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Study on the Copper-Catalyzed Selective Allylation of
Aryl (or Alkyl) Halides

Han, Boshi“ Shi, Zheng* He, Huihong™* Zhang, Xinghua™*
(“ School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418)
(® Institute of Drug Discovery Technology, Ningbo University, Ningbo, Zhejiang 315211)

Abstract A practical method for the Cu-catalyzed coupling of aryl (or alkyl) halides with allylic acetates was described. This
procedure effectively avoids the use of preformed Grignard reagent and affords allyl products with high to excellent regio-

selectivity under relatively mild condition.
Keywords copper-catalyzed; allylation; regioselectivity
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WA AR B, BTG RENS L “—iE” K%
SEILT C—C BERITEIE . mRE R, A RO T T 4
BAEHARFIIEH. BE4h, Gong!”, Weix™, Gosmini®'4%
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1 SRS
1.1 REFHMHL

5, VR 2R AR (1a) R IR 28 (2a) ME B
A S BT, CuSCN SHHEAT, PPhs ARCAA, LiCl 9N
A, VUSRI (THF) A9 FE 5 8 ST 10 R /e B 2%
AT IRIE. 7E 30 CFRML 6 h 5Lk 68%MIUL IR
P24 3a(£ 1, Entry 1), 'H NMR 2 B 95 3L (003 7 J 4k )
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MR

WL 5e R T M= (o IEFF), BB X3,
R, DX AT IR E, RILLL CuBr MM
TS S SRR B e, OISR AT DAFR T & 74%(F% 1,
Entries 2~4). $4bh, %R IECAZT T ik, 4R%E
B, 3% & BUECAAR (N 1,10-phen, TMEDA)AI& i Bt 44
(DPPM) I SR AE, [ U635 KT PPhs(3# 1, Entries
5~7); BIRRHECAK PCy; B SN IR AT T & 74%,
{EZRF=) da(JR AL 2a H SR AR B = (R 1,
Entry 8). 5 Tt —DHm R BeR, Xkt T 75
8, 45 R IRAN IR ER I I S EAE 66%(% 1, Entry
9), 124 LiBr AUSINFINE, KB ECRSE— 5 3
78%(F 1, Entry 10), X — I G R EL7E i B A
R T —EREER. Ak, e e EEBREES
PIARREME SN RAFIHEAT (3R 1, Entry 11). 7ERF TR
SN FISEIAI (2 1, Entry 12)R, V% E0 N
HHEEEW, N R AR ISR IS R kAT, ik
RO, U e s 2 G s 7 0 e i 45 20 H br P9,
I} S S A% 82 (%K 1, Entries 13~15) KB, M
W2 o e L R e i v (LR AR, AR
97 i FEE T RS T] LA 28 ) s LR =4 da (AR R
F1 MM ¢

Table 1 Optimization of reaction conditions
A
OA
©/\/\ c . OBr
1a
2a
A
- =~

Cat., ligand, additive
Mg, THF, T, 6 h

3a 4a
. » o Yield/%
Entry Cat. Ligand Additive 7/C of 3a/da
1 CuSCN  PPh, LiCl 30  68/11
2 Cul PPh;, LiCl 30  70/11
3 CuCl PPh;, LiCl 30  61/12
4 CuBr PPh;, LiCl 30  74/10
5 CuBr 1,10-Phen  LiCl 30  66/7
6 CuBr TMEDA LiCl 30 NR
7 CuBr DPPM LiCl 30  59/9
8 CuBr PCy; LiCl 30  74/12
9 CuBr PPh; — 30 66/12
10 CuBr PPh;, LiBr 30  78/14
11°  CuBr PPh;, LiBr 30 NR.
124 CuBr PPh; LiBr 30 NR
13 CuBr PPh;, LiBr 0 75/16
14 CuBr PPh;, LiBr 60  80/6
15  CuBr PPh, LiBr 80  86/3(86)°

“Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), catalyst (10 mol%), Mg
(2.4 equiv.), ligand (20 mol%), additive (1.0 equiv.), THF (1.5 mL), 6 h. *
Yield determined by 'H NMR using 4-dimethylaminopyridine as an internal
standard. © Zn or Mn instead of Mg. dToluene, dichloromethane or MeCN
instead of THF. “Isolated yield.
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R, B SNSRI € D CuBr J9 AL, PPhs
BeA4, LiBr ARHER, DY AR, 4B BN
R T 80 ‘C/i 6 h(5& 1, Entry 15).
1.2 ERMEEMHAR

