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Synthesis of Oxazolidinone Derivative from Chloramphenicol and Its
Asymmetric Induction in Aldol Reaction

Li, Wei

Li, Yunfeng

Yu, Xiaoming™

(State Key Laboratory of Bioactive Substance and Function of Nature Medicine, Institute of Materia Medica,
Peking Union Medical College & Chinese Academy of Medical Sciences, Beijing 100050)

Abstract A new oxazolidinone chiral auxiliary was prepared from chloramphenicol in 5 steps. Aldol reactions between eno-

lates bearing this auxiliary and varied aldehydes in the presence of TiCly/N,N'-tetramethylethalenediamine (TMEDA) were

found to proceed in high yield (>80%) and diastereoselectivity (dr=19

. 1) to give Evans syn-aldol adducts.

Keywords chloramphenicol; oxazolidinone chiral auxiliary; asymmetric aldol reaction
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Fag ESE AP R B AR HE. 76 3 moleL™' AZhER
WE R =R 2 TR 6 1 TBS fRPIEAG 2 1L
a7 AEY T 58 KL Mitsunobu WA TR
TR AL S 81,

OH
OH (1) KOH, MeOH/H,0, 50 ‘C
NHCOCHCI, (2) CICOOC,Hs, r.t., 83%
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Scheme 1 Preparation of the oxazolidinone derivative

PA_E T8 B ) 282008 34%, BT VYD 7 2L
B, 1B Mitsunobu SN[ 5 H R IL ] 46%.
2 5 SE R ™ 28 7] BE 2 07 Ph_E A R AE I OB A TR K
AR TR TS, A ORI AL ok AR R A H JS AT

NTETHENEY) 8 FEAXFR Aldol S B H ]
MAME, LA n-BuLi R0, R4l &4 5 R B SUR
SR, AR Aldol N HIRT AL A4 9a~9d (Eq. D
1.2 &1 8 7 Aldol R N F IR XFRIFESIER

BRI TAE R BRATESE 7B 92 5RFEEAE N
BRI S, ARG IE B Aldol B2 2% £ (Scheme
2). ZHCER 7%, DLE A n-Bu,BOTS (1.2 equiv.) i
Lewis FR1®), = Z1%(1.3 equiv)fEml, ZLLEY 9a 5
ZKHEE(1.1 equiv.)TE aldol Jso N H 11 Js B2 14 B ST Ak i
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/ R' = CH,CHs, 9b, 71%
“ R' = CH(CH,3), , 9¢, 80% (1)
OPh R' = CH,Ph, 9d , 87%
OaN 9a ~ 9d
11
PhCHO (1.1 equiv.
PN (1.1 equiv.)
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~
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Scheme 2 Aldol reaction and the dissociation
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B —F= AR, (B BPIEACAR TE 4. NI IE R R
P A2 21 /NI, TR L BH 2 A — 0 A A, VK B
JEXFEYIT TREENT B, 4 'H NMR il E o
B[] Aldol SN~ 10ae, 7= F N 58% (4 F1 % A1 A 5
B 87%). NHINZF =) I SLARL A, 7E LIOH/H,0,
AR, BRI T B-RERR 11075 90%), £
e T ALE 8(IIUSZE 98%). 4 '"H NMR LA HLJiee i
fxtbt, IEBLEY 11 B 2R 3R HIRITLC), M A
HER T Aldol [ M=) 10ae 14514,

DL 25 R BoR LAY 8 AR FIAXFR Aldol Jx
% S/E M, {B4E n-Bu,BOTH/NEt; 2414 F [ N A58 4.
N R E R, BATZASH TiCl, 7E vt
S Lewis FR. SCHRIRIEH, & FH = 57 A5 5
(DIPEA)Ek N,N'-JY 1 3 2, — i (TMEDA)EB 5 TiCl, Ed
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S, SEIRLE LY DIPEA HIZCREARE(ER 1, Entry
1), 7E 2.5 equiv. TiCl, 1 2.6 equiv. DIPEA {£ ] R 9a
AT 552K F I s P A =P r AR SRR 2UH TMEDA fE
BB AT, S ) 7 2R RN ST ARG B A W AR (R 1,
Entry 2). A "H NMR & 85 kb F 1 s b7 18 A 1k
1TWEE, HRIL—Fr=9), B 10ae, [HIKPIFALATIASE
4. ZIER) 9a HHEZANEIMNIRIE T, TRIHFEEZR
Lewis 2, AULEESE TiCl, A=, HARFYE TiCl, th
B3 1, Entry 3), 45 F3R W OB 3G b R AN = AR 4
B THRE. MR T SRR E, HRNER
LRSS 1, Entry 4). BRI 2.0 moleL™
TiCl, A1 3.6 molsL ™' TMEDA (Entry 3)fi 71 FH £ 238 .
).
£1 itz

Table 1 Optimization of the reaction conditions

o o0
OJ\NJ\/

PhCHO (2.23 equiv.)

