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WE W07 RN IEYE LT AT AL RuPHOX-Ru AL — 5 WE T4k B-IE 0 R ) A0 R A e . 7E
PRAGTI SN A AT R (Jo7K NayCOs3 Ak, LBEATET), LT T 1R SN S m] 5 s b2 4 g A N (KT 1 -5 0 Jie e =49,
H= o WOk Pt fe i i iE 98% ee. PRI ESKIRAT T 7000 MARAE, H ARG A2 T AN, HRE 1 B-9E 0
B BRGNS AN (RT3 i 2, L= 4 vy T ek 7 S (1 e A 15 31— R B T AP .
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Synthesis of Chiral y-Amino Alcohols via a RuPHOX-Ru Catalyzed
Asymmetric Hydrogenation of B-Imide Ketones

Wang, Yanzhao” Wang, Jianxia“ Liu, Delong™“ Zhang, Wanbin***
(“ School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240)
(® School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract The RuPHOX-Ru catalyzed asymmetric hydrogenation of f-imide ketones to afford chiral y-primary amino alco-
holsis is reported. Under the optimal reaction conditions (using Na,COs as a base, EtOH as a solvent), a series of f-imide ke-
tones were hydrogenated in the presence of RUPHOX-Ru and H, (5.0 MPa) to give the desired products with excellent yields
and enantioselectivities (quantitative conversions and up to 98% ee). The hydrogenated products were characterized by NMR
and HRMS, and their absolute configuration was also confirmed. The current procedure provides a concise and efficient

synthesis of chiral y-primary amino alcohols.

Keywords RuPHOX-Ru; chiral y-amino alcohol; asymmetric hydrogenation; synthesis
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Figure 1 The derivatives of chiral y-primary amino alcohol

ZAER, TATR L T AL T K A R A
B S ILAEASKERR AR A S N o R FH 5 T T — &R 41
WS TAE. Hor, FATF R EA T TTER C- R FRXX
JBEXUAIC A& RuPHOX (1) FH T30 - 1 I 858 e XU R Y
WL, AEVE 2 SO S s ARG IR AN 0 BR A AL 2K
. UHIEILAE Ru (AL ) S 6 A X FR A A h 45 21
T BB (R P A 35 PR RS A B RO S A L P
F4a B AT R4 A 15 2 1) RuPHOX-Ru 5 & 7E B-BUIE R
(IS BREAL Y AR T 99.9% ee [0 WL PErE. R
AR A S AL 77 L AIE 200071 IS0 T, [ A H AR
AT LOE B VA = P IFIE 2] 99.9% ee [0 BRLIE £
PPV, %7 RuUPHOX-Ru B AR R IEAL PEfiE, AL
F I - & (A R AL A e vz, #
IR TFIE p- A iR it — Sk m )i As
1 #HREHE
1.1 RuPHOX-Ru &1L

P H 1) RuPHOX-Ru A2 1l i 4 R i A2 6145
(K2). £90 TN, BifA -Bu-RuPHOX ™ A4 @ 47
#R[(CeHs);sPIRuCL, 78R Y. 3 h 15 B RSk ([ 14
-Bu-RuPHOX-Ru #EAL7(2). ZAEAL X KRN 28 S R,
ESHRAT 1 AR L AN i LA A s 2
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Figure 2 RuPHOX and #~-Bu-RuPHOX-Ru (2)

AR ) s S W R b - 1,3- ] (3a) 1) AN SR AR S A S 1 4 A
B R AT T WS, FRATIE 2 T DL A ML G
HUBET 12 S N RS2 MR (R 1), SE6 45 BB R, 78 F
H & 5.0 MPa INESRI T, RINVEARER KA 1,
Entry 1). £ DA PERE 58 DBU A8 BN, Bk e b
7 24 h AR B 59%M AL, (HH 1 AT 69% ee IR
WUERETE(R 1, Entry 2). T2, FRATE HOGHE m EHLIR
Ik, 2448 ] S JC AL NaOH AT KOH IR, 2 b 2 e
W FIRPIRE LA, VAT IA E] 90% LA L Lk %
Je 80% ee ZrAq (PR WRIEFEVE(FK 1, Entries 3, 4). FFEH%
HIaRfE, A K,COs Fil Na,COs A8 KOH Fl NaOH, ANKf
FREA RN (35 3 — D $EFH(EK 1, Entries 5, 6).
P Na,COs BT, J Wik 2] 72 5t K5 0% J 88% ee 1]
TEPEMEGR 1, Entry 6). FR3E— D BRARICHLIR 5, W
LA KHCO; #1 NaHCO; Ak, SR 3G 17 A h] ik
Pk M #ESA FTB#HR(ER 1, Entries 7, 8). "] I, AR
TRXT 8- M T (3a) (1 AN K R S A sz I8 AT 88K T 5%
ZRG RN I AL RO I BRI, BATT 2 LA Nap,CO;
VA ZAS S BRSNS N H

