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Study of the Halide Salt Catalyzed [3+2] Cycloaddition of
a,B-Epoxy Carboxylate with Isocyanate

Wang, Huakun Ren, Xiaolong Xuan, Yining*
(School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006)

Abstract The [3-+2] cycloaddition reaction of a,8-epoxy carboxylate and isocyanate was investigated. By employing
magnesium bromide as a catalyst, efficient synthesis of chiral oxazolidin-2-ones was achieved through aforementioned [3+2]
cycloaddition reaction. The reaction exhibited good substrate adaptability. For reactions involving chiral epoxide compounds,
the product enantiomeric excess remains good. Furthermore, under basic conditions, taxol C-13 side chain ((2R,3S)-methyl
3-benzamido-2-hydroxy-3-phenylpropanoate) was synthesized via ring-opening reaction of the chiral oxazolidin-2-ones
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product with an optical purity of up to 97% ee.
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Scheme 3 Design of experiment
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Scheme 4 [3+2] cycloaddition of a,f-epoxy carboxylate with
benzoyl isocyanate
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FRT 2 B = F A (Table 1, Entries 1~2), KM Cul iy &
32 4)(Table 1, Entry 3), R AgZE A Cul ] a1
%, (BRI, B MgBry. LiBr 4b, PO T &R0
(TBAB). CuBr. CaBry. AlBr;. LiBr. NaBr. KBr 5
AR % (Table 1, Entries 4~11). HilsfI 2, X
MgBr,, #ALFIARH 0.5 equiv.ili/b % 0.2 equiv., KM
W [ 1 B FH(Table 1, Entries 11, 13), Mgl, 16 2L
%% "E(Table 1, Entries 22~23). X 7] & F NS T
5WENEY B EA—EMERAEN, S5kt
A T BB R TR A BB, T R S SR
BIEAT. 1A% LiBr H5 A W 2] ARSI 5 (Table
1, Entries 8, 24). WH7E IR RN F, &8 T IR
RE 10 I N BAT BRI, BRI TA4h, SR B TR
YT EEAER, [REAE T A AT SN 1) A 3
PE.

X I NE FEAT T 9 % (Table 1, Entries 13~19),
IR VY S R (THIF ) A& 52 B2 R e A 7). % B A 3
17—k, RILE 80 CHIZMETR, KA 0.2 equiv.
) MgBr, TE AT, RBF=Fa] g — it mE 86%
(Table 1, Entry 20). B&#{€ MgBr, ISR % 0.1 equiv.if, %
NP7 ER B B R % (Table 1, Entry 21). CRIE #I%F T HAh
SR E YR R ), wld T
AL B (TABD AT LR, 3-F 3 - N- 37 JE it g 45t
AUALE, KT A e B R B A IR 72 28 (Table 1, En-
tries 25~26).

TERTF B N 2 I, MR AT T 4R R, 9T
T &R FYEQR,3S) LA HER) 3-8 FLFA 4 -2-H
1% F iR 5 05 5 S SRR IR 1) S R (Table 2), &I K2 fE LA
BRI P R (B R 94%) 3R A3 AH B I RE ML . R ER
ARSI AEAE A . T BUARIN, RET 32 1 B
Uf(Table 2, Entries 3~9), 1480 A BUARIE RS 7= A0 X6}
B i%(Table 2, Entry 2). JCit &45 i FRURIE I, H
4 FE(Table 2, Entries 9~10), i& 2 55 M H 1 HUAC IE i
. FAHE DK = T IR YY) (Table 2, Entries 6~
8), #AE LR AT e SRARAH R =), AR IR 75 B
WAk e AR B 5 (Table 2, Entry 11), JSATBENRFIEAT,
EP= Z A (38%).  XoF T [F] 45 49 114 2% 1 Ok S S PR
TV R gh F P HUARIE U 4- A3, S W F T AR 2R
4-=% " % (Table 2, Entries 12~13), M #REESH
FEE. RIS FRIREEVE VIR, PR, (B3RS
45% =3, X T FHERENEGMSEREL, P
BB B ek £ 14:(93%~98% ee). ELEERL S
VIO WA B, R B O Wt B R R
it
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Table 1 Screening of catalysts