TERE T BN fE, R A5 R )&
VEFEEAT T 552 (ER 2). HA iR 28 R RS 51

F2 HfTRINR
Table 2 Expansion of aryl halides

CuBr 10 mol%, PPhy

X OAc 7/ N\ (20 mol%), LiBr (1.0 equiv.)
+
RN\= Mg (2.4 equiv.)
1a o
X=Br,|,Cl THF, 80 °C,6 h
2
X X
| —R
=

i

3b X = Br (89%)

3a X =Br (86%)
) a:y>99:1

X=1 (88%
X =Cl (0%)
a:y>99:1

:

AN

3d X = Br (83%)

N
3
v
©
© W
-

3c X =Br (90%)
a:y>99:1

W

VR
O..
EI')_I

3f X =Br (93%)
a:y>99:1

:

3e X =Br (88%)
a:y>99:1

2

4

W
»

3h X =Br (79%)
a:y>99:1

W
4
W

3g X = Br (80%)

a:y>99:1 X

3j X =Br (85%)
a:y>99:1

W

/
9
o_o

3i X =Br (84%)
a:y>99:1

?
)

31 X =Br (41%)

a:y>99:1
o
3n X =Br (38%)

a:y>88:12

4
O

3k X =Br (76%)
a:y>99:1

X

?

3m X = Br (63%)

1y >98:2
0)(( =}/CI (53%) 30 X =Br (19%)
a:y>99:1 a:y>81:19

© 2021 Chinese Chemical Society & SIOC, CAS

Reaction conditions: 1a (0.5 mmol), 2 (1.0 mmol), CuBr (10 mol%), PPh; (20
mol%), Mg (2.4 equiv.), LiBr (1.0 equiv.), THF (1.5 mL), 80 C, 6 h.
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S35 e DL = AR B H ARG A ) 3a, (HRTE R OR
WIANIE & eI B Ab, o0 5 A BAR 22 1) Ao B )
JRBEF=ZR P RE LN, S Re A i e e MR AT H AR &4
(86%~90%, 3a~3c). [FIFE, XT3 FEREER BT
ROBABIEAT T %52, XWTIRARTENAEY, BT 208
5545 LT8O N I JE AR I S B [ B2 A R AN SR AR K, AR
UG IR S 3 B Ak &9, (HRAT S, 538 5
Wz B 250 32 A1 PR R (83 % ~93%, 3d~ 30 & 45 FiL 1
R4 N 3 [ 1) JEE W0 (80% ~ 84%, 3g~ 3j) 5 Il F- 2 B [ i3k
17, PR . RS RAR IS EAT 155, 45
R IIZ S T VE RIREE TS A R . WEW S ARk
H AR, I DA S5 = S48 2 R B AR A (76%,
3k; 41%, 31). M4, HxRIFEM, AT EARELL
DR . R EFCRAR ] B AR S P(3m). (HhrE:
RIS S BRI K, 4 SRR e B YR AR I 0 TR
FEAN SN ISR B 7 0 T DX ek ik 6 2 5 R VR A
KZ#E(3n, 30).

XoF T RS A M TR 35 L TR i 1) P Y R AT T
HEL(FR 3), SLIRLE RRUZ PR RN T — M 2%
W JE QIR A BT &M, T — s E L
R, 77 R 2 ¢ o7 B H - A LA v e 2R R X3
WFEPESRAT H AR Y1(83%, 3aa; 87%, 3ab). W Fi KM%
752 [RIRE 3 FH T 2 20 W8 Wy 0 79 56 2 1 TG 10 0 K e BV
(85%, 3ac). BLAb, IR B AL IE RN X 2 s B
DR, N(E)-2-F FE-3- 28 345 T4 35 2L TR B (1e) HY
RAR AT DL ST B M SR B B 1) v JE R AR K (82%, o - y>
99 : 1, 3ad). {EfFFENIE, 1Y) 3af fl 3ag £ 3ae A7
AR 2R, R 3R AT T I X B 1 (79%,
o y>99: 1, 3af; 81%, a : y>99 : 1, 3ag). X T —%k%
N3 TR, SO B 2% () BELGT S5 B2 AU %6 % X 438,
PRPENEFZM /N (80%~97%, a @ y=97 : 3, 3ah~3al).
FEER bR TR A (T 3an) Bt B T2 A (A0 3am)
HHF P35 43(85%, 3am; 91%, 3an), {HH[X
Wk BT (o ¢ y=98:2, 3am; a : y=99:5, 3an).
1.3 RNHIEHR

