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(—)-4EZEH TR EXRFIEN AN ITFIRE RT3 7E
= F & I N E EEEH FE®E ELE

(L7 HREAREL %R KE 116600)

WE () FFHTBT VR TWEEARR, 2458 TR, 8 TS T mRee R, M
T8 T (=)= 35 T0 S HO W R A A KA KRR 5 BB 1% AR NIRRT A e a6 JEURE, ¥ SR I P Joe A 24 3 78 i ik
FEET G B AL FIE L, R AN S KR B-R3E T N BRI ee 173N 98%F1 96%. FA Al 3 Az BHAUNAE o Az 44
AP L, BRJEBERRI IS E B AR, 226 IR, 73 AHIEL 58%- 55% A EHCRAT 97%. 96%I1) ee fHATE
(D) FSEHEITCM(H)-F 35 H TT. 9 T RIMHEAT S LI BE T BOoR IR,

KEEH ETEU; WEMEEA; Evans; KRR T AR AXFRA K

A New Method for Asymmetric Synthesis of (—)-Arctigenin and
Its Enantiomer

Wu, Ping Xu, Kai Fu, Ying Kang, Tingguo Dou, Deqiang Zhai, Yanjun™
(School of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600)

Abstract (—)-Arctigenin, the main active ingredient of traditional chinese medicine (TCM) arctii fructus, belongs to diben-
zyl butyrolactone lignans. In order to study the structure-activity relationship of arctigenin, a new method for asymmetric syn-
thesis of (—)-arctigenin and its enantiomer was developed. Phenylpropanoic acid derivate was used as starting material and the
chiral center of beta butyrolactone was constructed by using oxazolidinone chiral auxiliary. The ees of R and S configurations
are 98% and 96%, respectively. Then the second chiral center in the alpha position was constructed benefitting from the steric
effect. After removal of protecting group, the target compounds were obtained in 58 % and 55% overall yield of (—)-arcti-
genin and (+)-arctigenin with 97% and 96% ee, respectively. This work paved the way for further structural optimization of
arctigenin.

Keywords arctigenin; oxazolidinone; Evans; lignan; butyrolactone; asymmetric synthesis

(—)-FZEFI6(), (BRAR)-3-(3-F H F-4- 52 F % TR G REAEENE L. BELRE A
$)-4-(3,4- R IE) - T IR, & 254555 1 (Arctii
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TR MR I 2 B 1R TE AL B, R AL 22 77 0 ek Figure 1 Structure of (—)-arctigenin and its enantiomer
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(=) ICIAKI TR G s R, BAl e R —%
BEIE TR 5 S AT A DR A BT R .

1 HR510R

(—)-FBEF UM FRE BEHT 77540 Scheme 1 FiR.
DA 3.4- T~ HEAER IR (3) Nkt hn J5kl, 5F MR 4-F
FEREME SR 4 45 S AHLEY 5, BEJS 1R RALILAE HLAEXL
(zEﬁ%ﬁ%)ﬁ%%W(NaHMDS)EWEﬂ% TR Evans %l

M FIREE a-bids bR B, BEMLEY) 6, LRI
%rﬁﬁﬁﬂﬁw 7. TEXT AR (AL N R A BE A e
fir“ﬁéu ee {H53 50 98% I T A i 8a(CSCHikRE! A

B A K 8a, ee 1H N 91%~96%AN%5)F1 96%I1] 8b,
&E)ﬁﬁﬂﬁﬁ KA B HLIR — 57 A 3 i B (LD A)TE 8 11
B3 o 7 I AT R IE5 2] 10a/10b (de>99%),
Ja Pd/C AR MR 5, 25l 6 2
58%. 55%11 T 97%. 96 %l ee E15- 3] H b5 =4
(—)-FEHIT 1 M(+H)-F2EH T 2.