o i 0 0
<2 coocH, + Ph)J\N L ’;‘J<0 + 9J<N_§Ph
P ’ “Cso P’ P ©
COOCHg3; COOCH;
2a 3a 4a 5a
Entry Cat. (x/equiv.) Solvent Temp./C Time/h Total yield®/%
1 Nal (0.5) THF 25 8 29
2 KI(0.5) THF 25 8 4
3 Cul (0.5) THF 25 8 Trace
4 TBAB (0.5) THF 25 8 6
5 CuBr (0.5) THF 25 8 25
6 CaBr: (0.5) THF 25 8 3
7 AlIBr3 (0.5) THF 25 8 5
8 LiBr (0.5) THF 25 8 42
9 NaBr (0.5) THF 25 8 Trace
10 KBr (0.5) THF 25 8 Trace
11 MgBr: (0.5) THF 25 8 54
12 Mgl (0.5) THF 25 8 32
13 MgBr (0.2) THF 25 8 77
14 MgBr2 (0.2) CH:Cl> 25 8 55
15 MgBr2 (0.2) CH:CICH:C1 25 8 63
16 MgBr2 (0.2) CH;CN 25 8 70
17 MgBr (0.2) EtO 25 8 30
18 MgBr:2 (0.2) Toluene 25 8 60
19 MgBr (0.2) DMF 25 8 72
20 MgBr (0.2) THF 80 4 86
21 MgBr: (0.1) THF 80 4 48
22 Mgl (0.5) THF 80 4 52
23 Mgl (0.2) THF 80 4 61
24 LiBr (0.2) THF 25 8 2
3-FRFE-N-E BEALE
25 ST < 0.1) THF 80 10 9
TBAI (0.2)
26 FURIER©O.1) THF 80 8 16

4aReaction conditions: 0.3 mmol of methyl 3-phenyloxirane-2-carboxylate and 0.45 mmol of benzoyl isocyanate were added to 1 mL of THF at —20 °C. The reac-

tions in Entries 1~19 were carried out at room temperature, while those in Entries 20~26 were heated at 80 “C under reflux. ? Total yield of 4a and Sa: after the
reaction, dimethyl terephthalate was added as an internal standard and the yield was determined by 'H NMR analysis. ¢ Obtained by dissolving hydroxypyridine and

1-iodooctane in isopropanol and refluxing for 8 h.
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Tk, 8 3-ZRIEIN A -2- FIRTR IR T A TE B By, B 5 =
BRIE [ TR B H AR Ca, Pl I 531 N AR P AT
F=W) 4, FIRPREBCE AL TRALEE. B9 5 TR
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Table 2 Reaction of methyl 3-phenyloxirane-2-carboxylate with isocyanates

(0]
O 20 mol% MgBr, RZ\N//< QJ<
5 COOCH; 4 R2-N=C=0 e + - N-R2
R THF, reflux R R? S 00CH
) 5 4 COOCH; s 3
Entry R! ee®/% RZ(3) Main product  Total yield/% 4:5¢ ee’/%
1 CoHs (2a) 98  CeHsCO (3a) 4a 86 92:8 97
2 2-CICqHs (2b) 97  CeHsCO (3a) 4b 65 8218 93
3 3-CICsHa (2¢) 95  CeHsCO (3a) de 90 80 : 20 93
4 4-CICsHs (2d) 99 CeHsCO (3a) 4d 94 87 : 13 93
5 4-BrCeHs (2e) 96 CeHsCO (3a) de 94 91: 9 95
6 4-NCCeHs (2f) 98  CeHsCO (3a) af 69 79 : 21 97
7 4-0:NCeHs (2g) 98  CeHsCO (3a) 4g 70 80 : 20 98
8 4-CF3CeHs (2h) 98  CeHsCO (3a) 4h 80 78122 97
9 4-CH3CsHa (2i) 97 CeHsCO (3a) 4 70 95:5 97
100 4-CH:O0CeHs (2j) —  CeHsCO (3a) 4 72 871 13 —
1V 2-Pyridyl (2k) —  CsHsCO (3a) 4k 38 >20: 1 —
12 CeHs (2a) 98 4-CH;0C6H4CO (3b) 4 71 91: 9 97
13 CeHs (2a) 98  4-F3CCeH4CO (3c) 4m 80 94: 6 98
14 C¢Hs (2a) 98 CeHs (3d) 4n 45 83 .17 97