“OoPh TiCl,, TMEDA DCM, 0 C
OoN 9a
)OL O OH
O N
~OoPh
OaN 10ae
Entry  TiCly/equiv. Base (equiv.) dar‘ Yield’/%
1 2.5 DIPEA 2.6) 6:5:37 72
2 1.45 TMEDA(2.65) =19 .1 78¢
3 2.0 TMEDA(3.6) =191 88
4 2.5 TMEDA(4.6) =19 .1 84

¢ RN 9a (0.54mmol), #HEE(1.2mmol), —FHF#(2 mL), 0 C, 16
h; P4y ESPE Cdr L 'H NMR ISE, 00 SR SRR WAk A2 4, A
N dr 5 =19:1; ¢ BB =FrAExT e, BIELZANIRSME 6 1.0~1.25 2 1A
A S PRI, I AR M = % ;€ 9a IR 8%

R T SN I ERDE Y, 5L 9a AR, 7l
555/ af- AR AR A By S 7E_E iRtk 544
THEAT Aldol [V, SEERZE R WA 2. R KRM, FHEE
5 a.p- AN AN (37 2, Entries 1~6)BIRENF] e v, H.fig
PLA Nl B (K S AR IR R ME AN 7= 3R 77 ). 538 B EUR
FE PR R X S NS AN K o- B PR UL T i U 18t e ¢
UFIEROZ R N 264, 05 T (R 2, Entry 7); (HEHE
TRLR T 107 1 1) R SR B 22, TR ) Aldol =4 10al (dr
=19 : DIF=RAN 37%, EEKEY774ET 10al
WA TE R4 5 5 — o T 1E T B R 446N Aldol 4411
PN (72 2 38%).
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F2 9a 5ARFEEER Aldol B “

Table 2 Aldol reaction of 9a with representative aldehydes

0 o
o*mk/
| R2CHO (2.23 equiv.)
“OPh TiCl, (2.0 equiv.)
TMEDA (3.6 equiv.), DCM, 0 C
9a
)OL O OH
0" N R2
“Soph
O,N
10ae ~ 10al
Entry R? Compd. dr Yield”/%
1 Ph 10ae =191 88
2 4-MeC4Hy 10af =191 95
3 4-NO,C4sHy4 10ag =191 85
4 4-MeOC4Hy 10ah =191 81
5  C(CH;)=CHPh  10ai >19:1 88
6 CH=CHPh 10aj =191 78
7 (CH;),CH 10ak  =19:1 85
8  CH;CH,CH, 10al >19:1¢ 37

© 2015 Chinese Chemical Society & SIOC, CAS

@ [z % ZAF: 9a (0.54 mmol), (1.2 mmol), TiCl, (1.08 mmol), TMEDA (1.94
mmol), & K2 mL),0 C, 16 h; * B3, “dr {H d1 "H NMR JIl5E, 0
HR WS BN AR WARTETE, WK dr 18 =19 1 1; 4 dr {5 82874 55 5

JE

N T B WAL TR 23 I S5 T S S R S, KAk
EW) 9a~9d 73 5 2 I OV (R 3), S5 R ULEH 9 H A
& R LN I B PR R ST AR G B R AR N, A
RS NHE. HESEENE, EY 9¢ R=i-Pr)I KR
INELE S TN B RN AR At/ R RIS P PO
Aldol PP REM)

2 #ig

PLEA2E10 TAES, FRATCABRIN 0S5 =N R AL,
ey Wi e AN L oA A S R B O RE A B S5
SHIARXFR Aldol R NIEAT THIE MBI, EH 7 H A
AR ARG SER. R TEd, BRATEHE 5
A ZI R & T, SEmR IG5, JEnE
LRV L
3 IS
3.1 X5

A& NMR #4537 B Variand00M F1 Bruker
500M X8 5E, TMS 1E R bR; 1573 ## )i DL LC-ESI-
JMS T100CS {X#M5E; ZLAMHEH Thermo-Nicolet
5700 Wl AEETEH L RE B T AT
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MR

K3 ACKRNE N-BEREIERE LN R TG Aldol [ ¢
Table 3 Aldol reaction of representative N-acyloxazolidinones
with benzaldehyde

O o0
;
OXNJK/R
/ PhCHO (2.23 equiv.)
“oph TiCl, (2.0 equiv.)
TMEDA (3.6 equiv.), DCM, 0 °C
ON 9a ~9d
)OL O OH
0" "N
/. R?
oph
O,N
10ae ~ 10de
Entry R! Compd. dr’ Yield”/%
1 CH; 10ae =19 :1 88
2 CH,CH; 10be =19 :1 81
3 CH(CH;),  10ce >19:1 83
4 CH,Ph 10de =19 :1 87

¢ R iSEPE: 9a~9d (0.54 mmol), #FEE(1.2 mmol), TiCly (1.08 mmol),
TMEDA (1.94 mmol), —&H %2 mL), 0 C, 16 h; * 3 B3, “dr ftith 'H
NMR J5E, U0 PR R e A AE A, AR dr {5219 ¢ 1.
200~300 HALZEHTHEER. SRR AT RS A i
A, K&ik—Haith.
3.2 LWHE
3.2.1 (1R2R)-1-3t 5k & X
ZFEE(4) 89 A AR

B HEZR0 g, 30.95 mmol)iAT 100 mL HIEE,
TNV 80 mL /K ¥ KOH (6.93 g, 123.8 mmol), ¥ /%
R E T 50 CRMHIm#ERE B, 1.5 h 5 TLC il
JRRH R B s 4s. B R BLRA R =i, i N &
2 Z.F5(8.8 mL, 92.84 mmol), ZEiR#t+HE 12 h 5 TLC Wil
RBL5E4E, MR MR AF K 30 mL, 2R ZBE2EEL(50
mL X 5), &IFANAE, KRBT, TSIk E T 5
A, WA 117 g BEOMERY), R ENT VA
fit) : MR ZT8)=1 : 2118 7.31 g A aEEk, 725% 83%.
m.p. 92~95 C; [a]h —26.9 (c 0.50, CH;0H); 'H NMR
(400 MHz, DMSO-dj) o: 8.15 (d, J=8.0 Hz, 2H), 7.56 (d,
J=8.0 Hz, 2H), 6.50 (d, J=9.2 Hz, 1H), 5.65~5.60 (m,
1H), 4.93 (br s, 1H), 4.82~4.72 (m, 1H), 3.80 (q, J=6.9
Hz, 2H), 3.75~3.65 (m, 1H), 3.51 (br s, 1H), 3.30 (br s,
1H), 1.01 (t, J=6.9 Hz, 3H); “C NMR (126 MHz,
DMSO-dy) 0: 156.46, 152.34, 146.80, 127.88, 123.32,
70.20, 61.07, 60.00, 58.56, 14.99; IR (neat) v: 3464, 3264,
3083, 2989, 2946, 2877, 1687, 1564, 1516, 1345, 1267,
1067 cm™'; HRMS (ESI) caled for C1,H;0¢N, [M+H]"

