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Bk w, Frd 8 @), RPOH 52 T LSRR R LG K 2~6: 1, fidkh 2~
3: 1.

ek, PridBiR@D)h, KRR 0°C~150C, ikl 60°C~100°Co V)
(B2 1 /NI ~48 /NN, A& R 6~12 /N

18— ik, il PO DA, Frdid 5 R H e IR 5113E B « HSiCla (MeSiH),0 . LiAIH-
(EtO);SiH f—FhE A &

e — ik, pridid Jasnoh HSIiCls.

1E 7B, P BB oD, KRN 0°C~150C e KNITTEY 1 /N ~48 /N

ES—HREnh, ik R° S5Hmd RUARL, BTk ks b
(@2) EEVERID, ERER T, KX &5 Y SEEHERS, 715 R%PCL 8 RY,PBr
[ L, AT R

. X
_ o (mE
Q g0 Q ¥ @R Q S0 Q a
2 R*PBr R}  PRY, R4,F RO
I I

&3R4, Y AHCL Br. 51 R R R RY RS R RE XL n HIE LIMRT IR

R —pih, FrRIEIATII A, 2R, ZHZR, AW &, TSI,
TR Ll YEMSR FEE LR N,N-:EF'%EIHE%H@E:EF'%EJZEXLEPE@%EFEEEM:.%

FE S —RIEFI, Brkimich: 1E T34, BUT R4, IR, AR, RN, B(=
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SRR S AT . (= PRI 250 . XU SRR AR . LA, LI BE,
PGS EIERALEE,

16— B, Brmsch IE T A s T R

ES— R BIR, BB @)+, Frdis = b S0 R ELE g 2: 1~10: 1; R%PCI
ok R%PBr 5 AL AWIMEE R ELH R 2: 1~10: 1.

1E Rk w, b @)h, Fridi S8 DGR R IS 2. 1~6: 1; Btk
Mok 2: 1~3: 1.

Pk, Bridkb i @2)d, RYHPCL L RYGPBr 53l AL SR EE R ELB A 2: 1~6:
1 BfEM 20 1~3: 1.

ER—iEhlt, kPR @) d, KAVIEREA-78C~100C, HHEA-78C~60C, BN
78°C~25C, fik-78C~0°C: SNMIIAIA 0.5 /N ~48 /N, e 1 /it ~24 /i

fES—igslh, Bk R’ 5Pk RUMIE, Fod ik fibg.
(@3) (EAHETIT, fESmAEFINIER F, X a5 REPH N, A5IFTHREL
X X

R! R8
fl
R2 00 O R %)iﬁj:ﬂ R2 00 O R
R Y Y RS R® PRY%» R,P RO
I I
&3R4, Y AHCL Br. 51 R RS R RN RS R RE XL n HIE LIMRT IR
ey PRk, Priff-a SRR, R, R, . &7, S0,
TEROKE. LB VUEMER . FEE, Z8E. NN- IR F R T R ) — Rl R A %
S — ik EI, Frids B Ak 713E B : PA(OAC),- PACL,. Pdy(dba)s« Pd(dba),« [Pd(C3Hs)Cl],-
Pd(PPhs)s. Pd(PPhs),Cl,« Pd(CH;CN)Cl,. dpppNiCly. Ni(PPhs),Clo+ Cul HKZE/b—Fhai 4 & .
ey — ik, Prid 4@ AR PA(OAC), BX PA(PPhs)s.
ey — ik, Prid PR @) E MR 50 1 ALEWREEREE 0.001~0.5: 1
RYPH 5 AL AR EL D 2~10: 1.
ey — ik ey, Prid b B @3) @ meisn 52 1AL B R ELE R 0.005~0.1: 1, 8
F£4 0.01~0.05: 1.
S —ikErh, i sE3)h ROPH SR 0 AL SRR, 2~6: 1, 8k 2~3: 1.
ek, Prid i@, KRR 0°C~150°C, ikl 60 'C~100°C; [V
(B2 1 /NI ~48 /NN, A& R 6~12 /N

ES—HREnh, ik R° S5Hmd RUARL, BTk ks b
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R! RS
KPR?,
R200R7TPR42’ OOR7
R® Y Y R® R® PR%} R%,P R®
il I
EANERT, R 4E5 KPRY, 8 LiPRY, %, Asidmiss, H, v 4 F; R
R?. R’. R RE. R7. R X, n WU SCHIRT TR .
FER—RIEFIT, Bk KPRY, 88 LiPRY, 53 AL & B R L 2: 1~10: 1.
1E S —iEEI, BTk KPRY, 88 LiPRY, 530 LS R ILE R 2: 1~6: 1, B 2:
1~3: 1.
Pk, KPR, B¢ LiPRY, HAHR (KIS & 0 S5 875 4% o
05—k, e NVHREA-78'C~150C, ¥R 20°C~80°C, AVITRICA 0.5 /MK ~48
INBS S RIS 6~~10 7N
ey g, Prik-a SRR R, R, ST, &7, sk, 1,2-
TR LB VUSRI HIEE. 8. NN- I R ol AR A Y — e R A
e Ak, PrRimsch: 1E T3, SUT A, IO, L RudE . (=
PRI R B . XU R Z AN . (= R B0, LI Eb B, LIt mAbEE.
RIEGAEE RIS,
1B Pk, Frid oy 1E T 3R s T 34T .

FES —kph, Pk r s iR

X
R’] R8 1) ﬁ}j R1 R8 1) ﬁm R1 R8
R? Q 00 R” (2 R42PC| R2 00 Q R7 (2 R52PC| R2 00 R’
R Y Y W RYHPBr o u, R5,PBr
I

6 6 3 PR4 R5

(D FEHEHERH, A1 %’:.‘%LGW’EJEH, 5 RY,PCI 8¢ R,PBr fir“ N, AR TV LA
s

Gil) X IV LSS HIER, il RS,PCLEE R,PBr UV, A2 S imidficss,

£AXH, Y HCL Br. 8¢ 1;

R, R%. R} RY RS RO R, R X, n il LUmETpTA, H R*#R5;

ARG,

8
__KPR%, R KPR®,
W LiPR, R2 Q 00 R? u§LiPR®, R2?
R® PR% R® R® PR*%R5P

I I\ I
(i2) FEEMEAT, X M5 KPRY, 8k LiPRY, M, 2B IV AL &4,
(ii2) I IV L& KPR, BE LiPR>, OV, A2 IR B A%,
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H, Y o4 F; RYLORA R RY R, RS RV, RE R R, X, n ME TETETIR, H
R*#£R°,

P kG, R ERGDH, BrRes S AL S B R L 1: 1~1.2: 1; R4PCI
ok RLPBr 520 AL SRR LB 10 1~1.2: 15 Rk

P LBRGDH, BRIV AL S WIRIEE R BB 1: 1~12: 15 R%PCLEL R%PBr 538
WV ALEPIRIEE R LB 1: 1~1.2: 1.

e — IR, VIR E R-78C~100TC, B HN-78C~60°C, WHA-78C~25C, 1L
W-78°C~0°C; [N 0.5 /Nif~48 /NI, S0y 1 /i ~24 /i

Rk, PrRSE@), KPRY 8 LiPRY, 53 A& R LB 1. 1~1.2:
1; F/sFrd BB Gi2), KPR, 5t LiPR>, S5 v (b & WIHIBE R EEG g 10 1~12: 1.

FEA— B, KPRY. LiPRY. KPR, B LiPR®, FAH N IS AL A S 4 o

1ES—iEhlt, PIRG)FGE2) M VRS A-78'C~150°C, el 20°C~80°C, S VKT [H]
N 0.5 /I ~48 /NI, ARIEN 6~10 /T,

TER—EBIT, FrRAAENIEFIAZR. A, ZHIE, &k &5, a1, 1,2-
TEROKE LB USRI R, LR, N N-Z R B AR i — R e R A

FE S —RIEFI, Brkimich: 1E T34, BUT R4, IR, AR, RN, B(=
FHREREIE) S IR . U= IR B AN . XU(= A= IR . 2 AL, IR mAbeE.
PGS EIERALEE,

18—, Prdmsichy 1E T A B T R .

7S

AR IR S TR R ASKERR AL S S AL ESRAREIT 2 e R AR, it
AR AR TR B SR TAT R Y ATV BCARAEAN RIS ANKIBRAEAL S iz i) - M il e
E

FE—PLIEIH, AR A S SR at e I LR, T Morita-Baylis-Hillman
G 8 S MR AKIFRIG A BENAL SR, F Tl — SRR T I A& TR o T2 B
FIERRIRATAA 9 W EW. ST

OLG O R"2
R"2:NH, Nl" o
R OR'3 R11 OR"3
8 9

WA, RYS RP MO AR, BURHIZERE (3R, Cr-e it Crme M1 UBEE,
o, Cp-6 FEAIERA) Y 2MRIHIE . Cy~Cyo IR EEIEER C~Co HIBEIE; RPEAFIE, 2%, &
L IETIE, BT, RNt LG A AR (Ao, SUTHEIEIIE (Boc). HI4,
FIEE (-COMe). . (ZAF MBI (POEL).

ARURE Rz A
(1) ARGt 7 — Bl R HADE SR K07 TR 4l B 200U, Befs PR AR
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SRR AL

(2) ASARA T — bl 5] A7 A28 v e R AT DS i 0 57 7 SR W AROOUE e A
Jrid, AT e O el A ARG M A S e T ) S R, S TR KT
TR

NS E BRG], PR AR W AR, XS] SOH U AR AR T
BRAUASSIIRE R A S ] H ARTE LR AR G A F IR 280505, TR 12 R L g I G )
T TR 2 Ao

SEHER 1
ARSEEI LA 3a-Bn AT 07 FRBAE AL A4 Sa(d S MR E i T B ) A8 B B A R
HI BT (T 14 D AR 4 ML S W el 48 7 v

OBn OBn O OBn
CHO NaOH N _ ERAEAL A
EtOH H,
2a-Bn 3a-Bn
OBn O OBn

(1) Pd/C, H,
O ‘ O (2) B} H KT O

4a-Bn 5a

B MLEY) 2a-Bn #4510 54 3a-Bn

250mL HIUEA M 2a-Bn(4.0g, 0.018mol), FACH{(0.93mL, 0.009mol), ZF#(10mL),
20%NaOH 7K¥E R (SmL), Z3 M 12 /M5, A 100mL /K, 3BTk, AT
AT LPR CEERR SR A, AR AR 3.5g, 772 80%.

3a-Bn, #{A{F, "HNMR (300 MHz, CDCL) 8 8.11 (s, 2H), 7.46-7.25 (s, 14H), 7.00-6.94 (m,
4H), 7.06-7.01 (m, 2H), 5.16 (s, 4H), 2.84 (t, J = 4.5 Hz, 4H), 1.76-1.74 (m, 4H) ppm.

08 MWALE Y 3a-Bn #4514 &4 4a-Bn

DIALA ) 3a-Bn AR, AN - WE MR B A R AR 2 S AL, il &A1)
4a-Bn. XN UTT: 3a-Bn(48 mg, 0.1mmol), 4K&$547(0.001mmol), 2mL JEK S LA Z
AT, ETFERPEBRIERRNZE. BHREARSRE, AAEAR 50 KKk, Sl
24 /P ARG, ATV, JRBR AR, BB S E I B, Rz
R B 351 4a-Bn 773, FRTPE i H VO (L ik U e s 1

&

0

+ +
3 - ) O”"'R—| R=1By, (R,S)-7a (S,5)-7a
N!D BATe =N N BAE R =SBu, (R.S)7b (S,S)-7b
P,lr;ﬁ b- ,‘|r\~;/ R=Bn, (RS)-7c (S,9)-7¢
pH by & o Yo J R='Pr, (R,S)-7d (S,5)-7d
R=Ph, (RS)-7e (S,5)-Te
R =H, Ir(l) / H-PHOX Ir(1)/SpinPHOX

K1z DUASRID - MR AR 1R R 0 D AL R )3 a-Bn X A R AL S R
fEALT [ -A4a-Bnfb T H (%) | A/ ce(%)(Jx \da-Bnit. 54)
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r(D)/(R.S)-Ta 83 91/9 >99 ()
r()/(S.5)-7a 77 83/17 >99 (1)
1r(1)/(R.S)-Tb 45 56/44 98 (-)

1r(1)/(S.5)-7b 81 84/16 >99 (1)
r(D)/(R.S)-Tc 80 82/18 >99 ()
r(1)/(S.5)-Tc 89 93/7 >99 (1)
r()/(R.S)-7d 65 68/31 >99 ()
r(D)/(S,5)-7d 87 ND ND (+)
r(D)/(R.S)-Te 89 91/9 >99 ()
Ir(1)/(S.S)-Te 88 90/10 > 99 (+)

T FHAE AR S5 30K Angew. Chem. Int. Ed. 2009, 48, 5345 )7 1:44%

) 1()/(S,9)-7e HALTIRILER: 4a-Bn, KFFHEAA, [o]n™ =+ 28.6 (¢ 1.00, CHCLy), >99%
ce [HERGRAHOIENE, T4 AD-H #; IECHY/#NEE =99 : 1, 1.0 mL/min, 230 nm; #z (major)
=5.69 min; f#x (minor) = 6.82 min]. 'H NMR (300 MHz, CDCls) & 7.41-7.22 (m, 10H), 7.17-7.12 (m,
2H), 7.02 (d, J = Hz, 2H), 6.89-6.79 (m, 4H), 5.05 (s, 4H), 3.07 (dd, J=13.5, 5.7 Hz, 2H), 2.94-2.90 (m,
2H), 2.68 (dd, J = 13.2, 9.0 Hz, 2H), 1.84-1.52 (m, 6H) ppm; “C NMR (75 MHz, CDCl3) & 215.2,
156.4, 137.1, 130.8, 128.9, 128.3, 127.6, 127.2, 126.8, 120.4, 111.4, 69.5, 48.8, 32.1, 30.8, 20.4 ppm.

