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Chloropalladation Triggering the Cascade Annulation to Construct
Functionalized Saturated y-Lactones in lonic Liquids
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Abstract A highly efficient and mild palladium-catalyzed cascade annulation has been developed to afford functionalized
y-lactones in moderate to good yields with high regio- and diastereo-selectivities in ionic liquids. Their structures were con-
firmed by 'H NMR, *C NMR and HRMS. Moreover, this reaction provided a novel and convenient methodology for the
construction of naturally occurring biologically active y-lactones.
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BERTAEYI(Eq. 1).

RS R3
R——=—R2 + # OH
1 2 O
R' = alkyl, aryl R3 = H. Me

RZ = ester, carboxyl, Cl

1 &HR510R

1.1 BECMER MBIFHMIL

JESPNS

E He

HIL R AT - T

PdCl, (3 mol%)

CuCly- 2H,0 (2 equiv.)

[C20,mim]Cl, r.t.

Q)

N T BBIRACH R RS AT, SEUR I FE A DA B P
R iR (1a) 5 4-TRJG R (2a) NI Mt 8 B3R 2 N3k AT
THFSR, 8T BRI AR RN 28 DL AR
TR IR SR B ), BLRSE AR 1 o,

27 AR 1Y % 82 (Entries 2~ 7) K B, 4 1dH
[C,0,mim]Cl fE¥E I, NA R GC b F R4

R B HAh B Ak, @I[Bmim]Cl, [Bmim]BF,,
[Bmim]PFg, [BuPy]Cl LA A& [C,OHmim]Cl, &Mif¥) GC %
thERMEFEEIFRFRS, BOARNZFMET,
[C,0,mim]Cl & A& WS AR, B XS R
(Entries 7, 8)& M, MTtEiRER 50 CH, KMH GC
AR IF AR IR R, RO SRS PR 3% R 1 ) B ) PRI
(Entry 8).

AL ) 7 % % B (Entries 7, 9~12), 4 fH ] 2
equiv. CuCl,*2H,0O fEEAFIRE, [ BT A2 0
B R B, AR, W O,, BQ, DDQ BLK
AgNO;, R GC At 2 Rk B % A 15 2132 .
B Hh, EAGRIRP SR % S5 3 W ((Entries 7, 13~17),
MUEH PACL 1E AT, N EARLH GC ik
FLE B Entry 7), € PACL 1EAZEME T HIHtE
P, FI 5 1) 1 — 20 5 %2 (Entries 18 ~20) &K,
DMF, CH;CN LK THF M, RMH) GC b3 fik
PEPEY) A TR 2 BE R PRI

AL, ARAG GG & I R L6 iR T, R
W79 0.5 mL [C,0,mim]Cl, #4572 3 mol% PdCL,
LTSN 2 equiv. CuCly»2H,0.

1 FENRIEHFERa) 5 4- SRR (2a) 1T H BRI R 1 2 AL ¢
Table 1 Optimization of conditions for the cascade annulation reaction of 1a with 2a
oy  [PdO] Cl.  COOMe o
©%000Me + /\/r Sovemt T PhH_{’j
1a 2a
3a
Entry Cat. [Pd] Oxidant Solvent GC yield/% Z/E
1 — CuCl,*2H,0 [Bmim]Cl —
2 PdCl, CuCl,*2H,0 [Bmim]Cl Trace —
3 PdCl, CuCl,*2H,0 [BuPy]Cl1 Trace —
4 PdCl, CuCl,*2H,0 [Bmim]BF, — —
5 PdCl, CuCl,*2H,0 [Bmim]PFg Trace —
6 PdCl, CuCl,*2H,0 [C,OHmim]Cl 17 98/2
7 PdCl, CuCl,*2H,0 [C,0,mim]C1 93 98/2
8¢ PdCl, CuCl,*2H,0 [C,0,mim]C1 93 90/10
9 PdCl, 0O, balloon [C,0,mim]C1 81 93/7
10 PdCl, BQ [C,0,mim]C1 27 93/7
11 PdCl, DDQ [C,0,mim]C1 36 93/7
12 PdCl, AgNO; [C,0,mim]C1 88 93/7
13 PdBr, CuCl,*2H,0 [C,0,mim]C1 73 96/4
14 Pd(OAc), CuCl,*2H,0 [C,0,mim]C1 67 77/23
15 Pd(PPhy), CuCl,*2H,0 [C,0,mim]C1 — —
16 Pd(PPh;),Cl, CuCl,*2H,0 [C,0,mim]C1 76 98/2
17 Pd(CH;CN),Cl, CuCl,*2H,0 [C,0,mim]C1 71 98/2
18 PdCl, CuCl,*2H,0 DMF 40 57/43
19 PdCl, CuCl,*2H,0 CH;CN 85 54/46
20 PdCl, CuCl,*2H,0 THF 64 56/44

