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Triphenylphosphine Catalyzed Lu’s [3+2] Annulation of Aurones and
Alkenoates: Constructing of Spiro[1-benzofuran-3-one-2,5'-
cyclopentene] Polycyclic Compounds
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Abstract The PPh; catalyzed Lu’s [3-+2] annulation of aurones with alkenoates has been developed to form spiro- [1-ben-
zofuran-3-one-2,5'-cyclopentene] polycyclic moiety. The usefulness of this strategy has been demonstrated by the use of a wide
variety of substrates to give desired polycyclic compounds in high yield under mild and simple reaction condition. This meth-
odology research offered a fine entry for synthesis of natural product applanatumin A and its analogues.
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Figure 1 Representative spiro compounds

1 ZER5VE
1.1 RBFHHK

HYRTE =R T, IR LAY 1a BN
BRI, FHRESEME T IRES 2a B LRI £
NS H R Z (Table 1), #1R S0 K [3 421300 %
FiffE35 CF, fEGAEF, LLPPhs (10 mol%)fEH
AL, 1a (1.0 equiv.)5 2a (2.0 equiv.)7E H 2K R 8.
23t 18 h ] B, LA 82% )7~ 2645 ZMEIMb =4, F=4)il
i NMR 150 I, F p-I 1= 3a-y 5 o- i HEM:
PV 3a-a LEBIA 2.3/1, HIEAHR IR S 5 ks
—HPEE 1, Entry 1). YRS FERAERE TR
LRSS, SR S R RE AT TR 1a el k. Ttk —
R R B, BERIT R AT T IR &R 1,
Entries 2, 3). @A &M, Mfem 2a MHEZR 2.5
equiv.if, % MNAE 13 h AT 5E4, BL 96%H 5 55
WA B4, B X S B PE AR (3R 1, Entry
2). Tt — G SR RS 2a FOT &, RS HIRCEIET
PER(FK 1, Entry 3). N T IRIC AL TINS5,
Bt 0 X — Jz B 2 HdEAT T LR 1, Entries 4~8). 24
8/ PBus fEAMEALTINT, RIBIAELL 82%[15r Bl 15
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FILT=), SR 1% (1) X e BV A 2 DA o- i 5 7E
FEWN E (Ba-y/3a-a=1/2.8). i IX — 45 B JEK, W]
HE A2 1T PBus bt PPhs 38 K HIA BELEZ IR 1] PMe; 8% PCys
AT, 1Z3R N R R DLBAR = R (BN 18%
F21%) 15 2 X EOEFEE LT 8 VL B9, B RBiHH
K JFRIE 43 (3 1, Entries 5, 6). 2418 f EGN 5% AsPhs
VE AR, 1% ARG A & 4 (3 1, Entries 7,
8). A, {8 FHH e EAFIE IIEIF B PPhs ML
FS AR R SE . IFH, PR e m AL PPh,
MR, 12 LI = 2 300 B R %, XSk e A
W& N F%(3 1, Entries 9, 10). 4kifi, X 17 I&7IZ5
X [ S FISEIR (3 1, Entries 11~14). W& AT 5545 5
1, N SR A A R R R A 2 F IR ARV RN R 45 R
BRI RRAR, B2 MR E. i, LAEEN
TR, 1% 5 BT LA ) A ) IX 3% B 1 (3a-y/
3a-a=5.3/1), (L& RN A KRR, KNP R
A 12%GR 1, Entry 11). 35X 125 8 AR 520 B 2 (3
1, Entries 15~17). &R, TR FKEEE 7+
SRR, AR ABETFRILL 35 CH B4 () S i 5 R,
XS N IR X R B R R RGe . fea, Bz N
BT HOT R R S, OS2 2R B IR (R
1, Entries 18, 19). RMELEZ e B EAT IS FEH FAMD 10
mol%[] PPhs, S o745 S A1 LA U5 T 19 30 ) 45
RZEGR 1, Entry 19).

2, BATHE 7% A% Bl (1a)
1.0 equiv., BJAERIEE(2a) 2.5 equiv., PPh; 10 mol%, &7
NI, RNRFEAN 35 °C, KOMAEESSE Nk,
1.2 REEYHRR

TEIRTFAZ IR LM S B 2 A J, I S SR P i P 1
WFFEBERIEAT (R 2). AL F T IRYIEEE &4 R
S S B, it e ) R BB 2R3, R®
N, W FEAS [V EUA R AR B 5 [ ] s 7= 6 J [X S 4%
PERISCIR(GE 2, 3a~3g). Wi S6 45 L ar s, FEER L R
SR ASE iz L 25 [ A 1 2 3 Bt A7 R R A 179 24
W, RBJEY 1b~1d K le, 1ENALHI IS 41 T #BfE
SEEIREE 2a RSB S SN ()77 A e YR AR
b, (HEKRTTE, RMEBBELL 90% LA FHI4r B SR 3
FI[3+200 6720, [RGB XEE M S, IR
) 1b~1d 15 274 (1) DX 38 35 -5 AR R 47 1) IX ik
IEPEMEAE Y, HRCL p- BB N, e BRI
YR, P ELBILE 2/1 & 3/1 2 JA]. X —45 R R'F
BRI, HH AL by i BRI X 1% SN ()
DX IR PR R AN B S5, AR, 4k R AR SE oy R B i)
(le), ZIKY IR NG AEAF 2] T A0 5 103 0 sl e 7= 2
(96%), H. [N X 38t B 1 A Frde =i (p/a=5/1). %
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Table 1 optimized conditions

O Ph CO,Et g & CO,Et
— 2 cat. 10 mol% 0, O\d 2
@_/ ¥ H/ solvent, 35 °C, Ar * ©:‘\
o) \
O CO,Et o}
1a 2a 3a-y 3a-a
Entry Cat. Solvent 1a/2a Yield”/% Time/h 3a-y/3a-a
1 PPh; Toluene 1/2.0 82 18 2.3/1
2 PPh; Toluene 1/2.5 96 13 2.3/1
3 PPh; Toluene 1/3.0 96 13 2.3/1
4 PBuy Toluene 1/2.5 82 13 1/2.8
5 PMe; Toluene 1/2.5 18 24 1.1/1
6 PCy; Toluene 1/2.5 21 14 1/1
7 Et;N Toluene 1/2.5 n.d. 24
8 AsPh; Toluene 1/2.5 n.d. 24
9¢ PPh; Toluene 1/2.5 65 14 1.7/1
10 PPh; Toluene 1/2.5 59 14 1.7/1
11 PPh; CH;CN 1/2.5 12 24 5.3/1
12 PPh; CH;CH,OH 1/2.5 72 24 1.9/1
13 PPh; CH,Cl, 1/2.5 36 24 1.6/1
14 PPh; Tetrahydrofuran 1/2.5 Trace 24
15¢ PPh; Toluene 1/2.5 57 24 2.4/1
16/ PPh; Toluene 1/2.5 60 24 1.9/1
17¢ PPh; Toluene 1/2.5 47 24 1.7/1
18" PPh; Toluene 112.5 40 24 2.0/1
19" PPh; Toluene 1/2.5 65 38 1/1

“ All reactions were carried out by using 0.3 mmol of 1a, 2 mL of solvent; ” Isolated yield; 5 mol% PPh; was used as catalyst; 20 mol% PPh; was used as catalyst;
¢ The reaction was carried out at 25 “C;f The reaction was carried out at 50 °C; € The reaction was carried out at 110 °C; " The reaction was carried out at air atmos-

phere; " After reacting for 24 h, additional 10 mol% PPh; was added.

