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Asymmetric Synthesis of (—)-Indolizidine167B and (+)-Coniine

Yang, Xiaohui Gu, Xuesong Bin, Huaiyu Xie, Jianhua™ Zhou, Qilin*
(“ State Key Laboratory and Institute of Elemento-organic Chemistry, College of Chemistry,

Nankai University, Tianjin 300071)

Abstract The enantioselective syntheses of (—)-indolizidine 167B and (+)-coniine were described based on the asymmetric
hydrogenation of racemic d-hydroxy esters via kinetic resolution. With optically active chiral J-hydroxy ester (S)-4 and chiral
1,5-diol (R)-5 obtained by asymmetric hydrogenation of racemic ethyl 5-hydroxyoctanoate (rac-4) with chiral spiro iridium
catalyst Ir-(R)-SpiroPAP as chiral starting materials, the efficient enantioselective syntheses of (—)-indolizidine 167B and
(+)-coniine were achieved by using intramolecular reductive amination and N-substitution/cyclization, respectively, as a key
step to construct the chiral aza-bicyclic[4.3.0]nonane skeleton and chiral piperidine ring. This provides new efficient methods

for enantioselective syntheses of indolizidine and piperidine alkaloids.
Keywords alkaloids; asymmetric hydrogenation; indolizidine; coniine; reductive amination

5] Ik HL G i A )86 (Indolizidine  alkaloids) /& —2& H
A MRV PRI 1 SR B (K1 U2 XA [4.3.0] T b i 4R 45 44
R 1), %2R IL T PR 34 1 52 ik
A, DR LA R 10 A AR R i 10 24 R A 1R 52 3
T EN (=)W R LE 1678 [(—)-indolizi-
dine 167B, 1]181(—)-M|W EL P IE 209D [(—)-indolizidine
209D, 212 MHVHT By MR 5T 3 1 (Dendrobates) 7 2 144
oo B SRR B, HL A R R D 1 i)k B g A e
BEAREAMUAER SRR [4.3.01 E b B 480 5-h54a —4
Rk, SRR fA B, (H — B B 2 AL R A BT
TR phAb, DREEEAEYIRR(+)-5E SBR[ (+)-coniine,
31t & R RIER R AR RS, &R MBS T
(spotted hemlock)H 73 25 Hi IR BE IR 2-A7 HUA [P IIR e A=
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Figure 1 Structures of (—)-indolizidine 167B, (—)-indolizidine
209D and (+)-coniine
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RERE S AT IR R ) 4%, DAS RT DU 36 397 S S R B 7
EHTTATYERIZOR. B 2009 4E, Rovis Z5B0% e T 44
b 5 0 i S SRR B 1 AN R [2 42+ 2138 0 s e B B
PR R EIAF 2L, FREE . Mt sE R T (—)-
W] W BL P g 209D [ ASXFFR B A 2019 4E Breit 251 % 2
TREMEAL 2 T N IBCI TR A SRR S A S A Bl s 255 B
PREFINIHTRL, FFFHZ R 5E /R T (+)-5 i A
S LA V| B e T R () - R B R [(+)-co-
niceine] (AN FR S i; fi, Morken Z5PM5% fE 7T HLf
A ot 5 s B L5 e 5 L ) L R SR B s S AN %o R
FFEMI . AT I T iZ A BRI SR, JESE T o
T P TR R A 45 B T PN R 3R AR Z 2R 4 DU 248,
TR G3 - P J K O 2 T P e A ) SR IR i 2 P SRS, 5
MFERE T (—)-M| W BL e 209D F()-3 708 A X FR
=3

AER, BAlT— B R R R AR R AL A B
SRR A B VERE. B B Bt 1) M g 17 e AN
WIRRE A, e R B Tl Fs R A i i o-FR LG )
F1EPRAT IS R AEAC A HT I N, R s 2 T g
PR e e 56 I A PR Ak i Ak 77 Tr-SpiroPAPY), S — 2471
O-KEIEHURIE IE o- I ERA T IR IR0 3R, A
BB R B 5-FR BRI ee (e T4 HlIAF]
96%FH 99%. HFor IR WAER my, AI4H 52000 [
ALK, HIUPEAREmR SO, XN TR IR A
SRR A AR AL T R RoE k. BRATEE X — 8o st
FRAEAL S AR 4> J7 4, SEEL T T2 (R)-F & 45
[(R)-lisofylline] A1 K 4R 7= 4 (+)- R 5 [(+)-civet] I A
SEFREr . AR SCHRIE 1K — i A R A A A3 2y
T3 1545 B0 10 T 1 g 107 1 T RO AN SRR B i —)-P5]

