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Visible-Light Promoted Preparation of Benzimidazoles by Eosin Y

Catalyzed Reaction of Benzonitrile Derivatives in Water
Lin, Mei™* Wu, Fan’ Liu, Tianhui” Chen, Zhitao® Xu, Xiuzhi®

(“ Department of Pharmacy, Fujian Medical University, Fuzhou 350004)
(¢ Fujian Provincial Key Laboratory of Natural Medicine Pharmacolog, Fuzhou 350004)

Ke, Fang™“”

Abstract A novel visible-light-introduced reaction for the construction of benzimidazole derivatives via radical cyclization
of o-phenylenediamines with benzonitrile derivatives in water has been developed. The reaction has been achieved in high
yield under mild conditions by using Eosin Y as photocatalyst, which is cheap, easy to handle and environmentally friendly. A
variety of benzimidazoles were obtained in up to 91% yields. It might provide a promising protocol for the synthesis of ben-

zimidazole derivatives.

Keywords visible-light photoredox catalysis; eosin Y; benzimidazole; catalyst
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A HRED, 2013 £, B E AL L 2 15 1)
N,N'-—F 3 2 ZJNTRAE, Cu,0 AT, RILT LA 2-
B R e 5 IOk kA JEURE B LA K AT A 0 i, K
R KA AE M0l R A SR, 2013 48, Xiang AT
AUV N-75 B e AT LA pR s R 55 98 G & AR AR X
i #(Scheme 1b). ZZ0tJ KR, B E0&Fh N-J5 HEmERL R
IR f7 A 4 AT AR 48 3 ol )y 92

(a)
NH, Q N
OO oo —
NH; N

(0]
R H Traditional methods

CuCly/I-Proline

| N
+ R— _— NY—R
©i R—CN Previous work N>_
NH, H

(c)
NH, N
[::I:NHZ + R—CN [::I:ﬁ>_R
B 1 AR & Tk

Scheme 1 Strategies for the synthesis of benzimidazoles

HERAC S EE R LU 5, 200 10 = W AL
PR, 1 S AR — MR 3 1, W DA —te0R
RGBS FIRAEA R RN T, S &%
RN RIR, AeBE SR Y, XAERER LAY
R 5P 0 WAL SROBE BT, R4 i IR A K
FE, B A I N JEORE ] 26 2K I 10K 4 1) F 9 40 45
2014 4F, Lu S PR IR R ] DL 2-BK iR fi
NIERE, FEAHEAL R T AT A RO AT SRS, B R A
fes SOBEIN ) AR R TR R

1972 4, Fujishima #1 Honda'"'7E n %454k TiO,
HLBR LS 1K ED G AL A, OB HEA IE S CEE
NIRRT, S ML B B AE 6 AR AL 77 4 R A R
PTEAT AL 22 OB, S0 S N AMIEAR S L R . 4%
GBI . AN TR DL B A LU, Ot
AL A D RBIRAHRA . RPIE PRI L%
SRIG B AR AT B A0 R, AMUFF & S5 Skt 1R,
HAEF G RISz b A b A AR R R (. ok
AT ARAEAHA R 2 0E. KEALHE. 7
Ty R s NI e SEN AN )RR SR E PN
KAREAHIE, FFEA9580O0FRKENEM. Bl
NIk, R 2 BOCHEN N AR AE A WU AT, fE4E
KA AT TT IS A 5 1A ML B4R 3 /12 2017
4, Kumar /N ILL Langlois 187781 9,10- —FRIEEAE A
JEEMIE JRHEAL T, ARAE IR, KB T el AL,

EosinY
—_—
This work
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T&mBEE HEEIA . =5 AT 1,6-0 I B A
AR %7 E T USRI Z RS CFs BUREE 4430 1k
a0

B T A VR R AR 0T A 55 R B R A A A &R (1 A
FEM, AR SCHRE —Fh BN 515 A ERRE L Y /BN
FEMEALT, 1,2-2K & 5 K IE N R, 7EAKH s s
B — R AR DKM AV B, 2R DR MERAL 5
FI A BRI T —Fh T8 £ 55 1 77 1(Scheme 1c).
1 HEREWR
1.1 REEHRRL

