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Ac acetyl

acac acetylacetonate

Al allyl

Ala alanine

aq. aqueous

Arg arginine

Asp aspartic acid

Bn benzyl

Boc tert-butoxycarbonyl

Bz benzoyl

Cbz benzyloxycarbonyl

CD circular dichroism

CDI 1,1'-carbonyldiimidazole

Chol cholesterol

COSY correlation spectroscopy

Cp cyclopentadienyl

Cy cyclohexyl

DBD 4-N,N-(dimethylaminosulfonyl)-7-hydrazino-2,1,3-benzoxadiazole
DEAD diethyl azodicarboxylate

DET diethyl tartrate

DMAP 4-N,N-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMSO dimethyl sulfoxide

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
EPC egg phosphatidylcholine

ESIMS electrospray ionization mass spectrometry
Et ethyl

Fib fibroin



FITC fluorescein isothiocyanate

Fmoc 9-fluorenylmethyloxycarbonyl

GlcNAc N-actetylglucosamine

Glu glucose

Gly glycine

HBTU 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
HFIP 1,1,1,3,3,3-hexafluoroisopropanol

HMDS 1,1,1,3,3,3-hexamethyldisilazane

HOAt 1-hydroxy-7-azabenzotriazole

HOBt 1-hydroxy-1,2,3-benzotriazole

HPLC high performance liquid chromatography
H-bond hydrogen bond

iPr isopropyl

IR infrared spectroscopy

ITC isothermal titration calorimetry

JU-3CR Joulli¢-Ugi three-component reaction

LC liquid chromatography

MD molecular dynamics

Me methyl

MIC minimum inhibitory concentration

MRSA Methicillin-resistant Staphylococcus aureus
Ms methanesulfonyl

MS mass spectrometry

MSSA Methicillin-sensitive Staphylococcus aureus
MS4A molecular sieves 4A

Mur muramic acid

NHS N-hydroxysuccinimide

NMM N-methylmorpholine

NMR nuclear magnetic resonance

NOE nuclear Overhauser effect

OPM orientations of proteins in membranes



Orn ornithine

PBPs penicillin binding proteins

PDB protein data bank

PDR pan-drug-resistant

Pf phenylfluorenyl

Ph phenyl

Pht phthaloyl

PMB p-methoxybenzyl

ppm parts per million

Pro proline

PSA polar surface area

PyBOP (benzotriazol-1-yloxy)-tris(dimetylamino)phosphonium hexafluorophosphate
PyAOP (7-azabenzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
QCM quartz crystal microbalance

rd.s. rate determining step

rt room temperature

sat. saturated

Ser serine

TFFH fluoro-N,N,N',N'-tetramethylformamidinium hexafluorophosphate
TBHP tert-butyl hydroperoxide

‘Bu tert-butyl

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

TFE 2,2,2-trifluoroethanol

THF tetrahydrofran

Thr threonine

TIPS triisopropylsilyl

TLC thin layer chromatography

TMS trimethylsilyl

Troc 2,2,2-trichloroethyl

T3P propylphosphonic anhydride



UDP

UMP

U-4CR

VRE

VRSA

XDR

uridine-5'-diphosphate
uridine-5"-monophosphate

Ugi four-component reaction
vancomycin-resistant Enterococci
vancomycin-resistant Staphylococcus aureus

extensivery drug resistant
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IR DE L 72 2 YU DFHFEDIZE X 20 BHCICR IIIciT bz, 2 DRER. % < DHIEHED
RSN ICREY | R ABIZEPEEZ ER2ICHIEL 722 I XxFEX N X 51Tk o7z, L L, A,
AR N L, BHFOPIREERIC X 26 HEEIC /2 > TE TV 5, Figure 1 IIHIRZERTE & Z LI
x4 2 HANMEEO M OFERTH 5 |, 1950 FICEAINAT b IHA 2 ) viTktd BIER X2 o
IERICIMEINT VDA, LRI Nzt 7 2n ) vicT 20t 1 FHRICAEC TS, 2ok
UEAEC U IR B A AN £ CIc T 2R 2o TH Y FIBIERE 2 HFET 21 dH
. EAIEEEC I VWEEAE TS ) - FRBNT 2 CeAEETH I LEZLND,

antibiotic resistance identified antibiotic introduced

penicillin-R Staphylococcus 1940 1943 penicillin

—— 1950 tetracycline
—— 1953 erythromycin

tetracycline-R Shigella 1959 —
— 1960 methicillin

methicillin-R Staphylococcus 1962 —

penicillin-R pneumococcus 1965 — .
—— 1967 gentamicin

erythromycin-R Streptococcus 1968 — 1972 vancomycin

gentamicin-R Enterococcus 1979 —
— 1985 imipenem, ceftazidime

ceftazidime-R Enterobacteriaceae 1987 —
vancomycin-R Enterococcus 1988 ———
levofloxacin-R pneumococcus 1996 ————— 1996 levofloxacin
imipenem-R Enterobacteriaceae 1998 ——— 2000 linezolid
XDR tuberculosis 2000 —

linezolide-R Staphylococcus 2001 —
vancomycin-R Staphylococcus 2002 — 1 2003 daptomycin
PDR Acinetobacter, Pseudomonas 2004/5 —
PDR Enterobacteriaceae 2009 —

—— 2010 ceftaroline
ceftaroline-R Staphylococcus 2011 —

PDR = pan-drug-resistant; R = resistant; XDR = extensively drug resistant

Figure 1. Developing antibacterial resistance



PR ORI & LC, T FF 7V A v oG EHET 2D 088% Mo Tnd, 7T
N 270 A v DGR % Figure 2 1SS, 3, MIEE I 35> T, F#E#E MurA, MurB 1€ & Y UDP-GIcNAc
EHRRAFI =B VEED S UDP-MurNAc 3K T 115 4, it > C MurC-F i & Y L-Ala. D-Glu,
L-Lys. D-Ala-D-Ala 2SERMESG T2 2 & TPark X7 LAF FHAEME NS 5, KIT, MraY I X b fE~
7F P UMP O A Ry v F AT L o) VBN EEEN IR TY E R IAAKE NS ¢,
ZOYEF Lk, $< MurG I XD GleNAc 23, Ve b Méks s Vb IIaEFEREIN
o7V vo—=¥TH5 Murd I X DAMIIMAII~ L BEIL 100 = U VG X v o3 7 H(PBPs)D
BZICKVESTIILTRTF V7 AVYBEGRINE Y, 2o —HOEARREKEOHTH, ~7'F
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BEBTIHLERRN LD, PIHEOENE LTHELTW5, =2 ) VEDB-T 7 2 LARPIERIZ
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Figure 2. Biosynthesis of peptidoglycan



VN NOESZHES =Y V& % v % 7 E(penicillin binding proteins: PBPs)IC A &35 Z & TY v
NI oAEEKZHET 225, Zhich L Tlds%  oiftEFE s iE s hTwz 2, —77C, BIERRD
BTHubRTnE Y aw4 v Vd BEROEE L 25 Y € F I D-Ala-D-Ala RimlCIEER AT 5 2
ETCRTF RV Ay ~DEAZEEL B, Nva< 4P & Ac-Lys(Ac)-D-Ala-D-Ala = 7'F F & DS

B L T, X BREE SLE 25 2 T\ B (Figure 3, PDB ID: IFVM)'4,

Figure 3. X-ray crystal structure of vancomycin-Ac-
Lys(Ac)-D-Ala-b-Ala complex (green: vancomycin)

Ny aw A IS MR OWE L. £ DEALL 16 FHTHY, oy 7 ZADHIREZEE L KL
TEANME 1= IRYUE 2B 7 5 (Figure 1), HANMMEERSO A H =X 20—2L LT, EHOENDT
DAEFIC XY | FEH LW T ORMEBAESET T2 A =X 3B b n s, BRAEAICNT 3
DS e, RO AEZHET 2 X 5 REREFFOBFRIE, JTORHR L FRICET 2R#MT 5 2 &
AIRETH O | BERSUC DHMETT, fit < R B4R & [FR OBRAE & S5 2 AR D FEEA I X 0 | AL %2 S
IC® 5 (Figureda), —J7. Nva~<A4 v rvo Xk ) nEHERICN T 2MEDSA, EOERIZAERY)
DZEF L L CH| Z kD3 5 (Figure 4b), & DZERAEFYID . LD & 55 OFRE % Fef ¢ % 7 T 4L,
EVIRFCICE S 2L Ly AERMICEAINER £ Uy, o T, REERNIERMER & iR L
T EAMWMEZECICC WD DLEEZOND, NV a<wA L VvOFITIER, NV a<f s YREAETE R
ZHRICF I 2OEGRINERTFFIY A ik, MilaBEe L CoBRERTE Y., FIEEIFEET T
X2 EFETE R, EHEICN L2 BT 2 L BEETE B,
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Figure 4. Mechanism of drug resistance
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Figure 5. Natural products targeting to lipid Il



H,N___NH

D~ Ser \f Arg Table 1. Antibacterial activity of plusbacin As

Pro(3-OH) \/\

'C\ jg\ i j’ OH Strain MIC (ug/mL)
HO : i i i

N s vancomycin plusbacin A
BERS
/\ (o) S. aureus
- OTae” e e
HO\_~__0O N ' '

p-Ala E. faecalis

HO,C (0] SR1004 1.56 3.13
L-Asp(B-OH) allo->-Thr SR7914 >80 1.56
ester .
E. faecium
3-hydroxyisohexadecanoic acid SR15941 1.56 3.13
plusbacin A; (1) SR7917 >50 3.13

Figure 6. Chemical structure of plusbacin As
TTANY Y As(D)IE, 19 FIC 7T LR Th L v a— FEFRE,» O HEEI Nz 28 Bl F T

7Y RTFETHY . allo-D-Thr, threo-B-t F 7 F ¥ -Asp [Asp(B-OH)|Dili = F v F A4~ —. 2 DD trans-
3-t F &% -1-Pro [Pro3-OH)| DT 5 DIERART I /L 3-e FrFX o4 Y~FHFT A VIBEEEAT
W 5 (Figure 612, RILEWE. ILHEIFH O 77 LGHERICH L, Ny a<w Ay v ERERICRTF F 27U A
VAEAGKEREL, MEEEZAE T2 2 EBHON TV B(Table )P, 723V a4 o ViR L
THRMOIHEERAZBE TS 00, Nva~wf v v 3RAIEETXTF N7 v obilkE
FHET 2 2 BRBINT D, 77 ANy Y A OFRIEM IZHIFEER sy o Finic X o CRHE I3 C
LLRTFRZY A VOEABDOAELT . VNN 280 Y © N PEEOAESHROHET 2 2 25,
Z DREERS T IR E SRR CId A e EZOLNRTWE B, $/2, 7792V v A ERIACTHZ
VR FXTF v (Figure 7a)i3 Y € F I ICHEAT 22 L TEHAZAET 225, HAMER N va~vf v
EIXRRY, TVRFRTFVOEIOANKVYEE YV E NN OV Y VD Ca¥ 2 L THIAT 5 &
EZ b TW» 5 (Figure 7). TNHDERE D, 772N Vv A OFENSTFLIE NI TH S Z LR
X,

a) b)

HN NH2 HO HO
HN\/\ \”/L J\/N\ﬂ/\ J\i 4& KOENHAC .+
ro—{_N “l Jl wpNJ
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e &
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a) Chemical structure of empedopeptin MLJMLluu
b) Inhibition mechanism of empedopeptin
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BIERE L o Twd v a4 v VIHER O EA 71 = X L3, Ny a< A4 v v OREEMLTH 5 p-
Ala-p-Ala KIii DR TH 5085, fEEGFHNLORR D T 7 Ay v A X DIEOHEEZZIF T, Nva
~ A4 vV L EREOBCHEIG 2R3, WIERRLY). 77 28y v A OEF ICBT 2 A RIE 1
MO E DA TH 57225, Rl Schaefer 51T X U [k NMR % w72 77 2852 v Ay DIEFIBEFF
FRIICBIT 2 G AR SN, 7T 20 v A8 2 DOIERBET % 4 % Al BEME 23R8 & 217= (Figure 8)%%
—DEFRTF NV AVOEREHI) v F I 2AHAGATN 2 8EEEZHEST 2D DTH D (Figure 8b, A).

5 — 7 IIMIEE E D ABC P 7 v AR =2 —icfEiA L. ZOMREXIHET 2 L5 b D TH % (Figure 8b,
B), ZOMEFMFIZ T v R ERTFYTOWGELEALY, 7720y A;OFFAEFICBEL Tz b
LRI ORMDD 5,

B e e B B e
T
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lipid Il
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R
3

T
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B
.Ll”
Figure 8. Proposed mechanism of plusbacin As reported by Schaefer et al.
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Scheme 1. Total synthesis of plusbacin As by VanNieuwenhze et al.
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7T ANV Ay DA 2007 1T VanNieuwenhze © 12 X o TEK X 11T\ 5(Scheme 1)¥, 3-t F

FFnHH
DEERTEHER L, RTF R AT VL oTHAKLEZ 4 2D 7 AV a-d DRKEES &

BX A YNFHTAVEER, TR IKROB-EFRFLZRATANL TV Y X=X PSRV
iOpiRe2
p-Ser. D-threo-p-t Fu ¥ L -Asp [l CO~27u T 7 220{Lick b 28 BIRAZMEET 5 2 L CRAMEIERK
LTWw3, LAL, REKEICEOTHEYE L LTHY T W3 rans-3-t F 1 % 2 L-Pro DEKI
PRAZEL, MHEIEHAEBEITE & G 2 7238 O~ L BT 2 0 xR cH 2 L v x 5,

1% T

Park LI D-Z N Z 7 VLTINS Y v VEEEREREL T 14 TR T (Scheme 2)®, Chandrasekhar & %
3-7F v-1-F— )2 b Sharpless A& TR F AL Z T 15 T T trans-3-& F B F 2 -L-Pro Z &K L TV % (Scheme 3)%,
Scheme 2. Synthesis of trans-3-hydroxy-L-Pro by Park et al.

1) BH3'M628
then NaOH, H,0,, 70%
o. _O OTBS 2) MsCl, EtsN OH
10 steps H ° R
HO p CO,Me THF, 0 °C, 87%
HO" “OH NHPf  3)Ha, Pd/C, MeOH, 60 °C COH
OH 4) Dowex 50W-X8
THF/H,O0, reflux
2 steps 76%
Scheme 3. Synthesis of trans-3-hydroxy-L-Pro by Chandrasekhar et al.
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FEIZ, JERART I VBoAEE LTHRTH 3 Ugi KIG(U-4CRY K& U Joullié-Ugi S t(JU-3CR)IC
BHHLUZ, Ugi RIGIE ANV R VR, AR ALEY., T IV, AV T = FD 4 550G, Joullié-Ugi
KOG E Ugi RIGICEBF 2 AVR=MMbEP L T I v RBIRA I v~ B L 72 3 5 KIE T 5 (Scheme
4) TNO DL IGIE, HEOME 2 AH T 5 DA TEIEICEAZERY 2 RS <5 2 5 AR L%

PR CRIGTH 5,
Scheme 4. Ugi reaction and Joullié-Ugi reaction
O 3 R’ O R?
R2
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RALOH ?  U4CR NA%O RAKOH N  JU-3CR N)§o
4 | R3
O R Y 3 0]
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— 2.N=
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HEEIZ, TTANTY AD LD RS TRTF FOHERDOBRIC Joullié-Ugi It D F 1 % e K BRFIF 3
5ZLHMNELT, FEDOYTAT LA %352 LDTE BV T AT LASRRN R IG~DER
EEt L7z GB—8), Ko, RRISEHWTIERART I/ ETHS ProB-ON%ET 2L TT IR
NY VA DI ABIEOBREE T V. TTRANYY A L ZOFEROLE A To 7 (B 5E),
7o, TRV Y A OFEI AP EHZ BV E LT v N 11 & OEAE/EH 2~ fERRR B
TEEFERTo7 E=0 W, AE), T, 2oflicowctidirz,
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BTH5, Ty FAERNRERICEWTE, IS 2AFROVMMEEERIEIE 5 2 L ToO0
ITFVFAR—DILRELO—T R FERORICEE T TARST 22 LT 5, —Ji, VYT RATLAE
R IGICDOWTIE, ZDDYTARATLAY—0D D b H—7 2 BIRINICE 2 FEIIBE (I
TWEH, B VT AT LAY— 2O KICEH T TERT 2 2 LIXES Tk, EBRIC, REK
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B FRRIC, FUHRIED S RO RISRGEEZFFAL THhFho Y T AT LA~ — b BRI
TEDLIFEPMEINT DS, 2O X ) RBZLTRICIE [T AT VAN R RIG] L iEh,
HRVE LG T 248K R e FIH L7z BiE0 M, RAEMBEEZFIAL 722 v FAERN 2O T AT L
T LIRS E T, BEFENL OPOWED LRI N5 X I ITkko T3 323,

JU-3CR 1 Ugi KB IC B F 2 AR =AbEME T I v ofRb D ICBIRA I v VI RIETH 5, il
B4 I vEHEME L LTHY, BERA I VvERICRFTREIEZ L WIHESEDH L DD,
ME A v, AARVERE, AV ST = FIRITOMIGTH 3 &\ ) S ClRED KSR T L <
WEEEZLDOBEYTH D, ZDX ST 3K LEDILED one-pot TRIGT DL WHWEEE, o
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a) i R? 1(1 i 3
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Figure 9. Reaction mechanisms of Ugi reaction proposed by a) Ugi et al. (1959) and b) Ugi et al. (1997)

Ugi 5131959 F, 4 IV e ANRVBEOIERICICE WV ERK LA I=v a4 F Vv Al LA V>
TEEBMML, EC= Y Yy a4+ v hRilfkBICHT 2 A0EF 7 — k44> C oL i<
ToAA LT = PR D 26 07 o ABKO TN (Mumm BEA)IC K Y a-T T I ANFF A
IV E %5 2 22 EEIE L 72 (Figure 92)7s 7, 1997 4FIC Ugi 5134 1=V L4 A v BICH L THL
RFLT—PAYCHMIMTEZLICXoTERT 2T ANIT IF—AHREIEF 264V 0T =
F 23 ARG % & L Mumm BA7FTENA D 2342 53 2 B % $20E L 72 (Figure 9b)*®, 2014 4£, Neto & I
ESI-MSMS HlliEICE T 227 A b4 A v R IRILE L CHREOHBEZTEL TH Y ¥, BIETIRETE D
HREDIECZ I ANLNT WD,

Z DORISHREIC BT, Bz ic AL 2 AH R ORIBIC B & 7 2 ARG HER B I oW Tt Ugi &
ICX > T Mumm B2 TH 2 LRIBI N, 2 2R TOMLX DRIGIIETHERIGTH 5 LEZ LN
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TE72Y, Loal, EFECORHEZET VL 22O EFHIAHRE TN Tv b, Lessard b Codée O I,
FEALFETFEIC X ) RRICOREBRE A Vo 7 = MoK Th Y . ZOBEBEBAIHTH 5
T ERRIBLTWS 4, ¥/, Furman 1k, MREREL AT 2 6 BERE 215 BRI I vefluk
JU-3CR D AARFEIRMEDY, Woerpel HIC X o> TIRIBEN72AF VY ANV R=T L4 A v icwtd 57 VALK
I BT BB TR @ LEBRIC, 4V T = FOMMOBEREICEH T 2 7 RETHRCHIHTE 5 L
BRTW2E B, 2D X HIC Ugi RIG. JU-3CR O RIGHEREICOWTIEFERD D 50 FLA EfE - 72 BfETH
MR INTE Y T2 ORICD RICHERMOEM X 2 i\ VWAl 2 Z L3 TE 5,

FHRET, officRFEIRIL 2GS 2 —BEIOLAEN S BERA I VY2 WA JUBCRDOY T A7 LA
ERMEICBIL TS 2 S L 2GHEI L 7ze CORIEEAVE 2L T, 77 AN Y A ORER L 2o
TWBIFRART I /BETH 5 3-hydroxy-Pro & —EXFECHESE S 2 2 L A3 C& 5, 2k COMENITIL.
ol 7 =/ FHF IRV OAF FOEPEBRL 2 5 BERA IV ERAWESA. cis RSB
CAERT 2b DD, VREREOFRIIZREETSH 2 2 & 23S & T B (Scheme 5a,b)* P, —J T, H
BERA I VvOBfLIc Ry Ut F B EWAL 7256, FIERIC cis KB T 2 b 0D, AERED M
EF 22 bh o T b (Scheme 5¢)8, AETIE, JU-3CR ICBWTCH—DHAEWE» Ll 7 AT L
Fv— %N Z BRI &2 R L2720, ChicBIL Tl =7z tic, LRGN &
L R BARROCDOALEBEIE Z 5 2 L. KRGO ROCHEREICB T 2 58l 2 MR 257272, 2hico
WCEHRR T 5,
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Scheme 5. Joullié-Ugi reaction of five-membered cyclic imine

a) Reported by Joullié et al. (1982)

OPh
» X
|
N ©/ NC

b) Reported by Furman et al. (2015)

\ CF4CO,H >(

c) Reported by Furman et al. (2015)

l OBn CF3;CO,H >(
rQ‘ s NC

MeOH

5 steps 58%

THF
57%

THF
58%
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f OPh
b
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transl/cis = 45/55

‘BUHN
O

f OBn
;’\,D
CF3
transl/cis = 32/68

BuHN
@)

0]

tBuHN)LLLO_
0 N OBn

Y

CF3
transl/cis = 23/77



B Joullié-Ugi Kt D S AGEIRE & S50 H

TR LS. affic 7z 7 FUEFT A EIRVIAAFORELAERL -—ETLS BEA I vE2HO
72 JU-3CR ICHEW T, EBEYIO YT A7 L AZEREMR G, FF 1L, VEFEEORE o v o2
BIAATEA IV ERVS Z e CUMRERERA EF2b0eEZ, v ) AEohTh EFE W TIPS HCE
fal 74 I vda I RICERETT 52 LIC L7z, 5 BERA I ¥ 4a (F, Schwartz i3 % F\» 72 Ganem
5 DJE (Scheme 6)* % SEIC, 77 XL 3anbaMT 5T LT L7z,

Scheme 6. Synthesis of cyclic imine by Ganem et al.
0

NH (Cp),Zr(H)Cl, THF, -20 °C to rt N
25%

Scheme 7. Synthesis of cyclic imine 4a

1) HMDS, TMSCI 0
H-N CO.H o-xylene, reflux
S HN\b,onPs
OH 2) TIPSCI, imidazole
2 CH20|2
76% over 2 steps 3a

OTIPS

(Cp)Zr(H)CI, THF \

~20 °Ctort N@,onPs X

o1% —_— (@ OTIPS
4a TIPSO

5a

TR Dy-7 I /2 % HMDS, o-F¥ v L YHTERT 22 L TT7 7 2Ll ¥, KigHoD v ) A %17

WTIPS A 3a & L7z, 2DF 7 X L% Schwartz id32IC X VBT L 72 & 2 A, BIFRIGEK TS BERA I v

/11

4a #157-(Scheme 7), 7B A I v 4a ZAWH CEEIR 5a & DFHERNEAYI E L CHIEL 7z, EAD A4 I v

AW TELZZ Db, HWTIUBCR O T A7 L ARIRTEICE L Ciat % T - 72(Table 2),
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Table 2. Optimization of reaction conditions

BuNC OSi |

6a BUHN QY{>‘3 . BuHNT N
N N

Ph
pp > C02H Y

7a 4a: Si=TIPS

4b: Si= Si(TMS)s trans-8a cis-8a
trans-8b cis-8b
entry solvent temp. (°C)  imine translcis yield (%)

1 toluene rt 4a 15/85 63
2 CH,Cl, rt 4a 17/83 54
3 MeOH rt 4a 42/58 57
4 'PrOH rt 4a 20/80 57
5 TFE rt 4a 72/28 62
6 HFIP rt 4a 82/18 60
7 THF rt 4a 45/55 20
8 MeCN rt 4a 36/64 47
9 toluene -78 4a 15/85 45
10 toluene 70 4a 20/80 45
1 HFIP 0 4a 85/15 54
12 HFIP reflux 4a 71/29 50
13 toluene rt 4b 27/73 42
14 HFIP rt 4b >99/1 52

FTETARELLC3- 7207 B A VIE (Ta)s 7 FAA YT =8 (6a)% H, RICEHED
WEt %2 fT 572, AR VEETa, 5 BERA IV da, / V¥ T=FeaxtnZN1%EZ 01MDOEETH L
v, BRI CRIGIE L A, Joullié-Ugi EAiIA trans-8a & cis-8b 73, AR 63% T b L7z
(Table 2, entry 1), i TATFLA~—R@ N AT T v av VATARTLIZa~ I T77 4 —ICXOE
DICHBERETH Y . VT AT LA transicis = 15185 TH o7z, B, KV T AT LA~ — DK
B DORE L Joullie bDHE#S#IC, 'HNMR 227 FrickFba7 8 b v OLEE (rrans (AI13—H
My cis RIE THERD) IS X DRE L7 RICKIGEBDO R 21T 572, bz v & FERROIEMR AR C
H 5 CHClL % W72 58 Tl cis B2 B L TH 2 72(entry 2). — /5. 7’8 bV EMRMEALCH % 'PrOH,
MeOH, PV 7t m X —)(TFE), ~F ¥ 74 v 4y 7a,) —LHFIP)Z 725 &ICi3y 7 R
7 U AE IR 0 Wiz & & 41, HFIP % 72358013 trans/cis = 82/18 T trans A% 85 L T4 2 7= (entries
3-6), $7-. JET v b VERPEABECH B THF 71 b= b U A% b H W BRITERME, IERE HIigK
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T L 7 (entries 7, 8), RIC b v F7zid HFIP 2 M & L CRIGIRE DG % 1T - 7z (entries 9-12), \»
THOBEIICEWTH, IGIREZ TIFTh VT A7 LAEREICE AR b A wd, SR TRIG%E
19 LT AT USEREMET T 22 L 28bh otz U EDORER X O ARICOREIREIZER L L,
RiCa-v v F P EOVEFEEDMRICEI Y VT AT LA EREDOH EAHS 2 & Lz, TIPS XD D
VREEDOKRZ WS UKL LTI Y R (FYAFALYA) Y AHE (ATR—o— Y LEE) 2 %58
WU, 4 IV 2T LT v E 7203 HFIP % BIE L L CRISZBEET L 7z (entries 13, 14), F Lz v
T Y T AT L AER M (trans/cis = 27/73). WEREDIETLEZZ L2b, RRIGRICENWT, avaF
S IREDNARBEE L cis (RO EITIIARTH 5 2 2R S Tz, —J HFIP F TREA T OIKOK T 2
Ro 7 b D DFEREARERIET trans RMF O LT,

LI b OBEHERD S | trans R RIRICH 2 72003, A— =Y UAFECIR#EL 724 2 v 4b W
T, HFIP FCRIGEIT\, cis % ERIICF 21T TIPS R CREL 724 I v da 2T, Pz v
TRIGEITZIZ X W EBRHL o, L2 L, H—OHAEME»r OHEBOY T AT LA~ %4
T BRIEE VI MEINKICEHT 20 THILE. TIPS HECHEEL ca-t FErF L 4 Ivda B0
DERGETH 5 LA L. KICEEEICHP O 2175 T & & L7,

22— oX— 2 ) VIEAE L 7L AYIE 1964 4E1C Smith 512 X o TIF LD TAR X 472 %, % D 1994 412 Apeloig &
I X > CTZ DRI & & A3 Bulk L ARECH 2 T L AW T 7z ¥, TR Si-SiREATHED 3.0 ALY L@ Of
LA TRON A D 1.52 5 TH 2 ot T A BIFEFAHE CONAKEEIFED L T 272HTH 5, 2006 4, (L
Koid, A= =L YUAERERLZ VLD ) A —FTAEZFALEZ syn BIRUTAF—AKIEEZREL T3
(Scheme 8)*%, ZDRIGICHEWTA— Y= VAT Z OVAREEICL VEREER EX 2L L bic, EFPIcE LT,
Fu Si-Si f B ANERALICTIET 2 A R = A2 RGN A 557 2 2 & CLRIRIGTH 3% HT A F— A UG % B < 158
Z 7 LT 5 (Scheme9), 3 7b B HULAREIZ AR E 2N S v icxf U, B 72 G0 C 13507 2 2 RS % 42
C2EWIRD LX) REENA— = VLI ORI E AT 2 LA TE S,

Scheme 8. Aldol reaction by Yamomoto et. al.

(TMS)3SiO 0 HNTf, (0.05 mol%) O  OSi(TMS)3
J T CH,Cl,, -20 °C, 82% 4

6

ZIE = 95/5 syn/anti = 80/20

Scheme 9. Effect of supersilyl group for aldol reaction

Sin o HNTf, (0.05 mol%) O OSi
| +

HM CH,Cly, -20 °C H .

Si =Si(TMS); 87%

= 0
B A2V 4b T 4a & RO ERRIKIC X o TEBL 72, 8BS <10%
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B BUVEGEICHIPH o fRET

fewTy a4 IV d4a ZHVZ JUBCR ICE T B AR VRIS O W CHEEICHE P Ot % 17 - 72
(Table3), P AT VHIZEWTIEA VESEE(Tb)Z V2 EIEMET L, ¥ SV E(Te) % W2 5513k
JEAEITE S, FRIEUR & 7o 7™, E 72, FFREMEA AR VR 7d TR S KISHETT 25 0D,
o, B-AEAFI A VR VIR Te TIRICEPE T L7zo -7 I /D ALK VEEE LTHWS Z 223 TE, Val f£
AR T AW GE T OB LI T IR S ik d o 72,

Table 3. Scope of carboxylic acids

BUNC OTIPS ? OTIPS O oTPs
6a | BUHN~ , BuHN
N R__N R__N
RCO,H - e e
7 (@] (0]
trans-9 cis-9
solvent = toluene solvent =
R product
transicis yield (%) transl/cis yield (%)
Ph/\/ii 15/85 63 82/18 60
7a
2y
\( 9b 10/90 12 88/12 71
7b
X
9¢c - - 85/15 77
7c
%
©/ 9d 12/88 75 86/14 87
7d

Ph/\/L’%_ 9e

10/90 36 85/15 a0
Te
BocHNj"v”( of 11/89 75 71/29 79
7f

MR VB D X XD INROE FIE. AAR VO ABMEOMAPBEEOKTICL2bDEEL LN
20, FOLELRFHATHEDOVTIZZ DRI OLMET AT LT TE oLy,
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—77 C HFIP F1Clk Taf DT ND A NVK Ve Z 756 CTh VARERMEZ B 5 2 & 7 BRI
ICECHMEEY 2B 2 e TE e, TNIEFBEEOE VTV a2 — L TH 5 HFIP (pK. = 9.3)534 I v
DIEMWAICEEE L, 4 3= v a4 voIGHERR EL0 e EZONS, b Te ZHVZERDERK
YITH% 9c i 'HNMR A=7 bricBnwT7n—Fav—2%52, a7 vt vOLEEIC K 2 AR
EPMTA o772, LTI~ 2 X 5 Mt FofHEE %217 - 72,

9¢ LA DWTNOGEICD ., rrans 53 X W EBEDILAYITH Y. 2225 9¢ ICBWT H{EMED
L&D trans hTH B & PHEIND, T/, BEPHELL T2 9b O '"HNMR A7 FLTRETYT
AT LA~ —[H T 7 E V3 /L & 41 5 (Figure 10), 3-Hydroxy-Pro #6170 DD 7' v b v 25 trans KT
1 3.8 ppm FITICE R > TEHHE N DI L, cis ATl 3.8 ppm UL & 3.6 ppm T/ 2L CTEIMIE
%, X bIC 3-hydroxy-Pro #iyfzd 71 b v ik trans A ClZ 2.2 ppm 13L& 2.0 ppm LI, cis A TIX 2.3
ppm. 2.1 ppm fHEICEHIE NG, 9 FEHLDY T AT LAY—3 'THNMR A7 FLIZE LT &
By 7 Mk 525 2 L2 b  ARBHALEYD trans R CTH D Z L2RB I NS, X 5T Bu
HAE L 2R T EOKERTICHT 57 NOE HIE DR, rans (REHEE SNV T AT LA~
—TIEB7E by EDRICIRIZFLA EHBEB RO N d o7z icxf L, cis REHEEEINDL YT AT LA
~—"TIIp7 v b v & ORICHEBEZ R 5 7= (Figure 11), Macromodel % W72 7 H1#EHHIC X W 5 b h
7o B EEMRRIC 351 B NH-p/KER] D EEHEEIE trans KT 440 A, cis Ak T3.86 ATH2 2 Lh b, 7 NOE
HIE 2> 5 b ERLOHER % LFFF 2 45 A5 & 1172 (Figure 12),

o)
j’ oTIPS ?}T'PS
f N BUNH™ YN~ 5232217 (m, 1H), 2.16-2.08 (m, TH) (R = B
BUNH™ 5N .~ 52,24 (brs, 1H), 1.97 (br s, 1H) (R = Bu) RN-/Y 5236226 (m 11, 2.25.2.11 (m, 1H) (R =)
RTN <" 5224 (dddd, 1H), 2.01-1.95 (m, 1H) (R = Pr) D 020 (m, AR, 2.2o-2 1 im,

o N $3.93 (brs, 1H), 3.73 (br s, 1H) (R = 'Bu)

o o - .
5389 (brs, 2H) (R = Bu) 53.80 (ddd, 1H), 3.56 (ddd, 1H) (R = Pr)

trans $3.80-3.71 (m, 2H) (R = 'Pr) cis

Figure 10. Comparison of '"H NMR spectra between 9b and 9c¢
0.7%

/\ AE’%
12.3% /¢ 5 ) 81% ¢ 0 )

H H
H | H - H H z
l, - a0TIPS I - _~a0TIPS
Bu._ _N Bu_ _N

) T

o)
trans cis
Figure 11. Results of NOE experiment of 9¢

19



%
4 \
S

Figure 12. Energy-minimized conformation of each diastereomer of 9¢ calculated

I
)

RRE B EE

by Macromodel ver 10.9
PAEOREHGTR L 0. AROGIE P v v CRAVEFEEDO K E WA LER VEZ w5 & RIGOET L
mh, PEEPMET T2 L0 IHfillfInd 5 b DD, cis BIRW). trans TIPS FT I W T 4GS
R 3 2 E B IR oz EHL e ko T,

Table 4. Scope of isocyanides
RNC OTIPS O oTIPs O oTIPs

|/
6 | RHNJ K\S . RHN
N Ph N

Ph N
ph~ > C0H 4a W

(0] (0]
7
a trans-10 cis-10
solvent = toluene solvent =
R product
translcis yield (%) trans/cis yield (%)
%,
10a 15/85 63 82/18 60
6a
SN 10b 17/83 42 74/26 81
6b
23
[:::]// 10c 11/89 72 46/54 93
6¢c

RITA Y =T = FICD W CEE B ICHIPH OMET % 1T - 72(Table 4), P ATV HTIEIFE=HRA VT =F
6a, A VT =F 6b. HEHEA Y T =F 6c WIFNEFWZGETOVAEEREDOKE RZIZ
RO cis R BIRWICE 2, ZOIEEIEHRAL VT =F 6b ZHVZEEAICIHET L, FEHEEA
VYT =F 6 VG AETIRALL -,
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—J7 T HFIP H1iC B Tld, Table2, entry6 & T 5 & AAKR VRO OB L ZRLV A VT
= FoREIC X ) EREICKE AEUB RN, B4 Vv T=F6b, HEKEA VT =F 6c
EHICRIFLRICECTHILAEN Z 525 DD, HF—;A VT =F 6b TIZYT AT L ABEREIKT
L (trans/cis=T14/26). B EHEA YV > T = F 6¢ TIZY T AT LAERMIRIZ & A SRS cis K033 T8
ST BHER L Tr o Te(trans/cis = 46/54), T D X 9 e iAGEFMEDOZAC OFIK & U TR R & ETRRH
FEribib, TTUMRHRICERT 2 L. —MRIC sp? IRFBRE T3 2 AR 1. LTI B¢
Ic D, EBEEO DR W2 O RKIG L BB RO NS -0, KRGO A I v icx3 3 (K
JEHFIRRICEZ 2R TE D, HEMA VS T=F6a, A Vo T7=F6b 2T 2 & X viifk
FEEDORE W 6a BT, XV EVEERESGONAZC L 2FHHT I TE S, L2 L, Fllk
DENHEBRA VT = F 6c & IZAMER LB 2N HE L v, RICETFIRICER T 2% &5 = sp’ REF T
F—Wsp RBIFRT. sp? RERTDIHICETARLER>TEY, XVEBTEERA VO T7 = F2 tans 1K
EEBRELCEALEZDZENTE DL, ZZCUMEREICBL T O R 2MRZG2 L 2HIL
LCZDX) BRVIAIRERINL, ETFRODBERET 2 KGR CUBEREL AL 2L & Lz,
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HEM T RTUAERME I 2 AR & R AT

JU-3CR D VAEREICH T 24V o 7T = FOBFMREZHRL72DI1IC, 7= V1AV T=F 6eDp
fricfl 4 DEHIE X 2524 V2 7 = F 6d-6g % i\ > CTIRKIE%TT > 72(Table 5), ¥ 7 AT L A EEREIC
AV T = FOBTNRIFZEST 20 ThHNIE, B X 0BG - RKIPEICX Y U7 X7 L A%

FERZT 2 LR TFRHEIND,
Table 5. Effect of electron density of isocyanide on diastereoselectivity

ONC 60T|Ps X\©\ j’ éOTlPS @ )H{;TIPS
X

6 N Ph N
4a \/\ﬂ/

Ph ~_-COzH 0
7a trans-10 cis-10
solvent = toluene solvent =
isocyanide X product trans/cis yield (%) trans/cis yield (%)

6d OMe 10d 11/89 77 60/40 88

6e Me 10e 10/90 81 53/47 94
6¢c H 10c 11/89 72 46/54 93

6f Cl 10f 10/90 67 38/62 93
69 NO, 10g - - 17/83 75

MR DR, Pz vy TORIGOEA. 2N E TORFHR L FRICVWTho4 v o 7= FE vk
G CTHH90:10 DY T AT LA ERETeis R BRL TERX 2 LPHALLICED A V¥ T=FD
BINRIEICTATUABETEICEE L W L brodz, £z, BEFRIMEEOFEICIVA Vv
7= FOREMEPMET 372 LIEMET T 2Hms Ao, &bETRIIMMELRKEZ W= ez HT 2
6g % M\ 723556 ITIRIG D EST L 7222 2 72,

KU HFIP HC O % 1T 0 720 Z DR, THE D B X 0B RkE 1 - 5% L o7 27 L A&
REDBICIIHBER R ON D Z b oz, Thbb, A PFUH, AFEL KFEFRTF. 7w i,
= b e Rl EFHEGHEMET L T E (BT KEME2EK T 2 IH) T rransicis Fe® 60/40, 53/47, 46/54,
38/62. 17/83 LMEAICZALL T &, RODETHEGMHEORZT WA F L EOYEIC trasn 1523, \mHETK
GIEDO K Z v = b r B DGEIT cis 23 X VBRGSO N2 Z LS HL 272 5 72,
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DLk ot R2 5, HFIP FICE W Tid, RSO YT A7 LAERMEIREEs R 4 Ve 7= FD
BINRICL o TKRESHELRZ T, 41 Vv T FOVEHREPL ALK VBORGEILXY T 2T L A ER
HICIE LA EREEZG 2V L Rbr oz, 2T TRIC, 4V 7= FOBETFIR & RIGHEE OBH
YBT3 2 © & CARBIG O SOGHN & BUEEFEICOWTERE L, V7 AT L AERENE
B X o CET 2 EREZHO »PICT 2 & Lz,

FOGIC 1) 2 BT FRZ 5 EIT$ 2 72910, RRIGRICEHE T Hammett HI 2373 2 2> 25~ 5
T e L7, % Hammett 71 v b CIIEBEHILER IO L CRIGEEER k O E 7mny F 92,
KIGTIE trans R, cis B2 DY T AT LA~ =D ERT 5729, Hammett 70 v P& L 57201013 %
NENDYT AT LAY —=DERT 2RIGEMN L. % O FICHEEEE kianss keis 12T DfEMNT 217
VERDH D, L LARKISIFIEFIETSELS, RIGEEER2H T2 R TEhdh o, £IT
Anslyn b DE P2 SEHEIC, VT AT LA O E(log(trans/cis)) % > T Hammett 71 v M 2 & 5 Z &
& L7z, log(trans/cis) DB kyanse keis DITELD 72 (logkpans— logkes) L FEL W E BT LB TE 5720,
log(trans/cis) Dl % Fi\» T Hammett HI 23557 340U SOCHERE IS D W CREMI A B FIREIC 72 5 & & X 72,
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pome log(transfcis) KIGD YT AT LAHICEL € Hammett 72 v F & & o 725G
s ORI B 7 © L A b ARG R T Hammett B39
U e | T BCEAMBALAD, FAT YR HFIP G E O R
04 e : Ao =078 % EARDMF O N7z (Figure 13)°, 2o 7my MCX Wb 5 1E

o8 SN | D s rans R E cis KAVERT B 2 NERO RIS

P ap =006 JCHEBDFEAD (= Purans — pei) i+ F v T ¥ H1T=0.06, HFIP T
e e 078 &3k b, kT B XS io. Hammett BICIL RIS ERL

pE WS T LI X ) HLERERE £ coBTIRE DI & HEW 5
HILENTEDL, DDV T AT LAY—2ERT 2 KIGICEW
Tl 7 AT LA~—2R—DRIGHERE ([ Vo b bDHTRIGT 200w oA EALZ) ©&
K256, EboDYT AT LA —MERT 2HEBICECTH Z0ETREBIIFERKICENLST S LH
ZALTENTEDS, LoT, ZDXI BHEEFRICEBDFEAIZOICITENEL 72 5, LA EOKRREH 2
Ap=-0.06 L7225 PAZVHIZEWT, MY T AT LAY —RFEOEECER L, 4 I v ITkd 2 mE
PREIC X o COT AT UABEREREC T2 2 LB HERII NS,

—7J5. HFIP 11 Cl3dp =078 TH 3720, M T AT LA~ —ERKT 3 KGO RKISERD Rz 514
ERTCEDRDD D, ORI T AT LA~ —ERT 2 CETIREDELDH AR 2
CeHERLTEBY, YT AT LAY —DBREIEECTERL T EZ L 2RRT 5, 2k, F—RG
BEREIC BT EBRIEPZAL L 72 7 D IS RGER S Z L 72 & v S AlBEE I — KD EMR D 5 75 5 7
oy MERICX VBT R LB TE S, XoTHFIP PCREDDOMIGHEESHES L, 20 b5 2%
IPICEVERZSTRATUA—PERT 2 2 LR RBE NS, ORI, VAREREOK T O
K2s, EHEDRKICHEDRHF L TV B0 THE LW IHIREEZIIHT 2 DTH 3,

Figure 13. Hammett plot

“SHammett plot |3 EHRL DEFED pK, % €, BRI E TR - ft5 %2 ERMICKEL L 2 BT e (Bt
HrEiza, EFRIIMERIEDOME) Xt L, KIGHEEB DN (Ink), 72 1 FETER O N (InK)EZ 7oy F LEbDTH
5, 70y FHEMRE RIUE, SOGEE F 72 1 PFEER S ERE OB 7RG - E5MHICk o Th 2 —EDWE LR T 2
CEEERLTEY., ZOREDEAVERTON, RIGEHpTH 5, ZOBFRIE Hammett K& L THROD X 51wk
N, RIGEBpDFFS o I3HEEIE  COBTHEEDOENEMD Z LB TE D,

log(kx/k) = po (X 135 &R Lo @#as) - - - @
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RICENEFND BN L RICEER L DX S RbDTHEDDERET B0, ZTNEND pyans & peis
DiEEHEES 2 2 & & L7z, Hammett HIl TIIRICERp D5 HHETH % 08, RIGEBDAEApTIEZ N
ZNOFFFOHEMIIKONTLE Y, T7abb, HFIP FTDAp =—0.78 IZDpsans< 0 2> 2peis< 0 Dprans
<0 2>2peis> 0n @paans™>0 2> Dpeis>0 DT NDZETHHIZL D D0 % T Tpuans & peis DFF 5 % LI D
-0 FERETI L E L,

Table 6. Competitive experiments

1eq. OTIPS

X X
' O oTips o) TP
\©\NC l\('> 1eq. \©\ )l, OTIPS
4a N™ N
> Ph N * Ph._H N
=-0.28
o 01eq. W M\[(
(0]
cl 1eq. Ph/\)kOH
\©\ 7a trans-10 cis-10
NC
6f X = or Cl
o=+0.22
entry solvent yield(%)
trans-10f (Cl) trans-10d ( ) cis-10f (Cl) cis-10d ( )
1 toluene 1 7 15 62
2 HFIP 7 36 15 27

A
+0.22), 6f (6 = -028)% | HFEIT M. ELoD0A4 VYT PRIV E MBI N R
(Table 6), Z DAEF . HFIP FICHE W T cis (R TIE A b F ke 7 kD LR H(OMe/C)23 27/15 TH D |
trans K TlE OMe/Cl=36/7 &, EHHICEWTH LV ETFEER 6d 20 DEBIH»EFO Nz, 722D
fHEE Pz v BWCHEIETH B Z L b bh ol

Z DFERIFERI O EEIC X 6T Az v R HFIP HOWTF RO RIGFEFICE N THETE
ERAVYTZFOAEPELIET S L ZRLTWS, Z4E Hammett HlICBWT, &5 5 0%
W72 55T D prans< 0 22 Dpus<0 TH B T L ZFEKL TH Y, HFIP FTldAp=-078 THDLZ &h b,

Y da, ANVEVIEE Ta ZNEN 1 FERICNL, ETEEORL S _HEOA VT =V 6d (o =

/11

Prrans< Peis< 0y PNV T VHTIZAp=-0.06 £V ppans = peis<0 TH B Z L Db o7z,

DAL offEirE 26 JU-3CR OFLHEZRE & . 2 Z oI 51 3 KOCKEREOHERICO W TE
BRHMR S22 LN TE 5, —MIYIC Hammett HIC B W T, p <0 OICITEEEE £ oA EF
BALETHRETIICTH S L RAT LN TE S, F-EFHE TR X 51T, JU-3CR OHE:
BEICOWTIE B Y OFIRBZFET 5, £ 2 TENZTNDFIRICE D WT, FURER $ <o RIGHMN %
AV T = Vo532 BREICEHE L T Figures 14, 15 1R L 7=,
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O Q¥ Q,
r.d.s N §- OSi N OSi

Osi \\C\\ —— \\\C

- _ HNY _  HN
R o (i HO R)J\O R)J\O

Figure 14. Possible reaction mechanism of JU-3CR (irreversible isocyanide addition)

@N C\ @L,@ 0Si 2 ©%N

N osi
OSi sc
T LD
_ /HN
o HO R RGN
@‘%N ©%,QH <jLNH oS
5 | osi 3 osi o/l i
Q | % r.d.s. o0 N
~ N
R™ oH R"%0 Y

Figure 15. Possible reaction mechanism of JU-3CR (reversible isocyanide addition)

A VT = FOMMBAEER O GG RIS HHFERD O BT 00 3 2R % 2 CEfT S
2729, p<0 &3 Z LB TPRIN S Figure 14),

KIT, Mumm (i B EGEBRE OGE % E 2 5, Z DEE 1T Figure 15, 1-4 ISR L 72 X 9 7% BeFE o 1ol

RIGERET, BRES T I & — F A AE Bl 2, 2 ERSROGICH 3 % Hammett fi#AT IX M < H
205, COBERBEEFRPOBTVRHET 2B 1, 4 L FHFRICETHRAT LM 2, 5 282 -
ZINETNDOEBECTOpHBE I B L& > THRANICpIE 0 1

N

L2 PHEINDG, UEoERE
Pp<0 &) REFERZILET 2 &, JU-3CR IF Figure 14 T/RL72 X D14 YV ¥ 7 = F OfN% FLs B
ELTHETLTW S Z LRI N,
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AT FOCHERE 10T 3~ 2 IR % E 52 L 7z, Hammett Al Tl AL 72 X 9 T2 DFF 508K E B %
Z DHED BECTH 5, RKIOE R p DAEHE L HRE RS OBRREICE 2 £ TICHFRD LI
H3 2, DLKREFFRICRATIETFEEORELZRKML Cnd, T2abbp<0DRIETIE, % Dift
ERRKREVIZEFFRPODEBEBTFORMHPREVC L EZRBL, ZNILEBREBICEWTAELSIESE
ALY RKEWZ L ZERL T2, T T, LRt ORICRIGER D EBIRIE D B340 % K3 % D
ThNE, KIGEBDEAIZZNETND YT AT LA~—234 U 2B HAEERE I 1) 2 BRI D
EERMLCnELFEZLILENTE D, WEWEZE & 52 &b, cis R, trans
i e BT HRVERE OIEER 244 N BRIRE LR 5 LR T& 5, —J7, HFIP 1 Clidp =-0.78
THD LD trans RDBEKT 2 BEDOBRIRFETIX cis K2V ERT 2 BOBHIRIEL V) b FHFHRSKE
RIEEMZH T3 2 & 2R X 3 (Figure 16),

Fio23,

F vz v o Apit 0

ymore positive L//positive
QN : &l el
Ns -y OSi N -y OSi
OSi C.. VS ionic C..:
. interaction L5,
_ HN N
o ok £ &
R™ 0 R™ O
TS-trans TS-cis

Figure 16. Transition state of isocyanide addition

DX BRICEBDEL, A=V LAFVOWNIhFAYTHLALNEFY T— b4 AV ORIE%E
T HIETHHT LR TEDL, WVRF VI - A A VAR EZHF LA HETH 5720,
EEMZG A I =T A4 v EDFFEMAFEHICK s TGEBREICE T 24 I=v 444 VDIEE
Wiz @2 0oL E2ON5, Thbb, Filo X5 HAFEASHFEESET. A 3=V 6 fFve
AV T ZFBRTFTRIBT 2551k, BBREBICELZITIKA VYT M0 o4 OB FARMT
5 BB % HA(Figure 16, TS—trans), 4 X =V LA LYV AAFFL T— b4 AV, A VT = FD=K
G35 7n D BIREE R CRICVBETT 20 THNIE, 4 1=V LA 4 VOIEBHROHEZILEF
T A A VBEERTDLILENTEDLZD, A VYT = V2o T 2B FIIMENNICHRLRD
Ko Teis BBERT IBICI=Z0F 00k 2BBRELXEY, /1 I=v 244 VvD
EBHZANEF ST — A4 v ORAEMDPLENL 500 KEBEITL TW 5D T LR L7,

(Figure 16, TS—cis).
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SFPUE e OO

DL b > FEBRAE R & 2 DFFFTRERICT G L 2 W RISHEREZ AT @ X 5 IcHEE L7z, ARBOGIE vz v
& HFIP H CEAEZRIEE L 2720, £ MV v TORIGHER% Figure 17 I3 3, PLrT v X5
IRIERMEE L, A A AR BRI L YV RET 2 2 e B TER VD 2, FEENME L
bAFA Y =T = vREOEEMAFEM ZML T 2 M2 5 2 %', L oT. 4 I vEhnKvgEomEE
IGICE > TA I =T LAF VY EANLKRFS T — b A FVBERL, ThBEWICHEERT2 2T
B4 A v ROPBERT 5, ZOEMA F VRO TIEALRFS T — b4 F vy o F o Roifimic)s
ELTZDMZERL CTWd72D, 4V 7= FOMINIHERMICHETL, AVEFL I - 44V
DLE T HH L ATHEDH D2 OIMT 5, T DFE. SN2 RICERDERIRE(TSN)Z L 2 28T 1=y 44
VBB IEBMO —ERIIAALRFL T = A AV IC X o TRENREI N, cisthkE 522, 2D SN2K
JERE D BOSHERE (X B HI ISR RE & TREN D cis RPIEBERERICsWTERELBbhb L
FHBMICHIAT A 2 LA TE 2™, OB TIE rans 1R, cis kD EH b b [E U RISHEECERKT 5
& 75, Figure 13 IC78 L 72 Hammett 7’0 > F DIHE /NS W L & B FFL R\,

_ . -1
oSi i
Sio s
| sio RZ¥ osi
N H V=N N NS
- Sy — H =NH —_— ——=,  cis major
E\ o) ! g M
o) o
R" "OH >1: a o)
R oYp &
n r
TS1

Woerpel 51T F T FOE I YT X —AD C-HU 0-7') ai M Lic B CRIBEDHE % 1T > T\ 3 2, TMSOTS
FHOWTZ ) avr FF—oiEtbiro L, A4 vxfchz 7 Vavr b ) 77— 23K L, ZoFREED» S 0 KIG
EIEMPEIR IS T 13 SN2 B AMEE L, EiitASirh ¢ i3 Sl RIS AMESE T 545 5235 5 1T\ B (Scheme10),

Scheme 10. Solvent effect on glycosylation by Woerpel et. al.

OTMS OYOPh O~_OPh
+

O .OAc /J\ TfO" O_ o 0
U TMSOTY Q Q '
BnO solvent, -78 °C BnO" BnO" BnO

solvent SN2 product Sn1 product
EtCN 17 : 83
Cl,C=CHCI 91 : 9

28



KT HFIP T D HETE O % 7R 3 (Figure 18), HFIP IZIEH ICHiE O @WisECcH v, br v iz
W FA Y =7 =4 VEOBEMHEFEM 25350, ZNENDA & v ZNRINCEEM T 2 EH %
HLTWwW2, 2OMWHICED, A 3=V LAFVEINKRFL T — A F v ZNENHHEM CIRER &
NI BIENTEA A AN PLEL S . 2T & T OWFMEPREE 722, & DIBEENTEA 4 v /AN D A
oV LAFVIERTEA VT2 FofNE e X oV AREICL ) v e F 5L 3o Tt
fTLLTSL XD DA YT = FHRIEEM %14 O 2B IRAE(TS2) 2 48 T trans RN ERK T 5, & DESIREE
TIE TSI SR EVANVEFC T — A VYPBEBRICLoTRTONTEY, AVKFTT— A FV
D FF0 BB ILESIREE O ZEICEES L v,

CDORICHERECRD BEE AT cis RIZ T2 2R TER LAV L TH B, Thbb, KSARPICHE
T3EfA A RO bz b L AR DB T cis BB ERT 2, 2O X HIcEhThoy T AT L
* v — D357 DR CAER T 5 T & 1d Figure 13 IC/R L 72 Hammett 7' 12 v P DHEZ 3K & W 2 & 2> HRE

N5,
R2N=C
Si0
H V¥—N
I H
p o}
OSi / R>1:o
N
o}
R1JJ\OH
N
Sio
ANy B
U

TS2

Figure 18. Proposed reaction mechanism in HFIP
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PLEo X5 IcEE L, of LIcRBEREL 263 2 —EHOLAENE S BIRA I v 2w/ JU3CR 2 Y7
AT LA LI e OG-~ L R 3 2 LIS L 72, & 72 RIG O HEEGHAVAENT & Hammett T O 552>
b, REICOFEHEIERA I =T LA A VICNT 24 VT = FOMIMOBEETH 2 2 & LI L
7o FRRDIGENT D OARRIGHE DO DR 2 4 4 vihEE 2R CETL T2 Z e ZAEHL, 22 n
DA F I T 2B RIC L o TEHERMELZ T 2 2 L AL & L, AWIFEIRS I RIG
BYT AT LASGKRIRIG~NERTE 22w TR TH Y. T, REAFRICHHE ST
7\ Ugi OGS JU-3CR OARFE~FANT 72 R 2Rt T2 b0 ThH b L2 5, RETIE, ARG ZHH

L7 7 Z ANy v Ay & Z DFFERORE T O W CREll 2k~ 2,
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BB 52NV A DA

Bl 7T RNV A OWERIEN (SR 1)

H—ETYT AT L ALK JUBCR ZBAF L 72D T, RICERIGE V275 250 v Ay DATEHT
KxfTole £F. 7T ANV Ay DG RINT 21T 5 BNCA RS OIEEEICHIPH I OV~ 5 2 &
EL.B-eFuF Ap HKDA VT = VO EIT o7z, laB. Asp-B-H VR VEEORHERL L L TR
VINIATN, T FVIATAVERGDS &, a-T o NT I 75 DBLKICICE D 4 I FHAEKRT S
LN TE Y (Figure 19). T ORIRIGEIFHFT 2720 ICE@Em Wy 7 a~F AT ZAT AR LI

o o %3, ZOZEPLEFERIAVCTZFDOANLK VIBOMR

;'J\Nw N:rrr N\f HHL LTy Z7u~F oLz 2T A% Hnb L E LT,
RO

0 Y7 BNV ZT AL TIOH/TFA . 7 =Y — /K
O . .
t HF 72 & OMBIEAHEEZ M2 2 L ChET 2 2L AT
R ='Bu or Bn
) 2 54
Figure 19. Aspartimide formation °
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Scheme 11. Synthesis of isocyanide 17

1) TIPSOTY, 2,6-lutidine
CH,Cl,, -78 to -50 °C
2) O3, CH,Cly, 18 °C,

><O\:- then, Me,S, rt ><O\:_ Br @ O— 0 @
' _CO,H >< :
’é‘o/cﬁ(;\ 3) NaClO,, NaH,PO, N Nﬂ)\o

2-methylbut-2-ene Boc Orips  C52C0a THE - Boc Lo
1 THF/'BUOH/H,0 12 83% 14
84% over 3 steps
H,
Table 7 Pd/Fib
- : AcOEt, 98%
entry  conditions yield (%) 0
1 EDCI, DMAP, CHyCl, 32 see Table 7 ><N ; CO,Cy
Boc
2 DEAD,PPh;, THF 33 CyOH OTIPS
13
1) 50% TFA/CH,Cl,
2) N-formylsaccharin
THF, Et3N
N N 3 CrOg H,S0, 3
(\ acetone/H,O o _OH
0.__0O triphosgene, NMM 0._0 4) allyl bromide z
X N :
- CH,Cly, 78 °C j’\ X Cs;CO3. DMF )LN __CO,Cy
s CO,C . CO,C
CN/\‘/ it quant. H H/\‘/ 2=y 24% over 4 steps H OTIPS
OTIPS OTIPS 15
17 16

Ehcwi=4 Vo7 = F 17 DA% Scheme 11 iIZ78 L 72, D-Ser 1€ D Garner 7 V7 & F 7 & FiHl
L7=SCERBEAI D 7 v 2 — v 115 iexf L, KEERE D TIPS b, KA L 7 4 v oty vl £CzT L
7t FO Kraus L ZATH S L TALKVEE 12 B L7, L THALRVIE 12 by 7 u~F v
IZFNI3 ~DEHE AR, v 7u~FHF ) — L OPFKEE CREMREAY 25 2, IRMET
L 72(Table 7,entry 1) > 7 B ~F 4 J — )L L ONIERKIGIC I W T HIHEOKE TR S N in 2 5 72 (entry 2),
ZIT3-7HELZ70~FLVEDSRMIGICE DS 70T AT AT 14~ B 72551C,
fl/KFETTIC LD 7B ~F NIRRT 13~ LB %, TR, v 7ua~F = VEDOREDFS
LCEZIZ2D%[ 70T, Pd-7 4 70 4 V(PdFib)T Zfililit & LCH Wz, Ric, Bohizyr7a~F
UNIATNAI3 DAY Ta) 7 vkl Boc %% TFA KX VEREL, oA IAH v h ) v s R
TT I VERMICEL IMEEITI 2L TTAa— 15 2872, 2D T A2 — L 15 % Jones FE{L D 5
AL, SO ANE Y EZ T INVZATAE L CR#ET S L THRAVLT I F 16 247z, T4k b
VRATZ VL WPIKT 2L TA VS T=F 17T 268 L 7=,
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JU-3CR DRREHTH 3 7L F V8 19 12 D-Ser (18)D 7 2/ K% Boc L L 7214, KEEE L ALK v g%
TIPS 2L CfR# L. MeOH, HoO f£7E T C KoCO; ZfFH E 2 2 LI X Y TIPS TR T V%2 A NAVK VE~L
g % 2 & THK L 72(Scheme 12),

Scheme 12. Synthesis of protected pb-Ser 19
1) (Boc),0, aq. NaHCO3, THF

HO 2) TIPSCI, imidazole , CH,Cly TIPSO
j\ 3) K,COs, MeOH, THF, H,0 j\
HO,C NH, quant. over 3 steps HO,C NHBoc

18 19

BLIAY ST =R 17, hAKRVEEL9, 4 2V 4a ZfHvT HFIP f1C JU-3CR 2fTo72 & 25, KIE
ZEMERIBAY R 5 2, WA D JU-3CR B 20 1342 X 15 5 L7229 o 72(Scheme 13a), £ 72, X Y Hfliz
HECTHEA VYT /BT ATV 21 #HVIZGE S FRICER B 52, 4 Vv T 7 Ephio
A VR ZNFEDFAED ARG D HEIT DA[HICFEE S 5 T L 23RHE X 1172 (Scheme 13b)o

Scheme 13. JU-3CR using B-isocyanoesters

a) OTIPS TIPSO TIPSO
TIPSO TIPSO
! NHBoc \,g\NHBoc
Ox© N
: 4a
CO,Cy
— >
CNTY TIPSO TIPSO 0 TIPSO
OTIPS HFIP j J
17 HO,C~ ~NHBoc CyO,C O ~ Cy0O,C O _~
trans-20 cis-20
19
b) ’C
TIPSO TIPSO
oTIPs  RCO.H ; Y Y
HFIP /— 0 + o}
| NC — “>NH NH
N K[(ofsu Kﬁofau K[(ofsu
4a o) o
21 trans-22 cis-22
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ad VT ANEFFY I PESTFRRIEKISICE OV AFH YY) v 25252828 Zhu HIC X o> T
% X N TV B (Scheme 14)%°, MIGTAI D ESI-MS A7 b VDEWFERL A VT = F 10T &4 2

2T BEE L IALEVDFEDRTRBEI N b 4 I v EZBEOFEICAF Y V) v23b 5 Z
CICX o T~T R =B8R2 PERL, R LT RICBHETL 20 o7z & EZL 72(Scheme 15),

Scheme 14. Oxazoline formation by Zhu et al.
MeOH
heptanal ,—CO,Me

S+ (0]
N o~ morpholine T N=n
7& COMe = 479, N

Scheme 15 Possible side reaction

Cot
"~ oss T rjOIB” ] TIPSO
OBu
s O (Y
OTIPS N O
N
E& Q\ NQ,OTIPS i TIPSO
oTIPS ~ ”
TIPSO 4a ESIMS-LR m/z 624.46 [(M+Na)*]

5a

ZOREREEE A, AV YT IV EBNOZ AT A ERITL A YV v T = FHW3 Z & T JU-3CR 23 fT
TELEZ Tz YI7ANFUALIRTAIZ 6, AV 7u) T vie Boc HDORE, N-F Ik,
IKBEEED Troc L 2R TEM LAV LT I N 24 %2 Y FRTVICEOPIKLA VT =F25 AL
776 TDAVYTZF25 AN EKVEEL., 4 3V d4a ZH T HFIP FCJU-3CR 2{To72& 25, YA
D trans-26 DKL 57% THRON720, ZOHEEXHTE2EM%EITH 2 & & L 72(Scheme 16),

Scheme 16. JU-3CR using isocyanide 25

1) 50% TFA/CH,Cl,
2) N-formylsaccharin

THF, Et3N OTroc
O— 3) TrocCl, NMM O triphosgene, NMM NC
><N : CO,Cy THF, 0 °C HJ\N CO,Cy CH,Cly, -78°C TIPSO ; OTroc
0 H
Boc OTIPS 94% over 3 steps OTIPS 90% Cy0,C
13 24 25

OTIPS TIPSO

HO,C”~ "NHBoc
19

@
N
- oc
> (0] + O
o NH 0 4—/

¢ io

H
o © ! TIPSO OTroc TIPSOWOTroc HFIP
{_N-formylsaccharin CyO,C CyO,C
trans-26 cis-26
57% 17%
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DLEDWEIHFE R AR 2 CTEEPVUR L 2T 7 AN v A OGN %2~ 3 (Figure 20),

HN NH,
2. amidation
\ HN\/\

'C\N I JO| &
HO A N " \n/\N ",

07 NH

HO -

HO,C 1. amidation

3. macrolactonization plusbacin Az (1)

U

TIPSO amidation
’C\ amidation
OTIPS
TIPSO - NH, (
JU-3CR —3
= O
CyO,C OTIPS |
TIPSO o) % o2 I—JU%CR
CyO,C OJ 28 [ BocHN
27 olefin cross metathesis 29
TIPSO 0 CszN\/\
TIPSO—G\I :L ( N
HO,C™ >NHBoc 0 N )i i T’OCO\/\ NC
4a 1 8
NC 9 30 Cy02C OTIPS OTIPS
TIPSOWOTroc H CO,Bn N|
CyO,C 25 j/\ 4a
TIPSO 31 GOH
BocHN
34

Figure 20. Retrosynthetic analysis of plusbacin As: 15t approach

TIANYY ASDIZATAHNLIE~ 7 v T 7 b LIS X o THRRIE T 2 2 & & L, BRALHTEK
RiE=2oD% 7 AV 27, 28, 29 DT I FiiAICX VKT B2 &L, PYRTF R 27134 3
da, INVEVEE19. A VT = F 25 T W72 JUBCRICK o THRL, 7 F 77 F F 29134 IV 4a,
ANKVEE34, AV T=F 33 %072 JUBCRICX > TAHARTE LT b 77 F ¥ & p-threo-p-t F
O % oAsp (RER 32 LT I FEAICK VAR TSI L & Lz, JUBCRICHWE A YT =FIEp-7
TEFUA VLT R E L JUBCR DBRICHAR VIE~DIEL%ETTS 2 L R EHEIL 72, A K V28 1%
3-b Fudof y~FHTh VL allo-p-Thr R 31 »HEL 2L &L, -k FRFU A Y~FHT
A VIBIZBEAIDOB-7 7 + v 30 AT 5 & 2EHEIL 72,
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Ffi ST ANV A OEBIGE (GEGREES 1)

EFARICLE LT =y MULEYZEK L 72, ITICZ DRl 2ib~ 2

Scheme 17. Synthesis of protected p-threo-p-hydroxy Asp 32
CI’O3 HySOy,

CO,H
H20 acetone
>< j\/\ T >< ]\/COZCY BOCHN/k/Cozcy
BOC : BOC : 35% OTIPS
OTIPS SM rec. 55%
ent-11 ent-13 35
0
allylbromide 0__0
Cs,CO; AN L 25% TFA/CH,Cl, \/\o)Jj;‘NHZ
D —— CO,C
DMF BocHN ™ 02 quant. Cy0,C” NOTIPS
92% 3¢ OTIPS 32

D-threo-B-t F 1 % & -Asp (RFEM 18 X L-Ser 264 V¥ T =F 17, 19 DEL L [FEKIC L THB L 72>

JUNFIUNIAT N ent- 13 DK L7 Y70 ~F L NI AT ent-13 % Jones L9 2% Z & T,

Av 7o) FrvEokELELE—
IR VW35 % T VA CIRE

% A L 72(Scheme 17).
Scheme 18. Synthesis of isocyanide 33

1) 4 M HCl/dioxane
2) N-formylsaccharin

W7 a— Lot 2 it

7’]/1/_1‘ /EESS%_J_fL o fgl‘ghf:

L. TFA IC X % Boc %D RE % #ET p-threo-p-t F 1 F > -Asp FRiEK 32

THF, Et;N
CbZHN\/\ 3) TrocCl, NMM CbZHN\/\ triphosgene, NMM  CbzHN
- THF, 0 °C . CH,Cly, ~78 °C TN
~NHBoG 61% over 3 steps  C " “NHCHO  84% TrocO A~
37 38 33

A V7= F 33 DA% Scheme 18 12/ T, XKHAEEAI D 7 v =2 — L 3790
. N-RAIAF oA Y v ERGWET I VBRI L 2 AL,

T7iF38eL.