N L TN RE, JFRE T Wl Scheme 1 T
NI A b P Sl A R AR, SRR AE
CuBr T 5 R PRERE & B A AT LTS B TR &4
3a (Scheme la, 51%), ViU IFEFRETT T A A 1K
WA RE. BeAh, MR AU R R B IRE N, 7E B IR
BN LiBr, WA 2] 7 B =4 3a
(Scheme 1b, 71%), EIREBRER AT 72454
—EZM, HRRHHIE KA S50 EE T
SRARTE. MR SCERIRAE Y, LiBr 78 5B AL RE N &
T ERARFRI Y AR eI E 0t HR B AR e R H, 18] DA
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Table 3 Expansion of allyl acetates

R! R3 CuBr (10 mol%), PPh3 (20 mol%)
LiBr (1 equiv.)
27X + Br -
R OAc Mg (2.4 equiv.), THF
1 2a 80°C,6h
R' R3
RN
3

N
\O CF3

3aa (83%) 3ab (87%)
ay>99:1 oy>99:1

\\ X
. SAR®

3ac (85%) 3ad (82%)
ay>99:1 a:y>99:1
L )\V\@k

3af (79%)
3ae (56%) ay>99:1

N
SN SRS
3ag (81%) 3ah (93%)

a:y>99:1 ay=97:3
0
3ai (89%) 3aj (97%)
ay=99:1 ay=98:2
Ph
(ﬂ (0
3ak (81%) 3al (80%)
ay=97:3 ay=97:3

ool e

3am (85%) 3an (91%)
ay=982 ay= 955

© 2021 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1 (0.5 mmol), 2a (1.0 mmol), CuBr (10 mol%), PPh; (20
mol%), Mg (2.4 equiv.), LiBr (1.0 equiv.), THF (1.5 mL), 80 C,6h

A% BRI S MLy v, A T SROSE PRI 1A T

ZE4 DL RSt gt BURBLA SCikiRIED ), $2H T
AT BEA B 243 (Scheme 2): LiBr A2 #E 55 F IR A1 Mg A4
Hokg Ak AP 315 CuBr DL B4R PPhy A2 B 5 JE T
&4 B FLA) B kB RS RAR T AR 5 R
WA M AR B FAE A R ST LR R

http://sioc-journal.cn/ 697
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a —< >—Br —< >—M Br
@ THF, reflux, 3 h g
2a
Ph/\/\@\
3a

PR X"0Ac
Yield: 51%

CuBr, PPhs, THF, 80°C,6 h
(b) OBr OMgBr-LiBr
Ph/\/\©\
3a

2a

PR "0Ac

CuBr, PPh3, THF, 80°C, 6 h
Yield: 75%
B sk

Scheme 1 Control experiments
AEFIVEIECALE B n- A SR Cu()4 @ a4 DM B
JE G PRI A Cu(L) A BN, E I8 5 bR
JEH Cu(DECEY) B R, g DX AR FE L (o B8 AR
AL 015 A 2.

Mg, LiBr
THF reflux, 3 h

Mg
ArBr ———> ArMgBr-LiBr
LiBr A

K CuBr
L
MgBr,
ArCu'L

B

ArMgBreLiBr
PR " g

MgBr,

L
Ar— Cu”'

% W "oAc
’X Cu~Ar H

Ph/\/\o/u\
D

[ArZCuL

AcOLi

B 2 wREM S BILER
Scheme 2 proposed mechanism
2 Zhig

ARSI 5 R S T A R A A T 2 TR T
A A5 kﬁkéﬂ@mli?%fékﬁﬁi%%&ﬁ, G TR
T3 P R B R B ). 1207 VR BT A JEURH B
Gifs, JHERE, RYIERVEL, BABsIeR Ky
9 X I

3 SLEES

3.1 UEFES5HF
'H NMR Al *C NMR f# [ Bruker Avance III (500
MH2)ZREAEIRACI 5 =140 HE5 3% 48 Bruker SolariX
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70 FT-Ms i 5173 7% DU ARAT £ R AR 7 A8 46 o 145 N g
ST ARG A RIBRRR R UL A A T, %ﬁﬁ%km
alifh b7,
32 ZLWHE
3.2.1 GREAHE A A TR B A AR R IR IR A TR
L N-Ysi

£ 10 mL 1 S B AR I A5 TR 2 Z R B8R (0.5
mmol), (1.0 mmol), JRALIFAR(0.05 mmol), —
FEME(0.1 mmol), 58 (1.2 mmol)Fl 1.5 mL DU LI, SR
JEIASEREF, S%EET 80 CiMyH %M. 6 h. £fx
PR /AR ZRSE, BRI SR
(3.0 mL)AK, A ZIRLERGS.0 mLX3)EE. HHHLS
MR E AR (5.0 mL)PE, To/KBR RN T8 5 i
WARBR W), BT A= S &4 2 AT (i E) 7 25 )5 B
P AH B A TR A S 4.

