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Palladium-Catalyzed Domino Heck/Intermolecular Cross Coupling
Reaction for the Synthesis of 3-Alkyl Substituted Indene Derivatives
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Abstract Indene derivatives are one of the core skeletons of many natural products and drugs, and are widely used in
medicine, materials and other fields. It is of great significance to develop a simple and efficient method for the synthesis of
indene derivatives. In this work, iodobenzenes with proximity linking unactivated olefins undergo palladium-catalyzed
intramolecular Heck reaction to generate alkylpalladium(II) intermediates, which induce the intramolecular nucleophilic
cyclization of 2-(2-phenylethynyl)phenylmalonate diethyl ester to afford a series of 3-alkyl substituted indene derivatives. The
reaction has the advantages of mild conditions, simple operation, high yield and wide applicability of substrates, which

provides a new strategy for the synthesis of indene derivatives.

Keywords palladium catalysis; indene derivatives; Heck reaction

EifiTAEY) & —RELENIRIE, T2 ET R
RS 20124 rh . AEPUMIE I PR BRI 2 24
WAAEENA. Hrh, SPARRREAE — MR SR PR BUR
2, AT RIS K. IREEE- W N — Ml i
25, W TIRIT R W B . B s R —
B-ZARBEW R, A TR e s DR R AR
(Scheme 1a). Ib4F, ENfiTAYIMAE R ALK E AP
FH g LIPS D7 T B R N A ME. B, JFATE
W S AT AR 7 RN LA B
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AT 250+ W I ER T 18] 5 AR B & il 22 M el T
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f (a) A drug molecule containing an indene structure
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(b) Synthesis method of indene derivatives
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Scheme 1 Synthesis methods of indene-containing compounds and indene derivatives

AT A DA E BB PS4, G515k g, AT
Ve ARTE A A0 R AR TS M I 5 R 43 7 TR R
MR 3-KE AR HURERRTAE I . A 1--2-(2-F
R TR ) B IE R 5 2-(2-2K 2B B HL ) R :a@af’ﬁ
BRI, IR T 20 3-Be BB ERTAEY). 1%
TG EAEERAE. R R RG] S0, A
3-LE R ERATAE MG A AR T A AU
lc).
1 ERSIR
1.1 RMFHMHRK

DA 1-B-2-(2- BRI A B8 S R R (1a) B 2-(2-2K Lk
BRI R = LR (2a) MBI R A T ROV F A
5, DAY = 2RI AR [PA(PPhs ) A MEAL ) . B R 4
(K2CO3) NH, 7E80 CRHEE T AFIE AN 1% M. [ 5%
Mi( 1, Entries 1~9). X (Toluene). 1,4- %/ ¥
(1,4-Dioxane){EVA IR R IR1F HARF=4), 2 HET 3
B (MTBE). 4 ZBE(EtOAc). — HIIE I H(DMSO)-.
L HBE(DME)YE A IR n SRR = =), =
(52, 4P R (THE) . N,N-— 4§ B i (DMF) F1
N,N-—F 5 Z. W i (DM A)VE IR T DL b 25 28 iy 7 R 3R
BHFY. K, £ DMA 1EEFI AT X AT
fifi (3 1, Entries 10~13), 45 R3EH KoCOs 7B AHHH [
RigE A E. 72 DMA RV KoCOs FE NI 64 T
Xif [ NAEAL AT I8 (FR 1, Entries 14~17), KL
HUPA(OAC) | R (PABr) AL R BN AR 5, 4393l
PL 91%FH 90% 117 23815 H b5 =4, IbAh, 1£ LFREEAE

2 42 (Scheme
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Table 1 Optimization of the reaction conditions

EtOZC

CO,Et
CO,Et
OJL COEt_ CatPd Ph
Base Solvent, Ar
1a 2a 3aa

Entry Catalyst Solvent Base Temp./'C Yield/%
1 Pd(PPhs)s THF  KoCOs 80 49

2 Pd(PPh3)s  Toluene K2COs 80 NR.
3 Pd(PPh3)s 1,4-Dioxane K2COs 80 NR.
4 Pd(PPhs)s MTBE  K2CO:s 80 Trace
5 Pd(PPhs)s  EtOAc  K2COs 80 Trace
6 Pd(PPh3)s  DMSO  K:COs 80 Trace
7 Pd(PPhs)4 DME K2COs 80 Trace
8  Pd(PPhs)s DMF  K.COs 80 76
9  Pd(PPhs)s DMA  KsCOs 80 91
10  Pd(PPhs)s DMA  KsPOs 80 64
11 Pd(PPhs)s DMA  Cs:COs 80 69
12 Pd(PPhs)s DMA  NaxCO; 80 67
13 Pd(PPhs)s DMA BuONa 80  NR.
14 Pd(dba)) DMA  KuCOs 80 61
15 Pd(PPh3;):Cl. DMA Ka2COs 80 77
16 PdBr DMA K2COs 80 90
17 Pd(OAc) DMA  KuCOs 80 91
18" Pd(OAc)) DMA  K.COs 80 80
19  Pd(PPhs)s DMA  KoCOs 100 87
20  Pd(PPhs)s DMF  KoCO; 100 96

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

9 Reaction conditions: 0.2 mmol of 1a, 0.24 mmol of 2a, 0.01 mmol of Pd
catalyst, 0.6 mmol of base, 4. 0 mL of solvent under Ar atmosphere for 12 h.
N.R.=no reaction. ? Instead of 0.3 mmol of base.
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HE AR 2% A T 0T B s ) = 64T T 06 (3R 1, Entry
18), KB iR/ 2 0.3 mmol, 7R FKE 80%. fx)n
SHEFE AT #8243 1, Entries 19~20), Fh iR = ng
B, BAEZE&M N DMF fEFE IR =R i 512
Ft.

MRAE DL B2 ARt T SRR A& JEEEA 1a
(0.2 mmol)F 2a (0.24 mmol), T Pd(OAc), (0.01
mmol), A KoCO; (0.6 mmol), #7554 DMA (4.0 mL),
T80 CHE AT XM 12 h.

12 RYIERAMER

TERE LR L2 G, XTI IE AT 1%
(K 2). |, BT 2-Q-KLPEFEAN R L
Pis (2) 1 3d FH VG B, R 9T 1 e B 2RI AL B 5] AR CH
FEZ H AR EE I X R B REIR. UAE PRI 4 54
EEING R (R E R IR, BL 85%F1 92%1 R
U= 23545 HARF=Y) 3ab F1 3ac; 24 4 S A7 4 H T3
BUREMEIL)E, BL 93%F1 84% MMt 7 7= K345 H bx
F=Y) 3ad 1 3ae. YTEMIRFERINN 3 SALG AL HT
B IE LR, BL 97%HI7= K345 H bR 3af; #
W HE, - 35 A G S B R AR B, 3% AP 57 P 23R 15 H

Frr=4) 3ag F 3ah. Huum R IR0 2 547 A R AL
RIS, [EIFELL 95%(1 7= 263545 B AR 4 3ai, DL B45
TR WP IR b 1 RS S B RN, 5
GNP = S B- 37 N 31 7 N i) F8 /PO RE S d
NP PR, 45 BT R I L R A A1 R DL 4 B A 1)
ﬁ$(72%~94%)zﬁﬁ: H¥rr=4) 3aj~3al.

