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10-camphorsulfonic acid
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high-performance mass spectroscopy
infrared

kinetic isotope effect
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isopropyl
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REMBEERIZEY v 7T 7 —ENINET 57 2 MESGOMANR LI b5 K 5 Tk b IEARR
IR ERE D 1 D Th D, T3 O SREMEA ST 2 BOSIZT oAb, BN, ~ A 7 A%
(2720 AHEA AL FI2 380 Tid 4-(dimethylamino)pyridine (DMAP) 2 <2, Tributylphosphine (PBus)? %
DEIIREMBEN R S TE R, £, TR RBREICAFERA AT HERELM5T524T
C-O fEBTEHRC C-C # A T AR TR CALATERIRIE 2 F8 B S & 5 RASREZALEE & 5% < BT ST\ 5 3,

— 5 PLE RN 2 AR X o THIET 2 IR BN AR A RSB T D RMBIGRECH Y 4 FTEF
ZEE TIIM A OARF R 2 35 - AT 5 2 & TAMBEDO TR AT THR Y A TWD 5, Koz
£ TIZ C-0 WABERSIS KEREED T k) I2B\W L, MR IC L 0 (BRI 2 88T 5 R %
BE < AHLTWS S, 22 CHMEDRFERZ1EN L, MEERMEICNZ Tz F o F 48R % il H 9
DT ENTEIE, L0 EERSTEBNTREE 720 | REMBO(LFEO—BOREBICHFGTHHOL
ZEzbhb,

U EDOHEZOS & FFITREMBEZ L LT F B ROHE =S CIIARERICI T D i E RS
T D C-CFEETRSUCBFICEE LT, ALiE M =T > F 48R aza-Morita-Baylis-Hillman (aza-MBH)
FOSOBIRICE Y MA TS, £, HINE L O LR CIIATBMZEE TR L7-Mitic k2 78I kU4
—VO'ERRIEDNER X T U T ¢ ZIEBITHANT 2B O R AE A2 L, C-O AR X DHif O
IR ENE A BSE LTz,
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FBE N-INANRNEA)NA I ERAOBALERIRE vinylogous aza-Morita-Baylis-Hillman it~

H—H AR R R OEE O
aza-Morita-Baylis-Hillman (aza-MBH) &1L o,B-RESFT A VAR = /WAL E RO I A2k L, & 3 %T
VBN 3 AR AT 4 ANVT 4 NEOREMBEZE S 2 L THIST ST VAT I UiE
KE 52 H5FETHDL T, RRIGOFRE LCIRET 2/ EX _HEA, IVR=VEE2HT 5% EhE
VAL A DO—FREHENFRE L R A SN T hAaxa ) I —ICENS ARET NS, HEE L=
WEEDRMRR LT 0By, 8- REafA LR =/ AbEW 2 O 2 BRI IS e TR LB 2 Gk T &
D0, ZO%E I EERREDNRIBE & 72 5,
BS ., JFERIZITEE O o AL Yy fZDW
FTHIZBNTS C-CHBIEHAETL 2 5
(Scheme 2-1.), Vinylogous aza-MBH it~ [ ZAF
B Y B BIFAE L T D3 o ALAHIR
ZIERANAER T 2 MEDHATH -T2 8, —
F. FHOFTBRMISEE Tl 3-vinyleyclopent-
s 2-en-1-one (1) Z#5H &7 % vinylogous aza-
Scheme 2-1. Vinylogous aza-MBHSreactions with a,B,y,;-jr?:a:jtztrated ketone MBH SUSZIW T, itz X% C-C fEH O
ALiE HilE 4 A L7 (Scheme 2-2)°,

BI NHR

R
| / \
SNU\
NR
RT Y

3

NHTs Ej o
Q < DA

~\ o
Ny Q
NTs | NHTs
NZ ;
@X”

VA GD
a-only 1 a:y=13:87
92% yield 91 % vyield

Scheme 2-2. Catalyst-controlled regiodivergent vinylogous aza-MBH reactions

EFEFIEIX vinylogous aza-MBH U Z 38N T auB,y,8- AR VAR = AL SR D y LT C-C #5H & AL

ﬁémmﬁ%@&éo$&mmﬁw1@1Ammmwmpznmmmmmxn)ﬁ&?f

1T E DR 8

O NHTs
ol
Nu = DABCO Ar
Hammett /
p=+1.26 a-adduct
rate-d mmmg step
- 0 -
(0]
H/D NTs
= NHTs
Nu = DMAP ® Ar KIE
N \| Fwko=75 Ar
! _ y-adduct
L N— -

Scheme 2-3. Catalyst dependancy in rate-determining step
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ERER, o MR D 7% 5.2 7273, DMAP 77(E N CIINLERIRME D WHR 2 Py AL Z BRI
b2 7z, BURIRNZ LIZENENDOLEM 2 52 DROEBEMEN 25 Z ERBRICH LS TND 2%
BIG. o MEAPINAZ 52 2502 T, A4 2 U BEEER E para MOEBRILZHFIZEET 5 Hammett plot TlX
p=t1.26 £ 721 | C-C BT B HEHEPE TH 2 —H 10, y MifIA % B 2 2 512 81F 5 1 IREKFEF
(LR RITSOE BEE I knlko = 7.5 E R Sh, HOEBERSIT T v~ B8 2 1 5 Al EE O BB < &
L EDPRENTND N, AL MBH S icBWC 7 e b U BE &2 U, Al B2 i 2 =
EMHLNTWAT La—L 2L L TT7x )/ —ERIN LB y AR ) B U7 fE R0 6 & 3k
4D *(Scheme2-4), LA EDFERMNG | y MifHIEE G2 DG TIE 7 = 7 — VO ~7 v &4 L
SFEARBERMT v b oBENETT 56 O LB 272 (Scheme 2-4 X)),

o) (0] —
a NTs DMAP (1.0 eq.)
additive (1.0 eq.)
+ H - v NHTs
/ Y CHCI3 (0.25 M) on
20°C, 24 h
y-adduct
1(1.0eq.) (2.0eq.)
additive yield aly
none 91% 1:8
phenol 98% 1:19 —

proposed proton transfer

Scheme 2-4. Effects of protic additive in y-selective aza-MBH reactions

FROMATIROT =42 T ) —VOBET 2 N 20T 2578 U BENT pKka OBLED
THEARFTIEH LD FEULIEALKT I RTHOLRX B ANLERYT I RO pKal®: 16.1vs 7 = /
—/L® pKa'®: 18.0), = R/NX—MIZAF]Z2MEERM O 7 v F o BEIZRHT 2O TER, =¥ —
FNCHRIZRANBERMO 70 U BEERET 5 2 ERERIMEOER EE 2 6D, U LOEENLE
FlIA X AR AV VIS DN REA NVIEANLE BTS2 LT L EOEIRNET v A
EREFHND DO TR EB X7 (Scheme 2-5.), AL, C-C fEGTEMBELCDAINNA—NT =4
ALK T I RT =A 0 L U THREER S ERILIZ— A= THoLT b F I —"A—
k@ pKal*:242), 3 FNAREERM T 0 N OBEISHEICETT S EEE LT,

o M
0 o} 0 o}
S ¢
o 0~ N H N
+ | Nu _ NHBoc Y
v H o Ph
/ X\
Ph ON—\
1 y-adduct 4
pKa* =
N—-—
NH,SO,Ph 16.1 B /
NH,(CO)OEt 24.2
PhOH 18.0

*Acidity in DMSO

Scheme 2-5. Working hypothesis for high y-selective aza-MBH reactions




BE RUSSRMF ORI L

0]
Q HN’(
catalyst (1.0 eq. ) o O'Bu
DMF (0.25 M) Q O
20°C,24 h
3a
(1 0 eq.) (2. o eq.) a-adduct
entry catalyst yield of y-adduct regioselectivity (a : y)
1 DMAP 7% 1:5
| 2 DABCO 39% 1:14 | : :
) ! Quinuclidine
3 DBU complexed mixture — H
4 PBus no reaction — ®/OH
5 Quinuclidine 32% 1:12 N
6 3-Quinuclidinol 19% 1:6 ' 3-Quinuclidinol

Table 2-2. Catalyst screening

vx )1 BREE L. DMF BT N-Boc A X > 2a ZAVEICxT L M EH WD M. REgfhEo
27 ) == P EiTo0m (Table 2-2), DMAP & W7z & Z A8 0y AR da MBI BTz
D3, PRI 7% F O LEERTME S &< 2o 72 (entry 1, ay=1:5), DABCO Z W\ /=354A . N-Ts 1
> WD 56 & RFRREVIZYNLAT A d4a 23 RAF 728 T HAL7Z (entry 2, 39% yield, oy=1:14), Af5 R
E. A I OEHE FRERIC L > TERMEADIED SRR TH L Z L AR L THY (FREHI#E O

BIRME), BLRRDEER L S 2%, DBU KON U TF LR AT ¢ & AWTZSSAITAT L0 AT &< 15
BV o7 (entries 3, 4), %= ZC, DABCO |ZJEL L7 AGERALEE — M7 I U EZ AT 5% X7 U U
KO 3-%R7 V)= NEnizd A5 R KON EZERIETIX T L2 (entries 5, 6), LA EDORERNG |
DABCO % fcitl 70 SREZfilt & U TR 72 5 551 24T - 7o (Table 2-3),



+ | DABCO (1.0 eq.)= I o
solvent (0.25 M) O
// 20 °C, 24 h

1 2a / 3a
(1.0eq.) (2.0eq.) a-adduct y-adduct

entry solvent yield of y-adduct  regioselectivity (o : y)  dielectronic constant (&)

1 MeOH trace — 32.35

2 DMSO 45% 1:17 46.71

3 DMF 39% 1:14 37.06

4 DMA 26% 1:10 38.30

5 CH3CN trace — 36.00

6 Acetone trace — 21.36

7 DCM trace — 9.02

8 THF trace — 7.47
| o DMF 52% 1:14 37.06 |

10° DMF 12% 1:8 37.06

a) Run with 3.0 eq. of 2a at 50 °C for 36 h. b) Run with 3.0 eq. of 2a at 50 °C for 12 h in the presence of 0.2 eq. of DABCO.

Table 2-3. Optimization of conditions

7a b OMEREEEE LT MeOH Z W2 & 2 A, AT < Ebn2r>7-—5 7T (entry 1), IE7' 1 |+
MRS & L C DMSO & W2 & 2 A DMF & [R5 OISR N O BRIV C 4a 23753 541172 (entries
2vs3), DMSO & bl LT XV FERDOIK DMA TR, @RMEILICT L, FIZHEEROE IR
TITEME LGN D 572 (entries 4-8), Ay 3R aza-MBH G2V T, IREEOFFE R & IR
Je ONE BB —TE OAHREA W, B D MU SO IR 2 5- 2 DR & W2 D, DMF s LT
WHEOUGEZ B E L, 2a —YE&(FEF S0 ETRIE LI E ZA, 52%IEET 4ab 235 H 4072 (entry 9),
fib i B DARIFA b 2 5l AT & T APER DK T A2 728 (entry 10) entry 9 (IR Sefh 2 i S & LT,

10



D RIS HI OGS

BT L7l SoE T (Table 2-3, entry 9), v (Zi%#AY vinylogous aza-MBH SRR N TA I >
0 O3 p G DE &2 WA L 7= (Scheme 2-6.), X P L BR para (AT E TR IENER L7 I 2b-2d ZHWN
HA. WL B ERINVERS L O RRE QIR CTHTED ¢ MAHIMER S Sz, £72. para {if
(LGN EBR LA 22 2e KO 2f ZH WA S RIEOUIERR KON ERRUE CTITE O ¢ AL
k% 52 7z, NB VB EOBBIENEN AL LN L BEEERET C-C fEA TR OBERE T2
ZENRBEI NI, FT2. meta 3L ortho i ~DEHILEANZIT 724 2 2g T 2h ZHWT=25E
B < Y MEAIMEZIBIRANICG D Z N T&E e, HHERELTEVVUVREEZAT LA I 2 W
72 ZAH AIVOREERITERT HIEROE T 2NN, 6T 25 y MRS EIRICE S
72, 2-Naphthyl XeZ2H T 54 22 2j W= 5E. ZHVE TTRED 67%IR T y M fHINANE STz,
ZOXIIIRIEFA I OB IRESCE OBHSERIC LS T By CRIICHET L7 2 LD, BRI
EEGEHAE AT DS Z LR SN, M. P U AIOIE T 1 SO REBIIIT 2 TRy,

o)
o}
i Xk o,
N= O DABCO (1.0 eq.
| A DMF (0.25 M) / R//
/ AP 50 °C, 36 h
R
1 2b-2j 3b-3j 4b-4j
(1.0eq.) (3.0 eq.) a-adduct y-adduct

o (0]

N )J\O j.J\O)< N JOJ\O)<

PJJ\O)< P)Lok | J< I
Fo gl o o gl o g

2f
yield of y—adduct yield of y—adduct yield of y—adduct yield of y—adduct yield of y—adduct
57% yield 54% yield 48% yield 49% yield 49% yield*
a:y=1:>20 a:y=1:>20 a:y=1:>20 a:y=1:14 a:y=1:>20

(0}

Xk

Pi"k F‘j\ok PJ\O)< )

yield of y—adduct yield of y—adduct yield of y—adduct yield of y—adduct
60% yield 39% yield* 37% yield* 67% yield
a:y=1:>20 a:y=1:20 a:y=1:>20 a:y=1:19

*DMSO was used as solvent
Scheme 2-6. Substrate scope of imines
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FIUET SR OV T OB
—IH A AR R

A X REREPERIIEIC B 2 DB A RGET 2 HT, Y=/ 1ITxtL, B A I ARER
AT % 5a-7Ta ZMEt L72 (Scheme 2-5), N-Ts 1 2 > 5a # V=& 2 A, afift A L3 E 579,
2a LABRICH — " A — MEHERE G T D N-Cbz A 22 6a Z =& 2 A, HIFEHE Y @Oy AR T4
B E LT, A 2 DOREFVELN-Ts £ 2> 5a>N-Boc 1 2> 2a>N-Dpp 1 > Ta DFF|TRE
FHMETT D EnMmiEsnTnd 4 Bib, C-CRAIMRBAEL DT I K7 =4 O FEMIT I —
A—=FBDAIVDIFNANVET I RROA I LI L TEVE 725 & FPHEINDS, £ Z T N-Boc
A UL FIREPEOR N-Dpp £ 2> Ta ZHWZ, RVRE D C-C FEATERICAFNE
We BV ERIIT RSB ONR Do, LEORERIY, 7LV I UAREREE LTI — A — FROMR
FEILS Y NORPEDOREBLUCH N TH H Z L RS,

DABCO (1.0 eq.) .
DMF (0.25 M) . O
50 °C, 36 h /

2a, 5a, 6a, 7a
(1 O eq.) (3.0 eq.) a-adduct y-adduct
2 J< Oy P (l?
\ 4
,P—Ph
INJI\O \©\ /\© N \
©)2a ©) ©) ©)

a:y=1:14 a only a:y=1:>20 )
Y= 52% y|e|d o =68% yleld* y= 37% y|e|d No reaction

*Run with 2.0 eq. of imine at 20 °C for 9 h.
Scheme 2-7. Optimization of protecting group on imines
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% " JIH Retro aza-MBH it~ DA #E

ARSI BN T B AV D LR DN ENT ) 0 AL B 7 P G A B 7> 2 RGBT 8D WIS O A
Z AL L7 (Scheme2-8), y AZATINIAR da 1okt U, A I VU IEFAE FROSSERMICAT LIz & 2 A 3a DAERITHE
PR E 72D o 72 (Scheme 2-8a), [FIEEIZ 3a 205 da ~DOEMLHER I N2> 722 L2 5 (Scheme 2-8b),
APGEM T retro aza-MBH JOGIIHEFT LR Z E R0y o 72, DLEDOFERNS | y MATIMA 4a 1303 E G
IR E LTHRONTWD ZERahoT,

@)
HN’I(

0]
DABCO (1.0 eq.) o 0'Bu
o omm (]
DMF (0.25 M) O
50 °C, 24 h /
3a
91% recovery not detected

b

DABCO (1.0 eq.) HN"N g,
_—
DMF (0.25 M) Q
50 °c 24 h

87% recovery not detected
Scheme 2-8. Retro vinylogous aza-MBH pathway is not involved

ZIH PR RINL A A

N-Boc A > 2a % 10 YEHWDE—IREUSEME T, 1 LU T 5 D ALK 1-a, o, o, y—ds 7 FE &
T D SERE by e DN kp 22N ENROD & hkn=5.5x102 h' kp=23x102 h' EHH X172 (Scheme
2-9), HERRMIFEN AR (ko) DERIS NI Z LD ARG OHSEEE N 7 1~ BE OB TH
L BT, KEERITA IV OFFR EOBEBBIDRB RO P> /8r Db X FFEND,

) I
N" (1.0eq) Q NHBoc
_—
y
DMSO-dj (0.16 M)
O

1 or 1-a,a',0', y—dy4

(1.0eq.) (10.0 eq.) 4a or 4a-a,0',0'—d3
0.15
01 -
,.;__ L ]
£
‘g l
z /
T L4 ]
0.05 ."
B H(F=0.99)
_ ® ® D (F=099)
0
0 1 2 3 4 5 &
time (h)

Scheme 2-9. Kinetic isotope effects on DABCO-catalyzed vinylogous aza-MBH reactions
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F A1 Double aza-MBH J)its~® 2B

VI ) KT D aza-MBH FUGTETERINCS a iids KONy (L H THEIT LD, o fiids KONy (Lic 7
HA4 I VEBEBROICKGSE D Z R TEEREICERELINIALEM DN ELND 12D, Al
EAE, AR Lz y (MRS L > TE OGNS 4a lZxf L, N-Ts £ 2 v Sa 2 EHSE 52 &
T, a il Ts RS N7 X/ HA | y (LI Boc (RESNTT R V BEEFFHOUT I ALEMNHR LN D
EHIR LTz, v AT LT aza-MBH s 2 1T S % double aza-MBH SUS I 3Rk &61 2372 < 15,
FEHLAREAMRFT 21T > 72 (Scheme 2-10), DABCO & Fv= /1 & N-Bocf I 2axH 52 & Ty
NEAFINK 4a 2 157-, 4a |Z%F LT Scheme 2-7 {Z/RT N-Ts 1 X > 5a Z W5 a (fift iR %= 5- 2 5 s
el Lz 2 A, HMRIRAWE 5 2 1-, 2T, MaxRE%1T o 1ok 5 CHCL IS8+, DMAP &
X Schreiner’s thiourea 2277 FC 5a Z/EH S5 Z & THTE @ double aza-MBH A %2 S0%INR, 7 &
TLUAH1:1.5 THDLIZENTE, BED L ZAZ OMIMELEIZIRE TE TV,

......

H
O
o] 2a (3.0 eq.) DMAP (1.0 eq.)
DABCO (1.0 eq.) Schreiner's thiourea (1.0 eq.)
= 'NHBoc -
DMF (0.25 M) UV Abihl CHCl; (0.25 M)
/ 50 °C, 36 h o 40°C, 36 h
1 52% 4 50%
a:y=1:14 a
DABCO (1.0 eq.) : CFs CF4 '
: i ‘ @ i
| : :
H : :
O {CF3 NJLN CF3
complexed 5a (2.0 eq.) H H H
mixture o ' Schreiner's thiourea s
1= 0

Scheme 2-10. doulbe aza-MBH reaction via sequential incorporation of imines
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F=E [ER IV FABIRH vinylogous aza-Morita-Baylis-Hillman 5t

H—H B SR O O

b BEAY AR MBH & (N aza-MBH SUGIEZNENIEFIEET U AT L a— L ROT VL7 X k8RR E
B2 2FELE L TER EAHTHY . ZIVE TITER A ZRARF AN R S T & 72 7, AR A Al
& LC(Fig. 3-1), LBz Lo TRHEENZY a7 hu A RFERTH D B-ICD X°, IS, Shi
LIZR > TRIHSNTEE T 7 b —VdFERTh DAL 9 K OREE 10 23 5 T2 16, 2405 Ofififie
(BT DA E LT, SREEEMLE 7LV ATy FRREMLA AT 5 Bt ThH 5 Z LT 6D,

: Nu o~
OH PPh2 ' < Y :
: 0\ /4 R E
! H--XR' '

gb) c) 10d) 1 !

Fig. 3-1. Chiral bifunctional catalysts used for MBH reactions'®

FEHOPFBMRETIX -7 AFNT I B DU &R &3 D AR REZAMBEZ M B IZB¥E LT
BY (Fig.3-2). R Y A—/VONEEIRT P ALEFE~DOREZHE L THD S,

(0]
Ak N
S) N OCgH17 CgH1707 NELN & s) N& ~OCgHy7
7/‘ N B E 7f N
(0] (0] (0] O
g J O g )
S
\N N
12
(0]

H
H H S) {))LOC H
CeH170 SN (® ®) Niég/“\OCgHw CgH470 NW QH(N Y sH17
N E X ~¢NH
HNT 0 0 Z “NH HN 0 P o)
Z |
<) S\
N
13

Fig. 3-2. 4-Pyrrolidinopyridine (PPY) derived asymmetric nucleophilic catalysts

$%ﬁ®%%7:/%%m&LTkab77V%%¢%%myV%§%%ﬁwnﬁ\Kﬁummm&

(CH B ZEREMEAREE S U CHRE T S L HIRE S LD, BT C. AE TR E TR LD v [k
%ﬂMmWBHﬁW%KﬁﬁEAE%%¢&<ﬁ%%ﬁokoVi/y@ﬁ%&@ify?ﬁﬁﬂﬁuw
MBH St TS EZ |GG 2 <. GRbF ERERF ¥y LTV THDL EVR D,
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G ARG

BOREIZBWTBIR L7z N-Boc f 2> 2a #H\WAH Y 1 & D aza-MBH G IZ B W THRBEANLEE =
T RS R T DA IR A MG L7e N, 1E 8 A ERUSTEIT L2 o 72 (Scheme 3-1),

0
Boc\

catalyst (20 mol%) Q NHBoc

—_— Y

*
DMSO (0.25 M)

50 °C, 36 h O

4a

(1. o eq.) @. 0 eq.)

MeO I N l N
Z P
N N
p-ICD Quinidine Cinchonidine
0% yield 0% yield 0% yield

Scheme 3-1. aza-MBH reactions with N-Boc imine doesn't work

ZZ T, N-Ts £ 2 5a ZHWD M T, RF DMAP #FERIZ OV THET L7 (Scheme 3-2), 77,
Connon 5|2 X > TR SN2V Y U VB 3NLICEIILZ A3 DA 16a L ORI 16b7 2 = & 2 A,
HFRFRE Y v MR DMESE L TR LN, =7 FAERMEIIO T B KD > 72 (entries 1, 2), KIZ
AT BTS2 2 Ol BT BESE L7 filli 11-14 [2HOWTHRET L7-, ARSI B-F 7 F AT 5 = /w%ﬁw
U7 Al 11 RO 12 IOV THRET LTc & 2 A o FABIWEIS RS T 15% ee ICRI £ o7, M8
IR 7 b7 7 RN B LT A N2 L 2 A BRI 14 2 WA IV T 42%ee Ty
REATIMAER R STz, ZORFIC LY, MBHISIC T Lo 2T v RigE LT OMREN I CT& 2t~
2R EATLMEN YT vy fLCORFRBUCER THD ZEPRBENT, FRRICT L AT Y
g & U COMRED W7 T & DMBUTTF v & U FFERDNE R U 7oAl 17 K ORI 18 2 Hviz & 2 A,
T T ARIRVET 30% ee I E o7,
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o Ts\N
0,
+ )l\ catalyst (20 mol/o)= NHTs
) H™ ~Ph CHCl5 (0.2 M) ofm | OH
1 5a 20 °C, 7 days 3
(1.0eq.) (2.0eq.) 15a z ,,

entry catalyst yield of 15a ee of 15a

1 16a 22% 6% 16a
2 16b 18% 18%
3 11 49% 15% ( 5

N P\
4 12 16% 9% 2 H

3 3
5 13 14% 10% Z | N/>
6 14 43% 42% N
7 17 14% 30% 16b
8 18 14% 30%
(0]

1
o) 0
S HJ§))‘\OCH
CgH470 N_ (R R NS 817
N
HNO o o) 7 “NH
1
\§
N

HO

jj a
O

Z;

o

O

@

T

3

CgH17O (S)

\\

HNTN

N z
¢ W@L
] OH
\

Table 3-1. Effects of catalysts on enantioselectivity of aza-MBH reaction with N-Ts imine
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Sofee — S

BH A X ARER O

il 14 2 N, Flix OT VXL A VR = VARGEA I 2 W TRETZ1T o 72 (Table 3-2), N> B X
WIRT I RONUEB B para (filZA PR TEBIO M) 74 A o AFNVEEZEANLTA I 5b LY
S¢ Z HHWTRIGEAT - T2/ R, MDA ICH = F v FARRIEDIK T 2\ 72 (entries 2,3), A T /b
KERTDHA IV 5d ZHWEE A, MEEIRVENBIIZ L L, = > F A RIRMEIC OV T 52%ee
W2 E L7 (entryd), 7z, IR VX EEE LT AFAEEN 7 a7 a Ve T 51 I Se
KOSt WD L AINOEE S EWVAIERIMEZ R LA, = F RIS E S 20T
(entries 5, 6), FREDFER IV | N-ZVAR=)bA I & WD UG TIXT T 0 F A EIUE O S8 LA HE &
AW L7,

O

0
H H
O C8H17O SIN (\\‘9. S) N@)\OCSH'W (0]

O 0 }/\ N El

o 7 HN o} 0 Z NH

"I )
+
/ ¥ H” “Ph N s
( -

NHSO,R
14 (20 mol%) Ph
1 5a-5f
CHCl; (0.2 M) 15a-15f
(1.0 eq.) (2.0 eq.) 20 °C, 7 days
entry R yield of 15 ee of 15 entry R yield of 15 ee of 15
RS R
1 5a 43% 42% 4 5d 45% 52%
a:y=1:7 a:y=1:>20
2 Q 5b 37% 26% 5 J-R'Me 5e 47% 30%
-v=N.D.* a:y=1:14
ome 77
3 5¢ 32% 10% 6 S ‘\ 5f 42% 32%
a:y=N.D.* a:y=1:>20
CF3

*N.D.; Not Determined
Table 3-2. The effect of alkyl substituents on sulfonyl group
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EIUET TV T U — VI O

EREfIED 7 L 27 RIBEML L L TE OMERH L7 = 7 —/ViFEIRIL, v U v Lok
MENARETH D 8, MFEMGLE LTT =/ — ViR 2 MG EA Ui 18 Z v, A7) —
- NELE L TR Y VUREEAT HE T

¥ ¥ F A IIRMEFE BLELRE I 3\ TRKERE A D A
EHRWDGA LR TH NI ARF G E ST
x5HDEE 2T (Fig. 3-2) ., KEgH-v°V ¥
VIR DOKRFEFREEIT L D IEEE DA A M
FETHAHEMTCTE Y DUVRADE Y IV URE
HT D4 I %&ER L, vinylogous aza-MBH JX
i~ L7z (Scheme 3-6),

2-B U VA I 5g ERWTESE, BMRIREWME G 2T, — T 3-E U A Iy 5h ZHWZY
G, TS TR LK RO ER R 5T, 4-B) DA 22 51 EHWEES. =T AEIR
HERE T L2 &0 3-B Y UIMEENRREBBUCA N EE X T, E 2 C S BICERIRFEEA L,
55U IUNA IS HWTZE 2 A 92%ee LIEFITEmWT T U F AIRIET y MATIMER G BN D 2
ExEAH LT, 7= ) — UMEKERIE RO cat. 19 Z W56, =) > FARIPEOK T2 2 TUR
FOFELWKRTRRAONIZZ DT = /) — WWEKBEEOBEENMED R S, G HPH 2 fREE 7
LHBITEY IUNED 2L A TFIENERR LI2A IV Sk ZHWER, 205 F &R

%{.

Fig. 3-2. Hypothetical conformational fixation by two attractive interactions

KT EHW,
0 0
A R
@ . S N cat. 18 (20 mol%) ;
M - NHTs g H S :
v H” “Ph CHCl; (0.2 M) U ! CgHy70 Sng[_)@kNﬁ OCgHy7
/ 20 °C, 7 days Het H N =
1 5g-5k 0.0k : 0 A0 \@ :
(1.0 eq.) (2.0 eq.) N i R 4 R i
: N :
II\lTs E\ITS E\ITS cat. 18
complexed 75% yield 21% yield
O) mixture | N 48% ee | N 17%ee
2N 5g NZ 5h N & si : o) 0

' - \
24%, yield : A A
rI\lTs 92% ee 5 ©/ o] P! o]
N ary=1: 30% yield : <
II\ J 5 3% yleld* )\ 66% ee N

N - 66% ee \ .
a:y=38:1 . TTTTTTmTmmmmmmmmmmmmmmmmnnmannm s

*cat. 19 was used.

Scheme 3-6. Substrate optimization of pyridine or pyrimidine analogue
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BIET BUSHERERRT

ZIT, BRIV ET Y AEMLE LTS E DB W T o F A RPWENFEL L7 2 & ITHEBR 2 Fr
B, 7 HEOKIGKREH % 24 h 35 KXWV 48 h & L7258 OIER K N F o F A& P A JIE L 7= (Scheme 3-

7o
Q)L o)
NTs N "'
NHTs
':j) /I \©\OH Y (s
\

e

/ N
1 cat. 18 (20 mol%) - 9j / =_/N
(1.0eq)) @. 0 eq ) 24% yield N
CHCl3 (0.2 M) 92% ee
20 °C, 7 days
0 (e}
48% ee 88% ee

24 h: 25% yield N___ 48 h: 25% yield N_____/

Scheme 3-7. Time-dependency of enantioselectivity of y—adduct
ZORER, RISFEM A 7 B & L7815 92%ee Th o 7o U FARPUED . SUGBA%A 24 B ORF
BBV T 48% ee (IR E 0 . nBRAA 48 BEE OB TlIm o F AR MED 88% ee (21 L5 Z &
Bo3inole, TIZT, KRISIZE>THOLND o fifHIEE v AR Z i E Uit 2 /EH S8 7
Bt WA OF BAMIHER SR Do T FN AR D & OWFOSIEREE L, KO
/$a®%éfi@ﬁ%ﬁi%/?ﬁ FIRVED[ LR R SNIR o722 EbA RV 5 FFRMICT T
AR 9D Z LN noT,
MMa%ﬁm%ﬁﬁ%?ﬁﬁﬁmmmHﬁm&EWMKﬂLTLU7I:wmx74V%¢%é@
HZETRIEF T IENETTHZ EE2HE LTS (Scheme 3-82)"9, A, EAX J— L kU 7

a) NHTsO PPh; (1.0 eq.)

NHTs O NHTs O
: 3,5-Bistrifluoromethylphenol (3.3 eq.) H S s
/@/\”)‘\ THF, rt /©/\”)J\ /©/'\”)J\
Br 20 time Br

Br
12h : 20% ee

)
88% ee 120h: 0% ee
T
b) NHTs O S\NDD i
PPh3 (1.0 eq.)
CD30D, rt I
Br , 24 h Br 21D °
0 NTs
F
5 NHTSO NHTs O
(10.0 eq.)
PPh3 (1.0 eq.), phenol (5.0 eq.)
Br i
2 THF (0.04 M),

time
24 h :no cross-mannich product
72 h :no cross-mannich product

Scheme 3-8. Deprotonation of allylic C-H bond by PPh,
20



T VIR AT ¢ R E ST NHTs RO ILD C-H KUK B =L C-H # 6 D D AL ST
L7221 35 5405 5L (Scheme 3-8b), 20 1Zxf L THOD A I &K SH 7285, cross-Mannich Ui 231
TUL72 22 S5 N720 > 72 s (Scheme 3-8 ¢) 75 NHTs ZEDIRITLO C-HFEA O v ~o1b/7'm kv
BIZ LD T ML IRE L TV 5,

Ao IV ET V= VENICHET 54 2V 5 FFRMIC= T T RO m BN RS- BH
& LC, Scheme 3-8 & [AIERIZ NHTs ZEDIRITLD C-H#EE O 7 7 FALBEEGE L TWH D EFEXT, v
ALAINR 9§ 12kt T D7 v b AAF T v b ALBERED G LT b D & & 2 9 (Tt LTl 18 2
25 Z & T2F U FARRMER W BT 2 0%ET L7z (Scheme 3-9.),

H
gH1707 NS N NL)LOCSHW o

1% c
'I
NHTs NHTs
V[« (:)f{ Y [«
N N
/N _____/N cat. 18(20 mol%) /N _____/N

9] CHCI3 (0.1 M)
o 20°C,24 h
60% ee 95%

\\\'

9j
75% ee

Scheme 3-9. Increase in enantio-selectivity by cat. 18

60% ee @ 9j (Zx L CAlE 18 (F1E T 24 IR Lo, ZOREE, v MLATIARDY 95%UE#E CTRIIL S 4,
T U F A BN 75%ee 12 L7z, BlG. T8 IKIC & 2R om i TVl ER o i
70 M AUARF T 0 b ALEIC L D b 0 L HEER S D (Scheme 3-10),

(0]
Base
NHTs NHTs asymmetric NHTs
deprotonatlon protonatlon Y H

*
/ N N
N=/ =/

moderate ee high ee

Scheme 3-10. Possible explanation for increse in ee
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BWUE 7 I VA —/VEHIZRT 5 Parallel Kinetic Resolution (PKR) D B§3%

IR IEAE W2 7 & RO Y FENETX 2N E TICEE < O FERRE I N TND 20, KA
By FRE A N2 T LU b 2 B & T 5 e BN FEE R I AT v a— v TV FA—V R
55 FiEE U TEAIHIZENMTHhILTE 22, KRIZEIT D AN SIIRF i & 7 &  (RIEER Tl
B DB matched, mismatched D = R/LF—22C LD RAKIE & S RFEEM CTORIGHE 2% E
BT TFIETH D (Scheme4-1a), ZAUIZX) L Parallel Kinetic Resolution (PKR) 137 & I (RILE Ik L, A
fié)yim%:a_ﬁéﬁé & TR Z @\ O CHB 5 FIETH D (Scheme 4-1b)2, AL, PKR 723
AL D IO ITH—DF 7 J74 %ﬁﬁ”éﬁﬁﬁ%rjmﬁmosﬁmﬁw 2k L CTENZI matched DA
ﬁ%ﬁa%”%ﬁ’(;@fﬁéﬁﬁﬁ% ITSELMENRD D, BT, BHE O KR & HAKKEICNEER FERTH D
R B — i 2 iV 5 PKR I3 L7036 T%ﬁ%%&&b\zéo

a) OH + b OH + )
OR ' Ho \/'\ OR
OH R (s) e (R)-cat. > : OH (s) e (R)-cat. > HO\/'\
favored (S) HO\/k favored (S)
(S) " Matched recognition - enantio-enriched ) " Matched recognition - enantio-enriched
product H — - product A
(R)-cat. H (R)-catalyst catalytic intermediate
oH - - : oH - -
A OH T OH i HOLUA OH t OH
® : 2 ®R) HO_AL RIA_AL
R * (R)-cat. |""""""°" » (R) E R) * (R)-cat. > (R)
disfavored H favored
- - enantio-enriched -~  Matched recognition - enantio-enriched
Mismatched recognition substrate recovered ! product B

Reaction path of catalytic KR Reaction path of catalytic PKR

Scheme 4-1. Schematic comparison between KR and PKR

ZDOXEIRPKRIZEBWNWTT UL EZ M LT o0& LTE, 2 oEREOET T FA A v
2T AL B WD FIEN M STV D (Scheme 4-2.)3, #hERAY72 PKR 1L 2 i D =) o FF~—IZ

| X
Bu ﬁ/ Bu
0.__CCls
o8B gLy
o J% B oo 1K
: cl 0
/>cel; g
racemate (0.56 eq.) (0.56 eq.) 49% yield 46% yield
- 95% ee (R) 88% ee ()
MgBr, (2.25 eq.), NEts (3.0 eq.
9Br DCMqr)t 36ﬁ( %) Vedejs, E. et al. JACS. 1997,119, 2584.