1-PUEESE-4- L (32)): TE AR 14:(89.6 mg,
77 86%). "H NMR (500 MHz, CDCls) §: 7.33 (d, J=17.5
Hz, 2H), 7.26 (t, J=17.6 Hz, 2H), 7.17 (t, J=7.3 Hz, 1H),
7.14~7.06 (m, 4H), 6.42 (d, J=15.8 Hz, 1H), 6.35~6.27
(m, 1H), 3.48 (d, J=6.7 Hz, 2H), 2.31 (s, 3H); *C NMR
(125 MHz, CDCly) §: 137.4, 137.0, 135.6, 130.7, 129.4,
129.1, 128.5, 128.4, 127.0, 126.0, 38.9, 21.0.

1-PRESE-2- LR 3b)) T EIHEIR B 4:(92.7 mg,
772 89%). '"H NMR (500 MHz, CDCl5) d: 7.32 (d, J=17.1
Hz, 2H), 7.27 (t, J=7.6 Hz, 2H), 7.17 (m, 5H), 6.40~6.27
(m, 2H), 3.51 (d, J=5.0 Hz, 2H), 2.32 (s, 3H); *C NMR
(125 MHz, CDCly) §: 138.1, 137.5, 136.4, 130.8, 130.2,
129.2, 128.5, 128.4, 127.0, 126.4, 126.1, 126.0, 36.8, 19.4.

2- AR -1,3- 2R 3e)" G IR VR A (100
mg, % 90%). 'H NMR (500 MHz, CDCly) d: 7.31~
7.20 (m, 4H), 7.15 (t, J=7.2 Hz, 1H), 7.04 (d, J=2.9 Hz,
3H), 6.31~6.17 (m, 2H), 3.54 (d, J=5.3 Hz, 2H), 2.33 (s,
6H); °*C NMR (125 MHz, CDCl,) 8: 137.5, 136.7, 136.1,
129.9, 128.4, 128.1, 127.3, 126.9, 126.1, 126.0, 32.9, 20.0.

1- B 2 4- G A (3a)): TE (R V4 (88.1 mg,
772 83%). '"H NMR (500 MHz, CDCls) d: 7.34 (d, J=17.7
Hz, 2H), 7.28 (t, J=7.6 Hz, 2H), 7.22~7.14 (m, 3H), 6.98
(t, J=8.6 Hz, 2H), 6.42 (d, J=15.8 Hz, 1H), 6.34~6.28
(m, 1H), 3.50 (d, J=6.7 Hz, 2H); *C NMR (125 MHz,
CDCly) d: 161.4 (d, J=243.8 Hz), 137.3, 135.7 (d, J=3.1
Hz), 131.2, 130.0 (d, J=7.8 Hz), 128.9, 128.5, 127.2,
126.1,115.2 (d, J=21.1 Hz), 38.5.

1-5-4- R K 3e) ™l e il IR 44(100.6 mg,
772 88%). '"H NMR (500 MHz, CDCls) d: 7.34 (d, J=17.7
Hz, 2H), 7.28 (dd, J=15.8, 7.9 Hz, 4H), 7.23~7.18 (m,

Chin. J. Org. Chem. 2021, 41, 695~701
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1H), 7.15 (d, J=8.1 Hz, 2H), 6.43 (d, J=15.8 Hz, 1H),
6.33~6.27 (m, 1H), 3.49 (d, J=6.8 Hz, 2H); *C NMR
(125 MHz, CDCly) §: 138.5, 137.2, 131.9, 131.4, 130.0,
128.5, 128.5, 128.5, 127.2, 126.1, 38.6.

1- PR AR 5k -4-( = 40 3 ) 28 (361 T8 8 3 IR k4
(119.3 mg, “F 91%). 'H NMR (500 MHz, CDCl;) ¢:
7.53(d, J=17.9 Hz, 2H), 7.41~7.23 (m, 6H), 7.20 (t, J=
7.3 Hz, 1H), 6.44 (d, J=15.8 Hz, 1H), 6.32~6.26 (m,
1H), 3.55 (d, J=6.9 Hz, 2H); *C NMR (125 MHz, CDCl,)
o 144.3, 137.1, 131.9, 128.9, 128.56 (q, J=10.3 Hz),
128.5, 127.8, 127.4, 126.1, 125.4 (q, J=3.9 Hz), 123.3,
39.0.

