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Asymmetric Conjugate Addition of 1,3-Diketone to Nitroalkenes
Catalyzed by Bifunctional Thiourea-Amide Organocatalysts
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Abstract New bifunctional chiral thiourea-amide organocatalysts were developed. Their applications in asymmetric conju-
gate addition of 2,4-pentandione to various nitroalkenes were investigated. The corresponding adducts were obtained in excel-
lent yields with high enantioselectivities up to 94% ee in present of 1 mol% catalyst. The catalytic system could also suit for
various nitroalkenes bearing electron-donating or electron-withdrawing groups. The preliminary structure-activity relationship
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study reveals that the acyl group in pyrrolidine N position plays an important role in catalyzing the reaction.
Keywords thiourea-amide; organocatalyst; Michael addition; asymmetric
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Figure 2 Structure of thiourea-amide organocatalysts
1 ZER5HE

TR - S AL A & T ¥E U0 Scheme 1 fTs. &
Je bk 3,5- 0= ) R R i FURBE AN (1R, 2R)- A &
THERERE R T A 2. % N-BUR I R AT S Ak
13 EAH B 3a~3d. (&Y 2 5 3 i AL 6 R 15 3
AL 1a~1d. LT 1d £ =5 OBAFAE F kAT KR
BRI 1e. XTI 1f, BT N-FF IS s |
AR WA B TR R N LR, R 4 5
2 JRPFIERIIE R I AEARTE, [FRA R T S SCEkikE
FAARI L] 1g~1hl"],

B HE T 1a~1h 7E 2,4- 1% [ 6a XJ i3
KO Sa PIINBUR BH A BOR, g sk 1 fr
N, AT 1a~1h S5 LEERL, (H LA = 26 K
JERFEMER ZE RO, 1F SRR BT AT, UL
M e A3 R 3 A REE X 1,3 —REEAT R4, A
BEHER 1f 750 B A AT A SR (Entry 6);
T e N-BEJEfEAL 77 1a~1d 7E 10 mol% Ak 77 &1
DU, e A% T A 5 R X A 2 2 20 T B
Hrp N-TABRIEEAT] 1b 78 LS N S IAFIR,
H ee HAEWIAE] 85% (Entry 2); 4R N %A B
SIS, AR 1e, FABMTEMESRIRBE, 72 h W=
PN 40%, HEA X IIEENE(Entry 5). BAMHIRE,
AT 1g~1h REBA MM b N-IEEELE 1, (HAh5R%
B ATATE P (Entries 7~8).
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Table 1 Screening of catalysts

O O
O O catalyst (10 mol%)
pr N0z + CHyCly, rt, NO,
5a 6a
7a
Entry Catalyst Time/h Yield”/% ee/% Config

1 la 3 92 84 R
2 1b 3 90 85 R
3 1c 3 93 82 R
4 1d 3 92 80 R
5 le 72 40 0 —
6 1f 96 Trace — —
7 1g 96 Trace — —
8 1h 96 Trace — —

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 5a (0.2 mmol), 6 (0.4 mmol), catalyst (10 mol%), solvent
(0.6 mL). *Isolated yield. ¢ ee was determined by chiral HPLC. “ The configu-
ration was determined by comparing optical rotation data and HPLC retention
times with literatures.

B2 FORDMEALT 1a A1 1b TR, 57 BN H
AR PR, SR 2. FFEERTL T 2,4- FXE
T HE AR 0 S S FH B — S TR e AR 2, ZE DA N
VAR, 1a 1 1b MR I(R)-Ta B HA Bim =%,
HAN ee 17 BN 92%AH1 90% (Entries 1~4). 124 L
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CH;CN (Entry 5). THF (Entry 6). EtOAc (Entry 7) 4%
FILA S TG 7 S SE(Entry Q) AR ) g £t 35 A R
. RIS A R T A A SRS, 24 1a Fl &
K2 1 mol%, KBNS AFHEK, HHAINE"Y) ee {H
{15155] 92 % (Entry 11), 5 BAMEALF FH = Re 8 5200 S M
A, AEN e R FE MR AN K. [R] IR il BE HEAT 25 5
BRI, MR RN ee AE HFZ W AN K (Entries
12~13).
R2 RN

Table 2 Optimization of reaction conditions

(0] (0]
O O
NN NO, )j\/[]\ catalyst NO,
solvent, 24 h
5a 6a
7a
Entry Catalyst L?j(ilozg/ 7/°C  Solvent Yield/% ee/%
1 la 10 25 CH,Cl, 92 84
2 la 10 25  Toluene 94 92
3 1b 10 25 CH,Cl, 90 85
4 1b 10 25  Toluene 93 90
5 la 10 25 CH;CN 96 53
6 la 10 25 THF 21 70
7 la 10 25 EtOAc 90 78
8 la 10 25 CHCl 89 79
9 la 10 25  Neat 82 68
10 1a 5 25  Toluene 92 91
11 la 1 25  Toluene 92 92
12 la 1 0  Toluene 86 90
13 la 1 —20 Toluene 85 91

“ Reaction condition: 5a (0.2 mmol), 6a (0.4 mmol), catalysts (1~10 mol%),
solvent (0.6 mL). * Isolated yield. ¢ ee was determined by chiral HPLC.

BT A R N R LR R L2, B
NIHE TR 26 1 mol% Akl &, DL
AL IR T RN, R S5 B SR Sk, 3
FR T AT 1a MR FEEUE ISR 2 5 R B
MR, 3R 3 o, TEXT &4 A A HL 738w 5 4]
185 BRI 2K SR IR LR, JEA T 1a 3RE DAL
TR T PR T B g B P 15 B 8 ) (Entries 1~
12). HAfEXS 2-&EE IR G R N F, 72 ee
HILF] T 94% (Entry 2); MG 1a X5 4420 K AR ER A 2k
1 2 5 (N RS BAT &5 e e 3%, ok
=W ee {853 5N 85% (Entry 13)+ 89% (Entry 14). [AJHf
FRATTAR 5 52 1 fH A0 70T I 7 1 A 5 A 6 o R 4 3
Berk, HNE=Y ee (4 91% (Entry 15), i BHHAL T
La % 5 LA B AT S50 (1 3 1.

LR, TRATX SEAZ R IE - YEEAT T 4R,
X 4 PR, HSEIZRPIA IR 9B FE N (Entry 1),
A S N AT R, NI SE A TEEE 48 h, HOmUEEEME
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Table 3 Addition of 2,4-pentandione to nitroalkenes catalyzed
by 1a

o O

O O
oo s T mman AN
toluene, r.t, 24 h R NO,

5 6a 7

Entry R Product Yield”/% ee‘/% Config.
1 Ph Ta 94 92 R
2 2-FCeH, 7b 91 94 R
3 4-FC¢H, Tc 89 80 R
4 2-BrCqH,4 7d 95 90 R
5 2,4-Cl,CsH, Te 86 88 R
6 4-CIC4H, 7f 93 91 R
7 4-MeOCgH,4 7g 92 89 R
8 3-MeOC¢H, 7h 90 93 R
9 2-MeOC¢Hy 7i 95 92 R
10 4-MeCgH, 7j 92 84 R
11 2-0,NCeH, 7k 92 91 R
12 4-BnOC¢H, 7 89 91 R
13 2-Furyl 7m 95 85 S
14 1-Naphthyl Tn 94 90 R
15 i-Bu 70 96 90 S

