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g -
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COSEn
[s}eh2] 6-20]
HN,BDE

COSEn
Et0,0
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ph/%)\(CDSB”
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[0172]

[0173]

[0174]

[0175]

[0176]
[0177]

[0178]

[0179]

[0180]

[0181]

SS=50dl 10-1871567

o) EA sl N-ZREEE-olR i N-ZRHEE-du-oluEdES thelgel e @R lo|Eet w7 o
Ag ZTFHT. o5 59, A7) N-ZHE ooyl B -T2 s-gul-olu| A Ex} 4] tholdol o uE
Yol EE g1 w3 wh-go uwel A2 ¥h33k 4 gt}

4 Azt grtzels Eul s ~g-olr 2 E} tholsolow
RUelES B9 BAHNY + AL A4SHE e+ 2
EEEB
-
I
™ | =
H
N 0 =N
Ar—,
0
[3h54) 2]
R
i
M
- .H

i
H
D=<H§—N%\‘}-Al

0
steba 1 % 2004, RE ol®7](ethyl group) W= HIE7|(vinyl group) & X} 5 L, R'S T4 F2
5A17] (methoxy group)& ¥ # Qom, Are ©AF 6 A 16 o A& Ei HX3E ofd7(aryl
group)S X8 4= Q). 183l ne 0 TE 19 ¢ dr).
A AR, 83t 1 2 534 29] Are 3,5-H] A (EYZFo 2 e ) MAl(CHE), Q2-SF(CH), e
= A(CHs), FE-w AN (Colly) . 122 (Coolls), 2-H2Z-(Coolly), L (Colls), F 2 (Clly) S22 ©]
Folxl aFelA Aded syl = Qv

AAle =, speha] 19] spgtE 2 shr] sheh 1-1 WA stek 1-89] jtEE T Aok stuE xFE

ﬁ OMe
@ %

QD -S0A
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@’N OMe
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[0192] [3}3t4] 1-7]

J&l OMe
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gz
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H, | N
T
[0193] Py-0D-SOA
[0194] [8}3}4] 1-8]
Ohle
ol
H
| el
H‘ M
T
[0195] Py-HOD-SOA
[0196] A AA R, 83t 29 FFEL sl7] ek 2-1 WA FeA] 2-59 FAFEE T Holm suE g &
AT}
[0197] [s}sh2] 2-1]
Ole %
N
S R
. H CFg
0 M j(
[0198] QN-SOA CF;
[0199] [s}sha] 2-2]
Ohde 73
b
Sl
h Z, #
[0200] HON SOA CFs
[0201] [8}sh4] 2-3]
tH CF
H N NQ
« Ho ;0 Fa
n
[0202] CD-N-SQA
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[0203]

[0204]
[0205]

[0206]
[0207]

[0208]
[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

S=50ol 10-1871567

CF=

MeO N ~1Ci;5/
mE ; )
.
i

H CFs
Me D *ﬂiiigg/
Fz
HON-N-SOA

2 WAAel flejA, 'HQD', 'QD', 'CN' HQN', 'QN', 'CD', 'Py' ¥ 'SQA'2 77} 'shol=EEFuUd
(hydroquinidine)', '#AY(quinidine)', 'Al3ZY (cinchonine)', 'slo|==ZFd (hydroquinine)', '#HAY
(quinine) "', '"AsmYd(cinchonidine)', 'I#ld (pyreneyl)' % ‘'AFojolulol=  (squaramide)' &
YERdTE,
2 o] Ao QojA], vt vy 3] Hhgoll HofstE vESEQ] thoMol R Yol EE s17] 384 39
ES ¥ £ 9, N-ZREE=-o|We 317 5324 49 HFES EFE S glow, N-TrEE=-ot
d-olu| T EL 37| 35hA 59 IFES 2T 5 ).
[2hek4) 3]

[ (]
=5 R

K
RE

[3}3h2] 4]

=

N-"

RZ" "H
[sFet2] 5]

R

HRr

R*" "S0Ph



[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

gz oF 1A 12 91 7], g7t oF 6 WA 16 ]l o
[ = = |

: A
27, UEY Fow Agd & gy, a2a 34 3
PN
T

=
1291 277], B} oF 1 A 129 FA7], &=, UEL Soz Afd 4 9ok, @M, 47 R LR
oA, A7 Bade 1 A 129 92y WY, oY, Zew By Zozyy Mug s o4 wae
QL. 7] Brad 1 A 129 FIAYE HEA], o]EA, EREA REX SozRE Auw g} oo
_lﬁ_%

9 AAel, seka 4 % 5] oA, A7) R'e @aih of 1 ujA 309 947), @adh o 3 A 691 A}
o2, i oF 6 U4 2020 oky], BASAE oF 4 U4 109) sElRelAs] FozyE A9 5
HE EET 5 9, 4] DA7], AFRAA], okds], dHRelAr] Z2he Baisl o 1A 129 o
A7), Bassh of 1 U4 1290 GHAY), G2, YEY oz Asd & vk A7) Bas 104 129
271 Wg, oY, 2R, ¥8 Sonyy Aud SE LR 5 U, ] BaF 1 oA 129 234
e WEA, BA, ZREA, REA Bozyy dud shlE LHT 5 Aot

A7) ol wEIE WS EQE ofwlel A QAR wEd 4 db 487% s Aoz, W %
ob¥le] Wi UAE BET F drhd S AWHA ech. B FW, 7] op RE/)E T (Green)

> (Wuts)9] 'Protecting Groups in Organic Synthesis, John Wiley and Sons, 1991'3 Z1®(Green) % <%
(Wuts)<2] 'Protecting Groups in Organic Synthesis, John Wiley and Sons, 2007'e] Z7|A® ol¥l R3I7|E
23 AT A AAdER, 7] ofdl BREV]|E WESAZIEERE Y], AEASAFIER D], p-HEAHESA]
Zh2Rd7], t-FESAIFIER G (Boc), 9-EFdIdHESAIFI2HEYI(FNOC), <HESAIZFEH(Alloc),
2,2, 2-EY 2 RAFAI7F2R Y (Troc), WZU71(Bz), HWA7](Bn), p-mISAIME7I(PMB), 3,4-Ttu|S5AHE7]
(DMPM), p-HISAI=IL 7] (PNP), EA7|(Ts), EuEALodSA] 7t2H 7] (Teoc), HM=3to|=d, E#Hd
H(Trityl), U-HMEAHAD YA LDH L Mnt), HHSAEZE DN, Haldz29wr] Fo2RE d8d shy

e 2FE UG

o [N N& S

-
A Aol gloiA, shak4 39) tholdol ez lol B 3] B8 3-1 WA 368 HFEE F Aolw sh
s 29 5 A
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o f"»SxLL\U_fU\S/“M

& C
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[0228]

[0229]
[0230]

[0231]
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[0237]
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[0239]
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[0245]
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[0260]
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[0280]
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[0284]

[0285]
[0286]
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[0288]

[0289]

SS50dl 10-1871567
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sheba] 4-1 A 4-12 2 3heh2] 5-1 A 5-9 o] delA, "Boc"v BIEFESAIZIEREY]E YERHAL, "Moc”
YA 72 RS UERaL, "Chz'e WASAZIER YIS YEhla, "Ne's wW97]E dERaL, "Bn"
%éﬂ%L%h%ﬁ“%%fﬂéﬂ%HHWQ,mﬂ%oﬁ?@%%ﬂﬂq.

@, tholso] oW H|o| Esh N-Z 2 eE|=-0]q] F-o N-LmeEE-odul-olul £AE Afole] vltjF mhal W
Sl olsh AAEE N2 e SovEl-ofr] w-thol o] ool 2EE S S5HY 69l HPES TIT & vk

4 Aol 91011 §‘r5“‘ 64 N-3Z 2 B E-w| Bf-opr| lm-tho] o] Q o 2B = 3}7] BFeh4 6-1 WA 6-249]
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[0302]

[0303]
[0304]

[0305]
[0306]

[0307]
[0308]
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[0311]
[0312]

[0313]
[0314]

[0315]
[0316]

[0317]

[8}s+4] 6-10]

HN_,BEIC
fﬂijjfle,CDSBn
COSB
e "
[8}sh4] 6-11]

HI
COSBn
O=8n

.Boc
fle
C
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Er
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COSBn

COSE
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ot
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i

HN,BDE
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[0318]

[0319]
[0320]

[0321]
[0322]

[0323]

[0324]

[0325]
[0326]

[0327]
[0328]

[0329]
[0330]

[0331]
[0332]

[0333]

S==35| 10-1871567

[8h514 6-1]

HN,BDE

CosB
M n

COsEn

[8h814 6-19]

F COSEn
[h814) 6-23]

F

COSBn
F COSBn

[8h814 6-24]

F

F _Cbz
HN

COSBn
F COSBn

S84 6-1 4] 6-24 o olA. "Boc': HERESAFAZRYZ JER I, "Moc"= MES AT 2RSS

e, Chz't MRS AAZRYZE Yehla, Me': WE7E Yepia, 'Ba't WAdsE Y

B SIS e, RS ARo1E bt

., 2 ougel o Aol lojd, g7] et 49) N-ZREE=-olvl 7] 58] 39] tholso] @ Wy
> Se a7] wbeA o) whel WA = Qla, A7) s4eha) 5o] N-Z R EE =-oku-

1 olewzyo|E Abole] MY whs] W& &r) WhgAl 20] whEl A

3 % gl wbs ] 29] WS A9 N-ERelES-otul-olu R A Ee] N-TZEEtoo]mow M F 4]
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[0334]

[0335]
[0336]

[0337]
[0338]

[0339]

[0340]

[0341]

[0342]

[0343]

[0344]

[0345]

[0346]

S=S0dl 10-1871567

| wkgol @
, 29] W glolE N-LREE|C-drh-or B EY N-ZRHE E-o] 7029 W
£A517] S15te] BARPEE(Na0) S A7HE 5tk @ AAdR, 47] SRRPEFS Nz e E-ckio}

NEAHES 7|30z ¢ 100 WA 150 mol%wrE #7714 4 Q).

5 & 9 o N,R4 Catalyst H
&S)H/U\SF + J_I\ RSJ\KCOSR1
e R "H R2COSR1
[RE-8-2) 2]
1
o g A7 Catalyst LR HN'R
R'1 R1 + Hr: ] 1
5 5 1 — | 1 | Rg,kKCOSR
Rz R350,Ph R37H J2COSR!

2 ANl FolA, N ZHE o] ql i N3 2 eE] = -ots-of
tholMo] QA2 Y| ESE HIlelal, o]E AA LA o

n e E trolgo] e R o] E Abole] Bt w}
—thelol Qo 2B S FAFE & Ak, el9} 7

e

N

$ FEe YA F Utk

A AAeel glold, wrge] s& @ A PR e, A7) WA 1 EE 29 WY whF WL
oF -80 1A 60TS] £= WSSl gub WA £AE F vk olF EW, 4] we 1 EE 29 M vk
3 W3 oF -50 W4 30 To] &% Wl Suf wold FRE 5 Avk 4] guiEE f718W, FE =
= R8s Eoe EFEAS AEE & Ak B EW, 4] 47] $uEe dolFEdd, Fuex
g, BT, HEDSO|SZF Y, obAE, dPoldHolE Fo| AR & a, 47 FEjorE B, dohl
EFNC) 89 Bol AgE & Ak, A MM, wee £& % FAEge] 4L A8, 3] gz
= tel2Rzvde] WEoR ASHAY tel2u e ASUERNC) Feoe] Eggolel Aga &

o AAeel oA, 7] 1 Fuji N-ZRYEs-ojyl i N-TRYEs-du-olRHES s|FoR o
WA 100 mol% H7hd = glk. <& 59, WY &= weE fkshy] fjste], 7] 71" Sl N-ZR
E-olfl EE N-ZRUEE-Uu-olu|EHEE 7|Fo& oF 1
A AAdel oA, HthF s weg 914 = N
ol BHES V|FEoR ok 1 A 5 B ArtE Aok dE 59, 4] tolselont
o 1

N2 E-g-ol R ES 7FE0R o 1 A

2 AT = . dF W, 2 uhgo] Ao o —= 5 H =
Le-tho| Mol Q| AEE o] &31H Aol AE VY] AFNES AX ve nFIPbA o] FEAd EF

Az
& 5

o3, B el olsh2 vl Astel whgAE AAE AASE, 7] AAelE B 3@ oAsE AY B
Bowgel WS Ageh: Ao ohn, X e B owyel WFE 9 /1&g 8 delA thsl Wy 2
FAE 4 QA old® WY % 54 EG L gl Wele] Seks Aow dasofo} B

<dAle] 1 WA 41>
[AAl 1]
R'o] W7 o3 R7} 42291 848+4] 3-19] tho|#ol oW uo] = FFE 0.55 mmol, 3F8H4] 4-19] N-Z 2 elE] -

SFA
= 1
o]t 0.50 mmol % 3}F4] 1-1¢] F7]1Fv 1.0 mol%S deolZFZZret 5.0 mLoll 84121 5 -50 TollA 1 Azt
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[0347]

[0348]

[0349]

[0350]

[0351]

[0352]

[0353]

[0354]

[0355]

[0356]

[0357]

[0358]

[0359]

SS50dl 10-1871567

Fstol 31814 6-19] N-3elE| =-we-ofr] re-tho] o

1o 2B 8 FASAT. ololA ghE wekah A
Asta Ael7t-A ARvkELdSE ol gatel BHEL B3

sk3let.

oL E
rE

TLC (EtOAc/hexanes, 1:4 v/v): Rr = 0.50; [aly. = +41.1 (¢ = 0.10 CHCls, >99% ee); Mp 125 C (>99% ee);

' NMR (500 MHz, CDC13) & 7.29 - 7.18 (m, 11H), 7.12 (d, J = 6.4 Hz, 4H), 5.95 (s, 1H), 5.47 (s, 1H),

4.31 (s, 1H), 4.14 (d, J = 13.9 Hz, 1H), 4.04 (t, J = 13.9 Hz, 2H), 1.39 (s, 9H); e MR (126 MHz,
CDC13) & 192.69, 190.60, 154.91, 138.79, 136.31, 136.24, 128.86, 128.79, 128.67, 128.66, 128.46,
127.82, 127.48, 126.67, 125.84, 125.77, 79.92, 70.89, 55.62, 33.97, 33.91, 28.32; IR (KBr): v 3418,

2976, 2926, 1695, 1508, 1454, 1409, 1363, 1290, 1244, 1172, 1031, 978, 842, 759, 697 cm ; LR-MS (ESI)
Caled for [CooHsNO,S, + Nal': 544.16; Found: 544; HR-MS (ESI) Caled for [CooHsNO,S, + Nal': 544.1592;
Found: 544.1593.

o] AA 9 Zt(enantiomeric excess,%)S HPLC EA4& E&l =As¥tH(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tz = 15.9 min (major), tz = 18.2 min; >99%
ee (9).

