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ARG ST L7252 LU ISR T,
WG 2185
Ac : acetyl

Ala : alanine

Arg : arginine

Bu : butyl

Cys : cysteine

Et : ethyl

Gln : glutamine
Gly : glycine

His : histidine

Ile : isoleucine

Leu : leucine

Lys : lysine

Me : methyl

Ph : phenyl

Phe : phenylalanine
Pr : propyl

Ser : serine

TBDPS : tert-butyldiphenylsilyl
Tf : trifluoromethanesulfonyl
Thr : threonine

Trt : trityl

i, ARIERICET o8 5
AQN : anthraquinone

AZADO : azaadamantane N-oxyl
CSA : camphorsulfonic acid
DBU : diazabicycloundecene
DET : diethyl tartrate

DHQD : dihydroquinidine

DHQ : dihydroquinine
DIBAL-H : diisobutylaluminium hydride
DIPEA : diisopropylethylamine
DMSO : dimethyl sulfoxide
HOBt : 1-hydroxybenzotirazole



MS : molecular sieves

NCS : N-chlorosuccinimide

NMO : N-methylmorpholine N-oxide
PCC : pyridinium chlorochromate
PHAL : phthalazine

Pyr : pyrimidine

TBAF : tetrabutylammonium fluoride
TBHP : tert-butylhydroperoxide
TFE : trifluoroethanol

TFA : trifluoroacetic acid

THF : tetrahydrofuran

TIS : triisopropylsilane

TPAP : tetrapropylammonium perruthenate

p-TsOH : p-toluenesulfonic acid

< DI

ACE : angiotensin converting enzyme

CLP® : chymotrypsine-like protease

COSY : correlated spectroscopy

CoV : coronavirus

DEPT : distortionless enhanced by polarization transfer
DNA : deoxyribonucleic acid

dr : diastereomeric ratio

EI : electron ionization

ESI : electrospray ionization

FAB : fast atom bombardment

HPLC : high performance liquid chromatography
HRMS : high resolution mass spectrometry
HSQC : heteronuclear single quantum coherence
IC : inhibitory concentration

IT-TOF : ion trap-time of flight

LC : liquid chromatography

MERS : middle east respiratory syndrome

MOE : molecular operating environment

MS : mass spectrometry

NMR : nuclear magnetic resonance

nOe : nuclear overhauser effect

NOESY : nuclear overhauser effect and exchange spectroscopy



PDB : protein data bank

PP : polyprotein

RNA : ribonucleic acid

SARS : severe acute respiratory syndrome
UV : ultraviolet

WHO : world health organization
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FIESMERE SHEMERE  (SARS) 1 2002 FEIZHIEA B THAE L, 8000 % 2 HAER] &K
800 NDIEF % 1 L7 Fr#l O R EEMERE T 5 13, JEYLRIK © A L A% SARS CoV Th b
ZEDHERRZ LTV A, 2003 FZIE WHO LV EESENHESINT, LaL., 2012 FiZ
SARS CoV IZJEEL L 7= MERS CoV 23#A &4 45, 2015 I iT Rk, JIE., mECHiT
L. BOEHRIL 30~40% L IEFICE S HKEEFT H STV, 2019 FRICITHFEORER T
S HIZHMD CoV WA S 4. 2020 4 2 A EAIRE AT HIEYHER BN TN D, W ILD%K
JEOIRFRIEDRHNL SN TE LT, N7 Iy 7 BBRES TN,

SARS CoV DHIFEIZIE Y A /L ARFEHLT 5D SARS 3CLP° BNMZETH S ©7, SARS 3CLP™ |3 %
TR FVMOEE ROV AT A T T T — T, VA N AERIZKLER RNA LY
N—EREDTaw L T EM IR TH D, Db, SARS3CLM [HEAIIA L iaR 3
B E B2 HNTND (X1)5,

/ Receptor ACE2

< - Transcription

an Tra::I:tion
ppila pplab . <
RNA Replicase g \ : A PP :“: )

o ?-
| SARS 3CL protease | O’ >

(CL: Chymotrypsin Like ) O

1 SARS CoV DHE5EkE

AR D SARS 3CLP° (IR SN < SRR REETH 5 &Iz, HEEMERER CHrEl
PERSINIRNZ ERRE L 7o T e, FHROFTBATFREDOIIFRIC LV | IR FrE S
AL, Argl88/ GInl89 Ff. THfifa o9 <. THAUT K VIEMENRKbiILD Z BB b E &
iz, % Z THEAR SARS 3CLP° 0 188 (2D Arg A MIBH DAL R A2 K&K B2 D Z L 72<
AFMOTT =2 ) BxRETHIENTED le [TEH L 72 FA 0 R1881 SARS 3CLP®
3BA%E S 472 %, RISSISARS 3CLP® [ IR S AU < W2 STz, BAERL D SARS 3CLP© & D
HBIZ Z 0| K105 oERIEEZ A LT D Z Lavmranie (1K 2),

UL 5, RISSISARS 3CLI© 23 Z DA FL D 7= O I Z BRI L il U CiE M OG22
&2 AU DAREMDN S D, F Z T, RISSISARS 3CLP® O X #hk ks it 285 i, BpATm

1



SARS 3CLP* Dbt & DI L 0 | BRI L AIEEF OEE~OFENR 22 &3 5
MZENT 10, ZOFERMN S, RI88I SARS 3CLP© |2 X 5 BpA Al SARS 3CLP™ & [FAIER DL ETS
PEEHAMASATRE & 72 5 7=, T T, RISSISARS 3CLF° % N5 Z & T, #ilda L 2 v %
Z &72< | HPLC Z MWD m W EEMERHMI R SR S lc, E 72 HER & oMk
i ERUC & AV T & A X RS aa i E AT 12 X 2 BEAERAEIIZ S - S Tun g 101

10 20 30 40 50
SGFREMAFPS GEVEGCMVQV TCGTTTLNGL WLDDTVYCPR HVICTAEDML
&0 10 a0 90 100
NPNYEDLLIR KSNHSFLVQA GNVQLRVIGH SMQNCLLRLE VDTSNPKTPK
110 120 130 140 150

160 170 180 150 200
NIDYDCVSFC YMHHMELPTG VHAGTDLEGK FYGPW’@ET AQARGTDTTI
210 220 230 240 250
TLNVLAWLYA AVINGDEWFL NEFTTTLNDF NLVAMEYNYE PLTQDHVDIL
260 270 280 250 ]

PDB code 2ZU4

protease His tag Km Keat Kea/Km (k.q/Km) rel
(mM) (s') (mM s7)
wild - Not Reported
+ 1150 0.20 1.7 x 10 1.0
mutant = 33.8 4753 156.9 1.0 x 1086
+ 31.8 153 4.8 2.8 x10¢

2 ASFREHTME R1881 SARS 3CLPe
SARS3CL, 2 &t AT A 7 uaT 7 —RIZ X AERAERICO W T3 IR L, O 1
TT7 —EBDOIEMEHF.LTH D Cys FEEEIZIHHE L TV D His FREOA I XY — A BFA—LDT

o hrEgIEHRLS, QIEMILENTZTF AT — b T =AU BNEE X T E D T VIR = )LVERT
h*#ﬁm#é @RTF FEED DU N Z Do @K T K DIKSFRIE Z 0V Ttk

Pﬁjmm

X3 YATFA LS UT?*‘“TZ@}iFEH%ﬁ%

$rx @D SARS 3CLPe fHERINHRE I N TEHY 23, 7 FEEDORDOVIZK 3QDTF 4T —
N7 =4 OREMNEZ T TWERREEZA T ILEMN EL o TS, HIZIET VT



tE R a7 8T I R vATNT 787 E—2HOTERNEOREN RO THS (K
¥, TATE REAWD & MOFRERLA%S L IXEWLEEEEZ R T Z E B30,
(LAY DR EERIBIRENIR S IND, a-F7 T I RO~ A T NVT 78 72— 0585456,
ZHRETH LITBER FOERKZBFTOMLERH L EBEZ DN TS, FEERICE I
OEIEIC L 0 EFMENEI T 2H BTSN TRBY 1. 7LT e REHET 5 E o biEE
FWEREXRTHL Z ENFKD—D & I TWND,

w? oL W?@ W&r

aldehyde o- ketoamlde Michael acceptor

X 4 /XT/]’/7CZ7‘7*—VIZ|3E£%U@ Tﬂ

FTBAFFE=RIZ 3T, SARS 3CLre [HEAIBAFE D)2 b0 & LT, IMEESI D RIE(EATH
HU. H-Thr-Ser-Ala-Val-Leu-Gln-Ser-Gly-Phe-Arg-Lys-NH, 23 864R X7z, = O FE B O B
N e 2 7T A4 DM S FRIEEZAT HFEERNTF K77 v FREEA & L THEI N
7o % LI E RO RELSITONT~TF RT V7 e RRBRER 1 Z@ESNTE
. ICs5o=98nM & IR PHEIEIE 2R 2 E MR STz 10, FEA 1 L#ER L 0EA
IR X B ST IC O L TR Y . LN OB HEEAZ ST OICEHEETH D Z & 23
binkieoTnWe, OCKEOT AT v RER T a7 7 —BIEEFRLOTF A — LV EE L KFERE
BHRECH D, @S RS ME His IO A I 4 — VENEETH D, @S, K7 v hTO
AL C B A A B T Th 5 (X 5). .

S, cyclohexane ‘
HO ; 32(

(0] H (@] H
)LN N\.)LN N\./J“o
H

:H H \\
0 o]
N \K\NH |m|dazole© ’
N=/ S1 d "

1 (IC5 = 98 NM) S, PDB : 3ATW
X5 PFHEEH]1 & R188I SARS 3CLPP MO AIA X Fihb Sh s gt

LrL, R_7F FEBREANL BN AN TORBMLEEDMRNE WS R & 5 T
D, XV RT v T T4 7 EEAT DIETT FEBLER ORI Thiviz, X7 R
FREA 1 D SR > MBI 28K BN E B U, A X S E T o5 R
B, STy MIBITFHVZ7antHh UBRERTF FEHPTHEL TWALZ LR LN E R
ST, ENOLEAT LU U —THfE L7=T e KaAa Yk U URIBHEAR] 2 NG
SN, ARENTET e RaA VX 2 U CBIBHER 2 13X 1Cs = 63 uM ORAEIEMEZ R L
foo —EOEEMEIZIR Loy, X7 F REIHEA 1 &g d 5 & HEEESME T L,
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ZOFKRE LT, BEA2 L FaT 7 —F L OBEAKR X B ST OfE B D, Sa R
iy NTOMAEAMERNRL ol b, TuE7 o VEREZOE@mICHNTEY ., 7
077 —BEOMEERN G TRl etEL N, —h. The RafVx /1
VEREIL SRy MIE S, TR KaA VU BN HTT- 72 SARS 3CLPe [HE A
ELTHHATHD Z ERHLMICENT (X 6),

Sz

PDB : 3ATW PDB : 4TWW

6 PBHEHKI1 KN2 & RI188I SARS 3CLP° MOBEAKR X Fih ks s b

A K[

B : KK
-0+ &

(3S.4aR,8aS) {/ HY
ICso= 108 uM -
o MW sR4assaRr)
PDB : 4TWY ICs0 = 240 uM
PDB : 4WY3

7 MEERAEEE DN EFDENT K D E AL~
[(35:4aR.8aS) : Fkfh, (3R4aS,8aR) : Ffh]
4



ThHE RaA VX ) ONEEFEIC K DEEE~OEEZ O THHA LIS T
2o B TITRLULEZ2FED YT 2T LA~ —IZOW T EEM 21T - 7255 5. (35,4aR,8a8)
DL Z AT DB D TTH (3R,4aS,8aR) DIAEEZFHTHILEW L 0 b 2 (FFREEE
LA R LT, BESR & OMAEERMIT M Thiv, The KaA Yk U UFEOSIR LS
DFEVNZEY | B7 = = )VERBERE R H 5 WIFEEROIMUNCH T WD Z LB LN ERY |
LEIEE DI SN -T2 EE X BT,

WICBEFEEE Lo, The FaAa Vx U URIHER 212 Sa Ry S TOMAEER
HAL A2 EA LIAL S ORGEEAMThn 7z (K 8%, FEAI1 & X MikiaEEs ERAabt
R, SR 2 OF A Radg VXU v AfRBLMER 1 OV 7 anFULT T =00
ERFTEOHHEN 1.63ATH D LRI Sz, Z OB CN &S ORIV =D, 7
e FuAYx) ) rOANKATEEERFTF2ZEAL 4R 7y S TOMAEREAME L
TRHEH] 1 OEIHEEZ I L7- Ac-Thr-Gly-0D X7 F R &8 A L7Z[LEA] 3 NikitSh
Too BRCSAVTEPHEA] 31X 1Cso = 26 uM & FRFTEMEAFHER 2 LV b b L7z7ed, Tk
KA Y ) oDt 2EHIET Sy A7 v N TOMEMERENIE R0 155 2 LAVR
B Sz,

X8 [HEAI3 DORRE
(RTF RRHER L : S, The FaA vy U URIBHER 2 @ f)

