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Ming-Phos/Copper(l)-Catalyzed Asymmetric Intermolecular [3+2]
Cycloaddition of Azomethine Ylides with Trifluoromethyl Enones
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Abstract Chiral pyrrolidine skeletons containing trifluoromethyl group are core structural motifs in many natural products
and medicines. As a consequence, extensive studies have been conducted on the exploitation of efficient methods for the
asymmetric synthesis of such compounds. In this paper, Ming-Phos/Cu(I)-catalyzed asymmetric intermolecular [3+2] cy-
cloaddition reaction of azomethine ylides and S-trifluoromethyl-o,f-unsaturated ketone was reported. A broad substrate scope
was observed with high yield and enantioselectivity (up to 99% yield and 98% ee). The method is featured by its mild condi-
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tions, simple operation, easily available ligands and good functional group compatibility.
Keywords copper catalysis; trifluoromethyl; cycloaddition; enantioselectivity; ylides
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Figure 1 Asymmetric [3 +2] cycloaddition of azomethine
ylides with electron-deficient alkenes
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RECRET, SONEELL3 1 dr{E, 70%177 21 92% ee
1230 endo FTL (P H)(Entry 1); b5, 16 F AL FHE /M
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Figure 2 Asymmetric [3 4+ 2] cycloaddition of azomethine
ylides with trifluoromethyl alkenes
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Table 1 Screening of Ming-phos ligands

0]

N
FiCTN + AN CoMe
Ar = 4-BrC5H4
1a c 2a

Cl

Cu(CH3CN)4BF,4 (5 mol%)
Ligand (5.5 mol%)

CsCO5 (50 mol%) CF3
MTBE, -30 °C \
CO,Me
endo-3aa
0. JBu 0. JBu 0. .Bu
\\S,\ \\Sﬂ g
| | |
R. _NH Ara__NH R, NH
PPh, PPh, PPh,
M1: R = CF5 M4: Ar = Ph M6: R = Me
M2: R = Me M5: Ar = 1-Naphthyl
M3: R = 'Bu
Entry Ligand ar’ Yield/% ee’/%
1 M1 3:1 70 92
2 M2 1:1 43 86
3 M3 4:1 78 98
4 M4 2:1 63 98
5 M5 1:1 70 12
6 Mo6 1.1 40 34

“ All reactions were carried out with 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol%
catalyst ([Cu] to ligand=1 : 1.1) in 2.0 mL of MTBE at —30 C for 6 h.
®The diastereomeric ratios were determined by '"H NMR analysis of the crude
products. ¢ The yield of 3aa was determined by 'H NMR analysis using
CH,Br;, as the internal reference. ?The ee values were determined by chiral
HPLC.
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Table 2 Optimization of the reaction conditions

o Cl
F3C%
[Cu] (5 mol%)
1a cl M3 (5.5 mol%)
+ - > CF3
PPN Base (50 mol%) g
Ar” "N "CO,Me Solvent, -30 °C CO,Me
Ar = 4-BrCgH,4
2a endo-3aa
Entry [Cu] Base Solvent dr’ Yield® (ee)%

1 Cu(CH;CN),ClO; Cs,CO; MTBE 5:1  74(93)
2 Cu(CH;CN)PFs Cs,CO; MTBE 5:1  80(98)
3 [Cu(OTf)],*Tol Cs,CO; MTBE 5:1  77(96)
4  Cu(CF;S05), Cs,CO; MTBE 5:1 76 (96)
5 Cu(CH;CN)NTf, Cs,CO; MTBE 4:1 78 (93)
6 Cu(CH;CN),BF, Cs,CO; MTBE 5:1 79 (98)
7 Cu(CH;CN),BF, ‘BuOK MTBE 3:1 56(11)
8 Cu(CH;CN),BF, DBU MTBE 1:1 35(0)
9 Cu(CH3;CN)4BF, EtzN  MTBE 4.1  66(96)
10 Cu(CH;CN),BF, K,CO; MTBE 5:1  78(98)
11 Cu(CH;CN),BF; Cs,CO; THF 6:1 85(96)
12 Cu(CH;CN),BF, Cs,CO; Pr,0 5:1  78(98)
13 Cu(CH;CN),BF, Cs,CO; Et,O 4:1  74097)
14 Cu(CH;CN),BF, Cs,CO; Toluene 6 : 1 77 (96)