[2A]e] 2]

1

=~

o wldola R 549 3184 3-19] tolso] e B o]E 31§E 0.55 mol, 3}3H4] 4-1 ¢ N-Z 2
1

o] 0.50 mmol, 3} 1-29] F7]1&w] 1.0 mol%S Tho|E2=2Zver 5.0 mLol] &3A171 & -50 TColx NEds
Hkste] gkshal 6-19] N-Z 2 HE E-HEf-ojn| e-tho| o] QA 2B & 3. o]oA SulE TFstAl Al
Asta Ag7-A ARnEIHIE o] §ste] APES FE AT

o] AA 9 ZFt(enantiomeric excess,%)S HPLC E4& E& =AH3AH(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): ty = 15.9 min (major), tgz = 18.2 min; >99%
ee (9.

[dA4) 3]

R'e Wdolx R 5491 81514 3-19) tholsolodzvlo|E &% 0.5 mol, 8484 4-19] N-ZzuE=-
= _

A
W 0.50 mmol, 3}sHA 1-39] F7]1Ev] 1.0 mol%= to]ZF=Z 2wk 5.0 mLoll &A1 T -50 TollA 1 A|ZF
wyksle] glsha] 6-19] N-Z 2 HE]=-HEl-olr] -Tho| o] Qo] ~2H & 3AdsISIt). olojA] &S dstAl Al

Asta Agl7h-A ZZefEaHIE o] &3te] AEES EE 3.

oldAA 9 Zk(enantiomeric excess,%)< HPLC #24& E3 5% 13} tH(Chiralcel OD-H; hexane
isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.9 min (major), tgz = 18.2 min; 83%
ee (9).

[HAd 4]

R Wldolil R 49 8814 3-1¢] tholsol e Bauo|E S13E 0.55 mmol, 3342 4-1¢) N-LzejE|=-
ol 0.50 mmol, 3} 1-5¢] F71Zw] 1.0 mol%S tholZFZ2u|el 5.0 mLo] &A1 T -50 TollA 1 A7+
Hkste] g}sha 6-19] N-Z 2 HE E-HEf-ojn| e-tho| o] QA 2B S 3. oo SulE TFstAl Al
Asta Ag7-A AReEIHIE o] gt APES FE AT

oldAA o Zk(enantiomeric excess,%)< HPLC #41& =3 =439 th(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tz = 15.9 min (major), tz = 18.2 min; 92%
ee (9.

[dAl4) 5]

A 38kl 3-19] tholppol LR YOlE 33E 0.55 mmol, 3}8}2] 4-19] N-Z 2 HE| =~
2l 1-89] F71Z v 1.0 mol%S tolZF=Z=wer 5.0 mLol &ajA]Z] ¥ -50 TolA 1 Azt

sk
O,
[
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[0360]

[0361]

[0362]

[0363]

[0364]

[0365]

[0366]

[0367]

[0368]

[0369]

[0370]

[0371]

[0372]

[0373]

[0374]

SS50dl 10-1871567

awstel B8 6-19) N2 EE| SowE-obu-tholdo] Q.o 2B E FHHAT. olold ulE AEA A
Asta 274 AzvhEadsE o) gt AREe Felstdlnh,

oldAA o) Zk(enantiomeric excess,%)< HPLC #41& %3 =439t (Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.3 min (major), tgz = 16.8 min; >99%
ee (9.

[2A]] 6]

Aol K= 549 #5H4 3-19) ool ewm ol S 0.5 muol, H8H4 4-19] N-ZZEE -
9 0.50 mmol, 33F2] 2-1 9 F71&w 1.0 mol%S Tro]ZF2E2WE 5.0 nloll &A1) 3 -50 CTollA 1 A3+

wkete] 3}eha 6-19 NEZZEE|E-H|El-olu| o-tlo]Hlo] Qo ~E & AT, olojA §uiE TEtA Al

At A7 AgvEad S ol 8ste] A ES LElskalt

o]dAA 39 ZFt(enantiomeric excess,%)< HPLC #4& H3 A3 (Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.9 min, tz = 18.2 min (major); 95%

ee (R).

R'e MAolq R 5200 88t 3-19] tolsoloutzylo]E 3155 0.55 mol, 85H4) A1) e =

olq 0.50 mmol, 3}8H4 2-2 o F7]=w] 1.0 mol%S vholZF = =gt 5.0 mLoll &3jA]7] & -50 CeollA 1 A7t
Rkt ghsha 6-19] N-Z 2 HE E-HEl-ofn| -tho| o] QA 2B S ST, o]ojA SulE FStAl Al

Asta Ae7-A azeEdfyE o] gl YHES Bt

oldAA ] Zr(enantiomeric excess,%)< HPLC HA1S Ea A3 cH(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tz = 15.9 min, tz = 18.2 min (major); 96%

ee (R).

[2A]] 8]

% Q1 S84 3-19 Tolo] RO E HFE 0.5 mol, H8H4 4-19) Nz e -
W 0.50 mmol, 3}sHA 2-39] fF7]Ev] 1.0 mol%= to]ZF=Z 2wk 5.0 mLoll &A1 T -50 TollA 1 A|ZF

wksle] 3leha 6-19] NEZZEE|E-H|El-olu| o-tlo]Hlo] Qo 2B & AT, olojA §uiE TEtA Al

Astal A7 A2vtEnduE o] &3ty YAES Fssit.

ol A 3 ZFk(enantiomeric excess,%)< HPLC #41& Ea A3 cH(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.9 min, tz = 18.2 min (major); 84%

ee (R).

R wldola R 549 384 3-19] tolso]l ez ylo]E 53% 0.55 mol, 334 4-19] N-Z 2 elE|=-
W 0.50 mmol, 3}sH4) 2-59 fF7|Ev] 1.0 mol%S to]ZZ 2 W E 5.0 mLol &A1 & -50 TollA 1 A|ZF
Rkt ghsha 6-19] N-Z 2 HE E-HEl-ofu| e-tho| o] QA 2B S ST, o]oA SulE FStAl Al
st A7 AReEITE o] gt APES FE T

oldAA 9 Zk(enantiomeric excess,%)<= HPLC #4& %3 =43 th(Chiralcel OD-H; hexane
isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tz = 15.9 min, tz = 18.2 min (major); 98%
ee (R).

[Z A4 10]

2 3-19] tholMol w0 E 3H5HE 0.55 mmol, 334 4-1°] N-EZelE]=-
-69] F71Zm 1.0 mol%S tholZ2=2wWEr 5.0 nLol €3jA)71 & -50 CollA 1 A7k
HE] =-wEl-o}r| -Tho] o] R o ~H & FASIUTE. olojA] BulE Al Al
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[0375]

[0376]

[0377]

[0378]

[0379]

[0380]

[0381]

[0382]

[0383]

[0384]

[0385]

[0386]

[0387]

[0388]

[0389]

S=50ol 10-1871567

Asta Ael7-d AZeEOYHE o] 83t AdES FEET.
oldAA o Zk(enantiomeric excess,%)< HPLC #241& %3 =439t (Chiralcel OD-H; hexane
isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tz = 15.9 min, tz = 18.2 min (major); 94%
ee (R).

[ZAl4 11]

RS Hldo)a RE 749 318k 3-19] thojsto]l o2 uyolE 313t 0.55 mmol, $}EH4] 4-19] N-Z2HE| =~

oldl 0.50 mmol, 332 1-19] F71Z&0] 1.0 mol%S tho]|ZF22wet 5.0 nLol] €31A1Z1 & -15 ColA 0.5 A
whate] shete 6-19 Nz EE Eove-ou)-thol Aol o o 2B E kATt ololA guE Zhtabl

AAs I Ae)7-A AZeEIHAE o] &ty HHES I8l

ol A 3 ZFk(enantiomeric excess,%)< HPLC #41& Ea A3 cH(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.3 min (major), tg = 16.8 min; 99%
ee (9).

[2A]4) 12]

Re wWido|x R 29 3ty 3-19 tholso] ezl E B3 0.55 mol, 3434 4-19] N-ZREE|=-
T0.50 mmol, 3}k 1-19] #71&v] 1.0 mol%S tolF=2=2wer 5.0 mL o] &3A)Z1 3 0 ColA 0.2 AJ7F

Rkt ghsha 6-19] N-Z 2 HE E-HEl-ofu| -tho| o] QA 2B S ST, o]oA SulE TFStAl Al

st A7 AReEIHIE o] gt APES FE T

oldAA ¥ Zr(enantiomeric excess,%)< HPLC HA1S Ea A3 cH(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.3 min (major), tz = 16.8 min; 95%
ee (9.

[HA]¢] 13]

' Foli R 449 3344 3-19] tho|mo] @R uo]= 532 0.55 mmol, 3312} 4-19] N-LzeE|=-
ol7l1 0.50 mmol, 3}8H2] 1-19] #F7]=w] 1.0 mol% & FEZZXE 5.0 mLol] &A1 & -50 CollA 1 A7+ 2L
Hhale] shsha] 6-19] N-ZZEE| E-HEl-oju| -to]Mlo] Q| ~E & AT, olojA §uiE TdstA AlA
ti AE)sk-2 aEeEad e o] &5t ARG Hashqir.

ol A 3 ZFk(enantiomeric excess,%)< HPLC #41& Ea A3 H(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.9 min (major), tgz = 18.2 min; 99%
ee (9).

(=]
o
=

r2

ll

o]

1(

0

[HA]d) 14]

1

=}
rlo

MAo|: R $49 8482 3-19] thospo] @@tz o] E BHE 0.55 mol, 33H4] 4-19] N-Z R EE| -
10 0.50 mmol, &g 1-19] f-7]1&w 1.0 mol%s &5 5.0 mL o &A1 & -50 CollA 1 AlZF uqks}
s}sta] 6-19] NEZZHEE-WE-oln]-tho]Hlo] Q o 2B & FATIAUTE. o]ojA BulE TSkl AlAS L
g7-d A2uEafHE o] 83ty AdES FElsT.

oldAA 9 Zk(enantiomeric excess,%)<= HPLC #4& %3 =43 t(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tz = 15.9 min (major), tz = 18.2 min; 99%
ee (9.

(]

>

[HA]¢] 15]

R& Wdelal RE 49 3184 3-19] thojyo]edzYolE $43E 0.55 mmol, 3432 4-1¢] N-Z = EE -
olwl 0.50 mmol, 338H4] 1-19] F71Z1] 1.0 mol%S HEZS| =255 5.0 mLol] §31A1Z1 & -50 TollA 1 A
Zb wykelo] 8k 6-19] NERHE| =-ER-olu] -tholMlo] Q| ~E]E FHAdEliTt. o]ojAl &wlE ZUEH
AAs L Ae)7-A R EIHIE o]&ste] A= skl
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[0390]

[0391]

[0392]

[0393]

[0394]

[0395]

[0396]

[0397]

[0398]

[0399]

[0400]

SS=S0dl 10-1871567

old&A #  Zk(enantiomeric excess,%)& HPLC #A1S Ea) A3tk (Chiralcel OD-H; hexane
isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): ty 15 9 min (major), tg = 18.2 min; 58%
ee (9).

[4A14) 16]

1

=}
rlo

Wl Ao w R 2ol 818H4] 3-19] tho|Mo] otz o] E &3 0.55 mmol, 382 4-19] N-Z el =-
0.50 mmol, 3382 1-19] §71Zu] 1.0 mol%S SFHE 5.0 mLell €327 = -50 ColA 1 A|ZF wrkslo]
2 6-1¢] N-Z 2 e =-u|el-oln| --tho|Rpo] Qo ~E| 2 SASIQTE. ololA fu|= ZekskA AAStm A
1A AelEad g ol gsle] AYES Pl

oldAA ] Z(enantiomeric excess,%)< HPLC HA1S Ea A3 cH(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tz = 15.9 min (major), tzp = 18.2 min; 41%
ee (9.

(]

J?L' s}

|
s}
2]

\11

[AA4 17]

1 2

R wldela R 490 84 3-19 telse] o2 yo]E 3HE 0.55 mmol, 4314 4-29] N-ZREHE=-
o]l 0.50 mmol, 3+ 1-19] f715 v 0.5 mol%S thelZREMEr 5.0 nLoll &3jAIZ § -50 CollA] 24 AIZE
nRkaEle] 3ekAl 6-29] N3

E] =-uEf-opr| e-tho] o] Qo B & M3t ololA &riE kAl Al

=4
117 A 7-2A gErEgYS o] &5le] AAHES Rasqrct,

A
ol

TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.26; [aly. = +30.2 (¢ = 0.10 CHCls, 97% ee); Mp 79 C (>99% ee);
MR (500 MHz, CDCl) & 7.30 — 7.19 (m, 11H). 7.19 - 7.11 (m, 4H). 6.10 (s, 1), 5.51 (s, 1), 4.28

(s, 1), 4.15 (dd, J = 13.9, 2.9 Hz, 2H), 4.06 (t, J = 16.9 Hz, 2H), 3.62 (s, 3H). C NMR (126 Mz,
CDCly) 6 192.60. 190.43, 156.03, 138.42. 136.23. 136.16, 128.81, 128.76. 128.70, 128.63, 128.60.

