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3-ERR R FH KT

" oM IRE HBME

(IR R =2 2 A T2 B S AL AW TR A2 1 75 edz bl DY )14 3 S 00 &

TTEYIRAA 5T

FAR ® R X F

7 637002)

WE R T AR meE B - BRI S M 7%, 1277 R R ARIR 57 B8 T 4 BEE A 725N Heck
SSESEILR, 87 SR AR KL A AR R 1% 53§ 9 Heek OB R I H TR s AL TE L, BB LAk 96% I 45 31—

R 3-HUEE IR R 54,
REEE HRIFWRNG; 73T A Heck MBIESN; KK T

A Convenient Access to 3-Substituted Benzofuran Derivatives via
Palladium Nanoparticles-Catalyzed Intramolecular Heck Reaction

Huang, Jin Fu, Ronghui Jing, Linhai

Qin, Dabin Huang, Kun Wang, Wei*

(Chemical Synthesis Pollution Control Key Laboratory of Sichuan Province, Institute of Applied Chemistry, College of
Chemistry and Chemical Engineering, China West Normal University, Nanchong 637002)

Abstract A concise and efficiently route for the synthesis of 3-substituted benzofurans via the intramolecular Heck reaction
of bromoaryl 3-phenylallyl ethers has been developed. This simple and highly efficient palladium nanoparticles-catalyzed
system showed good catalytic activity. The desired products were affored in good to high yields (45%~96%).

Keywords benzofuran; intramolecular Heck reaction; palladium nanoparticles

HRIFRIE RS 2 AL T AR, P2 KRR
PR 2 AR AEAE T ORI LA R
T8 B A R Ik 45 R BT, W& 1 TR ¥ Amiodarone
T J& 1597 ORI 20 IeAh, S #OF
WR IR B 22 1) KSR P2 W), W1 Lespedezavirgatal, Pterolinus
A, Anigopreissin A 25 H AT IR BT E . HrEel
PLE B3 HC BURE RN, R R A

RIFMRE E A HE A E N, —EZ R
ZORVE. ERWEDHIE A — B2 A LA BT A
B RROTIEAT G LI i 2 B A e A B, i
W& SR AL AR — BAR TS IR S A IR b S i), i i 4
JEMEALI) C—H A NS, SR, X ey vk H
BB R 2,3-R IR H R E Y, Wik £k
B RC 2-0r 80 3R R R IR 2R A SR T B L
VER TR A —Hok. B, Pei REANIH 1-Q-F%
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IR HE)-2- G0 L AN PRI SR, 7EAS [R] [0 RN 4% 4
ARG s ] TR S B X Sk R, A AR R T C)AN
CO)YPLHUR PR BRI T A= Y(Egs. 1, 5). b5, Maiti 2
RO R A EURL, R AR RE B R 2 B S A R
BRPAVRERR K AE 2 T 1AL OB, LIRS i R ISR A X 3,
PSRN T 2-frEk 3-A7HUR A AR IR AT AE 2 (Bqs.
2, 6). FE&TRIF R RGE AU R E R, 2 h S
TRAR LI ik A A2 IR A C—H B OB, AR
BARENT 2-HURIE IR RIS API(Eq. 3). DeBoef /&
U1 Evano T REZH POVRI PN H5 R 21 FH 2 5k i
CQNLE R N AF R T — ZR 51 2-A7 AR ) 25 5k g
B EYI(Eq. 4).

FHECT 2-HUARR IR 6 i, 3-HUR= i T X
SIS TR 1) R BN PR M, A SR R R YTl
TR P AR AL N-XF P R A R RILAC 5 488 1 R BB
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Figure 1 Representative natural products and biologically active compounds that contain a benzofuran core

(1) RMgBr
o}
10to55 C 1:_\ A R ™)
2) HCI, 70°C Z~0
Ref. [15]

C[ _Pa
Ref. [16a] [16a] m @
|

_(/\[ (1) R = H Ref. [17]
(2)R=BrRef.[18] /\ (3)
) ArH, Ref. [19]
2) RBr, Ref. [20]
m m'? %)
o}
co Me
Ref. [21]

SN, AR i X SOE BEPEAR 2] 1 3- B FE MR T
A=WI(Eq. 7). Ohmura 5 72 VR FHBR A A0 41 H 4803 5 bk
53N C—H BB R B S M A 21 T 3-HACR I K
FKWEWI(Eq. 8). FdHIERIG K 2078k 3-Ar FUAR R I
WK HR (%) 77 V2500 0 75 22 5 2% ) S B IR A A A4 &%
U, SR TRT R R SN R PRI S C(2)BR C(3)
AR 2R I i B A E B