“ [ B2 A 1a (0.25 mmol), 2a (0.3 mmol), 3 mol%AEALH, 2 equiv. S ALH, B TWMA(0.5 mL), %4 TR 12 by * GC-Ms i 7 Z/E Hufsl; © [ BiAE 50 C
475 [Bmim]CL: 5046 1- T 3E-3-FFJEBKRIE: [BuPy]CL: 504C N- T JEANE; [Bmim]BF,: 1- T JE-3- H JEBKM: PU EUANRR & [Bmim]PFy: 1- T -3 L BR M G IR
£5; [COHmim]CL: 54k 1-(2-F8 2. 55)-3- FH LKL [C,0,mim]CL: SUAL 1-#2 F 5E-3- FRJE IR,
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1.2 FREIREFERIEIZ
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PE(E 2). ANFR 2 AT SR, ToiR e J7 FE il
Wb, FEOLA 21 T S RE AR i O WS R A e 1
[JEIHbMCEY. H5, X7 EERERIRM L] 4
RINER MR T, BRI, o3, FRILDLNCORE S
B (Le~1f), J M H #RAe 5 2 55 3] R iF e, —
BRI R B R IR R (1g), B8 SEILAL ™ R AL (7]
I, SRt AN TS B B T 55 30 BURCEE AL B AN R, X
SR RE W (3e, 3d). M, IRHERE
M LT, AR T BL R =9 RN (1, 1), t#ESRE
SEHL A B OUTS P A A AL, R, Be R IR (1L, 1m)
FERALSFAT W BESE I R AL, TR, XEANE
IREEAP R B SR, TGie2 Pl L. T Beid
SRR, RS RESEIL R R M. EATE R,
4-IR -3 T BR-2-F (Im) FE AL 261 T BE LA 93% ISR AT
FEAMCEY). BE, REVETEA A 1p), H
RELL 74% HIYSLAAT 2 FIUYI K 74

K2 PR 4SRRI H AL SR ¢

Table 2 Cascade annulation reaction of alkynes with pent-4-
enoic acid

R3R3 PdCl, (3 mol%)
Rl— R24 = OH CuCly-2H,0 (2 equiv.)
1 2 0 [C2,0,mim]Cl, r.t.
c, R?
— 00
R’ R3
3 F
Entry 1 R! R’ R’Time/h 3 Yield”/%
1 la Ph COOMe H 12 3a 87
2 1b Ph COOEt H 12 3b 91
3 1c 2-MeCgH,y COOEt H 12 3¢ 83
4 1d 4-EtC¢Hy COOEt H 12 3d 86
5 le 4-PhC¢H, COOEt H 12 3e 80
6 1f 4-PhOC¢H, COOEt H 16 3f 75
7 1g  3,5-Me,CH; COOEt H 16 3g 72
8 1h 4-BrC¢Hy COOEt H 12 3h 80
9 1i 4-CF;C¢H, COOEt H 18 3i 69
10 1j Ph COOt+-BuH 12 3j 81
11 1k Ph COOBn H 12 3k 78
12 11 Me COOEt H 16 31 83
13 1Im n-CsHy, COOMe H 16 3m 88
14 1n Ph COMe H 24 3n 93
15 1o Ph COOMe Me 12 3o 85
16 1p 4-BrC¢H, Cl H 24 3p 74

HIA] RENLEEE: 725 TR+, P& & a
1R KA e 3 s AR AL SR T 0 e A o ) AR U R
e, A= TR B Bk U £ N\ B FE A0 A (B4R f) C-Pd
o [, AL SR RS AL S R R 2 A TR T R
B2 H IR ED).
1.3 BFRIEMEIFRER
DL L P IRER FH G (1a) 5 4- TR M 182 (2a) I £R BR 3R AL

SN R, 3 mol% PACL, AMEALF], 2 equiv. CuClye
2H,0 AEALF, 0.5 mL [C,0,mim]Cl A&, i T %
LT WAMAIEERE O, SLIeEs R 3.

