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AMR: Antimicrobial Resistance
WHO: World Health Organization
MRSA: Methicillin-Resistant Staphylococcus aureus

HA-MRSA: Hospital Acquired-Methicillin Resistant Staphylococcus aureus

CA-MRSA: Community Acquired-Methicillin Resistant Staphylococcus aureus

LA-MRSA: Livestock-Associated MRSA

PVL: Panton-Valentine Leucocidine

MDPR: Multidrug-Resistant Pseudomonas aeruginosa
SCCmec (Staphylococcal cassette chromosome mec)
TSST-1 (Toxic Shock Syndrome Toxin-1)

PBP: Penicillin Binding Protein

MSSA: Methicillin-Susceptible Staphylococcus aureus
VRE: Vancomycin Resistant Enterococci

MDRP: Multidrug-Resistant Pseudomonas aeruginosa
ABK: Arbekacin

VCM: Vancomycin

TEIC: Teicoplanin

LZD: Linezolid

TZD: Tedizolid

DAP: Daptomycin

CLSI: Clinical and Laboratory Standards Institute

EUCAST: European Committee on Antimicrobial Susceptibility Testing

VRSA: Vancomycin-Resistant Staphylococcus aureus
ESBL: Extended Spectrum [-Lactamase

CDI: Clostridioides difficile infection

MEPM: Meropenem

HMG-CoA: 3-Hydroxy-3-Methyl hydroxymethylglutaryl-CoA

FIC: Fractional Inhibitory Concentration
EtOAc: Ethyl acetate

TBDPS: tert-Butyldiphenylsilyl

Ph: Phenyl

TMS: Trimethylsilyl

TBS: tert-Butyldimethylsilyl

TBAF: Tetrabutylammonium Fluoride



DIBAL-H: Diisobutylaluminum Hydride

DCM: Dichloromethane

r.t.: room temperature

Ts: Tosyl

DMEF: N,N-Dimethyl formamide

DME: Dimethoxyethane

DMSO: Dimethylsulfoxide

THEF: Tetrahydrofuran

DEAD: Diethyl Azodicarboxylate

PT: 5-Phenyltetrazole

LHMDS: Lithium Hexamethyldisilazide

KHMDS: Potassium Hexamethyldisilazide
HMPA: Hexamethylphosphoric Triamide

MS: Molecular Sieves

TBACN: Tetrabutylammonium Cyanide

TASF: Tris(dimethylamino)sulfonium Difluoromethylsilicate
MOM: Methoxymethyl

BOM: Benzyloxymethyl

PMB: p-Methoxybenzyl

DIPEA: N,N-Diisopropylethylamine

TFA: Trifluoroacetic Acid

Ac: Acetyl

Ac-CoA: Acetyl-CoA

AcAc-CoA: Acetoacetyl-CoA

BLAST: Basic Local Alignment Search Tool
DTNB: 5,5’-Dithiobis(-2-nitrobenzoic Acid)
NCBI: National Center for Biotechnology Information
TNB: 5-Mercapto-2-nitrobenzoic acid

MIC: Minimum Inhibitory Concentration

LBDD: Ligand-Based-Drug-Design

SBDD: Structure-Based-Drug-Design

GPCR: G-Protein Coupled Receptor

SLC: Solute Carrier

ADCC: Antibody Dependent Cellular Cytotoxicity
CDCC: Complement Dependent Cellular Cytotoxicity

PPI: Protein-Protein Interaction



GTP: Guanosine Triphosphate

RNA: Ribonucleic Acid

EF: Elongation Factor

HATU: 1-[Bis(dimethylamino)methylene]-1H-1,2 3-triazolo[4,5-b]pyridinium 3-Oxide
Hexafluorophosphate

NOE: Nuclear Overhauser Effect

Alloc: Allyloxycarbonyl

NMP: N-methylpyrrolidone

TEMPO: 2,2,6,6-Tetramethylpiperidinyloxy

TC: Thiophen Carboxylate

Boc: tert-Butoxycarbonyl

Bn: Benzyl

Ms: Mesyl:

mCPBA: m-Chloroperoxybenzoic Acid

NIS: N-Iodosuccinimide

dppf: 1,1'-Bis(diphenylphosphino)ferrocene

DABAL-Me;s: (p-1,4-Diazabicyclo[2.2.2]octane-xN':#N*)(hexamethyl)dialuminium
COMU: 1-[(1-(Cyano-2-ethoxy-2-oxoethylideneaminooxy)dimethylaminomorpholino)]
uronium hexafluorophosphate

DIPEA: N,N-diisopropylethylamine

DBU: 1,8-Diazabicyclo[5.4.0]Jundec-7-ene

dba: Dibenzylideneacetone

Fmoc: 9-Fluorenylmethyloxycarbonyl

MNBA: 2-Methyl-6-nitrobenzoic Anhydride

DCC: Dicyclohexylcarbodiimide

DMAP: 4-Dimethylaminopyridine

PyBrop: Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate

PyAOP: (7-Azabenzotriazol-1-yloxy)trispyrrolidinophosphonium hexafluorophosphate
BOPCI: Bis(2-ox0-3-oxazolidinyl)phosphinic Chloride

T3P: Propylphosphonic Acid Anhydride

TLC: Thin-layer Chromatography

NMR: Nuclear Magnetic Resonance

IR: Infrared Spectroscopy
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1-1 EAE(AMR: Antimicrobial Resistance){Z-2V T

WYY G - B - AR -7 AL )O3 AME (AMR: Antimicrobial Resistance)
1%, FLESEOBE | FRS T I Lo TSRS HLD, BAFE, SEANMHE B O YL BT AR
W72 72> TERY , ZOFEF I TH 70 T ANAFEIZEH ED, I T WHO O
ABEIC AU, FERIMHE RS LA R &2 ISR > 72555121, 2050 4E12Z
DFEHE UL 1000 J7 N/AFTHIANL | FRARVE HIE 100 JKR LS FRIEND D, FFIZ
WERDEYHETRBER L THE A SN TERZ B-F7 X 2 FITH LTI, T OMHE(L 3%
A THY S FRMEE 6T o FTHHAIEA OB I LR THD (Table 1),

Table 1 RKEIZHITHEEMEEOFMEERBERLETELR?

it & HEBRBER(N) HEEFRTER(A)

MRSA 80,000 11,000

BEH T 4R 2 3R 1,200,000 7,000
ESBLE4HE 26,000 1,700

VRE 20,000 13,00
PIVINR R LT RS AR E 93,00 610
SHIWET R0 5— 7,300 500
SH|ITERIRE 6,700 440

1-2 MRSA BRI DWW T

AR FEANME B O THIEF LD < BEPNEG
FEDHTRAIC SRS TOD DA MRSA
(Methicillin-Resistant Staphylococcus aureus: #F Y
VRS T R ERER) IR DREGYIE ThD, AR
EORITHHZ IR b OO, HEORIEDE -

Magn Dt
0 20000xSE fs

wa.}—ﬂq 4
e 4

i i

TEWNVEYYEZFEIEL . 2 <I9S MUiE 2 ff Fig. 1 MRSA @iﬁﬁ?ﬁ%ﬁ
T DHIENMEL> TS (Fig. 1), (CDG image library &Y 1)
AFERGE TR A 2 1815 3 DEREEIC L~ C 2 IR KBS, RbEN CERS T 5=
F X % MRSA(Hospital Acquired-MRSA, HA-MRSA) & i H el
MRSA(Community Acquired-MRSA, CA-MRSA))3H 5 2, FrZRIE X EFE, %E
ITEEEE T IINCEEL 2L OMiR THESNAEDO N 72 5D TWE 3, Iz T
CA-MRSA % B-T7 8 LR FEHI LIS T D FEHNMHE B R F 2 LS <FF220 b D

D, HIMERERfEFEZE (Panton-Valentine Leucocidin: PVL)72E OJF RN F21-A 35



BRFEIRZY MRSA TRFRIE D720 M5 8 205D BEEE IC /0 BES L, VB TE SREF A
FHCHIET DM 3D D,

FIFEFTIEL, MRSA OF LWL T, FHi& RO EAMMEBE 425 T
SCCmec (staphylococcal cassette chromosome mec) type XI % £F-> 5% % B

MRSA (Livestock-associated MRSA, LA-MRSA) DM LER TS SN 722D Fah
DANMERESND ATREMED B 2 DALD, ARED 2017 FFOEEZIWNTIL, FEHIMmHE
F L DHRTERFE 18,877 ADIH 94%7H MRSA (ZEYL T 7= 9, LLFIZ CA-
MRSA & HA-MRSA O Lg% 779" 4 (Table 2),

Table 2 (R REIUTHBERE MRSAD L&Y

FRARREE (HA-MRSA) iR (CA-MRSA)
BRER I TE 2 AlREEM LD BESNHMRSA THORERANSS BESHHMRSA
HHEE TR (SCCmeclZ& 55 5) F(Ztype Il FIZtype IV
E—+ 3 I TAarESAOTSST-1 PVL*h
TATDIHFR A R, PHE. RE
REEDFRE FIcERE FICEEE. MR
REARGL E B FITRE . REDAREE
ERIRZM ZHImE HBHZDREREICREZYE
AR At RGBT

*PVL: Panton-Valentine Leukocidin & Bk iEE %

MRSA DJE LU TR ANIT— /3T 1960 FRICZ DO HBINH S S, KEIC
FBOTHH 30 FRNCHEGRS LTS, £ L THIIE, MRSA [ AGIZHEE L TH0,
LR 72— RO B A PR TUEE A E DE TR S AU, 77U RS A it &
BRI 2 EHBLL | EIREBIGICBWTE LR > TN D 59,
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1-3 MRSA DiiittEi#iE

AN OHUENE T 5 Penicillin 23R THEHSIND LT/ >72013 1940 4£T
HD, LInL72BEEDH BT Penicillin 20 fi#95 -704~—BEEATHIE
TliEAL L7z S. aureus SHIBLL . REZpfIEE/2 -7 7, Penicillin & T2 -7 74 A
FETA B O MIBE A A I Tl BE RS B - DR e - =L U U B 2
7 (Penicillin-Binding-Protein, PBP) &t & HZ LKV N T U AT F 4 —BIHHER
N AT VA A —BiER A ELIEIE 2R3, N AT FH4 —BIEM LT,
RTFREEEMD T FRROT I BE AW DMEAEH CTHY, N A7 Va5
—BIEMLIT, TV RS G 2 KRR 52 SRS U TR S D A T
%o B-TUHLIKD B-T7 KX LEE L PBP OIEMEENLICH DY PR FE L 22 /R A
TIEREIERT 5D, LINLIRAE MRSA (2R W CIEZOER MR ES L, ZOMtHE
{EBEREIL 2 DI RBIs LD,

i)B-F7F2~—VEAIZLD B-FI/FLEDRIE
MRSA IZBWT blaZ BIZFIZa—REND B-F78~—BlL, B-T7FLIEELNNK
IR HZE TN RIESED, B-T74~—BI3E R RN, BREADEEN
(pD . 73 F &%, AT WL FRFF IS E > TUL T OIS TE
(Table 3)®,

Table 3 B-5 V87— DIEHELH S

)R- 83—E

IFRAB-ZU5T—H Penicilin~DEZFREMEA T =D, R=VYF—EELEEND, EETHEIL, R=D
VoREBRUE, F2E070RRY V(LR T A, LI7I/OU R, E3HRET7
ARKRY VU BRUAINNARRLRRBERE DR TRIMEERT,
B4\ 81 Klebsiella pneumoniae B U Proteus vulgarisiZ ZDBEIEFELEBELITH->TH
Y. 7UEDIVICBRMMEETRT .

Y5XC B-5947—t BEAR#E . Pseudomonas aeruginosa MY 5 LEMHREMNELEL. E(TEI7RRKRYY
_____________________________________ R A Y e
952D B-594<—t RS . Pseudomonas aeruginosa EMYJ 5 LIEHRENELL, R=DUF—ED—
ETHS,
A20-B-5947— (EhB-5747—H)
932B B-2993—€ ASRALEPELLDRL, BISTDMEDAILNARRLRAEE /S=ARRL, AORRL)
(HILIRFT—E) 2L TH, PELEEEDMEETRT,

LAk, TSRAINME S . Bacteroides fragilis. Serratia marcescens. Klebsiella
pneumoniae. Escherichia coli 88075 LIEHE TRELH 5.
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ii ) PBP2’DFBLIZLES B -F/F LMD EE R BHEDIKT

mecA BAR T2 —RIN5 PBP OfUERESR TH D PBP2 N HIL . 2o
FRAR=I )R T = AR FEFN U TERAME DM 2D M BE 5 s rTREE 720
MHEALIE 2D, mecA BAGT1X. S RMEDIBIR T2 SCCmec EWFIRXIVD R
727 )BT AT R FICAFAET Do 20D SCCmec ATV &M S, aureus
(Methicillin-Susceptible S. aureus: MSSA)D EIRNIZ A ALK L . Yeta ik DNA (ZHF
ASHUMRSA 725 9,

YW MRSA (X TmecA BIETHFFD, B-T7X LRPUAEME I L LT BT RY
KB | ETERSIN TV, UL, T IAIRRINI VAR Y U7 EIZ L0 et i@ 7D
ERBLOBMERTOERREICLY, EOMOER 2 7238 ANT KL THIfit e A &L T
XT272b, B-TUX LR LS OPAEYE TH MRSA (ZHA|LL TH &b 0id b7
W, HLEE, FeAME O MRSA BIETRIIE (Fig. 2)LL TET7 /27 V2 RAD ABK
(Arbekacin), Z7Va~X7'FKAD VCM(Vancomycin)X°> TEIC (Teicoplanin), 44>/
VY /233 LZD (Linezolid), TZD (Torezolid), VAR~ 7"F K& DAP(Daptomycin)
D3RR 41 CEY, CLSI (Clinical and Laboratory Standards Institute)® EUCAST
(European Committee on Antimicrobial Susceptibility Testing)?D 2 FEFEIZ I3\ Tz
PEELYE (break point)23F% 1T HIL TS 10 (Table 4), LNLZRNE, BEIZE DA %S
LU CH M O HEBLAER S TOVD, B2 1L MRSA JRYYEIZE AR TS
VCM (2B L TlE, MIC D L5 T 2D MIC creeping 23BLHIS L TE TR, 2002
FIKEICB W TN a2 Ui E MRSA (VRSA)D B A S CTuvs 1,
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Fig. 2 BHEIDMRSARKSIEAREE

by

Tedizolid
o/\\N ji
(% N0 o
AL
N
H
Linezolid
®
H3N
HoQ s
N N\)LH/¥O
CONH, . Og_NH o ;
7 0 N HO,C HN
HO,C ..
0._0 HO NH

Daptomycin

Table 4 £FEHMMRSAZDS. aureus|=x}3 Sbreak point (CLSIEEUCAST M) L&)

MIC (ug/mL)
CLSI EUCAST

I R R

VCM = 4.8 =16 >2

TEIC = 16 =32 >2

LZD =4 - 28 >4

DAP =1 - - >1

ABK (GM) =4 8 =16 >1
TZD =0.5 - - >0.5

S: susceptible, I: intermediate, R: resistant
ABK®Mbreakpoint(X 52 & 537U 0D TGentamicin TH A,
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1-4 B-F72LRIH|: AnRK L (MEPM) ST &

—77C Penicillin DEFRIEHZTHEIZ B -7 75 1 Me/ﬁ;@s e a0
MiEatEOTF —T7 LU Thie 72 B -T2 L3 0 o7 ~oH ZDYN~Me
PNHRESHTET, NI T 7oKL F 7 "o

IR WGPV WONER) A= I N Fig. 3 Meropenem (MEPM)

BIEI, ARFFEITZE DT THA R L SRR AL HUE 3 Meropenem (MEPM)IZ
H 72, MEPM | ESBL (Extended Spectrum P-lactamase)’f: P& [ & & £p 35 £ 7 RV EK
L DRI, MERZE NG . UM 36 X OVRIE B R GUE |56 LT D 7R SRS A~
IINVERTLHNEIE THD, RFEFNIKN R T IO EE AL, ka2 -7
7B <—BIZIO GRS NIV R &R (Fig. 3), E-5RIEHEL CldME&. T
W AERA, SR JEI5 | RSO A2 EDHY | INA THEEZRREIEHEL T,
Clostridioides J&YXIE (Clostridioides difficile Infection: CDD) D3, f&t# . 77 ¢
TFHR L —RREDTLF —FER NG END,
LL72735 MRSA JEBEIZIWNTIE, DT T LR L DIRA YLK
HZEND, MEPM I ZDJRIRAI MU KD, — @A A THhHEB 2 HND,

1-5 #Hi=72A13KT 7= —F: Circumventor {Z-2V T
LA E DO BHFE LML O HEBLO E S ITEIVEET ZE DO TERWBHRIZHY | 7k D
HANC LD 7 7 a—F TR IR EECH D, £Z T MRSA ([ZfFEEN5 AMR O
RREZ R 3~ BUE, K JTE9ITHFZE DS R B S5 D 3 “Circumventor” Tébh A,
Circumventor &FAL . KZDO KA E LI THLWWGIAEME Da 7 LT
PR ORI Z B RIS L AR A R e T D P4 E | L LTz ”Eéz}’b“@ »
%10, F 7o IAN M B O M MRS 2 AR R & 95 2 & THEHAIFEMMED FEARIZ
B3 Hr et O B A M2 52 L3 CTED, BlAIE, KA ELIZE> TR
S417z Clavulanic acid'¥X> Naphthacemycin'¥, Cyslabdan'9/3 ABK 3L -7 74 A
3 Imipenem DM L ARTE M3 L O sRTEEZ R T(L AW EL THES LTV
(Fig. 4),

Clavulanic acid'® Naphthacemycin A;'4)
(B-Lactamase inhibitor) (against Imipenem-
resistant MRSA) OH

Cyslabdan®
(against Imipenem-
resistant MRSA)

Fig. 4 MRSAICH (7 B EIFEE & DHAMRERIILEY
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1-6 AIFE—F{EEHLL COMEMHKRARY

NFEDSREIR) 2 B DTSRI IO R T2 st < | AdoTi 500 FEOHEICES
WTT A= SRR OIR R E L THARDAZNRST D Emetine 2\ CTWZREERD S
%o 7217 HALDT— 1y BN T~ TV T DIREIEEL TR T DR
Quinine ZF|HL T\ e, ZNHOFNZIR W TIIEM A2 BEHEAERL TRIFEICHWT
U223, Florey 4=, Chain 513, Fleming 1575 1928 4123 RLI-HiEWE
Penicillin Z P EM) B P D HLEE RRIL | RS EL TR TED L0, &
512 Waksman 18 213 IR O BGIRE (255 B L. Streptomyces griseus 7>HH0HS
EAEH D&% Streptomycin 2% L. 4 H £ T FRIEIREL TE H S U T
%, ZO Streptomycin 72 E DIRIR AT, < DOHFFEHEECE I K I I E M E
TR RIFES — R E M DOERBEII R 2TV, TNETELDEI LA IHIEV LT
&7z 19,

ZOHTHRFEST NEFIEL T, 1979 4, ALBEAFZERT O KA HIZ > THARE
Streptomyces avermectinius 7>5HBES 172 Avermectin &% D5 E (K Ivermectin Th
%o AMEEMNIZH B DEERIED HI25F BRI CHLA L ARV AFERLY 7R T
A ZVTREDIRIFRIKE L TR IS, R 3 BAZ RH DGR TN D,
DTN B DORIRITAIFY — N b EWEL T ANEOEAHIZ S R DE
kA R LTET2 1,

BIE, ESNDEREKGOR) 60%1 KR BIOREMINGT 7—~a7 47 &4l
. FEL72b DO THY T D EENETFREFF720 19, AT, R = e
VT NVEBAEEEIVEIN TODREL T, TINNVAN—ZAD LR B D, KIKY)
(T NT AL E L TR, ~n s R O & A EI S IR FRRE T
HOLDD | BT a2 LG RSN HY  ZIUTRN S R EKRER A EIT LT
donor/acceptor [ZEDBFIMEN @MW EEE R T 5, 2L TEEIIRF=EL T, sp? &
FRu L E I, BREEICR IR T oM ER e EHE R R e TED,

IHIT, BRI W Tar BT N7 VG G OREE D AR IR A3 H0 |
BB 2 HIVTWZLL BICEHER DR ER ZARMEZ ROV ED A R &7 >
T&ETz, EBIZ, Ortholand SIFTALEY DT INNAR—=A ((LEWDYIE L E SR
NI WTHE G P RIRITIZ Lo TR S AL D SRR 22 [H]) A ELBRL7oRE R, 2ot
FRITABRICEDD EH T D7 IH N A= ZANFLE OB TVBEK S OA
T BT INNAR—=ADRRO T DIRZEF LN EDIRN DI L A —IRAGETED
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TITZFDZEHEMEIXZE T HIEERHLTND 19, ZOZENLHMAY IR
WEM AR UTZAI3E S — MU A ORR TS B O E BB I BV CEE
INEE EDDHEEZ HND,

1-7 MEPM [t SEARTE HEM B DER IR

EIRU72380 . MEPM X2 M- A EN RS- ERITHY, = p-F74~—F
(ZHCPIME 2 R T BT RHS N B DT D5 MEPM EOGEH 125 MRSA O FE A
P& TR 2R ORI A THHEE 2 DD, L TEDORZIFRITHAE
MHROKIRM LT HZ T BEEMIZ SR LA EONDEE 2 T,
ZDIH7eTE R OB & ALE REERAE GESMITATIC BT IR PEY X
Y MEPM [t SeARIE MM DRRTR A ) — =2 7 BT,

ARAT)—=27 55T MRSA @ B -7 7% L3RI DR CTH D PBP2' O
EWVEDORFREATIZEE BIIEL TR L= 0, B &L T PBP2FE B THS
MRSA KUB2750 #Z L, B-774 53T MEPM Z{E L7, MEPM &4
FERIFGH FIZB W COERAVIZFH I 23R8 T2 DX PBP2 2 fAE 524 T
MEPM A K DIEM:Z [FIE U7 el REVERS B\ ah | = X—= Ty AV R &S T
FaZEELT,

AJ)—=27 L1 T MRSA KUB2750 #RDHAFEIZ 528 % 5. 2 72\ FE D MEPM (1
ug/mL)% 5 H T HRKIEMEIES B EREHIC B W CTREFEITV MEPM & %
KEEHZ B W CRINICAEBLIE IR E KT 5 7 Va8 LT (Fig. 5),
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MRSA KUB2750%%
MHBIZ1B £ EHEHE

[37°CT24mRAtE R |

MHAIZ2%#HE&E

MEPM(+) MEPM(-)

(A) (B
]

Screeningi@:@Y > 7L

(fin. 1 pg/mL)

A 4 A 4

WEMBEERELAAF LT
R—/{—F 4 R4 %EL (10 pL/disk)

| 37°CT— ML

PRIEAZEZRIE

Fig. 5 AEMEEAN S5 DMEPMii R RFEMEDRERRI)—=V T Hik

FEHRE 2,865 BE, SRR 4,360 #EDFE 7,225 o N EAT)— =0 T UTfE R
(Table 5). PRI - A3E 550D 18210 BBES 7 RIAR B Fusarium falciforme FKI-
8363 # (Fig. 6)358 /)72 MEPM i swiRTG M E 2 AL E T A Z LB B L7 o
Too T CIEMEWE & BB < | FKI-8363 BRESEM DD OIEHEME O RS HA LI T
[RTHIETIT o7z,

Table 5 MEPMiH & R ARFHEMEBRRRI—=2T O#ER0

MEMERR HUTILE RY)—=2 5 BB
RERE HE 2,865 1
FRAREHRE 4,360 18

At 7,225 39

Fig. 6 Fusarium falciforme FKI-8363
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351072 FKI-8363 #RES M T BR &0, W5 STV 7Rl % 20
L 37z, 7B ZHEEL, EtOAc il 21T 72D HIZ EtOAc 8 L | EtOAc it
WMZE137=, BtOAc fliti#¥% ODS W7 L7 v~h7 77 4—IZ XD BEBERIIZ MeOH aq. T
A U7, IETEDSHERR S 4172 80% MeOH aq.@%%é%b:i/Uﬁ/f/l/ﬁﬁAim*%&“ 7

74 —CHHRLL . CHCI; -MeOH % 100:1 [ 53 (ZiE M A R CT& /=728 HPLC (2T
AT TR E L L T FKI-8363A % 5% 2.2 mg. FKI-8363B ¥/& % 234
mg HEEL7- (Scheme 1),

Fusarium falciforme FKI-8363 strain 100:1 fr. (1.0/8.0 g)
Inoculated 1 loop into GP medium HPLC
Incubated for 3 days at 27 °C, 210 rpm Pegasil ODS SP100 (20¢) X 250 mm)

Inoculated 5% into F36 medium

Wavelength: 21
Incubated for 13 days at 27 °C Cultured rice aveleng 0 nm

Flow rate: 7 mL/min

. 0, 1 o,
FKI-8363 strain cultured rice (10 kg) Solvent: 40% MeCN aq. with 0.1% TFA

Extracted with acetone (10 L x2) [R.: 65 min] FKI-8363 A (Fusarilactone A (2): 2.2 mg)
Eﬂ?ra’(lon ‘ Molecular weight: 322
ried up acetone in vacuo [Ry: 69-95 min] FKI-8363 B (Hymeglusin (1): 234 mg)

Molecul ight: 324
Aqueous solution (6 L) olecular welg

Extracted with EtOAc (6 L X 3)
Filtration
Dried up EtOAc in vacuo

EtOAc extract (144 g)

ODS column chromatography (55¢ X 170 mm)

Eluted with MeOH/H,0 system (1 L each) Hvmeglusin (1
(pass, 0%, 20%, 40%, 60%, 80%, 100% MeOH) B = A il

80% MeOH Fr. (25 g) /
Silicagel column chromatography (55¢ X 130 mm) -
Eluted with CHCIl;/MeOH system (1 L each)

(100:0, 100:1, 100:2, 100:5,10:1, 1:1, 0:100) A

''''' 2+ CHClg: MeOH=100: 1iﬁma|:|7 RISL=

Scheme 1 Fusarium falciforme FKI-8363 kIS M DB R A ¥ — L

FFONTIE MY E O FlitRR 7 — 2 L SCEIE 2122 & D EL I 1Y FKI-8363 B #/E ¥
LY A '8 % Hymeglusin (1)33 X 08 Fusarilactone A (2)&RE LT, HBEL7Zi{L&
Y19 MEPM M s IRTE M2 R — /N =T g AZVEICTDFHI L 72, Fo, BRI
FRIR 53 B MRSA KUB2750 R4 IV, BEEEL 76 & Mtsiti e Ye F oA T — o3
—F 4 A% MRSA OB B L 5.2 720 EE O MEPM (1 ug/mL) & &A1 %
FEREHB IO MEPM FE& AR RETHIICZE N ENE X, 37 °C T EZZ D

BRI ZRE LTz, WIER AL TIZART (Table 6),
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11X MEPM &4 % K55 EC 0.1 pg/disc THEMEZ/RL, MEPM JE& AL EEE L
T 10 50D MEPM (it Fe IRiE AR L7, 2 13X MEPM &4 2 KB T 10
ugl/disc TIEMEZRL, MEPM FE& A IRFE LT 3 50D MEPM (it 7 IRIEPEZ 7R~

L7,
Table 6 R—/S\—F 4 RVIZ KB 7EEFHE

Inhibition zone (mm)/6 mm disc

Hymeglusin (1) Fusarilactone A (2)
Hg/disc MEPM (+) MEPM (-) MEPM (+) MEPM (=)

30 25 19 15 11
10 23 17 11 -
3 20 - - -
1 17 - - E
0.3 11 - - -
0.1 9 - - -
0.03 - - - -

REE:EEES BMRSA KUB-27508 MEPM (+): 1 pg/mL
MEPM (-): None
—: No inhibition

1-8 MEIRAEFAINEEH 2 MEPM it 7e ARIE 1374l

KR 1 T2 125V T MRSA 92-1191 £, MRSA ATCC33591 £, MRSA KUB
2750 ¥k, MSSA KUBS851 #k% FV C MEPM 58 7% M 2 B AR A IR I C K0 AT
L7z (Table 7)., & D&%, Hymeglusin (1)} O Fusarilactone A(2)i%. MRSA 3 ££iZ
*LT 4 504 =D MEPM 587G M4 R~ LT, L L7eh 6, MSSA KUBS851 2k L

Table 7 Hymeglusin (1) & U'Fusarilactone A (2) ) MEPMifi 14 52 AR 5% 14 578

MIC (ug/mL)
MRSA 92-1191 MRSA ATCC33591 MRSA KUB2750 MSSA KUB851
MEPM (+) MEPM (-) MEPM (+)  MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-)
16 pg/mL 4 pg/mL 0.5 pg/mL 7.8x10° pg/mL
Compound
MEPM 64 16 2 0.063
" Hymeglusin (1) 05 2 02 2 025 T T 4
Fusarilactone A (2) 4 16 2 32 4 16 8 32
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Tt MEPM H5RTIEMEZ 7R UT=728 , PBP2' & BEfR72< S. aureus \Z5%F L C MEPM H5#
EHEEZAL TCWAZENb T,

1-9 PEFREFRRELZ 7z FIC index

OD%J FHIA 6 MIC/ZE#IAB YR MIC
FIC index = +
MRSA 92-1191 F&, MRSA ATCC33591 S ot IO HB A3 MIC

B —AHR—R{EIZLY 1 & MEPM @ FIC

(Fractional Inhibitory Concentration) index % Table 8 FIC index Dl &

e . s FIC index range HE

B L7, FIC index I3 HEANZ TS <05 HENE
MR TS 53 A 2 ThD (Fig. S o
7, Table 8), DR, B TOREKIZIB 2> EABE

T, MEPM |Zxf AR R AR LT
(Table 9), F£7=. FIC index I XH/IMEIZ W TREL 7=,

Table 9 Hymeglusin (1) MEPM® #f B %H &

MIC (ug/mL) i MEPM + Hymeglusin
Strain MEPM Hymeglusin BERREE (ug/mL)
: FIC index
B# L L i MEPM Hymeglusin
MRSA (92-1191 #§) 64 2 ; 16 0.13 <0.13
MRSA (ATCC33591 #) 16 2 i 4 0.25 0.38
MRSA (KUB2750 #k) 2 1 i 0.5 0.13 0.26

1-10 B-F27 b K 8RY) - Hymeglusin (1)& Fusarilactone A (2)
Hymeglusin (1) (5!]44:1233A, 1659,
L699)2)(Fig. 8)I%. 1987 44t BLAFFEFTIZ

5 J\)\/k/
-, a 8
HO~., X.Y7 X COH
0}

(0]
FBUWTHEHA Scoprariopsis sp. F-244 D% XY stereachemistry at G7
o NP é _ . . Hymeglusin (1) N (7R)
%{TQ EP J: D ﬁ%ﬁ j/lj:_ trans—ﬁ—77 }\/ o {l[‘ Fusarilactone A (2) :!1,:\,"'1,;_ not determined

(i A TeeR e ATV EL . BALIZ IR

Fig. 8 Hymeglusin (1) &Fusarilactone A (2)D{bL¥#&&
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VAR LT INVR TR/ T DRI THDH 2,

1T HBES O FLEOIRE AR B W TUAE TH LA B IR IZ BT 5 3-
Hydroxy-3- Methylglutaryl-CoA (HMG-CoA) synthase Pl E{E A A 95205, iF
HREIEDOH LR —NMEEMEL TSN TET, AT 11X Candida
albicans 73 E RO BRI U CTHUETE A R T ZENR B L/ TUND 2129
—J5C 1 OMERFIAL L TR HENT- 2 (Fig. 8)IE Qiu HIZE->T 2019 4EI2 1 L&BIT
B, B -7 7N BREBNLOFE R SLAREL E 36 L OVEPITE D HAE S TND 2, Kl
FIZBNWT 1 BIO 2 1%, PEOBEELRBIEY THLHEDOIRIEMHEEE
Pestalotiopsis theae \ZxF 3 2HUHTEM: (EDso, 1: 18.35 + 1.27 ug/mL, 2: 38.14 + 1.67
ug/mL)Z#H L T\ HEEHIZ RT-PCR 1£IZ& 5T P. theae ® HMG-CoA synthase
BHLEVEME A RS L CUD, 7R B BIEE T2 HMG-CoA synthase BLETE A A 45K
KT 1 BIR2 DA THD,

AR U CTE 725912 Hymeglusin (1)33 1 O Fusarilactone A (2)1%., #713 MEPM {Jf 3
ELTORT VAL, B-F7 R BREWVOA RS UL RIS BLR R WS
FF ORI T D, BIFEY—NMEEWAIRIZIT G R FEI KoM R ik a8k
DRIBNE N THHEZZLNDHD, 1 ORI OFHELTIX, B-F77 RN BRSO &
WS PEIZ LV H FTREZ2 A L AHERRICHIBR N o D, 22 TEHE L, AWFEDO BJEL
T, 1) DORAYR 1 BEO 2 OARF RGBS ORENLEZIUTTED 2 Ofsed N AR
WEOWRIE, i) AT & HBET-IZ B L 72 MEPM H587EME 2315 1 OFEREMEI
R EL XL E AR DfEL 2Tl L LT,
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2-1. Hymeglusin (1)33 X} Fusarilactone A (2)D ¥ & 5k

113%Z D 1987 FEDOHBENHBAEETIZ 6 MOBE PR E ST TND 2630, ZD 6
WITOT B B OB IC CTaA A EMRL TRY AERALE W~ - B 72
BRI N LN LD THD, H AR THRE T 28 50HE L TR

i) CTNDARFHLORELION, i )SMAARIRZR trans- B 7&%/%@%’%(&;
%o LA FIZEND DR E B R IR A2 7R T,

Chang HIZEAFDLAR (1989 4E)2
Hymeglusin (DD IO AL 1989 £EIZ Chang HIZE > TEM S 29, ARG HL
REEOFELTIE, HIFEEEO(R)-(+)-Pulegone DR IR FEF T4 1 0 7 (AR5

RFBIFET-ELTHAL TS, 72, WHTENER B-T 7 b BRORESIZEIL i
Evans aldol S IZE > TR A GG LT B-ER ¥ /ﬁll/t]‘/ﬁka)f/.ﬂﬂj}im
S>TEHEL TS (Scheme 1),

0 o
)LJJ\/\

- Steps m/\/\/k>< /_—2/ - Steps
Evans aldol reaction

R-(+)-Pulegone

r\)\/COQI Bu

0OSO,Ph Ssteps
TBDPSO’ HO’ X COH
TBDPSO.
Cycllzatlon

Hymeglusin (1

Longest linear 27 steps
Scheme 1 Chang5 IZ & $Hymeglusin (1)D2&RL2)
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Kocienski, Pons HIZE52A 8 (1998 4)?

