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AMC
aq
Asp
assoc

ATP

Boc

BOP

br
brsm
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Bu
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Cbz
CBS
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COSY
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DBU
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acetyl

allyloxycarbonyl
7-amino-4-methylcoumarin
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aspartic acid

association

adenosine 5'-O-triphosphate
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tert-butoxycarbonyl
(benzotriazol-1-yloxy)-tris(dimethylamino)phosphonium
hexafluorophosphate

broad

based on recovered starting material
Bruton's tyrosine kinase

butyl

normal-butyl

tert-butyl

benzoyl

benzyloxycarbonyl
Corey-Bakshi-Shibata
cyclooctadiene

correlation spectroscopy
cyclopentadienyl
10-camphorsulfonic acid
chlorotrityl

doublet
1,8-diazabicyclo[5.4.0Jundec-7-ene
2,3-dichloro-5,6-dicyano-p-benzoquinone
diethyl azodicarboxylate
diisobutylaluminium hydride

diisopropy! tartrate



DMAP 4-N,N-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMEAD bis(2-methoxyethyl) azodicaroxylate

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride

ee enantiomeric excess

EGFR epidermal growth factor receptor

equiv. equivalent

ESIMS electrospray ionization mass spectrometry

Et ethyl

FDA Food and Drug Administration

Fmoc 9-fluorenylmethyloxycarbonyl

gem geminal

Glb glidobactin

Gly glycine

HATU O-(7-azabenzotriazol-1-yl)-N, N, N', N'-tetramethyluronium
hexafluorophosphate

HMPA hexamethylphosphoric triamide

HOAt 1-hydroxy-7-azabenzotriazole

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

HPLC high-performance liquid chromatography

HRMS high-resolution mass spectrometry

HWE Horner-Wadsworth-Emmons

IBX 2-iodoxybenzoic acid

ICso half maximal inhibitory concentration

IMes 1,3-dimesitylimidazolium

IPr 1,3-bis(2,6-diisopropylphenyl)imidazolium

KHMDS potassium bis(trimethylsilyl)amide

L ligand

LAH lithium aluminium hydride
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MS
MS4A
MTPA

MW

NBS
NHC
NHK
NMM
NMO
NMP
NMR

NOE

PDB
PEG
Pf
Ph
Phe
PMB
PMP
ppm
PPTS

Pr

multiplet
m-chloroperoxybenzoic acid
methyl

mitogen-activated protein kinase kinase
methoxymethyl
Methicillin-resistant S. aureus
mesyl

mass spectrometry

molecular sieves 4A
a-methoxy-a-(trifluoromethyl)phenylacetyl
microwave

molecular weight
N-bromosuccinimide
N-heterocyclic carbene
Nozaki-Hiyama-Kishi
N-methylmorpholine
N-methylmorpholine N-oxide
N-methylpyrrolidone

nuclear magnetic resonance
nuclear Overhauser effect
2-nitrobenzenesulfonyl
protein data bank
polyethyleneglycol
9-phenylfluorenyl

phenyl

phenylalanine
p-methoxybenzyl
p-methoxyphenyl

parts per million

pyridinium p-toluenesulfonate

propyl
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quant.
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Red-Al

sat
SEM
Suc

Syl

TBAF
TBAI
TBHP
TBS
TEMPO
TES

Tf

TFA
THF
Thr
TIPS
TLC
TMAD
TMEDA
T™S
TPAP

TriBOT-PM

isopropyl

pyridine
(benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
quartet

quantitative yield

rate-determining step
bis(2-methoxyethoxy)aluminum hydride
room temperature

singlet

saturated
2-(trimethylsilyl)ethoxymethyl

succinyl

syringolin

triplet

tetra-n-butylammonium fluoride
tetra-n-butylammonium iodide
tert-butyl hydroperoxide

tert-butyl dimethylsilyl
2,2,6,6-tetramethylpiperidine 1-oxyl
triethylsilyl

trifluoromethanesulfonyl

trifluoroacetic acid

tetrahydrofuran

threonine

triisopropylsilyl

thin layer chromatography
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—H R L L - EGHE T v 7T v — LHEF O RI#FE
Ezﬁma
LER-ARAFH L, FEhEER LG L., REREHAEEBRT 2 2 & THENE NEHL T 2 354
TH 5, 191K ICaspirin23FFE S N CLUEE, B 7 7 £ LR PTHZE Dpenicillin, 7' 7 b v KR v ZIHEH
D omeprazole. LML/ IMIH Dclopidogrel. 7 &+ v ¥ F — € IHEHK Dneratinib®, 1% T% K HH
AR EA DS B 72 X T & 72 (Figure 1)),

@Y Ol A ;-

/Y S N\ o |
o (o} OJ;N\‘-)< neratinib /r\gj J‘k/\,”x

aspirin o CO,H
Bayer synthesizes penicillin
and distributes Penicillin synthesized and Late-stage clinical testing
aspirin to patients used in the Second World War LJ/\ of targeted covalent drug

o

1940s 1980s 1990s

Discovery of penicillin Blockbuster proton pump Blockbuster antiplatelet drug
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Figure 1. A7 & TUH A5 5 o0 B 52

HHENCHEERAEZERT A3BRREL LTTAFAANTA N, EFAERT I —ANTAF, TALT
R, TRFON, HEIAFRMCAYEDET b B 5, 2o FAH¥E DS [structural
alerts] % ltoxicophores| & WFiZdL, FERYLASS & SERE G % TR T % ATREN: (off-targetRh ) 23 5 728
AIERY —Fo2x2 ) —=vZ7oey b e LTRMNENIGE1S D072, £/ 7R ) VOIEH
PERSIRRH £ TIC1004E 220 o 7 ffilic R TN 2 X Do, WERATERAERNL. MRStz
TEFBT 30 © 010 75 2 B3 3% <L BRI 72 U RS A B F A O BHFEWTIC 1L W & 3 h T % 729,

SEAE . KRBT EREHE O KIS & R )
P2 HIHT 2 2 & ic X Y afatinib (Gilotrif®) <2 " o

ibrutinib (Imbruvica®) 4% D A & TR FH Al 23
BRI & L ORI ., ARG ERIC

B3 2B 2L Twa 2 &b
b IHHAEEERICER S EE o T3 T
EDbh % (Figure 2)V, % 7=, RETHEHRE
EE2ET2IC0Bb L FmErER M H Hwﬂ.ﬁﬂ%%%ME@ﬁﬁmmmMMW

+ 2RI C RIS, 2 ok sEmpg  EAURROMES 7 7)
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#
8

¥
8
Covalent inhibitor citations
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WiH O AR G- A RHARHERHTE D A ITb w5, WE/KAZET 5 KRAWITAEY i
LOWRECHIKT T E AR, NHICETHITE 2w &0 AR WEIEREZ RS L Tv 5, TR
A E n7-36fE oA E AR EH] & PCA (principal component analysis) i< & 0 3E X #1172 % Kk 72 60FE D K

Y. 36MiD5E Y BT oA AT ER O ML T 2 — 2 (OTR, BERTKR, €%
JRFH. cLogP, KFEMED FF— T 7 72— HEMERELRFEE. MIERDE, & RO
BO T 5 & (Figure 3), Wi v7 A — & b LEREERHER ZIELA AR EH IC L~ T
RAPNECEEZ /R L CH Y, HEREUHEAOEE A RRYICEEIL T2 2 e pbrsY,
HREARMAEROF R E LTiE, 1) BENEER L LERLERGZIER T2 2 Lick b, HElzEac
FEHALTE 2 2L, 2) ZOiEMERGRR 2R CHE LR ORG24 e L b, 3) AR,
ARHEACIRIAETE 2 WENBFET 2 2 b, 4) BROMBTEHIMICHET 2856, MafiE
DERIC X ZFANMEAZE I W2 e R ERETLNE9,
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Figure3. JTFAFE S N7z 36 MoIHRARAER & %17 60 D KAV (natural products, NPs), 36 D58 0 _EiF Efiro
FELHREHAUHER OYBLARN T XA — 2 (OFE, BEETH. EFFEFE. cLogP. KEHADO N F— - T/ T &
—%. EHEETRE AR AR, BRI, RO ok



HEEARHER OO —D2TH 526570 T T YV —Lix, XV I EDHMHRITH BERARERE
BETH Y, EREVOMIIE, BHNICHETELCTVwS, 28X F Ik o TEi I N X v B hfE
& L, MBEMEIE, REIeE. > 7 FniEe o MM o4 2@ % cBb > Tw 3D, 2657
nFT Y —LFaT 520870 T T Y — L E19SHAERPATPIRIFINICAET 5 2 L TR E NS
(Figure 4, /2), 20S7 077V — L3 al~TDT0¥h o5 a ) v 27k, BI~TDTH0TH05 B Y
Y7 Ra BB adlicEAER > EEROMIEEA L, COBRNTR Y X2 HONERTOIS, B
1. B2, B5#7T2=v MF, ZNEFNARASA—=E, FP) T v b ) 7o oRIEE@NE, R
P BT 2 2 O CKEED T I PG UIN T 2 ) & v S B MR A L. X v o8 s
BRI IEEL T2, ZoFRERIZ, &Y 72=y MCHEET 2R 7 v P BEEXTF V%
Rk L. NG b LA = VIREEDKEREE DS T I FREAZVIBI L T 2 TR, KSR E T 5
LT X o THMEEM A O A L UIWT & 7z = 7' F F Ol 2 & 3 (Figure 4. £1). 7. 19SEHA&
RIF20S7' R 77 Y — LOMIHICH AL TS0 X 5 aEEHZ R LTh Y, 25 VO, *
E, BN E VAR TEDORF. TV I A —NAT 4 v IR EDEEEH S TW3Y, 26S7 0T TV — LD
REDSPHEF I N2 & HIIEN D & v 7 BRI S N TIEL KBREL 2 v o 7B AERE L, /ME
AL RAZHEL 2, ZO/NEKRA LR Z5E4L LTHIRZT R P —v XA~3F83 N5, 26571
FT YV — LA THERBEOIUER RO NS 2 b, TuTT Y — AHEHIEORERE LT
frE ., FRCHRMERIEAREE L L CofRMriED b TE 210,
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% RN B BRI O BRSO —>Th v . BHICHFET 2 IEMIE LT 2 2 L ic ko TRE
ICHITE L . B2, BRREIKT. &I, fEALE s ik o T ERRIRETH 5. LRMEBIE oML
HEBKEICHEAT2RBERE I v T ) v e~ 2687077V —LiEENTELTw5, Z
D26S7 0T TV — LOWHERHET 2 2 LI X o UNIRNICEE R GE s n 7 ) v AER L. /M
RAPLAEELZZETT R =V ADBFEEI N, Mifldo 777 Y — LHFEANCHT 2 EZE
X VN EEROBE LT 2 0, KEICHRE v 7 ) vOEENR SN 2% R
MfLicix 7 m 77 Y — LHERIBRCE TH 2 L EXLNT VD

Bortezomib (Velcade®) (%, 2003 fFI1C % FMEHEEAHIE L L C FDA IR ENPloTa T TV —
LIREHRTH 5 19, Bortezomib 13 26S 70 F TV — ABNET BT I BRI B HEICHEE TN, Tu T
TY—=LOB5H T2y beB1F T2y b ERBERIICHET 2 2 EAHON T 2, Z O
E7aFT7 Y —LB5HT2=y bD NKG LA = v DKIEIED bortezomib DA 1 v g & HE A
BT 2T T T Y — 20iEEEZ A HICIHE S % (Figure 5 ), L2 L., BkIEG03LETH 2
T e OB REEEE O WIE, IREE, RMREE, OIRINERE & o 2 HEE RREIEAAMER I s
D, FfhEMkET 2 2L TRMEHEFIZS R 6N 2 AL 2R TWE W,

20S proteasome o W HO o
j)L N B on EN\J)L" ne2,,

HO,, -
N \r
HoN

bortezomlb \,é

®
(velcade™) Thm

Figure 5. Bortezomib D {FE BT

Carfilzomib(Kyprolis®)lZ. 2012 ££IC FDA T & Y 0] & fL7= A a] iy 7°
u%?y—Am%ﬂfﬁéwucmmmDu%%%fb5\ﬁfgi%%ﬁé
epoxomicin(Figure 6)% HIcZkEl X ., Z DEHEFR NKE L A= v D ° (CLH %o~ oy
IKEEREAS carfilzomib D7 F Y ~IIL, ZD% T I v BT RF o F 2R Fperemicn rafurs produet
T 5 C LI X o TRANERICHE &3 % (Figure 7)o Bortezomib THIETH > Figure 6. Epoxomicin o i
TR MR E (T X & e 28, BRI 503 B¢ H % 2 & R IR

TERPHIRFORIERAR R O N2 C L E 2o T3 19,
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(\N’\n’N' ,¢ 0 H 20s proteasome (\N/\n,n,, N¢¢ﬁl,, N o o
0. 4\ 0\) H H w, Nj}(H
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" carfilzomib ,g(n\ Ph OH °
(kyprolis®) AN ¥

Figure 7. Carfilzomib D {EF#T

Ixazomib(Ninlaro®)i, 2015 #iC FDA I X Y 580 X 717 bortezomib & FA O EAE T 5 70 7TV
— LHEAITH 2 17, Ixazomib (IR v VTS T VEEEEE L2 N7y 7 TH Y, YO TORO
HEARER 7 a7 T v — LERITH 5, FRN TR Y VEET 2T ARSI EZ T B C & Ttk
b, a7V — AHEGEEZ RIS % Figure 8), L2 L. {EFT I bortezomib & [FEETH %
EH o, IMHEEFOMEIRFRTHZLEXOND,

hydrollzatlon 20S I n HQ oH
B N \, ~OH proteasome N E’
©)( ”f Y
HO o
c

N
I \ﬁ'ZN\‘ 5
0

ixazomib active form
(ninlaro®)

Figure 8. Ixazomib D 1EFT

FRRoEEBE LR ATINLTWE 777 Y —LHEROMIC, delanzomib(CEP-18770) %
oprozomib(ONX-0912)7%% % 3L % #1 bortezomib & carfilzomib D HYENFE % i L 72L& & L CIRTZERRAR A
BRMThbN T3 (Figure9)'®, L2 L, SNFETICEEME LRI TWE 7 a7 7 vV —aHEARIZ
s R EE T H 2 NoRUG b LA = VERIL LG T 2 RETHERE IR e v =R ¥ o 7 b VIckR

LbNTW 370, HAMEZ EIRT 2 7201 13H - A2 T 2HEFROMESNLETH 3 L #
bbb,
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Figure 9. Delanzomib. oprozomib O it
2003 4EICHUERE 2> O Hiiff £ 7172 marizomib(NPI-0052)13 70 77 YV — L DT RCOY 72 =y F %
AHRNCPHE 32 2 & 28 E T LT B (Figure 10), 2 OFEFBEREIZ. 877 F vl NRq b LA = v
DRI % Z T A U 7K X 250 FINBRILOCSHET 35 2 L CRIER 5 BERT —T V2B
3% 19, Marizomib 1% F&1EE BRI 103 2 BAfiE e 2 B 32 C L 0¥b Ao Th 0 | MHEEG O 5
BRI N 27277077 Y — aHER L L CHRERKABRATOh w5 2,

20S proteasome

rge

cl
marizomib HN O

(NP1-0052)

Figure 10. Marizomib D {EFH#T



Syringolin £ 1 1998 4E1C Wiispi & 1C X » T Pseudomonas J&D 7" 7 LIEERRE A PEE T 2 Y)ER L L
THHES N KAV TH Y, o, B-AEMT I V2G0T AKL 12 BB 7 7 2 2iiE%H 7 5 (Figure 11)
20 F 72, 2008 T Groll B lE. in vitro DIEPEERIC 351> T syringolin A(1). ¥ X U syringolin B(2)23 7
BFTY—LDTRTCOY 7=y bEHEL, FICs 7=y rrEIHET L0 2,
syringolin #& 7' 77 v — 4 iF, X BRIHEERHEMRITIC X - THAEREZIEKL T2 2 L AL L

ARG

oxa-Michael 3/?1 ‘n/\NJLN OH 03/71 ‘n/\NJLN
addition o

syringolin A (1) syringolin B (2)

Thr1
Figure 11.  Syringolin ¥ D #ii & {F FBERE

Syringolin A DIEFREIZ. o, B-AEEMAINRFS I FER T T TV — 24D NEKif F LA = DKk
BEELIC X % oxa-Michael fTi% %) % Z & TRAGENICHERAZEKRT 2, —RWICSIGHEDK Y o
B -AEIMT I FITX$ % oxa-Michael (IS TH 2 Z & 226, syringolin A lZ 7077V — LITH LT
EOCIEEEREZ R T e FE LN D, ERIC, REVHOFEL -7 v — 72 w7280 X 0 #
FAINTEIRNIC 7T B8 77 VY — LKA L Twa 2 e P RKRYidfho 7 a 77— ikt L CBHEGE
ERIBRWI EDPRESIN TS 22, 7z, syringolin A (DA & v ¥ 28 p53 OERSPA—+7 7
V—OiEEAEFE L, FHEMA T LT A2 SMIEIENEEE RS 2, U bEoZ e nb,
syringolin HIIHTHL 7w 77 vV —LHlOFEMEY — FMMLAYITH 2 L E 2 HIL D,

Z 3 E TIT syringolin A DHIFH 2 Z5#a L 72 358G THO N TE b . LT ICZ &G % /R 3, Kaiser
DITRIGD AN R VEER A F T ATV DFER(Syl A methyl ester, 3) & AEAMEMIEE % BE A L 72 FE A
(SYlA-LIP, )2 &5 L. 7 v 77 vV — LAFEMEOMIE % 17 - 72 (Figure 12)%, % OFEFR. 3 I KAV & [F
TREDIEEZ R L, REAARVBIZLEATIER NI LWL hot, $72, 4 1ZRAW LY 100 £%
DLERRWIEME R L C 0 . BISHERIR ICfEE 3 2 BUKMERIS L HEMER 9 2 © &g X 0 it g
2T EHAREEINS, LA L, 4 ZRBESIER ICE G, IBEEHIETEZ RV = FL v 7Y a—n~
ZHa L 72 Syl A-PEG1(5)& Syl A-PEG2(6) A I N7 20, choo7u77 YV —LHEEETZ4 LD D
K200 KM LD biRViEHEZ R L7z, 72, 4 3EEEEAE <, v M EHEMREMM 1.8)ic
X975 1Cso 1d 26 nM & FRWHEFEIIHIEM: 2 /R L 7z. & 51T Kaiser b 13, HI#HH D4 v 7w v o7k
FdiE D $7n 3 FER(SylAL-D, SylA-D-L. SylA-D-D)% §XTEHM L, 70 77V — LAEEM:ZHE L 72,
ZORER, WINOEGED KA LD SIEHEIHET L, FrcERMo 4 v 7 a eV EE O EEAZE D



5 EREIEEMET T2 MHALR SN/, X 51T, syringolin A DFBFIARTH 5 glidobactin A(GIb A)23
SylA X U bEWiEHEERTZ LICEH L, Syringolin A DEHICHT L T glidobactin A DHIFH%E A L 72
FHER 7 BFE AL A, 4 LRFoEWTu T T Y —AHEEEERT L EHL 2T L

N o Y ~
NHR R= J\I‘/OH IFENE _ o9 /\N;( o j:'( 0 ™
il /Qn/\ R A([)IAH H/\IA/OH I HJ\H I OH HJLH/\([)]/OH

o
syrln‘gt_)llsrl:n(zylA 1) SylA-L-D SylA-D-L SylA-p-D
K'=11.1 uM K" >100 uM Ki' =34.0 uM
DIVIRVEEER D ZE 16t @
Glidobactin A EDNA Ty K
~ o \/ o
J\N OMe AH/\NJ\N(/\)\Q 7;/ J\/\/\(\/)/
H o I} H H
SylA methyl ester (3) SylA-LIP (4) glldobactm A (Glb A)
R = Ki' =757 nM K;' = 8.65 nM Ki' = 49.0 nM
HN OH
~ o H H o
H (o) = N ., JI\M/),
/Qn/\ JLN/\/O\/\O /QH/\NJLN N\/\O i ‘N .
H H H
e0 ! 0 MeO 5 O
SylA-PEG1 (5) SylA-PEG2 (6) KSJy_Il:—flsb: wf-,)
K;' = 586 nM Ki' =401 nM -

Figure 12. Kaiser & 2345 L 7z syringolin A {HI$HFEE A

WHFEE T3 N E TSR G OBUKER 7 v b & OEAIMER %0 - 7= & e B 2E 2 47 -
T & 7z(Figure 13), T FMIBHOEMEMD 4 v T m A H AL 7235862 G L, 7 2=V A2 G732
FHEMK 8§ PRDEEETH L L ERAH Lz, LALADL, KIFICEKEDINVRVBEHET 2729
JEE P AME < | IR ES M 2K 2 & A2 5 | Kaiser & & [AIBRIC KNG % = 2 7 T2 L 72 355K
. IEES % HLfli 7 7 v F VBB U 2GR, X O ICRAEISE A A L 2R E L 72, £ O
fEE FhANERET 2HER 9 pRb T u T T Y — AEGEER R U, AR 1
KR DOK 500 f5TH 2 2 & #BHL 2T LTz 29,

72, XSSO e 77 Y — A L5 7 2=y MTE T, bortezomib A% syringolin A {HIFH
fHED 49 FBEHDOT 7= v L AKFEAZRT 5 2 LICEH L, % HMia T 7 ) 4 L E D Hic B
T2 T 14 FHDOT AT X VIRE OKBERETIERL, 49 BHOT 7 = v L DREHETER %
W o 72 BAALEAEMR 10 % AR L 72 (Figure 14), &K L 72 Bfli{LEHEAR 10 © 7 v 7 7 v — APHER M 2
ET DL, RIE D S E0ihEEK =107 aM)Z /R 2 &b h o7z 39,
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Syringolin FHD X 5 A K EHLEA L FHEIEE K OR Sh 3 FEHARGE SR O KBRS & |
WL TEEL ky TR X 2 ARG EMETEBE D 2 BXFE DBl % 8 CTHERY & #5r 3 5 (Figure 15)Y, GBEAY 72
YRR 2 AT 9 bCL iR @R I R ARG AU I VA R S T B D& 72 28, X RS
gD O FHAR SR IO L g Bl L & o e wicd, IR GBI EA & Ftko
YA ANEEL 75, £ D720, AFHFAOMEHHZITIC L 728G T T & 72,

HN

L oxa-Michael
A\ _NHR addition O

v

k> .
o o™
Wi,
" Th . s

Figure 15. Syringolin 8D EHBENE

LA ORI ES ORI, REFHEEREE M E18 2> 5 M7 L T 2 warhead B & | SREFHEERERA
BHEPNICTFEAE T % embedded I 4348 & 3 5 (Figure 16), Warhead B0 K (3454 & EER O BRI IC K % <
RAE U ko (3RE THEEBIE O KOG ITRIF T 2720 VL L 722 NEND AT A — 2% b &IT L i
EEARE 2 LI S 2 & 1T HIRHYA S TH 5 . EFRIC warhead BIFHEFI OfF & LT, FCICEHEME L TR
A X LT % afatinib(gilotrif®) % ibrutinib(imbruvica®) (X, B & KEFIHERER % = 2 AR L 72 &
EHEAHBI 2B L CRIE I N D TH B 3V, —J7 T, embedded BT Ki & ko 23T 1 b g DR
CKIFT 2720, ZNENDNT A —Zh HREEIGHAZ R C L dWfic k2, 20k, TiE
TIHONTE ZIAEHATER O K. kb 28 L 2 #ES MBI I3 warhead o JHEFHIFHZE I
IRoNTH Y, embedded RO FIgZ 0 & L 22 EiE HEAHBINTZE 217 > T 2 flI3HE T Tk,
LEX Y., #EIL embedded B O IHGHEATHEACTH 2 syringolin FHICEHL, v 77V -4t Ol
FIME 2 SOSHE D FEM 2 T 247 5 2 & ©, WEMABIER 0 RYRGEHC B T 28172 fadt 2 b3
e L7,

10



— warhead#! r embedded®!

D : electrophile

Nu : nucleophile
v interaction

target protein

ex)

jqd
\NWO HN cl

HN N
OD“IQ N/)
afatinib (gilotrif®) Finasteride (propecia®)
target : EGFR target : 5-a-reductase

ibrutinib (Imbruvica®) E6201
target: BTK target : MEK1

Figure 16. A & L1 0 44
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A
55— Syringolin ‘B HEFHEMARDEGT & A RERE DL
5—Ffi Syringolin ‘B & a5 58K D X E

2008 41T Groll & i syringolin A & 20S 7' u 77 ¥V — 4 & @ X fpIhl i % 8 L 72 (Figure 17)22,
BN a, B-THMT I FiE NRMF L A=y oBBFRTFLEE/HAL B, BREK LA Y
Za e EE ST Ry MCEERE L, IR O BRI A v e v HE S3 Ry MRk T T W
5, IbiC, a,B-AEHT I FHOANLR=NVEL ATHFEHO 7Y v v, fligEH oY L7 L 114 FH
DT ANTEVEBIFEFNFNKERBE LR L Tw 23, X it afEciz o ns oMEER 3
HREAEOHERERICEEL Tw 22352 TiRAVE, BKOA L 7 4 VDI RSk
CERHELTE Y. ZofnoMEILRFRICEEES L Curn 2 L3l 5,

. S3 pocket

N,

S1 pocket

S3 pocket

S1 pocket

Figure 17. Syringolin A & 20S 7 u 57V — L B5 ¥ 7 2=y r OHiEEESE (PDB code : 2ZCY)
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I XY embedded HIFHFEH D F & DBLEE & ARRBIAITE S ROGHE & OB %2 RHANICTH R 2 <<
syringolin ZH D PEEEAMNIC TR L 7252 ¥ L, BV A X7 VT v OffE - AlEE 2 725K 7w
77V — LHERIBEOREE % FHl] L 72 (Figure 18), [F] USKE T B RER: 2 Frokk 4 7 Bl BE O BRIKF % 1C D
W TR BRI SRS & f#iT 3% & & T, embedded B! FHE A O &G AR 23 b 1 5 2 2 MRES 2
ZEelL7,

Gly47 AR E
"rn

IRECEE- K- LDOEERFRZREIZET
M- LHBEREERAFTRORETIC2ED S
Figure 18. ¥Rk 7' v 77 v — ARHEHIRE % v 72 WF 5251
BR 7w 77 v — LHERZ AT 21C0%72 D syringolin A DiEEDOEEHIFGLIC O W2,

Syringolin A TlX 4 flORGHARE TN THE Y, wInd 12 BERMAE 1 2T 2BRBSETIETH
5729, LUTICZ k%R $ (Scheme 1), Kaiser 133 ) v iHEED S TAEOERE R THK L 72
BUYLHIEN AR 12 20, A v 7 av ) 7y BBl e LR A 22275 2 &ick b 12 B3R
B 13 ZHES L 72 32, Stephenson (%, Garner’s 747 & F &N Y VEEERE D O BRCATER 14 % &K
. v /m 772 0fLICXoT N ~LE B, Larl, 2hb 2 flidvdnd BRGSO IEME
<L BEMRARKICITE X 7oy, Pirrung & 13, €= 7Y ¥ VEFERD b BALATENA 15 Z &5 L. Horner-

Wadsworth-Emmons(HWE) G IC & o THECGKET 11 #FEEL 2 Y, LarL, JERchre=rr ) v v

13



D7 IEDHET LT e, BRLATEA £ CEBRE R ORI CTH 5 720, MR 2 EHEARG K
ZEhl$ 5 D IXWEETH %,

Scheme 1. Syringolin A D&% D A K

(1) Kaiser M. et al. 3) Pirrung M. C. et al.
Ring Closing Metathesis (3) g
AN O O
HN N Grubbs catalyst, HN _B\)L
04\,\ = 2nd generaon S EEOtO, N
‘J)Ko ANHBoc "~ (oluene 8'\0 \NHBoc H
_—
29% HWE Reaction "\.\NHCbz
H o} H O  zn(oTh, TMepa ©HS
Et;N, THF N Yo
12 13 81% H

(2) Stephenson C. R. J. et al.

Macrolactamlzatlon
BOP, HOAt
’Pr2NEt DMF
}\ ANHCbz ™5, > NHR——>,_ syringolin A

—J7. UHRECHEL L 726K cIE, chTTco 3l i3EAY., ARDBEET Ugi = K6
PO 2 THORE L MIHOEA %~ k3 2 EBAEETH B (Scheme2) ¥, A Ugi =5 Mt
. BRALHTE R S LCa,B-A M7 I F2AT 2 EHZHW5AICEENOBRIUEIIEO G n T &
BETFNEBEPL D> TEY, a,B-FEMT I FEIZERLEZIC BIHEIC X VIR L T3, ARk
IZE R G E 72 DCR e G EGETH 5 2 L 2 bR EIC LTWw3 oo, BLIERICEK
EHEERLTWw

Scheme 2. UffF9E=E D 2 & Bl

HN
o A MeO OMe HN
TBSOMW CHO (\©/ ° f
NC CH,Cl, . * H c°2 L ——

NH, — 272 o RO“ » syringolin A
z reflux y g

R TBS 3HF-EtzN
JL\/( o o
0,'Bu 32% over 2 steps

HO,C™

14



UEDZ &t BURE OB B8RSR ICIGT 2720, Fil-haiRgEiErdszL &L
720 XU DA ZIELT S 2 & &, REREMAICEH T2 HEE2ZEBL T 7e 7T Y —LHE

EHEE R T 2 0 %2R T 2 720, “HIGEGEMEARTH 5 (E)-isosyringolin A(16) % 3% 51 L 7z (Figure 19),

71 : X3 Lo

(E)-isosyringolin A (16)

Figure 19. (E)-Isosyringolin A O 1#;&

THEADORME IS X oTT e T T Y — A L ARG RS S o, f-ARAT I FEORE AL

LT Wr%FR2S 728, (E)-isosyringolin A DRI ERME ~ 27 v T i X Y EHE L. syringolin A,

B L O syringolin B L R L 72, 7nds, MISHEIZ 7 2 F AL LT 12 BEREH O A OBBEI R 21T - 72

(Figure 20), % DGR, ZNZTNDEHMDORLZEMICHE T, Michael 777X —L x5 a,-FiE

M7 2 FEEDORGE X RO FHHEZ R > T b b oz, THL Y, (E)-isosyringolin A (%
KO 777y — LAHFEERZRFET 2 E 2, ARICEFT 2L e L,

HN HN HN ,

O T\.NHAc " wNHAc O™ NHAc
N N N
H © H © H ©

syringolin A core syringolin B core (E)-isosyringolin A core

Figure 20. K#AWY) & (E)-isosyringolin A O B & & E B D Ui

Force field: OPLS-2005, solvent: none, Torsional sampling (MCMM), Maximum Automatic steps:1000, Energy

window for saving structures 21.0 kJ/mol

15



5 A WA T

(E)-Isosyringolin A(16) D3 & AT % LA T 127”3 (Scheme 3) . HISHERFAEMAR O S D STHICEZ, 12 B

Eig BRI O Y LT U7 F FEIE AR ChKIAIC X VAT L L L, 12 BER
BT FREE DS A VE YT IV ERBERED @\ T U AMIKIEEE D SIE RS X > THESET 2 2 &
L lize TOBANLKYT I FIZEY. BREXSED e Ns HEHvws e L, BRUATEMA 18 (X7 I v~
19 L ANKRVEE 20 DBUKMEAICE WV AKT 2Lz, TIV 19 TATE R 21 EFAF L — b
22 & ® Horner-Wadsworth-Emmons(HWE)JGIZ & > TAK L, A AR VEE 20 137 VLT ra—r e N-
Cbz-L-allylGly & D27 B RAA XLy I X YW AKT BETHH%Z Ty REBREETIZT IV 19 L ALK
VB 20 #AET 5 2 & TRIRIRFFER ORI A AWAIETH L L EZLND,

Scheme 3.  (E)-Isosyringolin A (16) D ¥ & i fRHT

) peptid_e _______ Mitsunobu
coupling reaction Ns
, l
. NHCbz .
o 1]
(E) isosyringolin A (16) 17 18 ;.)eptlde
coupling
I/\WNHN prcb
= S .
H,N HOWCOZH
19 ©O 20
HWE reaction U U cross metathesis
I O o l;lHCbz
BocHN” “CHO  EtO NHNs co-H
21 22

16



5 =i (F)-Isosyringolin A @ 4 K & HISHFHEAR D A K
¥37 IV 19 DEKEIT 2 72(Scheme 4), BEAREICHEVS 39, THilRD N-Boc-L-Val Z HHFEVE L LT, A
VAR V% Weinreb 7 I F 23 ~EHa L 28, LAHICX 2 FY FBBIRIC X > TT7 AT e F 21 2ERMN
372, VI PFORRAT 4 A 24)% o-=buxXvELYAALFYT I FNsNHy) LA L. kid
THK L7277 e F 21 &SR Homer-Wadsworth-Emmons J )it 20 DZ&E I3 2 & Ta, B -AHIM T 2
e

FE2 SR 52, D% Boc EZRETZZETCHWDOT I v 19 &KL 7=,

Scheme 4. 7 I ¥ 19 DERK

MeNHOMe-HClI
j\/ EDCI, NMM, HOBt | LAH I
—_— N. —_—
BocHN™ “COH cH,cCl, BocHN o~ THF, 0 °C BocHN” “CHO
-7°Ctor.t. (o]
23 21
1) 21, Zn(OTH),
NsNH,, EDCI DBU, TMEDA
DMAP, CH,Cl, o o THF
0O o reflux 90%
EtO-B —_— EtOjB\)LNHNS —> CIH;N A~ NHNs
EtO’ OH 62% Et0 2) 4 M HCI EtOAc 19 0
quant.

$e\ > T N-Cbz-L-allylGly & 7 U T3 —ib & OF AR Grubbs it V7227 0 2 X X2 v A% 4T

o 7z(Scheme 5) #ROICT I AT A3 —N% 10 Y&, BELZY 7o X2 v e LIRIGER{To72E 25
HFREDOIGCETT ) AT 32— 20 %157z (table 1, entry 1), 2011 4EIC Lipshutz & 1%, YT F LT —7F )L
i, 55 AR Grubbs i Mt & Lca v{LIR (D) 2z 2 2 & AT =y afililiizZEHRL, 71
AA R Y ADRIGEE EINHERA EF 2 b 2EL TS 7, ZOWEEZSFICL T, YTFrT
—7 v a vt () FE P CRICZEITo72 8 A, 20 DILED 81%Icm L7z (entry 2), #H7x 31U
FomEZHNE LTTIATAI—VOYEZZHE L5, Eom IR ohEro/, GLTE
7 IV 19 & AR VEE20 % EDCIL HOAt & w72 56t ki3 5 & & CERALATERA 18 2572, K
WHRDFRIEA Y 7r eV EBED T I 7 KO IGHEORE 2, BUEEOm»T I Foli7 e b v Esik
X, BIFGHAREETCHRZEREZLNS,

Scheme 5. BRAVHTER{A 18 D& K

OH
Ns.
NHCb. NH
, ;H NHCbz 19, EDCI I
AN see table 1 P HOAt, 'Pr,NEt O n NHCbz
—_— NN _— o
0 Grubbs II HO 0 00 DwmF
rt to reflux 30% N o
table 1 H
entry conditions yield (%) 18
1 allyl alcohol (10 eq.), CH,CI, 64
2 allyl alcohol (10 eq.), Cul, Et,0 81

17



e\ TR RGO WG 21T > 72 (Scheme 6), 77 FARIGZ BT~ BEHIREIZT T 5mM
DAEREM L L, RIGIZTRTERTITW, DEAD & PPhy % 22 2 Y@ T Ozt 25, H
OB 25 1213 572 b D DEFE D DEAD IC X 2 KXEHSISHHET L. & F 7 VK 26 ORI
e L 7= (table 2, entry 1), iDL BA2WO T L T2 DEIEZIE, HIE T3 25 2B L TE3
TLDBTE 2(entry2), 72, 26 DEIEFRICKRIZNEL 223 2 EARKEEF 2, X 0 A6
13 % 720 I ZBRLATE (R 18 DEELEECTH L L E 27z, T I THVRIEERMGILZE S
(entries 2~4), THF % Fl 72355 S SO RS ICET L, 26 DEIEZMZ 2 2 L8 TE 7=,

Scheme 6. JEIEERAL SIS D #ET

Et02C .NHCO,Et

Ns.
le 2
3\ NHCbz S8 taPle2 @Nchz 3\ \NHCbz

table 2
. yields (%)
entry reagents (equiv.) solvent (5 mM)  time (h) T 25 26
1 DEAD (2.0), PPh3 (2.0) CH,Cl, 1.5 15 40
2 DEAD (1.1), PPh; (1.1) CH,CI, 6 51 16
3 DEAD (1.1), PPh3 (1.1) benzene 6 57 26
4 DEAD (1.1), PPh3 (1.1) THF 0.2 66 —

DEAD = EtO,C-N=N-CO,Et

B TELNBRIUIE 25 D Ns HOBRE %I L 72 (Scheme 7). HHEMEMFTFTCTCF A7 2/ — A %1E
ez 0ME 2 17135 57nd o 7= (table 3, entry 1), MO 'HNMR 2= 2 + L %HIE L 7=
LA, a,B-AEMITIFOFL 74 VO — I PRERTE b o722 L 25, Michael (SIS
TLTW3E Z DRI NIz, Ns I U CTREAIDH NS 2 OGS ClEbREAREEE ZE 2. V1L
V=V VLK B FREICEASR T L T ARIE LA O HIYORRFER 17 2155 Z & H3T X 7 (entry
2)e L2 L. Ns HICHTET 2 = b n EOBEITTABHFINCHET L, BIERY & LCLEY 27 23EK L 7
SN L LT HMPA ° ‘BuOH % W 7256t RIR T 5 UGS 2 ET L 7225, #IRIYIC Ns Bz fR
%35 Z LI o 7z (entries 3~6), F 7z, LAY 27 22 LAY 17 ~DZEWLH AR T2, ISIEA A<
HEIT L 72 d o720 Ns EE AW AGAERIEESEEE 2 e Bdbh o/, MILALF YT IF%R
DIRERTH 2 Ts HEACTHEAKZT> 2 & & Lz,

18



Scheme 7. Ns F&frZE o MET
Sml,, (HMPA, 'BuOH), THF

ryi
77 |

NH2
Ns.
N ':
o I see table 3
/ ‘“NHCbz 3/71 ‘NHCbz j\ﬁl
N “'"NHCbz
H ©
25
table 3
. yields (%)
entry conditions temp. (°C) —_—
17 27
1 thiophenol, K,CO3;, MeCN rt — —
2 Sml,, THF rt 36 17
3 Sml,, HMPA, ‘BuOH, THF rt — —
4 Sml,, '‘BuOH, THF rt 25 34
5 Sml,, THF -78 47 31
6 Sml,, ‘BuOH, THF -78 49 34

Ts #:% T Ns Z o4 L FRICERILIRD G K % 1T - 72(Scheme 8), ¥ T b ¥ ¥ 27 4 = LREEE
QL P AT I FEMiA Ltk FROZHZITS 22 T7 v 28 &K L. Ns Bz v 72 &4k
P& TR 72 o 7= K HE & 1S D W CTHRET 21T © 72 PruNEt {775 . DMF &%+ € PyBOP., HOAt % H
WT 28 L 20 DK ERITo 728 T A, HHMERREAY L 72 0 BB 29 12H#RE T % 722> o 7z(table 4,
entry 1), Ht\>C, FHWBEEOMEZ1T> 72 & & A(entries 2, 3). RIEKFEF PV v o xR LCH
W7z AT 46% D IR BREoNT, £, MEAOME 2{To72 & 25, HATU Z W 72 8&1C

SIS A E L 72 (entry 4), AR ICSICIABEDO B 21T 272 & & A, THF 1 ClI RIS IFET L 22
> 7z 723(entry 5). DMF & THF DIRAEE %V 72BRIC 92% O @GR CERALATIRK 29 2155 2 L 3T
% 7z (entry 6), Z DfEFIZ DMF & THF o9 2 2H LR O BEMIEICER T 2 L FER L T» 5,
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Scheme 8. Ts %% F > 7 BRALAHTER{R 29 D &K

1) TsNH,
o o gll\)nclzzl, DMAP OH
eto-p. _J rt - 70 °C o N NN NHTS LN
EtO 04 OH ") 21, zn(0TH), 28 o see table 4 o I
DBU, TMEDA + —_— ) «NHCbz
THF NHCbz
uant. H
3) 4qM HCI EtOAc “0/\/;/\002“ u °
quant. table 4 2
entry conditions yield (%)
1 PyBOP, HOAt, ‘Pr,NEt, DMF complex mixture
2 PyBOP, HOAt, NMM, DMF 35
3 PyBOP, HOAt, NaHCO;, DMF 46
4 HATU, NaHCO,, DMF 58
5 HATU, NaHCO3, THF no reaction
6 HATU, NaHCO3;, DMF:THF=1:9 92

1% 5 N BRALATER R 2 FH W CRIBRICHRIEBRL RIS 2T o 72 & & A, Ns o6& & FRE 0K
(63%) TERALEBE LN, Ts HEZ2 I VLY =) T LI X o THRET S 2 LT 76%DIET 12 BEE
17 2 AWML 72, ®fRIC Coz E% HBric X WEREL., A Y L7 <75 F 30 L oK. K
Ui Bu HDFRE % #2T(E)-isosyringolin A(16)D & % 32K L 7z (Scheme 9)°%, AAAARES 13 iR 2> ©
12 T2, #RINE 20% LB O RAYI D REK & R L TROFELELOEINETH 2,

Scheme 9. (E)-Isosyringolin A (16) D2A K

1) HBr, AcOH

HN 2) 30, PyBOP, HOAt, ‘Pr,NEt HN
1) DEAD, PPh, ] )DMFy 2 o | ’ \_/)OL
E?ol/z 0 /i wNHCbz  70% over 2 steps / N \n/\N N OH
29 > - o H H g
N H o

v

2) Sml,, THF o 3) HCO,H, 79%
76% ~~
Y O -isosyringolin A (16
17 30 = Ho\n/.\NJLN o'Bu (E) yring ( )
o H H ¢

TP am T L 72 {IBEEE o RS AR B ST 2802930 ik B s & | SEF HIE K L 72 (E)-isosyringolin
A DEBICH L CYHEECROIGEEDOE 2 272 N-THI/ANL-7 22T 7=V 2B A L -5
RREHART DL & L, MBEHOERR T 0T T Y — L& OB RKIGHRE IS 2 5 8%
Rp T, ISR D X 5 ICEEICED 2 2 RTINS T L L L, MIEHEIE Fmoc-L-Phe-
OH %k & L, =7 F FEMAEKEZ V2 2 & T, 65%DICKTH AR Vg 31 %157-(Scheme 10),
(E)-Isosyringolin A D &AL L [FRRIC LT, BRLIK 17 @ Chz HZBREAL., £UHET I 7 HE 31 2iFAT
% Z & T(E)-isosyringolin A DHIFHEAEE(R 32 2 AT 2 2 LA TE X,
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Scheme 10.  (E)-Isosyringolin A FFEA 32 O AL

1) 2-CT resin
)iP NEt. CH.CI 1) decanoyl chloride
Ph ra ’ 2V12 Ph Et3N, CH2C|2 Ph\
\: 2) 20% plperldlneIDMF 2) 5% TFA/CH2C|2 (0]

: > oA > HO_ -
N
HO,C” > NHFmoc Q NH:  65% from Fmoc-Phe-OH \ﬂ/\ﬁ
o) o)

o HO
)

31

2-CT resin
1) HBr, AcOH HN Ph
HN ] 2) 31, PyBOP, HOAt | H X O
o iPr,NEt, DMF o N A
) NHCbz - /i TI/\N
77% over 2 steps N o o H
N
H © H
32
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Hag Tu 77y — AEEFEMEOMNE & Em AT

B K L 72 (E)-isosyringolin A(16) & RKIAY)TH 5 syringolin A(1). syringolin B(2)&% " % O fIFHFHEA T H
% (E)-isosyringolin A 75384 32, syringolin A #5E (K 33, syringolin B 7E1{4 34 IC2> T, DMSO-ds F1 D
'HNMR A~ 727 b VHIERER O % 78 3 (Figure 21), BB RAY L FkO Y LT VX7 F F CTHIED
WAL 2 M, 6~7 ppm LD @, B-REIRI T < FEICEY 2417 4 Y07 I HA L7 F 43 H
HEbRARD LD, WERBAMTICEEM T 2 2 2T 5 2 L IC X 0 iFkICEE S o, - AT
FHOMESD TR AP OEL TS Z EWRBRE N, T, ZRZhOBRICETHIEE 7
TN T ANEEETMBICERL G, afit pliefthor—2b 7 I ALy 7 o
vy 7DV IEBIIRELSZDO W b, MIBHEOZH UL B OREICEE L T eEZ b
%,

'H NMR (DMSO-d,)

. Ph
\ R \_/ o \: O
core T 5 A
L N~ "N~ ~CO,H ﬁ
structure ™ o H H 0
HN compound 1 compound 33

0™ % &\ .\NHR

B N o ﬂl HT [ | | ) B «

7.0 6.0 5.0 4.0 7.0 6.0 5.0 4.0

syringolin A ppm ppm

compound 34

| !
1 |N ﬁr'l 1 a \“. f
u fUl UL
M — | | ‘
5.0 4.0 7.0 6.0 5.0 4.0
ppm ppm

compound 32

15 o
L N h JL
. 5.0 4.|0 7.0 6.0 5.0 4.0
(E)-isosyringolin A ppm ppm

Figure 21. KA & (E)-isosyringlin A(16)Jx DM SHFEE R 32 D THNMR 2= 7 F LoD g

e\ T, (E)-isosyringolin A & KAV, )07 v 77V —LHEEEEZBEIE L, 7 v+ A41E 208
Proteasome Assay Kit for Drug Discovery - BML-AK740 % H\ " C{T o7z, K7 vt A4 TIX 20S v 77TV —
LBS YTy MREMICIKIREING L THMET-T I/ -4-2F Vo= ) vEBHIT 2 ~7
F F(Suc-LLVY-AMQC)% 58 & L THW 7= (Figure 22) . Y] 20 2R 0 [HEFIELE T I3\ Tl % |
E L. BHER? SOBEREONKMFEZIHEL CWErZ2#~b 2L Trlar7 TV — L3 5 HE
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EEABERT AR TE B,

Me

o N OI(H o /@\)1203 proteasome o /¢| OI(H o
HO. N N Ny | T¢) N N
: OH C\

Suc-LLVY-AMC proteasome inhibitor N

@51
H-N 0~ N0

2

OH

7-amino-4-methylcoumarin
Figure22. 7 vt A ICHWIEE <7 F F O K6
W RAAAT 21T 9 ATiC. KAV, 2) & (F)-isosyringolin A ® 7' v 7 7V — LAHEEEO ik E LT, R
I DHEFER K2 kos b Lz, RepJolEEHE. HEACTERFUIEL 7 n 77 Y —
LICRHLTHERTF FEMAZ LT, ArT LEFREL o BBOEFEERERL T2, il
WWHIE L7z 7' e 77 v — LPHEEM, EicHERREZ 7a v L2 7 7 %LU F ISR 3 (Figure 23).
D77 7h 0, BEHGE Y Psyringolin A D FHEEME(K = 170 nM) iZ syringolin B @ BHEEM: (K = 1190 nM)

XDV ENT DY, (E)-isosyringolin A 1% Z D D D RIRY) O HFEIFLE O BHER KK = 590 nM) %
BT en0h o7,

100

m syringolin A (1) Ki' =170 nM
A syringolin B (2) Ki'=1190 nM
¥ (E)-isosyringolin A (16) Ki' = 590 nM

inhibitory activity (%)

0.0 25 5.0 75 10.0
concentration (uM)

Figure 23. A0 o 7w 77 v — LHEEWHIER R

BUIRER DA IR MBI 2 R L Cd 7'u 77 Y — AHEE SR S 02 S L B O 2T o 77z,
we o CHREGRAT 217 5 & & CREM AR HERM O 21T 5 S & & Lc, Al aah &R ER 3
IR B ICHRRY & AR A RE AR Z PR L TR ANEL S 2 720, @E DT v & 4 % CTlIHERE
ZHES 2 L CTORRMIP R 23 L R2TOEEEHIINT s, D70, JEH-AMAKERE D
BN & R ATESIED 8T X — R (kassoes kis k2) & Z NE RO THES 2 &I X Y FEiE EAHES
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MEMTON TS 9, AW G- AEHER O MSHEUT, BE%2 E. [HEFIZI1E L, 2t n
DG DIRETER % ki, ko, ko & T % L Figure 24 D X 5 IcR I N B,

E | i k,

E)+ ) == (E) = (E-)

1
Figure 24. A al3i 7 A5 GTUFLE A © SO

1 BFEH O PHER K IZX T Ik o TERI NG, 72, RISBRED 2 TOREEER kassoe 13702 12 K o

TEREING,

K== - -1
kik k
Kassoc = kl_12 = é - (2)

2 BB D RIGD 1 JOREERE kovs, Wil % . B ¢ O SIGHE % v KOG O YLEFHER 2 A7z
BEOMEE) % v & 32 & USREEROREER & R OBIRIZN 3 0 X 51 b FERBIEH IcBER
WHERREET 2, 20X 5 Y HHIT log(wivo). T 7 b HAFINELR QI ¢ TOREEEO N E L Y |
X2 7oy 325 2 L TRONDEMOMEEZ 220 ks N4 X OVEMT 22823 TES, 7,
PHEAEEZ I & LR, ks & K k2 L ORIICIEKX 5 ICRT IATY ARV T VORI Y IO &
25, HEAOREICH L Chkw 278y bT22LTK . BEXU hERDLILENTEL, IHIT,
SIGERD 2 JOREEBIT K & bR 2IcX > TRk b g 0,

log:—; = —kopst  + + + (R3)

v, =g * e Fobst ce Gl
ko= G
obs K+ 11]

LAF IS syringolin A % BiC L 7= ERE D BN 151 D W TR, BEFIEE T, 20S 7a 57 Y —
LEHWESTF ¥y 77 —hTRAL, 20 2L oiOUBELAHIE S 2 2 & CRBHKFRICHE D
BER2SHIH T T 3 2 & &R L 7= (Figure 25a), D27 7 7 b/ EMIcE T 3 FuFr 7 v — LHE
TEEOvo) & BOGHEE 2> LB L, B LGtk isi: 7e y b3 eic X Y R3 cRE N E
HROMF & L7 (Figure 25b), & DEARDMHE (ko) X FHERIORE I L CHEYry 22T, K 4
£V K& k%R L 7z (Figure 25¢), HAMNICHEI L 72133~ C 3 Bl 0@ EERwfEHT O FHEfECH 5,
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"o o® DMSO(control)
s
2® _e 31.25nM
4000 o%het
00" o0 625n0M
E 200000 e 1250V
L 3000 .'3:..0.....0
gJ83500 L eeneee 2500M
2000 !|l!,,===** VVV b
bt e
1000 , e‘ai.oouoooouoooooooo 1000 nM
' [HERE=S =i b7 3353
0
0 2000 4000 6000
time (s)
b) 9
REL 5 A1 B2 Ky
obs
. 31.25 nM
2 555aM 0.0015-
125 nM
- p Z0nM 0.0010-
: * 500 nM
0.0005+
1000 nM 0.0000

0 250 500 750 1000 1250
10 [1] (nM)

0 500 1000 1500 time (s)

Figure 25. syringolin A DEEFMAFANT  a) Rl Z & QUSRI b) IR Z L D 777 v — LiENH
¢) FHFANRE Z & D kobs

LA ISR B im T D #5323 (Figure 26), IHic Y L7 ¥ <~ 75 ¥ %&H 3 5 (E)-isosyringolin A,
syringolin A, syringolin B % #5935 & | (E)-isosyringolin A 13 R2> 1 OFHEE L FFKIC K & kb e b IC
syringolinA & B OHFHEEETH 2 d DD, K; i syringolinA £V b 10 f5REEHWVEZRT &0 b, iF
HREE R OBAES L0 TH 5 2 L 3bd o7z, HIBEEFHEARICOWT, A2 T OHEER k'L 2
TR PETERL kassoe Z IR T 2 & BRIREBHEEIC X S TR EZ T A /) AN T 2=V T F=vIcE#T 5 C
EOWEMEARIGICH LS 2 2 8B nrot, £, ROEWIEEZRL 2D RAHICT A/ A v7 ==

25



VT 7= %E AN L7 syringolin A lIHEEEAR 33 TH - 7=z,

HN HN HN '
o )\ .NHR o )/ NHR o™ NHR
core ) .
structure ” o ” o H o
. o ~N o
syringolin A syringolin B (E)-isosyringolin A H JL
) . A= /SI/\N N~ CO,H
side chain A (1) B (33) A (2) B (34) A (16) B (32) o H H
K;' (nM) 170 1.6 3700 46 590 21.8
Ph ~ o
K; (nM) 2210 68.9 3040 541.2 20400 2523 B= IQII/\N
0
H
k, (103s™) 3.91 4.28 2.99 3.008 3.39 3.299 (o)
Kassoc (s'M7) | 1769 62076 98 5558 166 13076

Figure 26. A $HEE {4 o o B 3 fid AT 8

oyl

Ioic, MIBHEZZHL 722 LI X 2 K ke DB T 2720, HithhC b Bl K O %z 7o
v L7227 7% TGRS (Figure 27)e 2D 7 7B VT, 3K E L K AVNE WG E 2 TR TR
BRELARY, XY EEEA LAY THE L ERL TS, H—Ofllfiilz a3 2 A BFK O BEICD
WTENTNWERDORE LY HCHh D&, BRMEK)E RICH(R)IZWId syringolin B, (E)-isosyringolin
A. syringolin A DEICEH K 7o o T3, ZOMBEIBERIEK & hOWMFICHFSLTWE I EEREL
ThE Y, BCHOTHICARAEAZET2MET h PR LT 2 2 e 30D o7, RIS, LT
ANT 22T 7= B A LABHICEL L 25581370 v P23 ARED S BRESIZIEATICY 7 B
LTEY, ZnZhoEEOHNIRBRIIRESZLTEL T, K OESRECETLTCWVWE L
bbb, 2O b, HEEHOMEMERICX>T7aF Ty —LEDHMERAKELL M ELTWE
TR INT, Tz, IEEHOLIIC L 2 b ~OFEIHT YV RELS AV L, HEHEGOE
T B OBLBITIKIE L TV B 2 bz,
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k, (103s1) E
5 e syringolin A
- . qpﬂggue(3$ o

syringolin A (1)

. a~" . (B-isosyringolin A (16)
(E)—isosyrin-golinA A A
analogue (32) // o A
S I / I’\, o
syringolin B —~

analogue (34) syringolin B (2)

2
10 100 1000 10000 100000

Figure 27. FHEHIOME & K k OB G (M)