&M 5 FN 8 FRIE a-fe Ak ST A5 B A A 28 a1
2 Fion. AN T 51680 5a RAERALG, BT REEm
PEBEAEFH, IRBRBUT ERIIHEE o BRE BN Re THIHEIL,
FEFEYN 6b, MM Si B NEIF=Y). RIS
8b [ ee {HIE 45 R, Re THHES=¥)5 Si 03 BU=4 (1)

- O

5a/5b

“ﬁ@
wepe
U

(9
J@r 0

10b Opn |

EeAE 9 98 @ 2. [FIE, HTHAY) Sa H Evans 2L %
BB, IR CTRBUT BRI o Bk 2N Si ik, i)
5 8a (1) ee (HIME &5 R, Si HIEB=WS Re =)
LAY 99 1.

T CHE N RRIE A AR B B e Bk ) N, anti-
5 5 1 Joe A ok VR A = s 38 A () Ao BH ) 45 1) T =X
SEML A 8 miE, T THEE g EEE T
— M FRECK IR, B DRI AT A7 FEAE A B EAR
TRR 0 FH R A I BE MRH B R 77 1)k AR A B ) A
AW 10, FEEIONAE 5% syn- SRR =4, #1F Pd/C
SRV KB TR, REE 172 WG4l il
ELER, anti-iF 'S5 syn-F R ELEIRTF 99 1.

Scheme 1 iRk Zi& H T35 H 1 C HEAA AR
HURE AT A IO I 5. B )5, FRAT1Z 7% CHk[13]
ZARIF R A — 5B K 2 (Scheme 2), Ay B i ixX 4% %
2R & (+)-2FEE T RIS, FTRALL 13 BT R
A TRE S A REAAFEIRER g REET
WHEERTAEY). SR, JIAIGFIS 2] A 13 J5, K
B S5 (B o-fr e A S B I3 IX Sk £, 13 B
BRHE o LR AL R AR T RS FRATTIR AT ML A el 2R
AR 24 5 LU YA R B AR L 1% ]
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Reagents and conditions: (i) PivCl, EtzN, 4a for 5a, 4b for 5b, THF, —20 C r.t., 2 h; (ii) NaHMDS, tert-butyl bromoacetate, THF, —78 °C, 2 h; 91% for
6a, 90% for 6b by 2-steps; (iii) NaBH4, THF, H,0, r.t., 2 h; (iv) p-TsOH, toluene, 80 C, 1 h; 83% for 8a, 81% for 8b by 2-steps; (v) LDA, 9, THF, —78 C,
4 h; 79% for 10a, 76% for 10b; both de>99%; (vi) Pd/C, H,, MeOH, r.t., 1 h; 98% for 1, 100% for 2.

BR1 ()T G mRIELE

Scheme 1 Total synthetic route for (—)-arctigenin
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Figure 2 Proposed models for the stereochemical course of the alkylation of 5 and 8
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Reagents and conditions: (i) BnBr, EtsN, THF, reflux, 5 h, 62%; (ii) PivCl, Et;N, 4a, THF, —20 C~r.t.,, 2 h, 97%.

B2 (H)-FErHed ks
Scheme 2 Attempted total synthetic route for (+)-arctigenin

R I R RRAT A, ISR [141 ik 76 S N R SR AR R i

HHE I (Scheme 3). LI RSN IGEEL, 220 R AL FVEIE 5 K- 435 Evans) LS 5 T
7, 435I 829% 1 79% 1 A AT E) 9 Fil 14, R B I 5 (R)-4-(3,4- = T UL ) T 14 T (8a) A1

. (S)-4-(3.4- WA ETE) T WEE@8b), H ee EHD N
2 #g

98%-+ 96%. FFTEULIERE LHIE T (—)-F3EFHIT 1 X
AR T FTF AR FRE R R =W —)-4- 254 HxF i SRR (-4 35 T 0 2, H ee [N 97%-
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96%. NHE T RMBEATII(—)-F 3 H T ML E 1
BRI,

G B G

9R =Bn
14R = Me

17aR = Bn
17b R = Me

16a R =Bn
16b R = Me

Reagents and conditions: (i) K.CO3, DMF, BnBr for 16a and Mel for
16b, r.t., 2 h; (i) NaBH,, THF, H,0, 0 °C, 30 min; (iii) PBr;, DCM,
0 °C, 20 min; 82% for 9 and 79% for 14 by 3-steps.

