.2 mmol), 4a (1 mmol), 12 h

in a sealed tube; b. Isolated yield.

x5 FRIGEN RN RYIERE B R
Table 5 Scope of Vinylarenes for the Hydroarylation®

OMe

I Tonic liquid D (0.7 eq) = | OMe
It R
|
= No solvent, 80 °C,12h N
OMe o solvent, , OMe
OMe OMe
4a 5
O O OMe ! ! OMe ! : OMe
OMe OMe OMe
5a, 979, OMe sb, 88% OMe sc, 809 OMe
! ! OMe O O OMe O O OMe
t-Bu OMe OMe F OMe
OMe OMe OMe
5d, 90% 5n,91% 5e,77%
O O JACENOORAC S
OMe OMe
) OMe
5h, 52% 5i, 64% 5j, 85%

1 (0.2 mmol), 4a (1 mmol) ,

a. Reaction conditions:

I AT S0 & R A s A ) S 37 4 P S g
Tﬁ%%?ﬂ@ﬁ%‘ﬁ%ﬁ, PEE TR T BR AR %28 S IO )

FEAKAEE. LSBT F LB 35 B S (1b—c) hy
W, 72240k 88% H180% (5b, 5¢ ). i FHXH 7

ionic liquid D (0.7 eq), 80 °C,

12 h, isolated yields were given.

ARG TARUT B (1d) F12,5-Z BRI
(In) PPRCIRHEAT RO, 773853 mil 42 = 21 90% il
91%. XA K &R I BACHES, 7= KRR HETE
52%~77% (Se, Sh, 5i). i 1j KW, L 85%
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Table 6 The Recirculation of lonic Liquid

©/\ Tonic liquid D (0.7 eq) m
—
No solvent, 70°C, 12 h N~
2a

la
Entry Cycle times Yield/ %"
1 1 78
2 2 75
3 3 73

a. Reaction conditions: 1a (0.4 mmol) , ionic liquid D (0.7
eq), 70 °C, 12 h. blIsolated yield.
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Hydroarylation and Hydroalkenylation of Vinylarenes by
Bronsted Acidic Ionic Liquid

LIU Mu-wen'?*, YANG Hua-meng' , ZHANG Jin-long', XIA Chun-gu" ", JIANG Gao-xi'""

(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,

Chinese Academy of Science, Lanzhou 730000, China;
2. University of Chinese Academy of Science, Beijing 100000, China)

Abstract; Both hydroarylations and hydroalkenylations of vinylarenes by the use of Brgnsted acidic ionic liquids as

reaction media and catalyst were reported. The green process provided a readily scalable, metal-free, and practical

access to trans-1,3-diaryl-1-butenes and 1,1-diarylalkane scaffolds in good to excellent yields.

Key words: brgnsted acidic ionic liquids; friedel-crafts-type alkylation; hydroarylation; hydroalkenylation