PRATEBUZH 2 FHE 1 B R DY % C R 2 e 1 £ AL
e R R Z AR RS T AR R S R
Sonogashira EEFIIME RN, “—8a” =R
TR 2-BUR IR AT AYI(Eq. 9). 28T, Z Uk
BC AR IR & B S A, AR KRR FE BRI 1 S S FR B .
DRI, AR 2 Al iR A ] B s AR AR G K i Ak A
RV T W (& ez ey, I 07 P R A0 i 5 3
Tk (1) 7> 1 N Heck S NAS 2] — Z 51 3-HUARH 2R I MR 28
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Q R
cl (1) RMgBr
RIS -78 10 -30 °C RN 5)
A on (2) KoCO3, 22 °C ~¢

(3) HCI, 70 °C
Ref. [15] A
r
gk Pa SN .
R.—/ + Ar\/\COOH Ref. [1_>6b] T p (6)
OH
Ar
! Ar [Pd]
+ NNHTs ——— > 2 1 e
O Me .
/\\\ 5
Ar
~OCHs (i N
R — RICTN ®)
= Ref. [23] ./
AN o)
Ar
Our previous work R
X /=
R X __,  [Pd(CsHs)CIly/Ligand W) o
I|\ _ + R
Y~ “OH Cs,CO3, DMF J
Y
X=Br,1l;Y=CH,N Ref. [24]
R2 = Aryl, Alkyl R?
X
P
N N7 DN
PPh, PPh, PPh, PPh,
Ligand
This work
---------------------- 2
o R
' i [Pd(COD)Cl,]
' : \ (10)
' | —
: 0 g2t TTBAB, KoPO, S
' X=1,Br 'DMA, 120 °C, 24 h

WAEYI(Eq. 10). XFT73F A Heck SNIBTE T AT VF 2
B, AT AT T AN KON A R X 4y T TR )
Heck IS B & I AR mR3E P, B mif) TON REiL 3
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9300000, AEXEE T{EFEMZ F, BRATMIE, ZENER
Xt43F- N ) Heck oo [RIRE AT AR BN H AR 2 6 S N3 1
1 ZR51HE
1.1 REEHRTHE

FE TR0 BT AL G KR AL Heck S N7 T
12 (Scheme 1), 56k 1-[(3- %8 3L 75 -2- 45 35 ) &

Fe-2- R (1a) B AR, FIFH PA(COD)CL, {EfE{L
7, VU7 3L BAL i (TBAB)EVR INFR, #5277 [ M

TEFAN [ SOBCR TR (R 1).
N X _R
R1—.(;(\/

X
AN R
1A
R ©/ + /
OH
| ~ o _TBAB, KsPO, N SN
‘ + Y — R.—/
1

X=Br, Cl
DMA, 100°C, 4 h
R
- =
\ | 1 R2
R@ AN O\/\Q
[Pd(COD)Cl5] @/

R Ref. [25b]

BIR 1 AEGKRRLT ALY 43T 18] Heck 151965 R
Scheme 1 Palladium nanoparticles-catalyzed the intermolecular
Heck reaction

4G, LL1mol% [PAd(COD)CLIfFEMLT, BARINIE
Wk, 2 equiv.ffl TBAB fEMR NG, NN-—F I 2t fiz
(DMA)NIEF, HEE 100 C FAHAEBEERE 1a B9 TN
Heck BB S SE#EAT 7 %82, 7E1% 541 T RS 24 h, it
AT B TAREGEY) 3R ERIR IR (2a), [N
WA 58%(F 1, Entry 1). H-T-H 0 50 59 % 8 1 S B F)
SR, N T D R SR, X REAT T i ik
(3 1, Entries 2~9). BEEME58E, SO ASCR I N
(3% 1, Entries 2~4), 4 B 58 1) K3PO4 A1 KOH K,
J&Y 1a 52 2 FEACAF=Y) 2a(3R 1, Entries 5, 7), X i B4
YRR AR RIES TP Heck M HRILH T 15
MG PR, Btk — DI aR T, s SISO S T PR A
(84%, #* 1, Entry 8); TMAEHBIERSS M AHLIES,
MR AR A HAE(46%, R 1, Entry 9). FET ok, BAT
R KPO, FEHK, X SR 77 AN s 7 B [B) 3R AT 07 2 (3R
1, Entries 10~17). i S230 R, 2446565 S N [E] 4 8
h B, AEE R OB AR 5 (81%~96%, £ 1,
Entries 10~15); X4 H — 5 B (DMF)E, N,N-—H
5 2. i (DMAYE R, SN BE 2 R F440(K 1, En-
tries 16, 17). ZA LA LSEIGEE R, BATIES KPO, 1EH,
DMA 1E¥ A4k SEHEAT f5 21 1) ) S ARk