FIR, X 1-AL-2-(2- BRI TR 8 S R R (D I IE Y
BT T 55K, éfﬁ&% 1 F5HR0 5 507 51 NI F T2
IS (1b) F(1e)if, LR EFHI=2(86%  88%)75 2l
3-BR B EIATAE Y 3ba A 3ca. 7E 5 SIS H
TP RAd). FRAe) LA T HAHE, UL
R 2(84%~ 93%) IR 15 AH S ) BfifiT 42 47) 3da . 3ea Fll 3fa.
5] AR PSIRE 2 VA = s v A AL S N Y K5 L R VA
B R BRI, s B P 5 1R 7 26.(62%) 3145 B AR =4
3ga, %07 B ARG A B R 2 B0 T A (A7 BH AR 2
AMNE 5 T — R P VAR TE R B R 1,
S E) PN S 1 77 3R (92% ~96%) 3545 T H bR= 4
3ha~3Kka, [FIEE A RIS B AR~ 3la tHAE
DL 819%™ 23k A, PRk e XTI BA R 4T [Tt 52
PE.

K2 3-HEEBURERT YR REE «
Table 2  Substrate scope of 3-alkyl substituted indene derivatives

R | CH(CO,Et),
G
R? X7 R A

Pd(OAc), (0.01 mmol)

K,CO3 (0.6 mmol)
DMA, 80 °C, 12 h, Ar

R
1 2
EtO,C CO,Et 3aa, Ar = CgHs, 91% EtO,C CO,Et EtO,C CO,Et EtOzC CO,Et
3ab, Ar = 4-MeOCgH, 85%" O
O’ AT 3ac, Ar = 4-MeCgHj, 92%” OQ OQ / Q
3ad, Ar = 4-CICgH,, 93%
3ae, Ar = 4-NCCgHy, 84%
O 3af Ar = 3-MeCgHy, 97%
e 3ag, Ar = 3-CICgHy, 95%
3ah, Ar = 3-Et0,CCgH,, 90%
3aj, 86% 3ak, 94% 3al 72%"

3ai, Ar = 2-MeOCgHy, 95%"

cc:hEt 02Et COEt o 02 Ph O’

3ba, R = Cl, 86%"; 3ca, R = F, 88%"
3da, R = Me, 84%; 3ea, R = Ph, 90% 3ga, 62%

3ha, 95%°
3fa, R ='Bu, 93%

C Co,et EtOGCOE

3ia, 95%" 3ja, 96%" 3ka, 92% 3la, 81%"

4Reaction conditions: 1 (0.2 mmol), 2 (0.24 mmol), Pd(OAc), (0.01 mmol), K,COs5 (0.6 mmol) and DMA (4.0 mL) under Argon atmosphere at 80 C for 12 h.

b Instead of Pd(PPhs)4 (0.01 mmol), DMF 4.0 mL, 100 C.
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1.3 RNARERIHIE

R 458 TR0 2L AT A PR T AL, % S N PR T
A BERI M HLEE(Scheme 2): H %6 1a 5 PA(0)EALF &
A SN A D A R (A T, o J 5 A R T
KA T ) Heck WA R o-f 340 FRE)4A I, o-%¢
SEAL A ()R T 5 2a PO BEERCAT, ARALIRBE 6188 1 ) 3h
M BRI B ARV, 208 SR 5 AR R H bR
FEY) 3aa, (RIS FEAE AR PA(O).

o

\ Pd'L,
oxidative Il
addition
Pd(0) o
1

2a+ K,CO3
3aa .
reductive EtO,C, CO,Et
C —

elimination \

EtO,C_ CO,Et ==_Fh
Ph Pd'L,

0
\_% v

Kl

1o

U

B2 ArRERI ML B

Scheme 2 Proposed reaction mechanism
2 &g

RIET — A 2 KT Heck 73T MBI SN &
J 3-Je A U B RTAE RO B i, 12 B B AT 1A
BLOSRARIRAN . RVINEET SR, AR EERATEY
R AR AL 15T A SEL i

3 SEEEs
31 X5

M LRI BdE 8 Bruker Avance 400 MHz 1%
Hg LR AN AR IR A, AR 7 R AR S (CDCLs: 'H
NMR RN § 7.26; °C NMR RN 6 77.0). =50 HER
TEH R Bruker micrOTOF-Q 11 &5 Bk B 1A% 3k
5. B B &Y S 548 S SGW-X4B il 15
BRAERFRULEA, FTA ik 700 #0021 2 18 224 i A Wy %
JT13, KRGS aifbab3i. ] HF254 BLHiH] 2 0
TR, AR G254 nm) SR W S R, A e B gt
. D Eaif i R 200~300 H HIRERFE itk 34T
BEAE, Vel A A i (b.p. 60~90 C)FIZ TR Z.FE.
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32 SWHE
3.2.1 AMai iR ELR IR 6 SRR AT A 1 894 A%

HRHE FH G SCHRIRTE & BT SEE0 BT 7% 1 2 i &)
la~1el), 1471, 1g~1h“8), 1iB4, 1KkM, 148, Bk
B2 5 R EE, WA H BRI

JRYD G NFAE Y, IS S 2 SCRR[46]1 55 R,
BRI BB AR [\ 100 mL i R AR N 5
mmol N-(2-HL-5-F BRI Rk e . 10 mmol 3-%(-2-
FREE-1-TN0% . 15 mmol BRIEZHF. 20 mL N, ZHEE
T 60 CisnFAdERE 12 h, R (i (TLC) Wil
SN JRNESEA G, R NR At g, SRR R &
WA, SRERFEENTEA (DB Ak LR LT,
Viv=20:1), LL60% (1.1 @)= HE 5] N-(2-fif-5-F
FE IR L )-N-(2- FF S 45 TR 228 ) HR R I e (1), 3 WA IR 4.
'H NMR (CDCls, 400 MHz) §: 7.79 (d, J=8.1 Hz, 1H),
7.31~7.24 (m, 1H), 6.90 (d, J=8.0 Hz, 1H), 4.88 (s, 1H),
4.81 (s, 1H), 4.37 (d, J=14.7 Hz, 1H), 4.13 (d, J=14.8
Hz, 1H), 3.13 (s, 3H), 2.35 (s, 3H), 1.90 (s, 3H); *C NMR
(CDCLs, 101 MHz) 6: 140.8, 140.3, 140.18, 139.6, 133.6,
131.3, 116.4, 95.9, 57.5, 41.5, 21.1, 21.0; HRMS (ESI)
caled for CppH;7INO,S [M + H] © 366.0019, found
366.0017.

322 2-Q2-RTBRHI)VRAR R _CEITAM 2 &
S

R A ST HRARE A B T SESR T KA 2a~2b12%),
Mt BE 4 5 SCRkATEE, AN H AR IEY).

