% F F R oo

ACTA CHIMICA SINICA DOI: 10.6023/A12030050

DpenPhos/Rh(I){E1L B9 p-Bi SR B BREE B A X FRE S iz

A EE TEE
CPEEEEG EREAIULEDIRT SEA R EGLRE L 200032)

WE ARSI T 2GR Tk 4 TR B EC A4 DpenPhos 7 Rh() AL E R Z 7Y -l 2 2 5 B 196 1) AR b o A
WA N IR, S0t BB RN RIS AL, RIIN JEF E&E H W REEAEL A 5 RaOE R
FEH L N R T EAS H AR BRI RN, 76 E B p-E R LRI AN FRE R N A, AR, R)-
3K/Rh(DFRIFEH, AT LLUSEHURMI I H LA, BUS T 92%~96% X Wek Btk ML EATBEEE 0.2 mol%;
T Z 4 B S S SRR R (AR R AL SN, TU(R,R)-3VRKh(D) A e AL, 7T BASKAR 92%~98% ee {H (NEAL 4, #
LR T B-F7 FEWARRT AEMI IS N, N SAL =P ee {E T LU E] 96%~98%. i%ISMEALF A KARTLIARRIR 2
TETE B AR A AR AL T — MR s ik,

KB AR, Stk BBk, Wk, B p-Ti Al E IR G

DpenPhos/Rh(I) Catalyzed Asymmetric Hydrogenation of
Dehydro— 3 —Amino Acid Esters

Liu, Yan Wang, Zheng Ding, Kuiling*

(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,
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Abstract Enantiomerically pure f-amino acids and their derivatives are very important chiral building blocks for the syn-
thesis of f-peptides, f-lactams, and many important biologically active compounds. Among various methods developed for
their synthesis, catalytic asymmetric hydrogenation of the corresponding dehydro-f-amino acid esters represents one of the
most efficient and environmentally benign approaches, in which the Rh(I) catalysts containing chiral phosphorous ligands
play a central role. Although a variety of Rh(I) complexes of bidentate or monodentate ligands have been discovered for
asymmetric hydrogenation of dehydro-f-amino acid esters, some challenging issues still remain in terms of efficiency, enan-
tioselectivity, and substrate scope. In the present work, a variety of Rh(I) complexes of modular monodentate phosphoramid-
ite ligands, DpenPhos, have been systematically investigated for the asymmetric hydrogenation of (E)- or (Z)-f-substituted
dehydro-f-amino acid esters. It was found that the presence of a N-H moiety in the phosphoramidite ligand is critically im-
portant for achieving high activity of the catalysis. Both (Z2)- and (F)-geometrical isomers of the f-acetamido acrylic acid
esters can be hydrogenated in the presence of DpenPhos/Rh(I) catalysts to form the same enantiomers, albeit slightly different
conditions were required to attain optimal enantioselectivities. (R,R)-3k/Rh(I) (1 mol%) was disclosed to be optimal for the
hydrogenation of (£)-f-alkyl substituted dehydro-f-amino acid esters in dichloromethane under a relatively low pressure of
hydrogen (0.5 MPa), affording the corresponding f-amino acid esters with 92%—96% ee. The reaction still proceeded
smoothly without significant sacrifice of activity or enantioselectivity either at a catalyst loading of 0.2 mol% or 0.1 MPa
pressure of H,. For the hydrogenation of more challenging (Z)-f-alkyl or aryl substituted dehydro-f-amino acid esters,
(R,R)-31/Rh(I) in combination with the dichloromethane/isopropanol (¥/V=2/1) mixed solvent system turned out to be the
best in terms of enantioselectivity and catalytic activity, giving a variety of f-alkyl or aryl substituted f-amino acid esters in
>99% yields with excellent optical purities (92%—98% ee).