T, Sk A IR 5 1)o7 F R AR S BAR ) s
1f F g AT 78, AR, X ANEWIIE N 24 h ),
U9 AR 4. RIESG INIpCAERES 2a 1R ICIEE
RN SEAHHAT. Bk 1 Al 1g HREAS 3 70% 7545 172 3K,
By Xk v iz 3e AT RF%, 583715
2.8/1. VA5 A0 3R BZ[3 + 2104k S 852 i s ikl
WK, BRJE, XL R' A 1 55 J I T X e A 1) S R 1
WHEATHEE. thigs Bar 40, R FEEIEE 2 253 (1h). 2-%
MR JEE (1) B 2-ME e BL () RS, e A1 S T BRI R 8L
W, #RESE A ietl, MM, (A2, 2-it
mE LR AR 1§, iz T, RERBHT
S1%M =5, (AN p-IEFEVER =), BRI E, R
1h BETEIRAL M T A3 R =9, (5 R AR 45
MHAYE o-&BHEFMTLE BERNEDIERK. BTk,
oK RSP REDT R IR EE, HER T RIS
PR EEF R A, R EFCYAAERE (1K), PR3 (Im)
SORCT Z(n) i, NI ATEEAT, (BN AR, H
FERFEREE, 1k 7R X ORI 1.5/1, 9-ik
PEHERNE. T 1m 5 1n 035 2] p 0k 8L, JEARMU
BB - BRE ). AR ER L A4 1R %
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PSR AR, FIE T R BT T RS R 5]
J&, R R ORI R BT TR, ¥ RN
RIE, BB 6-6rEL 7-00 a3 A 5IN T H2E, B AL s-
MLEI NHE (Lo, 1p, 1), BEIGERES 2a 437 SHE R
lo 5 1p &M, AELAAMIET 90%[ 7= 2 159 2IAH B 34k
eV, X HEGE BT Ol p-ak B, He Al
3.5/1 5 2.6/1. Bl 1q fEARIRIAE T IRRE, 722501
H 73%, XEuEFEMEHEN 3q-p/3q-a=3.8/1. *tL
applanatumin A 73 T-25H), & BR| FZ RS kT A
Jl, TURSERG RY 562 RE A e A BHL 0 iR i Ja 2
HURSE. Mk, XIFR T RUABUT BRI S
Ir 5 1s EZN AT E SR i e Nt 5T
AL, XA ER LGV RE S 2a KA RI[3+2]3F
A BRI =), RE, ENIR M= 2B, 41315
Bl oy HEMTY. X4 RRE, BREK
applanatumin A S HEBAIRML 7RI RE. B, A T
IR R IR AL & IR R Z I )R BLISE 0. 745 B A%
THRRHER 2b 5BCE T RRAAUT B 2¢ J5, MHH 50 540
1a JRJ¥ 24 hJ&, 2b HAELL 45%)7= 384 e p-IE
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Table 2  Scope of substrates

\ R
o CO,R®
| S
Toluene, 35 °C Ar o = \
(o]

O Co,R®
1 2 3y 3a
R’ 1
0, o CO,Et
\
O CO,Et 0

3y 3a
R Ratio Total yield/% Time/h ©
H3C 0 E
Phenyl 3a-y:3a-2=23:1 96 13 O ,

p-F-Phenyl 3b-y:3b-=1.9:1 90 11
p-Cl-Phenyl 3c-y:3c-a=31:1 05 11 C;OCOzEf
-y
p-Br-Phenyl 3d-y:3d-a=21:1 90 11 total yield = 94%
p-Me-Phenyl 3ey:3e-a=511 96 13 30-y: 30-2=35:1
p-MeO-Phenyl 3y 3H-a=37-1 70 24 18h
m-MeO-Phenyl 3g-y:3g-=28:1 71 24
2-Naphthyl 3h-y:3h-2=30:1 - 17 CH,
2-Furyl 3i-y : 3i-a=1.2:1 88 18
2-Pyridyl Only 3j-y 81 24
Cinnamyl 3k-y:3k-a=15:1 41 24
O Co,Et
Phenylpropyl — N.R. - 3p-y
Cyclohexyl Only 3m-y 30 24 total yield = 90%
t-Bu Only 3n-y 50 20 3p-y:3p-a =261
18 h
O g S H3CO
H;CO H,CO~ i \x 3 5
O CO,Et CO,Et
-y 39-a 3s-y
total yield = 75% ) 0
3q-7:3q-2 =3.8:1 yield = 35%
24 h 24h 24 h
O o O Xy
© COBn COZt Bu o)
3t-y u-y c
. 3v-o
yield = 45% total yield = 73% yield = 57%
24 h 3u-y:3u-a=21:1 12h

24 h

“ All reactions were carried out by using 0.3 mmol of 1, 0.75 mmol of 2, 2 mL of toluene as solvent; ’Isolated yield; ¢ (£)-2-Benzylidenebenzofuran-3(2H)-one was
used in the reaction.

L= 3t-p. 2¢ M 24 h JG, LA 73%H 572 K5 3 Ae S HCIA RIS 2a EEWJL&F\“ T&F\“ 12h /5, LL57%
T ik BEE K -l BEMEH A Y Bu-y 5 3u-a, HIERE 153 B CR AT B IR =1, SR, 8 I A% 4 e mT
PELLG N 2.1/1. FeJm, PR OBUsE (1 S AR R BT IR ZRNABRE] T ek rﬁz#% '?3a -a WG, =AML
N IFERAR S T TR . S (E)-FEE 1v B, PRI N AE XS ST A 3v-a.
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T RIRF2Y) applanatumin A K F R A H 2544
BT AR -2 IR IR -3- -2, 2 - PR IR e ], TR AE A5 3 )
IR 20 MU R N R JG, AT T L= R 1- 2K
TR -3--2,5"- 1 AR S, DA 282 12K IRk
W-3-J-2,2'- 3R e e | 45 R B 3. FEIESE T2 3r-p
N 3s-y VENFTAENIEY G, BHSNE TAS/PAC %
ERIEJR, [N 14 h S8 73500 BA 74%F0 80% (1) 7 2645 3|
P2 dr-y A ds-p. IXFERSE SR JG B RN
BT SRR A T ARG 1 R SR 2 (Scheme 1).

cHy -/ GHs A/
O 0, Hy, Pd/C )
D ——
MeOH Z
O CO,Et O COEt
4r-y
3r-y yield = 74%
.
MeOH -
H,CO a0 O CO,Et
(e} COzEt 2
4s-y
3s-y yield = 80%

B 1 e s
Scheme 1 Reduction of the annulated compounds

BeF RR A SCRRHROE 3552, 125 R T REATLEE
1% R — B R PG [3 + 2] 3R R (Scheme 2). T 56
PPh; 1E 94 B i) SR AZ 1 R AR R B 2a0 1) B A6,
TE R 1 B - R AR AL % TR A7 AE P AP LR T X
B-a £ B-p, F£LASLPIARIE 2070 70 S AR IR 1a s MR 55
— kM) C—C 8, TR a- I ER C-a F1 y- 0 )
K Cp. BEJE, &P IR RS B R A7 NI A AL
TEREER R C—C $E13 BN IRIA 1) D-a
D-y PRI (AR FEAR R P K ER T, % H
TR T )5 R AETRE: o AL ¥ 552, AT SEHLEIAR
IR 1,2-F1 FREFIERE, 43 0% O BR TR &4
F-a fll F-y #J&, F-a Al F-y KAEEBRIE R C—C #, 153
AWM= Y) 3a-a 1 3a-y. [RIIF, S SOREALH AL 7
PPh; (.2 5 31| 5 BE AL IG R .

