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() AEATHLEGRI, FEBLAE &, AR AR P e 0 s AL R A & S A D fiEAL
5 TR R2NH, 520 1 AR ARG SR, 4% OGPl 2 A6 A4

(b) FEALAETI, 2 AW R O3, BRI G,

RZ
+ - —_— —_—
R'ij")‘k()R3 R NH2 R1 X OR3 *
R?
2

1

#aAH: RY R HRE SCHITHT BTk,
ROGNHIIE, 23E, BN, ETH, BT, FREmERIE
10 LG N L (Ac). BT S IHEFRIEBoc). HAAIERIE(-COMe). B (LA I B L (POEL).

FTRIANERIA R A, R, & Wb, &0 IS, 1,2- 5 k. LBk,
DU HIEE . . NN-—H R el — H B A i 2 b—Fofr
BT A0 R (a) KT SE B0 45 A A air B ads
15
FrR B O, Bl I — (O 2 R IR (SnIN(TMS )~ 7 FH 2 i Jh e
(LHMDS). SN IEAI(LDA). BUT IR BUT IEBULEE, FNIEE LR, TN
A B —FhE PR L
ES— LG, Frid PR O)H, i — N W R LR BH(Sn[N(TMS ), 1) 87 H
20 TR (LHMDS).
FITR AR b)T, s 2 (L EWRIEE/REE y 1~10: 1,
1E 7 EI, Pk BB o)t , P s 2 (A ErEE R 1~2: 1.
S —IEBI, ik B B O) K R SR h-80°C~150°C, ik 4-20°C~110°C, [ M [H]
M 0.5~48 /M, LIRS 6~12 7/NET .
25 18— B, 5 2-1 (B WERIER TG, 13381 -1 (A4,

RZ\NH o R2 O
: N
R'}/\H/"LOR?, _—
H"™=
21 R
I-1

ek, K 2-1 (SR WARLEBRAAE R FOOR, BRI 12 (5.
i
ARMPAL IL T, 1V, V, VL, VILAEEY), RSN Mg HL60 . Jlike4h i A549.
R4 HepG-2+ FLAMEL L MDA-MB-231. 8 MKN-45 25 8 40 g HAT 0 S amkive .
30 PRI, AJ LIS TR ¥E T R 2. BetERh, FF RIS T AT e . i s K 254 .
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kel ULE BT, 1L 0L IV, V, VI, VIHLEWVE ISR 52 ] D2 i
AR ) sz fA il 25 R 25 A B0 o

“Z% BT D2 IRV B A ] L — a2 AR 2P [ A B R SRR B s R I, e
&S T AER, T HAAA R4l B & AR B

AR AP E A G it Ry AR B, AR it A U RS ((E AR
Ty TR BN B B8 SNEHKA . DLRWEUE ). FIJRERE 2.

ARHKAL I, UL, IV, V, VI, VILAEEYTLURes 2, 83 5 A2 2: EnJHe2
&Y Gt 2 BEa 2. RREMBUNE 299 Gty 259D B4 (EIFARR
O E R, S PIER. HORER. BURWEE.

T EA oL RTT, AR BRI T Ak i 25 S5 A8 S IR -1 B- ek
WE .

AR A i R AE T

(1) $efit 728N B-A Bt 9, WA FHls BT i 24 .

(2) AT —RPBIRLY) o- TS B- PRI A S IR 46 i

(3) AEMIRITE, DAz G, KA A0 g v 28 R i i < Jm A
JREIES B R HEALTRIAEAL Morita-Baylis-Hillman fIErPIRIAL SR, v iyt PR e A DRI R B
PRI A OCHE P AR T B-HEdE o-WEFPSENRIRTT A, eid—DIMLBRI T il FHER o-
W B- BRI S, TIER AT

I HE I S EA S R T HAR R, A7 ZAEIR I e LR S R A
FWREATRE DU, ASRERLAA IS AR I RV IR BRI, AU R AN AR A A 11
R A R A R AR SRR R R AR I R

SEHE] 1

ARSI AN A SERZARTR), N, O-FU(= H 3L fb b ) LB BSA) s, XUBE AR, R, R)-La
548tk Pdy(dba)s Izl AT, AEARRREFIT, MALEY) 1a AN ERGNFERAL N . &
R R

OAc O
NH2 o(dba)z (1 mol%)
OMe (RRR La 25mo|/
* BSA (3 equiv), solvent —@
rt,3h
1a B (Branched) L (Linear)
(RR.R)

PPh, PhyP

BN R s 4555, Pda(dba)s (4.5 mg, 0.005 mmol)FI(R,R,R)-La (8.2 mg, 0.0125 mmol) 43
SN schlenk &+, MIAZK 1 5 (5 mL), & FHFE 10 2805, JCEMAEY 1a (117.1
mg, 0.5 mmol), N,O-XU(—= FFFLEEIE) LBl BSA (305 mg, 1.5 mmol)FlIZEZ(140 mg, 1.5 mmol).
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R RS, S A3 x 10 mL), JCKBREREA T4, W asikain, AEEpraiiL,
TRANKIFRIEAL =40 o
R L RS AR FRIAL S R0

sl B 7 #(%) B/L B (] ee(%)

1 CH;CN 20 24/76 30
2 THF 80 83/17 60
3 I toluene 85 90/10 14
4 CH,Cl, 87 89/11 78
5 — F L F BRI DMF 50 58/42 78
6 — Fifik DME 38 41/59 32
7 CHCl; 94 97/3 56
8 MeOH - 8/92 -

[o]n™ = +79.8° (¢ 1.0, CHCL3), 78% ee [ H A AT I 52 , F-PEAD-HAE; n-Hex / i-PrOH =95 : 5,
5 1.0 mL/min, 254 nm; fx (major) = 7.51 min; fz (minor) = 8.21 min]. 'H NMR (300 MHz, CDCl3) & =
7.37-7.27 (m, 5H), 7.14 (t, J = 8.1 Hz, 2H), 6.71 (t,J = 7.2 Hz, 1H), 6.56 (d, J = 7.8 Hz, 2H), 6.38 (s,
1H), 5.96 (s, 1H), 5.40 (s, 1H), 4.15 (s, 1H), 3.69 (s, 3H) ppm.
SKEHfe2
ARSI ARG AR AZ G, SRR, SR (R R R)-La 4 Ji £ Pda(dba). L%
10 SRR, EAFRRIBEE T, ARV af ARG N R A S e S T

OAc O
NHz Pd,(dba); (1 mol%)
OMe (R,R,R)-La (2.5mol%)
* base, CH,Cl, 1t, 3 h —Q
1a B (Branched) L (Linear)
(R,R,R)La

PPhy, PhoP
RUTR s 48/ 35F T, Pdy(dba)s (4.5 mg, 0.005 mmol)FI(R,R,R)-La (8.2 mg, 0.0125 mmol) 4
AN —schlenkE /1, IIATK ZFEH L (5 mL), =il FHHA10580 5, SCEIMARY1a (117.1
mg, 0.5 mmol), F2HFTdAH(1.5 mmol)FIZEE(140 mg, 1.5 mmol). &3 FHiH:— /Mg, H &
15 ARG x 10 mL), CAKBRR T, JEkgas, HENaith, AT
F2: B BRIEAL S, R

B3 &) B 177 #%(%) B/L B ] ee(%)
1 0 0/100 -
2 KsPO, 74 80/20 75

(O8]

Cs,COs3 28 91/9 77
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4 K,CO3 86 93/7 79
5 K>COs(aq) 85 90/10 82
6 NEt; 79 82/18 78
7 ProNEt 71 76/34 73
8 BSA 83 89/11 78
9 TBAT 85 86/14 76
SEHHEf3

ARSI AR A SRAZARA, S G, OUBAL AR, R, R)-La 5 AN Al 1) < Jm L Eh 1L
TS, VB REET R PO B, AR 1 alf AN BRI SRR S o S B

Phy
OAc O NH» [M] (2 mol%) NH O O/\(J\OMQ
OMe (R,R,R)La (2.5mol%)
Jok=1 o0 NEAWy
2C0Os(aq), CH.Cly, 1t H
1a B (Branched) L (Linear)
(R.R,R)-La
PPh, Ph,P
5 B b AR, SRR ATA0.01 mmol, XHLE T E)MI(RRR)-La (8.2 mg,

0.0125 mmol) 43 HIMA—schlenk ', MATK S HLE (SmL), FH FHFEI0SEE, A5
MAJEYNa (117.1 mg, 0.5 mmol), FRILFI/KEM(M, 1.5mL, 1.5 mmol)FIZE[%(140 mg, 1.5
mmol). S FHH: /NI, T SUMEERILG 10 mL), /KGR THR, JIEHEAi, £
FATAEIL, PRI,

10 RK3: SRR AR EE R R
[M] B 7 #(%) B/L B (] ee(%)
1 Pdy(dba)s 85 90/10 82
2 Pd(OAc), 81 89/11 81
3 Pd(PPhs),Cl, 87 93/7 67
4 Pd(CH;CN),Cl, 89 94/6 82
5 [Pd(n’-C:H5)Cl] 92 96/4 84
SEHREf4

ARSI LRI R et iq ), SRR, SUBFLAR(R, R, R)-La 5 [Pd(CsHs)CLL B
AT, 1R TR AT BB,  EALAS I BEIE (R AN R MG N R AL S N o S
AR

OAc O [Pd(C3H5)Cll2 Ph<
hH2 (1 mol%) NH O Ny “OR
OR (R.R,R)-La (2.5mol%) or
¥ KoCOs(aq), CHLly, 1t * N—@
H
B (Branched) L (Linear)

15
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RN &S AE K, [PA(C3Hs)ClL (1.8 mg, 0.005 mmol)FI(R,R,R)-La (0.0125 mmol) 437
BIIA—schlenk® /1, MIAT/KCHLCL (5 mL), Eif MFE10080 5, JEEIANEY (0.5 mmol),
KoCOs (1.0 M /K, 1.5 mL, 1.5 mmol)F1ZK[1%(140 mg, 1.5 mmol). =ik FHiEE=/M )5, =
AHLEAEG x 10 mL), JKBERANT, d9kds)s, HEraifth, SANFRIEAE ).

5 Ra: RV IBEER A PRI AL 45 F 50
R B IH17= (%) B/L B 1] ee(%)
1 Me 92% 96/4 84
2 Et 90% 94/6 93
3 ‘Bu 83% 90/10 90
SEHREBIS

ARSI AR A A%l ), ASF DB BCAR (R R, R)-L5 4 & £ [Pd(n-C3Hs)CLL IR il £ A
), ALY TR ISR OB, O s

NH O

OAc O [Pd(allyCI], (1 mol%)
(R,R,R)-L (2.5mol%)

OFEt OFEt *
K,COs(aq), CH,Cly, rt @
L

10 1b B (2a)

BTN @A, [PA(CaHs)Cl]; (1.8 mg, 0.005 mmol)FI(R,R,R)-L (0.0125 mmol) 437
IIA—Schlenk& ', IIATIKCH,Cl, (5 mL), EilE 10805, SC/EIMARY1b(124.1 mg,
0.5 mmol), K,COs(1.0M 7K¥W, 1.5 mL, 1.5 mmol)FIZEHE(140 mg, 1.5 mmol). FI& FitHE="]\
NE, HZSTEEAEIG x 10mL), Jo/KBRERMTE, dikikgifs, HErai, 4.

15 #5: IAFRSUBEECAR(R R R)-L 5 4 B 44 S A AL IR b IS BRIt 5 1

[EWRES F=F of B (%) B/L ee (%)
1 (R,R,R)-La 90 94/6 (+)-94
2 (R,R,R)-Lb 71 90/10 (+)-59
3 (R,R,R)-Lec 89 92/8 (+)-96
4 (R,R.R)-Ld 89 91/9 (+)-95
5 (R,R,R)-Le 90 92/8 (+)-93
6 (R.R,R)-Lf 87 92/8 (+)-89
7 (R.R.R)-Lg 88 90/10 (+)-90
8 (R,R,R)-Lh 85 91/9 (+)-89
9 (R,R,R)-Li 80 85/15 (+)-87
10 (R.R.R)-Lj 82 89/11 (+)-93
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11 (R.R.R)-Lk 87 92/8 (+)-93
12 (R.R,R)-L 81 90/10 (+)-88
13 (R,R.R)-Lm 79 88/12 (+)-87
14 (S.S,R)-Ln 80 86/14 (+)-92
15 (R.R,R)-Lo 85 91/9 (+)-93

2a, [o]p™ = +120.0 (¢ 1.00, CHCL), 96% ee [ IR ZUAREL I, FHEAD-HEE; I Cbi/F Rz =
95:5, 1.0 mL/min, 254 nm; tg (major) = 7.07 min; tg (minor) = 7.81 min]. '"H NMR (400 MHz, CDCl;)
§=7.38-7.27 (m, 5H), 7.16 (t, J = 8.4 Hz, 2H), 6.72 (t,J = 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, J= 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.

L6

A AAS R R A oA aalan], RUREICA4(R R, R)-Le 55 43 &8 £5[Pd(n-CsHs)CLL I 7 il 4 A
AF, AL AS S FRAR PR BEA i RE (R R )

RS,
OAc O [Pd(ally)Cl], (1 mol%) NH O

(Y o et (YT
1b

B R : @A R, [PA(C3Hs)Cl (1.8 mg, 0.005 mmol)FI(R,R,R)-Le (9.6mg, 0.0125 mmol)
S —schlenk& 11, HIAT/KCHCL (5 mL), %3 FHH10050 5, e/ ARSI 1b(124.1
mg, 0.5 mmol), K,COs (1.0 M /K¥W, 1.5 mL, 1.5 mmol)F15%5 7 (1.5 mmol). &3 FHtHE = /N
Ja, SRR x 10mL), JC/KBRRINTE, duEk4ifs, HENraith, SFERie™

Y19, SLIREE R PR:

MeO.
.,

mcoga

2b, EEHRY, 88% 72, [aln™ = +98.4 (¢ 1.00, CHCL), 95% ee [ FHFRZGRAHERENE, FiE
AD-HAE; 1[ECKY/FAEE = 95:5, 1.0 mL/min, 254 nm; tz (major) = 11.08 min; tz (minor) = 12.12
min]. "H NMR (400 MHz, CDCl;) 8 = 7.38-7.25 (m, 5H), 6.75 (d, /= 8.8 Hz, 2H), 6.54 (d,.J= 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, CDCL) & = 1662, 1522, 141.0, 140.9, 140.5, 128.6, 127.6,
127.4,125.8,114.7, 114.6, 60.7, 59.7, 55.7, 14.0 ppm.

L
NH

mcoza

2¢, LEGHIRY, 89% 773K, [aln™ = +78.9 (¢ 1.00, CHCL), 95% ee [HImm B illlsE, FE
AD-HAT; 1[ECKY/FAEE = 99:1, 1.0 mL/min, 254 nm; tz (major) = 18.31 min; tg (minor) = 22.32
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min]. "H NMR (400 MHz, CDCL3) & = 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, b, 1H), 1.21 (t, /= 7.2 Hz, 3H) ppm;
*C NMR (100 MHz, CDCLy) 8 = 166.1, 155.9 (d, Jgcy= 234.0 Hz), 143.0 (d, Jrc)= 1.8 Hz), 140.4 (d,
Jeo = 23.4 Hz), 128.7 (s), 127.7 (s), 127.4 (), 125.9 (5), 115.6 (s), 115.4 (s), 114.2 (d, Jic)= 7.4 Hz),
60.8, 59.5, 14.0 ppm; ’F-NMR (376 MHz, CDCL) & -127.4 ppm.

Br\©\
NH

mcoza

2d, AETE, 83% 773, Mp 78-80 °C, [a]p™ = +115.0 (¢ 1.00, CHCls), 95% ee [ H e 0iA (B i
e, FHEAD-HAE: 1FECLYFNEE =98:2, 1.0 mL/min, 254 nm; tg (major) = 16.31 min; tg (minor)
=18.01 min]. "H NMR (400 MHz, CDCls) 8 =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,
CDCls) 8 = 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.
Br

mc O,Et

2e, LEIMIRY, 67% 7, [alp” = +53.3 (¢ 1.00, CHCL), 96% ee [FRABAHEIENE, Tk
AD-HAT; 1IEC5FAEE =99:1, 1.0 mL/min, 254 nm,; tg (major) = 7.96 min; tg (minor) = 8.76 min].
'H NMR (400 MHz, CDCL3) & = 7.43-7.25 (m, 6H), 7.11 (t, J = 10.8 Hz, 1H), 6.59-6.54 (m, 2H), 6.38
(s, 1H), 5.85 (s, 1H), 5.49 (d,.J = 8.0 Hz, 1 H), 4.87 (d, /= 7.6 Hz, 1H), 421-4.10 (m, 2H), 1.20 (t, J =
9.2 Hz, 3H) ppm; °C NMR (100 MHz, CDCls) § = 165.9, 1434, 140.0, 139.9, 132.2, 1287, 1283,
127.8,127.3,125.9, 118.2, 112.4, 109.8, 60.8, 58.5, 13.9 ppm.

QL
NH

mcoza

26, TP, 91% 775, [alp® = +95.2 (¢ 1.00, CHClz), 95% ee [FHE0RM EISIE, Tk
AD-H ;5 [ECKU/FNEE = 98:2, 1.0 mL/min, 254 nm; tg (major) = 11.66 min; tg (minor) = 12.88
min]. "H NMR (400 MHz, CDCls) 8 = 7.37-7.22 (m, 5H), 6.96 (d, J = 8.0 Hz, 2H), 6.50 (d, /= 8.4 Hz,
2H), 6.37 (s, 1H), 5.93 (s, 1H), 5.37 (s, 1H), 4.18-4.03 (m, 3H), 2.22 (s, 3H), 1.19 (t, /= 7.2 Hz, 3H)
pprt; *C NMR (100 MHz, CDCLy) & = 166.2, 144.4, 140.8, 140.4, 129.6, 128.6, 127.6, 127.4, 127.0,
125.8, 113.5, 60.7, 59.2, 20.3, 14.0 ppm.

Me

NH

mCOzEt

2g, KM, 86% 75, [alp™ = +102.8 (¢ 1.00, CHCL), 96% ee [HIRAMAREHEIE,  FHE
AD-H ;5 [ECKU/FNEE = 99:1, 1.0 mL/min, 254 nm; tg (major) = 15.11 min; tg (minor) = 16.75
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min]. "H NMR (400 MHz, CDCls) § = 7.37-7.23 (m, 5H), 7.04 (t, J = 7.6 Hz, 1H), 6.54 (d, J= 7.2 Hz,
1H), 6.40-6.38 (m, 3H), 5.93 (s, 1H), 5.39 (s, 1H), 4.18-4.09 (m, 3H), 2.25 (s, 3H), 1.20 (t, J= 7.2 Hz,
3H) ppm; “C NMR (100 MHz, CDCly) § = 1662, 146.7, 140.8, 140.3, 138.9, 129.0, 128.6, 127.6,
127.4,125.8, 118.7, 114.1, 110.4, 60.7, 58.9, 21.5, 14.0 ppm.

OMe
MeO.