B3 BT & R 2

Scheme 3  Synthetic route for benzyl bromide derivatives

3 SWES

3.1 UES5HF

Bruker AM 400 BUZ @RI i1 Bruker A H]),
PL CDCL; N, TMS T, Ag1lent LCMSD Jfi 4%
(£ H Agilent A ]); AB 5600+ Q 173 ¥ 1A (35 [H AB
SCIEX A #]); Rudolph Autopol IV-T B [ &1 i A% (3£ [
BIER), X-4 DS SRR B R F A TR A F).
HE BN AR B M S LRI T R A R
AF, A RAIE E FiE R E R A R A R R
#=FA.
32 HEVIMERK
321 (8)-4-F#H-3-3-B4-—FAHEX
"Bl bz B (52) 69 A AR

¥ 3,4- HAEIEEFERR.10 g, 10.0 mmol)iE T 60
mL JE/K THF ™, F—20 CignesRmts(1.20 mL,
10.0 mmol)f1 = Z.{%(4.20 mL, 30.0 mmol), IiF & 4k
SEAEFE 20 min. JEIN(S)-4-FE-2-REME LR (1.60 g, 9.0
mmol)ff) THF ¥ (20 mL), — XA TE/K LiCl (0.42
g, 10.0 mmol), 4REEHIFE 20 min 5T R =, F4RLEH
PE2 b RNBIREIRDE EZ) 20 mL, LA 100 mL ZFR 2.
Befi ke, MKIKF 10%BRER AN S%in R . MRS ik
NI R, oK BRBR BN T 1. HhIE, IR 4,
133.27 g A 1k Sa, A&4ifk, W EBHT N RN
m.p. 88~90 CCCHAE!" 91.5~92 C); [alp +45.1 (¢
1.0, CHCl3); 'H NMR (400 MHz, CDCl;) d: 2.75 (dd, J=
13.3, 9.6 Hz, 1H), 3.91~3.04 (m, 2H), 3.16~3.35 (m,
3H), 3.86 (s, 3H), 3.88 (s, 3H), 4.15~4.21 (m, 2H), 4.67
(ddt, J=9.9, 6.6, 3.2 Hz, 1H), 6.77~6.81 (m, 3H), 7.17 (d,
J=6.7 Hz, 2H), 7.31~7.38 (m, 3H); *C NMR (100 MHz,
CDCly) d: 172.6, 153.6, 149.0, 147.6, 135.3, 133.2, 129.6,
129.2, 129.1, 127.5, 120.6, 112.0, 111.4, 66.3, 56.1, 56.0,

H) A B )-2-
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55.3, 38.0, 37.4, 30.1, 26.6; ESI-MS m/z: 370.2 [M+H]",
392.1 [M+Na]".

322 (R)-4-FH-3-[3-34-=F ALK
" vl 7 BR (5b) 89 & A%,

FAL &Y 5a & pk. A, mp. 88~90 C;
[a]d —45.5 (¢ 1.0, CHCL;); 'H NMR (400 MHz, CDCl;)
8: 2.75 (dd, J=13.3, 9.6 Hz, 1H), 2.92~3.05 (m, 2H),
3.17~3.39 (m, 3H), 3.85 (s, 3H), 3.88 (s, 3H), 4.14~4.20
(m, 2H), 4.61~4.75 (m, 1H), 6.77~6.81 (m, 3H), 7.17 (d,
J=6.7 Hz, 2H), 7.27~7.36 (m, 3H); *C NMR (100 MHz,
CDCly) J: 172.6, 153.6, 149.0, 147.6, 135.3, 133.2, 129.5,
129.2, 129.1, 127.5, 120.6, 112.0, 111.4, 66.3, 56.1, 56.0,
55.2,37.9, 37.4, 30.1, 26.6; ESI-MS m/z: 370.2 [M+H]",
392.1 [M+Na]".