FFEIIIND O R EESE 2 72 LT, SARS 3CLPe BLEAIBIRICE T L=,

B 1 ETIE, FieEREECchIA 7 X e Kaf Y X o BkE R T 5T T M
FLEAIOF%E & A LUV RISSI SARS 3CLM© (2% 2 BLEIGVERIM 217 - 72,
B2ETIE, H1ETAR LA ZE RaA V7o A L BREONAREIREE K & fxhr
RBLE DOV TE 72 © NTIEMAEIE D[R EIZ DWW Tam U7,



FIE FI7Fe FuA Yoo X R SARS 3CLP [HEXR] DOFEAR

B1H A7 ¥ b Fudysoax  RAEA 4 ORGF

Fram O L7c & 21z, BRFEA] 2 OREERMEIEE O F OB LY | EHIEOR D
ZAb UBLFEMEIZ ZE0358 0 bl 7o MabR G EI IR IRAIC G T D BN H > T,
?wtFm4y%/J/ﬁ%%%&ﬁémvmﬁ%%%ﬁﬁg&i_%@Ltﬁﬁ&tFu
AV I A FETDHIET, BBERFORMELZ A LTEARFRIE (Sharpless-& H AN F —
N LIS & Sharpless AT B R IAUKR) Z1EH L, EHERMEERE G OFE & 2h=
kIS e b A ATREIC 7R D & & 2 T2,

SARS 3CLPeJEME: LD T A — /L EFAEHT 5 EH %kbfi’hifﬂ% TNAT e R
ERAWHZ L E L, HEHR 2 LT o720 L, FimCRLIEL I, MOBREEZHW
%6, ZOWMMN TOMERE(LDLETHY | HEEREE %®4¢m%%%@ﬁ®@d%b
7% DFTNENWEE Z T,

EHILIZOWTE, HER 207 07 2= LRI 7 07 7 —BOREIZFEWWTUWZT280,
FHEA] 4 CIXEBREORELZ LT T 5 LT, S-Se A7 v b EIXER DAL TOFHAEAAE
RAE/{ons B2, HER 2 Z2RICLENyF oIy Ialb—yva il rarr—
B LOKRBREDIFINTZZ &0, BHMEICERZEAL, £io, EEEE LR
DI, D n-TFv, T U, DD T F R0, %ﬁﬁ®&y9wﬁéﬁﬂbf
e ZeRGT Lic, 723, SadRr v N COMBERZHRFT 2546, EH 3 LEERIC
il 4 OHEERAEIET 4 fL~DEHISEANF N TH D LT LT,

LanL7eni 6, BEA] 3 OBLEEMFATOR £ 6| MEBRHEES 4 (L OBHEEOZE AT
WT—EDOFHMlATELZ & & 1 AR DEHEN R 2 E AR X PG s ST (k)
LCWAIHEHR 2 L3 211 4 (TG CH DL Z ENEFE LS, ARk & REAR O
WMtEN S G 4 (EERAZ AR L. BLEA] 4 OMLEEEZEERT I 2@+ L
7= (49,

2 (IC59 =63 uM) 4 (R = n-butyl, allyl, ji-butyl, benzyl) )

(@)
\/& o)
H H &
H N H
o] = - R = G

X9 Fr7 Xt RuaAYraX FHER 4 OF:



28 WA RURNT

Hib & 4 13427 2 FaA Va2 BEHT2{66W 5 L v A5V U FEKRIC K
%, BILT I LRSI E D Eo b BT, LAY 5 ITRILIK 6 00D, BT X/
EEISIZ L VLN HND T IV 2EHT 52 & TR TOBEEEMEZITY 2 & & Lz,
F72. BB 6 1% Sharpless A& P b R w3 SAUBISIZ LW AR L72ALEW 7 7> b ALAKEIRA
G b5 EE XT38, EEEAREFETHOWABRN FE2EFTSH 2 LT, MG 147
& 3NLDONMALEN B DAL S A ATREE B 2 7o, =ARXF U T ha—L 8 iEmliEi
TWHILEW 9 I B~ DEREILZHA L Sharpless-75 H A7 R 5 IAVEUG ¥ 12 X 0 SRR
PN D £33 272 (K 10),

R
H I
0 Reductive seNsp
L \ . L
| Amination H Reductive Amination
A

H
o NH OH
4 5
Sharpless-Katsuki H o Sharpless Asymmetric
H Asymmetric Epoxidation L~oH  Dihydroxylation
OH </ ' £
A S
9 8

X 10 fEmifbaY 4 O R ARAT



B3I A2 Fe FudYrox REEA 4 DA
BI1E Fr7¥eRugYraRrR B 6 DR

TR STV 5 (18,25)-cyclohexanedimethanol @ [ {f| (> 7 /L =2—/L % TBDPSCI % H T
TBDPS J& CIR#E L7- 4, D%, Ley-Griffith B2{L & Wittig SIS 43 24T A B3 1K 10 75:
CTATUVA—REME LTAR LT, A FFUIE10 2 (H)-CSA Z W =BIZEIC
DT T e RIRZGR L. KT T Wittig RS ZITWERERA L7 4 V28 A LT, %@%TBAF
% T TBDPS DO Biffi#EEITWT Lo —)L 11 Z A LTz, 1 #7732 —)1Z Ley-Griffith
b 2177 LT B RIEE L, #ilF T Horner-Wadsworth-Emmons )it #440 21T R L 721k
a1 =GR LT,

ft{a\% 12 D=F /)L A7 )V% DIBAL-H & V=& Eic kv, 7V AT v a—iKE &Rk

. EOHEML T (-)-DET % FV T Sharpless-#& H REF =R F UALKIEZITWVT AR F 4K 8a
75:@ DYT AT VA ~—b LT, SARERMEIT 'H NMR #7226 =R ¥ RIChkT
L7 FNAGREN B Lo, 5072 kA 8a 1% L Sharpless A& ¥ B R I ALRUG
2TV, £ D% p-TsOH Z AW ettt TIcBIT 2 =R ¥ v FOREIZ LIV BR{IKIE 6 &5
% L7z,

'H NMR 2 SERAEIK 6 MG 5 TWD Z E1dyino7243, 'H NMR i1k v 7 vy
T AT VA= EIPXBITE o727, SRERFIEICOWTHIARATH 72 (kD
BHE NMR AT MRITICE D O T AT VA~ —BREM THDHZ L EFRE L), 47Xt
ReA Y 7uaX GO EHRT 5720, GLEW~DEBRAEE L, SRR
[ZOW TR ETEPEREAMZ (AR 35 2 & & L7z (Scheme 1),

H H
1) TBDPSCI, DIPEA 1) (+)-CSA
2) TPAP, NMO, MS4 2) MeP"Ph,CI, t-BuOK, 0°C
2 OH > A % O/ >

H 3) CI'P*Ph3CH,0OMe, +-BuOK, 0°C H 3) TBAF
9 73% (3 steps) 10 66% (3 steps)
H H 0
oH 1) TPAP, NMO, MS4A ™ 1) DIBAL-H, -78°C
@:\ I o7\ >
X 2) (EtO),P(0O)CH,CO,Et, NaH, -20°C 2 X 2) Ti(Oi-Pr)y, (-)-DET, TBHP, -20°C
H =
H 54% (2 steps)
1 62% (2 steps) 12
H O 1) K,0s0,(0H)4,(DHQ),AQN, K3[Fe(CN)g]
(K\OH K,CO3, t-BUOH/H,0 (1:1), 0°C -
z A 2) ,D-TSOH
H 96% (2 steps)
8a

6
Scheme 1 ERILIK 6 DERL



B2H FEf{LAW 16a-16d DERK

| \*
N
1) PCC, Celite®

1) NalO,4
2) i-butylamine, NaBH3;CN

o} 2) H-His(Trt)-N(OMe)Me
A 3) (CH,0),,, NaBH3CN A AcOH; NaBH;CN
H OH 66% (3 steps) H OH 16% (2 steps)

6 13a

PN N

TFA:TIS:H,0 (95:2.5:2.5)

E f

N
14a o Trt 16a

Scheme 2 fEAHLA W) 16a DA AR

BRILIK 6 i a HEEET N v AEHANWE 12 VA= VOBRENKG I, TATE R
KEAHRL, Sl T -7 T AT IV ERITNT 2 JERIEEIT o T2, BIEHS XTI RV LT
AT REDBETLHT I /LS EITVMEEW 13a A L=, 7 /L 2—/1 13a % PCC [#&1{b
TT7ATE RE L, BIEGHK LT His 554K ¥ &L 0BT T I MERISZITVMEEY) 14a &
L7z, L&) 14a O Trt 2% TFA Z HW TS T CHLIRGE 23 7o 23 (LB iR LTz Tz
D RMME 21T > 7 (Scheme 2), LA FICSRMFMRET ORI R 2 RT (F 1),

PN

PN

conditions
H HN N
SQs
T o
r
14a _O 15a _O
entry conditions yield (%)

1 TFA:TIS:H,0 = 95:2.5:2.5 N.D.2

2 0.2% TFA, 1% H,0 in CH,Cl, N.D.

3 90% AcOH, 60°C 24

4 Yb(OTf)z, H,0, THF N.R.P

5 HOBt, TFE'® 60 (crude)

aN.D.: not detected PN.R.: no reaction

F1 bEW 14a D6 15a ~D it Trt {L e DKt
9



TFA Z W& TIZAENE LT, JFEFS 20 L7 (entries 1,2), 90% HEfE, 60 °C
DT TIE 24% DT 15a B33 HAV205, EIFFREHEUL & 722 572 (entry 3), £ 72 SR
JE % B D SALBW DO IEN I HILTZ, 60 °C DS T ik HAMIEE S 5 23 RS 23
DIND LW LT, LA A TH D YB(OT; & W5k ¥ TIERIENEIT Lo T
(entry4), 0.5MHOBt, ~VU 7/ A vz /— V&M O TIERISHEIT L, (L&Y 15a 135
DI, WRENZH W HOBt OFRENME L 72572 (entry 5),

ZOREZ RS 2720, BT I /RIS THW TV S His #5840 Trt % TFA 2%
TR THOENCOMEH#ET S Z & & Uiz, B Trt b L7z His 358K T HILAEW 15a ~D UG T
MAT U7z, Trt JEa i UIERE < 22722 & T LC-MS TORHIZITH Z & & L=,
PCC ML CHE U= NROFBIENRGF L TEBY, YU ATAR8TA b, T4 F—%%
TOREERBTZD, +ORBREICEIESLT LCMS ~OREZZE LGN L&
(Scheme 3),

TFATIS:H,0 = 95:2.5:2.5 _
H-His(Trt)-N(OMe)Me 3 H-His-N(OMe)Me

78% |
N\)\

1) PCC, Celite®

G

13a —_—
2) H-His-N(OMe)Me HNI\[N\>
AcOH; NaBH3;CN
SNNo TNH
15a _O

Scheme 3 L&Y 15a DERK

FEROBEN OIS ERETT A28 E L, fEERICOWTEL IR LT,

WL .

o 1) Table A
) 2) H-His-N(OMe)Me, o oN N
a 1 AcOH; NaBH;CN - I\[,\?H
13a LC-MS 154 ’}l 9]
_O
entry reagent solvent temperature (°C) {ée:tj e(pO/;;

1 PCC CH,Cl, rt 16 (crude)
2 1-Me-AZADO, (AcO),IPh CH,Cl, rt N.R.2
3 TPAP, NMO CH,Cl, rt N.R.
4 SO;-pyridine, EtsN DMSO rt N.R.
5 (COCl),, Et3N DMSO -78 N.R.
6 Dess-Martin Periodinane CH,Cl, rt N.R.
7 N-t-butylbenzensulfenamide, NCS, DBU  CH,Cl, 0 22 aN.R.: no reaction

£2 Ta—)L 13a ORLEIE O HE
10



PCC BR1LIZR 2 CTHiT» 7=, AZADO [i2{l.. Ley-Griffith fi2{l.. SO;-t"V ¥ &k, Dess-Martin
P L TIET VT B RO b EITE T, FEHEI A FE & 72 > 72 (entries 2-6), — 7, [Al L2
.3 TIL LC-MS TOXEHE . (LB 15a 3G HALTZ (entry 7). 72 B(LEW) 15a 13 UV 25811
T& 7o 72729 HPLC TORERIIWE L, LC-MS TOREHZ1T -7 (£ 2),

BoNIAbAEW15a DU A LT T I ROBIRICE D TAT & KK 16a 5 LT, ARk
BETHWAT I VETINAT IV RUUAT IV n-TFAT I NIERTHZ LT, £
NZENxIST 21669 16b 75 16d % 15:7- (Scheme 4),

1) NalOy4
2) R-NH,, NaBH4CN

13a: R = j-butyl 66% (3 steps)
13b: R = allyl 63% (3 steps)
( )
( )

>
3) (CH,0),, NaBH3;CN 13c: R = benzyl 62% (3 steps

13d: R = n-butyl 59% (3 steps

13a-d
1) N-t-butylbenzensulfenamide DIBAL-H. -10°C
NCS, DBU, MS4A, 0°C S
—_—
2) H-His-N(OMe)Me, AcOH; N LC-MS
NaBH;CN I\E\>
LC-MS SN"So NH 6-10%
15a-d .
14-25% (2 steps) ad 0O

