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Rhodium-Catalyzed ortho-Alkenylation of Phenols
Directed by Acetone Oxime Ether

Liu, Lingling Yang, Shan Han, Yi
Shi, Daqing Huang, Zhibin* Zhao, Yingsheng*

(College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Dai, Chenyang

Abstract A practical rhodium-catalyzed highly regioselective ortho-alkenylation of phenolic compound under the assistance
of weak coordination center acetoxime ether was developed. This strategy has advantages of simple and mild reaction condi-
tions, wide scope of substrate and high regioselectivity. This protocol provids an efficient and new method for the regioselec-

tive ortho-alkenylation of phenols.
Keywords phenol; acetone oxime ether; alkenylation
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FRIRF=IR2 2015 45, BATHR L5 R FH 74
5 ik g 5 1) 35 (4] s Ty S BT 24 Y IEE ) A e A e
PRI 5 TR LE e S A% v 5 T I BR Bl Ak Fee SR A, T
A P i 5 Tk PR P 00 28 P L BRATY, A R T BRI R
LRI RCAR. 2019 47, FRAT TR EZH - R FH i ik 5 ) ik
VA i Zh SE BT 55 R AR A0 A7 e A Je 8 290 % SR A BR Ak I
RPN T C—N g VRIS TR RS, A
TAE BT T 55 EC A A P4 T 5 Bk Ay 3 1] S ] ke S IR
Ty A3 R PR AR BRI BN, 120792 rh 5 1) 35 A1 TR
WETE Je NI R il 2 B9 25, AR BV BRERIE M RE— 20
TN SN RSB S /)]
1 #R51E
1.1 REEHHIE

Rh /& C—H HJa Bk SR F 1 i AR,
Zeid 2 R, WATKI[Cp*RICL], A& &l ML
AT B 5 25 Bk (1a, 0.2 mmol) MR 52 2.6 (2a, 0.4
mmol) AR R BE R, mHEF A 5 mol%
[Cp*RhCL,],, 1 equiv.f] AgOAc PAK 1 mL =4 L%
(CFsCH,OH), 7E 60 ‘CF XM 14 h, FZLL 38% 140 55
FERIRIG ) 3a. 3B "TH NMR £ 4EFB, HiE T 3a
Ry 45 K 1E 2 AR B bR = —— R I M A = 4. B
J&, XSS BV SRR EE BEAT T, SERE 1R
FE T 22 Bl AR T P A RO 9 0T 2% S 1 R

1 RBIEIFTL ¢

Table 1 Screening of reaction conditions

O\N [Cp*RNCly], (5 mol%)
AgOAc (1 equiv.)
©/ H—Me + Z cojEt
Me

Solvent, Temp, 14 h

1a 2a
Me
OH N=
@/\/COZEt + Q —<Me
©/\/002Et
3a 5
Entry Solvent Temp./'C  Yield"/% (3a/5)
1 DCE 60 0
2 THF 60 0
3 1,4-Dioxane 60 0
4 DMF 60 0
5 CF;CH,0OH 60 38/21
6 EtOH 60 8/0
7 HFIP 60 Trace
8 MeOH 60 61/23
9 MeOH 25 0/87
10 MeOH 40 67/16
11 MeOH 80 86/0
12 MeOH 100 51/0

RIAE AR 5T PRV R RO LA KA (R 1, Entries
1~4), AR TR T, RSB N R 53
W/ B2 MANEE 1, Entry 7), K2 s b g 830 LA
HEAT, HrA AR LT, FRE Ik 61%(3% 1, Entry
8). TEXTIR AT H BRI AR F, B AR I Y R BT
25 CTFEHTH, RB T FrEBRE R~ 5(& 1,
Entry 9). 5 SR BEZW s, A & 2 L A =4
3a f1 5 HITR AW, 538 k/D 1M 32 1B 14 £ (3 1, Entries
8, 10). KR JZTH% 80 C, KL —/"#) 3a(¥k 1, Entry
1. J\ESEETE 100 CH, FERFEE S1%(E 1,
Entry 12). it BL b2 AR0iE, 1530 7 AR v a4
HEALFI[Cp*RhCLy], (5 mol%), #INF AgOAc (1 equiv.),
Y57 T EE(1 mL), 80 “C F N 14 h.
12 RIER

TERAE R AR T, X AN RV AR I A1 PR s 2 g
IR HE T T 5%, SRR 2. SRR, &k
WA TR R TR, R = RESHATT
B, UORIR (AL p BRI, ROB= 2 &, 3F H R MR
A EAL BB NI AR AL(3b~3d). a1 3. fRSE

