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Ac : acetyl

Ala : alanine

Arg : arginine

Bn : benzyl

Boc : tert-butoxycarbonyl

Bu : butyl

Cha : cyclohexylalanine

Et : ethyl

Fmoc : 9-fluorenylmethyloxycarbonyl
GIn : glutamine

Gly : glycine
Leu : leucine
Lys : lysine

MOM : methoxymethyl

Ph : phenyl

Phe : phenylalanine

Ser : serine

TBDMS : tert-butyldimethylsiliyl
THF : tetrahydrofuran

THP : tetrahydropyran

Trp : tryptophane

Trt : trityl
p-Ts : p-tosyl
Val : valine

R, REEICBT D IE

AQN : anthraguinone

BOP : 1H-benzotriazol-1-yloxy tris(dimetylamino)phosphonium hexafluorophosphate
dba : dibenzylideneacetone

DHQD : dihydroquinidine

DHQ : dihydroquinine

DIABAL-H : diisobutylaluminium hydride

DIAD : diisopropyl azodicarboxylate



DIPEA : diisopropylcarbodiimide

DMAP : N,N-4-dimethylaminopyridine

DMF : N,N-dimethylformamide

DMT-MM : 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride
DMSO : dimethyl sulfoxide

DPPA : diphenylphosphoryl azide

DTT : dithiothreitol

EDCI : 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
HATU : O-(7-aza-1H-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
HOALt : 1-hydroxy-7-azabenzotriazole

HOBt : 1-hydroxybenzotirazole

MS : molecular sieve

MTPA : a-methoxy-a-(trifluoromethyl) phenylacetyl chloride
NBA : nitrobenzoic acid

NBS : N-bromosuccinimide

NMM : N-methylmorphiline

NMO : N-methylmorpholine N-oxide

ODS : octadecylsilyl

PHAL : phthalazine

TBAF : tetrabutylammonium fluoride

TFA : trifluoroacetic acid

TIS : triisopropylsilane

TPAP : tetrapropylammonium perruthenate

Z DG

ACE : angiotensin converting enzyme
BA : bioavailability

ClI : chemical ionization

CLP™ : chymotrypsine-like protease

CoV : coronavirus

de : diastereomeric excess

DNA : deoxyribonucleic acid

dr : diastereomeric ratio

El : electron ionization

ESI : electrospray ionization

FAB : fast atom bombardment

HPLC : high performance liquid chromatography
MERS : middle east respiratory syndrome



MOE : molecular operating environment
MS : mass spectrometry

NMR : nuclear magnetic resonance

NOE : nuclear Overhauser effect

PDB : protein data bank

PP : polyproteine

RNA : ribonucleic acid

SARS : severe acute respiratory syndrome
WHO : world health organization
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T, DPPA Z W=7 LG EATH 2 & TRE L T O MR 20T 57 Y RMeaW
&L, LIAIHAIC E 2RI T7 10 & L7z, #6727 X210 # Boc £ Tri# L. TBAF
%Z VT TBDMS O BifRi# 21T 9 = & TERALAIBRIA 6 21537 (Scheme 1),
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H 3 ) (EtO),P(O)CH,CO,Et OMOM 3 ) TBDMSCI, imidazole
OH .
NaH, -78°C
; : 97% (3 steps)
(=)-muricatacin (7) 76% (3 steps) 8
oH 1) DPPA, DIAD, PPh, Boc\NH
2) LiAIH, s
CraHas AN~ OTBDMS > Ciis A~ _OTEDMS
H 3) (Boc),0, Et;N H
OMOM OMOM
9 10
80% (3 steps)
Boc.
°C~NH
TBAF CH s on
_— > 12025 NN
88% OMOM

6

Scheme 1 ER{LAIBEIA 6 DAL



% 3IH 21 Pd A WU T AT U AERK RRILR )G

BRALRIBRA 6 12k LA 72 L, & 2 WIE 10% Ol 2 W 28RS 21T o T2, fERE R
1IZRT, Entry 138 KTV 2 Tl 7e L OSMFFRB L0/ 3T 20 AT O RS % il ATz &
A BOSTE T TERHEIN & 72572, Entry3 DY A RIZhY 7 2=k AT 4 V&R
L7z 2 i RT 20 LRI TH D CLPA(PPhs), Z W25 CH RO R L 72 o7, —
VA R7U—D2ffiXT7 0 553 TH D PAClL & FW 7250 (entry 4) TIXSUGHETT L,
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4 PdCl, 10 86 >94

aNo Reaction. °Determined by "H NMR.
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2% PrEAR AR AT S LI HEBRT SARS3CL T T —F
PR DA R & B

ELIE WS

SARS [T 21 AL HIBRIC R EA G THA L, ZHUE TIT 8500 A% 2 5 EfH] &% 800 A
DI % H L T2 BIEROFm WIER R B T 5 2230, 2002 12 Z ORBEDIRK T A v A 03558T
iD=z A LA (CoV: coronavirus) T 5D Z & D3RR S, DIBEIIEGE AR E 72D
2003 4FIZ1X WHO L VW #EESNIT Sz, LA L 2005 4E(Z SARS LD CoV 735 L &
Uy 2014 4R ITITHHED CoV ZFIEJFIA & 9% MERS (middle east respiratory syndrome) 73 A1
sl CIAT L7z, - T CoV ICKDH U T 2 v 7 OfERENSIIER STV E 08, K2
CoV IZXIT D HEN RIS T 7 F U TBHFE ST Ruy,

SARSCoV IZ—A# (+) @ RNA ZEi> 7 A )L 2T, HFEICIZH & RNA 75 EHEERIC
VBT a7 T —BERE - FRT 5, ZoLEEBcnE T aT T —BEELAT LD
|2, PPla(~450kDa) & PPlab(~750kDa) &\\9 2 SOEKARBEE X L7 EZ2HHA+ 5 3
3 15 ARG L 7= SARS CoV X H & ® RNA % — % PPla, PPlab |Z#:E., FHERL., Z D
PP 2025 Z & TUA L AERICKE /R RNA L7 U h—P R EEFEAT D, 2 bHDiE
PERESEPEAICIE. SARS3CLP N4 TH Y (X 13) 34, SARS 3CLPe BHEANILA L7 SARS 1A
B L L THIRF ST D 3%,

SARS Coronavirus
SARS: Severe Acute Respiratory Syndrome E:j

Receptor ACE2

g: YTWGVUHY  Single, Positive-stranded RNA *
ppla & pplab : ...______,_._——_—

)
.
e i

p Yoo A4

SARS 3CL protease | Transcription\1 a8 A

{
(CL: Chymotrypsin Like) and 4 44
Translation O

13 SARS CoV DHaGEY A 7 )L

FEHDOFTEMIE Y V— 7Tl SARS {AE~DSH % B L7= SARS 3CLP® [HEH| D BH IS F
G D TN D ¥, T IR S 7o S R ZE J8 SARS 3CLP & W2 FHIRIZ L D |
Z M E TIZ SARS 3CLPP OB LS % H\Z L= ~FF K7 LT b R ER ORGSR b
1T, Ac-Thr-Val-Cha-His-H %z H 9 57 F K7 /L7 & R SARS 3CLPe [HEA 15 23
ICso= 98 NM & FEFE TR N R BTG 2R T Z N A ENTWE (X 14) 3, S 52T F
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R7 L7 & RASARS 3CLPO [ EHA 15 & FEsE & D X S A RFE RN 20 5 L IROD 3 DD
B LNE SN TV, T72bb, OFBSRIEEFOICET ST LT e REREZ T e T 7
—BEEF LDV AT A U F A — M LOKBREGHRECH D, @S1 AT v ML His gD
A IFV—IVENETTH D . @S2 A+ TOMAANEITHOKMER EAEHN FER & 725,
—J7. RXTF FUHALEY TIFERNLEHERZ LW Z L7 EXTF R i 722 RER &
L=, X0 druglike 2L EHE2 B L2 IEXT7 T Mepmet s iz, 37z2bb, S2 7R
4y b TTOBUKMEFA/ERICER L, LER 15 O Cha ORI TH DL v 7 a~FH B 20 L
FHOT I REEFRTLE2AT LY U —%2 N L CHESEHHOT e Kaag vx )/
U o EEE T HEARNRGENT S, AlSizT e RaA V% /7 U 8 SARS 3CLPC i
A 16 138 & 2037 ETEE (1ICs0 =63 uM) Z /R L7223, Z OFEEMEIIBULAEY Th HA%E
F 15 & 5 LI LT, BEAIL6 L 7T 7 —F LD X BEA RS
FERTETET OICIIROSERRE TH D 7T b REDMIE L, S1 A7 v MZiX His fllgHo 1
K —VERD, 2Ry MZIXT e RaA Vx ) U UEEBINESILTWER, XTF K
RIHERA] 15 TRO TV S3 LI TOMAERARE L TWD Z R LMz (K
14), & Z CTEHIT S3 LI COMBAMERENL ZH 721 EAT 5 2 & TIHRTF RELER O
FLETEME O E BN ATRECTIX R W & B 2 T B ER OBRGHIE T LT,

S

Ty 0
H N
josl

PDB: 4TWW
0 §

14 [FHZEHI 15 3 XL 10V16 & SARS 3CLPO D X B A R Ik s b X
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H2H FHMEERWMEZA TS SARS3CL 7rT 7 —EHERDARK
B1E HEMAEROREH

PR 15 L BAEA] 16 O X ki 2 Eagbii-& 2 A, HEHR 16 07 e FaA
VXU v ANLIRSE L IER] 15 O Cha DZEFEF - L OFFEEN 1.63ATH D L HEH Sz,
Z DOFEREIE C-N KA OBEREICITN 29| 4 (LIRFBICESEEFR G728 A L S3 LUE TOFHLO
FEAEREL & U CLEA] 15 OFE 2k L 72 Ac-Thr-Gly-0O VX7 F RZHEATE 5
DTIERVEZ ZALEW 17 Zi%Et LTz (K 15), SRREKIE, H7- 18 AT 50 AAERH
AL SEARBLIE DR % SIS 5 72 O FTHAE BAE AL O SRR A 2038 AN ATRE 7280 & 9
HZ b b L, SBICHERILE S LR RO A RICITRE TR~ 2 it Y
U Al A N T2 BRAGSOS OHEE ROSHERED D EHIL O FICE Db 6T, 7 U AT va—
EREMEE R IMIET 27 SV E OSREEZZE T 5 2 & TR HE S
=y MEENFRETHDL EE 2T, £, TATE REATHLEWIZT OGO &
D OEEFEAE L COEEITEVE OO, BREOK FRABESND, IO DEERIEMSE
HFLCOMEMERICET 2H - MAEE5720, TVT b RECb ) BEEEERLE DO
B9 % warhead ‘BRERE A A9 2 FLEA S OF - TREF L7,

D = e S R s

O FHAEAEAEREBALOBAI K 550 HR

© FrHirEBAERENLO SRR E O 528

@ EEEIEPETL & warhead & OFE A AE

EMET 5720, 2 fliNT DU Al A ARG E#E T AT e e Y xR )Y
VA SARS 3CLero fERI O AR ZITH 2 & & Liz,

X 15 X #pdftf o ERA X & FRLEAI O

EFENTICALE T A ZNENOFERIEITLLTO@EY Th 5, PLEDIZIIRETRTEATFY
VP2 ICIXEF A TRT T A KaA VX Uy PIEICITRRE TR 7Y v PAER
TR OATRT AV =V ERE Lz, SEBREREOINI~EHOD EENTNDET UV
HEEA T RA TR p- 7 n B LEAB/MRAEA LT,
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B2 WA RURNT

PTG ML B 7= OB AAEREA 2 AT T e KA V% 2 U CRIFHERNC I
%1 BT 2 iy T 20 Ll 2 W72 BRAGEOUST K 2 SERI S 2 A L 72 B plis: & i
AT 5Ll L ¥ KEAFKGEISH L OO ER O — kN EHE L, fikoi@Ey
@© B AR OB AN, @ B A RN OSAREE O 2, @ BERIEMT L L
warhead & O EAERME 21T 5 7o DAL EWMER 24T o 1o BT EEREALOE AN 5
IZ warhead &72% b ZAF ¥ UFHERDEBEAZ SRAERIZT D 2 & THEETEMEMHRINIFED K v
KRB D B2, BIROAGMN— &G L7 (K 16), HILEW 18 138:(L¥ 19 X v i
AN XD FHFE AR OB A L | BT X MEIC K D e 2TV U FEEROEAIC
F0EoND EE R, B 19 ITBRALATEMA 20 L VIS & 702 2437 20 Al 4
AW T 27 U AR BRALORC £ - TR B v, milRiR 20 13ba9 21 L 0 R & %
T BAROT VI > TR O D EE 2T, (LAY 21 1T TATFRIHEZ2(1S,2S)-
cyclohexanedimethanol (22) 7% Sharpless ~#% ¥ b R ¥ ALRUG%E Z VD B REIE A HL G

koo nsEEL B, Sharpless RE YL R X ARG OBICENL T2 ZE R 52 &
f%ﬁ%ﬁ*ﬁﬁ@ﬂ%ﬁfﬁm@ﬁ% L7c4fim e~ — KOG b FRETH A 9 &HEE LTz,

A Ir( J\NH : T oing M
CC” : :> cw —

Br Br

Sharpless asymmetric
dihydroxylation

B
H 2 . o b, NH
. 2 T
2 N 0
H

4 Br J

16  FEHLAY 18 DA R fEMT

17



EI3WE 2T DU MMl A AW RLES DR

F9°, HEIEECTH B iR (1S,25)-cyclohexanedimethanol (22) (2% L P AR 24T
RMDOKEBEIED i LTeE /) N ViR 2GR LTz, £ D%, Ley-Griffith fefk &
Wittig S Z1TV, KA L7 0 UK 23 24572, fFohi 23 1Ixt LARKFEL & LT
(DHQD),AQN Z i\ 7= Sharpless Rt R ARG EITWY T A7 LA (dr=4:1) T
HID Y F— N a1, Z Dk, 5 1L kKL% TBDMS ETHR#ET L2 L TTrLa—/L 24
L LTz, ZOT N a—)L 24 O—EBITx L MTPA Z U723 Mosher 54217 9 & & TREREED
SR LT A IR ERE LT (K 17) %8, T JIERISIZ K > TT7 ¥ &8 A L, Pearlman fif
B2 AN R T IS L0 7Y ROBIE E RPNV O PR #E ATV, RUSETIT (Boc)0
ENZDHZETETOMIE D AR LT 2 20D Boc (5i# 24 TWHTHAE ALAEFEALOE A D
RGERDT IV EELOT Va— 2l #EK LT, 7/ba—)L 21 (X epi-21 @ TBDMS
DPRE SN2 & TT N a—/L 21 OHBENFIREL 720 H—Dfbi & LT, T, St
JERZ Ko TT7 ¥ REAZE A%, LIAIHE L i< p-7 R B L EFR L OfiG %175 2 &
TILEW 25 2157, fe\ > TULAY 25 % PhsP=CHCO.Et iA3KAF(E T C Ley-Griffith F2{b iz fik L
TRy BT oA 27026 & LT, FfZIZT= A7 /L 26 & DIBAL-H TiEot LERILAH]
ERACTIH DT ULT v a—)L 20 4Rk L7z (Scheme 4),

OH
W 1) BnBr, Ag;0 ” (DHQD),AQN, K;0s05(OH), W oH
OH " 2)TPAP, NMO,MS4A N Ks[Fe(CN)g], KoCO3, MeSO,NH,
L _OH > L __oBn > A _OBn
'f' 3) MeP*Ph3Br', t-BuOK Ifl t-BuOH/H,0, 0°C =t
22 62% (3 steps) 23 98% (dr = 4:1) 24
Boc<
oli NH Boc\NH
1) TBDMSCI, Et;N, DMAP S _OTBDMS 1) (PhO),P(O)N;, DIAD, PPhs H:  on
2) (PhO),P(O)N3, DIAD, PPh3 2) LiAlH, H
> ~_-OH > a N.__O
3) Ha, Pd(OH),-C, (Boc),0 i 3) p-bromobenzoic acid i
47% (3 steps) 21 (single diasteromer) EDCI, HOBt, Et;N
50% (3 steps) 25
Br
Boc\NH BOC‘N

H o=
= _~__OH
TPAP, NMO, PhaP=CHCO,Et, MS4A (I/\H/\COZE‘ DIBAL-H, -78°C Ol:/\H/\/
> 2 N O —_— a N (0]

A 55% (2 steps) A
26 20

Br Br

Scheme 4  ER{LAIBEIA 20 DE L

AS =R -85 =
0065 O
| CHj3 -0.01
(0]
¢ si
H CH
£0.079,-0.085 3 -0.02
O
e
0.044 Hy

R = (+)- or (-)-MTPA (methoxytrifluoromethylphenylacetate)

