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Samarium Diiodide Promoted the Addition-Ring-Opening Reaction of
2-Piperidinone with a,B-Unsaturated Esters
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Abstract A convenient approach to N-Boc amino ketones 3a~3l has been developed, which features a Sml> prompted
one-pot radical addition-ring opening process of 2-piperidinone with a,f-unsaturated esters. Moreover, the indolizidine
skeleton (6) has been successfully synthesized from the key methyl (S)-8-((tert-butoxycarbonyl)amino)-5-((zert-butyl-
dimethylsilyl)oxy)-4-oxooctanoate (3e), which undergoes one-pot deprotection-condensation-reduction-amination process.
Keywords samarium diiodide; 2-piperidinone; radical addition-ring opening; indolizidine
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sona canescens 147 & 1(—)-Swainsonine E A5 HT R A
] b e e A% TS 1, AR F ALl i 4] o- 1 22 0
TFE T SR R i A K AN FE AL B4, X Castanos-
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— PRI R, TT LRG0, S g e
PR U2), T MV Jig U314 e ) 9 5 M e B R AR ARG, FE B
FRINTRARF=W, JUHIEAE £ TR W L P g - 22 1 6
T EEEH. IEFER, ARESHI I Kagan 7
HT 2B BEEGMEE S T2 SR, A
o, AR ALk P e B Al T A A K
FMEE 3¢ — DTG0 R -FL Sl XM EA
G AETIEE R B 3e 22 B R o, -
MRS S 2-WRIE R 1b I p - AR S (E 1).

1 &R511R

%%, KH Boc R4 HIAETE 2-IRIERH 1a 55 P4
5 R (2a)E Sml, 78 R AT IS R AR ER. 1E
ANME AR INGRIE, ZRBIL 31% B AS2) T H br
7% 3a (Table 1, Entry 1). A T $#& = R MR, 435
FR TR IR F AR T B S T IS IR0 B 2
R, SLIGEE R MKIE R R FIRINRIE, 78
—78~—50 TN 2h, L 12%HIUCRAG 2] H AR
(Table 1, Entry 2). ZH& Procter HJ Sml,-H,O A& R[124 7%
B 100 equiv. i ZK AT LLAT B T is A0 Bz, (HAEFRATTI I
N IEAN B AR E V) U #E (Table 1, Entry 3). 34
F A R B, (SR BJR ¥ 3a (Table 1, Entry 4).
SR, AU T BER AT I, BEELL 68% I35 H br
7=4) 3a (Table 1, Entry 5). FE VIR, 1Z D45~
FRAE—78 CHbATHE, =4 3a MR TR 40%
(Table 1, Entry 6).

K1 RMFZEMEMR

Table 1 Optimization of reaction conditions

Boc
('T‘lo + /\go'\"e Smlz_ HN\/\/\H/\/COOMe
Boc o
1a 2a 3a
Entry  Additive (equiv.) Temp./'C  Time/h Yield’/%
1 — —78~—50 2 31
2 H20 (4) —78~—50 2 12
3 H20 (100) r.t. 0.5 23
4 MeOH (4) —78~—50 2 Trace
5 ‘BuOH (4) —78~—50 2 68
6 ‘BuOH (4) —78 2 40

4 Reaction Conditions: 1a (0.5 mmol), methyl acrylate 2a (I mmol), Sml>-
additives (2 mmol in 20 mL THF), —78 °C naturally heat up to —50 C, 2
h. ?Isolated yield.

N TR Z A B RN ) EERNE, Bk
SR T VEIS I N LB R FR K, B 19.3%HI1 3
#1417 (35)-2-WRNERT 1b (Scheme la). [AIIF 28 A5
I CES T, f4& T Boc PR A -5-F22E-6-
BARE 2-RABEEE 1e~1e (Scheme 1b)1>el,

Chin. J. Org. Chem. 2021, 41, 4320~4326

© 2021 Chinese Chemical Society & SIOC, CAS

Bn. COOMe oTBS
N (1) Pd/C,MeOH a
BH, otBS @—————
T (2) Boc,0, DMAP N0 @)

Ref. [15a, 15b] Boc

o)
H Ref. [15c¢] N

HO\[]/\/\[]/OH —_»,MeOJ\/Y\N/ j<
OTBS

\OTBS
L0
RMgX ~OTBS  Boc,0, DMAP (o |}1 R
> DMF, TEA Boc

THF o H R 93% 1c: R =Bn
1d: R = 4-FPh
1e: R = Cyclopropy!