127.94, 127.46, 126.55, 70.58, 55.90, 52.37, 33.96, 33.89; IR (KBr): v 3408, 1698, 1519, 1496,
1454,1289, 1245, 1226, 1067, 1030, 981, 944, 847, 781, 754, 715, 699, 647 Cmfl; LR-MS (ESI) Caled for
[CoollsNOSS, + Nal': 502.11; Found: 502; HR-MS (ESI) Caled for [CuNOS, + Nal's 502.1123; Found:
502.1117.

o] & A 7<) ZFk(enantiomeric excess,%)> HPLC ¥4 T3] SA3H(Chiralpak IA; hexane @ isopropyl
alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): tg = 11.0 min, tg = 14.9 min (major); 97% ee (S).
[2A]e] 18]

1 2 -

Z Q1 steka 3-1¢] teolo] e E Yol E Shgha 0.55 mmol, 3}8HA] 4-3] N-ZZHE|=-
°|®1 0.50 mmol, 3}&F2] 1-19] {71FM 0.5 mol%s vho]Z22Eu et 5.0 mlol &3AIZ] * -50 TollA 24 AJ3F
wgkste] 5}ekA] 6-39] N-ZREE =-HE-otr]ie-tholgto] @ o 2B S FHASGiTE. ololA &ullE ZHSkebAl Al
At A7 AgvEad S ol 8ste] A ES skt

TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.35: [aly. = +28.0 (c = 0.10 CHCls, 95% ee); Mp 115 C (>99% ee);
' NMR (500 MHz, CDCly) & 7.33 (s. 5H). 7.23 (m. 1), 7.13 (m, 6.7 Hz. 10), 6.18 (s. 1), 5.54 (s,

M), 5.05 (s, 2H), 4.29 (s, 1H), 4.12 (dd, J = 13.8, 6.1 Hz, 2H), 4.04 (t, J = 15.7 Hz, 2H); C NMR
(126 MHz, CDCls) & 192.64, 190.46, 155.50, 138.38, 136.34, 136.25. 136.16, 128.86, 128.80, 128.74,

128.67, 128.65, 128.50, 128.11, 128.00, 127.50, 126.65, 70.67, 67.00, 55.97, 33.92; IR (KBr): v 3389,
2363, 1725, 1698, 1656, 1602, 1512, 1496, 1454, 1356, 1285, 1244, 1218, 1134, 1066, 1028, 985, 963,

910, 846, 783, 771, 750, 698, 637, 610 cmil; LR-MS (ESI) Calcd for [CsHuNO,S, + Na]+1 578.14; Found:
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[0401]

[0402]

[0403]

[0404]

[0405]

[0406]

[0407]

[0408]

[0409]

[0410]

[0411]

[0412]

SS50dl 10-1871567

578; HR-MS (ESI) Calcd for [CsHaNO,S, + Na]+5 578.1436; Found: 578.1430.

=23ttt (Chiralpak IA; hexanes/ isopropyl
8 min, tg = 36.5 min (major); 95% ee (S).

ol &AA 9 Zk(enantiomeric excess,%)< HPLC £41& =3
alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): tz = 29.

[2A]4) 19]

=~

‘e ol"olm R 4291 84814 3-29] tholmol om0 FFE 0.55 mol, }84 4-191 N-Z e EE -
191 0.50 mmol, 84 1-19] {7159 0.5 mol%S TholE=Z=2H gk 5.0 mLoll &A1 F -50 CelA 24 Ak
slo] 3}ela] 6-49] N-ZZEE| =-HEl-olu]-tlo] Mo Qo ~AE S FABITE. ololH &mE ZetEA A
3 A7 AReEIYYE o] &3te] AAES EEssi).

(]

£l
KOs

7

TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.50; [aly. = +29.7 (¢ = 0.50 CHCls, 94% ee); H NMR (300 MHz, CDCl,)
§ 7.40 - 7.19 (m, 5H), 5.96 (s, 1H), 5.43 (s, 1H), 4.23 (s, 1), 3.04 - 2.73 (m, 4H), 1.39 (s, 9H),
1.18 (m, 6H); C NMR (126 MHz, CDCl;) & 193.46, 191.33, 154.90, 139.06, 128.53, 127.71, 126.60,
79.73, 71.29, 55.58, 28.27, 24.14, 14.18; IR (KBr): v 3386, 2976, 2032, 1701, 1494, 1454, 1414, 1366,
1248, 1168, 1051, 1017, 989, 969, 885, 845 cm ; LR-MS (ESI) Calcd for [CigHsNOS, + Nal': 420.12;

Found: 420; HR-MS (ESI) Calcd for [CigHzNOsS, + Nal': 420.1279; Found: 420.1276.

ol A A 79 Fk(enantiomeric excess,%)< HPLC #41S &3 5439 th(Chiralpak IA; hexanes/ isopropyl
alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): ty = 14.6 min (major), tg = 23.7 min; 78% ee (S).

[A A« 20]

R4 h
o7l 0.50 mmol, 38 1-12] R71Zm 0.5 mol%S tlo]Z 22k 5.0 mLoll &3jAIZ1 F 50 Tl 24 A7+

Asta Aesh-A AErtEadeE olgstel 4B LS.
20

TLC(EtOAc/hexanes, 1:4 v/v): R; = 0.5; [aly = +42.8 (¢ = 0.10 CHCls, 94% ee); Mp 168 C (>99% ee); W
NMR (500 MHz, CDCls) & 7.38 (m, 9H), 7.32 (d, J = 7.2 Hz, 3H), 7.26 (m, 3H), 6.03 (s, 1H), 5.59 (s,

1H), 4.48 (s, 1H), 1.39 (s, 1H); 13C NMR (126 MHz, CDCly) & 191.97, 189.48, 154.97, 138.74, 134.60,

134.36, 130.01, 129.93, 129.35, 129.33, 128.72, 127.95, 126.65, 126.41, 126.38, 79.89, 70.26, 55.79,
28.27; IR (KBr): v 3366, 1707, 1687, 1512, 1478, 1440, 1365, 1328, 1310, 1279, 1242, 1167, 1061,

1039, 1017, 981, 963, 827, 787, 747, 702, 688, 627, 617 om ; LRMS (ESI) Caled for [CoyHarNOsS, + Nal:

516.13; Found: 516; HR-MS (ESI) Calcd for [CoHyNOLS, + Na]+i 516.1279; Found: 516.1274.

o] AA ¢ ZFt(enantiomeric excess,%)< HPLC #41& G3 SAsF3lvh(Chiralpak IA; hexanes/ isopropyl
alcohol =90 : 10; flow rate: 1.0 mL/min; 210 nm): tg = 15.2 min (major), tz = 16.9 min; 94% ee (S).

[HA]4) 21]

R 4~ 9ol Y (4-CH-CH) O] T RE 422291 34814 3-49] tho|spo] oz ulo]E 32 0.55 mmol, 3F8+4] 4-

19 N-Z2EEge-olq 0,50 mmol, 3}82 1-19] §71Z9 0.5 mol%S To|FE22wEr 5.0 mLol] &A1 =
-50 CollA] 24 A7+ wWHksle] )8kl 6-69] M- ZEE|=-wEl-oln]-Tlo]Mpo] Qo AEH S A TE. o]o] A
|l s ZAsHA AAS L AE7-A AR E o] &ty APES FE T

I NMR (500 MHz, CDCl3) & 7.38 - 7.33 (m, 2H), 7.32 - 7.23 (m, 5H), 7.22 - 7.16 (m, 4H), 7.14 (m, 2H),

6.06 (s, 1H), 5.56 (s, 1H), 4.45 (s, 1H), 2.36 (s, 3H), 2.35 (s, 3H), 1.38 (s, 9H): C NMR (126 Miz,

_45_



[0413]

[0414]

[0415]

[0416]

[0417]

[0418]

[0419]

[0420]

[0421]

[0422]

[0423]

[0424]

SS=50ol 10-1871567

CDCl;) & 189.97, 155.00, 140.42, 140.30, 138.93, 134.56, 134.33, 130.18, 130.17, 128.69, 127.89,
126.68, 123.01, 122.98, 79.82, 70.07, 55.81, 28.31, 21.39.

o] A T %t (enantiomeric excess,%) < HPLC ®#4& F3 SA43Flth (Chiralpak OD-H; hexanes/
isopropyl alcohol = 98 : 2; flow rate: 1.0 mL/min; 210 nm): tg = 24.0 min (major), tz = 29.2 min; 66%
ee (5.

[HA]«] 22]

RS 3,5-tholme-sd (3,5-(Cly)-Colly) o] R 4291 34814 3-59] Tho|sol @z yo]E 33% 0.5
mmol, 3} 4-19] N-Z2HE]=-0]9 0.50 mmol, 3} 1-19] F7]1&Zw 0.5 mol%S tho|ZFZZEu|Er 5.0 mL
o SHAZ F -50 TNA 24 A7+ WSFel B84 6-79] N3 OE] S Eh-olu] v tho] dho] @ | ~E 2§ A

stlth. ololA §ulE grkabAl AAS Aes-A AvkETANE ol gtel YHBS Felsl.
1H NMR (500 MHz, CDCl;) & 7.38 - 7.33 (m, 2H), 7.33 - 7.28 (m, 3H), 7.06 - 6.97 (m, 4H), 6.90 (d, J =

16.9 Hz, 2H), 6.09 (s, 1H), 5.57 (s, 1H), 4.44 (s, 1H), 2.30 (s, 6H), 2.29 (s, 6H), 1.39 (s, 9H); N
NMR (126 MHz, CDCl;) & 189.86, 155.00, 139.06, 139.01, 132.17, 132.04, 131.92, 131.86, 131.78,

131.49, 128.65, 127.84, 127.57, 126.68, 126.25, 125.75, 79.73, 69.96, 55.85, 28.30, 21.12.

oldAA o Zk(enantiomeric excess,%)& HPLC HA1S %3] =459 th(Chiralpak OD-H; hexanes/
10 n

isopropyl alcohol = 99 : 1; flow rate: 1.0 mL/min; 2 m): tg = 36.6 min, ty = 68.0 min (major); 68%

ee (9).
[A Al 23]

1

kel
T

dolx R'= Wgel 815124 3-69] tholspol STz ulo]E &3HE 0.55 miol, 534 4-19) N-ZZEE]|=-
0.50 mmol, 3}8H2] 1-19] F71Zu 5 mol%S vle|ZEZMer 5.0 mLol] &A1 & -50 CTollA] 24 A7+ L
o] 343k 6-89 N ERYE E-HEl-oln]i-Tho| Kol Qo ~HE A STE. o]ojA &ulE 7HStsHAl AlA
il AY7k-A AZvtETHIE o] §st] APES EEsT.

=)
=

°]
b

gul

T
ReTee)

|

TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.44; [al,. = +48.4 (c = 0.50 CHCls;, 90% ee); H NMR (300 Mz,
CDCly) & 7.36 - 7.21 (m, 10H), 7.22 - 7.07 (m, 5H), 6.51 (d, J = 7.3 Hz, 1H), 5.20 (d, J = 9.0 Hz,

M), 4.28 - 4.01 (m, 4H), 1.51 (s, 3H), 1.37 (s, 9H): C MR (126 MHz, CDCly) & 200.63, 197.35,

154.72, 137.46, 136.48, 136.28, 129.01, 128.68, 128.63, 128.46, 128.19, 127.88, 127.48, 79.55, 69.63,
60.78, 33.95, 28.36, 20.24, 14.21; IR (KBr): v 3426, 3030, 2978, 2930, 1717, 1698, 1664, 1602, 1494,

1454, 1391, 1366, 1314, 1241, 1165, 1074, 1044, 1017, 961, 842 cmil; LR-MS (ESI) Calcd for [CyHsNO,S, +

Nal': 558.17; Found: 558; HR-MS (ESI) Calcd for [CyHsNOWS, + Nal': 558.1749; Found: 558.1744.

o] AA 9 Fk(enantiomeric excess,%) > HPLC #41S Fa] =743} tH(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tz = 7.0 min, tg = 10.9 min (major); 95% ee (S).

[HA]e] 24]

1 2 -

dolil R 49 34 3-19 tolsol ez ol E 31HE 0.55 mmol, 432 4-49] N-Z R EE=-

82) 1-19] $71%0 0.5 mol%S TholZ2=mer 5.0 mLoll §3|AZ 5 -50 CTol A 24 A7

akae] ﬂﬁm 6-90] N-ZREE EosE-ob -thol o] 0 o 2B & FA S, ololA &vilE kel Al
At A7 AgvEId S ol 8ste] A ES skt

20

TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.47; [aly = +54.1 (¢ = 0.10 CHCl3, >99% ee); Mp 55 T (>99% ee);

I NIR (500 MHz, CDCl3) & 8.13 (d, J = 8.5 Hz, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 7.9 Hz,
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[0425]

[0426]

[0427]

[0428]

[0429]

[0430]

[0431]

[0432]

S=S0dl 10-1871567
), 7.58 (t, J =7.7Hz, 1H), 7.49 (t, J =7.5Hz, 1H), 7.35 (d, J = 7.1 Hz, 1H), 7.30 (dd, J = 13.4,
6.0 Hz, 1H), 7.28 - 7.14 (m, 8H), 7.08 (s, 2H), 6.36 (d, J = 28.6 Hz, 2H), 4.45 (s, 1H), 4.17 (m, 2H),
4.02 (dd, J = 63.9, 13.7 Hz, 2H), 1.41 (s, 9H); 13C NMR (126 MHz, CDCl;) & 193.28, 190.70, 154.96,

136.22, 136.05, 134.21, 133.86, 129.94, 129.17, 128.89, 128.72, 128.67, 128.56, 127.50, 127.41,
126.96, 125.82, 125.12, 124.02, 122.14, 69.02, 51.99, 33.95, 33.90, 28.30; IR (KBr): v 1698, 1495,

1454, 1391, 1366, 1245, 1165, 1058, 1018, 986, 851, 803, 777, 753, 732, 701, 665, 644, 611 Cmﬂi LR-MS
(ESI) Calcd for [CsllssNOS, + Na]+i 594.17; Found: 594; HR-MS (ESI) Calcd for [CssHssNO,S, + Na]ﬂ
594.1749; Found: 594.1743.

oldAA o Zk(enantiomeric excess,®)< HPLC EA4S E3] =43 th(Chiralcel OD-H; hexanes/

isopropyl alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): tg = 11.8 min (major), tgz = 13.9 min; 98%
ee (9).

