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Ac
ACMA
aq
ATP
9-BBN
BCA
Bu

Bz
CGM
CSA
CuTC

dba
DBU
DCCD
DDQ
DEAD
DIBAL
DMA
DMAP
DME
DMEDA
DMF
DMP
DMSO
dppf
EDTA
ee

eq
ESR

acetyl
9-amino-6-chloro-2-methoxyacridine
aqueous (layer)

adenosine 5’-triphosphate
9-borabicyclo[3. 3. 1]nonane
bicinchoninic acid

butyl

benzoyl

chromaffin granule membranes
camphor sulfonic acid

copper(l) thiophene carboxylate
day(s)

dibenzylideneacetone
1,8-diazabicyclo[5.4.0Jundec-7-ene
N,N’-Dicyclohexylcarbodiimide
2,3-dichloro-5,6-dicyano-1,4-benzoquinone
diethyl azodicarboxylate
diisobutylaluminum hydride
N,N’-dimethylacetamide
N,N’-dimethyl-4-aminopyridine
1,2-dimethoxyethane
N,N’-dimethylethylenediamine
N,N’-dimethylformamide
Dess-Martin Periodinane
dimethylsulfoxide
1,1'-bis(diphenylphosophino)ferrocene
ethylenediaminetetraacetic acid
enantio excess

equivalent

electron spin resonance



Et
F-ATPase
FCCP
F-SA
F-SB

G

Glso

h

Hex
HEPES
HMDS
HOBt
HPLC
HWE
-

ICso

imid

MOM
MOPS
MS4A

NCCD
NCI
NMO

ethyl

ATP synthase

carbonyl cyanide p-trifluoromethoxyphenylhydrazone
4-PF-salicylihalamide A
4-YF-salicylihalamide B

gram

50% growth inhibition

hour(s) '

hexyl
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
hexamethyldisilazane
1-hydroxybenzotriazole

high performance liquid chromatography
Horner-Wadworth-Emmons '
is0

50% inhibitory concentration

imidazole

isopinocampheyl

lithium diisopropylamide

meta

methyl

mesityl

m-chloroperbenzoic acid

minute(s)

2-methyl-6-nitrobenzoic acid anhydride
methoxymethyl
3~(N-morpholino)propanesulfonic acid
molecular sieves 4A

normal .
N-(2,2,6,6—tetfamethylpiperidine- i-oxy)-N *~cyclohexylcarbodiimide
national cancer institute (in USA)

4-methylmorpholine-N-oxide



quant

RCM
REDOR

SA
Salen
SB
SM
TBA
TBDPS
TBS
TEA
Teoc
tert-
Tf
TFA
TFAA
- TFP
THF
TIPS
TLC
TMS

N-methylpyrrolidone
nuclear magnetic resonance
nuclear overhauser effect
para

polyethyleneglycol
protecting group

phenyl

p-methoxybenzyl

propyl

quantitative yield

alkyl group

ring closing metathesis
Rotational Echo Double Resonance
room temperature
(-)-salicylihalamide A
N,N'-ethylenebis(salicylimine)
(-)-salicylihalamide B
starting material
tetra-n-butylammonium
tert-butyldiphenylsilyl
tert-butyldimethylsilyl
triethylamine
2,2-trichloroethoxycarbonyl
tertiary
trifluoromethanesulfonyl
trifluoroacetic acid
trifluoroacetic anhydride
tri(2-trifuryl)phosphine
tetrahydrofuran
triisopropylsilyl.

thin-layer chromatography
trimethylsilyl



TPAP tetra-n-propylammonium perruthenate

Ts p-toluenesulfonyl
V-ATPase Vacuolar type (H'-) ATPase
WSCD water soluble carbodiimide (or 1-ethyl-3-(3-dimethylaminopropyl)

carbodiimide hydrochloride)
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1-1 ERBHE AT 7—E D

7r kR T Th DIRATIMH)ATP 77— (V-ATPase) 1%, %< OB/ NS
WWRBEL TS, ABENCEERBEF VNI ETHD, Y VY — A, HWEER.,
T RY—A, INVE, TJa~<T 4 /NE, T RNEIR EOhRZER (central
vacuolar system) (ZBT DA /NTRT DWNERIL. V-ATPase DI Z 2k > T, Wy
pH4.5-65 EBEICRENTNDE, ZOED, ZNUOEDAFNHTRT1X, MG L IR
RBEBBEEER L. TNEUGME LIS BEICREREREZE > T3, V-ATPase
%, BEROBRIZBNTRWE SN TLR, BERAEMERITIES SHLTNBEZ &R
BHOMNERoTE T, BlZIE, V-ATPase i¥. RO T RZEFRAFN T RS LIS, B
B, BAME., BIRORME LR, FLREORRED ERMEIS X UOWR EE
O EFFEOMBBICBFEEL, ZnFh, BHL X YE. FroRE, RESHET
P R—v R, BREICEE LTWA, S0k, V-ATPase Z1EHy & L7~ AIEEHFZE)
AR TR b T3 Y,

V-ATPase (X, ATP DOMIADIEIZ L > TELATRVX—2HESH L LT, 7rk
VERBEARIZHED > TAAT X 7 NICHERmET 28 & 280, Z0RICED &
NBBENNAOERICZRNRRT v VZE HDWIINE O pH OET (BtE(L) 1x
FNENDZ NIRRT NEET IR~ OABEENCEETH D, BlziE, v F 7=
INEN~ORRZEME DR, HDVIED Y Y — AR BRYOSERT KV
— ANED LT F—- ) F v FEA RO L BAE, @hﬁ@@%ﬁ\w HERE L
L BEOEME - BRI EICHETHELIENRMON TN S,

B, WY, BLOEEBREOREL DA VTRT GBS N V-ATPase % ik
T5E, WTROEENICEWHEFER S D, 2D L1, V-ATPase DHEEN, LIk
DEMZ DT> TEBHITHDZ L ERL TS, V-ATPase 1, 2722< &b 13 filE
®£&5#73~yF#B%&éﬂTW5@é5/A7ET%5Vé%u\@ﬁ@%
Tazmy MTHA VBT A Y 74— B)BFEELTND, 2001 £ LT 2007 FEI2HE
TE S NTABEHETE SI/z V-ATPase D#EEEL . T0Fh, K 1-10H). K 1-2 TR,
V-ATPase I3, K& 2 DOE45, TRDLEERES Vo sy & RHES Vi ESIZ
SFenbd, VIEDZ, 72=y FAB,C,D,E,FEGHD 8 OMbLERINTE
V. Vot 7 =2=v Fa,d e cc,c’,Acd5 D 7T ODDBHERIN TS (E 1-1)
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V.ATPase & HEEMICIELI LTV A D& LT, ATP AFREEE (F-ATPase) V43405
T3S (K 1-1 £), F-ATPase i, X b=y RU THESERMEOTFTZ oA RiEz L
DOHIBABIZFE L, RS HERIZE » TR ST 2 b ORE Qi 2 BRE ) &
LTCATP 28 LTWBIES VX B TH D, HEREES X UHREICET 2 8F521L.
V-ATPase |Z L~ T F-ATPase 23 96T LT Y | Z2HEML Fy 5820 O @/ iR Ee X ks s
YSAENT V3 K UBEREE FoF, B OIKARRE X RS aMEEMNT V12 X o T, F-ATPase
T AV T 2=y FONLEBIRS F-ATPase OMEFRTEEIL. Sk L2MWbn
lwERTWB, £ T, F-ATPase & OHERIMEZFIH LT, V-ATPase D& FHEFER
FOBERBICETAMENER I TE 7,
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7=y b A& BIX, ATP M/KHERER OBRELZH > TI Y, ATP % ADP |2/
KRS D, ZOBE, 7 2=y M AL B, IVEA—varBlezEo L, O
THIRNFX—%EZDL, P7a2=y M AL Bid, ZOOTHITRLFX—ZMHEL
EO LIV RERTONEBEBEEZRAS S L3508, ZOB, VI EMLE Vo BN & ERs
LW L EEGEE 2 B E ) ICEEE S 3 ARE L5, FLEREML, VT 2=y
FD.F.d D3 O0nbERENTEY, 4722y b d DEL T, Vol DEEETF(F
n7FFYER YUNMNIHEELTND, ZOEEETFIE, VP 72=vy b ¢, " NbiE
End 6 BETHY ., POEEHMOBEEICES T, BEHEY ICEET 3, S0k,
Ia b B Vol DY T2y b addbEERFOY T2y he~EZITEENS
ZEizko T, BEEREATERRE LTS, Y7 2=y b a OEEHEMTEED O
Y7 2=y FC,E GHIZ, EEFLLTHEELTNS, Thbb, ¥y 72=v A
L B AHLEEREZ REEHE D ICEES ST AEIC, A & B AEEBELAWE S ICEET
H70DLOTHD, ZTOBEETHFETSHILET, VP 7a=y A & B TAELL
Bz F 7%, FLEEN LT, BREBHFLOBB T~ Exbd, Z0Xk57%
HHEC, VIERLIZEIT D ATP MK & Vo B4 OBERFDEERN B L TV T, 1
55F D ATP BSHMKRSEEZNDZ Z LI2E D 20T u b N EE2A L TREEIEIE SN
HEEZHBNLTWNWD, '
Vo D7 v b F o X MZB LT, UTOHMRBH LN TWD, T
T2y F e DBRABKEOE NS0T AU R U B3 n b UEkicBEb
STWBZ LR BEREOY 2=y be, ¢, "ERAVWEERNPOHLMITR -7 O,
BREOCYT2=y b o, COBREBEEEZ. K 131077 (1 U F v RUEs
WCEERINE I VB, RE TR LTWD),
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13 BEREOY T2=y b ¢, ¢, DEE@BER DK ©

Breod7Ta=y beld, IVFIVEBREZTZEZOEOEITHELTNS, 207
NV IR DCCD Tv R 7 T35 &, V-ATPase D71 b Ry 7iEMITERICRE
ENBZENE, ZOBMOBEN, 7Tu b UEEEHNTHE EEZLNATVS, —
FHT, T br@EiciotrTa=y hYEETALEELXSRTWS, BEEEO
V-ATPase O VoDV 7 2=y b a DREE@EERZ, K 14 IZR”T (e boF
¥ RVIEHEICEERT I/ BE, RATEHRRLLTWD), F7=2=v baid, IEHEE
BEMLER T ORERY T2=y b THDH, BEREAFRIZLY, 593 FY VURE
(K593), 729 BB LN 743 B AF VU AREMHT29 B LU HT43), 735 F B L1799 F
TIF = FERERTIS BLTURT99), 789 B/ NVEF I VEERIEETINIL, 7o hrrFx
FAEMITBERBETHL LEZEZ BN TWS, 2T, 7EBOEEGEILITE
ETARB ZERTHL, 7 bRy EERELICAEINE - b, &FiC
R735 70 b VBRI HERICEETHDL Z ERHLNMNIERTWS ©
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1-5. V-ATPase D7 10 h VHgikE5 /0 7o bk, #MEE 7o horFv kL
(F7Ta2=y FaD LEFPOH RO JEADT T b F ¥ RMAZAY (K 1-58),
FERIZA-T=7r bid 7 2=y be, BRI WRe" DI NVF I VEBRILICS T EX
N5 (H1-50), — 5. VoD 7T ZF I E N U 7 (BEEFNL, VIETIZIIT 5 ATP
7K A i & 2% L€, BFRHEI D (ZEEE LTV D, ZOEERIZHEV, A4 I Rk
GLli7r bR, AEAIZRr o FrRUFT 2=y FaDTEPOTAF=
BRECZTEINS (W15, £LT, TVWF=UvBRECREELES 2 b uiix, 47
o=y ba®7m brEEE T LT, AEBERANCERT S (X 1-5d).



1-2  V-ATPase f&RAIFHEEH]

HARGF(F R0 8, KR, BRER OB BT —BOLEMBRE | LERIGICE
EWz, TOBEOBEEFTFLV-IVTHATEZ Lk, BEHEORKNLREETDH
%, EMBROE %%A%Vmwfﬁﬁféﬁﬂ&ﬁﬁﬁw 2lX, BEUBEEHRE
Bk ch s,

FROTLER & 1d, ABICEERECHNOENSTF(Z R B O, BENY
IR A LTk, FOSFOMEEZELS®, R, MIEERESCERRIGEE
LXRBIEEYMDOZETHD, Lo T, EENDOEML T OBERAB I OLE M
JARARIZIBIT 2 F OBERBLOERZ . BEN-HREVEERZHCDZ LIk vk
—HICHEETE 1T Ch B, BT, V-ATPase DR DEERITIN T, B RAYFHEFH
BRIz LT REBNIR &V, V-ATPase 235 L TV A AEMBRENLEHIC RS T L AL
PIZI2 o TEREN, ZNHIEFINT 4 1A 72 8D V-ATPase 5 EHIFLEHR %2 v
BT ETRESNIC, TROL, N7 ARV ERMT 5L TRERZZIT 4
MELIT, V-ATPase BBIE L CWAAEMBRTH B L HEBEMHEICRETE % 159,

N74D74?VW@\%@mewmws#%ﬁﬁ@ﬁ%%@ﬁ%%éﬂkv&
0ol RRPIEMETHY, V-ATPase ZHRrEIIZHET S Z &4 Bowman HIZ L » T
FEREINE, F, BLOEEZE TS 18 AR~/ 0l FThHIa I FwA v
O EBMEER L LTHORTNS (K 1-6),

=
RT7LueALY A ( avheAd Y F

X 1-6. V-ATPase BrRAHERI THANNT ju~efr A arhF<A4TVF

" V-ATPase Z1ERY & L 7= ZABAFEE L O V-ATPase DIEAEF IS OB OELE D B
A74m?%//kivn/ﬁ%v4V/®M%%%®%%iﬁ%f%éoﬁfif
WCHLDZR > TV SIEE#RELZ. TR T 2,

N7 4 u<A 20X, nMOICsE TV-ATPase # B RAICHET R Z L b, 19F



DINT 4 B TIGFOV-ATPase ZRE L TW3B L E X B TWAY, AR
KENR W=D, Mz TH, MiaEZ @R L CTHEMNIZAY, V-ATPase

FIREFETHZENTED, £, N7 4074 ¥ DinvivolZ BT B V-ATPase DL E
X, invitro CORERE R VAW TH D, B#iZEET2 L305BET, F1H*
S OWNERA, FAEFMELIBTOMREICE CHUBMELEREY, "l rd
WSS E VOFEREIV, T 7 FrE 7 VEBEEB L ORIIOE Rr$s
EEIEHcHEVEETRL, MO FrEF U EBI Rz U HErSh~rn s
I NUOREEPIEMICEETH L Z LA, FANZERTWS, ZOfmEIX, avb =
A v OREETEMRENE Y2 L B LR TS, E2. AT su~wAf v uicidsel
AT A T ARE LTV S BERISIT. FHEEHICHR ERERR2NWZ ERH B
2o T3, ZhbDZ b, X7 quvA T rBIaryhr<A 0Bk
OB\~ 277 b EALNEERBICEE THS Z LB RR IR (1-7)'2,

TOEE, MEPREBPBAICEH L TVAEWVWIFELFF LTV RN,

ayATIAA

FhEF5E FrS B —

X1-7. MEERICEERAAT7 4 avAf P rBLlRarhd=A 2y OmsstEs?

N7 4w rBLOa b F~va TNl X B V-ATPasefl E7EMEHAE D 20013,
FEALMLTIERY, LPLAEBRL, WINbVHaDY T 2=y helliEA T2
ALTWABZLER, arhr~<d v ORBAMEREDTHBI-2 4 7 54 KA
(H1-8)Z AVEERIZEVHLNIZIRTNEY, "usuesvr avhdvd

s 1 =



VORI J-2r W) 74 FADATPINK R EE M 2K 12107,

(’ avEFTAT A
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arh/Z4 KA N\
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X1-8. b~V ONBRMEERETHII-ar ) 54 FA

#F 1-2. N. crassa 3B L O M. sexta 3% V-ATPase |Z%$ 5 ATP MK 45 E3E14

Bafilomycin A,  Concanamycin A, J-Concanolide A

V-ATPase / uM / M / uM
N. crassa 0.5 0.02
M. sexta 0.01 15-20

INTa4avA Ty AVAFTIATUBIRI-a A 74 F A D ATP ks fErE
EEM A ICE TR L7,

Xz, AT 4w Y rBERarIFwA v L OAICEER, T2y
hc ®FEED, Bowman BIZL > THESHEZ Y (R 1-9), +72bb, BREAIZL
DB EhERAT e rBLBarit<A T UET B30 0 EEkE. 3
Tazmy be EOT7 I/ BEINICEREZE LTV, ZORE, HESINEST B
ICEERIODBEL LT, RNEFEALVA=VERETID.9EBBL0M4ES Yu g
VERH(I39 B L TNI54), 55 /8D UIRIL(VSS), 130 A F A = R E(M130), 1327
BEU 140 Fo A EEL132 BRULIM0), 136 FY = =1V7T 7 = U FEHF136),
143 HF u v VERENIB)BRERESNE ([ 1-9FK), £, Thb 9507 I Bk
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£ 95, M130,L132,F136,1L140, Y143 D S 2, 70 b S TH S 138 F /L
7 I UBEREEIS) S, N v 2 R4IZETLTCWE, Z0AE, $Ta=v |
cDNY v 7 24T o=y FalZZBHNICEHREL TWAZ E(RI1-9A)EEE L T,
N7Z4avA4vBERariresivii. 722y hed 7 bSO
FICHEEG L, 7u7 AV ERN) 7 ORREAETL Z & CHERRE T EVH E
TIVHMER S,
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Bl 1-9. T AR AYE V-ATPase DY T 2=y b c D, 7 I ) BERE F R P—H(E)
BIO4->0BEE~Y v 7 AORBEFNL(H)

F7-, Marsh 5%, ESRZ LV EEMBEREM Tt ZHET A Z LT, A S~ULE
YTy e OEEREINA T T A IER - D FORER, avbtefry
A DFEIMC LV FESTHZ L 2R LY (K 1-10), T2bb, (n 7 2¥7 —[FHEB R
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D V-ATPase DY} 7z2=w b c%, 70 b F ¥ FNIEHICHER 38FBHDOI/LF
I VPE(E138)% NCCD TAE Y F~UUE L, EEEAEBRFHE 1 ZRE L& 25, 995
us Chor, TZIZ. BRI TH a0 F~A T A ZEHSERELZ A, #1220
us ~ERL feof, TOBRIZ, 2 AFvA v AR T 2=y b o LHEER
THZLT, ¥ 7=2=y b ¢ OEEEIMH SN TND ZEEZRLTWS, V-ATPase
HEAE, VT2=y he®FRT4 ) VT OEEEEIED D D L TIERERET 3 L
VO HERNT A I TN e, EBRMICGERA SN ToFITH B, (& 1-3, Bl
B ()IE, V7 =2=y hc UV 7B 1 EEETHDICETARH B X TEW),

AT 0 P&

ESRiEIE
e E L AT E | T
(PR 42 L) (RELEAIAT ©)
a2y pha—iv 5 =
EEARBERER () (BLEHIE L) SRR e By
(NCCDE R o7 b = 95 +5 = 220 +35
L LCHER) : R ‘ H

.Ob
Q= N®

NCCD: E1400D A ¥ v 5 ~LAKER % K avhFel vy A

B 1-10. ESRIZL D, ZFVHWMEREY T 2=y b -7 uT A4V 7 0EEROE R

w [ R



1-3 FVTVINTIRNERVY T h I RRvI7ul R

F U UANT I FASA) L, ¥R Haliclona sp. 2> bHEBEES Lz 12 BB~/ K
THY, T FABBBLO=T I FMISHEZSATEREN EEEE TS5 (X 1-11),
N7 gAY FEEFRZRY WIIED V-ATPase DH% 1 nM BL T D ICs, [ CH R
FNCHHETAENBEEATH S 'Y, £/, b MNEEMRICK L CIERICH A MaS
MR L, S OFIEEERAY & B LT L ) BAAHEEEE LTV D 2 Ehb,
Bzt o HIOY — FeEhe LTERZED TN,

(-)-salicylihalamide A (SA) (-)-salicylihalamide B (SB)

®1-11. FUEBHE~2 20 RO SABLUH UL U5 3 KB (SB)

FOH%, FIVINTIREERLEEEERE TS EDLAW, nZI R D),
TEF2L YU BIOAF VIV DR EMEROTRER ENE(K 1-12), —h
BIETVTNBHTFRICRY Y T2 PGS ETT I FRBOZAELTVAS I Ehb, <
VY5 b I RGRerul RESEENTNS, FBRENS Lo, Zhb—
DILEWIL, BAMBICKTT BREREEE 707 7 A LB HFLTNE Lot &
SEBSEBA B E 20T, S b, FE/NERARAS ARRIE, FBEA3 AMBRE., BMAS ARR.,
FREL DS AMERA, BRI AMIME, BTSTRRDS AMERE, HASAME, HORMIRE LR S
J —<Hija7: & D NCI-60 MIfERINIR LT, REMREBEMERZ V—=0 7 %1572
A, —EONUYF 7 NoRE T ML, ARBEMEE A S ) —< MBS R L
T Gl i@ LT 1IaM BT &, BITRWBUBEE 2R 2 LR & 1892,
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Lobatamide A: R? = H Lobatamide B: R2 = H Lobatamide C: R2=H
Lobatamide D: R? = OH Lobatamide E: R?'= OH Lobatamide F: R? = OH

OH O

Apicularen
Apicularen

HN

OR®
AR®=H
B: R®= Me

HN—<—‘LR1
o)

E

CJ-12,950 CJ-13,357

1-12. 2O Y57 hyxmFI R

-15 -




1-4, B U U NT5 I KADOEEROWEH

UV UNT I RAGCAE, MOTIEEERAY & HE LT LY BiliiEErEa L
TNWBZ ENnS, FiRFEAVADOY) — ReEME LTEBEZED TS D, EE,
Reata BEESHTIX, VU U AT I RHEEEDR, FraminAs e UCERERE S
TWB B, Xy T 7 b IR, VIVLEE, w7ual R, =) MUSEEE
LTW5, AERIC, EE D V-ATPase (213548 E/EA® T, AN V-ATPase D 4%
nM L UL TRRET 5, Z0ORDHUREE TRAIZEHRIFERTONTE D, 2008 £
DEFET 9 DDFRIN—TIZ L » TRAB(E X, BREAR)BEREINLTVS
22,24)

SA 1%, #BELE 2508y, T720b 3 EHOAERBLEET IV T b B
4y, BLOBEICREEMAZE N-7T L) 2 RMIEN L R-> T3, ZNETIZIThn
TWBEARRICEBN T, RV Y77 bUBSERICREL, BENICREETH S
EFREND T I FMUEHEZEKRERETEATI LW FENRELNTNE, XY
S5 NS DOEEIIT, R A XV AKGRCM) & BT 2 T AR S EIC B
WHILTWER, SR vy 7V 7R stille vy 7Y U7, BIOREZXF ALK
ERANLNTWBHLHSB (AF—5 1-1), |
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bl s R el R

0”0

OMOM HO op

P s Y oo RW-G

stile™~Z A3 Lo g g N Me
coupling PG = MOM

_ H mt{amoietqular
HNN esterification Mitsunobu

esterification —%

OH ©O orR2 g R ORZ O
g OH o OPG
N Me = smm@@m =
Suzuki COUP”HQ: RCMJm?JS?uzufd coupling e /
——— coupy R’ = side chain R? = Me, MOM, etc.
|| mettn

OMe O _suzuki coupling Qs O

OH! MOMO OH OH :
5 —> <Il/\\/| * 11\‘A/\R1

10

MOMO  OH

AF—Ah1-1. SADRYSYV 57 FrOEHEE

N-7 Nz F I FAEHOEAIZIX, 3 2OFHE, $2bb, i) 3—FF+Lv740
LTIREDIyTYVITRIR, i) A VYT R— P eAFHF O LEBRELD
By ZV TR, i) TVYTe RET I RMLRBEINE T I F— L OAKRIGD,
FIZHWLN TS (RF—A4 1-2), LT ENENOERIEZ OV TR 2k~ 5,

w ] T s



s
HO ©
_ @—cocmu
(o) OH .
+  H,N

N 0
iodoolefin (Z, Z)-amide
2
i e
1) M/:\=/_ S & — @]
dienyl metal ” -
2) desilylation N\

1) elimination
2) desilylation

y
TBSO © HN—<r_\:;>
(9]
o

+ I OTBS
N\
HzN—<=\=/_ R— aminal: Y = OH -
0 bis(amide): Y = HN_(E/_
(Z, Z)-amide o

RF—2hb1-2. SADON-T ) I FAEDEALE

Fiirstner & 1% >, XHET B U VBT T 7 A v b T a— A% RET R T AL
BERGIT & 0 8k L #E< Grubbs 85 AL AVVE RCMIZE D RV 57 b o
DEBELTNG, ZO%, 3— FALT A VICERL, FA7 2 HARVEE(T)
ERAWES T Y RIS EIT) ZE T, (Z2)-TF 2 FRISEHZ STIRRIRAICHE R+
B LT LTWS (AF—A1-3), 17O =F I FEMLIZEE T 2 iR BN E
AT BICDTELTZ=2.5:1), BHOMERIERE HPLC IZ X Y BBk - R 2 03
HBELOD MDD T A—T LB L T ETRAOMNERIRMIZ SA ZAE LT3,
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Mitsunobu

< esterification —\ |
% Mes—N_ _N—Mes
Ph OPMB —
Cl’:R[uzf OMe O OH O
cl
PCys o OMOM o OH
RCM N N

HQN—<_\:/_ OH

o

CuTC, Rb,CO5, DMA
57%

A% —UN 1-3. Firstner b2 X 5 SA DLEHR

De Brabander i **, Firstner 5 & FRRICHEBE L=V Y52 v ok, £ VT
— F~EBEL, AFV PN ITFULEDH v ) TRIGEITH Z LT, 24
REZEHR LTS (RAFX—A1-4), LDBL2RRL, ~FFTP=)L ] F 1708 EE
IR 2 Z LA REEZRED, =F I FAEHO SLAERIRFGE A IXMERH 0 .
S BT, fel BAERIGT, =) 2 FEMORMEZEI 72, BONEH U U
FIRFAR ®ETEA VT — bbb 2 B 20%DEWVINET, IS0 Bitik
EDBREMELTHELNTWS, iz, AR LE SADTF I FENLLRRIEDA Y
VT F— b BBy TV T LTERT S, 2 EREBEEENRIERYE LTELR
TL 372, FEMREBETIRRWEB LIS,
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Mitsunobu

~— esterification P NCO
%, ,—OPMB cm jﬁ OPMB —
OMe O RU OMe O TBSO O
5 OMOM PC% OMOM o oTBS

=
="
— 0o
= OH O
uf_\:ﬁf—' OH
o OH
+
then HF - pyridine N
20% (2 steps) R = Z, Z-hexadienyl (10%) (2 steps)

or Z, E-hexadienyl (10%) (2 steps)
AF—U2A 1-4, DeBrabander 512 X% SA DAL

Smith 513 **, De Brabander & & FRIZHEHE L 721 YT FH— &, —BxF I
CEBRUIR, DTV BNy T ) T T B L TRAREER
LT3 (RF—A4 1-5),

Mitsunobu .
/estenf:carfon R\ —
NCO NHTeoc NH =

o OR o OR
N N
o R=TBS, R'=Teoc
desilylation l:
R=R'=H

2% — A 1-5. Smith HIZ LD SA DLERK

Labreque 51 ¥, R 527 FUBOEBE LB TALTE FALBEL, (Z2)-
TIREDOD TV FRIGICEY —B NN-EARAT I F~LE#B L, < HBERS

I I FAEEEELTWS (RF—A 1-6),
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Mitsunobu  _ OBn
esterification ™,

OMe O '\

Q
oreops 1) NaH (48%) N g -

2) desilylation (in 2 steps) \
25 ~ 40%

AF—.A1-6. Labreque HIZ X% SA DLBRK

Herb 5 & **) Labreque 5 L [FARIZNU Y T 7 MBS ET AT & RAEH L1,
Z2)-TIREDH YTV IRIGICED—B 7 IF—NA~BEH L, E< ARSI
Iz I FUBHZEE L TV (AF—A1-7), LHL2RMBS, Labreque bR L8
Herb 5D FERTIE, TATE REZD-TIREDH YT K. L HBER
JMZ X BT X FESOBED 2 BRFEIED. ELEN, 18%, 27% & &V, £7-,
) I FEI 2R LB T, A ULEMERMEERZ ) WSS A< TS
TA—ICEVGBET D Z L RARETH LD, REEREORFERE T, =7 I FEAL
REHEE CTHUREE LT 20ICMA, IFEIE, £nFh, 25~40%, 69~75% & &\,

-



Mitsunobu o 2

reaction — =
TBSO O\ HzN~<—\=/_ mso o ¢ N -
; e 0 c,0, pyridine
oTBS N . oS Ac,O, pyidine
DIBAL, THF .
: 61%
RCM —
V4
=\ 0
OR O HN—/<=/=L
(o) OR
\
HF-pyridine [ R =TBS (45%) HE-pyridine I: R =TBS (14%)
9 Q,
(75%) R=H (69%) Bt

AF—2Nh1-7. Heb HIZ X 5 SA DLERR

Eiz, w7/ nl FBOOHFaHEEEL LT, FRAZEVARCM)OLD Y 128K
EHH Y 7Y V7 Stille By 7Y v & AV BTN, Maier b %, Rizzacasa b 29
L > TERENHESN TS (RF—A518), LALARE, [NEE L OTHE
RIEOBLAD B, HET AT ALK L ROM AT B~ 157 b o lskEo S
RENLTVD,
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Maier group

Mitsunobu OPMB OPMB
esterification —, 1) 9-BBN
OMe O ™ OMe O
\ 2) Pd(dppf)Cl
o™ OMOM —— o OMOM
48%
\Me N
( E:Z2=4:1
Rizzacasa group
k-
Q" O Pd,(dba)z,
?H OPmME » TFP, NMP
o +
- SnBus 76%
Br
OH O TBSO O
NaH o) OPMB o) OTBS
64% - N

AF—.A 1-8. Maier 38 X (X Rizzacasa HIZ L AFH~7n T 7 b U HEEE

Fe, I VIANTIFREELRCY T brrod 2 FOMEEANCH R LR
73, Coleman b PIC XV HRESATWDE (RAF—Ah19), Thbh, FF7z0H0
ROBHIYFET, I—FFVv7 408, LA IFPOMRENET I Fed
v FV 7 L TELNRATF I RO TBS EEREER, RELEAV FRZERXEA
Lizky, =F I FRIEEZZERIRMICHERE T L0550 TH 5,

- 93 .