PL12-2R % RS A JERL, Cul Atk 1,10-
FEMSIR(LL, 1,10-Phen) WRCHA, AL EH(KOH) NI, 7E
FEITH 25 W ABATRELT B, EAUKEFIR SR T
— RADCHEATIT S S, g5 Rk 1 R 4fE
H Tr(bpy)s AICHEGHINE, 78 25 W K@ RELT RS T,
ST ASRAS 80% MR A 24 {8 H A BIL Y 7 BE 4
(Eosin Y)BF, K15 83%MIUScR; (EAE A MLk
2,4,6- — R S IR VU S0 R A5 (TPT) B, E1 A 3 T B 3%
R(GR 1, Entries 1~3). ik A6 S250UE B (R 1,
Entry 4), BJ WG DL K A7) DR AIE 12 5 R
HATAT BRI R, B T 1% R N2 1T L6755 13
I Bi. B 5, LA Eosin Y VE N MEHEAT], 52 T A1)
Y8, fn CuClys CuSO4 A1 CuCl 2%, CuCl, FI H IR 1
TEAL R I 1, Entries 6, 7). HERIISE, WA F 4R
£, RERER H bRy, AT 7R 1X A
ek R REAR A7 Hh B AR AL T THE (R 1, Entry 8). idE—25
REMACEAR R I, @0 A FRCARRT CuCl, AHH
YR, L1 BCARTE S A G SR H BRI B T CuCl,
A B A Hb (R 3t s B R EAT (3R 1, Entries 9~11). iZ{#1L
PR RAEBR D BRI OL T RS IRZ (SR 1, Entry 12).
XPBRHEAT R KN, Cs,COs VERRBIN, [ HE LA ik 90%
H o & KR 1S 2 H AL &9 (Entries 13~15). Ib4h, B
Tt R I RN AR A e R oA B B AL TR (PTC) 2 2 211,
1M HL VY T 240 8 (TBAB) i 56 B AL T D0 T 2 A
HZ(TBAI) (Entries 16, 17). [k, MSREGgs 43 iz
SR R AR AL 1,2-2K 2 14(0.5 mmol), 7K
%(0.6 mmol), Eosin Y (5 mol%), CuCl, (0.05 mmol), Fit
& L1 (0.05 mmol), Cs,CO; (1 mmol), TBAB (0.05 mmol),
2 mL KAE VAT, 25 W A WO, KB 7 h.
1.2 REEHRMRL

NT RB M RGO, &8 T — K5I
I 1,2-28 Z e 5 & MOR SR Al KA 25 W DG T
R, SR E AT B, SRR 2. GRK
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Table 1 Optimization of the reaction conditions
[Cu]/L, Base

L ™ e CL-O)
CQ} @Q o

Photo cat.

Entry P?;tt.o [Cu] Ligand Base PTC Yield/%
1 Ir(bpy); Cul L1 KOH TBAB 80
2 EosinY  Cul L1 KOH TBAB 83
3 TPT Cul L1 KOH TBAB 65
4 — Cul L1 KOH TBAB 10
5 EosinY CuCl, L1 KOH TBAB 87
6 Eosin Y CuSO, L1 KOH TBAB 69
7 EosinY CuCl L1 KOH TBAB 40
8 EosinY — L1 KOH TBAB trace
9 EosinY CuCl, L2 KOH TBAB 40
10 EosinY CuCl, L3 KOH TBAB 55
11 EosinY CuCl, L4 KOH TBAB 48
12 EosinY CuCl, — KOH TBAB 20

13  EosinY CuCl, L1 Cs,CO; TBAB 90
14  EosinY CuCl, L1 NaOH TBAB 88
15 EosinY CuCl, L1 K;PO, TBAB 72
16 EosinY CuCl, L1 Cs,CO; TBAI 80

17  EosinY CuCl, L1 Cs,CO; — 0

¢ Reaction conditions: 1,2-diaminobenzene (0.5 mmol), benzonitrile (0.6
mmol), photo catalyst (5 mol%), Cu source (0.05 mol), ligand (0.05 mol), base
(1 mmol), PTC (0.05 mmol), and H,O (2 mL), 25 W LED, 7 h; * Isolated yield.