2 g

25 BFTIR, 7E PPhy MMEAGTT, REMH AN IR B ) K
ABH2IIMUIR B, BL y-IE BEVER a3 PP IR 73 2P
MEEY). Horh -G I A E B ), B
AT R -2 IR IRg -3- -2, 5'- R R 1 B . 1% 45 F
T RIRF“H) applanatumin A K 2B i) o B REAZ 45
). TR @SN N IR IR = B S BEE R
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3 S
3.1 R 5EH

W REILHRE FH Varian Mercury 400 plus 5% Agilent
DD, 600 ZY % LRI 5, LAITRARE A 1E i 7,
TMS AW AR; &0l Thermo Qtof Agilent 6540,
QP-IO00AGC-MS B Q EXACTIVE 5, ESI ¥ ¥4 m
I FH S A 00 5 A 7, R B AR AR T K BH s P A
FUH BT I8 CEL-S500 &,

i R 1a~1r) 1v10) 2a~2eMEARTE
SCHREH TUABKIE(THF) . 2. —& k. =80
Bi PR ERR AL EE, 280, el on E
FEO M AL AR,

3.2 XWHE
3.2.1 (E)-2-TF AR H vk h-32H)-BA(1v) 49 %) &

7 50 mL [FJRGeEH, I AFERH 1a (0.45 mmol, 100
mg), Ar B =R, BHEBET 25 mL Z& kG, BB
KA 2B T HGEAT (22 mA) R, #E GiE(TLC)
. 18 h JE, JERREVER. TR BT E
(VA ) @ VOFRESRUT 2505 =9 : 1150 B 153740 1v.
322 3-F AR-4-F EBH-SE[E HF ok -2,5- 3R 0%
Y2 ]-2'-Hi-1- 3R BR T 8BS (3a-y) A= 3- A AK-5-K A -3H-28
[3R vk -2,4'-3F IR B2 ]-2'- M6 - 1'- 25 BR T B5 (3a-a) 49 )
%

76 10 mL N EH, IIAFEER 1a (0.3 mmol, 67 mg,
1.0 equiv.), PPh; (0.03 mmol, 8 mg, 10%), Ar & #=IX.
SRIG A ONAR RPN 2 mL H 23R NG, A
MNAR 2 FHINNERIG IR B8 2a (0.75 mmol, 84 mg, 2.5
equiv.). 5, BN RNARET 35 C FHHE M.
TLC MWall, £5Mi5e4 ), WOk 23R, 5k vtir
FEEMT VA M) @ (LR CBE)=10 : 119 &S89
3a-y fil 3a-a. HRWEWH & T714F 3a-y Al 3a-a.
323 3-(RTHK)7-F K -3-ANK-3H-FR[RH k%
2,23 RIR]-1-FR B TS (dr-p) B9 1 &

£ 10 mL SRS, A 3r-y (0.2 mmol, 66
mg, 1.0 equiv.)/5, H 2 mL FEEME. LR AR R
I PA/C (6.6 mg, 10%), FFIEAZS. TLC W, £Fkx
Nogds g, IEME PA/C, IRGEIERG SRR Y. bk
FIEAT R E T VCR HE) @ M(CBR CER)=20 © 11505
B2 Ar-y. ALEY) ds-y F) 45 VL] 4r-p.

(E)-2-TVE 3L 28 3R R -3 2 H)-BR(1v): B0 44, 58
mg, F2F 58%. m.p. 133~135 C (Lit!'” 178 C); 'H
NMR (400 MHz, CDCl;) d: 8.18~8.16 (m, 2H), 7.80~

http://sioc-journal.cn/ 1337
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Ph
Ph =
o 3 CO,Et O C g
: \ O CO,Et
o 3
3a-a a-y
PPh,
_H
0 @E@
PPh,
o @ H_PPh; o
PPh, o
\ Ho 8, CO,Et
o
CO,Et
Ph H 2 H/Za
E-a
trace H,0 trace H,O
o %Ph CO,Et
3 h3
©
0 | COEt

®PPh3
)\/cozEt
N COzEt

PPh
CO,Et A
PPh3
D Ph
O °
o ¥
®
PPh3 . glgl\

Ph o)
— )%COQEt EtOzC\)\ y
O 1a B-a B-y ©

B2 ATRERI NI
Scheme 2 A possible mechanism
7.79 (m, 1H), 7.65~7.61 (m, 1H), 7.46~7.42 (m, 3H), 170.8, 162.2, 152.1, 137.6, 135.1, 134.7, 129.0, 127.9,
7.22~7.16 (m, 2H), 6.97 (s, 1H); BC NMR (100 MHz, 127.4, 123.8, 121.9, 121.5, 112.5, 96.8, 60.7, 53.9, 38.2,
CDCly) o: 182.7, 165.3, 148.1, 136.8, 131.8, 130.9, 130.3, 13.6; HRMS (ESI) caled for Cy;H904 [M—f—H]+ 335.1278,

128.4,124.6, 123.3, 122.7, 122.6, 112.6. found 335.1281.
3-5AR-4- IR 3 AR 2R R I -2, 5'-BA R e ]-2'- A - 3-5EAR-5"- IR B -3 H-UR [ PR FE R IR -2,4'- 34 3 J5¢ -2 M-

1-RIR L BE(3a-y): AGEMA, 67 mg, % 67%. m.p. 1R R 2.8 (3a-a): FHEOE K, 29 mg, 772 29%. m.p.
81~85 TC; 'H NMR (400 MHz, CDCly) ¢: 7.59~7.57 73~75 C; 'H NMR (600 MHz, CDCl;) o0: 7.61~7.59
(m, 1H), 7.46 (t, J=2.4 Hz, 1H), 742~7.37 (m, 1H),  (m, 1H), 7.42~7.40 (m, 1H), 7.13~7.08 (m, 3H), 6.99~
7.19~7.09 (m, SH), 6.92 (1, J=8.0 Hz, 1H), 6.76 (4, J=  6.95 (m, 4H), 6.67 (d, J=8.4 Hz, 1H), 4.57 (s, 1H), 4.12~
8.4 Hz, 1H), 4.06~3.98 (m, 3H), 3.18~3.03 (m, 2H), 0.96 3.9 (m, 2H), 3.18~3.14 (m, 1H), 2.94~2.90 (m, 1H),
(t, J=7.2 Hz, 3H); °C NMR (150 MHz, CDCly) 6: 2018,  1.05 (t, J=6.6 Hz, 3H); 1*C NMR (100 MHz, CDCly) &-

1338 http://sioc-journal.cn/ © 2019 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2019, 39, 1333~1343
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202.5, 171.2, 163.7, 140.4, 138.2, 136.9, 135.0, 128.5,
127.6, 127.0, 124.1, 121.8, 120.6, 112.8, 95.4, 60.3, 59.4,
41.9, 13.9; HRMS (ESI) calcd for C,;H;3s04Na [M—I—Na]+
357.10973, found 357.10977.

4'-(4- 50K FE)-3- E AR -3 H- MR 4 I W -2,5-FF TR
BE1-2- 05 -1- 3R 1 B8 (3b-y): At ff 44, 63 mg, =%
59%. m.p. 63~65 ‘C; 'H NMR (600 MHz, CDCl;) 6:
3.58~7.57 (m, 1H), 7.45~7.41 (m, 2H), 7.16~7.14 (m,
2H), 6.95 (t, J=7.2 Hz, 1H), 6.83 (t, J=9.0 Hz, 2H), 6.78
(d, J=8.4 Hz, 1H), 4.06~3.96 (m, 3H), 3.08~3.06 (m,
2H), 0.96 (t, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCl,)
5: 201.6, 170.7, 162.8, 162.1, 161.2, 151.9, 137.8, 134.8,
130.9, 130.9 130.6, 130.5, 123.8, 121.8, 121.6, 114.9,
114.7, 112.5, 96.6, 60.8, 53.2, 38.5, 13.6; HRMS (ESI)
caled for o H,sFO, [M+H]" 353.1184, found 353.1186.