H
N
I o OTBS X
| phop=" |
0 X
CuTC, diamine THF, -78t0 0°C
K3PO4 dioxane

90°C,24h  ygap[— R=TBS 94%
72 % 94%

RO

' H
N N

THF,-78100°C
90%
o [z ppe
20%

RF—2N51-9. Coleman HIZX VMEIN- T I FUEEA DT ER

LIED X DT, SA DRERICBWTHEEZ AT, (22)-=7 3 FAISE TIEIR
WCEATEZE, BXUOEALE T I MUHORMEALEZIET A2 L b5, BEFIC
BLCit, =7 3 MAGSEARIC, REEOBREZDRISEITORT ISR TE
ATREMEDS RV,
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1-5 $ VU AT IKNAO, HETEEHBEIEE & O V-ATPase H#EE L EHkE

& IR AEPRIZIT V-ATPase ¥ > TWA 7 ®, B b V-ATPase DFEEEMRIZ, FH
HEIZ2RN D, EDTD, FUBAFRERL X DEREE LR ECOERER E LT, SA
ZDb OIXERTER, V-ATPase iX, DPAMIE, BIOEH L X SEICES LT
LR OMEEREICHIEE L TVER, T b OEAIMALD V-ATPase ? |z
BROIEHTARERZRABTAZEEBRANT, T UANT 2 F ASADHEETE
PEAEBIMFZE. 3B £ O V-ATPase DR E#IE QAN IEENER STV A,

De Brabander 5%, SA FHEMAE (X 1-12 B XU 1-13) & HW - G & AR BERF 92 2
L TR P20 g RIS TR ) B/ MEEEKL V-ATPase %95 71 ko
AP ETEEORE RE, K 141077,

4
o OH
N\ NN
Twin Salicylihalamide A 5

(+)-Salicylihalamide A (2) (unnatural)

[X] 1-13. De Brabander HIZ L 5FE 4 @D SAFEL (1)

«25 -



R By =
HN— 6 9
— o]
OH 0O g—:—@ ar S
OoH
o 7 10
N o}
SHE
Side chain-modified derivatives § A ke = - L
8 11 o}
HNJLNH
o]
HN—{
— o} NH S
OH OH O
o}
o OH
X
Cholesterol conjugate (12) Biotin conjugate (13)
@]
7
OH O
o OH
N
a,f-unsaturated allyl ester (14) a,p-unsaturated ketone (15) Alcohol-masked derivative (16)
S Do g
o HN—( HN—(
0] — 0]
OH O
OH o OH
Phenol-masked derivative (17) 18
Do ™S Q
HN—< >\/\/\/\ H,N‘<_\_/_
o (e] o 0
OH O OH O OH O
o) OH o OH 0 OH
N N
19 20 21

] 1-14. De Brabander 5 IZ X 2ffi4 @ SA FHEE (2)
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#13. FEREINETIERY SR B/ NREER V-ATPase 1213 %
7u b RS E G 224027

It 1Cso/nM?® BREWRKX 1E8Y ICs/nM [AERRK E&% ICs/nM [EEWR

1 <1.0 afis 8 1.0 - 15 7.5 CIges
2 270 - 9 1.6 NPT 16 180 —
3 3.7 — 10 1.8 NP 17 300 —
4 1.2 — 11 > 1000 — 18 3.0 —
5 3.0 — 12 1800 - 19 30 G
6 1.0 — 13 > 1000 — 20 1000 —
7 <1.0 ¥ NGIET 14 230 — 21 > 5000 1B

“#DvuﬂfiF%§¢@7mﬁyﬁ%m%%ﬁ

ft&m 1. f%ﬁ'z{ SATHY, 1nMELT D ICsfE &\ 5 RN B EE T V-ATPase %
FELTWS, LaW 21k, KA1 0T Fd<—Th Y, HEFHEN 270 aM
DICsofEEL. 1 XV 270 FL HETLTWS, (kW34 BL0N5 1%, RV F5 7 |
v I FEMLE 2 EFTA LTV 5 SA FER(CEREFER)TH S, LAY 3, 4
BIXO5 X, ZEREFEERO= T I MIEHOEEIZB W TAEWIER>TWT, #
B OMEEEEIT. ZFN370M, 121M, 3 M D ICoEE . BB L2 1 LAZ0D
FHEEEZEFELTND, b8 6 25 1313, 1 LIZERZ=F I FMUEEET 3
FHEETH D, LEW6 125 10 DFREEMEILZ. £NFN 1.00M, <1.0nM, 1.0nM, 1.6
nM, 1.8nM D ICsofE &, BB LZ 1 LRIEOHEEEEEZEFLTCWD, L L., {tE&Ww
622510 LEE_RTRERTT I MUHEZAETALAY 11,128 L OM3 OFEEEMEIL,
FZ¥ >1000 oM, 1800 nM, >1000 nM D ICsefE & .1 & ¥ 1000 204 EET L TW 53,
EBH 14 BLM51E, =) I FAEDOR DL VI o, B-FREFI VR AEEEHT
BHBMETHY, ZNODEEEMEE, 2 EN 230 0M BLUN7.50M O ICso fETH
Do TARATNAA4D 1 X0 BIEHED 230 FFUEETLTWADIZHRT, #1215
31 LIFERSOREEEEZERFL NS, (bEW16 BT 1L, 2T/ a—n
BT =/ =N ZN~vR7 LTEHERTH S, {LEW 16 BL U7 [BEEME
X, FNEN 180 nM B L300 M D ICfETH Y, 1 £V § 180 ~ 300 fEEMEDIME
TLTWB, {LEW18 1, (kEMID~I T 7 b DF LT 4 VEINBILIN
TEFHEERIIFITIE LTV B2, TOMEEEMEIL3.0nM O ICsofE &, 1 & R%DiEH
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ERELTWS, ZLTELEM 191X, bkEWMOD~I T v DALV T 4 VEIL
BBILENTWARET TR, =F I FET IVIZERLENEHEERIIFERIGE LT
WA, FOEEEMEIZI300M O ICsfE &, 1 L L TRERAEFEEDOETILIR
SN, {EAW 20 1Z=F 2 FRIEHEZA~ATIFNVZXTNVIZEBR LI b D TH BN,
ZOAEEMEIT 1000 nM O ICsofEE . 1 LB L THEERETAR LN, (L&Y
21 1XfbEH 9 OD=F I FE(LEZAF T A —T NVIREEICEB L 2L DO TH B D8,
Z OIEEENEIL 5000 nM 2L ED ICso fEE | 1F & A ETEMEZREFL TR,

= OREEIEMARBETEE ) B, SA D V-ATPase DFEEIEMEIZ DWW T, U TR~ B
RIZSE B S, K. 1 LILAW 6-10 & OMEEMOKE SR EED B
W B, EERBICIMIEOEEIOEVEETHRNEELIDNS, LLLE
B o, LB 6-10 ITHASTHEY 1113 OREFFEHEORE ERKEETFTLTNS
TEMB, TFARY )=, AVATFO— B IO F U Vo k& BB
PRIEICEAT S E, SADOTEERKRESIETTAZ N oo, £, {LEH 16
BIO7 OFREFEMENR1 LHRTI80~30fFHETLTWAZ EnD, 7= /) —/UH
EReFvEBIR 2R T Vva—E, BEERBICEETHDIZ RN ohoTz,

F. AW 181X, v~ /T FUBROZERAEDBILEINTWVAN, 1 L1318
RZEDOREEEEZRL, ZEFRE I FHERKR 3 48506 H 1 LIZIEREOME
EHEEZRLTWS, — K, =F I RELZE L TWRVWEE 19, 20 38 L1021 DFE
EIEMENY, R EHEBE L TRKESETLTNS, ZN6DO/RMS, =) I RE(L
DOFFEN, SA OEFEHRBICEETHDL Z B ahoTs,

ELHBE, KW OV AIEHOEEIL, FEEERBRIZE > TRAIKREND
CDITTIERRY, —F T, Y=/ ke FudvEL I RRUMREENLTVNS
T e, MEEERRIC L > CRENICEE TH S, FEOMER, AL YS
7 FoHREF I RTH B I NCOBEEERBENE Prb b 5T 3,

Eim, =X FELZRE L TRV a, B-A8afns b 16 25, 1 LRI 0ORBERE
HEZHLTND, LoT, =F I NEZOL DR, AEFEERBRICE > TREAKE
W5 I TR, TRDD, V-ATPase DFEEAR 7 v MIEA L. AT ARICRT
RIPISAFEEREHET D2 1%, =F I FEALTARL &b, o, B-REEFI b U ERALT
FRETHDZ L BZRE L TND,

—75. SAIZ LB V-ATPase DFAETEMERBUCIBWT, =T I NN R TREN
BE3E L C. De Brabander © 61&?@%%%#&% LTW3, SA DFHEMEICE L Tk,
HFLAEME V-ATPase DIEER Vo M RAIFREA L TVWBHZ &R, FRENLTWVS,
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72, ®1-11 BEXUX 1-12 @ SAFEERE AW EEEHEEmE» S, =F I F
W EETH1,7,9BLUNM0 X, V-ATPase IR AFEAT 50, =) I FiEEL2H
XRWA15, 19 B LT 21 1T, REM 1 L RV | V-ATPase [IZA[HFRIIZHER L TVWA Z
ERHNIRR ST, Lo T, SA DS V-ATPase [Z R A AT A 1=Hicit, =+ 3 i
MURHBEATHDEEZEZBNTNS,

X B iZ. DeBrabander i, {£E% 9 ORIEHOKE S HEHERNED B U F 7 AT
HEE X LT, BRI R 21 2R LT V-ATPase FHEERZ B Z 2\, FOHF%E
BT, 20 44%AE S N7 V-ATPase ZHHf L7z, =@ V-ATPase 2>H1%, F U F
AHRDOEGHR, 20 18%IZHHY T 5K E T LOERI ST, B O 26%I2/
T5E NI FUARRIZ, BEELTWED, Z0fEEIR, 21 A3 V-ATPase [2F#5483 5
Bz, PUFUAEBESNTWARUEBRBEL TWAZ 2R L TW5E, Z 0k
R Bk ofEESERBEOR R (32 1-3)Z 8% 2 T, De Brabander 53, LLF DFE7z,
SA IZ X B V-ATPase DFEEMMEZIZBE L T3 7 (& 1-15),

37 b, V-ATPase IZTFAET D U PRV AT A L 87 2 JBREICHR T3,
REMOT I ) EDLDINEF A=A EN, SA OxF I U ELEAZBEISER L
T, EFI L LFHEEHR TS —FH., 7 FAESEHENRZ WO I bDTH B,
L L., ZOBBIHRUOBREETBLT. SR IVFEMRIRETONERND B,

o%
HN
= 8 p P (V-ATPas®
OH O H* 7"?_< g i
—_— O
o OH — -
\ N

X =H; $ UL U T I FAFNE (9)
X =3H: b UF Y AESLHEE (21)

Fa — (8 e “%

o
\- E%*‘g" V-ATPase H

V-ATPase

X 1-15. SA I X A V-ATPase D A e 27

s 30 -



— . B RV F7 bt I FETHS, e F I K C OXBFEEZRAER
FHENTEY (F1-16)%, BEAWOBHICEHTH D L Bbh3 3, 25 H
L= Feid s STz,

OMe OMe

OHO ﬂ(jw .{=fN ﬂ(f_
S e &

Om

ICsq (nM) (7 3 E1 e V-ATPase)”
uRFIRNC FERR S IV CFHFUME FERFEE R LE
2nM 10 sM 100 nM

S RIS 5 R Y AR/ NAEERL V-ATPase (ZxT 5 7' 12 b ikl EE

X 1-16. m3F 3 K C ONBRFMEEREER & 2 0 V-ATPase [ &5 # 2

V-ATPase {Z%4 5PV VAT N A OFESESMAIZETSHmRIZ oW TIiE, Huss
BIZLB. J-arvh /)74 FALOBREEROKER (R 1170 0H bnlzEn T
B, TR, A TIAL L N7 407,V ABILUONRNT svn<wAS 2B (K
1-18)%, FhEFhELHFESw2 L, 72y b clTRTBI-aL W/ T4 FAD
WEAMHREESNE, —H. FITVINTGI FAREFESRHTH, Farvr b /54K
ARV 7Ta=y bclZfiG Lz, ZOBRPO, I-2H /)74 KA 2vhr<A
o, AT A Y ABIUART quef T BN, 2=y b o ITRES
TAHERFIIANTIRFARENG EERERSIHMICHERT A LR AN,

4 {



= 2 5 (:DMe
r// 2wl 224 EA K AVAFvA A Rs74rwf s AR=H
0 A7 4o By

Q
~ S—NH,
R_g/u\©\75,\, R=§\Hg3$° R=3Mﬂr§
%o

CF3

= (e}

-; B/ Hem i ;'.h : ’ , 4 i | HN—<_\=/—

OH O

i
~ o OH
E AN
4 FY YT IFAGA)
:
> "
G- e w
. . 22%2%%%
avhatvA A 44, 2. @ % {,?"c;
ST N TR -~ K= RS Ty X
RS T el T
< - Y,
’f{, % Z. > "o > Tk < %
\ R A 2y
- - 3 T B
¥ >"n ":'- >-.| ;:L ‘5\“ I“
L / .
Ly L " i
¥ 535 ¥

B 1-17. SDS-PAGEIZ LB J-ar W) 74 FAILKTAHEAMELZROMSER, HE

KEERSEE, RBE10OM O J-arh /74 FARRE L, UV BEZICKE)

FTAZETHELNIHNBEER Y EX, avbF~A4 U 2HERE LR L,
fx DBETHEN:, AR A7 v AL, N7 489430 BBXUSA 20

w2 L LRI L, FILFN 10 uM 38 L T8 100 uM THAN

M sexta DFIBHIED V-ATPase DYV 7 2= b c ~DFESHELXIEEL LT

= HIZ, Xie & DeBrabander 52 LV, U U T I R AKX V-ATPase DIEE &
fEIE Vo lZiE& L. N7 4w v e BERIAERXEZFLTWVWD Z EMRHL M

w3l =



ZERTNWS 2,

ME¥LIA V-ATPase DR EHAERTH AV U T U T I F A O EMEEIH OB
IZEWT, RKIBEZRAWDZ NI BB R T ACHHEIE V-ATPase D BAK%F|
T2 LIIRAETHD, “DED., SA D V-ATPase FREBBIZ oW Tid, BEBERNL
Vo m D, N7 4u<A T LIIRRDIEANFES L, V-ATPase Z[HET S = L)%
O TH DM, MEEMIOFEMIIHA & 2Tk,

PAER_RTERZL ST, YU UANT I FIZKD V-ATPase DFEEMIE|ZEET A HF
ik, BEEEHEEFREOBRE L LICLTELITRDbR TS, LLAaRD,
V-ATPase IZ331F B SA DFEEGEAL, SAIZ XL D V-ATPase DFEEMED ST L~V TD
R, BEV SA & V-ATPase DK 20 FEAKROEEIZBE LTIk, 1ZLALPHL
NIZENTWRVONRBIRTH B,

-32-



1-6 B NMR & LR E

., BOEEENMR ZBWT, o FHPORKEDRFHEEHER 2 RBEICEIET S
FERMBEBEINTEY ., —00ZFICH LTEHELNE S DR FRERE I,
SFOFNHNY OFFRE, PTFOUBEELHEET DI ENAREIZR S TEE,
B NMR D&, %A —/"— 7% — (Overhauser)ZhR (NOE)755 HBRELLDNLAK
EREFHER 2 EICOTFEI FRES CORBED M HEERENERIZZ > TV,
LU D, B U A_XITBOERIIRTOMERNDDIRBREBEL WA D, BIK
TS FEBNC L > TERL SN TR FROEBKAIEEERPFET 5, 20k
HIEE O NMR HIE TIESFREMNMES . ZRIT NMR EZHWTS, O FHRATEL D
JEFEIEHLFRICAET S 2 CIIRETH D, —FH. BENMR IZBWTHE S
4R FRIEBEOREE IZFERIZE, b, BEEK BT HEE/ERAZEET 2 DT,
L0 ECEFRIEERE S TR TH B, B NMR 2 & - CETRIBEREEH 5 72 Hic
X, k. BT Yy 7 AEBRMASIZ L > THESN COWEBRS G FHEER %
EIESEIMERD D, ZOHER, FERFHEBEHEZR 256 & RER -REHE
BAEBETER-STL 5, AERETFHERZAZGEE LT, SR I EbT
W 5 B ER R (Rotational Resonance) T b, ZDFIETIL, {LEV T NMED
B3 2 o0RERE BlIXBCH) OERBEREEOCEEMEOBRE T —%—%
Bz S5, Z0OZLIicky, FAEEFRSFETHEEERIMEE L. fRMLossHh
WENELS 2D, ZORBEEOEMOBREN LR FHEERZRET S HETH 5,
AERFREMERET S HEE LT, BEET o — " FHEEEREDOR, Rotational
Echo Double Resonance)?s & < i d, ZDHFEIL, v—F —ORENCFEHE LT, 180
PRIV ABEBERPB IR EROBEOR TS5, ZORXNVAOEECHERT o —
OEEENHITFONS, ZOEEET a—DEREOREN D ABEERES R EME
AORESERBELAZLENTARERY, BTHEROERNELND, HEEAED
B&ZE LTC NFETFHEMTHILISABREE T, CFREFHBEETONIT 15 AR
EEE TOREBER TN EN0.05 A 310803 A DETRIETE 5, = OBEEESHELE
NMR |2 X B EEBRIE 2 £ESFITRETAZ ick ., BEE-V VY NEAEOR
BENL72 EORFTMEEEZRBIZIRET A ENFRETHD, BAL-U T FEAE
~® REDOR {EDEABI V% LLFITRY,

23— R B E L CREBRBRACAVWLNTEBY , UNEZTERTA3F =
=7 Y ICHREE L. TORMEGEEZEE T2 Z LBMbN TS, Schaefer 5 i,
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% % — /U (Paclitaxel) ® °C, "N, VFHEREZRAPOHFEL, Fo—7 U VTS
LIzREBOa AR A—v g % BC{PFIB L PN{FIREDOR RIEIZ L~ THEL
TW5 (K 1-18), ZDFA. ¥F & PC OB FNF96A, 104A THB ERD
Hiv, BE, HEEFRNLEBLNAFFY—LDarFA—va 2Rz, LYEM
PEOBEWHEEORRA R S,

y— AcQ O OH 0 AcQ O OH
Ph 0\ Ph)LNH o]
F'h/:\z)LO“\ o E ph)\;)LO'“‘ - 3 S
“OH \ O QAo OH 0 oAcd
. \104AT° 0
96 A N_ \
~13g
O= 15 N (E
Bk ¥y —n KERT 3 3 — )L

K 1-18. Fa—TF VBRI BICHELEZF Y —/1 D45 FHN REDOR J|E

Z DX 54z, REDOR #Ei%, B F VI BICHEA LY T ROSTERLE R 55
ECERRFETHELELZBND, LHLAERL, NMR ORIEZETHS PC, PN
IERARGFERIETICD 2L, £ PFBZRARDAESFITREFh TRV ED,
ESRAE T T AR EOTRBUBREIC - TL B, FXV—NOHIIF, KEWH»LE
BITHEARERAEO —HPEREZER L bOTH D8, ERA B AT
SR DIEWEREICH D, FF YA RIEEERET 50, Fa—T VD
ARy y MCTEREY IS EREBEREATHDOTHY | BREROBDET
PIER L EAEANTHEONEBREANT, Fa—T I v L OREESOBICEE
2. EABROSMARELZHET S LIFELWEBbhE, —“OME»EET57=
DI, DFOEERBEEDLOEERETILERS D, ¥ LRI FERTF R
Be 2 PN # AT 5 Z Lk, PureSystem 72 & DBEF LEWTFESZBWS - LTt
BB TH DN, "F 2220 TRZOBEFRR, £, HEXTF FEOKKY
DEREBECEFRRETFE2EATEZ LIX, RARVEZO L OLERICILET A0, 3
EICHERAY i Th B Y,
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17 7 yRIZKD2HEREEMOES

&7 vREBEAEDIT. EERPLRE, HIVIIEEMEE L U COIRRAN SR
ENTWBED, 7 vRIELEVMOAREE, BLOT vRIEKEOREIX. BEDIE
LWEREZT TN A%, REFHRY yRIERFE L LT, Bifl. A dere )Y
= MEMREL AV STV A28 (11-19, £ bE~MTIEE 7 v HEibaILE <
25) ZORIEZL, WEROREFHT vRIERETHET7 v BIRAEF,), N KRT)L
75 4 R (CF30F), Wil v AT N4 T A MCsSOF), 7 vibk¥t /) v (XeF,)72 i
HTRREME, RN, BRPOBEICED Z LR TEB LV IFIARE LT
W3,

JoXi e nal ol

F oTf F OTf F OTf F OTf F OTf

7 v #bEE B —> &\

1-19. BAxDON-INFur’y =1 sk

TNHREORKBIL, I VUVR ELOBBREOHEIZLY 7 v BB BT I D
T, BB OGS CTHEWZ T T EEHRBEN A, Gl IZIERILEM D 7
v BILIZB W TIX, Grignard RETEEATF LV ALEMD T N U ABED 7 v FHil.
T )N T—F S Do-T A T U ~OERR, AT 4 Finb Do A
0 RANT 4 RAOERR EIREBIIZ AV 5T 5 ) (X &% — A 1-10),

-35-



R%OR. R
@1 .
OSi | =
' #
O ' R)%/R N/ -
gﬁ; (@X _

R-MgX
RE)

AF—Ah1-10. N-FAAREY D=0 AEBEANTO 7 v RILERS

— 5T, ZNODORFEIIFEFRO 7 v RBITHELBAETWS, LirL, —&
A EFRIEEHOT v RIIZBNTIEL, AZND 7 v REOMEBERRMEOR = 23 FRE
Lo TWeE, ZOREIZE LT, Unemoto Hix ¥ 7=/ —1, 73007 = ) —
NWE—T % o-BRENT 7 v BALT DRI LT LIZ(AF— A 1-11), FD o-BIRM%E
B TEWED, COREEFEHT D2 L CEEBBREFRILEMD 0BT vE
bZfTH ZeNTEDLHFEINTNS,

FaCo_ -Cl &8
L. OH
OH N~ "SO5 (
© @ +
Cl,CHCH,CI
100°C,1.5h

88% <1%
AF—Nh1-11. =) =)D o-NDFIRH 7 v FELFIG
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1-8 WEER

V-ATPase (X, 1-1 BiTilk~7z L D \ZAMEENCEE2EH#H-TRY, BHL x
IRETR EDBFRIFIZ BIRS B> T35, TORRMMEER THS SA X, b MEEH
fatzxt L CmAsiiaEtEtm L, il AF o) — Fbadme LTRELER
ENTND 2P, LM LRSS F L~V TOIEESHEEMET. FLAVHLNCE
TR,