Keywords asymmetric catalysis; hydrogenation; monodentate ligand; phosphoramidite; rhodium; dehydro-f-amino acid
ester
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Figure 1 Some representative monodentate phosphorus ligands
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Figure 2 DpenPhos/Rh(I) catalyzed asymmetric hydrogenation of some
olefinic substrates.
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& AT LA A 0.2 mol%.
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A IR H B A R A B S AT 1 — 2R
W), P S L(E)-B- i S 2 FE 1 R AT A2 40 0 IS 1t
AT KRR A AL P T AT PRI,

W 1R, LAE)-3- OIEEHE-2- T 618 F E(E)-4a
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B3 AT It K DpenPhos it {4
Figure 3 DpenPhos ligands employed in the present study

DL, W0 SEgt 85 BOFAERAR, 55 2230 JLRRAC A4
i (Entries 1~8), [T (R.R)-3f 2 4b, HAXME ARG
FSC P AR AT 5 Pk PARARG, 1 456 FH R AR (R R)-3F th LI 7
THEER ee {H(Entry 6), {HIEIEGI(RR)-3f FI45 /I HEAT
T, RIS PAE N U] N PR v Bkt e
ERRPEA AR, ATRE N5 PAHIE N B AR
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TEME R NARZR PN, 25 H(S,S,R)-3m A eAA, 1E
L IRAH R S N S A R R (B)-3- £ Ak -2- T 4 IR T
(E)-da BATEA N 23R, R IAA SN ] DAIRR] AT,
PLsE 1 JFURH L AL AT 89%11) ee {H3RAF AL N =4
(Entry 9). &K SR T(E)-4a AN FRAEAL A
A IR 0 Wk REVE R — € R WA (Entries 9~ 11), RS
JEFIB8K 0.5 MPa, S W56 B I% B8 4 AN 52 5% Wi (Entry
10); ZELEFRACH /)2 0.1 MPa, BRI ee (HA4 T T
B, (HJERMLAL T ATIA R 100% (Entry 11), /R TRE
(A AL

P TRk — 202 8T IR AR AR RO 1) 5
Wi (Entries 10, 12~14), &AL 0.5 MPa &L, Bl
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Table 1 Application of DpenPhos (3a~3o0) in Rh(I)-catalyzed asym-
metric hydrogenation of (E)-f-dehydroamino acid ester (E)-4a: chiral
ligand and reaction condition optimization.

AcHN Rh(cod),BF4(1 mol%)  AcHN
— Ligand(2 mol %) *
CO,M
oMe H,, 10 h CO,Me
(E)-4a 5a

[(E)-4a]/ Conv®  ee’/%

Entry Ligand P(H;)/MPa Solvent (mollL) /%

(config.9)

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1 (R,R)-3a 2 CH,Cl, 0.16 Trace n.d.
2 (R,R)-3b 2 CH,Cl, 0.16 Trace n.d.
3 (R,R)-3¢ 2 CH,Cl, 0.16 Trace n.d.
4 (R,R)-3d 2 CH,Cl, 0.16 Trace n.d.
5 (R,R)-3e 2 CH,Cl, 0.16 Trace n.d.
6 (R,R)-3f 2 CH,Cl, 0.16 100 51(S)
7 (R,R)-3g 2 CH,Cl, 0.16 Trace n.d.
8 (R,R)-3h 2 CH,Cl, 0.16  Trace n.d.
9  (S,S,R)-3m 2 CH,Cl, 0.16 >99 89 (R)
10 (SS,R)-3m 0.5 CH,Cl, 0.16 >99 89 (R)
11 (SS,R)-3m 0.1 CH,Cl, 0.16 >99 81 (R)
12 (SSR)-3m 0.5 CH,Cl, 0.33 >99 86 (R)
13 (SSR-3m 0.5 CH,Cl, 0.08 >99 91 (R)
14 (SSR-3m 0.5 CH,Cl, 0.05 >99 89 (R)
15 (SSR-3m 05 THF 0.08  Trace n.d.
16 (S,S,R)-3m 0.5 Toluene 0.08  Trace n.d.

17 (SSR-3m 05
18 (593 05
19 (583 05
20 (RR3k 05
21 RR31 05

CICH,CH,CI 0.08 >99  89(R)
CHCL, 008 >99  89(R)
CHCL, 008 >99  89(R)
CHCL, 008 >99 96 (S)
CH,CL, 008 >99  94(S)

22 (8883n  05 CHCL, 008  >99 83 (R)

23 (RR)-3o 05 CH,Cl, 008 >99  92(9)

“ Determined by 'H NMR. ® Determined by chiral GC. ¢ Absolute configura-
tion was determined by comparison of [a]y  with that reported in literature.