17 1 Mosher {E1Z L B XL KO E
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FHAMAEERBAOREE DT I ) EOSTEREBEAKESEE T~ —I2o0 T
Sharpless &~ b N X IALKIGOBUL % (DHQ)AQN IZAH 35 Z & THEEITV., H
BIDNAR LS H 5 A4 —b epi-24 % dr = 9:1 Tz, DWW THROAK & FIHED 715 TK
BRI L 7 2 VBB A Z{T o2 25 epi-2l DY T AT LA ~—iREW & OFg CHflE
JCHFIZ TBDMS JE il U 7= (b AW 27 MRIFFICAER LTz, epi-21 1ZV T AT LA~ —IREW
LLTELNTEDY, A= 2T ITH—DOYP T AT LA~ —L LTELNTZTZ0, 27 W
TUMOERZIT) & & Lz, VA —/N 21 ORI L BHF T4 7 = FTHEE LIS
W) 28 457, T Dk, WEREOKEBEIEZ SIESINZ K> TTr o b L, #iE LI L 57 Y Fo
BILEITV, FONET 2 v b p-7 u B R EEFBRENAS LAWY 29 #1537, Foni(LEw
29 DT b= K% (CHCN)PACl, THLRFEL ©, oGk & FERICT VR v h TOR L L
Wittig G Z 1TV ap-Rafim= 27L& L, DIBAL-H % HW 72252 L - TERAILATERR epi-
20 &% L7 (Scheme 5),

OH
H 1) BnBr, Ag,0 H (DHQ);AQN, K,050,(0H)s T A _OH
OH 2) TPAP, NMO, MS4A o X K3[Fe(CN)e], KZCO3, MeSOZNHZ‘
A __OH > L _oBn > A _OBn
i 3) MeP*PhyBr", t-BuOK : t-BuOH/H,0, 0°C :
22 62% (3 steps) 23 97% (dr = 9:1) epi-24
Boc. Boc
1) TBDMSCI, Et;N, DMAP M OTBDMS OH  22-dimethoxypropane o)
2) (PhO),P(O)N3, DIAD, PPh3 BF3°Et,0 -
. L __oH L _OH > A __OH
3) Hy, Pd(OH),-C, Boc,0 : = :
yield of epi-21 and 27 epi-21 27
43% (3 steps) (mixture of diastereomers)  (single diastereomer) 28
1) (PhO)ZP(O)N3 BOC\ 1) (CH3CN)2PdC|2 Boc<
DIAD, PPh3 N 2) TPAP. NMO NH
2) Pd-C, H H o ) TPAP, M1 oH
P72 > Ph;P=CHCO,Et, MS4A ‘
3) p-bromobenzoic acid H O _7ge - H
EDCI, HOBt, Et3N Iél N 0 3) DIBAL-H, -78°C E' N 0
21% (4 steps) 29 12% (3 steps) epi-20
Br Br

Scheme 5 ER{LATHEIA epi-20 DAk

DWT 2 flirNT 0 A2 W72 BRALROG Z Rt LTc, BEfROT e KA v Y v
Al SARS 3CLP® FHEHI DA Bk & Rk D FiEz vy, BRALRIEREA 20 & 2 i/ 37 20 Afli
(CHaCN)PdCl, 2 W TR S 72 & Z ALL OB LA 19 % T8%DILR TH DV T AT L
F~—& UTHE, BIU 19 & OFET, JREFCod HRIBEA 20 & 17%[IN L7z, ZoENT L
T IREHIBRAL OGS ERHRRECTH S Z L 2R Lc, ABRILKSITBEROT e Fa A
VX /U U SARS 3CLP [HEAI 16 DA R 4E Trn S iV 72 HEE SOSHEME & [RIRR O BERE TG
DETLIZEEBEZOND B, Thbb, MIRTIICT VAT IVa—nET VIO
SAREFEICL > TERBRE (@) 2 (b) KV bREICRD EHESI, ZOEBIRE @) 22
T, BLIK 19 MBIEMICAR LIz EE 2 D (X 18),
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Boc BOC\

= OH
H 10 mol% (CH3;CN PdCI

CH,ClI, (dry)

78%

18 BRALSUL & HEE LSRR

WAZERL AT epi-20 12B L T b RO BRALEUG 2 A To (32 2), (LA 20 & RIZGMT
PG AT > 123, BHOBALIK epi-19 35 K UK T & 5 BRALATEHA epi-20 DWW b 155
ENTETHEBORERM O LR STz, BRERMRR LN T2led, »W <D
DEMBET AT o Te, 9, BESRMFZEE L& 2 ARIERD O AR Z 5 FUFEHEIIY
NN NEOERD EZEDICITES o7, BV TETE R R ANER Y =
R U b~ & 25 L 7= (PhCN)LPACI, Z filffle & U CHV D & JFRHBI SN U723, B AO134%
BNTRIERBD O Z—identry2 LR TH T2, £z, BN ZFF2720 ) PACl, 2 IV
7o & ZARISIE U T T REHEI & 72 o 7,
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Boc< ~
oli NH Bo; NH
H/ OH N
A N 0 catalyst 10 mol% )\ N o
H CH,Cl, (dry) H
epi-20 epi-19
Br Br
yield (%)
entry catalyst temp. (°C)
epi-20 epi-19 byproducts
1 (CH5CN),PdCl, rt. (-) (++)
2 (CH3CN),PdCl, 0—rt. 20 (-) (+)
3 (PhCN),PdCl, 0—rt 40 (-) (+)
4 PdCl, 0 rt. 100 (-) (-)

£2 25T VY AT X D BRILSUS O SRR

AR UTZEIVERD D 9 HD 1 DIXHNMR D A7 MLF—Z035 30 Th b EHEESH
7= (X19), ARVERMII—HAR Lz epi-19 ODKRIA L7 4T e KufYyx /U4
NDOEFRFA N7 D0 Ml & FERIS L - RAINERLT 5 Z & TIEAY 30 1T 4 H#A
ENDHZETHKLIEZOTIZRWMNEEZ BN, LAY 19 15 X W epi-19 DL ELiE
IZHASNWE MDRHRICE 2 & BRILURIEORmA L7 c T e KA V% U v 44F
ERIF T & OFERET epi-19 TIX254A L 720 HEBRLIGENR Z 52 2 LD TX 2 ERETH 5
DIZxt L, 19 TiX 4.29A &+ 72 BEBEN & 5 7= O FBRALBUG N E Z &3 H B OBR{EY 19 23
BFonzEHEE ST,
~ p P

Boc., O

NH NH A W a29A
b Ao Hi *I‘““ Dy A J ‘
H 10 mol% (CHsCN),PdCI, ""“?"'“}-'L S6A LB OEE }} ;
N > N =0 v —_— Mo
H 78% H K 0’\_
20 19 J
1
Br Br
r 0J< -
o - n e
BoCawm < 3.56 A q Boc.
3 \ ) A N
~_OH L éf 4 o R H
H o catalyst 10 mol% Ne 0 H ‘J[{-f ALI4VE D DEER y Te. \ n o
=z _ A Iy o ol — A
H CH,Cl, (dry) H ?- A )
epi-20 epi-19 ‘/’ v 30
AA
Br Br 1 1 a Br

¥ 19 MD FH5EIZ & 2 BRALSS OHEE
{bEW 19 & eprr19 O MOE I X A E R ZEMERZH L Uiz, R, AL 7 0 URERE
& AN EFRFA & OWEEDMEAY 19 TIX 4.56 A, epi19 TIX3.56A LRV ENELTZ, &6IC
3N E =N IEEREMICHIE S A L7 ¢ VRIS & 4 MERIF 1L OFMN R bITHET 5 &
XOMEEAZBEN L ZAH, LAY 1913 4.29A, epir191% 2.54 A & 720 KIEIZHEBEEIC =N A T
77
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4 PHEAEMILEMOERK

ETPLT I T AP THDLE AFVUFHEEDOE KIS L OB AL E 725 P3,
P47 A N THDLURXTT ROBRKEIT- T2,

EAFVUFERIZELTIZE AF VO Weinreh T I R 4, S RxTF 4 o uaT T —EH
ERIDOEREL L LTELKFIHEND A X AT 7872 =D 3la L BAEOENT LT b
RNEEMAE LTF AT X — /L 3lb ZERTHZ & & L7z %, Weinreb amide % DIBAL-H (2
FVIREILTDHZETHELNET AT B R LT Wittig SKs7e 5N F 47 v 2 — 1 Ax# %
1TV, Fmoc Rz Wifrki#ES 5 Z L TPL 77 7 A2 b 3la, 31b DELETT > 7= (Scheme 6),

Trt
\

1) HN(OCH3)CHs3*HCI, BOP <\N \
2) DIBALH

Fmoc-His(Trt)-OH

Fmoc-NH

Trt

\

1) (a) PhaP=CHCOOEtor N
(b) EtSH, BF4+Et,0 & ]j\ 31a: R = CH=CHCOOEt

N R=
2) 20% Et,NH 31b: R = CH(SEt),
H,NT R

Scheme6 Pl 777 A2 hOARK
EHIZP3, PAT T T AL NDOURTTF RETIRD Ac-Thr-OH & H-Gly-OBn ##i&7 5 =

ETHM LT, AMEERISIZHN DA & LT EDCI/HOBE 2 W 7R iR b LR T
HED YT F R 32 1M biiz (# 3),

Ac-Thr-OH —_l 1) Table

__J » Ac-Thr-Gly-OH
H-Gly-OBn 2) H,, Pd-C 32
Entry reagent (eq.) yield (%)
1 Et3N (1.5), HATU (1.1) 3
2 Et3N (2.0), HATU (1.1), HOAt (1.2) 20
3 EtN (2.0), DCC (1.1), HOBt (1.2) 43

4 Et;N (2.0), EDCI (1.1), HOBt (1.2), DMAP (0.01) 70

/
A \, PFg Q N\
W el v
o Gy O r Cry
N

HATU HOAt EDCI HOBt

#3 P3,. PAT7T T X MDERK
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DN, 2T DU Al X D BRALS TR L EBREY 19 @ Boc KA AAE L, #
B BEAEREML & L CHEfi L7227 K 32 % BOP %:H%u\f%ﬁ S LA 3B Ak LT
(Scheme 7) ¥, ZDOF V7 4 33 AV VBB EL., BT I /MEICE > TI3FEDOE AT
VUHBIROBANEITWMEA Y 34a-c 13T, %@ﬁé Tre A2 PiRE L, =T IRl D =
LI X o T 3bac #4537, HhiZ, 35b & NBSMLHL§ 25 Z LIZX > CTHMOT LTk K18 %
BT D Z LI LT, 1507 EAEMLEWIZEI LTt HPLC & RV O i
ExEITHT2L 2AH, WThOILAMbE DAL =27 2525 2 L 2R L= (K 20),

Boc. Ac-Thr-Gly<
N c-Thr-Gly NH
R 1) HCI H =

2)32 BOP, NMM : X
NPLAY

1 ) 03, MeZS

74 % (2 steps)

In

19 Br 33 Br
2
Ac-Thr-Gly<, R' NR Ac-Thr-Gly-.
Yy NH ) /[) c-Thr-Gly NH
H = ", H =

2)31aor31bor
H-His(Trt)-N(OMe)Me
NaBH3(CN)

3) TFA

)

Y

N : N Z N
ool
1) NBS in THF
2) HPLC B N0
o o g

q 35b
16 %

Br 18 Br
34a: R' = CH=CHCOOEt, R?=
509
35a: R' = CH=CHCOOEt, R?= H :l %
34b: R = CH(SEt),, R?=Trt
35b: R' = GH(SEN), R2= H <] 34% (3 steps)

34c: R" = N(OMe)Me, R? = Trt
26% (3 steps
35c: R' = N(OMe)Me, R? = H <) 26% (3 steps)

Scheme 7 SARS 3CLP° BHEAIMEML A D AR

(3 steps)
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Flow: 0.9 mL/min, COSMOSIL 5C18-ARII column (4.6%150 mm)

)JM

A

a b c d

a) Profile of 35a (tr 18.42 min), 0.05% TFA in CH3sCN (5-95%), 40 min, detected at 280 nm
b) Profile of 35b (tr 24.09 min), 0.05% TFA in CHsCN (20-60%), 50min, detected at 254 nm
¢) Profile of 35c¢ (tg 19.18 min), 0.05% TFA in CH3CN (5-95%), 40min, detected at 254 nm
d) Profile of 18 (tr 28.24 min), 0.05% TFA in CHsCN (5-95%), 40min, detected at 280 nm

20 HPLC iZ L % A b &t O FE RS
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% 34 SARS3CL 7u 7 7 —PEEMEDTM

B o BEREM LAY % LEEMERBR It Lz, WEAT T FEB X OESR & R188I
SARS 3CLP® % 37CCTA v F 23— h LIETF RO % HPLC TER L7 (K 21), 4
BoOUWrR LHEARELZ 7y b5 ETHOLND VT EA REif2 5 1ICs ZHH L7,
ZORER, ~A T NVT 7T —AULAEY 3ba 1TIFIFIEEE RS T, U4 LT T R RED
35¢ TI ICs0 2% 1000 uM FEE T o 72, — )5, T4 T & # —/LAID 350 Tl ICs 2% 175 UM %
R, BER E DM OO AERANER SRR I NIz, YWOENTh-72T7 VT B REID 18
TIX ICs0 7% 26 UM & A [EIA Ak L 7 BREAIEM LA O R TIE—F RO REEEZ R~ L, Bk
AW THLAER 16 L g LT 24 (FoMEER EARO b, bbb, FMEAER
L DSBS & OFTT- 7o AB BAE 2 TR L 7= FTREMEA RIS X iz,

compound ICs5o compound IC5o

CO,Et
EtS<_SEt_ny

A NH
AcThr-Glys ’ /[ > AThr-Gly~ j/ )
H = N7 "N Hz 0y SN

H
(:C(O > 2000 uM

(:Cr( 175 uM
A A
35a 35b

Br Br

O I=Z

(I)/
H0
N__O NH
AcThr-Glys Y ACTREGlYS T /[ ?
NH . /> H = N K N
H = N7 N z N
H
[ o ~ 1000 uM [

o) 26 },J.M
i A
18
35¢c
Br L Br
Inhibition (%)
mOﬁ—o—o
H (o] NH o
80
H Nf’///[N/} ﬁ
. 63 uM 0
L _N_O K /
i E 40 l/}
16 20 j
Br om - 1 100 10000 1000000

Inhibitor (LM)

REHI18D Y EAREhig

21 PHETGPERERAS R
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ZOMBEAERASER A HEET D720, MOE & W -FHEAI 18 & R188I SARS3CLPC & D K
X/ vIal—varEitol, BULEM TH HILEHR 16 #X—RAIZ 18 %7 7L —Fh
RyF oIk RyF v Ial—vara{Tolzel A, MWHEERAaT Z2Rd
2 ODIEENF LTz, T O L T F REFREA] 15 2 ERgbe KLY, dmibd
MTA VxR VDT EHFICEN RSN DD, B A LA AR ARE »
AT F REIBEER & FIBRIZ S3, S4 AR » b~ TV D Z EAURE ST (K22, 23), Bl
1. ZOHEENE LW ZHERT 50 E R EERF TH 5,

(22 PHEH 18 OHEFERZEMIER (1 ALy, i %) HEH 15 (M) oEhd by

%] 23 [HZE%] 18 & R188I SARS 3CLP° D AH HAEH X
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/INFR

AT THELN TV =T I e KaA Y% 7 U A SARS 3CLP [ A 16 12 BrAR A 1EH
AL A EANT 5D 2 & CHEIEMEN BT 5 B X, i ICHAERESMN A G LT e K
A4V x Y A SARS3CLPO [HEA 17 k5t Lic, £7-. v 77 —BiEMEF.L & O AEE
KR 28772 72 %15 % 7= 8 warhead DEEFRE 1T > 72,

HI%8JFUEFD (1S,2S)-cyclohexanedimethanol (22) 7> & FriAR BAE RS 2 1+ 59 % 35 & F1 5
L7eBRALRTBE A Z AR L. S TH D 2 T ¥ MMidliE 2 W2 BBILBOS 21T - 7, B8
LIS DBE, 7 X 7 FED S BLE ORIBEK 20 TIXH—D YT AT LA~—19 #1355 Z L 1T/
IL7eh . R BLEDOHTBA epi-20 TILAER T 2 BRI epi-19 & EHAELDS BSOS U EIA )
30 WAL D EHEE STz, SO TmBRIIE 20 2 VTl < #58 k 217\, warhead D572 5
35a-35c L TNT b REEAHTDH 18 A Uiz, T 6 HEAIGEA & BLEEMERERIC L L,
TNAT e REEZART S 18 73 1Cs = 26 pM L BULAEW 16 D 2.4 5 OEIEMEZ ~T 2 & & W
Ok Lz, ELICTFAT X —NVEEZAT HHER 35D & 1Cso=175uM Z/~ L, T4 7k
Z— VIEDEER OTEMEH O & A AAER LS 5817272 warhead & % Y 152 AIaEMEZ 7R L 72,
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woIE

B LETINV LS URTE M= Foen ) UUBEROREREIT o, #RIGT
D 2 N7 U Al A AW BRILSISIC L o T MEZORI S e e U P UVBROA
AT L, #58 L &1T 9 Z & T aza-cis-solamin (2) DZhRAGE G R L 72,