R2 BRI R

Table 2 Substrate expansion of acetoxime phenyl ether

Et
/ [CP*RhCL,], (5 mol%)  OH

Me
N=(
0 Me O
AgOAc (1 equiv.) Xy -COREt
X + O ——— | IR
| —R MeOH, 80 °C, 14 h _
= \
1 2a

3
OH OH OH
@Ncoza /@/\/COZEt /©/\/002Et
Me MeO
3a, 86% 3b, 55% 3c, 43%
OH OH OH
/©/\/002Et o CO,Et . CO,Et
cl
Bu "Bu
3d, 49% 3e, 57% 3f, 59%
OH OH OH
©/\/002Et ©/\/C02Et ©/\/002Et
F Cl Br
39,53% 3h, 57% 3i, 66%
OH OH
- COEt X CO,Et OH
Me\©/\/C02Et
CFs Ph
3j,51% 3K, 38% 31, 46%

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), [Cp*RhCl,], (5 mol%),
AgOAc (1 equiv.), Solvent (1 mL), 14 h; * Isolated yields are given.
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“Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol), [Cp*RhCl,], (5 mol %),
AgOAc (1 equiv.), MeOH (1 mL), 14 h; ®Isolated yields are given.

http://sioc-journal.cn/ 2395



BIHE

B0 (3e~3i), KM IRMFHER R =3, M=%
R BURIEEIGH R S51%MUCR, XA fEE 52
TR IR, HhAh, 24— ANERA 4 2 e (30), =
Rif= 2 EAR R 46%. BR T Rk &0 0 R 9 )
BR)HEAT 7552, ATRESZALBHRL N 5o, S B A
38%. {HAF—HEMIAE, B RN ARG 2] T 4801 1L
(PR EAR =4, X T BE A& 51N I RUEE I 5 Bk 2 A 46
YIBCAL, 8 — D A ik S B E AL, SR RER E
SR NE Y At/

B, TEmA A XA RSB 0 R I kAT 1
5z, AR NR 3. KIKZ BOW T4 @ #8152 5T
(gt S N D A TR A TR T 2R S A R A R 1 A
PE, DA & R ICRIRTE T HARr ) (4a~4e). B
UbZ Ak, N,N-Z FF S TR T B () R TR S5 RIS 1 (4g ) th
EH TR, EERE T RMUCE. 55, 25
PRI (1 TR M BR TR AL B P (4i~4j) 3R 13 T H 2811
R, EAF—FE MR 20 (an)/E A s R i 2] 1
HARr=4 3 Hr= 218 2 48%.

K3 HRIEYILRE

Table 3 Expansion of olefin substrate

[CP*RhCly], (5 mol%)

O Me AgOAc (1 equiv.) OH
(Y e g el
Me 2 MeOH, 80°C, 14h A R
1a 4
4a, 63% 4b, 75% 4c, 94%
OoH i
OH F F
o ©/\/\’r0 E
0o \—\\ o F
4d, 64% de, 67%
af, 71% 4g, 60% 4h, 48%
OH
R FR FR F F ¢
P
0 FFFFFTF
4i, 40% OH o

7 )
4j, 58%

“Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), [Cp*RhCl,], (5 mol%),

AgOACc (1 equiv.), MeOH (1 mL), 14 h; ® isolated yields are given.
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1.3 "ERN

NT N IISE M, TEFRHE PR T RRRAR 2
HEAT T S RN AR & Bl S5 (Scheme 1), B Z47E 10
mmol RN H, I AR T 1.21 g 72 3a, 723
N 63%. BIRFTELL Z BT /N R ST BT BRI, HEL
N B A SCERAIE B 122 Js B LA — 58 TR FANEL

)—Me COOEt
O/N [Cp*RhCl,], (5 mol%) AN
+ 2 COOE AgOAc (1 equiv.) HO
MeOH, 80 °C, 24 h
2a
1a 3a, 63%, 1.21g

Bl1 s
Scheme 1 Gram reaction

1.4 251K

NRNIRTT B HIHLE], BEAT T 25 9256 (Scheme
D). G5REW, HRNARRFAINCp*RICL], I, =
1% (TLC) Wi W & 3 A B ks 7= 4R . X i W
[Cp*RhCly], AU A RIME AT T ELX S5 B2 06 75 1,
BEM AT SN P Al BEAFAE C—H BE i iE. 5
¥Fx AgOAc, AT [FIREABEHEAT, HILL ™l i
AgOAc W& S BEA T ). Ay T Bk s B A 4 15 4772
C—H #iEAL, JATBEAT 13 2ewtoe. JATH20UR
VAN S R IAEARHE R AF N AT 70 T IR B84 OB, 4%
Tk o> M4l RSB 7R3 1122 R R M(KIE)E Y 2.6, Btk
ATV N RS R R AE T C—H G IF B E W]
RESE HRIE D IR,