ICRFL T, BEIC X % Boc 0D

KIEFED Troc (L %#1T5 2 & THhRAL

INZEP)VFRRATVICEOBKTBEZETAV ST =33 %26 7=,

Scheme 19. Synthesis of protected allo-b-Thr 17

1) (Boc),0, NaHCO5

THF/H,0
HaoN_CO2H  2) BnBr, K,CO5, DMF
Hoj/\ 3) TIPSOTf
2,6-lutidine
39 CH,Cl,, -78 to -50 °C

83% over 3 steps
allo-D-Thr {RF&{K 31 1% allo-p-Thr (39)% i

(Scheme 19),

BooHNL _COBN ;oo reaichycy, 2NN -COBN
quant.
TIPSO TIPSO
40 31

ICARFEL ., TFA IC XV Boc R%ZRET L ETHKLT
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AN Vg 28 DEFITLAT D X 51247 5 72(Scheme 15), Nelson & D5 ICHEV, 10-7 v T F —u
LT v e DM E R INBRCLIGIC X V-7 7 + v 300" % UK 94%., REINEK 92% ee THEK L
2o TOBR-7 27 F v 301kt LEE AR Grubbs IlBEELE T, 2- XA FV-3-F7 7 V2 A — A ZRF\PF L L
TIHARXAR YV ARIE®RITS 2T 2 JREMHEMEEZMHRL 7Y AT va— 41 2577, ik
Burgess i3k S IC X W ikF 2Tty v e Lk, EMKERETTICLIB-F 7 by 42 ~L BT,
BT, B-7 27 P VEREMKSGEL, ~FH VD OoEERT I L TR3-t FrF A UY~FHTHY
fE(43) % Ye2iitihh & L TR 80% Tf5 72, KIC allo-p-Thr (K 31 L DT I FiEa. v I AL EokE
ERECTANE VIR 28 ZEKL 72,

Scheme 20. Synthesis of carboxylic acid 28

>(En}{ \)<OH "o

N-Al Grubbs catalyst + -
T Cl T 0 2" generation EtsN=S-N-CO_Me
o o 10 mol% CH,Cly, reflux THF ©
HM * Br)]\ , o 80% 0 P
8 ’Pl'zNEt, CHQClz '8 A ° A 2) Hg, PtOZ, MeOH
-50 °C 30 41 66% over 2 steps
94%, 92% ee
H HO H CO,H
NaOH  HO 31, EDCI, HOAt 1O NQ-COBM . pyic 2
m THF/H,0 COH  NaHCO3, CH,Cly ( o MeOH o
80% ) 86% 8 TIPSO 99% TIPSO
43 44 28

TIBARAR Y ARIGIC BT, ZRFJWE LT3 AFN-1-TT VERGD L 3-XAFN-1-7 T VREFMOA L 7 4
VB XY BN FINCRE I ZEIRAL 7 4 VN BIEEL, £ 20T LAV T 4 v AR ADETT B 2 L TR
HREDOEL 2LEWH O 2RAVPMFO N, BB L BB DD R Cch o7z, ZORMALEIIH T2 &

ICEBP DD HERBRAICT 2O ICZRBFRE LT 2 AFA3-T T V2 F =L EHTH S,
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LEDXI LK==y FOERERKZTZ-DT, 2NbDEEZ{T- 72,

Scheme 21. Cleavage of Troc group

TIPSO TIPSO TIPSO
N TIPSO"C\ \[)\
TIPSO"C\ %NHBOC T'PSO'C\ %NHBO NHBoc
see Table 8 (o)
O/\NH g o NH + O/\NH
TIPSO OTroc TIPSO OH TIPSO O\H/O\/CHC|2
trans-26 45 46
Table 8
yield (%)
entry condition 45 46

1 Zn/Cu, 1 M aq. KH,PO,4, THF - }

2 Zn/Cu, NH,CI, MeOH - 79
3 Smly THF 50 50
4 Sm, |5, MeOH 95 -

¥ 3. JU-3CR ilfiEfK trans-26 1253 % Troc FEDFRZE Z M5 L 72(Scheme 21), HEn — &S 1C X VR
EaABIZDY) VEE=KFEH Y U LKEREEE L LAV ZEE IS0 25T 4 (Table 8, entry 1), i
b7 vE=T L%HZEAEIT Troc ZE2NETC S N7 v v ik 46 23 HREE OIEK TF S L7z (entry 2),
Ot 7 v afk 46 KT 2HEREIZRD X 51 2 5 415 (Scheme 22).

Scheme 22. Proposed mechanism of reductive dechlorination
TIPSO TIPSO TIPSO

N N
TIPSO'C\ %NHBOC - TIPSO \HJ\NHBOC (\ nesoL %NHBOC
0 o4
o7 NH oxtdat/ve addition ZnCl ¢} I?JH
TIPSO OO CCh TIPSO CCly TIPSO.__~_-O._O._CHCl,
Cy0,C o Cy0,C o YO0 I
trans-26 46

¥ trans-26 DRFE-EREAPSBESHCELAMAML, I X o> TER L 2 G ML A A
TabvfbEns ik Wiz uutkde BEONZEER L, ZORIKIEEMAZ S0 7 a kv
BHOBRWEETC—EBEFREITLETAZ IV~ v Efnib s, HFREEDCIECHWDO T L2
— N A5 HRL LN TERY, COFETICBWTOHZ v ok 46 24EK L 7z(entry 3), £ T, Lewis
Mg % s 72 R = 2 7 v DIIVAIE M #ESEE & LT Troc 1K trans-26 % A % /- Ath, &gy <) v nt 3
VERTUHEL 2T, A2 VU ARKEPHETLERLE T DT a-L 45 ZICK 95% TR 5 2 L AT
% 72 ¢ (entry 4),
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Scheme 23. Synthesis of tripeptide 27

1) DMP, THF
2) NaCIOZ, NaH2P04
TIPSO 2-methylbut-2-ene TIPSO TIPSO
'C\ BUOH/THF/H,0 ’C\
TIPSO N NHBog 3) allyl bromide, Cs,C05 TIPSO\ _N NHBoc TIPSO N \H
S0 DMF s 0 25% TFA/CH,Cl, i 0 2
O™ 'NH 53% over 3 steps O~ "NH quant. 07 >NH
TIPSO _~__OH TIPSO _~__O ﬂPSO\r;\W/O
Cy0,C Cyo,C O ) Cyo,C O )
45 47 27

Vi

RIC[GONTZTAa—N45 % T I v 27 ~ 21 L 72 (Scheme 23), 7 /L 2—)L 45 % Dess-Martin [#{t

SFBZILTTATERFEL, Th%E Kraus BRL CIC X > THAR VR~ E AW L 72D b, ALFF T

DT I Mb e Boc BDPREZFETT I v 27 %187, COTIVIZV I AT T L 0= T 7
— I X 2R ETOTICRD KIGITH W72,

Scheme 24. Synthesis of tetrapeptide 29

CbzHN.__~_ CbzHN. _~_ CszN\/\

o : O oTPs )I OTIPS

roco o~ OTIPS TrocO A~ TrocO
- __HFIP__ ”J% \/\H 1) Sm, I, MeOH

I Ox-N + o_N 2) Hy, Pd black
con N I I AcOH/MeOH
2 4a BocHN BocHN 3 o

BocHN L SNH

34 36% 43% —S N\J HSO,"
cis-48 trans-48

CUSO4 KzCO3 MeOH
88% over 3 steps

N3~ N3~
1) DMP, THF S
.0 - 0
( J OTIPS 32 g P NaCio, NaHPO, o D] OTIPS
\[ﬁ EDCI, HOAt HOL,C” N” 2-methylbut-2-ene SN
Nancos HON ‘BUOH/THF/H,0 HoN
Cy0,C OTIPS 44% over 3 steps I D I
BocHN BocHN BocHN

29 50 49
7 b7 _7F F 291 JU3CR ZF|H L CTHK L 72(Scheme 24), 4 V> 7 =F 33, 4 IV 4a, HLKRV

% 34 % HFIP TG X ¥ % T & T trans/cis = 54/46 T trans K% TS5 L 1572, Scheme21 & [FIFRIC
LT, MeOH HT&EY~V v L L AT HEEH T trans-48 O Troc % FRE L 72, #Eil/kFERITICX
% Cbz DfpEL, AUCEE-HRT I VIEHNT 27 VIEMKIE T ICX > TTY FT7va— 49 %2157z,
Z DT N a-L% Dess-Martin BE{l. Kraus BE{LD ~TTH AR VEE~ L EE{L L™, D-threo-p-t Fr ¥
Asp (RER 32 LT I NG T A2 L TRIGT 2T F 77 FF 29 AL 72,

BT I Ta—AEEET S, FREKOT AT e FERKT 2 & EHIT Coz FETRESI N T I VST BRI
ERIL, EL~ITIF—AFHERE S ICBLEINE 2L T8-7 7 X LAHBEKT % T &AL 21T 7 - 72 (Scheme

25) TAIT— 49 Tlk, 7T IVEMEET P vEFIRWT YR E LURET S 2L T ORIRIGEFVWT WS
Scheme 25. Lactam formation

CbzHN _~_ CszN\/\ . Y

: _ CbzN_ - O] cozN_ -

OH
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YHRDE T AV P AR LT=DT, 77 A0V A3 DEERICHANT T 7 A v b O & RAKERE D
~7na 77 b ALRIGEFT o 72(Scheme 26)e 7 b 7 X7 F F 29 O N Klifi Boc FEZFREL. HAR VIR
8L T IFMEAT AL TAFIRTT P22 TRIK 63% TR, CRIn 7T Ve 7Y PR
JTEERITW, B L 727 I V% Goodman ;3 S IC X Y 77 =M bd 5 T & T Om % Arg {HIFH~ & 254
Lo SOANKRVESZZT IV 1 S L. CRIGT VAV EZRET 228 CT~v 2w 7 7 b vALREIEK
Roe Fr*v VKRV S54 %157, COMUEVEIARETH > ehrby VAT AATL7u~ |

7774k EMETDT, ik wru 77 P MURIGEIT o 72,
Scheme 26. Attempt to synthesize plusbacin As

( OTIPS

Cy0,C OTIF‘S 7 BocHNYNBoc
RHN ( )| OTIPS 1) Pd(PPh3), HN o~
_ morpholine, THF
5% [ 29:R=Boc | epc) HoAt )i \n/\ 2) Hy, Pd black HOLC J PTIPS
TFA/CHJCI AcOH/MeOH 2
oLl 51:R =H NaHCOj3, CH,Cl, CyO,C OTIPS O l
63% over 2 steps 3) (BocHN),C=NTf  CyO,C OT|PS O
N EtsN, CH,Cl,
H 73% over 3 steps HO N
H O N
HO N_CO.H TIPSO 5 H
TIPSO
TIPSO
53
28
1) 11, EDCI, HOAt
BocHN NBoc NaHCO3, CH,Cl,
2) Pd(PPhg3),
TIPSO H \/\ morpholine, THF
OTIPS

— Jj\ f JI

O/\NH CyO,C OTIPS Oj/\
TIPSO~
Y\COZH

N
Cy0,C o) H
TIPSC

54
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Scheme 27. Attempt to synthesize plusbacin As

1) F
BocHN\fNBoc \[Tj*[}]/ H2N\I//NH
PFe HN
TIPSO 55 Oy 0 Yy o o4
oTIPs  EtsN, CHyCl ,C\ H
| HO N N A
TIPSO \nﬂ J 2) HF, anisole ; NNy
~7810 0 °C 4.0 H o) g N
O/\NH cwo onps Oj[; 07 NH  HOL g” o i[‘
HO\_~__0O N
TIPSO § N
ﬁ/%%H N HéI«E‘ o] Ifl
CyO,C o) HO

TIPSO
plusbacin Az (1)

E PR ANRYEES4 T 5~ 0T 7 b v ALEAEBET L 72, EDCI & DMAP % fi\» 2 —fikity
72 KM A SR NIEOCIC & 2 = 2T B TIIRIGHHET L7222 72 b DD, TFFH (55)° Z T
NERVEEEREET v~ LEE LT 2 &0 R, EAro~su T b v ESTRE T 2LAYHE
bz NMR A7 PATRIBEFZRET 22 L3 TEhar oo, BRESRGF T L
(Scheme 27), VanNieuwenhze b D5 2 BEICT =V - AIFHE T, K7 v{LKEE T 3 BRENK G %
v, KISOMAERY % LC-MS 12 X > THHT L 72,

“Fluoro-N,N,N’,N"-tetramethylformamidinium hexafluorophosphate (TFFH) (%7 V& v BE % B 7 5 T B 7 v AL 25 s
T BHEAHTH Y 1995 4FIC Faham HIC & > THiE I/ @, VAREORZ T I/ BOMiGICII LI L TR %
iR e L2JTiER VO NG 23, T AT F Vs o4 L 2BIENYIIAS ICaTRERLERC 5, —/7cig7 vt
IR R CREWENR R, TASIF VB2 OBUIEZ R T2 e a By vt 2 Hilcz 2 70,
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LC-MS 73T DfEHR % Figure 21 IS8 3, SUCHAERYI(a) TIIE O v — 7 2R 5, FrICIRIHREE 27

SH 5 32 4y
BT 5 N7z (c)o
WBH{T o 72e RIRWNILRIFHEE 28 02005 29 5

F DEIC

FYORNC T T AN v Ay LR — D TEKRY, ZONKSMEED T BEZHT 5 ¥ — 7 38
TNOE =7 BEBDILEYTH 02 MRT L7720, 77 AV v A3 DERE DI
C—2D—7BRON/Z7-DDb). REFRE2 51

HAEBYIC)IcB T2 —27 A, B, COWTNLBLEARDILAEYTH B LHEE I NI,

FOCHLE ) & AR
F LRI —2 B & —EL 7228,

a) chromatogram of crude product
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b) Chromatogram of natural plusbacin As
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W XTNA v 2/ av L7z LC-MS F ¥ — I % Figure 21d IC/" S, TDF v —
v—2 BOOTEIZT T ATV Ay OISR LR L CThH

52 lho, RIGHEBRMICIZLEADILEYRE TN TN T & 2L D
Figure 21. LC-MS analysis of the crude product

o7,

c) chromatogram of crude product
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ok 7 v ALK % V72 BiRF#ESGIE VanNieuwenhze HIC X o THREIN TV B 2 & a5, UL
RRIeFuF ARV s4 Kifd2~27u7 27 b AT LT o772 Th 2 LRI
5o AR VERE TFFH 2> 4K 3 2 8k 7 v AL Pk 56 (ZRUGHE & <L o FPICiEkEE 2 H T %
T I FRABPIFES 50 Lo T, 7 v KBS HEN 72 ICEE & > Tnielewic, 7 1 PR T
PERFETVOCT 22 LT, Bhe LARWMETOFHNERILSICOHET L 72 b D & E% L 72(Scheme
28),
Scheme 28. Possible side reaction

BocHN NBoc

TIPSO HN A~
O OTIPS

= o
TIPSO"C\N HY\ A,
N© N N~
: H o 1 £§
O%N Cy0,C OTIP% o ———— undesired products
TIP OY>7HO jik
CyO,C
° %&/\/\/K

56
N F O ANRYIES4 IZERAD T AT UEGEHET 20ICEL CWhWiane E 2, RICHTFRITo

I AT MBIC K D T AT MRS Z R T 2R CHBIREITo> 2 & & LT,
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B 7T RNV A OWARIEN (&R 2)

F_fici Rk Hic, IRV A3 DT RTAEMLIE~ 7 F 7 b AL TR T & b o 72,
CCHTRIZ AT UL Z BT 28 L WA ZER L 72, AT ICZ DG ENT % 7~ 3 (Figure 22).

HN NH
3. macrolactamization Y 2

Ho—le )imﬂ 3.

O/\NH HOZC
HO, .0
HO,C O: OH ————— 2. amidation
1. esterification plusbacin Az (1)
TIPSO amidation ——
OTIPS
TIPSOVC ﬁ)\NHBOC HO o\/\ (
JU3CR——Z O
07 NH 0 o o N
YOz !
TIPSO OTlF’SO —— JU-3CR
\ﬁcozH X HoN .
CyO,C 58 'N
57 TIPSO” ™ &
59 \ amidation
TIPSO
TIPSO N j\
HO,C~ “NHBoc ( NH CbzHN _~__
4a 2 H
19 )i TrocO\/'\N c
CyOZC OTIPS 33
NC OTIPS
TIPSO__~_ _OTroc |
N
CyO,C 25
4a
CO5H

H,N.__CO,Bn

2
I BocHN /‘\
TIPSO 3 34

Figure 22. Retrosynthetic analysis of plusbacin As: 2" approach
7T ATV Ay D 28 BIRREE L VanNieuwenhze © L RICIECTHO~27 v 7 7 2 2{LIC X W IEEET 2

Z &L, BRACHTERAR LSS i cili~7- D & [FFRIC JUBCR Z W CHKTE L ANKVIEST &, T
22—V 58 LD AT MU, JUSBCR ZHWTHAKTE 2y 27 F V59 LT I MLz THKT 2
ol L, KABKETIE, IVE VB2 XV BEMiaEEH 2528 T, v27u 77 F VL THES S
CEBTERDP oI AT N OMEREZ IR LEZOND,
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HUUAT 7T RANY v A DERIFE (SR 2)
I T2 TFAEEOBRESHC GBS AR VEEST E T A a— 1 58 DK A FT o 77

Scheme 29. Synthesis of carboxylic acid 57
TIPSO

TIPSO TIPSO
NaClO,, NaH,PO, TIPSO"C\N
TIF’SO'C;\N\';'\,\“JBOC TIPSOVC\N%NHBOC 2-methylbut-2-ene ! NHBoc
4. 0O DMP 4.0 ‘BUOH/THF/H,0 07> NH
0~ "NH THF 0™ "hH 0 :
- : 59% over 2 steps TIPSO :
TIPSO _~_ _OH TIPSO _~__0O Y\002H
CyO,C
Cy0,C Cy0o,C H yee
45 60 57

VR VEE ST 13T Va2 45 % Dess-Martin FE{l.. Kraus FE{L D ~ TR CTH{LT 2 Z L iIC X > THRL

7z(Scheme 29),
Scheme 30. Synthesis of alcohol 58
y A
O NaOH 1o allyl bromide - 5
THF/H,0 CO,H CsCO3, DMF
o N 3% ( 53%
8 °| °|
30 61 58

TAa—V58IIB-7 7 b v 30 BNIKSFETHLICKoTEONLB-E X hLRVE 61 DA
NEVEERT U ANEECHR#ET S 2 LTk o TAK L 72(Scheme 30),
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Scheme 31. Attempt to synthesis of ester 62

TIPSO
®

N
TIPSO"C %NHBOC o S

5 (0]
OA N + see Table 9

H ( o)

i

TIPSO

N
TIPSO'C \y)\NHBOC

/\

07 NH

TIFSoﬁ/\cozH TIPSOWO o)
Cy0,C 58
CyO,C O o)
o \Q:K/VV\
N

62
T'Piog\ TIPSO
TIPSO"C\N —C\
; i NHBoc TIPSO : \[)\NHBOC
N H ¢}
O I;lH Oé\NH

S
TIPSO, -~

(@]
W WO /%YO o)
o _W\.;\/\/\ o \qc‘i\/w
epi-62 N AN

63
Table 9
entry conditions result Oy, 7Pr
0" o
1 EDCI, DMAP, CH,Cl, 63 (39%) Preg B0
1 e
2 T3P, NMM, DMF no reaction (0] pr
i T3P
3 TFFH, NMM, CH,Cl, decomp. |
4 DEAD, PPhs, benzene no reaction
_ ! BusP” “ON
5 Tsunoda reagent, benzene no reaction Tsunoda reagent
6 Dy(OTf)s, toluene, reflux no reaction
[}

RICHANEVEEST L T a— 58 ZHv 5 T A7 W LDO#EGT % 1T - 72(Scheme 31)s EDCI, DMAP
R R T A T ARG EE T Tl TATAREIRIBRE N2 b DD, vu ¥ S HABHIHEEL
7-ALEY) 63 2315 5 N7z (Table 9, entry 1) I H AR VEEOIEHALICHENT X5 27 F v AERK L, ok
FKOMYED LR U7z 2 & 23JFIK & 5 L 72 (Scheme 32), 7ads, EBPIDOA L 7 4 v OEATEM IZRR

ETH B,
Scheme 32. Mechanism of the side reaction

NH HN;VZIOv - N= NI

) H* o
— TIPSON TIPSOW %\(
© 0 cyo,c ©

CyOC CyO.C

o

O -

TIPSO X
YU

Cyo,C O
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MaeAl L LT T3P & W2 58 13 RIG D HETT 2 3 (entry 2). TFFH % H W 723560 (3 FVE O 43l 233617 L
7z(entry 3), F 7z, DEAD A HGEE 2% W 72 IE OGS D il A 7228, wIih d RO IEHET L 7s »ifl
B & 7o 7z(entries 4, 5). FIZIC Lewis fE & L T Dy(OTh); Z AWV 725FE it s T EADILAY) 62 1%
& 35N 5 72 (entry 6)o

Table 9, entryl DFERD O T X7 7+ v O A MG 5 2 & 43T E L, BISIGORHLEE,HIH <% 2
EEZOND, ZO X BRBRUIGEINHT 2, TI 2 EEA— A ClR#ETILLL

77
Scheme 33. Ester formation

COH
>< BocHN/\‘/COZCy -
EDCI, DMAP NHR
Boo OTIPS CH,Cl, TIPSO _~_ _O 0
OH ent-35 18160 °C ~X
77% CyOzC (0] o

HO aIIyI bromide
( 0 C52003 DMF
9 T e 25% TFA/CH,Cl, [— 65: R = Boc
° quant. 66: R = H
43

LEY 11 2> HE W=7 2 ) 5% Boc B TIRFE L 72 threo-p-t Fu ¥ o -Asp (Ri#{A ent-35 &, © P
CHNKRYIEAZ DANER VR T VAL CHREL 2T a—1 64 & v THUKIES 21T O & ICE 77%
THADITZT N 65 B, v uF oMt RS Nnid o 72 (Scheme 33), fit Bz HiE . 65
D Boc HABEWSRMA N CHRET 2L TT IV 66 %1572, COT IVRLFEETE L[V VT = Flia-
AV T I ANKENEERBT 2720 F—HTR72X HICJUBCRDEE L L TGHL TWiARWnweE#
AbIb, £ T, TDT I VE CKIDBAHNR VIETH % Pro(3-OH) & kiS5 2 & THRZHED
52l E L, HEARRKKOLZHEZIT> 7,
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BHET 7T ANV A DA RN (B 3)

NH
amidation

ST
HO'C\\’g\ : Y\N é

O/\NH HOZC

B amldatlon H
HO .
HOQC

plusbacin Az (1)

CszN\I&NCbz
BnO U

\/\
TIPSO’C\ “J\NHBOC O)i WlANHz

macrolactamization HzN\f

amidation

Ju 3CR— > CyOL7 OTIPS
67 )| QTIPS
HO™
TIPSO OiN
O ——— JU-3CR
Cy02C BOCHNﬁN
TIPSO

Figure 23. Retrosynthetic analysis of plusbacin As: 3 approch

T EEE DL Z R L 72 A BURNT % 78 7 (Figure 23), 28 EEROMEEEIT VanNieuwenhze & D &
FUMETDO~7m 772 2LICE ViTH 2 & & L, BRALRTERIRIE Pro3-OH)& 7" A v F 67, 69 & 7T 3
¥ 66, 68 OB T B EE LT, CRIEAHINARVEETH B Pro3-OH)& 27 A~ + 67. 69 (F JU-3CR
KX VEEAKT IR TERVED, AV N—F TN VT = FEHWZ JUBCRICK D HKT 5
ZrelL7,
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Scheme 34. Example of convertible isocyanide by Borthwick et al.

F
002 ©\ C@ o) 5 OR
o)

CbzHN ).,
NH3 cl OBn MeOZC))'\
CN 2) Hy, PdIC  pms
MeOzCﬁ\ ACOH/ACOEY 74:R=Bn
m 73 jj)\ 46% over2steps L~ 75- R=H
o~ A
0 F
o s, Q5 g a
oz | L
OO F
CszN CbT\T'\(‘) C) 0
MeOZC € 2 /k
78
L 77 _

Borthwick H(f, 2 v N—=F 7 A V7 = F 730 2 flCTHMK L 72 Ugi AR 74 o= v OV B%
PrEL <8727 =/ = 75128 LT, 1,1'-carbonyldiimidazole (CDIL, 76) # fEFH X &2 2 & T, AA K=
B N-ToAAFRFIY 777 8 LTUEWLL, SHZNUKGEST S 2 & THAR V78 ~ & A
L T\ % (Scheme 34)4, T OEZZEZICFRDOITERA VY ~ 7 = FZH T Pro(3-OH)& 7' X v | 67,
69 DEMEITI T L& L,

UG KIGIC KD EEPICEA Y 2 T = FHRO T I FESASEER I NS A, ik b BERE~ L AT 2 2 L 28T
T, BRABILY LI SICHERATH S, CO L) ARBIAOIL. 20T I FEGELERNICANVE VBRI AT L~
BCTEDLA Y T =F 7981 BELIN TS 577 (Scheme 35), TNHIFI VY N—FT N4 VL T FEMEhA, Vv
7= F 731320 THIRMASRET. 73 FiEa o BREE~ L Efick 5,

Scheme 35. Convertible isocyanide

i RS /ri i I RZN=C
2 R3 R3 E ref. 74. ref. 75. ref. 76.
R" "OH N~ ™0 N“~o NC Br._N._NC
i e e | O, O
+ - R5 R5 , OAc =
R2-N=C 4 5 |
R* R g2 OR 79 80 81
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FNHET T T ANV A DA (BREES 3)

IYN=FTNAY T = FEHWE JUBCRICK D ProB-OH)k 7 A v b &K T 52 eeL, £F

k& 7" A v b 67 DA% AT o 72(Scheme 36),
Scheme 36. Synthesis of carboxylic acid 67

BnO
% O i PRO,CO._— BnO
TIPSO rC\
N
NHBoc 86 ( 3° 5p3 TIPSO : ﬁ)\NHBOC
3 0]
HETP HFIP N0
AcO j\ PhO,CO
trans-84 (22%) HO,C 82 NHBoc trans-87 (51%)
+ cis-84 (64%) + cis-87 (37%)
1) SmCl3, MeOH o
2) CDI, CH,Cl, 75% ‘BUOK, MS4A
then, allyl aicohol | ©OVer 2 steps THF, 0 °C
DMAP
BnO
BnO BnO
TIPSO'C\ Pd(PPhs)s .
NHBoc morphollne TIPSO LiOH TIPSO
NHBoc _THF/H0 NHBoc
quant A 48%
HO O over 2 steps

|85 67 )Qo

(0)
88

FEBRA IV 4a & p-Ser fRi#(k 82, a v N—F TN A4 VT = F 83 %MHA\T HFIP H T JU-3CR % 1T
577, % DFER Joullié-Ugi BHER IO NZb DD, EAhE LAWY T AT LA~ —cis-84 2K 64% T
B L TEL N, EARD trans-84 DIKX 22% T B o 7= (trans//cis =T4/26)c LHD L T AT L F ~ —trans-
84 DT v FNIEE =MV~ v LEHOCREL, N7 AFXH VYY) vEFETCT IV ATILSES

LIz, TOT Y NEE 0 ffiNT Yy Ll A WCRET 2L TR AV T 67T AL 72,
ZDXHIT, JUBCR DY T AT LAEREICHREZEST OO, a v N—F TNV T=F 83 &
WT Pro3-OH) 2 7 AV P 2BKT 22 LA TR, F—ETHBRRL LI, KRIGDOTT AT L A5ER
HidA Yo T = VOBTFEEICHELZ T, BETEERA V7 = FE2RHWRZBRIC trans #EIR M 1T A 13
0 AVYT =K 8314 VT HICEFRIMED sp? REFETF23ESG L TE 0., ZoETRGIMEFE
IRICE Y, cis RBPBRL O bDEEZLND, ZZTRIL, BoicX Vil In2E =K7
WENEEFT LAV T=F 86 2wl h, VTATUAEREEILEL, EHOVTRATL
#~ —trans-87 DK 51% TIF & M7= (trans//cis = 58/42), T D trans-87 1 'BuOK #EFH ¢ 2L, 7=/
— VDB T NELSIGSET L. N-T oAt x5V )2 v 88 Mg bhi-, TN %MK E
THZET, 7 AV 6T ~LE N,
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Scheme 37. Synthesis of carboxylic acid 69
1) (Boc),0, NaHCO4

THF/H,0
2) H-D-Ala-OBn-HCI
EDCI, HOBt
NaHCO3, CH20|2
0°Ctort
3) TIPSOTY, 2,6-lutidine O CO,Bn o0  CO.H
HoN_CO,H  CHyClp BocHN )\ H,, Pd/C BocHN 2
j/\ ~78 10 -50 °C N ACOEL oc N
_AcOEt N
HO 97% over 3 steps TIPSO quant.
PhOZCO\>I\
O  oTIPS OI OTIPS NC
Bl " PhO,CO J
o 1) BBuOK ,MS4A OTIPS
THF, 0 °C
o © N 2) LiOH, THF/H,0 I |
BocHN N]v\ 72% over 2 steps ~ BOCHN HFIP N—/ 4a
H
TIPSO” ™ 69 TIPSO

trans-91 (49%)
+ cis-91 (29%)

RIC[ARED A REZ AVTD 5 —H D Pro(3-OH)t 7" A v + 69 DA % 4T - 72(Scheme 37), Allo-D-Thr
(39)D 7T I v % Bocfb L. p-Ala {3k & Dy &, 5B FUKIBEEED TIPS (L 2R T X7 F N8 # =T
TR 97% T3 e, HEMUKFHRITTIC X WV R Y ONERRET 2 2 L TRONTZAVE VIE 0 L AR
Ivda, AVA—FTAA VLT =F 86 %7z HFIP 1T D JU-3CR IZ X Y | Joullié-Ugi FIETR trans-
91 237z, TN N-TIAAFH VY VR L TAVR VB~ ZHL, €7 A+ 69 ZAK

L7,
Scheme 38. Synthesis of amine 68
Csz NHCbz CbZN NHCbz Csz NHCbz
EDCI, HOAt HN
\/\ HN
( )iNHz ProNEE THF ( 25% TFAICH,Cly ( S
HO 69% NHBoc quant NH
Cy02C oTIPS \HANHBOC W/\ 71/\ 2
Cy0,C” VTIPS Cyo,C” Yomips
92 93 68

Y DeZ AV 68 1% D-threo-p-t P 1 ¥ L -Asp RN 32 & Arg {RiE(R 92 Dffifs & . Boc HEDFRE

% #&CTHEL L 72(Scheme 38),
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Scheme 39. Total synthesis of plusbacin As

BnO BnO
N
TIPSO"CN\')\NHBOC TIPSO’C\ \')\NHBOC
z O /_ O
HO™0 67 07 NH
. EDCI, HOAt TIPSO o
NH, iPryNEt, CH,Cl, CO,R!
: Cyo,C O
TIPSO o O~ 86% o2 B
S Pd(PPhs), .
Cyo,C O 0 morpholine 94:R" = allyl
THF 95:R" =
66
quant. +
CbzN.__NHCbz
HN
CszYNHCbz d v\ .
)I
( HN\/\ EDCI, HOAt fo \ﬂA
0 Pr,NEt, THF N
71””“2 o OT'PST% ©10:6 Yomipg0 ©
R2HN N
CyOC OTIPS . N
&8 TIPSO
BocHN 25% TFA/CH20|2 96: R2 = Boc
quant. 97:R2=H
TIPSO
EDCI, HOAt,
PProNEt, THF | 64%
CszNYNCbz
1) Pd(PPh3)4, morpholine BnO HN\/\_ o
THF TIPSO"C\N mioc H )L OTIPS
2) 25% TFA/CH,Cl, _ ool N
3) EDCI, HOAt : oc b
iPI’zNEt, THF O NH CyOZC OT|PS o
60% over 3 steps TIPSO
CyOZC
(All = aIIyI) PO
98
CszN\I//NCbz N NH
2
BnO HN _~_
_C\ % o g = hi OTIPS o
TIPSO N N h, 'C\ |
: H \”/\H HF, anisole O “J\ \n/\ )
i O 0 N 78100 °C
N oTIPS. O
07 MM OY0,C 0 T\ e " HO,C
: H
TIPSO 0 N . HO I
H
cyo,c O o)
TIPSO HOZC
99

4D T AV FNDEREKZT-DT, T7TANNY Y A3 DR

(Scheme 39), AR VE6T & T IV 66 DIFAFICL Y T 7T 7 =T FF 94 %37-

1

HRRICHET TR A Y FOEFEZ{T- 72

/

. CRIFDT Y

NERIRET 2 2L THANKYEEIS Z M Lo £7o, ANFVEE69 LT 2 v 68 2> b UKl & N AR
Ui Boc DPREBFICE DT IV 9T 2H5B LTz AALTZT IV 97 & ARV 95 #iaar L, ICK 64% TER
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{LRISR A 21572, CRIED 7 U AE e NRYG Boc ZFrZ L. EDCI & HOAt Z W T2 v 727 X 1Mtz
119 & BLRICHHET L. EADOBRLAK 99 23 =THRIE 60% T b7z, T OBLM 99 icxfL<TT
=V = AVFE TR vbKFEZEHEE 2 L TTRTOEEREEZREL, 7720 v A DEHK
BEBL 72 B LT 7 7 2Ny v Ay Ol HPLC 7347 % 1T - 72 & & A (Figure 24). {RFFRFE X 10.6 min
TH ) RRY) & 5e41C—3X L 7= (Figure 24a, d, e).

column: COSMOSIL 5C4g-MS-Il; eluent: 47.5% MeCN/H,O (0.1% TFA);
flow 1 mL/min; detection: UV 210 nm
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Figure 24. HPLC analysis of synthetic plusbacin As



72, A E RAYD 'THNMR A7 b LR % 1T 5 72(Figure 25)s MIE D A<27 PRIz L A Y
DI TR W—E %R L 72 (Figure 253, b), X7 F F DA A VAT X 2070 AR 7 P ADEWHER L
Tele D ME % 1:1 TEALHNMR A_27 FAZHEL LA, DD AT FVICIUR L 72(Figure

23¢), o T, BB KIARY L TEPIC—ET 5 2 L PR TE 7=,

H NMR (500 MHz, D,O/CD;CN/TFA = 500/500/1)

a) natural 1

!
19

crooooar—

166
97
1136
127

o
=
=

T

1696

b) synthetic 1

097

25
.16

201

c) synthetic 1+ natural 1 (1:1)
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Figure 25. Comparison of '"H NMR spectra of synthetic and natura Iplusbacin As
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EXY,

BEEIZT T AN Y Ay D

BE & ZERK L 72 (Scheme 40),

Scheme 40. Summary of synthesis of plusbacin As (1)

a. synthesis of 66 and 68

1 b. synthesis of 67 and 69

_LoH
BnO.
Grubbs catalyst 1) Burgess reagnet
0. 2nd generation HO,C” ~NHBoc BnO.
CH,Cly, reflux 2) Hz< PlOz, MeOH m 82 1) 'BUOK, MS4A
Ul 3
o ~ % oo OTIPS TIPSO NHBoo | a0k Bn0.
w over 2 steps ; HFIP o © 2) LIOH, THF/H,0 TIPSO’C\
N —_— e NHBoc
22 PhO,CO. 48% over 2 steps B o
HO NaOH HO S0
allyl bromide THF/H,0 NC trans-87 (51%) 67
Cs,C05, DMF. 80% Phozco\/% + cis-87 (37%)
T 86
1) (Boc);0, NaHCO3
1) TIPSOTY, 2,6-lutidine THF/H,0
CH,Cl, -78 to -50 °C 2) H-p-Ala-OBn-HCI
2) Oa, CH,Cly, 18 °C, EDCI, HOBt
O— then, Me,S, rt — & O— o NaHCO;, CH,Cl,
><N)Y\ A NaCO. NaR PO, ><N CoH — >< ' 0°Ctort
3) NaCIOy, NaH,PO, N o 3) TIPSOTY, 2,6-lutidine COBn
Boc oy 2-methylbut-2-ene Boc Gripg  Ce2COs THF Boc Arps HaN_COH  CHzCl BocHN, A Hy, PAIC QoM
1 THFABUOH/H,0 12 83% I ~7810 -50 °C N ACOEt BocHN N
y 14
84% over 3 steps HO 97% over 3steps TIPSO quant. )
\ 39 80 TIPSO” ™ g9
COH CrO3, HpSOy, PaIFib
: H,0, acetone ! PhO,CO.
BocHN cocy 22 ACOEt, 98% QL j oTIPS P NC
OTIPS  35% 1)BUOK Ms4a  PhO:CO omPs
ent-35 SMrec. 51% THF,0°C
| 2) LIOH, THF/H,0 j/\ ;
: 72% over 2 steps BOCHNﬁ HRP N/ 4a
EDCI, DMAP HR '
CO,H HO. (o] |
S o CHCl, TipsO, o NN | TIPSO
BocHN s f o J o 3 trans-91 (49%)
OTIPS 7% CyoL O ° | +cis-91 (29%)
ent-35 ;
64 :
25% TFA/CHZCIQ Boc ;
CbzN.__NHCbz CbzNNHCbz CbzN_NHCbz :
EDCI, HOAt g |
I M\ |
ProNEt, THF ( 25% TFA/CH,Cl, ( J
69% NHBoc  quant NH; |
Cyo,c” NoTIPS \[(\NHBW 77/\ Y\ 3
22 Cy0,C OTIF'S Cy0,C OTIPS :
92 93 68 ;
c. completion of the synthesis of plusbacin Az (1)
BnO B':’)\
TIPSO
TIPSO"C\ \')\NHBDC NHBoc
o o EDCI, HOA o™ ’1‘“
N iPryNEt, CH,Cl, TIPSO, o. COR —
NH, 86% oo o (Y CbzHN__NCbz 1)Pd(PPh3)4‘ morpholine HZ” NH
TIPSO o. o~ P(PPhs)s
morpholme 94:R" = allyl BnO. HN 2) 250/ TFA/CH,CI.
&oL O ° [95 R'= H O : Q9 OTPS 3EpciHoAt L
66 quant " TIPSO N AAIOC [ . ) EDCI, HO ﬁ(\ ),,
] EDCI, HOAL, HBod) N PrNEY, THF
iPr,NEt, THF i 0 o H g 60% over 3 steps
- P NH - Cy0,c~ YOTIPS, O ——— NH HOzC
CbzN NHCbz 64% B H [e] 4) HF, anisole
TIPSO, o N ~78100°C HOWO iy N
N N 67% H
S TN CbzN_NHCbz oot O . HO,C © %
N (All = allyl) TIPSO
\f(\NHE Y j) oTIPS Y
Cy0,C EDCI, HOAt N 98 1
2 GBOT'PS + 0‘ OTIPS  PryNEL, THE o 7(\ [ B
HO™ T o CyozC OT”;,SO
N RZHN
0 Oj/\ N
EocHNﬁH TIPSO
25% TFA/CH,Cl, 96: R? = Boc
TIPSO 69 quant. o7:R2=H
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P YA % D A

TITARNYY AsDRERZER L 72720, RICHFEEDOEBICEF L7z, Fiicihi~7z& 5177 %
NV A FEDERIETH 2 T R T T LERROEMNET CHEEEZ R T e EX N TE D,
ORI CaZ e WNKRVBEDORAVRERETH L LEZOLND, Z T T, threo-p-t F 1 X T -Asp D/KIEIEL
T TR AOPIEGEEICGEE L e E L, ORICE B2 BT 207 I BREE % Asp ICZH)
L72¥ 7 4 % 8K 100 % 5%51 L 72(Figure 26).

H2N NH HZN\I//NH
HO HN _~_
ISORSSH BN R S SU I
HO \ﬂ/\N V., HO . N N _\\N\HAN V.,
N .o M o By
O/\NH HOZC 0 I O/\NH HOZC ______ ! 0 O]\/\
: H : H
"N Nfu Y “fu
0] (0]
HO,C O o HO,C O o
plusbacin Az (1) 100

Figure 26. Chemical structure of dideoxy analogue 100

UTAFUFEE 100 1T T AN Y ASDOREKICH VR S A Y D threo-p-t F 1 F 2 -Asp KL
T Asp BRILICEHAL 72 7 A PR OWCRRICAK T 2B TE L LER, 7 AV FOERETT
277,

Scheme 41. Synthesis of amine 103
1) allyl bromide

Cs,CO3, DMF

2 4 M HCI/ACOE Csz NHCbz CbZNYNHCbZ

o)
3) 92, EDCI, HOAt HN\/\
Ho)ﬁ «NHBoc 'ProNEt, THF ( HN\/\ 4 M HCI/AXOEt (

BnOQC 89% over 3 steps )ﬁ thHBoc T quant. \[(\NH3 ci

BnO,C CyO,C OTIPS

103

TR D D-Asp (RFER 101 OIRFEEZBEYNCZEH L, F o727 I v e ArgRi#EK 92 L DT F Ay
TV IZICE ) URTF N 102 & ZLRIGE 89% TRz, Oy <75 F 102 ® Boc % frET 2
ZLTEARDT I V103 %1572 (Scheme 41),
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Scheme 42. Synthesis of amine 106

EDCI, DMAP NHR
aIIyI bromide CO,H CH,Cl, O o
(\ O  Cs,CO5DMF S opy S18100°C Y TN
9 * BocHN™ """2"" 959, over 2 steps BNO2C O O
104

4 M HCI/AXOEt 105: R = Boc
quant. 106: R=H

-k FuF oA VNI HTH VRO AN RYEZ T Y VIECRE L 7282, L-Asp RFE(R 104 LBk
MWAETHIETIRATAN05 213720 TOITZXTAD Boc HEBIFMETRETZ22LTT IV 106 %
HREIE & L C15 72 (Scheme 42),
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Scheme 43. Completion of synthesis of plusbacin As analoge 100

BnO

BnO
g
TIPSO"CN\’)\NHBOC TIPSOTN \')\NHBOC
z e} Pz o
HO S0 g7 07 NH
. EDCI, HOAt 0o
NH, iPr,NEt, CH,Cl, COR'
: — Cyo,C O
fe) o) 97% 8
N Pd(PPh3)s o
Cyo,C O o morpholine 107: R1 = allyl
106 THF 108: R' = H
quant. +
CszYNHCbz
HN
CszYNHCbz AN 0 ores
N~ A
( oHN\H/\: EDCI, HOA fo ‘ Y\” '
0N A O orips [Pr2NEL THE Cy0,C 0o Oy N
\ﬂ/\ 2 M, 90%
o HO™ RZHN N
Cy0,C . o N N
103 Q I TIPSO
BocHN N 25% TFA/CH,Cl, 109: R? = Boc
H quant. 110: R = H
TIPSO 69
EDCI, HOAt,
iprNEt, THF | 90%
CbzHN NCbz
1) Pd(PPhs),, morpholine BnO HN\/\ oTIPS
THF ,C\ Alo,c H |
2) 25% TFA/CH,Cl, TIPSO™AN_N N\n/\ J
NHBoc
3) EDCI, HOAt
iPr,NEt, THF O/\NH CyO,C
48% over 3 steps
CyOzC
(All = aIIyI T'PSO
CbzHN NCbz HoN NH
BnO HN\/\ |-|\|\T
L wl i 5 pes "y e o
TIPSO N _C\ :
: Y\ {> HF, anisole MO Nﬁ‘J\N 4“N\n/\ )
4.0 ~78100°C_ B N
07 "NH  CyOC I T 76% O/\NH HO,C
Cyo C ﬁ ”
yO2
TIPSO HO2C

112

UBD “ODE T AV FEBELEZDT, 792 Y AsOLAKE R &2 2 v F o Bl
K& % 4T > 72(Scheme 43), £ 27" X v + 67 & 106 DRKiEA L 7TV AFDFREIC LD 108 %, 103 & 69 D
Wik & Boc FOBREICE Y 110 ZZNETNEM L7z, AL 108 & 110 27 X Fifir3 52 & T
PR FT 7T FF M BZIE 90% T2, RIC, CRIGT Y V& N K Boe # % 2 W2 frZE
L. E#BEEM T CEDCL HOAt #EHl ¢ 3 2 T2 u 2 2 a{bifTv, = TREIE 48% CTHIL
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R 112 ZHERL 72, RikiC, 2 CORELEY 7=V - NAIFET, BK7 v{LKkFEHCTREAEL, ¥l
HPLC IC X 28242 C. ¥ 7 4 % U EF8EMA 100 %K 76% TR 72,

PlEo X 5 1c%EE T Joulli-Ugi KIGEZBEMIGE L7277 20 v A(N)DEEKEIER L. ARE R
EFHHLTCT 72N Y AsOY T A F UEFER100 D AR L7z, Fid BZETRARLEZT 7 2T v

Az L VT R UFHER 100 O EYEHICOWTRRE LT3,
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B T 72T v A ROHERO AV
B 772N v A BB & RV DR & AT O ek

Table 10. Minimum inhibitory concentrations of 1 and 100

MICs?2 (ug/mL)
Strain plusbacin Az (1) dideoxy analogue 100
Smith (MSSA) 2
MSSA1 (MSSA) 2 >128
MR-6 (MRSA) 1 >128

a minimum inhibitory concentration
B LT 720 v Ay b VT A F UFHER 100 OPUEGEMEZ BIE L 72 (Table 10), 77 AN v A
I3 E B 7 F v BRI (Smith, MSSAL, MR-6)ICKf L C MIC fifi 1-2 pg/mL CTHIEWEE AR Lz0iIc L, ¥ 7
7 % ¥ FELR 100 © MIC fifi X MSSAL, MR-6 DWW ALICH LTH 128 ug/mL BLETH Y| PUEIEME 3R
DONEPoTz, TORRITT T ATV As(D)ITE TS threo-B-t F 1 F > -Asp DIKIEIEH TEHMEICH
HATHBILERLTVD, HHEHEOHEEE LT, S THNKREEORANE(L Lz Lick sk
VIR EDEALHE 2 btz 720, CD 2= A ZHWT, (LAMDORED k%17 - 72,

80 ;
S plusbacin Az (1)
[}
T
E,
()]
o
dideoxy analogue (100)
-80

200 220 240
wavelength (nm)

Figure 27. CD spectra of 1 and 100
Figure 27 1C1 £ 100 ® CD A7 b V&R LTz, HR TR LT 7 AN Y A3 A2 b vid 223 nm
fHEICIED, 203 nm fHEICEH DA R o5, TS L, FRITR L7y T4 F VaF8ko 2~
FAMCEEOBABR O NAr o7z, TDXIICCD AT FARL, WiHD _KGHEPKE  Rix s
EDRRBEI N, o T 7T ATV Ay D threo-p-t F 1 F v -Asp DIKIEIEL I T-HKFEREAIC L
I OWTIIFRE

M

D BRIR~T7'F F O 2 SRR I RO 2 H o T2 L E 2 b, T DIKFE
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TS 5, U bEo X )i, FREERICHT 2KEEE L 77 280 v Ay OFEDERMEZ /RS 2 &2
TEZRL, SHROMEEHEHBEIRICERN ZERE 52 2dD L VA 2,
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B 7T 2Ny v AT B ERA A & ERR IS 3 S ) Ly — 7 v AR

Fra Cib_7- X 51V ¥ F I ICHi& 3 2 (LAYNEEAM T iR b 023% K. 7720 v A
sDERROMEEZRT DD L PHEIND, 2T T, 77 A0 v Ay ICRT 234 ED EOREE L 2
DhEFRB L L Lz, BT FUERE Smith BRICHK L 77 250 v Ay KR CIEH &, R
WITPE W MIC [HAER T 2 BB 2T ~7 Lo, —IAHREEO fle LT 77 ves vk, il
it i i 2 R 3k A LT v a~ A v v EHOCHAKOEREZ T o772, TR, V77 vy
> v @ MIC filiid 3 HIZIZ 32000 f5 I KT 2 DICx L, 77 28 v A3 @ MIC i 25 HZICB W T D
8D KIC e &% o 7= (Figure 28), THiF v a<A L VL TH 4f5DHETH Y, 7T 2 v
As DEERNIMHE IC i 2 BT 5 2 L 2L T LT,

growth in

MIC (fold)

32000 -
rifampicin

150+ }
100+

plusbacin A

vancomycin

1 . T

1 10 20
days

Figure 28. Resistance acquisition during serial passaging in the presence of
sub-MIC levels of antimicrobials. The x axis is the number of days, and the y

axis is the highest concentration of the cells during passaging.
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RIT, TOEBICIVGONL T T 20 v ATHHRICNT 27 60— 7 2V X% AT 2 72, IR
MOFER, W OhDR Y NI EE a— VT 5BIETICERBR N, ZORER% Figure 29 IC7R3T,
Figure 29 ISR L72BRICX D) 2 v S 2 HOBWEEDN L D X 5 B L 720 3 FRWTH 2 7=, il ik
ETERNDHDOD, ViaE ICRT 2ZEIZ, Ve FINICHEATIIEXTF FTH 5B F4 v v icktd 5iit
Ptk O bRBRICHE SN TE D P, OB T T AV A DENST2AY © R ILTH 5 AlRENEZ
XFTofERTHLEEZLND,

Integrase: 7 total mutations

Lip2

Phage tail protein

Putative periplasmic-iron-binding protein BitC
Putative uncharacterized protein

Similar to two-component response regulator
Transposase

VraE

Protein Mutation
alpha/beta hydrolase Arg48His; lle18Thr
ArcR Ser27Pro
Bacteriophage Val2Leu
Capsular polysaccharide synthesis enzyme CapA lleS0Val
Di-tripeptide ABC transporter Gly61Val
Hypothetical protein Tyr154fs

*402fs; Glu393fs; Glu397*; His383fs;
Lys398*; Lys398Asn; Val400del
*602del

His72Tyr; Ser41Ala

Ser88Leu

Leu7Ser

Ser105Leu

Asp24Asn; Phe153Leu; Ser151Pro
Pro325Ala

Figure 29. List of proteins associated with plusbacin As-resistant S. aureus

suggested by the genome sequence analysis
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B A A BT (A o [ FH 4= 5 K
JRE i8]

3
=
gl

I
=11}

INFTIBRAEZLIIC, T7TANT Y AOBENS TRV E RN THDE I ERREINDED, Lok
SR CEAT A0 I RMBHTH -2, COREHEREZMHT 2 RncE2IT, IRy

Y A3%ZY =R e LEFHRPEROEREHEH G ONE DL EZ, RICTTARL VY A3 VRN D

MHAEMZFT~2 Z L Z5HHIL 72,

Ve I IEME ORI TH 505, ZDIFERIIMD Thn ., 77 LRIEME QLA ICIZ—Hild
729 2000 S FREELDPFEL WY, ZoX)RER2L. VYN I P2 OEAKAEMEAD ) v F I
Park X 7 LAF FOBMMGZHNE LT, chE Tic i b ML & BRTIRA K O % o FFER (L
FEAHE T B, Scheme 44 IC VanNieuwenhze H I X V&G SNV NI RGY € F T OYO
ORI Z R T 882, WD FERROAKIRIGIC XY RERBERINTVE, XTF P77 AV 113
Tzl 117 hER AV 114 H LI 118 L DBUKMEAIC K VT F VA2 AL, o) Vg%
AIXVYFELTEELTZ LTS, N9~ BEHNTWE, ZoWEELINEY vBBIHLY v T

ATVL=nY VR ERIGE /BT ETY R,

Scheme 44. First total synthesis of lipids | and |l

46%

H N H
lipid 1
NS0 ©
)
HNJ\CFg
i Ohc 1) EDCI, NHS
iPrNE, DMF
o] 2/ )
o,y o9 CF3CO; AcO oBn 75%

MeO NJ\/NW]/\N NHy ¥ I ACHNO—ﬁ'—OBn 2) Hp, PdIC, MeOH

o) H H H HO™ Yo o) yridine

P!
3) CDI, DMF/THF

118

lipid |
50

64

1) EDCI, NHS
iPr,NEt, DMF

pyridine, 91%

VE NI OEEEZEKL T3,

2) Hy, Pd/C, MeOH

o —
oB o o
AcHN
-P-0Bn Ho: I 0-P-N
1
Meo\H/LNJ\/N\n/\N HN Yo e}
H H H
3) CDI, DMF/THF 0 0 NTH\

7
1H-tetrazole
DMF, 4 d

2) NaOH, H,0/1,4-dioxane
24% over 3 steps

1H-tetrazole
DMF, 4 d

2) NaOH, H,0/1,4-dioxane
40% over 4 steps



¥ 72, Park X7 LA FF (122)D¥) D 2EK I Hitchcock HIC X VERENLTEHEY . v I YV v 5-E /Y
VPO LA KRY T — b 121 L E Y VIR 120 V72 ) VBB OHEE I X D A KHNEK
T ATV 5 (Scheme 45)%, FERFR S Y VL OBRICTEMEALT 27 ) VIERELZ L WIHIEVDRH DL HD
D, WTEhoFITh, U vBEEBOMAEICIE 4 H2 b 2 BRI ORMEZE L, £ OUERS K\ 2 & 23R
BTH o7,

Scheme 45. First total synthesis of Park nucleotide (122)

o </ NH NHZ OH
HN" CF, OAc N-P- 0
o}

o
\_/ o
AcO 0 o o’ o anr
o o o CyNHa J\/ ACHNo P P o~ o N
W I ACHN O-p-0" cyiy CyHN NHZCy HO. Nm/\ HN i \(_\/ S
TN HN" S0 o) DMF 45 °C, 14 d A
5 M Hm/‘\ HO  OH

(o}
L UV

2) NaOH, H,0

Park nucleotide (122
32 % over 2 steps ! ide (122)

120

JEFIIE_7F B ) VR RAEEEBEE WO MEOR L 2y 2 [F—0FHNICHLTE Y,
Eieo X5 il cobK oG G, LAY OBl - FERESEM 22 L E2ON5, £ 2 TEERY
R I OAKZEMETTS 2 & Z2atl L 7, BHHE T2 TopRkz BABE Lol 20, #ii

ORI L 7 % B - REHURE A ffEICIT S 2 TR B, F 2. EHAKEIZ S 7 F FE R o s
B X S BRI RNICAE T A2DICHELCTEY, IRV A OERBEFEIHD 72912 %

WL7-HiETHhLEEZLND,
Scheme 46. Synthesis of Park nucleotide analogue (123)

OH

o ‘ COH
i O
HNJ\CF3 o) NH

S 'NH OH

022‘ solid-phase 5 steps [o]
¢l o ¢l synthesis o O —_ HO Q
W/L )K/H : oo o) o o 7 \H
T T
O O el ) (I T)/\H N e HO JOI\/H -1 I J0B-0-F-0\ o N
HO ol ¢y (overall yield) T\)\ NN \H/\N HN OO:g 0 0o \g 0
H o : H H 4
o oo N% :
123 HO” 0 o

BocHN

117 (HCl salt) MeO,C O HO

IS 3, FZE D Park X 7 L AT FOHOLFHEAR 123 DGR E2RE L TH Y, ZDFRIC~7F F 117
IZ Boc BMHABGEIC X Y &KL, Z ORZRIZIHE THAITH LT 5 (Scheme 46)%, i - T, FEHDOEA
ARSI E e o T B P Y VgL A Wi L CEM BT 28 EETH L L PRI,
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NMe, e O H
0 o by
oo
O%\NH OH

“NH OH o o
P wm) Lo~~~
HO o0 - Vi o,y o AcHN §_p_o_p_o_/ / /
o o) ° e 9 NH HO AN )
Y :

HO  OH

NHAc
oo ACHNo P-0-P-0
“a

GHN e < / < HO. )k/N O
HOT(L k/N\[pN Hj?\ ° : P . E’ O m/L Y\NJ\iHTpN\ i 1270 ONMSZ

o
HO™ ~O

Ho S0 © 126

Figure 30. Reported analogues
Figure 30 ICZNE THAKINZ D EF L IL Park X 7 LA F FOFERDHI %R L 72, £ P Park

X7 LAF R (124)13 MraY [HEAIO 7 v 2 A OFE L LTHWON S %, 72, X0 EWIEEMERIE
AT UL Y v N 1125 BERRKISE AW TARR 2 I N Tw2 Y, ) e N I oF8Eke LTk
D FLCHEAMISE CH 2 neryl HAET 24 VLY ©F I (126)% L HRIAMERISHEAL I H AR i <
=R PME I LTV 2,

UEoMAZEEZ, 7720V A & OREEBRIMRHT 21T 9 720 1c. XY Bz neryl K2 H T
% 126 Z A HAFE & LCERE L7z, £/, BEHHAROERMZRT XL, Y EF I Park X7 LA T F
KO % O ENERAE DGR~ EH R ARG RIELMAE T L L,
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NH, OH

NHAc
HO 0 (0]
HO o_ 0O o O
| |
o )OJ\/H : QHO I AHN ©—p_0-p-0
N : j(\N HN X0 0 o _\:<_\:<
o " = H Hm/‘\

HO,C O neryl-lipid Il (126)
NHFmoc

solid-phase
AcO NHAC dlphosphate formation
ACO O o
OAcO P

128

BnO,C ‘O
O\/<O\/> NS0 amidation
nH H
NHFmoc OAc _
f NN
Acow =M
(0] > (o] AcO AcHN
N YN HN"S0 o]
o 1 ¢ o H NHAlloc HO
130
BnO,C

Oyl R

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 31. Retrosynthetic anaIyS|s of neryl-lipid Il (126)

YA EE I (126) DA ENT % Figure 31 1IR3, U EF I 0¥ ) VIERG IZRRIESEAL TR
JRF 7w b AL eR T s 2 Lick ) vIREONRED LA L. BRIk nsg, £, YV v
e il e LCfid 22T N-THF LT I VEE MurNAC)D 7/ ~ — G ORI ETL 5 5. #E
5T, Fmoc ~* 7' F FEM & EEE TN & 30 2 I SAE T coBBHE G IZFIFT & v & T
L7z % 2T, SHWKER MK ES 2 2 & CHilErRERFY =F L v ) a—a e Fa v
A F VR EEFBRHMBA-PEG)SIE % BFHHEMA L L GEIR L2, VY F I O Lys I 7 I 7 Hicdsiit
REAT D L& RYE A, Lys B0 REEFL I GIEIMESF T IC PR ZE T % 2 Fmoc JEZ L, 7
VR VR LK D RFER T Z N E ., BBIE L FRFICPRECTE RV INTI AT AT RIE, TEF NV
Bl L7e, BAEERA Y VY € F I 128 (ZEAFEEFF T F 7 <7F F 129 i L < 2= v } 130 %Zifi
AL, Bt Toeryl V VE»LEIF 24 14V F131 Lol ETOY Y viglkxiT) 2 &L THKT 5
il L, BT F 7 )7F F 129 i3 Fmoc ik & Alloc IEx FWTHKT 2 2 & & LTz, RAHFRE
FoEz =y 130 8=y P 12 IKEHE T 52 L TY VP IFEAEL Park X 7 LA F FOEK~
bICHARET S %,
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B A ULV ERLIE Park X 7 LA F P X OHOGEES A O EFH 24K

9. ARICHVWSE 2=y MULEVIDERK ZIT > 7=,

Scheme 47. Synthesis of monosaccharide unit 132

Ph" %0 o HO o AcO
Oo&ﬁ AcOHH,0 05 Ac,0 Acoo&%

HO 4 steps AcHN 90 °C AcHN Ppyridine
HO 0 TSP HNIO OBn oo G OBn AcHN o,
AcHN OH o o HN™ ~0
133 134 135 OT\)\ 136
0 o] ( o
1) Hy, Pd/C, MeOH
A\ g f 2) iPr,NP(Oallyl),
AcO f ACOO 0 benzylthiotetrazole
AcO DBU, CH,Cl, ACHN CH,Cl,, 0 °C to rt
O S O- P (e} /
AcHN 5_p_o B N So & N7 3)HOp, THF
N0 pl 7/ -78°Ctort
o 39% over 3 steps
HO\[(‘\ 132 137
o]
SO,Ph

HifEiz = v b+ 132 3 D-GIcNAc(133)2> H &K L 72 CRREEAI D 2 7 I v ERERFER 134°° 22 H &KL 72
(Scheme 47), &7 I VIBIREK 134 DRV ) F U T v X — A BREIESEGE T CBREL, £U7E 13-VF
—NET e FNECRE Lz, RV VNI =T AEIKESFEL, ECKBEICH L ChAdr T 3
KA LTS TEAEY YR AT V2 GBRRIUKEZHCTRRILS 2 2 L °hY vk 137 2157,
RBICT7 2= VAR VT F LA DBU Z WS ic X VERE L, Hifxr= > + 132 &K
L7

Scheme 48. Synthesis of disaccharide unit 130

OAc
NHAC o f
NH cO o)
WZWOH AcO éﬁ 1) Hp, Pd/C Af\oo%\ o] 0
MeOH C AcHN A_p_
11 steps ACO AcHN I O0-P-0O /
138 OBh— . N0 N/

2) PrNP(Oallyl),

Hgo o O\[H\ 1 H-tetrazole RO
HO CHCl, O DBU 140:R = %k/\/sozph

AcHN ~OH (0] 0°Ctort CH,Cl,
133 SO,Ph 139 then TBHP 93%

50%
“fE2 = b 130 % D-GIcNAc(133) & D-Z v 24 3 (138)2 & A Ak L 72 SCEREEAT o —HE 139°° 2> & [Fl Bk
A L 72(Scheme 48), —HE 139 DRV I ANEZREL TRONLT VI —A% ) VEEZ X TV 140 ~
B, 72 VANV F AT FARERREST 52 & T 130 2157,

130: R=H
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Scheme 49. Synthesis of imidazolide 131
1)EtN, pyridine  n= ©

O
MRS
quant.