4aReaction conditions: 0.6 mmol of methyl 3-phenyl epoxy-2-carboxylate 2 and 0.9 mmol of isocyanate were added to 2 mL of THF at —20 °C, and the mixture was
heated and refluxed at 80 ‘C for 4 h. ? The ee values of a,f-epoxycarboxylates were determined by chiral HPLC analysis. ¢ The total yield was determined by 'H
NMR using dimethyl terephthalate as an internal standard. ¢ The ratio of products 4 to 5 was determined by 'H NMR analysis of the crude products of the reaction
mixture. ¢ The ee values of product 4 were determined by chiral HPLC analysis./ The substrate is racemic.
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Scheme 5 Possible reaction mechanism
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Scheme 6 Synthetic route to the Taxol C-13 side chain
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W C-13 UE. SN EA JFURHE B 575 RNZEAFIR A
U PR R SR A

3 X
3.1 U5

1§ AR X-5 1 S A E; et FE N Rudolph
Autopol I EJ61%(Rudolph research analytical, Hacketts-
town, NJ, USA)II5E; 'TH NMR, '3C NMR # '°F NMR i
it Bruker Advance 400 MHz B i LR %€, LA TMS
(6 0.00)8% CDCl; (5 7.26)4 'H NMR W#5, CDCl; (6
77.16)A 3C NMR W bx; £L4M61E(IR) A Thermo 1S50 )
PEAGIE; S HER IS AB SCIEX X500 QTOF Jii i
M 5E. ee {HFKH Daicel Chiralcel AD-H 8Y, OD-H #:. 1F
CUE/ 5 B BN PEIR R, 4 SHIMHDZU LC-20A 1
ROBAR O TE LG E . HE =8 H 200~300 K, K
W) S SV RER T R B IR A 7). )2 Ek(TLC)TE
TREENR GF254 B BilbT, BRI I
Peta AT, BT RIS AR R T AR A
AFL BRSA AL, B FVE R E A T o Al
A, Todgit—P b B,

3.2 ZWHE
3.2.1 R4 2 A= 3 694 A&

JECA) 2 F1 3 AR AH DG SCHR IR IE (1) 7 703 182050 | 2%
322 3-FF A-2- AR-4-R A Eedbr-5- F BR F B (da~
4n) 89 & A%,

f£—20 CF, HRMEE0.12 mmol, 0.2 equiv.) A
FITEAK DY IR (2 mL)H, #iFE: S min A (2R,3S)-3-
RFL2- I EH R FFEE(0.6 mmol, 1 equiv.), JRJ5 212
In9% JE R EBREE(0.9 mmol, 1.5 equiv.). KHEA W INHAH]
80 ‘CIAlAL, [ 4 h, TLC MEM M. [ 8 45 R e &
RIS LI, FEENTALCa TN 1R L ER)S 3) 3-75
He-2- 5 AR-4- TR IR M e -5- HY R HH I (4a ~4m).

(4S,5R)-3-7K H g -2 - S R-4- A BL MR e - 5- FH R HY
fic(4a): AMGEAE, 77%F 79%. mp. 128.5~129.1 C;
[a]5 +4.98 (c 0.25, CHCls); 'H NMR (400 MHz, CDCls)
9: 7.70~7.66 (m, 2H), 7.58~7.53 (m, 1H), 7.46~7.37
(m, 7H), 5.65 (d, J=4.5 Hz, 1H), 4.89 (d, J=4.5 Hz, 1H),
3.92 (s, 3H); BC NMR (100 MHz, CDCls) §: 167.56,
166.91, 151.18, 136.99, 131.77, 131.36, 128.43, 128.28,
128.16, 127.02, 125.01, 76.57, 60.18, 51.95; IR (KBr) v:
2920, 2853, 1791, 1768, 1687, 1600, 1491, 1446, 1310,
1188, 1106 cm™'; HRMS(ESI) calcd for C;sH;sNOsNa
[M+Na]" 348.0843, found 348.0850; *imeiAid & {4
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HPLC fH OD-H #:ll 22 [V(n-hexane) @ V(i-PrOH)=
80 : 20, 2=254 nm, 1.0 mL/min]; z(minor enantiomer)=
35.0 min, fr(major enantiomer)=24.7 min, 97% ee.