1.3 AT R AR

BATCLHE AL S s 7, i (R 20 KN
Pt S F R 2R, 0 R ST T 2552, W R 50 1% B-
T V. e ] (3 ) P80 AN 0 R S S I A AT L 2 B S8 (1) 5 )
WL 2 Pz, 75 5.0 MPa A% ) M BA Nap,CO; R i 1)
AT, ONAE AT LS B L S 88%
ee [BEFNE(ER 2, Entry 1), SR1T241% S N AE LI kAT
B, SN R OE BT T ORI, BILL 100%01)
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Table 1 The effect of base on asymmetric hydrogenation

o o}
©)VN t-Bu-RuPHOX-Ru (2)
o 1 Methanol, Base
3a H, (5.0 MPa)
OH 0
/
(0]
4a
Entry Base Conv.*/% ee%
1 Et;:N — —
2 DBU 57 69
3 KOH 90 79
4 NaOH 91 82
5 K,CO3 94 83
6 Na,CO; 100 88
7 KHCO; 25 67
8 NaHCO; 94 85

“ Reactions were conducted in methanol using 2 as a catalyst in the presence of
a base (10 mol%) under a H, atmosphere (5.0 MPa) at 25 “C for 24 h. ” De-
termined by 'H NMR. ¢ Determined by HPLC using a Chiralcel IC-3 column.

HALZ R 96% ee MIRTWUERENEAR B~ H)(3K 2, Entry 2).
SRIM, M NAE SN BER BT, 24 h 5 R A 2R
B YI(E 2, Entry 3). BeAb, [N H ST LU
F1 93% ee 0T BLEFENE, 21 AEA 2 40% M LR (R
2, Entry 4). #2495 Bl 255, FRAT0 0 H SRR iz AR
FRE N TR 7).

T2 EFURTAKIFRAEAL S @

Table 2 The effect of solvent on asymmetric hydrogenation

o o]
Q)VN t-Bu-RuPHOX-Ru, Hj (5.0 MPa)
//
o Solvent, Na,CO3, 25 °C
3a OH o)
N
//
(6]
4a
Entry Solvent Conv.?/% ee%
1 MeOH 100 88
2 EtOH 100 96
3 i-PrOH Trace —
4 Toluene 40 93

“ Reactions were conducted in methanol using 2 as a catalyst in the presence of
a base (10 mol%) under a H, atmosphere (5.0 MPa) at 25 °C for 24 h. * De-
termined by 'H NMR. ¢ Determined by HPLC using a Chiralcel IC-3 column.

1.4 BBl EEERZE L S ¥R A R

FER RE 2 AN PR SN R AR BS Js E AR , 3
T2 S W IR KV L AT 1 e, L8 3R 3 oms.
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X 10 Z RIS J5 KB, KR 23 S NS T LAk
Bl E I EAE KT 90% ee MINTHUEREE. HEH
SR 77 I LR IARESS SOV R 52, 40538 F AL
G, PR B r AR, ST ARIEFEE AT i o,
Forr 4- WV B~ VA (3 0) AN PR Ak S
A LS B e SR K 98% ee MINTHRLIEREMEGE 3,
Entries 2, 3). MAMA W BRI s Y. BR8] LA
LB R, (H SN 0] ik PP E IS BT N 1
(3% 3, Entries 4~6). JEA) 75 3 _EHUARIE A7 BEXT [ VY 1
SEMAAL . AT 2 AR AL 5 N BB AL T
B, RISTARTEFENENS A BRI, (HARIE ] 96% ee FrIX
EFEPE(ER 3, Entry 7). {EAFR A ALADR A [ I 5 A
Bl AL, JX 8 B- IV JH I 1) AN 0] B S A S A R]
DAAS 215 5 AW BAR i (R o0) i 504 (3R 3, Entries 8,
9; 43T 98% ee F1 97% ee). 4 LATRILAE A HUARFERT,
S S PE RIS ARG FEME AR B, 70 Wk F 0k
90% ee(FK 3, Entry 10). FATALFRIAR AR 35 Bk
U (R AR PR A SN B REAT T 255, RN AT LA
SEAEAL, AR A3 60% ee IR0 ILIEPEM: (5K 3, Entry
11). %& EFri&, Ll RuPHOX-Ru #E4k (1) B-k MV e i (1) A
SRR A B VK 22 W] DA 31 5E e AL R R vy
(RIS RSB HFEE
H3 TR I
Table 3 Substrate scope