1- AL AR FE-4- A 6 K (3g)! ") T (0 IR 44 (89.7
mg, % 80%). 'H NMR (500 MHz, CDCl3) 6: 7.35 (d,
J=17.7 Hz, 2H), 7.28 (t, J=7.6 Hz, 2H), 7.21~7.12 (m,
3H), 6.90~6.78 (m, 2H), 6.42 (d, J=15.8 Hz, 1H), 6.36~
6.30 (m, 1H), 3.79 (s, 3H), 3.48 (d, J=6.7 Hz, 2H); "*C
NMR (125 MHz, CDCLy) o: 158.0, 137.4, 132.1, 130.7,
129.6, 129.6, 128.5, 127.0, 126.0, 113.8, 55.2, 38.4.

4- A B 3 -V, N- S 2 A (3) T A £ IR TR
(93.7 mg, 7% 79%). '"H NMR (500 MHz, CDCL3) d: 7.32
(d, J=7.7 Hz, 2H), 7.25 (t, J=17.5 Hz, 2H), 7.15 (t, J=
7.3 Hz, 1H), 7.10 (d, J=8.3 Hz, 2H), 6.70 (d, J=8.3 Hz,
2H), 6.40 (d, J=15.8 Hz, 1H), 6.35~6.30 (m, 1H), 3.43
(d, J=6.6 Hz, 2H), 2.87 (s, 6H); °C NMR (125 MHz,
CDCly) 6: 149.1, 137.5, 130.2, 130.1, 129.2, 128.3, 128.1,
126.8, 126.0, 113.0 40.8, 38.3.

SRR FE S IR[][1,3] M) IR A
(100.1 mg, 7“& 84%). '"H NMR (500 MHz, CDCl;) o:
7.35 (d, J=7.2 Hz, 2H), 7.28 (t, J=7.6 Hz, 2H), 7.19 (t,
J=17.3 Hz, 1H), 6.78~6.71 (m, 2H), 6.68 (d, J/=7.9 Hz,
1H), 6.42 (d, J=15.8 Hz, 1H), 6.33~6.27 (m, 1H), 5.91
(s, 2H), 3.45 (d, J=6.8 Hz, 2H); °C NMR (125 MHz,
CDCly) 6: 147.6, 137.3, 133.9, 130.9, 129.3, 128.5, 128 .4,
127.1,126.1, 121.3, 109.1, 108.2, 100.8, 39.0.

1-AREREZEBHM: B mRiA(103.8 mg, 723
85%). '"H NMR (500 MHz, CDCl;) §: 8.07 (d, J=8.1 Hz,
1H), 7.85 (dd, J=7.6, 1.9 Hz, 1H), 7.74 (d, J=8.0 Hz,
1H), 7.51~7.45 (m, 2H), 7.43~7.35 (m, 2H), 7.31 (d, J=
7.3 Hz, 2H), 7.25 (t, J=7.6 Hz, 2H), 7.20~7.14 (m, 1H),
6.54~6.41 (m, 2H), 3.98 (d, J=5.1 Hz, 2H); *C NMR
(125 MHz, CDCl3) o: 137.4, 136.2, 133.8, 131.9, 131.2,
128.8, 128.7, 128.4, 127.1, 127.0, 126.4, 126.1, 125.9,
125.6, 125.56, 124.0, 36.4.

2-PARESER I (3K)! Y TE R (70.0 mg, 77
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76%). 'H NMR (500 MHz, CDCl3) d: 7.36~7.29 (m, 3H),
7.26 (t, J=7.6 Hz, 2H), 7.17 (t, J=7.3 Hz, 1H), 6.45 (d,
J=15.8 Hz, 1H), 6.30~6.25 (m, 2H), 6.09~5.97 (m, 1H),
3.51 (d, J=6.8 Hz, 2H); *C NMR (125 MHz, CDCl;) ¢:
153.8, 141.2, 137.1, 131.8, 128.4, 127.2, 126.1, 125.4,
110.3,105.6, 31.7.

2- AR FEEN DN TEEMARBA 1.1 mg, F=F
41%); "H NMR (500 MHz, CDCl;) §: 7.37 (d, J=7.7 Hz,
2H), 7.30 (t, J=7.6 Hz, 2H), 7.26~7.19 (m, 1H), 7.16 (d,
J=5.1 Hz, 1H), 6.96~9.94 (m, 1H), 6.86 (d, J=3.3 Hz,
1H), 6.51 (d, J=15.8 Hz, 1H), 6.37 (dt, J=15.6, 6.9 Hz,
1H), 3.74 (d, J=6.8 Hz, 2H); *C NMR (125 MHz, CDCl5)
0: 143.1, 137.1, 131.3, 128.5, 128.1, 127.3, 126.9, 126.2,
124.6,123.7, 33.3.