MeQO NH

mCOZEt

2h, LEMARY, 85% 773, [o]p™ = +86.6 (¢ 1.00, CHCly), 96% ee [ i EIEN 2, T
AD-H #F; [ECK¢/FNEE = 85:15, 1.0 mL/min, 254 nm; tz (major) = 10.38 min; tg (minor) = 12.36
min]. 'H NMR (400 MHz, CDCls) & = 7.38-7.24 (m, 5H), 6.39 (s, 1H), 5.95 (s, IH), 5.82 (s, 2H), 5.40
(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.
ST
ARSI LA A SRR, SUBHBCAAR (R, R, R)-Le 55 42 R [PA(n-C3Hs)ClL I il & AL 771,
AL BRI AR A BE A S RS R )
OAc O [Pd(allyl)Cl], (1 mol%) Ph~NH o
R*%OEt . PhoNH, _(RRRI1C (2.5mol%) 1%&
K,COs(aq), CH.Cly, it R OEt
SR : AR, [PA(C3Hs)Cl], (1.8 mg, 0.005 mmol)FI(R,R,R)-Le (9.6mg, 0.0125 mmol)
SN —schlenkE /1, IIAT/KCH,CL (5 mL), EiE FHFE100805, SR IMAJEY10.5
mmol), KoCO3 (1.0 M 7K¥¥, 1.5 mL, 1.5 mmol)FIKHZ(139.6 mg, 1.5 mmol). 3 N HiH: =/
o, FHE TR x 10 mL), JoKBERAIN TR, uskad)s, HEEraifh, TR
Yo SSRERATT PR
©\NH

mCozEt
Me

2i, FIAREE, 64% 7%, Mp 93-94 °C, [a]p™ = +146.5 (¢ 1.00, CHCL), 91% ee [ F =80 AR (i)
€, TEAD-H A% 1IFE O 7 AEE =98:2, 1.0 mL/min, 254 nm; tz (major) = 6.91 min; tg (minor) =
8.44 min]. 'H NMR (400 MHz, CDCly) § = 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 (1,
J=7.2 Hz, 3H) ppm; “C NMR (100 MHz, CDCL) 6 = 166.4, 146.8, 140.0, 138.7, 136.7, 130.7, 129.1,
127.7,126.3, 126.2, 126.0, 117.6, 112.8, 60.7, 54.7, 19.1, 14.0 ppm.

L,

Me mCOZEt

2j, AR, 89% 773, Mp 56-57 °C, [o]p> =+131.8 (¢ 1.00, CHCL), 97% ee [ F =i S0 AR (i)
€, TEAD-H A 1IFE O/ 7 AEE =98:2, 1.0 mL/min, 254 nm; tz (major) = 9.52 min; tg (minor) =
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11.05 min]. 'H NMR (400 MHz, CDCLy) & = 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) § = 1662, 146.7, 140.6, 140.2, 1383, 129.1, 128.5, 1284,
1282, 125.7, 124.5, 1177, 113.3, 60.7, 58.9, 21.4, 14.0 ppm.

Iy

mCOZEt
Me

2k, ORI, 90% 775, [alp™ = +129.6 (¢ 1.00, CHCL), 95% ee [ E AR (i E, Tk
AD-H 5 [ECKU/FNEE = 98:2, 1.0 mL/min, 254 nm; tz (major) = 12.55 min; tg (minor) = 14.98
min]. "H NMR (400 MHz, CDCL) & = 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), 4.18-4.09 (m, 3H), 2.32 (s, 3H), 1.21 (t,
J=7.6 Hz, 3H) ppm; °C NMR (100 MHz, CDCly) & = 166.2, 146.7, 1403, 137.7, 137.4, 129.3, 129.1,
127.4,125.5,117.7,113.3, 60.7, 58.6, 21.0, 14.0 ppm.

S

mCOZEt
MeO

21, EEMIRY), 96% 7%, [alp™ = +132.6 (¢ 1.00, CHCL), 95% ee [ AR GIEN 2, Tk
AD-H #; IFC/FAEE = 982, 1.0 mL/min, 254 nm; tg (major) = 20.63 min; tg (minor) = 23.04
min]. "H NMR (400 MHz, CDCL3) & =7.28 (d, J= 8.4 Hz, 2H), 7.15 (t,J= 7.6 Hz, 2H), 6.86 (d, J= 8.4
Hz2H), 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.

L,

mCOz Et
F

2m, LEOIPRY), 96% 772, [o]p™ = +89.9 (¢ 1.00, CHCL), 97% ee [ S0 (idlse,  Fitk
AD-H 5 [ECKU/FNEE = 98:2, 1.0 mL/min, 254 nm; tg (major) = 12.72 min; tg (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, 1H), 5.92 (s, 1H), 5.38 (s, 1H), 4.18-4.13
(m , 3H), 121 (t, /= 6.8 Hz, 3H) ppm; “C NMR (100 MHz, CDCl3) 5 = 166.0, 162.2 (d, Jc)= 244.0
Hz), 146.5 (s), 140.1 (s), 136.4 (d, Jzc)= 2.9 Hz), 129.1 (d, Jc)= 7.8 Hz), 126.0 (), 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

mCOQEt
Br

2n, AGFEE, 85% 772, Mp 80-81 °C, [o]p> = +94.8 (¢ 1.00, CHClz), 97% ee [ FH =i 0 AH €3]
5, FPEAD-H A FECEYFANEE =98:2, 1.0 mL/min, 254 nm; tg (major) = 15.55 min; tg (minor)
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= 17.82 min]. "H NMR (400 MHz, CDCls) § = 7.43-7.41 (m, 2H), 7.24-7.22 (m, 2H), 7.15-7.11 (m, 2H),
6.70 (t, J= 7.2 Hz, 1H), 6.55-6.53 (m, 2H), 6.37 (s, 1H), 5.88 (s, 1H), 5.36 (s, 1H), 4.18-4.09 (m , 3H),
1.19 (t, J="7.6 Hz, 3H) ppm; *C NMR (100 MHz, CDCLy) 5 = 165.8, 146.3, 139.8, 139.6, 131.6, 129.1,
129.0, 1262, 121.5, 117.9, 113.3, 60.8, 58.3, 13.9 ppm.

L,
mCOZET
Cl

20, FIAREE, 90% 772, Mp 74-75 °C, [a]p™ = +97.0 (¢ 1.00, CHCls), 96% ee [ H =i AR (i ]
€, T AD-H A 1IECKYFAEE =98:2, 1.0 mL/min, 254 nm; tg (major) = 14.26 min; t (minor)
= 15.88 min]. 'H NMR (400 MHz, CDCl3) & = 7.30-7.25 (m, 4H), 7.12 (t, J = 7.6 Hz, 2H), 6.70 (t, J =
7.2 Hz, 1H), 6.54 (d, J= 8.4 Hz, 2H), 6.36 (s, 1H), 5.88 (s, 1H), 5.37 (s, 1H), 4.17-4.07 (m , 3H), 1.18 (¢,
J=17.6 Hz, 3H) ppm; *C NMR (100 MHz, CDCly) & = 165.8, 146.3, 139.9, 139.1, 133.3, 129.0, 128.7,
128.6,126.2,117.9, 113.3, 60.7, 58.2, 13.9 ppm.

: “NH
ClmCOZEt

2p, LEMARY, 83% 773, [o]p™ = +94.6 (¢ 1.00, CHCly), 98% ee [ i EIEN 2, T
OD-H #¥; IFE 2B/ NEE =90:10, 1.0 mL/min, 254 nm; tg (minor) = 5.92 min; tg (major) = 6.38 min).
'H NMR (400 MHz, CDCl3) § = 7.36 (s, 1H), 7.24-7.21 (m, 3H), 7.13 (t, J = 7.6 Hz, 2H), 6.70 (t, J =
7.2 Hz, 1H), 6.54 (d, J = 8.0 Hz, 2H), 6.38 (s, 1H), 5.88 (s, 1H), 5.37 (d, J = 5.2 Hz, 1H), 4.20-4.07 (m,
3H), 1.19 (t, J = 7.2 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) 8 = 165.7, 146.3, 142.7, 139.6, 134.3,
129.8,129.0, 127.7, 127.4,126.5, 125.6, 117.9, 113.3, 60.8, 58.3, 13.8 ppm.

SR8
ARSI LI F AR FE R A ARG, UG (R, R, R)-Le 5 4 Jm [PA(C3Hs)ClL, Iz il 44 4%
BT, AL eHIAKS RGN B AL S5 (5 B2 T fTidk):

MeO

OAc O [Pd(allyl)Cl], (1 mol%) NH O
\@ (R,R,R)-Lc (2.5M0I%) :
OEt
KZCOS(aq CHQCIQ, rt
MeO

SNANR s A5 T, [PA(C:Hs)Cl]2 (1.8 mg, 0.005 mmol)F(R,R,R)-Le (9.6mg, 0.0125 mmol)
A —schlenki5 ', MIATKCHCL (5 mL), =il FFE10080)5, Se/FmAEYI1e(139.1
mg, 0.5 mmol), K,CO: (1.0 M 7K¥##, 1.5 mL, 1.5 mmol)Flx FAHFEA /(185 mg, 1.5 mmol). FiF
RS, AR < 10 mL), JC/KBREREN TR, T uERAE S, AEEralif, 15
FHEMIEAL =)o SEER A5 R s

MeO
\©\NH

mcoza
MeO
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2q, HEOFEE, 91% 772, Mp 88-89 °C, [o]p> = +67.5 (¢ 1.00, CHCls), 96% ee [ F =i 80 AH €3]
5, FPEAD-H A FECEYFNEE =95:5, 1.0 mL/min, 254 nm; tg (major) = 21.10 min; tg (minor)
=22.50 min]. "H NMR (400 MHz, CDCL) & = 7.28 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 6.74
(d,J=84 Hz, 2H), 6.52 (d, J = 8.0 Hz, 2H), 6.34 (s, 1H), 5.91 (s, 1H), 5.27 (s, 1H), 4.18-4.07 (m, 2H),
3.90 (s, br, 1H), 3.77 (s, 3H), 3.72 (s, 3H), 1.21 (t, J= 6.8 Hz, 3H) ppm; “C NMR (100 MHz, CDCLs) &
=166.3,159.0, 152.1, 141.0, 140.6, 132.9, 128.6, 125.3, 114.6, 114.5, 113.9, 60.6, 59.1, 55.6, 55.1, 14.0
ppm.

SEHf9

A LA3,4,5- = HARFE AN %R, XTI (R R R)-Le 54 JR[PA(C:Hs)ClL I il
BEAAMO AT, AR I AN TR TSR S5 B s B s BTk ):

OMe
MeO
OMe
OAc O MeO [Pd(allyhCl], (1 mol%) MeO NH O
(R,R,R)-Lc (2.5mol%) z
OEt, OEt
MeO K,CO4(aqg), CH,Cls, rt
MeO NH, MeO

1c

B R : @A R, [PA(C3Hs)Cl (1.8 mg, 0.005 mmol)FI(R,R,R)-Le (9.6mg, 0.0125 mmol)

SN —schlenk B, IIATI/KCHCl, (5 mL), ‘%38 FHFE100 805, Joa AR 1e(139.1

mg, 0.5 mmol), K,CO; (1.0 M /K%, 1.5 mL, 1.5 mmol)F13,4,5-— FI5EILAN%(274.8 mg, 1.5

mmol)o ZR MHHE=/NNE, TR ARG x 10 mL), JoKBEIN T, aEk4efs, AF
JEMTaith, TR Y. IR A R AR PR

OMe
MeO

MeQ NH

mcoz Et
MeQ

2r, EEMIRYI, 90% 72, [0l = +101.7 (c 1.00, CHCL), 96% ee [FHRZSGRAHEIENE,  Fik
AD-H #; [ECHU/FNEE = 90:10, 1.0 mL/min, 254 nm; tz (major) = 25.19 min; tg (minor) = 27.66
min]. "H NMR (400 MHz, CDCly) 8 = 7.28 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.35 (s, 1H),
5.94 (s, 1H), 5.82 (s, 2H), 5.35 (s, 1H), 4.23 (s, br, 1H), 4.18-4.09 (m, 2H), 3.74-3.72 (m, 12H), 1.21 (,
J=7.2 Hz, 3H) ppm; *C NMR (100 MHz, CDCly) = 165.9, 158.7, 1533, 143.3, 140.5, 132.3, 129.7,
128.2,125.0, 113.6, 90.6, 60.5, 60.4, 58.2, 55.4, 54.8, 13.7 ppm.

SEiaf10

ARSIHEILI3 4.5 HAEIERNOD SRR, TSR R R)-Le 5 4R [PA(C:Ho)CIL I )
WHEMOI AL, AR A AN BRI N AL s N OR B S an s i)

OMe

OMe
OAc O MeO, [Pd(allyl)Cll, (1 mol%) MeO NH O
R,R R)-Lc (2.5mol% .
MeO Ot (RR,R)-Lc (2.5mol%) pe0 OFt
MeO K5COs(aq), CH,Cl, rt
MeO 1d NH, MeO

OMe OMe

SR s A5 T, [PA(C3Hs)Cl, (1.8 mg, 0.005 mmol)F(R,R,R)-Le (9.6mg, 0.0125 mmol)
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SN —schlenk B, IMATIKCHCl, (5 mL), %3 FHREI0 805G, JeE A E1d (169.1
mg, 0.5 mmol), K,COz (1.0 M /KW, 1.5 mL, 1.5 mmol)F13,4,5-=HI5EIL KN4 (274.8 mg, 1.5
mmol). ZFiR MR =PI, HZSPLAEG x 10 mL), /KBBR8, dasksils,
JEAralif, TR ). SER A AR s

OMe
MeQ

MeQ NH

MeQ. A CO,Et
OMe

2s, LOMIRYI, 92% 774, [o]p™ = +102.5 (¢ 1.00, CHCls), 98% ee [ Al iE, Tk
AD-H #; [ECKU/FNEE = 80:20, 1.0 mL/min, 254 nm; tg (minor) = 14.57 min; tz (major) = 19.44
min]. "HNMR (400 MHz, CDCl3) § = 6.62 (s, 2H), 6.40 (s, IH), 5.98 (s, 1H), 5.86 (s, 2H), 5.34 (s, 1H),
4.29 (s, br, 1H), 4.20 (m, 2H), 3.82-3.74 (m, 18H), 1.25 (t,J = 7.2 Hz, 3H) ppm; *C NMR (100 MHz,
CDCl3) 8 = 165.9, 153.3, 152.9, 143.2, 140.1, 136.9, 135.9, 129.8, 125.4, 104.0, 90.6, 60.5, 60.4, 60.3,
59.1, 55.6, 55.4, 13.7 ppm.

S 11

ARSHAILA3,4,5- = FAAFEAIN N SRR, UM P (R R R)-Le 542 [Pd(C:Hs) CLL B i
FE B AL, AL A eI BRI PSSR SR B 5 T BTk ):

OMe

OMe
OAc O MeO [Pd(ally)C], (1 mol%) MeO NH O
(RRR)-1c (2.5mol%) :
OFt, OEt
MeO K,CO4(aqg), CH,Cls, rt

MeO 1e NH; MeO
OTBS OTBS

B R : @A R, [PA(C3Hs)Cl (1.8 mg, 0.005 mmol)FI(R,R,R)-Le (9.6mg, 0.0125 mmol)
M —schlenk& ', MMATIKCH,Cl, (SmL), =i FHFE10080 5, JLEINEY e (204.2
mg, 0.5 mmol), K,CO; (1.0 M /K%, 1.5 mL, 1.5 mmol)F13,4,5-— FI5EILAN%(274.8 mg, 1.5
mmol)o ZR MHHE=/NNE, TR ARG x 10 mL), JoKBEIN T, aEk4efs, AF
JEMTaith, TR Y. IR A R AR PR

OMe

MeO

MeO NH
_-CO,Et

MeO
OTBS

2t, [T, 84% 773, Mp 133-135 °C, [a]p™ = +86.1 (¢ 1.00, CHCLs), 93% ee [ HiAGHAR (il
W, T AS-3 A IECKYFAEE =95:5, 1.0 mL/min, 254 nm; tz (major) = 8.34 min; ty (minor)
= 10.65 min]. 'H NMR (400 MHz, CDCls) = 6.91-6.78 (m, 3H), 6.3 (s, 1H), 5.87 (s, 1H), 5.80 (s,
2H), 5.27 (d, J = 4.4 Hz, 1H), 4.17-4.08 (m, 3H), 3.77-3.73 (m, 12H), 121 (t, /= 6.8 Hz, 3H), 0.96 (s,
9H), 0.11 (s, 6H) ppm; 13C NMR (100 MHz, CDCL) 3 = 166.2, 153.6, 1503, 1448, 143.5, 140.7, 132.9,
1299, 125.3, 120.5, 120.0, 111.8, 90.8, 60.9, 60.6, 58.4, 55.6, 55.3, 25.5, 18.3, 13.9, -4.7 ppm.

SEiaf12
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A AT BRI R SERZRTT,  XUBEBCAA(R, R, R)-Le 5 42 JB[PA(C:Hs)ClL I £ 45 &4
WOAHEALTR, AL A R I TR B A S N (s B s BT i)

OMe
MeO

OMe
OAc O MeO [Pd(allyl)Cl], (1 mol%) MeO NH O
(RRR)-Lc (2.5mol%) :

OEt,
MeO K2CO3(aq), CH,Cly, rt
NH,

OEt

F F

1f

B R : @A R, [PA(C3H5)Cl, (1.8 mg, 0.005 mmol)FI(R,R,R)-Le (9.6mg, 0.0125 mmol)

S —schlenk& ', MMATIKCHCL (SmL), =i FHH109805, JCE NP (133.1

mg, 0.5 mmol), K,CO; (1.0 M /K%, 1.5 mL, 1.5 mmol)F13,4,5-— FI5EILAN%(274.8 mg, 1.5

mmol)o ZR MHHE=/NNE, TR ARG x 10 mL), JoKBEIN T, aEk4efs, AF
JEMTaith, TR Y. IR A R AR PR

OMe

MeO NH

mCOQEt
F

2u, LEMRY, 82% 73, [o]p™ = +67.2 (¢ 1.00, CHCLy), 94% ee [ EA0BAHGIENE, T
AD-H #; IEC/FAEE = 95:5, 1.0 mL/min, 254 nm; tz (major) = 32.84 min; tz (minor) = 35.96
min]. 'H NMR (400 MHz, CDCls) 8 = 7.37-7.33 (m, 2H), 7.00 (t, /= 8.8 Hz, 2H), 6.39 (s, 1H), 5.94 (s,
1H), 5.83 (s, 2H), 5.38 (s, 1H), 4.22-4.12 (m, 3H), 3.74-3.73 (m, 9H), 1.22 (t, J = 7.2 Hz, 3H) ppm; °C
NMR (100 MHz, CDCly) 8 = 165.7, 161.8 (d, Jgc)= 244.6 Hz), 153.4 (s), 143.1 (s), 1403 (s), 136.2 (d,
Jeo = 3.0 Hz), 130.0 (s), 128.7 (d, Jroy= 8.2 Hz), 125.7 (s), 115.1 (d, Jecy= 21.2 Hz), 90.8, 60.6, 60.5,
59.9, 58.2, 55.4 ppm; ’F NMR (376 MHz, CDCls) & -114.6 ppm.

S 13

ARSI LU A 2ak B, 7RSO SR (LHMDS)FE ] R4 B- A B o

SN Pk s
L QL
l;JH O

LHMDS N;f
2a 3a

RSN JEM2a(112.5 mg, 0.4 mmol) A —schlenk 1, IMAT/KIUEMIHG mL), %
WE-20°C, ZZ12W INLHMDS (1.0 mol/L in hexanes, 0.6 mL, 0.6 mmol), {£-20°C FH{HE2/ MG,
HIANO.1 mL/KVEK N, S 2K E(10mL X 3), J/KBRBREN T, W iek4ifG, HEmaifk.
3a, AL K, 85% 7. Mp 149-150 °C, [a]n™ = +98.9 (c 1.00, CHCl3), 96% ee [ i X iAR (2%
W, FHEOD-H M IECKYFNEE =95:5, 1.0 mL/min, 254 nm; tg (minor) = 8.22 min; tg (major)
= 10.43 min]. 'H NMR (400 MHz, CDCl3) § = 7.38-7.31 (m, 7H), 7.23 (t, J = 8.0 Hz, 2H), 7.03 (t, J =
7.6 Hz, 1H), 5.81 (s, 1H), 5.38 (s ,1H), 5.12 (s, 1 H) ppm; *C NMR (100 MHz, CDClz) = 160.8,
149.7, 137.4,136.3, 129.0, 128.9, 128.6, 126.4, 124.0, 117.0, 110.7, 63.3 ppm.