3 BETRRIEIAE MR

Table 3 Reusability of the ionic liquid

Run Time/h Yield/% ZIE
1 12 93 98/2
2 12 92 98/2
3 16 85 89/11
4 24 64 75/25
5 12 93 98/2

¢ MiZ&HE: 1 (0.25 mmol), 2 (0.3 mmol), 3 mol% PdCl,, 2 equiv. CuCly*
2H,0, 0.5 mL [C,0,mim]Cl, 4% HE T =i, » 2B,

WA _F 3 e 45 R LA e 225 AR STk AR, %N
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¢ EFETI R B S (1a) (0.5 mmol), 4-/R )R (2a) (0.6 mmol), 0.5 mL
[C20,mim]Cl, %S5 T IR * GC 8403, A 1 equiv. HCIL

B AR B SR B &Rk R 0] DAY
PRI 3 IR A 8020 B B PRI, 43T R 38 4 TR,
BT R 5 FIRFE DL R HOIRFERRE, B A b &1
Z/E U 2635 I BH B ARG s PRI N S5 4 I 1)
T HCL I, e S AA 58 350307 28 T HS 0 v () e A v 1 e
PR 3, Run 5). X—J7 NS PR AR T
AIRE, S5 — 7 HIAHUESE 1 bR ) e 1t
1.4 FEIEEMSRIE

B S 454 IR, "THNMR. “C NMR. MS
A HRMS . ZLAMURSE R, bR &7 50E
3048~3030 cm ' fREEIRILISIE Ky C=C—H 45 IR 3N
W, JHAE 1788~1780 cm ™' [N C=0 1%
PRBNR IS, R BAE 1640~ 1600 cm ™' RIS A C=C
AEIRBI . S8 B AL A1) 'TH NMR 7f 41, 6 4
4.43~4.87 Kb KB 2 BIENTHIRN p-T M s C(S)RL LN
AW FEAL

2 i

RIS T LA G AR R AT AR 4= R 9
W), I AR IR R R R R A AT p- T A ERATAEA.
WEFt 45 BEB: #£ PACL, (3 mol%), 2 equiv. CuCl,, 0.5
mL [C,0,mim]Cl, FiRFMH T, FFPEATENS 4-1%
IR 5 Re DArh 48 S AR R IR 7= 2645 2 H ARt &4, 1 HR
o7 22 T H 0 1) X Sk B PR A ST AR R . AL, %R
PR, BT ERAERACE, NS p- T WERSE R
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BITI R R B A5 0 1 A AR I T — R
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3 SEES

3.1 UES5HF

% [E PERKIN-ELIMER 1730 FT-IR ZL4MGHEAX,
KBr [& J; 7 Bruker 22 400 MHz DRX-400 #Z 3%
PRAX, ¥H] CDCL;, WFRTMS; 2£E LCQ Deca XP MAX
TRORE €35 5T B B A (835 [E] FINNIGAN TRACE DSQ
JRTEAX, 70 eV); T FE T R A A X-5 8 R HuE
=0)'8

BRI A&t al, REst—Paith. 51
4K ([Bmim]C1%, [Bmim]BF,*", [Bmim]PF,*", [Bu-
Py]C1%, [C,OHmim]CI®*, [C,0,mim]CI¥*Z % 4H M
HRA AR
3.2 ZWHE

25 mL BRF A 0.25 mmol HfE(1a~1p), 0.3
mmol 4-IK % (2), 3 mol% PdCl,, 0.5 mL & Fifk, =
SRR R RE, TLC MR MG, 4%
W 10 mL Z/R ZF8(10 mLX3), L, HHEL
IKERBREE T, WUE e T4 H &, AHENTTS 3a~3p. H
LS4 IR, 'TH NMR, C NMR, MS A
HRMS HilE.