&Y 2¢~2k JETAGER), 18I Z2E CER[28] T %
B, BARERES RN BL 2-(2-Ch F 2K 2 b3 2R3
R = 2 lE(2¢) 961, 7EESFE T M) 100 mL AR
RN 6 mmol 2-(2-FHEREL) P — 2 — £ JE . 9 mmol
4-FFEZR 20, 0.12 mmol XU(=AFE M) &AL A 36
mL =%, RGN 0.06 mmol BAL W4, &, BT
55 CHBFIm#ASEEE 2 h, H#ZE G ikdk(TLO) M
N, R 40 mL 28 ZEEFRRE, 20 mL Mk
TR 20 mL VRIS AL BRI A VRIS — IR, T, g,
bR LT, SRR ENTIRA R A LR
g, Vi V=20":1), LL87% (1.8 g)i* 1G5 2-2-C%t
FOR G R YT = 4R (2c), A, 'H
NMR(CDCls, 400 MHz) §: 7.59~7.52 (m, 1H), 7.51~
7.42 (m, 3H), 7.40~7.26 (m, 2H), 7.16 (d, J=7.9 Hz,
2H), 5.41 (s, 1H), 4.34~4.17 (m, 4H), 2.36 (s, 3H), 1.26
(t, J=7.1 Hz, 6H); 3C NMR(CDCls, 101 MHz) ¢: 168.3,
138.9, 134.9, 132.0, 131.6, 129.3, 128.64, 128.55, 128.0,
124.0, 119.9, 94.9, 86.4, 61.9, 56.2, 21.6, 14.1; HRMS
(ESI) caled for CpHxnO4 [M+H]" 351.1591, found

http://sioc-journal.cn/ 1345
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351.1591.

2-(2-((4-F R FE) Z B JE) R T R — 4R (2d):
#{MH. "H NMR (CDCls, 400 MHz) o: 7.55 (d, J=17.5
Hz, 1H), 7.51~7.48 (m, 3H), 7.41~7.29 (m, 4H), 5.34 (s,
1H), 4.31~4.18 (m, 4H), 1.26 (t, J=7.1 Hz, 6H); 1*C
NMR (CDCls, 101 MHz) o: 168.2, 135.1, 134.8, 133.0,
1322, 129.1, 128.93, 128.90, 128.2, 123.6, 121.6, 93.6,
88.0, 62.1, 56.3, 14.2; HRMS (ESI) calcd for CH0ClO4
[M+H]" 371.1045, found 371.1042.

2-(2-((4-FFE AT LI K I TN R — LT (2e):
#{OH. 'TH NMR (CDCls, 400 MHz) §: 7.68~7.60 (m,
4H), 7.57 (d, J=17.6 Hz, 1H), 7.50 (d, J=7.8 Hz, 1H), 7.42
(t, J=7.5 Hz, 1H), 7.38~7.31 (m, 1H), 529 (s, 1H),
435~4.12 (m, 4H), 1.26 (t, J=7.1 Hz, 6H); 3C NMR
(CDCl;, 101 MHz) o: 168.1, 135.4, 132.5, 132.3, 132.2,
129.7, 129.1, 128.3, 128.0, 122.9, 118.6, 112.0, 92.8, 91.4,
62.2, 56.4, 14.2; HRMS(ESI) calcd for CyHyNO4 [M+
H]" 362.1387, found 362.1381.

2-Q2-(1A] I 2R 2 ) R BRI — 1R — LR (2): 4085
3. 'H NMR (CDCls, 400 MHz) 0: 7.59~7.54 (m, 1H),
7.51~7.45 (m, 1H), 7.42~7.29 (m, 4H), 7.29~7.22 (m,
1H), 7.21~7.14 (m, 1H), 5.40 (s, 1H), 4.32~4.19 (m,
4H), 2.37 (s, 3H), 1.28 (t, J=7.1 Hz, 6H); *C NMR
(CDCls;, 101 MHz) o: 168.4, 138.3, 135.1, 132.3, 132.2,
129.7, 128.9, 128.8, 128.5, 128.1, 124.0, 122.9, 95.0, 86.7,
62.1, 56.2, 21.4, 14.2; HRMS (ESI) calcd for CyHa304
[M+H]" 351.1591, found 351.1588.

2-(2-((3-F AR I ) IR E) KB T R — 2R (2g):
# . '"H NMR (CDCls, 400 MHz) §: 7.58~7.51 (m,
2H), 7.51~7.46 (m, 1H), 7.46~7.36 (m, 2H), 7.36~7.30
(m, 2H), 7.30~7.25 (m, 1H), 5.33 (s, 1H), 4.32~4.17 (m,
4H), 1.27 (t, J=7.1 Hz, 6H); *C NMR (CDCl;, 101 MHz)
J9:168.2, 135.3, 134.5, 132.3, 131.6, 129.88, 129.85, 129.2,
129.0, 128.9, 128.2, 124.8, 123.4, 93.2, 88.2, 62.2, 56.3,
14.2; HRMS (ESI) caled for CyHClOs [M + H] "
371.1045, found 371.1042.

2-(2-(B-( LEIRI) R I) LRI R = &
fig(2h): {4l '"H NMR (CDCls, 400 MHz) o: 8.20 (s,
1H), 8.03 (d, J=7.8 Hz, 1H), 7.72 (d, J=7.7 Hz, 1H), 7.58
(d, J=7.5 Hz, 1H), 7.52~7.29 (m, 4H), 5.37 (s, 1H),
4.45~436 (m, 2H), 4.33~4.18 (m, 4H), 1.41 (t, J=7.1
Hz, 3H), 1.27 (t, J=7.1 Hz, 6H); 3C NMR (CDCl;, 101
MHz) 6: 168.3, 166.1, 135.8, 135.2, 132.7, 132.4, 131.1,
129.7, 129.2, 128.9, 128.7, 128.2, 123.5, 93.6, 87.9, 62.1,
61.2, 56.2, 14.5, 14.2; HRMS (ESI) calcd for Cz4HasO6
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[M+H]" 409.1646, found 409.1642.

2-(2-((2- AR HE L ) 2 k) 2 ) T R — 2L i
(2i): LK. '"H NMR (CDCls, 400 MHz) §: 7.60~
7.53 (m, 1H), 7.51~7.46 (m, 1H), 7.39~7.22 (m, 4H),
7.19~7.12 (m, 1H), 7.11~7.06 (m, 1H), 6.94~6.87 (m,
1H), 5.39 (s, 1H), 4.31~4.17 (m, 4H), 3.80 (s, 3H), 1.25
(t, J=7.1 Hz, 7H); '3C NMR(CDCls, 101 MHz) o: 168.2,
159.5, 135.1, 132.1, 129.6, 128.8, 128.7, 128.1, 124.2,
123.9, 123.7, 116.6, 115.1, 94.6, 86.8, 61.9, 56.1, 55.3,
14.1; HRMS (ESI) caled for CpH»0s [M + H]*
367.1540, found 367.1538.

2-(2-(Z5-1-F LB R BT R — C IR (Q2j): s
i, 'TH NMR (CDCl;, 400 MHz) : 8.41 (d, J=8.3 Hz,
1H), 7.89~7.82 (m, 2H), 7.80~7.75 (m, 1H), 7.71~7.65
(m, 1H), 7.62~7.50 (m, 3H), 7.48~7.43 (m, 1H), 7.42~
7.33 (m, 2H), 5.51 (s, 1H), 4.31~4.17 (m, 4H), 1.24 (t,
J=7.1 Hz, 6H); 3C NMR (CDCls, 101 MHz) 6: 168.3,
134.9, 133.3, 133.2, 132.5, 130.9, 129.3, 128.9, 128.5,
128.2, 127.0, 126.6, 126.3, 125.4, 124.0, 120.6, 92.7, 91.8,
62.0, 56.1, 14.2; HRMS (ESI) caled for CysHy304 [M+
H]" 387.1591, found 387.1590.