(4S.,5R)-3- 7 F It Ik -2- S AR-4-(2- AU A 2k W M e - 5-
FHR2 I (4b): (L [E 44, 2% 53%. mp. 1954~
197.7 C; [a]y +5.17 (c 0.09, CHCL;); 'H NMR (400
MHz, CDCl3) o: 7.74~7.70 (m, 2H), 7.60~7.54 (m, 1H),
7.50~7.32 (m, 6H), 5.98 (d, /=4.2 Hz, 1H), 4.93 (d, J=
4.2 Hz, 1H), 3.93 (s, 3H); *C NMR (100 MHz, CDCI;) &:
168.56, 167.99, 152.16, 133.81, 132.98, 132.69, 132.32,
130.90, 130.60, 129.39, 128.18, 127.82, 76.43, 59.86,
53.63; IR (KBr) v: 2958, 2923, 2854, 1794, 1769, 1685,
1600, 1575, 1480, 1445, 1310, 1188, 1106 cm '; HRMS
(ESI) caled for C;sH;4CINOsNa [M+Na]' 382.0453,
found 382.0455; X Wifid & i HPLC f# A OD-H #:J1
5E [V(n-hexane) © V(i-PrOH)=285 : 15, A=254 nm, 1.0
mL/min]; tr(minor enantiomer)=24.5 min, fr(major enan-
tiomer)=15.3 min, 93% ee.

(48,5R)-3- 4% Y i Kk -2- AR -4-(3- UK I ) W e o - 5-
FR F G (40): BT BB T4, 723 72%. mp. 137.6~
140.5 C; [a]y —5.86 (¢ 0.3, CHCL); '"H NMR (400
MHz, CDCl3) d: 7.70~7.66 (m, 2H), 7.60~7.54 (m, 1H),
7.48~7.31 (m, 6H), 5.62 (d, J=4.5 Hz, 1H), 4.86 (d, J=
4.5 Hz, 1H), 3.93 (s, 3H); *C NMR (100 MHz, CDCl;) &:
168.65, 167.78, 151.76, 139.33, 135.56, 133.10, 132.22,
130.91, 129.72, 129.35, 128.23, 126.54, 124.27, 77.35,
61.20, 53.64; IR (KBr) v: 2959, 2923, 2852, 1798, 1753,
1697, 1599, 1475, 1436, 1287, 1186, 1094 cm™!; HRMS
(ESI) caled for CigHsCINOsNa [M+Na] ™ 382.0453,
found 382.0450; *f Wik id & (4 i HPLC i il OD-H #:ll
%€ [V(n-hexane) : V(i-PrOH)=280 : 20, 2=254 nm, 1.0
mL/min]; tr(minor enantiomer)=24.5 min, fr(major enan-
tiomer)=19.6 min, 93% ee.

(48,5R)-3- 78 A it Bk -2- S AR -4-(4- R Ik ) Wi e g - 5-
FHRR B (4d): B [E 4, % 82%. m.p. 1344~
136.5 C; [a]y —9.72 (c 0.22, CHCL); 'H NMR (400
MHz, CDCl3) d: 7.69~7.64 (m, 2H), 7.59~7.54 (m, 1H),
7.47~7.38 (m, 6H), 5.62 (d, J/=4.7 Hz, 1H), 4.85 (d, J=
4.7 Hz, 1H), 3.92 (s, 3H); *C NMR (100 MHz, CDCl;) &:
168.68, 167.81, 151.80, 135.83, 135.48, 133.10, 132.27,
129.82, 129.34, 128.22, 127.68, 77.43, 61.21, 53.66; IR
(KBr) v: 2963, 2920, 2851, 1787, 1761, 1687, 1599, 1493,
1444, 1260, 1188, 1086, 1013 cm '; HRMS (ESI) calcd
for C;sHi4CINOsNa [M + Na] ©  382.0453, found
382.0453; XTWufkid EAEH HPLC ffiH OD-H e
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[/(n-hexane) : V(i-PrOH) =85 © 15, A=254 nm, 1.0
mL/min]; tr(minor enantiomer)=41.9 min, fr(major enan-
tiomer)=28.6 min, 93% ee.