IR BE R R, P ee (HA M w3, X0l RE
SEPRU R BERR B A5 PE T, 0 S R R T AN I A4 T i
U, MMSCR T AR S50, S RPIk B h
0.08 mol/L I, =#)(f] ee {H 1] LLIAE] 91% (Entry 13), Ji§
YR FEHE— B BTG A 0.05 mol/L I, BR3¢ &
IFEAL, H7F=H1 ee (HFFE ] 89% (Entry 14). #HIRK
PR TR, AR AR S RE A 1, 2- S S
AJ LV AS 501 () 45 SR (Entries 13, 15~17). RtALAL K
RN R S B, 0.5 MPa &SR ), JEPIHR
J& 4 0.08 mol/L (Entry 13).

A R A R, AT HE N7 ESAH
FITCAA 3i~30 BEAT T ik (Table 1, Entries 18~23), 5K
I a AR, XEERLA S Rh() % S8 AR A3
AT, LE(E)-4a HIEALEAL AR AT DL 5 5 1
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WAL R U B0 F5 IR WL IE FEPE(83%~96% ee), 1R
SRR R A0 R 2 R TG R SR ) TR E, TRC A&
HUAREE R A R AL SN R PESE AN K, (XS S
(R e BEMEAT — € AR, REonl oAk b 5 N g1
A 8 JE - ) T 2 X S I 4D K e 32 4% P A T I 5 i
(Entries 13 vs 22), HA Y HRCAA(R,R)-3k M1 F if 1 45
A, A=) Sa 0T A A F] 96%.

e FORAT IR 2, falil % p-0% H-p-Ih e 5t
WIGIR TR, BT E U R a4 S AR e i) Z
AT Z B MRAAAE Sy T NS, W5
th E BUSRAR. DI ERAT 5 i 1 PRI DL (E)-B-i ik
HUAR I S S LR I (E)-4b ~4e, 18T LRk i Tk
BEBCAA(R,R)-3k TCAA, FEARALIR S N A o0 AT T
AHFFRAEAL A AL 2298 (Table 2). 45 2% BI(R,R)-3k/Rh(I)
X T (E)-p- Wi S 28 KL BR R 1R A A AR FR A 2 — Pl s &L
(AT, F R AT AR 9 s I (1 %o e P 2240 T 2 R
(Entry 1 vs Entry 2). LA(E)-4b KJEY), KA HE
0.2 mol%, MNAKSR T LIRAIIEAT, P ee (HMEAT
FEA%(Entry 3, 92%). X1 B 47k ZEEHAR(E)-B- i A
RIERERAT AR =) ee 19 96%.

K2 (RR)-3WRhDFEA K (E)-p- i 2l 2 LT (E)-4a ~de KRR FRE
1k

Table 2 Asymmetric hydrogenation of (£)-f-dehydroamino acid esters
(E)-4a~4c under the catalysis of (R,R)-3k/Rh(I)

Rh(cod), BF/(R.R)-3k

AchN 1 mol % ACHN.___~. )
R COR? H,, 0.5 MPa i COR
[substrate] = 0.08 mol/L R
(E)-4a~4c CH;Cl,, t=10h 5a~5¢
Entry Substrate R' R? Conv.“/% ee’/% (Config.%)
1 (E)y4a Me Me >99 96 (S)
2 (E)4b  Me  Et >99 94 (S)
3 (E)-4b  Me  Et >99 92 (S)
4 (E)y4c  Et  Me >99 96 (S)

“ Determined by 'H NMR. ® Determined by chiral GC. ¢ Absolute configura-
tion was determined by comparison of [a]% with that reported in literature. ¢
n[(E)-4b] : n(cat)=500 : 1.