© 2020 Chinese Chemical Society & SIOC, CAS

@ All reactions were carried out with 0.1 mmol of 1a, 0.2 mmol of 2a 5 mol%
of catalyst ([Cu] to ligand=1 : 1.1) in 2.0 mL solvent at —30 C for 6 h.
®The diastereomeric ratios were determined by "H NMR analysis of the crude
products.  The yields were determined by 'H NMR analysis using CH,Br, as
the internal reference. ¢ The ee values were determined by chiral HPLC.
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Table 3 Substrate scope

CUBF4(CH3CN), (5 mol%)
M3 (5.5 mol%)

(0] MNP
N~ "CO,Me
R1Jv\CF3 + 2/©/\ 2
R

1 2

Cs,CO03 (50 mol%)
THF , -30°C

3ja 3ka

84% yield, 97% ee, 8:1 dr

3aa, R = Cl, 85% yield, 96% ee, 6:1 dr
3ba, R = Br, 85% yield, 97% ee, 6:1 dr
3ca, R=F, 71% yield, 94% ee, 3:1 dr
3da, R=CN, 91% yield, 98% ee, 12:1 dr
3ea, R = NO,, 80% yield, 98% ee, 10:1 dr
3fa, R = H, 84% yield, 91% ee, 1:1 dr
3ga, R = OMe, 88% yield, 94% ee, 2:1 dr

NO,

87% yield, 96% ee, 7:1dr  84% yield, 97% ee, 8:1 dr 93% yield, 98% ee, 15:1 dr

3ha 3ia
72% yield, 93% ee, 10:1 dr 89% yield, 96% ee, 9:1 dr

83% yield, 91% ee, 11:1 dr

“ All reactions were carried out with 0.3 mmol of 1, 0.6 mmol of 2, 5 mol% of catalyst ([Cu] to ligand=1 : 1.1) in 6.0 mL THF at —30 ‘C for 2~8 h. b Tsolated
yield. The ee values were determined by chiral HPLC. The diastereomeric ratios were determined by 'H NMR analysis of the crude products.

WA KRS, 4- SR, 4-B0K S, 4-FUE 2R
M, 4-S0 0K I, 4-TH oK A, 4-F SRR i, 4-FR O
R, 3-THEOR R, 2-TH R R, 2,4- SR HEE,
34-EIKHEE, RN, 2-1R-3,3,3- = @AM, IET
B, SRk, BRI TR ER 2E, TTKEmEREE, WA
MR, BRER .
42 W

=R TH M3 (5.5 mol%)Fl Cu(CH;CN),BE, (5
mol%)7E VUSRI (THF, 6 mL) ke 2 h. ¥ S S fE
B2 —30 CJa, XN S22 0.6
mmol),Cs,CO; (0.15 mmol) A1 = 4 I L& B 1 (0.3
mmol). )2 G (TLC) W =5 T EJE T 1 5848 R M
Jei, VR RREIET. R TH NMR 204 CAR s JEx
DALk 2 C P A SR L%  //B (i BUR E RV AST Y S N RS R i
CRMEE/ 2B B8, V: v=8: DHEZ=Y 3. {HHFM
FEHEAT HPLC A, 5 F=4 o5 ik k.

(25,35,4S,5R)- Fl Ft -5-(4- I % 3E )-4-(4- S 7K L
H)-3-(= Bk fe-2- R R I (3aa): 125.1 mg [ €A [i]
1K, 85%5=%, 6 : 1 dr, 96% ee [Chiralpak AD-H column
[V(hexanes) - V(2-propanol)=90 : 10, 0.8 mL/min, 210
nm]; major enantiomer fg=33.6 min, minor enantiomer
=142 min]. m.p. 142~143 C; [a]y —0.22 (¢ 0.3,

Chin. J. Org. Chem. 2020, 40, 2460~2467
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CHCly); 'H NMR (500 MHz, CDCls) o: 7.44 (d, J=8.6
Hz, 2H), 7.25~7.18 (m, 4H), 6.99 (d, J=8.4 Hz, 2H),
470 (d, J=7.5 Hz, 1H), 4.37~4.35 (m, 1H), 4.13 (d, J=
6.2 Hz, 1H), 3.91 (s, 3H), 3.77~3.69 (m, 1H), 2.98 (s,
1H); “C NMR (126 MHz, CDCly) d: 197.3, 171.2, 139.9,
135.2, 134.9, 131.4, 129.4, 128.7, 128.7, 126.6 (q, Jer=
278.3 Hz), 122.1, 66.4, 60.4, 53.0, 51.3, 50.7 (q, J=27.1
Hz); "°F NMR (376 MHz, CDCl) J: 68.87; ESI-MS calcd
for CyH;¢BrCIFsNNaO; [M + Na '] 511.9852, found
511.9856.