5'-(4- 5 2K B8 )-3- S AR -3 H- BB [ 2K I R IR -2,4'- 36 I,
B2 -1- R W8 2 W6 (3b-a): 5 (o[ 4A, 32 mg, 7%
31%. m.p. 96~100 °C; 'H NMR (600 MHz, CDCL;) d:
7.60~7.59 (m, 1H), 7.46~7.43 (m, 1H), 7.00~6.96 (m,
4H), 6.82 (t, J=8.4 Hz, 2H), 6.70 (d, J=9.0 Hz, 1H), 4.56
(s, 1H), 4.13~4.00 (m, 2H), 3.18~3.14 (m, 1H), 2.93~
2.89 (m, 1H), 1.07 (t, J=7.2 Hz, 3H); *C NMR (150
MHz, CDCls) 6: 202.2, 171.1, 163.5, 162.7, 161.1, 140.6,
138.3, 136.7, 130.8, 130.8, 130.1, 130.1, 124.1, 122.0,
120.6, 114.6, 114.4, 112.8, 94.9, 60.4, 58.8, 41.8, 13.9;
HRMS (ESI) caled for C,H;;FO, [M—H] 351.10381,
found 351.10391.

A'-(4- 5 H HE)-3- S AR -3H-MR [ 2K IR I -2,5'- 3K 1R
$e]-2- i -1- R B B8 (Be-p): FHAEAEK, 79 mg, =%
72%. m.p. 101~104 °C; '"H NMR (600 MHz, CDCl;) &:
7.59~7.57 (m, 1H), 7.45~7.42 (m, 2H), 7.12 (s, 4H),
6.96 (t, J=7.2 Hz, 1H), 6.79 (d, J/=8.4 Hz, 1H), 4.05~
3.99 (m, 2H), 3.96 (t, J=8.4, 1H), 3.08~3.06 (m, 2H),
0.96 (t, J=6.6 Hz, 3H); °C NMR (150 MHz, CDCl;) ¢:
201.5, 170.7, 162.0, 151.8, 137.9, 134.8, 133.8, 133.2,
130.3, 128.1, 123.8, 121.8, 121.7, 112.6, 96.5, 60.8, 53.1,
38.4, 13.5; HRMS (ESI) caled for C,HClO, [M+H]"
369.0888, found 369.0888.

5'-(4- 50K HE)-3- AR -3 H- MR [ 4 W -2, 4- FF TR
Fil-2-J-1-FR IR 2.6 (Be-a): O K, 26 mg, =%
23%. m.p. 110~112 ‘C; '"H NMR (400 MHz, CDCl;) &:
7.61~7.59 (m, 1H), 7.48~7.44 (m, 1H), 7.11 (d, J=8.4
Hz, 2H), 7.02~6.98 (m, 2H), 6.94 (d, J=8.4 Hz, 2H),
6.72 (d, J=8.4 Hz, 1H), 4.55 (s, 1H), 4.14~4.00 (m, 2H),
3.19~3.13 (m, 1H), 2.94~2.88 (m, 1H), 1.08 (t, J=7.2
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Hz, 3H); “C NMR (150 MHz, CDCly) d: 202.1, 171.1,
163.5, 140.8, 138.4, 136.5, 133.7, 132.8, 129.9, 127.8,
1242, 122.1, 120.5, 112.9, 94.8, 60.5, 58.7, 42.0, 14.0;
HRMS (ESI) caled for CyHClO, [M+H]" 369.0888,
found 369.0887.

A'-(4- VR TR -3 AR -3 H-MR [ R I kI -2,5- 3R %,
BE1-2- 4 -1-FR IR 2. B (3d-y): HEEK, 74 mg, /7%
61%. m.p. 110~113 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.60~7.57 (m, 1H), 7.47~7.42 (m, 2H), 7.29~7.26 (m,
2H), 7.06 (d, J=8.8 Hz, 2H), 6.97 (t, J=6.8 Hz, 1H), 6.7
9 (d, J=8.4 Hz, 1H), 4.06~3.97 (m, 2H), 3.95 (t, J=8.4
Hz, 1H), 3.08~3.05 (m, 2H), 0.95 (t, J=7.2 Hz, 3H); "*C
NMR (150 MHz, CDCly) d: 201.5, 170.7, 162.1, 151.8,
137.9, 134.8, 134.3, 131.1, 130.7, 123.8, 121.8, 121.4,
112.6, 110.0, 96.5, 60.8, 53.2, 38.4, 13.6; HRMS (ESI)
caled for C, H sBrO4 [M+H]" 413.0383, found 413.0376.

5'-(4- R I HE)-3- AR -3 H- BRI W W -2,4'- BF K
Bi]-2- 4 -1-FR R .16 3d-a0): (O [E 4K, 37 mg, =%
29%. m.p. 72~74 C; 'H NMR (600 MHz, CDCl;) ¢:
7.61~7.60 (m, 1H), 7.48~7.45 (m, 1H), 7.26 (d, J=8.4
Hz, 2H), 7.01~6.99 (m, 2H), 6.86 (d, J=8.4 Hz, 2H),
6.72 (d, J=9.0 Hz, 1H), 4.53 (s, 1H), 4.12~4.01 (m, 2H),
3.17~3.14 (m, 1H), 2.93~2.89 (m, 1H), 1.09 (t, J=7.2
Hz, 3H); “C NMR (150 MHz, CDCl;) 6: 202.1, 171.1,
163.4, 140.8, 138.4, 136.5, 134.3, 130.8, 130.3, 124.2,
122.1, 121.0, 120.5, 112.9, 94.7, 60.5, 58.8, 42.0, 14.0;
HRMS (ESI) caled for CyH,;sBrOs [M—H]™ 411.0237,
found 411.0237.

3-SR 4O H 8 3 )-3 H- MR [ 8 I 1k IR -2, 5" 34 T)
Bil-2- 45 -1- 3R R .18 Be-p): M E1E, 84 mg, P&
80%. m.p. 88~89 ‘C; 'H NMR (400 MHz, CDCl;) &:
7.59~7.58 (m, 1H), 7.45 (t, J=2.4 Hz, 1H), 7.43~7.38
(m, 1H), 7.06 (d, J=8.0 Hz, 2H), 6.96~6.91 (m, 3H),
6.78 (d, J=8.4 Hz, 1H), 4.04~3.95 (m, 3H), 3.09~3.05
(m, 2H), 2.20 (s, 3H), 0.95 (t, J=7.2 Hz, 3H); °C NMR
(150 MHz, CDCly) ¢: 201.9, 170.9, 162.2, 152.2, 137.6,
136.9, 134.8, 132.1, 128.9, 128.6, 123.7, 121.9, 121.4,
112.6, 96.8, 60.7, 53.6, 38.4, 21.0, 13.5; HRMS (ESI)
caled for CpHyNaO, [M + Na] = 371.1259, found
371.1251.

3-SR AR -5 F 8 3 )-3 H- M8 [ 8 I 15k 1R -2,4'- 34 T
Bil-2- 4 -1-FR R 26 (3e-a): HIAEK, 17 mg, 77F
16%. m.p. 75~75 ‘C; '"H NMR (600 MHz, CDCl;) §:
7.61~7.60 (m, 1H), 7.44~7.41 (m, 1H), 6.99~6.96 (m,
2H), 6.93 (d, J=7.8 Hz, 2H), 6.87 (d, J=7.8 Hz, 2H), 6.71
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(d, J=8.4 Hz, 1H), 4.54 (s, 1H), 4.12~4.01 (m, 2H),
3.15~3.11 (m, 1H), 2.93~2.89 (m, 1H), 2.22 (s, 3H),
1.08 (t, J=7.2 Hz, 3H); °C NMR (150 MHz, CDCl;) ¢:
202.6, 171.2, 163.7, 140.0, 138.1, 137.1, 136.5, 132.0,
128.4, 128.4, 124.1, 121.8, 120.6, 112.9, 95.0, 60.3, 58.9,
41.9, 21.1, 14.0; HRMS (ESI) caled for CyH, 04 [M+
H]" 349.1434, found 349.1435.