10

15

20

WO 2014/012495 PCT/CN2013/079543

L% 14
A AL S P12 M EY), AE (S H 2 T RERERE RS B (SOIN(TMS o )VEH I R i 45 B-
WBERE3b. S N Frid:

MeQO

MeO
<L 5
NH O SnIN(TMS),], N
MOE toluene, reflux &

2b 3b

RVAUTR: JEZI2b(311.3 mg, 1.0 mmol)FISn[N(TMS),1,(659.2 mg, 1.5 mmol) I A —Schlenk’&
W, MATEKHZE(S mL), InARENG4/ N, AER NS, W4E HEraifl.

3b, A, 94% 772, Mp 134-135 °C [lit.* 127-129 °C], [a]p™ = +111.0 (¢ 1.64, CHCL), 95% ee
[ RAH S, 1 OD-H A; 1IE Cbt/ 7w AEE = 90:10, 1.0 mL/min, 254 nm; t (minor) =
9.98 min; tg (major) = 10.99 min]. "H NMR (400 MHz, CDCL) & = 7.35-7.26 (m, 7H), 6.77 (d, J= 8.8
Hz, 2H), 5.76 (s, 1H), 5.33 (s, 1H), 5.08 (s, 1H), 3.69 (s, 3H) ppm; *C NMR (100 MHz, CDCls) & =
160.2, 156.0, 149.7, 136.3, 130.9, 128.8, 128.5, 126.4, 118.2, 114.2, 109.9, 63.3, 55.2 ppr.

SIS

ARSI — 75T DAL S 2e s, AE (N T 2E L) B3 (Sn[IN(TMS ), b)1E I F3ME
A B-I L3 e, S alan R ik

F

Q
)

XL
NH O Sn[N(TMS),], N
MOE toluene, reflux &
2c 3c

RVAUTR: JEY2¢(299.3 mg, 1.0 mmol)FISn[N(TMS),1,(659.2 mg, 1.5 mmol)HiI A —Schlenk’&
W, IDATEK (S mL), IAER3-12/00, WRIEEE)E, K48, HENTaib 32 543c,
A @A, 79% 7%,
ARSI 55— 7, LMGEY) 2¢ A, TERRDS FH R Rl R (LHMDS)PE T L il #5 B-

WBUE . s b BTk
Q .

F

QL i
NH O LHMDS N

MOEt THF, -78°C &

2c 3c

KNI JEP2¢(119 mg, 0.4 mmol) JIA—schlenk& ', IIAT/KIUEMNME(3 mL), AH
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£-20°C, ZE2i ILHMDS (1.0 mol/L in hexanes, 0.6 mL, 0.6 mmol), 7E-20°C FHEEE2/N S,
A0 mLZRAEI S, A B (10mL X 3), JE/KGRIRIN T, aElk4s)s, FERMraifes
I EYI3e, AEEE, 80% 75,
Mp 125-126 °C, [o]p™ =+95.5 (¢ 1.48, CHCLy), 95% ee [ IR0 %N 2, Tk OD-H 4F; IE
CEY/FNEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 6.86 min; ty (major) = 7.57 rnin].lH NMR
(400 MHz, CDCls) 8 = 7.37-7.28 (m, 7H), 6.91 (t, J= 8.8 Hz, 2H), 5.80 (t, /= 1.6 Hz, 1H), 5.37 (s, 1H),
5.13 (s, 1H) ppm; °C NMR (100 MHz, CDCl3) 3 = 160.4, 158.9 (d, Jirc)= 242 Hz), 149.6, 135.9, 133.6
(d, Jroy= 2.6 Hz), 129.0 (s), 128.7 (s), 126.4 (s), 118.3 (d, Jircy= 7.8 Hz), 115.7 (d, Jey= 22.7 Hz),
110.8 (s), 63.4 ppm; "’F NMR (376 MHz, CDCl3) & -109.0 ppm.

%16

SRSB4 7, % B-H 3.

SNV JEY2d(360.2 mg, 1.0 mmol)FISn[N(TMS )]2(659.2 mg, 1.5 mmol) i A—Schlenk4%
W, IIANTEKFZE(S mL), INERIE3-12/h), AHIREISE, &46, HETait.

3d, AW, 73% F7%. Mp 135-136 °C, [a]p™ = +115.4 (¢ 1.00, CHCL), 95% ee [ =G,
W,  FE OD-H A 1IECHYRNEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 7.20 min; tg
(major) = 7.99 min]. "H NMR (400 MHz, CDCl3) 6 = 7.36-7.32 (m, 7H), 7.22-7.19 (m, 2H), 5.83 (t, J =
1.6 Hz, 1H), 5.37 (s, 1H), 5.16 (s, 1H) ppm; *C NMR (100 MHz, CDClz) & = 160.6, 149.5, 136.3,
135.8, 132.0,129.1, 128.8, 126.4, 118.5, 116.7, 111.3, 63.4 ppm.

1A ARSIt 51 B A5 2 BAG S U3 dIR X Ze bt AR AT ST 1], HH B LRI B I 2 AL S 3 d ik A4
SRSy (S)o SEHEMRI13-15, 17-33%H1% 4L &4 3a-3c, 3e-3ulfIZExtTEL S (S)-3dffICotton
RS LE e, R, (S)o

%17

ZIRSI1410 71, 4 B- M Se.
VAR : JEY) 2e(360.2 mg, 1.0 mmol)F1 Sn[N(TMS),1(659.2 mg, 1.5 mmol)HiI \— Schlenk &+,
IIATCK (S mL), INFERA 3-12 /M, WElesif)E, W4d, HEraifk.

3e, [, 72% 5. Mp 107-108 °C, [o]p™ = +47.5 (c 0.60, CHCL), 95% ee [ 2iAI (21
W, FPEOD-H M IECKYFNEE =95:5, 1.0 mL/min, 254 nm; tg (minor) = 9.38 min; tg (major)
= 11.18 min]. '"H NMR (400 MHz, CDCls) & = 7.60 (d, J = 1.2 Hz, 1H), 7.58 (d, J = 1.2 Hz, 1H),
7.46-7.21 (m, 6H), 7.00-6.96 (m, 1H), 6.02 (s, 1H), 5.89 (t, J = 1.6 Hz, 1H), 5.20 (t, /= 1.2 Hz, 1H)
ppm; “C NMR (100 MHz, CDCly) & = 161.9, 150.0, 136.3, 134.3, 133.7, 128.7, 128.6, 127.9, 127.7,
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127.1, 126.3,116.1, 111.3, 66.3 ppm.
%18
ZHRIEEN 40T, H%B- N 3L
FSHTR: 1262953 mg, 1.0 mmol)FISn[N(TMS),12(659.2 mg, 1.5 mmol)il A—Schlenk &
W, IIATEKHZE(S mL), IARI3-12/8), AHIR =R, &8 2.

3f, AR, 81% 773, Mp 127-128 °C, [o]p™ = +127.0 (¢ 1.66, CHCLs), 97% ee [ =i S0 AH (018
W, FH OD-H A IECKY/FNEE =95:5, 1.0 mL/min, 254 nm; tg (minor) = 7.86 min; tg (major)
=927 min]. "H NMR (400 MHz, CDCl3) 3 = 7.35-7.30 (m, 5H), 7.23 (d, J = 8.4 Hz, 2H), 7.03 (d, J =
8.4 Hz, 2H), 5.78 (t, J = 2.0 Hz, 1H), 5.34 (s, 1H), 5.10 (t, J= 2.0 Hz, 1H), 2.24 (s, 3H) ppm; “C NMR
(100 MHz, CDCl3) 8 = 160.5, 149.8, 136.4, 134.9, 133.6, 129.5, 128.9, 128.5, 126.4, 116.9, 110.3, 63.2,
20.7 ppm.

S 19

SRR IEE400 7775, H% - I3 g.

RVUTR: JEYI2¢(295.3 mg, 1.0 mmol)FISn[N(TMS),1,(659.2 mg, 1.5 mmol)HiI A—Schlenk’&
H, IMANTEKHZEGS mL), JiARERA3-12/h0, WHIE=S, w40, HEraifth.

3g, AAREE, 74% 772, Mp 97-98 °C, [a]p™ = +117.9 (¢ 1.46, CHCls), 97% ee [ 0 AH
G,  FHEOD-HAE: IECkht/FAEE = 95:5, 1.0 mL/min, 254 nm; tg (minor) = 7.48 min; tg
(major) = 9.28 min]. "H NMR (400 MHz, CDCls) & = 7.38-7.30 (m, 6H), 7.10 (t, J = 8.0 Hz, 1H), 7.00
(d,J=8.8Hz, 1H), 6.84 (d,J= 7.6 Hz, 1H), 5.80 (t,/ = 1.6 Hz, 1H), 5.36 (t, /= 1.2 Hz, 1H), 5.12 (t .J
= 1.6 Hz, 1H), 2.26 (s, 3H) ppm; “C NMR (100 MHz, CDCLy) & = 160.8, 149.7, 139.0, 137.3, 136.4,
1289, 128.7, 128.6, 126.4, 1249, 117.8, 113.9, 110.5, 63.3, 21.3 ppm.

SEHE120

Z RSN A1 7k, I - IBERSh.
BT : JEEY) 2h(371.4 mg, 1.0 mmol)FT Sn[N(TMS),1x(659.2 mg, 1.5 mmol) il \— Schlenk &,
IATEAKHZR(GS mL), ARG 3-12 /NE, ARG, wkaq, ARfraif.

OMe
MeO

O

e
e

3h, AGFEE, 74% 772, Mp 149-150 °C, [o]p™ = +53.7 (¢ 1.28, CHCls), 96% ee [ H &30 AH
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EIsNE,  FHEAD-HA:; IECky/ 5 AEE = 85:15, 1.0 mL/min, 254 nm; tg (minor) = 10.00 min; tg
(major) = 11.54 min]. "H NMR (400 MHz, CDCls) & = 7.41-7.33 (m, 5H), 6.60 (s, 2H), 5.82 (s, 1H),
5.37 (s, 1H), 5.15 (s, 1H), 3.76 (s, 3H), 3.70 (s, 6H) ppm; *C NMR (100 MHz, CDCls) & = 160.4, 153.2,
149.3, 1362, 134.3, 133.4, 128.8, 128.6, 126.5, 110.5, 94.4, 63.6, 60.6, 55.6 ppm.

SiEfI21

ZHRIEEI 4007775, % B- P BEEi
VAR : JEY 2i(295.1 mg, 1.0 mmol)Fl Sn[N(TMS),12(659.2 mg, 1.5 mmol)iI \— Schlenk &+,
IATEAKHZR(GS mL), ARG 3-12 /NE, ARG, wkaq, ARfraif.

=2
L,

3i, EIAREE, 83% 773, Mp 133-134 °C, [a]p™ = +195.7 (¢ 1.00, CHCL), 91% ee [ H &30 AR
G,  FHEOD-HAE: IECkt/FAEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 6.64 min; tg
(major) = 7.60 min]. "H NMR (400 MHz, CDCls) & = 7.31-7.18 (m, 7H), 7.15-7.11 (m, 1H), 7.06-7.01
(m, 1H), 5.79 (t, J = 2.0 Hz, 1H), 5.68 (s, 1H), 5.18-5.17 (m, 1H), 2.51 (s, 3H) ppm; “C NMR (100
MHz, CDCL) & = 160.8, 149.2, 137.4, 135.2, 133.8, 131.0, 129.0, 128.2, 126.6, 125.8, 124.0, 117.0,
110.3, 60.8, 19.4 ppm.

SEii%22

SRSB4, H%B- NS .
BSEHTR : JEA 2(295.1 mg, 1.0 mmol)F! Sn[N(TMS),]2(659.2 mg, 1.5 mmol)il A— Schlenk &,
IATEAKHZR(GS mL), ARG 3-12 /NE, ARG, wkaq, ARfraif.

3j, EMREE, 90% 7% Mp 119-120 °C, [a]p™ = +115.2 (¢ 1.00, CHCL3), 97% ee [ 1 i 30iH
@i, FrEOD-HAE; 1IECkYFNEE = 95:5, 1.0 mL/min, 254 nm; tg (minor) = 6.99 min; tg
(major) = 8.75 min]. "H NMR (400 MHz, CDCls) & = 7.35-7.33 (m, 2H), 7.25-7.11 (m, 6H), 7.04-7.00
(m, 1H), 5.80 (t, J = 2.0 Hz, 1H), 5.33 (s, 1H), 5.12 (t, J = 1.6 Hz, 1H), 2.31 (s, 3H) ppm; “C NMR
(100 MHz, CDCly) & = 160.8, 149.7, 138.7, 137.5, 136.2, 129.4, 128.9, 128.8, 126.9, 123.9, 123.6,
116.9, 110.6, 63.3, 21.2 ppm.

SEiif23

SIS 14007715, 14 - 3K

RVAUTR: JEYI2K(295.1 mg, 1.0 mmol)FISn[N(TMS),1»(659.2 mg, 1.5 mmol)HiI A—Schlenk’&
H, IMANTEKHZEGS mL), JiARERA3-12/h0, WHIE=S, w40, HEraifth.
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o
o

3k, AGF, 92% 7%, Mp 107-108 °C, [a]p™ = +107.6 (¢ 1.20, CHCls), 95% ee [F =30
MEENE,  FrEOD-HAE: IECky/FAEE = 95:5, 1.0 mL/min, 254 nm; tg (minor) = 7.03 min; tg
(major) = 8.89 min]. "H NMR (400 MHz, CDCly) & = 7.35-7.32 (m, 2H), 7.27-7.20 (m, 4H), 7.16-7.14
(m, 2H), 7.03-6.99 (m, 1H), 5.79 (t, J= 1.6 Hz, 1H), 5.34 (s, 1H), 5.11 (t,J = 1.6 Hz, 1H), 2.31 (s, 3H)
ppm; “C NMR (100 MHz, CDCLy) & = 160.9, 149.9, 138.5, 137.4, 133.3, 129.6, 128.9, 1264, 123.9,
117.0, 110.5, 63.2, 21.0 ppm.

ST 24

SRS A1 77k, I B- P LR3I

RVAUTR: JEI21311.1 mg, 1.0 mmol)FISn[N(TMS),1(659.2 mg, 1.5 mmol)HiI A—Schlenk’&
H, AT ZES mL), IRIRRR3-12/0N0, AEIE SRS, W46, HEZEHaik.

Q.
o

31, AL, 74% 773, Mp 94-95 °C, [lit.” 95 °C] [a]p™ = +67.5 (¢ 1.00, CHCls), 94% ee [H
FRGEAH IS,  FHEOD-HAT; IECSY/ S AEE = 90:10, 1.0 mL/min, 254 nm,; tg (minor) = 8.27
min; tg (major) = 10.07 min]. 'H NMR (400 MHz, CDCLs) & = 7.34-7.28 (m, 4H), 7.21 (t, J= 7.6 Hz,
2H), 7.00 (t ./ = 7.6 Hz, 1H), 6.87 (d, J= 8.8 Hz, 2H), 5.79 (s, 1H), 5.33 (s, 1H), 5.1 (s, 1H), 3.74 (s,
3H) ppm; “C NMR (100 MHz, CDCL) & = 160.8, 159.7, 150.0, 137.4, 1289, 128.1, 127.8, 123.8,
116.9, 114.2, 110.4, 62.9, 55.0 ppm.

SEiR25

SR IEE 4007775, 1% B- N I3 m.

BTN  JE2m(299.1 mg, 1.0 mmol)FISn[N(TMS),]x(659.2 mg, 1.5 mmol)iI A —Schlenk
B, IMATAKH G mL), IAERR3-1228, AEIEEE)E, K48, FEENaifk.

3m, AR, 73% 772 Mp 102-103 °C, [o]p™ = +81.0 (¢ 1.16, CHC3), 96% ee [ H s 0iA (B i
W, FHEOD-HAE; (F kbt 5 NEE =90:10, 1.0 mL/min, 254 nm; tg (minor) = 6.88 min; tg (major)
=8.78 min]. "H NMR (400 MHz, CDCls) § = 7.38-7.31 (m, 4H), 7.24 (t,J = 7.6 Hz, 2H), 7.06-7.01 (m,
3H), 5.82 (t,J = 2.0 Hz, 1H), 5.38 (s, 1H), 5.14 (t, /= 1.2 Hz, IH) ppm; *C NMR (100 MHz, CDCl3) &
= 162.7 (d, Jc)= 246.5 Hz), 160.6 (s), 149.6 (d, Jcy= 1.1 Hz), 1372 (s), 132.1 (d, Jey= 3.4 Hz),
129.0 (s), 128.2 (d, Jgc)= 8.6 Hz), 124.1 (s), 116.9 (s), 115.9 (d, Jre)= 21.6 Hz), 110.9 (s), 62.5 ppm;
PENMR (376 MHz, CDCls) & -112.5 ppm.
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%126

ZIRSL410 7715, il B-M 3.

BTN JEY)2n(359.0 mg, 1.0 mmol)FISn[N(TMS),]x(659.2 mg, 1.5 mmol) il A—Schlenk &
W, IIATEKHZE(S mL), IARI3-12/8), AHIR =R, &8 2.

Qs
Br @‘“‘i

3n, A, 80% 772, Mp 115-116 °C, [a]n™’ = +83.7 (¢ 1.00, CHCLs), 97% ee [ =80 AH (01t
e, FrEOD-HAE: IFE %Y FNEE =90:10, 1.0 mL/min, 254 nm; tg (minor) = 7.12 min; tg (major)
=9.51 min]. "H NMR (400 MHz, CDCly) & = 7.48 (d, J = 8.4 Hz, 2H), 7.31-7.22 (m, 6H), 7.04 (t, J =
7.2 Hz, 1H), 5.82 (t, J= 2.0 Hz, 1H), 5.35 (s, 1H), 5.14 (t, J= 1.2 Hz, IH) ppm; *C NMR (100 MHz,
CDCly) 8 =160.4, 149.2,137.1, 135.3, 132.1, 129.0, 128.1, 124.1, 122.6, 116.8, 111.0, 62.5 ppm.

SEiif27

SRR IEE400 7775, H1%B- IS0,

RUTR: JEYI20(315.7 mg, 1.0 mmol)FISn[N(TMS),1,(659.2 mg, 1.5 mmol)HiI A —Schlenk’&
H, IMANTEKHZEGS mL), JiARERA3-12/h0, WHIE=S, w40, HEraifth.

¢
pe

30, AWK, 93% 77 Mp 133-134 °C, [a]p™ = +93.0 (¢ 1.00, CHCls), 94% ee [ H &80 AH
G,  FHEOD-HAE: IECkt/FAEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 6.87 min; tg
(major) = 9.05 min]. "H NMR (400 MHz, CDCl3) & = 7.34-7.29 (m, 6H), 7.25-7.21 (m, 2H), 7.03 (t, J =
7.2 Hz, 1H), 5.81 (t,J = 2.0 Hz, 1H), 5.36 (s, 1H), 5.13 (s, 1H) ppm; *C NMR (100 MHz, CDClz) § =
160.4, 149.3, 137.1, 134.8, 134.4, 129.1, 129.0, 127.8, 124.1, 116.8, 111.0, 62.5 ppm.