(285,35,45,5R)- H! K -4-(4- JL K H B L )-5-(4- 1R 2 56 )-3-
(=5 P 3L s b -2- R R 16 (3ba): 136.4 mg [ ([l 1, 85%
FEE, 8 11 dr, 97% ee [Chiralpak AD-H column [V(he-
xanes) . V(2-propanol)=90 : 10, 0.8 mL/min, 210 nm];
minor enantiomer fxp=36.5 min, major enantiomer fp=
14.6 min]. m.p. 137~138 C; [a]y —0.26 (¢ 0.3,
CHCl,); 'H NMR (400 MHz, CDCl;) §: 7.42~7.35 (m,
4H), 7.19 (d, J=8.5 Hz, 2H), 6.99 (d, J=8.4 Hz, 2H), 4.70
(d, J=7.5 Hz, 1H), 4.37~4.35 (m, 1H), 4.13 (d, J=6.2
Hz, 1H), 3.92 (s, 3H), 3.77~3.68 (m, 1H), 2.99 (s, 1H);
5C NMR (126 MHz, CDCl5) §: 197.5, 171.2, 135.3, 135.2,
131.6, 131.3, 129.4, 128.7, 128.6, 128.0 (t, Jor=278.4

http://sioc-journal.cn/ 2463
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Hz), 122.1, 66.3, 60.3, 52.9, 51.2, 50.5 (q, J=27.1 Hz); "°F
NMR (376 MHz, CDCl;) 0: —68.86; ESI-MS calcd for
C,H,¢Br,F;NNaO; [M+Na '] 555.9347, found 555.9345.

(25,35,48,5R)- F FE -5-(4- I % & )-4-(4- 5 7K ik
H)-3-(= T AL LI - 2- PR IR I (3ea): 101.0 mg 1 €[]
&, T1%5F=3, 3 : 1 dr, 94% ee [Chiralpak AD-H column
[V(hexanes) : V(2-propanol)=90 : 10, 0.8 mL/min, 210
nm]; major enantiomer zr=29.3 min, minor enantiomer
tr=14.1 min]. m.p. 165~166 C; [a]f) —0.08 (¢ 0.3,
CHCL3); 'H NMR (400 MHz, CDCl3) §: 7.56~7.52 (m,
2H), 7.19 (d, J=28.5 Hz, 2H), 7.01~6.91 (m, 4H), 4.70 (d,
J=17.3 Hz, 1H), 4.39~4.36 (m, 1H), 4.14 (d, J/=6.0 Hz,
1H), 3.92 (s, 3H), 3.78~3.68 (m, 1H), 3.00 (s, 1H); "*C
NMR (126 MHz, CDCly) d: 196.9, 171.2, 165.7 (d, J=
256.5 Hz), 135.2, 133.1, 131.3, 130.8 (d, /J=9.5 Hz),
128.7, 126.7 (q, Jcr=278.3 Hz), 122.0, 115.5 (d, J=21.9
Hz), 66.5, 60.4, 53.0, 51.2, 50.7 (q, J=26.9 Hz); ’F NMR
(376 MHz, CDCl;) 6: —68.88, —103.90; ESI-MS calcd
for CyH;¢BrF;NNaO; [M + Na "] 496.0147, found
496.0151.