W LG IE 1678 (1) A(+)-75 /7 5(3).
1 SER5WR

AR (—)-51 e B g g 167B (1) F(+)-FF S E083) i1
SEFYERAE, AR T 40 Scheme 1 7R IO BT, B HUH
JiEg 0-1E P F-0-F2 3R 28 [ (rac)-4) N EMRY, SF-1E
WER AN I P e 55 M TG A P B (4 46 771 Tr-(R)-SpiroPAP 1AL 1)
ARG 715K T R FME 6- R R R
(S)-4 FIFHE 1,5- 2 (R)-5. SRENTFHE 6-F 5L 418
(S)-4 &, ZFRILVRY . BaFE4k N Weinreb BEi% . #%
EARTR PR 0 S5 N7 ol s 4 s 22 [ ) TF- PR B (S)-6. #2
S R BEEIL LA K Mitsunobu B 5o B 58 B
BEMGIN, HEIFHPEER-T. &5, BEr TN
BRI S5 e e Jse I — 25 56 R 2 XA [4.3.0] F Joe B 2R 1A A4
@, SEHL(—)-"ME L PELE 167B (DB FRE R, LA
SALE I H— T 1,5- 2 BE(R)-5 R Rl 4RI
B TSR RS, ARG T4 R U A S5 20 B 58 T 1
DRUEIA IR, SEEL(H)-T5 7 B3) A A XK B .

FeME A BT, SR R R IE o-FR R IR A IS
FEAMIB) 50 TR TS T TR 0-FR SRR L
[(rac)-4] AT FRAE AL B BT 75 e s T -
FRIEIR 2B (S)-4 FITFHE 1,5-F%(R)-5Y! (Scheme 2). 1K
O MENR B, DRSS AR BT+
PEERIR F R AL, % EL Ir-(R)-SpiroPAP NMEALF), 7E
HEAL 7 FH &4 0.002 mol% (S/C=50000), HIAE/E
N 2.02 MPa [ B 25 1E T 0 (rac)-4 347 7 RBE A
SRS, B 24 h G, R8T S2%MIEEAL R, I
I3 FILL 43%[ 77 A 96% ee LA K 47%I7% N 96% ee
IR 0-FRIEWR 2. BE(S)-4 AT 1,5- ¥ (R)-5. %45

gm

(+)-coniine (3)

N-substitution/ T
cyclization, etc.

OH (0] OH
Bt Hy, Ir-(R)-SpiroPAP BN /?i/\)ci
"Pr OFEt asymmetric hydrogenation "Pr OH * "Pr OFt
(rac)-4 via kinetic resolution (R)-5 (S)-4

N, o
N reductive amination /V\/\)I\/\ )
: "pr CHO ~— ~——— "Pr J
(0]

~ (R)-7

(-)-indolizidine 167B (1)

Grignard reagent
addition, etc.

Mitsunobu oTBS (e}

substitution, etc. o

(S)-6

B 1 (—)-MIWRILPERE 1678 FI(+)-2E ARl A B & st

Scheme 1  Design of asymmetric synthesis of (—)-indolizidine 167B and (+)-coniine
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RERAVCATHIEMTE 0.1 molYoft: Ak 71 FI EE I 1 45
M2, BRI AT MR, BBOCEEREL
TH e 0-F2ILIR LRI FANRE M S NLR T 73 ROR.