141 131

+

+
NH4 %
-0

AIZ) F1B3LIEAIAY) VIET vE=Z Y LEA4D)' 2 P YV ZFAT I VIE~NEEHL 2D b | CDI

ERIGE DL T & THML 72(Scheme49), 2 D4 I £V ) F 131 13 HEET 2 2 & 2 RO KIGITH 7=,
Scheme 50. Solid-phase synthesis of glycopeptide 146

) Fmoc-D-Ala-OH 1) piperidine/DMF
’PrN C=NPr 2) Fmoc-D-Ala-OH
DMAP, DMF HBTU iPr,NEt
/‘é /\> O °Ctort \H/L
BZZO pyridine O/ 1) piperidine/DMF
DMF 2) Alloc-Lys(Fmoc)-OH
HMBA- PEG resin quant. 142 143 HBTU, Pr,NEt
H‘ 0.39 mmol/g DMF
OH NHFmoc NHFmoc
O/ 1) Pd(PPhg),
BH3*Me,NH
CH,CI,/EtOH

o .0
H H (o] s
. b
1) PA(PPhs),, BHg-MeNH OW/L AN D :
CH,Clp EIOH O o N \([)]/\H NHAloe. BTy s OO NJK/NT?"‘HA"“
2)130 (1.5 eq.), PyAOP 129 0C HBTU, PProNEt 0 H144 o

HOA, 145 BnO,C DMF
DMF/CH,Cl, = 111

double coupling

AN 1

M~ 1

SNTON PP :
QH =

CN—P—N 1

U , '

N :

NHFmoc OAc
NHAc =
AcO lo) Q '
AcO (o) ] 0 .
o} . OAcO I AcHN | I !
I 0-P-0 , |
N 1 .
omiNJJV_ . o T B
o H ¢ o H ;

N

(_7 145

2=y MLEVIOGKEKZ =0T, FTIEA VLY € F IA26)DEE % 1T > 72(Scheme 50), HMBA-

H
N
146 BnO,C O

PEG fig (< HFf X 2172 Fmoc-p-Ala 142 % HIFEME & L Fmoc #%1C X Y Fmoc-b-Ala-OH, Alloc-L-Lys(Fmoc)-
OH %EXAMi L7z T Ta-7 I/ HORRERE Alloc FICEHE L7720, LT Alloc iEZHWT
Alloc-D-Glu-OBn & “ffiz = } 130 G L7z, “ Mz =v I 130 OHEATIL 130 @ L-Ala FEEO T v
A VLRSS 20, MiaAlEe LT PyAOP, e L TR C©H % acridine (145)% V>, DMF &
CH.CL DEABEH N CRIGEIT) 2Tz ¥ A U LEIHI L ooMiaZ T o7z £ 72, "= T 130
15 SEHAV, Zofitxd T 2 & TRICITERMICHETL 72, e, &7 I A DOHEIT I Kaiser
ARBRIC X Y RERE L 72,

M7 I )BEOMETIEIT RT 7 b v OBEICHEG, EHLI N2 NAF VEED ol @ BYAL TS 5, B % 16 3
%7212 HOBt @ X 5 @A SFIH X L 223, RIGIBED OB LICEE L 5.2 . CHCL @ X 5 7 Ipf it % Hhii
e 322 & CREAEZNHICE 22 LBRHEIN TS %2
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Scheme 51. Optimization of diphosphate formation
o

OAc /_< OAc
9] NH i (0]
HO 5 steps 0 /N i activator (1.0 eq.)
(0] AcO —P- ° (0]
Ha& %coéﬁ o BN g N-P-0—\ o N—QO DMF, 25 °C, 24h AgO— o o /(_<NH
AcHN O AcHN 5_p_oH o see Table 11 AN O_p_0-P-0— o N—
o e o R, v o 6 & XY b
1.0 eq. CyHN™ "NH,Cy
121 1.0eq. 149 {o' oH
Table 11
entry  activator yield (%)? entry  activator yield (%)?
1 none no reaction
-N
N7
N’N\N | N
2 LN/ 18 4 Q)\ N 47
H
O,N 152
1H-tetrazole (150) 2
pK, 3.7
pK, 4.8
+
-N HN/N
N7 A\ b
3 i N 48 ° o LN> 58 (31)
BnS H H
151 153
pK, 4.2 pK, 2.9
aYijelds were determined by 3'P NMR. PIsolated yield.
3P NMR -
yield (%) activators
100 = —X— none
—A— 150
—— 151
80 + —o— 152
—o— 153
60 -

40 -

20

X

0 12 24 72 time (h)
Figure 32. Time course of diphosphate formation

i Lo~ 7 F RO/ EER L =70, Ric) VBB OMEA Z1T-> 72, Hido X 5 1ci@Eo
AEHICIRY) VERER OMA IR ZEL, 20K L ARETH o 72, FEHAK IR
RO T o, RIGEESEIK T 375 2 eBTHRINLLD, EHEco ) vERER OffEd 15T
b, W CRICEEDRELZT) 2L & L,

N-T7 2 FNp-7 N aH I VARHER 147 2 5 B L 72 SCRBEAI OB ) 1k 148 = 7T ARE & L, Park
X7 LAFFOERICHCEEAFY F—F 121 LDV VEEERB OHEA % Miit L 72(Scheme 51), MG IZ
DMF #&#EH 25 *CTfTwe, *'PNMR CEPF L 72, &L O Hl %2 SF IS ELA & L T 1H-tetrazole (150) %

70



Wik 2 A, 24 K DO IRIZ 18% T H - 7z(Table 11, entry 2), ASUGC IZIEMALFIZ 121 DA F Y v E
FRTFE7Tm b5 e TIEMHL L. RISOSETS 5. 2 2T & b BEHEEE O K & WIEELH & F v
THI EREMBZITI L & Lz, pKa 42 D151 ° pK, 3.7 D 152 ZH W2 & IEERIZZ NZ 1L 48%.
47%% Tla]_E L 7z (entries 3,4) KICBAR HIC X Y i X172 153 (pK, 2.9 ZH Wz & 2 A, 58% &)
INE TTRD EVGIERG S N7z (entry 5). ARIGD KRR E % Figure 32 178 L 72, JH\ 3 0 3G PE(LH]
DEEMEE DA EIC W RIGHEESE AL TW B 2 e 2sbh b, 153 Z AW 7285813 24 KRS < RIGAYE &
REBICES 2 2 L2 IC R oTe, UEDBETL Y, ¥V YIRILOTEHALH]IE 153 2Rl TH 5 L ik
iE L CEMAETD ) vEBEROMAEZITS 2L THAI ALY ¥ FIHA26)DEKEIT> 77,

(V

Scheme 52. Solid-phase synthesis of neryl-lipid Il (126

NHFmoc

AcO J/
AcO
OAcO

J\/N : AcHNo P o
BnO,C O
146

1) Pd(PPhy)s, PhSiHg, CH,Cly | 2 N2 © u-N o

N-P-O I S
=~ 5 — N 153

131 H
NHFmoc OAc DMF, 50 °C

1) piperidine, DMF | 2) LiOH, THF/MeOH/H,O
21% (overall yield)

OH

NH,
NHAc

+ +
HO pd o NH; NH,
HO o_ 0 o O
: QHO I AcHN o_p_0-p-0
HO J\/N TR —/ =
e IO

HO,C O
neryl-lipid Il (126)

EFHIHF = 7' F ¥ 146 © 7 Y AHk% Pd(PPhs)s & PhSiH; Z FWTERE L, 4 2 X V'Y F 131 2G4k
A 153 FEAE T CRIG X # 72, B ETORIGHEDIRT 226 IGHERE Z 50 °Ce L7z & 25, U vIREH D
A AHET L, 154 2197, 2O Fmoc HE v _Y Vv A HWTREL 2K, XvIriie 750
bR & BilifiE % LiOH % Fv> T THF. MeOH. H,O IRAEBH CTIT o 7. 135 N7 M4 W % 1%i4H HPLC
KX OREHEL, 2V ALY EFIN260)%1572, AL 126 DA77 P LT — X 3SCHES L Ro—8%
AL, TZIA YA EFI126)D EHEE K % RIE 21% TER L 72 (Scheme 52),
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Scheme 53. Solid-phase synthesis of neryl-lipid | (157) and Park nucleotide (122)

NHFmoc

RS RaeE

129 Bno,C

NHAlloc

1) Pd(PPhg)s, BHz*Me,NH
CH,Cl,, EtOH

2) 132 (1.5 eq.), PyAOP, HOAL, 145
DMF/CH,CI, = 1/1, double coupling

NHFmoc OAc

=
AcO O
o o]
T
AcHN ©_p

2w 9 0
O“ikfi ol

BnO,C O 155

i CyHN” “RH,Cy WN To
1) Pd(PPhg)s, PhSiHs, CHsClp 2)N¢\N_(F?,_o HKI“N\> TIO 1) Pd(PPhg)s, PhSiHg, CHCl, 12)  — O [ nw Ly 153
</ 3 \:<_\:< L/ 153 O\_/N_gj O\@N«o H
131 H
NHFmoc OAc DM, 50 °C NHFmoc OAc ” ':OH DNCI)F, 50 °C
AcO O & =
ol o o "o, O 4
o 4,y o IAcHNoFBoF‘vo o o eI M
: _P-0O-P— L cl _P-O-P—
O\H/LNJ\/N ) PO SRS S N G o LT x> [ AHNOp0po o N
: \[(\ H N N HN" S0 o O o
O H Hof H R
A N o on
BnO,C ?56 BnO,C C1)58
1) piperidine, DMF | 2) LIOH, THF/MeOH/H,0 1) piperidine, DMF | 2) LIOH, THF/MeOH/H,0
20% (overall yield) PP ’ 44% foverall yield) z
NH, OH NH, OH

PR
0
1 gy B rogyg, e
URESE S 2 L N R (IS 13 A 8
HO N T ‘\:<_\:< H = I 0-P-0-P-0—~ o N
N7 W/\H g AN 0O O HOW(LNJK—/N\[(\N Yo 6 o \g o)
0 E) NTH\ Dow o Iow Hm/j\

HO  ©H
HO,C O HO.,C O
neryl-lipid | (157) Park nucleotide (122)

RACHEL L 72 RIS Z FH T A U v ) v F 1(157) & Park X 7 LA F F (122)D 4K b 1T - 72(Scheme
53), FEMHIHEFT P 7 < 7F F 129 icxf L CHlEz= v b 132 2RO THEA L. 155 2157z, 2O
TINEZ 0ffic 7Yy AfillEz HWCEREL, 2 YY) R I A2600DG & FERIC 131 LD Y Vg
oG & BAHE, BEEZT> 28T A e R 1 AST)DEMHEARK % BIE 20% TEK L 72,
AR~ 7F 1 155 20 ) VB OMEICHV2 131 27 )Y v 5./ ) ViE»r LB I b TV
FVF—F 121 ~eEBEL, FEOEHEZITH 2L TPark X 7L AF K (122)DREFHAK b EK L 72,
B L 72122 D AT b LT — ZIISCHE > & Ro—8 &R LTz,

PED X5 IcEZRIZAY ALY ERIA26). A VAV EFI157). Parkk X7 LA F F (122)0[EHEE
JRAER L 720 KABEIAV 2=y P 2EEF L Tcinsd 3 LAY ZRRICART 2
EOR[RETH O, BEXTF FEOZEWD BIEICIT) T LB TE BHEN L b DTH 5,

72



Lipids I, II J2 U8 Park X 7 LA F FICHEFE # 8 A U 72 HCRERR A |3 A B 2B & B 55 o0 B A A 1<
WHND 86 FEN L 72 AR T Lys RO T 3 HIT{LHEM OB A DA RERRRIK L o T B 7
D, A VAV R A260). AU AY e RIA57), Park X 7 LA F F (122)D Lys BIRIcz nZt ik 5
A A EA L B AR T L & L,

Scheme 54. Solid-phase synthesis of DBD-neryl-lipid Il (159)
NHFmoc OAc

1) piperidine, DMF 3) LiOH
2) N-O THF/MeOH/H,0

Me,N. 00 ) N 11% (overall yield)
/S Y
/
(o}
159 NCS

’Pr2NEt DMF

NHAc o NH, NH,
o o
o Ho IO ° 9
AHN
0-P-0-P-0
1 1 - J—
Hom/LJyN T S R R
o " o Nm)\

HO,C O
160

BEFHEEFA DV L) EF I (154)D Fmoc #EZ v =Y Py E2HOWTCREL, AT I Vi LTA VF
FT A=+ 159 EH X ¢ 32 L TCDBDEEZFA YL T ENLTEALZ, i CHEEMEHET o
iRt & BERETAE % 17\ @0fH HPLC 1< X W %9 % 2 & ©.DBD-# U vV &' F 11(160)% 5% L 72 (Scheme
54),
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Scheme 55. Solid-phase synthesis of FITC-neryl-lipid | (162)

NHFmoc OAc
AcO o
© o 9
g I AHN ©_p_0-p-0
. o BRI
OH

BnO,C O
G
OH CO,H

1) piperidine, DMF 2)

ol Jegel
%
‘ O iPr,NEt, DMF
o J\H 3) LIOH, THF/MeOH/H,0

30% (overall yield)

HO,C O
162

FED AR T LA L4 vEEA L FITC-4 VLY v F 1 (162)% &% L 72(Scheme 55), [HIHH
HAEFneryl YV v F 1156 ® Fmoc % FREL, fFHN727 I v & FITC (161)Z L& H 5 2 L T7 41

A v EREAL, WlRHELBEIEZ1T5 2 & TFITC-4 Y LY ¥ F1(162) %157,

Scheme 56. Solid-phase synthesis of dansyl-Park nucleotide (124)
NHFmoc OAc

0
0 O AcHN
o JJ\/H - I 0-P-0-P-0—~ o N—
N YN HN" S0 o0 O 0
o 1 ¢ o H HT\/K ;

BnO,C O
158

NMe:
2 1) piperidine, DMF
2) dansyl chloride
NaHCO4
acetone/H,O

0=S.
g NH OH

NH, NH P
HO (0] 4 4
0o o o anr
w3 9 IACHNOPOPO o. N~
HO J N Y
N> YN HN" S0 o]
o H = o H HTW/K

HO,C O
124

3) NaOH, THF/MeOH/H,O
26% (overall yield)

FfRICLCTX v ¥ Park X 7 LA F F (124) &% L 72(Scheme 56), [FEFHIHEF Park X 7 LA F F 158
® Fmoc HxEEL, Fvirzuaif4 FeDARLF=AL 5T o7, DMF % KIGARE L L 7B i3k
JGAHEITE T, Tl Park X 27 LA T F ORI E W72 9 1C, DMF IR ERBIEDRERK C 5 7272
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DTHBHEEHE LT, 2 CTEHEKBEFRCRICEITo 728 T AR NVF= LI TERE L, BiiRaE & i
ZHFEC dansyl X v Park X 7 LA F F (124)% 1572, ML DRI P AT —XDHBIZ, AL 72
124 Z[5A4 AV ZHIT XY Na i~ R L TIT v, BONAART P AT — 23 E Rn—8ZRL
726

Scheme 57. Enzymatic reaction of dansyl Park nucleotide (124)

NMe,

RO X 51X v v Park X 7 LA F F (124) 138 F MraY OHEE & 7 % 2 L ¢, BHEAHFHM ICH W
53T 5 (Scheme 57) % Z T, AL 72 124 D3FEFRIC MraY ORE L e 2 O %R T 5 L & LT,
BN Park XZLAFE 1)V VYT AL =Y VEE116)% E 7 F 7 BRE Kk D MraY #7E T
AvFax—1FL, KSDH#ET% TLC I X Y BERL 72 (Figure 33), X ¥ 2L Patk X7 LA T N (124)2>
BAEKL7ZL ) B R TA63)D ARy kit 160 -° 162 & T WALIE ICHT 72 1IC BiAL(Figure 33, lane a-d).
MraY PHEHICTH 2 Y =H~A4 > v 7 &z 7= & Z 5 (Figure 33, lane e). 163 DEKE DIV HAR SN 7=
Zehb, B L7z 124 28 MraY OB & 72 D 163 ~ L A iz 2 L RB I Tz,

a: 124

b: 162

c: 160

d: 124+ 116+ Mra¥Y

e: 124+ 116+ MraY + tunicamycins

Reactions were carried out in 0.5 mL Eppendorf
tube. Reaction mixtures contained, in a final
volume of 10 uL, 40 mM Tris-HCI (pH 7.6), 40
mM KCl, 20 mM MgCl,, 0.2% Triton X-100, 6%
glycerol, 1% DMSO, 100 uM Css-P and 100 uyM
dansyl Park nucleotide. The reactions were
initiated by the addition of Staphylococcus
aureus MraY enzyme (55 ng/0.5 pL). After 5 h
incubation at room temperature, the reaction was
monitored by silica gel TLC (NH,OH//PrOH =
2/5, detection: UV 365 nm)

Figure 33. TLC analysis of enzymatic reaction
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PhEo X5 i, I lipids I 1T K TF Park X 27 LA F FICHOEE R EA L 7= HOUESAIE 124, 160,
162 DGR ZERL L . ARG BEE D HINEEE A & AT AR O FFEARGHICE L T3 2 & 2R Lz, it
CHEHBEBTIEARLEZA VALY EFIHA260)E 77 20y AsOMBERE. 77 250 v A DIEFIKE
B 2 Ic 2wt~ 3,
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BHE 77 ATV A DVERBEF 1B 2 ifF5E
—ffi TTAANT Y Az AV A YR O AR

TIANTY A3 A I NY R I OFABIIEZEHES 21cHh720, VNN &Nvasfvvo
MEERICET2HREZSE T Lz, NV a<f Vi3 ) ¥R IO D-Ala-D-Ala KifIC#E AT
% 2 DL N THE D Ac-Lys(Ac)-D-Ala-D-Ala =X 7'F F & OFEE DFRBEEE L B2 T A — 2 —1F,
BT A ) A ) —ATC)IT X 0 HIE & T\ B (Table 12)°%, ITC HIE BB ARECTH 3 5 2. fiEt

EBE BN N T A =2 —%[ARFICHETE 2 2 b, 77 ANV A3 2 Y N I OFEEEI
PRl i LT3 eERT, 22 TITC ZMWTREGBMMEZHEST 22L& L, K¥V T4 7av
fr—nelLTAvavf vy EHOCHEROEERTTS & & Z5HE L 72,

Table 12. Thermodynamic parameter

for complexation of vancomycin with
Ac-Lys(Ac)-D-Ala-D-Ala

K, (uM) 2.110.3
AG° (kJ-mol!)  —32.420.4
ARP (kJ-mol?)  _40.1+1.0

TAS® (kJ-mol ) -7.7+1.0
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a) neryl-lipid Il + vancomycin b) neryl-lipid Il + plusbacin A3

time (min) time (min)
0 10 20 30 40 0 10 20 30 40
T d T T T T T T T T r T T T T T T
0.00 +
0.00 M%WWW;
-0.05 1 J
Q O -0.05 4 -
(0]
2 0104 2
- 2
g g
-0.15 ] -0.10 -
-0.20 —
004 T T T J T T T v T -0.46 -y T T T T T T T
n
= = 0304 no binding
2, 2
£ c' 0.20 _
Y— — L |
° 404 - o .
8 Ky=21+0.2uM 5 0o i
T 60 AH=-34.2 +1.1 kJ-mol] =
£ 7 ~TAS = -1.7 kJ-mol! £ 000+ L NI
n
T T T T 1 T T M T T T T T T '. I ! .I
0.0 0.5 1.0 1.5 20 0.0 0.5 1.0 15 20
molar ratio molar ratio

Figure 34. ITC raw data and binding isotherms for antibiotics interacting with neryl-lipid II.
a) 200 yM vancomycin was titrated into 20 uM neryl-lipid Il (+ 2% DMSO).

b) 400 uM plusbacin As was titrated into 40 uM neryl-lipid Il (+ 4% DMSO).

buffer: 10 mM sodium phosphate (pH 7.3), 150 mM NacCl, 0.9 mM CaClz

SV EFTQROUMICH LTV a~< 4 2 Q00 MYZTE L7z L A, v a~vq v v IdCHkfE
& X —F % Kffi 2.1 uM DAE G % 7R L 72 (Figure 34a), —H 77 ATV Ayl va~wf vy
L0 b ERAE(400 uM)ZEHIC B\ T FEABUINE 2 7R X 722> 5 72 (Figure 34b), fio T, 77 AN v As
DIEGEALIZ N v a~ A v VB ES T 5 D-Ala-D-Ala K Tld 7 { ARHESRBH T TRAIALYVE R &
Fa LRI EHL 2 &R o7z,

MOV v F MR EIcfFEL TE 0, 77 250 v Ay OREETERISE I L HAER 3 2
TEBRTRING, FE 7T RV A OIEEMEBE I PTRTG TR ICZHTH 5 T L A3 Schaefer H IC
Ih#HEINTw3E P, EROFEHRER,L O, 772NV A3 2 D) v R I OMEEICIFMEED
FEBMBHETH D LE 2, RICT T AN v Ay IO AERICOWTHNS 2 L L L,
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Ff VARV - T TR A OMAEH

TIANY Y MsDERIATH B TR T F I onTE, KEIREI =4 7 035 v Z(QCM)iE
ZHWCHRER L O AERARTR 5T 5 (Table 13), Table 13 T/RLZZ LI LTV RFXTF L
U VIEEBEO BN KafiE 0.77 uM Z7n L, Z OFFIPEIX Ca? fFAE T CHICH KT 2 2 el I
(AR

Table 13. Binding affinity of empedopeptin to phospholipid membrane
ks (M-1-s-1) ks (s) Ky (M)
without Ca?+ 28351507 2.10+0.86x10° 0.77x0.41
1.25 mM Ca?+ 4736+1262 1.47+0.70x10°  0.30+0.11

association rate (k,), dissociation (ky) rate and overall binding affinity (Ky) of
empedopeptin.

T ANY Y Ay EHIREEO M EEH %2 X0 fEfEICH R 2 20, Ml A IS ER 5% 5 U R
V—LTEL, 77 ANV A L OB ZTRTzy 7T AN Y AIF 20D NERVERE —D
DT =V vEALTVSE D, WHEFFET R —ioAEMEZT 5, COAEMICKY, VEY —
LONREREIC T F AN vV AsHBFEAT S L VR Y —LDE—XE 2 HMET 3 2 (Figure 35),

HoN<_NH 0,C §
2! Y 2

Ho'C\NmJ\ )‘1\ Y\ J'

o/\NH ozc ?
[>}
plusbacin Az © %

Figure 35. Interaction of plusbacin As and liposome

WY RY —LOKRMIBHZE T HMEERENFEL, CoOEMOERT 2RMEFICL Y, I 3SoEMREZA
FT2KEEHDA A VIZY R — AEOEBICIET 2, COAA VIV ERY —LL L ICEBL, CDX5RYFRY —
Lo TAA VOBEMBR 2HETRVMEE L O, HREZEEL LTIV EoEMNE ¥ —2EMEERT S,
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PR 27 7 F Y03 ) YEPC)E IL AT H—A(Cho) 5722 YR — LI LT 72 Ay
EMAZEZ A, av ra—1®DMSO ZHIML 72K & T — 2 BALE T L, BRI D 2
T 5% T L 3T & 7=(Table 14, Figure 36), fit> T 7 7 AN v Az i3, HEATEMISEZ 5 E —ERBICH AL,
VRY =L ECRET 2 ERHO 2 o7z, T2, PUEIEESHA L 29 74 F 2 3FEK 100 12D
VT b [AIRE DA R 235 & 4172 (Table 14, Figure 36) C DFEHE S 77 282 v Ay 13 % D lgvATERIE 2 F
WCHIREB ISR AT 2 2 L RIBR I N 08, Z ORI T threo-B-& F v ¥ v -Asp D/KEEFRLIZEEG L 72
WZERHL AL o T,

Table 14. Properties of the liposome treated with 1

zeta potential

plusbacin A; (%) 0 0.5 1 2 4 (mV)
average size ("nm) 1447 137.9 1401 1369 1436 ]
L 0 plusbacin A, (1)
zeta potential (mV) -16.1 -19.3 -20.8 -206 -22.0 h
-o- 100

A solution of 0.55 mM liposome (EPC:Chol = 7:3) in 10 mM
sodiumphosphate (pH 7.3 + 1% DMSO) was treated with plusbacin Az. 199

Table 15. Properties of the liposome treated with 100 1

100 (%) 0 0.5 1 2 4 21 4

average size (nm) 1447 1399 1371 138.0 141.3

zetapotential (mV)  -16.1  -20.1 -20.4 -228 -22.3 ‘ 2 1'or 100 (%)
A solution of 0.55 mM liposome (EPC:Chol = 7:3) in 10 mM Figure 36. Concentration dependence of

- o . )
sodiumphosphate (pH 7.3 + 1% DMSO) was treated with 100. zeta potentlal

PEXy, 7720y A ldfiEIcfi AL 7221 ) v F I EMHAERAT 2 L PEEINE, 22
T, ffEE EcomE oMHEERS, BEEOKRENCET 2 MA 252X, T8I E 2w
ST vial—vaviitiT bl Lk, XEITEIDRRICOVTHERS,
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B TR AV R NBEROGTEINIYY I aL—va v

INECT, BRI, TIRANv Y ALY UV N OMHAENZESEBNT 2 ldTcEd,
F I & ofeicid, Mk e OMEFRAPEETH 2 ilREM S RB SNz, 5 =X LIRIAO 72 OTf
JefEst 2 R —Bie 32 <<, FHRAEN TR Y. 7720 v A ) v R T oMAEERZHN
52 L %EtHE L 72,

RIEEALATEIC B CRHEAL A D R FTHRENIFE LA RELS o Twd, 2y 2 E LR T LEYO
MEFRICBE L CTEF Y v Z5HEA-RICHCON D, Fy F VY 75HRIE, 2 v 2 B0“LIEA "%
fEER Ty MICHEEL., KO TLAEYO ZRITEESHER T v P O ZRITHEICED X 5 RS
REERT 2. A FT Yy PRIBET 20O WHEE, Vo Vv 7R ZITINRIT, 2 v 78D X5
ICLE RS REZ N > T2 b DIRESI NG, —T7, ftRENRE 22 RO LG EZ K Lt
D XSz, £ ORHREREZ KD 2 FENFEREIE X v 0 H LK FLEY OEA OB
Z2HTHHEI NS, L L, DFENYEREICX Y 2V 7 H LK FALEY ORE AT - et
EWV)—HDA Ry FERDLZGAE, GITRIAMNBRERT LI L0, TNEZERL ZHIZEBH O AT
B OO Y PR YN L GEP IS TRENVNS ERMEAYITH Y | mail ) v IRE R
FEoVEF T ORTEINYY Iab—va vBIlRE SN, BT F FERO, BEAETEMRE IR % @b
T3 ERIN 12, 20X D ICRERFLEE R LAY 3 AR & RIS X KR
HLERICE. Py XV IUER IV O TENFAEIREREL Twd eFE2bNE, IHIC, JEF I &4
REFTDRFFETHBV D, GHHAaXPBETFTEIehb, TTRNV Y AL DA~ %Z >
12l —vavI Rl BT RURETHLLERT, £ T, VEFLFEARL T I A0 v A5
HoBRGEET T X B2 R T ore, TN Ial—va itk VfIRs L e LT,
KEHICTIET I AN Y A3 Y P NOMHAERICBEL T, 0 FEIN%EY 22 b — 3 ViR S HEH X
nNazliconwcifhid s,
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FTF,RE_HEB L) € FIREA L YIRS R ER L 72, WIIRSEDERICH 720, 77 vty
LY EFRIEF A vy OEAKRDONMRIEEPDB ID: 1IWC0)'®% %312 L 7z, Orientation of Proteins in
Membranes (OPM)7 — & X — 2B b ZONMREE 2 X7 va—F L, 4 v v offEz bR, 1-
palmitoyl-2-oleoyl-phosphatidylcholine (POPC)[E % Fili& L 7= (Figure 37a), & OREEICH LTy 2L T 4 VA

—fLDEHE 7 1 777 Lidesmond Z V> T 50 nsec D MDATHE Z 1TV >, 50 nsecf% DIt % Figure 37bIC7R L 72,

Figure 37. MD simulation of lipid Il analogue

FIARSECIX Y © F TN OB~ 75 FEPIEERICE L TWw DIt L, 50 nsec O REE CTIIHE~ 7
F FEIIERENCEH L, BEoRELFEKIC, Ve F T ORBIRRESE(T 2 erbhr o/, &
722D v NI OB & %NS % 72 GleNAcl (7K KR F(Figure 38, B). Lys-e% 3% 51 - (Figure 38,
C). K D-Ala-afk 385 T-(Figure 38, D) & famesyl & 1 {17k 38 )5 1~(Figure 38, A)fE] B % 58~ 7= (Figure
39), ZDfER, IO DHEEOZLARKE L, Ve NN IFXMAWERET 2 2 EARBRINT,
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Figure 38. Structure of farnesyl-lipid Il Figure 39. Represented distance tme (nee)

SRR v NI AEHE TR X o7 BICH L GHE L 2 IR E IR A BB T 5 4 EAYH B, Protein Data Banc (PDB)
D OB R N TEOZRTEE IS L, IFERZEE T 256, REBEOEFEOWREIEMIC 5, OPM 7— X X —2
[ PDB 7 — 2 % LI X v /B L IRE O ERREZGIE L, 20T — X2 MAMEERO T — 2 X—2Th %,
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LEDRER X D, 50nsec 2DOWE A 7= P)k&EE L GERL, TORICTIZANT Y A3%INAT
BEMDYIal—yavitiZ b, 3. 7720 Y DO =ZRIUEEERER L 72, 77 &

Ny v Ay DIEEIFHICES L Tl Wohlrab 28 DMSO-ds 1 CD NMR & % #its L T3 D (Figure 40)'%,
=

Figure 41 ISR T X 5 B FRIKFEMADHELIREINT WS, ZITIOWEESHEIC, v aL T4
VH—OHE T 0 7T A Prime EFAWT T T AN VY A DRIEREZER L., 25 DKERARE

IC iR b T WIS % I L 72 (Figure 42).

Figure 40. NMR structure of plusbacin As

2N NH
AN
HO &

Hom( &r-F.3
oﬁ-?\""--oOH
oLty
N L.gee"% 3

N

Figure 42. Selected structure of plusbacin As
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Figure 37b D& DEHRHIC Figure 42 TR L AMED 7' 7 ANV vV A3 0 FRCEL, MD & L 2 L
— ¥ 3 vV OYIAREE Z (ER L 72 (Figure 43a), & DREIEICH L, 2usec DA TEINIFY I 2L —va v i HE
ML 7eo WP D77 A0 v AI3Y ¥R IICElT 22 &1ddH 2 b DD, Gl & I3 E Lz
o 7z(Figure 43b), % D, — T D77 AN v Ay \IHEHE —HEEICHF A L (Figure 43¢). &AHIICDH 5 —
FTDT T ANV Ay b JEE ZHEHEICH A L 72(Figure 43d)s.

a) t=0nsec b) t =400 nsec

c)t=1.4 usec

Figure 43. Snapshot of MD simulation (blue: plusbacin As-1, pink: plusbacin As-2,
green: lipid Il analogue, gray: membrane)
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iR X5, IFE EEIEFE T TR 720 v A I3 ) BRI EfEAE T, MDD
ERPLERFO 7720 v A LIFE HEREG O ) v F I OBE BN 28RBS, $72.
HoEREETOYE NN LT 7 AN Y A QEEDHAFEMIERONT, 2OV Ry IaL—v
2V Tt SHRERHOY I 2L —YavBRBETHILEZOND, L2 L, B fiichi7z)
RY —LERACEEROFBERLFERRIC, 77 20 v A BIFE ZHEFICAT 3 2 & 5L EL L D
TRE NS, CNLOERI Y, IBEBICHATZ L TT IANY Y A ORESELL, VY FIIC
e T 2AREED H 2 L E 272, % 2T, Wih L IFEE R COREE T 2720 MDY 2 2L —v
a VTR LNEEIC L Ca vy 7+ A=y avDr 7RARY) v 7 R{TH 2L LT,

6 Dendrogram

Merge Distance
w

Entry ID

clusteri » cluster10

Figure 44. Dendrogram of structures of plusbacin As

MD ¥ a2l —vavicEldd 2nsec & & OffEx MM L 725 2002 D 77 23 v Ay DIEEICHT
LTCavrix—vavnsI7RA2Y) v 7 Zitw, b0/ 7 Y Va7 L% Figure 44 1033, DT
v e ZgaicknT~— R 3.7 (Figure44 JRIERR) T2 722 ) v 7% fTwv, 772X —1-101C
LTz, K7 TAX—F 7 TAR=FEPIEVIEEULEETHE L EZR LTS, TDITAR
—Z T, BT EIRERh D 7T 280 v A DECE R IR L 7=,
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Figure 46. Relationship between
conformation and distance between
B-hydroxy-Asps

Figure 45. Time course of distribution of conformation
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Figure 47. Structure of plusbacin As

Figure 45 FEtIZ 7 7 A X2 — DDA R L CTED, ZHTO T 7ANTY A3l3ENE BT LT
KL TWwb, TEIE, Figured7 REHITR L7 7T ANV A3 D 3- Faf o 4y ~F37h VEEER
3NRFBIRFORRE —HEED S O ORI RBE R L TED, ZIhALHETRLEZT TANY Y A4y
T3 1.7 usecs FRTR L7200 T 138 09 pusec D 2 2L — g VIFHCIEEE~DOff A2 I LT3
bbb, BEBE~DFHAFKRD 7 7AX DOzt d 2L, 2O Rins, FBTRLEZ
ST TIRIBRPCEICT 722 =89 ZIFEMF T 1,2 #HWTE Y OR LA TIRERPTIZZ 7
AR —4,5 %, IREBERTIRZ IRAZ—4 ZWo>Tw3b, ZOMELL, 772X —1-4 3FHEME D CF
Fl. 77 AX =510 1ZBMR P CHEET SAETH S 2 LSRRI N5,
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Ric, 77 AX—[BOWEDEREZRRD 0, FIEEERICSLHATH 72 2 DDB-& Fr ¥ -Asp 5K
I BIR FIF T (Figure 47 75 K FI)E o FEfE % F8~ 72, Figure 46 1. Figure 45 FEOX% 2 DDp-t Fu ¥
V-Asp BEPKBIE T OHEECORTLZDbDTHY, ThbI7TAE—1-4 ZTOHHIEL, —
J77 7AZ=5-10 1FZ DA RS o T, 2IH 56,2 0DB-k F X v -Asp BHIEM DT HNKE
EEDOEENRE SN, T OKEMEBERP TR I heTweffRans,
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2 DDB-t FuF TAsp BEBDOKBEEICOWTHRDL 20, BTN IaL—vavicsld
% 0.1nsec & & DG Z i L TR ZH55. IEEREH (Figure 48a). &R (Figure 48b) & % ICB-t N ¥
v -Asp BRILF D7 T NKFEREG R & N 2 EE S FE L 72,

a) b)

L-Asp(-OH)

L-ASR(-OH)
) ‘ X

\4 ,
N—N
/) ’

Figure 48. Intramolecular hydrogen bond of plusbacin As

RIT, TD XD T WKERGZHT 2HMEDK ZET LTz, IRE7 7 AN Y A3D3-E FuFy
AV ~FHT I VIER 3 MRBR T OIRE —EEED O OFEEDS 30 A LU o IR E K EICEE S 5%
& & Alnd & Figure45 HE TR L7253 713 r=881.0nsec T, FEXT/R L 724311 r=1703.3 nsec B
I A L T % (Figure 49), HEE RS, WP OIEOH Tp-t F 1 ¥ o -Asp BRIEM D 5y T PIKFRFE A48
RonaEoME Z2NEFNRD, “HTDTIANLY Ay TOMEFHT 2 &, g8 &bl
21%. W Tl 3.7%DREED T DIKFAEE ZTUL Tz, 77 ANT Y A OREHHERKE Wiz
O, IFEBRPICEWTH, ZOKEHEEDIEE I N KHEDH 200 TH -7z LEFETE, TN Figure
44 TRLZT YRR Z I LDLORBEINE A, ZOMBOMPFICOWTIE, AR TD NMR #iEoD
R EDRERT — 2 L DAL ETH 2, b, TOKEHOREZE TRV T4 F o FiEk e
D CD A7 FNOEDERTH S L FEHETE, [FHETTIEZOKEHEITLY 77230 v A3 DRC
JEDSEHh & 3R L EZON D,
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number of structures
molecule time (nsec) location
H-bond total
plusbacin A, 0-880.9 solution 993 8809
blue
( ) 881.0-2000.0 membrane 2988 11192
plusbacin A3 0-1703.2 solution 36 17032
(green) 1703.3-2000.0 membrane 0 2970

Figure 49. Structural analysis
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BUUET 77 2Ny v Ay DHEETE T

—HfirOHE M COMBEBE A, TTANY Y A OHERICHEEEELZ L /-, BRF DT 7 A
NV ARV ERI LSS, TFHRE~AFASKZ 2, oF i, BHRICBEIL 7277 250 v A,
X, B-e P e Fv-Asp BIHEZN L 720 THNKEBEDPIERENS Z & CREOEAIKL 5, ZDKHR

AL D T T AN Y A AP EIZB R ZEEZ L >TY VNI AL, ZOEAEXHEEL T

5 D LHEHE XN B (Figure 50), LA L OB IIEIH O A D EEHER 2DV, &< OHEHITIEH 2 23,
St OBIEE FEBIICHEET 2 R, VRY —LFEHETTIV RN L 77 ATV A DREEZRHFNS
EERRAMEL, A2 2 TETH 2,

plusbacin A3

insertion

conformational
-"g blndlng .“g change
—

Figure 50. Proposed mechanism of plusbacin As

lipid 11
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1) FBIRA I vEHW2S JUBCR OVAEREABRIEICIVGIIL, T AT A ~—%F—DHF
YE D155 YT AT LA %R TU-3CR ZBF L 7=,

2) JU-3CR O RGHEEFRIIENT 2> & D D H 72 2 OGRS HiH L T2 Z & ZitBH L. Z OffRLE
EIRMEDOZENBEL B 2L I LT,

3) JUBCR 22 77 ANV v A ONERINEGHIEZETL L, 77 A0 v Ay DEERKIT

UF A % L HEED AT o T

4) T TRANT Y AHPIRETEE R R T 72 O ISR ECEE I threo-B-t F 1 F 2 -Asp B DIKEREL IC
Lotz TwB L ZHL DI LT,

5) ARG GE % F Vo 72 MIREE A S AT O A ki &2 fESZ L 720

6) MBEBEEFET TR T IAANY Y A3 RVEF I AT, 7720y A IRV FRY — L LA
BT 2 25, MY —ERICHATS 2 LRI NI,
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RiNE 2D 2 12H7- Y BYITELEIEE, ARAHBIE 280 £ L 72 biE RFERE b

SRR A W RRTHEERICL X 0 AL 35

Kt etEd 21570 BT EMHTEE, A4S 2B 0 £ L 2 LE R AR A EITER
SEENSE SCHE GRATICO X VL 9
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FEER D ER

NMR Z~27% Fvid, JEOLJNM-ECA-500, JEOL JMM-ECS-400. JEOL INM-ECX-400P % Jf\» CHI%E L
72o 'HNMR 5 XU BCNMR DALEL 7 M id, TFI7AFAY T v ZNEREREL L7- & % D8 % ppm
T, AV VIEAER JH%Z Hz TRIRL 72,

V7 FNDEEEIL, s:singlet, d:doublet, t:triplet, q:quartet, sept:septet, m:multiplet, br:broad D g5
EHWTRL, £ 7V DEEIX 'H-"HCOSY A7 b icHD W TT 5 7z,
HE 7M. Thermo Scientific Exactive % H\WCHIE L 7z,

IR ZA~=7 Fvid, HAE FI/IR-460 % v CHIE L 72,

CD A7 b Vi HARSH Jasco 1720 % F W CHIE L 72,

SO LCHW AT LY, TR b= P U VEBHBLE Y Y X VAR L D2 Hvi,
MeOH, M Z VBB F PV TV LLVEALZDDEM T, Kizli4 4 v /K% Millipore Millia-Q®
Advantage A10® EMUKELEREE CHE L 2b D27z, ZDfhoiH s X ORI DO » TR ICEEH
DIE AR Y TR D D D % v 7z,

TLC 3% Merck silica gel 60 Fass % F V272,

WEH VAT AhTara~<t 777 4 —iF, FREAIL LT Merck silica gel 60 (0.063-0.200). Kanto
Chemical Silica Gel 60N (spherical, neutral, 63-210 um)Z fH\2 72, 77 v v a v VAT vhInra~w 77
7 4 —ICI3FEHEA| & L T Kanto Chemical Silica Gel 60N (spherical, neutral, 40-50 um) % Fv>7z,

SH U %1% V1% Fuji Silysia Chemical LTD. Scavenger SH silica % F V> 7z,

£ 7 4 b IEEIC 13 nacalai tesque Celite 545 % 27z,
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Paxaxd =

L =
(8)-3-(Triisopropylsiloxy)-2-pyrrolidinone (3a)
0 A suspension of (S)-4-amino-2-hydroxybutylic acid (2, 16.6 g, 139 mmol) and HMDS (210
HN\E’OTIPS mL) in o-xylene (260 mL) was treated with TMSCI (300 pL, 2.37 mmol) at 145 °C for 14 h.
The mixture was concentrated in vacuo, and the residue in EtOH (270 mL) was treated with 1
M agq. HCI1 (30 mL) for 10 min. The mixture was concentrated in vacuo to afford a crude lactam. A suspension of the
crude lactam and imidazole (24.9 g, 366 mmol) in CH,Cl, (200 mL) was treated with TIPSCI (31.3 mL, 146 mmol)
at room temperature for 13 h. The reaction was quenched with MeOH (10 mL), and the mixture was concentrated in
vacuo. The residue was diluted with AcOEt, and the organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3
and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢10 cm X 20 cm, 1-15% AcOEt/hexane) to afford 3a (27.3 g, 105 mmol, 76% over 2 steps) as a
pale yellow oil. '"H NMR (DMSO-ds, 500 MHz) & 7.72 (br s, 1H, NH), 4.26 (dd, 1H, o-CH, Jo-cH, p-ctr = Jo-CH, p-CH =
8.0 Hz), 3.19-3.13 (m, 1H, y-CH), 3.09 (ddd, 1H, y-CH, J,-cn, p-ct = Jy-ch, p-ct = Jy-cH, y-cr = 8.0 Hz), 2.33 (dddd, 1H,
B-CH, Jp-cu, p-c = 12.6, Jp-ch, o-crr = Jp-c,y-ca = 8.0, Jpcr,y-c = 2.9 Hz), 1.81 (dddd, 1H, B-CH, Jp.cx, p-ca = 12.6,
Jp-ct, a-ct = Jp-ciy-cu = Jp-ci,y-c = 8.0 Hz), 1.18-0.95 (m, 21H, 'Pr3Si); *C NMR (CDCls, 125 MHz) § 177.2, 70.5,
38.5,32.1,17.9,17.9, 12.5, 12.2; ESIMS-LR m/z 280/17 [(M+Na)"]; ESIMS-HR calcd for C13H>70,NNaSi 280.1703,
found 280.1705; [a]**p —30.72 (¢ 0.63, CHCl5).
(8)-3-[ Tris(trimethylsilyl)siloxy]-2-pyrrolidinone (3b)
o A susupension of (S)-4-amino-2-hydroxybutylic acid (2, 500 mg, 4.2 mmol) and HMDS
. (6.0 mL) in o-xylene (10 mL) was treated with TMSCI (10 pL, 79 umol) at 145 °C for 22.5
HN OSi(TMS)s : . o .
\5’ h. The mixture was concentrated in vacuo, and the residue in EtOH (4 mL) was treated with
1 M aq. HCI (1 mL) for 10 min. The mixture was concentrated in vacuo to afford a crude
lactam. A suspension of the crude lactam and DMAP (616 mg, 5.0 mmol) in CH,Cl, (30 mL) was treated with
chlorotris(trimethyl)silane (1.20 g, 5.0 mmol) at room temperature for 25.5 h. The reaction was quenched with MeOH
(1.0 mL) and the mixture was concentrated in vacuo. The residue was diluted with AcOEt, and the organic phase was
washed with 1 M aq. HCI, sat. ag. NaHCO3; and brine, dried (NaxSOs), filtered, and concentrated in vacuo. The
residue was purified by high-flash silica gel column chromatography (3-40% AcOEt/hexane) to afford 3b (965 mg,
2.77 mmol, 66% over 2 steps) as a white solid. 'H NMR (CDCls, 500 MHz) & 5.38 (br s, IH, NH ), 3.90 (dd, 1H, a-
CH, Ju-cu,p-ctt = Ja-ch, p-c = 7.7 Hz), 3.38-3.31 (m, 1H, y-CH), 3.22 (ddd, 1H, y-CH, J,-c, y-cu = 9.2, Jy-cu, p-c =
7.7, Jy-cu,p-cu= 8.7 Hz), 2.38-2.31 (m, 1H, B-CH), 1.99-1.90 (m, 1H, B-CH), 0.21 (s, 27H, CH;Si); *C NMR (CDCls,
125 MHz) 8 176.6, 73.8, 38.5, 31.8, 0.4; ESIMS-LR m/z 370.15 [(M+Na)']; ESIMS-HR calcd for C13H330>NNaSis
370.1481, found 370.1479; [0]*°p —45.27 (¢ 0.71, CHCl5).
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(35)-3-(Triisopropylsiloxy)-4,5-dihydropyrrole (4a)
(45.,9S,14S5)-4,9,14-Tris(triisopropylsiloxy)-1,6,11-triazatetracyclo[10.3.0.0>°.0""'|pentadecane (5a)

OTIPS A solution of 3a (51 mg, 0.20 mmol) in THF (0.5 mL) was
- ¥ added to a suspension of (Cp):Zr(H)CI (124 mg, 0.48 mmol) in
N
N@’OTIPS N Q\B THF (0.5 mL) at —20 °C over 30 min. The whole mixture was

,U OTIPS warmed to room temperature, and stirred for 6 h. To the mixture,
TIPSO ice cold hexane was added, and insolubles were filterd off through
a Celite pad, and the filtrate was concentrated in vacuo to afford equilibrium mixture of 4a and 5a (40 mg, 0.17 mmol,
84%) as a yellow oil. "H NMR (CDCls, 500 MHz, a equilibrium mixture of 4a and 5a). Selected data for 4a: § 7.54
(s, 1H, N=CH), 4.90 (m, 1H, a-CH), 4.07-3.99 (m, 1H, y-CH), 3.77-3.68 (m, 1H, y-CH), 1.72-1.58 (m, 2H, B-CH),
1.42-0.88 (m, 21H, ‘Pr3Si); Selected data for 5a: § 4.23 (m, 9H, B-CH), 2.98 (m, 3H, a-CH), 2.92 (m, 9H, §-CH),
2.58 (m, 9H, 8-CH), 2.25-2.15 (m, 9H, y-CH), 1.72-1.58 (m, 9H, y-CH), 1.42-0.88 (m, 63H, ‘Pr3Si); *C NMR (CDCl;,
125 MHz, a equilibrium mixture of 4a and 5a) § 168.6, 137.7, 132.5, 130.2, 128.4, 89.3, 79.0, 77.4, 73.7, 60.1, 45.0,
32.7,18.2, 18.1, 18.0, 12.5, 12.2; ESIMS-LR m/z 242.19 [(M+H)"]; ESIMS-HR calcd for Ci3H2sONSi 242.1935,
found 242.1935.
(35)-3-[ Tris(trimethylsilyl)siloxy]]-4,5-dihydropyrrole (4b)
(45.,9S,14S5)-4,9,14-Tris[tris(trimethylsilyl)siloxy]|-1,6,11-triazatetracyclo[10.3.0.0>.0"!'|pentadecane (5b)
A solution of 3b (35 mg, 0.10 mmol) in THF (1.0
mL) was treated with (Cp),Zr(H)Cl (77 mg, 0.30
Ng mmol) at 0 °C for 5 min. The mixture was warmed to
N N @ "OSi(TMS); room temperature and stirred for 50 min. To the
(TMS),Si0 ,@ mixture, ice cold hexane was added, and insolubles

were filterd off through a Celite pad, and the filtrate

OSi(TMS);
3

NQ,OSi(TMS)3

was concentrated in vacuo. The residue was purified by short silica gel column chromatography (50% AcOEt/hexane)
to afford equilibrium mixture of 4b and 5b (10 mg, 0.030 mmol, 30%) as a white foam. "H NMR (CDCls, 500 MHz,
a mixture of several confomers of a equilibrium mixture of 4b and 5b). Selected data for 4b: § 7.48-7.343 (m, 1H,
N=CH), 4.50 (dd, 1H, a-CH, Ju-cH, p-c = Jo-ct, p-ci = 6.9 Hz), 4.03-3.94 (m, 1H, y-CH), 3.76-3.67 (m, 1H, y-CH),
1.72-1.48 (m, 2H, B-CH), 0.34-0.02 (m, 27H, CH;3Si). Selected data for Sb: & 3.92-3.80 (m, 3H, B-CH), 2.92 (ddd,
9H, 6-CH, Js.ch,s-ct = Js-ct,y-cn = 8.6, Js.ch,y-c = 2.9 Hz), 2.63 (d, 3H, a-CH, Jo-cn,p-cu = 5.2 Hz), 2.47 (ddd, 9H,
6-CH, Js-cu,s-cr = Js.ch,y-cn = Js.cu,y-cn = 8.6 Hz), 2.20-2.08 (m, 9H, B-CH), 1.48-1.41 (m, 9H, B-CH), 0.34-0.02 (m,
81H, CH;Si); *C NMR (CDCls, 125 MHz, a equilibrium mixture of 4b and 5b) & 168.3, 114.1, 112.6, 89.5, 83.2,
77.8, 60.3,45.5,32.6,32.5,0.9,0.7, 0.6, 0.6, 0.4, 0.1, —0.4; ESIMS-LR m/z 332.17 [(M+H)"]; ESIMS-HR calcd for
C13H340NSi4 332.1712, found 332.1714.
General procedure of Joullié-Ugi reaction

A solution of imine, carboxylic acid in solvent was treated with isocyanide at room temperature for the amount
of time indicated. The mixture was then concentrated in vacuo, and the residue was purified by high-flash silica gel

column chromatography to afford the product.
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(2S5,3S)-V-tert-Butyl-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (trans-8a)
(2R,3S)-N-tert-Butyl-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-8a)

The corresponding compounds were prepared
O oTIPs O oTIPs poncaie P prep

|,
’BuHNJ ‘BuHN
mmol), 3-phenylpropionic acid (7a, 18.0 mg, 0.12 mmol)

+
Ph N Ph N
W W and tert-butyl isocyanide (6, 13.6 uL, 0.12 mmol) in

@) @)

following general procedure using imine 4a (29.0 mg, 0.12

toluene (1.2 mL). The mixture was stirred at room
temperature for 25 h. Purification by high-flash silica gel column chromatography (10-60% AcOEt/hexane) afforded
trans-8a (4.9 mg, 0.017 mmol, 14%) as a yellow oil and cis-8a (27.8 mg, 0.059 mmol, 49%) as a yellow oil. Data
for trans-8a: "H NMR (CDCls, 400 MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer)
8 7.30-7.15 (m, 5H, Ph), 6.87 (s, 1H, ‘BuNH), 4.72 (d, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro--CH, 3-hydroxy-Pro-y-CH =
3.5 Hz), 4.33 (s, 1H, 3-hydroxy-Pro-a-CH), 3.66-3.44 (m, 2H, 3-hydroxy-Pro-5-CH), 3.08-2.91 (m, 2H, C(=0)CH,),
2.66 (m, 2H, PhCH>), 2.21 (ddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-y-CH, 3-hydroxy-
pro-5-CH = 12.4, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-p-ct = 3.5 Hz), 1.92 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-
Pro-y-cti = 12.4, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-ct1 = 6.9 Hz), 1.29 (s, 9H, ‘Bu), 1.13-0.95 (m, 21H, Pr3Si); *C NMR
(CDCls, 125 MHz) 6 173.0, 172.7,169.2, 168.4, 141.2, 128.7, 128.6, 128.6, 128.5, 126.3, 84.3,73.1, 71.9, 69.8, 51.6,
51.1,45.9,45.1, 36.8, 36.3,34.5,32.1, 31.0, 30.9, 28.8, 28.7, 18.1, 12.1; ESIMS-LR m/z 497.32 [(M+Na)']; ESIMS-
HR calcd for C27H4603N2NaSi 497.3170, found 497.3175; [a]*’p —19.45 (c 3.18, CHCL3). Data for cis-8a: '"H NMR
(CDCls, 400 MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) 8 7.32-7.10 (m, 5H, Ph),
5.51 (s, 1H, ‘BuNH), 4.40 (ddd, 1H, 3-hydroxy-Pro-p-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = 10.3, J3-hydroxy-Pro-p-CH, 3-
hydroxy-Pro-y-CH = 0.5, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-a-ct = 7.0 Hz), 4.28 (d, 1H, 3-hydroxy-Pro-a.-CH, J3-hydroxy-Pro-o-CH, 3-
hydroxy-Pro-p-ct = 7.0 Hz), 3.68 (m, 1H, 3-hydroxy-Pro-5-CH), 3.27 (ddd, 1H, 3-hydroxy-Pro-3-CH, J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-8-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 7.8, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-c = 7.3 Hz), 3.03-2.89 (m, 2H,
C(=0)CH>), 2.65-2.44 (m, 2H, PhCH>), 2.44-2.33 (m, 1H, 3-hydroxy-Pro-y-CH), 2.13-1.94 (m, 1H, 3-hydroxy-Pro-
y-CH), 1.34 (s, 9H, ‘Bu), 1.14-1.00 (m, 21H, 'Pr3Si); *C NMR (CDCl3, 125 MHz) § 172.4, 171.6, 168.3, 167.6, 141.5,
141.4,128.6, 128.5,126.2,126.2,73.2,71.9, 64.8, 63.3, 51.6, 44.6,43.5, 36.6, 35.7,32.1,31.3, 31.3, 30.9, 28.8, 18.2,
18.1, 18.0; ESIMS-LR m/z 497.32 [(M+Na)"]; ESIMS-HR calcd for C27H4603N2NaSi 497.3170, found 497.3171;
[a]"p +11.33 (¢ 1.39, CHCl5).
(2S5,3S)-NV-tert-Butyl-1-(3-phenylpropanoyl)-3-[ tris(trimethylsilyl)siloxy] pyrrolidine-2-carboxamide (trans-
8b)
(2R,3S)-N-tert-Butyl-1-(3-phenylpropanoyl)-3-[tris(trimethylsilyl)siloxy] pyrrolidine-2-carboxamide (cis-8b)

o| OSi(TMS), e} OSI(TMS)s The corresponding compounds were prepared

‘BUHN )//,, . ‘BUHN following general procedure using imine 4b (33.2 mg,
Ph \/\W N Ph \/\W N 0.10 mmol), 3-phenylpropionic acid (7a, 15.0 mg,
o o 0.10 mmol) and zert-butyl isocyanide (6, 11.3 pnL, 0.10

mmol) in toluene (1.0 mL). The mixture was stirred at
room temperature for 60 min. Purification by high-flash silica gel column chromatography (10-45% AcOEt/hexane)
afforded trans-8b (6.4 mg, 0.011 mmol, 11%) as a white solid and cis-8b (17. 3 mg, 0.031 mmol, 31%) as a white
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solid. Data for trans-8b: "H NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C, selected data for the major
rotamer) & 7.31-7.17 (m, 5H, Ph), 6.95 (s, 1H, ‘BuNH), 4.30 (d, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-
pro--ct = 3.5 Hz), 4.21 (s, 1H, 3-hydroxy-Pro-a-CH), 3.52-3.41 (m, 2H, 3-hydroxy-Pro-3-CH), 3.06-2.91 (m, 2H,
C(=0)CH>), 2.66-2.61 (m, 2H, PhCH>), 2.25-2.16 (m, 1H, 3-hydroxy-Pro-y-CH), 1.82 (dd, 1H, 3-hydroxy-Pro-y-CH,
J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-3-ci = 6.3 Hz), 1.30 (s, 9H, ‘Bu), 0.18 (s, 27H,
CH;Si); *C NMR (CDCls, 125 MHz) § 173.1, 172.9, 169.1, 169.1, 141.2, 141.1, 128.7, 128.6, 128.5, 128.4, 126.4,
126.3,77.0, 72.5, 69.5, 69.2, 51.2, 51.1, 45.8, 45.7, 36.4, 36.3, 34.3, 33.1, 31.0, 28.7, 28.7, 28.7, 2.1, 0.3, -0.5, -0.6,
—2.2; ESIMS-LR m/z 587.30 [(M+Na)*]; ESIMS-HR calcd for C27Hs>03N,NaSis 587.2947, found 587.2960; [a]"p
-37.36 (c 2.95, CHCI;). Data for cis-8b: '"H NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C, selected
data for the major rotamer) § 7.30-7.16 (m, 5H, Ph), 5.40 (s, 1H, ‘BuNH), 4.21 (d, 1H, 3-hydroxy-Pro-a-CH, J;.
hydroxy-Pro-o-CH, 3-hydroxy-Pro-p-ctr = 6.9 Hz), 3.94 (ddd, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-y-Ct = 10.3,
J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro--CH, 3-hydroxy-Pro-a-ct = 0.9 Hz), 3.67-3.61 (m, 1H, 3-hydroxy-Pro-5-CH),
3.18 (ddd, 1H, 3-hydroxy-Pro-6-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 9.8, J3-hydroxy-
Pro-5-CH, 3-hydroxy-Pro-y-c = 6.9 Hz), 3.01-2.91 (m, 2H, C(=0)CH>), 2.64-2.41 (m, 2H, PhCH>), 2.29-2.19 (m, 1H, 3-
hydroxy-Pro-y-CH), 2.04-1.97 (m, 1H, 3-hydroxy-Pro-y-CH), 1.34 (s, 9H, ‘Bu), 0.20 (s, 27H, CH3Si); 3C NMR
(CDCls, 125 MHz) 6 173.5, 170.1, 140.8, 128.7, 128.5, 126.5, 71.6, 59.8, 51.7,45.3,35.9, 33.1, 31.1, 28.7, 2.3, 2.1,
—-0.6. =2.1. =2.2; ESIMS-LR m/z 587.30 [(M+Na)]; ESIMS-HR calcd for C27Hs5203N;NaSis 587.2947, found
587.2951; [a]*°p +42.82 (c 1.73, CHCI3).
(25.,3S5)-N-tert-Butyl-1-isobutylyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (trans-9b)
(2R,3S5)-N-tert-Butyl-1-isobutylyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-9b)

The corresponding compounds were prepared followin,
O oTIPs O oTIPs s s

‘BUHN J/,l BUHN general procedure using imine 4a (24.1 mg, 0.10 mmol),
u ‘ u
0. N + o. N isobutylic acid (7b, 9.3 pL, 0.10 mmol) and tert-butyl

I I isocyanide (6, 11.3 pL, 0.10 mmol) in HFIP (1.0 mL). The

mixture was stirred at room temperature for 60 min.
Purification by high-flash silica gel column chromatography (10-40% AcOEt/hexane) afforded trans-9b (25.5 mg,
0.062 mmol, 62%) as a white solid and cis-9b (3.6 mg, 0.009 mmol, 9%) as a white solid. Data for trans-9b: 'H
NMR (CDs;0D, 500 MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) 6 7.38 (s, 1H,
‘BuNH), 4.57-4.54 (m, 1H, 3-hydroxy-Pro-B-CH), 4.23 (s, 1H, 3-hydroxy-Pro-a-CH), 3.80-3.71 (m, 2H, 3-hydroxy-
Pro-8-CH), 2.85 (sept, 1H, CH;CHC(C=0), Jcuscrc(c-0), casctc(c-o0) = 6.9 Hz), 2.24 (dddd, 1H, 3-hydroxy-Pro-y-CH,
J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 12.6, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH = 9.2, J3-hydroxy-
Proy-CH, 3-hydroxy-Pro-p-ct = 4.0 Hz), 2.01-1.95 (m, 1H, 3-hydroxy-Pro-y-CH), 1.32 (s, 9H, ‘Bu), 1.19-1.02 (m, 27H,
CH;CHC(C=0), 'Pr3Si); '*C NMR (CD;0D, 500 MHz) & 179.3,179.2,171.6, 78.5,75.8,71.8,71.2, 52.7, 52.3, 46.6,
46.2,35.2,33.6,33.3,33.2,28.8, 19.8, 19,6, 19.3, 19.1, 18.5, 18.5; ESIMS-LR m/z 435.30 [(M+Na)']; ESIMS-HR
caled for C2H4403N,NaSi 435.3013, found 435.3018; [a]*°p —59.34 (c 2.55, CHCl3). Data for cis-9b: 'H NMR
(CDs0D, 500 MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) 8 7.23 (s, 1H, ‘BuNH),
4.62 (ddd, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-a-CH = 7.5, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-y-CH = 9.8, J3.

hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH — 6.9 HZ), 4.35 (d, IH, 3'hydr0XY‘Pr0'a‘CH, J3-hydr0xy-Pr0-oc-CH, 3-hydroxy-Pro-B-CH — 7.5 HZ),
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3.80 (ddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-3-CH = 9.8, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = 9.7, J5.
hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-ct = 2.9 Hz), 3.56 (ddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-Ct = 9.8, J3-
hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-Ct = 0.9 Hz), 2.77 (sept, 1H, CH3CHC(C=0), JcuscHc(c-0),
cscHec=0) = 6.3 Hz), 2.36-2.26 (m, 1H, 3-hydroxy-Pro-y-CH), 2.25-2.11 (m, 1H, 3-hydroxy-Pro-y-CH), 1.33 (s, 9H,
‘Bu), 1.18-1.06 (m, 27H, CH;CHC(C=0), Pr3Si); '*C NMR (CD;0D, 500 MHz) § 179.0, 178.6, 171.0, 170.9, 74.7,
73.3,64.9,64.8, 52.5, 52.3,45.7,45.1, 33.9, 33.4, 32.5, 31.8, 29.0, 19.8, 19.6, 19.2, 19.1, 18.6, 18.5, 13.6; ESIMS-
LR m/z 435.30 [(M+Na)']; ESIMS-HR calcd for C2H403N2NaSi 435.3013, found 435.3016; [a.]*°p +4.39 (c 0.36,
CHCl).