E2CAPBAL-13-7

1660 http://sioc-journal.cn/
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285.1081, found 285.1076.
322 (IR2R)-1-3F KR K -2-T & F ot K -3-RT
A =P R - 1-TF B (5) 89 & AR

EESA T, BEY 4 (7.1 g, 25 mmol)ET 110
mL JE7K DMF, MK BK#E(3.4 g, 50 mmol)Fl TBSCI
(3.96 g, 26.3 mmol), ZiRmHFEN. 3 h 5 TLC il 7 A}
SN 5EAE, IR G K I KRN, LR REEL
(60 mLX3), &AM, TAKBERIN T4, SIEkMREL
FHRF), WRAEAS 3 R R i, BERAE E AT (VA
i) © M(CRROTE)=2 © 11f3 9.9 g iR AMPRY), 723
99%. [a]y —50.5 (¢ 0.66, CHCly); 'H NMR (500 MHz,
CDCly) &: 8.14 (d, J=8.0 Hz, 2H), 7.50 (d, J=8.0 Hz,
2H), 5.27 (d, J=7.4 Hz, 1H), 5.14 (br s, 1H), 4.09 (br s,
1H), 4.00~3.87 (m, 2H), 3.85~3.81 (m, 3H), 1.11 (t, J=
7.0 Hz, 3H), 0.89 (s, 9H), 0.06 (d, J=2.2 Hz, 6H); "°C
NMR (126 MHz, CDCly) &: 156.56, 148.75, 147.28,
126.83, 123.42, 73.65, 65.00, 61.14, 56.38, 25.80, 18.14,
14.48, —5.58, —5.63; IR (neat) v: 3429, 3080, 2954,
2932, 2858, 1700, 1605, 1522, 1347, 1256, 1095 cm
HRMS (ESI) caled for C15H;0¢N,Si [M+H]" 399.1946,
found 399.1944.
323 (ARS5R)-4-B TR Faf T -5 s KK
B ol b 0 BR(6) 49 A K

AR T, BHAEYS5 (9.9 g, 24.8 mmol)iET 160
mL Jo7K THF, ¥ B0 E T koK, b
NaH (3 g, 74.5 mmol), 7£ 0 ‘C/M 1 h J5f & Eim4ks:
THE SN, S BEIR I R R B BT A e e, 3 h S
TLC il JsoRk I S 58 4. R SOSRE oKk TR, &
T VL RR A B KV MR K RS, LR TR FEEX(80
mLX3), &IFEHAE, KR T R, IR %5
A, WA 10.5 g BV, fERAE EHTVCA
BE) : CRRCTR)=2 1 1118 8.7 g EMOMIRY), 72
99.5%. [a]d +9.8 (¢ 0.57, CHCl;); '"H NMR (400 MHz,
CDCly) &: 8.22 (d, J=8.7 Hz, 2H), 7.52 (d, J=8.7 Hz,
2H), 6.34 (br s, 1H), 5.45 (d, J=3.3 Hz, 1H), 3.80~3.70
(m, 3H), 0.88 (s, 9H), 0.07 (s, 6H); °C NMR (126 MHz,
CDCly) 0: 158.70, 148.03, 146.14, 126.20, 124.19, 78.92,
64.48, 61.35, 25.79, 18.22, —5.40, —5.42; IR (neat) v:
3385, 3251, 3086, 2954, 2931, 2858, 1775, 1751, 1718,
1606, 1523, 1348, 1255, 1112 cm™'; HRMS (ESI) calcd for
C16Hps05N,Si [M+H]" 353.1527, found 353.1516.
3.2.4 (4R,5R)-4-# F 3 -5-3F Al K OR Fk B ed J -2- B
(7)%9 &A%

FLE 6 (2 g, 5.6 mmol)E T 30 mL WKEZ 3
moleL ™" AL A R, SEMPERS 9 h )5,

Chin. J. Org. Chem. 2015, 35, 1657~ 1664
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TLC MW JE R} s B 58 4, 280 25 1A 57 5 43 1 el 44k,
F TS A R T LR R, KBE 1 IR, /KA LR
LPRFEE(30 mLX3), A IHFANAH, JoKBER T,
I YRR TR, WRYETS 1,343 g (I EACKL S, TEIREEZ
MV AR R - V(REE)=20 @ 1113 1.23 ¢ A fafEfEk,
FEE92%. mp. 134~136 C; [a]d) +25.0 (¢ 0.57,
CH;0H); 'H NMR (400 MHz, DMSO-d;) d: 8.27 (d, J=
8.8 Hz, 2H), 7.94 (br s, 1H), 7.62 (d, J=8.8 Hz, 2H), 5.48
(d, J=4.0 Hz, 1H), 5.21~5.17 (m, 1H), 3.59~3.47 (m,
3H); *C NMR (126 MHz, DMSO-d) d: 158.20, 147.97,
147.80, 127.18, 124.48, 77.84, 62.88, 61.49; IR (neat) v:
3385, 3266, 2950, 2879, 1748, 1694, 1513, 1513, 1352,
1048 cmfl; HRMS (ESI) calcd for: CoH;;05N; [M—l—H]+
239.0662, found 239.0657.