o) 0
Ar)vN t-Bu-RuPHOX-Ru, H; (5.0 MPa)
o / EtOH, NGQCO:;, 25 OC
3a~ 3k
OH 0
Ar)\AN
/
o]

4a ~ 4k
Entry Ar TON th 4 Conv.’%  ee/%
1 CeHs 200 24 4a 100 96
2 4-MeCgH, 200 24 4b 100 97
3 4-MeOC¢H, 200 24 4c¢ 100 98
4  4-FCH, 200 24 4d 100 90
5 4-CICeH, 200 24 4e 100 85
6  4-BrCeH, 200 24 4f 100 80
7 4-t-BuCgH, 200 24 4g 100 96
8  2,4-Me,C¢Hs 200 24 4h 100 98
9  24-Me,OCsH; 200 24 4i 100 97
10 4-PhC¢H, 100 48 4j 100 90
11 2-Furyl 100 24 4k 100 60

© 2014 Chinese Chemical Society & SIOC, CAS

“ Reactions were conducted in ethanol using 2 as a catalyst in the presence of
Na,CO; (10 mol%) under a H, atmosphere (5.0 MPa) at 25 ‘C for 24 h.
® Determined by '"H NMR.  Determined by HPLC using a Chiralcel IC-3
column. ¢ Reaction was conducted in methanol.
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83% MU IS B p- A1 W el (5)2). 23 el se, 5 1Lk
WENCEE R +36.5 (c 0.16, CH;OH), 5 SCHR[ 714 B 5 s i
HFH 0N R-FAL. $%SCHR2dHRIE K 575, 5 Sl
A RN AT DA 2 — oot T8 40 P BU B A FH ) hPlkl
P 6. 6 WAL SEAE AT bR 40 14 5E A FH 14 [ I,
X 1E R 41 B SR .

OH 0 OH
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6 Potent anticancer agent
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Figure 3 The synthesis of 5 and its derivative
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Figure 4 Possible reaction transition state
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HAT DG A — 55 m U g A2
3 RIS
3.1 XE5RH

FEEE R 100~200 HRERIR (I & 02 TILAFSY
Fr); A (TLC) R LR GF254 3 2 2Tk
(H VL ARSI A BR A D), 165 SR SGW X-4 21
P45 s E (IR AR AR A PR A A, W TR &
K 1E; "TH NMR 1 °C NMR X ] Varian 24 7] MERCURY
plus 400 BUZ PRI 5, TMS A W #%, CDCl; 8, DMSO-d;
KVER; T PR (ESI-HRMS) R ST Waters 24 7 1)
UPLC-Q-TOF-MS il 5Z; f#ALF=HI1H] ee {H K] Shimadzu
A\ EBAR B (IC-3 FPEAR) e, RN
1E GBI INRE. e G{EAE Rudolph Research Analytical
Autopol VI Automatic Polarimeter 1 #% _F35E, 1 1
FEUEHE KR 589 nm. AKX RRAEAL 1R S HESCHR[ 10111
T %