7u 7TV — L% fHE L 72 syringolin A 54K 33 & (E)-isosyringolin A DIIFHFEEM 32 [ VBEE D
777V — LHEHTH 3 bortezomib IC2 VT, b MEBEEMIZE OPM-2 & % D bortezomib i P4 el
PRI 3 2 A A BESE AN 35 M 0 I 5E % 1T o 72 (Figure 28), Bortezomib [ D 7 WHIREAR I L Tl (E)-
isosyringolin A F5E K 32 (. syringolin A &AL ¥ bortezomib & [F] 55 O MAEIEHEINGG 2 FH T 5 2 &
DG 2> & 78 o 72, F 72, bortezomib MFPEMIAEIRICH L Tid ot AT b FHEEMEOREE A
&N 7225, bortezomib X U b syringolin A FHEIK & (E)-isosyringolin A FHEK 32 T3 % DT/ X <
WD bortezomib X Y b EIEETH o7z, LA L7ZRAS D, (E)-isosyringolin A #5E A 32 1% syringolin A
FHER 33 TR THEEBS RN Z 2225 BRIREROHE 2 2 BB LETH b L EZL LN,

. Syringolin A Isosyringolin A
ICs0 Bortezomib analogue (33)  analogue (32)
b +EiEREM R TR
OPM-2 2.8 nM 1.2 nM 6.7 nM
Bortezomibifit i
b ~EREiEMARY  146.1 nM 5.1 nM 60.2 nM
OPM-2

Figure 28. t b E ANk <3 2 MRS TE i ah ik

DL EDfER D S FFIIKARY O —EiES B TH 5 (E)-isosyringolin A(16) D &h=R (1) 7x A K ik % W ST,
L. AL ZFE R RAY L RRED 7 a7 7 v — LEEGEZ RS2 2 &L 285 20 & L 72(Scheme
1), ZOABEERECROEREL 1282 BLATAEEZ AR T 27 77XV P2 KX 5 2 L TRA 7%
Be % RO BT G ICEHIEE L £ 2 biLd, 72, (E)-isosyringolin O HISHEEE 32 % [FIERIC &
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B L. syringolin A HA&ICIZ R IER Vb DD, M7 a7 7V —aHEEW L v o aEEmAsE i

MzmL7%®,

Scheme 11.  (E)-isosyringolion A(16) & {HISHFEE A (32) D ARk & APiE
1)
BocHN CHO
0 o Zn(OTH),
EtO-P DBU, TMEDA ~_NHTs
EtO’ \)LR THF > CIH3N OH
TsNH,, EDCI 99% ® 0 TS*NH
S 25 _ i
DMAP, DMF [ R=OH 2) 4 M HCl-dioxane | HaTU, NaHCO, |
rt to 70 °C R=NHTs » O NHCbz
| THF/DMF = 9:1 !
quant. _ 92% over 2 steps
N
';‘HC'Z)ZH HO N NHCbz H ©
Mr Grubbs Il W 29
5 > HO CO,H
Cul 20 DEAD
Et,0 PPh,
rt—reflux THF
81% 63%
1) HBr, AcOH Ts.
HN ™ Y o I 2) PyBOP, HOAt HN™S N
o : iPr,NEt, DMF (o) NHCbz_ Sml o NHCbz
4 “NT(\”JLH COH —-—2 Ty THF Iy
N
NS © > i \/( NSo 76% N"o
H _ _ HO,C”~N”"N”~CO0,Bu 17
(E)-isosyringolin A (16) H30H 1) HBr, AcOH
Ki' =590 nM 70% over 2 steps 2) PyBOP, HOAt
Kassoc = 166.2 3) HCO.H, 79% Pr,NEt, DMF
Total 12 steps Total Yield : 20 % Zm=n
Ph

N

0

HOZC/'\NJ\/:O
H
31

\

77% over 2 steps

/

HN Q
oI H g
i?lf%
o H
” o

(E)-isosyringolin A analogue (32)
'=21.8nM

Kassoc = 13075.7

IC50 = 6.7 NM

Total 11 steps Total Yield : 27 %
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/’t‘/’\-‘——A

2 BRIR7 v 77 v — LHERR O G &GS B 7T
i MBS 2 7284k 7' e 77 v — LHEAIRE O G K
(E)-Isosyringolin A D & li#EEE % 72 35 8RS IC e b . RERS 2 B L L - KAV oG
R & RET L 72, % OFESR, syringolin A & syringolin B D WL DIGEIT I\ T b B SG 13 T4
RAEFL DM E % 1T o 72 BRIV B O AT HEECTH - 72 %1, (E)-Isosyringolin A I G D
Tt & 70 2 KR DSBEERE D/ W T VAL TH o 7 =D RIEDSHEIT L2 B 2, 7V ANKEERE %
BT BANKYEET Z 7 A b 35,36,37 5> b A AT BE 7= (Z)-isosyringolin A #5E{4(38). norsyringolin A
HEAR(39). (11E)-homosyringolin A F5E (K (40)% 5%t L 72, AT 2 B8R O HIFHER IC |2 (E)-isosyringolin
ACEBALETAIANT 2= VT 72V ERBATLILE LT,

Scheme 12. 7 Y MKEEE A H 27 7 7 2 v F 2 G- 358AORGE & A kEHE
NHPf

f\/\COZH
35

HO

U BHLEIERR 41 AR L. BERCSICEZRET L7228, B E T3k 2 35 onkdr o7, $72
REROMEFZEDTo 20 2 ZGE Nk d o 72,

Scheme 13.  Syringolin A ‘HH&E K OHK: BRALEIL)

OH
Ns, Ns,
NH N
(o] SN (o]
J "\ ..NHAlloc J \.\NHAlloc
VRN
N N
H O H ©
41 42



(Z)-IsosyringolinA ® 7 7 7" X v/ 35 D& % /" 37 (Scheme 14), L&Y 43 )5kl E LT, MeOH HC
HCl Zfilfl s LCAFAZRTANEL 7258, T3/ %2 9-7 2= 70 F L= (PHIEETIRET S C
ETT ANT X VIBRER 4V G LT2, 9-7 = =7 4 L = L E(Scheme 14, 45 T)ld Rapoport &
KXo ThFINZT I/ HofERTch Y 9, ZogmuiiEs» b, FFICT I/ BoaIicEs » T
el afiofi 7w b ALz oI b5, DIBAL I X o Ty BRI = X 7 L DIRTTIC
X T7ra—n 45 & L7z, Dess-Martin FE{LICX > TT AT F 46 & L7z, fi\» T HWE KIGDZEE
Td % Still-Gennari % I & o T ZERICARIN T R TV 47 21572, ZDREAL 72T ATV ZETT

Le AFNVNIZRATAERNKGETZZLICXoTT7 77 A 38 %67,

Scheme 14. 35 DAK

1) socl,
e gnng rt NHPf NHPF
MeO,C. . - > Me0,C._A. DIBAL 3
> oens o
43 cozN 2) PfBr COzMe “toluene HO""co,Me
Pb(NO3), 44 -78°C 45
K;PO, 81%
MeCN Dess-Martin
60% over 2 steps gilrlgclllnane
2Cl
o O
1) DIBAL NHPf
THF : CFaCH.0-p I NHPf
NHPf ~ CF,CH,0 OMe Y
B -78 °C C02Me . M
f\/\COZH 2) LiOH ~ KHMDS o COMe
0~ "OMe 46
dioxane 18-crown-6
35 47 - 9-
HO H,0 THF, -78 °C Pf : 9-phenylfluorenyl
38% over 4 steps Ph

RIZ norsyringolin A @ 7 7 7" X v+ 36 DK% /K3 (Scheme 15), (L&) 36 (9 TIC Sardina H1C & -

THRIN TS0, FAROREEZHACCER T2 Lz, 7423 Vg8 Z kL LT,
WEGETAFAZRATANEEW L7215, TIVvEPIETHREL, IV X I VIBRER 49 25 L 72,

y % KHMDS THi7'm b vfbd 22T/ 77— 28 L, PhSeCl ZMA 5T L Ty-7x =1L
ST AT S0 B{%72, £ D% mCPBA MLBLL TIE OG5 L J ¥ F O syn-BilIC X o THREIR T X

751 L L7, DIBAL IC X% SOLERNRETICEL VT IATALa—L 52 L L7z, AF LI RAT L
THKSRT B THLRVEETZ S 7 AV 36 #157-,
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Scheme 15. 36 DA
1) socl,
MeOH KHMDS
NH; 0°C - rt NHPf Ph se NHPF
HO,C N"NCoH > B - PSeCl :
2 2 o) prar MeO,C” " CO,Me  THF MeO,C CO,Me
48 Pb(NO;), 49 _78°C w
PO m
MeCN K;PO,
90% over 2 steps CH,CI;
NHPf NHPf
NHPf LIOH H0 o i DIBAL A
H -~ X"co,Me THF Me0,C”X"co,Me
HOW\COZH dioxane/H,0 52 2 _78°C 2 51 2

36 quant.

70% over 3 steps

% IC(11E)-homosyringolin A D7 7 7" A v + 37 DK%~ 3 (Scheme 16), 71X I v [(48)% JF Kl

ELT, BULFETAFAIATANLEEWL 121k, ERFE 7% Boc ZETHREL., 7z I VIEIRENR

53 &K L7, (L&Y 53 % DIBAL cstbicft Lz 2 A, LT AT e FEEEFTLOHTFNH

BALIGIC L o THET 2T AT e FidEonaro722 806, DFWNBRILKICE 72012 T 2

VICEHICBoc A EALZ 4PV ZIREILT A ETTAT R8s 25 BlEEE Lk LT

— )L 56 (% Dess-Martin lB{LIC X > TT AT F 55 L3232 & TCHAMLZ, Z0%. R HWE MIGIC

XOANKEUEEST &L, BBEEKY~DEH L P FEITICK>TTIATLa— L 58 L LTz, &

WCAFNANIZATARNKDERETZZLTT7I 77X 3T ZEKL 7=,

Scheme 16. 37 DAL

1) TMSCI
o~ 0°C o rt THBOC  Boc,0, DMAP NBoc,
AN 1
Hose a8 €O then MeO,C COMe — pecn Me0,C”""CO,Me
Boc,0, Et;N 53 82% over 2 steps 54
0°Cort DIBAL
Et,0
-78 °C
1) Et;N o o
- THF NBoc, (EtO)ZP\)LOH NBoc;
H o¢ <o—c /\/\/-\ OHC/\/\COZMG e
HO\/\/\/\ o HO,C™ XX CO,Me Zn(OTf)
RS CO,R 2 55 52%
c1” ~OEt 5 TMEDA Dess-Martin
LiOH, H,0 58 R=Me DBU periodinane
T2 2) NaBH
dioxane ) Aot THF + CH,Cl,
° —>37 R=H 9
90% 0°C NBoc, 84%
18% over 3 steps X —
o p Ho\/\/\COZMe
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BRLE®ET7 77 A Y 2T V28 EKIES T 5 2 & TERILETERA 59, 60, 61 % 157 (Scheme 17).
BALRTEE R 2 2 W2 I BL RS SIFIc it Lz & 2 2, Be T 38 LEAE LN, P o Ao
REFECEIREH 62, 63, 64 A LTz AL =& BOREREZIRE L, AR VEE 31 & UK
#3952 & T (Z)-isosyringolin A 755 A(38). norsyringolin A FFE(4(39). (11E)-homosyringolin A F5E {4

@0)% AR L 72, BESEPEE 6V SRR . AT BBIANT I D\ C 1355 2 555 4 HiCRbib T .,

Scheme 17. 38, 39, 40 D&%

28
!EDCI, HOAt 1) DEAD 1) 3% TFA, Et;SiH
25 iPr,NEt, DMF PPh;, THF CH,Cl,
- -isosyringolin A
40% 2) Sml,, THF 2) 31, PyBOP, HOAt g,)amgui (398)
43% over 2 steps iPerEt, DMF
63% over 2 steps
28
EDCI, HOAt 1) DEAD 1) 3% TFA, Et;SiH
Pr,NEt, DMF PPh;, THF CH,Cl,
36 »  porsyringolin A
57% / o 2 o, T 2) 31, PyBOP, HOAt  analogue (39)
N o over  steps iPr,NEt, DMF
60 34% over 2 steps
OH
Ts,
28 NH HN
EDCI, HOAt o I 1) DEAD o I 1) 4 M HCI dioxane
iPr,NEt, DMF / NHBoc  PPh3, THF _ / .\NHBoc CH,Cl,
37 a1% > 2 Sml.. THE - > (11E)-homosyringolin A
o 3)70/"' 2 THF 2) 31, PyBOP, HOAt  analogue (40)
y N Y o over 2 steps N S iPr,NEt, DMF
28 = N 36% over 2 steps
CIHaN" PN Vs 61 64 °Ph P
o] 70

31= HOchH
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’%—Eﬁ HWE BRML)GZ - 7230R 7 v 7 7 v — LHEFEAIRE D G K
ICHRBIRICE Z A3 2 F8K 2 AR T 2720, BEOEEMRIEZ W28 RO AGKZ1T )
Laabto%f@é AR D T b B b IR D RAF 75 Pirrung © O S ERERS 3% FH V- CIREIRA K
ZIT5 2 & & L. BAUTICHl e LT syringolin B #5844 34 D& KT % 75 37 (Scheme 18), ERfL.iZ HWE
FIGickoTcfroc & &L, %WW%ﬁ%Simed@@.VIF#V$X74~NMM(MLL-
lysine (68)72> & % L2 1Wli/Kifs& CHEfET 5 2 L IC X Y GTRETH 5,

Scheme 18.  Syringolin B #5E4 34 ¥ B fdT

peptide coupling O O
o o . 1
P eto-P Mo
Ph EtO-, “N EtO
/ EtO “H 67
H ! (o] H,N
NN \NHBoc
N o H)K/:O OHC :
o e
H syringolin B analogue (34) H \‘0 HO NH, Ho.c” "NHBoc
Horner-Wadsworth-Emmons 65 3 2 2 6
reaction peptide coupling 8
66

Figure 29 IZHT7- \ICR%aH L 238K 2R 37, S REEE O FME 2 G2 3 2 72 1C, £ 3 syringolin B #%
BR3M AT L, a7 IV BaEHE T 2528 T 11 BER% AT % norsyringolin B #5844
69. 13 B¥i%H 9 % homosyringolin B #E (K 70 & 8% O A K A D> b G ATHE 72 (10E)-
homosyringolin B #5871 2 G T 5 2 L & Lz, FRBREESMETH D 2 RTRRENIEE LT

FIRDOFBEMR 72 DFEIRICHERTE 2L & LTz,

-Me
syrlngolln B analogue (34) norsyrmgolln B analogue (69) acyclic syringolin analogue (72)

HN HN
o Ph o L Ph
/s YR L% 7 Y L%
N B INN
N o H N o H
H o H o

homosyringolin B analogue (70) (10E)-homosyringolin B analogue (71)

Figure 29. HWE BALIE % AV CELT 2 FEADE
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LANICEGEE L 72358k 0% 7 2 7 X v F &% 7", Syringolin B #5E4{4(34) & norysringolin A

3
~ g

H©ND7 77 AT 73,74 BHIROAN=F > 75 LY ¥ 76 & NHS =R 7V 77 Lifiard % C
THK L 72 (Scheme 19),

Scheme 19. 73,74 DEK

NHBoc fo) fo) 0
T 1 Na,CO
HaN H;\/\H/OH * EtO‘?\)l\o'N ;» EtO‘P\)L (’\)\/\)l\
o EtO o dioxane, H,O EtO NHBoc
75n=1 77 73 ‘n=1
76n=2 74:n=2

ZIZ homosyringolin B #%E A 70 < U° (10E)-homosyringolin B #5E(K 71 © 7 7 7 A v F & %ERT
(Scheme 20), 7 VKR V67T L FET VAT I VEMHAT LI L THAKRAL— T 78 & L. L-allylGly(79)
% Boc TIRF#EL 727 VA7) v v R 800 & 55 —{H{X Grubbs filllt % 72 7 m A X X2 v RiC X
> T8 ALz, F72 82 13 81 DEMUKEIRITIC X - THL 72,

Scheme 20. 81,82 D &K

0 0 PN Grubbs I
EtO‘,P OH - EtO‘P\)LN/\/\ _L» EtO‘P\)L /\/\/\)l\
Et0 EDCI, DMAP  EtO Et,0 EtO
'Pr,NEt, CH,Cl, 7s reflux 8 NHBoc
66% H,, Pd/C
50% * MeOH
NH, NHBoc
¢ OH Boc,0, NaOH . OH /\/\/\)]\
Mr 2—> W\[r e EtO’P\)L
79 O H,0, dioxane g O EtO
quant. 82 NHBoc

Bonz7 772 73, 74, 82 ZFHWVT, 34, 69, 70 DEK % 1T - 72(Scheme 21), H1 VK V% L-
valinol & /KA L. 7KEEHE % Dess-Martin FE{LIC X > CT AT b F & L7ZRIC, Zn(OTH w72 R
HWE SIGIC & 0 BLRK IS %R TT o 720 BUKICIIIRP R E K 2 2 12 EINEDBRIFTH Y, BREADOKE X
ERBLCTw3 EEZOND, RBICHEIBICE Y Boc HERAL, Z7AR VI 31 LA T52LT

syringolin B #5384 34, norsyringolin B #5844 69, homosyringolin B 75& K 70 DAL % 2R L 72,
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Scheme 21. 34, 69,70 DA K

L-valinol
Eto—P\)L ,(A)\/\)L EDCI, HOBt P\)L
EtO Pr,NEt > EtO-
NHBoc 2 EtO
CH,Cl,

n =1, 50% over 3 steps
n =2, 58% over 3 steps
n = 3, 84% over 2 steps

NHBA-!:

1) Dess-Martin periodinane
CH,ClI,

2) Zn(OTf),, TMEDA, DBU
THF

n =1, 47% over 2 steps
1) 4 M HCI-EtOAc n =2, 63% over 2 steps
2) 31 n = 3, 86% over 2 steps

PyBOP, HOAt
Pr,NEt, DMF
n =1,76% over 2 steps
n =2, 56% over 2 steps
n = 3, 64% over 2 steps

n = 1: norsyringolin B analogue (69)
n = 2: syringolin B analogue (34)
n = 3: homosyringolin B analogue (70)

Ffgic, 77 27X F 8 ZH\WT, L-valinol & Oi/K#fEA. Dess-Martin Fg{l.. HWE Kb % £ <8
WEHS 83 % AL 72(Scheme 22), Boc #HZFREL. H AR Vg 31 LRKiEE T 5 2 & TU0E)-

homosyringolin A 58K 71 Z AR L 72,

Scheme 22. 71 DAL

L-valinol
EDCI, HOBt
EtO‘P\)L /\/\/\)J\ - - EtO’P\)L /\/\/\)]\ I/OH
EtO : Pr,NEt
NHBoc CH,Cl, NHBoc

85% over 3 steps 1) Dess-Martin periodinane

CH,Cl,
2) Zn(OTf),, TMEDA, DBU

THF

67% over 2 steps

HN 1) 4 M HCI-EtOAc
2) 31
w Ph_ o ) HN
/4 H 3 PyBOP, HOAt
N \"/\H ~ /Pr,NEt, DMF o y
H o " 65% over 2 steps NHBoc
S .

(10E)-homosyringolin A analogue (71)

Iz
o

83

e\ THUIREBER 72 DA E AT > 72(Scheme 23), 7 U 2" ) & v 358K 80 & L-valinol Z & L
Dess-Martin fi§{t., SR HWE K6 % 8 TR EH 84 % &K L 72, [EIERIC Boc J: % B2 L. IS4 & ik
Wit 5 & CHIRFER T2 AL 72,
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Scheme 23. 72 D&KL

1) Dess-Martin periodinane

. CH,CI
NHB - 2Lz
NHBoc L-valinol BocHN 2) Zn(OT),, TMEDA, DBU  MeNH I
/\/\n,OH EDCI, HOBt : H
= L T = N OH THF » O
L0 Pr,NEt /\/\[0]’ o o / - iNHBoc
CH2C|2 EtO‘IP\)J\NHMe
quant. EtO N" o
51% over 2 steps IS-I4

1) 4 M HCI-EtOAc
HN-Me )

/ Ph\_ o 2) N-decanoyl-L-Phe
(o] / H B PyBOP, HOAt
N 'Pr,NEt, DMF
N No 88% over 2 steps
H

acyclic syringolin analogue (72)

L ED#ES 2 & syringolin HDMHE Z FLIC L 2889 4 XA L 7 4 VOLE - AL X 725K 7 =
77V — LIHEAIREZ B L 72 (Figure 30), XTI TEHK L 723586 DS & YNSRI O W CRid 5
%

—— 1281 13818
HN ’
HN Ph
Ph._ ° H  ©
o) /\ H r O / N H
. ~ * N
. N
\g/\HN\/Z) N o H
N
H © norsyringolin A analogue (39) (11 E)-homosyringolin A analogue (40)
syringolin A analogue (33)
" HN Ph "
oA M S o H': O A N L
/ N A o NS AN / N A
Ny ANt =N
. o H 0° H N o H
H © N H ‘o
(E)-isosyringolin A analogue (32) norsyringolin B analogue (69) (10E)-homosyringolin B analogue (71)
HN
(o) Ph
H Y O
/ L
NN
N o H
H o
(Z)-isosyringolin A analogue (38) homosyringolin B analogue (70)
-Me
HN
HN /i Ph
Ph_ fo) H X O
D AN B /NN~
. ~ - N
. \n/\H 1 HN\/Z)
N [0} N"Ng
H © H
syringolin B analogue (34) acyclic syringolin analogue (72)

Figure 30. AL 728K 7 v 77 v — L HEAFIRE
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Sfe —= A

s —HlI

BIR 7w 77 v — LHERIRE O MG AT 3 X O s AR

B LZBR 7 v 7T Y — LHERBEEOROEMNT 21T > 72 DMSO-ds T3 1) 5 THNMR A= 7 b

)L (4.0 ppm 72> 5 7.0 ppm D) & MacroModel [OPLS-2005, Tortionalsampling (MCMM)JIC & Y GHE L 72

I ZERCE % HE 0T, syringolin A 758K 33 ICKEELL CT\» 5 A Bf(Figure 31) & . syringolin A 75384 33 &
R 258 % ET 5 B (Figure 32)IC 0L . T NZTNOREEDFHBICE L <L T cifd 3 %,

BREE

'H NMR (DMSO- g5, 500 MHz)

RRERE

syringolin A (33)

HN
(o]

/ 12

N
H ©

-NHR

syringolin B (34)

T

i

4.0

Me
OHN i
Vi NHR
N

acyclic syringolin (72)

R = N-decanoyl-L.-Phe

Figure 31. A #f

HN ]
B a
(o}
/ 12 )-NHR d_ ﬁ Jl ‘\_
N
70 6.0 5.0 4.0
(E)-Isosyringolin A (32)
HN™ N
|
o wNHR 5 I ‘\ 'A
/12 —_— e JJ VY
o e e e
H 70 6.0 5.0 40
(2)-isosyringolin A (38)
HN |
o I
/ 13 ~NHR | [ :‘
- Bl fa [\
homosyringolin B (70) 7.0 S0 a0 =
B ‘l '!; 1]
"
1‘ b A Il |

37

'THNMR A7 } v O HFE4.0~7.0 ppm) & 4 5E BL



A F¥(Figure 31)IC3%H L 7z syringolin B #53E(K 34, (E)-isosyringolin A #5E K 32, (Z)-isosyringolin A 7%
B4 38, homosyringolin B #5844 70, acyclic syringolin #5E4& 72 O 'THNMR A<= 7 FLICDWT, ap-F
M7 I FfoA L 74 vovr—2% KT 5 &, syringolin A FHFEAEGEITE T IALT T P ER
LTH O, RLEREE T 2 L ap-REMT I FEHOBEIIRELL EboTnARnI L 23bh o
7z,

SREE 1H NMR (DMSO-d};, 500 MHz) RRERE

HN \
oA, I nHr ﬂ% |5 l%LE S 5k !
/ 11 TN Ol | ; WAl G—
) WA 1Y - l\ \
K I. X Pl

L o

R . 7.0 6.0 5.0 4.0
norsyringolin B (69)

HN
l
o] a|||8 )
I
13 |«NHR By i e bk [ Il
LM S — L—
N
H (o] 7.0 60 50 20

(11E)-homosyringolin A (40)

HN |
(o} / =
13 .‘\‘NHR o1l - - e
N . ,...J‘:vlp o ,,J"U"\_ ,__._,,,,,_,.J Vi e
H % T T i :
7

.0 6.0 5.0 4.0

(10E)-homosyringolin A (71)

R = N-decanoyl-L.-Phe

Figure 32. Bt 'HNMR 2272 b+ L DHHE4.0~7.0 ppm) & 5t % Bt FE

B #f(Figure 32)IC43%H L 7= norsyringolin A &£ 39, norsyringolin B #5534 69, (11E)-homosyringolin A
FHEAK 40, (10E)-homosyringolin A F5E(A 71 D 'H NMR 2= 7 b A% T 3 &, op-REIFIT 3 FEfo
AL 74 VIEUTIORT LI BRZNETNEBN AL —27 % RL T3, FHEAKR39 L 71 13— 2 2 broad
LCEY, op-AFT I PO L T4 v Ta b vy IALy 7 P BREVIOT Iy 7+ ek
XN D, BHEMK 6 1T ap- AT I N afi7m by Bl b vy Iy 7 b ASHEEL
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T3, E7-FHEMK40 13 op-AEMT I FEOAL 74 v 7o b vicbT 3 v — 233 2 fES off
RTE, AV =DV —7 [ IFHER 69 & FKIC ap-AEMT I FHD afi7m b v Bhii7e b volr
IANY T FPHBWELL TS, TN ORI 'THNMR 22727 FAME o 2 FEEE &, FFEk
DIREEZ FHIT 5720, FEAMEOLEHRECTH 2 o - AT I FO RO 7w b VIcEHLZ, B
W o fze y AL MBI R S, %D e — 213 double doublet & L CEUHIZ NS, ZD P
Ll y (oA vy 7Y v ZERBITFEERCRESRARY, Cohy 7Y v IERD S B Ai—y Mo
frREBTscL e Lz, BIMLAMICE T2y 7Y v ZEROKRE XIZ, 20 2 HAIKKETSC

ffo7w kb Vit

EDBH LN T WA 729, Garbisch DL L T B RERH]Z FL i 4,

33), % Difili

BALL y LD AEZMERE L 72 (Figure

R ap- AT I FE DO afz7m by e pRITR by DT IS T FAWEEL T 5 69

SN 40 D major ¥ — 213 v 7Y ¥ VTERDBHEEIR Z <L 2 A2 90°LA RiC e o T3 T APl X

Nz,

(11£)-homosyringolin A(40)
(10£)-homosyringolin A(71)
homosyringolin B(70)

Jg., (Hz) dihedral angle(® )
syringolin A(33) 5.4 33
syringolin B(34) 5.2 36
(£)-isosyringolin A(32) 5 39
(Z)-isosyringolin A(38) - -
norsyringolin A(39) - -
norsyringolin B(69) 8.6 145

6.3 (major), 4.6 (minor)

130 (major), 60 (minor)

Figure 33.

Bli—y W7 » 7 ) v 7k e Fll= L5 —fhifs

G

J=6.6 cos%0 + 2.6 5in’0 (0< © < 90)
J=11.6 cos?20@+2.6sin?0 ( © >90)

A1y 7NV IEBD» DR L ATl
iz, NOE % HIET 3 & & Cirikihd % e
L 7z, Syringolin B 5% & norsyringolin B ‘H#%(C
DWW, CD;0OD iy iz 7’1 kb v ICHEE L 72 NOE
HIE 45 R % 7R3 (Figure 34), SyringolinB @ v fif
Zubtvid4y Fueeaike26%) L b Bz
(6.24%) & DB 2358 < B X 7z DTt L
norsyringolin B @ y iz 7' v + v (% B 7(2.50%) &
Db a f7(5.89%) & DHHBA R < BLHl & 7z,

NOE HIE D #5852 & | syringolinB @ X 9 72 KK

39

n.O.e. (CD,0D)

syringolin B core

-« INHBoc ;}i
6. 24% 2. 50%

2 26%

norsyringolin B core

5.89%
\NHBoc

218%

Figure 34. NOE ;g5 5H



) & FIRED 'TH NMR A7 b L2380l X 40 2 358RICBE L CTld. Figure 34 /& T IC/RSRRIC B A7 A35MH
Z &% & 5, —/7 T, norsyringolinB @ X 9 72 ap-AEIMT I FD afi 7w b v e pfirrm b v
DT IANY T FHWELL T &L, Figure 34 A T ISR T AR = FRIT LTAHL 7 4 v A3
HEL 7oA L B L ARBI N, ZFIAALY T FOSEEL TV B Z I L Clt, AR B
T4 L7 4 volfRic X W HEMEEZ L 22 L8 TERVWE®IC, BMAEKE~Y 7 L, o
UBANRAN DB FRIMEIC L > TEBE~> 7P LA2EEZTwE, DEORRLS,

norsyringolin A #ER 39 2 UN(10E)-homosyringolin A &K 71 O v — 27 237 v — F 3 28K, AL
R AL 7 4 VOB EERIC X 2 Vb 2 WIZFRREEREAY S EET 2720 ThH D L
% %z b, (11E)-homosyringolin A F5E(K 40 T afz & pHzd v — 27 282 230 [z 2 Bl (3 [alfiz Bk
DIRGYIH O —27 & LTBMINTwE 2 A PHINS, Tb DR ZHE 2 T MacroModel
IC XY RLEBCEDFEAE R A R CH 3 & norsyringolin B F5E(K 69 13 FAEE U [nlifiz B IEAR 2 & E
FBECdH U | norsyringolin A FER 39, (11E)-homosyringolin A FHER 40 (ZZhZFNTALF =2 5
kJ/mol LAPNIC 2 T o BLEs 23 @8] X A7z,

e\ T aAER O JH L SR %2 1T

Hilc, EFR»2FoFuFr7 Y — L

K (nM) K (M) (1035 Ko (sIM)

syringolin A
1.6 68.9 4.28 62075
B OWERRIC oV Tk g, 108 (Y
. . s i lin B
K'% L3 2 & syringolin A F5E(R 33 Zi!?og;ulg(&l) 46.0 541 3.01 5558
DIHEFGEES R D o7z d DD, 11 -
(£)-isosyringolin A
21.8 252 3.30 13075

BB L 12 BEFUA I RR  analogue (32)
JEDAEEEZR L, 13 BEFEEA:  (D-isosyringolin A

analogue (38) >1000 _ _ B
HHEOKRTAR LN, 7. (2)-

norsyringolin A

isosyringolin A FHE(R 38 L [2HxHCc  analogue (39) 206 | 432 5.51 12761
H 2 $HIRFFELR 72 13 1000 nM LT D ingolin B

FaREEALE nM PR gﬁ;ﬁﬁg;‘f‘}gg) 482 547  3.65 6673
PHEEMEAZ R b o/, U EDOHE

o s 118-syringolin A
pORPGOT Ty~ LR oo A 792 521 138 2508
ERLEFGERCOCT, BIEHLn i A
o L B analomia (1) 320 1227 0.875 713
AR U 72 75 3 Ol B ST % 17 - 72 &
(Figure 35)o RUSARD 2 JGEELERL Zggggﬁ!”(%%l)m B 102 9092 203 224
kassoc &i Ki' k *H Fﬁﬁﬁgj{% IZ jé D N syringolin . . ]
acyclic syringolin

A T 33 O kagoo 2SR D 20572, analogue (72)  >1000

/\5‘%— 1 ﬁ%mﬁﬁ k ﬁ*ﬂ% OC i%qﬁ%ﬁ*%iﬁiﬁ F1gure 35 E%:{k 70‘:’ 5‘7 ‘/ e L\Bﬂgﬁljﬁ@iﬁggﬁﬁg*ﬁﬂ%%

40



Ki, ko IC5- 2 25578 % P~ 5 728 MEHHIC ko OXTEL, W IC KONz ZznEn 7wy P L7 T 7 %2R

3 (Figure 36),
- B 11-membered ring
N ® 12-membered ring

k, (103s%) ,1/_, ,\_x A 13-membered ring
1

2 Ring strain
_ i i : ' | norsyringolin A
analogue (33) [ analogue (39)

i | | norsyringalin B
e I analogue (69)

L

1 1

B

~

L (E)-isosyringolin A = O ; - - -
syringolin B homosyringolin B
. analogue (32) |> ' | analogue (34) analogue (70)
i Recognition of conformation | LA

1

1

1

I

1

N o I
N 1
1

1

1

(11£)-homosyringolin A
analogue (40)

(10£)-homosyringolin A
analogue (71) - A

0.8

10 100 . 1000 10000

K, (nM)
Figure 36. BRIk 7u 77V — LHEFHOME L K, LOB%

Ki lZ 2T, syringolin A #5844k 33 28w b K MK <, 2 # H IC(E)-isosyringolin A 555K 32 DML AR
L oTe, T72. 39,69,34,40 ICOWTIHIZ LA L K DRI, 13 BEHEIR 71,70 D K; 28 O G R
LixoTwd, ZHEF—OfIfE%H T 2 FHERMCHIKL T 23720, BRIREEAEIERINCGE L 7
i, T72bbIREREBIGEVIEE K OEIMELS 22 e ExONE, ZOMEP LR IHHREL LT
LT B BRELHE T syringolin A DIETH 2 2 L B3 h o 7z,

ko ICDOWT, KSR EAEZED L\ 39, 69, 34, 40 Z LT 2 &, BN E L, BN D 2 EiEA LS
WHREWEERRT Z &b Y. 39 13 syringolin A 758K 33 % LRI 2 KR AEH O N, T ORERIT.
oxa-Michael fHISED RIGH: % KL T3k b, BRRFOE L O 2 B8 ) & L CHERKAZEKT 2
ZEDIRBE NI, BB ORISR OFER S S| norsyringolin A F5E K 39 % norsyringolin B FEA 69,
(11E)-homosyringolin A 5K 40 13 a,p-FEFT 2 FOAL 7 4 VORERKAMERRZ IO 0D D
FT7aT TV — LICERERE L. oxa-Michael fHINIE2SEFT LTV %, FFIC, norsyringolin B ‘B4 1%, H
NMR HIEBBERICEWT o p-AREMT I FOAL 7 4 YHEAIAR=Z AR L FEHITR > TEDL T, oxa-
Michael fIIIIEASEST T 2 72 O ICIFBCBEE AR BRI L EZ bD, 2O &k 11 BERERD K 255
WZ L EHBLCEB Y, TRTT Y —LDRT v N TREESEE S 1tk WERATEROBRICE
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W DOBLBELSFE Z > T\ B EHEZR X L5, Norsyringolin A F5E A 39 % norsyringolin B #53E(K 69 (X, &
DEN T & HEREARDRNIC X % oxa-Michael fHIID KIGHEDS EV b D D BLEA R #RH$ 2 HEAH
B % 7= IR L syringolin A X Y HK L. 7'v 7 7 Y — LT syringolin A D BRELHE % kS 138K L <
WB T EDRDHI T,

BRIECHE & iV o B & X & ICFEMIC T3 5 72 ® . MacroModel 1€ X 2 R & ERCHE & i1 o HHBE % 3
Rpz el L, BIREBICELORECRD EE R of- AT I FEoME % FEERR chtikd 2
Te D ANAZNFRDEMD O o p-AEI T I FEEZ B RO RS % BV 4 X Z & IR 9 (Figure 37),
¥, FRICHELE LT syringolin A Z /R C/R LTk 0, LMD 2 D 2 & F 2 51D norsyringolin A
H#% & (11E)-homosyringolin A H4% 1% 2 DDV FRfEEERF U TRL TW5, B4 XiT 12 BEROGAKIC
RO FHICGEWEER L o TEh, 11 BEEL 13 BRIT ap-AHEMT I FEor R AL 74 v
D DHFEADEFRIC L > TAHL 7 4 VOMERETLTWE 2 ERbholz, Fric 11 BERIZEHA TR
$ norsyringolin B H % & JK {6 C/R 3 norsyringolin A O —/ DILENR K E K BRDO L~ WTEY,
syringolinA DR L ZRKRE L BRZ7-DICKPEHMERRTEELLZ D, $7-. 70T TV —LD
LA = v OB oA Y 7o v ExBICTALEET 2 o Ll S h, 11 BRCILEH
AERICAFITH 2 EEZLND, 2O DOFRIT 11 BRifhEe 13 BRBECEIILR= AR L 7
4 v DB OHFEADERIC X o TAHL 7 4 YOALED ET L TWw 320 BMEAMET L, K 2@
R IIETERHE ORI LB 5 2 L adb o T,

B syringolin A (33) | syringolin A (33) M syringolin A (33)
B norsyringolin A (39) M syringolin B (34) B (10E)-homosyringolin A (71)
norsyringolin B (69) W (E)-isosyringolin A (32) i (11E)-homosyringolin A (40)

(2)-isosyringolin A (38) homosyringolinB (70)

Figure 37. BRIREK%Z o, B-AEMT I FOAALRZ ANV D b BZEBD 3 Kook
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[FRR AR 2> & R 72 SZARBCEE IS DT kagsoe DEIGIIC ST L, T X COFEE Lz ERADE X
% 73 (Figure 38)o kassoc DI D i WIRELD syringolin A N NRICTEED |\ A L v P 8 D (E)-isosyringolin
A, norsyringolin A D& &, aB-AEIFT I FEDOANF=ZAFKICH L CTHL 7 4 VI FHID 5 I3 T
JFIC AT B B8R CEE T 2 n 3l 23 b 22 o 7z,

Colored by activity

k2/ Ki

high _ ' low

Figure 38.  kassoc(k2/K)) DAE T3 L7z o, p-AEEA T I F D AR = A2 H B2 3 Ryckhd

DL ofER, b, EuiEtE 2 A9 2 BEHK I syringolin A OREIEICIT . ap-AEIA T 3 F k25 Fili»
SV THICHAEETH 2 LEZbN, TREFEMEBEICICE, By 4 XM S A& %
B3 2BAEEEPAERICEC L EZONDS, TuT TV —LHEGERR X 220> 5 72 (2)-isosyringolin
A FHE 38 CHRFEER 72 FREAINI W, HEVIIECRVLARREREZ O NS, YU LR
b, kkA RiEEH T 58K 7 n 7 7 Y — LHEAIE O 'THNMR & R ERCHEEHR ., SRR IC X b |
T OFHEERL X B ST 2 5 1313 S e WEREA & B OEHICE T 2 1WA S5 2 LA
T &7z, Embedded B OILEREETHAER OBRIHEIC X 2 Ki & ke DB %R~ 7 HIIARIFIE ) O] T
HY., FEPOBKEEBIICER L, T2 2L TK IS b IcHHAfE 2 %G 2BE0iEsHic 2 3
EEzbILD,
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'H NMR (DMS0-g4, 500 MHz) BRRERE '(f?)’:sLigléosoasﬁp\\ng(‘;\CMM) K (nM)

K (nM)

ky (10-3s71)

N I Tt | 1.6

syringolin A (33)

68.9

4.28

Kassoo (sIML)

62075

46.0

HN
o
! 12 VR
N

H ©

syringolin B (34)

541

3.01

5558

N a
/ 12 ).unHR ] ] | 21.8
N o .

(E)-isosyringolin A (32) -

252

3.30

13075

N
H

HN™ N
i NHR
o
/12
o

(2)-isosyringolin A (38)

HN
o I NHR
& o
N
H

norsyringolin A (39)

20.6

>1000

432

5.51

12761

48.2

| HN
o WNHR
/11
N O
H

norsyringolin B (69)

HN ’
o sk
j;b““NHR “) VHI 1° ." i \l" L'l
N ANt
H S . : :

(11E)-homosyringolin A (40)

79.2

547

527

3.65

1.34

6673

2546

HN
o =
/ NHR
13 J o = M -
jb Y V. N W . ‘ 320
[} 5 whr | Cgm | A

(10E)-homosyringolin A (71)

HN ‘,
o !
7/
NHR il [l 1
13 o o ‘A ~ L1
L st Wl

homosyringolin B (70) ™ 60 50

402

1227

9092

0.875

2.03

713

224

HN-Me ‘ | :
A A 1y

o' i Tl (U il
R ]

acyclic syringolin (72)

R = N-decanoyl-L-Phe

Figure 39. BR7 v 77V — LHEFFHOMTOE L »
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25 VUi e O Ezfsm L 28 7 e 77V — L HEF O FHFE
AFRLEBR 0T T Y — AHEFBOBEKE k)

. T RIsEsRTIRIC LB Komrkt norsyringolin A
Anw<T, 2TNETCOMRTHERISEETH - 72 analogue (39)

syringolin A FHEAK 33 D kyssoe Z EIHIZ T 0T TV |

— LIHER ZH-ICERGT T 52 L & Lz, Hiffix T

syringolin A
DRED b, BRI K, ko (L. RIS mvatogus (33| < HIEEEE
N A
FICKICHET L PR INT, T2, BRER [ L
syringolin B

N Sy N y S analogue (34)

BRE CIHERDO I L) RERAT I HRT , |
N . 10 100 1000 10000 100000

HBEZLDBDbroTl 2O 0, SHEKL 2 £ (M)

Figure 40. #17z e iFER DG
BRIREHOF TR D k DR 2> 7= norsyringolin A ‘F

MERWT, IHICKZM EIE 2720 MO R HIBHEE Z 8 AT 5 2 & T koo 25 EFT 5 & F 2
7z (Figure 40),

2016 £EIC Overkleeft 513,85 %V — F{L&ME LCFu T 7V — 20D B5 ¥ 7 2= v b OfEEEEHE
W ETo7MER 7 2= VHEEAL T2 86 28 X ViR HEENEZ /R 3 2 & %2 B L 72 (Figure 41)*),

S3 pocket S3 pocket

O ()
/\i\é{\u \g/uj\/\) \)\g/\u O,Hm

OH 85 86
wolwe  MeO
Thr
Apparent IC5y 54 nM Apparent IC55 <10 nM
(proteasome 5 subunit) (proteasome B5 subunit)

Figure 41. S3 K% v b+ EROHFRIME % 1a] I X £ 7= FHE 441

IoIT, 2086 LTuTT Y —Lld X BIAEMEEENT 2T o MR, v 7 2= S3 KT v
FAICA Y & A, BAKEEAEERIC X > TEAMEAM EL Tw 3 &EFE L T\ 5 (Figure42), $72, S3 &
Fy bEhicy sa~F o7 s oAl ey s uaF oSO KR R ISAL BRI Y BT 2 HE %KY
LEERLTHY, ZOBKEHEFENOBEENZRL T 5,
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S3 pocket

S3 pocket

Figure42. 7077V —LBSH72=v | & 86 D X #iilhs FHEEPDB : STHR)

3D Overkleeft H D % 212, norsyringolinA DEARICHR LCTFH /AN E T 2= AT T =V %
3B A L 7z norsyringolin A F5E(k 87 % #%EF L 72 (Figure 43), %72, HERSR & L T syringolin A F5E (kK 88,
syringolin B FE (& 89 b FIEKICHLT 5 2 & & L7z, /¥ syringolin A FHE(K 88 (3 1 HFFE%E CLARTAMK L
29 b bEHHIER I RPMI8226 124 L CHEFEINHIEE(ICs=19.7aM)Z R T D DD, 7 = = A HE2HT 5
FHELA 33 (ICs0=9.0 nM, RPMI8226 cells) X 0 (ZHFEMIGIIEEIME N Z EB3b o T 3,

S3 pocket
o o (3
: 9 o / S H £ 0 o H 7 0
: . : N :
N 12 )V YN / 12 ) YN
N o N""o
norsyringolin A analogue (87) syringolin A analogue (88) syringolin B analogue (89)

Figure 43. Y 7 = = AFE%EA L 72 HHFHEA O FE

LI T 87,88, 89 @A kRl % 7~ 37 (Scheme 24), Tl D Fmoc-4-phenyl-Phe-OH % Jiift & L, ~ 7'F F[#H
AR X > TAALR VEE 90 21972, Dk, FEIKEDT I v EBUKIMEEIC X - T 87, 88, 89 & AK
L7,
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Scheme 24. 87, 88, 89 DAk

1) 2-CT resin O
: 1)d I chlorid
iPrNEt, CH,Cl, ) decanoyl chloride Q

Et3;N, CH,CI,
K 2) 20% plperldlneIDMF 2) 5% TFAICH,CI, £ 0
i \n/\NHz > HO\n/'\N
HO,C~ "NHFmoc 57% from o H
Fmoc-4-phenyl-Phe-OH
O : 2-CT resin 90
HN
/ NH 90, PyBOP, HOAt
o ANRy i
/ PraNEt » horsyringolin A analogue (87)
DMF
N O 50%
H 91
HN
o 90, EDCI, HOBt
—~ .
/A NH;  'Pr,NEt o . lin A | 88
OMF > syringolin A analogue (88)
N"Yo 28%
92
HN
o 90, PyBOP, HOAt
4 NH, _'ProNEt » syringolin B analogue (89)
DMF
” (o) 32%
93

B L 728D B T OIHEEROME, X CHERRNT % 1T - 72 (Figure 45), 7. HLESTSR &

LCHFEo 7a 77 Y —LHEAITH S bortezomib & carfilzomib (Figure 44) DM 175 72, 7k,

bortezomib 1% WISV HATHH ATUHEHIC D 5 700, MULHMRNT 7 — 2 2R L TRl
0
I \/ B, /\IrNI ﬁLN o
E j)L " 0\) PhH oYy
bortezomlb carfllzom|b
(velcade®) (kyprolis®)

AFMAFREEEETR FaAsnEEREREETA

Figure 44. bortezomib X U carfilzomib D it

Ki(nM) k5 (1077 K ogsoe (STMTH) K7 (AM)
norsyringolin A analogue(87) 42.2 4.28 101422 0.77
syringolin A analogue (88) 17.4 2.88 165517 0.47
syringolin B analogue (89) 47.7 2.84 59539 2.4
bortezomib - - - 6.61
carfilzomib 99.5 5.67 56985 1.65

Figure 45. Ao 7 v 77 v — LHEFEME K OSEE AT O
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Figure 45 DfE5% 7> 5. norsyringolin A FE (K 87 & syringolin A F5E(K 88 © K2 1F O BHEER K%,
bortezomib % carfilzomib % [ 2 fER & 7572, & HIT, kagsoe IC2WT D carfilzomib X U 3 @\ E % R
LTWw2, Kin hiIZ2WT, 7 2= VE2H T 258K LIRS 2720, 2 E C L ERRICHEIC kL DXt
. B Ko Ez TN T gy F L2 T 7 %N T (Figure 46),

g Phenyl analogues

g Biphenyl analogues

k, (103s7)

_ norsyringolin A
; M G9)
Ve

=
——

:J" -------
L el . . : :
e syringolin A syringolin B
,,,, e analogue (33) analogue (34)
[ "”J
Ly A - 1A
° PR — '

2

| .
syringolin A syringolin B
analogue (88) analogue (89)

10

100

1000

K, (nM)

Figure 46. A=PiG 1 B O3 BE Sy oo 5 -

Figure 46 X0, THA/ANT7 2= VT 7= v %BAL 723581k 39,33, 34 oflifiz 77/ A ve 7 =
AT FmvZT s ik W@ ) BAESRE S ELZ, Ll PRICKLT kL OfF
FTRTOBIRBEBICECTET T2 2 L 2b2 o7, 'HNMR DHIER R S 3ERF O 7 e b vo
ZALRBICE R o720, BREEOFEICL? hLhDETFTRAVEEzZOLNSE, B2 5HE L
LT, i coBfitErkEdmbLzceicky, BREE Fu7 7 Y — oL OEBGRIZL
L. 787 7Y — a3 EE#ATBRICOT 2 IcA M RiE L o i ond, 7H/ 4 re7 e
AT 7=V G AL RN CHRERRT R A KT 2 & KBLX Y L OFIET A/ AT x
AT T v RBALZEALKE L ED o T2, norsyringolin A B8 % H 3 % 558K 13 syringolin
ABBEETZFERI D O RE EEAAEL TwE, #Hi7zic RH & L7z norsyringolin A S8 87 &
O syringolin A 58k 88 13, TN E THML ZFEHRoFCROEW T e T T Y — LHEEEZH L C
B, TR OEEEFREGRE RH T LI L7z 4,
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b =
U =]

(1) Syringolin A ® " HAEAALE BYEAA TH 5 (E)-isosyringolin A %5t L. KAWL v TR, &I
KAWL 7,

(2) (E)-Isosyringolin A I KA L FAEED 7 u 77 vV — AHEEE 2T 5 2 L 2L Lz,
7o, AL 72 FRER O RN 21T 5 2 & CBUREEA K, ko (B L. BRI TS K ICEY
BrE52232 kT L,

(3) (E)-isosyringolin A D&KL & i E D 2GRS Z A A b 5 Z & CThb 9 HEHOFHEMARZ &K
L7

(@) AL 7= FEARME D A YNEMERIE I S ELRRENT 2 17 o 2R, 70 7 7 Y — ST EUS I BRI
Z 0k L. syringolin A DERECHEA i I MEACIEICIE N & 2R LTz, E72. BRH A XN E L
TR A Z AT 2 RIEESHER & 7077 Y — 4L o ERKATBKICERICE < 2 & %28
LT L7z,

(6) HARETZKICHF 7 norsyringolin A HHGICH L <, BMEom L2z HE LTT A/ A e 7

TZVT 7=V REAL G 87 RGN AL, AR B R AR AT AT o 72 &
5. BEE%E bR 2 7 w77y — AHEEEZ R L 72,
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FE Wi~ v 74 FRTUEYE O AT

Fr- i

M EAE (X A O RN I 2SR A LCTRAT 2 2 L TRIET 2EETH S, chFTr=y
Yvenvavf v v EOHREEORKIC XY % { OMBERIE ZREATREREE L o T& 228 i
- CIIBEF DO HURSE~ DTt & 115 U 72 ZEAIME B o HE2SRE & 72 o T 550, SEAII A A3 4F 2R
ISR L 7o T 2 JFIRIE, 7 A v R 75 & DI B D B GYE IS0 3 2 HLREE OSREE 2= ] & @R & o
MFEHEOMHTH 2L EZONT D, F 7o, FANME LRI RPEREREDME T L <\ 2IKBEN T o 20
BRIERDILD ) CRE~OTEEO KB, ZOEFEROFEIC X 2 ANOBBIEFHOIK D Z 0H R
IZH B E# 2 bT\w 55, Intercontinental Medical Statistics Health (IMS Health) 23T - 7= J1T 4k FH 1< B
TAMEPDIC X B &, 20104E2 520144FE £ CORIC MR O FIFEIE O R IF36% ML Tk, £7-
PR DRGEDLE L b D WA AN LRPIHIEIZ45%, K I F o VHEHIFISWERES ML Tw»
%, UEOWERE» LIEFEEOMIEREH %2 #H 0T 2B E NEEKAICR> T3 b 0D, DA
Xt Uit & R 3% AR OO U Tz 2 FRET 2 6 3 2 IR EORMAE P L E L 72 5, KEIC
B B EEGE DRI L SEERDHEE T — 20 X 3 &, SHIMMERE O~ THh 3 2 F2 VU Vit
# 7"} v BRE (methicillin-resistant S. aureus, MRSA) & 23 v 3~ 4 ¥ iR (vancomycin-resistant
enterococci, VRE)DHLLH I Z NZ N14% K U6.5% & 7 < . ZAHIMMER IS0 3 2 it ORIz A
BThbwzbd, LirL, FBVIFHERBOTELNEV—7 T, TFE RSO K S LR OHL &
2 b EBICEIE & L COKR I N PIFEEOFUIRERNICH 5 & L 23H b LT % (Figure 47)%,

18 70
_016 l MRSA 5
S 14
o
h N
s 12
Ml B
R

il A E

1985 1990 1995 2000 2005 2010
years

Figure 47. HIHIHUREE O A&GE & KIENC 351 5 LA ER 0 F B3 59

BIEMHRIC BT 2 ) — MEAEYOFEE I TN AL EM 74 77V —%2H 7227 ) —= v 7 HH
WwWonsd, ZoEMIA 77 ) —l3EDERERIC s 0 xRy 7Y v I CER L BB R A S
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T 2aved b ) TAAERPLRERAREARICE > THEEIh, 207477 ) =it LCHREN
LW E R TR 7 ) — = v 77 %47 5 HifisBRC B S Ts v . EBRICS  oFi#EAEICH W b
TED, ZO—/T, ZOXIBRAZ V) ==V 7 X3 FECTH = RIEEORFICEI) L 726l 2
NECTICHmLS EEBDO AN 7 7 == 37 aPEEREICOREZ ey MULEWEZRH T Z L3 TE X
ol LaEL T35, ZoBfie L C3BEEMECREECRAET 2LEMIA 77 ) —0F

IHANAR= AR OB AN W E PR E L I REC 2 e hr 2 eBFExzbNTE Y BEHWS
NT 2 PRI Z DD —REFHEMICH S THFEIKE L, clogDAMEWHAENCSH 5 2 & A3bho
TWw35, X, [EROPIEIED A 7 = X LIIEHECHENTANEECH 2 2 L 2o, B rEITICK 2
B OFADEL <. BNICHET 2baPa A L LThMED S 03 P50 1 731
DER%ZE L - E R 0T E L I N T e w»®), DLEOB B2 O FIEEFMFEIC B W TR
EYMZ7A4 770 =hbey MuAWE AR THETR AL, BICEEDRH 2 R CHElLT 5
JEBHAVLNTE 7,

EAERHCTEH ST 2 KA ORI L L <, MEtEME 32 423 2 2R REMW 23 5 550, Sl tElE
FAEEPUEE L SIEh 2 oM 23 2 MIEIECH V. ITFE ORFERA 0P LS R IR
TR oS IC X . BRAEVIEERRYO Y —Z2TH 2 2 e Bbr W iEHEZED T3, 2010
FRUBICIT DN % DI EHEME O 7 7 LIS X 0 . oM R S L W E O 4 & BRI
ZFHLTWSZ LI D, ERRICcystomanamides (94), jahnellamides(95), salimyxins(96),

salimabromide(97) 7% & DFfi 7z 7 KIKYI A3 HiffE, HHEPRIE & 10T & 7290 (Figure 48),

o)
N mo
H e N
Os _NH O S
O . © \
o) -
cystomanamide A (94) Y\“ NH HN 0
Miiller, R. et al. NH H [
Org. Lett. 2014, 16, 2414. 2 o | oy
H
o) N
:/OH _\ HO \/\OH
N\ NH
OH
o) . .
salimyxin A (96) salimabromide (97) jahnellamide A (95)
Kécenig, G. M. et al. Kécnig, G. M. et al. Mller, R. et al.
ChemBioChem 2013, 14, 1363. Chem. Eur. J. 2013, 19, 9319. Org. Lett. 2013, 15, 5882,

Figure 48. i fZEMIE 2> & Bt & 72 B BIE R AV D HiE
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Gulmirecin A(98)}% (Xgulmirecin B(99)1Z20144E I Nett & 1 X 0 R MERSHGHI B Pyxidicoccus fallax HKI 727
2 b HEERGERE SNz~ 27 v 7 4 FRIUEYE TH 56 (Figure 49), ¥ 7z, disciformycin A (100) % OF
disciformycin B (101)(Z[F120144F i< Miiller 5 i€ X > TH R MR B Pyxidicoccus fallax AndGT872> & HipfEH
EWREINSZ~27 074 FRPUEME TH Y, gulmirecinfd & FA L 2HE 2 H L T 29, Zhboff
RS E LT, RERDO~Z7u 77 P VEEIIT I 77 ) —ARBAELEo#ER L - TE
D, CHIDMALE L 7T VRO EMO B3R 5, 2 b DILEWIIMRSAS X 'VRER &L 7 7 L
A of L CHUEIEE 2 L T\ %, MRSACVREIRBIEEENIARIZICKMBIHTH 5 2 &2 b,
gulmirecinf & disciformycin®f (3% Al PER IO 3 2 #i 72 ZFIEEOER Y — FMLAEWIC R 2 L EZ D

Z 5%

HO 5 HO b
gulmirecin A (98) gulmirecin B (99)
MICgp = 23 png/mL MICgg = 22 pg/mL

HO b H HO b
disciformycin A (100) disciformycin B (101)
MICgo = 4.0 png/mL MICsq = 0.6 pg/mL

Figure 49. GulmirecinA, B & U disciformycin A, B D it & MIC &

AL ED X9 %5 O gulmirecindH & disciformycinf L A LAE 22 5 b H I, FEFHBWISEHIGIR
I GBI DR CUHI D B T T 7225, IFFERARERIME £ Cic 1Bl o R E K & 261 D & L 23
W& TN,
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20144, disciformycinf % B EEREERTE L 72 Miller & (34537 1< 3 \» Tdisciformycin A D &A% #Hif L
72(Scheme 25)%, 7 v 7 ) AFEA FA102) % HFED L LT, LAHEIL,. Mt~y vic X 2mftic X
S>TT AT F103% 157214, F7 /)Y Y F4104% DEvans 7V F—AKIGIC X > T T AT LA

FBIRICT L2 — 1052 T Wb, FDOH%AE L 7-/KEBROTBSIR#E L DIBALEICIC X > TT7 AT
106 &5 L. 4V F107& DWittig i 1< & BT VT 108% 15721, Jo & [FFRICLAHETT & %

b=y HVICXBBLICL>TT AT F109% 3T\ 5, fit\TAFH V) Y/ V1101 X SEvans 7 /b
F=ARISIC X o TT7 v a— I %G 725, BHIERETCT AT e FIRZ{FTWw5, ZOTAT e FIC
X} L Corey-Chaykovsky SUGIC & ) =R F o~ F & Lzth, v =43 —Y P13 o i# L 7= IS O
M XV EEOTRTCORFBZEAL LEYN4E 2, X O I TR CBRALATER A 115~ & 2546
L. thiAa=2m 727 b A X o TRALIBR116 2 IEES5% TIF T 2, iRICHlB 0 EA L FEic X b
fb&amTe L, KiREEECAIE L7z 7 e 28t A7z 770 a2 v afbic X - CTdisciformycin A D K

ZERL T D
Scheme 25. Miiller & i€ X % disciformycin A O £E K )

O

S
)J\N’lk 1) TBSOTf

s
\—$’ o 2,6-lutidine

1) LAH, Et,0, 0 °C 104 CH,Cly, ~78 °C

OY% 75% OV% o 99% TBSO
—_— —_—

OMe | 2)MnO,, CH,CI, TTich, ProNEL 2) DIBAL Os
80% CH,Cl,, -40°C S toluene, -78 °C 106
102 o3 O §g e

105 Etoj(kpphal

0 107
THF, 100%
/\\ BN 1 TBSO OBn TBSO 1)LAH, THF, 0°c ~ 1BSO
11 Bn 9
?’/N < X 96% EtO. X
J BUZBOTf | 2) Mno,, E1;0
Et3N, toluene o 109 ° 0 108
-30°C, 77%

1) Me3S*I”
5, TBSO KHMDS, THF
99%
o OTeops OTBDPS OTBDPS
| OPMB 14 115
e oo
THF, -78 °C chioride, FraNEL
97% then DMAP, benzene
80 °C, 55%

1) Hg(CN),, HgBr,

MS4A, CH,ClI, MTMO
s -
Br. O Bu BnO"
o~ oL h OH OTBDPS
HO OCIAc 117 o
OH ClAcO™
disciformycin A 118 OCIAc
2.9% over 31 steps 2) LiOH, THF

81%
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20184F, Kirschning & I3 Miiller > D5 & FALL L 7= S REKIC X Y 2 T EKO A E WS L 7269
(Scheme 26), (R)-FLEE A FA119% HiFW) & LT, PMBI£i# L DIBALIZICICX YV 7 AT F120& L 72
. 7TINT T 121 OB T U AL ROG & Bt K TBSTRFEIC X W ® Y 7 AT L AERIIC T v
TUANERT, RoNA L T 4 v Ot Y VB L WittighGIC X Y REIFI T 2 71238 L 721,
LAHEICE b~y Vv Ic X 2L TCT AT e F124% 157, A% 93V VY7 v125% > 72Evans 7
WV F =G E L e Weinreb 7 3 F ~DZEH & SEMIRF#IC & o TILAEW127% #5372, WeinrebT I NI
L CT7 Y AGrignardi{3E D & CBSIETCIC X o TT v a— 1288 L7218, TR % 3 <15 7= BRLAiTBX
H129% 7z Ilid=2m 5 2 F v ALic X o THL 7 4 Y SEEL L 28Uk 130%2 572, 2oL 74
Y DRMAIC X D Fi7z I E U7z A F VBN VAR E I RRETH Y, YT AT LA a1 DRAEY L
moTW3, TOFL 74 vDREMAIC D TKirschning & (3 ER(LIA D R LT EE T 4 L ¥ — 5 %217
> Tk Y, BUAKROREESBTIENCRETH 5 2L HLRERDERIA L 7 4 v B O BRE)
NTH2EERLTWE, F5NBRLE1300PMBED IRZ & Dess-Martinfig L 1< X - CTHISHER % 7 b
V1318 L. ZEREIWittigh IO & o TRIBEH 2R L <w 5, Zofta®dez v CiREE 0L iE

AHAT0E DD, BRENIETE T RKRAVOEEKITIEE > Tz,
Scheme 26. Kirschning 5 I X % disciformycin ‘54 D & K58 o9

NH
1) (CCl3)C(OPMB) 1)
CSA, CH,Cl, N giMes
95% 121 1) O3, PPhg
2) DIBAL, CH,Cl, SnCl,, CH,Cl, CH,Cl,, MeOH TBSO
J\ -40°C J\ 78 °C TBSO~~Nopms __-78°C OPMB
MeO,C™ "OH OHC” “OPMB  2) TBSOTf S 2) EtO N
2,6-lutidine EtO
g 122 123
e CH,Cly, 78 °C \f(gppm o
120 5
69% over 3 steps CH.CI
(dr=7:1) 202 1) LAH, THF, 0 °C
~78°C 2) MnOy, CH,Cl,
87% over 2 steps
o o
1) DIBAL B
Me(MeO)NH-HCI Bn  TBSO o N 85O
oBn 259 opMB  CYclohexane /j OBn OPMB \{ osen OPMB
\ « '« =30°C,90% Oy S <%
MeO™ 2) SEMCI, Pr,NEt r Bu,BOTS | 424
O OSEM DMAP. 40 °C 0 O OH EtsN, toluene o]
127 o 126 -78°C
1) allylMgBr 100% 61% over 3 steps
THF, -78 °C
2) (R)-CBS, BH; SMe,
THF, -78 °C
95% over 2 steps

2,4,6-trichlorobenzoyl
chloride, 'ProNEt, THF SEMO.