Kocienski, Pons 5 Hymeglusin (1)D4 5 AR IS 2003, $#5E LT (i) Pfaltz’s
semicorrin Z RNFAREEE L7214 32501285 SAREI R CT MLAT IV IEORESE

(il) Cu (Dfi % - =3 — DR = VA A D J1 5 7V T RS, (i) AR
Al iz iV z TMS 77 27 0T R D2+ 21 B AL NG 1B S AR IR
H72 B-F 7 b BROWEGED 3 A RFEE LT IE ThHS (Scheme 2),

Me;Si N., .N

CuLieLil — oTBS
9 Pfaltz’s semicorrin

TBSO/\/\) 4 steps

Z OB 1eso~~ oo MM e N _coet —>
e

Ethyl butynoate Asymmetric 1,4-reduction
I
BusSn X Ot-Bu 2 steps

TBSO\/\/\)\)\/I Cu-TC > TBSO\/\/\)\)VK/COZFBU ——

—_—

Cu(l)-mediated coupling

Ph,  Ph
S o
il
N CO,, TBAF

Me H”~TMS TMS A COBU T
OW\)\)Vg/COg—Bu o Carboxylation

Ar0,8~ N Al N ~SOLAr
1

Asymmetric 0
v o 0] dr.=3:1
[2+2]cycloaddition
X COLt-Bu Hymeglusin (1)
HO X COst-Bu —> )
Borane reduction Deprotection Lor;gzessttelFl)r;ear

Scheme 2 Kocienski, Pons5 Ic & Hymeglusin (1)D2 &2

Fio, AL R OBLIR O S EL L, B-T7 b BR a-fiLDER mﬂF/)‘?‘/l/ﬁQ%J\
DL HELT TMS EAFIHL TWB I TH D, Kocienski, Pons HIX M4 H] DRI
VT TMS 2% TBAF-3H,0 TS 5281280, AV LT /LT ERED aldol ;im:
o THEH#EMIZERBX U AT VILOEAE R TND, LNLERDL, RLVAT LT
R&D aldol SUSNMTHEIT U772 | ZOFRRR EL T COy A% WAL RF
L= a R TR BEZE AL, i< BH;» THF complex (282577 /LR
BRIN72E T Lo TEBEFIZER B U AT )L A LEWTUVS (Scheme 3),
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HCHO gas
AN COzt-Bu TBAF-3H,0 x_CO,t-Bu

Desilylation mediated
aldol reaction

C

0,
TBAFSH,0  HO A COtBU
™S A COpBy — "% o M 2
O
O

Desilylation mediated

carboxylation
DCM: TFA=4:3 )
BH3*THF complex HO—~., A COtBU ——0—————————— 3 Hymeglusin (1)
—_— 53%
42% (2 steps) 0]

(0]

Scheme 3 /\f ROF Y XA FILEDEBAICE TR

Tilbrook HIZEHEFHL (1999 £4)®

Tilbrook HI1Z LA AR 291%, (R)-Roche ester DR RFEFHF% 1 D CT LK
FIRA-EU, BRI ARRFBEREZMEL TOD, 1O B AR RIS O 4% %
X Still Iy 7V ICE s TS T 5— 77T, SRR IREY 7 B-7 27 M BR OGS

Z DOHIBRMRZ S FIE MR =R R & L7z (w-allyl) tricarbonyliron lactone complex
TR e < B LRSS R IZ Lo THEEE 3 DI & &> TV D (Scheme 4),

S

3 steps \/\/\MgBr 5 steps
MeO OH Ts O\/'\/OTHP > X OTHP TBDPSO’\=/\/\/'\/OTHP
o] -

(S)-Roche ester

MeGSnJ\/COZCHPhZ

4 steps
> HO’\M' - HO’\:/\/\)\/R/&/COZCHPM >
Still coupling Sharpless asymmetric
Epoxydation
2 steps
HO’\W/\/\/k/k/k/COZCHPhQ e f\w/\/\/'\)\)\,COZCHPhZ
—_— ) )
[e) [0) (m-allyl)tricarbonyliron lactone

complex formation

4 steps
(OC)aF

=, X CO,CHPh, —> Hymeglusin (1)
_— )
WCOZCH%Z Longest linear

Oxidative decomplexation O 22 steps
(r-allyl)tricarbonyliron lactone complex

Scheme 4 Tilbrook 5 IZ & % Hymeglusin (1) D2 & /K28
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Uskokovic HIZEDEARR (1993 4E)»)

IR U7z A R LAAMZE Uskokovic Hid, 1 OF 5 T ATV RFEEFIFHL T
VAR IRF T T AT VAR [2,3]-3 7~ b —Haf L | Z TR T DA Rk
HAZ I TREMEERL TD 2, CT AT VIO R F RISy 7 a~
XA ) — A B FRIE L T UL T L~ BN TR 2,0 L LT, AR ES
B2 n-BuLi Z/EHSH72[2,3]-3 7 v bt —#af7 2> T 2 AR F IR B AMEELL T
W% (Scheme 4), D% . 9BBN % 7= 7 AT LA BRI e Rk 2 L0 R
Fr—IL LB Heck MMMZ LDV T SR OREFL AR T 1 2B AL,

MeOZHZC 8 steps TBSO\)I\/Cl TBSO 7880
O & oA T O N
0 o —> HO“‘ (@)
OH

[2,3]-sigmatropic
Cyclohexanol Allyl ether rearrangement

TBSO\_ TBSO\_ TBSO\_
9BBN : : :
e H x|
Diast lecti —_— =
lastereoselective
OH OH 0._0 OH OH
hydroboration x 0
\=>:o TBSO
= /I' i |
tBuO ('Y\/\/k/K/K/COﬂ'BU HO—%, 2 A A AN COtBU
—_—— —_— o
Heck reaction OH OH (o] Hymeglusin (1)

Scheme 5 Uskokovic5 IT & ZHymeglusin (1)D £ &RL2Y

ZOINT BB L2 A BN, W I DORIES REER B -T7 M B 6 AR B
ICRBW TR 2 CHBL T

ZITEEIL ZNOOHREA % OFFERAIRAZ BN E X T, DRINSHERD G K
ZRIREE T AU AR 26 iR AL 2 L7 (Scheme 6),

T2 11X, ZORIEEEAE 2 LU, LTI KB RIS L > THETES
bDELT, —F7T. 2 DIARRZFHOMEUEAL TUTRAWD C8-9 MDA
E THHZEND Julia-Kocienski 17V ZNZE - THZETEDHHDEL, B-T78h 7
FI AN 3EPT- AN TTT A 4 BB EE LTz, 2L TOESEMER 3 O
FLZBIL Tl Nelson HIZ& > THA S 4172 TMS quinidine 5 2 RS L7 7R
BINA 722+ 21BR LA INBUG 22X > THESE T 5 — 5 T 4 DERIT LR
FRlC R LIy = O AL L C B =3 — UK 839t = LRt —h 9 245
KR-EA TV 7NN T ZETHELNLbDELTZ,
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AR R DOFELPRERAY72 M E LTI, BOSHED RN B -7 M BRAFAE FIZHRVT, WD
MU T Julia-Kocienski 77V 7% 5B LB REFSEHAATONNTH D, B HEHRIZ
TS NDZ e — /72 B —3&1\:/5%7&%&)757‘%:/FL:%ﬂifﬁh‘@kﬁ:a:(ﬁ
ST, RN IR BB OMENTEHLOLLT, UL FICAR ARz 58T
FTICE ST A RO B E R~

Chemoselective
hydi ti 9
HO—", SAN_CO,H ydrogenation HO= ., N A _CO,H
o) , 0 8
0 Hymeglusin (1) o] Fusarilactone A (2)

(tentative stereochemistry at C7 shown)

Julia-Kocienski coupling

i °h Q.0
R=TMS : /J/_—_I/\/\ 'NYS\)\/k/k/COZt-BU
' )
) '

e e 4

Asymmetric formal Suzuki-Miyaura coupling
[2 +2] cycloaddition

Me)LCI + Ox o TBDPSO\*/K/ + PinBJ%/Cozt-Bu

6 7 833)

Scheme 6 Hymeglusin (1) &Fusarilactone A (2) D% & X
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2-2. B-FIDTIFGT A 3DERK

B -F7 b BREBEDHHAMRE

3 DERUIDOWT, trans- B-T 70 OHEELEITIER LT 1 DA R EIZ IV TH
WO TETEFEDEIZIBIN TV,

FTROBIETFE M B-eF XU VAR RO BRAUIGIC L > THEEE T 5 F 1k 204
BRI 572 cis- B -T 7 b 22+ 21 BRALAMINEUS IS L > TE AL . S#PE(LIC
FoTrans- B-7 78 LT DFE D, EFEMERTARF U2 - (rallyl)
tricarbonyliron lactone complex DJE AT HKE< R LAIMSE AL I LD FIETHD,
B-Z77/ N BREMEELT D TRRBUT, B LR L TR E O 0NE TR DZZ Th
Do LMULZRING, 2 21BR BN Lo T trans- B -TF 7 b —ZFI 2G5 T 5HH
IR D72 FE A RSL OB L,

ZDIH7RAFDOF 2012 4T Peter HIZL > T

5172 Salen-Al complex (Fig.1)% VM Z[2+2]

BRALAES BOUG 90, BB IR ET LT ER DG

FRIEED @ trans- B -7 7N % BRIFIRINERTH-

Br —N® @N
2BV IR N FIETH S, Q /_\
ARKPIEITIEE 7 IR IR A ERH S22 TAEL
1T AR L, L 7o 7 IR T =4 L Rk
KBS HILILE>Ta- 7' )T — AT D, 20 a-7 BT )T — MR D
TIVTERERIGT HIET trans-B-7 7 % 525,
7e8 . AR HEIT T DEROER IR BEIL Salen-Al complex D Al Jii -, BV =17 A
WENTIUCT VT ERE -7 0E T /T —ENL T DALED 472D Path A BEW
Path B 2MEPESINL TS (Fig. 2),

Fig. 1 Salen-Al complex

28



. S)
Path A: Me Me

1 &
R e N= o N=
B B
Me Me \ 0
(0]
Path B: R‘s R2
®[§,R2 -~
2
29 % R
= R
< o
[J B N/ Br-

II
a
o 3

/Meja\o\\R1 I ’Mé\o =

R Br R! H

Fig. 2 Salen-Al Comp.% L /=[2+2]F8{b {1 N 5 it D BFEIREE 39)

T T B-FI7PBROEGUZB T D0 HIRETE LT Salen-Al complex % FHV - Fi4
X TERERI T, LU RG, BRID trans- B -7 78 1% 7% AR ZR O Bt
(ZREED, fRIBE D ZE R~ DR EMEIC I B A RFEF L2 -T2 (Scheme 7).

_N‘A(N_
o” o
8°

8>
ve O =N® ®j\l N\
Ph‘s'i’\)LBr <\:/) Q

ph.Me'
gl
me’ Salen-Al comp. Me ! N HO—".
Acid Bromide Me b6 - /];M
+ Enantioselective o Tamaq&F:gming e o
. oxidation
OM [2+2] cyclocondensation B-Lactone Fragment
up to 7%
Aldehyde 6 irreproducible

Scheme 7 B-Lactone 7 59 X > MR O¥HARE
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TMS quinidine 5 (245 B -F7 b DR

FI T, WIeH 7T 7 a—F LT Nelson HIZE> TGS a7 ART
&% quinidine 78R L AN A S U 72BN 2+ 21 BRI S 2% 5 2T, ARBCG
DAR=ALEL TR, B/ A NI EHSELZ LTIV ECT T ATk,
quinidine D 3 ML T IV HREHBEL X TV Iex )T — N AEIED, TWZT VT
ERD Li 2 Lok 78 6 BEREBIRBZ D2 LT, XTIV cis- B-F7 b a B Rk
T HZEINTES (Scheme 8),

Li

9 o LiCIO
\N
O Base l.l @] &1 @]
R o ol = ..9 ®
R H RH,N RH,N
R = TMS quinidine 5
NR+Li® 7
¢} T <0 _Li-O, O-Li-Q,
R
R R RN%2 H RN%Z H

Scheme 8 TMS quinidine 5 WA EFER[2+ 21 FB{L MRS

UL ARFRZ 1 BLO 2 IZEH T 5121, B-T7MER a LD SR BRI BEIL
T, RERWD trans DT ~ERVALZ S DM NH DM, H A VEH S 7= Bk
IFEE D fFEEPMRIGRIZEEFD, Fio, BIOARIELLTX B-F7h 1T
aldol DM AT+ 5L BALEHILD AR EZRET 55012 o M EHIEEN
HAZI, trans DAL FOMBENR G ThbH 39, ZZTEHLIL. TMS qu1n1d1ne 5
XS TBNUICARFHRLERTDH B -7 AL, %12 afii% aldol [KtaZ
TERMbETHZEEL,
Acetyl chloride (6)E7 /LT ER TIZKIL 5 Z/ERSEAZETRIFZDEAMEIZTS
TR0 BT, T B OWREIL, B ALTZ 10 DT B REL, 7
JV HPLC ([ZEDRHTICE > TR ELTZ, £LT 10 DTF VA LT 4 2T o3RI
Ko TTNTeR~ELEE, B-F7h 7T 7 Ak 3EL72 (Scheme 9),
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OV\/\

o TMS Quinidine 5 =
J LiClO,, DIPEA o3 DCM, -78 °C o
Me” “CI
DCM, Et,0, -78 °C

;PPhg, rt.
6 66% 37%

91%ee

Enantioselective
[2+2] Cyclocondensation

Ox~x
j\ A|C|3,A,Lzeshgs: 7D|PEA Jr—y’{\& Chiral HPLC conditions
Me” ~Cl > 0 «Chiralpak IA (4.6x250 mm, DAICEL Chem. Ind., Itd.)
o omemo O | AR
oo

Scheme 9 B-Lactone 759XV  3DER &N FHEDIER

2-3. PT-RVRV 757 A b 4 DA

*J'i’(‘\ 7JV7°U:/7°/\°—I\7L—-T“Z%>%6 PT-AVIR 7T 7 AN 4 DA RIZEAL T
AR DM S RIS LT3 THA P DR A g L U T A R IS 2 ST LT
(Scheme 10), IZLOHIZ Ley HO#E DITEST, AFFLEATLHE=/19—IR 8
EIRELT I — VD 2 TRAICCEW-E = bhrr—h 9 LOWA-EilihyT
Vo TN E o THAR D = R LT, 2 LU CARRS D% L% TBAF ICTITH924T
TBDPS JZFREL, BT Va—Eliz, HONTHE kT L a— L E RIC
1-Phenyl-5-mercaptotetrazole & D NIESJGIZES>TALT 4R 13 LU, BV T T Ml
2 FHU N Trost FRILIC > TRILR ~LEX 4 DEREFZ T L,

Ph
PinBJ\,Cng-Bu '
9

N _sH
N

Pd(dppf)Cl,*DCM N-N

Ba(OH);*8H,0 oPh 1§>EAD Ph MO7(NH¢|)6824.4HZO

Sl > \ \/k/k)\/ 3 z2
TBDPso\/'\/K/l T HOMCOZFBU — N‘Nh’s sAvcorm 2,

TBAF, rt.,, 70% THF,0°C N-N EtOH,0°Ctort. gram scale

Py . 1" 90% 13 93%

8%3) Suzuki-Miyaura coupling

5 steps from (R)-Roche ester

Scheme 10 PT-RILIRY 759XV k 4DERK

31



2-4. Julia-Kocienski b~ 7V 7 D fI ARt

BA5LTZ B-F7b 7T AN 3L PT-AVIR 7577 Ak 4 2T Julia-
Kocienski 717V 7285 2 DIEARIRBFOWEIEZRA AT, BRIO YTV
R 1% (E:Z = 11D HARICERZ2 DAL NS DD | ARSI IEE O 5y i 28305
DRERLIp T2, 2T ARSI B A R LT B =0 DOKIEIRIC L > TIT
& B-TFGIRBEDNKS RS- B -ERaXL HLAR BN ESN -2 s, o
Vo 7 BOGDIRIER D JERIE B -F 7 M ANED SOSTED i@ SITHE R 92 RIS T
%HEFEX LT (Scheme 11),

FITB-TIb afLiZHEUOE I FELE AL/ 2T Julia-Kocienski 77~
V> 7 EATHTETNARBEE DY R L > TRIBIG ZH LR O M) EE2 AL
77

PT-Sulfone Fragment 4
):MO KHMDS Jr_'/\/\/'\)\)\/cozr-su < OMCOyBu)
o >

THF, -78 °C o) 14 OH OH  side product
o 1% (E:Z=1:1) 11% (E:Z=1:1)

B-Lactone Fragment 3 Julia-Kocienski coupling quenched with AcOH quenched with sat. aq. NH,CI

Scheme 11 Julia-Kocienski 1y 7V ¥ ¥ QAR

2-5. B-F7b o EREEAL DR

IXUOIZ B-T7b a DB REFAGIZERL T, R EFRIBEDOER 133 AF /L FL45 AT
(RO A% Ir7= (Table 1), JtiZuk 7= Kocienski, Pons 50 1 D4E L IR0
TI&, HCHO %R E 1AL L THV = aldol K iZBWCiE A iIEsn ., Co,
AWV EF UL —ar OB BETULIZERE L TVD, EEHEORFHIE W T
[FARICHYE L L C 10 2 V= aldol SGE H B98I ¢& 9, £72 HCHO i A
L LT 1H-Benzotriazole methanol % FHV /= R I 2BV TH JFUEND 5 iR 281 95 D 7
DOfEFE/2~>7= (Bntryl,2), £Z CeRuF U AT VIZEM{AL L T BOMCI X°
MOMCI 72 EFfi 2 7 )V X )V NTARZ R E T H ELTRETZ AT/ o 720 Zhbb
DI RZEANH T D LIT TEIRD o7 (Entry 3, 4), LU0, ZIVHRRTO o
— B-TIb a LD BERERALNHEITLI=D 7 TMSCI 2K E AL L= R THY, H
HID B-F7b 15 ZIR 66%., H— DV T AT LA~ —IZTHDHZENTET, 72
B ZOEMEIZBWT B-F7h DNAREFIT 'THNMR (2 C o, AL B DAy
TV ERETER T HZENTLY, trans DR FETHHZEETERL TWD, —fi%
\ZB-F7b B a, BT R DIy TV T TERIT cis KT 6.5 Hz &2 2D,
trans KT 4-45Hz 52 ENHBNTND 39, 15 D -FI R B afLD BT
TEMBIL. 40 Hz THDHT=0 . trans (K THHEHWLT=,
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Table 1 B-lactone afi B HEEAL DIRET

);M LHMDS, Electrophiles
o THF, 78 °C

ﬁh J=4.0Hz [Jirans= 4-4.5 Hz.
Jeis=6.5 Hz.

2
O
/é

o 10 Table °© 15 R= ggi? H
MOM
T™S
Entry Electrophile Results

1 formaldehyde (THF solution) Decomp.

2 1 H-Benzotriazole-1-methanol'® s

3 BOMCI z

4 MOMCI u

5 TMSCI 66% (Single diastereomer)

2-6. PrERMEIZL D Julia-Kocienski 17V

SeDFRIEIZHIY . B -Lactone Fragment 16 Z 1A% L | Julia-Kocienski 7> 7"V 7 D
AT o702 (Table 2), JelZ GBIz o -TMS B -F7b 15 1IZXLAY 43 fifIc K-> T
B -Lactone 777 Ak 16 L7z, L THUFFL7Z 16 Z T Julia-Kocienski 7>~
Vo il oo 24 TARUBVIE O i3 imd S i, Iy 7 Vo716 17 IR
86%¢& B -Lactone 777 A3 D 11%EHEL CTRIEICA EL7z, LinL7ehinh,
B E BN FURITIZESL T Z KL D 1:1 O BER RS W 5-2 DG RE
ASoYalt

ZZT EBBRBNC TV T IREZ TGS L IINAL I, SOSIREEZRE DSt
ZRRETL T ZEE LT, Entry 2 (23BN TIE-85 °C HKIRAL TO G Z ik A i=E 2
A NEROIE TR ALNTZL DD EZ LEMEN RS BT 555 R/ o7z (E:Z=
3:2), — )7 C. W R OMFEL L T DME XU DMF 285 L7228, Wb 2N
NEME LU, EZ b BIX Ron/pinotz, T L CRZRDETEL T LI i Al L
T HMPA ZIRIMNLT-RICEBWTIIE N L EBED B ) OBUFIZHE £
728 EZ b 7:2 EIRIRPED M) L3285 5870572 (Bntry 5), 7238, ARIZHBITHIE
DHRDIFEREL TIX, AR FT—RT =4 DA77 Li' 5 HMPA (2L - Tl
INT=ZETHU 7= naked anion D SMEDS B W TZDIZ B -T 7 b BrED RIS DM
LB TVD,
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FOHEISRHINROM ERB IO E EIRMEO M B2 K iz <2 i
T HMPA OfiKFIEL T4 AMS ZIRIN3DLTZEZ A, 42%(E:Z=14:1)E FFEFE DIX
BT E BRI 17 2 5-255M8:% R HLI- (Entry 6),

Table 2 Julia-Kocienskih v 7'V ¥ 7 0i&§t

PT-Sulfone Fragment 4

™S, LHMDS
J/___(\/\ 0Og, DCM, =78 °C TMSJ;MO Table TMSMCOzI-Bu
—_— >
o
o ;PPhg, r.t. o Julia-Kocienski o 17

quant. o coupling o

15 B-Lactone Fragment 16
Entry Additive Temp. Solv. Results

1 None -78 °C THF 86% (E:Z=1:1)
2 None -85 °C THF 75% (E:Z=3:2)
3* None -58 °C DME 12% (E:Z=1:1)
4x None —60 °C DMF 22% (E:Z=1:1)
5 HMPA -85 °C THF 6% (E:Z=7:2)
6 HMPA, 4AMS -85°C THF 42% (E:Z=14:1)

*DME., DMFO @ & [ZZFhFh—-58°C, —61°C

2-7. Julia-Kocienski v 7V I BIFHRBINEDE £

—#%\Z Julia-Kocienski 1> 7'V 7%, E AL 7 @R H B Z 52 5 FikEL
TRRENSIUTNDM, 16 & 4 Z VT RIZEB W T, BRI LONRIRMEIC T
T TV T REAGLEAE AT 2o TER -T2, ZOFEICOWTERTAD
ZRLEFER T FDEHNNCEELT S (Scheme 11)%),

—f&\Z Julia-Kocienski 7> 7"V D E/Z BIRVEZR R TE T DB RGO A =
AXLDHT 2 HTdrD, 1 D BITZANVRFT =BT VT ERIREEATINL syn/anti 10
a2 0H MK X, X E2 DBIX, £DHRT 2=V T I — /U LT LAk R
DEIMLTZAE R Y)Y ThD, 5 ORISFREEIZB N TIX, AVART—hDT VT
RADAFINEAR T THY , felkin-ahn 7 /WA TRt BH AT REZR AT N O IR 12T
synfanti (SEIMERAERCL | E/Z BRVEDIEBLT D, LLRDID, NPT YNV AL
R EE L CTHWESEAIE, 7700 =T )V E D& R T A4 A e A& s
MF25E, TVTER OIS AW EINZ72Y | E/Z IR Z R ETHDIE, Y, Y &7
%o 20D E/Z W BMERE 52 DH R Y, YIZBW T, EAL 740252 5 K
Z DF N 2R IR =R —DME, £ D728, Curtin-Hammett HIJO#L 5
MH FRUK Y, Y OABSRICR ST AL E F V7 4N RHZE TRIPED IS
BT 5,
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ARATN=A L% VIZE AL, E/Z @BRMEE 25816 DT /VTER a filFAFL T
HY | AT — ORI T D syn/anti S RPEIIFEBLL 2o T2E8 2615,
— 75T HMPA D572 F A i R A IINL 72355128V C E B IRV BLL -
HOD  FE D RZ B T=Z 05, naked anion O S D 5 SR B2 5
L7eboEF b,

o 0 o ° N
Yz L 0, %L P 9° :
=N \/\Rz N—NXS . . N R\/\R2 1 R
S0,PT N- = R1Q 50 R A
2 N 07N 2 3
] R }29’@ 0" %0
Ph H R Z-olefin
- N syn-adduct X v H
™S, 5 z
| - R2
/l;(v =R ° N oPT
& ° R1\/'\ N Ph-N"N R Rl
16 R2_>|11X] XN R2 —» NOR2
$0,PT N 0 R1 O_SHO, o’é~‘o E-olefin
Rz A COtBu e S
’77 anti-adduct X’ Y’ R H
4 L z _
|\ J

Scheme 12 Julia-Kocienskihy 7YY T DA HA=X r

2-8. EVIAKICHED aldol RIS DHEEE

I TR EERIMEICTERE L=y 7V 7R 17 128 LT U RIS RED

aldol <)l ’otoft1<‘r:fﬂev%%vﬁmﬁl%@?ﬁ“é:&&f: (Table 3),

FeR U7 & 8 Kocienski SO 12X, HCHO H A% AW= i U LABIZEES

aldol &1 B IR ELNRNWEDFEH R H D 27, AHEITB O TUTZ 0 BRR 72

AT TRV EFIIEDORKZ 2 HBLELTND,

1 DHIZ, & /~—® HCHO 2’ AW/ ET DM ED KB LOISREIZL>TH

TR~ — (b, RIEEL T2 THY, 2 D HIL, TRICFET KDY

IEIZESTEUTZ B-FVR R a DT =F L ZRIEEIZ 7 a b ALL TWD T2 el

Ez21,

FITHRNEZERIKIZL, BIVLT VT ERORI~—{bLa il 352 EmTEn

IARSISIFEIT T HEE 2 LU N OMF%{T>72 (Table 3),

£ /~—@ HCHO (Z2oW L, RTHRVAT VT R & )~ —{L&H 7= THF Rk %

T HZEL LT, AR OTHEREIX, TRV LT VT ERERN 7 VAT 2Z 2L

RUTRIEKY) O THE VIR E INEGREE T 52 L12d» T, R ~—% RS Y £ /~—

&L72 HCHO WA 155 FIEN G TND,

— 5T B UALEITO F-0OY—RAELU TH S5 TBAF @ THF I§#kI%, F -3

BRI K FARE A T BIR T LI DI TR MKILE S LZ ENEEL Y,

ZZ TR ST T F %2435 <<, Lawrynowicz 5D 3928525 TBAF+3H,0 %
INEAGASTF E B LK E R B3 52 & TR /KD TBAF % W TG &7l A
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T2 LIRSS BHDERuF AT UK 18 1 THFT 52 LR, E &I
UK 14 2 52 5D HDFEF LT (Entry 1),
W27 7 r—JF LT Dimagno 51245 TBACN & Hexafluorobenzene MDA 74>
x?ﬁ 2% TBAF Ol 023 B 7ot L IRBI R D 18 I3 TEDH DD, 2%
BOTH 14 MBI T DR R L2572 (Bntry 2),
%0911410)%5/2&7( X, HMES 1¢TZJ>O4H£7J<’C.:H§<T £7%2 TASF @ THF 1A% |7
BRICRFIEAT S 7203, JeOMFTEERRIC 18 DEFFIZIZE D) >7= (Entry 3),
J:ﬁ@i‘ﬂ‘aﬂﬂkb HED 18 NELNT, HEE/)/MM%E?E?E)@ I, INEGR R LTl
BLI=T /~— DRIV LT VT ERIEIEOR) ~—{L SR T2 812z,
BRI EE THLHZ LMD HCICARTFLL TWDZENE 2 BT,
ZITINLDREREMEZ &/~ —0 HCHO B39 5K7/007 7 a—F &kt
THZEELT,
£/~ —0 HCHO %3 2Ik722%7 7 m—F L LT, Marsais bOWE LT 1H-
Benzotriazole-1-methanol % F\ 7= 45 40235 H L7= (Entry 4),
ARTFE1L, 1H-Benzotriazole-1-methanol (Z¥E A EHIEAZET BT /v a—
WD T B A ST HCHO DA Z R TITHIZLNTED, Aim LTl E
BREEL T CTHHZ DO TFIEICE ST, A REZFSRIC R IR TR aX U AF
JVEEZB AL TS,
FZTARZRICH WA F%A TBACN & Hexafluorobenzene 75 L 72 fii7k TBAF
IZRREL ., B VAL Z — 2 ATV RO RIS E R AT L2 A BAHDEREF U AT
Mﬂ: 18 % 30% DU ZRIZ TG T HIENTE, LInLRAD, AERkLIZ 18 1L~ A1
— kLT cis- B -T2V b G F(trans:cis = 5:1). N2 T Julia-Kocienski 777
/ﬁ THEEL AL 7 0 OB BN & T 4 FEA D FMER D5 BE R EE 2R A
LTRSS,
if:\ aldol SUGDULRIZ, ZDEDIINFA FUSIREEZRE O SRFRFHIIB VT
(ZIXESLR Do T, ZOJRREL T, RISBARERL D TLC IZXHE=2V 7 Tl
o LTI/ e BRIAS BRI O BURIZ IO L COEE 2 A28 b L e
aldol S HMICH E TWDHEHEZREI T,
ZZ T A OB L FIEE N E DL ZEEWIRL, HONUDERTF U AT L
%38 A7z B -Lactone 777 A MZ T Julia-Kocienski 77> 7V 7 & fatd 5280
7
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Table 3 Bt VI {LIcf# S aldol RIS D i&ET

HO ™", S XX COtBu ; oH !
: r :
o 18 H N H
o : N :
™S, N SIS CO,tBu Table : @N’ :
fo) 17 THF, -78 °C : he viazol :
! 1-H-Benzotriazole !
° (E:Z=14:1) Desilylation mediated X X XAC0tBU 1y ethanol
aldol reaction o) Veneccucsssscasnanaanas
14

o

Entry HCHO source F-Source Result
1 HCHO THFi&i& TBAF-3H,0 14 (100%)
. TBACN,
2 Hexafluorobenzene Trace amount of 18, 14 (98%)
3 " TASF 14 (100%)
4 1H-Benzotriazole-1- TBACN, 18 (30%, trans: cis = 5:1)

methanol Hexafluorobenzene

2-9. Fusarilactone A QDR EEA R
PR UT- BRI L 21> C L 15 2 TBACN & Hexafluorobenzene (22> TR L 7= ik
TBAF-THF /&% O CALEEL . 1H-Benzotriazole-1-methanol Z{EH S ®7-L24, ATH
DEREF T AT AR 19 ZHAER D NMR 2T cis- B-F7b EDIREMELT
BT HZENHKT, LU b RRIGSZE ST TMS EOBRESIZ 10 HE]
WS, £7219 1F cis B-T7 M BRUORIEDFKE L D3 BEL N EE CTh o7 2805,
va—bMIZ L a5 7 40— TR BNTHERL WOEHIZHWDLZEELT
(Scheme 13),
ERBEX T AT UK 19 2% DA 43 fifke Julia-Kocienski 77 7V 712412,
RIS S E I UASDE — T L a— L O ENLETHHEE R T,
FZTCIRE AR ET HERIC, Chang HD 1 DEAHRKEE S EIZ -7 F LT 2T
VI RIS A2 LD TES TBDPS 4 HWAZLE LT, M2 T 19 1 34E 5
MWERT oD, 3 EOEWRELZE AT HI LIS TIOMBEL 528
WTEHEMFFLTE,
DG TR LIZER B2 AT UK 19 ORLAERIZKTL TBDPSCl #1EH S
BAHZLETUINMEEL TR ST, D NTZ 20 13T L0~ T T7 ¢ — 128D BPER
D5TBENFIRETHY | trans- B-T7 7N & BH—@ FAEREL T 2step, 43% DI FRITTHL
B HZENTE, ZLTELI 20 24 U RO ST ZETT VTR
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~EEX 4 LD Julia-Kocienski 1 7V T i l-L 2 A KREEIZBWTH BiF
WZOSITHEAITL 94% DRI THy TV TR 21 ZA3HZ LN TEIZ, LLRND,
"oz O EZ BIKIEBEAYINL. DT L0~ T TT7 40— 8 D5 %‘Eﬁ)l%ﬁﬁbo
TeZeMmb, BMEREAY DO FEET7 ACKFBRISTUIRL | ZO B CHBET 5281
F0. 2 DO RFRERE 2 O Z BHEROG A ERK LT (Scheme 13),

TMS
‘. 1-H-Benzotriazole-1-methanol, -,
,J;o(\/\ TBAF (Anhydrous) Aj;M TBDPSCI, Imidazole TBDPSO N
% s THF, -78 °C DCM, r.t. o ©
Desilylation mediated o 20
aldol reaction trans:cis = 5:1 . 43"_(535/9':’32) X
Inseparable cis Isomgre;)al;ab‘;e( steps)
PT-sulfone fragment 4
03 DCM, -78 °C; TBDPSO":,;I/\AO LHMDS TBDPSO~*., N A CO,t-Bu
—_— >
PPha, 78 °C to r.t. G 0 THF, -78 °C 0
92% 3 94% © E'Zz=1 1:1
Julia-Kocienski coupling ’ ’
HO™.,
50% HF in H,O L S .
- 3 HOT~2 3 X7 N > + Il S
THF, 0 °C to r.t.
o 0 Fusarilactone A (2) (82)-Fusarilactone A (22)

41%, 7 steps from 6 29%

Scheme 13 Fusarilactone A Q)D#IDFHFLERK

2-10. Fusarilactone A QIZBIFAERYEE R DEHEIRT —FZ DB

ARLTZ 2 D 'THNMR Z 3 U & 0% M7 —F DEELL FITRT (Fig. 3, 7

7‘;&&%””“ — X%, EBREZZR), TH{LEMELIZIERICR NS R LI Eb,
SR DR STARIE TSI 2°R, 3°R. 7S THHERTE LT,

A COH KR SRk
[a]o, +439 +41.0

—, 3R
HO 2R X778

(0]
(o] Fusarilactone A (2)

(¢ 1.0, MeOH)

Natural product (CD;0D)
(400 MHz)