%2 T R SARS 3CLPOfHEAI 15 LT 1k KA v/ U % SARS 3CLP L
EH 16 OF{bEME X BEGEERNT T — 2 ISR L, e FaafAYyx /U v
1 SARS 3CLPe BHEFANZHBFA AAFFHERNL 2 {1 5- L 72 SARS 3CLPOBHEA 17 2 #r7- IZ5%GH L
7o FETHTITEAT D AAERENLO SR O B 2 RN 3 2 72 D TR IR & a2 3
Hlce RIS T D 2 M7 20 AT OBACRISIZ LY 7 X 7 H3 S Bl E O Rk 20 T
TH—DTT AT U A~—19 2155 Z LTSI L7223, R BLE ORIBRAK epi-20 TIiXARL S 41
LB epi-19 & [EHAELSFFESOR LRI 29 NG 65 Z L BHEE Sz, 1567 H
HIBR{E 2 7581k L SARS 3CLP [HERIEMI{LEW & Gk L. HEEERBRICM Lz, 20
FER. AR U= B LEA 18 ORLEEMEITTOLEW 15 O 24 fFIZM L35 Z & /a8 L
oo BT, PRETAKR L7=T 47 & % — AU EEY 35b 3% SARS 3CLP° HEEMEEZ o2
EERPIODTHLMNMZ L, F4T7 v H#—/LE2 SARS 3CLP OIEMEF.L EFAEER LG58
7¢ warhead & 7¢ 5 AIREM:Z R L7,
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i A RREE 12OV TC

AEBRICBWC, RISIERLEZY 7 aa 2 2 A3KkELILVS T A TERE LTI LD %EH
Wiz, THFIZ& BT U oAt _Xe Y 7 = 7 % = sodium benzophenone ketyl TH&EE L
boERAWE, BRSO EMIZIZT Y B 47V T0F254Plate-Wako % AV, ZEAMRORERICIE
254 nm O EEHH LTz, ORI EtOH IZEW = 5%D ) &) 75 Uiig, =8 KU~
ERISICIE AN T2 H T b7 a~< b 757 4 =N U AT T 2—4 L %60N,
63~212um, U =2—4L®C-300E (45~75pm) DV F g v, SlREE 7 v~ 75 7 ¢
— (PTLC) /X 70PE254 Plate-Wako (J& = 0.75 mm) &= W MT o 7=,

IorERIgIA 7 o~ 7' 7 4 — (analytical HPLC) IZ HITACHI L7100 % HPLC ¥ A7 A
(AR > 7" HITACHI L-7100 % | 844 rIEEHE s © HITACHI L-7400 7Y) % FHV, Z3AT FH e 7
7 L [COSMOSIL 5Ci5-AR-Il (4.6 X150 mm) &= L7, mEumdikikr v~ ~ 727 1 —
(preparative HPLC) 1% ShimadzuSIL-10AHPLC + A7 A (AR > 7 : ShimadzuLC-10AT, &4k A tH
JeAg %S Shimazdzu SPD-10A) Z Hvy, S EUHWIHH % 7 2 [COSMOSIL 5C1s-AR-11 (20 X 250
mm)] L7, o8, B SEHEE TO HPLC OIRHRIL 0.05 %TFA % & Lo /KRR E &
U7t b= MU AERKRZ W, 2HOREARIC X D 21T o 72,

IH NMR %<7 kL, Varian Inova Unity XL-400 (400 MHz), JEOL-ECS-400 (400 MHz).
Bruker AM-300 (300 MHz) DWW 4L & FHWEIE L7c, BT ITFFICFEHE O 72 W R Y CDCls %
Wiz, I By 7 Ml ppm 2V, FRIZEEHEOZ2WRY THNMR TlE7 7 A F Ly
Z 2?0 ppm %, BC NMR TIZPNEHEYE & L CDCls @ 77.0 ppm & ZEHEE & L THUWL -,
F TV T EBICIIHZ R LT,

oy e E B E 1L IMS-SX-102A (FAB) & 7= (% JEOL GCmatell (El, CI), Shimadzu LCMS-
IT-TOF (ESI) D3 417 Z AR SR &l E 1 Shimadzu LCMS-2010EV (ESI) Z Hv 72,

FeRECEE L, B BIEYEE HORIBASEPA-300, H A43: P-2200 Bl it 2 v CHIE L 7=,

RS, VO RS E R 2 VD CTHIE L,
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NO,

o 0O

CraHas < A~ OFEt

OMOM 0

Ethyl (2E,6S,7R)-7-methoxymethoxy-6-(4-nitrobenzoyloxy)-nonadec-2-enoate

T3 REEOKE T, L&Y 8 2 (3.47 g, 8.66 mmol) & PPh3 (9.09 g, 34.6 mmol) 8 L O p-=
k22 AR (1.45 g, 34.6 mmol) Z THF (50 mL) IZiAA L., IBA T MNIZ DIAD (6.80 mL, 34.6
mmol) Z 3 F LI Z 72, ZIRSAE T T 16 KFHIFRO%ZIC, KISMEIEO T DR LTz, 561
TREME T VATV T LT~ NI T 74— (~FH 2 BT /1=20:1) TR L, &
DR (4.62 9, 97%) Z457-, [0]@5+8.8 (c 0.50, CHCI3); 'H NMR (400 MHz): & = 8.32-8.28 (m,
2H), 8.22-8.19 (m, 2H), 6.94 (dt, J = 15.7, 6.0 Hz, 1H), 5.81 (dd, J = 15.6, 1.6 Hz, 1H), 5.27 (dt, J = 9.9,
2.9 Hz, 1H), 4.73 (d, J = 6.8 Hz, 1H), 4.62 (d, J = 6.8 Hz, 1H), 4.13 (g, J = 7.2 Hz, 2H), 3.81-3.77 (m,
1H) 3.35 (s, 3H), 2.34-2.29 (m, 2H), 2.01-1.98 (m, 1H), 1.89-1.85 (m, 1H), 1.61-1.51 (m, 3H), 1.38-
1.25 (m, 19H), 1.25 (t, J = 7.0 Hz, 3H), 0.88 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz): & = 166.3, 164.3,
150.5, 147.4, 135.5, 130.8, 123.6, 122.0, 96.1, 78.0, 76.4, 60.2, 55.9, 31.9, 30.9, 29.64, 29.61, 29.56,
29.5, 29.3, 28.6, 27.8, 25.7, 22.7, 20.4, 14.1; HRMS (FAB) Calcd. For C3Hs/NOgNa [M+Na]*:
572.3199. Found: 572.3206.

OH
C1oHas \_/k/\/\,OH

OMOM

(2E,6S,7R)-7-Methoxymethoxynonadec-2-ene-1,6-diol

TR UFEHR., -T8CHRME T T2 AT /1(4.62 ¢, 840 mmol) & ANV 7 oo A X VEIR
(50mL) (2, DIBAL-H (37.0 mL, 37.0 mmol, 1.0 M~ V%) Z Nz 15 R Uiz, KOG
ZILDTD AL ) — NV E2 &, REEKE BRE CHRSERmA T L 2 AT, 8T
A eV AN EFRIE LHIIE @ L, BT L2 AW TE] U, BHER OB
BEONTREWE L)V ANV a~ N T T 7 f— (YU FEET T L=1:1) THR L,
15 DR (3.02 g, quant.) & 157~ [a]®p-11.6 (¢ 1.04, CHCIs); *H NMR (400 MHz): & = 5.75-
5.65 (m, 2H), 4.73 (d, J = 6.8 Hz, 1H), 4.64 (d, J = 6.8 Hz, 1H), 4.10-4.09 (m, 2H), 3.60-3.58 (m, 1H),
3.52 (dt, J = 8.9, 3.1 Hz, 1H), 3.42 (s, 3H), 2.83 (d, J = 7.2 Hz, 1H), 2.35- 2.29 (m, 1H), 2.15-2.10 (m,
1H), 1.57-1.50 (m, 3H), 1.49-1.37 (m, 2H), 1.32-1.26 (m, 20H), 0.88 (t, J = 6.8 Hz, 3H); *C NMR
(100 MHz): 6 = 132.8, 129.4, 97.3, 84.3, 72.3, 63.7, 55.8, 31.9, 30.9, 30.4, 29.63, 29.60, 29.55, 29.3,

31



28.8, 26.0, 22.7, 14.1; HRMS (ClI) Calcd. For C21H304 [M+H]*: 359.3161. Found: 359.3154.

OH

C1aHas A~ _~_OTBDMS

OMOM

(2E,6S,7R)-1-(tert-Buthyldimethylsilyloxy)-7-methoxymethoxynonadec-2-en-6-ol, 9

A —(3.02 g, 840 mmol) EIEMN LY mma AKX UEWRIZ EtN (1.8 mL, 13 mmol),
TBDMSCI (1.39 g, 9.24 mmol), DMAP (103 mg, 0.840 mmol) Z B2z, Z O FGNATR & =RI5. T
18 W EE L7z, BUSFEILDTokim T, fafifb T =0 KSR Z M2 T2, £ D%,
O AR F 2 VT U, &k Tt L, BOKRRER T~ U U A TR S
B, ABRICEMEE Lc, BGoNiBaME > Vs~ N7T 7 04— (~F W0 FElg
TFL=10:1) THRE L., EaAOmRY (3.02g9, quant.) 372, [0]?p+7.4(c 1.0, CHCl3); *HNMR
(400 MHz): 6 =5.67-5.64 (m, 1H), 5.61-5.56 (m, 1H), 4.73 (d, J = 6.8 Hz, 1H), 4.63 (d, J = 6.8 Hz, 1H),
4.13 (dd, J =5.2, 1.2 Hz, 2H), 3.59-3.57 (m, 1H), 3.53-3.50 (m, 1H), 3.42 (s, 3H), 2.83 (d, J = 6.8 Hz,
1H), 2.30 (m, 1H), 2.11 (m, 1H), 1.53-1.47 (m, 3H), 1.41-1.30 (m, 3H), 1.32-1.26 (m, 18H), 0.84 (s,
9H), 0.88 (t, J = 6.8 Hz, 3H), 0.07 (s, 6H); **C NMR (100 MHz): § = 130.7, 129.6, 97.3, 84.4, 72.4, 63.9,
55.7, 31.9, 31.0, 30.4, 29.63, 29.61, 29.58, 29.5, 29.3, 28.7, 26.0, 25.9, 22.6, 18.4, 14.1, -5.2; HRMS
(El) Calcd. For Co7Hs604Si [M]*: 472.3948. Found: 472.3954.

NHBoc
C12H25 \-/E\/\/\/OTBDMS
OMOM

(2E,6S,7R)-6-[N-(tert-Butoxycarbonyl)amino]-1-(tert-butyldimethylsilyloxy)-7-
methoxymethoxynonadec-2-ene, 10

TV RHEOK G T ALA 9 (3.97 g, 8.40 mmol) & PPh; (8.9 g, 34 mmol) 35 X OY DPPA (7.3
mL, 34 mmol) Z THF (30 mL) ([Z# 72> L. IRGEHKNIZ DIAD (7.3 mL, 34 mmol) Z i F LANx
72 |IESM T T 16 FEfIB R O®KIC, KMEILO O L, Boh-RAMES Y YT

7 . LiAIH4(638 mg, 16.8 mmol) @ THF %% (30 mL) (2, THF (10 mL) IZ¥& 2> L 72 SE O
FWaedo< Y EMNA T, 1RFRHEFR L7 IS, ROME LD T20Km FTRB LT L M KilEE
bF R Y T LKEE D> Y EMA T, Z OWIKRA N F L2 VT L7z, fafnf
MK TP L, BOKEEET R Y U A CHRESE, ABRICENE Lz, SonziReEWE v

WaTyr7ana A X (30mL) (28 A L, EtsN (1.8 mL, 13 mmol) & (Boc),0 (2.1 mL, 9.2 mmol) %
INA oo BOSHE 22 28306 C 16 RefIfiE#RE L 712, Safsfi b7 o8 = U DK 2 0 2 OB & 45 Lk
L7c, BEfg—F v & W CHE U7e, Safn Bk O L, BKmiie T MU o A Clzf S,
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AMBRICENEE LT, OB E VDTN T L a~ N7 57 4 — (~FH o fiE
fg T F/1=20:1) THEL L, EOOHIRY) (3.84 g, 80%, 3 steps) & 457, [a]*p-9.6 (¢ 0.60, CHCIs);
1H NMR (400 MHz): 6 = 5.67-5.53 (m, 2H), 4.68 (d, J = 6.8 Hz, 1H), 4.66 (m, 1H), 4.59 (d, J = 7.2 Hz,
1H), 4.12 (dd, J = 5.2, 1.2 Hz, 2H), 3.68-3.66 (M, 1H), 3.52-3.49 (m, 1H), 3.35 (s, 3H), 2.13-2.05 (m,
2H), 1.60-1.54 (m, 2H), 1.60-1.54 (m, 2H), 1.49-1.45 (m, 2H), 1.49 (s, 9H), 1.33-1.25 (m, 20H), 0.90
(s, 9H), 0.8 (t, J = 7.2 Hz, 3H), 0.06 (5, 6H): 2*C NMR (100 MHz): & = 155.9, 130.5, 129.6, 95.9, 79.0,
78.9, 64.0, 55.9, 52.0, 32.6, 31.9, 31.3, 29.7, 29.64, 29.60, 29.5, 29.3, 28.9, 28.4, 26.0, 25.5, 22.7, 18.4,
14.1, -5.1; HRMS (EI) Calcd. For Cs:HesOsSi [M]*: 571.4632. Found: 571.4628.

NHBoc
C12H25 WOH
OMOM

(2E,6R,7R)-6-[N-(tert-Butoxycarbonyl)]-7-methoxymethoxynonadec-2-en-1-ol, 6

K T, ALE 10 (3.84 g, 6.72 mmol) Z &7 L7= THF AR (20 mL) (2 TBAF (13.5 mL, 13.5
mmol, 1.0 M THF &%) - < W Nz 7z, 12 BEM o#F#p% . S EIEO 70K T, ffnth
67 ' = T DKRIEEINZ T, T D%, Z ORI F L2 W THIH L. fafnai
KRTHE L, EoREEET N Y U AT SE, ARRZRICEWREEZ L, oW ET )
HITENHT DT a~x 8T T 74— (T BT =3:1) THEL L, EAokY (2.71g,
88%) % 15%7-. [a]®p-9.0 (c 1.0, CHCIs); "H NMR (400 MHz): & = 5.73-5.61 (m, 2H), 4.71 (d, J = 10.0
Hz, 1H), 4.68 (d, J = 6.8 Hz, 1H), 4.59 (d, J = 6.8 Hz, 1H), 4.07 (d, J = 4.4 Hz, 2H), 3.72-3.65 (m, 1H),
3.51-3.45 (m, 1H), 3.35 (s, 3H), 2.15-2.10 (m, 2H), 2.00 (br s, 1H), 1.62-1.57 (m, 2H), 1.54-1.45 (m,
2H), 1.44 (s, 9H), 1.39-1.25 (m, 20H), 0.88 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz): & = 155.9, 132.2,
129.8,95.9, 79.1, 79.0, 63.6, 55.8, 51.6, 32.2, 31.9, 31.3, 29.7, 29.60, 29.57, 29.4, 29.3, 28.8, 28.4, 25.5,
22.6, 14.1; HRMS (EI) Calcd. For CaHsiNOs [M]*:457.3767. Found: 457.3763.

C12H25\/CN>\/

MomO  BOC

(2R,5S,1’R)-N-(tert-Butoxycarbonyl)-2-(1’-methoxymethoxytridecanyl)-5-vinylpyrrolidine, 5a

TN UFEHEKEGE T, TV AT I a—16 (1.04 g, 2.27 mmol) @ THF A% (15 mL) (Z PdCl,
(40.2mg, 0.227 mmol) Z N % 7=, # D%, =i F T4 KRR L72%, ROME L O 72 Dz
KOEERDNRT Dy LW RS L., REME L VTN DT L u< NI 57 4—
(~FH o BER T L=20:1) TRRLL ., EEOHKY) (860 mg, 86 %) A 1572, [a]®p+16.0 (C
1.00, CHCIl5); *H NMR (300 MHz): § = 5.78 (ddd, J =17.1, 10.1, 7.1 Hz, 1H), 5.14 (d, J = 16.8 Hz, 1H),
5.06 (d, J = 10.2 Hz, 1H), 4.73 (d, J = 6.9 Hz, 1H), 4.64 (d, J = 6.6 Hz, 1H), 4.26-4.26 (m, 1H), 4.09-
4.07 (m, 1H), 3.94-3.90 (m, 1H), 3.38 (s, 3H), 2.05-1.85 (m, 3H), 1.79-1.66 (M, 1H), 1.49-1.45 (m, 11H),
1.36-1.25 (m, 20H), 0.88 (t, J = 6.6 Hz, 3H); 1*C NMR (100 MHz): § = 155.4, 139.9, 114.5, 96.8, 79.6,
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79.1, 61.5, 60.9, 55.7, 31.9, 31.0, 29.67, 29.65, 29.63, 29.61, 29.57, 29.3, 28.4, 26.1, 25.1, 22.7, 14.1;
HRMS (EI) Calcd. For CosHaNO4 [M]*: 439.3662. Found: 439.3668.