2-(2-(MEW)-2- £ BRIE) R I R — B8 (2K): 4LkF
i, "H NMR (CDCl;, 400 MHz) 6: 7.54 (d, J=7.5 Hz,
1H), 7.48 (d, J=7.6 Hz, 1H), 7.40~7.28 (m, 4H), 7.05~
7.00 (m, 1H), 5.30 (s, 1H), 4.31~4.18 (m, 4H), 1.27 (t,
J=7.1 Hz, 6H); 3C NMR (CDCls, 101 MHz) &: 168.3,
135.0, 132.5, 132.1, 129.0, 128.9, 128.2, 127.9, 127.4,
123.6, 123.0, 90.7, 87.9, 62.1, 56.2, 14.2; HRMS (ESI)
caled for CioH1904S [M+H]" 343.0999, found 343.0997.
3.2.3 3R A BURER AT A A0 A Ak

A TR R 25 mL BRI AR XA 0.2
mmol J&EY) 1. 0.24 mmol K4 2. 0.01 mmol EEERE. 0.6
mmol FREEER AN 4.0 mL DMA, 80 “Cilia T n#di£E 12
h. FpRMNFERVE, MEER, BRMNEEZE 125 mL 5
W=, 40 mL 4R ZEEFRE R B, 20 mL 7KF 20
mL YRGB e, JOKIR R BE T 18, DR 25
. SRERAEENTEAU (BRI i O LT,
Viv=20: G2 3-ki R ERTAED 3.

3-((3- 2k -2,3- AR I R i -3- 5k ) P R )-2- O ik -
1H-i-1,1- ¥ — 2.5 (3aa): =M, 7% 91%. 'H
NMR (CDCl;, 400 MHz) J: 7.64~7.57 (m, 1H), 7.42~
7.27 (m, 5H), 7.27~7.18 (m, 2H), 7.10~7.01 (m, 1H),
6.99~6.91 (m, 1H), 6.90~6.82 (m, 1H), 6.75 (d, J=7.9
Hz, 1H), 6.72~6.63 (m, 1H), 4.26 (d, J=8.7 Hz, 1H),
4.23~4.12 (m, 2H), 4.12~3.99 (m, 2H), 3.94 (d, J=8.7
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Hz, 1H), 3.06~2.95 (m, 2H), 1.20~1.08 (m, 6H), 1.01 (t,
J=7.1 Hz, 3H); 3C NMR (CDCls;, 101 MHz) &: 168.5,
168.1, 159.3, 146.1, 1432, 141.8, 140.5, 136.0, 135.2,
130.1, 128.5, 128.29, 128.25, 127.8, 126.3, 124.3, 123.6,
120.9, 120.6, 109.8, 83.2, 73.4, 62.1, 61.9, 47.2, 35.0, 24 4,
14.0, 13.9; HRMS (ESI) caled for C3H30s [M+H]"
483.2166, found 483.2162.

2-(4-F AR 2 2R L )-3-((3- FH 2 -2,3- AU AR I Wk IRy -3-
B IL)-1H-86-1,1- R — £ BE(3ab): Jothuid, 773
85%. '"H NMR (CDCls, 400 MHz) §: 7.60~7.53 (m, 1H),
7.24~7.17 (m, 4H), 7.09~7.01 (m, 1H), 6.97~6.91 (m,
1H), 6.91~6.84 (m, 3H), 6.74 (d, J=7.9 Hz, 1H), 6.71~
6.63 (m, 1H), 4.25 (d, J=8.7 Hz, 1H), 4.22~4.11 (m, 2H),
4.11~3.98 (m, 2H), 3.92 (d, J=8.7 Hz, 1H), 3.82 (s, 3H),
3.05~2.91 (m, 2H), 1.18~1.10 (m, 6H), 1.03 (t, J=7.1
Hz, 3H); *C NMR (CDCl;, 101 MHz) §: 168.7, 168.2,
159.4, 159.2, 146.3, 143.1, 141.5, 140.5, 135.3, 131.3,
128.5, 128.3, 128.1, 126.2, 124.3, 123.6, 120.8, 120.6,
113.7, 109.9, 83.3, 73.4, 62.0, 61.9, 55.4, 47.3, 35.1, 24.5,
14.1, 14.0; HRMS (ESI) caled for C3Hi06 [M+H]"
513.2272, found 513.2267.

3-((3- A 3k-2,3- AR IR -3- ik ) FF 5k )-2-(0of R
F)-1H-2i-1,1- R — 4.8 (3ac): F A, 77% 92%.
'H NMR (CDCls, 400 MHz) 0: 7.62~7.53 (m, 1H),
7.23~7.12 (m, 6H), 7.10~7.01 (m, 1H), 6.96~6.90 (m,
1H), 6.90~6.84 (m, 1H), 6.74 (d, J=7.9 Hz, 1H), 6.70~
6.63 (m, 1H), 4.25 (d, J=8.7 Hz, 1H), 4.21~4.11 (m, 2H),
4.11~4.00 (m, 2H), 3.93 (d, J=8.7 Hz, 1H), 3.05~2.93
(m, 2H), 2.37 (s, 3H), 1.17~1.11 (m, 6H), 1.02 (t, J=7.1
Hz, 3H); *C NMR (CDCl;, 101 MHz) §: 168.0, 167.5,
158.8, 145.6, 142.8, 140.9, 140.0, 136.8, 134.7, 132.3,
129.3, 128.4, 127.8, 127.6, 125.5, 123.6, 123.0, 120.2,
119.9, 109.2, 82.7, 72.8, 61.4, 61.2, 46.6, 34.4, 23.9, 20.8,
13.4, 13.3; HRMS (ESI) caled for C3Hi0s [M+H]"
497.2323, found 497.2318.

2-(4-F AR FE)-3-((3-F #6-2,3- A K IF IR -3- 55 )
F)-1H-Bfi-1,1- R R — 4.5 (3ad): LM, 7% 93%.
'H NMR (CDCls, 400 MHz) 0: 7.66~7.58 (m, 1H),
7.38~7.31 (m, 2H), 7.28~7.21 (m, 4H), 7.09 (t, J=7.7
Hz, 1H), 7.01~6.94 (m, 1H), 6.86 (d, J=7.4 Hz, 1H),
6.77 (d, J=8.0 Hz, 1H), 6.70 (t, J=7.4 Hz, 1H), 4.31 (d,
J=8.7 Hz, 1H), 4.26~4.03 (m, 4H), 3.97 (d, J=8.7 Hz,
1H), 2.99 (q, J=13.5 Hz, 2H), 1.24~1.14 (m, 6H), 1.09
(t, J=7.1 Hz, 3H); *C NMR (CDCl;, 101 MHz) J: 168.3,
167.9, 159.6, 145.9, 142.6, 142.0, 140.7, 135.1, 134.7,
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133.9, 131.7, 128.6, 128.5, 128.4, 126.6, 124.6, 123.7,
121.1, 120.7, 110.0, 83.3, 73.6, 62.2, 62.0, 47.3, 35.4, 24.9,
14.1, 14.0; HRMS(ESI) calcd for Cs3H3Cl0s [M+H]"
517.1776, found 517.1774.