4'-(4- F AR IR L )-3- S AR -3 H- MR [ R FE W IR -2,5"- 24
R 2 45 - 1- R 1R WG (3f-p): B MK, 60 mg, 7%
55%. '"H NMR (600 MHz, CDCl;) &: 7.58~7.56 (m, 1H),
7.45 (t, J=2.4 Hz, 1H), 7.42~7.39 (m, 1H), 7.10 (d, J=
9.0 Hz, 2H), 6.92 (t, J=7.2 Hz, 1H), 6.79 (d, J=8.4 Hz,
1H), 6.67 (d, J=9.0 Hz, 2H), 4.04~3.98 (m, 2H), 3.95 (t,
J=7.8 Hz, 1H), 3.68 (s, 3H), 3.06~3.04 (m, 2H), 0.95 (t,
J=17.2, 3H); >C NMR (100 MHz, CDCl;) J: 201.9, 170.8,
1622, 158.7, 152.2, 137.6, 134.7, 130.0, 127.1, 123.7,
121.9, 121.4, 113.3, 112.5, 96.8, 60.7, 55.0, 53.3, 38.5,
13.5; HRMS (ESI) calcd for C5,H,,05 [M+H]" 365.1384,
found 365.1385.

5'-(4- F AR R 0 )-3- S AR -3 - MR [ 2R FE Wk R -2,4'- 28
R IE]-2- 05 -1-R TR 2 BE 3f-ar): FEOAK, 16 mg, 77
16%. 'H NMR (600 MHz, CDCL3) 6: 7.60~7.59 (m, 1H),
7.45~7.42 (m, 1H), 6.99~6.95 (m, 2H), 6.92 (d, J=8.4
Hz, 2H), 6.72 (d, J=8.4 Hz, 1H), 6.66 (d, J=8.4 Hz, 2H),
4.53 (s, 1H), 4.12~4.01 (m, 2H), 3.70 (s, 3H), 3.16~3.12
(m, 1H), 2.92~2.89 (m, 1H), 1.08 (t, J=7.2 Hz, 3H); "°C
NMR (150 MHz, CDCl;) 0: 202.6, 171.2, 163.7, 158.5,
140.1, 138.2, 137.1, 129.6, 127.2, 124.1, 121.8, 120.6,
113.1, 112.9, 95.2, 60.3, 58.7, 55.1, 41.8, 14.0; HRMS
(ESI) caled for CpHisOs [M —H] 363.1238, found
363.1238.

4'-(3- F AR JE IR 5 )-3- S AR -3 H- MR [ R FE W R -2,5"- 24
)2 - M- 1- 1R R 2. 3g-p): FHEOWIA, 57 mg, =&
52%. '"H NMR (600 MHz, CDCl;) &: 7.60~7.58 (m, 1H),
7.45 (t, J=1.8 Hz, 1H), 7.41 (t, J=7.2 Hz, 1H), 7.05 (t,
J=7.8 Hz, 1H), 6.94 (t, J=7.2 Hz, 1H), 6.79~6.76 (m,
2H), 6.71 (s, 1H), 6.66~6.65 (m, 1H), 4.04~3.97 (m,
3H), 3.66 (s, 3H), 3.15~3.03 (m, 2H), 0.96 (t, J=7.2 Hz,
3H); *C NMR (150 MHz, CDCl5) §: 201.8, 170.9, 162.1,
159.1, 152.0, 137.6, 136.7, 134.7, 128.8, 123.7, 121.9,
121.5, 121.3, 114.4, 113.1, 112.5, 96.7, 60.7, 55.1, 53.7,
38.1, 13.5; HRMS (ESI) calcd for C,H,Os [M—}—H]+
365.1384, found 365.1382.

5'-(3- AR R 0 )-3- S AR -3 - MR [ 2R FE Wk Rg -2,4'- 28
AE]-2-15-1- R R R (3g-a): W EIRIK, 20 mg, =%
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19%. "H NMR (600 MHz, CDCLy) 6: 7.62~7.61 (m, 1H),
7.45~7.42 (m, 1H), 7.04 (t, J=7.8 Hz, 1H), 7.00~6.97
(m, 2H), 6.71 (d, J=8.4 Hz, 1H), 6.66 (dd, J=7.8 Hz, J=
1.8 Hz 1H), 6.59 (d, J=7.2 Hz, 1H), 6.52 (s, 1H), 4.55 (s,
1H), 4.13~4.02 (m, 2H), 3.65 (s, 3H), 3.16~3.12 (m,
1H), 2.94~2.90 (m, 1H), 1.08 (t, J=6.6 Hz, 3H); °C
NMR (100 MHz, CDCly) d: 202.5, 171.3, 163.7, 159.0,
140.3, 138.2, 136.8, 136.6, 128.6, 124.2, 121.8, 121.1,
120.6, 114.0, 112.9, 112.9, 94.9, 60.4, 59.2, 55.1, 41.9,
14.0; HRMS (ESI) caled for C5,H;005 [M—H] ™ 363.1238,
found 363.1239.

A'(ZE-1-F)-3- AR 3 H- MR [ 2K I R g -2,5"- R IR
Bi]-2'- 45 -1- 3R R 2.5 (3h-p): H O E K, 80 mg, F=&
69%. m.p. 158~161 ‘C; '"H NMR (600 MHz, CDCl;) &:
7.97 (d, J=8.4 Hz, 1H), 7.70 (d, J=8.4 Hz, 1H), 7.65 (d,
J=7.8 Hz, 1H), 7.59 (d, J=7.2 Hz, 1H), 7.55 (t, J=3.0
Hz, 1H), 7.44~7.38 (m, 3H), 7.36~7.33 (m, 1H), 7.28~
7.25 (m, 1H), 6.78 (t, J=7.8 Hz, 1H), 6.63 (d, J=8.4 Hz,
1H), 4.93 (t, J=7.8 Hz, 1H), 4.07~3.99 (m, 2H), 3.30~
3.19 (m, 2H), 0.95 (t, J=7.2 Hz, 3H); *C NMR (150
MHz, CDCly) 8: 202.1, 171.0, 162.3, 152.0, 137.5, 134.8,
133.5, 132.1, 131.8, 128.6, 127.9, 127.6, 126.2, 125.3,
124.7, 123.8, 123.2, 121.6, 121.4, 112.3, 96.6, 60.7, 47.5,
40.0, 13.5; HRMS (ESI) calcd for C,sH, 0,4 [M—|—H]+
385.1434, found 385.1437.

A (WM -2-F)-3- AR -3 H-MR [ I W I -2,5'- 34 1)
Bi]-2-H-1-FRIL LR Bi-p): T EREFIMAR, 47 mg, 72F
48%. 'H NMR (600 MHz, CDCLy) 6: 7.69~7.68 (m, 1H),
7.50 (t, J=7.2 Hz, 1H), 7.40 (t, J=2.4 Hz, 1H), 7.15 (s,
1H), 7.03 (t, J=7.2 Hz, 1H), 6.86 (d, J=8.4 Hz, 1H),
6.16~6.15 (m, 1H), 6.03 (d, J=3.6 Hz, 1H), 4.10 (t, J=
7.8 Hz, 1H), 4.05~3.96 (m, 2H), 3.20 (ddd, J/=18.6 Hz,
J=8.4 Hz, J=2.4 Hz, 1H), 3.06 (ddd, J=19.2 Hz, J=8.4
Hz, J=3.0 Hz, 1H), 0.95 (t, J=7.2 Hz, 3H); °*C NMR
(150 MHz, CDCLy) 6: 201.4, 171.3, 161.9, 151.4, 150.0,
141.9, 137.7, 134.8, 124.0, 121.7, 121.6, 112.5, 110.0,
107.7, 96.3, 60.7, 46.7, 35.7, 13.5; HRMS (ESI) calcd for
C1oH1,05 [M+H]" 325.1071, found 325.1079.