TH-NMR spectra

I
JJJ._,,‘ LAAA_A{LJJ‘. JJLU"M{UU@\

Synthetic (CD;0D)
(500 MH2)

| ‘.h\‘ A U h L I MJ"Q."M“J“\M,‘.V"J“"“_a_‘j' Iy

S UV T W | SR —— | S| VU — P o

Ll M i
0 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06

Fig. 3 Fusarilactone A (2)OXZAMEE L&D 'H NMRFv—h & EL e 6 BE D L8

38



2-11. Hymeglusin (VDR EFL2E K

2 DARFE LA AR DO#ENL LM AR & DR EN TET=D T, ML IERIRAY 72K R
WINB S ED 1 ORUSE G HZEE LT (Table 4), ASKSIZHBWTRIBEEZRD
BAHDN, 2 DIIVRBRIC I LT oG s C8-9 (AL 7 TR A& 3
PFMEDFELTHD, HEEL T syn MINC TGEITISHEITLLT WV 22 20D
Tl DR FT AT/ 572, PAIC & WTZRFHI B W UK BT AR EH S
T2 4AEIZB T, HBYD C8-9 ML A CY = B hIE TSN EH M IR B %
.2 DREREZ20 KBIRDO Y BEZFETHIEDO TEXLXMT =0 L% =%
IZBWTE, RS OEI TS N2 03> 7=(Entry 1,2), — 5T Pd @b L7Z
Lindlar it 2 3B\ TH[RRRIZ Y TN DR IT IR B S AL, Hi—0 1 OBFIZ
TEDZR) T, LLRAE ZIVOGETO 1 THE— Wilkinson il A~ B8
RPN FICHERESE2LZA, EAHD 1 % 40%DILEE (brsm: 50%)1Z TH
BIDH KA R 9 223 TE T2, Wilkinson il IX FFLOBFHIIB W THE—, #)—
RAMECHALZENLIEE O KIS E BB LRHE TEb o LB 2 bD,

Table 4 fiIiEEIRIVZKFRRIRHDRES

Table HO— .2 3 o A COH
D N
Ch lecti
emoselective (0] Hymeglusin (1)

hydrogenation (0]
ydrog 8 steps from 6

HO~*.,

CO.H
Entry Catalyst Solvent H, Source Results
1 Pd/C THF H,gas Over reduction
2 Pd/C MeOH Ammonium formate No reaction
3 Lindlar’s catalyst THF H,gas Over reduction
4 Wilkinson’s catalyst Benzene (70 °C) H,gas 40% (brsm = 50%)

ZHL T, Hymeglusin (1)33 0" Fusarilactone A (2)DARF A AR I AL TET-7-
b ABFFED 2 5 B OREBETHD MEPM HERTEMEIZIBIT D 1 ORERFIICE T3
HLELI,
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3-1. Hymeglusin (1) DEEXI D AEYTEMEL A S0 FRFEHKIZ 35175 HMG-CoA
synthase
Hymeglusin (1)33 X T Fusarilactone A (2)?> MEPM {f FH3EHKI| & L COE I FraHE
ETDIIHT-VEL L. BECHRESITWD 1 OEMIEEEZSZIZLT-, LLTIZ,
HMG-CoA synthase (mvaS)D A/ S TR IZ 1T DA =X h L 3 §§@j(ﬁ‘ﬁ
(HRFF, LRSI > THRE SN FLIED HMG-CoA synthase FLETE 1T 2
TERBET 9,
(2) Miziorko HIZEDFLEEH E. faecalis mvaS & 1 O X #RIHE SLAIE ] ),
BVBEIKBIZED S. aureus DT FR7 VA RIZEITSD mvaA OEE] 2D T
AT
AN TR IZ331F D HMG-CoA synthase (mvaS) DFEEA D = X 4
ARTRITIAY TV JARDEIEMETHY | BRI AN T O3 L7232 %, AV T
L AR DAE AFREFE T, A S RN T AL 72 D AN e s . BB L OFEA S
FEftE (GAP-pyruvate f2#§)D 2 DDENIHAIV TS, S. aureus X°, B2 < D)
NI, AN RIS T RO, ZIODEMITIBNTIE, ANa U FRRR A
TV ARG ORI THY | Bk x ARy T AG T D L CTHUAERREK T
&%, HMG-CoA synthase (ZZ D AT FREEFE I35V T, Acetyl-CoA (Ac-CoA) &
Acetoacetyl-CoA(AcAc-CoA)D aldol Itz AR L, 3-Hydroxy-3- Methylglutaryl-
CoA (HMG-CoA)DAEKETTH, T 725, HMG-CoA(mvaS)DIEMEHRNAL T D Cys
FRILDT A — VY Ac-CoA EJEL . CoA-SH D% o TTF AT AT LK

ih=xsn $
RIGAN Py

S-CoA
_/ Acetyl CoA (/)\\\ 09 W S-CoA

SH (Ac-CoA) Acetoacetyl-CoA

H H (AcAcCoA)
N /L'(N s /(r(N ,L"/ OHO Me O
~ ~ ) Ve
N —" 3 _,How

| S-CoA
aldol reaction
HMG-CoA synthase (mvaS) COASH HMG-CoA
DEMERNL T B CysirE
So HMG-CoA reductase
ANOVEREER ??&‘f (mvaA)
Acetoacetyl-CoA thiolase HMG-CoA synthase 2NADPH 2NADP
(mvas) OHO Me O
Acetyl COA ————  Acetoacety-CoOA ————— 5 “,
(Ac-CoA) (AcAc-CoA) ~N HO S-CoA Y
CoA HMG-CoA CoA
HO, Me O
HO 2 OH — Farnesyl diphosphate —= Peptideglycan synthesis ——> Cellwall growth

Mevalonate

Scheme 14 A0 B & EHMG-CoA synthase (mvaS) Dl R s AH =X L
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T D, ZOF F AT IZKL AcAc-CoA H3RET-A&720 aldol SSHELZHT &
T, HMG-CoA 3475 49 (Scheme 14),

AR S IE Cys FRIEDF A — VD3 & 72572 . B HMG-CoA synthase (23
W Cys 7% Ala, Ser ~ERA L MR a—T—Tarafrol-Uar e vz Ry
IXEERTEMER IO e RS L CUNVD,
728, RIGIZ &> TA AL 72 HMG-
CoA |3 NADPH ZAififi#5& &L T HMG-
CoA reductase (mvaA)D kA 2%
J ANaU LB ITTSND, 78 B. Z

? HMG-CoA reductase % FEAIFER) & Lovastatin Pravastatin Sodium
LT MR B R R ORI A S T e =
PARFL LU TELFRIN TS 40 Fig. 4 RRMBR Y FUEERERRE
(Fig. 4),

3-2. K, BEEBIZX A FLIE HMG-CoAsynthase BAEEME L ZDFES YA 2
HLEEY 9] 113, IR AR OBLERIRR AT — =0 72 L0 BHS L, “C TF~UUL
L7z acetate & mevalonate 7~ MTHS OISR TR D EERRNG , HAEAT
Acetoacetyl CoA thiolase, HMG-CoA reductase, HMG-CoA synthase @ 3 D254
2o SHIZARM L TEEDITENENDI AL BT UM IE1 DT v EAITED 1
IZ HMG-CoA synthase DA% FLEL ., oD 2 DI EE RSN ZEEHEL TV
o

Z D14, Rokosz HIZLDHFEER MNTED 1 OLFEIEMEIL AW ChLZENHEI NI
D3, KA LSO FEERIZI-T 1 & HMG-CoA synthase | XA A F9ITFE S LTS
ZENTRSIE, BARIZIE, 1 OPELE THD Scoplariopsis sp. F-244 12 L-['C or
3H-methyl]methionine (57 Ci/mol or 185 MBg/mol)Z RN L 72152 54412 T [M“C] or
[*H]-Hymeglusin ZFH #4172, Zita /"L A%—HMG-CoA synthase & 355381 V8 7
077 — B TR THZEICES T, XTI FRW R 24572, E L TROITZ T F R
Jr % HPLC |2 CHr B UMENT 352 8T, 113 Cys? EfEA L TWDIEERL TS,

3-3. Miziorko 5283 E. faecalis mvaS & Hymeglusin (1) X #R3t#5E R & K] 4
—J57C Miziorko H{FZVa Bk E. faecalis mvaS & 1 DB/ ST A—20 X Ik
SR A RS L SRR AT T8> TD, IR, NARY — TRl
FLEIZIH1F 5 HMG-CoA synthase DFHEA|EL TOHEITZWED D FIED
HMG-CoA synthase &/3X77 U7 @ mvaS OFHFEIMEIZIEF IRV (ex. E. faecalis: 27-
28%), LDNLIRISE ZIVENDEER DT I /RS2 BLAST 3R 928, ML
To5 Cys FEESEDOT L/ BEERAN IS EITRAFS I TERY, REROAEAE H 2R
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9, MZ T 11X E. faecalis X° C. albicans 72 & OHUETEMENNHAE SAU T3 3 2
DS mvaS BLFIZRDH ONTEN AR D 72, 2T Miziorko B, JFAZ A Dl
T B~ 4 —pTTHMT % U T E. coli BL21 (DE3)IZ B i st a ek
E. faecalis mvaS 8L, 1 LO7 v A B IO X #RIAE S E XA BTG L7: (Fig.
5), IZUOIZVaEF b mvaS & 1 ORLESR|IZBIT28)H) /3T A—4%% DTNB {£(Z
THIET 2L 1 IFTREFAIIZ mvaS OFEZTEEZFLEL TOBZENIHBDE2D (K
= -1 of 3.5+ 0.6 min, K, = 700+ 18.5 nM), it &5 BHLEHITH D Hydroxamic acid Z ¥
T 5& mvaS OFERTEVEIZIEIE LT, 7235, [AERDEERZ s HMG-CoA synthase (Z
TITHL E. faecalis mvaS EEEHE L C 113 1/8 B2 ORER A EIE AR LT, WRiZU=
BB E. faecalis mvaS & 1 O X #RIHE G2 fEIT LT 2 A 1 ISRERTE
ML TS Cys EF A AT VER L, 1 D B-F7 BB LR RAELS
52 87 N — L ELB T VAR RN I3 E ALE AL His™ & Glu? LK ST D,
FFIZ His® X mvaS OfEEAE 235V T AcAc-CoA E/KFEHE G2 L THEMRALIZ
B E T AEEZ AL CODZENLEERT VBRI DO— D> Ths, T LT
FEG I N ELU T, E. faecalis mvaS DR RIVIRDF v E T 4 & 1 Ok HEAEIX
3814 A2 THY, ZIUL 1 BEERNTEHDHZEDHFEED 84% Y4 T 5, 2O
FAPED @SN 1SR 7e R LS EZ B2 L T EB 265,

COzH

~—

\D }ymegminp)-?
=

Hymeglusin (1)

0 =N
5 OH._ OH HN\/)\HH\S,
A
HN HO (o) §~N
NH H O

A - Hig2%®
\

Hymeglusin-E. faecalis mvaS adduct

Fig. 5 E. faecalis mvaS&Hymeglusin (1) DX#R 4% & i#:E R

3-4. B/KOED S. aureus \Z31F% mva A DEBIDIREE

BEKOIL, Bn T AESEERICIY. S. aureus D mvaA s IXHEFEIZ LB 2[R 1
THOZENRIINTNDZEND, ZOHKEE S. aureus IR SR BREZ DI
— 2 ML BEREZREEL T D,

HMG-CoA reductase (mvaA)lT Ao FEE O ALH SR THY, HMG-CoA % iZ Tt
L CANBURZE A T DS Z %, JRIFEMERIE THD S. aureus (2B TIE
mvaA 8157753, HMG-CoA reductase DREREZTH) mvaA #2307 %a—RNJ 58 fz:
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FELUTHFEIET Do Lo T, mvaA I S. aureus | ZX 3 AHLE TR PRI OIER) /DA
NIGERITHD, LINLIRDD, mvaA AL D 2 Bk z OB AR F R RNT O s
1372 AU B IO DORGREY) CHDHAY TV JARIN, S. aureus DIEFEIZ
AT AN = A LTI TII o7, — 7 CIRERGS M BRI, 7/ BES D
BRAEFARDHZENTLY | BEFR O =R IeEEZ R E ST A E B/ L EERAET DL
INTELZEND, IEFMAEERAET 5D 2 TH H72 ZBRIE CThH D,

ZZTEHKROIX, 3HRD S. aureus 18 FE RS PEAE Bk Z T mvaA B5 AT
72&Z A MT71, A335V, C366Y D 3 fEATIZIRWTT /IR BA 24— R
Z R MLz, ZOHTHERC Met” 12, HMG-CoA EFH A AE 4% =R T AR S %
MrsBMZET X B TIER W ZENINBIL TS, — 5T, HMG-CoA &t 9 528
IZE - THEBND AN\ 21X Farnesyl diphosphate -~ Z8#a341, FAREE & I B 5
FTHRTFRI VD ~ENND, F 2T MTT1 BRI TR RN AR L
72 GleNAc DIVIAHREZRFEL T L2 A BFAERRE IR L TRTF R U I DARL
DI L TN EMB, mvaA [ZE > TR S AN U BN T F RV DE
AL THHZEN RS,

3-5. 8. aureus (23313 % Hymeglusin (1) DEFAEEFDHETE

PLRITHl A~ TE 3 e, Z<OEWREIZHB W THIBL TRFEINLE
HMG-CoA synthase (mvaS), HMG-CoA reductase (mvaA)& Hymeglusin (1) B{&M:
ZIRTRET DL D THD, T2 T, ZILHLDOWRENGEN LD 1 D MEPM H5R 20
DIEFIEFF L LT “MRSA (S. aureus) mvaS ZfHETHEANO R IEIZBWT T
TAIZAFAET D mvaA DSPHFES L, MIFUEES AN BHE S NS EWVHRGER A L THIED
TEXD, —H CARIGAZFE T 25 ECOMESAFIT MRSA (S. aureus) mvaS (2%} L
1 7§§|3H$Y§‘T$%ﬁ“é@ X72B720, L Lnb, RICKHME TH 7Y, E. faecalis & S.
aureus \Z¥F% mvaS OFHFEIMEIZZNZE I 28%., 60%E1KV > (NCBI (National
Center for Blotechnology Information) A BR & LD),

LT B2 FTIINAAF e — B FIEIZT, oLV BERRICEITS 1 &
MRSA mvaS O AAEHZMRET 52 8ELT,

3-6. DTNB #£% F\ /= Hymeglusin (1)Y= E 52 b MRSA mvaS DA EEFRA D
KRAE

IZUHIZ 1 & MRSA mvaS D45 1L~V COFE/EREREET ~Ua B F ok
MRSA mvaS OifEA % DTNB 5 CRHliZ1T 72 (Fig. 6),

Yz >k MRSA mva$ (%, 5K 5B MRSA KUB2750 #£ mvaS #2—K 7%
whole 7/ L% 1A AT~ 2 —pDEST17 % E.coli HSTO8 (ZJE B Hinfa L JHHlL 7=
7T AIR% E.coli BL21-A 1 {23 AL TH7-,
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DTNB &3 Miziorko S8 THAE ST AN U R R K IZ 3815 HMG-CoA
synthase (mvaS)DEETE M2 /L~ L FRFE LT DTNB (5,5 -Dithiobis(2-
nitrobenzoic acid))5> & H W CTaHli3 2 Tk Th 5 9, HMG-CoA synthase (mvaS)is
Ac-CoA & AcAc-CoA O aldol ISZMBET 575, TORIAEMEL T CoA-SH 345K
T5, ZOF A —/LIZ DINB 55 F DIV ANV T 4 RER ST 52125 > T TNB (5-

Mercapto-2-nitrobenzoic acid)53 & AR T HITENG, 20D TNB 53 1 DO
(Mmax=412 nm, £=1.55x109)%HIE T2 (Scheme 15),

NO,
No,  CoASH = COMSsge : :CO2H
N
NO,
HS/@COQH

2-Nitro-5-mercaptobenzoic acid (TNB)
(Amax=412 nm, £=1.55x10%)

HO,C S.
o
5, 5’-Dithiobis (2-nitrobenzoic acid) (DTNB)
TR VHE

Scheme 15 DTNBE®DIERE

%*“C“U:I‘/I:“‘)“‘/F MRSA mvaS & Ac-CoA., AcAc-CoA, DTNB 23 & £ K )i

21 &4 0.015,0.15,1.52,15.2 pg/mL)IZ TA > 2~3—kL, TNB 43 ¥ DWW
r“ ZRIELTZ (Fig. 6), 2. B-F7NBROEEMZRFET D720 [AARO I % A
FIVTZATIVIR 23 W THo72, FOREHE 1 1T ha— L gL CIEERTE
AIZU=a B s MRSA mvaS OFEFRTEMZAFEL ., 23 TR IEEZI X HEF L2
MNoT=ZEMD, 11T T A — 2B W TUar e s MRSA mvaS ZfLET 52 L
MNEAGINETR T, Fiz, ZOIEMERBUIEB W TL B -7 RO BEEMEIVRIBS
77

100

80
60 Jr_(\/\/k)%/K/COQH
o Hymeglusin (1)
KZCO3 MeOH
A 0°Ctort.
77%
2 X 002H
OMe OH
0

Control 0.015

Enzyme activity (%)
S

(=]

Hymeglusin (1) 23
(ng/mL) (ng/mL)

Fig. 6 DTNB;ZZ AL zJavEF+ > FMRSA mvaSOER7vE4
(data are presented as the means =+ standard deviations
from at least three independent experiments.)



3-7.S. aureus =2 —F M W EAENIZIS1T 5 Hymeglusin (1) D4 A VER DOk

i

DTNB J:(2 &5 %5+ A7 —/L TP Hymeglusin (1) DFE A& D iR TE T4, IRI2D

AEEL T S. aureus WIANIZEITH 1 OEHERGET 5Z&ELT2,

FBRIE S. aureus RN4220 #£& MRSA mva$S i@ FIFEBLRE, IETEENL THD Cys!'

BT, SREEMZ RO Ala ~ER A MR a—7 —a4T-572 MRSA mva$S

CHITA BFIFEIIRD 3 BREHNT 1 DBANZELT A %1727,

Bl —F U MEL BERSTHE MRSA KUB2750 #£D mvaS iR FZARARIAATENR T X
—pMD20 % E. coli HSTO8 |Z EFHIEELSH | Miniprep {EICL > THIC 7 IAINE

JE2 ¥ ML Y 2 —pND-50N L A Fx . FEBREE S. aureus RN4220 FRITE A5

LTI,

TRRENDT v EADRERELTIE, 125 MRSA mvaS ZfHET 2555, S. aureus

RN4220 £ wild type (Zxf L. HiETEMESBRISNDIT T THD (Fig. 7)., —FH T

MRSA mvaS I FEBRIZINT 11 BB 7270 <71 E S wild type

EHIE U CHUETEYE DSBS 3 52 e T RIS D, SHIZ Cys'' 28 1 DFEAE YA TH

~723%5E6 . MRSA mvaS C11TA SRIFEHKICIBNT 1ITHE SN DT LS.

aureus ARFFEBLL TWD mvaS Z[HETHZETHREIEED BN ND,

BESHSEBRHER
MRSA mvaS

MRSA mvaS
Cysi111Ala

S ‘;\:-_ ;"a
.H
MCO H

Hymeglusin (1)

Mco H

Hymeglusin (1)

Hymeglusin (1)

S. aureus RN4220 wild type S. aureus RN4220 . S. aureus RN4220
(Hymeglusinl&iA ;&M% 7)  with overexpression of MRSAmvaS  With overexpression of MRSA mvaS
(HymeglusinD$ B & 14— 3555) (DL
(HymeglusinD i EE -8 E)

Fig. 7 S. aureusS2—4>MIH 127y EROFTHE

FZTCHRITRLIETROLET v EAZEMLIZEZA, 11X S. aureus RN4200 #£ wild
type {26 L CHLETEME AR /R L7228 L(MIC = 0.125 1 g/mL), MRSA mvaS i35
FEERIZI DT, PLETENEDS 128 f50855 95 (MIC =32 p g/mL)ZEDB B,
7207z, M2 T, Cl11A S2—Z 2 MZBWTIE 1 OFTEIEMERBLAIL 722 E35(MIC
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=0.0125 pg/mL), Fex OIELT-FERAE R E—EL . MRSA mvaS & 113 S. aureus
FIERRIZB O THE AL, 22D DR &AM Cys' THHZENRIBINT O,

Table 8 S. aureus X 2 —42 ¥ b IZEIF B2Hymeglusin (1)D7 v 4

MIC (ug/mL)
Strain
MEPM Hymeglusin (1)
S. aureus RN 4220 wild type 0.015 0.25
S. aureus RN 4220
with overexpression of MRSA mvaS 0.015 32
S. aureus RN 4220
with overexpression of 0.015 0.0125-0.063

MRSA mvaS /Cys111Ala
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2N i

53T HL MEPM D HEEO B A B faL . KA R EW e ic i W TR S
Hymeglusin (1), Fusarilactone A ()& R & ML I N A4 uy —F
B RO HTEEIZ BT D E I OB AT T,

1 &2 1xFnEh, ihilkGRIEE R RS L C Julia-Kocienski 777" 7 28R s
ELTZ T THE, 8 TREDNRAVRAF G RIS AMESLL ., 2 ([ZBL TIAIDO R A&
B AR SRS 2R E LT,

— I CER#FF OHEEIZREL T, BB OS2 S B I THEAB P IRG A L T as
v}~ MRSA mvaS % HV 72 DTNB 7:& S. aureus J=—% 2 NMZEH 1 OT v &®AT
AT = BIRNAT— LV COMBEAEHZRER L=,

Stk FHDHENLUTCAF 2O R LA 2B 1T 5 ab 2, MRSA 12
BIFHHH MEPM (f I BRI Z L if i,

RIv 7 THAL LU T, K CTHIR 728912 1 OIRFIER THS MRSA mvaS &
7+~ HMG-CoA synthase DARERY —|E 28% LK td | ZD 2 RAZ[EL 78
REZLFHEACR FTRE THDHEEB 2 BID, BARRIZIX, 77—~ 747 Th b trans-
B-ZUbBRIFIRFFLICEE afif, BAOEREZINZZ DD, Fo— T, 11X
~ 7 2% Nz in vivo SEBRIZIE W T L EMEIMELS, ZIUX B -T7 N BDBR S
KRG RS NA R L EMITEIN T DB 255, 2T, B-F7hBELD
FOSHEDAR B -T2 5 BB A~EEM T BRI E AN THHEEZ 2 BND,
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1. General methods

To carry out the assay by paper disc method for our screening program, the mediums and reagents were purchased from the
suppliers described as follows; Difco Muller-Hinton broth (Becton Dickinson Co. Ltd.), LB-Medium (Funakoshi Co. Ltd.),
chloramphenicol (Sigma-Aldrich Co. LLC), ethanol (EtOH, FUJIFILM Wako Pure Chemical Co. Ltd.), Difco Muller-Hinton Agar
(Becton Dickinson Co Ltd.), TAIYO-AGAR (Shimizu Shokuhin Kaisya Ltd.), 6 mm paper disc (Toyo Roshi Kaisha Ltd.), plate (10-14
cm, Eiken Kizai), meropenem trihydrate (FUJIFILM Wako Pure Chemical Co. Ltd.), dimethylsulfoxide (DMSO, for Biochemitry,
FUJIFILM Wako Pure Chemical Co. Ltd.). The turbidity of the broth was measured by densitometer DEN-1B (Wakenbtech. Co. Ltd.)
and the broth was stored in Caplugs Evergreen (BM Equipment Co. Ltd., cat No. 222-2094-050). Purification of compounds were
performed with ODS gel (YMC Co. Ltd.) and HPLC Pegasil ODS SP100 column, 20 i.d. x 250 mm (Senshu Scientific Co. Ltd.).

In organic syntheses, all of anhydrous solvents; tetrahydrofuran (THF), dimethylformamide (DMF), toluene (PhMe),
methylenedichloride (DCM), methanol (MeOH), ethanol (EtOH), benzene (PhH) were purchased from Kanto Chemical Co. Inc..
Reagents were purchased from the company of Tokyo Chemical Industry Co. Ltd. (TCI), Kanto Chemical Co. Inc., Sigma-Aldrich Co.
LLC, FUJIFILM Wako Pure Chemical Corporation, Thermo Fisher Scientific at the highest commercial quality and used without
further purification respectively.

Precoated silica gel plates with fluorescent indicator (Merck 60 F2s4) were used for analytical and preparative chromatography which
was carried out with Kanto Chemical silica gel (40-50 mm, 60N, spherical neutral, 0.040-0.050 mm, Cat. No. 37563-84) or Merck
Millipore silica gel (0.040-0.63 nm, 60N, for column chromatography 230-400 mesh ASTM, CAS. No. 7631-86-9).

'"H and '*C NMR spectra were measured on JEOL JNM-ECA 500 (500 MHz) and JEOL JNM-ECA 500 (125 MHz) respectively.
Chemical shifts are expressed in ppm downfield from the internal solvent peaks for CDCls ('H; & = 7.26 ppm, °C; & = 77.16 ppm),
CDsOD ('H; & = 3.31 ppm, 4.84 ppm '3C; & = 49.0 ppm), DMSO-ds ('H; & = 2.50 ppm, °C; & = 39.5 ppm) and J values were given in
Hertz. Abbreviations for multiplicity are as follows, app indicates apparent, br indicates broad, d indicates doublet, t indicates triplet, q
indicates qurtet, m indicates multiplet. IR spectra were obtained on Horiba FT-710 spectrometer. High-and-Low resolution mass
spectroscopy data were measured on JEOL JMS-T100LP and JEOL HMS-700 MStation. Optical rotations were measured with a
Jasco P-1010 polarimeter. CD spectra were recorded on a JASCO J-720 spectropolarimeter (JASCO Co.) with a quartz cell (light
path length: 10 mm) and Analytical High Performance Liquid Chromatography (HPLC) was conducted by an Elite Lachrome system
(Hitachi Ltd.).

In a series of biological experiments, the reagents were purchased from the suppliers discribed as follows, acetoacetyl-CoA (Sigma-
Aldrich Co. LLC), 5,5-dithiobis-2-nitrobenzoic acid (DTNB, TCI), Ni-NTA-Agarose column (QIAGEN Ltd.), glucose (FUJIFILM Wako
Pure Chemical Co. Ltd.), yeast extract (FUJIFILM Wako Pure Chemical Co. Ltd.), MgSO,-7H,0O (FUJIFILM Wako Pure Chemical Co.

Ltd.), polypeptone (FUJIFILM Wako Pure Chemical Co. Ltd.), ULTRA Tablets, Mini, EASYpack Protease Inhibitor Cocktail Tablets
cOmplete™ (Sigma-Aldrich Co. LLC), Proteinase K (Takara Bio Inc.). Escherichia coli strain BL21, HST08 and T-vector-pMD20 were
obtained from Takara Bio Inc., pDEST17 vector and pDONR-201 obtained from Thermo Fisher Scientific™ Inc. Plasmid pND-50 is a
shuttle vector.

2. Experimental procedures
2-1. Screening and isolation
Screening program to discover a new circumventors of 3 -lactam drug resistance by MRSA

Based on our previous reports,l'l we have conducted the screening program for new circumventor and screened 7,225 samples of
microbial secondary metabolites which are from fungus and actinomycete. The paper disc method was described as follows. One
loopful strain of Methicillin-Resistant Staphylococcus aureus (MRSA) KUB 2750 was incubated in 3 mL of Difco Mueller Hinton broth
on a rotary shaker at 37 °C for 20 h. The culture broth was poured into Difco Mueller Hinton agar and adjusted to 2% volume at 50 °C.
30 mL of the culture was transferred to a 10-14 cm plate and each plate were prepared with or without MEPM (adjusted to 1 pg/mL)
whose concentration has no effect on the growth of MRSA. 6 mm paper discs containing a microbial culture broth were placed on the
plate and incubated at 37 °C overnight. Circumventing effect of b-lactam drug resistance were expressed as a diameter (mm) of
inhibition zone.

As a result, hymeglusin (1) and fusarilactone A (2) were isolated from the culture broth of Fusarium falciforme FKI-8363 strain and
found to show the circumventing effect toward b-lactam drug resistance by MRSA (Table S1).

Table S1. A comparison of single and combination treatment with MEPM and hymeglusins using a paper disc method

Inhibition zone (mm)/6 mm disc

/disc hymeglusin fusarilactone A
M9 MEPM (+) MEPM (-) MEPM (+) MEPM (-)
30 25 19 15 11
10 23 17 11 -
3 20 - - -
1 17 - - -
0.3 11 - - -
0.1 9 - - -
0.03 - - - -

MEPM (+): 1 ug/mL, MEPM (-): None, -: No inhibition.
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Fermentation

One loopful of strain FKI-8363 grown on an LcA slant (0.1% glycerol, 0.08% KH2PO4, 0.02% K2HPO4, 0.02% MgS0O4:7H,0, 0.02%
KCI, 0.2% NaNOs, and 1.5% agar, pH 6.0) was inoculated into a 500 mL-Erlenmeyer flask containing 100 mL of a seed culture
medium (2.0% glucose, 0.2% yeast extract, 0.05% MgSO4-7H20, 0.5% polypeptone, 0.1% KH2PO4, and 0.1% agar, pH 6.0) and
incubated on a rotary shaker at 27 °C for 3 days. 50 mL of the seed culture was inoculated into each of 10 culture bags containing a
production medium (10 kg of water-sodden rice). Static fermentation was continued at 25 °C for 13 days.

Isolation and identification of hymeglusin (1) and fusarilactone A (2)

Isolation of 1 and 2 was executed referring to the scheme 1. The stationary culture was extracted with acetone (20 L) and the
extracts were filtrated. The filtrate was concentrated in vacuo to remove acetone. The remaining aqueous solution (6 L) was
extracted three times with an equal volume of EtOAc (total 18 L). The organic layer was concentrated to dryness to afford crude
extracts (144 g). The extracts were applied to an ODS gel column (55 i.d. x 170 mm) and eluted stepwise with a mixture of
MeOH/H20 (pass, 0:100, 20:80, 40:60, 60:40, 80:20 and 100:0). The 80:20 fraction was concentrated to dryness to afford a crude
residue (25 g). The residue was chromatographed on a silica gel column (55 i.d. x 170 mm) and eluted stepwise with a mixture of
CHCI3/MeOH (100:0, 100:1, 100:2, 100:5, 10:1, 1:1 and 0:100). The active fraction (100:1) was concentrated in vacuo to remove the
organic solvents. Finally, the concentrated materials (1.0/8.0 g) were applied to an HPLC (Pegasil ODS SP100 (20 i.d. x 250 mm)
with an isocratic solvent system of 40% acetonitrile/H20 with 0.1% trifluoroacetic acid solution at a flow rate of 7 mL min~") to give
hymeglusin (1) (Rt= 69-95 min, 234 mg) and fusarilactone A (2) (Rt = 65 min, 2.2 mg) (Figure 1).

n
FKI-8363 cultured rice (10 kg) 80% MeOH Fr. (25 g)
Extracted with acetone (10 L x 2) Silicagel column chromatography (55¢ x 130 mm)
Removed acetone in vacuo Eluted with CHCI3/MeOH system (1 L each)
Aqueous solution (6 L) (100:0, 100:1, 100:2, 100:5, 10:1, 10:1, 1:1, 0:100)

100:1 fr. (1.0/8.0 g)
Extracted with EtOAc (6 L X 3)

Removed EtOAc in vacuo HPLC
EtOAc extract (144 g) Pegasil ODS SP100 (20¢ x 250 mm)
Wavelength: 210 nm
ODS column chromatography (55¢ % 170 mm) Flow rate: 7mL/ min
Eluted with MeOH/H,0 system (1 L each) Solvent: 40% MeCN aq. with 0.1% TFA

(pass, 0%, 20%, 40%, 60%, 80%, 100% MeOH)| [R;: 65 min] FKI-8363 A (fusarilactone A (2); 2.2 mg)
[Ry: 69-95 min] FKI-8363 B (hymeglusin (1); 234 mg)

Scheme $1. Isolation protocol of hymeglusin (1) and fusarilactone A (2).

hymeglusin (1)
R, = 69-95 min

fusarilactone A (2)
R, = 65 min

Figure S1. A chromatogram of HPLC separation.
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Physical data comparisons of reported natural products with our measurement

Table S2. A comparison of the NMR spectra of Hymeglusin (1) determined from FKI-8363 B

130 1H
Position Reported (CDCI3)# Measurement (CDCls, CDsOD) Reported (CDCl3)?  Measurement (CDCls, CD3OD)
1 169.6 170.2,171.9 - -
2 116.5 116.6, 118.7 5.69 5.68, 5.64
3 157.0 156.9, 155.6 - -
4 129.5 129.4,130.6 5.73 5.72,5.76
5 142.0 142.0, 142.2 - -
6 - 48.9, 49.9 1.85,2.10 (1.88, 2.07), (1.70,1.88)
7 - 36.4,37.7 - - 2.1
8 - 30.8, 32.0 1.13,1.33 (1.13, 1.33), (1.15, 1.34)
9 25.2 or 26.6 26.5, 26.3 - -, 1.44
10 25.2 or 26.6 25.0,27.7 - -, 212
1" - 33.7,34.9 1.93 1.92, 1.91
12 - 58.4,59.9 4.60 4.58, 4.55
13 74.9 75.0,76.3 3.35 3.42, 3.46
14 170.9 171.7,170.3 - -
15 - 57.5,58.0 3.88, 4.08 (3.88, 4.08), (3.76, 3.89)
16 19.4 or 20.0 19.2,18.6 0.82 0.83, 0.86
17 18.5 18.4,18.4 1.82 1.81, 1.81
18 19.4 or 20.0 19.8, 19.9 2.25 2.24,2.20

Figure S2. Structure of natural hymeglusin (1) and its numbering of C atom.

15
HO— 1312 X COH
1
0 .
o014 hymeglusin

Table S3. A comparison of the NMR spectra of Fusarilactone A (2) determined from FKI-8363 A.

13C 1H
Position Reported (DMSO-ds)®!  Measurement value (CD;OD) Reported (DMSO-dg)®!  Measurement value (CD3OD)

1 168..6 170.4 No Data -

2 119.2 118.8 5.55 5.62

3 152.4 1565.7 - -

4 129.9 130.9 5.71 5.75

5 140.4 141.8 - -

6 48.5 49.3 1.98, 2.02 2.08

7 34.6 36.3 2.33 2.39

8 136.8 138.2 5.34 5.36

9 1271 1281 5.40 5.44
10 28.0 29.2 2.04 212

1" 33.6 35.1 1.78, 1.85 1.86, 1.94
12 74.3 75.8 4.52 4.55
13 58.7 60.0 3.51 3.46
14 170.8 171.8 - -

15 56.6 58.0 3.61, 3.7 3.76, 3.87
16 20.4 20.8 0.91 0.92
17 18.7 18.6 1.76 1.81

18 19.5 19.8 2.13 2.18

16 18
15
HO— 1312 NN (1302H

(0]

o’ fusarilactone A (2)

Figure S3. Structure of natural Fusarilactone A (2) and its numbering of C atom
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2-2. Total syntheses

Experimental procedures and spectra data

Compound 6

(Note: Vinyl iodide 6 was prepared from (R)-Roche ester according to S. Ley’s protocol.! They used (S)-Roche ester in their
synthesis, the all of our experiments performed the same yield of their report in 49% yield over 5 steps and (S)-7 indicated opposite
sign of optical rotation of (R)-7. (S)-7; [a]5 = —4.8, (R)-7; [a]> = +1.1¥) (¢ = 4.5, in CHCIs respectively).