[Pd(C3Hs)CI]

TBAB, K,CO3
DMA, 120 °C
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Table 1 Optimization of reaction conditions

| Ph
o o
0 F"pn g

[Pd(COD)Cly], TBAB

Base, solvent, 100 °C

1a 2a
Entry  Base Solvent Time/h Yield”/%

1 NaOAc DMA 24 58
2 Na,CO, DMA 24 62
3 K,CO4 DMA 24 79
4 Cs,CO; DMA 24 68
5 K;POy DMA 24 100
6 NaOH DMA 24 97
7 KOH DMA 24 100
8 t-BuOK DMA 24 84
9 Et;N DMA 24 46
10 K;3PO4 Toluene 8 85
11 K;POy 0-Xylol 8 81
12 K;3PO4 n-Butanol 8 92
13 K;PO, 1,4-Dioxane 8 96
14 K;POy NMP 8 96
15 K;POy H,O 8 94
16 K;POy DMF 8 100

17 K;PO, DMA 8 100

¢ Reaction conditions: 1a (0.5 mmol), TBAB (0.5 mmol), base (I mmol),
solvent (1.5 mL), [Pd(COD)Cl,] (1 mol%) under nitrogen. * GC yields.

T ARHUOREE 1a PRPEVER R, AT 5 524EYR
XTiZ5rF W Heck B[N, AT H & RAR AR
WRORRE 1a'fEEY), XRBATRAEE 2). FHE R BR
FER] 120 °C, KRMEEZ 24 h, 24 2 mol%[H)
PACL 1AL TR & B TP 250 66% (3K 2, Entry 1). 24
M, FHEE®ATA4in Pd(OAc),, Pd(dba),, [Pd(CH;-
CN)CLIi, N 82 T B (7%~29%, #* 2, Entries

B2 HWER ST Heck KEHIRI

Table 2  Effect of palladium sources on the intramolecular Heck

reaction
Ph
Br
@[ [Pd], TBAB N
0" F"pp  KsPO, DMA, 120 °C, 24 h 5
1a’ 2a
Entry [Pd] Yield”/%
1 PdCl, 66
2 Pd(OAc), 29
3 Pd(dba), 14
4 sz(dba)3 7
5 [Pd(CH;CN)CL] 9
6 [Pd(PhCN)Cl,] 15
7 [Pd(C3H5)Cl], 91
8 [Pd(COD)Cl,] 97

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a' (0.5 mmol), TBAB (0.5 mmol), K5PO,4 (1 mmol),
DMA (1.5 mL), [Pd] (2 mol%) under nitrogen. el yields.
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2~6); MM T4 F 1 Heck J N AT H 4L Y5 [Pd-
(C5Hs)CILPUHI[PA(COD)CL P i, 5 8 i At 22 dgt e ]
ik 97%(F 2, Entries 7, 8). 3T, WiE V%0 TW
Heck S M (1) 8 B4 F R R 1~2 mol% 1)
[PA(COD)CLIfEMEALF, 1 equiv.ftl TBAB {EAING, 2
equiv.[f] KsPO, fEK, 7 DMA 1 MiEE AN 100~
120 ‘C . 24 h.