OH H, (2.02 MPa)

(o}
/g\/\)]\ 0.002 mol% Ir-(R)-SpiroPAP
"Pr OEt

KO'Bu, EtOH, r.t., 24 h

(rac)-4,4.7g 52% conv.
OH 0 OH
nPr/\/\)J\OEt + ”Pr/k/\/\OH
(S)-4 (R)5

43% yield, 96% ee 47% yield, 96% ee

Ar = 3,5-(‘Bu),CgHs
Ir-(R)-SpiroPAP

B 2 sw SRR AT R AL E AV e 5- 22 SE 1R 21
[(rac)-4]

Scheme 2 Gram-scale asymmetric hydrogenation of racemic
ethyl 5-hydroxoctanoate [(rac)-4]

A, M o-1EIR OR(S)-4 Jvltialikl, IR T
(—)-MIWR L PERE 167B (1) AN FRE Bt 5T (Scheme 3).
FB I EEIETER) 0-F IR L HR(S)-4 A FR S Tl ek e A
1, LL 92% M= R AF B RELL R AL A 10(S)-8. 7E =
FERAETE M R LA R, (5)-8 5 N,O- W B L R HEAS
e [ N 43 B K L) Weinreb BEJZ(S)-9, 72 %Y 93%.
Weinreb B [12(S)-9 5 & A 4 5= 1A% I ROBE, DA
96% 7= 245 EI AH B (R RE BT LR 3 1) 2 5 7 (S)-6. K FH Y
THF K (TBAF) MR 25 F R 25, (5)-6
FEAR N RH N O F2 LB (S)-10a F [RIINE, o R 90 25 1) 2 ik
o e 35 5 A i3 U 7 B A N 2 i BF (S)-10b. (S)-10a F1
(S)-10b 2 — Xt AR ik, HAEZINT @3, 4 EFEEN
82%. TE—= LMRAFAERIZAET, I F R S AL #xX ) B
SRR, KRN N R S, BEES Sk
BB, BL 60% (1 77 2245 B AH B 1 & B AL G PI(R)-11.
o0 IR N7 AR 1 Ji TR 2 2 5 R R 0 e 4 ) LA
52k RV AL AN B AR, B S P A 2 TR b B B
WA VIR)-11 07 25 HEE AT 2(R)-7, F&ALIAEIL AL,
IR A 5 1 IR I iR R A s I G 4 7 T 4 2 RUER
[4.3.0) Ekeditl, S8R 1 (—)-MIPEFEsE 167B (HFIA
MFRE . LL o-F2 L8 L ER(S)-4 MR IERHT S, ZE
R LR KT 8 DR, AR RIEE] T 25%.

(H)-FF B AR PR B Scheme 4 Fros. AT
PE1,5- 2 FE(R)-5 K, Joff = CIAFAE 4 5 kit
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OH 0 imidazole OTBS le)
/_\/\)k TBSCI, DMAP /\/\)J\
—_— >
"Pr OEt DCM, r.t., 24 h "Pr OEt
(S)-4 92% (S)-8
AlMes, Me(MeO)NH+HCI otes O oMo
DCM, reflux, 3 h "Pr l}l/
939
/°O (S)-9 Me
BrMg—"" _7
o ¢Bs 9 TBAF
_—
THF, rt,11h "Pr THF,rt,20h
96% (S)-6 o] 82%
OH 0 0/>
: "pr. (0)
o) N o
"Pr D2 OH
o]
(S)-10a 7.3 (S)-10b
(1) MsCl, NEts Ny o
DCM, —20°C, 2 h WO
"Pr
(2) NaN3, DMF, reflux OJ
12 h, 60% (RI1
Pd/C
2mollL HC| /"\li/\)oj\/\ H (101 MPa)
—_— (— )=
THE L P CHO MeOH, r.t,, 4 h
89% (R)-7 71%

B3 (—)-MIWELEIE 167B IIAXTFR & AL
Scheme 3 Asymmetric synthesis of (—)-indolizidine 167B

OH (1) MsCI, NEt,, DCM
W 20°C,2h
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(R)-5 12h, 69% ()12

H, (1.01 MPa)
Pd/C, conc. HCI
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MeOH, r.t, 10 h, 98%
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Scheme 4 Asymmetric synthesis of (+)-coniine
SUR N IR, 55 N R A AR B I S B A
NI H(S)-12, I SLI P 50N 69%. il e H
PR AR FEIFIRAL, L 98% ™ A5 2(+)-75
Fri) iR L. Bk, SR 1,5- 2R (R)-5
NIFHRL, 223 35 B L 68% L= A TE R 1 (+)-5 1
BRI FRE B,

2 #ig

BATE T REHRTAR BRI o-FR R RE 4 I 2
DAL B 772537 53 7 X R A A0 BT I R AS B 1 O
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FEERH 3 R 68%E R TE R T (—)-Mg] Pk B P g
167B (D)FI(+H)-F 708 (3)FIAKTFR A Bk, 31X Ayhs] ke B
P AR P 28 26 Pk 1 AN 6 R B BB AL T o B8O S R
A T