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 5 (0.2 mmol), 6a (0.4 mmol), 1a (1 mol%), toluene (0.6
mL). *Isolated yield. ¢ ee was determined by chiral HPLC. ¢ The configuration
was determined by comparing optical rotation data and HPLC retention times
with literatures.
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Table 4 Addition of various 1,3-dicarbonyl compounds to ni-
trostyrene catalyzed by 1a

o _,O

9 1a (1 mol%) i)
a mol~
~onon, ST
Ph™Xx R’ g R® Tioluene, rt, R NO,
R
5a 6 7

Entry Nucleophile Product Time/h Yield”/% drf  ee”/%

O O
1 <o MO/ Tp 48 92 — 81
O O
2 7 4 95 1:1 79,80
I
o]
(0]
3 Eg_« Tr 4 96 4.7:1 88, 84
O_
o O
4 7s 16 96 — 89
Ph)J\/U\Ph
O O
5 7t 12 97 1.5:1 86,84
“ Reaction condition: 5a (0.2 mmol), 6a (0.4 mmol), catalysts (1~10 mol%),

solvent (0.6 mL). *Isolated yield. ¢ ee was determined by chiral HPLC.
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Figure 3 Proposed catalytic reaction mode through double ac-
tivation
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MR T 1,3- BRI S W00 B 075 2 AR AN AR
Michael AR, FEMELFIHEN 1 mol%Hit T,
RIS 7RG R S SR R0 O LR, W1
P RER AW FUR I, WM HE N-BL kA8 (A s B A
HEAEA.

3 ERSY
31 B 5EHHA

Waters 1= R0BA (154 (1525 F2. 2489 K Ah—w] I,
Krgs); E#EHYS SGWzz-1 Jig)eiX; Bruker AVANCE
I 600 #ZREFEIRBEHEI; Thermo LTQ XL Jiiiki%; AB
Sciex TripleTOF 6600 =43 ## B i X

3,5-B( =5 I R EE R B RIREE . (1R2R)-H L
i BURAHEIG IR 13- 8RB A B2 K
BRI A | R AR AR A A Heik
FULEI0E ] 24 4 [ A 2330 R A ).

3.2 XWHE
32.1 1-((1R2R)-2-A A 2r T #)-3-(3,5- = AK) K &)
BRI (2) 89 B A&,

(1R2R)- ¥ € — % (0.74 g, 6.5 mmol) i# T & /K
CH,Cl, 30 mL)H, A ZE 0 C, A 3,5-B(=% FF3k) 2
B R HEEREE(1.35 g, 5 mmol), 0 CHKLERIHE 4 h, %R
W, BRI AT R IR AL Z 4T, V(CHLCL)/ V(MeOH) =
30/1~10/1 HEelt, FBRE AR 1.45 g 725 75%.
m.p. 72~74 C (Lit."”! 71~73 “C); '"H NMR (600 MHz,
DMSO-dg) 0: 8.27 (s, 2H), 7.72 (s, 1H), 4.04 (br s, 1H),
2.72 (br s, 1H), 2.07 (br s, 1H), 1.88 (br s, 1H), 1.65 (s,
2H), 1.22 (br s, 4H); *C NMR (150 MHz, DMSO-d;) o:
180.5, 142.5, 130.2 (q, J=232.7), 123.4 (q, J=272.8),
122.5, 121.9, 115.9, 58.6, 53.7, 33.2, 30.7, 24.4, 24.2;
MS-ESI m/z: 386 [M+H]".

322 b4 3a~3b 494k

N- Pt 3 & B (Prolinol) (214 mg, 1.5 mmol)i%& T
CH.CL ", A% 0 °C, I Dess-Martin {71(0.95 g, 2.2
mmol), 1ZIEE N HEE 20 min 5 INA 5 mL %841 NaHCO;
T M 2 mL AT NayS,05 K, /KA CH,LCl ZEH =
W, EHAHH, ToK NaySO, THRZRIEF, 7k ik
ITREIAEIZHT, EtOAc B, 152170 AHRY) 3a 160 mg,
F=ER 76%.

N-Z. BRI il 2 % (3a)"": "H NMR (600 MHz, CDCl5)
rotamers (5 . 1), major rotamer o: 9.57 (d, J=2.0 Hz, 1H),
4.46 (dd, J=17.0, 5.1 Hz, 1H), 3.64~3.60 (m, 1H), 3.56~

Chin. J. Org. Chem. 2019, 39, 1053~1063
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3.52 (m, 1H), 2.14 (s, 4H), 2.09~1.89 (m, 4H); "C NMR
(150 MHz, CDCl;3) major rotamer J: 199.4, 169.9, 64.7,
47.9,26.2,25.0,22.2; MS-ESI m/z: 142 [M+H]".

N-T T b 2 (3b): PR, 7% 73%. 'H
NMR (600 MHz, CDCl3) rotamers (5 : 1) J: 9.56 (d, J=
1.9 Hz, 1H, minor), 9.54 (d, /=1.8 Hz, 1H, major), 4.46~
3.4.44 (m, 1H, major), 4.30~4.28 (m, 1H, minor), 2.42~
2.34 (m, 2H, major and minor), 2.06~1.96 (m, 4H, major
and minor), 1.18 (t, J=7.4 Hz, 3H, major), 1.14 (t, J=7.3
Hz, 3H, minor); BC NMR (150 MHz, CDCl;) major rota-
mer J: 199.3, 173.0, 64.5, 46.8, 27.4, 25.8, 24.7, 8.5; HR-
MS-ESI caled for CgH4NO, [M—|—H]+ 156.1019, found
156.1018.

323 A4 3e~3d 494 %

N-K L EE(410 mg, 2 mmol)iaT CH,Cl, i,
WU TEMPO (31 mg, 0.2 mmol). PhI(OAc), (708
mg, 2.2 mmol), EidxM 10 h, ZR/FIMA 1 mL HEH
Na,S,0; /Fé"ﬂﬁ, KA CH,CL, %EXEYK, é‘ﬂ:ﬁ*ﬂfﬁ,
To/K NaSO4 FIRAABRIEN, bk B kAT 1 SR AT = 4T,
VA TR/ V(EtOAC)=2/1 Pelit, A EITLEMIRY 37
360 mg, 7% 88%.

N-ZE L2 8 3e)!'™: 'TH NMR (600 MHz, CDCL5)
rotamers (6 . 1), major rotamer J: 9.69 (d, J=1.0 Hz, 1H),
7.59 (d, J=6.9 Hz, 2H), 7.50~7.39 (m, 3H), 4.67 (t, J=
6.8 Hz, 1H), 3.66~3.62 (m, 1H), 3.60~3.56 (m, 1H),
2.43~1.73 (m, 4H); *C NMR (150 MHz, CDCl;) major
rotamer J: 199.4, 170.2, 135.7, 130.5, 128.4, 127.4, 65.1,
50.2,26.3, 25.5; MS-ESI m/z: 204 [M+H]".

N-RUT BB E RGN LRy 300 mg,
P 75%. '"H NMR (600 MHz, CDCl;) rotamers (1.8 : 1),
major rotamer J: 9.46 (d, J=3.0, 1 H), 4.08~4.02 (m,
1H), 3.43~3.52 (m, 2H), 1.86~2.16 (m, 6H), 1.43 (s,
9H); BC NMR (150 MHz, CDCl;) major rotamer ¢: 200.6,
154.0, 80.7, 65.0, 46.7, 28.3, 28.0, 24.0; MS-ESI m/z: 200
[M+H]".