(O AgOAc (1 equiv.)
N= /\ R ————
©/ ‘< * Z "COOEt “1o0H, 80 °C, 14 Vo Reaction

1a 2a
o\N:<Me PN [CP*RhClyl, (5 mol%)
1Ep7RN / .
©/ Me+ Z ~COOEt MeOH. 80 °C. 14 h No Reaction
1a 2a
o ooy
+ A .
O/ N_< COOEt “MeoH, 80 °C, 2
1a' 2a KIE =2.6
OH
/ \_ ookt
3a'

[Cp*RACly]» (5 mol%)

Me f
O PN AgOAc (1 equiv.)
= =z —a = 1 Uy OH
©/ N=( +# "COOBt ~ oh 80 +C, 21
Me 2a KIE =2.6 =
1a COOEt
3a

B 1 s

Scheme 1 Control experiment
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FET b3 Aty S IR 2 AT SR RaE D, AT
FE AN AL L AR (Scheme 2): fEALTTIEE 5 4
PR ARBEAT I8 7 A A R PR AL R SR, SIRYIEs &,
AR A 1, SRR TR, LR A BT
M-ETEIRGE &) WL 25, 201 p-H HER, AT %%
YN0 FEREERAE TR A=) 3.

R [Cp*RhCly],
OH
S ;
% i/;gOAc R;\\ O\N_ Me
3 R2 Cp*Rh(OAc), = 1 Me
HOAc HOAC
AgOAc
R1
le) Me
R! N O‘N Me @[ N _;<
| P Me = [RhHI] Me
Rhl] |
m SR
Me
R! O‘N%Me AR
YN 2
| [Rh”l]
P
2
n R
B2 wrREpLEE
Scheme 2 Possible mechanism
N
2 #ig

LA i i T O [ ], BEOM AL, SRBL T L
(R e DX A R By PR AR A S AL SR . 1207 R
A LA R SR AT PG NES XL 5
Mo SR DARSF M TBCK B 58 2, BAT RS (1 B
fH.

3 SCIEER4Y
3.1 UHB5RF

'H NMR. *C NMR. °F NMR [F1Ii%4% 2% 5 Bruker
AV 400 Mhz #% W3R, K CDCl; 1 DMSO-ds AT
RARFA), TMS AR, EHE G A A Bruker Mi-
crOTOF-Q 1L
32 L&MW1 MERAE

S HR[371J712:, 7] 100 mL A B JEBIH A
10 mmol f¥) N-$2F= 4575 — FE I fZ A1 20 mmol 1) 75 ZE i
g, JEALIT 4A A F0A 50 mL 1,2- =5 2%, ke S
min J& [AFEAIIA 11 mmol EALIV AT 0.9 mL HERE, &
RO RE 48 h, 2 AIE(TLO) MM N, N 5E
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G5, SRR NGE R R EE Ve, U AR T
FRHEF=4, HP=4 A RE RS AR B AT R 415 Al =4, ik
VeI AR 202 TR R A IS A V(A ) - (&
BR ClE)=10 @ 1]. ¥ — P HIB 0 A aE &= ME T
30 mL f & kEF, TN 40 mmol FI/K &, =T
ke 6 h. PR N, JERF JCKBREREN T8, 8T
BT, KR NIRRT, RIS VR B A ). I EE
AR R 38 LA R I NI R = R, F e 6
h. BETIEFRFHE =9, R4 P RE A 2 M e ali 15 4l
FEMD 1, KRR TR AN 2R L B8 BRI VA T
) © M(CIRAHR)=20 : 1] la~1N B HCRILEY), &
fESE R 5 SCHR[37]— 2L

33 HEM3IMAMERTTE

15 mL FC A B #7038 38 I B B oim A
[Cp*RhCL], (6.2 mg, 5 mol%), AgOAc (0.2 mmol, 1
equiv.), PIRIAEE#(0.2 mmol, 1 equiv.), #&#&(0.4 mmol, 2
equiv.)F1 1 mL FIEE, # B, 78 80 CHIHIAHA
L 14 he RBSEA G, W e IE RIS =, H
PV RERAT E AT IR AR 4= 3 B 4, BRI
kA1 2R LR HOTR AV I V(AT © MCR OliR) =
8:1].