Scheme 4-2. Acylative parallel kinetic resolution®®
Sk U TN SIS EITT 2 0 E H H M, Vedejs © 1L 1-(1-naphthyl)ethanol (Z%F LT S{K% 5 = 42 @
BIRVECHL S5 7 L R —B* (Scheme 4-2. E D7 L IULANITINZ ., R K% s=41 OERME Clig
axE 57V K —A (Scheme 4-2. FREADT L IALAD D2 DDt F L FH A Y w7727 2 ALH|
A DEDZ L TPKR ZEM LT, LinL, REFTOFR L AP EREORT T F AR v
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7T ALK E LB LT HENIEE LTS, ZOXIREROL &, Bz A5 T voue
%M L4 % PKR OBFENRD S5,
/ﬁ—w%%ﬁﬁkbtﬁ it 2 N5 PKR AZ DWW TIE 1,2-V A — VEEA B &5 2 flodiid &
LTS (Scheme 4-3.)%, Z Tan b OHWEILE (Scheme 4-3b) (LK 1,2-U A — iz H L TEY
f&7k@&ﬁ&0“%&7k@&%@ﬂ: BRMEOFRININZ . REMBINSE L 225, X, oKEBED
2 U IBIZB W TSR E RFRBNERE L T D ORI TR E S Th D08, 65—k
HEOT ) UICBWTIIRSE E RFRENRAF L TRTHNATEY . REBINIEFICHETH D,

Bu

a) tBu
7/\N
HO.  OH HO, OH <’ Me TESO.  OH HO,  OTES
= o —~
S e’ Py (30 mol%) e’ pr e’ pr
RS . R TESCI (1.3 eq.) 45% yield 45% yield
95% ee (R, S) 95% ee (S, R)
Hoveyda, A.H., Snapper, M. L. et al. OL. 2011,13, 3778.
b)
OH OH N\(O \/?i/ QTES
H Br. OTES Bra__~_ _OH
Br OH B _A_0OH NG NN
~a N NN
—/ (15 mol%) 50% yield 41% yield
rac. > 91% ee (R) 98% ee (S)

TESCI (1.3 eq.)
Tan, K. L. et al. JACS. 2012,134, 7321.

Scheme 4-3. Precedents for regiodivergent PKR of diols?®

FTBMFEE CIIAR U A —v b L <XV A —/VEHO B /B M FREE 2 5500 9 5 4 7 ai s i 2 v % 2
&L FEIRMEO W 2 o T2 7 L a2 — VO EBR T bz dftd LT s 2, il X %45+
DR FEZ, FT VT 4G U TRRDIMEICT Vb #EITSE LR 2RGT52 & TInE
THAEF O 72 W X D KEEED T U ARIZ L D PKR S AIRE & B 2 7o, ikiHiEdt & 7 20 1A
% Scheme 4-4 TN 4-5 277 L7z, 1 D BIE D-7 /b 23— AFHEEARD 4 (L KEEHGEIR T 2 AkiE Th 5 200,

) O
a
CgH470 \\\ OCus ol
OH 6
-PrCO0—\_—0,
1-Fr!
o] HO OCgHy7
OCBH” (10 mol% OH

4-Acylat
(PrCO »,0 (1.03 eq.) 98%(:3;%3
D-Glucose derivative > . .
2,4,6-collidine (1.7 eq.) > 99% regioselectivity
CHCl3, -60 °C, 24 h Kawabata, T. et al. JACS, 2007, 129, 12890.
) OCOi-Pr
o 14 (10 mol%) 1L o
i 4
\ 6 o ('PrC0),0 (1.10 eq.) HO - OCgHy7
> 3
- OH
HO$3 Q.S/OCSH” 2,4,6-collidine (1.5 eq.) 6-Acylate
OH CHCI3, 20 °C, 14 h 46% yield

D-Galactose derivative 91% regioselectivity

Scheme 4-4. Regioselective acylation of carbohydrates via recognition of 1,3-diol substructure by catalyst 14
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AVENE 6 LB — KR IE & T X R VR = VI & OKRFRES KOV NLEE oK EERE & A > K —/L NH
HOKREREAIT L | AN KBRS ST 5 2 & DN ERR MR OBER L ZE 2 5TV 5
(Scheme 4-4a), —77. 4 NAKEIEDN WD 2 H T2 D-HT 7 b—AFERITKT 57 2 Akld, 6
{mkﬁé%ﬂ%ﬁ‘ﬁﬁ’a ZHE1T % (Scheme 4-4b)27, AFERIIAIE 14 23 1, 3-UA— SR H T DB
CHEBEOX T VT G UL EEIRN T b A TS S Z AR LTV D,

2 DHIL NHNs £ 2 #n0 & Lo ERe R M EEBERING 7 > /U ik Th 5 20 (Scheme 4-5), DMAP %
W86, NHNs £ & 1,2-0BFRIC S 5 /KEREEDMERRIIC T S vk a5 —T5, cat. 12 Z W 2561
I ESEIRME O WR 2 £, NHNs 205 14-OBRICH 2 KERENIZIFEEERBINETT vk E
%o AKEFIIAREE 12 53 NHNs 3500 6 4 JRFBWE CIALE OKBRIE~NEN 72 7 b2 TS5 2 & &
AL TWA,

0O
CgH17O b OCSH17
4 NHNs NHNs
\H/OM/OH HOM/OY
14-72) 7031 O I i v
12 (20 mol%)
HO Ac,0 (1.03 eq.) > 99 : <1 (+ Diacylate 3%)
2

1 2,4,6-collidine (1.7 eq.) . .
CHCls, —60 °C, 24 h (with DMAP) 16 : 84 (+ Diacylate 30%)
95% T. Kawabata et al. Chem. Commun. 2012, 48, 6981.

Scheme 4-5. Regiodivergent acylation of amino alcohol by catalyst 12

PLEOMBZRICIEEDX T ) T 4G 0T 13-4 —vE 14T 2 Toba— Vi & 2nl % 12
ZHFBEICERET D & TH il A W DK EED T U AkIZ & B PKR N ATRE & & 2 7= (Fig. 4-2.).

o)
gH‘\ 1,3-I7— V5B QJ\
A - NsHN_ _A

sole cat.
OH

OH 0}
NN Ao v AN
A 4

rac. 23

Fig. 4-2. Designed substrate for PKR
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BE RUSSRMF ORI L

Rl Llc 7B IR A — L 23 1Tk L, AL HND T 2 kI K D PKR Ot &1T > 72 (Table
4-1)e 13-V A= MAEEDORTRITA N T o 7o il 14 fFE T, 7 1 1AL SEEEH-55 °Clz s\ THEEKEE
FeaEHSED L, SIKOFE—HKEEILT > ALK 24 % 46%ILHE, 86% ee T, R IKDF foKEILT o~
JABIR 25 % 36%UNF, 95% ee TH-ZX 7= (entry 1), HIH, MA@V Al 14 13EOXTF VT 412G
TNLEBR T LB TS E 5 2 & TREF L7 23 @ PKR 2T E5 2 L8N ho Tz, [AEE
DEMUET 1,4-T 2 ) T a— )L OBFRICAR TH - il 12 2 72035, 5 kR IL 7 > U bik 25
WRMAE LK T L, 2h3RA972 PKRIZHEIT L7 o 72 (entry 2), filllt 14 O 12 O 7 27 LA~
— % W858 BRI PKR IXEIT L2 > 722 & 205 (entries 3,4). entry 1 Ofilt 14 % femfilist &
L7z,

I B2 EET 5 BRY T, i 14 fFAE T, 7 m o db A L ik L CRoRiE S @ Wb A F Lo %
FAWTZI5A . TARBRIEDOT S BRN 7 B ok L ADOBRE L RI%EDOINETHE LN, =F o F AR
PEIZORME N L72 (entry 5), SBEITARMEDS @V THF %2 W26 B—RoKBERE T S ALK 24 DILERDE
LLIRTL, =2 F ARSI L7 2 E0v5 (entry 6), entry 1| D7 1 1R/ A% F st
L7z,

(0]

oH caAtaI)gt 21(())5mol%) OH 0 Jl\
NsHN\)z\/“\OH 2,4,63:20||i£1iﬁe (?.qi)eq.) ‘NSHN\{S)k/\OJ\ +N3HN\/O\/\
1 23 3 solvent, =55 °C, 48 h o o4 (55)

rac. pri-OAc sec-OAc

entry catalyst solvent pri-OAc sec-OAc Diacylate
1 14 CHCl5 46% (86% ee, S) 36% (95% ee, R) 1%
2 12 CHCl5 53% (80% ee, R) 3% (88% ee, R) 1%
3 13 CHCl; 67% (30% ee, R) 13% (81% ee, S) 18%
4 11 CHCl5 86% (10% ee, S) 3% (27% ee, R) 1%
5 14 CH,Cl, 34% (83% ee, S) 42% (77% ee, R) 16%
6 14 THF 65% (0% ee) 7% (56% ee, R) 22%

0

o)
H H
0 R o g NY-ood chwo&N U%N Moo
N FA N

HN o 0 g 0
S¥ N LERS
< <
N N

2

-

H H
CgH170 ()NYO(R N\)LOCSHW CgH170 ()N )0\« \)LngHw

HN S
P ® /
\ 7 O
N
11

N
Table 4-1. Screening of catalysts for acylative PKR of 23

AW

13
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[T = R L

W FEE — e O PEEE B & U CHRE O 3N A FUHRAE A L7 FE 2% LT PKR 2/t L7z,
ZOBREOCT AT VA~ —BEL D20, WTOREZE/K URGETE1T -7 (Scheme 4-6), Syn &
()-26 & W TI5E . B KBEIE T AR 27 13 25%I0EE, 56% ee T DAL — 057 TH Rk T
VAR 28 13 9%IHRICE £ D . 2h=AY72 PKR 13HEIT L7272 > 72 (Scheme 4-6a), RIZ anti {K(+)-29a %
WD &8 —fokKEREET S VAR 30a 73 51%U0=E, 72% ee T 85 _foKEREE T 2 /ALK 31a 75 35%0EE,
99% ee THFHALENFA 72 PKR M iEIT4 25 Z & 23570 - 72 (Scheme 4-6b), 7235, AR TIET v/ LA &
LTA VYBIRIEEKZ D THRET LTS, ZHIET SUbHl & L TEKEEZ V254, Filmie
T RKBEFED O — KR IE~D T V NSB B HEITT 5 %4 CTdh 5 (Scheme 4-6¢), LA EDFEFRNG |
FE 3 0T anti OBMR CEBIEEZEA L7RE THILE PKR BETT 2 Z ENRB I N4, 3 (i~
il 2 DEHILZE A LT HE KT 5 PKR Zfat L7z (Table 4-2),

0 0
H H
CgH17O N N\)\OCSH17
7/ Y E
HNTN 0 o) Z NH
g
X
N
a) 14 (10 mol%) I
2,4,6-collidine (1.7 eq.) I
NsHN 3 NsHN NsHN
\)\|/\OH > 0 \/Y\OH
Me CHCl; (0.01 M) Me Me
26 -55 °C, 48 h 27 28
syn rac. 25%, 56% ee 9%, 98% ee
b) 14 (10 mol%)
OH (PrCc0),0 (1.05 eq.)
2,4,6-collidine (1.7 eq.) OH (0] (0] (0]
NsHN 3 =
\)\:/\OH - NsHN\/k/\ NsHN_ A
H v 0 \/Y\OH
Me CHClI; (0.01 M) (S) i (R)IVI
o e e
29a —55°C,48h 30a 31a
anti rac. 51%, 72% ee 35%, 99% ee

[a]p?' -10.7 (¢ 0.8 in CHCI3)

OB, OH
NSHN\)\/\OH NSHN\)\/\OAC

e

Y

Zun
(0]
Zun

Scheme 4-6. Acylative PKR of diols 26 and 29a
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e

(6] (0]
H H
CgH470 N\T/" OW(N\)\\OCBHW
W
N
HNTN 0 o) 7 “NH
]

N
N
OH OH o)
14 (10 mol%) I
NSHN\/'\?‘/\OH (PrC0),0 (1.05 eq.) NSHN\/'\/\O)J\l/ 0" 9

Y (S) = NsHN
2,4,6-collidine (1.7 eq.
colidine (1.7a) RY oH
29a-29f CHCI3 (0.01 M) 30a-30f 31a-31f
anti rac. -55°C, 48 h pri-OAc sec-OAc
Entry R pri-OAc (30a-30f) sec-OAc (31a-31f) A-value of R group
1 -§—F (29b) 35% yield, 99% ee 34% yield, 98% ee 0.15 kcal/mol
2 -§E (29¢) 39% yield, 97% ee 37% yield, 99% ee 0.41 kcal/mol
3 -§x (294) 31% yield, 83% ee 37% yield, 99% ee 1.35 kcal/mol
4 §—Me (29a) 51% yield, 72% ee 35% yield, 99% ee 1.7 keal/mol
5 '§\Ph (29e) 41% yield, 77% ee 31% yield, 98% ee 1.8 kcal/mol
6 - (29f) 56% yield, 71% ee 24% yield, 98% ee 3.0 keal/mol

Table 4-2. Scope of substrates with various R groups at the 3-position

3P T7 v REEBANLT()29b 2 FHEH & LTcHE . 5B mKBEEET S ABIK 30b 725 35%I03E, 99% ee
T, I RRAKERIL T 2 UBIA 31b 28 34%INER . 98% ee T B NVIEHICmWVEIRME T PKR 2T 5 2 &
Do Tz (entry 1), TF =/LEEAE A LT2(£)-29¢ DA HE—HKEEILT > ALK 30¢ 23 39%I K,
97%ee T, & MK IEIET AR 31c 75 37%ILR, 99% ee TR DAL, 29b & [AIBRIZ @ AN T PKR A3 it
1TL7z (entry 2), PAREX D R&EWEHIL (B= L fE, R_UVV, 7= i) 28 A LZE 29d-29f
T —oKEEIL T > ALK 30d-30f D= > FABRPNEITENAR T L7z b OO 5 fokfgik 7T > v
{BIRIZIEFE I BT o F AR TE S 4, PKR 23 E 2R CTHEfT L 7= (entries 3, 5, 6),
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FEPUET AR E ORE

anti 1K(£)-29a % FE & T 5 PKR OF KB T 2 ALK 30a OBl E 2 - E L 7= (Scheme 4-6),
L-Y > TPk 0 58 ATRE 22 SCERBE AV L S 9(S)-32 ARk L 72 28, (8)-32 12t L COBIESS 21TV Y NHNsBoc
HEEEBANTDHZETE)-33#A L, BRRIZ XD Boc LNV T o712 —/LOBEHEIZ LD (S)-
29a #1572, 55N 72(S)-29a lZxf LT DMAP f#7E . A VIR ZEH S 72 & 2 A% —okiE
T AR (8)-30a N EARM E L THELN., ZOREEEEAZRNE L & Z Alap?! =200 Tholz, —
J7. Scheme 4-5 b) THHHAL7Z 30a (72% ee) DHIENEZRET D & [alp? —10.7 TH Y, FFoin—HL
7oo BI6. 292 (2%E7 2 filli 14 2 JHVN 5 PKRIC K V15 5D 5 —#KEEIET S /AR DAL E 1L S &
RE LT,

. Scheme4-7 |Z7~x3 DMAP %:Hﬂb\t(& 29 DT MBI, B RRKEEIEET O AR AR IR EE T
JARIZHESE Lz, Al 14 2 V72 i%kﬁ&%@? //I/{I:leiﬁﬂ%"“r@ﬂl#af BohlzZ &b, fit
I 14 1 FIEEE A O BOGHE & I3AMSE wﬁmémﬁ%ﬂ . 72 PKR TS5 Z & RSH
776

oh Ph
OH O /l\ o/ko
Ho 1 i \/k)
(6 O T T e o K o BN ——
0 (S) % ]
Me Me
(S)-32 i}
reported (S)-33
oH DMAP (0.2 eq.)
(PrCc0),0 (1.05 eq.)
NSHN\/(S)k:/\OH 2,4,6-collidine (1.7 eq.) NSHN\/(S'}_/\ )H/ NSHN\/(S'}/\
Me - v
(S)-29a CHCI3 (0.02 M) (3) -30a (S)- 31a
0°C,2h 87% 6%

[a]p?" - 20.0 (c 0.9 in CHCl3)

Scheme 4-7. preparation of (S)-30a
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BIET BUSHERERRT

K PKR (ZBWTITIE 23 OFUSHTEEE & LTI —BKEREED T 2 Ak &8 ok D7 v AL D
TOORKNRD DL, KT T ATkt LT ORBENIFET D720, 4 DOREKEOMREHEAEIZ XL -
T PKR DREAGNRE D, T Z THRSUSHEEICE L TR E2E 5L, EAKFEZ 0.55 Y&EH SE -
&AL B IBOKEEIET LN OKBRIL T S AARICHESE L THEST L 72 (Table 4-3, entry 1), £7-.
Z DOFEE ZRRKEEIET S AR 25 D= U F AL 97% ee Tholo—J7, BH—fokBEELT >k
K24 OxF U FATEIRIEIL 40% ee ITEE o7, BID . SUSOEREER IRV BFEIC IV T R (KD
WKFEIET AL i b BCHEITL TS Z RN o Te, —H CTHAKEHEZ 1.05 YEAWHE. B
—FRKERIL T 2 AR 24 D F U FARIED 87% ee 1Z[A] | L 7= (Table 4-3, entry 2), LA EDOFEFA

14 (10 mol%) ji\
S UL NS G
,4,6-collidine (1.7 eq. <
NsHN o NsHN T NsHN AL~
\A/\OH - Fo-- (s) (0) (R) OH
CHClj3, =55 °C
23 48 h 24 25
rac. (S)-pri-OAc (R)-sec-OAc
entry Ac,0 (eq.) pri-acylate (S) sec-acylate (R) diacylate
1 0.55 18% (40% ee) 37% (97% ee) -
2 1.05 46% (86% ee) 36% (95% ee) 11%

Table 4-3. Effects of amounts of acetic anhydride on the enantioselectivity of products

SA PKR IZH 1T D 72 SRR % Scheme 4-8 (27~ L7z, ARSI W TIE(R)-25 % 52 5 K krysec 73
RO RWKIGTH Y | SUEDOEITIC LV FEEO SIEROFIGREME SN TV EE X L5 (Scheme 4-8),
— i TSI BN T H oK T S AL THRED = U F ABIRENTKELL TWDL 2 b,
i 14 132(5)-24 ~DOFUSHIMEL TV D EFEZ BN D, RISEHITIE, SRR RN S i iuHS
R U CH KR EERIN 2 7 L MEBHEI T2 2 & T, fERELTH T Y T 18 U BRI T
VIEREAT LI D B X BHiLD,

(0]
OJ\ P 14 OH 14 ‘[ OH o)
NSHN\/R/\OH h k(s)sec NSHN\/'\/\OH k(S)pri '[NSHN\/'\/\OJI\

(S)-25 slow (5)-23 moderate (5)-24
sec-OAc pri-OAc
j\ ] OH 0
14 OH 14 2
< : ) NsHN. A
NSHN ? < k(R)SeC NSHN\/\/\OH k(R)pI"i » NS \/\/\OJI\
\/\/\OH
(R)-25 fast (R)-23 slow (R)-24
sec-OAc pri-OAc

k(R)SeC > k(s)prl > k(R)prl ,k(s)sec

Scheme 4-8. Relative rates of acylation among four individual hydroxy groups
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W2, ERROFT VT 41T UL ERIRE T o Abds 2 Z itz TRk AR THEITLC
Z MR T % BTSRRI e FEE 23 1Tk L filll 14 2 V727 //Mtﬁmmﬁﬁ%ﬁot LA,
SRDHE 23 12T 5 7 2 /AT — oKk BB INAIZ AT L7 —T5, RIKDIEE 23 1233457 vk
i%:‘f&7kﬁ§%3§?ﬂﬂ’ﬂ THEAT L7z (Scheme4-9), Z LBt Fld, W/KEREEA~D T L ALDMiTiL & 73 F-Rdik
ENLTHETLTND Z L Z R LTWND,

OH 14 (10 mol%) OH o o
NsHN Ac,0 (1.05 eq.)
\/(S')\/\OH 2,4,6-collidine (1.7 eq.) NSHN\/(L)\/\OJ\ NsHN\/('S)\/\OH
CHCl; (0.02 M
(5)-23 —5533%(; 48 h ) (S)-24 (S)-25
' 68% trace
OH 14 (10 mol%) OH j\ o)\o
NsHN 1 Ac,0 (1.05 eq.) NsHN 3 NsHN H
RN TOH 2.4 6-collidine (1.7 eq.) SR~ o SN~ S oH
CHCl; (0.02 M) (R)-24 (R)-25
.23
(R) _55°C, 48 h 4% i

Scheme 4-9. Effects of absolute configuration of 23 on the reaction path

b K D 53 FRRak A~ DB G-3RI 2415 NHNs Jh A A FVH TR L7 A %%wé*#?nmm
%%ﬁé#@ﬁ%ﬁot(&menm @m4@ﬁm@ﬁ~@7/wmiiﬁbf ITE9. F—oK
el T VAR 38 BEARM & L TELN, n’*&ﬂ@&ﬁ%? T IABIKR 36 13 6% I ZRIZHE F - 7‘:0 Z Dk
%#%\waﬁﬁﬁﬁéwé7mkyﬂpmu0ﬁﬁﬂ HTHDHZENGhol-, ZZTHEIMWE

14 (10 mol%) Ns\Non Ns\N/\|/\/OH
Ac,0 (1.05 eq.) | )
N OH 2
SN 246-collidine (1.7 eq) Me  OH 0 Me O\n/

Me OH - lo)
CHCl3 (0.01 M)
-55°C,48h 35 36
34 pri-OAc sec-OAc
79% yield, 2% ee 6% vyield, 35% ee

Scheme 4-10. Effects of protection of acidic NHNs proton on the reaction path

T U —NVDORE L Scheme4-4a) (2R LT D-7 )V a3 — AFHEROIEREE A Lk L7254, D-Z L
T— AN 13-TA UGN Z T3 LUK ELZ A L TWDH DI L, 7 X/ VA —/LOFE L NHNs
DO N-H 7’1 b -7 a—RZBT D 3 N foKEEEE & [AEROALEIZAAE L TV D (Fig. 4-3).
Zr[Al, NHNs 34 A FOUICRE L2 5 A IZIL PKR OFENE LK T L7722 &5, NHNs EOEEME

OH OH OH
9 analogy
H-< H< 2O 2 \3_RH
ONé 4#» OO OR - H (0] R
[ 0 o"
Ns OH \N
s
NH-protected substrate D-Glucose derivative Standard substrate

Fig. 4-3. Schematic comparison of substrate structure
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A= NVAET i TR BNT D-Z Vv a—AD 3 (KBTI T 5 & EN 2R L TWDHZ &
DRIz, X, PKRICHEIT D IEE 3 A~OEHFE AL 2 (KEEHE: & OFXBLE DS anti DGEITEH
WT DB PKR BHEIT L2 &b, D-Z /b a— R 5 (LD E#EER L [AEEIC PKR O 3 (Lo
EHSLIIBAE OB S O A= 172 PKR BTS2 & B2 b b,

ABIOFX T VT 41205 UTLE RN T 2 U kIE Table 4-3 OFERDBRT X HIZF TV 13-4 — /LA
EOINT R RO “MAKIEIET L ALY e b ROBIS Th o723, R IROTHER T, #7225 IR
WHEEZNT 52 LT SEROE—FARBIEDOT VI LBH#EITT D EE 2 HND, 22T, PKRIZBITSE
THBOKEEIE T T AIZ BT HIBIRVEIL D-7 L 32— ZFHEIRD 4 (KEEEGEIR T >l & RER. R bE
PEEE D @ W — K ERFE A ke D 7 2 F‘ﬁ/lxn“i‘:/lx%B{Ek7k$%*Aﬁ“é Z LT, R KO oK)
TIE Y =7 AL "ﬁﬁ%ﬁé)ﬁ%&%i biIvd, —H. FHRRKBEILT O AIZ I T DRI ISy

IR ORRANE L, B oK ER D 7 I R ﬁ/vta/wﬁu CKRFREAT D ETIELE S
{ZIWD% WKEEEETOT //I/{K#@ﬁ L72b D EE 272 (Fig. 4-4), (T OEBIREE D 3 (7B LIS AbE
& DNAREE A E RV IICE LTI Y | A EVE ) T o5 FE BAEH &2 BLE Ly ant B0 B
BENEETHLZ ENGND,

Fig. 4-4. Possible transition state structure for acylation.
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a) acylation of secondary alcohol, b) acylation of primary alcohol

a) OR /Q T b) OR /Q T
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oy .y S NH
HN HN
C): o C')t oy s
N 9
/i ' @ y \
HN = HN& (S)
° éil\g//o s NNs el
RO _ !
N
S — H — S —




BHE SR T AL OBEERNFESEEORES

i WFETE R MO DN #

FNETIIOA— LV OEREMBHELR X7V 7 0 O 2L L, B—iEs Hns 7 1ra—u
DT IIZ E DD PKR 2K Lz, 22T, TaAa—LD7 bzl 350 FEHICBIT 5K
fRIRFRE A B 2 1A BT NV a— LD KR BHET b D, FTNVRE RT N a— Va5 55k bIE
MR FEE LT b7 ) =y — VRSO FBREBRREOMNNE 2 oD, Linl, =)y
FARRMESEETE DG L LUL a7 AT AR, HF UiFEAR, a- N Y Zvd e AF 07 ko
ZBRE SN TEHEAL STV RN R AT 2 @RS INTBLEIC B W CHHRRR R Th 5 2,
Flo, ABGERELZHVLFICER T2 ERERALFMHEOERI BME L 20 | BAMREFETOXF T VE
TNV A=V ERBIERRD HID, — ., T VBN TR 72 S CEBARE TH H %, 7 vk
WZEDKRIZFINFE=ITNa— N a5 DHNRFEEZELZOLND, LML, k7 /La—/ILOHE
PERO72 KR 1 1) 25 oK B O NLARRREEIC L 0 7 2 LSS T LR AR OY 2) 55 = #RoKEB R oo
PEARFIRFBICESL LT 3 ORI HEHIEZWHT 52 ENMTEE SNDHED 2 DOFRKD L, BIEIZ
BT H NLAMEZ WD 5 =7 v a—1D7 T WRIZ K D KRIZ 3 FlIZRHD 3,

Miller 1% N-A F/vA I X — )L E BN & UTo 7T Rl 2 ok EEo 7 v ki &
% KR Z#45 LT % (Scheme 5-1)3%<, 25 =#R/KERIE DR FIRFOEHIL L L TAFLE (A-value
= 1.70 keal/mol) &7 = =/L3 (A-value = 3.0 kcal/mol) 5D WIfE 72 TARREE D Z203 b 5 FE 2B W TR
A7 KR DTS5 — 0, 7= = VIRICEZ TAF L UM EHE L 72 Tl KR ORBKE <K
T35, ZHUIRBEEOMR Z L L FIETIEARF RUEFBONARBEE O K/ KB 5 2 & 3K
Wik ThHLEBEZLND,

Me H
Me, 0 HN (@ P .
N (10 mol%)
NHAc N Boc (@) S NHAC Z, NHAG E Ph NHAc 5
NH-Phe-OMe
ACQO ; kre| =18 '

L
= Maeeemsmssssssassesas=as

=>
kret = >50 Miller, S. J. et al. Tetrahedron, 2006, 62, 5554.

Scheme 5-1. Kinetic resolution of tert-alcohol by peptide catalyst

D LRRARBE ORI IR, SERBEEIC X DFRBICIN & fREC X DB OB TR AL E L D,
Smith (I E 7 S MERINET D2 E THELDIXTAA Y F AT L= D AT A AT A
R—=NDOH VRV EEFEE OFMEERZEEE TS 3-t Faxvddi A v R—=1roOmEsh®Ee KR 2
#H LTV (Scheme 5-2)%%2, L7sL., AIEOERILEM ~DOEAFNIIHE S TUVR0Y,
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iF’r/,, psonnTnonenssneasanaansnsannns .
OMe (\ N : Ph ;

T N/)\S : L
HO : ;

HyperBTM (2 mol%)

O o (-PrC0),0 (0.7 eq.)
N >

N
\ - . . \ \
Allyl I PrCzll-\llglt (006°gq ) Allyl Ally EH iPr
¥ 50% yield 48% yield ipr Ph
s value = 200 94% ee 96% ee
npeeecation interaction
HO ppip w4 e
s 5 S
o
N ° ()
) B
Allyl n .
s value = 60 svalue =103 +6 svalue =5 Smith, A. D. et al. Angew. Chem. Int. Ed. 2018, 57, 3200.

Scheme 5-2. Kinetic resolution of tert-alcohol by isothiourea catalyst

ORI E~D R & LT, BUSHEDIRWE ok 4 pOs R & LTRIET 20 TiER<,
PR SOESPED BN — oK 2 SO R & LCREE L7z Ln-¥ A — /LD KR NFR S, ZHE TICH
BIOBWEDAET Do 12-VA—NVZHE L LGS, 73 UWBIZ Z DI FELRW—FH T, 7%
B Uik, 5 BERT & & — VB E otk & 3 DAY KR 28 d S 40TV % (Scheme 5-3)%2, L2 L,

@ Ar 0 o B

HO_ Me Ar = 3,5-(iC3F7),CeH @ T HO, Me
r = 3,5-(iC3F7)2CeH3 g /\)k/

OH : — PhA/OBn D A OH
47% yield H 25% vyield
l Ph>\/ 84% ee : 69% ee

@[ D Onre, SR .

H Maruoka, K. et al. Chem. Sci. 2018, 9, 1231.

b)
/ N \ ...................... .
oM HO Me
] ) : :O ‘(_< HO,, Me .

, L "C4H
@Q/OH R = 2P MeCsH3 Men L Ao P e I _oH

O-m

’

o 4% yleld 45% yield i svalue=9

R = 1-Naphthyl H >99% ee 97% ee B e EEEEEE '

s value = 389 List, B. et al. J. Am. Chem. Soc. 2015, 137, 1778.

C) \ tBu H

N N Me H H

<\jl/\ﬂ Y 5 M ;

HO Me on N (0] tBu HO Me HO, Me OH é

( :; ~ oo R)\/OH A_oTss L cvaez12 |
R =Pr s value = >50 44% yield, >98% ee 52% yield, 84% ee
R =1Bu s value = >50 45% yield, >98% ee 49% vyield, 91% ee

Snapper, M. L. et al. Angew. Chem. Int. Ed. 2007, 46, 8471.
Scheme 5-3. Kinetic resolution of 1,2-diols with a tertiary hydroxy group

33



RERFERISRNB L VBT 13-4 — VA2 E L 32 KR Tid 6 BERT & & — VAT X 2 Al
KR PN FHOLE THESNTWLOALTHY | SIRPEICE L THBGEDORMIAZ 7R L T % (Scheme 5-
4), ZHUE Fig. 5-1 I3 T L 9IT, 12-VA— B W TUIMG R ERFIRBNR AT LT THILT
WD, 13- =B W TG R EARFRBEN =T LV ETRTHATNWD 12D, R RIS
e 20 L ARBE S DT MEAE L C OB L 2 RSN NEECH 5720 LHER SN D,

HO Me A
R = 2-Cy-5-MeCqHs )\ R A~
OH 5 > 07% R OH
HJ\
R = 1-Naphthyl s value = 16 55% yield, 78% ee 38% yield, 89% ee
R =Ph s value = 29 54% yield, 82% ee 40% yield, 98% ee

J. Am. Chem. Soc. 2015, 137, 1778.
Scheme 5-4. Kinetic resolution of 1,3-diols with a tertiary hydroxy group

HO RZ R2 OH H H H

HO RZ Ho R? —
R1></OH — H H H H R OH— H H H H
R1 R1 HO* R1 R1 /'OH

Fig. 5-1. Schematic presentation for discrimination of 1,2- and 1,3-diols

ARFETIL, FNECTHHE L72 PKR OFFICHSE | KEEE KON NHNs o7y 13855 2 Jo & 3R,
AR 13- — DT v ABIZ L DA KR 23 FIEE & % 2 7= (Scheme 5-5), ‘B He&MEEEZFIH 5 =
E T, AHFIRELERIEOKRE JIHEOT RO Tl 2 7= 7 VLR EIT TR, 2RI

$FUTHE =T L a—Lo KR 2SAJRE L B L7-,

o e
N W N\)l\
CgH470 \n N Y OCgH17

Chirality discrimination S 0 A 0 =
o HN NH
by molecular recognition | P
N
HO R 14 HO R HO (R
NsHNL X~ Ac20 >  (NsHNJ_ X~ NsHNL L~
) OH - OH OAc
Acylative kinetic resolution A
y Reaction site

Asymmetric center
Scheme 5-5. Kinetic resolution of tert-alcohols by acylation of a primary hydroxy group
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BE AE kOB

BATEIZBOWTHWEREE 23 O 2 (AICRFEEREREZEAT L Z & CHIICE =MKBEAELEL, 5
—HRKEE I & = ROKBRFE D 2 DORIG R E AT HFE 37a-37Th Z 5 L7, 5 54172 37a-37Th [Z%F L,
filite 14 f77E T IEKEERE Z 0.5 Y EH VT KR OMFTE1T > 72 (Scheme 5-6), RFEFHREIL & L TH =k
Fe L OMHEARFIRFRIT sp® IRFZEA LT 37a-37d it L7z, A TFEEZEA LT 37a CTIHEEMUFE
37a 7% 95%ee. BB MRAKERIET ALK 38a 7Y 87% ee THEL L, sfEIX 53 Thotz, Tl TF e E
A L7= 37b TIXEUUEEL 37b 28 99% ee T, 5 —fk/KEEILT 2 /ALIK 38b 28 81% ee THEDH AL, s fHIT 49
Tholz, R 370 ZHE L LI2GE ., BERFREBOBEBRENT X TAFLUVRELAT HI2OZD
REFININEETH D 2 LN TIN5/ KR AT L2, RPNV EEZEA LR 37 # A
7oA, [EIUECE 37¢ 23 78% ee T H—#k/KERIL T S ALK 38¢ 7% 89% ee T LI, s X 41 TH Y |
37b L RARICT R CTOBHRIENR AT LU TEBSN TV DICHEL LT ENER KR BT L, v 71
AF VI AEE A LT 37d TIXEIUSCEE 37d 2% 92% ee. 55— H#k/KEEEE T o ALK 38d 78 77% ee TIHD
. sfEIF25 THo7=,

(@) @]

H
C8H17O - OW(N\)\\O(%HW
HNTY = 7 “NH
10 mol%)
R OH Aczo (0.5 eq.) R OH R OH 0
NsHN 2,4,6-collidine (1.7 eq.) NsHN. X NsHN_ _*
s \)z%OH - \)(R/\OH \/(S)Q/\OJI\
37a-37h CHCI3 (0.01 M) 37a-37h 38a-38h
rac. —55°C, 48 h recovered S.M. pri-OAc
Me. OH Et OH
S S OH
NSHN N~ NeHN I~ o o NsH&/\
NsHN X OH
OH
c=47;s=53 c=49;s=49 c=45;s=41 c=50;s=25
37a: 95% ee 37b: 99% ee 37c: 78% ee 37d: 92% ee
38a: 87% ee 38b: 81% ee 38c: 89% ee 38d: 77% ee
R \\ Ph
OH oH \ ox
NsHN. 3 OH NsHN OH NsHN_ X
OH NsHN_ X
s OH OH
c=48;s=70 c=45;s=43 c=41;s=22 c=40;s=46
37e:95% ee 37f: 75% ee 379: 59% ee 37h: 63% ee
38e:90% ee 38f: 90% ee 38g: 85% ee 38h: 92% ee

Scheme 5-6. Kinetic resolution of tertiary hydroxy group

WA =KL D R T IRRI sp? IKF & L TCHBEREZEA L 37e KO3 MGt Lz, 7 ==
NHAEE A LTz 37e TIEENR *Jr 37e 78 95% e, H—HKEEE T S LAKIK 38e 7Y 90% ee THHIL, Zh
ETTHRED s i 70 TKR NHEIT L2, [FEEIC para-7 VAT 7 = = VA B AL 3 ICB VL THERD
F7p KR ST U, [BUUECRE 371 73 75% ee. 55— #hKEREE T T /LALAK 38F 7% 90% ee THFH AL, s fEIX 43
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ThHol,

BB —AKIEFE DB AT IR BT sp IRFELZEA LT 37g KON 3Th it Lz, =F =V HEAEA
L7z 37g TIEENFEL 37g 75 59% ee. HF—H#KEEFET > /ALK 38g 75 85% ee T L AL, s EHIX 22 TH
ol 7 == F = VAN LT 37Th TIEENEEE 37h 23 63% ee. 5 —fk/KERHT o /L {b{A 38h 73
92% ee THFH AL, s fEIL 46 ThH o7z,

LD &5 Il 14 1358 =0k IR @S 5 B RB AL IS B 20 SEIRBEE O 2R R NGB AR F R T
& D H KB OT BRI E @O EBRIL S A LGS ICB 0 THL BRI ENEE R L, 2
D L9 AR T K ER R O B RE AL REREC /KR JE & NHNs RN ACT 2 R 22 2 W cilknl 35 = &
IC L ONRBRBE D B A2 OE =T NI — L OB KR #AREIC L b D EE X b,
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FH AERLE OWRE

B EICRET L7z KR CE T BRI fset Bl 2 e 5 BAYT s il 53 TKR 8T L7-, AT
VIR EHL L T2 HYE 37a OARFE R E1T > 72 (Scheme 5-7), Jacobsen 52 &> CT#HiE & i7- Cr-salen #5114
3933 il b+ 5 TR X T ROBRBRIC L D KRB 2 VT, =RF T R(R)-40 Z[EIL L7=, %\ T, ortho-
VT R RIC L BREM R E L ROBER & TBS EOBUREFEIC LV (R)-37a 21572, ZDOHIEE%
HE L& Z Alalp?! —20.08 TH o7, Scheme 5-8 (27~ filit 14 % 5 KR O [RIFED LLiE S E &
WET D Elalp? —22.10 TH Y | FE5N— L7=7=DEIEEHE R K, AERDIT SIKERE LT,

Hing H
_N\Cr/N_
Bu o’ ,!l\o Bu
3
Bu Bu
cat. 39 (2 mol%)
Me TMSN; (0.65 eq. ) Me
o) HO Me o)
iPrOH (0.65 e 2
l>|\/\OTBS %) \)\/\OTBS WOTBS
40 TBME (R)-40
rac. rt, 18 h 51% yield
NsNH, (1.5 eq.)
Me K2CO3 (0.2 eq.) Me OH Me, OH
Or, TEBAC (0.2 eq.) TBAF (2 eq.) $
3 . . NsHN : NsHN
WOTBS ® \)\/\OTBS —_— \%H\/\OH
(R)-40 1,4-dioxane (2 M) (R)-41 THF (0.1 M) (R)-37a
o rt, 34 h
90 °C, 24 h 21
27% 87%  [a]p2' —20.08 (c 0.8, CHCI5)

Scheme 5-7. Preparation of (R)-37a

O

CeH470 OCSH17
HNT ﬁj 7 “NH

14 (10 mol%
Ac,0 (0.5 eq.)