324 (8)-2-GE T H&)-1-F A oeei bz (4) 89 A A&

N-F - 28500 mg, 4.3 mmol)i& T CH,CL, /1,
TINZ=2R (1.8 g, 6.5 mmol). PYRALAR1.7 g, 5.2
mmol), FEIN 4 h, Z&FRIEN], TREDIEATRAEE
BT, VA ER)/V(EtOAc) =4/1 Felit, 19370 ke
650 mg, °& 86%. 'H NMR (600 MHz, CDCl;) §: 4.16
(m, 1H), 3.05 (m, 1H), 2.68 (m, 1H), 2.37 (m, 1H), 2.31 (s,
3H), 2.20~2.14 (m, 2H), 1.83~1.81 (m, 1H), 1.73~1.68
(m, 2H); *C NMR (150 MHz, CDCls) 6: 63.9, 55.0, 47.7,
46.0, 34.8, 25.5; MS-ESI m/z: 178 [M+H]".
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32.5 hds 1a~1d 494 5%

&3 (1 mmol) XAk 42 (322 g, 0.9 mmol)iE T
10 mL J67K CH,CL HY, 584 il Ja 25 BRVE ), Ny fR4P T
rtE 12 h. BRI BEEf#E, A NaBH, (40 mg, 1
mmol)FFE 10 min, ZZFRHEE, HIAKIE#E, EtOAc ZEHL
3 IR, ToIK Na,SO, T, ZEFRRVEH, bk BVt AT e AT
JEHT, V(CH,Cl,)/V(CH;0H/)=100/1~40/1 % Ji.

1-((1R,2R)-2-((((S)-1- £, Tt Nk 1% ot )-2- HH 3k ) 2 56 ) A6
C3)-3-(3,5- (=3 ) R Bk (1a): A EfoR, 7=
% 73%. m.p. 79~81 C; [a]) —26.1 (c 1.0, CHCLy); 'H
NMR (600 MHz, DMSO-ds+ CD3;COOD) rotamers (2 - 1)
0: 8.40 (s, 2H, major and minor), 7.69 (s, 1H, minor), 7.68
(s, 1H, major), 4.49~4.48 (m, 1H, major), 4.41 (br s, 1H,
minor), 4.15~4.14 (m, 1H, major), 4.09~4.05 (m, 1H,
minor), 3.45~2.94 (m, SH, major and minor), 2.09~1.69
(m, 11H, major and minor), 1.42~1.26 (m, 4H, major and
minor); “C NMR (150 MHz, DMSO-d,-CD;COOD)
major rotamer o: 181.1, 171.9, 142.9, 130.2 (q, J=32.6
Hz), 123.6 (q, J=272.6 Hz), 122.3, 115.9, 60.0, 55.2, 54.3,
49.5, 48.3, 31.2, 29.3, 27.2, 24.2, 23.8, 23.7, 22.5. IR
(KBr) v: 3313, 2937, 1612, 1388, 1270, 1181, 1138, 969,
885, 681 cmfl; HR-MS-ESI calcd for C,,H,0FsN,OS [M+
H]" 511.1961, found 511.1965.

1-((1R,2R)-2-((((S)-1- T T Jik T bt 1 e )-2- Y 4k ) 2
YR O 3)-3-(3,5- W (=5 ) R B B R (1b): (1 (k)
K, P75 80%. mp. 9~100 C; [a]) —2.4 (c 0.,
CH,CL); 'H NMR (600 MHz, DMSO-d;+ CD;COOD)
rotamers (9 © 1) J: 8.41 (s, 2H, major), 8.35 (s, 2H, minor),
7.68 (s, 1H, major and minor), 4.50 (br s, 1H, minor), 4.43
(br s, 1H, major), 4.17 (br s, 1H, minor), 4.08 (br s, 1H,
major), 3.44~2.95 (m, 5SH, major and minor), 2.23~1.70
(m, 10H, major and minor), 1.42~1.26 (m, 4H, major and
minor), 0.95 (s, 3H, minor), 0.81 (s, 3H, major); *C NMR
(150 MHz, DMSO-d¢-CD;COOD) major rotamer J: 181.1,
175.0, 142.9, 130.3 (q, J=32.6 Hz), 123.8 (q, J=272.5
Hz), 122.2, 116.1, 60.3, 55.5, 54.5, 50.0, 47.5, 31.3, 29.4,
27.5,27.2,24.3, 23.9, 23.84, 8.6; IR (KBr) v: 3278, 2938,
1615, 1386, 1270, 1178, 1133, 969, 885, 681 cm'; HR-
MS-ESI caled for C,3Hy FgN,OS [M+H]" 5252117,
found 525.2118.

1-((1R,2R)-2-((((S)-1- 7% F I 2k it v e )-2- Y 3k )
F)IA O FE)-3-(3,5- X (=9 TP ) R Bk (1e): B €y
X, FEZ 83%. mp. 103~105 C; [a]) —3.8 (c 1.08,
CH,CL,); '"H NMR (600 MHz, DMSO-ds;+CD;COOD) o:
8.26 (s, 2H), 7.61 (s, 1H), 7.45~7.26 (m, SH), 4.51 (br s,

http://sioc-journal.cn/ 1057
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1H), 4.28 (br s, 1H), 3.45~3.36 (m, 3H), 3.18~3.16 (m,
2H), 2.16 (br s, 2H), 1.87~1.27 (m, 10H); *C NMR (150
MHz, DMSO-ds-CD;COOD) d: 181.2, 171.6, 142.6, 136.3,
130.4, 130.3 (q, J=32.7 Hz), 128.3, 127.4, 123.7 (q, J=
272.6 Hz), 122.4, 116.1, 60.5, 56.1, 54.5, 50.7, 49.8, 31.9,
29.9,27.2, 24.6, 24.3, 23.8; IR (KBr) v: 3304, 2935, 1602,
1386, 1270, 1177, 1133, 967, 883, 698 cm'; HR-MS-ESI
caled for C,;H; F¢N,OS [M—}—H]+ 573.2117, found
573.2124.

1-((1R,2R)-2-((((S)-1-BU T S B AL ML o )-2- F JE) 2
FIA T EE)-3-(3,5- AU (=3 FH ) R B B IR (1d): & ok
K, P25 75%. mp. 82~83 C; [a]) +27.9 (c 1.02,
CH,CL); '"H NMR (600 MHz, DMSO-d;+ CD;COOD)
rotamers (2 . 1) J: 8.43 (s, 2H, major), 8.35 (s, 2H, minor),
7.68 (s, 1H, minor), 7.65 (s, 1H, major), 4.42 (br s, 1H,
major), 4.32 (br s, 1H, minor), 3.89 (br s, 1H, major), 3.83
(br s, 1H, minor), 3.27~2.95 (m, 5H, major and minor),
2.13~1.70 (m, 8H, major and minor), 1.38~1.26 (m,
13H, major and minor); *C NMR (150 MHz, DMSO-d,-
CD;COOD) major rotamer J: 180.6, 155.8, 142.7, 130.2
(q, J=32.7 Hz), 123.6 (q, J=272.6 Hz), 121.5, 115.6,
79.8, 59.7, 55.1, 54.5, 49.0, 47.1, 31.1, 29.5, 28.0, 27.2,
242, 23.7, 23.4; IR (KBr) v: 3295, 2936, 1671, 1389,
1270, 1176, 1133, 967, 885, 681 cm '; HR-MS-ESI calcd
for CosH3sFoN4O,S [M+H]" 569.2379, found 569.2384.
3.2.6 1-((1R.2R)-2-(((S)-"to&-tz-2-F H) A )IR & £)-
3-(3,5- (= A F A )R AR Bk (1e) 89 & %,

