BMICEE IR, VAN A— MEEKREHI L L TR S SRR A
MBS BE 4 2 B4

K4 R 5

ERREOPTHLRE-RBEEERRGIRLERNPSBEERRIETH D, ZNETIZ
BEL ORBERERDPERENTE N, FOFTHLRHIIINVR= VLAY LFEINLSKR
BENIE 2 RARICBOWTA SR TWARERITH 5, = /) — I IV A= VbEW & K
FICCEICEEBRRICEY . IVR= AR REEEZ R TROBEDOERETHS, =/ —
JMTBE YT MEABICHRTAREZETHY . FEITTr MEAEBITR>TW5D, =/ F— MidE
WCANR=NALEH D a M DARELZBERE T EH Z & TR Ih, 8WRIGHEERTZ &
BESENTVWS, Pz —Fid, BBERICTAFVENBRLIMLEHTHY, =/ —)L
B ABREIICER L TWAORERIE LTRAWD Z ENTES, IAvR=beme T I
NOBAKIIZHER SN ST F I 0L Stork HIZK WV FOBEVREENRRESNTHrL, A%
RgHIE LTE VLR TN D,

TDEHT, BEOINRNVLEDFEEPREAR L LTHLNTE YA INTHWD A,
FEREEGICED LEBA, =7 I VEE2REAE LTRHY2BEIMMO b0 L i L T
BV, =FIUVEERERE LTRAWEEES, OZRRETE2ERMCEATED, QEXRRT
CEBREFOBIZL - THERBEERERT S, Lo ZAREMNE 2 D NBEIREVIZE & 72
A ENHEENTTD, EHETIF I UEERBR I E L THW 2R RERCOBRRIZE
FL7,

X1
A\
o Ph Q Q ’ 0
15eq. Ph
T S e LU e I e e
Et0 e —— CyyH NH O HN
\[Or Cu(OTH, +3a CnHza\n/NH Naac 1 2a\n/ C“Hga\[rNH “Ac
(10 m0|°/o) 0 0 o
1a CH,Cl,, 0°C,05h
4 5a 6
68% yield 19% yield

85% ee



X 2

0
Otk
(o] Ar 1.5eq. (o] Ph, Ph
Eto)k?N\n/R (1:9€9) 10, Her aq. Eto)H/\n/Ar <
NH HN
o Cu(OTf, +3a EtOH, x min, t R._NH O whop " Nap
(10 mol%) \ﬂ/ 3a
1a:R=CyiHyp CHCl,, 0 °C, 15 min (0] -Nap = o-
1b: R = Me =2 v (a-Nap = a-Naphthyl)
entry 1 enecarbamte X yield (%) ee (%) o]
1 1a 2b 0 o 93 . P NH
2 b 2b 15 72 04
3 1a 2¢ 10 93 88 Ar
4 ta 2 0 &7 88 2b:R=Bn, Ar=Ph
5 1a 2d 2 97 0 2c:R="Bu, Ar=Ph
6 1b 2d 15 76 92 2d: R = Bn, Ar = p-OMe-CgH,
7 1a 2e 10 87 89 2e: R = Bn, Ar= P-CI-CgH,
8 1a 2e 2 89 90 2f: R = Bn, Ar = g-naphthyl
9 1a 2 2 83 88

EBEI, NTINVAI )2 AT LV ERETFRIE L THWIRISEBEORT 2170728 2 A,

1IZRTEIEET N

FAEFAET ) I FAABICRIG L, BONRE, BRETT 1A

SVEEEZBILEERVWELE, ARISOEE —BEORNEIToEZA, BAxOZ VD
MR A— R ERAWVTHRGIEMPBICETLE (8 2),

RIZZFNTVFXF T —bFEREFHELTHY, =F I K, =R RA— bORESN
MRS S Lz, Bx ORNOBR, 0)-041 I Uk a it LTHWA Z & TRIGIZH

RICETL, mWBRETENOMNIEEZ/ZS Z AT (H3),

X 3
CuCIO4#4CH;CN
.Cb 3b e} " 0o
j)\n/H Hn-C? (xmol%) )J\/\rﬂ HyO )l\/\[rn
—_—_— —_—
Et0 + An omop o Th B0 Y Y BO™
o OH N OH O
2 Cbz
7 8
entry 2 X (mol%) vield (%) ee (%)
1 2b (R =Ph) 10 93 97
2 2b 5 94 9 \
3 2b 2 96 95 =N N=
4 2b 1 90 94
5 2d (R=PMP) 10 94 93
6  2e(R=PCP) 10 97 97 3b
7 2g(R=PMeP) 10  quant 96 Br Br
8 2t (R = 2-Nap) 10 91 96
Cbz = Benzyloxycarbonyl. PMP = p-Methoxyphenyl. PCP = p-
Chlorophenyl. PMeP = p-Methylphenyl. 2-Nap = 2-Naphthyl.
5 4

