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S0 /RR S 3R B 1B 4L Suzuki XX B R R
TOoBY EFRY  RREC  REL

( BIAT KA T SRR 7RI 150080)
(" SIS M0 5 A R A A A TR R SRR T TS0 % IR 150080)

I & S

WE IR T ANV S SR AL Suzuki [N RS PIIET T, 2R R IR AR &
T 400 FYZKEIBOR BOSEER, INES FAA 1- P RE-3- T IR X — G R ML i &, T e AL AR AR T e 5 55 Al
PR (1) Suzuki A2 AR SN, I HAEA AT LARIAFIHT 4 Ui 8 8o W] FEAIT.

KRB /%, Suzuki SOV BORFAEH; BT

Pd/C-Catalyzed Highly Efficient and Green Suzuki Cross-Coupling
Reaction

Chu, Wenyi*’ Wang, Man®” Li, Xinmin*’ Hou, Yanjun®” Sun, Zhizhong™*“*

(“ School of Chemistry and Materials Science, Heilongjiang University, Harbin 150080)
(®Key Laboratory of Chemical Engineering Process & Technology for High-efficiency Conversion, College of Heilongjiang
Province, Harbin 150080)

Abstract An efficient protocol for the Suzuki reaction catalyzed by Pd/C has been developed in a green sovent. This method
is able to prepare a variety of biaryls in high yields. In the presence of 1-butyl-3-methylimidazolium bis[(trifluoro-
methyl)sulfonyl]imide, the cross-coupling reaction of aryl bromides with arylboronic acids proceed smoothly in PEG400

aqueous at 45 ‘C. The catalyst could be recycled four times without loss of activity.

Keywords Pd/C; Suzuki reaction; biphenyls; ionic liquid

RS — WO B TP ek, iz
NHT-259). 49kt AHLSAR. 2R SR 40
s, AR AL A DT e 95 SRR AT S BB 1) Suzuki [
I A X RS Y I B vk B i e v il
BT BN N RC AR 5 N-Z8 PR TERC AL 101 (H B
(AL A — R b SR TR A FLRRAR AR 5, 9 AME &
FRC A FE AT K S 4 A A B A LR R S 2808
Beyg gy, sk, RHTCECAR. mRion] [l HEREE A 4F 1
AL Suzuki N ARZR K HIS IR A ) 2 AT B2
U X PA/C B 2 T IS O, T4k,
J PA/C 4 Suzuki J I R4 275 BRI A gttt 100,
1994 4E, Marck 2Pk qRIE T PA/C fE1LH) Suzuki
IR N, AL S WY A 75 BN — 2R SE A N K. 1%
R Z DLRAR O 468 R = Sl 198 196 kg JEC 40 vl 45 BIAH 24 4 1
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JNHCE. 2001 4, LeBlond 2523 T LACAA Pd/C
AL ST L) Suzuki (A &R, T AR TF AR FIRAC
FiIEASAR R, Pt LA R s R A SR D 2 1) Suzuki
I — B AT ST A F S 0] . LeBlond 25213 ik v 70 1)
fifie, RIET DMA/H,0 LBl 20/1 (TR AW,
EA W2 SR DY R I R VISR vk 79% L E, {H
AT LTI SR TS R I R N IR AL 2002 4,
Kohler Z5P25% A INECAA 1) PA/C 4L Suzuki (B IBESEATHT
9%, R T LA NMP/H,O KM HIF) Suzuki AR, 1% R
T A 22 Pk [ 1 e A S A At R, HE O,
U RS 120 °C. 2007 4F, Sajiki ZEPHRE T LA 10%0)
PA/C JgfAbF, HEE AW, =il NIRRT R 55
SEWMNRR Y Suzuki RV, 7= b SCR B, (H & N T
VT LA A, AR BRI 2010 4F, Y
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WP TAE 414 PA/C AR FIENL Suzuki
I N, L DMF/H,O 7, 80 C R Aefs i if ik
VAR I 9 55 % FETI R 1Y) Suzuki ). A% SCR F AT R
10% Pd/C MHEALT, 20%I1I2R £ 400 KN %
F, BANES FIAA 1-F 53T R K s X = Gt YAk 7k S
[z 5 ([BMImINTL,), SEHL T AR &5 05 SEM R AT XA
BN, Il T — RAVBR KA G, [FIB AR ]
PAZ VRIS, (AR50 A W S PR
1 SRETE