[2A]4) 25]

R widolm R 4229 8824 3-19] tholso]owzulo|E 813HE 0.55 mmol, 3434 4-59] N- 2 e]E] =-
ol7l1 0.50 mmol, 3}&H] 1-1¢] F7|&uw] 0.5 mol%S YolEFZ2H e 5.0 mLoll £3JA17] 3 -50 CToA 24 A7+

anksle] s}k 6-109] N R EE E-wEl-obn| o-Tho|slo] Qo ~E]E SIS, oA &uiE FhstAl Al
Asta Ag7-A AZvtEaHIE o] &ete] AHES k).

TLC(EtOAc/hexanes, 1:4 v/v): Re = 0.47; [aly. = 450.7 (¢ = 0.10 CHCls, >99% ee); Mp 161 C (>99% ee);
1
H MR (500 MHz, CDCly) & 7.22 (m, 6H), 7.12 (m, 6H), 7.04 (d, J = 7.9 Hz, 2H), 5.87 (s, 1H), 5.43 (s,

M), 4.29 (s, 1H), 4.14 (m, 2H), 4.10 - 3.95 (m, 2H), 2.29 (s, 3H), 1.38 (s, 9H); "C NMR (126 Mz,
CDCly) 6 192.56, 190.58, 154.83, 137.37, 136.32, 136.26, 135.71, 129.27, 128.82, 128.76, 128.58,

127.39, 126.49, 79.77, 71.01, 55.38, 33.89, 33.83, 28.27, 21.09; IR (KBr): v 1698, 1511, 1289, 1246,
1169, 1041, 1021, 991, 972, 846, 825, 761, 699 cm71§ LR-MS (ESI) Calced for [C:g()H:g:gNO4SQ + Na]+: 558.17;

Found: 558; HR-MS (ESI) Caled for [CsoHssNOsS, + Na]+1 558.1749; Found: 558.1757.

o] AA ¢ ZFt(enantiomeric excess,%)< HPLC #41& G3 SA3F3lvh(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tg = 14.1 min (major), tz = 22.4 min; 95% ee (S).

[HA]4) 26]

R wido)m R 422490 84814 3-1 o tholRo] S wzylo|E &35 0.55 mnol, 3}8}4] 4-6°] N- =z e]E] =-

9 0.50 mmol, #3HA 1-19] F715H 0.5 mol%S TholE 22w ek 5.0 mLell &A1 5 -50 CellA 24 Azt
mykate] sheba] 6-119] V-3 2 EE] =-uel-oju] we-tho] so] @ o 2B & FA BT, olo]A G2 BtEiA A
st Aelgb-A AReEa e g o] &ate] AAES Relart.

TLC(EtOAc/hexanes, 1:4 v/v): Re = 0.47; [al,. = 457.3 (c = 0.10 CHCls, >99% ee); Mp 128 C (>99% ee);
H MR (500 MHz, CDCly) & 7.31 - 7.21 (m, 7H), 7.15 (m, 4H), 7.05 (m, 3H), 5.92 (s, 1H), 5.44 (s, 1H),

4.29 (s, 1), 4.16 (m, 2H), 4.12 - 3.97 (m, 2H), 2.29 (s, 3H), 1.40 (s, 9H); 13C NMR (126 MHz, CDClj)

6§ 192.71, 190.60, 154.93, 138.74, 138.28, 136.32, 136.24, 128.83, 128.75, 128.64, 128.59, 128.54,
127.45, 127.35, 123.60, 79.85, 70.92, 55.60, 33.94, 33.89, 28.30, 21.49; IR (KBr): v 1699, 1603,

1511, 1454, 1366, 1344, 1281, 1241, 1170, 1136, 1072, 1041, 1023, 987, 972, 759, 699, 627, 616 cmﬂi
LR‘MS (ESI ) Calcd fOf [C30H33NO/1SQ + Na]+5 558.17; Found: 558; HR‘MS (ESI) Calcd for [C30H33N0482 + Na]+5
558.1749; Found: 558.1757.
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[0433]

[0434]

[0435]

[0436]

[0437]

[0438]

[0439]

[0440]

[0441]

[0442]

[0443]

[0444]

S=50dl 10-1871567

o] d4A 2 %k(enantiomeric excess,®)< HPLC #41& B3l 543 tH Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tgz = 12.0 min (major), tg = 24.7 min; 95% ee (S).

[HA]4) 27]

R Wdola R $2190 shota 3-1¢) tholsto] e BRuo]E 3k3& 0.55 mol, $}sH4] 4-7¢] N-ZRefE]=-
ol7 0.50 mmol, 3}3}4 1-19] F715m) 0.5 mol%S vre]ZFEZZue 5.0 mLell &3AIZL 5 -50 CTellA 24 A7T

atgkate] BHa 6-129) N 2 ElE| =-wEl-o] wtholso] 2ol 2B & el ololA &wlE USIEA A
Astn Ao Aazsleadss o g A4Ee Eelai.

TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.47; [al,. = 452.6 (c = 0.10 CHCls, >99% ee); Mp 197 C (>99% ee);

' NR (500 MHz, CDCls) & 7.47 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 7.25 (m, 6H), 7.18 -
7.11 (m, 4H), 5.97 (s, 1H), 5.47 (s, 1H), 4.28 (s, 1H), 4.17 (d, J = 13.9 Hz, 2H), 4.04 (dd, J = 34.4,
13.8 Hz, 2H), 1.39 (s, 9H); 13C NMR (126 MHz, CDCls) & 192.44, 190.30, 154.83, 142.71, 136.10, 136.05,

130.25 (q, ZJ (C-C-F) = 32.3 Hz), 128.82, 128.72, 128.67, 128.65, 127.58, 127.38, 127.03, 125.60,
125.57, 123.94 (q, 1J (C-F) = 272.0 Hz), 80.28, 70.12, 55.23, 34.03, 33.99, 28.25; IR (KBr): v 1695,
1681, 1507, 1329, 1291, 1245, 1159, 1123, 1070, 1042, 1019, 975, 842, 790, 761, 697, 610 Cmﬂ? LR-MS
(ESD) Caled for [CulloF:NO,S, + Nal': 612.15; Found: 6125 HR-MS (ESI) Caled for [CiHsFaNO,S, + Nal':
612.1466; Found: 612.1484.

o] d4A 2 %k(enantiomeric excess,%)< HPLC #41& B3l 543t tH(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tg = 19.3 min (major), tz = 31.2 min; 90% ee (S).

R Wdola R $2191 8hota 3-1¢) tholsto] e dR o= 313& 0.55 mol, 34sH4] 4-89] N-Z R elE]=-
°|® 0.50 mmol, &2 1-19] F71Fv 0.5 mol%s tho]F2 =M g 5.0 mlol] &3fAZ] = -50 TollA 24 A|7F

anksle] s}k 6-139] N R EE E-wEl-obn| o-Tho|slo] Qo ~E]E SIS, o]ojA &ujE FFdstAl Al
Asta Ag7-A AZvtEaHIE o] &ete] AHES k).

TLC(EtOAc/hexanes. 1:4 v/v): Re = 0.40; [aly = +56.7 (c = 0.10 CHCls, >99% ee); Mp 184 C (>99% ee)

'H NWR (500 MHz, CDCls) & 7.29 - 7.22 (m, 6H), 7.21 - 7.11 (m, 6H), 6.91 (t, J = 8.6 Hz, 2H), 5.87 (s,
M), 5.41 (s, 1), 4.27 (s, 1H), 4.15 (dd, J = 13.8, 9.4 Hz, 2H), 4.11 - 3.98 (m, 2H). 1.38 (s. 9H);
“C NMR (126 MHz, CDCls) & 192.53, 190.45, 162.19 (d, J(C-F) = 246.5 Hz), 154.81, 136.21 (d, 'J(C-C-C-

C-F) = 5.8 Hz), 134.57, 128.80 (d, ‘J(C-C-C-F) = 6.5 Hz), 128.66, 128.45, 128.38, 127.54, 127.52,

115.51 (d, 2J(C—C—F) = 21.6 Hz), 80.09, 70.77, 55.04, 34.01, 33.93, 28.28, 0.02; IR (KBr): v 1697,
1683, 1511, 1366, 1290, 1247, 1222, 1168, 1161, 1075, 1041, 1022, 988, 973, 846, 833, 811, 771, 761,

698 cm ; LR-MS (ESI) Caled for [CagHyoFNOsS, + Na]+1 562.15; Found: 562; HR-MS (ESI) Calcd for

[CaoH30FNO,S, + Na]+1 562.1498; Found: 562.1489.

o] AA e zk(enantiomeric excess,%)< HPLC —“}48 =3 =435t} (Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): = 18.2 min (major), tg = 27.4 min; 88% ee (S).

[EA]4) 29]
91 #3514 3-19] tholspol Q@R MO E FFE 0.55 mnol, B3HA] 4-99] N-LelE] -

2 1-19] F71F9 0.5 mol%=S tho]F==2wEr 5.0 mLoll &3jA)Z1 & -50 CTollA 24 Azt
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[0445]

[0446]

[0447]

[0448]

[0449]

[0450]

[0451]

[0452]

[0453]

SS=50dl 10-1871567

Fstol 3814 6-149] N3 E|E) SowEh-obue-thol W] o o 2B & Fdekalth. ololA Sl retAl Al
o Ael7h-A AsvhEIdE oS3l B Felstdn,

K
rE
m

)

TLC(EtOAc/hexanes, 1:4 v/v): Re = 0.47; [al,. = +48.5 (¢ = 0.10 CHCls, >99% ee); Mp 199 C (>99% ee);

' NMR (500 MHz, CDCly) & 7.26 (m, 7H), 7.19 (d, J = 8.5 Hz, 2H), 7.18 - 7.11 (m, 5H), 5.87 (s, 1H),
5.40 (s, 1H), 4.26 (s, 1H), 4.16 (dd, J = 13.9, 5.6 Hz, 2H), 4.04 (t, J = 15.2 Hz, 2H), 1.38 (s, 1H);
“CONIR (126 MHz, CDCl3) & 192.39, 190.36, 154.78, 137.26, 136.17, 136.11, 133.61, 128.81, 128.77,
128.74, 128.66, 128.06, 127.53, 127.52, 80.12, 70.51, 55.08, 34.00, 33.93, 28.25; IR (KBr): v 1697,
1513, 1494, 1365, 1284, 1245, 1167, 1073, 1039, 1015, 988, 972, 842, 828, 782, 772, 760, 697, 629 cm

1

; LR-MS (ESI) Calcd for [ngHgoClNOng + Na]+2 578.12; Found: 578; HR-MS (ESI) Calcd for [ngHgoClNOqu +
Na]+l 578.1202; Found: 578.1197.

ol A A 79 Zk(enantiomeric excess,%)< HPLC #41S &3 5439 th(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): ty = 20.6 min (major), tg = 29.9 min; 95% ee (S).
[AA]4 30]

RS wldo] 3 R= 291 §38H4] 3-19] tho|sfo] 9@tz ylo]E 2432 0.55 mol, 3182 4-109] N-Z 2 EjE]=-
A

s =
ol 0.50 mmol, 3}etA 1-19 #-71&Fw 0.5 mol%S tlo|ZF 22 Er 5.0 mLo] &3|A]Z1 & -50 CeollA 24 A7t
wkele] 3}8hAl 6-159 N-EZZEE]E-wEf-olu] -tho| o] Q| ~E & G, oo §ulE 7etsiAl Al
stz A 74 AZvfEaIE o] g5l AHES B Y.

20

TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.40; [aly = +28.7 (¢ = 0.10 CHCl3, >99% ee); Mp 166 C (>99% ee);

W NR (500 MHz, CDCly) & 7.29 - 7.22 (m, 6H), 7.19 (m, 5H), 7.09 (s, 1H), 6.95 (d, J = 4.6 Hz, 1H),
5.80 (s, 1), 5.53 (s, 1H), 4.40 (s, 1), 4.17 (dd, J = 13.8, 10.6 Hz, 2H), 4.12 - 4.00 (m, 1H), 1.40
(s, 9H); C NMR (126 MHz, CDCly) & 192.59, 190.53, 154.90, 139.82, 136.27, 136.25, 128.85, 128.75,
128.64, 128.44, 127.46, 126.27, 126.15, 122.24, 79.92, 70.28, 51.90, 33.93, 28.27; IR (KBr): v 1697,
1511, 1453, 1365, 1320, 1292, 1249, 1166, 1072, 1040, 1020, 988, 973, 809, 761, 697, 657, 650 cm ; LR-
MS (ESI) Caled for [CuMwNOSs + Nal: 550.12; Found: 550; HR-MS (ESI) Caled for [CuMuNOS; + Nal':
550.1156; Found: 550.1150.

ol & A 79 Zk(enantiomeric excess,%)< HPLC #41S &3 5439 th(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): ty = 17.3 min (major), tg = 36.4 min; 94% ee (S).