5T MR -2- 5 )-3- S8 AR -3 H-HR [ 2K FF R PR -2,4'- 36 1%
Fr]-2'-Wi-1'-R IR L8 Bi-a): B ORI, 40 mg, 7=
# 40%. "H NMR (600 MHz, CDCL3) 6: 7.66~7.65 (m,
1H), 7.54~7.51 (m, 1H), 7.24 (s, 1H), 7.05 (t, J=7.2 Hz,
1H), 6.99~6.97 (m, 1H), 6.87 (d, J=8.4 Hz, 1H), 6.17~
6.17 (m, 1H), 5.96 (d, J=3.0 Hz, 1H), 4.66 (s, 1H), 4.19~
4.08 (m, 2H), 3.13~3.10 (m, 1H), 2.98~2.94 (m, 1H),
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1.16 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
202.0, 171.5, 163.2, 149.2, 141.8, 140.6, 138.3, 134.6,
124.3, 122.1, 120.1, 113.0, 110.0, 107.9, 94.7, 60.5, 52.3,
41.7, 14.0, HRMS (ESI) calcd for Ci9H;;05 [M—}—H]+
325.1071, found 325.1069.

3-SR 4= (THE I -2- 3K )-3 H- B2 [ 2K I R IR -2,5"- 3K %
Bi1-2- W -1-FR R L BR (3j-y): Ak, 81 mg, 75X
81%. mp 108~111 ‘C; 'H NMR (400 MHz, CDCl;) o:
8.45~8.43 (m, 1H), 7.68~7.66 (m, 1H), 7.48 (t, J=2.4
Hz, 1H), 7.43~7.38 (m, 2H), 7.04~6.94 (m, 3H), 6.69 (d,
J=8.0 Hz, 1H), 4.24 (t, J=7.6 Hz, 1H), 4.05~3.94 (m,
2H), 3.66 (ddd, J=28.2 Hz, J=11.4 Hz, J=3.0 Hz, 1H),
3.05 (ddd, J=28.2 Hz, J=12.0 Hz, J=4.8 Hz, 1H), 0.94
(t, J=7.2 Hz, 3H); >C NMR (150 MHz, CDCl;) J: 201.8,
170.9, 162.0, 155.3, 152.4, 148.9, 137.5, 135.8, 134.1,
123.8, 122.9, 122.1, 122.0, 121.5, 112.3, 97.1, 60.6, 54.8,
35.4, 13.5; HRMS (ESI) caled for C,H;sNO, [M+H]"
336.1230, found 336.1235.

(E)-3-5 AR -4"- 2K 208 -3 H-H2 [ 2 FF kI -2, 5"- 3R IX,
BE1-2- 05 -1- 3R B 6 (3k=y): A (ol 44, 27 mg, %
25%. mp 88~89 °C; "H NMR (600 MHz, CDCl3) d: 7.65
(d, J=7.2 Hz, 1H), 7.56 (t, J=8.4 Hz, 1H), 7.23~7.19
(m, 4H), 7.17~7.14 (m, 1H), 7.03 (t, J=8.4 Hz, 2H),
6.89~6.88 (m, 1H), 6.34 (d, J=16.8, 1H), 6.12 (dd, J=
15.6 Hz, J=6 Hz, 1H), 4.23~4.12 (m, 3H), 3.10~3.06
(m, 1H), 2.89~2.85 (m, 1H), 1.22 (t, J=7.2 Hz, 3H); 1°C
NMR (150 MHz, CDCl;) 0: 202.4, 171.5, 163.7, 139.7,
138.5, 137.0, 136.6, 133.6, 128.3, 127.3, 126.3, 124.4,
123.8, 122.1, 120.8, 113.1, 96.3, 60.5, 56.5, 42.1, 14.2;
HRMS (ESI) caled for CyH, 04 [M+H]" 361.1434,
found 361.1432.

(E)-3-584R-5"- 2K 208 -3 H-MR[ 25 R It -2,4'- 3R T),
Bt ]-2'- 45 -1-FR R 2B Bk-a): ¥ (O[H 44, 18 mg, =&
16%. m.p. 103~105 ‘C; '"H NMR (600 MHz, CDCl;) ¢:
7.63~7.61 (m, 1H), 7.34 (d, J=7.2 Hz, 2H), 7.28~7.26
(m, 3H) 7.19 (t, J=7.2 Hz, 1H), 7.08 (dd, J=17.4 Hz, J=
9.6 Hz, 2H), 6.95 (s, 1H), 6.39 (d, J=15.6 Hz, 1H), 6.12
(dd, J=15.6 Hz, J=9.6 Hz, 1H), 4.25~4.13 (m, 2H), 3.97
(d, J=9.6 Hz, 1H), 3.29~3.25 (m, 1H), 2.80 (dd, J=18.6
Hz, J=3.0 Hz, 1H), 1.26 (t, J=6.6 Hz, 3H); *C NMR
(150 MHz, CDCl;) §: 199.6, 171.0, 163.4, 139.6, 138.1,
136.9, 136.8, 132.8, 128.4, 127.5, 126.6, 124.6, 124.4,
122.1, 121.1, 113.3, 97.0, 60.5, 58.3, 42.1, 14.2; HRMS
(ESI) caled for CyHisO4 [M—H]  359.1289, found
359.1294.
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43R DL HE-3- AR -3 H- B PR FE IR -2, 5" FA TR B -2
W5-1-F2 8 4B (3m-y): HEREE, 31 mg, 2% 30%.
m.p. 109~111 °C; '"H NMR (600 MHz, CDCl;) d: 7.70 (d,
J=7.2 Hz, 1H), 7.60~7.59 (m, 1H), 7.32 (t, J=3.0 Hz,
1H), 7.09~7.04 (m, 2H), 4.00~3.90 (m, 2H), 2.78~2.73
(m, 1H), 2.65~2.55 (m, 2H), 1.76~1.67 (m, 2H), 1.63~
1.52 (m, 2H), 1.42~1.40 (m, 1H), 1.23~1.16 (m, 1H),
1.13~1.11 (m, 1H), 1.09~1.04 (m, 1H), 1.02~0.94 (m,
2H), 0.90 (t, J=7.2 Hz, 3H), 0.79~0.72 (m, 1H); "*C
NMR (150 MHz, CDCly) o: 202.7, 171.5, 162.3, 151.9,
137.4, 135.8, 124.1, 122.4, 121.6, 112.4, 97.2, 60.5, 53.8,
37.1,35.9,32.4,31.4,26.1, 26.1, 25.7, 13.5; HRMS (ESI)
caled for Co Has04 [M+H]" 341.1747, found 341.1748.

AT H)-3- E AR -3H- B[ 2 I W R -2,5'- B R
Fe]-2-J-1-BRIE B8 Bn-y): A GREAK, 47 mg, F5K
50%. m.p. 88~89 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
7.73~7.71 (m, 1H), 7.63~7.58 (m, 1H), 7.35 (t, J=1.6
Hz, 1H), 7.10~7.04 (m, 2H), 4.00~3.87 (m, 2H), 2.81~
2.65 (m, 3H), 0.91~0.87 (m, 12H); *C NMR (150 MHz,
CDCly) 6: 203.1, 171.1, 162.2, 151.7, 137.4, 135.8, 124.1,
122.4,121.6, 112.5,98.2, 60.5, 57.7, 33.9, 33.0, 28.7, 13.5;
HRMS (ESI) caled for Ci9H,,NaOy [M—|—Na]+ 337.1416,
found 337.1404.