SEiEf28

ZHRIEEN 40T, H%B- N BEE3p.

RVAUTR: JEY2p(315.7 mg, 1.0 mmol)FISn[N(TMS)12(659.2 mg, 1.5 mmol)HiI A —Schlenk’
H, IMANTEKHZEGS mL), JiARERA3-12/h0, WHIE=S, w40, HEraifth.

O,
8¢
CI\©¢~'

3p, AR, 82% 7%, Mp 110-111 °C, [o]p™ = +96.7 (¢ 0.9, CHCls), 96% ee [H m=i 30 AH
G,  FHEOD-HAE: IECkt/FAEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 7.11 min; tg
(major) = 8.99 min]. "H NMR (400 MHz, CDClz) & = 7.38 (s, 1H), 7.32-7.23 (m, 7H), 7.05 (t, J = 7.6
Hz, 1H), 5.83 (s, 1H), 5.34 (s, 1H), 5.16 (s, 1H) ppm; *C NMR (100 MHz, CDCls) & = 160.4, 149.1,
138.5,137.1, 134.9, 130.3, 129.1, 128.9, 126.5, 124.5, 124.2, 116.8, 111.2, 62.5 ppm.

SEiEf129
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Z L4 7738, HlesB-H 3.
SNAIR: JEYI2q(341.1 mg, 1.0 mmol)FISn[N(TMS)]2(659.2 mg, 1.5 mmol) I A—Schlenk4%
L, O MATEKHZE(G mL), InFRA3-12/0, AR SR, k48, AENraift.

MeO
O

N;ﬁ

MeO :

3q, AT, 76% 772, Mp 76-77 °C, [o]p> = +77.8 (¢ 1.30, CHCls), 95% ee [ H =30k AR

W,  FHEOD-HAE; ECkyFNEE = 90:10, 1.0 mL/min, 254 nm; tz (minor) = 13.05 min; tp
(major) = 14.26 min]. "H NMR (400 MHz, CDClz) & = 7.30-7.26 (m, 4H), 6.88 (d, J = 8.8 Hz, 2H),
6.77 (d, J = 8.8 Hz, 2H), 5.76 (t, J = 1.6 Hz, 1H), 5.30 (s, 1H), 5.09 (t, J = 1.6 Hz, 1H), 3.76 (s, 3H),
3.70 (s, 3H) ppm; “C NMR (100 MHz, CDCL) & = 160.4, 159.7, 156.0, 150.1, 130.9, 128.2, 1279,
118.2, 114.2, 114.1, 109.8, 63.0, 55.2, 55.0 ppm.

SEHE130

RSN A1 ik, I - IR

BSEHR : JE)2r(401.4 mg, 1.0 mmol)FISn[N(TMS),1x(659.2 mg, 1.5 mmol)il A—Schlenk’& ',
IMATEAKHA(S mL), INFAERR3-12/0, @il sii)a, W4, HEraitk.

OMe
MeO

O

MeO f r\\ji
MeO :

3r, LEMRY, 74% 7% [o]p™ = +41.5 (¢ 1.00, CHCls), 96% ee [ F ARG EIE, T
PEAD-HAY; 1FE %5 NEE =90:10, 1.0 mL/min, 254 nm; tg (minor) = 18.05 min; tg (major) = 25.54
min]. '"H NMR (400 MHz, CDCls) & = 7.34 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 6.61 (s, 2H),
5.82 (t,J = 1.6 Hz, 1H), 5.34 (s, 1H), 5.15 (t, J= 1.6 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.72 (s, 6H)
pprt; *C NMR (100 MHz, CDCLs) & = 160.6, 159.8, 153.2, 149.7, 134.2, 133.5, 128.0, 127.9, 114.2,
110.3, 94.4, 63.3, 60.6, 55.7, 55.0 ppm.

SEii%I31

ZHRIEEN 40T, H%B- IS .

SNVATR: JEH12s(461.2 mg, 1.0 mmol)FISn[N(TMS),]2(659.2 mg, 1.5 mmol) I A—Schlenk4%
H, IMANTEKHZEGS mL), JiARERA3-12/h0, WHIE=S, w40, HEraifth.

OMe

Meo]@

MeO N o
MeO &

MeO ;

OMe
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3s, EIAEAE, 80% 7. Mp 160-161 °C, [o]p> = +28.7 (¢ 1.00, CHCLs), 98% ee [ FH i 0 AR
EIsNE,  FHEAD-HAE; IECkh/ 5 AEE = 80:20, 1.0 mL/min, 254 nm; tg (minor) = 11.81 min; tg
(major) = 13.90 min]. '"H NMR (400 MHz, CDClz) § = 6.63-6.62 (m, 4H), 5.85 (t, J = 2.0 Hz, 1H), 5.30
(s, IH), 5.22 (t, J= 1.6 Hz, 1H), 3.85-3.84 (m, 9H), 3.78 (s, 3H), 3.75 (s, 6H) ppm; *C NMR (100 MHz,
CDCly) & = 160.5, 153.5, 153.2, 149.1, 138.0, 134.3, 133.5, 131.8, 110.6, 103.3, 94.4, 63.9, 60.6, 60.5,
55.9, 55.6 ppm.

%132

ZHRIEEN 40T, H%B- 3.

RVAUTR: JEMI26(531.2 mg, 1.0 mmol)FISn[N(TMS),]»(659.2 mg, 1.5 mmol)/iI A—Schlenk’&
H, IMANTEKHZEGS mL), JiARERA3-12/h0, WHIE=S, w40, HEraifth.

OMe
MeO

0,
P

MeO
OTBS

3t, LEMIRY, 92% 77 [o]p? = +37.3 (¢ 1.00, CHCls), 95% ee [FHE A AN %, F
PEOD-HAY; 1FE %/ NEE = 95:5, 1.0 mL/min, 254 nm; tz (minor) = 5.80 min; tg (major) = 6.74
min]. 'H NMR (400 MHz, CDCly) § = 6.91-6.88 (m, 1H), 6.78-6.76 (m, 2H), 6.52 (s, 2H), 5.72 (s, 1H),
5.20 (s, 1H), 5.06 (s, 1H), 3.71 (s, 3H), 3.68 (s, 3H), 3.64 (s, 6H), 0.86 (t, J = 2.8 Hz, 9H), 0.01 (d, J =
4.8 Hz, 6H) ppm; C NMR (100 MHz, CDCly) & = 160.5, 153.1, 151.1, 149.6, 1452, 134.2, 1334,
1284, 120.1, 118.9, 111.8, 110.1, 94.5, 63.2, 60.5, 55.6, 55.1, 25.3, 18.1, -5.01 ppm.

SEiEfI33

SRSB4/ 7775, H15%B-WIBESu.

BT : JEEY) 2u(389.1 mg, 1.0 mmol)F! Sn[N(TMS),12(659.2 mg, 1.5 mmol) il \— Schlenk &,
IIATEKHZE(S mL), ANFAMWNA 3-12 /b, @il R=ii)E, w4d, AEEfraife.
OMe
MeO.
O

e
o

3u, AGFE, 82% 7%, Mp 134-135 °C, [o]p> = +43.5 (¢ 1.50, CHCls), 94% ee [ H i 80 AR
BN,  FHEAD-HAE; IECky/ 5 AEE = 85:15, 1.0 mL/min, 254 nm; tg (minor) = 10.03 min; tg
(major) = 12.07 min]. 'H NMR (400 MHz, CDCl3) & = 7.42-7.38 (m, 2H), 7.09 (t, J = 8.8 Hz, 2H), 6.57
(s, 2H), 5.84 (t, J= 2.0 Hz, 1H), 5.38 (s, 1H), 5.17 (t, J= 1.2 Hz, 1H), 3.77 (s, 3H), 3.73 (s, 6H) ppm;
BC NMR (100 MHz, CDCl3) § = 162.7 (d, Jgc)= 246.9 Hz), 160.4 (s), 153.3 (s), 149.4 (d, Jrey= 1.2
Hz), 134.5 (s), 1333 (s), 132.1 (d, Jey= 3.4 Hz), 1283 (d, Jro = 8.1 Hz), 115.9 (d, Jrey= 21.9 Hz),
110.8 (s), 94.5, 62.9, 60.7, 55.8 ppm; "’F NMR (376 MHz, CDCls) & -112.3 ppm.

SEHERI34 RSN BRI AL

e A B0 A T AN A HL G0N Y, VAREAN MO BB L, AR AN vk P 42,5 X 10%/ml, 44L (96
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MO IAZE MBI, IIAAFIKBEBRRL KA 3a~3ufb 5100l / L, B NREEMPAALAEA
FEESE, DRRSEOEERERTE. BAh, BHUR BRI RBRALCUNERE, A4
2. REFRAAW AR 722053 R, KA VY& M EE (Methyl-Thiazol-Tetrozolium, MTT)ids JS A4
W3a~3ufb S A0 E ML 4 RHLOO A M I EH , A543 a-3wht A L 4 R HL60~F- 4
PR BE(Cs0)o

25 W], B 3a-3uhd L 4 IHLO0FHA A FE (ICso) Ik T-80pg/mL, Hrh4t-54)3b.
3cv 3t 31 3s. 3ufEXT BTN HL60 -2l B (1Cs0) M £920-30ug/mL;  fL-543g. 3h.
3j 3k 3m. 3rEA I 4 HL60 - EAMHIA E (ICs0) 4 £90.1-10pg/mL; 3g. 3h. 3k. 3m.
355X ML A0 HEHL60 - 254 B (ICs0) < 1ug/mL.

WA SO IR AT MDA S49, VBN BIRIREE, AN IR J92 X 10%ml, 4L (964LED
TIINGH B 1000, (EAFFL I AN BRI 40001 . BE 540 PN 15 7240 gl i ), W HH 5520
AR BERA B Ba~3utb 515 100pl, RN AAL/E N B S, DUPE A S didm 1)
HERAPE o JF B AH RS BT IR A A R 22 L . B5 SR A N AR SR 37 72h, SR B I 2 ) )
B(sulforhodamine B, SRB) & [ 44 (a3 2 X 3a~3ufb & W05 i 41 A SAO M E ], (i de s
s IMATKTRA I 10%I1) =5 STRE TR I 2 A, 4°CIRUE Th/a FZEIRKBEERSIR, 23 AR
T4 ARG MNA4 mg/mlff)SRB (Sigma, St Louis, MO, USA) W, =i 4eff15 min, £yt
B, 1 %IKBRIRUYERS IR, AT Sa A TrsE R (pH 10.5), WA ADAFUAREE R
(VERSAmax™, Molecular Device Corporation, Sunnyvale, CA, USA){ES15 nmi &~ EODIH,
ICsofE K H Logity 15

IR, G W3a-3uit Al ML AS49 - HIHIAR B (IC 0 IK T-85ug/mL,  HH{b&4)3c.
3ev 3f. 3N L ASA9F- IR BE (IC50) A £920-50pg/mL; LA H31. 3j. 31 3m. 3t
3u. 3 XIS AN ML AS 49BN B (IC50) M £90.1-20ug/mLs HoA3iy 3. 31, 3mSEX 4l
ML AS49-F-E I B2 (ICs0) < 10pg/mL.

SEHEBI3S  R30atk St

OH OH

O OH 0
chos
(30a)

6] 50mL S ORI 3-BKA%%(10.25g, 51.0mmol), M (2.5mL, 25.0mmol), ZF%
(20.0 mL), EEABKIER(20 wt%, 15mL), ZIRHFE 24 NiF: [ SNARRF I 100mL 78
WK, FIWREE A 6mol/L MIEhM/KEP A pH = 5, ik, AWK IESRE T TN
Wil- Ak A dR, 19 4.6 BEEE 30a (LA, 77K 60%.

30a, mp 174-175°C; "HNMR (400 MHz, DMSO-ds) & 9.62 (s, b, 2H), 7.75 (s, 2H), 7.54 (d, J =
8.0 Hz, 2H), 7.29 (d, J = 7.6 Hz, 2H), 6.86 (t, J = 8.0 Hz, 2H), 2.76 (t, J = 5.6 Hz, 4H), 1.68-1.62 (m,
2H) ppm: “C NMR (100 MHz, DMSO-dq) & 188.9, 152.5, 137.1, 133.3, 131.5, 129.5, 125.8, 120.9,
111.8, 28.0, 22.8 ppm.

2520t 35 Hileg e, Al 7 30by 30e. 30d. 30h. 30i. 30j (5.
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OH o] OH OH o OH
Br O \/ O Br BrBI'
cl Cl
30b 30c
OH o) OH OH 0 OH
Me Me
30d 30h
OH 0 OH OH 0 HO
B Br Br Br
AORORS Y YO
o ()
30i 30j

30b, mp 194-195°C. '"H NMR (400 MHz, DMSO-dg) 8 9.32 (s, br, 2H), 7.72 (s, 2H), 7.35 (s, 2H), 7.07

(s, 2H), 2.75 (t,J = 5.2 Hz, 4H), 2.22 (s, 6H), 1.66-1.63 (m, 2H) ppm; *C NMR (100 MHz, DMSO-d)

3 188.8,150.2, 136.9, 133.4, 131.6, 129.9, 129.7, 125.5, 111.7, 28.0, 22.8, 19.7 ppm.

30c, mp 123-125°C; 'H NMR (400 MHz, DMSO-de) 5 9.94 (s, br, 2H), 7.65-7.63 (m, 4H), 7.28 (d, J =

2.4 Hz,2H), 2.73 (t,J = 4.8 Hz, 4H), 1.67-1.64 (m, 2H) ppm; *C NMR (100 MHz, DMSO-ds) 5 188.5,

151.7, 138.0, 132.1, 130.5, 128.6, 126.8, 123.6, 112.5, 27.8, 22.5 ppm.

30d, mp 110-111°C; 'HNMR (300 MHz, acetone-de) & 9.05 (s, 2H), 7.84 (s, 2H), 7.45 (d,J=2.4 Hz,

2H), 7.34 (dd, J=9.0 Hz, 2.4 Hz, 2H), 2.88 (t, J = 5.1 Hz, 4H), 3.36 (s, 6H), 1.82-1.74 (m, 2H) ppm;

BC NMR (75 MHz, acetone-dg) & 189.2, 156.5, 138.0, 133.3, 133.1, 131.1, 126.2, 118.4, 111.5, 29.1,

23.9, 20.1 ppm.

30h, mp 184-185°C; "HNMR (400 MHz, DMSO-d) 8991 (s, 2H), 7.72 (s, 2H), 7.53 (d, /=44 Hz, 2H), 734 (d,J=

44Hz,2H), 688 (t,/=7.6 Hz, 2H),2.69 (/=52 Hz, 4H), 1.71-1.61 (m, 2H) ppm; “CNMR (100 MHz DMSO-d4)

189.5,151.4,136.1,131.1,129.7, 1286, 126.1, 123.6, 122.8,26.5 ppm.

30i, mp 171-173°C; 'H NMR (400 MHz, DMSO-de) 3 10.03 (s, 2H), 7.81 (s, 2H), 7.63 (d, J= 4.4 Hz,

2H), 7.45 (d, J = 4.6 Hz, 2H), 6.90 (t, J = 7.8 Hz, 2H), 4.82 (s, 4H) ppm;: “C NMR (100 MHz,

DMSO-ds) & 184.1, 156.8, 133.1, 131.8, 130.8, 129.5, 121.0, 119.6, 115.4, 67.6 ppm.

30j, mp 145-146 ‘C; "HNMR (400 MHz, acetone-ds) & 8.99 (s, 2H), 7.63 (s, 2H), 7.41 (d, J="7.8 Hz,

2H), 7.21-7.17 (m, 2H), 6.90 (t, J = 7.2 Hz, 2H), 2.77-2.67 (m, 4H), 1.98-1.84 (m, 4H) ppm; "“C NMR

(100 MHz, acetone-dg) & 198.1, 155.1, 142.5, 131.8, 129.7, 129.3, 122.5, 118.6, 114.9, 28.9, 26.5 ppm.
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PS8 35 45 RIA 54 30a SR, LMESY) Ta A EEALFICHELL T 7a), HI5TFHD5
FABHEIL S WIR,R,R)-5a. [ UTR: 30a(46.4mg, 0.lmmol), f#4L7) 7a(1.6mg, 0.001mmol),
2mL JOK “EBBMARIEAR T, ETFEMPEBRRISIERNE. BERA=0E, RAR
K50 RAH, FIRRN 24 /Nfe TR ERSE, FTHFRNAS, JRERRZEN), HRx RS
SEPRIS EE, FRARERTEN B . 14 BIR,R,R)-5a I Zh 93%, ec 1H4>99%.

] 2 A A B A 2L S0 X SRR L, BB 2 WA RIS
Sa [MZENFIRUNRRR), LA T &Sjtfs] - il % IR0 D5 BB 4L 5470 Sb-5j K4 #4208 i
Y5 (RRR)-5a ff] Cotton RN ELXHHARE o

(R.R,R)-5a, A, mp97-98C; [aln” =-85.2 (c 0.80, CHCLs), >99% ee[ FH i A5 (2L 1
WEFNE AD-H £, [EEbsT THE =99: 1, 0.5 mL/min, 230 nm; tz (major) = 11.74 min; #z (minor)
= 13.10 min]. "H NMR (300 MHz, CDClz) & 7.36 (dd, J = 8.1, 0.9 Hz, 2H), 7.03 (dd, J= 7.5, 0.6 Hz,
2H), 6.77 (t, J = 7.5 Hz, 2H), 3.05 (dd, J = 16.8, 6.3 Hz, 2H), 2.70 (dd, J = 16.8 Hz, 7.2 Hz, 2H),
2.40-2.36 (m, 2H), 1.85-1.80 (m, 2H), 1.62-1.50 (m,4H) ppm; “C NMR (75 MHz, CDCls) & 148.5,
131.0,128.3, 122.6, 121.7, 110.8, 101.9, 33.3, 27.8, 27.3, 19.1 ppm; IR (neat) v 3058, 2924, 2853, 1566,
1447, 1358, 1329, 1223, 1178, 1149, 1117, 960, 879, 774, 717, 647,624 cm™; HRMS-EI (m/z) M"
calcd. for CooH; 30,Br; 447.9674 found 447.9678 .

HE4L ) 7a 2 M8 ik Angew. Chem. Int. Ed. 2009, 48, 5345 (#1574

DSt 35 4 54 30b AEALRY), UALEY) Ta AT, 4T P05 B IR an i
LEYIR,R.R)-5be SN F: 30b(49.2 mg, 0.lmmol), fi#1k5] 7a(4.8mg, 0.003mmol), 2mL
KZEHBMARIEAI S, EFEMP RIS RN, BREARE0RE, RAESRR 50
KA, SRR 24 /Do JBEFEA)E, FIFRNE, WRBRERN, RIS e~ i
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Wb, ARAMERENT B . 193(R,R.R)-5b =N 85%, e {H A>99%.

(R.R,R)-5b, HAE{E, mp237-238°C, [a]p™ =-98.8 (¢ 1.26, CHCly), >99% ce [ i ZiAHE,
WM EFE AD-H A, [FEk/F T =991, 1.0 mL/min, 230 nm; #z (major) = 4.95 min; zz (minor)
=7.17 min]. "H NMR (400 MHz, CDCL) 8 7.17 (s, 2H), 6.82 (s, 2H), 2.99 (dd, J = 16.4, 6.0 Hz, 2H),
2.63 (dd, J=16.4, 7.2 Hz, 2H), 2.35-2.32 (m, 2H), 2.24 (s, 6H), 1.83-1.79 (m, 2H), 1.59-1.46 (m, 4H)
pprt; °C NMR (75 MHz, CDCL) & 1462, 131.3, 131.2, 128.8, 122.1, 110.3, 101.8, 33.2, 27.7, 27.2,
20.2, 19.0 ppm.