[2A]4] 31]

RE Wldo]lal R 49 313H] 3-19] teolgol @ ylolE 3% 0.55 mmol, 3844 4-119] N-Z R EHE =~

o]¥1 0.50 mmol, &}t 1-19 {715 v] 0.5 mol%S tho]Z2 =gk 5.0 mLoll §31A1Z] § -50 CollA] 24 A7t

wRkste] 3hehA 6-169] N LR EE| EoHE-oln| l-tho] o] @ o A & A SISITE. olof A &S AstsiAl Al
stal Ael7-A ARvtEaddE o8t BdES LSl

20

TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.60; [aly = +88.5 (¢ = 0.10 CHCl3, 92% ee); Mp 119 T (>99% ee);

' NMR (500 MHz, CDCls) & 7.27 (d, J = 4.9 Hz, 10H), 5.37 (d, J = 10.1 Hz, 1), 4.22 (d, J = 13.9 Hz,
), 4.19 - 4.08 (m, 5H), 1.82 - 1.73 (m, 1H), 1.69 (m, 31), 1.60 (s, 1H), 1.44 (s, 9H), 1.31 (m, 1H),
1.08 (s, 3H), 1.04 - 0.87 (m, 2H): C NMR (126 MHz, CDCls) & 193.21, 191.57, 155.57, 136.47, 136.43,

128.93, 128.77, 128.66, 128.62, 127.49, 127.40, 79.20, 67.19, 57.24, 41.30, 33.99, 33.86, 30.44,
29.04, 28.33, 26.00, 25.87, 25.81; IR (KBr): v 2926, 2853, 1703, 1690, 1507, 1452, 1364, 1297, 1248,
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[0454]

[0455]

[0456]

[0457]

[0458]

[0459]

[0460]

[0461]

[0462]

[0463]

[0464]

SS=50dl 10-1871567

1168, 1072, 1060, 1044, 1003, 984, 956, 861, 846, 810, 771, 698, 639, 622 cmﬂ; LR-MS (ESI) Calcd for

[CooHyNOS, + Nal': 550.21; Found: 550.

olidd A #<) Fk(enantiomeric excess,%)< HPLC 41 &3 Z7434th(Chiralpak TA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): ¢ = 7.8 min (major), tz = 10.9 min; 92% ee (X).

[AA]«] 32]

1 8}8h4 3-19] tholstel R Yol 8heha 0.55 mmol, S}8F4] 4-129] N-Z R E[E =~
kil 1-19] f71%5v 0.5 mol%& vholZFZ 2wt 5.0 nLol &A1 F -50 CTellA 24 Azt
aykated ﬁ}i‘z}*‘ 6-179] M-z EE| =-vEf-obr e-thol o] @ o 2B & A sklth. ololA 8l kel Al
At A7 AgvEad S ol 8ste] A ES skt

20 o
TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.50; [alp = +56.0 (¢ = 0.050 CHCl;, 91% ee); Mp 100 T (92% ee);

HONMR (500 MHz, CDCls) & 7.31 - 7.21 (m, 11H), 7.18 (t, J = 7.3 Hz, 1H), 7.09 (d, J = 7.2 Hz, 2H),
5.19 (d, J = 8.1 Hz, 1H), 4.29 - 4.07 (m, 6H), 2.70 (m, 1H), 2.58 (m, 1), 1.90 (m, 1H), 1.75 (m, 1H),
1.41 (s, 9H); "C MMR (126 MHz, CDCly) & 192.73, 191.26, 155.22, 141.00, 136.46, 136.41, 128.88,

128.80, 128.69, 128.65, 128.43, 128.35, 127.49, 127.45, 126.01, 79.60, 69.47, 52.40, 34.63, 33.97,
33.89, 32.59, 28.30; IR (KBr): v 3376, 2978, 1693, 1523, 1496, 1453, 1391, 1366, 1334, 1294, 1278,

1244, 1171, 1074, 1050, 1030, 1017, 989, 968, 855, 795, 768, 750, 702, 630, 613 Cmﬂ; LR-MS (ESI) Calcd

for [C:g1H1g5NO4SQ + Na]+1 572.19; Found: 572; HR-MS (ESI) Calcd for [C:g1H1g5NO4SQ + Na]+1 572.1905; Found:

572.1907.

o] AA 9 Fk(enantiomeric excess,%) > HPLC #41S %a] Z43}3tH(Chiralpak IA; hexanes/ isopropyl

alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tz = 13.1 min (major), tg = 16.7 min; 92% ee (X).

[ Ao 33]

R wldo]l s R 449 884 3-12] tholgo] e @2 ulo]E 832 0.55 mol, 384 5-19] N-Z 2 ElE|=-

Sut-olu| = A E (.50 mmol, 3+82 1-19] F71Z1 1.0 mol% Na,CO; 0.75 mmole Tlo]FZZ et 1.0 nl ¥

NaCl ¥3}589 5.0 mLe %?} follo] RIPA|Z] T 0 CTollA 24 A7t nlwrate] 3482 6-19] N—ﬁiE“E]E—Hﬂ
oA EF8AE tolZR2e 2 THFZ FE3 & Aozl

stal, 7%k slellA |ulE IoAch, A4 AZRvEaas 53

AN ES 28T

oldAA 9 Zk(enantiomeric excess,%)< HPLC #4& =3 =43 ti(Chiralcel OD-H; hexane

isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.9 min (major), tgz = 18.2 min; 95%

ee (9).

[AA]e] 34]
RE& #ldo)il RE £291 31812 3-1¢] tho|sto]l oz yolE 313tE 0.55 mmol, 34324 5-29] N-Z 2 EHE =-
Sul-olu = E 0.50 mmol, 3}8H2 1-19] F7]1Z1] 1.0 mol%¥ Na,CO; 0.75 mmolS Tlo]ZFZ=2ZwWgk 1.0 nL ¥

NaCl Eﬂ#%@i 5.0 mLY T38| LA & 0 ColA 72 A|ZF mukste] 3182 6-18¢] N-Z 2 HE| = -4

= A EFEAE HolERRug U FHTE FEU% T dojR
F715S MgS0E 1ooH TS AA A &ulE A, HEs-4A AZvEIHIE FI
ARES et

TLC(EtOAc/hexanes, 1:4 v/v): Ry = 0.17; [ a]D2 = +52.7 (c = 0.10 CHCl3, >99% ee); Mp 130 T (>99% ee);
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[0465]

[0466]

[0467]

[0468]

[0469]

[0470]

[0471]

[0472]

S=50dl 10-1871567

I NIR (500 MHz, CDCl3) & 7.27 (m, 10H), 5.18 (d, J = 8.5 Hz, 1H), 4.28 (d, J = 6.4 Hz, 1H), 4.25 -

4.09 (m, 5H), 2.37 (m, 2H), 2.08 - 1.91 (m, 1H), 1.82 (m, 1H), 1.38 (s, 9H); C NMR (126 MHz, CDCl;)

6§ 192.27, 190.91, 155.25, 136.25, 136.13, 128.88, 128.83, 128.77, 127.65, 118.89, 80.31, 69.17,
51.59, 34.13, 34.07, 30.93, 28.24, 14.46; IR (KBr): v 3357, 1696, 1519, 1453, 1368, 1320, 1286, 1244,

1169, 1071, 1053, 1031, 1017, 991, 969, 840, 779, 754, 706, 662, 631 cmfl; LR-MS (ESI) Calcd for
[CgﬁH:g()N204SQ + Na]+ © 521.15; Found: 521; HR-MS (ESI ) Calcd for [CgﬁH:g()N204SQ + Na]+ : 521.1545; Found:
521.1548.

ol AA 9 Fk(enantiomeric excess,%) > HPLC ¥4 S&] Z743}3tH(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tg = 16.0 min (major), tg = 17.0 min; 97% ee (X).

[2A]e] 35]

-19] tholxolo etz YolE 3}3E 0.55 mmol, §].?‘5]—)\1 5-3¢] N-ZZHE E-
mmol, 3}8FA 1-19] #71Z1] 1.0 mol%¥ Na,CO; 0.75 mmolS Tlo] 2228 1.0 mL 2
T 0 TColA 72 AIZE wytsle] 3132 6-189] N—ﬁEE“E]

]

]
s L olold EREOS telFRedu ¥ FRAR FEH F ojd
5SSO, o183 FEHS AASL, @ selA SulE FuANG, AL AzvEaYgeE 5

BREe LS,

(=]
rlo
e
i)
)
=
=]
rlr
S )
[N
rO
Lot
i
1
w

20

TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.50; [aly = +56.0 (¢ = 0.050 CHCls;, 91% ee); Mp 100 T (92% ee);

I NIR (500 MHz, CDCly) & 7.31 - 7.21 (m, 11H), 7.18 (t, J

7.3 Hz, 1H), 7.09 (d, J = 7.2 Hz, 2H),
5.19 (d, J = 8.1 Hz, 1H), 4.29 - 4.07 (m, 6H), 2.70 (m, 1H), 2.58 (m, 1), 1.90 (m, 1H), 1.75 (m, 1H),
1.41 (s, 9H); "C MMR (126 MHz, CDCly) & 192.73, 191.26, 155.22, 141.00, 136.46, 136.41, 128.88,

128.80, 128.69, 128.65, 128.43, 128.35, 127.49, 127.45, 126.01, 79.60, 69.47, 52.40, 34.63, 33.97,
33.89, 32.59, 28.30; IR (KBr): v 3376, 2978, 1693, 1523, 1496, 1453, 1391, 1366, 1334, 1294, 1278,

1244, 1171, 1074, 1050, 1030, 1017, 989, 968, 855, 795, 768, 750, 702, 630, 613 cmfl; LR-MS (ESI) Calcd
for [C:g1H1g5NO4SQ + Na]+1 572.19; Found: 572; HR-MS (ESI) Calcd for [C:g1H1g5NO4SQ + Na]+1 572.1905; Found:
572.1907.

f
:cé
%

ol AA ) Zk(enantiomeric excess,%)< HPLC EA1S & A8+ T (Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): ty = 13.1 min (major), tg = 16.7 min; 92% ee (X).

[AA]4 36]

R wldo]a R $49 332 3-19] fojmoled2YelE 313t 0.55 mmol, 5}8“‘ 5-49] N-ZZHE =-
0 mmol, 3}etA 1-19] F7]=9] 1.0 mol%=} Na,CO; 0.75 mmolS Tlo|E2Z=2ZwWEr 1.0 mL 2

30 ColA 72 Azt nvbsle] 3}ksbA] 6-199] N-Z2HE| =

]

)
L olold] EFEAE GolFREAY W FFFE FEW F Aol
AAs, A sl SuE AwA del-a azctEadg §

NaCl *3 fv\‘%‘o—ﬂ
7152 MgSO= 01%3H —/F—Er
AGES Y ssl).

20 o
TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.50; [aly = +58.1 (¢ = 0.10 CHClz, 94% ee); Mp 140 C (94% ee);

HONMR (500 MHz, CDCls) & 7.32 - 7.18 (m, 15H), 5.21 (d, J = 8.7 Hz, 1H), 4.43 - 4.32 (m, 1H), 4.24
(m, 2H), 4.22 - 4.09 (m, 4H), 3.02 (dd, J = 13.7, 8.1 Hz, 1H), 2.69 (dd, J = 13.7, 6.8 Hz, 1H), 1.36
(s, 9H); C NMR (126 MHz, CDCly) & 192.98, 191.66, 155.02, 137.34, 136.62, 136.36, 129.28, 128.88,
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[0473]

[0474]

[0475]

[0476]

[0477]

[0478]

[0479]

[0480]

S=S0dl 10-1871567

128.83, 128.69, 128.55, 127.51, 127.48, 126.76, 79.56, 68.04, 54.27, 38.45, 33.97, 33.89, 28.26; IR
(KBr): v 1707, 1689, 1498, 1454, 1284, 1248, 1166, 1055, 993, 972, 860, 771, 758, 749, 702, 657, 641,

629, 615 cm ' LR-MS (ESI) Calcd for [CsoHssNOLS, + Naff 558.17; Found: 558; HR-MS (ESI) Calcd for

[CaoHaNO,S, + Nal': 558.1749; Found: 558.1752.

o] AA 9 Fk(enantiomeric excess,%) > HPLC ¥4 Sa] =743} tH(Chiralpak IA; hexanes/ isopropyl
alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): tg = 24.2 min (major), tg = 30.2 min; 94% ee (X).

[dAl4 37]

=]
o
=
i)
o
k]
=]
rlr
-
[
rO
Lot
&
1>
w

-19] tholyolowdRYolE 3}EE 0.55 mmol, 3}3H2] 5-59] N-ZREE|E-
Sut-olu| = A E (.50 mmol, 3+82 1-19] F71Z1 1.0 mol% Na,CO; 0.75 mmole Tlol]ZFZZ et 1.0 nl ¥

NaC1 32511 5.0 ngl £ oo §aA0 F 0 ColA 72 A wukste] 848k4 6-209) N—EEE“E] ]

L olold BRSNS telzEdE ¥ FRFE F3@ F ozl
#7154 NgS0,2 01% AASIL, RS SN e FUANG. delh-A AmeEads F
AAEE BasaT.

2

TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.37; [aly = +17.4 (¢ = 0.10 CHCly, 94% ee); Mp 85 C (94% ee); H

MR (300 MHz, CDCls, MeSi): & H NMR (500 MHz, CDCls) & 7.34 - 7.19 (m, 10H), 5.53 (d, J = 8.7 Hz,
), 4.94 - 4.84 (n, 1), 4.65 (d, J = 6.0 Hz, 1), 4.21 (d, J = 13.9 Hz, 1H), 4.18 (s, 2H), 4.16 -
4.08 (m, 3H), 1.41 (s, 9H), 1.16 (t, J = 7.1 Hz, 3H): C NMR (126 MHz, CDCly) & 192.48, 190.89,

169.19, 155.28, 136.41, 136.26, 128.93, 128.85, 128.69, 127.55, 127.51, 80.42, 66.52, 62.20, 54.15,
34.06, 33.91, 30.96, 28.21, 13.95, 1.05; IR (KBr): v 3375, 1741, 1692, 1517, 1496, 1454, 1369, 1336,

1281, 1253, 1208, 1166, 1080, 1008, 873, 817, 805, 770, 758, 729, 698, 629 cmﬂ; LR-MS (ESI) Calcd for
[C%H:ﬂNOﬁSZ + Na]+ © 540.15; Found: 540; HR-MS (ESI ) Caled for [CZGHSlNOﬁSZ + Na]+ © 540.1490; Found:
540.1493.

olddA] <o Fr(enantiomeric excess,%)> HPLC 45 F3] FAsIth(Chiralcel OD-H; hexanes/
isopropyl alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tz = 9.0 min, tgz = 15.3 min (major); 92%
ee (9.