$= MLEY) 4a-Bn H5AL S 5a

DIALA W) 4a-Bn ), PA/C AT, SAGHT FIRERFR, S84 64 Sa. RNV
4a-Bn(80 mg, 0.16mmol), Pd/C(10 mg), 2mL HEIMABIE S, FRHPERREERNE.
BEHRESR K, RAEARE S MRAKE, SRR 24 /b, EEA)E, FTFRNEE, A
STHZRAR(10 me), FURSHE 2 /DI, BRI, BRRYVIEAEZT 8. 3R Sa 1))~
HH90%, [k Sa [ ee [5>99%, ZXHITLN (RRR).

S 2

ASEILL 3a-Me H R ST T RIRGETAL A1) Sa(H R SR Zean T FTR) 5 BB A KR
HH B (-1 B AR A A S 45 v

OMe OMe 0O OMe
©/CHO NaOH, EtOH _
2a-Me 3a-Me
OMe 6] OMe
Ir/(S,S)-T¢c BBr;
T, -78°C, CH,Cl

4a-Me
B MLEY) 2a-Me #1540 51 3a-Me
250mL HIURA M 2a-Me(2.44g, 0.018mol), FACUEH(0.93mL, 0.009mol), ZF#(10mL),
20%NaOH 7K¥E R (SmL), Z3 M 12 /M5, A 100mL /K, 3BTk, AT
AR IR LRGSR L R, S EMRIREE 2.5g, 7% 83%.
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3a-Me, A4, 'HNMR (400 MHz, CDCls) & 7.98 (s, 2H), 7.32-7.28 (m, 4H), 6.97-6.89 (m,
4H), 3.84 (s, 6H), 2.84-2.80 (m, 4H), 1.76-1.70 (m, 2H) ppm; “C NMR (100 MHz, CDCLs) & 190.4,
158.2, 136.4, 132.3, 130.2, 129.9, 125.0, 119.8, 110.5, 55.3, 28.6, 23.4 ppm.

= MLEY) 3a-Me HI5ALEY) 4a-Me

LIb 54 3a-Me SHEALIEY),  BL e(D/(S,S)-Te AT, Hl&EA0r "4 4a-Meo [N UTT:
3a-Me(33.4 mg, 0.lmmol), Ir(D)/A(S,S)-7e(1.6mg, 0.001mmol), 2mL /K ~ S FEEMARIE IR
W, EFEFP R RIE R NS, BERES =G, RAESRE 50 KUK, SR 24 /M,
UG, FTFFRNAS, YRR SRV, IR RERSA e FI LE, AR EZAT 435
335X da-Me [F 72500 90%, e aURIMC R EE R LE A 94/6; [\ 4a-Me ¥ ee {H>99%.

4a-Me, FiFAE, [o]p® =+14.1 (¢ 1.00, CHCLs), >99% ee [ s B0 AR (i 2, Tk OD-H
¥E: IE /R AEE =90 : 10, 1.0 mL/min, 220 nm; #x (major) =7.97 min; # (minor) = 9.45 min]. 'H
NMR (300 MHz, CDCL3) § 7.16 (t, J = 7.8 Hz, 2H), 7.05 (d, J= 7.5 Hz, 2H), 6.86-6.80 (m, 4H), 3.77 (s,
6H), 3.11 (dd, J = 13.5, 6.3 Hz, 2H), 2.90-2.85 (m, 2H), 2.62 (dd, J = 13.5, 8.4 Hz, 2H), 1.86-1.69 (m,
4H), 1.59-1.53 (m, 2H) ppm; “C NMR (75 MHz, CDCL) & 215.3, 157.3, 130.6, 128.0, 127.2, 120.1,
110.1, 54.9, 48.9, 32.5, 30.9, 20.4 ppm.

= MMLEY) 4a-Me FI5ALEY) 5a

10 mL Schlenk 5 /K CEMFLG, IIANJEY) 4a-Me(110 mg, 0.32 mmol), J7K N,N- "I 3EH
W2 mL), ZBREEET (60 mg, 0.704 mmol), IR 5 /M, ARERG, AN HZERER

(20 mg), TEEM FHFRE 1.5 Mo IMAMIFIIRIRSEAN S mL RN, —HHBAER =X, T

KRBT, IRIRAA)S, BRARVAEIENTTT Sa, 78% 773, >99% ee.

S 3

ARSI, 3p-Bn R &L FARAEE AL G Sp(HL R N Zean T FTR) 9 B B AR
HH TR F 2 B AR T AL S A P ol %

OBn 0

F\I:EJ/CHO*' [ii] NaOH, EtOH _

2p-Bn

OBn OBn

0]
F N = F(ﬂm&&kﬁz:
OO e
(3) X B KT R
3p-Bn
B2 MbLEY) 2p-Bn Hil5&1L A5 3p-Bn
250mL F ORI 2p-Bn(4.14g, 0.018mol), FACEH(0.93mL, 0.009mol), ZFE#(10mL),
20%NaOH /KEE(SmL), i FHHE 12 /A JE, BiA 100mL /K, Syt b, HRE7E
AT LR CEERR SR A, AR CARIRE R 3.8, 7 80.8%
3p-Bn, {Aff{4, 'HNMR (400 MHz, CDCL) & 7.87, 7.42-7.39 (m, 4H), 7.33-7.27 (m, 6H),

7.10-6.98 (m, 6H), 5.08 (s, 4H), 2.68-2.64 (m, 4H), 1.64-1.58 (m, 2H) ppm; “F NMR (368 MHz,
CDCl3) 6 -129.1 ppm.
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F WA Y) 3p-Bn HlLEY) Sp

LIALE4) 3p-Bn AEALIEY), UL Ie(D/(S,S)-Te A AT, 2464 4po ST T : 3p-Bn(52
mg, 0.lmmol), I(D)/(S,S)-7e(1.6mg, 0.00lmmol), 2mL F/K “SHEIMARIEIRT, HTE
P HEBRIEER NS BRESRSWG, RASESRE 50 KAE, FiiR 6 /M. MEEA)5,
FIFF NS, PR RR 20550, S A i e A, i ik BB A —Z A,
TN 10 mg 486K, 4 ZFHTEE, BERETRNES, A Satm ES, KA 10 MG, K
AR, HEREIRP IS P AR (10 mg), SiRiidE 2 DtE, Sk, wams
RN 8. 321K Sp 72624 90%, SRR R A 93/7; X Sp [ ee {E>99%,
AR (RR.R)
5p, AR, mp 160-161°C, [a]p™ = -33.1 (¢ 1.00, CHCLs), >99% ce [ S RGRAR g E, Tk
AD-HFE; IFE %Y S AEE =90 : 10, 1.0 mL/min, 230 nm; # (minor) = 4.99 min; fz (major) = 7.57
min]. "H NMR (300 MHz, CDCls) § 7.21-7.19 (m, 4H), 6.71 (d, J = 9.0 Hz, 2H), 2.90 (dd, J = 16.5, 6.0
Hz, 2H), 2.65 (dd, J=17.1, 7.5 Hz, 2H), 2.29-2.26 (m, 2H), 1.83-1.77 (m, 2H), 1.61-1.47 (m, 4H) ppm;
°ENMR (282 MHz, CDCl3 ) § 121.8 ppm.

St 4

ARSI, 3a-Bn H RS FIBAAEIAL A Sa(E R NERZe A T TR 1 AR
HH TR F— il o8 TP A R A Ak S P v

OBn O OBn
2 a 1) Ir/(S,S)-Tc, Hy
2) Pd/C, H,
3a-Bn

5a

DIALA ) 3a-Bn NEALIEY), BLIdDAS,S)-Te IAEALTT, A WTT: 3a-Bn(48 mg, 0.1mmol),
Ir(1)/(S,S)-7¢(1.6mg, 0.001mmol), 2mL /K —HFHMARIEMIET, EFEFPHEBE LR
N, BIES SR, RAEARE 50 KA, RN 6 /M. rE<a, HIFRNE,
HEZAAEZH I PA/C(10 mg), EFMERBEIRERNZE, BRAS =G, R ANESR
5AKAE, R 24 /P, EEESSG, FITRNES, JRERR 2R, B R e
VIR L, BRI ZAT 8. 13852k 5a (7730 88%, SR (KB /R EE ok 92/8
B 5a 1K) ee [H>99%, AiXIHIE K (R,R,R).

S 5

AN B LA 3p-Bn & TF-PE DS FIBAAIAL S Sp(IL R P ER e an ) A 1 B A
HH TR F— il o8 TP A R A Ak S P v

OBn O OBn
F SN = F1)1r(S,9)-7¢, Hy
2) Pd/C, H,
3p-Bn

LILE4 3p-Bn AR, UL Ie(D)/(S,S)-Te AfEALT, [AVUTT: 3p-Bn(52 mg, 0.1mmol),
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Ir(D/(S,S)-7¢(1.6mg, 0.001mmol), 2mL Jo/K — AT EIMABIEAIRT, AET-EM TR X
NEE, BEHRESRCRE, RAEARE S0 KK, SRR 6 /bt MrESE, FTFRNEE,
HEWEMMPIAN 10 mg 05, HBEMAME T RVES, AN Satm ZA, RV 10 /NEE,
JRES, IR, RARVEAEENT B 13RI Sp BIP7EA 91%,  RGSFINC R B /R B
5 92/8; 2 5p W ee 1H>99%, AEXFHAAYYy (R,R.R)

SEHEf) 6

SRR 1 7, AR TR 3-F-5- K. 3-9-5-UKE . 3-F4-
FILK S . 3-" NI K. 5-FFKMEE . 4- T IE KB S kB, HI% T
i 3b-Bn % 3i-Bn L&Y

OBn e} OBn OBn O OBn
FF F< —E A i' AN —l F
Cl Cl

3b-Bn 3c-Bn
OBn (@] OBn OBn 0 OBn
F F
O X ‘ == O BnO N = OBn
Me Me
3d Bn 3e-Bn
O \/ O
MeO OMe
3f-Bn 3g-Bn
OBn
3h-Bn 3i-Bn 3j-Bn

3b-Bn, "H NMR (400 MHz, CDCl3) & 8.06 (s, 2H), 7.31-7.26 (m, 8H), 7.11-7.09 (m, 2H), 7.05-6.81 (m,
4H), 5.15 (s, 4H), 2.82 (t, J = 4.8Hz, 4H), 2.32 (s, 6H), 1.75-1.71 (m, 2H) ppm. ’F NMR (282 MHz,
CDCl3) 6 123.6 ppm.

3¢-Bn, '"H NMR (400 MHz, CDClz)  7.89 (s, 2H), 7.38-7.21 (m, 10H), 7.07-6.92 (m, 4H), 5.19 (s, 4H),
2.88-2.69 (m, 4H), 1.69-1.58 (m, 2H) ppm. ’F NMR (282 MHz, CDCls ) § 125.6ppm.

3d-Bn, 'H NMR (400 MHz, CDCl3) & 8.01 (s, 2H), 7.38-7.27 (m, 8H), 7.09-7.06 (m, 2H), 7.01-6.71 (m,
4H), 5.04 (s, 4H), 2.81-2.78 (m, 4H), 2.33 (s, 6H), 1.77-1.72 (m, 2H) ppm. ’F NMR (282 MHz, CDCl; )
0 127.9 ppm.

3e-Bn, 'H NMR (400 MHz, CDCls) & 7.92 (s, 2H), 7.48-7.21 (m, 20H), 7.05-6.90 (m, 6H), 5.14 (s,
4H), 5.01 (s, 4H), 2.71-2.64 (m, 4H), 1.63-1.57 (m, 2H) ppm.

3f-Bn, "H NMR (400 MHz, CDCls) 3 8.03 (s, 2H), 7.42-7.28 (m, 10H), 7.13 (s, 2H), 7.06-7.04 (m, 2H),
6.83 (d, J = 8.4Hz, 2H), 5.11 (s, 4H), 2.83 (t, J = 5.2Hz, 4H), 2.29 (s, 6H), 1.76-1.70 (m, 2H) ppm.
3g-Bn, '"HNMR (400 MHz, CDCl) § 8.07(s, 2H), 7.47-7.27 (m, 12H), 6.53-6.49 (m, 4H), 5.13 (s, 4H),
3.79 (s, 6H), 2.87-2.81 (m, 4H), 1.80-1.71 (m, 2H) ppm.