DAt 35 A AL A4 30e AR, LMEAD) Ta WAL, 64Tk 05 B 4am
LEYIR,R.R)-5¢. SN UTT: 30e(53.3mg, 0.1mmol), f4L7] 7a(4.8mg, 0.003mmol), 2mL T
IKZAFGMABIEA T, EFEMTEBERSERNZE. BREAS =G, BAESRE 50
KA, =R 24 /Mo THEEA)E, FTITRNG, WURBREEN, AR SR 2 =i
B Lt, ZRBRMEREZNE . 152I(R,R,R)-Se IIF=F N 86%, ee H>99%.

(R.R,R)-5¢c, AR, mp200-202°C; [a]p™ =-75.8 (c 0.90, CHCL3), >99% ce [ 1 FRGR AR,
WM EFE AD-H A, [FEke/ T =98 :2, 1.0 mL/min, 230 nm; #z (major) = 5.37 min; tz (minor)
=5.97 min]. "H NMR (400 MHz, CDCLs) & 7.36 (d, J = 2.8 Hz, 2H), 7.03 (d, J = 2.4 Hz, 2H), 3.00 (dd,
J=16.8 Hz, 6.0 Hz, 2H), 2.67 (dd, J = 16.8 Hz, 7.2 Hz, 2H), 2.36-2.32 (m, 2H), 1.85-1.80 (m, 2H),
1.61-1.47 (m, 4H) ppm; “C NMR (100 MHz, CDCls) § 147.2, 130.5, 128.0, 126.0, 123.6,111.2, 102.2,
33.1,27.6,27.2, 18.9 ppm.

DAt 35 4 G 30d AEALIER, DMEEY) Ta AHEALF, 68Tk 05 B 4a m

LEYIR.RR)-5d. SN HTR: 30d(49.2mg, 0.lmmol), f#4k5] 7a(3.2mg, 0.002mmol), 2mL 7
IKZAFGMABIEA T, EFEMTEBERSERNZE. BREAS =G, BAESRE 50
KA, =R 24 /Mo THEEA)E, FTITRNG, WURBREEN, AR SR 2 =i
b, ARAMEREN B 158I(R.R.R)-5d [NF=Z ) 88%,  ee {H>99%.
(R.R.R)-5d, EAf{E, mp 160-161°C; [o]n> =-33.1 (¢ 1.00, CHCL), >99% ee [ FH =i A5 GHH (il
EFE AD-H A (IEC4Y/F THE =90 : 10, 1.0 mL/min, 230 nm; #z (minor) = 4.99 min; tz (major) =
7.57 min]. "H NMR (300 MHz, CDCls) § 7.20-7.18 (m, 2H), 6.82-6.78 (m, 2H), 2.90 (dd, J = 16.5, 6.0
Hz, 2H), 2.65 (dd, J = 17.1, 7.5 Hz, 2H), 2.32 (s, 6H), 2.29-2.26 (m, 2H), 1.83-1.77 (m, 2H), 1.61-1.47
(m, 4H) ppm; *C NMR (75 MHz, CDClz) & 150.9, 131.8, 130.2, 123.0, 118.5, 113.0, 100.8, 33.1, 27.9,
26.8,20.1, 19.1 ppm.

DAt 35 4 G4 30h AEALEY, LMEEY) Ta fEBMEALR, Hl&ot2ammbin+
METF T AR S (R, R, R)-5ho SN 41T T - 30h(45.0mg, 0.1mmol), A7 7a(4.8mg, 0.003mmol),
2mL TR AR BMARIEA T, EFEMP RIS ERNE. BEREARERE, AAE
&S50 KA, FRRB 24 /NN TSRS, FITRNEE, BRI, BRRMErtz=
WrorE. 132I(R,R,R)-5h, =% 60%. ee {H 95%. &II—DEHLER)G, 7]15>99% ee.

(R.R.R)-5h, EIAE{E, mp 111-112°C; [o]p™ = +98.4 (¢ 1.00, CHCL3), >99% ee [ FH im0
G, FHE AD-H A IECbt 7 T EE = 95:5, 1.0 mL/min, 254 nm; tg (major) = 11.08 min; tg
(minor) = 12.12 min].. '"H NMR (400 MHz, CDCls)  7.12-7.08 (m, 4H), 6.96-6.88 (m, 2H), 2.79 (dd, J
=14.2, 4.6 Hz, 2H), 2.32-2.29 (m, 2H), 1.21-1.95 (m, 2H), 1.78-1.71 (m, 2H), 1.56-1.47 (m, 2H) ppm.

DSt 35 Hil4s IS4 301 AN, DMEGY) Ta fE AL, Sl b2 itk T
FEBLAERIL A (S,S,R)-51. ST 30i(46.6mg, 0.lmmol), #E1L7) 7a(4.8mg, 0.003mmol),
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2mL K ZEHBEMARIE T, EFEEPERRIRERNSE, BRAS =G, BAA
R 50 KA, RN 24 /M. TR EA)E, FTTTRNES, JRRBRIEN, AR
EFPIRIUR L, RREAEENT . FREISS,R)-51, 775 70%, ce {HH 96%. &il—HHE
25 E>99% ee.

(S.S.R)-51, AR, mp147-149°C; [oln™ =-23.9 (¢ 0.90, CHCls), >99% ee [ FH =0 A (2,
W, T AD-H A% IEC4Y5F T B2 = 982, 1.0 mL/min, 254 nm; tz (major) = 16.31 min; tg
(minor) = 18.01 min]. "H NMR (400 MHz, CDCls) & 7.14-7.09 (m, 2H), 6.97-6.87 (m, 4H), 3.99 (dd, J

=16.2,4.8 Hz, 2H), 3.61 (dd, /= 15.6, 5.9 Hz, 2H), 3.05 (dd, /= 16.8, 6.4 Hz, 2H), 2.83-2.79 (m, 2H),
2.41-2.37 (m, 2H) ppm.

LSizitif] 35 il 0L A4 30§ B, UALEY) Ta VESMEALT, HlS a2 im i Fik
T EMBLERIL A YIR,R,R)-5jo ST : 30j(47.8 mg, 0.1mmol), #4k7] 7a(4.8mg, 0.003mmol),
2mL K HEEBIABIESS, AT EMTEBRImERNE. BEREARERE, RAE
HAE 50 KA, SRR 24 /Mo ESEASE, FITFRNS, IREREER, AR
PRI L, BRAREAEENT 5. f2IR,R,R)-5j, 7% 60%, ec {H>99%.

(R.RR)-Sj, Ak, mp124-125°C; [alp™ =-45.1 (¢ 1.10, CHCLy), >99% ce [ FH &0t (.
Wl e T AD-H A, 1IECWbe/ 5 THE =95 : 5, 1.0 mL/min, 230 nm; #z (minor) = 4.86 min; x (major)
= 7.09 min]. '"H NMR (400 MHz, CDCls) 8 7.09 (d, J = 12.8 Hz, 2H), 6.9 (t, J = 7.2 Hz, 2H),

6.89-6.83 (m, 2H), 2.68 (dd, J = 16.8, 4.8 Hz, 2H), 2.31-2.23 (m, 2H), 1.99-1.98 (m, 2H), 1.79-1.71 (m,
4H), 1.62-1.47 (m, 4H) ppm.

Wit LN SEiE R (R,R,R)-La ~(R,R.R)-Lo 14 /7.
SEH) 37
(R.R.R)-La [JHiles, MVESZUTT FiR.

(1) "BuLi, -78°C
_—

(2) CIPPh,

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

10mL schlenk B /K LEAH)G, IMAJEMI(R R R)-5a (175 mg, 0.389 mmol), 7K PU KN
(4mL), AHIZE-78°C ~, 2212 INIE T 3E4(0.39 mL, 2.5 M in hexane, 0.972 mmol), <[ EY)
1E-78°C FHIHE/INN G, SR8 N — 2RS4 B(0.18 mL, 0.972 mmol), HN5¢ )5 HAAT 2=,
TR T HRE 10 /Mo N 10mL 280K A KRN fa, A3 < 10 mL), A HAHH
ToKBRBRAN TG, oEIekds, BRRrEENraifte, B EEPI(R R R)-La(187 mg, 73% 7=%).
(R,RR)-La, FAE[FA Mp 101-103°C, [ols” =+1134 (¢ 1,00, CHCL). "HNMR (400 MHz, CDCk) 8 7.30-7.26 (m, 20H),
689 (d,.J="72 Hz, 2H), 6,74 (t,/ =72 Hz, 2H), 6.53-6.50 (m, 2H), 234-230 (m, 4H), 195-192 (m, 2H), 1.30-129 (m, 2H),
1.17-115 (o, 4H) ppr; “C NMR (100 MHz, CDCL) 3 153.1 (d,Jiy= 142 Hz), 137.1 (d, Jey = 118 Hz), 1367 (d, Jary= 109
Hz), 1342 (d,Jey=219Hz), 1339(d,Jay=202Hz), 1309(d,Jary=32Hz), 1299(s), 1285 (), 1282-128.1 (m), 1249(d, Jiry
=14.1 Hz), 1204-1203 (m), 101.3,33.5,27.6,26.7, 194 ppm; *'P(162 MHzCDCL) 3-15.8 (5) ppm.

K EIRAHRRRRE 775, (A H R SRR O — R UL, 19 21T 5
BRI AU B (R, R, R)-Lb.
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(R,RR)-Lb
(RRR)- Lb, EIA[E1E, 40% 7=#. Mp 125-127 °C, [a]p” = +143.5 (¢ 1.00, CHCL). 'H NMR (400
MHz, CDCl3) 8 = 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, CDCl3) 8 153.5 (d, Jpc) = 15.2 Hz), 143.2 (d, Jipe) = 28.3 Hz), 142.7 (d, Jec)
= 25.9 Hz), 135.3 (d, Jpc) = 11.4 Hz), 134.9 (d, Jpc) = 13.8 Hz), 133.5 (d, Jpe) = 40.1 Hz), 131.0 (d,
Jeo = 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, Jpo) =
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, Jpc) = 23.7 Hz),
19.3 ppm; *'P(121 MHz,CDCls) & -33.4 ppm.

FH FIRAHR KRR TR, AR AAE T (3, 5- RN SO — RIS,
A R T 0 T B A B AN BC /4 (R R, R)-Le

&,
PR

(RRR)-Le, AEME, 70% 73, Mp 102-103 °C, [o]p> = +166.5 (¢ 1.00, CHCls). "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) & = 153.1 (d, Jpc) = 14.7 Hz), 137.3 (d, Jpc) = 7.4 Hz), 137.2 (d, Jpc) = 7.8
Hz), 136.9 (d, Jpey = 10.2 Hz), 136.5 (d, Jpc) = 10.9 Hz), 132.1 (s), 131.8 (s), 131.5 (s), 130.8 (d, Jpc) =
1.5 Hz), 130.2 (s), 129.8 (d, Jpc) = 41.7 Hz), 125.5 (d, Jpe) = 142 Hz), 120.1 (s), 120.1 (d, Jpcy = 1.7
Hz), 101.1,33.4,27.3,26.7,21.3,21.2,19.5 ppm; *'P(121 MHz,CDCl3) & -15.2 ppm.

K H ERARRIRRE 7, A2 A e T HH . (3,5- U T 2R S O — A S0,
T2 A5 3T T R 4 W S SUBERC A (R R R)-Ld o

(RRR)-Ld

(RRR)-Ld, Ak, 45% 7%, Mp 100-101 °C, [a]p™ = +140.5 (¢ 1.00, CHCL:). '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
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NMR (100 MHz, CDCL) & = 155.1 (d, Jipe) = 15.0 Hz), 139.5 (d, Jpey = 8.4 Hz), 137.7 (d, Jipe) = 8.0
Hz), 136.1 (d, Jpcy = 10.8 Hz), 135.4 (d, Jpey = 11.2 Hz), 133.4(s), 131.8 (s), 130.9 (s), 130.8 (d, Jpc) =
12.0 Hz), 130.4 (s), 129.6 (d, Jipc) = 42.2 Hz), 126.5 (d, Jpcy = 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,CDCl3) § -17.8 ppm.

KH ERARFIRRRE 57k, AFEZANET B =N BRI R B R &, il
PR 57 7 MR B 2SR AR (R R, R)-Le

(R,RR)-Le
(R.RR)-Le, A1k, 67% 772 Mp 90-92 °C, [a]p> = +118.5 (¢ 1.00, CHCLy). '"H NMR (400 MHz,
CDCl3) 8 = 7.21-7.14 (m, 8H), 7.10-7.07 (m, 8H), 6.87 (d, J = 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; *C NMR (100 MHz, CDCl3) 8 = 153.1 (d, Jpc) = 14.5 Hz), 138.2 (s), 137.8 (s), 134.3-133.8 (m),
133.4 (d, Jepey = 10.4 Hz), 130.8 (d, Jpe) = 2.6 Hz), 129.7 (s), 129.0-128.9 (m), 125.5 (d, Jpc) = 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,CDCl5) & -17.9 ppm.
K _EBAHR FRRE 575, ANFZAAET O R S B O A U, s
BITFPE 5 B IRAT I B LU (R, R, R)-LE

(R,R R)-Lf
(R.RR)-Lf, EIAfffE, 80% 7. Mp 76-77 °C, [a]p™ = +88.0 (¢ 1.00, CHCL;). "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.

K _ERARR FRRE 57k, AN AR T H O AR R AL — 2R UL, 461
BT BTy A A4 e AR XUBE A4 (R, R, R)-Lg o
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(RRR)-Lg, AR 65% 773, Mp 91-92 °C, [u]p™ =+122.5 (¢ 1.00, CHCL3). '"H NMR (400 MHz,
CDCl3) 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) 3 = 159.8 (d, Jec) = 38.8 Hz), 152.8 (d, Jec) =
13.9 Hz), 135.5-135.0 (m), 130.4 (s), 129.5 (s), 128.3 (d, Jc) = 8.1 Hz), 127.6 (d, Jpc) = 9.0 Hz), 125.8
(d, Jeoy = 13.3 Hz), 120.1 (d, Jiee) = 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,CDCl3) § -18.8 ppm.

K BRI, AFRIZAE T 3 QRGO AU, IR 153
TR 5 IR B S XU AR (R, R, R)-Lh o

Ob <:§\O(R,R,R)-Lh

(RRR)-Lh, B[k, 55% 7= Mp 95-96 °C, [o]p> = +88.5 (¢ 1.00, CHCL). '"H NMR (400 MHz,
CDCl3) & = 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.

K ERAFE AR ik, AFZAE T AU T RGBS R, H& a3
T IR B 4B AR (R, R, R)-Li

Bu—R JP-Bu
By By (RRR)-Li
(RRR)-Li, AL, 81% 7%, [ap™ = +78.1 (¢ 1.00, CHClz). 'H NMR (400 MHz, CDCly) & =
7.28-7.21 (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.
KH EIRAHRIRRRE T, AFZ AR T LAR RR)-5b A iUkl 4T 0% B g4l & 4

JEBCAR(R R R)-Ljo

(RR.R)-Lj

(RRR)-Lj, AL, 70% 7. Mp 98-100 °C, [a]p™ = +109.3 (¢ 1.00, CHCL). 'H NMR (400
MHz, CDCL3) & 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, 128.9,
1284, 128.1, 128.0, 1252, 124.4, 1243, 120.1, 101.2, 334, 27.7, 26.7, 20.6, 19.4 ppm; *'P(162
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MHz,CDCl3) 6 -15.3 ppm.
KA ERAFERRRE 757, AR AAET LARRR)-5¢ k], il 24 F-M 5 AR 4 il i 4
BENCAR(R R, R)-LKo

o s

(RRR)-Lk, Efalfk, 65% 7. Mp 98-100 °C, [(x]D20 = +101.1 (¢ 1.00, CHCLy). "H NMR (400
MHz, CDCl3) & 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, CDCl3) 3 1514, 151.3, 136.2,
136.1, 135.6, 135.5, 134.2, 134.05, 134.02, 133.8, 130.2, 130.1, 129.4, 128.9, 128.6, 128.46, 128.42,
128.38, 12834, 127.7, 127.5, 125.5, 122.02, 122.01, 101.6, 33.2, 27.5, 26.6, 19.2 ppm; *'P(162
MHz,CDCls) 6 -15.5 ppm.

KH EIRAHRIRRRE T, ARZ AR T LAR R R)-5d A iUkl il T2 T g4l & 4
BEECAA(R R R)-L1.

& s

(R,R.R)-L1, A[EE, 47% 77#. Mp 110-112 °C, [(x]D20 = +100.3 (¢ 0.90, CHCL:). "H NMR (400
MHz, CDCl3) & 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.
FH_ERARI R T, AR ALAE T AR R R)-5h Ay J5URE, 4% T 55 75 R4 Bl B o0 e
A(R,R.R)-Lm.

PPh, Ph,P (R,R,R)-Lm
(RRR)-Lm, AGHEE, 75% 7=#%. Mp 109-111 °C, [a]p™ = +83.1 (¢ 1.00, CHCL). '"H NMR (400
MHz, CDClz) & 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.
KA EIRARR I T8, ANRIZAAET LA, SR)-51 Akl il T 0 A i34 - 2 XL
JERLAR(S,S, R)-Ln.
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PPh, Ph,P (S,S,R)-Ln
(S,S.R)-Ln, EfEEK, 79% 772, Mp 111-112 °C, [a]p™ = +75.2 (¢ 1.10, CHCL). "H NMR (400
MHz, CDCly) & 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,CDCls) & -17.3 ppm.
K EIRAHR FRRE i, ANRIZ AT LURR R)-5) A JREE 46T 5% A IS4 48X
BERCAR(R R, R)-Los

PPh, PhyP (R,R,R)-LO
(R.RR)-Lo, A1, 81% 7=#. Mp 89-92 °C, [o]p> =+112.2 (¢ 1.30, CHClz). "H NMR (400 MHz,
CDCls) & 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,CDCl3) § -13.4 ppm.
SEHEB 37 (S.5,5)-5a FI(S,S,S)-La (1%

N
OH 0 OH : O N.ph |
N BAre
Br N Z Br R R ] h F
o ¥,
RN
A Y
PH Ph
30a (S,5,5)-5a {44 7]7b

DSt 35 4 54 30a SR, LMEEH To AT, HileT- 5 B Ranm
& HI(S,.S,S)-5a. SV UTR: 30a(46.4mg, 0.1mmol), 47 7b(1.6mg, 0.00lmmol), 2mL
KZEHBMARIEAI S, EFEMP RIS RN, BREARE0RE, RAESRR 50
KAH, BRI 24 /N TR ES)G, FTHRNES, B E), B v o e = )
LG, BeRMEREN 78 1321(S,S.5)-5a KK 91%, ee [HA>99%.

HEALF) Tb 2 M SCHR Angew. Chem. Int. Ed. 2009, 48, 5345 (1575145 -

(1) "BuLi, -78°C
R
(2) CIPPh,

PPh, Ph,P
(S,8,8)-5a (S.5.5)-La

50mL schlenk B LK LEMIRG, IIAIRYICS,S,S)-5a (350 mg, 0.77 mmol), /K PYZEMIRI(6
mL), AHIE-78°C F, ZH8WNE TR4(0.8 mL, 2.5 M C&F, 1.9 mmol), KMV IRE&WIAE-78°C
RN S, SRR I T RIS IE0.36 mL, 1.9 mmol), MIvEE BARTIE S, EE
BiRE 10 ZNF e N 15mL 280K R RN G, A H A3 x 20 mL), A A TR
TR G, IERAE, BRRVIMEENTAitk, 15 BEYIS,S,S)-La (375 mg, 72% FRE).