3 SWES

3.1 UES5HF

'H NMR 1 °C NMR i ffl Bruker AV-400 52,
TMS AWFR; PP EEE F Perkin Elmer WI5E; &4y
R 1 (HRMS) ] APEXII and ZAB-HS R 3858 ; 7=
Yot 4iE |l HPLC (Hewlett Packard Model HP1100
HPLC)M . S48 AT AR ANE R85 v o e, B30
SEAE L, AR E AT LR & AT R A AR
A FE R 200~300 H R
32 LWHE
3.2.1  FHIRHF(S)-5-F L F R TE[(S)-4]4(R)-1,5-
F ZBE[(R)-5]49 AR A%

16 F B 560 43 B FR LT 1 W8 PR AR A AL 57 Tr-(R)-
SpiroPAP (1.1 mg, 0.001 mmol)FI T F#4H(224 mg, 2.0
mmol)F 2 (%) 20 mL Schlenk &, %% j5 B T
BHE. R, 0 EPAS Schlenk B HINAT-15 ) 2.1
1.0 mL A1 10.0 mL, FFEARBERGFEAMN A YEF. 7 EL100
mL FER SR SN, IINTHIER S-RkE g 21
[(rac)-4, 4.70 g, 25.0 mmol]JG NG X EH, FEH
R B AR, He S A POE m S 1 R A
BRI F I 1) £ B 1R B AL TR 1) £ BV (0.5
mL, 0.0005 mmol, 0.001 mmol/mL)FIAL T BE4H ) 2.l
(9.0 mL, 1.8 mmol, 0.2 mmol/mL), ¥k £ B i NE S
AEEREASRE 2.02 MPa, fEEIEQS C) FHtHE M
24 h. ZEBINER, Wik R 2 RRE, 1%
BRIET, SRERARENT[VCAEY) @ (LR LBR)=3 -
1~1:3)1%0EES 2.02 g LOHRBEKS)-4, 7%
43%, 96% ee; By EAFE] 1.72 ¢ T EIMAR B K
(R)-5, F23R 47%, 96% ee.

322 (S)-5-RT A7 A AL FRTE(S)-8]49
AR

RSN, AT 100 mL 7 LR InAE
EW(S)-4 (1.76 g, 9.4 mmol), FARKIKINABKIE959 mg,
14.1 mmol). 4-—H ZFEMEIE(115 mg, 0.94 mmol)F1 40
mL TR & . =R AR 10 min 5, #55
TINAUT 2 R SRERE(1.70 g, 11.3 mmol), 468275 =
I FHFE RS 24 he RS G, NN 20 mL HAIFRER
SRR IR, S0, A 2R BUK AR (20 mL X
3). GHANAEIE, HEMEEKQ0 mL)BEsk, JoKu
FRERET 1, IR fa SR RAE ENT VA B - (&
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R . FE)=80 : 1118 2.61 g TLEMHARBEIARS)-8, =%
92%. [a]y —0.4 (c 4.7, CHCl;); '"H NMR (CDCls, 400
MHz) 6: 4.12 (g, J=7.2 Hz, 2H), 3.69~3.61 (m, 1H), 2.29
(t, J=7.2 Hz, 2H), 1.75~1.55 (m, 2H), 1.50~1.28 (m,
6H), 1.25 (t, J=7.2 Hz, 3H), 0.91~0.85 (m, 12H), 0.03 (s,
6H); *C NMR (CDCls, 100 MHz) o: 173.7, 71.7, 60.2,
39.3, 36.4, 34.5, 25.9, 20.8, 18.5, 18.1, 14.3, 142, —4.4,
—4.5; HRMS (ESI) caled for C;¢H35s05Si [M+H]",
303.2350, found 303.2354.