OPMB -
—> then DMAP, toluene -
80 °C, 69% BnO
(dr=4:1) OSEM
130
1) DDQ, CH,Cl,

pH 7-buffer, 0 °C

2) Dess-Martin periodinane
NaHCO3, CH,Cl,
55% over 2 steps

EtPPhg-Br
KHMDS SEMO.
disciformycin A
DME, HMPA
_50 °C BnO”
OSEM 70 %

132
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20184F, Firstner & IZIMEICHHFE L 727 V¥ v A X &> 2% )G & L Tdisciformycin A & disciformycin
B DA % L 7299 (Scheme 27), {L&EWN33% AP & L <, PMBIR#E, LAHZEITIC X Y 7 v
I—NM134L LT, ZDHBY T REFL 7 4 V135%FEH L 7zCorey-Fuchs 7 v ¥ Y & & . Schwartzi{ 38
ckde Pt zaafbea—Fickhe=ra—y F136%1572, Z DBETMSH IO LRI T
Ty OERMALER CRER L L CoKE R R o Twd, ftn Tk 7 AT e F137icx LT 7 mr e
YOVT AT UAERIAINE TBSEREIC L U T+ v138% 1572, VA —VOREREA Y Tav ) 7
VI DTESEA~2 TR CTAHA L, TESTRFE & 1172 IHUKIREL % SwernfR (L D S&f1C & 0 i@EIRIICRIL 3 5
ZLTTATEeRI40L Lz, HEWCT V7 Y ABEAF D LA L 7-Weinreb7 I F141ICK L, 7Y =
¥ —VREOMIMT LV 7+ V1R EHR T, o7 b v ECBSIEITIC L Y = v FABRMIc 7 L2
—ne L, TMSEDREL 7T La — L OTBSIREIC X W T A F V143% 37, T F VK% XA F 1t
L. TBSEZRET 2L TTra—144E LTz, A L= 1T =Y F1367°H 7Y = v — Lk
L, TAT e F4O~NEfINT 22 TT AV = 145% 1572, TOT A=A b8 TRRECE
L 72K V146 L JEICAK L 2 T v a — 1% fie 3 % & & CERALATIRK147 %2 1572, Z DBR1L
RIBRAZ FHWCE Y 77 V148 % W72 7 v F v A &k 2 212 X 0 INEKI3% CELIR149% 1572, %t
WTTESHDFRE & A4 Vv HEBEEKY) & OffiE I & o TLAEWI50& L 7-t%, TMSHE: & TBSE: % [RE T 2
ZEeTTAa—N151%T, BILOBICAER L 2 ZEEA IR L, RuftiEz Hw/ze Fexx =11k
Z1T\, [(cod)Pd(Me)CIJIC & B A FAAUIC X o TRV EKIS2Z 572, IRl Zum T4 17
— M153% 72 Schmidt 7"V 2 v MEJE & TBSEEDFRZIC X U disciformycin BOH) D 4B % 3E R L
720 F7z. disciformycin BZ + UV = F T I VAT 2 Z & CFE R ICdisciformycin ANEATE 5 2 &
bR L 7,
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Scheme 27. Fiirstner & IC X % disciformycin A & B D 2&E K 6

1) "BuLi, THF
1) (COCl),, DMSO then TMSCI
R 1) PMBOC(=NH)CCl3 B 'PerEt CH,Cl, -78°C > rt
/E\/OH PPTS, CH,Cl, 85% OPMB 78 °C—rt OPMB 96% OPMB
MeO,C 2) LAH, Et,0 (\/ 2) CBry, PhsP, CH,Cl, J\/\/ CpQZr( )CI, THF J\/\/
133 0°C—rt OH 75% over 2 steps then I, =78 °C — rt
134 62% 136
1) propyne
1R,2S-(-)-N-methylephedrine 1) HS(CHo)sSH TESO
Zn(OTf),, PrNEt, toluene BF3-OEty, CH,Cly (COCl),, DMSO
°C. 839 # N\ OTBS  CH,Cl, then ‘Pr,NEt ~OTBS
quant. > ~OTBS 0 °C, 83% _0°C8%  _ TESO 2Cly 5| TESO™
H 2) TBSCI, imidazole 2)TESCI imidazole -78°C > rt
137 CH,Cly, 98% CH,Cl,, 86% 85%
TMS—=— 1) (S)-CBS, catechol-borane 1) "BuLi, Mel
o MgBr o toluene, —78 °C— 60 °C  TBSO, THF, —78 °C — rt
N THF, -40°C = 61% (91%ee) 8%
_—
N 2) K,CO3, MeOH, 98% A 2) TBAF, THF, 88%
MeO x 3) TBSCI, imidazole, CH,Cl, }

iPrMgCI-LiCI
THF

-25°C - -15°C
then 140

69%

144, EDCI, DMAP
CH,Cl,
0°C, 78%

136

141 142 TS oo

>LNM

CH,Cl,, toluene
90 °C, 93%

<°¢

1) AgF, AcOH 1) PTSA, CH,Cl,, MeOH
THF, MeOH, H,0 o —40 °C, 88%
2) HCO,H )\/U\ | 2) isovaleryl anhydride
THF, H,0O (o CeCl3, THF
OH 151 95%
1) [Cp"RuCl]4, BuzSnH
CH,Cly, 50 °C
2) [(cod)Pd(Me)Cl] 1)
THF, 55 °C ClyC_Ou_O,
20% over 4 steps \n/ Sy :
T'\éHSO\“‘ OTBS
153 OTBS EtN
TMSOTf, CH,Cl, CH,Cl,, MeCN
—45°C - -20 °C quant.
® O o) _—
2) aq. HF, CH,Cl, oy
27% over 2 steps OH
HO SH HO -
disciformycin B disciformycin A
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20194F, Maier & lZgulmirecin BOD 2 7 B 1& D & KAFSE % 5 L 72%)(Figure 28), 771V v 8154 % 15
P LT, BIRTHKL 727 47 15515 L Grubbsfiltii # 727 2 UALEA F AL ED 7 B A X £
¥ AU XY AR R 7 V156 %572, Sharplessh A b FrF o aflic ko T FA—r1578 L, #K
TROEBMEZETCT AT & F158% /72, i\ TL-V v IWEA59)2 5 AL 72 7 3 — 160134 L,
SwernfZ{l & Corey-Fuchs 7 L % Y & IC X o TT A F V161% 1372, CpZrChic kb e Fa X xufbe 7
mEfLICXo T =7 I F162& L, HILBREULEWI63L L7z, ESiIHE VA AFE% v CTrkk
ZIrZE L, IBXEEIL & Grignardi®3Ric L W 7o a2 — 1658 L 7=, % D%Dess-Martinfig{l & Z3 R Wittig
FOGIC X > T{ibaPner# 57, GlLize =178 I F1670 Y FA{L L 7L T b F158~D N+
NHK G DT BT o728, KIGIRE T Liedr o7z, L L, fIEEHAL 7 4 v o b 0 IcTrkE off

HEINT A a—AE2ET 3 E5PEIE163% H v 72 [ElEE D KOG 1338EFT L, Dess-Martinfg{b i< X - TR
IR b Y170 % ICET1I% T3z, L2 L. Z DBRDORAYI~DOEHLOMGNIfTbI Ty,

Scheme 28. Maier & IC & % gulmirecin B 7 7 7" X v + O & KIHFSE 0

CO,H X COMe
OPMB Grubbs I OPMB ® ADmixa
_>
toluene 'BUOH H,0
ggo/c 0°C—ort
°  MeO,C 64%

1) (COCl),, DMSO
CH20|2 Et,N
-78°C, 81%
Qo 2) CBry, PPhy QO 1) Cp,ZrCly Q
HO.,_.CO,H o CH,Cl,, 0 °C d DIBAL, THF 0., TIPSO.
J/ N 65% 0°C - 55°C i J\)/\
HO,C 3) nBuLi, THF P 2)NBS, THF, 0°C g~ X = 163

-78°C 9
159 OH thon Mel 93% over 2 steps 162 Et,SiH
160 Tao BF5-OEt,
CH,Cl,
0°C
Dess-Martin 1) IBX, DMSO 75%
PhsP(Et)Br periodinane 0 °Cort
TIPSO, 3 ) TIPSO.,
AN KHIDS TIPSO, A, NaHCO, TIPSO, o, - T%
B —————— -
B X THF \ CH,Cl, ~ ~2)MeMgBr
T 67 -78°c B 75% B s THF, 0°C
66% 76%
SBuLi, THF, =78 °C
then 158
67 ———FH—>

SBuLi, THF, =78 °C
then 158

Dess Martin
periodinane
CH,Cl,

71% over 2 steps

........... » gulmirecin B
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LIED X 5 B OB TN TE b DD, WEEMEMHBINIZELIEN O FE 12T Tk
Vo 72, 260 ABIFRIZ R O ERICE > T 5 F, gulmirecin A & gulmirecin BD &5 122\ T
FIERZZER I N TR, 2O L OHFITHHIMEEOHAED 7201, gulmirecinf &
disciformycin$H D W& iE PEAHBIWTIE I B FA I RE 7 A RIS DTEZ Z DTSEHAY & L 72,
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N

% =% Gulmirecin A ® € 7 VILEYIE K

1 WA R ET
Disciformycin £H&% U* gulmirecin FHD &% SIFRNICTIT 5 720, FEFIX TN O ORAYI O HEE L H K
#E& 1T H L 72(Scheme 29), KAV DAEGKAERITZ N ZNBICRE I N T2 b DD, KAV
DOBERMEICE L CIRHEE D AEAARIBE T 5 ), HEE A GRS Tl gulmirecin B B2 F
A I A7 7 —(thioesterase, TE) F A 4 VIC X VEfL 5 C & CHEgE I, Bfbe 7Y av A bz it C
gulmirecin B 23 EA K I N5, Z D, BIEOKEL L = AT WA L% T gulmirecin A ~ & 281 X .,
B EH B o KEEFE D sk IC X v disciformycin B3 Z N EFNAMEINE L EZ LN T3,

Scheme 29. Gulmirecin %)% OF disciformycin %8 O #E7E 4 A R RS

- o oxidation
[o) 0 @ glycosylation
—> 0 (0] —_—
A
A OH
N
OH &
OH

oxidation

esterification OH
gulmirecin B

(o)

(o)
ellmlnatiy \LZ \OH elimination
0 HO OH

gulmirecin A

o
S
o~

disciformycin A disciformycin B

ACP: acyl carrier protein
TE: thioesterase

FF I OHEEEABREEICIE VT, gulmirecin A DEBRAY O HEFEEICR 2 L& %,
gulmirecin A DEIEZ RS 2 2 L 23T E X, BREEZHIC X o T D BB RAY O A~ EH W] HE
THdE A, AN CHRILE T oM7) 2 2 Bb%1T5 2 & & L. Scheme 30 IC73 3 HEH A

AL 7o
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Scheme 30. i fal{&R D FE G

HO oH

gulmirecin A gulmirecin B

OR
key intermediate

NN

disciformycin A

disciformycin B
ETAT, TAFXFVETATE RO TIATAI—ARE2 2 0ffi= v 7 A% w728 7
v 7Y v 7RG IE . Montgomery H 12 X D #its X 172 Ni(cod), & R A7 4 v U v F & HW 5 /575 (Scheme

31) WD & LT, a7 RCHEMOIE R KEFAHIC Y 7Y FoBE zdb & LTI E CRAICH
FEVMTbNTE 2 ),

Scheme 31. Ni it % 7238 TCHI A v 77D v 7 KOG DB

Ni(cod), H
(o) R ZnEt, HO R
/”\/\/ PBug %
H >
THF
R =H, Me, Ph

INE TOWFEIC X 0 LUT O KIGHERE A HRIE & 1T 5 (Scheme 32)7), I ICT AT K& 7% v
MOV Ay FEofli=y 7 AahbAm L REIERIC XY o OGESEIEREI NG, 2ok, BLH
BULIC X D S BERX X 79 4 7 VhBIEASTER X 4L, 2 OB EEERSIC M 72 5, fitv T, RHRICHETE
TE5V 7V R VEORITANICKYD, = v 7V BRFEGHL D o it A X2 v v ADEITT S L T=
v RELT AT R 7 B, REIC= v F AV ORITHIIREEIC X v 0 iz v Uil oA &t
KT IATAa—=ALH LLEMNIET 2 I v =T AnEbNE, ZORIGIE, Zifit=y 71 L il
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BRGIETAT e FETAF VRBOKIGTH S50, VA Y FOMAGEDLEICI D T Ax v ONEER
oA gETH 28, T Vv ERETTAIL LEGAICIEREINEZTIAT LVa—LE L THEOND
By E0 TGO EHATE 2 S TRRVAEKICODE L 7-EHRKIETHDL EE 2 5,

Scheme 32. EICI A v 77V v 7RG D KGHERE 6

Z—r

o) R3 Ni(0), L R3
. o.”
I > \“R1 Rz%
H

R “H R2 generate
n-complex

oxidative
rd.s. | cyclization

Si-H

L
H. ..L or 1
RO H RO Ni Et;B Ni R3
_ - _ - O /
R! R3 reductive R' R3 o-bond
R2 elimination R2 methathesis R1 R2

R=SiorH

Montgomery b DHFFEIC X O U A v Fic X 2 AEZERIE L, Hw2 Y 7y FOKRE Ik o THilf#l2
ARETH B T & AL 21T 7n 5 T s B (Scheme 33)%), JERFRT L F ikt L, I/ NS ) AV F %
w2861, TArd vy odmEwEiE 2 T 2T T e PR3 R 5720, AT 2 /KEEEE I [
BT 2B LICEEE R OBIRESEAIRET YA T AT — ARG bNE, —HTRERYHYF
EHGEGEE, VA Y FeTF vy OVREERER L. BRI 2 KBEEICBiE: T 2 KK LicizEs
WEHE R A IS,

Scheme 33. U AV FH 4 X &k 3 (L@ EIRPED I o

osi 0Si
A 7
n 1 n /
Hex R Ni(cod), |4’u‘R1 Nicod),  Tex i al
H Si-H Si-H Pr
- + —_—
. . R3 . .
0Si small ligand large ligand OSi
Z
Ph” # R Ph” 7 Me

Me

2012 41T Montgomery b 13EICHI A v 7Y v ' ROGZE 3 FNOSICIGH L7261 & LT, [F—oB{t
HiEkEZ FHCC, =y 7D ) A Y FEEBET LT o0 VAV RETIALT LIV EHT 2
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BUREAE DA I LT 5 ) (Scheme 34), AJJGIE NHC U4y FOMEHT Lo T, ARV
DR ED/NE 7 IMes ) Y FHVE &, TAF Y ORIHITRA X T3 4 2 VhREESTER S 3
Tl TendoA L 74V EHTHTIANTNA—NEERT LI EHHALNERST, ZD—JTT, &
RV EADNAREED K E 72 DP-1Pr V /7Y FEHWEGEIZ, TArdvoNEHllcA 2794 70
RO AHEIT L. exo AL 74 Y EET BT IATAI—=AREKT 5, /2, ZNE ROk
B IR T S B CORBE O E 2 KEC XT3 EBHL IR > T 5,

Scheme 34. %722 NHC Y 4V Fic & 2 (7@ E IR M o il 6

(0]
A
. 0, /
small ligand ™ (o) large ligand
OTES Ni(cod), o “OTBS Ni(cod), TESO‘_" .
IMes-HCI | DP-IPr-HBF,
BUOK 171 ‘BuOK -
' __ EtsSiH Et;SiH '
| "oTrBs THF THF “oTBS
0, 590
58% % 173
single diastereomer
. Ph  Ph.
=\ Pr )_\ Pr
NVN
IMes-HCI = o DP-IPr-HBF, = NN
_ BF4”
'Pr Pr

COBRIT A v 7Y v 7 RIGIC X B E{EIT aigialomycin D(176) D 24K 705 terpestacin D € 7 MULE
Y178 DA ), LG F#HE TH 5 cytochrome P450(PikC)ICFZak X v, BR{LIVIEHI #3210 2 2 & 2SA]
OBNTWERHEEZ 7 F voiK PEFICAHINTEY, KT rx v EHOLEIRS CREILTH
% (Scheme 35),

Scheme 35. A TWNEILHI A v 7V v 7 KGO H

Scheme 35-1.  Aigialomycin A D2 70

MOMO O MOMO O
/l\/// Ni(cod),, IMes-HCI
(o] iH, 4 (o]

Et3SiH, ‘BuOK . aq. HCl, MeOH
THF, H,0 MOMO N 46%

61%

O 1:1dr OTES
OTBS OH
175 aigialomycin D (176)
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Scheme 35-2. (-)-Terpestacin & 7 ML &Y D EEK Y

Ni(cod),, PBug
BEt,
toluene

—)-terpestacin model compound

178 179
0 8%
=, p
Scheme 35-3. Cytochrome P450 Z£H D &K 7
; TE
OTIPS Ni(cod), Q Ni(cod), OTES
BUOK H BuOK
~ iPrSiH X Et;SIH
o - toluene Q THF o 0
60 °C o t o
o 60% 69%
95:5 dr 181 97:3dr  cytochrome P450 substrate
cytochrome P450 substrate 7° : 4 182
180 ’PrCI CI/Pr Cl Cl
NN NN
7 or
'Pr 'Pr

EHFERL 72 0fli=» 7 AfillE A V728 h v 77 ) v 2 KOG A gulmirecin 28 %2 O disciformycin
FOIEFEEOABICER TH 5 &% 2 72, Scheme 36 1A E % FIF L 72 $138 i 1A o 3 A R g
Y. BILEIGIET AF v e T AT e Fick 2 0 filiz v 7 Al f v 7@Ichy 7y 770 v 706
ICX Tz e L, BRILRIBIA I B Eicdh L 7 4 vEBE X vz BERIGICE T IC R
L INIIRMEAZEIMCTE 2 LF Tz, IDIC, TATAHEZNLT 2 2D7 F7 7 A MicyHH

$5 2 LT BRLETAD T AL * = AT AT e F BRI G IRETH B L F 2 7z, BRLAETEAIZ 7 2
JAVEFALBDOIRT ML EREZMICIVETS 2L L L,

Scheme 36. 3 [l {4 o i & BT

Ni(0)-mediated H
RO R ~

reductive
coupling

RO

RO esterification

X RO OH HO X\
RO““ ““‘ Ro““ //
OR OR
fragment A fragment B
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FWT 77272 b A DWERSIEN %789 (Scheme37), 77 7 AV P ADAHNKVEE o fif & B LD
VARIET AT e K184 LA F YV Y Y v 183 ZF 7z Bvans TV F— A RIBIC X VT 2 2L &
L. 747 N 184 13 LIAIRY T F L1850 b BT 5 2 L & L, £ 3 BBRLSICHHETS 520

EIDERMERT D0, 777 AV B ELTHROTAF= AT Ara— L ERH 2T VLEY %
et L. BRAUAIEE{R 186 DA RICETF L 7=,

Scheme 37. 7 77 AV + A DWEKENT & €T AMLEY DG

(0]
Evans
OH aldol reaction
o O
OTBS \)LNJI\O
fragment A \—/
BN 183

model compound
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W 77 A v b L BRACETER AR DA K

ROICT T T A A DELEIT 2 72(Scheme 38), L-MAEEY TF L1852 HFE ML LT, ¥4 —n
EYAMFYTRAVICEoTAY T uv ) FUACR#EL, LICIFETCTNaBBHs W CZ AT L %

WICT 52 & TYA— 188 21572, VA — L 188 D— 5 DKIER % BN I TBS B CIREL., b5 —
FOKBHRATL T AECZT AT e F O Wittig )RIIGIC X 2R % 5l 72 28 BIPIEE S iz o - 72,
Z Do, K% Appel KIGICE>TIaVHELL R, €A~ 2o 7 A7 08I FICLoTT AT
V91 & LT, TAT Y 191 ST 24 Y VIBLIZEM ARG E G X 2DHRTH o7, TRy b
TARI Y LI LR 21T 5 S&tF PICB W CTHINE T2 747 & F 184 2137, fivs Cililkod A
FHFVYV 192 % T o MET 5 2 L TILAY 183 137,

Scheme 38. {L&%) 184 L L&Y 183 DA

MeO_ OMe
HO_ _CO,Et TBSCI
\[ ’ >N >< \EcozEt NaBH,, LiCl ><° OH __imidazole ><
HO™ CO,Et TsOH CO,Et EtOH, THF o OH DMAP OTBS
2 40 °C CH,Cl, 189
185 reflux 87 86% over 2 steps 188 quant.
I, PPhg
imidazole
toluene
K20304 . 2H20
- NaIO4
2,6-lutidine MgBr Cul C
dioxane, H,O HMPA THF >< OTBS
OTBS 0°C - rt s
184 191 3% over 2 steps
Et;N, DMAP S
Bn THF Bn
192 95% 183

BONETATE R 184 LA FH VY Y v 183 ZH T, Evans 7V F = VRSO 7 50F T
» 5 "BuBOTf Z VA4 AR E L CRIGZEITo 7208, BID T v a2 —1 193 IZRIFERF LN DA TH -
720 % 2T, Crimmins 5 2585 L7z TiCls A A e L TRHW 2T A F—AIGDEM EBETL
TAE R IR Ao ENLAREIRIIC B D 7 v 2 — v 193 235 5 M7z (Scheme 39), 5N 72T L3 —
)L 193 % MOM FE TR L*, LIOOH IC X 24 F 9V ) ¥/ v D exo FEIRIIMIKIME DEAR T HNR
VBET 77 AV P 195 RS2 BN T TS A Y R ET AT =)L 196 DHRIERK)IGIC L D T AT L 197
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{37, Hi< TBS HDFRZE X TBAF A H v 3 & T AT AMEEOUIWi 72 & DRI R O N h, XY
WHAREETHE 79 bKENVZFAT I VvEAWEZLE ZANEKRILS TLa— L 186 #5252 2 L8
TZ 7,

Scheme 39. 1LE&%) 186 DAk

TiCly
Pr,NEt MOMCI
NMP Pr,NEt
CH,Cl, CH,Cl,
0°C 99%
96% over 2 steps
OTBS
¢ 194
Bn
183 LIOH, H202
THF, H,0

3HF-Et3N
THF
99%

*Bvans 7 Vv N — VOGS CTH U 72 KGR D RFERL A # IR T 2 10472 0 . PMB L TORE S RET L 72 2MK
PR L2HAYZE N o7z, T2, ZORDOAFH VI Y v ONIKSRIC BT HIERET
KD o727, X VRTINS 72 MOM B~ RERZZH L 2L 25, T b ORIGDIFEITE
L7,

PMBOC(=NH)CCl;

(o)
or LiOH, H,0,
TriBOT-PM o THF, H,0
O0°Ctort +
low yield H
OTBS OPMB
193 NTXN

TriBOT-PM = )I\ /)\

PMBO~ 'N° "OPMB

OTBS
exo

low selectivity



o7 ra— 186 DT LT b F~DE{LKIG % Mt L 72 (Scheme 40), Swern [&{l(entry 1),
TEMPO F{U(entry 2). TPAP E£{l(entry 3). Parikh-Doering B&{l(entry 4). IBX E&{l(entry 5)D5tFTIi3 T
LT e FOHCT AV F—AVRIGPEGICER T 2 L EX O 2 28MRREANE G52 2DHTH o7,
COFRKE LT, HNETE2T7AT e FRKEHAOWAEBZUBICALETH DL Z EBb o7z, L DL
HiEt O FER, Dess-Martin FB{LTT7 AT F & L, ~F 4 v CHREBICHIERKRO KM 2 IEE T 2
e TCHMI%IGD Z LR TEz(entry 7)e 72, Z DHOMGTIC X D Dess-Martin 5435 H >k 0 FcE )
BHOTPICTHEEL T IHA, = v 7 Aflix A 72BURKICET LR b 2 L AL
ottt YIATAA T LK HMERET) L THIAERS T AT F 199 2155 2 &3 T
%7z,

Scheme 40. L&Y 186 DEE(L S G DET

see table
X
conditions result
1 (COCl),, DMSO, Et3N, CH,Cly, =78 °C — rt complex mixture

2 TEMPO, Phl(OAc),, MeCN, pH 7 buffer, 0 °C  complex mixture

3 TPAP, NMO, MS4A, CH,Cl,, MeCN complex mixture
4 SO3-Py., DMSO, Et3N, CH,Cl, complex mixture
5 IBX, NaHCO3;, MeCN, 80 °C complex mixture
6 Dess-Martin periodinane, CH,Cl, complex mixture

(aqueous workup)

7 Dess-Martin periodinane, CH,Cl, quant.
(without aqueous workup)
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5= BRALRG & A RER O RET

BALRIERIE 199 OGWATET Lz, it GRILHA v 70 v 7 IKIGIC X 2 B % 1T - 72 (Scheme
41) S FRISICHET L 720 & 2 41 & LT, Ni(cod), % BJEMIE L L, MesP & %\ 13 IMes % ) 77V
FeLTHWAESEEEZRET L 72, MesP ZHWAGEITETAIE LT EsB ZHW 2 MEVNRETH 2 C
EBRHONTEY . PV VR CRIGEIT 2 7 BBURIS I 2 CEIT L e d o720 —FCTIMes & ) 7TV
F & LTHY, PrSiH #&ETTAlIE L CHW A X BNOBRLRIGSEST L, I 14% TERALA 201 23
BTonrz,

Scheme 41. L&) 199 OIS DEET

1) Ni(cod), (50 mol%)

Ni(cod); (20 mol%)  MOMO IMes-HCI (50 mol%) - momo
MesP (40 mol%) BuOK (50 mol%)

Et;B (3/0/0 mol%) O PrySiH (200 mol%) o
7 X - X
THF M R
toluene (5 mM) o \ 2) TBASTTiF) 0" Y
(o] 14% over 3 steps OH

199 201

A

HOBUICBET L 72b oD, FEROT AT FOHCT AV F =LV RIGPEAGICERT 2 L& 2
DNBNERBEZ Y, BINKTH o7, AV 7o) FrRCREL 2V A — NV ICHET T AT F
KRR ESBEI ) TV o 2|EH 9bH 2L h b, FEROTALT L FOR#ERLE2EZ 2
ZETTAT e FORERRAEL, IEROSEGGFTE 2 E X, 2T T LEY 202 D X5 75X

FFORVYUYTUT X —NE MOM HCIRF#E L 72 BRAGATER A % #7172 1< BXET L 72 (Figure 50),

(o]
199 202
unstable stable?

Figure 50. BRAUATER (A D (RO LT
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RAERE 2 2 2 - BRURTBRIA 202 DA% 7R3 (Scheme 42), 7 7 7' A v b A DEHRIA 193 icxf L
T, BKEEEH, ~4 70 v 2 —7IRETINENS 5 2 & CHEHEEEZBRE L, B -HokigiE% TBS #ic X
DIREL AP 203 21572, BONZ P VA=A L, 13V F =% p-TZAT AT FY AT
TR X =T XD SEIRIICIRIE L, FR o 72KEEHE 2 MOM B CRIET 2 © & TILa) 204 21572, b,
T 2= e VA — A O ML ARRLE X NOE MBI X W RE L 727 TR L CAFH Y Y &
) VORREET A= DRIERIEIC X DS, TBS HDFRZE. Dess-Martin {1 X - TERALATHRA
202 %37, O NBRURIEKIC X ZEUBICH L THORETH V., 24 FffG@E®ZRICd oz ion

o7z,

Scheme 42. BRLHIER{A 202 DA AL

PMP.
1) MeOCgH,CHOMe), Y
o)

1) AcOH, H,0
MW 100 °C CSA, CH,Cl,
2) TBSCI, imidazole 2) MOMCI, Pr,NEt =
DMF CH,Cl, MOMO
OTBS OTBS
529 4 st
193 % over 4 steps 204
LiOH, H,0,
THF, H,0
1) DMEAD, PPhs 2
THF
HO
PMP\rO o Dess-Martin PMP\|/O o \ PMP\rO OH
o ~_ periodinane o ‘ o
CHZ?'Z 2) HF-pyridine
MOMO™ Qe MOMO™’ S THF MOMO®
o N HO N 52% over 3 steps OTBS
202 206 205

P . - e . A NOEs (CDCl3, 400 MHz)
L&) 204 O 7AARCE (2 NOE HIGEIC X Y iE MO o

. . : Jl\ MeO “,
L 7z(Figure 51), 7 X =D 7 v + VIicHRE L7z & i 0.5
0

22367 (A) &5 (B) OB L EEBEOHEAE H Hc'jf
B
HXnzzenrb, 7TZ2—AEB L 3 (O 24% A
OTBS A+B=17.9%

RRCIE % Figure 51 (ISR 3@ Y ICHRE L 72, 204
Figure 51. {L-A4 204 © NOE HHE
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Scheme 43. BRLHTERA 202 % v 72840 G o fRE!

see table -
MOMO®

table 202
ey Mool WentGl oK adicont T W s 0o
1 50 50 50 Et,SiH rt (TSH:]M)
2 50 50 50 Et,SiH rt Eg“r’f,\r)l‘; 21
3 50 50 50 Et,SiH 60 Eg"r{:l\r/‘l‘)* 46
4 50 50 50 Et,SiH 70 tg“r‘f,\r;l‘)a 61

BUETEEGR 202 2 CRITH A v 7V v ZRIGIC X 2 B{LDiREt 21T > 72 (Scheme 43), 4V 7o v
V7 IR L 725 199 TR L 2 BRICBRL A A S S 7z IMes 2 U v F & L CTHW 2 &2 1Ld
Y1202 IEF L 72 & T 5, THF 68 CIIRISOMEST Z R8T & 722> o 72 D3(entry 1), P AT v HICIHIY
K 21% CERALAEZ 2 MOREAY L LTS L7z (entry 2), BRALHTERIE 202 (3 THF A d <13 BR(bIc ol
BECER L 2 e TELRP 272 FERL TE Y. RICKR O RICICHE o TR O 23RS E L7z,
AIICDEIERY & U CHiBEERY) & p-anisaldehyde 25 '"HNMR K OVE B2 LBl X 720, X b
FIRVIYTFTUT X —AF~DEBOBNICE 5 TT X —AFEEPBHAEL, TATE FD o fizds
7w b oAb %R T 2HCHEITS 5 ElcB MICc X 2 DTH B L EZLL 72(Scheme 44), 7=, hr T v
AR enEh+ 2 2 & TICR DA B R S 4, 70°C ICB W TR 61% £ Tl L L 7z (entry 4), %72, 7L
DA ZAAICE 12, BROBULRICDRE RS B S LHEE L 72,

Scheme 44. BRAUCATER A 202 DHERE 7> iR

Meof} A

o HO

i o
LOJ ’

T LU
X MOMO I\\

0
MeO.:
H
0
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Scheme 45. BR{lAAk 207 @ TES F R

PMP.__O
Y

o TBAF
THF
MOMO H quant.
OTES
207

2.2:1 mixture?

BT, BoNEBA 207 12 'THNMR 222 FricsnwClid 2 BEOBAYE LCEllx -z, K
L&Y D TES Bz brE L7z & A, RICIZERMICHEEST L 72(Scheme 45), L 2> L. EEYID 'THNMR &
R7ZPMICEWT, B Lo 7 e b vIiclkT 52 708 2 B R DIER & L7z (Figure 52),

; H NMR (CDCl,, 400 MHz)
H as = mg-e e ~ e o o _lem = =
5 31383833 53835 Az@mE s

é “I
OTES l
207 ;"J-‘ E-\
2.2:1 mixture? j e
I
I 59 [} [ H4'G 1] 1l | 3\70 I [l "= 0 I | ] 1
! P < @ g
= = n & al e i
38 /% /8237 %

k l l | \l ﬂ,‘ |
_ IAU’%L___{J \kJL_J\ \-JKJLL_JJ | T J Lj L_,/J \__

rrrrrr L e e e e LA A B e e e e e e S e A S I A B e e
5 2
mo ! 1 cnt o w30, 1 39 15

Figure 52. {L&4 207 LALEY) 208 D 'H NMR O ik

L&y 208 DY 7 FABKEL T —-FLTRAZZ 2L, HEREEHERE LTS EE 2, B
H[Z% NMR D lI5E % T - 7= (Figure 53), % DAEFL, 40°C ITHZNL 7281 25°C L kD> 7 F b in o 7=
5, =60 °C ~EBRBEITHHIT 2 L, BEMETT 2 LR > THEK LD 7 v b vicihkT 2 e —72
BROLN, T 1203 7Fre LTHElENTWZ2bDb 2 200N TRAZZZEBbroTz, &
NiE TES HCfRiE 2 L2 B LR 207 L RIbRD 2 B OIREY & L CBIllE iz 2 & 26, LAY 208 1%
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BOFE R MARBFE L, BT 2 DD EEREMEEROFFHIC XL > T HNMR O ¥ 7 F A EKEL TR
AT ERL -,

H NMR (CDCls, 400 MHz)

O, / | \\ /L‘ I \J ¢
0°C M WV Wf\‘ vJ u\«’\/\} \/ &L
. bl \ Hﬂ
6H < !JUJL\J““‘J‘ & WULA LA u JW W V\

/

208 il | |l (‘ | Ul
—40°C ’\' M b A\Q‘ ‘W \’ LM A ;’ll‘l‘ i Mo
et e P wwr UMV

M m[w"l 1 \ I ﬁ“"\ ;‘,‘ M N ,f' I

w/u\wwj wﬁ

Figure 53. L&) 208 DR FIZ "THNMR A< 2 b v

F 72, WHRD-DIA/LEY) 208 # TES ECR#EL - L 2 A, ZRC2EHEOBEAYME LCHON S
Y 207 % FF UM 72 (Scheme 46),

Scheme 46. TES F:D{#:# & [k

TESOTf
2,6-lutidine
CH,Cl,
0°C

63%

TBAF
THF
quant.
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DL o FEREE RS 5. BUEK 207 13, YT AT LAT—RAYTII AL 2 DOREEEKRE L CHFE
LT3 ZERRBEINE, ZD7D, it CTHIE LD & OB ICHER 3 2 Bl R R R D2 % I 6 2
23 % 72 0 IR EERCPER B % 1T o 72 (Figure 54), TES & TR L 7281k 207 & Bi{R# L 72 584U 1A 208
DNFHICENTS 3 EfRAL 7 1 VO & DL D o 7z [HEREMAROFIEDHERE S 4. BRILE 207 08
HICIXZOEMNET v v LT AV F— D7 E 23.4kI/mol TH 5 DI L, BR{LIAK 208 TiE 9.1 kJ/mol
THhotze TDT LH D, TESHIC X 5 {RH#EIC X o CHEREEROMHAEZEIEAE T D1t (&), ERT
D NMR RN C D D BYEERAX R & BiffiET 2 2 & TERTIREATE W PHREBIC R > 72 & F
2L 72,

* relative

potential
energy

6H 2 * \ *
208 0 kd/mol +9.1 kd/mol
Force field: OPLS-2005 solvent: none Torsional sampling(MCMM) Maximum Automatic steps:1000

Figure 54. L&) 207 L LAY 208 O &% E Bl R G TR SR

LEofER LY, BULAEOMERREZL 2 22 LRI Yy 7Y v ZRIGIC & 2 B{LRIG DI A
WEL, ILICHWE TRILKRDERZHRT L LB TE T,
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VU Gulmirecin A 2 7B D G K

B 777 AV FAK

H-mOWERR X 0 | BURTA D RERA 2 E 2 2 2 & CRILEKDTR B R C& 72720, 7 5 7
AV ADHRERAZ p- A P X RVUALTRZ—LE MOM EICEE L, KAV LR CHIEEZHFT 2
777 AV FBEAKT S ETRAYIOEEICIAT -BET 21T Z & & L 72(Scheme 47),

Scheme 47. & B fENT

Ni(0)-mediated

reductive PMP. (o) (o)
coupling esterification \Or OH HO
N N ~
A MOMO™ A
OTBS
fragment A fragment B

WRwic7 727 2 v b B OWIHIEGETIC O W TR (Scheme 48), 747 > 210 iCXf L T Sharpless & 23#i 15
LEAFZ R X ARG T # WA IE, B F27ra—n 211 OERIIHERTE 2 D,
AT =Ty FRHBEICRER D o7z, BRI E LT, T Y7 ) ABAF212) % HREY
ELTCZRATADRITEMLICX Y TAT e F 213 & L7, Singaram 5 23¥#5 L 7247 Barbier & 7' 1
SNUENACSIE IR R DRAY % 52 5 DA TH - 7=,

Scheme 48-1. A& T+ ¥ ALKIG

TBHP
L-(+)-DIPT

Ti(OiPr),
MS4A
| OH ——— >

CH,Cl,
—20°C 211
trace

“OH

210

Scheme 48-2. A7 Barbier T 7 v o)L F AL &G
0 1) LAH, Et,0 o

Meo)j/ 0°C>

2) MnOz, CH20|2
212

74

Br

J

In

pyridine OH
THF - \\ :
HO,  NH, |

Ph Ph
24% over 3 steps



L EOYIARETCIZ7 7272 v + B DAMBREETH 572720, FIALT—NFKICEYV 7T 7 AV b
B DAKEITS 2 & & L72(Scheme 49), (5)-7"V & F—1(215)% HFEW & L T, Kkl % PMB i Cffi#
L7eth, 7RV IC X2 RKF FORBRKIGICE Y TArF= AT ra—re L, A U7K#EE%EZ TBS
Eohi#ET 2 LAY 217 2472, PMB £% DDQ I X W RE L, B o N7-F —HuKERE % Dess-
Martin f#{t, AEC727 V7 & F~® Grignard iZEDO N, LU T ra— L ofLEfETr F v 219 %
IC & 5 ZHERE Wittig SOGIC X O IBEERA L 7 4 v 2 REE L. ®ZRIC TBS &

Sl BoNTTAa—NT T 7 AV MITSCEME ™ &

3720 MOTALREA Y F
EBETZETTATI AT ISRV 220 BB
o)ﬁﬁé%}g@ttiic: c]: D%‘%‘#QDD‘/C% % k %EE; ]./7:_0

Scheme 49. 7 7 7' A v + B(220)D &K

1) propyne
"BulLi, BF3-Et,0 OPMB
o THF TBSO
|>\/OH PMBCI - ?>\/OPMB 70% (brsm)
NaH, DMF 2) TBSCI Z
(S)-glycidol 0°C o 1t 216 imidazole 217
(215) 92% CH,CI,
quant. DDQ
CH,Cl,
H,O
1) PhaP(EDer Efr?cf;,?ﬂiﬁ!‘ o O
DME, HMPA ~ 1B50 CHCl
43% over 5 steps ) MeMgBr, THF
e r,
2) TBAF, THF el Z
0,
220 83% ) Dess-Martin 218
[a]?°p +8.6(c 0.90, CHCI3) periodinane
lit. []'®; +7.2 (c 1.00, CHCI3) CH,Cl,
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F BMUKIG & B R R o iEt

FH 5T 3=k 220 % i CBILHTIR I D &2 17 5 72 (Scheme 50).

B L LAY 204 ©

FXH VI vEBREL, EDCI & DMAP ZHWT T L a—L 220 L OB/KESEZITS 2 & T{LEY)

221 2157, Bon=La&Y 221 OF—HokiEHo TBS HEZFRELTTAra—1 222 287, 20k

Dess-Martin T80 X 0 BBVETERACH 2 7 ATk F 209 2 ERBWICE, ZOTALFE F 209 LT
D REWICHEIZ o7, fFONTAT e FERHGCCTHEERITTWA v 7)) v 7 IGIC X 2 BR{L%Z
SL7E 2B, PHICK L CERIEIIS CEFL Do 7. ARISIREIS ) 7y K222 T b K

DETE S, RS EIC X W EMRIREM 2525 DA TH o T,

Scheme 50. BRALATEL A 209 DG & BRAL OGS

76

S
PMP. (o] [0}

. PMP (o) (o)
LiOH, H,0, \l/ //220 1/
THF, H,O _ o OH N N

g EDCI, DMAP

' MOMO
MOMO® CH,Cl, J \\
OTBS Ny
205
3HF-Et3N, THF
60% over 3 steps
Ni(cod),
IMes-HCI _
: PMP_ _O 0
BUO-K Dess-Martin Y
EtsSiH periodinane lo) N
77 ~ CH,Cl,
toluene MOMO® <
70 °C . A
222



DL FEHEHR X 0 o (REERRE & L IBEES O HE ISR TE L CARBYLEIGASETT S 2 2> &5 228 ik
FoTwdeEZLN, $7BEDEITNA v 7 ) v ZIRIGIC X 353 FHRIGIC I T b HE O 7R
WA RIEDFEIREIC W THETH L LB HL IR o TS O, 2T, VHRPIRERAELL 2 72
BULHTEN A 2 B3 2 & & CHRULICIC ol 72 BB G 2 R 972 & & L 7= (Figure 55)s HARRIICIZAK
AR CIRIL T % 5 WKEEEE D R % iR & 4 LAY CERIME 2 < L. X 0 IR GBLCATER A % 5%
FHL 72,

.............. » cyclization product

225 227
Figure 55. BfL DR o idsT
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BRAURIER(K 224 D AR % 7R3 (Scheme 51), L-7 A4 F 2 V) K — 2(228) % AW & L T, Wittig S IT X
DR YA—N229 & L, 51 MRUKEERE AR IC TBS B CIEL 258, VA — %AV Tarv ) Fv
HECoR#ETL2ETTAT Y 230 21972, AR IV AL EBLERE 7 v Ry bTfFTo 2 & TT
TN 231 %187z, BoN7TATe N 231 LAFH VYY) v 183 T Evans 7V F— L KIG
1T o 720 BRLATERIA 199 O AR OBRIC R L 72 TiCly % F W72 5&th % @A L, — TRUIGE 65% TH A~
AT AT—N22 B8, BoNT AT —A% MOM ECF#EL, LIOOH iICk 3244 V)Y
IV ONIKGIEERRTCHNRVERT 77X v+ 234 %537, AR VI 234 L 73— 220 % Bk
fiitr L. TBS HZFREFT 2 2 L TT a2 — 235 #1372, Dess-Martin FE{0IC & b BRAVATER (4 224 % &
KL 770

Scheme 51. BRAUHIER{A 224 DA AL

PPh-MeBr ~ 1) TBSCI, imiodazole z K,0s04-2H,0 .0
HO_ O 8 O3K HO CH,Cl,, 0 °C o. NalO, o
\O/\OH - > " 80% > 2,6-lutidine _ >< -
! THF : . : >
3 . 2) dimethoxypropane o™ dioxane, H,O
_OH 0->40°C HO CSA, CH,Cl, 0°C >t o
L-deoxyribose 95% OH ° OTBS OTBS
(228) 229 0°C—rt
95% 230 231
0}’0 ) :
H i H
Ho. N\) 1) MOMCI, ‘Pr,NEt MOMO. i 0
TBAI, CH,Cl,
TiCly, 'ProNEt 0. O Bn 93% 0., OH
231 + 183 — 2 o — >< g
NMP, CH,Cl, } 2) LiOH, H,0,
0°C 0" THF, H,0 o'
65% over 2 steps OTBS 0°C OTBS
232 233
220, EDCI
DMAP, CH,Cl,
MOMO,__A~__O o MOMO,__A~__0O MOMO_\__O
Dess-Martin periodinane
0., O LA :CHzc'z 0., O, < SHFELN 0., O
o" X o x 36% over 3 steps )
|
1l X OH N oTBS
224 235 234
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BT A v 7y 7 % PMB HEAZEHA L 72 BRACATENAR 225 O A K % 7R 3 (Scheme 52), A F 4
V7 v ERBAL AR D O EHREIL O AR MG U 728, BN A B INEE T H 5 727207,
L-deoxyribose(228) > LA L 72 A — v 236 26 &M EITHI T L & L, ¥4 — 236 ICHT L, PMB %t
TIRET 2L TT AT v 237 %1972, ZOFE NaH 77 I PMBCl % H\ 72 BRI RGN TERE L 7220 o 72
28, BEMESEMET © TriBOT-PM % FH W 2 2 & T, I 65% Tl &) 237 %1572, RO bamicH Ly
*— At L BELBAZL, Evans 7V F — VG, MOM fREEIC X VLAY 239 #1572, i CAFH VDY
J v ERREL, Taa =220 L OfKEA. TBS ZDOBRZE., Dess-Martin FE{U % £ CERALATER (A 225 %

Z4El
1572,

Scheme 52. BRAUHTER{AR 225 D E AL

1) K,0s0, - 2 H,0

NalO,
2,6-lutidine
dioxane, H,O o [o)
- (o]
TBOT-PM Z  0Cot }:‘} b
Z CcsA PMBO 2) TiCl,, 'PrNEt HO AN, MOMmo, NS
Ho., gg’; reflux NMP, CH,Cl, PMBO. O Bn MOMCI PrNEt PMBO o Bn
(] ° ., n,
o — > buBO 0°C TBAI, CH,Cl,
OT8S omes i JOL PMBO™ 96% PMBO™
OTBS
236 237 \)I\N 0 OTBS 239
\ 238
¢ 1) LIOH, H,0,
B 183 THF, H,0
60% over 2 steps 0°C
2) 220, EDCI
DMAP, CH,Cl,
MOMO,_A__O . MOMO. . _O MOMO. - 0
Dess-Martin 3HF-Et;N
PMBO,, SN periodionane  pMBO,, o THE PMEO. o
| CH,Cl, 16% over 3 steps X
PMBO™ = PMBO™ PMBO™ S
OH OTBS
225 241 240

LA AT 2720, AT EEREZH WA Y 7Tev ) 7o RERoEEL ST L 7225 MOM o Rk
INEVM R EEECRAVMZESZ DA TH o7,

Oﬁ’j

MOMO,
acidic condition 0., [0} Bn acidic condition
——— > complex mixture >< complex mixture
o
OTBS
242
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e\ CERALATERA 226 D &K % 78 3 (Scheme 53), AHHEIAR 194 DA X3V & v R NUKGEL
T a—) 220 & DOPFUKES & TBS HDREICL>TTFra—A 243 #1572, 2D T L2 — L% Dess-

Martin BE{LIC X D 7 AT F 226 & L7225, ZOREKEKDOT AT v FidEid & FREEZEW M8 & 7%

4

272720, IKERH IR Z g T, FAE%R B IS EITI) 2L & L,

Scheme 53. BRICETEN{A 226 D &K

(0}

) Yo 1) LiOH, H,0,
THF, H,O
MOMO - N 0°C
o aBn 2) 220, EDCI Dess-Martin
>< DMAP, CH,Cl, periodinane
3) 3HF-Et3N CH,CI
(0} THF o
quant.
OTBS 66% over 3 steps

194

e\ CTERUATERA 227 DG %Z /R 3 (Scheme 54), SEiCAK L 72T V7 v 191 OIRGER % et S T~
A0y =2—7TNET 2 LTREL. F—ukBio TBS ic X 2f/i#, ¥4+ —n1 @ PMB Fic X
L IREE R LAY 244 %1572, UTRBRO ARG T, AR IV LB oA - BZIC XY
TNAT e FafF71%, Bvans 7V F = VRIGIC X o TILAY) 245 21572, £ D1k MOM HEiC X 2 {R#, +
FHVV O VORELT AL DHEAEIC X VLEY) 247 2157, TBS EzfRET 2L TT v
a— 248 1572, B O/ T v a— % Dess-Martin FE{L 3% Z & CTEACATERA 227 2 &AL 7=,

Scheme 54. BRAUHITBRXAR 227 D AR

1) K,0s04-2 H,0

NalOy4
2,6-lutidine
dioxane, H,O o
1) AcOH, H,0 0°C oo
Teser C 2) TiCl 7P NEt \)
2) TBSCI iCly, 'Pry _
imidazole PMBO NMP, CHCl, Bn MoOMCI, 'ProNEt
DMF 0°C TBAI, CH,Cl,
3) TiBOT-PM  PMBO > .
OTBS CsSA OTBS o O 22% over 6 steps
191 THF, reflux 244 . J\o
1) LIOH, H,0,
Bn THF, H,0
183 0°C
2) 220, EDCI
DMAP, CH,Cl,
Dess-Martin 3HF-Et;N MOMO o
periodionane THE
PMBO
CH:Cly 39% over 3 steps A
PMBO™ X