3.2.5 (4R5R)-4-R A F H-5-3t Al ARk —Bvd Jr-2-
AR (8) 449 4 A&,

SR T, LAY 7 (1.325 g, 5.56 mmol), %
)(0.523 g, 5.56 mmol)Fl PPh; (1.75 g, 6.67 mmol)iE &
F 100 mL FER A, BT UkoKiB S, A 27 mL YA
WRIRE, 0 CHiidE 10 min J5, 22180\ DIAD (1.32 mL,
6.67 mmol), k&N EIFEIR A2 EIR, kME®. TLC
o DRk B R e 4, WEZERBR BV, A IR, 1
JEAEEMT VA M) @ (LR LB =1 & 1113 Atk
810 mg, & 46.4%. m.p. 131~134 C; [alh +98.3 (¢
0.71, CHCl;); '"H NMR (400 MHz, CDCl) ¢: 8.30 (d, J=
8.4 Hz, 2H), 7.62 (d, J=8.4 Hz, 2H), 7.33 (t, J=8.4 Hz,
2H), 7.04 (t, J=8.4 Hz, 1H), 6.93 (d, J=8.4 Hz, 2H), 6.05
(br s, 1H), 5.57 (d, J=4.8 Hz, 1H), 4.19~4.15 (m, 2H),
4.09 (dd, J=10.7, 5.3 Hz, 1H); *C NMR (126 MHz,
CDCly) d: 158.26, 157.70, 148.22, 145.39, 129.84, 126.37,
124.32, 122.10, 114.45, 79.06, 68.67, 59.26; IR (neat) v:
3255, 3173, 2923, 2869, 1747, 1519, 1350, 1243, 1053
em”'; HRMS (ESI) caled for CigH;sOsN, [M+H]"
315.0975, found 315.0968.

3.2.6 b4 9a~9d &9 4 rk

PA(4R,5R)-3- 4] It Jok -4- % S0 PP k- 5 0 il ik A -G
Mebe-2-B(9a) . FER AT, #ILEY S (2.7 g, 8.5
mmol)¥A T 40 mL Tk PUERRIEIFAEIE—T78 C, #i
£ INA n-Buli (3.8 mL, 9.1 mmol, 2.4 moleL™" in
hexane), M 15 min 5 M0 A IES((0.8 mL, 9.1 mmol),
kgl T —78 C/ML1h. TLC WM E R R 524, I
T R S B VS VR K RN, I LR TR AL (20
mLX3), GIFAHAH, TTAKRBRA T8, I8k 2T %
A, WYE1S B iR 5, RERR AR E AT [VCA k) -
V(IR CBE)=4 113K (alE 4 9a 2.77 g, 7% 88%.
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m.p. 112~115 °C; [a]h +67.4 (¢ 0.62, CHCl3); '"H NMR
(400 MHz, CDCl5) 6: 8.30 (d, J=8.4 Hz, 2H), 7.55 (d, J=
8.4 Hz, 2H), 7.34 (t, J=8.4 Hz, 2H), 7.04 (t, J=8.4 Hz,
1H), 6.97 (d, J=8.4 Hz, 2H), 5.74 (d, J=2.8 Hz, 1H),
4.68~4.62 (m, 1H), 4.45~4.40 (m, 1H), 4.37~4.29 (m,
1H), 3.05~2.89 (m, 2H), 1.15 (t, J=7.3 Hz, 3H); °C
NMR (126 MHz, CDCly) &: 17422, 157.62, 152.56,
148.28, 144.87, 129.86, 125.93, 124.46, 122.09, 114.53,
76.17, 65.64, 60.58, 29.32, 8.11; IR (neat) v: 2987, 2948,
2884, 1788, 1709, 1523, 1343, 1229, 1075, 1053 cm ';
HRMS (ESI) caled for CoHsO¢N> [M+H]" 371.1238,
found 371.1234.

(4R,5R)-3-1F T o F-4- 2R B H B -5 g JE X 2 - T
Wb -2-BA(9b): FEOTRY, 2R 71%. [0y +59.4 (¢
0.31, CHCl;); '"H NMR (400 MHz, CDCL3) 6: 8.26 (d, J=
8.4 Hz, 2H), 7.55 (d, J=8.4 Hz, 2H), 7.35~7.28 (m, 2H),
7.04~6.99 (m, 1H), 6.99~6.93 (m, 2H), 5.77~5.71 (m,
1H), 4.68~4.62 (m, 1H), 4.45~4.38 (m, 1H), 4.37~4.30
(m, 1H), 3.02~2.82 (m, 2H), 1.72~1.62 (m, 2H), 0.95 (t,
J=6.9 Hz, 3H); *C NMR (126 MHz, CDCl;) &: 173.41,
157.65, 152.54, 148.26, 144.90, 129.84, 125.96, 124.44,
122.06, 114.55, 76.12, 65.66, 60.57, 37.42, 17.63, 13.59;
IR (neat) v: 2966, 2936, 2876, 1788, 1707, 1525, 1349,
1240, 1052 cm ™ '; HRMS (ESI) caled for C,Ha3O6N,
[M+H]" 399.1551, found 399.1546.