C12H25\/CN>\/\OH

MOMO  B°C OH

(2R,5S,1°R,1”°S)-N-(tert-Butoxycarbonyl)-5-(1",2*’-dihydroxyethyl)-2-(1°-
methoxymethoxytridecanyl)pyrrolidine, 11

K& F. (DHQD),AQN (16.7 mg, 19.5 umol), A A I 7 A (V) E&AH U 7 A " /KFi# (2.9 mg, 7.8
umol), 7 = U7 Ak B U 7 4 (1.93 g, 5.85 mmol), KEEAH Y 7 A (809 mg, 5.85 mmol) % t-
BUOH & /K DIRATARE (1:1, 10 mL) 12N L 15 70 L=, Z OEHRIZER (LK 5a (860 mg, 1.95
mmol) Z¥& 7> L 72 t-BUOH 51 (3.0mL) Z > < Wz 7=, S HIZ/AK@B.OmL) & A & 2 ALk
> 7 2 K (185mg, 1.95 mmol) Z 1z, K FC 22 B Uiz, SO E Lo 7= D HifiEE T k
U U LKEREIMA T2, ZOWREERT T VE AT L, fafififik o L, MK
Wil ~ U U LTS, AB%ICENREY Lz, SOoNTIREMEZ S Y AT N T 570
<~ NI T 74— (~FH o BRI L= 2:1) TR L, A OHRIRY (713 mg, 80%) % 1572,
[a]®p-9.6 (c 1.5, CHCI3); 'H NMR (400 MHz, 2:1 amide rotamer): & = 5.56 (br s, 0.33H), 4.69-4.62
(m, 2H), 4.15-4.09 (m, 1H), 4.06-4.01 (m, 1H), 3.93 (br s, 0.33H), 3.86 (br s, 0.67H), 3.74-3.70 (m,
0.33H), 3.65-3.55 (m, 2H), 3.53-3.47 (m, 0.67H), 3.39 (s, 1H), 3.38 (s, 2H), 3.04 (br s, 0.67H), 2.13-
1.73 (m, 5H), 1.53-1.37 (m, 3H), 1.49 (s, 3H), 1.48 (s, 6H), 1.32-1.26 (m, 18H), 0.88 (t, J = 6.8 Hz, 3H);
13C NMR (100 MHz): & = 158.8, 157.2, 96.8, 96.6, 81.3, 81.0, 79.3, 78.8, 78.7, 75.5, 72.1, 64.5, 62.6,
61.5, 61.4,61.1, 60.8, 55.8, 31.9, 29.7, 29.61, 29.58, 29.54, 29.49, 29.3, 28.28, 28.25, 26.0, 25.7, 26.0,
25.7, 22.6, 14.1; HRMS (CI) Calcd. For CasHs:NOg [M+H]*: 474.3795. Found: 474.3787.

C12H25\/CN>\{\

z 0
MOMO  Boc

(2R,5S,1°R,1”°S)-N-(tert-Butoxycarbonyl)-2-(1’-methoxymethoxytridecanyl)-5-(oxiran-1"-
yl)pyrrolidine, 12

K F. A —/ 11 (713 mg, 1.56 mmol) Z &' U 2 2(10 mL) (Z¥ED L p- bV 2 A LR =)L
7 m Y K (327mg, 1.72mmol) Z N x 7=, FIZMHAL T 21 BefEfiiER LU, ROSE (kD 7z o fafnsfifb
TR LKEREINZ T2 D%, ZOWKE R F V%2 AW THi L, fafnaik
TYE L, MOKEREE T R U U A THBESE, ARBICEEEY Lz, BonREmET Y 0
TGNHTEIa~x 87T 7 4—(~FH o BT 0= 3:1) THIER L., AR EZ A #
J =L (10 mL) ICfiR S8, REEH U v 4 (2,16 g, 15.6 mmol) 002 7=, 10 BRI o#E#RE . K
THARL, BT L2 W ThlE U, fafn @ik e L, BKGEEE T R U U LA TR S
., AERICEME LTz, BOoNTREME ) BTG a~ NTT 7 40— (X2 BElg
TF)L=3:1) THERLL | A0 HRY (455 mg, 64%, 2 steps) % 157-, [a]®p+11.0 (¢ 0.100, CHCIs);
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'H NMR (400 MHz): & = 4.74 (d, J = 6.8 Hz, 1H), 4.61 (br s, 1H), 4.09-4.06 (m, 1H), 3.95-3.91 (m,
1H), 3.71-3.70 (m, 1H), 3.39 (s, 3H), 3.09 (br s, 1H), 2.83 (dd, J = 4.8, 4.0 Hz, 1H), 2.71 (br s, 1H),
1.92-1.89 (m, 4H), 1.48 (s, 9H), 1.44-1.38 (m, 4H), 1.32-1.25 (m, 18H), 0.88 (t, J = 7.0 Hz, 3H); **C
NMR (100 MHz): 6 = 155.4, 96.8, 80.0, 79.0, 60.9, 60.5, 55.8, 53.2, 47.5, 31.9, 29.72, 29.67, 29.65,
29.63, 29.61, 29.3, 28.4, 26.0, 25.3, 22.7, 14.1; HRMS (CI) Calcd. For C2sHsoNOs [M+H]*: 456.3689.
Found: 456.3683.

CqoH2s N [
= Boc A N
MOMO OH

(2R,5S,1°R,1”°S)-N-(tert-Butoxycarbonyl)-5-(1"’-hydroxybut-3’-ynyl)-2-(1°-
methoxymethoxytridecanyl)pyrrolidine, 3

KE T, VFULTEFY RF L U7 2 85K (348 mg, 3.78 mmol) % ¥&7> L 7= DMSO &
(5.0 ML) IZ=AR ¥ R 12 2% fE L7- DMSO I&#Z (5.0 mL) -~ < Y &Nz Tz, FD%=
IR C 18 RFfiHE L. BUSME IO 7= D fafnlifb T =0 AKERE M Z T2, £DH%, Z D%
K& HEe =T L2 AW CHIE LU, fafn Bk T L, BOKBRiE T N Y U ATl s E, A
WY Lz, SoNnEAWA PTLC (~F ¥ @ Bit—F /L= 6:1) THR L, EAD
TR (102 mg, 56%) %157,

[@]®5-10.0 (c 0.100, CHCIs); *H NMR (400 MHz): 6 = 4.68 (d, J = 7.2 Hz, 1H), 4.64 (d, J = 7.2 Hz,
1H), 4.33 (br s, 1H), 4.10-4.05 (m, 2H), 3.52 (br s, 1H), 3.40 (s, 3H), 2.43-2.40 (m, 1H), 2.13-2.08 (m,
1H), 2.00 (t, J = 2.6 Hz, 1H), 1.92-1.76 (m, 3H), 1.58-1.53 (m, 1H), 1.47 (s, 9H), 1.45-1.39 (m, 2H),
1.34-1.26 (m, 22H), 0.88 (t, J = 6.8 Hz, 3H); *C NMR (100 MHz): § = 156.5, 96.8, 82.1, 81.0, 80.0,
69.7,69.4, 63.1, 60.8, 55.9, 32.6, 31.8, 29.8, 29.60, 29.52, 29.47, 29.3, 28.4, 27.4, 25.0, 23.6, 22.6, 22.4,
14.0; HRMS (Cl) Calcd. For C2sHs,NOs [M+H]*: 482.3845. Found: 482.3842.

N9

NS

Cq2Hzs N TN
MoMO B¢ OH =
(8’EZ,55,13’R,27’S,5”R,1°°S)-3-{13-[N-(tert-Butoxycarbonyl)-13’-hydroxy-2""-(1"’-
methoxymethoxytridecanyl)pyrrolidin-5-yl]-tridec-8°-en-10’-ynyl}-5-methyl-2,5-dihydrofuran-2-one,
13
T UFERE T, y-7 7 b 4(30.9 mg, 0.0887 mmol) % IAf#E L 72 EtsN A (1.0 mL) (2 &4
RN T 2=V Rk A7 4Ty 7 mY) K (1.30 mg, 8.87 umol) 201 % 7=, 1 BRI #R% .,
FeDT ¥ 2 3(42.8 mg, 0.0887 mmol) % Et;N (2.0 mL) (2% A L 2 w1k4# (1) (0.60 mg, 8.9 pmol)
EIMZTWRRE D y-T 7 b wRIZ D - < 0 iz Tz, 12 B RE . K EEo 7= D8
AT B = 0 DKEREZINA T2, D%, ZOWIKRZHERETF V2 AV Thifti L, fafn
B THGE L, JokEiET NY U A TS, ARRICEMREZ Lz, GonciEams
PTLC (~FH @ Fife—F /L= 5:1) THRL L, a0k (35.5 mg, 57%) #4572, H NMR
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(400 MHz, 2:1 geometrical isomer): § = 6.99-6.98 (m, 1H), 6.09-6.01 (m, 1H), 5.46-5.42 (m, 1H), 5.01-
4.97 (m, 1H), 4.69-4.62 (m, 2H), 4.32-4.30 (m, 2H), 4.10-4.04 (m, 3H), 3.51 (m, 1H), 3.40 (s, 2H), 3.39
(s, 1H), 2.50-2.47 (m, 1H), 2.33-2.23 (m, 2H), 2.10-2.05 (m, 2H), 1.88-1.75 (m, 2H), 1.63-1.52 (m, 3H),
1.47 (s, 9H), 1.41 (d, J = 6.8 Hz, 3H), 1.38-1.25 (m, 30H), 0.88 (t, J = 6.8 Hz, 3H); **C NMR (100
MHz): 6 = 173.9, 156.5, 148.9, 143.7, 134.3, 109.7, 96.8, 80.6, 79.9, 77.4, 69.8, 69.5, 60.8, 56.0, 32.9,
31.9, 29.9, 29.65, 29.63, 29.59, 29.5, 29.3, 29.1, 28.7, 28.5, 27.4, 25.1, 22.7, 19.2, 14.1; HRMS (EI)
Calcd. For C42H71NO7 [M]*: 701.5230. Found: 701.5228.

o)

W
Ci2Hos N A

MOMO  B°C OH
(5S,13’R,2°S,5”R,1°’S)-3-{13’-[N-(tert-Butoxycarbonyl)-13’-hydroxy-2>"~(1°"’-
methoxymethoxytridecanyl)pyrrolidin-5’-yl]-tridecanyl}-5-methyl-2,5-dihydrofuran-2-one, 14
FeDbEW 13 (15.5 mg, 0.0221 mmol) Z 1,2-2 = h ¥ X o (1.0 mL) ICIEME S, Z ORI
IZp- kv Z)LR =)L KT 2 (288 mg, 1.55 mmol) Z 1z 80°C T 2 KifEl#E#: L=, £
#%. K (1.0 mL) ICIRfE S B 2R - U 7 A (154 mg, 1.88 mmol) Z W -< D LNz, &6
80°C T 5 Rl L7z, ZOWKZ /K THRL, Big=F L2 FHWChit L7z, fafnasiK
TYE L, EOKRER T Y U A TS, ARBICRNEL L, GO ZIREM % PTLC (~
XY Vrzun Ay VoF o —T0=6:2:1) TR L, EOOHERY (11.7 mg, 75%) %
1572, [a]*?®p-4.0 (c 0.60, CHCIs); *H NMR (300 MHz): 6 =6.99 (d, J = 1.2 Hz, 1H), 5.07 (qd, J = 6.8,
1.6 Hz, 1H), 4.68 (d, J = 7.2 Hz, 1H), 4.64 (d, J = 7.2 Hz, 1H), 4.10-4.08 (m, 2H), 3.84-3.78 (m, 1H),
3.53-3.49 (m, 1H), 3.40 (s, 3H), 2.27 (t, J = 7.7 Hz, 1H), 2.14-2.04 (m, 2H), 1.83-1.78 (m, 3H), 1.60-
1.47 (m, 6H), 1.46 (s, 9H), 1.43-1.25 (m, 38H), 1.41 (d, J = 6.6 Hz, 3H), 0.88 (t, J = 6.8 Hz, 3H); 13C
NMR (75 MHz): 6 = 173.9, 156.7, 156.6, 148.8, 134.4, 131.9, 96.8, 81.8, 79.7, 70.9, 70.7, 60.9, 56.0,
55.9, 33.7, 31.9, 29.9, 29.8, 29.63, 29.59, 29.54, 29.51, 29.4, 29.34, 29.31, 29.2, 29.0, 28.5, 27.4, 26.3,
25.2,22.7,19.2, 14.1; HRMS (CI) Calcd. For C4H7sNO7 [M+H]*: 708.5778. Found: 708.5782.

0

\/O\/\/\/\/\/\/\io)‘
Cq2H2s N A

oH " o
aza-cis-solamin (2)
S A 14 (11.7 mg, 0.0166 mmol) %z A % / —/L (1.0 mL) (Z¥Eh LBt 2 p - < D Lz
7o LR OFERE . SOME IE DTz RIEAKET N U U LKEKE Nz 7=, ZD%, 2O
WA BT L2 VTl L, fafn @K Coleif L, Biifg T b Y U A TR S, Al
BICEMEE Lz, BN BMEYZ~F YT 3 BIRWERAORS (7.3 mg, 78%, fls 82-
85 °C) #437=, [a]®p+7.8 (c 0.50, CHCIs); *H NMR (300 MHz): 6 = 6.98 (d, J = 1.5 Hz, 1H), 6.03-
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5.96 (m, 1H), 3.58 (M, 1H), 3.27 (m, 2H), 3.12-3.10 (m, 1H), 2.42-2.10 (m, 10H), 1.86-1.68 (m, 4H),
1.57-1.50 (m, 5H), 1.41 (d, J = 6.6 Hz, 3H), 1.38-1.26 (m, 34H), 0.88 (t, J = 6.8 Hz, 3H); *C NMR (75
MHz): § = 173.9, 148.8, 134.3, 73.9, 71.8, 62.8, 35.0, 33.8, 31.9, 29.7, 29.64, 29.61, 29.56, 29.5, 29.33,
29.27,29.2, 29.1, 28.9, 28.8, 27.4, 26.1, 25.94, 25.85, 25.6, 25.1, 24.4, 22.7, 19.2, 14.1; HRMS (EI)
Calcd. For CasHesNO4 [M]*: 563.4914. Found: 563.4920.

o)

(0]
CqoHas o S

(:)H (:)H

cis-solamin®® (1)

'H NMR (300 MHz, CDCls) : § = 6.98 (d, J = 1.6 Hz, 1H), 4.99 (dq, J = 6.7, 1.6 Hz, 1H), 3.81 (m, 2H),
3.42 (m, 2H), 2.35 (br s, 1H), 2.27 (t, J = 7.3 Hz, 2H), 2.00 (br s, 1H), 1.41 (d, J = 6.6 Hz, 3H), 1.20-
2.05 (m, 48H), 0.88 (t, J = 6.6 Hz, 3H); °C NMR (75 MHz): 5 = 173.9, 148.8, 134.4, 82.7, 77.4, T4.4,
34.2,34.0,32.5, 31.9, 30.3, 29.7, 29.6, 29.5, 29.4, 29.3, 29.2, 28.2, 27.4, 25.7, 25.2, 22.7,19.2, 14.1
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(1S,25)-2-[(Benzyloxy)methyl]cyclohexanemethanol

(1S,25)-1,2-> 7 a~XH A X J— )1 (22) (7.2 g, 50 mmol) & B~ )L (6.5 mL, 55
mmol)% 7 mwu A & 1 (250 mL) (2 ¥R S FR{bER (1) (17.4 9, 75.0 mmol) Z /1 % 72, % D%,
FET 24 Wi LR ISROMF L O 7o Ol 2 1 0 BR{LER (1) 2 BV Br & Jffd Lo, 7R
BV RATNRT I~ 8T TT 40— (~FH o HEgT T L= 5:1) TRE L, Bk
¥(10.5 g, 95%) =137, [a]®p-9.3 (c 1.2, CHCIs); *H NMR (300 MHz): § = 7.34-7.28 (m, 5H), 4.50
(s, 2H), 3.60 (dd, J = 11.4, 3.6 Hz, 1H), 3.50-3.43 (m, 2H), 3.39 (dd, J = 9.6, 3.6 Hz, 1H), 3.22 (br s,
1H), 1.74-1.62 (m, 4H), 1.58-1.47 (m, 1H), 1.33-0.76 (m, 5H); *C NMR (75 MHz): § = 137.7, 128.4,
127.69, 127.66, 75.6, 73.3, 66.9, 45.0, 40.2, 30.1, 29.9, 26.0; HRMS (ESI) Calcd. For CisH2.0,Na
[M+Na]*: 257.1512. Found: 257.1515.

H

X
. OBn
W

Benzyl (1S,2R)-2-vinylcyclohexylmethyl ether, 23

JeD T L a— L (105 g, 47.5 mmol) ¥ 7 mr A & > (180 mL) IZ¥% 7> L NMO (21.1 g, 180
mmol), MS4 A ZJIEIZ N % 7=, HfZ KM T T 2 OE%HRIZ TPAP (0.32 mg, 0.90 mmol) % /il %,
EIR T30 0L L, MUNMELLDT=0, U BTy a— hXy KRBT AT HaEE
i L7co Z DIRAEWIT 2N EORIRIIAT O < st~ & Wiz, 73 o FRHROKEm T
AFN R T x2=) LR AKR= A7 13 R (48.2 g, 135 mmol) & THF IZIEESH, t-7 hF o
F71 U 7 A (15.1 9,135 mmol) Z Nz 7=, EDk LKL, BiF ok TcHon-=717
B RZ THFIZEME L, ZOWEIRE D> < VT LT, i FRKEREERA~ L FiRSH 12 1F
MR Uiz, SOSMEIEDOT-0KE T, fafifb” v =7 AKBERENZ T2, Dk, 2O
IR 2 Wi = F L & VTR U, S @ik CHeid L, BKEEE T ~ U v A TR S,
ABBRICENEE LT, BN TREME VDTN T LI a~ N T 57 4 — (~FH o fiE
it =51 =30:1) THR L, TEOHIRY (6.9 9,63%, 2 steps) % 15%7-, [a]®p+50.7 (¢ 1.49, CHCIy);
'H NMR (300 MHz): & = 7.33-7.26 (m, 5H), 5.62 (ddd, J = 17.2, 8.6, 1.4 Hz, 1H), 4.96 (dd, J = 16.7,
1.4 Hz, 1H), 4.93 (dd, J = 8.1, 2.1 Hz, 1H), 4.49 (d, J = 12.0 Hz, 1H), 4.41 (d, J = 12.3 Hz, 1H), 3.48
(dd, J = 9.2, 3.5 Hz, 1H), 3.23 (dd, J = 9.2, 7.4 Hz, 1H), 2.03-1.94 (m, 1H), 1.89-1.78 (m, 1H), 1.75-
1.61 (m, 3H), 1.45-1.33 (m, 1H), 1.32-1.05 (m, 4H); 13C NMR (75 MHz): 8 = 143.2, 138.9, 127.4, 127.4,
127.3,113.7, 74.0, 73.0, 45.0, 42.1, 33.5, 29.9, 25.9, 25.8.