12 RNIERYIARE

TE PRI I B2, FRATDRHR N AL A
55T Heck OBIRADEFAVERT TS, SE34s R
L 3. P XAR RIS HERE 1 JRIR_E A B R L EU
PEHAT T H5E. SIS BRIV, ZM Ak RX I
B AR AN S (A7 BEL A IR AR I T 3R o R 4
TeigE, #RfRe LR SR TS 12> SR A3 21 3 UK
2K BRI 2 (53% ~95%, # 3, 2a~2j), MiT
Caddick ZFPHRIE AT FERCAMEIL 5> TN Heck
KE(61%), ZMEALA R R I T & SRS 2 A 34
EZ S B AL TS PEATS 52 B IR S5 R I RE I, 24 4096 75
FERERIA C(4) L BN H T2 H(F, CL, Br)R, HLIRIRN
BT (Me, OMe)3RA3 U E &1, emr 12 B IR
iLF) 95%(F 3, 2¢, 2e vs. 2f, 2g, 2h). SR, FEEBACHEE
Wi HL 7 RE ST IG5, RN PR 2 2 PR (88%—78%, K 3,
2h vs. 2i, 2j). AN, ZSON G PRS2 R AR IR L A (]
REBREEmECR. Flin, 2R3 C()F CS)hiE E5IAF
BB, A 1e A 1d 4168 LA R 77 2 52 B 73 7 Heck
SN 3, 2¢, 2d). 4 ZEIR CRYALE _EAEAE I, Y
1b HEELL S3%MICRL AN H AR 2b, XAl Re & H

AR F B () 23 A7 BHECK, B A s AT B 4E A
DI LT, JUHEAS — R, ik 2T
FIREDD 2-9R-3-[(3-ZKFE T -2-Jd 3 S JE bk e (1k), 1B
RELL 45% S 549 2IAH B 1) HARF=4) 2k, FECIE B4R
YRR T HEAAR R B RE A 1R U 1 23 2.

akim, FRATSCK XU b AR B e AR T, X%
5 TR A0 1 75 B BE I 43 7 N Heck NHEAT T A
I, SEIREER LR 4. WFFCEE KR, IR L EEUR
BB C( BAFAEFIUREERS, 7 F W Heck JRBIHRH]
PUBRIEAT, 68 S F5 17 2% (88%~94%, 3K 4, 21,
2m). BEAb, XTI ZEBE R Y In, N AR RE DL
65%TISCRAT B ZE IR =4 20, [ERFERERIEZ, 2L
1-1R-2-[(3-ZRFHE T -2- M 55 L2 | 25 (10) T R BL RIS, 3
WA RINE] B ARV, T L 76% MR8 2] T 74 2-
- 1- 2R BE 2591 [2,1-b]FRIR, %538 IMSLIn&s Il T
PATTR I B M S R ARZE B (1) 53, W T E A A IE
TEHHT 2 .
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R3S T M Heck SN R JE
Table 3 Scope of the intramolecular Heck reaction of cinnamyl
aryl ethers

Ph
e [Pd(COD)Cl,] (2 mol%) ~ A
R-— |
"N pp, TBAB, K;PO,, DMA R 5
. 120°C, 24 h )

X=Br,I;Y=CH,N
R =H, Me, OMe, F, CI, Br, CF3, OCF3

Ph Me Ph Ph
Me
0 o o

X=1,Y=CH,R=H;2a,96%" X=Br,Y=CH, X=Br,Y=CH,
X =Br, Y = CH, R =H: 2a, 92%R = 3-Me; 2b, 53% R = 4-Me; 2c, 79%

Ph Ph Ph
MeO cl
Me o o o

X=Br,Y=CH, X=Br,Y=CH, X=Br,Y=CH,
R=5-Me; 2d,81% R =4-OMe; 2e, 75% R = 4-ClI; 2f, 92%

Ph Ph Ph
Br. F. F3C
N N N
o o o

X=Br,Y=CH,
R =4-CF3; 2i, 85%

Ph
N
T
Z 0
X

Br,Y =N,
H; 2k, 45%

X=Br,Y=CH, X=Br,Y=CH,
R = 4-Br; 2g, 95% R = 4-F; 2h, 88%

Ph
F4CO
o
o)

X=Br,Y=CH,
R =4-0OCFj3; 2j, 78% R

© 2019 Chinese Chemical Society & SIOC, CAS

Unless otherwise noted, reaction was performed with 0.5 mmol of 1, 0.5 mmol
of TBAB, 1 mmol of K;PO4, 0.01 mmol of [Pd(COD)Cl,] in 1.5 mL of DMA
at 120 C; Isolated yields. ” 1 mol% [Pd(COD)CL,], 100 C.