(4R,5R)-3- 57 I I Ak -4- 2 A8 PV 2R - 500 il R A R - Tg
WL -2- i (9¢): FEEHPIRY, 725 80%. [alb +50.8 (c
0.57, CHCl;); '"H NMR (400 MHz, CDCl5) ¢: 8.30 (d, J=
8.4 Hz, 2H), 7.55 (d, J=8.4 Hz, 2H), 7.33 (t, J=8.4 Hz,
2H), 7.03 (t, J=8.4 Hz, 1H), 6.97 (d, J=8.4 Hz, 2H), 5.73
(d, J=3.3 Hz, 1H), 4.68~4.63 (m, 1H), 4.41 (dd, J=9.8,
3.0 Hz, 1H), 4.34 (dd, J=9.8, 6.4 Hz, 1H), 2.92 (dd, J=
16.0, 6.7 Hz, 1H), 2.76 (dd, J=16.0, 7.1 Hz, 1H), 2.20~
2.08 (m, 1H), 0.97~0.92 (m, 6H); *C NMR (126 MHz,
CDCly) d: 172.90, 157.62, 152.48, 148.30, 144.85, 129.85,
125.94, 124.47, 122.10, 114.55, 76.01, 65.62, 60.61, 43.94,
25.19, 22.49, 22.35; IR (neat) v: 2966, 2876, 1796, 1714,
1522, 1339, 1221, 852, 753 ¢cm™'; HRMS (ESI) calcd for
CaoHp 06N, [M+H]" 385.1394, found 385.1385.

(4R,5R)-3-7K A I ik -4- 5 S, HH ik - 5- 08 il ik O -1
e ge-2-F(9d): B EHPIRY), 72K 87%. [ald +25.5 (¢
0.46, CHCL;); '"H NMR (500 MHz, CDCl5) ¢: 8.29~8.25
(m, 2H), 7.53~7.49 (m, 2H), 7.36~7.30 (m, 2H), 7.26~
7.22 (m, 2H), 7.21~7.16 (m, 3H), 7.06~7.01 (m, 1H),
6.97~6.93 (m, 2H), 5.72 (d, J=2.7 Hz, 1H), 4.66~4.60
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(m, 1H), 4.36 (dd, J=9.7, 2.3 Hz, 1H), 4.29 (dd, J=9.5,
6.5 Hz, 1H), 3.36~3.20 (m, 2H), 2.96 (t, J=6.8 Hz, 2H);
C NMR (126 MHz, CDCly) J: 172.62, 157.64, 152.48,
148.28, 144.76, 140.01, 129.86, 128.55, 128.53, 126.41,
125.99, 124.45, 122.11, 114.56, 76.19, 65.58, 60.58, 37.13,
30.25; IR (neat) v: 3029, 2932, 2872, 1788, 1707, 1523,
1349, 1241, 1053, 853, 753, 696 cm™'; HRMS (ESI) calcd
for CosHy306N, [M+H]" 447.1551, found 447.1544.
3.2.7 A3k Aldol R B =47 10ae~10al, 10be~
10de 94 A%

PL(4R,5R)-3-((2'R,3'R)-2'- F 3 -3'- 3 5 S A I 22 )-4-
A PR 3 -5 0] i 2 R - A5 -2 - (10ae) A 1] 7R 4R
AT, Bk a4 9a (200 mg, 0.54 mmol)iA T 2 mL &
K S, VKK EITN BRI TiCl, (118 pL, 1.08
mmol), #5¢/F4kEEHEHE 5 min, &0 TMEDA (293
uL, 1.944 mmol), EHEHT ARG t0, WEEEHT 0 C
PEFE 1 h, WINZEFEE(122 pL, 1.2 mmol), T 0 C T
FEE . TLC Wl 9a [ B 584, INIE &K SR K
SN, LEEREEL(10 mLX3), &I, ToKERER
T, o PERR LR, Wdn, fERAEE T [VCA
fif) : M(CRR ZBR)=4 © 1)1 3 ARY) 10ae 226 mg,
P2 88%. [aly +31.3 (¢ 0.52, CHCly); 'H NMR (400
MHz, CDCl;) d: 8.25~8.21 (m, 2H), 7.40~7.36 (m, 2H),
7.35~7.32 (m, 4H), 7.31~7.27 (m, 2H), 7.26~7.20 (m,
1H), 7.05~7.01 (m, 1H), 6.97~6.93 (m, 2H), 5.66 (d, J=
3.1 Hz, 1H), 5.01 (d, J=5.1 Hz, 1H), 4.57~4.52 (m, 1H),
4.41~4.30 (m, 2H), 4.28~4.17 (m, 1H), 3.02 (br s, 1H),
1.21 (d, J=6.9 Hz, 3H); “C NMR (126 MHz, CDCl;) §:
176.56, 157.63, 152.03, 148.30, 144.40, 141.19, 129.87,
128.36, 127.79, 126.25, 126.09, 124.47, 122.19, 114.59,
76.10, 74.03, 65.56, 60.55, 44.90, 11.82; IR (neat) v: 3519,
3064, 2974, 2933, 2880, 1786, 1701, 1525, 1349, 1221,
1050 cm™'; HRMS (ESI) caled for C,gH40,N,Na [M+
Na]" 499.1476, found 499.1477.