1d (570 mg, 1 mmol)i# T 7K CH,Cly (5 mL)H,
0 CTFMA=%LER(.5 mL), 4k8: M 3 h, I
NaHCO; (5 mL)Zk4:4i# 20 min, /KAHH CH,CIl, A5HL,
G AP, MR NaCl ¥BER: 3 IR, 67K Na,SOs T
M, BN, REY B RAEE N, VCH,CLY
V(CH;0H)=30/1 ¥, B2 H 8K 390 mg, /=%
83%. m.p. 8284 C; [a]) +4.2 (c 1.16, CH,CL); 'H
NMR (600 MHz, CDCl;) 6: 8.28 (s, 2H), 7.54 (s, 1H), 3.85
(br's, 1H), 3.48 (br s, 1H), 3.35~3.31 (m, 1H), 3.17~3.11
(m, 2H), 2.60~2.59 (m, 1H), 2.47 (br s, 2H), 2.07~2.05
(m, 1H), 1.98~1.93 (m, 2H), 1.89~1.83 (m, 1H), 1.76~
1.70 (m, 2H), 1.59~1.56 (m, 1H), 1.36~1.29 (m, 1H),
1.24~1.21 (m, 1H), 1.10~1.03 (m, 2H); *C NMR (150
MHz, CDCly) &: 180.2, 141.5, 131.4 (q, J=33.3 Hz),
123.2 (q, J=272.7 Hz), 122.0, 116.8, 61.1, 60.3, 58.2,
47.9, 44.8, 31.9, 28.0, 24.8, 24.3, 23.5; IR (KBr) v: 3303,
2938, 1545, 1392, 1277, 1124, 969, 883, 589 cm '; HR-
MS-ESI calcd for CooH,7FgN,S [M+H]" 469.1855, found
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469.1862.
3.2.7  1-((IR2R)-2-((((S)-1- 7 A st o b )-2-F K ) &
)R T H)-3-(3,5- (= F 2R ) B (1) 89 6 A%

2 (300 mg, 0.78 mmol)¥& T-Ji7/K DMF(4 mL)H, 1K
YN NaHCO; (131 mg, 1.56 mmol). 4 (65 mg, 0.94
mmol), I rtfiiEE 12 h. JRBRBIA VKK H (60 mL),
EtOAc L 5 Ik, &IFANIAH, JoK NaSO, T4, Z&Fk
WA, TREAVIEATRERAEENT, V(CH,CL)/V(CH;0H)=
80/1 Wi, B3I A A 210 mg, 7*Z 56%. m.p. 87~
88 C; [a]) +10.6 (c 0.84, CH,ClL); 'H NMR (600
MHz, CDCl3) 6: 8.33 (s, 1H), 7.50 (s, 1H), 4.07~3.95 (m,
2H), 3.39 (dd, J=13.0, 3.4 Hz, 1H), 3.33~3.22 (m, 1H),
2.89 (s, 3H), 2.84 (ddd, J=11.1, 9.1, 6.5 Hz, 1H), 2.75 (t,
J=12.3 Hz, 1H), 2.62 (td, J=11.0, 3.6 Hz, 1H), 2.46 (d,
J=11.6 Hz, 1H), 2.26~2.08 (m, 4H), 1.85~1.71 (m, 2H),
1.41~1.15 (m, 5H); “C NMR (150 MHz, CDCl;) ¢:
180.3, 141.7, 131.3 (q, J=33.2 ) Hz), 123.3 (q, J=272.7
Hz), 121.5, 116.5, 70.3, 61.6, 57.9, 57.5, 49.6, 44.3, 32.8,
32.2,28.9,25.0,24.5, 23.9; IR (KBr) v: 3255, 3067, 2935,
1547, 1392, 1277, 1176, 1135, 967, 863, 678 cm '; HR-
MS-ESI caled for Co HpsFeN,S [M+H]" 483.2012, found
483.2012.

3.2.8 b4 1g~1h 894 5%

N-BUAR-L-Jf % B2 (0.31 mmol). — 5 P 3 2 (52
mg, 0.4 mmol). HATU (152 mg, 0.4 mmol)i# T To/K
CH,ClL, 1, 0 ‘CJl 2 h, SREMANLAY 5 (100 mg,
0.26 mmol). ZIEFE FHEHE 0.5 hJ5, KSR LA NaCl
W BEER, Jo/K NapSO, T4, ZXFRIEH, FR BV ThE
JRFEEMT, V(CH,CL)/V(CH;OH)=100/1 ¥EM1E3] 1g~
1h.

(S)-1- Z. Tt H£-N-((1R,2R)-2-(3-(3,5- A (= 4 1 ) 2
FBRR) R LB be-2- B (1g): Ak R, =%
91%. m.p. 116~118 C. [a]} +112.2 (c 0.66, CH,CL);
'H NMR (600 MHz, CDCls) d: 7.83 (s, 2H), 7.44 (s, 1H),
438 (br's, 1H), 4.31 (br s, 1H), 3.80 (br s, 1H), 3.64 (br s,
1H), 3.54 (br s, 1H), 2.12~1.67 (m, 12H), 1.39 (br s, 3H);
5C NMR (150 MHz, CDCl5) §: 183.1, 171.7, 170.9, 141.1,
131.1 (q, J=33.4 Hz), 124.7, 123.1 (q, J=272.7 Hz),
117.9, 60.8, 57.0, 55.6, 48.6, 32.6, 31.0, 30.0, 24.9, 24.8,
24.5, 22.3; IR (KBr) v: 3285, 2927, 1636, 1394, 1291,
1116, 969, 874, 681 cm '; HR-MS-ESI caled for
CyHy7FgN,0,S [M+H]" 525.1753, found 525.1760.

(S)-1-F T & # 3L -N-((1R,2R)-2-(3-(3,5- A ( = % H
) RER) BRLIR) 1 RS ML ot -2- FRBEfiZ (Th): Bk R,
P23 95%. mp. 77~78 C; [a]) +22.7 (¢ 082,
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CH,CL); '"H NMR (600 MHz, DMSO-d;+ CD;COOD)
rotamers 0: 8.23 (s, 2H), 7.72 (s, 1H), 4.25 (br s, 1H), 4.02
(br's, 1H), 3.67 (br s, 1H), 3.44 (br s, 1H), 3.22 (br s, 1H),
2.08~1.39 (m, 8H), 1.39~1.27 (m, 13H); *C NMR (150
MHz, DMSO-ds-CD;COOD) major rotamer ¢: 180.5,
172.9, 165.1, 153.7, 142.1, 130.6 (q, J=33.7 Hz), 123.7
(q, J=272.7 Hz), 122.3, 116.5, 79.0, 60.7, 57.1, 52.9, 47.0,
32.1, 32.0, 31.5, 30.4, 24.7, 24.1, 23.3; IR (KBr) v: 3307,
2939, 1652, 1543, 1386, 1276, 1176, 1133, 967, 885, 681
m '; HR-MS-ESI caled for C,sH;3FeN4OsS [M+H]"
583.2172, found 583.2179.
3.2.9 b4 Ta~Tt 894

MRS 5 (0.2 mmol). 4L 1a (0.002 mmol, 1
mol%)- 1,3- —FRIEA A4 6 (0.4 mmol)¥E T H 2K(0.6 mL)
Wt RN, RO SEEEREATRE IR AR E HT A I R EtOAC 3
i, 132145 Ta~Tt.