OTBS
247
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PLEIC X 0 AL 72 BT RIS DT S8 ITI A v 7Y v 2T X B BMELROE & 5T L 72 (Scheme 55),
JEE&MF 13 THE 9 Ni(cod), TA7E Ny U A Y F & LT IMes & 5 i3 MesP %\, EtSiH Z3&EcH & LT
iz, ZofER, A v 7av) 7 v EE2H3 5 RUATERE 226 TOAHK L 3 2B 251 2MEILE
T o, Z O OBRLRTER A T AERYAE ST RIS 5 I ERYI O T VT e K3 fEd
LDHDIER L IR 0Tz, T2, TNODIE L, ROFBEL TR VKR ZR L ZIMEASEAETICEWTH H
P DAERIT R O N7 o 72, T DFEERD O BALSIC DT ICIZERLATE AR D VARBLE S EHETH b |
Z OFEFEHHFIZIRESIN/ZDDTH S Z LHL 2L Ir o7z,

Scheme 55. fakE R % 25 2 7= BULRIG Wt

Ni(cod), (50 mol%)
IMes-HCI (50 mol%)
BUOK (50 mol%)

Et3SiH (200 mol%)

L

THF (5 mM)
MOMO o
>{h" O A ><
o N
OTES OTES
249 251
0% 8%

single diastereomer
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F 7. I EREE AL L -HE e LT 7972+ B OAEKTREIEATH 268 253 %\ CqH
DA ARG 1T X 0 BRALATENKR 255 DA D 1T > 72(Scheme 56), L 2> L. BRALAIEN{K 255 DBRAL MG
B L CIRRIG 2 T L o 72,

Scheme 56. BRALHTER{R 255 DA K & BRAL SIS DR

(0]
HO 1) EDCI, DMAP
OPMB ¢
OH +)/\ CH,Cl, _
= 2) HF -pyridine
Z 253 THF

31%
over 2 steps

Dess-Martin
periodinane

CH,Cl,

Ni(cod),, IMes-HCI MOMO o
‘BUOK, Et3SiH o o
< 1/ >< OPMB
77
THF
(o] \\
o]

¥ 7o, FRICEF 20 FRIRISICEI L, BET2fTo72 b DDHNOT Y AT va— 259 %135 C
L 13T & 7D o 72 (Scheme 57), C DFEFIZ Maier & T X 3 J{THIZE ¢ iIcB T, [6 L DfLiE TD NHK
RS2 Li i3 0 N5 0 oy FRIRIS S EST L e o 7oA R & —BL T 3

Scheme 57. 3 FESG D IRET

0 o

: yo
MOMO Ni(cod),, IMes-HCI MOMO N\)
'BUOK, Et;SiH
THF N o..
OA
O\ C
0 257

259
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Be T & N7 BRALIKR D A 2 ARBLE % SR Mosher 5 801C X Y RTET 5 Z & & L 72(Scheme 58), BR{L
A& 251 @ TES #% TBAF I X W fRE L 72%%. (S)-MTPA-CI & (R)-MTPA-CI iC & Y Z #1% 4L Mosher = X 7
N~ DEEME RS U 7o SARREEIC X D KB O KIEMEDMET LT 2 7202 SIRIE 41% DIEKIC & &
0. RIFICBL CIERIFMEIMEL TH 18% LRI TH o7z, HIT, 55172 Mosher TR T 1T
T b v ftEr 7 FPOEAS R L72E 245 1ZITTXTOETADEZT L7 Z &5 5. Mosher
I AT T X 2 ERSREY B TE ST 0 ETOMI I LAREORE IXEEECTH - 7

(Figure 56),

Scheme 58. Mosher = A 7 L DA K

FsC,
MoMO,_ O Me:’o-&Hj\m
Ph
><° TBAF
‘ THF DMAP
o) quant. MeCN ojio
OH 41%
OTZI;S 260 ° Ph 7 ;Fs
e
H NMR (CDCl3) A5 (R)-MTPA-CI (R)-Mosher ester (261)
+0.006 3 F C 0
+0. \ 3 E
oo \H H 005 -0034 MeO» Cl MOMO H 0
-0.005 —> MeOXO l /0 -0.185 Ph o
-0.02 -0.024 -
o> DMAP ><
-0.039 —% > OH MeCN =
1L rt - 50 °C o
o RZ “R! 18% o_.0
PAT g5y | 4070 A3<0 50% SM recov.
ph V. CFs
Figure 56. BXERE v & ¥ —iEIC X 2 it OMe

(S)-Mosher ester (262)
IKEEEL D STARILIE 2 HEE 3 2 720, EREAI QLAY L D 'THNMR O F —Xic2wT, 77\ b+ v
D g & LA T IR 3 (Figure 57) AZEIC X D &L 72L&EPIco T, 7627 1 b v i singlet & L TH#l
H X7z DD, Kirschning b O Fiirstner © DA HHEIATIX 7 627 7 + ~ (% doublet & L CTHIHI X
TWwd, oI OEFIIFCICIT X D AR L 2 MU A IR Db D L i3 Th 5 LHEE L,
SRRBR AT o TR ICHERER T — X TS 2 2 & CHONIZAREZRE ST 5 2 L & Lk,

This work Kirschning's intermediate Furstner's intermediate
4.31 (s, H-7) 3.86 (d, J7,6 = 9.5 Hz, H-7) 4.11 (d, J76 = 10.1 Hz, H-7)

Figure 57. BEAMLEYI & © "THNMR O H#KL
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5 =8 BRAUIIG D Bod LR ET

T CBRL UG 25T L 22 BL TR R 226 % BV T UGS D EoEfl % 1T - 72(Scheme 59), %SG
DOIEIX 1,1,22-7 b7 7vvx & v EZHW7 NMR IR E L TR L 72, Ni(cod), % & Efilill, IMes-HCI
& BuOK X VX% IMes & Y 7'V P, E6SiH 2ETAl & LT 2 A, IBGAE  CRICEAT
5 Z & TR L, THF H 40 °CTIZINEE 23% & 7 o 72, 720 50 CC~IMEL L 72 54 T IHUNEE 28%
THW L 37 2 B{bIR251 2315 5 7z (entry 3)o RIS TIXHI & 372 251 AN DILAI B ER L TH D |
KIGEBRIERBE Lz ZA, FROT AT e F 2 7o T A F =V RISEDERY & 2505 LEY
CENALT TH 5 Mes 2 FEEHTATIN L 72 X 5 ABERIE DRI E L T b 2 L onh oz, ®F
HEDOYEEZEIRL 72 & T AURDIE TS /L & 172 72 D (entries 4, 5). ARG Tl 4@ 33 28 it [l L
TOARWATREEARB X Wz, TP EREOSBRIEE V2581 XA T & JFE & o KB
HEIND 72D FIKIE L 75 72 (entry 6), F 7z, EILHI% EtSiH 2> 5 PrsSiH (entry 7) %° PhsSiH

(entry 8) ICEWHL72& 25, MIGIRELETL AL o722 b, AKIGIE EtSiH OFF O X %
IKFIRFEGREDFRIETH 2 L E 27z, T HICKIGIREZ 2mM (entry9) < 20mM (entry 10) IZZEHE L
2T Ah WRICERERFER G AR o2 d 0, RRIGCOBEIEDJFKIZ 5 TRIE 8L
52LICE2bDTIEBRNT EBRBINTS, X OB % toluene ICETH L 72 & & AUIGRIZ DT A I
T L7 (entry14), 72, KEELRFICHECTA L TH A4 2 AHRIKEBEL 725D o i A 2 €2 2D
ETHNCRIBOSSEITL TWb 2 b 2 PRL GREITAIO Y E 2 L7z & & A(entries 12, 13), IR ITD
TP TT20RTHY, ARIGIZA Z T3 A4 7 AHPRIKOIEBHT O B CRIBKIGAET L T\v 3 &
BRI, £, B3 RIEEMEE LTRALTE LT MesP, 3BITHI & LT EsB 2w 725fF (entry 14)
ZRRET L 72208, ROGIE4A CHEFT L 722 o 72,
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Scheme 59. BRALSIGD#EET 1

o
O\Q see table
o R
N OTES
table 226 251
entry ?r:](:lo"/?))z :'r:l:)sl‘;/:;m :il;?;:) reductant :Sg;p. solvent NMR yield (%)*
! 50 50 50 (Eztggi:m%) t Z—SHrl;M) 8
2 50 50 50 '(Eztgg";ol% ) 40 (TSH:]M) 23
3 50 50 50 (Ez%ﬁ‘iﬂm% ) 50 (TSH;M) 28
4 10 10 10 I(Eztts)gi:m%) 50 (Terlr:]M) 2
> %0 30 30 I(Eztggi:ol%) 50 (TerEM) 16
6 100 100 100 thgﬁi:\m% ) 50 (TSH;M) 5
7 50 50 50 PrsSiH 50 THF no reaction
(200 mol%) (5 mM)
8 50 50 50 |(32r2)308ir:1-|ol%) 50 ;I-SH;M) no reaction
9 50 50 50 (Eztgi”;ol% ) 50 (TzH;M) 24
10 50 50 50 (Eztéﬁ";m% ) 50 (T2'?)FmM) 28
1 50 50 50 ggﬁ";ol% , 50 Eg";f“r}l‘; 14
12 50 50 50 I(E;(s)ii:m% ) 50 2-2|-(|)Fm|\/|) 15
13 50 50 50 I(Est?)g“r—rlmol% ) 50 (T;(')FmM) 20
14 20 '(\ﬁgfm%) 50 I(Eatglg mol%) 90 Egll:rfl\rlls no reaction

* Determined by TH NMR analysis of the crude mixture using 1,1,2,2-tetrachloroethane as the internal standard.

85



B\ THNFH OIEES % 7 5 72(Scheme 60), SCHRIC 351> THAEHI D H 2 1 4 2 (entries 15,16) 8V %7K
(entry 17) ®EFML =&, TLF 27—y — T 2B HW &M (entry 18)ZMET L7225, wihd
INEOYGEIX RO ind o 7z,

Scheme 60. ERALSIE DT 2

see table
_
table
Ni(cod), IMes-HCI 'BuOK  reductant . temp. ; *
I Id (%
ey (mol%)  (mol%) (mol%) (200 mol%)  2dditive gyt solvent yield (%)
3 50 50 50 EtSiH - 50 e 28
0000000000004 1 S
15 50 50 50 Et,SiH Al(OPr)s 50 THF 5
(200 mol%) (5 mM)
A
16 50 50 50 Et,SiH TOPr)s s0  HF 3
(200 mol%) (5 mM)
. H,0 THF
17 50 50 50 Et,SiH 0 mot) 50 &) 11
18 50 50 50 Et,SiH MS4A 50 (TEJH;M) 19

* Determined by 'H NMR analysis of the crude mixture using 1,1,2,2-tetrachloroethane as the internal standard.

RSB % 2 . 8L 7 SERE R T T 2 BIC X - CIERS b FHICER S C & sh
oo 72 720, B ERIE D T % Mzt L 72 (Scheme 61), RO M THEE % Fad 5 & ITKIZET L
(entry 19). 1HRZ &1 2 HIC /M TR F 52 LICRIEbFA I E L7279 (entry 20). < D44
REHUIRIS O Rttt & L 7=,

Scheme 61. ERALEIS DT 3

MOMO (o]
(o]
>< = see table
(o) \\
(o}
table 226
Ni(COD), IMes-HCI ‘BuOK dropwise ; o/ \*
entry (mol%) (mol%) (mol%) reductant time temp. solvent NMR yield (%)
Et3SiH THF
3 50 50 50 (200 mol%) 1h 50 (5 mM) 28
Et3SiH . THF
19 3
50 50 50 (200 mol%) 5 min 50 (5 mM) trace
20 Et;SiH THF
25+25 25+25 25+25 (200 mol%) 1hx2 50 (5 mM) 33

* Determined by H NMR analysis of the crude mixture using 1,1,2,2-tetrachloroethane as the internal standard.
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T/, BAZBLKIGDOEM L LT, 0ffi= v 7 L% 7z redox-economical 77 v 7'V v 277 ]G 892D
W H MRET & 1T o 72(Scheme 62), ARG IZ, JEEICTHZ T ¥ v &=y ZFfiific X ) 73—l
METALTFTE P~ BRI N CRIGHET T2 2 20, BIURIEEETTT AT e ROtz iR
KMz 52 eBTEL T L HRIARFLZ,

Scheme 62. Redox-economical 77 v 7V v 7 K it DM

3
OH /R Ni(0), L OH H
1J\ * R2 Z > 17NF N R3
R" 'H redox-economical R R
coupling reaction R2

\

1
RyH
0,

. _Ni 3
P R
(o)

)

oxidation of alcohol
by protonation and
B hydride elimination

oxidative cyclization
with alkyne and Ni(0)

fifz 7 & LT IPr & IMes % v, d00#] & L C(PhO)P % v TIL &Y 243 DEBALIGD RS %2 1T -
72(Scheme 63), L2>L. Wb k% [T 2 D& THM DB 260 DERMIZR SN d o 72,

Scheme 63. Redox-economical 7 v 7'V v 7 G DWRES

MOMO o)
><0 N see table
0«0H S
table 243
entry ?‘n:(g%?)z :Ei?oz) additive temp. solvent NMR yield (%)
1 50 IPr (50) ] it = 50 °C ;’;’;]Z,a’;e no product
2 50 IPr (50) (PhO)sP  rt — 50 °C E’;’g&;‘e no product
3 50 IMes (50) - rt— 50 °C :’;rr‘rf,a’;e no product
4 50 IMes (50)  (PhO)sP  rt — 50 °C zg:ﬁa?e no product
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FVUET 7 AOKBREANTAR SR & 7Y a2 2 AL RIG DIRET

BALAR 251 O G BUCHRI) L 72720 RAYILE R EHA~ D2 2 G L 72, SB=MioRER L 0. 767K
BRI D NIAR RS b B L 72 5 729, TES #% TBAF ICX W REL 73— 260 21872, SOT L2 —
)\% Dess-Martin FE{LIC X O 7+ 263 & L 72, Luche L% 1T 9 T & CTKEEED VAL LT 2 H %
M5t L 72(Scheme 64), L 2> L. i&EIC L 7245 RIFFALRIC DKL & [FJl— Db &L o7 2 & h b, B
T4y 7uv) 7 v EOVAERREE LT 2 X 91T convex fll 2> b DERITTHMEIT L 72 & FEE L T,

Scheme 64. 7 fL/KEEFHE DIEAL & IT

i H Dess-Martin H
g periodinane :
CH,Cl,
TBAF
THF -€
30% over 3 steps NaBH,4
from 244 CeCl37H,0
MeOH
-78 °C

e T, 6 DLDKEEE % B A 0 & L 72 i REIRNE T OWMET 2 ilAa 7223, TBS RiC X 2{R#EL 4 vV 7
o) T VEOREERTE LAY O OFEIRN e AR EE T H > 72 (Scheme 65).

Scheme 65. ‘B AEFEZ {1 DT

1) TBSOTf
2,6-lutidine -
CH,Cl,
0°C—o-—rt
56%

Y

2) TFA, H,0
CH,Cl,
0°C
65%
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e\ T, AKEEHE & B~ & 25 L | SREXEIR)GIC X 2 VAR 2 MGt 3% 2 & & L 72(Scheme 66),
IKEEIE A MsCLIC X 0 (R L. 195 7z Ms {Uik 265 % F v TR 4 O SRIKEBRBIG O BET 21T - 72, KB
FRECHEDO € > 7 LR KK L T 2545 90, Tuvt vl AvRE S, FEE kKRl L
T80, Ry AT XY FICX B, KPP CTREEANV Y LR E L&, =trxX
FAEPREA L LT 25 O LR Lz, WIFoBA s BB O d o7, T OFEHR
KU, KO B &S W20 NI BRIGAITH o THEE L TRIGTE R EEHE L,

Scheme 66. Ms 14 265 % F\» 72 SR iR D F G

mMomo,_ A._O

X
0\\“ o\“‘ ;
0._.0 PhCO,H OH 260 HCO,H
CsF MsCl EtzN
DMF iPr.NEt toluene Y
90 °C 2 H

reflux
1-methyl-imidazole 269
266 CH,Cl,
: quant. Momo o
: o

benzyl alcohol

NaH
THF ,, o
77 fo)
270

propionic acid CaCOg3
CSZCO3 HZO
18-Crown-6 or
toluene KNO,
reflux DMSO
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e TERALIR 260 % F v TORIER G D 5t % #at L 72 (Scheme 67), @3 & L T bis(2-methoxyethyl)
azodicarboxylate(DMEAD) & PPh; % Fi\>C THF M X toluene H CJJE % 1T - 72 23 EHEI T2 D A CHIY
Y135 572 hs o 7= (entries 1, 2)s VT Z DRLED KB AEEDO KX I 2EEL, A3 v
O 21T o7z, U vild e LT BwsP Z W 72BIC I BIIYIIE O I is s o 7 d3(entry 3, 4). TAILDS
23R L 72 PhOPPh, % F\ > 72551 9% toluene 1 CIT o 72856 D & HIY) 272 28 63% DINFHETRON S
ZEDHS DL IR0z (entry 6) T RIGEEE 0°C 225 ICEET 2 e ThI KoM EBR SN
7z(entry 7)o FEW TR O N2 T AT 272 ZKIEAL Y 57 20 X D KR35 2 L THINE 375 RAY)
Sk 273 21572,

Scheme 67. JEHESG D FRET

p-nitrobenzoic acid ><0“‘

see table 5

\

NO,
table 5
entry conditions yield
1 DMEAD, PPhs, THF no reaction
2 DMEAD, PPhj, toluene no reaction 0 0
’ 3
| MeO._~ AL o AN g OMe
3 DMEAD, BujzP, THF no reaction
. DMEAD
4 DMEAD, Bu3P, toluene no reaction
5 DMEAD, PhOPPh,, THF no reaction
6 DMEAD, PhOPPh,, toluene 63%
7 DMEAD, PhOPPh,, toluene 67%
0°C —rt

AL 7= B UAAR D 7 (KRR O M SARBCE % PE 3 5 72 12, NOE JHIE % 1T - 7z (Figure 58), Bt
260 D9FLDAL T 4 v EDTH b VICOWTNOEMHBZHNZL 2 A, 1107w b v LR IHEEAS
Aoiize MALEFIAT =N LT 25 FHWTWEZ 05, ZOMNAREIZRE >TH D,
9L 7u by ETEICHE WL & > Tnb 2 ERBEIh, 96713 767 ¢ OMHBEATH W &
2> BRI T IS MWW T W2 L FEZ bbb, Fio. MIERIGIC X 5 VARKERR DBMUA 273 i
DWCIRERIC 92D 7'\ b~ D NOE HHB %~ 2 & | BALIk 260 & [FIERIC 9 A7 13 HKIHIEL 77 [A) 12 i) W 72 i
xR L ->TED, IHIC9Mie 7HOMBERTR G & 25, AKEEE KT /15 FIC DT 5 AR
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WXz, UEOHRE LY., RERICERYIO 7 (O IARE IZRKARY) L FgED SEThHh, o
ERHNT RIATH B L& o 72,

MOMO

5.0%

5.3%
H-7:54.31 (s, J7.6 = 0 Hz)

11.6%
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T XTD NMR A7 b viL, JEOLINM-ECA-500. JEOL JMM-ECS-400, JEOL JNM-ECX-400P % Hj\»
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L7z, T2 7 FADEEIT 'H-HCOSY A7 P NMITHEDWTIT 5 72,

B8/ HT(MS)IE. Thermo Scientific Exactive % H\»CHIE L 7z,

IR Z=7 b i3, HASE FI/IR-460 % HvCHIE L 72,
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TLC (% Merck silica gel 60 Fass Z F\> 7z,

WEHS VAT AR FLrm~bt 777 4—F, eHEAl & LT Merckssilica gel 60 (0.063-0.200), Wakogel
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Chromatorex MB/PSQ (50-200 um) % F\» 7=,

Microwave 0857 13 Biotage Initiator 1 % F\>7=,
& 7 4 FJE®IC T nacalai tesque Celite 545 % 27z,
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HE
Synthesis of (E)-isosyringolin A
N-(2-Nitrobenzenesulfonyl)diethylphosphonoacetamide (S1)

(EtO), \)I\NHN A suspension of diethylphosphonoacetic acid (1.0 g, 5.1 mmol), DMAP (168 mg, 1.34 mmol),

° and NsNH, (1.0 g, 5.1 mmol) in CH,Cl, was treated with EDCI (870 mg, 5.61 mmol) at room

temperature for 20 h. NsNH; (500 mg, 2.6 mmol) was added to the mixture, which was refluxed for 2 h. EDCI (870
mg, 5.1 mmol) was added to the mixture, which was refluxed for 4 h. The mixture was partitioned between AcOEt
and H»O. The organic phase was washed with 1 M aq. HCI and brine, dried (NaxSOs), filtered, and concentrated in
vacuo. The residue was crystalized from hexane / AcOEt to afford S1 (3.14 mmol, 62%) as a white solid. "H NMR
(CDs0D, 400 MHz) 6 8.23 (dd, 1H, H-Ns-o0, , JNs-o,Ns-p= 7.3, INs-oNs-m = 1.4 Hz), 7.81-7.73 (m, H-Ns-m,p), 4.00 (dq,
4H, CH3CH O, Jcuscrop = 7.3, Jemwscwo.cacr:0 = 7.3 Hz), 3.03 (s, 1H, H-1), 2.97 (s, 1H, H-1), 1.16 (t, 6H,
CH;CH,0, Jenscmo,cuscro = 7.3 Hz); 3C NMR (CDsOD, 100 MHz) & 165.1, 149.7, 136.5, 134.5, 133.2, 132.5,
125.8, 64.4, 36.6, 35.2, 16.5; ESIMS-LR m/z 403 [(M+Na)*]; ESIMS-HR calcd for Ci,H70sN,>NaPS 403.03354,
found 403.03324.

(E,S)-4-(tert-Butoxycarbonyl)amino-/N-(2-nitrobenzenesulfonyl)-5-methylbut-2-enamide (S2)
6 A suspension of S1 (3.9 g, 10.3 mmol), Zn(OTf), (8.18 g, 22.5 mmol), TMEDA (1.83
i/z\;‘/NHNs mL, 12.3 mmol), and DBU (6.13 mL, 41 mmol) in THF (44 mL) was treated with 21 (2.06
seeHS g, 10.25 mmol) at room temperature for 24 h. The mixture was partitioned between AcOEt
and sat. ag. NaHCOs. The aqueous phase was acidified with 1 M aq. HCI and extracted with AcOEt. The organic
phase was washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified by hi-
flash silica gel column chromatography (¢ 2.6x10 cm, 1—5% MeOH/CHCI3) to afford S2 (3.93 g, 9.19 mmol, 90%)
as a white solid. "H NMR (CD30D, 400 MHz) & 8.23 (dd, 1H, H-Ns-0, , JNs-o, Nsp = 7.3, Ji-Ns-o,i-Ns-m = 1.4 Hz), 7.81-
7.73 (m, H-Ns-m,p), 4.00 (t, 4H, CH3CH0, Jcnscu:o,cscn0 = 7.3 Hz), 3.03 (s, 1H, H-1). 2.97 (s, 1H, H-1), 1.16 (4,
6H, CH3CH,0, Jemscno.crscro = 7.3 Hz); PC NMR (CDCls, 100 MHz) 8 163.2, 149.9, 148.3, 135.1, 134.2, 132.8,
130.2, 125.7, 125.0, 121.4, 57.1, 32.5, 28.6, 19.1, 18.2; ESIMS-LR m/z 450 [(M+Na)*]; ESIMS-HR calcd for
C13H2507N3NaS 450.13054, found 450.13041; [a]*’p—16.7 (¢ 1.03, MeOH).

(S, E)-2-(Benzyloxycarbonyl)amino-6-hydroxyhex-4-enoic acid (20)
NHCbz

4 A solution of L-Cbz-allylglycine (3.6 g, 14.4 mmol), allyl alcohol (9.8 mL, 144
HO/\/\/\C02

mmol), and Cul (82 mg, 0.43 mmol) in Et;O (144 mL) was treated with Grubbs II (246
mg, 0.29 mmol) at room temperature for 2 h. Then, the mixture was refluxed for 3 h. The mixture was partitioned

between AcOEt and 1 M aq. HCI, and the organic phase was extracted with sat. ag. NaHCOs3. The aqueous phase
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was acidified with 1 M ag. HCl and extracted with AcOEt. The organic phase was washed with brine, dried (Na>SOs),
filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2.6x10
cm, 1% MeOH/CHCls, 0.1% AcOH) to afford 20 (3.44 g, 11.7 mmol, 81%) as a colorless oil. 'H NMR (CD3;0D, 400
MHz) 6 7.34 (m, 5H, Ph), 5.71 (dt, 1H, H-5, Js4 = 15.4, JT= 4.8 Hz), 5.64 (dt, 1H, H-4, J45 = 15.8, J13 = 6.6 Hz),
5.08 (m, 2H, CH>Ph), 4.19 (m, 1H, H-2), 3.98 (d, 2H, H-6, Js5s = 5.1 Hz), 2.59 (m, 1H, H-3), 2.45 (m, 1H, H-3); 3C
NMR (CD;OD, 100 MHz) 6 175.0, 158.2, 137.9, 134.1, 129.2, 128.7, 127.0, 67.4, 63.0, 35.3, 30.6, 20.5; ESIMS-LR
(negative mode) m/z 278 [(M-H)"]; ESIMS-HR calcd for C14H ;605N 278.10340, found 278.10319; [a]*’p +12.2 (¢
0.93, MeOH).

Benzyl {(2S,4E)-6-hydroxy-1-{[(3S,E)-2-methyl-6-(2-nitrophenylsulfonamido)-6-oxohex-4-en-3-yljJamino}-
1-oxohex-4-en-2-yl}carbamate (18)
Compound S2 (1.18 g, 2.76 mmol) was treated with 4 M HCl in AcOEt (5.52 mL) at room

temperature for 30 min. The resulting mixture was concentrated in vacuo to afford 19 as a
S‘E‘NHC"Z yellow solid. A solution of 20 (700 mg, 2.51 mmol), 19, ‘Pr,NEt (2.1 mL, 15.1 mmol), and
o) HOAt (1.02 g, 7.53 mmol) in DMF (5.5 mL) was treated with EDCI (1.17 g, 7.53 mmol) at
room temperature for 17 h. The mixture was partitioned between AcOEt and sat. ag NaHCO3.
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 hi-flash silica gel column chromatography (¢ 2x6.5 cm, 1—3% MeOH/CHCI3) to afford
18 (442 mg, 0.75 mmol, 30%) as a colorless oil. "H NMR (CDsOD, 500 MHz) & 8.33 (d, 1H, H-Ns-0 Jns-oNsp = 7.5
Hz), 7.82 (m, 3H, H-Ns), 7.28 (m, 5H, Cbz), 6.82 (dd, 1H, H-3, J3» = 15.5, J34 = 6.3 Hz), 6.02 (d, 1H, H-2, J>3 =
15.5 Hz), 5.66 (m, 2H, H-4', H-5"), 5.08 (s, 2H, Cbz), 4.43 (m, 2H, H-6"), 4.29 (m, 1H, H-4), 4.16 (m, 1H, H-2"), 2.38-
2.50 (m, 2H, H-3"), 1.83 (m, 1H, H-5), 0.88 (m, 6H, H-6); *C NMR (CDs0D, 100 MHz)  172.6, 156.9, 136.8, 133.1,
131.3, 128.1, 127.7, 127.6, 125.4, 123.8, 72.2, 66.3, 61.7, 61.0, 55.7, 34.8, 32.2, 18.2, 17.4; ESIMS-LR m/z 611
[(M+Na)*]; ESIMS-HR calcd for C27H3109N4S 587.18172, found 587.18167.

(3E,58,8S,10E)-1,6-Diaza-8-(/N-benzyloxycarbonyl)amino-5S-isopropyl-1-(2-nitrophenylsulfonamido)-2,7-
dioxocyclododeca-3-10-diene (25)
A solution of 18 (26 mg, 44 pmol) and PPh; (13 mg, 49 umol) in THF (8.8 mL)

was treated with DEAD (22 pL, 49 umol, 2.2 mol/L in toluene) at room temperature

' * NHepz  for 0.2 h. The mixture was concentrated in vacuo. The residue was purified by hi-flash
/2

silica gel column chromatography (¢ 1.6x6 cm, 50% AcOEt/hexane—1%

MeOH/CHCI;) to afford 25 (16.6 mg, 29.1 umol, 66%) as a white solid. Data for

25: '"H NMR (CD;OD, 400 MHz) § 8.39 (m, 1H, H-1"), 7.85 (m, 3H, Ns), 7.31 (m, 5H, Cbz), 6.92 (dd, 1H, H-3, J5.
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2, =16.0, /5.4 = 5.5 Hz), 6.45 (d, 1H, H-2, J», 3 = 16.0 Hz), 5.80 (m, 1H, H-4"), 5.55 (dd, 1H, H-5", J5. 4 = 14.6, J5. ¢ =
9.6 Hz), 5.03 (m, 1H, NH), 4.23 (m, 2H, H-6"), 4.21 (m, 1H, H-2"), 4.11 (m, 1H, H-4), 2.45 (m, 2H, H-3'), 1.83 (m,
1H, H-5), 0.98 (d, 3H, H-6, Js. s = 6.4 Hz), 0.93 (d, 3H, H-6, J s = 6.4 Hz); 3C NMR (CD;0D, 100 MHz) § 174.4,
167.5, 157.9, 150.6, 149.3, 138.1, 136.3, 135.7, 134.0, 133.1, 132.0, 131.2, 129.5, 129.0, 128.8, 125.7, 124.4, 67.6,
57.9, 37.5, 33.4, 20.4, 19.5; ESIM-LR m/z 593 [(M+Na)']; [0]*p—47.6 (c 1.00, MeOH) Data for 26: 'H NMR
(CD;0D, 500 MHz) & 8.26 (d, 1H, NH, Jxu4 = 6.3 Hz), 7.66 (m, 3H, Ns), 7.31 (m, 5H, Cbz), 6.64 (dd, 1H, H-3, J3,
= 15.5, Js4= 6.3 Hz), 5.91 (d, 1H, H-2, /o5 = 15.5 Hz), 5.67 (m, 2H, H-4'", H-5"), 5.08 (s, 2H, Cbz), 4.36 (m, 1H, H-
4),4.22 (m, 1H, H-2"), 4.12 (m, 2H, H-6"), 3.67 (t, 2H, OCH>CHs, Jocr.cis.occin = 4.6 Hz), 3.56 (t, 2H, OCH,CHs,
Jocmcisoctci = 4.6 Hz), 2.38 (m, 2H, H-3"), 1.82 (m, 1H, H-5), 1.24 (m, 6H, Me), 0.88 (m, 6H, H-6); ESIMS-LR
m/z 563 [(M+Na)*].

(3E,5S5,85,10E)-1,6-Diaza-8-(/N-benzyloxycarbonyl)amino-5-isopropyl-2,7-dioxocyclododeca-3-10-diene
a7

A solution of 25 (19 mg, 33.3 umol) in THF (0.33 mL) was treated with 0.1 M Sml; solution
in THF (2.7 mL) at =78 °C for 1 min. The reaction was quenched with sat. ag. NH4Cl, and
partitioned between AcOEt and H»,O. The organic phase was washed with brine, dried

(Na2S0y), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel

column chromatography (¢ 1.6x6 cm, 1—2% MeOH/CHCI3) to afford 17 (6 mg, 15.6 pumol,
47%) as a white solid, and 27 (5.8 mg, 10.1 umol, 31%) as a white solid. '"H NMR (DMSO-ds, 400 MHz) & 8.39 (d,
1H, H-6, Js,5s = 8.2 Hz), 7.53 (d, 1H, H-15, Ji5,8 = 7.3 Hz), 7.45 (m, 1H, H-1), 7.34 (m, 5H, Cbz), 6.55 (dd, 1H, H-4,
J4,3=15.6,J4 5=15.0 Hz), 6.26 (d, 1H, H-3, J3,4 = 16.0 Hz), 5.67 (dt, 1H, H-10, Jio, 11 = 15.1, Jio,9 = 7.4 Hz), 5.20
(m, 1H, H-11), 5.00 (d, 2H, Cbz, Je.n = 12.8 Hz), 4.21 (dt, 1H, H-8, Js 15 = 7.8, Js,0 = 7.8 Hz), 4.02 (m, 1, H-5), 3.67
(m, 1H, H-12), 3.55(m, 1H, H-12), 2.25 (dd, 2H, H-9, Jo s = 7.8, Jo, 10 = 7.8 Hz), 1.73 (dq, 1H, H-13, J13,5 = 13.8, J13,
14=6.8 Hz), 0.91 (d, 3H, H-14, Ji4,13 = 6.9 Hz), 0.89 (d, 3H, H-14, J14 13 = 6.9 Hz); 3C NMR (DMSO-ds, 100 MHz)
5171.4,167.5,155.4,142.7,137.1,131.9,129.2,128.4,127.8, 124.1, 65.4, 55.4, 53.7,44.7,31.5, 20.0, 19.2; ESIMS-
LR m/z 408 [(M+Na)"]; ESIMS-HR calcd for C21H2704N3Na 408.19, found 408.19; [a]*°p —205.9 (¢ 1.02, MeOH).

(E,S)-4-(tert-Butoxycarbonyl)amino-/V-(p-toluenesulfonyl)-5-methylbut-2-enamide(S3)
6 A suspension of diethylphosphonoacetic acid (4.47 g, 22.8 mmol), DMAP (836 mg,
BocHNISS/Z\;(H\ £ ‘ 6.84 mmol), and TsNH> (3.9 g, 22.8 mmol) in DMF (100 mL) was treated with EDCI
, (7.08 g, 45.6 mmol) at room temperature for 7 h. Then, the reaction mixture was

warmed to 70 °C and stirred for 13 h. The mixture was partitioned between AcOEt and 1 M ag. HCI, and the organic

phase was washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified by hi-
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flash silica gel column chromatography (¢ 4.6x12 cm, 1% MeOH/CHCI) to afford a crude phosphonate (9.04 g) as
a white solid. A solution of Boc- L-Val-OH (10 g, 46 mmol), N-methylmorphorine (10 mL, 92 mmol), MeNHOMe -
HCI (98%, 6.9 g, 46 mmol), and HOBt - H>O (6.2 g, 46 mmol) in CH>Cl, (46 mL) was treated with EDCI (7.1 g, 46
mmol) at -3 °C for 35 min. The mixture was warmed to room temperature and stirred for 19 h. HOBt- H,O (6.2 g,
46 mmol) and EDCI (7.1 g, 46 mmol) were added to the mixture, which was stirred for 40 min. The mixture was
quenched with 1 M aq. HCI and partitioned between AcOEt and H»>O. The organic phase was washed with 1 M agq.
HCI, sat. ag. NaHCO3, H>O, and brine, dried (Na,SOs), filtered, and concentrated in vacuo, to afford a crude Weinreb
amide (12.4 g) as a colorless oil. A solution of Weinreb amide (1.3 g, 5.1 mmol) in THF (50 mL) was treated with
LiAlH4 (155 mg, 4.1 mmol) at 0 °C for 45 min. The mixture was quenched with sat. ag. NaxSO4 (60 mL) and
partitioned between Et;O and 1 M aq. HCI, sat. ag. NaHCO3, H>O, and brine, dried (NaxSOs), filtered, and
concentrated in vacuo, to afford the aldehyde (1.2 g, quant.) as a colorless oil. A suspension of the phosphonate (3.01
g, 7.91 mmol), Zn(OTf), (6.3 g, 17.4 mmol), TMEDA (1.42 mL, 9.50 mmol), and DBU (4.73 mL, 31.6 mmol) in
THF (80 mL) was treated with a solution of the aldehyde (1.59 g, 7.91 mmol) in THF (20 mL) at 0 °C for 52 h. The
mixture was partitioned between AcOEt and 1 M aq. HCI, and the organic phase was washed with sat. ag. NaHCOs,
H>0, and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel
column chromatography (¢ 2.6x15 cm 0—1% MeOH/CHCI3) to afford the S3 (3.13 g, 7.89 mmol, 99% over 4 steps)
as a white solid. 'H NMR (CDCls, 500 MHz) & 7.95 (d, 2H, H-1', Ji» = 8.1 Hz), 7.33 (d, 2H, H-2', J>,1 = 8.6 Hz),
6.85 (dd, 1H, H-3, 5, =14.9, J34=4.6 Hz), 592 (d, 1H, H-2, J>3 = 15.5), 4.53 (d, 1H, H-4, J45= 8.6 Hz), 4.12 (m,
1H, NH), 2.44 (s, 3H, H-3"), 1.82 (m, 1H, H-5), 1.42 (s, 9H, ‘Bu), 0.89 (d, 3H, H-6, Js5 = 6.9), 0.87 (d, 3H, H-6, Js 5
= 6.9 Hz); *C NMR (CDsOD, 100 MHz) § 165.0, 157.8, 149.5, 146.0, 137.7, 130.4, 129.2, 122.7, 80.3, 58.6, 33.3,
28.7, 21.6, 19.5, 18.8; ESIMS-LR m/z 419 [(M+Na)']; ESIMS-HR calcd for Ci9H270sN>S 395.16462, found
395.16471. [a]*°p—31.5 (c 1.00, MeOH).

Benzyl {(2S,4E)-6-hydroxy-1-{[(3S,4E)-2-methyl-6-(p-toluenesulfonamide)-6-oxohex-4-en-3-yljJamino}-1-
oxohex-4-en-2-yl}carbamate (29)

Compound S3 (21mg, 48.8 umol) was treated with 4 M HCl in dioxane (1 mL) at
room temperature for 30 min. The resulting mixture was concentrated in vacuo. A
solution of the residue (18 mg, 48.8 umol), 20 (15 mg, 53.7 pmol), and NaHCOs; (12
mg, 146.4 umol) in THF (488 uL) was treated with HATU (28 mg, 73.2 umol) and

DMF (54 pL) at room temperature for 11.5 h. The mixture was partitioned between

AcOEt and 1 M aq. HCI, and the organic phase was washed with sat. ag. NaHCOs3,
H>0, and brine, dried (Na,S0O,), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel

column chromatography (¢ 2x6.5 cm, 0—1% MeOH/CHC];) to afford 29 (25 mg, 44.8 pmol, 92% over 2 steps) as
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a white solid. "H NMR (CD;0D, 400 MHz) & 8.05 (d, 1H, NH, Jxus= 9.2 Hz), 7.88 (d, 1H, H-1" Jio» = 8.2 Hz),
7.37 (d, 2H, H-2", Ju v = 8.2 Hz), 7.31 (m, 5H, Ph), 6.79 (dd, 1H, H-4', Juy = 16.0, Jy.y = 5.9 Hz), 5.92 (d, 1H,
H-5', Js.4 = 15.6 Hz), 5.65 (m, 2H, H-4, H-5), 5.06 (s, 2H, CHaPh), 4.29 (m, 1H, H-3"), 4.16 (m, 1H, H-2), 3.97 (m,
2H, H-6), 2.40 (m, SH, H-3, H-3"), 1.82 (m, 1H, H-2"), 0.87 (d, 6H, H-1', Ji» = 5.5 Hz); 3C NMR (CD;0D, 125
MHz) § 174.0, 165.2, 158.2, 148.4, 146.1, 138.1, 134.4, 130.5, 129.5, 129.2, 129.0, 128.9, 126.8, 123.4, 67.7, 63.0,
57.3, 56.5, 36.0, 33.3, 21.5, 19.5, 18.8; ESIMS-LR m/z 580 [(M+Na)]; ESIMS-HR calcd for CasHss0-N3N3Na$S
580.20879, found 580.20889; [a]*> —40.9 (c 1.42, MeOH).

(3E,5S.8S,10E)-1,6-Diaza-8-(/V-benzyloxycarbonyl)amino-5-isopropyl-1-p-toluenesulfonyl-2,7-
dioxocyclododeca-3-10-diene (S4)
A solution of 29 (82 mg, 147 umol) and PPhs (47 mg, 176 umol) in THF (30 mL)
was treated with DEAD (80 uL, 176 umol, 2.2 mol/L in toluene) at room temperature
for 10 min. The mixture was concentrated in vacuo. The residue was purified by hi-

flash silica gel column chromatography (¢ 2x6.5 cm, 50% AcOEt/hexane—1%

MeOH/CHC]ls) to afford S4 (50 mg, 93 umol, 63%) as a white solid. '"H NMR
(DMSO-ds, 400 MHz) 6 8.46 (d, 1H, NH, Jxu,s = 7.8 Hz), 7.82 (d, 2H, H-1", Ji» = 8.2 Hz), 7.54 (d, 1H, NHCbz,
JINHevzs = 7.3 Hz), 7.42 (d, 2H, H-2', J>,1 = 11.4 Hz), 7.37 (m, 5H, Ph), 6.72 (dd, 1H, H-4, J43 = 16.0, J45 = 5.0 Hz),
6.33 (d, 1H, H-3, J34=16.0 Hz), 5.80 (dd, 1H, H-10, Jio,1 = 12.4, Ji109 = 11.9 Hz), 5.24 (dd, 1H, H-11, Ji1,10=13.7,
Jiriz = 11.4 Hz), 5.02 (d, 1H, CH>Ph, Jeen = 12.8 Hz), 4.96 (d, 1H, Cbz, Jeew = 12.8 Hz), 4.21 (m, 3H, H-8, H-12),
3.99 (m, 1H, H-5), 2.39 (s, 3H, H-3"), 2.30 (m, 2H, H-9), 1.73 (m, 1H, H-13), 0.90 (d, 3H, H-14, J14,13 = 6.9 Hz), 0.84
(d, 3H, H-7, Jis,13 = 6.9 Hz); *C NMR (DMSO-ds, 125 MHz) & 171.9, 165.7, 155.9, 149.2, 144.9, 137.5, 137.2,
131.4, 130.0, 129.7, 128.9, 128.6, 128.3, 124.0, 65.9, 55.9, 53.6, 49.3, 36.7, 31.9, 29.6, 21.6, 20.3, 19.5; ESIMS-LR
m/z 562 [(M+Na)"]; ESIMS-HR caled for C,sH3306N3NaS 562.19823, found 562.19811; [a]*’p —63.7 (¢ 0.82,
CHCl).

(3E,5S,85,10E)-1,6-Diaza-8-(/N-benzyloxycarbonyl)amino-5-isopropyl-2,7-dioxocyclododeca-3-10-diene

A solution of S4 (22 mg, 41 umol) in THF (410 pL) was treated with 0.1 M Sml, solution in

T
NP2 THF (1.63 mL) at room temperature for 1 min. The reaction mixture was partitioned between

° AcOEt and 1 M aq. HCI, and the organic phase was washed with brine, dried (Na2SOj), filtered,

and concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography
(¢ 1.6x6 cm, 0—3% MeOH/CHCI;) to afford 17 (12 mg, 31 umol, 76%) as a white solid. "H NMR (DMSO-ds, 400
MHz) 6 8.39 (d, 1H, H-6, Js s = 8.2 Hz), 7.53 (d, 1H, H-15, J155 = 7.3 Hz), 7.45 (m, 1H, H-1), 7.34 (m, 5H, Ph), 6.55

100



(dd, 1H, H-4, Jy3 = 15.6, J4s = 5.0 Hz), 6.26 (d, 1H, H-3, J54 = 16.0 Hz), 5.67 (dt, IH, H-10, Jio.11 = 15.1, Jio9 = 7.4
Hz), 5.20 (m, 1H, H-11), 5.00 (d, 2H, CH:Ph, Jgen = 12.8 Hz), 4.21 (dt, 1H, H-8, Jz15 = 7.8, Jso = 7.8 Hz), 4.02 (m,
1H, H-5), 3.67 (m, 1H, H-12), 3.55(m, 1H, H-12), 2.25 (dd, 2H, H-9, Jog = 7.8, Jo.10 = 7.8 Hz), 1.73 (dq, 1H, H-13,
Ji3.s=13.8,J13.14= 6.8 Hz), 0.91 (d, 3H, H-14, J1413 = 6.9 Hz), 0.89 (d, 3H, H-14, J14.13 = 6.9 Hz); 13C NMR (DMSO-
ds, 100 MHz) & 171.4, 167.5, 155.4, 142.7, 137.1, 131.9, 129.2, 128.4, 127.8, 124.1, 65.4, 55.4, 53.7, 44.7, 31.5, 20.0,
19.2; ESIMS-LR m/z 408 [(M+Na)*]; ESIMS-HR calcd for C21H704N:Na 408.19, found 408.19; [0]2°p —205.9 (¢
1.02, MeOH).

(28)-tert-Butyl 2-{3-(15)-1-[N-(3E,5S8,8S,10E)-(1,6-Diaza-6-isopropyl-2,7-dioxocyclododeca-3,10-dien-8-
yDcarbamoyl]-2-methylpropyl}ureido-3-methylbutanoate (S5)
23\2}/ o %, A solution of 17 (10 mg, 25.9 umol) in AcOH (150 pL) was treated with
D 17 ﬁ%ﬁjz:'(O'Bu 30% HBr in AcOH (0.5 mL) at room temperature for 30 min. The reaction
H H

mixture was concentrated in vacuo. A solution of the residue, 30 (12 mg, 38.9

umol), HOAt (6 mg, 38.9 umol), and ‘ProNEt (11 pL, 77.7 umol) was treated
with PyBOP (20 mg, 38.9 umol) at room temperature for 22 h. The reaction mixture was partitioned between AcOEt
and 1 M aq. HC], and the organic phase was washed with sat. ag. NaHCOs3, and brine, dried (Na;SOs), filtered, and
concentrated in vacuo. The residue was purified by preparative-TLC (10% MeOH/CHCIs) to afford S5 (10 mg, 18.2
Imol, 70%) as a white solid. "H NMR (DMSO-ds, 500 MHz) & 8.37 (d, 1H, H-6, Jss = 8.1 Hz), 7.96 (d, 1H, H-15,
Jisg = 7.5 Hz), 7.43 (m, 1H, H-1), 6.52 (dd, 1H, H-4, Ja3=15.5, Jas = 5.2 Hz), 6.31 (d, 1H, H-18, Ji517 = 9.7 Hz),
6.29 (d, 1H, H-20, J2021 = 9.7 Hz), 6.26 (d, 1H, H-3, J34 = 15.5 Hz), 5.69 (m, 1H, H-10), 5.21 (t, 1H, H-11, Ji1,12 =
12.6 Hz), 4.48 (dt, 1H, H-8, Js15 = 7.5, Js,0 = 7.5 Hz), 4.06 (dd, 1H, H-5, J5 6 = 8.6, J5,13 = 5.8 Hz), 4.03 (m, 1H, H-
21), 3.89 (dd, 1H, H-17, Ji7,18 = 8.6, Ji722 = 5.2 Hz), 3.68 (m, 1H, H-12), 3.58 (m, 1H, H-12), 2.26 (m, 2H, H-9),
1.94 (m, 1H, H-22), 1.88 (m, 1H, H-24), 1.70 (m, 1H, H-13), 1.38 (s, 9H, ‘Bu), 0.81-0.91 (m, 18H, H-14, H-23, H-
25); BC NMR (DMSO-de, 125 MHz) 6 171.7,171.4,171.0, 167.5, 157.6, 142.6, 132.0, 129.1, 124.0, 80.2, 58.3, 57.3,
55.4, 51.9, 44.7, 31.3, 30.5, 27.7, 19.7, 19.1, 17.7, 17.5; ESIMS-LR m/z 572 [(M+Na)*"]; ESIMS-HR calcd for
C23H4706NsNa 572.34186, found 572.34223; [a]*°p— 118.3 (c 0.40, DMSO).

(E)-Isosyringolin A (16)

Compound S5 (3.4 mg, 6.19 umol) was treated with HCO,H (100 puL) at room
temperature for 4 h. The reaction mixture was concentrated in vacuo. The
residue was purified by C18 reverse phase column chromatography (10—50%

MeOH/H;0) to afford 16 (2.4 mg, 4.86 umol, 79%) as a white solid. 'H NMR

(DMSO-ds, 500 MHz) & 8.35 (d, 1H, H-6, Js s = 8.0 Hz), 7.73 (br s, 1H, H-15),
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7.40 (m, 1H, H-1), 6.50 (dd, 1H, H-4, Ja3 = 16.0, Jus = 5.2 Hz), 6.31 (m, 1H, H-18), 6.23 (d, 1H, H-3, Js4 = 15.5
Hz), 6.17 (m, 1H, H-20), 5.64 (dd, 1H, H-10, Jio.1 = 12.1, Jioo = 11.5 Hz), 5.18 (dd, 1H, H-11, Ji110= 12.1, Ji1.12 =
12.6 Hz), 4.45 (br s, 1H, H-8), 3.98 (m, 1H, H-5), 3.95 (m, 1H, H-21), 3.78 (br s, 1H, H-17), 3.63 (m, 1H, H-12),
3.56 (m, 1H, H-12), 2.24 (m, 2H, H-9), 1.93 (m, 1H, H-22), 1.98 (m, 1H, H-24) 1.68 (m, 1H, H-13), 0.73-0.91 (m,
18H, H-14, H-23, H-25); 13C NMR (DMSO-ds, 100 MHz) & 172.1, 171.4, 168.0, 158.2, 142.9, 132.4, 129.5, 124.5,
589, 55.9, 52.3, 45.2, 37.3, 31.7, 31.4, 31.3, 20.2, 20.0, 19.8, 19.6, 18.4, 18.1; ESIMS-LR m/z 516.28 [(M+Na)'];
ESIMS-HR caled for Co4H3006NsNa 516.27926, found 516.27983.

(E)-Isosyringolin A analogue (32)
@\ A solution of 17 (20 mg, 52 umol) in AcOH (0.15 mL) was treated with
29

e Qg 30% HBr in AcOH (0.5 mL) at room temperature for 30 min. The mixture
78 15\"/17\”%520/\/{)24 . . .
1w~ N o o 27 ,s Was concentrated in vacuo. A solution of the residue, 31 (20 mg, 62 umol),

28 26

HOAt (12 mg, 78 umol), and ‘ProNEt (18 uL, 104 umol) was treated with
PyBOP (41 mg, 135 umol) at room temperature for 11 h. The mixture was partitioned between AcOEt and 1 M agq.
HCI, and the organic phase was washed with sat. ag. NaHCO3, H,0, and brine, dried (Na;SOs), filtered, and
concentrated in vacuo. The residue was purified by preparative-TLC (10% MeOH/CHCI) to afford 32 (22 mg, 39.8
umol, 77%) as a white solid. '"H NMR (DMSO-ds, 500 MHz) & 8.43 (d, 1H, H-6, Jss = 8.6 Hz), 8.04 (d, 1H, H-14,
Jusg=7.5Hz),7.93 (d, 1H, H-17, Ji7,16 = 8.0 Hz), 7.45 (m, 1H, H-1), 7.23 (m, 5H, Ph), 6.56 (dd, 1H, H-4, J43=15.5,
Jis=4.6 Hz), 6.27 (d, 1H, H-3, J34 = 14.4 Hz), 5.69 (t, 1H, H-10, Ji0o = 12.6 Hz), 5.23 (t, 1H, H-11, Ji1,12 = 12.0
Hz), 4.52 (m, 2H, H-8, H-16), 4.05 (m, 1H, H-5), 3.68 (m, 1H, H-3), 3.58 (m, 1H, H-3), 2.92 (dd, 1H, H-28, J23,16 =
13.8, Jgem = 4.1 Hz), 2.70 (dd, 1H, H-28, J8,16 = 13.8, Jeem = 10.3 Hz), 2.32 (m, 1H, H-9), 2.24 (m, 1H, H-8), 1.99 (t,
2H, H-19, Ji920 = 7.5 Hz), 1.74 (m, 1H, H-13), 1.04-1.34 (m, 14H, H-20-H-26), 0.90 (d, 6H, H-14, Ji4,13 = 6.9 Hz),
0.86 (t, 3H, H-27, J2726 = 6.9 Hz); 3C NMR (DMSO-ds, 125 MHz) & 189.8, 174.4,172.0, 170.7, 167.3, 142.4, 137.9,
132.7,130.3,129.2,127.9, 124.7, 124.0, 55.3, 53.6, 51.9, 44.5,31.3, 28.9, 22.1, 19.8, 18.6, 14.0; ESIMS-LR m/z 575
[(M+Na)*]; ESIMS-HR calcd for C3,H4304N4Na 575.35678, found 575.35753.
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Synthesis of (£)-isosyringolin A analogue
Dimethyl (9-phenyl-9H-fluoren-9-yl)-L-aspartate (44)
. NHPf A solution of L-aspartic acid (5.0 g, 27 mmol) in MeOH (13.5 mL) was treated with SOCl,
MeOZC\s/;\?OZMe (2.35 mL, 32.4 mmol) at 0 °C, and the mixture was stirred at room temperature for 72 h. The
mixture was concentrated in vacuo. A mixture of the residue, Pb(NO3), (9.2 g, 27.9 mmol)
and K3PO4 (11.8 g, 55.8 mmol) in MeCN (56 mL) was treated with PfBr (11.6 g, 36.3 mmol) at room temperature
for 24 h. The insolubles were filtered off, and the filtrate was concentrated in vacuo. The residue was partitioned
between AcOEt and H>O, and the organic phase was washed with sat. ag. NaHCOs, H>O, and brine, dried (Na>SOs),
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 1025 cm, 13%
AcOEt/hexane) to afford 44 (6.4 g, 16 mmol, 60% over 2 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 7.68
(m, 2H, Ar), 7.18-7.39 (m 11H, Ar), 3.65 (s, 3H, 1-OMe), 3.34 (s, 3H, 4-OMe), 3.21 (m, 1H, NH), 3.01 (m, 1H, H-
2), 2.51 (dd, 1H, H-3, J3,2 = 15.1, Jgew = 6.9 Hz), 2.34 (dd, 1H, H-3, J32 = 15.1, Jeew = 5.52 Hz). This is a known

compound*?.

Methyl (9-phenyl-9H-fluoren-9-yl)-L-homoserinate (45)

4 ';‘pr A solution of the 44 (1.23 g, 3.06 mmol) in toluene (30.6 mL) was treated with DIBAL (3.43
HO/\3/2\(1:02Me mL, 3.43 mmol, 1 M in toluene) at =78 °C for 30 min. DIBAL (0.61 mL, 0.61 mmol, 1 M in
toluene) was added to the mixture, which was stirred for 30 min. Acetone (1 mL), H,O (1 mL), and NaHCOswas
added to the mixture, which was stirred, filtered, and concentrated in vacuo. The residue was purified by hi-flash
silica gel column chromatography (¢ 2.6x10 cm, 17% AcOEt/hexane) to afford 45 (920 mg, 2.46 mmol, 81%) as a
colorless oil. "H NMR (CDCls, 400 MHz) & 7.20-7.70 (m, 13H, Ar), 3.72 (m, 1H, H-4), 3.56 (t, 1H, H-4, Ja3=11.0
Hz), 3.29 (s, 3H, CO2Me), 2.77 (dd, 1H, H-2, J>3=8.2, >3 =3.6 Hz), 1.73 (m, 1H, H-3), 1.59 (br s, 1H, OH), 1.54

(m, 1H, H-3). This is a known compound*".