\lll

,4,6-collidine (1.7 eq. NsHN N NsHN. 4
NsHN - S
372 CHCl5 (0.01 M) 37a 384
rac. —55°C,48h 44% yield, 95% ee 47% yield, 88% ee

[a]p?' —=22.10 (c 0.75, CHCI5)

Scheme 5-8. Determination of absolute configuration of 37a

W, AEKRIELE A R T 5 72 91T Scheme 5-7 TR L7z ¥ ROBMERZMES KR IZA T LEORDY
2, T F N Y T E/I/%fcﬁ ERBANLUTZGAIERIGETT LN 2 LG SN TS 3 —TJ7,
AIETIE SRR ERIL A FF OB ICEA FTRE R 72D, 2RO DR L B AFEOFHAMZ R L TS,
H. T _XTOEET SIKROIEED R IKOIEITES L“CT\‘//MIS%%(L“CP% ZEMD RKRDIE TIIE
— KB IED ISR E L TND B2 HiLd,
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IR BOUSHERERRT

HIUETO PKR & [FIAE. NHNs EOfEeME 7 1 ko 8@k
]‘ /75:7‘ ?:/I/T%n% L/f:_jl;

RS> TV D EERT <, NH &
34% IR, 1

2 #HNTT b DORF 21T > 72 (Scheme 5-9), & OFER, [FIUFE 42 1%
16% ee T, H—HKEEEET ALK 43 1 43%IXR, 13% ee 'G{Zf%ifbf:o Z DX DI NH %
RABIR L b = FARPPERBIFNCIE T L7z 2 & n, filllE PRy e
7u N BREARRTH D Z EBRHER ST,

T NHNs JEoofait:

0 o)
H H
CgH170 NG O\«N\)\\ochn
W 2
N :
HNTN o/ 0 Z “NH
g
N
N
14 (10 mol%)
Me OH Ac,0 (0.5 eq.) Me, OH nsMe, OH
Ns -
Me,N\)Q/\OH 2,4,6-collidine (1.7 eq.) \)Q/\OH e \)Q/\ )l\
42 CHClI; (0.01 M) 42
rac. -55°C, 48 h

43
34% vyield, 16% ee

43% vyield, 13% ee
Scheme 5-9. Effects of acidic proton of NHNs group on the reaction path of 42

WAZ R =K S = o F A RPPEFRBUCBEI D > TV D AR T~ < B EMokigiks 2 F 1>
— 7 WL LT E Z W TT b DRE 21T o 72, £ ORER, EUUFEL 44 13 55% IR, 45% ee T,

B oK EEFE T S ABAR 45 13 45%I0%, 30% ee “CH%?(LKO 2D X T oK ER ORI & He |
TF U FATRIRVEDME T L7z 2 &0 B3 =Rk BR L & fildid iz

SFEFRICESE L TWA Z EDSho
7= BN G| filiiE 14 13 NHNs 3 M OV = #okKFRFE DO WG DB
PHITEEDZ RS hoi,

E%%‘:aﬁa%[ﬁé L THEEHTILa—Ld KR

O
H
C3H17o
\\‘

(0]
\)\\OCSHW
HNT

(5 8 ,
Me 10 mol%)
Me, O Me O

Me
AY
ACzo (0.5€eq.) Me, O o]
NsHN\)Q/\OH 2.46-collidine (1.7 eq.) NsHN X~y NsHN\)Q/\OJ\
44 CHClI3 (0.01 M) 44
rac. -55°C, 48 h

45
55% yield, 24% ee 45% yield, 30% ee
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Fig. 5-2. Possible transition state structure for acylation of primary alcohol
a) acylation of (S)-**"alcohol, b) acylation of (R)-"alcohol
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EH VIR 2 Bl & 9 2 0712 K0 . C-C fETEBUR KT C-0 #EETAMICET 5 A a by
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25 FEERH Lz, C-O MATRITIE W TT Y A —/1<° NHNs £ 2 Jiilh & U 7= itz X 2 5 158k
WETERT 52 LT AT mENETH D PKR KO ZMokBEH O KR IZHKA TS, BAFIZARZED
R 2 BRI 5,

1. NN EANA I U Z WD ALEERA vinylogous aza-Morita-Baylis-Hillman i
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All reactions were carried out under a argon atmosphere with magnetic stirring. Flash column chromatography
was performed by silica gel 60N (spherical, neutral, KANTO) or Aluminum oxide (activated, basic, Brockmann I).
Purification of reaction products was carried out by preparative thin layer chromatography on precoated plates (0.5
mm, silica gel Merck Kieselgel 60F245) and visualized with UV light. Analytical thin layer chromatography was
performed on precoated plates (0.25 mm, silica gel Merck Kieselgel 60F245). Visualization was accomplished with
UV light and p-anisaldehyde or KMnOQj stain. IR spectra were recorded with a JASCO FT/IR-300 spectrometer. High
resolution mass spectra were obtained by Bruker Impact HD mass spectrometers. Melting points (m.p.) were recorded
using Yanagimoto Micro Melting Point apparatus PM-500. Specific rotations were measured by JASCO P-2200
digital polarimeter using sodium D line and are reported as follows: [a]p' (¢ in solvent). "H NMR spectra were
recorded in CDCI; solution and referenced from TMS (0.00 ppm) using JEOL ECX-400 (400 MHz)
spectrophotometer and are reported in ppm using solvent as an internal standard (CDCls at 7.26 ppm). '3C NMR were
measured in CDCIz solution and referenced to CDCl3 (77.16 ppm) using JEOL ECX-400 (101 MHz)
spectrophotometer. Data are reported as (ABq = AB quartet, s = singlet, d = doublet, t = triplet, td = triple doublet, tt
= triple triplet, q = quartet, hep = heptet, dd = double doublet, dt = double triplet, ddd = double double doublet, m =
multiplet, b = broad; integration; coupling constant(s) in Hz. Anhydrous methanol, dichloromethane, acetonitrile,
tetahydrofuran were purchased from commercial suppliers and used without further treatment. Anhydrous CHCls,
N,N-dimethylformamide, N,N-dimethylacetoamide and dimethylsulfoxide were purchased from commercial

suppliers and kept with MS4A.
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Preparation of Imines

1) N-Boc Imines
NH,Boc
0) PhSO,Na NHBoc Base NBoc
> - I
Ar)J\H HCOOH Ar SO,Ph Ar
MeOH/H,0 2bb-2bj

Following the previously reported method, N-Boc Imine was synthesized. Data for imines 2a (Ar = Ph),' 2b (Ar=
4-ClCeHa),' 2¢ (Ar = 4-BrC¢Hs),' 2d (Ar = 4-CF3C¢Hy),' 2e (Ar = 4-MeCgHas),? 2f (Ar = 4-OMeCoHa),’ 2g (Ar = 3-
CICgHy),? 2h (Ar=2-MeCsHa),' 2i (Ar = 3-Pyridyl)* and 2j (Ar = 2-Naphthyl)* were in accordance with the literature.

2) N-Cbz Imine
Following the previously reported method, N-Cbz Imine (6a) was synthesized. Data was in accordance with the

literature.?

3) N-Dpp Imine
Following the previously reported method, N-Dpp (7a) Imine was synthesized. Data was in accordance with the

literature.®

General Procedure for vinylogous aza Morita-Baylis-Hillman reactions:

DABCO (0.06 mmol, 1.0 eq) was added one portion to a solution of Diene (0.06 mmol, 1.0 eq) and Imine (0.18
mmol 3.0 eq) in anhydrous DMF (0.24 ml) at room temperature under Ar atmosphere and the resulting mixture was
allowed to warm to 50 °C. After stirred for 36 h, the reaction mixture was partitioned between ethyl acetate and 1N
HCIL. The layers were separated, and the water phase was extracted with ethyl acetate for three times. The combined
organic layer was dried with Na>SOs, filtered and concentrated in vacuo. The crude material was purified by

preparative thin-layer chromatography to afford the y adduct.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)carbamate (4a)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4a as colorless oil: 8.02 mg, 46% yield.

0]
IR (neat) 3328, 2978, 2929, 1701, 1681, 1516, 1366, 1246, 1168, 866 cm™'.

Q NHBoe 'H NMR (400 MHz, CDC3) § 7.35-7.24 (m, SH), 5.98 (s, 1H), 5.90 (s, 1H), 5.66 (s, 1H), 5.61
(d, J= 7.6 Hz, 1H), 4.95-4.87 (brd, J = 5.9 Hz, 1H), 2.92-2.73 (m, 2H), 2.46-2.32 (m, 2H),

O 1.44 (s, 9H).
4a 13C NMR (101 MHz, CDCl3) § 209.75, 170.79, 154.74, 143.97, 139.49, 129.79, 129.20, 128.35,
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127.53, 119.49, 80.32, 57.04, 34.54, 28.57, 28.47.
HRMS (ESI): Exact mass calcd for C19H23NO3Na [M+Na]+, 336.1570. Found 336.1540.

tert-Butyl ((5-0xo-2-vinylcyclopent-1-en-1-yl)(phenyl)methyl)carbamate (3a)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/Acetone
= 2/1) to give 3a as white amorphous powder.
Q  NHBoc
IR (neat) 3418, 2977, 2925, 1710, 1686, 1496, 1360, 1168, 703 cm’!.
Q O 'H NMR (400 MHz, CDCl3)  7.33-7.27 (m, 4H), 7.24-7.11 (m, 2H), 6.61 (d, J= 9.5 Hz, 1H),
/ 5.93-5.82 (m, 2H), 5.66 (dd, J=10.7, 1.0 Hz, 1H), 2.74 (t, /= 5.0 Hz, 2H), 2.54-2.35 (m, 2H),
3a 1.43 (s, 9H).
13C NMR (101 MHz, CDCls) 8 209.92, 164.97, 155.56, 141.07, 138.76, 130.51, 128.72, 127.40, 126.42, 123.80,
79.71, 50.20, 34.31, 28.55, 25.42.
HRMS (ESI): Exact mass calcd for C19H23NOsNa [M+Na]+, 336.1570. Found 336.1550.

tert-Butyl (1-(3-chlorophenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4b)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4b as yellow amorphous powder: 11.91 mg, 57% yield.

0]

IR (neat) 3323,2978, 1702, 1575, 1492, 1366, 1248, 1167, 888, 732 cm™'. '"H NMR (400 MHz,

Q NHBoc CDCl) 8 7.31 (d, J= 8.5 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 5.97 (s, 1H), 5.89 (s, 1H), 5.60
(brs, 2H), 4.89 (brs, 1H), 2.92-2.72 (m, 2H), 2.41 (t, J=5.1 Hz, 2H), 1.44 (s, 9H).

O 13C NMR (101 MHz, CDCl3) 8 209.52, 170.44, 154.69, 143.81, 138.16, 134.19, 129.84,

129.35, 128.84, 120.13, 80.58, 56.35, 34.55, 28.56, 28.46. HRMS (ESI): Exact mass calcd for

o
4b C1sH2NOsCINa [M+Nal+, 370.1180. Found 370.1182.

tert-Butyl (1-(4-bromophenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4¢)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4c as yellow oil: 12.70 mg, 54% yield.

0 IR (neat) 3327, 2977, 1701, 1575, 1489, 1366, 1247, 1166, 1012, 755 cm'.
Q 'H NMR (400 MHz, CDCl3) 8 7.46 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.3 Hz, 2H), 5.97 (s, 1H),
NHBoc 589 (s, 1H), 5.59 (brs, 2H), 4.89 (brs, 1H), 2.92-2.71 (m, 2H), 2.41 (¢, J = 5.1 Hz, 2H), 1.44

(s. 9H).
O 13C NMR (101 MHz, CDCls) & 209.51, 170.42, 154.68, 143.74, 138.70, 132.31, 129.85,
4c Br 129.16,122.30, 120.19, 80.59, 56.41, 34.55, 28.55, 28.46. HRMS (ESI): Exact mass calcd for
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C19H22NO3;BrNa [M+Nal+, 414.0765. Found 416.0655.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(4-(trifluoromethyl)phenyl)allyl)carbamate (4d)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4d as yellow amorphous powder: 11.06 mg, 48% yield.

0 IR (neat) 3319, 2979, 2933, 1704, 1575, 1515, 1326, 1166, 1125, 1067 cnr''.
Q 'H NMR (400 MHz, CDCls) § 7.60 (d, J = 8.1 Hz, 2H), 7.41 (d, J= 8.2 Hz , 2H), 5.99 (s,
NHBoc 1H), 5.92 (s, 1H), 5.71 (brd, J = 7.8 Hz, 1H), 5.56 (s, 1H), 4.94 (brd, J = 7.9 Hz, 1H), 2.93—

2.73 (m, 2H), 2.43 (t, J= 5.1 Hz, 2H), 1.44 (s, 9H).
O 13C NMR (101 MHz, CDCls) 6 209.43, 170.24, 154.71, 143.71, 130.67, 130.35, 129.87,
127.76, 126.19, 126.15, 126.12, 125.36, 122.65, 120.83, 80.75, 56.53, 34.57, 28.52, 28.44.
HRMS (ESI): Exact mass calcd for C20H22NO3F3Na [M+Na]+, 404.1444. Found 404.1439.

4d  CFs

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(p-tolyl)allyl)carbamate (4¢)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4e as white solid: 9.64 mg, 49% yield.

0 IR (KBr) 3332, 2975, 2927, 1681, 1574, 1510, 1367, 1241, 1166, 890 cm".
Q 'H NMR (400 MHz, CDCl3) 8 7.18-7.09 (m, 4H), 5.98 (s, 1H), 5.88 (s, 1H), 5.67 (s, 1H),
NHBoC 555 (brd, /= 7.4 Hz, 1H), 4.89 (brd, J = 7.4 Hz, 1H), 2.92-2.71 (m, 2H), 2.41-2.35 (m, 2H),

2.32 (s, IH), 1.44 (s, 9H).
O 13C NMR (101 MHz, CDCl3) & 209.81, 170.90, 154.74, 144.08, 138.17, 136.51, 129.87,
4e Me 129.78,127.45,119.14, 80.22, 56.79, 34.53, 28.58, 28.48, 21.21.
HRMS (ESI): Exact mass caled for C20H2sNO3Na [M+Na]+, 350.1727. Found 350.1743.

tert-Butyl (1-(4-methoxyphenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4f)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4f as yellow oil: 10.16 mg, 49% yield.

0 IR (neat) 3332, 2975, 2930, 1704, 1679, 1511, 1248, 1169, 1032, 732 cm.
Q 'H NMR (400 MHz, CDCl3) 8 7.18 (d, J = 8.3 Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 5.97 (s,
NHBoc 1H), 5.88 (s, 1H), 5.67 (s, 1H), 5.54 (d, J = 7.3 Hz, 1H), 4.87 (brs, 1H), 3.79 (s, 3H), 2.92—
2.71 (m, 3H), 2.38 (s, 2H), 1.44 (s, 9H).
O 13C NMR (101 MHz, CDCl3)  209.82, 170.93, 159.56, 154.72, 144.16, 131.50, 129.80,
4f  OMe 128.78,118.99, 114.55, 80.25, 56.49, 55.46, 34.54, 28.60, 28.49.

49



HRMS (ESI): Exact mass calcd for C2oH2sNOsNa [M+Nal+, 366.1676. Found 366.1675.

tert-Butyl (1-(3-chlorophenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4g)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4g as yellow oil: 12.50 mg, 60% yield.

IR (neat) 3329, 2978, 2929, 1704, 1681, 1574, 1516, 1367, 1247, 1167, 756 cm’".
H NMR (400 MHz, CDCL:) § 7.31-7.26 (m, 2H), 7.23-7.14 (m, 2H), 5.98 (s, 1H), 5.91 (s,
1H), 5.61 (brs, 2H), 4.91 (brd, J= 7.4 Hz, 1H), 2.93-2.73 (m, 2H), 2.42 (t, J= 5.0 Hz, 2H),

1.44 (s, 9H).
cl
O 13C NMR (101 MHz, CDCls) § 209.56, 170.37, 154.66, 143.56, 141.69, 135.08, 130.48,

129.81, 128.53, 127.43, 125.82, 120.38, 80.62, 56.52, 34.56, 28.54, 28.45.
HRMS (ESI): Exact mass calcd for C1oH2NO3CINa [M+Na]+, 370.1180. Found 370.1202.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(o-tolyl)allyl)carbamate (4h)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4h as yellow amorphous powder: 7.74 mg, 39% yield.

(0]
Q NHBoc
Me

4h

IR (neat) 3326, 2976, 1702, 1574, 1515, 1365, 1246, 1169, 756 cm’".

'TH NMR (400 MHz, CDCls) 8 7.24-7.03 (m, 4H), 5.93 (s, 1H), 5.83 (s, 1H), 5.75 (d, J="7.9
Hz, 1H), 5.62 (s, 1H), 4.76 (d, J= 7.9 Hz, 1H), 2.93-2.76 (m, 2H), 2.42-2.38 (m, 2H), 2.39 (s,
3H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCls) & 209.80, 171.06, 154.78, 144.01, 137.57, 136.66, 131.31,
129.53, 128.38, 126.55, 126.14, 119.66, 80.24, 53.39, 34.63, 28.50, 28.47, 19.20.

HRMS (ESI): Exact mass caled for C20H2sNO3Na [M+Na]+, 350.1727. Found 350.1701.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(pyridin-3-yl)allyl)carbamate (4i)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/Acetone

= 1/1) to give 4i as colorless oil: 6.95 mg, 37% yield.

0]

NHBoc

/ N

p—

IR (neat) 3312, 2978, 2929, 1703, 1575, 1522, 1366, 1250, 1167, 889, 717 cm"".

H NMR (400 MHz, CDCls) § 8.55 (d, J = 6.2 Hz, 2H), 7.60 (dt, J = 8.0, 2.2 Hz, 1H), 7.28 (dd,
J=1.8,4.7Hz, 1H), 5.98 (s, 1H), 5.93 (s, 1H), 5.70 (d, J= 7.8 Hz, 1H), 5.59 (s, 1H), 4.99 (brs,
1H), 2.93-2.74 (m, 2H), 2.50-2.39 (m, 2H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCL3) § 209.36, 170.10, 154.69, 149.63, 149.07, 143.31, 135.27, 135.12,
129.90, 123.88, 120.80, 80.81, 54.85, 34.56, 28.52, 28.44.
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HRMS (ESI): Exact mass calcd for C1gH23N203 [M+H]+, 315.1703. Found 315.1700.

tert-Butyl (1-(naphthalen-2-yl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4j)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4j as yellow oil: 12.50 mg, 60% yield.

o IR (neat) 3328, 2976, 2928, 1703, 1681, 1574, 1511, 1366, 1248, 1166, 752 cm’".
Q TH NMR (400 MHz, CDCls) § 7.85-7.75 (m, 3H), 7.71 (d, J = 1.8 Hz, 1H), 7.54-7.43 (m,
2H), 7.38 (dd, J = 8.5, 1.9 Hz, 1H), 6.05 (s, 1H), 5.94 (s, 1H), 5.78 (d, J = 7.7 Hz, 1H),

1.45 (s, 9H).
4 13C NMR (101 MHz, CDCls) § 209.67, 170.82, 154.78, 144.03, 136.92, 133.44, 133.13,
129.82, 129.15, 128.08, 127.82, 126.66, 126.55, 126.33, 125.40, 119.78, 80.39, 57.10,

O 5.70 (s, 1H), 5.01 (d, J = 6.8 Hz, 1H), 2.95-2.74 (m, 2H), 2.38 (dt, J = 6.5, 3.5 Hz, 2H),

34.55,28.58, 28.48.
HRMS (ESI): Exact mass calcd for C23H2sNOsNa [M+Na]+, 386.1727. Found 386.1730.

3-(3-amino-3-phenylprop-1-en-2-yl)cyclopent-2-en-1-one (6a-y)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, CHCls/MeOH
=40/1) to give 6a-y as colorless oil: 10.27 mg, 37% yield.

0 IR (neat) 3312, 1701, 1679, 1573, 1524, 1236, 1190, 1032, 734, 700 cm™".
Q "H NMR (400 MHz, CDCl3) § 7.38-7.27 (m, 9H), 7.25 (m, 1H), 5.98 (s, 1H), 5.90 (s, 1H), 5.72—
NHCb:
2 5.66(d,J="7.5Hz, 1H), 5.64 (s, 1H), 5.15 (d, J= 7.5 Hz, 1H), 5.12 (s, 2H), 2.91-2.72 (m, 2H),

2.46-2.31 (m, 2H).
6a- I3C NMR (101 MHz, CDCl3) § 209.66, 170.56, 155.29, 143.69, 139.12, 136.22, 129.91, 129.27,
128.72, 128.50, 128.44, 128.36, 127.44, 119.78, 67.33, 57.46, 34.53, 28.55.
HRMS (ESI): Exact mass calcd for C2o0H2oNO3 [M+H]+, 348.1594. Found 348.1593.

tert-Butyl (2-(2-(((4-methylphenyl)sulfonamido)(phenyl)methyl)-3-oxocyclopent-1-en-1-yl)-1-phenylallyl)
carbamate (8a/8b)

DMAP (0.059 mmol, 1.0 eq) was added one portion to a solution of 4a (0.059 mmol, 1.0 eq), Schreiner’s thiourea
(0.059 mmol, 1.0 eq.) and Ts-Imine (5a) (0.12 mmol 2.0 eq) in anhydrous CHCI3 (0.24 ml) at room temperature
under Ar atmosphere and the resulting mixture was allowed to warm to 40 °C. After stirred for 36 h, the reaction

mixture was partitioned between ethyl acetate and 1N HCI. The layers were separated, and the water phase was
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extracted with ethyl acetate for three times. The combined organic layer was dried with Na;SQy, filtered and
concentrated in vacuo. The crude material was purified by preparative thin-layer chromatography (silica gel,
hexane/ethyl acetate = 3/1) to give 8a (major) as colorless oil: 10.32 mg, 31% yield and 8b (minor) as colorless oil:

6.70 mg, 19% yield. (Relative configuration has not been determined yet.)

O NHTs IR (neat) 3362, 2978, 1692, 1496, 1335, 1161, 912, 732, 701 cm'".
Ph TH NMR (400 MHz, CDCL3) § 7.69 (d, J = 8.0 Hz, 2H), 7.28 (m, 3H), 7.24-7.13 (m, 7H), 7.11—

NHBoC 7 04 (m, 2H), 6.48 (d, /= 10.3 Hz, 1H), 5.61 (¢, J = 9.6 Hz, 2H), 5.50 (d, J = 8.6 Hz, 1H), 5.20

Ph (s, 1H), 5.14 (s, 1H), 2.60 (dtd, J = 19.7, 17.2, 16.7, 6.6 Hz, 2H), 2.39 (s, 3H), 2.29 (ddd, J =
8a 19.1, 6.5, 2.7 Hz, 1H), 2.13 (ddd, /= 19.1, 6.6, 2.8 Hz, 1H), 1.45 (s, 9H).
13C NMR (101 MHz, CDCls) § 208.98, 172.06, 155.29, 145.48, 143.27, 139.14, 138.96, 138.86,
138.12, 129.49, 128.96, 128.70, 128.21, 127.77, 127.74, 127.28, 127.05, 118.52, 80.30, 57.01, 53.67, 34.35, 29.87,
28.43, 21.65.
HRMS (ESI): Exact mass calcd for C33H3sN2OsSNa [M+Na]+, 595.2237. Found 595.2245.

IR (neat) 3355, 2978, 1691, 1495, 1336, 1162, 912, 733, 701 cm’".
'"H NMR (400 MHz, CDCl3) 8 7.46 (m, 2H), 7.40 — 7.31 (m, 3H), 7.24 (m, 7H), 6.97 (d,J=7.9
Hz, 2H), 6.56 (d, /= 10.2 Hz, 1H), 5.62 (d, J=10.2 Hz, 1H), 5.45 (d, J=7.9 Hz, 2H), 5.17 (s,
1H), 4.78 (d,J=7.7 Hz, 1H), 2.61 (dd, J= 18.5, 7.1 Hz, 1H), 2.32 (m, 4H), 2.17 (ddd, /= 19.3,
8b 7.3,2.2 Hz, 1H), 1.81-1.70 (m, 1H), 1.41 (s, 9H).

BCNMR (101 MHz, CDCI3) $209.08, 171.27, 154.70, 143.92, 142.84, 139.45, 138.37, 138.18,
137.94, 129.59, 129.13, 128.94, 128.87, 128.06 (2C), 127.56, 127.29, 119.26, 80.40, 57.02, 54.94, 34.15, 29.44,
28.43,21.57.
HRMS (ESI): Exact mass calcd for C33H3sN2OsSNa [M+Na]+, 595.2237. Found 595.2251.
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Preparation of Imines

N-Sulfonyl imines

a)
0]
TN H
Rom P
(1.2 eq.)
b)
0]
Ry | M
2 _
(1.0 eq.)

Procedure a)

Following the previously reported method .
NH>SO2R; (1 mmol) in a screw capped bial was added activated MS4A (1g), aldehyde (1.2 mmol, 1.2 eq.),
pyrrolidine (6.22 1 L, 0.1 mmol, 10 mol%) and DCM (3.1 mL, 0.32 M). The bial was stirred at 60 °C for 24 h. The
reaction mixture was cooled to rt and were filtered through a short pad of Celite®. The mixture was crystallized with
hexane/ethyl acetate, and the resulting solid was collected by filtration and then dried in vacuum. Data for imines 5a
(R ="Ph),' 5b (R =4-OMeC¢H.), ! 5f (R = cyclopropyl),® 5g (R = 2-pyridyl),? 5i (R = 4-pyridyl)* were in accordance
with the literature. Data for 5¢ (R = 4-CF3CsHs), 5j (R*=5-pyrimidyl), 5k (R*=2-methyl-5-pyrimidyl) was newly

=EICBEYT 2 ERERUYIMLE

NH,SO,R4 (1.0 eq.) 0. 0
pyrrolidine (10 mol%) °s?
4AMS (1g/1mmol) NoR
X" H
DCM, 60 °C Rp~
24 h =
o, 0
NH,SO,R; (1.0 eq.) N/S\R1
|
Si(OEt),,140 °C X" H
24 h Rt

synthesized with procedure a) and characterized below.

N-benzylidene-4-(trifluoromethyl)benzenesulfonamide (5¢)

Prepared by the procedure a) (2 mmol scale) , 5S¢ was obtained 320 mg (51%) as white solid.
IR (KBr) 1603, 1570, 1405, 1330, 1300, 1162, 1108, 809 cm'!

~ O

13c NMR (101 MHz, CDCls) § 171.94, 142.04, 135.65, 135.21 (3J (C, F) = 33.1 Hz),

H NMR (400 MHz, CDCL3) & 9.11 (s, 1H), 8.16 (d, J = 8.12 Hz, 2H), 7.95 (d, J =
7.34 Hz, 2H), 7.83 (d, J = 8.12 Hz, 2H), 7.66 (t, J= 7.35Hz, 1H), 7.52 (t, J= 7.7 Hz,

132.13, 131.69, 129.39, 128.68, 126.39 (°J (C, F) = 3.79 Hz), 123.25 ('J (C, F) = 271 Hz).
HRMS (ESI): Exact mass calcd for Ci14HoNSO2F3Na [M+Na]+, 336.0277. Found 336.0272.

m.p. 101-102 °C

4-methyl-N-(pyrimidin-5-ylmethylene)benzenesulfonamide (5j)

Prepared by the procedure a) (1 mmol scale) , 5j was obtained 170 mg (65%) as yellow solid.
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o, 0 IR (KBr) 1614, 1578, 1553, 1408, 1323, 1163, 783, 683, 552 cm!.
N~ 'TH NMR (400 MHz, CDCl3) 8 9.38 (d, J=2.2 Hz, 1H), 9.22 (d, /= 2.2 Hz, 2H), 9.09 (d,
NTX l \©\ J=2.1Hz, 1H), 7.90 (dt, J = 8.7, 2.2 Hz, 2H), 7.39 (dd, J = 8.3, 2.1 Hz, 2H), 2.47 (s,
KN/ 5i 3H).
13C NMR (101 MHz, CDCI3) 6 164.99, 162.53, 158.77, 145.70, 133.93, 130.23, 128.60,
126.44, 21.89.
HRMS (ESI): Exact mass calcd for C12H11N3O2SNa [M+Na]+, 284.0464. Found 284.0473.

m.p. 136-138 °C

4-methyl-N-((2-methylpyrimidin-5-yl)methylene)benzenesulfonamide (5k)
Prepared by the procedure a) (2 mmol scale) , Sk was obtained 230 mg (42%) as light orange solid.

o0 IR (KBr) 1594, 1547, 1447, 1322, 1159, 1089, 813, 769, 673 cm™!.
N/S 'TH NMR (400 MHz, CDCl3) 6 9.10 (s, 2H), 9.05 (s, 1H), 7.90 (d, J = 8.5 Hz, 2H), 7.38
N/j) \©\ (d, J=8.5Hz, 2H), 2.84 (s, 3H), 2.46 (s, 3H).
)l\N/ o BCNMR (101 MHz, CDCI3) 8 173.55, 165.29, 158.97, 145.47, 134.19, 130.15, 128.49,
123.48,26.77, 21.87.
HRMS (ESI): Exact mass calcd for C13H14N302S [M+H]+, 276.0801. Found 276.0801.
m.p. 127-128 °C

Procedure b)

Following the previously reported method 2.

NH2SO:R; (10 mmol) in a two-neck flask was added aldehyde (10 mmol, 1.0 eq.), and tetraethoxysilane (2.35 mL,
10.5 mmol) was heated at 120 °C for 24 h. The reaction mixture was cooled to rt and crystallized with hexane/ethyl
acetate. Data for imines 5d (R = mesityl)> 5e (R = Me),?5h (R? = 3-pyridyl)?> were in accordance with the literature.

General Procedure for asymmetric vinylogous aza Morita-Baylis-Hillman reactions:
catalyst (0.01 mmol, 20 mol%) was added one portion to a solution of diene (0.05 mmol, 1.0 eq) and imine (1.0 mmol,
2.0 eq) in anhydrous CHCIl; (0.25 ml) at 20 °C under Ar atmosphere and the resulting mixture was stirred for 7 days,

the reaction mixture was directly charged on preparative thin-layer chromatography to afford the y adduct.

4-methyl-N-(2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)benzenesulfonamide (15a)
The physical data of 15a was previously reported.’

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 2:8, flow 1.0 mL/min, 14.0 min (major),16.6

min (major).
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4-methoxy-/N-(2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)benzenesulfonamide (15b)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 15b as yellowish oil: 7.10 mg, 37% yield.

IR (neat) 3259, 1676, 1596, 1575, 1497, 1329, 1259, 1155, 558 cm’!.

'H NMR (400 MHz, CDCl3) & 7.71 (d, J = 8.9 Hz, 2H), 7.24-7.16 (m, 3H), 6.99-6.89
(m, 4H), 5.89 (s, 1H), 5.84 (d, /= 1.3 Hz, 1H), 5.81 (t, /= 1.6 Hz, 1H), 5.17 (d, /= 6.6
Hz, 1H), 4.92 (dd, J= 6.7, 1.6 Hz, 1H), 3.89 (s, 3H), 2.88-2.60 (m, 2H), 2.46-2.24 (m,
2H).

13C NMR (101 MHz, CDCls) & 209.54, 170.28, 163.21, 142.75, 138.43, 131.57, 129.61, 129.58, 129.29, 128.63,
127.17, 121.70, 114.36, 59.59, 55.84, 34.46, 28.55.

HRMS (ESI): Exact mass calcd for C21H21NO4SNa [M+Na]+, 406.1083. Found 406.1084.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 2:8, flow 1.0 mL/min, 20.6 min (major), 23.8

min (major).

N-(2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)-4-(trifluoromethyl)benzenesulfonamide (15c)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 15¢ as colorless oil: 6.80 mg, 32% yield.

IR (neat) 3256, 1676, 1574, 1325, 1167, 1133, 1062, 734, 712 cm.

'"H NMR (400 MHz, CDCl3)  7.85 (d, J= 8.1 Hz, 2H), 7.68 (d, J = 8.1 Hz, 2H), 7.24—
7.12 (m, 3H), 7.03-6.90 (m, 2H), 5.95 (t, J= 1.6 Hz, 1H), 5.86 (s, 1H), 5.67 (d,J=1.3
Hz, 1H), 5.34 (d, J= 7.4 Hz, 1H), 5.18 (d, J = 7.4 Hz, 1H), 2.85-2.60 (m, 2H), 2.49-
2.27 (m, 2H).