2-(4-F I ZEIE)-3-((3-H FE-2,3- A FE IR -3-3E)
F 5L )-1H-Bi-1,1- — ¥ 1 — 2. % (3ae): T, /=%
84%. 'H NMR (CDCls;, 400 MHz) 6: 7.60 (d, J=8.2 Hz,
3H), 7.34 (d, J=8.2 Hz, 2H), 7.31~7.21 (m, 2H), 7.06 (t,
J=17.7 Hz, 1H), 7.02~6.95 (m, 1H), 6.79 (d, J=7.2 Hz,
1H), 6.72 (d, J=8.0 Hz, 1H), 6.65 (t, J=7.4 Hz, 1H), 4.25
(d, J=8.7 Hz, 1H), 4.23~4.00 (m, 4H), 3.92 (d, J=8.7
Hz, 1H), 3.03~2.88 (m, 2H), 1.19~1.08 (m, 6H), 1.03 (t,
J=7.1 Hz, 3H); '3C NMR (CDCl;, 101 MHz) J: 168.1,
167.6, 159.4, 145.4, 143.5, 141.4, 140.9, 140.3, 134.4,
132.0, 131.0, 128.8, 128.5, 127.0, 124.7, 123.7, 121.4,
120.7, 119.0, 111.3, 110.0, 83.1, 73.4, 62.4, 62.2, 47.2,
35.3, 24.6, 14.0; HRMS (ESI) calcd for C3,H3oNOs [M+
H]" 508.2118, found 508.2116.

3-((3-H13E-2,3- S IR R IR IR -3-J ) HY 5 )-2- () FEER
B)-1H-8i-1,1- R B — LR (3af): BB, =% 97%.
'H NMR (CDCls, 400 MHz) &: 7.65~7.60 (m, 1H),
7.31~7.24 (m, 3H), 7.18~7.08 (m, 4H), 7.02~6.96 (m,
1H), 6.92 (d, J=7.3 Hz, 1H), 6.79 (d, J=7.9 Hz, 1H), 6.73
(t, J=7.4 Hz, 1H), 4.30 (d, J=8.7 Hz, 1H), 4.27~4.03
(m, 4H), 3.98 (d, J=8.7 Hz, 1H), 3.09~2.98 (m, 2H),
2.39 (s, 3H), 1.25~1.14 (m, 6H), 1.06 (t, J=7.1 Hz, 3H);
13C NMR (CDCls, 101 MHz) d: 168.6, 168.1, 159.4, 146.2,
143.5, 141.6, 140.6, 137.6, 135.9, 135.3, 130.7, 128.6,
128.5, 128.3, 128.2, 127.2, 126.3, 124.3, 123.7, 120.9,
120.6, 109.9, 83.4, 73.5, 62.0, 61.9, 47.2, 35.2, 24.7, 21.7,
14.1, 13.9; HRMS (ESI) caled for CxHi:0s [M+H]"
497.2323, found 497.2319.

2-(3-FUARFE)-3-((3- H 3-2,3- A IR TR -3-3E) H
B)-1H-2-1,1- "R K — W (3ag): T, =% 95%.
'H NMR (CDCls, 400 MHz) &: 7.63~7.57 (m, 1H),
7.32~7.21 (m, 5H), 7.18~7.14 (m, 1H), 7.10~7.04 (m,
1H), 6.99~6.93 (m, 1H), 6.83 (d, J=7.3 Hz, 1H), 6.75 (d,
J=8.0 Hz, 1H), 6.68 (t, J=7.4 Hz, 1H), 429 (d, J=8.7
Hz, 1H), 4.25~4.02 (m, 4H), 3.96 (d, J=8.7 Hz, 1H),
3.03~2.90 (m, 2H), 1.22~1.12 (m, 6H), 1.06 (t, J=7.1
Hz, 3H); 3C NMR (CDCl;, 101 MHz) 6: 168.3, 167.8,
159.5, 145.7, 142.7, 141.5, 140.4, 138.0, 134.7, 134.0,
130.3, 129.5, 128.7, 128.49, 128.46, 127.9, 126.7, 124.5,
123.8, 121.2, 120.7, 109.9, 83.3, 73.4, 62.2, 62.1, 47.2,
35.3, 24.7, 14.1, 13.9; HRMS (ESI) calcd for C3H3ClOs
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[M+H]" 517.1776, found 517.1777.

2-(3-( LA ) )3 -((3- 1 2 -2,3- A A Ik
W-3-3) FH L)1 H-8i-1,1- ¥R — Z W5 (3ah): L,
% 90%. 'H NMR (CDCls, 400 MHz) d: 8.01 (d, J=7.6
Hz, 1H), 7.93 (s, 1H), 7.64~7.58 (m, 1H), 7.53~7.39 (m,
2H), 7.28~7.21 (m, 2H), 7.04 (t, J=7.6 Hz, 1H), 6.99~
6.92 (m, 1H), 6.81 (d, J=7.3 Hz, 1H), 6.72 (d, J=8.0 Hz,
1H), 6.65 (t, J=7.4 Hz, 1H), 438 (q, J=7.1 Hz, 2H),
4.28~3.99 (m, 5H), 3.94 (d, J=8.7 Hz, 1H), 2.98 (q, J=
13.6 Hz, 2H), 1.40 (t, J=7.1 Hz, 3H), 1.19~1.11 (m, 6H),
1.04 (t, J=7.1 Hz, 3H); 3C NMR (CDCls, 101 MHz) &:
168.4, 167.9, 166.6, 159.5, 1459, 142.7, 142.1, 140.6,
136.5, 134.9, 134.8, 131.4, 130.6, 129.0, 128.6, 128.41,
128.35, 126.7, 124.6, 123.7, 121.1, 120.7, 109.9, 83.3,
73.5, 62.2, 62.1, 61.2, 47.2, 35.3, 24.9, 14.5, 14.1, 14.0;
HRMS (ESI) caled for CsH3sO; [M+H]" 555.2377,
found 555.2374.

2-(2- FV AR 2 2R JE ) -3-((3- H 2 -2,3- AU A I Wk Rg -3-
) IE)-1H-Bli-1,1- ¥R R — Z 5 3ai): L, 7%
95%. '"H NMR (CDCl;, 400 MHz) 6: 7.63~7.56 (m, 1H),
7.31~7.19 (m, 3H), 7.09~7.02 (m, 1H), 6.97~6.84 (m,
5H), 6.75 (d, J=7.9 Hz, 1H), 6.71~6.65 (m, 1H), 4.28 (d,
J=8.7 Hz, 1H), 4.24~4.13 (m, 2H), 4.13~4.01 (m, 2H),
3.96 (d, J=8.7 Hz, 1H), 3.79 (s, 3H), 3.03 (s, 2H), 1.21~
1.12 (m, 6H), 1.03 (t, J=7.1 Hz, 3H); 3C NMR (CDCl;,
101 MHz) J: 168.5, 168.0, 159.40, 159.37, 146.1, 142.9,
141.9, 140.5, 137.3, 135.2, 129.2, 128.5, 128.3, 126.3,
1243, 123.6, 122.6, 120.9, 120.5, 115.8, 113.2, 109.8,
83.3, 73.4, 62.0, 61.8, 55.3, 47.2, 35.1, 24.6, 14.0, 13.9;
HRMS (ESI) caled for C3H330s [M+Na]® 535.2091,
found 535.2089.