BR 1 2-URNERR 1b~1e (14 L

Scheme 1 Synthetic route of 2-piperidinone 1b~1e

B, MRS AT T A& B AT 5T (Table
2). 2-WRNERH 1a 5 AN[E] H PTG R IR SO, 18 LA A
HABMCEY) 3a~3d. 4 3 M HFHE OTBS K4 1b
AR IR TR BRI SR, BERS L 78% ~89% HIUN %45 5]
&Y 3e~3g. M 6-%%E-5-0TBS BURIFHIEY ¢
S F PG IREE SNEIS, BELL 75%~83% MW 45 2]
WEY) 30~3j. (B2, 26 A 4-5KIE ) 2-IRIERR 1d
TN, BT 3OS R, 3k HIHCR AN

R2 RV

Table 2 Reaction substrate expansion

R? Smil,/BuoH Boc X 1
1+ /\ — > HN COOR
COOR'" THF
R 0O R?
2a~2d 3a~3l
Boc Boc OTBS

HN\/\/\H/\/COOR1 HI{IV\/’Y\/COOW
o] o)

3a, R" = Me, 68% 3e, R' = Me, 89%

3b, R' = Et, 62% 3f, R = Et, 78%

3c, R'='Bu, 67% 3g, R'=Bu, 79%

I|30c Boc OTBS

HNV\/\[m/COOEt HN\‘/‘\/\H/\/
0 Bn 0

3h, R' = Me, 78%

COOR'

3d, 65%
3i, R" = Et, 83%
I|300 OTBS 3j, R" = Bu, 75%
HN COOMe
d Boc OTBS
HN COOMe
0
Fooak 43% 31, 66%

@ Reaction conditions: 1 (0.5 mmol), a,f-unsaturated ester (1 mmol), Sml,-
‘BuOH (2 mmol in 20 mL THF), —78 °C naturally heat up to —50 C, 2 h;
Isolated yield.

http://sioc-journal.cn/ 4321



BIKE

MRILX

43%. &5 6 DN EEUR I FIEBE L 1e, AR L
IS EIF=9) 31, RN 66%.

RN T k2 2 SR I AN R R B 1) S N3 N
R, 1 SEIEEL 2-IRIEEH 1b AT 182 S (22)BET 1 50
PIRNE, L T6% IR TG 3e. H245, Ll3ely
JE R ZR 05|k L PG IE 5 421K A K. 3e FH = #UBEER(TFA)
EPJE, & PA/C AL SR IE-3R L, Ll 3 5
68% M R IN A T E B 48 4. SANEIET T ik
WU RIS RIE IR R, LAY 4 15— R A s
(LDAYEH T 5RMR AT R BN, DL 65% W3 A A%,
TN ERFERIREY 5 IS H0, FALTEER, L
64% MR R R &7 6. (S)-5 R[4 LiAlH,,
AICL B JFERIE R, LA 79%MU R AR A1 7. B
FEAL B T 75 NalOJ' 5k HoOo 4 R AR Ak ik &
Y 8. BALEY) S AT H0, FALEER, DL 64% ISR A
Bl A5 6 (Scheme 2).

(IOTBS
0] Sml,/'BuOH
NS A S22 g
B o} THF
309C 1.63 mL 2.899,76%

1b 2a

LOTBS LOTBS ~OTBS
H H H
3e i» N —b> % —C> ([b

SePh ©)

o (0}
4 5 6
«OTBS LOTBS
d H e H
(S)-5 — N > N
/
8

;7 'SePh

Reagents and conditions: (a) (1) TFA, DCM, 0 C, 8 h; (2) Pd/C, Hy,
TEA, 48 h. two steps 68%. (b) LDA, PhSeBr, THF, —78 C, 65%.
(c) Ho0,, rt., 1 h, 64%. (d) LiAlH4, AICI;, THF, —78 C, 2 h, 79%.
(e) NalO4 or HyOo, r.t., 1 h

B 2 PRI b B PHE 73 T 15 K
Scheme 2 Synthesis of hydroxyindolizidine
&Yy 5 AT SRS R, C-8 ALi) OTBS
5 C-8a i C-1 J& TR AL, PRk, (&1 5 mgixt
T EA(8S,8a8) (& 2).018)

2 g

BT Smb fERE 2-IRIEHT 1a~1e 5 af-F1E
AR BEEAT ) B B MR O, BL 43%~89% 1)
WCRAI % T — &5 N-Boc REMLEY) 3a~31. )5,
G MR LY -9 AR R -0 T N IR B N,
HENL T PR W B PG SR A T, AR A g
FIRRIEL G 5 4 X H4 BL (8S,8aS).
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B2 BwS)-5 1k ik gsi
Figure 2 Crystal structure of compound (S)-5