YAV FIRE T, %) Suzuki 2N B 50 R 25 2
A BTSSR, DRI DL 4- SR R 2R R A R b S
IR 590 0 S I PRI 7 DR s e B MEA T T ik
1.1 BFIx Suzuki KRz RS0

DL 4-JRLAH R R FIBIR  AAR, 10% Pd/C (2 mol%)
AT, BRERETA B, NN TR 1-F 3E-3- T Hkmk
MW = 4 F R IR IV Jie 2, 45 °C R %42 T PEG400 [ AN [R]
VIS SAREAFINAE A e Y

R AR 4-BUEER S RINR Suzuki SRV IR0 ¢

Table 1 Effect of different solvents on the Suzuki reaction

Entry Solvent (V/¥) Time/h  Yield’/%
1 PEG400 3.0 56.3
2 PEG400/H,0 (1 : 1) 3.0 64.7
3 PEG400/H,0 (1 : 2) 3.0 78.1
4 PEG400/H,0 (1 : 2) 2.5 80.3
5 PEG400/H,0 (1 : 3) 2.5 85.8
6° PEG400/H,0 (1 : 3) 2.0 90.2
7 PEG400/H,0 (1 : 4) 2.0 93.0
8° PEG400/H,0 (1 : 4) 1.5 96.2
9 PEG400/H,0 (1 : 4) 2.0 93.4
10° PEG400/H,0 (1 : 4) 1.5 93.1
11/ PEG400/H,0 (1 : 4) 1.5 96.0
12 PEG400/H,0 (1 : 5) 2.0 91.0
13 PEG400/H,0 (1 : 5) 1.8 91.2

@RV A 4-IRIHEE PR (T equiv., 0.5 mmol), KR (1.2 equiv., 0.6 mmol),
K,CO; (2.5 equiv., 1.25 mmol), 10% Pd/C (2 mol%, 24 mg), %7l 4 mL;
" TLC RS 45 SRR (K 53 B8R © A T AA[BMImINTS, 0.5 mL;
MBS FBAABMIMINTE, 0.2 mL; © JIA BB A[BMImINTS, 0.4 mL;
T IMNES T [BMImINTS, 0.7 mL.

H2 1 T LUA H, il ] PEG400 15 b % I,
WA R, RNVBCRIRZE, AN 56.3%M%, it
IKE RGN, SOV I T 4aH, e, mA 1-7T 2&-
3- PP DK e X — Gt P BE R I WY fie, I R) 3, ot
DR, M/KEBINE] PEG400/H,0 (Vi V=1":5)
I, SOV RS B N, RIS 0N B A )
TCREM, A REEE AR R NI ). 23 00 ) /K S 3 I i
WEFRG BEZ W T %, AR TR 7, REe 45 S Y.
TG S mf A, H/KE K Z I [PEG400/H,0 (V-

Chin. J. Org. Chem. 2012, 32, 1666~1672

V=1 1 5)fEAFIASE N %, BT, Ry
vz 3 N | DN R R N S N e R R A e e
JE, AMABFBRAAESHEERE, AR RAS
DDA SRR Y, T DAAE R R N I R) s A 1-F
F-3- 7T SR IDK e R — G, R I P R ) N = R 2
Pk e N AT (1, Entries 8~11), MinAEIZEF] 0.5
mL W BB B AT AR IE SO, P4kl i s IR
WA B8, Kk PEG400/H,0 AR 1 : 4,
I D5 BT WA [BMImINTE, £ 4 S R 7).
1.2 BEX Suzuki KRB SN0

DL 4-75AH L 2R RN RN A AR, 10% Pd/C (2 mol%)
AT, BRERET A B, PEG400/H,O (1 : 4) %5, I
N TR 1= F -3 S 0K e X — 9 R Al Ik IV e
2 T RS N R 52, S 4 R LR 2.