2.3 DpenPhos £ Rh(l)f& 1k #Y(Z)-B-% S = EER B 5
ITEMARECSERPBISA

1t -t A SR R A AR A, T2
EAGFIAR, Z BYRPICIR AT RIS PRI 20 ik 48
7 T — FRE A LU AR N 1) E FR 1, Xl fig b Z
M B-Mi A IR RS P A e TN A R, T
FINEB A E AR, TRl AN R B Z
Rk, IR ER Z 1Y Bl A S SR IR 1A PR AL
SR AT . T DpenPhos/Rh(I)7E (E)-B- i &
LR A PR s W HR R T AR 55 19 1 A v
R0 W3k Bk, PR BRATT 3 — 2D IR R S i L A AE
(2)-B-Mi A ZHE R R 1 A BR AR A S A S N R Y
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T X ARFEEUR ) Z 7Y B A R HE IR TR (2)-4d 1)
SR N AT T W10 K, 00k R (L SRR B
(Supporting Information, SI)*' Table S1), 745 E 2 g-Ji
AR I A MATRI AT, BAARR)-3a~3h 5
Rh(D)JE B[ A RGP 34 22, DA(R,R)-3e ML A&,
7E 4 MPa &SR J) T, D& REENER, HA 70%[1)
JEIEARR, (RN 6 IR PR 87%; N RE
R AT R, BOR R LS LR I e
b, (B EI = LT . AT EEREE AP 2
T AREIAS B i I AL 1, X T B S IR 4 T I
SRR FIPT R AT OC, R B A 3 VR S
A5 ] BE SIS 3 PR s R AR A 0,

WL 12 TR R NERA WA, £ 2
MPa SAENAE 2 —HAFIHE T, LA(2)-3-4Bk
e H-2-"T 1R lR(Z)-4a ABITYEY), 1% T {E(E)-4a
A SN P R U IR e A 3i~30 (Table 3, Entries
1~7), EMSERAAE T, B Be AR T8 B fi 4 738 2
TR R AP EATEPE, TR (R,R)-31 AERLAYE ) AL
AN R WL YR B L, ) ee {H L F] 83%(Entry 4).
FH T 1% 2 A 1R B B i 7 LR A U, TR I BA(R, R)-31
OTCAE, 152 MPa Z/ SR T, dhenhi ik RaATI0
b, DU G0 e R AN [ 8 10 R 5 v A1) Ol s B A i
(Entries 4, 8~10), &I & FHHER 5 A AR R 548%
R AR T G BRI, RO R PR A
HFENEHATIT T (Entry 8). B Ui — R IP ki 5+
NI LU 45 (Bntries 11~14), & ISR AIREC LEXT N A
X BRIE BV AR K, Y SO GE A S T B (R AR AR LG ol
201, ROV IR FEPE T IA 2] 91% (Entry 13). )i
WD AR FSE KT IS N PR %) B3 8 1 AR A7 — 5 5% W (Entries 13,
15~17), 1E(2)-4a SA N, BfAS JE )R FE (1) 38 i,
SN T ) e B B 1 B 2 38, M)W IR EE A 0.33
mol/L I, F=#I1¥) ee fH 1L 2] 92%(Entry 15). {H4kLLIE
T, MRV REAE AP e SR, XFE, 8
T BC AR e 4R IR I 38, BRATIAS 3 T ARAL IR A 771
KRR 4 BILLR,R)-31 M4, 762 1 1 &
fe/ NI A, IR 0.33 mol/L, 2 MPa
SRR IR &Y.

BATE—LERT — R p-IARR) Z Y Bl Sz ik
FREERATAEY), CERALII RN AT, BT IR . W
Table 4 Jiw, 76 - Z BURPI RN, A8 H]
(R,R)-3VRh(D) AT, S W A5 BIE B PEALE 89%~93%,
Bt A P AR RSB0, P21 ee (G BT
(Entries 1, 3~4). Fpil2xt 1 p-55 3HUR 1) Z B A 2
PRI AN, 3568 AT F5 (0] e S g 4 ot et 7 34
FANI) B-2d FEIRAT AW, Joie )5 B8 LW i (Entries
7~ 10)i5 o THUC I Entries 11~12), TISBUCHEER
P EAEAA (Entry 7)s [BIAL(Entry 9)IS&X4A7 (Entries 6,
8, 10~12), FHNEAM 1) ee (EIITE 96%~98%.
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# 3 DpenPhos 7£ Rh(DEALIT Z B p-Jli A G HERRIE(Z)-da AR FREAL PN BCAR 5 SN AL
Table 3 Application of DpenPhos in Rh(I)-catalyzed asymmetric hydrogenation of (Z)-$-dehydroamino acid ester (Z)-4a: optimization of chiral ligand

and reaction conditions

Rh(cod ),BF 4(1 mol%)