AR O RBAE B BIE, SA 12 & B V-ATPase DI FHEE ZMEH T 5 72 D12 D FEEE
DOREETEITO> Z & THDH, WMEMITOFELE LTI, 1-68iThR_~E, 7vFE 19
ZF)AE {4 NMR HIE (REDOR i) ZEAT2Z LITLEN, 7 vy REBRKKY L&
RIZEDEEEEZAG L TWARE I NEEPDEVNENRD D,

FITC, FT40ME UF THEB L - SA DARETT> T, £O V-ATPase D ETEH
ERETDZEERETLE (K1-20), ZOEBIEIX, <Y 77 horxzH I Fofk
HEEET DS V-ATPase FEEEMRBRICEETHH LB BNDHZ L, K7 vREAD
RS EZBLTRE LR,

= 25

HN = =,

/% HN R
o)

18 :—’_
OH O OH O
10 OH

o
\ iji)
4-"°F_salicylihalamide A Common Fragment

X 1-20. 4 LZ7 vHR 19 TEBELEZF I IANTIFA

ZLT. SA ORAEBEER LT BEDIC, EAFUEHBEY I LU AT R
BEE - BRI L. ZORAERERLPICTA I LR BME L (1 1-21),
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ZT

biotinated-salicylihalamide A (biotin-SA)
121, EFFUEBT I INTIRAOTFA

RV 57 R R, WILIEM: V-ATPase DA ZHFRMICIAET B2 &N
B THD, FTH, SAIE, BENBMEMTH S 2 L5, V-ATPase H3EHE
TEHRBDOY — LA e LTHBICAEEREINTVD, LELREL, SAITL?
V-ATPase DIEEERIZ, BERIREN WD, Bz b2 R 3, SA DR
V-ATPase FRAFLERZERL E L THWS DIk, ZOMERE LM 5 4%
ERBH BN, FOEMIEE A LHLDITENTNRN, |

AR Y, HEEEZRFEL TS 7 vy RIERMET T U AT I FE-SAEE
BB o ENTENE, Ty BETOBMERTES LEFIEE, #1203, PF-NMR BE
BREWCED, SA WK AHE#IERY, T F LNV THEATAZ LIZoRNRNAZ & E
BEND, £fn. EXFUEBIT VI AT I FEARL, BABMNEEET S
ERTENL, ZOREEBEOMAICELLRAMT DI LB TELTHS I,
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F2E TRV IVIANT I ROARK
2-1 U UATIFRADERK

F1IEAGTL Y HIFTELARHB LOFEREZREIC, £, FHERLE LT,
KPSV DUNT I FEOSHRA— MY TH5Z 2L, AF—A2-112, &
REtH e, =7 I FAUSHOBEAIX, Coleman 5 F 721 Firstner D FEIC L &
WEBFETITY Z LiC Lz, T72bH, Coleman HDHFEVTIEI— RA L7 4 (5L
7 2 R(T) & D, Firstner 5O HEITIEI—FEI L7 4 0) LTI R@) LD, F47
zVANRBE(DERWED Y 7Y RIS LV BATE I LIZLE, w2
Z7 ro@GBLIVE X, VONLHRA T EV AL BHA VT 4 EEISIZ
LOREL, = 2T O)E. H ) UAEE10) & T — (M) DRET 2T ARG
L DEFETBZEICLE,

cross coupling

H
/ — TBSO._N._0
et —<_\:/_ Takai olefination— ! U
AR R l
coocu * 7
a

Coleman
OH
——— + or
(-)-salicylihalamide A (SA, 1) HN—<—\:/_
0
8
Furstner
OPMB
OMe O Mi{sqffqob# OMe O o BREN
estencation
0 R [y OH 4 ~
N PMBO -
- 1
& 9 10 macrolide fragment

salicylate fragment

2% — A5 2-10. KA SA OEEKEHE

F 5", De Brabander & 35 X U\ Fiirstner 5 D5 E TP, 'V FAEET 5 7 22 R
10D EWMEITR o7 (AF—4 2-2), HIRD 2,6-VE FuF o ZRERA2)ICH L,
DME H, H{bF A=/, DMAP Z/EH ¥ 5 Z & T, ¥ U I NVEBEFHEERA3)E 97%
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DINETHEZY, BoENE13 L TTHO Z2ERASE TR 77— AIZER L
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CVBEEASE R, BONTE 15T L, Grignard BRI L T U LT L a— Ui B RN
TR L TRV AT UATA XY FEEELE LTERESETT U ARV
YIr— NG EH L=, EULET =/ —AMKEBEEE I VLA TFAVTAF LT
5 ET, AMFIURUCBUVBEFRATE S, KH%IT, PAdPhP) FET, EAKRY
VB T i-Trost B P2 4TO. T VVZ X T )VATYDOT U NVEERET R Z LT,
Y UFNET Z T A0 M O% 6 Bl 64% DR TR LT,

> ><

P ooy  SOCk DMAP 0" 0 o o 9
acetone 20, pyridine.
(j @O @O + nBugsn N
DME 0°C, 140 min
OH | OH ' oTf
20°C, 55h 5
O><O OR O
Pdy(dba); CHCI3 CH,=CHCH,OH Pd(PPh3), OMe O
TFP, LICI, NMP C@\ EtMgBr, THF | o~ morphorine @i‘ji
t, 4 h - A Mto50°C X~ THF, 70 min N
93% e uant. 3
971% 15 ®  MelKco, [ 1B:R=H 1 ~ 10

acetone, 27 h P=
99% 17. R=Me

AF—N22 VUINEBETTT A NAO)DEFK

Wiz, =70l R7ZZ 7 A MNANDDOEKREIT>72 (A% —A 2-3), Smith H DR
O%EIZ, TIROR)-7 VY R—=1LA8)DT N a—)L% p-A FEI RPN —F 1
(19)~ LN ZHRIT, EoA- 7RV TAT I Re 3 i bRAR Lz e =
NAREZIERSE L L ToRFV RERR LT, 72— Q20)2EE 7, 20
#%. 20 D Fu¥TEE2 TBS =—7F & LTRELTELNEZA LT 4 1Tkt
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PMBCI, NaH, TBAI 0  # “Mgpr, Cul, THF
Ho_<3 PMBO.__<] o= PMBO. .~
18 THF-DMF 19 -40°C to -26 °C, 8h N e
0°Ctort, 8h 97% TBSCI, imid. = 20: R =H
74% 1, Re
b 57% 21:R=TBS
PMBO  OH TBSO O
K205042H,0, NMO NalOy, THF, pH 7 buffer
2 pmeo. A _X_.oH v TP pmeo. A _J
acetone-H,0O rt, 18 min
r, 2 h 22 23

80%

AF—Ah23. TITE R@2I)DERK

BoNET AT E F@3)x LT Brown DRA Y R FAMULKIS DEIT o7& 25,
BLOSNENFEEETETAI— L2408 LV FDTT 2T L g <—24b %
23a:24b=23:1 DLBERFIRERIBRAW & LT, 2 BePEINE 88% TH- (X F— A 2-4),

‘\\BH \\\BOME
5 » MeOH, THF, 1h »

THF >
(+)-a-pinene  0°C, 2days '

> 92%ee

2
B-methoxydiisopinocampheylborane

1) A B
e P

"
trans-2-butene -78t0 -50 °C, 10 min 2) BF3 OEty, -78 °C

2
crotyl reagent

TBSO O B
| Y \/\/
PMBo\/'\) + ) !
. (3.3 eq.) THF, -88t0-82 °C, 3 h;
23 2 then 30% H,0,, ag.NaHCO;
88% (2 steps)

TBSO OH TBSO  OH

PMBO\/'\/l\E/\ + PMBO A
2429 * 23:1 24b

inseparable

RF—h 24 TNATFE FE@IZHT B Brown DREFZ v F ALK
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Bon 24 Db FrFiEdE MOM T—7 )L (25)~ L B\ =HIZ, R4+ L7 4
YEb ReRUvRLTEHZLTHLND—HKT IV 2—/1(26)%, Dess-Martin 3RZ|Z
X VB EL. KW T Wittig RUNMZ K VEREZITO ZE T, V74 @~ EB#H]L
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2k 29 2BETIRILETT a2 e /BT, FOR, —H|/TVa— LB AT
Z— F~(BO)~E T,

_TBSO QR 9-BBN, THF, 0°Ctot, 1 h TBSQ  OMOM
pueo. A L~ , pmo A X _~_ oH
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MOMCI, DIPEA, T~ 24:R=H 82%

TBAI, CHClp, 7hl, or o =
04 25: R = MOM

26

TBSO OMOM

CH4Cly, 50 min
1) DMP, CH5Cls, PMBO.

1) DDQ, CH,Clo-H,0, rt, 60 min

2) PhaPCH3Br, t-BuOK : 2) NaBHy4, MeOH, 0 °C, 15 min
THF, 0 °C, 16 min 27 91% (2 steps)

88% (2 steps)

TBSO  OMOM OH  MsCl, TEA, CHyCly TBSO  OMOM
Ho A A _~~ + Meo mso. A _L_~_~
| : 0°C, 15 min

separable
28 P 29 quant.

30

AF—D525 AVT— MEODAERK

FENT T AL Y UL ERWT, AV T — FRBOD YT /{bERE Lz (& 2-1),
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EEOGBEOGHECE Y (2 FRRIEGB2a)E LU R ¥+ F(GB2b)AE 2,
25%., 16%EB/BLNBIZBE -, £ T, TV M) —2 Tid, RIGIRE® 45°C L 1t
BAMEIR CITo72 & 254, 32 KM LERMZETI OO, BHO= K U @R
T2%OIETHEDI, iz, KB 30 23 10%DIREFETEIL S iz, =2 kU —3 T,
B A~DOEEEZR LIV AEDITEAVICTVELEY T MLV A2 A,
45 °C TT RFRIRILZ T2 L T A, EEOSEKSHEIZEZ Y, BrYY 31 13
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BL, HRETBEYTAEAV AL 18- TV 6-—TFTNEFNEN2EERB IV
05%8LDR LT, BRTHRIGE T2, TORR. BEHEERMZETSH L
DD, BRI 31 B 69%DIRETEDLIL, £/, FE 30 28 21%DINR THEIL S 7z,

TBSO OMOM KN, 18-crown-6 TBSO OMOM
MsO Z NC\/'\/I\/\/
conditions E
30 ° 31
TBSO™ A~~~ > Ao~
32a 32b°

£2-1. YTAAMAVTEERANTZATT—FEROD=F U ABNO)~DEHREE
temp. time yield / %
/ °C /h 31 32a 32b 30

entry solvent

1 DMSO 80 1.5 5 25 16 17
2 DMSO 45 32 72 11 — 10
3 DMSO 45 27 - 11 10 9

42 DMF rt 73 69 — — 21
“KCN (2.0 eq), 18-crown-6 (0.5 eq) '\

TV F)—4 OFHETYT LIS EIT - 72, BISNFRE BT /(LK
Rt A2 L% 3 ERVIRTZE T, AV T —FEBOE= R UGB~ 83%DIYL
RCEEBRTDHZLENTERE (RF—A4 2-6), BoNE3MN DIT7 ) E%E 2 BETET
LT, 7Aa—(32)~ L8N %IZ, TBAF ZFWTIBS #£%2BET 52T, ¥
TFINTF =N (3 e BT, KBIZ, DMF ., KFELT VNI TAE 0 °CTIF—1
@GI/EASH T ZZICI01EEBDp-A FFI_UPrn ) REBRINT 52 & T,
1T A3 —)LBIRENC p- A FF VRPNV —TFT UL EITW, 271l R7 57 2
VR ThBT A=) %, T6% DR THZ,
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KCN (2.0 eq) 1) DIBAL, CH,Cl,

TBSO  OMOM 18-crown-6 (0.5 eq) TBSO  OMOM -92~70°C, 70 min
MSO\)\)\/\/ NC\)\W
DMF 2) NaBH,, MeOH
30 ° N, 72~85h 31 0°C, 63 min
83% (3 cycles)
or owom " pEE (o i O OMOM
1 1 /
HO 2)PMBCI(1.01eq), . ' MO 3)

TBAF, THF [~ 322 R=TBS DMF, rt, 30 min -
2h.93% L. 33:R=H

RF—Ah26. =0T INSTTITA NANDERK

F U NBRER(0) w27 ) RTFG AV NANDET Z 7 A MRERTEED
T, Fiirstner 5 DFENH-Tvr T M DDERERR Lz (XF—»Ah2-7),

HIVRVEEA0) & T A2 — VAN ERET AT AL IC X VERE L, EEMIC
TATNE)NFE LTz, /oy O)Tx L, H—HD Grubbs il 2 v 5
BB A # BV ARIE VEfT oo & 2 A RIRIE 14 5 L IERDNZ B BINE CHEIT L,
L E-R(34)B L ORMEMB5)%, 30:1 DIREWE LT, MK % TH-, Znbix
HEWZHBERFRETH o722, BEHDOEEDDQIZLY p- X FFRIRUULES
BRELEEZA B E~2nl F@6)& Z-v7ul F@NEL YW F NS hI 0
2 NI T4 =KV RBET B N TE R, 22T 36 DA%, Dess-Martin B2 12
X 7T Ee R@8~LEN, -
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OMe O ' OMe O
OH OMOM DEAD, PPh, OMOM
OH 4 /\)\/'\/\/ S °
N PMBO : E60 S
10 " - ft, 8 h
quant. Z 9
o1, 73 ph OPMB
ol ;’llau—_/ OMe O
PCys o OMOM DDQ, CH,Clp, H2O
+
CH,Cl, N : 0°Ctort, 30 min
%, 14 min '“Zeg'f":b'e quant.
96% 34 :
OH
MeO (@]
o OMOM DMP, CH,Cly
+
N\ 30 1 rt, 30 min
quant.

36 separable

Z2¥F—5h27 TILTE RE8DEH

BT, 3BITH LT, BMHLUSIT LD I — FA LT o MRS ORI Z B T8 o7
F2-2), TAFE K@) L, THFH, 0°CTHALS B AR FIC 3 — Rl
BERASERR, BOE-3— N4 V7 4 (6)& T OMERMER(39)D34:3DRAY
ELTRBN, FE30%EERETH >, TNBIE, YU BN T A n b
77 4 —TOHBERRAEETH -7z, £ T T, Firstner X UBvans b D (25N>,
VA Y - THFD6 1 DRABEF TIT 272 & 25, BINETRISINET L, E-4(5)
& Z-1(39) % 8: 1 DBFME TH =,
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omom CrCla CHIz

condition

%22 TATE REOCKT B EHRIG OB

CrCl, CHI; time yield
/leq /eq /h 5/39 ! %

THF 6 2 3 4/3 30
2 THF-dioxane [6:1] 12 4 16 8/1 quant.

entry solvent

(E-3—RA VT4 (MNe(2)-F—FEF L7 4 @D 81 DREHOY 7 un X F
VYEWRIT, -78°C T 2.6 ¥BD BB Z/FASEZE 25, BHID I — R4 L7 1 L (6)
. T OBMAEMARE0) &I 41 OILET, 79%DNETHBERAIRERIBEAME L
THE (AF—L52-8),

OMe O
o omom BBrs, CHyCl, -78 °C OH
+
N 79% 41
2 inseparable
(E)-51(2)-39 62 P 40
8:1

AF—Ah28 I—FFLT 4 (B)DAERK

Yo 7Y VTRIREERRT D2 LN TELDT, Coleman b NG L7251k
8 e T N-T 30T 3 MO STIRIRIREA R L 72, 3. 73 RT)
DEREIT>T (XF— A 29), CeClh FAE T, NaBH, Z AN T= LA I F@A1)D 1.2
BILETH> T ET, TIT—NA2)%FT, (bEY 42 13RS THEAMENE < BB
VLB Th o Te e, A ¥ ) — VBT FALRE B S BILEBEIC L D i
L7, HW\WT, 42Dt FaFdTE%2 TBS =—7 /L LTRETSZ LT, BHOT
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I R(D% 2 BEINR 21% THE P,

H H ‘ H
oﬂ/\éo CeCls7H,0, NaBH,4, MeOH Oﬁ/OH TBSC!, imidazole, DMF ‘OW\D/OTBS
= 0°C, 80 min T 21% (2 steps) _13)
41 42 P 7

AF—529. T RDODOAERK

BNT, I— LT 4 BT RODOI vy 7Y v I RISERR L (RF—A
2-10)), Thbb, XY T2 /) o FANLRE VS o, HELLTY
VBB U UL, BAFELTNN-PAFAZF VLTIV, FE T2V AR
BE(I)YYFET, 3a—FLL 740GV 7 I RMERGS®ERZEZA, BRIDE)-
TF 2 R(43) & Z DN ERMEMA4) %, 1:1 OFBERFIRERIBEAY & LT, XK 25% T
BB LICRII LI, M. ARG, EES ORF—AR 5 mg & /SRR 4
—LTh, BEMEELETTEZ NG, BbhETFI REDBLT 4 @
TBS %%, THF #-45 °C T 12 57[#] TBAF 2{EH ¥ 5 Z L ThHEL, 7 I F—/1(45)
Z A8% L BINE 2N O/A N TE L, LBLAREL, T I —L@8IIHT 5(2)-
EIREY Wittig UG EIT o2 & 2 A, BHORINTETET, FBO 7 I F— L3 EIR
iz,
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H
@*COOCU (30 mol%), fN\/*H’ (60 mol%)

— y KaPO4 (6 eq), dioxane, 95 °C, 60 h

o § O OTBS -~
e 25%

% 7

5 (1.5 eq)

— (e}
TBAF, THE Me 9
ool Do 0 OMOM
45 °C, 12 min
48% N

PhsP=
T . d OMOM
THF
78°Ctort AN
46

Z%—2A 2-10. Coleman HDNiEFHRZEAVZ, =) 2 RSO T A EIRATE A DR

BB LT, FEAGT T IFT—AnbRETITATE FORBEO
EENEEICKEIWVEDIC, GEATHET AT E FEMLIZA U REBETETE o
b, BENIE, FERT ITABIRESFoTWHZLREREZLNS
(AR F—A 2-11),

w8



HO—(" 936:1@ on
N as N /8

N/.O.:
omeo { ° Base omeo { ovmeo { )
o OMOM G OMOM —= o OMOM
N\ Base-H" N\ N\
45 Closed form Open form

phap=/ J%f:r—
_\<0_\=/—
OMOM

HN
OMe O
no reaction o)
N\
46

AF—h 211 T IT—/A5)ITXT D Wittig RIGIZIIT 2 HEE R

 Coleman HDFEREHNT, N-TIAxzF I NMUIEZSIEBIRICEAT S Z &
IXEEECTH > 7= DT, WIT, Firstner HDFE P& et Lz, 59, Labreque DD
£ pREIC, T I ROPOEREIToT (AF— 14 2-12), TIRD cis-2-20F 2 -1-
F—A@NZR LT, P7raAZ o kT TTIPAP Bk 9% B kote, KIS
ETH%, KT, 100~40 mmHg THERMZITO 2L THREDY /nn A ¥ 28
£ L. TATE RA8) 2 & BAEEERELB, T, Bbhi 48 x5t LR
BRI (49) % I\ V2 (2)-BIRH HWE 5 V& 1T o 1o, RIS T %, VU B FAD 5 A
nw 574 =2k D, BIBRMERIGD TPAP HRORMEY DI ERETSH LT,
B HD(21Z)-FEEFIT X T (50)8B L O DRIEEGNZRBEM & LTHE, KT,
T A5 BB LN 51 ZEENKGHET L2 L THLIWARERMI N B2 &
V(53)%. BABEKDERBATHITE VVRIHT S LT, (212)-7 X F(8)
& FOSRBRMEERQIE)-T7 X F(54)%. 3:1 DET, RHEREKMA)» D 4 BRI 75%D
IR CRE, | -
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Me

5 TPAP (5 mol%), NMO (1.01 eq) . 0 \j\
H =__ + < />—o P.
SV CH,Cly, MS4A, 0 °C, 2 h, shading N~ ) OEt

47 then filtered and concentrated at 0 °C 48 49'"
(Excess)
1) CICOOMe, TEA ' —
21 N 21 2
Nal, DBU, THF — THF, 0°C,1h —
ROM H2N—<_\=/— +  HN
-78t0 0°C o) 2) NHz (g), 1t 0 g2 3:1 0 g4
(212)- 50 R = Et 75% (5 steps) separable
Ba(OH)y HoO (21E)-51- "7
MeOH-H,0
i, 26 h (212)- 52
(21E)-53: R=H

RF—h212. T3 F@DERK

N T, I—RF VLT 4 0) T I F@DI v 7Y Y IRISERS L 2, KRG
TRHWAFZT7 = VAR IR, KoCBRIC L THEBICRRETH 5,
FIzIE, v VA VBV -n-TFNAR RN TKERRIN T Y APOBERE L, HH
FNCEEE DRFEMRIEL HE L CBEEZRE L DMA FIzBWTTTbH, bPhicg
ENBBBLAKRNCE - THRFKIIREEMLLTLES, 20D, ARISITHEREIZ
R 2 o 7223, 15 B OEEHKIEZ iE L AFER 2 BEMICERE L7 DMA T,
AoV TRIGHEITTAZEEZRELE, ZOLT, UTOLRERREZB 2o
R 23), £F. U RU—1E LT, I—FAL 74 @)k L. DMA th, HE
CLT3ZEEBORBACY T A, FET 2 INVRUBIR(IEET. 3 2073
R@ZERESERLEZA, BRWIIBALNT. =7 U O BMEENEEH 3% L5
BNAICEE T, FZ T, = hU—2 TiL, Panck HDHE B2 BEIC, BMTE
ELT22-FEYPLERAWN, Dy 7Y v IRIGETIRoT, T3 &, RIistEm L
L. BB THD SAMN%E 8%DIWETHDLZ LIZRIILE, LaLEeRs, kRke
LTI D BAAEEEE) D 14%DNETHLNE, £Z T, =2 M —3 Ti&, AT
HFELT I FOEERY 6 SEBICHES L TRIGEIT 7/, 756, MRIFALEL, &
BICRIE O BRIEL 2 ERITHHT 5 2 L TEL, ZTORR, KIGK THD HPLC
BB OERET, BR® SA(1), RO U U T I KRB (SB)RB)%E. FNEN 23%. 26%
DIVETHED Z EITRRI LTz, #. ERR L7 1 B8L0'3 @ 'H-NMR, C-NMR, IR 2~
7 kb, UV A7 M, BEREEBIUEREIX, #ESNTVWARAYM Po+n
LIFE—E LT\,
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S
- - .
1) UC OH, Rb,CO3, additive, DMA, rt, 30 min

2)6,90°C, 1h

salicylihalamide A (1)

[]"® =-33 (¢ 0.17, MeOH) (synthetic) [c]?® = -90 (c 0.025, MeOH) {synthetic)

[e] =-35 (c 0.7, MeOH) (natural)'®)

Z
- o]
on o { WA=
o OH
X

salicylihalamide B (3)

[o] =-73 (¢ 0.3, MeOH) (naturalfg)

£23. FI—FFVL740)T7IF@DH v TV v I RIGD MR

entry additive products
o —
20—, E 20—/ E
E— — E
! /ZF}N o 22 + /:"}N S total (3%)
R 55 e 56
Z
20— E
7N HNH
2 =N \N / 1 (8%) — o =
(1eq) R 55
14%
7 SR
3 Q‘Q 1 (23%) 3 (26%)
(1eq)

T6EED RL,CO; B LT I R %1 F
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2.2 TwvHREREH D UNT I ROESRGHE
2-2-1 7 v REMEOTFA v

HVLVINT IR A SAE o527 hrmF I FEEERED, NCI-60
MRERINC KT A REEFRE T2 7 740, BLO, U BB, ~/nl K
FHBLOTT I FMIEL VW BEEZA LTS (K 1-10), T U L LEEERAL &
TF I REALE, R 52 brxF 2 FOLBOEENZ2FHETH D, EHHFZ 3
JBIZRTHARBEET—T7THHLEELZDND, ZORIE, SABLTrAAF¥I K C
OREETFEMAB AL b I TS, —F, HRAx2REFH 7 v RIERIE
FENTEY, 7=/ —NVEBRICT7 v RRFEEAT DI LIIHBNERS TH 5.
L L2Rs, EBF R I7EEDOKRRERICEETHABERH S, 7=/ — i
R R3S UABEIZHEEL TS, o T, 7y ER T2 EFRICEA
95 Z & T, V-ATPase FEETEMEMREE SN A D E I DIZOWTIEHAHATH LB, =0
RBLUCBROEZSEEB LT, HERO 427 vy R+ E2HEA LT 4 "F-3 )
UNT I R AF-SA)ZRE L7 (K 2-1),

(-)-salicylihalamide B (3)
4-19F-salicylihatamide B (4) SRR et

X =H: (-)-salicylihalamide A (1) X=H:
X =F: 4-19F-salicylihalamide A (2) X=F

K2-1. ZyHREFVIIANATIRFOFHFAS
2-2-2 BREHE

ARE2-1 HiTHEL LTI FiEm%E., 7y RIEP IV IAT I ROARICERT S &
12 L7, AF¥F—A2-13 12 F-SAQ)D AR E &R,

S



cross coupling

Takai :
olefination )

OH ©

o
—,'" 8
4-"°F_salicylihalamide A (F-SA) (2) RCM =
OPMB
OMe O : OMe O
. Mitsunobu
F o OMOM esterification ﬁ OH OMOM
‘ o /\A/'\/\/
————— O T — :
o :
= 59 1
58

A F—Ah2-13. F-SA (DA LEHHE

Thbb, MEOEAEI— AL T4 BNETIF@EDFA 7= AR
BEGA( 1) MWl v 7 U FRIKIZ K D BB TEHEATAZ LiCLE, =715
7 brBNDIE, P (88) LV E A Grubbs M EHWEHRA ¥ ¥V ARG
RCM), #E BH ALV 74 AMEBISIZ IV B OND EEX T, TAT(E8)L, 7 v
FieV U BB E T2 — (M) E DNIET R T LRSI E W EET 5 - bz
L7, . AEREBIEICREWT, U VABEAMIC 7 v BEFNEA SR T, JEE
iR L R, FEBEORIGN S EIET T2 E 2 0RHETH - -,
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23 ZyRILFVTINT I FOERK