2 #ig

DATT B e O B GNOKRL A EREAL 77, SEBIL T 40 b 55
LB 72T Heck SN, AIFIZIB AL ik
WA T — #5 3-HUARKI IR R & 1. ST 05
A 3-HUIR IR R AL S AR W 5 5 AT 45K
BURART AL, RIFIRIE B 2 I AEAE T RAR - YA 24
Yoy, DRI 5V RT DO 259 731 AU AR P W )
B AR

3 HERST
3.1 UE5E

FIT A o 23 SR K BBURR R B A 38 A8 AR VRS Schlenk
i, EEALY R T, 'THNMR, "C NMR, “F NMR &
Bruker Avance 11-400 RZREIEARAC EME, DAORARE
PRI, TMS R bR; 45 i A X-4 B A0 il s 450
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Table 4 Scope of the intramolecular Heck reaction of allyl aryl
ethers

X Me
Rl [Pd(COD)Cly] (2 mol%) N
|
FNgF  TBAB KO, DMA R D
Z=0
120°C, 24 h )
X=Br,1
R=H, Cl, Ph
Me Me Me
cl
(0] o 0
X=I,R=H X=Br,R=H X=1,R=4-Cl
21, 94%" 21, 88% 2m, 88%
Me _ o Vo
o) Br —
o (e 5
X =Br,R=Ph 20 . :
2n, 65% X ?’72% o

“ Unless otherwise noted, reaction was performed with 0.5 mmol of 1, 0.5
mmol of TBAB, 1 mmol of K3PO4, 0.01 mmol of [Pd(COD)Cl,] in 1.5 mL of
DMA at 120 “C; Isolated yields. * 1 mol% [Pd(COD)CL,], 100 C.
S, MEARKIE; Bk A Waters Q-TOF Premier B,
Bruker micrOTOF-Q II 7, APCI ¥; NI 7E
GC-6890 (ALLTECH™, SE-30™, 30 mmX0.32 mmX
0.25 pum)AHEIE EITS. NN-ZHEHEZ . NN-
THREOBG . 1,4- 25N SO RIRERIE
FH i 4% B SCRR D7 VR Ab B BRI 3 D o i Al sk, 2
afi, Rt B,
3.2 ZLWHE
3.2.1  ARBSF A EAL S 1a~10 89 H] &

F I RAA (5 mmol). IR (6 mmol). K,CO;
(12 mmol) A BB KM, 285 I 40 mL PIER, i
FETREIR 20 h, RN EEREAEEZR, FRBAART
AN 20 mL 7K, A5 A 4R CEE#EN(30 mL X 3), Fifs
AU R S A BN e %, oK IRBREA T8, U,
B B 2 0. BT AR = i B E AT 2 B CR i R AL 2
1R ZERGEAA 52)45 2] B ARt &4 1a~1o.
3.2.2 3-BURR IRl &4 2a~2n 694 &

BALAE4 1 (0.5 mmol). K5PO, (1 mmol). TBAB (0.5
mmol). [Pd(COD)Cl,] (1~2 mol%)HI A F|— N $it bk
THIT% Schlenk KB, HEAER: 5 X5, A
1.5 mL B 28081 DMA, SR E iR E 2] 120 C M
24 h, MR, BEZER, N 3 mL KEKXN,
SRJG ] .18 Z A3 mL X 3), A HLEH T KRR AN
T, I HIRERR VAR, IR SRR JE T 2 5
JEf3 3 HFrLAY) 2a~2n.
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3R FEZR IR (22) ) TEAWE, 100 mg (96 mg,
1a' fEEYD), 775 96% (92%). 'H NMR (400 MHz,
CDCly) J: 7.46 (d, J=8.2 Hz, 1H), 7.41 (d, J=7.8 Hz,
1H), 7.37 (s, 1H), 7.33~7.14 (m, 7H), 4.02 (s, 2H); °C
NMR (101 MHz, CDCly) &: 155.56, 142.16, 139.21,
128.67, 128.54, 128.03, 126.39, 124.24, 122.37, 119.92,
119.72, 111.47, 30.01; MS (APCI) m/z: 209.10 ((M—+H])".

3-F-4- IR IR (2b): TOBE, 59 mg, 7
% 53%; 'H NMR (400 MHz, CDCL3) 6: 7.36~7.12 (m,
8H), 6.93 (d, J=7.3 Hz, 1H), 4.17 (s, 2H), 2.45 (s, 3H);
C NMR (101 MHz, CDCl;) §: 142.80, 139.86, 131.83,
128.51, 128.48, 127.68, 126.93, 126.30, 126.02, 124.25,
123.87, 109.25, 31.30, 19.33; MS (APCI) m/z: 223.11
(IM+H))".