3 XIEs
3.1 X5

41403 PL Nicolet-FT-IR360 {8 37145 42 4T 4F i
1%, CHCly EARVEN . i3 E4R LA MERCURY-
400 FRREIEARACI E, TMS AW AR, CDCLs NIEH]. &
53y HEIFE DL HP6890/5973 B4 5 e (S 5, BST YGIE; et
KH Perkin-Elmer 241M & H g e G, 2
AT i F B 770 9 0 6 VA A R R A P B, 300~
400 H, Pl FEAR L E] A B G RE N 60~
90 C)M IR BRG], T R RSB
HARNH, AIMERPE). LR LBE(EA)ZAEZHT A S 4b
HHFH v 771350 R T A3 i ik 2.
32 ZWHE
3.2.1 4bb4h 1d F= 1e 494,

MRS S SR 15] 6 BBl T B RSk iz W iz, 78 50
mL # A, IAER%Z(731 mg, 2.00 mmol), AR,
FEN 8 mL VUEWLIE(THF), £ —78 C, R HMAKE
FCiR77)(6 mL, 1 mol/L in THF). % F M 3 h, MIA
MR E A R B =R, R CBEREEL(20 mL X
3), BHANM, WA EERKEEAEIME—IR, LK
MgSOs ). 138, JEMKRYE. M T 8 mL T4 N,N-
T HREFEZ(DMF), A BocO (872 mg, 4.00 mmol).
4-— G LML IE(DMAP) (244 mg, 2.00 mmol)fil = Z.fi%
(TEA) (1.4 mL, 10.00 mmol), #i#:Bi 24 h, HIAHLFI
FMER K, LR OEEFEEL(Q0 mL X 3), A IFAHLAH,
PRI f EhK R, oK MgSOs T, LUE, JEMIK4E,
FH 5 LU 2R ZBR(PE/EA, VI V=10 : D EWT
5 1d A1 1e.

(2R,38)-3-((#HU T 2 — FF 5 W RE Jo 226 ) A 26 )-2-(4- 3
R HL)-6- AR BE -1- R T A T B (1d): A B[ 44, 550
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mg, 5E 65%. mp. 78~80 C; [aly +46.0 (¢ 0.5,
CHCl;); '"H NMR (400 MHz, CDCl3) 0: 7.23~7.12 (m,
2H), 7.11~6.95 (m, 2H), 5.13 (d, J=2.8 Hz, 1H), 4.04 (s,
1H), 2.95~2.74 (m, 1H), 2.60~2.46 (m, 1H), 1.88~1.78
(m, 1H), 1.69~1.64 (m, 1H), 1.32 (s, 9H), 0.90 (s, 9H)
0.20~0.02 (m, 6H); *C NMR (100 MHz, CDCL) o:
171.1, 162.3 (d, J=245.1 Hz), 152.3, 136.2 (d, J=31.0
Hz), 127.9, 127.8, 115.9, 115.7, 83.2, 70.3, 67.1, 29.9,
27.8,25.8,24.3,18.1, —4.6, —4.8; '°F NMR (376 MHz,
CDCly) 0: —114.6; IR (film) vmax: 3441, 2954, 1772,
1720, 1642, 1511, 1368, 1251, 1149, 1105, 1007, 837, 778
cm '; HRMS (ESI-Orbitrap) caled for CxHzsFNO4SiNa
[M-+Na]" 446.21333, found 446.21323.

BT HE(2R,38)-3-((HU T Fe — F 3k F fe Jo i B 0 )- 2
RN K -6- FARIRIE -1- R B2 B (1e): 7% 36 (MR Y, 340
mg, FEF 46%. [aly +11.2 (¢ 0.25, CHCL;); 'H NMR
(400 MHz, CDCL3) 6: 4.11 (dd, J=3.2 Hz, 6.0 Hz, 1H),
3.65~3.57 (m, 1H), 2.78~2.67 (m, 1H), 2.49~2.40 (m,
1H), 2.25~2.14 (m, 1H), 1.85~1.77 (m, 1H), 1.51 (s,
9H), 0.86 (s, 9H), 0.77~0.68 (m, 1H), 0.59~0.50 (m,
3H), 0.26~0.18 (m, 1H), 0.11~0.03 (m, 6H); '3C NMR
(100 MHz, CDCl3) d: 168.7, 150.9, 80.2, 65.1, 63.5, 27.2,
25.6,23.3,23.1, 15.6, 12.3, 1.7, —0.0, —7.2, —7.4; IR
(film) v 3441, 2930, 1769, 1715, 1368, 1291, 1253,
1154, 890, 838, 776 cm™!; HRMS (ESI-Orbitrap) calcd for
C19H35NO4SiNa [M+Na]" 392.22276, found 392.22278.
322 fub4h 3a~—31 496K

A 3a 1, 3b~31 K& 7725 AR &R
I 50 mL BN 1-Boc-2-WRBERA(100 mg, 0.5
mmol)R#, I 2 mL PYE LI (THF) A TR ) 18 B (91
uL, 1 mmol), % —78 C, A)5H AN SmL-BuOH (3
mmol, 30 mL)[¥) THF ¥, HAFEZE—50 CKM 2
h. WAEKE, o, M KPR I, oK
FRBE 1, I, JEMMRYE, A5 3a~3d UL PE/EA (V!
V=2 DAEHNT, 3e~31 LL PE/EA (V : V=5 DFEEMT.