(2S5,3S)-NV-tert-Butyl-1-pivaloyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (trans-9c)
(2R,3S)-N-tert-Butyl-1-pivaloyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-9c)

The corresponding compounds were prepared following
O oTIPs O oTIPs

J/, general procedure using imine 4a (24.1 mg, 0.10 mmol),
‘BuHN i> + tBUHNJSN/\& pivalic acid (7¢, 10.2 mg, 0.10 mmol) and tert-butyl
O © isocyanide (6, 11.3 pL, 0.10 mmol) in HFIP (1.0 mL). The
i f’» mixture was stirred at room temperature for 60 min.
Purification by high-flash silica gel column chromatography

(10-40% AcOEt/hexane) afforded #rans-9¢ (27.7 mg, 0.065 mmol, 65%) as a white solid and cis-9¢ (3.6 mg, 0.012
mmol, 12%) as a white solid. Data for trans-9c: "H NMR (CD;0D, 500 MHz) § 7.24 (s, 1H, ‘BuNH), 4.46 (br s, 1H,
3-hydroxy-Pro-B-CH), 4.24 (s, 1H, 3-hydroxy-Pro-a-CH), 3.89 (br s, 2H, 3-hydroxy-Pro-3-CH), 2.24 (br s, 1H, 3-
hydroxy-Pro-y-CH), 1.97 (br s, 1H, 3-hydroxy-Pro-y-CH), 1.32 (s, 9H, ‘BuNH), 1.28 (s, 9H, ‘BuC(=0)), 1.19-1.02
(m, 21H, ‘Pr3Si); '*C NMR (CDsOD, 500 MHz) § 179.5, 172.1, 74.7, 73.3, 52.3, 47.8, 40.1, 36.2, 28.8, 27.8, 18.5,

18.5, 13.6, 13.4, 13.2; ESIMS-LR m/z 449.32 [(M+Na)"]; ESIMS-HR calcd for C23H4603N>NaSi 449.3170, found
449.3171; [a]*°p —36.35 (¢ 2.77, CHCl3). Data for cis-9¢: 'H NMR (CD;0D, 500 MHz) & 6.98 (s, 1H, ‘BuNH), 4.59

(ddd, 1H, 3-hydroxy-Pro-f-CH, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-a-CH = J3-hydroxy-Pro--CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-B-CH, 3-
hydroxy-Pro-y-Ct = 0.9 Hz), 4.45 (br s, 1H, 3-hydroxy-Pro-a-CH), 3.93 (br s, 1H, 3-hydroxy-Pro-6-CH), 3.73 (br s, 1H,
3-hydroxy-Pro-8-CH), 2.32-2.17 (m, 1H, 3-hydroxy-Pro-y-CH), 2.16-2.08 (m, 1H, 3-hydroxy-Pro-y-CH), 1.33 (s,
9H, ‘BuNH), 1.26 (s, 9H, ‘BuC(=0)), 1.19-1.06 (m, 21H, Pr3Si); '*C NMR (CD;0D, 500 MHz) & 179.2, 170.9, 72.4,
67.6, 52.3,47.4, 35.0, 35.0, 29.0, 27.9, 27.7, 18.7, 18.6, 13.6, 13.4; ESIMS-LR m/z 449.32 [(M+Na)']; ESIMS-HR
calcd for Cp3Ha603N2NaSi 449.3170, found 449.3177; [a]*°p +1.86 (¢ 0.50, CHCl3).
(2S5,35)-1-Benzoyl-V-tert-butyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (trans-9d)

(2R,3S) -1-Benzoyl-N-tert-butyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-9d)

j oTIPS 1) OTIPS The corresponding compounds were prepared following
BUHN" " X ‘BUHN general procedure using imine 4a (24.1 mg, 0.10 mmol),
O. N O. N benzoic acid (7d, 12.2 mg, 0.10 mmol) and tert-butyl

isocyanide (6, 11.3 puL, 0.10 mmol) in HFIP (1.0 mL). The
mixture was stirred at room temperature for 60 min.
Purification by high-flash silica gel column chromatography
(10-40% AcOEt/hexane) afforded frans-9d (33.5 mg, 0.075 mmol, 75%) as a white solid and cis-9d (5.3 mg, 0.012
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mmol, 12%) as a white solid. Data for trans-9d: '"H NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C,
selected data for the major rotamer) 8 7.50-7.34 (m, 5H, Ph), 6.77 (s, 1H, ‘BuNH), 4.85 (br s, 1H, 3-hydroxy-Pro-3-
CH), 4.52 (s, 1H, 3-hydroxy-Pro-a-CH), 3.61-3.52 (m, 2H, 3-hydroxy-Pro-6-CH), 2.28-2.20 (m, 1H, 3-hydroxy-Pro-
y-CH), 1.93-1.86 (m, 1H, 3-hydroxy-Pro-y-CH), 1.35 (s, 9H, ‘Bu), 1.16-0.94 (m, 21H, ‘Pr;Si); *C NMR (CDCls, 125
MHz) 6 172.5,171.5,169.1, 168.7, 136.4, 130.3, 130.2, 128.5, 126.9, 126.8, 76.0, 73.6, 73.3, 69.7, 51.6, 51.3, 48.3,
452, 34.8, 32.1, 28.8, 18.1, 18.0, 12.2, 12.1; ESIMS-LR m/z 469.29 [(M+Na)']; ESIMS-HR calcd for
C25H4203N2NaSi 469.2857, found 469.2869; [a]*'p —71.52 (¢ 3.35, CHCI;). Data for cis-9d: '"H NMR (CDCls, 500
MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) & 7.61-7.32 (m, 1H, PhnCH=CH), 5.62
(s, IH, ' BuNH), 4.70-4.62 (m, 1H, 3-hydroxy-Pro-pB-CH), 4.51 (d, 1H, 3-hydroxy-Pro-o-CH, J3-hydroxy-Pro-o-CH, 3-hydroxy-
pro-p-ctz = 6.3 Hz), 3.93-3.69 (m, 1H, 3-hydroxy-Pro-86-CH), 3.42 (ddd, 1H, 3-hydroxy-Pro-6-CH, J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-8-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-cf = 7.5 Hz), 2.28-2.14 (m, 1H, 3-
hydroxy-Pro-y-CH), 2.04-1.96 (m, 1H, 3-hydroxy-Pro-y-CH), 1.36 (s, 9H, ‘Bu), 1.19-1.00 (m, 21H, 'Pr;Si); *C NMR
(CDCls, 125 MHz) 6 171.0, 170.7, 167.9, 167.6, 137.0, 136.0, 133.3, 130.3, 130.1, 129.9, 128.4, 128,4, 127.4, 127.0,
73.2,72.1, 66.2, 653, 51.5, 47.9, 47.8, 44.1, 33.4, 30.6, 28.8, 28.6, 18.2, 18.1, 12.4, 12.2; ESIMS-LR m/z 469.29
[(M+Na)']; ESIMS-HR calcd for C2sH4203N2NaSi 469.2857, found 469.2864; [a.]*°p +12.82 (¢ 2.93, CHCI3).
(2S5,3S)-NV-tert-Butyl-1-cinnamoyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (trans-9e)
(2R,3S)-N-tert-Butyl-1-cinnamoyl-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-9e)

j OTIPS o OTIPS The corresponding compounds were prepared following
‘BuHN" N ‘BuHN general procedure using imine 4a (24.1 mg, 0.10 mmol),
OxN OxN trans-cinnamic acid (7e, 14.8 mg, 0.10 mmol) and tert-butyl
_ _ isocyanide (6, 11.3 puL, 0.10 mmol) in HFIP (1.0 mL). The
H H mixture was stirred at room temperature for 60 min.
2 2

Purification by high-flash silica gel column chromatography
Hs Ha (10-40% AcOEt/hexane) afforded trans-9e (36.1 mg, 0.076

Hy Hy

mmol, 76%) as a white solid and cis-9e (6.5 mg, 0.012 mmol,
14%) as a white solid. Data for trans-9e: 'H NMR (CDCl;, 500 MHz, a mixture of two rotamers at 20 °C, selected
data for the major rotamer) & 7.74 (d, 1H, PhCH=CH, Jpncr=ch, prcu=ce= 15.8 Hz), 7.56 (dd, 2H, H-2, Ju2, 1u3=7.5,
Ju2, n4 = 1.7 Hz), 7.42-7.34 (m, 3H, H-3, H-4), 7.03 (s, 1H, ‘BuNH), 6.81 (d, 1H, Ph\CH=CH, Jpncr=cH, Phcr-cH =
15.8 Hz), 4.81 (d, 1H, 3-hydroxy-Pro-B-CH, J3-nydroxy-Pro-p-CH, 3-hydroxy-Pro-y-Ctr = 3.4 Hz), 4.48 (s, 1H, 3-hydroxy-Pro-
a-CH), 3.89-3.75 (m, 2H, 3-hydroxy-Pro-6-CH), 2.35-2.26 (m, 1H, 3-hydroxy-Pro-y-CH), 2.05-1.99 (m, 1H, 3-
hydroxy-Pro-y-CH), 1.33 (s, 9H, ‘Bu), 1.15-1.02 (m, 21H, Pr3Si); '*C NMR (CDCl;, 125 MHz) § 169.2, 168.7, 166.6,
143.9, 143.0, 135.1, 134.8, 130.2, 130.0, 129.0, 128.9, 128.1, 118.0, 117.3, 73.0, 72.1, 70.0, 51.7, 51.1, 45.9, 45.3,
34.4, 32.2, 28.8, 18.1, 12.4, 12.1; ESIMS-LR m/z 495.30 [(M+Na)']; ESIMS-HR calcd for C»7H44O3N>NaSi
495.3013, found 495.3021; [a]'’p —95.60 (¢ 3.61, CHCl3). Data for cis-9e: 'H NMR(CDCls, 500 MHz, a mixture of
two rotamers at 20 °C, selected data for the major rotamer) & 7.69 (d, 1H, Ph\CH=CH, Jpncr=cH, phcu=c= 15.5 Hz),
7.54-7.47 (m, 2H, H-2), 7.39-7.32 (m, 3H, H-3, H-4), 6.72 (d, 1H, Ph\CH=CH, Jpncr=cH, prcr=cu = 15.5 Hz), 5.55 (s,
1H, ‘BuNH), 4.53 (ddd, 1H, 3-hydroxy-Pro-B-CH, J3-nydroxy-Pro-p-CH, 3-hydroxy-Pro-y-Ct = 10.3, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-

y-CH = 69, J3-hydr0xy-Pr0-[3-CH, 3-hydroxy-Pro-a-CH — 6.3 HZ), 4.42 (d, IH, 3'hydr0XY'Pr0'a‘CH, J3-hydroxy-Pr0-oc-CH, 3-hydroxy-Pro-B-
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cu = 6.9 Hz), 3.98 (ddd, 1H, 3-hydroxy-Pro-6-CH, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-3-CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-CH =
9.7, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-ct = 2.3 Hz), 3.63 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH =
J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-ctf = 9.7 Hz), 2.54-2.44 (m, 1H, 3-hydroxy-Pro-y-CH),
2.12-1.98 (m, 1H, 3-hydroxy-Pro-y-CH), 1.36 (s, 9H, ‘Bu), 1.18-1.06 (m, 21H, ‘Pr;Si); 3*C NMR (CDCl;, 125 MHz)
5 168.1, 166.5, 165.4, 143.2, 142.8, 135.3, 134.9, 130.0, 129.8, 128.9, 128.2, 128.1, 117.9, 117.6, 73.6, 71.9, 66.6,
63.8,51.7,51.6,44.8,44.2,32.4,32.3, 289, 28.8, 18.2, 18.1, 18.1, 12.5, 12.3; ESIMS-LR m/z 495.30 [(M+Na)'];
ESIMS-HR calcd for C27H403N2NaSi 495.3013, found 495.3012; [a]"p +23.46 (¢ 1.52, CHCl5).
(25.,35)-1-[(S)-2-(tert-Butoxycarbonylamino)-3-methylbutylyl]-/V-tert-butyl-3-(triisopropylsiloxy)-
pyrrolidine-2-carboxamide (trans-9f)
(2R,3S5)-1-[(S)-2-(tert-Butoxycarbonylamino)-3-methylbutylyl]-/V-tert-butyl-3-(triisopropylsiloxy)-
pyrrolidine-2-carboxamide (cis-9f)

The corresponding compounds were prepared following

j) OTIPS Q9 oTIPs -
‘BUHN /,,‘i> . ’BuHN)H/\; general procedure using imine 4a (12.0 mg, 0.05 mmol),
O. N o. N Boc-Val-OH (7f, 11.0 mg, 0.05 mmol) and tfert-butyl
j’/ j/ isocyanide (6, 5.7 pL, 0.05 mmol) in HFIP (500 pL). The
BocHN III( BocHN 1//( mixture was stirred at room temperature for 60 min.

Purification by high-flash silica gel column chromatography
(10-40% AcOEt/hexane) afforded trans-9f (15.2 mg, 0.028 mmol, 56%) as a pale yellow oil and ¢is-9f (6.2 mg, 0.011
mmol, 23%) as a pale yellow oil. Data for trans-9f: '"H NMR (CDCls, 400 MHz, a mixture of two rotamers at 20 °C,
selected data for the major rotamer) 8 6.71 (s, 1H, ‘BuNH), 5.15 (d, 1H, Val-NH, Jva.n#, val-a-ce= 9.2 Hz), 4.76 (brs,
1H, 3-hydroxy-Pro-B-CH), 4.35 (s, 1H, 3-hydroxy-Pro-a-CH), 4.33 (dd, 1H, Val-a-CH, Jva-o-cH, vai-ng = 9.2, Jval-a-
cH, val-p-c = 8.6 Hz), 3.91 (ddd, 1H, 3-hydroxy-Pro-0-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = 8.0, J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-y-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-cH = 9.2 Hz), 3.62 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-
Pro-5-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 8.0, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-cti = 2.3 Hz), 2.29-2.21 (m, 1H, 3-hydroxy-
Pro-y-CH), 2.02-1.95 (m, 2H, 3-hydroxy-Pro-y-CH, Val-B-CH), 1.42 (s, 9H, Boc-'Bu), 1.29 (s, 9H, ‘BuNH), 1.13-
1.01 (m, 21H, "Pr3Si), 0.99 (d, 3H, Val-y-CH, Jvaly-ca, vai-p-cii = 6.9 Hz), 0.94 (d, 3H, Val-y-CH, Jvaiy-cH, val-p-cr = 6.3
Hz); 3C NMR (CDCls, 125 MHz) § 173.1, 168.9, 155.8, 79.7, 72.8, 69.5, 56.8, 51.2, 46.1, 34.6, 31.8, 28.8, 28.4,
19.5, 18.1, 17.6, 12.1; ESIMS-LR m/z 564.38 [(M+Na)']; ESIMS-HR calcd for C,sHssOsN3NaSi 564.3803, found
564.3809; [a.]*'p —51.78 (c 1.52, CHCL3). Data for cis-9f: '"H NMR (CDCls, 400 MHz, a mixture of two rotamers at
20 °C, selected data for the major rotamer) 8 6.00 (s, 1H, ‘BuNH), 4.97 (d, 1H, Val-NH, Jvai-ng, vai-a-ce= 10.3 Hz),
4.53-4.41 (m, 1H, 3-hydroxy-Pro-B-CH, Val-o-CH), 4.17 (d, 1H, 3-hydroxy-Pro-a-CH, J3-hydroxy-Pro-a-CH, 3-hydroxy-Pro-
p-ct = 7.3 Hz), 4.00-3.93 (m, 1H, 3-hydroxy-Pro-6-CH), 3.53-3.41 (m, 1H, 3-hydroxy-Pro-6-CH), 2.35-2.24 (m, 1H,
3-hydroxy-Pro-y-CH), 2.15-1.97 (m, 2H, 3-hydroxy-Pro-y-CH, Val-B-CH), 1.43 (s, 9H, Boc-'Bu), 1.37 (s, 9H,
‘BuNH), 1.16-1.02 (m, 21H, 'Pr3Si), 0.93-0.86 (m, 6H, Val-y-CH); *C NMR (CDCl;s, 125 MHz) § 171.5,171.2, 168.3,
167.5, 156.2, 155.8, 79.9, 79.6, 73.2, 72.0, 64.2, 63.3, 57.7, 56.2, 51.6, 51.5, 44.7, 43.7, 32.4, 31.6, 30.6, 30.2, 28.8,
28.8, 28.5, 28.4,19.9, 19.8, 18.2, 18.1, 17.9, 17.5, 12.3; ESIMS-LR m/z 564.38 [(M+Na)']; ESIMS-HR calcd for
C2sHssOsN3NaSi 564.3803, found 564.3809; [a]*’p —8.21 (c 1.81, CHCl;).
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(2S5,35)-N-Butyl-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (trans-10b)
(2R,35)-N-Butyl-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-10b)

The corresponding compounds were prepared
OTIPS O oTIPS

NN )OL,,, NN following general procedure using imine 4a (24.1
Ph H N + Ph H N mg, 0.10 mmol), 3-phenylpropionic acid (7a, 15.0
\/j)]/ \/I( mg, 0.10 mmol) and butyl isocyanide (6b, 10.5 pL,
0.10 mmol) in HFIP (1.0 mL). The mixture was
stirred at room temperature for 60 min. Purification by high-flash silica gel column chromatography (3-20-40%
AcOEt/hexane) afforded trans-10b (28.5 mg, 0.060 mmol, 60%) as a pale yellow oil and cis-10b (9.8 mg, 0.021
mmol, 21%) as a pale yellow oil. Data for trans-10b: "H NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C,
selected data for the major rotamer) & 7.32-7.16 (m, SH, Ph), 7.00 (br s, 1H, BuNH), 4.79 (d, 1H, 3-hydroxy-Pro-[3-
CH, J3-hydroxy-Pro--CH, 3-hydroxy-Pro-y-ctf = 3.5 Hz), 4.43 (s, 1H, 3-hydroxy-Pro-a-CH), 3.66 (ddd, 1H, 3-hydroxy-Pro-5-
CH, J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-8-CH = 9.2, J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 11.5, J3-hydroxy-Pro-6-CH, 3-hydroxy-Pro-y-CH = 6.9
Hz), 3.48 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-3-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-ctf = 9.2 Hz),
3.25-3.06 (m, 2H, H-1), 3.04-2.93 (m, 2H, C(=0)CH>), 2.76-2.63 (m, 2H, PhCH>), 2.21 (dddd, 1H, 3-hydroxy-Pro-
¥-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH = 11.5, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH =
9.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-p-ctr = 3.5 Hz), 1.94 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH =
13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-cef = 6.9 Hz), 1.48-1.41 (m, 2H, H-2), 1.39-1.23 (m, 2H, H-3), 1.14-0.96 (m, 21H,
Pr3Si), 0.91 (t, 3H, H-4, Ji.4,n3 = 7.5 Hz); 3*C NMR (CDCl;, 125 MHz) § 176.2, 173.2, 169.9, 168.8, 141.1, 140.1,
140.6, 128.6, 128.5, 128.4, 128.4, 126.3, 76.6, 73.0, 71.6, 69.1, 45.9, 45.2, 39.4, 39.2, 36.7, 36.3, 35.6, 34.4, 32.0,
31.6, 31.5, 31.0, 30.9, 20.2, 18.1, 13.9, 13.8, 12.1; ESIMS-LR m/z 497.32 [(M+Na)']; ESIMS-HR calcd for
C27H4603N2NaSi 497.3170, found 497.3179; [a.]*°p —38.51 (c 2.85, CHCls). Data for cis-10b: '"H NMR (CDCls, 500
MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) & 7.31-7.16 (m, 5H, Ph), 5.61 (dd, 1H,
BuNH, Jng, v-1 = Ing, a-1 = 4.6 Hz), 4.48 (ddd, 1H, 3-hydroxy-Pro-f-CH, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-
Pro-B-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-a-CH = 0.9 Hz), 4.37 (d, 1H, 3-hydroxy-Pro-a.-CH, J3-hydroxy-Pro-a-CH,
3-hydroxy-Pro-p-ct = 0.9 Hz), 3.65 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-3-CH, 3-
hydroxy-Pro-y-Ct = 6.9 Hz), 3.30-3.14 (m, 3H, 3-hydroxy-Pro-6-CH, H-1), 2.99-2.92 (m, 2H, C(=0)CH>), 2.67-2.51 (m,
2H, PhCH>), 2.09-2.02 (m, 1H, 3-hydroxy-Pro-y-CH), 1.98-1.88 (m, 1H, 3-hydroxy-Pro-y-CH), 1.51-1.39 (m, 2H,
H-2), 1.39-1.24 (m, 2H, H-3), 1.13-0.99 (m, 21H, 'Pr3Si), 0.91 (t, 3H, H-4, Jir.4, 3 = 7.5 Hz); *C NMR (CDCls, 125
MHz) 6 172.7, 171.8, 168.8, 168.5, 141.4, 141.3, 128.6, 128.6, 126.3, 73.5, 71.9, 65.3, 63.4, 44.8, 43.9, 39.6, 39.5,
36.4, 35.8, 32.6, 32.1, 31.7, 31.7, 31.3, 30.9, 20.3, 18.1, 18.1, 18.0, 13.9, 13.8, 12.3, 12.3; ESIMS-LR m/z 497.32
[(M+Na)']; ESIMS-HR calcd for C27H4603N2NaSi 497.3170, found 497.3173; [a]*°p +8.51 (c 1.65, CHCI3).
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(2S5,35)-N-Phenyl-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (trans-10c)
(2R,3S)-N-Phenyl-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-10c)
The corresponding compounds were prepared following general procedure using imine 4a (24.1 mg, 0.10 mmol),
@\ o] OTIPS @\ O OTIPS 3-phenylpropionic acid (7a, 15.0 mg, 0.10 mmol) and
NJ |’ N phenyl isocyanide (6¢, 10.3 mg, 0.10 mmol) in HFIP
Ph \/H\[(N * Ph\/Hﬁ}/N (1.0 mL). The mixture was stirred at room temperature
0 o) for 60 min. Purification by high-flash silica gel column
chromatography (3-15-35% AcOEt/hexane) afforded
trans-10c (21.2 mg, 0.043 mmol, 43%) as a pale yellow solid and cis-10¢ (24.9 mg, 0.050 mmol, 50%) as a pale
yellow solid. Data for trans-10c: "H NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C, selected data for
the major rotamer) 4 9.59 (s, 1H, PhNH), 7.49 (d, 2H, H-2, Ju2, u3 = 7.5 Hz), 7.30 (dd, 2H, H-3, J3,2 = J5,4= 7.5
Hz), 7.28-7.16 (m, 5H, Ph), 7.08 (t, |H, H-4, J4,3 = 7.5), 4.95 (d, 1H, 3-hydroxy-Pro-B-CH, J3-nydroxy-Pro-B-CH, 3-hydroxy-
pro-y-ctt = 2.9 Hz), 4.66 (s, 1H, 3-hydroxy-Pro-a-CH), 3.65 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-
Pro-5-CH = 8.0, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = 11.5, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-ctf = 0.9 Hz), 3.47 (dd, 1H, 3-hydroxy-
Pro-8-CH, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-3-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 8.6 Hz), 3.09-2.97 (m, 2H, C(=0)CH>),
2.77-2.65 (m, 2H, PhCH>), 2.24 (dddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 12.6, J3-hydroxy-Pro-
4-CH, 3-hydroxy-Pro-5-CH = 11.5, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-3-CH = 8.0, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-p-ct = 2.9 Hz), 2.01 (dd,
1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 12.6, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-ct = 0.9 Hz), 1.16-1.02
(m, 21H, 'Pr3Si); *C NMR (CDCls, 125 MHz) § 174.2, 168.1, 140.9, 138.2, 129.0, 128.7, 128.4, 126.4, 124.2, 119.9,
72.3, 69.5, 46.1, 36.4, 34.4, 31.0, 18.1, 12.1; ESIMS-LR m/z 517.29 [(M+Na)']; ESIMS-HR calcd for
C20H4203N>NaSi 517.2857, found 517.2866; [a]'’p —47.16 (c 2.12, CHCI5). Data for cis-10¢: "H NMR (CDCls, 500
MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) & 7.47 (d, 2H, H-2, J> 3 = 8.6 Hz),
7.46 (s, 1H, PhNH), 7.33-7.12 (m, 7H, H-3, Ph), 7.06 (t, 1H, H-4, Js, 3 = 8.6 Hz), 4.60 (ddd, 1H, 3-hydroxy-Pro-f3-
CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = 9.2, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-a-CH = 6.9 Hz),
4.55 (d, 1H, 3-hydroxy-Pro-o.-CH, J3-hydroxy-Pro-a-CH, 3-hydroxy-Pro-g-cf = 0.9 Hz), 3.78-3.70 (m, 1H, 3-hydroxy-Pro-d-
CH), 3.38 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3.hydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-58-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-
Pro-8-CH, 3-hydroxy-Pro-y-cif = 9.2 Hz), 3.01-2.93 (m, 2H, C(=0)CH,), 2.71-2.56 (m, 2H, PhCH>), 2.16-2.09 (m, 1H, 3-
hydroxy-Pro-y-CH), 2.01-1.95 (m, 1H, 3-hydroxy-Pro-y-CH), 1.11-0.98 (m, 21H, 'Pr3Si); *C NMR (CDCl, 125
MHz) 5 173.1, 172.0, 167.5, 166.9, 141.3, 141.1, 138.1, 137.4, 129.1, 128.6, 128.6, 128.6, 128.5, 128.4, 126.3, 124.6,
123.7,119.9, 119.7, 73.9, 72.2, 66.2, 64.1, 45.0, 44.2, 36.4, 35.9, 32.7, 32.2, 31.4, 30.9, 18.4, 18.3, 18.1, 18.0, 12.9,
12.5, 12.3, 12.3; ESIMS-LR m/z 517.29 [(M+Na)']; ESIMS-HR calcd for CoH4>03N>NaSi 517.2857, found
517.2872; [a]"p +15.36 (c 2.49, CHCI3).
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(2S5,35)-NV-(4-Methoxyphenyl)-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide
(trans-10d)
(2R,3S)-N-(4-Methoxyphenyl)-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-
10d)
MeO MeO The corresponding compounds were
\©\ j OTIPS \©\ O OTIPS prepared following general procedure using
(g . N HJKO imine 4a (24.1 mg, 0.10 mmol), 3-
phenylpropionic acid (7a, 15.0 mg, 0.10
vﬁof mmol) and p-methoxyphenyl isocyanide (6d,
13.3 mg, 0.10 mmol) in HFIP (1.0 mL). The mixture was stirred at room temperature for 60 min. Purification by
high-flash silica gel column chromatography (3-15-35% AcOEt/hexane) afforded #rans-10d (27.4 mg, 0.052 mmol,
52%) as a pale yellow solid and cis-10d (18.6 mg, 0.035 mmol, 35%) as a pale yellow solid. Data for trans-10d: 'H
NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) & 9.41 (s, 1H,
ArNH), 7.40 (d, 2H, H-2, J»,3 = 8.6 Hz), 7.28-7.15 (m, 5H, Ph), 6.83 (d, 1H, H-3, J3,» = 8.6 Hz), 4.94 (d, 1H, 3-
hydroxy-Pro-B-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-ctr = 2.9 Hz), 4.63 (s, 1H, 3-hydroxy-Pro-a-CH), 3.78 (s, 3H, OCHs),
3.65 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = 8.0, J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-ct = 10.9, J3.
hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-cH = 0.3 Hz), 3.47 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = J3-hydroxy-
Pro-3-CH, 3-hydroxy-Pro-i-ct = 8.6 Hz), 3.09-2.97 (m, 2H, C(=0)CH>), 2.77-2.65 (m, 2H, PhCH>), 2.24 (dddd, 1H, 3-
hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH = 10.9, J3-hydroxy-Pro-y-CH, 3-
hydroxy-Pro-3-CH = 8.6, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-g-ctf = 2.9 Hz), 2.00 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro--CH, 3-
hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-c = 6.3 Hz), 1.15-1.02 (m, 21H, Pr3Si); '*C NMR (CDCls, 125
MHz) § 174.0, 167.8, 156.3, 140.9, 131.4, 128.7, 128.4, 126.4, 121.4, 114.1, 72.4, 69.4, 55.6, 46.1, 36.3, 34.4, 31.0,
18.1, 12.1; ESIMS-LR m/z 547.30 [(M+Na)"]; ESIMS-HR calcd for C30H4s04N>NaSi 547.2963, found 547.2967,
[a]*'p =37.55 (c 2.74, CHCl3). Data for cis-10d: 'H NMR (CDCl;, 500 MHz, a mixture of two rotamers at 20 °C,
selected data for the major rotamer) & 7.46 (s, 1H, ArNH), 7.38 (d, 2H, H-2, J» 3=8.6 Hz), 7.32-7.13 (m, 7H, H-3,
Ph), 6.80 (d, 1H, H-3, J3,2 = 8.6 Hz), 4.59 (ddd, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-Ctr = 9.2, J3.
hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro--CH, 3-hydroxy-Pro-o-Ct = 0.9 Hz), 4.55 (d, 1H, 3-hydroxy-Pro-o.-CH, J3-hydroxy-
Pro-a-CH, 3-hydroxy-Pro-p-cf = 0.9 Hz), 3.82-3.67 (m, 4H, OCH3, 3-hydroxy-Pro-6-CH), 3.38 (ddd, 1H, 3-hydroxy-Pro-d-
CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = 9.2 Hz), 2.98
(dd, 2H, C(=0)CHa, Je=0)cH, phcr = Jo=oych, e = 8.1 Hz), 2.71-2.48 (m, 2H, PhCH>), 2.16-2.07 (m, 1H, 3-hydroxy-
Pro-y-CH), 1.98 (ddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-3-CH = J3-
hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-c#r = 6.9 Hz), 1.13-0.94 (m, 21H, Pr3Si); *C NMR (CDCl;, 125 MHz) § 173.2, 172.0, 167.2,
166.6, 156.6, 156.1, 141.4, 141.2, 140.7, 131.5, 130.7, 128.7, 128.6, 128.4, 126.4, 126.3, 121.6, 121.5, 114.3, 113.9,
73.9,72.2,66.2,64.0, 55.6,45.0,44.3,36.5,35.9, 35.6,32.7,32.3,31.4,31.0, 18.1, 18.1, 12.4, 12.3; ESIMS-LR m/z
547.30 [(M+Na)*]; ESIMS-HR calcd for C30Hs404N>NaSi 547.2963, found 547.2972; [a]*'p +12.74 (¢ 1.86, CHCI3).
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(25,35)-1-(3-Phenylpropanoyl)-N-(p-tolyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (frans-10e)
(2R,35)-1-(3-Phenylpropanoyl)-N-(p-tolyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-10e)
The corresponding compounds were
Me\©\ o OTIPS Me\©\ 0 OTIps brepared following general procedure using
NJ//,, é )Kv/\& imine 4a (24.1 mg, 0.0 mmol), 3-
Ph N Ph N phenylpropionic acid (7a, 15.0 mg, 0.10 mmol)
\/j)( \/\é( and p-tolyl isocyanide (6e, 11.8 mg, 0.10 mmol)
in HFIP (1.0 mL). The mixture was stirred at
room temperature for 60 min. Purification by high-flash silica gel column chromatography (3-15-35%
AcOEt/hexane) afforded trans-10e (25.6 mg, 0.050 mmol, 50%) as a pale yellow solid and cis-10e (22.3 mg, 0.044
mmol, 44%) as a pale yellow solid. Data for trans-10e: "H NMR (CDCls, 500 MHz, a mixture of two rotamers at
20 °C, selected data for the major rotamer) 8 9.47 (s, 1H, ArNH), 7.37 (d, 2H, H-2, J>, 3 = 8.6 Hz), 7.27-7.16 (m, 5H,
Ph), 7.10 (d, 1H, H-3, J3,2 = 8.6 Hz), 4.94 (d, 1H, 3-hydroxy-Pro-B-CH, J3-nydroxy-Pro-p-CH, 3-hydroxy-Pro-i-ctf = 2.9 Hz),
4.64 (s, 1H, 3-hydroxy-Pro-a-CH), 3.64 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = 9.2, J3-
hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-CH = 13.8, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-ct = 6.3 Hz), 3.46 (dd, 1H, 3-hydroxy-Pro-3-CH, J3.
hydroxy-Pro-8-CH, 3-hydroxy-Pro-8-CH = JJ3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = 9.2 Hz), 3.08-2.97 (m, 2H, C(=0)CHz), 2.77-2.64 (m,
2H, PhCH>), 2.30 (s, 3H, CH3), 2.24 (dddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-
Pro-y-CH, 3-hydroxy-Pro-5-CH = 13.8, J3-nydroxy-Pro-y-CH, 3-hydroxy-Pro-6-CH = 9.2, J3_hydroxy-Pro-y-CH, 3-hydroxy-Pro-p-ct = 2.9 Hz), 1.99 (dd,
1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-s-ct = 0.3 Hz), 1.15-1.02
(m, 21H, 'Pr3Si); *C NMR (CDCls, 125 MHz) § 174.1, 167.9, 140.9, 135.6, 133.7, 129.5, 128.7, 128.4, 126.4, 119.9,
72.3, 69.5, 46.1, 36.4, 34.4, 31.0, 21.0, 18.1, 12.1; ESIMS-LR m/z 531.10 [(M+Na)']; ESIMS-HR calcd for
C30H4403N2NaSi 531.3013, found 531.3022; [a]*°p —42.41 (¢ 2.56, CHCl5). Data for cis-10e: '"H NMR (CDCls, 500
MHz, a mixture of two rotamers at 20 °C, selected data for the major rotamer) & 7.40 (s, 1H, ArNH), 7.35 (d, 2H, H-
2, J2,3=8.0 Hz), 7.30-7.13 (m, 5H, Ph), 7.07 (d, 1H, H-3, J3,2 = 8.0 Hz), 4.58 (ddd, 1H, 3-hydroxy-Pro-B-CH, J;.
hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro--CH, 3-hydroxy-Pro-y-CH = 8.6, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-a-ctr = 6.9 Hz), 4.55 (d,
1H, 3-hydroxy-Pro-o-CH, J3-hydroxy-Pro-a-CH, 3-hydroxy-Pro-p-ctr = 6.9 Hz), 3.78-3.67 (m, 1H, 3-hydroxy-Pro-6-CH), 3.38
(ddd, 1H, 3-hydroxy-Pro-8-CH, J3-nydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-8-CH, 3-
hydroxy-Pro-y-CH = 8.6 Hz), 3.01-2.93 (m, 2H, C(=0)CH,), 2.70-2.56 (m, 2H, PhCH>), 2.29 (s, 3H, CH3), 2.15-2.08 (m,
1H, 3-hydroxy-Pro-y-CH), 1.98 (ddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 7.5, J3-hydroxy-Pro-y-CH,
3-hydroxy-Pro-6-CH = J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-cf = 8.6 Hz), 1.13-0.94 (m, 21H, Pr;Si); *C NMR (CDCl;, 125 MHz)
5175.9,173.1,172.0,167.2, 166.7, 141.3, 141.1, 140.9, 135.6, 134.9, 134.1, 133.3, 129.6, 129.2, 129.0,128.6,128.5,
128.4,126.9,126.3,119.9, 119.8,74.9, 72.2, 66.1, 64.0, 44.9, 44.2,36.4,35.9,32.7,32.2,31.4,31.1, 30.9, 21.0, 18.3,
18.1, 18.0, 12.3, 12.3; ESIMS-LR m/z 531.10 [(M+Na)']; ESIMS-HR calcd for C30H4403N>NaSi 531.3013, found
531.3023; [a]*'p +16.13 (c 2.23, CHCI3).

104



(2S5,35)-V-(4-Chlorophenyl)-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (¢rans-
10f)

(2R,35)-N-(4-Chlorophenyl)-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-
10f)

The corresponding compounds were

CI\@\ o) oTIPS C'\@\ o) OTIPs Dprepared following general procedure using
N)l’@ NJK(S imine 4a (24.1 mg, 0.10 mmol) 3-
\/\H/ N phenylpropionic acid (7a, 15.0 mg, 0.10 mmol)
o) o) and p-chlorophenyl isocyanide (6f, 13.8 mg,
0.10 mmol) in HFIP (1.0 mL). The mixture was
stirred at room temperature for 60 min. Purification by high-flash silica gel column chromatography (3-15-35%
AcOEt/hexane) afforded trans-10f (18.5 mg, 0.035 mmol, 35%) as a white solid and cis-9f (30.7 mg, 0.058 mmol,
58%) as a white solid. Data for trans-10f: '"H NMR (CDCl;, 500 MHz, a mixture of two rotamers at 20 °C, selected
data for the major rotamer) 6 9.71 (s, 1H, AtNH), 7.43 (d, 2H, H-2, J,,3 = 9.2 Hz), 7.27-7.16 (m, 7H, Ph, H-3), 4.94
(d, 1H, 3-hydroxy-Pro-f-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-pPro-y-ctr = 2.9 Hz), 4.63 (s, 1H, 3-hydroxy-Pro-a-CH), 3.65 (ddd,
1H, 3-hydroxy-Pro-6-CH, J3.hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = 8.0, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = 11.5, J3-hydroxy-Pro-5-
CH, 3-hydroxy-Pro-y-ct = 0.9 Hz), 3.47 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-3-CH = J3-hydroxy-Pro-3-CH, 3-
hydroxy-Pro-y-Ct = 8.6 Hz), 3.09-2.97 (m, 2H, C(=0)CH>), 2.78-2.66 (m, 2H, PhCH,), 2.21 (dddd, 1H, 3-hydroxy-Pro-
¥-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH = 11.5, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH =
8.6, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-p-ctf = 2.9 Hz), 2.01 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH =
13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-s-cti = 6.9 Hz), 1.16-1.01 (m, 21H, 'Pr3Si); 3C NMR (CDCl3, 125 MHz) & 174.3,
168.2, 140.8, 136.8, 129.0, 129.0, 128.7, 128.4, 126.5, 121.1, 72.2, 69.5, 46.2, 36.3, 34.4, 30.1, 18.1, 12.1; ESIMS-
LR m/z 551.25 [(M+Na)*]; ESIMS-HR calcd for C2oH4103N2CINaSi 551.2467, found 551.2474; [a]*'p —32.97 (¢
1.85, CHCI;). Data for cis-10f: 'H NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C, selected data for the
major rotamer) & 7.80 (s, 1H, ArNH), 7.37 (d, 2H, H-2, J>,3 = 8.6 Hz), 7.30-7.13 (m, 7H, H-3, Ph), 4.61 (ddd, 1H, 3-
hydroxy-Pro-B-CH, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = 8.0, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-
aca = 0.9 Hz), 4.58 (d, 1H, 3-hydroxy-Pro-o-CH, J3-hydroxy-Pro-a-CH, 3-hydroxy-Pro-p-cer = 0.9 Hz), 3.76 (ddd, 1H, 3-
hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 9.8, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-
+-ca = 3.5 Hz), 3.40 (ddd, 1H, 3-hydroxy-Pro-6-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = 9.8, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-
-CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-i-ct = 9.2 Hz), 3.01-2.94 (m, 2H, C(=0)CH>), 2.72-2.64 (m, 2H, PhCH>), 2.16-2.09
(m, 1H, 3-hydroxy-Pro-y-CH), 2.00-1.94 (m, 1H, 3-hydroxy-Pro-y-CH), 1.10-0.93 (m, 21H, Pr;Si); '*C NMR
(CDCl3, 125 MHz) 6 172.0, 167.8, 141.1, 137.1, 129.1, 128.7, 128,6, 128.4, 128.3, 128.1, 126.4, 126.3, 121.1, 120.5,
72.3,64.1,45.2,44.3,35.9, 32.8,31.1, 31.0, 18.1, 18.0, 12.3, 12.1; ESIMS-LR m/z 551.25 [(M+Na)']; ESIMS-HR
caled for Ca9H4103N2CINaSi 551.2467, found 551.2470; [a.]*'p —12.90 (¢ 3.07, CHCI3).
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(2S5,35)-V-(4-Nitrophenyl)-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (¢rans-
10g)
(2R,3S)-N-(4-Nitrophenyl)-1-(3-phenylpropanoyl)-3-(triisopropylsiloxy)pyrrolidine-2-carboxamide (cis-10g)

The corresponding compounds were

OzN\©\ O OTIPS OZN\O\ 0 OoTIPs Dprepared following general procedure using
A, (S NJ% imine 4a (241 mg, 0.10 mmol), 3-
H N phenylpropionic acid (7a, 15.0 mg, 0.1 mmol)
e} e} and p-nitrophenyl isocyanide (6g, 14.8 mg,
0.10 mmol) in HFIP (1.0 mL). The mixture
was stirred at room temperature for 60 min. Purification by high-flash silica gel column chromatography (3-15-35%
AcOEt/hexane) afforded trans-10g (6.9 mg, 0.013 mmol, 13%) as a yellow solid and cis-10g (33.7 mg, 0.062 mmol,
62%) as a yellow solid. Data for trans-10g: '"H NMR (CDCls, 500 MHz, a mixture of two rotamers at 20 °C, selected
data for the major rotamer) & 10.29 (s, 1H, ArNH), 8.17 (d, 2H, H-3, J5,» = 9.2 Hz), 7.62 (d, 2H, H-2, J> 3 = 9.2 Hz),
7.27-7.16 (m, 5H, Ph), 4.96 (d, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro--CH, 3-hydroxy-Pro-y-ct = 2.9 Hz), 4.66 (s, 1H, 3-
hydroxy-Pro-a-CH), 3.68 (ddd, 1H, 3-hydroxy-Pro-6-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = 9.2, J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-y-CH = 11.5, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-ct = 6.9 Hz), 3.50 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-3-CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-Ct = 9.2 Hz), 3.12-2.97 (m, 2H, C(=0)CH>), 2.80-2.69 (m, 2H, PhCH>),
2.20 (dddd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-ctf = 11.5,
J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-8-CH = 9.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-p-ct = 2.9 Hz), 2.04 (dd, 1H, 3-hydroxy-Pro-y-CH, J5.
hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-ctr = 6.9 Hz), 1.16-0.99 (m, 21H, "Pr;Si); *C NMR
(CDCl3, 125 MHz) & 174.8, 168.8, 144.1, 143.5, 140.7, 128.7, 128.4, 126.5, 125.1, 119.4, 71.9, 69.7, 46.3, 36.2, 34 .4,
30.9, 18.1, 12.1; ESIMS-LR m/z 562.27 [(M+Na)']; ESIMS-HR calcd for CaoHa1OsN3NaSi 562.2708, found
562.2712; [a.]*°p —6.22 (c 0.68, CHCls). Data for cis-10g: '"H NMR (CDCl3, 500 MHz, a mixture of two rotamers at
20 °C, selected data for the major rotamer) & 9.15 (s, 1H, ArNH), 7.92 (d, 2H, H-3, J3,» = 9.2 Hz), 7.41 (d, 2H, H-2,
Ju-2,v-3 = 9.2 Hz), 7.34-7.18 (m, SH, H-3, Ph), 4.76 (d, 1H, 3-hydroxy-Pro-o-CH, J3-hydroxy-Pro-a-CH, 3-hydroxy-Pro-p-CH =
6.9 Hz), 4.68 (ddd, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = 9.2, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH =
J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-a-CH = 0.9 Hz), 3.83 (ddd, 1H, 3-hydroxy-Pro-3-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-3-CH = J3-
hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 9.5, J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-cf = 2.9 Hz), 3.44 (ddd, 1H, 3-hydroxy-Pro-5-CH, J3.
hydroxy-Pro-8-CH, 3-hydroxy-Pro-3-CH = 9.5, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = 9.7, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-Ct = 9.2 Hz),
3.07-2.95 (m, 2H, C(=0)CH>), 2.76 (dd, 1H, PhCH>, Jench, prerr = 15.5, Jench, c=oycu = 9.2, Jpnen, c=oycn = 6.9 Hz),
2.63 (dd, 1H, PhCH>, Jencw, pher = 15.5, Jench, c=oycr = 9.2, Jench, c=oycr = 6.3 Hz), 2.40 (dddd, 1H, 3-hydroxy-Pro-
¥-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 12.0, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH = 9.5, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH =
9.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-p-ct = 9.2 Hz), 2.20-2.13 (m, 1H, 3-hydroxy-Pro-y-CH), 1.10-0.91 (m, 21H, 'Pr3Si);
3CNMR (CDCl3, 125 MHz) § 172.3, 168.8, 144.4, 142.6, 140.7, 128.8, 128.3, 126.5, 124.3, 118.5, 72.4, 64.3, 45.4,
35.7, 33.0, 31.0, 18.0, 17.0, 12.3; ESIMS-LR m/z 562.27 [(M+Na)']; ESIMS-HR calcd for Ci9H41OsN3NaSi
562.2708, found 562.2712; [0]*°p —=70.67 (c 3.37, CHCl3).
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Competition experiment
entry 1

A solution of imine 4a (24.1 mg, 0.10 mmol) and 3-phenylpropionic acid (7a, 15.0 mg, 0.1 mmol) in toluene (500
puL) was treated with a solution of p-methoxyphenyl isocyanide (6d, 13.3 mg, 0.10 mmol) and p-chlorophenyl
isocyanide (6f, 13.8 mg, 0.10 mmol) in toluene (500 pL) at room temperature for 4.5 h. The mixture was concentrated
in vacuo, and the residue was purified by high-flash silica gel column chromatography (3-15-35% AcOEt/hexane) to
afford a mixture of frans-10 and a mixture of cis-10. The mixture of trans-10 was further purified by high-flash silica
gel column chromatography (0-10-20% AcOEt/hexane) to afford frans-10d (3.6 mg, 0.0067 mmol, 7%) as a pale
yellow solid and trans-10f (0.3 mg, 0.0006 mmol, 1%) as a white solid. The mixture of cis-10 was further purified
by high-flash silica gel column chromatography (0-25-45% AcOEt/hexane) to afford cis-10d (30.4 mg, 0.058 mmol,
58%) as a pale yellow solid and cis-10f (8.0 mg, 0.015 mmol, 15%) as a white solid.
entry 2

A solution of imine 4a (24.1 mg, 0.10 mmol) and 3-phenylpropionic acid (7a, 15.0 mg, 0.1 mmol) in HFIP (500
puL) was treated with a solution of p-methoxyphenyl isocyanide (6d, 13.3 mg, 0.10 mmol) and p-chlorophenyl
isocyanide (6f, 13.8 mg, 0.10 mmol) in HFIP (500 pL) at room temperature and stirred for 4.5 h. The mixture was
concentrated in vacuo, and the residue was purified by high-flash silica gel column chromatography (3-15-35%
AcOEt/hexane) to afford a mixture of trans-10 and a mixture of cis-10. The mixture of trans-10 was further purified
by high-flash silica gel column chromatography (0-10-20% AcOEt/hexane) to afford trans-10d (18.8 mg, 0.036
mmol, 36%) as a pale yellow solid and trans-10f (3.9 mg, 0.0074 mmol, 7%) as a white solid. The mixture of cis-10
was further purified by high-flash silica gel column chromatography (0-25-45% AcOEt/hexane) to afford cis-10d
(14.2 mg, 0.027 mmol, 27%) as a pale yellow solid and cis-10f (7.7 mg, 0.015 mmol, 15%) as a white solid.
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A — S

HE
(S)-2-[(R)-3-(tert-Butoxycarbonyl)-2,2-dimethyloxazolidin-4-yl]-2-(triisopropylsiloxy)acetic acid (12)

1 A mixture of 11 (412 mg, 1.60 mmol) and 2,6-lutidine (373 pL, 3.20 mmol) in CH>Cl, (16

O\:5 mL) was treated with TIPSOTT (473 pL, 1.76 mmol) at —78 °C for 5 min. The mixture was
%N ; ' COH  warmed to —50 °C and stirred for 80 min. The reaction was quenched with MeOH, and the

Boc OTIPS mixture was partitioned between AcOEt and 1 M agq. HCL. The organic phase was washed with
sat. ag. NaHCO3s, H>O, and brine, dried (Na,SQs), filtered, and concentrated in vacuo. A mixture of the residue in
CHxCl; (16 mL) was bubbled with Oz at —18 °C for 30 min. Dimethylsulfide (4.2 mL, 47 mmol) was added to the
mixture, and the whole mixture was stirred for 1 h. The mixture was concentrated in vacuo, and the residue and 2-
methylbut-2-ene (1 mL, 21. 5 mmol) in THF/BuOH (9 mL/9 mL) was treated with NaH>PO4 * 2H>O (998 mg, 6.40
mmol) and NaClO; (289 mg, 3.20 mmol) in H>O (3 mL) at room temperature for 3 h. The mixture was diluted with
AcOEt, and partitioned between AcOEt and H,O. The organic phase was washed with H>O and brine, dried (Na2SOs),
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 2.5cm x 6 cm,
2% MeOH/CHCIs) to afford 12 (578 mg, 1.34 mmol, 84% over 3 steps) as yellow oil.
"H NMR (DMSO-ds, 500 MHz) § 12.7 (br s, 1H, CO2H), 4.60-4.54 (m, 1H, H-1"), 4.29-4.13 (m, 1H, H-5), 4.09-3.90
(m, 2H, H-4, H-5), 1.42 (m, 15H, Me, ‘Bu), 1.08-0.90 (m, 21H, Pr3Si); *C NMR (CDCls, 125 MHz) § 175.1, 156.1,
81.1, 80.5, 71.6, 68.1, 55.0, 42.8, 31.3, 28.4, 18.0, 17.8, 17.5, 17.5, 13.6, 13.1, 12.4, 12.0; ESIMS-LR m/z 430.26
[(M+H)]; ESIMS-HR calcd for C21HO6NSi 430.2630, found 430.2633; [a.]*’p +19.08 (¢ 0.46, CHCI3).
Cyclohex-2-enyl (S)-2-[(R)-3-(tert-butoxycarbonyl)-2,2-dimethyloxazolidin-4-yl]-2-(triisopropylsiloxy)acetate
(14)

1 3 A mixture of 12 (17.4 mg, 0.040 mmol) and Cs,COs (26 mg, 0.080 mmol) in THF
5 " f
><O\E_ . Q ;@4 (400 pL) was treated with 3-bromocyclohexene (6.4 pL, 0.056 mmol) at room
-
BEO/Q\OHJ\ s e temperature for 11 h. 3-Bromocyclohexene (1.4 pL, 0.012 mmol) was added to the
TIP

mixture, which was stirred for 20 min. The mixture was diluted with AcOEt, and
partitioned between AcOEt and H>O. The organic phase was washed with H,O and brine, dried (Na2SOs), filtered,
and concentrated in vacuo. The residue was purified by flash silica gel column chromatography (¢ 1 cm x 2.5 cm,
10% Et,O/hexane) to afford 14 (16.9 mg, 0.033 mmol, 83%) as a colorless oil.
"H NMR(CDCls, 400 MHz, a mixture of several rotamers of two diastereomers at 20 °C, selected data for the major
rotamer): 8 5.94-5.88 (m,1H, H-2"), 5.79-5.66 (m, 1H, H-3"), 5.31-5.24 (m, 1H, H-1"), 4.78-4.75 (m, 1H, H-1"),4.51-
4.46 (m, 1H, H-5), 4.44-4.39 (m, 1H, H-5), 4.03-3.97 (m, 1H, H-4), 2.11-1.93 (m, 2H, H-4"), 1.92-1.57 (m, 4H, H-
5", H-6"), 1.57-1.38 (m, 15H, Me, ‘Bu), 1.15-0.97 (m, 21H, ‘Pr3Si); '*C NMR (CDCls;, 500 MHz) § 171.2, 171.2,
170.9,170.9, 152.6, 152.1, 152.1, 132.7, 132.6, 132.3, 132.1, 126.2, 126.0, 125.8, 125.7,95.2, 95.2,94.4, 80.4, 80.3,
70.9,70.4,70.3, 69.1, 69.0, 68.8, 68.8, 63.2, 63.1, 62.9, 62.8, 61.2,60.3, 28.7, 28.7, 28.6, 28.5, 28.3, 28.3, 26.7, 25.9,
25.8,25.0,24.9,24.3, 23.0, 19.2, 19.2, 18.9, 18.2, 18.1, 18.0, 18.0, 18.0, 12.1; ESIMS-LR m/z 534.32 [(M+Na)'];
ESIMS-HR calcd for Co7H49OsNNaSi 534.3221, found 534.3324.
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Cyclohexyl (5)-2-[(R)-3-(tert-butoxycarbonyl)-2,2-dimethyloxazolidin-4-yl]-2-(triisopropylsiloxy)acetate (13)
1 A mixture of 14 (15.2 mg, 0.030 mmol) and Pd-Fib (2.5% Pd) (7.5 mg) in AcOEt (6

5 "
><O s, Q ) mL) was vigorously stirred at room temperature for 3 h under H, atmosphere. The catalyst
: Eoé OTIPSO " was filtered off, and the filtrate was concentrated in vacuo. The residue was purified by

silica gel column chromatography (¢ 1.5cm x 1 cm, CHCI3) to afford 13 (15.0 mg, 0.029
mmol, 98%) as a colorless oil.
"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) & 4.79-4.73
(m, 1H, H-1"), 4.73 (d, 1H, H-1', Ji" 4 = 5.2 Hz), 4.48 (dd, 1H, H-5, Ju.s,u-s = 9.2, J5,4 = 2.3 Hz), 3.99 (ddd, 1H, H-4,
Ja,11=35.2,J45=5.8,Js,5=2.3 Hz), 3.93 (dd, 1H, H-5, J5 4 = 5.8, Js 5 = 9.2 Hz), 1.98-1.81 (m, 2H, H-2"), 1.77-1.67
(m, 2H, H-2"), 1.52-1.30 (m, 21H, H-3", H-4", ‘Bu, Me), 1.13-1.01 (m, 21H, ‘Pr3Si); '*C NMR (CDCls, 125 MHz) &
171.0,170.7, 152.6, 152.1,95.2, 94.4, 80.4, 80.3, 73.8, 73.3, 70.9, 70.3, 63.1, 62.8, 61.2, 60.3, 35.6, 31.8, 31.7, 31.7,
31.6,26.7,25.8,25.5,25.4,25.4,24.2,24.1,24.0, 23.9, 23.9, 23.0, 18.1, 18.0, 18.0, 17.9, 17.8, 12.5, 12.4, 12.4, 12.1;
ESIMS-LR m/z 536.34 [(M+Na)']; ESIMS-HR calcd for Co7Hs10sNNaSi 536.3378, found 536.3387; [a]*’p +33.94
(c 1.21, CHCI3).
Cyclohexyl (28, 3R)-3-(formylamino)-4-(2,2,2-trichloroethoxycarbonyloxy)-2-(triisopropylsiloxy)butanoate
(24)
o _/OTrgc . A mixture of 13 (103 mg, 0.200 mmol) in CH>Cl, (1 mL) was treated with TFA (1
H J\N —3 2 5 /1©3 mL) at 0 °C for 30 min. The reaction was quenched with sat. ag. NaHCOs3, and the
OTIPS mixture was partitioned between AcOEt and sat. ag. NaHCOs3. The organic phase was
washed with H,O (x2) and brine, dried (Na,SOs), filtered, and concentrated in vacuo to afford a crude aminoalcohol.
A mixture of the crude aminoalcohol in THF (2 mL) was treated with N-formylsaccharin (66 mg, 0.30 mmol) for 30
min. N-Formylsaccharin (44 mg, 0.20 mmol) was added to the mixture, and the whole mixture was stirred for 15 min.
The reaction was quenched with sat. ag. NaHCOs3, and the mixture was partitioned between AcOEt and sat. aq.
NaHCO:s. The organic phase was washed with H>O and brine, dried (Na2SOs), filtered, and concentrated in vacuo to
afford a crude formamide 15. A mixture of the crude formamide 15 and NMM (66 uL, 0.60 mmol) in THF (2 mL)
was treated with TrocCl (41 pL, 0.30 mmol) at 0 °C for 25 min. The mixture was warmed to room temperature, and
stirred for 45 min. NMM (66 pL, 0.60 mmol) and TrocCl (41 pL, 0.30 mmol) was added to the mixture, which was
stirred for 35 min. The reaction was quenched with sat. ag. NaHCOs3, and the mixture was partitioned between AcOEt
and sat. ag. NaHCO3. The organic phase was washed with HO (x2) and brine, dried (Na2SOy), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 1x4 cm, 40%
AcOEt/hexane ) to afford compound 24 (109 mg, 0.19 mmol, 94% over 3 steps) as a pale yellow oil.
"H NMR (CDCls, 500 MHz) & 8.20 (s, 1H, CHO), 6.08 (d, 1H, NHCHO, Jxucho, 3 = 8.6 Hz), 4.85-4.67 (m, 5H,
CH>CCl3, H-1', H-3), 4.60 (d, 1H, H-2, J>,3=2.3 Hz), 4.38 (dd, 1H, H-4, J4,3=15.7,J4,4=10.6 Hz), 4.27 (dd, 1H, H-
4, Js3=1.5,Js,4=10.6 Hz), 1.91-1.82 (m, 2H, H-2"), 1.78-1.69 (m, 2H, H-2"), 1.45-1.11 (m, 6H, H-3', H-4"), 1.10-
1.02 (m, 21H, 'Pr3Si); *C NMR (CDCls, 125 MHz) § 170.7, 170.0, 163.5, 153.6, 94.3, 77.1, 75.1, 74.7, 72.1, 70.5,
67.5, 65.8,54.3,49.7, 31.8, 31.7, 31.5, 25.3, 24.0, 23.9, 18.1, 18.0, 12.6, 12.5; ESIMS-LR m/z 600.15 [(M+Na)'];
ESIMS-HR calcd for C23H4007NC13NaSi 598.1539, found 598.1532; [a.]*°p +5.18 (¢ 0.54, CHCl5).
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Cyclohexyl (25, 3R)-4-(2,2,2-trichloroethoxycarbonyloxy)-3-isocyano-2-(triisopropylsiloxy)butanoate (25)
NG A mixture of compound 24 (11.5 mg, 0.020 mmol) and NMM (13.4 uL, 0.12 mmol) in
TIPso.2 ~__0Troc CH2Cls (400 pL) was treated with triphosgene (4.7 mg, 0.016 mmol) at —78 °C for 45 min. The
O;[;Y reaction was quenched with sat. ag. NaHCO3 (1 mL), and the mixture was partitioned between
2‘@ AcOEt and sat. ag. NaHCO3. The organic phase was washed with H,O (x2) and brine, dried
; (NaxSOy), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢ 0.5 x 2 cm, 10% AcOEt/hexane) to afford compound 25 (9.8 mg, 0.018 mmol,
90%) as a colorless oil.
"H NMR (CDCls, 500 MHz) & 4.96 (dddd, 1H, H-1', Ji, 2= Ji,2= 9.2, Ji, 2 = Ji.2 = 4.0 Hz), 4.80 (s, 2H, CH>CCl3),
4.57 (d, 1H, H-2, J»,3= 3.4 Hz), 4.51 (dd, 1H, H-4, J4,3 = 6.9, Js, 4 = 10.9 Hz), 4.46 (dd, 1H, H-4, J4,3 = 5.7, Ja, 4 =
10.9 Hz), 4.23 (ddd, 1H, H-3, J3,> =3.4 Hz, J3,4 = 5.7, J3,4= 6.9 Hz), 1.97-1.87 (m, 2H, H-2"), 1.78-1.72 (m, 2H, H-
2", 1.51-1.12 (m, 6H, H-3', H-4"), 1.11-1.03 (m, 21H, Pr3Si); *C NMR (CDCls, 100 MHz) § 168.9, 161.6, 153.4,
94.1, 75.2, 71.2, 70.0, 56.3, 31.7, 31.6, 25.3, 23.9, 18.0, 12.6; IR (neat) v 2138.67 cm™'; ESIMS-LR m/z 580.14
[(M+Na)']; ESIMS-HR calcd for C23H33s06sNC13NaSi 580.1426, found 580.1426; [a.]**p +1.98 (¢ 1.00, CHCl5).

Formyl-(35)-3-(triisopropylsiloxy)-Asp(O-cyclohexyl)-Oallyl (16)
0}

e A solution of the crude alcohol 15 (45.2 mg, 0.11 mmol) in acetone (2 mL) was

HN H treated with 2.5 M Jones reagent (132 pL, 0.33 mmol) at 0 °C for 4 h. The reaction was
TlPSOI\[(O 1 quenched with ‘PrOH (1.0 mL), and the mixture was partitioned between Et;O and 1 M
O1| o ochﬁ/Ha aq. HCl. The organic phase was washed with brine, dried (Na,SO.), filtered, and
@2' e concentrated in vacuo to afford a crude carboxylic acid. A mixture of the crude
Yt ’ carboxylic acid and Cs;COj3 (53.8 mg, 0.165 mmol) in DMF (1 mL) was treated with

allyl bromide (14.3 pL, 0.165 mmol) at room temperature for 14 h. The mixture was
partitioned between AcOEt and H>O. The organic phase was washed with brine, dried (Na,SOs), filtered, and
concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (3-10-20%
AcOEt/hexane) to afford xx (12.1 mg, 0.027 mmol, 24% over 4 steps) as a colorless oil.
"HNMR (CDCls, 500 MHz) § 8.25 (s, 1H, CHO), 6.29 (d, 1H, B-hydroxy-Asp-NH, Jp-hydroxy-Asp-NH, p-hydroxy-Asp-o-CH =
9.7 Hz), 5.92 (dddd, 1H, He, Jue, n. = 17.2, Jue, mo = 10.3, Jue, u1 = Jue, 1 = 6.3 Hz), 5.35 (dd, 1H, Ha, Juo, ne = 17.2, Ju,
n = 1.8 Hz), 5.28 (dd, 1H, Hp, Juo, ve = 10.3, Jus, 1.1 = 1.8 Hz), 5.16 (dd, 1H, B-hydroxy-Asp-o.-CH, Jp-hydroxy-Asp-o-CH,
B-hydroxy-Asp-B-CH = 1.7, Jp-hydroxy-Asp-a-CH, hydroxy-Asp-NH = 9.7 Hz), 4.98 (d, 1H, B-hydroxy-Asp-B-CH, Jp-hydroxy-Asp--CH, p-
hydroxy-Asp-o-Ct# = 1.7 Hz), 4.81-4.74 (m, 1H, H-1"), 4.69 (dd, 1H, H-1, J1,n. = 6.3, J1,1=13.2 Hz), 4.59 (dd, 1H, H-1, J1,
1= 6.3, J1,1=13.2 Hz), 1.90-1.81 (m, 2H, H-2"), 1.76-1.69 (m, 2H, H-2"), 1.58-1.51 (m, 1H, H-4"), 1.45-1.18 (m, 5H,
H-3', H-4'), 1.16-1.01 (m, 21H, Pr;Si); *C NMR (CDCl;, 125 MHz) § 169.9, 168.7, 160.8, 131.3, 119.7, 74.9, 72.8,
66.9, 54.4, 31.7, 31.5, 25.3, 24.0, 24.0, 18.0, 18.0, 12.6; ESIMS-LR m/z 478.26 [(M+Na)"]; ESIMS-HR calcd for
C23H4106NNaSi 478.2595, found 478.2601; [a]*’p +7.94 (c 0.40, CHCI;).
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Allyl cyclohexyl (2S, 3S)-2-isocyano-3-(triisopropylsiloxy)butandioate (17)
A mixture of compound 16 (4.3 mg, 0.016 mmol) and NMM (15.8 pL, 0.14 mmol) in
TIPSO CHxCl, (300 pL) was treated with triphosgene (5.7 mg, 0.019 mol) at —78 °C for 1.5 h.
p( J\( The reaction was quenched with sat. ag. NaHCO; (1 mL), and the mixture was
partitioned between AcOEt and sat. ag. NaHCOs3. The organic phase was washed with
H,O (%2) and brine, dried (Na2SOs), filtered, and concentrated in vacuo to afford a
4 crude isocyanide 15 as a pale yellow oil. This compound was directly used to the next
reaction without further purification.
Boc-p-Ser(O-triisopropylsilyl)-OH (19)
A suspension of 18 (1.05 g, 10.0 mmol) and sat. ag. NaHCO3 (40 mL) in THF (80 mL) was
treated with (Boc),0 (3.22 mL, 14.0 mmol) at 0 °C for 10 min. The mixture was warmed to room

TIPSO

HO,C™ NHBoc temperature, and stirred for 13 h. Di-tert-butyl dicarbonate (0.92 mL, 4.0 mmol) was added to the

mixture, which was stirred for 2 h. The mixture was partitioned between hexane and H,O, and the aqueous phase was
saturated with Na,SO4. The aqueous phase was acidified with 1 M aq. HCI, and extracted with AcOEt. The organic
phase was dried (Na,SOs), filtered, and concentrated in vacuo to afford a crude alcohol. A mixture of the crude
alcohol and imidazole (4.77 g, 70 mmol) in CH>Cl, (100 mL) was treated with TIPSCI (7.46 mL, 35 mmol) at 0 °C
for 10 min. The mixture was warmed to room temperature, and stirred for 4 h. Imidazole (0.68 g, 10 mmol) and
TIPSCI (1.07 mL, 5 mmol) was added to the mixture, which was stirred for 2 h. The mixture was concentrated in
vacuo, and the residue was partitioned between AcOEt and 1 M aq. HCI. The organic phase was washed with sat. aq.
NaHCO:s and brine, dried (Na,SOs), filtered, and concentrated in vacuo to afford a crude silyl ester. A mixture of the
crude silyl ester in THF/MeOH (60 mL/30 mL) was treated with K,CO3 (1.93 g, 14 mmol) at room temperature for
30 min. Water (20 mL) was added to the mixture, which was stirred for 1.5 h. The mixture was partirioned between
hexane and H,O. The aqueous phase was extracted with CHCl3/MeOH = 9/1, and the organic phase was dried
(NaxSOy), filtered, and concentrated in vacuo. The residue was diluted with AcOEt, which was washed with 0.5 M
aq. HCl/brine = 1/1 and 1 M agq. HCI, dried(Na,SOs), filtered, and concentrated in vacuo afford 19 (3.46 g, 9.96
mmol, quant. over 3 steps) as a white solid.