(25,35,4S,5R)- F 3 -5-(4- 15 K 3 )-4-(4- 7 2 2K F i
F)-3- (R B g bE-2- R B2 s (3da): 131.4 mg AR
4, 91%7=3, 12 0 1 dr, 98% ee [Chiralpak AD-H
column [V(hexanes) . V(2-propanol) =90 : 10, 0.8 mL/
min, 233 nm]; minor enantiomer fr =57.7 min, major
enantiomer fr=31.4 min]. m.p. 135~136 C; [a]} —
0.24 (¢ 0.3, CHCl;); '"H NMR (400 MHz, CDCl;) d: 7.55
(s, 4H), 7.16 (d, J/=8.4 Hz, 2H), 6.98 (d, /=8.4 Hz, 2H),
4.74 (d, J=17.6 Hz, 1H), 4.42~4.39 (m, 1H), 4.14 (d, J=
6.3 Hz, 1H), 3.92 (s, 3H), 3.85~3.75 (m, 1H), 2.94 (s,
1H); *C NMR (126 MHz, CDCl;) §: 198.1, 171.4, 144.4,
135.4, 134.1, 131.3 (2 C), 129.1, 128.8, 128.3, 126.7 (q,
Jcr=278.4 Hz), 121.9, 66.6, 60.6, 53.0, 51.1, 51.0 (q, J=
27.0 Hz); “F NMR (376 MHz, CDCly) 0: — 68.84;
ESI-MS caled for C, H¢BrF;N,NaO; [M + Na * 1
503.0194, found 503.0190.

(25,35,4S,5R)- F 3 -5-(4- 15 2K 3 )-4-(4- i 2 2 F i
F)-3-( = R I g -2- AR R I (3ea): 1203 mg HEA
[k, 80%7 7%, 10 : 1 dr, 98% ee [Chiralpak AD-H
column [V(hexanes) . V(2-propanol) = 80 : 20, 0.8
mL/min, 233 nm]; major enantiomer fx =26.8 min, minor
enantiomer fr=16.0 min]. m.p. 149~150 C; [a]} —
0.47 (¢ 0.3, CHCl;); '"H NMR (500 MHz, CDCl5) §: 8.09
(d, J=8.9 Hz, 2H), 7.62 (d, J=8.9 Hz, 2H), 7.17 (d, J=
8.5 Hz, 2H), 7.00 (d, J=8.5 Hz, 2H), 4.76 (d, J=7.6 Hz,

2464 http://sioc-journal.cn/
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1H), 4.42~4.41 (m, 1H), 4.15 (d, J=6.3 Hz, 1H), 3.93 (s,
3H), 3.84~3.78 (m, 1H), 2.94 (s, 1H); *C NMR (126
MHz, CDCl3) ¢: 197.2, 171.1, 150.0, 141.0, 135.0, 131.6,
129.0, 128.8, 126.5 (q, Jcr=278.3 Hz), 123.5, 122.4, 66.2,
60.2, 53.1, 52.0, 50.2 (q, J=27.3 Hz); "F NMR (376
MHz, CDCl3) 6: —68.87; ESI-MS calcd for C,,H;¢Br-
F3N,NaOs [M+Na ] 523.0092, found 523.0096.
(25,3S,4S,5R)- H & -5-(4- 5 2K B )-4-(K H Pk 3 )-
3-( =5 ) s e -2-FR R TR (3fa): 117.6 mg [ EulEI 44,
86%7%, 1 11 dr, 91% ee [Chiralpak AD-H column
[V(hexanes) : V(2-propanol)=90 : 10, 0.5 mL/min, 210
nm]; minor enantiomer fz=232.2 min, major enantiomer
tx=20.6 min]. m.p. 164~165 C; [a]y —0.10 (¢ 0.3,
CHCLy); '"H NMR (500 MHz, CDCl;) d: 7.50 (d, J=8.2
Hz, 2H), 7.43 (t, J=7.4 Hz, 1H), 7.26~7.24 (m, 2H), 7.15
(d, J=8.4 Hz, 2H), 6.99 (d, J=8.4 Hz, 2H), 4.70 (d, J=
7.5 Hz, 1H), 4.45~4.43 (m, 1H), 4.14 (d, J/=6.2 Hz, 1H),
3.92 (s, 3H), 3.76~3.73 (m, 1H), 3.01 (s, 1H); *C NMR
(126 MHz, CDCl;) o: 198.6, 171.3, 136.6, 135.3, 133.3,
131.2, 128.8, 128.3, 128.1, 126.5 (q, J=278.4 Hz), 121.9,
66.5, 53.0, 51.3, 50.7 (q, J=27.0 Hz); "F NMR (376
MHz, CDCl3) 6: —68.76; ESI-MS calcd for C,,H;,Br-
F;NNaO; [M+Na'] 478.0242, found 478.0239.
(285,3S,48,5R)- F Hk -5-(4- 1R R 3 )-4-(4- A L R
P )-3-( =980 2 L Joe-2-FR R P (3ga): 128.3 mg
A, 88%77FK, 2 1 1 dr, 94% ee [Chiralpak AD-H
column [V(hexanes) . V(2-propanol)=90 . 10, 0.8 mL/
min, 210 nm]; minor enantiomer fgx =37.4 min, major
enantiomer fx=18.7 min]. m.p. 124~125 C; [a]ly —
0.28 (¢ 0.3, CHCl;); '"H NMR (400 MHz, CDCl;) J: 7.52
(d, J/=8.9 Hz, 2H), 7.18 (d, J=38.5 Hz, 2H), 7.01 (d, J=
8.4 Hz, 2H), 6.73 (d, J=8.9 Hz, 2H), 4.67 (d, J=7.3 Hz,
1H), 4.39~4.36 (m, 1H), 4.13 (d, J/=6.1 Hz, 1H), 3.91 (s,
3H), 3.81 (s, 3H), 3.74~3.65 (m, 1H), 3.06 (s, 1H); °C
NMR (126 MHz, CDCl3) d: 196.8, 171.3, 163.7, 135.5,
131.2,130.5, 129.6, 128.7, 126.75 (q, J=278.6 Hz), 121.7,
113.5, 60.6, 55.4, 52.9, 50.9 (q, J=26.8 Hz), 50.75; "°F
NMR (376 MHz, CDCl;) : —68.89; ESI-MS calcd for
C,,H,sBrF;NNaO, [M+ Na'] 508.0347, found 508.0345.
(285,3S,45,5R)- F Jk -5-(4- Y8 2R J )-4-(2- i 2 2% FR Ik
FE)-3-( =50 F AR g e -2-FR IR TiE (3ha): 108.3 mg {7
AR, 72%773, 10 : 1 dr, 93% ee [Chiralpak AD-H
column [V(hexanes) : V(2-propanol) = 80 : 20, 0.8
mL/min, 210 nm]; minor enantiomer fy=24.1 min, major