(R)-3-(2-fifiHk-1-2K £.3)-2,4- I —W(Ta): 73 94%,
92% ee [HPLC: chiralcel AS-H column, V(hexane)/
V(2-propanol) =85/15, 1 mL/min, 210 nm, typno= 18.0
min (S), fmjor =29.3 min (R)]. [« ]D —1692 (c 0.26,
CH,CL) (Lit"™ [a]}) —159.7 (¢ 1.0, CHCL;, 92% ee); 'H
NMR (600 MHz, CDCly) d: 7.36~7.27 (m, 3H), 7.21~
7.15 (m, 2H), 4.65 (dd, J=12.4, 8.0 Hz, 1H), 4.61 (dd, J=
12.4, 4.7 Hz, 1H), 4.38 (d, J=10.8 Hz, 1H), 4.28~4.20
(m, 1H), 2.30 (s, 3H), 1.94 (s, 3H); °C NMR (150 MHz,
CDCly) d: 201.8, 201.0, 136.0, 129.4, 128.6, 127.9, 78.2,
70.7,42.8,30.4,29.5.

(R)-3-(2-T 3 -1-(2-F 2K 2. 35))-2,4- 1% —FH (7b): 77
% 91%, 94% ee [HPLC: AD-H column, V(hexane)/V(2-
propanol)=95/5, 1 mL/min, 210 nm, tfypne= 14.0 min
(9); tmajor=16.5 min (R)]. [er ] —177.8 (¢ 0.22, CH,Cl,)
Lit"™ [« ]D +196 (¢ 0.44, CH,Cl,, 99% ee); 'H NMR
(600 MHz, CDCly) &: 7.33~7.27 (m, 1H), 7.17 (td, J=
7.6, 1.7 Hz, 1H), 7.13~7.05 (m, 1H), 4.77~4.70 (m, 1H),
4.66~4.60 (m, 1H), 4.52~4.46 (m, 1H), 2.30 (s, 2H),
2.02 (s, 2H); *C NMR (151 MHz, CDCls) 6: 201.4, 200.7,
161.6, 159.9, 130.5 (dd, J=8.9, 6.4 Hz), 125.0 (d, J=3.5
Hz), 122.8 (d, J=13.3 Hz), 116.3 (d, J=22.0 Hz), 76.6,
69.1,37.9,30.5,29.2.

(R)-3-(2-TH 5-1-(4- 3 2K £, 58))-2,4- 1 — T (Te): 77
# 89%, 80% ee [HPLC: AD-H column, F(hexane)/
V(2-propanol) =90/10, 1 mL/min, 210 nm, fyne = 14.4
min (S); fmajor = 27.5 min (R)]. [ ]D —115.2 (¢ 0.25,
CH,CL) (Lit?” [ +12.9 (c 1.0, CHCL;, 81% ee); 'H
NMR (600 MHz, CDCly) d: 7.9~7.06 (m, 2H), 7.04~
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7.02 (m, 2H), 4.60~4.62 (m, 2H), 4.33 (d, J=10.8 Hz,
1H), 427~4.21 (m, 1H), 2.30 (s, 3H), 1.97 (s, 3H); °C
NMR (150 MHz, CDCly) d: 201.5, 200.7, 163.3, 161.7,
131.8 (d, J=3.4 Hz), 129.7 (d, J=8.2 Hz), 116.4 (d, J=
21.6 Hz), 78.2, 70.7, 42.1, 30.4, 29.6.

(R)-3-(2-F FE-1-(2-R 7K 2. 38))-2,4- 1% — B (7d): 7~
& 95%, 90% ee [HPLC: AD-H column, V(hexane)/
V(2-propanol)=95/5, 1 mL/min, 210 nm, fne:= 14.9 min
(S); tmajor=15.8 min (R)]. [a]D —162.0 (¢ 0.30, CH,Cl,)
(Lt [ +182 (c 0.29, CH)CL, 99% ee); 'H NMR
(600 MHz, CDCl5) 6: 7.63 (d, J=8.0 Hz, 1H), 7.29 (t, J=
7.5 Hz, 1H), 7.18 (td, J=7.8, 1.4 Hz, 1H), 7.14 (dd, J=
7.7, 1.0 Hz, 1H), 4.83 (dd, J=12.4, 6.4 Hz, 1H), 4.77~
470 (m, 1H), 4.67 (dd, J=12.4, 4.1 Hz, 1H), 4.60 (d, J=
9.8 Hz, 1H), 2.30 (s, 3H), 2.05 (s, 3H); *C NMR (150
MHz, CDCl3) d: 202.0, 200.9, 135.0, 134.1, 130.0, 128.3,
76.3, 69.2,41.07, 31.0, 28.3.

(R)-3-(2-FH JE-1-(2,4- 57K £.3E))-2,4- 11 Tl (7e):
FER 86%, 88% ee [HPLC: AD-H column, V(hexane)/
V(2-propanol)=90/10, 0.8 mL/min, 210 nm, fyier—12.9
min (S); fmjor = 16.3 min (R)]. [a] —131.6 (¢ 0.31,
CH,CL) (Lit"™ [« ]D +153 (¢ 0.03, CH,Cl,, 99% ee); 'H
NMR (600 MHz, CDCly) d: 7.46 (d, J=2.0 Hz, 1H),
7.23 (dd, J=8.4, 2.0 Hz, 1H), 7.10 (d, J=8.4 Hz, 1H),
4.83 (dd, J=12.6, 6.8 Hz, 1H), 4.73~4.66 (m, 1H), 4.64
(dd, J=12.6, 4.0 Hz, 1H), 4.55 (d, J=9.9 Hz, 1H), 2.30 (s,
3H), 2.06 (s, 3H); *C NMR (150 MHz, CDCl;) 6: 201.6,
200.5, 135.1, 134.5, 132.1, 130.5, 128.0, 76.0, 68.9, 38.4,
30.9, 28.6.

(R)-3-(2-THE-1-(4- 5 2K 2. 3))-2.4- 1% B (76): 77 %
93%, 91% ee. [HPLC: AD-H column, V(hexane)/
V(2-propanol)=280/20, 1 mL/min, 210 nm, #yj5o,=9.5 min
(8); fmajor=23.0 min (R)]. [a]; —127.3 (c 0.26, CH,Cly)
(Lt [a]) +144 (c 0.22, CH)CL, 99% ee); 'H NMR
(600 MHz, CDCLy) 8: 7.31 (d, J=7.2 Hz, 1H), 7.14 (d, J=
7.3 Hz, 1H), 4.62~4.60 (m, 1H), 4.33 (d, J=10.4 Hz,
1H), 4.24~4.22 (m, 1H), 2.30 (s, 1H), 1.98 (s, 1H); "*C
NMR (150 MHz, CDCl3) d: 201.4, 200.6, 134.0, 134.5,
129.6, 129.3, 77.9, 70.5, 42.1, 30.5, 29.7.

(R)-3-(2-fif§ H-1-(4-F A L K 2 58))-2,4- 1% — i (7g):
FEE 92%, 89% ee [HPLC: AD-H column, V(hexane)/
V(2-propanol) =90/10, 1 mL/min, 210 nm, fyner = 16.0
min (S); fmjor = 24.5 min (R)]. [a]D —158.5 (¢ 0.29,
CH,CL) (Lit" [a]) 4149 (c 0.26, CH,CL,, 9% ee); 'H
NMR (600 MHz, CDCLy) 6: 7.10 (d, J=8.5 Hz, 1H), 6.85
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(d, J=8.5 Hz, 1H), 4.61~4.56 (m, 1H), 4.33 (d, J=10.9
Hz, 1H), 4.25~4.16 (m, 1H), 3.77 (s, 1H), 2.29 (s, 1H),
1.94 (s, 1H); C NMR (150 MHz, CDCl3) 6: 201.9, 201.2,
159.5, 129.1, 127.6, 114.7, 78.5, 71.0, 55.3, 42.1, 30.4,
29.5.