ST 38
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SIS0 6 W78, ORI SEAZ G, SUBBLAR(S,S, S)-La 548 Hh[Pd(C3Hs)Cl],
DA 4 SO AR, AL b I BRI TN JEEAL SR H—?J?'JT(R) 2¢ tb AW,

F@NHz F
OAc O [Pd(ally)Cl], (1 mol%)
_ 0,
OFt (S,S,S)-La (2.5mol%) OEt +
K,CO3(aq), CHLCl,, rt Q

1b B (R) -2¢

(R)-2¢, TR, 86% 7, [alp™ =-78.6 (¢ 1.00, CHCls), 95% ee [ s CIEN 2, Tk

AD-H 5 [ECKY/FNEE = 99:1, 1.0 mL/min, 254 nm; tg (minor) = 18.31 min; tgy (major) = 22.32
min]. "H NMR (400 MHz, CDCL3) & = 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, b, 1H), 1.21 (t, /= 7.2 Hz, 3H) ppm;
*C NMR (100 MHz, CDCLy) 8 = 166.1, 155.9 (d, Jgcy= 234.0 Hz), 143.0 (d, Jrc)= 1.8 Hz), 140.4 (d,
Jeo = 23.4 Hz), 128.7 (s), 127.7 (s), 127.4 (), 125.9 (5), 115.6 (s), 115.4 (s), 114.2 (d, Jic)= 7.4 Hz),
60.8, 59.5, 14.0 ppm; ’F-NMR (376 MHz, CDCL) & -127.4 ppm.

S22 14 7715, UR)-2c (b 5N IR, H%% B - IBEZU(R)-3¢ (L 54
F

F
\©\ 0
NH O N

Sn[N(TMS)2]2

WOB toluene, reflux ”

(R)-2c (R)-3c

(R)-3¢, MI{AJEA, 84% 7F=%. Mp 125-126°C, [alp™’ = -95.5 (¢ 1.40, CHCly), 95% ee [ H1FRGRAH,
W, T OD-H A% 1E Ot/ 7 NEE = 90:10, 1.0 mL/min, 254 nm; tz (major) = 6.80 min; tg
(minor) = 7.56 min]. "H NMR (400 MHz, CDCLy) = 7.37-7.28 (m, 7H), 6.91 (t, J = 8.8 Hz, 2H), 5.80
(t,J= 1.6 Hz, 1H), 5.37 (s, 1H), 5.13 (s, 1H) ppm; C NMR (100 MHz, CDCls) & = 160.4, 158.9 (d,
Jeo =242 Hz), 149.6, 1359, 133.6 (d, Jo)= 2.6 Hz), 129.0 (s), 128.7 (), 1264 (s), 118.3 (d, Jro)=
7.8 Hz), 115.7 (d, Jpcy= 22.7 Hz), 110.8 (), 63.4 ppm; '’F NMR (376 MHz, CDCl3) 3 -109.0 ppm.

L) 39

SRS 6 W77, AR O IE TR e ian,  SUBEICAR(S,S,S)-La 54
J& R [PA(C:Hs)CLL Bl 2 MO AL T, REALSAD 1 A RRAG AR AL SN, 43 3lAs
F:UR)-2v, (R)-2w, (R)-2x 1L &W.-

O\NH 0 ZSNH O P
m%a Mogt MOB

(R)-2v (R)-2w (R)-2x

(R)-2v, LMD, 74% 772, [alp™ =-74.3 (¢ 1.30, CHCl3), 94% ee [ 1 B0 (21 52
FPE AD-H #E: [ECkSFAEE =99:1, 1.0 mL/min, 230 nm; tg (minor) = 6.46 min; tg (major) = 7.29
min]. 'H NMR (400 MHz, CDCly) & = 7.34-7.22 (m, 5H), 6.32 (s, 1H), 5.88 (s, 1H), 4.85 (s, 1H),
4.14-4.10 (m, 2H), 2.39-2.31 (m, 1H), 1.19-1.82 (m, 2H), 1.74-1.67 (m, 2H), 1.25-1.11 (m, 9H) ppm.
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(Ry-2w, LEMRYI, 73% 7%, [a]p™ = -83.1 (¢ 1.00, CHCly), 91% ee [H1mA0AAR G132
FE AD-H £ [ECkFAEE =99:1, 1.0 mL/min, 230 nm; tg (minor) = 6.51 min; tg (major) = 7.18
min]. '"H NMR (400 MHz, CDCL) & = 7.36-7.22 (m, 5H), 6.33 (s, 1H), 5.91 (s, 1H), 4.65 (s, 1H),
4.14-4.10 (m, 2H), 2.57-2.48 (m, 2H), 1.49-1.43 (m, 2H), 1.36-1.30 (m, 2H), 1.25-1.19 (m, 3H), 0.88 (t,
J="7.6 Hz, 3H) ppm.

(R)y-2x, LOMPY, 71%7%, [alp™ = -74.3 (¢ 1.30, CHCL), 91% ee [ H m 3R AH GREN5E
FE OD-H ;. [ECk/FARE =95:5, 1.0 mL/min, 230 nm; tg (minor) = 4.38 min; tg (major) = 5.37
min]. "H NMR (400 MHz, CDCl3) & = 7.39-7.18 (m, 10H), 6.34 (s, 1H), 5.95 (s, 1H), 4.70 (s, 1H),
4.11-4.04 (m, 2H), 3.69 (dd, J =22.4 Hz, 13.2 Hz, 2H), 1.16 (t, /= 6.8 Hz, 3H) ppm.

L) 40

SIS 14 B778, S RIURR)-2v. (R)-2w~ (R)-2x LS HIEY), H1% B -INBEE

(R)-3v+ (R)-3w- (R)-3x WEY)
B< O/<

(R)-3v (R)-3w (R)-3x

(R)-3v, 73%7 =%, EI-MS (70 ¢V) (m/z) 341 (Mo (R)-3W, 79%r =%, EI-MS (70 ¢V) (m/z) 215

(M"). (R)-3x, 60%7~ %, '"H NMR (400 MHz, CDCly) 3 = 7.34-7.14 (m, 10H), 5.73 (s, 1H), 5.02 (s, 1H),
490 (d,J=14.8 Hz, 1H), 4.81 (s, 2H), 4.88 (d, /= 15.2 Hz, 1H) ppm.

S M1
BnO@NHz BnO
OAc O [Pd(allyCI], (1 mol%) \©\NH 0
ot (S S.S)-La(2.5mol%)
o K,CO4(aq), CH,CI,, rt M()Et
ocl
19 BocHN

(R)-2y

S 6 (RIJT, LN REIERRNZ R SR, XUBICA(S,S, S)-La 1568 [Pd(C:Hs)Cl]
P24 S5 SO AT, MR 1g AN RRIG ISR IEAL SOV, A3 3I(R)-2y &

(R)y2y, TOMPY, 87% 773, [alp™ =-78.9 (¢ 1.20, CHCL3), 94% ee [ s R0RAR i 5E
FPE OD-H #+: [ECK/FANEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 9.81 min; tg (major) =
12.21 min]. EI-MS (70 eV) (m/z) 502 (M ")

L) 42

S 6 (ITT1, LAR-BUT S SR R R sz aatn], SUBILAA(S,S,S)-La Sz g

HE[PA(CsHs)CLL B il & 4 S AL, HEALEA Th AN RRAG AR SN, 193112

(R)-2z 50
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BocNH

OAc O 0 /©\
[Pd(@llyCll, (1 mol%) o NH O

OEt (S,S,S)-La (2.5mol%)
K,COs(aq), CH,Cly, rt OEt

OAc Th

OAc (R)-2z
(R)-2z, TLEMIRY, 89% 772, [ap> = -98.2 (¢ 1.15, CHCls), 93% ee [ H1 B AR AR 552,
FPE AD-H #£: [ECKSFANEE = 95:5, 1.0 mL/min, 254 nm; tz (minor) = 13.83 min; tz (major) =
15.34 min]. EI-MS (70 eV) (m/z) 454 (M "),
S 43
S22l 14 (75, 3 BILLR)-2y~ (R)-22 A 50 M i, 4 B - B (R)-3y~ (R)-32

ED
BnO

@ 0 BocHN /@ o)

N N

AcO
BooN (Ry3y (Ry-32

(R)-3y, 73%7 =% . EI-MS (70 ¢V) (m/z) 456 (M ). (R)-3z, 79%7 =% . EI-MS (70 ¢V) (m/z) 408 (M ).

L) 44

SR FH S5 34 1) 7 VR AT ST 51 A0FNA3 i1l 26 ERIAXA5 47 BRIl Frfee 4 B A FH g4 T D

45 IR 7R S 151 40 M1 43 1l 2% 1AL A 0 0T 1 1995 48 S HL6O PRI il 4/ FH 2R B0 S IC s (EAIG T
60ug/mL, Tf(R)-3yFI(R)-3zFFb &M HHICs B G 2K 10 ug/mL; SZiE 4004344
FRIAL ST It e i R A SA9 BRI FH IR ICso (EAIR T-55ug/mL,  TMR)-3v~ (R)-Bwit- G517
HICsoHTE R 2T 15 ng/mL,  EATRFRTes 40 e dmsife -

SEi 45

S 6 T, LA 3,4,5- = WIS, SUBILARR R R)-Le <& Eh
[PA(n-C3Hs)CLL, Bl s AT, ALK ASKT TR A A S . (e S A T )

OMe MeO

oAc O MeO OMe  [Pd(ally)Cll, (1 mol%)  Meo
(RRR)-1c (2.5mol%) NH O

+ <
Ar%OEt JI\ K,COs(aq), CH,Cls, rt MeO ArYkOEt
NH

2

B R : @A R, [PA(C3H5)Cl, (1.8 mg, 0.005 mmol)FI(R,R,R)-Le (9.6mg, 0.0125 mmol)
SN —schlenkF /1, IIATIKCH,CL, (5 mL), EiE FHFE100805, SBRIMANEY (0.5
mmol), K,CO; (1.0 M ZK¥E#, 1.5 mL, 1.5 mmol)F13,4,5- = LR %(295 mg, 1.5 mmol). EiH T
PRE=/N S, A BRI x 10 mL), Jo/KGRERAN T4, husikga)s, FEENaife, B5F
PERIEAL e SEBR 25 BT BT
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MeC

MeO
NH

MeO mcoza
Me

(S)-2aa

2aa, LEMIRY), 84% 7=, [o]p™ = +76.3 (c 1.00, CHCL), 95% ee [ FARZGRAHERENE, ik
AD-H #¥; IFC ¢/ NEE = 85:15, 1.0 mL/min, 254 nm; tg (major) = 14.28 min; tg (minor) = 16.32
min]. "H NMR (400 MHz, CDCls) 3 = 7.48-7.26 (m, 4H), 6.22 (s, 1H), 5.91 (s, 1H), 5.82 (s, 1H), 5.42
(s, 1H), 4.12-4.08 (m, 2H), 3.99-3.91 (m, 9H), 3.87-3.76 (m, 2H), 1.32 (s, 3H), 1.23 (t, J = 7.8 Hz, 3H)
ppm.

MeQ,

MeO
NH

MeO A-CO.Et
(S)-2ab
2ab, EEHRYI, 89% 7K, [aln™ = +96.2 (c 1.00, CHCL), 97% ee [ FARZGRAHEENE, ik
AD-H F; [ECKU/FNEE = 80:20, 1.0 mL/min, 254 nm; tg (major) = 13.12 min; tg (minor) = 15.55
min]. "H NMR (400 MHz, CDCly) 8 = 7.51-7.32 (m, 4H), 6.12 (s, 1H), 5.82 (s, 1H), 5.80 (s, 2H), 5.45
(s, 1H), 4.22-4.12 (m, 12H), 3.98-3.81 (m, 2H), 3.89-3.71 (m, 2H), 1.21 (t, /= 8.4 Hz, 3H) ppm.
MeQ

MeO
NH

MeC m002 Et
F

(S)-2ac

2ac, LEMRY, 81% 773, [olp™ = +73.1 (¢ 1.00, CHCL), 92% ee [H SRR EIENE, Tk
AD-H ;5 [ECKU/FNEE = 90:10, 1.0 mL/min, 254 nm; tz (major) = 15.78 min; tz (minor) = 17.23
min]. "H NMR (400 MHz, CDCly) 8 = 7.61-7.28 (m, 4H), 6.15 (s, 1H), 5.81 (s, 1H), 5.79 (s, 2H), 5.48
(s, 1H), 4.31-4.22 (m, 9H), 3.97-3.86 (m, 2H), 3.82-3.75 (m, 2H), 1.25 (t, ./ = 9.2 Hz, 3H) ppm.

MeO
MeC
NH
MeO A__CO,Et

NHBoc
(S)-2ad

2ad, LERYI, 78% 722, [o]n™ =+63.9 (¢ 1.00, CHCL), 94% ee [ FH i RBAR (1% ,
PEOD-HAY; 1FE %/ S NEE =80:20, 1.0 mL/min, 254 nm; tg (major) = 10.52 min; tg (minor) = 13.42
min]. "H NMR (400 MHz, CDCls) 8 = 7.66-7.28 (m, 3H), 7.14 (s, 1H), 6.16 (s, 1H), 5.89 (s, 1H), 5.80
(s, 2H), 5.51 (s, 1H), 4.33-4.24 (m, 9H), 3.95-3.81 (m, 2H), 3.79-3.71 (m, 2H), 1.30 (s, 9H), 125 (t,J =
9.2 Hz, 3H), 0.87 (s, 9H) ppm.

1 FHBCAR(S,S,S)-1¢ FT AR R 25 RETE 4L 5 W)(R)-2aa, 2ab, 2ac, 2ad.
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A FH Y e PO BCAAR T AH B ) 4% VE EAk 5402aa, 2ab, 2ac, 2ad.
L% 46
2SI IA) 5, 4y WA (S)-2aa, 2ab, 2ac, 2adfb SN EY, HI4% B - B
(S)-3aa, 3ab, 3ac, 3adfb 5. KVLIITR: JEPI(1.0 mmol)FISn[N(TMS),]»(659.2 mg, 1.5 mmol)/i]
5 A—Schlenk& ", IIATC/KHZR(S mL), AFAER3-12/80, AHIRER )G, K48, AEZEraitk.

MeO

N
MeO |

(S)-3aa
3aa, AR, 79% 7%, [alp™ =+41.2 (c 1.00, CHCLs), 94% ee [ HFRAGRAHEIGINE, T-1E
AD-HAT; 1[EC5/ 7 AEE = 85:15, 1.0 mL/min, 254 nm; tz (minor) = 11.23 min; tz (major) = 13.05
min]. "H NMR (400 MHz, CDCls) § = 7.45-7.39 (m, 2H), 7.15-7.05 (m, 2H), 6.59 (s, 2H), 5.85 (s, 1H),

10 5.39(s, 1H), 5.19 (s, 1H), 3.77-3.73 (m, 9H), 3.69-3.61 (m, 2H), 1.54 (s, 3H) ppm.
MeO

MeO*@K 0
Ni
MeO |

MeO
(S)-3ab

3ab, EIAREE, 82% 7. [o]p® =+87.2 (¢ 1.00, CHCLs), 93% ee [ s B0 AR (i 2, Tk
OD-HAT; 1EChY/FAEE = 85:15, 1.0 mL/min, 254 nm; tg (minor) = 15.21 min; tg (major) = 17.11
min]. "H NMR (400 MHz, CDCl) = 7.51-7.38 (m, 2H), 7.17-7.02 (m, 2H), 6.62 (s, 2H), 5.89 (s, 1H),

15 527(s, 1H),5.11 (s, 1H), 3.82-3.70 (m, 12H), 3.65-3.60 (m, 2H) ppm.

MeQ

MeO*@N o
N
MeO |

F
(S)-3ac

3ac, FIA1E, 86% 7. [o]p™ =+65.1 (¢ 1.10, CHCLs), 92% ee [ 1 2t AH (il 2, Tk

OD-HAT; 1ECHY/FNEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 11.14 min; tx (major) = 13.24

20 min]. "H NMR (400 MHz, CDCls) & = 7.61-7.46 (m, 4H), 6.68 (s, 2H), 5.81 (s, 1H), 5.22 (s, 1H), 5.16
(s, 1H), 3.90-3.87 (m, 2H), 3.80 (s, 3H), 3.75 (s, 6H) ppm.
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MeO
MeO@j 0
Ni
MeO _
NHBoc
(S)-3ad

3ad, AR, 79% 7. [a]n™ = +77.2 (c 133, CHCly), 91% ee [ RSB G2, Tk
OD-HAE: [ECk/+ANEE = 80:20, 1.0 mL/min, 254 nm; tz (minor) = 18.22 min; tz (major) = 19.35
min]. 'H NMR (400 MHz, CDCls) § = 7.71-7.52 (m, 3H), 7.13 (s, 1H), 6.68 (s, 2H), 5.87 (s, 1H), 5.25

5 (s, 1H), 5.19 (s, 1H), 3.91-3.82 (m, 2H), 3.78 (s, 6H), 3.77 (s, 3H), 1.72 (s, 9H), 0.9 (s, 6H)ppm.
MRITIIAL G HI(R)-2aa, 2ab, 2ac, 2ady JEY) i, FTAHR IS (R B P 4J)(R)-3aa, 3ab,

3ac, 3ad.
MIHTEA 50224, 2ab, 2ac, 2ad I &, ATARR 2 TH BE I = I(R)-3aa, 3ab, 3ac, 3ad.
SR 47
10 S 6 (7715, L 3,4,5- =R O B GR,  XUBSELAR(R R,R)-Le 5& )8

[Pd(m-C:Hs)CILL, Bzl AL, HEALLL N IR AN BRI SIS AL S B 2 3 ).