Xantphos, CuCl, NaO#Bu
— CO,Bu Bis(pinacolato)diboron, MeOH . J\/Cogt-Bu
pinB
9

THF, rt. o

S1
(1 step from Tetrolic acid)!®! l

Pd(dppf)Cl,*DCM,

Ba(OH),8 H,0, DMF, rit.
TBDPSO\/k)\/I AOM)8 Ry iy Ho\/'\/K/k,cozt-Bu

; TBAF in THF, r.t.
8 70% 1

Compound 11

To a stirred solution of CuCl (1.0 mg, 0.01 mmol) and Xantphos (5.2 mg 0.009 mmol) in THF (2 mL) was slowly added Sodium tert-
butoxide solution (2.0 M in THF, 9.0 mL, 0.018 mmol) at room temperature under N2 atmosphere. After stirring for 30 min,
Bis(pinacolato)diboron (76 mg, 0.3 mmol) in THF (0.5 mL) was added and stirred for further 10 min. The solution of 81 (37 mg, 0.3
mmol) in THF (0.5 mL) and MeOH (24 mL, 0.6 mmol) were added sequentially. After stirring for 1 h, the reaction mixture was filtrated
through a pad of Celite®. The filtrate was washed with brine (10 mL) and extracted with hexanes (20 mL). The organic phase was
dried over sodium sulfate and concentrated in vacuo to afford the crude product 7, which was used in the next reaction without further
purification.

To a stirred solution of 8 (44 mg, 0.1 mmol) in DMF (1 mL) was added a solution of crude 9 in DMF (1 mL), Ba(OH)2:8H20 (47 mg,
0.15 mmol), Pd(dppf)Cl2:DCM (11 mg, 0.013 mmol) sequentially at room temperature under N2 atmosphere. After stirring for 1 h, the
reaction mixture was cooled to 0 °C. Tetrabutylammonium Fluoride (TBAF) solution (ca. 1.0 M in THF, 0.3 mL, 0.3 mmol) was added
to the reaction mixture and the mixture was stirred for further 2 h at room temperature. The resulting mixture was washed with brine
(10 mL) and extracted with EtOAc (7 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo. The crude
residue was purified by silica gel chromatography (10% EtOAc in hexanes) to afford 11 (18 mg, 70%) as a colorless oil.

(Note; Compound S1 was prepared according to the known procedure.?l)

Compound 11

Rf = 0.19 (hexanes: EtOAc = 6:1). [a]Z = —4.8 (¢ = 0.1, in MeOH). '"H NMR (500 MHz, CDCls): 5(ppm) 5.71 (s, 1H), 5.58 (s, 1H), 3.50
(dd, J = 10.9, 5.7 Hz, 1H), 3.45 (dd, J = 10.9, 5.2 Hz, 1H), 2.20 (dd, J = 11.5, 5.2 Hz, 1H), 2.19 (s, 3H), 1.92-1.83 (copmlex m, 2H),
1.82 (s, 3H), 1.48 (s, 9H), 0.89 (d, J = 6.5 Hz, 3H). 3C NMR (125 MHz, CDCls): & (ppm) 166.8, 152.6, 139.9, 130.0, 119.7, 79.8, 68.2,
45.2,34.0, 28.4, 19.5, 18.5, 16.6. IR (neat) vmax (cm™"): 2927, 1705, 1620, 1454, 1390, 1366, 1331, 1239, 1136, 1039, 984, 886, 868,
802. HRMS (FAB) m/z calcd for C1sH2603Na [M+Na]*: 277.1780, found: 277.1772.

N-N Ph
1
PPh,, DEAD N__S \)\)\)\/COﬂ'BU
HO AR COptBU — = N

o
THF,0°C,90%  N-N
11 13

Compound 13

To a stirred solution of 11 (57 mg, 0.22 mmol) in THF (2.2 mL) was added PPhs (147 mg, 0.56 mmol), thiol (80 mg, 0.45 mmol),
diethyl azodicarboxylate (DEAD, 2.2 M in PhMe, 0.25 mL, 0.56 mmol) sequentially at 0 °C under N2 atmosphere. After stirring for 1 h,
the reaction mixture was diluted with EtOAc (10 mL) and sat. aq. NaHCO3(7 mL) was added. The resulting mixture was extracted
with EtOAc (10 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by
silica gel chromatography (10% EtOAc in hexanes) to afford 13 (82 mg, 90%) as a colorless slurry oil.

Compound 13

Rf = 0.42 (hexanes: EtOAc = 3:1). [a]? = +60.9 (¢ = 0.1, in MeOH) "H NMR (500 MHz, CDCls): 5(ppm) 7.58-7.52 (complex m, 5H),
5.72 (s, 1H), 5.58 (s, 1H), 3.47 (dd, J = 13.2, 5.7 Hz, 1H), 3.21 (dd, J = 13.2, 7.4 Hz, 1H), 2.28-2.20 (complex m, 2H), 1.99 (dd, J =
12.5, 7.4, 1H), 1.82 (s, 3H), 1.48 (s, 9H), 1.01 (d, J = 6.9 Hz, 3H). "*C NMR (125 MHz, CDCls): &(ppm) 166.7, 154.7, 152.3, 138.7,
133.9, 130.7, 130.3, 130.0, 124.0, 120.0, 79.9, 47.8, 40.2, 31.4, 28.4, 19.5, 19.1, 18.4. IR (neat) vmax (cm™"): 2795, 2356, 2340, 1702,
1622, 1597, 1499, 1455, 1411, 1388, 1365, 1238, 1136, 1014, 889, 760, 694. HRMS (FAB) m/z calcd for C22H30N4O2SNa [M+Na]*:
437.1987, found: 437.1986.
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Ph (o)
1 W,
,’{l SMCOZFBU M07(NH4)6024 '4H20, 30% H202 ,N S\)\/k/k/COQt'BU

EtOH, 0°Ctort. o -N
13 0°Ctor N PT-sulfone fragment 4

93%

PT-sulfone fragment 4

To the stirred solution of 19 (82 mg, 0.20 mmol) in EtOH (2.0 mL) was added Mo7(NH4)eO24+4H20(25 mg, 0.020 mmol) and H20:2
solution (30% w/w in H20, 0.32 mL, 4.0 mmol) sequentially at 0 °C and warmed to room temperature. After stirring for 4 h, the
reaction mixture was diluted with Et2O (5.0 mL) and washed with H2O (10 mL). The resulting mixture was extracted with Et2O (20 mL)
and dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by silica gel chromatography (3.3% EtOAc
in PhMe) to afford 4 (83 mg, 93%) as a colorless slurry oil.

PT-sulfone fragment 4

Rf = 0.42 (hexanes: EtOAc = 3:1). [a]% = +12.7 (¢ = 0.1, in MeOH). 'H NMR (500 MHz, CDCls): 5(ppm) 7.69-7.67 (complex m, 2H),
7.63-7.58 (complex m, 3H), 5.73 (s, 1H), 5.59 (s, 1H), 3.82 (dd, J = 14.3, 4.6 Hz, 1H), 3.56 (dd, J = 14.3, 5.7 Hz, 1H), 2.57 (m, 1H),
2.29 (dd, J = 13.2, 6.9 Hz, 1H), 2.19 (s, 3H), 2.11 (dd, J = 13.2, 8.0 Hz, 1H), 1.81 (s, 3 H), 1.48 (s, 9H), 1.16 (d, J = 6.3 Hz, 3H). °C
NMR (125 MHz, CDCls): d (ppm) 166.5, 154.1, 151.7, 137.3, 133.1, 131.6, 131.6, 129.8, 125.2, 120.4, 80.0, 61.3, 48.1, 28.4, 26.6,
19.9, 19.3, 18.1. IR (neat) vmax (cm~"): 2975,1823, 1704, 1624, 1497, 1456, 1391, 1336, 1294, 1239, 1221, 1137, 1042, 762, 689,
630, 520. HRMS (FAB) m/z calcd for C22H30N4OsSNa [M+Na]*: 469.1885, found: 469.1882.

™S,
N LHMDS, TMSCI= xe! N
o) DCM, 78 °C o)
S 66% 0" 45

91% ee

Compound 15

To a stirred solution of TMSCI (2.6 mL, 20.3 mmol) in THF (51 mL) was slowly added Lithium Bis(trimethylsilyl)amide (LIHMDS)
solution (1.0 M in THF, 7.6 mL, 7.6 mmol) and 5 (639 mg, 5.1 mmol) in THF (50 mL) sequentially at —78 °C under N2 atmosphere.
After stirring for 5 min, the reaction mixture was quenched with acetic acid (10 mL) at =78 °C and then warmed to room temperature.
The reaction mixture was diluted with H20 (200 mL) and extracted with Et2O (250 mL). The organic phase was dried over sodium
sulfate and concentrated in vacuo. The crude residue was purified by silica gel chromatography (10% Et20 in hexanes) to afford 11
(662 mg, 66%) as a colorless oil.

(Note: compound 5 was prepared according to known procedure.®® Stereochemistry at the a-position of 11 was determined by
coupling constant of the a and B-positions; Jians = 4—4.5 Hz, Jeis = 6.5 Hz.[")

Compound 11

Rf = 0.67 (hexanes: EtOAc = 4:1). [a]% = —20.4 (¢ = 0.1, in MeOH). '"H NMR (500 MHz, CDCls): 5(ppm) 5.81 (ddt, J = 15.2, 10.3, 6.9
Hz, 1H), 5.07 (dd, J = 10.3, 1.7 Hz, 1H), 5.04 (dd, J = 15.2, 1.7 Hz, 1H), 4.26 (dt, J = 6.3, 4.0 Hz, 1H), 2.93 (d, J = 4.0 Hz, 1H), 2.18
(m, 2H), 2.00 (m, 1H), 1.81 (m, 1H), 0.18 (s, 9H). '*C NMR (125 MHz, CDCls): 5 (ppm) 170.6, 136.7, 115.8, 72.0, 48.3, 35.0, 29.2, —
3.0. IR (neat) vmax (cm™"): 2955, 1799,1641, 1416, 1381, 1252, 1118, 995, 914, 842, 735, 702, 637. HRMS (FAB) m/z calcd for
C10H1902Si [M+H]*: 199.11, found: 199.4.

1) 1-H-Benzotriazole-1-methanol ; ~OH :

anhydrous TBAF —, : :

™S, N THP 78 °C _ TBDPSO™™, N TBDPSO N N‘N i
0 2) TBDPSCI, imidazole o} 0 i N i

o DCM, 0 °C to r.t. o o’ ; :
15 20 cis-20 i 1-H-Benzotriazole :

43% (2 steps) 7.9% (2 steps) : -1-methanol :

Compound 13 and compound 20

To a stirred solution of 1-H-Bnezotriazole-1-methanol (1.2 g, 8.1 mmol) in THF (38 mL) was slowly added anhydrous
Tetrabutylammonium Fluoride (TBAF) solution (0.83 M in THF, 19 mL, 16 mmol) at —78 °C under argon atmosphere. After stirring for
5 min, a solution of 15 (799 mg, 4.0 mmol) in THF (2.0 mL) was added. The reaction mixture was quenched with acetic acid (7 mL) at
—78 °C immediately and diluted with brine (120 mL). The resulting mixture was extracted with Et2O (200 mL). The organic phase was
dried over sodium sulfate and concentrated in vacuo. The desilylates product 10 was separated from the crude residue by short
column chromatography (Merck Millipore 60N, 0.040-0.63 nm, 1% EtO in pentanes) and the crude product was used in the next
reaction without further purification.

The crude product was dissolved in DCM (40 mL) and added imidazole (545 mg, 8.0 mmol), TBDPSCI (1.0 mL, 4.0 mmol)
sequentially at room temperature under N2 atmosphere. After stirring for 4.5 h, the reaction mixture was quenched with acetic acid (7
mL) and washed with brine (150 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo. The crude
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residue was purified by silica gel chromatography 2 cycles (Merck Millipore 60N, 0.040-0.63 nm, 0.5% EtOAc in hexanes) to afford 20
(678 mg, 43%) and 20 (125 mg, 7.9%) as a paleyellow oil respectively.
(Note: The anhydrous TBAF in THF solution was prepared in according to Dimagno’s protocol !

Compuond 20

Rf = 0.17 (hexanes: EtOAc = 8:1). [a]? = +21.6 (¢ = 0.1, in MeOH). '"H NMR (500 MHz, CDCls): 5(ppm) 7.65-7.63 (complex m, 4H),
7.47-7.38 (complex m, 6H), 5.79 (ddt, J= 17.2, 10.3, 6.9 Hz, 1H), 5.06-5.00 (complex m, 2H), 4.63 (dt, J = 6.3, 4.0 Hz, 1H), 4.01 (dd,
J=11.5, 4.6 Hz, 1H), 3.80 (dd, J = 11.5, 3.5 Hz, 1 H), 3.35 (q, J = 4.0, 3.5 Hz, 1 H), 2.18 (m, 2H), 2.02 (dt, J = 7.4, 6.3 Hz, 1H), 1.83
(m, 1H), 1.05 (s, 9H). *C NMR (125 MHz, CDCls): 5(ppm) 169.4, 136.7, 135.8, 135.6, 133.0, 132.5, 130.1, 128.0, 116.2, 116.1, 74.2,
59.0, 33.2, 29.3, 26.8, 19.3. IR (neat) vmax (cm™): 2932, 1822, 1427, 1264, 1111, 1033, 914, 821, 737, 702, 613, 503 HRMS (FAB)
m/z calcd for C24H3003SiNa [M+Na]*: 417.1862, found: 417.1861.

Compound cis-20

Rf = 0.17 (hexanes: EtOAc = 8:1). [a]? = +8.1 (¢ = 0.1, in MeOH) "H NMR (500 MHz, CDCls): 5(ppm) 7.71-7.54 (complex m, 4H),
7.52-7.30 (complex m, 6 H), 5.81 (ddt, J = 16.6, 10.3, 6.3 Hz, 1H), 5.10-5.01 (complex m, 2H), 4.63 (dt, J = 6.3, 4.0 Hz, 1H), 4.03 (dd,
J=11.5, 8.0 Hz, 1H), 3.92 (dd, J = 11.5, 3.4 Hz, 1H), 3.80 (ddd, J = 10.3, 6.3, 3.4 Hz, 1H), 2.31 (m, 1 H), 2.17 (m, 1H), 2.02 (m, 1H),
1.05 (s, 9H). 3*C NMR (125 MHz, CDCls): & (ppm) 169.2, 136.8, 135.8, 135.6, 135.6, 132.9, 132.4, 130.1, 128.0, 116.0, 75.1, 57.8,
55.5, 29.7, 29.2, 26.9, 19.2. IR (neat) vmax (cm™"): 2931, 1820, 1676, 1468, 1427, 1389, 1262, 1108, 1036, 1000, 913, 824, 798, 736,
613. HRMS (FAB) m/z calcd for C24aH3003SiNa [M+Na]*: 417.1862, found: 417.1850.

TBDPSO/':I;M Sat. O3 solution, DCM TBDPSO/j;MO
5 ° : PPhg, —78 °C to rt. 7 °
92%

20 B-lactone fragment 3
single isomer

B-lactone fragment 3

To a stirred solution of 20 (294 mg, 0.75 mmol) in DCM (750 mL) was slowly added saturated Os solution (ca. 0.03 M in DCM, 37 mL,
1.1 mmol) at =78 °C. After stirring for 20 min, the reaction mixture was sparged with N2 for 25 min. PPh3 (590 mg, 2.3 mmol) was
added to the reaction mixture and stirred for further 9 h at room temperature. The resulting mixture was concentrated in vacuo and
the crude residue was purified by silica gel chromatography (Merck Millipore 60 N, 0.040-0.63 nm, 25% EtOAc in hexanes) to afford 3
(274 mg, 92%) as a colorless oil.

B-lactone fragment 3

Rf = 0.36 (hexanes: EtOAc = 2:1). [o]? = +23.0 (¢ = 0.1, in MeOH). '"H NMR (500 MHz, CDCls): 5(ppm) 9.80 (s, 1H), 7.69-7.57
(complex m, 4H), 7.49-7.39 (complex m, 6 H), 4.62 (dt, J = 8.6, 4.0 Hz, 1H), 4.02 (dd, J = 11.5, 4.6 Hz, 1H), 3.83 (dd, J = 11.5, 2.9 Hz,
1H), 3.40 (q, J = 4.0 Hz, 1H), 2.61 (m, 1H), 2.16 (m, 1H), 2.07 (m, 1H), 1.05 (s, 9H). *C NMR (125 MHz, CDCls): 5(ppm) 200.1,
168.9, 135.8, 135.7, 132.9, 132.4, 130.2, 128.1, 128.0, 73.7, 59.2, 58.9, 39.5, 26.9, 26.5, 19.4. IR (neat) vmax (cm™): 2932, 2857,
1822, 1725, 1468, 1427, 1389, 1112, 1034, 822, 785, 741, 702, 613, 503, 431, 407. HRMS (FAB) m/z calcd for C23H2804SiNa
[M+Na]*: 419.1655, found: 419.1661.

PT-sulfone fragment 4

TBDPSO—~, o LHMDS _ TBDPSO—™. X CO,t-Bu
/l;(l)/\/\ THF, =78 °C, 5 min

© 94% o 21
B-lactone fragment 3 E:Z=1:1

Compound 21

To a stirred solution of 4 (164 mg, 0.37 mmol) in THF (5.0 mL) was slowly added Lithium Bis(trimethylsilyl)amide (LIHMDS) solution
(1.0 M in THF, 0.56 mL, 0.56 mmol) at —78 °C under N2 atmosphere. After stirring for 5 min, a solution of 3 (222 mg, 0.56 mmol) in
THF (2.3 mL) was slowly added. The reaction mixture was stirred for further 5 min and quenched with acetic acid (1.0 mL). The
reaction mixture was diluted with brine (30 mL) and extracted with EtOAc (50 mL). The organic phase was dried over sodium sulfate
and concentrated in vacuo. The crude residue was purified by silica gel chromatography (10% EtOAc in hexanes) to afford 21 (E/Z =
1:1, 214 mg, 94%) as a pale yellow oil.

Compound 21

Rf = 0.53 (hexanes: EtOAc = 3:1). '"H NMR (500 MHz, CDCls): 8(ppm) 7.67-7,65 (complex m,8H), 7.48-7.39 (complex m, 12 H), 5.69
(s, 1H), 5.67 (s, 1H), 5.51 (s, 2 H), 5.44-5.19 (complex m, 4H), 4.65 (complex m, 2 H), 4.01 (dd, J =11.4, 4.0 Hz, 2H), 3.83 (dd, J =
11.4, 2.9 Hz), 2.72 (m, 1H), 2.33 (dt, J = 7.4, 6.9 Hz, 1H), 2.13 (s, 6H), 2.22-2.02 (comlex m, 8H), 2.00-1.80 (comlex m, 4H), 1.79 (d,
J=1.1Hz, 3H), 1.75 (d, J = 1.1 Hz, 3 H), 1.47 (s, 18H), 1.04 (s, 18H), 0.94 (d, J = 6.3 Hz, 3H), 0.93 (d, J = 6.3 Hz, 3H). *C NMR
(125 MHz, CDCIs): 6(ppm) 171.5, 168.0, 154.0, 141.1, 141.0, 138.2, 138.0, 136.0, 136.5, 134.0, 133.9, 133.6, 131.0, 130.7, 130.6,
128.9, 128.8, 127.8, 127.4, 120.180.7, 75.1, 75.0, 59.7, 59.6, 49.5, 49.4, 35.9, 34.8, 34.6, 31.5, 28.9, 28.4, 27.124.1, 21.3, 20.4, 19.9,
19.6, 19.5, 18.7, 18.4. IR (neat) vmax (cm™"): 2930, 1824, 1703, 1622, 1428, 1366, 1240, 1134, 1034, 822, 738, 703, 612, 504, 431,
408. HRMS (FAB) m/z calcd for C3sHs5205SiNa [M+Na]*: 639.3477, found: 639.3482.
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50% HF in H,0 HO™ .
SANCOtBU —— A N
THROCtort. o o

Fusarilactone A (2) 82)-Fusarilactone A (22
0 21 41% 62 29% )

TBDPSO™*.,

E:Z=1A1
CO,H

Fusarilactone A (2) and compound 22

To a stirred solution of 21 (50 mg, 0.08 mmol) in THF (0.5 mL) was slowly added a 50% solution of HF in H20 (0.73 mL) at 0 °C. After
stirring for 12 h at room temperature, the reaction mixture was quenched with sat. ag. NaHCO3 (7.0 mL) and extracted with Et20 (20
mL). The organic phase was washed with brine (12 mL) and dried over sodium sulfate and concentrated in vacuo. The crude residue
was purified by silica gel chromatography (1% MeOH in CHCIs) to afford a mixture of 2 and 22.

The isomers were separated by HPLC (Pegasil ODS SP100, 20 i.d. x 250 mm) with an isocratic solvent system of CH3CN/H20/TFA
(40: 60: 0.1) at a flow rate of 7.0 mL min~' detected by UV 210 nm. Compound 2 (R;= 53 min, 11 mg, 41%) and 15 (Ri= 55 min, 7.6
mg, 29%) were obtained as a colorless amorphous solids respectively.

Fusarilactone A (2)

Synthetic

Rf = 0.22 (CHCls: MeOH = 10:1). [0]Z = +21.0 (¢ = 0.5, in MeOH). '"H NMR (500 MHz, DMSO-ds): 5(ppm) 5.71 (s, 1H), 5.54 (s, 1H),
5.40 (dt, J = 15.4, 6.2 Hz, 1H), 5.34 (dd , J = 15.4, 6.8 Hz, 1H), 4.52 (m, 1H), 3.71 (dd, J = 11.5, 4.0 Hz, 1H), 3.61 (dd, J = 11.5, 3.4
Hz, 1H), 3.51 (m, 1H), 2.33 (dt, J = 7.4, 6.7 Hz, 1H), 2.13 (s, 3H), 2.04 (m, 1H), 2.01 (dd, J = 12.8, 8.0 Hz, 1H), 1.98 (dd, J=12.8,7.5
Hz, 1H) 1.84 (dt, J = 14.0, 6.9 Hz, 1H), 1.78 (dt, J = 14.0, 6.8 Hz, 1H), 1.75 (s, 3H), 0.91 (d, J = 6.9 Hz, 3 H). '*C NMR (125 MHz,
DMSO-ds): d (ppm) 170.8, 168.2, 152.8, 140.6, 136.9, 130.0, 127.2, 118.9, 74.3, 58.8, 56.6, 48.6, 34.7, 33.7, 28.1, 20.5, 19.6, 18.8.
IR (neat) vmax (cm™): 2924, 1817, 1684, 1614, 1444, 1258, 1125, 1032, 970, 804, 706, 551, 535. HRMS (FAB) m/z calcd for
C1sH260sNa [M+Na]*: 345.1678, found: 345.1670.

Reported by Qiul®

IR (KBr) Vmax (cm™): 3406, 1654, 1436.

[a]® = +16.0 (¢ = 0.5, MeOH). 'H NMR (600 MHz, DMSO-de): 5(ppm) 5.71 (s, 1H), 5.55 (s, 1H), 5.40 (dt, J = 15.4, 6.2 Hz, 1H), 5.34
(dd , J = 15.4, 6.8 Hz, 1H), 4.52 (m, 1H), 3.71 (dd, J = 11.6, 3.9 Hz, 1H), 3.61 (dd, J = 11.6, 3.5 Hz, 1H), 3.51 (covered by residual
H.0 signal), 2.33 (spt, J = 6.7 Hz, 1H), 2.13 (s, 3H), 2.04 (m, 1H), 2.02 (dd, J = 12.8, 8.0 Hz, 1H), 1.98 (dd, J = 12.8, 7.5 Hz, 1H) 1.85
(dt, J = 14.0, 6.9 Hz, 1H), 1.78 (dt, J = 14.0, 6.8 Hz, 1H), 1.76 (s, 3H), 0.91 (d, J = 6.6 Hz, 3 H). *C NMR (150 MHz, DMSO-ds): &
(ppm) 170.8, 168.6, 152.4, 140.4, 136.8, 129.9, 127.1, 119.2, 74.3, 58.7, 56.6, 48.5, 34.6, 33.6, 28.0, 20.4, 19.5, 18.7. HRMS (ESI)
m/z calcd for C1gH260sNa [M+Na]*: 345.1672, found: 345.1668.

Compound 22

Rf = 0.22 (CHCIs: MeOH = 10:1). [a]¥ = —=22.6 (¢ = 0.1, in MeOH). '"H NMR (500 MHz, CDsOD): &(ppm) 5.75 (s, 1H), 5.62 (s, 1H),
5.36 (dt, J = 10.9, 6.9 Hz, 1H), 5.22 (app t, J = 10.9 Hz, 1H), 4.63 (m, 1 H), 3.88 (dd, J = 12.0, 4.6 Hz, 1 H), 3.76 (dd, J = 12.0, 3.4 Hz,
1H), 3.49 (q, J = 4.0 Hz, 1H), 2.73 (ddt, J = 8.6, 8.0, 6.9 Hz, 1H), 2.22 (dt, J = 8.0, 6.9 Hz, 2H), 2.18 (s, 3H), 2.10 (dd, J = 13.2, 6.3 Hz,
1H), 2.02 (dd, J = 13.2, 8.6 Hz, 1H), 1.87 (m, 2H), 1.84 (s, 3H), 0.97 (d, J = 6.3 Hz, 3 H). *C NMR (125 MHz, CDCls): & (ppm) 171.8,
170.5, 155.4, 141.8, 138.0, 131.1, 127.7, 119.1, 75.8, 60.0, 57.9, 49.7, 35.3, 31.6, 24.3, 21.4, 19.8, 18.8. IR (neat) vmax (cm™"): 2926,
1813, 1679, 1603, 1263, 1129, 889, 843, 734, 802, 520, 469, 431. HRMS (FAB) m/z calcd for C1sH260sNa [M+Na]*: 345.1678, found:
345.1666.

HO=>.

Wilkinson’s catalyst HO~™“., X COH

v

PhH, 70 °C

(82)-Fusarilactone A (22) 40% (brsm 55%) o Hymeglusin (1)

Hymeglusin (1)

To a stirred solution of 22 (4.6 mg, 0.012 mmol) in PhH (0.34 mL) was added the Wilkinson’s catalyst (1.1 mg). The flask was
evacuated and backfilled with H> gas and warmed to 70 °C. After stirring for 3 h, the reaction mixture was cooled to room temperature
and filtrated through a pad of Celite®. The solvent was concentrated in vacuo and the crude residue was purified by HPLC (Pegasil
ODS SP100, 20 i.d. x 250 mm) with an isocratic solvent system of CHsCN/H2O/TFA (40: 60: 0.1) at a flow rate of 7.0 mL min™'
detected by UV 210 nm. Compound 1 (Rt= 65 min, 1.6 mg, 40%, brsm 55%) and recovered 22 (Rt= 55 min, 1.0 mg, 26%) were
obtained respectively.

Hymeglusin (1)

Synthetic

Rf = 0.22 (CHCls: MeOH = 10:1). [a]¥ = +10.6 (¢ = 0.1, in CHCIs). '"H NMR (500 MHz, CDCls): &(ppm) 5.73 (s, 1H), 5.68 (s, 1H), 4.60
(ddd, J=7.4,5.7, 4.1, Hz, 1H), 4.07 (dd, J = 11.5, 4.6 Hz, 1 H), 3.91 (dd, J = 12.0, 4.0 Hz, 1 H), 3.42 (q, J=4.0 Hz, 1H), 2.25(d, J =
1.1 Hz, 3H) 2.10 (dd, J = 13.2, 6.3 Hz), 1.82 (d, J = 1.1 Hz, 3H), 1.96-1.60 (complex m, 5H), 1.47-1.10 (complex m, 6H), 0.85 (d, J =
6.9 Hz, 3H). '*C NMR (125 MHz, CDCls): 8(ppm) 171.7, 170.2, 156.9, 142.0, 129.4, 116.6, 75.0, 58.4, 57.5, 48.9, 36.4, 33.8, 30.8,
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26.5, 25.0, 19.8, 19.2 18.4. IR (neat) vmax (cm™"): 2924, 1813, 1683, 1254, 1125, 882, 447. HRMS (FAB) m/z calcd for C1gH2s0sNa
[M+Na]*: 347.1834, found: 347.1822.

Reported by Pons!®!

[alo = +28.8 (¢ = 0.25, in CHCIs), "H (360 MHz, CDCls): 85(ppm) 5.73 (s, 1H), 5.69 (s, 1H), 4.60 (ddd, J = 7.3, 5.8, 4.1 Hz, 1H), 4.06
(dd, J = 11.6, 4.6 Hz, 1H), 3.90 (dd, J = 11.4, 4.0 Hz, 1 H), 3.42 (q, J = 4.3 Hz, 1H), 2.25 (d, J = 1.1 Hz, 3H), 2.09 (dd, J = 12.8, 6.4
Hz, 1H), 1.82 (d, J = 1.1 Hz, 3H), 1.99-1.58 (complex m, 5H), 1.47-1.10 (complex m, 6H), 0.85 (d, J = 6.1 Hz, 3H). '3C (90 MHz,
CDCls): d(ppm) 171.0, 169.9, 157.2, 142.3, 129.7, 116.6, 75.1, 58.8, 58.3, 49.2, 36.8, 34.0, 31.1, 26.8, 25.4, 20.2, 19.6, 18.7. IR
(film) Vmax (cm™): 3500-2500, 3389, 2925, 2855, 1820, 1689, 1614, 1462, 1379, 1256, 1142. HRMS (El mode) m/z calcd for
C18H2805 [M*]: 324.1937 (error —2.7 ppm), found: 324.1928.

~
HO—", A COH KOs MeOH S AN CO,H
0°Ctort. OMe OH
o Hymeglusin (1) 77% 23

Compound 23

To a stirred solution of 1 (7.6 mg, 0.023 mmol) in MeOH (0.46 mL) was added K2COs3 (4.1 mg, 0.03 mmol) at 0 °C. After stirring for 2
h at room temperature, the reaction mixture was quenched with sat. ag. NH4Cl (7 mL) and extracted with DCM (15 mL). The organic
phase was dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by preparative TLC (20% MeOH in
CHCIs) to afford 23 (6.3 mg, 77%) as a colorless oil.

Compound 23

Rf = 0.50 (CHCIls: MeOH = 6:1). [a]® = —1.1 (¢ = 0.1, in CHCI3). '"H NMR (500 MHz, CD30D): 5(ppm) 5.76 (s, 1H), 5.64 (s, 1H), 3.83-
3.79 (complex m, 2H), 3.73-3.70 (complex m, 4H), 2.66 (ddd, J = 8.6, 8.0, 5.7 Hz, 1H), 2.19 (s, 3H), 2.12 (dd, J = 13.2, 6.3 Hz, 1 H),
1.88 (dd, J = 13.2, 8.6 Hz, 1H), 1.81 (s, 3H), 1.71 (m, 1H), 1.57-1.29 (complex m, 7 H), 1.15 (m, 1H), 0.84 (d, J = 6.3 Hz, 3H). °C
NMR (125 MHz, CDCls): d(ppm) 175.2, 170.8, 155.2, 142.2, 130.6, 119.1, 71.0, 61.6, 56.3, 52.0, 50.0, 37.9, 36.1, 32.1, 28.0, 26.9,
19.9, 19.8, 18.5. IR (neat) Vmax (cm="): 2200, 2069, 1705, 1654, 1446,1116, 962. HRMS (FAB) m/z calcd for C1gH320¢Na [M+Na]*:
379.2097, found: 379.2088.

T™S, ™S,
/];‘/\/\ Sat. O solution, DCM ~ * o
>
o o]
0 ; PPhg, =78 °C to r.t. o
15 42% S2

Compound 16

To a stirred solution of 15 (1.6 g, 7.9 mmol) in DCM (158 mL) was slowly added saturated Os solution (ca. 0.03 M in DCM, 400 mL,
12 mmol) at =78 °C. After stirring for 30 min, the reaction mixture was sparged with N2 for 20 min. PPh3 (6.2 g, 23.8 mmol) was added
to the reaction mixture and the mixture was stirred for further 12 h at room temperature. The resulting mixture was concentrated in
vacuo and the crude residue was purified by silica gel chromatography (Merck Millipore 60 N, 0.040-0.63 nm, 10% EtOAc in
hexanes) to afford S2 (664 mg, 42%) as a colorless oil.

Compound 16

Rf = 0.25 (hexanes: EtOAc = 5:1). [a]? = —18.4 (¢ = 0.1, in CHCI3). '"H NMR (500 MHz, CDCls): 5(ppm) 9.82 (s, 1H), 4.30 (dt, J = 8.6,
4.6 Hz, 1H), 2.95 (d, J = 4.6 Hz, 1H), 2.66 (dt, J = 12.3, 10.9, 6.9 Hz, 2H), 2.15 (ddt, J = 12.3, 8.1, 6.9 Hz,1H), 2.06 (dt, J = 8.1, 6.9
Hz, 1H), 0.185 (s, 9H). '*C NMR (125 MHz, CDCls): &(ppm) 200.3, 170.0, 71.3, 47.8, 39.0, 27.1, —3.4. IR (neat) Vmax (cm="): 2920,
2851, 1798, 1722, 1455, 1376, 1252, 1112, 1065.

(Note; The corresponding Mass spectrometry data of S2 was not obtained.)

™S,
. o
/l;o'/\/\
Ph o o % 52
N, i i o -
N-N ' pT_sulfone fragment 4 2) gSBQF(ZmS-tre%z’)O Ctort o © 14

E:Z=1:1

Compound 14

To a stirred solution of 4 (36 mg, 0.081 mmol) in THF (1.0 mL) was slowly added Lithium Bis(trimethylsilyl)amide (LIHMDS) solution
(1.0 M in THF, 0.12 mL, 0.12 mmol) at —78 °C under N2 atmosphere. After stirring for 10 min, the solution of $2 (33 mg, 0.16 mmol) in
THF (0.6 mL) was slowly added. The reaction mixture was stirred for further 5 min and quenched with acetic acid (0.5 mL). The
resulting mixture was diluted with brine (10 mL) and extracted with EtOAc (20 mL). The organic phase was dried over sodium sulfate
and concentrated in vacuo. The crude product was carried out the next reaction without further purification.