Scheme 4 EAf{LE¥ 16a-16d DA K
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B4 PAEFEERAR
AR LTAL A 16a-16d (2 DWW CRHFIEMIHMI AT o 72 (% 3), HETF FB L OMHE
A, FrimCn L7 SAURESE RISSISARS 3CLP° & 1 V& = \— | LELERIRE & EE 7T
ROEIWrEN G ICsofEZFH L= (K 11),
Substrate (T-S-A-V-L-QfS-G-F-R-K-NH,)
+ inhibitor + R188| SARS 3CLre
AN

FBEADIREZEZEZHPLCHM ZITLN.
E—VEROELISEEDOUMEERD D,

a7 °c
J_UJ ,L'- pH 7.5 Tris-HCI buffer

—— NSRS TAF ARk (2B

| BEE H DR & GIM R
DT EA R %E
WE.IC, EEHEETS

80
80

40

(o] 10 20 min

11 HPLC % v 7= R188I SARS 3CLP™ BHEVEMEREAM 0 J7 1%

inhibitor (M)

PLEVEMERBR ORGSR, EHURD n-7 FILEZE A LTALEY 16d 73 HLlge i) B HETE LA
ZaR Uiz, 7T UNEEZEANLZALAY 16b 0y DV EEEZE N LT2bAY 16 1ZLA Y 16d
& HleT % & PETENEANEES LT AL AW 16b HMEEW 16d X 0 BLEIEMENMEWER & LT,
T UV 1 IRFENZ & THAKMERABERICBW TS D, o Rfafufiaic L 2RIEMED
WENEZ OND, DIEEHTH D i-7 FIVEEEZEAN LTLEW 16a TITRIEIZ BTG MEAME
T L7, RUUANEIFY A REREVDEEHEEE &5 2 LD EMEGEORERV -7 TV
FEEAN LT 16a L 0 IXEEERNE -T2 L& 272,

compound ICsq compound ICsg
|
'L\)\ N\/\
H H
170 10
o >1,600 pM 2 420 uM
H H
HN N HN N
Qe Q!
H o —NH H o —NH
16a 16b
I\Ji> |
N N~
H H
170 10
2 400 pM 8 100 uM
HN N Hoonn N
0o Qr
H Yo —NH H o NH
16¢ 16d

%3 (LB 16a-16d DOFHETEMEFEAR
12



W2E FIFb RuAfVra R BREOSRES L HEEE

BT Fr7¥e RFuAgYraRBROMELE

#51 BECEGURD n-7 FEEZEA LTALAEY 16d 73 i) RO ETEEZ R L7272,
n-7 FVIERILEE U MEBREE OS2 e (b6 4a-4d kel LT, 2 b DfbE
Wa AR - RIS 5 2 & CREBRARE S O NLIM L FE B FIE RIS 5 2 DB AT, FiohH
LA B THEBR & O LARELE 2 0 L, ISR S 2 R E T 5 2 & & H
&Lz (X 12),

16d (IC5o = 100 uM)

X 12 LAY 4a-4d DFEE

13



55 28 Sharpless RETYE Fu X UAUKINCIIT DELT & SEAERE

5 1 B THERR T & TUWR2)» o 7 Sharpless A7 2 b R % SABKUG TONARZBRIRPEIZ DO
THGAE L7z, = AT /LK 12 % DIBAL-H T7 U /L7 /La—/L & L, Sharpless— & H RA TR F
USRS ZAT VT AR F U1K 8a Z H—DNMMEFTHL LTz, £ D%, Sharpless AT R e
X UACEIRZAT o123, 2O C—HERILIK 17 SRS VTNV T L u~< N7 T

4 —IC L DN R TH 7272, IBREMDE F p-TsOH ZEEfIEE L L CTHWERILIK 17
&L, BV AFE L=, Btk 17a L 2D T 2T LA~ —17b 1 '"H NMR ZA~<7 L
MO IXXBIR D)o 7203, BC NMR AT RV BIEBAMEZ o 7 F /L OFE W I BRI S
oo WD TYT AT LA~ —IRAEW 6 DEMARIT BCNMR A2 MO 7 VRED
POREMAREE o Tz,

%1 ETHWTWZ (DHQ)RAQN TIHTAIZK L 1.5:1 & +43 78I MEN G S TV 722 hy
ST, I T, BN T OBRFHEIT-72 & 2 A, (DHQ)LPHAL TiX 6:1, (DHQ).Pyr TiZ 7:1 &
BIRMED M B UTe, EToMEBREEE 3 M OSARME D R LT AL S MEERIZG 6 D &
EZHi%D (DHQD)Pyr TIX 1:15 L@V ERMEZ R Lz, B L TIX 1.1 ThoTo (R

4),
1) DIBAL-H, -78°C
/\ »
2) Ti(Oi-Pr)y, (-)-DET, TBHP, -20°C

54% (2 steps)

1) K,0s05(OH),, ligand

H _O Ks[Fe(CN)g] K,CO3
H t-BuOH/H,0, OOS
|§| N 2) p-TsOH
8a 17b
ratio of the
) mixture*
entry ligand (17a:17b) yield of 17a+17b (2 steps)
1 (DHQ),AQN 1.5:1 96
2 (DHQ),PHAL 6:1 85
3 (DHQ),Pyr 71 84
4 (DHQD),Pyr 1:15 85
5 - 1:A1 82

*The ratio of 17a and 17b was determined by '3C NMR analysis.

# 4 Sharpless N Y b R ¥ ARG TORMLFFRFT 1

Sharpless-&F H A7 =R ¥ IALKIS THWAEML 7% (+)-DET IZEH T 5 Z & ChHiteifi
1 NLDOSAREFED R LA EW 17 25 LTz, =A% K 8b I3 '"H NMR A7 KLjn»
DHE—ONETHELNLTND Z & a2MER LT, Hi< Sharpless 75 ¥ b K ¥ ALK TIEIA]
FROBNF R 21T o 72, FERELLTIOR LERE 4 OFERE RERBEWDIIRN- 2720,

14



TARF TV 3= VR DR EEEIZ K B Sharpless A& Y R & S IAVE O SRR~
DEBIIRE LSRN EAURER ST (3R 5).

’ Q
1) DIBAL-H, -78°C
A O/\ )

>
2) Ti(Oi-Pr),, (+)-DET, TBHP, -20°C

ERNEN
H 54% (2 steps)
12
1) K,0s0,(0OH),, ligand
H ‘\\9 K3[Fe(CN)]6Y K2C03
T 2) p-TsOH
8b 17c
ratio of the
) mixture™
entry ligand (17¢:17d) yield of 17¢c+17d (2 steps)
1 (DHQ),AQN 3:1 88
2 (DHQ),PHAL 6:1 84
3 (DHQ),Pyr 8:1 81
4 (DHQD),Pyr <1:29 74
5 - 1:1 84

*The ratio of 17¢ and 17d was determined by '3C NMR analysis.

# 5 Sharpless N b R ¥ IALKUGS T ORMLF1RFT 2

15



BI3E RGO AR E DY E
B2 CNRERL 7:1 & 1115 THRONEC T AT LA~Y—REM1T 27 T v ol
nv N7 4—THEL, GAEOZWMLEMZ BB L -, TN EnOEMIT OV T H
NMR. “CNMR, DEPT, HSQC. H-HCOSY A7 hinbEERHEET 1 & 3. dafi 7 1
F oy T VDAL E ZFRE LTz, NOESY A7 MM 21T o -5 5. EEBRIOR LS
WNX 1L L 307, 340& dafii, dafré 1 AICHBWTHERRONZT2D, (LAY 17a DL
BEFEEALTCND ERE LT, FEICRLIALEWIT 1 (L 4a fLiICOBMBENR R LT
72, ALEW 1Tb ONARMEFE B LTS ERE LT (X 13),

obserbed nOes of 17a

17 (1:15) 17b

13 &Y 17a & 17b ORI SARBLE O T

16



B2 ISR W TN ARIRE 8:1 & 129 DLETEONIALEW b RIS - HEE L&
NMR T 24T > 72 % . NOESY A7 MR Z4T > 72, FERIR LTALEWIT 4a fir & 3
NDOFIZFHEN R S22 ALEM 17e DR FEHB L TC0D ERE LT, TERIIRL
TALEE N AL E 34, da LB W T, ENEIVHEN R 6o 72O, L&Y 17d O
SR EFEEA LTS EIRE L, bAW 17d 1% 1 (L& 3 MO BEHIEN ST 3 7 U7
WZBLE L TR0 | BlHB MR L OFF AR Z 2 L5705, BCNMR A7 R Lhsb I XELHE
SR D> 7 F B SN ol Z b & FHERETH D856, 1 L& 3L, 8afid~
2~ BB T X T AALICEE L, TNEIUTHEEN RO NDIT T THH Z &b,
BB 17d TITWIRIEDE & UCTIEET D EE 272 (K 14),

obserbed nOes of 17¢
OH

WOH \OH

. M ZeH 1 H o
0 separation
I [4a 3], \H
nOe OH
OH
17 (8:1)
no nOes in 17d
OH
K\\OH
purification 0
A 3',H
A |
OH
17d (<1:29) 17d

14 &Y 17¢ & 17d DOHERI SRR E OPRE 2
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% 48 Sharpless R Y b Fu AL IT B LR

LB 172-17d (2 DV TR STARERLE 2 R E L7-fE R, 22 O(b B OFEERAEEE 3
L DSIARIE Y Sharpless R B R ¥ UAURIS THWEBNL 7 X 0 #HEE 405 SEAREEIR
PENSHE L TUWD Z Lo 7=, Sharpless KA T E R IAMUKIG T H AL D SRR
R HOWTI 15 12577, Sharpless R P b R 2 IARSIZIS T D SEASEIRVE LR ER A
IZESX T OBEBIEORE X (R, Ru, Rs) T DENL T O/MAE O B HEE
XN (Empirical model), Z DET /MZHEVY, EBITR LT X 912, BRI FTOFIET
HELE, O7 A7 E8A0E 1 ERERTH D0, B EE BICEET 5, OB I
(DHQ), & W2 E X G SO B G IS Z U . (DHQD), TIX ZHEAEH O Rl
SIIGHIE Z 5, Z OHERNZ SV TEA Y 8a 725 (DHQ).Pyr & W72 St % TERALIK 17
FTARLIZEA. FE AN L X 5 IZBRIEIE 17b 2SR 55133 Th 5 235,
BRI SN DX TRO(LEW 17a Th -7, (DHQD)Pyr % AW T-34 b [FkEDfE 5
ZhH 270, RIRZZELT 5729, Sharpless A7 b R SAULKIGIT I 1T D SEAARZRIR M D3 10
R L72fllc DWW Tk ER b 2 & & LT,

Empirical model AD-mix-a
(DHQ),

(DHQD),

7,

] AD-mix-3

Empirical model

(DHQD),

Empirical model

15  Sharpless N7 T B R % I AUEIGNIT IS 1T D SEAREIRME

Sharpless 75 2 b R 1 & IAUSUG TIWARBIRIE DS 385 L 72 B30 < D20 ST e
S5 ZOHTHEORENEL L TWA b DOZLTIZRT (K 16)2, ZNENNVEBUERIC
=bhaENFV N AZ NTAICERLIALEMTHY . AV MLIZES L 72L& D H
SEARBIRPERS IR L7e 2 E 3 E SN TW e, (bEW 13a SiFv 7 e~ H ol Br
BLEVWIEWDRDH LN, 7 a~FH U B0 12 MICERLLZ T 55, AL MEEIK L [FE
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RICENLF & ST Z A U D 2 & TIAREIRIEN WL 5 RN H 5 &5 272,

L ot o

NO, ©/ O,N

NO,

16  Sharpless 772 b R v & IAUSUGIZ 31T & TR O s 5]

ERE L 72BN T & OSERIEIC DWW TELET L7289  Corey DB T D BBIRIEE T /L I
Kox AbEW 8a &L IR LIENL - DOFAE O T A2 W CEBREET L %
B LT (X 17), EEIR LT (DHQ).Pyr & AW 7= 354 Tl @ I3 A MBI R L7 BlE T
BENRIET AR, ZORATRI T a— VESREN TEMOX 2 U VB L OSIRK S
MRENWZ ENBESNT, —JF, EMORUEZEE CEREN ST 25T R 7L
— NN EHFRCTEDAR—AND L Z ENEESNT, ZOOHEE S D AR &
A U7 2N R L2 ERE TG Z 5 & & 2 72, £7- (DHQRAQN % HW G4 Tl
FNZR U7 B LR O SRR R BRE S D, LI OELE THRIGT 256 AQN IX Pyr
E T D LR ROFEER D IEEHFINCEL o TnDHeD, ZARF T L a— sy e
DNARRFENBE ST, 16> T (DHQRAQN % WA Tk, &6 b OEBIREE b
2 Wz, BIRMER I G ool (1.5:1) B x T,

matched mismatched

N
E NE \EN <
:: G O\\\\\“'
o
§o§/
X
o// o
oH ’
of| T, Q
»
/ ﬁo‘ \
i,
",

mismatched

N
()

(DHQ),Pyr

N

/EW ’
(DHQ),AQN s }

17 4ELT AL 8a DEBARIEE T L
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BSH BEMLEY 4a DAERR