3h-Bn, '"H NMR (400 MHz, CDCl3) § 7.99 (s, 2H), 7.63-7.52 (m, 10H), 7.45-7.31 (m, 2H), 6.90-6.82
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(m, 4H), 5.15 (s, 4H), 4.81 (s, 4H) ppm; F NMR (282 MHz, CDCl3 ) § 126.2 ppm.
3i-Bn, 'HNMR (400 MHz, CDCls) & 7.69 (s, 2H), 7.45-7.32 (m, 8H), 7.24-7.17 (m, 4H), 6.90-6.83 (m,
4H), 5.19 (s, 4H), 2.78-2.68 (m, 4H), 1.97-1.82 (m, 4H) ppm: °F NMR (282 MHz, CDCl; ) & 125.3

3j-Bn, 'HNMR (400 MHz, CDCL) & 7.79 (s, 2H), 7.54-7.38 (m, 10H), 6.89-6.78 (m, 2H), 6.65-6.60

(m, 4H), 5.20 (s, 4H), 2.69-2.78 (m, 4H) ppm; °F NMR (282 MHz, CDClz ) § 124.2 ppm.

ML RS RAR TR L, A S ik

St 7

LLSIZitf) 6 4 &4 3b-Bn A SR, LMEEY) I()/(S,S)-Te Mkl il FHEDs
FIEAEIIL S HI(R.R.R)-Sbo SNV UTTR: 3b-Bn (275mg, 0.5mmol), #EALH Ir(1)/(S.S)-7¢ (4.8mg,
0.003mmoD), 10mL Jo/K —SHEEIABIEMM, fEFERTHBBImE RN, BERET
Wa, FRAGEAE 50 KAE, SN 6 /M. EEEA)E, HTITRNE, BHEmEAARS
A 20mg fEBE, BEARE TRNED, FEA Satm &S, RN 10 /DG, JEEE/S, Sk
96, WRVGKEN 5 3E. 152I(R,R,R)-5b HIF=H K 87%, ce {H>99%.
(R,R.R)-5b, [a]p™=-97.8 (c 1.0, CHClz), >99% ee [ 1m0 (B3 & T-0E AD-H 4F; 1F /5
TEF =99 1, 1.0 mL/min, 230 nm; #x (major) = 4.87 min; #z (minor) = 6.52 min]. "H NMR (400 MHz,
CDCl3) & 7.15 (s, 2H), 6.81 (s, 2H), 2.95 (dd, J = 16.2, 6.0 Hz, 2H), 2.68(dd, J = 16.6, 7.2 Hz, 2H),
2.38-2.32 (m, 2H), 2.25 (s, 6H), 1.85-1.78 (m, 2H), 1.58-1.47 (m, 4H) ppm; F NMR (282 MHz,
CDCl3) 6 123.5 ppm.

St 8

LLSIZitf] 6 4 L&) 3e-Bn NS, UALED) Ir(D/(S,S)-Te A fEALT), il TS
FIEAEIIL S HI(RR,R)-5¢o N UTT: 3e-Bn (295 mg, 0.5mmol), #ELF Ir1)/(S.S)-7e (4.8mg,
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0.003mmoD), 10mL Jo/K —SHEEIABIEMM, fEFERTHBBImE RN, BERET
Wa, AL 50 KAE, SR 6 /M. AR, FTITRNE, ABEmEm
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
G, TRRYGFEENT B . FBIR,R,R)-5¢ HIF=F N 89%, ee {H>99%.
(RR.R)-5¢, [o]p™ =-77.2 (c 1.20, CHCLy), >99% ee [ IR0 AR (il & Tk AD-H 4, iIFE B4/
ST =99 : 1, 1.0 mL/min, 230 nm; x (major) = 6.68 min; # (minor) = 6.98 min]. 'H NMR (400
MHz, CDCls) & 7.32 (d, J = 2.6 Hz, 2H), 7.06 (d, J = 2.6 Hz, 2H), 3.03 (dd, J = 16.4 Hz, 6.2 Hz, 2H),
2.68 (dd, J=16.6 Hz, 7.8 Hz, 2H), 2.35-2.33 (m, 2H), 1.86-1.81 (m, 2H), 1.64-1.48 (m, 4H) ppm; “F
NMR (282 MHz, CDCl3 ) 6 125.7 ppm.

SEHEf) 9

DLt 6 55 ik A4 3d-Bn HEALEY), DALEY) Ie(D)/(S,S)-Te M AL, il TF-H5
FIEAEIIL S HI(RR.R)-5ds [V AT T : 3d-Bn (275 mg, 0.5mmol), #ALF In(1)/(S,S)-7e (4.8mg,
0.003mmoD), 10mL Jo/K —SHEEIABIEMM, fEFERTHBBImE RN, BERET
Wa, AL 50 KAE, SR 6 /M. AR, FTITRNE, ABEmEm
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
96, WRVGKEN 5 E. 52IRR.R)-5d IF=H K 92%, ce {H>99%.
(RRR)-5d, [o]p” =-81.2(c 1.10, CHCl3), >99% ee [ HI w2 T4k AD-H 4%, iEC 4
ST =99 : 1, 1.0 mL/min, 230 nm; #z (major) = 5.65 min; #z (minor) = 6.25 min]. 'H NMR (400
MHz, CDCls) & 7.36 (d, J = 2.6 Hz, 2H), 7.13 (d, J = 2.4 Hz, 2H), 3.12 (dd, J = 16.8 Hz, 6.6 Hz, 2H),
2.62 (dd, J=16.8 Hz, 7.9 Hz, 2H), 2.38-2.31 (m, 2H), 1.89-1.81 (m, 2H), 1.68-1.49 (m, 4H) ppm; “F
NMR (282 MHz, CDCl; ) § 129.1 ppm.

L% 10

DLt 6 i35 Ak A4 3e-Bn A EALER, LMEAW) Ir()/(S,S)-Te HEALFI, il TF-HE5
FABHEEIL S IR, R,R)-5eo NI F: 3e-Bn (349.4 mg, 0.5mmol), #E4L7) k(1)/(S.S)-Te (4.8mg,
0.003mmoD), 10mL Jo/K —SHEEIABIEMM, fEFERTHBBImE RN, BERET
Wa, AL 50 KAE, SR 6 /M. AR, FTITRNE, ABEmEm
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
%, TRRYGFEENT B . FBI(R,R,R)-5e HIF=F N 86%, ee {H>99%.
(RR.R)-5e, [o]p™ =-99.2 (¢ 1.00, CHCL3), >99% ee [ IR RnfAR (il & Tk AD-H 4 iIE B/
5 T EE =90 : 10, 1.0 mL/min, 230 nm; zz (major) = 6.46 min; #z (minor) = 6.98 min]. 1H NMR (400
MHz, CDCI3) § 6.86-6.75 (m, 4H), 6.67-6.63 (m, 2H), 5.42 (s, 2H), 2.99-2.89 (m, 2H), 2.79-2.68 (m,
2H), 2.44-2.34 (m, 2H),1.90-1.78 (m, 2H), 1.68-1.52 (mm, 4H) ppm.

S 11

DLt 6 i35 ik A4 36-Bn AEALEY, LMEAD) I(DAS,S)-Tb AHEALFI, il -5
FABHEEIL S IR, R,R)-5F. [N 4NR: 3£-Bn (257 mg, 0.5mmol), fE4LF] Ir@)/(S,S)-7b (4.8mg,
0.003mmoD), 10mL Jo/K —SHEEIABIEMM, fEFERTHBBImE RN, BERET
Wa, AL 50 KAE, SR 6 /M. AR, FTITRNE, ABEmEm
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
Gi, WRAMEREENT . BRIRR.R)-5 =R KN 77%, ec H>99%.
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(R.R.R)-5, [o]p™ = -37.9 (¢ 1.00, CHCL), >99% ece [ iz, T-PEAD-HAY;
n-Hex/i-PrOH = 90 : 10, 1.0 mL/min, 230 nm; g (minor) = 4.43 min; fz (major) = 10.20 min]. "H NMR
(400 MHz, CDCLs) & 6.91-6.88 (m, 4H), 6.74 (d, J = 8.4 Hz, 2H), 2.90 (dd, J = 16.4 Hz, 6.4 Hz, 2H),
2.63 (dd, J=16.8 Hz, 7.2 Hz, 2H), 2.31-2.26 (m, 8H), 1.82-1.77 (m, 2H), 1.60-1.49 (m, 4H) ppr.

S 12

DLt 6 il 5 ik 54 3g-Bn AR, LMEEY) (D/A(S,S)-Te AL, il TF-HE5
FIEAEIIL S HI(R.R.R)-5g. N U R: 3g-Bn (273 mg, 0.5mmol), #EALF Ir(1)/(S.S)-7¢ (4.8mg,
0.003mmoD), 10mL Jo/K —SHEEIABIEMM, fEFERTHBBImE RN, BERET
Wa, AL 50 KAE, SR 6 /M. AR, FTITRNE, ABEmEm
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
Gi, WRARMAREN . HRIRR,R)-5g NP %N 79%, ee {>99%.
(RR.R:-5g,  [aln” =-71.3 (c 1.05, CHCL), >99% ee [ XAt Er il 0k AD-H Y, 1E Cibe/
5T EE =95 : 5, 1.0 mL/min, 230 nm; z (major) = 5.78 min; fz (minor) = 6.26 min]. 'H NMR (400
MHz, CDCls) & 7.35-7.20 (m, 2H), 7.05-6.99 (m, 2H), 6.58-6.46 (m, 2H), 3.78 (s, 6H), 2.99-2.87 (m,
2H), 2.73-2.60 (m, 2H), 2.38-2.30 (m, 2H),1.91-1.78 (m, 2H), 1.70-1.51(mm, 4H) ppm.

S 13

DLt 6 %5 4k A4 3h-Bn AEALEY), DMEAW Ir(Q)/(S,S)-Tb AfELF], &5
FABHEEIL S WIR,R,R)-5he SN R : 3h-Bn (262 mg, 0.5mmol), AL ID)/(S.S)-7b (4.8mg,
0.003mmol), 10mL Jo/K S LA RBIEMIET, AEFEMTPHEBRRERNE. a5 =
Wa, AL 50 KAE, SR 6 /M. AR, FTITRNE, ABEmEm
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
45, RAEMZKENE. BRIR.R.R)-5h 775K 70%, ee A 96%.
(S,SR)-5h, [o]p™ =-29.1 (c 0.95, CHCly), 96% ee [ FBGRAHESIE, T AD-H £ (ECY
ST HF = 98:2, 1.0 mL/min, 254 nm; tg (major) = 15.32 min; tg (minor) = 18.07 min]. "H NMR (400
MHz, CDCl3) & 7.25-7.12 (m, 2H), 6.96-6.89 (m, 4H), 3.95 (dd, J = 16.6, 4.2 Hz, 2H), 3.65 (dd, J =
15.2, 5.8 Hz, 2H), 3.04 (dd, J = 16.9, 6.4 Hz, 2H), 2.81-2.75 (m, 2H), 2.42-2.32 (m, 2H) ppm; ’F NMR
(282 MHz, CDCl3 ) 8 111.5 ppm.

L) 14

DLt 6 il &4 3i-Bn ALY, UALEY) Ie(1)/(S,S)-Te AL, il TF-HE05
FABHEEIL S WIR,R,R)-51. VAT F: 3i-Bn (268 mg, 0.5mmol), AL I(D/(S.S)-Te (4.8mg,
0.003mmol), 10mL Jo/K S LA RBIEMIET, AEFEMTPHEBRRERNE. a5 =
Wa, AL 50 KAE, SR 6 /M. AR, FTITRNE, ABEmEm
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
Gi, RAMEREN B . BRIRR.R)-5 F=FH 75%, ee {>99%.
(RR.R)-5i, [a]p”™ = -55.1 (c 1.00, CHCl3), >99% ce [ FH Fi8aUAHE M T AD-H A; IEC4E/ %
THE =955, 1.0 mL/min, 230 nm; fx (minor) = 5.82 min; z (major) = 7.23 min]. "H NMR (400 MHz,
CDCls) 8 7.08 (d, J= 12.4 Hz, 2H), 6.92 (t, J = 7.4 Hz, 2H), 6.88-6.82 (m, 2H), 2.64 (dd, J=16.2, 4.2
Hz, 2H), 2.34-2.25 (m, 2H), 1.98-1.97 (m, 2H), 1.75-1.72 (m, 4H), 1.63-1.45 (m, 4H) ppm; “F NMR
(282 MHz, CDCl; ) 6 115.8 ppm.
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S 15

LSSt 6 4 (M54 3j-Bn A ALY, DMEEY) I(D/(S,S)-Te AT, Hl&TFHo5
FABHEEIL S WIR,R,R)-5j o KVUNTR: 3j-Bn (268 mg, 0.5mmol), AL ID)/(S.S)-Te (4.8mg,
0.003mmoD), 10mL Jo/K —SHEEIABIEMM, fEFERTHBBImE RN, BERET
Wh, IANERE 50 KAJE, SRR 6 /M. eEEA)h, FIIFRNE, BEEMEmTn
A 20 mg K, BEAIRE T RNVES, A Satm &S, N 10 DR, BEEEA, gk
B, BBWZAEEN D E. BRIRR.R)-5) KIF=F K 60%, ce {H>99%.
(R.R.R)-5j, [a]p™ =+99.2 (¢ 1.00, CHCl3), >99% ee [ i R0RARCIEN 2, T AD-H ¥, iECkY
S THE =95:5, 1.0 mL/min, 230 nm; tr (major) = 11.13 min; tg (minor) = 12.90 min].. "H NMR (400
MHz, CDCl3) & 7.14-7.09 (m, 4H), 6.98-6.83 (m, 2H), 2.76 (dd, J = 14.8, 42 Hz, 2H), 2.34-2.28 (m,
2H), 1.26-1.93 (m, 2H), 1.79-1.72 (m, 2H), 1.58-1.48 (m, 2H) ppm; "°F NMR (282 MHz, CDCl; ) 3
127.9 ppm.