323 (S)-4-FAE3-[(R)-2-TLER A T B A&
FAE A A LA )-2-"B v LR AR (6a) B9 A Ak
¥ E25 ) 5a (2.13 g, 5.8 mmol)iA T 100 mL FE7K
THF, —78 ‘Ci#li NaHMDS (4.3 mL, 8.6 mmol, 2
mol/L in THF). ##E 1 h IR LBRACT BE(1.70 mL,
11.5 mmol), ZkEE7EMIR BN HiHE 2 he RIS ER VA
TRK L, ol e 4 B 25 KR 3 DU Sk, Jl R T
100 mL Z.F2 2.1, IR 5% R e A Fn &1k A i
WEsE, ToKIRERAN T2, HhiE, IR YE, *Ek
HENT VA ME) @ (LR LE)=4 1 1], 152.58 g AT
Bk 6a, B2 F 91%. mp. 77~79 C; [alh +117.9
(¢ 1.0, CHCl;); "H NMR (400 MHz, CDCl;) &: 1.40 (s,
8.45H), 1.46 (s, 0.55H), 2.38 (dd, J=16.9, 3.9 Hz, 1H),
2.56 (dd, J=13.1, 9.4 Hz, 1H), 2.74 (dd, J=13.4, 10.0 Hz,
1H), 2.83 (dd, J=17.0, 11.0 Hz, 1H), 2.96 (dd, J=13.1,
6.0 Hz, 1H), 3.31 (dd, J=13.4, 2.7 Hz, 1H), 3.85 (s, 3H),
3.89 (s, 3H), 3.97 (t, J=8.3 Hz, 1H), 4.10 (dd, J=9.0, 2.2
Hz, 1H), 4.41~4.49 (m, 1H), 4.49~4.62 (m, 1H), 6.77~
6.79 (m, 2H), 6.87 (s, 1H), 7.26~7.29 (m, 3H), 7.31~
7.38 (m, 2H); *C NMR (100 MHz, CDCly) o: 175.6,
171.4, 153.2, 149.0, 147.9, 135.8, 130.7, 129.6, 129.0,
127.4, 121.4, 112.3, 111.1, 81.0, 66.0, 56.03, 55.99, 55.7,
41.5,38.1,37.7, 36.8, 28.2; ESI-MS m/z: 506.1 [M~+Na]";
HRMS (ESI-TOF) caled for C,;H3;;NNaO; [M+ Na]®
506.2149, found 506.2156.
324 (R)-4-F A-3-[(S)-2- LB & T B5 &
A AR ) A B A ]-2-"E b B2 ER (6b) 49 A A%

[FAGED) 6a G k. EEEE, PIEr=2 90%. m.p.
77~78 C; [aly —117.4 (¢ 1.0, CHCl;); "H NMR (400
MHz, CDCl;) 6: 1.41 (s, 8.7H), 1.46 (s, 0.3H), 2.38 (dd,
J=16.9, 3.0 Hz, 1H), 2.56 (dd, J=12.5, 9.7 Hz, 1H), 2.75

H)yA B ]-2-

3-(3,4-=F

3-(3,4-=F
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(dd, J=12.7, 10.6 Hz, 1H), 2.83 (dd, J=16.7, 11.1 Hz,
1H), 2.97 (dd, J=12.9, 5.8 Hz, 1H), 3.30 (d, J=13.3 Hz,
1H), 3.85 (s, 3H), 3.89 (s, 3H), 3.97 (t, J=8.2 Hz, 1H),
4.10 (d, J=8.7 Hz, 1H), 4.41~4.47 (m, 1H), 4.52~4.59
(m, 1H), 6.75~6.77 (m, 2H), 6.87 (s, 1H), 7.26~7.34 (m,
5H); *C NMR (100 MHz, CDCl3) d: 175.5, 171.4, 153.2,
149.0, 147.9, 135.8, 130.7, 129.6, 129.0, 127.4, 121.4,
112.3, 111.1, 80.9, 66.0, 56.01, 55.97, 55.7, 41.5, 38.0,
37.6, 36.8, 28.2; ESI-MS m/z: 506.1 [M+Na]".
325 (R)-3-AFAA4-Ca4-—FAEREL)-THRKRT
A5 (7a) 49 & AR,

