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1. o, B-FEMIAT) OMENERETRF MERISOHRFRE
HFEETIRF Y RBEERFINENT 4 27709 7 D—DTHD, BLOEHEHT Z
ETRA BERERFEEAOBENTETH D, TOLDREEETRE S ROBHERN, &
BRI ERIEORRISERERILZICB T2 DO TEERBED—DLE>TND,
ﬂ\ Lj:z!s#{%j:%%ﬂ iz 3 Wi, _‘ﬂﬁm Scheme 1. Cataitic Asymmetric Epoxidation of a,3-Unsaturated Amides Using
- % % )iﬁt?ﬁ f)\\’ﬂi W “b m.c w3 ~ Sm+(S)-BINOL-Ph3As=0 (1:1:1) Complex

Sm-(S)-BINOL-Ph3As=0 (1:1:1)

o, B-AEEFIY X KA, FLHH (rare-earth Q Complex (5-10 mol %) 0@
R1/\)I\N,R3 R1/v\::)kN,R3

=RE) -BINOL S4{KIZH L. BISHRIC . S ¥rs .

- o 1 R THF, MS 4A, it , R
BWRIEEERY Z e AH L. R R'=alkyl or aryl, R?=alkyl, R%=alkyl or H 81-99% yield
BicH % ORMRHEEToLETS (15 examples)

Sm-BINOL-Ph;As=0 SEAMNHRD L WEREZRT I L2AHL, RHEE—-RIEZET Sa,p-K
FAFNY I ROMBNABT L RFALRIEDORZEML L (Scheme 1) .

R LEBE TR, FOBROZHEEICED. af- THRFIT I REUXRTS, KOEHARF
7wtw74/ﬁ7n/ﬁT%é&MK%aBIT#/IXTW®ﬁmmA&&%EhL&d%
BT SILELE,



1—1. BINOL R FEAWE ¢, B-FEMIXT I OMERRELRFALRBEOHERE?

i, ETRDICapFIT I RORTL VSRS 547 RE-BINOL 8k % I VRE %175
7o a,B-FEIFIT X RORIZBV TR FLEBOBIICE D, V1 ABRM ORI IR TH >,
Z 2 THZop FEM T A TN DORICBNTHHLSBORRPBRIIRLDOTIRNNEE X,
oB-REM TR T )V 3a 2RV EFT 57, Table 1 @ Entries 1-6 IZRT KDL D
RE-BINOL-Ph:As=0 (1:1:1) $kERELEEZS, HLESBOPTHRITE VIV AEME
EETDY BRI, INRIZS0%EFERETHEIHDD, 99% ee LEDDTHNWAFINE
THROIRFIR 4a 25252 &LK

Table 1. Optimization of reaction conditions using RE{(S)-BINOL complexes

R U7z, Fhid. B2 RISEOHE RE-(S)-BINOL-additive
. ‘ lex (10 mol %
£HEL. MROFIAICOLTOR  f R0 of
St E o, BIFE LT PhASO1E " g VO MS4ATHRm PR ST E OMe
HATRMAEDHE Pop=0 AT ewy  re  @HNS  tw vea
%) Entl'y 7 K?J'\‘TJZ 0 L:\ Hﬁ@%% 1 La Ph3A8=O 10) 24 41 89
NMEeN, ZOKRZZT PhP=0 2 Pr PhsAs=0(10) 24 58 88
3 Sm  PhsAs=0O (10) 24 47 81
DYUBEZKRILEI A, Entries 8-9 4 Gd  PhyAs=0 (10) 24 66 78
o _ . 5 D PhsAs=O (10) 24 " 69 85
IRTEDITHLEBICHLT 23 £ 6 Yy thAs=0 21 o; 2 59 99
= - = e g 1 : 7 Y PhsP=0O (10) 24 53 98
B Ph,P=0 ZMAZBICAEFNEZ . M Ny giuay, o o7
Rol-EE 87-88 %& BIFRNETH 9 Y PhsP=0(30) 24 88 96

EKJ D I?j'% :\{_ 3 F 75: ?\% 6 z & ﬁs‘,c- % 7:., [a] Isolated yield of analytically pure compound. [b] Determined by chiral HPLC.
COEBLLUIE&ERAN, L OB AT X T 3a-3g ICHEA L7 (Table 2). TOHR
Entries 15 1273 & 510, 4 O B -7 IV F)VBRD0,B- REFIAF IV TZAF)) 3a-3e 1 5. HE
DHFEETRF T K da-e & 66-87%.