S 16
SIS 5 HOEIR T, B AS.5.5)5p

OBn o) OBn
F X Y F )R, S)-Te, H,
2) Pd/C, H, O
3p-Bn

(S,S,9)-5p

LIAEE 4 3p-Bn AEALIEY), DL Ir(D)/(R,S)-Te MfEALF], &40 F: 3p-Bn(52 mg, 0.1mmol),
Ir(D)/(S,S)-7¢(7.4mg, 0.005mmol), 2mL JL/K —EFEMARISEAIES, EFERPEERE KR
N, BIES SR, RAEARE 50 KA, RN 6 /M. rE<a, HIFRNE,
HEEMEAEF AN 10 mg 8%, BEARE T RNVES, A Satm ES, KN 10 /NE,
AR, T IERAE, BRAREAEE . RIS Sp T EN 91%, AR AR R L
N 92/8; X Sp 1 ee {H>99%, I%HEEARE RISt 3 S LAY 5P, XTI, (S.5.9).

SEHEB) 17

SRS 5 (18 78, IS BEItL &4 Sp

OBn O OBn '
F X = F' 1) I"H-PHOX, H,
aeacrm { -dod)

F

Sp-Bn ke
LIALE4) 3p-Bn AEALEY), UL IIyH-PHOX AEALF], KU1 F : 3p-Bn(52 mg, 0.1mmol),

Tr(IH-PHOX (1.6mg, 0.001mmol), 2mL FE/K — G ARSI, P e P HEE

JVEE. BIMES SIRE, RAESRE 50 KK, SR 6 M. Mra<)E, RN,

HEEMEAEF AN 10 mg 8%, BEARE T RNVES, A Satm ES, KN 10 /NE,

AR, IR, TRARMAKEENT . 151K Sp e 45%, PEITEIE
%18
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Z WS 5 e TR, ST S Sp

OBn O OBn '
F X = F 1y[rccobyciy,, H,
veacr, (gl )
F F
M JE-5p
LI G4 3p-Bn AEALES), LUIn(COD)CLL AfEALF, A 41 : 3p-Bn(52 mg, 0.1mmol),
[I(COD)Cl], (3.3mg, 0.005mmol), 2mL F/K “HHEIMARIE T, ETEMTER R
BN, BRES=E, RAERE S0 KUK, Sl 6 M. EEA)E, TR
%, HBWEAEFIMA 10 mg 8%, HEAME T RNES, A Satm Z5, KV 10 /N
Ja, AR, IEIRAR, BRARVIGATIENT B RIS BN 40%, TR TE
SEHB) 19

3p-Bn

KPPh,

—_—

THEF, reflux

PPh, Ph,P
(R.R,R)-5p (RRR)-6a

50 mLSchlenk & /K LEMFRS, IIA(R R R)-5p (500 mg, 1.52 mmol), F/KPUZEH#4 mL),
RIS (KPPhy, 9.12 mL, 0.5 mol/L in THF, 4.56 mmol), H#&BlA 5 /M. Y2415, A 10mL
AR BRI, P S REAEE (3 x 10 mL), HHAHA IR TG, o iekds, 7%
RPN, 153 B PI(R R R)-6a, 80% /=%,

(R,R.R)-6a, HI{ff{A. Mp 101-103 °C, [a]p™’ = +113.4 (¢ 1.00, CHCLs). '"H NMR (400 MHz,
CDCls)  7.30-7.26 (m, 20H), 6.89 (d, J = 7.2 Hz, 2H), 6.74 (t, J = 7.2 Hz, 2H), 6.53-6.50 (m, 2H),
2.34-2.30 (m, 4H), 1.95-1.92 (m, 2H), 1.30-1.29 (m, 2H), 1.17-1.15 (m, 4H) ppm; *C NMR (100 MHz,
CDCl3) 8 153.1 (d, Jipc) = 14.2 Hz), 137.1 (d, Jpcy = 11.8 Hz), 136.7 (d, Jpcy = 10.9 Hz), 134.2 (d, Jepe)
=21.9 Hz), 133.9 (d, Jpc)= 202 Hz), 130.9 (d, Jpc) = 3.2 Hz), 129.9 (s), 128.5 (s), 128.2-128.1 (m),
124.9 (d, Jpc) = 14.1 Hz), 120.4-120.3 (m), 101.3, 33.5, 27.6, 26.7, 19.4 ppm; *'P(162 MHz,CDCl3) &
-15.8 (s) ppm.

L) 20

50 mLSchlenk & /K LEMFRS, IIA(RR,R)-5p(500 mg, 1.52 mmol), F/KPUZEHN#4 mL),
TRIE B (LiPPhy, 9.12 mL, 0.5 mol/L in THF, 4.56 mmol), JH#AIAI 6 /NFe ¥HIE, TN 10mL
AR BRI, P S REAEE (3 x 10 mL), HHAHA IR TG, o iekds, 7%
RYNE M AL B AL R XSUSRCAR (R R, R)-6a, 75% 1 Z,

L) 21

HPPh, KO'Bu
THF, reflux

PPh, Ph,P
(R,R,R)-5p (RR R)-6a
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50 mLSchlenk & /K TLEMFR S, IR, R, R)-5p(500 mg, 1.52 mmol), 7K PYZIHIE(10 mL),
TR S (849 mg, 4.56 mmol), AU EFH(511.6 mg, 4.56 mmol), INFEIE 10 . AEE, 0
N 10mL ZEK K S N 5, TS AR (3 x 10 mL), F A /KRN T4E, ik
WHE, FARYREEM Ak, BISLEXUECARR R R)-6a, T7% 7%,

ST 22

HPPh, LiBu
THF, reflux

PPh, Ph,P
(R,R,R)-5p (RR R)-6a

50 mLSchlenk ¥ /K CEALEL G, IO A 5EBEE(849 mg, 4.56 mmol), JE/K PUZMIR(10
mL), AHZE-78°C T, B8R IINE T R4 (2.85 mL, 1.6 mol/L, 4.56 mmol), {EiZEE FHtkEE/)s
NE,  EZREE, MARRR)-5p(500 mg, 1.52 mmol), MFENG. 12 /M, Sk, &
HasR, KRG EEAEN, BOAEKRRR)-6a, 76% 777,

SEHER) 23

HPPh, KH
THF, reflux

PPh, Ph,P
(R.RR)-5p (R.R,R)-6a

50 mLSchlenk E LKA G, ZW T, AT AREEREE(849 mg, 4.56 mmol), Z A4
(182.4 mg, 4.56 mmol), JC/KPYEIEIE(10 mL), fE=IR FHEHEE/ T, (R RR)-5p(500 mg, 1.52
mmol), JFMEI. 12 /NG, IR, R 250, IR4G6 )G HEALENT, 15 O AERR R R)-6a,

89% T,
SEHEB] 24
(S,5,5)-6a [l 2%, KRIVEREEUT Pn:

O
PPh, Ph,P
(S,S,5)-5p (S,S,5)-6a

50 mLSchlenk & JL/K TLEALELSG, IIA(GS,S,S)-5g(328 mg, 1.0 mmol), /K PUEMIRI(4 mL),
T IRFE AR (KPPhy, 6.0 mL, 0.5 mol/L in THF, 3.0 mmol), MBI 10 /Nef. 3G, A 10mL
BRI R NG, &R (3 x 10 mL), AHAH KB TEE, Lukkds, %
RPAEZAT Ak, 13 HARH0(S,S,9)-6a, 74% 7=

SR 25

THBEHT 6a FRITIE, [VERGUT T FTR:
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_ KkePh,

PPh, Ph,P

/l% JiE-5p 7 JiE-6a

50 mLSchlenk & LK LML fG , INATEFERIHLE4) Sp (500 mg, 1.52 mmol), JG7K PY &N
(4 mL), —FFR(KPPhy, 9.12 mL, 0.5 mol/L in THE, 4.56 mmol), AR 5 /it 315,
N 10mL MK BRI N G, &AL (3 x 10 mL), HHAIH KRR T35, oLk
Wi, BRRYNEENT AL, /B Y 6a, iHE, 80% UE.

SR 26

ARSI B 4% i S S 23 A, ANFZAATET B BEHERID BEAE
ATERRL, Rl BT A RATR AU (R, R R)-6b

(R,RR)- 6b, AL, 40% 7% Mp 125-127 °C, [a]p™ = +143.5 (¢ 1.00, CHClz). 'H NMR (400
MHz, CDCl3) & = 7.24-7.12 (m, 8H), 7.05 (t, J = 7.2 Hz, 4H), 6.88-6.85 (m, 4H), 6.79-6.72 (m, 4H),
6.53-6.50 (m, 2H), 2.39 (s, 6H), 2.34-2.23 (m, 2H), 2.18 (s, 6H), 1.99-1.95 (m, 2H), 1.34-1.15 (m, 8H)
ppm; C NMR (75 MHz, CDCls) 8 153.5 (d, Jec) = 15.2 Hz), 143.2 (d, Jpc) = 28.3 Hz), 142.7 (d, Jecy
=259 Hz), 135.3 (d, Jec) = 11.4 Hz), 1349 (d, Jec) = 13.8 Hz), 133.5 (d, Jec) = 40.1 Hz), 131.0 (d,
Jeeoy = 2.9 Hz), 130.0-129.6 (m), 128.3 (d, Jpc) = 15.8 Hz), 125.8 (d, Jpc) = 24.0 Hz), 123.3 (d, Jec) =
12.7 Hz), 120.6-120.5 (m), 101.4, 33.3, 27.7, 26.6, 21.2 (d, Jpc) = 21.1 Hz), 21.0 (d, Jeec) = 23.7 Hz),
19.3 ppm; *'P(121 MHz,CDCl3) & -33.4 ppm.

SEHERI27
A R4 7 5 S 23 AT ], ASFIZ AR T = (3, 5- BRI BECE
TORILREL TR BT A AL XU BC A (R, R R)-6¢

/El é\
(RRR)-6¢c, AT, 70% 772, Mp 102-103 °C, [a]p™’ = +166.5 (¢ 1.00, CHCL). '"H NMR (300
MHz, CDCls) & = 6.93-6.84 (m, 14H), 6.73 (t, J = 6.9 Hz, 2H), 6.47 (t, J = 4.8 Hz, 2H), 2.45-2.38 (m,
4H), 2.24 (s, 12H), 2.21 (s, 12H), 2.04-1.97 (m, 2H), 1.30-1.26 (m, 2H), 1.12-1.07 (m, 4H) ppm; “C
NMR (75 MHz, CDCl3) 8 = 153.1 (d, Jipe) = 14.7 Hz), 137.3 (d, Jpc) = 7.4 Hz), 137.2 (d, Jpc) = 7.8

Hz), 136.9 (d, Jpc) = 10.2 Hz), 136.5 (d, Jeey = 10.9 Hz), 132.1 (s), 131.8 (s), 131.5 (s), 130.8 (d, Jpey =
1.5 Hz), 130.2 (s), 129.8 (d, Jpcy = 41.7 Hz), 125.5 (d, Jpey = 14.2 Hz), 120.1 (s), 120.1 (d, Jpe) = 1.7
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Hz), 101.1, 33.4,27.3,26.7,21.3,21.2, 19.5 ppm; *'P(121 MHz,CDCL) & -15.2 ppm.