(E)-3-Q2-F2 K3 2 2.6 (3a): 33.0 mg, Al
A&, FE 86%. m.p. 63~65 COLHRERY: 64~65 C);
'H NMR (400 MHz, CDCly) 0: 8.06~7.98 (m, 1H),
7.49~7.44 (m, 1H), 7.25~7.21 (m, 1H), 6.95~6.89 (m,
1H), 6.85 (d, J=8.1 Hz, 1H), 6.66~6.59 (m, 1H), 6.51 (s,
1H), 4.29 (q, J=7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H); °C
NMR (101 MHz, CDCly) o: 168.8, 155.7, 141.0, 131.4,
129.1, 121.6, 120.4, 118.0, 116.4, 60.7, 14.2; HRMS (ESI)
caled for C;;H;;NaO; [M—i—Na]+ 215.0684, found
215.0670.

(E)-3-(2- %2 3 -4- H L R 8 N % R & B (3b): 22.7
mg, HEE, 2% 55%. mp. 87~88 C(CCHEkEP:
88~90 ‘C); 'H NMR (400 MHz, CDCl;) d: 8.01 (d, J=
16.1 Hz, 1H), 7.35 (d, J=7.9 Hz, 1H), 6.84~6.70 (m,
2H), 6.68 (s, 1H), 6.60 (d, J=16.1 Hz, 1H), 4.29 (q, J=
7.1 Hz, 2H), 2.30 (s, 3H), 1.35 (t, J=7.1 Hz, 3H); "°C
NMR (101 MHz, CDCly) d: 168.9, 155.6, 142.3, 141.0,
129.0, 121.5, 118.9, 117.0, 116.9, 60.6, 21.3, 14.2; HRMS
(ESI) caled for C;,H4NaOs [M~|—Na]+ 229.0841, found
229.0831.

(E)-3-(2-F 5k -4- A EOR B NG IR 2B (3e): 19.1
mg, FEEE, 7% 43%. mp. 120~121 COCHMER:
118~120 °C); '"H NMR (400 MHz, CDCl;) 6: 8.21 (d, J=
16.4 Hz, 1H), 7.56 (s, 1H), 7.18~7.11 (m, 1H), 7.02 (d,

http://sioc-journal.cn/ 2397
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R

J=16.4 Hz, 1H), 6.55~6.50 (m, 1H), 6.45 (d, J=8.2 Hz,
1H), 4.30 (q, J=7.1 Hz, 2H), 3.86 (s, 3H), 1.36 (t, J=7.1
Hz, 3H); "C NMR (101 MHz, CDCl3) §: 169.7, 160.1,
157.3, 136.5, 131.2, 119.9, 111.0, 108.8, 102.6, 60.5, 55.6,
14.3; HRMS (ESI) caled for C;,H;4NaO, [M—I—Na]+
245.0790, found 245.0791.

(E)-3-(4-F-2-F 5 RN IR TR LR (3d): 22.2 mg,
B E AR, P2F 49%. mp. 108~111 C (3 ik 18 4O
109~110 C); "H NMR (400 MHz, CDCl3) §: 7.98 (d, J=
16.2 Hz, 1H), 7.52 (s, 1H), 7.38 (d, J=8.4 Hz, 1H), 6.94~
6.86 (m, 2H), 6.64 (d, J=16.2 Hz, 1H), 431 (q, J=7.1
Hz, 2H), 1.36 (t, J=7.1 Hz, 3H); “C NMR (101 MHz,
CDCly) d: 168.9, 156.3, 140.0, 136.7, 130.0, 120.9, 120.1,
118.3, 116.7, 61.0, 14.3; HRMS (ESI) calcd for CH;,Cl-
NaO; [M+Na]" 249.0294, found 249.0309.

(E)-3-(5-(BUT 2%)-2-F2 F R EL) N IR IR TR (3e): 28.3
mg, FGEAE, 7% 57%. mp. 130~131 C; 'H NMR
(400 MHz, CDCl;) 6: 8.01 (d, J=16.1 Hz, 1H), 7.48 (d,
J=2.4 Hz, 1H), 7.37~7.18 (m, 1H), 6.80 (d, J=8.5 Hz,
1H), 6.65 (d, J=16.1 Hz, 1H), 6.13 (s, 1H), 431 (q, J=
7.1 Hz, 2H), 1.38 (t, J=7.1 Hz, 3H), 1.32 (s, 9H); "°C
NMR (101 MHz, CDCLy) o: 168.4, 153.2, 143.3, 141.1,
128.6, 125.9, 120.8, 118.1, 116.0, 60.6, 34.0, 31.3, 14.3;
HRMS (ESI) calcd for C;sH,,NaO; [M—}—Na]+ 271.1310,
found 271.1320.