(8,2)-3--2-[(5-3AK-2- DU Sk g i ) FE 66 )-3 - 2R A A
TR F i (3a): (A, P75 87%. '"H NMR (400 MHz,
CDCly) d: 7.52~7.41 (m, 5H), 4.50~4.43 (m, 1H), 3.67
(s, 3H), 3.16 (dd, J=16.8, 7.2 Hz, 1H), 2.72 (dd, J=16.4,
6.4 Hz, 1H), 2.55~2.48 (m, 2H), 1.99~1.90 (m, 2H); "*C
NMR (100 MHz, CDCl3) d: 173.0, 167.1, 140.2, 137.7,
130.3, 128.6, 128.1, 122.3, 74.9, 51.8, 37.0, 31.1, 29.6; IR
(KBr) v: 3045, 2930, 1780, 1718, 1625, 1500, 1447, 1415,
1156 cm'; MS (El) m/z: 115, 128, 171, 189, 216, 244,
276, 294. HRMS (ESI) caled for C;sH;¢Cl0; [M+H]"
295.0732, found 295.0725.

(8,2)-3-F-2-[(5-3AR-2- DY S e i 5 ) FH 2 -3 P U
i . E(3b): BEERAE, 725 91%. '"H NMR (400 MHz,
CDCly) 0: 7.49~7.44 (m, 5H), 4.46 (dt, J=13.2, 6.8 Hz,
1H), 4.12 (q, J=7.2 Hz, 2H), 3.16 (dd, J=16.8, 7.2 Hz,
1H), 2.73 (dd, J=16.4, 6.4 Hz, 1H), 2.55~2.44 (m, 2H),
1.99~1.90 (m, 2H), 1.25 (t, J=8.4 Hz, 3H); °C NMR
(100 MHz, CDCly) d: 172.5, 167.1, 140.1, 137.8, 130.3,
128.6, 128.1, 122.4, 75.0, 60.7, 37.0, 31.1, 29.8, 14.2; IR
(KBr) v: 3043, 2920, 1786, 1730, 1625, 1510, 1442, 1155
cm '; MS (EI) m/z: 115, 128, 155, 173, 218, 276, 308.
HRMS (ESI) caled for CigH;sClO4 [M+H]" 309.0888,
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found 309.0883.

(8,2)-3-5-2-[(5- 5 AR -2- DU & Wk IR 32t ) i 3 1-3-(2- R
FIR)RIHIR 4B (3e): BEEWE, 725 83%. 'H NMR
(400 MHz, CDCLy) ¢: 7.30 (t, J=7.2 Hz, 1H), 7.21 (dd,
J=18.0, 10.0 Hz, 3H), 4.68~4.58 (m, 1H), 4.16 (q, J=7.0
Hz, 2H), 3.37 (dd, J=17.6, 7.8 Hz, 1H), 2.85 (dd, J=18.0,
5.6 Hz, 1H), 2.51 (d, J=5.2 Hz, 2H), 2.29 (s, 3H), 2.17~
1.94 (m, 2H), 1.27 (t, J=7.6 Hz, 3H); “C NMR (100
MHz, CDCLy) d: 172.6, 165.3, 135.7, 135.6, 130.2, 129.7,
128.3, 125.8, 75.0, 60.7, 35.7, 31.7, 29.8, 19.3, 14.2; IR
(KBr) v: 3042, 2926, 1785, 1718, 1610, 1511, 1503, 1454,
1400, 1149 cm™'; MS (EI) m/z: 105, 115, 195, 223, 251,
290, 322. HRMS (ESI) caled for Ci;HClO, [M+H]"
323.1045, found 323.1039.