AcHN — COMe  Ligand(2 mol%) AcHN
H, (2 MPa), r.t CO,Me
(2y4a 10h 5a
Entry Ligand Solvent (V' © V) [(Z)-4a]/(mol/L) Conv."/% ee’/%(Config. )
1 (S,9)-3i CH,CL, : i-PrOH=1 : 2 0.16 >99 74 (R)
2 (S,5)-3j CH,CL, : i-PrOH=1 : 2 0.16 >99 65 (R)
3 (R,R)-3k CH,CL, { i-PrOH=1 : 2 0.16 >99 68 (S)
4 (R,R)-31 CH,CL, { i-PrOH=1 : 2 0.16 >99 83 (S)
5 (S,S,R)-3m CH,CL, ! i-PrOH=1 : 2 0.16 >99 74 (R)
6 (S.,5,5)-3n CH,CL, ! i-PrOH=1 : 2 0.16 >99 71 (R)
7 (R,R)-30 CH,CL, : i-PrOH=1 : 2 0.16 >99 71(S)
8 (R,R)-31 CH,Cl, 0.16 95 80 (S)
9 (R,R)-31 CH,CL, : n-PrOH=1 : 2 0.16 >99 79 (S)
10 (R,R)-31 CH,CL, : n-BuOH=1 : 2 0.16 >99 75 (S)
11 (R,R)-31 CH,CL, ¢ i-PrOH=1 : 3 0.16 >99 72 (S)
12 (R,R)-31 CH,CL, ¢ i-PrOH=1 1 0.16 >99 89 (S)
13 (R,R)-31 CH,CL, ! i-PrOH=2 ! 1 0.16 >99 91 (S)
14 (R,R)-31 CH,CL, ! i-PrOH=3 ! 1 0.16 >99 90 (S)
15 (R,R)-31 CH,CL, : i-PrOH=2 ! 1 0.33 >99 92 (S)
16 (R,R)-31 CH,CL, © i-PrOH=2 ! 1 0.08 >99 89 (S)
17 (R,R)-31 CH,CL, : i-PrOH=2 ! 1 0.05 >99 79 (S)

“Determined by 'H NMR. ” Determined by chiral GC. ¢ Absolute configuration was determined by comparison of [a]? with that reported in literature.

it

ASCHIEFT T — 2R &5 K m 8 5P B A7 Sl 19 e . 4
DpenPhos 7£ Rh(DfEALIE E Fil Z BY - A R FE IR B A
SRR S SN R I . 2 R 48 1 N 4 A AT
REERAL, KL N JRF ESHE H KRR A S
Rh(DE AL FDE 5 LE N R T EAE H AR
SR R S NS M. A8 (R,R)-3K/Rh(1) A HEAL T, 7 3
Bl E A B E LR IR A AR A N, AR T
92%~96% MR I, BRI E BRI E 1/500,
K H(R,R)-3VRh(I) A AT, 7E 13 Fh Z B B-Mi A 2 1
BEAKIFR AN 1, 345G T 92%~98% ee {H AL~
Y, R T B- 05 BT A A R, ARV A
1P ) ee 1] LI F] 96%~98%. 1%ISHEAL 70 AR
IR RARG AT B BRI & e it T — AN =
Tk

3

4 LIERS
LI N

F& RUE XT-4 XUH SA0E s s G E, vk
IE. "H NMR, *'P NMR, "*C NMR %7 Varian Mercury
300 KRR EIE, "H NMR('H 300 MHz)H) N A%

41

1468

http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

£4  (RR)-BVRhDAIN(Z)-B-IMARIERRIE(2)-4a~4m [MAXFREL
Table 4 Asymmetric hydrogenation of (Z)-f-dehydroamino acid esters
(Z2)-4a~4m under the catalysis of (R,R)-3V/Rh(I)