(8,2)-6-Hydroxy-2-[(9-phenyl-9H-fluoren-9-yl)amino| hex-4-enoic acid (35)
NHPf A solution of the 45 (2.19 g, 5.86 mmol) in CH,Cl, (58 mL) was treated with Dess-Martin
TA\S/;\S:OZH periodinane (2.7 g, 6.4 mmol) at room temperature for 2 h. Ethyl acetate, saz. ag. NaHCOs3,
HO™ ° and sat. aq. Na;S>03 was added to the mixture, which was partitioned between AcOEt and
H,O. The organic phase was washed with sat. ag. NaHCO3, H>O, and brine, dried (Na>SO4), filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (¢ 5x10 cm, 11% AcOEt/hexane) to afford

a crude aldehyde (2.0 g) as a colorless oil. A solution of (CF3CH20),POCH>CO>Me (534 mg, 1.68 mmol) and 18-
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crown-6 (2.22 g, 8.40 mmol) in THF (20 mL) was treated by KHMDS (3.36 mL, 1.68 mmol, 0.5 M in toluene) at
—78 °C for 40 min. The mixture was added by a solution of the aldehyde (416 mg, 1.12 mmol) in THF (5 mL) at
=78 °C for 2 h. The reaction mixture was added by sat. ag. NH4Cl. The mixture was partitioned between AcOEt and
H>0, and the organic phase was washed with brine, dried (Na>SOj), filtered, and concentrated in vacuo. The residue
was purified by hi-flash silica gel column chromatography (¢ 2x6.5 cm, 0—10—20% AcOEt/hexane) to afford a
crude ester (232 mg, 0.543 mmol) as a colorless oil. A solution of the ester (232 mg) in THF (5.4 mL) was treated
with DIBAL (1.35 mL, 1.35 mmol, 1 M in toluene) at =78 °C for 2 h. Additional DIBAL (1.35 mL, 1.35 mmol, 1 M
in toluene) was added to the mixture, which was stirred for further 1 h. Methanol and sat. ag. KNaC4H4O¢ 4H,0 was
added to the mixture which was stirred, partitioned between AcOEt and H>O, and the organic phase was washed with
1 M aq. HCI, sat. ag. NaHCO3, H»0, and brine, dried (Na>SOs), filtered, and concentrated in vacuo. A solution of the
residue (215 mg, 0.54 mmol) in dioxane (4 mL) and H,O (2 mL) was treated with LiOH-H,O (135 mg, 3.23 mmol)
for 2 h. The mixuture was partitioned between AcOEt and 1 M ag. HCI. The organic phase was washed with brine,
dried (Na»SOy), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column
chromatography (¢ 2x6.5 cm, 0—1—3% MeOH/CHCL) to afford 35 (178 mg, 0.462 mmol, 38% over 4 steps) as a
colorless oil. 'H NMR (CD;0D, 400 MHz) & 7.79 (m, 2H, Ar), 7.33 (m, 11H, Ar), 5.74 (dt, 1H, H-5, Js4=11.0, Js¢
= 6.8 Hz), 5.36 (dt, 1H, H-4, Js5 = 11.4, Js3 = 7.8 Hz), 4.02 (d, 2H, H-6, Js;5 = 6.4 Hz), 2.63 (t, 1H, H-2, /3= 6.0
Hz), 2.32 (m, 1H, H-3) 2.18 (m, 1H, H-3); *C NMR (DMSO-ds, 100 MHz) 8 177.1, 148.2, 147.6, 143.9, 142.3,
142.2,132.9,130.4, 130.3, 129.6, 129.2, 129.0, 128.8, 128.4, 127.4, 127.0, 126.9, 121.3, 121.2, 74.4, 58.1,57.5, 32.8,
30.2; ESIMS-LR (negative mode) m/z 384 [(M-H)]; ESIMS-HR caled for C2sH2,03N 384.16052, found 384.16071.;
[a]*’p—16.4 (¢ 1.10, MeOH).

(4S,2E)-4-{(28,472)-6-Hydroxy-2-[(9-phenyl-9H-fluoren-9-yl)amino]| hex-4-enamido}-5-methyl-/V-(p-
toluenesulfonamide)hex-2-enamide (59)

Compound 28 (257 mg, 0.649 mmol) was treated with 4 M HCI in dioxane (6.5 mL) at room

» Nypf emperature for 40 min. The mixture was concentrated in vacuo. A solution of 35 (167 mg, 0.433

2

mmol), the residue (216 mg, 0.65 mmol), ‘ProNEt (362 pL, 2.6 mmol), and HOAt (177 mg, 1.3
mmol) in DMF (6.5 mL) was treated with EDCI (202 mg, 1.3 mmol) at room temperature and 22
h. The mixture was partitioned between AcOEt and H,O, and the organic phase was washed with 1 M aq. HCI, sat.
aq. NaHCO3, H>0, and brine, dried (Na>SO,), filtered, and concentrated in vacuo. The residue was purified by hi-
flash silica gel column chromatography (¢ 2x6.5 cm, 0—1—2% MeOH/CHCI) to afford 59 (116 mg, 0.175 mmol,
40%) as a colorless oil. '"H NMR (CD;0D, 400 MHz) 6 7.91 (m, 2H, Ar), 7.70 (m, 2H, Ar), 6.92-7.38 (m, 15H, Ar),
6.63 (dd, 1H, H-3, J3, = 15.6, J34 = 8.2 Hz), 5.80 (d, 1H. H-2, J,3 = 15.6 Hz), 5.66 (m, 1H, H-4"), 5.32 (m, 1H, H-
5"),4.02 (d, 2H, H-6', Jo s = 4.6 Hz), 3.89 (dd, 1H, H-4, J13= 6.9, J35 = 6.4 Hz), 2.56 (m, 2H, H-2"), 2.41 (s, 3H, Ts-
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Me), 2.27 (m, 1H, H-3'), 2.17 (m, 1H, H-3'), 1.63 (m, 1H, H-5), 0.77 (d, 3H, H-6, Js.s = 6.4 Hz), 0.72 (d, 3H, H-6,
Jo.s = 6.4 Hz); 3C NMR (DMSO-de, 100 MHz) § 176.6, 165.1, 150.6, 149.9, 147.4, 146.2, 145.8, 142.2, 141.7, 138.0,
132.7,130.5, 129.7, 129.6, 129.3, 128.9, 128.7, 128.2, 127.3, 127.1, 126.6, 124.3, 121.0, 120.9, 74.3, 58.1, 57.6, 57 4,
34.4,32.7, 21.6, 19.5, 19.1; ESIMS-LR m/z 664 [(M+H)*]; ESIMS-HR calcd for C3sH4205N3S 664.28397, found
664.28503. [0]°p—123.4 (c 0.54, MeOH).

(3E,5S,85,102)-5-1sopropyl-8-[(9-phenyl-9H-fluoren-9-yl)amino|-1,6-diazacyclododeca-3,10-diene-2,7-dione
(62)

A solution 0f 59 (110 mg, 166 pmol) and PPhs3 (87 mg, 331 umol) in THF (83 mL) was treated
with DEAD (151 pL, 331 pmol, 2.2 M in toluene) at room temperature for 0.1 h. The mixture
was concentrated in vacuo. The residue was purified by hi-flash silica gel column

chromatography (¢ 2.6x10 cm, 0—1% MeOH/CHCL) to afford a crude sulfoneamide as a

white solid. A solution of the crude sulfoneamide in THF (1.6 mL) was treated with 0.1 M
Sml, solution in THF (10 mL) at room temperature for 1 min. The mixture was partitioned between AcOEt and 1 M
aq. HCI, and the organic phase was washed with brine, dried (Na;SOs), filtered, and concentrated in vacuo. The
residue was purified by hi-flash silica gel column chromatography (¢ 2.6x10 cm, 0—1% MeOH/CHCI3) to afford 62
(35 mg, 72 pumol, 43% over 2 steps) as a white solid. "H NMR (DMSO-ds, 500 MHz) & 7.84 (m, 2H, Ar), 7.46 (m,
1H, H-1), 7.41 (d, 1H, H-6, Js5 = 7.4 Hz), 7.36 (m, 11H, Ar), 6.47 (dd, 1H. H-4, J43=14.9, J45 = 3.4 Hz), 5.82 (d,
1H, H-3, J34 = 14.9 Hz), 5.74 (dd, 1H, H-10, Ji0,11 = Ji09a = 11.5 Hz), 5.20 (dd,1H, H-11, Ji1,12o = 11.5 Hz), 3.94 (br
s, 1H, H-5), 3.81 (ddd, 1H, H-12b, Ji2p,12a = Ji2v,11 = 12.0, Ji2v,1 = 5.2 Hz), 3.67 (br s, 1H, H-5), 3.16 (d, 1H, H-12a,
J12a,120 = 12.0 Hz), 2.86 (br s, 1H, H-8), 2.74 (dd, 1H, H-9a, Jo, 0o = 12.6, Joas = 12.0 Hz), 1.87 (d, 1H, H-9b, Job,0. =
12.6 Hz), 0.76 (d, 3H, H-14, Ji413 = 6.9 Hz), 0.64 (d, 3H, H-14, J1413 = 6.9 Hz); '*C NMR (DMSO-ds, 125 MHz)
51729, 166.0, 149.6, 144.9, 142.3, 140.3 139.7, 128.3, 128.2, 127.7, 127.6, 127.1, 125.8, 120.4, 120.2, 120.0, 72.9,
55.8, 53.9, 34.4, 30.5, 19.4, 19.0, 14.0; ESIMS-LR m/z 514.3 [(M+Na)*]; ESIMS-HR calcd for C3;H330,N3Na
514.24650, found 514.24731.; [a]*’p—167.0 (¢ 1.10, MeOH).

(Z)-Isosyringolin A analogue (38)

A solution of the 62 (21 mg, 42.7 umol) and Et3SiH (17 pL, 106.8 mmol)
in CH2Cl; (0.854 mL) was treated with TFA (0.854 mL) at 0 °C, and the

mixture was stirred at room temperature for 1 h. The mixture was
25

concentrated in vacuo. A solution of the residue, 31 (16 mg, 51.2 pmol),

14 ProNEt (15 pL, 85.4 mmol), and HOAt (10 mg, 64.1 mmol) in DMF
(0.427 mL) was treated with PyBOP (33 mg, 64.1 mmol) at room temperature for 18 h. The mixture was partitioned
between AcOEt and H»O, and the organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3, H»O, and brine,

dried (NaxSOs), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column
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chromatography (¢ 1.6x6 cm, 0—1—2% MeOH/CHCIs) and preparative-TLC (10% MeOH/CHCIs) to afford 38 (15
mg, 27.1 umol, 63% over 2 steps) as a white solid. 'H NMR (DMSO-de, 500 MHz) 6 8.12 (d, 1H, H-15, Jis3 = 8.1
Hz), 8.07 (d, 1H, H-6, Js s = 8.6 Hz), 7.92 (d, 1H, H-18, Ji5,17 = 6.3 Hz), 7.58 (br s, 1H, H-1), 7.23 (m, 4H, Ar), 7.16
(m, 1H, Ar), 5.58 (d, 1H, H-4, J43=14.9 Hz), 6.02 (d, 1H, H-3, J34=14.9 Hz), 5.51 (t, 1H, H-10, Jio,11 = 11.5), 5.26
(m, 1H, H-11), 4.71 (br s, 1H, H-17), 4.56 (dt, 1H, H-8, Js 15 = 14.9, Jso = 4.1 Hz), 4.19 (br s, 1H, H-5), 3.99 (br s,
1H, H-12), 3.25 (br s, 1H, H-12), 3.08 (m, 1H, H-29), 3.03 (d, 1H, H-9, Jo 10 = 10.4 Hz), 2.75 (dd, 1H, H-9, Jgem =
10.9, Jog =10.9 Hz), 2.31 (d, 1H, H-29, J29,17 = 14.4 Hz), 2.00 (t, 2H, H-20, J2021 = 7.5 Hz), 1.80 (dt, 1H, H-5, J53 =
13.2, Js4 = 6.3 Hz), 1.35 (tt, 2H, H-21, J2120= 7.5, Jo1220 = 7.5 Hz), 1.06-1.27 (m, 12H, H-22, H-23, H-24, H-25, H-
26, H-27), 0.93 (d, 6H, H-14, Ji4,13 = 7.5 Hz), 0.86 (t, 3H, H-28, J>327 = 7.5 Hz); 3C NMR (DMSO-ds, 125 MHz)
6172.2,170.7,170.0, 166.0, 142.1, 138.1, 129.1, 128.4, 127.9, 126.1, 125.1, 120.4, 55.8, 53.8, 50.9, 37.0, 35.2, 31.3,
30.6, 30.3, 28.8, 28.7, 28.4,25.2,22.1, 19.3, 19.2, 15.8, 14.0; ESIMS -LR m/z 575.4 [(M+Na)*]; ESIMS-HR calcd
for C3xHas04N4Na 575.35678, found 575.35697. Data of [a]?°p for 38 was not able to be measured because of its
poor solubility in DMSO (c, 0.50).

Synthesis of norsyringolin A analogue
Dimethyl (9-phenyl-9H-fluoren-9-yl)-L-glutamate (49)

Methanol (20 mL) was added SOCI, (3.75 mL, 52 mmol) at 0 °C for 10 min. L-Glutamic
MeO,C /\;Z\H;f)zme acid (6.18 g, 42 mmol) was added to the mixture at room temperature for 68 h. The mixture
° 1 was concentrated in vacuo to afford a crude dimethyl glutamate (9.23 g). A solution of the
dimethyl glutamate (8.01 g, 45.7 mmol), Pb(NO3), (15.1 g, 45.7 mmol) and K3PO4 (19.4 g, 91.4 mmol) in MeCN
(91 mL) was treated with PfBr (15.1 g, 45.7 mmol) at room temperature for 48 h. The insolubles were filtered off,
and the filtrate was concentrated in vacuo. The residue was partitioned between Et,O and H,O, and the organic phase
was washed with 1 M aq. HCl, sat. ag. NaHCO3, H>0, and brine, dried (Na>SO,), filtered, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (¢ 10x15 cm, 11% AcOEt/hexane) to afford 49 (13.6
g, 32.7 mmol, 90% over 2 steps) as a yellow oil. 'H NMR (CDCls, 400 MHz) & 7.66 (m, 2H, Ar), 7.15-7.40 (m, 11H,
Ar), 3.63 (s, 3H, 1-OMe), 3.25 (s, 3H, 5-OMe), 2.95 (br s, 1H, H-2), 2.58 (br s, 1H, NH), 2.47 (ddd, 1H, H-4, Jee =

17.0, Ja3 = 8.3, Ju3 = 6.4 Hz), 2.35 (ddd, 1H, H-4, Jeen = 17.0, Js 3= 7.8 Hz) This is a known compound*¥.

Methyl (S,E)-5-hydroxy-2-[(9-phenyl-9H-fluoren-9-yl)amino)] pent-3-enoate (52)

NHPf A solution of 49 (1 g, 2.4 mmol) in THF (8 mL) was treated with KHMDS (10.5 mL, 5.3
Ho\5/4\/;\C02Me mmol, 0.5 M in toluene) at —78 °C for 30 min. A solution of PhSeCl (1.0 g, 5.28 mmol) in
. THF (2 mL) was added to the mixture, which was stirred for 3 h. Acetic acid (1 mL) was
added to the mixture at room temperature. The mixture was partitioned between AcOEt and H>O, and the organic
phase was washed with sat. ag. NaHCO3 H,O, and brine, dried (Na;SOs), filtered, and concentrated in vacuo. A

solution of the residue and K3PO4 (1.5 g, 7.2 mmol) in CH>Cl, (12 mL) was treated with mCPBA (1.0 g, 6.0 mmol)
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at 0 °C for 30 min. Na,S,0s was added to the mixture, which was filtered, and partitioned between AcOEt and H-O,
and the organic phase was washed with satz. ag. NaHCO3, and brine, dried (Na,SOs), filtered, and concentrated in
vacuo. A solution of the residue in THF (24 mL) was treated with DIBAL (7.1 mL, 7.1 mmol, 1 M in toluene) at
—40 °C for 1 h. Methanol and sat. ag. KNaC4H4O¢'4H>0 were added to the mixture, which was stirred for 30 min.
The mixture was partitioned between AcOEt and H»O, and the organic phase was washed with 1 M aq. HCI, H>O,
and brine, dried (NaxSOg), filtered, and concentrated in vacuo. The residue was purified by flash gel column
chromatography (¢ 4x13 cm, 25% AcOEt/hexane) to afford 52 (647 mg, 1.68 mmol, 70% over 3 steps) as a colorless
oil. "H NMR (CDCls, 400 MHz) 8 7.70 (m, 2H, Ar), 7.20-7.45 (m, 11H, Ar), 5.58 (dt, 1H, H-4, J43=15.6, J45=15.5
Hz), 5.43 (dd, 1H, H-3, J34 = 15.6, J32 = 6.4 Hz), 3.93 (m, 2H, H-5), 3.43 (s, 3H, Me), 3.36 (d, 1H, H-2, J,3=6.9

Hz) This is a known compound*?.

(S,E)-5-Hydroxy-2-[(9-phenyl-9H-fluoren-9-yl)amino]pent-3-enoic acid (36)
A NHPf A solution of the 52 (193 mg, 0.50 mmol) in dioxane (4 mL) and H,O (2 mL) was treated
HOMQOZH with LiIOH-H,O (126 mg, 3 mmol) for 2.5 h. The mixuture was partitioned between AcOEt
and 1 M aq. HCI, and the organic phase was washed with brine, dried (Na>SO4), filtered, and
concentrated in vacuo to afford 36 (200 mg, quant.) as a yellow solid. '"H NMR (CDCls, 400 MHz) & 7.83 (m, 2H,
Ar), 7.24-7.45 (m, 11H, Ar), 7.73 (m, 2H, Ar), 7.17-7.55 (m, 11H, Ar), 5.51 (m, 1H, H-4), 5.00 (d, 1H, H-3, J34 =
12.4 Hz), 3.71 (m, 2H, H-5), 3.20 (d, 1H, H-2, J>3- = 7.8 Hz); [0]*’p —73.8(c 1.01, CHCIs) This is a known

compound*?.

(4S,2E)-4-{(2S,3E)-5-Hydroxy-2-[(9-phenyl-9H-fluoren-9-yl)amino] pent-3-enamido}-5-methyl-/V-(p-
toluenesulfonamido)hex-2-enamide (60)

Compound 28 (150 mg, 0.38 mmol) was treated with 4 M HCl in dioxane (3.8 mL) at room
temperature for 1 h. The mixture was concentrated in vacuo. A solution of the residue, 36 (130
mg, 0.35 mmol), ‘ProNEt (293 pL, 2.1 mmol), and HOAt (143 mg, 1.05 mmol) in DMF (3.5
mL) was treated with EDCI (163 mg, 1.05 mmol) at room temperature for 20 h. Additional
EDCI (54 mg, 0.35 mmol), ‘ProNEt (97 pL, 0.7 mmol), and HOAt (47 mg, 0.35 mmol) were

added to the mixture, which was stirred for 2.5 h. The mixture was partitioned between AcOEt
and sat. ag. NaHCO3, and the organic phase was washed with 1 M ag. HCI and brine, dried (Na>SOs), filtered, and
concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2x6.5 cm, 0—1%
MeOH/CHCI5) to afford 60 (131 mg, 0.20 mmol, 57% over 2 steps) as a colorless oil. 'H NMR (CDsOD, 500 MHz)
6 7.89 (m, 2H, Ar), 7.12-7.73 (m, 15H, Ar), 6.65 (dd, 1H, H-3, /3, =12.4, J34= 6.4 Hz), 5.78 (d, 1H, H-2, >3 =124
Hz), 5.51 (m, 2H, H-3', H-4"), 4.13 (m, 1H, H-4), 3.90-3.95 (m, 2H, H-5"), 3.13 (m, 1H, H-2"), 2.41 (s, 3H, Ts-Me),
1.66 (m, 1H, H-5), 0.76 (m, 6H, H-6); *C NMR (CDs;OD, 125 MHz) & 187.9, 185.7, 172.1, 150.4, 145.9, 141.7,
133.1, 133.0,132.9, 130.8, 130.5, 130.0, 129.6, 129.3, 128.8, 128.2, 127.1, 127.0, 126.5, 120.9, 74.3, 62.8, 62.7, 60.1,
57.4,32.9, 21.4, 19.3, 14.8; ESIMS-LR m/z 650 [(M+H)*]; ESIMS-HR calcd for C33H40OsN3S 560.26832, found
560.26933; [a]**p —55.2(c 0.99, MeOH).
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(3E,5S5,85,9E)-5-Isopropyl-8-((9-phenyl-9H-fluoren-9-yl)amino)-1,6-diazacycloundeca-3,9-diene-2,7-dione
(63)

A solution of the 60 (68 mg, 0.104 mmol) and PPhs (55 mg, 0.208 mmol) in THF (52.3 mL)
was treated with DEAD (95 pL, 0.208 mmol) at room temperature for 1 h. The mixuture was
concentrated in vacuo, and the residue was purified by hi-flash silica gel column
chromatography (¢ 2x6.5 cm, 20—40% AcOEt/hexane) to afford a crude sulfoneamide (100

mg) as a white solid. A solution of the sulfoneamide in THF (1.0 mL) was treated with Sml,

(10 mL, 10 mmol, 1 M in THF) at room temperature for 10 min. The mixture was partitioned
between AcOEt and sat. ag. NH4Cl, and the organic phase was washed with 1 M aq. HCl, sat. ag. NaHCOs3, H>O,
and brine, dried (Na>SOy), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column
chromatography (¢ 2x6.5 cm, 0—1% MeOH/CHCI3) to afford 63 (25 mg, 52.3 umol, 50% over 2 steps) as a white
solid. '"H NMR (CD;OD, 500 MHz) & 7.73(m, 2H, Ar), 7.19-7.33 (m, 11H, Ar), 6.02 (m, 1H, H-4), 5.85 (d, 1H. H-3,
J34=16.1 Hz), 5.20 (m, 1H, H-9), 5.15 (m, 1H, H-10), 3.79 (m, 1H, H-5), 3.70 (dd, 1H, H-11, Jgem = 15.5, Ji1,10 =
6.9 Hz), 3.64 (dd, 1H, H-11, Jee = 15.5, Ji1,10 = 4.0 Hz), 3.26 (d, 1H, H-8, Jg9 = 8.0 Hz), 1.50 (m, 1H, H-12), 0.84
(d, 3H, H-13, Ji3,12 = 6.3 Hz), 0.76 (d, 3H, H-13, Ji312 = 6.3 Hz); 3C NMR (CDsOD, 125 MHz) 8 174.1, 173 .4,
151.1, 150.1, 145.9, 142.0, 141.0, 134.3, 131.0, 129.6, 129.5, 129.3, 128.8, 128.1, 127.3, 127.1, 126.6, 120.9, 120.8,
74.0, 59.3,45.7, 39.9, 39.4, 32.8, 19.9, 19.7; ESIMS-LR m/z 500 [(M+Na)*]; ESIMS-HR calcd for C3;H310,N3Na
500.23085, found 500.23189; [a]**p—26.2(c 1.12, MeOH).

Norsyringolin A analogue (39)
A solution of the 63 (51 mg, 0.107 mmol) and Et3SiH (0.728 mL, 0.268
mmol) in CHCl, (1.1 mL) was treated with TFA (1.07 mL) at 0 °C, and
23 the mixture was stirred at room temperature for 4 h. The mixture was
24 concentrated in vacuo. A solution of the residue, 31 (45 mg, 0.14 mmol),

ProNEt (36 uL, 0.21 mmol), and HOAt (25 mg, 0.16 mmol) in DMF (1.0

27 25

mL) was treated with PyBOP (83 mg, 0.16 mmol) at room temperature
for 20 h. Additional PyBOP (83 mg, 0.16 mmol), ‘ProNEt (150 pL, 0.88 mmol), and HOAt (25 mg, 0.16 mmol) was
added to the mixture, which was stirred for 14 h. The mixture was partitioned between AcOEt and H,O, and the
organic phase was washed with 1 M agq. HCI, sat. ag. NaHCOs, H»O, and brine, dried (Na>SOs), filtered, and
concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 1.6x6 cm, 1%
MeOH/CHCl3) to afford 39 (131 mg, 0.20 mmol, 57% over 2 steps) as a white solid. 'H NMR (DMSO-ds, 500
MHz) 6 8.06 (m, 1H, H-14), 7.87 (d, 1H, H-17, Ji7,16 = 8.0 Hz), 7.54 (br s, 1H, H-6), 7.41 (br s, 1H, H-1), 7.23 (m,
5H, Ar), 6.17 (dd, 1H, H-4, J43 = 16.0, J45 = 6.3 Hz), 5.99 (d, 1H, H-3, J34 = 16.0 Hz), 5.60 (br s, 1H, H-10), 5.53
(brs, 1H, H-11), 4.79 (br s, 1H., H-8), 4.58 (m, 1H, H-16), 3.89 (m, 1H, H-5), 3.71 (m, 2H, H-11), 3.03 (dd, 1H, H-
28, Jgem = 13.8, Jos16 = 4.1 Hz), 2.74 (dd, 1H, H-28, Jeem = J23,16 = 11.5 Hz), 2.00 (t, 2H, H-19, Ji920 = 7.5 Hz), 1.73
(m, 1H, H-12), 1.09-1.37 (m, 14H, H-20, H-21, H-22, H-23, H-24, H-25, H-26), 0.88 (m, 9H, H-13, H-27); *C NMR
(DMSO-ds, 125 MHz) 6 171.9, 170.9, 169.0, 168.7, 138.0, 129.1, 127.9, 126.1, 53.5, 43.8, 37.3, 35.0, 31.3, 28.8,
28.7, 28.4, 25.2, 22.1,19.7, 19.3, 14.0; ESIMS-LR m/z 539.4 [(M+Na)"]; ESIMS-HR calcd for C31H4704Ny4
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539.35918, found 539.35952. Data of [0]*’p for 39 was not able to be measured because of its poor solubility in
DMSO (c, 0.50).

Synthesis of (11E)-homosyringolin A analogue
Di-(zert-butoxycarbonyl)-Glu(OMe)-OMe (54)

A solution of L-glutamic acid (2.94 g, 20 mmol) in MeOH (50 mL) was treated with
TMSCI (11.2 mL, 88 mmol) at 0 °C, the mixture was stuirred at room temperature for 19 h.
1 After EtsN (18.1 mL, 130 mmol) and Boc,O (5.05 mL, 22 mmol) was added to the mixture
at 0 °C, which was further stirred at room temperature for 18 h. The mixture was filtered, and partitioned between
AcOEt and H;0O, and the organic phase was washed with 1 M aq. HCI, sat. ag. NaHCOs3, H>O, and brine, dried
(NaxS0y), filtered, and concentrated in vacuo. A solution of the residue and DMAP (484 mg, 3.96 mmol) in MeCN
(58 mL) was treated with Boc,O (5.56 mL, 21.8 mmol) at room temperature for 14 h. The mixture was partitioned
between AcOEt and H,O, and the organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3, H,O, and brine,
dried (Na»SOs), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column
chromatography (¢ 4.6x12 cm, 10—30% AcOEt/hexane) to afford 54 (6.16 g, 16.4 mmol, 82% over 2 steps) as a
yellow oil. "H NMR (CDCls, 400 MHz) 8 4.95 (dd, 1H, H-2, J>3. = 9.6, J>3, =4.12 Hz), 3.73 (s, 3H, CO2Me), 3.69
(s, 3H, CO:Me), 2.46 (m, 2H, H-4), 2.41 (m, 1H, H-3), 2.18 (m, 1H, H-3), 1.52 (s, 18H, ‘Bu). This is a known

compound*®.

Methyl 2-N, N-di[(fert-butoxycarbonyl)amino]-5-oxo-pentanoate (55)
NBoc, A solution of 54 (6.16 g, 16.4 mmol) in Et,O (150 mL) was treated with a solution of DIBAL
OHC /\/\COZM (24.6 mL, 24.6 mmol, 1 M in toluene) in Et;,O (10 mL) at =78 °C for 1 h. Further DIBAL
! (4.92 mL) was added to the mixture, which was stirred for 20 min. The reaction was quenched
with Na,SO4, and the mixture was stirred for 15 min, filtered, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (18—25% AcOEt/hexane) to afford 55 (2.92 g, 8.45 mmol 52%) as a colorless

oil and 56 (1.66 g, 4.78 mmol, 30%) as a colorless oil.
Methyl 2-N,N-di[(tert-butoxycarbonyl)amino]-5-hydroxy-pentanoate (56)—55

NBoc, A solution of 56 (1.55 g, 4.46 mmol) in CH>Cl, (10 mL) was treated with Dess-
HO\/\/\CO Me —> 55 Martin periodinane (2.84 g, 6.70 mmol) for 1.5 h. Ethyl acetate and sat. aq.
NaHCOs, sat. ag. NayS,03 were added to the mixture, which was vigorously
stirred for 10 min. The organic phase was separated, dried (Na,SOy), filtered, and concentrated in vacuo. The residue
was purified by hi-flash silica gel column chromatography (¢ 2.6x10 cm, 10—20% AcOEt/hexane) to afford 55 (1.29
g, 3.74 mmol, 84%) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 9.76 (s, 1H, CHO), 4.87 (dd, 1H, H-2, J>3, =
9.2, o3 =4.6 Hz), 3.71 (s, 3H, CO2Me), 2.58 (m, 1H, H-3), 2.48 (m, 2H, H-4), 2.16 (m, 1H, H-3), 1.49 (s, 18 H,

"‘Bu). This is a known compound®).
Methyl (S,E)-2-[(fert-butoxycarbonyl)amino]-7-hydroxyhept-5-enoate (58)
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A solution of diethylphosphonoacetic acid (1.69 g, 4.86 mmol), Zn(OTf), (3.24 g, 8.91
HOM . mmol), TMEDA (0.724 mL, 4.86 mmol), and DBU (2.42 mL, 16.2 mmol) in THF (31

! 5 % mL) was treated with a solution of 56 (1.40 g, 4.05 mmol) in THF (10 mL) at room
temperature for 16 h. The reaction was quenched with 1 M aq. HCIl, and partitioned between AcOEt and H,O, and
the organic phase was washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo. A solution of the
residue and Et3N (1.13 mL, 8.1 mmol) in THF (41 mL) was treated with ethyl chloroformate (771 pL, 8.1 mmol) at
0 °C for 15 min. A solution of NaBH4 (1.49 g, 40.5 mmol) in MeOH (13 mL) were added to the mixture, which was
stirred for 2 h. The reaction was quenched with 1 M aq. HCI, and the mixture was partitioned between AcOEt and
H>0. The organic phase was washed with brine, dried (Na>SO4), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (¢ 3x10 cm, 50% AcOEt/hexane) to afford 58 (200 mg, 0.732 mmol
18% over 3 steps) as a colorless oil. 'H NMR (CDs0D, 500 MHz) & 5.65 (m, 2H, H-5, H-6), 4.11 (m, 1H, H-2), 4.00
(d, 2H, H-7, J76 = 4.1 Hz), 3.71 (s, 3H, CO2Me), 2.13 (m, 2H, H-4), 1.85 (m, 1H, H-3), 1.71 (m, 1H, H-3), 1.44 (s,
9H, ‘Bu); *C NMR (CD;OD, 125 MHz) § 174.6, 158.2,131.9, 131.2, 80.6, 63.5, 54.4, 52.6,32.2,29.5, 28.7; ESIMS-
LR m/z 296 [(M+Na)']; ESIMS-HR calcd for Ci3H230sNNa 296.14684, found 296.14713. [a]p—16.2 (¢ 0.42,
MeOH).

(S,E)-2-|(tert-Butoxycarbonyl)amino]-7-hydroxyhept-5-enoic acid (37)

NHBoc A solution of 58 in dioxane (4 mL) and H,O (2 mL) was treated with LiOH-H,O (155
Ho\/\/\/\
CO

7 5

2H  mg, 3.69 mmol) at room temperature for 3 h. The mixture was partitioned between AcOEt

and 1 M aq. HC], and the organic phase was washed with brine, dried (Na2SOs), filtered,
and concentrated in vacuo to afford 37 (152 mg, 0.556 mmol, 90%) as a colorless oil. '"H NMR (CD30D, 400 MHz)
8 5.66 (m, 2H, H-5, H-6), 4.07 (m, 1H, H-2), 4.01 (m, 2H, H-7), 2.14 (m, 2H, H-4), 1.87 (m, 1H, H-3), 1.69 (m, 1H,
H-3), 1.48 (s, 9H, ‘Bu); '*C NMR (CD;OD, 100 MHz) & 131.7, 131.4, 101.0, 80.4, 63.6, 62.8, 32.4, 29.6, 28.7,
ESIMS-LR (negative mode) m/z 258.1 [(M-H) ]; ESIMS-HR calcd for Ci2H200sN 258.13470, found 128.13489.
[a]"p—5.33 (¢ 0.30, MeOH).

tert-Butyl {(2S,5E)-7-hydroxy-1-{{(3S,4E)-2-methyl-6-[(4-methylphenyl)sulfonamide]-6-oxohex-4-en-3-
yl}amino}-1-oxohept-5-en-2-yl}carbamate (61)

Compound 28 (317 mg, 0.8 mmol) was treated with 4 M HCl in dioxane (8§ mL) at
room temperature for 30 min. The mixture was concentrated in vacuo. A solution of
the residue, 37 (146 mg, 0.534 mmol), ‘ProNEt (446 uL, 3.2 mmol), and HOAt (218
mg, 1.6 mmol) in DMF (5.3 mL) was treated with EDCI (248 mg, 1.6 mmol) at
room temperature for 21 h. The mixture was partitioned between AcOEt and 1 M

aq. HCI, and organic phase was washed with 1 M aq. HC], sat. ag. NaHCOs3, H>O,

and brine, dried (Na,SO,), filtered, and concentrated in vacuo. The residue was
purified by hi-flash silica gel column chromatography (¢ 2.6x10 cm, 0—1—2% MeOH/CHCIs) to afford 61 (233
mg, 0.43 mmol, 81% over 2 steps) as a colorless oil. '"H NMR (CD;O0D, 500 MHz) § 7.92 (d, 1, H-6, Js5 = 8.1 Hz),
7.88 (d, 2H, H-1', J1» = 6.4 Hz), 7.38 (d, 2H, H-2', J>.1 = 6.4 Hz), 6.78 (dd, 1H, H-4, J43=15.5, J45= 6.9 Hz), 5.93
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(d, 1H, H-3 J54 = 15.5 Hz), 5.64 (dt, 1H, H-11, J11.12 = 15.5, Ji1.10= 5.7 Hz), 5.61 (dt, 1H, H-12, Jio.11 = 15.5, Ji2.13 =
5.7 Hz), 4.25 (m, 1H, H-5), 4.00 (m, 1H, H-8), 3.99 (m, 2H, H-13), 2.43 (s, 3H, H-3'), 2.08 (m, 2H, H-10), 1.85 (m,
1H, H-14), 1.67-1.82 (m, 2H, H-9), 1.42 (s, 9H, ‘Bu), 0.89 (t, 6H, H-15, Jis.14 = 8.6 Hz); >*C NMR (CD;0D, 100
MHz) § 175.3, 165.8, 158.3, 148.5, 146.4, 138.4, 132.0, 130.9, 129.6, 124.2, 81.1, 80.0, 79.6, 79.3, 63.9, 57.7, 56.0,
33.7, 33.6, 33.1, 30.0, 29.1, 26.9, 22.0, 19.9, 19.2; ESIMS-LR m/z 560 [(M+Na)']; ESIMS-HR calcd for
Ca6H390,N3Na$ 560.24009, found 560.24051. [0]**p—9.3 (c 0.13, MeOH)

tert-Butyl [(3E,5S,8S,11 E)-5-isopropyl-2,7-dioxo-1,6-diazacyclotrideca-3,11-dien-8-yl|carbamate (64)

A solution of the 61 (200 mg, 0.372 mmol) and PPhs (195 mg, 0.744 mmol) in THF (180
mL) was treated with DEAD (338 pL, 0.744 mmol) for 30 min. The mixuture was
concentrated in vacuo. The residue was purified by hi-flash silica gel column

chromatography (¢ 2.6x10 cm, 20—40% AcOEt/hexane) to afford a crude sulfoneamide

(220 mg) as a white solid. A solution of the crude sulfoneamide in THF (3.7 mL) was treated
with Sml, (10 mL, 1 mmol, 1 M in THF) at room temperature for 10 min. The mixture was partitioned between
AcOEt and 1 M aq. HCI, and the organic phase was washed with brine, dried (Na>SOy), filtered, and concentrated in
vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2x6.5 cm, 1% MeOH/CHCI3) to
afford 64 (50 mg, 137 pumol, 37% over 2 steps) as a white solid. 'H NMR (CDsOD, 500 MHz) & 6.48 (m, 2H, H-3,
H-4), 5.50 (m, 1H, H-11), 5.34 (m, 1H, H-12), 4.25 (dd, 1H, H-5,J=6.3,2.9 Hz), 4.10 (d, 1H, H-8, /= 5.7 Hz), 3.75
(dd, 1H, H-13, Jgem = 16.6, J13,12 = 8.1 Hz), 3.64 (d, 1H, H-13, Jeem = 16.6 Hz), 2.32 (m, 1H, H-10), 2.12 (m, 1H, H-
10), 2.09 (m, 1H, H-9), 1.85 (m, 1H, H-14), 1.74 (m, 1H, H-9), 1.44 (s, 9H, ‘Bu), 0.94 (m, 6H, H-15); 3C NMR
(CDsOD, 125 MHz) 6 173.5,172.5,157.3, 145.5, 143.6, 134.1, 130.2, 126.1, 122.8, 80.5, 57.6, 57.3, 55.0, 45.3, 32.7,
32.6,28.7,28.4,19.8, 19.3; ESIMS-LR m/z 388 [(M+Na)*]; ESIMS-HR calcd for C19H3104N3Na 388.22068, found
388.22122. [a]*p—52.3 (¢ 0.69, MeOH).

(11E)-Homosyringolin A analogue (40)

A solution of the 64 (25 mg, 68.4 umol) was treated with 4 M HCl in
dioxane (0.68 mL) at room temperature for 20 min. The mixture was
concentrated in vacuo. A solution of the residue, 31 (43 mg, 137 umol),

'ProNEt (46 ul, 274 pmol), and HOAt (21 mg, 137 pmol) in DMF (0.68

mL) was treated with PyBOP (71 mg, 137 pmol) at room temperature for
24 h. The mixture was partitioned between AcOEt and 1 M aq. HCI, and the organic phase was washed with sat. aq.
NaHCOs3, H20, and brine, dried (Na2SOs), filtered, and concentrated in vacuo. The residue was purified by hi-flash
silica gel column chromatography (¢ 1.6x6 cm, 10% MeOH/CHCI3) to afford 40 (14 mg, 247 pmol, 36% over 2
steps) as a white solid. 'H NMR (DMSO-ds, 500 MHz) & 8.06 (d, 1H, H-6, Js5 = 9.2 Hz), 8.06 (d, 1H, H-19, Ji9,15=
9.2 Hz), 7.96 (d, 1H, H-16, Jiss = 7.5 Hz), 7.42 (m, 1H, H-1), 7.23 (m, 5H, Ar), 6.36 (d, 1H, H-3, J34 = 15.5 Hz),
6.28 (dd, 1H, H-4, Js3=15.5, Js5 = 6.3 Hz), 5.50 (dt, 1H, H-11, J11,12 = 15.5, Ji1,10 = 6.9 Hz), 5.25 (dt, 1H, H-12, Ji»,
1 =14.9, Ji2,13 = 5.8 Hz), 4.54 (ddd, 1H, H-18, Jis,10 = 8.6, Jis30 = 4.1 Hz), 4.36 (t, 1H, H-8, Js,16= 7.5 Hz), 4.18
(ddd, 1H, H-5, Js4 = Js 6 = Js14 = 8.0 Hz), 3.58 (ddd, 1H, H-13, Jeewm = 16.0, J13,12 = 6.9, J131 = 6.9 Hz), 3.48 (t, 1H,
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H-13, Jgem = 15.6 Hz), 2.98 (dd, 1H, H-30, Jeem = 13.8, J30, 18 = 4.0 Hz), 2.72 (dd. 1H, H-30, Jgen = 13.8, J30.15 = 4.0
Hz), 2.15 (m, 2H, H-10), 1.99 (m, 3H, H-9, H-10), 1.72 (m, 1H, H-14), 0.86-1.34 (m, 27H, H-14, H-15, H-21, H-22,
H-23, H-24, H-25, H-26, H-27, H-28, H-29); '3C NMR (DMSO-ds, 125 MHz) § 172.2, 170.7, 170.4, 168.7, 166.9,
142.6, 140.8, 138.0, 132.7, 129.1, 127.9, 126.1, 125.3, 122.1, 55.0, 53.7, 51.7,51.4,43.7,35.2,31.7, 31.3, 30.8, 28.8,
28.7,28.4,26.4,25.2,22.1,19.2, 18.9, 13.9; ESIMS-LR m/z 589.4 [(M+Na)*]; ESIMS-HR calcd for C33Hs5004N4Na
589.37243, found 589.37292. Data of [0]*’p for 40 was not able to be measured because of its poor solubility in
DMSO (c, 0.50).

Synthesis of (10E)-homosyringolin A analogue
Diethyl [2-(but-3-en-1-ylamino)-2-oxoethyl]phosphonate (78)
A solution of diethylphosphonoacetic acid (1.58 g, 8.07 mmol), DMAP (296 mg, 2.42

Eto'P\)l\N/\/\ mmol), homoallylamine hydrochloride (0.956 g, 8.88 mmol) and ‘ProNEt (4.12 mL, 24.2

B0 mmol) in CH>Cl, (27 mL) was treated with EDCI (1.88 g, 12.1 mmol) at room temperature
for 17 h. The mixture was partitioned between AcOEt and H>O. The organic phase was washed with 1 M aq. HCI,
sat. aqg. NaHCO3, H,O, and brine, dried (Na,SOs), filtered, and concentrated in vacuo to afford 78 (996 mmol, 4
mmol, 50%) as a colorless oil. 'H NMR (CDCls, 400 MHz) § 6.78 (br s, 1H, NH), 5.77 (ddt, 1H, H-3', J341 = 17.4,
J34a=10.6, J32 = 6.9 Hz), 5.12 (dd, 1H, H-4'b, Jyp 3 = 17.6, Jav,aa = 1.4 Hz), 5.10 (dd, 1H, H-4'a, Jaa 3 = 10.2, Jaa g
= 1.4 Hz), 4.14 (dt, 4H, CH3CH-0, Jcu:cmop = Jenscmo,cmcmo= 7.4 Hz), 3.36 (t, 2H, H-1', Ji» = 6.8 Hz), 2.86 (s,
1H, H-1), 2.80 (s, 1H, H-1), 2.26 (dt, 2H, H-2', J>3 = J>1 = 6.8 Hz), 1.34 (t, 6H,OCH2CH3, J octcHs, ocrachs = 6.9
Hz); 3C NMR (CDCls, 100 MHz) § 164.0, 135.1, 117.4, 62.9, 62.8, 39.1, 35.8, 34.5, 33.7, 16.5; ESIMS-LR m/z 272
[(M+Na)*]; ESIMS-HR calcd for CioH2004NNaP 272.10222, found 272.10232.

(S)-2-[(tert-Butoxycarbonyl)amino]pent-4-enoic acid (80)
NHBoc A solution of allylglycine (1.15 g, 10 mmol) in dioxane (10 mL) and 1 M NaOH (20 mL) was
5/4\3/2:\[1]/0"' treated with Boc,O (2.76 mL, 12 mmol) at 0 °C, and the mixture was stirred at room temperature
o for 15 h. The mixture was concentrated in vacuo, partitioned between with Et;O and H»O, the
aqueous phase was acidified with 1 M ag. HCI and extracted with AcOEt. The organic phase was washed with brine,
dried (Na2SOs), filtered, and concentrated in vacuo to afford 80 (2.14 g, 9.9 mmol, 99%) as a colorless oil. '"H NMR
(CDCl3, 400 MHz) & 5.74 (ddd, 1H, H-4, Ja5.=16.9, Ja s = 9.6, Js5 = 7.3 Hz), 5.19 (m, 2H, H-5), 4.99 (d, 1H, NH,
Iz = 8.3 Hz), 4.39 (dt, 1H, H-2, Jonu = 12.8, 23 = 6.8 Hz), 2.57 (m, 2H, H-3), 1.45 (s, 9H, ‘Bu). This is a known

copound*®,

(S,B-Z-[(tert—Butoxycarbonyl)amino]-7-[2-(diethoxyphosphoryl)acetamido]hept-4-en0ic acid (81)
A solution of 78 (830 mg, 3.33 mmol), 80 (788 mg, 3.66 mmol), and Cul (13

3 . , . ,
Etgto \1)1\ MOH mg, 67 umol) in Et;O (33 mL) was treated with Grubbs II (85 mg, 0.100 mol)

NHBoc
at room temperature, and the mixture was heated under refluxed for 24 h. The

mixture was partitioned between with Et,0 and sat. ag. NaHCO3, and the aqueous phase was acidified with 1 M agq.
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HCI and extracted with AcOEt. The organic phase was washed with brine, dried (Na,SOs), filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (¢ 3x12 cm, 10% MeOH/CHCIs) to afford
81 (966 mg, 2.21 mmol, 66%) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 6.09 (br s, 1H, H-8), 5.56 (m, 1H, H-
4), 5.41 (m, 1H, H-5), 5.35 (m, 1H, BocNH), 4.46 (m, 1H, H-2), 4.14 (m, 4H, CH3CH0), 3.37 (m, 1H, H-7), 3.16
(m, 1H, H-7), 3.15 (dd, 1H, H-1", Jyp = 22.8, Jgem = 14.2 Hz), 2.84 (dd, 1H, H-1', Jip = 23.4, Jgew = 14.2 Hz), 2.51
(m, 2H, H-3), 2.33 (m, 1H, H-6), 2.12 (m, 1H, H-6), 1.43 (s, 9H, ‘Bu), 1.31 (t, 6H, CH3CH,0, J = 6.8 Hz); '*C NMR
(CDCls, 400 MHz) & 174.9, 164.0, 154.9, 131.1, 128.2, 110.4, 79.9, 63.3, 54.4, 38.7, 36.5, 31.0, 28.5, 16.4; ESIMS-
LR m/z 459 [(M+Na)']; ESIMS-HR calcd for Ci3H330sN2NaP 459.18667, found 459.18692. [a]'*p+105.9 (¢ 0.19,
CHCly).

tert-Butyl {(S,E)-7-[2-(diethoxyphosphoryl)acetamido]-1-{[(S)-1-hydroxy-3-methylbutan-2-yljJamino}-1-
oxohept-4-en-2-yl}carbamate (S6)
o o . o Ii A solution of 81 (366 mg, 0.839 mmol), L-valinol (140 puL, 1.26
Eto-P " NMN5I1' ' OH mmol), HOBt-H,O (170 mg, 1.26 mmol), Pro,NEt (351 pL, 2.52
Et0 ! F!; ° * NuBdt i mmol) in DMF (8.4 mL) was treated with EDCI (195 mg, 1.26 mmol)

at room temperature for 24 h. Further ‘Pr,NEt (117 pL, 0.84 mmol), HOBt-H,O (57 ug, 0.42 mmol) and EDCI (65
mg, 0.42 mmol) were added to the mixture, which was stirred for further 11 h. The mixture was partitioned between
with AcOEt and H,O, the organic phase was washed with 1 M aq. HCI, sat. ag. NaHCOs3, H,0, and brine, dried
(NazSOy), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 4x12
cm, 0—2—3% MeOH/CHCI;) to afford S6 (370 mg, 0.71 mmol, 85%) as a colorless oil. '"H NMR (CDCls, 400
MHz) & 7.01 (br s, 1H, H-7), 6.83 (d, 1H, H-5', Js,1r = 9.2 Hz), 5.59 (d, 1H, BocNH, Jnu,1 = 6.9 Hz), 5.47 (m, 2H, H-
4, H-5),4.16 (m, 1H, H-2), 4.13 (m, 4H, CH3CH-0), 3.74 (m, 1H, H-1"), 3.68 (m, 2H, H-2"), 3.29 (m, 2H, H-7), 2.98
(d, 2H, H-1", Ji"p = 21.5 Hz), 2.49 (m, 2H, H-3), 2.42 (m, 1H, H-6), 2.20 (br s, 1H, H-6), 1.89 (m, 1H, H-3"), 1.43 (s,
9H, ‘Bu), 1.34 (t, 6H, CH5CH,0, J= 6.9 Hz), 0.94 (d, 6H, H-4', J4 3 = 6.9 Hz); 3C NMR (CDCl3, 100 MHz) § 172.1,
164.1, 155.7,130.6, 128.1, 63.5, 63.2,62.9, 57.2, 54.9, 38.8, 36.3, 35.7, 34.4, 32.0, 29.0, 28.5, 19.7, 18.9, 16.5, 16.4;
ESIMS-LR m/z 544 [(M+Na)]; ESIMS-HR calcd for C23H4403N3NaP 544.27582, found 544.27569. [a.]'’p—12.0 (¢
0.88, CHCl3)

tert-Butyl [(3E,58,8S,10E)-5-isopropyl-2,7-dioxo-1,6-diazacyclotrideca-3,10-dien-8-yl]carbamate (83)

A solution of S6 (307 mg, 0.589 mmol) in CH,Cl, (5.89 mL) was treated with Dess-
Martin periodinane (274 mg, 0.647 mmol) at room temperature for 1 h. Ethyl acetate, sat.
aq. NaHCOs3 and sat. ag. Na;S>03 were added to the mixture, which was stirred for further
10 min. The organic phase was dried (Na,SOy), filtered, and concentrated in vacuo to afford
a crude aldehyde. A solution of Zn(OTf), (473 mg, 1.30 mmol), TMEDA (105 pL, 0.707
mmol) in THF (78 mL) was treated with Et:N (329 pL, 2.36 mmol) at room temperature for 15 min. A solution of

the crude aldehyde in THF (39 mL) was added to the mixture, which was further stirred for 20 h. The mixture was
concentrated in vacuo, partitioned between AcOEt and 1 M agq. HCI, and the organic phase was washed with brine,

dried (NaxSOs), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
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(¢ 3x10 cm, 1—3% MeOH/CHCIs) to afford 83 (145 mg, 0.397 mmol, 67% over 2 steps) as a white solid. "H NMR
(CDs0D, 500 MHz) 6 6.56 (dd, 1H, H-4, J43 = 15.5, J45 = 5.8 Hz), 6.40 (d, 1H, H-3, J34 = 15.5 Hz), 5.43 (dt, 1H,
H-10, Jio,1 = 15.5, Jioo = 7.4 Hz), 5.32 (dt, 1H, H-11, Ji1,10 = 15.5, Ji1,12 = 6.9 Hz), 4.05 (dd, 1H, H-5, J54= 5.8, J5,14
= 6.3 Hz), 3.98 (dd, 1H, H-8, Js9 = 8.1, Jsnw = 2.9 Hz), 3.12 (m, 2H, H-13), 2.29 (ddd, 1H, H-9, Jo10 = 7.5, Jog =
8.0, Jgem = 14.3 Hz), 2.14 (m, 1H, H-9), 1.98 (m, 2H, H-12), 1.23 (s, 9H, ‘Bu), 0.80 (d, 6H, H-15, Jis5,14 = 5.2 Hz); 13C
NMR (CD3OD, 100 MHz) & 174.0, 170.6, 157.3, 146.3, 133.0, 129.1, 123.5, 80.5, 57.8, 54.6,44.2, 37.7, 35.5, 32.7,
30.7,28.7, 19.7; ESIMS-LR m/z 388 [(M+Na)*"]; ESIMS-HR calcd for Ci9H3104N3Na 388.22068, found 388.22076.
Data of [a]*p for S7 was not able to be measured because its poor solubility in DMSO (c 0.40).

(10E)-Homosyringolin A analogue (71)

A solution of the 83 (40 mg, 0.109 mmol) was treated with 4 M HCl in
AcOEt (1 mL) at room temperature for 1 h. The mixture was
concentrated in vacuo. A solution of the residue, 31 (38 mg, 120 pumol),
N"2 2 IPrNEt (56 pL, 327 umol), and HOAt (25 mg, 164 pumol) in DMF (1.2
% mL) was treated with PyBOP (85 mg, 164 pmol) at 0 °C, and the mixture

was stirred at room temperature for 14 h. The mixture was partitioned
between AcOEt and 1 M ag. HCI, and the organic phase was washed with sat. ag. NaHCO3 and H»O, filtered, and
the residue was washed with AcOEt. The residue was purified by HPLC (5% MeOH/CHC) to afford 71 (37 mg,
65.3 umol, 65% over 2 steps) as a white solid. 'H NMR (DMSO-de, 500 MHz) 6 8.24 (m, 1H, H-6), 8.02 (m, 2H, H-
16, H-19), 7.39 (m, 1H, H-1), 7.15-7.22 (m, 5H, Ar), 6.61 (m, 1H, H-4), 6.51 (m, 1H, H-3), 5.58 (m, 1H, H-10), 5.42
(m, 1H, H-11), 4.52 (m, 1H, H-18), 4.43 (m, 1H, H-8), 4.19 (m, 1H, H-5), 3.13 (m, 2H, H-13), 2.98 (m, 1H, H-30),
2.74 (m, 1H, H-30), 2.39 (m, 1H, H-9), 2.28 (m, 1H, H-9), 2.09 (m, 1H, H-12), 2.00 (m, 2H, H-21), 1.75 (m, 1H, H-
14), 0.84-1.34 (m, H-10, 11, 22-29); 13C NMR (DMSO-ds, 125 MHz) & 171.2, 170.7, 167.4, 143.9, 142.4, 129.7,
128.7, 128.4, 126.8, 123.3, 55.7, 54.2, 52.1, 50.9, 42.8, 35.6, 32.0 31.2, 29.4, 29.2, 28.8, 25.7, 22.7, 19.8, 14.6;
ESIMS-LR m/z 589.4 [(M+)*]; ESIMS-HR calcd for C33Hs004NsNa 589.37243, found 589.37272. Data of [a]*’p for
71 was not able to be measured because of its poor solubility in DMSO (c, 0.50).