6- F 3k -3- B A -4 2K FE 3 - R [ 45 I R i -2,5- 34 T
Bil-2-J-1- 3R R 2 85 (3o-p): H L E AR, 77 mg, F=H
73%. m.p. 102~105 ‘C; '"H NMR (600 MHz, CDCl;) o:
7.46~7.44 (m, 2H), 7.19~7.11 (m, 5H), 6.74 (d, J=8.4
Hz, 1H), 6.56 (s, 1H), 4.05~3.98 (m, 3H), 3.15~3.04 (m,
2H), 2.28 (s, 3H), 0.99 (t, J=7.2 Hz, 3H); °C NMR (150
MHz, CDCl3) 6: 201.1, 171.4, 162.3, 151.9, 149.6, 135.4,
134.9, 129.0, 127.9, 127.3, 123.4, 123.1, 119.5, 112.6,
97.1, 60.7, 53.7, 38.3, 22.4, 13.6; HRMS (ESI) calcd for
CyoH,,04 [M+H]" 349.1434, found 349.1437.

6- FF 3 -3- S AR -5"- 2R FE -3 H- R [ % I R i -2,4'- 34 T
BE-2- 46 -1-FR R .16 (30-a): FI[E 44, 21 mg, /%%
21%. m.p. 100~102 ‘C; '"H NMR (600 MHz, CDCl;) o:
7.48 (d, J=17.8 Hz, 1H), 7.15~7.09 (m, 3H), 7.01~6.98
(m, 3H), 6.78 (d, J=7.2 Hz, 1H), 6.48 (s, 1H), 4.57 (s,
1H), 4.11~3.98 (m, 2H), 3.15~3.11 (m, 1H), 2.91~2.87
(m, 1H), 2.28 (s, 3H), 1.04 (t, J=7.2 Hz, 3H); *C NMR
(150 MHz, CDCly) §: 201.7, 171.7, 163.7, 150.3, 140.3,
137.0, 135.2, 128.6, 127.6, 126.9, 123.7, 123.5, 118.1,
112.8, 95.2, 60.3, 59.1, 42.1, 22.4, 13.9; HRMS (ESI)
caled for Cy,H, 04 [M+H]" 349.1434, found 349.1433.

7- FR L 3-SR AR -4 JE I 3 - B R R R I -2, 5 - 3 TR
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Bil-2-J-1- 3R IR 2 BE(3p-y): AL, 68 mg, =%
65%. m.p. 104~107 “C; '"H NMR (600 MHz, CDCL;) ¢:
7.46 (t, J=2.4 Hz, 1H), 7.39 (d, J=7.8 Hz, 1H), 7.17 (t,
J=17.2 Hz, 3H), 7.14~7.08 (m, 3H), 6.80 (t, J=7.2 Hz,
1H), 4.07~4.00 (m, 2H), 3.97 (t, J=7.8 Hz, 1H), 3.16~
3.05 (m, 2H), 2.05 (s, 3H), 0.98 (t, J=7.2 Hz, 3H); "*C
NMR (150 MHz, CDCLy) d: 202.3, 169.6, 162.2, 152.1,
137.9, 135.3, 134.8, 129.0, 127.7, 127.3, 122.6, 121.3,
121.2, 120.9, 96.6, 60.7, 54.0, 38.4, 14.1, 13.6; HRMS
(ESI) caled for C,H, 04 [M+H]" 349.1434, found
349.1439.

7- 3 3B AR -5 IR FE -3 - [ I R i -2,4°- 3R TR
Bi]-2'-Hi-1- 2R L BE(3p-a): ¥ HPIRA, 26 mg, 7=
# 25%. '"H NMR (600 MHz, CDCLy) d: 7.42 (d, J=7.2
Hz, 1H), 7.19 (d, J=7.2 Hz, 1H), 7.10~7.09 (m, 3H),
7.01~6.98 (m, 3H), 6.85 (t, J=7.2 Hz, 1H), 4.55 (s, 1H),
4.12~3.99 (m, 2H), 3.20~3.17 (m, 1H), 2.94~2.90 (m,
1H), 1.89 (s, 3H), 1.04 (t, J=7.2 Hz, 3H); °C NMR (150
MHz, CDCl;) 6: 202.8, 170.0, 163.7, 140.6, 138.3, 136.7,
135.1, 128.5, 127.4, 126.9, 123.2, 121.6, 121.2, 120.1,
94.8, 60.3, 59.8, 41.8, 13.9, 13.8; HRMS (ESI) calcd for
C,H,,04 [M+H]" 349.1434, found 349.1430.

5-H AR FE-3- 5 AR -4 FR I -3 W[ AR FE IR I -2, 5"- 3R ),
Fe-2'- M- 1-FR R L BE(3q-p): T HPRAE, 65 mg, 77
# 59%. "H NMR (600 MHz, CDCl;) 0: 7.44 (t, J=7.2 Hz,
1H), 7.18~7.10 (m, 5H), 7.02 (dd, J=9.0 Hz, J=6.0 Hz,
1H), 6.85 (d, J=2.4 Hz, 1H), 6.68 (d, J=9.0 Hz, 1H),
4.08~4.01 (m, 2H), 3.98 (t, J=7.8 Hz, 1H), 3.73 (s, 3H),
3.15~3.04 (m, 2H), 1.02 (t, J=7.2 Hz, 3H); “C NMR
(100 MHz, CDCl3) §: 202.1, 166.2, 162.2, 154.5, 151.9,
135.1, 134.9, 129.0, 127.9, 127.5, 121.7, 113.4, 103.7,
97.5, 60.7, 55.7, 54.0, 38.2, 13.7; HRMS (ESI) calcd for
Cy,H,,05 [M+H]" 365.1384, found 365.1386.

5- F AR JE-3- 58 AR- 5 - TR -3 - [ 2R R IR -2,4'- 34 X,
Bil-2'-H-1- 2R L BE(3q-a): HE EHPIRBUA, 17 mg, 7=
# 16%. '"H NMR (600 MHz, CDCly) 6: 7.14~7.10 (m,
3H), 7.05 (dd, J=9.0 Hz, J=3.0 Hz, 1H), 6.99~6.98 (m,
4H), 6.60 (d, J=9.0 Hz, 1H), 4.56 (s, 1H), 4.11~3.99 (m,
2H), 3.75 (s, 3H), 3.17~3.13 (m, 1H), 2.93~2.89 (m,
1H), 1.04 (t, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCl5)
5: 202.6, 166.6, 163.7, 154.8, 140.4, 136.9, 135.1, 128.5,
128.3, 127.6, 127.0, 120.4, 113.7, 103.7, 95.8, 60.3, 59.5,
55.8, 41.9, 13.9; HRMS (ESI) calcd for C»,H;405 [M—H]
~ 363.1238, found 363.1240.

A-(BUT H)-7-H B -3- A3 H-BR [ R JF IR -2,5'- 34
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BIE]-2- M- 1- R IR O BEBr-p): ABEAE, 25 mg, =X
25%. m.p. 92~96 C; '"H NMR (600 MHz, CDCl3) o:
7.54 (d, J=7.2 Hz, 1H), 7.41 (d, J=7.2 Hz, 1H), 7.34 (t,
J=17.2 Hz, 1H), 6.98 (t, J=7.2 Hz, 1H), 4.00~3.87 (m,
2H), 2.81~2.66 (m, 3H), 2.29 (s, 3H), 0.90~0.88 (m,
12H); *C NMR (150 MHz, CDCl5) : 203.7, 170.0, 162.3,
151.6, 137.9, 135.9, 122.5, 121.7, 121.5, 121.3, 98.1, 60.4,
57.6, 33.9, 33.0, 28.7, 14.4, 13.5; HRMS (ESI) calcd for
CaoHps04 [M+H]" 329.1474, found 329.1474.