(E)-3-(5-T 2:-2- 32 H ORI N I R IR (31): 29.3 mg,
HEE AR, 7% 59%. mp. 124~127 C; 'H NMR (400
MHz, CDCl;) 6: 7.99 (d, J=16.1 Hz, 1H), 7.26 (d, J=3.1
Hz, 1H), 7.06~7.01 (m, 1H), 6.75 (d, J=8.2 Hz, 1H),
6.60 (d, J=16.1 Hz, 1H), 6.25 (s, 1H), 4.27 (g, J=7.1 Hz,
2H), 2.55~2.48 (m, 2H), 1.59~1.50 (m, 2H), 1.36~1.29
(m, 5H), 0.91 (t, J=7.3 Hz, 3H); °C NMR (101 MHz,
CDCly) d: 168.2, 153.2, 140.5, 135.0, 131.4, 128.7, 121.3,
118.2, 116.2, 60.5, 34.6, 33.7, 22.2, 14.3, 13.9; HRMS
(ESI) caled for CysHyNaO; [M+Na]™ 271.1310, found
271.1308.

(E)-3-(5-9-2-F 5 R 5 WG IR £ R (3g): 22.3 mg,
HEAE, 72 E 53%. mp. 87~88 COCHREPY: 88~
90 ‘C); '"H NMR (400 MHz, CDCl3) §: 7.99~7.88 (m,
1H), 7.18~7.12 (m, 1H), 6.99~6.90 (m, 1H), 6.83~6.71
(m, 1H), 6.54 (d, J=16.1 Hz, 1H), 6.36 (s, 1H), 4.28 (q,
J=7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H); “C NMR (101
MHz, CDCl;) d: 167.8, 156.8 (d, J=238.8 Hz), 151.2 (d,
J=1.7 Hz), 139.1 (d, J=2.1 Hz), 122.6 (d, J=7.6 Hz),
119.5, 117.9 (d, J=23.4 Hz), 117.3 (d, J=8.0 Hz), 114.3

2398 http://sioc-journal.cn/
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(d, J=23.5 Hz), 60.8, 14.2; "’F NMR (376 MHz, CDCl,)
0: —123.57; HRMS (ESI) calcd for C;;H;;FNaO; [M-+
Na]* 233.0590, found 233.0580.

(E)-3-(5-F-2-FH K E) NG IR £ B (3h): 25.8 mg,
B AR, 2% 57%. mp. 101~103 C (ST HRE S
102~104 ‘C); '"H NMR (400 MHz, CDCl3) o: 7.97 (d,
J=16.2 Hz, 1H), 7.45~7.41 (m, 1H), 7.35 (s, 1H), 7.20~
7.15 (m, 1H), 6.82 (d, J=8.6 Hz, 1H), 6.62 (d, J=16.2
Hz, 1H), 4.30 (q, J=7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H);
C NMR (101 MHz, CDCl) d: 168.4, 154.1, 139.4, 130.9,
128.3, 125.4, 123.0, 119.2, 117.7, 60.9, 14.2; HRMS (ESI)
caled for C;;H;;CINaO; [M + Na] * 249.0294, found
249.0306.

(E)-3-(5-1R-2- 3 F R B NI 1R IR (3i): 35.7 mg,
B K, 2% 66%. mp. 108~109 C (3 #k 18 P8
108~110 ‘C); '"H NMR (400 MHz, CDCl3) d: 7.97 (d, J=
16.2 Hz, 1H), 7.57 (d, J=2.4 Hz, 2H), 7.33~7.28 (m,
1H), 6.78 (d, J=8.6 Hz, 1H), 6.63 (d, J/=16.2 Hz, 1H),
430 (q, J=7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H); *C NMR
(101 MHz, DMSO-dy) 0: 164.4, 153.9, 136.3, 131.8, 128.8,
121.0, 116.7, 116.2, 108.6, 57.9, 12.1; HRMS (ESI) calcd
for C,yH;BrNaO; [M+Na]" 292.9789, found 292.9810.