¥ B 6a (2.50 g, 5.2 mmol)iE T 80 mL PU Sk
R, A 20 mL 7K, I ABIEL#8(0.29 g, 5.8
mmol), FIFE 2 h. PRI BR % 5 55 DY Sk,
MR CEEFRRE, BRI 1 mol/L HEE I 4.
WK 5% R S B A FD AL B ve i, oK R RN T
e HhE, JEMORRIRYE, 19 1.52 ¢ LEFEWRE Ta.
Regaith, ATEBEMAT FE RPN, [ald —10.2 (¢ 1.0,
CHCL3); 'H NMR (400 MHz, CDCly) &: 1.45 (s, 9H), 2.18
(br, 1H), 2.23~2.36 (m, 3H), 2.55 (dd, J=13.6, 6.2 Hz,
1H), 2.65 (dd, J=13.6, 6.2 Hz, 1H), 3.52 (dd, J=10.4, 4.6
Hz, 1H), 3.62 (dd, J=10.3, 3.8 Hz, 1H), 3.85 (s, 3H), 3.87
(s, 3H), 6.66~6.78 (m, 2H), 6.79 (d, J=8.6 Hz, 1H); '*C
NMR (100 MHz, CDCLy) d: 172.4, 148.2, 146.8, 131.6,
120.6, 111.7, 110.5, 80.1, 64.4, 55.3, 55.2, 39.2, 36.8, 36.3,
27.5; ESI-MS m/z: 333.2 [M+Na]*; HRMS (ESI-TOF)
caled for Cj;;H,OsNa [M + Na] © 333.1672, found
333.1686.
326 (9)-3-AFHEA-QCA_FAAERL)-THRRT
A5 (7b) 89 & &,

FLEY) Ta & LEBWHBAE. [aly +9.8 (c
1.0, CHCly); '"H NMR (400 MHz, CDCl3) 8: 1.45 (s, 9H),
2.26~2.34 (m, 3H), 2.55 (dd, J=13.6, 6.5 Hz, 1H), 2.65
(dd, J=13.6, 6.6 Hz, 1H), 3.48~3.56 (m, 1H), 3.62~3.73
(m, 1H), 3.86 (s, 3H), 3.87 (s, 3H), 6.72~6.73 (m, 2H),
6.79 (d, J=8.6 Hz, 1H); *C NMR (100 MHz, CDCL;) ¢:
172.3, 148.2, 146.8, 131.6, 120.6, 111.7, 110.5, 80.1, 64.4,
55.3,55.2,39.2,36.8, 36.3, 27.5; ESI-MS m/z: 333.2 [M+
Na]".
32.7 (R)-4-(34-=F A& F)-T A B5(8a)ad &k