The crude residue was dissolved in THF (1.6 mL) and slowly added 1.0 M Tetrabutylammonium Fluoride (TBAF) solution in THF
(0.12 mL, 0.12 mmol) at 0 °C. After stirring for 10 min, the reaction mixture was quenched with acetic acid (0.5 mL) and diluted with
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brine (7.0 mL). The resulting mixture was extracted with EtOAc (15 mL). The organic phase was dried over sodium sulfate and
concentrated in vacuo. The crude residue was purified by silica gel chromatography (10% EtOAc in hexanes) to afford 25 as a
colorless oil (16 mg, 68%).

Compound 14

Rf = 0.46 (hexanes: EtOAc = 3:1). '"H NMR (500 MHz, CDOD3): 5(ppm) 5.71 (s, 1H), 5.51 (s, 1H), 5.41 (ddd, J = 8.6, 6.9, 6.3 Hz, 1H),
5.36-5.31 (complex m, 2H), 5.21 (app. t, J = 9.7 Hz, 1H), 4.55-4.48 (complex m, 2H), 3.54 (dd, J = 16.6, 5.7 Hz, 1H), 3.50 (dd, J =
16.6, 2.9 Hz, 1H), 3.13 (dd, J = 8.0, 4.0 Hz, 1H), 3.10 (dd, J = 8.0, 4.0 Hz, 1H), 2.74 (m, 1H), 2.38 (dt, J =7.5, 6.9 Hz, 1H), 2.15 (d, J
=1.1 Hz, 3H), 2.14 (d, J = 1.1 Hz, 3H), 2.21-1.97 (complex m, 8H), 1.90-1.76 (complex m, 4H), 1.81 (d, J = 1.1 Hz, 3H), 1.79 (d, J =
1.1 Hz, 3H), 1.47 (s, 18H), 0.97 (d, J = 6.3 Hz, 3H), 0.96 (d, J = 6.3 Hz, 3H). "*C NMR (125 MHz, CDsOD): 5(ppm) 170.3, 170.3,
170.0, 154.1, 154.0, 141.6, 141.3, 138.2, 137.9, 130.8, 128.0, 127.6, 120.3, 80.8, 80.8, 72.2, 72.049.8, 49.7, 43.4, 43.3, 36.3, 35.9,
35.5,31.6,29.124.2, 21.5,21.1, 19.8, 19.7, 18.9, 18.7. IR (neat) vmax(cm™): 2967, 2926, 2826, 1706, 1620, 1446, 1365, 1238, 1139,
877, 750. HRMS (FAB) m/z [M+Na]" calcd for C3sHs20sSiNa [M+Na]*: 371.2198, found: 371.2187.

Evaluation of antimicrobial activities and circumventing effect of synthetic compounds

Table S4. Antimicrobial assay of Hymeglusin (1), Fusarilactone A (2) and compound 23 against MRSA series.

MIC (pug/mL)

MRSA 92-1191 MRSA ATCC 33591 MRSA KUB 2750

Hymeglusin (Natural product) 2 2 2
Hymeglusin (Synthetic product) 4 1-2 2
Fusarilactone A (Synthetic product) 16 8 8
Compound 23 > 256 > 256 64-128

Table S5. Combination treatment of Hymeglusin (1), Fusarilactone A (2) and compound 23 with MEPM

MIC of MEPM with inhibitor
(combination dose; 0.5 pg/mL)

Inhibitor MRSA 92-1191  MRSA ATCC 33591  MRSA KUB 2750
Hymeglusin (Natural product) 0.125 0.125 0.0156
Hymeglusin (Synthetic) 0.125 0.063-0.125 0.0156-0.0313
Fusarilactone A (Synthetic) 8 2 0.25
Compound 23 128 32 4-8
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Table S6. A combination treatment of synthetic compounds with MEPM utilizing a paper disc method.

HO—*., X COH HO—., A COH

0 Hymeglusin (1) o) Fusarilactone A (2) (82)-fusarilactone A (15) 1"
CO.H
MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-)
0.01 0.03 3 10 10 30 10 100
HO—™, X HO N TBDPSO—~., N TBDPSO N TBDPSO~~., Yo TBDPSO X0
o [¢] (o} [¢] (o} (0]
[¢] o O o (¢} [¢]
S S 20 cis-22 3 cis-3
MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-)
}?h E’h [e}e} HO—
S XXC026BU SMCO tBu N “é'\)\)\)\/co tBu
T N“ Y 2 N“ Y 2 o) A X-COH
-N -N
0 14 13 4 OMe OH 2
E:Z=1:1
MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-) MEPM (+) MEPM (-)

_ — — - - - 30 100

The numbers in table show the amount of compound (ug per disk).
MEPM (+); 1 ug/mL, MEPM (-); None, [-]; No inhibition
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2-3. Enzymatic assay and antimicrobial assay
Cloning, Overexpression and Purification of MRSA mvas.

A gene fragment encoding the entire mvaS open reading frame was amplified from MRSA (KUB 2750) genomic DNA by PCR with
Prime STAR HS DNA polymerase (Primer (5-CGCGCATATGCCTGGGTCACTTCCTTTG-3) and primer (5-
CGCGGAATTCTTAGTGTTCACCGTTACTAA-3’) were designed for PCR). With the DNA fragment as a template, adaptor PCR for
adding B1 and B2 arrangement was carried out. The B1 and B2 arrangement added fragment (5-
GGGGACAAGTTTGTACAAAAAAGCAGGCT-3', 5-GGGGACCACTTTGTACAAGAAAGCTGGGT-3") was subcloned into pDONR-
201 by BP reaction and the gene of mvaS was cloned into pDEST17 by LP reaction to construct a destination vector. The destination
vector was treated with Proteinase K and transformed into E. coli HSTO8 by heat shock method. The corresponding strain was
cultured in LB agar plate with Ampicillin (100 pg/mL) at 37 °C after preculture with SOC broth. The strain colonies were picked up and
cultured with LB broth with Ampicillin (100 pg/mL) at 37 °C. The MRSA mvaS encoded gene inserted plasmid was extracted using
Miniprep. Upon confirmation of its DNA sequence, the plasmid was transformed into E. coli BL21 by heat shock method and the
resulting strain was cultured in LB with Ampicillin (100 pg/mL) at 27 °C to an Aeco nm of 0.5. Protein expression was induced
overnight at 27 °C by adding arabinose and glucose to 0.25% and 0.1% final concentration respectively. Bacterial cell lysate was
harvested by centrifugation, resuspended in buffer (100 mM Tris-HCI (pH 8.0) with protease inhibitor tablets) and cell disintegration.
The soluble tagged protein was purified on a Ni-NTA-Agarose column using 20 mM Tris-HCI (pH 8.0) buffer with protease inhibitor
tablets and imidazole and dialyzed. The recombinant MRSA mvaS was stored at 4 °C for further use.

Enzyme Inhibition assay utilizing DTNB method.

The enzyme activity assay of MRSA mvaS which was described by Miziorko et al,['% was optimized for our system. The optimized
general condition for this assay is shown below.

Recombinant- MRSA mvas$S (45 ng/mL in 100 mM Tris-HCI buffer pH 8.0, 50 uL) and 0.3 pL of inhibitor (hymeglusin or Compound 16,
15.2 png/mL in DMSO) were incubated at r.t. After 3 min., 10 mL of AcCoA (1.5 mM), 10 mL of AcetoAcCoA (70 uM), and 10 pL of
DTNB (1.5 mM) were added and the enzyme activity was measured in the microplate reader (412 nm).

Cloning and overexpression of MRSA mvaS and mvaS/Cys111Ala into RN 4220 strain.

The MRSA mva$ gene was cloned and introduced into S. aureus RN 4220 strain referring to the protocol from Kaito and Sekimizu.['"]
The experimental details are as follows. RN 4220 with overexpression of MRSA mvasS, a gene fragment encoding the entire MRSA
mva$S open reading frame containing promoter region was amplified from MRSA (KUB 2750) genomic DNA by polymerase chain
reaction with Prime STAR HS DNA polymerase (Primer (5—CTTCTCTAAAGCTTTAATGTCTGC-3') and primer (5-
TTACTCTGGTCTGTGATATTCG-3’) were designed for PCR). The gene fragment was added dA with A-overhnang enzyme and
subcloned into pMD20 vector. The MRSA mvaS encorded gene plasmid was transformed into E. coli HST08 by heat shock method.
The strain was cultured in LB agar with Ampicillin (100 pg/mL) at 37 °C after preculture with SOC broth. The strain colonies were
picked up and cultured with LB broth with Ampicillin (100 ug/mL) at 37 °C. The plasmid was extracted using Miniprep. The plasmid
and the shuttle vector pND-50 were digested by Sph1 and BamH1 at 37 °C and the digested fragment of pND-50 was treated with
alkaline Phosphatase CIP at 37 °C for 30 min and 50 °C for 15 min for the dephosphorylation of 5° end. Overnight ligation of the
digested fragment into digested pND-50 was carried out at 16 °C. The ligation product was transformed into E. coli HST08. The strain
was cultured in TSB agar with chloramphenicol (20 ug/mL) at 37 °C after preculture with SOC broth. The strain colonies were picked
up and cultured with TSB broth with chloramphenicol (20 pg/mL) at 37 °C. The plasmid was extracted using Miniprep. Upon
confirmation of its DNA sequence, the MRSA mvaS encored gene inserted pND-50 was transformed into RN 4220 by electroporation
(25 pF, 2.3 kV, 100 Q). The strain was aerobically cultured in TSB agar with chloramphenicol (12.5 pg/mL) at 30 °C after preculture
with SOC broth. The strain colonies were picked up and cultured with TSB broth with chloramphenicol (12.5 pg/mL) at 30 °C to afford
the RN 4220 with overexpression of MRSA mvasS.

RN 4220 with overexpression of mvaS/Cys111Ala, the overexpression mutant strain was obtained using site directed mutagenesis
method. With the MRSA mvaS gene inserted pND-50 (mentioned above) as a template, PCR with Prime STAR HS DNA polymerase
was conducted to get the Cys111Ala mutant gene fragment (Primer (5-CTTCTCTAAAGCTTTAATGTCTGC-3’) and primer (5—
TTACTCTGGTCTGTGATATTCG-3’). The PCR product was transformed into E. coli HST08. The strain was cultured in TSB agar
with chloramphenicol (20 ng/mL) at 37 °C after preculture with SOC broth. The strain colonies were picked up and cultured with TSB
broth with chloramphenicol (20 pg/mL) at 37 °C to afford the RN 4220 with overexpression of MRSA mvaS. The plasmid was
extracted using Miniprep. Upon confirmation of its DNA sequence, the MRSA mvaS encorded gene inserted pND-50 was
transformed into RN 4220 by electroporation (25 pF, 2.3 kV, 100 Q). The strain was cultured in TSB agar with chloramphenicol (12.5
pg/mL) at 30 °C after preculture with SOC broth. The strain colonies were picked up and cultured with TSB broth with
chloramphenicol (12.5 pg/mL) at 30 °C to afford the RN 4220 with overexpression of mvaS/Cys111Ala.

Evaluation of antimicrobial activity of 1 against MRSA mvaS and mvaS/Cys111Ala overexpressed strains using liquid
microdilution method.

Measurement of antibiological activity of hymeglusin (1) was carried out by the broth microdilution method!'? using MSSA RN 4220
wild type, RN 4220 with overexpression of MRSA mvasS, and RN 4220 with overexpression of mvaS/Cys111Ala. An overnight culture
of MSSA strains was diluted with fresh medium to the appropriate bacterial density and spread onto a plate of Difco Mueller Hinton
Agar. The plates were incubated at 30 °C for 18 h.

62



3. References

(1]

(2]
(3]

[4]

[3]
[6]
[7]
(8]
[9]
[10]
(1]

[12]

a) N. Koyama, T. Nagahiro, Y. Yamaguchi, R. Masuma, H. Tomoda, S. Omura, J. Antibiot. 2005, 58, 695-703; b) T. Suga, T.
Ishii, M. lwatsuki, T. Yamamoto, K. Nonaka, R. Masuma, H. Matsui, H. Hanaki, S. Omura, K. Shiomi, J. Antibiot. 2012, 65, 527-
529; ¢) M. Shiina, T. Suga, Y. Asami, K. Nonaka, M. lwatsuki, S. Omura, K. Shiomi, J. Antibiot. 2016, 69, 719-722; d) K. Takata,
M. lwatsuki, T. Yamamoto, T. Shirahata, K. Nonaka, R. Masuma, Y. Hayakawa, H. Hanaki, Y. Kobayashi, G. A. Peterson, S.
Omura, K. Shiomi, Org. Lett. 2013, 15, 4678-4681; ) M. lwatsuki, T. Ishimori, T. Yamamoto, K. Takata, M. Mori, k. Nonaka, R.
Masuma, Y. Hayakawa, H. Hinaka, K. Shiomi, Tetrahedron, 2011, 67, 6644-6648.

K. Koseki, Y. Takahashi, K. Shimazaki, T. Ebata, T. Chuman, K. Mori, Biosci. Biotech. Biochem. 1992, 56, 1728-1731.

X. X. Tang, Xia Yan, W. H. Fu, L. Q. Yi, B. W. Tang, L. B. Yu, M. J. Fang, Z. Wu, Y. K. Qiu, J. Agric. Food. Chem. 2019, 67,
2877-2885.

S. V. Ley, N. J. Anthony, A. Armstrong, M. G. Brasca, T. Clarke, D. Culshaw, C. Greck, P. Grice, A. B. Jones, B. Lygo, A. Madin,
R.N. Sheppard, A. M.Z. Slawin, D. J. Williams, Tetrahedron, 1989, 45, 7161-7194.

A. Otaka, E. Mitsuyama, T. Kinoshita, H. Tamamura, N. Fuijii, J. Org. Chem. 2000, 65, 4888-4899.

Z. Liu, C. Xu, J. del Pozo, S. Torker, A. H. Hoveyda, J. Am. Chem. Soc. 2019, 141, 7137-7146.

A. Pommier, J. M. Pons, Synthesis, 1993, 5, 441-459.

H. Sun, S. G. Dimagno, J. Am. Chem. Soc. 2005, 127, 2050-2051.

B. W. Dymock, P. J. Kocienski, J. M. Pons, Synthesis, 1998, 11, 1665-1661

D. A. Scaff, H. M. Miziroko, Anal. Biochem. 2010, 396, 96-102.

C. Kaito, Y. Saito, G. Nagano, M. Ikuo, Y. Omae, Y. Hanada, X. Han, K. Kuwahara-Arai, T. Hishinuma, T. Hishinuma, T. Baba,
T. lto, K. Hiramatsu, K. Sekimizu, PLos Pathog. 2011, 7: e1001267

M. P. Weinstein, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically, 11th Edition, 2018.

63



BT —

64



H NMR spectra of compound 11 (CDCls, 500 MHz)
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13C NMR spectra of compound 11 (CDCIs 125 MHz)
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H NMR spectra of compound 13 (CDCls, 500 MHz)
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13C NMR spectra of compound 13 (CDCls, 125 MHz)
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"H NMR spectra of compound PT-sulfone fragment 4 (CDCls, 500 MHz) '
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"H NMR spectra of compound 15 (CDCls, 500 MHz)
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"H NMR spectra of compound 20 (CDCls, 500 MHz)
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13C NMR spectra of compound 20 (CDCls, 125 MHz)
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H NMR spectra of g-lactone fragment 3 (CDCls, 500 MHz)
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H NMR spectra of compound 21 (CD30D, 500 MHz)
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H NMR spectra of synthetic fusarilactone A (2) (DMSO-ds, 500 MHz)
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1H NMR spectra of compound 22 (CD30OD, 500 MHz)
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H NMR spectra of compound 23 (CD3;0D, 500 MHz)

= MO
1 O A A CO,H
2] OMe OH
] 23
o]
2
<]
!
<]
2
<]
o
=1
: | | W
5.1 | | G A M
o1
£°7
‘HHHHQ‘.O‘HHHHS}O‘““““710‘““““6‘,0‘HHHHS}O‘H“““410‘HHHH}}O‘HHHHZ‘.O‘HHHHI}OHHHH‘(‘)HH
W [ (AL 111 VAL
A N A AR A A
03 £%  CEEEEEc: g3y sEgfgzmEnnoy St
£3 22 =2BERE RS 2BEr 23585AssS =8 ZE

X : parts per Million : 1H

3C NMR spectra of compound 23 (CDsOD, 125 MHz)
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H NMR spectra of compound S2 (CDCls, 500 MHz)
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H NMR spectra of compound 14 (CDCls, 500 MHz)
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ZENHRETH D,

ZOVERBEFFE LT, SRAERY 77 1 B AR 2R T 2 B )3 Fab $BA71C CRdik
L. BT 52T NK fifae~rnrr— RICEDMIEREEEZFHE (FUsE
MR R A . ADCO)(FARK AP IR E/EH: CDCC) 7% 9,
PAEREIRORELL TL, O~V AFUR, QF AZHUE, OeMEHLE, @eiMtiksd
D, HRERDPURDIRRIC L > TOITDHZENTED, FUREIRIL, 20 B IR
FROEEET2FDHO T, EMNUED b M =080 23 B <R RO KD RIFE - 23
R EWIRFEND (Fig. 5).

LoL72m3s, PURESRITRBUCEM 2 LB E 95 81, EMESURIZITE S 1 A
ZINREIRTHY, DD R DA & m I L CWND, B2 IR, BB 20T
DOIFIEILEL T 2020 42 BTSN V7 U A=1T 1E 6700 J7 H Ok E720, —
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D R TNEFL B EA LT E VD (Fig. 6), A T, FUAEIKITIZ IO R
VI ARRE GG BRI /T THHHI 150kDa) THHEWVITERE THHZEND,
A A i 3 D EMTE T, FANEA DS MRS NS,

@ REL o

’ AL \\/ \(/ \\ // “:" '

[=o24] [FA544 | [ErEsE] [ erak |
2TIVAEE AERRDHIIABRE CORDHTIAERE 2TErEE
DS IFEM R fanEBH IXEFEE

Fig. 5 iiiAiE AR LT/ /0—F LA EDTEES

o U B S E—Or E—VBhiRRE
HWaB &7 UR S B SIE RN ER ) mE () (EBM)
JITUARR BIEF AR HREME EHEAE 20204E5H 167,077,222 25 4,200
N BRFEHAMO XHlaBH 202144R
AIRHILE faRaR B~ HE 34,113,655 232 7,900
BRETHAMEDCD195KEE
DBfAfAtERM L/ BREFER
LT rasam MFRBFRE-EERE(SEE 2019458 33,493,407 216 7,200
HOUFAMERMRIBM) >
INfE
o FRBE S MBERS LU
ATITVY HEBER REIEE (e 20174E8H 14,957,755 249 3,700
REVSH HEBER FLIR B H R A EHRAE 2018458 9,320,424 294 9,200
I EEEEVIRFIS T 51
= = EEA—ERETHERMEMK
ANLZATS RRER SESIE Tk S M4 1+ 20184E58 1,552,824 17 5,000
2 i {E R o
. YIRT R BT E (LB
TEYILVHR RAER B0 EBEE 20204118 1,026,825 416 3,800
- N BB EROIEBE
FLtI rasam Jrtietinreped 20154E118 884,767 260 3,500
FIo—K RKREE RATIBRTRELELREE 20144F98 729,849 470 3,100

Fig. 6 IEREDREMERELI-HE ©

1-4. Fi-723EKNER -2 VBRI B EA (Protein-Protein Interaction: PPI)
FIRUTETAK, m0 T EEITZAY DD DHH O DL E N FEANERNTHI R385 5,
DI FObE, BUE, Filc R FARERE L THE R ZED L0035 <7 E [#fH
HAEH (Protein-Protein Interaction: PPI) TH 2,

“ALBTI =L ERRSNDAEMR O BEAERIL, Zo VB x i e LT AR
HTHY, 3T 257 TIZE o TOE AR ERIMEAEM, @F VB FE A AR
M. @F _IE Ny FHBEAERIZREIEND,
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AL BT I =D T, PPLITARN DXL 78 4y Z HFE B AR Of R
THY ., NMEDIE B REHEE T DK 65 O PPLIL, [EE AR TRy N —2%
HEFLL TS, PPL OFFEL Tl FEA R OIAS 2R B4 (1,500-3.000 A), i3k
DARSY FE IR G L& o 7B DREREIFE (300 - 1,000 A)LH 2L, fEH L0155
FEIRAIE T IR, S B R R RERR S P RE LRV R B3 ) B3 52 803D,
LL72235 PPLITARNIZIR W TSRO X G DB G- LIEF MDD BN
(I EAE Ry N =22 TR L CODZEMBIT NN EECTH DT | BLEA DR
ITWETER S EILE W (Fig. 7). BULE, PPI OBFEGR SCEUTEINZ el CTEY,
2016 1% 2,549 - T&HY 2000 FEDOHHDK) 3 fEL72>TNHIEN LY IRHEARD
SANER L CORImN RSN,

Stimulus/
Pertu'rbatlon Time (min)
Location
(subcellular) _: Protein
— Network
: : Protein

Fig. 7 RIBVEBRI~ DB EIZHE 1T 5BBIPPIsR v b7 —2 ORXE?

ZLTRIFEEX VT 4O T PP 2R LIS LA IF 70 FIEFETHY , LA
TIZZE DR L EHEN TOBEESLIZOW TR RS,
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1-5. F-RAIFEEL VT 1 - P FER

EIGMEX VT O THIK, maFOREICLE T L0 ERIT, @ ERE
P LTy -2 2 M LA /SR B Z E T4y -5 500-3000 FREE), FRES A
A BAL 0072 VAN H FTREL 720 | fEk &L e D3R AIE ) DO BRER 23 AT E & 72
HZENAY Y REL THIRFS LD,

FIAEEBLED D R 0 L EWIE, & Fsp AR 9% R 28T, Ffilp=r 7
F A= arw LV EH IR AEYIEE R T, L ORIK, .m0 FEEORHEEE
DAV~ T AV hDO AT T (Fig. 8).

BRFER $HFER BNFEXR

e ~500  500~2000 155%E  Advantages
®Oes O A x * BV \Fsp3REZ R T (RIRFRP DsplRFEDEIS)
RSB o O X - BHARIEENTEC L 3D FEMNTHE,
- BN )OS ERHT DD, KEAD
PPIPEE x (@) (©) BRENBVER ORI EEENS.
mpyN =i L 224 =i

Fig. 8 . B, B FEROUEKR LD S FEXOFR

o FEIRO—FILL T, v/ AN RHLH I TH D F 71 EFE Erythromycin (Fig.
NIE., TERD T T KPR E R T 2HUEENTMA T, ML ERLVES THLET
Vo D7 A=A ONEAMELE X RR2E DHIRIEMER N IESH TS 9, £/, i
FE 4| Td D Cyclosporin A (Fig. 9)i% T VL /RERICE DA H—1 A% 24,5,13
A =Tz 12 E DY AN A ARG AR R A7) D R IHIHIL , AR
A L PEAE LB A NH] 5 19, 2T Cyclosporin A [ZIha2 U RUTIWZEH 3524 T
TRV RAZFHET LN B L ¢ OHEISITAERAbHESITRY, £¥75%
EENER RS, A TR 3 &, MRl A i 3 2 & RN 2 /0 24
MELTNDIETHD 1Y,

ZD I OND L TA AT F DA IENE S AR ESE @ YE . PPLFHEIC L -
THEAIBAF DRI L LT, BRILER D TUWNVD,

H Me OMe)‘Im)j\

Me Me

Erythromycin Cyclosporin A (Mw: 1188.61)

Fig. 9 Erythromycin & Cyclosporin AD{LZEH#E

85



1-6. 537 RKAY Dityromycin (1)
ZIKE}%E@/EI\}#Z&%E@"G enamide /biaryl ether containing :""""-O-I-I-""""-""""""""-E

Isodityrosine tripeptide H (o)
&% Dityromycin (1) OMe ;
(X, 1977 FIZ L HLAF o oH
_ HoN
FEATDRFHIZEAST 0
HN O

HHRE Streptomyces 1O
sp. AM-2504 #RD¥5# o

Isodityrosine motif

2 0 W & R ;I Ty HE
WA NS KW o i Me
OH dehydroisoleusine type '
ThHb 2, FD%. F non-canonical amino acid ! Me
i i : E-Dehydroisoleuci ;
ﬂ[%\ j(?H‘ BL:J:/) "C?{ (green: stereoc[.?htg:gin;m:s(:li)t determined) '--ccctttoto- eer S 0 eucne """""
SR D 45 fRFZERIZ 3D Fig. 10 Dityromycin (1)D{b22#EiE

HRO A IE DI TE S Marfey 5% W=7 BRO AR RO TEN T, 1988 4F
WZBENR T X b P2 A 2286t 7 -T2 (Fig. 9)1,
EERFEEL T, =N T V=NV —T N E G0 T H4 YT a RN
URTFRETEROA Y BAT L INTARF TR TULT ha— L ~bm LR TR
BACSNIZR T T WA 5, 7035, BEEREND 45 050 LI HEL R E,
ZDEET I ORI AR IIA B ES I TR,
F=FDEYTEME LT 11X, Bacillus subtillis X° Bacillus cereus % & oM NME
T SC1A M A D IR IR & LTSS Clostiridioides difficile #1308 7%
(R PERAME | A SUHE A B Lo U CHui UM B 5 42 447372 Luminamicin <9
Vancomycin (ZVCECT DHLEEE M%7~ § (Table 1),
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Table 1. Dityromycin (1), Luminamicin, Vancomycin D& 8RR IEME < (TR EEME

— A
. MIC(pg/ml)
Luminamicin Dityromycin Vancomycin
Staphylococcus aureus FDA209P >64 >64 1
Staphylococcus aureus Smith >64 >64 2
MRSA Low resistance >64 >64 1
MRSA High resistance >64 >64 1
MRSA 70 >64 >64 0.5
MRSA 92-1191 >64 >64 1
Staphylococcus aureus Macrolide resistance @ >64 >64 1
Staphylococcus aureus Macrolide resistance @ >64 >64 1
MRSA Mu50 >64 >64 8
MRSA LZD-resistant strain® >64 >64 2
Staphylococcus epidermidis >64 >64 1
Kocuria rhizophila ATCC9341 8 >64 1
Enterococcus faecalis ATCC29212 >64 64 4
Enterococcus faecalis NCTC12201(VanA) >64 64 >128
Enterococcus faecium NCTC12204(VanA) >64 >64 >128
Escherichia coli NIH) JC-2 >64 >64 >128
Citrobacter freundii ATCC8090 >64 >64 >128
Klebsiella pneumoniae NCTC9632 >64 >64 >128
Proteus mirabilis IFO3849 >64 >64 >128
Proteus vulgaris OX-19 >64 >64 >128
Morganella morganii1ID Kono >64 >64 >128
Serratia marcescens IF012648 >64 >64 >128
Enterobacter cloacae IF013535 >64 >64 >128
Enterobacter aerogenes NCTC10006 >64 >64 >128
3B ]
strain - . MIct Hg/m!). -
Dityromycin Luminamicin Vancomycin
Clostridium difficile KUB2978 8 2 1
Clostridium difficile KUB2996 8 2 0.5
Clostridium difficile KUB2994 8 2 0.5
Clostridium perfringens KUB2981 8 0.5 1
Peptostreptococcus anaerobius KUB2980 8 0.5 0.5
Parvimonas micra KUB2999 4 32 0.5
Parvimonas micra KUB3000 4 32 1
Eggerthella lenta KUB2979 8 8 2
Olsenella uli KUB3012 0.25 8 1
Bulleidia extructa KUB3013 8 >32 1
Atopobium rimae KUB3014 1 16 2
Bacteroides fragilis KUB3003 32 16 64
Bacteroides fragilis KUB2982 2 8 64
Bacteroides fragilis KUB2983 2 8 32
Bacteroides thetaiotaomicron KUB2977 >32 >32 128
Bacteroides thetaiotaomicron KUB2984 32 32 128
Bacteroides ovatus KUB3008 32 16 >128
Bacteroides ovatus KUB3009 32 16 128
Prevotella histicola KUB2989 1 32 >128
Prevotella intermedia KUB2991 1 4 64
Prevotella melaninogenica KUB3005 1 32 32
Prevotella buccae KUB2992 4 32 128
Fusobacterium varium KUB2741 >32 >32 >128
Fusobacterium nucleatum KUB2742 >32 16 No data
Fusobacterium nucleatum KUB3010 32 16 No data
Porphyromonas gingivalis KUB3002 1 8 No data
Porphyromonas gingivalis KUB3001 0.5 4 No data
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1EZNETICEB RO R 1T72\0— 7T, 1IZBIT AL FRIE <D
BFIEH Lo T DRSS CTRY , ZOIFIUEANTME D2 R E O CTh
% 708 VAR — AHPICHFAET 5 308 7 2=o kD S12 ZL R’ 7 LMEENAR AL T
%, MAZTEDFREARERD X I REERK OBEL PSS TS, 11
S12 Z_7 LG 3528 C, Bl KX+ EF-G (Elongation factor-G)&? PPI %
BLE D,

LU FOHEBIZEDFERIZ DWW TR RS,

1-7. MEDZL I ERRIZBITHERERRE T EF-G DEFEAH =X A
EMOEFT B TRZ B A ROEFEL, DNA 2°5 mRNA Z#%H L CTHERE )
iThiu, VARV —LWNIZTRNA 25 L TR T W) B NI VR T =129
Vo VARV — AT EBAEW E AT THEE D 72D | ENE VR DI RRAR I
HE-T 80S VR — A, 708 ViRV — LERHEND, M D X7 E DA RITLL T D
BEREA R CHEAT T2 19,

1) (RNA @ 27 F721E 3 TR U TRER N2 T I BRI T I )7 /0 (RNA A il SR
(Fig. 1) DfRENE A 252 1 F = AT VRS & LIRS D,

BRIGZRN L (UAA, UAG, UGA))Z KIS T 2B A (RNA [IAT A= i D7 Bk
FRILEL ANV E ST T IRNAM 2707

Y5 XIE% (2-0H) Y5 X|IE#%(3-0H)
Glu, Gin, Arg, Val, lle, Gly, Ala, Pro, Ser, Thr, Asp-tRNAL HiEER tRNAAs
Leu, Met, Tyr, Trp Asp, Asn, His, Lys

[Met-tRNAS B BE R D1 1) [His-tRNAA R B3k D) [Asp-tRNA& Rl B 3= StRNAAPIR S K]
Fig. 11 E. coli 73/ 7 JURNAE KURNAE A D #EE L9181
2) RIEPEYRY — L0 30SH 7 2=y MZBHEAK 7 3(IF-3)E AR 7 1(IF-D A&
L. VAR — L% fREfET 5, %tV T, GTP, mRNA, IF-2, Formyl-AF 4= 03 A LT

B AA tRNA(FMet-tRNAM)BEAES 30SY 7 2=k P EMLICHE ST 5 (Fig.
12),
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3) RIEPEVAR Y — 20D 30SH 7 2= MZBAMRIA 1 3(IF-3) B 46K 1 1(IF-1)25 5 &
L. VAR — L% f#EfE9 5, GTP, mRNA, IF-2, Formyl-Met %t A& L7- B4
tRNA(fMet-tRNAMOEE AR 30SH 7 2=~ P EALITHE AT D

4) IF-3 OWFHEICHE =, 508 U7 2= ;) 30SY 7 2= MIHEA L7z GTP ZhK4y
iRl oD ZOBEARICHEDS T D, IF-1 & TF-2 23U, RIS (RNAM 3 fE545, =
NICEBIZ 50SY 7 2= b &  EEENTERT D,

5) BET T RO C K7 I Bz DT H3BERE UG A7)V TH L RTE 3D
<bBND,

i ) MRNA OaR AT DT /T3 /L-tRNA-EF-Tu-GTP & KN UR Y — LD
A L A~FEE T D,

i) A ALDTI T L IL-tRNA DTN P LD (RNA & REZE L, X7 TR
TEEEIERT D (T TFRER),

i) 7I/EEE L CZEL72>7- tRNA 28 P ENL & BEALD,

iv) A HALD~XTF U )L-tRNA 73 mRNA Z & P LIS ENL (B, MFv Rl —
vayv) . GTP &fE A L7z EF-G 28 A BMLICHE A1 5,

v ) EF-G 2 GTP Z /K5 fRL CUVARY —2ZBEL, DDA EDR DY A7V A
R

OV AT NEBDIRTZET, 1RBEIC3~5ED 7T /R NERE ST,

ZZ T EF-G &I, fusA Bin T WIZa—RZid 704 [HOT I BRI IEI D728 37
THY, AL T ~ VbR END, N KN DOR A TIX GTP (T /3 5°-
3 U)K %R Tdh D GTPase EDFE AN THY RALUVIVIE, VR —=~
JL 308 7 = hEfEA L 191D mRNA & t RNA % A E 705 P AL~ 3R
Fraalr—ar w479, 7. BF-G D 5 DORAALL 1T ~VIZEHIZ, 52D 2 5D
A—IR—=R AL~ T BIND, A—/N—=RAL U TIIR AL T E N PDRKD  A—r3—
RAAL L TER ALY TIT—V D3585,

N AR — g OIBFEEE L T, A—/N—R ALY TIRVARY — A~DBRE IS
ZHSTEY, MBI E L2, —F T, A=/ S—=RA( U 1L, N ARl
—a Al (PRE) IREENSR T A —al %% (POST) JRRE~, K&/ lisf5 )
5, POST JREED A—/X—KAA 11 |L EF-Tu-GTP-7X /7 L)L tRNA —F
BIRD RNA 53 FEHEEREL TWD (47 THERE),
ZDINTHE DX L R IERIZ BT D EF-G OERIZHALNESN TWDALDD, £
DHEAFITAIAKIRE U TRIFEI R HD3 20, UT4F, Dityromycin (1)1 S12 #2737
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EREATHZEIZED EF-G £@ PPI #[HET 5205, FEREFIZIS 1T 5 EF-G DAL
RAEIE DM R SV TE T 1819,