8-((FU T A L BRI ) B L) -4-F E B S (3a): R BT
THARY), 98 mg, 77# 68%. 'H NMR (400 MHz, CDCl;) 6:
4.62 (s, 1H), 3.67 (s, 3H), 3.15~3.05 (m, 2H), 2.74~2.69
(m, 2H), 2.62~2.56 (m, 2H), 2.52~2.46 (m, 2H), 1.66~
1.57 (m, 2H), 1.52~1.46 (m, 2H), 1.44 (s, 9H); 3C NMR
(100 MHz, CDCl3) 6: 208.8, 173.4, 156.1, 79.2, 51.9, 42.2,
40.2, 37.2, 29.6, 28.5, 27.8, 20.8; IR (film) vmax: 3391,
2923, 2853, 1713, 1593, 1455 cm™'; HRMS (ESI-TOF)
caled for C14Ha6NOs [M+H]" 288.1805, found 288.1807.

S-((RUT A FE BRI & H)-4-H ¥ TR L FE(3b): Wk %
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EIARY, 94 mg, 773 62%. '"H NMR (400 MHz, CDCl;)
0: 4.61 (s, 1H), 4.19~4.07 (m, 2H), 3.15~3.05 (m, 2H),
2.74~2.67 (m, 2H), 2.61~2.54 (m, 2H), 2.52~2.45 (m,
2H), 1.67~1.57 (m, 2H), 1.54~1.47 (m, 2H), 1.44 (s,
9H), 1.29~1.21 (m, 3H); 3C NMR (100 MHz, CDCl;) o:
208.9, 172.9, 156.1, 79.2, 60.7, 42.3, 40.3, 37.2, 29.5, 28.5,
28.1, 20.8, 14.3; IR (film) vmax: 2977, 2933, 1713, 1518,
1366, 1249, 1172 cm !; HRMS (ESI-TOF) calcd for
CisHsNOs [M+H]" 302.1962, found 302.1963.

8-((BUT R L) A 2 -4- 5 E TR T iR (3e): TR FE
HEIR#, 111 mg, 773 67%. '"H NMR (400 MHz, CDCl;)
0: 4.64 (s, 1H), 3.16~3.05 (m, 2H), 2.68~2.62 (m, 2H),
2.53~2.35 (m, 2H), 1.66~1.58 (m, 2H), 1.52~1.46 (m,
2H), 1.43 (s, 18H); '*C NMR (100 MHz, CDCls) d: 209.0,
172.1, 156.1, 80.7, 79.1, 42.2, 40.2, 37.3, 29.5, 29.3, 28.5,
28.2, 20.8; IR (film) vmay: 3388, 2933, 1715, 1517, 1392,
1366, 1248, 1167 cm™!; HRMS (ESI-TOF) caled for
Ci7H3NOs [M+H]" 330.2275, found 330.2277.

8-((FU T SR FE PRI & HL)-2- 1 JE-4- 51 2 R 4B (3d):
R OHRY), 102 mg, 773 65%. 'H NMR (400 MHz,
CDCLs) 0: 4.63 (s, 1H), 4.16~4.08 (m, 2H), 3.17~3.05
(m, 2H), 2.99~2.83 (m, 2H), 2.53~2.39 (m, 3H), 1.66~
1.56 (m, 2H), 1.54~1.46 (m, 2H), 1.44 (s, 9H), 1.28~
1.22 (m, 3H), 1.20~1.17 (m, 3H); *C NMR (100 MHz,
CDCl) 6: 208.8, 175.9, 156.1, 79.2, 60.7, 45.9, 42.4, 40.2,
34.8, 29.5, 28.5, 20.7, 17.2, 14.3; IR (film) vma: 2977,
2936, 1714, 1516, 1456, 1366, 1249, 1173 cm™'; HRMS
(ESI-TOF) caled for Ci¢H3NOs [M+H]" 316.2118,
found 316.2120.