38



(R)-1-{(1S,2S)-2-[(Benzyloxy)methyl]cyclohexyl}ethane-1,2-diol

TNTFHKER T, KE +-BUOH OIRAEEE (1:1, 100 mL) FHUZfKER S Y 7 A (12.4 g, 90.0
mmol), 7= U 7 A1t H U v A (29.6 g,90.0 mmol). (DHQD).AQN (0.26 g, 0.30 mmol) & 4 &
UL (V) EEA U w7 A ZJKF# (437 mg, 0.120 mmol) Z BN .. Z DIREERIE K% KT 30
SR L7z, 2Dk, edF L7 4 23(6.99,30 mmol) 27K & t-BuOH DIEA AR (1:1, 20
mL) (S8 LINR T2, JKIRF 24 RER]O$EFEEE . BUSMF D72 F A Wil b U U LKIsiR &2
Mz Tz, ZDO%, ZOWREHRT T L2 FAWCHH L, fafak Ceie L, BKEE -
FU U LATHESYE, ABRICRENE Lz, GONTEEWEL I DTN DT L ax T
T7 44— (~FH o EERT T L= 2:1) TR L. BEAOHRY) (7.73 g, 98%, dr = 4:1) 21572,
'H NMR (300 MHz): 6 = 7.31-7.24 (m, 5H), 4.50 (d, J = 12.0 Hz, 1H), 4.45 (d, J = 11.7 Hz, 1H), 4.12
(brs, 0.2H), 3.86 (br s, 0.8H), 3.71-3.69 (m, 0.2H), 3.63 (t, J = 9.8 Hz, 1H), 3.48-3.41 (m, 3.8H), 3.10-
3.00 (m, 0.8H), 2.66-2.60 (m, 0.2 H), 1.79-1.67 (m, 4H), 1.52-1.38 (m, 1H), 1.34-0.99 (m, 5H); *3C
NMR (75 MHz): 6 = 137.8, 137.9, 128.3, 127.6, 127.5, 74.8, 73.8, 73.2, 73.0, 72.8, 65.0, 63.9, 44.7,
44.4, 40.4, 38.9, 30.4, 26.9, 25.9, 25.7, 25.6, 25.5; HRMS (EI) Calcd. For C16H2405 [M]*: 264.1726.
Found: 264.1717.

H
OTBDMS
> OBn

(R)-1-{(1S,25)-2-[(Benzyloxy)methyl]cyclohexyl}-2-[ (tert-butyldimethylsilyl)oxy]ethan-1-ol, 24

DA —I(7.739,29.3mmol) =27 v r A X 2 (120 mL) (IZ¥AA L. EtN (6.1 mL, 44 mmol)
L TBDMSCI (4.86 g, 32.2 mmol) ZEIZ N Z 7=, 1% (2 DMAP (0.36 g, 2.9 mmol) Z il %, iR
T 16 RFMR#R LT, RUSMEIL D720k T fafsfi b &= KSR E Mz T2, £ D
%, ZOWKEEETF L2 VD THiE U, faf &k CosE L, KT ~ U ¥ A THE
X, AR%ICIENEE Lz, BONTIREME T Y BTN DT A a~ N T T 7 40— (~F
T Wi L=20:1) TR L, Aoy (10.59, 95%) 1572, *HNMR (300 MHz, 4:1
diastereomer): 6 = 7.36-7.25 (m, 5H), 4.52 (d, J = 12.0 Hz, 1H), 4.46 (d, J = 12.0 Hz, 1H), 3.90-3.86
(m, 0.8H), 3.81-3.78 (m, 0.2H), 3.71-3.51 (m, 2.2H), 3.47-3.46 (d, J = 4.8 Hz, 1.6H), 3.40-3.35 (m,
0.2H), 2.04 (brs, 1H), 1.78-1.68 (m, 4H), 1.58-1.55 (m, 1H), 1.37-1.22 (m, 5H), 0.91 (s, 7.2H), 0.90 (s,
1.8 H), 0.07 (s, 2.4H), 0.06 (s, 2.4H), 0.05 (s, 0.6H), 0.04 (s, 0.6 H); 3C NMR (75 MHz): & = 138.4,
128.31, 128.28, 127.6, 127.5, 127.4, 74.3, 74.1, 73.2, 73.0, 65.4, 64.1, 43.3, 42.7, 39.7, 38.9, 30.6, 30.3,
26.5, 26.0, 25.9, 25.7, 25.1, 18.3, -5.3, -5.37, -5.42; HRMS (EI) Calcd. For C,H3s03Si [M]*: 378.2590
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Found: 378.2596.

NHBoc
H =

- OTBDMS

A
2-{(S)-1-[N-(tert-butoxycarbonyl)amino]-2-[(tert-butyldimethylsilyl)oxy]ethyl}[(1S,2S)-
cyclohexyl]lmethanol, 21

T3 FEEOKE T, e T v —1 24 (1059, 27.8 mmol) & THF (500 mL) (27> L. PPh;
(29.2 g, 111 mmol), DIAD (21.9 mL, 111 mmol) & DPPA (24.1 mL, 111 mmol) ZJIRiZNx 7=, #
D%, HiE THIEL 14 KR OFEHER, JOMFILOTDRME LT, S VTN T T L7 m~
N7 T 4= (~F Y FRR T =30:1) THRR L7, 50N HAERMII AN ZETH D
e, T EORRZITOTROBOSITER Uiz, 2 ORARMA) % Bl = 51 (100 mL) (2
a7 L. (Boc)0 (9.6 mL, 41.7 mmol) & /KER{b/XT ¥ A-JEMERTFE (1.2 g, 10 wt%) Z IEIZ N %
ToARITKFE AT AL, 16 Rl EE L7c, SOSK THERS R, 7T B L, S 51230 ofi
Lo, ABICK DRIV A RFBEZRVBRE, B LT, BONTBEME T Y BT NT
ThTOw NI T T 4—(~FH o T L= 5:1) TR L., EAOHRY (5.38 g, single
diastereomer, 50%, 2 steps) # 137-, [a]®p+52.4 (c 1.38, CHCI3); *H NMR (300 MHz): 6 =4.96 (br d,
J=7.5Hz, 1H), 3.83-3.81 (m, 2H), 3.65-3.55 (m, 2H), 3.48-3.44 (m, 1H), 3.29 (br s, 1H), 1.66-1.57 (m,
4H), 1.39 (s, 9H), 1.39-1.34 (m, 2H), 1.23-1.05 (m, 4H), 0.85 (s, 9H), 0.01 (s, 6H); 3C NMR (75 MHz):
8=156.1,79.3,77.2,65.0,61.8, 52.0,41.2,41.0, 29.7, 28.3, 26.6, 25.9, 25.7, 18.1, -5.55, -5.58; HRMS
(ESI) Calcd. For CoHa1NO4SiNa [M+Na]*: 410.2697. Found: 410.2699.

NHB
yo oc

- OH
H
A

Br
4-Bromo-N-[(2-{(S)-1-[N-(tert-butoxycarbonyl)amino]-2-hydroxyethyl}(1S,2S)-
cyclohexyl)methyl]benzamide, 25
T UFEREOKE T, fed T L a— 1 21(5.389,13.9 mmol) & THF (140 mL) (274> L. PPhs
(14.6 g, 55.6 mmol), DIAD (11.0 mL, 55.6 mmol) & DPPA (12.1 mL, 55.6 mmol) Z IE\Z N % 7=,
ZO%, B E THEL 14 RHOHRPE, M ILOZDRME L., VBTN BT LR
~ NI T T 4= (~FH o BiET T L =30:1) THER L=, BOoNT-HAERDIIRZETH
5712 2Ll ORI IT O T RO SISE Lz, 73 FR%OKE T, LiAlH, (1.16 g,
30.6 mmol) D A~ 7= THF B&#iE (30 mL) (2, JeD M AERMM DA - 7- THF %5k (30 mL) % Ji#
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UM 7z, 1R L72IS, SOSMEIED 728Kk T T/ARIB LT 1 M NaOH /KIEHK %
S EMZTz, ZOWKEEETA N BT WZE LERGF L TWADERY 2T Rz,
Z DIEIR Z ftiate . A Z / —/1 (20mL) IZ¥H L oK T T p-7 v B2 B&E L NMM (2.3mL,
21 mmol) 33 & O° DMT-MM (4.2 g, 15 mmol) & * % J — V¥R (40 mL) (21 z 7=, =BiR T 12 B
MR, SOMEIED 720K T, (LT =0 LKRIREIMZ T2, T D%, Z D
Wavr7ana A% Tl U, fafn@fik Coeig L, BoKREE T b U 7 A CTig S
ARG A Ui, SO NTIREMEZE L Y BTN T L7 a~ NI T 7 4 — (~FH o
fgmF/L=2:1) THEL L, A (3.16 g, 50%, 3 steps, flisl 193-194 °C) #157=, [0]®p-51.8
(c 0.325, CHCI3); *H NMR (300 MHz): 8 = 8.03 (br d, J = 7.2 Hz, 1H), 7.92 (d, J = 8.4 Hz, 2H), 7.52
(d, J = 8.7 Hz, 2H), 5.34 (d, J = 6.6 Hz, 1H), 4.07-3.99 (m, 2H), 3.75 (dd, J = 11.3, 3.5 Hz, 1H), 3.58
(dd, J = 11.3, 8.6, 1H), 3.37-3.33 (m, 1H), 3.10 (br s, 0.8H), 2.16 (br s, 0.2H), 1.76-1.56 (m, 6H), 1.47
(s, 9H), 1.26-0.95 (m, 4H); *°C NMR (75 MHz): 6 =167.1, 156.8, 133.1, 131.3, 129.3, 125.9, 79.9, 60.7,
53.0,42.2,41.5, 39.3, 30.9, 28.4, 26.2, 26.0, 25.9; HRMS (EI) Calcd. For C,1H3:BrN,04 [M]*: 454.1451.
Found: 454.1467.

NHB
o N oc

=
= CO,Et
L _N_O

A

Br
Ethyl (R,E)-4-{[(1S,2S)-2-(4-bromobenzamido)methyl]cyclohexyl}-4-[N-(tert-butoxy
carbonyl)amino]but-2-enoate, 26
FeoTna—n 25 (3.16 g, 6.96 mmol) 27 mr A& (70 mL) IZiED> L NMO (3.26 g, 27.8
mmol), (FV 7 = = /LR AR T =1 7 V) Fifig=F /L (4.859,13.9 mmol), MS4 A ZJIE\Zhn z 7=,
BT V3 RHEOKE T T Z OFRIRIZ TPAP (49 mg, 0.14 mmol) Il x 7=, & D% 16 K
MR L. BOEIEDTZDIZ U BT vy a— Xy KT AZ@BL, A1a8 %8Bk LT,
BONTZREME VTN T AT a~ NI T 7 40— (~FH o FifRT I = 3:1) TR
L. fEAOHRY (2.339,67%) #7157, [a]**b+275 (¢ 0.275 CHCIs); 'H NMR (300 MHz): §="7.91
(d, J=8.4 Hz, 2H), 7.69 (br d, J = 6.9 Hz, 1H), 7.53 (d, J = 8.7 Hz, 2H), 6.91 (dd, J = 15.8, 5.6 Hz, 1H),
5.98 (dd, J = 15.9, 1.8 Hz, 1H), 5.24 (d, J = 8.1 Hz, 1H), 4.73-4.68 (m, 1H), 4.22 (q, J = 7.2 Hz, 2H),
4.11 (dd, J = 13.8, 9.6 Hz, 1H), 3.33-3.28 (m, 1H), 1.85-1.58 (m, 7H), 1.50 (s, 9H), 1.31 (t, J = 7.2 Hz,
3H), 1.25-1.18 (m, 3H); 33C NMR (75 MHz): § = 166.7, 165.8, 155.9, 143.9, 133.2, 131.4, 129.2, 125.8,
121.9, 80.5, 60.7, 52.1, 44.1, 41.3, 39.1, 30.7, 28.4, 26.5, 25.8, 25.6, 14.2; HRMS (ESI) Calcd. For
CasHasBrN2OsNa [M+Na]*: 545.1605. Found: 545.1606.
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T

Br
4-Bromo-N-[(2-{(R,E)-1-[N-(tert-butoxycarbonyl)amino]-4-hydroxybut-2-enyl})(1S,2S)-
cyclohexyl]lmethylbenzamide, 20
T UEPFHK-T8C T, = AT /L 26 (2.33g, 4.46 mmol) D7 v o A X U ¥EikIZ DIBAL-H
(37.0 mL, 37.0 mmol, 1.0 M~ &K 2Nz 20 ofiiE Uiz, SONMEIED T8 A X ) —)u
Mz, BAEBKEZERE CHRS /AP LIEEZAT, ¥4 M VATV ER
ELU MR L, BT L2 W CEH L, WHIRORERER, GonREawE
VUBTNIT LRI NI T T — (~FY 2 BRI L=11) THER L, BEkEE (175
g, 82%, fil A 101-102 °C) %157z, [0]*®p+284 (c 0.240, CHCIs); *H NMR (300 MHz): 6 =7.91 (d, J
= 8.4 Hz, 2H), 7.80 (br d, J = 8.1 Hz, 1H), 7.52 (d, J = 8.4 Hz, 2H), 5.85 (dt, J = 15.4, 4.9 Hz, 1H), 5.66
(dd, J=15.6, 6.6 Hz, 1H), 5.08 (br d, J = 6.0 Hz, 1H), 4.52-4.46 (m, 1H), 4.17 (d, J = 4.8 Hz, 2H), 4.10-
4.02 (m, 1H), 3.29-3.24 (m, 1H), 2.54 (br s, 1H), 1.69-1.41 (m, 6H), 1.49 (s, 9H), 1.27-1.03 (m, 4H);
13C NMR (75 MHz): & = 166.8, 155.9, 133.2, 131.9, 131.3, 129.2, 126.4, 125.8, 80.0, 77.2, 62.7, 52.5,
43.6,41.5, 38.9, 30.6, 28.4, 25.8; HRMS (ESI) Calcd. For C3Hs3sBrN.OsNa [M+Na]*: 503.1516. Found:
503.1507.