B 1L RROARRIE TT AT 8 NMi da /R LT, (L& 17 OSTAREIR N 7:1 &
MEL7ZZETT7Iyvarzu~ 777 4— (CHCli: MeOH=25:1) ICX VD T AT LA
~—DBERFTRE L 7 o7z, LAWY 18a ZMIUEALTT LTk K& L7cE &, DBUIZ a /K
FNRBIEHEIND Z LI LD E A VABBEEEIN D720, 'THNMR T2 H6E4 19a 23
VT AT VA —IREM TR & &l Lz, MEERMIEM OSSR b FE RN R 4 3 o
{bEY 4b-4d HIFERIZT VT & RR~EZHL L 7= (Scheme 5),

Flash column chromatography

(CHCl3:MeOH = 25:1)

1) NalOy,

1) N-t-butylbenzensulfenamide

2) n-butylamine, NaBH;CN NCS, DBU, MS4A, 0°C
>

3) (CH,0),,, NaBH3CN 2) H-His-N(OMe)Me

AcOH; NaBH3;CN
17% (2 steps)

46% (3 steps)

N~
DIBAL-H, -10°C
: —
H HN N LC-MS
~ I\[\> 9%
l}l o) NH
19a _O

Scheme 5 {EAMLAWY) 4a DAL
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FeH FHEEMETM

BoNTAbEY 4a 5 4d (2O T RISSISARS 3CLP™ (Zxf 9~ 5 BLETRMERBR 217 - 72, #&
R MEERHEEIIC (18,3S) OSR(LEE AT (LAY 4b B R WBLEFEZ R Lz, —
J7 CHEBRAEEERIC (IR3R) DML FZ AT 2{LEW 4¢ 1ZLEW 4b & HLl T 5 &4 8 f5FH.
FEIEMEDME T Uiz, LEFRMEICEN R O Z L DRSO R bFRIc L, Bk
@ R188ISARS 3CLP™ & OAH AAEFAMERN 70 D = L VR ST, £ MEEREE IR (18,39)
DR 2 A5 Z LAY R188I SARS 3CLP° & OFHAEMIZHE LT\ D Z &N LN
> 12(3 6),

compound ICsg compound IC5o

260 pM 95 uM

780 uM 440 puM

4d (1R,3S)

# 6 (LAY 4a-4d OIHETEVEEAN

21



EI1E (LAY 4b L 4c L R188I SARS 3CLP° DA AR £ 42

FEBRFE IS DONAR L FE DR L D HEEEA~DREBIZ O TERT L7120, LEY 4a-
4d [ZOWT, MOE ZHv, Tk Ko V¥ U RIEAEA| 2 & R1881 SARS 3CLP® & D
BEER X RS r I Ry X o v I alb—a v a2 {T7o7-, FEH 4a, 4b, BL O
4d THEOLNTZ Ry X7 2 a7 3L L Tz (4a: ICso=260 uM ; —8.3615 kcal / mol, 4b :
ICs0=95 uM ; —8.3982 kcal / mol, 4d : ICso =440 pM ; —8.4354 kcal / mol) 73, 4¢ D K v F
T AT II RS R & 72572 (ICso=780 uM ; —7.9265 kcal /mol), Z D & X OB
W (18,38) DN EH/ T (L6 4b & & b IEEEICED RSz (1R,3R) DXL
FbEZ AT H6EM 4¢ DHEE S5 RI88I SARS 3CLP° & AR AAEMERIC VT 18
R L7z,

KEDOHEE TR LT e RaA Y% U URBEA 2 LT 5 & LAY 4b, 4c 3
(ZHEBR S CILRIBR OB B ERPBE SN D, — ., A I XY —ABRICK DM ALE
AR 2> TBY ., LAY 4b Tl 7 e T 7 —BiEERL L KEBEHECH D = LR
HE SN0, LAY 4 1707 7T —EBOIMUNTHN TN D Z & BRE STz, MeBRisid
AL OBEHIETE LAY I T r T 7T — B AN AN T WD LR ST, 1O E SIS
MUENE W EBRERETIR LN -T2, K18 IR LIz 5 IUbEY 4b O A #
ERRAY 7 BAEALIFZY =)L TATE RERNT e KaA Vx U oRIEHEAR 2
ERIBRD T 0T 7 —E & OMAIERZITH LRI S, 26 OBREAIANF % O P TEEE
ZRLTWD (L& 4b 1 1Cs0=95uM, T b KA V& U URIELEA] 2 : 1Cs =63 uM)
ZEMB, ALEY 4b O 1 ALOBEHELT KX HBUKMER EER, b L IKFEREIZ L DA
TERET e FaA X U URIEER 2 o7 o7 x= VL5777 —8 L 0
HAERNZ L A EIEMICE 2 2 BIIR%ETH D LB 2T,

compound ICs0

780 uM

4c (1R3R)

18 fbEY 4b KN 4¢ & R188I SARS 3CLP™ D F‘yﬂeyﬁvél L—3a
LB ab K WNde . ALy, e RaA VX U MAER 2 : Kf)
22



LA 4b, 4e & R188ISARS 3CLP° OHEEA AAEAERIZ OV T 19 2R LT, Wi{bE
T AT e RiZ7 a7 7 —BiEEFLTHD Cyslds EKRFERBAIRECH D Z & HEE S
NDe A XX = NVBRICEDHEERTIHEE®4b X7 e FuA VX U CRIBREHR 2 &
[FERD Phel40 & /KFREAIEREIZ®H D725, (LEW 4 TIET BT 7 —EDIMUNZ W TV D T2
D, IKFREA BRI 7o 2 & DMEE S LD, MEERAEIEE | ML OEHILIZHOWT BB R LT
M TIERE RETR SRV, LAY 4b 1T N JF 178 Hisdl & KEFEAERICH 528, b
Yy de TIIKFREEREC 2V ERHEE SN, 2D 2 S0MEAY 4b, 4c & RISSISARS
3CL TR DI B L Z EnB 2 bd, 78 1 BICTHEERMEES 1 AL/ 8H
WD -7 FNEEZ BN L TALEY TIEIRIBIZHEEEME T LZRRE E LT, RIZR L7z &
IR WVEBREAZNE TEDAR—ARRN ENRRNTH D & 2T,

4b 4c
19 1bEY 4b KM 4e & R188I SARS 3CLP* DO HEEFH AAER
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woIE

1 ETIET A RaAg VX VASRDDEHOBKERM E LTAH I X e KaA Y
7 A EREERGE L ARSI Uiz, AR LTAEE Y 16d 23— E OFLFEEE 2R LT Z
EID AT H e RuA Y7 a A B RISSISARS 3CL EAIE LTAHTHL Z L%
B 5202 Uiz, MEBRIEEES 1 AL 7 L AR O@EBRIL L U C n-7 F VIS Rl LT
Tzo £ ZOFNLICIIT DEHRELIC LV HEEEICERA LN 2D, a7 T —EB &b
DOFESEAZ L TWA LTS Z EWRBR ST,

%5 2 B CIX Sharpless R T B K SAUKIGNC B TEUL 72 FET L. (DHQ).Pyr 23 f%
RO#ERES 25 Z & L. (DHQD),Pyr Z W5 & 7 AT LA RN Wifind 5 Z & 21
BN LTe, MRERHEE S ONMALF DRI H{bEW) da-dd 5L, BHEIEMEIC G 2 58
[ZOWTCRHIT 5 & SRiz, SRRz W TfBR S S O LR b2 2 R E LT, ARk LTz
LA DN TRRETREREAMN 217 o 7oA 3R, BRFISIEICEN A DT 7o | MBS O
FALFEDBENI LY EHRIEC L2 70T 7 — L OMEERERNEZR D Z L RBESh
7o, MEBRAEIETRIC (18,3S) DAL F % H T 51654 4b 7% R1881 SARS 3CLP° & DFH AAE
AIZBNTHELTWS Z LA R LT,
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AREBRIZBWT, JUNMIHHALZY 7 ea 2 X A3KkFEI NV T ATHEELZLDEH
W7, THE I Z&ET MU oL ER2 Y 7= ) V%M L7z sodium benzophenone ketyl C7&8
Lizb D& AWz, SISO EMIZIET YU #7474 T0F254Plate-Wako (J&£ X 0.25 mm) % V>,
SRR OFERRIZIE 254 nm DO E 2 L7, FEARIEIT BtOH IZIEW 2 5% D Y &Y
TTFUBER N, BT AT~ NI T T 4 —ICHWTEYY BF AT a—5 L P60N (63~
212 pm), 7 = —4L®C-300E (45~75 pum) DWFRNnZ AW, SREBE I o~ T 7 4 —
(PTLC) I % 70PE254 Plate-Wako (/& = 0.75 mm) % HVMT - 7=,

EERIR 7 v~ ~ 7T 7 ERE5HEE (LC-MS) 1 Shimadzu LCMS-2010EV & A7 A% Fu
72o MTHWAR S Z 21% COSMOSIL 5C 3-AR-II (4.6 X 150 mm) Z i fH L7z, ZEJHMHEY Z
0% COSMOSIL 5Ci5-AR-II (20 X250 mm) #fEH L7z, 347, 47EUCTD LC-MS DR HIRIZ
0.05 %AcOH % EFT/KIFRIB L O & b=~ U WEIRE V., 2 IROBE AR X HEH 1T
77,

'THNMR %22 kL% Bruker Ascend-500 (500 MHz), Bruker AV-300 (300 MHz) D\ 7%
HWHlE L7z, BCNMR A2 k/LiX, Bruker Ascend-500 (125 MHz), Bruker AV-300 (75 MHz)
DNT D ZE HWHIE Lo, EEHZITFHIZREO 2V RY CDCL & vz, 7 Iy 7 |k
121 ppm Z O, FRIZFEE O 2R Y 'THNMR TiEX7 87 AF L7 O 0ppm %, *CNMR
TlX CDCl; D 77.0 ppm & NIEMEME OREEME L L THW, £y 7 U 7 EEIZIT Hz
LT,

oy fREEE BT IMS-SX-102A (FAB) % 7-1% JEOL GCmatell (EI), Shimadzu LCMS-IT-
TOF (ESHD W ha Hvy, AR5 ffREE &7 1L Shimadzu LCMS-2010EV (ESI) % Hv 7z,

EEREYCRE L, B ALY G P-2200 FUEE 2 HI WV THRIE L 7=,
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H

OH
\__OTBDPS

H

7L =2—)L 91

(1S28)-12-> 7 a~FH A% ) —/u (14.4 g, 100 mmol) & DIPEA (87 mL, 500 mmol) %
vZun AH L (200 mL) [ZEAEfRSH, TBDPSCI (30 mL, 110 mmol) Z Nz 7=, =B C 10 K
R L 7= IS BUSEIE D 7= . faFEL T v B =7 LKIRIKE N Z -, F D%, IRIK % HE
=T L& VT L, fafi K G L, Bk MY o ATl S, Ailkic
BAEE L=, BONTREMES VDTN T A a~ NI T 7 4 — (X2 HifR—F L
=25:1) CTHRE L, BAOMIKY (374¢98%) 2157, [a]p®+6.1 (c 0.48, MeOH); 'H NMR (300
MHz, CDCls) 8: 7.68-7.65 (m, 4H), 7.47-7.36 (m, 6H), 3.65-3.54 (m, 4H), 3.18 (brs, 1H), 1.73-1.65
(m, 3H), 1.48-1.32 (m, 3H), 1.28-0.85 (m, 4H), 1.06 (s, 9H); *C NMR (75 MHz, CDCls) &: 135.6,
133.1, 129.80, 127.78, 127.7, 69.0, 67.2, 44.7, 43.3, 29.9, 29.7, 26.8, 26.09, 26.05, 19.1; HRMS (ESI)
calcd for C»4H34NaO,Si [M+Na]*: 405.2626. Found: 405.2224.