323 (S)-N-F &AA-N-FAE-S-RTEAZF A K
FBLRE[(S)-9]89 & Ak,

RSP, 4250 mL T DA N,0-
TR EhRR 25(2.52 g, 25.8 mmol), ] 70 mL &
el B e, SRR N8 in = 3£45(25.8 mL,
25.8 mmol, 1.0 moleL ™', IECUR). Whnsgte, 4kst=iR
PFE RN 0.5 h 5 FHE LA 20(S)-8 (2.61 g, 8.6 mmol)
BT 30 mL & BE AR, FEINFAEALR N 3 h, A4
BERE, A 0.5 mol/L BFRVEK RN, /i, —&H
FEEEE(30 mL X 3). & HFANUAHE, MWAEEKGO mL)b
&, TOKBRBREE T, MBI 5 R AT E AT [ V(A
i) © M(CROTR)=1 : 21/ 2.55 g TLEIHPRIBIARS)-9,
% 93%. [aly —3.4 (¢ 1.0, CHCly); 'TH NMR (CDCl,,
400 MHz) 6: 3.70~3.63 (m, 4H), 3.17 (s, 3H), 2.41 (t, J=
8.0 Hz, 2H), 1.74~1.59 (m, 2H), 1.51~1.23 (m, 6H),
0.93~0.84 (m, 12H), 0.04 (d, J=1.2 Hz, 6H); °C NMR
(CDCls, 100 MHz) 6: 174.6, 71.9, 61.2, 39.3, 36.7, 32.1,
25.9, 20.5, 18.5, 18.1, 14.3, —4.4, —4.50; HRMS (ESI)
caled for C;H3NO3Si [M + H] © 318.2459, found
318.2465.

324 ()8-RTA-FHAHAAKL4-ART—BC =
B 48 HE[(S)-6]89 & 1k,

FEESARAP R, 4F 250 mL FHEAI P E5H in AL
EW1(S)-9 (2.55 g, 8.0 mmol), FEHIA 60 mL T VU
WRIRg s HoV . fE IR, S8R nd 2-Q-R 2 3)-
1,3- ZRELE L7 ) 2% 194% I (30 mL, 24.0 mmol, 0.8
molsL ") f) VU Sk IR (THF) ¥ 7, 5 4k 482 = IR0 B+ I v
11 h. FEAEAHE Q20 mL)EE KRB, 73, LR
ZH(20 mLX3), FIFAHAH, HWAE K20 mL)¥E
v, TOKBREREE T8, MIENE S, SRR EN VA
W) @ MR AHE) =15 © 1118 2.76 g TOMIREA
(5)-6, *F 96%. [a]y —0.8 (¢ 1.0, CHCL); 'H NMR
(CDCls, 400 MHz) §: 4.89 (t, J=4.4 Hz, 1H), 3.98~3.78
(m, 4H), 3.67~3.58 (m, 1H), 2.51 (t, J=7.2 Hz, 2H), 2.40
(t, J=7.2 Hz, 2H), 2.00~1.92 (m, 2H), 1.69~1.49 (m,
2H), 1.44~1.22 (m, 6H), 0.91~0.83 (m, 12H), 0.02 (s,
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6H); C NMR (CDCl;, 100 MHz) §: 210.0, 103.3, 71.8,
64.9, 42.9, 39.3, 36.5, 36.4, 27.5, 25.9, 19.7, 18.5, 18.1,
14.3, —4.5; HRMS (ESI) calcd for CisH3004Si [M+H]"
359.2612, found 359.2616.

3.2.5 (8)-8-FHK-4-AMX+ —BET B3 45 BE[(S)-10a]
F2(68)-2-F K -2-[2-(1,3- = A IR -2-FF) T A]-6- AW
E-2H-"LH[(S)-10b] 69 & A%

ERSRY R, £ 50 mL FE M FORH I &
Y1(S)-6 (2.76 g, 7.7 mmol), 20 mL 1A VYW, LLAL
VYT AL 4%(38.5 mL, 38.5 mmol, 1.0 molsL™")f#) THF
T, IR IR RN 20 h, AT SIL#2(20 mL)
BRI, 77, LR CERAHL(20 mL X 3), & IFA L
FH, MFIE 7K (20 mL)¥EV, Jo/KBREREE T8, it
Wa, SERFEENVCAMES) @ LR OBE)=3 © 1]
3 1.54 g TATRBAAS)-10a -4 (S)-10b {17
EW, 773 82%. '"H NMR (CDCl;, 400 MHz) 6: 4.93~
4.81 (m, 1H), 4.01~3.89 (m, 2H), 3.88~3.78 (m, 2.3H),
3.59~3.49 (m, 0.7H), 3.32 (s, 0.2H), 2.51 (t, J=7.2 Hz,
1.4H), 2.44 (t, J=7.2 Hz, 1.4H), 1.99~1.90 (m, 1.7H),
1.86~1.51 (m, 4H), 1.48~1.22 (m, 6H), 0.95~0.81 (m,
3H); *C NMR (CDCls, 100 MHz) §: 210.2, 104.3, 103.2,
95.4, 71.0, 69.3, 64.9, 42.5, 39.6, 38.4, 36.7, 36.5, 36.4,
34.0,31.2,27.5,26.6,19.6,19.2, 18.8, 18.6, 14.0.