(4R,5R)-3-((2'R,3'R)-2'- I Bk -3'- 3 JHk 3o Y Ik 2% 1 I
B )-4- TR 5 R 50 i R R R - M e -2 (10af): TR
WERY, 7R 95%. [alh +24.5 (¢ 0.46, CHCLy); 'H
NMR (400 MHz, CDCl3) : 8.26 (d, J=8.8 Hz, 2H), 7.40
(d, J=8.8 Hz, 2H), 7.35~7.30 (m, 2H), 7.25~7.21 (m,
2H), 7.13~7.09 (m, 2H), 7.06~7.01 (m, 1H), 6.97~6.93
(m, 2H), 5.67 (d, J=3.2 Hz, 1H), 4.99 (d, J=5.1 Hz, 1H),
4.58~4.53 (m, 1H), 4.39~4.30 (m, 2H), 4.25~4.16 (m,
1H), 2.33 (s, 3H), 1.21 (d, J=6.9 Hz, 3H); °C NMR (126
MHz, CDCl3) 6: 176.54, 157.63, 152.08, 148.30, 144.43,
138.25, 137.47, 129.86, 129.06, 126.19, 126.12, 124.43,

1662 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

122.18, 114.59, 76.11, 73.93, 65.58, 60.50, 44.82, 21.19,
11.92; IR (neat) v: 3524, 2978, 2937, 2878, 1786, 1701,
1524, 1349, 1220, 1050 cm '; HRMS (ESI) calcd for
C7H,607N,Na [M+Na]* 513.1632, found 513.1623.

(4R,5R)-3-[(2'R,3'R)-2'- H J-3'- ¥3 J XoJ i 52 7K A Ik
B -4 5 R RS- A B TR T M 5t -2 -l (10ag): ¥R 3%
ER, P2E 85%. mp. 126~128 C; [alf) —22.2 (c
0.53, CHCl;); '"H NMR (400 MHz, CDCl3) 6: 8.32 (d, J=
8.8 Hz, 2H), 8.19 (d, J=8.8 Hz, 2H), 7.58~7.54 (m, 4H),
7.37~7.31 (m, 2H), 7.08~7.02 (m, 1H), 6.98~6.94 (m,
2H), 5.77 (d, J=3.8 Hz, 1H), 5.23 (d, J=2.8 Hz, 1H),
4.71~4.67 (m, 1H), 4.44~4.34 (m, 2H), 4.17~4.09 (m,
1H), 1.09 (d, J=7.0 Hz, 3H); *C NMR (126 MHz, CDCl5)
5: 176.85, 157.54, 152.04, 148.44, 148.13, 147.34, 144.21,
129.92, 126.97, 126.01, 124.54, 123.53, 122.34, 114.56,
76.25,72.10, 65.21, 60.72, 44.42, 10.26; IR (neat) v: 3512,
2943, 2971, 1791, 1680, 1521, 1349, 1235, 1056 cm
HRMS (ESI) caled for C,H»0oNsNa [M + Na] *
544.1327, found 544.1327.

(4R,5R)-3-[(2'R,3'R)-2'- Fi H:-3"-F2 FL X A BL R
T 2 ]-4- 24 A P - S 0] T i R L - WE M I -2 - (10ah): - B¢
Ry, 7 F 81%. [aly) +35.1 (¢ 0.48, CHCLy); 'H
NMR (400 MHz, CDCl;) d: 8.27~8.23 (m, 2H), 7.35~
7.32 (m, 2H), 7.31~7.28 (m, 3H), 7.24 (s, 1H), 7.06~
7.01 (m, 1H), 6.97~6.92 (m, 2H), 6.83~6.79 (m, 2H),
5.62 (d, J=3.0 Hz, 1H), 4.89 (d, J=6.2 Hz, 1H), 4.49~
445 (m, 1H), 4.37~4.29 (m, 2H), 4.29~4.23 (m, 1H),
3.77 (s, 3H), 1.26 (d, J=6.8 Hz, 3H); >C NMR (126 MHz,
CDCly) d: 176.23, 159.19, 157.64, 152.04, 14831, 144.29,
133.50, 129.85, 127.64, 126.06, 124.42, 122.15, 114.59,
113.72, 76.06, 74.47, 65.67, 60.44, 55.21, 44.99, 12.77; IR
(neat) v: 3510, 3079, 2969, 2937, 2881, 1786, 1701, 1522,
1350, 1244, 1033 cm ~'; HRMS (ESI) calcd for
C,7H,04N,Na [M+Na]* 529.1581, found 529.1576.

(4R,5R)-3-[(2'R,3'RA'E)-2'4'- — I JE-5-FE I3 5
T -4 0 T 3 1-4- 2 A HR i -5 o) i 3 e R - T e e -2 -
(10ai): R EHRD, F=F 87%. [a]d +91.6 (c 0.48,
CHCly); 'H NMR (400 MHz, CDCl;) d: 8.12 (d, J=8.8
Hz, 2H), 7.44 (d, J=8.8 Hz, 2H), 7.37~7.31 (m, 2H),
7.31~7.25 (m, 2H), 7.23~7.20 (m, 1H), 7.19~7.15 (m,
2H), 7.07~7.02 (m, 1H), 7.00~6.96 (m, 2H), 6.53 (s,
1H), 5.71 (d, J=2.7 Hz, 1H), 4.66~4.62 (m, 1H), 4.46 (d,
J=5.0 Hz, 1H), 4.43~4.33 (m, 2H), 4.26~4.16 (m, 1H),
1.86 (s, 3H), 1.25 (d, J=6.9 Hz, 3H); °C NMR (126 MHz,
CDCl3) 6: 176.63, 157.63, 152.22, 148.26, 144.33, 137.11,
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136.58, 129.88, 128.91, 128.19, 126.71, 126.58, 125.88,
124.45, 122.19, 114.60, 76.62, 76.16, 65.61, 60.74, 41.25,
14.93, 11.64; IR (neat) v: 3518, 3080, 2974, 2938, 2880,
1786, 1702, 1525, 1350, 1238, 1220, 1050 cm '; HRMS
(ESI) caled for C,oH,50,N,Na [M+Na]™ 539.1789, found
539.1788.