2-3-1 FERT v RIEOKRE

REFHT7 vFRIEREL LT, 6-FU 7nFu-N-TL4n ) P=1 L 60a)%
FANBZ LI L(E 1 E6HiE2RYO, I FARBERAINNCHT B 7 v RETOD
BAZRRE L (F24), X PE2EBIC, L,1,2-M) ez Z P 13 12x L 6-
MU TAZRAFI N-ZAFne ) o=y AEG0@)ZERAIRLEZS, BRYE T
57 v =AYV FABHEERG1a) LT DRMEKROGID)Z ZILEI., 26%., 25%DIY
RCHBDZ IR LZ(= U —1), LOLZRNRE, 60alZBAETRR S TR
OERAREOEFEZELNE, £ T, = MU —2 TiX, AFRERT vELR
WL LT, 5-F)7FuaXAFN NoT7du el D= AE60b) % AV igst 21T
o, L LARMR G, 60biL60a &V & RISHENMEN O, KIGIEFE LT3 ER
BEINENB T Tholz, 22T, =2 b —3 Ti&. BEHEEFIE LT 20 mol% D
FYTZAFBRE L ANKR U BEMA CREEITo7 ), LaLens, BT
T = FOSBROGHEICEZ Y, BRIt BN o, 22T, BiLE L
T EVEBADLI22T S uns X U EANTI46 °C TRISEITom L = 5.
BEY & 95 4-7 vy FiLiK61a) R} 6-BMHEEO61b) 2 ZNF ., 20%. 35%DINE THE
B EITEEI LT, '
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05(0 R1 nN o>(o o 0 o>(o
3 21 @ o y
N SO; + 0
‘ Conditions
OH
60a: R1 H R2 CF3 61b 61c

60b: Ry = CF3, Ry = H

R24. N-TZNAREY V=20 MEERCET ¥ b= FAR)HT 5 7 v RILOBF

entry solvent reagent /15 q additive t?rgg ' t;n%e 61a yieelc:: :) % 61c
i Cl,CHCHCI 60a 12 — 100 17 26 25 3
2 Cl,CHCH-CI 60b .2 — 100 15 trace
3 CLCHCH.CI 60b 1.4 (2oT L?cl;ll%) 100 3 06 (61a+61b+61c)
4  ClLCHCHCI; 60b 1.2 e 147 3 20 35 4

WAL DHBEFIZL B E M N-7Au ] V=17 A (60a)is LU 60b % V5 7
=/ —NDT7 v FRIEOMERRMED, KEOT7 =/ — itk Fud EEHEOLY
Ty ARORREE L ORI FRIKEREEZE T 2 nn K622 BB HREL LT
BT DD, BV o-BIRMEERT, LALRRL, ARIRICBITS 7 v D o, p-
BREEZBIZ 11 THY, TREBERZER T, Zhix, 3V FLESEE
FEAIND 7 v FRLFIETIE, 7TE F=FOIALR= L EOBERT L7 = /) — ke
R F v EOKRRFOMICKERBREBERIINTND I EIZLD, & FaF
V) V=y AEORBELHEER T2 EBRETHD, FOD, STFRIKERE
EEETH nn 563D EERT A Z ERRE 2D, 7 v RO o-BIMER B
LEEEZLND (RAF—42-14),
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Cl

[ cl
&)

B @, ~=_ 1.0

OH FsC N S03 < -@N:' S:‘O@ OH OH
CE' FsC B :

P | — +
100 0.:
<ip—o..;
62 predominant very minor

| = FsC i
o></o FiC N ~sof NG 2
E:ﬁ% @ e0a k=1 (O]
o G .
" 63a
<o
° e
OH OH
61b 61a

RAF—h2-14, 7=/)—NETE M= FAIND T v RILICBIT B EBREDEN

7 v ELY U FARFERGIa)B LU 61b DFNENLDT v ROEAMBIZE L
Tit. UTOEBROER I VW L (RF—24 2-15), T742bb, 61a BLU 61b
OEYVYDO 7)) — e FaxvEE2AFNMETHZETHELNS, A MFUE
(64a)3 L1 64b @ "H-NMR D A FIVIED I 7 F 93, 64a Tik 1 ERTH 5 DIZ%t
LT, 64b TiX2FHM (J=15Hz) Thotr, ZDOFEFRE, BAIhEAFLELY
v FEOZEFRIEREN, 64a 2BV TiIxE W RS, —F, 64b OFUTE W LIZER
LTWAEBE L, /bbb, A M VELTvRERFOEWVWDMERIRZ, 64a
TiXp-iL. 64b TiX oL & FNFNHEE LT,

-59.-



>
| O\><O , O o C><3 (o o]
. Mel, ch03 Mel, choa ; 0
acetone ,CH3 acetone O doublet
smg!et AH
H H
' 1.5 Hz 64b

AF—h2-15. 7 vRIET U UAEBEHEEGIa)EB LV 61b D A F LG

2-3-2 7w #EY Y ARG DA

7 v F U FOLEBETHEKG1a) L 13 DESWIC THO #ERAXYTRY 75—k
@SB LV M4 IZERLTICLZA VIATNATAIvS NI T T74—IZXDEN
FNDEET A ERNTER (AF—A 2-16), R 77— RrEOSIZRHLTUARY n-
TFNRARED Stille By 7Y o FBFTHZETHLND 7 vRELT VAR
(66)\Z. Grignard BIELT I NTNa—NADPLRBLIE TRV T AT I AT LaF
VREERERTTZ v RTINS — NOD~LFE LTz, ZDEE, 7YX
VB L DA LT 4 S B LT 68 4%, 87 1 68 = 7:1 DL CABER AT RE R IR A
LLTELNE, ZLEE PR vEEATFNAATEIZETHELND A FFIR ¥
VM R(69)~ L TR LT, EiRIT, PA(PhsP) FFE T, it-Trost Btz iz kv, 7V
IWEZAT (DT UNEEFRETAHZ LT, 7vHRMAET U VABGENEZEH L,
.7 U AT R F AALEIGICTA U 69 ICHNRT 5 70 1, Z OB 33T b 4508 -
BETEHERTERPST,
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i > >

(e R O 0 O (@] o 0
OH mseparabfe E{rg’qeh OTf separable
61a quant. 65
o>(o n-BuzSnCH,CH=CH, c:)(o CH,=CHCH,OH
o Pda(dba); CHCI3 (5 molth) EtMgBr, THF
TFP (10 mol%), LiCl, THF
LU NTY ) o°Cto1ah 0°Ctort, 18 h
65 84% 81%
OH O OH O OMe O
e 77 ;rable Z agcse}one, 24h N
se N
67 = 68 ’° 69
Pd(PPh3)4 (10 mol%) OMe O OMe O
morphorine OH i OH
THF, 58 min N 71 =
quant. mseparable
59 70

AF—Ah2-16. 7 vHRIY U ILEEE)DER

233 ZyRIEFIIANTI FOERK

U NAEERE~Zal) RTTTAVMDERBET LIZDOT, 7uvHEik~vons
7 N DEREITRSTE (AF—452-1T), 7 v RIEIAR BB & T b =—1(11)
ERIETZT ALRIE T X0 ERE L, 9%DEINETY v HE YT L (58)~FiE L
oo FEBALT 68 IZxT L, B— D Grubbs AR Z AW BB A ¥+ 2 KiE WafT
2z T A BIGNTERPIZED 0% D EmINETET L, EIE)-~v27 77 h (72
EFDRMEMERTI)E, 10:1 OBRETHES Z LITHII L, #. ARISICENT, 70
HRDOTRATI(TNIRIG LR Tied, BREMP BB ICRETHZ LR TE -,
(E)-(72)B L D BTH)TENZFEERFIRE CTh > 7272, IBREWMDEE DDQ 12
KO p-A FIRCVNVEFRELTEF VI A (T8 & Z-F L7 4 (15 55T,

- 6] =



OMe O OMe O OH OMOM

; DEAD, PPh4
o * OH  + pueo - —————
™ 1 = Et,O, 36 min
59 inseparable 70 11 (0.83 eq) 91%
OMe O o OMe O o Clu'ljcya i
crf’_?{“:/
o OMOM o OMOM PCys
+ ——
inseparable ] CHoCly, 21 min
= / / 90%
58 71
OPMB
OMe O OPMB
DDQ, H,O, CH,CI
o omMoMm Hy 2~
10 ¢4 0°Ctort, 53 min
N inseparable OMOM g,
72
73
OH
OMe O OH
o OMOM +
10:1
N inseparable OMOoM
74

AF¥—N52-17. 7yHRibk~wru7s b THB LTS DA

7 /v 22—/ (T4)% Dess-Martin ¢t L TR 6305 T 7 & R(7T6)%, ¥4 %V -THF
O 6:1 DEAEERTEMALIE P ETIE T, B E-I3—FF L7 4 0TN)E
Z-1K(78)% 3.3:1 DIBIRMET, 2 B 80%DINET, LU IS NI T A a~ NS5
£ —CHBERFREZIBAM E LTHEE (AF—142-18), H&EIZ, -78 °C 2T BB %
TER X232 L THREEZREL, BMO D v 7Y U ZHIBHME(BT) %2, 76%DILE T,
T OSAREMERT) L2 431 OETHE,

Wl



OH

OMe O
o) OMOM +
A 19 1
inseparable
74 76
75
CrCly, CHl;

dioxane / THF
r, 26 h
80% (2 steps)

BBry, CH,Cly, 78 °C

431

76% (isolated)
inseparable

AF—A52-18. BTV v TRIBKKGTDERK

RARTL SA OERTAV=&M%, F-SAQDERICER L7z (AF—A 2-19), T
bbb, TVIERRT. gfElAE 15 EE L7 DMA iz, 1 EB0FF47 =
ANRAEEF(L), 3 FEDOT I F(8), 3 FROKMEE VU LAEML TEIR - X TF 30
SR LERIC, I—FA L7 40 6NEMZT,90°C TlEMRGERLE D5,
RIS IZFHAERRE & FIRRIZETT Lz, BUSEORBRIT. KRB SA L RO TIT-
e, T72bb, BIAEE LTV AN EZAIu< o274 —TRULTELN
TR A ODS 7 A(FH A T4 7 A7 %L, COSMOSIL 5C18-MS & J — X) % Fv>
THPLC Wz T o7/, TORER, BOT7 v RIEF VI AT I FAF-SAQ)B &
U7 vHREHF VU T I FB (F-SBY @)% FNEI 15%, 22% DINETHES = Lz
REh L,
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[ - —

DMA, 80°C,1h
; then HPLC-purification

17 Z

4-"°F-salicylihalamide A (2) 4-"°F_salicylihalamide B (4)
15% 22%

[@]® =-50 (c 0.21, MeOH) [@]*® =-71 (¢ 0.30, MeOH)

€ 282 = 262 x 10 (mor'Lem™) £ 282 = 2.21 x 10% (molLem™)

AF— 15 2-19, F-SA(2)3 L U'F-SB (4)DERL
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B3 7o RIET VU ANT I FO V-ATPase [ ETE MR

AR LYY U T 2 FHE (F-SA.F-SB.SA 35 X (! SB)?D V-ATPase FHETEM: % |
LR R AIA(COS- ) B L O T Y RIB L LM L2y nv 7 ¢ VEERIE Y2 AW
T, pHBSZMEREERIZ LD pH AKX 0 7-E L7,

31 PABRHIAE Rt 2 — D0 P T v

YU UNT I FOEYTEET, PLVBEMEANOBEE =M N ThHD Y
VY —AONE pH ZRIETHZ L TRESTZ, TRbb, VY Y—AOMERIZIX
V-ATPase BFEH L TE V., VY Y —A2NEIX, 71 b OiEBhim=Eiz X - TEEMEIC R
e TWnWa, LEEdoaT, VY Y—AJELED V-ATPase OSRENRE S, EA~D
7o OMEENE NS &, Fu hrOZEERIZ L Y . EA pH ISV RED
FREELL B, Z2IT, BRI CTHAEEFRET D LysoSensorGreen” 72 £ @ pH &
H—EFEESE TS L, NE pH 2 ERTHIZoh THADERABRBEA SN
(= 3-1),

) o 3
e—
"IEEE -
B A=AV pHOLR 7
(VY V—hk &) DNk

B3-1. pHEBZHAEEIEL U YV Y — AN pH OBE%

EBIILITOFIBETIT27, 972 5B, 1 uM D SA, SB, F-SA. F-SB #1L.Fi %,
LRI C B G LT SRRl A % o X— F L7z, 2 61,1 uM @ LysoSensorGreen

i s



Mz, fEE 1 DA rFaxX— Lk, BRIZELAREREL, 328
Lz, E3-2D %A, oy ha—ne LTROBOMBEEZRLTEY . B
WCEHRVEERBBI SN, ZhiE, U Y Y —ARNEREBE s h TR e, Thb
By UV Y —ABED V-ATPase ITHEEL TWA Z L ERLTWA, BEBREIX, F—
FORDOMEIZRL BB EIZEALTHS (FARDAARNALC), £/, HFOTREZY
R7VE VY —LDOREMEBEZRLTEY, A7 —/LN—DORKE 1%, 20 um =5t
JELTNB, SRIB L Cid, SATRELTELNERERTHY , HXEORDH
BUAIEND Z &5, V-ATPase DIEERIFFHE SN T2 LB TE 5, RRIVD L E
X, SB TAE L THELNEFERTHY ., HAEEOBD VBRI, SBiL. SA &
HIZRANBEDLNTL B2 b DOBWETH o727 DIT, V-ATPase FEEIEMEIZ-OWT
DEE TR IN TR TR, SEOTEHRER T V-ATPase [HEEEEZF LT3
ZERHBDTHLENIR T, NIV FE & G, RV H LTI, ZhFh., F-SA,
F-SB CHLE L THELNE/BRTHSD, WTNLDOARNVS, HEEORD T 2IEE
PDEBEENE, T, BRER/RLZ2WD, SEHER TR L =9 VB g,
N R T A—RETREAE SNV E0 D, RERISAEMRIRS, AFELTWSZ
L ERFHER L, T2bb, RARBOBAOB IO SR Shaoik, WLk
FENC L EHE V-ATPase DIBEENEEINZZDTH D VR D,
Dl EORERN D, EEMEE AV ERTIL. RAWD SA, SBET TR, Ty
F LA F-SA.F-SB b HENIZ V-ATPase FAEVEMEZH L TWBH Z EBRHAL MR- =,
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Intensity,
1111

883

855

427

198

B 3-2. AREFLEAI(T pM) TRLBE L 7z 3V ARIE PN © LysoSenserGreen 0D 85 7
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3-2 Zu<w7 4 EERIRE BN EEENT viEA

V-ATPase DR ETEMEOFHEIE TIEI—KENZ, UV VEIBHER K o~ 7 ¢ VHERIR
Z Nz ATP {RENT 2 b VAR RIEICT 2 HERAVWSLRE P, LaLadib,
FER L OMBEAFTAEZLNRNETH-To/2D, KT, 7 ZEIRSE R
Seru<T 4 VERIERAWEZ, Jr~vT 4 VERRE~OT 2 b UomERRiE. pH BE
HHHBETHD ACMAOEKOBEZHIEL LTHE LE, 7238, ACMA 3,
EAMEEREE T L, ML THRVWEHEEFET D,

ERIILTOFIETIT-T, T7Rbb, Z7r~7 4 VERBEIZH L, ACMA, XU
J=A Y BMA,0°C TI105MA o F=2— b LERIC, SMEAERZEHML T,
XHIZ37°CTCIFEA v Fa—bLlik, EZ~ MgATP X2 5 & T, Zuw
T 4 EERIA~D ATPETFE 7' 0 b U lmk % B 46 S B 7=, MgATP O 5 2 512,
7o /) 747 ThHDHFCCP #MA, BRIENAD T v b AR EFEIE2, K 3-3
2. 10 nM D SA ZEM &H72 & 12363172 ACMA OEEME R L OV ORFH R
DFERZ T, 2B, FREOHHRT, FCCP ML ZHOEEMEE 100 & Lzt &
OFRENIRE TH Y, BT, ATP FINFFZE BALAREZ & LR OB RIRIB 27T,
E-, FRE, 3 her—E LT DMSO ZRMLEZBIZELA-HBRTHY . Bk
BT, 10n0M D SA ZER SV ZBICE L N-HRTH 5,

ATP FCCP

(start, 0 sec) (end, 120 sec)
CREREETE AN g
100 P SR BT N 100 =%
:
s
a 95 % A 98 -
(&) Q
u‘_uf = 10 nM SA if — 10 nM SA
H - < 90 g
= 90 DMSO & DMSO
\
85 - 85 \
80 ' ' f 80
0 50 100 150 200 0 20 40
sec sec

[ 3-3. 10 nM @ SA Z{EF & TH D iU fRRE B IR EE & 2 O RFHEHER
(£ : BIEEEOEKMAE AR - ATP FINE% 0O 8 R O i k=)
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ATP 2T 2L, ym<7 4 VEERIFE D V-ATPase 73, ATP {KTFRUIZ 72 ko
BEZITY, TORBR., BENpHIMET L, ACMA OREEIIRD TS, ubrr
47 Td D FCCP 2WMT 5 &, [RAND pH BEL, § 725, V-ATPase IZ & ¥ FEEL
SNTEBRERESIE SN D, D7 AN pH i3 ATP Z R4 HERTE CTEF L,
ACMA HSRDOENEPBR NS (X 3-3 : SA FERMEFEOFT AR, —FH., Ju<r
o4 EBRIFE £ V-ATPase DIERENAEAMLEIC L VAE NS &, ATP ZHMLT
HIEERN~OT T FOEBIIHITORI 6T, KRN ETEREDO pH BE L2 H
5FE T, BRDOT e N AIZEWEBROB &2 XY EA~ERT 5, Lo T. ACMAH
DN EOBAIFEEINZ (K 3-3 : SA IIMEFOHkE R,

DL REREY, FEBAZEAICOVWTREZEX TiToTk, TOBREZ, K 34
CRT, H, ARIZEWT, FRIZOE3EAEL, BERECIXL & IFTT T —
—TERRLTWD, . BoNE ICEDRERE. £3-11TRLE,

ﬂ
~B- SA
1004 _ ~&- FSA
N irs:;&‘.;;;;zj_f__::::::-x}.:,‘»' ~- SB
< T < FSB
g % 2. L
0 T . . —-* -.-‘F v

LJ
0.01 01 1 10 100 1000
Inhibitor concentration (nM)
B3-4 BERLEYD SV UANT I FEOREKREFR V-ATPase 7' | L Bk fH = HifR
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4-"°F_salicylihalamide A (F-SA) 4-"®F.salicylihalamide B (F-SB)

#3-1. B LT U AT I RO, V-ATPase 711 | L HiidtfR =514 ¢

entry compound ICso/NM

1 1a (SA) 07203
2 2a (F-SA) 1.6x0.1
3 1b (SB) 28+6

4 2b (F-SB) 15£10

“ICsofEiZ. 3 EIDHEMEDFHETH S

SA X, I THREINTNDEIIZ, H1 aMELTF D ICsfH (ICso = 0.7 nM) &,
FRAT7RPAEIGMEEF LT, F-SA b, SA LHE L TEFHBVLOD, BifF@y .
V-ATPase |Z% 3 2 3 /1 72 R ETEM 2 RIF LTV (ICs = 2 nM), —J7. SB L. SA
ERIZRAPLRONTL 20D, BHMETH o 72729DIT, V-ATPase FAETEM: =
WTOBEITREINTW o t, SEIORFET, SBiX, 30 M @ ICs 2 A LT
WA Z LB TH LRI, £/, F-SB OFEEEMIL, 10 nM @ ICs fE &,
SB L RIFEDFEMEZE LT,
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3-3 JEERBEROEZER

AR LYY UAT I FEOBEERBRERNL, 7V VU AT I NEOKEE
EFAFEMEIC DN, UF ORI E DD, 1) SA (ICs = 0.7 aM) & F-SA (ICso = 2
nM). 3 X OVSB (ICso = 30 nM) & F-SB (ICso = 10 nM)D V-ATPase fHETEED K & 1%,
3EBELMESTWVWRNWI D, FERO4MICT7 vyREFEZEALTYH, AE
EMEIRIEE A CREBLZIT R, TOZ X, WILEM V-ATPase DIREMESY. 7
v RIETORMEZFIA L CTHEAT 2HFRICE VT AR L7 F-SA 8 XU F-SB A H
RSFTU—TTh5HZLERE LTINS, 2) —HT. SAICs=0.71M)¥ SB (ICs
=30 nM) DRAETEEIEZ. K40 EDENH V. F-SA (ICso =2 nM) & F-SB (ICso = 10 nM)
OMAEEES., SEREEVPENBOOND, 2O &b, 17D F I ROIZE
BB, HEEEICEEZEZD I EHPRBINT,
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A A FAEFITIANT I FORE
4-1 EFFALFVIANTIRADERK
4-2-1 EZFUALVF I I ANT I FOKE

H1ETRAELIIE, FUTUATI RA (SAE. IR V-ATPase DIEEE
WAL Vo BT, TR TAZ ERHALBICENRTVWS, LALERL,
V-ATPase BNE DY T 2=y RO RLIBEFZVRIBETHDHI LB H D ZOfFEE
SR OSEMICOWTIIRMEHTH D, £ T, SA ODREBELEBETE-HDATF
Fu—7ERRET A LI L, EAFU-TEPUREERER LILERERIC
LY, ZFTR—TOREERAA U ERHTHZEICL, BREL LTESF U288
WL (A 4-1), T72bb, EFFUVERMETI T IANTIFZEREL, SA H40%
V-ATPase ® Vo DIEHIZ L R 7 BIZHEASE B Z & T, BTIEREMNEMNE E4F
TS 5, RIT. EFF E#{b) 7 2=y b % SDS-PAGE 12 & » T4HHBE L 7-%4.
TP T BV A% 2 & —F (horseradish peroxidase, HRPYWEA I/ T BV U 28
BEL, EAFU-TEDVHERMICEY ©FF % HRP TE#T 5, 22, @
fbkFEAENANI ) — NV EERSES L HRP IZ X Z1BBLKEBEOSFEENILI ) —
JVESEOBENBEIEN S, TRbb, VI ) —/VHERORENEERENEZHTEAN
Y R, SA DIEREMEMIZEATHA Y T2y NCHBERIETHZ ENTE
Do
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v A F L ERAL

B U Qe B/
o |
_ il - P

B 4-1. EFF-TEPVHEERZERE L7 SA DESHEORE

BV IUANT I FASAER, BEREDEANARER 220 Fudi i Tbb
7= /) —WMEGID)B LIV 2H\T Va2 — (13 D)Z2A LTS, £, SA OWETEH
FMBOMED (B 1 B4HiE22M)N6, 3MBIR B3 IO~y Y o — MEEkOE
EMEOM XX, REFLSA LB LT, ThEh, 300nM, 180nM & KE{EFLT
WBHBHDD (K 4-1), REM DLV TEEZRFEL WD Z LD, Z=/—0
ERe® Bl 2k7 v a— I O'FBEERIL, V-ATPase fHEEMEICBWTH S
BEFAIhLEZONE, T, B1ETREREZK, 7= —AME Fuxy
Eix, "V 77 b F 2 RRRARAMOLBR S THA7H, 2/ T La—L~D
BREEEALFE Lz, FLT, 2|7 NVa—VIZPEG Y v I—E55HFT 5 4
AbEE(R(82a)F L 1 82b #F%E Lz (X 4-2),
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oy\w\f &‘ic

17 E: biotinated-salicylihalamide A (82a) common part
17Z. biotinated-salicylihalamide B (82b)

X 4-2. EFFALH Y UAT I F(B2a)l L1 82b DiEs

0
HN U
— 0
OH O
¢ °Y©
N o}
(‘)"{j— Vi )T I FA (1) T )= T }\ﬁﬁﬁi{ﬂﬂ) Toa—iL T — }\%ﬁﬁ;(aal)

F4-1. SADT =/ —NBIRTLa—L_Rr Y x— NEYEED V-ATPase FLE7EM:

SA (1) 80 81

ICso / NM? <1.0 300 180
U T A HE/NAEERLT T A T e b iR E N D

4-2-2 ETNEBE T AW F ARG DR

TP 2T I MEERE LTV, 3—FF L7 4 @) 2T NVEB L LTHV,
EAF AR BB E DZAT MRS EIT 2T BARCFEEBI)IE, P70
B R RN Y L EOIBIEE A~ DRI I B 2 2D T, DMF V%
FH U ERIGEIEEE LTHAWTZ AT MERIG 2T 72 (3R 4-2),

%4, DMF #EH © TEA 77 7. HOBt & WSCD Z{EMA & ¥ TH /LR H2(83)D
SIEHELT AT L2 L D, £ iz, 2E(6)? DMF Eik% N2 TERIR T 30 HK R
X (RAF—A41), LrL, BEBERBORT, 7=/ =ik FeRoHicy
AF UMD EASNIZI— FE L7 4 VBHPUER 47% TEHONIDHTHo 12,

i



*7-. EB6 2% 60% TR SN,

o)
N-—°  EDCI, HOBt, DMF
PPN Sro" 4 HO WO%/\N H N~ ) ,
4 H ~NH 1 30 min
\ O S 'H

6 83 47% (60% of 6 was recovered)
H, /~s '
P
0] H H o)

2% —A 4-1. EDCI-HOBt I2 & % 7 /b 21—/ L(6) & H AR L EE(83) D= 2 F LRSS

wiT, VAFYVBERCILA T AT MERIG ERA (R 4-2)Y, T, Ot %
v, TEA TEET. ANVERVEEGI)E 222-VVs7unaX A irnl K, FiE
T3 ERERISESE T, BEBEKYERE L, £~ EE 6 &£ DMAP OV4F
VUBIEEMZ TRRT6FRRKGI®ELE A, 7=/ — A ELFTF ALHERB)
B 3%DINEBTELNT, £/, 6 DT =/ —NMEE R vERR Yo — MEE
N7-86b 2. HEI6 LOREAME LTHELNE,

FrTC. =Y —2 L LT, EE 6 & DMAP D VAF Y U IEIKZ M % 721 100 °C
T2 EBRIGESEEEZ A, 84 1IXELNT,. BMOEAF U LBER85)I L1185
DT =)= FedvERRY Yz — Muai/z86a %z, 1:03 LDESHE L
Ty WK 15% TERB 2 LITREI Lz, E2, _v Y — ME@86b)S, FEE 6 & DR
AL LTELNE, INEREEEZBHIZ. =2 Y —3 TiX, PF ¥ 8 oH
BV Tol, R, = M —2 LFABIZ85 &, 88 DT =/ —/LEE Rk
ERTIMbEN=8Tal D 1: 1 DEEWE LTHED Z LR TER, ZOHREFTIE,
TR —2 k0 b, BABEKDIZLD 82 DT =) —NMEE RuxvEoT7Tn
LD Z D RoF Ho 7, '
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8
6 3
|
M1 o o ? H, N_o
TEA, DMAP, dioxane o 7]/(\/ YHM’/NH
N o S/"H
conditions 85

42 TAa—(6)e IR BEBI)E DT T T RIS

entry - reagents t/er%p t'/n;']e products
1 2,2,2-trichlorobenzoyl chioride it 6 84 (63%)

86b + 6[1.5: 1]
85+86a [1: 0.3] (15%),
86b+6 [2 : 1]
85+87a [1: 1] (15%),
87b+6 [3.5:1]

2 2,2,2-trichlorobenzoyl chloride 100 24

3 MNBA 100 24

86a: R = $ 86b: R = §
cl cl l cl
ON O O.N O

87a:R = &% 87b: R = &§
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TRV —1 & 21ZBWT F—FRI V74 0) UAFALINREEBI)ED
T AT IALRIGE, BIRTITO &, 7=/ AV EFTF AT —FF L7 4 L (84)IME
FENZH/E DL, —FF ., MBAEHFT(00°C)TITH &, 73— EFF L {LFEEA(85)
B L0 86a NEEMICELN, ZOERBERIIUTOL S ICHHAIhE(RF—2
4-2)y 3FARD 220 FuxTEDSBT7 =/ —/ik, MIBICBREENKE L,
BEDMAP £/ IXTEA)Z K D7 0 b AL ZZiT TT7 = ) F ¥ A F 22 ) o7
W T2/ XY RATUOREMEE, TAa—ADERED b REVED, T /) —
NDT VAR ERINCEELE L TEZ D, BRTIE 84 OLANELNT-EE X T,
—7F. 84 I%, BEETH BT =/ — N EHNVRUBOBREBREKRDTHY ., bIRE
FEHEEENTND EEZDND, TOH, MAEKHET TR, 84 12, nRPICE
TE LT 2 SRIZARIEE D DMAP |2 X 2 S RIZH B 25T, BOE U iEEP Bk S2 24
BT B, 2 ETNa—ADHREIINDETRAT V@EIIBSIZCRETH DD,
JNBAGKET Tk, 85 ZEENICEGZ A F IR R EZBND,
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OH -
cl cl

T RAF—

AF—Nh43. F42xx M) —1BLU2 OEBREROFEHE
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423 EAFULF UV YNT I KOARK

4-22 TRHLAEEGZ, ©AFUH T INTIFAOERICEHALE, T/
b, VAV H, TEA FET. DNVEVEEBI)E 222- R ZunyY A7
2l F#z, 30 °C T 13 KRS S ETRAMBEXM 2RISR, Foic, £BL
DMAP O 74 %3 iR E N4, BT 12 FFERIS S8, F0#%., 100 °C T 13 B
RIS ¥, RIGHET#, HPLC R %Z{T-> T, BRMOT 2 — A ¥4 F {baEE ik
82b %, 2%DINFEEL, DTIHRBL/D T LRI LT (AF—54 4-3),

SA (1) + SB (3)
SA:SB=1:15

cl o

=
o 7‘(\L/\

1) d TEA, 83 70 &
ci cl o
H
o\rrf\,o

5y

H
dioxane, 30 °C, 13 h N
s

YO

—NH
H

2) SM, DMAP, 100 °C, 13 h
3) HPLC-purification
82b (2%)

Ax—Ab44, EFFAATIV IS I FOSEK

a B
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BSE e

PE.NMR HIE % AV 72 V-ATPase fAEMEMEAICERACTHD L EbNn5, 4 fLic7
vEFEFEFEALEYIVIANTGI FABLIUYBOAEKIZEKSI L.