F2IRPEXT 4-IRAHEE R 5 2RINER Suzuki SO 152 ¢

Table 2  Effect of temperature on the Suzuki reaction

Entry Temperature/ C Time/h Yield’/%
1 25 1.5 23.6
2 35 1.5 60.9
3 45 1.5 96.2
4 55 1.5 90.2
5 65 1 85.4
6 75 1 78.0

© 2012 Chinese Chemical Society & SIOC, CAS

¢S 4-TRAEHREFE (L equiv., 0.5 mmol), FEMIER(1.2 equiv., 0.6 mmol),
K,CO; (2.5 equiv., 1.25 mmol), 10% Pd/C (2 mol%, 24 mg), 20% PEG/H,0 4
mL, B FHR[BMImINTE 0.5 mL; * TLC Kyl 5 1% 45 50 194 B .

i 2 LA, 25 C W H 133 23.6% 0%, b
Frl BT, RV ISCRIE S N, 45 CHRAAE] 96.2%
IR, GRS T il e, s N I TR R A i o, AR S i
TR S AT AR IR T R D DR e Bl R st vy, s
RN 1 S A 16 B RO B IR ) e I8, PR AR 77 7= il ) A
R PTCUR VA ELE 45 CRaid.
1.3 WX Suzuki /27 A 2200

DL 4-JRLAH LR FIRBI R A AR, 10% Pd/C (2 mol%)
AL T, PEGA00/H,O (V@ V=1 : 4%, IS
T 1-FE 3T R M = i PR R e £, 45 °C
NG TR N R, S 45 R LK 3.

WA FI T Suzuki I 4R H WL ERN AT, 1
F KoCO; Rl IK F1) 45 e, NayCOs, Cs,CO3 24 A ik
132 TP AR I P, BREERCE Y NaOH, C,HsONa &
MR L 22, A HUE BN (1) 5 N 808 AR AR,
1.4 Pd/C iR AR R EE 4

R4 DL b O 2% A 1 O O i 8 T AR DY R (1
equiv.), 75 IEHIRZ(1.2 equiv.), 10% Pd/C A HEALH, BRER
M Ab%, PEG4A00/H,O (V@ V=1 : 4)WEH], MAE T
VAR 1-FE-3- T JEBK M X = G A R W e, 45 CF
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R3O 4-BAHIEIR S 2EANER Suzuki KNI E2 M ¢
Table 3 Effect of base on the Suzuki reaction

Entry Base Time/h Yield®/%
1 NaOH 1.5 52.8
2 CS,CO; 1.5 82.0
3 K,CO; 1.5 96.2
4 NaHCO; 1.5 39.9
5 Na,CO;3 1.5 80.2
6 KF 1.5 36.0
7 Et;N 3.0 15.7
8 C,H;ONa 3.0 40.8

IRV A 4-SRAEFEAR (1 equiv., 0.5 mmol), ZAHEE(1.2 equiv., 0.6 mmol),
10% Pd/C (2 mol%, 24 mg), 20% PEG/H,0 4 mL, & 7 A[BMImINTS, 0.5
mL; P TLC Kl 52 ¥ &5 o5 1 43 B i %