H NHBoc
OH
OH
H

(R)-2-[N-(tert-butoxycarbonyl)amino]-2-[(1S,2S)-2-(hydroxymethyl)cyclohexyl]ethanol, 27
(1S,2S)-1,2-> 7 a~FHh DA E ) — )inL[RRED FIETHEBREIT>To, ALEWY epi-2l D&
B DEE. TBDMS A3 i L 72 A O ek D154 (5.0%, 7 steps) 2345 Hav 7z, [a]®p+6.1(c 1.1,
MeOH); 'H NMR (300 MHz): & =4.92 (br d, J = 8.7 Hz, 1H), 4.05-3.95 (m, 1H), 3.74 (dd, J = 11.1, 3.6
Hz, 1H), 3.67-3.56 (m, 3H), 3.17-3.16 (m, 1H), 3.00-2.90 (m, 1H), 1.92 (br s, 1H), 1.74-1.53 (m, 5H),
1.44 (s, 9H), 1.24 -1.03 (m, 4H); 3C NMR (75 MHz): = 158.7, 80.2, 79.6, 65.8, 64.0, 53.4, 41.9, 40.4,
31.1, 29.1, 27.2, 27.1, 26.5; HRMS (ESI) Calcd. For Ci4H2BrNOsNa [M+Na]*: 296.1832. Found:
296.1837.
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Br
4-Bromo-N-[((1S,2S)-2-{[N-(tert-butoxycarbonyl)amino]-(R)-2,2-dimethyloxazolidin-4-
yl}cyclohexyl)methyl]benzamide, 29
7 v 3—/L 27 (819 mg, 3.00 mmol) D 7 & h LA (60 ML) IZ T B U ATFNT B X —)L (3.7
mL, 30 mmol), =7 v{bAR v FE Y TF/Lr—T LEER (18.9 pL, 0.150 mmol) ZNHIZ A 7=, =
IR C 10 53 DFEHRE, SUMEIL DO T2 DK E M A T, 2Dk, Z ORI A Bk —F /L% Tl
L. BaRREEAKFET N U U LKEEHR & SRR T L. BoKmiiE T F U 7 A TR S
., AR Z LI (R D NTIREME S Y W TN T houa~ NI T T 4 — (~FHh o
Ml —F =10 : 1) THER L7 & F T 1 FORGEAK 28 21572, ZhU Loz Tbd, o
DALEW 28 Z IR D FUSIZ ANz, 7V 2 TR T TR O TAL AW 2 THF (ISEME L.
PPhs (1.6 g, 6.0 mmol), DIAD (1.2 mL, 6.0 mmol) & DPPA (1.3 mL, 6.0 mmol) ZJIHIZINz 72, &
D%, EiRE THIEL 16 R OFHEZ, SJOMF LD Lz, GohciRiEm e U 7h
TNHTELT < 8T TT7 40— (~FH o Fige =301 CTHIER Lz, o7 YR
ICEDIRNLZETH DT N EORBRETOTROSEN Lz, 7Y Muaaz 7
2 a ARV A (05 mL) IZEEN L, 2NT VT A-EMERFE (80 mg, 10 wt%), A ¥/ —/L MeOH (5.5
mL) DNEIZINZ . AR FET ABERR LT, KETAFHK T T 8 K #RE, 730
AEHAATV 30 iREE L7z, ZDH%, ABICE VD ANT U0 AJEMRIRFE LI BrE, R L
oo SBICELNTRAEMEAX ) —)L (4 mL) 2N L, p-7 T4 BFER (332 mg, 1.70
mmol) & NMM (0.25 mL, 2.3 mmol), DMT-MM (456 mg, 1.70 mmol) D £ % / — L (4 mL) 12
KT TIMATZ, =T 12 R OFHR% . SOSIFIEO =0k T, fafitfifb 7 &= LK
WREMZ T2, D%, ZOWKREY 7 aw 22 & W Thlit L, fafn &K s L.
HEARBEET N U A THEBEISE, AERKRICEMREE Lc, BONTIREMET ) BTNV T M
raw b5 T7 44— (~FH o FiETF =1 1) TR L, ABROT v 7 % (1.04 g, 21%, 4
steps) & 1537-, [a]*p+3.3 (c 2.8, CHCls); 'H NMR (300 MHz): 5 = 8.47 (br's, 1H), 7.81 (br d, J = 8.1
Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 4.27-4.26 (m, 1H), 4.08 (dd, J = 9.0, 7.2 Hz, 1H), 3.72 (dd, J = 9.0,
2.1 Hz, 1H), 3.47 (ddd, J = 14.0, 4.7, 3.6 Hz, 1H), 3.38-3.32 (m, 1H), 2.11 (br s, 1H), 1.86-1.69 (m, 4H),
1.60 (s, 3H), 1.53 (s, 9H), 1.46 (s, 3H), 1.41-1.07 (m, 5H); 3C NMR (75 MHz): § = 165.9, 154.4, 133.5,
131.3,128.9, 125.6, 94.7, 80.6, 69.3, 58.0, 55.3, 53.4, 49.8, 46.6, 39.5, 33.4, 28.3, 27.6, 25.9, 25.8, 24.2;
HRMS (ESI) Calcd. For C2sH3sBrN,O;Na [M+Na]*: 517.1672. Found: 517.1678.
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T

Br
4-Bromo-N-[(2-{(S,E)-1-[N-(tert-butoxycarbonyl)amino]-4-hydroxybut-2-enyl})(1S,2S)-
cyclohexyl]lmethylbenzamide, epi-20
DA 29 IR LY 7 mva 2 X VR (3 mL) 12 (CHsCN)PdCI, (77 mg, 0.30 mmol) %
iz, IR T 30 REfEHHE L7z, £ Dk, SO IED 7o O SOSTENR 22 A LIRAE L7z, 1554
oG e VA TN T LI ax NI T T 4— (~FH o Bk FL=2:1) THIEL,
DR (157 mg, 55%) 21572, = DILEW 2 BRALATERA 20 D& R & Ak D Fik TilE1l
T 5 Z & THEADOMINY % (35 mg, 21%, 2 steps) T/H7-, [a]?*p+19.1 (c 1.00, CHCIs); 'H NMR
(300 MHz): 8 =7.75 (br d, J = 8.1 Hz, 2H), 7.66 (br s, 1H), 7.52 (d, J = 8.7 Hz, 2H), 5.76 (dt, J = 10.5,
1.2 Hz, 1H), 5.70 (dd, J = 11.1, 3.9 Hz, 1H), 4.72 (br d, J = 9.3 Hz, 1H), 4.55 (br d, J = 9.3 Hz, 1H),
4.15 (brd, J = 3.6 Hz, 1H), 3.59 (ddd, J = 14.0, 7.1, 4.7 Hz, 1H), 3.33-3.28 (m, 1H), 2.44 (br s, 0.7H),
2.15 (brs, 0.3H), 1.90 (br d, J = 10.2 Hz, 1H), 1.72-1.62 (m, 3H), 1.41 (s, 9H), 1.37-1.11 (m, 5H), 1.07-
0.95 (m, 2H); ®*C NMR (75 MHz): = 166.7, 156.2, 133.5, 131.6, 131.4, 129.6, 129.0, 125.7, 80.0, 62.8,
52.3, 46.9, 45.3, 39.2, 32.2, 28.3, 25.8, 25.5; HRMS (ESI) Calcd. For Cx3H33BrN,OsNa [M+Na]*:
503.1516. Found: 503.1525.

NHB
o oc

X
8 N.__O
A

Br

(4-Bromophenyl){(3R,4S,4aS,8aS)-4-[N-(tert-butoxycarbonyl)amino]-3-vinyloctahydroisoquinolin-

2(1H)-yl} methanone, 19

TV UFRREEOKE T, SEOBRLATERIA 20 (1.75 g, 3.65 mmol) ZVEN L7V 7 ma A X U
{% (37 mL) |Z (CHsCN),PdCl, (189 mg, 0.730 mmol) Z I % 7=, [GIRE 2 RIE £ TR, 4 B
PR L7z, BOSFIE DT O RISE R 2 A1t L L7z, o eV A5V 7 A
sua~< 7T 4—(~FV 2 BT L= 30 1) TR L, BEOIRY (1.32 g, 78%, 9:1
amide rotamer) #1572, [0]®p-36.9 (c 1.62, CHCIs); *"H NMR (300 MHz): § = 7.56 (br d, J = 7.5 Hz,
0.2H), 7.47 (d, J = 8.1 Hz, 1.8H), 7.33-7.29 (m, 0.2H), 7.25 (d, J = 8.4 Hz, 1.8H), 5.89-5.87 (m, 0.1H),
5.79 (ddd, J = 17.3, 10.7, 3.5 Hz, 0.9H), 5.45-5.42 (m, 0.1H), 5.37 (dd, J = 10.8, 1.5 Hz, 0.9H), 5.25 (d,
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J=17.4Hz, 1H), 4.77 (d, J = 8.4 Hz, 0.9H), 4.62 (d, J = 8.1 Hz, 0.1H), 4.47 (d, J = 4.2 Hz, 0.2H), 4.43
(d, J =3.3 Hz, 1.8H), 3.95 (d, J = 8.1 Hz, 0.1H), 3.62 (d, J = 8.4 Hz, 0.9H), 2.84 (t, J = 12.2 Hz, 0.1H),
2.61 (t, J = 12.5 Hz, 0.9H), 1.76-1.72 (m, 3H), 1.59-1.49 (m, 2H), 1.47 (s, 0.9H), 1.38 (s, 8.1H), 1.28-
1.15 (m, 4H), 1.02-0.83 (m, 1H); *C NMR (75 MHz): § = 171.5, 170.8, 155.2, 134.6, 133.6, 131.6,
128.8, 128.1, 124.0, 117.9, 79.7, 62.7, 53.5, 43.0, 39.0, 35.0, 30.1, 28.4, 28.3, 28.0, 25.8, 25.3; HRMS
(EI) Calcd. For CasHaiBrN,Os [M]*: 462.1518. Found: 462.1530.

Boc.

N

Br
4-Bromo-N-[((1S,2S)-2-{[N-(tert-butoxycarbonyl)]-(S)-2,5-dihydro-1H-pyrrol-2-
yl}cyclohexyl)methyl]benzamide, 30
BRAVATEKA epi-20 (256 L _ERE & RRRD S CTRURZAT o 72, R LR s S TVBERREZRIR S
e LA 30 2457=, '"H NMR (300 MHz): & = 7.56-7.52 (m, 2H), 7.37-7.22 (m, 2H), 5.95-5.89
(m, 1H), 5.45-5.33 (m, 1H), 4.46-4.42 (m, 1H), 4.23-4.20 (m, 1H), 4.16-4.11 (m, 1H), 3.68-3.54 (m,
1H), 2.80 (dd, J = 14.4, 9.6 Hz, 1H), 2.64-2.56 (m, 1H), 2.38-2.35 (m, 1H), 2.02-1.55 (m, 3H), 1.48 (s,
9H), 1.45-1.36 (m, 4H), 1.28-0.86 (m, 2H).

Trt

\

N

Q|

N

FmocHN Z CO,Et

Fmoc-His(Trt)-CH=CHCOOEt

7V AR -T8°C S . Fmoc-His(Trt)-N(OMe)Me (165 mg, 0.250 mmol) Ziah L= 7
T a A X ERHIZ DIBAL-H (0.5 mL, 0.5 mmol, 1.0 M ~3 4 iEiR) 2> < W Nz 7=, Rk
R C20 iR te, ISEIEDTZD A X 7 —VEMMZ T, ZOWERESRICARSE, AR
DEFOIT IR, Thx' T4 e UV ERELEMLUFCAEE LTz, A%E
RiE L. o727 VT B R 30 DIREWOREEZTHOT, S RS~ LTz, Ta 5%
Bk T, o7 AT R 30 ODIREMZENLIZY 7 aa XX UREIC
PhsP=CHCOOE (0.18 g, 0.50 mmol) Z il .. 16 B # L=, ZORIGHKEZZFDEE ) A4
NHTLTa~x T T7T7 44— (~FH o B F=1:1) THREL, #HEoRY (160 mg,
95%, 2 steps) #1572, [a]*p-0.25 (¢ 0.75, CHCI3); *H NMR (300 MHz): 6 = 7.75 (d, J = 7.5 Hz, 2H),
7.61 (d, J = 7.5 Hz, 2H), 7.53-7.30 (m, 14H), 7.11-7.09 (m, 6H), 6.86 (dd, J = 15.6, 5.1 Hz, 1H), 6.59
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(s, 1H), 6.64 (d, J = 7.8 Hz, 1H), 5.88 (br d, J = 15.6 Hz, 1H), 4.70-4.64 (m, 1H), 4.36-4.32 (m, 2H),
4.24-4.18 (m, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.00 (dd, J = 14.6, 4.7 Hz, 1H), 2.79 (dd, J = 14.6, 5.6 Hz,
1H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz): & = 166.1, 155.9, 147.8, 144.0, 143.9, 142.2, 141.2,
138.7, 136.6, 129.7, 128.0, 127.6, 125.5, 121.1, 119.9, 119.8, 77.2, 66.9, 60.3, 51.9, 47.2, 31.9, 14.2;
HRMS (ESI) Calcd. For CasHsoNsONa [M+Na]*: 696.2833. Found: 696.2835.

Trt

\

N

N

N

H,N 7 CO,Et

H-His(Trt)-CH=CHCOOEt, 31a
JK# F. Fmoc-His(Trt)-CH=CHCOOEt (160 mg, 0.240 mmol) {Z 20%EtLNH O 7+ k= k U /LI
xRN, ZO%KEIRT 2 KL L, FOMELOT-DIRHNE L. ZORMEmE > Y 7 v
HThru~w  NTTT7 40— (Zanakbh: AX ) —)L=20:1) CHKER L, Zhll okl
AT THe < BUG~E vz,

Trt

\

N
Q1
N
SEt
FmocHN
SEt

Fmoc-His(Trt)-CH(SEt),

TV AR -T8°C S . Fmoc-His(Trt)-N(OMe)Me (165 mg, 0.250 mmol) Ziah L= 7
T a A X ERHIZ DIBAL-H (0.5 mL, 0.5 mmol, 1.0 M ~3 4 iEiHR) 2 - < W Nz 7=, [k
PR C20 iR te, ISEIEDTZH A X 7 —VEMMZ T, ZOREREFRICARSE, AR
DEFOITHIR, TNax' T4 e UV ERELEMLUFCAEE LTz, A%E
BRE L. BoNTeT7 VT ' K30 DIREWOREREZTOT, i Kb~ ftLe, Zo7 VT
b K30 DIREMICANK T F =X J—/L (100 uL, 1.38 mmol), EEEE(1 mL), BFs-Et,O (100 pL)
ZNACINZ, SRIR T30 o Liz, AKQ0mL) 2z, Z OWRIR%E k=TT % v -Cillt
L. AKCHE L, BoKEEET MY 7 A TSI, AR%ICENEZ L, GO REWE
VIUBTNIT A uw N T T 4= (ZanaRvh o AKX ) —L=20:1) THRL, A0
7 /LT 7 A (85.1 mg, 49%, 2 steps) & 572, [a]®p-2.54 (¢ 4.80, CHCI3); *H NMR (300 MHz): §
=7.79-7.39 (m, 2H), 7.63-7.59 (m, 2H), 7.42-7.35 (m, 4H), 7.30-7.28 (m, 10H), 7.11-7.08 (m, 6H), 6.68
(s, 1H), 6.08 (br d, J = 8.4 Hz, 1H), 4.42-4.11 (m, 5H), 4.03 (d, J = 4.8 Hz, 1H), 3.08 (dd, J = 14.7, 4.8
Hz, 1H), 2.93 (dd, J = 14.6, 8.4 Hz, 1H), 2.74-2.62 (m, 5H), 1.28-1.19 (m, 6H); *C NMR (75 MHz): &
=156.0, 144.0, 143.9, 142.2, 141.1, 138.2, 137.4, 129.6, 127.9, 127.5, 126.9, 125.3, 119.8, 119.5, 75.2,
66.8, 55.2, 55.1, 47.1, 29.3, 26.1, 14.5; HRMS; HRMS (ESI) Calcd. For CauHN30,S; [M+H]*:
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710.2869. Found: 710.2865.

Trt
\
N
&)
N
SEt
H,N
SEt

H-His(Trt)-CH(SEt),, 31b

7K F . Fmoc-His(Trt)-CH(SEt)2 (85 mg, 0.12 mmol) {2 20%Et,NH &7 & b = b U JLIRIK Z Nz,
Z D% ER T 2 B L, OMEILOT-DREME L. ZORMME Y A5 N 7 50 "m
~ 7T 74— (Fmakh AKX —L=1:1) THER L, 2 LR 21T <
St~ & AWz,

Ac-Thr-Gly-OH, 32

Sk# . Ac-Thr-OH (645 mg, 4.00 mmol) % %7 L 7= DMF % (16 mL) I EtsN (1.70 mL, 12.0
mmol), EDCI-HCI (844 mg, 4.40 mmol), HOBt-H,0 (735 mg, 4.80 mmol) ZIEIZ Nz, F /LR
fig 2 15 AL & B 72112 HCI-H-Gly-OBn (1.2 g, 6.0 mmol) & DMAP (4.9 mg, 0.040 mmol) % il 2.
Teo D%, IR T 8 FFMIHEE L7, MUNKZ ML . ROSEILOT-0OKE T, fafni{t 7
VEZULKEREMZ T2, D%, ZOWKREHEBRT T V2 W THIE L, fafn&fik T
Vel L, HEKNERE S N U U LTS, A%ICENEEZ Lic, /Bonigeamaes ) s
NHThIa~ NI 74— (Zaakibh: A% —)L=10:1) THEL, AGHERD Ac-
Thr-Gly-OBn (0.96 g, 78 %, ffiA 109-111 °C) %#757=, [a]®b-8.0 (¢ 4.0, CHCI3); *H NMR (300
MHz): § = 7.41- 7.32 (m, 5H), 5.25 (s, 2H), 4.68 (s, 0.5H), 4.44 (d, J = 4.2 Hz, 1H), 4.27-4.19 (m, 1H),
4.09 (d, J = 10.8 Hz, 1H), 4.05 (dd, J = 13.5, 4.2 Hz, 1H), 3.80 (s, 0.5H), 2.12 (s, 3H), 1.26 (d, J = 6.6
Hz, 3H); C NMR (75 MHz): § = 173.9, 173.6, 171.4, 137.5, 129.9, 129.6, 128.6, 128.3, 68.6, 68.2,
60.5, 42.5, 42.2, 22.8, 20.2; HRMS (ESI) Calcd. For CisHxoN2OsNa [M+Na]*: 331.1264. Found:
331.1266.