3-((3-F JE-2,3- A R FE R IR -3- 25 ) A R )-2-( 26 -1-
F)-1H-Ei-1,1- ~ R — 2. TR (3aj): & [k, =%
86%, m.p. 52~54 ‘C; 'H NMR (CDCl;, 400 MHz) o:
7.92~7.83 (m, 2H), 7.81 (d, J=7.2 Hz, 0.6H), 7.72 (d,
J=172 Hz, 03H), 7.69~7.60 (m, 1H), 7.59~7.48 (m,
2H), 7.47~7.40 (m, 1H), 7.40~7.27 (m, 2H), 7.27~7.18
(m, 2H), 7.11~7.00 (m, 1H), 6.85~6.67 (m, 3H), 6.58 (t,
J=7.4 Hz, 0.6H), 4.55 (d, J/=8.8 Hz, 0.3H), 4.42~4.21
(m, 2H), 4.05~3.97 (m, 0.6H), 3.97~3.87 (m, 1H),
3.69~3.54 (m, 1H), 3.47~3.31 (m, 1H), 3.02 (d, J=13.4
Hz, 0.6H), 2.82 (d, J=13.7 Hz, 0.3H), 2.52~2.42 (m,
1H), 1.35~1.25 (m, 3H), 1.23~1.18 (m, 3H), 0.34 (t, J=
7.1 Hz, 3H); *C NMR (CDCls, 101 MHz) J: 168.9, 168.6,
167.5, 167.4, 159.42, 159.37, 145.9, 145.4, 144.5, 144.3,
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141.1, 140.8, 140.0, 139.2, 135.8, 134.7, 133.8, 133.6,
133.3, 133.1, 132.5, 132.1, 128.8, 128.7, 128.6, 128.44,
128.36, 128.29, 128.26, 128.2, 126.6, 126.43, 126.36,
125.8, 125.7, 125.3, 125.23, 125.17, 124.9, 124.5, 124.2,
123.0, 121.2, 121.0, 120.7, 120.5, 110.0, 109.7, 84.2, 82.4,
74.1,74.0, 62.3, 62.2, 61.63, 61.59, 46.8, 46.4, 36.9, 36.2,
29.9, 25.4, 25.0, 14.22, 14.18, 13.0, 12.9; HRMS (ESI)
caled for C3sH330s [M+H]" 533.2323, found 533.2320.

3-((3-HJ-2,3- AR R IR -3- 21k ) Y 35 )-2- (g Wy -2-
B5)-1H-2-1,1- 8RR — Z R (3ak): H A, =% 94%.
'H NMR (CDCls, 400 MHz) &: 7.65~7.59 (m, 1H),
7.41~7.37 (m, 1H), 7.27~7.21 (m, 2H), 7.13~7.04 (m,
3H), 6.99~6.92 (m, 2H), 6.82~6.76 (m, 1H), 6.75~6.69
(m, 1H), 4.46~4.35 (m, 1H), 4.32~4.07 (m, 4H), 4.06~
3.98 (m, 1H), 3.30~3.19 (m, 2H), 1.32~1.26 (m, 3H),
124~1.17 (m, 3H), 1.14~1.05 (m, 3H). 3C NMR
(CDCls, 101 MHz) §: 168.3, 167.9, 159.6, 145.8, 142.9,
140.7, 136.9, 136.7, 135.4, 128.6, 128.5, 128.4, 126.9,
126.7, 126.4, 124.3, 123.7, 121.1, 120.7, 110.0, 83.3, 73.3,
62.2, 62.0, 47.5, 35.7, 24.6, 14.1, 13.9; HRMS (ESI) calcd
for Ca0H2905S [M+H]" 489.1730, found 489.1727.

2-(FF - 1-45-1-385)-3-((3- H -2, 3- S ZR FF IR IR -3-
B HIL)-1H-Bl-1,1- ZR IR — TR (3al): 3 (g, 77 %
72%. "H NMR (CDCl;, 400 MHz) 6: 7.51~7.43 (m, 1H),
7.21~7.06 (m, 3H), 7.01 (d, J=6.9 Hz, 1H), 6.90 (d, J=
6.8 Hz, 1H), 6.81 (d, J=7.9 Hz, 1H), 6.73 (t, J=7.4 Hz,
1H), 5.65 (s, 1H), 4.52 (d, J=8.6 Hz, 1H), 4.25~4.09 (m,
4H), 4.05 (d, J=8.6 Hz, 1H), 3.12~2.91 (m, 2H), 2.33~
2.06 (m, 4H), 1.73~1.58 (m, 4H), 1.38 (s, 3H), 1.24~
1.14 (m, 6H); *C NMR(CDCls, 101 MHz) : 168.9, 168.4,
159.5, 146.6, 146.1, 140.2, 139.2, 135.6, 133.8, 129.8,
128.34, 128.32, 125.8, 124.0, 123.7, 120.62, 120.59, 109.9,
83.2,71.9, 61.93, 61.85, 47.0, 35.0, 28.9, 26.0, 24.4, 23.0,
22.0, 14.3, 14.2; HRMS (ESI) caled for C3HssOs [M+
H]" 487.2479, found 487.2480.

3-((5-F-3-F 4E-2,3- A PR I W ig -3- 288 ) 3 )-2- %
FE-1H-B-1,1- R — L EE(3ba): O, 2% 86%.
'H NMR (CDCls, 400 MHz) 0: 7.65~7.55 (m, 1H),
7.38~7.27 (m, 5H), 7.26~7.19 (m, 2H), 7.02~6.94 (m,
1H), 6.94~6.85 (m, 1H), 6.80~6.71 (m, 1H), 6.63 (d, J=
8.4 Hz, 1H), 4.29 (d, J=8.8 Hz, 1H), 4.25~4.11 (m, 2H),
4.11~4.00 (m, 2H), 3.96 (d, J=8.8 Hz, 1H), 2.99 (s, 2H),
1.14 (t, J=7.1 Hz, 6H), 0.99 (t, J=7.1 Hz, 3H); *C NMR
(CDCls, 101 MHz) 0: 168.5, 167.9, 158.0, 146.0, 143.5,
141.2, 140.4, 136.8, 135.8, 130.0, 128.5, 128.3, 128.1,
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127.8, 126.5, 125.3, 124.4, 124.3, 120.6, 110.7, 83.8, 73.4,
62.2, 61.9, 47.5, 34.9, 24.2, 14.0, 13.8; HRMS (ESI) caled
for C31H30C10s [M~+H]" 517.1776, found 517.1773.