A5 FHAN ) 55 BEIT R FRAR DS S AT S, S5 45 A 4
4 PR,

e 4 SEIRE T LUE H, W0 7 TH %5 1,
TR g h S E R T R R T Suzuki
BB 2 [N (% 4, Entries 1~6), WL 7Aoo #) 1
BN, SRR AT s b &G 45 v 1 E AN
R T8I [ V(% 4, Entries 7~12, 1~20), {H0A
IR RT 5 IR 454 vhaly A 45 o 1 B e A A T4
W6 2 (3 4, Entries 4, 9, 11, 14, 15 F1 17), JoH AT
R, 4% AT W 73 1IN S N AR (4, Entries
6, 8, 12, 16, 18 Fl1 20); M= AN BH A SEMT % (&, ANET
05 FEN R L 2 WRAR D5 I 1 AR A H AT AR EE IS 56 Jse B2 A
KU, ATAFCR T B S NI TR RE K (3% 4, Entries 2, 10,
19 F120); X TAE P ACHR (R 4, Entry 13)2K 36, &K
FEARN R AN, TR 5 3 AR DRl e Al vy, (HLABLAR,

R4 BTG IR Suzuki Y ¢
Table 4 Suzuki reaction of aryl bromides with arylboronic acids

10% Pd/C (2 mol%)

o 74\ 7N N
\ Br + (HO),B
R«@ r* (Hok @Rz KoCOs, 20% PEGHH,0 1 — 7\R2
[BMIMINTY,
Entry Aryl bromide Arylboronic acid Product Time/h Yield®/%
o8 )<
1 OZNOBr @B(OH)Z z 1.5 96.2
1
CHy s
O,N
2 OZNOBr QB(OH)Z ? 3.0 78.5
HaC

58}
P4
(@]

w
g
oy
o
I
g

5 O

o
=

w
g
oy
o
I
g

5 OHC

6 OHC

L ®
-
w

% Ej

E

(@)

Q ®

= 2
N

oo ~J
T T
< <
O O

[vs]
=
-
©
O
x
o
I
g

H3C
2
-0

1.5 90.1

3

e
1.5 92.8
1.5 89.4
5

o))" y 54
6
HsC
3 2.0 83.0
7
e
° ° 40 78.0
8
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Entry Aryl bromide Arylboronic acid Product Time/h Yield/%
{/ — H COHOCH
9 HscoOBr HyCO B(OH) 3 O O 3 25 924
HaCO 9 OCHs
CH3 H3C
10 HsCOOBr QB(OH)z H3CO 35 77.0
H3C 10 CHs,
H4;CO Br H4;CO B(OH H,CO O O OCH
11 s >/:/\ s >/:/\ (Of)2 s H 3 40 87.5
H,CO HaCO H3CO 11 OCH;
HyCO Br HyCO O O CF4
12 FsC B(OH), 5.0 60.2
H5CO H;CO 12
@l 15 95.1
13 @Br @B(OH)Z O O 30 85.1
13
@CI 24 Trace
OCH;
HsCO.
14 @Br Hg,co%:%a(om2 . ‘ OCH, 4.0 88.9
14
QO
0 r
HsCO B(OH
15 SOBF : Q (O oOCHs 4.0 80.3
H3CO 15 OCHj
O
(° L
16 OOBF Fsc@B(OH)z O O O CF; 6.0 60.1
16
)
BnO Br BnO OCH3
17 HaCOOB(OH)z 7.0 78.5
BnO BnO 17 OCH3
o o e
18 " ' FchB(OH)Z s 7.0 54.7
BnO BnO 18
NO,
H5CO Br
19 B(OH), HaCO Q Q 3.0 78.5
NO, 19
NO,
H5CO Br
20 FsC B(OH), H3CO O Q CF3 5.0 54.2
NO

20

¢ RNEAAT: AT equiv., 0.5 mmol), F5HREAIHR(1.2 equiv., 0.6 mmol), 10% Pd/C (2 mol%, 24 mg), K,CO; (2.5 equiv., 1.25 mmol), 20% PEG/H,0 4 mL,
B Y AA[BMImINTS, 0.5 mL, 45 °C; " TLC I i ¥ 45 5 1 43 B L.
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MR