PAZAEALAR BT & Fh 1,2-28 o f2E G 24 B #
AT, K EB 2 5 B LA I W R L — 2k
FAH R H AR =4, TG 2 ik o7 R A 2 T L T S A
WL, HAEIE, . & . HERARELE, HRER
BRI ICR R R TR AL B ). 1 Sk 3 PP AS TR B R 2
PRI 1,2-28 il A7 OB, R 02 it i BRI 1
IR PR 7= e v TR R T U 2R, kA 2 H AR
FHROENS, 5 1,2- R &R B F=Z0]15 91%, iR i
RIS [ S, ANARE] 72%72#(3b, 30). Hk &t
TEEPAN 1,2-0K 0GR R A 1,2-2K
T, RUONBE R IR S R E R T A R
EVER. W 4-RH2E-1,2-28 S ORI IROBLIRI = 208 71%
(31), 4-FEE-12-28 I 5 R IR L= 20 81% (3m).
UbAh, ZAk R RE R A S FIREE H, 7 AR
F I FBIERG)). B, Sk R 0E RG2S AR
TR, WORA 2-FUEMEE A 1,2-2 O ERL, £33
FR T5%M 2-(HEBE-2-2%)-1 H-R I [d]WK I (3n).
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Table 2 Synthesis of benzimidazoles

Eosin Y
o N2 N CuCly/1,10-Phen, Cs,CO,
R1:_ + RZI_
A _ H,0, 25 W LED, TBAB
2
€00
AN \ \Rz
H
3

O OO

3a 90%" 3b 91%
N N
OO (I
N N
H H
3¢ 91% 3d 82%
OCHj
N
\>—< >—Br ©:
N
H
3e 78% 3f 91%
< OO
\) \
N N
H . CN H o F
39 77% 3h 71%
N N  CHs
\ A\
s ol o Sy
HO H
3i 78% 3j 72%
Cl N N
T~ I
cl N OzN N
3Kk 73% 3171%
o0 <0
N\
. y v\ /
3 H H
3m 81% 3n 75%
N N
C-Ome T
N N s
H H
30 72% 3p 80%
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¢ Reaction conditions: o-phenylenediamines (0.5 mmol), benzonitriles (0.6
mmol), Eosin Y (5 mol%), CuCl, (0.05 mol), L; (0.05 mol), Cs,COs (1 mmol),
TBAB (0.05 mmol), and H,O (2 mL), 25 W LED, 7 h; * Isolated yield.

1.3 "RERM

IR B 26, X RDIEAT e PR sE 56, B
1,2-K & (5 mmol), ZKH (6 mmol) Ak}, Eosin Y (5
mol%), CuCl, (0. 5 mmol), FfA L1 (0.5 mmol) AL,
10 mmol Cs,CO; fE A%, 0.5 mmol TBAB fE ﬁjifj?sjju*U
20 mL /KAE N7, 25 W LED FGRESS T M 10 h,
NIGUR) A= il 2- 2K 35 - 1 H- 2R FF [d]KIE, 723258 66%.
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1.4 HIBIRZE

NTWRBERMNAE, AT T A bR
(Scheme 2). K ¥E F L e W46, BL 1,2- % (0.5
mmol), K Hfi5(0.6 mmol) N EL, Eosin Y (5 mol%)-
CuCl, (0.05 mmol), ik L1 (0.05 mmol) Af1k, 1
mmol Cs,CO; {EAHK, 0.05 mmol TBAB fE N INF, 2
mL KAEAER], TN 2.0 equiv. 2,2,6,6-V0 F ZEDRIE-1-
FA(TEMPO), XA Mg 21k, ik it 2 B 15 B 3k
FEY, R IR YR 2 N R A, N T IR,
TEFRAE 264 R 43 AN 2.0 equiv. 2,6- U T FEXT
HE(BHT)M 1,1- 22K 205 AT OB, AR 13 2
FARF= . i CAE— 20 BE S R PR N o R R A
Y.