'H NMR (CDCl3, 500 MHz) § 5.36 (d, 1H, D-Ser-NH, Jo-ser-N#, p-ser-o-cti = 9.6 Hz), 4.39 (dd,1H, D-Ser-B-CH, Jv.-ser-
p-CH, p-Ser-p-CH = 10.3, Jp-Ser-p-CH; p-Ser-o-ct = 9.6 Hz), 4.19 (dd, 1H, D-Ser-B-CH, Jv-ser-p-CH, v-ser-p-ctz = 10.3, Jo-ser-p-cH,
o-ser-a-cH = 4.0 Hz), 3.91 (dd,1H D-Ser-a-CH, Jv-ser-o-CH, p-Ser-p-ct = 9.6, J-Ser-o-cH, p-ser-p-c = 4.0 Hz), 1.45 (s, 9H,
‘Bu), 1.18-0.89 (m, 21H, 'Pr3Si); '*C NMR (CDCl3, 125 MHz) § 176.0, 155.7, 80.3, 64.0, 55.5, 28.4, 17.9, 11.9;
ESIMS-LR m/z 360.41 [(M-H)"]; ESIMS-HR calcd for C;7H350sNNaSi 384.2177, found 384.2199; [a]*’p —33.51 (¢
0.88, CHCl).
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Cyclohexyl (25,3R)-3-{[Boc-D-Ser(O-triisopropylsilyl)-(35)-3-(triisopropylsiloxy)-Pro]amino}-4-
[(2,2,2-trichloroethoxycarboxyl)oxy|-2-triisopropylsiloxybutanoate (trans-26)
Cyclohexyl (25,3R)-3-{[Boc-D-Ser(O-triisopropylsilyl)-(35)-3-(triisopropylsiloxy)-p-Pro]amino}-4-
[(2,2,2-trichloroethoxycarboxyl)oxy|-2-triisopropylsiloxybutanoate (cis-26)

A solution of 4a (52 mg, 0.24 mmol) and 19 (289 mg, 0.80 mmol) in
T'PSO'&?J\NHBOC TIPSO TI::)\NHBDC HFIP (1 mL) was treated with a solution of 25 (88 mg, 0.24 mmol) in HFIP

o * 07 NH (2 mL) at room temperature for 24 h. The mixture was concentrated in
TIPSO 2 ~__OTroc TIPSOz ~_OTroc . . . .

1(3\4/ AER! vacuo. The residue was purified by high-flash silica gel column

o~ 0o o~ o
, @ 3 © chromatography (0-20% acetone/hexane) to afford trams-26 (105 mg,
’ Y 0.0904 mmol, 57%) as a colorless solid and cis-26 (32 mg, 0.028 mmol,

17%) as a colorless solid.

Data for trans-26: 'H NMR (CDCls, 400 MHz) § 7.17 (d, 1H, C-3-NH, Jc.snm n3 = 9.2 Hz), 5.58 (d, 1H, D-Ser-NH,
Io-ser-NH, p-Ser-a-cr = 8.1 Hz), 4.78-4.69 (m, 1H, H-1"), 4.77 (s, 2H, CH,CCl;), 4.67 (br d, 1H, 3-hydroxy-Pro-3-CH, Js-
hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = 3.4 Hz), 4.62-4.53 (m, 4H, D-Ser-B-CH, H-3, H-2), 4.35 (s, 1H, 3-hydroxy-Pro-a-CH),
4.25 (d, 2H, H-4, Ju.4,13 = 6.9 Hz), 3.95 (dd, 1H, D-Ser-0-CH, Jb_ser-o-CH, v-ser-p-ctr = 4.6, Jo_Ser-a-CH, p-ser-p-cr = 9.8 Hz),
3.82-3.75 (m, 2H, 3-hydroxy-Pro-5-CH), 2.21-2.13 (m, 1H, 3-hydroxy-Pro-y-CH), 1.94 (dd, 1H, 3-hydroxy-Pro-y-
CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-8-CH = 5.7, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-cf = 13.2 Hz), 1.86-1.48 (m, 4H, H-2"), 1.43 (s,
9H, ‘Bu), 1.38-1.20 (m, 6H, H-3', H-4"), 1.19-0.95 (m, 63H, Pr3Si); *C NMR (CDCls, 125 MHz) § 170.8, 170.4,
169.5, 155.4, 153.5, 94.5, 79.4, 74.1, 73.6, 70.6, 69.6, 65.9, 63.7, 54.3, 50.7, 45.6, 34.1, 31.6, 31.3, 28.5, 25.3, 23.9,
23.8, 18.1, 12.5, 12.1, 12.0; ESIMS-LR m/z 1184.55 [(M+Na)']; ESIMS-HR calcd for Cs3Hi00012N3Cl3NaSis
1182.5573, found 1182.5568; [a.]*’p —6.85 (c 0.59, CHCI3).

Data for cis-26: '"H NMR (CDCls, 400 MHz, a mixture of several rotamers at 20 °C, selected data for the major
rotamer) 6 6.60 (d, 1H, C-3-NH, Jcs.nm, u-3 = 7.6 Hz), 5.09 (d, 1H, D-Ser-NH, Jo.ser-N#, p-Ser-a-ctr = 8.6 Hz), 4.85-4.69
(m, 4H, CH,CCl;s, H-2, H-1"), 4.62-4.52 (m, 2H, 3-hydroxy-Pro-B-CH, H-3), 4.49-4.28 (m, 2H, p-Ser-B-CH ), 4.37
(d, 1H, 3-hydroxy-Pro-o-CH, J3-hydroxy-Pro-o-CH, 3-hydroxy-Pro-p-c = 0.9 Hz), 4.25 (d, 1H, H-4, Ju.4, 13 = 6.9 Hz), 4.26 (dd,
IH, H-4, Ji.4, 13 = 5.8, Jo-ser-p-cH, p-ser-p-cer = 10.3 Hz), 3.99 (dd, 1H, D-Ser-a-CH, Jo-ser-o-CH, o-Ser-p-Ct = 5.3, Jo-Ser-a-CH,
p-ser-p-c = 10.3 Hz), 3.90-3.81 (m, 1H, 3-hydroxy-Pro-3-CH), 3.81-3.68 (m, 1H, H-4, 3-hydroxy-Pro-6-CH), 2.37-
2.27 (m, 1H, 3-hydroxy-Pro-y-CH), 2.19-2.11 (m, 1H, 3-hydroxy-Pro-y-CH), 1.96-1.87 (m, 2H, H-2'), 1.78-1.67 (m,
2H, H-2'), 1.41 (s, 9H, ‘Bu), 1.49-1.20 (m, 6H, H-3', H-4"), 1.18-0.97 (m, 63H, 'Pr3Si); *C NMR (CDCls, 125 MHz)
56171.2,171.1, 170.9, 168.6, 168.1, 167.9, 155.5, 154.6, 153.6, 153.4, 94.5, 89.3, 79.6, 79.2, 79.0, 77.1, 75.2, 74.8,
74.6,73.7,73.2,71.6,70.3,70.2, 65.9, 65.3,64.2, 63.8, 63.1, 60.1, 53.9, 53.5, 51.7, 51.1, 45.0, 44.7, 43.8, 33.3, 32.7,
31.8,31.8,31.6, 30.5, 28.5, 28.4,25.4, 24.2,24.2,24.1, 18.2, 18.1, 18.0, 12.5, 12.4, 12.3, 12.2, 12.0, 12.0; ESIMS-
LR m/z 1184.55 [(M+Na)*]; ESIMS-HR calcd for Cs3H00012N3Cl3NaSi; 1182.5573, found 1182.5570; [o]*%p +8.48
(c 0.59, CHCL).
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Boc-(3R)-3-(triisopropylsiloxy)-D-Asp(O-cyclohexyl)-Oallyl (36)
A mixture of ent-13 (179 mg, 0.348 mmol) in acetone (23 mL) was treated
with 2.5 M Jones reagent (557 pL, 1.39 mmol) at 0 °C for 4.5 h. The reaction

Hb\%\/o o 0 4
! :E)j\ /O was quenched with ‘PrOH (3.0 mL), and the mixture was partitioned between
: o
>

&TiPs Et20O and 1 M aq. HCL. The organic phase was washed with brine, dried
(NaxSOy), filtered, and concentrated in vacuo. The residue was purified by silica
gel column chromatography (¢ 2 x 4 cm, 2% MeOH/CHCI3) to afford 35 (60 mg, 0.123 mmol, 35 %, 79% based on
45% conversion) as a yellow oil, and the unreacted starting material (99 mg, 0.193 mmol, 55%) was recoverd. A
mixture of 35 (9.8 mg, 0.020 mmol) and Cs>CO3 (13 mg, 0.040 mmol) in DMF (0.2 mL) was treated with
allylbromide (2.6 pL, 0.030 mmol) at room temperature for 11 h. The mixture was partitioned between AcOEt and
H>0. The organic phase was washed with brine, dried (NaSOs), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (¢ 0.5 x 2 cm, CHCl3) to afford 36 (9.7 mg, 0.018 mmol, 92%) as a
yellow oil.
"HNMR (CDCls, 500 MHz) 6 5.92 (dddd, 1H, He, Jie, 1 = 17.2, Jute 1o = 10.3, Jite, 11 = Jue, 1 = 5.8 Hz), 5.35 (dd, 1H,
Ha, Jto, 1 = 17.2, Juo u = 1.8 Hz), 5.26 (dd, 1H, Hy, Ju, 5e = 10.3, Juv, u1 = 1.8 Hz), 5.24 (d, 1H, D-B-hydroxy-Asp-
NH, Jo-p-hydroxy-Asp-NH, p-p-hydroxy-asp-a-Ct = 10.4 Hz), 4.95 (d, 1H, D-B-hydroxy-Asp-B-CH, Jo-p-hydroxy-Asp-B-CH, p-B-hydroxy-
asp-a-ctt = 1.7 Hz), 4.83-4.75 (m, 1H, H-1"), 4.78 (dd, 1H, D-B-hydroxy-Asp-o.-CH, Jo-p-hydroxy-Asp-o-CH, b-B-hydroxy-Asp-B-
cir = 1.7, Jo-p-hydroxy-Asp-a-CH, p-p-hydroxy-asp-Nr = 10.4 Hz), 4.66 (dd, 1H, H-1, Ji u. = 5.8, Ji,1 =13.2 Hz), 4.59 (dd, 1H,
H-1,J1,5.= 5.8, J1,1=13.2 Hz), 1.88-1.80 (m, 2H, H-2'), 1.78-1.66 (m, 2H, H-2"), 1.61-1.20 (m, 6H, H-3', H-4"), 1.42
(s, 9H,’Bu), 1.14 (m, 21H, 'Pr3Si); *C NMR (CDCls, 125 MHz) § 170.1, 169.8, 155.5, 131.6, 119.2, 80.1, 74.5, 73.2,
66.5,57.7,31.7,31.4,28.4,25.4,23.9, 23.8, 18.1, 18.0, 12.6; ESIMS-LR m/z 550.32 [(M+Na)]; ESIMS-HR calcd
for C27H4907NNaSi 550.3171, found 550.3185; [a]**p +5.29 (c 1.15, CHCI3).
(S)-5-[(Benzyloxycarbonyl)amino]-2-(formylamino)pentyl 2,2,2-trichloroethyl carbonate (38)
. Alcohol 37 (2.11 g, 6.00 mmol) was treated with 4 M HCl/dioxane (30 mL) at room
CbzHN NN temperature for 15 min. The mixture was concentrated in vacuo to afford a crude amine
TrocO\1/2;\NH cHo hvdrochloride salt. A solution of the crude amine hydrochloride salt and Et;N (904 pL,
6.00 mmol) in THF (30 mL) was treated with N-formylsaccharin (1.39 g, 6.60 mmol) at
room temperature for 40 min. The reaction was quenched with sat. ag. NaHCO3, and the mixture was partitioned
between AcOEt and 1 M ag. HCI. The orgnic phase was washed with H,O and brine, dried (Na,SOs,), filtered, and
concentrated in vacuo to afford a crude formamide. A mixture of the crude formamide and NMM (1.45 mL) in THF
(30 mL) was treated with TrocCl (909 uL, 6.60 mmol) at 0 °C for 10 min. The mixture was partitioned between
AcOEt and H>O. The organic phase was washed with 1 M aq. HCI, H,O and brine, dried (Na,SOs,), filtered, and
concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (0-1-2%
MeOH/CHCI3) to afford 38 (1.67 g, 3.66 mmol, 61% over 3 steps) as a yellow oil.
"H NMR (CDCls, 400 MHz) § 8.19 (s, 1H, CHO), 7.41-7.29 (m, 5H, Ph), 5.97 (d, 1H, NHCHO, Jx#ucno, -2 = 7.7
Hz), 5.09 (s, 2H, PhCH>), 4.98-4.89 (m, 1H, C-5-NH), 4.77 (s, 2H, CH>CCl3), 4.38-4.19 (m, 3H, H-1, H-2), 3.28-
3.13 (m, 2H, H-5), 1.68-1.48 (m, 4H, H-3, H-4); '*C NMR (CDCls, 125 MHz) § 164.7, 161.5, 156.7, 153.8, 153.7,
136.5, 128.5, 128.1, 127.9, 94.3, 94.2, 76.8, 70.6, 70.0, 66.5, 51.4, 46.7, 40.4, 40.2, 28.2, 27.9, 26.3, 26.1; ESIMS-
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LR m/z 455.95 [(M+H)™]; ESIMS-HR calcd for C17H2,06N2Cl3 455.0538, found 455.0542; [a]*°p —11.19 (¢ 0.95,
CHCl).
(S)-5-[(Benzyloxycarbonyl)amino]-2-isocyanopentyl 2,2,2-trichloroethyl carbonate (33)
A A solution of compound 38 (547 mg, 1.20 mmol) and NMM (793 puL, 7.20 mmol) in
CszN\s/\: 3 CHxCl;, (8 mL) was treated with triphosgene (285 mg, 0.96 mmol) at —78 °C and stirred for
TrocO\/;\ Nc 30 min. The mixture was partitioned between AcOEt and sat. ag. NaHCO3. The organic phase
1 was washed with sat. ag. NaHCO3, H>O and brine, dried (Na,SOs), filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (¢ 2 cm x 6 cm, 35% AcOEt/hexane) to
afford 33 (442 mg, 1.01 mmol, 84%) as a pale yellow oil.
"H NMR (CDCls, 400 MHz) § 7.49-7.22 (m, 5H, Ph), 5.10 (s, 2H, PhCH,), 4.86-4.72 (m, 3H, CH>CCls, C-5-NH),
4.28 (d, 2H, H-1, J1,» = 5.5 Hz), 3.99-3.88 (m, 1H, H-2), 3.33-3.19 (m, 2H, H-5), 1.82-1.64 (m, 4H, H-3, H-4); ’C
NMR (CDCls, 100 MHz) & 158.8, 156.6, 153.6, 136.5, 128.7, 128.3, 128.2, 94.1, 68.9, 66.9, 53.1, 40.0, 28.3, 26.3;
IR (neat) v 2140.60 cm™'; ESIMS-LR m/z 469.07 [(M+Na)*]; ESIMS-HR calcd for Ci7H200sN>Cls 437.0432, found
437.0429; [a]*p —0.88 (c 1.00, CHCl;).

Boc-allo-p-Thr(O-triisopropylsilyl)-OBn (40)
BocHN._ _CO,Bn A suspension of 39 (595 mg, 5.0 mmol) and sat. ag. NaHCOs (7.5 mL) in THF (15 mL)
I was treated with (Boc),O (2.07 mL, 9.0 mmol) at room temperature for 4 d. The mixture was
TIPSO partitioned between hexane and H»O, and the aqueous phase was saturated with Na;SO4. The
aqueous phase was acidified with 1 M aq. HCI, and extracted with AcOEt. The organic phase was dried (Na,SOs),
filtered, and concentrated in vacuo to afford a crude carboxylic acid. A solution of the crude carboxylic acid and
K>COs3 (828 mg, 6.0 mmol) in DMF (25 mL) was treated with BnBr (713 pL, 6.0 mmol) at room temperature for 24
h. The mixture was partitioned between AcOEt and H,O. The organic phase was washed with brine, dried (Na>SOs4),
filtered, and concentrated in vacuo to afford a crude alcohol. A solution of the crude alcohol and 2,6-Iutidine (1.16
mL, 10.0 mmol) in CH>Cl, (25 mL) was treated with TIPSOTf (1.48 mL, 5.5 mmol) at —78 °C. Then the mixture
was warmed to —50 °C, and stirred for 190 min. The reaction was quenched with MeOH (2 mL), and partitioned
between AcOEt and sat. ag. NaHCOs3. The organic phase was washed with 1 M ag. HCL, sat. ag. NaHCO3, H,O and
brine, dried (Na2S0Os), filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column
chromatography (3-20% AcOEt/hexane) to afford 40 (1.93 g, 4.14 mmol, 83% over 3 steps) as a colorless oil.
"H NMR (CDCls, 500 MHz) & 7.38-7.29 (m, 5H, Ph), 5.37 (d, 1H, allo-D-Thr-NH, Juiio-o-The-N. allo->-Thr-o-czr = 8.0 Hz),
5.23 (d, 1H, PhCH, Jpnc, pace = 12.1 Hz), 5.15 (d, 1H, PhCH, Jpncu, pncr = 12.1 Hz), 4.36-4.28 (m, 2H , allo-D-Thr-
o-CH, allo-D-Thr-B-CH), 1.43 (s, 9H, ‘Bu), 1.25 (d, 3H, allo- D-Thr-y-CH, Juiio-b-Thr-y-CH, allo-o-Thr-y-cer = 6.3 Hz), 1.08-
1.01 (m, 21H, Pr3Si); *C NMR (CDCls, 125 MHz) & 170.2, 155.4, 135.6, 128.6, 128.4, 79.8, 70.3, 67.0, 60.1, 28.4,
20.7, 18.1, 18.1, 12.6; ESIMS-LR m/z 466.40 [(M+H)']; ESIMS-HR calcd for CsHausOsNSi 466.2983, found
466.3006; [a]**p —20.10 (¢ 0.75, CHCl5).
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(R)-4-(11-Hydroxy-11-methyldodec-9-enyl)oxetan-2-one (41)
A solution of 30 (1.84 g, 8.75 mmol) and 2-methylbut-3-en-2-o0l (7.35 mL, 70.0
mmol) in CH>Cl> (80 mL) was treated with 2" generation Grubbs catalyst (371 mg,

0.44 mmol) under reflux for 3.5 h. The mixture was cooled to room temperature and

on concentrated in vacuo. The residue was purified by high-flash silica gel column
7 s 1 1 "5 chromatography (40% AcOEt/hexane) to afford 41 (1.87 g, 6.97 mmol, 80%) as a black
oil.
"HNMR (CDCl3, 400 MHz) § 5.63-5.56 (m, 2H, H-12, H-13), 4.55-4.46 (m, 1H, H-3), 3.51 (dd, 1H, H-2, J>,» = 16.5,
J»,3=6.0 Hz), 3.06 (dd, 1H, H-2, /> »=16.5, J»,3= 4.6 Hz), 2.06-1.93 (m, 2H, H-11), 1.92-1.81 (m, 1H, H-4), 1.80-
1.68 (m, 1H, H-4), 1.50-1.13 (m, 20H, H-5, H-6, H-7, H-8, H-9, H-10, H-15); *C NMR (CDCls, 125 MHz) § 168.5,
137.9, 127.2, 71.4, 70.7, 42.9, 34.7, 32.2, 29.9, 29.4, 29.3, 29.2, 29.1, 24.9; ESIMS-LR m/z 291.19 [(M+Na)'];
ESIMS-HR calcd for C16H2s03Na 291.1931, found 291.1929; [a]*’p +12.82 (c 0.16, CHCl;).
(R)-4-(11-Methyldodecayl)oxetan-2-one (42)

1 Q A solution of 41 (685 mg, 2.55 mol) in THF (20 mL) was treated with Burgess reagent
0 )* (463 mg, 1.94 mmol) at room temperature for 10 min. Burgess reagent (231 mg, 0.97
N N L mmol) was added to the mixture and stirred for 15 min. Hexane (20 mL) was added to

BTN the mixture, the precipitate was filtered off through a Celite pad, and the filtrate was

concentrated in vacuo. A mixture of the residue and PtO, (104 mg, 0.46 mmol) in MeOH

(15 mL) was vigorously stirred at room temperature for 20 min under H, atmosphere. The catalyst was filtered off
through a Celite pad, and the filtrate was concentrated in vacuo. The residue was purified by high-flash silica gel
column chromatography (0-4% AcOEt/hexane) to afford 42 (431 mg, 1.69 mmol, 66% over 2 steps) as a colorless
oil.
"H NMR (CDCls, 400 MHz) § 4.55-4.47 (m, 1H, H-3), 3.41 (dd, 1H, H-2, J».» = 16.5, J»,3 = 5.5 Hz), 3.06 (dd, 1H,
H-2, J»,2 =16.5, J2,3 = 4.6 Hz), 1.92-1.67 (m, 2H, H-4), 1.58-1.08 (m, 19H, H-5, H-6, H-7, H-8, H-9, H-10, H-11,
H-12, H-13, H-14), 0.86 (d, 6H, H-15, Ji5,14 = 6.9 Hz); '3C NMR (CDCl;s, 125 MHz) § 168.5, 71.5, 43.2,39.2, 34.8,
30.1, 29.8, 29.7, 29.6, 29.5, 29.3, 28.1, 27.5, 25.0, 22.8; ESIMS-LR m/z 477.21 [(M+Na)"]; ESIMS-HR calcd for
C16H3002Na 277.2138, found 277.2134; [a]*’p +22.19 (c 0.30, CHCI;).
(R)-3-Hydroxy-14-methylpentadecanoic acid (43)

A mixture of 42 (346 mg, 1.36 mmol) in THF (8 mL) was treated with a solution of
NaOH (82 mg, 2.04 mmol) in H,O (8 mL) at room temperature for 1 h. The mixture
was diluted with AcOEt, and partitioned between 1 M ag. HCl and AcOEt. The organic

phase was washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo. The
residue was recrystalized from hexane to afford 43 (296 mg, 1.09 mmol, 80%) as white crystal.

mp 66-67 °C; '"H NMR (CDCls, 400 MHz) § 4.08-4.00 (m, 1H, H-3), 2.59 (dd, 1H, H-2, 5> = 17.0, J>,3 = 3.2 Hz),
2.48 (dd, 1H, H-2, J»,» = 17.0, J>,3 = 8.7 Hz), 1.63-1.40 (m, 5H, H-4, H-5, H-14), 1.39-1.20 (m, 16H, H-6, H-7, H-8,
H-9, H-10, H-11, H-12, H-13), 0.86 (d, 6H, H-15, Ji5, 14 = 6.4 Hz); [a.]*°p —15.40 (¢ 0.50, CHCl3). This is a known

compound reported in ref. 26.
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(R)-(3-Hydroxy-14-methylpentadecanyl)-allo-D-Thr(O-triisopropylsilyl)-OBn (44)

2 H Compound 40 (373 mg, 0.80 mmol) was treated with 25% TFA/CH>Cl, (8 mL) at
HO.2_~__N,_CO,Bn

room temperature for 10 min. The reaction was quenched with sat. ag. NaHCO3, and
15

1 the mixture was partitioned between AcOEt and H,O. The organic phase was washed
with brine, dried (Na,SO,), filtered, and concentrated in vacuo to afford a crude amine
31. A solution of the crude amine 31, 43 (218 mg, 0.80 mmol), NaHCO3 (202 mg, 2.40 mmol) and HOAt (327 mg,
2.40 mmol) in CH>Cl, (8.0 mL) was treated with EDCI (460 mg, 2.40 mmol) at room temperature for 60 min. The
mixture was partitioned between AcOEt and sat. ag. NaHCO3, and the organic phase was washed with 1 M aq. HCI,
H>0 and brine, dried (Na2SOys), filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel
column chromatography (30% AcOEt/hexane) to afford 44 (425 mg, 0.69 mmol, 86%) as a colorless oil.

"HNMR (CDCl;, 400 MHz) § 7.37-7.31 (m, 5H, Ph), 6.57 (d, 1H, allo-D-Thr-NH, Juiio--The-N, alio-o-Thr- a-crr = 7.7 Hz),
5.24 (d, 1H, PhCH, Jench, pherr = 12.0 Hz), 5.15 (d, 1H, PhCH, Jencr, pher = 12.0 Hz), 4.62 (dd, 1H, allo-p-Thr-o.-CH,
Jallo-0-Thr-a-CH, allo-d-Thr-NH = 7.8, Jallo-p-Thr-0-CH, allo-o-The-p-ctr = 2.8 Hz), 4.31 (dq, 1H, allo-D-Thr-B-CH, Jaito-b-Thr--CH, allo-p-
Thr-0-CH = 2.8, Jallo-p-The-p-CH, allo-0-Thr-y-ct = 6.4 Hz), 3.98-3.88 (m, 1H, H-3), 3.50 (d, 1H, OH, Jon,3 = 3.2 Hz), 2.37 (dd,
1H, H-2, J,2 = 15.1, J2,3 = 2.8 Hz), 2.30 (dd, 1H, H-2, /> » = 15.1, /2,3 = 8.7 Hz), 1.58-1.46 (m, 1H, H-14), 1.46-
1.37 (m, 2H, H-4), 1.34-1.21 (m, 18H, H-5, H-6, H-7, H-8, H-9, H-10, H-11, H-12, H-13), 1.28 (d, 3H, allo-D-Thr-
Y- CH, Jalio-n-The--CH, allo-o-Thr-p-ct1 = 6.4 Hz), 1.07-0.98 (m, 21H, 'Pr3Si), 0.86 (d, 6H, H-15, Jis,14 = 6.8 Hz); '*C NMR
(CDCls, 125 MHz) 6 172.3,169.8, 135.3, 128.7, 128.5, 70.0, 68.8, 67.3, 58.7,42.9, 39.1, 37.0, 30.0, 29.8, 29.8, 29.7,
29.6, 28.1, 27.5, 25.6, 22.8, 20.7, 18.1, 18.1; ESIMS-LR m/z 642.45 [(M+Na)']; ESIMS-HR calcd for
C36HesOsNNaSi 642.4524, found 642.4535; [a]*’p —24.20 (¢ 0.49, CHCl5).
(R)-(3-Hydroxy-14-methylpentadecanyl)-allo-D-Thr(O-triisopropylsilyl)-OH (28)

Hos 21 R con A mixture of 44 (298 mg, 0.48 mmol) and 10% Pd/C (30 mg) in MeOH (8 mL) was
2

vigorously stirred at room temperature for 5 h under H, atmosphere. The catalyst was
filtered off through a Celite pad, and the filtrate was concentrated in vacuo to afford 28
(254 mg, 0.48 mmol, 99%) as a colorless oil.

"H NMR (CDCls, 400 MHz) § 6.87 (d, 1H, allo-D-Thr-NH, Jaiio-o-Th-NH, allo-v-Thr- -t = 8.2 Hz), 4.59 (dd, 1H, allo-p-
Thr-a-CH, Jaiio-o-Thr-a-CH, allo-d-The-NH = 7.7, Jallo-0-Thr-a-CH, allo->-Thr-p-ctr = 3.6 Hz), 4.38 (dq, 1H, allo-D-Thr-B-CH, Jaiio-o-
The--CH, allo-p-Thr-0-CH = 3.6, Jullo-0-The-p-CH, allo-0-Thiy-ctr = 6.3 Hz), 4.05-3.96 (m, 1H, H-3), 2.40 (dd, 1H, H-2, /> > =15.1,
J2,3=3.2Hz),2.34 (dd, 1H, H-2, />, =15.1, J2,3=9.7 Hz), 1.59-1.45 (m, 1H, H-14), 1.28 (d, 3H, allo-D-Thr-y- CH,
Jallo-p-Thi=y-CH, allo-o-Thr-p-ctr = 6.3 Hz), 1.35-1.18 (m, 20H, H-4, H-5, H-6, H-7, H-8, H-9, H-10, H-11, H-12, H-13), 1.09-
1.00 (m, 21H, 'Pr3Si), 0.85 (d, 6H, H-15, Jis, 14 = 6.4 Hz); 3C NMR (CDCl3, 125 MHz) § 173.2, 172.7, 69.1, 69.0,
58.7,43.4,39.2,36.9,30.1,29.9,29.8, 29.8, 29.8, 29.7, 28.1, 27.5,25.7,22.8,20.1,19.1, 18.1, 18.1, 17.8, 12.5, 12.4;
ESIMS-LR m/z 552.41 [(M+Na)']; ESIMS-HR calcd for C29HsoOsNNaSi 552.4055, found 552.4070; [o]*’p —35.94
(c 0.45, CHCL).
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Cyclohexyl (25,3R)-3-{[Boc-D-Ser(O-triisopropylsilyl)-(35)-3-(triisopropylsiloxy)-Pro]amino}-4-hydroxy-2-
triisopropylsiloxybutanoate (45)

Cyclohexyl (25,3R)-3-{[Boc-D-Ser(O-triisopropylsilyl)-(35)-3-(triisopropylsiloxy)-Pro]amino}-4-[(2,2-
dichloroethoxycarboxyl)oxy]-2-triisopropylsiloxybutanoate (46)

TIPSO TIPSO A mixture of trans-26 (7.1 mg, 0.0061 mmol) in THF (50 puL) was
T'PSO’Cé\Nﬁ}NHBoc T'PSO'E\NWQ\NHBOC treated with 0.1 M THF solution of Sml, (300 pL, 0.03 mmol) at room
O%NHO * o NHO o . . . .
TIPSOL; . _OH TIPSO, OTévCHC|2 temperature and stirred for 1 min. The reaction was quenched with air,
OD:OY OIOY o and the mixture was partitioned between AcOEt and 1 M aq. HCI. The

Z@ z@ organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3, H,O

and brine, dried (NaSOs), filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (¢ 0.5 cm*2 cm, 5-15% AcOEt/hexane) to afford 45 (3.4
mg, 0.0034 mmol, 50 %) as a colorless oil and 46 (3.8 mg, 0.0034 mmol, 50%) as a colorless oil.

Data for 45: '"H NMR (CDCls, 400 MHz)  6.85 (d, 1H, C-3-NH, Jc.sng, 3 = 8.7 Hz), 5.49 (d, 1H, D-Ser-NH, Jo-ser-
NH, p-Ser-a-cH = 0.4 Hz), 4.79-4.68 (m, 1H, H-1"), 4.64 (d, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro--CH =
2.8 Hz), 4.54-4.46 (m, 2H, H-2, p-Ser-a-CH), 4.40 (s, 1H, 3-hydroxy-Pro-a-CH), 4.31-4.23 (m, 1H, H-3), 3.93 (dd,
1H, p-Ser-B-CH, Jo.ser-p-cH, p-ser-o-ctt = 5.0, Jb.Ser-p-ct, p-ser-p-cr = 10.1 Hz), 3.85-3.73 (m, 4H, H-4, p-Ser-pB-CH, 3-
hydroxy-Pro-6-CH), 3.73-3.64 (m, 1H, H-4), 2.50 (t, 1H, OH, Jou,4 = 6.9 Hz), 2.29-2.15 (m, 1H, 3-hydroxy-Pro-y-
CH), 1.97 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-3-CH = 5.8, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-Ctf = 12.8
Hz), 1.89-1.65 (m, 2H, H-2"), 1.64-1.19 (m, 6H, H-3', H-4"), 1.42 (s, 9H, ‘Bu), 1.18-0.94 (m, 63H, 'Pr3Si); *C NMR
(CDCls, 125 MHz) 6 171.6, 170.1, 169.1, 155.7, 79.7, 74.1, 74.0, 71.3, 70.3, 63.3, 61.7, 54.9, 54.4, 45.6, 34.0, 3 1.6,
31.5, 28.5, 25.4, 239, 18.1, 12.4, 12.1, 12.0; ESIMS-LR m/z 1008.65 [(M+Na)']; ESIMS-HR calcd for
Cs0H99010N3NaSi3 1008.6531, found 1008.6542; [a]*’p —6.32 (¢ 0.30, CHCl5).

Data for 46: 'H NMR (CDCls, 500 MHz) & 7.11 (d, 1H, C-3-NH, Jcang, 3 = 9.2 Hz), 5.86 (dd, 1H, H-3", J3 2 = J3",
2= 6.3 Hz), 5.58 (d, 1H, D-Ser-NH, Jo-ser-N#, p-ser-a-ctr = 8.0 Hz), 4.76-4.69 (m, 1H, H-1"), 4.67 (d, 1H, 3-hydroxy-
Pro-B-CH, J3-hydroxy-Pro-p-CH, 3-hydroxy-Pro-y-ct = 3.5 Hz), 4.60-4.52 (m, 4H, D-Ser-3-CH, H-2, H-3), 4.50 (dd, 1H, H-2",
Jo 30 =6.3, J3 3»="7.5 Hz), 4.47 (dd, 1H, H-2", Jo» 3»= 6.3, J3» 3»= 7.5 Hz), 4.35 (s, 1H, 3-hydroxy-Pro-a-CH), 4.21
(d, 2H, H-4 Js,3 = 6.9 Hz), 3.95 (dd, 1H, D-Ser-a-CH, Jo-ser-a-cH, p-Ser-p-cet = 4.6, Jo-ser-o-cH, v-ser-p-cr = 9.8 Hz), 3.84-
3.75 (m, 2H, H-4, 3-hydroxy-Pro-6-CH), 2.21-2.11 (m, 1H, 3-hydroxy-Pro-y-CH), 1.94 (dd, 1H, 3-hydroxy-Pro-y-
CH, J3-hydroxy-Pro-1-CH, 3-hydroxy-Pro-5-CH = 3.8, J3-hydroxy-Pro-1-CH, 3-hydroxy-Pro-y-c = 12.6 Hz), 1.89-1.64 (m, 2H, H-2'), 1.52-
1.20 (m, 15H, H-3", H-4'/Bu), 1.20-0.82 (m, 63H, ‘Pr3Si); '*C NMR (CDCls, 125 MHz) § 170.9, 170.8, 170.4, 169.4,
155.4, 79.4, 74.0, 73.6, 71.4, 70.7, 69.6, 68.0, 65.8, 65.1, 63.7, 55.1, 54.4, 34.1, 31.6, 31.3, 29.8, 28.5, 28.1, 25.3,
23.8,18.3,18.1, 12.5, 12.1, 12.0; ESIMS-LR m/z 1148.60 [(M+Nal)*]; ESIMS-HR calcd for Cs3Hi01012N3C1:NaSi;3
1148.5962, found 1148.5975; [a]*’p —9.84 (c 0.69, CHCI3).
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Boc-p-Ser(O-triisopropylsilyl)-(35)-3-(triisopropylsiloxy)-Pro-(35)-3-(triisopropylsiloxy)-Asp(O-cyclohexyl)-
Oallyl (47)
A solution of 45 (151 mg, 0.153 mmol) in THF (2 mL) was treated with Dess-Martin

TIPSO
TPSO VC\N% periodinane (1.27 g, 3.0 mmol) at room temperature for 55 min. The reaction was
Y NHBoc

5.0 quenched with sat. aq. Na;S,0s/sat. ag. NaHCO3 = 1/1, and the mixture was partitioned

07 NH
TIPSO, .. O 1 between AcOEt and H>O. The organic phase was washed with brine, dried (Na>SOs),
om Jﬁ/Ha filtered, and concentrated in vacuo to afford a crude aldehyde. A solution of the crude
L, i Hp aldehyde, NaH,PO4*2H,0 (70.2 mg, 0.45 mmol) and 2-methylbut-2-ene (100 pL) in

@3‘ THF/BuOH/HO (900 pnL/900 uL/150 pL) was treated with a solution of NaClO, (40.7
4 mg, 0.45 mmol) in HO (150 pL) at room temperature for 50 min. The mixture was
partitioned between AcOEt and 1 M ag. HCI. The organic phase was washed with brine, dried (Na2SOs), filtered, and
concentrated in vacuo to afford a crude carboxylic acid. A solution of the crude carboxylic acid and Cs,COj3 (78.2
mg, 0.24 mmol) in DMF (1.5 mL) was treated with allyl bromide (18.2 pL, 0.21 mmol) at room temperature for 16
h. The mixture was partitioned between AcOEt and H,O. The organic phase was washed with brine, dried (Na>SOs4),
filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (50%
AcOEt/hexane) to afford 47 (83.5 mg, 0.080 mmol, 53% over 3 steps) as a pale yellow oil.
"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) § 7.33 (d,
1H, B-hydroxy-Asp-NH, Jp hydroxy-Asp-NH, B-hydroxy-Asp-a-cH = 9.2 Hz), 5.89 (dddd, 1H, H, Jue, 1. = 17.2, Jhe, 1 = 10.3,
Jie1 =Jue, 1 = 5.7 Hz), 5.53 (d, 1H, D-Ser-NH, Jo-ser-NH, p-ser-o-cr = 8.6 Hz), 5.32 (d, 1H, Ha, Jua, ne = 17.2 Hz), 5.24 (d,
1H, Hp, Ju, e = 10.3 Hz), 5.00 (br d, 1H, B-hydroxy-Asp-o-CH, Jp-hydroxy-Asp-a-CH, p-hydroxy-Asp-N# = 9.2 Hz), 4.94 (br s,
1H, B-hydroxy-Asp-B-CH), 4.76-4.68 (m, 1H, H-1"), 4.69 (d, 1H, 3-hydroxy-Pro-f-CH, J3-hydroxy-Pro--CH, 3-hydroxy-Pro-o-
cu=2.9 Hz), 4.64-4.54 (m, 3H, p-Ser-a-CH, H-1), 4.41 (s, 1H, 3-hydroxy-Pro-a-CH), 3.94 (dd, 1H, 3-hydroxy-Pro-
8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = 9.7, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-cti = 6.3 Hz), 3.84-3.75 (m, 2H, D-Ser-B-CH),
3.69 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-3-CH = 9.7, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-Ct = 9.2 Hz),
2.21-2.11 (m, 1H, 3-hydroxy-Pro-y-CH), 1.94 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-Ctf = 12.6,
J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-ct = 5.7 Hz), 1.83-1.60 (m, 4H, H-2"), 1.52-1.17 (m, 15H, ‘Bu, H-3', H-4"), 1.13-0.83 (mm,
63H, Pr3Si); *C NMR (CDCls, 125 MHz) § 170.3, 169.8, 169.5, 168.8, 155.2, 131.5, 119.2, 79.2, 74.2, 73.4, 72.7,
69.6, 66.6, 64.1, 55.8, 54.2,45.6, 34.2, 31.6, 31.2, 28.5, 25.3, 23.8, 23.7, 18.1, 18.0, 18.0, 12.5, 12.1, 12.0; ESIMS-
LR m/z 1062.67 [(M+Na)"]; ESIMS-HR calcd for Cs3H101011N3NaSi31062.6636, found 1062.6665; [o]*’n —10.20 (c
0.68, CHCl).
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(25)-5-[(Benzyloxycarbonyl)amino]-2-[(Boc-D-Ala-(35)-3-(triisopropylsiloxy)-Pro)amino]pentyl 2,2,2-
trichloroethyl carbonate (frans-48)
(25)-5-[(Benzyloxycarbonyl)amino|-2-[(Boc-D-Ala-(35)-3-(triisopropylsiloxy)-p-Pro)amino]pentyl 2,2,2-
trichloroethyl carbonate (cis-48)

A solution of 4a (771 mg, 3.19 mmol) and 34 (1.61 mg,

4 4
CbZHN\ﬁ/\g s j oTPS CbZHN\S/\ga o  omps 8-52 mmol) in HFIP (25 mL) was treated with a solution of 33
Troco\{?” Troco%”% (932 mg, 2.13 mmol) in HFIP (10 mL) at room temperature
0N O N
I + I for 19.5 h. The mixture was concentrated in vacuo, and the
BocHN BocHN

mixture was partitioned between AcOEt and sat. ag. NaHCO:s.
The organic phase was washed with sat. ag. NaHCO3, H,O and brine, dried (Na2SQs), filtered, and concentrated in
vacuo. The residue was purified by high-flash silica gel column chromatography (5-25% acetone/hexane) to afford
trans-48 (794 mg, 0.91 mmol, 43%) as a colorless oil and cis-48 (666 mg, 0.77 mmol, 36%) as a colorless oil.

Data for trans-48: '"H NMR (CDCls, 400 MHz) & 7.38-7.28 (m, 5H, Ph), 6.96 (d, 1H, 3-hydroxy-Pro-NH, J3-hydroxy-
pro-Ni, 12 = 8.7 Hz), 5.30 (br s, 1H, C-5-NH), 5.16 (d, 1H, D-Ala-NH, Jo-Ala-N#, p-Ala-a-crz = 6.8 Hz), 5.11 (d, 1H, PhCH,
Jener, pherr = 12.2 Hz), 5.06 (d, 1H, PhCH, Jencw, pverr = 12.2 Hz), 4.79 (d, 1H, CIsCCH, Jcscecn, csccr = 11.9 Hz),
4.75 (d, 1H, CI3CCH, Jciccn, caccr = 11.9 Hz), 4.78-4.70 (m, 1H, 3-hydroxy-Pro-B-CH), 4.41 (s, 1H, 3-hydroxy-
Pro-a-CH), 4.36 (dq, 1H, D-Ala-a-CH, Jo-ala-a-CH p-Ala-NH = 0.8, J-Ala-a-CH. p-Ala-p-ctr = 6.9 Hz), 4.22-4.12 (m, 2H, H-
1), 4.11-3.99 (m, 1H, H-2), 3.81 (dd, 1H, 3-hydroxy-Pro-6-CH, J3-nydroxy-Pro-3-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-y-ct = 8.7 Hz), 3.63 (ddd, 1H, 3-hydroxy-Pro-0-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-8-CH, 3-
hydroxy-Pro-y-CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Proy-Ct = 8.7 Hz), 3.27-3.12 (m, 2H, H-5), 2.22-2.07 (m, 1H, 3-hydroxy-Pro-
v-CH), 1.97 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 12.8, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-8-CH =
8.7 Hz), 1.71-1.45 (m, 4H, H-3, H-4), 1.41 (s, 9H, ‘Bu), 1.24 (d, 3H, p-Ala-B-CH, Jo-Ala-p-CH.0-Ala-a-cer = 6.9 HZ), 1.16-
0.94 (m, 21H, 'Pr;Si); *C NMR (CDCls, 100 MHz) § 173.5, 169.5, 156.6, 155.7, 153.9, 136.7, 128.6, 128.3, 128.2,
94.5,80.2,77.0,73.3, 69.9, 69.6, 66.7,48.3, 48.2, 45 .3, 40.6, 33.9, 28.5, 18.0, 16.2, 18.0, 17.1, 12.0; ESIMS-LR m/z
889.32 [(M+Na)*]; ESIMS-HR calcd for CisHs1010NsCI3NaSi 889.3115, found 889.3136; [a]*’p —2.53 (¢ 4.57,
CHC).

Data for cis-48: 'H NMR (CDCls, 400 MHz) § 7.39-7.24 (m, 5H, Ph), 6.02 (d, 1H, 3-hydroxy-Pro-NH, J3-hydroxy-Pro-
N a2 = 8.7 Hz), 5.66-5.57 (m, 1H, C-5-NH), 5.40 (d, 1H, D-Ala-NH, Jo-ala-N#, p-Ala-o-cer = 8.2 Hz), 5.15 (d, 1H, PhCH,
Jener, pherr = 12.4 Hz), 5.05 (d, 1H, PhCH, Jench, pver = 12.4 Hz), 4.77 (d, 1H, CIsCCH, Jcnccn, csccr = 11.9 Hz),
4.72 (d, 1H, CIsCCH, Jcicer, csccr = 11.9 Hz), 4.73-4.66 (m, 1H, 3-hydroxy-Pro-B-CH), 4.46 (d, 1H, 3-hydroxy-
Pro-a.-CH, J3-hydroxy-Pro-0-CH, 3-hydroxy-Pro-g-ctr = 5.5 Hz), 4.48-4.42 (m, 1H, p-Ala-a-CH), 4.30 (dd, 1H, H-1, J;,1 = 11.0,
Ji,»=2.8 Hz), 4.25-4.10 (m, 2H, H-1, H-2), 3.84-3.64 (m, 2H, 3-hydroxy-Pro-3-CH), 3.24-3.13 (m, 2H, H-5), 2.16-
2.00 (m, 1H, 3-hydroxy-Pro-y-CH), 1.70-1.47 (m, 4H, H-3, H-4), 1.41 (s, 9H, ‘Bu), 1.27 (d, 3H, p-Ala-B-CH, Jo-Ala-
p-CH.p-Ala-a-ctr = 6.9 Hz), 1.13-0.97 (m, 21H, Pr3Si); *C NMR (CDCls, 125 MHz) § 173.5, 167.6, 156.6, 155.5, 153.9,
136.8, 128.5, 128.4, 128.1, 128.0, 127.8, 94.3, 80.0, 76.8, 76.3, 71.7, 70.8, 66.6, 65.6, 48.2, 47.8, 45.2, 40.6, 34.1,
29.7, 28.5, 25.5, 18.2, 18.1, 18.0, 12.3, 12.1; ESIMS-LR m/z 889.31 [(M+Na)']; ESIMS-HR calcd for
C3sHe1010N4C13NaSi 889.3115, found 889.3127; [a]*’p —19.12 (¢ 0.52, CHCl5).
N-[(S)-4-Azide-1-(hydroxymethyl)butyl]-[(Boc-D-Ala-(35)-3-(triisopropylsiloxy)-Pro)|amide (49)
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4 A mixtue of compound trans-48 (495 mg, 0.57 mmol) and metallic Sm (85.7 mg, 0.57

HO\/iNj PTPS mmol) in MeOH (15 mL) was treated with I, (145 mg, 0.57 mmol) at room temperature for
1 N 110 min. The reaction was quenched with sat. ag. NaxS;03. The mixture was partitioned
BocHNI between Et,0O and sat. ag. NaHCO3, The organic phase was washed with 1 M ag. HCI and

brine, dried (Na;SQs), filtered, and concentrated in vacuo to afford a crude alcohol. A
mixture of the crude alcohol and Pd black (46 mg) in 5% AcOH/MeOH (10 mL) was vigorously stirred at room
temperature for 3.5 h under H» atmosphere. The catalyst was filtered off through a Celite pad, and the filtrate was
concentrated in vacuo to afford a crude aminoalcohol. A mixture of the crude aminoalcohol, K,CO3 (394 mg, 2.85
mmol) and CuSO4-5H,0 (1.4 mg, 0.006 mmol) in MeOH (10 mL) was treated with imidazole-1-sulfonyl azide
hydrogen sulfate (464 mg, 1.71 mmol) at room temperature for 10.5 h. The mixture was partitioned between AcOEt
and 1 M aq. HCI. The organic phase was washed with HO and brine, dried (Na>SOs), filtered, and concentrated in
vacuo. The residue was purified by high-flash silica gel column chromatography (5-25% acetone/hexane) to afford
49 (292 mg, 0.50 mmol, 88% over 3 steps) as a white solid.

"H NMR (CDCls, 500 MHz) & 6.70 (d, 1H, 3-hydroxy-Pro-NH, J3.nydroxy-pro-Na, 12 = 8.6 Hz), 5.04 (d, 1H, D-Ala-NH,
Jo-Ala-NH, p-Ala-o-cr = 5.7 Hz), 4.76 (br s, 1H, 3-hydroxy-Pro-f-CH), 4.51 (s, 1H, 3-hydroxy-Pro-a-CH), 4.34 (dq, 1H,
D-Ala-a-CH, Jo-Ala-a-CH.p-Ala-NH = 5.7, Jo-Ala-a-CH p-ala-p-ctr = 6.9 Hz), 3.96-3.88 (m, 1H, 3-hydroxy-Pro-5-CH), 3.88-
3.81 (m, 1H, H-2), 3.72 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-
7-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 8.6 Hz), 3.68-3.61 (m, 1H, H-1), 3.55-3.47 (m, 1H, H-1), 3.34-3.23 (m, 2H,
H-5), 3.08 (br s, 1H, OH), 2.07-1.99 (m, 2H, 3-hydroxy-Pro-y-CH), 1.66-1.54 (m, 4H, H-3, H-4), 1.44 (s, 9H, ‘Bu),
1.31 (d, 3H, p-Ala-B-CH, Jo-Ata-p-CH.0-Ala--ctr = 6.9 Hz), 1.16-1.02 (m, 21H, 'Pr3Si); *C NMR (CDCls, 125 MHz) &
173.4,169.3, 156.1, 80.4, 73.8, 70.2, 64.6, 51.8, 51.3, 48.5, 45.3, 33.8, 28.5, 28.0, 25.7, 18.0, 16.5, 12.1; ESIMS-LR
m/z 585.48 [(M+H)"]; ESIMS-HR calcd for C27Hs306NSi 585.3790, found 585.3823; [a]*’p —13.90 (c 2.60, CHCI3).
H-(3S)-3-(triisopropylsiloxy)-Asp(O-cyclohexyl)-OAllyl (32)
o A solution of 36 (20.6 mg, 0.039 mmol) in CH2Cl, (300 pL) was treated with TFA (100
D N pL) at room temperature for 15 min. The reaction was quenched with sat. ag. NaHCO3, and
CiniOTIPS the mixture was partitioned between AcOEt and sat. ag. NaHCO;. The organic phase was
washed with H,O and brine, dried (Na»SOs), filtered, and concentrated in vacuo to afford 32.
The amine was directly used to the next reaction without futher purification.
(25)-5-Azide-2-[Boc-D-Ala-(35)-3-(triisopropylsiloxy)-Pro]amino-N-[(3R)-3-(triisopropylsiloxy)-p-Asp(O-
cyclohexyl)-Oallyl]pentanamide (29)

Hp A solution 0f 49 (23.0 mg, 0.039 mmol) in THF (500 pL) was treated with
Ha/g[HCONS\H/\g O| oTips Dess-Martin periodinane (33.1 mg, 0.078 mmol) at room temperature for 130
'~o N\[(\”) min. The reaction was quenched with sat. ag. Na;S,0s/sat. ag. NaHCO3; = 1/1,
OT(I)PS OIN and the mixture was partitioned between AcOEt and H,O. The organic phase
OI/O BocHN was washed with H,O and brine, dried (Na2SOs), filtered, and concentrated in

" ”

5 vacuo to afford a crude aldehyde. A solution of the crude aldehyde, NaH,PO4*
2H,O0 (183 mg, 0.12 mmol) and 2-methylbut-2-ene (50 pL) in
THF/'BuOH/H,0 (600 uL/600 uL/100 pL) was treated with a solution of NaClO> (18.3 mg, 0.12 mmol) in H>O (100

120



pL) at room temperature for 130 min. The mixture was partitioned between AcOEt and 1 M ag. HCI. The organic
phase was washed with brine, dried (Na2SOs), filtered, and concentrated in vacuo to afford a crude carboxylic acid.
A mixture of the crude carboxylic acid, amine 32 (0.039 mmol), NaHCO3 (9.8 mg, 0.12 mmol) and HOAt (15.9 mg,
0.12 mmol) in CH2Cl, (400 pL) was treated with EDCI (22.4 mg, 0.12 mmol) at room temperature for 140 min. The
mixture was partitioned between AcOEt and sat. ag. NaHCOs. The organic phase was washed with 1 M agq. HCL, sat.
aq. NaHCOs3, H>0 and brine, dried (NaxSOs), filtered, and concentrated in vacuo. The residue was purified by high-
flash silica gel column chromatography (40% AcOEt/hexane) to afford 29 (17.2 mg, 0.17 mmol, 44% over 3 steps)
as a colorless oil.

"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) § 7.32 (d,
1H, Orn-o-NH, Jom-a-N#, om-a-cr = 8.2 Hz), 6.90 (d, 1H, B-hydroxy-Asp-NH, Jp-hydroxy-Asp-NH, B-hydroxy-Asp-a-CH = 9.6
Hz), 5.92 (dddd, 1H, He, Jae, 1. = 17.9, Jue, 1o = 11.0, Jue, 11 = Jue, 1 = 5.9 Hz), 5.34 (dd, 1H, Ha, Jua 1. = 17.9, Jho 1 =
1.4 Hz), 5.36-5.31 (m, 1H, p-Ala-NH), 5.26 (dd, 1H, Hy, Ju, e = 11.0, Juw, 11 = 1.4 Hz), 5.02 (dd, 1H, B-hydroxy-
Asp-a-CH, Jp-hydroxy-Asp-0-CH, B-hydroxy-Asp-NH = 9.6, Jp-hydroxy-Asp-a-CH, B-hydroxy-Asp-p-ct = 1.8 Hz), 4.93 (d, 1H, B-hydroxy-
Asp-B-CH, Jp-hydroxy-Asp-p-CH, p-hydroxy-Asp-o-ct = 1.8 Hz), 4.78-4.70 (m, 2H, H-1', 3-hydroxy-Pro-B-CH), 4.67 (dddd, 1H,
H-1,J1,1=13.3,J1,10.=5.9, Ji,m = J1,1m. = 1.4 Hz), 4.56 (dddd, 1H, H-1, J1,1 =133, J1, 0. =59, i, =J1, 1. = 1.4
Hz), 4.47 (dq, 1H, p-Ala-o.-CH, Jo-Ala-a-CH, p-Ala-NH = Jb-Ala-a-CH, p-Ala-p-ct1 = 6.9 Hz), 4.40 (s, 1H, 3-hydroxy-Pro-o-CH),
4.34 (ddd, Orn-a-CH, Jom-a-cH, 0m-a-NH = 8.2, Jom-o-CH, Om-p-CH = Jom-a-cH, om-p-cr = 9.6 Hz), 3.80 (dd, 1H, 3-hydroxy-
Pro-8-CH, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-3-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-cH = 9.6 Hz), 3.68 (m, 1H, 3-hydroxy-Pro-d-
CH), 3.29 (ddd, 1H, Orn-6-CH, Jorm-s-ct, om-s-ct = 9.2, Jom-5-CH, Om-y-Ct = Jom-5-cH, om-y-c = 5.0 Hz), 3.26 (ddd, 1H,
Orn-6-CH, Jom-s-cH, om-s-c = 9.2, Jom-s-CH, Orn-y-cf = Jom-s-cH, om+-cr = 5.0 Hz), 2.31-2.16 (m, 1H, 3-hydroxy-Pro-y-
CH), 2.04-1.95 (m, 1H, 3-hydroxy-Pro-y-CH), 1.95-1.78 (m, 4H, Orn-3-CH, H-2'), 1.76-1.62 (m, 4H, Orn-y-CH, H-
2"), 1.43 (s, 9H, ‘Bu), 1.47-1.18 (m, 6H, H-3', H-4"), 1.30 (d, 3H, D-Ala-B-CH, Jo-ata-p-cH, v-Ala-a-ctr = 6.9 Hz), 1.17-
0.95 (m, 42H, ‘Pr3Si); *C NMR (CDCls, 125 MHz) § 173.3, 170.6, 169.8, 169.6, 168.7, 155.4, 131.5, 119.3, 79.8,
74.4,73.1,72.7,69.3, 66.6, 55.9, 52.7, 51.0, 48.1,45.2, 34.0, 31.7,31.4, 28.8, 28.4, 25 .3, 24.8, 23.9, 23.9, 18.0, 18.0,
17.9, 12.5, 12.1; ESIMS-LR m/z 1030.61 [(M+Na)"]; ESIMS-HR calcd for C49HgoO11N7NaSi> 1030.6051, found
1030.6079; [a.]*°p —18.03 (c 1.72, CHCI3).
(25)-5-Azide-2-{[(3R)-3-hydroxy-14-methylpentadecanoyl]-allo-D-Thr(O-triisopropylsiloxy)-Boc-p-Ala-(3S5)-
3-(triisopropylsiloxy)-Pro}amino-/N-[(3R)-3-(triisopropylsiloxy)-D-Asp(O-cyclohexyl)-Oallyl|pentanamide
(32)

A mixture of 29 (195 mg, 0.193 mmol) in CH,Cl, (1.5 mL) was treated with

Ha/H;[HcOM\H/\: O omps TFA (500 uL) at room temperature for 35 min. The reaction was quenched with
) ™o NY\HJ 2 sat. ag. NaHCOs3, and the mixture was partitioned between AcOEt and sat. agq.
SQ/ © OT?P% oM NaHCOs. The organic phase was washed with HoO and brine, dried (Na>SOs),
: Ho— c: : Hﬁ\ui filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude
M amine, 28 (112.5 mg, 0.212 mmol), NaHCOs3 (53.4 mg, 0.636 mmol) and HOAt
N (86.6 mg, 0.636 mmol) in CH2Cl, (2 mL) was treated with EDCI (121.9 mg, 0.636

mmol) at room temperature for 20 h. The mixture was partitioned between AcOEt

and sat. ag. NaHCOs. The organic phase was washed with 1 M agq. HCI, sat. ag. NaHCOs3, H,O and brine, dried
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(Na2S0y), filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column
chromatography (40% AcOEt/hexane) to afford 52 (173 mg, 0.122 mmol, 63% over 2 steps) as a white solid.
"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) § 7.46 (d,
1H, p-Ala-NH, Jo-AlaN#, p-Ala-a-ct = 7.4 Hz), 7.22 (Orn-0-NH, Jom-NH, om-o-cr = 8.2 Hz), 6.84 (d, 1H, D-B-hydroxy-
ASp-NH, Jo.p-hydroxy-Asp-NH, o-B-hydroxy-Asp-a-CH = 9.6 Hz), 6.52 (d, 1H, allo-D-Thr-NH, Juiio-b-The-NH, allo-b-Thr-o-cti = 6.9 Hz),
5.92 (dddd, 1H, He, Jue, 1. = 17.4, Jue, m = 11.0, Jue, 1 = Jue, 1 = 6.0 Hz), 5.33 (d, 1H, Ha, Ju, ne = 17.4 Hz), 5.25 (d,
1H, Hp, Jus, v = 11.0 Hz), 5.01 (dd, 1H, p-B-hydroxy-Asp-c-CH, Jo-p-hydroxy-Asp-a-CH, p-B-hydroxy-Asp-NH = 9.6, Jo-p-hydroxy-
Asp-a-CH, b-p-hydroxy-Asp-p-cH = 1.8 Hz), 4.78-4.61 (m, 4H, allo-D-Thr-a-CH, 3-hydroxy-Pro-p-CH, H-1', H-1"), 4.56 (dd,
IH, Ji, 1= 13.3, Ji,u. = 6.0 Hz), 4.49-4.40 (m, 2H, p-Ala-a-CH, allo-D-Thr-B-CH), 4.35 (ddd, 1H, Orn-a.-CH, Jorm-
0-CH, Omn-o-NH = 8.2, Jom-a-CH, Om-p-CH = Jom-a-CH, om-p-ctr = 7.3 Hz), 4.30 (s, 1H, 3-hydroxy-Pro-a-CH), 4.08-3.98 (m,
1H, H-3), 3.86-3.78 (m, 1H, 3-hydroxy-Pro-3-CH), 3.64 (ddd, 1H, 3-hydroxy-Pro-6-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-
5-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-ctf = 9.6 Hz), 3.34 (ddd, 1H, Orn-3-CH, Jom-s-cH,
om-s-Ci = 12.8, Jom-s-CH, Orn-y-CH = JOm-5-CH, Om-y-cer = 6.9 Hz), 3.28 (ddd, 1H, Orn-6-CH, Jom-s5-c#, om-s-cer = 12.8, Jom-s-
CH, Om-y-CH = Jom-3-CH, om--ctr = 6.9 Hz), 2.38 (dd, 1H, H-2, J»,» = 13.7, J»,3 = 2.8 Hz), 2.28-2.09 (m, 2H, 3-hydroxy-
Pro-y-CH, H-2"), 2.01-1.66 (m, 6H, Orn-B-CH, Orn-y-CH, H-2"), 1.63-1.18 (m, 38H, p-Ala-B-CH, H-4, H-5, H-6,
H-7, H-8, H-9, H-10, H-11, H-12, H-13, H-14, H-3", H-4", ‘Bu), 1.18-0.93 (m, 63H, 'Pr3Si), 0.85 (d, 6H, H-15, Ju.15,
14 = 6.9 Hz); *C NMR (CDCls, 125 MHz) § 172.7, 172.4, 170.9, 169.8, 169.7, 169.5, 168.8, 131.5, 119.4, 74.6,
73.7,72.8,69.6,69.5, 68.4, 66.8, 59.4, 55.9, 52.8,47.0,45.4, 43.9,39.2, 28.1, 34.1, 31.8, 31.6, 30.1, 30.0, 29.9, 29.8,
29.1, 28.1, 27.6, 25.5, 25.4, 24.9, 24.0, 22.8, 19.6, 18.2, 18.2, 18.1, 18.0, 17.3, 12.6, 12.6, 12.1; ESIMS-LR m/z
1441.96 [(M+Na)*]; ESIMS-HR calcd for C73H1335013NsNaSis 1441.9583, found 1441.9631; [a]*°p —17.02 (¢ 0.67,
CHC).
[(3R)-3-Hydroxy-14-methylpentadecanoyl]-allo-p-Thr(O-triisopropylsiloxy)-Boc-p-Ala-(3.5)-3-
(triisopropylsiloxy)-Pro-Arg(Cbz):-(3R)-3-(triisopropylsiloxy)-p-Asp(O-cyclohexyl)-Oallyl (53)
A solution of 52 (143.6 mg, 0.101 mmol) and morpholine (35.2 pL, 0.404
mmol) in THF (2 mL) was treated with Pd(PPh3)s4 (3.5 mg, 0.003 mmol) at room

BocHN NBoc

HN__~_
N c‘) PTIPS  temperature for 30 min. The mixture was partitioned between AcOEt and 1 M agq.
HO,C NW/\ M.,
s 2 orbs cH> N HCL. The organic phase was washed with brine, dried (Na;SOs), filtered, and
4~O/3 o A i I concentrated in vacuo. The catalyst was removed by SH-silica gel column
HO-T ° N
4 o} H chromatograph 1 cm X 4 c¢cm, 1% MeOH/CHCIs), and the filtrate was
TIPSO b Sy
5
AN concentrated in vacuo to afford a crude carboxylic acid. A mixture of the crude

7 9 1 13

carboxylic acid and Pd black (28 mg) in 50% AcOH/MeOH (2 mL) was vigorously
stirred at room temperature for 3.5 h under H, atmosphere. The catalyst was filtered off through a Celite pad, and the
filtrate was concentrated in vacuo to afford a crude amine. A susupension of the crude amine and EtsN (41.8 uL, 0.30
mmol) in CH>Cl, (1 mL) was treated with N, N'-diBoc-N"-triflylguanidine (58.7 mg, 0.15 mmol) at room temperature
for 17.5 h. The mixture was partitioned between AcOEt and 1 M agq. HCI. The organic phase was washed with brine,
dried (Na;SOy), filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column
chromatography (1% MeOH/CHCI;) to afford 53 (118 mg, 0.074 mmol, 73% over 3 steps) as a white solid.
"H NMR (CDCls, 400 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) & 11.47 (br
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s, 1H, Arg-©-NH), 10.61 (br s, 1H, Arg-6-NH), 8.29 (m, 1H, allo-D-Thr-NH), 7.91 (br s, 1H, Arg-a-NH), 7.69 (d,
1H, D-B-hydroxy-Asp-NH, Jo-p-hydroxy-Asp-NH, b--hydroxy-Asp-a-ct# = 10.1 Hz), 7.44 (d, 1H, D-Ala-NH, Jo-Ala-NH, p-Ala-a-CH =
8.2 Hz), 5.22-5.18 (m, 1H, D-B-hydroxy-Asp-a-CH), 4.82-4.62 (m, 4H, D-B-hydroxy-Asp-B-CH, allo-D-Thr-o-CH,
3-hydroxy-Pro-B-CH, H-1"), 4.58-4.14 (m, 5H, p-Ala-a-CH, allo-D-Thr-B-CH, Arg-a-CH, 3-hydroxy-Pro-a-CH, C-
3-OH), 4.02-3.91 (m, 1H, H-3), 3.79-3.64 (m, 2H, 3-hydroxy-Pro-6-CH), 3.52-3.24 (m, 2H, Arg-56-CH), 2.45 (dd,
1H, H-2, J5,2 = 15.6, 2,3 = 2.7 Hz), 2.30 (dd, 1H, H-2, J»,2 = 15.6, J»,3 = 9.2 Hz), 2.13-1.64 (m, 12H, H-4, H-2, 3-
hydroxy-Pro-y-CH, Arg-B-CH, Arg-y-CH), 1.50 (s, 9H, ‘Bu), 1.48 (s, 9H, ‘Bu), 1.61-1.20 (m, 39H, allo-D-Thr-y-CH,
p-Ala-B-CH, H-5, H-6, H-7, H-8, H-9, H-10, H-11, H-12, H-13, H-14, H-3', H-4"), 1.20-0.95 (m, 63H, 'Pr3Si), 0.85
(d, 6H, H-15, Jis5,14 = 6.4 Hz); '*C NMR (CDCls, 125 MHz) § 173.8, 173.1, 171.4,170.4,170.3, 169.1, 163.6, 156.3,
153.3,132.2,128.7,122.3, 118.4,83.2,79.4, 74.5,74.2,72.4,70.4, 69.5, 68.7, 59.5, 56.3, 53.0,47.7,45.5, 44.1, 40.7,
39.2,37.7,33.7,31.6,31.4,30.1, 30.0, 29.9, 29.8, 29.8, 28 .4, 28.2, 28.1, 28.0, 27.6, 26.0, 25.6, 25.4,23.9,22.8, 19.7,
18.4, 18.2, 18.2, 18.1, 16.1, 13.0, 12.6, 12.5, 12.1; ESIMS-LR m/z 1596.09 [(M+H)*]; ESIMS-HR calcd for
Cs1Hi55017NsSi3 1596.0813, found 1596.0860; [a]*’p —15.30 (¢ 1.55, CHCl5).
Boc-p-Ser(O-triisopropylsilyl)-(3S5)-3-(triisopropylsiloxy)-Pro-(35)-3-(triisopropylsiloxy)-Asp(O-cyclohexyl)-
OH (57)

A solution of 45 (87.9 mg, 0.089 mmol) in THF (3 mL) was treated with Dess-Martin

TIPSO
"C\ periodinane (945 mg, 2.23 mmol) at room temperature for 60 min. The reaction was quenched
TIPSO\ _N NHBoo

o ;\NHO with sat. ag. NaS,0s/sat. ag. NaHCO3s = 1/1, and the mixture was partitioned between
T|Psor co.H AcOEt and H>O. The organic phase was washed with brine, dried (Na,SOy), filtered, and
o0 o concentrated in vacuo to afford a crude aldehyde. A solution of the crude aldehyde,
@2 NaH,PO4:2H>0 (41.7 mg, 0.27 mmol) and 2-methylbut-2-ene (50 uL) in THF//BuOH/H,O

4 3 (450 pnL/450 pLL/100 pL) was treated with a solution of NaClO; (24.1 mg, 0.27 mmol) in H,O

(50 uL) at room temperature for 50 min. The mixture was partitioned between AcOEt and 1 M aq. HCI. The organic
phase was washed with brine, dried (Na2SOs), filtered, and concentrated in vacuo. The residue was purified by high-
flash silica gel column chromatography (0-1-2% MeOH/CHCIs) to afford 57 (52.6 mg, 0.053 mmol, 59% over 2
steps) as a colorless solid.