FIENIIR DL, AU, AT B2 LS & Y T 1%
RNARR. BRI, (a9 12,15 F120 31X 3 4k
G AR WHGEF 5.
1.5 ELFIRESH A

DL 4-JRLAH SRR B R A AR, 10% Pd/C (2 mol%)
AT, BRI A Bs, PEG400/H,O (V@ V=1 ":4)K4
A, N B TR 1-F -3 1 L IR e X — s FF ik 7k
Wk, 45 °C R 8 RIORI ], i e R WK 5.

x5 A ER AL TERE
Table 5 Reusability of the catalyst

Entries Run Time/h Yield®/%
1 1 1.5 93.2
2 2 1.5 92.6
3 3 1.5 92.0
4 4 1.5 91.2
5 5 1.5 89.0
6 6 2.0 88.7

¢ RN AAT: 4-IUHHEER(1 equiv., 0.5 mmol), ZKHNRR(1.2 equiv., 0.6 mmol),
10% Pd/C (2 mol%, 24 mg), K,CO3 (2.5 equiv., 1.25 mmol), 20% PEG/H,0 4
mL, & THAA[BMIMINTS, 0.5 mL; * TLC A3l 54 o ()7 B .

S SRR, L AR o] AR AR 4 it fiE 4
REBATWI AR, 2950 5 K, IS PEISAT P BRA, 265 6
VNI & S e il AL L R ST 1 SR S =t
FE NN 2 AR IO R R A4 R, 3 SRR F
D, T N R A D LR AT, 3 TR
LUK 1 S AR AR

2 4t

TR T AR Eh 20% PEGA00/ K h T, &1
VA 1= -3 Ik mA X — G FF s IO IV fig &k kg 4 T 71,
KoCOs AHi, 45°C T Pd/C A IRARTS K 5 75 JER IR (1) AL
MBI N, FEERAT T B m I, ST f Ak R AT LA
ZUAEIME, R EIR, SRR, Rk
AL
3 XEIHN
31 NHEHEHF

'H NMR 7£ Bruker Avance 300 (400 MHz) Eill5E,
3C NMR 7F Bruker Avance (100 MHz) [l 5E, TMS 4 A
b, CDCly ). BT I35 b 8 2 b 2l sl fb 2= 41,
KRG — DA, HZEHTRA 300~400 H A EHTAE
Jiz.

3.2 ZLWAHE

AR 10 mL SR [EE B AR YO
£ 75 4:(0.5 mmol), 75 H MR (0.6 mmol), Fik(1.25
mmol), 20% PEG/H,0 (4 mL), 1- ] 3&-3- F LK XL = 5

1670 http://sioc-journal.cn/
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HH LA IRV 2 (0.5 mL), HU/5(2 mol%), {E45 C&AMFT
PibE RNV, TLC BREFRONVHERE, RNVEEHRE, RNV
HE R IE, FHOREE 3 IR, L9815 2 140 a4k 42 n]
R, JEE CRERIS, ARG, AT LR
CBEUEIALJZMT 23 B =), B b5 SRR 78 )
ZACIR)E, N BICREAG R, PN R R A HEAT A

4-FHFEIEZE (D)) '"H NMR (400 MHz, CDCly) o
8.28 (d, J=8.8 Hz, 2H), 7.73 (d, J=8.8 Hz, 2H), 7.66~
7.57 (m, 2H), 7.55~7.43 (m, 3H).

4-filF-2' 5 LB (2)?Y: "TH NMR (400 MHz,
CDCl3) 6: 827 (d, J=8.0 Hz, 2H), 7.49 (d, J=7.9 Hz,
2H), 7.20 (d, J=7.7 Hz, 1H), 7.14 (d, J=7.8 Hz, 1H), 7.04
(s, 1H), 2.37 (s, 3H), 2.23 (s, 3H).

4-FFEBFE3)PT: '"H NMR (400 MHz, CDCly) o
7.71 (td, J=8.5, 6.5 Hz, 4H), 7.59 (dd, J=5.3, 3.4 Hz,
2H), 7.52~7.45 (m, 2H), 7.45~7.39 (m, 1H).