BCNMR (101 MHz, CDCls3) 6 209.43, 169.85, 143.92, 142.62, 137.62, 134.58 (’J (C, F) = 33.1 Hz), 129.98, 129.29,
128.78, 127.80, 127.17, 126.27 (3J (C, F) = 3.83 Hz), 123.02 ('J (C, F) = 274 Hz), 121.66, 59.83, 34.46, 28.54.
HRMS (ESI): Exact mass calcd for C21HsNO3SF3;Na [M+Na]+, 444.0852. Found 444.0850.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 2:8, flow 1.0 mL/min, 19.3 min (major), 22.4

min (minor).

2,4,6-trimethyl-/V-(2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)benzenesulfonamide (15d)
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Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 4/3) to give 15d as yellowish oil: 8.90 mg, 45% yield.

IR (neat) 3273, 1677, 1573, 1450, 1328, 1156, 755 cm.

H NMR (400 MHz, CDCls) 6 7.25-7.16 (m, 3H), 6.98-6.91 (m, 4H), 5.87 (d, /= 6.4 Hz,
2H), 5.76 (s, 1H), 5.12 (d, J = 6.3 Hz, 1H), 4.86 (d, J= 6.4 Hz, 1H), 2.85-2.56 (m, 2H),
2.53-2.46 (m, SH), 2.43-2.25 (m, SH).

13C NMR (101 MHz, CDCls) 8 209.46, 170.23, 142.77, 142.69, 139.19, 138.44, 133.96,
132.18, 129.39, 129.27, 128.69, 127.04, 121.65, 59.54, 34.43, 28.52, 23.08, 21.12.

HRMS (ESI): Exact mass calcd for C23H2sNO3SNa [M+Na]+, 418.1447. Found 418.1448.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 1:4, flow 1.0 mL/min, 8.9 min (major), 12.7

min (minor).

[a]p! +39.1 (¢ 0.8 in CHCls).

N-(2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)methanesulfonamide (15¢)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, CHCls/methanol

= 35/1) to give 15e as yellowish oil: 6.80 mg, 47% yield.

IR (neat) 3263, 1676, 1574, 1452, 1321, 1192,1151, 980, 756 cm.

'"H NMR (400 MHz, CDCl;) § 7.41-7.28 (m, 5H), 6.07 (d, J = 1.7 Hz, 1H), 5.97 (d, J = 1.4 Hz,
1H), 5.78 (d, J=1.5Hz, 1H), 5.48 (d, J="7.4 Hz, 1H), 4.97 (t, /= 6.1 Hz, 1H), 2.93-2.70 (m, SH),
2.40 (dtd, J=6.0, 3.5, 2.8, 1.7 Hz, 2H).

13C NMR (101 MHz, CDCls) & 209.44, 169.89, 143.51, 138.62, 130.16, 129.52, 128.90, 127.43,
121.04, 59.52, 42.16, 34.53, 28.62.

HRMS (ESI): Exact mass calcd for C;sHi7NO3SNa [M+Na]+, 314.0821. Found 314.0826.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 1:4, flow 1.0 mL/min, 10.7 min (major), 12.8

min (minor).

N-(2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)cyclopropanesulfonamide (15f)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, CHClz/methanol

= 35/1) to give 15f as colorless oil: 6.70 mg, 42% yield.
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IR (neat) 3263, 1676, 1573, 1328, 1191, 1147, 756, 705 cm™'.

'TH NMR (400 MHz, CDCl3) 8 7.39-7.28 (m, 5H), 6.06 (t, J = 1.7 Hz, 1H), 5.97 (s, 1H), 5.83
(d,J=1.3Hz, 1H), 5.47 (d,J= 7.4 Hz, 1H), 4.83 (d, /= 7.4 Hz, 1H), 2.92-2.72 (m, 2H), 2.49—
2.35 (m, 2H), 2.31-2.23 (m, 1H), 1.20-1.01 (m, 2H), 0.96-0.79 (m, 2H).

13C NMR (101 MHz, CDCls) § 209.47, 170.09, 143.74, 139.12, 130.02, 129.40, 128.75, 127.45,
121.29, 59.59, 34.55, 31.59, 28.64, 6.25, 5.89.

HRMS (ESI): Exact mass calcd for Ci7HoNO3SNa [M+Na]+, 340.0978. Found 340.0979.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 1:4, flow 1.0 mL/min, 12.2 min (major), 17.2

min (minor).

4-methyl-N-(2-(3-oxocyclopent-1-en-1-yl)-1-(pyridin-3-yl)allyl)benzenesulfonamide (15h)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, CHCl3/methanol

=40/1) to give 15h as white solid: 5.53 mg, 75% yield. [reaction was conducted with using 0.02 mmol of diene]

Q IR (neat) 3440, 3007, 1701, 1680, 1600, 1324, 1153 cm'".
(0]
"_Q— H NMR (400 MHz, CDCLs) § 8.47 (dd, J = 4.8, 1.6 Hz, 1H), 8.22 (d, J = 2.4 Hz, 1H),

7.65 (d, J = 8.20 Hz, 2H), 7.40 (dt, J = 8.1, 2.0 Hz, 1H), 7.28 (d, J = 8.20 Hz, 2H), 7.17
/N (dd, J=7.9, 4.8 Hz, 1H), 5.91 (s, 1H), 5.79 (d, J = 1.7 Hz, 1H), 5.74-5.70 (m, 1H), 5.30
15h (d, J=7.0 Hz, 1H), 5.12 (d, J = 7.0 Hz, 1H), 2.81-2.64 (m, 2H), 2.44 (s, 3H), 2.42-2.32

(m, 2H).

13C NMR (101 MHz, CDCls) & 209.08, 169.45, 149.76, 148.83, 144.31, 142.07, 136.90, 134.91, 134.17, 130.00,
129.78, 127.34, 123.88, 122.56, 57.45, 34.46, 28.51, 21.74.

HRMS (ESI): Exact mass caled for C20H21N203S [M+H]+, 369.1267. Found 369.1297.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 3:7, flow 1.0 mL/min, 21.8 min (minor), 25.1
min (major).

m.p. 188-190 °C

4-methyl-N-(2-(3-oxocyclopent-1-en-1-yl)-1-(pyridin-4-yl)allyl)benzenesulfonamide (15i)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, CHCl3/methanol

= 40/1) to give 15i as colorless oil: 3.80 mg, 21% yield.
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IR (neat) 3030, 1678, 1600, 1575, 1331, 1159, 754, 663 cm’".

'H NMR (400 MHz, CDCls) 6 8.50-8.38 (m, 2H), 7.68-7.58 (m, 2H), 7.25-7.21 (m, 2H),
7.03-6.94 (m, 2H), 5.84 (d, J=2.2 Hz, 1H), 5.79 (dt, J=2.9, 1.7 Hz, 1H), 5.56 (d,J=2.1
Hz, 1H), 5.46 (s, 1H), 5.27 (s, 1H), 2.82-2.55 (m, 2H), 2.43 (s, 3H), 2.40-2.30 (m, 2H).
13C NMR (101 MHz, CDCls) 8 208.95, 169.22, 150.48, 147.45, 144.37, 141.99, 136.94,
129.92, 129.81, 127.34, 123.04, 121.99, 58.69, 34.49, 28.46, 21.73.

HRMS (ESI): Exact mass calcd for C20H21N203S [M+H]+, 369.1267. Found 369.1266.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 2:8, flow 1.0 mL/min, 23.6 min (minor), 26.4

min (major).

4-methyl-N-(2-(3-oxocyclopent-1-en-1-yl)-1-(pyrimidin-5-yl)allyl)benzenesulfonamide (15j)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, ethyl

acetate/methanol = 19/1) to give 15j as white solid: 3.57 mg, 24% yield. [reaction was conducted with 0.04 mmol of

diene]
o IR (neat) 3117, 1677, 1569, 1412, 1334, 1159, 665 cm.

o '"H NMR (400 MHz, CDCl;3) 8 9.09 (s, 1H), 8.46 (s, 2H), 7.64 (d, J = 8.3 Hz, 2H), 7.28
1\

HN‘.S._@’ (d, J= 8.1 Hz, 2H), 5.93 (s, 1H), 5.81 (d, J= 1.7 Hz, 1H), 5.60 (s, 1H), 5.35 (d, /= 6.8
o}

X Hz, 1H), 5.19 (d, J = 7.0 Hz, 1H), 2.85-2.63 (m, 2H), 2.50-2.35 (m, 5H).
N

=" I3C NMR (101 MHz, CDCls) 8 208.60, 168.62, 158.54, 156.03, 144.77, 141.57, 136.55,
132.13, 130.17, 129.94, 127.31, 123.28, 55.56, 34.49, 28.47, 21.77.
HRMS (ESI): Exact mass calcd for CioH19N303SNa [M+Na]+, 392.1039. Found 392.1041.
HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 3:7, flow 1.0 mL/min, 19.5 min (minor), 21.3
min (major).
[a]p?! +51.8 (¢ 0.1 in THF).
m.p. 207 — 209 °C

4-methyl-N-(1-(2-methylpyrimidin-5-yl)-2-(3-oxocyclopent-1-en-1-yl)allyl)benzenesulfonamide (15k)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, CHCl3/methanol

= 40/1) to give 15k as white solid: 5.80 mg, 30% yield.
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o IR (neat) 3082, 1700, 11680, 1575, 1561, 1451, 1334, 1157 cm™!.
HN—E*@’ 'H NMR (400 MHz, CDCl3) 4 8.30 (s, 2H), 7.65 (d, J= 8.2 Hz, 2H), 7.29 (d, /= 8.1 Hz,
© 2H), 5.93 (s, 1H), 5.80 (d, J= 1.8 Hz, 1H), 5.66 (d, J= 1.2 Hz, 1H), 5.28 (d, /= 6.9 Hz,
/ _\N 1H), 5.04 (d, J=7.0 Hz, 1H), 2.86-2.57 (m, SH), 2.50-2.31 (m, SH).
15k N—_« 13C NMR (101 MHz, CDCls) & 208.70, 168.80, 168.41, 156.11, 144.66, 141.59, 136.62,
130.14, 129.91, 128.66, 127.33, 122.95, 55.40, 34.48, 28.50, 25.84, 21.77.
HRMS (ESI): Exact mass calcd for C20H21N303SNa [M+Na]+, 406.1196. Found 406.1197.
HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 3:7, flow 1.0 mL/min, 22.8 min (minor), 26.9
min (major).

m.p. 213-215°C
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(A) Procedures for Acylative parallel kinetic resolution of amino-diols 23

14 (10 mol%)

OH Ac,0 (1.05 eq.) " HN\/?i/\ - ?Ac
_collidi s s
NSHN\)\/\OH 2,4,6-collidine (1.7 eq.) _ s OAc . \/(NOH
CHCI3, -55°C, 48 h
(£)-23 24 25
pri-OAc sec-OAc

To a dry flask, equipped with a stir bar was added 23 (0.07 mmol), 14 (0.007 mmol, 0.1 eq.), dry CHCI3 (7.0 mL,
0.01 M) under Argon. The reaction vessel was then sonicated for several minutes (to allow for mixing). Then 2.4.6-
collidine (15.7 pL, 1.7 eq.) was added. The resulting solution was stirred for 15 min at -55 °C and then Ac,O (7.0 uL,
1.05 eq.) was added in one portion. The mixture was stirred at -55 °C for 48 h. The reaction was subsequently
quenched at -55 °C through the addition of methanol and warmed up to room temperature. Then, the solution was
concentrated under vacuum and diluted with ethyl acetate, water and 1N HCI. The separated organic layer was dried
over NaySOq, filtered, and concentrated under reduced pressure. The crude product was purified by preparative TLC

purification (EA-hexane 4:1) to yield the product 24 (46%, 86% ee), 25 (36%, 95% ce).

(8)-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl acetate (24)

Yellow oil: 10.5 mg

IR (neat): 3546, 3332, 3098, 2936, 2889, 1731, 1541, 1365, 1342, 1242, 1166 cm™.

'TH NMR: (400 MHz, CDCI3) 6 8.19-8.06 (m, 1H), 7.94-7.82 (m, 1H), 7.81-7.69 (m, 2H), 5.82 (t, /= 5.8 Hz, 1H),
4.42-4.32 (m, 1H), 4.11-4.05 (m, 1H), 3.86-3.77 (m, 1H), 3.25 (ddd, /= 12.8, 7.0, 3.3 Hz, 1H), 2.99 (ddd, J = 12.7,
7.8, 4.8 Hz, 1H), 2.85 (d, J=4.3 Hz, 1H), 2.06 (s, 3H), 1.86—1.65 (m, 2H).

13C NMR: (100 MHz, CDCl3) 4 171.3, 148.0, 133.9, 133.8, 133.0, 130.9, 125.5, 69.8, 58.0, 46.6, 34.3, 20.9.
HRMS (ESI) m/z: [M+H*] Calcd for C12HisN20O7S 333.0751; Found 333.0754.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 3:7, flow 1 mL/min, 18.2 min (minor), 20.3 min
(major).

[a]p?2 —41.8 (c 1.2 in CHCL).

(R)-4-hydroxy-1-((4-nitrophenyl)sulfonamido)butan-2-yl acetate (25)

Yellow oil: 8.22 mg

IR (neat): 3505, 3334, 3098, 2931, 1730, 1542, 1365, 1342, 1248, 1167 cm™.

'TH NMR: (400 MHz, CDCI;3) 6 8.19-8.08 (m, 1H), 7.91-7.83 (m, 1H), 7.80-7.72 (m, 2H), 5.78 (t, /= 6.4 Hz, 1H),
5.01-4.92 (m, 1H), 3.69 (dt, J=11.5, 4.9 Hz, 1H), 3.54 (ddd, /= 11.4, 9.1, 3.8 Hz, 1H), 3.44 (ddd, /= 14.0,6.9, 3.8
Hz, 1H), 3.30 (ddd, J= 14.0, 6.8, 5.7 Hz, 1H), 2.05 (s, 1H), 2.04 (s, 3H), 1.92—1.65 (m, 2H).

13C NMR: (100 MHz, CDCl3) 6 171.8, 148.1, 133.7, 133.4, 132.8, 131.0, 125.5, 67.1, 60.9, 49.0, 33.6, 21.0.
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HRMS (ESI) m/z: [M+H*] Calcd for C12H17N207S 333.0751; Found 333.0748.
HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 3:7, flow 1 mL/min, 52.8 min (minor), 57.7 min
(major).

[a]p?2 —41.8 (c 1.2 in CHCL).

Substrate synthesis of (£)-23

oNsNH, (2.0 eq.)
K,CO3 (0.2 eq.)

?>\/\ 1) TEBAC (02 eq.) OH TBAF (2.0 eq.) oH
= NsHN > NsHN
OTBDPS 4 4. dioxane (2 M) \)\/\OTBDPS THE (0.1 M) \)\/\OH
(£)-81 90°C, 24 h (t)-s2 0°Ctort, 24 h (£)-23
76% 609,
(*)-S2

To a screw capped vial equipped with a stir bar was added tert-butyl(2-(oxiran-2-yl)ethoxy)diphenylsilane (S1) (1.96
g, 6 mmol, prepared according to a literature method") was added oNsNH; (2.43 g, 12 mmol, 2.0 eq.), K2CO;3 (166
mg, 1.2 mmol, 0.2 eq.), Benzyltriethylammonium Chloride (273 mg, 1.2 mmol, 0.2 eq.) and dry 1,4-dioxane (3 mL).
The reaction mixture was stirred at 90 °C for 24 h. The reaction mixture was diluted with EtOAc, washed by H»O,
dried over Na;SOs, and concentrated under reduced pressure. The crude residue was purified by silica

chromatography (EA-hexane 1:3) to yield (£)-S2 (2.42 g, 4.58 mmol, 76%).

Yellow oil: IR (neat): 3503, 3350, 2932, 2859, 1541, 1425, 1361, 1169, 1110 cm'".

H NMR: (400 MHz, CDCls) § 8.15-8.09 (m, 1H), 7.89-7.83 (m, 1H), 7.76-7.67 (m, 2H), 7.75-7.69 (m, 4H), 7.49—
7.37 (m, 6H), 5.83 (d, J = 6.1 Hz, 1H), 4.10-4.00 (m, 1H), 3.91-3.78 (m, 2H), 3.50 (d, J = 2.6 Hz, 1H), 3.30-3.22
(m, 1H), 3.10-3.00 (m, 1H), 1.84-1.58 (m, 2H), 1.03 (s, 9H).

13C NMR: (100 MHz, CDCls) § 148.22, 135.61, 133.67, 133.67, 132.85, 132.75, 132.66, 131.18, 130.15, 130.12,
128.02, 125.54, 70.17, 62.93, 49.30, 35.57, 26.90, 19.10.

HRMS (ESI) m/z: [M+Na*] Caled for C26H3,N2SOSiNa 551.1643; Found 551.1661.

(x)-23

To a solution of (+)—S2 (0.528g, 1 mmol) in THF (0.1 M, 10 mL) was cooled to 0 °C was added a solution of TBAF
[1 mol/L in THF] (2 mL, 2 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 24 h and quenched
with sat. NH4Clg). The aqueous phase was extracted with EtOAc twice, and the combined organics were dried over
Na,SOq, filtered, and concentrated. Purification by column chromatography (EA-Hexane 3:1 to 5:1) to give (£)-23

(199 mg, 0.686 mmol, 69 %).

Yellow oil: IR (neat): 3526, 3335, 3099, 2938, 2890, 1540, 1440, 1411, 1362, 1337, 1165 cm™..
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IH NMR: (400 MHz, CD;OD) § 8.16-7.97 (m, 1H), 7.87 (dt, J = 7.0, 3.5 Hz, 1H), 7.84-7.78 (m, 2H), 3.86-3.76
(m, 1H), 3.70-3.61 (m, 2H), 3.22-2.91 (m, 2H), 1.80-1.49 (m, 2H).

13C NMR: (100 MHz, CDCls) § 148.0, 133.6, 133.4, 132.8, 131.0, 125.4, 69.9, 60.9, 49.2, 35.4.

HRMS (ESI) m/z: [M+H*] Caled for C1oH1sN2O6S 291.0645; Found 290.0649.

(B) General Procedures for Acylative parallel kinetic resolution of substituted amino-diols (26, 29a-29f)

14 (10 mol%)

o (IPrCO),0 (1.05 eq.) o Q oj/fo
NSHN\)Y\OH 2,4,6-collidine (1.7 eq.) NSHN\/K_/\OJ\'/ + NeHN. 3
3 Lol % S
R'R? CHCls, -55 °C, 48 h R'R? N on
R' R?
26, 29a-29f 27, 30a-30f 28, 31a-31f

To a dry flask, equipped with a stir bar was added (£)-26, 29a-29f (0.07 mmol), 14 (0.007 mmol, 0.1 eq.), dry CHCI3
(7.0 mL, 0.01 M) under Argon. The reaction vessel was then sonicated for several minutes (to allow for mixing).
Then 2.4.6-collidine (15.7 puL, 1.7 eq.) was added. The resulting solution was stirred for 15 min at -55 °C and then
('PrC0O)20 (12.2 uL, 1.05 eq.) was added in one portion. The mixture was stirred at -55 °C for 48 h. The reaction was
subsequently quenched at -55 °C through the addition of methanol and warmed up to room temperature. Then, the
solution was concentrated under vacuum and the crude material was added 1N HCI (1.4 ml) and the phase was
separated and aqueous phase was extracted twice with EtOAc. The combined organics were dried (Na;SOs), filtered,
and concentrated and the crude product was purified by preparative TLC purification (EA-hexane 1:1) to yield the
primary acylate 27, 30a — 30f, secondary acylate 28, 31a—31f.

14 (10 mol%) I I
'Prc0),0 (1.05 eq.
OH OH ( )20 ( q.) oH oo o

™ 0 OH
2,4,6-collidine (1.7 eq. =
NsHN\/l\l) (1.7eq.) . NsHN\/H) NsHN\/'\)
CHCl; (0.01 M) H
-55°C, 48 h 27 28
(+)-26
25%, 56% ee 9%, 98% ee

Following the general procedure for PKR, (+)-26 (25.0 mg, 0.082 mmol), isobutyric anhydride (14.3 pl, 0.086
mmol, 1.05 eq.), 2,4,6-collidine (18.5 pl, 0.14 mmol, 1.7 eq), 14 (6.84 mg, 0.0082 mmol, 0.1 eq.), dry CHCl; (8.2
mL, 0.01 M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate = 1 : 1) to give 27 and 28.

Syn-3-hydroxy-2-methyl-4-((4-nitrophenyl)sulfonamido)butyl isobutyrate (27)

Yellow oil: 7.83 mg
IR (neat): 3522, 3335, 2975, 1719, 1542, 1344, 1166, 1082 cm™'.
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'H NMR: (400 MHz, CDCls) 8 8.19-8.06 (m, 1H), 7.91-7.84 (m, 1H), 7.79-7.70 (m, 2H), 5.76 (dd, /= 8.0, 4.1 Hz,
1H), 4.17 (dd, J=11.3, 8.2 Hz, 1H), 3.88 (dd, J=11.3, 5.2 Hz, 1H), 3.76-3.69 (m, 1H), 3.23 (ddd, /= 12.9,7.9,3.3
Hz, 1H), 3.04 (ddd, J=13.0, 9.1, 4.1 Hz, 1H), 2.64-2.47 (m, 2H), 2.00-1.86 (m, 1H), 1.16 (d, /= 7.0 Hz, 6H), 0.90
(d, J=7.0 Hz, 3H).

13C NMR: (100 MHz, CDCls) 8 177.90, 148.27, 133.82, 133.61, 132.95, 131.20, 125.67, 70.25, 65.88, 47.29, 36.41,
34.15, 19.15, 19.09, 10.61.

HRMS (ESI) m/z: [M+Na*] Caled for Ci5sH22N>,07SNa 397.1040; Found 397.1064.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 5:5, flow 1.4 mL/min, 9.5 min (minor), 12.7 min
(major).

[a]p?2 —51.1 (c 0.5 in CHCL;).

Syn-4-hydroxy-3-methyl-1-((4-nitrophenyl)sulfonamido)butan-2-yl isobutyrate (28)

Yellow oil: 2.65 mg

IR (neat): 3343, 2974, 2937, 1723, 1541, 1345, 1166 cm™,

'TH NMR: (400 MHz, CDCl;3) 6 8.20-8.09 (m, 1H), 7.93-7.82 (m, 1H), 7.82-7.69 (m, 2H), 5.72 (t, J = 6.4 Hz, 1H),
4.98-4.86 (m, 1H), 3.54-3.45 (m, 1H), 3.44-3.38 (m, 2H), 3.25-3.15 (m, 1H), 2.56 (hept, J = 7.0 Hz, 1H), 2.27 (dd,
J=17.7,4.9Hz, 1H), 2.00-1.90 (m, 1H), 1.16 (d, J = 7.0 Hz, 3H), 1.13 (d, J = 7.0 Hz, 3H), 0.83 (d, J = 7.0 Hz, 3H).
3C NMR: (100 MHz, CDCl3) 4 177.90, 148.17, 134.27, 133.87, 133.21, 130.98, 125.70, 71.85, 64.09, 45.54, 37.57,
34.25,19.38, 18.86, 10.88.

HRMS (ESI) m/z: [M+Na*] Calcd for C5H2,N,07SNa 397.1040; Found 397.1065.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 4:6, flow 1 mL/min, 11.2 min (major), 27.0 min
(minor).

[a]p?2 —81.3 (c 0.3 in CHCL).

Substrate synthesis of ()26

2)  NHNsBoc (1.34 eq.)
DIAD (2.0 eq.)

o PPhs (2.0 q) conc. HCI (0.2 M) oH OH

- (@) (0] » NsHN
HO THF (0.1 M) BocNsN MeOH (0.065 M)
rt, 5 days 50°C,25h
(+)-S4

PMB

63% 79%

(x)-S4

To a 50 mL flask, (+)-S3 (479 mg, 1.97 mmol, prepared according to a literature method’) was added NHNsBoc
(800 mg, 2.64 mmol, 1.34 eq, ), PPh3 (1.03 g, 3.94 mmol, 2.0 eq.) and dry THF (19.7 mL). The reaction mixture was
cooled to 0 °C then DIAD (0.78 mL, 3.94 mmol, 2.0 eq.) was slowly added. The reaction was warmed up to room
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temperature and stirred for 5 days. The crude product was directly concentrated, and the residue was purified by silica

chromatography (Acetone: Hexane 4:1) to afford white amorphous (x)—S4 (646 mg, 1.24 mmol, 63%).

White amorphous:

IR (neat): 2977, 1733, 1615, 1588, 1544, 1367, 1250, 1151, 1034 cm’".

TH NMR: (400 MHz, CDCls) 4 8.29 (d, /= 8.1 Hz, 1H), 7.79-7.66 (m, 2H), 7.63-7.57 (m, 1H), 7.46 (d, /= 8.3 Hz,
2H), 6.86 (d, J = 8.3 Hz, 2H), 5.50 (s, 1H), 4.27 (dt, J = 9.2, 2.6 Hz, 1H), 4.20-4.06 (m, 2H), 4.00 (dd, J =11.2,1.4
Hz, 1H), 3.81-3.72 (m, 4H), 1.81-1.69 (m, 1H), 1.26 (m, 12H).

13C NMR: (100 MHz, CDCl3) & 159.86, 150.40, 147.67, 134.21, 133.64, 133.05, 131.81, 131.15, 127.49, 124.44,
113.46, 101.54, 85.15, 78.08, 73.63, 55.32, 49.56, 30.44, 27.70, 11.18.

HRMS (ESI) m/z: [M+Na*] Calcd for C24H30N209SNa 545.1564; Found 545.1576.

(£)-26

To a 10 mL flask, (+)—S4 (509 mg, 0.97 mmol) was added MeOH (15 mL) and conc. HCI (4.9 mL). The reaction
mixture was stirred at 50 °C for 25 h. The reaction was cooled to room temperature and quenched with NaHCO3q.).
The aqueous product was extracted twice with EtOAc. The organic layer was dried over Na>SOs, filtered and
concentrated under vacuum. The residue was purified by silica chromatography (CHCI3-MeOH 100:1) to afford white
solid (£)-26 (236 mg, 0.77 mmol, 79%).

Yellow oil: IR (neat): 3348, 2965, 1541, 1409, 1362, 1333, 1161, 1035 cm'".

H NMR: (400 MHz, Acetone-d®) § 8.19-8.09 (m, 1H), 8.01-7.94 (m, 1H), 7.94-7.84 (m, 2H), 6.47 (s, 1H), 4.07 (d,
J=5.1Hz, 1H), 3.82 (dt, J= 8.7, 4.3 Hz, 2H), 3.57-3.48 (m, 2H), 3.31-3.04 (m, 2H), 1.81-1.67 (m, 1H), 0.87 (d, J
=7.0 Hz, 3H).

13C NMR: (100 MHz, CDCL3) & 148.05, 133.84, 133.42, 133.06, 131.12, 125.53, 72.03, 65.71, 47.28, 37.99, 10.86.
HRMS (ESI) m/z: [M+Na*] Caled for C1H;N2OsSNa 327.0621; Found 327.0631.

m.p.; 118-120 °C

10

14 (10 mol%)
OH OH (PrC0),0 (1.05 eq.) I I
NsHN\/l\) 2,4,6-collidine (1.7 eq.) OH 07 o (0) OH

> NsHN\/k) NsHN
CHCl4 (0.01 M) i

-55°C, 48 h
(+)-29a 30a 31a

51%, 72% ee 35%, 99% ee
Following the general procedure for PKR, (£)-29a (18.6 mg, 0.061 mmol), isobutyric anhydride (10.6 ul, 0.064
mmol, 1.05 eq.), 2,4,6-collidine (13.8 pl, 0.10 mmol, 1.7 eq), 14 (5.09 mg, 0.006 mmol, 0.1 eq.), dry CHCI3 (6.1 mL,

"

0.01 M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate = 1 : 2) to give 30a and 31a.
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Anti-3-hydroxy-2-methyl-4-((4-nitrophenyl)sulfonamido)butyl isobutyrate (30a)

Yellow oil: 11.7 mg

IR (neat): 3502, 3335, 2974, 1723, 1542, 1345, 1166 cm™.

'H NMR: (400 MHz, CDCls) 8 8.18-8.05 (m, 1H), 7.90-7.85 (m, 1H), 7.77-7.71 (m, 2H), 5.85 (dd, J = 7.1, 4.8 Hz,
1H), 4.45 (dd, J = 11.4, 3.8 Hz, 1H), 3.91 (dd, J = 11.4, 4.5 Hz, 1H), 3.50-3.41 (m, 1H), 3.34 (ddd, J=12.5,7.2,2.9
Hz, 1H), 3.26 (d, J = 4.2 Hz, 1H), 3.00 (ddd, J = 12.6, 8.0, 4.7 Hz, 1H), 2.56 (hept, J = 7.0 Hz, 1H), 1.89-1.78 (m,
1H), 1.16 (d, J = 2.0 Hz, 3H), 1.15 (d, J = 1.9 Hz, 3H), 0.96 (d, J = 7.0 Hz, 3H).

13C NMR: (100 MHz, CDCls) 178.26, 148.32, 133.77, 133.58, 132.86, 131.17, 125.65, 77.48, 77.16, 76.84, 71.52,
66.02,47.22,37.32,34.22, 19.23, 19.05, 13.70.

HRMS (ESI) m/z: [M+Na*] Calcd for C15H22N,07SNa 397.1040; Found 397.1040.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 5:5, flow 1.4 mL/min, 15.7 min (minor), 20.5 min
(major).

[a]p?2 —10.7 (c 0.8 in CHCL;).

Anti-4-hydroxy-3-methyl-1-((4-nitrophenyl)sulfonamido)butan-2-yl isobutyrate (31a)

Yellow oil: 8.07 mg

IR (neat): 3343, 2972, 2881, 1726, 1542, 1346, 1165 cm™,

'TH NMR: (400 MHz, CDCI3) 6 8.19-8.08 (m, 1H), 7.93-7.84 (m, 1H), 7.80-7.72 (m, 2H), 5.75 (t, /= 6.3 Hz, 1H),
4.79 (td, J=17.2,3.7 Hz, 1H), 3.56-3.41 (m, 3H), 3.38-3.29 (m, 1H), 2.56 (hept, /= 7.0 Hz, 1H), 1.96-1.86 (m, 2H),
1.16 (d,J=7.1 Hz, 3H), 1.13 (d, /= 7.1 Hz, 3H), 0.98 (d, /= 7.0 Hz, 3H).

3C NMR: (100 MHz, CDCl3) 6 177.41, 148.14, 133.91, 133.86, 133.11, 131.02, 125.62, 73.01, 63.58, 44.97, 37.09,
34.18, 19.18, 18.85, 13.39.

HRMS (ESI) m/z: [M+Na*] Caled for Ci5sH22N>,07SNa 397.1040; Found 397.1033.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 4:6, flow 1 mL/min, 12.2 min (major), 16.7 min
(minor).

[a]p?2 —83.9 (c 0.6 in CHCL;).

Substrate synthesis of (+)—29a

3)
N (1.3 20 on o
0" o PPh; (2.0 eq.) Boc 07 No  conc.HCI(0.2M) Ne y
HO\/'\) Toluene (0.36 M) Ns,r{l\/'\) MeOH (0.065 M) =
i i, 1%/h i 50 ;3,0/024 h
(+)-S5 0% (+)-S6 (£)-29a
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(£)-S6

To a 30 mL flask, (£)-S5 (800.6 mg, 6.67 mmol, prepared according to a literature method®) was added NHNsBoc
(2.82 g,9.34 mmol, 2.0 eq, ), PPh3 (2.45 g, 9.34 mmol, 2.0 eq.) and dry Toluene (18.7 mL). The reaction mixture was
cooled to 0 °C then DIAD (1.81 mL, 9.34 mmol, 2.0 eq.) was slowly added. The reaction was warmed up to room
temperature and stirred for 12 h. The crude product was directly concentrated, and the residue was purified by silica
chromatography (EA-hexane 1:6) then recrystallized with EA/hexane systems to afford white crystals. The crystals
were collected by filtration and were washed with hexane to afford (+)—S6 (235 mg, 0.47 mmol, 10%).

White solid: IR (KBr): 2972, 2833, 1746, 1541, 1454, 1368, 1283, 1148 cm.

'TH NMR: (400 MHz, CDCls) 8 8.35 (dd, J = 8.0, 1.2 Hz, 1H), 7.78-7.66 (m, 2H), 7.62—7.54 (m, 3H), 7.40-7.28 (m,
3H), 5.54 (s, 1H), 4.21-4.00 (m, 3H), 3.85 (td, J = 9.5, 2.9 Hz, 1H), 3.55 (t, J = 11.2 Hz, 1H), 2.02-1.86 (m, 1H),
1.27 (d, J = 0.8 Hz, 9H), 0.93 (d, J = 6.7 Hz, 3H).

3C NMR: (100 MHz, CDCIl;) 4 150.48, 147.77, 138.37, 134.07, 133.98, 133.22, 131.80, 128.69, 128.15, 126.30,
124.46, 100.91, 85.15, 81.07, 72.67, 49.30, 32.28, 27.83, 12.32.

HRMS (ESI) m/z: [M+Na*] Calcd for C23H23N>,0sSNa 515.1459; Found 515.1463.

m.p.; 136-138 °C

(£)-29a

To a 10 mL flask, rac 15 (410.0 mg, 0.830 mmol) was added MeOH (15 mL) and conc. HCI (5.0 mL). The reaction
mixture was stirred at 50 °C for 24 h. The reaction was cooled to room temperature and quenched with NaHCO3(ag,).
The aqueous product was extracted twice with EtOAc. The organic layer was dried over Na>SQOs, filtered and
concentrated under vacuum. The residue was purified by silica chromatography (CHCIl3-MeOH 15:1) to afford
(¥)—29a (213 mg, 0.70 mmol, 84%).

Yellow oil: IR (neat): 3518, 3347, 2885, 1541, 1408, 1363, 1338, 1167 cm'".

H NMR: (400 MHz, CDCL3) & 8.17-8.04 (m, 1H), 7.91-7.81 (m, 1H), 7.79-7.69 (m, 2H), 6.01 (s, 1H), 4.22-4.06
(m, 1H), 3.75 (dd, J = 10.8, 3.7 Hz, 1H), 3.71-3.64 (m, 1H), 3.59 (dd, J = 10.8, 8.0 Hz, 1H), 3.25 (d, J = 12.7 Hz,
1H), 3.14-3.03 (m, 1H), 2.97 (s, 1H), 1.88-1.75 (m, 1H), 0.84 (d, /= 7.0 Hz, 3H).

13C NMR: (100 MHz, CDCLs) & 148.08, 133.86, 133.28, 132.99, 131.08, 125.52, 74.89, 67.06, 47.55, 37.61, 13.27.
HRMS (ESI) m/z: [M+Na*] Caled for C1H;sN2OsSNa 327.0621; Found 327.0628.
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14 (10 mol%)
OH OH (Prc0),0 (1.05 eq.)
OH 0" Yo 0“0 OoH

NsHN\/|\) 2,4,6-collidine (1.7 eq.)
z > NsHN\/k) NsHN\/\)
F CHCls (0.01 M) £ ;
-55°C, 48 h 30b 31b
(+)-29b 35%, 99% ee 34%, 98% ee

Following the general procedure for PKR, (£)-29b (24.3 mg, 0.079 mmol), isobutyric anhydride (13.7 pl, 0.083
mmol, 1.05 eq.), 2,4,6-collidine (17.7 pl, 0.13 mmol, 1.7 eq), 14 (6.56 mg, 0.0079 mmol, 0.1 eq.), dry CHCl; (7.9
mL, 0.01 M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate =1 : 1) to give 30b and 31b.