"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) § 7.18 (d,
1H, B-hydroxy-Asp-NH, Jp-nydroxy-Asp-NH, p-hydroxy-asp-a-ct = 6.9 Hz), 5.55 (d, 1H, D-Ser-NH, Jo.ser-N, v-ser-o-cz = 8.1 Hz),
4.99-4.90 (m, 2H, B-hydroxy-Asp-o-CH, B-hydroxy-Asp-B-CH), 4.78-4.71 (m, 1H, H-1), 4.67-4.58 (m, 2H, D-Ser-
a-CH, 3-hydroxy-Pro-B-CH), 4.37 (s, 1H, 3-hydroxy-Pro-a-CH), 3.94 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-nydroxy-Pro-5-
CH, 3-hydroxy-Pro-5-CH = 9.8, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-ct = 0.3 Hz), 3.88-3.80 (m, 2H, p-Ser-B-CH), 3.77 (dd, 1H, 3-
hydroxy-Pro-6-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = 9.8, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-ct = 8.6 Hz), 2.21-2.11 (m, 1H,
3-hydroxy-Pro-y-CH), 1.98 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-
hydroxy-Pro-5-c# = 6.3 Hz), 1.87-1.63 (m, 4H, H-2), 1.57-1.19 (m, 6H, H-3, H-4), 1.19-0.88 (m, 63H, Pr3Si); *C NMR
(CDCls, 125 MHz) 6 170.9, 169.7, 155.3, 79.6, 74.5, 73.8, 72.3, 63.9, 55.6, 54.4, 45.9, 34.4, 31.5, 31.3, 28.5, 25.3,
23.8,34.4,31.5,31.3,28.5,25.3,23.8,18.1, 18.0, 12.4, 12.1, 12.0; ESIMS-LR m/z 1022.63 [(M+Na)']; ESIMS-HR
caled for CsoHo7011N3NaSi; 1022.6323, found 1022.6338; [a]*’p —4.19 (c 0.43, CHCl;).
(R)-3-Hydroxytridec-12-enoic acid (61)
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A mixture of 3 (105 mg, 0.50 mmol) in THF (2 mL) was treated with a solution of
NaOH (22 mg, 0.55 mmol) in H>O (2 mL) at room temperature for 40 min. The mixture
H, Wwas partitioned between 1 M ag. HCI and AcOEt, and the organic phase was washed

Hp with brine, dried (NaxSOy), filtered, and concentrated in vacuo. The residue was
recrystalized from hexane to afford 61 (83 mg, 0.36 mmol, 73%) as a white solid.
mp 55-56 °C; "H NMR (CDCl;, 400 MHz) 5.81 (dddd, 1H, H-12, Ji2, ns = 17.4, Ju-12, 1 = 10.5, Ji2, 11 = Ji2, 11 = 6.9
Hz), 4.99 (d, 1H, Hy, Ju,, 12 = 17.4 Hz), 4.93 (d, 1H, Ha, Ju. 12 = 10.5 Hz), 4.08-3.98 (m, 1H, H-3), 2.58 (dd,1H, H-2,
Jo,2=16.5,J5,3=3.2 Hz), 2.48 (dd,1H, H-2, J»,» = 16.5, J»,3 = 8.7 Hz), 2.03 (ddd, 2H, H-11, Ji1, 10 =J11,10 =J11,12 =
6.9 Hz), 1.61-1.24 (m, 14H, H-4, H-5, H-6, H-7, H-8, H-9, H-10); *C NMR (CDCls, 125 MHz) § 178.2,139.3, 114.3,
68.1, 41.2, 36.6, 33.9, 29.6, 29.6, 29.5, 29.2, 29.0, 25.6; ESIMS-LR m/z 229.18 [(M+H)"]; ESIMS-HR calcd for
C13H2505 229.1798, found 229.1822; [a]*’p —14.56 (c 0.53, CHCl;).

Allyl (R)-3-hydroxytridec-12-enoate (58)

A suspension of 61 (114 mg, 0.50 mmol) and Cs,CO3 (195 mg, 0.60 mmol) in DMF
(5 mL) was treated with allyl bromide (51.8 pL, 0.60 mmol) at room temperature for 3
h. The mixture was partitioned between AcOEt and H»>O, and the organic phase was

washed with brine, dried (Na>SOys), filtered, and concentrated in vacuo. The residue was

purified by high-flash silica gel column chromatography (20% Et,O/hexane) to afford

58 (70.5 mg, 0.26 mmol, 53%) as a colorless oil.
"HNMR (CDCl3, 500 MHz) 8 5.90 (dddd, 1H, H, Jue, 1= 17.2, Jue, o = 10.9, Jue, i1 = Jue, n-1 = 5.7 Hz), 5.79 (dddd,
1H, H-12, Ji2,1e = 17.4, J12, 5. = 10.4, J12, 11 = J12,11 = 6.3 Hz), 5.31 (d, 1H, Ha, Jua, ne = 17.2 Hz), 5.24 (d, 1H, Hp, Jt,
ne = 10.3 Hz), 4.97 (ddd, 1H, Hq, Jue, 12 = 17.4, Jus, 11 = 3.5, Jue, 11 = 1.7 Hz), 4.91 (d, 1H, He, Ju., 12 = 10.4 Hz), 4.60
(d, 2H, H-1', J1 u. = 5.7 Hz), 4.03-3.96 (m, 1H, H-3), 2.91 (s, 1H, OH), 2.52 (dd, 1H, H-2, />, =16.6, J2,3 = 3.5 Hz),
2.42 (dd, 1H, H-2, J2,2 = 16.6, J>,3 = 9.2 Hz), 2.02 (ddd, 2H, H-11, Ji1,12 = J11,10 = 6.3, J11,10 = 6.9 Hz), 1.55-1.47
(m, 2H, H-4), 1.46-1.23 (m, 12H, H-5, H-6, H-7, H-8, H-9, H-10); *C NMR (125 MHz, CDCl3) & 172.8, 139.3,
132.0, 118.7, 114.2, 68.1, 65.4, 41.4, 36.6, 33.9, 29.6, 29.5, 29.2, 29.0, 25.6; ESIMS-LR m/z 291.11 [(M+Na)'];
ESIMS-HR calcd for C16H2903 296.2111, found 269.2131; [a]*’p —15.40 (c 0.50, CHCl;).
Cyclohexyl 1-[(allyloxycarbonyl)methylJundec-10-enyl 2-[Boc-p-Ser(O-triisopropylsilyl)-(3S5)-3-
(triisopropylsiloxy)-Pro]aminobutendioate (62)

TIPSO A solution of 57 (5.0 mg, 0.0050 mmol), 58 (2.0 mg, 0.0075 mmol) and
T'PSO’CNjg\NHBoc DMAP (0.61 mg, 0.0050 mmol) in CH>Cl, (50 pL) was treated with EDCI

)

(1.0 mg, 0.0050 mmol) at room temperature for 130 mim. The mixture was

07 NH
partitioned between AcOEt and 1 M aq. HCL. The organic phase was washed
=
g © with H,O and brine, dried (Na,SQOs), filtered, and concentrated in vacuo.

The residue was purified by flash silica gel column chromatography (25%
Et,0/hexane), PTLC (25% Et;O/hexane), and flash silica gel column
chromatography (¢ 0.5 cmx1.5 cm, 25% Et;O/hexane) to afford 62 (2.1 mg,

0.0020 mmol, 39%) as a colorless oil.
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"HNMR (CDCls, 500 MHz) 6 5.91 (dddd, He, Jie, 1 = 17.2, Jite, 1 = 10.9, Jite -1 = Jite, w10 = 5.8 Hz), 5.80 (dddd, H-
12, Jiz,me = 17.2, Ji2, 55 = 10.3, Ji2, 11 = Ji2, 1 = 6.3 Hz), 5.66 (D-Ser-NH, Jo-ser-NH, p-Ser-o-ctr = 8.6 Hz), 5.52 (s, 1H,
dehydro-Asp-B-CH), 5.38-5.30 (m, 1H, H-3), 5.31 (dd, 1H, Ha, Ju., n. = 17.2 Hz), 5.24 (d, 1H, Hy, Ju, 1. = 10.9 Hz),
4.99 (dd, 1H, Hq, Jus, 12 = 17.2 Hz), 4.92 (d, 1H, He, Jue, 12 = 10.3 Hz), 4.88-4.81 (m, 1H, H-1"), 4.72-4.64 (m, 2H, D-
Ser-a-CH, 3-hydroxy-Pro-B-CH), 4.58 (d, 2H, H-1', Ji u. = 5.8 Hz), 4.50 (s, 1H, 3-hydroxy-Pro-a-CH), 3.98 (dd,
1H, p-Ser-B-CH, Jo-ser-p-ca, v-Ser-p-ct = 9.8, Jo-ser-p-c, p-ser-a-cr = 8.0 Hz), 3.89-3.76 (m, 3H, D-Ser-B-CH, 3-hydroxy-
Pro-8-CH), 2.72 (dd, 1H, H-2, 2,2 = 15.7, J»,3 = 6.8 Hz), 2.59 (dd, 1H, H-2, J»,» = 15.7, /2,3 = 5.7 Hz), 2.20-2.11 (m,
1H, 3-hydroxy-Pro-y-CH), 2.07-1.95 (m, 3H, 3-hydroxy-Pro-y-CH, H-11), 1.81 (m, 2H, H-2"), 1.71 (m, 2H, H-2"),
1.50-1.18 (m, 20H, H-4, H-5, H-6, H-7, H-8, H-9, H-10, H-3", H-4"), 1.14-0.94 (m, 42H, "Pr3Si); '*C NMR (CDCls,
125 MHz) 6 170.1, 155.4, 139.4, 132.1, 118.7, 114.3,79.6, 73.9, 73.4, 73.4, 73.0, 72.3, 69.9, 65.6, 54.1, 45.5, 39.2,
38.8,34.4,34.0,33.8,32.1, 31.6, 29.8, 29.6, 29.5,29.4,29.2, 29.1, 28.5, 25.4, 25.1, 24.9,23.7,22.8, 18.1, 18.1, 14.3,
12.1, 12.0; ESIMS-LR m/z 1098.68 [(M+Na)']; ESIMS-HR calcd for Cs7;Hi01012N3NaSi, 1098.6816, found
1098.6824; [a.]*°p —1.66 (c 0.18, CHCI3).

Allyl (R)-3-hydroxytridec-12-enoate (64)

, He A suspension of 43 (136 mg, 0.50 mmol) and Cs,CO3 (228 mg, 0.70 mmol) in DMF
H04 [ (; OY\H(HI) (5 mL) was treated with allyl bromide (60.5 puL, 0.70 mmol) at room temperature for 10
® a h. The mixture was diluted with AcOEt, and partitioned between AcOEt and H,O, and

the organic phase was washed with brine, dried (Na>SOy), filtered, and concentrated in

vacuo. The residue was purified by high-flash silica gel column chromatography (0-10-15% AcOEt/hexane) to afford
64 (117 mg, 0.38 mmol, 75%) as a colorless oil.
"H NMR (CDCls, 400 MHz) § 5.89 (dddd, 1H, He, Jue, i = 17.2, Jie, 1o = 10.5, Jue, 1 = Jue, 1+ = 6.0 Hz), 5.30 (dd, 1H,
Ha, JHove = 17.2, Ju, 1 = 1.2Hz), 5.22 (dd, 1H, Hy, Jus, 1 = 10.3, Jmo, 11 = 1.2Hz), 4.58 (dd, 2H, H-1', Ji, 1. = 5.7, J1" Ha
=Jr,m = 1.2, Hz), 4.03-3.95 (m, 1H, H-3), 2.98 (s, 1H, OH), 2.51 (dd, 1H, H-2, J» » = 16.5, J>,3 = 3.2 Hz), 2.41 (dd,
IH, H-2, J»,» =16.5, /2,3 = 8.7 Hz), 1.55-1.44 (m, 1H, H-14), 1.44-1.37 (m, 2H, H-4), 1.37-1.08 (18H, H-5, H-6, H-
7, H-8, H-9, H-10, H-11, H-12, H-13), 0.83 (d, 6H, H-15, Jis, 14 = 6.9 Hz); '3*C NMR (100 MHz, CDCl3) § 172.8,
131.9, 118.6, 68.1, 65.4, 41.4, 39.1, 36.6, 30.0, 29.8, 29.7, 29.7, 29.7, 28.0, 27.5, 25.6, 22.8; ESIMS-LR m/z 335.26
[(M+Na)*]; ESIMS-HR calcd for C19H3603Na 335.2557, found 335.2564; [a.]*°p —10.09 (c 0.57, CHCl5).
Boc-(35)-3-(triisopropylsiloxy)-Asp(O-cyclohexyl)-OH (ent-35)
HO._0 5 . A mixture of 13 (342 mg, 0.67 mmol) in acetone (26 mL) was treated with 2.5 M

H O Jones reagent (910 pL, 2.3 mmol) at 0 °C for 4.5 h. The reaction was quenched with

O 1

BocHN ‘PrOH (4.0 mL), and the mixture was partitioned between Et;0 and 1 M ag. HCI. The

oTiPs

organic phase was washed with brine, dried (NaSOs), filtered, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (¢ 2 % 4 cm, 2% MeOH/CHC]ls) to afford ent-
35 (115 mg, 0.1235 mmol, 35 %, 71% based on 49% conversion) as a yellow oil, and the unreacted starting material
(176 mg, 0.34 mmol, 51%) was recoverd.
"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) & 5.26 (d,
1H, L-B-hydroxy-Asp-NH, Jo.p-hydroxy-Asp-NH, b-p-hydroxy-Asp-o-c = 9.2 Hz), 4.95 (br s, 1H, L-B-hydroxy-Asp-B-CH), 4.83-
4.74 (m, 2H, L-B-hydroxy-Asp-a-CH, H-1), 1.87-1.81 (m, 2H, H-2), 1.76-1.67 (m, 2H, H-2), 1.55-1.21 (m, 6H, H-3,
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H-4), 1.42 (s, 9H, ‘Bu), 1.18-1.01 (m, 21H, "Pr3Si) ; *C NMR (CDCls, 125 MHz) § 174.8, 169.9, 155.6, 80.5, 74.6,
72.9,57.3,31.6,31.4,28.3,254,23.9,23.8, 18.0, 18.0, 12.8, 12.5; ESIMS-LR m/z 510.28 [(M+Na)"]; ESIMS-HR
caled for Co4HssO7NNaSi 510.2858, found 510.2854; [a]*°p —1.20 (¢ 1.77, CHCL3).

Depsipeptide 65

NHBoc H, A solution of 64 (23.2 mg, 0.074 mmol), ent-35 (30.3 mg, 0.062 mmol)
T'PSONO N OWHb and DMAP (7.6 mg, 0.062 mmol) in CHCl (600 uL) was treated with
o"~o o EDCI (23.8 mg, 0.12 mmol) at —18 °C for 1 min. The mixture was warmed
(52" ;s n 1 to 0 °C, and stirred for 24 h. The mixture was diluted with AcOEt, and
e i partitioned between AcOEt and 1 M agq. HCL. The organic phase was washed

with sat. ag. NaHCO3 and brine, dried (NaxSOy), filtered, and concentrated in vacuo. The residue was purified by
high-flash silica gel column chromatography (0-3-5% AcOEt/hexane) to afford 65 (37.4 mg, 0.048 mmol, 77%) as a
colorless oil.

"HNMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) & 5.90 (dddd,
IH, He, Jue, 1 = 17.2, Je, 1 = 10.3, Jie, 1 = Jue, 11 = 5.8 Hz), 5.31 (dd, 1H, Ha, Jho, 5 = 17.2, Jio, 1 = 1.2 Hz), 5.25-5.16
(m, 3H, Hy, H-3, L-B-hydroxy-Asp-NH), 4.86 (d, 1H, L-B-hydroxy-Asp-B-CH, Ji-p-hydroxy-Asp-B-CH, L-p-hydroxy-Asp-a-CH =
1.8 Hz), 4.82-4.75 (m, 1H, H-1"), 4.69 (dd, L-B-hydroxy-Asp-o-CH, 1H, JLg-hydroxy-Asp-a-CH, L-p-hydroxy-Asp-NH# = 9.8, Ji-
B-hydroxy-Asp-0-CH, L-B-hydroxy-Asp-p-cir = 1.8 Hz), 4.58 (d, 2H, H-1', J1, 1. =5.8 Hz), 2.69 (dd, 1H, H-2, J»,» = 15.5, .3 =
6.3 Hz), 2.58 (dd, 1H, H-2, J»,»=15.5, J>,3= 6.9 Hz), 1.88-1.81 (m, 2H, H-2"), 1.76-1.61 (m, 4H, H-2", H-3"), 1.56-
1.46 (m, 3H, H-4, H-14), 1.41 (s, 9H, '‘Bu), 1.46-1.19 (m, 22H, H-5, H-6, H-7, H-8, H-9, H-10, H-11, H-12, H-13, H-
3", H-4"), 1.17-1.01 (m, 21H, ‘Pr3Si), 0.85 (d, 6H, H-15, Jis, 14 = 6.9 Hz); *C NMR (CDCls, 125 MHz) § 170.3, 169.9,
169.6, 155.3,132.1, 118.7,79.9, 74.4, 43.0, 72.7, 65.5, 57.6, 39.2, 39.0, 33.8, 31.7, 31.4, 30.1, 29.8, 29.8, 29.7, 29.6,
29.6, 28.4, 28.3, 28.1, 27.5, 25.4, 25.1, 24.0, 23.9, 22.8, 18.1, 18.1, 18.0, 12.8, 12.5; ESIMS-LR m/z 804.54
[(M+Na)']; ESIMS-HR calcd for C43H7909NNaSi 804.5416, found 804.5419; [a.]*’p ~7.60 (c 0.36, CHCI3).
2-[Boc-p-Ser(OBn)-(35)-3-(triisopropylsiloxy)-Prolaminophenyl acetate (trans-84)

2-[Boc-D-Ser(OBn)-(35)-3-(triisopropylsiloxy)-p-Pro]aminophenyl acetate (cis-84)
B0 B0 A solution of 4a (241 mg, 1.00 mmol) and 82 (443 mg,
n n
_C\ 1.50 mmol) in HFIP (2 mL) was treated with a solution of 83
TIPSO N NHBoc TIPSO N NHBoc
0 o) (242 mg, 1.50 mmol) in HFIP (3 mL) at room temperature
HN" 0 + HN" S0 .

ACO AcO for 2 h. The mixture was concentrated in vacuo, and the
residue was purified by high-flash silica gel column
chromatography (0-5-10-40% AcOEt/hexane) to afford

trans-84 (167 mg, 0.22 mmol, 22%) as a yellow oil and cis-84 (489 mg, 0.64 mmol, 64%) as a colorless foam.

Data for trans-84: '"H NMR (CDCls;, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major

rotamer) 6 9.44 (s, 1H, Ar-NH), 8.24 (d, 1H, H-6, Js, s = 8.1 Hz), 7.38-7.24 (m, 5H, Ph), 7.18 (ddd, 1H, H-5, Js 6 =

8.1,J5,4=15.7,Js,3=2.9 Hz), 7.10-7.04 (m, 2H, H-3, H-4), 5.23 (d, 1H, D-Ser-NH, Jo-ser-N#, p-ser-a-ct = 8.1 Hz), 4.97

(d, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro--CH, 3-hydroxy-Pro-y-ct = 2.9 Hz), 4.75 (ddd, 1H, D-Ser-o-CH, Jo-ser-a-CH.p-Ser-NH

= 8.1, Jo-Ser-0-CH. p-Ser-p-CH = Jo-Ser-a-CH.p-Ser-p-ctr = 0.3 Hz), 4.63 (s, 1H, 3-hydroxy-Pro-a-CH), 4.54 (s, 2H, PhCH), 3.89

(ddd, IH, 3‘hydr0Xy‘Pr0'8‘CH ,J- 3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-8-CH — 10. 1, J- 3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH = 69, J. 3-hydroxy-
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Pro-5-CH, 3-hydroxy-Pro-y-cHH = 5.8 HZz), 3.83 (dd, 1H, 3-hydroxy-Pro-3-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-Ce = 10.1, J3-hydroxy-
Pro-8-CH, 3-hydroxy-Pro-y-Ce = 9.2 Hz), 3.67-3.59 (m, 2H, D-Ser-B-CH), 2.46 (s, 3H, CH3), 2.30-2.21 (m, 1H, 3-hydroxy-
Pro-y-CH), 2.03 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 12.6, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-3-CH
= 5.8 Hz), 1.38 (s, 9H, ‘Bu), 1.13-1.00 (m, 21H, "Pr3Si); '*C NMR (CDCl;, 125 MHz) § 172.0, 169.3, 167.7, 155.3,
140.1, 137.6, 130.6, 128.6, 127.9, 127.7, 126.3, 124.3 ,122.3, 121.9, 80.3, 73.4, 72.5, 69.9, 69.7, 52.3, 45.9, 34.0,
28.3,21.2, 18.1, 12.1; ESIMS-LR m/z 720.37 [(M+Na)']; ESIMS-HR calcd for C37HssOsN3NaSi 720.3651, found
720.3651; [a.]*°p —40.50 (c 0.53, CHCl3).

Data for cis-84: '"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major
rotamer) 6 7.94 (d, 1H, H-6, Js,5s = 7.5 Hz), 7.67 (s, 1H, Ar-NH), 7.31-7.21 (m, 5H, Ph), 7.18-7.05 (m, 3H, H-3, H-
4, H-5), 5.31 (d, 1H, D-Ser-NH, Jo-ser-NH, p-ser-o-ctr = 8.6 Hz), 4.72 (m, 2H, 3-hydroxy-Pro-3-CH, D-Ser-a-CH), 4.62
(d, 1H, 3-hydroxy-Pro-a-CH, J3-nydroxy-Pro-a-CH, 3-hydroxy-Pro-p-ctf = 6.9 Hz), 4.52 (d, 1H, PhCH, Jpnch, pncer = 12.0 Hz),
4.52 (d, 1H, PhCH, Jpnch, pncr = 12.0 Hz), 3.97-3.90 (m, 1H, 3-hydroxy-Pro-6-CH), 3.82-3.72 (m, 1H, 3-hydroxy-
Pro-6-CH), 3.69-3.61 (m, 2H, D-Ser--CH), 2.34 (s, 3H, CH3), 2.37-2.28 (m, 1H, 3-hydroxy-Pro-y-CH), 2.19-2.11
(m, 1H, 3-hydroxy-Pro-y-CH), 1.43 (s, 9H, ‘Bu), 1.13-0.94 (m, 21H, ‘Pr;Si); *C NMR (CDCl;, 125 MHz) § 170.4,
168.8,166.4, 155.4,141.6,137.5,129.6, 128.5,127.9, 127.8, 127.7, 126.1, 125.0, 123.6, 122.2, 80.1, 73.4,71.9, 70.4,
65.0, 54.5, 45.3, 33.5, 28.4, 28.1, 21.2, 18.0, 17.9, 12.2; ESIMS-LR m/z 720.37 [(M+Na)']; ESIMS-HR calcd for
C37Hs550sN3NaSi 720.3651, found 720.3655; [0.]*’p +8.98 (¢ 1.07, CHCI;).
Boc-p-Ser(OBn)-(35)-3-(triisopropylsiloxy)-Pro-Oallyl (85)

BnO A solution of trans-84 (98.6 mg, 0.129 mmol) in MeOH was treated with SmCls -
TIPSO Nj\J\NHBoc 6H,0 (94.1 mg, 0.258 mmol) at room temperature for 48 h. The mixture was concentrated
oo © in vacuo, and the residue was partitioned between AcOEt and 1 M ag. HCL. The organic
1 | e phase was washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo to afford
Hy™ “Hp

a crude phenol. A mixture of the crude phenol in CH>Cl, (1.3 mL) was treated with 1,1'-
carbonyldiimidazole (105 mg, 0.65 mmol) at room temperature for 40 min. Allyl alcohol (175 pL, 2.6 mmol) and
DMAP (15.8 mg, 0.129 mmol) was added to the mixture, which was stirred for 250 min. The mixture was partitioned
between AcOEt and 1 M aq. HCL. The organic phase was washed with H,O and brine, dried (Na2SOs), filtered, and
concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (3-13-20%
AcOEt/hexane) to afford 85 (58.0 mg, 0.096 mmol, 74% over 2 steps) as a colorless oil.

"H NMR (CDCls, 500 MHz) § 7.34-7.22 (m, 5H, Ph), 5.23 (d, 1H, D-Ser-NH, Jo-ser-N, v-ser-a-ctr = 8.1 Hz), 5.89
(dddd, 1H, He, Jue, 1o =17.2, Jue, 1 = 10.9, Jue, 1 = Jue,1 = 5.2 Hz), 5.40 (d, 1H, D-Ser-NH, Jo.ser-N#, p-Ser-a-ctr = 8.1 Hz),
5.35 (dd, 1H, Ha, Ju, ue = 17.2, Jua w1 = 1.8 Hz), 5.22 (dd, 1H, Ha, Ji, 5e = 10.9, Ju w1 = 1.2 Hz), 4.75 (ddd, 1H, D-
Ser-a-CH, Jo-ser-a-ci.p-ser-Na#= 8.1, Jo-Ser-o-CH, p-Ser-p-Ctr = 5.2, Ib-Ser-a-CH, p-ser-p-ctr = 6.9 Hz), 4.68-4.58 (m, 2H, 3-hydroxy-
Pro-B-CH, H-1), 4.56-4.46 (m, 3H, H-1, PhCH), 4.44 (s, 1H, 3-hydroxy-Pro-a-CH), 3.92-3.83 (m, 2H, 3-hydroxy-
Pro-6-CH), 3.65 (dd, 1H, D-Ser-B-CH, Jo-ser--cH, p-ser-p-ctr = 9.2, Jo-Ser-p-cH, p-Ser-a-ctr = 5.2 Hz), 3.59 (dd, 1H, D-Ser-p-
CH, Jo-ser-p-CH, p-Ser-p-Ctt = 9.2, Jo-Ser--CH,p-Ser-a-ct = 0.9 Hz), 2.17-2.08 (m, 1H, 3-hydroxy-Pro-y-CH), 1.98-1.91 (m,
1H, 3-hydroxy-Pro-y-CH), 1.43 (s, 9H, ‘Bu), 1.15-0.97 (m, 21H, 'Pr3Si); '*C NMR (CDCl;, 125 MHz) § 169.9, 169.7,
155.3, 138.0, 131.7, 128.5, 127.7, 127.7, 118.6, 79.9, 74.3, 73.4, 70.9, 68.9, 66.0, 51.9, 45.5, 34.3, 28.5, 28.4, 18.0,
18.0, 12.1; ESIMS-LR m/z 627.34 [(M+Na)]; ESIMS-HR calcd for C3,Hs5207N2NaSi 627.3436, found 627.3440;
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[a]**p —0.90 (c 1.29, CHCI;).
Boc-D-Ser(OBn)-(35)-3-(triisopropylsiloxy)-Pro 2-methyl-1-phenoxycarbonyloxypropylamide (zrans-87)
Boc-D-Ser(OBn)-(35)-3-(triisopropylsiloxy)-p-Pro 2-methyl-1-phenoxycarbonyloxypropylamide (cis-87)

BnO BnO A solution of 4a (362 mg, 1.5 mmol) and 82 (664 mg, 2.3
TIPSO’C\N\"J\NHBOC TIPSO N \HJ\NHBOC mmol) in HFIP (10 mL) was treated with a solution of 86
HN/:%O 0 + HN O o (493 mg, 2.3 mmol) in HFIP (5 mL) at room temperature

PhO,CO.__A PhO,CO.___A ; i
2 ﬂ\ 2 %\ for 18 h. The mixture was concentrated in vacuo, and the

residue was purified by high-flash silica gel column
chromatography (0-5-10-20-35% AcOEt/hexane) to afford #rans-87 (575 mg, 0.76 mmol, 51%) as a white foam and
cis-87 (421 mg, 0.56 mmol, 37%) as a white foam.

Data for trans-87: 'H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major
rotamer) & 7.39-7.16 (m, 10H, Ph), 6.82 (s, 1H, 1-NH), 5.29 (d, 1H, D-Ser-NH, Jo.ser-N#, p-ser-a-cr = 6.9 Hz), 4.75 (d,
1H, 3-hydroxy-Pro-f-CH, J3-nydroxy-Pro-p-CH, 3-hydroxy-Pro-y-ctr = 2.9 Hz), 4.62 (ddd, 1H, D-Ser-a-CH, Jo-ser-a-CH, p-Ser-NH =
6.9, Jo-Ser-o-CH, 0-Ser-p-CH = J-Ser-a-CH, p-Ser-p-ce = 6.3 Hz), 4.51 (s, 2H, Bn), 4.44 (d, 1H, H-2, />, = 10.3 Hz), 4.41 (s, 1H,
3-hydroxy-Pro-a-CH), 4.34 (d, 1H, H-2, J» » = 10.3 Hz), 3.87-3.73 (m, 2H, 3-hydroxy-Pro-6-CH), 3.62-3.54 (m, 2H,
D-Ser-B-CH), 2.20-2.11 (m, 1H, 3-hydroxy-Pro-y-CH), 1.96-1.89 (m, 1H, 3-hydroxy-Pro-y-CH), 1.41 (s, 9H, ‘Bu),
1.38 (s, 3H, 1-Me), 1.36 (s, 3H, 1-Me), 1.11-0.98 (m, 21H, 'Pr3Si); *C NMR (CDCls, 125 MHz) § 170.7, 168.9,
155.6,153.6,151.2,129.4,128.5,127.9,127.7,125.9, 121.0,79.9, 73.4, 73.3,72.1, 70.0, 53.1, 52.6, 45.5, 33.6, 28.3,
24.3,23.8,17.9, 11.9; ESIMS-LR m/z 778.41 [(M+Na)*]; ESIMS-HR calcd for C49Hs1O9N3NaSi 778.4069, found
778.4061; [a.]*°p —26.16 (c 0.57, CHCI5).

Data for cis-87: "H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major
rotamer) & 7.40-7.16 (m, 10H, Ph), 5.85 (s, 1H, 1-NH), 5.33 (d, 1H, D-Ser-NH, Jo.ser-NH, p-Ser-a-ctr = 8.1 Hz), 4.68-4.61
(m, 2H, 3-hydroxy-Pro-B-CH, p-Ser-a.-CH), 4.59 (d, 1H, Bn, Jgn, 8o = 12.3 Hz), 4.52 (d, 1H, Bn, Jgn, Bn = 12.3 Hz),
4.41-4.30 (m, 3H, H-2, 3-hydroxy-Pro-a-CH), 3.86-3.80 (m, 1H, 3-hydroxy-Pro-5-CH), 3.74-3.64 (m, 3H, D-Ser-[3-
CH, 3-hydroxy-Pro-6-CH), 2.23-2.15 (m, 1H, 3-hydroxy-Pro-y-CH), 2.08-2.01 (m, 1H, 3-hydroxy-Pro-y-CH), 1.41
(s, 9H, ‘Bu), 1.40 (s, 3H, 1-Me), 1.38 (s, 3H, 1-Me), 1.15-0.99 (m, 21H, ‘Pr3Si); *C NMR (CDCl;, 125 MHz) § 170.8,
170.1,167.9, 155.4, 154.8, 153.7, 153.6, 151.3, 151.2, 137.9, 137.6, 129.5, 128.5, 128.4, 127.9, 127.7, 127.6, 126.0,
126.0, 121.1, 121.1, 79.8, 79.6, 73.6, 73.5, 73.0, 72.8, 72.5, 71.9, 71.6, 70.5, 65.6, 63.1, 53.7, 53.3, 51.8, 45.2, 43.5,
33.6,30.4,28.4,28.3,24.1,23.9,23.6, 18.1, 18.0, 18.0, 12.5, 12.3, 12.0; ESIMS-LR m/z 778.41 [(M+Na)']; ESIMS-
HR calcd for C49Hs1OoN3NaSi 778.4069, found 778.4063; [a.]*°p +1.01 (c 0.92, CHCI;).
Boc-p-Ser(OBn)-(35)-3-(triisopropylsiloxy)-Pro-OH (67)

BnO A suspension of trans-87 (55.0 mg, 0.073 mmol) and MS4A (60 mg) in THF (1.5 mL)
TIPSO’CNjg\NHBoc was treated with 1 M ‘BuOK in THF (77 uL, 0.077 mmol) at 0 °C for 10 min. 1 M ‘BuOK
o /:%o o] in THF (77 pL, 0.077 mmol) was added to the mixture at 0 °C and stirred for 10 min. The
reaction was quenched with 1 M aq. HCl, and the mixture was partitioned between AcOEt
and 1 M aq. HCI. The organic phase was washed with brine, dried (Na,SOs), filtered, and concentrated in vacuo to
afford crude oxazolidinone. A solution of the crude oxazolidinone in THF (1.2 mL) was treated with 1 M ag. LiOH

(99.0 uL, 0.099 mmol) at room temperature for 40 min. The reaction was quenched with 1 M ag. HCI, and the mixture
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was partitioned between AcOEt and 1 M agq. HCL. The organic phase was washed with brine, dried (Na>SOs), filtered,
and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (0-2%
MeOH/CHCI; + 0.1% AcOH) to afford 67 (19.6 mg, 0.35 mmol, 48% over 2 steps) as a white foam.
"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) § 7.36-7.24
(m, 5H, Ph), 5.40 (d, 1H, D-Ser-NH, Jo-ser-NH, p-ser-a-cr = 10.3 Hz), 4.82-4.72 (m, 2H, 3-hydroxy-Pro-B-CH, D-Ser-o.-
CH), 4.51 (s, 2H, Bn), 4.47 (s, 1H, 3-hydroxy-Pro-a-CH), 3.94-3.85 (m, 2H, 3-hydroxy-Pro-8-CH), 3.68-3.57 (m,
2H, p-Ser-B-CH), 2.19-2.08 (m, 1H, 3-hydroxy-Pro-y-CH), 2.03-1.94 (m, 1H, 3-hydroxy-Pro-y-CH), 1.42 (s, 9H,
‘Bu), 1.15-0.95 (m, 21H, "Pr3Si); *C NMR (CDCl;, 125 MHz) § 172.3, 171.6, 155.4, 137.6, 128.6, 127.9, 127.7, 80.4,
73.5, 73.4, 70.1, 69.4, 52.2, 46.1, 34.1, 28.4, 18.0, 12.1; ESIMS-LR m/z 563.32 [(M-H)"]; ESIMS-HR calcd for
C20H4707N5Si 563.3158, found 563.3162; [a]*’p —27.39 (c 0.33, CHCl;).
Boc-allo-p-Thr(O-triisopropylsilyl)-p-Ala-OBn (89)
A suspension of 30 (595 mg, 5.0 mmol) in sat. ag. NaHCO3 (7.5 mL) and THF (15 mL)

B OCHNjiLN/K was treated with (Boc),;O (2.07 mL, 9.0 mmol) at room temperature for 36 h. The mixture

H was diluted with H,O, and partitioned between hexane and H,O, and the aqueous phase was
TIPSO saturated with Na>SOs. The aqueous phase was acidified with 1 M aq. HCI and extracted
with AcOEt. The organic phase was dried (Na>SOs), filtered, and concentrated in vacuo to afford a crude carboxylic
acid. A solution of the crude carboxylic acid, Boc-D-Ala-OBn*HCI (1.29 g, 6.0 mmol), NaHCO3 (840 mg, 10.0
mmol) and HOBt*H,O (1.35 g, 10.0 mmol) in CH>Cl, (40 mL) was treated with EDCI (1.93 g, 10.0 mmol) at 0 °C
for 3.5 h. The mixture was warmed to room temperature, and stirred for 14.5 h. The mixture was diluted with AcOEt,
and partitioned between AcOEt and sat. ag. NaHCO3. The organic phase was washed with 1 M ag. HCI, sat. aq.
NaHCOs3, H,0 and brine, dried (Na>SOs), filtered, and concentrated in vacuo to afford a crude alcohol. A solution of
the crude alcohol and 2,6-lutidine (873 pL, 7.5 mmol) in CH>Cl, (40 mL) was treated with TIPSOTf (1.83 mL, 5.50
mmol) at —78 °C for 15 min. The mixture was warmed to —50 °C, and stirred for 55 min. The reaction was quenched
with MeOH (3.0 mL), and the mixture was partitioned between AcOEt and sat. ag. NaHCOs3. The organic phase was
washed with brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢ 3 cm x 7 cm, AcOEt) to afford 89 (2.59 g, 4.8 mmol, 97% over 3 steps) as a white solid.
mp 85-86 °C; "H NMR (CDCls, 500 MHz) § 7.39-7.31 (m, 5H, Ph), 6.93 (d, 1H, D-Ala-NH, Jo-Ala-N#, v-Ala-o-CHr = 7.5
Hz), 5.17 (s, 2H, PhCH), 5.06 (br s, 1H, allo-D-Thr-NH), 4.61 (dq, 1H, D-Ala-a.-CH, Jo-Ala-o-CH, p-Ala-NH = Jb-Ala-a-CH, D-
Ala-p-cr = 7.5 Hz), 4.38 (dq, 1H, allo-D-Thr-B-CH, Juiio-o-Thrp-CH, atio-o-Thr-o-CH = 5.7, Jallo-o-Thr-p-CH, allo->-Thry-ct = 6.3 Hz),
4.11 (dd, 1H, allo-D-Thr-a.-CH, Juito-o-Thr-0-CH, allo-b-Thr-p-CH = Jallo-b-Thr-p-CH, allo-o-The-Ng = 5.7 Hz), 1.44 (s, 9H, ‘Bu), 1.41
(d, 3H, p-Ala-B-CH, Jo-ala-p-cH, v-Ala-a-ctr = 7.5 Hz), 1.18 (d, 3H, allo-D-Thr-y-CH, Juiio-b-Thr-y-CH, allo-b-Th-p-ctr = 6.3 Hz),
1.11-1.02 (m, 21H, Pr;Si); *C NMR (CDCls, 125 MHz) § 172.5, 169.6, 135.4, 128.8, 128.6, 128.3, 68.6, 67.3,48.2,
28.4, 19.4, 18.7, 18.2, 18.1, 12.5; ESIMS-LR m/z 559.32 [(M+Na)']; ESIMS-HR calcd for CisHigOsN>NaSi
559.3174, found 559.3175; [a]*°p —3.78 (¢ 0.56, CHCLs).

Boc-allo-p-Thr(O-triisopropylsilyl)-p-Ala-OH (90)
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O CoH A mixture of 89 (1.88 mg, 3.50 mmol) and 10% Pd/C (188 mg) in AcOEt (30 mL) was
BocHN /1\ vigorously stirred at room temperature for 25 min under H, atmosphere. The catalyst was
H filtered off through a Celite pad, and the filtrate was concentrated in vacuo to afford 90 (1.56
TIPSO mg, 3.49 mmol, quant.) as a white solid.
mp 170-172 °C; '"H NMR (CDCls, 500 MHz) § 7.07 (d, 1H, D-Ala-NH, Jo.ala-N#, p-Ala-a-ctr = 5.2 Hz), 5.28 (br s, 1H,
allo-D-Thr-NH), 4.57 (dq, 1H, D-Ala-0-CH, Jo-Ala-o-CH, v-AlaNH = 5.2, Jo-Ala-o-CH, p-ala-p-ctr = 7.5 Hz), 4.36 (dq, 1H, allo-
D-Thr-B-CH, Jatlo-b-The-p-CH, allo-b-Thr-o-CH = 4.6, Jalio-p-Thr-B-CH, allo-n-Thr-y-ct = 6.3 Hz), 4.16 (dd, H, allo-D-Thr-a-CH, Jaio-
p-Thr-a-CH, allo-D-The-p-CH = 4.6, Jallo--Thr-B-CH, allo-o-The-NH = 6.9 Hz), 1.44 (d, 3H, D-Ala-B-CH, Jo-Ala-p-cH, p-Ala-o-ctr = 7.5 Hz),
1.43 (s, 9H, 'Bu), 1.20 (d, 3H, allo-D-Thr-y-CH, Jaito-o-Thr-y-CH, atio-o-Thr-p-ctr = 6.3 Hz), 1.09-1.03 (m, 21H, 'Pr3Si); 1*C
NMR (CDCl;, 125 MHz) § 175.7, 170.1, 68.6, 48.3, 28.3, 18.3, 18.2, 18.1, 12.6; ESIMS-LR m/z 469.27 [(M+Na)'];
ESIMS-HR calcd for C21H406N2NaSi 4692704, found 469.2708; [a]*p —5.67 (¢ 0.52, CHCI3).
Boc-p-allo-Thr(O-triisopropylsilyl)-p-Ala-(3S)-3-(triisopropylsiloxy)-Pro 2-methyl-1-phenoxycarbonyloxy-
propylamide (trans-91)
Boc-p-allo-Thr(O-triisopropylsilyl)-p-Ala-(3S)-3-(triisopropylsiloxy)-p-Pro 2-methyl-1-phenoxycarbonyloxy-
propylamide (cis-91)
A solution of 4a (58.4 mg, 0.24 mmol) and 90

o TIP o TIP . .
PhOQCOQLNJ/,,, PTIPS PhOgCOQLN PTIPS (161 mg, 0.36 mmol) in HFIP (2 mL) was treated with
2 H 2 H N

a solution of 86 (79.5 mg, 0.32 mmol) in HFIP (2 mL)

o OsN * o© .
BocHN j/\ BocHN j/\ at room temperature for 25 h. The mixture was
” N

H concentrated in vacuo, and the residue was purified by

TIPSO TIPSO

high-flash silica gel column chromatography (5-15-
25-35% AcOEt/hexane) to afford trans-91 (106 mg, 0.12 mmol, 49%) as a yellow foam and ¢is-91 (64.1 mg, 0.071
mmol, 29%) as a white solid.

Data for trans-91: '"H NMR (CDCls;, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major
rotamer) & 7.38 (dd, 2H, m-Ph, Jy-ph, 0-ph = Jm-ph, p-ph = 7.5 Hz), 7.23 (t, 1H, p-Ph, Jypn, m-pn = 7.5 Hz), 7.18 (d, 2H, o-
Ph, Jp-ph, m-pn = 7.5 Hz), 7.14 (br s, 1H, D-Ala-NH), 6.81 (s, 1H, 1-NH), 5.08 (br s, 1H, allo-D-Thr-NH), 4.75 (d, 1H,
3-hydroxy-Pro-B-CH, J3.hydroxy-Pro-p-CH, 3-hydroxy-Pro-y-ct = 2.3 Hz), 4.67-4.59 (m, 1H, D-Ala-a-CH), 4.45-4.39 (m, 2H,
allo-p-Thr-B-CH, H-2), 4.38 (s, 1H, 3-hydroxy-Pro-a-CH), 4.34 (d, 1H, H-2, /> » = 10.3 Hz), 4.17-4.13 (m, 1H, allo-
D-Thr-a-CH), 3.80 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-nydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH =
8.6 Hz), 3.71-3.63 (m, 1H, 3-hydroxy-Pro-3-CH), 2.20-2.11 (m, 1H, 3-hydroxy-Pro-y-CH), 1.96 (dd, 1H, 3-hydroxy-
Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH = 6.3, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-ce = 13.2 Hz), 1.43 (s, 9H, ‘Bu), 1.36 (s,
3H, 1-Me), 1.34 (s, 3H, 1-Me), 1.32 (d, 3H, p-Ala-B-CH, Jo-Ala-p-cH, p-Ala-a-ct = 6.9 Hz), 1.17 (d, 3H, allo-D-Thr-y-
CH, Jallo-o-The-y-CH, allo-o-Thr-p-crr = 6.9 Hz), 1.13-1.00 (m, 42H, Pr;Si); *C NMR (CDCls, 125 MHz) & 172.6, 169.9,
168.8, 155.9, 153.7, 151.3, 129.5, 126.1, 121.2, 80.2, 73.4, 72.2, 70.2, 68.5, 60.8, 53.2, 47.3, 45.3, 33.6, 28.4, 24.3,
239, 19.3, 18.2, 18.1, 18.0, 17.1, 12.4, 12.0; ESIMS-LR m/z 929.55 [(M+Na)']; ESIMS-HR calcd for
Ca6Hs2010N4NaSi> 929.5462, found 929.5451; [a]*’p —15.11 (¢ 0.62, CHCl5).

Data for cis-91: mp 100-101 °C; 'H NMR (CDCl;, 500 MHz, a mixture of several rotamers at 20 °C, selected data
for the major rotamer) & 7.39 (dd, 2H, m-Ph, Jy-ph, 0-ph = Jm-ph, p-pn = 7.5 Hz), 7.24 (t, 1H, p-Ph, J,-ph, m-pn = 7.5 Hz),
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7.19 (d, 2H, o-Ph, Jypn, m-pn = 7.5 Hz), 7.19 (d, 1H, D-Ala-NH, Jo-Ala-NH, p-Ala-o-cr = 6.9 Hz), 5.76 (s, 1H, 1-NH), 5.02
(br s, 1H, allo-D-Thr-NH), 4.69 (dt, 1H, D-Ala-0-CH, Jo-ala-o-CH, p-Ala-B-CH = Jo-Ala-a-CH, p-Ala-NH = 6.9 HZ), 4.54 (ddd,
1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = 9.2, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-CH = J3-hydroxy-Pro--CH, 3-
hydroxy-Pro-a-ctf = 6.9 Hz), 4.41-4.35 (m, 3H, allo-D-Thr-B-CH, 3-hydroxy-Pro-a-CH, H-2), 4.28 (d, 1H, H-2, J, > =
10.3 Hz), 4.15-4.07 (m, 1H, allo-D-Thr-a-CH), 3.75-3.69 (m, 1H, 3-hydroxy-Pro-6-CH), 3.59 (ddd, 1H, 3-hydroxy-
Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-3-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro--CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-CH = 9.2 Hz),
2.33-2.24 (m, 1H, 3-hydroxy-Pro-y-CH), 2.19-2.12 (m, 1H, 3-hydroxy-Pro-y-CH), 1.43 (s, 9H, ‘Bu), 1.43 (s, 3H, 1-
Me), 1.40 (s, 3H, 1-Me), 1.35 (d, 3H, D-Ala-B-CH, Jo-Ala-p-cH, p-Ala-a-ctr = 6.9 Hz), 1.18-1.02 (m, 45H, allo-D-Thr-y-
CH, 'Pr3Si); *C NMR (CDCls, 125 MHz) § 171.5, 169.3, 168.0, 156.1, 153.7, 151.3, 129.6, 126.1, 121.1, 80.3, 73.0,
71.6, 68.6, 63.5, 61.1, 53.5, 48.2,46.1, 44.5, 32.5, 28.4, 24.1, 23.8, 19.3, 18.5, 18.2, 18.1, 18.1, 12.5, 12.3; ESIMS-
LR m/z 929.55 [(M+Na)*]; ESIMS-HR calcd for C46Hs2010N4NaSiz 929.5462, found 929.5452; [a.]*°p +5.32 (¢ 0.82,
CHC).
Boc-p-allo-Thr(O-triisopropylsilyl)-p-Ala-(35)-3-(triisopropylsiloxy)-Pro-OH (69)

A suspension of trans-91 (34.6 mg, 0.038 mmol) and MS4A (40 mg) in THF (400

HO)OL,,, [ uL) was treated with 1 M ‘BuOK in THF (80 uL, 0.080 mmol) at 0 °C for 25 min. The

o © N reaction was quenched with 1 M ag. HCI, and the mixture was partitioned between

BocHN Nj/\ AcOEt and 1 M aq. HCI. The organic phase was washed with brine, dried (Na>SOs),
ﬁH filtered, and concentrated in vacuo to afford crude oxazolidinone. A solution of the

crude oxazolidinone in THF (400 uL) was treated with 1 M ag. LiOH (68.0 uL, 0.068

mmol) at room temperature for 1 h. The reaction was quenched with 1 M ag. HCI, and the mixture was partitioned
between AcOEt and 1 M aq. HCL. The organic phase was washed with brine, dried (Na,SOy), filtered, and
concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (0-2%
MeOH/CHCI; + 0.1% AcOH) to afford 69 (19.5 mg, 0.027 mmol, 72% over 2 steps) as a white foam.
"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) § 7.18(d,
1H, p-Ala-NH, Jo-Ala-NH, p-Ala-o-cer = 8.1 Hz), 5.23 (d, 1H, allo-D-Thr-NH, Juii0-v-The-N#, atio-o-Thr-o-ctr = 6.9 Hz), 4.84 (dq,
1H, p-Ala-a-CH, Jo-Ala-o-cH, v-alaN = 8.1, Jo-Ala-a-CH, p-Ala-p-cr = 0.9 Hz), 4.78 (d, 1H, 3-hydroxy-Pro-B-CH, J3hydroxy-
Pro-B-CH, 3-hydroxy-Pro-y-Ct = 2.3 Hz), 4.41 (s, 1H, 3-hydroxy-Pro-a-CH), 4.39-4.32 (m, 1H, allo-D-Thr-B-CH), 4.14-4.08
(m, 1H, allo-pD-Thr-a-CH), 3.82 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-3-CH = J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-y-Ct = 9.2 Hz), 3.76-3.69 (m, 1H, 3-hydroxy-Pro-5-CH), 2.19-2.10 (m, 1H, 3-hydroxy-Pro-y-CH), 2.02 (dd,
1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-CH = 5.7, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-cti = 12.6 Hz), 1.42 (s, 9H,
‘Bu), 1.34 (d, 3H, p-Ala-B-CH, Jo-ala-p-cH, v-ala-a-cer = 6.9 Hz), 1.19 (d, 3H, allo-D-Thr-y-CH, Jaiio-b-Thr-y-CH, allo-b-Thr-p-CH
= 6.3 Hz), 1.14-1.01 (m, 42H, 'Pr;Si); *C NMR (CDCls, 125 MHz) § 173.8, 170.6, 169.5, 156.1, 73.1, 69.5, 68.7,
46.9, 45.7, 34.0, 28.4, 19.6, 18.2, 18.1, 18.0, 17.9, 12.5, 12.1; ESIMS-LR m/z 714.46 [(M—H)]; ESIMS-HR caled
for C3sHesOsN3Si> 714.4550, found 714.4559; [a]*°p —10.9 (¢ 1.10, CHCI3).

Boc-Arg(Cbz):-(3R)-3-(triisopropylsiloxy)-Asp(O-cyclohexyl)-Oallyl (93)
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CbZHNYNCbZ A solution of 36 (65.8 mg, 0.13 mmol) was treated with 25% TFA/CH,Cl, (2

" OH P mL) at room temperature for 20 min. The reaction was quenched with sat. aq.

/Q\ﬁ\ H : NaHCOs, and the mixture was partitioned between AcOEt and sat. ag. NaHCO:s.
Hg 07N Y\NHBOC

Hc O e} The organic phase was washed with H,O and brine, dried (Na;SOy), filtered, and

OTIPS
10 concentrated in vacuo to afford crude amine. A mixture of the crude amine, Boc-
402 Arg(Cbz),-OH (81.2 mg, 0.15 mmol), ‘ProNEt (43.5 uL, 0.25 mmol) and HOAt

(34.0 mg, 0.25 mmol) in CH>Cl, (1.3 mL) was treated with EDCI (47.9 mg, 0.25
mmol) at room temperature for 4.5 h. The mixture was concentrated in vacuo, and the residue was partitioned between
AcOEt and sat. ag. NaHCOs. The organic phase was washed with 1 M aq. HCl, HO and brine, dried (Na;SOs),
filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (0-15-
35% AcOEt/hexane) to afford 93 (82.2 mg, 0.086 mmol, 69% over 2 steps) as a colorless oil.

"HNMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) 8 9.44 (br s,
1H, Arg-o-NH), 9.23 (br s, 1H, Arg-3-NH), 7.41-7.24 (m, 10H, Ph), 6.91 (d, 1H, D-B-hydroxy-Asp-NH, Jo-g-nydroxy-
Asp-NH, p-p-hydroxy-Asp-a-cH = 9.2 Hz), 5.87 (dddd, 1H, Hc, Jue, 1a = 17.2, Jue, 1o = 10.3, Jue, 11 = Jne, 1 = 6.3 Hz), 5.31 (dd,
1H, Ha, Jta, 5 = 17.2, Jua, 1 = 1.2 Hz), 5.27-5.19 (m, 3H, Bn, Hy), 5.14 (s, 2H, Bn), 5.04-4.98 (m, 2H, D-B-hydroxy-
Asp-a-CH, Arg-a-NH), 4.93 (d, 1H, D-B-hydroxy-Asp-B-CH, Jo-p-hydroxy-Asp-p-CH, p--hydroxy-Asp-a-ctf = 2.3 Hz), 4.75-
4.69 (m, 1H, H-1"), 4.61 (dd, 1H, H-1, J1,1 = 13.2, Ji,n. = 6.3 Hz), 4.54 (dd, 1H, H-1, J1,1 = 13.2, J1,u. = 6.3 Hz),
4.20-4.13 (m, 1H, Arg-a-CH), 3.97 (dd, 2H, Arg-5-CH, Jarg-5-cH, Arg-y-ctr = 8.1, Jarg-5-CH, Arg-crr = 6.3 Hz), 1.85-1.76
(m, 3H, Arg-B-CH, H-2"), 1.72-1.62 (m, 4H, Arg-y-CH, H-2"), 1.58-1.15 (m, 7H, Arg-B-CH, H-3', H-4"), 1.41 (s, 9H,
‘Bu), 1.15-0.99 (m, 21H, "Pr3Si); *C NMR (CDCls, 125 MHz) § 172.0, 169.6, 168.8, 163.9, 160.6, 155.9, 155.6,
137.1,134.8,131.4, 128.9, 128.4, 127.8, 127.8, 119.3, 80.0, 74.4, 72.6, 68.9, 67.0, 66.6, 55.9, 54.2, 44.4, 31.6, 31.3,
29.3, 28.3, 25.3, 25.2, 23.8, 23.8, 18.0, 17.9, 12.5; ESIMS-LR m/z 974.49 [(M+Na)']; ESIMS-HR calcd for
C4oH73012NsNaSi 974.4917, found 974.4919; [a]*’p —5.84 (c 0.41, CHCI;).
Depsipeptide 94
BnO Depsipeptide 65 (31.2 mg, 0.040 mmol) was treated with 25%
TIPSO’C\N\"J\NHBOC " TFA/CH2Cl, (500 pL) at room temperature for 1 h. The reaction was
o ;\NHO quenched with sat. ag. NaHCOs3, and the mixture was partitioned between
Et;0 and sat. ag. NaHCOs3. The organic phase was washed with H,O and

brine, dried (Na>SOs), filtered, and concentrated in vacuo to afford crude

ijz amine 66. This compound was directly used to the next reaction without
¥ further purification. A mixture of the crude amine 66, 67 (20.9 mg, 0.037
mmol), ‘PrEtN (12.9 uL, 0.074 mmol) and HOAt (10.1 mg, 0.078 mmol)
in CH,Cl, (400 pL) was treated with EDCI (14.1 mg, 0.074 mmol) at room temperature for 1 h. The mixture was
diluted with AcOEt, and partitioned between AcOEt and sat. ag. NaHCO3. The organic phase was washed with 1 M
aq. HCIL, H2O and brine, dried (Na2SQs), filtered, and concentrated in vacuo. The residue was purified by high-flash
silica gel column chromatography (3-10-15-20% AcOEt/hexane) to afford 94 (38.2 mg, 0.031 mmol, 84% over 2
steps) as a colorless oil.

"H NMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) § 7.37-7.22
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(m, 6H, Ph, L-B-hydroxy-Asp-NH), 5.91 (dddd, 1H, He, Jue, n. = 17.2, Jue, 1 = 10.3, Jue, v-1 = Jue, 1 = 5.8 Hz), 5.60 (d,
1H, D-Ser-NH, Jo-ser-NH, v-ser-o-cr = 8.6 Hz), 5.31 (dd, 1H, Ha, Ju, i = 17.2, Ju., 1+ = 1.8 Hz), 5.23 (dd, 1H, Hs, Ji, 11 =
10.3, Jm, 11 = 1.2 Hz), 5.25-5.15 (m, 1H, H-3), 4.95 (dd, L-B-hydroxy-Asp-a-CH, 1H, Ji-g-hydroxy-Asp-a-CH, L-B-hydroxy-Asp-
NH = 9.2, Ji-p-hydroxy-Asp-0-CH, L-p-hydroxy-asp-p-ctf = 1.8 Hz), 4.78-4.69 (m, 4H, L-B-hydroxy-Asp-B-CH, 3-hydroxy-Pro-[3-
CH, p-Ser-a-CH, H-1"), 4.59 (d, 2H, H-1', Ji u. = 5.8 Hz), 4.56 (d, 1H, Bn, Jgn, 8 = 12.6 Hz), 4.49 (d, 1H, Bn, Jg,
Bn = 12.6 Hz), 4.47 (s, 1H, 3-hydroxy-Pro-a-CH), 3.91-3.84 (m, 1H, 3-hydroxy-Pro-5-CH), 3.72-3.60 (m, 3H, 3-
hydroxy-Pro-3-CH, D-Ser-B-CH), 2.69 (dd, 1H, H-2, J»,» = 15.5, J»,3 = 5.7 Hz), 2.57 (dd, 1H, H-2, J2,2 = 15.5, /2,3
= 7.4 Hz), 2.18-2.09 (m, 1H, 3-hydroxy-Pro-y-CH), 1.93 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-
ca = 12.6, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-5-ctf = 0.3 Hz), 1.85-1.61 (m, 6H, H-4, H-2"), 1.55-1.47 (m, 1H, H-14), 1.46-
1.21 (m, 24H, H-5, H-6, H-7, H-8, H-9, H-10, H-11, H-12, H-13, H-3", H-4"), 1.43 (s, 9H, '‘Bu), 1.17-0.99 (m, 42H,
Pr3Si), 0.86 (d, 6H, H-15, Jis,14 = 6.3 Hz); *C NMR (CDCl3, 125 MHz) § 170.3, 169.9, 169.6, 155.3, 132.1, 118.7,
79.9,74.4,73.0,72.7,65.6, 57.6, 39.2, 38.8, 33.8,31.7,31.4, 30.1,29.8, 29.8, 29.7, 29.6, 29.6, 28.4, 28.3, 28.1, 27.5,
25.4,25.1,24.0,23.9,22.8, 18.1, 18.1, 18.0, 12.8, 12.5; ESIMS-LR m/z 1250.80 [(M+Na)']; ESIMS-HR calcd for
Ce7H117013N3NaSi, 1250.8017, found 1250.7998; [a]*°p —16.58 (¢ 0.22, CHCI3).
Boc-p-allo-Thr(O-triisopropylsilyl)-p-Ala-(35)-3-(triisopropylsiloxy)-Pro-Arg(Cbz),-(3R)-3-
(triisopropylsiloxy)-Asp(O-cyclohexyl)-Oallyl (96)

Dipeptide 93 (44.8 mg, 0.047 mmol) was treated with 25% TFA/CH>Cl,

CbzHN NCbz

H\rf (500 pL) at room temperature for 30 min. The reaction was quenched with sat.
Ha O \H/\‘ hi OTIPS ag. NaHCOs3, and the mixture was partitioned between Et;O and sat. aq.
Hbﬁ/\g ‘\\NTO]/\H N NaHCO:s. The organic phase was washed with H,O and brine, dried (Na,SOs),
: , Bocﬁglpso Oj/\ filtered, and concentrated in vacuo to afford crude amine 68. This compound
OZ' N was directly used to the next reaction without further purification. A mixture

% TIPSO

of the crude amine 68, 69 (28.6 mg, 0.040 mmol), ‘Pr,NEt (13.9 uL, 0.080
mmol) and HOAt (10.9 mg, 0.080 mmol) in THF (400 pL) was treated with EDCI (15.3 mg, 0.080 mmol) at room
temperature for 11 h. The mixture was partitioned between AcOEt and sat. ag. NaHCOs. The organic phase was
washed with 1 M ag. HCI, H>O and brine, dried (Na2SOs), filtered, and concentrated in vacuo. The residue was
purified by high-flash silica gel column chromatography (3-15-35% AcOEt/hexane) to afford 96 (55.9 mg, 0.036
mmol, 90% over 2 steps) as a colorless oil.

"HNMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) 8 9.45 (br s,
1H, Arg-o-NH), 9.22 (br s, 1H, Arg-8-NH), 7.42-7.24 (m, 11H, Ph, p-Ala-NH), 7.20 (d, 1H, D-pB-hydroxy-Asp-NH,
Jo-B-hydroxy-Asp-NH, p--hydroxy-Asp-a-Ce = 8.6 Hz), 7.10-7.04 (m, 1H, Arg-a-NH), 5.93 (dddd, 1H, He, Jue, 1o = 17.2, JHe, 1o
=10.9, Ji, 1 = Ju, 1 = 5.8 Hz), 5.44 (br s, 1H, allo-D-Thr-NH), 5.33 (dd, 1H, Ha, Jta, 1 = 17.2, Jua,1 = 1.2 Hz), 5.29-
5.22 (m, 3H, Bn, Hy), 5.13 (s, 2H, Bn), 5.06 (dd, 1H, D-B-hydroxy-Asp-a-CH, Jo-p-hydroxy-Asp-o-CH, p-p-hydroxy-Asp-p-CH =
1.8, Jo-p-hydroxy-Asp-0-CH, b-p-hydroxy-asp-N# = 8.6 Hz), 4.90 (d, 1H, D-B-hydroxy-Asp-f-CH, Jo-p-hydroxy-Asp-B-CH, 0-B-hydroxy-Asp-
a-ca= 1.8 Hz), 4.75-4.63 (m, 3H, 3-hydroxy-Pro-3-CH, H-1, H-1"), 4.58-4,48 (m, 2H, p-Ala-a-CH, H-1), 4.37-4.29
(m, 3H, 3-hydroxy-Pro-a-CH, Arg-a-CH, allo-D-Thr-3-CH), 4.18-4.11 (m, 1H, allo-D-Thr-3-CH), 4.07-3.96 (m, 1H,
Arg-3-CH), 3.95-3.87 (m, 1H, Arg-3-CH), 3.68 (dd, 1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-8-CH = J3-
hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-CH = 8.6 Hz), 3.52-3.43 (m, 1H, 3-hydroxy-Pro-3-CH), 2.13-2.02 (m, 1H, 3-hydroxy-Pro-y-
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CH), 1.90-1.77 (m, 4H, Arg-B-CH, 3-hydroxy-Pro-y-CH, H-2"), 1.72-1.54 (m, 5SH, Arg-B-CH, Arg-y-CH, H-2"), 1.54-
1.23 (m, 6H, H-3', H-4"), 1.38 (s, 9H, ‘Bu), 1.28 (d, 3H, p-Ala-B-CH, Jo-Ala-p-cH, o-Ala-a-ctr = 6.9 Hz), 1.18 (d, 3H, allo-
D-Thr-y-CH, Julio-o-The-y-CH, alio-o-Thr-p-ctr = 6.3 Hz), 1.14-0.99 (m, 63H, 'Pr3Si); 3C NMR (CDCls, 125 MHz) § 172.2,
172.0,171.0, 169.9, 169.8, 169.7, 169.1, 169.0, 168.9, 168.8, 164.1, 163.9, 160.8, 160.7, 156.0, 156.0, 155.9, 137.2,
137.0,135.1,134.9,131.7,131.4, 128.9, 128.8, 128.7, 128.5, 128.4, 128.1, 127.9, 127.8, 119.1, 79.9, 74.3, 73.7, 73.0,
72.7,69.9, 68.9, 67.0, 66.6, 60.6, 55.9, 54.2, 52.8, 52.5,47.4,45.1,44.5,33.7,31.6, 31.6, 31.4, 28.3, 28.0, 25.4, 25.3,
25.2,23.9,23.8,19.7, 18.2, 18.1, 18.0, 18.0, 17.4, 12.5, 12.4, 12.1; ESIMS-LR m/z 1572.89 [(M+Na)']; ESIMS-HR
caled for C79H132017NsNaSi3 1571.8910, found 1571.8886; [a]*’p —13.48 (c 0.28, CHCI3).
H-p-allo-Thr(O-triisopropylsilyl)-p-Ala-(35)-3-(triisopropylsiloxy)-Pro-Arg(Cbz),-(3R)-3-
(triisopropylsiloxy)-Asp(O-cyclohexyl)-Oallyl (97)

CbZHNYNCbZ Pentapeptide 96 (46.5 mg, 0.030 mmol) was treated with 25% TFA/CH,Cl»

OHN\H/\; 0 orps (300 HL) at room temperature for 1.5 h. The reaction was quenched with sat. aq.