L 28

ARSI B 2 i S S 23 FEAAHRE], A2 ARTE T =(3,5- AU T EAD) S
RIS AT BT DS A IRAE N AU R (R, R, R)-6d -

By ‘Bu
ol e N
tBu t tBU

(RRR)-6d, AL, 45% 773, Mp 100-101 °C, [o]p™ = +140.5 (¢ 1.00, CHCL3). '"H NMR (400
MHz, CDCls) & = 6.91-6.82 (m, 14H), 6.69 (t, J = 6.6 Hz, 2H), 6.37 (t, J = 5.0 Hz, 2H), 2.41-2.32 (m,
4H), 2.28 (s, 36H), 2.15 (s, 36H), 2.10-1.97 (m, 2H), 1.30-1.28 (m, 2H), 1.11-1.09 (m, 4H) ppm; *C
NMR (100 MHz, CDCL) & = 155.1 (d, Jpc) = 15.0 Hz), 139.5 (d, Jec) = 8.4 Hz), 137.7 (d, Jpc) = 8.0
Hz), 136.1 (d, Jpcy = 10.8 Hz), 135.4 (d, Jpcy = 11.2 Hz), 133.4 (5), 131.8 (s), 130.9 (5), 130.8 (d, Jipc) =
12.0 Hz), 130.4 (s), 129.6 (d, Jpc) = 42.2 Hz), 126.5 (d, Jpc) = 16.2 Hz), 120.9 (s), 120.4 (d, Jpc) = 2.2
Hz), 99.1,33.4,29.8, 27.3,26.7,25.6,21.3,21.2, 19.5 ppm; *'P(121 MHz,CDClz) 5 -17.8 ppm.

SR 29

ARSI IR 2 7 S g 23 BEAAHIE], AFZAAE TR GIH A BERE =
FIEWRE, ST BN PRI B IRGA B AU AR (R, R R)-6€.

Bu By

(R,RR)-6e, AL 67% 7=, Mp 90-92 °C, [a]p> = +118.5 (¢ 1.00, CHCLs). "H NMR (400 MHz,
CDCl3) 8 =7.21-7.14 (m, 8H), 7.10-7.07 (m, 8H), 6.87 (d, /= 7.2 Hz, 2H), 6.73 (t,J = 7.6 Hz, 2H), 6.54
(t, J= 5.6 Hz, 2H), 2.36-2.25 (m, 16H), 1.96-1.92 (m, 2H), 1.32-1.26 (m, 2H), 1.19-1.15 (m, 4H) ppm;
BC NMR (100 MHz, CDCl3) 8 = 153.1 (d, Jipc) = 14.5 Hz), 1382 (s), 137.8 (5), 134.3-133.8 (m), 133.4
(d, Jec) = 10.4 Hz), 130.8 (d, Jpc) = 2.6 Hz), 129.7 (s), 129.0-128.9 (m), 125.5 (d, Jec) = 14.0 Hz),
120.3-120.2 (m), 101.2, 33.4, 27.6, 26.7, 21.3, 19.4 ppm;*'P NMR (162 MHz,CDCls) & -17.9 ppm.

SR 30

ARSI B 2 i S S 23 FAAE, AFZAATE T GIEARED BRERE =R
FEMEL IS BT D Fr IS B 4 XU AR, R, R)-6f -
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(R,RR)-6f, AT, 80% 7=, Mp 76-77 °C, [o]p> = +88.0 (¢ 1.00, CHClz). '"H NMR (400 MHz,
CDCly) & = 7.27-7.20 (m, 8H), 6.99-6.93 (m, 10H), 6.76 (t, J = 7.6 Hz, 2H), 6.49-6.46 (m, 2H),
2.50-2.39 (m, 4H), 2.01-1.94 (m, 2H), 1.33-1.32 (m, 2H), 1.20-1.11 (m, 4H) ppm; *'P NMR (162
MHz,CDCl3) & —17.8 ppm; ’F NMR (376 MHz,CDCl3) § -112.3, -112.5 ppm.

S 31

ARSI T 46 72 S 23 FEAARTR], AFEZAAE T GRS A
TOREEIRE, RSB DT A URAA I B ARSI (R R, R)-6g -

(RRR)-6g, K, 65% 7= Mp 91-92 °C, [a]p”’ = +122.5 (¢ 1.00, CHClz). '"H NMR (400 MHz,
CDCls) 8 = 7.26-7.19 (m, 8H), 6.88-6.87 (m, 2H), 6.84-6.81 (m, 8H), 6.73 (t, J=7.2 Hz, 2H), 6.51 (t, J
= 5.2 Hz, 2H), 3.75 (s, 6H), 3.71 (s, 6H), 2.35-2.31 (m, 4H), 1.94-1.91 (m, 2H), 1.31-1.26 (m, 3H),
1.20-1.16 (m, 3H) ppm; “C NMR (100 MHz, CDCl3) & = 159.8 (d, Jpc) = 38.8 Hz), 152.8 (d, Jpc) =
13.9 Hz), 135.5-135.0 (m), 130.4 (s), 129.5 (s), 128.3 (d, Jpcy = 8.1 Hz), 127.6 (d, Jpcy = 9.0 Hz), 125.8
(d, Jpo) = 13.3 Hz), 120.1 (d, Jpc) = 1.6 Hz), 113.8-113.7 (m), 101.0, 55.0, 54.9, 33.4, 27.6, 26.6, 19.3
ppm; >'PNMR (162 MHz,CDCl) & -18.8 ppm.

S 32

ARSI B 2% i S 23 FEAAH ], AR ANLE T i = O R AL
A A RITF 1 0 B AR A AN BC A4 (R R, R)-6h o

(R,RR)-6h, AT, 55% 7. Mp 95-96 °C, [a]p”’ = +88.5 (¢ 1.00, CHCls). '"H NMR (400 MHz,
CDCls) & = 7.21-7.15 (m, 4H), 6.89-6.85(m, 2H), 2.39-2.30 (m, 8H), 1.98-1.87 (m, 6H), 1.30-1.25 (m,
18H), 1.23-1.14 (m, 20 H) ppm; *'P NMR (162 MHz,CDCl3) § -21.6 ppm.

L) 33

ARSI ()46 72 ST 23 FEAARIR], AR ARAEF i T B AR R A
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Tl AF BT 55 A AR AA N 17 ZOUBHIC AR (R, R, R)-6i -

Bu—R P-tBy
By By

(RR.R)-6i, ALK, 81% 7%, [a]p™ = +78.1 (¢ 1.00, CHCL). 'H NMR (400 MHz, CDCLy) 3 =
7.28-721 (m, 2H), 6.99-6.81(m, 4H), 2.38-2.21 (m, 4H), 1.98-1.88 (m, 6H), 1.66-1.45 (m, 14H),
1.30-1.29 (m, 8H), 1.17-1.15 (m, 16H) ppm; *'P NMR (162 MHz,CDCl3) 3 -22.8 ppm.

SEHEf) 34

ARSI )T 8 7V S ] 19 BEAARIE], ANFZAELE T LAR R R)-5b KI5kt dhilles Tk
77 T IR A B B LAR (R, R, R)-6] o

(RRR)-6j, AT, 70% 7=, Mp 98-100 °C, [o]p> = +109.3 (¢ 1.00, CHCly). '"H NMR (400
MHz, CDCls) & 7.31-7.24 (m, 20H), 6.69 (s, 2H), 6.35 (d, J = 5.6 Hz, 2H), 2.31-2.26 (m, 4H), 2.11 (s,
6H), 1.92-1.86 (m, 2H), 1.28-1.25 (m, 2H), 1.16-1.13 (m, 4H) ppm; *C NMR (100 MHz, CDCL) &
1512, 151.1, 137.3, 137.2, 137.0, 136.9, 134.3, 134.1, 133.9, 133.7, 131.5, 131.4, 130.6, 129.2, 1289,
1284, 128.1, 128.0, 1252, 124.4, 1243, 120.1, 1012, 334, 27.7, 26.7, 20.6, 19.4 ppm; *'P(162
MHz,CDCl3) 6 -15.3 ppm.

L% 35

ARSI I 8 i S 19 FEAAHIN], AN FZARETCAR R R)-5¢ A5k, Hil#&F1E05
T R4 B 4L BRI A4(R R, R)-6K o

(RRR)-6k, AL, 65% 7= Mp 98-100 °C, [a]p™’ = +101.1 (¢ 1.00, CHCL). "H NMR (400
MHz, CDCly) & 7.33-7.24 (m, 20H), 6.85 (s, 2H), 6.46-6.44 (m, 2H), 2.34-2.19 (m, 4H), 1.91-1.85 (m,
2H), 1.28-1.26 (m, 2H), 1.14-1.11 (m, 4H) ppm; “C NMR (100 MHz, CDClz) & 1514, 151.3, 136.2,
136.1, 135.6, 135.5, 1342, 134.05, 134.02, 133.8, 130.2, 130.1, 129.4, 1289, 128.6, 128.46, 128.42,
128.38, 12834, 127.7, 127.5, 125.5, 122.02, 122.01, 101.6, 332, 27.5, 26.6, 192 ppm; 'P(162
MHz,CDCl3) 6 -15.5 ppm.

L) 36

ARSI i S i) 19 FEAAHIE], A ALTE T AR R R)-5d A kL, il 1tk
75 ARG B AU AR(R R, R)-61.
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(RRR)-61, EIA1K, 47% 7=, Mp 110-112 °C, [o]p™ = +100.3 (¢ 0.90, CHCL). "H NMR (400
MHz, CDCLs) & 7.31-7.24 (m, 20H), 6.88-6.79 (m, 2H), 6.56-6.37 (m, 2H), 2.36-2.29 (m, 4H), 2.18 (s,
6H), 1.94-1.83 (m, 2H), 1.29-1.21 (m, 2H), 1.17-1.12 (m, 4H) ppm; *'P(162 MHz,CDCls) & -14.6 ppm.
L% 37
ARSI B 2 i S S 19 FEAAE], AFZAATET AR R R)-5h A J5URL, il Tk
77 T MR A B AU LA (R, R, R)-6m

PPh, Ph,P
(RRR)-6m, EEME, 75% 7. Mp 109-111 °C, [o]p> = +83.1 (¢ 1.00, CHClL;). 'H NMR (400
MHz, CDCl3) & 7.42-7.17 (m, 20H), 6.95 (d, J = 7.2 Hz, 2H), 6.76 (t, J = 7.6 Hz, 2H), 6.58 (t, J= 7.2
Hz, 2H), 2.45 (dd, J = 16.0 Hz, 6.4 Hz, 2H), 2.28 (dd, J = 16.0 Hz, 6.8 Hz, 2H), 1.98-1.95 (m, 2H),
1.47-1.43 (m, 2H), 1.12-1.08 (m, 2H) ppm; *'P(162 MHz,CDCl3) § -15.5 ppm.
St 38

ARSI 1 (o VR I 19 AR, AR AEAE T LAS,S R)-51 A lsk}, il k7

TrIEAGI & OO AAR(S, S, R)-6n
O

N

PPh, Ph.P
(S,S,R)-6n, AT, 79% 77#. Mp 111-112 °C, [u]p™ =+75.2 (¢ 1.10, CHClz). "H NMR (400 MHz,
CDCls) & 7.45-7.16 (m, 20H), 6.99-6.81 (m, 4H), 6.63-6.58 (m, 2H), 3.34-3.31 (m, 4H), 2.48-2.44 (m,
2H), 2.32-2.29 (m, 2H), 1.48-1.41 (m, 2H) ppm; *'P(162 MHz,CDCl3) § -17.3 ppm.
L) 39
ARSI R i S i) 19 FEASAHIE], ANFZARTE T LAR RR)-5) A k), il
Fr IR JOOUREIC AR (R, R, R)-60 -

PPh, PhyP

(R,RR)-60, FAIA[f1K, 81% 772 Mp 89-92 °C, [a]p™ = +112.2 (¢ 1.30, CHClz). "H NMR (400 MHz,
CDCl3) & 7.35-7.14 (m, 20H), 6.91-6.85 (m, 2H), 6.76-6.58 (m, 4H), 2.46-2.41 (m, 2H), 2.34-2.31 (m,
2H), 1.48-1.41 (m, 6H), 1.22-1.09 (m, 4H) ppm; *'P(162 MHz,CDCls) & -13.4 ppm.
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SEHaf] 40
S 2 1l Tk, il T3 3k-Me 2 3m-Me HILL 5
OMe 0 OMe OMe 0] OMe OMe O OMe
BrBr CICI |I
3k-Me 3I-Me 3m-Me

3k-Me, ESI-MS m/z: 490.9 [M+H']; 31-Me, ESI-MS m/z: 403.0 [M+H ];
3m-Me, ESI-MS m/z: 586.9 [M+H .

L) 41

2SI 2 (R TTE, rolifilgs 7o Sk-Si AL A

5k 51 5i
5k, EI-MS (70 ¢V) (m/z) 447 (M"); 51, EI-MS (70 ¢V) (m/z) 360 (M );
5i, EI-MS (70 V) (m/z) 544 (M.
L) 42

(1) BuLi, 0°C
(2) CIPPh,

PPh, Ph,P

50mL schlenk B LA CEMLIG, MMAKYIR R,R)-51 (722 mg, 2.0 mmol), /K PYZEIE(10
mL), WA -78°C ~, W AL ] 34 (4 mL, 1.5 M in pentane, 6.0 mmol), JZ N iE&HI7E-78°C
PR N S, SRR T RIS EE(L.] mL, 6.0 mmol), HNvEE BT R S, EE N
F£10 /Mo N 10mL ZEKAE R RN SG, A EAEE (3 x 10 mL), AHUEHICKERE
WTRG, ShuERGE, AR EATAitk, B EETYIR RR)-6a, 65% 7K.