H

NH; CN standard conditions N
+ +TEMPO ——> )R

NH, N

not detected
OH

NH, CN t-Bu Bu-t
o
NH,
H CH3
standard conditions
Crir
N

not detected

CH,
suficaens
JORNOA®
NH,
§
standard conditions @EN)_R

not detected

B2 A hEIRR

Scheme 2 Radical trapping experiments

1.5 RNHIE

FR I S 56 48 F AN SCERFROE! T AR Szt it FE AT
A % AE (1) I I LB (Scheme  3). 4 £k ZE BRI 2614 S A
T B ERECAR T A1, SR a1 itk 5 R AN 2R T A%
AR IS -A (ID SR RC AR T A4, [FIRE, BEZD Y Rllok
TASRNBRASIIBLLY, SRR TR S Y 44
—ANETHIRE T, AR TIRA . BSR4
AR A2 R A B3RS, A R AR IR 2R
RAMADIEAE &Y A BB, Pk A 5402k
i S5 N7 AR RIS PR R 44 B R A B 2T LR AE R
BT T 0 FNTEBRE A T A R C. B 78 N 2%
PRI L — 0 FRIEF AR E S, ARSI IF ke
FiE 2 (0 2 AR AR A 0 NI, B SR R — 2
T AR (D) R A 2 A4,
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Br-

TBAB %‘\ eosiny~  H2N—CulllilL
eosin Y*
JJ::rrk/eosin Y NH, + CuflllL

light
Cul[lljL

+ r
R—C=EN ——> R—C=N-Cu[lllL. —

@[NHZ
NH,
Br NH, R

| Br
R—C=N—Cu[llL. ———— N><N_Cu[”]|_
H H

A B
@H;N—CU[III]L y
I />—R
N R ) : :N
c

H,N—Cul[llI]L

BR 3 ArREAE I R ML EE

Scheme 3 Proposed mechanism for this transformation
2 g

I R Y fEe AL, SEBL T B CuCl {E )@
MEALTAT 1,10-EM IRV E A4, DA 1,2-2K e 5 A AE A
YN R R, KA B AL SN B B T E R IERT A2 )
ML, N HBELL Y fEEREARR, ITisfEE. 4k
BLOWIEETIG G, AR AR 9T, BORHIPEAR 1
SRS, 2 B — F B I H A A BRI DK AT A
VIR & Rt T — A E LT, B2 T
JCHEAL I B eh 3R A B L A F 7T IEAE AT S 56 = 24T
.

3 SERSY
3.1 UE5E

He I Nig§: Perfectlight PCXS50C Discover; JfiiE{¥:
Agilent 6890N BEATSAH (1 3/ 57 15(GC/MS)MA[5973N
J5 A I 2E(ED AT HP5-MS 30 m X 0.25 mm B4 JEK
PEFE], B WEILIRAL: Bruker AM 400, LA TMS NMFER, i
X DMSO ZE N7, X-4 BIEFAA AL, KR R
(200~300 ENiEAT, LBRZBEFIA TR, fE ke
GF254 B AT = (. Bt I 2 s AR 2 o i 4y
Wi s b4, BRpeml vl s, K& — b,
3.2 XWHE

£ 10 mL RS 1,2-28 —}%(0.5 mmol),
2 Hi%(0.6 mmol), BEZT Y (0.05 equiv.), CuCl, (0.05
mmol). FEC{E 1,10-Phen (0.05 mmol). Cs,CO; (1 mmol).
TBAB (0.05 mmol)FI¥ 7 H,O (2 mL). JNRAE—> 25
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W [ E%6 LED T FFEE RN S em)fE R Ak N =
BE 7 b N R ORE(TLOMN, RV 5E4E,
TR ZETE, A odE A E AT B AL LR LR -
VCRMER) =3 D 1458 BAs =, tHEmZE. B
i "H NMR, *C NMR FJi 3% 30547 45 K R AE.