\/\OQ\N\HA:N) |’ NaHCOs, and the mixture was partitioned between Et,O and sat. ag. NaHCO:s.

o OTIIQSO Oj/\N The organic phase was washed with H>O and brine, dried (Na2SO,), filtered, and

<:§ HaN N concentrated in vacuo to afford crude amine 97. This compound was directly used
TIPSO to the next reaction without further purification.

Liner depsipeptide 98
A solution 0f 94 (34.9 mg, 0.028 mmol) and morpholine (9.8 pL, 0.14

H,
ASC\bZHN ovs mmol) in THF (400 pL) was treated with Pd(PPhs)s (1.6 mg, 0.0014

TIPSO ,CE{”:‘H) OOHN\/\: O oTips  mmol) at room temperature for 20 min. The mixture was partitioned
: NHB;;\ f between AcOEt and 1 M ag. HCIL. The organic phase was washed with
T,PS?,%EH oo C OTIP brine, dried (Na>S0Oys), filtered, and concentrated in vacuo. The catalyst
Cyo,C O TIIQS o was removed by SH-silica gel column chromatography (¢ 2 cm x 2 cm,

6 R 2% MeOH/CHC]3), and the filtrate was concentrated in vacuo to afford a

crude carboxylic acid 95. A mixture of the crude carboxylic acid 95, 97
(0.030 mmol), ProNEt (9.9 pL, 0.057mmol) and HOAt (7.7 mg, 0.057 mmol) in THF (300 pL) was treated with
EDCI (10.9 mg, 0.057 mmol) at room temperature for 15 h. The mixture was diluted with AcOEt, and partitioned
between AcOEt and 1 M ag. HCI. The organic phase was washed with sat. ag. NaHCO3, H,O and brine, dried
(NaxS0y), filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column
chromatography (0-10-20-35% AcOEt/hexane) to afford 98 (47.8 mg, 0.018 mmol, 64% over 2 steps) as a colorless
oil.
"HNMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) 8 9.44 (br s,
1H, Arg-©-NH), 9.22 (br s, 1H, Arg-3-NH), 7.41-7.21 (m, 11H, Ph, B-hydroxy-Asp-NH), 7.10 (d, 1H, B-hydroxy-
ASp-NH, Jp-hydroxy-Asp-NH, B-hydroxy-Asp-a-CH = 9.2 HZz), 7.04 (d, 1H, D-Ala-NH, Jo-Ala-NH, p-Ala-o-cr = 6.3 Hz), 6.89 (d, 1H,
Arg-a-NH, Jarg-o-NH, Arg-a-ct = 8.1 Hz), 6.55 (d, 1H, allo-D-Thr-NH, Jutio-o-Thr-NH, alio-o-Thr-a-ctr = 8.6 Hz), 5.92 (dddd,
IH, He, Jue, 1o = 17.2, Jae, 1 = 10.3, Jue, 1 = Jue, 1 = 6.3 Hz), 5.67 (d, 1H, D-Ser-NH, Jo-ser-N#, p-ser-o-crr = 8.6 Hz), 5.31
(d, 1H, Ha, Jua, ve = 17.2), 5.28-5.21 (m, 3H, Bn, Hy), 5.18-5.09 (m, 1H, H-3), 5.13 (s, 2H, Bn), 5.02 (d, 1H, B-
hydroxy-Asp-a.-CH, Jp-hydroxy-Asp-o-CH, B-hydroxy-Asp-Ne = 9.2 Hz), 4.96-4.86 (m, 3H, B-hydroxy-Asp-o-CH, B-hydroxy-
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Asp-B-CH), 4.78-4.63 (m, 7H, 3-hydroxy-Pro--CH, p-Ser-a-CH, Cy-1, H-1'), 4.59-4.41 (m, 6H, p-Ala-a-CH, allo-
D-Thr-a-CH, 3-hydroxy-Pro-o-CH, Bn), 4.35 (ddd, 1H, Arg-0-CH, Jarg-a-CH, Arg-o-NH = 8.1, JArg-0-CH, Arg-p-CH = JArg-a-
cH, arg-p-ct = 1.5 Hz), 4.29 (s, 1H, 3-hydroxy-Pro-a-CH), 4.23 (qd, 1H, allo-D-Thr-B-CH, Jaiio-v-The-B-CH, allo-b-Thr-0-CH =
Jallo-0-The-p-CH, allo-v-Thr-y-ctr = 6.3 Hz), 4.04-3.97 (m, 1H, Arg-6-CH), 3.97-3.83 (m, 2H, Arg-3-CH, 3-hydroxy-Pro-5-
CH), 3.73-3.61 (m, 3H, 3-hydroxy-Pro-5-CH, D-Ser-B-CH), 3.57 (dd, 1H, 3-hydroxy-Pro-3-CH, J3-hydroxy-Pro-5-CH, 3-
hydroxy-Pro-3-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-Ct = 8.6 Hz), 3.51-3.44 (m, 1H, 3-hydroxy-Pro-3-CH), 2.67 (dd, 1H, H-
2, Ju2, v = 14.4, Juo, u3 = 4.0 Hz), 2.39 (dd, 1H, H-2, Ju2, b2 = 14.4, Juo, 3 = 8.6 Hz), 2.20-2.08 (m, 3H, 3-
hydroxy-Pro-y-CH), 1.92 (dd, 1H, 3-hydroxy-Pro-y-CH, J3-hydroxy-Pro-4-CH, 3-hydroxy-Pro-y-CH = 12.6, J3-hydroxy-Pro-y-CH, 3-
hydroxy-Pro-5-cH = 6.3 Hz), 1.88-1.55 (m, 14H, Arg-B-CH, Arg-y-CH, H-4, Cy-2), 1.55-1.46 (m, 1H, H-14), 1.46-1.18
(m, 36H, allo-p-Thr-y-CH, p-Ala-3-CH, H-5, H-6, H-7, H-8, H-9, H-10, H-11, H-12, H-13, Cy-3, Cy-4), 1.43 (s, 9H,
‘Bu), 1.18-0.94 (m, 105H, "Pr3Si), 0.86 (d, 6H, H-15, Jis, 14 = 6.3 Hz); '*C NMR (CDCls, 125 MHz) § 172.2, 171.0,
170.7, 170.0, 169.9, 169.6, 169.3, 169.1, 168.9, 168.8, 168.6, 164.1, 160.7, 156.1, 155.3, 138.2, 137.2, 135.1, 131.7,
129.0, 128.9, 128.8, 128.5, 128.4, 128.4, 128.4, 128.1, 128.0, 127.9, 127.6, 119.1, 79.5, 74.3, 74.3, 73.8, 73.6, 73.4,
73.2,72.9,72.7,72.6,70.7, 70.0, 69.7, 69.5, 69.0, 67.1, 66.7, 59.2, 55.9, 52.7, 52.0, 47.8, 45.5, 45.1, 44.6, 40.7, 39.2,
33.9,33.8,33.7,31.7,31.4,31.3, 30.1, 29.9, 29.8,29.8, 28.5, 28.3, 28.1, 27.6, 25.3, 23.9, 22.8, 20.6, 18.2, 18.2, 18.1,
18.0, 17.6, 12.7, 12.7, 12.6, 12.3, 12.1; ESIMS-LR m/z 2643.61 [(M+Na)']; ESIMS-HR calcd for
C13sH235027N11NaSis 2641.6092, found 2641.6105; [a]*°p —12.33 (¢ 0.17, CHCI3).

Fully protected plusbacin A3 99

CbzHN NCbz A solution of 98 (32.6 mg, 0.012 mmol) and morpholine (4.3 pL, 0.05

BnO mmol) in THF (300 pL) was treated with Pd(PPh3)s (1.4 mg, 0.0012

TIPSO \N)\ Y\ J [ mmol) at room temperature for 20 min. The mixture was diluted with
O/\NH CyOZC OTIQSO AcOEt, and partitioned between AcOEt and 1 M ag. HCL. The organic
TIPSOWO Y Nﬁ”j/\ phase was washed with brine, dried (Na>SOs), filtered, and concentrated
e 0 4\%0\/10\/12\/1& in vacuo. The catalyst was removed by SH-silica gel column
YW R chromatography (¢ 2 cm x 2 cm, 2% MeOH/CHCI3), and the filtrate was

concentrated in vacuo to afford crude carboxylic acid. The carboxylic acid was treated with 25% TFA/CH>Cl, (300
pL) at room temperature for 15 min. The mixture was concentrated in vacuo to afford crude amino acid. A mixture
of the crude amino acid, ‘ProNEt (21.6 uL, 0.12 mmol) and HOAt (16.9 mg, 0.12 mmol) in THF (12.5 mL) was
treated with EDCI (23.8 mg, 0.12 mmol) at room temperature for 13 h. The mixture was concentrated in vacuo, and
the residue was partitioned between AcOEt and 1 M agq. HCI. The organic phase was washed with sat. ag. NaHCOs3,
H>0 and brine, dried (Na2SOys), filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel
column chromatography (0-10-25% AcOEt/hexane) to afford 99 (18.3 mg, 0.0074 mmol, 60% over 3 steps) as a pale
yellow oil.

"HNMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) 8 9.43 (br s,
1H, Arg-o-NH), 9.24 (br s, 1H, Arg-3-NH), 8.09 (d, 1H, D-Ser-NH, Jo-ser-NH, o-ser-o-ctr = 6.3 Hz), 7.76 (d, 1H, Arg-o.-
NH, Jarg-o-Nt, Arg-o-c = 8.6 Hz), 7.61 (d, 1H, D-Ala-NH, Jo.Ala-N#, p-Ala-o-ctr = 6.9 Hz), 7.54-7.19 (m, 11H, Ph, allo-D-
Thr-NH), 7.00 (d, 1H, B-hydroxy-Asp-NH, Jp-hydroxy-Asp-NH, p-hydroxy-Asp-a-ctr = 10.7 Hz), 6.69 (d, 1H, B-hydroxy-Asp-
NH, Jp-nydroxy-Asp-NH, p-hydroxy-Asp-a-ct = 10.1 Hz), 5.35 (d, 1H, Bn, Jgn, Ba = 12.1 Hz), 5.29-5.23 (m, 2H, B-hydroxy-Asp-
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B-CH, Bn), 5.19 (d, 1H, Bn, Jgn, 8a = 12.1 Hz), 5.18 (dd, 1H, B-hydroxy-Asp-o-CH, Jp-hydroxy-Asp-o-CH, B-hydroxy-Asp-NH =
10.1, Jp-hydroxy-Asp-a-CH, p-hydroxy-asp-p-cz = 1.7 Hz), 5.14-5.08 (m, 1H, B-hydroxy-Asp-B-CH), 5.05-5.00 (m, 3H, B-
hydroxy-Asp-p-CH, 3-hydroxy-Pro-3-CH, Bn), 4.99 (d, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro--CH, 3-hydroxy-Pro-y-CH =
1.2 Hz), 4.95-4.88 (m, 1H, D-Ser-a-CH), 4.83 (br d, 1H, B-hydroxy-Asp-a-CH, Jp-hydroxy-Asp-o-CH, B-hydroxy-Asp-NH =
10.7),4.77-4.55 (m, 4H, p-Ala-a-CH, H-3, Cy-1), 4.51-4.35 (m, 6H, Arg-a-CH, allo-D-Thr-a-CH, allo-D-Thr--CH,
3-hydroxy-Pro-a-CH, Bn), 4.34 (s, 1H, 3-hydroxy-Pro-a-CH), 4.16-4.10 (m, 1H, 3-hydroxy-Pro-3-CH), 4.05-3.99
(m, 1H, 3-hydroxy-Pro-3-CH), 3.80 (dd, 1H, D-Ser-B-CH, Jo-ser-p-cH, v-Ser-p-CH = JIp-Ser-p-CH, p-Ser-a-ctr = 9.2 Hz), 3.75-
3.64 (m, 1H, Arg-6-CH), 3.58 (dd, 1H, D-Ser-B-CH, Jo-ser-p-cH, p-Ser-p-ct1 = 9.2, Jo-ser-p-ct, p-ser-a-c1 = 5.8 Hz), 3.44 (dd,
1H, 3-hydroxy-Pro-8-CH, J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-cf = 9.2 Hz), 3.08-3.01 (m,
1H, 3-hydroxy-Pro-5-CH), 2.64 (dd, 1H, H-2, J, » = 15.5, J»,3 = 5.7 Hz), 2.41-2.32 (m, 1H, 3-hydroxy-Pro-y-CH),
2.23 (dd, 1H, H-2, J2,2 = 15.5, J2,3 = 3.0 Hz), 1.92 (dd, 1H, 3-hydroxy-Pro-y-CH, J3.hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH =
13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-s-ctr = 5.7 Hz), 1.88-1.55 (m, 16H, 3-hydroxy-Pro-y-CH, Arg-B-CH, Arg-y-CH, H-4,
Cy-2), 1.56-1.47 (m, 1H, H-14), 1.46-1.12 (m, 36H, allo-D-Thr-y-CH, p-Ala-B-CH, H-5, H-6, H-7, H-8, H-9, H-10,
H-11, H-12, H-13, Cy-3, Cy-4), 1.12-0.92 (m, 105H, ‘Pr3Si), 0.86 (d, 6H, H-15, Jis, 14 = 6.3 Hz); *C NMR (CDCls,
125 MHz) 6 172.6, 172.6, 172.4, 172.0, 171.1, 170.8, 170.1, 169.7, 169.1, 167.1, 164.1, 160.9, 156.1, 138.0, 137.4,
134.9,129.2,128.9, 128.7, 128.6, 128.5, 128.2, 127.7, 127.3,75.7, 74.9, 74.4,74.3,73.9, 73.5,73.3,72.9, 71.7, 17.5,
69.8,69.2,67.4,67.1,62.3,56.7, 54.6, 52.8, 51.7,47.0, 46.2, 65.5, 44.7, 40.4, 39.2, 34.0, 33.3,31.8,31.7, 31.7, 31.6,
31.4,31.2,30.1,29.9,29.8,29.8, 29.6, 28.1, 27.6, 25.8, 25.5, 25.4,25.2, 24.1, 23.9, 22 .8, 19.6, 18.3, 18.3, 18.1, 18.0,
18.0, 17.6, 12.6, 12.6, 12.5, 12.3, 12.1, 12.1; ESIMS-LR m/z 2484.52 [(M+Na)']; ESIMS-HR calcd for
C130H221024N11NaSis 2483.5150, found 2483.5200; [a]*°p —2.47 (¢ 0.35, CHCl5).

Plusbacin A; (1)

HzN NH To a solution of 99 (19.2 mg, 7.8 umol) in anisole (1 mL) in an HF
H ~N o reaction apparatus, HF gas was distilled at —78 °C to a total volume of
| OH
HO'C\ % )i M, approximately 10 mL. The mixture was warmed to 0 °C and stirred for 1 h.
o/\NH HOQC o) OIN The mixture was concentrated in vacuo, and the crude material was
HO 0.2 2 1N

triturated with Et2O and centrifuged. The crude material was purified by
HoC 0 riverse phase HPLC (YMC-Pack R&D ODS D-ODS-5-A, 250 x 20 mm,
709 1 1 0.1% TFA 47.5% MeCN/H,0) to afford 1 (6.6 mg, 5.2 pmol, 67%), after
freeze drying, as a white powder.
'"H NMR (CD;CN/D,O/TFA = 500/500/1, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the
major rotamer) 6 5.20-5.13 (m, 1H, H-3), 5.13-5.07 (m, 1H, Arg-a-CH), 5.04 (d, 1H, B-hydroxy-Asp-a-CH, Jp-hydroxy-
Asp-0-CH, B-hydroxy-Asp-p-cH = 2.9 Hz), 4.93-4.90 (m, 2H, B-hydroxy-Asp-a-CH, B-hydroxy-Asp-B-CH), 4.86 (d, 1H, B-
hydroxy-Asp-B-CH, Jp-hydroxy-Asp-a-CH, p-hydroxy-asp-p-ctr = 2.9 Hz), 4.81-4.65 (m, 2H, 3-hydroxy-Pro-B-CH), 4.63-4.57
(m, 1H, p-Ser-a-CH), 4.42-4.30 (m, 3H, 3-hydroxy-Pro-a-CH, allo-D-Thr-a-CH), 4.15-4.12 (m, 1H, allo-D-Thr-p3-
CH), 3.96-3.83 (m, 2H, p-Ala-a-CH, 3-hydroxy-Pro-5-CH), 3.81-3.71 (m, 2H, p-Ser-B-CH), 3.71-3.62 (m, 2H, 3-
hydroxy-Pro-6-CH), 3.61-3.51 (m, 1H, 3-hydroxy-Pro-5-CH), 3.12-3.02 (m, 2H, Arg-3-CH), 2.63-2.42 (m, 2H, H-
2),2.15-174 (m, 4H, 3-hydroxy-Pro-y-CH), 1.62-1.51 (m, 4H, Arg-B-CH, H-4), 1.50-1.34 (m, 3H, Arg-y-CH, H-14),
1.28-1.04 (m, 21H, allo-p-Thr-y-CH, H-5, H-6, H-7, H-8, H-9, H-10, H-11, H-12, H-13), 1.03 (d, 3H, Jo-Ala-p-CH, p-Ala-
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a-ca= 6.3 Hz), 0.80 (d, 6H, H-15, Ji5,14 = 6.3 Hz)

ESIMS-LR m/z 1156.58 [(M—H)]; ESIMS-HR calcd for CsoHs2O020N1; 1156.5743, found 1156.5770; [a]*’p +7.17
(c 0.06, EtOH).

HPLC (column: COSMOSIL 5C;3-MS-II; eluent: 47.5% MeCN/H,0 (0.1% TFA); flow 1 mL/min; detection: UV
210 nm) Retention time: natural product (10.6 min), synthetic product (10.6 min), double injection (10.8 min) (for
detail in figure S1).
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Figure S1. Chromatogram of HPLC.
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Boc-Arg(Cbz);-p-Asp(OBn)-Oallyl (102)
CbzHN. . NCbz A solution of 101 (162 mg, 0.50 mmol) and Cs>COj3 (326 mg, 1.00 mmol)
\f in DMF (5 mL) was treated with allyl bromide (60.6 pL, 0.70 mmol) at room

; o 4 = temperature for 5 h. The mixture was diluted with AcOEt, and partitioned
Hb)ﬁ/\ O)ﬁ“\N\n/-\NHBoc between AcOEt and H>O. The organic phase was washed with brine, dried
BnO,C (NaxS0y), filtered, and concentrated in vacuo to afford a crude ester. The
crude ester was treated with 4 M HCI/AcOEt (5 mL) at room temperature for
20 min. The mixture was concentrated in vacuo to afford a crude amine hydrochloride salt. A mixture of the crude
amine hydrochloride salt, Boc-Arg(Cbz),-OH (326 mg, 0.60 mmol), ‘ProNEt (261 pL, 1.5 mmol) and HOAt (136.1
mg, 1.00 mmol) in CH2Cl> (5 mL) was treated with EDCI (191.7 mg, 1.00 mmol) at room temperature for 45 min.
The mixture was concentrated in vacuo, and the residue was partitioned between AcOEt and sat. ag. NaHCOj3. The
organic phase was washed with 1 M ag. HCI, H>O and brine, dried (Na,SOs), filtered, and concentrated in vacuo.
The residue was purified by high-flash silica gel column chromatography (3-30-60% AcOEt/hexane) to afford 102
(352 mg, 0.45 mmol, 89% over 3 steps) as a white solid.
mp 108-109 °C; '"H NMR (CDCls, 500 MHz) § 9.45 (br s, 1H, Arg-o-NH), 9.29 (br s, 1H, Arg-8-NH), 7.43-7.24 (m,
15H, Ph), 7.18 (d, 1H, Arg-0-NH, Jarg-o-NH, Arg-o-crr = 6.3 Hz), 5.78 (dddd, 1H, He, Jue, 1 = 17.2, Joe, 1 = 10.3, Jie, 1 =
Jue,1 = 4.6 Hz), 5.35 (dd, 1H, Ha, Jha 1 = 17.2, Jua, 1 = 1.7 Hz), 5.46-5.40 (m, 1H, D-Asp-NH), 5.24 (s, 2H, Bn), 5.18
(d, 1H, Bn, Jgy, B = 13.2 Hz), 5.24 (dd, 1H, Hp, Ju, e = 10.3, Jus, 11 = 1.2 Hz), 5.13 (d, 1H, Bn, Jgn, Bn = 13.2 Hz),
5.08 (d, 1H, Bn, Jgn, o = 12.1 Hz), 5.04 (d, 1H, Bn, Jgy, 8a = 12.1 Hz), 4.76 (ddd, 1H, D-Asp-a.-CH, Jo.Asp-a-CH, p-Asp-
Ni = 8.1, Jo-Asp-a-CH, p-Asp-p-CH = Jb-Asp-a-CH, p-Asp-p-cH = 5.2 Hz), 4.58-4.47 (m, 2H, H-1), 4.22-4.14 (m, 1H, Arg-a-CH),
4.03-3.86 (m, 2H, Arg-3-CH), 2.84 (dd, 1H, D-Asp-B-CH, Jo-asp-p-cH, p-Asp-p-cit = 17.2, Jo-Asp-p-CH, p-Asp-a-ctr = 5.2 Hz),
2.79 (dd, 1H, p-Asp-B-CH, Jo-asp-p-CH, p-asp-p-Ctr = 17.2, Jo-Asp-p-CH, p-Asp-a-cr = 5.2 Hz), 1.82-1.57 (m, 4H, Arg-p-CH,
Arg-y-CH), 1.42 (s, 9H, 'Bu); *C NMR (CDCls, 125 MHz) § 171.8, 170.5, 169.9, 163.7, 160.6, 155.8, 155.6, 136.9,
135.4,134.6, 131.4, 128.9, 128.8, 128.6, 128.4, 128.4, 128.3, 127.9, 127.8, 118.6, 79.9, 68.9, 67.0, 66.7, 66.2, 54.0,
48.7,44.2,36.0,28.6,28.3, 24.8; ESIMS-LR m/z 810.33 [(M+Na)]; ESIMS-HR calcd for C41H49011NsNa 810.3321,
found 810.3337; [a]*’p —3.94 (c 0.64, CHCl;).
Depsipeptide 105
NHBoc H, A solution of 37 (60.0 mg, 0.22 mmol) and Cs>COs3 (108 mg, 0.33 mmol)
(T\H/O s A O\«)\(Hb in DMF (2 mL) was treated with allyl bromide (28.5 pL, 0.33 mmol) at room
temperature for 4 h. The mixture was diluted with AcOEt, and partitioned

between AcOEt and H,O. The organic phase was washed with brine, dried
(NaxSOy), filtered, and concentrated in vacuo to afford a crude alcohol. A
solution of the crude alcohol, Boc-Asp(OBn)-OH (85.4 mg, 0.26 mmol) and DMAP (32.3 mg, 0.26 mmol) in CH>Cl»
(2 mL) was treated with EDCI (101.6 mg, 0.53 mmol) at —18 °C for 1 min. The mixture was warmed to 0 °C, and
stirred for 15 h. The mixture was diluted with AcOEt, and partitioned between AcOEt and 1 M ag. HCL. The organic
phase was washed with sat. ag. NaHCOj3 and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue
was purified by high-flash silica gel column chromatography (0-4-10-20% AcOEt/hexane) to afford 105 (123 mg,

0.21 mmol, 95% over 2 steps) as a colorless oil.
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"HNMR (500 Hz, CDCl3) & 7.38-7.30 (m, 5H, Ph), 5.78 (dddd, 1H, He, Jue na = 17.2, Jue, 1o = 10.3, Jue,1 = Jue,1 = 5.7
Hz), 5.46 (d, 1H, Asp-NH, Jasp-N#, Asp-a-cti = 8.6 Hz), 5.31 (ddd, 1H, Ha, Jhs ve = 17.2, Jua 1 = 2.9, Jua, 1 = 1.7 Hz),
5.28-5.21 (m, 2H, H-3, Hy), 5.13 (d, 1H, Bn, Jgn, Bn = 12.0 Hz), 5.10 (d, 1H, Bn, Jgn, B, = 12.0 Hz), 4.58 (d, 2H, H-1/,
Ji,ue = 5.7 Hz), 4.54 (ddd, 1H, Asp-a-CH, Jasp-a-cH, asp-NE = 8.6, Jasp-a-CH, Asp-p-CH = 5.2, Jasp-a-CH, Asp-p-ct1 = 4.6 Hz),
3.01 (dd, 1H, Asp-B-CH, Jasp-p-cH, Asp-p-ctr = 17.2, Jasp-p-cH, asp-a-cti = 4.6 Hz), 2.87 (dd, 1H, Asp-B-CH, Jasp-p-CH, Asp-p-
cn =172, Jasp-p-ct, asp-a-ct = 5.2 Hz), 2.63 (dd, 1H, H-2, J> > = 15.5, J>,3 = 6.9 Hz), 2.56 (dd, 1H, H-2, J> > =15.5,
J»,3=15.7Hz), 1.63-1.47 (m, 3H, H-4, H-14), 1.44 (s, 9H, ‘Bu), 1.32-1.10 (m, 18H, H-5, H-6, H-7, H-8, H-9, H-10,
H-11, H-12, H-13), 0.86 (d, 6H, H-15, Ji5, 14 = 6.9 Hz); *C NMR (CDCls, 125 MHz) § 170.8, 170.4, 169.9, 155.4,
135.5, 132.1, 128.7, 128.5, 128.4, 118.8, 80.1, 72.3, 66.8, 65.6, 50.2, 39.2, 39.0, 36.9, 33.8, 30.1, 29.8, 29.8, 29.7,
29.6, 29.4, 28.4, 28.1, 27.5, 25.0, 22.8; ESIMS-LR m/z 640.38 [(M+Na)']; ESIMS-HR calcd for C3sHssOsNNa
640.3820, found 640.3823; [a.]*°p +4.05 (c 0.39, CHCl5).
Depsipeptide 107

Ester 105 (62.3 mg, 0.106 mmol) was treated with 4 M
HCI/AcOEt (2 mL) at room temperature for 25 min. The mixture
was concentrated in vacuo to afford amine 106 as a hydrochloride
salt. This compound was directly used to the next reaction without
further purification. A solution of the crude amine 106, 79 (54.2 mg,
0.096 mmol), ‘ProNEt (51.9 pL, 0.30mmol) and HOAt (36.8 mg,
0.19 mmol) in CH2Cl> (1 mL) was treated with EDCI (36.8 mg, 0.12

mmol) at room temperature for 185 min. The mixture was diluted with AcOEt, and partitioned between AcOEt and
1 M aq. HCI. The organic phase was washed with sat. ag. NaHCO3, H,O and brine, dried (Na,SOs), filtered, and
concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (5-15-20%
AcOEt/hexane) to afford 107 (96.1 mg, 0.093 mmol, 97% over 2 steps) as a colorless oil.

"H NMR (CDCls, 500 MHz) & 7.49 (d, 1H, Asp-NH, Jasp-N#, Asp-o-cri = 8.0 Hz), 5.89 (dddd, 1H, He, Jie, 1 = 17.2, Ji,
m = 10.3, Ju, 11 = Jue, 11 = 4.6 Hz), 5.39 (d, 1H, D-Ser-NH, Jo-ser-N#, p-ser-a-ctr = 6.9 Hz), 5.30 (d, 1H, Ha, Jho 1 = 17.2
Hz), 5.25-5.18 (m, 2H, Hyp, H-3), 5.10 (s, 2H, Bn), 4.74-4.65 (m, 3H, Asp-a-CH, D-Ser-a.-CH, 3-hydroxy-Pro-B-CH),
4.61-4.48 (m, 4H, Bn, H-1"), 4.43 (s, 1H, 3-hydroxy-Pro-a-CH), 3.84-3.74 (m, 2H, 3-hydroxy-Pro-5-CH), 3.61 (d,
2H, p-Ser-B-CH, Jo-ser-p-cH, v-Ser-a-ctr = 6.3 Hz), 2.95 (dd, 1H, Asp-B-CH, Jasp-p-CH, asp-p-Ctr = 17.8, Jasp-p-CH, Asp-o-CH =
5.7 Hz), 2.88 (dd, 1H, Asp-B-CH, Jasp-p-cH, asp-p-ct = 17.8, Jasp-p-ct, asp-a-c = 5.2 Hz), 2.60 (dd, 1H, H-2, J> 2 = 15.5,
J2,3=6.9 Hz), 2.51 (dd, 1H, H-2, J»,» = 15.5, J»,3 = 6.3 Hz), 2.14-2.04 (m, 1H, 3-hydroxy-Pro-y-CH), 1.93-1.86 (m,
1H, 3-hydroxy-Pro-y-CH), 1.61-1.45 (m, 3H, H-4, H-14), 1.32-1.11 (m, 18H, H-5, H-6, H-7, H-8, H-9, H-10, H-11,
H-12, H-13), 1.39 (m, 9H, ‘Bu), 1.32-0.96 (m, 21H, 'Pr3Si), 0.86 (d, 6H, H-15, Jis, 14 = 7.2 Hz); '3C NMR (CDCl;,
125 MHz) § 170.5, 170.4, 170.0, 169.6, 169.2, 155.6, 137.8, 135.7, 132.1, 128.7, 128.5, 127.9, 127.8, 118.7, 80.1,
73.7,73.4,72.3,70.0, 69.6, 66.8, 52.3,49.2, 45.6, 39.2, 39.0, 36.2, 33.9, 30.1, 29.9, 29.8, 29.8, 29.6, 29.5, 28.5, 28.1,
27.6,25.1,22.8,18.1, 12.1; ESIMS-LR m/z 1086.64 [(M+Na)']; ESIMS-HR calcd for CsoHo3012N3NaSi 1086.6421,
found 1086.6415; [a.]*°p —8.38 (¢ 1.79, CHCl5).
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Boc-p-allo-Thr(O-triisopropylsilyl)-p-Ala-(3S5)-3-(triisopropylsiloxy)-Pro-Arg(Cbz);-p-Asp(OBn)-Oallyl
(109)

CbzHN __ NCbz Dipeptide 102 (94.5 mg, 0.120 mmol) was treated with 4 M HCI/AcOEt

Ho o OHN\H/\; 0  omps (2 mL) at room temperature for 15 min. The mixture was concentrated in
Hb/\ﬁojj“‘N\n/\H) |”" vacuo to afford amine 103 as a hydrochloride salt. This compound was directly
He BnO,C © o © N used to the next reaction without further purification. A solution of the crude
BochN va\ amine 103, 81 (71.6 mg, 0.10 mmol), PraNEt (55.7 uL, 0.30 mmol) and HOAt

TIPSO (27.2 mg, 0.20 mmol) in THF (1 mL) was treated with EDCI (38.3 mg, 0.20

mmol) at room temperature for 4 h. The mixture was diluted with AcOEt, and partitioned between AcOEt and 1 M
aq. HCL. The organic phase was washed with sat. ag. NaHCO3, H,O and brine, dried (Na;SOs), filtered, and
concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (0-20-35%
AcOEt/hexane) to afford 109 (119 mg, 0.086 mmol, 86% over 2 steps) as a colorless oil.

"H NMR (CDCls, 500 MHz) § 9.45 (br s, 1H, Arg-o-NH), 9.30 (br s, 1H, Arg-5-NH), 7.64 (br s, 1H, D-Ala-NH),
7.43-7.24 (m, 17H, Ph, Arg-a-NH, D-Asp-NH), 5.93 (br s, 1H, allo-p-Thr-NH), 5.80 (dddd, 1H, He, Jue, 1 = 17.2,
Jie, e = 10.3, Jie, 1 = Jue, 1 = 5.7 Hz), 5.26 (s, 2H, Bn), 5.24 (dd, 1H, Ha, Jua o = 17.2, Ji, 1 = 1.2 Hz), 5.16 (dd, 1H,
Hy, Jus, 1 = 10.9, Ju,, 1 = 1.2 Hz), 5.15-5.06 (m, 4H, Bn), 4.88 (ddd, 1H, D-Asp-a-CH, Jo-Asp-a-CH, p-Asp-NH = Jb-Asp-0-CH,
p-Asp-B-CH = J-Asp-a-CH, p-Asp-p-ctr = 5.8 Hz), 4.60 (d, 1H, 3-hydroxy-Pro-B-CH, J3-hydroxy-Pro-B-CH, 3-hydroxy-Pro-y-ct = 2.3 Hz),
4.55 (ddd, 1H, H-1, /1,1 =13.2, J1, 0. =J1, 0. = 5.7, J1, s = 1.2 Hz), 4.52 (ddd, 1H, H-1, J1,1 =13.2, J1, 5. = J1, 0. = 5.7,
Ji, = 1.2 Hz), 4.43-4.31 (m, 3H, p-Ala-a-CH, allo-D-Thr-B-CH, 3-hydroxy-Pro-a-CH), 4.26 (ddd, 1H, Arg-a-CH,
JArg-0-CH, Arg-NH = J Arg--CH, Arg-p-CH = 1.5, JArg-a-CH, Arg-p-cti = 4.6 Hz), 4.15-4.10 (m, 1H, allo-D-Thr-a-CH), 4.06 (ddd,
1H, Arg-5-CH, Jawg-5-cH, Arg-s-cti = 14.3, Jarg-5-CH, Arg-y-CH = Jarg-s-CH, Argv-ctr = 7.5 Hz), 3.92-3.78 (m, 2H, 3-hydroxy-
Pro-8-CH, Arg-6-CH), 3.50-3.43 (m, 1H, 3-hydroxy-Pro-3-CH), 2.89 (d, 2H, D-Asp-B-CH, Jo-Asp-p-CH, p-Asp-p-cHH = 5.8
Hz), 2.07-1.89 (m, 3H, 3-hydroxy-Pro-y-CH, Arg-B-CH), 1.79 (m, 1H, 3-hydroxy-Pro-y-CH), 1.73-1.64 (m, 1H, Arg-
y-CH), 1.60-1.50 (m, 1H, Arg-y-CH), 1.35 (s, 9H, ‘Bu), 1.30 (d, 3H, D-Ala-B-CH, Jo-ala--cH, v-Ala-o-crr = 6.9 Hz), 1.24
(d, 3H, allo-D-Thr-y-CH, J aiio-o-Thr-y-CH, alio-o-Thr-p-ctr = 6.3 Hz), 1.18-0.94 (m, 42H, 'Pr3Si); BCNMR (CDCls, 125 MHz)
6172.7,171.5,170.8,170.6, 170.0, 169.1, 164.1, 160.9, 156.1, 137.1, 136.0, 135.1, 131.8, 128.9, 128.8, 128.5, 128.4,
128.3, 128.2, 118.5, 80.0, 74.2, 70.7, 69.2, 69.1, 67.1, 66.7, 66.2, 60.5, 53.7, 49.4, 47.6, 45.4, 44.5, 36.7, 33.8, 28 4,
27.6,25.8,20.2,18.3, 18.2, 18.1, 18.0, 16.6, 12.7, 12.1; ESIMS-LR m/z 1407.73 [(M+Na)']; ESIMS-HR calcd for
C71H10s016NsNaSi, 1407.7314, found 1407.7311; [a]"’p =5.16 (¢ 3.95, CHCl5).
H-p-allo-Thr(O-triisopropylsilyl)-p-Ala-(35)-3-(triisopropylsiloxy)-Pro-Arg(Cbz),-pD-Asp(OBn)-Oallyl (110)

CszNYNCbZ Pentapeptide 109 (60.9 mg, 0.044 mmol) was treated with 25% TFA/CH,Cl,
OHN\H/\g 0 omps (500 pL) at room temperature for 40 min. The reaction was quenched with sat. aq.
\/\o)ﬁ.\\N\[]AHJ |f> NaHCO3, and the mixture was partitioned between AcOEt and sat. ag. NaHCO;.
BnO,C © o ON The organic phase was washed with H>O and brine, dried (Na>SOs), filtered, and
N Hj/\ concentrated in vacuo to afford 110. The amine was directly used to the next

TIPSO

reaction without purification.
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Liner depsipeptide 111

HaCszN NChz A solution of 107 (41.5 mg, 0.040 mmol) and morpholine (10.3 uL,

Hb . .
BnOAHE\T N~ 0.12 mmol) in THF (500 puL) was treated with Pd(PPhs)4 (2.3 mg, 0.002
TIPSO'C\N% O%J\H \HAN M. e mmol) at room temperature for 20 min. The mixture was diluted with
: NHBoc HoN AcOEt, and partitioned between AcOEt and 1 M aq. HCI. The organic

07 NH BnO,C hoo 0
(T\H/O s AU NﬁNI phase was washed with brine, dried (Na,SOs), filtered, and concentrated
H
BnOL O ‘%O\/\/\i in vacuo. The catalyst was removed by SH-silica gel column
8 10 12 1
° : chromatography (¢ 1 cm x 3 cm, 1% MeOH/CHCI3), and the filtrate was

concentrated in vacuo to afford a crude carboxylic acid 108. A mixture of
the crude carboxylic acid 108, 110 (0.044 mmol), ‘ProNEt (12.9 uL, 0.080mmol) and HOAt (10.9 mg, 0.080 mmol)
in THF (400 puL) was treated with EDCI (15.3 mg, 0.080 mmol) at room temperature for 23 h. The mixture was
diluted with AcOEt, and partitioned between AcOEt and 1 M ag. HCI. The organic phase was washed with sat. agq.
NaHCOs3, H>O and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue was purified by high-flash
silica gel column chromatography (0-20-40% AcOEt/hexane) to afford 111 (82.9 mg, 0.036 mmol, 90% over 2 steps)
as a pale yellow oil.
"HNMR (CDCls, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the major rotamer) 8 9.42 (br s,
1H, Arg-o-NH), 9.24 (br s, 1H, Arg-6-NH), 7.49 (d, 1H, Asp-NH, Jasp-N#, asp-o-cr = 8.0 Hz), 7.46 (d, 1H, allo-D-Thr-
NH, Jatio-o-The-NH, allo-o-Thr-a-ce = 5.2 Hz), 7.44-7.14 (m, 27TH, Ph, Asp-NH, Arg-a-NH), 6.87 (d, 1H, p-Ala-NH, Jp.ala-
NH, p-Ala-o-ct = 8.0 Hz), 5.80 (dddd, 1H, He, Jue, na = 17.2, Jue, 1o = 10.9, Jue, 1 = Jue, 1 = 5.8 Hz), 5.48 (d, 1H, D-Ser-NH,
Jb-Ser-NH, p-Ser-a-ctr = 6.9 Hz), 5.29-5.05 (m, 11H, Bn, Ha, Hy, H-3), 4.77 (ddd, 1H, Asp-a.-CH, Jasp-a-CH, Asp-NH = JAsp-a-
CH, Asp-B-CH = J Asp-o-CH, Asp-p-ct = 5.7 Hz), 4.72-4.24 (m, 13H, D-Ser-a.-CH, allo-D-Thr-a-CH, allo-D-Thr-B-CH, p-Ala-
a-CH, Asp-a-CH, 3-hydroxy-Pro-a-CH, 3-hydroxy-Pro-f-CH, Bn, H-1"), 4.07-4.39 (m, 1H, Arg-a-CH), 3.89-3.64
(m, 5H, Arg-6-CH, 3-hydroxy-Pro-56-CH), 3.61 (d, 2H, D-Ser-B-CH, Jo-ser-p-cH, v-ser-a-ctr = 6.3 Hz), 3.46-3.36 (m, 1H,
3-hydroxy-Pro-6-CH), 2.98-2.81 (m, 4H, Asp-B-CH), 2.46 (dd, 1H, H-2, J, » = 14.9, J, 3 = 6.3 Hz), 2.35 (dd, 1H, H-
2,J2,2=14.9, J»,3=6.3 Hz), 2.13-1.83 (m, 9H, Arg-B-CH, Arg-y-CH, 3-hydroxy-Pro-y-CH, H-4), 1.79 (dd, 1H, 3-
hydroxy-Pro-y-CH, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-y-CH = 13.2, J3-hydroxy-Pro-y-CH, 3-hydroxy-Pro-3-ct = 6.3 Hz), 1.75-1.44 (m, 3H,
H-4, H-14), 1.39 (s, 9H, ‘Bu), 1.33-0.92 (m, 87H, p-Ala-B-CH, allo-p-Thr-y-CH, H-5, H-6, H-7, H-8, H-9, H-10, H-
11, H-12, H-13, 'Pr3Si), 0.86 (d, 6H, H-15, Jis, 14 = 6.9 Hz); '*C NMR (CDCls, 125 MHz) § 172.7, 171.6, 170.7, 170.5,
170.4,170.2, 170.1, 169.7, 169.1, 164.1, 160.8, 156.1, 155.7, 137.8, 137.1, 135.9, 135.7, 135.0, 131.8, 128.9,128.8,
128.7, 128.6, 128.5, 158.4, 128.4, 128.3, 128.0, 127.8, 127.7, 118.5, 80.1, 74.1, 73.7, 73.4, 73.4, 70.5, 69.9, 69.6,
69.2,69.1,67.1,66.7,66.3,59.3, 53.4, 52.4,49.4,49.3,47.8, 45.6,45.3, 44.5, 40.9, 36.3, 36.0, 34.1, 33.8, 32.1, 30.1,
29.9,29.8,29.8,29.6,29.5,29.4, 28.5,28.1, 28.0, 27.6,25.7,25.3,22.8,22.7,20.3, 19.4, 18.3, 18.3, 18.2, 18.2, 18.1,
16.6, 12.8, 12.6, 12.1; ESIMS-LR m/z 2314.29 [(M+Na)']; ESIMS-HR calcd for Ci22H;37025N11NaSi3 2313.2900,
found 2313.2915; [a.]*°p —5.52 (¢ 0.18, CHCl5).
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Fully protected dideoxy plusbacin Az 112
A solution of 111 (34.5 mg, 0.015 mmol) and morpholine (5.2 pL,
BnO o0 o 0.06 mmol) in THF (300 pL) was treated with Pd(PPhs)4 (1.7 mg, 0.002
TIPSO % \HA )| mmol) at room temperature for 25 min. The mixture was diluted with
N BnO C AcOEt, and partitioned between AcOEt and 1 M aq. HCL. The organic
(\WO 3 Nﬁui phase was washed with brine, dried (Na>SOs), filtered, and concentrated
Bno.C 0 ;%M in vacuo. The catalyst was removed by SH-silica gel column

6

79 111 chromatography (¢ 1 cm x 2 cm, 1% MeOH/CHCIs), and the filtrate was

CbzHN NCbz

concentrated in vacuo to afford crude carboxylic acid. A solution of the carboxylic acid in CH2Cl (150 pL) was
treated with 50% TFA/CH,Cl, (150 pL) at room temperature for 15 min. The mixture was concentrated in vacuo to
afford crude amino acid. A mixture of the crude amino acid, ‘ProNEt (26.3 pL, 0.15mmol) and HOAt (20.6 mg, 0.15
mmol) in THF (15 mL) was treated with EDCI (28.9 mg, 0.15 mmol) at room temperature for 14 h. The mixture was
concentrated in vacuo, and the residue was partitioned between AcOEt and 1 M ag. HCL. The organic phase was
washed with sat. ag. NaHCO3, H,O and brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was
purified by high-flash silica gel column chromatography (0-20-40% AcOEt/hexane) to afford 112 (15.5 mg, 0.0073
mmol, 48% over 3 steps) as a white foam.

"H NMR (CDCls, 500 MHz) § 9.41 (br s, 1H, Arg-0-NH), 9.38 (br s, 1H, Arg-3-NH), 7.64 (d, 1H, D-Ser-NH, Jo-ser-
N, p-ser-a-cti = 5.2 Hz), 7.61 (d, 1H, D-Ala-NH, Jo-AlaN#, v-Ala-o-ctr = 2.9 Hz), 7.44-7.19 (m, 28H, Ph, Asp-NH, allo-D-
Thr-NH, Arg-a-NH), 7.08 (d, 1H, Asp-NH, Jasp-N, asp-a-ctr = 9.8 Hz), 5.37 (d, 1H, Bn, Jgn,Ba = 12.1 Hz), 5.21 (d, 1H,
Bn, Jgn,Bn = 12.1 Hz), 5.21-4.98 (m, 8H, Bn, Asp-a-CH, H-3), 4.74 (ddd, 1H, Asp-a-CH, Jasp-a-CH, Asp-Nz = 9.8, Jasp-
o-CH, Asp-p-CH = 4.6, Jasp-a-cH, Asp-p-ctr = 4.0 Hz), 4.60-4.54 (m, 3H, D-Ser-a.-CH, 3-hydroxy-Pro-B-CH), 4.51 (s, 1H, 3-
hydroxy-Pro-a-CH), 4.43 (s, 2H, Bn), 4.41 (dd, 1H, allo-D-Thr-o.-CH, Jatto-v-Thr-0-CH, allo-o-The-NH = 8.0, Jallo-p-Thr-a-CH,
allo-o-Thr-p-ct = 4.0 Hz), 4.34 (s, 1H, 3-hydroxy-Pro-a-CH), 4.33 (dq, 1H, allo-D-Thr-B-CH, Juiio-o-Thr-B-CH, allo-p-Thr-a-CH
= 4.0, Julo-o-Thr-p-CH, allo->-Thr-y-ctr = 6.3 Hz), 4.28 (dq, 1H, D-Ala-0-CH, Jo-Thr-0-CH, p-Ala-NH = 2.9, Jb-Ala-0-CH, p-Ala-B-CH =
6.3 Hz), 4.14 (ddd, Arg-o-CH, J = 10.3, J= 9.4, J = 4.0 Hz), 4.01-3.93 (m, 3H, Arg-5-CH, 3-hydroxy-Pro-5-CH),
3.89 (dd, 1H, 3-hydroxy-Pro-6-CH, J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-8-CH = J3-hydroxy-Pro-3-CH, 3-hydroxy-Pro-y-cf = 9.2 Hz), 3.85-
3.77 (m, 2H, 3-hydroxy-Pro-3-CH, D-Ser-3-CH), 3.69 (dd, 1H, D-Ser-B-CH, Jo-ser-p-cH, p-Ser-p-CH = 9.2, Jb-Ser-p-CH, p-Ser-
a-c = 5.2 Hz), 3.48 (ddd, 1H, 3-hydroxy-Pro-8-CH, J3-nydroxy-Pro-5-CH, 3-hydroxy-Pro-5-CH = J3-hydroxy-Pro-8-CH, 3-hydroxy-Pro-y-CH
= J3-hydroxy-Pro-5-CH, 3-hydroxy-Pro-y-Ce1 = 9.2 Hz), 3.29 (dd, 1H, Asp-B-CH, Jasp-p-cH, asp-p-cti = 17.8, Jasp-p-Ct, Asp-a-cti = 4.6
Hz), 3.00 (dd, 1H, Asp-B-CH, Jasp-p-cH, asp-p-ctt = 16.6, Jasp-p-ct, asp-a-ct = 7.5 Hz), 2.75 (dd, 1H, Asp-B-CH, Jasp-p-cH,
Asp-p-CH = 17.8, Jasp-p-cH, Asp-a-ctr = 4.6 Hz), 2.66 (dd, 1H, Asp-B-CH, Jasp-p-cH, asp-p-ctt = 16.6, Jasp-p-cH, Asp-a-ctr = 7.5
Hz), 2.51 (dd, 1H, H-2, J»,» = 16.6, /.3 = 4.0 Hz), 2.51 (dd, 1H, H-2, J,,» = 16.6, J»,3=9.2 Hz), 1.98-1.67 (m, 9H,
3-hydroxy-Pro-y-CH, Arg-B-CH, Arg-y-CH, H-4), 1.56-1.46 (m, 3H, H-4, H-5, H-14), 1.46-1.36 (m, 1H, H-5), 1.25
(d, 3H, allo-D-Thr-y-CH, Jatio-v-The-y-CH, atio-p-Thr-p-ctr = 6.3 Hz), 1.29-0.95 (m, 79H, H-6, H-7, H-8, H-9, H-10, H-11, H-
12, H-13, 'Pr3Si), 1.14 (d, 3H, D-Ala-B-CH, Jo-Ala-p-cH, v-ala-a-cti = 6.9 Hz), 0.86 (d, 6H, H-15, Jis, 14 = 6.9 Hz); BC
NMR (CDCls, 125 MHz) 6 172.7,172.6, 171.5,171.3, 171.2, 170.4, 170.0, 169.8, 169.4, 168.1, 164.2, 161.1, 156.3,
138.0, 137.1, 135.9, 135.8, 134.8, 129.0, 128.8, 128.6, 128.6, 128.5, 128.4, 128.3, 128.2, 128.0, 127.7, 127.4, 74.9,
74.3,73.4,73.1,71.0,70.4, 69.5, 69.4, 69.0, 67.2, 66.6, 66.5, 59.7, 53.3, 52.9, 49.7,47.9, 47.4,45.5, 44.6, 39.8, 39.2,
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36.0,35.8,33.8,33.5,33.3,30.1, 29.9, 29.8, 29.7, 29.6, 28.1, 27.6, 26.3, 25.6, 25.5, 22.8, 20.5, 18.4, 18.3, 18.1, 15.8,

12.7,12.2, 12.1; ESIMS-LR m/z 2156.20 [(M+Na)"]; ESIMS-HR caled for C114H173022N11NaSi3 2155.1957, found
2155.1961; [a.]*°p —35.86 (c 1.55, CHCl3).

Dideoxy plusbacin A3 (100)

H,N_ _NH To a solution of 112 (15.4 mg, 7.2 pmol) in anisole (1 mL) in an HF

reaction apparatus, HF gas was distilled at —78 °C to a total volume of

HO’C\ “J\ )| approximately 10 mL. The mixture was warmed to 0 °C and stirred for 1 h.

o /\NH H OZC W]A 6 The mixture was concentrated in vacuo, and the crude material was

: N]v\ triturated with Et2O and centrifuged. The crude material was purified by

HO,C riverse phase HPLC (YMC-Pack R&D ODS D-ODS-5-A, 250 x 20 mm,

0.1% TFA 45% MeCN/H20) to afford 100 (7.4 mg, 5.5 pmol, 76%) , after

freeze drying, as a white powder.

'"H NMR (CD;CN/D,O/TFA = 500/500/1, 500 MHz, a mixture of several rotamers at 20 °C, selected data for the
major rotamer) § 5.14-5.06 (m, 1H, Arg-a-CH), 5.11-5.00 (m, 1H, H-3), 4.79-4.52 (m, 3H, p-Ser-a-CH, Asp-a-CH),
4.43-4.04 (m, 5H, allo-D-Thr-B-CH, 3-hydroxy-Pro-a-CH, 3-hydroxy-Pro-B-CH), 3.99-3.79 (m,1H, D-Ser-B-CH),
3.77-3.46 (m, 6H, allo-D-Thr-a-CH, 3-hydroxy-Pro-3-CH, D-Ser-3-CH), 3.12-3.01 (m, 2H, Arg-3-CH), 2.92-2.62 (m,
4H, Asp-B-CH), 2.57-2.38 (m, 2H, H-2), 2.15-1.81 (m, 4H, 3-hydroxy-Pro-y-CH), 1.78-1.59 (m, 2H, Arg-B-CH),
1.58-1.37 (m, 4H, Arg-y-CH, H-4, H-14), 1.32-1.02 (m, 25H, Arg-y-CH, D-Ala-B-CH, allo-D-Thr-y-CH, H-5, H-6,
H-7, H-8, H-9, H-10, H-11, H-12, H-13), 0.80 (d, 6H, H-15, Jis, 14 = 6.9 Hz); ESIMS-LR m/z 1126.60 [(M+H)'];
ESIMS-HR calcd for CsoHsgsO1sN11 1126.5990, found 1126.6008; [a]*°p —10.78 (¢ 0.58, EtOH).

HPLC (column: COSMOSIL 5C;3-MS-II; eluent: 45% MeCN/H>O (0.1% TFA); flow 1 mL/min; detection: UV 210

nm) Retention time: 13.4 min (for detail in Figure S2).

a) crude product
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Figure S2. Chromatogram of HPLC. Resenten Tme foel
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CD measurement

CD spectra were obtained at 25 °C on a Jasco J720. The solution containing samples (1.7 mg/mL each) in EtOH
was prepared, and the spectra were subtranted from EtOH spectrum.
Antimicrobial activity assay

Antimicrobial susceptibility was determined by broth microdilution assay according to CLSI (Clinical and
Laboratory Standards Institute, 2012). Briefly, plusbacin A3 was serially diluted with cation-adjusted Muller—Hinton
Broth (MHB; Becton Dickinson and Company, Franklin Lakes NJ, USA) to obtain a final concentration of 128 pg/mL
to 0.125 pg/mL in the wells of a 96-well round-bottomed plate. Staphylococcus aureus Smith ATCC13709 was grown
overnight in 5 mL tryptic soy broth (TSB: Becton Dickinson and Company) at 37 °C with agitation. The culture was
diluted with cation-adjusted MHB to obtain approximately 5 x 10° colony forming units (CFU)/mL. 10 pL of the
diluted cells were added to each well containing 90 pL of plusbacin Az, and mixed well. The plates were incubated
at 37 °C and MIC was determined after 20 h as the minimum concentration that did not allow visible growth of
bacteria.
Resistance studies

Staphylococcus aureus Smith ATCC13709 was cultured at 37 °C aerobically in TSB. The full growth was diluted
100-fold with MHB and grown to exponential phase. The exponentially growing cells were further diluted to obtain
an ODsoo of 0.01 in 1 mL MHB containing 0.25, 0.5, 1, 2, 4, and 8-fold MIC of plusbacin A3 or vancomycin or
rifampicin. Cells were grown at 37°C with agitation and the cultures from the second highest concentration that
allowed visible growth at 24 h were diluted 100-fold with MHB containing different concentrations of respective
antibiotics. The sequential culturing was continued for 25 days. After final passage, three independent colonies from
plusbacin Aj; treated cells were isolated and their resistance towards plusbacin A3z was confirmed by MIC

determination.

The plusbacin Aj resistant S. aureus Smith strains were cultured at 37 °C aerobically in TSB containing 4 pg/mL
plusbacin As. Genomic DNA was isolated using Qiagen DNA-blood Mini Kit (Qiagen, Hilden, Germany) following
manufacturer’s recommendation using lysostaphin for bacterial lysis. Barcoded library of 400 base-read was prepared
after the fragmentation of 100 ng of the DNA using Ion Xpress™ Plus Fragment Library Kit (ThermoFisher Scientific,
Waltham, MA USA). The libraries were enriched in an Ion 318™ Chip v2 using Ion Chef (ThermoFischer Scientific),
and subsequent sequencing was performed in lon PGM System (ThermoFischer Scientific). Assembly of the resulting

reads and SNP analysis was conducted in the CLC Genomics Workbench ver 9.5.3. (CLC bio, Aarhus, Denmark).
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FIYE
Benzyl-V-acetyl-muramyl-L-alanine phenylsulfonylethyl ester (135)
OH Compound 134 (1.75 g, 2.46 mmol) was treated with 60% AcOH/H>O (60 mL) at
6 \i(:j”‘om 90 °C for 1 h. The mixture was concentrated in vacuo. The residue was crystalized by
Ho' 37 Nriac CHCI3/Et;0 to afford 135 (1.21 g, 1.94 mmol, 79%) as a white solid.

(0]
I 'H NMR (CDCls, 400 MHz) & 7.91 (d, 2H, 0-PhSO, J, » = 7.3 Hz), 7.69 (t, 1H, p-
o HN™ "0 PhSO2, J,, » = 7.3 Hz), 7.59 (dd, 2H, m-PhSO2, J», o = Ju, » = 7.3 Hz), 7.40-7.29 (m,
j I 5H, Ph), 6.92 (d, 1H, Ala-NH, Jalax#, Alaocr = 7.3 Hz), 5.04 (d, 1H, 2-NH, Jonp.2 =

PhO2S 9.6 Hz), 4.91 (d, 1H, H-1, Ji.2= 3.6 Hz), 4.71 (d, 1H, Bn, J = 11.9 Hz), 4.47 (d, 1H,

Bn, J = 11.9 Hz), 4.50-4.37 (m, 2H, PhSO.CH:>CH>), 4.29 (dq, 1H, Ala-a-CH, Jala-a-CH, Ala-NH = JAla-a-CH, Ala-p-CH =
7.3 Hz), 4.23 (ddd, 1H, H-2, J>,1= 3.6, J2,2nu = 9.6, J2,3=10.1 Hz), 4.16 (q, 1H, Lac-a-CH, Jrac-o-cH, Lac-p-ctr = 6.9
Hz), 3.83 (d, 2H, H-6, Js, s = 3.2 Hz), 3.76-3.65 (m, 2H, H-5, H-4), 3.58 (dd, 1H, H-3, J3,2 = J3,4=10.1 Hz), 3.47-
3.33 (m, 2H, PhSO,CH>CHz>), 1.92 (s, 3H, NAc), 1.42 (d, 3H, Lac-B-CH, Jracp-cH, Lac-o-cr = 6.9 Hz), 1.33 (d, 3H,
Ala-B-CH, Jata-p-cH, Ala-a-ctr = 7.3 Hz). This is a known compound reported in ref 87.
Benzyl-V-acetyl-4,6-diacetylmuramyl-L-alanine phenylsulfonylethyl ester (136)

OAc A mixture of 135 (1.12 g, 1.80 mmol) in pyridine (20 mL) was treated with Ac,O
(406 uL, 4.32 mmol) at room temperature for 1 d. Ac;O (102 pL, 1.08 mmol) was

added to the mixture, which was stirred for 24 h. The reaction was quenched with

Io MeOH, then the resulting mixture was concentrated in vacuo. The residue was

HN” 0 partitioned between AcOEt and sat. ag. NaHCO3, and the organic phase was washed

J/ O\H)\ with 1 M ag. HCI and brine, dried (Na>SOs), filtered, and concentrated in vacuo. The
PhO,S ° residue was purified by high-flash silica gel column chromatography (50-85-100%

AcOEt/hexane) to afford 136 (955 mg, 1.35 mmol, 75%) as a colorless foam.

'H NMR (CDCls, 500 MHz) § 7.92 (d, 2H, 0-PhSO2, Jo, » = 6.9 Hz), 7.68 (t, 1H, p-PhSO2, J,, » = 7.5 Hz), 7.59 (dd,
2H, m-PhSO2, Ju, 0 = 6.9, Ju, , = 7.5 Hz), 7.41-7.56 (m, 5SH, Ph), 6.85 (d, 1H, Ala-NH, JalaN#, Ala-a-crr = 6.9 Hz), 5.81
(d, 1H, 2-NH, Jo.nu,2 =9.2 Hz), 5.07 (dd, 1H, H-4, J4 3=J4,5= 9.8 Hz), 4.88 (d, 1H, H-1, J1,»=4.0 Hz), 4.69 (d, 1H,
Bn, J=11.5 Hz), 4.50 (d, 1H, Bn, J = 11.5 Hz), 4.48-4.40 (m, 2H, PhSO,CH,CH)), 4.38 (ddd, 1H, H-2, J» 1= 4.0,
Jo,ong =92, J,3=9.8 Hz), 4.20 (dd, 1H, H-6, Js,6= 12.0, Js,5s = 4.6 Hz), 4.13 (dq, 1H, Ala-a-CH, Jala-a-CH, Ala-NH =
Jala-a-CH, Ala-p-cr = 6.9 Hz), 4.03 (dd, 1H, H-6, Js, 6= 12.0, Js, 5 = 2.3 Hz), 3.95 (q, 1H, Lac-a-CH, Jrac-0-CH, Lac-p-CH =
6.3 Hz), 3.91 (ddd, 1H, H-5, J5,6= 2.3, Js5,6 = 4.6, J5,4= 9.8 Hz), 3.64 (dd, 1H, H-3, J3,2 = J3,4= 9.8 Hz), 3.50-3.38
(m, 2H, PhSO,CH,CH>), 2.11 (s, 3H, OAc), 2.07 (s, 3H, OAc), 1.88 (s, 3H, NAc), 1.30 (d, 3H, Lac-B-CH, Jrac-p-cH,
Lac-a-cir = 6.3 Hz), 1.29 (d, 3H, Ala-B-CH, Jala-p-cr, Ala-o-cr = 6.9 Hz); *C NMR (CDCls, 125 MHz) & 172.2, 171.8,
170.9, 170.4, 169.5, 139.3, 136.7, 134.2, 129.6, 128.9, 128.7, 128.5, 128.3,97.2, 78.9, 78.6, 70.4, 69.5, 68.7, 62.3,
58.2, 55.1, 53.1, 48.1, 23.5, 21.0, 20.9, 18.7, 17.0; ESIMS-LR m/z 729.23 [(M+Na)']; ESIMS-HR calcd for
C33H42013N2NaS 729.2230, found 729.2299; [a.]*°p +68.36 (¢ 0.23, CHCI3).
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Glycosylphosphate 137

Y A mixture of 136 (424 mg, 0.60 mmol) and 10% Pd/C (600 mg) in MeOH

OAc 0 /_/
6 -0 ‘-“0_2_01. y (6 mL) was vigorously stirred under H, atmosphere at room temperature for 2.5

2 a
AcO" N7 “NHAC )= h. 10% Pd/C (600 mg) was added to the mixture and vigorously stirred for 8 h

0 H Hp g
I under Ho atmosphere. 10% Pd/C (300 mg) was added to the mixture and
o HN™ 0 vigorously stirred for 12 h under H, atmosphere. The catalyst was filtered off
through a Celite pad, and the filtrate was concentrated in vacuo to afford a crude
PhO,S © £
2

lactol. A mixture of the lactol and 5-(benzylthio)-1H-tetrazole (208 mg, 1.08
mmol) in CH>Cl, (6 mL) was treated with diallyl N,N-diisopropylphosphoramidite (238 pL, 0.90 mmol) at 0 °C for
5 min. The mixture was warmed to room temperature and stirred for 1 h. 5-(Benzylthio)-1H-tetrazole (138 mg, 0.72
mmol) and diallyl N,N-diisopropylphosphoramidite (159 pL, 0.60 mmol) was added to the mixture and stirred for
1h. The mixture was partitioned between CH,Cl, and sat. ag. NaHCOs3, and the organic phase was washed with H,O
and brine, dried (Na,SOs), filtered, and concentrated in vacuo to afford a crude phosphite. A mixture of the phosphite
in THF (6 mL) was treated with 30% H>O, (600 pL) at —78 °C for 5 min. The mixture was warmed to room
temperature and stirred for 2.5h. The reaction was quenched with sat. ag. Na>S>03 at 0 °C, and the mixture was
partitioned between AcOEt and sat. ag. NaHCOs. The organic phase was washed with brine, dried (Na2SOs), filtered,
and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (50-100%
AcOEt/hexane-0-1-2% MeOH/AcOEt) to afford 137 (180 mg, 0.23 mmol, 39% over 3 steps) as a colorless foam.
'H NMR (CDCls, 500 MHz) § 7.93 (d, 2H, 0-PhSO2, Jo, » = 7.4 Hz), 7.67 (t, 1H, p-PhSO2, J,, » = 7.5 Hz), 7.60 (dd,
2H, m-PhSOz, Ju, o = 7.4, Ju,p, = 1.5 Hz), 6.76 (d, 1H, Ala-NH, Jala-NH, Ala-a-c = 6.9 Hz), 6.55 (d, 1H, 2-NH, Jo-ng, 2
= 8.6 Hz), 6.01-5.88 (m, 2H, Hc), 5.70 (dd, 1H, H-1, J1,2=2.9, J1,p= 5.8 Hz), 5.40 (dd, 1H, Ha, Jua, uc = 17.2, Jua, 1
=1.2 Hz), 5.38 (dd, 1H, Ha, Jta,1ec = 17.2, Jua, 1 = 1.2 Hz), 5.31 (dd, 1H, Hs, Juw, ve = 10.3, Jua, 1 = 1.2 Hz), 5.30 (dd,
1H, Hy, Jub, 1e = 10.3, Jua, 1 = 1.2 Hz), 5.14 (dd, 1H, H-4, J4,3=10.3, J4, 5= 9.8 Hz), 4.64-4.55 (m, 4H, H-1"), 4.53-
4.44 (m, 2H, PhSO,CH:CH:), 4.41-4.35 (m, 1H, H-2), 4.24 (dq, 1H, Ala-a-CH, 7.5, JAla-a-CH, Ala-NH = JAla-0-CH, Ala-p-
cu=6.9 Hz), 4.20 (dd, 1H, H-6, Js = 12.0, Js, s = 4.0 Hz), 4.13-4.05 (m 2H, H-5, H-6), 4.03 (q, 1H, Lac-a-CH, Jyac-
o-CH, Lac-p-c = 0.3 Hz), 3.69 (dd, 1H, H-3, J3 2 = J3,4=10.3 Hz), 3.52-3.41 (m, 2H, PhSO,CH>CHz), 2.09 (s, 3H,
OAc), 2.08 (s, 3H, OAc), 1.96 (s, 3H, NAc), 1.34 (d, 3H, Lac-B-CH, Jrac-p-cH, Lac-a-ctz = 6.3 HZz), 1.33 (d, 3H, Ala-B-
CH, Jala-p-cH, Ala-o-crr = 7.5 Hz); 3C NMR (CDCls, 125 MHz) § 172.3, 171.6, 170.9, 170.8, 169.3, 139.2, 134.3, 132.2,
132.2, 132.0, 132.0, 129.6, 128.2, 119.4, 119.3, 78.4, 77.0, 70.3, 69.1, 69.0, 69.0, 68.9, 61.8, 58.2, 55.0, 53.3, 53.3,
48.1, 25.1, 23.3, 20.9, 20.9, 18.9, 17.2; *'P NMR (CDCls, 202 MHz) & —1.8; ESIMS-LR m/z 799.21 [(M+Na)'];
ESIMS-HR calcd for C32HasO16N2NaPS 799.2120, found 799.2125; [a.]*°p +49.99 (c 1.49, CHCI3).
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Glycosylphosphate 132

A mixture of 137 (212 mg, 0.27 mmol) in CH>Cl, (3 mL) was treated with
DBU (44.8 uL, 0.30 mmol) at room temperature for 40 min. The mixture was
partitioned between AcOEt and 1 M ag. HCI, and the aqueous phase was
extracted with AcOEt (x2). Combined organic phase was dried (Na>SOs),
filtered, and concentrated in vacuo. The residue was purified by high-flash silica

gel column chromatography (0-1-2% MeOH/CH:Cly) to afford 132 (149 mg,

0.25 mmol, 90%) as a colorless foam.