Z LC. invivo DRIFIEMERERS L U e 7 ¢ VEERIES BV 72 S M =T
RBRIZE ST, BRLE 4P FF VU AT FEIR. RAEV YL UASIRER
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Fom ERIA
Chemistry

General Procedures. '

All the solvents and chemicals were used without furthef treatment unless otherwise stated.
The following solvents and chemicals used were purified by distillation over the drying
agents indicated in parentheses and were transferred under argon atmosphere: THF, Et,0O and
1,4-dioxane (Mg/benzophenone), 1,1,2,2-tetrachloroethane, pyridine, triethylamine, and
morpholine (CaHy), dichloromethane (LiAlH,), allyl alcohol and methanol Mg).
N-methylpyrrolidone (NMP) was dried over activated MS4A for 3 days and distilled.
N,N’-dimethyl acetamide (DMA) was distilled over di-n-butyltin dilaurilate, re-distilled over
CaH, under reduced pressure, and stocked in the presence of activated MS4A. Before use, the
DMA was degassed by frozen-thaw method over 10 times. Analytical thin-layer
chromatography (TLC) was performed using E. Merck silica gel 60 Fps4 pre-coated plates
(0.25-mm thickness). For column chromatography, Kanto silica gel 60N (spherical, neutral,
100-210 pm), and Merck silica gel 60 (40-63 um, for flash column chromatography) were
used. Optical rotations were recorded on a JASCO P-1010 polarimeter. IR spectra were
recorded on a JASCO FT-IR-300E or JASCO FT-IR-4200ST Fourier transform infrared
spectrometer. 'H, *C and F-NMR spectra were recorded on a JEOL INM-GSX500 or
JINM-ECA500 spectrometer. Chemical shifts of "H and *C NMR are reported in ppm from
tetramethylsilane with reference to internal residual solvent ['"H NMR, CHCls (7.24), C¢HDs
(7.15), CHDCI; (5.29), HOD (4.80); >C NMR, CDCl; (77.0), CéDs (128)], chemical shifts of
F NMR are reported in ppfn with reference to CF3COOH (-76.5) in D,0O. The following
abbreviations are used to designate the multiplicities: s = singlet, d = doublet, t = triplet, q =
quartet and m = multiplet. High resolution mass spectra (HRMS) were recorded on an AB
QSTAR Elite under ESI-TOF conditions. Combustion elemental analyses were performed
using Yanaco CHN CORDER MT-3.
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MOM ether 25. To the 20 mL two-necked flask charged with TBAI (45.4 mg, 0.123 mmol)
was added a solution of alcohol 24 (242 mg, 0.613 mmol) in dichloromethane (1.02 mL) and
DIPEA (0.246 mL, 1.41 mmol). To the reaction mixture, MOMCI (0.069 mL, 0.920 mmol)
was added dropwise at 0 °C, and the resulting solution was allowed to room temperature.
After being stirred at room temperature for 7 h, the reaction mixture was quenched with
saturated aqueous NaHCO; and NayS;0; at 0 °C, and extracted with ethyl acetate. The
organic layer was washed with water and brine, dried over MgSOQy, filtered and concentrated
under reduced pressure. The residue was purified by flash silica gel column chromatography
(20:1 to 10:1 hexane/ethyl acetate) to afford 25 (252 mg; 0.574 mmol, 94%) as colorless oil.
[o]p® -7.2 (¢ 1.40, CHCl3); Re = 0.65 (5:1 hexane/ethyl acetate); IR (film) 2953, 2929, 2888,
2856, 1613, 1514, 1463, 1362, 1302, 1249, 1099, 1039, 917, 835, 776 cm™; "H NMR (500
MHz, CDCl3) § 7.23 (2H, d, J = 8.5 Hz), 6.84 (2H, d, J= 8.5 Hz), 5.75 (1H, ddd, J = 17.0,
10.6, 7.4 Hz, H11), 5.01 (1H, d, J = 17.0 Hz, H10a), 5.00 (1H, d, J = 10.6 Hz, H10b), 4.62
(1H, d, /= 6.9 Hz), 4.58 (1H, d, J= 6.9 Hz), 4.43 (2H, s), 3.92 (1H, ddt, /= 5.6, 5.6, 5.6 Hz,
H15), 3.78 (3H, s), 3.61 (1H, m, H13), 3.37 (2H, d, /= 5.2 Hz, H16), 3.34 (3H, s), 2.43 (1H,
m, H12), 1.70 (1H, dt, J = 14.2, 5.9 Hz, Hl14a), 1.61 (1H, dt, J = 14.2, 6.6 Hz, H14b), 1.03
(3H, d, J = 6.9 Hz), 0.86 (9H, s), 0.04 (3H, s), 0.03 (3H, s); *C NMR (125 MHz, CDCl;) &
159.0, 140.1, 130.6, 129.1, 115.1, 113.6, 96.0, 77.3, 74.5, 72.8, 69.1, 55.7, 55.3, 40.9, 36.3,
259,181, 15.1,-4.3, -4.8.

Alcohol 26. To a solution of 9-BBN dimer (312 mg, 1.28 mmol) in THF (1.3 mL), a solution
of 25 (374 mg, 0.853 mmol) in THF (0.9 mL) was added dropwise at 0 °C for 20 sec, and the
resulting solution was allowed to room temperature. After being stirred at room temperature
for 2 h, the reaction mixture was quenched with saturated aqueous NaHCO; (6.1 mL) and
aqueous 30% H,O, (0.82 mL) at 0 °C, and the resulting solution was allowed to room
temperature. After being stirred at room temperature overnight, the reaction mixture was
quenched with a saturated aqueous NayS;0; at 0 °C, and extracted with diethyl ether. The
organic layer was washed with saturated aqueous Na;S,0s3, water and brine, dried over
NazSOQy, filtered and concentrated under reduced pressure. The residue was purified by flash
silica gel column chromatography (5:1 to 1:1 hexane/ethyl acetate) to afford 26 (320 mg,
0.701 mmol, 82%) as colorless oil. [o]p? -2.5 (¢ 1.50, CHCl3); R = 0.48 (1:1 hexane/ethyl
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acetate); IR (film) 3428, 2953, 2930, 2886, 2856, 1613, 1514, 1463, 1362, 1302, 1249, 1096,
1038, 835, 776 cm™; "H NMR (500 MHz, CDCL) § 7.23 (2H, d, J= 8.6 Hz), 6.85 2H, d, J =
8.6 Hz), 4.61 (1H, d, J= 6.9 Hz), 4.58 (1H, d, /= 6.9 Hz), 4.43 (2H, s), 3.92 (1H, ddt, /= 5.6,
5.6, 5.6 Hz, H15), 3.78 (3H, s), 3.68 (1H, dt, J = 10.7, 6.3 Hz, H10a), 3.58 (1H, m, H13),
3.61-3,53 (1H, m, H10b), 3.39 (2H, d, J = 5.4 Hz, H16), 3.34 (3H, s), 1.90 (1H, m, H12),
1.78-1.70 (1H, m, H14a), 1.73 (1H, br s, -OH), 1.64 (1H, ddd, J = 14.3, 7.2, 6.2 Hz, H14b),
1.56 (1H, ddt, J = 14.0, 6.4, 6.4 Hz, H11a), 1.45 (1H, ddt, J = 14.0, 6.3, 6.3 Hz, H11b), 0.93
(3H, d, J= 6.9 Hz), 0.86 (9H, s), 0.035 (3H, s), 0.032 (3H, 5); °C NMR (125 MHz, CDCl;) §
159.1, 130.5, 129.2, 113.7, 95.9, 78.5, 74.3, 72.9, 69.2, 60.6, 55.8, 55.3, 35.8, 34.7, 32.6, 25.9,
18.1,15.1, -4.4, -4.8.

Olefin 27. To a solution of 26‘ (642 mg, 1.41 mmol) in dichloromethane (4.7 mL),
Dess-Martin periodinane (899 mg, 2.12 mmol) was added at 0 °C. After being stirred at room
temperature for 50 min, the reaction mixture was quenched with saturated aqueous NaHCO;
and Na,S;03 at 0 °C, and extracted with ether. The organic layer was washed with a saturated
aqueous Na,S,0;, water, and brine, dried over Na;SQO,, filtrated and concentrated under
reduced pressure to afford aldehyde as pale bright yellow oil, which was used in the next
reaction without further purification. To a suspension of methyltriphenylphosphonium
bromide (1.51 g, 4.23 mmol) in THF (9.4 mL), potassium ferz-butoxide (396 mg, 3.53 mmol)
was added at 0 °C, and the resulting solution was stirred at 0 °C for 10 min. To the yellow
reaction solution, a solution of the aldehyde in THF (4.7 mL) was added dropwise at 0 °C.
After being stirred at 0 °C for 15 min, the reaction mixture was quenched with acetone and
saturated aqueous NH4CI at 0 °C, and extracted with ethyl acetate. The organic layer was
washed with saturated aqueous Na,S;0s, water and brine, dried over MgSO,, filtered and
concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (20:1 hexane/ethyl acetate) to afford 27 (559 mg, 1.23 mmol, 88%) as
colorless oil. [a]p>> +7.6 (¢ 0.895, CHCl;); Re = 0.50 (5:1 hexane/ethyl acetate); IR (film)
2954, 2929, 2888, 2856, 1613, 1514, 1463, 1249, 1099, 1039, 916, 835, 776 cm'l; 'H NMR
(500 MHz, CDCl;) 8 7.23 (2H, d, J = 8.6 Hz), 6.85 (2H, d, J = 8.6 Hz), 5.73 (IH, ddd, J =
17.2,10.2, 7.2 Hz, H10), 4.98 (1H, d, J=17.2 Hz, H%a), 4.95 (1H, d, J= 10.2 Hz, H9), 4.58
(2H, s), 4.44 (2H, s), 3.95 (1H, dtd, /= 7.6, 5.2, 4.3 Hz, H15), 3.78 (3H, s), 3.53 (1H, dt, J =
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8.2, 3.9 Hz, H13), 3.40 (1H, dd, J= 9.9, 4.3 Hz, H16a), 3.39 (1H, dd, J= 9.9, 5.4 Hz, H16b),
3.34 (3H, s), 2.07 (1H, m, H11a), 1.87-1.81 (1H, m, H11b), 1.82-1.76 (1H, m, H12), 1.70 (1H,
ddd, J=14.2, 7.4, 4.2 Hz, Hl4a), 1.60 (1H, ddd, J= 142, 8.3, 5.2 Hz, H14b), 0.88 (3H, d, /=
6.7 Hz), 0.87 (9H, s), 0.042 (3H, s), 0.039 (3H, s); °C NMR (125 MHz, CDCl;) & 159.0
1375, 130.6, 1292, 115.8, 113.6, 95.9, 78.2, 74.2, 72.9, 69.4, 55.8, 55.2, 36.9, 36.0, 35.3,
25.9,18.2, 14.4, -4.4, -4.7.

Alcohol 28. To a solution of 27 (661 mg, 1.46 mmol) and water (0.38 mL) in
dichloromethane (7.3 mL), 2,3-dichloro-5,6-dicyano-p-benzoquinone (495mg, 2.19 mmol)
was added at 0 °C. After being stirred at room temperature for 62 min, the reaction mixture
was quenched with saturated aqueous NaHCO; and Na;S,03 at 0 °C, and extracted with ether,
The organic layer was washed with saturated aqueous Na,S;0;, water, and brine, dried over
NaySOy, filtrated and concentrated under reduced pressure to afford alcohol as pale yellow oil,
which was used in the next reaction without further purification. To a solution of the alcohol
in methanol (2.9 mL), Sodium borohydride (37.4 mg, 0.99 mmol) was added and then the
resulting solution was stirred at 0 °C for 20 min. the reaction mixture was quenched with a
saturated. aqueous NH4Cl at 0 °C, and extracted with ether. The organic layer was washed
with saturated aqueous NH4Cl, water, and brine, dried over Na,SOy, filtrated and concentrated
under reduced pressure. The residue was purified by flash silica gel column chromatography -
(20:1 to 10:1 hexane/ethyl acetate) to afford 28 (442 mg, 1.33 mmol, 91%) as pale yellow oil.
[o]p> +42.5 (¢ 1.50, CHCl3); Re= 0.27 (5:1 hexane/ethyl acetate); IR (film) 3468, 2955, 2930,
2887, 2857, 1640, 1471, 1255, 1086, 1038, 916, 836, 776 em™; "H NMR (500 MHz, CDCl3)
§ 5.73 (1H, ddd, J = 16.9, 10.2, 6.9 Hz, H10), 5.00 (1H, d, J = 16.9 Hz, H9), 4.98 (1H, d, J
=10.2 Hz, H9b), 4.63 (1H, d, J= 7.0 Hz), 4.59 (1H, d, J = 7.0 Hz), 4.44 (2H, s), 3.94 (1H, ddt
J=54,54,54Hz, H15),3.58 (1H, dd, J= 11.3, 4.4 Hz, H16a), 3.51 (1H, td, /= 6.2, 42 Hz,
H13), 3.48 (1H, dd, J = 11.3, 5.2 Hz, H16b), 2.11-2.01 (1H, m, H11a), 1.91-1.85 (1H, m,
H12), 1.87-1.80 (1H, m, H11b), 1.64 (2H, t, J = 6.2 Hz, H14), 0.88 (9H, s), 0.87 3H, d, J =
6.4 Hz), 0.07 (6H, s); >C NMR (125 MHz, CDCl;) § 116.0, 95.9, 78.0, 70.2, 65.5, 55.9, 37.4,
35.8,33.9,258, 18.0, 13.8,-4.5, -4.7.

2
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Mesylate 30. To a solution of 28 (713 mg, 2.14 mmol) in dichloromethane (21.4 mL), TEA
(1.04 mL, 7.49 mmol) and mesyl chloride (0.33 mL, 4.28 mmol) was added dropwise at 0 °C.
After being stirred at 0 °C for 20 min, the reaction mixture was diluted with dichloromethane,
quenched with H,O at 0 °C, and extracted with hexane. The organic layer was washed with
water and brine, dried over Na;SO, filtered and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (20:1 to 10:1 hexane/ethyl
acetate) to afford 30 (897 mg, 2.14 mmol, quant.) as pale yellow oil. [a]p?® +45.1 (c 0.705,
CHCL); Re= 0.38 (3:1 hexane/ethyl acetate); IR (film) 2956, 2931, 2892, 2857, 1640, 1471,
1360, 1256, 1177, 1099, 1038, 957, 837, 778 cm™’; 'H NMR (500 MHz, CDCl) § 5.73 (1H,
ddd, J = 17.0, 10.2, 6.9 Hz, H10), 5.00 (1H, d, J = 17.0 Hz, H9a), 4.99 (1H, d, J= 10.2 Hz,
HOb), 4.62 (1H, d, J= 6.8 Hz), 4.59 (1H, d, /= 6.8 Hz), 4.26 (1H, dd, /= 9.3, 2.0 Hz, H16a),
4.16-4.08 (2H, m, H16b and H15), 3.55 (1H, ddd, J = 7.7, 5.4, 4.4 Hz, H13), 3.36 (3H, s),
3.00 (3H, s), 2.09-2.01 (1H, m, H11a), 1.92-1.80 (2H, m, H11b and H12), 1.67-1.62 (2H, m,
H14), 0.88 (9H, s), 0.86 (3H, d, J = 6.6 Hz), 0.09 (3H, s), 0.07 (3H, s); °C NMR (125 MHz,
CDCL) § 136.9, 116.2, 95.9, 77.4, 73.1, 68.1, 56.0, 37.4, 37.3, 35.7, 34.0, 25.8, 18.0, 13.8,
-4.6,-4.7.

Nitrile 31. To a solution of 30 (897 mg, 2.14 mmol) in DMF (7.64 mL), 18-crown-6 ether
(283 mg, 1.07 mmol) and potassium cyanide (283 mg, 4.28 mmol) was added at room
temperature. After being stirred at room temperature for 72 to 85 h, the reaction mixture was .
quenched with a saturated aqueous NaHCO; at 0 °C and extracted with diethyl ether. The
organic layer was washed with water and brine, dried over Na;SOy, filtered and concentrated
under reduced pressure. The residue was purified by flash silica gel column chromatography
(10:1 to 5:1 hexane/ethyl acetate) to -afford 31 (607 mg, 1.77 mmol, 83%, for 3 cycles) as
colorless oil. [a]p®* +44.5 (¢ 0.880, CHCl); Rs = 0.56 (3:1 hexane/ethyl acetate); IR (film)
2956, 2931, 2890, 2857, 2251, 1641, 1471, 1379, 1257, 1150, 1091, 1036, 916, 838, 777
cm™; '"H NMR (500 MHz, CDCl;) § 5.72 (1H, ddd, /= 17.1, 10.2, 6.7 Hz, H10), 5.02 (1H, d,
J=17.1 Hz, H9a), 5.00 (1H, d, /= 10.2 Hz, H9), 4.62 (1H, d, J=7.0Hz), 4.55 (1H, d, J =
7.0 Hz), 4.12 (1H, ddt, J= 9.0, 6.2, 4.1 Hz, H15), 3.44 (1H, ddd, J = 9.7, 4.0, 3.0 Hz, H13),
3.36 3H, s), 2.59 (1H, dd, J = 16.6, 4.2 Hz, H16a), 2.51 (1H, dd, J = 16.6, 6.2 Hz, H16b),
2.09-2.01 (1H, m, H11a), 1.92-1.80 (2H, m, H11b and H12), 1.76 (1H, ddd, /= 14.3, 9.9, 4.0
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Hz, Hl4a), 1.76 (1H, ddd, J = 14.4, 8.9, 2.9 Hz, H14b), 0.89 (9H, s), 0.87 3H, d, J = 6.7 Hz),
0.11 (3H, s), 0.08 (3H, s); °C NMR (125 MHz, CDCl;) & 136.8, 118.0, 116.3, 95.7, 77.3,
66.0, 56.0,37.4,36.7, 35.7,25.7,25.5,17.9, 13.9, -4.6, -4.8.

Alcohol 32. To a solution of 31 (577 mg, 1.68 mmol) in dichloromethane (16.8 mL), DIBAL
in hexane (1.02 M, 1.98 mL, 2.02 mmol) was added dropwise at -92 °C for 3 min. After being
stirred at -92 to -70 °C for 73 min, the reaction mixture was quenched with methanol and
saturated aqueous NHLCl at -60 °C and allowed to 0 °C. After being stirred at 0 °C for 1 h, the
reaction mixture was addea saturated aqueous potassium sodium tartrate to, stirred vigorously
at room temperature overnight, and extracted with diethyl ether. The organic layer was
washed with water and brine, dried over Na;SOy, filtered and concentrated under reduced
pressure to afford aldehyde as pale yellow oil, which was used in the next reaction without
further purification. To a solution of the aldehyde in methanol (16.8 mL), Sodium
borohydride (22.2 mg, 0.588 mmol) was added and then the resulting solution was stirred at
0 °C for 40 min. the reaction mixture was quenched with a saturated aqueous NH;Cl at 0 °C,
and extracted with ether. The organic layer was washed with saturated aqueous NH,CI, water
and brine, dried over Na;SOy, filtrated and concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography (10:1 to 3:1 hexane/ethyl acetate) to
afford 32 (397 mg, 1.14 mmol, 68%) as colorless oil. And nitrile 31 (108 mg, 0.315 mmol,
19%) was recovered, which had been missed to reduce into the aldehyde in the previous step.
[a]p? +69.4 (¢ 0.360, CHCL); Re = 0.17 (5:1 hexane/ethyl acetate); IR (film) 3439, 2955,
2930, 2887, 2857, 1641, 1471, 1255, 1151, 1038, 915, 836, 775 cm™; "H NMR (500 MHz,
CDCls) & 5.72 (1H, ddd, J = 17.0, 10.2, 6.8 Hz, H10), 5.00 (1H, d, J = 17.0 Hz, H9a), 4.98
(1H, d, /= 10.2 Hz, H9), 4.62 (1H, d, /= 6.9 Hz), 4.54 (1H, d, /= 6.9 Hz), 4.11 (1H, ddt, J
=9.7, 6.4, 3.9 Hz, H15), 3.80 (1H, ddd, J=10.9, 8.6, 3.9 Hz, H17a), 3.71 (1H, ddd, J = 10.9,
5.6, 4.9 Hz, H17b), 3.42 (1H, ddd, J = 10.0, 3.6, 2.7 Hz, H13), 3.35 (3H, 5), 2.07-1.98 (1H, m,
Hl1a), 1.94-1.78 (3H, m, H11b, H12 and H16a), 1.69 (1H, ddd, J=14.2, 10.2, 3.9 Hz, H14a),
1.63 (1H, dtd, J = 14.7, 6.2, 3.7 Hz, H16b), 1.58 (1H, ddd, J=14.2, 9.6, 2.6 Hz, H14b), 0.88
(H, s), 0.87 3H, d, J = 6.6 Hz), 0.09 (3H, ), 0.08 (3H, s5); *C NMR (125 MHz, CDCl;) &
137.1, 116.0, 95.8, 78.1, 69.6, 60.2, 55.8, 37.5, 37.0, 36.8,35.9, 25.8, 17.9, 13.8, -4.4, -4.8.
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Diol 33. To a solution of 32 (464 mg, 1.33 mmol) in THF (0.5 mL), TBAF in THF (1.0 M,
5.3 mL, 5.3 mmol) was added at 0 °C. After being stirred at room temperature for 2 h, the
reaction mixture was quenched with methanol, H,O and saturated aqueous NH4Cl at 0 °C, and
extracted with ethyl acetate. The organic layer was washed with saturated aqueous NH4CI,
water and brine, dried over Na,SOy, filtrated and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (3:1 to 1:3 hexane/ethyl
acetate) to afford 33 (288 mg, 1.24 mmol, 93%) as pale yellow oil. [a]p** +53.7 (¢ 0.220,
CHCIs); Re= 0.25 (1:3 hexane/ethyl acetate); IR (film) 3387, 2931, 1641, 1442, 1377, A1261,
1097, 1036, 915, 800 cm™; *H NMR (500 MHz, CDCl3) § 5.72 (1H, ddd, J="17.6, 9.4, 6.9 Hz,
H10), 4.99 (1H, d, J = 17.6 Hz, H%a), 4.99 (1H, d, /= 9.4 Hz, H9b), 4.72 (1H, d, J = 6.7 Hz),
4.62 (1H, d, J=6.7 Hz), 4.04 (1H, dtd, J=9.2, 5.9, 2.7 Hz, H15), 3.86-3.77 (3H, m, H17 and
—OH), 3.75 (1H, ddd, J = 10.3, 3.4, 3.0 Hz, H13), 3.39 (3H, s), 2.90 (1H, br s, -OH), 1.99
(ddd, J = 13.9, 5.3, 5.3 Hz, H11a), 1.95-1.90 (1H, m, H12), 1.87 (ddd, J= 13.9, 6.9, 6.9 Hz,
H11b), 1.73-1.63 (3H, m, H14a and H16), 1.48 (1H, ddd, J = 14.6, 2.7, 2.7 Hz, H14b), 0.88
(3H, d, J = 6.6 Hz); >C NMR (125 MHz, CDCL) § 136.8, 116.2, 95.5, 81.5, 72.2, 61.6, 56.1,
38.7,37.7,36.0,35.3, 13.4.

macrolide fragment 11. To a suspension of sodium hydride (60% in oil, 181 mg, 4.52 mmol)
in DMF (12.5 mL), a solution of 33 (263 mg, 1.13 mmol) in DMF (12.5 mL) was added
dropwise at 0 °C for 21 min and the resulting solution was allowed to room temperature.
After being stirred at room temperature for 90 min, the reaction solution was added a solution
of p-methoxybenzyl chloride (0.161 mL, 1.19 mmol) in DMF (2.0 mL) to via a very thin
cannula at room temperature for 40 min. After being stirred at room temperature for 27 min,
the reaction mixture was quenched with a saturated aqueous NaHCO; at 0 °C and extracted
with diethyl ether. The organic layer was washed with water, saturated aqueous NH,CI,
re-water and brine, dried over Na,SOs, filtered and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (3:1 to 1:3 hexane/ethyl
acetate) to afford 11 (246 mg, 0.696 mmol, 62%) as pale yellow oil. The "H-NMR of 11 was
identical to that of the corresponding compound reported previously. [a]p** = +27.7 (¢ 1.11,
CHCL); R¢ 0.10 (3:1 hexane/ethyl acetate); "H NMR (500 MHz, CDCl;) 6 723 2H, d. J =
9.0 Hz), 6.85 (2H, d, J = 8.6 Hz), 5.72 (1H, ddt, J= 17.0, 10.0, 7.0 Hz), 4.98 (1H, d, J=16.7),

~-91 -



4.97 (1H, d, J = 11.1 Hz), 4.68 (1H, d, J = 6.8 Hz), 4.60 (1H, J = 6.8 Hz), 4.43 (2H, s), 3.93
(1H, dddd, J = 8.0, 4.2 Hz, H15), 3.78 (3H, s), 3.66 (1H, ddd; J = 9.4, 3.6, 3.6 Hz, H13), 3.63
(1H, ddd, J= 9.7, 6.2, 6.2 Hz, H17a), 3.58 (1H, ddd, J=9.4, 6.0, 6.0 Hz, H17b), 3.36 (3H, s),
2.00 (1H, ddd, J = 12.8, 6.4, 6.4 Hz, H11a), 1.89 (1H, m, H12), 1.84 (1H, ddd, /= 13.1, 7.1,
7.1 Hz, H11b), 1.80-1.68 (2H, m, H16), 1.63 (1H, ddd, J= 14.5, 9.3, 8.2 Hz, H14a), 1.51 (1H,
ddd, J=14.6, 3.7, 3.7 Hz, H14b), 0.87 (3H, d, 6.6 Hz).