Synthesis of homosyringolin B analogue
tert-Butyl {(R)-7-[2-(diethoxyphosphoryl)acetamido]-1-{[(:5)-1-hydroxy-3-methylbutan-2-yl|]amino}-1-
oxoheptan-2-yl}carbamate (S7)

4 A mixture of 81 (500 mg, 1.14 mmol) and Pd/C (106 mg, 0.1 mmol)
O O (o] 3
EtO‘B \)l\ 8 /7\/5\/3\2)1\ 5 oH in MeOH (8 mL) was stirred at room temperature under H»
r N 1 N°r
EO ™ H o ¢ NHBdL 7 atmosphere for 1.5 h. The catalyst was filtered off through a Cerite

pad, and the filtrate was concentrated in vacuo. A solution of the
residue (500 mg), L-valinol (254 pL, 2.28 mmol), HOBt-H,O (308 mg, 2.28 mmol), and ‘ProNEt (636 pL, 4.56 mmol)
in DMF (10 mL) was treated with EDCI (354 mg, 2.28 mmol) at room temperature for 24 h. The mixture was
partitioned between with AcOEt and H»O, and the organic phase was washed with 1 M aq. HCI, sat. ag. NaHCOs,
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H>0, and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel
column chromatography (¢ 2.6x10 cm, 2% MeOH/CHCI3) to afford S7 (500 mg, 0.955 mmol, 84%) as a colorless
oil. '"H NMR (CDCl3, 400 MHz) & 6.68 (m, 1H, H-8), 6.70 (d, 1H, H-5', J5.;» = 8.2 Hz), 5.21 (d, 1H, H-BocNH, Jxp2
=8.2 Hz), 4.16 (m, 1H, H-2), 4.12 (m, 4H, CH;CH-0), 3.68 (m, 3H, H-2', OH), 3.51 (m, 1H, H-1"), 3.28 (m, 2H, H-
7), 2.85 (d, 2H, H-1", J 1p = 18.3 Hz), 1.88 (m, 2H, H-3), 1.55 (m, 1H, H-3"), 1.35-1.45 (m, H-4, H-5, H-6, ‘Bu, H-
4", 0.95 (t, 6H, CH3CH»0); *C NMR (CDCl3, 100 MHz) § 172.6, 164.0, 145.2, 139.1, 92.7, 63.5, 62.7, 57.2, 54.7,
39.3, 29.1, 28.5, 24.4, 19.6, 19.1, 16.5; ESIMS-LR m/z 546 [(M+Na)*]; ESIMS-HR calcd for Cy3HssOsN3NaP
546.29147, found 546.29254. [a.]"’p —28.3 (¢ 0.36, CHCl3).

tert-Butyl [(58,8S,E)-5-isopropyl-2,7-dioxo-1,6-diazacyclotridec-3-en-8-yl]carbamate (S8)

A solution of S7 (170 mg, 0.32 mmol) in CH,Cl, (3.2 mL) was treated with Dess-Martin
periodinane (151 mg, 0.36 mmol) at room temperature for 1 h. Ethyl acetate and sat. aq.
NaHCO3, and sat. aq. NaS>03 were added to the mixture, which was stirred for further 10
min. The organic phase was dried (Na2SOy), filtered, and concentrated in vacuo to afford a
crude aldehyde. A solution of Zn(OTf), (256 mg, 0.70 mmol), TMEDA (57 puL, 0.384 mmol)
in THF (44 mL) was treated with EtsN (178 uL, 1.28 mmol) at room temperature for 15 min.

A solution of the crude aldehyde in THF (20 mL) was added to the mixture, which was stirred for 15 h. The mixture
was concentrated in vacuo, and the residue was partitioned between AcOEt and 1 M ag. HCI. The organic phase was
washed with brine, dried (Na;SOy), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢ 3x10 cm, 1—3% MeOH/CHCI3) to afford S8 (101 mg, 0.27 mmol, 86% over 2 steps) as a white
solid. '"H NMR (CD30D, 400 MHz) & 6.73 (dd, 1H, H-4, J43 = 15.6, J45s = 4.6 Hz), 6.30 (d, 1H, H-3 J34 = 15.6 Hz),
4.37 (dd, 1H, H-5, Js4 = Js14 = 5.5 Hz), 4.30 (m, 1H, H-8), 3.20 (ddd, 1H, H-13, J13.12 = 6.4, Jisnu# = 8.7, Jgem = 15.1
Hz), 3.03 (ddd, 1H, H-13, Ji3,12 = Jiznu = 7.8, Jgem = 15.1 Hz), 1.90 (m, 1H, H-14), 1.81 (m, 2H, H-9), 1.43 (s, 9H,
‘Bu), 1.29-1.60 (m, 6H, H-10, H-11, H-12), 1.02 (t, 6H, H-15, Ji5,14 = 5.5 Hz); *C NMR (CD30D, 100 MHz) & 174.1,
170.9, 157.2, 145.4, 122.9, 80.5, 57.6, 54.9, 41.1, 32.8, 32.6, 29.5, 28.7, 24.9, 21.1, 19.7, 19.5; ESIMS-LR m/z 390
[(M+Na)*]; ESIMS-HR calcd for C19H3304N3Na 390.23633, found 390.23675. [a]'*p—58.2 (¢ 0.60, MeOH).

Homosyringolin B analogue (70)
A solution of the S8 (40 mg, 0.11 mmol) was treated with 4 M HCl in
AcOEt (1 mL) at room temperature for 1 h. The mixture was
2 24 concentrated in vacuo. A solution of the residue, 31 (39 mg, 120 pmol),
2 2 ProNEt (56 pL, 327 pmol), and HOAt (26 mg, 164 pmol) in DMF (1.2
29 27 mL) was treated with PyBOP (86 mg, 164 umol) at 0 °C, and the mixture

was stirred at room temperature for 17 h. The mixture was partitioned
between AcOEt and 1 M aq. HCI, and the organic phase was washed with sat. ag. NaHCO3 and H»O, filtered, and
the residue was washed with AcOEt to afford 70 (40 mg, 70 umol, 64% over 2 steps) as a white solid. '"H NMR
(DMSO-ds, 500 MHz) 6 8.13 (m, 2H, H-6, H-19), 7.70 (m, 1H, H-16), 7.44 (m, 1H, H-1), 7.15-7.23 (m, 5H, Ar),
6.55 (d, 1H, H-4, J43 = 13.8 Hz), 6.13 (d, 1H, H-3, J34 = 15.5 Hz), 4.51 (m, 2H, H-8, H-18), 4.28 (br s, 1H, H-5),

115



3.01 (m, 1H, H-30), 2.88 (m, 2H, H-13), 2.75 (m, 1H, H-30), 2.00 (br s, 2H, H-21), 1.81 (m, 2H, H-9), 1.77 (m, 1H,
H-14), 0.85-1.47 (m, 29H, H-10, H-11, H-12, H-15, H-22, H-23, H-24, H-25, H-26, H-27, H-28, H-29); 3C NMR
(DMSO-ds, 125 MHz) 6 172.3,170.6,166.9, 142.7,138.2, 133.7,129.1, 127.9, 126.1, 123.3, 122.1, 120.3, 95.6, 55.0,
53.7,51.7, 37.0, 35.2, 31.3, 30.9, 28.9, 28.7, 28.4, 25.3, 23.4, 22.2, 194, 19.3, 18.8, 14.0; ESIMS-LR m/z 591.4
[(M+Na)']; ESIMS-HR calcd for C33H504N4Na 591.38808, found 591.38928. Data of [a]*p for 70 was not able to
be measured because of its poor solubility in DMSO (c, 0.50).

Synthesis of syringolin B analogue
tert-Butyl {(S)-6-[2-(diethoxyphosphoryl)acetamido]-1-{[(R)-1-hydroxy-3-methylbutan-2-yl|amino}-1-

0x0hexan-2-yl}carbamate (S9)

\)L BocHN ” A solution of 75 (712 mg, 2.89 mmol) and Na,CO; (606 mg, 5.72
Etgto . /\/\/\[1]/ \/\OH mmol) in dioxane (3 mL) and H>O (5 mL) was added to a solution of
0 /\ 77 (1.4 g, 5.78 mmol) in dioxane (2 mL) at 0 °C, and the mixture was

stirred at room temperature for 16 h. The mixture was partitioned between Et;O and sat. ag. NaHCOs3 and the aqueous
phase was acidified with 1 M ag. HCI, and extracted with AcOEt. The organic phase was washed with brine, dried
(NaxS0y), filtered, and concentrated in vacuo. A solution of the residue (1.31 g), L-valinol (517 uL, 4.64 mmol),
HOBt-H,0 (627 mg, 4.64 mmol) and ‘ProNEt (1.29 mL, 9,27 mmol) in DMF (15.5 mL) was treated with EDCI (720
mg, 4.64 mmol) at room temperature for 11 h. The mixture was partitioned between with AcOEt and H,O, and the
organic phase was washed with 1 M agq. HCL, sat. ag. NaHCO3, H;O, and brine, dried (Na2SOs), filtered, and
concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2.6x10 cm, 0—2%
MeOH/CHCIs) to afford S9 (856 mg, 1.68 mmol, 54% over 2 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz)
5 6.92 (m, 1H, H-7), 6.42 (d, 1H, H-5', Js,1 = 8.7 Hz), 5.39 (d, 1H, NH, Jxu2 = 7.8 Hz), 4.15 (m, 4H, CH3CH>0),
4.05 (m, 1H, H-2), 3.82 (m, 2H, H-2"), 3.71 (m, 1H, H-1"), 3.30 (m, 2H, H-6), 2.84 (d, 2H, H-1", J=21.1 Hz), 1.86
(m, 1H, OH), 1.53-1.81 (m, 6H, H-3, H-4, H-5), 1.53 (m, 1H, H-3"), 1.43 (s, 9H, ‘Bu), 1.33 (m, 6H, CH3CH>0), 0.95
(d, 3H, H-4'", Jy3 = 6.9 Hz), 0.94 (d, 3H, H-4', J» 3 = 6.9 Hz). This is a known compound®*.

tert-Butyl [(5S,8S,E)-5-isopropyl-2,7-dioxo-1,6-diazacyclododec-3-en-8-yl]carbamate (S10)

A solution of S9 (820 mg, 1.61 mmol) in CH»Cl, (16 mL) was treated with Dess Martin
periodinane (751 mg, 1.77 mmol) at room temperature for 1 h. Ethyl acetate and sat. aq.
;"NHBoc NaHCOs, and sat. ag. NaxS;03 were added to the mixture, which was stirred for further 10
min. The organic phase was dried (Na,SOs), filtered, and concentrated in vacuo to afford a
crude aldehyde. A solution of Zn(OTf), (1.28 mg, 3.54 mmol), TMEDA (287 pL, 3.54 mmol)
in THF (222 mL) was treated with EtsN (896 pL, 6.44 mmol) at room temperature for 15 min. A solution of the crude

aldehyde in THF (100 mL) was added to the mixture, which was stirred for 22 h. The mixture was concentrated in
vacuo, and partitioned between AcOEt and 1 M ag. HCI, and the organic phase was washed with brine, dried
(NazSOy), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 3x10
cm, 1—2% MeOH/CHCIs) to afford S10 (360 mg, 1.02 mmol, 63% over 2 steps) as a white solid. 'H NMR (CDsOD,
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500 MHz) 5 6.81 (dd, 1H, H-4, Ju3 = 15.5, Jus = 5.2 Hz), 6.13 (d, 1H, H-3, J54 = 15.5 Hz), 421 (br s, 1H, H-8), 4.01
(dd, 1H, H-5, Js4=5.2, J5s13=8.1 Hz), 3.27 (dd, 1H, H-12, Ji2,11 = 13.2, Jeem = 13.8 Hz), 2.89 (dt, 1H, H-12, Ji2,11 =
4.0, Jgem = 12.1 Hz), 1.87 (m, 1H, H-9), 1.60 (m, 1H, H-9), 1.58 (m, 1H, H-13), 1.43 (m, 1H, H-11), 1.23 (s, 9H, ‘Bu),
1.18 (m, 3H, H-10, H-11), 0.84 (d, 1H, H-14, Ji413 = 6.9 Hz), 0.81 (d, 1H, H-14, Ji413 = 6.9 Hz); ESIMS-LR m/z 376
[(M+Na)']; ESIMS-HR calcd for CisH3104N3Na 376.22068, found 376.22095. This is a known compound3*.

Syringolin B analogue (34)
A solution of the S10 (39 mg, 0.11 mmol) was treated with 4 M HCl in
AcOEt (1 mL) at room temperature for 1 h. The mixture was
M 23 concentrated in vacuo. A solution of the residue, 31 (39 mg, 120 pumol),
0 22 ProNEt (56 uL, 327 pmol), and HOAt (26 mg, 164 umol) in DMF (1.2
28 2 %6 mL) was treated with PyBOP (86 mg, 164 umol) at 0 °C, and the mixture

was stirred at room temperature for 15 h. The mixture was partitioned
between AcOEt and 1 M ag. HCI, and the organic phase was washed with sat. ag. NaHCO3 and H»O, filtered, and
the residue was washed with AcOEt to afford 34 (34 mg, 61.3 pumol, 56% over 2 steps) as a white solid. "H NMR
(DMSO-ds, 500 MHz) 6 8.45 (d, 1H, H-6, Js s = 8.0 Hz), 8.14 (d, 1H, H-18, Ji5,17 = 8.1 Hz), 7.66 (d, 1H, H-15, Jis3
=7.5Hz), 7.38 (t, IH, H-1, Ji,12 = 6.3 Hz), 7.15-7.23 (m, 5H, Ar), 6.77 (dd, 1H, H-4, J43=15.5, J»5s = 4.6 Hz), 6.25
(d, 1H, H-3, J34=14.9 Hz), 4.61 (m, 1H, H-8), 4.50 (m, 1H, H-17), 4.11 (m, 1H, H-5), 3.27 (m, 1H, H-12), 3.01 (m,
1H, H-29),2.93 (m, 1H, H-12), 2.73 (dd, 1H, H-29, Jgem = 13.2, J29,17 = 11.5 Hz), 2.13 (m, 1H, H-9), 1.98 (t, 2H, H-
20, J2021 = 6.9 Hz), 1.79 (m, 1H, H-13), 1.62 (m, 1H, H-12), 1.44 (m, 1H, H-11), 1.04-1.34 (m, 14H, H-21, H-22, H-
23, H-24, H-25, H-26, H-27), 0.95 (d, 3H, H-14, J14,13 = 6.3 Hz), 0.91 (d, 3H, H-14, J14,13 = 6.3 Hz), 0.86 (t, 3H, H-
28, J2327= 6.3 Hz); *C NMR (DMSO-ds, 125 MHz) & 172.3, 170.8, 170.5, 165.8, 144.9, 138.2, 129.1, 127.9, 126.1,
119.9, 56.1, 53.8, 51.3, 38.0, 37.0, 35.2, 31.4, 31.2, 30.7, 30.3, 29.9, 28.8, 28.7, 28.4, 25.2, 22.1, 20.0, 19.3, 17.2,
14.0); ESIMS-LR m/z 577.4 [(M+Na)*]; ESIMS-HR calcd for C3,Hs5004N4Na 577.37243, found 577.37323. Data of
[a]?°p for 34 was not able to be measured because of its poor solubility in DMSO (¢, 0.50).

Synthesis of norsyringolin B analogue
tert-Butyl {(S)-5-[2-(diethoxyphosphoryl)acetamido]-1-{[(S)-1-hydroxy-3-methylbutan-2-ylJamino}-1-
oxopentan-2-yl}carbamate (S11)

4 A solution of 76 (713 mg, 3.07 mmol) and Na,COs3 (644 mg, 6.14 mmol)

O O o 3
. 5 3 SI/ in dioxane (3 mL) and H,O (5 mL) was treated with a solution of 77 (1.49
EtO ?\)LN 4 2 OH

1 N 1
>

EtO = H NHBLL g, 6.14 mmol) in dioxane (2 mL) at 0 °C and, the mixture was stirred at
room temperature for 23 h. The mixture was partitioned between Et,O and

sat. ag. NaHCOj3, and the aqueous phase was acidified with 1 M ag. HCI, and extracted with AcOEt. The organic
phase was washed with brine, dried (Na;SOs), filtered, and concentrated in vacuo. A solution of the residue (1.65 g),
L-valinol (668 uL, 6.0 mmol), HOBt-H,O (811 mg, 6.0 mmol), and ‘ProNEt (1.67 mL, 12 mmol) in DMF (20 mL)
was treated with EDCI (931 mg, 6.0 mmol) at room temperature for 22 h. The mixture was partitioned between with
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AcOEt and H,O, and the organic phase was washed with 1 M aq. HCI, sat. ag. NaHCOs3, H,O, and brine, dried
(NaySOy), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 3x10
cm, 2% MeOH/CHC]3) to afford S11 (990 mg, 2.0 mmol, 50% over 3 steps) as a colorless oil. 'H NMR (CDCls, 400
MHz) § 7.14 (m, 1H, H-6), 7.03 (d, 1H, H-5', Js.1 = 8.3 Hz), 5.45 (d, 1H, BocNH, Jnu2 = 8.2 Hz), 4.37 (m, 1H, H-
2), 4.15 (m, 4H, CH3CH,0), 3.80 (m, 2H, H-2"), 3.65 (m, 4H, OH, H-1', H-2"), 3.47 (m, 1H, H-5), 3.27 (m, 1H, H-
5),2.91(d, 1H, H-1", J=15.1 Hz), 2.85 (d, 1H, H-1", J 1p = 15.6 Hz), 1.88 (m, 1H, H-3"), 1.69 (m, 2H, H-3), 1.59
(m, 2H, H-4), 1.47 (s, 9H, Bu), 1.32 (m, 6H, CH3CH,0), 0.94 (m, 6H H-4'); 1*C NMR (CDCls, 100 MHz) § 172.6,
164.6, 156.2, 79.9, 63.6, 63.2, 57.9, 57.2, 53.5, 39.1, 36.1, 34.8, 30.7, 29.2, 29.0, 28.4, 24.4, 19.6, 19.2, 18.8, 16.5,
16.4; ESIMS-LR m/z 518 [(M+Na)]; ESIMS-HR calcd for C,H4OsN3NaP 518.26017, found 518.26002.
[a]*p—14.4 (¢ 1.27, CHCl).

tert-Butyl [(58,8S,E)-5-isopropyl-2,7-dioxo-1,6-diazacycloundec-3-en-8-yl|carbamate (S12)

A solution of S11 (970 mg, 1.96 mmol) in CH2Cl, (20 mL) was treated with Dess Martin
periodinane (914 mg, 2.16 mmol) at room temperature for 1 h. Ethyl acetate, sat. aq.
NaHCOs, and sat. ag. Na;S>03 were added to the mixture, which was stirred for further 10
min. The organic phase was dried (Na;SOs), filtered, and concentrated in vacuo to afford a
crude aldehyde. A solution of Zn(OTf), (1.57 g, 4.31 mmol), TMEDA (350 uL, 2.35 mmol)
in THF (262 mL) was treated with EtsN (1.09 mL, 7.84 mmol) at room temperature for 15

min. A solution of the crude aldehyde in THF (130 mL) was added to the mixture, which was stirred for further 19 h.
The mixture was concentrated in vacuo, partitioned between AcOEt and 1 M ag. HCL, and the organic phase was
washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢ 3x11 cm, 1—3% MeOH/CHCI3) to afford S12 (310 mg, 0.913 mmol, 47% over 2 steps) as a
white solid. '"H NMR (CD3;O0D, 500 MHz) [ 1116.43 (d, 1H, H-3, J34 = 16.6 Hz), 6.00 (dd, 1H, H-4, J43 = 16.6, J45 =
9.2 Hz),4.11 (dd, 1H, H-5, J54=9.2, Js.12 = 9.8 Hz), 4.00 (dd, 1H, H-8, Js9=15.2, 4.6 Hz), 3.15 (ddd, 1H, H-11, Ji1,10
=11.5, Juunu = 3.5, Jgem = 14.9 Hz), 2.92 (ddd, 1H, H-11, Ji1,10 = 8.1, Jung = 6.3, Jeem = 14.4 Hz), 1.82 (m, 1H, H-
12), 1.81 (m, 1H, H-9), 1.66 (m, 1H, H-9), 1.43 (s, 9H, ‘Bu), 1.34 (m, 2H, H-10), 1.04 (d, 3H, H-13, Ji3,12 = 6.3 Hz),
0.98 (d, 3H, H-13, Ji3.12 = 6.3 Hz); 3C NMR (CD;0D, 100 MHz) & 176.1, 174.1, 157.1, 141.8, 125.5, 80.4, 60.6,
55.4,44.2,31.6, 29.5, 28.7, 24.9, 20.0, 19.8; ESIMS-LR m/z 362 [(M+Na)*]; ESIMS-HR calcd for C17H29004N3Na
362.20503, found 362.20587. [a]*’p—124.2 (¢ 0.81, MeOH).

Norsyringolin B analogue (69)
A solution of the S12 (37 mg, 0.11 mmol) was treated with 4 M HCl
22 in AcOEt (1 mL) at room temperature for 1 h. The mixture was
% concentrated in vacuo. A solution of the residue, 31 (39 mg, 120 pmol),
25 ProNEt (56 uL, 327 umol), and HOAt (26 mg, 164 umol) in DMF (1.2
mL) was treated with PyBOP (86 mg, 164 pmol) at 0 °C, and the

mixture was stirred at room temperature for 15 h. The mixture was

partitioned between AcOEt and 1 M ag. HCI, and the organic phase was washed with sat. ag. NaHCO3 and H»O,
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filtered, and the residue was washed with AcOEt to afford 69 (45 mg, 83.2 umol, 76% over 2 steps) as a white solid.
"H NMR (DMSO-ds, 500 MHz) & 8.42 (d, 1H, H-6, Js 5 = 9.2 Hz), 7.96 (d, 1H, H-14, J143 = 6.9 Hz), 7.93 (d, 1H, H-
17, Ji7,16 = 8.1 Hz), 7.37 (m, 1H, H-11), 7.14-7.20 (m, SH, Ar), 6.29 (d, 1H, H-3, J34 = 16.6 Hz), 5.84 (dd, 1H, H-4,
Ji3=16.0, J45=8.6 Hz), 4.51 (m, 1H, H-16), 4.26 (m, 1H, H-8), 4.00 (ddd, 1H, H-5, J56=9.2,J54=9.2,J5120=9.2
Hz), 3.00 (m, 1H, H-11), 2.93 (m, 1H, H-28), 2.77 (m, 1H, H-11), 2.69 (dd, 1H, H-28, J23.16 = 10.9, Jgewm = 12.6 Hz),
1.98 (t, 2H, H-19, Ji920 = 6.3 Hz), 1.76 (m, 1H, H-9), 1.73 (m, 1H, H-12), 0.84-1.43 (m, 27H, H-9, H-10, H-13, H-
20, H-21, H-22, H-23, H-24, H-25, H-26, H-27); 3C NMR (DMSO-ds, 125 MHz) 6 172.7,172.1,170.7,170.0, 138.9,
137.9,129.2,127.9,126.1, 125.2,58.4,53.5,52.2,42.5,37.5,35.2,31.3,29.8,28.9, 28.8, 28.7,28.4,25.2,25.2,22.1,
19.6, 19.3, 14.0; ESIMS-LR m/z 563 [(M+Na)*]; ESIMS-HR calcd for C31H4304N4Na 563.35678, found 563.35752.
Data of [a]*’p for 69 was not able to be measured because of its poor solubility in DMSO (c, 0.50).

Synthesis of acyclic syringolin A

tert-Butyl {(S)-1-{[(R)-1-hydroxy-3-methylbutan-2-ylJamino}-1-oxopent-4-en-2-yl}carbamate (S13)

BocHN |, A solution of 80 (500 mg, 2.32 mmol), L-valinol (258 uL, 2.32 mmol), HOBt-H,O (470
H 2 .
SM"‘I\OH mg, 3.48 mmol), and 'ProNEt (0.97 mL, 6.96 mmol) in DMF (11.6 mL) was treated with
o N EDCI (540 mg, 3.48 mmol) at room temperature for 24 h. The mixture was partitioned
"

between with AcOEt and H»O, and the organic phase was washed with 1 M aq. HCI, sat.
aq. NaHCOs3, H,0, and brine, dried (Na,SOs), filtered, and concentrated in vacuo to afford S13 (700 mg, quant.) as
a colorless oil. "H NMR (CDCl3, 400 MHz)  6.32 (m, 1H, NH), 5.76 (ddt, 1H, H-4, J45s=17.9, J45=10.1 Js3=7.8
Hz), 5.20 (d, 1H, H-5, Js4=10.1 Hz), 5.00 (br s, |H, BocNH), 4.10 (dd, 1H, H-2, J>3=12.8, J>3= 6.4 Hz), 3.71 (m,
1H, H-1"), 3.60-3.70 (m, 2H, H-2"), 2.67 (br s, 1H, OH), 2.52 (m, 2H, H-3), 1.87 (dq, 1H, H-3", J31=13.7, J34 = 6.9
Hz), 1.45 (s, 9H, ‘Bu), 0,93 (d, 6H, H-4', J4 3 = 6.8 Hz); *C NMR (CDCls, 100 MHz) & 172.2, 162.7, 156.0, 133.3,
119.2, 80.7, 63.7, 57.4, 54.4, 36.6, 36.4, 31.6, 29.0, 28.4, 19.7, 18.8; ESIMS-LR m/z 323 [(M+Na)*]; ESIMS-HR
calcd for CisH2s04N2Na 323.19413, found 323.19434. [a]*°p—65.2 (¢ 1.00, CHCl3).

tert-Butyl {(S)-1-{[(S,E)-2-methyl-6-(methylamino)-6-oxohex-4-en-3-yl]Jamino}-1-oxopent-4-en-2-
yl}carbamate (84)
A solution of S13 (314 mg, 1.0 mmol) in CH>Cl, (10 mL) was treated with Dess Martin

Mel\]zH 11110 periodinane (467 mg, 1.1 mmol) at room temperature for 1 h. Ethyl acetate sat. ag. NaHCOs,

o /3 ° and sat. aq. Na,S,03 were added to the mixture, which was vigorously stirred for further 10

3& ZIINHBOC min. The organic phase was dried (Na>SOs), filtered, and concentrated in vacuo. A solution
" g o of the residue (209 mg, 1.1 mmol), Zn(OTf), (804 mg, 2.2 mmol), TMEDA (179 uL, 1.2
13

mmol) in THF (8 mL) was treated with EtsN (558 pL, 4.0 mmol) at room temperature for 15
min. A solution of the crude aldehyde in THF (4 mL) was added to the mixture, which was stirred for 18 h. The
mixture was concentrated in vacuo, partitioned between AcOEt and 1 M ag. HCL. The organic phase was washed
with brine, dried (Na2SOs), filtered, and concentrated in vacuo. The residue was purified by trituration with Et;O to

afford 84 (180 mg, 0.51 mmol, 51% over 2 steps) as a white solid. 'H NMR (CDCls, 500 MHz) (| 6.71 (dd, 1H, H-
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4, Ji3=14.9, Jus= 5.7 Hz), 6.59 (d, 1H., H-6, Jss = 8.0 Hz), 5.92 (d, 1H, H-3, J34 = 14.9 Hz), 5.72 (m, 1H, H-10),
5.15 (m, 1H, H-11), 5.11 (m, 1H, H-11), 4.41 (m, 1H, H-5), 4.14 (m, 1H, H-8), 2.84 (d, 3H, NMe, J = 5.2 Hz), 2.51
(m, 2H, H-9), 1.85 (m, 1H, H-12), 1.42 (s, 9H, ‘Bu), 0.89 (t, 6H, H-13, J13,2 = 6.9 Hz); 13C NMR (CDCls, 125 MHz)
§171.4,166.2,156.2, 141.9, 133.4, 124.7, 119.4, 80.7, 55.7, 54.3, 36.3, 32.3, 28.6, 26.6, 19.2, 18.3; ESIMS-LR m/z
376 [(M+Na)']; ESIMS-HR calcd for C1sH310sN3Na 376.22068, found 376.22093. [a]'$p—43.4 (c 1.02, MeOH).

Acyclic syringolin A (72)
A solution of the 84 (35 mg, 0.1 mmol) was treated with 4 M HCI in
AcOEt (1 mL) at room temperature for 1 h. The mixture was
23 concentrated in vacuo. A solution of the residue, carboxylic acid (35 mg,
24 110 umol), ‘ProNEt (51 pL, 300 pmol), and HOAt (23 mg, 150 pmol) in
DMF (1.0 mL) was treated with PyBOP (78 mg, 150 umol) at 0 °C, and

the mixture was stirred at room temperature for 15 h. The mixture was
partitioned between AcOEt and 1 M aq. HCI, and the organic phase was washed with sat. ag. NaHCO3; and H,O,
filtered, and the residue was washed with AcOEt to afford 72 (49 mg, 88 umol, 88% over 2 steps) as a white solid.
"H NMR (DMSO-ds, 500 MHz)  8.12 (m, 1H, H-14), 8.11 (m, 1H, H-1), 8.06 (m, 1H, H-17), 8.05 (m, 1H, H-6),
7.14-7.23 (m, 5H, Ar), 6.48 (ddd, 1H, H-4, Js3 = 15.5, Ja5 = 5.0, Ja12 = 3.2 Hz), 5.87 (d, 1H, H-3, J34 = 15.5 Hz),
5.70 (m, 1H, H-10), 5.08 (d, 1H, H-11, Ji1,10 = 16.6 Hz), 5.00 (d, 1H, H-11, Ji1,10 = 10.3 Hz), 4.50 (m, 1H, H-16),
4.35 (m, 1H, H-8), 4.17 (m, 1H, H-5), 3.00 (dd, 1H, H-28, J8,16 = Jeem = 13.7 Hz), 2.72 (dd, 1H, H-28, J18,16 = 10.9,
Jeem = 13.2 Hz), 2.61 (m, 3H, NMe), 2.42 (m, 1H, H-9), 2.35 (m, 1H, H-9), 2.00 (m, 2H, H-19), 1.76 (m, 1H, H-12),
0.83-1.36 (m, 23H, H-13, H-20, H-21, H-22, H-23, H-24, H-25, H-26, H-27); '*C NMR (DMSO-ds, 125 MHz)
6172.2,171.1, 164.9, 140.4, 137.9, 133.9, 129.0, 127.7, 125.9, 124.4, 117.4, 54.8, 53.7, 52.3, 37.1, 36.3, 35.1, 31.5,
31.1, 28.7, 28.5, 28.3, 25.3, 25.0, 21.9, 18.8, 18.3, 13.8; ESIMS-LR m/z 577.4 [(M+Na)*]; ESIMS-HR calcd for
C32Hs004N4Na 577.37243, found 577.37262. Data of [a]*’p for 72 was not able to be measured because of its poor
solubility in DMSO (¢, 0.50).

Syringolin B biphenyl analogue (89)

A solution of the S10 (40 mg, 0.11 mmol) was treated with 4 M HCl
in dioxane (1 mL) at room temperature for 30 min. The mixture was
concentrated in vacuo. A solution of the residue, 90 (65 mg, 165 pmol),
ProNEt (75 pL, 440 pmol), and HOAt (34 mg, 220 pumol) in DMF (1

2z mL) was treated with PyBOP (114 mg, 220 pmol) at 0 °C, and the

mixture was stirred at room temperature for 20 h. The mixture was

partitioned between AcOEt and 1 M ag. HCI, and the organic phase
was washed with sat. ag. NaHCO3, and H,O, filtered. The residue was
washed with AcOEt and H>O to afford 89 (22 mg, 35 pumol, 32% over 2 steps) as a white solid. '"H NMR (DMSO-db,
400 MHz) & 8.30 (d, 1H, H-6, Js5s = 8.2 Hz), 8.11 (d, 1H, H-18, Ji317 = 8.7 Hz), 7.72 (d, 1H, H-15, Ji15s3 = 7.3 Hz),
7.62 (d, 2H, H-Ar, J = 7.8 Hz), 7.54 (d, 2H, H-Ar, J = 7.8 Hz), 7.43 (t, 2H, H-Ar, J = 7.8 Hz), 7.37 (m, 2H, H-Ar),
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7.31 (m, 1H, H-1), 6.78 (dd, 1H, H-4, J15 = 16.0, Js5 =4.4 Hz), 6.23 (d, 1H, H-3, J34=16.0 Hz), 4.61 (m, 1H, H-8),
4.57 (m, 1H, H-17), 4.12 (m, 1H, H-5), 3.27 (m, 1H, H-12), 3.05 (d, 1H, H-29, Jgew = 11.0 Hz), 2.94 (m, 1H, H-12),
2.77 (dd, 1H, H-29, Jgem = 11.5, J29.17 = 13.3 Hz), 2.08 (m, 1H, H-9), 2.00 (t, 3H, H-20, J2021 = 7.3 Hz), 1.77 (m, 1H,
H-13), 1.65 (m, 1H, H-9), 1.45 (m, 1H, H-11), 1.12-1.33 (m, 18H, H-10, 11, 21-27), 0.96 (m, 6H, H-14), 0.81 (t, 3H,
H-28, J2s27 = 6.8 Hz) ; *C NMR (DMSO-ds, 125 MHz) & 172.3, 170.8, 170.5, 165.8, 144.8, 138.0, 137.4, 136.6,
129.9, 128.8, 126.4, 126.2, 120.0, 51.4, 35.2,31.2,28.9, 28.7, 28.4,25.3, 22.0, 20.0, 19.2, 17.2, 14.0; ESIMS-LR m/z
653.4 [(M+Na)*]; ESIMS-HR calcd for C3sHs304N4 629.40723, found 629.40785. Data of [a.]*’p for 89 was not able
to be measured because of its poor solubility in DMSO (c, 0.50).

Norsyringolin A biphenyl analogue (87)

A solution of the 63 (20 mg, 41.9 umol) and Et;SiH (17 uL, 105 pmol)
in CH2Cl, (0.5 mL) was treated with TFA (0.5 mL) at 0 °C, and the
mixture was stirred at room temperature for 3h. The mixture was

concentrated in vacuo. A solution of the residue, 90 (25 mg, 126 pmol),

21 s 'PnNEt (22 pL, 126 pmol), and HOAt (10 mg, 62.9 pumol) in DMF (0.5
R ,, ML) was treated with PyBOP (33 mg, 62.9 pmol) at room temperature
7 2 for 20 h. The mixture was partitioned between AcOEt and 1 M aq. HCI,

and the organic phase was washed with sat. ag. NaHCO3; and H>O,
filtered. The residue was washed with AcOEt and H>O to afford 87 (13 mg, 21.1 pmol, 50% over 2 steps) as a white
solid. '"H NMR (DMSO-ds, 500 MHz) & 8.32 (m, 1H, H-14), 8.05 (d, 1H, H-17, Ji7,16 = 6.9 Hz), 7.33-7.62 (m, 11H,
H-Ar, H-1, H-6), 6.18 (m, 1H, H-4), 5.98 (d, 1H, H-3, J54 =15.5 Hz), 5.61 (m, 2H, H-9, H-10), 4.79 (m, 1H, H-8),
4.60 (m, H-16), 3.87 (m, 1H, H-5), 3.73 (m, 2H, H-11), 3.05 (d, 1H, H-28, Jen = 13.8 Hz), 2.74 (t, 1H, H-28, J =
11.5 Hz), 1.99 (m, 1H, H-19), 1.72 (m, 1H, H-12), 1.31 (m, 2H, H-20), 0.80-1.9 (m, 21H, H-13, H-21-27) ; 3C NMR
(DMSO-ds, 125 MHz) 6 185.6, 171.2, 170.8, 169.1, 168.3, 139.9, 137.8, 137.2, 129.6, 128.7, 127.0, 126.3, 126.0,
53.3,43.8, 36.9, 35.1, 31.2, 31.1, 28.7, 28.6, 28.2, 25.1, 21.9, 19.5, 19.1, 13.8; ESIMS-LR m/z 637.3 [(M+Na)*];
ESIMS-HR caled for C37Hs104N4 615.3910, found 615.3911. Data of [a]*’p for 87 was not able to be measured
because of its poor solubility in DMSO (¢, 0.50).
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Evaluation of in vitro 5 proteasome inhibitory activity and determination of constants.

In vitro proteasome assays were performed in 96-wel microtiter plates with human erythrocyte 20S proteasome
(R&D Systems, Inc.) using tha AK-740 Assay Kit for Drug Discovery (Biomol). Reactions were performed at 37 °C
in 100 pL volumes containing a serial dilution of test samples, 2 pg/mL 20S proteasome, and 100 pM Suc-LLVY-
AMC for assaying chymotrypsin-like activity, according to the manufacture’s instructions. Fluorescence was
monitored with infinite M200 microplate reader (Tecan) equipped with 360 nm excitation and 465 nm emission filters,
and the results graphically represented in Figures S1(a), S1(b). The observed rate constant for inhibition, kobs, at each
concentration is determined from slope of a semi-logarithmic plot of inhibition versus time. The kobs values are re-
plotted against inhibitor concentration as shown Figure S1(c), and fitted to a hyperbolic equation, kqbs = k2[1]/(Ki+[1]),
to obtain values for K; and k. The k»/K; ratio represents the second-order rate constant for the reaction of the inhibitor

with the target.3?40)

Cell proliferation assays.
Bortezomib-resistant MM cell line, OPM2-2/BTZ, was established from the parental line, OPM-2 under continuous
exposure to bortezomib over a half year, and the cell proliferation assays was described previously'#)-2). Calculation

of the ICs value used GraphPad Prism version 6.05 for Windows, GrapgPad Software, La Jolla, Calfornia USA.

Scheme S1. Comparative data of the CT-L inhibitory activities and kinetics analysis of cyclic proteasome inhibitors.
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Data for (E)-isosyringolin A (16)
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Data for norsyringolin A analogue (39)
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Data for homosyringolin B analogue (70)
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Data for carfilzomib
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H2H HB1E
Synthesis of 201
(4S,55)-2,2-Dimethyl-1,3-dioxolane-4,5-dimethanol (188)
o2 1 A solution of diethyl L-(+)-tartrate (20.6 g, 100 mmol) in CH2Cl, (250 mL) was treated with
>< Cg: dimethoxypropane (37 mL, 300 mmol) and TsOH*H,O (380 mg, 2 mmol) at room temperature
o for 19 h. The mixture was partitioned between CH>Cl, and sat. ag. NaHCOs. The organic phase
was washed with brine, dried (Na,SOs), filtered, and concentrated in vacuo. A solution of the residue (22 g) in EtOH
(300 mL) and THF (150 mL) was treated with LiCl (22.7 g, 53 mmol) and NaBH4 (20.2 g, 53 mmol) at 0 °C and the
mixture was warmed to 40 °C and stirred for 18 h. The reaction was quenched with acetone (100 mL). The mixture
was filtered through a Cerite pad, and the filtrate was concentrated in vacuo. The residue was purified by short silica
gel column chromatography (1—5% MeOH/CH2CL,) to afford 188 (14.0 g, 86.3 mmol, 86% over 2 steps) as a
colorless oil. 'H NMR (CDCls, 400 MHz) 6 4.01 (m, 2H, H-2), 3.81 (m, 2H, H-1), 3.70 (m, 2H, H-1), 2.17 (t, 2H,
H-OH, Jon,1 = 4.6 Hz), 1.44 (s, 6H, H-OC(CH5),0) ; ESIMS-LR m/z 185 [(M+Na)*] This is a known compound®?.

(4S8,55)-5-{{[(tert-butyldimethylsilyljoxy} methyl}-2,2-dimethyl-1,3-dioxolane-4-methanol (189)
A solution of 188 (10.7 g, 66 mmol) in CH,Cl, (220 mL) was treated with imidazole (4.49

1
o2
>< \COH g, 66 mmol) and TBSCI (9.9 g, 66 mmol) at 0 °C for 2 h. Imidazole (2.3 g, 33 mmol) and
O“'3
4

OTBS . . . .
TBSCI (4.9 g, 33 mmol) were added to the mixture, which was stirred for 1 h. The mixture

was partitioned between CH>Cl; and sat. ag. NaHCOs. The organic phase was washed with
brine, dried (Na;SOs), filtered, and concentrated in vacuo. The residue was purified by short silica gel column
chromatography (20% EtOAc/hexane) to afford 189 (18.1 g, 66 mmol, quant.) as a colorless oil. '"H NMR (CDCl;,
400 MHz) 6 3.90 (dt, 1H, H-2, J,3 = 7.8, J2,1 = 5.0 Hz), 2.30 (s, 1H, H-OH), 1.33 (s, 3H, H-OC(CH3):0), 1.31 (s,
3H, H-OC(CH3):0), 0.81 (s, 9H, H-'Bu), 0.01 (s, 6H, H-SiMe); ESIMS-LR m/z 299 [(M+Na)*] This is a known

compound?®.

{(4R,5R)-5-{|(tert-Butyl-dimethyl)silyl-oxy]-methyl}-2,2-dimethyl-1,3-dioxolan-4-yl} propene (191)
Z 1 Asolution of 189 (4.1 g, 14.9 mmol) in toluene (150 mL) was treated with imidazole (3.04 g,
3 44.7 mmol), PPh3 (4.69 g, 17.9 mmol), and I, (2.84 g, 22.4 mmol) at room temperature. The

mixture was warmed to 60 °C and stirred for 4 h. The reaction was quenched with sat. ag. Na>S>03

OTBS Atroomtemperature. The mixture was extracted with hexane. The organic phase was washed with
sat. aq. Na;S,03, brine, dried (NaxSOy), filtered, and concentrated in vacuo. A solution of the
residue (5.6 g) in THF (100 mL) and HMPA (50 mL) was treated with Cul (141 mg, 0.74 mmol) amd vinylmagnesium

bromide (29.6 mL, 29.6 mmol, 1 M in THF) at =40 °C. The mixture was warmed to room temperature and stirred for
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8 h. The reaction was quenched with H>O at 0 °C. The mixture was filtered through a Cerite pad. The filtrate was
washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (2% EtOAc/hexane) to afford 191 (3.51 g, 12.3 mmol, 83% over 2 steps) as a colorless oil. 'H NMR
(CDCls, 400 MHz) 6 5.79 (m, 1H, H-2), 5.05 (d, 1H, H-1, Ji1»=17.0 Hz), 5.03 (d, 1H, H-1, Ji2=10.6 Hz), 3.90 (m,
1H, H-4), 3.64 (m, 3H, H-5, H-6), 2.31 (m, 2H, H-3), 1.34 (s, 3H, H-OC(CHs3),0), 1.31 (s, 3H, H-OC(CH3):0), 0.83
(s, 9H, H-Bu), 0.00 (s, 6H, H-SiMe); '3C NMR (CDCls, 100 MHz) & 134.3, 117.5, 109.2, 108.7, 80.9, 78.8, 64.0,
63.7, 37.7, 274, 27.2, 27.1, 26.1, 18.5, —=5.2; ESIMS-LR m/z 309 [(M+Na)*]; ESIMS-HR calcd for CisH3103Si
287.2042, found 287.2043; [a.]*°p —=6.7 (¢ 0.95, CHCIls). This is known compound as its enantiomer®).

(45)-4-Benzyl-3-propionyl-2-oxazolidinone (183)
o O A solution 0f 192 (1.77 g, 10 mmol) in THF (10 mL) was treated with EtsN (1.67 mL, 12 mmol),
3\2)11\ N\)_I\/O DMAP (61 mg, 0.50 mmol), and propionic anhydride (1.82 mL, 15 mmol) at room temperature
N &20 1" for 21 h. The mixture was partitioned between CH2Cl, and H>O. The organic phase was washed
with 1 M aq. HCI, 1 M aq. NaOH, and brine, dried (Na>SOy), filtered, and concentrated in vacuo.
The residue was purified by hi-flash silica gel column chromatography (¢ 2.6 x 10 cm,
5—10—20% EtOAc/hexane) to afford 183 (2.2 g, 9.5 mmol, 95%) as a white solid. "H NMR (CDCls, 400 MHz) §
7.33 (m, 5H, H-Ph), 4.7 (br s, 1H, H-2"), 4.18 (m, 2H, H-2), 3.32 (d, 1H, H-1', Jeew = 13.8 Hz), 2.96 (m, 2H, H-1', H-
3", 2.76 (m, 1H, H-3"), 1.21 (br s, 3H, H-3) ; ESIMS-LR m/z 256 [(M+Na)*]; [a]*’p =56.9 (¢ 1.00, CHCI3) This is a

known compound®®.

(S)-4-Benzyl-3-{(25,3R)-4-{(4S,55)-5-{| (tert-butyldimethylsilyl)oxy| methyl}-2,2-dimethyl-1,3-dioxolan-4-yl}-
3-hydroxy-2-methylbutanoyl}oxazolidin-2-one (193)

(0] A solution of 191 (1.14 g, 4.0 mmol) in dioxane (30 mL) and H,O (10 mL) was treated
O  with 2,6-lutidine (927 pL, 8.0 mmol), K»OsO4-2 H>0 (29 mg, 0.08 mmol), and NalO4
> 1 (3.4 g, 16 mmol) at 0 °C. The mixture was warmed to room temperture and stirred for

"\ 3 h. The mixture was partitioned between CH>Cl> and H»>O. The organic phase was

washed with 1 M aq. HCIl, sat. ag. NaHCO3, H,0, and brine, dried (Na>SOs), filtered,

OoTBS

and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢ 4 x 10 cm, 5—10% EtOAc/hexane) to afford a crude aldehyde as a colorless oil. A solution of
183 (1.25 g, 5.36 mmol) in CH,Cl, (30 mL) was treated with TiCls (588 uL, 5.36 mmol) at 0 °C for 15 min. N,N-
Diisopropylethylamine (934 pL, 5.36 mmol) was added to the mixture, which was stirred for 20 min. N-Methyl
pyrrolidinone (506 pL, 5.36 mmol) was added to the mixture, which was further stirred for 10 min. A solution of 184

(1.03 g) in CH2Cl> (6 mL) was added to the mixture via cannula, and the whole mixture was stirred for 2 h. The
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reaction was quenched with sat. ag. NH4Cl. The organic phase was washed with 1 M ag. HCI, sat. ag. NaHCO3 H,O,
and brine, dried (Na>SQs), filtered, and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (¢ 4 x 12 cm, 10—30% EtOAc/hexane) to afford 193 (2.00 g, 3.84 mmol, 96% over 2 steps) as a
colorless oil. "H NMR (CDCls, 400 MHz) & 7.30 (m, 5H, H-Ph), 4.68 (ddd, 1H, H-2', Jo,1 = 10.1, J»3 = 3.6, Jo 3 =
6.9 Hz), 4.20 (m, 2H, H-1"), 4.18 (m, 1H, H-3), 4.04 (dt, 1H, H-5, J56 = 6.7, Js4 = 3.0 Hz), 3.90 (dq, |H, H-2, Jog=
7.3,J23=2.3 Hz), 3.81 (dd, 1H, H-7, Jeem = 13.8, J76 = 4.2 Hz), 3.74 (m, 1H, H-6), 3.67 (dd, 1H, H-7, Jgem = 10.5,
J76=6.0 Hz), 3.28 (dd, 1H, H-3', Jgem = 13.8, J3.» = 3.2 Hz), 2.76 (dd, 1H, H-3', Jeen = 13.8, J32 = 9.6 Hz), 1.88 (dt,
1H, H-4, Jgem = 14.6, Ja s = 3.2 Hz), 1.78 (dt, 1H, H-4, Jeem = 14.6, J43 = 9.2 Hz), 1.39 (s, 3H, H-OC(CH5),0), 1.37
(s, 3H, OC(CH;):0), 1.28 (d, 3H, H-8, Js> = 7.3 Hz), 0.89 (s, 9H, H-'Bu), 0.07 (s, 6H, H-SiMe); '3C NMR (CDCls,
100 MHz) 6 176.0, 132.2, 152.0, 135.4, 129.6, 129.1, 127.5, 109.2, 81.3, 78.5, 71.1, 66.2, 63.7, 55.5,42.7, 38.0, 37.5,
27.4,27.0,26.0, 18.5, 11.9, =5.2; ESIMS-LR m/z 544 [(M+Na)*]; ESIMS-HR calcd for C,7H43NO7NaSi 544.2706,

found 544.2726; [0,]2°p +38.0 (c 1.00, CHCL:).

(8)-4-Benzyl-3-{(25,3R)-4-{(4S,55)-5-{| (tert-butyldimethylsilyl)oxy| methyl}-2,2-dimethyl-1,3-dioxolan-4-yl}-
3-(methoxymethoxy)-2-methylbutanoyl)oxazolidin-2-one (194)

o A solution of 193 (1.02 g, 1.96 mmol) in CH,Cl, (10 mL) was treated with ‘ProNEt
O (1.36 g, 7.84 mmol) and MOMCI (2.98 mL, 3.92 mmol) at 0 °C. The mixture was
2 " warmed to room temperature and stirred for 18 h. Diisopropylethylamine (0.65 g,
\ 3.92 mmol) and MOMCI (150 pL, 1.96 mmol) were added to the mixture, which

was stirred for 4 h. The reaction was quenched with H,O. The mixture was

OoTBS

partitioned between EtOAc and H,O. The organic phase was washed with 1 M agq.
HCI, sat. ag. NaHCO3, H>0, and brine, dried (Na>SO4), filtered, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (¢ 5 x 13 cm, 13% EtOAc/hexane) to afford 194 (1.10 g, 1.94 mmol, 99%) as
a colorless oil. 'H NMR (CDCls, 400 MHz) & 7.26 (m, 5H, H-Bn), 4.70 (d, 1H, H-OCH-O, Jgem = 7.3 Hz), 4.65 (m,
1H, H-2"), 4.62 (d, 1H, H-OCH-0, Jgem = 7.3 Hz), 4.15 (d, 2H, H-1', Jgem = 5.0 Hz), 4.09 (m, 1H, H-3), 4.00 (dt, 1H,
H-5,Js4=4.1,Js6 = 8.3 Hz), 3.75 (dd, 1H, H-7, Jgew = 11.4, J76 = 4.6 Hz), 3.71 (dd, 1H, H-7, Jgem = 11.4, J76=15.0
Hz), 3.56 (dt, 1H, H-6, Js5 = 8.7, Js;7 = 4.6 Hz), 3.37 (s, 3H, H-OCH,OCH3), 3.25 (dd, 1H, H-1', Jeem = 13.8, J1 2 =
3.2 Hz), 2.78 (dd, 1H, H-1', Jgewm = 13.8, Ji2» = 10.1 Hz), 2.04 (m, 1H, H-4), 1.86 (ddd, 1H, H-4, Jeen = 13.8, Ja3 =
9.6, Jus = 4.1 Hz), 1.31 (m, 9H, H-8, H-OC(CH;3):0), 0.89 (s, 9H, H-'Bu), 0.06 (s, 6H, H-SiMe); *C NMR (CDCls,
100 MHz) & 175.6, 152.8, 135.5, 129.6, 129.0, 127.5, 108.5, 96.3, 81.5, 74.7, 66.0, 63.3, 56.1, 55.3, 41.5, 38.2, 34.6,
27.4,26.7,26.0, 18.5, 14.7, =5.2; ESIMS-LR m/z 588 [(M+Na)*]; ESIMS-HR calcd for C20H47NOsNaSi 588.2969,
found 588.2966; [a]*°p +20.3 (¢ 0.76, CHCl5).
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Pent-3-yn-1-yl (25,3R)-4-{(4S,55)-5-{|(tert-butyldimethylsilyl)oxy]methyl}-2,2-dimethyl-1,3-dioxolan-4-yl}-3-
(methoxymethoxy)-2-methylbutanoate (197)

A solution of 194 (1.80 g, 3.18 mmol) in THF (24 mL) and H,O (6 mL) was
treated with H>O; (2.17 mL, 19.1 mmol, 30% in H>O) and LiOH (401 mg, 9.54
mmol) at 0 °C for 3 h. The reaction was quenched with sat. ag. Na,S>03. The

mixture was partitioned between Et;0 and sat. ag. NaHCOs. The organic phase

OTBS N 3 Was washed with brine, dried (Na;SOs), filtered, and concentrated in vacuo. A
solution of the residue (1.12 g) was treated with 3-pentyn-1-ol (424 pL, 4.64
mmol), PPh; (1.22 g, 4.64 mmol), and DMEAD (1.09 g, 4.64 mmol) at room temperature for 15 min. The mixture
was concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 4 x 15 cm, 10%
EtOAc/hexane) to afford 197 (1.0 g, 2.12 mmol, 91% over 2 steps) as a colorless oil. "H NMR (CDCls, 400 MHz) §
4.58 (m, 2H, H-OCH;0), 4.08 (m, 2H, H-1"), 4.05 (m, 1H, H-3), 3.88 (m, 1H, H-5), 3.88 (m, 1H, H-5), 3.71 (m, 1H,
H-6), 3.60 (m, 2H, H-7), 3.28 (s, 3H, H-OCH,OCH3), 2.72 (m, 1H,. H-2), 2.40 (m, 2H, H-2"), 1.87 (dt, 2H, H-4, J4 3
=4.2,J45=1.8 Hz), 1.71 (s, 3H, H-3"), 1.32 (s, 3H, H-OC(CHs),0), 1.30 (s, 3H, H-OC(CHs3),0), 1.12 (d, 3H, H-8,
Js2 = 7.3 Hz), 0.83 (s, 9H, H-Bu), 0,01 (s, 6H, H-SiMe); '*C NMR (CDCls, 100 MHz) & 174.5, 108.8, 96.6, 81.3,
75.8,74.9, 63.5, 62.9, 55.9, 43.0, 36.0, 27.4, 27.0, 26.0, 19.3, 18.5, 11.6, 3.4, —=5.3; ESIMS-LR m/z 495 [(M+Na)*];
ESIMS-HR caled for C24HasO7N NaSi 495.2754, found 495.2751; [a]*’p =3.6 (¢ 1.80, CHCl3).