H
P
(:t:géws

H

F L7 492

DT N —/19-1 (37.4 g, 98.0 mmol) Z 7 11 A X L (180 mL) IZIEfi% LMS4A. TPAP
(688 mg, 1.96 mmol) ., NMO (45.9 g, 392 mmol) ZNEIZMAx 7=, 7T KK T, EilL TR
MR Uiz, SUSMEIED T2, U BN a— RXy R T AT EM LT, ZORE
ML Z Bl EORERITATO TR Kb~ & vz,

TNAIUFERKIN, KB FTA MU AFN RN 7= VRAR=0 L7 1Y K(67.1 g,
196 mmol) % THF (200 mL) (ZIEfE S, -7 h¥ Y 7 A (21.9 g, 196 mmol) Z N % 72, Z D
BRI L, RIEEORIETHE LN T AT FETHRICIAME L., ZO@kE2P->< ViE
T UI0RE SR L7, BOSME D72k T, fafisi by =0 DK E Mz 72, £ D
%, ZOWKEEBRTF L2 W THIE U, fafn ik Coed L, BoKEEE T~ U ¥ A THz
X, ARZRICEME Lz, BONTIREME Y BTN AT LI~ NI T 7 40— (~F
T e T L=30:1) THRER L, BEAOMIRY) (29.7 g, 74%, 2 steps) #1572, G o L=k
EMIFRLETHDH Z ENDREZENTRORIEEI T2, b lfbihikysunm A X
> (200mL) [ZIEfRE L, (+)-B > 7 7 — AR R (2542, 109 mmol) Z Nz, iR C2HFME
FRLT7o, RISMEIEOT- DKM T, BRREEAKSE T MU U LKEERZMA T2, D%, Z O
WAaEEE =T V&2 VTR L, fafn Bk cdeid L, Bokmifie ) MY o AT s, A
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WG Z Lz, ZORAWIZZ L, EORERIIIT DT < S~ & Ve,

THIEFERHLKT, KA FCTAT VNI 7 2=bARAKR= A7 83 F(52.1 g, 146 mmol)
ZTHF 200 mL) (2 SE, 7 b Y 7 A (163 g, 146 mmol) Z N % 72, & D% 1RFEHR
L, BIEEEONTZT VT RETHRIZEMR L, ZOWIKRE D> < VT LI1I0REFREFE L
7o BSAE IO 7= 0K T, AR T VB AKEKE N Z T2, FD%. = OYRIE % iE
=T L& AWCTHIE L, fafi K Cod L, MoK MY ¥ AT, Ailkic
BAEE L=, BOoN=RAME L VATV T A a~ T T 7 40— (~FH v BT L
=30:1) THEL L, QO HIRY) (203 g, 72%, 2 steps) &1 7=, [o]p® +3.1 (¢ 0.93, MeOH); 'H
NMR (300 MHz, CDCl3) &: 7.69-7.65 (m, 4H), 7.43-7.34 (m, 6H), 5.71 (dddd, J=16.8, 10.3, 8.0, 6.5
Hz, 1H), 4.94-4.86 (m, 2H), 3.69-3.57 (m, 2H), 2.23-2.18 (m, 1H), 1.88-1.78 (m, 2H), 1.73-1.67 (m,
3H), 1.43-1.17 (m, 5H), 1.06 (s, 9H), 1.06-0.95 (m, 1H); '*C NMR (75 MHz, CDCl;) &: 137.2, 135.6,
134.0, 129.49, 129.47, 127.56, 127.55, 115.6, 66.3, 43.8, 37.9, 31.3, 30.0, 26.9, 26.3, 26.1, 19.4; HRMS
(FAB) calcd for CasH3,0Si [M+H]": 393.2614. Found: 393.2623.

=

H

7L a—110

FDA VLT 292 (203 g 52.0 mmol) ZTHF (150 mL) (Z¥&fi# L. TBAF (1.0 M solution in
THF; 78 mL, 78 mmol) Z ANz . #iR CIORFMIEEE L7, SOME IO Dkm T, fafniEik
VEZULKEKREMZ T2, D%, ZOWIKREHERT T L2 W THI L, fafnafik T
Perpr U, HOKBREE T N U U A THEIE, AR%ICEREEL Lz, BohiREamaEr ) 07
NHTEhrua~ NTTT7 40— (~FHr o BT L= 20:1) THE L, BEOHIRY (7.3 g,
92%) %1577, [a]p® +12.9 (¢ 1.55, MeOH); 'H NMR (300 MHz, CDCl5) 8: 5.80 (dddd, J=16.8, 10.3,
7.9, 6.5 Hz, 1H), 5.04-4.98 (m, 2H), 3.70 (dd, J = 10.7, 2.9 Hz, 1H), 3.56 (dd, J = 10.8, 5.4 Hz, 1H),
2.33-2.24 (m, 1H), 2.01-1.91 (m, 1H), 1.82—1.71 (m, 4H), 1.26-1.12 (m, 5H), 1.08-0.96 (m, 1H); 1*C
NMR (75 MHz, CDCl3) &: 137.0, 115.8, 65.4, 43.7, 37.94, 37.92, 31.6, 29.5, 26.0, 25.8.

A

TF LT AT )12
FeDT L3 —110(7.30g,47.4mmol) &7 mm A X (160mL) (Z¥EfiE L. MS4A, TPAP
(330 mg, 0.940 mmol) . NMO (22.1 g, 189 mmol) Z#NHIZIZ 7=, T/ I FEHK T, =HIRETI1
e R L7z, ROMELIED =0, YV By a— %y RO T DT B LTZ, DR
AT 2L EORERIIAT O T < BSOS~ & IV,
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NaH (60% dispersion in mineral oil; 2.40 g, 61.6 mmol) % THF (160 mL) |2/ S &7, -20°C
\ZRORE B Uiz, Y= F LR AR/ Fiig=F /L (13mL, 66 mmol) %Nz 7=, & D204y
BERL, oL THONTZT AT E RETHRICEM L, ZO@EEEP->< Vi FL30
SRR LT, BUSMEIED 728K T, ARtk T =0 LKERE M2 12, D%, ZO
WRIR 2 FHE =T L& VT U, fafn Rk Coeid L, BoKGRER T R U v A Tl S,
AHBZIENEE LTz, SO NTREME S VI TN T A a~ NI T T 40— (~FH o fE
fgtF /L= 30:1) THELL, E\ADOHIKY (6.50 g, 62%, 2 steps) Z1%7-, [o]p® +10.3 (c 1.68,
MeOH); 'H NMR (300 MHz, CDCl;) &: 6.81 (dd, J=15.8, 9.5 Hz, 1H), 5.79 (dd, J= 15.6, 0.6 Hz, 1H),
5.72 (dddd, J=16.2, 11.0, 8.1, 6.2 Hz, 1H), 5.00-4.93 (m, 2H), 4.19 (q, J = 7.1 Hz, 2H), 2.22-2.17 (m,
1H), 1.91-1.65 (m, 6H), 1.34-1.21 (m, 4H), 1.29 (t, J = 7.1 Hz, 3H), 1.01-0.88 (m, 1H); *C NMR (75
MHz, CDCl:) &: 166.8, 153.5, 136.5, 120.9, 116.2, 60.1, 46.4, 41.0, 39.0, 32.6, 30.9, 25.9, 25.5, 14.3;
HRMS (EI) caled for CisH»0, [M]*: 222.1620. Found: 222.1615.

H
=
H

TUNAT L3 —112-1

T3 R T -78°C T D = F LT AT 112(6.5g,29.3mmol) Y7 rr XX (100
mL) |Z¥Af# L. DIBAL-H (1.0 M solution in hexane; 88 mL, 88 mmol) %} < O Nz 7=, 1F¢H]
B, KISMEILDTD AL 7 — v Exlz, ZOEREEIRIZFRSE, BAOEEBEHO
i, 2z VA5 RE LMILE}FCAHE Lz, ARERMEL. BOES
WMaE VBTN T AT~ NI T T 40— (~FH U HEET T L=6:1) TR L, Ao
KW (4.1 g,79%) %4377, [a]p®®+11 (c 0.10, MeOH); "H NMR (300 MHz, CDCl;) &: 5.81-5.67 (m,
1H), 5.62 (dt, J = 15.4, 5.5 Hz, 1H), 5.62 (dt, J= 15.4, 8.4 Hz, 1H), 4.99-4.92 (m, 2H), 4.10 (d, J= 5.4
Hz, 2H), 2.30-2.22 (m, 1H), 1.82—1.58 (m, 7H), 1.25-1.12 (m, 4H), 0.98-0.84 (m, 1H); '*C NMR (75
MHz, CDCls) &: 137.9, 137.3, 128.7, 115.7, 63.9, 46.3, 41.4, 38.9, 33.7, 31.3, 26.2, 25.9.

=

H “O

TR¥ T R8a

TN FERK T, kG FT ()-EAREY =F /L (7.8mL, 46 mmol) 27 mu A4 (100
mL) [ZIRfR L, F2 BT FI4 Y 7/l (13 mL, 46 mmol) &M Z 2055184, -20°CIC
St & i FE L7, TBHP (6.0 M solution in toluene; 15 mL, 90 mmol) #1721, D7 UL
7L 32 —)112-1 (4.1 g, 23 mmol) % p-< W Iz 7z, 6HEf#EH%E,. 0°CETHIE L, MINEIE
DI=DIZ10% (H-BEATET N UL Y U LKEREMZ T2, TD%, ZOWKEZY 7 nna R
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Z BT, B L, BAME Y F Lo —T VML, IMAKERIET B U 7 A
Wik Nz, S C2RFHEEE LT, ZOWRE V=F V= —7 V2 VT L, KRR
FTRU U LATHEESE, AIRRICENEEZ L, SONTIREWME S VDTN T A7~ K
777 40— (~FHUEBT T L=6:1) THE L, BEAaOHRY (3.10g,68%) 1577, [a]p®
+34 (¢ 0.50, MeOH); '"H NMR (300 MHz, CDCl;) &: 5.83-5.69 (m, 1H), 5.03—4.98 (m, 2H), 3.95-3.92
(m, 1H), 3.70-3.63 (m, 1H), 2.99-2.98 (m, 1H), 2.72 (dd, J= 8.7, 2.1 Hz, 1H), 2.33-2.29 (m, 1H), 1.94—
1.73 (m, 5H), 1.34—1.13 (m, 4H), 0.99-0.92 (m, 2H); *C NMR (75 MHz, CDCl3) 8: 136.7, 116.2, 61.4,
59.7, 59.4, 44.6, 39.6, 38.6, 31.2, 29.8, 26.0, 25.4; HRMS (ESI) calcd for Ci;HyNaO, [M+Na]*:
219.1361. Found: 219.1357.

=

H YO
TRFT R8b

H-EAREY =T E AV, TRF Y R8ak FAEEDO FIETAK L, [a]p® +8.7 (¢ 0.55,
MeOH); 'H NMR (300 MHz, CDCls) &: 5.89-5.75 (m, 1H), 5.06-4.98 (m, 2H), 3.95-3.90 (m, 1H),
3.64-3.59 (m, 1H), 2.88-2.87 (m, 1H), 2.80 (dd, J = 8.0, 2.3 Hz, 1H), 2.56-2.48 (m, 1H), 2.04—1.94 (m,
1H), 1.82-1.64 (m, 4H), 1.39-1.05 (m, 4H), 1.00-0.87 (m, 2H); 3C NMR (75 MHz, CDCls) &: 137.1,
116.0, 61.9, 60.0, 56.1, 44.7, 42.2, 38.5, 31.1, 29.1, 25.8, 25.6; HRMS (ESI) calcd for C1,HxNaO,
[M+Na]": 219.1361. Found: 219.1356.

U A —/L6

T2V T oAb Y T A (153 g 465 mmol). KEEAH U T A (642 g, 46.5 mmol) .
(DHQ)AQN (118 mg, 0.137 mmol) & A4 A I 7 A (VD) B U 7 & K4 (22.7 mg, 0.0894
mmol) ATz, /K & -BuOHDIEATAE (1:1, 150 mL) FIIIAME L7z, iR T005 8% .
ZORGEREZ KGO TITWAI LT, 20Kk, DA L7 4 8a (3.01 g, 13.1 mmol) Z 7K & ¢-
BuOHDIEAEEE (1:1, 20 mL) ICIAMR ULINZ T2 KIS T 10BE#R% . RSSO 72 O F T hi
e R U U LKEREMNA T2, ZD%, ZORKEEBR=F VERNTHE L, fafnafk
T L, HOKFEE T N U U ATHRES Y, ARZICENE L, BoniREME TV D
FNRTHra< v TT77 40— (Zaakibb: AKX ) —1=20:1) THEL, EOOHRY %
RAEWE L THE,
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ZORGWMEY 7 mr X2 (200 mL) IZERE L. p- L@ 2 ALK (836 mg, 4.40
mmol) Z Nz, =ik TIORFHEHHE LTz, BUSFIE DT SafRIgAKFET U U LOKEHE %
Mz Tz, D%, ZOWKREFRETT /VEZR T L, fafnaEK Coe L, Bk
MU U LATHESYE, ABBICRNEE Lz, BSONCREWES VA TNAT L0 N7
T 44— (ZuaaR/Vh AR 7 —L=20:1) THEL, MEADOHIRY (3.20g,96%, 2 steps) %
1572, 'HNMR (300 MHz, CDCl5) 3: 4.13-4.07 (m, 1H), 3.87-3.75 (m, 2H), 3.67-3.53 (m, 2H), 3.50—
3.29 (m, 2H), 1.79-1.37 (m, 6H), 1.25-1.18 (m, 3H), 1.10-0.88 (m, 3H); '*C NMR (75 MHz, CDCl;,
5:4 mixture of two diastereoisomers) o: 83.8, 78.8, 76.2, 74.2, 71.2, 70.9, 66.1, 62.4, 62.2, 60.4, 43.6,
43.2,40.5,36.2,34.6,33.5,33.2,33.2,27.3,27.0, 25.9, 25.8, 25.7; HRMS (ESI) calcd for C;2H2NaO4
[M+Na]": 253.1416. Found: 253.1410.