Salicylihalamide A (1) and B (3). N,N’-dimethyl acetamide (DMA) used in this reaction was
degassed by frozen-thow methode over 10 times. To the 20 mL Schlenk flask dried by heating
with flame under reduced pressure for 10 min Rb,COs (139 mg, 0.60 mmol) was added under
argon atmosphere, and dried by a drier under reduced pressure for 15 min, and charged with
argon gas after cooling to rodm temperature. To this flask, copper (I) thiophene carboxylate
(19 mg, 0.10 mmol), a solution of 8 (75 mg, 0.60 mmol) and 2,2’-bipyridine (20 mg, 0.12
mmol) in DMA (0.9 mL) which was dried over MS4A, and then the resulting mixture was
immediately degassed until any bubble was not found. After being stirred for 30 min at room
temperature with light shielding, a solution of 6 (44 mg, 0.10 mmo]) in DMA (0.6 mL) which
was dried over MS4A, was added and the resulting solution was immediately degassed until
any bubble was not found. After being stirred for 1 h at 90 °C with light shielding, the
reaction solution was diluted with ether at room temperature, and was quenched with pH 7
phosphate buffer at 0 °C. The organic layer was separated, washed with pH 7 phosphate
buffer, water and brine, and dried over Na;SOy, filtered and concentrated under reduced
pressure. The residue was purified by flash silica gel column chromatography (hexane/ethyl
acetate = 3/1 to 1/3) to afford the roughly purified substance (58.3 mg), which was purified by
the preparative HPLC to afford salicylihalamide A (1) (10.1 mg, 0.023 mol, 23%) and
salicylihalamide B (3) (11.4 mg, 0.026 mmol, 26%) as a colorless wax, respectively. HPLC
conditions: column: COSMOSIL 5C18-MS-II (NACALAT TESQUE, INC.), 10 x 250 mm;
detection: A = 280 nm; flow rate: 2.0 ml/min; elution with a gradient solvent system:
MeOH/H,0 = 7/3, 0 — 100 min: MeOH/H,0 = 7/3 — MeOH, 100 — 120 min: MeOH, 120 —
140 min; The # of salicylihalamide A (1) and salicylihalamide B (3) were 64.2 min and 81.0

min, respectively.
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1: [alp” = -32.6 (¢ 0.169, MeOH); Rf 0.25 (hexane / ethyl acetate = 1/1); IR (film) 3285,
2964, 1700, 1653, 1589, 1523, 1464, 1293, 1248, 1216, 1123, 1066, 971 cm™"; *H'NMR (500
MHz, C¢De) § 11.5 (1H, br s, C3-OH), 7.93 (1H, br dd, J=11.4, 11.4 Hz, H22), 7.12 (1H, dd,
J=143, 10.9 Hz, H18), 6.99-6.94 (2H, m, H4 and H5), 6.62 (1H, dd, J=11.6, 11.6 Hz, H21),
6.50 (1H, br d, -NH), 6.48 (1H, dd, J = 6.6, 2.3 Hz, H6), 5.62 (1H, ddddd, J = 10.8, 7.7, 7.7,
1.3, 1.3 Hz, H23), 5.54(1H, ddd, J = 10.0, 6.6, 6.6 Hz, H15), 5.28 (1H, ddd, J=15.5, 4.3, 4.3
Hz, H9), 5.10 (1H, br d, J = 10.9Hz, H20); 5.05 (1H, br ddd, J= 14.6, 6.9, 6.9 Hz, H10), 4.77
(1H, br ddd, J= 14.3, 7.2, 7.2 Hz, H17), 3.62 (1H, br dd, J= 16.5, 5.3 Hz, H8a), 3.44 (1H, dd,
J=183,2.9Hz H13),3.32 (1H, br d, J=16.0 Hz, H8b), 2.17 (1H, ddd, J = 14.0, 7.2, 7.2 Hz,
H16a), 2.12 (1H, ddd, J = 123, 5.7, 5.7 Hz, Hlla), 2.05 (1H, ddd, J = 14.0, 6.9, 6.9 Hz,
H16b), 1.97 (2H, tdd, J=17.6, 7.6, 1.4 Hz, H24), 1.66 (1H, dd, J = 15.1, 10.8 Hz, H14a), 1.62
(1H, dd, J = 13.5, 8.9 Hz, H11b), 1.56-1.45 (1H, m, H12), 1.27 (1H, dd, J = 14.9, 8.6 Hz,
H14b), 0.82 (3H, d, J = 6.9Hz, H26), 0.77 (3H, t, J = 7.7 Hz, H25); °C NMR (125 MHz,
CeDg) & 171.2, 170.0, 163.0, 162.9, 142.6, 141.7, 136.9, 134.0, 132.7, 127.1, 126.0, 124.9,
123.6, 119.7, 117.1, 114.7, 107.0, 75.3, 70.4, 39.3, 38.6, 37.6, 36.4, 35.5, 20.8, 14.0, 13.9;
HRMS (ESI-TOF) m/z caled for CagHasNNaOs(M+Na") 462.2256, found 462.2253.

3: [a]p® =-90.4 (c 0.025, MeOH); Rf 0.25 (hexane / ethyl acetate = 1/1); IR (film) 3286,
2960, 2924, 1695, 1653, 1587, 1507, 1464, 1294, 1247, 1211, 1119, 1032, 966 cm™; 'H NMR
(500 MHz, CsDs) 5 11.8 (1H, br ,C3-OH), 7.97 (1H, br dd, J= 11.4, 11.4 Hz, H22), 7.57 (1H,
brd, J=9.2 Hz, -NH), 7.31 (1H, dd, J = 10.0, 10.0 Hz, H18), 6.98-6.94 (2H, m, H4 and H5),
6.62 (1H, ddd, J=11.4, 11.4, 0.9 Hz, H21), 6.45 (1H, dd,6.3, 2.6 Hz, H6), 5.26-5.12 (2H, m,
H15 and H10), 6.48 (1H, dd, J = 6.6, 2.3 Hz, H6), 5.62 (1H, ddddd, J=10.8, 7.7, 7.7, 1.3, 1.3
Hz, H23), 5.44 (1H, d, J = 11.5 Hz, H20), 5.25-5.12 (2H, m, H15 and H10), 5.07 (1H, ddd, J
=15.3, 7.2, 7.2 Hz, H9), 4.48 (1H, ddd, J = 8.0, 8.0, 8.0 Hz, H17), 3.56 (1H, br dd, J = 16.5,
5.3 Hz, H8a), 3.24 (1H, br d, J = 16.9 Hz, H8b), 3.21 (1H, br d, J=9.7 Hz, HI3), 2.11-1.99
(1H, m, H11a), 2.04 (1H, ddd, J = 14.0, 7.4, 7.4 Hz, H16a), 1.94 (2H, tdd, J= 7.6, 7.6, 1.4 Hz,
H24), 1.84 (1H, ddd, J =14.3, 7.7, 7.7 Hz, H16b), 1.77-1.68 (1H, m, H11b), 1.72 (1H, dd, J
=14.7, 10.7 Hz, Hl4a), 1.45 (1H, br q, J = 6.8 Hz, H12), 1.19 (1H, dd, J = 15.2, 8.6 Hz,
H14b), 0.82 (3H, d, J = 6.9Hz, H26), 0.77 (3H, t, J = 7.4 Hz, H25); *C NMR (125 MHz,
CeéDs) & 172.0, 162.9, 141.9, 137.3, 134.6, 132.8, 126.8, 125.4, 124.9, 123.7, 119.5, 117.2,
103.2, 76.1, 70.9, 39.4, 38.4, 38.0, 36.2, 31.4, 20.8, 14.0, 13.8; HRMS (ESI-TOF) m/z calcd
for Co¢H33NNaOs (M+Na") 462.2256, found 462.2245.
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Fluorinated triflate 65. To the 300 mL two-necked flask charged with
N—ﬂuo'ro-S-(triﬂuoromethyl)pyridinium-Z-sulphonate (60b) (3.98 g, 16.2 mmol) was added a
solution of actal 13 (3.73 g, 19.4 mmol) in dry 1,1,2,2-tetrachloroethane (49 mL), and the
resulting mixture was refluxed for 4 h with light shielding. After cooling to room temperature,
the reaction mixture was diluted with dichloromethane (90 mL), quenched with saturated
aqueous NazS;03 at 0 °C, and extracted with ether. The organic layer'was washed with
saturated aqueous NayS,03, pH 7 phosphate buffer solution, and brine, dried over NaySO,,
filtered and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (50:1 to 5:1 hexane/ethyl acetate) to afford a mixture of 61a and
recovered 13 containing 1,1,2,2-tetrachloroethane, and a mixture of 61b and 61c. 61a: Ry =
0.40 (10:1 hexane/ethyl acetate, developed in twice); "H NMR (500 MHz, CDCls) § 9.99 (1H,
br 5), 7.26 (1H, dd, J=9.7, 9.7 Hz), 5.98 (1H, dd, J= 9.2, 3.4 Hz), 1.78 (6H, s). 61b: Rf 0.36
(10:1 hexane/ethyl acetate, developed in twice); 'H NMR (500 MHz, CDCl3) 6 10.3 (1H, br s)
7.24 (1H, dd, J = 9.7, 9.7 Hz), 6.37 (1H, dd, J = 8.6, 2.9 Hz), 1.73 (6H, s); "H NMR (500
MHz, CD,Cl) & 10.3 (1H, br s), 7.25 (1H, dd, J= 10.9, 6.0 Hz), 6.39 (1H, dd, /=92, 34
"Hz), 1.70 (6H, s). 61c: Rf 0.36 (hexane/ethyl acetate = 10/1, developed in twice); "H NMR
(500 MHz, CDCl3) § 9.98 (1H, br s), 7.18 (1H, dd, J = 10.0, 10.0 Hz), 1.78 (6H, s); 'H NMR
(500 MHz, CD;Cly) 8 9.96 (1H, br s), 7.20 (1H, dd, J = 103, 10.3 Hz), 1.76 (6H, s).

To a solution of 61a and 13 in pyridine (18 mL), trifluoromethanesulfonic anhydride (11.0
mL, 2.09 mmol) was added dropwise at 0 °C, and the mixture was stirred at 0 °C for 1 h. The

2

reaction mixture was quenched with saturated aqueous NaHCOs at 0 °C, and extracted with
ether. The organic layer was washed with saturated aqueous NH4CI, water, and brine, dried
over MgSO,, filtered and concentrated under reduced pressure. The residue was purified by
' flash silica gel column chromatography (30:1 to 10:1 hexane/ethyl acetate) to afford 65 (1.07
g, 3.11 mmol, 16%, two steps) as a colorless solid which was separated from 14 (1.71g, 5.25
mmol, 27%, two steps). 65: Re= 0.18 (10:1 hexane/ethyl acetate); IR (film) 3092, 2986, 1749,
1632, 1497, 1419, 1403, 1395, 1381, 1319, 1301,> 1286, 1264, 1229, 1219, 1182, 1141, 1068,
1033, 979, 907, 856, 828, 649, 593 cm™; "H NMR (500 MHz, CDCl;) § 7.39 (1H, t, J= 9.0
Hz), 6.95 (1H, dd, J = 9.2, 3.6 Hz), 1.80 (6H, s); °C NMR (125 MHz, CDCls) § 156.1 (d, Jor
= 4 Hz), 150.4 (d, "Jor = 254 Hz), 145.7 (d, Jer = 15 Hz), 143.9 (d, Jor = 4 Hz), 122.2 (d, Jer
=19 Hz), 118.7 (d, Jer = 312 Hz, -CF3), 110.0, 108.0, 25.5; ’F NMR (470 MHz, CDCl3) §
132.4 (dd, J = 8.9, 4.0 Hz); HRMS (ESI-TOF) m/z calcd for C;HsFsNaOgS (M+Na")
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366.9875, found 366.9877.

Fluorinated allyl benzene 66. Lithium chloride (395 mg, 9.33 mmol) in a Schlenk flask was
dried by being heated under reduced pressure. Tris(dibenzylideneacetone)dipalladium
(0)-methylene chloride complex (166 mg, 0.16 mmol), tris(2-ﬁ1ry1)phosphine (74.3 mg, 0.32
mmol), and N-methylpyrrolidone (2.2 mL) were added to the flask, and a solution of 65 (1.07
g, 3.11 mmol) in N-methylpyrrolidone (4.0 mL) was added and then stirred at room
temperature for 12 min. To the stirred soiution, allyl tri-n-buthyltin (1.14 mL, 3.73 mmol) was
added dropwise at 0 °C. After being stirred at room temperature for 8 h, the reaction mixture
was quenched with saturated aqueous KF at 0 °C, the resulting precipitates were removed
filtration, and the filtrate was eitracted with ether. The organic layer was washed with
saturated aqueous KF, water, brine, dried over MgSOQ,, filtered and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (20:1
to iO:l hexane/ethyl acetate) to afford 66 (620 mg, 2.62 mmol, 84%) as a pale greenish
yellow oil. Re=0.50 (5:1 hexane/ethyl acetate); IR (film) 2956, 2924, 1740, 1639, 1616, 1594,
1503, 1465, 1429, 1391, 1381, 1281, 1262, 1204, 1150, 1065, 1030, 997, 982, 911, 823 cm™;
'"H NMR (500 MHz, CDCl;) 8 7.24 (1H, dd. J = 9.6, 8.6 Hz), 6.88 (1H, dd, J= 8.6, 4.7 Hz),
5.98 (1H, ddt, J=16.9, 10.3, 6.5 Hz), 5.04 (1H, ddd, J=10.2, 2.9, 1.3 Hz), 5.01 (1H, ddd, J =
17.1, 3.3, 1.7 Hz), 3.82 (2H, d, J = 6.4 Hz), 1.73 (6H, s); °C NMR (125 MHz, CDCL) §
159.2 (d, Jor = 4 Hz), 149.7 (d, "Jor = 247 Hz), 145.1 (d, Jor = 13 Hz), 140.1 (d, Jog = 5 Hz),
136.4, 124.0 (d, Jop = 6 Hz), 121.6 (d, Jop = 17 Hz), 116.2, 113.6, 106.3, 37.7, 25.6; ’F NMR
(470 MHz, CDClz) & -1385 (dd, J = 9.9, 4.5 Hz); HRMS (ESI-TOF) m/z calcd for
Ci13H13F4NaOs (M+Na") 259.0746, found 259.0747.

Fluorinated benzoate 67. To a solution of 2-propene-1-ol (1.40 mL, 20.6 mmol) in THF (1
mL), a solution of ethylmagnesium bromide in THF (0.49 M, 21.1 mL, 10.3 mmol) was
added dropwise at 0 °C, and the resulting solution was stirred at room temperature for 20 min.
To the reaction mixture, a solution of 66 (610 mg, 2.58 mmol) in THF (3 mL) was added
dropwise at 0 °C. After being stirred at room temperature for 17 h, the reaction mixture was

diluted with ether, quenched with aqueous NH4Cl at 0 °C, and extracted with ether. The
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organic layer was washed with saturated aqueous NH4Cl, water, and brine, dried over MgSOs,,
filtered and concentrated under reduced pressure. The residue was purified by flash silica gel
column chromatography (40:1 to 10:1 hexane/ethyl acetate) to afford 67 (494 mg, 2.09 mmol,
81%) as a pale greenish yellow oil (7:1 mixture of 67 and 68). Ry = 0.37 (20:1 hexane/ethyl
acetate, developed in twice); IR (film) 3080, 2982, 1734, 1669, 1615, 1595, 1490, 1432, 1373,
1307, 1251, 1171, 1143, 983, 918, 822, 811, 797, 767 ecm™; 'H NMR (500 MHz, CDCls) &
11.1 (1H, s), 7.14 (1H, dd, J= 9.8, 8.7 Hz), 6.66 (1H, dd, J= 8.4, 5.0 Hz), 6.01 (1H, ddt, J =
17.2, 10.5, 6.0 Hz), 5.92 (1H, ddt, J=17.0, 10.2, 6.3 Hz), 5.42 (1H, dd, J = 17.0, 2.6 Hz),
534 (1H, d, J = 10.5 Hz), 5.00 (1H, dd, J = 10.2, 3.0 Hz), 4.92 (1H, dd, J = 17.0, 3.4 Hz),
4.86 (2H, dt, J = 6.0, 1.4 Hz), 3.64 (2H, br d, J = 6.2 Hz); C NMR (125 MHz, CDCl;) &
170.4 (d, Jor = 2 Hz), 151.0 (d, Jer = 12 Hz), 150.4 (d, "Jor= 243 Hz), 137.7 (d, Jor = 5 Hz),
137.3, 131.0, 121.2 (d, Jer = 6 Hz), 121.2 (d, Jor = 6 Hz), 120.1 (d, Jor = 13 Hz), 120.0, 115.6,
66.8, 39.7; ’F NMR (470 MHz, CDCls) & -138.8 (dd, J = 9.9, 4.5 Hz); HRMS (ESI-TOF)
m/z caled for CsHsFaNaO; (M+Na') 259.0746, found 259.0759.

Fluorinated methoxy benzene 69. To a solution of 67 (481 mg, 2.04 mol) in acetone (4.0 mL),
potassium carbonate (366 mg, 2.65 mmol) and methyl iodide (1.27 mL, 20.4 mmol) were
added. After being stirred at room temperature for 23 h, the reaction mixture was concentrated
under reduced pressure. The residue was purified by flash silica gel column chromatography
(20:1 hexane/ethyl acétate) to afford 69 (471 mg, 1.88 mmol, 93%) as a pale greenish yellow
oil. Rg= 0.65 (20:1 hexane/ethyl acetate); IR (film) 2982, 2944, 1734, 1640, 1606, 1490, 1458
1421, 1359, 1277, 1195, 1160, 1134, 1105, 1043, 986, 922, 820, 734 cm™; "H NMR (500
MHz, CDCl;) § 7.05 (1H, dd, /= 11.2, 8.5 Hz), 6.86 (1H, dd, J= 8.5, 4.5 Hz), 5.99 (1H, ddt,
J=172, 105, 5.9 Hz), 5.85 (1H, ddt, J=16.9, 10.2, 6.6 Hz), 5.41 (1H, ddd, J=17.2,2.9, 1.4

Hz), 5.28 (1H, ddd, J=10.3, 2.4, 1.3 Hz), 5.04 (1H, ddd, J=10.2, 3.0, 1.3 Hz), 5.02 (1H, ddd,
J=16.9, 3.4, 1.7 Hz), 479 (2H, dd, J= 5.9, 1.4 Hz), 3.92 3H, d, J = 1.9 Hz, -OMe), 3.32

(2H, br d, J= 6.7 Hz); ®C NMR (125 MHz, CDCl;) § 166.5 (d, Jcr = 4 Hz), 153.6 (d, Jcr =

246 Hz), 144.7 (d, Jep = 12 Hz), 136.0, 133.7 (d, Jor = 5 Hz), 131.7, 129.1, 124.7 (d, Jer = 7

Hz), 119.1, 117.9 (d, Jer = 19 Hz), 116.5, 66.1, 62.0 (d, Jor = 5 Hz), 37.0; F NMR (470

MHz, CDCl;) & -133.5 (br ddq, J =11.1, 4.5, 1.8 Hz); HRMS (ESI-TOF) m/z calcd for

C14H;sFNaO; (M+Na") 273.0903, found 273.0929.

2
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Fluorinated salicylate 59. To a flask charged with tetrakis(triphenylphosphine)palladium (8.3
mg, 7.2 pmol), a solution of 69 (18.0 mg, 71.9 umol) in THF (2.3 mL), followed by
morpholine (62.7 pL, 0.72 mmol) was added dropwise. After being stirred at room tempeature
for 1 h, the reaction mixture was concentrated under reduced pressure. The residue was
purified by flash silica gel column chromatography (1:1 hexane/ethyl acetate, containing
0.05% HCOOH) to afford 59 (12.9 mg, 61.2 umol, 85%)) as a colorless oil (7:1 mixture of 59
and 70). Ry = 0.44 (1:1 hexane/ethyl acetate); "H NMR (500 MHz, CDCls) § 7.10 (2H, dd, J =
11.2, 8.3 Hz), 6.92 (2H, dd, J = 8.6, 4.6 Hz), 5.90 (1H, ddt, J=17.0, 10.0, 6.3 Hz), 5.05 (1H,
d, J=103 Hz), 5.04 (1H, d, J=17.2 Hz), 3.98 (3H, d, /= 1.7 Hz), 3.47 2H, br d, J= 6.9
Hz); IR (film) 3503, 2946, 2654, 2361, 1707, 1640, 1606, 1559, 1491, 1462, 1425, 1280,
1199, 1164, 1141, 1042, 994, 968, 921, 820, 768, 708, 668 cm™; *C NMR (125 MHz,
CDCly) 8 171.7, 153.7 (d, "Jor = 246 Hz), 145.1 (d, Jor = 13 Hz), 136.0, 134.4 (d, Jor = 4 Hz),
127.6, 125.1 (d, Jog = 7 Hz), 118.6 (d, Jor = 18 Hz), 116.7, 62.2 (d, Jor = 6 Hz), 37.3; F
NMR (470 MHz, CDCl5) 6 -133.1 (br dq, J = 10.8, 2.2 Hz); HRMS (ESI-TOF) m/z calculated
for C11H10FO3 (M-F) 209.0613, found 209.0639.

Fluorinated diene 58. To a stirred solution of triphenylphosphine (254 mg, 0.97 mmol), 59
(0.86 mmol), and 11 (254 mg, 0.72 mmol) in ether (3.6 mL), DEAD (40% in toluene, 0.44
mL, 0.97 mmol) was added at 0 °C. After being stirred at room temperature for 36 min, the
reaction mixture was quenched with saturated aqueous NH,4Cl at 0 °C and extracted with ether.
The organic layer was washed with saturated aqueous NH4Cl, water, and brine, dried over
MgSO,, filtered and concentrated under reduced pressure. The residue was purified by flash
silica gel column chromatography (10:1 to 5:1 hexane / ethyl acetate) to afford 58 (368'mg,
0.68 mmol, 91%) as a pale greenish yellow oil. [op®” +3.63 (c 0.32, CHCL); Rr=0.50 (3:1
hexane/ethyl acetate); IR (film) 2935, 1727, 1640, 1613, 1514, 1490, 1458, 1442, 1421, 1362,
1275, 1248, 1197, 1173, 1155, 1139, 1097, 1039, 995, 975, 917, 820 cm™’; 'H NMR (500
MHz, CDCl) § 7.25 (2H, d. J = 8.6 Hz), 7.03 (1H, dd, J=11.2, 8.5 Hz), 6.87-6.82 (3H, m),
5.88 (1H, ddt, J = 17.0, 10.2, 6.4 Hz), 5.71 (1H, ddt, J= 17.0, 10.0, 7.0 Hz), 5.42 (1H, dddd, J
=6.2, 6.0, 6.0, 6.0, 6.0 Hz, H15), 5.05 (1H, dd, J=10.2, 3.0 Hz), 5.00 (1H, dd, J=17.0, 3.3
Hz), 4.94 (1H, dd, J=17.2, 3.2 Hz), 4.90 (1H, dd, J = 10.0, 1.9 Hz), 4.68 (1H, d, J= 6.9 Hz),
4.66 (1H, d, J=6.9 Hz), 4.45 (1H, d, J=11.5Hz), 441 (1H, d, J= 11.5Hz),390 3H, d, J=
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2.0 Hz, -OMe), 3.78 (3H, s), 3.61 (1H, ddd, J=9.5, 8.4, 5.9 Hz, H17a), 3.60 (1H, dt, J = 10.0,
3.6 Hz, H13), 3.55 (1H, ddd, J=9.5, 6.9, 6.9 Hz, H17b), 3.38 (3H, s), 3.30 (2K, br d, J = 6.4
Hz), 3.30 (2H, br d, J = 6.4 Hz), 2.05 (1H, ddd, J= 13.9, 6.6 Hz, H11a), 2.03 (1H, ddd, J =
14.0, 6.0 6.0 Hz, H16a), 1.97 (1H, ddd, J= 14.0, 6.9, 5.7 Hz, H16b), 1.93-1.85 (1H, m, H12),
1.80 (1H, ddd, J=13.9, 8.6, 7.9 Hz, H11b), 1.73-1.69 (2H, m, H14), 0.87 (3H, d, J = 6.7 Hz);
3C NMR (125 MHz, CDCl3) § 166.6, 159.1, 153.4 (d, "Jor = 246 Hz), 144.3 (d, Jcr = 12 Hz),
137.1, 1362, 133.3 (d, Jor = 5 Hz), 130.5, 129.6, 129.3, 124.5 (d, Jop = 7 Hz), 117.7 (d, Jor =
17 Hz), 116.6, 115.9, 113.7, 96.7, 78.2, 72.7, 71.3, 66.4, 61.7 (d, Jor = 7 Hz), 55.8, 55.3, 37.5,
36.7, 36.3, 35.3, 35.1, 13.7; ’F NMR (470 MHz, CDCl3) & -133.6 (br ddq, J=10.8, 4.5, 1.8
Hz); HRMS (ESI-TOF) m/z calcd for C31Hy FNaO; (M+Na") 567.2734, found 567.2731.