"HNMR (CDCl;, 500 MHz) & 7.47 (d, 1H, 2-NH, J>.xw, 2 = 8.0 Hz), 6.86 (d, 1H,
Ala-NH, JataN#, Ala-a-c = 6.3 Hz), 5.98-5.88 (m, 2H, Hc), 5.72 (dd, 1H, H-1, J1,2= 3.4, Jip= 6.3 Hz), 5.39 (dd, 1H,
Ha, JHa, 1 = 16.6, Jua, 1 = 1.2 Hz), 5.38 (dd, 1H, Ha, JHa, 1e = 17.2, JHa 11 = 1.2 Hz), 5.30 (d, 2H, Hp, Jup, e = 10.3 Hz),
5.12(dd, 1H, H-4, Js,3=J4,5=9.2 Hz), 4.62-4.55 (m, 4H, H-1"), 4.37 (qd, 1H, Ala-a-CH, Jala-o-cH, Ala-p-cf = JAla-a-CH,
alaNg = 6.9 Hz), 4.31-4.25 (m, 1H, H-2), 4.22-4.15 (m, 2H, Lac-a-CH, H-6), 4.09-4.04 (m 2H, H-5, H-6), 3.75 (dd,
1H, H-3, J3,2 = J3,4=9.7 Hz), 2.11 (s, 3H, OAc), 2.08 (s, 3H, OAc), 1.97 (s, 3H, NAc), 1.47 (d, 3H, Ala-B-CH, Jal-
p-cH, Ala-o-cti = 1.5 Hz), 1.33 (d, 3H, Lac-B-CH, Jrac-p-cH, Lac-a-ctr = 6.3 Hz); 3C NMR (CDCl3, 125 MHz) § 174.4,
173.4,171.7,170.7, 170.8, 169.4, 132.1, 132.0, 131.9, 131.8, 119.5, 119.2, 96.8, 96.8, 78.3, 76.7, 70.4, 69.3, 69.2,
69.0, 69.0, 61.9, 53.5, 53.4, 48.5, 23.0, 20.9, 20.8, 19.2, 17.5; *'P NMR (CDCl3, 202 MHz) § —2.7; ESIMS-LR m/z
631.19 [(M+Na)*]; ESIMS-HR calcd for C24H37014N2NaP 631.1875, found 631.1882; [a.]*’p +63.23 (c 3.80, CHCI3).
Glycosylphosphate 140

y A mixture of 139 (497 mg, 0.50 mmol) and 10% Pd/C (600 mg) in
i MeOH/EtOH = 1/1 (10 mL) was vigorously stirred under H> atmosphere at
‘>:<Ha room temperature for 24 h. The catalyst was filtered off through a Celite pad,
and the filtrate was concentrated in vacuo to afford a crude lactol. A mixture
of'the lactol and 1H-tetrazole (70 mg, 1.0 mmol) in CH>Cl, (5 mL) was treated
with diallyl N,N-diisopropylphosphoramidite (198 pL, 0.75 mmol) at 0 °C for

5 min. The mixture was warmed to room temperature and stirred for 1.5 h.
Diallyl N,N-diisopropylphosphoramidite (49.5 pL, 0.19 mmol) was added to the mixture and stirred for 10 min. The
mixture was cooled to =50 °C, and treated with 80% ‘BuOOH (1 mL) for 1 h. The reaction was quenched with sat.
aq. Na;S,03, and the mixture was partitioned between AcOEt and sat. ag. NaHCOs3. The organic phase was washed
with H,O and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue was purified by high-flash silica
gel column chromatography (0-1-2-5% MeOH/AcOE?) to afford 140 (271 mg, 0.25 mmol, 50% over 2 steps) as a
colorless foam.

'H NMR (CDCls, 500 MHz) & 7.93 (d, 2H, 0-PhSO2, Jo, » = 7.5 Hz), 7.70 (t, 1H, p-PhSOy, J,, w = 7.5 Hz), 7.66-7.58
(m, 3H, m-PhSO», 2-NH), 7.18 (d, 1H, Ala-NH, JataN#, Ala-o-cr= 8.1 Hz), 6.10 (d, 1H, 2'-NH, Jo.nu, 2 = 8.6 Hz), 5.98-
5.87 (m, 3H, Hc, H-1), 5.37 (dd, 1H, Ha, JHa, 5e = 17.2, Jua, 1 = 1.2 Hz), 5.35 (dd, 1H, Ha, JHa, ve = 17.2, Jpa, 11 = 1.2
Hz), 5.26 (d, 1H, Hy, Juv, e = 10.3 Hz), 5.24 (d, 1H, Hy, Jub, ne = 10.3 Hz), 5.20 (dd, 1H, H-3', J3, 4 =9.8, J3, » = 10.9
Hz), 5.11 (dd, 1H, H-4', J4 3 =J4 5 = 10.9 Hz), 4.64 (q, 1H, Lac-a-CH, JLac-o-CH, Lac-p-ce = 6.3 Hz), 4.61-4.54 (m, 3H,
H-1',H-1"), 4.54-4.48 (m, 4H, PhSO,CH-CH>, H-1"), 4.39 (dq, 1H, Ala-a-CH, Jala-a-cH, ala-NH = 8.1, JAla-a-CH, Ala-B-CH
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=7.5 Hz), 4.35-4.27 (m, 2H, H-6, H-6"), 4.23 (dd, 1H, H-6, Ju.6, n.c = 12.6, Js, 5 = 3.4 Hz), 4.09 (dd, 1H, H-6', J¢, ¢ =
12.6, Js s = 2.3 Hz), 4.02-3.85 (m, 4H, H-2, H-2', H-4, H-5), 3.68-3.63 (m, 1H, H-5"), 3.55 (dd, 1H, H-3, J3 4 = Ju3,
u-2 = 10.1 Hz), 3.51 (t, 2H, PhSO2CH>CHz, Jphsoxcrchz, phsoachacz = 5.7 Hz), 2.11 (s, 3H, OAc), 2.05 (s, 3H, OAc),
2.03 (s, 3H, OAc), 2.00 (s, 3H, NAc), 1.99 (s, 3H, NAc), 1.96 (s, 3H, NAc), 1.38 (d, 3H, Lac-B-CH, Jrac-p-CH, Lac-a-CH
= 6.9 Hz), 1.35 (d, 3H, Ala-B-CH, Jan-p-cr, Ala-a-cr = 7.5 Hz); 3C NMR (CDCls, 125 MHz) § 174.8, 171.8, 171.4,
171.3,171.2, 171.0, 170.7, 169.5, 139.1, 134.3, 132.4, 129.6, 128.3, 118.8, 118.7, 99.8, 95.7, 95.7, 75.0, 74.0, 72.2,
72.2,71.2,68.7,68.6, 68.6, 68.6, 68.4, 62.2,61.9, 58.4, 55.1, 54.9,53.9, 53.8, 48.1, 23.4, 23.1, 21.0, 20.8, 20.7, 18.9,
17.3; 3'P NMR (CDCl;, 162 MHz) & -2.3; ESIMS-LR m/z 1086.31 [(M+Na)"]; ESIMS-HR calcd for
C44Hs2023N3NaPS 1086.3125, found 1086.3120; [a]*’p +8.24 (¢ 1.24, CHCI3).
Glycosylphosphate 130

A mixture of 140 (127 mg, 0.12 mmol) in CH>Cl, (1.5 mL) was treated with
DBU (19.4 uL, 0.13 mmol) at room temperature for 40 min. The mixture was
partitioned between AcOEt and 1 M aq. HCI, and the aqueous phase was
extracted with AcOEt (x2). Combined organic phase was dried (Na;SOs),
filtered, and concentrated in vacuo. The residue was purified by high-flash

silica gel column chromatography (0-5-10% MeOH/CHCl) to afford 130 (100

mg, 0.11 mmol, 93%) as a colorless foam.

"HNMR (CDCl3, 500 MHz) § 7.92 (d, 1H, 2-NH, Jo.xp,2 = 4.0 Hz), 7.73 (d, 1H, Ala-NH, JalNg, Ala-o-cr = 7.5 Hz),
6.49 (d, 1H, 2'-NH, Jr.Nxu,2 = 9.7 Hz), 5.95-5.84 (m, 3H, He, H-1), 5.37 (d, 2H, Ha, Jua, e = 17.2 Hz), 5.25 (dd, 1H,
Hy, Jub, ve = 10.3, Jua, 11 = 1.2 Hz), 5.24 (dd, 1H, Hs, Jup, e = 10.3, Jmp, 11 = 1.2 Hz), 5.12-5.05 (m, 2H, H-3', H-4"),
4.71 (q, 1H, Lac-a-CH, Jrac-a-cH, Lac-p-ct = 6.3 Hz), 4.59-4.52 (m, 3H, H-1', H-1"), 4.52-4.45 (m, 2H, H-1"), 4.45 (dq,
1H, Ala-0-CH, JAla-o-CH, Ala-NH = JAla-a-CH, Ala-p-ct = 1.5 Hz), 4.31 (dd, 1H, H-6, Js, s = 12.6, Js s = 4.6 Hz), 4.22 (d,
1H, H-6, Js,6 = 12.6, Js,5 = 3.4 Hz), 4.17-4.09 (m, 1H, H-2"), 4.08 (dd, 1H, H-6, Js s = 12.6, Js,5 = 2.3 Hz), 3.97 (dd,
1H, H-4, Js 5 = Js4, 3= 9.7 Hz), 3.92-3.86 (m, 1H, H-2), 3.77-3.71 (m, 1H, H-5), 3.66-3.58 (m, 2H, H-5, H-3"), 2.09
(s, 3H, OAc), 2.04 (s, 3H, OAc), 2.02 (s, 3H, OAc), 2.01 (s, 3H, NAc), 2.00 (s, 3H, NAc), 1.96 (s, 3H, NAc), 1.48
(d, 3H, Ala-B-CH, Jata-p-cH, Ata-a-ct = 7.5 Hz), 1.35 (d, 3H, Lac-B-CH, Jiac-p-ct, Lac-o-cti = 6.3 Hz); 3C NMR (CDCls,
125 MHz) 6 175.7, 174.3, 171.8, 171.1, 171.1, 170.6, 169.5, 132.1, 132.0, 132.0, 131.9, 119.1, 118.9, 99.3, 95.6,
95.5,73.7,73.0,72.3,72.0, 71.7, 69.1, 69.0, 68.9, 68.8, 68.5, 62.5,61.9, 54.7, 53.9, 53.9, 48.8, 23.3, 23.0, 20.9, 20.8,
20.7,20.7,18.7, 16.8; *'P NMR (CDCl3, 202 MHz) § —3.2; ESIMS-LR m/z 918.29 [(M+Na)"]; ESIMS-HR calcd for
C36Hs4021N3NaP 918.2880, found 918.2885; [a]*’p +7.00 (¢ 0.21, CHCI3).
Neryl phosphoryl imidazolide (131)

Neryl phosophate ammonium salt (141, 2.9 mg, 0.012 mmol) was co-

N=\
|§/N_'|D__O‘\:<_\:< evaporated with EtsN (20 pL) in pyridine (1 mL) twice. The residue was co-
0]

evaporated with toluene (1 mL) twice to afford neryl phosphate triethylamine
salt. A mixture of the phosphate salt in DMF was treated with 1,1'-carbonyldiimidazole (9.5 mg, 0.059 mmol) at
room temperature for 3 h. The reaction was quenched with MeOH (100 pL) and stirred for 30 min. The mixture was
concentrated in vacuo and co-evaporated with toluene twice to afford 131. This compound was used without further

purification.
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3P NMR (DMSO-ds, 162 MHz) & -9.6.
Procedure for the synthesis of 129

Each HMBA-PEG resin (150 mg, 0.71 mmol) was placed in a 5 mL polypropylene syringe fitted with a
polyethylene filter disc. Each resin was agitated with CH2Cl» (1.5 mL, 1 h), After removal of CH2Cl, a solution of
Fmoc-p-Ala-OH-H,0 (69 mg, 0.21 mmol) and N,N'-dissopropylcarbodiimide (33 pL, 0.21 mmol) in DMF (1 mL)
was added at 0 °C. Each mixture was agitated for 40 min. 4-Dimethylaminopyridine (2.5 mg, 0.021 mmol) was added
to the mixture at 0 °C, which was warmed to room temperature. After agitation for 1 h at room temperature, solvent
and soluble reagents were removed by suction. All resins were subjected to the following washing treatment with
DMF (2 mLx3), EtOH/CH,Cl, = 1/1 (2 mLx3), CH2Cl» (2 mLx3) and DMF (2 mL x3). The resins were treated with
Bz,0 (48 mg, 0.021 mmol) in 20% pyridine/DMF (1 mL) at room temperature for 1 h, and the resins were washed
with DMF (2 mLx3) and CH,Cl, (2 mL %3) to afford 142. The amount of loading on the resin was determined as
follow. Dried 142 (6.0 mg) was agitated with DMF (2 mL) for 30 min, and DBU (40 pL) was added to the mixture.
The mixture was agitated for 30 min. The supernatant was diluted with DMF and MeCN and subjected to UV
measurement at 294 nm. The loading rate was determined to be 0.39 mmol/g from the observed absorbance (0.172).
The resins 142 were treated with piperidine/DMF (1:4, 5 min, then 1:9, 15 min) to remove the Fmoc group, and the
resins were washed with DMF (2 mLx3) and CH>Cl, (2 mL x3). A solution of Fmoc-p-Ala-OH*H,0 (94 mg, 0.28
mmol), HBTU (105 mg, 0.28 mmol) and ‘ProNEt (97 pL, 0.57 mmol) in DMF (750 uL) was added to the resins,
which were agitated for 2 h. All the resins were washed with DMF (2 mLx3) and CH,Cl, (2 mL x3) to afford 143.
Kaiser test indicated the completion of the all coupling reactions. The loading rate was determined as described above.
Namely, dried 143 (4.9 mg) was agitated with DMF (2 mL) for 30 min, DBU (40 pL) was added to the mixture. The
mixture was agitated for 30 min. The supernatant was diluted with DMF and MeCN and subjected to UV
measurement at 294 nm. The yield was determined to be quantitative from the observed absorbance (0.135). The
resins 143 were treated with piperidine/DMF (1:4, 5 min, then 1:9, 15 min) to remove Fmoc group, and the resins
were washed with DMF (2 mLx3) and CH,Cl, (2 mL x3). A solution of Alloc-L-Lys(Fmoc)-OH (96 mg, 0.21 mmol),
HBTU (68 mg, 0.21 mmol) and ‘ProNEt (72 pL, 0.43 mmol) in DMF (750 pL) was added to the resins, which were
agitated for 2 h. All the resins were washed with DMF (2 mLx3) and CH>Cl, (2 mL %3) to afford 144. Kaiser test
indicated the completion of the all coupling reactions. The amount of loading on the resin was determined as follow.
Namely, dried 144 (5.3 mg) was agitated with DMF (2 mL) for 30 min, DBU (40 uL) was added to the mixture. The
mixture was agitated for 30 min. The supernatant was diluted with DMF and MeCN and subjected to UV
measurement at 294 nm. The yield was determined to be 87% over 2 steps from the observed absorbance (0.107).
The resins 144 were treated with a solution of BH3*Me;NH (25 mg, 0.43 mmol) in EtOH (600 pL) for Smin, then a
solution of Pd(PPhs)4 (16 mg, 0.014 mmol) in CH>Cl, (1 mL) was added to the mixture. The mixture was agitated
for 15 min. All the resins were washed with 0.5% ‘Pro,NEt/CH,Cl, (2 mLx3), 0.5%(w/v) sodium
diethyldithiocarbamate/DMF (1 mLx8), MeOH (2 mLx3) and CH2Cl» (2 mLx3). A solution of Alloc-D-Glu-OBn
(68 mg, 0.21 mmol), HBTU (68 mg, 0.21 mmol) and ‘ProNEt (72 pL, 0.43 mmol) in DMF (750 uL) was added to
the resins, which were agitated for 2 h. All the resins were washed with DMF (2 mLx3) and CH,Cl, (2 mL x3).
Kaiser test indicated the completion of the all coupling reactions. The resin was dried in vacuo to afford 129 (194

mg, 0.055 mmol, 0.28 mmol/g, 89% over 2 steps). The yield was calculated by weighing resins.
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Procedure for the synthesis of 146
Resin-bound peptide 129 (100 mg, 0.028 mmol) was placed in a 5 mL polypropylene syringe fitted with a
polyethylene filter disc. The resin was agitated with CH>Cl> (1.5 mL, 1 h). After removal of CH>Cl, the resin was
treated with a solution of BH3*Me;NH (18 mg, 0.33 mmol) in EtOH (600 pL) for 5 min, then a solution of Pd(PPhs)4
(13 mg, 0.011 mmol) in CH2Cl (1 mL) was added to the mixture. The mixture was agitated for 15 min. The resin
was washed with 0.5% Pro,NEt/CH2Cl, (2 mLx3), 0.5%(w/v) sodium diethyldithiocarbamate/DMF (1 mLx8), MeOH
(2 mLx3) and DMF/CH,Cl, = 1/1 (2 mLx3). A solution of 130 (49 mg, 0.055 mmol), PyAOP (38 mg, 0.073 mmol),
HOAt (5.0 mg, 0.037 mmol), and 145 (20 mg, 0.11 mmol) in DMF/CH,Cl, (600 puL) was added to the resin which
was agitated for 3 h. The resin was washed with DMF (2 mLx3), CH2Cl» (2 mL x3) and DMF/CH>Cl, = 1/1 (2 mLx3).
A solution of 130 (49 mg, 0.055 mmol), PyAOP (38 mg, 0.073 mmol), HOAt (5.0 mg, 0.037 mmol), and 145 (20 mg,
0.11 mmol) in DMF/CH,Cl, (600 puL) was added to the resin which was agitated for 3 h. The resin was washed with
DMF (2 mLx3), CH2Cl» (2 mL x3). The resin was treated with a solution of Ac20O (10 uL, 0.11 mmol) and ‘Pr,NEt
(19 uL, 0.11 mmol) in DMF (700 pL) for 30 min. The resin was washed with DMF (2 mLx3), CH,Cl, (2 mL x3).
Kaiser test indicated the completion of the coupling reaction. The resin was dried in vacuo to afford 146 (156 mg,
0.028 mmol, 0.18 mmol/g, quantitative over 2 steps).
Diphosphate 149
A solution of 121 (16.5 mg, 0.024 mmol) and 148 (12.7 mg,
0 (_4 0.024 mmol) in DMF (250 pL) was treated with 153 (5.3 mg, 0.024
Ao\ 0.0 P-O— P o —§ mmol) at 25 °C for 24 h. The mixture was oncentrated in vacuo.
A(:/(;(‘J?'H’NHEC ;:LZ;H The residue was purified by high-flash ODS column
OAc + R chromatography (0-10% MeCN/25 mM aq. AcOH *Et:N). The
EtsNH  EtsNH product was further purified by reversed phase HPLC (YMC-Pack
R&D ODS-A, 250 x 20 mm, 8% MeCN/25 mM agq. AcOH*Et:N) to afford 149 (6.9 mg, 0.0074 mmol, 31%) as a
white powder, after freeze drying.
'H NMR (DMSO-ds, 500 MHz) & 9.53 (d, 1H, 2"-NH, Jang, 2 = 9.2 Hz), 7.93 (d, 1H, H-6, Js s = 6.3 Hz), 5.75 (s,
1H, H-1"), 5.56 (d, 1H, H-5, J5, ¢ = 7.5 Hz), 5.37-5.32 (m, 1H, H-1"), 5.08 (dd, 1H, H-3, J3,2 = 9.2, J3,4 = 9.7 Hz),
4.93 (dd, 1H, H-4, J4,3 = J4,5 = 9.5 Hz), 4.19-3.91 (m, 9H, H-2', H-3', H-4', H-5', H-2", H-5", H-6"), 3.11-3.07 (m,
2H, CH3CH:N), 2.01 (s, 3H, OAc), 1.94 (s 3H, OAc), 1.85 (s, 3H, OAc), 1.83 (s, 3H, NAc), 1.17 (t, 3H CH3;CH:2N);
3C NMR (DMSO-ds, 125 MHz) § 170.1, 170.1, 169.6, 169.3, 163.2, 150.8, 140.8, 139.5, 101.7, 93.9, 82.8, 71.6,
67.4,67.7,68.4,67.7,61.5,50.9,47.7,45.5,22.3, 20.5,20.4, 19.0, 11.0, 8.6; *'P NMR (DMSO-ds, 202 MHz) & —11.3
(d, Jpp=26.3 Hz), —14.1 (d, Jp,p = 26.3 Hz); ESIMS-LR m/z 732.11 [(M-H)"]; ESIMS-HR calecd for C23H32020N3P»
732.1072, found 732.1060; [a.]*°p +10.94 (¢ 0.60, DMSO-ds).
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Neryl-lipid IT (126)

o Resin-bound peptide 147 (12.4 mg, 2.2

6 OH O O .
- HO, ¢ 5.06 50 1.\\07,'?'704'?'70 U umol) was placed in a 5 mL polypropylene
2 - - — —(m
gl , Iy 4,4 O O 2 e \  syringe fitted with a polyethylene filter disc.
HO Y (o} ‘NHAc NH,* NH/*
o o NHAc Io The resin was agitated with CH2CL (1 mL, 1
Ho*
Hom)\ﬁJJ\a/NWAH L HNTSO h). After removal of CH,Cl,, the resin was
© - © N treated with a solution of Pd(PPhs)s (2.0 mg,
HO.C O

1.7 umol) and PhSiH3 (8.9 pL, 73 pumol) in

CHCl, (300 pL) for 2 h. The resin was washed with 0.5% Pr,NEt/CH,Cl, (2 mLx3), 0.5%(w/v) sodium
diethyldithiocarbamate/DMF (1 mLx8), MeOH (2 mLx3), CH>Cl, (2 mL x3) and DMF (2 mLx3). The resin was
treated with a solution of 131 (12 pmol) and 153 (2.6 mg, 12 pmol) in DMF (300 pL) at 50 °C for 3 d. The resin was
washed with DMF (2 mLx3), CH,Cl, (2 mL x3) to afford 154. The resin was treated with piperidine/DMF (1:4, 5
min, then 1:9, 15 min) to remove the Fmoc group, and the resin was washed with 0.5% ‘Pro,NEt/CH,Cl, (2 mLx3),
DMF (2 mLx3), CH2Cl» (2 mL x3) and THF (2 mL x3). The resin was treated with 2 M ag. LIOH/MeOH/THF =
1/1/2 (400 pL) at 0 °C, then warmed to room temperature and agitated for 2 h. The supernatant was neutralized by 1
M ag. HC1 (220 pL) and purified with reversed phase HPLC (YMC-Pack R&D ODS-A, 250 x 20 mm, 15% MeCN/50
mM aq. NH4HCO:3) to afford 126 (0.8 mg, 0.64 pmol, 21% over 12 steps) as a white powder after freeze drying.
"H NMR (D0, 500 MHz) § 5.47-5.41 (m, 2H, H-1, H-2"), 5.22-5.17 (m, 1H, H-6"), 4.62 (d, 1H, H-1', J;; » = 8.6
Hz), 4.45 (dd, 2H, H-1", Ji» 2»=Jin p= 6.9 Hz), 4.33 (q, 1H, Ala-a-CH, Jala-o-cH, ala-p-ct = 7.5 Hz), 4.28-4.12 (m, S5H,
Ala-a-CH, Lys-a-CH, D-Glu-a-CH, H-2), 4.11 (q, 1H, Lac-a-CH, Jiac-a-cH, Lac-p-c = 7.5 Hz), 3.97-3.88 (m, 4H, H-
4, H-6, H-6"), 3.81 (dd, 1H, H-3, J3 4 = J3,2=9.7 Hz), 3.77-3.69 (m, 3H, H-5, H-2', H-6"), 3.55 (dd, 1H, H-3', J3, 4 =
J3, 2 = 8.6 Hz), 3.44-3.38 (m, 2H, H-4', H-5"), 3.00 (t, 1H, Lys-e-CH, Jrys-e-ct, Lys-s-c = 7.5 Hz), 2.31 (t, 2H, D-Glu-
v-CH, Jo.Glu-y-cH, p-Glu-p-c = 8.6 Hz), 2.20-2.10 (m, 5H, p-Glu-B-CH, H-4", H-5"), 2.05 (s, 3H, NAc), 1.99 (s, 3H,
NAc), 1.93-1.85 (m, 1H, p-Glu-B-CH), 1.85-1.75 (m, 2H, Lys-B-CH), 1.77 (s, 3H, 3"-Me), 1.74-1.65 (m, 2H, Lys-6-
CH), 1.69 (s, 3H, 7"-Me), 1.62 (s, 3H, 7"-Me), 1.51-1.41 (m, 2H, Lys-y-CH), 1.45 (d, 3H, Ala-B-CH, Jat-p-cH, Ala-a-
cn="1.5 Hz), 1.44 (d, 3H, Ala-B-CH, Jala-p-cH, ala-o-c = 6.9 Hz), 1.37 (d, 3H, Ala-B-CH, Jala-p-cH, Ala-a-c = 7.5 Hz),
1.33 (d, 3H, Lac-B-CH, Jrac-p-cH, Lac-o-ctr = 6.9 Hz); *'P NMR (D,0, 202 MHz) § —10.2 (d, Jp.p = 21.4 Hz), -12.7 (d,
Jp.p=21.4 Hz); ESIMS-LR m/z 630.24 [(M—2H)*"]; ESIMS-HR calcd for C49Hs2026NsP2 630.2413, found 630.2425;
[a]**p +10.00 (c 0.08, MeOH).
The analytical data for synthetic 126 were in good agreement with the previously reported data.®’
Procedure for the synthesis of 155

Resin-bound peptide 129 (150 mg, 0.042 mmol) was placed in a 5 mL polypropylene syringe fitted with a
polyethylene filter disc. The resin was agitated with CH>Cl> (1.5 mL, 1 h). After removal of CH>Cla, the resin was
treated with a solution of BH3*Me>NH (13 mg, 0.22 mmol) in EtOH (600 pL) for 5 min, then a solution of Pd(PPhs)4
(8.4 mg, 7.3 umol) in CH2Cl, (1 mL) was added to the mixture. The mixture was agitated for 15 min. The resin was
washed with 0.5% "ProNEt/CH,Cl> (2 mLx3), 0.5%(w/v) sodium diethyldithiocarbamate/DMF (1 mLx8), MeOH (2
mLx3) and DMF/CH>Cl, = 1/1 (2 mLx3). A solution of 132 (50 mg, 0.082 mmol), PyAOP (57 mg, 0.11 mmol),
HOAt (7.5 mg, 0.055 mmol), and 145 (30 mg, 0.16 mmol) in DMF/CHCl, (700 pL) was added to the resin which
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was agitated for 3 h. The resin was washed with DMF (2 mLx3), CH,Cl, (2 mL x3) and DMF/CH>Cl, = 1/1 (2 mLx3).
A solution of 132 (50 mg, 0.082 mmol), PyAOP (57 mg, 0.11 mmol), HOAt (7.5 mg, 0.055 mmol), and 145 (30 mg,
0.16 mmol) in DMF/CHCl, (700 pL) was added to the resin which was agitated for 3 h. The resin was washed with
DMF (2 mLx3), CH2Cl, (2 mL x3). The resin was treated with a solution of Ac,O (16 uL, 0.16 mmol) and ‘ProNEt
(29 uL, 0.16 mmol) in DMF (800 pL) for 30 min. The resin was washed with DMF (2 mLx3), CH,Cl, (2 mL x3).
Kaiser test indicated the completion of the coupling reaction. The resin was dried in vacuo to afford 155 (189 mg,
0.042 mmol, 0.22 mmol/g, quantitative over 2 steps). The yield was calculated by weighing resin.
Neryl-lipid I (157)

OH 9 9 . Resin-bound peptide 155 (9.4 mg, 2.1 umol)

sNe 01.0-P-0-P-0 ¥
’\tl 5@ o O _\2:<_>:<7 was placed in a 5 mL polypropylene syringe fitted
o

[ “NHAC NHg* NHg* . . .
IO with a polyethylene filter disc. The resin was

o , Y o
HOW(LNJK/N\[(\N L HN SO agitated with CH>Cl, (1 mL, 1 h). After removal
o H # o H N#\

HO,C O

of CH,Cl,, the resin was treated with a solution of
Pd(PPhs)s4 (1.9 mg, 1.6 pmol) and PhSiH3 (8.4 uL,
69 umol) in CH,Cl> (400 uL) for 2 h. The resin was washed with 0.5% ‘ProNEt/CH>Cl, (2 mLx3), 0.5%(w/v) sodium
diethyldithiocarbamate/DMF (1 mLx8), MeOH (2 mLx3), CH>Cl, (2 mL x3) and DMF (2 mLx3). The resin was
treated with a solution of 131 (11 umol) and 153 (2.4 mg, 11 pmol) in DMF (300 uL) at 50 °C for 2 d. The resin was
washed with DMF (2 mLx3), CH,Cl, (2 mL x3) to afford 156. The resin was treated with piperidine/DMF (1:4, 5
min, then 1:9, 15 min) to remove the Fmoc group, and the resin was washed with 0.5% ‘Pro,NEt/CH,Cl, (2 mLx3),
DMF (2 mLx3), CH2Cl» (2 mL x3) and THF (2 mL x3). The resin was treated with 2 M ag. LIOH/MeOH/THF =
1/1/2 (400 pL) at 0 °C, then warmed to room temperature and agitated for 2 h. The supernatant was neutralized by 1
M ag. HC1 (210 pL) and purified with reversed phase HPLC (YMC-Pack R&D ODS-A, 250 x 20 mm, 15% MeCN/50
mM aq. NH4HCO:3) to afford 157 (0.6 mg, 0.55 pmol, 20% over 12 steps) as a white powder after freeze drying.
"HNMR (D0, 500 MHz) § 5.47-5.42 (m, 2H, H-1, H-2'), 5.20 (t, 1H, H-6', J, 5 = 6.9 Hz), 4.49-4.43 (m, 2H, H-1"),
4.33 (q, 1H, Ala-a-CH, Jals-o-cH, ala-p-c = 6.9 Hz), 4.26 (q, 1H, Ala-a-CH, Jala-a-cH, Ala-p-cr = 7.5 Hz), 4.23-4.18 (m,
2H, Ala-a-CH, Lys-a-CH), 4.17-4.08 (m, 3H, pD-Glu-a-CH, Lac-a-CH, H-2), 3.98-3.93 (m, 1H, H-5), 3.91-3.86 (m,
1H, H-6), 3.84 (dd, 1H, H-6, Js 6 = 12.6, Js 5= 4.0 Hz), 3.80 (dd, 1H, H-3, J3,4 = J3,2 = 9.7 Hz), 3.64 (dd, 1H, H-4,
J43=9.7,J4 5=10.3 Hz), 3.00 (t, 1H, Lys-e-CH, Jiys-e-cH, Lys-5-cr = 7.5 Hz), 2.31 (t, 2H, D-Glu-y-CH, Jo-Glu-y-CH, p-Glu-
p-ct = 8.0 Hz), 2.20-2.10 (m, 5H, p-Glu-3-CH, H-4', H-5"),2.00 (s, 3H, NAc), 1.93-1.85 (m, 1H, p-Glu--CH), 1.85-
1.75 (m, 2H, Lys-B-CH), 1.77 (s, 3H, 3'-Me), 1.73-1.66 (m, 2H, Lys-6-CH), 1.69 (s, 3H, 7'-Me), 1.62 (s, 3H, 7'-Me),
1.51-1.42 (m, 2H, Lys-y-CH), 1.45 (d, 3H, Ala-B-CH, Jalap-cH, Ale-a-cr = 6.9 Hz), 1.41 (d, 3H, Ala-B-CH, Jata-p-cH, Ala-
ac= 6.9 Hz), 1.37 (d, 3H, Ala-B-CH, Jala-p-ct, ala-a-c = 7.5 Hz), 1.33 (d, 3H, Lac-B-CH, Jrac-p-cH, Lac-a-cr = 7.5 Hz);
3P NMR (D20, 202 MHz) § -10.2 (d, Jp.p = 21.4 Hz), —12.7 (d, Jp,p = 21.4 Hz); ESIMS-LR m/z 528.70 [(M-2H)*];
ESIMS-HR caled for C41Hg9O21N7P2 528.7016, found 528.7025; [a]*’p +20.42 (¢ 0.06, MeOH).
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Park nucleotide (122)
o) Resin-bound peptide 155 (9.4 mg, 2.1 pmol)

N

6

NH  was placed in a 5 mL polypropylene syringe fitted

NH 01oP0P050N—<
i m O with a polyethylene filter disc. The resin was

NHAc NH4* NH4
JOK/H
HO\[(L N
o] = 0

on agitated with CH>Cl, (1 mL, 1 h). After removal of

I CH,Cl,, the resin was treated with a solution of
Pd(PPhs)s (1.9 mg, 1.6 umol) and PhSiH3 (8.4 uL,

69 umol) in CH,Cl, (400 uL) for 2 h. The resin was

washed with 0.5% "Pr,NEt/CH,Cl> (2 mLx3), 0.5%(w/v) sodium diethyldithiocarbamate/DMF (1 mLx8), MeOH (2
mLx3), CH,Cl, (2 mL x3) and DMF (2 mLx3). The resin was treated with a solution of 121 (7.6 mg, 11 pmol) and
153 (2.4 mg, 11 pmol) in DMF (300 pL) at 50 °C for 3 d. The resin was washed with DMF (2 mLx3), CH,Cl, (2 mL
x3) to afford 158. The resin was treated with piperidine/DMF (1:4, 5 min, then 1:9, 15 min) to remove the Fmoc
group, and the resin was washed with 0.5% "Pr,NEt/CH,Cl, (2 mLx3), DMF (2 mLx3), CH,Cl, (2 mL x3) and THF
(2 mL x3). The resin was treated with 2 M aq. NaOH/MeOH/THF = 1/1/2 (400 pL) at 0 °C, then warmed to room

HO,C o

temperature and agitated for 2 h. The supernatant was neutralized by 1 M aq. HCI (220 pL) and purified with reversed
phase HPLC (YMC-Pack R&D ODS-A, 250 x 20 mm, 1% MeCN/50 mM aq. NH4HCO3) to afford 122 (1.4 mg, 1.2
umol, 44% over 12 steps) as a white powder, after freeze drying.
"HNMR (D-0, 500 MHz) § 7.96 (d, 1H, H-6, Js s = 8.0 Hz), 5.99 (d, 1H, H-1", Ji » = 5.2 Hz), 5.97 (d, 1H, H-5, Js,
6 = 8.0 Hz), 5.47 (dd, 1H, H-1", Ji" »»= 2.9, Jin p= 7.5 Hz), 4.39-4.30 (m, 3H, Ala-a-CH, H-2', H-3"), 4.30-4.09 (m,
9H, H-4', H-5', H-2", Ala-a-CH, Lac-a-CH, Lys-0-CH, D-Glu-a-CH), 3.98-3.94 (m, 1H, H-5"), 3.88 (dd, 1H, H-6",
Jor 6 =12.6, Jg 5= 2.3 Hz), 3.84 (dd, 1H, H-6", Js" 6» = 12.6, Js" 5= 4.0 Hz), 3.80 (dd, 1H, H-3", J3" 4 = J3v 2= 10.3
Hz), 3.65 (dd, 1H, H-4", J4 3»=10.3, J4» 5» = 9.7 Hz), 3.01 (t, 1H, Lys-e-CH, Jiys-e-cH, Lys-5-c = 7.5 Hz), 2.31 (t, 2H,
D-Glu-y-CH, Jo-Glu-y-cH, o-Glu-p-cr = 8.0 Hz), 2.20-2.12 (m, 1H, D-Glu--CH), 2.02 (s, 3H, NAc), 1.92-1.85 (m, 1H, D-
Glu-B-CH), 1.85-1.74 (m, 2H, Lys-pB-CH), 1.74-1.65 (m, 2H, Lys-6-CH), 1.52-1.41 (m, 2H, Lys-y-CH), 1.45 (d, 3H,
Ala-B-CH, Jata-p-cH, Ala-o-ct = 7.5 Hz), 1.41 (d, 3H, Ala-B-CH, Jala-p-cH, Ala-a-c = 6.9 Hz), 1.37 (d, 3H, Ala-B-CH, Jala-
p-CH, Ala-o-cti = 6.9 Hz), 1.34 (d, 3H, Lac-B-CH, Jrac-p-cH, Lac-a-ctr = 6.9 Hz); *'P NMR (D20, 162 MHz)  —10.9 (d, Jp,
p=21.7 Hz), =12.6 (d, Jp,» = 21.7 Hz); ESIMS-LR m/z 573.67 [(M—-2H)*"]; ESIMS-HR calcd for C4He3026NoP>
573.6685, found 573.6694; [a]*’p +13.35 (¢ 0.08, MeOH).
The analytical data for synthetic 1 were in good agreement with the previously reported data.’*
Neryl-lipid I1 DBD analogue 160

Resin-bound peptide 147 (12.4 mg, 2.9 pmol) was

Me,NOLS & OH o o
Q Ao Hoﬁ T 0\2:3<_\6:<7 placed in a 5 mL polypropylene syringe fitted with a

L s,
“NHAc NH,* NH,*

N o NHACIO polyethylene filter disc. The resin was agitated with
HOE(LﬁJ\;/NfN g Mo CHxCl, (1 mL, 1 h). After removal of CH>Cly, the resin
HOL O was treated with a solution of Pd(PPhs)s (2.0 mg, 1.7

umol) and PhSiH3 (8.9 uL, 73 umol) in CH2Cl, (300 uL)

for 2 h. The resin was washed with 0.5% ‘Pr,NEt/CH>Cl, (2 mLx3), 0.5%(w/v) sodium diethyldithiocarbamate/DMF
(1 mLx8), MeOH (2 mLx3), CH2Cl> (2 mL x3) and DMF (2 mLx3). The resin was treated with a solution of 131 (12
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umol) and 153 (2.6 mg, 12 pmol) in DMF (300 pL) at 50 °C for 3 d. The resin was washed with DMF (2 mLx3),
CHxCl, (2 mL x3) to afford 154. The resin was treated with piperidine/DMF (1:4, Smin, then 1:9, 15 min) to remove
the Fmoc group, and the resin was washed with 0.5% "Pr,NEt/CH,Cl> (2 mLx3), DMF (2 mLx3) and CH,Cl, (2 mL
x3). The resin was treated with a solution of DBD-NCS (2.5 mg, 8.7 umol) and ‘ProNEt (1.5 uL, 8.7 pmol) in DMF
(400 pL) for 2 h. The resin was washed with DMF (2 mLx3), CH>Cl; (2 mL x3) and THF (2 mL x3). Kaiser test
indicated the completion of the coupling reaction. The resin was treated with 2 M ag. LIOH/MeOH/THF = 1/1/2 (400
pL) at 0 °C, then warmed to room temperature and agitated for 2 h. The supernatant was neutralized by 1 M ag. HCI1
(220 pL) and purified with reversed phase HPLC (YMC-Pack R&D ODS-A, 250 x 20 mm, 23% MeCN/50 mM agq.
NH4HCO3) to afford 160 (0.5 mg, 0.32 umol, 11% over 13 steps) as a yellow powder, after freeze drying.
"H NMR (D0, 500 MHz) & 8.22 (d, 1H, H-a, Jo» = 7.5 Hz), 8.13 (d, 1H, Jy, o = 7.5 Hz), 5.45 (dd, 1H, H-1, J1,»=
3.4,J1,p=6.3 Hz), 5.41 (t, 1H, H-2", J>»» 1= 6.9 Hz), 5.13 (t, 1H, H-6", Js s»= 6.9 Hz), 4.62 (d, 1H, H-1', J1, 2 = 8.6
Hz), 4.43 (dd, 2H, H-1", Ji» o»=Ji», p= 6.3 Hz), 4.35 (q, 1H, Ala-a-CH, Jala-a-cH, ala-p-c = 6.9 Hz), 4.26 (q, 1H, Ala-
o-CH, JAta-o-cH, Ala-p-ct = 6.9 Hz), 4.25-4.12 (m, 4H, Ala-a-CH, Lys-a-CH, D-Glu-a-CH, H-2), 4.11 (q, 1H, Lac-a.-
CH, Jrac-a-CH, Lac-p-ctr = 6.9 Hz), 3.98-3.87 (m, 4H, H-4, H-6, H-6"), 3.80 (dd, 1H, H-3, J3 u.4 = J3,2=9.7 Hz), 3.77-
3.61 (m, 5H, H-5, H-2', H-6', Lys-¢-CH), 3.55 (dd, 1H, H-3', J3, 4+ = J3, 2 = 8.0 Hz), 3.44-3.37 (m, 2H, H-4', H-5"),
2.86 (s, 3H, SO2Me), 2.72 (s 3H, SO2Me), 2.38-2.29 (m, 2H, p-Glu-y-CH), 2.20-2.02 (m, 5H, b-Glu--CH, H-4", H-
5"),2.04 (s, 3H, NAc), 1.98 (s, 3H, NAc), 1.93-1.78 (m, 3H, p-Glu-B-CH, Lys-B-CH), 1.74 (s, 3H, 3"-Me), 1.76-1.68
(m, 2H, Lys-8-CH), 1.65 (s, 3H, 7"-Me), 1.58 (s, 3H, 7"-Me), 1.55-1.40 (m, 2H, Lys-y-CH), 1.44 (d, 3H, Ala-B-CH,
JAla-p-CH, Ala-a-ctr = 1.5 Hz), 1.43 (d, 3H, Ala-B-CH, Jala-p-cH, ala-a-cer = 6.9 Hz), 1.36 (d, 3H, Ala-B-CH, Jaa-p-cH, Ala-o-
cn = 6.9 Hz), 1.32 (d, 3H, Lac-B-CH, Jiac-p-cH, Lac-a-ct = 6.9 Hz); 3'P NMR (D0, 202 MHz) § —10.2 (d, Jp,p = 21.4
Hz), —-12.7 (d, Jp.p = 21.4 Hz); ESIMS-LR m/z 772.25 [(M—2H)?"]; ESIMS-HR calcd for CssHogO2N2P2S, 772.2432,
found 772.2453; [a]*°p +28.56 (c 0.05, MeOH).
Neryl-lipid I FITC analogue 162

Resin-bound peptide 155 (9.4 mg, 2.1 pumol) was
placed in a 5 mL polypropylene syringe fitted with a
polyethylene filter disc. The resin was agitated with

N OoH o O_g_o_g_o e s CH>Cl, (1 mL, 1 h). After removal of CH»Cls, the
= H;@:”NHA‘?C N:;)l W resin was treated with a solution of Pd(PPhs)4 (1.9
O . .
o , Yy o I mg, 1.6 pumol) and PhSiH; (8.4 uL, 69 pmol) in
HO HONS
TW/LN : f” wo Mo CHCl, (400 uL) for 2 h. The resin was washed with
HO.C O 0.5% 'ProNEt/CH>Cly (2 mLx3), 0.5%(w/v) sodium

diethyldithiocarbamate/DMF (1 mLx8), MeOH (2 mLx3), CH>Cl, (2 mL x3) and DMF (2 mLx3). The resin was
treated with a solution of 131(11 pmol) and 153 (2.4 mg, 11 pmol) in DMF (300 pL) at 50 °C for 3 d. The resin was
washed with DMF (2 mLx3), CH,Cl, (2 mL x3) to afford 156. The resin was treated with piperidine/DMF (1:4, 5
min, then 1:9, 15 min) to remove the Fmoc group, and the resin was washed with 0.5% ‘Pro,NEt/CH,Cl, (2 mLx3),
DMF (2 mLx3) and CH,Cl, (2 mL x3). The resin was treated with a solution of FITC isomer I (3.2 mg, 8.6 umol)
and 'ProNEt (2.8 pL, 16 umol) in DMF (400 pL) for 2 h. The resin was washed with DMF (2 mLx3) and CHCl, (2
mL x3). The resin was treated with a solution of FITC isomer I (3.2 mg, 8.6 pmol) and ‘Pr,NEt (2.8 pL, 16 pmol) in
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DMF (400 puL) for 2 h. The resin was washed with DMF (2 mLx3), CH,Cl, (2 mL x3) and THF (2 mL x3). Kaiser
test indicated the completion of the coupling reaction. The resin was treated with 2 M ag. LiOH/MeOH/THF = 1/1/2
(400 pL) at 0 °C, then warmed to room temperature and agitated for 2 h. The supernatant was neutralized by 1 M aq.
HCI1 (210 pL) and purified with reversed phase HPLC (YMC-Pack R&D ODS-A, 250 x 20 mm, 15% MeCN/50 mM
aq. NH4HCO:3) to afford 162 (1.2 mg, 0.81 umol, 30% over 13 steps) as a yellow powder, after freeze drying.
"HNMR (D0, 500 MHz) § 7.70 (s, 1H, H-f), 7.57 (d, 1H, H-d, Ju,e = 8.0 Hz), 7.37 (d, 1H, H-e, J. 4 = 8.0 Hz), 7.29
(d, 2H, H-c, J.,» = 8.6 Hz), 6.71-6.67 (m, 4H, H-a, H-b), 5.46-5.39 (m, 2H, H-1, H-2"), 5.17-5.12 (m, 1H, H-6"), 4.47-
4.41 (m, 2H, H-1"), 4.35 (q, 1H, Ala-a-CH, Jals-a-cH, Ala-p-ct = 7.5 Hz), 4.28 (q, 1H, Ala-a-CH, Jala-a-cH, Ala-p-ctr = 7.5
Hz), 4.25-4.07 (m, 5H, Ala-a-CH, Lys-a-CH, D-Glu-a-CH, Lac-a-CH, H-2), 3.97-3.92 (m, 1H, H-5), 3.87 (d, 1H,
H-6, Js, 6 = 12.6 Hz), 3.82 (dd, 1H, H-6, Js ¢ = 12.6, Js, s=4.0 Hz), 3.77 (dd, 1H, H-3, J3,4=J3 2 =9.7 Hz), 3.67-3.69
(m, 3H, H-4, Lys-e-CH), 2.33-2.27 (m, 2H, D-Glu-y-CH), 2.18-2.04 (m, 5H, p-Glu-B-CH, H-4', H-5"), 1.99 (s, 3H,
NAc), 1.94-1.74 (m, 3H, p-Glu-B-CH, Lys-B-CH), 1.73 (s, 3H, 3'-Me), 1.72-1.63 (m, 2H, Lys-6-CH), 1.66 (s, 3H, 7'-
Me), 1.58 (s, 3H, 7'-Me), 1.51-1.40 (m, 2H, Lys-y-CH), 1.43 (d, 3H, Ala-B-CH, Jata-p-cH, ala-o-cer = 6.9 Hz), 1.39 (d,
3H, Ala-B-CH, Jata-p-cH, Ala-o-ct = 6.9 Hz), 1.36 (d, 3H, Ala-B-CH, Jata-p-cH, Ala-o-c = 6.9 Hz), 1.32 (d, 3H, Lac-B-CH,
JLac-p-CH, Lac-a-crr = 1.5 Hz); 3'P NMR (D»0, 202 MHz) & —10.2 (d, Jp,p = 21.4 Hz), —=12.7 (d, Jp » = 21.4 Hz); ESIMS-
LR m/z 723.22 [(M—2H)*"]; ESIMS-HR calcd for Cs2HgoH26NsP2S 723.2195, found 723.2214; [0.]*°p +20.18 (¢ 0.12,
MeOH).

Dansyl Park nucleotide (124)

NMe,_ Resin-bound peptide 155 (9.4 mg, 2.1 pmol)
’ OO ° 5/ °  was placed in a 5 mL polypropylene syringe fitted
! Oc:S’S\NH 5010 p o- p o 5 « with a polyethylene filter disc. The resin was
NHAC NH4+ NH + 2 1 agitated with CH,Cl, (1 mL, 1 h). After removal of
“OH

I CH,Cl,, the resin was treated with a solution of

HO\H/L J\/NTI/\N )
Pd(PPh3)s4 (1.9 mg, 1.6 umol) and PhSiH3 (8.4 pL,
HOLC o 69 umol) in CH2Cl; (400 pL) for 2 h. The resin was

washed with 0.5% ‘Pr,NEt/CH,Cl, (2 mLx3),
0.5%(w/v) sodium diethyldithiocarbamate/DMF (1 mLx8), MeOH (2 mLx3), CH2Cl> (2 mL x3) and DMF (2 mLx3).
The resin was treated with a solution of 121 (7.6 mg, 11 umol) and 153 (2.4 mg, 11 pumol) in DMF (300 pL) at 50
°C for 3 d. The resin was washed with DMF (2 mLx3), CH2Cl, (2 mL x3) to afford 158. The resin was treated with
piperidine/DMF (1:4, 5 min, then 1:9, 15 min) to remove the Fmoc group, and the resin was washed with 0.5%
ProNEt/CH2Cl, (2 mLx3), DMF (2 mLx3), CH2Cl, (2 mL x3). The resin was treated with a mixture of dansyl chloride
(7.3 mg, 27 umol) in 0.25 M ag. NaHCOs3/acetone = 1/1 (400 pL) for 2 h. The resin was washed with MeOH (2
mLx3), DMF (2 mLx3), CH2Cl (2 mL x3) and THF (2 mL x3). Kaiser test indicated the completion of the coupling
reaction. The resin was treated with 2 M ag. NaOH/MeOH/THF = 1/1/2 (400 uL) at 0 °C, then warmed to room
temperature and agitated for 2 h. The supernatant was neutralized by 1 M aq. HCI (200 uL) and purified with reversed
phase HPLC (YMC-Pack R&D ODS-A, 250 x 20 mm, 15% MeCN/50 mM aq. NH4HCO3) and converted into the
ammonium salt by ion exchange chromatography (Dowex 5S0WX4 50-100) to afford 124 (1.0 mg, 0.71 umol, 26%
over 13 steps) as a slightly green powder, after freeze drying.
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"HNMR (D0, 500 MHz)  8.50 (d, 1H, H-a, J,,» = 8.6 Hz), 8.40 (d, 1H, H-f, J;, . = 8.6 Hz), 8.30 (d, 1H, H-c, Jo,» =
7.5 Hz), 7.92 (d, 1H, H-6, Ju.s,us = 8.0 Hz), 7.76 (dd, 1H, H-e, J. t= 8.6, J. . = 7.5 Hz), 7.74 (dd, 1H, H-b, Jy, a = Jb,
¢ = 8.6 Hz), 7.55 (d, H-d, J4,e = 7.5 Hz), 5.95 (d, 1H, H-1', J1. » = 4.6 Hz), 5.93 (d, 1H, H-5, J5 ¢ = 8.0 Hz), 5.46 (dd,
1H, H-1", J1n 2»=2.9, Ji" p= 7.5 Hz), 4.35 (dd, 1H, H-2', J2, 1 = 4.6, J2, 3 = 8.0 Hz), 4.29-4.17 (m, 6H, Ala-o-CH, H-
3', H-4' H-5"), 4.17-4.07 (m, 4H, H-5', H-2", Lac-a-CH, D-Glu-a-CH), 3.97-3.92 (m, 1H, H-5"), 3.88-3.71 (m, 3H,
H-3", H-6", Lys-a-CH), 3.65-3.59 (m, 2H, H-4", H-6"), 3.00 (s, 6H, dansyl-NMe), 2.95 (t, 1H, Lys-e-CH, Jrys-c-cH,
Lyss-ct = 1.5 Hz), 2.23 (t, 2H, p-Glu-y-CH, Jo-Gluy-ca, -Glu-p-ctr = 6.9 Hz), 2.16-2.06 (m, 1H, D-Glu-B-CH), 1.99 (s,
3H, NAc), 1.90-1.80 (m, 1H, p-Glu-B-CH), 1.42 (d, 3H, Ala-B-CH, Jala-p-cH, Ala-o-cr = 7.5 Hz), 1.38 (d, 3H, Ala-3-
CH, Jta-p-cH, Ala-o-ct = 6.3 Hz), 1.31 (d, 3H, Lac-B-CH, Jrac-p-cH, Lac-o-cr = 6.9 Hz), 1.30 (d, 3H, Ala-B-CH, Jala-p-cH,
Ala-o-ct = 7.5 Hz), 1.33-1.27 (m, 2H, Lys-B-CH), 1.27-1.18 (m, 2H, Lys-3-CH), 1.12-1.03 (m, 1H, Lys-y-CH), 1.03-
0.93 (m, 1H, Lys-y-CH); *'P NMR (D»0, 202 MHz) & —10.8 (d, Jp,p = 20.4 Hz), —12.6 (d, Jp p = 20.4 Hz); ESIMS-
LR m/z 690.20 [(M—2H)>]; ESIMS-HR calcd for CsaH7402sN10P2S 690.1941, found 690.1953; [a.]*’p +18.56 (¢ ,
MeOH).

For comparison with the reported data, a part of the product was converted into the sodium salt by ion exchange
chromatography (Dowex 50WX4 50-100).
"HNMR (D0, 500 MHz)  8.50 (d, 1H, H-a, Ju,» = 8.6 Hz), 8.32 (d, 1H, H-f, J;,. = 8.6 Hz), 8.26 (d, 1H, H-c, Jo,» =
7.5 Hz), 7.77 (d, 1H, H-6, Jie, u-s = 8.0 Hz), 7.71 (dd, 1H, H-e, J. = 8.6, J. .4« = 7.5 Hz), 7.69 (dd, 1H, H-b, Jy . =
8.6, Jv,c = 7.5 Hz), 7.41 (d, H-d, J4,. = 7.5 Hz), 6.01 (d, 1H, H-1', Ji» » = 5.2 Hz), 5.85 (d, 1H, H-5, J5,6 = 7.5 Hz),
5.46 (dd, 1H, H-1", Ji» »»= 3.4, Ji» p= 6.9 Hz), 4.35-4.10 (m, 10H, H-2', Ala-a-CH, H-3', H-4' H-5', H-2", D-Glu-a-
CH), 4.07 (q, 1H, Lac-a-CH, Jrac-o-CH, Lac-p-ct = 1.5 Hz), 3.97-3.91 (m, 1H, H-5"), 3.88-3.71 (m, 3H, H-3", H-6", Lys-
a-CH), 3.66-3.58 (m, 2H, H-4", H-6"), 2.93 (t, 1H, Lys-e-CH, Jiys-¢-cH, Lys-5-c = 6.3 Hz), 2.88 (s, 6H, dansyl-NMe),
2.23 (t, 2H, p-Glu-y-CH, Jo-Gluy-cH, v-Glu-p-cer = 7.5 Hz), 2.15-2.05 (m, 1H, p-Glu-B-CH), 1.98 (s, 3H, NAc), 1.90-1.80
(m, 1H, p-Glu-B-CH), 1.41 (d, 3H, Ala-B-CH, Jata-p-cH, Ala-o-cz = 6.9 Hz), 1.38 (d, 3H, Ala-B-CH, Jata-p-cH, Ala-o-CHH =
6.3 Hz), 1.29 (d, 3H, Lac-B-CH, Jrac-p-cH, Lac-a-ct = 7.5 HZz), 1.29 (d, 3H, Ala-B-CH, Jala-p-cH, Ala-o-cz = 7.5 Hz), 1.38-
1.15 (m, 4H, Lys-B-CH, Lys-56-CH), 1.13-1.02 (m, 1H, Lys-y-CH), 1.02-0.93 (m, 1H, Lys-y-CH).
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Figure S3. HPLC analysis of 126.
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Table S1. Comparison of 'H NMR spectra in D>O

compound 122

Synthetic
(500 MHz)
7.96
5.99
5.97
5.47
4.39-4.30
4.30-4.09
3.98-3.94
3.88
3.84
3.80
3.65
3.01
2.31
2.20-2.12
2.02
1.92-1.85
1.85-1.74
1.74-1.65
1.52-1.41
1.45
1.41
1.37
1.34

Reported
(600 MHz)
7.94
5.96-5.94

5.45
4.36-4.03

3.94-3.91
3.87-3.80

3.77
3.62
2.98
2.28
2.14-2.12
1.98
1.89-1.65

1.44-1.31

compound 126

Synthetic
(500 MHz)
5.47-5.41
5.22-5.17
4.62
4.45
4.33
4.28-4.12
411
3.97-3.88
3.81
3.77-3.69
3.55
3.44-3.38

3.00
2.31
2.20-2.10
2.05
1.93-1.85
1.85-1.75
1.77
1.74-1.65
1.69
1.62
1.51-1.41
1.45
1.44
1.37
1.33

160

Reported
(400 MHz)
5.45-5.39
5.20-5.14
4.60
4.42
4.31
4.28-4.19
4.20-4.05
3.96-3.85
3.82-3.76
3.75-3.67
3.56-3.49
3.42-3.35
3.18
2.98
2.30
2.15-2.09
2.03
1.97

1.75

1.67
1.60

1.43
1.42
1.35
1.31

compound 124

Synthetic
(500 MHz)
8.50
8.32
8.26
7.77
7.71
7.69
7.41
6.01
5.85
5.46

4.35-4.10
4.07

3.97-3.91
3.88-3.71
3.66-3.58
2.93
2.88
2.23
2.15-2.05
1.98
1.90-1.80
1.41
1.38
1.29
1.29
1.33-1.15

1.13-1.02
1.02-0.93

Reported
(500 MHz)
8.48
8.27
8.23
7.90
7.70-7.65

7.38
5.95-5.91

5.46
4.34-4.32
4.29-4.23
4.23-4.10
4.10-4.06
3.96-3.93
3.85-3.59

2.90
2.85
2.27-2.21
2.14-2.05
1.99
1.88-1.81
1.41
1.38
1.30

1.42-1.39
1.26-1.15
1.13-1.03
1.03-0.94



Optimization of the diphosphate formation
General procedure of diphosphate formation

A solution of 121 (21 mg, 0.030 mmol) and 148 (16 mg, 0.030 mmol) in DMF (300 puL) was treated with activator
(0.030 mmol) at 25 °C. The reactions were monitored by *'P NMR. The signals for the corresponding diphosphate
are found at d —11.3 and —14.1 ppm (3/p,p = 26.3 Hz). The yields were determined by the ratio of the integral value
of diphosphate peak to the sum of the integral value of all signals.
Investigation of the enzyme reaction

Reactions were carried out in 0.5 mL Eppendorf tube. Reaction mixtures contained, in a final volume of 10 uL,
40 mM Tris-HCI (pH 7.6), 40 mM KCI, 20 mM MgCls, 0.2% Triton X-100, 6% glycerol, 1% DMSO, 100 uM Css-
P and 100 uM 31. The reactions were initiated by the addition of Staphylococcus aureus MraY enzyme (55 ng/0.5
uL). After 5 h incubation at room temperature, the reaction was monitored by silica gel TLC (NH4OH/'PrOH = 2/5,
detection: UV 365 nm).
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ITC experiment

ITC experimentw were performed using isothermal titration calorimeter VP-ITC (MicroCal, USA). Each
experiment consisted of 19 consecutive injections (0.4-2 uL) of antiabcterial in 10 mM sodium phosphate, 150 mM
NaCl, 0.9 mM CaCl, buffer (pH 7.3) (+2-4% DMSO) into the microcalorimetric reaction cell (110 pL) charged
with solution of neryl-lipid II (126) in the same buffer solution.

Preparation of liposome

Egg phosphatidylcholine (EPC), cholesterol (Chol) were obtained from the NOF corporation (Tokyo, Japan). Lipid
stock solution prepared in chloroform/MeOH (=1/1) were stored at —20 °C untile used. A lipid film was formed on
the bottom of a glass tube cy evaporating a chloroform/EtOH solution containg 0.55 mM lipids [EPC/Chol (=7/3)].
After the film was formed, 250 uM of 10 mM sodium phosphate (pH 7.3) was added followed by incubation for 15
min at room temperature and sonication for 15 min. Particle diameter and PDI, indicators of particle-size
distribution, were measured using a dyncamic light scattering (DLS) method (Zatasizer Nano ZS; Malvern
Instruments, Worcestershire, UK). Sample were prepared in 10 mM sodium phosphate (pH 7.3) at 25 °C and the
value of particle disameters are shown in the form of volume distribution. The zeta potential of the samples were

also determined in 10 mM sodium phosphate (pH 7.3) at 25 °C using a Zatasizer Nano ZS.

Liposome expriment

A solution of the liposome in 10 mM sodium phosphate (pH 7.3) (0.55 mM, 50 uL) was treated with 25, 50, 100,
200 uM of 1 or 100 in DMSO/10 mM sodium phosphate (pH 7.3) (=1/9). The mixture was incubated for 10 min at
room temperature. Particle diameter, PDI and the zeta potential of the samples were determined at 25 °C using a

Zatasizer Nano ZS.

MD simulation

MD simulation was performed with a molecular dynamics softoware program, Desmond. Conformational search of
plusbacin A3 was performed with a software program, Prime. Two molecules of plusbacin A3 were randomly
arranged in the simulation box.

Force field: OPLS3

Solvent box: TIP3P (nutrized by 150 mM NaCl)

Themostat method: Lagevin
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