(S)-8-((RU T S A= F Fk ) 2 8 )-5-((RU T Fk — Y 35 R ik
for Bk ) S Ik )-4- S AR S R TR (3e): R B (iR, 111
mg, 7% 67%. [aly —17.4 (¢ 0.50, CHCl;); 'H NMR
(400 MHz, CDCl;) 6: 4.61 (s, 1H), 4.10 (dd, J=5.6, 10.0
Hz, 1H), 3.67 (s, 3H), 3.18~3.04 (m, 2H), 2.96~2.76 (m,
2H), 2.66~2.48 (m, 2H), 1.74~1.62 (m, 2H), 1.57~1.48
(m, 2H), 1.43 (s, 9H), 0.93 (s, 9H), 0.07 (s, 6H); '*C NMR
(100 MHz, CDCls) 0: 212.1, 173.3, 156.1, 79.2, 78.2, 51.9,
40.4,32.9,32.2,28.5,27.3,25.9,25.2, 182, —4.7, —4.8;
IR (film) vimax: 3397, 2954, 2931, 1716, 1590, 1517, 1365,
1252, 1171, 1116 cm ™ '; HRMS (ESI-TOF) calcd for
C20H40NO4Si [M+H]"418.2619, found 418.2619.

(S)-8-(((BUT IR I ) = 2k )-5-((RUT 2 — R 2
fiE e 58 ) S 30 )-4- S E TR A BR (3): R B LR, 177
mg, F2F 78%. [aly —22.2 (¢ 0.50, CHClL;); 'H NMR
(400 MHz, CDCLs) 0: 4.60 (s, 1H), 4.17~4.07 (m, 3H),

http://sioc-journal.cn/ 4323
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3.18~3.03 (m, 2H), 2.95~2.76 (m, 2H), 2.64~2.47 (m,
2H), 1.76~1.65 (m, 2H), 1.56~1.48 (m, 2H), 1.44 (s,
9H), 1.28~1.23 (m, 3H), 0.93 (s, 9H), 0.07 (s, 6H); 1*C
NMR (100 MHz, CDCls) o: 212.1, 172.9, 156.1, 79.2,
78.2, 60.7, 32.9, 32.2, 28.5, 27.6, 25.9, 25.2, 18.2, 14.3,
—4.8, —4.9; IR (film) vmax: 3397, 2955, 2931, 2858,
1716, 1590, 1517, 1365, 1252, 1096, 838 cm™'; HRMS
(ESI-TOF) calcd for CoHyNO4SiNa[M+Na]" 454.2595,
found 454.2600.

(S)-8-(((HU T A FE ) 2 H8) U T BR-5-((BU T F = H
B F e L) AU )-4- R IR AU T BB (3g): R B (iR Y,
182 mg, % 79%. [al} —13.6 (¢ 0.25, CHCL); 'H
NMR (400 MHz, CDCl) 6: 4.64 (s, 1H), 4.10 (dd, J=5.2,
6.0 Hz, 1H), 3.19~3.02 (m, 2H), 2.93~2.68 (m, 2H),
2.57~2.38 (m, 2H), 1.74~1.61 (m, 2H), 1.55~1.48 (m,
2H), 1.43 (s, 18H), 0.93 (s, 9H), 0.07 (s, 6H); *C NMR
(100 MHz, CDCl3) 0: 212.2, 172.1, 156.1, 80.6, 79.2, 78.3,
40.4, 33.1, 32.1, 28.9, 28.5, 28.2, 25.9, 25.1, 18.2, —4.8,
—4.8; IR (film) vinax: 3046, 2928, 2853, 1717, 1590, 1461,
1365, 1252 ¢cm™'; HRMS (ESI-TOF) calcd for Cp3Hus-
NO4Si [M+H]" 460.3089, found 460.3085.

(7S,8R)-8-((BU T AR JE i J2 ) B AL )-7-((BU T 2 A
PR ik o ) B B )-4- 28 AR -9- 2R 5 R FH R (3h): % 8 (1 3
R, 198 mg, 723K 78%. [aly +16.2 (¢ 1.00, CHCL);
'H NMR (400 MHz, CDCly) &: 7.30~7.24 (m, 2H),
7.22~7.17 (m, 3H), 4.46 (d, J=8.0 Hz, 1H), 3.90~3.72
(m, 2H), 3.67 (s, 3H), 2.95 (dd, J=4.4, 14.0 Hz, 1H),
2.75~2.69 (m, 2H), 2.68~2.59 (m, 2H), 2.59~2.54 (m,
2H), 2.53~2.42 (m, 1H), 1.86~1.76 (m, 2H), 1.32 (s,
9H), 0.92 (s, 3H), 0.09~0.04 (m, 6H); *C NMR (100
MHz, CDCl;) 0: 208.3, 173.2, 138.6, 129.1, 128.4, 126.2,
79.1, 73.3, 55.1, 51.8, 38.3, 37.2, 35.6, 31.5, 30.1, 29.7,
28.3,27.8, 27.1, 25.9, 18.1, —4.3, —4.7; IR (film) viax:
3377, 2954, 2928, 2855, 1715, 1496, 1365, 1253, 1171,
1089, 836, 773 cm™'; HRMS (ESI-TOF) calcd for Ca7Hae-
NOSi [M~+H]" 508.3089, found 508.3092.