2-FRFEVH-ZEFF [d]K M (3a): A E R, mop. 294~
296 ‘C (Lit.": 203~295 °C); '"H NMR (400 MHz, ac-
etonitrile-ds) o: 10.92 (s, 1H), 8.10 (d, J=4.0 Hz, 2H),
7.56 (dd, J=21.2, 13.6 Hz, 5H), 7.23~7.26 (m, 2H); "*C
NMR (100 MHz, DMSO-d;) d: 151.2, 143.8, 135.0, 130.1,
129.8, 128.9, 126.4, 122.5, 121.6, 118.8, 111.3; ESI-MS
m/z: 195.1 [M+H]".

2-(NF B R IR )- 1 H-Z8 [ d] K (3b): L 4, mup.
278~279 ‘C (Lit!': 276~278 °C); 'H NMR (400
MHz, acetonitrile-d3) d: 12.23 (s, 1H), 7.98 (d, J=28.0 Hz,
2H), 7.59 (s, 2H), 7.36 (d, J=8.0 Hz, 2H), 7.23 (dd, J=
5.8, 3.0 Hz, 2H), 2.41 (s, 3H); *C NMR (100 MHz,
DMSO-dy) d: 144.7, 142.6, 135.7, 133.8, 130.2, 129.7,
129.0, 126.5, 122.5, 120.1, 118.2, 112.6; ESI-MS m/z:
209.1 [M+H]".

2-( % F R 3k 2K 3 )- 1 H- 2K JF [d] K e (Be): (£ ]
i, mup. 222~223 C (Lit."¥: 221~223 “C); '"H NMR
(400 MHz, acetonitrile-d;) 6: 11.06 (s, 1H), 8.03 (d, J/=8.0
Hz, 2H), 7.61~7.52 (m, 2H), 7.21 (dd, J=5.8, 3.0 Hz,
2H), 7.07 (d, J=8.0 Hz, 2H), 3.86 (s, 3H); *C NMR (100
MHz, DMSO-dg) J: 160.6, 151.3, 143.9, 134.9, 128.0,
122.7, 122.0, 121.4, 118.5, 114.3, 111.0, 55.3; ESI-MS
mlz: 225.1 [M+H]".

2-(4-F IR IE)- 1 H- I [d]PK M (3d): A B[ A, mup.
304~305 C (Lit.!'*": 302~303 C); 'H NMR (400
MHz, DMSO-ds) : 13.04 (s, 1H), 8.23 (s, 2H), 7.47 (d,
J=164.0 Hz, 6H); *C NMR (100 MHz, DMSO-d) o:
158.0, 150.1, 134.4, 129.0, 128.1, 1222, 118.5, 111.7,
106.6, 106.5, 99.5; ESI-MS m/z: 229.1 [M+H]".

2-(4-VR IR FL)-1H-ZK I [d] KM (3e): 3 (0 [l 44, mup.
295~296 C (Lit."%: 295~299 C); 'H NMR (500
MHz, DMSO-d) d: 7.74 (d, J=8.5 Hz, 2H), 7.67 (d, J=
8.5 Hz, 1H), 7.49 (d, J=8.4 Hz, 2H), 7.28~7.26 (m, 1H),
6.95 (d, J=8.5 Hz, 1H), 5.58 (s, 1H); °C NMR (126 MHz,
DMSO-dy) d: 152.6, 143.1, 132.3, 132.2, 131.5, 129.7,
128.8, 121.1, 119.9, 111.6, 47.4; ESI-MS m/z: 273.0 [M+
H]".