CUCIO+4CHLCN

[o] 3b O R o R
1% 2 R2
el ve 10m  p AAR el Ay
o CH,Cl, S OH Nopg OH O
7 8
entry 9 yield (%)? _synlanti® ee (%)° _Cbz Cbz

T SbE 83 /9 98 j\ HN HN”
29 9bE° 93 109 97 HN” “OR Et ‘/\ph /
39  gbEf 95 1199 98 Me.
4 shZ 82 98/2 98 Ar %e of
5  obZ? 93 9/2 98 gg Ar=PMP,R=El Coz
6 .Y 44 96 98/2 98 9b: Ar=Ph, R =Bn HN”
7 9cE 96 2/98 98 9c: Ar= PMP, R = Et
8 9cZ 97 98/2 98 9d: Ar=PCP, R=Bn
9 9aE 82 307 96
10 SaZ 96 991 98
11 9dE 85 28 98 %
12 9dz 79 991 98
13 9eE? 58 159 98 2 Isolated yield of ketone product. 2 Determined by HPLC.
14 9eZ 92 99/ 98 ° Ee of the major diastereomer, determined by HPLC. 9 —
159 ofF a3 a7 g7 - 20°C. °1moi% of catalyst was used. ’ 0.1 mol% of
167 otz 89 92/8 gg catalyst was used. 9 Aldehyde (1.0 eq.) and 9 (2.0eq.)
17 9g 85 16/84 g4 Wereused.




SHIBHRERZETAI U AINARA— EHNWEEZ A, EEPSX anti fTMER, Z H
HiX syn fHMERERIROICEONT (B 4), EE—BREBAL, AEEES 0.1 mol%IZE T
BUTHRBIIHBICET L, COZELVBEDEZA, TOANWNA—-RNOBRET L
DOKRBREFZNUZHENRREBSBREBICEVEARKBITETLTBD., B0LIASERENFREE
LTWwsbnEEZTVHS (B5).

B 5
E-enecarbamate . R § Z-enecarbamate . .
H )
N | Y
\< | 4,
O Me : Ph
‘. _Ph EtO Ph E EtO EtO Ph
Eo OH NCbz : OH NCbz OH NGbz
OH NCbz !
anti syn ' syn anti
X 6
CuClO#4CHCN
0 .Cbz  +3b (10 mol%) procedure
H HN additive )k(\rn
EtO + / A . EtO
0 CH,Clp, —20°C OHHN. f——— catalyst solution
10a 1 C .
|, —20°C
entry  additive (equiv) R yield (%)  ee (%)
[ ethyl gl t
1 EtOH (20) Ot 2 o4l ethyl glyoxylate
2ab EtOH (5.0) OEt 0 - B
3 H,NCbz (2.0) HNCbz 0 — [e——— additive
4 'PrOH (2.0) oPr 47 N.D¢
5 MeOh (2.0) OMe 43 N.D-¢ [*— enecarbamate

2 EtOH was added after the addition of enecarbamate.
® Catalyst {1 mol%) was used.
¢ Not determined.

WIZEEIX, TLVTE FEAEOZ VAN A= EREZERE LTHWS 7V F—ABIRED
Bt &E{To, 7TVTE FHEDT ) F—F2AVA TN F—AKIGIE, BEIKSSETLL
TR E LW o RN D REFIID R, RRIGE T L RIFIZEITI S Z LA TEIR,
e DILEHOERRE MERIRINIITS Z LN TE 5,

FPTEFE, AN A—F 10a FHVWDZFAT Y A XL L— b ~OREMAMRIEE R
Lz, LLARRS, SRMETFETEMOZ AN NA—F 10a OHERIIERENDIHLOD
BHERBA WS NMR THER I N, RETOBR., ZOBEME(LEWIMMETHZT A
UEREBITAIMED TV a— L ERIEL NNOT 22—V EFEE L THWBILEHmTHD I LN
Shvotr, FILT, ZTHRICHLNUDTAI—LEZRMUARTET AL IV EHBOICH
BT ARAZIToT LA, TEEONERZNL BROILEYMEBD I LB TE (B 6), 7
B, TAa—VEHREMLZ2VEARICBOTE LN BEHERIBREMIZ, KE#E ScOTDs HFHETT
Na— )VEERERRZ LTIl ~LEHBTHRZLNnTERE (BT,

B 7
o {-CbZ  CUCIOE4CHON (133(2;23) 2 ot
Eto)HrH + +3b (0.1 mol%) EtO 45% yield
P 96% ee
0 CHoClp, ~20°C  CHsCN—EtOH OHHN.
10a 210°C, 15h "



&8

A

10t 109

[a] The yield of isolated compound 20. [b] D.r. ratio was determined after reduction
of 20. [c] E.e. of the major diastereomer. [d]‘PrOH (1 equiv) was added in the
copper-catalyzed reaction. [e] 18 was slowly added over 2 h.