(7S,8R)-8-(((FU T S P IE) & 2% )-7-((RU T 2 — H AL H
e 5 ) L3 )-4- S AR -9- K B TR 4B (3i): R 3R (IR
¥, 217 mg, 7% 83%. [a]y +15.5 (¢ 1.00, CHCL); 'H
NMR (400 MHz, CDCls) 6: 7.31~7.23 (m, 2H), 7.22~
7.15 (m, 3H), 4.60 (d, J=7.6 Hz, 1H), 4.17~4.08 (m,
2H), 3.88~3.71 (m, 2H), 2.95 (dd, J=4.4, 14.4 Hz, 1H),
2.74~2.68 (m, 2H), 2.67~2.54 (m, 4H), 2.52~2.41 (m,
1H), 1.85~1.77 (m, 1H), 1.32 (s, 9H), 1.27~1.23 (m,
3H), 0.92 (s, 9H), 0.09~0.04 (m, 6H); *C NMR (100
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MHz, CDCly) 0: 172.9, 155.4, 138.7, 129.2, 128.4, 126.3,
79.2, 73.4, 60.7, 55.2, 38.4, 37.3, 35.7, 28.4, 28.1, 27.3,
26.0, 18.2, 14.3, —4.2, —4.5; IR (film) vimax: 3380, 2956,
2857, 1715, 1497, 1366, 1253, 1171, 772 cm!; HRMS
(ESI-TOF) caled for CasHasNOGSi [M+H]™ 522.3245,
found 522.3248.

(78,8R)-8-((HU T S H =) & L )-7-(((RUT 2 — H &
FR Tk o i ) B )-4- S AR-9- R B £ R T R (3)): R
HEIRY, 206 mg, 72 75%. [aly +12.5 (¢ 0.50, CHCL3);
'H NMR (400 MHz, CDCl;) 6: 7.30~7.23 (m, 2H),
7.21~7.16 (m, 3H), 4.51~4.35 (m, 1H), 3.93~3.70 (m,
2H), 2.99~2.89 (m, 1H), 2.69~2.56 (m, 4H), 2.52~2.40
(m, 3H), 1.86~1.77 (m, 2H), 1.43 (s, 9H), 1.32 (s, 9H),
0.92 (s, 9H), 0.08~0.047 (m, 6H); 3C NMR (100 MHz,
CDCLy) d: 208.5, 172.0, 155.3, 138.6, 129.1, 128.4, 126.2,
80.5, 79.1, 73.3, 38.3, 37.4, 35.6, 29.2, 28.3, 28.1, 27.2,
25.9,18.1, —4.3, —4.6; IR (film) vimax: 3387, 2929, 2856,
1715, 1593, 1496, 1455, 1365, 1252, 1166, 1089 cm !;
HRMS (ESI-TOF) caled for CsHs:NOsSi [M + H] ™
550.3558, found 550.3562.

((78,8R)-8~((BUT A Fk e Il ) 2 B )-7-((OBU T i — W1
FP R o 225 ) G356 ) -8-(4- U R 58 ) 4- S R S (3K): TR 7%
IR, 110 mg, =% 43%. [aly +10.2 (c 0.25,
CHCl;); '"H NMR (400 MHz, CDCLs) 6: 7.33~7.25 (m,
2H), 7.02~6.96 (m, 2H), 5.09 (d, J=6.4 Hz, 1H), 4.60 (s,
1H), 3.95 (dd, J=5.6, 10.8 Hz, 1H), 3.66 (s, 3H), 2.70~
2.63 (m, 2H), 2.58~2.53 (m, 2H), 2.52~2.33 (m, 2H),
1.69~1.61 (m, 1H), 1.56~1.48 (m, 1H), 1.40 (s, 9H),
0.90 (s, 9H), 0.09~0.02 (m, 6H); 3C NMR (100 MHz,
CDCls) 0: 208.1, 173.3, 162.3 (d, J=244.2 Hz), 155.3,
79.8, 73.8, 57.8, 51.9, 38.2, 37.2, 28.5, 27.8, 27.0, 26.0,
182, —44, —4.7, YF NMR (376 MHz, CDCl;) o:
—115.2; IR (film) vma: 3378, 2954, 2931, 2857, 1715,
1604, 1510, 1365, 1252, 1171, 1100, 836 cm '; HRMS
(ESI-TOF) caled for CasHasFNOGSi [M+H]" 512.2838,
found 512.2840.