Pent-3-yn-1-yl (25,3R)-4-[(4S,55)-5-(hydroxymethyl)-2,2-dimethyl-1,3-dioxolan-4-yl]-3-(methoxymethoxy)-2-
H methylbutanoate (186)

A solution of 197 (224 mg, 0.47 mmol) in THF (5 mL) was treated with

3HF-Et;N (383 pL, 2.35 mmol) at room temperature for 18.5 h. The reaction was

quenched with sat. ag. NaHCOs. The mixture was partitioned between EtOAc

3" and H,0. The organic phase was washed with 1 M aq. HCl, sat. ag. NaHCO3,
H,0, and brine, dried (Na;S0Os), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢ 3 x 10 cm, 25% EtOAc/hexane) to afford 186 (167 mg, 0.47 mmol, 99%) as a colorless oil. 'H
NMR (CDCls, 400 MHz) 6 4.68 (s, 2H, H-OCH-0), 4.15 (m, 2H, H-1"), 4.03 (m, 2H, H-3, H-5), 3.80 (m, 1H, H-7),
3.76 (dt, 1H, H-6, Js 5 = 8.2, Js7 = 4.1 Hz), 3.65 (m, 1H, H-7), 3.37 (s, 3H, H-OCH,OCH3), 2.78 (dq, 1H, H-2, Jo3 =
Jog=17.3 Hz),2.47 (m, 2H, H-2"), 2.10 (m, 1H, OH), 1.98 (dt, 1H, H-4, Jeew = 15.1, J43=J45= 6.4 Hz), 1.85 (dt, 1H,
H-4, Jgem = 15.1, Ja3 = Ja5 = 5.5 Hz), 1.78 (t, 3H, H-3', J3> = 2.3 H), 1.41 (s, 3H, H-OC(CH3),0), 1.40 (s, 3H, H-
OC(CH5),0), 1.20 (d, 3H, H-8, Js» = 7.3 Hz); *C NMR (CDCl;, 100 MHz) & 174.4, 108.9, 96.8, 81.6, 74.9, 74.1,
62.9, 61.9, 56.0, 43.5, 36.0, 27.4, 27.1, 19.2, 12.2, 3.5; ESIMS-LR m/z 381 [(M+Na)*]; ESIMS-HR calcd for
Ci3H3007Na 381.1902, found 381.1889; [a]*’p +4.8 (¢ 1.50, CHCl5).
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Pent-3-yn-1-yl (25,3R)-4-[(4S5,5R)-5-formyl-2,2-dimethyl-1,3-dioxolan-4-yl]-3-(methoxymethoxy)-2-
methylbutanoate (199)

: A solution of 186 (30 mg, 84 umol) in CH>Cl, (0.8 mL) was treated with Dess-
Martin periodinane (54 mg, 126 pmol) at room temperature for 30 min. The
mixture was diluted with hexane and filtered through a Cerite pad. The filtrate

was concentrated in vacuo, and the residue was purified by short silica gel

3 column chromatography (40% EtOAc/hexane) to afford a crude 199 (30 mg)
as a colorless oil. The crude aldehyde was used for next reaction without further purification. "H NMR (CDCls, 400
MHz) 6 9.73 (s, 1H, CHO), 4.65 (d, 1H, OCH-0, Jgem = 7.0 Hz), 4.62 (d, 1H, OCH>0, Jgem = 7.0 Hz), 4.16 (m, 2H,
H-1"), 4.15 (m, 1H, H-3), 4.11 (m, 1H, H-5), 4.00 (m, 1H, H-5), 3.36 (s, 3H, OCH,OCH>), 2.77 (dq, 1H, H-2, J>3 =
12.8, Jog=7.3 Hz), 2.46 (m, 2H, H-2"), 2.06 (dt, 1H, H-4, Jeewm = 15.0, Ja3 = 6.6 Hz), 1.96 (dt, 1H, H-4, Jeem = 15.0,
5.2 Hz), 1.77 (t, 3H, H-3', J3.»= 2.6 Hz), 1.47 (s, 3H, H-9), 1.41 (s, 3H, H-9), 1.20 (d, 3H, H-8, Js»,= 7.3 Hz).

(3aS,5R,6S8,135,13aR)-5-(Methoxymethoxy)-2,2,6,12-tetramethyl-13-[(triisopropylsilyl)oxy]decahydro-7H-
[1,3]dioxolo[4,5-f][1]oxacyclododecin-7-one (S14)

A solution of Ni(cod) (9.4 mg, 35 pmol), IMes-HCI (12 mg, 35 pmol), and ‘BuOK (3
mg, 18 umol) in THF (10 mL) was sitirred at room temperature for 10 min. The prepared
Ni-ligand solution (1.6 mL, 65 pmol) were added to a solution of the crude 199 and
'Pr3SiH (28 pL, 138 umol) in THF (3.8 mL) at room temperature for 16 h. The reaction
was diluted with hexane and filtered through a short silica gel column. The filtrate was

concentrated in vacuo. The residue was purified by flash silica gel column

chromatography (¢ 1.5 x 10 cm, 10% EtOAc/hexane) to afford a crude S14 (4.9 mg).
The crude S14 was used for next reaction without further purification. "H NMR (CDCls, 400 MHz) 6 5.63 (d, 1H, H-
9, Jo,10 =11.5 Hz), 4.91 (d, 1H, H-OCH-0, Jeem = 6.9 Hz), 4.68 (ddd, 1H, H-11, Jeem = J11,10 =12.0, Ji1,10 = 2.8 Hz),
4.58 (d, 1H, H-OCH>0, Jgem = 6.4 Hz), 4.43 (br s, 1H, H-7), 3.95 (m, 2H, H-5, H-11), 3.70 (ddd, 1H, H-3, J32 = Jgem
=11.0, J34 =4.1 Hz), 3.62 (dd, 1H, H-6, Js 5 = 8.2, Js7 = 2.3 Hz), 3.39 (s, 3H, H-OCH>OCH3), 2.70 (dddd, 1H, H-
10, Jgem = 16.0, Ji09=12.0, Jio,11 = 7.8, Jio,11 = 4.8 Hz), 2.43 (dq, 1H, H-2, J>3=10.0, J2,1o = 6.9 Hz), 2.08 (d, 1H,
H-10, Jgem = 16.0 Hz), 1.65 (m, 2H, H-4), 1.56 (s, 3H, H-8), 1.37 (s, 3H, H-OC(CH3)20), 1.33 (s, 3H, H-OC(CHj3),0),
1.23 (d, 3H H-12, Ji22 = 6.4 Hz), 1.05 (m, 21H, H-SiCH(CH>)»).
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(3a8,5R,6S5,13S5,13aS,E)-13-Hydroxy-5-(methoxymethoxy)-2,2,6,12-tetramethyl-3a,4,5,6,9,10,13,13a-
octahydro-7H-[1,3]dioxolo[4,5-f][1]oxacyclododecin-7-one (201)

A solution of the crude S14 (4.9 mg) in THF (0.5 mL) was treated with TBAF (10
pL, 10 pmol, 1 M in THF) at room temperature for 3 h. The reaction was quenched
with sat. ag. NH4CIl. The mixture was partitioned between EtOAc and H>O. The

organic phase was washed with 1 M aq. HCl, sat. ag. NaHCO3, H,0, and brine, dried

(NaxS0y), filtered, and concentrated in vacuo. The residue was purified by hi-flash

(:)H ° silica gel column chromatography (¢ 1.6 x 6 cm, 30—50% EtOAc/hexane) to afford
201 (3.6 mg, 95 pumol, 14% over 3 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 5.70 (d, 1H, H-9, Jo,10
=11.9 Hz), 4.91 (d, 1H, OCH;O0, Jgem = 6.4 Hz), 4.80 (ddd, 1H, H-11, Jgem = J11,10=11.0, J11,10 = 2.7 Hz), 4.58 (d, 1H,
OCH,0, Jgem = 6.4 Hz), 4.30 (br s, 1H, H-7), 3.94 (ddd, 1H, H-11, Jge = 11.0, Ji1,10= 3.9, Ji1,10 =1.8 Hz), 3.81 (ddd,
1H, H-5, Js4 = 4.1, Js s = 8.2 Hz), 3.74 (m, 1H, H-3), 3.72 (m, 1H, H-6), 3.40 (s, 3H, OCH,OCH3), 2.77 (dddd, 1H,
H-10, Jgem = 16.0, Jioo=11.9, Jio,11 = 3.9, Jio,1 = 11.0 Hz), 2.46 (dq, 1H, H-2, J>3 =10.5, J212 = 6.9 Hz), 2.18 (d,
1H, H-10, Jgem = 16.0 Hz), 2.14 (m, 1H, OH), 1.67 (m, 2H, H-4), 1.61 (br s, 3H, H-8), 1.43 (s, 3H, H-13), 1.40 (s,
3H, H-13), 1.25 (d, 3H H-12, J122 = 6.9 Hz); *C NMR (CDCls, 100 MHz) § 174.5, 132.9, 122.1, 109.1, 95.3, 80.5,
74.4,71.4,62.9,56.4,47.8,42.0,28.4,27.6,27.2,16.0, 15.1, 0.15; ESIMS-LR m/z 381 [(M+Na)*]; ESIMS-HR calcd
for CisH3007Na 381.1889, found 381.1902; [a]*’p —127.6 (¢ 0.30, CHCI3).

Synthesis of 208
(8)-4-Benzyl-3-{(S)-2-{(2S,4R,65)-2-(4-methoxyphenyl)-6-[(5)-8,8,9,9-tetramethyl-2,4,7-trioxa-8-siladecan-5-
yl]-1,3-dioxan-4-yl} propanoyl}oxazolidin-2-one (204)

MeO A solution of 193 (500 mg, 0.96 mmol) in AcOH (1 mL) and H>O (3 mL)
was stirred at 100 °C under microwave irradiation for 20 min (0 bar, 10

W). The mixture was concentrated in vacuo. A solution of the residue in

DMF (5 mL) was treated with imidazole (170 mg, 2.5 mmol) and TBSCI

(158 mg, 1.05 mmol) at room temperature for 5 h. The reaction was

OTBS

quenched with MeOH. The mixture was partitioned between EtOAc and 1
M aq. HCI. The organic phase was washed with sat. ag. NaHCO3, H>O, and brine, dried (NaxSOs), filtered, and
concentrated in vacuo. A solution of the residue in CH>Cl, (10 mL) was treated with CSA (23 mg, 0.1 mmol) and p-
anisaldehyde (511 pL, 3 mmol) at room temperature for 25 h. The mixture was partitioned between EtOAc and H>O.
The organic phase was washed with 1 M agq. HCI, sat. ag. NaHCO3 H,O, and brine, dried (Na>SOs), filtered, and

concentrated in vacuo. A solution of the residue in CH>Cl, (10 mL) was treated with ‘ProNEt (697 pL, 4 mmol) and
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MOMCI (150 pL, 2 mmol) at room temperature for 14 h. The reaction was quenched with H>O. The mixture was
partitioned between EtOAc and H»>O. The organic phase was washed with 1 M agq. HC], sat. ag. NaHCO3 H»O, and
brine, dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (¢ 4 x 10 cm, 17% EtOAc/hexane) to afford 204 (318 mg, 0.494 mmol, 52% over 4 steps) as a
colorless oil. 'H NMR (CDCls, 400 MHz) 6 7.38 (d, 2H, H-2", J>"3» = 6.0 Hz), 7.26 (m, 5H, H-Bn), 6.85 (d, 2H, H-
3", J3or=6.0 Hz), 5.50 (s, 1H, H-1"), 4.80 (d, 1H, H-OCH>O, Jgem = 6.0 Hz), 4.72 (d, 1H, H-OCH>0, Jgem = 6.0 Hz),
4.65 (m, 1H, H-2"), 4.11 (m, 4H, H-3, H-5, H-1"), 3.83 (m, 1H, H-6), 3.79 (s, 3H, H-CsH4OCH3), 3.70 (m, 2H, H-7),
3.38 (s, 3H, H-OCH:0CH3), 3.25 (d, 1H, H-3', Jgem = 13.3 Hz), 2.76 (dd, 1H, H-3', J32 = Jgem = 13.3 Hz), 1.68 (m,
2H, H-4), 1.35 (m, 3H, H-8), 0.88 (s, 9H, H-'Bu), 0.05 (s, 6H, H-SiMe); *C NMR (CDCls, 100 MHz) & 174.6, 156.0,
129.7, 129.1, 127.4, 113.5, 104.4, 100.6, 97.1, 66.0, 56.0, 55.6, 55.3, 52.5, 42.3, 38.0, 26.0, 13.4, 6.61, 0.15, =5.3;
ESIMS-LR m/z 666 [(M+Na)"]; ESIMS-HR caled for C3sH49NO9NaSi 666.3074, found 666.3090; [a]*’p +48.8 (¢
0.14, CHCI).

Pent-3-yn-1-yl (S)-2-{(2S,4R,65)-6-[(:5)-2-hydroxy-1-(methoxymethoxy)ethyl]-2-(4-methoxyphenyl)-1,3-
dioxan-4-yl}propanoate (206)

MeO A solution of 204 (68 mg, 88 umol) in THF (0.8 mL) and H>O (0.2
mL) was treated with H,O (80 pL, 0.70 mmol, 30% in H>,O) and LiOH
(15 mg, 0.35 mmol) at 0 °C for 3 h. The reaction was quenched with
sat. aq. Na;S>03. The mixture was partitioned between Et,O and sat.

aq. NaHCO3. The organic phase was washed with brine, dried (Na>SOs),

filtered, and concentrated in vacuo. A solution of the residue and 3-
pentyn-1-ol (24 pL, 0.26 mmol) in THF (1 mL) was treated with PPh; (69 mg, 0.26 mmol) and DMEAD (69 mg,
0.26 mmol) at room temperature for 30 min. The mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (¢ 2 x 7 cm, 17% EtOAc/hexane) to afford a crude ester. A solution of the crude
ester in THF (1 mL) was treated with TBAF (132 pL, 132 pmol, 1 M in THF) at room temperature for 2 h. The
reaction was quenched with H,O. The mixture was partitioned between EtOAc and H,O. The organic phase was
washed with 1 M agq. HCI, sat. ag. NaHCO3, H,0, and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The
residue was purified by hi-flash silica gel column chromatography (¢ 4 x 12 cm, 50% EtOAc/hexane) to afford 206
(20 mg, 46 umol, 52% over 3 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 7.37 (d, 2H, H-2', J» 3 = 8.7
Hz), 6.87 (d, 2H, H-3', J3» = 8.7 Hz), 5.50 (s, 1H, H-1"), 4.80 (d, 1H, H-OCH-0, Jeew = 6.9 Hz), 4.75 (d, 1H, H-
OCH-0, Jgem = 6.9 Hz), 4.17 (t, 2H, H-1', Ji» = 6.0 Hz), 4.05 (m, 2H, H-3, H-5), 3.81 (m, 1H, H-6), 3.80 (s, 3H, H-
CsH4sOMe), 3.69 (m, 2H, H-7), 3.43 (s, 3H, H-OCH,OCH3), 2.70 (m, H-2, H-OH), 2.47 (m, 2H, H-2"), 1.76 (t, 3H,
H-1',J12 = 6.0 Hz), 1.65 (m, 2H, H-4), 1.30 (d, 3H, H-8, Js » = 7.4 Hz); *C NMR (CDCls, 100 MHz) 8 173.9, 160.0,
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151.2, 130.9, 127.4, 113.6, 100.8, 97.6, 81.7, 74.8, 63.0, 62.4, 56.1, 55.4, 45.3, 30.1, 19.4, 13.3, 6.62, 3.61, 0.14;
ESIMS-LR m/z 459 [(M+Na)*]; ESIMS-HR calcd for C53H3,0sNa 459.1995, found 459.1988; [0]2°» =10.9 (c 0.12,
CHCL).

Pent-3-yn-1-yl (S)-2-{(25,4R,65)-6-[(R)-1-(methoxymethoxy)-2-oxoethyl]-2-(4-methoxyphenyl)-1,3-dioxan-4-
yl}propanoate (202)

MeO ' A solution of 206 (57 mg, 0.13 mmol) in CH>Cl, (2 mL) was treated with
Dess-Martin periodinane (110 mg, 0.26 mmol) at room temperature for 1

h. Ethyl acetate, sat. ag. NaHCO3 and sat. aq. Na;S>03 were added to the

mixture, which was stirred for further 10 min. The organic phase was

washed with brine, dried (Na;SOs), filtered, and concentrated in vacuo to
afford a crude 202 (57 mg). The crude 202 was used for next reaction
without further purification. "H NMR (CDCls, 400 MHz) § 9.78 (s, 1H, CHO), 7.36 (d, 2H, H-2', J = 8.7 Hz), 6.85
(d, 2H, H-3',J= 8.7 Hz), 5.49 (s, 1H, H-10), 4.76 (d, 1H, H-9, Jeew = 6.8 Hz), 4.73 (d, 1H, H-9, Jgem = 6.8 Hz), 4.32
(ddd, 1H, H-5, J54 = 11.0, Js4 = 2.7, Jss= 4.6 Hz), 4.16 (t, 2H, H-11, Ji1,12 = 6.8 Hz), 4.05 (m, 2H, H-3, H-6), 3.80
(s, 3H, H-CsH4OCH3), 3.42 (s, 3H, H-CsH4OMe), 2.66 (dq, 1H, H-2, Jo3 = J>3 = 7.3 Hz), 2.45 (m, 2H, H-12), 1.79
(m, 1H, H-4), 1.76 (t, 3H, H-13, Ji3,12 = 2.8 Hz), 1.65 (dt, 1H, H-4, Jeew = 13.0, J43=2.3 Hz), 1.30 (d, 3H, H-8, Js>
=17.4 Hz)

(1R,25,95,10R,115,13S,E)-10-(Methoxymethoxy)-13-(4-methoxyphenyl)-2,8-dimethyl-9-[(triethylsilyl)oxy]-
4,12,14-trioxabicyclo[9.3.1]pentadec-7-en-3-one (207)

MeO A solution of Ni(cod): (55 mg, 0.2 mmol), IMes*HCI (68 mg, 0.2 mmol),
and ‘BuOK (22 mg, 0.2 mmol) in toluene (5 mL) was stirred at room

temperature for 10 min. The prepared Ni-ligand solution (1.6 mL, 65 pmol)

were added to a solution of the crude 202 and Et3SiH (42 pL, 0.26 mmol) in

toluene (24 mL) at 70 °C for 1 h. The mixture was diluted with hexane, filtered

OTES

through a short silica gel, and concentrated in vacuo. The residue was purified
by flash silica gel column chromatography (¢ 2 x 10 cm, 10% EtOAc/hexane) to afford 207 (44 mg, 79 umol, 61%)
as a colorless oil. "H NMR (CDCls, 400 MHz) & 7.38 (d, 2H, H-2', J» 3 = 8.7 Hz), 7.34 (m, 2H, H-2"), 6.85 (d, 4H,
H-3', J32 = 8.7 Hz), 5.41 (m, 2H, H-1"), 4.91 (m, 2H, H-11), 4.86 (d, 2H, H-OCH-0, Jee» = 7.3 Hz), 4.73 (d, 2H, H-
OCH-0, Jgew = 7.3 Hz), 4.48 (br s, 1H, H-7), 4.31 (m, 2H, H-11), 4.11 (m, 2H, H-5), 3.90 (m, 2H, H-6), 3.79 (s, 6H,
H-CsH4OMe), 3.55 (m, 1H, H-3), 3.40 (s, 6H, H-OCH,OCH3), 3.03 (m, 1H, H-2), 2.80 (m, 2H, H-10), 2.51 (m, 1H,
H-2),2.18 (m, 2H, H-10), 1.87 (d, 2H, H-4, Jeen = 13.2 Hz), 1.80 (s, 3H, H-8), 1.72 (s, 3H, H-8), 1.25 (m, 6H, H-12),
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1.23 (m, 2H, H-4), 0.90 (m, 18H, H-SiCH,CHs), 0.64 (m, 12H, H-SiCH>CH3); *C NMR (CDCls, 100 MHz) § 174.2,
159.8, 136.5, 129.2, 127.7, 113.5, 112.4, 100.6, 98.9, 55.4, 29.7, 21.2, 18.1, 7.1, 5.0, 0.08; ESIMS-LR m/z 573
[(M+Na)*]; ESIMS-HR calcd for C29H460sNaSi 573.2860, found 573.2876; [a]*°p +20.3 (¢ 0.62, CHC]l5).

(1R,25,95,10S5,11S,13S,E)-9-Hydroxy-10-(methoxymethoxy)-13-(4-methoxyphenyl)-2,8-dimethyl-4,12,14-
trioxabicyclo[9.3.1]pentadec-7-en-3-one (208)

MeO A solution of 207 (5 mg, 9.1 umol) in THF (0.5 mL) was treated with TBAF
(18 uL, 18 pmol, 1 M in THF) at room temperature for 3 h. The reaction was
quenched with sat. ag. NH4Cl. The mixture was partitioned between EtOAc
and H>O. The organic phase was washed with 1 M aq. HC], sat. ag. NaHCO3,

H>0, and brine, dried (Na;SOs), filtered, and concentrated in vacuo. The

residue was purified by flash silica gel column chromatography (¢ 1 x 5 cm,
20% EtOAc/hexane) to afford 208 (4.0 mg, 8.7 umol, 96%) as a colorless oil. 'H NMR (CDCls, 400 MHz, 25 °C) &
7.35 (d, 2H, H-2', J>.3 = 8.3 Hz), 6.87 (d, 2H, H-3', J3» = 8.3 Hz), 5.49 (m, 1H, H-9), 5.39 (br s, 1H, H-1"), 4.79 (d,
2H, H- OCH,0, Jeem = 6.4 Hz), 4.40 (s, 1H, H-7), 4.18 (m, 1H, H-5), 3.97 (m, 1H, H-6), 3.79 (s, 3H, H-sH4OMe),
3.37 (s, 3H, H-OCH,OCHs), 1.78 (s, 3H. H-8), 1.20 (br s, 3H, H-12); '*C NMR (CDCls, 100 MHz) & 160.0, 131.1,
127.5, 113.7, 100.2, 65.3, 56.2, 55.4, 29.9, 23.2, 14.2, 6.5 0.14; ESIMS-LR m/z 459 [(M+Na)*]; ESIMS-HR calcd
for C23H3203Na 459.1995, found 459.1988; [a]*°p —7.3 (¢ 1.10, CHCly).
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FH2H H2E
Synthesis of 220

(R)-2-{|(4-Methoxybenzyl)oxy|methyl}oxirane (216)

OMe Asolution of 215 (5.0 g, 67.5 mmol) in DMF (135 mL) was treated with PMBCI

?>2\/0\/©: (10.1 mL, 74.2 mmol) and NaH (2.96 g, 74.2 mmol) at 0 °C. The mixture was
1 3 T 2 warmed to room temperature and stirred for 18 h. The reaction was quenched with
sat. aqg. NH4Cl. The mixture was partitioned between EtOAc and H>O. The organic phase was washed with sat. aq.
NaHCOs3, H>0, and brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (¢ 10 x 15 cm, 25% EtOAc/hexane) to afford 216 (12.0 g, 61.8 mmol, 92%) as a colorless
oil. 'H NMR (CDCl;, 400 MHz) & 7.27 (d, 2H, H-2', J»3 = 7.8 Hz), 6.89 (d, 2H, H-3', J3» = 7.8 Hz), 4.57 (d, 1H,
H-1', Jgem = 11.9 Hz), 4.48 (d, 1H, H-1, Jgem = 11.9 Hz), 3.80 (s, 3H, H-CcH4OCH3), 3.73 (dd, 1H, H-1, Jgem = 11.9,
Ji2 =3.2 Hz), 3.41 (dd, 1H, H-1, Jgew = 11.9, J1» = 6.2 Hz), 3.17 (m, 1H, H-2), 2.78 (dd, 1H, H-3, J32 = Jgem = 4.6
Hz), 2.60 (dd, 1H, H-3, J32 = 2.7, Jgen= 5.0 Hz); ESIMS-LR m/z 217 [(M+Na)*] This is a known compound’”.

(R)-1-[(4-Methoxybenzyl)oxy|hex-4-yn-2-ol (253)

A solution of 3% propyne in heptane (19.4 mL, 7.71 mmol) was treated

1 1 ' 2I
HO o 3 with "BuLLi (4.97 mL, 7.71 mmol, 1.55 M in hexane) at =78 °C for 1.5 h. A
2
solution of 216 (500 mg, 2.57 mmol) and BF3-OEt; (0.65 mL, 5.14 mmol)
4 3 OMe
in THF (8.6 mL) was added to the mixture, which was warmed to room

temperature and stirred for 22 h. The reaction was quenched with sat. aq.
NaHCOs3. The mixture was concentrated in vacuo and the residue was partitioned between EtOAc and H»>O. The
organic phase was washed with H,O and brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was
purified by hi-flash silica gel column chromatography (¢ 2 x 6.5 cm, 10—20% EtOAc/hexane) to afford 253 (273
mg, 1.17 mmol, 46%, 70% brsm) and 216 (175 mg, 0.90 mmol, 35%) as a colorless oil. "H NMR (CDCls, 400 MHz)
5 7.26 (d, 2H, H-2', J> 3 = 8.7 Hz), 6.88 (d, 2H, H-3', J3.» = 8.7 Hz), 4.50 (s, 2H, H-1"), 3.91 (ddt, 1H, H-2, />3 =10.1,
Jo,1=6.6,J,,1 =3.7Hz), 3.81 (s, 3H, H-CcH4OCH?3), 3.56 (dd, 1H, H-1, Jeew = 9.4, J12 = 3.7 Hz), 3.45 (dd, 1H, H-1,
Jeem = 9.4, J12 = 6.6 Hz), 2.37 (m, 2H, H-3), 2.50 (br s, 1H, OH), 1.78 (t, 3H, H-4, J43 = 2.7 Hz); 3C NMR (CDCls,
100 MHz) & 159.4, 130.2, 129.5, 114.0, 74.8, 73.2, 72.9, 69.2, 55.4, 24.0, 3.7; ESIMS-LR m/z 257 [(M+Na)*];
ESIMS-HR calcd for C14H;303Na 257.1154, found 257.1167; [a.]*°0 =9.8 (¢ 1.10, CHCI3).
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(R)-2-|(tert-Butyldimethyl)oxy]-1-[(4-methoxybenzyl)oxy]hex-4-yne (217)
A solution of 252 (4.1 g, 17.5 mmol) in DMF (100 mL) was treated

1 1 2'
TBSO o 3' with imidazole (2.86 g, 42 mmol) and TBSCI (3.17 g, 21 mmol) at room
2
temperature for 24 h. The reaction was quenched with MeOH. The
= 3 OMe . .
7 mixture was partitioned between EtOAc and H,O. The organic phase was
4 washed with 1 M aq. HCI, sat. ag. NaHCO3, H,O, and brine, dried

(Na2S0y), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (¢ 6 x
15 cm, 5% E>O/hexane) to afford 217 (6.1 g, 17.5 mmol, quant.) as a colorless oil. 'H NMR (CDCls, 400 MHz) &
7.24 (m, 2H, H-2"), 6.87 (d, 2H, H-3', J3.» = 8.7 Hz), 4.47 (s, 2H, H-1"), 3.90 (tt, I1H, H-2, /»3=11.9, /> = 6.4 Hz),
3.80 (s, 3H, H-CsH4OCH?3), 3.47 (dd, 1H, H-1, Jgem = 10.1, J12 = 5.0 Hz), 3.41 (dd, 1H, H-1, Jgem = 10.1, J12 = 5.5
Hz), 2.39 (m, 1H, H-3), 2.28 (m, 1H, H-3), 1.75 (t, 3H, H-4, J43 = 2.8 Hz), 0.89 (s, 9H, H-'Bu), 0.09 (s, 3H, H-SiMe),
0.06 (s, 3H, H-SiMe); '3*C NMR (CDCls, 100 MHz) & 159.3, 130.7, 129.3, 113.8, 73.4, 73.1, 71.1, 55.4, 26.0, 25.1,
18.3,6.61,3.7,—4.4; ESIMS-LR m/z 371 [(M+Na)"]; ESIMS-HR calcd for C20H3,03NaSi 371.2018, found 371.2002;
[a]*’p —2.8 (¢ 0.70, CHCl3).

(R,Z)-4-|(tert-Butyldimethyl)oxy]-3-methyloct-2-en-6-yne (S15)
A solution of 217 (763 mg, 2.19 mmol) in CH>Cl, (18 mL) and phosphate buffer (1 mL,

TBSO ° , pH=7) was treated with DDQ (994 mg, 4.3 mmol) at room temperature for 3 h. The mixture
4 N was filtered through a Cerite pad. The filtrate was washed with sat. ag. NaHCOs3, H>O,
— 5 1  brine, dried (Na,SOy), filtered, and concentrated in vacuo. A solution of the residue (467
Z mg) in CH>Cly was treated with Dess-Martin periodinane (1.0 g, 2.4 mmol) at room

6 S15

temperature for 2 h. The reaction was quenched with sat. ag. Na>S>03 and sat. ag. NaHCOs.
The mixture was partitioned between EtOAc and H»O. The organic phase was washed with brine, dried (NaxSOs),
filtered, and concentrated in vacuo. A solution of the residue (500 mg) in THF (20 mL) was treated with MeLi (2 mL,
3 mmol, 1.5 M in Et;0) at —78 °C. The mixture was warmed to room temperature and stirred for 5 h. The reaction
was quenched with sat. ag. NH4Cl. The mixture was partitioned between EtOAc and H>O. The organic phase was
washed with 1 M ag. HCI, sat. ag. NaHCO3, H,O, brine, dried (Na;SOs), filtered, and concentrated in vacuo. A
solution of the residue (319 mg, 1.31 mmol) in CH,Cl, (13 mL) was treated with Dess-Martin periodinane (667 mg,
1.57 mmol) at room temperature for 1 h. The reaction was quenched with sat. ag. Na»S,03 and sat. ag. NaHCOs3. The
mixture was partitioned between EtOAc and H>O. The organic phase was washed with brine, dried (Na>SOa,), filtered,
and concentrated in vacuo to afford a crude alcohol (256 mg). Ethyltriphenylphosphonium bromide (2.37 g, 6.39
mmol) was dissolved in DME (10 mL) and HMPA (1 mL). The mixture was treated with KHMDS (10.6 mL, 5.3

mmol, 0.5 M in toluene) at room temperature for 10 min, and cooled to — 50 °C. A solution of the crude alcohol (256
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mg) in DME (1 mL) was added to the mixture, which was warmed to room temperature and stirred for 1 h. The
reaction was quenched with phosphate buffer (pH = 7). The mixture was partitioned between EtoO and H,O. The
organic phase was washed with brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (¢ 2.5 x 12 cm, 5% Et,O/hexane) to afford S15 (238 mg, 0.94 mmol, 43% over
5 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 5.25 (q, 1H, H-2, J>,1 = 6.4 Hz), 4.69 (t, 1H, H-4, J15= 6.9
Hz), 2.35 (ddq, 1H, H-5, Jgew = 13.0, J54 = 6.0, Js5 = 2.3 Hz), 2.21 (ddq, 1H, H-5, Jeem = 13.0, J54 = 4.1, J55 = 2.3
Hz), 1.75 (t, 3H, H-6, Js s = 2.3 Hz), 1.63 (s, 3H, H-3), 1.61 (m, 3H, H-1), 0.88 (s, 9H, H-Bu), 0.07 (m, 6H, H-SiMe);
BC NMR (CDCl3, 100 MHz) 6 137.5, 120.5, 69.4, 26.5,25.9, 18.4, 17.4, 13.2, 3.6, —4.8; [a]*’p =2.6 (¢ 0.90, CHCI;3).

This is a known compound®®.

(R,Z)-3-Methyloct-2-en-6-yn-4-ol (220)

A solution of S15 (235 mg, 0.93 mmol) in THF (10 mL) was treated with TBAF (1.4 mL, 1.4
3

HO N\ 2 mmol, 1 M in THF) at room temperature for 5 h. The mixture was partitioned between Et,0O

. ) and H>O. The organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3, H,0O, and brine,

4 dried (Na>SOs), filtered, and concentrated in vacuo. The residue was purified by flash silica

6 gel column chromatography (¢ 2 x 10 cm, 17% Et;O/hexane) to afford 220 (115 mg, 0.83

mmol, 89%) as a colorless oil. "H NMR (CDCls, 400 MHz) 6 5.35 (q, 1H, H-2, >, = 6.9 Hz), 4.70 (dd, 1H, H-4, J45
= 8.7, Jus = 5.5 Hz), 2.46 (ddq, 1H, H-5, Joen = 16.5, Js.4 = 8.7, Js.s = 2.3 Hz), 2.27 (ddq, 1H, H-5, Jeen = 16.5, J5.4 =
5.5, Jss = 2.8 Hz), 1.98 (d, 1H, OH, Jois = 2.3 Hz), 1.80 (¢, 1H, H-6, Jss = 2.8 Hz), 1.69 (s, 3H, H-3), 1.61 (d, 3H,
H-1, 12 = 6.9 Hz); *C NMR (CDCls, 100 MHz) & 136.1, 122.5, 78.1, 75.7, 68.3, 25.9, 17.5, 13.1, 3.7; [a]*°p+8.6 (¢
0.90, CHCIs). This is a known compound®®.

Synthesis of cyclization precursors

Synthesis of 209

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (S)-2-{(25,4R,65)-6-[(S)-2-hydroxy-1-(methoxymethoxy)ethyl]-2-(4-
methoxyphenyl)-1,3-dioxan-4-yl}propanoate (222)

MeO A solution of 204 (150 mg, 0.23 mmol) in THF (4 mL) and H,O (1
mL) was treated with H,O, (105 pL, 0.92 mmol, 30% in H,O) and
LiOH (19 mg, 0.46 mmol) at 0 °C for 1.5 h. The reaction was quenched
with sat. aq. Na;S>0;. The mixture was partitioned between Et,O and

sat. ag. NaHCOs. The organic phase was washed with brine, dried

(NaxS0y), filtered, and concentrated in vacuo. A solution of the residue
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and 220 (100 mg, 0.23 mmol) in CH>Cl, (2 mL) was treated with DMAP (6 mg, 46 pmol) and EDCI (88 mg, 0.46
mmol) at room temperature for 14 h. The mixture was partitioned between EtOAc and H,O. The organic phase was
washed with 1 M aq. HCI, sat. ag. NaHCO3, H»O, and brine, dried (Na,SOy), filtered, and concentrated in vacuo. A
solution of the residue in THF (3 mL) was treated with 3 HF-EtsN (326 uL, 2 mmol) at room temperature for 25 h.
The reaction was quenched with H>O. The mixture was partitioned between EtOAc and H,O. The organic phase was
washed with 1 M aq. HCI, sat. aqg. NaHCO3 H>0, and brine, dried (Na>SOs), filtered, and concentrated in vacuo. The
residue was purified by flash silica gel column chromatography (¢ 1 x 10 cm, 20—33% EtOAc/hexane) to afford
222 (68 mg, 0.14 mmol, 60% over 3 steps) as acolorless oil. "H NMR (CDCls, 400 MHz) & 7.36 (d, 2H, H-2', Jo3 =
8.7 Hz), 6.88 (d, 2H, H-3', J3.» = 8.7 Hz), 5.76 (t, 1H, H-4', Jy 3= 7.3 Hz), 5.50 (s, 1H, H-1"), 5.44 (q, 1H, H-2', J> 3
= 6.8 Hz), 4.79 (d, 1H, H-OCH;0, Jeem = 6.9 Hz), 4.75 (d, 1H, H-OCH>0, Jeem = 6.9 Hz), 4.03 (m, 2H, H-3, H-5),
3.81 (m, 1H, H-6), 3.80 (s, 3H, CsH4OMe), 3.70 (d, 2H, H-7, J76= 5.0 Hz), 3.42 (s, 3H, H-OCH>OCH3), 2.67 (br s,
1H, OH), 2.64 (dq, 1H, H-2, J>3 = J,8 = 7.3 Hz), 2.53 (ddd, 1H, H-5', Js.4 = 7.3, Jgew= 15.2, J5.¢ = 2.8 Hz), 2.39
(ddd, 1H, H-5', Js.a = 7.3, Jgem = 15.2, J5.¢ = 2.3 Hz), 1.63 (m, 9H, H-1', H-3', H-6"), 1.28 (d, 3H, H-8, Js, =7.3 Hz) ;
3C NMR (CDCls, 100 MHz) 8 173.1, 160.0, 132.2, 130.9, 129.2, 128.8, 127.4, 125.0, 113.6, 100.8, 97.6, 81.7, 74.5,
71.0, 62.4, 56.0, 55.4,45.4,41.7,30.1, 23.1, 17.9, 13.4, 6.6, 3.6, 0.14, ; ESIMS-LR m/z 513 [(M+Na)*]; ESIMS-HR
calcd for C7H330sNa 513.2464, found 513.2459; [0.]*°p =28.3 (c 0.10, CHCI3).

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (5)-2-{(2S5,4R,65)-6-[(R)-1-(methoxymethoxy)-2-oxoethyl]-2-(4-
methoxyphenyl)-1,3-dioxan-4-yl}propanoate (209)

MeO A solution of 222 (67 mg, 0.137 mmol) in CH>Cl, (1.5 mL) was
treated with Dess-Martin periodinane (116 mg, 0.273 mmol) at room
temperature for 30 min. The reaction was quenched with sat. aq.

Na,S,0; and sat. ag. NaHCOs. The mixture was partitioned between

EtOAc and H>O. The organic phase was washed with brine, dried

(NazSOy), filtered, and concentrated in vacuo to afford a crude 209
(67 mg). 'H NMR (CDCl3, 400 MHz) § 9.78 (s, 1H, H-7), 7.35 (d, 1H, H-2", J>"3 = 8.7 Hz), 6.85 (d, 2H, H-3", J32"
=8.7 Hz), 5.76 (d, 1H, H-4', Jy 5 = 7.3 Hz), 5.48 (s, 1H, H-1"), 5.40 (q, 1H, H-2', J>.1r = 6.9 Hz), 4.78 (d, 1H, H-
OCH0, Jgem = 6.9 Hz), 4.73 (d, 1H, H-OCH>O, Jgen = 6.9 Hz), 4.31 (m, 1H, H-5), 4.04 (m, 2H, H-3, H-6), 3.79 (s,
3H, H-CsH4OMe), 3.52 (s, 3H, H-OCH2OCH}3), 2.64 (dq, 1H, H-2, Jo5 = J23 = 7.3 Hz), 2.52 (m, 1H, H-5"), 2.40 (m,
1H, H-5", 1.78 (m, 1H, H-4), 1.72 (s, 3H, H-6"), 1.70 (m, 3H, H-1"), 1.65 (s, 3H, H-3") 1.28 (d, 3H, H-8, J32 = 7.3
Hz)
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Synthesis of 224
(28,3R)-Hex-5-ene-1,2,3-triol (229)

6 A solution of methyltriphenylphosphonium bromide (21.7 g, 60.8 mmol) in THF (250 mL) was
i treated with ‘BuOK (6.83 g, 60.8 mmol) at 0 °C for 30 min. L-Deoxyribose (4.08 g, 30.4 mmol) was
HO. 3 * added to the mixture, which was warmed to 40 °C and stirred for 3 h. The reaction was quenched
HO'?2 1 with sat. ag. NH4Cl. The mixture was filthered through a Cerite pad, and the filtrate was concentrated
OH iy vacuo. The residue was purified by short silica gel column chromatography (10% CHCl;/MeOH)
to afford 229 (3.8 g, 28.8 mmol, 95%) as a white solid. 'H NMR (CDsOD, 400 MHz) § 5.90 (m, 1H, H-5), 5.13 (d,
H-6, Js5 = 17.4 Hz), 5.07 (d, H-6, Js5 = 10.1 Hz), 3.74 (dd, 1H, H-1, Jgem = 11.5, J12 = 3.7 Hz), 3.56 (m, 1H, H-1),
3.55 (m, 1H, H-2), 3.46 (m, 1H, H-3), 2.45 (m, 1H, H-4), 2.19 (dq, 1H, H-1, Jeew = 16.0, J12 = 8.7 Hz); 3C NMR
(CD;0D, 100 MHz) & 136.6, 117.3, 75.8, 73.1, 64.6, 38.8; ESIMS-LR m/z 155 [(M+Na)*]; [a]*’p +7.9 (c 0.90,

MeOH). This is a known compound®®.

(2S,3R)-1-|(tert-Butyldimethylsilyl)oxy| hex-5-ene-2,3-diol (236)

A solution of 229 (1.6 g, 12 mmol) in CH>Cl, (120 mL) was treated with imidazole (1.22 g, 18
mmol) and TBSCI (1.8 g, 12 mmol) at 0 °C. The mixture was warmed to room temperature and
stirred for 1 h. The reaction was quenched with H>O. The mixture was partitioned between CH>Cl,

and H>O. The organic phase was washed with brine, dried (Na>SO4), filtered, and concentrated in

OTBS
vacuo. The residue was purified by hi-flash silica gel column chromatography (4.6 x 12 cm, 13—

32% EtOAc/hexane) to afford 236 (2.38 g, 9.66 mmol, 80%) as a colorless oil. '"H NMR (CDCls, 400 MHz) & 5.84
(m, 1H, H-5), 5.13 (d, 1H, H-6, Js5 = 17.4 Hz), 5.10 (d, 1H, H-6, Js5 = 9.6 Hz), 3.73 (m, 3H, H-1, H-2), 3.52 (br s,
1H, H-3), 2.75 (br s, 1H, OH), 2.59 (d, 1H, OH, J= 4.6 Hz) 2.32 (dd, 2H, H-4, J13 = J45 = 6.9 Hz), 0.88 (s, 9H, H-
‘Bu), 0.08 (s, 6H, H-SiMe); 1*C NMR (CDCls, 100 MHz) & 134.7, 118.3, 73.0, 72.0, 64.1, 38.0, 26.0, 18.4, —5.3;
ESIMS-LR m/z 269 [(M+Na)*]; [a]*’p =7.3 (¢ 1.10, CHCI;).

{(4S,5R)-5-{[(tert-Butyl-dimethyl)silyl-oxy]-methyl}-2,2-dimethyl-1,3-dioxolan-4-yl} propene (230)

A solution 0f 336 (20 mg, 0.081 mmol) in CH,Cl> (1 mL) was treated with dimethoxypropane
(49 uL, 9.4 mmol) and CSA (2 mg, 0.0081 mmol) at 0 °C. The mixture was warmed to room
temperature and stirred for 30 min. The reaction was quenched with sat. ag. NaHCOs3. The

mixture was partitioned between CH>Cl, and H,O. The organic phase was dried (NaxSOj),

OTBS filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column
chromatography (¢ 2 x 6.5 cm, 0—12% EtOAc/hexane) to afford 230 (22 mg, 0.0768 mmol,
95%) as a colorless oil. "H NMR (CDCl3, 400 MHz) & 5.89 (ddd, 1H, H-5, Js¢s=17.4, J56=10.6, J5 4= 6.9 Hz), 5.12
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(dd, 1H, H-6, Jo5 = 17.4, Jeen = 1.8 Hz), 5.09 (dd, 1H, H-6, Js.s = 10.6, Jeem = 1.8 Hz), 4.20 (ddd, 1H, H-3, J54=9.1,
Js2=17.8,J34=4.6 Hz), 4.10 (dd, 1H, H-2, Jo3= 7.8, J»; = 7.3 Hz), 3.69 (dd, 1H, H-1, J12 = 7.3, Jeem = 10.5 Hz),
3.64 (dd, 1H, H-1, J12 = 5.0, Jeem = 10.5 Hz), 2.37 (m, 2H, H-4), 1.43 (s, 3H, OC(CH5),0), 1.34 (s, 3H, OC(CH5)0),
0.89 (s, 9H, H-Bu), 0.06 (s, 6H, H-SiMe); ESIMS-LR m/z 309 [(M+Na)']; [’ +18.4 (c 1.60, CHCls). This is a

known compound'®?,

(8)-4-Benzyl-3-{(25,3R)-4-{(4R,55)-5-{| (tert-butyldimethylsilyl)oxy|methyl}-2,2-dimethyl-1,3-dioxolan-4-yl}-
3-hydroxy-2-methylbutanoyl}oxazolidin-2-one (232)

(0] A solution of 230 (1.14 g, 3.98 mmol) in dioxane (30 mL) and H>O (10 mL) was
O treated with 2,6-lutidine (922 pL, 7.96 mmol), K20sO4:2 H>O (2.9 mg, 0.08 mmol),
\/’ 1" and NalOj4 (3.4 g, 15.9 mmol) at 0 °C. The mixture was warmed to room temperture
and stirred for 2 h. The mixture was partitioned between CH,Cl, and H>O. The

organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3 H»O, and brine, dried

OTBS (NaxS0y), filtered, and concentrated in vacuo. The residue was purified by hi-flash
silica gel column chromatography (¢ 2.6 x 10 cm, 4—20% EtOAc/hexane) to afford 231 (1.19 g) as a brown oil. A
solution of 183 (1.39 g, 5.97 mmol) in CH,Cl, (30 mL) was treated with TiCls (654 mg, 5.97 mmol) at 0 °C for 15
min. N,N-Diisopropylethylamine (1.04 mL, 5.97 mmol) was added to the mixture, which was stirred for 20 min. N-
Methyl pyrrolidinone (594 uL, 5.97 mmol) was added to the mixture, which was stirred for 10 min. A solution of
231 (1.19 g, 3.98 mmol) in CH>Cl, (10 mL) was added to the mixture via cannula and the whole mixture was stirred
for 3 h. The reaction was quenched with satz. ag. NH4Cl. The organic phase was washed with 1 M aq. HCI, sat. aq.
NaHCOj3, H20, and brine, dried (Na2SOas), filtered, and concentrated in vacuo. The residue was purified by flash silica
gel column chromatography (¢ 4 x 20 cm, 17—20% EtOAc/hexane) to afford 232 (1.36 g, 2.6 mmol, 65% over 2
steps) as a white solid. 'H NMR (CDCls, 400 MHz) & 7.26 (m, 5H, H-Bn), 4.67 (ddt, 1H, H-2', Jo1 = 7.3, J2.3 = 9.6,
Jr3=3.4Hz),4.43 (ddd, 1H, H-5, Js4=8.2,J54= 5.5, Js5 = 8.2 Hz), 4.17 (m, 4H, H-3, H-6, H-1"), 3.77 (dq, 1H, H-
2,23 =4.6, )28 =7.4 Hz), 3.66 (dd, 1H, H-7, J7,6 = 8.7, Jeem = 10.6 Hz), 3.57 (dd, 1H, H-7, J7,6 = 4.6, Jgem = 10.6
Hz), 3.41 (d, 1H, H-OH, J = 5.3 Hz), 3.24 (dd, 1H, H-3', J3.» = 3.4, Jeew = 13.5 Hz), 2.78 (dd, 1H, H-3', J3» = 9.6,
Jeem = 13.5 Hz), 1.90 (ddd, 1H,. H-4, J13=10.5, Ja5=5.5, Jeem = 14.2 Hz), 1.74 (ddd, 1H, H-3, J43=2.8, Js45=8.2,
Jeem = 14.2 Hz), 1.38 (s, 3H, H-OC(CH:)20), 1.34 (s, 3H, H-OC(CH5)20), 1.28 (d, 3H, H-8, Js» = 7.4 Hz), 0.90 (s,
9H, H-'Bu), 0.08 (s, 6H, H-SiMe); 1*C NMR (CDCl3, 100 MHz) 8 176.9, 153.1, 135.2, 129.6, 129.1, 127.6, 107.6,
74.9,69.4,66.3, 62.0, 60.5, 55.3,43.4,37.9, 33.4, 28.3, 26.0,25.6, 21.2, 18.4, 14.3, 11.5, 0.13, =5.3; ESIMS-LR m/z
544 [(M+Na)*]; ESIMS-HR calcd for C27H43NO7NaSi 544.2706, found 544.2726; [a.]*°p +35.4 (¢ 1.00, CHCI3).
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(S)-4-Benzyl-3-{(25,3R)-4-{(4R,55)-5-{[(tert-butyldimethylsilyl)oxy|methyl}-2,2-dimethyl-1,3-dioxolan-4-yl}-
3-(methoxymethoxy)-2-methylbutanoyl}oxazolidin-2-one (S15)

A solution 0f 232 (1.36 g, 2.6 mmol) in CH,Cl, (26 mL) was treated with ‘Pr,NEt
(3.62 mL, 20.8 mmol), TBAI (96 mg, 0.26 mmol), and MOMCI (790 uL, 10.4
mmol) at room temperature for 48 h. The reaction was quenched with H,O. The
mixture was partitioned between EtOAc and H>O. The organic phase was washed

with 1 M aq. HCl, sat. ag. NaHCO3, H,0, and brine, dried (Na>SOs), filtered, and

concentrated in vacuo. The residue was purified by hi-flash silica gel column

OTBS

chromatography (¢ 2.6 x 10 cm, 20—30% EtOAc/hexane) to afford S15 (1.37 g,
2.42 mmol, 93%) as a colorless oil. '"H NMR (CDCls, 400 MHz) 8 7.25 (m, 5H, H-Ph), 4.67 (s, 2H, H-OCH,0), 4.60
(m, 1H, H-2"), 4.30 (ddd, 1H, H-5, Js4 = 11.0, J54 = 2.3, Js s = 5.9 Hz), 4.16 (m, 2H, H-1"), 4.06 (m, 2H, H-2, H-6),
3.63 (m, 2H, H-7), 3.33 (s, 3H, H-OCH2OCHs), 3.31 (m, 1H, H-3"), 2.75 (dd, 1H, H-3', J3.2 = 10.5, Jgem = 12.8 Hz),
1.89 (m, 1H, H-4) 1.75 (m, 1H, H-4), 1.41 (s, 3H, H-OC(CH3);0), 1.32 (s, 3H, H-OC(CH:)20), 1.24 (d, 3H, H-8, Js»
= 5.9 Hz), 0.88 (s, 9H, H-Bu), 0.06 (s, 6H, H-SiMe); '3C NMR (CDCls, 100 MHz) & 174.8, 153.4, 135.7, 129.6,
129.1,127.4,108.1,97.3,73.7, 66.2, 62.0, 56.4, 56.2,42.1, 37.9, 32.5, 28.4, 26.0, 25.7, 18.3, 11.7, 6.6, =5.3; ESIMS-
LR m/z 588 [(M+Na)*]; ESIMS-HR calcd for C0H47NOgNaSi 588.2969, found 588.2966; [a]*’p +52.6 (¢ 0.95,
CHCl).

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (25,3 R)-4-[(4R,5S)-5-(hydroxymethyl)-2,2-dimethyl-1,3-dioxolan-4-yl]-3-
(methoxymethoxy)-2-methylbutanoate (235)
A solution of S15 (283 mg, 0.5 mmol) in THF (4 mL) and H>O (1 mL) was

MOMO

treated with H,O» (228 pL, 2 mmol, 30% in H,O) and LiOH (42 mg, 1.0 mmol)
at 0 °C. The reaction was quenched with sat. ag. Na>S>03. The mixture was
partitioned between Et,O and sat.ag. NaHCOs3. The organic phase was washed
with brine, dried (Na;SOs), filtered, and concentrated in vacuo. A solution of
the residue and 220 (59 mg, 0.428 mmol) in CH2Cl> (3 mL) was treated with
DMAP (4 mg, 28.5 pmol) and EDCI (109 mg, 0.57 mmol) at room temperature for 13 h. The mixture was partitioned
between EtOAc and H,O. The organic phase was washed with 1 M ag. HC], sat. ag. NaHCO3 H,0, and brine, dried
(NaxS0sy), filtered, and concentrated in vacuo. A solution of the residue in THF (3 mL) was treated with 3HF-EtsN
(465 pL, 2.85 mmol) at room temperature for 19 h. The mixture was partitioned between EtOAc and H»>O. The
organic phase was washed with 1 M ag. HCl, sat. ag. NaHCO3, H>O, and brine, dried (NaxSQs), filtered, and
concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2.0 x 6.5 cm,

20—35—50% EtOAc/hexane) to afford 235 (42 mg, 0.10 mmol, 36% over 3 steps) as a colorless oil. 'H NMR
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(CDCls, 400 MHz) § 5.72 (t, 1H, H-4', Ju.5 = 7.3 Hz), 5.44 (q, 1H, H-2", J».;- = 6.8 Hz), 4.71 (d, 1H, H-9, Jyen = 6.9
Hz), 4.65 (d, 1H, H-9, Jeew = 6.9 Hz), 4.33 (ddd, 1H, H-5, Js.4 = 9.6, Js = 6.0, Js.4 = 3.6 Hz), 4.15 (dt, 1H, H-6, Je s
= 6.8, Js7=4.6 Hz), 4.01 (ddd, 1H, H-3, J34 = 7.8, J3, = J34 = 3.6 Hz), 3.60 (m, 2H, H-7), 3.37 (s, 3H, OMe), 2.75
(dq, 1H, H-2, o5 = 4.6, o5 = 7.3 Hz), 2.75 (ddq, 1H, H-5', Jeun = 16.5, J5.2 = 5.0, Js.4 = 2.8 Hz), 2.41 (ddq, 1H, H-
5", Jgam = 16.5, Js.4 = 5.0, Js.4 = 2.3 Hz), 1.96 (br s, 1H, OH), 1.81 (m, 1H, H-4), 1.75 (m, 3H, H-1), 1.72 (m, 3H, H-
6), 1.71 (m, 1H, H-4), 1.66 (m, 3H, H-3'), 1.45 (s, 3H, H-16), 1.35 (s, 3H, H-16), 1.16 (d, 3H, H-8, Js» = 7.3 Hz);
13C NMR (CDCL;, 100 MHz) § 173.3, 132.4, 124.8, 108.2, 97.2, 75.6, 71.0, 61.2, 56.1, 44.0, 31.7, 28.3, 25.6, 23.0,
18.0, 13.4, 12.2, 3.6 ; ESIMS-LR m/z 435 [(M+Na)*]; ESIMS-HR calcd for C2oHzsO7Na 435.2359, found 435.2333;
[a]?%p +14.2 (c 1.10, CHCls).

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (25,3R)-4-[(4R,SR)-5-formyl-2,2-dimethyl-1,3-dioxolan-4-yl]-3-

(methoxymethoxy)-2-methylbutanoate (224)

A solution of 235 (11 mg, 26 pmol) in CH>Cl, (1 mL) was treated with Dess-
MOMO

Martin periodinane (23 mg, 50 pmol) at room temperature for 30 min. The
reaction was quenched with sat. ag. Na>S>03 and sat. ag. NaHCOs. The mixture
was partitioned between EtOAc and H>O. The organic phase was washed with
brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was
purified by short silica gel column chromatography (50% EtOAc/hexane) to
afford 224 (11 mg) as a colorless oil. '"H NMR (CDCls, 400 MHz) 8 9.64 (s, 1H, H-7), 5.71 (m, 1H, H-4"), 5.44 (m,
1H, H-2"), 4.69 (m, 1H, H-OCH;0), 4.65 (m, 1H, H-9), 4.55 (m, 1H, H-6), 4.28 (m, 1H, H-5), 4.02 (m, 1H, H-3),
3.36 (s, 3H, OCH2OCH3), 2.70 (m, 1H, H-2), 2.52 (m, 1H, H-5"), 2.41 (m, 1H, H-5"), 1.92 (m, 1H, H-4), 1.74 (m,
3H, H-1"), 1.65 (m, 4H, H-4, H-6"), 1.70 (m, 3H, H-3"), 1.40 (s, 6H, H-10), 1.14 (m, 3H, H-8)

Synthesis of 225
(28,3R)-1-[(tert-butyldimethylsilyl)oxy]-2,3-bis[(4-methoxybenzyl)oxy|hex-5-ene (237)
6 A solution 0f 236 (1g, 4.06 mmol) in THF (50 mL) was treated with CSA (93 mg, 0.40 mmol)
57 and TriBOT-PM (3.97 g, 8.12 mmol) at room temperature. The mixture was warmed to 60 °C
PMBO:.., 5 4 and stirred for 22 h. The mixture was partitioned between EtOAc and H>O. The organic phase
PMBO"' ] was washed with 1 M aq. HC], sat. ag. NaHCO3, H>0, and brine, dried (Na,S0Os), filtered, and
OoTBS concentrated in vacuo to afford 237 (1.28 g, 2.65 mmol, 65%) as a colorless oil. 'H NMR
(CDCls, 400 MHz) & 7.23 (d, 4H, H-CsH4sOMe, J = 7.3 Hz), 6.86 (d, 4H, H-CsHsOMe, J = 7.3 Hz), 5.10 (dd, 1H,.