Table 2. Catalytic asymmetric epoxidation of o,f-unsaturated esters

93-97% ee ERIFBHERTHD I LI using HSHBINOL-l;h?;;; ,5101 I2°)h c;[nglex
_ (5)-BINOL-PhyP=
T Zo it vy D 1,4 (1:11:2) lex (x mol %) ;
RN L. EF Zli}%ﬁff ISEERID 14 /\i T;;n;p(::; :qr;o ,{?)ol\
KIS ZN U TETT 57201, 3cd R! : OR? 1S 4h THE RN 0R?
- . e a-g ' ' 4a-g

D& S ITHEENIITKF - RER-EMT Entry substrate Amount?f/ oat. ¢ Yield®!  eelPl”

e 1 2 % o %
DINRZNEEETHRBITHL TS R I L ) (%)

1 pp ™% Me 3a 10 24 87 97

WHTE S EWS SIS OMIER Vi 2 py N Me 3b 100 40 6 9%
HTBREBAY Y NTHBETHN, o Med e
Z D Y-(S)-BINOL-Ph:P=0 (1:1:2) fitfiEsk * A~y Me3d 15 8 T2 9
RIFNVIATI) EEANDEREL s O‘“ﬁ ve 36 15 40 72 93
AFNBMEFLTLUED Entry 6). £ 6 o How 10 o s 7
. B-7U—)VERORE 3g 1T D 7 Ph Me 3g 10 72 36 95

e ANMEL M(Entry 7) LS k=7 psE [a] Isolated yield of analytically pure compound. [b] Determined by chiral HPLC.
BERE-> TWa,



1—2. 3R e, B-FEAMIATF) OMEHNAETRF I LRBORFAEZER L IZHH
Biphenyldiol ZEZATF DRSS 9 |
FLIL. 1—1 D BAgy, X Figure 1. Possible trandition state of catalytic asymmetric epoxidation

i 1. Trandition State of Major Product
DEH—-REDOLENa, B-Ffd ,

RIT 25V DRREAH TR+ @\As 0{9 o <Target>
SMeREORIERRL BItE L ow 9 Less

\\‘Q H
. 5 - g q, A » R"\E)LRZ Hindered
Eﬁtﬁ L7z Flgur el H4C. o/ \'64 QD Major Product

RE-BINOL-PhsAs=0 (1:1:1) $4k “s°>l’
AW BOEEEBBIREZ R 2. Trandmon State of Minor Product
LizbDTH D, ZOBBIRED
5¥|Wi 9 5 &\ BINOL Ol 7%’\4 of
BhoRTOMIOT7 2 ZVER
FEFRICKE<HELTBS "]
FLAIRT & D7k D IR

/NE V) biphenyldiol ENT ¥ ZAWHIE, EHED

Biphenyldiol
Ligands

g~ ORIREIET Z &Itk o T AENEE RS (@3, ”’g:(s,_,a.mo
FEEBEORGHEN LEED I ENTED L (S17c: ne2

ZABHERATHEE LT, (8)7d:n3

I, BEEBATI g 2EEE LT, B ORFE#EE Y > — & LTk biphenyldiol HELAL T
TaTe BEHVWRH AT ECZS, RERS NS 7 OHEYRES ORBETHITNZRALAT Tb-d
% F Wl As, BINOL % B WBRIC bR T Y(0-i-Pr); AR D i-PrOH IC K % b T X AT AT )L
fk 5¢ 2 O\ TBHP HA3R® +BuOH IC &% k5 Y AT AT IV 6g 250 2 EREDOTRF A%
B % 37 & %R L /= (Table 3, Entries 3-5).