(R)-3-(2-fiH5-1-(3- AR L R 2, 3%))-2,4- T T (7h):
FEE 90%, 93% ee [HPLC: AD-H column, V(hexane)/
V(2-propanol) =85/15, 1 mL/min, 210 nm, fye = 10.1
min (S); fmjor = 13.1 min (R)]. [a]D —162.7 (c 0.28,
CH,CL) (Lit"” [a]]) 4196 (c 0.28, CH,CL, 98% ee); 'H
NMR (600 MHz, CDCLy) 6: 7.24 (t, J=8.0 Hz, 1H), 6.82
(d, J=8.1 Hz, 1H), 6.76 (d, J=7.5 Hz, 1H), 6.71 (s, 1H),
4.72~4.55 (m, 2H), 4.37 (d, J=10.7 Hz, 1H), 4.26~4.17
(m, 1H), 3.78 (s, 3H), 2.30 (s, 3H), 1.97 (s, 3H); *C NMR
(150 MHz, CDCLy) &: 200.8, 200.0, 159.2, 136.6, 129.5,
119.0, 113.2, 112.7, 77.2, 69.7, 54.3, 41.8, 29.6, 28.7.

(R)-3-(2-fif 2 -1-(2- H A FE 2K 2, 35))-2,4- 1 il (7i):
P22 95%, 92% ee [HPLC: AD-H column, V(hexane)/
V(2-propanol)=97/3, 0.5 mL/min, 210 nm, ty,=34.8
min (8); fugor =373 min (R)]. [} —156.5 (¢ 0.25,
CH,CL,) (Lit."” [a] +185 (¢ 0.23, CH,Cl,, 99% ee); 'H
NMR (600 MHz, CDCl3) d: 7.30~7.24 (m, 1H), 7.08 (dd,
J=17.7, 1.5 Hz, 1H), 6.91~6.86 (m, 2H), 4.78 (dd, J=
12.2, 8.0 Hz, 1H), 4.62~4.56 (m, 2H), 4.52~4.45 (m,
1H), 3.88 (s, 3H), 2.28 (s, 3H), 1.94 (s, 3H); °C NMR
(150 MHz, CDCly) &: 202.3, 201.6, 157.0, 130.2, 129.8,
123.5,121.2, 111.2, 76.6, 69.0, 55.4, 38.9, 30.5, 28.7.

(R)-3-(2-Ti-1-(4-F LK £, 38))-2,4- 1% [ (7j): 7=
# 92%, 84% ee [HPLC: AS-H column, V(hexane)/
V(2-propanol) =85/15, 1 mL/min, 210 nm, fyjner = 12.5
min (S); fmajor = 20.6 min (R)]. [a]D —160.2 (c 0.21,
CH,CL) (Lit*! [a]} —194.1 (c 1.0, CHCls, 97% ee); 'H
NMR (600 MHz, CDCl;) 8: 7.13 (d, J=7.9 Hz, 2H), 7.06
(d, J=8.1 Hz, 2H), 4.66~4.54 (m, 2H), 4.35 (d, J=10.9
Hz, 1H), 4.25~4.16 (m, 1H), 2.30 (s, 3H), 2.29 (s, 3H),
1.94 (s, 3H); "*C NMR (150 MHz, CDCl;) 6: 201.4, 200.6,
137.9, 132.3, 129.5, 127.3, 77.9, 70.4, 42.0, 29.9, 28.9,
20.6.

(R)-3-(2-FiFf 2 -1-(2- i 25k 2K £ 58))-2,4- 1K — 1 (7K):
P22 92%, 91% ee [HPLC: OD-H column, V(hexane)/
V(2-propanol) =85/15, 1 mL/min, 210 nm, fyjne=26.3
min (S); fmajor =31.3 min (R)]. [a] —111.3 (¢ 0.29,
CH,CL) (Lit"™ [a]) —123.1 (c 1.0, CHCLs, 97% ee); 'H
NMR (600 MHz, CDCl;) 8: 7.59 (td, J=7.7, 1.3 Hz, 1H),
7.49 (td, J=8.2, 1.3 Hz, 1H), 7.36 (dd, J=7.9, 1.1 Hz,
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1H), 4.98 (dd, J=13.3, 7.2 Hz, 1H), 4.84 (dd, J=13.3, 3.7
Hz, 1H), 4.77~4.71 (m, 1H), 4.68 (d, J=8.8 Hz, 1H); °C
NMR (150 MHz, CDCly) d: 201.6, 200.6, 149.8, 133.5,
131.2,129.4, 129.3, 125.6, 76.6, 69.1, 37.2,31.3,29.3..

(R)-3-(2-fi§ 2 -1-(4-"F S FE 2K 2, 3))-2,4- 1 [l (71):
P22 89%, 91% ee [HPLC: AD-H column, V(hexane)/
V(2-propanol) =70/30, 1 mL/min, 210 nm, fyje = 10.3
min (S); fmgjor = 13.6 min (R)]. [a] —124.3 (c 0.35,
CH,CL) (Lit™ [« ]D +129 (¢ 0.29, CH,Cl,, 92% ee); 'H
NMR (600 MHz, CDCl3) o: 7.41~7.32 (m, 5H), 7.10 (d,
J=8.7 Hz, 2H), 6.92 (d, J=8.7 Hz, 2H), 5.01 (s, 2H),
4.63~4.57 (m, 2H), 4.33 (d, J=10.9 Hz, 1H), 4.23~4.11
(m, 1H), 2.28 (s, 3H), 1.94 (s, 3H); °C NMR (151 MHz,
CDCly) 0: 201.87,201.2, 158.8, 136.6, 129.1, 128.6, 128.1,
127.9,127.6, 115.6, 78.4, 70.9, 70.1, 42.1, 30.4, 29.5.

(S)-3-(2- g 2L -1-PK I £, 52 )-2,4- 1% — [ (Tm): 7= &
95%, 85% ee [HPLC: AD-H column, V(hexane)/V(2-
propanol)=85/ 15, 1 mL/min, 210 nm, fyi5o,=9.5 min (R);
fmjor = 11.1 min (S)]. [a]) —149.7 (c 026, CH,Cl)
(Lit.t [a]D —162.1 (¢ 1.0, CHCls, 97% ee); 'H NMR
(600 MHz, CDCLy) 6: 7.36 (d, J=1.1 Hz, 1H), 6.30 (dd,
J=3.2, 1.9 Hz, 1H), 6.18 (d, J=3.3 Hz, 1H), 4.67 (d, J=
5.7 Hz, 2H), 4.42~4.30 (m, 2H), 2.29 (s, 3H), 2.09 (s,
3H); *C NMR (150 MHz, CDCls) 6: 201.5, 200.8, 149.4,
142.9, 110.8, 108.9, 75.8, 67.9, 36.6, 30.6, 29.3.

(R)-3-(2-FH JE-1-(1-28 £, 38))-2,4- 1% — W (Tn): 7=
94%, 90% ee [HPLC: AS-H column, V(hexane)/V(2-
propanol)=80/20 1 mL/min, 210 nm, - = 14.1 min (S);
minr = 19.2 min (R)]. [a]) —162.1 (¢ 037, CH,Cl)
(L1t.[6e] [a]D —182.0 (¢ 1.1, CHCls, 95% ee); 'H NMR
(600 MHz, CDCL) d: 8.18 (d, J=8.4 Hz, 1H), 7.90 (d, J=
8.1 Hz, 1H), 7.81 (d, J=8.2 Hz, 1H), 7.67~7.62 (m, 1H),
7.55 (t, J=7.5 Hz, 1H), 7.46~7.39 (m, 1H), 7.27 (d, J=
7.2 Hz, 1H), 4.82 (dd, J=12.2, 6.6 Hz, 1H), 4.76~4.68
(m, 2H), 2.33 (s, 3H), 1.87 (s, 3H); >C NMR (150 MHz,
CDCly) d: 202.4, 200.8, 134.3, 131.9, 130.8, 129.5, 129.2,
127.4, 126.4, 125.3, 124.8, 121.9, 77.8, 70.5, 36.3, 31.1,
28.6.