= REHETOEMN

Fig. 12 E. coli 3o NV ESRICHB TERTFRED B R OEX F1Y

1-8. Dityromycin ()ZF|F L7z EF-G DO#&ExE#EA
Thermus thermophilus @ S12 %> 737L Dityromycin (1) X & ks SR
2014 4E (T Steitz HIE, K= EWEE Thermus thermophilus @ EF-G & 1 @ X #f
HfE A EX 2 L . FOHRYRARY MR TUD,
ALV LA, 125 70S UARY —LH  KRIZ 30S 7 2=y b &3 5281,
508 7 2= hé 1 ZRIALEEL THA L X7 B BRI L 72N ENLHRIBEFU T
77
Steitz HIE, 1 & S12 22370 X AR BHEERIZED 1 Ov T — /Lo —F L
A& S12 22737 Arg30, BIOT UL T va— L ALE His76, NN-V AT LT
JHL Arg55. 1 D(S)-7 == V7 VN EENH B UBRE HisT6 BENLENS
AN B R PEA ARG LK FER A T252L4 7RI (Fig. 13), EHIT E. coli D
VAR —=<)b S12 XL R7IZEBW T His7T6 7 VX = Vv 77U b L, 2N
HT ANTGX AL —T = a AT T RIZER W TR, LISk D kA
BL TS, — 7 THAEWE Streptomycin [ZHIE D 23S rRNA (IR & Lakr o
AV —REFHIT L0, FPERNART RV 77 % O T- mRNA OFFREEE
DIRFEIZIBNT 1L, IR OIRY—=REFHEIL TR oTo, ESHIT S12 #2372
BEpEd 5 S13 X0 OREREE RIBE T2 — 2 FOFEEMERBRICB O TH 1
FHUETEMEZMER L2280 5 1 OFEFIEERL S12 237 DHTHHLZEHHIH)
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Lrpote, 30S VAR Y — 0D P LA A SALISALIE 5 S12 X 7371%, EF-Tu @
7T IVRIEIZES 5L, His76 1 DFEA T ANNEE THALZENNHIL TS,

Protein synthesis in bacteria Peptide chain
70S ribosome 8

30S subunit { R
Pharmacophore /

Aromatic ring

4 EF-G
(Elongation Factor-G)

Me
ore
~ y_\ o]
{NH HN
o o Me N,N-dimethyl amino group
Me-N —
Arg 55 022—< ZQ*N
HO NH :S”(Me
AIIyIaIcoholhoMe—N oMe o Biaryl ether
o —N H
C~"
o]
O HO Me
Dityromycin (1)

Fig. 13 ¥R B &M E Thermus thermophilus®S12%>,7%% &Dityromycin (1) DX#5 3t 45 R4 E 19

91



PRE/POST translocation (23175 EF-G D2 7 4 A—av D4k 19

2014 4EI1231F 5 Dytiromycin (1)& S12 22737 D X kb i 18 B o0 Bifg7 5%
E, Steitz H1E 708 URY — 2% 1 I2&-> CTHILEL 7= R I2BWT S12 #2737 L EF-
G @ PPI #PH#EL . EF-G @ PRE Nov A — g WD kG5 v i b 352 &
IR LTz, AR 12858 EF-G X PRE/POST b2 A/ —ab ORIZIZBWT
A= R—=R AL T IZHEEZGIX ROV DD A—/S—=R AL T M E T2
REPEEZA LD DESN TS (Fig. 14),

POST COIf/PLEX

: PRENSV AR —SavIziitd
70SVHY—L/EF-GHEE

: POSTRS> AR —Laviciit?
70SVHY—L/EF-GHE
PRENSV RO —SavIzEI+ BEF-G

: POSThSY ARy —LavIs I BEF-G

oo W »

Elongated EF-G

Fig. 14 (¥ S B #8148 Thermus thermophilus®70S!) 1Y) — L LEF-G O X#R#% R 1#E X119
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1-9. Dityromycin (1)ZV—F{L-&WL L - RIZERFSE
ZOLHITHLIBRIE ML ERE S B O, SBDD IZEE SRS R A2 AR HED L2 LD
HORDIEHDD 1 ZAIFEY) —REL 7RISR 2 BB T2 BRITIEF T REZNEE X
HID, KW 1 2 ORI RO EBELTIE, 1977 O KA HOEFF LI
LB K KA LA FEATIZ BT, 800 mg FEE D AR 7 MEBE S TS, L
L7a35, FENHE, AR OEER LD R OISR R T-E2A, 1 DARE
PEIZREA LTI, FEx 55 BB ORGFHIRB W TH o080 113552
N TEIR o7,

ZZTHE L 1 ORENRISERIE O B IO 1 2 —RELEFHEER A, £
T ARSI oot SEAR L2 DR EITER L T, AR O NAE R ThHEE
AN gt T (e B Nl B a8
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2-1. Dityromycin (1) D ¥ & HR

Dityromycin (1)D2 5 %% HfF T I2H 7> TEEHIT, OLOFHE LA FAIIT
ZEDHPRDINAK A2 G RIS 2 LR LTz, T2 5 1% 3 DDTTT AR,
Northern part (2), South western part (3), Eastern part (4|27 EIL ., ZILZ DG RRE
AWML LT- ET, AT E L QUK ZETRAE BTV OO THD
(Scheme 1), 728, liL‘l&’)k Scheme 1 {ZRL7ENAR LA 5 1 5 EERIELT
%%%F‘ﬂ%ﬁ%ko T, Steitz HIZ&D X MRILHS ARSIV TEEF 5 MK
W DIZWr L2 WS DD | KW 1 35 ATREM: Db m\ WO LAR L2 TH
%,

(0}
Esterification
Me__Me | ‘
OH ‘
Macrocyclization TBSO* N o
! Me
N v, AllocHN Me O HO  NMe,
? y/* Northern part (2) Me o
\n/\ HN Me
| E r WP ””“Z—(
," +-BuO
Dityromycin (1)
(Our 1st target)
South-western part (3) Condensation ~ Eastern part (4)

Scheme 1 Dityromycin (1)DFES AL

WERROERASLLT, 31 BEREREZEY~/a
BRAVEOG T, BUS SR SEHWG A, XA~
— LR EEND, EZ T2 AEL T4, 3%
NEYR , #g & LT BRALRTBEIR 5 25 E L, BiAKME
FIAAERIZ LS TS BT S ER0 TR DN E

£ e L i)\©
B S AR H T L LT, SBIC. 5 D8l g
RARTFRENLNILT T 2N 2 4G F T Bome”
%, FOATER AT FRIZEBNT, 45425 wso” O

Fig. 1 IR{LHIBE(& 5

SELIEADRRBRENC IS TIRY ., BRALBIGRE
BTG AT ST BT Ea B LT,

FLTAREROEERSEL T LICEENDIEBETIBREMIZ2L3IZE5ENTE
D, ZNBEEDIINILTERT 20D THD,
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2-2. Northern part (2)& D ARG &% Ak

Northern part (2)Z 5T % L THEERLDM, 17 BEREZTEK T DERLKS TH D,
— RSB E IR LSNP T a s VRIBR N T T R ISR A E B
L _zr/efotﬂ/77r7<~/a/fz%>0\ AT BRI O DA AR
BOTRIRICELS FHTENHESH TS (Scheme 2) 2020,

WL S IT & B OF4949-ID 2 & ;20

CO,Me )'—NH2 MeO,C
NH
NHCOan O N NHCOZBn
B Thalllum trinitrate H
r
MeOH rt.

25%

Hutton5 Ic & 3 Seongusanamide BO2 & /%2

AcHN -
AcHN 3
' \/« w9 H Me
< e /}N N
Me H,} N Me
Cu OAc),, pyridine 0 H 0
O EtsN 4AMS
26% Me
OH)Z

BnO
BnO

Scheme 2 IU#429, Hutton?V5DEEWARICEFTZIYVIFOAIVYRBERNIURTF RO

ZNBDOHENLL DD INTERLIE DAL EIZE TV — /L = —T VI RUTFED
Ullmann 7> 7V 7 <Lfig{tiy 71> 7V 7 Evans-Chan-Lam (ECL) 77U 77|
SNAT St PNERIREE L CTEHEIT HILDM, ECL 1y 7V 7 %RV T O KR 78
HEFENE MBS 2 B 5720 EH DO RZ BT 57 —AnZ N, —F T, Hb
MUDE TV — Lo —T VA LN T FRIZBT 555 TN & RO L D8R b
I% Hutton 233 & L CWAIEYD . B USO8 | T L= 0L — D FERE
2 DT EIXNEETHLZEN T IS ),

ZITEHT. 20 TH5=INEEICE A L, = IROGRIF— K= T
IR BEDREE IR N TIE, = DA ~D B2 BRI LD REMEOI T
MOETTHE T, Schmidt 5 D0 KARD 2902 & > THENZL.S 4172 Horner-Wadsworth-
Emmons SUSZEDFIER, B B ALK A V- Buchwald-Hartwig (Goldberg) 7/
YTV TG DBRFENTND, LT TEHITRAIZ, 2 DEHIZBW TR A DRIG
FEEEALIESS. Dy 7V T RINCBITHEBIRIED, @B a2/t LT 18 BR%E
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BRI L, BRELDD T2 NOMEE T ML=, LL T2 1 Buchwald-
Hartwig 71> 7V 7 & BAL O SELTZ 2 D5 %7~ T (Scheme 3),

Evans-Chan-Lam_ R

OMe

coupling .~
o owe owe | O
17 OO_\>_/OAC OH qv
d\lle Me | oH dwe Me ! Me | OAc

e |
p— H W, —— d’
TBSO™ NL( NS . iy 8
Me © TBSO N Me TBSO" N ‘
AllocHN  Me O y ° y Me
oc! AllocHN  Me O AllocHN Me O
Buchwald-Hartwig
Northern part (2) 6 coupling 7
OMe \/

fo) OAc OTBS

o\ OMe

18 : ]‘
Qe Me L, )SL o OMe oTBS
/ 10
N, L s N’IK,N3 ¢
TBSO! N Me \ ( o
AllocHN Me O Asy ic aldol r i !
HO"

OMe

1" N3

Scheme 3 Norhern part (2) DS RE *

2 1%, B IZH51T 5 Buchwald-Hartwig 77> 7V 72 K> TR RTREZRR B D EL
ZDOHIBMAZE T ) —/L=—T )L 6 L7z, 6 DE TV —/L=—T7 LIS T
RN ALFRINEN SIS NI TS5 ECL By 7V 7 NI EEL, T F
K 7058l B-ERaf T a9 ONAREEFAIZEI LTI, Franck HIZ KL
STHESNITTYITFFH 1 ZAFMBEEE LICARF aldol UG 2912 &->THE
KT HHLOELTZ, AAFZED BRIO—21F, 1 DXL LFZOPTE THLHT-D
aldol SIS DARFMBID SR FAYIVEZ HZET, 9 DNAR L FZDOIED 3T A TE
HHDELT,

SCHRICHE S CTRBLL 7= F 7V Vo F AT VR M A L7278 11 I12xfL, X
VAT T ER 10 ZRUGSHE P CEX UURy NCINAB S fRT524T 9525
FUTz, 7o 38 MINVEIE iRt 9 OEEBEIC CHEET 52T ' HNMR 22HY 7 AT
VA LM LT LT A, dr el 15:1 Tholz, 2D 9 (2B ITH=F T4 kb
FIERDIE THH LWL 7o, SHICHEELTZ 9 O 'H NMR ZffEsd Liz&Z A, syn: anti
= 20:1) THHIEEFER L TND, 15517 9 12xL T TBSCl Z{EH S U b
1TV, 7V R% Staudinger 1Z Il > TH—#T7I LU Alloc FIZTIREZIT T,
T, AT VAT VXL, LIOHH,0 & W2k oy fifa il i= 2 A, B
IO FREE TR T, 7=/ — VENLIZ BT L0 TBS AL R LI=Z 85 b
LR A7 S FR DS AT BEZR MesSnOH % W oSS St ic k> T B -ER s
vl 17 %7 T LA — I TERK LT, 1T 12X LAY =y 18 Z HATU Z1E
MEEHEETHIETIONT TR 19 LU, EDAT VAT VIO NIK S FIZTT =
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J— V&R P72 TBS FEDREZITHIZENTEAHIEAZ R L= LIOHH,0 (25> T
ECL &7V T HiEEAREL T T 2457,

oTBS
o)
X OMe
o]
N 10
S HO{J“\/ ® S o 1 step from Isovanillin (quant.)
HO NH, CS, KOH S)LNH DCC.DMAP 87 N N, __TiCls DIPEA, NMP
—_— S . .
o 20, 100°C DEM, rit. o DCM, =78 °C to —50 °C
89% Ph 60% .
(S)-phenyl glycinol (12) 13 1 Asymmetric aldol reaction Ph
o
(d.r. =15:1)
OMe OMe
M
QMe 1) AllocCl, pyridine, oTBS oTBS oTBS
OTBS "pcM, rt. .
85% (2 steps) PPhg TBSCI, Imidazole Imidazole
.
(0] 2) Me3SnOH, MeCN, H,0, 70 °C oM DMF, 70 °C o™ ou MeOH, r.t.
- Toluene, 70 °C TBSO" OMe € 36% (2 steps) e
TBSO OH  96% NH, N3
AllocHN 9
g,a,,:ica,e 16 15 syn: anti 220:1
Me Me
H
Me NN me oTBS
H
Ha 0 e Me LIOH - H;0
18 HATU, HOAt, DIPEA o L(H ! 2
> —_—
N.
DMF, rt. N Me  MeOH, Hy0, rt.
83% AlocHN  Me o 71%

19

Scheme 4 YRTF K TOERK

—HTTDHY TV T R—=F—Tdhb 8 DARMICEL L, I—NEERE =T L%
BHZ Augstin GOHRE LT TiICL, #1/EHS Y2 Z = /7 — MR H T4 Ze =13 —v
RN%& 5272 aldol Mg & 22280 21 A RkL7= (Z:E = 20:1) (Scheme 5), ZLCx=F

VAT VDB TSR T VLT ILa—vdD Ac I HR#EICL -T2 28/ L
Too 7285, 22 DRATICEAL L, B =7 b ET UL AT L 7 b D NOE A

BAZEIH T 52 LIl > THEGRL TWD, 2L T 22 IZXFL T NalO, Z/EH &, v =
—VIRT U RROU R 8§ ~EEWE, B, 8 1IN T A~ TT 4= LDk R
VEICRZ IR EDHERS T T2 . ROSDOB MR | $ 0 ECL Ay 7V 74

> Ead
HTEELI,
Bpln
/0 Bpin Bpin
(HO),B
DlBAL H, DCM H A
0 TiCly, DCM 0°C; )oiBA I . NOE __ ACONH,, Nai0
¥
I\)J\OEt Et3N rt. AcCI pyrldlne | H acetone/HQO 40 °C Ac
OAc
lodoethyl acetate 75/ (2 steps) 20

ZE2201

Scheme 5 7V —JLikOY# S8OERK
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BFoni=7L 8 #H\WCECL hy IV T hifIicbZA, o7 VTR 613501
7‘:‘60)@\ 8 IZBWTAHRuE N IBEL AL BB DKERIGELTZT = /) — L
S BEREE R RIE R E LTI T ARE R b Te o7, 22 CLTITXIL T8 %2 10 Y &M
WSS G ZRBTZEZA, BIISIEOFHETDHDD 6 & 91%E\) RAFRINERT
FHZENTET2 (Scheme 6),

(HO),B
OMe \%\/ OMe
8
H
TBSO™

OMe Me Cu(OAc),, EtsN,
H B(OH)3, 4AMS
N Me DCM, rt. TBSO .
AllocHN Me O 91% AllocHN Me EERJEnT:EIJE&m
7 6 Inseparable

Evans-Chan-Lam coupling

Scheme 6 Evans-Chan-Lam#Ay 77U > J' D5t

ZL T, 6 %L T CuTC, Cs,CO; ﬁﬁ%“(bﬁﬂj}iﬁﬁ 2% 3772 (Table 2), 1ZL I
Cu B D VSIF D 77 R L0 R D VR & 2 KD . N,N’-dimethyl acetoamide, 1,3
dimethyl imidazolidinone, NMP (N-Methyl-Pyrrohdone)Msa L2 A NMP % H
WSRO SRMHIZBWTHKD 23 % 60% (brsm = 99%) DI ZRIZ TH AT HIEMN
T&7z (Entry 1,2,3), €L T, BURDOERMZKY R RIEERFILT2EZA, 40
C 12BN T 23 & 86% D SR TH B ATREZR IR B A MENL T DT LN TET, £L T
23 D7 EF N EEEFREL TEMPO F21L., Pinnick FE{ba D Ry MZTITHZET 2
DERRESE T LI,

Table 2. Buchwald-Hartwighy >S5 O # &t

OMe

OMe o
) OAc o
A\ 1) K,CO3, MeOH, r.t.
94%

OMe

| e Me
gre MEH Table ™ | oac 2 TEMPO, PIDA, d’ Il _on
. N, N THF/H3PO, buffer, r.t.; TBSO™ N N
TBSO' N ‘Me Buchwald-Hartwig TBSO™ N Me 2-Me-2-butene, NaClOy, r.t. . Me O
AllocHN  Me O coupling AllocHN Me O 74% AllocHN  Me O
23 Northern part (2)

6

Entry Condition Solv. (Temp.) Results
1 CuTC, Cs,CO,4 1,3- dimethyl imidazolidinone (r.t.) No reaction
2 CuTC, Cs,CO,4 N,N-dimethyl acetoamide (r.t.) 16%
3 CuTC, Cs,CO4 NMP (r.t.) (3 days) 60% (brsm: 99% )
4 CuTC, Cs,CO, NMP (40 °C) (24 h) 86%
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2-3. South-western part 2&{fi{x 37 D& AR
South-western part (3)D Wi & AIZEAL T, 313, = INHEEELZ DT UNALI)ALE T
HIRFUR, TULT Na— ) 07ed 4 BAL 740 B RFEET 5, T2 TEHS
%, =N B0 4 B L T MEEOHEL T, LU N OA RIS A2 T2 LT
(Scheme 7)., 3 DHIBEIAZ N AT K 24 L, N KiilZ N-Boc-L-Pro-OH Z#fi &L
Boc JZRETDHIETT NIRRT FRALETHLDOELT, 728, T/ N Kimd
TR EEORESLELL T 324 OF T LT INEEDORISHEZE L T Boc
HAERTE L, T70bb, —RIZTI/BE N KimDRERLEL THWSHILD Fmoce 4
X° Cbz BXENE I, AHIE A EA SR FIESKBIINIGIC I D& TSR
LS TRERERDOBREETT), UL D, ZNLORMEmE AL A, =38
Dy MLDRLT B AT ED B0, #flKFBIZLD =T INDE LR RS
77
24 13 NV L IRHEE AT U THEA LT 6 -7 27b 26 IZKFL ., L-Pro 4B FE 25
EEAS R AT VT IR > THR R ATREZR B DL, 26 D 4 E#atL
T4 OEZEIZEL L, iR FE7aA 7Y 7 Buchwald-Hartwig 77> 7V 7128
STIAREREFRALL Tz ez,
ZLTO-F7h 29 OERIZEHL Tk, k%2 %12 Furfuryl alcohol 715,
Achmatowicz Stz W TREO LRI L > TELNALDELT- 29,
728 AHFFED BB, 1 OISR B P OWRE THHID . 3 DERKIEL, 7EIR
29 %Hj%\éﬁ BEEL CmREF U RENLICBIT DI T AT LA~ — 2l i fE/atb DL
TEREILT=,

QM
é /KEN) o HMe\:/Me
N, .Me
o} N
?@ ° M}Q \n/\Boc _— :jg\g/\%c
DPSO

Ester-Amide

TBI exchange reaction TBDPSO  OBn
South-western part (3 MsO 26
Me._ Me
HaN A M
Mo e 2 N o
AN AN 0C HO
BnO” ~Zn “OBn jf/\ Me o, | o
— Boc :> \ /
Negishi coupling Buchwald-Hartwig coupling Achmatowicz reaction Eurfurl alcohol
TBDPSO OTBDPS urturyl alcono
27 29

Scheme 7 South-western part (3) D&

LU (Z Furfuryl alcohol % JFUEHZ mCPBA % 1EH S47- Achmatowicz &G IZdL-
TEEREREE SN 7ua~Fty 30 2L 7, Hi\ VT Tang HIZE> THES
NIKBEBEN D BV I d o T rmnFt /r 31 ~LiEx AT I T
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Jba—/v % TBDPS {bL, HEEMESAE T, SUBR A EHSELAZLTE= 13—
29 #4572 (Scheme 8),

OH Q Q
CPBA [Ir(cod)Clal, 1) TBDPSCI, Imidazole |

OH m o 2,6-dichlorobenzoic acid O | rt., 70% (@) |
0 . | > AR .
\ ) DCM, 78 °C CHCI,, rt, 2) Iy, pyridine, Et,0, .t

quant. 98 83%%
° OH ° OTBDPS
Furufuryl alcohol Achmatowicz reaction Isomerization
30 31 29

Sceme 8 Y7 AAFtE/ Y 290 AR

Z LT, Hartwig 53 = )LANTARETIRDO D7V 7 s E LT L TOD A
ELBIL 0ERATEZA, BBID I TV T HGER 32 % 9%ERIER2 135
HLEGTHZEMN KT (Table 3, Entry 1), LU0, JFUBH mIER TR E U7
ZEMD, Cu LS R N CIIE UARBEY A 7 L DMEIEL CWAZEDRBRS LTz, £
T Entry 2 (ZEBWTHL, i, U ROY &2 &L CTRSERATZEZA, JFEHZE
ETHEHRLIEZLOD, 32 DILRIT 14% D e EictE E -7z, I TEntry 112
BOWTIE T THDIH R 33829 3hy 7V 7 LIZEIAERS S BfgS i
T=ZEnn, WD bl U TR Zm R N2 Ty 7V 7 RS DREZ B2
BT THD NN - AT VT 7V G 34 2O TR EITHIZEEL
7= (Entry 3, 4), Entry 3 [ZEBWTIX B DUIRN 26% L 1w ELT-7280 A% 5
IZ Cs,CO; DY B fipitiftL7c L ZA, & CHRO S EIVIm R BN A 72 RIZFHBNT
W% 43% £ Tl ESEDZEN KT (Entry 4), LU0, fedilb LI A S
37T DA — N OBIIBEE TIE M Z LinoTz, 22T, AWDfilito 4 e
ZPd ~EEEL, SBR5 A T=EZ A, Pdy(dba)s, VA FEL T Xhantphos
ZFHWIZRICBWTC, ZEMINC 32 & T0%DILRIZTHEL 52 R4 2 eyt
77

Table 3. Buchwald-Hartwighv 7)) >4 D%t

Me__Me
HN_A, .Me
o l(\goc o MeYMe Ligands (e] I\Iﬁe
o I 28 n 7 Ve g o NV\N.Me
| Table YN e B -Hale © | H
—_— o oc N Nove o -
STeDPg Buchwald-Hartwig H OTBDPS
coupling OTBDPS 33 34 Side product
29 32
Entry condition (eq.) Ligand (eq.) Base (eq.) Solvent 32 Side product SM
1 Cul (0.05) 33 (0.1) Cs,CO; (2.0) Toluene (70 °C) 9% ca. 5% 57%
2 7 (0.25) y 7 (2.0) 7 (70°C) 14% - 0%
3 7 (0.5) 34 (0.5) 7 (2.0) Dioxane (65°C)  26% - 0%
4 7 (0.5) y 7 (3.0) 7 (65 °C) 43% - 0%
5 sz‘f,lbsa)g,io's)’ Xantphos (0.5) Ag,CO, (3.0)  Toluene (65°C)  70% - 0%
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THLTHELIE 32 1T, NIS ZEHE L2 LT, = IR EAFH LT B L
REO7ar# b, $ebbT ) INDI—RN=U L hF A ARIHIK A BRI LD
AVRFR OB AL ST 27 #HUEL7= (Scheme 9), =L C. BIEFHRIL /=7 /L%
JU Zn Fli% Pd EAFEAE T AERSEAZE T4 BHBAL 702695 26 AL
7o 2B, TOBRMICBWTH YT AT LA~ — 30T 52N T 7-72%, TBDPS
HEAafrEL, TUNLT /Va—)L& Mosher TAT /WAL TAHZET, T AT LA ~—D
NEARAEF R ENETWRE LT (8T —Z IOV T ERIAEZ S ],
FLTHBELT- T AT LA ~— 26 1%L, L-Pro 2=y hDE AZITHZELL
7oo LInL7e D36, FIIRGETEL T 26 27K 53 f# L H-Pro-OrBu & DFEG BUL & 5 7
7oL ZA, 26 I TNKG RSO BIR G157 1 Wil & UREF~D RO RS LIS
iz, £Z°C, L-Pro 2=y ’ME AT 589 — DD 7 7' 1—F LU T L-Pro-Al iz H
T2 AT VT IR SIS R LT

IZUOIZ Me;Al & Al JREL THWESRHFIZBWTII BRIORN T FR 27 24552
ENMTELOO, B Z KRR L/ -T2, ZHUE, MesAl BEBENZE X CREE
THY, HENKIEL TWDTD THHEB 2B, A LTI Oy hNEIZE ST
HILRDIELH>ENBNIS T, £ZTDABAL-Mes & Al JiE L7 AT LT IRAS
ARSIt 28 e LTz, AT, 255 THL BT Z LN TEDH L
HINTEY, FED Y& IRERMFERET LA, v A7a S T, 100 °C O
FOGSREZ T, BBYD 35 % 67%DILRIZ TR EHNMAA T DR A TeNL D2 &
N CTET, HWT, BRI RACT-HETYLT La— L% Ms {bL . L-Val # XD
Boc #% TFA CTHULEET5ZEThrREL, 36 £L7-, L C, N-Boc-L-Pro-OH &
COMU ZHWTHEG LT R~ T7FREL, L-Pro 752D Boc #:% TFA TRLBEL ThR
£ 5Z LT South-western part Z-lifA 37 DERLAETE T LI,

Me

0 ~Me o Me_Me Me

e
“ Y H 3 AN AN O Y 0 HMeYMe
o \[]/\N‘ e o NY\N_Me BnO”~ "Zn "OBn o N\n/'\N,Me o N\n/'\N,Me L-Pro-Allyl ester,
I § Bocys pBU | o Boc  Pd(PPhy),Cl [ T B + [ I 8 DABAL-Mes
— - Er EEE———
DCM, r.t. 1. H THF, p-wave, 100 °C
OTBDP§2 oM, ! OTBDPS THEIL TBDPSO  OBn TBDPSO  OBn 67%

27 2 Ester-amide

Separable exchange reaction

(The absolute configuratuon was
determined by Mosher method)

\ \ >

) MsCl, EtN ) N-Boc L-Pro-OH
DC'V' rt. M COMU, DIPEA
\n/\ 92/ \n/\N e __DMRrt.84% J\D
Boc 2) 20% TFA 20/ TFA O Me
TBDPSO DCM, rt., 95% TBDPSO DCM rt, 74% TBDPSO
MsO' MsO'

Scheme 9 South western partZ ik 37D AL
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2-4. Decapeptide (42) DE R

Eastern part (4)& Decapeptide (42) D& Fk

IOLTCLIZHEENDETORE TV (LAY 2 B 3T OMEIED L
T&E2D, A I mT k&% Eastern part (4) %/ L CHiE & T D ata1To2
el

4 DERIZELTE, IZXU DT L-Phg-Ot-Bu (2%} L, Fmoc- L-Val-OH % #f5 &

THZLET, UXTFREL, Fmoe AR ANZL-TRRETAHZET 38 24K L
7= (Scheme 10), =L CHI&FHMLL 7=, N, N’-dimethyl L-Thr-OH 39 L Difg & 128> T
N RFFRELIZDHIZ TBAF Z/EHSE TBS A fRrETHIETH OFfREET

L7z,

NMe;
Me, ~ 0
j NMe,
TBSO  OH Me, i o
1) N-Fmoc L-Val-OH, Me 39 Y Me
HATU, DIPEA HoN HO  HN
’ Me 1) HATU, DIPEA Me
O, NHp DMF, rt. DMF, 11,
8% o o HNTO _7% o HNTYO
+BuO
2) 10% piperidine . 2) TBAF §
DMF, rt. tBuO THF, £t tBuO
L-Phg-Ot-B 9% 88%
Phg-OtBu
38 Eastern part (4)

Scheme 10 Eastern part (4)D&
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eV THEIZ A B L7z Northern part (2)& 4 D= AT NALE T -T2EZ A, M4 RIEKE H
W22 T H B9 Hexapaptide (40)% 74%& BAF72 NI TR R THIENTE
77. ZL T 40 O t-Bu TAT /L% TFA ([ CULER3 AL ThrEL ., JelciifiL7- 37
& HATU Z{EHSEHZETHi A L. B IO Decapeptide (42) DA% 58 T Lz,

NMe,
Me, -
,NO Me
HO HNf\Me
O, HN (6]
t+BuO
Eastern part (4)
M M .
€ e | OH (2 steps from L-Val +-Bu ester) TBSO"
N N MNBA, DMAP, DIPEA AllocHN Me O 20% TFA
3 _—
U Me ©O O
AllocHN Me O DCMC; rt. DCM, r.t.
74% 40 OtBu
Northern part (2)
\

Me\/ (o)

¥ 0
TBSO" : 0o
TBDPSO Me O HN
f e OBn AllocHN Me O ¢
(]

o.

: \ Me\/MeO m
HATU, HOAt, DIPEA _ )\@

©) N

4 m DMF, r.t. N“(\

39% Me

TBDPSO"™ OBn
MsO 42

Scheme 11 Decapeptide 42D & X

2-5. RIS DIRET

Decapeptide 42 73 HUfF TE72728 Alloc £, Allyl —
AT )V FLDOWifRi#% Pd(PPhs),, Morpholine (2 CfT\>
BALRIBA 5 LU, BRALS DO T EIT- 7 TBSO™ \ e
(Scheme 12), [ZUWIZHi AFIL LT HATU % L V= MeZNiN“:Aei °MNMeO oﬁ)\@

G ERDIZES, BIOBLE 43 1 ZBHISHh w0 3 gy ‘ot
P HBEIIE LA ST b OO T I v

HATU 73 U7= Bl AE k% 5 N 0D ESI-Mass fifb TBDPSSO o
IZdko> TR L (Fig. 15), — %12 HATU J@ COMU Fig. 2 Side product (#Ef&i%)

(Detected on ESI-Mass when used HATU)

e Oya=y ARMEE RN, 7T ERD SRR
REWGE, BHDIE féi%wbm@?::wﬁk&ﬁz%G:f‘ﬁﬁbf?inji HATU &
LT T =2 DIEREDRI S R E L TEBIEND, 5 I2BWTHIEET AT Vi A4
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kL EST-Mass OHERBETHD MeOH & is W, .
L7z b, AF LT AT ADEFDOHEICES O P O@Q s o

| N_ © o x
HLOD, [FRFHZT I H HATU EGLTNDIE W ®”bN o () @ ¢ %
iPTU éj/l/f\_o HA@TU Pybrop Pyaop

22T, LROIS RIS AR D S R AR = Aoy S A1
v L FE B 10 PyBrop. PyAOP, BOPCI & L< 13 oy S
T3P (Fig. 3)& i L7y, Wb FUBHEI S & sore v
U\%g@ \ﬁq:%gﬁ{ﬁuj—é#—k%kiﬁoﬁ_o Fig. 3 5 L IRaRIDLEBE

OMe OMe o
o NMe, l;lMez NM92
Me, O Me Me,, ('\(O Me
Me (\( e Me
dﬂe:g( Il & HNfMe o L{N | HNfMe
. N
™ : TBSO N ' () AOP
TBSO N Me ©O HNT O Pd(PPhs),, ) Me O HN HAELCJ)PngrToSpPZ){C TBSO™ T "
Me

*@

N
AlocHN  Me O Morphos NH, Me O o S e
O —_— Me,
M\ ME\/MeO N THF, rt. Me—/""Q N‘ ( ) z
61%

N ™N

‘(\ e

)\\Q H : Macrocyclization
‘&\‘ \ \‘g\ Me /)‘;R o Me
TBDPSO" Jan
TBDPSO™ OBn TBDPSO

OBn MsO 43
MsO 42 MsO'

Scheme 12 ¥ OR{LRIG D&
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NS i

HH 3B PPI BLERI OV —R L& EL TH %7 Dityromycin (D)IZEHL, &6
A IEEAT ST AMFEITIH DT, LICEEND R TORE T/ B =y FOH R
PRI AMENL L, 1 ORI/ EE% A 3 % Decapeptide (42) D5 & EERLTZ,

¥FIZ, Northern part (2)DA FIZIBWTIE, BN KEE AV T a s o RIBRR R~
7' FROHEELE% Buchwald-Hartwig 71> 7V 7 28 G EL TaRIZTELND
&2 MEST L, South-western part Q)R WTIE, =FIREETe 4 EHAL 70D
WAL L CH MR DN A T o T2,

LU0 BRALHIERAR § O~ 7B bBUSITEITULRD o770 | SRS A
THHE— BT IR B8 kT /La— /LD TBS A RE TR ED 2
ZNZ T BRALHIEMA 44 (ZXFL . 31 BEREEKIZE D~ 7 (bR G5
(Scheme 13),

ZUTERALD B LIZBR T, £ D% OFf 2 BHEFZHUC ST 1 O2E RO
T N7 36 L OMET NEARHEIE DU E DI S D,

OMe

OMe
0 NMe, o NMe, 0 NMe.
Me, P Me Me, P Me c2
Me.Me (\( Me.__Me (\( Me"'l/\fo Me
[e) | o HN Me le) | o HN Me OMe Me | &N
N o N o : N Me

TBSO™ N HO™ N

\ HO! N
Me O HN Me O HN (]
AlocHN Me O "¢ TN e - NH, Me O ° DA\ e > NH Me O MeM H™ 0
---------- e
\ me— 0 N > Me— M0 N Macrocyclization O o HMeV 0 o%
O H : O H : N N
° Y o e iy “ANKD
e 0 Ve N Y 0 Me . O Me
. . o OBn
TBDPSO 0OBn o OBn s
MsO' 42 44

Scheme 13 E{LAIERE 44% W= 7 OB{LDHE
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1. General methods

To carry out the assay by paper disc method for our screening program, the mediums and reagents were purchased from the
suppliers described as follows; Difco Muller-Hinton broth (Becton Dickinson Co. Ltd.), LB-Medium (Funakoshi Co. Ltd.),
chloramphenicol (Sigma-Aldrich Co. LLC), ethanol (EtOH, FUJIFILM Wako Pure Chemical Co. Ltd.), Difco Muller-Hinton Agar
(Becton Dickinson Co Ltd.), TAIYO-AGAR (Shimizu Shokuhin Kaisya Ltd.), 6 mm paper disc (Toyo Roshi Kaisha Ltd.), plate (10-14
cm, Eiken Kizai), meropenem trihydrate (FUJIFILM Wako Pure Chemical Co. Ltd.), dimethylsulfoxide (DMSO, for Biochemitry,
FUJIFILM Wako Pure Chemical Co. Ltd.). The turbidity of the broth was measured by densitometer DEN-1B (Wakenbtech. Co. Ltd.)
and the broth was stored in Caplugs Evergreen (BM Equipment Co. Ltd., cat No. 222-2094-050). Purification of compounds were
performed with ODS gel (YMC Co. Ltd.) and HPLC Pegasil ODS SP100 column, 20 i.d. x 250 mm (Senshu Scientific Co. Ltd.).