3-((5-9-3-F 5k -2,3- AR I Wk g -3- 3k ) R 6 )-2- 2R
F-1H-Bl-1,1- R — 4§ 3ca): LA, 7% 88%.
'H NMR (CDCls, 400 MHz) o: 7.64~7.54 (m, 1H),
7.36~7.26 (m, 5H), 7.26~7.19 (m, 2H), 6.96~6.86 (m,
1H), 6.75~6.65 (m, 1H), 6.65~6.57 (m, 1H), 6.55~6.46
(m, 1H), 4.28 (d, J=8.7 Hz, 1H), 4.24~4.11 (m, 2H),
4.11~4.00 (m, 2H), 3.96 (d, J=8.7 Hz, 1H), 3.08~2.92
(m, 2H), 1.18~1.05 (m, 6H), 0.99 (t, J=7.1 Hz, 3H); 1*C
NMR (CDCls, 101 MHz) d: 168.5, 168.0, 158.8, 156.5,
155.2, 146.0, 143.5, 141.3, 140.5, 136.4 (d, J=8.04 Hz),
135.9, 130.0, 128.5, 128.3, 127.8, 126.5, 124.4, 120.7,
114.4 (d, J=24.4 Hz), 111.2 (d, J=24.7 Hz), 109.9 (d, J=
8.46 Hz), 83.9, 73.4, 62.0 (d, J=22.84 Hz), 47.6, 34.8,
24.2,13.9 (d, J=12.6 Hz); '°F NMR (CDCls, 376 MHz) ¢:
—124.27; HRMS (ESI) caled for C3H3FOs [M+H]"
501.2072, found 501.2068.

3-((3,5- 1 3E-2,3- AU 2K I Wk iR -3- 3k ) T 3L )-2- %
F-1H-Bfi-1,1- R R — 2 5(3da): H AR, F=3 84%,
m.p. 107~108 °C; '"H NMR (CDCls, 400 MHz) §: 7.65~
7.57 (m, 1H), 7.41~7.31 (m, 5H), 7.28~7.21 (m, 2H),
6.95~6.83 (m, 2H), 6.67 (d, J=8.2 Hz, 2H), 4.31~4.16
(m, 3H), 4.16~4.00 (m, 2H), 3.95 (d, J=8.7 Hz, 1H),
3.06~2.95 (m, 2H), 2.09 (s, 3H), 1.23~1.12 (m, 6H),
1.02 (t, J=7.1 Hz, 3H); 3C NMR (CDCls, 101 MHz) ¢:
168.7, 168.1, 157.3, 146.3, 143.2, 141.9, 140.5, 136.1,
135.1, 130.2, 129.9, 128.7, 128.4, 128.3, 127.8, 126.3,
124.6, 1243, 121.1, 109.3, 83.5, 73.5, 62.1, 61.9, 47.3,
35.1, 24.2, 20.8, 14.1, 13.9; HRMS (ESI) caled for
C3H330s [M+H]" 497.2323, found 497.2320.

3-((3-H 25K 3K -2,3- AR R -3- 2 ) F 3 )-2-
HEIH-Hi-1,1- Z R = 2l (Bea): A EA, %
90%, m.p. 136~137 °C; '"H NMR (CDCls, 400 MHz) &:
7.61 (d, J=7.5 Hz, 1H), 7.40~7.29 (m, 5H), 7.27~7.13
(m, 5H), 7.08 (t, J=7.5 Hz, 1H), 7.01~6.95 (m, 3H),
6.86~6.81 (m, 1H), 6.68~6.64 (m, 1H), 4.38~4.32 (m,
1H), 4.31~4.21 (m, 1H), 4.16~4.08 (m, 1H), 4.08~3.92
(m, 3H), 3.06 (s, 2H), 1.19~1.10 (m, 6H), 0.94 (t, J=7.1
Hz, 3H); 3C NMR (CDCls;, 101 MHz) &: 168.9, 168.0,
159.2, 146.3, 143.5, 141.7, 141.6, 140.5, 136.2, 135.1,
134.3, 130.2, 128.6, 128.5, 128.3, 127.8, 127.6, 127.1,
126.5, 126.4, 124.2, 123.7, 121.1, 109.9, 84.3, 73.6, 62.3,
61.9, 47.3, 35.4, 23.9, 14.1, 13.8; HRMS (ESI) calcd for
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C37H3505 [M+H]" 559.2479, found 559.2478.

3-((5-(FUT F)-3- F 3k -2, 3 — A I Ik i -3- )
F)-2- R H-1H-B-1,1- R R — L8 (3fa): [ A 1k,
FE3 93%, mp. 114~117 ‘C; 'H NMR (CDCls;, 400
MHz) d: 7.53 (d, J=7.5 Hz, 1H), 7.45~7.29 (m, 5H), 7.13
(t, J=7.5 Hz, 1H), 7.08~7.01 (m, 2H), 6.80~6.75 (m,
1H), 6.71 (d, J=8.4 Hz, 1H), 6.44 (d, J=7.6 Hz, 1H),
4.37~4.16 (m, 3H), 4.04~3.90 (m, 3H), 3.03~2.93 (m,
2H), 1.27 (t, J=7.1 Hz, 3H), 1.11 (s, 3H), 0.97 (s, 9H),
0.91 (t, J=7.1 Hz, 3H); 3C NMR (CDCls, 101 MHz) ¢:
168.8, 168.1, 157.3, 146.4, 143.5, 143.2, 142.0, 140.2,
136.3, 133.8, 130.4, 128.6, 128.3, 127.8, 126.0, 1252,
124.2, 121.5, 121.1, 108.9, 84.3, 73.7, 62.2, 61.8, 47.3,
35.5, 34.3, 31.6, 23.5, 14.2, 13.8; HRMS (ESI) calcd for
C3sH390s [M+H]" 539.2792, found 539.2789.

2B 3((3-FEHE2,3- AL FE IR R -3 3 ) B O )-
1H-Bli-1,1- R — 2 ME(3ga): FH AL, r=% 62%,
m.p. 46~48 “C; 'H NMR (CDCls, 400 MHz) d: 7.50 (d,
J=17.2 Hz, 1H), 7.24~7.18 (m, 3H), 7.16~7.05 (m, 8H),
7.03~6.95 (m, 3H), 6.79~6.73 (m, 1H), 6.71 (d, J=8.0
Hz, 1H), 6.37 (d, J=17.5 Hz, 1H), 4.47 (d, J=8.8 Hz, 1H),
4.40 (d, J=8.8 Hz, 1H), 4.22~4.07 (m, 2H), 4.06~3.91
(m, 2H), 3.52~3.42 (m, 1H),3.41~3.28 (m, 1H), 1.12 (t,
J=17.1 Hz, 3H), 0.97 (t, J=7.1 Hz, 3H); *C NMR (CDCl;,
101 MHz) 6: 168.5, 167.9, 160.4 145.7, 144.4, 143.5,
141.8, 140.2, 135.7, 131.3, 129.9, 128.7, 128.5, 128.3,
128.2, 127.6, 127.0, 126.74, 126.69, 126.1, 124.1, 120.8,
120.5, 110.3, 83.2, 73.4, 62.0, 61.8, 55.1, 36.5, 14.0, 13.9;
HRMS (ESI) caled for CisH3,0sNa [M+Na]™ 567.2142,
found 567.2135.