H OH

7L —/113d

BR{1K6 (800 mg, 3.48 mmol) % THF & /KDIEATEEE (1:1, 16 mL) FICEEME L, 3 v EEE
F hU DA (1.00 g 4.67 mmol) ZhNz., FIRTIONHEE L, ZOBWRKREEEE-F LVEHW
THiH L, fEFn&E Koo L, BKEEE T U U AT S, AIRBRICEMEZ LT,

ZOIREWI N EORBRIIAT O TR RS ~EHWie, oW Ezy 7 nn A
& (15mL) (IR L, n-7F T 2 (460puL,47mmol), 7/ bV b FaiEH>>- ~Y
7 (640 mg, 10.2 mmol) Z A1z, =R CIRFRISEE L7c, KMEIEO72D fafiik” =
U LKIEREINZ T2, TO%, ZOWKEY 7 a2 X o ZRCTHIHE L, fafnifEK Tt
B, KBRS R U LATHESE, ARBICENEZ Lc, ZOMARMIIERAZITHOT
foe < B~ & Tz,

AR E X 7 —/ (14 mL) IZEMEL, NTHRLVATILTER 270, @7/ hJE
FaiEo®r ~U 7 A (640mg, 10.2 mmol) ZH1% ., i TI2EFRIEH L7, KIMEIED 729,
FFEALT B =T DAKEIRE N A T2, Z D%, ZOWKE Y 7anr A2 &2 AW THit L,
ORI AHR K TR L. KRR T MU U A TR S Y, ABBITRWEL Lic, JFoN7ES
Ma VBTN T~ NI 7 4—(ZaafR/bh: AKX —)L =151) THRL, &
EOHRY) (468 mg, 59%, 3 steps) & L THF7=, 'H NMR (300 MHz, CDCl;, 3:2 mixture of two
diastereoisomers) o: 4.04—4.02 (m, 1H), 3.56-3.51 (m, 1H), 3.49-3.36 (m, 1.6H), 3.28-3.21 (m, 0.4H),
2.58-2.57 (m, 1H), 2.52-2.42 (m, 1H), 2.35 (s, 1.2H), 2.33 (s, 1.8H), 2.35-2.15 (m, 3H), 1.84—1.49 (m,
6H), 1.43-1.17 (m, 4H), 1.08-0.82 (m, 9H); *C NMR (75 MHz, CDCl;, 3:2 mixture of two
diastereoisomers) 8: 79.3, 74.9, 74.5, 70.1, 65.6, 60.4, 59.2, 58.6, 58.0, 45.1, 44.8, 43.1, 40.1, 35.6, 34.0,
33.4, 32.9, 27.6, 27.3, 26.3, 25.8, 25.7, 25.6, 20.17, 20.12, 13.68, 13.65; HRMS (ESI) calcd for
CisH3NO, [M+H]*: 270.2434. Found: 270.2432.
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H OH

7L —)13a

fEE213d & [RARICE R L7 (66%, 3 steps), 'H NMR (300 MHz, CDCls, 3:2 mixture of two
diastereoisomers) 6: 4.22—4.04 (m, 1H), 3.64-3.48 (m, 2H), 3.41 (td, /= 9.4, 3.1 Hz, 0.6H), 3.31 (dd, J
=11.9, 3.2 Hz, 0.4H), 3.13 (dd, J = 13.4, 2.0 Hz, 0.4H), 3.09-2.75 (m, 3.6H), 2.87 (s, 1.2H), 2.79 (s,
1.8H), 2.17-2.06 (m, 1H), 1.80-1.41 (m, 5H), 1.31-1.24 (m, 3H), 1.14-0.88 (m, 4H), 1.13 (d, /= 6.6
Hz, 1.8H), 1.09 (d, J = 6.9 Hz, 1.2H), 1.07 (d, J = 6.9 Hz, 1.2H), 1.04 (d, J = 6.6 Hz, 1.8H); 1*C NMR
(75 MHz, CDCls, 3:2 mixture of two diastereoisomers) o: 79.0, 74.7, 74.5, 69.7, 66.5, 65.5, 64.4, 60.3,
59.7, 58.3, 45.0, 44.8, 44.1, 42.8, 40.0, 35.5, 34.0, 33.4, 32.92, 32.86, 27.4, 27.2, 25.8, 25.69, 25.65,
25.5,24.9, 24.5, 21.3, 21.0, 20.93, 20.90; HRMS (EI) calcd for CisH31NO, [M]*: 269.2355. Found:
269.2355.

H OH

7 )Lz —/)113b

{bEW13d & [RIERIZ AR L7 (63%, 3 steps), 'H NMR (300 MHz, CDCls, 4:1 mixture of two
diastereoisomers) o: 6.12-5.98 (m, 1H), 5.54-5.46 (m, 2H), 4.18-4.07 (m, 2H), 3.96-3.90 (m, 1H),
3.74-3.38 (m, 3.2H), 3.33 (d, /= 9.3 Hz, 0.8H), 3.10 (dd, /= 13.1, 2.0 Hz, 0.8H), 3.03-3.02 (m, 0.2H),
2.94-2.92 (m, 0.2H), 2.84 (dd, /= 12.9, 9.9 Hz, 0.8H), 2.81 (s, 2.4H), 2.75 (s, 0.6H), 1.79-1.69 (m, 2H),
1.62-1.50 (m, 2H), 1.48-1.39 (m, 1H), 1.25-1.22 (m, 3H), 1.03-0.91 (m, 3H); *C NMR (75 MHz,
CDCls, 4:1 mixture of two diastereoisomers) o: 128.1, 127.5, 124.9, 124.6, 78.9, 74.3, 74.2, 69.6, 65.4,
60.44, 60.37, 59.1, 57.9, 57.3, 44.9, 44.6, 42.4, 40.5, 39.8, 35.4, 33.9, 33.3, 32.81, 32.75, 27.3, 25.7,
25.6, 25.5; HRMS (ESI) caled for CisH2sNO, [M+H]": 254.2122. Found: 254.2113.

H OH

7 )L 2—)113¢
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{EEW3d & RIERIZE R LT (62%, 3 steps), 'H NMR (300 MHz, CDCl;, 1:1 mixture of two
diastereomers) o: 7.32—7.24 (m, 5H), 4.03-3.96 (m, 1H), 3.69-3.16 (m, 6H), 2.55-2.48 (m, 2H), 2.26
(s, 1.5H), 2.25 (s, 1.5H), 1.75-1.38 (m, 6H), 1.28—1.17 (m, 3H), 1.07-0.78 (m, 3H); '3*C NMR (75 MHz,
CDCl;, 1:1 mixture of two diastereomers) 6: 138.6, 138.2, 129.4, 129.2, 128.2, 127.1, 127.0, 79.3, 78.0,
72.90, 72.87, 66.2, 63.1, 62.5, 60.9, 59.8, 59.5, 45.0, 44.5, 43.5, 43.0, 40.6, 36.0, 34.6, 33.6, 33.4, 32.8,
28.0, 27.8, 26.2, 26.1, 26.0, 25.9; HRMS (ESI) calcd for CioH3oNO> [M+H]": 304.2277. Found:
304.2273.

HN N
Qs
~N NH

N™ ~O

JA4 L7 T2 F15d
K. 72— /113d (30.0 mg, 0.12 mmol) . MS4A%Z 7 A% (2mL) IZ¥EMEL,

N-tert-7 F /LR A7 =27 2 K (20 uL, 0.11 mmol), DBU (100 uL, 0.64 mmol), NCS
(44.0 mg, 0.66 mmol) DNETHIZ, 0°CE: T CMFHMIRFE L7z, SUMEIED 7=, faFnmREE K
TNV U LKEREMA T, ZDH%, ZOWKREY 7an XX 2T L, K
fer R U U ACHMRESE, ABBRICEME Lz, ZORASWIT I EORKRITITHTH <

F~E Wiz, ZORGMZY 7ana A Xy Bml) ICEEL. A X 7 —/ (TmL) [ZIAfR
L 72H-His-N(OMe)Me (65.0 mg, 0.328 mmol), Hff# (500 uL), 7/ MU b FaiZ o) KV

7 2 (20.7mg, 0.329 mmol) ZH1 %, =il CIRFEEREE Lo, ROMEIED =8, fafniREE/KE T
NY D AKRIREINZ T2, ZDK%, ZOWKREY 7 aa 22 2T L, KRR
MU ULTHESE, ABRICENEEZ Lz, ZOREMET M=k VL LKOESEBE
(1:4) FITIAfR L. LC-MS [BIR DIRFE LR A 10%7> 535%~ & 3043 73 F T _E&F- &H72 (B: 0.05%
W2 D7 & b= N U VIR, A: 0.05%EFEEKIEHR)] TR L., BHEOMIRY (18 mg, 18%, 2
steps) & L CT1572, 'H NMR (300 MHz, CDCls, 3:2 mixture of two diastereomers) &: 7.54 (s, 0.4H),
7.51 (s, 0.6H), 6.79 (s, 1H), 4.03-3.96 (m, 0.6H), 3.74-3.72 (m, 1H), 3.65 (s, 3H), 3.50-3.45 (m, 1.4H),
3.23 (s, 1.8H), 3.22 (1.2H), 3.23-3.22 (m, 1H), 2.98-2.86 (m, 2.6H), 2.75-2.57 (m, 3.4H), 2.52-2.42
(m, 4H), 2.37 (s, 1.8H), 2.34 (s, 1.2H), 1.78-1.46 (m, 6H), 1.39-1.26 (m, 5H), 1.08-0.85 (m, 3H), 0.91
(t,J=7.5 Hz, 3H); 3*C NMR (75 MHz, CDCl;, 55:45 mixture of two diastereoisomers) 8: 174.9, 174.7,
135.1, 134.9, 129.0, 124.5, 73.0, 72.3, 61.6, 59.7, 59.0, 58.8, 58.6, 53.0, 48.3, 44.8, 44.6, 43.4, 43.1,
40.7,36.5,35.5,34.4,33.6, 33.4, 32.3,29.7, 29.3, 28.6, 28.5, 28.1, 28.0, 27.8, 26.12, 26.09, 26.0, 25.9,
20.6, 14.0; HRMS (ESI) calcd for C24H44NsO3 [M+H]*: 450.3446. Found: 450.3439.
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JA4 V77 2 R15a

{bEM15d & RIERIZ AR LT2 (25%, 2 steps). 'H NMR (500 MHz, CDCls, 55:45 mixture of two
diastereomers) o: 7.56 (s, 0.45H), 7.55 (s, 0.55H), 6.81 (s, 1H), 3.99-3.97 (m, 0.55H), 3.81-3.75 (m,
1H), 3.64 (s, 3H), 3.49-3.42 (m, 1H), 3.27-3.20 (m, 0.45H), 3.224 (s, 1.65H), 3.216 (s, 1.35H), 2.95 (dd,
J=15.0,4.0 Hz, 1H), 2.91-2.86 (m, 1H), 2.74-2.66 (m, 1.55H), 2.62-2.39 (m, 3.45H), 2.35 (s, 1.65H),
2.33 (s, 1.35H), 2.30-2.17 (m, 2H), 1.82-1.70 (m, 5.45H), 1.61-1.55 (m, 1H), 1.51-1.45 (m, 0.55H),
1.41-1.38 (m, 1H), 1.26-1.20 (m, 3H), 1.08-0.86 (m, 8H); *C NMR (75 MHz, CDCls, 55:45 mixture
of two diastereoisomers) 6: 174.6, 174.5, 134.8, 134.6, 129.5, 129.3, 123.8, 123.5, 73.0, 72.4, 67.2, 67.0,
61.6, 60.5, 60.3, 58.7, 58.4, 52.9, 48.2, 44.7, 44.5, 43.8, 43.6, 40.7, 36.5, 35.4, 34.5, 33.6, 33.4, 32.2,
28.9, 28.5, 28.2, 27.9, 26.14, 26.08, 26.0, 25.9, 25.8, 21.1, 21.0, 20.99, 20.95; HRMS (EI) calcd for
C24H43N503 [M]": 449.3366. Found: 449.3364.