Anti-2-fluoro-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl isobutyrate (30b)

Yellow oil: 10.1 mg

IR (neat): 3508, 3342, 2977, 1730, 1542, 1346, 1166, 1067 cm™'.

'TH NMR: (400 MHz, CDCl;) & 8.20-8.08 (m, 1H), 7.95-7.85 (m, 1H), 7.83-7.72 (m, 2H), 5.82 (s, 1H), 4.62-4.23
(m, 3H), 3.79 (s, 1H), 3.46 (d, J = 13.6 Hz, 1H), 3.29 (s, 1H), 3.24-3.14 (m, 1H), 2.62 (hept, J = 7.0 Hz, 1H), 1.18
(d, J=7.0 Hz, 6H).

13C NMR: (100 MHz, CDCls) & 178.24, 148.23, 133.98, 133.33, 133.04, 131.33, 125.69, 90.76 ('J (C, F) = 175
Hz), 67.78 (3J (C, F) = 26 Hz), 62.57 (°J (C, F) = 20 Hz), 45.63, 34.06, 19.06 (*J (C, F) = 7.6 Hz).

YF NMR: (400 MHz, CDCI3) 6 -196.51.

HRMS (ESI) m/z: [M+Na*] Calcd for Ci14H19N>,O7FSNa 401.0789; Found 401.0811.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 5:5, flow 1 mL/min, 6.1 min (minor), 13.8 min
(major).

[a]p?2 —20.7 (c 1.1 in CHCL).

Anti-3-fluoro-4-hydroxy-1-((4-nitrophenyl)sulfonamido)butan-2-yl isobutyrate (31b)

Yellow oil: 10.4 mg

IR (neat): 3534, 3340, 2976, 1736, 1542, 1423, 1346, 1167 cm’!

'TH NMR: (400 MHz, CDCI;3) 6 8.20-8.08 (m, 1H), 7.91-7.84 (m, 1H), 7.82-7.72 (m, 2H), 5.70 (t, /= 6.4 Hz, 1H),
5.08-5.00 (m, 1H), 4.66—4.50 (m, 1H), 3.97-3.37 (m, 4H), 2.58 (hept, /= 7.0 Hz, 1H), 2.13 (d, /=7.3 Hz, 1H), 1.16
(d,J=7.0 Hz, 6H).

13C NMR: (100 MHz, CDCl3)  176.63, 148.15, 134.00, 133.72, 133.21, 131.17, 125.66, 91.27 (\J (C, F) = 175 Hz),
69.02 (3J (C, F) =27 Hz), 61.33 (3J (C, F) = 21 Hz), 43.30 (*J (C, F) = 4.9 Hz), 34.05, 18.90 (3J (C, F) = 22 Hz).
F NMR: (400 MHz, CDCI3) & -200.89.

HRMS (ESI) m/z: [M+Na*] Calcd for C14H190N,O7FSNa 401.0789; Found 401.0815.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 4:6, flow 1 mL/min, 8.3 min (minor), 11.7 min
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(major).

[a]p?2 —27.5 (c 1.1 in CHCL;).

Substrate synthesis of (£)—29b

benaldehyde Ph
Pd/C (20 wt%) dimetyl acetal (1.338 eq.)
QH OB (1 atm) OH OH CSA (0.05 eq.) o/ko
BnO » HO »
z EtOH (0.2 M) H DCM (1.0 M) Ho\/'\)
F rt, 60 h F rt, 4 days H
2 steps 27% F
(+)-87 (+)-S8 (+)-S9
NHNsBoc (1.34 eq.)
DIAD (2.0 eq.) OH OH
PPh; (2. . conc. HCI (0.2 M
3(2.0eq.) Boc 070 ( ) NSHN
THF (0.1 M) N . MeOH (0.065 M) F
50 °C, 2 days = 50°C, 24 h
75 % 26%
(+)-810 (+)-29b

(£)-S9

To a 50 mL flask, (+)-S7 (905 mg, 2.97 mmol, prepared according to a literature method®) was added Pd/C (180mg,

20 wt%) and EtOH (15 mL). The reaction vessel was charged with H> atmosphere and stirred rt for 24 h. The crude
mixture was filtrated and washed with EtOH and concentrated in vacuo to give (+)—8. The crude product was used
without purification and used for next reaction.
To a 20 mL flask with (£)—8 was added Benzaldehyde dimethylacetal (0.593 ml, 3.98 mmol, 1.34 eq, ), CSA (35 mg,
0.15 mmol, 0.05 eq.) and dry DCM (3.0 mL). The reaction mixture was stirred at room temperature for 4 days. The
reaction mixture was quenched with NEt; (0.3 mL) and stirred for 15 min. The reaction mixture was diluted with
water and the phase was separated and the aqueous phase was extracted twice with EtOAc. The combined organics
were dried (Na2SOs), filtered, and concentrated and the crude product was purified by silica chromatography (MeOH:
CHCI3 1:20) to afford (£)-S9 (170 mg, 0.80 mmol, 2 steps 26%).

White solid: IR (KBr): 3344, 2950, 2870, 1454, 1387, 1219, 1152, 1101, 1027 cm™.

'TH NMR: (400 MHz, CDCI3) 6 7.55-7.46 (m, 2H), 7.46-7.34 (m, 3H), 5.54 (s, 1H), 4.79-4.57 (m, 1H), 4.45 (dd, J
=10.7, 5.6 Hz, 1H), 4.04-3.74 (m, 4H), 2.16 (dd, J="7.1, 6.0 Hz, 1H).

3C NMR: (100 MHz, CDCl3) 8 136.86, 129.47, 128.49, 126.28, 101.33, 80.06 (1J (C, F) = 178 Hz), 79.58 (3J (C, F)
=25 Hz),68.06 (3J (C, F) =28 Hz), 61.58.

F NMR: (400 MHz, CDCI3) § -202.47.

HRMS (ESI) m/z: [M+H"] Calcd for C11H14FO3 213.0921; Found 213.0921.

m.p.; 58-60 °C

(£)-S10
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To a 50 mL flask, (£)-S9 (150 mg, 0.71 mmol) was added NHNsBoc (286 mg, 0.95 mmol, 1.34 eq, ), PPh;3 (371 mg,
1.42 mmol, 2.0 eq.) and dry THF (7.1 mL). The reaction mixture was cooled to 0 °C then DIAD (0.28 mL, 1.42 mmol,
2.0 eq.) was slowly added. The reaction was warmed to 50 °C and stirred for 2 days. The crude product was directly
concentrated, and the residue was purified by silica chromatography (Acetone-hexane 1:8 to 1:5), then Al,O3

chromatography (EtOAc-Hexane 2:1) to afford (£)-S10 (263 mg, 0.53 mmol, 75%).

Colorless oil: IR (neat): 2981, 2872, 1734, 1544, 1456, 1368, 1178, 1121, 1038 cm.

TH NMR: (400 MHz, CDCls) 8 8.32 (dd, /= 7.8, 1.4 Hz, 1H), 7.75-7.60 (m, 3H), 7.58-7.51 (m, 2H), 7.40-7.28 (m,
3H), 5.57 (s, 1H), 4.69-4.39 (m, 2H), 4.32-4.10 (m, 3H), 3.87-3.76 (m, 1H), 1.32 (s, 9H).

13C NMR: (100 MHz, Acetone-de) 8 150.87, 148.57, 138.32, 135.81, 133.74, 133.32, 132.92, 129.54, 128.72, 127.09,
125.44,101.26, 83.62 ('J (C, F) = 178 Hz), 79.12, 77.78 (3J (C, F) = 24 Hz), 68.11 (°*J (C, F) = 28 Hz), 48.64, 27.79.
YF NMR: (400 MHz, CDCI3) 6 -201.64.

HRMS (ESI) m/z: [M+Na*] Calcd for C2,H2sFN>,OsSNa 519.1208; Found 519.1185.

(£)-29b

To a 20 mL flask, (£)—S10 (263 mg, 0.53 mmol) was added MeOH (8.2 mL) and conc. HCI (2.7 mL). The reaction
mixture was stirred at 50 °C for 24 h. The reaction was cooled to room temperature and quenched with NaHCO3q.).
The aqueous product was extracted twice with EtOAc. The organic layer was dried over Na>SQs, filtered and
concentrated under vacuum. The residue was purified by silica chromatography (EtOAc-Hexane 2:1) to afford rac

(£)-29b (43 mg, 0.14 mmol, 26%).

Colorless oil: IR (neat): 3332, 2920, 2371, 2317, 1540, 1338, 1167 cm™'.

'TH NMR: (400 MHz, Acetone-ds+D>0) & 8.19-8.10 (m, 1H), 8.00-7.84 (m, 3H), 4.49-4.30 (m, 1H), 4.00-3.90 (m,
1H), 3.90-3.68 (m, 2H), 3.40 (ddd, /= 13.1, 3.8, 1.9 Hz, 1H), 3.17 (ddd, J=13.1, 7.4, 1.1 Hz, 1H).

3C NMR: (100 MHz, Acetone-de) & 149.16, 134.95, 133.99, 133.65, 131.54, 125.93, 95.07 (\J (C, F) = 173 Hz),
68.98 (°J (C, F) =26 Hz), 61.71 (3J (C, F) =21 Hz), 46.76 (°J (C, F) = 5.0 Hz).

19F NMR: (400 MHz, Acetone-ds) & -197.80.

HRMS (ESI) m/z: [M+H"] Calcd for C10H14N2OgFS 309.0551; Found 309.0538.

oH on 14 (10 mol%) I I
\/l\) (Prc0),0 (1.05 eq.) oH 0°p 0”0 o

2,4,6-collidine (1.7 eq.) NsHN\/k) NsHN

NsHN

CHCI3 (0.01 M) 2
-55°C, 48 h "l | |
30c 31c

(£)-29¢ 39%, 97% ee 37%, 99% ee

69



Following the general procedure for PKR, (+)-29¢ (21.1 mg, 0.067 mmol), isobutyric anhydride (11.7 pl, 0.070
mmol, 1.05 eq.), 2,4,6-collidine (15.1 pl, 0.11 mmol, 1.7 eq), 14 (5.59 mg, 0.0067 mmol, 0.1 eq.), dry CHCl;3 (6.7
mL, 0.01 M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate = 1 : 2) to give 30c¢ and 31c.

Anti-2-Ethynyl-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl isobutyrate (30c)

Yellow oil: 10.0 mg

IR (neat): 3494, 3290, 2976, 1726, 1541, 1346, 1165, 1085 cm™!.

TH NMR: (400 MHz, CDCls) 8 8.21-8.08 (m, 1H), 7.94-7.82 (m, 1H), 7.79-7.70 (m, 2H), 5.84 (dd, J= 7.2, 4.9 Hz,
1H), 4.53 (dd, /= 11.3, 4.0 Hz, 1H), 4.12 (dd, J = 11.3, 4.2 Hz, 1H), 3.73-3.50 (m, 2H), 3.43 (dd, /= 4.9, 0.8 Hz,
1H), 3.21-3.13 (m, 1H), 2.71-2.65 (m, 1H), 2.59 (h, J=7.0 Hz, 1H), 2.21 (d, J = 2.5 Hz, 1H), 1.18 (d, /= 2.5 Hz,
3H), 1.17 (d, J= 2.5 Hz, 3H).

3C NMR: (100 MHz, CDCl3) 4 178.34, 148.27, 133.83, 133.54, 132.93, 131.31, 125.65, 79.89, 73.48, 69.39, 62.49,
47.36, 36.84, 34.15, 19.22, 19.02.

HRMS (ESI) m/z: [M+Na*] Calcd for Ci6H20N207SNa 407.0883; Found 407.0880.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 5:5, flow 1.4 mL/min, 10.2 min (minor), 12.4 min
(major).

[a]p? +2.15 (¢ 0.9 in CHCls).

Anti-3-Ethynyl-4-hydroxy-1-((4-nitrophenyl)sulfonamido)butan-2-yl isobutyrate (31c¢)

Yellow oil: 9.63 mg

IR (neat): 3526, 3288, 2975, 1727, 1541, 1348, 1166, 1073 cm™'.

'TH NMR: (400 MHz, CDCI3) 6 8.19-8.10 (m, 1H), 7.93-7.83 (m, 1H), 7.82-7.71 (m, 2H), 5.71 (t, J= 6.5 Hz, 1H),
4.95-4.88 (m, 1H), 3.76-3.46 (m, 4H), 2.89-2.80 (m, 1H), 2.57 (hept, J = 7.0 Hz, 1H), 2.25 (d, J=2.5 Hz, 1H), 2.13
(t, J=6.9 Hz, 1H), 1.17 (dd, J=17.0, 5.3 Hz, 6H).

3C NMR: (100 MHz, CDCl3) 8 177.04, 148.15, 133.95, 133.90, 133.20, 131.15, 125.67, 79.85, 74.01, 70.20, 61.44,
45.15,37.11, 34.13, 19.15, 18.81.

HRMS (ESI) m/z: [M+Na*] Caled for Ci1sH20N>,07SNa 407.0883; Found 407.0881.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 4:6, flow 1 mL/min, 11.7 min (minor), 27.2 min
(major).

[a]p? —46.4 (c 0.7 in CHCL).

Substrate synthesis of (+)—29¢
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(+)-S12

To a 20 mL flask, (+)-S11 (362 mg, 1.14 mmol, prepared according to a literature method*) was added
Benzaldehyde dimethylacetal (0.341 ml, 2.28 mmol, 2.0 eq, ), CSA (26.6 mg, 0.11 mmol, 0.1 eq.) and dry THF (2.3
mL). The reaction mixture was stirred reflux for 19 h. The reaction mixture was quenched with NEt; (0.08 mL) and
stirred for 15 min. Then Tetrabutylammonium fluoride (10 mmol) was added and stirred for additional 24 h. The
reaction mixture was diluted with water and the phase was separated and the aqueous phase was extracted twice with
EtOAc. The combined organics were dried (NaxSOy), filtered, and concentrated and the crude product was purified

by silica chromatography (EtOAc: Hexane 1:3) to afford (£)-S12 (179 mg, 0.82 mmol, 72%)).

White solid: IR (neat): 3444, 3289, 2861, 1456, 1399, 1371, 1135, 1086, 1022 cm’".

'TH NMR: (400 MHz, CDCI3) § 7.49 (m, 2H), 7.46-7.33 (m, 3H), 5.53 (s, 1H), 4.38 (dd, /= 11.2, 4.9 Hz, 1H), 4.00—
3.91 (m, 1H), 3.90-3.74 (m, 3H), 2.93-2.83 (m, 1H), 2.37 (s, 1H), 2.20 (d, J= 2.4 Hz, 1H).

13C NMR: (100 MHz, CDCl3) 6 137.61, 129.27, 128.38, 126.20, 101.43, 80.78, 79.13, 73.00, 69.81, 63.42, 28.28.
HRMS (ESI) m/z: [M+Na*] Calcd for Ci3H1403Na 241.0835; Found 241.0820.

m.p.: 71 °C

(+)-S13

To a 50 mL flask, (£)-S12 (178 mg, 0.82 mmol) was added NHNsBoc (330 mg, 1.09 mmol, 1.34 eq, ), PPhs (427
mg, 1.64 mmol, 2.0 eq.) and dry THF (8.1 mL). The reaction mixture was cooled to 0 °C then DIAD (0.32 mL, 1.64
mmol, 2.0 eq.) was slowly added. The reaction was warmed to 50 °C and stirred for 2 days. The crude product was
directly concentrated and the residue was purified by silica chromatography (Acetone-hexane 1:8 to 1:4), then AL,O;3

chromatography (EtOAc-Hexane 1:4) to afford (+)-S13 (236 mg, 0.47 mmol, 58%).

White solid: TR (neat): 3289, 2980, 1734, 1544, 1369, 1254, 1149, 1120, 1000 cm'".

H NMR: (400 MHz, CDCL;) § 8.31 (dd, J=7.9, 1.4 Hz, 1H), 7.74-7.64 (m, 2H), 7.63-7.52 (m, 3H), 7.39-7.27 (m,
3H), 5.57 (s, 1H), 4.39 (dd, J = 11.3, 4.9 Hz, 1H), 4.35-4.26 (m, 1H), 4.20-4.10 (m, 2H), 3.88 (t, /= 11.1 Hz, 1H),
2.81-2.66 (m, 1H), 2.26 (d, J = 2.4 Hz, 1H), 1.32 (s, 9H).
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13C NMR: (100 MHz, CDCls) 150.27, 147.62, 137.55, 134.22, 133.64, 133.30, 131.79, 128.81, 128.13, 126.14,
124.44,100.96, 85.33, 78.51, 78.03, 73.64, 69.84, 49.67, 30.69, 27.83.

HRMS (ESI) m/z: [M+Na*] Caled for C24H26SN>OsNa 525.1302; Found 525.1276.

m.p.: 65 °C

(£)-29¢

To a 10 mL flask, (£)-S13 (236 mg, 0.47 mmol) was added MeOH (7.2 mL) and conc. HCI (2.4 mL). The reaction
mixture was stirred at 50 °C for 20 h. The reaction was cooled to room temperature and quenched with NaHCO3q.).
The aqueous product was extracted twice with EtOAc. The organic layer was dried over Na>SQs, filtered and
concentrated under vacuum. The residue was purified by silica chromatography (EtOAc-Hexane 3:1) then
recrystallized with CHCls/hexane systems to afford white crystals. The crystals were collected by filtration and were

washed with hexane to afford (£)-29c¢ (76.3 mg, 0.24 mmol, 52%).

White solid: IR (neat): 3363, 3300, 1539, 1417, 1359, 1338, 1163, 1097, 1026 cm’".

'H NMR: (400 MHz, CDCls) $ 8.21-8.10 (m, 1H), 7.92-7.85 (m, 1H), 7.83-7.70 (m, 2H), 5.87 (d, J= 6.5 Hz, 1H),
4.03-3.77 (m, 3H), 3.52 (ddd, J=13.2, 6.5, 3.1 Hz, 1H), 3.33-3.20 (m, 2H), 2.74-2.64 (m, 1H), 2.31-2.16 (m, 2H).
13C NMR: (100 MHz, CDCl3) 6 148.04, 133.96, 133.26, 133.10, 131.26, 125.60, 80.58, 73.71, 71.20, 63.28, 47.76,
38.04.

HRMS (ESI) m/z: [M+Na*] Calcd for C12H14N20OsSNa 337.0465; Found 337.0450.

m.p.: 105 °C
o on 14 (10 mol%) I I
il
NsHN\)\/l (PrCO)z.O' (1.05eq.) oH o Xo 0N oH
2,4,6-collidine (1.7 eq.) N \/k/l H
H > sHN NsHN
x
CHCI; (0.01 M) BN .
-55°C,48h
30d 31d
(+)-29d 31%, 83% ee 37%, 99% ee

Following the general procedure for PKR, (£)-29d (27.2 mg, 0.086 mmol), isobutyric anhydride (15.0 pl, 0.090
mmol, 1.05 eq.), 2,4,6-collidine (19.3 pl, 0.15 mmol, 1.7 eq), 14 (7.16 mg, 0.00086 mmol, 0.1 eq.), dry CHCI; (8.6
mL, 0.01 M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate =1 : 3) to give 30d and 31d.

Anti-2-ethenyl-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl isobutyrate (30d)

Yellow oil: 10.2 mg
IR (neat): 3506, 3335, 2977, 2937, 1722, 1539, 1360, 1169, 1077 cm’".
'H NMR: (400 MHz, CDCl3) 6 8.13-8.07 (m, 1H), 7.90-7.85 (m, 1H), 7.77-7.71 (m, 2H), 5.82 (dd, J = 7.3, 4.5 Hz,
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1H), 5.70-5.59 (m, 1H), 5.28-5.12 (m, 2H), 4.55 (dd, J = 11.3, 4.3 Hz, 1H), 4.01 (dd, J = 11.3, 4.1 Hz, 1H), 3.64—
3.55 (m, 1H), 3.34 (ddd, J = 12.8, 7.5, 3.0 Hz, 1H), 3.26 (d, J = 4.5 Hz, 1H), 3.00 — 2.91 (m, 1H), 2.56 (hept, J=7.0
Hz, 1H), 2.43-2.33 (m, 1H), 1.16 (d, J = 1.8 Hz, 3H), 1.15 (d, J = 1.8 Hz, 3H).

13C NMR: (100 MHz, CDCl3) 8 178.25, 148.29, 134.40, 133.76, 133.59, 132.88, 131.21, 125.63, 119.70, 69.41,
64.54,48.36,47.45,34.21, 19.21, 19.05.

HRMS (ESI) m/z: [M+Na*] Caled for CisH22N>,07SNa 409.1040; Found 409.1017.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 5:5, flow 1.4 mL/min, 12.3 min (minor), 17.7 min
(major).

[a]p? —14.5 (c 0.8 in CHCL;).

Anti-3-Ethenyl-4-hydroxy-1-((4-nitrophenyl)sulfonamido)butan-2-yl isobutyrate (31d)

Yellow oil: 12.2 mg

IR (neat): 3342, 2977, 1728, 1541, 1418, 1237, 1167 cm™,

'TH NMR: (400 MHz, CDCl;) & 8.18-8.05 (m, 1H), 7.93-7.68 (m, 3H), 7.26 (s, 1H), 5.78-5.67 (m, 1H), 5.64 (t,J =
6.4 Hz, 1H), 5.33-5.17 (m, 2H), 4.92-4.84 (m, 1H), 3.65-3.39 (m, 3H), 3.32-3.23 (m, 1H), 2.57 (h, J=7.0 Hz, 1H),
2.51-2.42 (m, 1H), 1.16 (t, J= 7.3 Hz, 6H).

13C NMR: (100 MHz, CDCls) 8 177.50, 148.15, 134.40, 133.93, 133.90, 133.17, 131.02, 125.68, 120.24, 70.88,
62.23,48.37,45.38, 34.21, 19.22, 18.87.

HRMS (ESI) m/z: [M+Na*] Calcd for C16H22N,07SNa 409.1040; Found 409.1028.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 4:6, flow 1 mL/min, 11.0 min (major), 14.3 min
(minor).

[a]p* —65.5 (c 1.2 in CHCL).

Substrate synthesis of (+)—29d

Ph
OH OH benaldehyde NHNsBoc (1.34 eq.)

TBso\/'\) dimetyl acetal (1.338 eq.) o/'\o DIAD (2.0 eq.)

; CSA (0.05 eq.) Ho\/K) PPh; (2.0 eq.)
H - _—m

A > v
N DCM (1.0 M) i THF (0.1 M)
rt, 5 days \ 50 OC, 2 days
(+)-S14 then TBAF (+)-S15 54 %

68%

OH OH
conc. HCI (0.2 M
Boc O O oo HAO2W NN
N MeOH (0.065 M)
H 50 °C, 25 h X
X 63%
(£)-516 (+)-29d

(£)-S15
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To a 50 mL flask, (+)-S14 (1.00 g, 4.07 mmol, prepared according to a literature method’) was added Benzaldehyde
dimethylacetal (0.813 ml, 5.45 mmol, 1.34 eq, ), CSA (47.3 mg, 0.20 mmol, 0.05 eq.) and dry DCM (19.7 mL). The
reaction mixture was stirred at room temperature for 5 days. The reaction mixture was quenched with NEt; (0.4 mL)
and stirred for 15 min. Then Tetrabutylammonium fluoride (16 mmol) was added and stirred for additional 24 h. The
reaction mixture was diluted with water and the phase was separated and the aqueous phase was extracted twice with
EtOAc. The combined organics were dried (NaxSOj), filtered, and concentrated and the crude product was purified

by silica chromatography (EtOAc: Hexane 1:5) to afford (+)—S15 (610 mg, 2.77 mmol, 68%).

Colorless oil: IR (neat): 3444, 2848, 1456, 1399, 1368, 1311, 1216, 1137, 1080, 1024 cm.

TH NMR: (400 MHz, CDCI3) & 7.56-7.48 (m, 2H), 7.44-7.32 (m, 3H), 5.55-5.42 (m, 2H), 5.28-5.14 (m, 2H), 4.13
(dd, J=11.3, 5.1 Hz, 1H), 3.79-3.56 (m, 4H), 2.67-2.52 (m, 2H).

13C NMR: (100 MHz, CDCl;3) 6 138.09, 133.17, 128.99, 128.24, 126.19, 119.59, 101.06, 80.87, 70.42, 63.29, 40.54.
HRMS (ESI) m/z: [M+Na*] Calcd for C13H603Na 243.0992; Found 243.0991.

(x)-S16

To a 100 mL flask, (+)—S15 (603 mg, 2.74 mmol) was added NHNsBoc (1.11 g, 3.67 mmol, 1.34 eq, ), PPh3 (1.44 g,
5.48 mmol, 2.0 eq.) and dry THF (27.4 mL). The reaction mixture was cooled to 0 °C then DIAD (1.08 mL, 5.48
mmol, 2.0 eq.) was slowly added. The reaction was warmed to 50 °C and stirred for 2 days. The crude product was
directly concentrated and the residue was purified by silica chromatography (Acetone-hexane 1:8) then recrystallized
with EA/hexane systems to afford white crystals. The crystals were collected by filtration and were washed with

hexane to afford (+)-S16 (747 mg, 1.48 mmol, 54%).

White solid: IR (neat): 2976, 2848, 1728, 1542, 1366, 1308, 1178, 1153, 1018 cm™.

'TH NMR: (400 MHz, CDCls) 6 8.31 (dd, J= 8.0, 1.3 Hz, 1H), 7.74-7.63 (m, 2H), 7.61-7.51 (m, 3H), 7.38-7.28 (m,
3H), 5.68-5.58 (m, 1H), 5.57 (s, 1H), 5.36-5.24 (m, 2H), 4.19-3.98 (m, 4H), 3.74 (t, /= 11.2 Hz, 1H), 2.60-2.47 (m,
1H), 1.27 (s, 9H).

13C NMR: (100 MHz, CDCI3) 4 150.40, 147.71, 138.15, 134.08, 133.92, 133.06, 132.85, 131.79, 128.74, 128.16,
126.26, 124.45,120.21, 100.81, 85.17, 78.29, 70.67, 49.51, 43.19, 27.81.

HRMS (ESI) m/z: [M+Na*] Caled for C24H23SN>OsNa 527.1459; Found 527.1453.

m.p.: 133 °C

(*)-29d

To a 20 mL flask, (+)-S16 (659 mg, 1.31 mmol) was added MeOH (6.5 mL) and conc. HCI (20 mL). The reaction
mixture was stirred at 50 °C for 28 h. The reaction was cooled to room temperature and quenched with NaHCO3aq.).

The aqueous product was extracted twice with EtOAc. The organic layer was dried over Na>SOs, filtered and
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concentrated under vacuum. The residue was purified by silica chromatography (EtOAc-Hexane 3:1) to afford

(+)-29d (261 mg, 0.83 mmol, 63%).

Yellow oil: IR (neat): 3349, 2889, 1542, 1410, 1361, 1168, 1125, 1088 cn'’.

IH NMR: (400 MHz, CDCl;) & 8.16-8.03 (m, 1H), 7.91-7.82 (m, 1H), 7.81-7.69 (m, 2H), 5.93 (t, J = 6.0 Hz, 1H),
5.66-5.46 (m, 1H), 5.19 (t, J = 1.6 Hz, 1H), 5.18-5.13 (m, 1H), 3.90-3.82 (m, 2H), 3.78 (d, J = 6.0 Hz, 2H), 3.27
(ddd, J = 12.9, 6.6, 2.9 Hz, 1H), 3.02 (ddd, J = 12.8, 7.3, 5.4 Hz, 1H), 2.67 (s, 1H), 2.45 — 2.34 (m, 1H).

13C NMR: (100 MHz, CDCl3) & 148.16, 134.33, 133.84, 133.43, 132.99, 131.21, 125.61, 119.55, 72.74, 65.36, 49.01,
47.89.

HRMS (ESI) m/z: [M+Na*] Caled for C1,H;eN20sSNa 339.0621; Found 339.0630.

oH on 14 (10 mol%) I I
(PrC0),0 (1.05 eq.) oH 00 0”0  OH

NsHN idi
2,4,6-collidine (1.7 eq) NsHN\/k) NsHN
CHCl3 (0.01 M) B
30e 31e
(£)-29e 41%, 77% ee 31%, 98% ee

Following the general procedure for PKR, (+)—29e (27.0 mg, 0.071 mmol), isobutyric anhydride (12.4 pl, 0.075
mmol, 1.05 eq.), 2,4,6-collidine (16.0 pl, 0.12 mmol, 1.7 eq), 14 (5.91 mg, 0.0071 mmol, 0.1 eq.), dry CHCI;s (7.1
mL, 0.01 M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate =1 : 1) to give 30e and 31e.

Anti-2-benzyl-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl isobutyrate (30e)

Yellow oil: 15.3 mg

IR (neat): 3527, 3343, 2974, 2934, 1723, 1541, 1344, 1166 cm™'.

'TH NMR: (400 MHz, CDCl3) 8 8.14-8.06 (m, 1H), 7.92-7.83 (m, 1H), 7.79-7.68 (m, 2H), 7.33-7.28 (m, 2H), 7.25—
7.20 (m, 1H), 7.16 (dd, /= 6.9, 1.6 Hz, 2H), 5.82 (t, /= 6.1 Hz, 1H), 4.40 (dd, J=11.7, 3.4 Hz, 1H), 3.85 (dd, J =
11.7, 4.4 Hz, 1H), 3.67-3.52 (m, 1H), 3.38 (ddd, /= 12.6, 7.1, 3.0 Hz, 1H), 3.22 (d, /=4.5 Hz, 1H), 3.14 (ddd, J =
12.9, 8.0, 5.0 Hz, 1H), 2.74 (dd, J = 13.6, 6.0 Hz, 1H), 2.65-2.50 (m, 2H), 2.05-1.94 (m, 1H), 1.18 (dd, /= 7.0, 3.8
Hz, 6H).

13C NMR: (100 MHz, CDCl3) 4 178.21, 148.28, 138.83, 133.79, 133.63, 132.90, 131.15, 129.21, 128.84, 126.71,
125.64, 70.05, 62.31, 47.47, 44.21, 34.26, 34.10, 19.26, 19.11.

HRMS (ESI) m/z: [M+Na*] Calcd for C2;H26N207SNa 473.1353; Found 473.1364.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 5:5, flow 1.4 mL/min, 11.2 min (minor), 25.5 min

(major).
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[a]p? +5.39 (¢ 0.2 in CHCls).

Anti-3-Benzyl-4-hydroxy-1-((4-nitrophenyl)sulfonamido)butan-2-yl isobutyrate (31e)

Yellow oil: 7.81 mg

IR (neat): 3565, 3343, 2935, 1728, 1541, 1346, 1166 cm™.

'H NMR: (400 MHz, CDCl;3)  8.17-8.06 (m, 1H), 7.88-7.83 (m, 1H), 7.77-7.71 (m, 2H), 7.31-7.26 (m, 2H), 7.24—
7.17 (m, 1H), 7.16-7.11 (m, 2H), 5.89 (t, /= 6.4 Hz, 1H), 4.94 (td, J = 6.3, 4.4 Hz, 1H), 3.62-3.35 (m, 4H), 2.69—
2.50 (m, 3H), 2.16-2.01 (m, 1H), 1.83 (dd, /= 6.7, 4.4 Hz, 1H), 1.17 (dd, /= 10.0, 7.0 Hz, 6H).

13C NMR: (100 MHz, CDCl5) & 177.12, 148.15, 139.14, 134.03, 133.82, 133.14, 131.06, 129.22, 128.76, 126.59,
125.60, 72.24, 60.18, 45.07, 44.27, 34.26, 33.51, 19.27, 18.94.

HRMS (ESI) m/z: [M+Na*] Calcd for C2iH26N,0O7SNa 473.1353; Found 473.1363..

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 4:6, flow 1 mL/min, 11.4 min (major), 16.5 min
(minor).

[a]p?2 —48.2 (c 0.4 in CHCl;)

Substrate synthesis of (+)—29e

benaldehyde Ph
BnMgCl (3.0 eq.) OH oH dimetyl acetal (1.338 eq.) /k
Cul (0.3 eq.) CSA (0.05 eq.)

TBSO (@) (0]
THF (0.4 M) £ THF (1.0 M) .
~78°C, 4h Bn reflux, 28 h :
then NalO then TBAF

(£)-817 4 (+)-S18 2 steps 24% (+)-S19
NHNsBoc (1.34 eq.)
DIAD (2.0 eq.) o
H OH

PPh3 (2.0 eq.

3 ( q.) conc. HCI (0.2 M) NSHN
THF (0.1 M) ?w MeOH (0.065 M) :
50 °C, 4 days Ns . 50 °C, 26 h n

71 % én 42%

(£)-S20 (£)-29e

(£)-S19

To a 10 mL flask, Cul (523 mg, 2.75 mmol, 0.3 eq.) in THF (13 mL, 0.7 mmol) was cooled to —78 °C. Then, BnMgBr
(3.0 eq.) was slowly added to the flask and stirred for 1 h. Then, (£)-S17 (2.0 g, 9.12 mmol, prepared according to
a literature method’) in THF (10 mL) was slowly added over 30 min and stirred for another 4 h at —78 °C. The
reaction was warmed to r.t. and quenched with NH4Cl(aq) and diluted with NH3OH (aq.) the phase was separated
and the aqueous phase was extracted three times with EtOAc. The combined organics were dried (Na,SOy), filtered,
and concentrated in vacuo. To the crude product, NalO4 (12.0 mmol, 1.32 eq.) and THF:H,O 1:1 (80 mL) was
added and stirred for 16 h to give crude (+)-S18 (Small amount of crude mixture was purified by thin-layer
preparative TLC: hexane/ethyl acetate =4 : 1).
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H NMR: (400 MHz, CDCls) & 7.32-7.25 (m, 2H), 7.24-7.16 (m, 3H), 3.83-3.71 (m, 2H), 3.70-3.56 (m, 3H), 3.00
(t,J= 5.8 Hz, 1H), 2.86 (d, J = 3.8 Hz, 1H), 2.82-2.67 (m, 2H), 1.93-1.83 (m, 1H), 0.90 (s, 9H), 0.07 (s, 6H).

13C NMR: (100 MHz, CDCls) & 140.15, 129.27, 128.58, 126.27, 74.60, 65.92, 63.08, 44.01, 35.14, 25.98, 18.38, -
5.25, -5.30.

To a 50 mL flask, (+)—S18 was added Benzaldehyde dimethylacetal (1.69 ml, 11.3 mmol, 2.0 eq, ), CSA (131 mg,

0.57 mmol, 0.1 eq.) and dry THF (11 mL). The reaction mixture was stirred reflux for 28 h. The reaction mixture was

quenched with NEt3 (0.4 mL) and stirred for 15 min. Then Tetrabutylammonium fluoride (16.8 mmol) was added

and stirred for additional 24 h. The reaction mixture was diluted with water and the phase was separated and the

aqueous phase was extracted twice with EtOAc. The combined organics were dried (Na,SOs), filtered, and

concentrated and the crude product was purified by silica chromatography (EtOAc: Hexane 1:4) to afford (+)—-S19
(658 mg, 2.32 mmol, 41%).

Colorless oil: IR (neat): 3445, 2847, 1495, 1454, 1395, 1137, 1088, 1024 cm™'.

'TH NMR: (400 MHz, CDCl;3) § 7.66-7.55 (m, 2H), 7.49-7.35 (m, 5H), 7.34-7.28 (m, 1H), 7.25-7.18 (m, 2H), 5.54
(s, 1H), 4.07 (dd, J = 11.4, 4.7 Hz, 1H), 3.93-3.84 (m, 1H), 3.80-3.68 (m, 2H), 3.57 (t, J = 11.3 Hz, 1H), 2.92 (s,
1H), 2.82 (dd, J=13.7, 4.4 Hz, 1H), 2.45-2.30 (m, 1H), 2.25 (dd, /= 13.7, 9.9 Hz, 1H).

13C NMR: (100 MHz, CDCls) & 138.17, 138.03, 128.77, 128.62, 128.38, 128.07, 126.27, 126.12, 100.86, 81.98,
70.68, 62.84, 35.72, 33.92.