H-6, Js5=17.4, Jgem = 1.8 Hz), 5.05 (dd, 1H, H-6, Js5 = 10.6, Jeem = 1.8 Hz), 4.66 (d, 1H, H-OCH>CsH4sOMe, Jgenm =
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11.4 Hz), 4.55 (d, 1H, H-OCHCsHsOMe, Joen = 11.4 Hz), 4.49 (s, 2H, H-OCH,CsH4OMe), 3.80 (s, 6H, H-
CeH,OCHs), 3.78 (m, 1H, H-1), 3.72 (dd, 1H, H-1, Jeem = 11.0, J12 = 6.0 Hz), 3.60 (dd, 1H, H-3, J32= 5.2, Js4 =
11.4 Hz), 3.52 (dd, 1H, H-2, /3 = 5.2, Jo; = 9.6 Hz), 2.39 (dd, 1H, H-4, Jus = Ju3 = 6.8 Hz), 0.90 (s, 9H, H-Bu),
0.05 (s, 6H, H-SiMe); *C NMR (CDCls, 100 MHz) § 159.2, 135.6, 131.1, 129.6, 117.0, 113.8, 80.2, 72.5, 72.0, 63.0,
55.4,35.1, 26.1, 18.4, —5.2; ESIMS-LR m/z 509 [(M+Na)*]; ESIMS-HR calcd for C2sH4,0sNaSi 509.2699, found
509.2695; [0’ +1.86 (c 1.30, CHCL5).

(8)-4-Benzyl-3-{(25,3R,5R,6S5)-7-[(tert-butyldimethylsilyl)oxy]-3-hydroxy-5,6-bis[(4-methoxybenzyl)oxy]-2-
methylheptanoyl}oxazolidin-2-one (238)
(0) A solution of 237 (1.28 g, 2.63 mmol) in dioxane (20 mL) and H>O (7 mL) was

o treated with 2,6-lutidine (609 pL, 5.26 mmol), K2OsO4-2 HO (20 mg, 0.053

HO ~
\/’ 1+ mmol), and NalO4 (2.25 g, 10.5 mmol) at 0 °C. The mixture was warmed to room
PMBO;., 3,\\ temperture and stirred for 1 h. The mixture was partitioned between CH2Cl, and
Ph
PMBO'" H>O. The organic phase was washed with 1 M aq. HC], sat. ag. NaHCOs;, H>0,
6

OTBS and brine, dried (Na>SOs), filtered, and concentrated in vacuo. The residue was
purified by hi-flash silica gel column chromatography (¢ 2.6 x 10 cm, 2 —20% EtOAc/hexane) to afford a crude
aldehyde (1.08 g) as a colorless oil. A solution of 183 (770 mg, 3.3 mmol) in CH>Cl, was treated with TiCls (362 pL,
3.3 mmol) at 0 °C for 15 min. N,N-Diisopropylethylamine (575 pL, 3.3 mmol) was added to the mixture, which was
stirred for 20 min. N-Methyl pyrrolidinone (312 pL, 3.3 mmol) was added to the mixture, which was stirred for 10
min. A solution of the crude aldehyde (1.08 g) in CH>Cl, was added to the mixture via cannula and the whole mixture
was stirred for 2.5 h. The reaction was quenched with sat. ag. NH4Cl. The organic phase was washed with 1 M agq.
HCI, sat. ag. NaHCO3, H>0, and brine, dried (Na>SO4), filtered, and concentrated in vacuo. The residue was purified
by hi-flash silica gel column chromatography (¢ 2.6 x 10 cm, 10— 30% EtOAc/hexane) to afford 238 (1.15 g, 1.59
mmol, 60% over 2 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 7.26 (m, 9H, H-C¢H4sOMe, H-Ph), 6.83
(m, 4H, H-C¢H4OMe), 4.62 (m, 1H, H-2"), 4.61 (m, 2H, H-OCH>C¢H4OMe), 4.57 (d, 1H, H-OCH>CsH4sOMe, Jgem =
11.0 Hz), 4.48 (d, 1H, H-OCH>C¢H4OMe, Jgem = 11.0 Hz), 4.19 (m, 1H, H-3), 4.14 (m, 2H, H-3"), 3.86 (dq, 1H, H-
5,J54=3.6,J56="7.8 Hz), 3.78 (s, 6H, H-CsH4OCHs), 3.62 (m, 1H, H-6), 3.24 (dd, 1H, H-1', J12 = 9.6, Jgem = 13.4
Hz), 3.20 (br s, 1H, OH), 2.75 (dd, 1H, H-1', J1.2» = 9.6, Jeen = 13.4 Hz), 1.71 (m, 2H, H-4), 1.25 (d, 3H, H-8, J3» =
7.3 Hz), 0.90 (s, 9H, H-Bu), 0.05 (s, 6H, H-SiMe); 3C NMR (CDCl;, 100 MHz) § 177.2, 159.3, 153.1, 135.3, 131.5,
129.7, 129.1, 127.5, 113.9, 80.8, 72.6, 72.3, 68.8, 66.2, 63.0, 55.4, 43.0, 37.9, 34.8, 26.1, 18.4, 11.5, —=5.2; ESIMS-
LR m/z 744 [(M+Na)']; ESIMS-HR calcd for C4HssNOgNaSi 744.3544, found 744.3543;[a]*’p +40.9 (¢ 0.82,
CHCl).
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(S)-4-Benzyl-3{(2S,3R,5R,6S)-7-|(tert-butyldimethylsilyl)oxy]-5,6-bis[(4-methoxybenzyl)oxy]-3-

(methoxymethoxy)-2-methylheptanoyl}oxazolidin-2-one (239)

(0] A solution 0f238 (1.13 g, 1.56 mmol) in CH,Cl> (13 mL) was treated with ‘ProNEt
: O (2.17 mL, 12.48 mmol), TBAI (58 mg, 0.156 mmol), and MOMCI (474 pL, 6.24
MOMO 1_N \/’

Al mmol) at room temperature for 24 h. The reaction was quenched with H>O. The

PMBO,,. N . . :
' 3 \Ph mixture was partitioned between EtOAc and HO. The organic phase was washed
PMBO“'6 with 1 M aq. HC, sat. ag. NaHCO3, H>O, and brine, dried (Na2SO4), filtered, and
OTBS concentrated in vacuo to afford 239 (1.15 g, 1.5 mmol, 96%) as a colorless oil. 'H

NMR (CDCls, 400 MHz) & 7.26 (m, 9H, H-CeHsOMe, H-Ph), 6.84 (m, 4H, H-CsHsOMe), 4.63 (m, 1H, H-2"), 4.55
(m, 6H, H-OCH,CsH4OMe, H-OCH,0), 4.10 (m, 4H, H-2, H-3, H-3'), 3.77 (m, 10H, H-5, H-6, H-7, H-CeH,OCHj),
3.29 (s, 3H, H-OCH,OCHz), 3.28 (m, 1H, H-1"), 2.74 (dd, 1H, H-1", Jy.2 = 10.1, Jpem = 13.3 Hz), 1.84 (dd, 1H, H-4,
Joem = 14.6, Jus = 10.6), 1.75 (dd, 1H. H-4, Jgm = 14.6, Jo5 = 10.6 Hz), 1.21 (d, 3H, H-8, Jgem = 7.3 Hz), 0.88 (s, 9H,
H-'Bu), 0.04 (s, 6H, H-SiMe); '*C NMR (CDCls, 100 MHz) § 174.5, 159.1, 153.4, 135.7, 131.2, 129.4, 129.0, 127.4,
113.8,97.2,80.9, 76.2, 72.6, 71.5, 66.1, 63.1, 56.2, 55.4,41.9, 37.9, 34.4, 26.1, 18.4, 12.5, —5.1; ESIMS-LR m/z 788
[(M+Na)*]; ESIMS-HR calcd for C42HsoNOoNaSi 788.3806, found 788.3817; [0]2’p +53.1 (c 0.98, CHCL:).

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (25,3R,5R,6S)-7-hydroxy-5,6-bis[(4-methoxybenzyl)oxy]-3-

(methoxymethoxy)-2-methylheptanoate (241)

A solution of 239 (383 mg, 0.5 mmol) in THF (4 mL) and H,O (1 mL) was
MOMO

treated with H,O, (228 pL, 2 mmol) and LiOH (42 mg, 1 mmol) at 0 °C. The
PMBO:.. reaction was quenched with sat. aq. Na;S>03. The mixture was partitioned
PMBO" ‘6 between Et,O and sat.aq. NaHCO3. The organic phase was washed with brine,
dried (NaxSQs), filtered, and concentrated in vacuo. A solution of the residue
(100 mg) and 220 (34 mg, 0.246 mmol) in CH2Cl> (2 mL) was treated with
DMAP (2 mg, 0.016 mmol) and EDCI (63 mg, 0.328 mmol) at room temperature for 13 h. The mixture was
partitioned between EtOAc and H>O. The organic phase was washed with 1 M agq. HCI, sat. ag. NaHCO3 H>O, and
brine, dried (Na,SOs), filtered, and concentrated in vacuo. A solution of the residue (180 mg) in THF (2 mL) was
treated with 3HF-Et;N (267 uL, 1.64 mmol) at room temperature for 19 h. The mixture was partitioned between
EtOAc and H>O. The organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3 H>O, and brine, dried (Na>SOs),
filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2.0 x

6.5 cm, 20—35—50% EtOAc/hexane) to afford 241 (50 mg, 0.082 mmol, 16% over 3 steps) as a colorless oil. 'H
NMR (CDCls, 400 MHz) 6 7.29 (m, 4H, H-CcHsOMe), 6.89 (d, 2H, H-CsHsOMe, J= 8.7 Hz), 6.86 (d, 2H, H-
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CsH4OMe, J = 8.7 Hz), 5.72 (t, 1H, H-4, J43 = Js5 = 7.3 Hz), 5.43 (q, 1H, H-2', Jo,1 = 6.8 Hz), 4.73 (d, 1H, H-
OCH>CsH4OMe, Jger = 11.0 Hz), 4.67 (d, 1H, H-OCH>C¢H4OMe, Jeen=11.9 Hz), 4.65 (d, 1H, H-OCH-0, Jgerm= 6.8
Hz), 4.54 (d, 1H, H-OCH,CsH4OMe, Jeer = 11.9 Hz), 4.51 (d, 1H, H-OCH-O, Jeem = 6.8 Hz), 4.49 (d, 1H, H-
OCH>C¢HsOMe, Jger = 11.0 Hz), 4.09 (ddd, 1H, H-3, J34=9.6 Hz, J3» = J34 = 3.2 Hz), 3.85 (d, 1H, H-5, J54=9.6
Hz), 3.80 (s, 6H, H-CsH4OCH3), 3.72 (m, 2H, H-7), 3.59 (m, 1H, H-6), 3.35 (s, 3H, H-OCH,OCH}5), 2.65 (dq, 1H,
H-2, 28 =73 Hz, Jo3=3.2 Hz), 2.54 (ddd, 1H, H-5', Jgen = 17.0, J5 4 = 7.3, Js.6= 2.8 Hz), 2.40 (ddd, 1H, H-5', Jeem
=17.0,Js4="13,Js¢=2.3 Hz), 2.24 (dd, 1H, OH, Jon.7= 7.3, Jon7= 5.0 Hz), 1.78 (m, 1H, H-4), 1.72 (m, 6H, H-
1', H-6"), 1.63 (m, 3H, H-3"), 1.13 (d, 1H, H-8, Js» = 7.3 Hz); 3C NMR (CDCls, 100 MHz) & 173.3, 159.4, 132.4,
130.6, 130.4, 129.6, 124.7, 114.0, 97 .4, 81.0, 74.9, 73.0, 72.0, 71.0, 61.6, 56.0, 55.4, 44.5, 35.6, 23.0, 17.9, 13.3, 11 .4,
3.6; ESIMS-LR m/z 635 [(M+Na)*]; ESIMS-HR calcd for C35sH4s09Na 635.3196, found 635.3197. [a]*°p +23.3 (c
1.15, CHCly).

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (2S5,3R,S5R,6R)-5,6-bis[(4-methoxybenzyl)oxy]|-3-(methoxymethoxy)-2-

methyl-7-oxoheptanoate (225)

A solution 0f 241 (11 mg, 0.018 mmol) in CH>Cl (1 mL) was treated with Dess-
MOMO

Martin periodinane (15 mg, 0.03 mmol) at room temperature for 20 min. The
PMBO:.. reaction was quenched with sat. aq. NaxS>03 and sat. ag. NaHCOs. The mixture
PMBO“'6 was partitioned between EtOAc and H,O. The organic phase was washed with
brine, dried (Na,SOs), filtered, and concentrated in vacuo. The residue was
purified by short silica gel column chromatography (33% EtOAc/hexane) to
afford 225 (11 mg) as a colorless oil. "H NMR (CDCls, 400 MHz) & 9.68 (s, 1H, H-7), 7.25 (m, 4H, H-C¢H4sOMe),
6.86 (m, 4H, H-CsH4sOMe), 5.70 (t, 1H, H-4, J43=J43="7.0 Hz), 5.43 (q, 1H, H-2', J»,1 = 6.6 Hz), 4.48-4.60 (m, 6H,
H-OCH»0, H-OCH,C¢H4OMe), 4.47 (m, 1H, H-6), 4.09 (m, 1H, H-3), 3.96 (m, 1H, H-5), 3.80 (s, 6H, H-CsH4OCH3),
3.32 (s, 3H, H-OCH,0OCHs»), 2.62 (m, 1H, H-2), 2.51 (m, 1H, H-5"), 2.39 (m, 1H, H-5"), 1.86 (1H, H-4), 1.71 (m, 6H,

H-1', H-6"), 1.62 (s, 3H, H-3"), 1.13 (d, 3H, H-8, Js, = 7.3 Hz)

Synthesis of 227

(8)-4-Benzyl-3{(2S,3R,5S,65)-5,6-7-[(tert-butyldimethylsilyl)oxy]-bis[ (4-methoxybenzyl)oxy]-3-
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(methoxymethoxy)-2-methylheptanoyl}oxazolidin-2-one (246)
A solution of 191 (859 mg, 3 mmol) in AcOH (2 mL) and H>O (2 mL) was

8- 3\\ heated at 100 °C under microwave irradiation for 20 min (0 bar, 10W). The

MOMO U N\/(I) mixture was concentrated in vacuo. A solution of the residue in CH>Cl, (30 mL)
PMBO 32 " was treated with imidazole (306 mg, 4.5 mmol) and TBSCI (452 mg, 3 mmol)
3'\Ph at 0 °C for 1 h. The reaction was quenched with MeOH. The mixture was

PMBO'"
6 extracted with CH»Cl,. The organic phase was dried (Na»SOs), filtered, and

OTBS

concentrated in vacuo. The residue was purified by hi-flash silica gel column
chromatography (¢ 2.6 x 10 cm, 12—32% EtOAc/hexane) to afford a crude diol. A solution of the crude diol in THF
(30 mL) was treated with CSA (70 mg, 0.3 mmol) and TriBOT-PM (2.9 g, 6 mmol) at room temperature. The mixture
was warmed to 60 °C and stirred for 25 h. 10-Camphorsulfonic acid (70 mg, 0.3 mmol) and TriBOT-PM (1.45 g, 6
mmol) were added to the mixture, which was stirred for 25 h. The mixture was partitioned between EtOAc and H>O.
The organic phase was washed with 1 M aq. HCl, sat. ag. NaHCO3, H>O, and brine, dried (Na>SOs), filtered, and
concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2.6 x 10 cm, 0—5%
EtOAc/hexane) to afford a crude 244. A solution of a crude 244 (570 mg, 1.17 mmol) in dioxane (15 mL) and H,O
(5 mL) was treated with 2,6-lutidine (271 pL, 2.34 mmol), K»OsO4-2 H>O (8.5 mg, 23 umol), and NalO4 (1.0 g, 4.68
mmol) at 0 °C. The mixture was warmed to room temperture and stirred for 6 h. The mixture was partitioned between
CH>Cl, and H>O. The organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3, H>O, and brine, dried (Na,SOs),
filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2.6 x
10 cm, 5 —20% EtOAc/hexane) to afford a crude aldehyde. A solution of 183 (268 mg, 1.15 mmol) in CH,Cl, was
treated with TiCls (126 uL, 1.15 mmol) at 0 °C for 15 min. N,N-Diisopropylethylamine (200 pL, 1.15 mmol) was
added to the mixture, which was stirred for 20 min. N-Methyl pyrrolidinone (109 uL, 1.15 mmol) was added to the
mixture, which was stirred for 10 min. A solution of the crude aldehyde (380 mg) in CH>Cl, (2 mL) was added to the
mixture via cannula and the whole mixture was stirred for 1 h. The reaction was quenched with sat. ag. NH4Cl. The
organic phase was washed with 1 M agq. HCI, sat. ag. NaHCO3, H>O, and brine, dried (Na>SOs), filtered, and
concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2.6 x 10 cm, 20%
EtOAc/hexane) to afford a crude 245. A solution of a crude 245 (630 mg) in CH,Cl, (7 mL) was treated with ‘ProNEt
(1.07 mL, 6.16 mmol), TBAI (28 mg, 77 pumol), and MOMCI (234 uL, 3.08 mmol) at room temperature for 33 h.
The reaction was quenched with H>O. The mixture was partitioned between EtOAc and H,O. The organic phase was
washed with 1 M aq. HCl, sat. ag. NaHCO3, H>0O, and brine, dried (Na,SOs), filtered, and concentrated in vacuo. The
residue was purified by hi-flash silica gel column chromatography (¢ 2.0 x 10 cm, 10—30% EtOAc/hexane) to afford
246 (515 mg, 0.67 mmol, 22% over 6 steps) as a colorless oil. 'H NMR (CDCl;, 400 MHz) & 7.30 (m, 9H, H-
CsHsOMe, H-Ph), 6.85 (d, 2H, H-CsH4sOMe, J = 8.7 Hz), 6.81 (d, 2H, H-C¢H4OMe, J = 8.7 Hz), 4.66 (m, 4H, H-
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OCH,CH4OMe), 4.56 (m, 1H, H-2'), 4.47 (m, 2H, H-OCH,0), 4.18 (m, 1H, H-3), 4.00 (m, H-1"), 3.87 (m, 5H, H-
3, H-5, H-6, H-1"), 3.78 (s, 3H, H-CeH,OCHs) 3.76 (s, 3H, H-CéHsOCH), 3.65 (m, 2H, H-7), 3.30 (s, 3H, H-
OCH,OCHj), 3.21 (d, 1H, H-3"), 2.95 (m, 1H, H-2), 2.73 (m, 1H, H-3'), 2.03 (ddd, 1H, H-4, Jeen = 15.0, Jas = Ja3 =
5.0 Hz), 1.75 (ddd, 1H, H-4, Jeen = 15.0, Jas = 7.8, Jas = 5.5 Hz), 1.27 (d, 3H, H-8, Js» = 6.4 Hz), 0.89 (s, 9H, H-
‘Bu), 0.04 (s, 6H, H-SiMe); 13C NMR (CDCls, 100 MHz) & 175.0, 174.2, 159.2, 153.1, 135.6, 131.1, 129.6, 129.3,
129.1, 129.0, 113.8, 96.2, 79.4, 74.5, 72.8, 71.0, 66.4, 66.0, 63.4, 56.2, 55.4, 55.3, 41.9, 38.1, 37.8, 32.4, 29.4, 26.1,
18.4, 13.3, 8.4, =5.2; ESIMS-LR m/z 788 [(M+Na)*]; ESIMS-HR calcd for C4;HsoNOoNaSi 788.3806, found
788.3817; [0]’p +41.9 (¢ 0.20, CHCl3).

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (25,3R,5S,6S5)-7-hydroxy-5,6-bis[(4-methoxybenzyl)oxy]-3-
(methoxymethoxy)-2-methylheptanoate (248)

8- A solution of 246 (493 mg, 0.64 mmol) in THF (5.6 mL) and H>O (1.4 mL)
was treated with H>O» (291 pL, 2.56 mmol) and LiOH (54 mg, 1.29 mmol) at
0 °C. The reaction was quenched with sat. ag. Na,S>03. The mixture was
partitioned between Et,O and sat.aq. NaHCO3. The organic phase was washed

with brine, dried (Na,SOs,), filtered, and concentrated in vacuo. A solution of

6' the residue (240 mg) and 220 (55 mg, 0.40 mmol) in CH>Cl> (4 mL) was
treated with DMAP (19 mg, 0.16 mmol) and EDCI (151 mg, 0.79 mmol) at room temperature for 8 h. The mixture
was partitioned between EtOAc and H,O. The organic phase was washed with 1 M ag. HCI, sat. ag. NaHCO3, H>O,
and brine, dried (Na,SOs), filtered, and concentrated in vacuo. A solution of the residue (280 mg) in THF (4 mL) was
treated with 3HF-Et;N (628 pL, 3.9 mmol) at room temperature for 24 h. The mixture was partitioned between EtOAc
and H»O. The organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3, H>O, and brine, dried (Na>SOs), filtered,
and concentrated in vacuo. The residue was purified by hi-flash silica gel column chromatography (¢ 2 x 6.5 cm,
50% EtOAc/hexane) to afford 248 (160 mg, 0.25 mmol, 39% over 3 steps) as a colorless oil. 'H NMR (CDCls, 400
MHz) § 7.26 (m, 4H, H-CsHsOMe), 6.87 (m, 4H, H-CcHs0Me), 5.71 (t, 1H, H-4', Jy s = 7.3 Hz), 5.43 (q, 1H, H-2',
Jo1 = 6.4 Hz), 4.61 (d, 1H, H-OCH>O, Jgem = 6.9 Hz), 4.60 (d, 1H, H-OCH-0, Jeem = 6.9 Hz), 4.53 (m, 2H, H-
OCH,CsHsOMe), 4.30 (m, 2H, H-OCH>CsH4sOMe), 4.06 (dd, 1H, H-3, J;» = J34 = 6.8 Hz), 3.80 (s, 6H, H-
CeH4OCH3), 3.77 (m, 2H, H-5, H-6), 3.64 (m, 2H, H-7), 3.30 (s, 3H, H-OCH>OCH5), 2.58 (dq, 1H, H-2, J,g= 7.3,
J3=4.1 Hz), 2.50 (m, 1H, H-5"), 2.39 (m, 1H, H-5"), 1.90 (m, 1H, H-4), 1.70 (m, 9H, H-1', H-3', H-6"), 1.12 (d, 3H,
H-8, Js» = 7.3 Hz); 3C NMR (CDCls, 100 MHz) & 173.5, 159.5, 132.4, 130.4, 129.8, 124.7, 114.0, 96.8, 79.0, 74.5,
72.5,72.0,71.0,61.8,55.9,55.4,43.1,32.8,22.9,17.9, 13.4, 11.0, 3.6; ESIMS-LR m/z 635 [(M+Na)*]; ESIMS-HR
caled for C3sHasOoNa 635.3196, found 635.3197; [a]*°p +20.3 (c 0.78, CHCI3).
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(R,Z)-3-Methyloct-2-en-6-yn-4-yl (25,3R,55,6R)-5,6-bis[(4-methoxybenzyl)oxy]-3-(methoxymethoxy)-2-
methyl-7-oxoheptanoate (227)

? A solution 0f 248 (10 mg, 16 umol) in CH>Cl» (0.5 mL) was treated with Dess-
Martin periodinane (10 mg, 24 pumol) at room temperature for 30 min. The
mixture was diluted with hexane, filtered through a Cerite pad, and the filtrate
was concentrated in vacuo. The residue was purified by short silica gel column

chromatography (25% EtOAc/hexane) to afford a crude 227 (10 mg) as a

colorless oil. This material was used for the next reaction without further
purification. "H NMR (CDCls, 400 MHz) § 9.66 (s, 1H, H-7), 7.27 (d, 2H, H-, J=7.0 Hz), 7.18 (d, 2H, H-CsH4OMe,
J="1.8 Hz), 6.85 (m, 4H, H-CsH4sOMe), 5.72 (t, 1H, H-4, J43 =J43= 7.3 Hz), 5.46 (q, 1H, H-2', J> 11 = 6.8 Hz), 4.48-
4.60 (m, 6H, H-OCH-0O, H-OCH,CsH4sOMe), 3.92 (m, 1H, H-6), 3.80 (s, 8H, H-3, H-5, H-CcH4OCH3), 3.29 (s, 3H,
H-OCH,0OCHs3), 2.62 (m, 1H, H-2), 2.51 (m, 1H, H-5), 2.39 (m, 1H, H-5"), 1.98 (m, 2H, H-4), 1.71 (m, 6H, H-1', H-
6), 1.62 (s, 3H, H-3"), 1.13 (d, 3H, H-8, Js» = 6.8 Hz).

Synthesis of 255

(R)-1-[(4-Methoxybenzyl)oxy]hex-4-yn-2-yl (25,3 R)-4-[(4S,55)-5-(hydroxymethyl)-2,2-dimethyl-1,3-
dioxolan-4-yl]-3-(methoxymethoxy)-2-methylbutanoate (254)

A solution of 194 (226 mg, 0.4 mmol) in THF (8 mL) and H,O (2 mL) was
treated with H>O» (680 pL, 6.0 mmol) and LiOH (126 mg, 3.0 mmol) at 0 °C.
The reaction was quenched with sat. ag. Na>S>03. The mixture was partitioned
between Et,O and sat.aq. NaHCOs. The organic phase was washed with brine,

dried (Na,SOy), filtered, and concentrated in vacuo. A solution of the residue

(161 mg) and 253 (111 mg, 0.48 mmol) in CH>CL, (4 mL) was treated with
DMAP (5 mg, 39.6 pmol) and EDCI (152 mg, 0.792 mmol) at room temperature for 4 h. The mixture was partitioned
between EtOAc and H>O. The organic phase was washed with 1 M aq. HCI, sat. ag. NaHCO3, H>O, and brine, dried
(NaxSOy), filtered, and concentrated in vacuo. A solution of the residue (169 mg) in THF (3 mL) was treated with
HF-pyridine (311 pL, 2.7 mmol) at room temperature for 14 h. The reaction was quenched with sat. ag. NH4Cl. The
mixture was partitioned between EtOAc and H,O. The organic phase was washed with 1 M ag. HCI, sat. ag. NaHCOs3,
H>O, and brine, dried (Na2SOs), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel
column chromatography (¢ 2 x 6.5 cm, 50% EtOAc/hexane) to afford 254 (61 mg, 0.12 mmol, 30% over 3 steps) as
a colorless oil. "H NMR (CDCls, 400 MHz) & 7.25 (d, 2H, H-CsH4OMe, J = 8.2 Hz), 6.87 (d, 2H, H-CcHsOMe, J =
8.2 Hz), 5.06 (dt, 1H, H-2', J=11.0, J = 5.5 Hz), 4.66 (m, 2H, H-OCH>CsH4sOMe), 4.50 (d, 1H, OCH>O, Jger = 11.4
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Hz), 4.45 (d, 1H, OCH0, Jgen = 11.4 Hz), 4.01 (m, 1H, H-5), 3.99 (m, 1H, H-3), 3.80 (s, 3H, H-CsH,0CH;), 3.75
(m, 2H, H-6, H-7), 3.62 (m, 2H, H-1"), 3.37 (s, 3H, OCH,0CH5), 2.74 (dq, 1H, H-2, J,3= 12.8, Jo5 = 6.8 Hz), 2.47
(m, 2H. H-3", 2.11 (t, 1H, OH, Jox7 = 7.3 Hz), 1.96 (dt, 1H, H-4, Jyen = 15.1, Ju3 = Jas = 6.4 Hz), 1.83 (dt, 1H, H-4,
Jeem=15.1, Ja3 = Jas = 5.0 Hz), 1.74 (t, 3H, H-4", Ju.3 = 2.3 Hz), 1.38 (m, 6H, H-9), 1.19 (d, 3H, Js» = 7.3 Hz); 13C
NMR (CDCls, 100 MHz) § 174.0, 159.4, 130.2, 129.4, 113.9, 108.9, 97.1, 81.6, 77.9, 74.1, 73.0, 71.3, 69.6, 62.0,
56.1, 55.4,44.0, 36.3,27.4,27.1,21.2, 12.6, 3.6; ESIMS-LR m/z 531 [(M+Na)*]; ESIMS-HR calcd for C27H40sNa
531.2570, found 531.2578; [a]*’> 5.3 (c 1.00, CHCL).

(R)-1-[(4-Methoxybenzyl)oxy|hex-4-yn-2-yl (25,3R)-4-[(4S,5R)-5-formyl-2,2-dimethyl-1,3-dioxolan-4-yl]-3-
(methoxymethoxy)-2-methylbutanoate (255)
A solution of 254 (20 mg, 39 umol) in CH>Cl, (1 mL) was treated with Dess-
Martin periodinane (33 mg, 78 umol) at room temperature for 30 min. The
residue was purified by short silica gel column chromatography (50%
EtOAc/hexane) to afford a crude 255 (20 mg) as a colorless oil. This material

was used for the next reaction without further purification. 'H NMR (CDCls, 400

MHz) § 9.72 (d, 1H, H-7, J7.6= 2.3 Hz), 7.23 (m, 2H, H-CsH,0Me), 6.86 (d, 2H,
H-CsHiOMe, J = 7.8 Hz), 5.07 (tt, 1H, H-2", Joy = Joz = 6.0 Hz), 4.64 (m, 2H, H-OCH,0), 4.50 (d, 1H, H-
OCH,CeH4OMe, Jyon= 6.7 Hz), 4.45 (d, 1H, H-OCH,CeHsOMe, Jeem = 6.7 Hz), 4.20 (m, 1H, H-5), 3.99 (m, 1H, H-
6), 3.95 (m, 1H, H-3), 3.80 (s, 3H, H-C{H:OCHs), 3.61 (d, 2H, H-1', J1.» = 5.0 Hz), 3.31 (s, 3H, H-OCH,OCH),
2.76 (dq, 1H, H-2, Jo3= 14.6, Jos = 7.3 Hz), 2.49 (m, 1H, H-3"), 2.06 (dt, 1H, H-4, Jgen = 14.6, Js3 = Jus = 7.8 Hz),
1.96 (dt, 1H, H-4, Jyn= 14.6, Ju3 = Jas = 4.6 Hz), 1.74 (br s, 3H, H-4"), 1.46 (m, 3H, H-OC(CH:),0), 1.41 (s, 3H,
H-OC(CHs)0), 1.20 (d, 3H, Js»= 7.3 Hz)

Synthesis of 272
(R,Z)-3-Methyloct-2-en-6-yn-4-yl (25,3R)-4-[(48,55)-5-(hydroxymethyl)-2,2-dimethyl-1,3-dioxolan-4-yl]-3-

(methoxymethoxy)-2-methylbutanoate (243)

A solution of 194 (1.68 g, 2.97 mmol) in THF (24 mL) and H,O (6 mL) was
MOMO

treated with H,O» (1.35 mL, 11.9 mmol, 30% in H>O) and LiOH (248 mg, 5.9
mmol) at 0 °C for 3 h. The reaction was quenched with sat. aq. Na,S;0s. The
mixture was partitioned between Et,O and sat.ag. NaHCOs3. The organic phase
OH was washed with brine, dried (Na;SQs), filtered, and concentrated in vacuo. A

solution of the residue and 220 (387 mg, 2.8 mmol) in CH»Cl, (28 mL) was treated
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with DMAP (34 mg, 0.28 mmol) and EDCI (1.07 g, 5.6 mmol) at room temperature for 22 h. The mixture was
partitioned between EtOAc and H»>O. The organic phase was washed with 1 M agq. HC], sat. ag. NaHCO3 H»O, and
brine, dried (Na>SOy), filtered, and concentrated in vacuo. A solution of the residue in THF (13 mL) was treated with
3HF-Et;N (4.2 mL, 25.8 mmol) at room temperature for 26 h. The reaction was quenched with sat. ag. NH4CI. The
mixture was partitioned between EtOAc and H>O. The organic phase was washed with 1 M aq. HC, sat. ag. NaHCOs3,
H,O, and brine, dried (Na2SOs), filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel
column chromatography (¢ 2.6 x 10 cm, 20—30—50% EtOAc/hexane) to afford 243 (808 mg, 1.96 mmol, 66% over
3 steps) as a colorless oil. '"H NMR (CDCl3, 400 MHz) 8 5.73 (t, 1H, H-4', J4s = 7.3 Hz), 5.44 (q, 1H, H-2', J>.1 =
6.9 Hz), 4.68 (d, 1H, OCH>0, Jgem = 7.3 Hz), 4.65 (d, 1H, OCH>0, Jgem = 7.3 Hz), 4.01 (m, 2H, H-3, H-5), 3.80 (m,
1H, H-7), 3.76 (dt, 1H, H-6, Js5 = 8.2, Js7 = 4.1 Hz), 3.65 (m, 1H, H-7), 3.38 (s, 3H, H-OCH,OCH3), 2.75 (dq, 1H,
H-2, »3=14.2, 8= 6.9 Hz), 2.25 (ddq, 1H, H-5', Jeen=16.5, J5.4 = 6.9, Js.¢ = 2.3 Hz), 2.41 (ddq, 1H, H-5', Jeen=
16.5, Js4 = 5.5, Js¢ = 2.8 Hz), 2.11 (br s, |H, OH), 1.98 (ddd, 1H, H-4, Jeem = 14.6, Ja3 = Ja5 = 6.4 Hz), 1.83 (ddd,
IH, H-4, Jeem = 14.6, Ja3=Jas = 5.0 Hz), 1.75 (t, 3H, H-6', Jo. 5 = 2.8 Hz), 1.70 (d, 1H, H-1', /1> = 6.9 Hz), 1.66 (s,
3H, H-3"), 1.40 (s, 3H, H-9), 1.39 (s, 3H, H-9), 1.19 (d, 3H, H-8, J3» = 7.3 Hz); *C NMR (CDCl;, 100 MHz)  173.5,
132.3,124.8, 108.8, 97.0, 81.6, 74.5,74.1, 70.9, 62.0, 56.0, 43.7, 36.2,27.4,27.1,22.9,17.9, 13.3, 12.2, 3.5; ESIMS-
LR m/z 435 [(M+Na)*]; ESIMS-HR calcd for C2,H3607Na 435.2359, found 435.2375; [a]*’p +20.3 (¢ 0.76, CHCl5).

(R,Z)-3-Methyloct-2-en-6-yn-4-yl (25,3R)-4-[(4S,5R)-5-formyl-2,2-dimethyl-1,3-dioxolan-4-yl]-3-
(methoxymethoxy)-2-methylbutanoate (226)

A solution of 243 (100 mg, 0.24 mmol) in CH>Cl; (2.4 mL) was treated with
Dess-Martin periodinane (153 mg, 0.36 mmol) at room temperature for 30
min. The mixture was diluted with hexane, filtered through a Cerite pad, and

the filtrate was concentrated in vacuo. The residue was purified by short silica

gel column chromatography (40% EtOAc/hexane) to afford a crude 226 (100
mg) as a colorless oil. The crude 226 was used for next reaction without
further purification. 'H NMR (CDCl3, 400 MHz) 8 9.72 (s, 1H, CHO), 5.73 (t, 1H, H-4', Js s = 7.3 Hz), 5.43 (q, 1H,
H-2', J»,1=5.5 Hz), 4.66 (m, 2H, OCH-0), 4.19 (dt, 1H, H-5, Js s = 7.4, Js4 = 5.0 Hz), 3.99 (m, 2H, H-3, H-6), 3.35
(s, 3H, H-OCH.OCHs), 2.75 (dq, 1H, H-2, Jo3=14.2, Jos = 7.4 Hz), 2.54 (ddq, 1H, H-5', Jeen = 16.5, J5.4 = 6.9, J5'¢
=2.3 Hz), 2.41 (ddq, 1H, H-5', Jgew = 16.5, Js.4 = 7.8, Js¢ = 2.8 Hz), 2.08 (dt, 1H, H-4, Jge = 14.6, J43 = 6.9 Hz),
1.95 (dt, 1H, H-4, Jgem = 14.6, J45 = 5.0 Hz), 1.74 (t, 3H, H-6', J¢.5 = 2.8 Hz), 1.67 (s, 3H, H-3"), 1.47 (s, 3H, H-9),
1.40 (s, 3H, H-9), 1.19 (d, 3H, H-8, Js» = 7.4 Hz); ESIMS-LR m/z 465 [(M+MeOH-+Na)*]

(3aS,5R,65,9R,135,13aS,E)-9-[(Z)-But-2-en-2-yl]-5-(methoxymethoxy)-2,2,6,12-tetramethyl-13-
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[(triethylsilyl)oxy]-3a,4,5,6,9,10,13,13a-octahydro-7H-[1,3]dioxolo[4,5-f][1]oxacyclododecin-7-one (251)
A solution of Ni(cod): (33 mg, 0.12 mmol), IMes-HCI (41 mg, 0.12 mmol), and ‘BuOK (13 mg, 0.12 mmol) in THF

? (5 mL) was sitirred at room temperature for 10 min. A solution of the crude

MOMO, 2~ 0

226 (100 mg) in THF (43 mL) was warmed to 50 °C and Et3SiH (77 puL, 0.48
mmol) and the Ni solution (2.5 mL, 0.06 mmol) were added to the mixture
dropwise over 1 h, and the whole mixture was stirred for 2 h. The
K o 14 additional Ni solution (2.5 mL, 0.06 mmol) was added to the mixture

OTES dropwise over 1 h, and the mixture was stirred for 1 h. The mixture was
diluted with hexane, filtered through a short silica gel, and concentrated in vacuo. The residue was purified by flash
silica gel column chromatography (¢ 2 x 10 cm, 10% EtOAc/hexane) to afford a crude 251 (50 mg) as a colorless oil.
The crude 251 was used for next reaction without further purification. 'H NMR (CDCl;s, 400 MHz) 6 6.06 (dd, 1H,
H-11, Ji1,10=11.4, Ji,10= 1.8 Hz), 5.67 (d, 1H, H-9, Jo.10 = 11.4 Hz), 5.36 (q, 1H, H-13, J13,14 = 6.9 Hz), 4.94 (d, 1H,
OCH;0, Jgem = 6.4 Hz), 4.57 (d, 1H, OCH-0, Jgem = 6.4 Hz), 4.27 (br s, 1H, H-7), 3.90 (dd, 1H, H-5, J54=10.1, Js¢
= 8.2 Hz), 3.68 (dt, 1H, H-3, J3», = 10.3, J34 = 4.1 Hz), 3.61 (dd, 1H, H-6, Js5 = 8.2, Js7 = 2.3 Hz), 3.41 (s, 3H, H-
OCH.0CHs), 2.73 (ddd, 1H, H-10, Jgew = 15.1, Jio.1 = J109 = 11.4 Hz), 1.97 (m, 1H, H-4), 1.95 (s, 3H, H-8), 1.85
(dd, 1H, H-10, Jgem = 15.1, Jio,11 = 4.6 Hz), 1.74 (m, 3H, H-12), 1.68 (d, 1H, H-14, Ji413 = 6.9 Hz), 1.37 (s, 6H, H-
16), 1.21 (d, 3H, H-15, Ji52, = 6.9 Hz), 0.95 (t, 9H, H-SiCH.CH3, J = 8.2 Hz), 0.60 (q, 6H, H-SiCH>CH3, J = 8.2 Hz);
ESIMS-LR m/z 549 [(M+Na)*].

(3aS,5R,6S5,9R,135,13aS,E)-9-[(Z)-But-2-en-2-yl]-13-hydroxy-5-(methoxymethoxy)-2,2,6,12-tetramethyl-
3a,4,5,6,9,10,13,13a-octahydro-7H-[1,3]dioxolo[4,5-f][1]oxacyclododecin-7-one (260)
H A solution of 251 in THF (1 mL) was treated with TBAF (40 uL, 40 umol, 1 M in

MOMO,_ 2~___O 12 . .
THF) at room temperature for 5 h. The reaction was quenched with 1 M agq. HCI.
o) 43 The mixture was partitioned between EtOAc and H2O. The organic phase was
>< washed with 1 M aq. HCI, sat. ag. NaHCO3, H,O, and brine, dried (Na,;SOs),

= 9 filtered, and concentrated in vacuo. The residue was purified by hi-flash silica gel

column chromatography (¢ 1 x 8 cm, 50% EtOAc/hexane) to afford 260 (30 mg,
73 umol, 30% over 3 steps) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 6.08 (dd, 1H, H-11, Ji1,10 = 11.9, Ji1.10
=2.3Hz), 5.79 (d, 1H, H-9, Jo,10 = 11.9 Hz), 5.35 (q, 1H, H-13, J13,14 = 6.9 Hz), 4.89 (d, 1H, OCH>0, Jge = 6.4 Hz),
4.57 (d, 1H, OCH»0, Jgem = 6.4 Hz), 4.31 (br s, 1H, H-7), 3.78 (m, 1H, H-6), 3.75 (m, 1H, H-5), 3.70 (dd, 1H, H-3,
J32=6.9, J34=2.3 Hz), 3.41 (s, 3H, OCH,OCH3), 2.76 (dt, 1H, H-10, Jgew = 14.9, J109 = 11.9 Hz), 2.63 (br s, 1H,
OH), 2.44 (dq, 1H, H-2, J>3=10.5, J2,15=10.5 Hz), 2.00 (d, 1H, H-10, Jeern=14.9 Hz), 1.81 (dd, 1H, H-4, J45=15.1,
Jaz=6.4Hz), 1.74 (m, 3H, H-12), 1.68 (d, 3H, H-14, Ji413 = 6.9 Hz), 1.63 (s, 3H, H-8), 1.43 (s, 3H, H-16), 1.41 (s,
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3H, H-16), 1.21 (d, 3H, H-15, Jis2 = 6.9 Hz); '3C NMR (CDCls, 100 MHz) 5 173.9, 134.0, 132.6, 123.1, 122.0, 109.1,
95.0, 94.7, 80.5, 74.5, 71.2, 56.3, 47.7, 42.1, 32.4, 32.3, 27.5, 27.1, 18.9, 15.9, 15.1, 13.3; ESIMS-LR m/z 435
[(M+Na)*]; ESIMS-HR calcd for C2oH3s07Na 435.2359, found 435.2375. [0.]°p ~149.6 (¢ 1.02, CHCls).

(3aS,5R,65,9R,13R,13aR E)-9-[(Z)-But-2-en-2-yl]-5-(methoxymethoxy)-2,2,6,12-tetramethyl-7-o0xo-
3a,4,6,7,9,10,13,13a-octahydro-5H-[1,3]dioxolo[4,5-f][1]oxacyclododecin-13-yl 4-nitrobenzoate (272)

=z A solution of 260 (10 mg, 24 pmol) and p-nitrobenzoic acid (6 mg, 36 pmol)
MOMO,_ 2~__O

in toluene (0.5 mL) was treated with PhnOPPh; (10 mg, 36 pmol) and DMEAD
(8.4 mg, 36 umol) at 0 °C. The mixture was warmed to room temperature and
stirred for 1 h. The mixture was concentrated in vacuo. The residue was purified
by flash silica gel column chromatography (¢ 1 x 8 cm, 13% EtOAc/hexane) to
afford 272 (9.0 mg, 16 umol, 67 %) as a white solid. "H NMR (CDCls, 400
1 MHz) § 8.28 (d, 2H, H-2', J».; = 8.7 Hz), 8.20 (d, 2H, H-1', J;.» = 8.7 Hz), 6.07
2 (d, 1H, H-11, Ji1,10 = 10.5 Hz), 5.78 (d, 1H, H-9, Jo,10 = 10.1 Hz), 5.41 (d, 1H,
NO, H-7, J;6=9.2 Hz), 5.36 (q, 1H, H-13, J13,14= 8.2 Hz), 4.90 (d, 1H, H-OCH-O,
Jeem = 6.9 Hz), 4.58 (d, 1H, H-OCH-0, Jeem = 6.9 Hz), 3.89 (t, 1H, H-6, Js7 = Jss5 = 9.2 Hz), 3.78 (dd, 1H, H-3, J3,
=10.5, J34 = 6.0 Hz), 3.68 (dd, 1H, H-5, Js4 =Js55 = 9.2 Hz), 3.43 (s, 3H, OCH,OCH}3), 2.73 (ddd, 1H, H-10, Jeew =
14.7, Jio,1 = J1oo = 11.9 Hz), 2.48 (dq, 1H, H-2, J>3=10.5, J>,15 = 6.9 Hz), 2.04 (d, 1H, H-10, Jee,= 14.7 Hz), 1.86
(dd, 1H, H-4, Jgem = 14.6, J43 = 5.9 Hz), 1.77 (m, 7H, H-4, H-12, H-14), 1.39 (s, 6H, H-OC(CH3)20), 1.24 (d 3H, H-
15, Jisp» = 6.9 Hz); '3C NMR (CDCls;, 100 MHz) & 174.1, 163.7, 150.6, 135.9, 133.6, 131.3, 131.0, 130.0, 123.6,
109.8,94.8,84.2,79.5,75.4,70.8, 56.3,47.7,41.0, 32.6, 27.4,26.7, 18.6, 16.0, 13.2, 12.2, 0.08; ESIMS-LR m/z 584
[(M+Na)*]; ESIMS-HR calcd for C20H39NOoNa 584.2472, found 584.2471; [a]*°p —54.0 (¢ 0.86, CHCl;).

(3aS,5R,6S5,9R,13R,13aS,E)-9-[(Z)-But-2-en-2-yl]-13-hydroxy-5-(methoxymethoxy)-2,2,6,12-tetramethyl-
3a,4,5,6,9,10,13,13a-octahydro-7H-[1,3]dioxolo[4,5-f][1]oxacyclododecin-7-one (273)
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A solution 0f 272 (9.0 mg, 16 umol) in MeOH (0.5 mL) was treated with LiOH
(0.7 mg, 16 umol) at 0 °C for 30 min. The reaction was quenched with 1 M agq.
HCI. The mixture was partitioned between EtOAc and H>O. The organic phase
was washed with 1 M aq. HCI, sat. ag. NaHCO3, H,O, and brine, dried
(NaxS0a), filtered, and concentrated in vacuo. The residue was purified by flash

silica gel column chromatography (¢ 1 x 8 cm, 20% EtOAc/hexane) to afford

273 (6.6 mg, 16 umol, quant.) as a colorless oil. "H NMR (CDCls, 400 MHz) &
6.05 (d, 1H H-11, J11,10=10.1 Hz), 5.53 (d, 1H, H-9, Jo,10 = 10.1 Hz), 5.38 (q, 1H, H-13, J13,14 = 8.2 Hz), 4.90 (d, 1H,
OCH>0, Jgem = 6.4 Hz), 4.57 (d, 1H, OCH-0, Jeem = 6.4 Hz), 3.97 (d, 1H, H-7, J76= 8.7 Hz), 3.71 (dd, 1H, H-3, J3,
=10.6, J34 = 6.0 Hz), 3.59 (dd, 1H, H-6, Js;5 = Js7 = 8.7 Hz), 3.53 (q, 1H, H-5, Js4 = 6.9 Hz), 3.43 (s, 3H, H-
OCH,OCHs), 2.75 (ddd, 1H, H-10, Jgew = 15.1, J10,11 = J109 = 11.9 Hz), 2.47 (dq, 1H, H-2, /25 =10.6, /2,15 = 6.9 Hz),
2.33 (brs, 1H, OH), 2.00 (d, 1H, H-10, Je.,» = 14.7 Hz), 1.68-1.79 (m, 8H, H-4, 12, 14), 1.42 (s, 3H, H-OC(CH:),0),
1.40 (s, 3H, H-OC(CH3),0), 1.23 (d, 1H, H-15, Ji52 = 6.9 Hz); '*C NMR (CDCl3, 100 MHz) § 174.2, 135.0, 133.8,
127.2,123.4,109.4, 94.8, 82.0, 81.8, 75.7, 71.0, 56.3, 47.8, 41.0, 32.5,27.4, 27.3, 18.7, 16.0, 13.3, 11.5; ESIMS-LR
m/z 435 [(M+Na)*]; ESIMS-HR calcd for C22H3607Na 435.2359, found 435.2375; [a]*°p =7.3 (¢ 1.10, CHCI5).

Synthesis of 278

1,2,3,5-Tetra-O-acetyl-D-arabinofuranose (276)

AcO_1._0 5 A solution of D-arabinose (600 mg, 4 mmol) in DMF (40 mL) was treated with
4' b imidazole (680 mg, 20 mmol) and TBSCI (1.8 g, 24 mmol) at room temperature

Ac O\"2 3 OAc for 24 h. The mixture was filtered to afford a crude 275 as a white solid. A solution
OAc of the crude 275 (1.55 g) in CH2Cl, (5 mL) was treated with pTSA (3.8 g, 20 mmol)

and Ac2O (3.78 mL, 40 mmol) at room temperature for 48 h. The reaction was quenched with Et3N. The mixture was
partitioned between CH>Cl, and H>O. The organic phase was washed with sat. ag. NaHCO3, H>O, and brine, dried
(NaySOy), filtered, and concentrated in vacuo. The residue was purified by flash silica gel column chromatography
(¢ 4 x 13 cm, 33% EtOAc/hexane) to afford 276 (341 mg, 1.07 mmol, 27% over 2 steps) as a colorless oil. Data for
a anomer: '"H NMR (CDCls, 400 MHz) 8 6.36 (br s, 1H, H-1), 5.33 (m, 1H, H-1), 5.10 (m, 1H, H-3), 4.40 (m, 1H,
H-4), 4.23 (m, 2H, H-5), 2.10 (m, 12H, Ac). Data for B anomer: '"H NMR (CDCls, 400 MHz) & 6.18 (s, 1H, H-1),
5.19 (s, 1H, H-2), 5.02 (m, 1H, H-3), 4.35 (m, 1H, H-4), 4.20 (m, 2H, H-5), 2.10 (m, 12H, Ac); ESIMS-LR m/z 341

[(M+Na)*] This is a known compound”?.

2,3,5-Tri-0O-acetyl 1-(2,2,2-trichloroethanimidate) D-arabinofuranose (278)
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C |3C OL1.0 A solution 0f 276 (100 mg, 0.31 mmol) in DME (5 mL) was treated with

5
\n/ 4' o \ "BuzSnOMe (182 pL, 0.63 mmol) at room temperature. The mixture was
NH
Ac o\‘ 2 3 OAc warmed to reflux and stirred for 4 h. The mixture was concentrated in

OAc

vacuo. The residue was purified by short silica gel column
chromatography (EtOAc/hexane = 2:3) to afford a crude 277. A solution of the crude 277 in CH>Cl> (2 mL) was
treated with CI3CCN (73 pL, 0.73 mmol) and DBU (4 pL, 0.029 mmol) at 0 °C. The mixture was warmed to room
temperature and stirred for 4 h. The mixture was concentrated in vacuo. The residue was purified by flash silica gel
column chromatography (¢ 4 x 10 cm, 25% EtOAc/hexane, 0.1% Et3N) to afford 278 (52 mg, 0.12 mmol, 38% over
2 steps) as a colorless oil. "H NMR (CDCls, 400 MHz) § 8.62 (s, 1H, NH), 6.34 (s, 1H, H-1), 5.37 (s, 1H, H-2), 5.04
(d, 1H, H-3, J34=3.7 Hz), 4.44 (ddd, 1H, H-4, J43=3.7, Ja5=4.1,J45= 5.5 Hz), 4.41 (dd, 1H, H-5, Jgem = 11.9, J54
= 4.1 Hz), 4.25 (dd, 1H, H-5, Jeem = 11.9, J5s4 = 5.5 Hz), 2.14 (s 3H, Ac), 2.06 (s, 6H, Ac); ESIMS-LR m/z 441

[(M+Na)*] This is a known compound'®V.
p

(2R,3R,4S5,55)-2-(Acetoxymethyl)-5-{{(3aS,5R,6S,9R,13R,13aR,E)-9-|(Z)-but-2-en-2-yl]-5-
(methoxymethoxy)-2,2,6,12-tetramethyl-7-0x0-3a,4,6,7,9,10,13,13a-octahydro-5H-[1,3]dioxolo[4,5-
f][1]oxacyclododecin-13-yl}oxy}tetrahydrofuran-3,4-diyl diacetate (279)

A solution of 273 (5 mg, 12 umol), 278(10 mg, 24 umol), and MS4A (50 mg)
in CH2Cl> (1 mL) was treated with a solution of TMSOTT (0.2 pL, 1.2 umol) in
CH,Cl, (0.2 mL) at =20 °C. The mixture was warmed to —7 °C and stirred for
30 min. The reaction was quenched with sat. ag. NaHCOs. The mixture was
partitioned between EtOAc and H>O. The organic phase was washed with 1 M
aq. HCI, sat. ag. NaHCO3, H>O, and brine, dried (Na>SO,), filtered, and

concentrated in vacuo. The residue was purified by flash silica gel column

chromatography (¢ 1 x 8 cm, 20—25% EtOAc/hexane) to afford 279 (8.0 mg,
11.9 umol mmol, 98%) as a colorless oil. 'H NMR (CDCls, 400 MHz) 6 6.02 (d,
1H, H-11, Ji1,10 = 9.6 Hz), 5.50 (d, 1H, H-9, Jo,10 = 11.0 Hz), 5.35 (q, 1H, H-13, Ji3,14 = 6.9 Hz), 5.29 (s, 1H, H-1"),
5.17 (s, 1H, H-2"), 4.90 (d, 1H, H-3', J34 = 3.6 Hz), 4.87 (d, 1H, H-OCH>0, Jgem = 6.4 Hz), 4.55 (d, 1H, H-OCH-O,
Jeem = 6.4 Hz), 4.35 (dt, 1H, H-4', J4 3 =3.6, Ja 5 = 6.4 Hz), 4.17 (m, 2H, H-5"), 3.99 (d, 1H, H-7, J76=9.0 Hz), 3.71
(dd, 1H, H-3, J3, =10.1, J34 = 5.5 Hz), 3.67 (dd, 1H, H-6, Js7 = Js5 = 9.0 Hz), 3.49 (dd, 1H, H-5, Jss = Js54=9.0
Hz), 3.40 (s, 3H, H-OCH,OCH3), 2.72 (ddd, 1H, H-10, Jeem = 14.6, J10,9 = Jio,1 = 11.0), 2.45 (dq, 1H, H-2, Jo3 =
10.1, J2,15 = 6.4 Hz), 2.11 (m, 1H, H-4), 2.10 (m, 9H, H-Ac), 1.96 (d, 1H, H-10, Jeen = 14.6 Hz), 1.78 (dd, 1H, H-4,
Jgem =15.6, J43=5.5 Hz), 1.74 (s, 3H, H-8), 1.67 (d, 1H, H-14, J1413 = 6.9 Hz), 1.63 (s, 3H, H-12), 1.38 (s, 3H, H-
OC(CH5),0), 1.36 (s, 3H, H-OC(CH5),0), 1.23 (d, 3H, H-15, Ji52 = 6.4 Hz); *C NMR (CDCls, 100 MHz) § 174.1,
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170.7,170.3,169.6, 134.4, 133.8, 126.9, 123.4,109.2, 105.4, 94.8, 85.7, 81.5, 81.2, 80.9, 75.6, 70.8, 63.6, 56.3,47.7,
40.1, 32.4, 30.1, 27.5, 27.1, 20.9, 18.6, 16.0, 13.3, 12.1; ESIMS-LR m/z 693 [(M+Na)"]; ESIMS-HR calcd for
Ci33Hs0014Na 693.3098, found 693.3110. [a]*°p—40.5(c 0.60, CHCl3).

Conformational Search

Force field:OPLS-2005

solvent: none

Torsional sampling(MCMM)
Maximum Automatic steps:1000

Energy window for saving structures 21.0 kJ/mol
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