SEER) 43

(1) "BuLi, -78°C
(2) CIPPh,

PPh, Ph,P

50mL schlenk LA CEMLIG, MAJEHI(R,R,R)-5m (544 mg, 1.0 mmol), JL/KPYZPEIE(10
mL), AHIZE-78°C T, 228 niE T 34 (1.8 mL, 1.6 M in hexane, 3.0 mmol), & N IE&HI7E-78°C
SRR NS, BN T RS 0.51 mL, 3.0 mmol), MN5EE BARTIEER, EEE R
B 10 /DI o A 10mL Z8IRKE R RN SG, AP (3 %20 mL), AHUHH KGR
AN TG, IR Ys, BARWAEENTtk, 15 BT IR RR)-6a, 65% F7HK.

L) 44
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HPPh,, Pd(OAC),

DMA, KOAc, 130°C

PPh, Ph,P
(R,RR)-5m (R R R)-6a

RSN, KBRS (11.2 mg, 0.05 mmol), EEEREM(215.8 mg, 2.2 mmol), (R R,R)-5m(544
mg, 1.0 mmol), —AKEEE(465 mg, 2.5 mmol) A — Schelenk ¥ H, MIATE/K NN-—H 2 Lk
fZ(DMA, 10 mL), Hi#A 130°C. fidkE 6 /pIfE, fribmil, #aaii, A 10mL 281K %
RIPJG, MZEFAER (3 x20mL), ANUBATCKIRR TR, ykas, Byt Zir

alith, BRIR2iXUBELA(R R R)-6a, 79% 5=%.,
SEHER) 45

H
/N\/\N/

N
HPPh,, Cul
Cs,COg3,toluene, 110°C

PPh, Ph,P
(R,R,R)-5k (R R R)-6a

RS, BT (47.6 mg, 0.25 mmol), FEIEREE(2.44 g, 7.5 mmol), (R.R,R)-5k(900
mg, 2.0 mmol), N,N-_"HI3LZ " Ji(154.2 mg, 1.75 mmol), —AFEEE(930 mg, 5 mmol) IIA—
Schelenk &1, HIAT/KEZEQRO mL), A 110°C. HidE 24 /NiE, EiEI#, AHIE=ER,
BN 50mL 28RN fa, FH AL (3 x 50 mL), A HUAHHCKI RN %, Sk
WHE, BRYIREEM ik, BISLE XU ECARR R R)-6a, 82% P,

SEHEB] 46

@) Cul  Ph,POH
Cs,COs3, toluene, reflux

(2) HSICls, Py
benzene, 80°C

PPh, PhyP
(RR,R)-5m (RRR)-6a

RSN, B HUL T H(19.4 mg, 0.1 mmol), BFRH:(390 mg, 1.2 mmol), (R,R,R)-5m (544
mg, 1.0 mmol), — AFEMHA (465 mg, 2.5 mmol) JIA— 50 mL Schelenk &7, HIATCAKH ZK(10
mL), AR BiRE 48 /MG, g, AEEER, I 10mL 2K K N S,
TR (3 x20mL), ANAHFEAKERIREN T, SaEgE, BRI ET ik, Brige
YIEBIIA— 50 mL Schelenk &H', MIAT/AKA (10mL), BEBE (1.5 mL, 20mmol), ¥ #H1% 0°C,
A =&RES (1.0 mL, 10 mmoD). 80°C NV 48 /NI J5, WAENEIEME, I AR IRE K
VW (10 mL) VWK, —ETEAE (20mLx3), F/KEREN T4, ik G2, 5
H AR R R)-6a, 62% 77K,

SR 47

(RRR)-6p IHilile%, SNEREA T PRs:
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(R R R)-5k (R R R)-5k-1
(RRR)-6p
50mL schlenk B /K CEMFLG, IIAJEYIR,R.R)-5k (350 mg, 0.77 mmol), Jo/KIUEMIH(6
mL), AHIE-78°C T, ZE8HIIE T 54(0.48 mL, 1.6 M in hexane, 0.77 mmol), & NIREILE
-78°C NHLFEF/NI G, SRR T ARESULE0.15 mL, 0.77 mmol), MN7EfE AR R ER, 1
F N IEE 10 /DB . IO 15mL ZEIBKER RN )G, A SRR (3 x20mL), HHUAHH
TKGRRITIRG, URIRAT, BRI EMraift, 73 B YI(R R R)-5k-1, 7~ % 80%.
50mL schlenk & /K LEMIG, A (RRR)-5k-1(277.7 mg, 0.5 mmol), /K VU6
mL), AHIZE-78°C T, 228 N iE ] 3£41(0.31 mL, 1.6 M in hexane, 0.5 mmol), & N iE-&HI7E-78°C
RN S, MR I OO HRIE) EALIE0.10 mL, 0.5 mmol), IN5EfE BT =,
TEEW N IEEE 10 /DB IO 15mL ZB/KE K RN G, H S HHAE (3 x20mL), A HLAH
RTKWERAN TS, SIEk4s, R Zraift, R ERPIR R R)-6p, 775 74%.
(R,RR)-5k-1, A, Mp109-110 °C, [o]p™ = +89.1 (¢ 1.00, CHCL;). '"H NMR (400 MHz,
CDCl3) 8 =7.92-7.77 (m, 3H), 7.55-7.50 (m, 2H), 7.37-7.24 (m, 8H), 7.04-7.00 (m, 1H), 6.88-6.86 (m,
1H), 6.70-6.66 (m, 1H), 3.04 (dd, /= 16.8 Hz, 5.6 Hz, 1H), 2.54-2.40 (3H), 2.09-2.05 (m, 1H),
1.83-1.76 (m, 1H), 1.58-1.56 (m, 1H), 1.44-0.97 (m, 5H) ppm. *'P(162 MHz,CDCl3) & -15.1 ppm.
(RRR)-6p, EAE{E, Mp99-101 °C, [a]p’ =+129.1 (¢ 1.00, CHCL). '"H NMR (400 MHz,
CDCl3) 8 7.37-7.21 (m, 22H), 6.68-6.46 (m, 2H), 2.39-2.28 (m, 4H), 2.21 (s, 6H), 1.99-1.87 (m, 2H),
1.32-1.28 (m, 2H), 1.21-1.19 (m, 4H) ppm; *'P(162 MHz,CDClz) & -15.3, -19.6 ppm.

SEHEB] 48
(R.R.R)-6q MIiHiles, SRR T Fin:

(R,R.R)-5p (R,RR)-5p-1

R R R)-6

50 mLSchlenk & JL/KILAMLER G, AR R R)-5p (328 mg, 1.0 mmol), (%ﬂm)émﬂj%ﬂﬁ'ﬁ@ mL),
T IRFE AR (KPPhy, 2.0 mL, 0.5 mol/L in THF, 1.0 mmol), MBI 10 /Nef. 3G, A 10mL

BRI R NG, &R (3 x 10 mL), AHAH KB TEE, Lukkds, %

é%%ﬁ)%*ﬁétﬁ% AR R R)-S5p-1, 4% F=%.

50 mLSchlenk & /K TEEMTFES, AR R, R)-5p-1 (296.7 mg, 0.6 mmol), 7K PUZ IR (4
mL), = (3, 5-ZHIFRIL) B&l (155mg, 0.6 mmol), BT EHAH (67.3 mg, 0.6 mmol), HHFA[H]
W10 /DI WG, NN 10mL 281K A KRNV fa, AL (3 x 10mL), A HAHH
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TKWRRIATIRG, RIRAR, HeRUAE A aift, B YI(R R R)-6q, 80% 5 .
(R,RR)-5p-1, HAAREE, Mp107-110 °C, [o]p™ = +104.2 (¢ 1.10, CHClz). '"H NMR (400 MHz,
CDCls) & =7.88-7.7.74 (m, 3H), 7.48-7.34 (m, 9H), 7.03-6.87 (m, 1H), 6.85-6.67 (m, 3H), 2.93 (dd, J=

16.4 Hz, 5.2 Hz, 1H), 2.66 (dd, J= 16.4 Hz, 6.8 Hz, 1H), 2.44-2.42 (m, 2H), 2.21-2.18 (m, 1H),
1.91-1.85 (m, 1H), 1.70-1.67 (m, 1H), 1.50-1.08 (m, 5H) ppm; *'P(162 MHz,CDCl3) & -17.1 ppm;
PENMR (376 MHz, CDCls) & -136.6 ppm.

(R,R.R)-6q, Mp 105-107 °C, [a]p’ = +136.6 (¢ 1.40, CHCLs). "H NMR (400 MHz, CDCls) &
7.49-7.24 (m, 20H), 6.75-6.59 (m, 2H), 6.21-6.13 (m, 2H), 2.43-2.32 (m, 4H), 2.29 (s, 6H), 2.21 (s, 6H),
2.03-1.98 (m, 2H), 1.35-1.29 (m, 2H), 1.25-1.21 (m, 4H) ppm; *'P(162 MHz,CDCl3) & -14.5, -20.4
ppm.

SR 49
(R,R.R)-6a (il 55, SNEREAN T 7R,

(1) "BuLi, -78°C
_—
(2) CIPPh,

PPh, Ph,P
(R,R.R)-5a (R.R R)-6a

10mL schlenk & /K LEAT)G, MANEMIR.R R)-5a (175 mg, 0.389 mmol), /K PUZIH:IH
(4mL), AHIZE-78°C ~, ZEM3FINIE T 340.39 mL, 2.5 M in hexane, 0.972 mmol), <NiREEY)
FE-78°C NHCHEE/AM )G, SR8 n — R LS4 E(0.18 mL, 0.972 mmol), JN5E/G AT 2 =R,
TEEW N IEEE 10 /DB AN 10mL ZER/K K N G, H S HHAR (3 x 10mL), A HLAH
AR T fe o yEikad, Feaitzaraith, 13 B (R R R)-6a(187 mg, 73% 7).

S 50

AFIFIAUBELA(R R, R)-6 152 )@ Eh[PA(n-C3Hs)Cl, Iz il AR, B+
Morita-Baylis-Hillman 4554 8a IIAKNFRIGNEERAL T, 2T MR B-2dk-o- W TIERIRATAS

) 9a.
OAc O [Pd(ally)Cl], (1 mol%) ©\NH o)

oEt _(RRR) (2.5mol%) P
K,COs(aq), CH,Cly, 1t
8a (S)-9a
SRR+ /SR T, [PA(CsHs)ClL (1.8 mg, 0.005 mmol) FIXUBSHE #(R, R, R)-6 (0.0125 mmol)
SSBUMA— schlenk B, ALK CHCly (S mL), S R 10 060, AALFIEIRI&LE,
SEJE M) 8a (124.1 mg, 0.5 mmol), K,COs (1.0 M /K, 1.5 mL, 1.5 mmol) FIZZ(140 mg,
1.5 mmol). Fii FHEPE MR, AT SUTRRIRG x 10 mL), EKBRRH THE, e aEukesis,
FERAAIL, (A BRI 9a, LURTIRIXUBIRIRR R R)16 54 AR 20y IR
8a AN BRIEAL I 2(S)-9a I IR WIER 2 B,
2 AWML R

LN (S)-9a HIF=H (%) ee (%)
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1 (R.R.R)-6a 90 (+)-94
2 (R.R.R)-6b 71 (+)-59
3 (R.R.R)-6¢ 89 (+)-96
4 (R.R.R)-6d 89 (+)-95
5 (R.R.R)-6¢ 90 (+)-93
6 (R.R.R)-61 87 (+)-89
7 (R,R.R)-6g 88 (+)-90
8 (R.R.R)-6h 85 (+)-89
9 (R.R.R)-6i 80 (+)-87
10 (R.R.R)-6j 82 (+)-93
11 (R.R.R)-6k 87 (+)-93
12 (R.R,R)-6 81 (+)-88
13 (R,R.R)-6m 79 (+)-87
14 (S,S,R)-6n 80 (+)-92
15 (R.R.R)-60 85 (+)-93
16 (R.R.R)-6p 89 (+)-91
17 (R.R.R)-6q 92 (+)-94

($)-9a, [0]p™ = +120.0 (¢ 1.00, CHCLy), 96% ee [ R0RAN AN &, FIEAD-HEE; IEChYS T
iz = 95:5, 1.0 mL/min, 254 nm; tz (major) = 7.07 min; tg (minor) = 7.81 min]. 'H NMR (400 MHz,
CDCls) & =7.38-7.27 (m, 5H), 7.16 (t, J = 8.4 Hz, 2H), 6.72 (t, /= 7.2 Hz, 1H), 6.57 (d, J = 8.8 Hz, 2H),
6.38 (s, 1H), 5.94 (s, 1H), 5.40 (d, J = 4.8 Hz, 1H), 4.19-4.09 (m, 3H), 1.20 (t, /= 7.2 Hz, 3H) ppm; C
NMR (100 MHz, CDCl3) 8 = 166.1, 146.6, 140.6, 140.2, 129.1, 128.7, 127.7, 127.5, 125.9, 117.8, 113.3,
60.7, 59.0, 14.0 ppm.