3-((1,3- 2 H R -2- S AR 1| R bk -3- 5 ) FH 5 )-2- 2 -
1H-Efi-1,1- “FRR — 4K ((3ha): @ EMA, 77 95%,
m.p. 136~139 °C; '"H NMR (CDCl;, 400 MHz) J: 7.55~
7.48 (m, 1H), 7.32~7.25 (m, 3H), 7.21~7.15 (m, 2H),
7.16~7.08 (m, 3H), 7.03~6.96 (m, 1H), 6.72~6.59 (m,
3H), 4.19~4.05 (m, 2H), 4.04~3.88 (m, 2H), 3.28 (d, J=
13.7 Hz, 1H), 3.06 (s, 3H), 2.86 (d, J=13.6 Hz, 1H), 1.20
(s, 3H), 1.12 (t, J=7.1 Hz, 3H), 0.92 (t, J=7.1 Hz, 3H);
13C NMR (CDCl;, 101 MHz) J: 180.6, 168.5, 167.8, 145.5,
143.8, 142.8, 140.6, 140.4, 135.5, 132.7, 130.2, 128.2,
128.0, 127.7, 127.6, 126.2, 125.0, 124.1, 122.1, 121.6,
107.6, 73.3, 62.0, 61.7, 48.6, 33.1, 26.2, 22.8, 14.0, 13.7;
HRMS (ESI) caled for C3H3NOs [M+H]™ 510.2275,
found 510.2275.

3-((3- HY - 1 - (R Pt 5 ) M Ak - 3 - 3 ) Y 2 )-2- 4 -
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1H-Ei-1,1- 8 — 2l (3ia): LM, 7% 95%. 'H
NMR (CDCls, 400 MHz) d: 7.62~7.53 (m, 1H), 7.40~
7.25 (m, 6H), 7.23~7.18 (m, 2H), 7.13 (t, J=7.3 Hz, 1H),
6.99~6.88 (m, 2H), 6.84 (t, J=7.5 Hz, 1H), 4.25~4.09
(m, 2H), 4.07~3.95 (m, 2H), 3.72~3.63 (m, 1H), 3.45~
3.27 (m, 1H), 3.01 (s, 2H), 2.69~2.51 (m, 3H), 1.22~
1.11 (m, 6H), 0.97 (t, J=7.1 Hz, 3H); 3C NMR (CDCl;,
101 MHz) J: 168.4, 167.9, 145.8, 143.6, 141.4, 141.1,
140.4, 138.6, 136.0, 130.2, 128.7, 128.5, 128.3, 127.8,
126.5, 124.4, 124.1, 123.6, 120.9, 113.1, 73.4, 63.1, 62.2,
61.9, 45.3, 35.2, 33.9, 25.8, 14.0, 13.8; HRMS (ESI) calcd
for C3,H33NO6S [M+H]" 560.2101, found 560.2100.

3-((3,6- - FH Joe - 1~ st g 65 ) M| e AR -3- 5 ) Y s )-2-
HFE-1H-B-1,1- R R — 45 (3ja): s, 753 96%.
'H NMR (CDCls, 400 MHz) 6: 7.61~7.56 (m, 1H),
7.36~7.25 (m, 5H), 7.24~7.20 (m, 2H), 7.15 (s, 1H),
7.01~6.95 (m, 1H), 6.85 (d, J=7.6 Hz, 1H), 6.70~6.64
(m, 1H), 4.24~4.10 (m, 2H), 4.09~3.95 (m, 2H), 3.66 (d,
J=9.9 Hz, 1H), 3.36 (d, J=9.9 Hz, 1H), 2.99 (s, 2H), 2.59
(s, 3H), 2.29 (s, 3H), 1.20~1.12 (m, 6H), 1.03~0.92 (m,
3H); 3C NMR (CDCls, 101 MHz) : 168.4, 167.8, 145.8,
143.4, 141.5, 141.2, 140.4, 138.7, 135.94, 135.86, 130.1,
128.6, 128.3, 127.8, 126.4, 124.4, 124.2, 123.7, 121.0,
113.7, 73.4, 63.3, 62.1, 61.9, 45.0, 35.2, 33.8, 25.9, 21.7,
14.0, 13.8; HRMS(ESI) caled for Ci3H3NOgS [M+H]"
574.2258, found 574.2255.

3-((1- £ T -3- Y Mg e -3 -k ) FH 6 )-2- R k- 1 H-
Bfi-1,1- "R — ZfE(3ka): O, 7% 83%. 'HNMR
(CDCls, 400 MHz) 6: 8.12 (d, J=8.0 Hz, 1H), 7.63~7.55
(m, 1H), 7.39~7.20 (m, 7H), 7.17~7.10 (m, 1H), 7.06~
6.98 (m, 2H), 6.88 (t, J=7.4 Hz, 1H), 4.25~4.10 (m, 2H),
4.08~3.95 (m, 2H), 3.72 (d, J=10.4 Hz, 1H), 3.41 (d, J=
10.4 Hz, 1H), 3.07~2.88 (m, 2H), 1.93 (s, 3H), 1.22~
1.10 (m, 6H), 0.95 (t, J=7.1 Hz, 3H); 3C NMR (CDCl;,
101 MHz) &: 169.0, 168.5, 167.9, 146.2, 143.2, 141.9,
141.5, 140.5, 139.2, 136.1, 130.1, 128.7, 128.5, 128.2,
128.0, 126.6, 124.5, 123.8, 122.8, 120.8, 117.0, 73.5, 62.2,
61.9, 45.7,35.9, 25.6, 24.2, 14.1, 13.8; HRMS (ESI) calcd
for C33H34NOs [M+H]" 524.2431, found 524.2430.

3-((4- F BE 2R FE It g -4- 5 ) B G )-2- R k-1 H- B -1, 1-
TRIR Z LOFEQGla): AW, 7% 81%. 'H NMR
(CDCls, 400 MHz) 6: 7.62 (d, J=7.4 Hz, 1H), 7.38~7.20
(m, 9H), 7.06~6.99 (m, 1H), 6.81~6.75 (m, 1H), 6.74~
6.69 (m, 1H), 4.30~4.10 (m, 2H), 4.07~3.91 (m, 2H),
3.80~3.69 (m, 1H), 3.49~3.36 (m, 1H), 3.10~2.92 (m,
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2H), 1.95~1.86 (m, 1H), 1.70~1.56 (m, 1H), 1.23~1.15
(m, 6H), 0.92 (t, J=7.1 Hz, 3H); 3C NMR (CDCls, 101
MHz) J: 168.7, 167.9, 153.8, 146.6, 143.6, 142.2, 140.6,
136.3, 130.8, 130.2, 128.6, 128.4, 127.8, 127.7, 127.5,
126.3, 124.5, 121.3, 120.4, 117.1, 73.5, 62.5, 62.2, 61.8,
372, 36.2, 34.6, 29.1, 14.1, 13.8; HRMS (ESI) caled for
C3:H3:0s [M-+H]" 497.2320, found 497.2323.

#HBh#1 B (Supporting Information) L&Y 1j. 2¢~
2k. 3aa~3al. 3ba~3la FIZBILIRIG . X EpPRLAT
LG 3% AR 1) R 38 (http://sioc-journal.cn/) I %%,
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