¥ 2B 7a (1.50 g, 4.8 mmol)iE T 20 mL FHE,
TONT FE 25 2 (41.6 mg, 0.24 mmol), T80 CHiFE 1 h.
TR AR AARR 25 R, FRIEVET CTR OBE, WIKH 10%0%
PR SN AN AN S AR R R, TO/K IR R AN T4, HeEie
FEEST VS @ MR CBR)=2 1 1], 14114 g ita
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E AR 8a, PR 83%, ee fH 98%[ K #& B
CHIRALPAK® IF iy, LU V(IECK) @ V(R NEE) .
VORUT W) =280 : 10 : 10 AWEIH, WZE 08
mL/min, KK AUV 220 nm, 525 C. 8afIfR
i 1] A 47.5 min, 8b FR-EEIS E]A 51.3 min]. [a]d +6.4
(¢ 1.0, CHCL)[ZZBRME" [alp+4.3 (¢ 2.6, CHCly)]; 'H
NMR (400 MHz, CDCly) §: 2.30 (dd, J=17.5, 6.8 Hz,
1H), 2.61 (dd, J=17.5, 8.1 Hz, 1H), 2.66~2.78 (m, 2H),
2.79~2.90 (m, 1H), 3.87 (s, 3H), 3.88 (s, 3H), 4.05 (dd,
J=9.0, 6.1 Hz, 1H), 4.34 (dd, J=9.0, 7.1 Hz, 1H), 6.67 (s,
1H), 6.70 (d, J=8.1 Hz, 1H), 6.82 (d, J=8.1 Hz, 1H); "*C
NMR (100 MHz, CDCly) o: 177.0, 149.2, 148.0, 130.9,
120.8, 111.9, 111.5, 72.7, 56.02, 55.99, 38.7, 37.4, 34.3;
ESI-MS m/z: 237.1 [M+H]", 259.1 [M+Na]".

3.2.8 (8)-4-(3,4-=F AL F )T ABL(8b)HI & A&

FALEDY) 8a G . TLEUEHIRAM, PIbr=2 81%,
ee i 96%. [a]y —6.3 (¢ 1.0, CHCly); 'H NMR (400
MHz, CDCly) &: 2.29 (dd, J=17.5, 6.9 Hz, 1H), 2.61 (dd,
J=17.5, 8.1 Hz, 1H), 2.70~2.77 (m, 2H), 2.80~2.88 (m,
1H), 3.86 (s, 3H), 3.87 (s, 3H), 4.04 (dd, J=8.9, 6.2 Hz,
1H), 4.33 (dd, J=8.9, 7.1 Hz, 1H), 6.67 (s, 1H), 6.70 (d,
J=8.2 Hz, 1H), 6.82 (d, J=8.0 Hz, 1H); *C NMR (100
MHz, CDCLy) d: 177.0, 149.2, 148.0, 130.9, 120.8, 111.9,
111.5, 72.8, 56.02, 56.00, 38.7, 37.4, 34.3; ESI-MS m/z:
237.1 [M+H]", 259.1 [M+Na]".

329 (BRAR)-3-(3-F A A -4-F A A FH)4-34-=
¥ A F ) -T A EE(10a) 49 &A%

# B P(360.0 pL, 2.5 mmol)¥E T 20 mL T
VUSRI, UKy nIE T 34 48(1.6 mL, 2.5 mmol, 1.6
mol/L in THF), [ 30 min 5% —78 C, Wi b
724 8a (400.0 mg, 1.7 mmol)f#) 1 mL PUSMRAEIATR, 4k
SEFERE 1 h, L& 9 (519.0 mg, 1.69 mmol)f) 1 mL
VUSRIR VA, 2RS4 h, WA G K N, Ik
FE 4 R 25 KR 73 DU R, FI RS T LR O, K
K 5% IR U AN AN SAL BN TR %, TC /KRR By 1
&, EREEIT VA MER) - (LR B =4 : 1], 13
614 mg LOKHIBAA 10a, WK 79%. [ald —26.2 (¢
1.3, CHCL){CHrE" " [a]5 —26.8 (¢ 1.0, CHCL)}; 'H
NMR (400 MHz, CDCl;) d: 2.45~2.53 (m, 2H), 2.55~
2.62 (m, 2H), 2.87~2.99 (m, 2H), 3.80 (s, 3H), 3.84 (s,
3H), 3.85 (s, 3H), 3.88~3.90 (m, 1H), 4.12 (t, J=7.7 Hz,
1H), 5.13 (s, 2H), 6.47 (s, 1H), 6.53 (d, J=8.0 Hz, 1H),
6.59 (d, J=7.5 Hz, 1H), 6.71 (s, 1H), 6.74 (d, J=8.2 Hz,
1H), 6.78 (d, J=7.9 Hz, 1H), 7.29~7.43 (m, 5H); "*C
NMR (100 MHz, CDCly) d: 178.9, 149.9, 149.2, 148.0,