(E)-1-T H5-1,4- 23 =2 Em)!": L ErIRm
1£(65.6 mg, “F 63%). '"H NMR (500 MHz, CDCls) o:
7.34~7.26 (m, 6H), 7.23~7.18 (m, 4H), 6.41 (d, J=15.7
Hz, 1H), 6.29~6.23 (m, 1H), 2.79 (t, J=7.8 Hz, 2H), 2.53
(q, J=17.5 Hz, 2H); *C NMR (125 MHz, CDCl;) §: 141.7,
137.6, 130.3, 129.9, 128.5, 128.4, 128.3, 126.9, 125.9,
125.9, 35.8, 34.9.

(E)-Co-1-4-1,6- — 3 — £ @n)!"S: It R WAk
(44.9 mg, 773 38%). '"H NMR (500 MHz, CDCl;) d: 7.33
(d, J=7.5Hz, 2H), 7.30~7.26 (m, 4H), 7.19 (d, J=7.1
Hz, 4H), 6.37 (d, J=15.8 Hz, 1H), 6.24~6.18 (m, 1H),
2.64 (t, J=7.8 Hz, 2H), 2.24 (q, J=7.3 Hz, 2H), 1.71~
1.65 (m, 2H), 1.56-1.49 (m, 2H); “C NMR (125MHz,
CDCly) J: 142.6, 137.8, 130.8, 129.9, 128.5, 128.4, 128.3,
126.8, 125.9, 125.7, 35.9, 32.9, 31.1, 29.0.

(E)BE-1-J75-1-K30)"): T IRWA(16.6 mg, 7=
% 19%). '"H NMR (500 MHz, CDCly) d: 7.33 (d, J=7.3
Hz, 2H), 7.28 (t, J=17.7 Hz, 2H), 7.18 (t, J=7.3 Hz, 1H),
6.37 (d, J=15.8 Hz, 1H), 6.25~6.19 (m, 1H), 2.22~2.17
(m, 2H), 1.50~1.44 (m, 2H), 1.36~1.29 (m, 4H), 0.90 (t,
J=17.0 Hz, 3H); “C NMR (125 MHz, CDCl;) d: 137.9,
131.2, 129.7, 128.4, 126.7, 125.9, 33.0, 31.4, 29.1, 22.6,
14.1.

(E)-1- F 580 JE -4-(3-(%F AR ) T -1- 0 -1- R ) 2R
(322)": TR A (98 mg, 77F 83%). 'H NMR
(400 MHz, CDCls) 8: 7.37~7.22 (m, 3H), 7.16~7.08 (m,
3H), 6.83~6.81 (m, 2H), 6.38 (d, J=15.7 Hz, 1H), 6.23~
6.16 (m, 1H), 3.79 (s, 3H), 3.48 (d, J=6.8 Hz, 2H), 2.32
(s, 3H); *C NMR (100 MHz, CDCl;) §: 158.8, 137.3,
135.54, 130.3, 130.2, 129.1, 128.5, 127.3, 127.2, 113.9,
55.2,38.9,21.0.
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(E)-1- 1 FE -4-(3-(4-( = 5 38 ) 2 0k ) 0 70 0k ) 2K
(3ab)?%: TR BAAR(120 mg, F7F 87%). '"H NMR
(400 MHz, CDCl3) 6: 7.51 (d, J=8.1 Hz, 2H), 7.47 (d, J=
8.1 Hz, 1H), 7.40 (d, J=8.1 Hz, 2H), 7.12 (s, 3H), 6.43 (s,
2H), 3.51 (d, J=3.1 Hz, 2H), 2.32 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 141.0, 136.4, 135.9, 132.4, 129.5, 129.4,
129.2, 128.5, 126.7, 126.2, 125.4 (q, J=4.2 Hz), 38.9,
20.9.

(E)-2-(3-(X F A 3 ) P - 105 - 1- 3 ) e 13 (3ac) ") 6
EIHPIRBAA(91.0 mg, 7% 85%). '"H NMR (400 MHz,
CDCl;) 0: 7.17~7.01 (m, 5H), 6.95~6.80 (m, 2H), 6.51
(d, J=15.6 Hz, 1H), 6.21~6.14 (m, 1H), 3.44 (d, J=6.8
Hz, 2H), 2.31 (s, 3H); *C NMR (100 MHz, CDCl;) o:
1427, 136.7, 135.6, 129.4, 129.2, 128.6, 127.2, 124.6,
124.0, 123.4, 38.6, 21.0.

(E)-1-F 5 -4-2- F JE 3-SR L7 Y 56) 2 3ad)?'): 6
EHPRBA91.1 mg, % 82%). 'H NMR (400 MHz,
CDCly) 0: 7.31~7.22 (m, 4H), 7.19~7.08 (m, 5H), 6.35
(s, 1H), 3.42 (s, 2H), 2.31 (s, 3H), 1.78 (s, 3H); °C NMR
(100 MHz, CDCl3) o: 138.4, 138.3, 136.7, 135.6, 129.0,
128.8, 128.0, 126.5 , 126.0, 46.7, 21.0, 17.6.