3.2 ZWHE
3.2.1 AL 2 896,

Bt A& 1b (+-Bu-RuPHOX, 69.5 mg)Hl = (= A KL M) —
A5 (156.8 m) T FIZEQ25 mL)H, 78 90 C4&AMF K
INAGEFE 6 he W EIA S, Yl bR 2577, RN
[WEBEH: vOahiEE) @ MO R =5 : 1], 53R eH0
A 2 (136.0 mg, 96.8%). m.p. 210~211 C; [al>
+18.5 (¢ 0.2, CHCly); 'H NMR (400 MHz, CDCly) §:
7.66~6.75 (m, 50H), 5.60~5.50 (m, 2H), 5.43 (s, 2H),
4.93 (t, J=9.2 Hz, 2H), 4.66 (t, J=8.4 Hz, 2H), 4.45 (s,
2H), 4.4 (t, J=8.8 Hz, 2H), 0.8 (s, 18H); °*C NMR (100
MHz, CDCly) d: 167.0, 138.1, 137.6, 135.5, 135.4, 135.3,
135.0, 134.6, 134.0, 133.9, 133.1, 133.0, 131.3, 130.7,
130.2, 129.5, 129.2, 128.7, 127.7, 127.6, 127.4, 127.3,
127.2, 127.1, 93.2, 86.9, 86.2, 85.8, 81.9, 77.8, 77.6, 77.3,
77.2,76.9,75.8, 75.7, 69.6, 39.8, 33.4, 32.1, 29.9, 27.6; *'P
NMR (162 MHz, CDCl3) &: 68.76, 43.58.

322 AR EAC

— W7k RGN, AR A B-
I MV (0.2 mmol) BREREH(10 mol%) R AL 7] 2 (0.5
mol%), RJEIA O LEEG mL). ¥RV AR R E
TrEEh, 7825 CHIH, (5.0 MPa)sR [ F#Hi4E 24 h.
DR BR 22w 70, T 18 I N ) 0 A i I A e B A %
HARMEAFMEAT )T SR AR, YElR: (&
% W) - V(AR =1 : 4], HRAR~Y) 4. YA
HPLC(F 1C-3 #1) /b7, M1 ee fH.

(R)-2-(3- % 2 -3- 2R Jk T 56 ) S 9] Wik bk - 1,3- —— il
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(4a)"): HALE 100%, 96% ee, A, mp. 74~75
‘C, [alh +1.10 (¢ 0.36, CH;0H); 'H NMR (400 MHz,
CDCly) 0: 7.87~7.82 (m, 2H), 7.75~7.71 (m, 2H),
7.36~7.20 (m, 5H), 4.70~4.67 (m, 1H), 3.91 (t, J=6.2
Hz, 2H), 2.80 (s, 1H), 2.12~2.04 (m, 2H); *C NMR (100
MHz, CDCl;) 0: 169.0, 143.8, 134.3, 132.2, 128.7, 127.7,
125.9, 123.6, 71.4, 37.9, 35.1; HRMS (ESI) calcd for
[C;H sNOs;+Na]® 304.0950, found 304.0952; ee {E il 5
2%f'I: Chiralcel IC-3 column; V(hexane) : V(isopropanol)=
50 : 50; flow rate=0.5 mL/min; UV detection at 1=210
nm; g =17.6 min (minor), 22.6 min (major).

(R)-2-(3-FHE-3-(4- W FE IR HE ) N 55 ) S g | Wbk -1,3- —
fiil(4b): ALK 100%, 97% ee, FAA[E K. m.p. 82~83
‘C, [alh +9.35 (c 0.47, CH;0H); 'H NMR (400 MHz,
CDCly) 6: 7.84~7.81 (m, 2H), 7.73~7.70 (m, 2H), 7.23
(d, J=8.0 Hz, 2H), 7.10 (d, J=8.0 Hz, 2H), 4.66 (s, 1H),
3.89 (t, J=6.6 Hz, 2H), 2.72 (s, 1H), 2.28 (s, 3H), 2.11~
2.04 (m, 2H); “C NMR (100 MHz, CDCl;) d: 169.0,
140.9, 137.4, 134.2, 132.2, 129.3, 125.9, 123.5, 71.4, 37.6,
35.2, 21.3; HRMS (ESI) caled for C;sH;7NNaO; [M—I—Na]+
318.1106, found 318.1104; ee {E I3 4 {1: Chiralcel IC-3
column; V(hexane) . V(isopropanol)=50 . 50; flow rate=
0.5 mL/min; UV detection at A=210 nm; %=20.5 min
(minor), 29.6 min (major).