3 HE-5- F IR IR 20) P EERIA, 88 mg,
P22 79%. "H NMR (400 MHz, CDCl3) 6: 7.37~7.15 (m,
8H), 7.08 (d, J=8.4 Hz, 1H), 3.99 (s, 2H), 2.39 (s, 3H);
C NMR (101 MHz, CDCls) &: 153.97, 142.34, 139.31,
131.81, 128.62, 128.51, 128.10, 126.32, 125.50, 119.63,
119.38, 110.94, 29.95, 21.35; MS (APCI) m/z: 222.17.

3-FFE-6- IR IR RRME (2d): TCEIBIK, 90 mg, 77
% 81%. 'H NMR (400 MHz, CDCLy) 6: 7.32~7.24 (m,
7H), 7.24~7.17 (m, 1H), 6.99 (d, J=8.1 Hz, 1H), 4.00 (s,
2H), 2.44 (s, 3H); *C NMR (101 MHz, CDCl;) d: 156.01,
141.56, 139.33, 134.44, 128.61, 128.46, 126.29, 125.55,
123.75, 119.51, 119.35, 111.65, 30.02, 21.59; MS (APCI)
m/z: 223.18 ((M+H])".

3-AHE-S- AR R IR IRIR (2e): I [E AR, 89 mg,
FEE 75%. m.p. 103~104 ‘C; 'H NMR (400 MHz,
CDCl;) 0: 7.36~7.25 (m, 6H), 7.23~7.19 (m, 1H),
6.89 ~6.80 (m, 2H), 3.98 (s, 2H), 3.76 (s, 3H); °C NMR
(101 MHz, CDCly) d: 155.75, 150.57, 143.06, 139.16,
128.66, 128.60, 128.54, 126.40, 119.77, 112.81, 111.86,
102.60, 55.92, 30.02; MS (APCI) m/z: 239.15 ((M+H])".

3-NHESEUAR I (2): WA, 112 mg, P75
92%. "H NMR (400 MHz, CDCl3) 6: 7.39~7.36 (m, 3H),
7.34~7.20 (m, 6H), 3.98 (s, 2H); *C NMR (101 MHz,
CDCly) d: 153.96, 143.55, 138.64, 129.41, 128.65, 128.57,
128.06, 126.58, 124.51, 119.58, 119.54, 112.47, 29.83; MS
(APCI) m/z: 242.07 (M+H])".

3-FE-S- R IERIR (2g): T ERA, 136 mg, P2
95%. "H NMR (400 MHz, CDCL3) 6: 7.64~7.11 (m, 9H),
3.98 (s, 2H); MS (APCI) m/z: 309.06 ((M~+Nal)".

3-SR MRIR(2h): A K, 99 mg, R

88%. m.p. 47~49 C; 'H NMR (400 MHz, CDCl;) o:

Chin. J. Org. Chem. 2019, 39, 456~462
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7.41 (s, 1H), 7.37 (dd, J=8.9, 4.1 Hz, 1H), 7.34 ~7.20
(m, 5H), 7.03 (dd, J=8.5, 2.6 Hz, 1H), 6.98 (t, J=9.0 Hz,
1H), 3.98 (s, 2H); *C NMR (101 MHz, CDCl;) d: 160.20,
157.83, 151.77, 143.86, 138.72, 128.88, 128.59 (d, J=2.9
Hz), 126.53, 120.02, 112.08, 111.91 (d, J=18.1 Hz),
105.49 (d, J=24.8 Hz), 29.93; "F NMR (377 MHz,
CDCly) §: —121.21; MS (APCI) m/z: 227.09 (M+H])".

3 HE-S- =R BRI (20 K EmA, 117
mg, “% 85%. 'H NMR (400 MHz, CDCls) o: 7.70 (s,
1H), 7.54 (s, 2H), 7.44 (s, 1H), 7.38~7.17 (m, 5H), 4.04
(s, 2H); ®C NMR (101 MHz, CDCLy) ¢: 156.92, 143.85,
138.44, 128.68, 128.58, 128.12, 126.66, 121.49, 121.45,
120.28, 117.59, 117.55, 111.88, 29.77; "F NMR (377
MHz, CDCl;) 6: —60.82; MS (APCI) m/z: 277.11 ((M+
H])".