[substrate] = 0.33 mol/L

AcHN  CO,R?*  Rh(cod),BFy/(RR)-3I(1mol %) ~ AcHN S co R
R CH,Cl, : i-PrOH = 2:1 R'
(Z2)-4a~5m Hy(2 MPa), 10 h, r.t. 5a~5m
Entry Substrate R' R? Conv." (%)  ee® (%)(Config. )
1 (2)-4a Me Me >99 92 ()
2 (2)-4b Me Et >99 89 (S)
3 (2)-4¢ Et Me >99 93 (S)
4 (D4 CeHs Me >99 97 (R)
5 (2)-4e CeHs Et >99 92 (R)
6 (2)-4f  4-CICH, Me >99 97 (R)
7 (2)-4g 2-CICH, Me >99 97 (n.e.)’!
8  (2-4h  4-BrCH, Me >99 98 (R)
9 (Z)-4i  3-BrCeH, Me >99 98 (n.e.)’
10 (24§ 4FCH, Me >99 98 (R)
11 (24k 4-MeCH, Me >99 97 (R)
12 (241 4-MeOCeH, Me >99 97 (R)
13 (Z2)-4m 2-Naphthyl Me >99 96 (n.e.)’

“Determined by 'H NMR. ” Determined by chiral GC. ¢ Absolute configuration
was determined by comparison of [a]¥ with that reported in literature. “n.e.=
not established.
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J TMS(S 0.0), CDCly(6 7.27), CD,OD(S 3.31) 5
(CD;),SO(5 2.50), *'P NMR(121 MHz) LA 85% [ R 7K v
WA AME, IR 75 Bio-Rad FIS-185 FYZL ANtk bl 5E.
MS fE HP5973N 1 AGILENT5973 HY il (% il sE;
HRMS(EI#E Finnigan MA "% B2, HRMS(ESI)
1t Kratos Concept 1H it 5, HRMS(MALDI)7E
lon Spec 4.7 Tesla FTMS Jsuifs{ . g efafe
PE-341 HBhEX LM E. ee AL JASCO 1580
HPLC F1 Agilent 6890N GC ll5E. JC 2 5 M (EA)LE
Elemental VARIO EL T4 38 Fillsg. X254 ¥ S AUk
(1 S50 7 A FE R MFRAER) Schlenk $A, 7EZU/TEL
GV R ER AR SE . TEAAR MbaaR BR AR R B AF,
KA EBATH; DU, R, ZH2K. k.
IECKERM LB SR, & ke, . I
W e 28 S A AS 5 e 1
42 Fiifik 3a—~30 A K

JITAT B WU B BERGRC A 3a~30 14 b e e AT
TSR (1 SRk il A 70,
4.3 RYIBIERK
43.1 (E)-F(2)-R BIx KB -B-H AR BT da~4dc
ERENOY

(E)-FNZ)-p-i A E LIRS da~dc (5 S ik
JiEEe 1010 48 5 (E)-RI(Z)- T SRR TR B, SRE)2
WiV s 0V cmem=4 1 1), BHEBVEN S K (2)-84 7=
Y, SRIGAFRNE)-BL =), i 5 IS Rk EL(SD).
432 (2)-B p-F KB P-PLA R LT 4d~4m 494
R,

B-75 FEHAR-B- A Z FE L T 4d~4m B S % L
BBt B AR - it 5 PR T 11 B iy 9 1010w 1,
R B 2=, A E DB B WA 7844
EHSD), 1 (2)-4g F1 4m 2 a9, ok .

(2)-4g: 48% W%, LB A, '"H NMR (300
MHz, CDCl;) §: 10.96 (br, 1H), 7.23~7.37 (m, 4H), 5.06
(s, 1H), 3.78 (s, 3H), 2.13 (s, 3H); ESI-MS (m/z): [M"+
Na], 276.0; HRMS (ESI) caled for [C12H12N03C1—|-Na]+
276.0398, found 276.0402. Anal. calcd for C;,H;,NO;CI:
C 56.81, H4.77, N 5.52; found C 57.13, H 4.83, N 5.39.