4-(1H-ZK I [d) Bk e -2- 58 )-2- F AR L 5y (3f): At
il 4K, m.p. 222~224 C (Lit!'™: 221~222 C); 'H
NMR (400 MHz, acetone-dg) o: 11.15 (s, 1H), 8.10 (s, 1H),
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7.84 (d, J=4.0 Hz, 1H), 7.69 (d, J=8.0 Hz, 1H), 7.55 (dd,
J=6.0, 3.2 Hz, 2H), 7.17 (dd, J=6.0, 3.2 Hz, 2H), 6.96 (d,
J=8.0 Hz, 1H), 3.95 (s, 3H); “C NMR (126 MHz,
DMSO-dg) d: 151.8, 148.5, 147.9, 121.7, 121.5, 119.8,
115.7, 114.5, 110.5, 55.8, 29.9, 29.1, 22.1, 14.0; ESI-MS
miz: 241.1 [M+H]".

3-(LH-Z8 I [d) DK Wk -2- 52 ) 7K HE IS (3g): 1 B [ 44k,
m.p. 257~258 ‘C (Lit.""Y: 257~259 ‘C); "H NMR (400
MHz, acetonitrile-d;) 6: 10.96 (s, 1H), 8.41 (s, 1H), 8.35
(d, J=8.0 Hz, 1H), 7.82 (d, J=8.0 Hz, 1H), 7.69 (t, J=8.0
Hz, 1H), 7.64 (dd, J=6.0, 3.2 Hz, 2H), 7.28 (dd, J=6.0,
3.0 Hz, 2H); *C NMR (100 MHz, DMSO-d) J: 149.15,
143.31, 134.85, 132.97, 131.31, 130.82, 130.23, 129.68,
122.55, 118.34, 112.12, 59.69, 20.68, 14.01; ESI-MS m/z:
220.1 [M+H]".

2-(2-F AR EL)- 1 H-ZR I [d]PKME(3h): A, mop.
200~203 C (Lit!"%": 201 ~207 ‘C); 'H NMR (400
MHz, acetone-dg) o: 11.68 (s, 1H), 8.45 (d, J=4.0 Hz,
1H), 7.66 (d, J=2.7 Hz, 2H), 7.58~7.52 (m, 1H), 7.42~
731 (m, 2H), 7.24 (dd, J=4.0, 4.0 Hz, 2H); “C NMR
(100 MHz, DMSO-dg) d: 160.7, 158.2, 146.4, 146.4, 131.8,
131.8, 130.2, 130.2, 125.0, 125.0, 122.3, 118.1, 118.0,
116.6, 116.4; ESI-MS m/z: 213.1 [M+H]".

2-(1H-ZR I [d] DK e -2- B8 Ky (3i): €4 [ 44, m.p.
241~242 °C (Lit!""; 240~242 C); '"H NMR (400
MHz, acetonitrile-d;) d: 13.16 (s, 1H), 11.07 (s, 1H), 7.80
(d, J=8.0 Hz, 1H), 7.64 (d, J=28.0 Hz, 2H), 7.35 (d, J=
32.0 Hz, 3H), 7.06~7.00 (m, 2H); *C NMR (100 MHz,
DMSO-dg) d: 158.0, 151.7, 140.8, 133.1, 131.7, 126.2,
1232, 122.4, 119.1, 117.9, 117.1, 112.6, 111.5; ESI-MS
miz: 221.1 [M+H]".

2- 5 A JE - 1H-2R I [d] DK M2 (3j): 3 A [E 44, mup.
219~221 C (Lit."™: 220~225 ‘C); '"H NMR (400
MHz, acetonitrile-d;) J: 7.48 (dd, J=6.0, 3.2 Hz, 2H), 7.15
(dd, J=6.0, 3.2 Hz, 2H), 3.21~3.13 (m, 1H), 1.38 (s, 6H);
BC NMR (100 MHz, acetone-ds) o: 205.4, 205.1, 159.8,
121.2, 114.3, 30.8, 20.9; ESI-MS m/z: 161.1 [M+H] .

5,6- — G -2- K B -1H- 2K JF [d] WK M (3k): £ [
&, m.p. 220~221 C (Lit.'": 220~222 C); 'H NMR
(400 MHz, acetonitrile-ds) 6: 11.07 (s, 1H), 8.07 (d, J/=4.0
Hz, 2H), 7.78 (d, J=56.0 Hz, 2H), 7.54 (s, 3H); °*C NMR
(100 MHz, DMSO-dg) 0: 153.79, 143.45, 134.52, 130.48,
129.26, 129.00, 126.70, 124.69, 124.19, 119.91, 112.64;
ESI-MS m/z: 264.1 [M+H] .