(S)-3-(1-fFe-2- 5 TR FE)-2,4- 1% —Fl(T0): F2F 96%,
90% ee [HPLC: AD-H column, V(hexane)/V(2-pro-
panol)=99/1, 1 mL/min, 210 nm, fyne=13.8 min (R);
tmajor = 14.3 min (S)]. [« ] —127.6 (¢ 0.38, CH,Cl,)
(Lit? [a])) —43.0 (c 1.0, CHCL;, 59% ee); 'H NMR
(600 MHz, CDCls) J: 4.57~4.48 (m, 2H), 4.00 (d, J=8.5
Hz, 1H), 2.94~2.87 (m, 1H), 2.30 (s, 3H), 2.26 (s, 3H),
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1.77~1.64 (m, 1H), 1.37 (ddd, J/=14.8, 10.3, 4.8 Hz, 1H),
1.00 (ddd, J=14.1, 9.5, 4.5 Hz, 1H), 0.92 (t, J=6.4 Hz,
6H); °C NMR (150 MHz, CDCls) §: 202.9, 202.3, 75.7,
69.5,38.3,34.8,31.2,29.8,24.9,23.2,21.2.

(R)-2-(2-THF:-1-2K £ 45) - 1 — W ls(Tp): /™%
92%, 81% ee [HPLC: AD-H column, V(hexane)/V(2-
propanol)=85/15, 1 mL/min, 210 nm, fuy,jor= 12.4 min
(R); twiner=19.3 min ()] [a]} +2.9 (¢ 0.28, CH,Cly)
(Lit™ [a]) +2.7 (c 0.95, CHCL;, 98% ee); 'H NMR
(600 MHz, CDCl3) d: 7.42~7.17 (m, SH), 4.90 (qd, J=
13.2, 7.0 Hz, 2H), 4.25 (td, /=9.0, 5.0 Hz, 2H), 3.87 (d,
J=9.1 Hz, 1H), 3.77 (s, 3H), 3.57 (s, 3H); *C NMR (150
MHz, CDCl;) o: 167.9, 167.2, 136.1, 129.0, 128.4, 127.9,
77.4,54.7,53.0,52.9,42.9.

3-(2-THHE-1-2K 2 0%) - 2B TR TR (Tq): 722 95%,
dr=1 1, 79%, 88% ee [HPLC: AD-H column, V(he-
xane)/V(2-propanol)=95/5, 1 mL/min, 210 nm. First dia-
stereomer: fmjor = 15.7 Min; fminor=21.9 min, ee=79%.
Second diastereomer; fminor™=22.8 Min; fajor=28.1 min].
First diastereomer: '"H NMR (600 MHz, CDCl5) d: 7.31~
7.19 (m, 5H), 4.79~4.75 (m, 2H), 4.22~4.18 (m, 1H),
4.14 (d, J=9.6 Hz, 1H), 3.53 (s, 3H); °C NMR (150 MHz,
CDCl,) ¢: 201.2, 167.4, 136.4, 129.0, 128.3, 127.8, 77.7,
61.8, 52.8, 42.3, 30.3. Second diastereomer: 'H NMR (600
MHz, CDCl3) 6: 7.31~7.19 (m, 5H), 4.85~4.82 (m, 2H),
4.27~4.22 (m, 1H), 4.05 (d, /=9.8 Hz, 1H), 3.78 (s, 3H);
C NMR (150 MHz, CDCl;) d: 200.2, 168.0, 136.3, 129.2,
128.4,127.9,77.8, 61.5, 53.0, 42.6, 30.4.

1-(2-fii -1 2K £ 3 )-2- S AN e 32 1R Y I (7r):
FEE 96%, dr=4.7 : 1, 88%, 84% ee [HPLC: OD-H col-
umn, V(hexane)/V(2-propanol) =90/10, 1 mL/min, 210
nm. Major diastereomer: fminoy= 14.8 min; #mysjor=23.3 min,
ee=88 %. Minor diastereomer; fminor= 12.9Min; #mgjor =
18.5 min]. Major diastereomer: 'H NMR (600 MHz,
CDCl,) 6: 7.32~7.24 (m, 5H), 5.16 (dd, J/=13.7, 3.9 Hz,
1H), 5.01 (dd, J/=13.7, 10.9 Hz, 1H), 4.08 (dd, J=10.9,
3.9 Hz, 1H), 3.76 (s, 3 H), 2.43~2.29 (m, 2H), 2.08~1.74
(m, 4H); *C NMR (150 MHz, CDCl3) §: 212.2, 169.8,
135.2, 129.3, 128.9, 128.3, 76.4, 62.5, 53.0, 46.2, 37.9,
31.2, 19.3. Minor diastereomer: 'H NMR (600 MHz,
CDCl) o: 7.32~7.24 (m, 5H), 5.27 (dd, J=13.5, 11.1 Hz,
1H), 4.83 (dd, J=13.5, 3.6 Hz, 1H), 4.20 (dd, /=11.0, 3.6
Hz, 1H), 3.76 (s, 3H), 2.43~2.29 (m, 2H), 2.08 ~1.74 (m,
4H); C NMR (150 MHz, CDCLy) 0: 215.4, 171.5, 135.4,
129.1, 129.0, 128.5, 76.9, 62.2, 53.1, 47.3, 39.6, 33.5, 19.6.
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2-(2-THFE-1-(1-2K 2, 38))-1,3- - ZKF-1,3-75 —Jifl(7s):
P22 96%, 89% ee [HPLC: OD-H column, V(hexane)/
V(2-propanol) =80/20, 1 mL/min, 254 nm, fyne = 14.6
min (S); fugor =23.9 min (R)]. [a]) —142 (c 038,
CH,CL) (Lit™ [a]) +17 (c 036, CH,CL, 97% ee); 'H
NMR (600 MHz, CDCls) o: 7.86 (d, J=38.2 Hz, 2H), 7.78
(d, J/=8.3 Hz, 2H), 7.53 (t, J=7.4 Hz, 1H), 7.49 (t, J=7.4
Hz, 1H), 7.38 (t, J/=7.8 Hz, 2H), 7.34 (t, J=7.8 Hz, 2H),
7.27~7.14 (m, 5H), 5.85 (d, J/=8.0 Hz, 1H), 4.99 (d, J=
7.1 Hz, 2H), 4.63 (dd, J=14.3, 7.3 Hz, 1H); “C NMR
(150 MHz, CDCl;) d: 194.3, 193.6, 136.8, 136.2, 135.8,
134.1, 133.8, 129.0, 129.0, 128.9, 128.8, 128.6, 128.3,
128.2,77.3,59.8, 44.1.