(58)-8-((GRUT 4 FRIE ) & 3L )-5-((0 T 3 — A 3 i ek
ft i ) S ik )-2- PB4 S TR SR (3D): R B LR,
151 mg, F5% 66%. [a]y +14.0 (¢ 0.50, CHCL); 'H
NMR (400 MHz, CDCls) d: 4.68 (s, 1H), 3.84~3.77 (m,
1H), 3.8 (s, 3H), 2.96~2.85 (m, 1H), 2.76~2.70 (m, 2H),
2.65~2.20 (m, 1H), 2.60~2.55 (m, 2H), 2.51~2.40 (m,
1H), 1.97~1.77 (m, 2H), 1.43 (s, 9H), 1.01~0.94 (m,
1H), 0.91 (s, 9H), 0.64~0.56 (m, 1H), 0.46~0.38 (m,
1H), 0.34~0.23 (m, 2H), 0.08 (s, 9H); '*C NMR (100
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MHz, CDCL3) d: 208.4, 173.3, 155.5,79.2, 74.0, 58.8, 51.9,
39.1, 37.3, 28.5, 27.9, 27.7, 26.1, 18.3, 10.7, 5.5, 1.6,
—42, —4.4; IR (film) vmax: 3444, 2930, 1713, 1495,
1364, 1253, 1171, 1093, 1043, 836 cm !; HRMS (ESI-
TOF) caled for CosHuNOeSi [M+H]" 458.2932, found
458.2933.

WA 3e KTl #%: ¥4 3 g FILED 1b 73R8
fit, &L 500 mg “FAT M. [A) 100 mL BRI
&% 1b (500 mg, 1.52 mmol), TSR, A 7 mL
THF A1 R S (0.41 mL, 3.04 mmol), 4% —78 C,
SRIG T INEC 21 SmI-BuOH (60 mL, 6 mmol)ff] THF #
W, BATHRE—50 C/RFL 3 h, WOEKE, SIE,
FAMIAN A SRR PRI, TOKBR R BE T4, I8, JEW
W4, FLE UL PE/EA (V: V=5 DFEW, 15 2.89 g ik
HEEJHARTAA e, WK A 76%.

323 (89)-8-((M T A=W I a) F I ) > &5 H%-
3(2H)-BR(4) 84K

¥ 3e (2.89 g, 6.92 mmol)JIAE] 100 mL 5 i,
JEA 30 mL CH.ClL, BT 0 CF, A 5mL =5 LR,
0 C/M 8 h, 4G HEIMANT—#. 7E 500 mL H.11
A&, SRR, RIKIIA 10%5H] Pd/C (289
mg), 30 mL FEERI = Z}%(TEA) (5.8 mL, 41.52 mmol),
WNESFEER TN 48 h, #44, LI PE/EA
(V:v=1: )W EW, 151.68 gikiE L& 4, Uk
FH 68%, [alf —0.2 (¢ 0.50, CHCL); 'H NMR (400
MHz, CDCls) d: 4.18~4.10 (m, 1H), 3.83~3.75 (m, 1H),
3.58~3.50 (m, 1H), 2.70~2.61 (m, 1H), 2.46~2.23 (m,
2H), 2.00~1.77 (m, 4H), 1.64~1.52 (m, 1H), 1.44~1.35
(m, 1H), 0.89 (s, 9H), 0.11~0.03 (m, 6H); '3C NMR (100
MHz, CDCLy) d: 174.2, 67.9, 61.4, 39.9, 31.3, 30.3, 25.8,
19.8, 18.0, 18.0, —4.5, —5.0; IR (film) vimax: 3422, 2930,
2855, 1682, 1436, 1254, 1124, 1023 cm'; HRMS (ESI-
TOF) caled for C14HsNO,Si [M+H]" 270.1884, found
270.1888.