5-THE-2- 2R Fk- L H- 2R IR [d] WK (3T): 38 (i, mup.
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205~208 ‘C (Lit""™: 208~210 ‘C); 'H NMR (400
MHz, DMSO-dg) : 13.61 (s, 1H), 8.50 (s, 1H), 8.18 (dd,
J=40.0, 8.0 Hz, 3H), 7.60 (d, J=8.0 Hz, 4H); *C NMR
(100 MHz, DMSO-dg) 0: 155.6, 142.6, 132.7, 130.8, 129.3,
129.0, 128.5, 127.0, 117.8, 114.6, 111.6; ESI-MS m/z:
240.1 [M+H]".

5-F 3 2- 2K Jk -1 H- 2K 5 [d] WK M (3m): (o £ [ 4k,
m.p. 240~241 ‘C (Lit."1: 246 ‘C); '"H NMR (400 MHz,
acetonitrile-ds) d: 11.99 (s, 1H), 8.07 (d, J=8.0 Hz, 2H),
7.51 (dt, J=13.4, 7.2 Hz, 4H), 7.40 (s, 1H), 7.07 (d, J=
8.0 Hz, 1H), 2.46 (s, 3H); *C NMR (100 MHz, DMSO-d;)
d: 150.78, 135.33, 131.90, 130.37, 129.67, 128.94, 126.35,
124.02, 123.29, 118.50, 111.08, 21.43; ESI-MS m/z: 209.1
[M+H]".

2-(MEHE-2-J8)-1 H- 2R IE[d]K P 3n): E K, m.p.
218~219 C (Lit["™: 216~219 ‘C); 'H NMR (400
MHz, acetone-ds) J: 12.06 (s, 1H), 8.70~8.64 (m, 1H),
8.41 (d, J=8.0 Hz, 1H), 7.97 (td, J=7.8, 1.7 Hz, 1H), 7.68
(dd, J=5.6, 3.4 Hz, 2H), 7.46 (ddd, J=7.6, 4.8, 1.0 Hz,
1H), 7.25 (dd, J=6.0, 3.2 Hz, 2H); *C NMR (100 MHz,
DMSO-dg) d: 150.8, 149.4, 148.5, 139.4, 137.6, 1248,
122.6, 121.5, 115.7; ESI-MS m/z: 196.1 [M~+H]".

2-(4- i R e )- LH- 8 IF [d] WK M (30): 8 €00 ] 4,
m.p. 310~311 C (Lit."*: 311~312 “C); "H NMR (400
MHz, DMSO-d) d: 13.22 (s, 1H), 8.34 (s, 4H), 7.59 (d,
J=40.0 Hz, 2H), 7.20 (s, 2H); “C NMR (100 MHz,
DMSO-dg) d: 149.0, 147.8, 143.8, 136.0, 135.3, 130.3,
127.4, 124.2, 122.4, 119.5, 111.8; ESI-MS m/z: 229.1
[M+H]".

2-(WEWy -2-38)-1 H-ZK I [d] WK (3p): 35 [ 44, m.p.
341~342 C (Lit""\: 342~343 C); '"H NMR (500
MHz, CDCly) 6: 11.15 (d, J=3.09 Hz, 1H), 8.33~8.27
(m, 2H), 7.42~7.34 (m, 2H), 7.81 (dd, J=6.01, 3.03 Hz,
1H), 7.56 (d, J=5.43 Hz, 2H); “C NMR (100 MHz,
CDCly) 6: 131.5, 128.9, 127.6, 127.2, 125.1, 124.6, 120.0,
110.6; ESI-MS m/z: 200.1 [M~+H]".

4B KL (Supporting Information) L&) 3a~3p [
"HNMR 1 °C NMR #% &, X2kl L4 2 A AT
¥k (http://sioc- journal.cn/) I %k,
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