56D Ac-Thr-Gly-OBn Z {87 L7 7 v a7 /L AYEHE (1.0 mL) (237 20 A-TEMEERFE (100 mg,
10Wt%), A% /— L (10mL) DNRIZHNZ . L ITKBENT REHR LTz, KFETAFEKT 8 K
MR E, 7T ABEEEITV 30 iR LT, Z20%, ARIZ KV RT U0 LGRS
ZIDBRE . B L7, Z ORI AZITO TR OGS ITHW,
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Ac-Thr-Gly
c-Thr :_/INH

AN
L __N__O
H

Br
(4-Bromophenyl)[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]Jamino}-3-
vinyloctahydroisoquinolin-2(1H)-yl] methanone, 33
KT, BRIEW 19 (1.32 g, 2.85 mmol) ZA7H> L7z A ¥ 7 — VAR (6 mL) (ZHHEER (6 mL) Z /N
A HE T30 R Lc, ZORBWIRZ RN L. Z O 2T 25 2 L2 <Hid X
IS Wz, kS T, Ac-Thr-Gly-OH (680 mg, 3.13 mmol) @i} 7= DMF % (6 mL) {2 NMM
(2.19 mL, 20.0 mmol), BOP (1.89 g, 4.27 mmol) ZIEIZIN % 71 VR B 2 1E AL S8 72, &I
HDT I ARBEWMEEN LT DMFIEIR (6 mL) %z, =ik F CHIE%E., 16 B L=,
FOGSHE % it . BUSME LD T2 0K T, fafsi b7 e =0 LKBEKZ M Z T2, D%,
ZOWR AR F 2 ATl U, ek Tolid L, Bilig T~ U U A TR S
HIBGIZIEMEE Lz, SONTRAME VDTSNV T A a~ NI T77 —(Zrakib
Lot AZ 7 —=20:1) THRL, Atk OEY (1.19 g, 74%, 2 steps) #1572, [a]®p-20.4
(€ 9.90, CHCIs); *H NMR (300 MHz): 8 = 7.86 (br t, J = 5.6 Hz, 0.45H), 7.66 (br t, J = 5.3 Hz, 0.55H),
7.57 (d, J =8.4 Hz, 0.9H), 7.53 (br d, J = 3.0 Hz, 1H), 7.49 (d, J = 8.4 Hz, 1.1H), 7.42 (d, J = 8.4 Hz,
0.9H), 7.24 (d, J =8.1 Hz, 1.1H), 7.14 (br d, J = 7.5 Hz, 1H), 5.84 (ddd, J = 17.3, 10.5, 3.9 Hz, 0.45H),
5.77 (ddd, J = 17.3, 10.7, 3.8 Hz, 0.55H), 5.36 (dd, J = 10.5, 2.1 Hz, 1.1H), 5.20 (d, J = 17.4 Hz, 0.9H),
4.64 (d,J = 4.5 Hz, 0.45H), 4.52 (dd, J = 7.8, 2.7 Hz, 0.55H), 4.41-4.22 (m, 3H), 4.15 (dd, J = 15.3, 6.3
Hz, 0.45H), 4.04 (dd, J = 17.0, 5.9 Hz, 0.55H), 3.96 (br d, J = 8.4 Hz, 0.55H), 3.84 (dd, J = 17.0, 5.0
Hz, 0.55H), 3.57 (dd, J = 15.3, 5.7 Hz, 0.45H), 3.37 (br d, J = 12,6 Hz, 0.45H), 2.84 (br t, J = 11.7 Hz,
0.45H), 2.73 (br s, 1H), 2.59 (br t, J = 12.0 Hz, 0.55H), 2.06 (s, 1.65H), 2.03 (s, 1.35H), 1.71-1.40 (m,
6H), 1.26-1.07 (m, 3H), 1.17 (d, J = 6.3 Hz, 1.65H), 1.07 (d, J = 6.3 Hz, 1.35H), 0.99-0.82 (m, 1H); *C
NMR (75 MHz): 6=172.6,171.64,171.58,171.3, 169.5, 169.0, 134.6, 134.4,133.5, 133.2,131.8, 128.7,
127.9, 124.2, 124.0, 118.0, 117.9, 67.1, 66.2, 62.1, 58.5, 58.0, 56.4, 52.5, 51.3, 49.3, 44.4, 43.1, 42.8,
39.9,39.1, 35.7,34.3,30.1, 29.7, 28.2, 25.8, 25.7, 25.1, 25.0, 23.0, 22.9, 19.4, 18.8; HRMS (ESI) Calcd.
For C2H3sN4OsNa [M+Na]*: 585.1683. Found: 585.1688.
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Br

Ethyl(S,E)-4-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyllamino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-yllmethyl}amino)-5-(1-trityl-1H-imidazol-4-yl)pent-2-enoate,
34a

18 CEMH T, {bAW 33 (56 mg, 0.10 mmol) Z¥& 7> L 7= HFliE = F WIsHE (4mL) 24> T AT
WIRPERNOHFONEEOT DHETRISS T, &Y U WAk, &Y 0 TAZBIET
ATHEBL, PAF/LALT 4 F(60uL, 0.80 mmol) Z Nz 7=, Z DIREWRIK A BiE~ L FI5
%, 10 o LI, 20k, ZOWRZEGETF /L2 ATt L, 7K & Safn K Tk
FL. BOKRET U U LTS, AIBRICIRNEEZ Lz, BoniReawzs ) 7w
oL ua<w NI T —(Zaukih: AZ ) —)L=10:1) CHKER L/, ZOT7 1Tt
NMEEWIRZETH LT, TN EORHMEZ T2 Z L k< ISV, Km T,
ZOTNTE REENLIEY 7 ma A2 CERICHE G LTz e ATF 2 FFE K 31a (54 mg,
0.12mmol) Z Mz 72, T OJUSIRNE % =B T T 2 B #E#E L. NaBHsCN (22 mg, 0.35 mmol) %
Mz, SHIZ300HR#E LTc, BUMFIED T DKM T, KEMA T, D%, Z DU % HEE
TF A AW THI L, fafE LT = 7 DOKEIR & fafn &Kk T L, il ~ Y o
LTCHR S, ARRICIEMZ LTz, (BONTIREMEL VA TN T LI~ T T 7 4
—(ZmruRh s AL —/=20:1) THE L, BEADOMIKRY (50 mg, 50%, 2 steps) 157,
[a]®5-18.8 (¢ 0.225, CHCls); 'H NMR (300 MHz): & = 7.61-7.52 (m, 1.2H), 7.48-7.37 (m, 4.8H), 7.33-
7.31 (m, 10H), 7.14-7.03 (m, 6.67H), 6.98-6.93 (m, 0.33H), 6.87 (dd, J = 15.8, 7.7 Hz, 0.67H), 6.62 (dd,
J=15.8, 7.4 Hz, 0.33H), 6.62 (s, 0.33H), 6.53 (s, 0.67H), 5.84 (d, J = 15.6 Hz, 0.67H), 5.73 (d, J = 15.6
Hz, 0.33H), 4.78 (br t, J = 7.2 Hz, 1H), 4.44 (dd, J = 7.2, 2.1 Hz, 0.67H), 4.32-4.30 (m, 1.67H), 4.25-
4.11 (m, 2.33H), 4.19 (qd, J = 7.2, 1.4 Hz, 2H), 3.94-3.93 (m, 1H), 3.84-3.79 (m, 0.33H), 3.58-3.51 (m,
0.66H), 3.47-3.40 (m, 0.67H), 3.34-3.28 (m, 0.67H), 2.86-2.57 (m, 4H), 2.43-2.34 (m, 1H), 2.04 (s, 1H),
2.02 (s, 2H), 1.71-1.40 (m, 5H), 1.31-1.19 (m, 3H), 1.28 (t, J = 7.1 Hz, 3H), 1.16 (d, J = 6.3 Hz, 1H),
1.07 (d, J = 6.3 Hz, 2H), 0.92-0.80 (m, 1H); *C NMR (75 MHz): 6 = 172.8, 171.8, 171.6, 171.5, 171.2,
169.3, 168.7, 166.2, 166.1, 150.2, 150.0, 142.4, 142.3, 140.1, 136.6, 138.4, 137.4, 137.0, 134.8, 131.6,
129.7,129.5, 129.1, 129.0, 128.7, 128.6, 128.0, 124.0, 122.1, 120.1, 119.5, 75.2, 66.7, 65.8, 60.3, 60.2,
59.9, 59.7, 58.6, 58.1, 54.9, 49.9, 49.1, 46.2, 45.7, 445, 42.9, 42.7, 40.2, 39.1, 35.9, 34.7, 33.5, 30.3,
29.9,29.7,28.2,25.8, 25.1, 23.0, 19.6, 19.2, 14.2; HRMS (ESI) Calcd. For CssHs2BrN-O7Na [M+Na]*:
1022.3786. Found: 1022.3783.
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EtS.__SEt
NTrt
Ac-Thr-Gly<
c-Thr-Gly NH j//[)
H = N ‘1 N
H
L__N__O
A
Br

(4-Bromophenyl)[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]Jamino}-3-({[(S)-1,1-bis(ethylthio)-
3-(1-trityl-1H-imidazol-4-yl)propan-2-ylJamino}methyl)octahydroisoquinolin-2(1H)-yl]  methanone,
34b

18 CEAE T, 1bE% 33 (56 mg, 0.10 mmol) Z¥&EH L 7= Fig =T /WIRIR (A mL) &4 AT
WIRPERNOHFONEEOT DETRISS T, &Y U Ak, &Y 0 TAZBBIET
ATHEML, PAF/LALT 4 F(60uL, 0.80 mmol) Z Nz 7=, Z DIREWRIK A BiE~ L Fi5
%, 10 o LI, 2Ok, ZOWRZEiGETF /L2 AV Tt L, 7K & Safn K Tk
FL. BilET Y U AT S, AIB%ICENEE Lz, BONTREMES VTNV T
Lrvua<w 7T 74— (ZraRih AX ) —1L=10:1) THER L, ZOT7ATE Kb
BEVMIRNLZETHDLD, THU LD ZT 5 2 L <k RISIZHWEZ, KT, 20
TNAT e REEN LY 7 an A X CERICHIIEA R LT b AF 2 3538k 31b (58 mg, 0.12
mmol) Z Mz 72, Z OKISEIR % SR T C 2 FEE#E#E L. NaBHsCN (22 mg, 0.35 mmol) Z
A SHIZ30 o LTc, BUSMFILDOT-OKEG T, KMz Tz, £D%., ORI ZHiR~T
FZERWCTHIM L, fafnififb” =0 LKA & fafn Bk coe L, BokmiieT Y
UALATHIESE, ARBICEMEEY L, BoNREWMES VDTSN T A Iu~ NI T 7
g4 —(ZmuaRh s AZ ) —=20:1) THE L, HEADRL 34b (34.0 mg, 34%, 2 steps, Fil
s 133-135 °C) #1572, [0]®p-10.0 (¢ 0.170, CHCIs3); *H NMR (300 MHz): § = 7.84-7.81 (m, 0.36H),
7.61-7.49 (m, 3.64H), 7.45-7.37 (m, 5.78H), 7.34-7.32 (m, 6.42H), 7.14-7.09 (m, 6.44H), 6.96-6.93 (m,
0.36H), 6.78-6.76 (m, 0.36H), 6.68-6.67 (m, 0.42H), 6.66-6.64 (m, 0.22H), 5.36-5.33 (m, 0.22H), 4.97-
4.94 (m, 0.42H), 4.88-4.83 (m, 0.36H), 4.64-4.60 (m, 0.22H), 4.45-4.42 (m, 0.36H), 4.38-4.17 (m,
2.78H), 4.08-3.97 (m, 0.42H), 3.92-3.85 (m, 0.42H), 3.80-3.70 (m, 0.44H), 3.68-3.64 (m, 0.36H), 3.62-
3.43 (m, 0.58H), 3.37-3.08 (m, 2.42H), 3.06-2.87 (m, 1.64H), 2.83-2.75 (m, 1.78H), 2.66-2.28 (m,
7.58H), 2.08 (s, 0.78H), 2.04 (s, 0.42H), 2.03 (s, 1.8H), 1.73-1.33 (m, 6H), 1.26-0.99 (m, 12H), 0.92-
0.80 (m, 1H); ¥C NMR (75 MHz): 6 = 172.5, 171.8, 171.6, 171.3, 169.4, 142.3, 140.3, 138.5, 137.8,
134.9,131.5, 129.6, 129.5, 129.4, 128.9, 128.7, 128.6, 128.1, 123.9, 119.6, 119.5, 75.2, 66.0, 58.7, 58.6,
55.1, 49.3, 48.9, 45.2, 44.3, 40.4, 36.1, 30.0, 29.6, 28.2, 26.1, 26.0, 25.2, 23.0, 14.4, 14.2; HRMS (ESI)
calcd for CssHs7BrN;OsS; [M+H]*: 1036.3823. Found: 1036.3820.
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(5)-2-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-yl]methyl}amino)-N-methoxy-N-methyl-3-(1-trityl-1H-
imidazol-4-yl)propanamide, 34c

-18°CEM T, 1bE4 33 (56 mg, 0.10 mmol) Z¥&7 L - Wi = F WIsHR (A mL) &4 AT
WIRPERNOHFONEEOT DHETRISS T, &Y U WAk, &Y 0 TAZBIET
ATHEBL, PAF/LALT 4 F(60uL, 0.80 mmol) Z Nz 7=, Z DIREWRIK A BiE~ L FI5
%, 10 o LI, 20k, ZOWRZEGETF /L2 ATt L, 7K & Safn K Tk
FL. BOKRET U U LTS, AIBRICIRNEEZ Lz, BoniReawzs ) 7w
oL ua<w NI T —(Zaukih: AZ ) —)L=10:1) CHKER L/, ZOT7 1Tt
NMEEMIRNZETH LT, ZhEl EORRAZ T2 Z &2 < SISITHWZ, KT,
ZOTNTE REENLIEY 7 ma A2 CEEIRISHE S R L 72 H-His(Trt)-N(OMe)Me (53 mg,
0.12mmol) Z Mz 72, T OJUSIRNE % =B T T 2 B #E#E L. NaBHsCN (22 mg, 0.35 mmol) %
Mz, SHIT305HEE LTe, KIMEILDTDKG T, KEeMZ Tz, ZD%, Z OWIKEZNiE
TF A RCTHIE L, fafi T € =0 2OKEHR & faf ik Coed L, Bokaie T b
VU LATHEBESE, ABKBICENEEZ Lz, (BONTIREMET VDTNV T L a~ T 5
Ta4—(ZurAR b AL ) —=20:1) THEL, DY v 7 X 34c(25.7 mg, 26%, 2 steps)
Z 157, [a]®p-18.3 (¢ 0.425, CHCIs); 'H NMR (300 MHz): 6 = 7.50 (d, J = 8.4 Hz, 1.8H), 7.43 (br d,
J=8.4Hz, 1.4H), 7.39 (d, J = 8.4 Hz, 1.8H), 7.32-7.30 (m, 10H), 7.12-7.09 (m, 6.1H), 6.93 (br d, J =
8.1 Hz, 0.65H), 6.78 (d, J = 7.5 Hz, 0.25H), 6.61-6.60 (m, 0.1H), 6.57-6.54 (m, 0.65H), 6.51 (s, 0.25H),
5.36-5.34 (m, 0.25H), 5.12-5.07 (m, 0.1H), 4.82-4.80 (m, 0.1H), 4.72 (br t, J = 8.0 Hz, 0.65H), 4.44 (dd,
J =3.6, 2.4 Hz, 0.25H), 4.34-4.20 (m, 3.25H), 4.09-3.97 (m, 1.7H), 3.75-3.63 (m, 1H), 3.54 (s, 1.95H),
3.45-3.38 (m, 1.4H), 3.15 (s, 0.3H), 3.08 (s, 1.95H), 3.03 (s, 0.75H), 2.83-2.65 (m, 4H), 2.48-2.41 (m,
1H), 2.34-2.25 (m, 1H), 2.07 (s, 1.95H), 2.05 (s, 1.05H), 2.04-2.01 (m, 0.35H), 1.72-1.37 (m, 5H), 1.26-
1.12 (m, 5H), 1.06 (d, J = 6.3 Hz, 3H), 0.99-0.83 (m, 2H); *C NMR (75 MHz): § = 172.9, 171.8, 171.6,
169.1, 142.4, 138.2, 134.9, 131.7, 129.7, 128.6, 128.0, 123.9, 119.3, 75.1, 65.4, 58.4, 57.4, 54.5, 49.0,
48.6, 45.9, 45.0, 40.3, 36.0, 32.3, 29.9, 29.7, 28.3, 25.8, 25.2, 23.1, 19.7, 14.2, 14.1; HRMS (ESI) Calcd.
For Cs2He1BrNsO7Na [M+Na]*: 1011.3739. Found: 1011.3730.
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Br

Ethyl(S,E)-4-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyllamino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-ylJmethyl}amino)-5-(1H-imidazol-4-yl)pent-2-enoate, 35a
TFA/> 7 mr A % TISIK (10:10:1.0:1.0, 2.2 mL) % 34a (50 mg, 50 umol) (2N %, =2 T T 30
S LT, BONAREZEE L., YoFlo—T & A, =05 BERE (4000 rpm, 4 53) 127>
J. HEOEEYEE L EBAOREZRY BRW o, iz 3E DR L, REO(LEY (37.8
mg, quant.) = A7 E/L T 7 A L L THT, [a]®p-45.1 (c 1.19, MeOH); *H NMR (300 MHz): &
= 8.87 (br s, 0.8H), 8.76 (br s, 0.2H), 8.45-8.41 (m, 0.4H), 7.93 (br d, J = 7.5 Hz, 1H), 7.66 (d, J = 8.1
Hz, 1.6H), 7.59 (br d, J = 7.8 Hz, 1H), 7.52-7.43 (m, 1H), 7.37-7.28 (m, 0.8H), 7.25-7.17 (m, 0.2H),
6.92-6.81 (m, 0.8H), 6.70 (dd, J = 15.6, 8.6 Hz, 0.2H), 6.19 (d, J = 15.3 Hz, 0.8H), 5.78 (d, J = 15.9 Hz,
0.2H), 5.04-5.00 (m, 1H), 4.44-4.35 (m, 1.2H), 4.28-4.15 (m, 4.8H), 4.11-3.78 (m, 3H), 3.69-3.39 (m,
3.2H), 3.32-2.77 (m, 2.8H), 2.12-2.03 (m, 0.2H), 2.08 (s, 2.4H), 2.03 (s, 0.6H), 1.81-1.66 (m, 4H), 1.55-
1.52 (m, 1.8H), 1.42-1.20 (m, 3H), 1.32 (t, J = 7.1 Hz, 3H), 1.24 (d, J = 6.0 Hz, 3H), 1.00-0.97 (m, 1H);
3C NMR (75 MHz): & = 174.7, 174.1, 174.0, 173.7, 172.5, 166.5, 163.1, 140.1, 136.4, 136.0, 135.8,
135.4, 133.4, 133.0, 131.1, 130.8, 130.1, 129.7, 128.2, 125.9, 125.1, 120.2, 119.7, 119.6, 118.7, 68.6,
68.3, 62.5, 62.3, 61.4, 61.0, 59.8, 54.0, 52.5, 51.8, 51.0, 50.6, 46.1, 44.7, 43.9, 43.6, 40.6, 39.6, 36.0,
35.6, 31.5, 31.0, 29.4, 28.6, 27.3, 26.7, 26.4, 22.9, 20.4, 14.7; HRMS (ESI) calcd for CssH9BrN;O;
[M+H]*: 758.2871. Found: 758.2875.