(R)-1-2 F I - 1-(2- W 25 -1-2K 2 58-I R (T¢): 77
H 97%, dr=1.5 1, 86%, 84% ee [HPLC: AD-H column,
V(hexane)/V(2-propanol)=98/2, 1 mL/min, 210 nm). Ma-
jor diastereomer: fyinor=44.8 Min; fojor=357.6 min, ee=
86 %. Minor diastereomer; fyino™35.4 Min; fmsjor=>51.4
min]. [a]) —19.7 (¢ 029, CHCL) (Lit!"” [a]}) +22 (c
0.22, CH,Cl,, 97% ee); '"H NMR (600 MHz, CDCls) for
the major diastereomer o: 8.02 (dd, /=8.3, 1.0 Hz, 2H),
7.64 (t, J=7.4 Hz, 1H), 7.51 (t, J=7.8 Hz, 2H), 7.36~
7.27 (m, 5H), 5.17 (d, J=10.1 Hz, 1H), 4.72 (dd, J=12.6,
4.5 Hz, 1H), 4.66 (dd, J=12.6, 8.6 Hz, 1H), 4.56~4.50
(m, 1H), 1.94 (s, 2H); 'H NMR (600 MHz, CDCL;) for the
minor diastereomer o: 7.81 (dd, J=28.3, 1.0 Hz, 2H), 7.57
(t,J=6.4 Hz, 1H), 7.43 (t, J=7.8 Hz, 2H), 7.22~7.14 (m,
5H), 5.19 (d, J=10.1 Hz, 1H), 4.85 (dd, /=12.8, 8.6 Hz,
1H), 4.76 (dd, J=12.8, 4.3 Hz, 1H), 4.43 (ddd, J=10.0,
8.7, 43 Hz, 1H), 2.23 (s, 3H); “C NMR (150 MHz,
CDCl;) for both diastereomer J: 201.7, 200.8, 194.0,
193.7, 136.5, 136.3, 136.1, 136.0, 134.5, 134.1, 129.3,
129.1, 129.0, 129.0, 129.0, 128.6, 128.2, 128.2, 128.0,
78.2,78.1,65.4,64.8,43.4,43.3,29.8, 28.5.
3.2.10 ft&-4h 8a~—8b 89 & Ak

7 (0.37 mmol). /K& (21 mg, 0.41 mmol)i&E T 4 mL
Ffgrh, iR 12 h, A5 H 10 mL 48R ZBERRE,
MAN NaCl ¥ bEE:, AHUHTK NaySO, T, ZKERIE
132 8a 1 8b.

(R)-3,5- — FF 3 -4-(2- i 3 - 1- 78 20 35— i W4 (8a)[ )
W AIRY), 772 95%, 91% ee [HPLC: AD-H column,
V(hexane)/V(2-propanol) = 85/15, 1 mL/min, 254 nm,
tninor=11.1 Min (S); fugjor=12.7 min (R)]. [} —35.3
(c 0.40, CH,Cl,); 'H NMR (600 MHz, CDCl;) d: 7.32 (t,
J=17.6 Hz, 2H), 7.28~7.22 (m, 1H), 7.16 (d, J/=7.4 Hz,
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1H), 5.10~5.01 (m, 1H), 4.94~4.83 (m, 1H), 2.19 (s,
6H); °C NMR (150 MHz, CDCl3) &: 11.6, 38.7, 78.0,
112.8, 127.1, 127.3, 128.9, 138.5, 142.6; HR-MS-ESI
caled for C;3Hje- N3O, [M—}—H]+ 246.1237, found
246.1243.

(R)-3,5- - P Bk -4-(2- i 2 -1-(2- 9L 2K & 58 )~ Mt mak
(8b): RFEHEHPIRY, 72FK 97%, 94% ee [HPLC: AD-H
column, V(hexane)/V(2-propanol)=85/15, 1 mL/min, 210
0, fjner=9.1 Min (S); fgjor=12.1 min (R)]. [a]}) —71.0
(¢ 0.41, CH,CL,); '"H NMR (600 MHz, CDCl3) 6: 7.30~
7.22 (m, 1H), 7.17 (t, J=7.6 Hz, 1H), 7.11 (t, J=7.5 Hz,
1H), 7.06 (dd, J=10.6, 8.3 Hz, 1H), 5.17~5.03 (m, 2H),
4.90 (dd, J=12.3, 9.3 Hz, 1H), 2.24 (s, 6H); °C NMR
(150 MHz, CDCl5) 6: 160.6 (d, J=246.9 Hz), 142.8, 129.3
(d, J=8.5 Hz), 128.1 (d, J=3.8 Hz), 1253 (d, J=13.8
Hz), 124.3 (d, J=3.5 Hz), 116.1 (d, J=22.1 Hz), 111.3,
76.6, 33.5 (d, J=2.4 Hz), 11.6; HR-MS-ESI calcd for
C3H sFN;0, [M+H]™ 264.1143, found 264.1135.

3.2.11 4444 9a~9b 494 A%

7 (0.37 mmol). #HFRFEM%(38 mg, 0.56 mmol)¥T 4
mL ZFEH, 60 “CJR 20 h, SRJEH 10 mL LR Z.HBE s
FE, MR NaCl WG, ANAETEK NaSO,s T4, 7%
BRI 7152 9a F1 9b.

(R)-3,5- — M Bk 4-2- fiFf Jk -1- R & B ) T M
(92)/> 13 W EIHRIRY, 7= 93%, 92% ee [HPLC: AS-H
column, V(hexane)/V(2-propanol)=85/15, 1 mL/min, 210
M), fningr=24.6 Mmin (S); fujor=28.2 min (R)]. [a]} —
71.2 (¢ 0.41, CH,Cl,); "H NMR (600 MHz, CDCl3) §:7.36
(t, J=17.5Hz, 2H), 7.30 (t, J=7.3 Hz, 1H), 7.14 (d, J=
7.6 Hz, 2H), 5.03 (dd, J=12.3, 6.6 Hz, 1H), 4.87 (dd, J=
12.3, 9.8 Hz, 1H), 4.82 (dd, J=9.7, 6.6 Hz, 1H), 2.38 (s,
3H), 2.13 (s, 3H); °C NMR (150 MHz, CDCl;) J: 10.9,
11.7, 37.9, 77.3, 111.5, 126.9, 128.0, 129.2, 136.8, 158.9,
166.5; HR-MS-ESI caled for Cj;3H;sN,0; [M + H] "
247.1077, found 247.1080.

(R)-3,5- — F B -4-[2-hit§ J - 1-(2- B 2K 2 2k ) | et e
(9b): W EIHIRYY, P2Z 94%, 93% ee [HPLC: AS-H
column, V(hexane)/V(2-propanol)=85/15, 1 mL/min, 210
M, foingr=22.8 Min (8); fuajor=24.1 min (R)]. [} —
68.6 (¢ 0.52, CH,CL); '"H NMR (600 MHz, CDCls) §:
7.34~7.30 (m, 1H), 7.18~7.14 (m, 2H), 7.10 (dd, J=
10.5, 8.4 Hz, 1H), 5.05~4.99 (m, 2H), 4.91 (dd, J=11.5,
8.5 Hz, 1H), 2.40 (s, 3H), 2.21 (s, 3H); *C NMR (150
MHz, CDCls) 6: 166.7, 161.3, 159.3 (d, J=120.6 Hz),
129.9 (d, J=8.5 Hz), 127.7 (d, J=3.5 Hz), 124.6 (d, J=
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3.6 Hz), 123.9 (d, J=13.7 Hz), 116.4 (d, J=21.8 Hz),
110.23, 75.9 (d, J=2.1 Hz), 32.67 (d, J=2.5 Hz), 11.69
(d, J=1.3 Hz), 10.8; HR-MS-ESI calcd for C;3H4FN,O;
[M+H] 265.0983, found 265.0984.

#H A1k (Supporting Information) {1457/ NMR
B, ) HPLC 58 NMR 5 . X6 ng o
G % AT 93 (http://sioc-journal.cn/)_F R %K,
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