(4S,5R)-3- 7% H Il 5 -2- S AR -4-(4- TR B IR I Joe - 5-
HER e (4e): At [l 4K, 7% 86%. mup. 95.0 ~
96.7 ‘C; [a]5 —12 (¢ 0.23, CHCls); '"H NMR (400 MHz,
CDCl;) d: 7.68~7.63 (m, 2H), 7.60~7.54 (m, 3H),
7.47~17.41 (m, 2H), 7.35~7.30 (m, 2H), 5.60 (d, J=4.7
Hz, 1H), 4.85 (d, J=4.7 Hz, 1H), 3.92 (s, 3H); *C NMR
(100 MHz, CDCl3) o: 168.68, 167.79, 151.79, 136.36,
133.11, 132.78, 132.25, 129.34, 128.22, 127.95, 123.60,
77.37, 61.27, 53.58; IR (KBr) v: 2962, 2918, 2850, 1784,
1759, 1688, 1598, 1491, 1443, 1290, 1187, 1099, 1009
cm '; HRMS (ESI) calcd for CisH;4BrNOsNa [M+Na]*
425.9948, found 425.9951; XfmtfAid & 1E H HPLC {£H
OD-H U 5E [ V(n-hexane) : V(i-PrOH)=85 : 15, 1=254
nm, 1.0 mL/min]; fx(minor enantiomer) = 45.9 min,
tr(major enantiomer)=30.9 min, 95% ee.

(4S,5R)-3- 7 H 1 k-2 8 AR -4-(4- TFURE R 5 ) e e e -
5-FBR MG (4f): A EUE AR, 7 F 55%. mp. 46.7~
47.8 C; [a]s —15.76 (¢ 0.23, CHCl;); 'H NMR (400
MHz, CDCl3) 6: 7.76~7.71 (m, 2H), 7.69~7.63 (m, 2H),
7.61~7.51 (m, 3H), 7.48~7.40 (m, 2H), 5.69 (d, J=4.8
Hz, 1H), 4.84 (d, J=4.8 Hz, 1H), 3.93 (s, 3H); 1*C NMR
(100 MHz, CDCl;) ¢: 168.66, 167.52, 151.53, 142.26,
133.41, 133.35, 131.89, 129.41, 128.30, 127.07, 118.07,
113.59, 76.94, 61.29, 53.84; IR (KBr) v: 2957, 2920, 2231,
1794, 1763, 1692, 1610, 1492, 1321, 1173, 1083 cm %
HRMS (ESI) caled for Ci9H14sN2OsNa [M + Na] *
373.0795, found 373.0799; X WA EAR i HATA =4
(2R,35)-3-7K F B 2 -3-(4- U AL 4 0k )-2-FR BE I IR B 5
MAF, XFwetkid 8 B\ HPLC £/ OD-H Al
[/(n-hexane) . V(i-PrOH)=90 : 10, A=254 nm, 1.0 mL/
min]; fr(minor enantiomer)=27.9 min, fr(major enantio-
mer)=25.7 min, 97% ee.