32.6 (R)-8-& R A -4- AKX+ —8F T =B 4 BE[(R)-
11749 4 A%

RSN, 4 50 mL T4 Schlenk AN
(S)-10a F1(S)-10b FIEEH(635 mg, 2.6 mmol), HHIA 20
mL “ER R IIEREAHZE—20 C. ME, Kk
183 0 = 2. #%(394 mg, 3.9 mmol)Fl FF i 5 (388 mg,
3.4 mmol), FEFEIZIRE NSN3 he FHRAIRR
FREAN(10 mL) A KRS, 70, LBR CBEAEEL(10 mL X
3), HIEHA, MWREEHEKA0 mL)PeE, TTKRREE
T, BN S S CMPRBUE. BEE, ¥z LBl
T 20 mL NN-HIEEHERIZ S, SAin NS5k
£4(3.38 g, 52 mmol), FETE 100 C FHHE N 20 h. 4]
EERE, SIERESES, KIKAKA0 mLX3)F
A E IR0 mL)Pe¥k, oK T 1. gl
J&, GRERAEENTVCRHHE) @ (LR CER)=10 & 1113
420 mg LEMRBAAR)-11, 77F 60%. [a]y —2.8 (¢
1.0, CHCl;); 'H NMR (CDCl;, 400 MHz) : 4.86 (t, J=4.4
Hz, 1H), 3.95~3.74 (m, 4H), 3.25~3.14 (m, 1H), 2.48 (t,
J=17.2 Hz, 2H), 2.41 (t, J=7.2 Hz, 2H), 1.97~1.88 (m,
2H), 1.75~1.53 (m, 2H), 1.52~1.26 (m, 6H), 0.88 (t, J=
7.2 Hz, 3H); *C NMR (CDCl;, 100 MHz) &: 209.3, 103.1,
64.8, 62.5, 42.0, 36.3, 36.2, 33.6, 27.4, 20.2, 19.1, 13.7;
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HRMS (ESI) caled for C;3H»;N;0sNa [M + Na] *
292.1632, found 292.1636.
327 (R)-8-%& AI-4- A AR+ —BE[(R)-T]49 5 A&

£ 50 mL B IUREHPFRBALAEYIR)-11 (250 mg,
0.93 mmol), MA 9 mL PUSEI. 5, A9
mL 2 mol/L $hIRVETR, JF=IRBFLIPL 4 h. 73R, &
TR CEE R B(S mL X 3), &I HE N, WAEEKA0
mL)BE¥, ToKBRER BT . MIENE s, SEREE
TVCH ) @ (IR LER)=5 © 1143 186 mg LR
WAR(R)-T, 725 89%. [aly —6.6 (¢ 2.0, CHCly); 'H
NMR (CDCls, 400 MHz) §: 9.80 (s, 1H), 3.32~3.20 (m,
1H), 2.80~2.69 (m, 4H), 2.52 (t, J=7.2 Hz, 2H), 1.83~
1.59 (m, 2H), 1.54~1.35 (m, 6H), 0.93 (t, J=7.2 Hz, 3H);
C NMR (CDCl;, 100 MHz) §: 208.1, 200.4, 62.5, 42.1,
37.4, 36.4, 34.6, 33.6, 20.2, 19.3, 13.8; HRMS (ESI) calcd
for C;;H;oN;0,Na [M+Na]" 248.1369, found 248.1372.
3.2.8 ()-SR EH 167B [(—)-1]49 4%