In organic syntheses, all of anhydrous solvents; tetrahydrofuran (THF), dimethylformamide (DMF), toluene (PhMe),
methylenedichloride (DCM), methanol (MeOH), ethanol (EtOH), benzene (PhH) were purchased from Kanto Chemical Co. Inc..
Reagents were purchased from the company of Tokyo Chemical Industry Co. Ltd. (TCI), Kanto Chemical Co. Inc., Sigma-Aldrich Co.
LLC, FUJIFILM Wako Pure Chemical Corporation, Thermo Fisher Scientific at the highest commercial quality and used without
further purification respectively.

Precoated silica gel plates with fluorescent indicator (Merck 60 F2s4) were used for analytical and preparative chromatography which
was carried out with Kanto Chemical silica gel (40-50 mm, 60N, spherical neutral, 0.040-0.050 mm, Cat. No. 37563-84) or Merck
Millipore silica gel (0.040-0.63 nm, 60N, for column chromatography 230-400 mesh ASTM, CAS. No. 7631-86-9).

'"H and '*C NMR spectra were measured on JEOL JNM-ECA 500 (500 MHz) and JEOL JNM-ECA 500 (125 MHz) respectively.
Chemical shifts are expressed in ppm downfield from the internal solvent peaks for CDCls ('H; & = 7.26 ppm, °C; & = 77.16 ppm),
CDsOD ('H; & = 3.31 ppm, 4.84 ppm "3C; & = 49.0 ppm), DMSO-ds ('H; & = 2.50 ppm, °C; & = 39.5 ppm) and J values were given in
Hertz. Abbreviations for multiplicity are as follows, app indicates apparent, br indicates broad, d indicates doublet, t indicates triplet, q
indicates qurtet, m indicates multiplet. IR spectra were obtained on Horiba FT-710 spectrometer. High-and-Low resolution mass
spectroscopy data were measured on JEOL JMS-T100LP and JEOL HMS-700 MStation. Optical rotations were measured with a
Jasco P-1010 polarimeter. CD spectra were recorded on a JASCO J-720 spectropolarimeter (JASCO Co.) with a quartz cell (light
path length: 10 mm) and Analytical High Performance Liquid Chromatography (HPLC) was conducted by an Elite Lachrome system
(Hitachi Ltd.).

2. Experimental procedures

Experimental procedures and spectra data

OTBS

OMe

1012
1 step from Isovanillin (quant.)
TiCly, DIPEA, NMP

N’IK,Na DCM, =78 °C 10 -50 °C;

TBSCI, Imidazole

—_
Imidazole DMF, 70 °C
Ph MeOH, r.t. 36% (2 steps)
1101 Asymmetric aldol reaction

syn: anti 220:1

Compound 15

To a stirred solution of 11" (6.5 g, 32.0 mmol) in DCM (320 mL) was slowly added TiCls solution (1.0 M in DCM, 33.6 mL, 33.6 mmol)
at —78 °C under N2 atmosphere. After stirring for 15 min, DIPEA (6.1 mL, 33.6 mmol) was slowly added and stirred for further 1 h,
then NMP (6.2 mL, 35.2 mmol) was slowly added and stirred for 15 min. After stirring, 10 in DCM (240 mL) was slowly added and
stirred for further 2 h at =50 °C. The reaction mixture was cooled to —78 °C, Imidazole (44.0 g, 640.0 mmol) and MeOH (320 mL) was
added and stirred for 6 h at room temperature. The reaction mixture was cooled to 0 °C and sat. aq. NH4ClI solution (500 mL) was
added filtrated through a pad of Celite®. The filtrate was washed with brine (300 mL) and extracted with DCM (800 mL). The organic
phase was dried over sodium sulfate and concentrated in vacuo to afford the crude product 9 (syn:anti = 20:1, based on 'H NMR),
which was used in the next reaction without further purification.

To a stirred solution of crude 9 in DMF (320 mL) was added Imidazole (13.0 g, 192.0 mmol), TBSCI (14.0 g, 96 mmol) sequentially at
—70 °C under N2 atmosphere. After stirring for 1 h, the reaction mixture was cooled to 0 °C. Sat. aq. NH4Cl solution was added to the
reaction mixture, washed with brine (400 mL) and extracted with a solution of hexanes and EtOAc (1:1, 700 mL). The organic phase
was dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by silica gel chromatography (10% EtOAc
in toluene) to afford 15 (5.69 g, 36%, 2 steps) as a yellow oil.

(Note; Compound 11 and 10 were prepared according to the known procedure.[I?l)

Compound 15

Rf = 0.40 (hexanes: EtOAc = 2:1). '"H NMR (500 MHz, CDCls): & (ppm) 6.92 (d, J= 2.3 Hz, 1H), 6.88 (dd, J= 8.0, 2.3 Hz, 1H), 6.81 (d,
J=8.0 Hz, 1H), 5.16 (d, J= 3.4 Hz, 1H), 3.80 (s, 3H), 3.76 (s, 3H), 3.59 (d, J= 3.4 Hz, 1H), 1.00 (s, 9H), 0.88 (s, 9H), 0.16 (d, J= 8.0
Hz, 6H), 0.02 (s, 3H), —0.17 (s, 3H) 3C NMR (125 MHz, CDCls): & 169.5, 155.1, 151.0, 144.8, 133.1, 119.7, 119.2, 111.7, 77.4, 77.2,
76.9, 68.7, 55.7, 52.2, 25.8, 25.7, 18.6, —4.5, -4.6, —-5.5, HRMS (FAB) m/z calcd for C23HsN4OsSi2 [M+NH4]*: 513.2928, found:
513.2956.
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PPhg AllocCl, pyridine,
—»

MeCN, H,0, 70 °C DCM, rt.
OMe  85% (2 steps) TBSO"

NH, NHAlloc
15 16 S1

OMe

Compound S1

To a stirred solution of 15 (6.7 g, 32.0 mmol) in a solution of THF and H20 (1:1, 134 mL) was added PPhs (11.0 g, 40.2 mmol) at
room temperature under N2 atmosphere. After stirring for 30 min at —70 °C, the reaction mixture was cooled to room temperature,
added brine (300 mL), and extracted with EtOAc (300 mL). The organic phase was dried over sodium sulfate and concentrated in
vacuo to afford the crude product 16, which was used in the next reaction without further purification.

To a stirred solution of crude 16 in DCM (134 mL) was added pyridine (13.4 mL), AllocCl (13.4 mL, 20.1 mmol) sequentially at 0 °C
under N2 atmosphere. After stirring for 2 h at room temperature, the reaction mixture was cooled to 0 °C. Sat. aq. NH4Cl solution was
added to the reaction mixture, washed with brine (400 mL) and extracted with DCM (400 mL). The organic phase was dried over
sodium sulfate and concentrated in vacuo. The crude residue was purified by silica gel chromatography (10% EtOAc in hexanes to
60% EtOAc in hexanes) to afford S1 (6.30 g, 85%, 2 steps) as a yellow oil.

Compound S1

Rf = 0.43 (hexanes: EtOAc = 2:1). '"H NMR (500 MHz, CDCls): & 7.35-7.28 (m, 4H), 6.9 (dd, J= 3.4,10.3 Hz, 2H), 6.
1H), 5.5 (d, J= 9.7 Hz, 1H), 5.2 (d, J= 2.3 Hz, 1H), 5.0 (q, J= 12.0 Hz, 2H), 4.4 (dd, J= 2.3, 9.9 Hz, 1H), 3.8 (s, 1H), 3.
9H), 0.87 (s, 9H), 0.14 (d, J= 6.9 Hz, 6H), —0.02 (s, 3H), —-0.14 (s, 3H).

(d, J= 8.0 Hz,

8
7 (s, 1H), 1.0 (s,

OTBS
Me3zSnOH
_————
Toluene, 70 °C
OMe 96%
NHAlloc AllocHN
S1 17

gram scale

Compound 17

To a stirred solution of $1 (6.30 g, 32.0 mmol) in a solution of toluene (114 mL) was added Me3SnOH (211.0 g, 116.1 mmol) at room
temperature under N2 atmosphere. After stirring for 6 h at 60 °C, the reaction mixture was cooled to room temperature, added aq.
KHSO4 solution (0.1 M, 200 mL), and extracted with EtOAc (300 mL). The organic phase was dried over sodium sulfate and
concentrated in vacuo to afford the crude product 17.The crude residue was purified by silica gel chromatography (5% MeOH in
CHCIs) to afford 17 (5.91 g, 96%) as a yellow oil.

Compound 17

Rf = 0.29 (CHCls: MeOH = 6:1). [a]* = —48.4 (¢ = 0.1, in MeOH).

"H NMR (500 MHz, CDCls): &(ppm) 6.94-6.82 (m, 3H), 6.79 (t, J = 7.7 Hz, 1H), 5.87 (qd, J = 11.1, 5.3 Hz, 1H), 5.41 (d, J = 8.6 Hz,
1H), 5.29-5.17 (m, 4H), 4.57-4.47 (m, 4H), 3.81-3.75 (m, 4H), 1.05-0.94 (m, 13H), 0.93-0.79 (m, 13H), 0.14 (s, 2H), 0.13 (s, 4H), 0.12
(s, 2H), 0.09 (d, J = 3.4 Hz, 2H), 0.06--0.02 (m, 3H), -0.06- —0.22 (m, 3H).

3C NMR (125 MHz, CDCls) 5(ppm) 156.1, 151.0, 144.9, 132.5, 119.7, 119.2, 117.9, 111.8, 77.4, 77.2, 76.9, 73.8, 66.1, 60.4, 55.6,
25.8, 25.8, 18.5, 18.2, -3.6, -4.6, -5.3.

HRMS (FAB) m/z calcd for C26HasNO7Si2Na [M+Na]*: 562.2632, found: 562.2753.

Me Me

M N
e N “Me
H

+ HCI o

18[3]
HATU, HOAt, DIPEA

DMF, r.t. N
AllocHN 83% AllocHN Me 0

17 19
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Compound 19

To a stirred solution of 17 (1.8 g, 3.33 mmol) and 188 (1.2 g, 6.64 mmol) in a solution of DMF (33 mL) was added DIPEA (1.7 mL,
10.0 mmol), HATU (1.9 g, 5.00 mmol), HoAt (873 mg, 5.00 mmol) sequentially at room temperature under N2 atmosphere. After
stirring for 1 h, the reaction mixture was added sat. ag. NH4Cl (0.1 M, 100 mL), and extracted with a solution of hexanes and EtOAc
(1:1, 150 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo to afford the crude product 19.The crude
residue was purified by silica gel chromatography (50% EtOAc in hexanes to 70% EtOAc in hexanes) to afford 19 (1.83 g, 83%) as a
pale yellow solid.

(Note; compound 18 was prepared according to the literaturel®l.)

Compound 19

Rf = 0.23 (EtOAc: hexanes= 2:1). [a]Z = —-68.1 (¢ = 0.1, in MeOH).

"H NMR (500 MHz, CDCls): & (ppm) 6.88 (s, 1H), 6.81 (d, J= 8.0 Hz, 1H), 6.72 (d, J= 8.0, Hz, 1H), 5.89 (qd, J= 15.7, 10.9 10.3, 5.2,
4.8 Hz, 1H), 5.40 (d, J= 8.6 Hz, 1H), 5.28 (d, J= 15.7 Hz, 1H), 5.19 (d, J= 10.3 Hz, 1H), 4.76 (d, J= 8.6 Hz, 1H), 4.68 (d, J= 7.4 Hz,
1H), 4.55 (d, J= 5.2 Hz, 1H), 4.40 (d, J= 10.9 Hz, 1H), 3.77-3.73 (s, 3H: 2.58/3 (3.77), 0.52/3 (3.73)), 2.79-2.72 (s, 3H: 0.59/3 (2.79),
2.41/3 (2.72)), 2.66-2.62 (s, 3H: 0.39/3 (2.66), 0.54/3 (2.65), 1.16/3 (2.63), 0.92/3 (2.62)), 2.21-2.13 (m, 1H), 1.91-1.68 (brs, 1H), 0.98
(s, 9H), 0.82 (d, J = 6.3 Hz, 3H), 0.84 (s, 9H), 0.71 (d, J= 6.9 Hz, 3H), 0.11 (s, 9H), 0.02 (s, 3H), —0.19- —=0.21 (s, 3H: 2.33/3 (-0.19),
0.67/3(-0.21))

3C NMR (125 MHz, CDCl3): & 171.8, 169.8, 157.3, 156.0, 151.1, 144.9, 138.0, 133.1, 132.8, 132.4, 120.3, 119.8, 118.8, 117.7,
112.0, 111.3, 75.6, 66.7, 65.9, 62.3, 57.6, 57.3, 55.6, 55.4, 30.8, 29.0, 26.7, 26.1, 26.0, 25.8, 25.8, 20.0, 18.5, 18.4, 18.2, -4.6, -5.0
HRMS (FAB) m/z calcd for CasHsesN3O7SizNa [M+Na]*:688.3789, found: 688.4011. IR (neat) vmax (cm™): 1722, 1681, 1624, 1584,
1509, 1466, 1439, 1409, 1389, 1362, 1278, 1251, 1231, 1159, 1133, 1089, 1039, 992, 938, 911, 881, 854, 834, 780, 709, 669.

OMe
OH
Me LiOH - H,O Me Me
Me € MeOH, H,0, r.t. TBSO™ N “Me
AllocHN @) 71% AllocHN Me )
19 7

Compound 7

To a stirred solution of 19 (1.8 g, 2.70 mmol) in a solution of MeOH and H-0 (3:1, 27 mL) was added LiOH-H20 (113 mg, 2.70 mmol)
at room temperature. After stirring for 5 h, the reaction mixture was added ag. HCI solution (0.1 M, 20 mL), and extracted with a
solution of hexanes and EtOAc (1:1, 150 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo to afford
the crude product 7. The crude residue was purified by silica gel chromatography (20% EtOAc in hexanes) to afford 7 (1.06 g, 71%)
as a colorless amorphas.

Compound 7

Rf = 0.25 (EtOAc: hexanes= 1:1). [a]Z = —86.5 (¢ = 0.1, in MeOH) '"H NMR (500 MHz, CDCls): 5(ppm) 6.97-6.87 (d, J= 1.6 Hz, 1H:
0.27/1 (6.97), 0.73/1 (6.87)), 6.84-6.81 (dd, J= 1.6, 8.6 Hz, 1H: 0.87/1 (6.84), 0.13/1 (6.81)), 6.75- 6.72 (d, J= 8.6 Hz, 1H: 0.83/1
(6.75), 0.17/1 (6.72)), 5.90 (qd, J= 16.4, 10.6, 10.6, 5.8 Hz, 1H), 5.73-5.68 (d, J= 3.9 Hz, 1H: 0.76/1 (5.73), 0.24/1 (5.68)), 5.50 (d, J=
8.6 Hz, 1H), 5.28 (dd, J= 16.4, 0.96 Hz 1H), 5.23-5.19 (d, J= 10.6 Hz, 1H: 0.14/1 (5.23), 0.86/1 (5.19)), 4.87-4.78 (d, J= 7.7 Hz, 1H:
0.21/1(4.87), 0.79/1 (4.78)), 4.71 (d, J= 8.6 Hz, 1H), 4.59-4.51 (m, 1H), 4.55 (d, J= 5.8 Hz, 1H), 4.41 (d, J= 10.6 Hz, 1H), 3.86-3.83 (s,
3H: 2.49/3 (3.86), 0.51/3 (3.83)), 2.86-2.72 (s, 3H: 0.08/3 (2.86), 0.49/3 (2.80), 2.43/3 (2.72)), 2.67-2.65 (s, 3H: 1.1/3 (2.67), 1.25/3
(2.66), 0.65/3 (2.65)), 2.22-2.12 (m, 1H), 0.87-0.79 (d, J= 6.7 Hz, 3H: 2.54/3 (0.87), 0.46/3 (0.79)), 0.84-0.71 (d, J= 6.1 Hz, 3H: 0.54
(0.84), 2.46 (0.71)), 0.83 (s, 9H), 0.04-0.02 (s, 3H: 0.50/3 (0.04), 2.5/3 (0.02)), —0.02 (s, 3H), *C NMR (125 MHz, CDCls): 5(ppm)
172.1, 170.0, 156.3, 146.8, 145.3, 134.0, 133.1, 118.7, 118.0, 113.6, 110.6, 75.9, 66.1, 62.5, 58.0, 56.2, 30.9, 26.3, 26.2, 26.0, 20.1,
18.6,18.4,-4.3,-4.8,

HRMS (FAB) m/z calcd for C27HasN3O7SiNa [M+Na]*:574.2924, found: 574.2928. IR (neat) Vmax (cm™): 1708, 1620, 1503, 1453,
1409, 1265, 1159, 1133, 1035, 988, 938, 877, 807, 732, 646, 628.

Bpin
\©\¢O Bpin

20
0 TiCl,,DCM, 0 °C; |
> OEt
I\)J\OEt EtsN, r.t. I
52% e}

lodoethyl acetate
21

Compound 21

To a stirred solution of lodoethyl acetate (2.2 g, 10.8 mmol) and 20 (2.4 g, 10.3 mmol) in DCM (15 mL) was added TiCls solution (1.0
M in DCM, 12.4 mL, 12.4 mmol) slowly at 0 °C under N2 atmosphere. After stirring for 50 min at room temperature, the reaction
mixture was added EtsN (2.9 mL, 20.6 mmol) slowly, and stirred for further 2 h at room temperature. The reaction mixture was added
sat. ag. NaHCO3 (100 mL) and extracted with DCM (100 mL). The organic phase was dried over sodium sulfate and concentrated in
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vacuo to afford the crude product 21.The crude residue was purified by silica gel chromatography (10% EtOAc in hexanes) to afford
21 (2.35 g, 52%) as a colorless amorphas.

Compound 21

Rf = 0.43 (EtOAc: hexanes= 4:1). [a]Z = -0.52 (¢ = 0.1, in MeOH).

"H NMR (500 MHz, CDCls): &(ppm) & 8.26 (s, 1H), 7.86 (d, J= 8.02 Hz, 2H), 7.73 (d, J= 8.02 Hz, 2H), 4.34 (q, J = 7.0 Hz, 2H), 1.33
(t, 7.0 Hz, 3H), 1.35 (s, 12 H).

3C NMR (125 MHz, CDCls): 5 163.8, 148.1, 138.3, 134.7, 128.6, 92.2, 84.1, 77.4, 77.2, 76.9, 62.9, 25.0, 14.4.

HRMS (FAB) m/z: calcd for C17H23B104 [M+H]*:429.0734, found: 429.0734. IR (neat) Vmax (cm™): 1715, 1604, 1509, 1396, 1355,
1351, 1328, 1267, 1238, 1200, 1159, 1139, 1086, 1035.

Bpin Bpin Bpin
H & NOE
| okt DIBAI-H | AcCl, pyridine | "‘
— —_—
- o H
| DCM, -78 °C | OH " pem,rt. :
(0] 75% (2 steps) OAc
21 S2 22

Compound 22

To a stirred solution of 21 (2.3 g, 5.4 mmol) in DCM (53 mL) was added DIBAL-H (1.0 M in DCM, 13.4 mL, 13.4 mmol) slowly at —-78
°C. After stirring for 4 h, the reaction mixture was added a aq. solution of HCI (1.0 M, 50 mL) and stirred for 20 min at room
temperature. The reaction mixture was extracted with a DCM (150 mL). The organic phase was dried over sodium sulfate and
concentrated in vacuo to afford the crude product 83.The crude residue was purified by silica gel chromatography (10% EtOAc in
hexanes) to afford S3, which was used in the next reaction without further purification.

To a stirred solution of crude S3 in DCM (134 mL) was added pyridine (10.7 mL), AcCl (766 mL, 10.7 mmol) sequentially at 0 °C
under N2 atmosphere. After stirring for 30 min at room temperature, the reaction mixture was cooled to 0 °C and aq. HCI solution (1.0
M, 30 mL) was added. The reaction mixture was washed with brine (100 mL) and extracted with DCM (400 mL). The organic phase
was dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by silica gel chromatography (10% EtOAc
in hexanes) to afford 22 (1.70 g, 75%, 2 steps) (Z:E = 20:1, based on '"H NMR) as a yellow oil.

(Note; The geometry of compound S2 was determined by NOE correlation between vinyl and methylene proton (highlighted in red).)

Compound 22

Rf = 0.52 (EtOAc: hexanes= 3:1). [a]Z = -3.46 (¢ = 0.1, in MeOH)

"H NMR (500 MHz, CDCls): 6 7.81 (d, J= 8.02 Hz, 2H), 7.51 (d, J= 8.02 Hz, 2H), 7.08 (s, 1H), 4.92 (s, 2H), 2.15 (s, 3H), 1.34 (s, 12H),
3C NMR (125 MHz, CDCls): & 170.1, 139.5, 137.0, 134.6 (2C), 127.9 (2C), 98.7, 84.1, 83.9, 83.9, 77.4, 77.2, 76.9, 72.8, 24.8, 21.0.
IR (neat) vmax (cm™): 2977, 2922, 2379, 2357, 2338, 2325, 2250, 2190, 2170, 2149, 2131, 2058, 2004, 1983, 1736, 1608, 1554,
1397, 1358, 1142, 1087, 1020, 857, 733, 436.

Bpin (HO).B
ACONH4, Na|04

| OAC acetone/H,0, 40 °C OAc

22 8

Compound 8

To a stirred solution of 22 (1.4 g, 3.3 mmol) in a solution of acetone and H20 (3:1, 33 mL) was added AcONH4 (1.5 g, 19.8 mmol) and
NalO4 4.2 g, 19.8 mmol) sequentially at room temperature. After stirring for 5 h at 40 °C, the reaction mixture was added sat. aq.
solution of NaHCO3 (50 mL). The reaction mixture was extracted with EtOAc (150 mL) and washed with brine (150 mL). The organic
phase was dried over sodium sulfate and concentrated in vacuo to afford the crude product 8, which was used in the next reaction
without further purification.
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AllocHN Me O 91% AllocHN Me O
7 6

Evans-Chan-Lam coupling

Compound 6

To a stirred solution of 8 (1.4 g, 3.3 mmol) and 7 (368 mg, 0.670 mmol) in DCM (6.7 mL) was added 4A MS (871 mg), EtsN (560 pL,
4.02 mmol), B(OH)s (83 mg, 1.34 mmol) and Cu(OAc). (365 mg, 2.10 mmol) sequentially at room temperature. After stirring
vigorously for 3 h, the reaction mixture was added sat. ag. solution of NH4Cl (30 mL). The reaction mixture was extracted with EtOAc
(200 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by silica gel
chromatography (30% EtOAc in hexanes) to afford 6 (524 mg, 91%) as a yellow amorphas.

Compound 6

Rf = 0.33 (EtOAc: hexanes= 1:1).

"H NMR (500 MHz, CDCls): & (ppm) 7.53-7.50 (d, J= 8.5 Hz, 2H: 1.63/2 (7.53), 0.37/2 (7.50)), 7.14-7.03 (dd, J= 1.9, 8.5 Hz, 2H:
0.12/2 (7.13), 0.65/2 (7.07), 1.23/2(7.05)), 7.04 (s, 1H), 6.91-6.88 (d, J= 6.9 Hz, 1H: 0.6/1 (6.91), 0.4/1 (6.88)), 6.85 (d, J= 6.9 Hz, 2H),
5.89 (qd, J= 16.0, 10.9, 10.3, 5.7 Hz, 1H), 5.45 (d, J= 5.1 Hz, 1H), 5.38 (d, J= 7.7 Hz, 1H), 5.28 (dd, J= 16.0, 1.1 Hz, 1H), 5.25-5.18
(dd, J=10.9, 1.1 Hz, 1H: 0.21/1 (5.25), 0.79/1 (5.18)), 4.93-4.90 (s, 2H: 1.88/2 (4.93), 0.11/2 (4.92), 0.01/2 (4.90)), 4.83-4.71 (m, 2H),
4.58-4.53 (d, J= 5.1 Hz, 2H: 0.29/2 (4.58), 1.71/2 (4.54)), 4.38 (d, J= 10.3 Hz, 1H), 3.80-3.79 (s, 3H: 2.36/3 (3.80), 0.64/3 (3.79)),
2.87-2.80 (s, 3H: 1.89/3 (2.87), 0.46/3 (2.84), 0.53/3 (2.81), 0.12/3 (2.80)), 2.67-2.64 (s, 3H, 0.35/3 (2.67), 1.53/3 (2.65), 1.14/3
(2.64)), 2.24-2.17 (m, 1H), 2.15-2.09 (s, 3H: 2.46/3 (2.15), 0.09/3 (2.09), 0.45/3 (2.08)), 0.89 (d, J= 6.4, 3H), 0.85-0.81 (s, 9H: 0.08/9
(0.85), 0.4/9 (0.83), 8.52/9 (0.81)), 0.73 (d, J= 6.6 Hz, 3H), 0.068-0.027 (s, 3H: 0.20/3 (0.068), 0.58/3 (0.053),2.22/3 (0.027)), —0.15- —
0.18 (s, 3H: 1.91/3 (-0.15), 0.34/3 (-0.17), 0.43/3 (-0.17), 0.07/3 (-0.18)).

3C NMR (125 MHz, CDCls):5 (ppm) 171.2, 170.4, 169.8, 169.1, 158.5, 155.9, 151.7, 144.0, 136.7, 133.7, 132.8, 130.7, 130.4, 130.3,
124.0, 120.9, 120.4, 118.5, 117.9, 116.7, 116.1, 112.8, 112.2, 96.4, 75.4, 74.9, 73.4, 66.7, 66.5, 66.0, 62.5, 57.3, 57.2, 56.3, 56.1,
30.9, 29.8, 29.1, 26.8, 26.1, 26.0, 25.8, 25.8, 21.1, 19.8, 18.4, 18.2, 17.7, -4.6, -4.9.

HRMS (FAB) m/z calcd for C3sHssIN3O9Si [M+H]*:852.2752, found: 852.2742.

CuTC, Cs,CO;4

NMP, 40 °C TBSO™

AllocHN Me O
22 Buchwald-Hartwig coupling 23

AllocHN Me O

Compound 23

In a round bottom flask, 6 (286 mg, 0.336 mmol), CuTC (197 mg, 0.671 mmol) and Cs2COs3 (365 mg, 0.671 mmol) were evacuated
and backfilled with N2 gas and added NMP (3.4 mL) at room temperature. After stirring for 48 h at 40 °C, the reaction mixture was
cooled to 0 °C and added sat. aq. NH4Cl (20 mL). The reaction mixture was extracted with a solution of EtOAc and hexanes (1:1, 100
mL) and washed with brine (50 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo to afford the crude
product 23, which was used in the next reaction without further purification.

Compound 23
Rf = 0.25 (EtOAc: hexanes= 1:1). [a]% = -95.58. IR (neat) vmax(cm™): 2932, 2373, 2320, 1723, 1680, 1625, 1503, 1290, 1266, 1220,
1166, 1124, 1091, 1027, 853, 730, 702, 574, 551, 442, 427, 418, 406.

Me K,CO4 Me Me |
| OAc OH
\ MeOH, r.t. N '\IIVI
94% (2 steps) J e
AlocHN Me O ¢ AllocHN Me O
3 S3
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Compound S3

To a stirred solution of crude 23 in MeOH (3.4 mL) was added K2CO3 (93 mg, 0.671 mmol) at 0 °C. After stirring for 30 min at room
temperature, the reaction mixture was cooled to 0 °C and added sat. aq. solution of NH4Cl (20 mL). The reaction mixture was
extracted with EtOAc (80 mL). The organic phase was dried over sodium sulfate and concentrated in vacuo. The crude residue was
purified by silica gel chromatography (50% EtOAc in hexanes) to afford 83 (216 mg, 94%, 2steps) as a white amorphas.

Compound S3

Rf = 0.36 (EtOAc: hexanes= 1:2). [a]% = -76.92 (¢ = 0.1, in MeOH).

"H NMR (500 MHz, CDCls): &(ppm) 7.36 (d, J= 8.9 Hz, 2H), 7.07-7.21 (complex m, 2H), 6.89 (d, J= 8.9 Hz, 1H), 6.77 (d, J= 8.9 Hz,
2H), 5.88 (dq, J= 5.6, 9.9, 5.2, 15.7 Hz, 1H), 5.51 (d, J= 3.8 Hz, 1H), 5.39 (d, J= 8.0 Hz, 1H), 5.28 (d, J= 15.9 Hz, 1H), 5.29-5.19 (d,
J=9.9 Hz, 1H: 0.25/1 (5.23), 0.75/1 (5.20)), 4.91-4.70 (complex m, 2H), 4.54 (d, J= 5.6 Hz, 1H), 4.47 (s, 2H), 4.38 (d, J= 10.2 Hz, 1H),
3.78-3.77 (s, 3H: 1.95/3 (3.78), 1.05/3 (3.77)), 2.86-2.81 (s, 3H: 2.20/3 (2.86), 0.80/3 (2.81)), 2.66-2.65 (s, 3H: 1.50/3 (2.66), 1.50/3
(2.66)), 2.20 (m, 1H), 1.74 (brs, 1H), 1.62 (brs, 1H), 0.89 (d, J= 6.4 Hz, 3H), 0.80 (s, 9H), 0.73 (d, J= 0.64 Hz, 3H), 0.066-0.025 (s,
3H: 0.51/3 (0.066), 0.45/3 (0.051), 2.04/3 (0.025)), —0.16- —0.18 (s, 3H: 2.0/3 (-0.16), 1.0/3 (-0.18)).

3C NMR (125 MHz, CDCls): & (ppm) 171.2, 170.2, 169.8, 169.1, 158.5, 157.4, 155.9, 151.6, 144.4, 143.7, 134.0, 133.7, 133.4, 133.3,
132.8, 132.3, 124.3, 124.1, 120.9, 120.4, 118.6, 117.9, 117.0, 116.7, 116.5, 116.4, 112.7, 112.2, 86.5, 85.5, 77.4, 77.2, 76.9, 75.3,
74.9, 66.7, 66.5, 66.0, 62.5, 57.3, 57.2, 56.2, 56.0, 51.8, 30.9, 29.1, 26.8, 26.1, 26.0, 25.8, 25.7, 19.8, 19.5, 18.4, 18.2, 18.1, 17.7, 1.2,
-4.6,-4.9.

IR (neat) vmax (cm™"): 1722, 1674, 1617, 1500, 1416, 1271, 1227, 1159, 1116, 1086, 1032, 834, 780, 571, 527, 497, 460.

1) CuTC, Cs,COy TEMPO, PIDA, THF/H3PO, buffer,

NMP, 40 °C, 12 h rt., 30 min;
2) K,CO3, MeOH then, 2-Me-2-butene, NaClO,, r.t., 1 h
rt,1h 71% (2 steps)
80% (2 steps)
\O
N\
o
1) TMS diazomethane, THF/MeOH, r.t., 10 min
2) Pd(PPhs),, Et,NH, DCM, rt.,, 3 h | N or
TBSO" ~
3) Fmoc L-proline, HATU, HOAt, DIPEA. 2 h NH | Io)
o 71% (3 steps) m
)—:Q OH N o)
L Fmoc
Nucle;philic o)t o 5 \\ Not nucleophilic
\ Scheme 1. Confirmation of the structure of Northern part (2)

Note: We could not confirm the cyclized structure by spectroscopic analysis (HMBC, NOESY etc.). So we carried out a series of
experiments to prove the cyclized strucutre indirectly. If we consider that the cyclization occurs at whether Alloc N-H or amide N-H,
the resulting functional group of Alloc deprotection would be different (primary amine or enamine). Enamine moiety would be less
nucleophilic due to its resonance strucuture, but cyclized product was coupled with Fmoc-L-Pro-OH (Scheme 1).

OMe
TEMPO, PIDA,
THF/H3PO, buffer, r.t.;
Me | > Me Me |
OH 2-Me-2-butene, NaClO,, r.t. OH
% - N
N 4% TBSO" N Ve O
AlocHN Me O Me AllocHN Me O

Northern part (2
s3 part (2)

Northern part (2)

To a stirred solution of 83 (328 mg, 0.48 mmol) in a solution of THF and phosphate buffer solution (pH = 7.0, 0.1 M, NaHPOx,
NazHPOg4) (1:1, 4.8 mL) was added TEMPO (75 mg, 0.48 mmol), PIDA (310 mg, 0.96 mmol) sequentially at 0 °C. After stirring for 1 h
at room temperature, the reaction mixture was cooled to 0 °C and added 2-Me-2-butene (512uL, 4.8 mmol), NaClO2 (218 mg, 2.4
mmol) sequentially. After stirring for further 1 h at room temperature, the reation mixture was cooled to 0 °C and added sat. aq.
solution of NH4CI (10 mL). The reaction mixture was extracted with EtOAc (40 mL). The organic phase was dried over sodium sulfate
and concentrated in vacuo. The crude residue was purified by silica gel chromatography (30% EtOAc in hexanes to 2% MeOH in
CHCIs) to afford 2 (247 mg, 74%) as a white amorphas.

Northern part (2)

Rf = 0.20 (CHCls: MeOH= 10:1). [a]? = -107.38 (¢ = 0.1 in MeOH).

"H NMR (500 MHz, CDCls): &(ppm) 7.52 (d, J= 8.0 Hz, 2H), 7.10 (d, J= 9.6 Hz, 2H), 7.04 (s, 1H) 6.91 (d, J= 9.6 Hz, 1H), 6.82 (d, J=
8.0 Hz, 2H), 5.88 (qd, J = 11.1, 5.6, 10.9, 16.8 Hz, 1H), 5.45 (d, J= 8.8 Hz, 1H), 5.28 (d, J= 16.8 Hz, 1H), 5.2 (d, J= 11.1 Hz, 1H),
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4.86 (t, J= 8.2 Hz, 1H), 4.8 (d, J= 7.2 Hz, 1H), 4.55 (d, J= 5.6 Hz, 1H), 4.40 (d, J= 10.9 Hz, 1H), 3.77-3.76 (s, 3H: 1.85/3 (3.77),
1.15/3 (3.76)), 2.93-2.82 (s, 3H: 2.03/3 (2.93), 0.51/3 (2.88), 0.46/3 (2.82)), 2.70-2.66 (s, 3H: 0.94/3 (2.70), 1.14/3 (2.69), 0.62/3
(2.62), 0.60/3 (2.66)), 2.19 (m, 1 H), 1.77-1.66 (brs, 1H), 0.88 (d, J= 6.15 Hz, 3H), 0.82 (s, 9H), 0.74 (d, J= 6.15 Hz, 3H), 0.05-0.032
(s, 3H: 0.52/3 (0.05), 2.48/3 (0.032)), =0.16- —0.18 (s, 3H: 2.44/3 (=0.16), 0.56/3 (~0.18)).