SEHEf) 51
BUGEHAR(R R, R)-6¢ 5545 B[ Pd(C3Hs)CLL, i s 45 SO e, ALK
Morita-Baylis-Hillman 54 8 AN BRI RS S R O Siaan B ridd )

7
.
OAc O [Pd(allyl)Cl], (1 mol%) N-SNH O

R,R,R)-1c (2.5mol% X
R OEt , 2®—NH2 ( e ) N OFt
L RA= K,COs(aq), CH,Cly, 1t Rl P

8 75 (S)-9

BSR4/ 55U R, [PA(C3Hs)Cl]z (1.8 mg, 0.005 mmol)FI(R, R, R)-6¢ (9.6mg, 0.0125 mmol)
M — schlenk &1, JIATK CHCL, (5 mL), %R FHHE 10 4805, SG/aIANJEY 8 (0.5
mmol), K,CO3 (1.0 M ZK¥W, 1.5 mL, 1.5 mmol) F1J5 (1.5 mmol). =i FHiHE—=/htj5E, H
TR x 10 mL), JoKBREREN TR, I UERAE S, AEEATAlii, AR A(S)-9.
S SE U PR

MeO.
.,

mcoga

(S)-9b, IOV, 88% 77, [o]p® = +98.4 (¢ 1.00, CHCL), 95% ee [ @A ENE, T
AD-HAE; [EC4¢5F T EE = 95:5, 1.0 mL/min, 254 nm; tg (major) = 11.08 min; tg (minor) = 12.12
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min]. "H NMR (400 MHz, CDCLs) 8 = 7.38-7.25 (m, 5H), 6.75 (d, J = 8.8 Hz, 2H), 6.54 (d, /= 9.2 Hz,
2H), 6.37 (s, 1H), 5.93 (s, 1H), 5.32 (s, 1H), 4.18-4.09 (m, 2H), 3.94 (s, 1H), 3.72 (s, 3H), 1.20 (t, J =
7.2 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) § = 166.2, 152.2, 141.0, 140.9, 140.5, 128.6, 127.6,
1274, 125.8, 114.7, 114.6, 60.7, 59.7, 55.7, 14.0 ppm.

L
NH

mcozEt

(S)-9¢, Tk, 89% 73, [a]p™ = +78.9 (¢ 1.00, CHCLy), 95% ee [HI 0B iz, Tk
AD-HAE; IEC4Y5F TEE = 99:1, 1.0 mL/min, 254 nm; tg (major) = 18.31 min; tz (minor) = 22.32
min]. 'H NMR (400 MHz, CDCls) & = 7.37-7.25 (m, 5H), 6.86 (t, J = 8.8 Hz, 2H), 6.51-6.48 (m, 2H),
6.37 (s, 1H), 5.89 (s, 1H), 5.33 (s, 1H), 4.16-4.13 (m, 2H), 4.08 (s, br, 1H), 1.21 (t, /= 7.2 Hz, 3H) ppm;
*C NMR (100 MHz, CDCl3) & = 166.1, 155.9 (d, Jc)= 234.0 Hz), 143.0 (d, Jecy= 1.8 Hz), 140.4 (d,
Jeoy=23.4 Hz), 128.7 (s), 127.7 (s), 127.4 (s), 125.9 (s), 115.6 (s), 115.4 (s), 1142 (d, Jgc)= 7.4 Hz),
60.8, 59.5, 14.0 ppm; ’F-NMR (376 MHz, CDCL) & -127.4 ppm.

Br\©\
NH

mcoza

(S)-9d, FEE, 83% 7%, Mp 78-80 °C, [o]p™ = +115.0 (¢ 1.00, CHCly), 95% ee [ H1 m&0bAH
W, FHEAD-HAE, 1IFEC%E57 THE = 98:2, 1.0 mL/min, 254 nm; tg (major) = 16.31 min; tg
(minor) = 18.01 min]. "H NMR (400 MHz, CDCls) & = 7.33-7.19 (m, 7H), 6.42 (d, J = 8.8 Hz, 2H), 6.36
(s, 1H), 5.85 (s, 1H), 5.35 (s, 1H), 4.16-4.05 (m, 3 H), 1.18 (t, J = 7.2 Hz, 3H) ppm; “C NMR (100
MHz, CDClz) &= 165.9, 145.5, 140.0, 139.8, 131.7, 128.6, 127.7, 127.3,125.9, 114.9, 109.3, 60.7, 58.8,
13.9 ppm. W IE XGRS AT I PTHA T 2L S 9a I ZE 5 BN (S),  Hofh Tk -2 o
7 FHESR IR E19a-9¢, 9e-9KITIZANF ALE 1 15(S)-9d (11 CottonU. (1] EAHf & o
Br
ol

[:::T/N\H,CozEt

(S)-9e, LAOHME, 67% 7=, [o]n™ = +53.3 (¢ 1.00, CHCL), 96% ee [ AGHANEEN 2, Frk
AD-HAE; [EC4Y/5F THE =99:1, 1.0 mL/min, 254 nm; tg (major) = 7.96 min; tg (minor) = 8.76 min].
IH NMR (400 MHz, CDCLs) = 7.43-7.25 (m, 6H), 7.1 (t, J = 10.8 Hz, 1H), 6.59-6.54 (m, 2H), 6.38 (s,
1H), 5.85 (s, 1H), 5.49 (d, /= 8.0 Hz, 1 H), 4.87 (d, /= 7.6 Hz, 1H), 421-4.10 (m, 2H), 1.20 (t, /= 9.2
Hz, 3H) ppm; 2C NMR (100 MHz, CDCly) & = 165.9, 143 .4, 140.0, 139.9, 1322, 1287, 12823, 12738,
127.3,125.9,118.2,112.4, 109.8, 60.8, 58.5, 13.9 ppm.

OMe
MeO.

MeQO NH

mcoza
(S)-9f, TLOTRAE, 85% 72, [alp™ = +86.6 (¢ 1.00, CHClLz), 96% ee [ @A iENE, T
AD-HAE; [EC4Y5F T EE = 85:15, 1.0 mL/min, 254 nm; tg (major) = 10.38 min; tg (minor) = 12.36
min]. "H NMR (400 MHz, CDCL) & = 7.38-7.24 (m, SH), 6.39 (s, 1H), 5.95 (s, 1H), 5.82 (s, 2H), 5.40



WO 2014/012371 PCT/CN2013/071091
37

(s, 1H), 4.19-4.10 (m, 3H), 3.73 (s, 9H), 1.20 (t, J = 7.2 Hz, 3H) ppm; “C NMR (100 MHz, CDCls) & =
166.0, 153.5, 143.3, 140.4, 130.0, 128.5, 127.5, 127.2, 125.7,90.8, 60.7, 60.6, 59.0, 55.6, 13.8 ppm.

S

mc O,Et
Me

(S)-9g, FIA1E, 64% 77 Mp 93-94 °C, [o]p™ = +146.5 (¢ 1.00, CHCL), 91% ee [ FH =20,
W5 , FPEAD-HAT; 1FEC%¢57 T =98:2, 1.0 mL/min, 254 nm; tz (major) = 6.91 min; tz (minor)
= 8.44 min]. "H NMR (400 MHz, CDCL) = 7.24-7.13 (m, 6H), 6.71 (t, J = 7.2 Hz, 1H), 6.55 (d, J =
8.0 Hz, 2H), 6.43 (s, 1H), 5.89 (s, 1H), 5.60 (s, 1H), 4.20-4.07 (m, 2H), 3.85 (s, br, 1H), 2.40 (s, 3H),
1.18 (t,J= 7.2 Hz, 3H) ppmy; °*C NMR (100 MHz, CDCLs) & = 166.4, 146.8, 140.0, 138.7, 136.7, 130.7,
129.1, 1277, 126.3, 126.2, 126.0, 117.6, 112.8, 60.7, 54.7, 19.1, 14.0 ppm.

L,

Me mCOZEt

(S)-9h, A, 89% 773, Mp 56-57 °C, [a]p”’ = +131.8 (¢ 1.00, CHCL), 97% ee [H =20,
W5, FPEAD-HAT; 1FEC%¢57 T =98:2, 1.0 mL/min, 254 nm; tg (major) = 9.52 min; tz (minor)
= 11.05 min]. "H NMR (400 MHz, CDCl3) & = 7.21-7.07 (m, 6H), 6.70 (t, J = 7.6 Hz, 1H), 6.56 (d, J =
8.4 Hz, 2H), 6.37 (s, 1H), 5.93 (s, 1H), 5.36 (s, 1H), 4.19-4.08 (m, 3H), 2.33 (s, 3H), 1.20 (t,/=7.2 Hz,
3H) ppm; *C NMR (100 MHz, CDCly) 6 = 166.2, 146.7, 140.6, 140.2, 1383, 129.1, 128.5, 1284,
1282, 125.7,124.5,117.7, 113.3, 60.7, 58.9, 21.4, 14.0 ppm.

Iy

mCOZEt
Me

($)-9i, TEHAE, 90% P2, [aln™ = +129.6 (¢ 1.00, CHCls), 95% ee [HFEGHARERENE, Fik
AD-HAE; [EC4Y/F THE = 98:2, 1.0 mL/min, 254 nm; tg (major) = 12.55 min; tg (minor) = 14.98
min]. 'H NMR (400 MHz, CDCly) = 7.26-7.22 (m, 2H), 7.16-7.12 (m, 4H), 6.70 (t, J = 8.4 Hz, 1H),
6.56 (d, J=8.4 Hz, 2H), 6.36 (s, 1H), 5.92 (s, 1H), 5.36 (s, 1H), 4.18-4.00 (m, 3H), 2.32 (s, 3H), 1.21 (1,
J=17.6 Hz, 3H) ppm; “C NMR (100 MHz, CDCls) 3 = 166.2, 1467, 1403, 137.7, 137.4, 1293, 129.1,
127.4,125.5,117.7,113.3, 60.7, 58.6, 21.0, 14.0 ppm.

A,

mCOZEt
MeO'

(S)-9j, LW, 96% 77, [alp™ = +132.6 (¢ 1.00, CHCLy), 95% ee [ Al iME, Tk
AD-HAE; [FEC4Y/F THE = 98:2, 1.0 mL/min, 254 nm; tz (major) = 20.63 min; tz (minor) = 23.04
min]. "H NMR (400 MHz, CDCLy) 8 =7.28 (d, J= 8.4 Hz, 2H), 7.15 (t, J= 7.6 Hz, 2H), 6.86 (d, J = 8.4
Hz,2H), 6.71 (t, J = 7.2 Hz, 1H), 6.56 (d, J = 8.0 Hz, 2H), 6.35 (s, 1H), 5.92 (s, 1H), 5.35 (s, 1H),
4.19-4.09 (m, 3H), 3.78 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) & = 166.2,
159.0, 146.7, 140.3, 132.7, 129.0, 128.6, 125.3, 117.7, 114.0, 113.3, 60.7, 58.3, 55.2, 14.0 ppm.
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L,

mCOZ Et
F

(S)-9Kk, LV, 96% 775, [o]p® = +89.9 (¢ 1.00, CHCLy), 97% ee [ @GN, FHE
AD-HAE; 1[EC45F T EE = 98:2, 1.0 mL/min, 254 nm; tg (major) = 12.72 min; tz (minor) = 13.89
min]. 'H NMR (400 MHz, CDCl3) § = 7.35-7.32 (m, 2H), 7.16 (t, J = 8.0 Hz, 2H), 7.01 (t, / = 8.8 Hz,
2H), 6.73 (t,J = 7.2 Hz, 1H), 6.57 (d, J= 8.0 Hz, 2H), 6.38 (s, IH), 5.92 (s, 1H), 5.38 (s, 1H), 4.18-4.13
(m , 3H), 1.21 (t,J = 6.8 Hz, 3H) ppm; "C NMR (100 MHz, CDCl3) 3 = 166.0, 162.2 (d, Jc)= 244.0
Hz), 146.5 (s), 140.1 (s), 136.4 (d, Jroy= 2.9 Hz), 129.1 (d, Jgoy= 7.8 Hz), 126.0 (s), 118.0 (s), 115.6 (),
1154 (s), 113.4 (s), 60.8 , 58.3, 14.0 ppm; F-NMR (376 MHz, CDCls) & -114.6 ppm.
S 52

S 1 7, 4ill4 T 5 3n-Bn 2l 3p-Bn HJLEW)
OBn O OBn OBn O OBn

3n-Bn

OBn OBn

O
BrBr
Ph

Ph

3p-Bn

OBn O OBn
S
3r-Bn 3s-Bn

3n-Bn, ESI-MS m/z: 555.1 [M+H']; 30-Bn, ESI-MS m/z: 763.0 [M+H ;

3p-Bn, ESI-MS m/z: 795.1 [M+H']; 3g-Bn, ESI-MS m/z: 807.1 [M+H ]

3r-Bn, ESI-MS m/z: 660.0 [M+H]; 3s-Bn, ESI-MS m/z: 658.0 [M+H .