1- 475 75 3k -4- /P 3K 2 (3ae)™™: G o IR WA (37.0
mg, & 56%). 'H NMR (500 MHz, CDCl3) 6: 7.09 (q,
J=7.9 Hz, 4H), 5.99~5.91 (m, 1H), 5.17~4.95 (m, 2H),
3.35(d, J=6.7 Hz, 2H), 2.32 (s, 3H); °C NMR (125 MHz,
CDCly) d: 137.7, 136.9, 135.5, 129.1, 128.4, 115.5, 39.8,
21.0.

1-FBE-4-(3- 1 3 T -2-05-1-38) K 3ah) ) T AR
WiA(63.3 mg, F=Z 79%). '"H NMR (500 MHz, CDCls) 6:
7.06 (d, J=2.2 Hz, 4H), 5.38~5.24 (m, 1H), 3.29 (d, J=
7.5 Hz, 2H), 2.30 (s, 3H), 1.72 (d, J=11.7 Hz, 6H); "*C
NMR (125 MHz, CDCly) d: 138.7 135.1, 132.1 129.0,
128.1, 123.5, 33.9, 25.7, 21.0, 17.8.

(E)-1-(3,7- — FH 3 3F 3L 2.6- — M -1- 35 )-4- H 3L %
(3ag)™: TLEOHIRTAA92.5 mg, % 81%). 'H NMR
(500 MHz, CDCls) 8: 7.13~7.04 (m, 4H), 5.37~5.28 (m,
1H), 5.12~5.09 (m, 1H), 3.32 (d, J=7.4 Hz, 2H), 2.31 (s,
3H), 2.10 (t, J=7.5 Hz, 2H), 2.05 (d, J=7.7 Hz, 2H), 1.69
(d, J=8.5 Hz, 6H), 1.60 (s, 3H); *C NMR (125 MHz,
CDCly) d: 138.8, 136.1, 135.2, 131.6, 129.1, 128.3, 124 .4,
123.4,39.9,33.9,26.7,25.9,21.1, 17.9, 16.2.

(E)-1-F 3L -4-(4-ZK 3L T 3-45-2-38) % (3ah) ™ T th
HARBA 103.4 mg, F2% 93%). 'H NMR (500 MHz,
CDCly) 6: 7.33 (d, J=7.4 Hz, 2H), 7.26 (t, J=7.1 Hz, 2H),
7.19~7.08 (m, 5H), 6.37 (d, J=5.3 Hz, 2H), 3.65~3.52
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(m, 1H), 2.31 (s, 3H), 1.43 (d, J=6.8 Hz, 3H); *C NMR
(125 MHz, CDCLy) 0: 142.6, 137.6, 135.7, 135.4, 129.1,
128.4,128.3, 127.1, 126.9, 126.1, 42.1, 21.2, 21.0.

(E)-1-F B -4-(1- 2R 3 TR - 1-05-3-35) 2K (3ai) ™) LD
HARTBA(105.2 mg, 723 89%). 'H NMR (500 MHz,
CDCly) 0: 7.33 (d, J=7.7 Hz, 2H), 7.26 (t, J=7.6 Hz, 2H),
7.15 (d, J=21.6 Hz, 5H), 6.38 (d, J=15.9 Hz, 1H), 6.31
(dd, J=15.8, 7.5 Hz, 1H), 3.27 (q, J=7.4 Hz, 1H), 2.32 (s,
3H), 1.83~1.77 (m, 2H), 0.90 (t, J=7.4 Hz, 3H); "°C
NMR (125 MHz, CDCLy) o: 141.5, 137.7, 135.6, 134.4,
129.2, 129.1, 128.4, 127.5, 126.9, 126.0, 50.5, 28.7, 21.0,
12.3.

(E)-1-H e -4-(5- H L -1- 2R 6 O -1- 05 -3- 55 ) K (3aj):
To R AR (128.2 mg, 7% 97%). 'H NMR (500
MHz, CDCly) 8: 7.33 (d, J=7.5 Hz, 2H), 7.28~7.23 (m,
3H), 7.19~7.10 (m, 5H), 6.37 (d, J=15.9 Hz, 1H), 6.29
(dd, J=15.8, 7.6 Hz, 1H), 3.48 (q, J=7.6 Hz, 1H), 2.32
(s, 3H), 1.65 (t, J=7.3 Hz, 2H), 1.54 (d, J=9.4 Hz, 2H),
0.91 (s, 6H); °C NMR (125 MHz, CDCl3) 6: 141.7, 137.6,
135.6, 134.8, 129.1, 128.8, 128.4, 127.4, 126.9, 126.1,
46.4, 45.1,25.4, 22.6, 21.0. HRMS (ESI) caled for CooHys
[M+H]": 265.1951, found 265.1948.