(E)-3-(2-#2 Fk-5-( =5 28 2R 02k ) I A4 TR 2 1R (3)):
26.6 mg, AEGEA, F 51%. mp. 48~49 C; 'H
NMR (400 MHz, CDCl;) d: 8.01 (d, J=16.2 Hz, 1H),
7.72~7.65 (m, 1H), 7.53~7.41 (m, 1H), 6.96 (d, J=8.5
Hz, 1H), 6.70 (d, J=16.2 Hz, 1H), 4.31 (g, J=7.1 Hz,
2H), 1.36 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl5)
0:168.3, 157.9, 139.4, 128.1 (q, J=3.4 Hz), 126.4 (q, J=
3.7 Hz), 123.0 (dd, J=31.1, 5.4 Hz), 121.9, 119.9, 116.6,
61.0, 14.2; "F NMR (376 MHz, CDCly) 6: —61.76;
HRMS (ESI) caled for Cj,H;FsNaO; [M + Na] *
283.0558, found 283.0566.

(E)-3-(4-¥2 J -(1,1- 16 28)-3- 38 ) 15 I IR 2. T (3K):
204 mg, AMREA, FF 38%. mp. 105~106 C; 'H
NMR (400 MHz, CDCl;) : 8.07 (d, J=16.2 Hz, 1H), 7.70
(d, J=2.3 Hz, 1H), 7.57~7.51 (m, 2H), 7.49~7.39 (m,
3H), 7.36~7.30 (m, 1H), 6.93 (d, J/=8.4 Hz, 1H), 6.70 (d,
J=16.1 Hz, 1H), 6.51 (s, 1H), 4.30 (q, J=7.1 Hz, 2H),
1.36 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) §:
168.2, 154.9, 140.4, 140.2, 133.9, 130.0, 128.7, 127.7,
126.9, 126.6, 121.9, 118.8, 116.8, 60.6, 14.3; HRMS (ESI)
caled for Cy7H,,05 [M+H]™ 269.1178, found 269.1183.

(E)-3-(2-F25:-3- IR IL) NG R S ER(3D): 19.0 mg,
FEE A, 2% 46%. mp. 66~68 C; 'H NMR (400
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MHz, CDCl;) d: 8.06 (d, J=16.1 Hz, 1H), 7.35 (d, J=7.8
Hz, 1H), 7.17~7.13 (m, 1H), 6.89~6.82 (m, 1H), 6.52 (d,
J=16.1 Hz, 1H), 5.61 (s, 1H), 4.28 (q, J=7.1 Hz, 2H),
2.28 (s, 3H), 1.34 (t, J=7.1 Hz, 3H); *C NMR (101 MHz,
CDCly) d: 168.0, 153.5, 140.4, 132.7, 126.3, 124.1, 121.6,
120.5, 118.3, 60.5, 15.9, 14.3; HRMS (ESI) calcd for
C1,H42NaO; [M+Na]" 229.0841, found 229.0833.

(E)-3-Q2-FF R ) WG R AU T s (4a): 27.8 mg, H
AR, 77 63%. m.p. 98~100 ‘C; 'H NMR (400
MHz, CDCl;) d: 8.03~7.95 (m, 1H), 7.48~7.42 (m, 1H),
7.25~7.19 (m, 2H), 6.91~6.84 (m, 2H), 6.60~6.54 (m,
1H), 1.56 (s, 9H); *C NMR (101 MHz, CDCl;) ¢: 168.0,
155.4, 139.7, 131.1, 128.9, 121.9, 120.5, 120.0, 116.3,
80.8, 28.2; HRMS (ESI) calcd for Ci3H sNaOs [M—|—Na]+
243.0997, found 243.1001.

(E)-3-(2- IS T B S IE(4b): 38.1 mg, (5
A, 2% 75%. m.p. 86~88 ‘C(CHkE™: 86~88 C);
'H NMR (400 MHz, CDCl3) d: 8.01 (d, J=16.2 Hz, 1H),
7.39~7.25 (m, 6H), 7.17~7.10 (m, 1H), 6.81 (d, J=8.0
Hz, 2H), 6.73 (d, J=8.1 Hz, 1H), 6.62 (d, J=16.2 Hz,
1H), 5.20 (s, 2H); *C NMR (101 MHz, CDCl;) o: 168.3,
155.4, 141.3, 1359, 131.5, 129.3, 128.5, 128.2, 121.5,
120.6, 117.9, 116.4, 66.5; HRMS (ESI) calcd for C¢H4
NaO; [M+Na]" 277.084, found 277.0850.