(4S,5R)-3- 4% I I Jk-2- S AR -4- (4- i i 2 5k ) ek e e -
5- R W iR (4g): H A EE, =% 56%. mp. 122.0~
1299 C; [a]s —12.47 (c 0.27, CHCl3); 'H NMR (400
MHz, CDCls) ¢: 8.34~8.28 (m, 2H), 7.71~7.56 (m, 5H),
7.49~7.39 (m, 2H), 5.74 (d, J/=4.8 Hz, 1H), 4.86 (d, J=
4.8 Hz, 1H), 3.94 (s, 3H); *C NMR (100 MHz, CDCL) 6:
168.66, 167.46, 151.48, 148.58, 144.04, 133.39, 131.85,
129.42, 128.31, 127.35, 124.85, 76.89, 61.55, 53.86; IR
(KBr) v: 2958, 2922, 2852, 1793, 1761, 1694, 1602, 1518,
1493, 1310, 1177, 1085 cm '; HRMS (ESI) caled for
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CisH14N,O7Na [M+Na]" 393.0693, found 393.0711; Xt
oA I B AE AT PR H(2R,38)-3- 2K I i -2- ¥4 2k -3-
(A-THBEIRIE) A R HI G S5g A, XFmiAid & {E i HPLC
{f ] OD-H % [V(n-hexane) : V(i-PrOH)=85 : 15,
A=254 nm, 1.0 mL/min]; fr(minor enantiomer)=19.7
min, fr(major enantiomer)=17.5 min, 98% ee.

(48,5R)-3- 7K H i k-2 - S5 AR -4-(4-( =960 T ) R 2
MfE-5- R I (4h): FEEE, 7% 62%. mp. 97.7~
104.9 C; [a]s —19.79 (¢ 0.10, CHCl;); 'H NMR (400
MHz, CDCl;3) d: 7.73~7.67 (m, 4H), 7.61~7.42 (m, 5H),
5.70 (d, J=4.7 Hz, 1H), 4.86 (d, J=4.7 Hz, 1H), 3.94 (s,
3H); *C NMR (100 MHz, CDCl3) J: 168.70, 167.69,
151.71, 141.18, 133.23, 132.09, 131.31, 129.39, 128.99,
128.27, 126.70, 126.65, 77.23, 61.28, 53.76; '9F NMR
(376 MHz, CDCl3) o: —62.86; IR (KBr) v: 2960, 2921,
2852, 1789, 1767, 1686, 1621, 1447, 1426, 1317, 1107,
1066 cm '; HRMS(ESI) caled for Ci9H;4F;NOsNa [M+
Na]" 416.0716, found 416.0719; XfWfkit &1¢ i HPLC
{4 OD-H #3: 5 [V(n-hexane) : V(i-PrOH)=85 : 15,
A=254 nm, 1.0 mL/min]; f(minor enantiomer)=37.6
min, fr(major enantiomer)=22.3 min, 97% ee.

(4S.,5R)-3- 7 F It 2k -2- S -4 (4- Y 2 WEE A - 5
L R (4i): A EEE, 722 67%. mp. 71.0~73.1 C,
[a]; —0.9 (c 0.42, CHCl;); 'H NMR (400 MHz, CDCl;)
0: 7.69~7.64 (m, 2H), 7.58~7.20 (m, 8H), 5.61 (d, J=
4.6 Hz, 1H), 4.88 (d, J=4.6 Hz, 1H), 3.91 (s, 3H), 2.35 (s,
3H); 3C NMR (100 MHz, CDCl3) 6: 168.72, 168.10,
153.17, 152.10, 139.42, 134.42, 132.87, 132.59, 130.20,
129.30, 128.14, 126.15, 77.81, 62.36, 53.53, 21.33; IR
(KBr) v: 2957, 2925, 2853, 1792, 1749, 1695, 1600, 1583,
1515, 1446, 1289, 1184, 1092 cm '; HRMS (ESI) calcd
for C19H;7NOsNa [M+Na]" 362.0999, found 362.0999;
PRI BE B HPLC {fH OD-H 1Ml € [V(n-hexa-
ne) - V(i-PrOH) =80 : 20, A=254 nm, 1.0 mL/min];
tr(minor enantiomer)=30.3 min, fr(major enantiomer)=
20.3 min, 97% ee.