LAL. B FREMTETICEZADETTRATATH oD T, RATFICBEL TERSR

24 %1F5 7. ESI-MS BIFEH D KSR ERDH RN 5. RE-BINOL-Ph;As=0 §5{/4%° RE-7-Ph;
As=O0 §E{K13. JHRTHEAOFY Iv—LE2REILTHBY. RINEEBOREDSKEIAHE SN
TWBEE AT, £ 2T, AT O/ |

Table 3. Ligand effects of catalytic asymmetric epoxidation of o -unsaturated ester 3g

EEDDZECES T HEEOKEIRE using Y-ligand-PhAs=0(1:1:1) complex

R L v.ugzr:-z:,is;g (:1:1)
PRI BOTERVREE R, FTT L L ) mplx s ol ) /\/U\om Ph/\)LOR
CI—F)IEY S H—EURREAT 8 P M TwRwsean ® T 3q iPreg: tBy

Yield of Yleld”of Total Yield ee®™ of

EERL7., §5&. Table31ZRT K Enty Ligana AT t)  TMm.4g  5g+6g of  TMdg

of cat. (x mol %)

- . - (%) (%) epoxides(%) (%)
SR BHEORERBENR SN 1 (yBNOL 10 72 36 5 Py 95
o 2 7a 10 144 4 14 18 92
fF8 AWM IfMEREZ 2mol% 3 ™ 10 120 45 2 71 98
L arae L% Roomow=omom
ifﬁbf%\ +6J Lk_@ﬁb\ —H 6 7e 10 110 28 30 58 08
s =~ = 7 8 10 48 61 25 86 99
BYITHB T U ALATIVLIERD £ A s a8 o o o o
ot = - _ e 9 8 3 48 79 11 90 99
BATZ SN T BWNERTHRNDO 0 s 2 60 81 8 89 99
Iﬂ% :‘7‘ :\/ F 4g 721% 6 : & 75&\_(\- % 7—, {a) Isolated yield of analytically pure compound. [b] Determined by chiral HPLC.

(Table 3, Entry 10).



F7. Y-(S)-8-PhyAs=0 I T A F VAN T F IV T AT I 78> T BHE 3g 1T L THHE
72 < W TE 7= (Table 4, Entry 1), 7. B8{L## Slow Addition §5 Z & THEEZ 1mol% =X
TRUTHREER S KEDETT 3 2 &R0 o7 (Entry3). & 51T, Fdfb Uiz~ D

B-7Y —VE#D o, B -Xﬁ@ﬂ]lx Table 4. Catalytic asymmetric epoxidation of B-aromatic o,B-unsaturated esters using
Y-{8)-8-Ph;As=0 {1:1:1)complex

)V 3i-3r I Lz, 9% &R Y-(§)8-Ph,AS=0 (1:1:1)
z i | /Vi “TEHP (12 0a) ol
CRERF T FNHEET HEHE 3, ayte St JEHP (12sq a o
jORY VR EICETFRFIESE 3hr A
N Entry Substrates . Amount oz Cat. t (h) Yield eel
FHEEERTL2EH K30 N5E Ay (x mol %) %) (%)
° 36
W, EALARROCERNOIRE i * 2 £ o7
3¢ 1 86 99
¥R dido 2B ETHIILE 4 2-naphthyl 3 2 24 89 99
5 1-naphthyl 3j 5 40 62 97
(Entries 4-10) » F7z, ARG 3p-r 5 mOSh % 2 gg 3 o4
RRTEIBATOREETHEE 5 fwecs,  on : 2 e o
N ) 10 MeO-CgH, 3 5 74 99
CHLUTHEBETE. ZNETICH e °
; _ 1 () - 3 5 27 78 92
FanTEka, B-AHEAMTATIV 2 GT % s s o o8
OB ARF L RF ARG &1t 13 5% ar 3 24 o7 93

s

~ 7 1] » b Wws & [a} Isolated yield of analytically pure compound. [b] Determined by chiral HPLC. [c] 4 mol % of
VC j( % & )( J 7 ]\ % ﬁ T Ph,P=0 as an additive was used instead of PhyAs=0. [d] 1.05 equiv of TBHP was used. TBHP

> (0.2 equiv) was added in one-portion, and then additional TBHP (0.85 equiv) was slowly added
EZioN5, over o b

Z'S Y‘(S)'S'Ph3 As=0 %ﬁ% Lj“ 5-10 Table 5. Catalytic asymmetric epoxidation of f-aliphatic a,-unsaturated esters