HRMS (ESI) m/z: [M+Na*] Calcd for C1sH2003Na 307.1305; Found 307.1289.

(£)-S20

To a 20 mL flask, (£)-S19 (620 mg, 2.18 mmol) was added NHNsBoc (883 mg, 2.92 mmol, 1.34 eq, ), PPh3 (1.14
g, 4.36 mmol, 2.0 eq.) and dry THF (22 mL). The reaction mixture was cooled to 0 °C then DIAD (0.86 mL, 4.36
mmol, 2.0 eq.) was slowly added. The reaction was warmed to 50 °C and stirred for 4 days. The crude product was
directly concentrated and the residue was purified by silica chromatography (EtOAc-hexane 1:6), then Al,O3
chromatography (EtOAc-Hexane 1:10 to 3:1) to afford (+)—S20 (890 mg, 1.56 mmol, 71%).

White amorphous: IR (neat): 2980, 1732, 1534, 1455, 1368, 1279, 1148, 1026 cm™.

'TH NMR: (400 MHz, CDCl3) 6 8.30 (dd, J = 8.0, 1.3 Hz, 1H), 7.71-7.60 (m, 2H), 7.57-7.48 (m, 3H), 7.35-7.25 (m,
5H), 7.25-7.13 (m, 3H), 5.52 (s, 1H), 4.16 (d, J = 5.9 Hz, 2H), 4.07-3.98 (m, 2H), 3.58 (t, J = 11.2 Hz, 1H), 2.95
(dd, J=14.0, 4.6 Hz, 1H), 2.34 (dd, J = 14.0, 9.7 Hz, 1H), 2.26-2.12 (m, 1H), 1.25 (s, 9H).

13C NMR: (100 MHz, CDCIl3) 4 150.37, 147.63, 138.22, 138.02, 134.14, 133.69, 132.90, 131.73, 128.81, 128.66,
128.61, 128.03, 126.56, 126.22, 124.39, 100.69, 85.14, 79.84, 70.96, 49.16, 38.45, 34.19, 27.69.

HRMS (ESI) m/z: [M+Na*] Calcd for C20H3,SN>OsNa 591.1772: Found 591.1784.
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(£)-29e

To a 20 mL flask, (+)—S20 (403 mg, 0.71 mmol) was added MeOH (10.9 mL) and conc. HCI (3.54 mL). The reaction
mixture was stirred at 50 °C for 26 h. The reaction was cooled to room temperature and quenched with NaHCO3q.).
The aqueous product was extracted twice with EtOAc. The organic layer was dried over NaxSOs, filtered and
concentrated under vacuum. The residue was purified by silica chromatography (EtOAc-Hexane 2:1) to afford rac

(£)-29e (115 mg, 0.30 mmol, 42%).

Yellowish oil: IR (neat): 3344, 3026, 2928, 1540, 1410, 1340, 1166, 1080 cm™.

H NMR: (400 MHz, CDCI;) & 8.07 (dd, J =5.9, 3.4 Hz, 1H), 7.96-7.78 (m, 1H), 7.75-7.66 (m, 2H), 7.25-7.11
(m, 5H), 6.02 (t, J = 6.1 Hz, 1H), 3.84-3.70 (m, 3H), 3.60 (dd, J = 11.1, 6.0 Hz, 1H), 3.35-3.12 (m, 2H), 2.84-2.49
(m, 3H), 1.97-1.87 (m, 1H).

13C NMR: (100 MHz, CDCl;) & 148.08, 139.46, 133.82, 133.45, 133.00, 131.10, 129.17, 128.67, 126.44, 125.55,
72.93,62.96, 48.03, 44.13, 34.75.

HRMS (ESI) m/z: [M+Na*] Calcd for C17H20N206SNa 403.0934; Found 403.0902.

oH on 14 (10 mol%) I I
(PrC0),0 (1.05 eq.) oH 0o o  on

NsHN idi H
z 2,4,6-collidine (1.7 eq.) - NsHN\/k) NsHN .
CHClI; (0.01 M) >
-55°C,48h @
30f 31f
(£)-29f 56%, 71% ee 24%, 98% ee

Following the general procedure for PKR, (+)-29f (23.6 mg, 0.064 mmol), isobutyric anhydride (11.2 pl, 0.067
mmol, 1.05 eq.), 2,4,6-collidine (14.5 pl, 0.11 mmol, 1.7 eq), 14 (5.37 mg, 0.0064 mmol, 0.1 eq.), dry CHCI; (6.4
mL, 0.01 M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate =1 : 1) to give 30f and 31f.

Anti-2-phenyl-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl isobutyrate (30f)

Yellow oil: 15.7 mg

IR (neat): 3490, 3343, 2976, 1724, 1541, 1346, 1198, 1166, 1082 cm™'.

TH NMR: (400 MHz, CDCls) & 7.90 (ddd, J = 37.4, 7.5, 1.7 Hz, 2H), 7.75-7.64 (m, 2H), 7.39-7.27 (m, 3H), 7.16—
7.07 (m, 2H), 5.79 (t, J = 5.9 Hz, 1H), 4.67 (dd, J = 11.4, 5.4 Hz, 1H), 4.25 (dd, J = 11.4, 4.6 Hz, 1H), 4.05-3.89 (m,
1H), 3.32 (d, J = 4.4 Hz, 1H), 3.06 (ddd, J =13.0, 7.1, 2.9 Hz, 1H), 2.92 (dt, J = 9.8, 5.0 Hz, 1H), 2.83 (ddd, J = 12.8,
7.8, 4.9 Hz, 1H), 2.52 (hept, J = 7.0 Hz, 1H), 1.10 (d, J = 7.0 Hz, 6H).
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13C NMR: (100 MHz, CDCl3) & 177.94, 148.22, 138.33, 133.73, 133.42, 132.82, 131.27, 129.10, 128.41, 127.84,
125.59, 71.03, 65.47, 49.52, 47.63, 34.18, 19.08, 19.01.

HRMS (ESI): calcd for C20H24N207SNa [M+Na*]: m/z=459.1196, found: m/z=459.1192.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 5:5, flow 1.4 mL/min, 15.4 min (minor), 22.8 min
(major).

[a]p? +12.8 (¢ 1.2 in CHCl).

Anti-3-Phenyl-4-hydroxy-1-((4-nitrophenyl)sulfonamido)butan-2-yl isobutyrate (31f)

Yellow oil: 6.80 mg

IR (neat): 3534, 3346, 2975, 1727, 1541, 1349, 1167, 1077 cm™!.

'H NMR: (400 MHz, CDCl3) 6 7.98-7.91 (m, 1H), 7.89-7.84 (m, 1H), 7.72 (pd, J = 7.5, 1.7 Hz, 2H), 7.39-7.27 (m,
3H), 7.25-7.20 (m, 2H), 5.56 (t, J = 6.3 Hz, 1H), 5.17 (ddd, J = 9.9, 6.5, 3.2 Hz, 1H), 3.83 —3.69 (m, 2H), 3.23 (ddd,
J=14.0,6.7, 3.2 Hz, 1H), 3.13-3.05 (m, 1H), 3.05-2.96 (m, 1H), 2.63 (hept, J = 7.0 Hz, 1H), 1.87 (dd, J = 7.6, 5.8
Hz, 1H), 1.20 (dd, J = 8.8, 7.0 Hz, 6H).

13C NMR: (100 MHz, CDCIl3) 4 177.52, 148.10, 138.03, 133.88, 133.76, 133.07, 131.06, 129.31, 128.71, 128.07,
125.68, 72.10, 63.30, 49.73, 45.42,34.31, 19.23, 18.91.

HRMS (ESI) m/z: [M+Na*] Calcd for C20H24N,07SNa 459.1196; Found 459.1179.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 4:6, flow 1 mL/min, 10.8 min (minor), 12.6 min
(major).

[a]p? —32.4 (c 0.5 in CHCL).

Substrate synthesis of (+)—29f

benaldehyde Ph
PhLi (9.31 eq.) OH oH dimetyl acetal (2.0 eq.) /k
Cul (4.7 eq.) CSA (0.1 eq.)

TBSO (@) (0]
THF (0.09 M) H THF (0.5 M) g
~23°C, 17 h Ph reflux, 12 h :

then NalO then TBAF
(£)-817 71% 4 (+)-S21 95% (+)-S22

NHNsBoc (1.34 eq.) Ph

DIAD (2.0 eq.) )\

PPh; (2.0 eq.) O (0] conc. HCI (0.2 M) OH OH
_— BocNsN _— NsHN

THF (0.1 M) MeOH (0.065 M)

50 °C, 2 days Ph 50°C,25h Ph

73 % 22%
(+)-S23 (+)-29f

(£)-S21

To a dry flask, equipped with a stir bar was added Cul (8.95 g, 47.0 mmol, 4.7 eq.), dry THF (111 mL, 0.09 M) under
Argon. The reaction vessel was cooled to -23 °C and PhLi (93.1 mmol, 9.31 eq.) was slowly added. The reaction
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mixture was stirred for another 1 h at the same temperature. Then (£)-S17 (2.18 g, 10 mmol, prepared according to
a literature method’) in dry THF (25 mL) was added dropwise and warmed up to room temperature and stirred for
over night. The reaction mixture was quenched with NH4Cl and diluted with NH3OH agq. the phase was separated
and the aqueous phase was extracted twice with EtOAc. The combined organics were dried (Na,SOs), filtered, and
concentrated in vacuo. To the crude product, NalO4 (13.2 mmol, 1.32 eq.) and THF:H,O 1:1 (104 mL) was added
and stirred for 10 h. The crude product was concentrated and was purified by silica chromatography (EtOAc: Hexane

1:4 to 1:3) to afford (+)—S21 (2.09 g, 7.06 mmol, 71%).

Colorless oil: IR (neat): 3382, 2953, 2930, 2857, 1467, 1122, 1079, 1005 cm™'.

'H NMR: (400 MHz, CDCls) § 7.38-7.27 (m, 3H), 7.21-7.11 (m, 2H), 4.12 (ddd, J = 11.0, 7.9, 4.0 Hz, 1H), 4.07—
4.00 (m, 1H), 3.87-3.78 (m, 1H), 3.48-3.24 (m, 2H), 3.09 (dd, J = 8.4, 4.0 Hz, 1H), 2.98 (d, J = 4.5 Hz, 1H), 2.91
(ddd, J=9.6, 7.8, 4.6 Hz, 1H), 0.87 (d, J = 0.9 Hz, 9H), -0.02 (s, 6H).

3C NMR: (100 MHz, CDCls) & 139.50, 128.87, 128.19, 127.24, 75.93, 66.97, 65.38, 50.27, 25.92, 18.29, -5.39, -
5.43.

HRMS (ESI) m/z: [M+Na*] Calcd for C16H2303SiNa 319.1700; Found 319.1689.

(+)-S22

To a 10 mL flask, (£)—-S21 (95.8 mg, 0.323 mmol) was added Benzaldehyde dimethylacetal (0.096 ml, 0.646 mmol,
2.0 eq, ), CSA (7.5 mg, 0.03 mmol, 0.1 eq.) and dry THF (0.65 mL). The reaction mixture was stirred reflux for 12
h. The reaction mixture was quenched with NEt3 (0.02 mL) and stirred for 15 min. Then Tetrabutylammonium
fluoride (2.5 mmol) was added and stirred for additional 24 h. The reaction mixture was diluted with water and the
phase was separated and the aqueous phase was extracted twice with EtOAc. The combined organics were dried
(NaySOy), filtered, and concentrated and the crude product was purified by silica chromatography (EtOAc: Hexane
1:5 to 1:4) to afford (+)—S22 (83.1 mg, 0.31 mmol, 95%).

Colorless oil: IR (neat): 3453, 3033, 2923, 2860, 1455, 1378, 1135, 1088, 1023 cm.

"H NMR: (400 MHz, CDCls) 8 7.65-7.58 (m, 2H), 7.47-7.28 (m, 6H), 7.27-7.14 (m, 2H), 5.72 (s, 1H), 4.28 (dd, J =
11.3,4.9 Hz, 1H), 4.18-4.10 (m, 1H), 4.01 (t, /= 11.4 Hz, 1H), 3.60-3.43 (m, 2H), 3.16 (td, /= 11.0, 4.9 Hz, 1H),
2.53-2.45 (m, 1H).

3C NMR: (100 MHz, CDCl3) § 138.09, 137.06, 129.07, 128.89, 128.31, 128.19, 127.53, 126.26, 101.37, 81.88, 71.86,
63.06, 42.44.

HRMS (ESI) m/z: [M+Na*] Calcd for Ci7H;1303Na 293.1148; Found 293.1120.

(£)-S23

To a 20 mL flask, (£)-S22 (83 mg, 0.31 mmol) was added NHNsBoc (125 mg, 0.42 mmol, 1.34 eq, ), PPh; (161
mg, 0.62 mmol, 2.0 eq.) and dry THF (3.1 mL). The reaction mixture was cooled to 0 °C then DIAD (0.12 mL, 0.62
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mmol, 2.0 eq.) was slowly added. The reaction was warmed to 50 °C and stirred for 2 days. The crude product was
directly concentrated and the residue was purified by silica chromatography (Acetone-hexane 1:4), then recrystallized
with EA/hexane systems to afford white crystals. The crystals were collected by filtration and were washed with

hexane to afford (£)—S23 (124 mg, 0.22 mmol, 73%).

White solid: IR (neat): 2985, 1740, 1543, 1454, 1366, 1281, 1178, 1151, 1120 cm™.

'H NMR: (400 MHz, CDCls) 6 8.30 (dd, J = 8.0, 1.3 Hz, 1H), 7.76-7.60 (m, 4H), 7.51 (ddd, J = 8.7, 7.1, 1.7 Hz,
1H), 7.42—7.27 (m, 8H), 5.74 (s, 1H), 4.52 (td, J = 10.3, 2.5 Hz, 1H), 4.26 (dd, J = 11.4, 4.8 Hz, 1H), 4.11 (dd, J =
15.1,10.3 Hz, 1H), 3.98 (t, J = 11.3 Hz, 1H), 3.73 (dd, J = 15.1, 2.5 Hz, 1H), 3.04 (id, J = 10.8, 4.8 Hz, 1H), 1.23 (s,
9H).

13C NMR: (100 MHz, CDCl5) & 150.38, 147.71, 138.12, 136.58, 134.10, 133.93, 132.96, 131.80, 129.17, 128.85,
128.30, 128.24, 127.87, 126.37, 124.43, 101.17, 85.11, 78.44, 72.56, 49.36, 45 .45, 27.83.

HRMS (ESI) m/z: [M+Na*] Calcd for C2sH30SN,OsNa 577.1615; Found 577.1627.

m.p.: 160 °C

(*)—29f

To a 10 mL flask, (£)-S23 (230 mg, 0.41 mmol) was added MeOH (6.4 mL) and conc. HCI (2.1 mL). The reaction
mixture was stirred at 50 °C for 25 h. The reaction was cooled to room temperature and quenched with NaHCO3q.).
The aqueous product was extracted twice with EtOAc. The organic layer was dried over NaxSQs, filtered and
concentrated under vacuum. The residue was purified by silica chromatography (EtOAc-Hexane 2:1) to afford

(£)-23f (33 mg, 0.09 mmol, 22%).

Colorless oil: IR (neat): 3343, 2928, 1595, 1540, 1409, 1362, 1167, 1080 cm'.

'TH NMR: (400 MHz, CDCl3) 6 7.93 (dd, J = 7.5, 1.8 Hz, 1H), 7.84 (dd, J = 7.7, 1.6 Hz, 1H), 7.75-7.60 (m, 2H),
7.37-7.27 (m, 3H), 7.17-7.06 (m, 2H), 5.86 (t, J = 6.0 Hz, 1H), 4.24-4.15 (m, 1H), 4.11-4.00 (m, 2H), 3.96-3.86
(m, 1H), 3.00 (ddd, J = 13.0, 6.1, 3.0 Hz, 1H), 2.96-2.80 (m, 2H), 2.69 (d, J = 5.6 Hz, 1H).

13C NMR: (100 MHz, CDCls) & 148.10, 138.36, 133.75, 133.20, 132.85, 131.22, 129.18, 128.19, 127.70, 125.55,
74.36, 66.85, 50.62, 47.88.

HRMS (ESI) m/z: [M+Na*] Caled for CisH1sN2O6S 389.0778; Found 389.0769.

Determination of absolute configuration of (S)-30a

81



OH O /Fﬂ /k

(@) (0]
HO — o” o
\[]/(S)k)LOH H o\/k) _— BochN\/(s)k) >
o (S) H
Me Me
(S)-32 . (5)-33
reported

DMAP (0.2 eq.)

OH , OH 0
(PrCO),0 (1.05 eq.)
NSHN\/(;)\=/\OH 2,4,6-collidine (1.7 eq.) NSHN\/(;)\=/\O)H/
l\=/|e > Me
(S)-29a CHS'SC(O'ZOi M) (S)-30a
: 87%

[a]p?" = - 20.0 (¢ 0.9 in CHCl3)

(S)-32 was prepared by previously reported mrthod®. The experimental procedure for Mitsunobu reaction and

deprotection of N-Boc, and benzylidene acetal is already reported above (p.65-66).

(5)-33: [a]p? +56.1 (c 1.0 in CHCls).
(S)-29a: [a]p? +32.2 (c 0.9 in CHCls).

Synthesis of (S)-30a

To a dry flask, equipped with a stir bar was added (S)-29a (0.048 mmol), DMAP (0.0096 mmol, 0.2 eq.), dry CHCl;
(2.4 mL, 0.02 M) under Argon. The reaction vessel was then sonicated for several minutes (to allow for mixing).
Then 2.4.6-collidine (10.8 puL, 1.7 eq.) was added. The resulting solution was stirred for 15 min at -55 °C and then
('PrCO),0 (8.37 pL, 1.05 eq.) was added in one portion. The mixture was stirred at 0 °C for 2 h. The reaction was
subsequently quenched at rt through the addition of methanol. Then, the solution was concentrated under vacuum
and diluted with ethyl acetate, water and 1N HCI. The separated organic layer was dried over Na,SOs, filtered, and
concentrated under reduced pressure. The crude product was purified by preparative TLC purification (EA-hexane

4:3) to yield the (S)-30a: 87%, (S)-31a: 5%, diacylate: 6%

Acylation of N-H protected substrate (+)—34

14 (10 mol%) NS\N/\/\/O\H/ Ns\N/\|/\/OH
Ns. OH Ac,0 (1.05 eq.) | |

N/\/\/ 2,4,6-collidine (1.7 eq.) Me OH o) Me o\n/

N:e OH > o
CHCI; (0.01 M)
-55°C,48 h 35 36
(+)-34 pri-OAc sec-OAc
79% vyield, 2% ee 6% vyield, 35% ee

To a dry flask, equipped with a stir bar was added (+)-34 (0.07 mmol), 14 (0.007 mmol, 0.1 eq.), dry CHCI3 (7.0
mL, 0.01 M) under Argon. The reaction vessel was then sonicated for several minutes (to allow for mixing). Then
2.4.6-collidine (15.7 pL, 1.7 eq.) was added. The resulting solution was stirred for 15 min at -55 °C and then AcoO
(7.0 uL, 1.05 eq.) was added in one portion. The mixture was stirred at -55 °C for 48 h. The reaction was subsequently
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quenched at -55 °C through the addition of methanol and warmed up to room temperature. Then, the solution was
concentrated under vacuum and the crude product was added 1N HCI (1.4 ml) and the phase was separated and
aqueous phase was extracted twice with EtOAc. The combined organics were dried (Na,SOs), filtered, and
concentrated and the crude product was purified by preparative TLC purification (EA-hexane 1:2) for 3 times to yield

the product 35 (79%, 2% ee), 36 (7%, 35% ee).

3-hydroxy-4-((N-methyl-4-nitrobenzene)sulfonamido)-1-butyl acetate (35)

Yellow oil: 19.1 mg

IR (neat): 3515, 2965, 2921, 1732, 1545, 1371, 1247, 1166, 1049 cm’".

TH NMR: (400 MHz, CDCls) 6 8.04-7.94 (m, 1H), 7.76-7.66 (m, 2H), 7.66-7.57 (m, 1H), 4.33 (ddd, /= 11.3, 8.9,
4.8 Hz, 1H), 4.16 (dt, J=11.1, 5.4 Hz, 1H), 3.99-3.87 (m, 1H), 3.33-3.20 (m, 2H), 3.00 (s, 3H), 2.76 (dd, J = 4.3,
2.6 Hz, 1H), 2.05 (s, 3H), 1.91-1.62 (m, 2H).

3C NMR: (100 MHz, CDCl3) 8 171.69, 148.29, 133.86, 131.99, 131.78, 131.17, 124.27, 67.00, 61.13, 55.99, 36.32,
33.76, 21.09.

HRMS (ESI) m/z: [M+H*] Calcd for C13H9N207S 347.0907; Found 347.0907.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 3:7, flow 1 mL/min, 24.5 min (minor), 37.5 min

(major).

Synthesis of (+)-34

Mel (2.0 eq.)
Ns\N/\|/\/OTBDPS K,CO3 (2.0 eq.) Ns\N/\|/\/OTBDPS TBAF (2.0 eq.) NS\N/Y\/OH
H - | - |
OH DMF (0.31 M) Me OH THF (0.1 M) Me OH
rt, 24 h 0°Ctort,12h
(+)-S2 77% (+)-S24 81% (+)-34

(+)-S24

To a 10 mL flask, (x)-S2 (200 mg, 0.38 mmol) was added K,CO3 (105 mg, 0.76 mmol), Mel (47.1 pL, 0.76 mmol)
and DMF (1.2 mL). The reaction vessel was stirred rt for 24 h. The reaction was quenched with H,O and the phase
was separated and the aqueous phase was extracted twice with EtOAc/Hexane 1/1. The combined organics were dried
(NaySOy), filtered, and concentrated and the crude product was purified by silica chromatography (EtOAc: Hexane
1:1) to afford (£)-S24 (158 mg, 0.29 mmol, 77%).

Yellow oil: IR (neat): 3498, 2932, 2859, 1546, 1369, 1167, 1110, 909 cm''.

H NMR: (400 MHz, CDCls) § 8.04 — 7.95 (m, 1H), 7.74 — 7.64 (m, 6H), 7.64 — 7.57 (m, 1H), 7.50 — 7.35 (m, 6H),
4.17 (qd, J= 4.8, 2.2 Hz, 1H), 3.97 — 3.83 (m, 2H), 3.47 (d, J= 2.8 Hz, 1H), 3.40 — 3.25 (m, 2H), 3.03 (s, 3H), 1.82
— 1.71 (m, 2H), 1.06 (s, 9H).

13C NMR: (100 MHz, CDCls) 5148.31, 135.59, 135.56, 133.65, 132.92, 132.81, 132.16, 131.67, 130.95, 130.01,
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129.99, 127.93, 124.15, 70.02, 62.79, 55.89, 36.30, 35.80, 26.87, 19.09.
HRMS (ESI) : calcd for C27H34N206SSiNa [M+Na*]: m/z=565.1799, found: m/z=565.1798.

()34

To a 20 mL flask, ()-S24 (158 mg, 0.29 mmol) was added THF (5.8 mL) and the reaction vessel was stirred at 0 °C
for 10 min. Then TBAF (0.58 mmol) was added and stirred for 12 h. The reaction was diluted with water and the
phase was separated and the aqueous phase was extracted twice with EtOAc. The combined organics were dried
(NaxS0sy), filtered, and concentrated and the crude product was purified by silica chromatography (CHClz: MeOH
40:1) to afford (+)-34 (72 mg, 0.23 mmol, 81%).

Yellow oil: IR (KBr): 3384, 2936, 1544, 1441, 1343, 1165, 1058 cm™.

'H NMR: (400 MHz, CDCls)  8.01-7.93 (m, 1H), 7.74-7.64 (m, 2H), 7.64-7.57 (m, 1H), 4.09 (td, /= 7.8, 3.8 Hz,
1H), 3.83 (dtd, J=15.4, 11.2, 5.1 Hz, 2H), 3.35-3.20 (m, 3H), 2.99 (s, 3H), 2.62-2.57 (m, 1H), 1.80-1.60 (m, 2H).
13C NMR: (100 MHz, CDCls) 5148.30, 133.87, 131.92, 131.82, 130.91, 124.26, 69.12, 60.63, 56.17, 36.25, 35.83.
HRMS (ESI) m/z: [M+Na*] Calcd for C11H16N2OsSNa 327.0621; Found 327.0600.
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General Procedures for kinetic resolution of tertiary alcohols ((+)-37a-37h)

14 (10 mol%)

Ac,0 (0.5 eq.)

R OH R OH R OH

2,4,6-collidine (1.7 eq.) NsHN Q 2
NSHNNOH > S \)\/\OH NSHN\A/\OAC
(+)-37a-37h CHCl; (0.01 M) recovery of Acylate
-55°C, 48 h 37a-37h 38a-38h

To a dry flask, equipped with a stir bar was added (£)-37a-37h (0.08 mmol), 14 (0.008 mmol, 0.1 eq.), dry CHCl;
(9.0 mL, 0.01 M) under Argon. The reaction vessel was then sonicated for several minutes (to allow for mixing).
Then 2.4.6-collidine (18.0 puL, 1.7 eq.) was added. The resulting solution was stirred for 15 min at -55 °C and then
AcyO (3.8 uL, 0.50 eq.) was added in one portion. The mixture was stirred at -55 °C for 48 h. The reaction was
subsequently quenched at -55 °C through the addition of methanol and warmed up to room temperature. Then, the
solution was concentrated under vacuum and diluted with ethyl acetate, water and 1N HCI. The separated organic
layer was dried over Na SOy, filtered, and concentrated under reduced pressure. The crude product was purified by
preparative TLC purification (EA-hexane 2:1) to yield the acylate 38a-38h and recovery of 37a-38h.

14 (10 mol%)
Ac,0 (0.5 eq.)

Me, OH i~ Me, OH Me, OH
2,4,6-collidine (1.7 eq.) NsHN S Z
NSHN\)Q/\OH - s \)\/\OH NSHNNOAC
(£)-37a CHCI3 (0.01 M) recovered 37a 38a
- -55°C,48h 44% vyield, 95% ee 47% yield, 87% ee

Following the general procedure for KR, (+)-37a (21.0 mg, 0.069 mmol), acetic anhydride (3.25 pl, 0.034 mmol,
0.50 eq.), 2,4,6-collidine (15.5 pl, 0.12 mmol, 1.7 eq), 14 (5.74 mg, 0.0069 mmol, 0.1 eq.), dry CHCI3 (6.9 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate = 1 : 2) to give 37a and 38a.

(R)-N-(2,4-dihydroxy-2-methylbutyl)-4-nitrobenzenesulfonamide (37a)

Yellow oil: 9.22 mg.

IR (neat): 3343, 1541, 1409, 1362, 1344, 1166, 1345, 1166 cm™'.

'"H NMR: (400 MHz, CDCls) & 8.17-8.07 (m, 1H), 7.93-7.82 (m, 1H), 7.80-7.69 (m, 2H), 5.92 (s, 1H), 4.04-3.89
(m, 2H), 3.26 (s, 1H), 3.08 (q, J = 12.5 Hz, 2H), 2.00-1.93 (m, 2H), 1.67 (ddd, J = 14.9, 5.9, 3.4 Hz, 1H), 1.28 (s,
3H).

13C NMR: (100 MHz, CDCls) & 148.20, 133.75, 133.59, 132.93, 131.20, 125.55, 72.40, 59.48, 53.26, 39.54, 25.19.
HRMS (ESI) m/z: [M+Na*] Calcd for C11H16N20sSNa 327.0621; Found 327.0621.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 3:7, flow 1.0 mL/min, 9.2 min (major), 11.7
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min (minor).

[a]p*! —22.1 (c 0.8 in CHCL;).

(8)-3-hydroxy-3-methyl-4-((4-nitrophenyl)sulfonamido)butyl acetate (38a)

Yellow oil: 11.3 mg.

IR (neat): 3518, 3349, 1733, 1541, 1365, 1248, 1167 cm™.

H NMR: (400 MHz, CDCl;) & 8.18-8.05 (m, 1H), 7.94-7.84 (m, 1H), 7.78-7.71 (m, 2H), 5.76 (t, J= 6.4 Hz, 1H),
4.23 (t,J= 6.5 Hz, 2H), 3.12-2.96 (m, 2H), 2.24 (s, 1H), 2.05 (s, 3H), 1.99-1.76 (m, 2H), 1.26 (s, 3H).

13C NMR: (100 MHz, CDCl3) 6 171.19, 148.21, 133.85, 133.53, 132.97, 131.22, 125.59, 71.34, 60.77, 53.01, 37.74,
25.04, 21.16.

HRMS (ESI) m/z: [M+Na*] Calcd for C13H3N,07SNa 369.0727; Found 369.0722.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 4:6, flow 1 mL/min, 29.5 min (minor), 67.9 min
(major).

[a]p! +2.22 (¢ 0.9 in CHCls).

Synthesis of (+)-37a

NH,Ns (1.5 eq.)
TEBAC (0.2 eq.)

Me R KoCOs (0.2 Me_ OH TBAF (2.0 eq.) Me OH
C[)>l\/\ 2C03 (0.2 eq.)
> NsHN X _~ > NsHN. X _~.
OTBS 1 4_dioxane (2.0 M) OTBS  THF (0.1 M) OH
] 90°C, 28 h ) 0°Ctort, 34 h ]
(£)-525 .2 (+)-526 oy (+)-37a

N-(4-((tert-butyldimethylsilyl)oxy)-2-hydroxy-2-methylbutyl)-4-nitrobenzenesulfonamide ((+)—S26)

To a screw capped vial equipped with a stir bar was added tert-butyldimethyl(2-(2-methyloxiran-2-yl)ethoxy)silane
(£)-S25 (866 mg, 4 mmol, prepared according to a literature method') was added oNsNH> (1.21 g, 6 mmol, 1.5 eq.),
K>COs3 (111 mg, 0.8 mmol, 0.2 eq.), Benzyltriethylammonium Chloride (182 mg, 10.8 mmol, 0.2 eq.) and dry 1,4-
dioxane (2 mL). The reaction mixture was stirred at 90 °C for 28 h. The reaction mixture was diluted with EtOAc,
washed by H,O, dried over Na,SO4, and concentrated under reduced pressure. The crude residue was purified by

silica chromatography (EA-hexane 1:2) to yield (£)-S26 (1.20 g, 2.86 mmol, 71%).

Yellow oil: IR (neat): 3456, 2954, 2931, 2858, 1542, 1406, 1361, 1170, 1083 cm"".
H NMR: (400 MHz, CDCls) & 8.11-7.96 (m, 1H), 8.05-8.01 (m, 1H), 7.71-7.67 (m, 2H), 5.76 (t, J= 6.1 Hz, 1H),
4.11 (s, 1H), 3.98-3.73 (m, 2H), 3.09-2.90 (m, 2H), 1.94-1.84 (m, 1H), 1.57-1.51 (m, 1H), 1.18 (s, 3H), 0.80 (s, 9H),
0.01 (s, 3H), -0.01 (s, 3H).
13C NMR: (100 MHz, CDCl;) & 147.93, 133.64, 133.11, 132.70, 130.89, 125.18, 71.88, 60.10, 53.03, 38.84, 25.65,
24.63,17.83, -5.81, -5.84.
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HRMS (ESI) m/z: [M+Na*] Calcd for Ci7H30N206SSiNa 441.1486; Found 441.1472.

N-(2,4-dihydroxy-2-methylbutyl)-4-nitrobenzenesulfonamide ((£)-37a)

To a solution of (£)-S26 (556 mg, 1.33 mmol) in THF (0.1 M, 10 mL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (2.66 mL, 2.66 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 24 h
and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined organics
were dried over Na,SQOs, filtered, and concentrated. Purification by column chromatography (EA only) to give

(£)-37a (376 mg, 1.24 mmol, 93 %).

14 (10 mol%)
Ac,0 (0.5 eq.)

Et OH - Et. OH Et, OH
2,4,6-collidine (1.7 eq.) > %
NsHN NsHN NsHN
S \)k/\OH > S \)\/\OH S \A/\OAC
(+)-37b CHClI3 (0.01 M) recovered 37b 38b
- -55°C,48h 32% yield, 99% ee 43% yield, 81% ee

Following the general procedure for KR, (£)-37b (22.3 mg, 0.070 mmol), acetic anhydride (3.31 pl, 0.035 mmol,
0.50 eq.), 2,4,6-collidine (15.8 ul, 0.12 mmol, 1.7 eq), 14 (5.83 mg, 0.0070 mmol, 0.1 eq.), dry CHCI; (7.0 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate = 1 : 2) to give 37b and 38b.

(R)-N-(2-ethyl-2,4-dihydroxybutyl)-4-nitrobenzenesulfonamide (37b)

Colorless oil: 7.10 mg.

IR (neat): 3360, 2971, 2942, 2887, 1542, 1409, 1362, 910 cm’".

'"H NMR: (400 MHz, CDCls) 6 8.18-8.07 (m, 1H), 7.92-7.82 (m, 1H), 7.81-7.67 (m, 2H), 4.00-3.80 (m, 2H), 3.08
(ABq, 2H, Adag = 0.02, Jap= 12.4 Hz), 1.92-1.70 (m, 2H), 1.63 (q, J= 7.5 Hz, 2H), 0.88 (t, /= 7.5 Hz, 3H).

13C NMR: (100 MHz, CDCls)  148.24, 133.74, 133.55, 132.91, 131.22, 125.57, 74.37, 59.31, 50.60, 36.76, 30.55,
8.09.

HRMS (ESI) m/z: [M+Na*] Caled for C12H1sN>,O6sSNa 341.0778; Found 341.0762.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 4:6, flow 1.0 mL/min, 11.7 min (minor), 18.9 min
(major).

[a]P21 —17.2 (c 0.8 in CHCL;).

(8)-3-hydroxy-3-(((4-nitrophenyl)sulfonamido)methyl)pentyl acetate (38b)

Colorless oil: 10.9 mg.
IR (neat): 3514, 3352, 2972, 1732, 1542, 1365, 1251, 1170, 913 cm’".
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'H NMR: (400 MHz, CDCl;) & 8.18-8.05 (m, 1H), 7.92-7.84 (m, 1H), 7.79-7.71 (m, 2H), 5.71 (t, J= 6.4 Hz, 1H),
4.19 (t, J= 6.6 Hz, 2H), 3.05 (s, J = 6.5 Hz, 2H), 2.20 (s, 1H), 2.05 (s, 3H), 1.88 (t, /= 7.1 Hz, 2H), 1.66—1.48 (m,
2H), 0.89 (t, J=7.5 Hz, 3H).

13C NMR: (100 MHz, CDCl3) & 171.18, 148.23, 133.84, 133.48, 132.96, 131.23, 125.60, 73.44, 60.58, 50.58, 34.59,
30.14,21.14, 7.95.

HRMS (ESI) m/z: [M+H*] Calcd for C14H21N207S 361.1064; Found 361.1046.

HPLC condition: (DAICEL CHIRALPAK ID 2-propanol/hexane 4:6, flow 1 mL/min, 36.2 min (major), 42.9 min
(minor).

[0]P21 —7.63 (c 1.1 in CHCL;).

Synthesis of (+)-37b

NH,Ns (1.5 eq.)
TEBAC (0.2 eq.)
Et. OH

Et 2) Et
mCPBA (1.5 eq.) o K,CO3 (0.2 q.)
> — » NsHN
NOTBS l>|\/\OTBS \)k/\oms

DCM (1.0 M) 1,4-dioxane (2.0 M)
(#)-827 0°Ctort, 21h (+)-S28 90 °C, 23 h (+)-529
2steps 43%

TBAF (2.0 eq. Et, OH
20ea) NSHN X~

THF (0.1 M)
0°Ctort, 7 h (+)-37b
89%

N-(4-((tert-butyldimethylsilyl)oxy)-2-ethyl-2-hydroxybutyl)-4-nitrobenzenesulfonamide ((+)—-S29)

To a solution of (+)—S27 (411 mg, 1.92 mmol, prepared according to a literature method?) in DCM (1.0 M, 1.92
mL) was cooled to 0 °C was added mCPBA (496 mg, 2.88 mmol, 1.5 eq.). The mixture was warmed up to room
temperature for 21 h and quenched with sat. NaHCO3 (aq) and Na,S>0; (aq). The aqueous phase was extracted with
DCM twice, and the combined organics were dried over Na>SQs, filtered, and concentrated to give (+)—S28. The
crude material was used without purification.