13C NMR (125 MHz, CDCls): & (ppm) 171.4, 170.3, 169.9, 169.3, 159.5, 157.7, 156.0, 151.6, 143.0, 134.7, 134.4, 133.7, 132.8, 132.5,
124.4,121.4, 118.7, 117.9, 116.0, 114.5, 112.5, 77.4, 77.2, 76.9, 75.4, 66.7, 66.5, 65.9, 62.4, 57.5, 55.9, 31.0, 26.1, 25.8, 19.7, 19.4,
18.4,18.2, 18.1, -4.6, -4.9.

HRMS (FAB) m/z calcd for CssHsoNaOsSi [M+H]*:696.3316, found: 696.9672. IR (neat) vmax (cm™): 1710, 1618, 1502, 1414, 1374,
1265, 1227, 1163, 1123, 1089, 897, 835, 781, 732, 703, 656, 593, 554, 529, 515, 455, 444, 428, 417, 405.

MevM
HQN\H/\ Me
o] o Bec o Me_Me
o | 2814l H M
.Me
Pd,(dba)s, Xantphos, Ago,CO3, MS 3A o} N
| (dba)s P 92003 S I \([)I/\Boc
SteDPS Toluene, 70 °C
70% OTBDPS
2903 Buchwald-Hartwig 32

coupling

Compound 32

In a round bottom flask, 29" (10.5 g, 22.0 mmol), 28 (6.1 g, 26.4 mmol), Pdz(dba)s (1.0 g, 1.1 mmol), Xantphos (1.9 g, 3.3 mmol),
Ag2COs3 (8.5 g, 30.8 mmol), MS 3A (1.7 g,) was evacuated and backfilled with N2 gas and added toluene (260 mL). After stirring for 1
h at room temperature, the reaction mixture was stirred for further 14.5 h at 70 °C and cooled to room temperature. The reaction
mixture was filtrated through a pad of Celite® and filtrate was concentrated in vacuo to afford the crude product 32. The crude residue
was purified by silica gel chromatography (10% EtOAc in toluene) to afford 32 (8.9 g, 70%) as a white amorphas.

(Note; compound 29 and 28 were prepared according to the literaturel*14)

Compound 32

Rf = 0.65 (EtOAc: hexanes= 1:1). [a]Z = —-86.76 (¢ = 0.1, MeOH).

"H NMR (500 MHz, CDCls): 5(ppm) 8.49-8.10 (brs, 1H: 0.52/1 (8.49), 0.48/1 (8.10)), 7.67 (dd, J= 1.3, 7.9 Hz, 2H), 7.63 (dd, J= 1.65,
7.9 Hz, 2H), 7.47-7.37 (complex m, 7H), 4.45 (ddd, J= 14.0, 11.8, 3.8 Hz, 1H), 4.31 (t, J= 11.8 Hz, 1H), 4.20-3.97 (t, J= 14.0 Hz, 1H:
0.78/1 (4.20), 0.22/1 (3.97)), 2.82-2.76 (s, 3H: 0.79/3 (2.82), 0.83/3 (2.79), 1.38/3 (2.76)), 2.23 (m, 1H), 1.70-1.46 (s, 1H: 0.34/9
(1.70), 2.15/9 (1.55), 2.11/9 (1.53), 2.34/9 (1.50), 2.07/3 (1.46)), 1.06 (s, 9H), 0.99-0.94 (d, J= 5.4 Hz, 3H: 1.33/3 (0.99), 1.67/3 (0.94)),
0.89 (d, J=7.25 Hz, 3H).

3C NMR (125 MHz, CDCls): 5 (ppm) 136.3, 136.2, 133.6, 133.2, 130.7, 128.5, 128.5, 82.1, 81.4, 77.9, 77.6, 77.4, 72.7, 66.8, 65.9,
63.3, 54.0, 28.9, 27 .4, 26.6, 20.6, 20.5, 19.7, 19.1.

IR (neat) vmax (cm™): 1732, 1695, 1520, 1473, 1455, 1429, 1392, 1362, 1318, 1234, 1159, 1100, 1082, 1012, 992, 944, 921, 884,
843, 820, 780, 732, 705, 615, 565, 504, 484.

Me\/
\n/\Boc NIS DBU \n/\Boc
DCM rt.

OTBDPS 62% OTBDPS

Compound 27

To a stirred solution of 32 (325 mg, 0.56 mmol) and NIS (1.2 g, 4.96 mmol) in DCM (6.0 mL) was added DBU (630 pL, 4.2 mmol) at 0
°C. After stirring for 12 h at room temperature, the reaction mixture was added an ag. solution of HCI (0.1 M, 20 mL), sat. aq.
Na2S20s3 solution (50 mL) and extracted with DCM (100 mL). The organic phase was dried over sodium sulfate and concentrated in
vacuo to afford the crude product 27. The crude residue was purified by silica gel chromatography (25% EtOAc in hexanes) to afford
27 (264 mg, 62%) as a white amorphas.

Compound 27

Rf = 0.45 (EtOAc: hexanes= 2:1).

"H NMR (500 MHz, CDCls): 8(ppm) 8.05-7.91 (brs, 1H: 0.48/1 (8.05), 0.52/1 (7.91)), 7.74 (d, J= 7.4 Hz, 2H), 7.70 (d, J= 7.4 Hz, 2H),
7.50-7.39 (complex m, 6H), 4.46 (d, J= 3.5 Hz, 1H), 4.21-4.12 (complex m, 2H), 2.83-2.79 (s, 3H: 1.90/3 (2.83), 1.10/3 (2.79)), 2.30
(m, 1H), 1.54-1.48 (s, 9H: 1.57/9 (1.54, brs), 3.95/9 (1.50), 3.38/9 (1.48)), 1.08 (s, 9H), 1.04 (brs, 3H), 0.90 (d, J= 6.4 Hz, 3H).

3C NMR (125 MHz, CDCls): & (ppm) 168.4, 168.2, 157.7, 157.5, 157.2, 136.3, 135.8, 135.6, 132.7, 132.7, 131.6, 130.5, 130.3, 128.1,
115.6, 80.9, 80.7,77.4,77.2,76.9, 72.6, 72.4, 70.5, 64.6, 53.5, 30.8, 30.5, 28.6, 28.5, 27.0, 26.1, 25.8, 20.0, 19.9, 19.5, 18.7.

HRMS (FAB) m/z calcd for Cs2H44IN206Si [M+H]*:707.2013, found: 707.2053.
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(absolute configuration was
determined by Mosher method)

Compound 26

In a round bottom flask, 27 (2.1 g, 2.92 mmol) and Pd(PPhs)-Cl> (1.2 g, 1.73 mmol) was evacuated and backfilled with N2 gas and
added bis((benzyloxy)methyl)zinc solutionl® (4.8 M in THF, 30 mL). After stirring for 1 h at room temperature, the reaction mixture
was cooled to 0 °C and added sat. aq. NH4Cl solution (60 mL). The reaction mixture was extracted with DCM (70 mL) and the organic
phase was dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by silica gel chromatography
(toluene) to afford 26 (1.5 g, 80% ((R)-26: 41%, (S)-26: 39%)) as a white amorphas.

(Note; bis((benzyloxy)methyl)zinc solution was prepared according to the literaturel®)

Compound 26
Rf = (R)-26: 0.54, (S)-26: 0.52 (EtOAc: hexanes= 1:1).

Y Me
E e L-Pro Allyl ester, 0 o] HMe\:/
N DABAL-Meg N, . Me
Boc » N YN
y THF, p-wave, 100 °C o Boc
2z 0, .
TBDPSO  OBn 67% TBDPSO"
Ester-amide exchange reaction HO OBn
(5)-26
(S)-35

Compound (S)-35

In a microwave reactin vial, (S)-26 (77.0 mg, 0.11 mmol), L-Pro Allyl ester (17.0 mg, 0.11 mmol) and DABAI-Mes (23 mg, 0.089
mmol) was evacuated and backfilled with N2 gas and added THF (0.2 mL). After stirring and irradiated microwave (290W, 100 °C) for
10 min, the reaction mixture was cooled to 0 °C. The reaction mixture was added aq. HCI solution (1.0 M, 3 mL), sat. ag Rochelle salt
solution (10 mL) and stirred for further 1 h. After stirring, the reaction mixture was extracted with DCM (30 mL) the organic phase was
dried over sodium sulfate and concentrated in vacuo. The crude residue was purified by silica gel chromatography (toluene) to afford
(S)-35 (63 mg, 67%) as a white amorphas.

Compound (S)-35
Rf = 0.55 (EtOAc: hexanes= 2:1).

MsCI, EtzN

DCM, r.t.
91%

(S)-35

Compound S4

To a stirred solution of 35 (57 mg, 0.067 mmol) in DCM (0.67 mL) was added EtsN (94 uL, 0.67 mmol) and MsCl (26 pL, 0.34 mmol)
sequentially at 0°C under N2 atmosphere. After stirring for 30 min at room temperature, the reaction mixture was cooled to 0 °C and
added sat. aq. solution of NH4ClI (5 mL). The reaction mixture was extracted with DCM (20 mL) and the organic phase was dried over
sodium sulfate and concentrated in vacuo to afford the crude product S4. The crude residue was purified by preparative TLC (25%
EtOAc in hexanes) to afford S4 (57 mg, 91%) as a white amorphas.

Compound S4

Rf = 0.50 (EtOAc: hexanes= 2:1). [a]Z = —36.22 (c= 0.1 in MeOH).

H NMR (500 MHz, CDCls): 8(ppm) 7.74-7.60 (complex m, 4H), 7.55 (d, J= 7.1 Hz, 1H), 7.43-7.26 (complex m, 10 H), 5.94-5.57 (qd,
J=12.1,11.1, 5.9, 5.5 Hz, 1H: 0.88/1 (5.94), 0.12/1 (5.94)), 5.36-5.10 (complex m, 5H), 4.72 (brs, 1H: 0.48/1 (4.72), 0.52 (4.70)), 4.62
(d, J= 4.1 Hz, 1H), 4.57-4.35 (complex m, 2H), 4.06 (brs, 1H), 3.51 (brs, 1H), 3.25 (t, J= 12.1 Hz, 1H), 3.01 (m, 1H), 2.82-2.72 (s, 3H:
0.32/3 (2.82), 0.19/3 (2.79), 0.90/3 (2.75), 0.80/3 (2.73), 0.69/3 (2.71)), 2.19 (m, 1H), 1.93-1.75 (brs, 1H), 1.50 (s, 3H), 1.46-1.44 (s,
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9H: 2.25/9 (1.46), 1.29/9 (1.45), 3.58/9 (1.43), 0.99/9 (1.38), 0.55/9 (1.35), 0.18/9 (1.34), 0.18/9 (1.33)), 1/08-1.01 (complex m, 6H),
0.98 (s, 3H), 0.98-0.72 (complex m, 9H).

13C NMR (125 MHz, CDCls): & (ppm) 167.0, 136.2, 135.8, 133.1, 132.0, 130.1, 129.7, 129.7, 128.6, 128.6,128.6, 128.1 127.6, 127.6,
127.6,127.1, 128.5, 127.9, 127.6, 119.1, 66.0, 66.0, 65.2, 64.6, 60.5, 60.2, 60.5 58.4, 58.4, 53.6, 47.4, 31.8, 29.3, 28.5, 27.3, 27.3,
27.1, 27.0, 24.8, 21.5, 19.8, 19.8, 19.5, 19.5, 18.7, 14.3. IR (neat) vmax (cm™): 1739, 1695, 1651, 1476, 1429, 1389, 1365, 1331,
1311, 1157, 1106, 1059, 995, 935, 881, 820, 783, 732, 705, 612, 571, 547, 504, 463, 443, 409.

! !
0]

~Me _20%TFA_ o

\n/\ .Me DCM rt. N

Boc 95%

TBDP
sSo™ OBn TBDPSO
MsO MsO

Compound 36

To a stirred solution of S4 (400 mg, 0.43 mmol) in DCM (4.3 mL) was added TFA (0.86 mL) slowly at room temperature under N2
atmosphere. After stirring for 1.5 h, the reaction mixture was cooled to 0 °C and added sat. aq. solution of NaHCOs (10 mL). The
reaction mixture was extracted with DCM (40 mL) and the organic phase was dried over sodium sulfate and concentrated in vacuo to
afford the crude product 36. The crude residue was purified by silica gel chromatography (0.5% MeOH in CHCIz) to afford 36 (340 mg,
95%) as a brown amorphas.

Compound 36
Rf = 0.25 (CHCl3: MeOH= 6:1).

Me N-Boc L-Pro, Me

COMU, DIPEA H Boc
—— N
Me DMF, r.t. N ’}‘J\L)
85% Me
TBDPSO™
MsO

Compound S5

To a stirred solution of 36 (236 mg, 0.28 mmol) and N-Boc L-Pro-OH in DMF (2.9 mL) was added DIPEA (247 pL, 1.42 mmol) and
COMU (242 mg, 0.57 mmol) sequentially at 0°C under N2 atmosphere. After stirring for 6 h, the reaction mixture was added sat. aq.
solution of NH4Cl (15 mL). The reaction mixture was extracted with a solution of EtOAc and hexanes (1:1, 40 mL) and the organic
phase was dried over sodium sulfate and concentrated in vacuo to afford the crude product 85. The crude residue was purified by
preparative TLC (20% EtOAc in hexanes) to afford 85 (248 mg, 85%) as a brown amorphas.

Compound S5
Rf = 0.55 (EtOAc: hexanes= 1:2).

2 2

0
Me Me Me~_-Me
° Q Y O Boc 20% TFA Q T o
—_— N
74% O Me

TBDPSO™
OBn MsO
S5 South-western part (3)

TBDPSO"
MsO

OBn

South-western part (3)

To a stirred solution of 85 (180 mg, 0.18 mmol) in DCM (1.8 mL) was added TFA (0.35 mL) slowly at room temperature under N2
atmosphere. After stirring for 2 h, the reaction mixture was cooled to 0 °C and added sat. aq. solution of NaHCOs3 (15 mL). The
reaction mixture was extracted with DCM (60 mL) and the organic phase was dried over sodium sulfate and concentrated in vacuo to
afford the crude product 3. The crude residue was purified by silica gel chromatography (5% MeOH in CHCIs) to afford 3 (120 mg,
74%) as a brown amorphas.
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South-western part (3)

H NMR (500 MHz, CDCls): & (ppm) 7.94-7.59 (m, 3H), 7.45-7.28 (m, 10H), 7.26-7.05 (m, 3H), 5.94-5.81 (m, 1H), 5.31-5.24 (m, 1H),
5.16 (t, J = 11.5 Hz, 1H), 4.84-4.12 (m, 8H), 4.04-3.77 (m, 1H), 3.74-3.25 (m, 2H), 3.14-2.84 (m, 4H), 2.80-2.50 (m, 2H), 2.44-2.34 (m,
1H), 2.19 (d, J = 24.1 Hz, 1H), 1.99 (d, J = 25.8 Hz, 2H), 1.89-1.76 (m, 3H), 1.42-1.37 (m, 1H), 1.09-0.97 (m, 8H), 0.92-0.73 (m, 9H).
3C NMR (125 MHz, CDCls): & (ppm) 166.4, 163.0, 136.1, 133.0, 132.2, 130.3, 128.8, 128.8, 127.9, 127.8, 118.4, 77.4, 77.2, 76.9,
73.7,72.7,69.2, 65.6, 58.8, 47.9, 47.7, 36.7, 29.8, 27.0, 25.7, 25.3, 24.7, 24.5, 19.7, 19.5, 18.7, 18.6, 1.2.

Rf = 0.35 (CHCl3: MeOH= 10:1).

HRMS (FAB) m/z calcd for CagHs7N4O10SSi [M+H]*:931.4347, found:931.4404.

Me
FmocHN
O NH, NFmocLVal-OH, Me
HATU, DIPEA o HNO
tBuO
DMF, r.t.
85% tBuO
L-Phg-Ot-Bu
S6

Compound S6

To a stirred solution of N-Fmoc L-Val-OH (7.9 g, 23.3 mmol) in DMF (230 mL) was added DIPEA (8.1 mL, 46.6 mmol) and COMU
(10.0 g, 23.3 mmol) sequentially at 0°C under N2 atmosphere. After stirring for 1 h, the reaction mixture was added L-Phg-O-t-Bu (7.9
mg, 0.28 mmol) in one portion and stirred for further 24 h. The reaction mixture was added sat. aq. solution of NH4Cl (400 mL). The
reaction mixture was extracted with a solution of EtOAc and hexanes (1:1, 800 mL) and the organic phase was dried over sodium
sulfate and concentrated in vacuo to afford the crude product S6. The crude residue was purified by silica gel chromatography (20%
EtOAc in hexanes) to afford S6 (10.5 g, 85%) as a white amorphas.

Compound S6

Rf = 0.40 (EtOAc: hexanes= 1:1). [a]Z = —46.08 (c = 0.1 in MeOH).

"H NMR (500 MHz, CDCls): & (ppm) 7.79-7.75 (m, 3H), 7.63-7.56 (m, 3H), 7.44-7.35 (m, 2H), 7.33-7.25 (m, 10H), 7.02 (m, 1H), 5.53
(m, 1H), 5.45-5.41 (d, J = 7.4 Hz, 1H), 4.36 (t, J = 8.2 Hz, 1H), 4.31-4.28 (t, J = 7.4 Hz, 1H), 4.22-4.13 (m, 2H), 2.19-2.13 (m, 1H),
1.39 (s, 9H), 1.04 (d, J = 6.3 Hz), 0.97 (d, J = 6.3 Hz).

3C NMR (125 MHz, CDCls): & (ppm) 170.7, 169.6, 156.5, 144.0, 143.9, 141.4, 136.7, 128.9, 128.8, 128.6, 128.4, 128.3, 127.8, 127.2,
125.2, 120.0, 82.9, 82.7,77.4,77.2,76.9, 67.2, 60.1, 57.2, 47.2, 31.6, 28.2, 27.9, 19.2, 18.0, 17.8.

HRMS (FAB) m/z calcd for C32H37N20s [M+H]*:529.2702, found: 529.2731.

Me Me
FmocHNf\Me Hsz\Me
o0 HNTYO 5% piperidine o N o

DMF, r.t.
t-BuO 96% +-BuO
S6 38

Compound 38

To a stirred solution of S6 (1.9 g, 3.60 mmol) in DMF (36 mL) was added piperidine (1.8 mL) at 0°C under N2 atmosphere. After
stirring for 1 h, the reaction mixture was added sat. aq. solution of NH4Cl (200 mL). The reaction mixture was extracted with a solution
of EtOAc and hexanes (1:1, 800 mL) and the organic phase was washed with brine (200 mL), dried over sodium sulfate and
concentrated in vacuo to afford the crude product 38. The crude residue was purified by silica gel chromatography (1% MeOH in
CHCIz to 5% MeOH in CHCIs) to afford 38 (1.05 g, 96%) as a white amorphas.

Compound 38

Rf = 0.45 (CHCI3:MeOH = 10:1). [a]? = +59.90 (c = 0.1 in MeOH).

"H NMR (500 MHz, CDCls): & (ppm) 8.22 (d, J = 7.4 Hz, 1H), 7.34-7.18 (complex m, 5H), 5.45-5.34 (m, 1H), 3.36 (s, 1H), 2.42 (brs,
1H), 2.24 (m, J = 3.2 Hz, 1H), 1.38 (s, 9H), 0.94 (d, J = 3.4 Hz, 3H), 0.76 (d, J = 2.9 Hz, 3H).

3C NMR (125 MHz, CDCls): & (ppm) 173.4, 173.1, 171.2, 170.0, 137.3, 128.8, 128.7, 128.1, 127.2, 127.2, 82.4, 77.4, 77.2, 76.9,
60.4, 59.8, 56.9, 56.8, 31.0, 27.9, 21.1, 19.5, 16.4, 16.3, 14.2.

IR (neat) vmax (cm™): 3336, 2964, 2358, 2182, 2358, 2182, 2046, 20009, 1734, 1660, 1496, 1369, 1153, 843, 697, 608, 540, 499,
461, 440, 402.

122



NMe,

Me, A _0 e fiMe, o
Me
Me 180 oH Y
HoN TBSO HN
Me 3918 Me
O HN o HATU, DIPEA O  HN (o)
DMF, r.t.
+BuO 74% tBuO
38 S7

Compound S7

To a stirred solution of 391 (834 mg, 3.2 mmol) in DMF (32 mL) was added DIPEA (1.1 mL, 6.4 mmol) and HATU (1.2 g, 3.2 mmol)
sequentially at 0°C under N2 atmosphere. After stirring for 1 h at room temperature, the reaction mixture was added 38 (978 mg, 3.2
mmol) in one portion and stirred for further 46 h. The reaction mixture was added sat. aq. solution of NH4Cl (100 mL). The reaction
mixture was extracted with a solution of EtOAc and hexanes (1:1, 300 mL) and the organic phase was dried over sodium sulfate and
concentrated in vacuo to afford the crude product S7. The crude residue was purified by silica gel chromatography (20% EtOAc in
hexanes) to afford S7 (1.26 g, 74%) as a white amorphas.

(Note; compound 39 was prepared according to the literaturel*14)

Compound S7

Rf = 0.66 (EtOAC: hexanes= 1:2). [a]? = +7.86 (c = 0.1 in MeOH).
IR (neat) vmax (cm™"): 2008, 1981, 1957, 1742, 1634, 1536, 1372, 1240, 1157, 1062, 834, 756.

NMe2 NMe2
O
"o AP0 e Mo AP

TBSO HN f\ HO HN f\
Me
TBAF 0

O, HN™ "0 O, HN
THF r.t.
+-BuO 88% t-BuO
s7 Eastern part (4

Eastern part (4)

To a stirred solution of 87 (691 mg, 1.26 mmol) in THF (13 mL) was added a solution of TBAF (1.0 M in THF, 2.5 mL) at 0°C. After
stirring for 2 h at room temperature, the reaction mixture was added sat. aq. solution of NH4Cl (100 mL). The reaction mixture was
extracted with EtOAc (150 mL) and the organic phase was dried over sodium sulfate and concentrated in vacuo to afford the crude
product 4. The crude residue was purified by silica gel chromatography (5% MeOH in CHCIs3) to afford 4 (482 mg, 88%) as a colorless
oil.

Eastern part (4)

Rf = 0.25 (CHCI3:MeOH = 10:1). [a]? = -35.50.

"H NMR (500 MHz, CDCls): & (ppm) 7.42-7.28 (m, 5H), 7.09-6.98 (m, 1H), 5.41 (dd, J = 6.9, 9.8 Hz, 1H), 4.44-4.27 (m, 1H), 4.05-
3.96 (m, 1H), 3.05 (s, 1H), 2.46 (s, 6H), 2.21-2.03 (m, 1H), 1.41-1.28 (m, 9H), 1.17 (d, J = 6.3 Hz, 1H), 1.13-1.09 (m, 1H), 1.04-0.98
(m, 2H), 0.93-0.83 (m, 3H).

3C NMR (125 MHz, CDCls): & (ppm) 170.2, 169.6, 169.2, 137.1, 136.7, 128.9, 128.9, 128.4, 128.4, 127.3, 127.2, 83.0, 82.9, 77.4,
77.2,76.9,74.1,74.0,64.5,58.7, 58.2, 57.3, 42.3, 31.0, 30.8, 27.9, 19.5, 19.4, 18.6, 18.2.

IR (neat) vmax (cm™"): 3288, 2972, 1737, 1637, 1534, 1454, 1392, 1369, 1320, 1285, 1254, 1220, 1151, 1126, 1105, 1033, 697.

NMe,
Me,’/'\‘fo Me
HO HNf\Me
O, HN™ O
+BuO
Me | OH Eastern part (4) w N
- I'(N MNBA, DMAP, DIPEA AllocHN I\I/Ie 0
AlocHl e & M © DCM, r. oﬁ;@

Northern part (2)

Compound 40

To a stirred solution of 2 (120 mg, 0.17 mmol), 4 (113 mg, 0.26 mmol) and MS 4A (51 mg) in DCM (1.7 mL) was added DIPEA (105
pL, 0.60 mmol) and DMAP (11 mg, 0.34 mmol) and MNBA (118 mg, 0.34 mmol) sequentially at 0°C under N2 atmosphere. After
stirring for 17 h at room temperature, the reaction mixture was cooled to 0°C and added sat. aq. solution of NH4Cl (15 mL). The
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reaction mixture was extracted with DCM (40 mL) and the organic phase was dried over sodium sulfate and concentrated in vacuo to
afford the crude product 40. The crude residue was purified by silica gel chromatography (60% EtOAc in hexanes) to afford 40 (142
mg, 74%) as a white amorphas.

Compound 40

Rf = 0.27 (EtOAc: hexanes= 1:2).

H NMR (500 MHz, CDCls): & (ppm) 7.49 (d, J= 6.9 Hz, 2H), 7.33-7.29 (m, 6H), 7.1 (complex m, 2H), 6.90 (d, J= 8.6 Hz, 1H), 6.80 (d,
J= 8.6 Hz, 2H), 5.88 (m, 1H), 5.55-5.39 (m, 3H), 5.27 (d, J= 17.7 Hz, 1H), 5.19 (d, J= 10.5 Hz, 1H), 4.81-4.72 (m, 1H), 4.56 (d, J= 5.7
Hz, 2H), 4.38 (d, J = 10.9 Hz, 1H), 4.34-4.26 (m, 1H), 3.76 (s, 3H), 2.86 (s, 2.22/3 H), 2.81 (0.78/3 H), 2.66 (s, 1.5/3 H), 2.65 (1.5/3 H),
2.47 (brs, 3H), 2.17 (s, 6H), 1.67 (brs, 2H), 1.38 (s, 4.5/9H), 1.36 (s, 4.5/9 H), 1.25-1.20 (s, 1H), 1.00 (dd, J= 9.2, 6.9 Hz, 2H), 0.89 (d,
J=6.3 Hz, 3H), 0.81 (s, 9H), 0.71 (d, J= 6.8 Hz, 3H), 0.03 (s, 3H), -0.15 (s, 3H).

3C NMR (125 MHz, CDCls): & (ppm) 171.2, 170.2, 169.8, 169.5, 160.4, 157.4, 155.9, 153.4, 151.6, 143.0, 137.2, 136.8, 135.1, 133.8,
132.7, 128.9, 128.8, 128.3 (2C), 127.2, 124.7, 121.3, 117.9, 116.2, 112.3, 82.8 (2C), 80.5, 77.4, 77.2, 76.9, 75.2, 66.7, 66.5, 65.9,
62.4, 57.3, 57.2, 56.0, 30.9, 27.9, 26.0, 25.7, 25.7, 19.7, 19.5 (2C), 18.5, 18.4, 18.3, 18.2, 18.1, -4.6, -5.0

20% TFA, TBSO™

1,3-dimethoxy benzene  Ajl0cHN ,\',;/go( Me
_—
a OH

Compound 41

To a stirred solution of 40 (4.2 mg, 0.0038 mmol) in DCM (0.1 mL) was added 1,3-dimethoxy benzene (7.3 yL, 0.057 mmol) and TFA
(0.02 mL) sequentially at room temperature under N2 atmosphere. After stirring for 2 h, the reaction mixture was cooled to 0 °C and
added sat. aqg. solution of NaHCO3 (12 pL) adjusted to pH 7.0 and diluted with H20O (8 mL). The reaction mixture was extracted with
DCM (10 mL) and the organic phase was dried over sodium sulfate and concentrated in vacuo to afford the crude product 41. The
crude residue was used fort he next reaction without further purification.

Compound 41

Rf = 0.36 (CHCls: MeOH= 6:1). [a]? = -50.02 (¢ = 0.1 in MeOH).

H NMR (500 MHz, CDCls): & (ppm) 7.6-7.29 (complex m, 10H), 7.06 (m, 1H), 6.90 (m, 1H), 6.76 (m, 1H), 6.50 (s, OH), 5.90 (m, 1H),
5.49 (m, 1H), 5.28 (d, J= 15.5 Hz, 1H), 5.19 (m, 1H), 4.78 (m, 2H), 4.53 (m, 2H), 3.82-3.64 (complex m, 6H), 3.07 (m, 1H), 2.92-2.65
(complex m, 5H), 2.33-2.07 (complex m, 6H), 1.25-1.14 (complex m, 3H), 0.87 (m, 3H), 0.81 (s, 4.5/9 H), 0.80 (s, 4.5 Hz), 0.73 (m,
3H), 0.032 (s, 1.48/3 H), 0.014 (s, 1.52/3 H), -0.15 (s, 1.28/3 H), —0.182 (s, 1.71/3 H).

HRMS (FAB) m/z calcd for CssH77NsO13Si [M+H]*:1057.5318, found:1057.5348.

HATU, HOAt, DIPEA

DMF, r.t.
39%

Compound 42

To a stirred solution of crude 41 in DMF (0.05 mL) was added DIPEA (2.0 yL, 0.011 mmol) and HATU (1.7 mg, 0.0046 mmol)
sequentially at 0°C under N2 atmosphere. After stirring for 30 min at room temperature, the reaction mixture was added 37 (3.5 mg,
0.0046 mmol) in DMF (0.1 mL) and stirred for further 8 h. The reaction mixture was added sat. aq. solution of NH4Cl (2 mL). The
reaction mixture was extracted with a solution of EtOAc and hexanes (1:1, 8 mL) and the organic phase was dried over sodium
sulfate and concentrated in vacuo to afford the crude product 42. The crude residue was purified by preparative TLC (5% MeOH in
CHCIs) to afford S7 (2.9 g, 39%) as a white amorphas.
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Compound 42

Rf = 0.56 (CHCl3: MeOH= 10:1).

H NMR (500 MHz, CDCls): & (ppm) 7.61-7.52 (complex m, 5H), 7.41-7.34 (complex m, 10H), 7.10-7.07 (complex m, 2H), 6.90 (d, J=
8.6 Hz, 1H), 6.78 (m, 2H), 5.87 (m, 2H), 5.52 (1H), 5.40 (m, 1H), 5.26 (m, 2H), 5.17 (m, 2H), 4.81-4.69 (complex m, 5H), 4.56-4.45
(complex m, 5 H), 4.18-4.09 (complex m, 2H), 3.95 (m, 1H), 3.76 (s, 3H), 2.99-2.93 (complex m, 12H), 2.83 (s, 6H), 2.66-2.63 (m,
12H), 2.23 (m, 2H), 1.96 (m,2H),1.62 (s, 12H), 1.41 (m, 2H), 1.24-1.23 (m, 6H), 1.01 (s, 6H), 0.97-0.86 (complex m, 6H), 0.81 (s, 9 H),
0.736 (d, J= 6.3 Hz, 6 H), 0.068 (s, 6H), 0.033 (s, 6H) —0.15 (s, 6H).

HRMS (FAB) m/z calcd for C104H140N10022SSi2Na [M+H]*: 1991.9301, found:1991.9869.
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"H NMR spectra of compound 15 (CDCls, 500 MHz)
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13C NMR spectra of compound 15 (CDCls, 125 MHz)
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H NMR spectra of compound S1 (CDCls, 500 MHz)

<
+
27
S
2]
2] NHAlloc
- st
g,
E,
2]
<
f;,
<]
~
2,
2,
l\
: bl e A
2
9.‘0 810 7‘.0 (:.‘0 510 4‘0 3.‘0 2‘0 l‘.O
AN 22 A il
X : parts per Million : 1H - “ -

13C NMR spectra of compound 15 (CDCls, 125 MHz)
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"H NMR spectra of compound 17 (CDCls, 500 MHz)
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"H NMR spectra of compound 19 (CDCls, 500 MHz)
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13C NMR spectra of compound 19 (CDCls, 125 MHz)
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"H NMR spectra of compound 7 (CDCls, 500 MHz)
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"H NMR spectra of compound 21 (CDCls, 500 MHz)
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"H NMR spectra of compound 22 (CDCls, 500 MHz)
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"H NMR spectra of compound 6 (CDCls, 500 MHz)
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H NMR spectra of compound S3 (CDCls, 500 MHz)
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"H NMR spectra of compound 2 (CDCls, 500 MHz)

abundance

06 07 08 09

04 05
i i i i

02 03

0.1

| Me
AllocHN  Me O

Northern part (2)

’iWMuULM

o LI

X : parts per Million : 1H

60
NN
Tosen 2
=2
aa

(R >

QLL
2a
i

T
.0

T
4.0

o AL R

2
i
S

n

el
8

13C NMR spectra of compound 2 (CDCls, 125 MHz)

(thousandths)

MM e O
AllocHN  Me O
Northern part (2)

T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0

X : parts per Million : 13C

T
160.0

157.749 ——

©
<

143.003 ——

134



"H NMR spectra of compound 32 (CDCls, 500 MHz)
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"H NMR spectra of compound 27 (CDCls, 500 MHz)
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H NMR spectra of compound S4 (CDCls, 500 MHz)
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H NMR spectra of compound S6 (CDCls, 500 MHz)

Me
FmOCHNr\Me
= O, HN™~O
+-BuO
o] S6
<
Z% U ”LJL M »wik ) . LU‘U\A
) T T T T T T
"l o e B /)\\N‘&\
Xgpmstl"m mﬁﬁﬁ.’fﬁ.’:itﬁi.\hiﬁ : 3 393FEe 4as E8 44 52 :

13C NMR spectra of compound S6 (CDCls, 125 MHz)

“ Me

FmocHN
al f\Me

O, HN™ "0

+BuO

S6

0.1

| LI

400 1300 IZ()U lIU() IUU() 900 XOO 700 Gd.O S(L,() 40‘.0 3d.U 26,0 Id.O 0 -I(‘)AJ -2(‘).()
PN AN
d

T
rrrrr

abundance

73
2

T
160.

2]
°

.0

T T T T T
220.0 210.0 200.0 190.0 180.0

170.655 —— 2

wwwwww
BC& GRE
nnnnnn
_______

47210 —

169.644 — §
156462 — =

14
14

X : parts per Million : 13C

138




"H NMR spectra of compound 38 (CDCls, 500 MHz)
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"H NMR spectra of compound 4 (CDCls, 500 MHz)
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"H NMR spectra of compound 40 (CDCls, 500 MHz)
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"H NMR spectra of compound 41 (CDCls, 500 MHz)
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