OMe
MeO OMe  [Pd(ally)Cl], (1 mol%)
QAc O (RRR)-1c 25mo|% MeO
+
Ot K>CO4(aq), CH,Cl, 1t
NH,

<

OAc O

OAc O OAc O
WOE W Et WOE
o} 0 E
OAc O
OAc O Cl OAc O
OEt
OEt Et 0
0
OMe
OAc O OAc O OAc O

0\32;
O
m

HN N
/
OAc O E OAc O MeO
a OEt Woa w OEt
N

0 HN /

SNANR s A5 T, [PA(C:Hs)Cl]2 (1.8 mg, 0.005 mmol)F(R,R,R)-Le (9.6mg, 0.0125 mmol)
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I —schlenk & o, MATIKCH,Cl, (5 mL), =il FHF10980 5, SEaImAEY (0.5
mmol), K;CO: (1.0 M ZK¥V, 1.5 mL, 1.5 mmol)F13,4,5-= LI Z(274 mg, 1.5 mmol). FilF F
BebE =/, &R HEARG3 x 10 mL), JoKBERAN TR, Wiskdin, HENditt, 53F
VERIAL =10 SEER 25 30 T s

OMe

MeO NH o MeO
B MeQ,
f;::::y/ﬁ\TT/u\()Et %;:::]//\\H/JL\ g;::;]/”\]T/u\
o o O F
5 2ae 2af 2ag
OMe
Kj Ki
jg\ MeC NH o
m [ WOEt
(o]
OMe
2aj
OMe
Kj ﬁj el
NH o MeO I;IH (o]
W W e
’ N
/
2am
OMe
ﬁl e
:©\ MeQ NH
MeQ : O
W o
N
/
2ao 2ap

2ae, LEIMARY, 90% 773K, [0]p™ = +100.7 (c 1.10, CHCL), 96% ee [FHEBAR EIENE, T
10  AD-HfE; [ECE/FAEE =90:10, 1.0 mL/min, 254 nm; tg (major) = 12.19 min; tg (minor) = 13.86
min]. "H NMR (400 MHz, CDCly) 8 = 7.28-6.84 (m, 5H), 6.31 (s, 1H), 5.93 (s, 1H), 5.89 (s, 2H), 5.43
(s, 1H), 4.18-4.09 (m, 2H), 3.79-3.77 (m, 9H), 1.21 (t, J = 7.8 Hz, 3H) ppm.
2af, LEMRY, 81% 72, [alp™ = +95.2 (¢ 1.10, CHCL), 95% ee [ AGRAN @GN 2, Frt
OD-H #¥; 1FEC%¢/ 55 NEE = 90:10, 1.0 mL/min, 254 nm; tz (major) = 11.16 min; tz (minor) = 13.72
15 min]. "H NMR (400 MHz, CDCL) & = 7.28 (s, 1H), 7.12 (s, 1H), 6.98 (d,.J = 6.8 Hz, 1H), 6.87 (d, J =
6.8 Hz, 1H), 6.82 (s, 1H), 5.93 (s, 1H), 5.89 (s, 2H), 5.43 (s, 1H), 4.17-4.01 (m, 2H), 3.81-3.79 (m, 9H),
3.69 (s, 3H), 1.23 (t,J= 7.6 Hz, 3H) ppm.
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2ag, LEIMRY), 78% 773K, [aln™ = +92.2 (c 1.20, CHCLy), 95% ee [FHRZLBAHEIENE, Tk
OD-H #¥; 1EC%¢/FNEE = 90:10, 1.0 mL/min, 254 nm; tg (major) = 9.18 min; tg (minor) = 10.61

min]. "H NMR (400 MHz, CDCl3) § = 7.28-7.12 (m, 3H), 6.98 (s, 1H), 6.81 (s, 1H), 5.99 (s, 1H), 5.79
(s, 2H), 5.40 (s, 1H), 4.19-4.03 (m, 2H), 3.79-3.73 (m, 9H), 1.30 (t, /= 7.2 Hz, 3H) ppm.

2ah, EEMRY), 83% 72, [aln™ = +76.1 (c 0.90, CHCL), 92% ee [ FARZGEAHERENE, Fik
AD-H #F; 1FE C4¢/FAEE = 90:10, 1.0 mL/min, 254 nm; tg (major) = 8.12 min; tg (minor) = 9.50 min].

'H NMR (400 MHz, CDCls) & = 7.29-7.11 (m, 3H), 6.97 (d, /= 4.2 Hz, 1H), 6.89 (d, /= 4.2 Hz, 1H),

6.83 (s, 1H), 5.82 (s, 1H), 5.73 (s, 2H), 5.41 (s, 1H), 4.17-4.02 (m, 2H), 3.84-3.80 (m, 9H), 1.23 (t, J =
7.2 Hz, 3H) ppm.

2ai, LERY, 77% 7, [a]p™ = +56.7 (¢ 1.25, CHCL), 91% ee [FARZGRAHERENE, Fik
AD-H #¥; 1FE C4¢/FAEE = 90:10, 1.0 mL/min, 254 nm; tg (major) = 7.15 min; tg (minor) = 8.52 min].

'H NMR (400 MHz, CDCl3) § = 7.29 (s, 1H), 7.11-6.97 (m, 3H), 6.81 (s, 1H), 5.81 (s, 1H), 5.79 (s, 2H),
5.45 (s, 1H), 4.12-4.00 (m, 2H), 3.78-3.71 (m, 9H), 1.27 (t, /= 8.2 Hz, 3H) ppm.

2aj, TEMRY, 71% 75, [o]n™ = +98.9 (¢ 1.20, CHCL), 94% ee [FARZGRAHERENE, Fik
AD-H #1; [F Ot/ 55 A EE = 85:15, 1.0 mL/min, 254 nm; tg (major) = 11.5 min; tg (minor) = 12.2 min].

'H NMR (400 MHz, CDClz) 8 =7.27 (s, 1H), 7.19 (d, J= 4.1 Hz, 1H), 7.10 (d, /= 4.1 Hz, 1H), 7.08 (s,

1H), 6.85 (s, 1H), 5.87 (s, 1H), 5.82 (s, 2H), 5.48 (s, 1H), 4.17-4.01 (m, 2H), 3.90 (s, 3H), 3.87 (s, 3H),
3.80 (s, 6H), 1.29 (t,J= 7.2 Hz, 3H) ppm.

2ak, LEMARY, 83% 773K, [o]p™ = +103.9 (¢ 1.20, CHCL), 94% ee [ R ZLBAHEIEN 2, T-0E
OD-H #¥; IFE b/ NEE = 85:15, 1.0 mL/min, 254 nm; tz (major) = 17.8 min; t (minor) = 19.2 min)].

'H NMR (400 MHz, CDCls) 8 = 7.12-7.09 (m, 3H), 6.81 (s, 1H), 5.86 (s, 1H), 5.80 (s, 2H), 5.42 (s, 1H),
4.12-4.02 (m, 2H), 3.80 (s, 3H), 3.75 (s, 6H), 1.24 (t,J=7.2 Hz, 3H) ppm.

2al, LEIRY), 80% 7%, [aln” = +101.4 (c 1.15, CHCLy), 95% ee [FHRZSGRAHEIENE, Fik
OD-H #¥; IFE by NEE = 85:15, 1.0 mL/min, 254 nm; tz (major) = 20.8 min; t (minor) = 22.5 min)].

'H NMR (400 MHz, CDCl3) § = 7.11-7.05 (m, 3H), 6.79 (s, 1H), 5.87 (s, 1H), 5.75 (s, 2H), 5.35 (s, 1H),
4.10-4.00 (m, 2H), 3.78 (s, 3H), 3.71 (s, 6H), 1.20 (t,J= 6.8 Hz, 3H) ppm.

2am, EEMRY, 71% 7=, [o]p™ = +77.2 (c 1.00, CHCly), 91% ee [ FARZGRAHERENE, Fik
OD-H #%; IEC bt/ FNEE = 85:15, 1.0 mL/min, 254 nm; tg (major) = 20.4 min; tg (minor) = 21.9 min].

'H NMR (400 MHz, CDCls) 8 = 7.15-7.04 (m, 3H), 6.75 (s, 1H), 5.82 (s, 1H), 5.79 (s, 2H), 5.42 (s, 1H),
4.21-4.10 (m, 2H), 3.95 (s, 1H), 3.82 (s, 3H), 3.77 (s, 6H), 1.21 (t,J = 7.4 Hz, 3H) ppm.

2an, EEMRY), 78% 7%, [a]n™ = +78.1 (c 1.00, CHCL), 94% ee [ FARZGRAHERENE, Fik
AD-H #F; 1FE C4¢/ 7N EE = 85:15, 1.0 mL/min, 254 nm; tg (major) = 26.4 min; tg (minor) = 28.9 min].

'H NMR (400 MHz, CDClz) 8 =7.13 (d, J= 4.2 Hz, 1H), 7.69 (d, J = 4.2 Hz, 1H), 6.80 (s, 1H), 5.80 (s,

1H), 5.71 (s, 2H), 5.41 (s, 1H), 4.20-4.09 (m, 2H), 3.87 (s, 3H), 3.82 (s, 6H), 2.30 (s, 3H), 1.25 (t,J =
7.2 Hz, 3H) ppm.

2a0, LEIMIRY), 82% 7, [o]p™ = +88.1 (¢ 1.00, CHCLy), 96% ee [FARZGRAHERENE, Fik
AD-H #F; 1FE C4¢/ 7N EE = 85:15, 1.0 mL/min, 254 nm; tg (major) = 13.5 min; tg (minor) = 15.4 min].

'H NMR (400 MHz, CDCl3) 8 =7.11 (s, 1H), 7.60 (s, 1H), 6.82 (s, 1H), 5.75 (s, 1H), 5.68 (s, 2H), 5.37
(s, 1H), 4.19-4.03 (m, 2H), 3.79 (s, 3H), 3.71 (s, 6H), 1.20 (t,.J= 6.8 Hz, 3H) ppm.

2ap, LEMRY), 82% 7=, [aln™ = +90.5 (c 1.00, CHCL), 91% ee [ FARZGRAHERENE, Fik
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OD-H A%; IECh/ FNEE =90:10, 1.0 mL/min, 254 nm; tz (major) = 13.5 min; tg (minor) = 15.4 min].
'H NMR (400 MHz, CDCl3) & = 7.13 (s, 1H), 7.66 (s, 1H), 6.80 (s, 1H), 5.71 (s, 1H), 5.69 (s, 2H), 5.30
(s, 1H), 4.11-4.02 (m, 2H), 3.98 (s, 3H), 3.82-3.80 (m, 9H), 3.77 (s, 3H), 1.23 (t,J= 7.2 Hz, 3H) ppm.
A8 FIRCAA(S,S,S)-1¢ I AR il 2RI RIAL & YI(R)-2ae~2ap.
5 A5 VA g R BC A4 T AR R U460 AL S 2ae~2ap.
SEHf) 48
ZASE40 7, Rl LAR(S)-2ae~2apib &V YD, g% B - N BEE(S)-3ae~3apit
EWe RVITT: JEYI1.0 mmol)FISn[N(TMS),1,(659.2 mg, 1.5 mmolyiI \—SchlenkH, HHA
JOKHA(S mL), IiAAERR3-12/80, Wil siiG, wad, R,

MeO OMe MeO OMe MeQ OMe

MeC MeO MeC
0 0 N-C
N MeO, N .
Q\\u' D\\w Q\w
¢] O ¢} E
10 3ae 3af 3ag

MeO OMe
MeC CMe MeO OMe

MeC
MeO MeO 4@
N e}
N-z0 Cl NP /<
' { w ( 0 N
o} o}
3ah

OMe
3ai 3aj

MeO OMe MeO OMe MeOQ OMe
MeOQ MeO MeO
N O N O /N<O
aX g 3
N
O HN )
3ak 3al 3am
MeO OMe MeO OMe MeO OMe
MeO MeOAQ MeO
N~ E N-g© MeQ N{O
0 HN )
3an 3ao 3ap

3ae, FIATE, 79% 7% [a]p = +73.5 (¢ 1.20, CHCL), 94% ee [ EdGRARGENE, T
15 PEOD-HA¥; 1FEC%Y/FNEE =85:15, 1.0 mL/min, 254 nm; tg (minor) = 14.00 min; tg (major) = 15.64
min]. 'H NMR (400 MHz, CDCLs) § = 7.47-7.31 (m, 5H), 6.66 (s, 2H), 5.80 (s, 1H), 5.32 (s, 1H), 5.17
(s, 1H), 3.82 (s, 3H), 3.78 (s, 6H) ppm.
3af, FIARE, 77% 7%, [a]p™ = +90.1 (¢ 1.10, CHCly), 92% ee [HEukARGENE, T
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PEOD-HAY; 1F %/ 5 NEE = 85:15, 1.0 mL/min, 254 nm; tg (minor) = 11.90 min; t (major) = 12.54
min]. '"H NMR (400 MHz, CDCLy) & = 7.42 (s, 1H), 7.37 (s, 1H), 7.12 (d, J = 4.6 Hz, 1H), 6.98 (d, J =
4.6 Hz, 1H), 6.74 (s, 2H), 5.82 (s, 1H), 5.39 (s, 1H), 5.11 (s, 1H), 3.81 (s, 3H), 3.79 (s, 6H), 3.73 (s, 3H)
ppm.

3ag, AT K, 82% 3. [olp” = +61.3 (c 1.00, CHCL), 92% ee [ mACHUARE I, T
PEOD-HAY; 1FE %/ NEE = 85:15, 1.0 mL/min, 254 nm; tg (minor) = 9.82 min; tg (major) = 10.33
min]. 'H NMR (400 MHz, CDCL) & = 7.39 (s, 1H), 7.35 (d, J = 2.4 Hz, 1H), 7.12 (d, J = 4.6 Hz, 1H),
6.98 (d,.J= 4.6 Hz, 1H), 6.74 (s, 2H), 5.82 (s, 1H), 5.39 (s, 1H), 5.11 (s, 1H), 3.79 (s, 3H), 3.71 (s, 6H),
3.73 (s, 3H) ppm.

3ah, FIEFE, 81% /. [al” = +412 (c 1.00, CHCL), 90% ee [HE AR BilklE, T
PEOD-HAY; 1FC%¢/ 5 NEE = 85:15, 1.0 mL/min, 254 nm; tg (minor) = 7.13 min; tz (major) = 8.21
min]. '"H NMR (400 MHz, CDCLy) § = 7.35-7.12 (m, 5H), 6.62 (s, 2H), 5.81 (s, 1H), 5.37 (s, 1H), 5.19
(s, 1H), 3.87 (s, 3H), 3.82 (s, 6H),ppm.

3ai, AMGFEE, 75% 7. [a]p” = +95.6 (¢ 1.00, CHCls), 95% ee [ E oG ENE, T
PEOD-HAY; 1FE %Y/ FNEE = 85:15, 1.0 mL/min, 254 nm; tg (minor) = 7.67 min; tg (major) = 9.44
min]. 'H NMR (400 MHz, CDCls) 8 = 7.35 (s, 1H), 7.33 (d, J = 2.8 Hz, 1H), 7.30 (d, /= 2.8 Hz, 1H),
7.15 (1, = 2.8 Hz, 1H), 6.61 (s, 2H), 5.89 (s, 1H), 535 (s, 1H), 5.17 (s, 1H), 3.75 (s, 3H), 3.71 (s, 6H)
ppm.

3aj, EIARE, 83% 7%, [a]p™ = +83.5 (¢ 1.10, CHCLy), 96% ee [ mukARGENE, T
PEAD-HAY; 1F %Y/ FNEE =85:15, 1.0 mL/min, 254 nm; tg (minor) = 17.55 min; tg (major) = 19.78
min]. 'H NMR (400 MHz, CDCls) 8 = 7.37 (s, 1H), 7.30 (d, J = 2.8 Hz, 1H), 7.25 (d, /= 2.8 Hz, 1H),
7.10 (s, 1H), 6.59 (s, 2H), 5.81 (s, 1H), 5.40 (s, 1H), 5.14 (s, 1H), 3.80 (s, 3H), 3.74 (s, 6H),ppm.

3ak, FIAREE, 77% 7P, [o]p® =+74.2 (¢ 1.30, CHCLs), 93% ee [ s B0 AR (g0 2, Tk
OD-HAE; [ECk/ AR = 90:10, 1.0 mL/min, 254 nm; tz (minor) = 16.50 min; tz (major) = 17.45
min]. "H NMR (400 MHz, CDCly) 3 = 7.25 (s, 1H), 7.17 (d, J = 3.2 Hz, 1H), 7.15 (d, J= 3.2 Hz, 1H),
6.63 (s, 2H), 5.89 (s, 1H), 5.42 (s, 1H), 5.32 (s, 1H), 3.70 (s, 3H), 3.65 (s, 6H) ppm.

3al, A, 82% 7%, [aln™ =+86.5 (¢ 1.25, CHCL3), 93% ee [ R0 EIENE, T4
OD-HAE: [ECk/+ANEE = 80:20, 1.0 mL/min, 254 nm; tg (minor) = 15.20 min; tg (major) = 15.65
min]. 'H NMR (400 MHz, CDCls) 8 = 7.41 (d, J = 3.8 Hz, 1H), 7.30 (d, /= 3.8 Hz, 1H), 7.15 (s, 1H),
6.61 (s, 2H), 5.79 (s, 1H), 5.31 (s, 1H), 5.11 (s, 1H), 3.89 (s, 3H), 3.87 (s, 6H) ppm.

3am, AR, 79% 7K. [ap® = +57.1 (¢ 1.32, CHCL), 90% ee [HmAgAH gz, T
PEOD-HAT; 1ECHYFNEE =90:10, 1.0 mL/min, 254 nm; tg (minor) = 12.21 min; tg (major) = 13.11
min]. "H NMR (400 MHz, CDCLy) & = 7.38 (d, J = 3.2 Hz, 1H), 7.22 (d, J = 3.2 Hz, 1H), 7.10 (s, 1H),
6.59 (s, 2H), 5.77 (s, 1H), 5.36 (s, 1H), 5.10 (s, 1H), 3.89 (s, 3H), 3.83 (s, 6H), 3.57 (s, 3H) ppm.

3an, FIARE1E, 89% 7. [o]p® =+89.2 (¢ 1.00, CHCLs), 92% ee [ s B0 AR (i 2, Tk
OD-HAT; 1ECHY/FNEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 12.21 min; tz (major) = 13.11
min]. "H NMR (400 MHz, CDCl3) 3 = 7.11 (d, J = 2.8 Hz, 1H), 7.02 (d, J = 2.8 Hz, 1H), 6.66 (s, 2H),
5.72 (s, 1H), 5.31 (s, 1H), 5.09 (s, 1H), 3.88 (s, 3H), 3.82 (s, 6H),ppm.

3a0, AL, 89% 7 . [a]p™ =+89.2 (¢ 1.15, CHCL3), 92% ee [H @ A0RUMH ERENE , T4k
OD-HAT; 1ECHY/FNEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 12.21 min; tg (major) = 13.11
min]. "H NMR (400 MHz, CDCly) 8 = 7.15 (s, 1H), 7.00 (s, 1H), 6.72 (s, 2H), 5.79 (s, 1H), 5.20 (s, 1H),



10

15

20

25

30

52

WO 2014/012495 PCT/CN2013/079543

5.15 (s, 1H), 3.71 (s, 3H), 3.69 (s, 6H), 3.25 (br, 1H) ppm.

3ap, EIAREME, 81% 7%, [o]p™ =+81.7 (¢ 1.20, CHCLs), 92% ee [ s 80 AR (i 2 , Tk
OD-HAT; 1ECHY/FNEE = 90:10, 1.0 mL/min, 254 nm; tg (minor) = 12.21 min; tg (major) = 13.11
min]. "HNMR (400 MHz, CDCl3) § = 7.23 (s, 1H), 7.14 (s, IH), 6.65 (s, 2H), 5.82 (s, 1H), 5.15 (s, 1H),
5.05 (s, 1H), 3.92 (s, 3H), 3.87 (s, 3H), 3.80 (s, 3H), 3.74 (s, 6H),ppm.

MR AL EPI(R)-2ae~2ap g i A,  ATAH MBI (R L7~ H(R) -3ae~3ap.

MIHTEAL 5 Y02ae~2ap R J,  w] AR 2T BERK 7~ H)3ae~3ap .

SEHEB] 49

MALEWIS)-36H il b & ¥3aq. B ANR: 3t (485 mg, 1 mmol) ¥ T5 Z TSI
THFY, ARTIRCE, S8 T IEH L B THEER (1 ml, 1 M), B FHE10 408,
Was A E T, RIS =¥,

OMe OMe
MeO MeO
O O
MeO N VYT gl Meo N
THF
MeQ MeQ'
OTBS OH

3aq, 90 % 7%, 'HNMR (400 MHz, CDCls) & = 6.98-6.83 (m, 3H), 6.61 (s, 2H), 5.96 (br, 1H),
5.81 (s, 1H), 5.28 (s, 1H), 5.15 (s, 1H), 3.87 (s, 3H), 3.76-3.73 (m, 9H) ppm.