(E)-1-H B -4-(1- K - 1-05-3-F5) K (3ak)™: Bt
HARBA(112.8 mg, 723 81%). 'H NMR (500 MHz,
CDCly) d: 7.33 (d, J=7.6 Hz, 2H), 7.29~7.20 (m, 3H),
7.17 (t, J=7.3 Hz, 1H), 7.12 (s, 4H), 6.37 (d, J=15.9 Hz,
1H), 6.31 (dd, J=15.8, 7.4 Hz, 1H), 3.36 (q, J=7.4 Hz,
1H), 2.32 (s, 4H), 1.77 (q, J=6.5 Hz, 2H), 1.33~1.21 (m,
6H), 0.86 (d, J=6.2 Hz, 3H); *C NMR (125MHz, CDCl,)
5: 141.7, 137.7, 135.5, 134.7, 129.1, 129.0, 128.4, 127.4,
126.9, 126.0, 48.7, 35.8, 31.8,27.3,22.5,21.0, 14.1.

(E)-(3-Chf FRZRIE) T -1-05-1,4- —5E) —F(3al): Lo
HORVEA(119.4 mg, 723 80%). 'H NMR (500 MHz,
CDCly) 6: 7.24 (dd, J=15.3, 7.5 Hz, 4H), 7.20~7.11 (m,
5H), 7.07 (d, J=8.6 Hz, 6H), 6.37 (dd, J=15.9, 7.4 Hz,
1H), 6.25 (d, J=15.9 Hz, 1H), 3.68 (q, J=7.5 Hz, 1H),
3.08 (dd, J=17.5, 3.6 Hz, 2H), 2.29 (s, 3H); *C NMR (125
MHz, CDCly) 6: 140.7, 140.0, 137.5, 135.7, 133.4, 129.7,
129.2, 129.1, 128.3, 128.0, 127.7, 127.0, 126.1, 125.8,
50.1, 42.6, 21.0. HRMS (ESI) calcd for Cy3Has: 299.1794,
found 299.1799.

(E)-4,4'-(JR-1-H5-1,3- —3E) W (1 L %) (3am)®Y: &
PR (106.4 mg, 773 85%). 'HNMR (500 MHz,
CDCly) d: 7.40 (d, J=7.9 Hz, 2H), 7.33~7.26 (m, 4H),
724 (d, J=17.9 Hz, 2H), 6.53 (d, J=15.9 Hz, 1H), 6.43
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(dd, J=15.8, 7.7 Hz, 1H), 3.42 (q, J=7.5 Hz, 1H), 2.49 (s,
3H), 2.47 (s, 3H), 1.99~1.94 (m, 2H), 1.08 (t, J=7.4 Hz,
3H); *C NMR (125 MHz, CDCl3) §: 141.6, 136.5, 135.5,
134.9, 133.4, 129.1, 129.1, 127.5, 126.0, 50.5, 28.8, 21.1,
21.0, 12.3.

(E)-1-98-4-(3-Cf 2R 58 [ -1-4%5-1-55) %K 3an): &
PR (115.7 mg, 773 91%). 'H NMR (500 MHz,
CDCly) 6: 7.28 (dd, J=38.1, 5.8 Hz, 2H), 7.12 (s, 4H), 6.95
(t, J=8.6 Hz, 2H), 6.33 (d, J=15.9 Hz, 1H), 6.22 (dd, J=
15.8, 7.8 Hz, 1H), 3.25 (q, J=7.4 Hz, 1H), 2.32 (s, 3H),
1.82~1.76 (m, 2H), 0.90 (t, J=7.3 Hz, 3H); *C NMR (12
MHz, CDCly) 6: 161.9(d, J=245.9 Hz), 141.3, 135.7,
134.2 (d, J=2.1 Hz), 129.2, 128.0, 127.5, 127.5, 127.5,
115.2 (d, J=21.5 Hz), 50.5, 28.7, 21.0, 12.3. HRMS (ESI)
caled for C;sHoFNa [M + Na] *: 277.1363, found
277.1368.

45 Bh#4 Bl (Supporting Information) fiIfS{b &4 'H
NMR Fl °C NMR 3§, X8kl n] LA 2 AT 93l
(http://sioc-journal.cn/) . N %K.
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