3- R HE-5- = AR B IR IR R I (2)): Tk, 114
mg, “& 78%. 'H NMR (400 MHz, CDCls) 0: 7.43 (s,
1H), 7.38~7.21 (m, 7H), 7.07 (d, J=8.6 Hz, 1H), 4.01 (s,
2H); “C NMR (101 MHz, CDCls) 6: 155.20, 146.47,
143.58, 138.70, 128.62, 128.58, 126.79, 126.57, 120.61 (q,
J=255 Hz), 120.23, 119.68, 116.25, 105.18, 29.87; “°F
NMR (377 MHz, CDCly) 6: —58.11; MS (APCI) m/z:
293.08 ((M+H])".

3R FEIRIR [3,2-h] L E (2k): oA, 47 mg, 77
# 45%. '"H NMR (400 MHz, CDCl3) 6: 8.58 (d, J=4.3
Hz, 1H), 7.75 (d, J=8.2 Hz, 1H), 7.48 (s, 1H), 7.37 (d, J=
7.2 Hz, 2H), 7.32 (t, J=7.5 Hz, 2H), 7.27~7.18 (m, 2H),
4.15 (s, 2H); *C NMR (101 MHz, CDCl;) §: 148.34,
146.35, 145.33, 141.02, 139.07, 128.85, 128.61, 126.47,
121.55, 119.03, 118.57, 28.77; MS (APCI) m/z: 210.13
(IM+H]D".

3-FIEIE IR 2D Lamifk, 62 mg (58 mg,
WAEEYD), 77 % 94% (88%); 'H NMR (400 MHz,
CDCLy) 6: 7.56~7.50 (m, 1H), 7.45 (d, J=7.8 Hz, 1H),
741 (d, J=1.0 Hz, 1H), 7.31~7.20 (m, 2H), 2.25 (s, J=
1.2 Hz, 3H); MS (APCI) m/z: 133.08 ((M+H])".

5-5-3- R IR (2m) 27 Ak, 88 me, 77
# 88%. 'H NMR (400 MHz, CDCLy) d: 7.49 (d, J=2.0
Hz, 1H), 7.41 (s, 1H), 7.36 (d, J=8.7 Hz, 1H), 7.23 (dd,
J=8.7, 2.0 Hz, 1H), 2.21 (s, J=1.0 Hz, 3H); °C NMR
(101 MHz, CDCly) d: 152.59, 141.73, 129.40, 126.87,
123.23, 118.15, 114.41, 111.27, 6.77; MS (APCI) m/z:
167.03 ((M+H])".

1-F R 25 9F(2,1-p]Wk IR (2n): oA, 59 mg, 7=
# 65%. '"H NMR (400 MHz, CDCl3) 6: 8.38 (d, J=8.3
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Hz, 1H), 7.96 (d, J=8.1 Hz, 1H), 7.71 (d, J=8.9 Hz, 1H),
7.67~7.52 (m, 3H), 7.48 (t, J=7.5 Hz, 1H), 2.64 (s, 3H);
C NMR (101 MHz, CDCly) §: 153.33, 141.16, 130.60,
129.08, 128.95, 126.17, 125.29, 124.08, 123.12, 117.58,
112.71, 99.99, 11.39; MS (APCI) m/z: 183.08 ((M+H])".

2- - 12K FEZE IR [2,1-p]kIR (3)28): TE o iifh, 98
mg, & 76%. 'H NMR (400 MHz, CDCl3) d: 7.90 (d,
J=8.1 Hz, 1H), 7.76 (d, J=8.4 Hz, 1H), 7.69 (d, J=8.9
Hz, 1H), 7.64 (d, J=8.9 Hz, 1H), 7.56~7.43 (m, 5H),
7.38 (t, J=6.8 Hz, 1H), 7.28 (t, J=7.2 Hz, 1H), 2.43 (s,
3H); *C NMR (100 MHz, CDCly) o: 151.27, 151.22,
134.22, 130.76, 130.53, 128.81, 128.63, 127.91, 127.57,
125.61, 124.53, 123.99, 123.21, 122.31, 121.87, 118.99,
112.07, 12.34; MS (APCI) m/z: 259.18 ((M+H])".

4 Bh#f Rl (Supporting Information) fiG{b &4 'H
NMR. “CNMR. "FNMR 3 K. iX2Lpt k] LG 2
AT 3k (http://sioc-journal.cn/)_F N %K.
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