EtS._SEt _yy

Ac-Thr-Gly<
c rGyNH TI)
B / N

’
/

Iz

Br
(4-Bromophenyl) [(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyllamino}-3-({[(S)-1,1-
bis(ethylthio)-3-(1H-imidazol-4-yl)propan-2-ylJamino}methyl)octahydroisoquinolin-2(1H)-yl]
methanone, 35b
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LR EFERD FEZ AW TG ZIT> 72, [a]*p-42.8 (¢ 1.57, MeOH); 'H NMR (300 MHz): § =
8.90-8.74 (m, 1H), 7.97-7.90 (m, 0.25H), 7.73-7.63 (m, 2.5H), 7.58-7.40 (m, 3.75H), 7.37-7.22 (m,
2.5H), 4.76-4.72 (m, 0.5H), 4.43-4.27 (m, 4.5H), 4.12-3.91 (m, 2H), 4.04 (d, J = 13.5 Hz, 2H), 3.73-
3.64 (m, 1H), 3.54-3.47 (m, 1H), 3.34-3.09 (m, 2H), 3.04-2.65 (m, 6.5H), 2.57-2.49 (m, 0.5H), 2.17 (s,
1.5H), 2.14-2.06 (m, 1H), 2.12 (s, 1.5H), 1.85-1.72 (m, 4H), 1.57-1.41 (m, 3H), 1.39-1.28 (m, 8H), 1.22-
0.95 (m, 1H); *C NMR (75 MHz): § = 174.1, 173.8, 173.5, 172.0, 136.8, 134.9, 133.4, 133.3, 133.1,
131.1, 130.6, 130.2, 128.6, 125.7, 118.4, 118.0, 68.5, 68.3, 63.2, 62.2, 61.5, 61.1, 56.4, 51.0, 45.9, 40.5,
39.8,36.2,35.7,29.6, 27.7, 27.5, 27.4, 27.2, 26.7, 23.0, 22.9, 20.4, 20.3, 15.4, 15.2; HRMS (ESI) Calcd.
For CssHs:BrN7OsS;Na [M+Na]*: 816.2547. Found: 816.2540.

CI)Me
N__O
NH
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TS
H = N “y N
H
L__N__O
H

Br

(5)-2-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-ylJmethyl}amino)-N-methoxy-N-methyl-3-(1H-imidazol-4-
yl)propanamide, 35¢

R E RO FiEE AW TRIGEIT 572, [a]*p-34.6 (¢ 0.565, MeOH); *H NMR (300 MHz): § =
8.88-8.83 (m, 1.5H), 7.92 (br d, J = 8.1 Hz, 0.5H), 7.71 (d, J = 8.7 Hz, 2H), 7.67 (s, 0.5H), 7.51-7.49
(m, 0.5H), 7.50 (d, J = 8.4 Hz, 2H), 7.35 (s, 0.5H), 7.32 (s, 0.5H), 4.88-4.73 (m, 1H), 4.50-4.25 (m, 4H),
4.11-3.94 (m, 2H), 3.87 (s, 1.5H), 3.84-3.61 (m, 2H), 3.65 (s, 1.5H), 3.52-3.43 (m, 1H), 3.33-3.04 (m,
3H), 3.32 (s, 1.5H), 3.27 (s, 1.5H), 2.98-2.71 (m, 2H), 2.63-2.53 (m, 1H), 2.17 (s, 1.5H), 2.12 (s, 1.5H),
1.95-1.70 (m, 4H), 1.60-1.28 (m, 7H), 1.21-0.95 (m, 1H); 3C NMR (75 MHz): = 174.1, 174.0, 173.7,
1735, 172.1, 136.8, 136.2, 135.6, 135.1, 133.4, 133.1, 130.6, 130.1, 125.7, 124.9, 118.8, 118.4, 68.6,
68.3, 63.0, 62.8, 58.4, 58.1, 51.0, 51.7, 46.8, 44.7, 43.9, 43.6, 40.3, 39.5, 36.2, 35.6, 32.8, 31.6, 31.1,
29.5,28.9,28.1,27.5,27.3,26.7, 26.6, 23.0, 22.9, 20.4, 20.2; HRMS (ESI) Calcd. For C33sH47BrNsO-Na
[M+Na]*: 769.2643. Found: 769.2651.
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(5)-2-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-ylJmethyl}amino)-3-(1H-imidazol-4-yl)propanal, 18
UF 4T & #—/L 35b (5.0 mg, 6.3 pmol) (Z NBS (0.40 mL, 40 umol, 0.1 M THF I&R) % I ..
FIR T T5 O LTz, Z ORISR Z % D% £ HPLC [B K DIEE LR % 5% 5 45%~ &
40 Sy T T B & 872 (B: 0.06%TFA O 7 & k= K U LA, A: 0.05%TFA KIATR)] TR L,
HERE RO T L7 B R 18 (0.7 mg, 16%) %1572, 'H NMR (300 MHz): § = 8.60-8.48 (m, 0.67H),
8.10-8.09 (m, 1.33H), 7.70 (d, J = 8.1 Hz, 2H), 7.62-7.57 (m, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.32-7.30
(m, 1.33H), 7.23 (br s, 0.67H), 4.37-4.36 (m, 1.67H), 4.28-4.18 (m, 3.33H), 4.03-3.97 (m, 3H), 3.12-
3.11 (m, 1H), 2.92-2.68 (m, 6H), 2.13 (s, 1.2H), 2.07 (s, 1.8H), 1.81-1.26 (m, 7H), 1.02-0.90 (m, 1H);
HRMS (ESI) Calcd. For C31H42BrN7OsNa [M+Na]*: 710.2272. Found: 710.2264.

MD F%

MOE 2018.01 (713 Amber10) % A CERAL 19 38 X epi-19 OHEE L AV G ZHH L
Too V7 4 RS E ANTERIR O 19 Tl 4.56A . epi-19 TIiX 3.56A LFHAIS
Niz, 0, 7he FuAYx /) v 3o = )VE%A2 H AR S RimREN 4 [ EHE
JFA b RAHEEREZEBEH LI A, LT 4 VRIRRE L 4 (MEHEFFDIE
BiEZN 19 TIE 4.29A ., epi-19 TiX 254 A LEHIE N7,

B R BH MR

FE~TF K [H-Thr-Ser-Ala-Val-Leu-GIn-Ser-Gly-Phe-Arg-Lys-NH2] (111 pM) % &K (25 ul
of 20 mM Tris-HCI buffer pH 7.5 containing 7 mM DTT) HZh1 %, 37°C TR1881 SARS 3CLP°F K
OB RRBLEA] & 00 A > F 2 _— | L=, MUNEAW % 55T FHHPLC [Bik D2 E =R
%10%7> 520%~ & 304370 T A -S87- (B: 0.1% TFAD 7 & k= h U LY, A: 0.1% TFAZK
W) Tt L, E T ) 7 EEORD ) O RE UMW R 2 Lz, ZOUlrR & HERE &
7y b5 ETYTEA Pl EHiE, 1ICox B L7, 26 ORBRE3EITV,
Y)fE % Heo 72,

Koo ool —ygyv
MOE 2018.01 (/1% Amber10) % FH\ T Ry 7o ial—yalrawfiolz, Tk RaA
V3 ) U A SARS 3CLP [HZEA 17 (PDBZ4TWW)@7/1/'75E FBIOeRFV, THY
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BRETVTL— e LEFHHRILER 18 0T 7L — b Ny X 7 &F#E T L2, Bifk
GBVI/WSA dG score %7~ L7oigld 2 FFEHEE S 4L, 2 d A 27713-11.0665 kcal/mol
(i). —10.9356 kcal/mol (i) TdH -7z, T4 D 2 SDORERE LIC~27F R SARS 3CLP™ [HEF] 16
(PDB: 3ATW) DA% BliE T 5 Z & THALEW 16, 17 & O E/EH LR 21T - 72,
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ARFTRICER U, AR, 2150 £ L7 iR R b0 R R —
Bz, IREHAEESR . 72 b NSRRI SEFRI IR o # — IRESAS M EEAT (T80
KO DB AR LET,

RlEL LTCIZWE 2L L& bITRRLOMEBIZDI Y ZHEEL W2 T 0% HH
LS, WONT, FEARET S LT IETER ICEHP L R ET,

BOREEEBIEICBE LT, REBMERC/AR D £ Lz USRS LR A
v H— BRI DfehEREdz, kAR, R T FHEI M B IR < EETH L B E
R

IV UBALEAT O T . SRR, #BE 2% 750 £ Lo iR R KA
R LN IETEER. NS EAAEEGR, ERE BB E LB L BT ET,

Fio, ABFRICE L WA T SWE LIRS BEEH C#dz, HALRS: BN
FRUT U sE S L L BT 9,

KRWFERARICEA LT, ERATHHE2 W E T LR ES LIS 72
LET,

o, FHPARRICERZ LGN BEVERRERZ WIS WIS ARRAE -, F—
et R SLEMERIZELR L BT ET,

WRZEHED HIZHTZ>T, ZLOPE LN EE LR L0 HEBE 2t K
ARt B RE RSB AR R A 1T U OB DB TE B L £,

REBE COMIEATE 25D LT, 4 ERBHCF RIS A 2 W& E L TIHR, &
TR, TEKRBILK, BRFECRIBIER, BERRERKZ S OB L0 B ISR L7258 KITR
B LET,

AEFED—EIE, AR LSRR A 72 B E OBk o FIZiTWE Lz,

FeIs, 10 4FH & ROSIER R FE TOAEIFZ YR — b LTWelZE | Bfgz /R LTk
PEOTEFEIBRIS O X VR L R £
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% 1% NMR data
Ethyl (2E,6S,7R)-7-methoxymethoxy-6-(4-nitrobenzoyloxy)-nonadec-2-enoate
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(2E,6S,7R)-7-Methoxymethoxynonadec-2-ene-1,6-diol
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(2E,6S,7R)-1-(tert-Buthyldimethylsilyloxy)-7-methoxymethoxynonadec-2-en-6-ol, 9
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(2E,6S,7R)-6-[N-(tert-Butoxycarbonyl)amino]-1-(tert-butyldimethylsilyloxy)-7-
methoxymethoxynonadec-2-ene, 10
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(2E,6R,7R)-6-[N-(tert-Butoxycarbonyl)]-7-methoxymethoxynonadec-2-en-1-o0l,6
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(2R,5S,1°R)-N-(tert-Butoxycarbonyl)-2-(1’-methoxymethoxytridecanyl)-5-vinylpyrrolidine, 5a
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(2R,5S,1°R,17°S)-N-(tert-Butoxycarbonyl)-5-(1"*,2’-dihydroxyethyl)-2-(1°-
methoxymethoxytridecanyl)pyrrolidine, 11
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(2R,5S,1°R,17°S)-N-(tert-Butoxycarbonyl)-2-(1’-methoxymethoxytridecanyl)-5-(oxiran-1-
yl)pyrrolidine, 12
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(2R,5S,1°R,1”°S)-N-(tert-Butoxycarbonyl)-5-(1"’-hydroxybut-3’-ynyl)-2-(1°-
methoxymethoxytridecanyl)pyrrolidine, 3
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(8’EZ,55,13’R,2”°S,5”R,1°’S)-3-{13’-[N-(tert-Butoxycarbonyl)-13’-hydroxy-2"-(1""’-
methoxymethoxytridecanyl)pyrrolidin-5"-yl]-tridec-8’-en-10’-ynyl}-5-methyl-2,5-dihydrofuran-2-one,
13
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(5S,13°R,2”S,57°R,1°°S)-3- {13’-[N-(tert-Butoxycarbonyl)-13’-hydroxy-2"-(1>"’-
methoxymethoxytridecanyl)pyrrolidin-5>-yl]-tridecanyl}-5-methyl-2,5-dihydrofuran-2-one, 14
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aza-cis-solamin (2)
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% 2% NMR data
(1S,25)-2-[(Benzyloxy)methyl]cyclohexanemethanol
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Benzyl (1S,2R)-2-vinylcyclohexylmethyl ether, 23
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(R)-1-{(1S,25)-2-[(Benzyloxy)methyl]cyclohexyl}ethane-1,2-diol
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(R)-1-{(1S,25)-2-[(Benzyloxy)methyl]cyclohexyl}-2-[(tert-butyldimethylsilyl) oxy]ethan-1-ol, 24
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2-{(S)-1-[N-(tert-butoxycarbonyl)amino]-2-[ (tert-butyldimethylsilyl)oxy]ethyl}[(1S,2S)-
cyclohexyl]lmethanol, 21
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4-Bromo-N-[(2-{(S)-1-[N-(tert-butoxycarbonyl)amino]-2-hydroxyethyl }(1S,2S)-
cyclohexyl)methyl]benzamide, 25
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Ethyl (R,E)-4-{[(1S,2S)-2-(4-bromobenzamido)methyl]cyclohexyl}-4-[N-(tert-butoxy
carbonyl)amino]but-2-enoate, 26
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4-Bromo-N-[(2-{(R,E)-1-[N-(tert-butoxycarbonyl)amino]-4-hydroxybut-2-enyl})(1S,2S)-
cyclohexyl]lmethylbenzamide, 20

200 150 100 50 0

80



(R)-2-[N-(tert-butoxycarbonyl)amino]-2-[(1S,2S)-2-(hydroxymethyl)cyclohexyl]ethanol, 27

200 150 100 50 0

81



4-Bromo-N-[((1S,2S)-2-{[N-(tert-butoxycarbonyl)amino]-(R)-2,2-dimethyloxazolidin-4-
yl}cyclohexyl)methyl]benzamide, 29
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4-Bromo-N-[(2-{(S,E)-1-[N-(tert-butoxycarbonyl)amino]-4-hydroxybut-2-eny1})(1S,2S)-
cyclohexyl]lmethylbenzamide, epi-20
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(4-Bromophenyl){(3R,4S,4aS,8aS)-4-[N-(tert-butoxycarbonyl)amino]-3-vinyloctahydroisoquinolin-
2(1H)-yl} methanone, 19
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Fmoc-His(Trt)-CH=CHCOOEt
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Fmoc-His(Trt)-CH(SEt),
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Ac-Thr-Gly-OBn
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(4-Bromophenyl)[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]Jamino}-3-
vinyloctahydroisoquinolin-2(1H)-yl] methanone, 33
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Ethyl(S,E)-4-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-yllmethyl}amino)-5-(1-trityl-1H-imidazol-4-yl)pent-2-enoate,
34a
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(4-Bromophenyl)[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-3-({[(S)-1,1-bis(ethylthio)-
3-(1-trityl-1H-imidazol-4-yl)propan-2-ylJamino}methyl)octahydroisoquinolin-2(1H)-yl]  methanone,
34b
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(5)-2-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-ylJmethyl}amino)-N-methoxy-N-methyl-3-(1-trityl-1H-
imidazol-4-yl)propanamide, 34c
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Ethyl(S,E)-4-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-ylJmethyl}amino)-5-(1H-imidazol-4-yl)pent-2-enoate, 35a
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(4-Bromophenyl) [(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyllamino}-3-({[(S)-1,1-
bis(ethylthio)-3-(1H-imidazol-4-yl)propan-2-ylJamino}methyl)octahydroisoquinolin-2(1H)-yl]
methanone, 35b
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(5)-2-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-ylJmethyl}amino)-N-methoxy-N-methyl-3-(1H-imidazol-4-
yl)propanamide, 35¢
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(5)-2-({[(3R,4S,4aS,8aS)-4-{N-[(N-acetylthreonyl)glycyl]amino}-2-(4-
bromobenzoyl)decahydroisoquinolin-3-ylJmethyl}amino)-3-(1H-imidazol-4-yl)propanal, 18
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