3.2.4 (25,85,8a5)-8-((A T 2 = W ok 2 AL )-2-CK
F AR IR 7 A5 k-3 (2 H)-BR(5) 896 A%,

LRI, 50 mL TR COR A I = 7 A i
(2.7 mL, 18.7 mmol), 10 mL THF, /5 & F 0 ‘C Nl
1.6 mol/L 1E T J:#1 1Y) THF ¥%¥(11.9 mL, 19 mmol), 7E
ZIE R HEE 25 min, BT —78 C, A 1.68 g b &) 4
(11.9 mL, 6.23 mmol), —78 C/M 2 hJ&, ¥ PhSeBr
(2.2 g,9.35 mmol)H THF ¥ ff /5N, 4R8N 6 h. fn
NN IR AN K, H O EA AH(20 mLX3), &
AN, AR KPES, TOKmMEREET 1, R4,
FLAH LA PE/EA (V 0 V=2 DF:ENT, B85 1.72 g A
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& 5, WEHN 65%, mp. 110~111 C. [a]y —0.6 (c 0.50,
CHCl;); '"H NMR (400 MHz, CDCLs) 0: 7.76~7.65 (m,
2H), 7.31~7.19 (m, 3H), 4.16~4.08 (m, 1H), 4.01~3.91
(m, 1H), 3.77 (s, 1H), 3.48~3.41 (m, 1H), 2.71~2.60 (m,
1H), 2.40~2.18 (m, 2H), 1.97~1.81 (m, 2H), 1.60~1.41
(m, 2H), 0.92 (s, 9H), 0.11~0.02 (m, 6H); *C NMR (100
MHz, CDCls) d: 172.7, 134.1, 130.2, 129.1, 127.5, 65.7,
60.0,41.2,40.5,31.3,29.2,26.1, 18.3, 17.6, —4.5, —4.6;
IR (film) viax: 3425, 1594, 1418, 1259, 1119, 773 cm !;
HRMS (ESI-TOF) calcd for CyH3;NO,SeSi [M+H]"
426.1362, found 426.1366.

3.2.5  (85,8a8)-8-((# T A — ¥ 4 #+) £ 3£ )-6,7,8,8a-
w9 2.5 R -3(SH)-BF(6) 896~ A,

50 mL HIUEH A 5 (500 mg, 1.86 mmol)
A CH.CL/H,O (V2 V=50 © DIFIREER 8 mL, TN
30%F¥) HoOp KR, SN 1 h, I CHoClo 21X (15 mL X
3), G IFEHULA, A KPRk, ToAKER R BT A,
Wi, FECLPE/EA (V : V=1 : 2)FZHT, 5318 mgH
ik 6, WE AN 64%. mp. 77~78 C; [aly +0.6 (¢
1.0, CHClL;); 'H NMR (400 MHz, CDCls) J: 8.85 (d, J=
5.6 Hz, 1H), 8.18 (d, J=5.6 Hz, 1H), 4.35~4.22 (m, 2H),
4.01 (s, 1H), 2.93~2.79 (m, 1H), 1.96~1.86 (m, 2H),
1.74~1.65 (m, 1H), 1.50 (d, J=10.0 Hz, 1H), 0.82 (s,
9H), 0.05~0.02 (m, 6H); 3C NMR (100 MHz, CDCL) ¢:
169.7, 144.0, 128.9, 66.5, 65.7, 38.9, 31.4, 25.6, 18.5, 18.0,
—4.7, —5.1; IR (film) vmax: 3442, 2952, 2856, 1681,
1424, 1253, 1126, 1080, 1022, 939, 913, 861, 838, 796
cm '; HRMS (ESI-TOF) caled for C14H2sNO,Si [M+H]"
268.1727, found 268.1733.

3.2.6 (2S5,85,8a8)-8-((AX T A — ¥ L WAt kw3 ) AL )-
2-(CRA AT ) AN E75 o (T) 896 A%,

FETHEF) B T A I AICL; (314 mg, 2.36 mmol)
BT 0 CF, IMAM THF ¥ LiAlH, (268 mg, 7.07
mmol)IE RGN, fEEIR FHFE 1 h, MAKEY 5
(500 mg, 1.18 mmol), XM 2 h J5, KK 0.28 mL
H,0, 0.28 mL 71 NaOH ¥ 1 0.83 mL H,O ¥ K X,
FIR A 10 mL EA 12,5 g REfEE LR RIE FHtRE S
min J5, {EINE RS b ARE R SF Bk e, SRR,
LA & HE(DCM)/MeOH (V& V=15 DHEW, 15
383 mg RF IR 7, RN 79%. [alp +6.0 (¢ 0.10,
CHCl;); '"H NMR (400 MHz, CDCLy) 8: 7.57~7.51 (m,
2H), 7.30~7.21 (m, 3H), 3.94~3.87 (m, 1H), 3.75~3.64
(m, 1H), 3.33~3.23 (m, 1H), 3.14~3.04 (m, 1H), 2.65~
2.55 (m, 1H), 2.16~1.91 (m, 5H), 1.87~1.80 (m, 1H),
1.51~1.38 (m, 1H), 0.96 (s, 9H), 0.10~0.07 (m, 6H); '*C
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NMR (100 MHz, CDCl;) ¢: 132.8, 128.9, 126.7, 68.0,
66.2, 62.4, 52.4, 35.6, 34.3, 32.0, 26.1, 20.0, 18.4, —4.5,
—4.8.

45 BBl (Supporting Information)

&Y 3a~3l. 4.

5. 6. 8 f) 'THNMR A1 3C NMR i, Xkl ar bl
F A F] W 335 (hittp://sioc-journal.cn/)_E T~ 2.
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