enantiomer fx=14.2 min]. m.p. 123~124 C; [a]} —
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0.20 (¢ 0.3, CHCl;); '"H NMR (400 MHz, CDCl;) 6: 8.00
(d, J=9.1 Hz, 1H), 7.50~7.45 (m, 1H), 7.32 (d, J=8.5
Hz, 3H), 7.04 (d, J=8.2 Hz, 2H), 5.95 (d, J=9.0 Hz, 1H),
4.64 (d, J=5.9 Hz, 1H), 4.17 (d, J=4.5 Hz, 1H), 3.95 (s,
3H), 3.83~3.77 (m, 2H), 3.16 (s, 1H); C NMR (126
MHz, CDCl;) 6: 196.2, 171.1, 147.7, 137.5, 135.0, 133.4,
131.5, 129.5, 128.7, 127.2, 126.5 (q, Jer=278.3 Hz),
123.0, 122.3, 66.2, 60.0, 53.0, 51.8, 49.9 (q, J=27.4 Hz);
F NMR (376 MHz, CDCL;) 6: —69.03; ESI-MS caled
for C,H¢BrF;N,NaOs [M + Na+] 523.0092, found
523.0095.

(28,3S,48,5R)- Fl ik -5-(4- Y5 R Jk )-4-(3- i 2 2% FR Ik
H)-3-( =9 R L gt e -2- 2 BRI (3ia): 133.8 myg [ (7]
&, 89%r=3, 9 : 1 dr, 96% ee [Chiralpak AD-H column
[V(hexanes) . V(2-propanol)=80 : 20, 0.8 mL/min, 233
nm]; minor enantiomer fx=13.4 min, major enantiomer
k=142 min]. m.p. 125~126 C; [a]y) —0.18 (¢ 0.3,
CHCLy); 'H NMR (500 MHz, CDCly) §: 8.27~8.24 (m,
2H), 7.81 (d, J=7.8 Hz, 1H), 7.46 (t, J=7.9 Hz, 1H), 7.14
(d, J=8.4 Hz, 2H), 7.02 (d, J=8.4 Hz, 2H), 4.80~4.79
(m, 1H), 4.41~4.40 (m, 1H), 4.16 (d, J=6.1 Hz, 1H),
3.93 (s, 3H), 3.87~3.81 (m, 1H), 2.91 (s, 1H); *C NMR
(126 MHz, CDCly) §: 196.1, 171.0, 147.7, 137.5, 135.0,
133.4, 131.4, 129.5, 128.7, 127.2, 126.5 (q, J=278.4 Hz),
123.0, 122.2, 66.2, 60.0, 53.0, 51.8, 49.8 (q, J=27.4 Hz);
F NMR (376 MHz, CDCl;) §: —68.93; ESI-MS calcd
for C,oH;¢BrFiN,NaOs [M + Na "] 523.0092, found
523.0090.