TR AN E A EYI(R)-T (50 mg,
0.22 mmol). i 738N 10% M4 /5% (23 mg, 0.022
mmol) A& 5 mL FFEE, RESRZE 1.01 MPa, =R HExX
N4 h, ZEBEMREA)E, i, B ERTTORE.
A 5mL LR B R, B 1 mol/L #:/R(S mL)ER{L, &
W, ZIROHE(GS mL)BeE/KZE. G, 2248 A\ AR
BREMNEKE, JERKERRZE 2556, BHIRS
BE2E UK E (S mL X 3), &2 BA A, W&
K(5 mL)Bedk, JoKBREREET &, HIEMAG1S 26 mg
TC 0 IR VR A (—)- W5l W L PE g 167B, 7R 71%.
[a]d —101.3 (¢ 1.0, CH,Cl) [lit.® [a]y —106.9 (c 1.1,
CH,Cl)]; "H NMR (CDCls, 400 MHz) d: 3.26 (dt, J=2.0,
8.8 Hz, 1H), 1.96 (q, J/=8.8 Hz, 1H), 1.87~1.57 (m, 8H),
1.49~1.09 (m, 8H), 0.90 (t, J/=7.2 Hz, 3H); “C NMR
(CDCls, 100 MHz) &: 65.0, 63.7, 51.5, 36.9, 31.0, 30.8,
30.5,24.7,20.4, 19.1, 14.5.

3.2.9 (S)-N-FH-2-7 ok w2[(S)-12]49 & Ak

RSP, 12 50 mL T8RP D R FRENF
PE —EE(R)-5 (231 mg, 1.58 mmol), JIA 10 mL T —
AR, FAHE—20 C, RIREE A=
2 (479 mg, 4.74 mmol) A1 F fif Bt 50 (450 mg, 3.95
mmol), FFEZIRE FHFATHE R 2 h. FHMFIIRER A
(10 mL)AE KRB, 43, A R0 mLX3),
AN, WAEIEAKA0 mL)PE, TKMRYET
e, SRS S 150 R AR. ¥ ER T A A &
0 CF, WA 10 mL “FREHZRBEFER 12 h. 5L
B i, NN 28510 mL)FRRE, JEAR U M AN Bg iR
ZAN(10 mL) R /K (10 mL)PE%, KRBT
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e RS S, SRERAEEITVCR M) @ M(CR
BE)=15 : 1143 236 mg TLEMPIRIBEES)-12, =2 69%.
[a]h +77.6 (¢ 1.0, CHCl;); 'H NMR (CDCl;, 400 MHz)
8: 7.35~7.27 (m, 4H), 7.25~7.19 (m, 1H), 3.97 (d, J=
13.2 Hz, 1H), 3.22 (d, J=13.2 Hz, 1H), 2.73 (dt, J=11.2,
4.4 Hz, 1H), 2.32~2.23 (m, 1H), 2.07~1.97 (m, 1H),
1.71~1.23 (m, 10H), 0.91 (t, J=7.2 Hz, 3H); *C NMR
(CDCls, 100 MHz) d: 139.8, 128.9, 128.1, 126.6, 60.6,
57.5,51.7,34.1,30.3,25.1,23.7, 18.7, 14.6.
3.2.10  (+)-F AR &

£ 20 mL SR AE R IMALEYIR)-12 (17
mg, 0.078 mmol). it & 73 HN 10%HIH/#%(8.3 mg, 7.8
pmol). WEREZ(0.1 mL)M 3 mL B KBS NN
RNEH, BESRE 1.01 MPa EIEHFER N 10 h, 2218
FEA, ThIEBA G 1S 13 mg K35 (O B 1A (+)- 5 R0
FIEREREL, 7% 98%. m.p. 220~222 C; [a]p +6.4 (c
1.0, EtOH) [1it*" m.p. 226~230 C; [a] +7.2 (c 1.0,
EtOH)]; '"H NMR (CDCl;, 400 MHz) d: 9.23 (br s, 1H),
8.95 (br s, 1H), 3.62~3.43 (m, 1H), 3.05~2.75 (m, 2H),
2.10~1.58 (m, 7H), 1.58~1.35 (m, 3H), 0.95 (t, J=6.0
Hz, 3H); *C NMR (CDCl;, 100 MHz) J: 57.2, 45.1, 35.4,
28.1,22.4,22.2,18.64, 13 8.

HBh# 8L (Supporting Information) L&5%) 1, 3 LUK
6~12 ff] "H NMR Al °C NMR FJi . x4k m] L%
i AT W 33 (http://sioc-journal.cn/)_E T %K.
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