(E)-3-Q2-F 5K B NI IR CUliK (4e): 46.3 mg, %
AR, 772 94%. 'TH NMR (400 MHz, CDCl;) ¢: 8.05
(d, J=16.2 Hz, 1H), 7.48~7.43 (m, 1H), 7.42~7.27 (m,
1H), 7.25~7.20 (m, 1H), 6.92~6.85 (m, 2H), 6.65 (d, J=
16.2 Hz, 1H), 4.96~4.89 (m, 1H), 1.98~1.90 (m, 2H),
1.82~1.73 (m, 2H), 1.62~1.44 (m, 4H), 1.43~1.35 (m,
2H); *C NMR (101 MHz, CDCl5) §: 168.1, 155.6, 140.6,
131.3, 129.1, 121.7, 120.4, 118.7, 116.4, 73.0, 31.6, 25.3,
23.7; HRMS (ESI) caled for C;sH;sNaO; [M + Na]*
269.1154, found 269.1168.

(E)-3-(2-F2 Fk-3- F Ik IR I ) N A TR A TR B (4d): 26.2
mg, R OTAE, 753 64%. "H NMR (400 MHz, CDCL5)
J: 8.05 (d, J=16.2 Hz, 1H), 7.49~7.46 (m, 1H), 7.25~
721 (m, 1H), 6.96~6.90 (m, 1H), 6.84 (d, J=8.1 Hz,
1H), 6.65 (d, J=16.2 Hz, 1H), 6.42 (s, 1H), 6.06~5.94
(m, 1H), 5.43~5.35 (m, 1H), 5.31~5.25 (m, 1H), 4.77~
471 (m, 2H); “C NMR (101 MHz, CDCly) d: 167.7,
155.2, 140.7, 132.2, 131.4, 129.2, 121.6, 120.8, 118.2,
118.2, 116.3, 65.2; HRMS (ESI) caled for C;sH;;)NaO;
[M+Na]" 227.0684, found 227.0687.

(E)-3-(2- 3 2K 58 ) TR i 2 (4 R 2K 8 ) HH 25 1B (dee):
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46.1 mg, AL, F“F 67%. mp. 132~134 C; 'H
NMR (400 MHz, DMSO-dq) 6: 10.29 (s, 1H), 7.88 (d, J=
16.2 Hz, 1H), 7.62~7.53 (m, 1H), 7.27~7.20 (m, 1H),
6.93~6.87 (m, 1H), 6.84~6.77 (m, 1H), 6.60 (d, J=16.1
Hz, 1H), 5.30 (s, 2H); *C NMR (101 MHz, DMSO-d;) o:
166.1, 157.0, 145.2 (dddd, J=248.4, 15.2, 8.0, 3.7 Hz),
141.4, 141.0 (ddd, J=12.9, 9.1, 5.1 Hz), 137.0 (J=247.1,
15.6, 10.6, 8.5, 5.0 4.9 Hz), 132.1, 129.1, 120.5, 119.4,
116.0 (d, J=34.3 Hz), 110.1 (td, J=18.0, 3.3 Hz), 53.0;
F NMR (376 MHz, DMSO-d) 6: — 142.40 (dd, J=23.3,
7.8 Hz), —153.59 (t, J=22.0 Hz), —162.47 (dt, J=23.0,
7.9 Hz); HRMS (ESI) calcd for C;sHoFsNaO; [M+Na]*
367.0370, found 367.0360.

(E)-3-(2-F2 HL 2R 52)-N,N- — /5 R 0 Tt e (4): 27.2
mg, EEGFEE, PE 71%. mp. 204~206 CCCHEREPY:
205~207 °C); '"H NMR (400 MHz, DMSO-dj) : 9.99 (s,
1H), 7.73 (d, J=15.6 Hz, 1H), 7.19~7.09 (m, 1H), 6.88
(d, J=7.5 Hz, 2H), 6.84~6.78 (m, 2H), 3.13 (s, 3H), 2.92
(s, 3H); °C NMR (101 MHz, DMSO) ¢: 166.0, 156.1,
136.4, 130.6, 128.2, 121.9, 119.2, 117.3, 116.0, 36.8, 35.3;
HRMS (ESI) caled for C;H;3NNaO, [M + Na] -
214.0844, found 214.0843.

(E)-2-Q2-(CR T ot 5k ) £ 0 55 ) K Wy (4g): 31.2 mg, H
EE, 7E 60%. mp. 160~162 CCCHRE: 159~
162 C); '"H NMR (400 MHz, CDCl;) §: 8.02~7.97 (m,
1H), 7.92 (d, J=15.5 Hz, 1H), 7.70~7.64 (m, 1H), 7.62~
7.56 (m, 1H), 7.46~7.41 (m, 1H), 7.31 (d, J=8.2 Hz,
1H), 7.01~6.96 (m, 1H), 6.92 (d, J=8.1 Hz, 1H), 6.71 (s,
1H); “C NMR (101 MHz, DMSO-dy) J: 157.2, 141.1,
137.6, 133.4, 132.7, 129.8, 129.6, 127.1, 126.8, 119.5,
118.9, 116.3; HRMS (ESI) calced for C4H;,NaO;S [M+
Na]" 283.0405, found 283.0419.