(4R,5R)-3-[(2'R,3'RA'E)-2'- Hl 3 -5'- T 3 -3"- F 3L T -
A" 75 T S 1-4- 2 G R R -5 56 i R R 3R — R e ot -2- T
(10aj): FEHCRY), %K 78%. [a]d +18.7 (¢ 0.46,
CHCl;); '"H NMR (400 MHz, CDCly) d: 8.07 (d, J=8.8
Hz, 2H), 7.43 (d, J=8.8 Hz, 2H), 7.36~7.29 (m, 5H),
7.28~7.23 (m, 2H), 7.06~7.01 (m, 1H), 6.99~6.94 (m,
2H), 6.57 (d, J=16.0 Hz, 1H), 6.21 (dd, J=15.9, 6.5 Hz,
1H), 5.68 (d, J=3.2 Hz, 1H), 4.65 (dd, J=8.1, 3.6 Hz,
1H), 4.57~4.52 (m, 1H), 4.38~4.34 (m, 2H), 4.21~4.12
(m, 1H), 2.68 (br s, 1H), 1.27 (d, J=6.9 Hz, 3H); C
NMR (126 MHz, CDCly) 6: 176.13, 157.69, 152.48,
148.20, 144.37, 136.19, 131.92, 129.87, 128.71, 128.36,
128.08, 126.57, 126.08, 124.40, 122.15, 114.62, 76.20,
73.62, 65.67, 60.63, 43.31, 12.36; IR (neat) v: 3493, 3082,
2974, 2938, 2880, 1786, 1701, 1599, 1525, 1349, 1238,
1049 cm '; HRMS (ESI) caled for CogHygO7N,Na [M+
Na]" 525.1632, found 525.1627.

(4R,5R)-3-[(2'R,3'R)-2' 4'- — W JE-3"- % Jk 1% ik 3 )-4-
A H R -5 0] i 2 i - e -2 (10ak): 35 €A IR
Y, 75 85%. [a]y +43.0 (¢ 0.62, CHCly); 'H NMR
(400 MHz, CDCL5) d: 8.30 (d, J=8.8 Hz, 2H), 7.56 (d, J=
8.8 Hz, 2H), 7.37~7.31 (m, 2H), 7.07~7.01 (m, 1H),
7.00~6.95 (m, 2H), 5.74 (d, J=3.3 Hz, 1H), 4.70~4.65
(m, 1H), 4.41~4.33 (m, 2H), 4.02~3.95 (m, 1H), 3.51
(dd, J=8.3, 2.7 Hz, 1H), 1.74~1.63 (m, 1H), 1.19 (d, J=
7.0 Hz, 3H), 1.00 (d, J=6.6 Hz, 3H), 0.91 (d, /=6.7 Hz,
3H); *C NMR (126 MHz, CDCl;) d: 178.00, 157.60,
152.00, 148.37, 144.56, 129.88, 126.03, 124.52, 122.20,
114.57, 76.42, 76.10, 65.46, 60.61, 40.12, 30.78, 19.19,
18.91, 10.17; IR (neat) v: 3526, 2964, 2876, 1787, 1700,
1525, 1349, 1222, 1051 cm™'; HRMS (ESI) caled for
Ca3H,05N, [M+H]" 443.1813, found 443.1805.