To a screw capped vial equipped with a stir bar was added tert-butyl(2-(2-ethyloxiran-2-yl)ethoxy)dimethylsilane
((£)-S28) was added oNsNH» (528 mg, 2.61 mmol, 1.5 eq.), K.CO3 (48 mg, 0.35 mmol, 0.2 eq.),
Benzyltriethylammonium Chloride (79 mg, 0.35 mmol, 0.2 eq.) and dry 1,4-dioxane (0.87 mL). The reaction mixture
was stirred at 90 °C for 23 h. The reaction mixture was diluted with EtOAc, washed by H»O, dried over Na;SO4, and
concentrated under reduced pressure. The crude residue was purified by silica chromatography (EA-hexane 1:3) to

yield (£)—-S29 (352 mg, 0.81 mmol, 2 steps 47%).

Yellow oil: IR (neat): 3456, 2954, 2932, 2885, 2859, 1542, 1406, 1361, 1171, 1084 cm’".
H NMR: (400 MHz, CDCL3) & 8.09-7.98 (m, 1H), 7.83-7.75 (m, 1H), 7.74-7.65 (m, 2H), 5.72 (t, J = 6.1 Hz, 1H),
4.09 (s, 1H), 3.88-3.78 (m, 2H), 3.06-2.94 (m, 2H), 1.87-1.44 (m, 4H), 0.86-0.74 (m, 12H), 0.02 (s, 3H), -0.01 (s,
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3H).

13C NMR: (100 MHz, CDCl;) & 148.09, 133.67, 133.18, 132.73, 131.02, 125.30, 74.02, 60.09, 50.32, 35.92, 30.18,
25.72,17.92, 8.09, -5.75.

HRMS (ESI) m/z: [M+Na*] Caled for C1sH3,N206SSiNa 455.1643; Found 455.1620.

N-(2,4-dihydroxy-2-methylbutyl)-4-nitrobenzenesulfonamide ((+)-37b)

To a solution of S29 (352 mg, 0.814 mmol) in THF (0.1 M, 8.1 mL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (1.63 mL, 1.63 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 7 h
and quenched with sat. NH4Cl (aq). The aqueous phase was extracted with EtOAc twice, and the combined organics
were dried over Na,SQOs, filtered, and concentrated. Purification by column chromatography (EA only) to give

(£)-37b (284 mg, 0.73 mmol, 89%).

14 (10 mol%) Q
OH Ac,0 (0.5 eq.) QH OH

Z

2,4,6-collidine (1.7 eq.) R 2,
NsHN NsHN NsHN
s OH > ° OH SN A~
(4)-37¢ CHCI3 (0.01 M) recovered 37¢ 38¢c
- -55°C,48h 51% vyield, 78% ee 45% vyield, 89% ee

Following the general procedure for KR, (+)-37¢ (26.6 mg, 0.070 mmol), acetic anhydride (3.31 ul, 0.035 mmol,
0.50 eq.), 2,4,6-collidine (15.8 pul, 0.12 mmol, 1.7 eq), 14 (5.83 mg, 0.0070 mmol, 0.1 eq.), dry CHCI; (7.0 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate = 1 : 2) to give 37¢ and 38c.

(R)-N-(2-benzyl-2,4-dihydroxybutyl)-4-nitrobenzenesulfonamide (37c¢)

Colorless oil: 13.5 mg.

IR (neat): 3358, 2929, 1540, 1412, 1362, 1168, 1064, 910, 734 cm'.

'"H NMR: (400 MHz, CDCl3)  8.08-8.03 (m, 1H), 7.88-7.82 (m, 1H), 7.75-7.68 (m, 2H), 7.32-7.26 (m, 2H), 7.24—
7.19 (m, 3H), 6.03 (s, 1H), 3.99-3.81 (m, 2H), 3.24 (s, 1H), 3.06 (s, 3H), 2.89 (ABq, 2H, Adas = 0.03, Jag= 13.7
Hz), 2.21 (brs, 1H), 1.90-1.69 (m, 2H).

13C NMR: (100 MHz, CDCls) & 148.21, 136.11, 133.75, 133.46, 132.90, 131.23, 130.64, 128.64, 127.04, 125.55,
74.07,59.21, 50.63, 44.38, 37.68.

HRMS (ESI) m/z: [M+Na"] Calcd for C17H20N206SNa 403.0934; Found 403.0949.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 16.2 min (major), 29.8 min
(minor).

[0]p?! —8.84 (c 0.4 in CHCls).

(8)-3-benzyl-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl acetate (38¢)
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Colorless oil: 10.9 mg.

TH NMR: (400 MHz, CDCls) 8 8.14-8.02 (m, 1H), 7.93-7.81 (m, 1H), 7.79-7.69 (m, 2H), 7.35-7.26 (m, 3H), 7.24—
7.17 (m, 2H), 5.77 (t, J= 6.3 Hz, 1H), 4.32—4.14 (m, 2H), 3.08 (d, /= 6.2 Hz, 2H), 2.88 (s, 2H), 2.17 (d, /= 0.8 Hz,
1H), 2.04 (d, J= 0.8 Hz, 3H), 1.86 (t, J = 6.5 Hz, 2H).

13C NMR: (100 MHz, CDCls) & 171.15, 148.25, 135.47, 133.86, 133.40, 132.94, 131.25, 130.60, 128.86, 127.32,
125.62,72.99, 60.51, 50.50, 43.85, 35.51, 21.16.

HRMS (ESI) m/z: [M+Na*] Caled for C19H22N>,07SNa 445.1040; Found 445.1053.

IR (neat): 3523, 3342, 1732, 1541, 1411, 1364, 1249, 1169, 734 cm™'.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 4:6, flow 1 mL/min, 12.4 min (major), 25.7 min
(minor).

[a]p! +2.37 (¢ 1.2 in CHCls).

Synthesis of (+)-37¢

3) TBSCI (1.5 eq.)
imidazole (1.5 eq.) mCPBA (1.5 eq.)

Y\/OH - Y\/OTBS I>I/\/OTBS
DCM (0.5 M) DCM (1.0 M) 0

B Bn B
n 0°Ctort, 18 h 0°Ctort, 35h n
88Y% t.

(+)-S30 ° (£)-831 quan (+)-832
NH.Ns (1.5 eq.)
TEBAC (0.2 eq.)
K,CO3 (0.2 eq.) oH TBAF (2.0 eq.) o

~ .~ NsHN NsHN
14-dioxane 2.0 M) OTBS THF (0.1 M) OH
80°C, 26 h O0°Ctort,25h
42% (+)-833 82% (£)-37¢

((3-benzylbut-3-en-1-yl)oxy)(tert-butyl)dimethylsilane ((+)-S31)

To a solution of (+)—S30 (203 mg, 1.25 mmol, prepared according to a literature method?) in DCM (0.5 M, 2.5 mL)
was cooled to 0 °C was added imidazole (128 mg, 1.88 mmol, 1.5 eq.) and TBSCI (283 mg, 1.88 mmol, 1.5 eq.).
The mixture was warmed up to room temperature for 18 h and quenched with 1N HCl (aq). The aqueous phase was
extracted with DCM three times, and the combined organics were dried over Na;SOs, filtered, and concentrated
under reduced pressure. The crude residue was purified by silica chromatography (Acetone-hexane 1:80) to yield

(+£)-S31 (303 mg, 1.10 mmol, 88%).

Colorless oil: IR (neat): 2953, 2930, 2857, 1469, 1254, 1099, 835 cm-'.
'"H NMR: (400 MHz, CDCl3) 6 7.35-7.29 (m, 2H), 7.26-7.19 (m, 3H), 4.91-4.88 (m, 1H), 4.84-4.82 (m, 1H), 3.72
(t, J=7.0 Hz, 2H), 3.40 (s, 2H), 2.25 (t, /= 7.0 Hz, 2H), 0.93 (s, 9H), 0.07 (s, 6H).
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13C NMR: (100 MHz, CDCls) § 146.29, 139.74, 129.18, 128.42, 126.22, 112.93, 62.44, 43.60, 38.83, 26.09, 18.45,
-5.17.
HRMS (ESI) m/z: [M+H*] Calcd for C17H2908i 277.1982; Found 277.1957.

(2-(2-benzyloxiran-2-yl)ethoxy)(tert-butyl)dimethylsilane ((+)—S32)

To a solution of (+)-S31 (303 mg, 1.10 mmol) in DCM (1.0 M, 1.1 mL) was cooled to 0 °C was added mCPBA
(283 mg, 1.75 mmol, 1.5 eq.). The mixture was warmed up to room temperature for 35 h and quenched with sat.
NaHCOs (aq) and NaxS>03 (aq). The aqueous phase was extracted with DCM twice, and the combined organics were
dried over NaySQs, filtered, and concentrated under reduced pressure. The crude residue was purified by silica

chromatography (EA-hexane 1:15) to yield (+)—S32 (303 mg, 1.10 mmol, quant.).

Colorless oil: IR (neat): 2953, 2929, 2857, 1469, 1254, 1099, 836 cm’'.

'TH NMR: (400 MHz, CDCl3) § 7.32-7.17 (m, 5H), 3.76-3.62 (m, 2H), 2.92 (s, 2H), 2.62 (ABq, 2H, A5 = 0.14,
Jag=5.03 Hz), 1.90-1.81 (m, 1H), 1.71-1.62 (m, 1H),0.89 (s, 9H), 0.04 (s, 6H).

13C NMR: (100 MHz, CDCI3) § 137.06, 129.83, 128.34, 126.60, 59.51, 58.20, 52.14, 41.24, 36.97, 25.97, 18.25, -
5.34.

HRMS (ESI) m/z: [M+H*] Calcd for C17H290,Si 293.1931; Found 293.1934.

N-(2-benzyl-4-((tert-butyldimethylsilyl)oxy)-2-hydroxybutyl)-4-nitrobenzenesulfonamide ((+)—S33)

To a screw capped vial equipped with a stir bar was added (+)—S32 (322 mg, 1.10 mmol) was added oNsNH, (334
mg, 1.65 mmol, 1.5 eq.), KoCO3 (30 mg, 0.22 mmol, 0.2 eq.), Benzyltriethylammonium Chloride (50 mg, 0.22
mmol, 0.2 eq.) and dry 1,4-dioxane (0.55 mL). The reaction mixture was stirred at 80 °C for 26 h. The reaction
mixture was diluted with EtOAc, washed by H,O, dried over Na,SOs, and concentrated under reduced pressure. The

crude residue was purified by silica chromatography (EA-hexane 1:5) to yield (£)-S33 (228 mg, 0.46 mmol, 42%)).

Yellow oil: IR (neat): 3439, 2930, 2857, 1541, 1404, 1170, 1088 cm-'.

'TH NMR: (400 MHz, CDCls) 6 8.08-8.01 (m, 1H), 7.87-7.80 (m, 1H), 7.76-7.67 (m, 2H), 7.33-7.26 (m, 2H), 7.25—
7.17 (m, 3H), 5.84 (t, /= 6.1 Hz, 1H), 4.29 (s, 1H), 4.00-3.84 (m, 2H), 3.13-2.80 (m, 4H), 1.85-1.64 (m, 2H), 0.86
(s, 9H), 0.06 (s, 3H), 0.03 (s, 3H).

13C NMR: (100 MHz, CDCls) & 148.14, 136.55, 133.67, 133.13, 132.70, 131.09, 130.50, 128.31, 126.67, 125.34,
74.10, 60.21, 50.37, 44.12, 36.65, 25.76, 17.97, -5.69, -5.74.

HRMS (ESI) m/z: [M+Na*] Calcd for C23H34N>06SSiNa 495.1980; Found 495.1976.

N-(2-benzyl-2,4-dihydroxybutyl)-4-nitrobenzenesulfonamide ((+)—37c)
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To a solution of (£)-S33 (194 mg, 0.40 mmol) in THF (0.1 M, 4.0 mL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (0.80 mL, 0.80 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 24 h
and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined organics
were dried over Na SOy, filtered, and concentrated. Purification by column chromatography (EA-hexane 1:1) to give

(+)-37¢ (125 mg, 0.33 mmol, 82 %).

14 (10 mol%)
Ac,0 (0.5 eq.)
OH -~ OH / OH
2,4,6-collidine (1.7 eq.) NsHN S %
NsHN
NsHN oH . oH s \A/\OAC
(+)-37d CHCI%(0.01 M) recovered 37d 38d
. —55°C,48h 42% yield, 92% ee 50% yield, 77% ee

Following the general procedure for KR, (+)-37d (25.7 mg, 0.069 mmol), acetic anhydride (3.26 pl, 0.034 mmol,
0.50 eq.), 2,4,6-collidine (15.5 ul, 0.12 mmol, 1.7 eq), 14 (5.74 mg, 0.0069 mmol, 0.1 eq.), dry CHCI; (6.9 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate =1 : 2) to give 37d and 38d.

(R)-N-(2-(cyclohexylmethyl)-2,4-dihydroxybutyl)-4-nitrobenzenesulfonamide (37d)

Colorless oil: 10.8 mg.

IR (neat): 3518, 3353, 2930, 1541, 1445, 1361, 1167, 1067 cm™'.

'TH NMR: (400 MHz, CDCl3) 8 8.15-8.06 (m, 1H), 7.89-7.82 (m, 1H), 7.78-7.70 (m, 2H), 5.98 (t, J= 6.2 Hz, 1H),
3.89 (t, J=5.6 Hz, 2H), 3.37 (s, 1H), 3.17-3.06 (m, 2H), 2.47 (s, 1H), 1.83-1.51 (m, 8H), 1.26-0.84 (m, SH).

13C NMR: (100 MHz, CDCl3) 6 148.21, 133.71, 133.52, 132.92, 131.17, 125.54, 75.55, 59.33, 49.13, 45.06, 35.09,
27.05,26.92,26.74, 26.71, 26.50.

HRMS (ESI) m/z: [M+Na*] Caled for Ci1sH24N>06SNa 395.1247; Found 395.1244.

HPLC condition: (COSMOSIL CHiRAL 5A, 2-propanol/hexane 3:7, flow 1.0 mL/min, 7.1 min (major), 8.3 min
(minor).

[a]p* —25.6 (c 1.0 in CHCL;).

(8)-4-cyclohexyl-3-hydroxy-3-(((4-nitrophenyl)sulfonamido)methyl)butyl acetate (38d)

Colorless oil: 14.2 mg.

IR (neat): 3524, 3345, 2930, 2855, 1733, 1542, 1364, 1245, 1169 cm’".

'"H NMR: (400 MHz, CDCls) 8 8.15-8.07 (m, 1H), 7.92-7.85 (m, 1H), 7.79-7.72 (m, 2H), 5.68 (t, J = 6.4 Hz, 1H),
4.19 (td, J = 6.7, 1.5 Hz, 2H), 3.13 (dd, J = 12.7, 6.0 Hz, 1H), 3.06 (dd, J = 12.7, 6.8 Hz, 1H), 2.21 (s, 1H), 2.04 (s,
3H), 1.90 (id, J = 6.7, 1.5 Hz, 2H), 1.83-7.67 (m, 4H), 1.52 (tt, J = 11.9, 2.9 Hz, 1H), 1.31-0.83 (m, 6H).

13C NMR: (100 MHz, CDCl3) 6 171.16, 148.26, 133.81, 133.49, 132.96, 131.23, 125.61, 74.73, 60.75, 48.95,
44.55,33.20, 26.99, 26.88, 26.63, 26.37, 21.18.
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HRMS (ESI) m/z: [M+Na*] Calcd for Ci1sH26N>0O7SNa 437.1353; Found 437.1345.
HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1 mL/min, 31.4 min (minor), 46.1 min
(major).

[a]p?! +14.7 (¢ 1.2 in CHCl).

Synthesis of (+)-37d

TBSCI (1.5 eq.)

4
or: imidazole (1.5 eq.) oTes ™MCPBA(15eq) oTBS
Y\/ m—— ﬁc/\/ Som comm (')>|/\/
o 0°Ctort,2h y 0°Ctort,9h Cy
900 8
(+)-S34 * (+)-S35 88% (+)-536
NH3Ns (3.0 eq.)
TEBAC (0.4 eq.)
K,CO; (0.4 eq.) OH TBAF (2.0 eq.) OH
© . NsHN ~ NsHN
14-dioxane (2.0 M) oTBS THF (0.1 M) oH
80°C, 33 h 0°Ctort, 10 h
13% (+)-837 88% (£)-37d

tert-butyl((3-cyclohexylbut-3-en-1-yl)oxy)dimethylsilane (()—S35)

To a solution of (+)-S34 (220 mg, 1.43 mmol, prepared according to a literature method*) in DMF (0.5 M, 2.9
mL) was cooled to 0 °C was added imidazole (146 mg, 2.15 mmol, 1.5 eq.) and TBSCI (324 mg, 2.15 mmol, 1.5
eq.). The mixture was warmed up to room temperature for 2 h and quenched with 1N HCI (aq). The aqueous phase
was extracted with Et,O three times, and the combined organics were dried over Na,;SOy, filtered, and concentrated
under reduced pressure. The crude residue was purified by silica chromatography (EA-hexane 1:40) to yield

(£)—S35 (346 mg, 1.29 mmol, 90%).

Colorless oil: IR (neat): 2928, 2855, 1640, 1468, 1447, 1254, 1098, 835 cm’!

'TH NMR: (400 MHz, CDCls) 8 4.76-4.74 (m, 1H), 4.69-4.67 (m, 1H), 3.68 (dd, J = 7.4 Hz, 2H), 2.25 (td, J= 7.4,
1.2 Hz, 2H), 1.92-1.63 (m, 7H), 1.36—1.00 (m, 6H), 0.89 (s, 9H), 0.05 (s, 6H).

13C NMR: (100 MHz, CDCl3) 6 152.31, 108.56, 63.20, 44.71, 38.29, 32.47, 26.92, 26.55, 26.10, 18.46, -5.13.
HRMS (ESI) m/z: [M+H*] Calcd for C1sH330Si 269.2295; Found 269.2295.

tert-butyl(2-(2-cyclohexyloxiran-2-yl)ethoxy)dimethylsilane ((+)-S36)

To a solution of (+)—S35 (346 mg, 1.29 mmol) in DCM (1.0 M, 1.3 mL) was cooled to 0 °C was added mCPBA
(335 mg, 1.94 mmol, 1.5 eq.). The mixture was warmed up to room temperature for 9 h and quenched with sat.
NaHCO:s (aq) and Na»S,03 (aq). The aqueous phase was extracted with DCM twice, and the combined organics
were dried over Na,SOs, filtered, and concentrated under reduced pressure. The crude residue was purified by silica

chromatography (EA-hexane 1:40) to yield (£)—S36 (321 mg, 1.13 mmol, 88%).
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Colorless oil: IR (neat): 2929, 2856, 1469, 1431, 1254, 1099, 835, 776 cm!.

TH NMR: (400 MHz, CDCls) 8 3.67-3.52 (m, 2H), 2.66-2.56 (m, 2H), 1.96-1.85 (m, 1H), 1.83-1.57 (m, 6H), 1.37
(tt, J=11.8, 3.0 Hz, 1H), 1.25-0.97 (m, SH), 0.86 (s, 9H), 0.01 (s, 6H).

13C NMR: (100 MHz, CDCl5) 8 60.62, 59.20, 51.15, 42.74, 34.75, 28.56, 28.21, 26.44, 26.41, 26.31, 25.97, 18.26,
-5.28,-5.31.

HRMS (ESI) m/z: [M+Na*] Calcd for CisH3,0,SiNa 307.2064; Found 307.2053.

N-(4-((tert-butyldimethylsilyl)oxy)-2-(cyclohexylmethyl)-2-hydroxybutyl)-4-nitrobenzenesulfonamide
((£)-S37)

To a screw capped vial equipped with a stir bar was added (+)—S36 (288 mg, 1.01 mmol) was added oNsNH, (610
mg, 3.02 mmol, 3.0 eq.), K2CO3 (56 mg, 0.40 mmol, 0.4 eq.), Benzyltriethylammonium Chloride (92 mg, 0.40
mmol, 0.4 eq.) and dry 1,4-dioxane (0.51 mL). The reaction mixture was stirred at 80 °C for 33 h. The reaction
mixture was diluted with EtOAc, washed by H,O, dried over Na,SOs, and concentrated under reduced pressure.
The crude residue was purified by silica chromatography (EA-hexane 1:10 to 1:5) to yield (+)-S37 (64 mg, 0.13

mmol, 13%).

Yellow oil: IR (neat): 3461, 2930, 2856, 1542, 1403, 1362, 1171, 1080, 837, 782, 735 cm'".

H NMR: (400 MHz, CDCl;) & 8.12-8.05 (m, 1H), 7.87-7.80 (m, 1H), 7.76-7.68 (m, 2H), 5.73 (t, /= 5.9 Hz, 1H),
4.10 (s, 1H), 3.87 (t, J= 5.6 Hz, 2H), 3.06 (d, J = 5.5 Hz, 2H), 1.84-1.68 (m, 6H), 1.54 (tt, J= 12.1, 2.8 Hz, 1H),
1.27-0.89 (m, 6H), 0.84 (s, 9H), 0.06 (s, 3H), 0.02 (s, 3H).

13C NMR: (100 MHz, CDCLs) § 148.31, 133.58, 133.49, 132.72, 131.16, 125.44, 75.38, 60.33, 48.82, 44.76, 34.30,
27.33,26.87, 26.83, 26.57, 25.82, 18.04, -5.61, -5.65.

HRMS (ESI) m/z: [M+Na*] Caled for C2,HssN206SSiNa 509.2112; Found 509.2091.

N-(2-(cyclohexylmethyl)-2,4-dihydroxybutyl)-4-nitrobenzenesulfonamide ((+)-37d)

To a solution of (+)—S37 (64 mg, 0.13 mmol) in THF (0.1 M, 1.3 mL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (0.26 mL, 0.26 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 10 h
and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined organics
were dried over Na,SOyg, filtered, and concentrated. Purification by column chromatography (EA-hexane 1:2 to 2:1)

to give (£)-37d (45 mg, 0.12 mmol, 88 %).

14 (10 mol%) @
OH Ac,0 (0.5 eq.) OH oH
2,4,6-collidine (1.7 eq.) NsHN S %
NsHN
NSHN OH > OH s \A/\OAC
(+)-37e CHCl3 (0.01 M) recovered 37e 38e
B -55°C,48h 46% yield, 95% ee 48% yield, 90% ee
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Following the general procedure for KR, (£)-37e (25.7 mg, 0.070 mmol), acetic anhydride (3.31 pl, 0.035 mmol,
0.50 eq.), 2,4,6-collidine (15.8 ul, 0.12 mmol, 1.7 eq), 14 (5.83 mg, 0.0070 mmol, 0.1 eq.), dry CHCI3 (7.0 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate =1 : 2) to give 37e and 38e.

(S)-V-(2,4-dihydroxy-2-phenylbutyl)-4-nitrobenzenesulfonamide (37¢)

Colorless oil: 11.9 mg.

IR (neat): 3367, 2932, 2892, 1540, 1409, 1359, 1167, 1068 cm™!.

'H NMR: (400 MHz, CDCls) 8 8.00-7.93 (m, 1H), 7.83-7.76 (m, 1H), 7.72-7.60 (m, 2H), 7.36-7.27 (m, 3H),
7.25-7.15 (m, 2H), 5.91 (s, 1H), 4.71 (s, 1H), 3.72 (dt, J= 10.6, 3.9 Hz, 1H), 3.51-3.41 (m, 2H), 3.21 (d, /=124
Hz, 1H), 2.62 (brs, 1H), 2.34 (ddd, J= 14.9, 10.7, 4.2 Hz, 1H), 1.94 (ddd, J = 14.9, 3.9, 2.6 Hz, 2H).

13C NMR: (100 MHz, CDCl3) & 147.76, 142.89, 133.57, 133.49, 132.98, 130.94, 128.53, 127.46, 125.49, 125.34,
77.12, 59.69, 54.20, 39.02.

HRMS (ESI) m/z: [M+H*] Calcd for C16H19N206S 367.0958; Found 367.0939.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 17.7 min (minor), 27.7
min (major).

[a]p* —98.2 (c 1.1 in CHCL).

(R)-3-hydroxy-4-((4-nitrophenyl)sulfonamido)-3-phenylbutyl acetate (38¢)

White solid: 13.8 mg.

IR (KBr): 3498, 3367, 1735, 1544, 1407, 1363, 1327, 1248, 1166 cm™.

'TH NMR: (400 MHz, CDCls) & 8.05-7.98 (m, 1H), 7.89-7.80 (m, 1H), 7.75-7.65 (m, 2H), 7.35-7.28 (m, 4H),
7.25-7.19 (m, 1H), 5.69 (t, J=5.9 Hz, 1H), 4.23-4.14 (m, 1H), 4.00-3.90 (m, 1H), 3.45 (dd, J=12.8, 7.5 Hz, 1H),
3.31 (s, 1H), 3.25 (dd, J=12.8, 4.1 Hz, 1H), 2.31 (td, J= 6.3, 1.1 Hz, 2H), 1.85 (s, 3H).

13C NMR: (100 MHz, CDCl3) & 171.25, 147.97, 142.20, 133.68, 133.64, 132.99, 131.10, 128.79, 127.83, 125.59,
125.23,75.42, 60.77, 54.44, 37.44, 20.87.

HRMS (ESI) m/z: [M+Na*] Caled for Ci1sH20N>,07SNa 431.0883; Found 431.0880.

HPLC condition: (DAICEL CHIRALPAK ID 2-propanol/hexane 4:6, flow 1.0 mL/min, 15.5 min (major), 23.3
min (minor).

[a]p?!' +28.2 (¢ 1.0 in Acetone).

m.p. 151-153°C.

Synthesis of (+)-37¢
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5) TBSCI (1.5 eq.)

WOH imidazole (1.5 eq.)‘ WOTBS mCPBA (1.5 eq.); I>|/\/OTBS
Ph DCM (0.5 M) Ph DOCM (1.0 M) 0 Ph
0°Ctort, 24 h 0°Ctort,21h
669
(+)-S38 90% (+)-S39 % (+)-S40
NH,Ns (1.5 eq.)
TEBAC (0.2 eq.)
K,CO3 (0.2 eq.) oH TBAF (2.0 eq.) oH
. ©  NsHN THF (0.1 M) o NsHN
1,4-dioxane (2.0 M) OTBS - OH
80 °C, 43 h O0°Ctort,25h
23% (*)-s41 82% (£)-37e

tert-butyl((3-cyclohexylbut-3-en-1-yl)oxy)dimethylsilane (()—S39)

To a solution of (+)-S38 (437 mg, 2.95 mmol, prepared according to a literature method®) in DCM (0.5 M, 5.9 mL)
was cooled to 0 °C was added imidazole (301 mg, 4.43 mmol, 1.5 eq.) and TBSCI (533 mg, 3.54 mmol, 1.2 eq.).
The mixture was warmed up to room temperature for 24 h and quenched with 1N HCI (aq). The aqueous phase was
extracted with DCM three times, and the combined organics were dried over Na,SOs, filtered, and concentrated
under reduced pressure. The crude residue was purified by silica chromatography (Hexane only to EA-Hexane

1:30) to yield (+)-S39 (694 mg, 2.64 mmol, 90%).

Colorless oil: IR (neat): 2954, 2930, 2857, 1254, 1097, 836, 776, 704 cm’".

'H NMR: (400 MHz, CDCls) 8 7.44-7.40 (m, 2H), 7.35-7.27 (m, 3H), 5.34 (d, J = 1.4 Hz, 1H), 5.11-5.09 (m,
1H), 3.72 (td, J="7.2, 0.8 Hz, 2H), 2.75 (td, J= 7.2, 1.1 Hz, 2H), 0.87 (d, J= 0.7 Hz, 9H), 0.00 (s, 6H).

3C NMR: (100 MHz, CDCl3) 8 145.41, 141.16, 128.41, 127.52, 126.21, 114.03, 62.56, 38.94, 26.06, 18.45, -5.19.
HRMS (ESI) m/z: [M+H*] Calcd for C16H230Si 263.1826; Found 263.1825.

tert-butyldimethyl(2-(2-phenyloxiran-2-yl)ethoxy)silane ((+)-S40)

To a solution of (+)—S39 (694 mg, 2.64 mmol) in DCM (1.0 M, 1.3 mL) was cooled to 0 °C was added mCPBA
(684 mg, 3.96 mmol, 1.5 eq.). The mixture was warmed up to room temperature for 21 h and quenched with sat.
NaHCO:s (aq) and Na>S,03 (aq). The aqueous phase was extracted with DCM twice, and the combined organics
were dried over Na,SOg, filtered, and concentrated under reduced pressure. The crude residue was purified by silica

chromatography (Et,O-hexane 1:50) to yield (+)—S40 (487 mg, 1.75 mmol, 66%).

Colorless oil: IR (neat): 2954, 2930, 2887, 2857, 1254, 1102, 837, 776 cm’'.

'TH NMR: (400 MHz, CDCl3) 8 7.37-7.14 (m, 6H), 3.88-3.40 (m, 3H), 2.97 (d, J = 5.5 Hz, 1H), 2.68 (d, J= 5.4
Hz, 1H), 2.32-1.74 (m, 3H), 0.81 (d, J= 0.7 Hz, 9H), -0.05 (s, 3H), -0.06 (s, 3H).

13C NMR: (100 MHz, CDCl3) 6 140.07, 128.37, 127.57, 126.10, 59.36, 58.59, 55.53, 38.68, 25.96, 18.25, -5.35.
HRMS (ESI) m/z: [M+Na*] Calcd for CisH260,SiNa 301.1594; Found 301.1603.
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N-(2-benzyl-4-((tert-butyldimethylsilyl)oxy)-2-hydroxybutyl)-4-nitrobenzenesulfonamide ((+)—S41)

To a screw capped vial equipped with a stir bar was added (£)—S40 (487 mg, 1.75 mmol) was added oNsNH, (531
mg, 2.63 mmol, 1.5 eq.), K2CO3 (48 mg, 0.35 mmol, 0.2 eq.), Benzyltriethylammonium Chloride (80 mg, 0.35
mmol, 0.2 eq.) and dry 1,4-dioxane (0.88 mL). The reaction mixture was stirred at 80 °C for 43 h. The reaction
mixture was diluted with EtOAc, washed by H,O, dried over Na;SOs, and concentrated under reduced pressure.
The crude residue was purified by silica chromatography (EA-hexane 1:4) to yield (+)—S41(194 mg, 0.39 mmol,
23%).

Yellow oil: IR (neat): 3434, 2953, 2930, 2884, 2858, 1541, 1406, 1359, 1170, 1076 cm’".

H NMR: (400 MHz, CDCL;) & 7.99-7.91 (m, 1H), 7.82-7.73 (m, 1H), 7.68-7.59 (m, 2H), 7.36-7.29 (m, 2H),
7.27-7.22 (m, 2H), 7.20-7.14 (m, 1H), 5.87 (dd, J = 7.2, 4.2 Hz, 1H), 5.08 (s, 1H), 3.73 (ddd, J = 10.2, 4.3, 3.2 Hz,
1H), 3.55-3.32 (m, 2H), 3.17 (dd, J = 12.3, 4.2 Hz, 1H), 2.39 (ddd, J = 14.6, 11.5, 4.3 Hz, 1H), 1.93 (dt, J = 14.7,
2.8 Hz, 1H), 0.83 (s, 9H), -0.04 (s, 3H), -0.12 (s, 3H).

13C NMR: (100 MHz, CDCLs) 5 147.82, 143.07, 133.76, 133.32, 132.80, 130.93, 128.34, 127.33, 125.44, 125.41,
77.05, 60.67, 54.41, 38.37, 25.75, 17.95, -5.81, -5.90.

HRMS (ESI) m/z: [M+H"] Caled for C2H33:N,06SSi 481.1823; Found 481.1801.

N-(2,4-dihydroxy-2-phenylbutyl)-4-nitrobenzenesulfonamide ((+)-37e)

To a solution of (+)—S41 (194 mg, 0.40 mmol) in THF (0.1 M, 4.0 mL) was cooled to 0 °C was added a solution
of TBAF [1 mol/L in THF] (0.80 mL, 0.80 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 25
h and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined
organics were dried over Na>SOs, filtered, and concentrated. Purification by column chromatography (EA-hexane

1:1) to give (£)-37e (125 mg, 0.33 mmol, 82 %).

14 (10 mol%)
Ac,0 (0.5 eq.)

OH 2,4,6-collidine (1.7 eq.) OH 7 OH
NsHN > NsHN. X NsHN. 4 _~
OH CHCl; (0.01 M) OH OAc
(+)—37f _55 OC, 48 h recovered 37f 38f
- 56% yield, 75% ee 45% yield, 90% ee

Following the general procedure for KR, (£)-37f (26.9 mg, 0.070 mmol), acetic anhydride (3.31 pl, 0.035 mmol,
0.50 eq.), 2,4,6-collidine (15.8 pl, 0.12 mmol, 1.7 eq), 14 (5.83 mg, 0.0070 mmol, 0.1 eq.), dry CHCl; (7.0 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer
chromatography purification (hexane/ethyl acetate = 1 : 2) to give 37f and 38f.

(S)-N-(2-(4-fluorophenyl)-2,4-dihydroxybutyl)-4-nitrobenzenesulfonamide (37f)
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Colorless oil: 15.2 mg.

IR (neat): 3377, 2933, 1540, 1510, 1410, 1360, 1227,1166, 735 cm-1.

'H NMR: (400 MHz, CDCl3) 8 7.99-7.95 (m, 1H), 7.84-7.81 (m, 1H), 7.71-7.64 (m, 2H), 7.34-7.28 (m, 2H),
6.95-6.88 (m, 2H), 5.92 (t,J=5.8 Hz, 1H), 4.71 (s, 1H), 3.82 (ddt, /= 10.5, 4.0, 2.2 Hz, 1H), 3.60-3.38 (m, 2H),
3.21(dd, J=12.6,4.7 Hz, 1H), 2.43-2.29 (m, 2H), 1.94 (ddd, J = 14.9, 3.9, 2.6 Hz, 1H).

13C NMR: (100 MHz, CDCl5) 8 162.05 ('J (C, F) = 246 Hz), 147.87, 138.81 (*J (C, F) = 3.0 Hz), 133.85, 133.49,
132.96, 130.93, 127.29 (3J (C, F) = 8.1 Hz), 125.55, 115.39 (3J (C, F) = 20.7 Hz), 76.94, 59.97, 54.45, 38.85.
HRMS (ESI) m/z: [M+Na*] Calcd for CisH17N206sSFNa 407.0684; Found 407.0701.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 14.6 min (minor), 23.2
min (major).

[a]p* 763 (c 1.4 in CHCL).

(R)-3-(4-fluorophenyl)-3-hydroxy-4-((4-nitrophenyl)sulfonamido)butyl acetate (38f)

White solid: 13.4 mg.

IR (KBr): 3495, 3353, 1736, 1550, 1412, 1365, 1327, 1244, 1165 cm™!.

'TH NMR: (400 MHz, CDCl3) 8 8.02-7.95 (m, 1H), 7.86-7.82 (m, 1H), 7.74-7.65 (m, 2H), 7.33-7.27 (m, 2H),
6.98-6.90 (m, 2H), 5.71 (s, 1H), 4.24-4.12 (m, 1H), 3.97-3.91 (m, 1H), 3.48-3.20 (m, 3H), 2.28 (t, /= 6.5 Hz,
2H), 1.87 (s, 3H).