45 AL -3 4 A BRI R (48 TH NMR (400
MHz, CDCl;) d: 7.75~7.67 (m, 1H), 7.67~7.61 (m, 2H),
7.17 (dd, J=8.3, 2.1 Hz, 1H), 7.09 (d, J=2.1 Hz, 1H),
6.97 (d, J=8.3 Hz, 1H), 3.96 (s, 3H), 3.94 (s, 3H).

4- LR (5)): "TH NMR (400 MHz, CDCl5) o
10.06 (s, 1H), 7.95 (d, J=8.4 Hz, 2H), 7.75 (d, J=8.2
Hz, 2H), 7.66~7.61 (m, 2H), 7.48 (t, J=7.3 Hz, 2H),
7.45~7.39 (m, 1H).

4- VI 6 -4 = G50 FF R IR (6)P: 'TH NMR - (400
MHz, CDCl;) 6: 10.09 (s, 1H), 8.00 (d, J=8.2 Hz, 2H),
7.80~7.72 (m, 6H).

4-HEEBEZE (TP 'TH NMR (400 MHz, CDCl3) 6
7.57 (d, J=7.3 Hz, 1H), 7.49 (d, J=8.1 Hz, 1H), 7.43 (d,
J=7.4 Hz, 1H), 7.41 (d, J=7.8 Hz, 1H), 7.32 (t, J=7.4
Hz, 1H), 7.25 (d, J=4.0 Hz, 1H), 7.24 (d, J=3.9 Hz, 1H),
2.39 (s, 1H).

4-FIIE -4 = T LI A5(8)P: "H NMR (400 MHz,
CDCly) §: 7.70~7.60 (m, 4H), 7.58~7.50 (m, 2H),
7.04~6.96 (m, 2H), 3.86 (s, 3H).

4-HAEIE-3 4 TR IEIR(9)PY: 'H NMR (400
MHz, CDCly) 6: 7.53~7.43 (m, 2H), 7.09 (dd, J=8.2, 2.1
Hz, 1H), 7.06 (d, J=2.0 Hz, 1H), 6.99~6.94 (m, 2H),
6.93 (d, J=8.2 Hz, 1H), 3.94 (s, 3H), 3.91 (s, 3H), 3.85 (s,
3H).

4- FAE JE-21 5 IR IR (10)PY: TH NMR (400
MHz, CDCL3) 8: 7.22 (d, J=8.4 Hz, 2H), 7.12 (d, J=7.8
Hz, 1H), 7.02 (d, J=6.5 Hz, 2H), 6.91 (d, J=8.4 Hz, 2H),
3.79 (s, 3H), 2.31 (s, 3H), 2.22 (s, 3H).
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3,344 Y AL AR (1)) TH NMR (400 MHz,
CDCl3) §: 7.10 (dd, J=8.2, 2.1 Hz, 2H), 7.06 (d, J=2.0
Hz, 2H), 6.93 (d, J=8.3 Hz, 2H), 3.94 (d, J=12.2 Hz,
12H).

3,4- A4 = HUFIEEE(12): 'H NMR (400
MHz, CDCl;) 6: 7.72~7.61 (m, 4H), 7.17 (dd, J=8.3, 2.1
Hz, 1H), 7.10 (d, J=2.1 Hz, 1H), 6.97 (d, J=8.3 Hz, 1H),
3.96 (s, 3H), 3.94 (s, 3H); *C NMR (100 MHz, CDCl;) ¢
149.49, 149.39, 144.55, 132.68, 127.06, 125.71, 125.67,
121.44, 119.77, 111.61, 110.48, 56.04. HRMS (EI) calcd
for CisH3F50, (M ): 282.0957, found 282.0938. Anal.
calced for C;sH3F;0, C 63.83, H 4.64, F 20.19; found C
63.90, H 4.72, F 20.16.

BEZ£(13)Y: 'TH NMR (400 MHz, CDCl;) 0: 7.62~
7.54 (m, 4H), 7.43 (dd, J=10.3, 4.8 Hz, 4H), 7.33 (ddd,
J=173,3.9, 1.1 Hz, 2H).