(R)-2-(3-F2HE-3-(4- P AR FE KL ) I 8 ) S g [ DR bk - 1,3-
“(4e): FEALFR 100%, 98% ee, A, mp. 77~78
‘C, [alb +10.1 (¢ 0.17, CH;0H); 'H NMR (400 MHz,
CDCly) d: 7.85~7.82 (m, 2H), 7.73~7.71 (m, 2H),
7.28~7.25 (m, 2H), 6.82 (d, J=8.8 Hz, 2H), 4.64 (t, J=
6.6 Hz, 1H), 3.88 (t, J=6.6 Hz, 2H), 3.75 (s, 3H), 2.73 (s,
1H), 2.11~2.06 (m, 2H); *C NMR (100 MHz, CDCl;) ¢:
169.0, 159.1, 136.0, 134.2, 132.2, 127.2, 123.5, 114.0,
71.2, 55.4, 37.6, 35.2; HRMS (ESI) calcd for C;gH;,NNaO,
[M+Na]" 334.1055, found 334.1050; ee {Hl5E 51F:
Chiralcel IC-3 column; V(hexane) - V(isopropanol)=50 :
50; flow rate=0.5 mL/min; UV detection at A=210 nm;
tg=26.5 min (minor), 37.1 min (major).

(R)-2-(3-FRHE-3-(4- AT ) TN JE ) 5 W9 [ R bk - 1,3 - —— i
(4d)!": FEALK 100%, 90% ee, [I{A[EA. m.p. 102~103
‘C, [alh +4.05 (c 0.44, CH;0H); 'H NMR (400 MHz,
CDCly) 0: 7.86~7.82 (m, 2H), 7.75~7.71 (m, 2H),
7.33~7.29 (m, 2H), 7.00~6.95 (m, 2H), 4.66 (dd, J=
8.2, 5.2 Hz, 1H), 3.90 (t, J=6.0 Hz, 2H), 2.92 (s, 1H),
2.11~1.99 (m, 2H); “C NMR (100 MHz, CDCl;) o:
169.0, 134.4, 132.2, 127.6, 127.5, 123.6, 115.6, 115.4,

1770 http://sioc-journal.cn/
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70.7, 38.0, 35.0; HRMS (ESI) caled for C;;H;4FNNaO;
[M+Na]™ 322.0855, found 322.0859; ee {H il & &1
Chiralcel IC-3 column; V(hexane) . V(isopropanol)=50 :
50; flow rate=0.5 mL/min; UV detection at =210 nm;
tg=14.0 min (minor), 17.8 min (major).
(R)-2-(3-F2Hk-3-(4- S A KL ) A 3 ) 5 | e - 1,3
(4e): FEALHK 100%, 85% ee, MAlH{A. m.p. 107~108
‘C, [a]5 +0.82 (c 0.24, CH;0H); 'H NMR (400 MHz,
CDClLy) d: 7.87~7.82 (m, 2H), 7.75~7.71 (m, 2H),
7.36~7.20 (m, 4H), 4.68~4.64 (m, 1H), 3.92~3.89 (m,
2H), 2.99 (s, 1H), 2.08~1.99 (m, 2H); *C NMR (100
MHz, CDCl;) 6: 169.1, 142.3, 134.4, 133.3, 132.1, 128.8,
127.3, 123.6, 70.6, 37.9, 34.9; HRMS (ESI) calcd for
CsH 4CINNaO; [M+Na]" 338.0560, found 338.0562; ee
{6 I %€ 4 7 : Chiralcel IC-3 column; V(hexane) :
50; flow rate =0.5 mL/min; UV

detection at A=210 nm; r=13.9 min (minor), 17.0 min

V(isopropanol) =50 :

(major).

(R)-2-(3-F& 3-3-(4- 1R ORI ) N 225 ) 57 M Wbk - 1,3 -
(af): A3 100%, 80% ee, HrtafiElfA. mp. 103~104
C, [alb +1.40 (c 0.74, CH;0H); 'H NMR (400 MHz,
CDCly) o: 7.86~7.81 (m, 2H), 7.75~7.71 (m, 2H),
7.42~7.39 (m, 2H), 7.23~7.20 (m, 2H), 4.64 (dd, J=38.6,
4.4 Hz, 1H), 3.91~3.88 (m, 2H), 3.09 (s, 1H), 2.10~1.98
(m, 2H); ®C NMR (100 MHz, CDCl;) 6: 169.0, 142.8,
134.4, 132.1, 131.7, 127.6, 123.6, 121.4, 70.7, 37.8, 34.9;
HRMS (ESI) caled for C;;H;4BrNNaO; [M + Na] *
382.0055, found 382.0056; ee {Ell i€ 4 £F: Chiralcel 1C-3
column; V(hexane) : 50; flow
rate=0.5 mL/min; UV detection at A=210 nm; r=14.4
min (minor), 17.3 min (major).