(S,2)-3--2-[(5-FAR-2- VU A WK g 525 ) HH 36 )-3-(4- &
B HIFIR L FR3d): 3k, 775 86%. 'H NMR
(400 MHz, CDCl3) 6: 7.25 (d, J=9.6 Hz, 2H), 7.17 (d, J=
7.6 Hz, 2H), 4.81 (q, J=6.8 Hz, 1H), 3.93 (q, J=7.2 Hz,
2H), 3.13 (dd, J=13.8, 7.2 Hz, 1H), 3.01 (dd, J=13.8, 6.0
Hz, 1H), 2.69~2.47 (m, 4H), 2.39 (dt, J=14.4, 6.4 Hz,
1H), 2.08 (dt, J=21.2, 8.4 Hz, 1H), 1.23 (t, J=7.6 Hz,
3H), 0.85 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;)
5: 176.6, 167.5, 145.9, 143.4, 136.0, 128.1, 127.6, 127.4,
78.5, 61.3, 37.6, 28.7, 28.5, 27.2, 15.4, 13.4; IR (KBr) v:
3048, 2921, 1784, 1713, 1616, 1533, 1500, 1458, 1402,
1146 cm™'; MS (EI) m/z: 115, 128, 177, 207, 267, 281,
336. HRMS (ESI) caled for C;sH,,ClO, [M + H]*
337.1201, found 337.1198.

(S,2)-3- 5 -2-[(5- AR -2- VU S W g 2 ) HH 0 )-3-(4- 2R
BEIR)HIGER .16 (3e): AR, 773 80%. 'H NMR
(400 MHz, CDCl3) 6: 7.60~7.55 (m, 4H), 7.47~7.35 (m,
5H), 4.83 (q, J=6.8 Hz, 1H), 3.96 (q, J=6.8 Hz, 2H), 3.16
(dd, J=13.8, 7.2 Hz, 1H), 3.04 (dd, J=13.8, 6.0 Hz, 1H),
2.69~2.49 (m, 2H), 2.41 (dt, J=14.4, 6.4 Hz, 1H), 2.09
(dt, J=17.8, 8.4 Hz, 1H), 0.88 (t, J=7.2 Hz, 3H); “C
NMR (100 MHz, CDCly) d: 176.5, 167.4, 142.9, 142.3,
140.2, 137.5, 128.9, 128.6, 127.9, 127.8, 127.1, 126.8,
78.5, 61.4, 37.7, 28.5, 27.2, 13.4; IR (KBr) v: 3046, 2928,
1788, 1716, 1622, 1556, 1510, 1500, 1451, 1404, 1148
cm '; MS (EI) m/z: 133, 165, 191, 238, 281, 304, 327, 384.
HRMS (ESI) caled for C,,H»ClO, [M+H]" 385.1201,
found 385.1195.

(8.2)-3- 5 -2-[(5- A AX-2- DU Sk Mg 3 ) FF 2k -3-(4- 2
AEIR)NIFIR LERGB: SR, 775 75%. '"H NMR
(400 MHz, CDCl;) 8: 7.36 (t, J=7.6 Hz, 2H), 7.30 (d, J=

http://sioc-journal.cn/ 901
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8.4 Hz, 2H), 7.15 (t, J=7.2 Hz, 1H), 7.03 (d, J=8.0 Hz,
2H), 6.94 (d, J=8.4 Hz, 2H), 4.81 (dt, J=13.2, 6.4 Hz,
1H), 3.98 (q, J=7.0 Hz, 2H), 3.13 (dd, J=13.6, 7.2 Hz,
1H), 3.01 (dd, J=13.6, 6.0 Hz, 1H), 2.66~2.48 (m, 2H),
2.46~2.34 (m, 1H), 2.06 (dt, J=20.4, 8.6 Hz, 1H), 0.96 (t,
J=7.2 Hz, 3H); “C NMR (100 MHz, CDCl;) 6: 176.5,
167.4, 158.6, 156.2, 142.5, 133.1, 129.9, 129.8, 127.6,
124.1, 119.6, 117.7, 78.5, 61.4, 37.7, 28.5, 27.2, 13.6; IR
(KBr) v: 3038, 2930, 1788, 1716, 1629, 1552, 1500, 1438,
1400, 1156 cm™'; MS (EI) m/z: 105, 115, 150, 177, 207,
281, 335, 370, 400. HRMS (ESI) calcd for C,,HClOs
[M+H]" 401.1150, found 401.1146.