(25,35,4S,5R)- H J:-5-(4- R 2R I )-4-(2,4- — S K H Bk
FE)-3- (=0 LI s Je-2-FR IR R (3ja): 132.3 mg VR EE
1K, 84%7=%, 8 1 1 dr, 97% ee [Chiralpak AD-H
10, 0.5
mL/min, 210 nm]; minor enantiomer fr=21.4 min, major
enantiomer fx=17.2 min]. m.p. 98~99 C; [a]y —0.11
(c 0.3, CHCLy);'H NMR (400 MHz, CDCls) d: 7.27 (s, 3H),
6.99 (t, J=8.8 Hz, 3H), 6.40 (d, J/=8.4 Hz, 1H), 4.69~
4.61 (m, 2H), 4.14 (d, J=5.6 Hz, 1H), 3.91 (s, 3H), 3.77~
3.69 (m, 1H), 2.97 (s, 1H); *C NMR (126 MHz, CDCl;) ¢:
200.1, 171.1, 137.9, 136.8, 134.9, 131.87, 131.6, 130.5,
130.0, 128.3, 127.1, 126.6 (d, Jo.r=278.4 Hz), 122.1, 66.0,
60.5, 55.5, 53.1, 50.6 (q, J=27.4 Hz); "F NMR (376
MHz, CDCl;) : —68.71; ESI-MS calcd for C,oH;5BrCl,-
F3NNaO; [M+Na ] 545.9462, found 545.9466.

(25,35,48,5R)- F Jk-5-(4- 1R R Bk )-4-(3,4- — S 2K Ik
B8)-3-( =960 F 5k s -2 SR R R (3ka): 137.1 mg VR A

column [V(hexanes) . V(2-propanol) = 90 :
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WK, 87%7“%, 7 11 dr, 96% ee [Chiralpak AD-H
column [F(hexanes) . V(2-propanol) =90 : 10, 0.5 mL/
min, 210 nm]; major enantiomer fz=32.5 min, minor
enantiomer fr=17.2 min]. m.p. 143~144 C; [a]} —
0.23 (¢ 0.3, CHCl;); '"H NMR (400 MHz, CDCls) 6: 7.49
(d, J/=15.3 Hz, 1H), 7.33 (s, 2H), 7.22 (d, J=7.2 Hz, 2H),
7.00 (d, J/=7.1 Hz, 2H), 4.73~4.72 (m, 1H), 4.29 (s, 1H),
4.13 (s, 1H), 3.92 (s, 3H), 3.75 (s, 1H), 2.95 (s, 1H); °C
NMR (126 MHz, CDCl3) d: 196.3, 171.2, 138.0, 136.1,
135.1, 133.1, 131.5, 130.4, 130.1, 128.7, 127.0, 126.6 (q,
Jor=278.3 Hz), 122.4, 66.4, 60.3, 53.1, 51.6, 50.3 (q, J=
27.3 Hz); “F NMR (376 MHz, CDCl;) 6: — 68.85;
ESI-MS caled for C,oH;sBrCL,FsNNaO; [M + Na ' ]
545.9462, found 545.9464.

(25,38,45,5R)- H 3k -4-(4- 1 FE 7% PP 3k )-5- 7 JE -
3-( 5 AL s e 2- FR TR M (3eb): 106.4 mg 3 (4[]
1, 84%F=%, 10 © 1 dr, 97% ee [Chiralpak AD-H column
[V(hexanes) . V(2-propanol)=90 : 10, 0.8 mL/min, 233
nm]; minor enantiomer fr=31.9 min, major enantiomer
fr=24.8 min]. m.p. 135~136 C; [a]d —0.12 (¢ 0.3,
CHCLy); '"H NMR (400 MHz, CDCl;) &: 8.02 (d, J=8.9
Hz, 2H), 7.58 (d, J/=8.9 Hz, 2H), 7.10 (d, /=7.4 Hz, 2H),
7.03 (q, J=7.2, 5.9 Hz, 3H), 4.80 (d, J/=7.5 Hz, 1H),
4.43~4.40 (m, 1H), 4.16 (d, J/=6.1 Hz, 1H), 3.94 (s, 3H),
3.82~3.77 (m, 1H), 3.09 (s, 1H); *C NMR (126 MHz,
CDCly) 0: 197.5, 171.2, 149.8, 141.1, 135.5, 129.0, 128.5
(20), 127.1, 126.6 (q, Jcr=278.3 Hz), 123.3, 67.2, 60.4,
53.1, 52.4, 50.5 (q, J=27.1 Hz); “F NMR (376 MHz,
CDCl;) d: —68.83; ESI-MS calcd for C,oH;;F3;N,;NaOs
[M-+Na '] 445.0987, found 445.0982.