(R)-2-(3-(4-B T HE I HE)-3- R FE N ) S g e b - 1,3-
T Hil(4g): HALE 100%, 96% ee, [ EAE. m.p. 79~80
‘C, [alh +5.95 (c 0.77, CH;0H); 'H NMR (400 MHz,
CDCly) J: 7.84~7.82 (m, 2H), 7.73~7.70 (m, 2H),
7.32~7.26 (m, 4H), 4.70~4.65 (m, 1H), 3.91 (t, J=6.6
Hz, 2H), 2.68 (d, J/=4.2 Hz, 1H), 2.14~2.09 (m, 2H),
1.26 (s, 9H); *C NMR (100 MHz, CDCl3) 6: 169.0, 150.7,
140.7, 134.2, 132.2, 125.7, 125.6, 123.5, 71.4, 37.4, 35.2,
34.7, 31.5; HRMS (ESI) caled for C;;Hp;3NNaO; [M+
Na] ' 360.1576, found 360.1587; ee & Wl & 4% 1
Chiralcel IC-3 column; F(hexane) . V(isopropanol)=50 :
50; flow rate=0.5 mL/min; UV detection at A=210 nm;
tg=18.8 min (minor), 26.4 min (major).

(R)-2-(3-(2,4- — W RL A HL)-3- 2 RE P 46 ¢t

V(isopropanol) = 50 :

N5 e ik -
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1,3- i (4h): #AbFE 100%, 98% ee, A0 A. m.p.
92~93 C, [a]h +33.3 (c 0.17, CH;OH); 'H NMR (400
MHz, CDCl;) d: 7.86~7.84 (m, 2H), 7.73~7.71 (m, 2H),
7.35 (d, J=8.0 Hz, 1H), 7.00 (d, J=8.0 Hz, 1H), 6.91 (s,
1H), 4.87 (dd, J=8.6, 4.4 Hz, 1H), 3.95~3.91 (m, 2H),
2.25 (s, 3H), 2.21 (s, 3H), 2.05~2.01 (m, 2H); *C NMR
(100 MHz, CDCl3) d: 169.0, 139.0, 137.1, 134.3, 134.2,
132.2, 131.4, 127.2, 125.2, 123.5, 68.2, 36.6, 35.5, 21.2,
19.1; HRMS (ESI) caled for CoH;,NNaO; [M+Na]"
332.1263, found 332.1264; ee {Hl 2 4<f}: Chiralcel 1C-3
column; V(hexane) : V(isopropanol) = 50 : 50; flow
rate=0.5 mL/min; UV detection at A=210 nm; r=17.9
min (minor), 26.5 min (major).

(R)-2-(3-(2,4- - F AR 2 Ik )-3- 38 56 T 32 ) e W
-1,3- W (4): AR 100%, 97% ee, FEEAA. mup.
73~74 C, [alh +4.76 (¢ 0.29, CH;OH); 'H NMR (400
MHz, CDCl;) d: 7.85~7.81 (m, 2H), 7.73~7.68 (m, 2H),
7.26 (d, J=8.2 Hz, 1H), 6.45~6.38 (m, 2H), 4.86 (dd, J=
8.8, 4.4 Hz, 1H), 3.87 (t, J=6.4 Hz, 2H), 3.76 (s, 3H), 3.75
(s, 3H), 2.20~2.06 (m, 2H); *C NMR (100 MHz, CDCls)
5: 168.8, 160.3, 157.5, 134.1, 132.4, 127.5, 124.4, 123 .4,
104.2, 98.8, 67.9, 55.5, 55.4, 35.9, 35.7; HRMS (ESI)
caled for C;oH;QNNaOs [M + Na] © 364.1161, found
364.1164; ee {H I %€ %< 1f: Chiralcel IC-3 column;
V(hexane) - 50; flow rate =0.5
mL/min; UV detection at 1 =210 nm;
(minor), 39.7 min (major).