3- TR P -2- S AR -4-(4- TP S B R 5 ) W e e -5- F
MR BRI E)(4): F T i, 773 63%. mp. 103.1~
105.2 “C; 'TH NMR (400 MHz, CDCI3) 6: 7.68~7.52 (m,
3H), 7.46~7.34 (m, 4H), 6.97~6.91 (m, 2H), 5.60 (d, J=
4.6 Hz, 1H), 4.89 (d, J=4.6 Hz, 1H), 3.91 (s, 3H), 3.81 (s,
3H); *C NMR (125 MHz, CDCl) J: 168.76, 168.11,
160.37, 152.07, 132.90, 132.59, 129.30, 128.15, 127.70,
114.90, 77.84, 61.36, 55.50, 53.52; IR (KBr) v: 2959,
2852, 1785, 1756, 1687, 1613, 1515, 1441, 1177, 1102
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cm !'; HRMS (ESI) caled for CioH;sNOs [M+H] "
356.1129, found 356.1135.

3- 2K F 2 -2- S AR -4-(2- ML g 2 ) PR MR - 5- FE R R
BECHE)(4Kk): ToEJARBE, 722 38%. 'H NMR (400
MHz, CDCl;) d: 8.73~8.70 (m, 1H), 7.84~7.78 (m, 1H),
7.73~7.68 (m, 2H), 7.59~7.35 (m, 5H), 5.58 (d, J=3.6
Hz, 1H), 5.49 (d, J=3.6 Hz, 1H), 3.91 (s, 3H); 3C NMR
(125 MHz, CDCly) 0: 169.25, 169.11, 154.83, 151.79,
150.48, 137.55, 132.78, 132.30, 129.35, 128.08, 124.60,
121.46, 77.19, 61.21, 53.60; IR (KBr) v: 2961, 2852, 1787,
1755, 1686, 1612, 1515, 1441, 1289, 1252, 1177, 1100,
1033 cm '; HRMS (ESI) caled for C7H;sN,Os [M+H]"
327.0975, found 327.0967.

(4S,5R)-3-(4- F A B O R G 366 )-2- R AR -4- R L g el
Fe-5-FHER W ls@): B AR, 2% 65%. mp. 136.1~
139.3 C; [a]5 —10.0 (¢ 0.09, CHCl); 'H NMR (400
MHz, CDCl;) 8: 7.75~7.67 (m, 2H), 7.46~7.34 (m, 5H),
6.96~6.89 (m, 2H), 5.66 (d, J=5.1 Hz, 1H), 4.88 (d, J=
5.1 Hz, 1H), 3.91 (s, 3H), 3.86 (s, 3H); *C NMR (125
MHz, CDCls) 6: 168.08, 167.93, 163.75, 152.35, 137.46,
132.13, 129.53, 129.37, 126.23, 124.43, 77.71, 61.83,
55.61, 53.52; IR (KBr) v: 2958, 2919, 2851, 1792, 1772,
1680, 1605, 1511, 1456, 1299, 1182, 1102, 1023 cm !;
HRMS(ESI) caled for CioH;sNOs [M+H]" 356.1129,
found 356.1138; X WefAid 548 i HPLC i 4 OD-H %l
5E [V(n-hexane) : V(i-PrOH)=280 : 20, A=254 nm, 1.0
mL/min]; tr(minor enantiomer)=23.3 min, frR(major enan-
tiomer)=28.8 min, 97% ee.

(4S,5R)-2-5A R -4-FK I -3-(4-( =35 Y 3k ) 2%
M g -5- R FP G (4m): (A B4R, PR R 75%. mp.
114.5~116.6 ‘C; [a]? —4.12 (¢ 0.097, CHCl;); 'H NMR
(400 MHz, CDCls) 8: 7.77~7.67 (m, 4H), 7.48~7.33 (m,
5H), 5.64 (d, J=4.1 Hz, 1H), 4.92 (d, J=4.2 Hz, 1H), 3.93
(s, 3H); 3C NMR (126 MHz, CDCL3) §: 167.93, 167.54,
151.92, 137.04, 135.86, 134.24, 133.98, 129.69, 129.65,
129.45, 126.12, 125.25, 125.22, 77.79, 61.63, 53.68; 'F
NMR (376 MHz, CDCl;) 8: —63.19; IR (KBr) v: 2924,
2859, 1794, 1769, 1690, 1491, 1411, 1314, 1187, 1107,
1065 cm™'; HRMS (ESI) caled for CioH;sFsNOs [M+H]"
394.0897, found 394.0902; X} metAid & (E H HPLC 14 4
AD-H F: 52 [V(n-hexane) : V(i-PrOH)=85 : 15, 1=254
nm, 1.0 mL/min]; fg(minor enantiomer) = 19.9 min,
tr(major enantiomer)=22.9 min, 98% ee.