(8,2)-3-F-2-[(5- AR -2- DU Sk g ik ) F 3k -3-(3,5-—
H 2R AR LR (3g): Eilifk, 73 72%. '"H NMR
(400 MHz, CDCl5) 0: 6.99 (s, 1H), 6.94 (s, 2H), 4.81 (q,
J=6.8 Hz, 1H), 3.94 (q, J=6.8 Hz, 2H), 3.12 (dd, J=
13.8, 6.8 Hz, 1H), 3.00 (dd, J=13.8, 6.0 Hz, 1H), 2.56
(ddd, J=26.4, 13.6, 7.2 Hz, 2H), 2.45~2.24 (m, 7H),
2.14~2.01 (m, 1H), 0.87 (t, J=7.2 Hz, 3H); C NMR
(100 MHz, CDCl3) d: 176.6, 167.5, 143.4, 138.4, 137.8,
131.0, 127.4, 125.8, 78.5, 61.3, 37.5, 28.5, 27.2, 21.1, 13.4;
IR (KBr) v: 3046, 2924, 1783, 1718, 1600, 1523, 1456,
1406, 1128 cm™'; MS (EI) m/z: 115, 128, 177, 206, 251,
290, 336. HRMS (ESI) caled for CisH»ClO; [M+H]"
337.1201, found 337.1195.

(8,2)-3-F-2-[(5- A AR -2- VU 1 ok g 5 ) FR K ]-3-(4- 1
F)NIHER L FR(3h): 35 IR, 773 80%. "H NMR (400
MHz, CDCl3) d: 7.55 (d, J=8.0 Hz, 2H), 7.25 (d, J=7.0
Hz, 2H), 4.59~4.52 (m, 1H), 4.41~4.31 (m, 2H), 2.65 (d,
J=6.4 Hz, 2H), 2.50~2.39 (m, 2H), 2.28 (td, J=13.2, 6.8
Hz, 1H), 1.77 (dt, J=17.8, 9.2 Hz, 1H), 1.39 (t,J=7.2 Hz,
3H); “C NMR (100 MHz, CDCl;) d: 176.0, 167.0, 135.8,
134.7, 132.0, 130.2, 128.7, 123.8, 78.0, 61.9, 37.4, 28.4,
27.3, 14.1; IR (KBr) v: 3046, 2931, 1784, 1718, 1622,
1540, 1508, 1465, 1404, 1152 cm™'; MS (EI) m/z: 115,
128, 149, 207, 269, 304, 342, 358, 386. HRMS (ESI) calcd
for C1¢H7BrCl1O, [M+H]" 386.9993, found 386.9992.