http://sioc-journal.cn/ 1115
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1472, 137.3, 131.0, 130.6, 128.7, 128.0, 127.8, 127.4,
127.1, 121.5, 120.7, 114.2, 113.0, 112.0, 111.5, 71.4, 71.2,
65.5, 56.12, 56.05, 55.96, 46.7, 41.3, 38.3, 34.7; ESI-MS
m/z: 462.9 [M+H]", 484.9 [M+Na]".
3.2.10 (3S5,49)-3-3-F Ak -4-F A K FH)4-34-=F
A A )T ABE(10b) 49 4 %

¥ R PE(145 pL, 1.02 mmol)E T 15 mL T/
DUSRIR, VKV N IE T %£44(0.64 mL, 1.02 mmol, 1.6
mol/L in THF), /¥ 30 min J5/4%E—78 C, W
7“4 8b (160.0 mg, 0.68 mmol)ff] 1 mL VY5 kIR VA,
N1 h S, A9 (208.9 mg, 0.68 mmol)f) 1 mL
VUSRIV, AREERERE 4 h & TLC SRR MsE 4, 18
NGB K I SE, I3 R 4 o 25 R0 2 DU R g, 96
RYNET LR OB, IR 5%t B & B0 A 1 A 40 A
Tedk, KBTS, BERAZE N [V )
B ZHE)=4 : 1]. 15 239.0 mg LOXEHBAEL 10b,
K 76%, de >99%. [a]ly +26.5 (¢ 1.3, CHCL); 'H
NMR (400 MHz, CDCly) d: 2.54~2.43 (m, 2H), 2.64~
2.54 (m, 2H), 2.93 (qd, J=14.1, 6.0 Hz, 2H), 3.80 (s, 3H),
3.84 (s, 3H), 3.85 (s, 3H), 3.88 (dd, J=10.9, 3.3 Hz, 1H),
4.11 (dd, J=9.0, 7.0 Hz, 1H), 5.13 (s, 2H), 6.47 (d, J=1.8
Hz, 1H), 6.52 (dd, J=8.1, 1.8 Hz, 1H), 6.59 (dd, J=8.1,
1.8 Hz, 1H), 6.71 (d, J=1.8 Hz, 1H), 6.74 (d, J=8.1 Hz,
1H), 6.78 (d, J=8.1 Hz, 1H), 7.42~7.29 (m, 5H); "*C
NMR (100 MHz, CDCly) 6: 178.9, 149.9, 149.1, 148.0,
1472, 137.3, 131.0, 130.6, 128.7, 128.0, 127.4, 121.5,
120.7, 114.1, 113.0, 111.9, 111.4, 71.4, 71.2, 56.12, 56.04,
55.96, 46.7,41.3, 38.3, 34.7; ESI-MS m/z: 462.9 [M+H]",
484.9 [M+Na]".
32,11 (—)-FFHALA)E R