(E)-2-K ZIEH A (4h): 18.9 mg, AWM, %
48%. m.p. 53~55 ‘C; 'H NMR (400 MHz, CDCl;) 6
7.69 (d, J=17.7 Hz, 3H), 7.55~7.50 (m, 2H), 7.44~7.39
(m, 2H), 7.34~7.28 (m, 2H), 7.11 (t, J=7.6 Hz, 1H), 6.97
(d, J=8.1 Hz, 1H), 5.26 (s, 1H); °C NMR (101 MHz,
CDCly) d: 153.0, 137.5, 130.1, 128.6, 127.5, 127.1, 126.5,
124.6, 123.0, 121.1, 115.9; HRMS (ESI) caled for
C4sH,NaO [M+Na]" 219.0786, found 219.0779.

(E)-2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-+ FL a8 ¥ 3 3-2-#
FEOR IR ISR TG (40): 43.7 mg, AL, PPF 40%.
m.p. 117~118 ‘C; 'H NMR (400 MHz, DMSO-dy) o:
10.37 (s, 1H), 7.97 (d, J=16.1 Hz, 1H), 7.60 (d, J=7.6
Hz, 1H), 7.32~7.22 (m, 1H), 6.92 (d, J=8.2 Hz, 1H),
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6.85~6.78 (m, 1H), 6.66 (d, J=16.1 Hz, 1H), 491 (t, J=
14.4 Hz, 2H); *C NMR (101 MHz, DMSO-d;) J: 165.2,
157.3, 142.6, 132.3, 130.9 (J=316.3, 11.1 Hz), 129.1,
120.3, 119.3, 117.1 (J=473.7, 9.6 Hz), 116.3, 114.6, 112.0
(J=77.9, 6.1 Hz), 109.5 (J=278.3, 3.4 Hz), 106.5 (J=
184.4, 179.2 Hz), 58.6 (ddd, J=17.7, 11.1, 5.7 Hz); "°F
NMR (376 MHz, CDCly) o: —80.73 (t, J=9.9 Hz),
—119.34 (d, J=4.2 Hz), —121.94, —122.69, —123.24,
—126.08; HRMS (ESI) calcd for C;,HoF;sNaO; [M+Na]"
569.0210, found 569.0228.

(E)-3-Q2-F R I NIGIR T — Fi ZEE(4)): 38.6 mg,
HEE A, 2% 58%. mp. 48~49 C; 'H NMR (400
MHz, CDCls) o: 8.05 (d, J/=16.2 Hz, 1H), 7.49~7.44 (m,
1H), 7.26~7.20 (m, 1H), 7.11~7.05 (m, 1H), 6.93~6.84
(m, 2H), 6.65 (d, J/=16.2 Hz, 1H), 4.23 (t, J=6.8 Hz, 2H),
1.76~1.67 (m, 2H), 1.33~1.24 (m, 18H), 0.88 (t, /=6.8
Hz, 3H); "C NMR (101 MHz, CDCl3) §: 168.6, 155.5,
140.7, 131.3, 129.1, 121.7, 120.5, 118.2, 116.4, 64.9, 63.1,
32.6, 31.9, 29.7, 29.6, 29.3, 28.7, 25.9, 25.6, 22.6, 14.1;
HRMS (ESI) calcd for C,;H3,NaO; [M—}—Na]+ 355.2249,
found 355.2261.

3.4 HFEZFESH KIE L8

A 15 mL A3 N FHAR I A [Cp*RhCL], (5
mol%, 6.2 mg), AgOAc (0.2 mmol, 1 equiv.), P3R5 KFEF
(0.1 mmol, 0.5 equiv.), /A EIEAEL0.1 mmol, 0.5
equiv.), PR ZB8(0.4 mmol, 2 equiv.) Al 1 mL F I, %
SNE B, AR 80 C RN 2 h. BUH N, et
A, K= R R AT JE AT PR 4, IR e T kA R
CERRE SRV ME) @ (CR OB =8 @ 1]. 18
%W 1T KIE fH2A 2.6.

4 BT KL(Supporting Information) L&) 3a~31
4a~4j 11 '"H NMR Al °C NMR k. X sb by L4 2%
AT 335 (http://sioc-journal.cn/)_F %K.
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