3.4- " FA JE I K (14)P%: 'TH NMR (400 MHz,
CDCl3) d: 7.56 (d, J=8.5 Hz, 2H), 7.43 (d, J=7.4 Hz,
1H), 7.41 (d, J=7.8 Hz, 1H), 7.31 (t, J=7.3 Hz, 1H), 7.15
(dd, J=8.2, 2.1 Hz, 1H), 7.11 (d, J=2.0 Hz, 1H), 6.95 (d,
J=8.2 Hz, 1H), 3.95 (s, 3H), 3.93 (s, 3H).

3,4-F 1 AR 36 -3 4 AR LR (15): 'TH NMR
(400 MHz, CDCl5) 6: 7.08~6.99 (m, 4H), 6.92 (d, J=8.2
Hz, 1H), 6.86 (d, J=7.9 Hz, 1H), 5.99 (s, 2H), 3.94 (s,
3H), 3.91 (s, 3H); *C NMR (100 MHz, CDCl;) d: 149.13,
148.40, 148.07, 146.73, 135.54, 134.08, 120.23, 119.11,
111.52, 110.37, 108.52, 107.50, 101.11, 56.01, 55.95.
HRMS (EI) caled for Ci;sHj4O4 (M ): 258.0943, found
258.0923. Anal. calcd for CsH ;4,04 C 69.76, H 5.46; found
C 69.68, H 5.34.

3,4-TF H A3k -4- = B SRR (16)°7: 'TH NMR
(400 MHz, CDCl5) : 7.63 (dd, J=20.0, 8.4 Hz, 4H), 7.07
(dt, J=4.4, 2.2 Hz, 2H), 6.94~6.86 (m, 1H), 6.02 (s,
2H).

34- RIS A R RR 7)Y, 'TH NMR
(400 MHz, CDCly) 8: 7.52~7.42 (m, 4H), 7.41~7.27 (m,
6H), 7.12 (d, J=2.1 Hz, 1H), 7.08~6.86 (m, 5H), 5.21 (d,
J=11.1 Hz, 4H), 3.90 (s, 6H).

34- AR L4 = HUF LB R 18)P: TH NMR
(400 MHz, CDCl5) 6: 7.64 (d, J=8.2 Hz, 1H), 7.56 (d, J=
8.3 Hz, 1H), 7.45 (dd, J=15.8, 6.6 Hz, 4H), 7.35 (dt, J=
23.5,7.5 Hz, 7TH), 7.19~6.76 (m, 4H), 5.22 (d, J=4.4 Hz,
2H), 5.14 (d, J=16.1 Hz, 2H).

2- il H-4- AR JEIE 22 (19)P 'TH NMR (400 MHz,
CDCly) §: 7.46~7.34 (m, 5H), 7.31 (dd, J=7.7, 1.6 Hz,
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2H), 7.18 (dd, J=8.6, 2.6 Hz, 1H), 3.93 (s, 3H).

2- T -4- F A -4 — 0 F L BE 5 (20): 'TH NMR
(400 MHz, CDCl3) 6: 7.66 (d, J=8.1 Hz, 2H), 7.45 (d, J=
2.6 Hz, 1H), 7.40 (d, J=8.0 Hz, 2H), 7.32 (d, J=8.5 Hz,
1H), 7.19 (dd, J=8.6, 2.6 Hz, 1H), 3.92 (s, 3H); °*C NMR
(100 MHz, CDCly) d: 159.76, 149.43, 141.28, 132.71,
130.15, 129.82, 128.55, 127.36, 125.69, 125.49, 122.77,
118.96, 109.49, 56.02. HRMS (EI) calcd for C,H;oFsNO;
(M ~): 297.0645, found 297.0632. Anal. caled for
C4H,oF3NO; C 56.57, H 3.39, F 19.18, N 4.71; found C
56.68, H3.48, F 19.10, N 4.68.
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