(48,5R)-2- %R -3,4- — ZK FEWEME L5 -5- FF R Y (4m):
ToEHPIRBAR, 725 37%. [a]; —84.6 (¢ 0.55, CHCls);
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'H NMR (400 MHz, CDCl3) 6: 7.55~7.27 (m, 10H), 5.71
(d, J=6.4, Hz, 1H), 5.39 (d, J=6.4 Hz, 1H), 3.74 (s, 3H);
13C NMR (100 MHz, CDCl:) 6: 167.98, 136.80, 129.29,
129.20, 128.77, 128.70, 127.85, 12421, 75.89, 52.87,
49.43; IR (KBr) v: 3331, 2951, 1724, 1599, 1529, 1443,
1198, 1108, 1016 cm '; HRMS (ESI) calcd for Ci7H;s-
NO4Na [M+H]" 298.1074, found 298.1069. X Wikt &
fHH HPLC /M OD-H #Fill i [V(n-hexane) : V(i-Pr-
OH)=80 : 20, 2=254 nm, 1.0 mL/min]; f(minor enan-
tiomer)=20.9 min, fr(major enantiomer)=18.0 min, 97%
ee.
323 (2R,35)-3-K ¥ Btle-2-#2 & -3- K A A 8L P B5(6)
ERRENY

W To7K (4 mL) A2 (4S,5R)-3- 7K F I L -2- 4
AR -4-FRFEIEME 5 -5- FH R HH K (4a) (0.25 mmol, 1 equiv.)
PO AR mL)EH, KREWE SR FHHE, &
JE I\ Cs2CO5 (0.125 mmol, 0.5 equiv.), 7E% IR N R,
TLC WM B, 29 1~2 h B4R, Sk N E, F
SRR ARA YR A, R 2R A, AR S Al
WIVCRMER) @ M(CBR CER)=2 © 1113 3](2R,3S5)-3- K H
Pk i -2-¥2 FE-3- 2R FE TN R R (6), FIEalilfg, 72 50%.
m.p. 186.1~188.9 C (lit.2" 183~185 C); [a]d —
35.9; '"H NMR (600 MHz, CDCl;) d: 7.68~7.64 (m, 2H),
7.42~7.38 (m, 1H), 7.36~7.30 (m, 4H), 7.28~7.24 (m,
2H), 7.21~7.18 (m, 1H), 6.91 (d, J=9.1 Hz, 1H), 5.64
(dd, J=9.2, 2.1 Hz, 1H), 4.53 (dd, J=4.1, 2.1 Hz, 1H),
3.73 (s, 3H), 3.27 (d, J=4.0 Hz, 1H); 3C NMR (150 MHz,
CDCls) d: 173.53, 167.04, 138.82, 134.18, 131.93, 128.89,
128.79, 128.10, 127.20, 127.04, 73.36, 54.97, 53.43; IR
(KBr) v: 3491, 3362, 2957, 1731, 1643, 1517, 1287, 1257,
1108 cm '; HRMS (ESI) caled for Ci7H;sNOs [M+H]"
300.1230, found 300.1216; X mifAid &18 B HPLC f#
AD-H #0152 [V(n-hexane) : V(i-PrOH)=280 : 20, A=254
nm, 1.0 mL/min]; fr(minor enantiomer)=12.2 min, fr(ma-

jor enantiomer)=11.1 min, 97% ee.

iHBh A1 Kl (Supporting Information) J5ikl 2a~2k A
3a~3d Wil &, JKY) 2 5 3 RN INLERRT AU R, thE
) 4a~4n LUK 6 ) '"H NMR. '*C NMR Fl 4h. 4m [f)
F NMR. HPLC #&&. IXSeptplaf PG 3 AT il
(http://sioc-journal.cn/)_ T %k,
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