Fluorinated (£)-olefin lactone 72. To a flask charged with dichloromethane (18 mL) under
vigorous stirring, a solution of 58 (358 mg, 0.66 mmol) in dichloromethane (67 mL) and
(CysP),ClLbRu=CHPh (41 mg, 0.0495 mmol) in dichloromethane (63 mL) were added
simultaneously at room temperature over 26 min, and the resuiting solution was stirred at
room temperature for 21 min. The reaction was quenched with triethylamine (3.2 mL),
exposed to air for 13 h with vigorous stirring, and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (10:1 to 5:1 hgxane/ethyl
acetate) to afford 72 (306 mg, 0.59 mmol, 90%) as a pale gray oil (10:1 mixture of E:Z
isomers at C9). [a]p?® -44.5 (¢ 0.21, CHCls); Ry = 0.28 (3:1 hexane/ethyl acetate); IR (film)
2954, 2933, 1725, 1613, 1587, 1514, 1489, 1456, 1417, 1359, 1275, 1248, 1207, 1173, 1155,
1142, 1099, 1067, 1040, 975, 917, 822 cm*; 'H NMR (500 MHz, CDCls) § 7.25 (2H, d. J =
8.6 Hz), 6.97 (1H, dd, J= 11.3, 8.3 Hz), 6.85 (2H, d. J = 8.6 Hz), 6.78 (1H, dd, J =8.4, 4.5
Hz), 5.50-5.40 (2H, m, H15 and H10), 5.29 (1H, ddt, J=15.2, 9.5, 2.2 Hz, H9), 4.84 (1H, d, J
= 6.9 Hz), 4.76 (1H, d, J= 6.9 Hz), 4.45 (2H, s), 4.06 (1H, dd, /= 9.5, 3.7 Hz, H13), 3.82 (3H,
d, J= 1.9 Hz), 3.78 (3H, ), 3.63 (1H, br dd, J = 16.4, 10.0 Hz, H8a), 3.61 (2H, t,dd, J = 6.7,
6.7 Hz, H17), 3.41 (3H, s), 3.28 (1H, ddt, J =16.4, 4.6, 2.6 Hz, H8b), 2.28 (1H, br ddd, J
=14.0, 5.7, 3.3 Hz, H11a), 2.17-2.06 (1H, m, H12), 2.01 (1H, dddd, J=14.2, 8.3, 6.0, 6.0 Hz,
H16a), 1.90 (1H, dddd, J = 14.2, 7.2, 7.2, 4.6 Hz, H16b), 1.72 (1H, dd, J = 15.6, 8.9 Hz,
H14a), 1.68 (1H, dd, J=14.1, 11.6 Hz, H11b), 1.46 (1H, dd, J=15.5, 9.5, H14b), 0.84 3H, d
J=6.9); BC NMR (125 MHz, CDCL3) & 166.9, 159.1, 153.6x (d, "Jcr = 246 Hz), 144.7 (Jor =

2
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12 Hz), 134.1, 131.5 (Jor = 2 Hz), 130.6, 130.2, 129.1, 128.3, 125.5 (Jor = 7 Hz), 117.1 (Jop =
19 Hz), 113.7, 96.8, 79.3, 72.8, 72.6, 66.3, 61.6 (Jor = 7 Hz), 55.6, 55.3,37.7, 37.3, 36.4, 35.5,
34.0, 13.4; ®F NMR (470 MHz, CDCl3) & -133.0 (br ddq, J = 11.7, 4.5, 1.8 Hz); HRMS
(ESI-TOF) m/z caled for CooH3,FNaO7 (M+Na') 539.2421, found 539.2426.

Alcohol 74. To a solution of 72 (296 mg, 0.57 mmol) and water (0.57 mL) in
dichloromethane (11 mL), 2,3-dichloro-5,6-dicyano-p-benzoquinone (182 mg, 0,80 mmol)
was added at 0 °C. After being stirred at room temperature for 53 min, the reaction mixture
was quenched with saturated aqueous NaHCOs and saturated aqueous Na;S,0;3 at 0 °C, and
extracted with ether. The organic layer was washed with saturated aqueous Na,S,0s, water,
and brine, dried over Na,SOy, filtrated and concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography (3:1 to 1:1 hexane/ethyl acetate) to
afford 74 (220 mg, 0.55 mmol, 97%) as a pale bright yellow oil (10:1 mixture of £:Z isomers
at C9). [a]p*’ -37.8 (¢ 0.26, CHCL); R = 0.29 (1:1 hexane/ethyl acetate); IR (film) 3441,
2954, 1725, 1605, 1489, 1457, 1417, 1382, 1348, 1275, 1231, 1197, 1155, 1142, 1102, 1041,
975, 917, 822, 717 cm’™'; "H NMR (500 MHz, CDCl;) 8 6.98 (1H, dd, J=11.5, 8.5 Hz), 6.80
(1H, dd, J = 8.4, 4.5 Hz), 548 (1H, dddd, J = 8.5, 8.5, 4.7, 4.7 Hz, H15), 5.46 (1H, ddt, J =
15.2, 11.5, 2.6 Hz, H10), 5.30 (1H, ddt, J = 15.2, 9.6, 2.2 Hz, H9), 4.85 (1H, d, J = 6.8 Hz),
4.80 (1H, d, J= 6.8 Hz), 4.08 (1H, dd, J= 9.4, 3.4 Hz, H13), 3.92 (3H, d, J= 2.0 Hz), 3.82
(1H, ddd, J=11.6, 7.7, 4.4 Hz, H17a), 3.75 (1H, ddd, J=11.2, 6.0, 5.3 Hz, H17b), 3.63 (11,
dd, J=16.5, 9.6 Hz, H8a), 3.43 (3H, 5), 3.29 (1H, dddd, J = 16.5, 4.2, 2.4, 2.4 Hz, H8b), 2.29
(1H, ddd, J = 14.4, 5.6, 3.2 Hz, H11a), 2.18-2.07 (1H, m, H12), 1.94 (1H, dddd, J = 14.5, 9.5,
5.9, 4.4 Hz, H16a), 1.84 (1H, dddd, J = 14.4, 7.7, 4.7, 4.7 Hz, H16b), 1.75 (1H, dd, J = 15.6,
8.2 Hz, H14a), 1.69 (1H, ddd, J = 14.3, 11.6, 11.6 Hz, H11b), 1.46 (1H, dd, J = 15.6, 9.3 Hz,
H14b), 0.85 (3H, d, J = 6.7 Hz); °C NMR (125 MHz, CDCl3) § 167.1 (d, Jor = 2 Hz), 153.5
(4, Ucr =247 Hz), 144.3 (d, Jor = 12 Hz), 134.1 (d, Jor = 3 Hz), 131.6, 129.9, 128.2, 125.7 (d,
Jor = 7 Hz), 117.3 (d, Jer = 19 Hz), 97.0, 73.5, 61.9 (d, Jor = 7 Hz), 59.4, 55.6, 38.9, 37.6,
373, 35.5, 34.1, 13.4; F NMR (470 MHz, CDCls) § -132.8 (ddq, J = 11.7, 4.5, 1.8 Hz);
HRMS (ESI-TOF) m/z calcd for C2;H0FNaOg (M+Na") 419.1846, found 419.1861.
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Todoolefin 77. To a solution of 74 (211 mg, 0.53 mmol) in dichloromethane (11 mL)
Dess-Martin periodinane (339 mg, 0.80 mmol) was added at 0 °C. After being stirred at room
temperature for 73 min, the reaction mixture was quenched with saturated aqueous NaHCO;
and saturated aqueous Na;S;0; at 0 °C, and extracted with ether. The organic layer was
washed with saturated aqueous NaS;03, water, and brine, dried over Na,SO,, filtrated and
concentrated under reduced pressure to afford aldehyde 76 as pale bright yellow oil, which
was used in the next reaction without further purification. Chromium chloride (II) (782 mg,
6.36 mmol) was dried by being heated with flame under reduced pressure for 15min. To a
suspension of the chromium chloride (IT) in THF (4.6 mL), a solution of the aldehyde and
iodoform (835 mg, 2.12 mmol) in dioxane (27.6 mL) was added at 0 °C to give a
reddish-brown suspension. After being stirred at room temperature for 26 h with light shading,
the reaction mixture was diluted with ether (32 mL) and the suspension was poured into a
mixture of ether (12 mL) and water (36 mL) at 0 °C. The organic layer was separated, washed
with saturated aqueous Na;S,0s, saturated aqueous NaHCOs;, water, and brine, dried over
Na, SOy, filtered and concentrated under reduced pressure. The residue was purified by flash
silica gel column chromatography (15:1 to 5:1 hexane/ethyl acetate) to afford 77 (221 mg,
0.43 mmol, 80%) as a pale yellow oil (3.3 :1 mixture of E:Z isomers at C17). [a]p>’ -84.5 (c
0.21, CHCl3); Re = 0.49 (3:1 hexane/ethyl acetate); IR (film) 2955, 2932, 1727, 1606, 1489,
1456, 1426, 1417, 1382, 1347, 1273, 1230, 1196, 1155, 1139, 1102, 1042, 975, 917, 821, 811
cm™; "TH NMR (500 MHz, CDCl5) § 6.99 (1H, dd, J=11.5, 8.5 Hz), 6.78 (1H, dd, J=8.5, 4.4
Hz), 6.69 (1H, ddd, J=14.4, 8.2, 6.2 Hz, H17), 6.15 (1H, d, J=14.5 Hz, H18), 5.45 (1H, dddd,
J=1438, 114, 2.7, 2.7 Hz, H10), 5.33 (1H, ddd, J= 8.3, 8.3, 4.6 Hz, H15), 5.28 (1H,dddd, J
=15.2,9.6,2.1, 2.1 Hz, H9), 4.85 (1H, d, J= 6.7 Hz), 4.78 (1H, d, J = 6.7 Hz), 4.05 (1H, dd,
J=9.4,3.7Hz, H13),3.96 (3H, d, J = 2.0 Hz), 3.62 (1H, dd, J = 16.3, 9.5 Hz, H8a), 3.43 (3EL
s), 3.28 (1H, dddd, J= 16.4, 3.9, 2.4, 2.4 Hz, H8b), 2.45 (1H, dddd, J = 14.6, 8.0, 6.3, 1.5 Hz,
H16a), 2.33 (1H, dddd, J = 14.9, 8.2, 4.6, 0.9 Hz, H16b), 2.29 (1H, br d, J = 14.2 Hz, H11a),
2.17-2.07 (1H, m, H12), 1.68 (dd, J=15.1, 8.6 Hz, H14a), 1.67 (1H, ddd, J= 142, 11.5, 11.5
Hz, H11b), 1.40 (1H, dd, J = 15.4, 9.5 Hz, H14b), 0.84 3H, d, J = 6.9 Hz); ®C NMR (125
MHz, CDCl) & 166.9 (d, Jor = 4 Hz), 153.6 (d, 'Jor = 246 Hz), 144.8 (d, Jor = 12 Hz),
141.71, 136.9, 134.1 (d, Jor = 5 Hz), 131.5, 128.3, 125.4 (d, Jor = 7 Hz), 117.2 (d, Jop = 19
Hz), 97.1, 79.4, 77.6, 73.8, 61.9 (d, Jor = 7 Hz), 55.7, 42.4, 37.6,37.2, 35.1, 34.1, 13.3;
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F NMR (470 MHz, CDCls) § -132.7 (ddq, J = 11.3, 4.5, 2.4 Hz); HRMS (ESI-TOF) m/z
calcd for Co2H2sFINaOs (M+Na") 541.0863, found 541.0881.

Coupling precursor 57. To a vigorously stirred solution of 77 (211 mg, 0.41 mmol) in
dichloromethane (45 mL), a solution of tribromoborane in dichloromethane (1.0 M, 1.06 mL,
1.06 mmol) was added at -78 °C. After being stirred at -78 °C for 65 min, the reaction mixture
was allowed to warm up to room temperature, then quenched with ice-cold water (70 mL) at
-5 °C and extracted with dichloromethane. The organic layer was washed with brine, dried
over NaySOy, filtered and concentrated under reduced pressure. The residue was purified by.
flash silica gel column chromatography (5:1 to 3:1 hexane/ethyl acetate) to afford 57 (138 mg,
0.30 mmol, 76%) as a colorless powder (4:1 mixture of E-Z isomers at C17). [a]p®’ +19.4 (¢
0.69, CHCl3); Ry = 0.27 (3:1 hexane/ethyl acetate, developed in twice); IR (film) 3469, 2956,
2359, 1703, 1612, 1491, 1425, 1356, 1291, 1274, 1168, 1141, 1028, 968, 820, 767, 669, 623
cm’’; 'H NMR (500 MHz, CDCls) § 10.1 (1H, br s, -OH), 7.10 (1H, dd, J=8.5 Hz), 6.63 (1H,
dd, J= 83, 5.0 Hz), 6.57 (1H, ddd, J =14.3, 7.4, 7.4 Hz, H17), 6.18 (1H, ddd, J= 143, 1.3,
1.3 Hz, HI8), 5.52 (1H, dddd, J = 10.6, 5.9, 5.9, 1.0 Hz, H15), 5.40 (1H, ddd, J = 15.5, 4.6,
4.6 Hz, H9), 5.12 (1H, br ddd, T=15.2, 9.3, 5.3 Hz, H10), 3.69 (1H, dd, J=18.7, 3.4 Hz, H13),
3.59 (1H, br dd, J=16.7, 5.1 Hz, H8a), 3.40 (1H, ddd, /= 16.8, 2.0, 2.0 Hz, H8b), 2.47-2.41
(2H, m, H16), 2.33 (1H, br dddd, J = 13.5, 6.7, 1.8, 1.8 Hz, Hl1a), 1.93 (1H, dd, J = 15.0,
10.6 Hz, H14a), 1.84-1.92 (2H, m, H12), 1.79 (1H, ddd, J = 13.6, 9.2, 9.2 Hz, H11b), 1.33
(1H, ddd, J = 15.1, 8.8, 1.0 Hz, H14b), 0.90 3H, d, J = 6.9 Hz); °C NMR (125 MHz, CDCl;)
§ 169.7, 150.5 (d, Jer = 241 Hz), 149.4, 140.7, 136.8 (d, Jor = 5 Hz), 135.9, 132.0, 127.4,
122.3 (d, Jcr = 7 Hz), 119.0 (d, Jor = 17 Hz), 78.4, 73.7, 70.5, 41.4, 38.5, 38.2, 37.4, 35.2,
13.6; F NMR (470 MHz, CDCl) & -139.1 (br s); HRMS (ESI-TOF) m/z caled for
C19H2,FINaO, (M+Na") 483.0445, found 483.0457.

4-PF-Salicylihalamide A (2) and B (4). N,N’-dimethyl acetamide (DMA) used in this reaction
was degassed by frozen-thow methode over 10 times. Rb,CO; (139 mg, 0.60 mmol) in a
Schlenk flask was dried by heating with a drier under reduced pressure for 15 min. After

cooling to room temperature, copper (I) thiophenecarboxylate (19 mg, 0.10 mmol) was added
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in globe box. A solution of (2Z,47)-2,4-heptadienamide 8 (75 mg, 0.60 mmol) and
2,2’-bipyridine (20 mg, 0.12 mmol) in DMA (0.7 mL) which was dried over MS4A, was
added and the resulting mixture was immediately degassed over and over again until any
bubble was not found. After being stirred for 30 min at room temperature with light shielding,
a solution of of 57 (46mg, 0.10 mmol) in DMA (0.7 mL) which was dried over MS4A was
added, and the resulting solution was immediately degassed over and over again until any
bubble was not found. After being stirred for 1 h at 90 °C with light shielding, the reaction
mixture was diluted with ether at room temperature, and was quenched with pH 7 phosphate
buffer at 0 °C. The organic layer was separated, washed with pH 7 phosphate bhffer, water
and brine, and dried over Na,SOy, filtrated and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (3:1 to 1:3 hexane/ethyl
acetate) to afford the roughly purified substance (29 mg), which was purified by the
preparative HPLC to afford 4-YF-salicylihalamide A (2) (7.1 mg, 0.015 rhol, 15%) and
4-"F-galicylihalamide B (4) (10.1 mg, 0.022 mmol, 22%) as a colorless wax, respectively.
HPLC conditions: column: COSMOSIL 5C;s-MSII, 10 x 250 mm; detection: 280 nm; flow
rate: 2.0 ml/min, eluent: 70:30 MéOH/I—IZO, 100 min, 70:30—100:0, 20 min, 100:0, 30 min.
The retention times (f&r) of 2 and 4 were 63.4 min and 73.4 min, respectively. 2: [a]p*® -50.0
(c 0.213, MeOH); R¢ = 0.34 (1:1 hexane/ethyl acetate); Amax (MeOH) 282 nm (g = 26,200); IR
(film) 3281, 2963, 2931, 1691, 1656, 1611, 1492, 1461, 1288, 1248, 1218, 1138, 1081, 1027,
971, 820, 678 cm™; "H NMR (500 MHz, CsDs) & 10.5 (1H, br ,C3-0OH), 7.91 (1H, br dd, J =
11.5, 11.5 Hz, H22), 7.08 (1H, dd, J = 14.3, 10.6 Hz, H18), 6.72 (1H, dd, J= 9.7, 8.3 Hz, H5),
6.61 (1H, ddd, J=11.5, 11.5, 0.9 Hz, H21), 6.56 (1H, br s, -NH), 6.19 (1H, dd, J=8.3, 4.6 Hz,
H6), 5.63 (1H, ddddd, J=10.9, 7.7, 7.7, 1.3, 1.3 Hz, H23), 5.53 (1H, m, H15), 5.23 (1H, ddd,
J =155, 4.7, 4.7 Hz, H9), 5.10 (1H, br d, J = 11.5 Hz, H20), 5.13-5.03 (1H, m, H10), 5.05
(1H, br ddd, J = 14.6, 6.9, 6.9 Hz, H10), 4.85 (1H, ddd, /= 14.3, 7.2, 7.2 Hz, H17), 3.68 (1H,
brd, J= 6.0 Hz, H13), 3.37 (2H, m, H8), 2.21 (1H, ddd, J = 14.3, 7.4, 7.4 Hz, H16a), 2.12
(1H, m, H11a), 2.08 (1H, ddd, J=13.6, 6.0, 6.0 Hz, H16b), 1.97 (2H, tdd, J=7.6, 7.6, 1.4 Hz,
H24), 1.66 (1H, dd, J=15.0, 9.9 Hz, H14a), 1.65-1.53 (2H, m, H11b and H12), 1.31 (1H, dd,
J = 14.6, 9.2 Hz, H14b), 0.83 (3H, d, J = 6.9Hz, H26), 0.77 (3H, t, J = 7.6 Hz, H25) ; 1°C
NMR (125 MHz, C¢De) 5 169.7 164.2, 160.5, 151.5 (d, 'Jor = 240 Hz), 141.9, 137.2, 135.8,
130.8, 129.5, 126.0, 124.9, 121.7, 119.7, 117.5, 108.8, 76.0, 71.1, 38.3, 37.6, 36.7, 36.2, 20.8,
14.0, 13.7 (1 of the sp, carbons were obserded); PF NMR (470 MHz, C¢Ds) & .-138.6 (s);
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HRMS (ESI-TOF) m/z calculated for CasHisFNOs (M+H') 458.2343, found 458.2341. 4:
[a]p?® -71.0 (c 0.301, MeOH); Ry = 0.34 (hexane/ethyl acetate = 1/1); Amax (MeOH) 282 nm (e
= 22,100); IR (film) 3357, 2964, 2931, 1707, 1654, 1590, 1491, 1274, 1248, 1207, 1170, 1137,
1032, 973, 678 cm™; "H NMR (500 MHz, C¢Ds) § 7.90 (1H, dd, J=11.5, 11.4 Hz, H22), 7.71
(1H, br s, -NH), 7.26 (1H, dd, J=9.9 Hz, H18) , 6.72 (1H, dd, /= 9.7, 9.7 Hz, H5), 6.67 (1H,
dd, J=11.7, 11.7 Hz, H21), 6.17 (1H, dd, J = 8.2, 4.6 Hz, H6), 5.63 (1H, br ddd, J = 10.9, 7.9,
7.9 Hz, H23), 5.51 (1H, d, J = 10.9 Hz, H20), 5.36 (1H, m, H15), 5.20-5.08 (2H, m, H9 and
H10), 4.65 (1H, ddd, J = 8.3, 8.3, 8.0 Hz, H17), 3.60 (1H, m, H13), 3.34 (1H br d, J = 15.7
Hz, H8a), 3.30 (1H, br d, J = 15.7 Hz, H8b), 2.17 (1H, ddd, J = 14.0, 7.2, 7.2 Hz, H16a),
2.11-2.01 (1H, m, H11a), 2.06 (1H, br d, J = 14.5 Hz, H16b), 1.97 (2H, tdd, J= 7.6, 7.6, 1.4
Hz, H24), 1.76 (1H, dd, J = 14.9, 10.0 Hz, H14a), 1.72-1.65 (1H, m, H11b), 1.65-1.55 (1H, m,
H12), 1.30 (1H, dd, J = 14.9, 8.9 Hz, H14b), 0.85 3H, d, J= 6.9Hz, H26), 0.78 3H, t,J = 7.7
Hz, H25); 3C NMR (125 MHz, C¢Ds) 8 170.0, 164.0, 151.2 (d, “Jer = 246 Hz), 142.0, 137.4,
136.7, 131.1, 128.9, 124.9 (d, Jor = 12 Hz), 122.2 (d, Jer = 5 Hz), 119.6, 118.3 (d, Jer = 17
Hz), 105.2, 76.2, 71.3, 38.5, 38.3, 37.8, 36.3, 31.9, 20.8, 14.0, 13.6 (3 of the sp, carbons were
obserded); F NMR (470 MHz, CsD¢) & -138.4 (s); HRMS (ESI-TOF) m/z caled for
Ca26H3,FNNaOs (M+Na") 480.2162, found 480.2162.

Alcohol-biotinated iodoolefin (85). To a stirred solution of 83 (6.0 mg, 12 umol) in dioxane
(200 pL), TEA (5.0 pL, 36 pmol) and 2,4,6-trichlorobenzoyl chloride (1.85 pL, 11.9 pumol)
was added at room temperature and stirred at 30 °C for 13 h. To the reaction solution, 6 (4.4
mg, 9.9 umol) and DMAP (4.9 mg, 38 pmol) in dioxane (500 pL) was added at room
temperature. After being stirred at 100 °C for 24 h with light shielding, the reaction mixture
was diluted with ethyl acetate, and was quenched with with pH 7 phosphate buffer at room
temperature. The organic layer was separated, washed with brine, dried over Na, SOy, filtered
and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (3:1 hexane/ethyl acetate to 9:1 chloroform/methanol) to afford 85 (1.4 mg,
1.5 umol, 15%) as a white wax (10:3 mixture of 856 and 86a). 82: R¢ = 0.65 (%:1
chloroform/methanol, developed in twice); "H NMR (500 MHz, CDs0OD) 6 7.07 (1H, dd, J =
8.2, 7.7 Hz, H5), 6.75 (1H, ddd, J = 14.5, 8.7, 5.9 Hz, H17), 6.68 (1H, d, J= 8.0 Hz, H4), 6.60
(1H, d, J= 7.4 Hz, H6), 6.24 (1H, d, J= 14.5 Hz, H18), 5.50-5.41 (1H, m, H10), 5.31 (1H, dd, |
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J=9.3, 3.3 Hz, H13), 5.34-5.26 (1H, m, H9), 5.05 (1H, ddd, /= 8.0, 8.0, 5.3 Hz, H15), 4.41
(1H, ddd, J = 8.0, 5.0, 0.9 Hz, biotin angular proton), 4.23 (1H, dd, J = 8.0, 4.4 Hz, biotin
.angular proton), 3.71 (2H, td, J = 6.0, 1.0 Hz, PEG linker), 3.62-3.52 (14H, m, H8 and PEG
linker), 3.46 (2H, t, J= 5.3 Hz, PEG linker), 3.28 (2H, t, J = 5.4 Hz, PEG linker), 3.13 (1H,
9.0, 5.9, 4.5 Hz, biotin), 2.85 (1H, dd, J= 12.7, 5.0 Hz, biotin), 2.63 (1H, d, J = 12.7 Hz,
biotin), 2.58-2.52 (2H, m, PEG linker), 2.40 (1H, dddd, /= 15.0, 6.9, 6.9, 1.5 Hz, H16a), 2.31
(1H, dddd, J = 15.0, 9.0, 5.3, 0.7 Hz, H16b), 2.30-2.22 (1H, m, H11a), 2.15 (2H, t, /= 7.6 Hz,
biotin aliphalic linker), 2.13-2.04 (1H, m, H12), 1.78 (1H, ddd, J = 15.4, 15.4, 8.7 Hz, H14a),
1.78-1.47 (6H, m, H11b, H14b and biotin aliphalic linker), 1.37 (2H, dt, 7.3, 7.3 Hz, biotin
aliphalic linker), 0.80 (3H, d, J= 6.9 Hz, H26).