3C NMR: (100 MHz, CDCI3) 6 171.25, 161.66 (1J (C, F) = 244 Hz), 147.91, 137.99, 133.78, 133.64, 133.03,
130.96, 127.20 (3J (C, F) = 8.1 Hz), 125.59, 115.57 (°*J (C, F) = 21.5 Hz), 75.20, 60.66, 54.57, 37.53, 20.89.
HRMS (ESI) m/z: [M+Na*] Caled for Ci1sH19N,O7SFNa 449.0789; Found 449.0785.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 4:6, flow 1.0 mL/min, 12.7 min (major), 15.7
min (minor).

[a]p?!' +28.0 (¢ 1.0 in Acetone).

m.p. 133-135°C.

Synthesis of (£)-37f

otes 6 OTBS
mCPBA (1.5 eq.) 0)
DCM (1.0 M)
0°Ctort,21h
; 31% E
(+)-S42 (+)-S43
R R
NH,Ns (2.6 eq.)
TEBAC (1.0 eq.)
K,CO3 (1.0 eq) o TBAF (2.0 eq.) N oH
~  NsHN NsHN
14-dioxane (1.0M) ° oTBS OT'éFt (0&1 1hﬁ)h OH
o ° O I,
90°C, 35h (+)-S44 91% (£)-37f

33%
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tert-butyl(2-(2-(4-fluorophenyl)oxiran-2-yl)ethoxy)dimethylsilane (()—S43)

To a solution of (+)-S42 (473 mg, 1.69 mmol, prepared according to a literature method®) in DCM (1.0 M, 1.7
mL) was cooled to 0 °C was added mCPBA (437 mg, 2.54 mmol, 1.5 eq.). The mixture was warmed up to room
temperature for 21 h and quenched with sat. NaHCOs3 (aq) and Na>S>0s (aq). The aqueous phase was extracted
with DCM twice, and the combined organics were dried over NaySQg, filtered, and concentrated under reduced
pressure. The crude residue was purified by silica chromatography (Acetone-hexane 1:60) to yield (+)-S43 (157
mg, 0.53 mmol, 31%).

Colorless oil: IR (neat): 2954, 2930, 2858, 1513, 1255, 1227, 1102, 836, 777 cm.

'H NMR: (400 MHz, CDCl3) 8 7.39-7.32 (m, 2H), 7.06-6.96 (m, 2H), 3.74-3.55 (m, 2H), 3.02 (d, /= 5.4 Hz,
1H), 2.72 (d, J=5.4 Hz, 1H), 2.32-2.21 (m, 1H), 2.12-2.02 (m, 1H), 0.86 (s, 9H), 0.00 (s, 3H), -0.01 (s, 3H).
13C NMR: (100 MHz, CDCI3) 6 162.26 ('J (C, F) = 246 Hz), 135.95 (*J (C, F) = 3.0 Hz), 127.94 (3J (C, F) = 8.1
Hz), 115.25 (°J (C, F) = 21.5 Hz), 59.29, 58.31, 55.55, 38.78, 25.95, 18.26, -5.36.

HRMS (ESI) m/z: [M+H*] Calcd for Ci6H2602SiF 267.1681; Found 267.1671.

N-(4-((tert-butyldimethylsilyl)oxy)-2-hydroxy-2-phenylbutyl)-4-nitrobenzenesulfonamide ((+)—S44)

To a screw capped vial equipped with a stir bar was added (+)—S43 (157 mg, 0.53 mmol) was added oNsNH, (279
mg, 1.38 mmol, 2.6 eq.), KoCO3 (73 mg, 0.53 mmol, 1.0 eq.), Benzyltriethylammonium Chloride (121 mg, 0.35
mmol, 1.0 eq.) and dry 1,4-dioxane (0.27 mL). The reaction mixture was stirred at 90 °C for 35 h. The reaction
mixture was diluted with EtOAc, washed by H,O, dried over Na,SOs, and concentrated under reduced pressure.
The crude residue was purified by silica chromatography (EA-hexane 1:6 to 1:4) to yield (£)-S44 (87.2 mg, 0.18
mmol, 33%).

Yellow oil: IR (neat): 3398, 2954, 2931, 2886, 2859, 1542, 1509, 1408, 1359, 1168, 1078 cm-1.

'TH NMR: (400 MHz, CDCls) 87.96-7.90 (m, 1H), 7.83-7.77 (m, 1H), 7.69-7.60 (m, 2H), 7.33-7.26 (m, 2H),
6.94-6.84 (m, 2H), 5.86 (t, J= 5.6 Hz, 1H), 5.12 (s, 1H), 3.74 (ddd, /= 10.2, 4.2, 3.2 Hz 1H), 3.48-3.35 (m, 2H),
3.18 (dd, J=12.4, 4.8 Hz, 1H), 2.37 (ddd, J=15.3, 11.5, 4.3 Hz, 1H), 1.90 (dt, /= 14.7, 2.8 Hz, 1H), 0.83 (s, 9H),
-0.03 (s, 3H), -0.11 (s, 3H).

13C NMR: (100 MHz, CDCl3) 6 161.98 (IJ (C, F) = 246 Hz), 147.84, 138.92 (*J (C, F) = 3.0 Hz), 134.03, 133.29,
132.84, 130.86, 127.35 (3J (C, F) = 8.3 Hz), 125.45, 115.17 (3J (C, F) = 21.2 Hz), 76.87, 60.65, 54.61, 38.39, 25.78,
17.99, -5.75, -5.85.

HRMS (ESI) m/z: [M+Na*] Caled for C2oH31N>,O6SSiFNa 521.1548; Found 521.1552.

N-(2-(4-fluorophenyl)-2,4-dihydroxybutyl)-4-nitrobenzenesulfonamide ((£)-37f)
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To a solution of (£)-S44 (87.2 mg, 0.18 mmol) in THF (0.1 M, 1.8 mL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (0.35 mL, 0.35mol, 2.0 eq.). The mixture was warmed up to room temperature for 14 h
and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined organics
were dried over Na SOy, filtered, and concentrated. Purification by column chromatography (EA-hexane 1:1) to

give (+)-37f (61 mg, 0.17 mmol, 91%.)

14 (10 mol%)

\\XQH/\ Ac,0 (0.5 eq.) \\XSH/\ \\\ OH
2,4,6-collidine (1.7 eq.) S 2
NsHN o _ NsHN o NsHN L ~o 4.

v

CHCI3 (0.01 M) recovered 379 38g
-55°C, 48 h 59% yield, 59% ee 41% vyield, 85% ee

(+)-379

Following the general procedure for KR, (+)-37g (16.5 mg, 0.052 mmol), acetic anhydride (2.48 pl, 0.026 mmol,
0.50 eq.), 2,4,6-collidine (11.8 pl, 0.089 mmol, 1.7 eq), 14 (4.37 mg, 0.0052 mmol, 0.1 eq.), dry CHCI3 (5.2 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate = 1 : 2) to give 37g and 38g.

(S)-NV-(2-hydroxy-2-(2-hydroxyethyl)but-3-yn-1-yl)-4-nitrobenzenesulfonamide (37g)

Yellow oil: 9.7 mg.

IR (neat): 3290, 1540, 1415, 1360, 1168, 1074, 736 cm-1.

'TH NMR: (400 MHz, CDCl3) 8 8.16-8.09 (m, 1H), 7.93-7.84 (m, 1H), 7.78-7.72 (m, 2H), 5.96 (t, J= 6.5 Hz, 1H),
4.35 (s, 1H), 4.21 (t,J = 10.7 Hz, 1H), 4.02-3.93 (m, 1H), 3.31 (d, J = 6.2 Hz, 2H), 2.52 (d, /= 0.8 Hz, 1H), 2.25
(brs, 1H), 2.17-2.08 (m, 1H), 1.87-1.77 (m, 1H).

13C NMR: (100 MHz, CDCI3) 6 148.10, 133.84, 133.81, 133.03, 131.20, 125.61, 83.47, 74.78, 70.84, 60.35, 53.07,
39.02.

HRMS (ESI) m/z: [M+Na*] Caled for C12H14N>,O6sSNa 337.0465; Found 337.0457.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 25.1 min (major), 30.2
min (minor).

[a]p* —14.4 (c 1.0 in CHCL).

(R)-3-hydroxy-3-(((4-nitrophenyl)sulfonamido)methyl)pent-4-yn-1-yl acetate (38g)

Yellow oil: 7.9 mg.

IR (KBr): 3286, 1734, 1541, 1415, 1364, 1250, 1169, 586 cm™.

'TH NMR: (400 MHz, CDCI3) & 8.16-8.09 (m, 1H), 7.93-7.86 (m, 1H), 7.79-7.72 (m, 2H), 5.90 (s, 1H), 4.51-4.24
(m, 2H), 3.32 (s, 2H), 3.20 (s, 1H), 2.51 (s, 1H), 2.11-2.00 (m, SH).

13C NMR: (100 MHz, CDCI3) 6 171.34, 148.12, 133.87, 133.06, 131.19, 125.65, 82.93, 75.06, 68.87, 60.89, 53.01,
37.44,21.17.
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HRMS (ESI) m/z: [M+Na*] Caled for Ci14H16N207SNa 379.0570; Found 379.0567.
HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 33.8 min (minor), 49.6
min (major).

[a]p?! +28.1 (¢ 0.9 in CHCls).

Synthesis of (+)-37g

PCC (3.0 eq.) TMS-acethylene (4.6 eq.)

OH 0 .
MS4A (100 wt%) n-BuLi (2.3 eq.)
NsHN > NsHN -
\)\/\OTBDPS > \)j\/\OTBDPS >
DCM (0.03M) THF (0.12 M)
(+)-S2 0°Ctort,12h S45 —78 °C, 40 min
quant. 60%
™S
TBAF (2.0 eq.) \
\\ OH > \ OH
NsHN THF 0.1 M) NsHN
OTBDPS 0°Ctort,9h OH
(+)-546 94% (£)-37g

N-(4-((tert-butyldiphenylsilyl)oxy)-2-oxobutyl)-4-nitrobenzenesulfonamide (S45)

To a solution of (+)—S2 (937 mg, 1.77 mmol) in DCM (1.0 M, 66 mL, 0.03 M) at 0°C was added PCC (1.15 g, 5.31
mmol, 3.0 eq.) and MS4A (100wt%). The mixture was warmed up to room temperature for 12 h and the reaction
mixture was diluted with Et,O (177 mL). The resulting solution was directly charged and the black gum was
separated by florisil (Et,O as eluent) to yield S45 (932 mg, 1.77 mmol, quant.).

Yellow oil: IR (neat): 2957, 2932, 2858, 1728, 1542, 1358, 1172, 1009, 910, 734 cm’".

'TH NMR: (400 MHz, CDCl3) 6 8.04 (dd, J = 7.6, 1.3 Hz, 1H), 7.88 (d, J= 7.6 Hz, 1H), 7.71 — 7.57 (m, 6H), 7.48 —
7.34 (m, 6H), 6.26 (t, /= 4.8 Hz, 1H), 4.18 (d, J= 4.6 Hz, 2H), 3.88 (t, /= 5.8 Hz, 2H), 2.59 (t, J= 5.8 Hz, 2H),
0.98 (s, 9H).

13C NMR: (100 MHz, CDCl3) & 202.84, 147.82, 135.48, 133.76, 133.56, 132.94, 132.91, 130.63, 129.97, 127.88,
125.66, 59.46, 53.46, 42.87, 26.77, 19.09.

HRMS-ESI : calcd for C2sH30N206SiSNa [M+Na]+: m/z=549.1486, found: m/z=549.1480.

N-(2-(2-((tert-butyldiphenylsilyl)oxy)ethyl)-2-hydroxy-4-(trimethylsilyl)but-3-yn-1-yl)-4-

nitrobenzenesulfonamide ((+)—S46)

To a flame dried flask was added TMS-acetylene (0.19 mL, 1.33 mmol, 4.6 eq.), THF (2.4 mL). The flask was
cooled to -78 °C and nBuLi (0.67 mmol, 2.3 eq.) was added over 5 min. Then, S45 (152 mg, 0.29 mmol) in THF
(5.8 mL) was slowly added to the flask and stirred for 40 min, the flask was warmed up to r.t. ant stirred for another
22 h. The reaction mixture was quenched with NH4Cl,q and extracted with EtOAc twice, washed by H»O, dried
over NaxSOs, and concentrated under reduced pressure. The crude residue was purified by silica chromatography

(EA-hexane 1:5) to yield (+)—S46 (109 mg, 0.17 mmol, 60%).
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Yellow oil: IR (neat):3352, 2930, 2851, 1541, 1361, 1167, 1067, 743 cm’'.

H NMR: (400 MHz, CDCL) & 8.21-8.07 (m, 1H), 7.93-7.84 (m, 1H), 7.75-7.63 (m, 6H), 7.50~7.38 (m, 6H), 5.91
(t,J= 6.3 Hz, 1H), 5.02 (s, 1H), 4.29 (td, J= 10.8, 2.6 Hz, 1H), 3.88 (dt, /= 10.4, 3.8 Hz, 1H), 3.40-3.22 (m, 2H),
2.21(ddd, J=14.9, 11.1, 4.2 Hz, 1H), 1.77 (dt, J = 14.4, 2.9 Hz, 1H), 1.04 (s, 9H), 0.18 (s, 9H).

13C NMR: (100 MHz, CDCls) § 148.10, 135.60, 135.52, 133.85, 133.63, 132.87, 132.30, 132.24, 131.21, 130.20,
130.16, 128.06, 128.01, 125.48, 104.79, 91.40, 71.30, 62.50, 53.00, 38.71, 26.80, 19.09, -0.07.

HRMS (ESI) m/z: [M+Na*] Caled for CsHaoN206SSizNa 647.2038; Found 647.2019.

N-(2-hydroxy-2-(2-hydroxyethyl)but-3-yn-1-yl)-4-nitrobenzenesulfonamide ((+)-37g)

To a solution of (+)—S46 (330 mg, 0.53 mmol) in THF (0.1 M, 5.3 mL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (1.59 mL, 1.59 mmol, 3.0 eq.). The mixture was warmed up to room temperature for 9 h
and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined organics
were dried over Na SOy, filtered, and concentrated. Purification by column chromatography (EA-hexane 2:1) to

give (+)-37g (155 mg, 0.49 mmol, 94%.)

Ph 14 (10 mol%) Ph, Ph
N\ o Acz0 (0.5 eq.) \ o \\ OH
NSHN on 2,4,6-collidine (1.7 eq.) _ NsHN 3 on NSHN\A/\OAC
(+)-37h CHCI;5 (0.01 M) recovered 37h 38h
- -55°C,48h 60% yield, 63% ee 40% yield, 92% ee

Following the general procedure for KR, (+)-37h (27.3 mg, 0.070 mmol), acetic anhydride (3.31 pl, 0.035 mmol,
0.50 eq.), 2,4,6-collidine (15.8 pul, 0.12 mmol, 1.7 eq), 14 (5.83 mg, 0.0070 mmol, 0.1 eq.), dry CHCI; (7.0 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate = 1 : 2) to give 37h and 38h.

(S)-N-(2-hydroxy-2-(2-hydroxyethyl)-4-phenylbut-3-yn-1-yl)-4-nitrobenzenesulfonamide (37h)

Yellow oil: 16.3 mg.

IR (neat): 3360, 1540, 1414, 1359, 1168, 1072, 735 cm".

'TH NMR: (400 MHz, CDCl3) 6 8.20-8.07 (m, 1H), 7.86-7.81 (m, 1H), 7.74-7.63 (m, 2H), 7.43-7.36 (m, 2H),
7.36-7.27 (m, 3H), 6.03 (s, 1H), 4.35-4.22 (m, 2H), 4.01 (dt, /= 10.9, 4.2 Hz, 1H), 3.39 (s, 2H), 2.32 (brs, 1H),
2.19 (ddd, J=14.3, 10.1, 3.9 Hz, 1H), 1.92 (ddd, J = 14.6, 4.5, 2.9 Hz, 1H).

13C NMR: (100 MHz, CDCl3) § 148.07, 133.85, 133.69, 133.00, 131.94, 131.13, 129.01, 128.48, 125.56, 121.76,
88.28, 86.67, 71.44, 60.54, 53.30, 39.50.

HRMS (ESI) m/z: [M+Na*] Calcd for CisHsN>OsSNa 413.0778; Found 413.0789.
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HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 22.7 min (major), 28.9
min (major).

[a]p?! +5.04 (c 1.4 in CHCls).

(R)-3-hydroxy-3-(((4-nitrophenyl)sulfonamido)methyl)-5-phenylpent-4-yn-1-yl acetate (38h)

Yellow oil: 12.5mg.

IR (neat): 3474, 3365, 1735, 1541, 1363, 1248, 1169, 735 cm™!.

'TH NMR: (400 MHz, CDCls) 6 8.16-8.10 (m, 1H), 7.87-7.81 (m, 1H), 7.76-7.65 (m, 2H), 7.42-7.27 (m, 5H), 5.96
(t, J=5.8 Hz, 1H), 4.56—4.30 (m, 2H), 3.40 (d, J = 5.8 Hz, 2H), 3.18 (s, 1H), 2.15 (t, J= 6.3 Hz, 2H), 2.04 (s, 3H).
13C NMR: (100 MHz, CDCl3) 6 171.39, 148.08, 133.91, 133.72, 133.01, 131.93, 131.11, 129.18, 128.52, 125.59,
121.47, 87.69, 86.92, 69.46, 61.07, 53.24, 37.76, 21.18.

HRMS (ESI) m/z: [M+Na*] Calcd for C20H20N,07SNa 455.0883; Found 455.0887.

HPLC condition: (DAICEL CHIRALPAK ID, 2-propanol/hexane 4:6, flow 1.0 mL/min, 14.5 min (major), 21.5
min (minor).

[a]p?! +1.69 (¢ 1.3 in CHCls).

Synthesis of (£)-37h

Phenyl acethylene (4.6 eq.) Ph Ph
0 n-BulLi (2.3 eq.) \ TBAF (2.0 eq.) \
NsHN\)l\/\ > \ on > \ o+
OTEOPS  eec.aomn N oteors  oCton7h oH
-78 °C, min °Ctort,
70% 88%
S45 (+)-S46 (+)-37h

N-(2-(2-((tert-butyldiphenylsilyl)oxy)ethyl)-2-hydroxy-4-phenylbut-3-yn-1-yl)-4-nitrobenzenesulfonamide
(()-546)

To a flame dried flask was added Phenylacetylene (0.49 mL, 4.46 mmol, 4.6 eq.), THF (8 mL). The flask was
cooled to -78 °C and nBuLi (1.13 mL, 2.3 eq.) was added over 5 min. Then, S45 (511 mg, 0.97 mmol) in THF (16
mL) was slowly added to the flask and stirred for 40 min, the flask was warmed up to r.t. ant stirred for another 4 h.
The reaction mixture was quenched with NH4Cl.q and extracted with EtOAc twice, washed by H»O, dried over
NazS0y4, and concentrated under reduced pressure. The crude residue was purified by silica chromatography (EA-

hexane 1:5) to yield (£)-S46 (427 mg, 0.68 mmol, 70%).

Brown amorphous: IR (neat): 3443, 2931, 1540, 1423, 1358, 1170, 1111, 1082, 739, 703cm-1.

'H NMR: (400 MHz, CDCls) 6 8.11 (dd, J= 7.3, 2.0 Hz, 1H), 7.77 (dd, J= 7.2, 2.0 Hz, 1H), 7.73-7.57 (m, 6H),
7.44-7.23 (m, 11H), 6.04 (t,J = 6.1 Hz, 1H), 5.11 (s, 1H), 4.35 (td, /=10.8, 2.7 Hz, 1H), 3.93 (dt, /= 10.4, 3.8 Hz,
1H), 3.53-3.40 (m, 2H), 2.30 (ddd, J=14.9, 11.0, 4.3 Hz, 1H), 1.84 (dt, /= 14.5, 3.0 Hz, 1H), 1.03 (s, 9H).

103



13C NMR: (100 MHz, CDCls) & 147.88, 135.50, 133.79, 133.51, 132.81, 132.07, 131.98, 131.85, 130.98, 130.13,
130.01, 128.79, 128.32, 127.99, 127.90, 125.34, 121.90, 88.54, 86.47, 71.44, 62.35, 53.22, 38.97, 26.69, 18.90.
HRMS (ESI) m/z: [M+Na*] Calcd for C34H36N206SSiNa 651.1956; Found 651.1954.

N-(2-hydroxy-2-(2-hydroxyethyl)-4-phenylbut-3-yn-1-yl)-4-nitrobenzenesulfonamide ((+)—37h)

To a solution of (£)—-S46 (427 mg, 0.68 mmol) in THF (0.1 M, 6.8 mL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (1.36 mL, 1.36 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 7 h
and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined organics
were dried over Na SOy, filtered, and concentrated. Purification by column chromatography (EA-hexane 1:1) to

give (£)-37h (233 mg, 0.60 mmol, 94%.)

Effects of acidic NHNs group on reaction path of (+)—42

14 (10 mol%)
Ac,0 (0.5 eq.)

Me MeOH 2,4,6-collidine (1.7 eq.) MeMe_ OH Mrhe MeOH j\
Ns/N\)vOH > s on Ns” 0
()42 CHCl; (0.01 M) 42 4

—55°C,48h 34% yield, 16% ee  43% yield, 13% ee

Following the general procedure for KR, (+)—42 (22.3 mg, 0.070 mmol), acetic anhydride (3.31 pl, 0.035 mmol,
0.50 eq.), 2,4,6-collidine (15.8 ul, 0.12 mmol, 1.7 eq), 14 (5.83 mg, 0.0070 mmol, 0.1 eq.), dry CHCI; (7.0 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (Ethyl acetate only) to give 42 and 43.

N-(2,4-dihydroxy-2-methylbutyl)-N-methyl-4-nitrobenzenesulfonamide (42)

Yellow oil: 7.64 mg.

IR (neat): 3391, 2976, 2931, 1545, 1372, 1345, 1165,912, 734 cm’".

'TH NMR: (400 MHz, CDCl3) 8 8.00-7.96 (m, 1H), 7.75-7.67 (m, 2H), 7.65-7.60 (m, 1H), 4.06-3.91 (m, 2H), 3.47
(s, 1H), 3.30 (ABq, 2H, Adag = 0.12, Jag = 14.8 Hz), 3.06 (s, 3H), 2.35 (s, 1H), 2.06-1.97 (m, 1H), 1.74-1.58 (m,
1H), 1.33 (s, 3H).

13C NMR: (100 MHz, CDCI3) 6 148.40, 133.82, 131.77, 131.55, 130.98, 124.26, 74.70, 60.27, 59.46, 39.51, 37.69,
25.06.

HRMS (ESI) m/z: [M+Na*] Calcd for C12H1sN>,O6sSNa 341.0778; Found 341.0785.

HPLC condition: (COSMOSIL CHiRAL 5A, 2-propanol/hexane 1:9, flow 1.0 mL/min, 37.9 min (major), 41.5

min (minor).

3-hydroxy-3-methyl-4-((N-methyl-4-nitrophenyl)sulfonamido)butyl acetate (43)
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Yellow oil: 10.9 mg.

IR (neat): 3526, 1735, 1544, 1370, 1344, 1242, 1164, 767 cm™!.

H NMR: (400 MHz, CDCls) 8 8.02-7.96 (m, 1H), 7.76-7.67 (m, 2H), 7.66-7.60 (m, 1H), 4.35-4.23 (m, 2H), 3.28
(s, 2H), 3.04 (s, 3H), 2.28 (s, 1H), 2.07 (s, 3H), 2.02-1.79 (m, 2H), 1.30 (s, 3H).

13C NMR: (100 MHz, CDCI3) & 171.20, 148.46, 133.84, 131.66, 131.49, 124.30, 73.38, 60.87, 60.19, 38.27, 37.81,
25.30,21.21.

HRMS (ESI) m/z: [M+Na*] Calcd for C14H20N>O7SNa 383.0883; Found: m/z=383.0874.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 15.4 min (major), 17.0

min (minor).

Synthesis of (+)—42

Mel (2.0 eq.) Me
1 MeOH K,CO3 (2.0 q.) r{l% TBAF (2 eq.) Me MeOH
KOs (20eq) _TBAFGea)
Ns” OTBS Ns~ oTBS N OH
DMF (0.314 M) THF (0.1 M)
, 17 h 1, 8 h
(+)-S26 95% (+)-548 96% (+)-42

N-(4-((tert-butyldimethylsilyl)oxy)-2-hydroxy-2-methylbutyl)-N-methyl-4-nitrobenzenesulfonamide
((+)-S48)

To a round bottom flask was added (+)—S26 (200 mg, 0.48 mmol), DMF (1.5 mL) and K>COs3 (132 mg, 0.96
mmol, 2.0 eq.). Mel (60 pL, 0.96 mmol, 2.0 eq.) was added at r.t. and stirred for another 17 h. The reaction mixture
was quenched with NH4Cl,q and extracted with EtOAc twice, washed by H»O, dried over Na>SOs, and concentrated
under reduced pressure to yield (£)-S48 (196 mg, 0.45 mmol, 95%).

Yellow oil: IR (neat): 3473, 2954, 2931, 2858, 1546, 1371, 1349, 1166, 910, 735 cm'".

H NMR: (400 MHz, CDCL;) & 7.95-7.85 (m, 1H), 7.72-7.63 (m, 2H), 7.62-7.55 (m, 1H), 4.22 (s, 1H), 4.06-3.83
(m, 2H), 3.24 (ABq, 2H, Adx5 = 0.09, Jap = 14.5 Hz), 3.03 (d, J = 0.9 Hz, 3H), 2.04 — 1.94 (m, 1H), 1.56 (ddd, J =
14.6, 4.5, 3.3 Hz, 1H), 1.24 (s, 3H), 0.86 (s, 9H), 0.07 (t, /= 1.1 Hz, 6H).

13C NMR: (100 MHz, CDCLs) § 148.36, 133.59, 131.87, 131.59, 130.94, 124.12, 74.43, 60.47, 60.10, 38.86, 37.14,
25.83,24.86, 18.01, -5.59, -5.65.

HRMS (ESI) m/z: [M+H"] Caled for C1sH33N,06SSi 433.1823; Found 433.1808.

N-(2,4-dihydroxy-2-methylbutyl)-N-methyl-4-nitrobenzenesulfonamide ((+)—42)
To a solution of (+)—S48 (196 mg, 0.45 mmol) in THF (0.1 M, 4.5 mL) was cooled to 0 °C was added a solution

of TBAF [1 mol/L in THF] (0.91 mL, 0.91 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 9
h and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined
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organics were dried over Na,SOs, filtered, and concentrated. Purification by column chromatography (EA only) to

give (+)—42 (139 mg, 0.44 mmol, 96%.)

Effects of tertiary hydroxyl group on reaction path of (+)-44

Me, 14 (10 mol%) Me, Me,
Me O Ac,0 (0.5 eq.) Me O Me O (0}
NN M~ 2.46-collidine (1.7 eq) NsHN X~ NsHN\)vOJI\
44 CHCI3 (0.01 M) 44 45
rac. -55°C, 48 h 55% yield, 24% ee 45% yield, 30% ee

Following the general procedure for KR, (+)—44 (20.8 mg, 0.065 mmol), acetic anhydride (3.09 pl, 0.033 mmol,
0.50 eq.), 2,4,6-collidine (14.7 pl, 0.11 mmol, 1.7 eq), 14 (5.44 mg, 0.0065 mmol, 0.1 eq.), dry CHCI; (6.5 mL, 0.01
M) under Argon were stirred at —55 °C for 48 h. The crude material was purified by preparative thin-layer

chromatography purification (hexane/ethyl acetate =1 : 3) to give 44 and 45.

N-(4-hydroxy-2-methoxy-2-methylbutyl)-4-nitrobenzenesulfonamide (44)

Colorless oil: 11.8 mg.

IR (neat): 3546, 3353, 2944, 1541, 1405, 1362, 1167, 1066, 735 cm’".

'TH NMR: (400 MHz, CDCl3) 8 8.17-8.04 (m, 1H), 7.88-7.81 (m, 1H), 7.77-7.67 (m, 2H), 5.92 (s, 1H), 3.85-3.59

(m, 2H), 3.14-3.08 (m, SH), 2.30 (brs, 1H), 1.93—-1.66 (m, 2H), 1.21 (s, 3H).

13C NMR: (100 MHz, CDCl3) & 148.11, 133.71, 133.65, 132.87, 131.19, 125.44, 76.20, 58.56, 49.66, 49.33, 37.73,
20.70.

HRMS (ESI) m/z: [M+H*] Calcd for C12H19N20sS 319.0958; Found 319.0987.

HPLC condition: (DAICEL CHIRALPAK AD-H, 2-propanol/hexane 3:7, flow 1.0 mL/min, 10.0 min (major), 11.7

min (minor).

3-methoxy-3-methyl-4-((4-nitrophenyl)sulfonamido)butyl acetate (45)

Colorless oil: 10.5 mg.

IR (neat): 1735, 1542, 1407, 1364, 1243, 1170, 1069, 757 cm™'.

'TH NMR: (400 MHz, CDCls) 8 8.18-8.05 (m, 1H), 7.91-7.83 (m, 1H), 7.78-7.71 (m, 2H), 5.64 (t, J = 6.0 Hz, 1H),
4.15-4.04 (m, 2H), 3.21-2.98 (m, 5H), 2.03 (s, 3H), 1.88 (t, J = 7.0 Hz, 2H), 1.20 (s, 3H).

13C NMR: (100 MHz, CDCl3) & 171.13, 148.23, 133.71, 133.65, 132.86, 131.24, 125.55, 75.00, 60.28, 49.94,
49.40, 34.14, 21.12, 20.72.

HRMS (ESI) m/z: [M+Na*] Calcd for C14H20N>,07SNa 383.0883; Found 383.0882.

HPLC condition: (DAICEL CHIRALPAK IC, 2-propanol/hexane 3:7, flow 1.0 mL/min, 38.5 min (minor), 57.2

min (major).
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Synthesis of (+)—44

7 NaN3 (2.8 eq.) NaH (1.3 eq.) Me‘
Me NH4CI (7.7 eq.) Me, OH Mel (1.3 eq.) Me, O
o)
> N —> N
l>K/\OTBDPS DMF (0.12 M), water (0.73 M) 3\)k/\OTBDPS DMF (0.03 M) 3\)Q/\OTBDPS
65°C, 17 h rt,25h
(+)-S49 (+)-850 2 steps 20 % (%)-851
H, (1 atm) Me‘ 0-NsCl (1.1 eq.) Me‘ Me‘
Pd / C (20 wt%) Me O NEt; (1.1 eq.) Me, O TBAF (2.0 eq.) Me, O
—> H)N — > NsHN — NsHN
MeOH (0.1 M) - NOTBDPS DCM (0.23 M) NOTBDPS THF (0.1 M) NOH
rt,4h (+)-852 0°Ctort,22h (+)-S53 0°Ctort, 14 h (+)-44
2 steps 71% 77%

tert-butyl(2-(2-(4-fluorophenyl)oxiran-2-yl)ethoxy)dimethylsilane ((+)—S51)

To a solution of (+)-S49 (341 mg, 1.00 mmol, prepared according to a literature method”) in DMF (0.12 M, 8.3
mL), H>O (0.73 M, 1.37 mL) was added NaN3 (184 mg, 2.83 mmol, 2.83 eq.) and NH4CI (410 mg, 7.66mmol, 7.66
eq.). The mixture was warmed up to 65 °C for 17 h. Then H>O (21 mL) was added and the aqueous phase was
extracted with EA twice, and the combined organics were dried over Na,;SOs, filtered, and concentrated under
reduced pressure. The crude residue was directly used for the next step.

To a round bottom flask was added (£)-S50, DMF (11 mL, 0.03 M) and the reaction vessel was cooled down to
0 °C. NaH (17.6 mg, 1.3 eq.) was slowly added and stirred for 10 min. Then Mel (27.5 puL, 1.3 eq.) was added and
warmed up to rt and stirred for another 25 h. The reaction mixture was quenched with NH4Cl,q and extracted with
EtOAc twice, washed by H»O, brine, dried over Na;SO4, and concentrated under reduced pressure. The crude
product was purified by preparative TLC purification (EA-hexane 1:10) to yield (+)—S51 (54.1 mg, 0.14 mmol, 2
steps 20%).

Colorless oil: IR (neat): 2934, 2890, 2858, 2101, 1468, 1428, 1295, 1110, 1081, 705 cnr’'.

IH NMR: (400 MHz, CDCL3) & 7.67-7.72 (m, 4H), 7.48-7.38 (m, 6H), 3.81-3.69 (m, 2H), 3.27 (ABq, 2H, ASp =
0.09, Jap = 12.8 Hz), 3.14 (5, 3H), 1.90-1.77 (m, 2H), 1.19 (s, 3H), 1.07 (s, 9H).

13C NMR: (100 MHz, CDCl3) § 135.69, 133.67, 129.81, 127.82, 76.43, 59.78, 57.48, 49.38, 38.06, 26.94, 21.05,
19.20.

HRMS (ESI) m/z: [M+Na*] Caled for C2,H3N30,SiNa 420.2078; Found 420.2057.

N-(4-((tert-butyldiphenylsilyl)oxy)-2-methoxy-2-methylbutyl)-4-nitrobenzenesulfonamide ((+)-S53)

To a flask was added (+)—S51 (54.1 mg, 0.14 mmol), MeOH (1.36 mL, 0.1 M) and Pd / C (10.8 mg, 20 wt%).
The flask was charged with H» and stirred for 4 h. The reaction mixture was filtrated with celite and washed with
MeOH and concentrated under reduced pressure to give S52. The crude residue was directly used for next reaction.

To a flask was added (+)—S52, DCM (0.59 mL, 0.23 M) and NEt3 (20.9 pL, 0.15 mmol, 1.1 eq.). The flask was

cooled to 0 °C and oNsCl (33.9 mg, 1.5 mmol, 1.1 eq.) was added and was warmed up to r.t. ant stirred for another
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22 h. The reaction mixture was concentrated, and the crude residue was purified by preparative TLC purification

(EA-hexane 1:2) to yield S53 (54.0 mg, 0.097 mmol, 2 steps 71%).

Colorless oil: IR (neat): 2934, 2858, 1542, 1403, 1360, 1170, 1109, 1086, 736 cm".

H NMR: (400 MHz, CDCl3) & 8.08-8.02 (m, 1H), 7.86-7.81 (s, 1H), 7.74-7.56 (m, 6H), 7.49-7.31 (m, 6H), 5.69
(t, J = 5.9 Hz, 1H), 3.78-3.57 (m, 2H), 3.25-3.08 (M, 2H), 2.98 (s, 3H), 1.83-1.69 (m, 2H), 1.16 (s, 3H), 1.02 (s,
9H).

13C NMR: (100 MHz, CDCls)  148.16, 135.67, 133.89, 133.43, 132.73, 131.26, 129.89, 129.86, 127.87, 125.43,
75.41, 59.72, 50.67, 49.15, 38.03, 26.94, 20.75, 19.18.

HRMS (ESI) m/z: [M+Na*] Calcd for C2sH3eN206SiSNa 579.1956; Found 579.1944.

N-(4-hydroxy-2-methoxy-2-methylbutyl)-4-nitrobenzenesulfonamide (()—-44)

To a solution of S53 (54.0 mg, 0.097 mmol) in THF (0.1 M, 97 pL) was cooled to 0 °C was added a solution of
TBAF [1 mol/L in THF] (0.194 mL, 0.194 mmol, 2.0 eq.). The mixture was warmed up to room temperature for 14
h and quenched with sat. NH4Cl(aq). The aqueous phase was extracted with EtOAc twice, and the combined
organics were dried over Na,SOs, filtered, and concentrated. Purification by column chromatography (EA only) to

give (+)—44 (23.9 mg, 0.075 mmol, 77%.)
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