[dA4) 38]

_194 Ijro‘lz\/(}-o]Otﬂ—itﬂo]E §]_6‘1—‘:' 0.55 mmol , §1rsp\1 5—694 N_ﬁiEﬂE]E_
50 mmol, 384 1-19] F7]1=&9] 1.0 mol%¥ Na,CO; 0.75 mmolS Clo|FZ=ZHE 1.0 mL 2
Ole%@%ﬁﬂé%VﬁL§0Cﬂﬁ72ﬂﬂ wykste] &8s 6-219] N-Z = EE] = -H]
29 .ol EFENS YolEREMY ¥ FRFE FE °é°17ﬂ
AABRIL, ZHSE dtellA EujE AT Aeg-A FEetEIRIE S5

(=]
rlo
e
i)
o
=
=]
rlr
S )
[N
rO
Lot
%
1
w

N%l%‘?%ﬁ

ol

F715E MSOE ©] 83
BB B,

20

TLC (EtOAc/hexanes, 1:4 v/v): Rf = 0.46; [aly = -32.7 (¢ = 0.10 CHCl3, 91% ee); Mp 113 T (92% ee);

'H MR (500 MHz, CDCly) & 7.30 - 7.21 (m, 8H), 7.16 (m, 5H). 6.96 - 6.86 (m, 2H). 6.52 - 6.42 (m, 1H),
6.04 (d, J =10.6 Hz, 1H), 4.97 (dd, J = 13.7, 7.7 Hz, 1H), 4.25 (m, 3H), 4.04 (dd, J = 31.6, 13.9 Hz,
OH), 3.86 (d, J = 14.0 Hz, 1H), 1.43 (s, 9H); C NMMR (126 MHz, CDCls) & 190.43, 189.94, 151.27,

138.78, 135.83, 135.41, 127.88, 127.69, 127.59, 127.57, 127.44, 126.82, 126.32, 126.15, 126.07,
125.24, 106.79, 79.46, 72.27, 47.10, 32.88, 32.53, 27.28, 27.22; IR (KBr): v 3396, 1705, 1686, 1503,

1454, 1368, 1329, 1313, 1250, 1235, 1167, 1072, 1019, 985, 960, 864, 811, 768, 749, 698, 654, 618 cmﬂ;
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[0481]

[0482]

[0483]

[0484]

[0485]

[0486]

[0487]

[0488]

[0489]

S=S0dl 10-1871567

LR-MS (ESI) Calcd for [CoHyNOS, + Nal': 570.17; Found: 570; HR-MS (ESI) Caled for [CaHaNO,S, + Nal':
570.1749; Found: 570.1752.

ol A 7 Zk(enantiomeric excess,%)< HPLC #4418 %3] =439 vH(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): ty = 11.5 min, tg = 12.8 min (major); 92% ee (K).

[AA]<] 39]

R wWldo|a R $49 3384 3-19 tho|soe] o2 do|E 33% (.55 mmol, &}3H2] 5-79] N-ZZHE| =~
Sul-olu = A E 0.50 mmol, 3}8H2 1-19] F7]1Z1] 1.0 mol%¥ Na,CO; 0.75 mmolS Tlo]ZFZ=2ZwWgk 1.0 nL ¥
NaCl 2Z3}89 5.0 nLe] &3 & &A1 $ 0 Tl 72 A|7F wRkslo] 348k 6-229] N-Z 2 HE] =-H]
Ef-olu| -tho|Mo] QA 2B & FASATE. olojA EFEAS TolEREve ¥ FTHRTE FEIT F Ao
7155 MgSO,E o83l S AAsIL, Ty st &ulE 3EAZIY. A4 A2rfEaaE F3)
ARES ).

TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.56; [al, = +48.3 (¢ = 0.10 CHCls, >99% ee); Mp 153 C (>99% ee);

' NIR (500 MHz, CDClz) & 7.31 - 7.22 (m, 10H), 6.94 (dd, J = 16.8, 8.9 Hz, 1H), 6.86 (td, J =
6.8 Hz, 1H), 5.09 (d, J = 8.3 Hz, 1H), 4.35 (m, 2H), 4.27 - 4.09 (m, 4H), 2.94 (dd, J = 13.7, 9.7 Hz,
1), 2.76 (dd, J = 13.9, 4.2 Hz, 1H), 1.32 (s, 9H); “C IR (126 MHz, CDCl3) & 192.49, 191.26, 156.19,

154.89, 148.98, 146.56, 136.48, 136.27, 128.87, 128.81, 128.71, 127.55, 120.93, 119.06, 105.36, 79.84,
68.83, 52.63, 34.03, 33.94, 31.16, 28.13; IR (KBr): v 33562, 1691, 1521, 1281, 1240, 1168, 1152, 1047,

1027, 988, 974, 850, 794, 755, 697, 654, 639, 625 om ; LRMS (ESI) Calcd for [CyoHsoFsNOsS, + Nal':

612.15; Found: 612. HR-MS (ESI) Calcd for [CsoHsoFsNOLS, + Na]+3 612.1466; Found: 612.1463.

o] AA ¥ Zt(enantiomeric excess,%)< HPLC #4418 Ea =439 cH(Chiralcel OD-H; hexanes/

isopropyl alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): tg = 10.3 min, tz = 13.6 min (major); 95%
ee (R).

[2A]4) 40]

R'e wdolm R 5490 3844 3-19 dolsol o Bz lo]= S 0.55 mol, 384 5-89] N-xzelE|=-

al-oln| =4 FE 0.50 mmol, 3}8HA 1-19] F71=0) 1.0 mol%} Na,CO; 0.75 mmolS tlo|Z==ZwEr 1.0 mL 2
NaCl E3t=89 5.0 mLe] &3 &ho &aAZ] 5 0 TollA 72 At ngkéto] 318k 6-239] N-Z 2 HE] =
Ef-obr]ie-tho o] Q o 2H & FAEITE. oolA EFRAS volEREAE Bl FRTE FEF 5 o
F715S NgSOE ol &8l &S AL, 7Y dtollA &ulE $EAG. deg-4d azvEagyeE Fa
AR ES EEs5kelTt.

TLC (EtOAc/hexanes, 1:10 v/v): R¢ = 0.23; [a]DZO = 465 (¢ = 0.10 CHCls;, 88.79% ee); Mp 149 C (88.97%

ee); ' NR (500 MHz, CDCl;) & 7.34 - 7.18(m,10H), 6.97 - 6.81(m,2H), 5.39(d,J = 9.0 Hz, 1H), 4.43
(tt, J=9.3, 5.7 Hz, 1H), 4.27 - 4.21 (m, 1H), 4.21 - 4.12 (m, 4H), 3.54 (s, 3H), 2.92 (dd, J = 13.8,
9.7 Hz, 11), 2.76 (dd, J = 14.1, 5.0 Hz, 1H);: 13C NMR (126 MHz, CDCl;) & 192.50, 191.13, 156.16,

156.11, 149.05, 146.60, 136.34, 136.22, 128.87, 128.81, 128.71, 127.59, 127.57, 120.58, 118.95,
105.46, 68.59, 52.88, 52.26, 34.05, 33.99, 31.45; IR (KBr): v 3340, 1698, 1519, 1264, 1244, 1208,

1153, 1098, 1050, 982, 936, 886, 788, 766, 699, 674, 666, 657 cm ; HR-MS (FAB) Calcd for [CoHuFNOLS,
+ H]'": 548.1177; Found: 548.1174.

oA 9 ZF(enantiomeric excess,%)< HPLC ¥4& E3 =49 cH(Chiralcel AD-H; hexanes/
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[0490]

[0491]

[0492]

[0493]

[0494]

[0495]

[0496]

SS50dl 10-1871567

isopropyl alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tg = 12.32 min, ty = 16.23 min (major);
88% ee ().

[EA]e] 41]

(=]
o
=
i)
o
k]
=]
s
4
[
rO
Lot
&
1>
w

_194 D}O]M}O] OU]-E_]:”O]E §]_51—% 0.55 mmol §]_?3‘]—)\] 5_994 N_ﬁiEﬂE]E_
0 mmol, 3}&2] 1-1¢] #71=" 1.0 mol%¥} Na,CO; 0.75 mmolS Tho|ZF=ZZwer 1.0 mL 2
qugé}%ﬁﬂ~%ﬂ471?()Tﬂﬁ72*R}ﬂ%ﬂﬁ1ﬂa%‘&%ﬁfvﬁiﬂﬂ -
. olojA EFEde tYolEREde ¥ FHIFE FEI & Aozl

AL, 7Y slolA &S IAFIth. AYJ-4 gAEnEIYYE E

N%l%‘?%ﬁ

7152 NgSOE 01“‘1
AR es EEskait.

20

TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.40; [ a]D) = 454 (¢ = 0.10 CHCls, 75.03% ee); Mp 143 T (75.03%

ee); I NIR (500 MHz, CDCl3) & 7.34 - 7.20 (m, 15H), 6.89 (dd, J = 16.6, 8.9 Hz, 1H), 6.81 (dd, J =

16.1, 9.5 Hz, 1H), 5.45 (d, J = 9.0 Hz, 1H), 4.96 (q, J = 12.3 Hz, 2H), 4.51 - 4.41 (m, 1H), 4.25 (d,
J=16.31Hz, 1H), 4.19 - 4.10 (m, 4H), 2.89 (dd, J = 13.8, 10.0 Hz, 1H), 2.76 (dd, J = 14.0, 4.8 Hz,

1H); “C NMR (126 MHz, CDCls) 192.54, 191.14, 156.20. 155.52, 149.08. 146.62, 136.33. 136.26, 128.93.

128.87, 128.77, 128.76, 128.51, 128.18, 128.01, 127.64, 127.62, 120.58, 119.01, 105.49, 68.76, 66.81,
52.91, 34.09, 34.07, 31.56; IR (KBr): v 3337, 1696, 1520, 1297, 1241, 1210, 1152, 1072, 1043, 982,

906, 885, 793, 772, 736, 697, 681 cmﬂ: HR-MS (FAB) Calcd for [CogHasFsNOLS, + H]+I 624.1490; Found:
624.1493.

o] dAl ¥ ZFh(enantiomeric excess, %)< HPLC #41& B3l FAsAcH(Chiralcel AD-H; hexanes/
isopropyl alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tg = 22.05 min, tgz = 34.91 min (major);
75% ee (R).

<AE> Aol 1 WA 41 o] & 9 AL oA A Bl

o o3 AHHE AHE L HExA(S, &,

_‘:j_l_ = = T %
22 g aRkAzhe] mE e A ol EA HES AT Aol

¥ 1
A AT &1 HkE-E2 A& Zul |/ WREA] [ | o] A
el (mol%) e A (g 7+
(enant iome
ric
excess, %)
1 3}3hA) 3}3hA) 3}3hA) 3lsha] 1-1| tho| E 22 W g/ 1 99 [>99 (9
3-1 4-1 6-1 (1.0 mol%) -50
2 3}38}h2] 3}38}h2 3}38}2] 3}ska] 1-2| tlo| SR =g 1 99 |>99 ()
3-1 4-1 6-1 (1.0 mol%) /
-50
3 3hehA 3hehA steba) | 8heh 1-3) ol REvE | 1 99 |83 (9
3-1 4-1 6-1 (1.0 mol%) /
-50
4 3}8}h2] 3}8}h2 3}38}h2] 3}ska] 1-5| tro| SR =g 1 99 192 (9
3-1 4-1 6-1 (1.0 mol%) /
-50
5 3hehA 3hehA stetal 3o 1-8) HolFZEvE | 1 99 [>99 ()
3-1 4-1 6-1 (1.0 mol%) /
-50
6 3hehA 3hehA sheba) | gheh] 2-1) telEREvE | 1 99 (95 (B)
3-1 4-1 6-1 (1.0 mol%) /
-50
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7 3314 5} gsta | Esha 2-2| to|FR 2 uet 1 99 |96 (R)
3-1 4-1 6-1 (1.0 mol%) /
=50
8 3314 5} gsta | gsta] 2-3| to|FR2et 1 76 |84 (R)
3-1 4-1 6-1 (1.0 mol%) /
=50
9 3314 5} gsta | g8t 2-5| to|FR 2 uet 1 90 |98 (R)
3-1 4-1 6-1 (1.0 mol%) /
=50
10 s}k 5} gsta | g8t 2-6| to|FR 2 gt 1 96 |94 (R)
3-1 4-1 6-1 (1.0 mol%) /
=50
11 s}k 5} gista] |&eta] 1-1| GolFREvE | 0.5 99 99 (9)
3-1 4-1 6-1 (1.0 mol%) /
-15
12 5} 5} gista]  |Eeta] 1-1| GolFREEdE | 0.2 99 95 (9)
3-1 4-1 6-1 (1.0 mol%) /
0
13 38t s}8h4 slebal  |Fehy 1-1| FRR2XEE/ 50| 1 99 199(S)
3-1 4-1 6-1 (1.0 mol%) C
14 s}ek2 s}eh2 s}ek2 gleka] 1-1| EF4/ -50 1 99 (99 (9)
3-1 4-1 6-1 (1.0 mol%)
15 s}ek2 s}ek2 s}ek2 3leta] 1-1| HIE ﬂél 1 99 (58 (9)
3-1 4-1 6-1 (1.0 mol%) ?%/
16 s}ek2 s}ek2 s}ek2 3}ekA] 1-1|  olAHE 1 99 (41 (9)
3-1 4-1 6-1 (1.0 mol%)
17 s}8h4 s}8h4 sfsta]l g8k 1-1| telERE el | 24 97 |97 (9
3-1 4-2 6-2 (0.5 mol%) / =50
18 s}3h4 s}3h4 sfsta]l g8k 1-1| telERE e | 24 98 95 (9
3-1 4-3 6-3 (0.5 mol%) / =50
19 s}3h4 s}3h4 sfata]l |58ty 1-1| telERE el | 24 88 |78 (9
3-2 4-1 6-4 (0.5 mol%) /
=50
20 s}k 5} gista] | &eta] 1-1| GolFERve | 24 75 194 (9)
3-3 4-1 6-5 (0.5 mol%) /
=50
21 s}3h4 s}3h4 sfata]l |58k 1-1| telERE e | 24 84 166 (S
3-4 4-1 6-6 (0.5 mol%) /
=50
22 s}3h4 s}3h4 sfsta]l g8k 1-1| telERE el | 24 92 68 (9
3-5 4-1 6-7 (0.5 mol%) /
=50
23 s}3h4 s}3h4 sfata]l |8y 1-1| telEREde | 72 86 195 (9
3-6 4-1 6-8 (10 mol%) /
=50
24 s}3h4 s}3h4 sfsta]l |58k 1-1| telERE el | 24 87 195 (9
3-1 4-4 6-9 (0.5 mol%) /
=50
25 s}3h4 s}3h4 sfsta]l g8k 1-1| telERE e | 24 90 |95 (9
3-1 4-5 6-10 (0.5 mol%) /
=50
26 s}3h4 s}3h4 sfsta]l g8k 1-1| telEREder | 24 92 95 (9
3-1 1-6 6-11 (0.5 mol%) /
=50
27 s}8h4 s}8h4 sfsta]l |58k 1-1| telERE e | 24 95 190 (9
3-1 4-7 6-12 (0.5 mol%) /
=50
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[0497]