4-GRUT H5)-5- F AR B -3- AR -3 H- R [ Wk g - 2,5 -
RS2 -05-1- 1R R B8 (3s-p): A E A, 36 mg, 7=
# 35%. m.p. 96~100 C; "H NMR (400 MHz, CDCl) o:
7.33~7.32 (m, 1H), 7.23 (dd, J=8.8 Hz, J=2.8 Hz, 1H),
7.14 (d, J=2.4 Hz, 1H), 6.97 (d, J=8.8 Hz, 1H), 4.03~
3.90 (m, 2H), 3.82 (s, 3H), 2.81~2.66 (m, 3H), 0.96 (t,
J=17.2 Hz, 3H), 0.88 (s, 9H); '*C NMR (150 MHz, CDCl;)
5: 203.4, 166.4, 162.2, 154.8, 151.5, 135.9, 127.1, 122.2,
113.4, 104.4, 99.0, 60.5, 57.8, 55.9, 33.9, 33.0, 28.7, 13.6;
HRMS (ESI) caled for CyHpsOs [M+H]" 345.1697,
found 345.1695.

34K B -3 H-IR R IR IR IR -2, 5"- 34 IR e ]-2'- -
I'RBRFHEMR(3t-y): T AEA, 54 mg, =% 45%. m.p.
72~75 °C; "H NMR (600 MHz, CDCls) d: 7.52 (t, J=2.4
Hz, 1H), 7.47 (d, J=7.8 Hz, 1H), 7.37~7.34 (m, 1H),
7.24~7.20 (m, 3H), 7.17~7.08 (m, 5H), 7.07~7.04 (m,
2H), 6.87 (t, J=7.2 Hz, 1H), 6.71 (d, J=8.4 Hz, 1H), 5.05
(d, J=12.0 Hz, 1H), 4.97 (d, J=12.6 Hz, 1H), 3.99 (t, J=
8.4 Hz, 1H), 3.18~3.05 (m, 2H); °*C NMR (150 MHz,
CDCly) 6: 201.7, 170.7, 162.0, 153.0, 137.6, 135.1, 135.0,
134.4, 129.0, 128.4, 128.0, 128.0, 127.9, 127.4, 123.8,
121.8, 121.5, 112.5, 96.7, 66.6, 54.1, 38.2; HRMS (ESI)
caled for CogH,, 04 [M+H]" 397.1434, found 397.1434.

3R - IR B -3 H-IR R IR IR IR -2, 5"- 30 IR e ]-2'- -
I-FRERAUT BE(3u-p)™: SEARAK, 54 mg, 72 49%. 'H
NMR (600 MHz, CDCLy) 6: 7.56 (d, J=7.8 Hz, 1H),
7.42~7.38 (m, 2H), 7.17~7.09 (m, 5H), 6.91 (t, J=7.8
Hz, 1H), 6.76 (d, J=8.4 Hz, 1H), 3.98 (t, J=8.4 Hz, 1H),
3.12~3.01 (m, 2H), 1.15 (s, 9H); *C NMR (150 MHz,
CDCly) 8: 202.0, 170.9, 161.4, 151.7, 137.6, 136.0, 135.3,
129.0, 127.9, 127.3, 123.8, 122.1, 121.4, 112.5, 96.8, 81.6,
54.2,38.0, 27.6; HRMS (ESI): caled for Co3H,,NaO, [M+
Na]* 385.1416, found 385.1417.

3-5AAR-5"- R B -3 H-WR [ R TR R IR -2,4'- 34 [ e 1-2'- 4 -
1-FRIRAUT BE(Bu-a) ™ FERAK, 25 mg, 7% 24%. 'H
NMR (600 MHz, CDCL) 6: 7.59 (d, J=7.8 Hz, 1H),
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7.42~7.39 (m, 1H), 7.16~7.09 (m, 3H), 7.00~6.91 (m,
4H), 6.68 (d, J=8.4 Hz, 1H), 4.53 (s, 1H), 3.17~3.13 (m,
1H), 2.90~2.86 (m, 1H), 1.20 (s, 9H); “C NMR (150
MHz, CDCls) 6: 202.6, 171.2, 163.1, 139.2, 138.5, 138.1,
135.4, 128.7, 127.5, 126.9, 124.0, 121.7, 120.7, 112.9,
95.4,80.7,59.8,41.9, 27.7.

3-5AAR-5"- R B -3 H-MR [ R TR IR IR -2,4'- 24 [ e 1-2'- 4 -
-2 R TR (3v-ar): AR, 57 mg, %% 57%. mp
138~140 °C; "H NMR (400 MHz, CDCl;) §: 7.64~7.60
(m, 1H), 7.51~7.48 (m, 1H), 7.27~7.21 (m, 3H), 7.14~
7.11 (m, 2H), 7.05 (t, J=7.6 Hz, 1H), 6.99~6.96 (m, 2H),
448 (s, 1H), 4.17~4.03 (m, 2H), 3.26~3.21 (m, 1H),
2.83 (dd, J=19.2 Hz, J=2.8 Hz, 1H), 1.14 (t, J=7.2 Hz,
3H); “C NMR (100 MHz, CDCl3) 0: 198.7, 170.5, 163.4,
140.7, 137.9, 137.0, 134.9, 128.3, 128.2, 127.6, 124.5,
122.0, 121.2, 113.2, 96.8, 61.8, 60.5, 41.9, 14.0; HRMS
(ESI) caled for CyH,0, [M—H]™ 333.12277, found
333.12201.

3-(RUT £5)-7- FH B3-S A -3 H-HR R IR IR IR -2,2'- 34
K ]-1-FRER CBiE(dr-p): FIEE, 48 mg, 77% 74%.
m.p. 89~93 C; '"H NMR (600 MHz, CDCl5) J: 7.54 (d,
J=7.8 Hz, 1H), 7.39 (d, J=7.2 Hz, 1H), 6.98 (t, J=7.2
Hz, 1H), 3.73~3.65 (m, 2H), 3.36 (t, J=8.4 Hz, 1H),
2.46~2.35 (m, 2H), 2.26 (s, 3H), 2.14~2.00 (m, 3H),
0.79 (s, 9H), 0.57 (t, J=7.2 Hz, 3H); *C NMR (150 MHz,
CDCly) d: 203.4, 169.7, 137.7, 123.0, 122.4, 121.6, 121.3,
97.8, 60.4, 58.9, 55.2, 33.0, 29.1, 26.0, 24.2, 14.3, 13.1;
HRMS (ESI) caled for CyH,,04 [M+H]" 331.1904,
found 331.1905.

3-(RUT Fk)-5- F AR J-3- AU AR-3 H-MR 2R I R R -2,2'-
IR 1R R T (ds-y): IR B (UK, 55 mg, 773
80%. '"H NMR (600 MHz, CDCl3) ¢: 7.22 (dd, J=9.0 Hz,
J=3.0 Hz, 1H), 7.13 (d, J=2.4 Hz, 1H), 6.98 (d, J=9.0
Hz, 1H), 3.82 (s, 3H), 3.77~3.72 (m, 2H), 3.36 (t, J=8.4
Hz, 1H), 2.44~2.34 (m, 2H), 2.11~1.99 (m, 3H), 0.79 (s,
9H), 0.66 (t, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCl5)
J9: 203.0, 169.7, 166.2, 154.9, 127.1, 123.0, 113.7, 104.3,
98.6, 60.4, 59.0, 55.9, 55.1, 32.9, 29.1, 25.9, 24.1, 13.4;
HRMS (ESI) caled for CyHy,Os [M+H]" 347.1853,
found 347.1855.
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