(8,2)-3- F-2-[(5- 58 AX-2- VU & 1ok it ik ) AR ik 1-3-(4- =
S IR N R 2 Bs 3i): FEOE, PR 69%. 'H
NMR (400 MHz, CDCl3) d: 7.71 (d, J=8.0 Hz, 2H), 7.54
(d, J=8.0 Hz, 2H), 4.63~4.55 (m, 1H), 4.46~4.33 (m,
2H), 2.72~2.59 (m, 2H), 2.56~2.39 (m, 2H), 2.35~2.27
(m, 1H), 1.79 (td, J=17.6, 9.2 Hz, 1H), 1.41 (t,J=7.2 Hz,
3H); “C NMR (100 MHz, CDCl3) d: 175.9, 166.8, 140.5,
134.1, 131.3 (q, J=32.0 Hz), 129.1, 125.8 (q, J=3.6 Hz),
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125.1 (q, J=270.0 Hz), 77.9, 61.9, 37.4, 28.4, 27.3, 14.1;
IR (KBr) v: 3029, 2925, 1786, 1640, 1614, 1450, 1403,
1156 cm'; MS (El) m/z: 115, 173, 227, 292, 331, 357,
376. HRMS (ESI) caled for Ci;H;,CIF;0, [M+H]"
377.0762, found 377.0755.
(8,2)-3-5-2-[(5-4AR-2- TU Sk R 358 ) Y 8 ]-3- K TR s
FR AT ER(3j): AR, 7% 81%. 'H NMR (400 MHz,
CDCly) 0: 7.40~7.31 (m, 5H), 4.85~4.78 (m, 1H), 3.11
(dd, J=13.8, 7.2 Hz, 1H), 2.99 (dd, J=13.8, 6.4 Hz, 1H),
2.66~2.48 (m, 2H), 2.40 (dt, J=21.8, 11.2 Hz, 1H),
2.14~1.99 (m, 1H), 1.13 (s, 9H); *C NMR (100 MHz,
CDCly) 6: 176.6, 166.3, 141.9, 139.0, 129.3, 129.1, 128.3,
128.2, 82.2, 78.6, 37.6, 29.7, 28.5, 27.3; IR (KBr) v: 3046,
2928, 1780, 1720, 1623, 1516, 1425, 1400, 1145 cm™'; MS
(EI) m/z: 105, 113, 178, 245, 273, 308, 336. HRMS (ESI)
caled for C1gHxC10, [M+H]" 337.1201, found 337.1200.
(8,2)-3-5-2-[ (5- 4 AR-2- DU SR I 5 ) FH B 1-3- 2K T s
M2 R R (3k): B O AR, 7 78%. mp. 1162~
117.6 ‘C; 'H NMR (400 MHz, CDCl;) d: 7.35 (d, J=12.0
Hz, 4H), 7.22 (dd, J=16.8, 9.6 Hz, 4H), 6.89 (d, J=7.2
Hz, 2H), 4.90 (q, J=12.4 Hz, 2H), 4.84~4.76 (m, 1H),
3.16 (dd, J=13.8, 7.2 Hz, 1H), 3.03 (dd, J/=13.8, 6.4 Hz,
1H), 2.64~2.44 (m, 2H), 2.36 (dt, J=13.8, 6.4 Hz, 1H),
2.04 (dt, J=20.8, 8.8 Hz, 1H); “C NMR (100 MHz,
CDCly) 6: 176.5, 167.2, 143.4, 138.4, 134.6, 129.4, 128.4,
128.3, 128.3, 128.2, 128.1, 127.5, 78.4, 67.4, 37.8, 28.5,
27.2; IR (KBr) v: 3048, 2926, 1786, 1718, 1626, 1526,
1440, 1403, 1149 cm™'; MS (EI) m/z: 133, 147, 177, 207,
265, 281, 327, 370. HRMS (ESI) caled for C,H,ClO,
[M+H]" 371.1045, found 371.1040.
(8,2)-3-F-2-[(5-FAR-2- VU S R IR ) FH 0 )-2- T U R
LEEQ@: O, P53 83%. 'H NMR (400 MHz,
CDCly) d: 4.55~4.47 (m, 1H), 4.15 (q, J=7.2 Hz, 2H),
3.13 (dd, J=16.4, 7.8 Hz, 1H), 2.61 (dd, J=16.8, 5.6 Hz,
1H), 2.51 (t, J=7.2 Hz, 2H), 2.27 (s, 3H), 2.07~1.99 (m,
1H), 1.97~1.88 (m, 1H), 1.28 (t, J=7.2 Hz, 3H); “*C
NMR (100 MHz, CDCLy) d: 172.6, 166.5, 140.2, 120.8,
74.4, 60.7, 34.8, 31.5, 29.8, 26.5, 14.2; IR (KBr) v: 2921,
2860, 1784, 1746, 1622, 1312, 1157 cm”'; MS (EI) m/z:
85, 115, 165, 181, 218, 246. HRMS (ESI) calcd for
C1H,,ClO4 [M+H]" 247.0732, found 247.0732.
(8,2)-3-5-2-[(5-4AR-2-TU SR R 358 ) Y 8k ] -2 JAs TR
S (3m): B O, 725 88%. 'H NMR (400 MHz,
CDCly) §: 4.53~4.47 (m, 1H), 3.69 (s, 3H), 3.13 (dd, J=
16.4, 7.8 Hz, 1H), 2.60 (dd, J=16.8, 6.0 Hz, 1H), 2.53 (t,
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J=6.4 Hz, 2H), 2.44 (t, J=7.2 Hz, 2H), 2.07~1.98 (m,
1H), 1.95~1.87 (m, 1H), 1.67 (dt, J=14.0, 7.2 Hz, 2H),
1.36~1.28 (m, 2H), 0.91 (t, J=6.4 Hz, 3H); °C NMR
(100 MHz, CDCly) o: 173.1, 166.7, 145.3, 120.3, 74.4,
51.8, 39.2, 34.6, 31.5, 31.0, 29.6, 26.5, 22.4, 13.9; IR
(KBr) v: 2928, 2853, 1781, 1738, 1629, 1315, 1146 cm ™ ';
MS (EI) m/z: 113, 149, 167, 191, 207, 235, 288. HRMS
(ESI) caled for C4H,ClOs [M+H]" 289.1201, found
289.1198.