SR 53

S22 5 W% 7, UMEEY) 3n-Bn 2 3s-Bn M JREL 2506145 T (R R R)-5n ~

(R,R.R)-5s &1
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5n, EI-MS (70 ¢V) (m/z) 440 (M); 50, EI-MS (70 ¢V) (m/z) 448 (M");

5p, EI-MS (70 ¢V) (m/z) 480 (M"):  5q, EI-MS (70 eV) (m/z) 492 (M");

5r, EI-MS (70 ¢V) (m/z) 346 (M"); 5s, EI-MS (70 V) (m/z) 343 (M),

[, S22 Ee6nHl & ik, b &93n-BnR3s-Bn 56k, 22504 T (S,S,S)-5n~
(S.S.5)-5s 1t 5W) o

SEHf) 54

S 19 B8 T75, UG EYI(R R R)-5n ~ (R.R,R)-5s A5k}, 73l % T (R R.R)-6r
~(R.R R)-6w L&)

PPh, Ph,P
6t 6u
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PPh, Ph,P PPh, Ph,P
6v 6w

6r, ES-MS m/z: 773.8 [M+H']; 6s, ESI-MS my/z: 781.5 [M+H T;

6t, ESI-MS m/z: 813.4 [M+H'], 835.2 [M+Na']; 6u, ESI-MS m/z: 826.2 [M+H'];

6v, ESI-MS m/z: 679.9 [M+H']; 6w, ESI-MS m/z: 676.8 [M+H'].

SIS 41 57 LA, S.8)-5n ~ (S.S,8)-5s A& skl #I4% (S.5.8)--6r ~
(5.5,8)-6w L5,

SIS 43 7 o IEBERIAL G4 Sk~5p A IskL, il ETHTERT 6r ~ 6w (LA

SEHEB 55 SIS 49 VSRR R R)-6r-(R R R)-6w 542 JE Eh[Pd(m-C3Hs)Cl], B
Y& EAL5R), ST Morita-Baylis-Hillman 2554 8a AN FRAG NFE ZAL T, Hl2&FPERT B-
-0~ ISRIRATAEY) 9a.

OAc O @\
NH, NH O

OEt
+

_—

OEt

8a
(S)-%a

RUTR: 4855RF F, [PA(C:Hs)Cl] (1.8 mg, 0.005 mmol)Z3 57 5 XUBELAR (R R, R)-6
k-6p(0.0125 mmol) 435I A— schlenk ¥, JIATE/K CH,ClL (S mL), ZiH MR 10 48, f#
LA IR 4, TGS IV 8a (124.1 mg, 0.5 mmol), K,COs (1.0 M ZK¥EW, 1.5 mL, 1.5 mmol)
MIZEZ(140 mg, 1.5 mmol). i Mk =/ e, HZSHEAEG x 10 mL), o/KBENT15E,
s fE, FEENTAAL, AR AAR(S)-9a.

R3 ANFRIEALES R

LN (S)-9a HI7Z (%) ee (%)
1 (RR.R)6r 89 ()91
2 (R,R,R)-65 91 (+)-92
3 (R,R.R)-6t 85 (+)-88
4 (RR.R)-6u 83 (+)-93
5 (RR.R)-6v 90 (+)-90
6 (RR.R)-6W 88 (+)-92

FEA WIS B R BT AT SCRRERAEAS B h 5 TR0 228, il i R —Je SCka s | I A 2
AN BRAN IR, FEDITE TASM N ERYHZ N E G, AN G ] U AR W 14
Ml sUE s, IXLESEN AR A R BT IO ZE R A BB 2 RV L
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> - 3

1o —F TSRS TE, HAREAE T P r =l 1 A aYa oimid = 1
WEYINI R,
X X
R! R® R! R®
RZCD>OO<GD R7 _____*RZGD>OO<CD R7
R® Y Y RS R® PR% R,P R®
I |
#%3F, RS R% R RS R7 RO A4 pi3e, BUREORERILL FIEEE: ¢~
Cio FIbedE. Ci~Ca FIBEEIE. Ca~Cao FIFpFEETT 2
R R AT A B EORE R LA FIE[]: C3~Coo [RIERREIE . Ci~Cio IIBEFE. 218
WL, BT
X #&H CHy, NH, NCH3, OH(S;: n=0~4;
HA PR LA T HEURIERAR: 3R, Cre bt Cre MfULEHE. B Ci-6 HtIE;
Y 4 F. Cl. Br. 8L
2. WIBCRIZER 1 Bridifshle ik, HAEET, Bk R’ 5Pk RV, Frdirikafss

(al) fEAHUETIT, SRR F, X A5 RLPOH S, 135050 11k

X7k
(b1) H53\ IAL S0 I RS 21 P F 74

R*,POH

11 | I
o B
(@2) (EAHUETIT, FEBRIATER T, KX L& Y SEBIBRR S, 755 R%PCL 8 R%,PBr
BB, AFRITRRLAS
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1)6)&
Q (OJNe] O R7 @ R42PC| OO0 R”
B R%,PBr R3 PR4 R42P RS
I 1
AP IR
(a3) tEENEFIT, ESBEFIRER T, X sy s RYGPH Y, 53IFTR A,
X X
R! R8
&R AL
N S a8
RS Y Y R® R® PR% RW2P RS
I 1

#AH, Yo QL Br. 8(I; R'. R% R, RY R®. R’. R%. X n {5 SCABCRIESK 1 B

3. UBCRIEESK 2 Bk e 7k, HARREAE T, Pk DR @2)d, ridss 50 AL &40
JEEOREE N 2: 1~~10: 13 R%HPCL 8k R%PBr 52 AL AR L 2: 1~10: 15 5%

T 0 3R a3) h 4 S Ak 775 20 16 A0 B R B 0.001~0.5: 1; RLHPH 5 T4
VIR EEJR EEAF) A 2~10: 1o

4, WIACRIELK 2 ik idiles 7, HRHMEE T, Prid e @ aEtb Ak B: PA(OAc). PdCL.
Pdy(dba); . Pd(dba), [Pd(C3Hs)Cll,+ Pd(PPhs)s. Pd(PPhs),Cly. PA(CH;CN)Cly« dpppNiCly «
Ni(PPhs),Cly. Cul F 1%/ —Fhali A 5 .

5v WIBCRIZEK 2 Brikitidiles Ui, HRHEAE T, PP BR@D T, ks s a5
AP EE R L 0.001~0.5: 1, RHPOH 5 AL &M B R ELB D 2~10: 15 F/mk

Frid DR F, Fridid JFERH IR JRFE H: HSiClw (MepSiH),0+ LiAlH,. (EtO):SiH
) — el A 5

6+ WIBURIELR 1 Bkl e 7k, HAFEAE T, BTk RO 51k RVAE, Frd ik
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R! R®
R? Q 00 O R’ ,kKES; 00 R’
R® Y Y R® R® PR4 R42P
I I
FEANAERF, RIEYS KPR, B LIPRY, KV, ARidmisk, Hd, Y 4 F: R,
R’. R* R% R R’ R X, nff5@ CUIBCRIZER 1 BTk,
7. WIBCRIZER 6 kil ik, JURFIEAE T, T KPR, 8 LiPRY, 520 AL A4 15
IRERBIN 2: 1~10: 1,
8« WIBCRMIEER 1 Brikifdiles Jivk, HAFIEAE T, Pk ikt fifi b .

'] R8 1) ﬁm R’] R8 1) ﬁ}j R1 R8
R2 00 R” (2) R42PC| R2 00 R (2 “@ RPCT R2 0o R7
1 R4,PBr 4 1 R3,PBr R3

RS RS PR%, RS PR4 R5,P

G EAEHEF, X &Y SER, 5 RLPCLEERSPBr )V, At v i
W

GiD 3 IV ALE Y SAEN, 55 R%PCL L RPBr 2, ZERUITR AL,

#AH, Y N CLL Br. 81

R'. R*. R\ R* R, R® R’ R®, X. n {0 nBUREEsK 1 finik, H R*#R%

AR IR,
X X X
R} __ kPR, R kRS, R R®
R? Q 00 Q R”  ulLiPR%, R2 Q 00 O R’ :kL.PRf) R? Q 00 Q R”
R® Y R® PR% R® PR*%R%P R®
i v I

(i2) AN, X T Es KPRY 8 LiPRY 8, ARt v AL &4

(ii2) X IV G5 KPR, B LiPR>, )M, A2 T i i,

He, Y B F; RS R R RN R’ RS R’ R X. n (e SCIACRIESR 1 Bk, H.
R*#R’,

9 WIBURIZEK 8 Pkt 77k, HARHIEAE T, Pk PBRGD, Pridss 50 L AL&91)
FEIREEBIN 10 1~12: 15 RYHPCLEL R%PBr 52 WALASWIIEE/R LGN 1. 1~1.2: 15 F/E
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PG RG D, B 50 IV AL A IRE R IGE1 % 1 1~1.2: 1; R,PCLELR%PBr 5
X v AEWIBERELE N 12 1~12: 1.

10, WIBORIESR 8 Bk i vk, HAREAE T, BridBa2)+, KPRY B LiPRY, 5 11
WAEYIREERELBEI R 12 1~1.2: 15 FVsg

T B Gi2) 1, KPR, 8 LiPR®, 5 v AL W B R LB 10 1~12: 1o

11, WBCREEsk 20 6. B4 8 Ak iiile ik, HARHEAE T, PR NIER A, FR,
THOR, AR A TUSURER. 1.2-T Ok STk, PUSEE . HEE. ZRE. NN-T
HA R At g e — R L ) — P R A )

12, WBURESK 20 6. 8L 8 ATkl 7k, HARFEAE T, Prikimsch: (E T3R8, BT
S, PACUREE, ROREL, R, QCEHERED RS WEH DR W
HJEREIL G . OGRS, SRR, ARG, RIRIRIEE.

13, —FPECAR, HARMEAE T, HAE T RmEi:

X
Q O O Q R”
R® PR% R%P )
A,
R'. R’ R\ R R, RO MBS A: & mia. BURBEREURILL FRE: C~Cy
IbtdE. Ci~Cy IktIE . Ca~Cao IR SRR 2
RY. R’ BT HURE AR BRI L F I Ca~Cro MIFRBEIE. Ci~Cro kIt 23
B Hk
X i%£H CHy, NH, NCH;, O 2 S; n=0~4;
Hrp BTRE R DL P RIEEAR: B8R Cre bttty Cr WIUBEIE. 31 Cis HEAEIE,

g R R2 R RO RY RPBINAL, X 4 CHy, n=1 B, R RO AN RS,

14, HRAFBURIZER 13 Bridimicsk, HAFEAET, RS R* R RS R RE G HIGTIEA
Z Cr~Cslfipidk. Cr~CaIbiddE. Co~Cro RIFEHE. REEBIKER;

R, R MO 3 B HUCIIAIE . Ci~Co IR BRI Co~Co HIBEFE, FTREUC LI T
HURIEREUG, “HURBI=HU: K3, Crebid. Cre UL, B Ci-6hti b,

X i%EH CHyy O. NCH;, o S;

g R R2 R RO RY RPBINAL, X 4 CHy, n=1 B, R RO AN RS,

o
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15, MRITBCMER 13 Frik ek, AL T, PrdfcikikH. 3 eb~6w b8, Bk
6b~6w AL EPIIRIRTAR . TR e AR AR SR R R R AR

o)
o
o)
o N
o)
o

PPh, Ph,P

6m 6n 60
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PPhy PhaP PPh, Ph,P PPh, PhyP
6u 6v ew

16, —FBCRIZER 13 Prid e AR mo ], FERFIEAE T+, PRI 5 sl
17, — PP IR SRS ik, R T, Bk it i b ik:

\ AN _ SRR EBRYIE _'
> S @ d% Q

(2) E%TW%?%JEP, LL&xJmas e A7), uit 3-P LB el RS URE AT
WEI RN, HRIEANDA 4-P S

(b) X 4-P AU EW RO G R AEARTAL, SR IR Ty SRS &4, kT
WA B A Ao BT V LA, STk, e AR WO i,

#AH, X&H CHy, NH, NCHz, O B(S:; n=0~4; ZEMff R A R, R, R, R
—AEiEA, AME R R, R RYL REPB—AZA, RY. R RY. RY RPL R
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. O Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. O Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. [0 Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Claims 1 to 16, which related to compounds of formula I as catalysts of asymmetrical reactions, preparation methods and uses thereof.
Claims 17 to 22, which related to preparation methods of chiral aromatic spiroketal compounds formula V. The common technical
feature of the two inventions is compounds with structure of dihydrobenzofuran spiroketal. However, compounds with structure of
dihydrobenzofuran spiroketal are known in this art (see CN 102424682 A), thus this common feature cannot be considered as a special
technical feature within the meaning of PCT Rule 13. 2. Therefore the two inventions are not so linked as to form a single general

inventive concept, as required by PCT Rule 13. 1.

1. [ Asall required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. @ Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. [ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [} No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on protest [0 The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[0 The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

[0 No protest accompanied the payment of additional search fees.
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