(2)-4m: 48%M0%, (I, mp. 114~115 C,'H
NMR (300 MHz, CDCl;) 6: 10.73 (br, 1H), 7.79~7.88 (m,
4H), 7.43~7.51 (m, 3H), 5.41 (s, 1H), 3.79 (s, 3H), 2.20
(s, 3H); C NMR (75 MHz, CDCly) & 21.05, 51.54,
105.81, 114.48, 122.35, 126.53, 126.89, 127.70, 1228.74,
128.88, 130.41, 130.52, 132.79, 134.39, 158.29, 164.68;
ESI-MS (m/z): [M"+Na], 292.1; HRMS (ESI) calcd for
[C1¢HsNO; + Na] " 292.0944, found 292.0947. Anal.
calcd for C¢H;sNO5: C 71.36, H 5.61; found C 71.12, H
5.41.
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44.1 (E)-B B-BAR-B-BLA RIS (E)-da~4c 69 AL
— W7 AR, AR 20 mL AL
R NIRETC/KTCEALEE, I Rh(cod),BF, (2 mg, 0.005
mmol), FFIMARAA(R,R)-3k (5.3 mg, 0.01 mmol) }Z &4
(E)-4a~4c (0.5 mmol), EHF S —=IK, MA 6 mL 5
e, e 10 min, fEFEHATRENWIREE 20 EE
O BHREA SR, RAESAE 0.5 MPa, =EildfidE 10
h, fFIEBERE G, ANOIBER AR, R SR, A
FEAYERNE "H NMR, #5E KP4 R, T 400
YILL R W6 IRV, & —RERSERE 25, 13RI
I Sa~5Se, LABCA TR AT: 14T e R0 AH B =0AH €3 il
JE R L R At
442 (2)-8 B-BAR-B-BL AR I BRBE (Z)-4a~4m &) AL
— W7 AR, AR 10 mL AL
RN IRTC/KTCEAL B, I Rh(cod),BF, (2 mg, 0.005
mmol), FIIABAR,R)-31 (5.8 mg, 0.01 mmol), 4
REHRNEA A =R, A 1 mL &P, =il
FHEFE 10 min, RJE IIAJKPI(Z)-4a~4m (0.5 mmol)¥]
SENEERW0.5 mL), HidE 10 min, fETEMPH AL
B EmEES, HARERES =K, —RAASE
2 MPa, ZHEBEFE 10 h. fF1RBFEE, ADNOBEEEA, ik
JEBREEH, — ik APl "H NMR, 2K
YA, T AHMLP I LL 88 206 kR, 24—kl
R B, BREA Y Sa~5m, DLECAT TR
SRR B SR CEL TN s 0 e S A A i = i)
WP H B s DL K ee AE N E S AT LSRR A B
(SD), Hrr 5g F1 Sm AL ED, S EEE QT
(—)-5g: HALE: >99%, 97% ee, [aly =—37.0 (c
0.20, CHCl;); '"H NMR (300 MHz, CDCls) d: 7.34~7.38
(m, 2H), 7.20~7.25 (m, 2H), 6.86 (br, 1H), 5.68~5.71
(m, 1H), 3.61 (s, 3H), 2.84~3.03 (m, 2H), 2.04 (s, 3H);
BC NMR (75.4 MHz, CDCly) d: 23.28, 38.07, 47.59,
51.82, 126.24, 126.96, 127.60, 127.77, 128.67, 128.83,
130.04, 171.68; ESI-MS (m/z): [M*+Na], 278.1; HRMS
(ESI) caled for [C,H42NO;Cl+Na]® 278.0554, found
278.0565. ee {H € 41} Chiralcel OD column; 90 : 10
(Vhexane -
at A=230 nm; x=15.3 min (minor), 18.9 min (major).
(—)-5m: HALE: >99%, 96% ee, [a]y =—100.9 (c
0.55, CHCL3); '"H NMR (300 MHz, CDCl;) d: 7.72~7.80
(m, 4H), 7.37~7.47 (m, 3H), 6.87 (br, 1H), 5.57~5.59
(m, 1H), 3.59 (s, 3H), 2.86~3.04 (m, 2H), 2.01 (s, 3H);
5C NMR (75.4 MHz, CDCl;) 6: 23.50, 39.59, 49.55,
51.89, 124.44, 124.90, 126.08, 126.32, 127.60, 127.95,

Visopropanol); flow rate=1.0 mL/min; UV detection
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128.61, 132.76, 133.21, 137.80, 169.37, 171.80; ESI-MS
(m/z): [M " + Na], 294.1; HRMS (ESI) caled for
[Ci1H;72NOs+Na]" 294.1101, found 294.1103. ee {H il
% 4 : Chiralcel AD-H column; 90 : 10 (Viexane
Visopropanol); flow rate=1.0 mL/min; UV detection at A=
230 nm; tg=16.1 min (minor), 19.4 min (major).
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