. N ing Y<(S)-8-Ph3As=0 (1:1:1 |
mol % &ETH®ORRLEZENE o A o PeASeO (1:1:1)

LB, BT INFINEROQ, g “ToHp 1260 3
Alkyt OFt THF, MS4A, 1t Alkyl”” >>""OEt
B -Kﬁﬂﬂllx ‘3—")1/ 3s-3v iz %) i@ﬁq 3s-v : ' ’ ‘ 4s-v
Substrates rald@l [b]
T&E7/= (Table 5) . FFICHBENHIZ  Enty Alkyl A""(‘x’“r?\ii’&ﬁa" t®) Y';f) c:;)
RE - RE_EHEETEITLHEHE 1 ™ 3s 10 a7 89 91
° 48 86
oy b EETAREEN . o ° o
. . 3 M~ 71 93
WTHEREERRMICIRF I Phi & -1 81
RISHHER L BROTRES ke ¢ o= ¥ 10 e 1w @
' 5 pugo N W 10 66 81 96

BHIENTEDENDDRKRE
[a] Isolated yield of analytically pure compound. [b] Determined by chiral HPLC. [c] 10 mol % of
AUy N THD (Entries 3,4). PhaP=0 as an additive was used instead of PhzAs=0.
F7-. Az B W2 BIZIE, Y-(S)-BINOL-Ph:,P=0 (1:1:2) iR ZAVEZRERRD, TAF
WEABIFINIATNVZRE>TH, FENRBOBETRRSNT REBAFRRTERNZRES
ZENTER



2. a, B-RMEMY L OMBHAREL 70T/ aNAMLRIEORE

JeprE s 7 n SO BRI BE < OBRERRURRMICE TN GHLERICERRL
EWRTH D, op FRANLEZILEYEREE L, MEHRFS 2 070X AREE
L T MacMillan 512 & 51 I =7 A% fl W -0, B-AREIF 7 VT £ RO S 7 07 0y
ACRFSHME—DBEHO THO ., o,p-FEFY b > 2HEE LESRBESNTORN,
2T Fhldo - AREFIA b ICKT B, MERARE S s 0 T O ALRISORREICEF L.

FAlZ. sREEHI & LT Corey. Chaykovsky 12 & o T STV % ) dimethylsulfoxonium methylide
BRIV, o f-FRIRIT O EREEE LB, VA AB—)V 1 ARES SBRMEZ WA
SEEMNABETIIR VNN EE 2 T, filltE U TV AB—I)V1 ABEGEBAE S L TH 9&
%% 5N La-Li-biaryl (1:3:3) $kEANBIEE L,

xR ORE, BRIAIE LU TNal 200 1able 6. Ligand effects of catalytic asymmetric cyclopropanation

- - < . . - of «, f-unsaturated ketone 9 using La-Lidigand(1:3:3) complex
%% Z &C La-Li-biaryl (1:3:3) f#FICEL 2D LaLiLigand (133

5 N : (o]
FEFENEC BT ERRMLE, o2 Eelie . G-ty
DFF AN biaryl BRI FOMEITE ST eI g o o e | e
KEREIZD, BKGENZ &I BINOL 2 ® THF-toluene, -60 °C 10 methylide | -

BT & UTHWEZBRICIZAERY 10 131F Entry Ligand Linker t(h) Yield eeh

(%) (%)

¥ 5t K TH - 72H, biphenyldiol Z4ELNL 1 (s-BINOL } 72 7 1
T2 RAWEBICOEEE IR AR 10 M5 2 7a “{CHy)e- 16 64 48

> 3 L. 3 I ~CH,)s- 32 . 58 82 -
5. Eh T @$§W$L§Eﬂ&%@ D) ) 7e e . o -
> H—EIZKEKE L. biphenyldiol B 5 d {CHo) 20 53 18

BT Tb &AW IR BB DRI T 88 domjofcHy N B %

[a] isolated yield of analytically pure compound. [b] Determined by chiral HPLC.

ERMNE SN D T & & BH LUz (Table 6).
BEER D REH. CABREROEE —REom LI TRMNFTH 5,
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