¥ 25724 10a (600.0 mg, 1.3 mmol)¥& - 20 mL HH
i, A 10% Pd/C (60.0 mg), E A NEEMF 1 h
FUE, JEW IR R G5 OK Ak, SRR EUR, 15
474 mg AR AR 1, 722K 98%, ee {H 97%[ K FEH
CHIRALPAK® ID faifit:, LL VOECHE) @ VRN :
VORUT ZH ) =280 : 10 : 10 NRBENAH, W FE 08
mL/min, &K UV 220 nm, #HE 25 C. 1 H{RE
IS 18] 40.9 min, 2 FEREE I )24 35.2 min ]. m.p. 100~
102 C; [aly —30.7 (¢ 1.0, CHCL)[ Bk m.p.
100~101 °C, [a]s —31.5 (¢ 1.06, CHCly), RIRF=¥1;
'H NMR (400 MHz, CDCly) 0: 2.42~2.74 (m, 4H),
2.77~3.08 (m, 2H), 2.82 (s, 3H), 2.83 (s, 3H), 3.85 (s,
3H), 3.88 (dd, J=8.9, 7.4 Hz, 1H), 4.14 (dd, J=8.9, 7.1
Hz, 1H), 5.57 (s, 1H), 6.46 (s, 1H), 6.55 (d, J=8.0 Hz,
1H), 6.59~6.68 (m, 2H), 6.75 (d, J=8.1 Hz, 1H), 6.83 (d,
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J=17.9 Hz, 1H); “C NMR (100 MHz, CDCl;) d: 178.9,
149.2, 148.0, 146.8, 144.7, 130.6, 129.6, 1222, 120.7,
114.2, 111.9, 111.6, 111.4, 71.5, 56.02, 55.97, 55.93, 46.7,
41.1, 38.3, 34.6; ESI-MS m/z: 373.2 [M+H]", 395.1 [M+
Na]"; HRMS (ESI-TOF) calcd for C,H,s04 [M+H]"
373.1646, found 373.1642.
3212 (+)-FFHFTQ)9E R

FEAEY 1 AR AEEE, 722 100%. mp. 99~
102 C; ee 18 96%; [a]h +30.3 (¢ 1.0, CHCLy); '"H NMR
(400 MHz, CDCl5) 6: 2.42~2.74 (m, 4H), 2.77~3.08 (m,
2H), 3.82 (s, 3H), 3.83 (s, 3H), 3.85 (s, 3H), 3.88 (dd, J=
8.9, 7.4 Hz, 1H), 4.14 (dd, J=8.9, 7.1 Hz, 1H), 5.57 (s,
1H), 6.46 (s, 1H), 6.55 (d, J=8.0 Hz, 1H), 6.59~6.68 (m,
2H), 6.75 (d, J=8.1 Hz, 1H), 6.83 (d, J=7.9 Hz, 1H); "*C
NMR (100 MHz, CDCly) o: 178.9, 149.2, 148.0, 146.8,
144.7, 130.6, 129.6, 122.2, 120.7, 1142, 111.9, 111.6,
111.4, 71.5, 56.02, 55.97, 55.93, 46.7, 41.1, 38.3, 34.6;
ESI-MS m/z: 373.2 [M+H]", 395.1 [M+Na]".
32,13 T ZBR¥FEE(12)89 6 %

ZIOCBR19TR T LG K, 775 62%. EMIE
TEHHE 5 SR — 2
3.2.14  (S)-4-"F A -3-( FEE A T B )-2-"E vl b BR
(13) 49 & A%

S8 5a A R TTI%, ¥ 3.4- HEERAREE N
T ZRRWEE, FEAEBWAE, E 97%. [alp +
54.3 (¢ 1.0, CHCl3); '"H NMR (400 MHz, CDCl;) 6: 2.82~
2.71 (m, 3H), 3.34~3.21 (m, 3H), 4.21~4.14 (m, 2H),
4.67~4.61 (m, 1H), 5.16 (s, 2H), 7.20~7.19 (m, 2H),
7.37~725 (m, 8H); *C NMR (100 MHz, CDCL;) o:
1722, 171.8, 153.5, 135.8, 135.2, 129.4, 129.0, 128.6,
128.2, 127.4, 66.6, 66.3, 55.1, 37.7, 30.8, 28.4; ESI-MS
368.2 [M+H]", 390.2 [M+Na]'; HRMS (ESI-TOF)
caled for C,;H, NOsNa [M—i—Na]+ 390.1312, found
390.1312.

B RURIR A TR EOR (B AR A L&
YA AU FEFE.

48 Bh A1kl (Supporting Information) 1 [a] &1 H A5 7=
Pt 'HNMR. “C NMR B PL R (—)-2F35 7 H0 1 1)
HRMS K. x5k nr DL e 2 AT 99355 (http://sioc-
journal.cn/) = F #k.
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