(4R,5R)-3-[(2'R,3'R)-2'- I -3 -2 HL CU Bt L -4- 2K 4
FH -5 A 3 2R ST e -0 - i (10al): B E PRy, 7=
K 37%. [alh +29.9 (¢ 0.48, CHCly); 'H NMR (400
MHz, CDCl;) 0: 8.30 (d, J=8.7 Hz, 2H), 7.57 (d, J=8.6
Hz, 2H), 7.37~7.30 (m, 2H), 7.07~7.01 (m, 1H), 7.00~
6.94 (m, 2H), 5.74 (d, J=3.3 Hz, 1H), 4.69~4.65 (m,
1H), 4.42~4.32 (m, 2H), 3.96~3.89 (m, 1H), 3.88~3.80
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(m, 1H), 1.56~1.43 (m, 2H), 1.38~1.31 (m, 2H), 1.20 (d,
J=17.0 Hz, 3H), 0.92 (t, J=7.0 Hz, 3H); °C NMR (126
MHz, CDCls) 6: 177.55, 157.62, 152.26, 148.35, 144.58,
129.87, 126.10, 124.49, 122.18, 114.57, 76.15, 71.22,
65.51, 60.65, 42.53, 35.81, 19.20, 14.01, 10.61; IR (neat)
v: 3538, 3075, 2960, 2936, 2874, 1787, 1700, 1600, 1525,
1350, 1220, 1052 cm™'; HRMS (ESI) caled for Cp3H,705-
N, [M+H]" 443.1813, found 443.1800.
(4R,5R)-3-[(2'R,3'R)-2'- . FE-3"-JR FL FR A Wk Hk -4- 7%
SR R R -5 ) i 25 2 5 - R W o -2- i (10be): 11 0 3]
FEE 81%. mp. 136~138 C; [a]h +70.7 (¢ 0.51,
CHCl3); '"H NMR (500 MHz, CDCl;) d: 8.24~8.19 (m,
2H), 7.36~7.32 (m, 2H), 7.32~7.29 (m, 2H), 7.28~7.23
(m, 3H), 7.22~7.19 (m, 2H), 7.05~7.00 (m, 1H), 6.95~
6.91 (m, 2H), 5.56 (d, J=2.9 Hz, 1H), 4.88 (d, J=7.3 Hz,
1H), 4.51~4.39 (m, 2H), 4.32~4.29 (m, 2H), 1.99~1.90
(m, 1H), 1.90~1.78 (m, 1H), 0.86 (t, J=7.5 Hz, 3H); '°C
NMR (126 MHz, CDCly) &: 175.30, 157.56, 152.16,
148.24, 144.34, 141.68, 129.81, 128.42, 128.00, 126.64,
126.15, 124.40, 122.11, 114.52, 75.80, 75.17, 65.56, 60.52,
51.54, 22.43, 11.35; IR (neat) v: 3457, 3078, 2965, 2930,
2874, 1756, 1698, 1600, 1520, 1377, 1235, 1125, 1041
cm '; HRMS (ESI) caled for Cy;H,0,N,Na [M+Na]"
513.1632, found 513.1621.
(4R,5R)-3-[(2'R,3'R)-2'- 7 T & -3"- 4 Jok % A It Jk )-4-
F AR PR -5 g 25 R I - W -2 - i (10ce): 3% 3 £ [
&, P7E 83%. m.p. 179~181 C; [a]y +91.9 (¢ 0.49,
CHCl3); '"H NMR (400 MHz, CDCl;) d: 8.19~8.15 (m,
2H), 7.37~7.28 (m, 4H), 7.27~7.23 (m, 3H), 7.08~6.99
(m, 3H), 6.93~6.88 (m, 2H), 5.46 (d, J=2.9 Hz, 1H),
4.96 (d, J=9.4 Hz, 1H), 4.64 (dd, J=9.4, 5.3 Hz, 1H),
432 (dd, J=17.3, 4.0 Hz, 1H), 4.24~4.21 (m, 2H), 2.49~
2.39 (m, 1H), 1.08 (d, J=6.8 Hz, 3H), 1.04 (d, J=7.0 Hz,
3H); *C NMR (126 MHz, CDCly) &: 173.18, 157.54,
152.14, 148.18, 144.40, 142.32, 129.78, 128.49, 128.13,
127.07, 126.19, 124.36, 122.05, 114.48, 75.53, 74.06,
65.67, 60.25, 54.22, 28.62, 20.69, 18.25; IR (neat) v: 3448,
2859, 2877, 1756, 1701, 1600, 1519, 1375, 1241 cm ';
HRMS (ESI) caled for C,gH,sO/N,Na [M + Na] *
527.1789, found 527.1785.
(4R,5R)-3-[(2'R,3'R)-2'- K JE-3'- £ kIR A Ik ik 1-4- O
SR R -5 0T il 25 O R - ME I Jot -2- i (10dle): 1 €[] 4
FER 87%. mp. 156~159 C; [alf) +152.4 (¢ 0.48,
CHCl3); '"H NMR (400 MHz, CDCl;) d: 8.18~8.16 (m,
2H), 7.44~7.38 (m, 2H), 7.34~7.28 (m, 5H), 7.23~7.19

http://sioc-journal.cn/ 1663



BIKE

MR

(m, 2H), 7.18~7.13 (m, 2H), 7.09~7.06 (m, 2H), 7.06~
7.04 (m, 1H), 7.03~7.00 (m, 1H), 6.78~6.74 (m, 2H),
5.34 (d, J=2.6 Hz, 1H), 5.05~4.96 (m, 2H ), 4.34~4.28
(m, 1H), 3.82 (dd, J=9.6, 3.4 Hz, 1H), 3.39~3.32 (m,
2H), 3.06 (dd, J=13.3, 10.7 Hz, 1H); “C NMR (126
MHz, CDCl3) 6: 173.97, 157.40, 151.51, 148.10, 144.32,
141.26, 138.05, 129.67, 129.27, 128.54, 128.37, 128.23,
126.76, 126.58, 125.95, 124.30, 121.87, 114.30, 75.62,
75.47, 64.75, 59.56, 51.39, 35.87; IR (neat) v: 3525, 3030,
2934, 1785, 1680, 1601, 1522, 1377, 1353, 1245 cm ';
HRMS (ESI) caled for CyHysO/NoNa [M + Na] *
575.1789, found 575.1774.

3.2.8 (2R,3R)-2-F 3 -3-B A KRB (11)89 & A%

B A 10ae (200 mg, 0.42 mmol)i&E T 2 mL VIS
BRI, I 0.5 mL 7K, JKKIEAE1RIZ AN 30% 5L
Z/K(130 uL, 1.68 mmol), LB I T 0.8 mL /K
i) LiOH (28 mg, 0.672 mmol), £ 0 CHiFExMN 1 h )5
TLC ¥ Bi5E 4, IINET 1.3 mL /K FEAR RN (212
mg, 1.68 mmol)¥¥ K B, ek br 2 UMk, /KAHH
AP BRI mLX3), & IFA LM, ToAKHR IR T
fe, REPERR LT, WRAETF 129 mg A A 8, [HYk
HN 98%. KA 6 moleL ™" ThER /KA IR L E pH M 1,
LR CBEREEL(10 mL X 3), &3 AN, ToKBERET
W, L JERRE TR, 413 68 mg HIEA 11, ;e
90%. m.p. 75~77 C; [a]d +27.1 (¢ 1.0, CHCL); 'H
NMR (400 MHz, CDCly) d: 7.37~7.34 (m, 4H), 7.32~
7.26 (m, 1H), 5.18 (d, J=3.7 Hz, 1H), 2.90~2.79 (m,
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1H), 1.15 (d, J=7.1 Hz, 3H).
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