(R)-2-(3-(E 2K -4-Jk )-3- 2 HE A k) 5 Mg ek -1,3- —
Fil(45): HALE 100%, 90% ee, AfA[E 1A, m.p. 88~89
‘C, [alh +1.33 (¢ 0.15, CH;0H); 'H NMR (400 MHz,
CDCly) d: 7.86~7.84 (m, 2H), 7.72~7.70 (m, 2H),
7.54~7.51 (m, 4H), 7.44~7.40 (m, 4H), 7.35~7.31 (m,
1H), 4.76~4.72 (m, 1H), 3.94 (t, J=6.2 Hz, 2H), 2.87 (d,
J=42 Hz, 1H), 2.22~2.11 (m, 2H); *C NMR (100 MHz,
CDCly) 6: 168.7, 142.6, 140.6, 140.2, 133.9, 131.9, 128.6,
127.1, 127.0, 126.9, 126.1, 123.2, 71.0, 37.3, 34.8; HRMS
(ESI) caled for Co3HoNNaO; [M+Na]" 380.1263, found

V(isopropanol) = 50 :
tx = 30.0 min

380.1255; ee fH I %€ %5 1f: Chiralcel IC-3 column;
V(hexane) : V(isopropanol) =50 : 50; flow rate = 0.5

mL/min; UV detection at 1 =210 nm; fr =22.5 min
(minor), 28.4 min (major).

(R)-2-(3-(W W -4-F)-3-F2 L A A6 ) S Mg e b -1,3- —
fii (4k): FALE 100%, 90% ee, HE[EK, mp. 93~94
‘C, [alh +1.20 (¢ 0.18, CH;0H); 'H NMR (400 MHz,
CDCl,) o: 7.87~7.82 (m, 2H), 7.74~7.70 (m, 2H), 7.30
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(dd, J=1.6, 1.0 Hz, 1H), 6.26~6.24 (m, 2H), 4.71 (s, 1H),
3.92 (t, J=6.8 Hz, 2H), 2.97 (d, J=4.8 Hz, 1H), 2.27~
2.16 (m, 2H); “C NMR (100 MHz, CDCl;) : 168.6,
155.6, 141.9, 133.9, 131.8, 123.2, 110.0, 105.9, 64.8, 34.3,
33.9; HRMS (ESI) caled for [C,sH;;NNaO, [M+Na]*
294.0742, found 294.0733; ee {52 444 Chiralcel IC-3
column; V(hexane) : V(isopropanol)=>50 : 50; flow rate=
0.5 mL/min; UV detection at A=210 nm; r=23.7 min
(minor), 36.7 min (major).

323 (R)-3-RJ-1-FRILABEZ(S)

i) (S mL)HF I 4a (51.3 mg, 0.18 mmol)FI G
AWE1.7 uL, 9.74 mmol), R RLERRALE THEE 3 h
FRa®) 0 °C, i in N IE Bk R (36.5%) AT A R
pH 2~3. i3 BIFR A RAE G T AR 8t 3
h. 13, WA R DL 50% NaOH %315 pH 9. ZKAHEL
CH,CL, (5 mL X 3)#HY, & IFMAHIAHLLIG/K NaySO, T
f. LIRS I8 AR RIS R 5 (22.9 mg,
83%). "H NMR (400 MHz, CDCl3) 6: 7.39~7.32 (m, 4H),
7.26~7.22 (m, 1H), 4.96 (dd, J=8.6, 3.2 Hz, 1H), 3.13~
3.07 (m, 2H), 2.99~2.93 (m, 2H), 1.87~1.84 (m, 1H),
1.80~1.73 (m, 1H); *C NMR (100 MHz, CDCly) ¢:
145.7, 128.4, 127.1, 125.9, 73.4, 41.4, 39.7; HRMS (ESI)
calcd for CoH 4,NO [M—|—H]+ 152.1075, found 152.1087.

Q01T M b SR NG <7 U R e AR 11152 S il R B
BRI H A2 Tk 24t Tsuneo Imamoto Z(F5%F1
Masashi Sugiya 18 15X A TAE KA i ie.

44 Bh 4 &l (Supporting Information) A% FR {4k [ W
JEA I B NMR ORI HPLC . X 26tk af A
G B WAST W9 35 (http://sioc-journal.cn/) b 2.
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