SR 50

MALAWI(S)-3sH K il A H0(S)-4s. ABIRANT: 3s (415 mg, 1 mmol) MIA SR, FEIN
ASml ZIRZER, 10% Pd/C (40 mg), JEUFNEE, RASPTRKAEME SR FHRKN6/NT, FT
FIRNEE, W4 SR ENT, RIS =),

OMe OMe

Meo]@ Meo]@
MeO N 0o MeO N 0o
_——
MeO o MeO. o
MeQ ; MeQ ;
OMe OMe
(S)-3s (S)-4s

4s, 90% 7%, [a]p™ =+56.2 (¢ 1.00, CHCL3). "H NMR (400 MHz, CDCls) 6 = 6.68-6.62 (m, 4H),
521 (d, J= 6.4 Hz, 1H), 3.82-3.78 (m, 9H), 3.72-3.69 (m, 9H), 3.67-3.65 (m, 1H), 1.57 (d, J=7.2 Hz,
3H) ppm.

S 51

MALEYI(S)-3sH KAl 5 40(S)-ds. IRUTT: 25 ml I IIA3s (325 mg, 1 mmol),
RS ml, N-FE-N-AEALMEmE (175 mg, 1.5 mol) FIVUA AL ERIKIZK B (0.1 ml, 2%). SiEdiHE12
NI o AR AN KRR K, BRI, ANUABIRAG S E At
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OMe OMe
" L
MeO’ N 0 MeO [\\I_J[O
Q0 o ™
(S)-3h (S)-4h

4h, 95% 7% [a]p™ =+101.3 (¢ 1.10, CHCL). '"H NMR (400 MHz, CDCls) § = 7.42-7.32 (m,
5H), 6.59 (s, 2H), 5.54 (br, 1H), 5.17 (br, 1H), 3.82 (s, 3H), 3.73 (s, 6H), 3.69 (s, 2H) ppm.

5 St 52
MALEWI(S)-3ab i KAl AP(S)-4ab. SPERUTR: 50ml SchlenkH' i A3ab (369 mg, 1
mmol), PUEPRIRS ml, WREFRICE N, SN IUEREMEER (0.2 ml, 1M), KEE=
e, GREEREHES /N A ZSRALBIKERRQ2mL, IM), XEEIK(30%, 3 ml), SHRHEFF2/ M, 18
FHRABRFR B EA K, TR, 0, A AR 5 AT A 4L

MeQ MeQ,
N N
MeO | - MeC L

MeO MeC
10 (S)-3ab (S)-4ab

4ab, 77% 7 E. [o]p” =+87.2 (¢ 1.00, CHCLy). "H NMR (400 MHz, CDCL) 6 =7.32(d, J=72
Hz, 2H), 7.28 (d, J = 7.2Hz, 2H), 6.63 (s, 2H), 5.42 (d, J = 6.4 Hz, 1H), 3.89 (s, 3H), 3.81 (s, 3H), 3.79
(s, 6H), 3.73 (s, 2H), 3.68-3.52 (m, 1H), 3.44-3.42 (m, 2H) ppm.

15 Sht) 53
MAEWIS)-3utt KIS G I(S)-4u. PIRUT T : 50ml Schlenk ™ i A3u (343 mg, 1 mmol),
TR S ml, N-o- - AH4E (240 mg, 1.2 mmol), HENRE/N . AEEE, s, HIEH
alifk.

OMe OMe
MeO ,\\i} -, MeO Tjo
o Jo ke
F F Ph
3u 4u
20 4u, 82% 77#. [alp™ = +65.1 (¢ 1.16, CHCL). 'H NMR (400 MHz, CDCL) & = 7.35-7.31 (m,

4H), 6.69 (s, 2H), 5.17 (s, 1H), 4.78-4.74 (m, 1H), 3.82 (s, 6H), 3.73 (s, 3H), 2.88-2.86 (m, 1H),
2.23-2.20 (m, 1H) ppm.

SEHf) 54
25 MAED(S)-3r R A &AL G I(S)-4ro PIRUTT: 50ml Schlenk ' Il A3r (355 mg, 1 mmol),
ToKPUEMES ml, AR (282 mg, 1.5 mmol), =i NS/, HORIRRACHR BN K
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WA, AR, s A VAR fE A E A aift .
OMe OMe
MeO:C:L Meo:@
MeO r\\i} _ MeO T:/(O
\\.' \\.' (')"I
MeQO : MeQO :

3r 4ar
4r, 86% 7. [alp” =+94.2 (¢ 1.20, CHCL3). '"H NMR (400 MHz, CDCls) & = 7.34-7.28 (m, 4H),
6.72 (s, 2H), 5.24 (s, 1H), 3.98 (s, 3H), 3.82 (s, 3H), 3.78 (s, 6H), 3.35 (s, 2H) ppm.
SR 55
MALEHI(S)-3aa B HISALEYI(S)4aa. SEITT: 25ml FECHEHIIA 3aa (353 mg, 1
mmol), VYEE Sml, SRR Qml), =R 5 /MG, WARKREBKER PN, —8F
PR, L ARG S A =T Al

MeO MeO

MeO@K o MeO*@x o
Y — o
M &

e0 MeO —
: : & " _Br

(S)-3aa daa

4aa, 77% 7% [o]p> = +54.1 (¢ 0.90, CHCL). 'H NMR (400 MHz, CDCLy) & = 7.31-7.25 (m,
4H), 6.31 (s, 2H), 5.24 (d, J="7.2 Hz, 1H), 3.87 (m, 9H), 3. 39 (m, 1H), 2.51 (d, J=7.2 Hz, 2H), 2.12 (s,
3H) ppm.

L% 56

MALE 4r R HIBALEY) Sro BEUIR: 25ml Schlenk E A 4r (371 mg, 1 mmol),
ToKDUZEWE 5 ml, ¥A%2-780C, ZEI@MINATREE (1.5 ml, IM PUEMIRER), ER=R
o, AREEE 2 /N MRNEAEES R R R Y, —AHAEE, i ARG S A S
Hréatifk.

ar 5r

5r, 72% 7% [a]p = +66.1 (¢ 1.10, CHClz). "H NMR (400 MHz, CDCl3) 8 =7.32 (d, J=7.2Hz,
2H), 7.24 (d, J = 7.2Hz, 2H), 7.20-7.15 (m, 5H), 6.78 (s, 2H), 5.15 (s, 1H), 3.92 (s, 3H), 3.88 (s, 3H),
3.86 (s, 6H), 2.53 (s, 2H) ppm.

SR 57

ML A Yidab it & il 454k & ¥5ab. SN R: 50ml Schlenk i A\3ab (369 mg, 1 mmol), U
SIS ml, WRFIRICE T, SHERMAINLR YEWRER 1.2 ml, IM), kB2 =R )G, 4848
BiFES NI o IIAZ AN AT IR (2mL, 1IM), XUEEIK(30%, 3 ml), =iRGFH2/ N, HOAImRA Uil
BRI R, AR, 2 AWK SRR A aid.
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4ab 5ab
Sab, 92% 7. [o]p® = +96.1 (¢ 1.00, CHCl). 'H NMR (400 MHz, CDCl3) & = 7.41-7.38 (m,
5H), 7.35-7.28 (m, 4H), 6.72 (s, 2H), 5.48 (d,J=7.4 Hz, 1H), 3.97 (s, 3H), 3.88 (s, 2H), 3.80 (d, /= 7.4
Hz, 2H), 3.74-3.71 (m, 9H), 3.40-3.38 (m, 1H) ppm.
St 58
MALED) daa BRHISEALEY) Saa. IR : 25ml FEKIEF A 4aa (434 mg, 1 mmol),
TR USSR 5 ml, 1E T (109 mg, 1.5 mmol), ANFENG 5 /N, ISR JEhEEHTAlifL.

MeO M

e0
N - - N
MeO L MeO L
@; “,-Br @“\ "’//NHBU

4aa baa

Saa, 79% 77, [a]p> = +109.7 (¢ 0.80, CHCL:). 'H NMR (400 MHz, CDCl3) & = 7.29-7.18 (m,
4H), 6.28 (s, 2H), 5.21 (d,.J = 7.8 Hz, 1H), 3.72 (s, 2H), 3.65-3.60 (m, 1H), 3.38-3.22 (m, 4H), 2.42 (t,.J
= 6.8 Hz, 3H), 1.98-1.82 (m, 4H), 1.53 (t,/ = 8.2 Hz, 3H), ppm.

SR 59

MALEY) 3u B R HISALEY) Su. BUIR: 50ml Schlenk F N 3u (343 mg, 1 mmol),
To/KHIR 5 ml, BEERAN(22mg, 0.1 mmol), —#KIERH(57 mg, 0.22 mmol), IKEREH(207 mg, 1.5 mmol),
AHNE(146 mg, 1.2 mmol), A 5 /N, EHUABIRSE GAEEHraifh .

OMe OMe
Me0:© Meoj@
MeO [\\i} - . MeO [\EC
TNy
F i F :

3u 5u

Su, AMGEE, 77% P&, [ap” = +133.2 (¢ 1.10, CHCL). '"H NMR (400 MHz, CDCL) & =
7.36-7.28 (m, 4H), 7.11-6.99 (m, 5H), 6.55 (s, 2H), 5.81 (s, 1H), 5.72 (s, 1H), 3.79 (s, 3H), 3.71 (s, 6H)
ppm.

LB 60

MALEY) 3u &G EY) Su. DBITR: Su (419 mg, 1 mmol) MIAJNZEAH, FHIA S
ml PR LR, 10% Pd/C (40 mg), FEUFIRNEE, A 5 DM RAEME T BN 6 /M, FTHF
SV, IRAEIGAEENT, RIS,
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5u

6u, AMEE, 77% P, [o]p® = +93.1 (¢ 1.00, CHCL). 'H NMR (400 MHz, CDCL) & =
7.42-7.30 (m, 2H), 7.23-6.90 (m, 7H), 6.59 (s, 2H), 5.88 (d, J= 7.2 Hz, 1H), 3.79 (s, 3H), 3.75 (s, 6H),
3.71-3.69 (m, 1H), 2.53 (d,J= 7.4 Hz, 2H) ppm.

SEHE5149-607, A3 AN TUAR SV k), RITA] AR AR S =0 A3 PV E R
KL BRI RIS BE =4

St 61

K SEHERBI3410 0 SEiE 5146, 48F149~603 % B AP ] friad 40 i/ F A TR

S5 RS 146, 48F1149~60Hi£ IKIALA 14T L 41 BRHL 60 FIHl il 4 FH B IC s fEL
fKT20 ug/mL, TM(S)-3ah~(S)-3ap, JHiEfI5aa, Sab, Sufl(R)-3aa-3ad&H HICs{EH I H 21K
T°10 pg/mL; SETfA146, 48149 ~60#5 IIAL A0 itifes 4t L A S49 I E FH R BB ICso (LIS T
15ug/mL, TMi(S)-4u, (S)-4r, (S)-5F1(R)-3ah~ (R)-3apit. &L I ICsHVE FIH £ % T 10 ng/mL,
BAGTAF (0] e 40 i s A

TEAR BHPE BT A SCRREAEA g T 5 L RAPE NS, lidn [ — s SClikpk s ks | FRAE K
SHENNE. ICAMNSHR, (EFT i T AR LR RN R 2 G, ARG EAR A G a] LAk B
VES AN EBEN, X BRI RV T AR S P BRI SRk 45 i B e R
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BA E R4S

1. — 7 B-A BB G, HAFIEAE T, X 1 Bs.

At R R AU (HUAREBARIR LU F I Cre Bk, Cano IUFRBEIE. Cono 10
Pl FRAHURRIGHE B FAIIRIEIAR: M. Cro Btk CrobifUIL. Cro WfRBTIL.
OR', BINR, B R, R4 FUT I L 2R, TR, BTUREIE, L,
GURIE, ORI, SFILRERL. BT T URRERL. THE ORI LR AL,
10 TR, LA R AR S B SRR LI ki e
2. UWIRCRIZESK 1 BRI A, JHEET, R RORFN YA, s R ROp2
k- NGRS S e
3. WIBURIEER | BRI ARG, AT, Pk iy s i,
(a) ZEAHLATR, FERRIIER T, AT B b 5 sk e R LRI P T et B
15 HRALHIREGL REANH, 5538 1AL AR AR TR AR I, 4 S h iR 2 4L A
(b) TEATHUAAIR, 22 (A PERIOE T F 48R, EIBUREER 1| Bt a4,

OLG O

R
1 3 ¥ R*NH, — N*H i — K
R %OR R1%OR3 . :c
1 2
s R RE A SCUBURIEER 1 Hh Tids;
ROHFAR, 25, FRME. ETHE BT, FREERIE,
20 LG OBk, SUTEBIE. WA, sl (L8R,
4. QTBURIZEK 3 BTkt es 7, HAFIEAE T, ik ich I 42 e AL A o AR A b SRR A,
A1 PA(OAC),« PACly. Pdy(dba)s Pdy(dba)sCHCls. Pd(dba),« [Pd(C3Hs)Cl],+ Pd(PPhs). PA(PPh;),Cl,.
Pd(CH;CN)Cl, 11— Fhak i L L.
5+ WBURIEER 3 Bk il 77ik, HARREE T, Il BT PR vk A 25440
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X, RY R’ RS RYG R RO MO A& s 32 LA BRI L FEEHT: €~
Cio bt Cr~Cy IR SE . Ca~Cao IR B 2

R, R" 2507 3 B HUACER AR BRI LU F R Ci~Cio HIEREERE. Ci~Cip AIKEFE. 2-
IR RE s 5 2k

X 3% H CHy, NH, NCH;, OB S: n=0~4;

Hrp FTRE R DL P RIEEAR: 38R Cre Bttty Cre MARBIIEDE C -6 A

6+ WIBURIEEK 3 BTkl it AR T, bR, Frdiimt. R*-NH, 55K 1
AV R EE S 1~10: 1~10: 15

JTR AL S 2 1 AE YR EE R EE Y 0.00001~0.1: 1.

7 WOBURIEESR 3 8 6 Pkl 4 795, HRFEAE T, Ik ik DRI . BEIRAN . Dk,
=W TRNIECHENE . NO-XUE ISR MG DUIE T 23R8 — S AR A R ik )
—RhEA AL b

8- mﬂﬂgﬁsﬁﬁmﬁ%ﬁ%,ﬁﬁﬁﬁ?,%ﬁi%@¢,%ﬁmwgﬁ2%%%m
IR EEA 1~10:

9. WIRAIELK 3 8 8 Pkl ik, FAFIEAE T, I Ao, ki — s H
FETRESHY . NTPE T RAEGM . T RINAREEREL. BT IR BT IR B
NSRRI B P (PPl b DAL

10 GBCRIZEK 3 P il s ks, HRRIEAE T, TR MA MR R HOR, R,
THETEG . SRR, 12-TR Ok SRE. DU, R, ZRE. NN-THIEFE
B A iR 2 bR

11, — M2 (a4,

A ST L, ) R F Bl S F Y,
R\ R® 43 5or ik A ERERBURI LA NI Cre btk Camio MIERKEHE. Coao MIDTHE;
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PR EU IR L A R AR M3, Crebidk. Cr-e BRI Ci i UBEEE. -ORM.
NR"Z, HoRY R A A5, OBEHE, B, BUT AU FoE, R,
ZORWIE . WIS . RUT R TR T TR R e TR R
ROHHIE, 8, FAEE. IE 136, AUTHE. FRaE Rk,
5 12, —F 2 (el ik, R T, Pk ikt i iR

OLG O RZ

R or? ¥ RINHy — %

1 2
FEATHLETR, FEBRINIAE A N, AR TR S I < Jm AL AT A4 e S AR D e
WAL RNH, 520 1 AR ARG AL SR, 451350 2 A5
Farp: SRR L, O R ARE S R
10 R\ R® 43 5or ik A ERERBURI LA NI Cre btk Camio MIERKEHE. Coao MIDTHE;
PR EU TR L A FALMERIERR: M3, Crebidk. Cr-e ML i i UBEEE. -ORM.
NR"Z, HoRY R A A5, OBEHE, B, BUT AU FoE, R,
ZORWIE . WIS . RUT R TR T TR R e TR R
RYGHIE, 2k, FRHE BT BUTHE. FHEEEENIbE.
15 13, —Fh B-WBUESAL &1, HRFIEAE T, &R I .

oM
MeQ, ©
MeO/@ 0
jug
*
Ar

A Ar 18 B BURBREURIF Cono 5 5E: FTIREUARIRHIE B FAHMEURERR: KE.
Ci- B2k, CrebtAIE. CremifUtE, -OR" BE-NR", Irf R' R FCTHE A& 2
B AL BUTEIIRIE. 5. FEPSE. ORI, SRR SUT R,
20 BT IRIR RS R R
TR, K TAEYh R FBEL S WAL slag+Ron X I ALA ) T e
14, —Fh B-WlERAL G4, HAFIEAE T, SifansU I, IV, V k.

OMe

:@ Me0:©

R13 N R13 N MeO - N 0
*
R19 / \
2( R21
RZO

RS R™®
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A, RELRM RPL R RV R®D RYL R?. R 5Tk B BRI B R 3
A: Cie biFE Caio MIHBEIE. Cono M5HE: FIREUCRTaHIE B FAMBURIERR: KE.
Ci-s HidE. CreftladE. Cre WfUhEIE. -OR". HINR", M R". R & AMOIHEAE. £
BEIE. AR, BUT SR, 0k, WEPOL. =R, =HISRERL, BUT R FORREL,
G 2 (R - A B AR

XHER. b1

*FAAMRER L, L IV. VAREY R MRS S Y s+, vV, Vb
BT .

15, —Fh B-MEEHSA G4, FRFEAE T, S5t VI Fios:

MeO

N
MeO
*

Ar
VI

A Ar i H HURBURHURIK] Cono RIT3E: FTIRHUARARHE B T~ AHMHUEERAR: k3.
Ci- HidE. Cre bt Cre Mfthi2E. -OR". BINR", M R, R & AMOIHEAE. 2
BEIE. AR, BUT SR, 0k, WEPOL. =R, =HISRERL, BUT R FORREL,
BT FE R R B R F R

*FRMSFRTL, K VIREY A R AL SRR, 8RR VI LGP A ek,

16 —Fh B-lEEEAL G4, HAFEAE T, Sifin= vI Pros:

MeO

"N

MeO R%
23
N R
vII R25 R%*

X n=02801; Ar ik HHRRBORBARH Cogo 5 3E: FTIR TR B A REUR
HHUC: H# Crobidh. Crebiadh. Cio kiUt -OR" Bi-NR", A R, R % HAl0T
HIE BEL SR, IR, BUTAURIE. WOE. AR, —RHE. =W, BT
TRSERERE . TR IR o T ORSE I ERESE, RPL RPL RM. RP T ik [ H e
AREARIILL R IEH: Cre B Caao HIFBEIE. Cono K053, FRRkoadk; FrikHuf et
H FAREREER: 3. Crobidh. CrobifIt. Crokifthidt. -OR" BINR", HA R,

X]

RY & MR A5, SBEEE. MERE. RUTSURIE. FEE, RIS, SRHIE, =R

fEdE ., BUT BRI BUT FE AR Rl AR R S
RN SRR, I VITIL S R #AEk S /RS, s+ 3L n 2 VI AL &40 0 TE ek .
17. —Fh= VIIL L &4,



10

61

WO 2014/012495 PCT/CN2013/079543

Vil

A SRR L, O R AIYEL S FRL; sUN IR

A Ar i H HURBURHURIK] Cono RIT3E: FTIRHUARARHE B A MHUCEERAR: K3
Ci-6 iH. Cro BtfEHE. Cro BifUERE. -OR'. BE-NR', Hp R, RZFEMTHIEEE. &
BEIE, ABEIE. BUTASRIE. FOE, WEURIE. —ORWIE, HIRREEL. BUT RE - FARREIE,
BT FE R R B R F R

RO, 236, BRI, ETHE. BT, FEmERbE.

18, WIBCMEEK 1. 13, 14, 15, 8516 Fridb SN, AR T, Tl 1R
/B3GR EKIZ540) o
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