741V 77 2 R15b

{bEW15d & [RIERIZ AR LT (14%, 2 steps), 'H NMR (300 MHz, CDCls, 4:1 mixture of two
diastereomers) o: 7.55 (s, 0.2H), 7.52 (s, 0.8H), 6.81 (s, 1H), 5.87 (ddt,J=17.0,10.3, 6.7 Hz, 1H), 5.21-
5.13 (m, 2H), 4.04-3.98 (m, 1H), 3.75-3.63 (m, 1H), 3.68 (s, 2.4H), 3.65 (s, 0.6H), 3.50-3.43 (m, 1.6H),
3.40-3.34 (m, 0.4H), 3.24 (s, 2.4H), 3.22 (s, 0.6H), 3.21-3.17 (m, 1H), 3.09 (dd, /= 13.5, 6.6 Hz, 1H),
2.97-2.85 (m, 2H), 2.79-2.63 (m, 2H), 2.58 (dd, J = 13.5, 1.5 Hz, 1H), 2.50-2.38 (m, 3H), 2.34 (s,
2.4H), 2.33 (s, 0.6H), 1.74-1.53 (m, 4H), 1.47 (dd, J = 12.5, 1.5 Hz, 1H), 1.39 (dd, J = 3.9, 1.5 Hz,
0.8H), 1.39 (dd, J = 4.1, 1.4 Hz, 0.2H), 1.25-1.16 (m, 3H), 1.10-0.82 (m, 2H); *C NMR (75 MHz,
CDCls, 4:1 mixture of two diastereoisomers) o: 174.7, 174.3, 135.0, 134.8, 133.5, 133.3, 129.0, 128.8,
123.9, 119.6, 119.5, 74.6, 72.6, 72.4, 61.6, 61.4, 61.2, 58.94, 58.87, 58.7, 58.4, 48.4, 44.7, 44.6, 42.9,
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42.8, 40.6, 36.5, 35.5, 34.6, 33.5, 33.3, 32.2, 29.2, 28.6, 28.1, 27.8, 26.0, 25.9, 25.8, 22.9; HRMS (EI)
caled for Co3H3oNsO3 [M]*: 433.3053. Found: 433.3054.

e

JA4 V7T I R15¢

{LAW15d & [RERICE R L7z (17%, 2 steps), 'H NMR (500 MHz, CDCls, 2:1 mixture of two
diastereomers) o: 7.51-7.45 (m, 1H), 7.34-7.23 (m, 5H), 6.80 (s, 1H), 5.41-5.38 (m, 2H), 3.78-3.70 (m,
1H), 3.65-3.62 (m, 2H), 3.63 (s, 2H), 3.62 (s, 1H), 3.52-3.50 (m, 2H), 3.31-3.20 (m, 1H), 3.23 (s, 1H),
3.22 (s,2H),2.92-2.89 (m, 1H), 2.70-2.62 (m, 1H), 2.57-2.46 (m, 1H), 2.43-2.39 (m, 1H), 2.31 (s, 3H),
2.07-1.95 (m, 1H), 1.75-1.38 (m, 5H), 1.25-0.82 (m, 6H); *C NMR (75 MHz, CDCls, 2:1 mixture of
two diastereomers) o: 175.7, 174.3, 137.7, 134.8, 134.6, 129.7, 129.5, 129.2, 129.0, 128.29, 128.26,
127.4,127.3,124.0,73.2,72.4,62.8,62.7,61.6,59.2, 58.9, 58.8, 58.3,52.9,48.2,44.7,44.5,43.3,43.1,
40.7, 36.6, 36.5, 35.5, 34.5, 33.6, 33.3, 32.2, 30.6, 29.7, 28.8, 28.4, 28.1, 27.7, 26.14, 26.08, 26.0, 25.9,
23.2, 22.3; HRMS (EI) calcd for C27H41NsO3 [M]*: 483.3209. Found: 483.3214.

T7IVT B F16d

TN UFEHR T, -10°CTEAW15d (4.5 mg, 0.00932 mmol) Z# Y7 mr A X (1.5 mL)
I\Z¥fi# L. DIBAL-H (1.0 M solution in hexane; 200 uL, 0.2 mmol) %}~ < O iz 7=, 3050 #:
%, BUSBEIEDTD A S )=V Ezlz, ZORAWZEN%. 7 b=FU L EKDES
WRIEE (1:4) HICIEfR L, LC-MS [BiDIRE LA 5%0° 535%~ & 305y 03 T EF-SH72 (B:
0.05%EEfE DT & =~ U LK, A: 0.05%FEFE/KEK)] TR L, BEAOEY (450 g,
10%) & L CH7z, 'H NMR (500 MHz, CDCls, 3:2 mixture of two diastereomers) &: 8.85-8.84 (m,
0.6H), 8.75 (m, 0.4H), 8.25 (m, 0.6H), 8.08 (s, 0.4H), 7.27—7.24 (m, 1H), 4.71 (m, 1H), 4.34 (m, 0.4H),
3.93 (m, 0.6H), 3.81 (m, 1H), 3.69-3.62 (m, 3H), 3.45-3.44 (m, 1H), 3.35-3.29 (m, 1H), 3.21-3.12 (m,
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3H), 2.98-2.90 (m, 1H), 2.94 (s, 2H), 2.93 (s, 1H), 1.84-1.65 (m, 6H), 1.46-1.29 (m, 6H), 1.67-0.89
(m, 7H); HRMS (ESI) calcd for Ca,HioN4O, [M+H]*: 391.3075. Found: 391.3028.

PN

HN N
Qe
H Yo —NH

TILT B Kl6a

{bEW16d & FEEIZA L L2 (9%), 'H NMR (300 MHz, CDCl;) &: 8.62 (s, 1H), 8.07 (s, 1H),
7.41-7.38 (m, 1H), 4.77 (m, 1H), 4.37—4.32 (m, 2H), 3.96-3.81 (m, 2H), 3.75-3.63 (m, 3H), 3.26 (m,
3H), 2.98 (s, 3H), 2.98-2.92 (m, 1H), 2.24-2.15 (m, 2H), 1.85-1.64 (m, 6H), 1.42—1.29 (m, 4H), 1.12—
1.03 (m, 7H); HRMS (ES]I) calcd for C2H39N4O, [M+H]": 391.3075. Found: 391.3068.

7 VTt R16b

{bEW16d & [RERIZA L L= (6%). 'HNMR (300 MHz, CDCl;, 3:2 mixture of two diastereomers)
5: 8.86 (m, 0.6H), 8.76 (m, 0.4H), 8.22-8.19 (m, 1H), 7.25-7.24 (m, 1H), 6.03—5.94 (m, 1H), 5.63-5.60
(m, 2H), 4.75-4.73 (m, 1H), 4.34—4.32 (m, 0.4H), 4.23 (m, 0.6H), 3.92-3.82 (m, 2H), 3.74-3.56 (m,
3H), 3.37 (m, 1H), 3.24-3.22 (m, 1H), 3.19-3.18 (m, 2H), 2.94 (s, 1.2H), 2.92 (s, 1.8H), 2.69-2.61 (m,
1H), 1.86-1.66 (m, 4H), 1.47-1.25 (m, 3H), 1.17-0.79 (m, 5H); HRMS (ESI) calcd for CHisNsOs
[M+H]": 375.2762. Found: 375.2755.

e
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TILT B Rl6e

fE&16d & FIERIZ AL L72 (10%), "H NMR (500 MHz, CDCl5) 8: 8.33 (s, 1H), 8.07 (s, 1H),
7.54-7.52 (m, 5H), 7.28 (s, 1H), 4.78—4.74 (m, 1H), 4.51 (d, J = 13.5 Hz, 1H), 4.33-4.29 (m, 1H), 3.87
(m, 1H), 3.22-3.09 (m, 2H), 2.93 (s, 3H), 2.84-2.64 (m, 4H), 2.00-1.95 (m, 2H), 1.76-1.61 (m, 4H),
1.48-1.29 (m, 5H), 1.13-0.88 (m, 3H); HRMS (ESI) calcd for CasH3N4O, [M+H]*: 425.2918. Found:
425.2911.

kU A —/117a

7z YT ALY U (153 g, 46.5 mmol), REET U T A (6.42 g, 46.5 mmol), (DHQ),Pyr
(121 mg, 0.137 mmol) & A A I 7 A (VD) A Y 7 L ZJKF# (22.7 mg, 0.0894 mmol) % JIHIZN
Z. K& t-BuOHDE AL (1:1, 150 mL) FUIIRAE LTz, SBIRT0018#% . Z ORAEIR %
K FICwEI LT, D%, o417 1 28a (3.01 g, 13.1 mmol) & /K & -BuOHD B A AL
(1:1, 20 mL) [T LN Z 7o oKD T LORFEIE#EER . SOSEIL D720 F AR T ~ U ¥ LKE
WEMz T, D%, ZOEKEEGRT T VZRNTHE L, fafiREK CTHg L, B
e b U U ATHIRESHE, ABBRICENEZ Lz, SONRREWEL YISV T A7~
NS 74— (ZaakRibh s AKX ) —)=20:1) THE L, EBAEOWKY 2IEEWE L THE
oo ZOREWMAEY 7 un AKX (200 mL) IZIEfEL. p- hLm 2 ALIR R (836 mg, 4.40
mmol) Z 1z, S CTIOREEIHEFE Lz, BOSMEIED 7=, fafiREEKET N Y 7 LK %
MMz T=e ZDH%., ZOWIKREFERT F /L4 TV CHiH L, fafnftik o L, BAKAEE T
FU U LTS E, ABRICENEZ Lz, BONTIREME T T v av U ATV T A
sua~< 7T 74— (ZurakiVh: AR ) —NL=251) TERL, EEOHIRY (2.87 g,80%,
2 steps) #4372, [a]p?®+11.6 (¢ 1.08, MeOH); 'H NMR (300 MHz, CDCl5) &: 4.47 (brs, 1H), 4.22 (brs,
1H), 4.14—4.03 (m, 2H), 3.91-3.80 (m, 2H), 3.68-3.65 (m, 1H), 3.59 (dd, J = 9.9, 3.0 Hz, 1H), 3.51—
3.36 (m, 1H), 3.32 (d, J = 8.4 Hz, 1H), 1.78-1.37 (m, 6H), 1.27-1.17 (m, 3H), 1.13-0.89 (m, 3H); *C
NMR (75 MHz, CDCl3) &: 76.3, 74.1, 70.1, 62.5, 60.4, 43.6, 36.2, 33.4, 33.1, 27.2, 25.8, 25.7; HRMS
(ESI) calcd for C12H»NaO4 [M+Na]*: 253.1416. Found: 253.1414.
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KU A4 —/117b

fEEPTal [FERIZ AR L72 (85%, 2 steps), [a]p?® +12 (c 0.48, MeOH); '"H NMR (300 MHz,
CDCls) 8: 4.53 (brs, 1H), 4.22 (brs, 1H), 3.86-3.81 (m, 2H), 3.68-3.60 (m, 1H), 3.57-3.48 (m, 3H),
3.45-3.40 (d, J="7.8 Hz, 1H), 2.24 (brs, 1H), 1.79-1.62 (m, 4H), 1.44—1.39 (m, 1H), 1.29-1.21 (m, 3H),
1.07-0.92 (m, 4H); '*C NMR (75 MHz, CDCls) &: 84.1, 78.9, 70.5, 66.1, 62.5, 43.2, 40.4, 34.6. 33.1,
27.0, 25.9, 25.8; HRMS (ESI) calcd for C12H»NaO4 [M+Na]*: 253.1416. Found: 253.1410.

A
OH

kU A —117¢

LA Tal RIERICERC LT2 (81%, 2 steps). [a]p?® —16 (c 0.18, MeOH); 'H NMR (300 MHz,
CDCl;) &: 3.96 (dd, J = 8.3, 4.4 Hz, 1H), 3.86 (dd, J = 12.0, 6.3 Hz, 1H), 3.77-3.57 (m, 3H), 3.51 (dd,
J=11.7,3.0 Hz, 1H), 3.51 (dd, J=11.7, 7.8 Hz, 1H), 1.80-1.69 (m, 4H), 1.59-1.50 (m, 3H), 1.44—1.37
(m, 1H), 1.25-1.10 (m, 4H), 1.00-0.93 (m, 1H); '*C NMR (75 MHz, CDCl;) &: 78.9, 72.8, 71.7, 66.0,
64.2,40.1,34.7, 32.3, 31.6, 27.6, 26.7, 26.0; HRMS (ESI) calcd for C12H2:NaO4 [M+Na]": 253.1416.
Found: 253.1414.

A
OH

U A —117d
{EEP1Ta L RERIZA R LTz (74%, 2 steps), [a]p®® —12 (c 0.24, MeOH); 'H NMR (300 MHz,
CDCls) &: 4.37 (brs, 1H), 4.04 (brs, 1H), 3.83 (dd, J= 11.3, 4.7 Hz, 2H), 3.75 (d, J=10.5 Hz, 1H), 3.68
(dd,J=9.0, 4.2 Hz, 1H), 3.61-3.50 (m, 2H), 3.46-3.38 (m, 2H), 1.81-1.65 (m, 4H), 1.54-1.41 (m, 2H),
1.36—1.17 (m, 4H), 1.00-0.94 (m, 2H); *C NMR (75 MHz, CDCl;) 8: 76.9, 73.2, 69.4, 66.3, 64.0, 44.4,
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34.8, 34.5, 34.2, 28.6, 27.0, 26.0; HRMS (ESI) calcd for Ci2H»NaO4 [M+Na]™: 253.1416. Found:
253.1410.

2
OH

7 L1 —/118a

IEEW13d & FIERIZ AL LT (46%, 3 steps), [a]p?® +35 (c 0.21, MeOH); 'H NMR (300 MHz,
CDCl3) &: 4.06 (d, J = 10.2 Hz, 1H), 4.01 (d, J=10.2 Hz, 1H), 3.51-3.32 (m, 2H), 2.49-2.24 (m, 4H),
2.26 (s, 3H), 1.75-1.68 (m, 3H), 1.61-1.38 (m, 5H), 1.36—1.22 (m, 5H), 1.04-0.85 (m, 3H), 0.91 (t, J =
7.2 Hz, 3H); *C NMR (75 MHz, CDCl;) &: 74.2, 70.6, 60.6, 59.5, 58.6, 44.7, 43.1, 35.7, 33.5, 32.9,
27.7,27.0,25.9, 25.6, 20.3, 13.8; HRMS (EI) calcd for CsH3NO, [M]*: 269.2355. Found: 269.2352.

N\/\/

Tle)

:
OH

7 /L1 —/118b

{LAEW13d & FERIZ AR LT (43%, 3 steps), [a]p?® +13 (¢ 0.50, MeOH); 'H NMR (300 MHz,
CDCls) 8: 3.64-3.59 (m, 2H), 3.50-3.45 (m, 1H), 3.37 (td, J=9.3, 4.0 Hz, 1H), 3.09-2.88 (m, 4H), 2.76
(s, 3H), 1.82-1.64 (m, 4H), 1.55-1.21 (m, 8H), 1.09-0.92 (m, 4H), 0.97 (t, J = 7.2 Hz, 3H); *C NMR
(75 MHz, CDCls) 8: 78.2,77.8, 66.1, 59.6, 57.9, 45.1, 42.4, 40.4, 34.5, 33.3, 28.2, 27.7, 26.1, 25.9, 20.6,
14.0; HRMS (ESI) caled for Ci16H3NO, [M+H]*: 270.2435. Found: 270.2430.