(8,2)-3-5-2-[(5- A AR -2- VU S Wk g 255 ) FFA 356 )-3- 2K R R
BEWA (3n): B AR, 75F 93%. 'H NMR (400 MHz,
CDCly) 0: 7.44~7.36 (m, 5H), 4.81~4.73 (m, 1H), 3.09~
2.94 (m, 2H), 2.67~2.48 (m, 2H), 2.40 (dt, J=14.0, 6.4
Hz, 1H), 2.02 (dt, J=21.2, 8.8 Hz, 1H), 1.78 (s, 3H); "*C
NMR (100 MHz, CDCl3) d: 203.1, 176.5, 140.9, 137.9,
137.4, 130.4, 129.0, 128.8, 78.6, 38.7, 30.5, 28.4, 27.6
ppm; IR (KBr) v: 3044, 2926, 1782, 1724, 1622, 1506,
1428, 1403, 1139 cm ™ '; MS (EI) m/z: 115, 129, 159, 176,
219, 243, 278. HRMS (ESI) calcd for C,sH4ClO; [M+
H]" 279.0782, found 279.0777.

(8,2)-3-5-2-[(4,4,- — F -5 5 AR -2- DU S Wk i 2L ) F
FE)-3-FK A I R T IR (30): B EAAA, 723 85%. 'H NMR
(400 MHz, CDCL3) 6: 7.40~7.29 (m, 5H), 4.76~4.67 (m,
1H), 3.91 (q, J=6.8 Hz, 2H), 3.15 (dd, J=14.0, 6.8 Hz,
1H), 3.02 (dd, J=14.0, 5.6 Hz, 1H), 2.23 (dd, J=12.8, 6.0
Hz, 1H), 1.97~1.91 (m, 1H), 1.31 (s, 3H), 1.27 (s, 3H),
0.83 (t, J=7.2 Hz, 3H); C NMR (100 MHz, CDCl3) o:
181.3, 167.4, 142.7, 138.7, 129.3, 128.2, 128.1, 128.0,
74.9, 61.3, 42.6, 40.4, 37.9, 25.1, 24.5, 13.3; IR (KBr) v:
3030, 2931, 1788, 1723, 1630, 1506, 1424, 1400, 1148
ecm '; MS (EI) m/z: 85, 151, 177, 191, 207, 292, 336.
HRMS (ESI) caled for CisH,,ClO4 [M+H]" 337.1201,
found 337.1201.

(8,2)-[3-(4- TR 4 Fk )-2,3- — G I T 22k 1-5- — VR i -
23H)-F(3p): FEEWA, 723 74%. 'TH NMR (400 MHz,
CDCly) 6: 7.53 (d, J=8.0 Hz, 2H), 7.25 (d, J=8.4 Hz,
2H), 4.87 (it, J=12.6, 6.4 Hz, 1H), 2.88 (dd, J=14.8, 8.4
Hz, 1H), 2.61 (dd, J=14.8, 4.4 Hz, 1H), 2.57~2.46 (m,
1H), 2.45~2.30 (m, 2H), 1.76 (tt, J=12.8, 8.4 Hz, 1H);
3C NMR (100 MHz, CDCl3) 6: 176.0, 135.6, 133.3, 132.0,
130.4, 123.6, 121.3, 78.0, 43.5, 28.3, 27.2; IR (KBr) v:
3046, 2922, 1786, 1728, 1622, 1545, 1425, 1403, 1146
cm '; MS (EI) m/z: 115, 149, 193, 230, 275, 327, 348.
HRMS (ESI) calcd for C;3H,,BrCl,0, [M+H]" 348.9392,
found 348.9386.
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