[0498]
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28 3}ah4 3}ah4 spha) |33k 1-1| thelER =M | 24 87 |88 (9
3-1 4-8 6-13 (0.5 mol%) /
-50
29 3}t 3}st2 3}st2 3}t 1-1| tho|ZF 2 =2 e 24 90 (95 (9)
3-1 4-9 6-14 (0.5 mol%) /
-50
30 3}k 3}k 3}k steta 1-1| golEm=ve | 24 91 |94 (9
3-1 4-10 6-15 (0.5 mol%) /
-50
31 3}sh2 3}sk2 3}sk2 3tska 1-1| to| S22 e 24 89 (92 (R)
3-1 4-11 6-16 (5.0 mol%) /
-50
32 3}ah4 3}ah4 spha) |33k 1-1| thelER e | 24 90 |92 (R)
3-1 4-12 6-17 (0.5 mol%) /
-50
33 313} 313} skt | 3pEhy 141 jo}%i§ﬂ% 24 92 95 ()
_ _ _ (1.0 mol%)| 3 NaCl F~&
i o o o Fggal
0C
34 s}3h4 s}3h4 steba |38k 141 qo]gi%ﬂ% 72 96 |97 (R
3 [e)
3-1 5-2 6-18 (1.0 mol%) J;: N%C%—;Qﬁj 7
0
35 s}3h4 s}3h4 skt |3pEhy 141 E}o]giimﬁ]% 72 85 192 (R)
3 [e)
3-1 5-3 6-17 (1.0 mol%) J;: N%C%—;Qﬁj 7
0C
36 | shetAl e S |sed Ll melanzdd [ 7z | 81 (90 (@
3 [e)
3-1 5-4 6-19 (1.0 mol%) J;: N%C%—;Qﬁj 7
0
37 s}8h4 s}8h4 skt |38k 141 E}o]giimﬁ]% 72 95 92 (9
3 [e)
3-1 5-5 6-20 (1.0 mol%) J; N%C%—J(;gﬁj 7
0
38 313} 313} skt |38k 141 E}o]giimﬁ]% 72 80 |91 (R)
3 [e)
3-1 5-6 6-21 (1.0 mol%) J;: N%C%—;Qﬁj 7
0
9 | shetAl e S |sed Ll melamzdd [ 2 | 1 (95 (0
3 [e)
3-1 5-7 6-22 (1.0 mol%) J; N%C%—J(;gﬁj 7
0
40 3}t 3}st2 3}st2 3}ska 1-1 E}O]*E‘i%j]% 24 42 |88 (R)
3 [e)
3-1 5-8 6-23 (1.0 mol%) J; N%C%—J(;gﬁj 7
0
a | s e R e H IR R EE
3 [e)
3-1 5-9 6-24 (1.0 mol%) J;: N%C%—;Qﬁj 7
0

PN
T

S, 8314 39 tholspolem@ylo] =t B84 49] N-XzelE oS WgAE Bl
19 712 Fo) £4) sl WHeATIE A9, N-EEE E-gtulon A Ee] B4

a S}
S GAY S A, ek 20 NG Ful 24 sl A WESATE A9 R-F o AAAE BT F Aee I
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[0499]

[0500]

[0501]

[0502]

[0503]

[0504]
[0505]

[0506]

[0507]

[0508]

[0509]

[0510]

[0511]

[0512]

[0513]

[0514]

[0515]

SS50dl 10-1871567

spet2} 7¢] toldlddRYo]E 313k 0.55 mmol, 3He}2 4-1¢] N-Z2EE=-o|7] 0.50 mmol, 3+3H4] 1-1 ¢
F715 7 10 mol%e tho] S22 5.0 mLoll &A% - -50 ColA 24 A|zF upksto] 31844 89] N2 EE

—H B} 1 1:}0] o ~ElS BT, ool £ul= 7tEAl AT H NR integration <& o]&ah]

CO.Bn
CO.En

' NIR (500 MHz, CDCl3) & 7.37 - 7.29 (m, 5H), 7.28 - 7.21 (m, 8H), 7.10 (m, 2H), 6.19 (s, 1H), 5.55
(s, 1H), 5.15 (m, 2H), 5.04 (s, 2H), 4.01 (s, 1H), 1.41 (s, 9H).

o]d A <o Zk(enantiomeric excess,%)> HPLC #+4& &3] =439t (Regis Pirkle Covalent (R,R)
Whelk-0 1; hexanes/ isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): ¢ = 16.0 min (major),

tr = 19.1 min; 94% ee (S).

[H e 2]

3}etAl 79 tholwiA LR Y|o]lE 3}EE 0.55 mmol, 3}8H2] 4-19] N-Z2HE|=-o]W (.50 mmol, 34 1-1¢]
F1Z 0.5 mol%s tholFZEuer 5.0 mLoll &A1 F -50 TollA 24 A3+ mwksle] 3}eh2] 8-19] -T2
B E] = Ef-o}u] e-Thol o] 2B 2 g4 alGlh. ololA fujE ZstelAl AlAsta |

o] WS- AHg-&S SAsA T

NMR integration & ©]-&3}

' NIR (500 MHz, CDCl3) & 7.37 - 7.29 (m, 5H), 7.28 - 7.21 (m, 8H), 7.10 (m, 2H), 6.19 (s, 1H), 5.55
(s, 1H), 5.15 (m, 2H), 5.04 (s, 2H), 4.01 (s, 1H), 1.41 (s, 9H).

old A <) ZFl(enantiomeric excess,%)> HPLC #4& F3 FAH3Ith (Regis Pirkle Covalent (R,R)
Whelk-0 1; hexanes/ isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): ¢ = 16.0 min (major),

tr = 19.1 min; 79% ee (S).

[H]aLe) 3]

gt 79 oMl AT R Y o|E F3E 0.55 mmol, 334 4-1¢] N-ZZEE|=-0o]7] 0.50 mmol, 3}3-4] 1-19]
F71&9 0.5 mol%S tholFZ2Zuer 5.0 mLoll &3fA171 & -50 TollA 60 A7t uyltsle] 3}ek2] 8-19] fxX =2

O E] -l Eb-obv] e-tholo 2E1 S §HsHALh. ololA &ulE WA AASIL W MR integration & o]-&t
o WSAHES ST

' NIR (500 MHz, CDCly) & 7.37 - 7.29 (m, 5H), 7.28 - 7.21 (m, 8H), 7.10 (m, 2H), 6.19 (s, 1H), 5.55
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[0516]

[0517]

[0518]

[0519]
[0520]

[0521]
[0522]

[0523]

[0524]

[0525]

[0526]

[0527]

[0528]

[0529]

SS50ol 10-1871567

(s, 1H), 5.15 (m, 2H), 5.04 (s, 2H), 4.01 (s, 1H), 1.41 (s, 9H).
[Blare] 4]

3}8ha] 9o mimo] QR YolE 31¢E 0.55 mmol, 3}8H4] 4-19] N-Z2EE]=-o]%l 0.50 mmol, 3}3+2] 1-19]
F71%1 0.5 mol%S TlolEFZZugr 5.0 mLol|l &3|AIZI T -50 TollA 24 AJ7F nHkste] gkska] 109] A ES

FAEAT. olold SWlE 7HeHeAl AASI H NIR integration & o] &3l WS ATES SHFAT
[3}eh4] 9]

o O
BnO SBn

COSBn
CO,Bn

TLC (EtOAc/hexanes, 1:4 v/v): Ry = 0.33; = +33.1 (c = 0.10 CHCl;, 99% ee, 99% ee); Mp 89 #C (99% ee,

99% ee); H NMR (300 Mz, CDCls, diastereomeric mixture) & H NMR (500 MHz, CDCls) & 7.32 - 7.21 (m,
13H), 7.11 (m, 2H), 6.08 (bs, 1H, 1:1 mixture of -NH protons), 5.52 (s, 1H), 5.12 - 5.02 (m, 2H), 4.17
~ 402 (m, 3H), 1.40 (s, 9H); C NMR (126 MHz, CDCls, diastereomeric mixture) & 193.62, 191.64,

167.21, 166.13, 155.04, 154.88, 139.12, 138.91, 136.40, 136.33, 134.93, 134.80, 128.85, 128.68,
128.64, 128.58, 128.57, 128.50, 128.38, 128.33, 128.21, 128.03, 127.70, 127.67, 127.44, 127.38,
126.40, 126.38, 79.80, 67.70, 67.46, 64.08, 63.32, 54.71, 54.39, 33.76, 33.71, 28.28; IR (KBr): v

3382, 1737, 1694, 1551, 1455, 1365, 1310, 1292, 1163, 960, 752, 727, 661, 623 cm : LR-MS (ESI) Calcd
for [CollaNOsS + Nal': 505.19 (100 %): Found: 505 (100 %); HR-MS (ESI) Calcd for [CogllzNOsS + Nal':
505.1923 (100 %); Found: 505.1920 (100 %).

ol A 7 Zk(enantiomeric excess,%)< HPLC #4241 %3] =439 vH(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): ¢z = 28.1 min (major), fx = 43.7 min; 99% ee/ ty =

33.2 min (major), fz = 35.2 min; 99% ee.

[H]24) 5]

g}sta] 9o Risol R YolE &5 0.55 mmol, 384 4-19 N-Z2EE] =07l 0.50 mmol, 3}82] 1-19]
%ﬂéwOJmm%;Wﬂ%iiﬂ%50mmﬂ%ﬂﬂﬂiiﬁotﬂHGOMPiﬂﬁh%ﬂiq1&4%@%M
$481AT). ololA &ulS 7rekalAl AASka H NIR integration < o]-&dte] WS ANES =g},

ol AA 9 Fk(enantiomeric excess,%)> HPLC ¥4 %Sa] =43} tH(Chiralpak IA; hexanes/ isopropyl
alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): fz = 28.1 min (major), fx = 43.7 min; 75% ee/ t; =

33.2 min (major), fz = 35.2 min; 71% ee.
[AA]o 42]

R & wdo)a R ael spsha] 3-19] thoMol 2 YolE 313 0.55 mmol, 3482 4-19] N-Z 2 HE=-
W 0.50 mmol, 3}sHA 1-19] #71&v 0.1 mol%= to]ZF=Z 2w ek 5.0 mLoll &A1 T -50 CTollA 1 A|ZF
wykste] glsha] 6-19] N-Z 2 HE]=-WEl-olr] -Tho| o] Qo] ~2H & 3Ad3ISlt). olojA] &ulE 7edstAl Al
st AElFh-A ZZeEaHIE o] &ste] AEES EE AT

ol A 3 ZFk(enantiomeric excess,%)< HPLC #41& Ea A3 cH(Chiralcel OD-H; hexane

_58_



[0530]

[0531]

[0532]

[0533]
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[0536]
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isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.9 min (major), tgz = 18.2 min; >99%
ee (9.
[AA]e] 43]
s ol 3}sh2] 3-19] tholnpo] o TR Yo]E 3}gE 0.55 mmol, 3}8H2] 4-19] N-Z 2 HE|=-
9 0.50 mmol, 834 1-19] 715w 0.1 mol%S thelZF22W e 5.0 mLoll &3A1Z1 $ -50 CTollA] 1 Azt
wkele] 3}eha 6-19 NEZZEE|E-H|El-olu| o-tlo]Hlo] Qo ~E & AT, olojA §ulE TetA Al
Asta AeAh-A AzvhEIRNE o] g5l AABS B,
ol A ¥ Fk (enantiomeric excess,%) = HPLC 4S8 F3] A3t (Chiralcel OD-H; hexane
isopropyl alcohol = 95 : 5; flow rate: 1.0 mL/min; 210 nm): tg = 15.9 min (major), tgz = 18.2 min; 99%
ee (9).
<A d>

F 2+ Hlate] 1 WA 5 Zgal AAle 40 B 419] E'_%% ARE B i (H
el whE kg A& ALY ol EA HES ST Ao,

_I
é
o
=
rlo
H
)
El
s}
>,

* 2
W5 1 S5 2 A E =l L)/ EACly Cless ol g AaA Y
(mo1%) 2T ARE L A%kg | (enantiomeric
(h) (1H NIR. excess, %)
%)
Hlulel|  &ska 7 |8k 4-1| 8leh4] 8 gleta] | tholEFRE | 24 39 94
1 1-1 H€/-50T
(10 mol%)
Hlale]| 38k 7 |38 4-1| 3184 8 3leta] | tholEFER | 24 17 79
2 1-1 w&k/-50C
0.5
mol%)
Hlulel|  &ska 7 |8k 4-1| 8leh4] 8 3aa] | golZER | 60 0 -
3 1-1 | EH/-50C
(0.1
mol%)
Hlae]| A 9 | FEa 4-1| F}Eka 10 | EEA | teolERR | 24 88 99, 99
4 1-1 W &k/-50C (1:1 dr)
0.5
mol%)
Hlulel|  &ska 9 |8k 4-1| &3k 10 | 8lEA] | gelEER | 60 27 75, 71
5 1-1 I €/-50T (1:1 dr)
(0.1
mol%)
A A o 3} eh2] steka] 4-1| 5}8k2] 6-1| 3t | telFRR | 24 >99 |99 ()
42 3-1 1-1 i ek/-50°C
0.5
mol%)
2] o 3}5}2 ek 4-1| 84 6-1| 32 | telFEE | 60 >99 99 ()
43 3-1 1-1 (0.1 | W%/-50C
mol%)