N\/\/

:
OH

7L 2—118¢
{EEP13d & [FIERICE R LT (44%, 3 steps), [a]p® —17 (c 0.18, MeOH); 'H NMR (300 MHz,
CDCls) &: 4.07 (dd, J= 6.0, 5.1 Hz, 1H), 4.00 (dd, J=10.5, 5.7 Hz, 1H), 3.66 (t, J= 12.0 Hz, 1H), 3.38
(dd,J=12.3,4.8 Hz, 1H), 2.96 (t, J= 12.8 Hz, 1H), 2.75-2.65 (m, 1H), 2.52-2,46 (m, 1H), 2.43 (s, 3H),
2.23 (dd, J=12.6, 4.8 Hz, 1H), 1.78-1.64 (m, 4H), 1.63—1.22 (m, 10H), 1.00-0.88 (m, 2H), 0.95 (t, J =
7.2 Hz, 3H); '3C NMR (75 MHz, CDCl;) &: 72.6, 69.6, 65.2, 58.8, 57.0, 43.2, 40.7, 34.1, 32.7, 29.5,
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27.8,27.7,26.6,26.0, 20.5, 13.9; HRMS (EI) calcd for C16H31NO, [M]": 269.2355. Found: 269.2360.

N\/\/

:
OH

7L —/118d

IEEW13d & FIERIZ AL LT (42%, 3 steps), [a]p?® —14 (c 0.74, MeOH); 'H NMR (300 MHz,
CDCls) 8: 3.99-3.95 (m, 1H), 3.81-3.77 (m, 2H), 3.55 (dd, J = 6.6, 1.8 Hz, 1H), 3.48 (dd, J = 6.6, 4.2
Hz, 1H), 2.94 (dd, J= 8.1, 6.3 Hz, 1H), 2.76-2.68 (m, 1H), 2.55-2.44 (m, 2H), 2.35 (s, 3H), 2.24 (dd, J
= 8.1, 1.8 Hz, 1H), 1.79-1.58 (m, 3H), 1.53—1.44 (m, 4H), 1.42—1.21 (m, 5H), 1.04-0.91 (m, 6H); 13C
NMR (75 MHz, CDCl;, 4:1 mixture of two conformers) &: 78.7, 73.7, 70.3, 66.4, 65.9, 58.8, 57.9, 57.3,
53.0,45.1,44.3,42.4,40.3,34.9, 34.32, 34.25, 34.0, 33.1, 28.7, 28.3, 27.5, 27.1, 26.6, 26.1, 25.9, 25.8,
20.6, 20.4, 14.0, 13.8; HRMS (EI) calcd for C16H3NO, [M]*: 269.2355. Found: 269.2354.

JA L 7T 2 K19a

{LAEW15d & FFRIZA R L2 (17%, 2 steps), [a]p?® +17 (¢ 0.55, MeOH); 'H NMR (300 MHz,
CDCl3) 8: 7.54 (s, 1H), 6.79 (s, 1H), 3.99-3.96 (m, 1H), 3.84-3.81 (m, 1H), 3.66-3.64 (m, 1H), 3.61 (s,
3H), 3.56-3.48 (m, 1H), 3.13 (s, 3H), 2.98-2.90 (m, 2H), 2.77-2.61 (m, 4H), 2.56-2.32 (m, 3H), 2.49
(s, 3H), 1.74-1.66 (m, 5H), 1.58—1.44 (m, 3H), 1.39-1.17 (m, 5H), 0.96-0.90 (m, 2H), 0.92 (t, J=7.2
Hz, 3H); *C NMR (75 MHz, CDCl;) &: 174.9, 135.0, 129.4, 123.7, 72.4, 61.6, 59.3, 58.8, 58.4, 48.3,
44.6, 42.6, 35.4, 34.4, 33.5, 32.2, 29.4, 28.7, 28.0, 27.6, 26.0, 25.8, 20.5, 13.9; HRMS (EI) calcd for
C24HasN50; [M]*: 449.3366. Found: 449.3361.
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JA4 L7 7 3 K19b

IEE1Sd & RIERIZ AL LT2 (13%, 2 steps), [a]p?® +36 (c 0.050, MeOH); '"H NMR (500 MHz,
CDCl3) 8: 7.54 (s, 1H), 6.79 (s, 1H), 3.74-3.73 (m, 1H), 3.64 (s, 3H), 3.48 (td, J = 8.8, 2.0 Hz, 1H),
3.36-3.34 (m, 1H), 3.27-3.20 (m, 1H), 3.22 (s, 3H), 2.92 (dd, J= 15.0, 3.5 Hz, 1H), 2.75-2.67 (m, 3H),
2.59 (d, J=13.5 Hz, 2H), 2.52-2.44 (m, 3H), 2.36-2.31 (m, 1H), 2.35 (s, 3H), 1.77-1.66 (m, 4H), 1.59
(m, 1H), 1.54—1.44 (m, 2H), 1.39-1.16 (m, 4H), 1.33 (q, J = 7.5 Hz, 2H), 1.07-0.86 (m, 2H), 0.92 (t, J
= 7.5 Hz, 3H); *C NMR (75 MHz, CDCl;) &: 176.4, 134.4, 128.9, 121.2, 76.5, 76.0, 61.7, 58.0, 57.8,
57.6,52.4,44.7,42.0, 40.0, 36.1, 33.0, 28.4, 27.3, 25.8, 25.7, 25.6, 22.5, 20.0, 13.7; HRMS (EI) calcd
for C2sHasN5O3 [M]*: 449.3366. Found: 449.3365.

JA4 V7T I R19¢

{LAE15d & [FIERIC AR LT (19%, 2 steps). [a]p?® 7.2 (¢ 0.42, MeOH); '"H NMR (500 MHz,
CDCls, 4:1 mixture of two conformers) 6: 7.55 (s, 0.8H), 7.52 (s, 0.2H), 6.80 (s, 1H), 3.97-3.93 (m, 1H),
3.85(dd, J= 8.5, 4.0 Hz, 0.8H), 3.80-3.77 (m, 1.2H), 3.66 (s, 2.4H), 3.64 (s, 0.6H), 3.21 (s, 3H), 2.96
(dd,J=15.0,3.5 Hz, 0.8H), 2.91 (dd, /= 15.0, 4.0 Hz, 0.2H), 2.78-2.64 (m, 2.4H), 2.58-2.40 (m, 5.2H),
2.37 (s, 2.4H), 2.32 (s, 0.6H), 2.29-2.28 (m, 0.2H), 2.24 (dd, /= 13.3, 3.3 Hz, 0.2H), 1.78-1.57 (m, 6H),
1.52-1.16 (m, 8H), 1.06-0.89 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H); *C NMR (75 MHz, CDCls) &: 174 .4,
135.0, 128.8,124.2,72.4,71.3, 61.6, 58.5,58.2,57.3,53.2,41.8,34.3,34.2,32.3,31.2,29.5, 28.4,27.7,
26.7,26.0,23.5, 20.6, 14.0; HRMS (EI) calcd for C2sHa3NsO3 [M]": 449.3366. Found: 449.3365.
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A4 77 2 R19d

fEE15d & FIERIZ AR LT (22%, 2 steps), [a]p?® —3.1 (c 0.72, MeOH); 'H NMR (500 MHz,
CDCls, 4:1 mixture of two conformers) &: 7.58 (s, 0.2H), 7.53 (s, 0.8H), 6.80 (s, 1H), 4.02—4.00 (m,
0.8H), 3.83-3.76 (m, 1.8H), 3.72-3.67 (m, 0.2H), 3.64 (s, 3H), 3.61-3.56 (m, 0.2H), 3.22 (s, 2.4H), 3.20
(s, 0.6H), 3.00 (dd, J = 13.3, 10.3 Hz, 0.8H), 2.91 (dd, J = 15.0, 4.0 Hz, 1.2H), 2.73-2.64 (m, 2.8H),
2.58-2.46 (m, 2.4H), 2.43 (dd, J = 11.8, 2.8 Hz, 0.8H), 2.37 (s, 3H), 2.30 (dd, J = 13.3, 2.8 Hz, 1H),
1.77-1.65 (m, 4H), 1.53—1.48 (m, 4H), 1.42—-1.28 (m, 3H), 1.24-1.20 (m, 2H), 1.05-0.89 (m, 3H), 0.91
(t,J = 7.3 Hz, 3H); *C NMR (75 MHz, CDCls, 4:1 mixture of two conformers) &: 174.5, 134.9, 134.5,
129.3,123.8, 73.6, 69.1, 61.6, 59.1, 58.4, 58.3, 57.4, 52.7, 44.8, 44.4, 42.0, 40.4, 36.8, 36.4, 34.3, 34.0,
32.2,28.8, 28.5, 284, 283, 27.7,27.4, 26.6, 26.0, 25.8, 23.2, 23.0, 20.6, 20.4, 14.0, 13.9; HRMS (EI)
caled for Co4H43NsO3 [M]*: 449.3366. Found: 449.3369.

T7IVT B Rda

{bEM16d & [FIEEICERL LTZ (9%), 'H NMR (300 MHz, CDCls) 8: 7.90 (s, 1H), 7.72-7.69 (m,
1H), 6.96 (m, 1H), 4.68 (m, 1H), 4.30 (m, 2H), 4.15—4.12 (m, 2H), 3.78-3.65 (m, 3H), 3.45-3.43 (m,
1H), 3.34-3.34 (m, 2H), 3.00-2.79 (m, 4H), 1.85-1.53 (m, 6H), 1.48—1.22 (m, 7H), 1.20-0.90 (m, 6H);
HRMS (ESI) caled for C2H3oN4O, [M+H]*: 391.3075. Found: 391.3068.
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HN N
Qs
H Yo NH

TIVT k RK4b

fbamed L FERIZARL LT2 (7%). 'H NMR (500 MHz, CDCls) &: 8.79-8.74 (m, 1H), 8.10 (s,
1H), 7.19-7.18 (m, 1H), 4.71 (m, 1H), 3.90 (d, /= 10.3 Hz, 1H), 3.83-3.79 (m, 1H), 3.63-3.61 (m, 3H),
3.44 (m, 1H), 3.28-3.24 (m, 1H), 3.16-3.10 (m, 3H), 2.99-2.91 (m, 1H), 2.97 (s, 3H), 1.83-1.59 (m,
6H), 1.42-1.28 (m, 6H), 1.15-0.88 (m, 7H); HRMS (ESI) calcd for C2H3oN4O: [M+H]*: 391.3075.

Found: 391.3077.

N\/\/

HN N
Qs
H o —NH
TIVT kB Rde

{bEM16d & [FIEEICERL LT (6%), 'H NMR (300 MHz, CDCls) 8: 8.35 (m, 1H), 8.07 (s, 1H),
7.28 (s, 1H), 4.65 (m, 1H), 4.34 (m, 2H), 4.26—4.20 (m, 2H), 3.25-3.19 (m, 3H), 3.15-3.10 (m, 3H),
2.94-2.93 (m, 4H), 1.91-1.62 (m, 7H), 1.62—1.37 (m, 7H), 1.24—1.01 (m, 5H); HRMS (ESI) calcd for

C22H3oN402 [M+H]": 391.3075. Found: 391.3068.

TILT b Rdad
{LAM16d & [FIEEIC AR LT= (7%). 'H NMR (500 MHz, CDCls) &: 8.20 (s, 1H), 7.98 (m, 1H),
7.21 (s, 1H), 4.63 (m, 1H), 4.34 (m, 1H), 4.21 (m, 1H), 4.04—4.02 (m, 1H), 3.65 (m, 1H), 3.53 (m, 1H),
3.40-3.36 (m, 2H), 3.22-3.20 (m, 2H), 3.11-2.87 (m, 5H), 1.87-1.57 (m, 7H), 1.46—1.23 (m, 6H), 1.08—
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0.90 (m, 3H), 1.03 (t, J = 7.3 Hz, 3H); HRMS (ESI) caled for C2;H3sN4O, [M+H]": 391.3074. Found:
391.3068.

R188I SARS 3CLP{Z %4 % BRLEE MFEAT
HE~T7F KN (H-Thr-Ser-Ala-Val-Leu-Gln-Ser-Gly-Phe-Arg-Lys-NH, : 111 uM) ZDTT (7 mM)
% G e kR (25 pL of 20 mM Tris-HCI buffer pH 7.5 containing) (2%, R188I SARS 3CLP™®,
xR EDOBREAI & 41T, 37C T2 A v F ax— b L1z, RINEREWZE 5T H
HPLC T H! L [CH3CN in aqueous 0.1% TFA (10-20% over 30 min)], &E~X7F FOE—7
HOWBA LN LUIWEEZHH Lz, ZOEEXTT RUWREAEFEAREEZ 2y ML, ¥
7EA RERRARI S, 1ICo2 B LTz, Z ORERZ3mITV, FHEERE L,
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