CuCIO*4CHZCN :
(x mol%) O Rt R2 )
1 3b(1.1xmol%)  Sc(OTf, T T Ve T
R/U\WH + 10 R Y !
CH,Cl,, 0°C  EtOH = 3 ;
o CHCN o': ; NHR : 10a 10b
: (All = altyl)
Enty R __ 10 x____time (h) _yield (%) ntil ee (%)) H
19 OEt 10a 0.1 1 80 - 92 : .Cbz
29 Ph  10a 1 1.5 54 - 88 : HN
3 OEt 10b 0.1 1 50 - 96 : %
49 Ph  10b 1 1.5 58 - 91 :
5 OEt (-10c 1 55 84 12/88 97 : R
6 OEt (2-10c 1 28 79 92/8 95 : 10¢:R = Me
7 OEt (E)-10d 1 5.5 87 9/91 98 ' 10d: R = Et
8 OEt (2-t0d 1 28 79 82/18 94 : 106:R=Cl
9 OEt (E}-10e 1 24 50 5/95 96 :
10 OEt (210 1 24 0 - - :
11 OEt 1of 5 18 81 - 70 !
12 OEt 10f 1 28 39 - 78 : an-CPZ M. .Cbz
13 OEt 10g 5 24 0 - - :

ARIEOEE — L2 RS LE (88), 7x=AZ U AXYF— A2 RETFHIE LTHNTY
FOSIERBIcEIT Lz, E-M0ES 0.1 mol%E TH U THLRGREREZEXD I N 0o
7o EHIREBHRELZBETAHIT UV INARA— 2B WEIRE, ZIEND syn KOFHIER., E &E)»
5 anti (KO MERZNEFNEBE L TELNRD Z LRG0, ARG LHENRRKEBIRET
EITLTHAAREEREWVW L2 RBRTAEEER-T,

RIZ, TUAANA—R LTI HIARFIL— b EDORGERF LI, ARETEDND
fHEIZ, 1,2-O7 I UBEEATHVERARLEY TH D, BRETOER, SAAD-T7 I v 8&k%
g LTHWS Z &Tﬁwﬂ4\@ﬁﬁfﬁMWﬁ%6ﬂé EBRSDoT (B 9), ARG
DOEE—HMHEIIEL, BRELBWZ LB oo,

X9
b XL (I A
fo) u(OTf), + 3¢ : : R2 : 2
J N _oR (X mol%) Fpo)l\N/er R'O” N RO I:l/\rR
R'O” °N” —20° 1 \ R'O.__NH O  R'O_NHHN_
:f)r toluene, 20°C R OTNH Negoore| * Oy e COOR®
12 0 0O 14 @]
13 15
ey R' 9 x time(h) vyield(%) ee(%) Productd § Ph, Ph
M pr eb 02 22 84 98 15 i
2 Pr oh 1 25 90 92 14 i /NH HN— \
3 P 1 24 87 84 14 i ooNap 2a o-Nap 3
4 pro9 1 24 62 83 14 ! (a-Nap = a-Naphthyl) BnHN NHBn
5 Me 9 3 24 83 82 14 :
6 E& e 3 24 91 84 14 : )Ol\ j.l\
7€ Bn eb 10 6 99 85 14 :
8 P 9% 5 20 84 % 13 : HN" ~OBn HN™ "OBn
9 P 9 1 24 93 97 14 : Z “Me Z>H
10 P 9m 5 10 90 94 14 ' Et M
1 9n e
18 pr 9 3 6 81 90 15 : 10c
128 pr ed 0.2 24 79 96 15 :
188 proof 2 6 goln 82 15 : i
144 pPr 9n 5 4 70 86 15 : N~ “OR?
15 pr_18c 5 26 82 67 15 : g2
(a] Reactions conducted with 1.1 equiv of 12 relative to enecarbamate in 5 Me
toluene (0.067 M in substrate). [b] 10 °C. [c] MS 3A was added (100 f 9
mg/mmol). [d] 13: Acylimine (No treatment); 14: Ketone by hydrolysis; | 2_ 3 _ 2 3_
9b: R2=Ph,R®= 91: R2= m-MeCgHy, R®=Bn
15: 1,2-Diamino derivative by reduction (syn/anti = <5/>95). [e] Ligand 3a gn: Rz Ph, R3 = Me om: R2= p-Mng: R3=Bn
was used instead of 3c. [f] Syn/anti= 28/72. [g] MS 3A was added (50 | 9i: R%= Ph, RI=Et 9c: R2= p-OMeCgH,, R®=Bn
mg/mmol). ; 9j: R2 Ph, R? = Allyl 9d: R2= p-CICeHh, R®=Bn

9k: R2= 0-MeCgH,, R®=Bn 8f: R?=Et, R®=8n
ut‘%%@ifiF‘I/ﬁwA}_F®*VﬂkLT@ﬁﬁﬁ%@ﬁb 4 ORI
ARERGEZBEE L, =T I R, 2 IR A— MIMORER L IXE22HEE2HB L TEY
L% S LIZHKECHMRAELND LD LHFL TV, |