(25,35,48,5R)- H B 4-(4- il 5 % WA e 2% )-5-Cf HH R
FE)-3-( =38 ) ML J-2-FR R TR (Bec): 121.8 mg v 3 (1
B4, 93%7/=3%, 15 1 1 dr, 98% ee [Chiralpak AD-H
column [V(hexanes) . V(2-propanol) =90 : 10, 0.8 mL/
min, 233 nm]; minor enantiomer fx =33.4 min, major
enantiomer fx =23.6 min]. mp. 113~114 C; [a]}
—0.18 (¢ 0.3, CHCL); ' H NMR (400 MHz, CDCl;) ¢:
8.02 (d, J/=8.9 Hz, 2H), 7.58 (d, J/=8.9 Hz, 2H), 7.10 (d,
J=17.4 Hz, 2H), 7.03 (q, J=7.2, 5.9 Hz, 2H), 4.80 (d, J=
7.5 Hz, 1H), 4.41~4.39 (m, 1H), 4.16 (d, J/=6.1 Hz, 1H),
3.94 (s, 3H), 3.80~3.75 (m, 1H), 3.03 (s, 1H), 2.11 (s,
3H); *C NMR (126 MHz, CDCls) 6: 197.7, 171.3, 149.8,
141.1, 138.3, 132.4, 129.1, 129.1, 127.0, 126.6 (q, Jcr=
278.2 Hz), 123.2, 67.0, 60.4, 53.0, 52.6, 50.6 (q, J=27.2
Hz), 20.88; "F NMR (376 MHz, CDCl;) J: —68.81;
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ESI-MS calcd for C,H;oF;N,NaOs [M+Na'] 459.1144,
found 459.1147.

(25,35,4S,5R)- F 3t -5-(4- 1 4 3 2K 3k )-4-(4- il 22 K
PP I 258 )-3-( = 9L P 2 Lt gt e -2- R IR T (3ed): 112.6 mg
FOE K, 83%77%K, 11 1 1 dr, 91% ee [Chiralpak AD-H
column [V(hexanes) . V(2-propanol) =90 : 10, 0.8 mL/
min, 254 nm]; minor enantiomer fr =61.6 min, major
enantiomer fr=43.2 min]. m.p. 134~135 C; [a]} —
0.16 (¢ 0.3, CHCl;); "H NMR (500 MHz, CDCl;) J: 8.05
(d, J=8.7 Hz, 2H), 7.61 (d, J=8.7 Hz, 2H), 7.01 (d, J=
8.6 Hz, 2H), 6.55 (d, J=8.6 Hz, 2H), 4.76 (d, J=7.7 Hz,
1H), 4.40~4.38 (m, 1H), 4.13 (d, J/=6.2 Hz, 1H), 3.93 (s,
3H), 3.80 (d, J/=15.9 Hz, 1H), 3.61 (s, 3H), 2.94 (s, 1H);
BC NMR (126 MHz, CDCLy) d: 197.6, 171.2, 159.5, 149.7,
141.0, 129.0, 128.2, 127.5, 126.6 (q, Jcr=278.3 Hz),
123.2, 113.7, 66.6, 55.1, 53.0, 52.4, 50.4, 50.3 (q, J=27.1
Hz); F NMR (376 MHz, CDCl;) 0: —68.78; ESI-MS
caled for C,H;oF3N,NaOg [M+Na+] 475.1093, found
475.1089.

45 B £l (Supporting Information) 1L&4% 3 1) 'H
NMR, "’F NMR, “C NMR 1 HPLC i/, X Lptlay Ll
Y B WA T 335 (http://sioc-journal.cn/)_F N #.
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