Fash, wRYE, Rl enruelE U tlolsel el EE shaty 4o T A
SAZIE A, dolmel LT RYC|EVL toild TRy olE Bl RimAol o
= o

e ARESE T 52 RS 9 o) dEA AYite 2T e AU U

0% e
o m& o
_1}.. :1]‘ ﬂlim

R

U
20

)

o
i
I
El
2
—
=
R
w
Lo,

Al vpepd upel o] wkgEdE tolMld TR o] ES ARESE A9, 0.5
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[0538]

[0539]

[0540]

[0541]
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[0543]

[0544]
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[0547]

[0548]
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mol% = 10 mol%e] Fo & ZHwjE ALRF % Zbzh 17% 2 39%9] WS ASES YERAIL, 0.1 mol%e] Fo=
W& AMgsleE AolE W3 whgo] A eFprh. 1Ela vl 4 F 59 Ao el nRe} o] wb
SEARZ Bxgol o B2 olES ALEEtE 9, 0.5 mol% & ZujAlgFEFol s 88%2 WS AR (1:1 dr) 2
99%, 99%<] olAAA TAZE HIoY, 0.1 mol% o EmjAEolE 27% WSS (1:1 dr) 2 75%, 79%
o] o] JAA FHYghoE FAASA AT

olel Whalo], AAJe] 42 B 439] Aol el wiel o] WgEAE TholMo] R Y] EE Al
0.5 mol%® vt ofe}l 0.1 mol% & ZmALE el e 5% >00%9] wh3-A3kg = 99% o] A AA Ak o

b

[e]
T

o o

<
T

Wb, el et ol seH4 o] EgEE N-ZzeEE-olwe] ) MEEAR tlolsol o BR o=
g AMEEE A%, MSRAR BRUC|E EE Risol o BBl EE AgsHE 4ol uiste] AAS we
MARE U Ee QA AE4S YT F U2 0T £ Yot

4o mE WSS vwels] Aste], BRUSIE, Riaol QBRI U tolol R olE 77}
% B8 59 N-TREE E-cks-opy] EAER WA E ABES A5

ﬂ.]_u

sst 79] tholml AL R VO|E $5E 0.55 mmol, 3}8H4] 5-49] N-Z2HE =-dal-oln| = E 0.50 mmol, 3}
I 19] #71&9 10 mol% % NasCO; 0.75 mmolS Tlo|EF=2=2WE 1.0 mL ¥ NaCl Z3<gM 5.0 mLe =3+
24 A|ZF ankse] sheba 119 A E

FE% T Ao f715E MgSOE ol &3 & A7t dHst, &ulE FdsiAl Al

A% = U NIR integration < o]-8ato] AAESl 34 11 oFo] WAL =4a}

[3}eb4] 11]

_Boc
Hi

Ph C04Bn

CO-Bn
(v 7]
glsta] 79 tholmid LR Yol E &3HE 0.55 mmol, 3}3H4] 5-59] N-Z2EEE-dul-oln|=HE 0.50 mmol, 3}
g2l 1-19] §71Z ) 10 mol% 2 Na,C0s 0.75 mmolS thol|Z=Z=2wek 1.0 nl 2 NaCl 23589 5.0 nLe &3
follo] GAIZL T 0 TellA 24 AIZF wulste] 8184 119 AP ES gt oo 2% 8§98 dol&
2R 2 SHFFE FE2F F Aozl {4715E NgS0,E ol &3 S AAsI ZEEY, §mE s
AAS MR integration & o-§3to] AAEQ sheH4 1229 WSATES S

TLC (EtOAc/hexanes, 1:2 v/%): Ry = 0.51; 'H NMR (500 MHz, CDCly) & 7.32 (m, 10H), 5.62 (d, J = 9.1 Hz,
), 5.17 (m, 40), 4.9 (dd, J = 9.1, 4.2 Hz, 1H), 4.25 (d, J = 4.2 Hz, 1), 4.10 (m, 2H), 1.43 (s,
o), 1.15 (t, J = 7.1 Hz, 3M); C NMR (126 MHz, CDCly) & 169.63, 167.45, 166.81, 155.40, 134.97,
128.58, 128.48, 128.45, 128.36, 128.34, 80.29, 67.78, 67.61, 62.12, 53.61, 52.85, 29.71, 28.24, 13.90;
LR-MS (ESI) Caled for [CoHyNOs + Nal™: 509.20 (100 %); Found: 509 (100 %); IR (KBr): v 2919, 2849,

2580, 1735, 1498, 1457, 1368, 1346, 1261, 1098, 1082, 1054, 1046, 1025, 751, 741, 697 e

oldAA o Fk(enantiomeric excess,%)> HPLC #4L %3] =43t} (Chiralcel AD-H; hexanes/

isopropyl alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): fz = 24.4 min (major), ¢ = 26.8 min; 62%
ee (9.
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[0550]

[0551]
[0552]

[0553]

[0554]

[0555]

[0556]

[0557]

[0558]

[0559]
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Boc
HR -
CiO-Bn

= (0

C05En
[v]ize] 8
g}eka) 79] tholWl AT ZY|olE &3E 0.55 mmol, 3}8H4] 5-79] N—ﬁiE*1E]ﬁ—°‘ﬁJr—0}U]EM% 0.50 mmol, 3}
sk2l 1-19] F7]1Z 9 10 mol% = Na,CO; 0.75 mmolS tlolE22mWEr 1.0 mL % NaCl ¥3}5-=89 5.0 nLe &3¢

2 aukste] Boha 119 AARES AT, ololA 3 9L thel2
2Edg ¥ FRFE FEF F Aojd §7152 WSO F o3 RS AAtT BEstel, SIS G
& o

A7AE E HNR integration & o]-83ke] AAEQl 882 13070

5
F HN'BDC
COLBn
F CO=Bn
[¥xe] 9
gha] 9o WMol @R YolE & 0.55 mmol 3}sta] 5-49] N-ZRHEE|=-du-oln| = AHE (0,50 mmol,

°F S =
g2l 1-19] f-71EFm 1 mol% % Na,CO; 0.75 mmolS Clo]FZEZHE 1.0 mL 2 NaCl E3}58N 5.0 mLY &=

0 ToA 24 AT sk s 1o S4ES HYAA, ol £F $I a0
Polzl §7152 NgS0,E ol g3l FE& AAT AL eslo], gul2

(T
fl
fil
=2
s
e
olN
B
e
i
(ol
oln

AAT F HNR integration & o &3] AARQ Foha 14zl LS AIES 43T,

_Boc
HM

Ph C05Bn

C0-Bn
[Hae 10
3}shA 9ol EuAoleUEYolE 3gE 0.55 mmol, 3} 5-79] N-ZREHE|=-du-olu]=AH¥E (.50 mmol,
gtak2] 1-19) #7119 1 mol% 2 NayCO; 0.75 mmolS Ylo|ZF=Z=MWE 1.0 mL ¥ NaCl ¥E3F589 5.0 nLe =
3k gdlo &FAZ] F 0 ColA 24 A7 adtste] g}sh] 119 A =S FASIUTE. olojA] &3 &d& tho]
SREHe 2 SHFEE FE2IT T AR {7152 MgS0,E o] &8 FES AASE ZHSIe, SuE 7S

AAZ % 'HNR integration & o] g3te] AHEQ 5ot 1529 WeAARS SAsA.

[s}&4] 15]

F
F HN,Eh:u:
CO5Bn
F C0=Bn

[HA] o] 44]
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R& wldolx R & 49 348t 3-1 9] ool o @2 Yo]lE 33HE 0.55 mmol, 3}8H2] 5-49] N-Z2EE|=
—¢tuf-olm| = 3E 0,50 mmol, 3EA 1-19] F71F 1.0 mol% Z Na,CO; 0.75 mmolS Tlo]ZFEZZHEr 1.0 mL
2 NaCl E3p5=89 5.0 mLo] &3+ &Nl A2 F 0 TAlA 72 ARF wikato] 818H4 6-199] NE2EE =
—#E}-o}n| -tho|Ho] Qo 2B & 38T

o] AA 9 Zk(enantiomeric excess,%)S HPLC #4 A8+t (Chiralpak IA; hexanes/ isopropyl
alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): tg = 24.2 min (major), tg = 30.2 min; 94% ee (X).

%
o
fi
:%
Ay

[AAl4) 45]

Re widolm R

=o}

gul

© 49l 3 3-19] tejRoledr ol E Sh3tE 0.55 mmol, 3H8H2] 5-59] N-Z R EE -
Sut-olu| = A E 0.50 mmol, 384 1-19] §7]Z0) 1.0 mol% 2 Na,CO; 0.75 mmolS Tho]ZF22WE 1.0 mL ¥
NaCl 23}F8H 5.0 mLe] £33 &Holl §3A1Z1 = 0 CollA 72 AlZF wykale] &}8h2] 6-209] NZZEE]=-H|
Ep-olv] w-thol sho] 2o ~E & ST,

oA 9 ZFh(enantiomeric excess, %)< HPLC XS E3 =49 cH(Chiralcel OD-H; hexanes/
isopropyl alcohol = 70 : 30; flow rate: 1.0 mL/min; 210 nm): tg = 9.0 min, tz = 15.3 min (major); 92%
ee (9).

[HA]] 46]

Re wldolm R & F49 382 3-1¢] thojno] e gday|o]E 3135 0.55 mmol, 382 5-7¢] N-Z &2 EE|=-
al-oln| =4 FE 0.50 mmol, 3} 1-19] F7]=0) 1.0 mol% E NayCO; 0.75 mmolE Tlo|E==2Zvek 1.0 mL 2
NaCl 380 5.0 mLoll &3AIZ) T 0 ColA 72 Azt wukste] 384 6-229] N3 & €E] E-u|El-o}n| :=-T}
olso] 2o <2 TSI

o] AA ¥ ZFt(enantiomeric excess,%)> HPLC #AL HEa =A%t (Chiralcel OD-H; hexanes/
isopropyl alcohol = 90 : 10; flow rate: 1.0 mL/min; 210 nm): tg = 10.3 min, tz = 13.6 min (major); 95%
ee (R).
<A 4>
32 Hlale] 1 WA 5 zElar AAd 40 2 419 WSE, AAE P WS A(EY, &0, 2% 2 Ak
Yol wh2 7h-3 A& AL o] ddA v&S A3 Ao},

0 t:H

* 3
HESE 1 &3 2 AR E =l S/ &%= | Rk | 9SH | o] AdAA
(mo1%) AR & K
(h) (1H NIR . (enan.tiome
%) ric
excess, %)
H] shetal 7 | A 5-4 | shEHA 11 | shEbA] 141 telEEEAE | 24 0 -
| (10 mol%) | €+¥} NaCl 4~&
6 oo] 2380
/0
H] sleta 7 | 38k 5-5 | 3EA] 12 |31 1-1| gelEzE | 24 16 |62 (9
kS| (10 mol%) | €t} NaCl &
7 oo] =g
/0
o | sea 7 | e 57 | ae 13 g 11| delZEaEd | 24 | 0 -
| (10 mol%) | €+¥} NaCl 4~&
8 oo] 2380
/0
Al | sk 9 | shebA 54 | shEha) 14 | S 1-1| dolEREM | 0.2 <1 -
kS| (1.0 mol%)| &2} NaCl %
9 oo] =g
/0
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H] stska 9 | sleka 5-7 | A 15 | 3EA 1-1| telEREY | 0.5 <1 -
| (1.0 mol%)| &= NaCl &
10 No] =38

/0
A 3}5t2) slaha 54 | 8}eha) 6-19|81EHA 1-1] thelE2E2H | 72 81 |94 (R
Al o] 3-1 (1.0 mol%) | &F7} NaCl &
44 Mol Tghg-H

/ 0
A 3}s}2] 38k 5-5 | 348k 6-20| 3}8k2] 1-1| vlolF 22+ 72 95 92 (9
Al o] 3-1 (1.0 mol%)| ¥} NaCl <&
45 No] =g

/0
2 3}5t2) slaha 5-7 | s}eha) 6-22| 81EHA 1-1] thelEEEH | 72 71 95 (B
Al <] 3-1 (1.0 mol%) | &F7} NaCl &
46 Mol Tghg-H

/ 0

FET 3}sha] 5ol EFEE N-ZREE =g u-olu R ES 1
G-, Alale] 6 9 8ol M= wkgol dojubA] kil mlaule] 7oA 16%9] WHE-HSES LHER
o] RsoloRuyolE $§tEat 318H4 5ol EFH = N-TREE=-dul-obn| R dES WhE
Jare] 9 2100 vehd wpep o] o kg A@Eo] <1%E YERASIT

H oo 41 Ay it
%0,
5}

>,

N

ot

o

=2
o
2

ojell wWheled, B WHoAle} o] 3}5hA 3o EFHE rho|Mol QIR Y| ESE 33HA] 5ol EFHE N-Z=E
EE-¢ul-olu = A ES A 7= A, AAd 42 WA 449 4= 22 81%, 95% 2 71%9] wHEA3E-3 949,
92% = 95%2] o] AdAA T gke YERNATE

(

HET B oagel hEw, §7180 5o 7180k £ £Fse FolA dARERE A FHT
e A Fule] A solA ool emzyo] 20} Nz HE S0yl Ee Nz e E-olub-ojn] w4 E
Apolo] MlThY Phs] MEADOEM ThEF T2 7B N-TREE S del-olue tholse] 9o 2E S T
$ e ALY QAMEHoR T 5 Atk B9, B U Fi Axd vod 7gy Zeges i
Bh-ohuli vholspol oo 2EIE BgHel Bl met QA wE AGAAOE 8% 7124 AFES F
Hshedl Agd 4 Aok

A7l el v A AAE Fxstel ABSUAW, AP 1% okl U YPAE A 5
8 AT Wl A8 B owgel A % ggomne wolx 2t Wl Weld B 43e desil £3
3 WAND F 9eS olAF F U Aol
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