Alcohol-biotinated Salicylihalamide B (82b). To a stirred solution of 83 (6.0 mg, 12 umol) in
dioxane (200 pL), TEA (5.0 uL, 36 umol) and 2,4,6-trichlorobenzoyl chloride (1.85 pL, 11.9
umol) was added at room temperature and stirred at 30 °C for 13 h. To the reaction solution, 6
(4.4 mg, 9.9 pmol) and DMAP (4.9 mg, 38 pumol) in dioxane (500 uL) was added at room
temperature. After being stirred at 100 °C for 13 h with light shielding, the reaction mixture
was diluted with ethyl acetate, and was quenched with with pH 7 phosphate buffer at room
~ temperature. The organic layer was separated, washed with brine, dried over Na; SOy, filtered
and concentrated under reduced pressure. The residue was puriﬁed by the preparative HPLC
to afford 82b (210 pg, 0.23 umol, 2%) as a white wax. Its yield was determined by the NMR
measurement with 2.07 umol of DMF coexisting. HPLC conditions: column: COSMOSIL
5C;3-MSII, 10 x 250 mm; detection: 280 nm; flow rate: 1.5 ml/min, eluent: 70:30 MeOH/H,0,
115 min, 70:30—86:14, 10 min, 86:14, 50 min, 86:14—100:0, 10 min, 100:0, 40 min. The
retention time (#r) of 82b were 107 min. 82b: Re= 0.65 (9:1 chloroform/methanol, developed
in twice); 'H NMR (500 MHz, CDs;OD) & 7.26 (1H, dd, J = 12.0, 11.0 Hz, H22), 7.02 (1H, dd,
J=183, 7.6 Hz, H5), 6.83 (1H, dd, /J=11.7. 11.6 Hz, H21), 6.71 (1H, ddd, J=9.2, 1.2, 1.2 Hz,
H18), 6.62 (1H, d, J= 8.3 Hz, H4), 6.49 (1H, d, J= 7.6 Hz, H6), 5.82 (1H, br d, /= 12.0 Hz,
H20), 5.78 (1H, br dt, J= 11.0, 7.6 Hz, H23), 5.51-5.41 (1H, m, H10), 5.37 (1H, dd, J=9.0.
3.3 Hz, H13),' 5.30 (1H, dddd, J=15.3, 9.0. 2.0, 2.0 Hz, H9), 5.08 (1H, br ddd, J= 15.2, 6.7,
6.7 Hz, H15), 4.94 (1H, ddd, J = 8.9, 8.9, 7.3 Hz, H17), 4.42 (1H, ddd, J= 7.9, 5.0, 0.9 Hz,
biotin angular proton), 4.23 (1H, dd, J= 7.8, 4.3 Hz, biotin angular proton), 3.71 (2H, brt, J =
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6.3 Hz, PEG linker), 3.62-3.52 (14H, m, H8 and PEG linker), 3.47 (2H, t, J = 5.4 Hz, PEG
linker), 3.29 (2H, t, J = 5.6 Hz, PEG linker), 3.13 (1H, 9.0, 5.9, 4.5 Hz, biotin), 2.86 (1H, dd,
J=12.7, 5.0 Hz, biotin), 2.63 (1H, d, J = 12.7 Hz, biotin), 2.58-2.52 (2H, m, PEG linker),
2.50-2.39 (2H, m, H16), 2.29-2.22 (1H, m, Hlla), 2.24 (2H, dtd, J = 7.4, 7.4, 1.3 Hz, H24),
2.15 (2H, t, J = 7.6 Hz, biotin aliphalic linker), 2.13-2.04 (1H, m, H12), 1.82 (1H, dd, /= 14.5,
8.9 Hz, H14a), 1.76 (1H, ddd, J = 14.5, 11.5, 11.5 Hz, H14b), 1.71-1.48 (5H, m, H11b and
biotin aliphalic linker), 1.38 (2H, dt, 7.3, 7.3 Hz, biotin aliphalic linker), 0.98 3H, t, /= 7.4
Hz, H25), 0.80 (3H, d, J = 7.0 Hz, H26).
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Biology

Materials. All the chemical used in this study were commercially available special grade ones
without further treatment. Water was purified with a Millipore Simpli Laboratory system
(Millipore Inc., Bedford, MA) and used within a few hours. The following reagents used in
this protocol were as follows: SME buffer (0.3 M sucrose, 5 mM EDTA, 10 mM MOPS and
pH 7.5 with NaOH), Pepstatin A (10 mg/mL in ethanol), Leupeptin (10 mg/mL in ethanol),
reaction medium for proton pump assay (0.3 M sucrose, 40 mM KCI, 5 mM Tricine, and pH38
with NaOH), 9-amino-6-chloro-2-methoxyacridine (ACMA) (0.1 M in ethanol), Valinomycin
(1 mg / mL in ethanol), MgATP (0.1 M aq. and pH 7.5 with NaOH), and Carbonyl cyanide
p-trifluoromethoxyphenylhydrazone (FCCP) (1 mM in ethanol) , HBSS (Hanks' Balanced
Salt Solutions) (137 mM NaCl, 53mM KCl, 1.3 mM CaCl,, 0.82 mM MgSO,4, 0.34 mM
Na,HPOs, 42 mM KHPO;, 42 mM NaHCOs;, 56 mM Glucose, 15 mM
HEPES(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) pH 7.4 with NaOH).

Assay of synthesized salicylihalamides using Simian Kidney Cell. Simian (Cercopithecus
aethiops) kidney COS-7 cells were maintained in Dulbecco's Modified Eagle Medium
containing 10% fetal calf serum at 37 °C in 5% CO,/95% air with a CO, incubator. The ‘cells
were seeded on Poly-L -lysine coated coverslips. After overnight culture, the synthesized
salicylihalamide was added into the culture media to give a final concentration of 1 uM, and
incubated at 37 °C for 5 h. Then, the cells were loaded with pH indicator LysoSensor Green
DND-189 (Invitrogen, Molecular probes) at a final concentration of 1 pM. After 1 min, an
excess of the indicator was washed out with HBSS. The cells were observed using a
fluorescence microscope, and images were acquired using a cooled CCD camera. For typan
blue exclusion test, the intact or drug-treated cells were soaked in phosphate buffered saline
containing 0.3% trypan blue. The cells were observed with bright-field and phase-contrast

microscope.
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Preparation of Chr(-)majﬁn Granule Membranes (CGM) from porcine adrenal glands.
Preparation of Chromaffin Granule Membranes (CGM) from porcine adrenal glands was
operated according to references, in which the preparation of CGM from bovine adrenal
glands was described. The following manipulation was carried out at 4 °C unless otherwise
noted. Porcine adrenal glands are obtained from the local meat distributor (IKEDA
meat-packing company Co., Ltd., Kyoto, Japan). Thirty to thirty-five adrenal medullae were
separated from the cortex by pinching the connecting tissue with pointed forceps. The isolated
adrenal medullae were kept at 4 °C in 200 mL of freshly prepared SME buffer containing 5
ug/mL of pepstatin A and leupeptin. The medullae were briefly homogenized in a Waring
blender and re-homogenized in the Polytron homogenizer on ice bath. The mixture was
filtered through two layers of gauze and the filtrate was kept on ice. The pink-colored filtrate
was centrifuged at 2,000 g for 10 min. The pellet was discarded and the supernatant was
centrifuged at 10,000 g for 20 min. The obtained pellet was gently suspended in ca. 25 mL of
SME containing the protease inhibitors. The suspension was applied on top of sucrose layers
in polyallomer tubes. The bottom layer of 3.0 mL buffer céntained 1.8 M sucrose and the top
layer of 3.6 mL buffer contained 1.2 M sucrose. The protease inhibitors were added to the
each layer just before use. About 4.2 mL of the suspension was applied on the layers in six
tubes and centrifuged at 72,000 g for 17 h. The supernatant was removed and the pale pink
pellet containing the chromaffin granules was suspended in a small amount of SME
containing the protease inhibitors and homogenized with a glass homogenizer. The suspension
was poured into 300 mL of the hypotonic solution (10 mM MOPS, pH 7.5 with NaOH, 1.25 |
mM Na,ATP, and 1 pg/mL of the protease inhibitors). After vigorous stirring for 1 min, the
solution was centrifuged at 3,000 g for 10 min. The pellet was discarded and the supernatant
was centrifuged at 200,000 g for 60 min. The chromaffin granule membranes were obtained
as a brownish pink pellet and diluted into 1.8 mL of the MOPS solution (20 mM MOPS, pH
7.5 with NaOH, 25% glycerol, 5 mM Na,ATP, 5 mM monothioglycerol and 10 pg/mL of the
protease inhibitors). The resulting solution contained 4 to 8 mg of the membrane proteins
including V-ATPase, judging from both the quantitative determination of the total protein
concentration by the BCA assay, and the Western blotting with the antibody against subunit b
on V; domain of V-ATPase. The prepared CGM was suspended at the protein concentration of
5 mg/mL in the MOPS solution and kept frozen at -80 °C. |
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Assay of synthetic salicylihalamides in the inhibitory activity against Chromaffin Granule
Membrane  V-ATPase. The  measurement of fluorescence  quenching of
9-amino-6-chloro-2-methoxyacridine (ACMA) as an indicator for proton uptake into the
membrane vesicles was employed. To a 2 mL of the reaction medium for proton pump assay,
chromaffin granule membranes from porcine adrenal glands containing 50 ug of protein, 4.0
uL of 1.0 M ACMA, and 0.67 pL of valinomycin were added, and the resulting solution was
incubated at 37 °C for 10 min. A solution of the synthesized salicylihalamide in DMSO
(prepared to give 0.1% final concentration of DMSO) was added and incubated at 37 °C for 3
min, then 10 uL of 0.1 M MgATP was added and incubated for 2 min. The proton gradients
made by the V-ATPases in the membranes were cancelled by addition of 3.4 puL of 1 mM
FCCP. The fluorescence quenching in the presence of MgATP was monitored by a
spectrofluorometer with an excitation wavelength of 412 nm and emission at 480 nm. The
initial rate of quenching was estimated as the slope of the quenching trace performed on sets
of 20 points (20 s of quenching trace) and is expressed as the rate of quenching/min. The
proton transport activity is expressed as the percentage versus DMSO-matched controls with
standard deviation from triplicate experiments. ICso values were obtained graphically by
plotting the percent activity of proton transport versus the log values of the inhibitor

concentrations.
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Salicylihalamide A (SA), a benzolactone enamide compound, possesses polent cytotoxicity against human
tumor cell lines. SA is a sclective inhibitor of mammalian vacuolar type H*-ATPase (V-ATPase), and is
distinct from previously known V-ATPase inhibitors such as bafilomycins and concanamycins that do not
discriminate between mammalian and nonmammalian V-ATPases. Because of its potent antitumor activity
and structural simplicity, SA is a promising candidate for an anticancer drug. Although a number of
struclure—activity relation studies using synthetic analogues have been reported, no fluorinated derivative
of SA has been evaluated even though selective addition of a fluorine atom into a therapeutic small molecule
candidate often enhances pharmacokinetic and physicochemical properties. We designed and synthesized
fluorinated analogues of SA and evaluated their V-ATPase inhibitory activities, Compared to the natural
product, the synthetic analogues were potent V-ATPasc inhibitors, suggesting that these analogues are potential
drug candidates and potential molecular probes for mode-of-action studies using fluorine-based analytical

methods such as "F-NMR spectroscopy.

Introduction

Development of antitumor drugs with limited side effects is
important for cancer patients undergoing chemotherapy. Al-
though combinatorial chemistry has greatly influenced the drug
discovery process,' isolation of novel natural products remains
important for discovery of lead compounds possessing promising
hiological profllﬂs.2 Salicylihalamide A (SA®, 1a) was isolated
from the sponge Haliclona sp. (southwestern Australian coast)
by Boyd and co-workers in 1997 with the minor component
salicylihalamide B (SB, 1b)? containing a labile enamide
linkage connecting a salicylic acid-derived macrolactone core
(Figure 1). Since the discovery of SA, a number of structurally
similar bicactive compounds that possess a benzolactone
enamide moiety have been isolated (Figure 2),* e.g., lobatarnides
A (2).° apicularenes A (3),% 4 (C1-12,950),7 and oximidines I
(5).% SA clicited a unique differential cytotoxicity profile in the
human tumor NCI 60-cell line, with a mean panel Glsy value
ol 15 nM, and mclanoma cell lines showed the highest average
sensitivity (Glsy = 7 nM).* Furthermore, SA was a potent
inhibitor of vacuolar H™-ATPases (V-ATPases), with an ICsy
value less than 1.0 nM against bovine brain V-ATPase.” The
V-ATPases are ubiquitous proton-translocating pumps of eu-

* To whom correspondence should be addressed. Phone: +81-6-6830-
5775. Fax: +81-6-6850-5775. E-mail: oishi@chem.sci.osaka-u.ac.jp.

* Department of Chemistry, Graduate School of Science, Osaka University.

¢ Department of Biological Sciences, Graduate School of Science, Osaka
University.

¢ Abbreviations: ACMA, 9-amino-6-chloro-2-methoxyacridine; ATP,
adenosine 5'-triphosphate; BCA, bicinchoninic acid; CGM, chromaffin
granule membranes; CuTC; copper thiophene-2-carboxylate; dba, diben-
zylideneacetone; DDQ, 2.3-dichloro-5,6-dicyano-p-benzoquinone; DEAD,
diethyl azodicarhoxylate; DMA, N.N-dimethylacetamide; DMSO, dimethyl
sulfoxide; EDTA, ethylenediaminetetraacetic acid; FCCP, carbonyl cyanide
p-trifiuoromethoxyphenylhydrazone; F-SA, 4-'""F-salicylihalamide A; F-SB,
4-"E_galicylihalamide B; Gls. 50% growth inhibition; HEPES, 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid; HPLC, high performance
liquid chromatography; 1Csy, 50% inhibition concentration; MOPS, 3-(N-
morpholino)propanesulfonic acid; NCI, National Cancer Institute; NMP,
N-methylpyrrolidone; NMR. nuclear magnetic resonance; PMB, p-meth-
oxybenzyl, SA, salicylihalamide A; SB, salicylihalamide B; Tf, triffuo-
romethanesulfonyl; TFP, 2-wifurylphosphine; THF, tewahydrofuran; V-
ATPase, vacuolar type H*-ATPase.

10.1021/jm801263e CCC: $40.75

1a 1b
Salicylihalamide A Salicylihalamide B
(CAS 198481-98-1) (CAS 198482-00-7)

Figure 1. Structures of salicylihalamide A and B.
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Figure 2. Structures of benzolactone enamide class compounds.

karyotic cells located on the membranes of vacuoles, lysosomes,
and other components of the endomembrane system, which
regulate the pH of the compariments. Numerous physiological
processes depend on the activity of V-ATPases, which are
implicated as a contributing factor in multiple diseases including
osteoporosis and cancer.'” SA is distinct from previously known
V-ATPase inhibitors such as bafilomycins and concanamycins,
which do not discriminate between mammalian and nonmam-
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Figure 3. Design and synthetic strategy of fluorinated salicylihala-
mides.

malian V-ATPases. SA binds to the transmembrane (Vq) domain
of V-ATPasc al a site different from bafilomycin A, and
concanamycin A,"' while the precise mode-of-action of SA and
structure of the ligand—protein complex have not been elucidated.

Becausc of the potent antitumor activity and structural
simplicity compared with other V-ATPase inhibitors, SA is
expected to be a promising anticancer drug candidate.'
Although a number of synthetic studies and structure—activity
relation studies have been reported,'® no flucrinated derivatives
of SA have been evaluated, while examination of the role of
fluorine in medicinal chemistry reveals that selective addition
of fluorine into a therapeutic small molecule candidale can
enhance pharmacokinetic and physicochemical properties such
as metabolic stability and membrane permeability and can
increase binding affinity of drug candidates to the target
protein.'* Therefore, fluorinated SA may be a promising drug
candidate, as well as a possible molecular probe for elucidating
the mode-of-action when using fluorine-based analytical meth-
ods such as '"F-NMR spectroscopy. The properties of 'F
(nuclear spin of 1/2, high gyromagnetic ratio, 100% natural
abundance, and low background signals in biological systems)
make it useful for investigating biological systems.'> Here, we
report the design and synthesis of fluorinated salicylihalamides
and cvaluation of the V-ATPase inhibitory activity.

Results and Discussion

Chemistry. The compounds, 4-'°F-salicylihalamide A (F-
SA. 6a) and B (F-SB, 6b), were designed as target molecules
(Figure 3) because the salicylate moiety is a common structural
feature of natural benzoenamide class products, which is
considered to be a binding motif toward the target protein, and
electrophilic fluorination of phenol derivatives is a versatile
synthetic method.'® However, the utility of introduction of
fluorine at C4 position was uncertain because of its proximity
to the hydroxy group at C3, which might be involved in
hydrogen bonding with the target protein. Fluorinated analogues
were synthesized based on previous reports of the total synthesis
and synthetic studies of SA'? and benzolactone enamide class
natural products (Figure 3)."7'® The enamide side chain, the
most labile moiety of the molecule, was planned to be introduced
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¢ Reagents and conditions: (a) CLCHCHCL,, 146 °C, 3 h, 12a:12b:12c:
10 = 5:9:1:10; (h) Tf;0, pyridine, 0 °C, 1 h, 13 (16%. two steps), 14 (27%,
two steps); (¢) n-BusSnCH,CH=CH,, [Pd.(dba);| CHCl;, TFP, LiCl, NMP,
1t, 18 h, 84%; (d) EtMgBr, CH,=CHCH,OH, THF, 0 °C to rt, 18 h, 81%;
(&) Mel, K,COs, acetone, 24 h, 92%; (f) Pd(PPh,),. morpholine, THF, 1 h,
85%.

at the final stage by cross-coupling using amide 8,'* and the
macrocyclic core was 10 be constructed by ring-closing me-
tathesis of the diene derived from salicylate derivative 7 and
alcohol 97 by Mitsunobu esterification.*

For synthesis of building block 7, electrophilic fluorination
of the salicylate derivative 10*' was conducted as shown in
Scheme 1. Treatment of 10 with N-fluoro-5-(trifluoromethyl)-
pyridinium-2-sulfonate 11?2 in 1,1,2,2-tetrachloroethane at 146
°C for 3 h afforded a mixture of monofiuorinated 12a and 12D,
difluorinated 12¢, and recovered 10 in ca. 5:9:1:10 ratio. The
mixture was separated by silica gel column chromatography as
a mixture of 12a and 10, and 12b and 12¢, respectively. The
mixture of 12a and 10 was freated with Tf;0 in pyridine to
afford triflate 13 (16%, 2 steps), which was separated from 14.%3
According to De Brabander's procedure,'** triflate 13g was
converted to carboxylic acid 7 via (i) Stille coupling of triflate
13 with allylstannane, (ii) transesterification of 15 with removal
of the acetonide by treatment with alkoxide generated from allyl
aleohol and ethylmagnesium bromide, (iii) protection of the
resulting phenol 16 as a methyl ether 17, and (iv) conversion
of the allyl ester to carboxylic acid 7 through the action of a
palladium catalyst.

Then, the coupling of the fragments was performed as shown
in Scheme 2. Condensation of carboxylic acid 7 with secondary
alcohol 9 under Mitsunobu esterification conditions using
DEAD/PPh; afforded diene 18. Ring-closing metathesis of the
diene by the action of Grubbs catalyst™ resulted in the formation
of macrocycle 19 (E:Z = 10:1). Removal of the PMB group
followed by Dess—Martin oxidation of the resulting alcohol 20
gave an aldehyde, which was converted (o iodoolefin 21 by
Takai olefination® under modified conditions reported by
Evans.*® Removal of the methyl group with BBr;y gave key
intermediate 22 for the coupling reaction to construct the
enamide moiety,”” which is the most critical step in the present
synthesis. Prior to the synthesis of fluorinated analogues,
coupling of counterpart 23"*" with amide 8 giving natural SA
was examined. After considerable experimentation according
to Fiirstner’s procedure' and modification by Panek,'™ cou-
pling of iodoolefin 23 with amide 8 was achieved by trecatment
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" Reagents and conditions: (a) DEAD, PPhs, Et;O, rt, 36 min, 91%; (b)
(PCy1)2ClaRu=CHPh, CH:Cl,, rt. 21 min, 90%; (c) DDQ, CH,Cly/H,0, 0
°C to 1t, 53 min, 97%; (d) Dess—Martin periodinane, CH,Cl,, 0 °C to rt,
65 min; (¢) CrCly, CHI,, dioxane, THEF, 1t, 26 h 80% (two steps); (f) BBrs,
CIH,Cls, —78 °C. | h, 74%: (g) 8, Cul'C, 2.2"-bipyridine, Rb,CO,, DMA,
90 °C, 60 min, 1a (23%), 1b (26%); (h) 8, CuTC, 2,2"-bipyridine, RbCOx,
DMA., 90 °C, 60 min, 6a (15%), 6b (22%).

with copper thiophene-2-carboxylate (CuTC)?® in the presence
of Rb,CO: and 2,2"-bipyridine in N,N-dimethylacctamide (DMA)
at 90 °C for 60 min to afford a mixture of E,Z-isomers of the
enamide moiety in ca. 1:1 ratio. The mixture of enamide moiety
isomers was purified by HPLC to afford SA (1a, 23%) and SB
(1b, 26%), whose physical data were identical to reported
values.? Note that the use of exhaustively degassed solvent
(DMA) is essential for a successful coupling reaction. Although
nearly equal amounts of isomers formed in contrast to the
previous report, *"'#%7 it is advantageous for structure—activity
relation studies to obtain a significant amount of SB, which was
isolated as a minor compound. In an analogous sequence,
flnorinated analogues were synthesized and purified by HPLC
to afford F-SA (6a, 15%) and F-SB (6b, 22%).

Biological Results and Discussion. V-ATPasc inhibitory
activity of fluorinated analogues F-SA (6a) and F-SB (6b), as
well as synthetic SA (1a) and SB (1b), were evaluated in
cultured simian renal cells (COS-7) and chromaffin granule
membranes prepared from porcine adrenal glands by monitoring
a pH change visualized by {luorescent dyes.

1. Imaging Assays Using Simian Renal Cells (COS-7). The
effcct of salicylihalamides was examined on the luminal pH of
intracellular acidic compartments (lysosomes), which were
acidified prominently by the proton pumping activity of V-
ATPase. Simian renal cells (COS-7)*° were incubated with
salicylihalamides SA (1a) and SB (1b), and 4-'°F-salicylihala-
mides, F-SA (6a) and F-SB (6b), at a concentration of | M
for 5 h. Then, the cells were incubated with the pH indicator
LysoSensor Green (1 «M) for 1 min.*’ As shown in Figure 4A,
lysosomes of intact cells emitted significant fluorescence,
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Figure 4. Change in pH of acidic organelles (lysosomes) of simian
renal cells (COS-7) induced by salicylihalamides: (A) control; (B}
salicyclihalamide A (SA, 1a), 1 uM; (C) SA; (D) salicyclihalamide B
(SB, 1b), 1 uM; (E) SB; (F) 4-""F-salicylihalamide A (F-SA, 6a), 1
uM; (G) F-SA; () 4-""F-salicylihalamide B (F-SB, 6b), 1 uM; (I)
F-SB; Change in pH was visualized by fluorescence microscopy using
LysoSensor Green. The panels B and C, D and E, F and G, and H and
I were the results of duplicate experiments. The fluorescent intensity
(arbitrary unit) is indicated in pseudocolor as shown in the color scale
on the top-right. Asterisks denote the nuclei of the cells. Scale bar, 20
LI,

h

001 01 1 10 100 1000
Inhibliar concantration (nM)

Figure 5. Concentration-dependent inhibition of IT7 transport activity
of V-ATPase (from porcine adrenal glands) by synthetic salicylihala-
mides.

indicating that these organelles were highly acidified. When the
cells were treated with SA (Figure 4B,C) or SB (Figure 4D, E),
fluorescence diminished, reflecting an increase in pH in these
organelles by inhibition of V-ATPase. To assess the viability,
the trypan blue dye exclusion test was also performed after the
drug treatment, and the results suggested that the viability was
not affected by the drug lreatment at this time point (data not
shown). As expected, not only F-SA (Figure 4F,G) but also
F-SB (Figure 4H,I) also actively inhibited the proton pump.
2. Quantitative Assays Using Chromaffin Granule
Membranes. Although V-ATPase inhibitory activity is com-
monly evaluated by measuring ATP-dependent proton uptake
into isolated chromaffin granules from bovine adrenal glands,’'
chromaffin granules from porcine adrenal glands were used in
this study duc to short supply of fresh bovine tissue. Proton
uptake into the membrane vesicles was measured by monitoring
the fluorescence quenching of the 9-amino-6-chloro-2-meth-
oxyacridine (ACMA)*'* employed as an indicator. The activity
of synthetic SA and SB, as well as fluorinated analogues F-SA
and F-SB, were evaluated (Figure 3), and the results are
summarized in Table 1. SA elicited potent inhibitory activity
with an ICsg value of approximately <1 (0.7) nM, comparable
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Table 1. Inhibition of HY Transport Activity of V-ATPase (from
Porcine Adrenal Glands) by Synthetic Salicylihalamides®

entry compound ICsy/nM
1 1a (SA) <1(0.7)
2 - 6a (F-SA) 2
3 1b (SB) 30
4 6b (F-SB) 10

¢ 1C;5p values are the average of three experiments.

to reported values. As expected, F-SA acted as a potent inhibitor
of V-ATPase (ICsy = 2 nM), but was slightly less potent than
SA. Since the V-ATPase inhibitory activity of SB has not been
reported (SB was isolated as minor compound: ~0.5 mg), the
ICsp value of be approximately 30 nM was determined for the
first time. This value indicates that SB is 30 times less potent
than SA. Note that the activity of F-SB was comparable to that
of the corresponding natural product (ICsy = 10 nM).

Conclusions

In conclusion, 4-'"F-salicylihalamide A (F-SA) and B (F-
SB) were synthesized through electrophilic fluorination of the
salicylate derivative, ring-closing metathesis for the construction
of the macrocyclic core, and cross-coupling reaction for
installation of the enamide side chain. The V-ATPase inhibitory
activity of synthetic salicylihalamides was evaluated both in vivo
and in vitro using cultured simian renal cells (COS-7) and
chromaffin granule membranes prepared from poicine adrenal
glands, respectively. The F-SA was a potent V-ATPase inhibitor
(ICs, = 2 nM) comparable to SA (<1 nM), suggesting that the
fluorinated analogue is a promising drug candidate and a
potential probe for mode-of-action studies using fluorine-based
analytical methods. In this study, the previously unknown ICs
value of SB was estimated to be 30 nM and that of F-SB (10
nM) was comparable to SB. Further studies on the antitumor
activity of fluorinated salicylihalamides and mode-of-action
studies based on ""F-NMR are currently in progress in our
laboratory.

Experimental Section

Chemistry. General Procedures. All the solvents and chemicals
were used without further treatment unless otherwise stated. The
following solvents and chemicals used were purified by distillation
over the drying agents indicated in parentheses and were transferred
under argon atmosphere: THF, Et,;O and 1,4-dioxane (Mg/ben-
zophenone), 1,1,2,2-tetrachloroethane, pyridine, triethylamine, and
morpholine (CaH,), dichloromethane (LiAlH,), allyl alcohol (Mg).
N-methylpyrrolidone (NMP) was dried over activated MS4A for 3
days and distilled. N,N'-dimethyl acetamide (DMA) was distilled
over di-n-butyltin dilaurilate, redistilled over CaH, under reduced
pressure, and stocked in the presence of activated MS4A. Before
use, the DMA was degassed by freeze—thaw method over 10 times.
Analytical thin-layer chromatography (TLC) was performed using
E. Merck silica gel 60 Fasq precoated plates (0.25-mm thickness).
For column chromatography, Kanto silica gel 60N (spherical,
peutral, 100—210 gm), and Merck silica gel 60 (40—63 um, for
flash column chromatography) were used. Optical rotations were
recorded on a JASCO P-1010 polarimeter. IR spectra were recorded
on a JASCO FT-IR-300E Fourier transform infrared spectrometer.
'H, C, and '"F-NMR spectra were recorded on a JEOL JNM-
GSX500 or INM-ECAS500 spectrometer. Chemical shifts of '"H and
13C NMR are reported in ppm from tetramethylsilane with reference
to internal residual solvent ['H NMR, CHCI; (7.24), CsHDs (7.15),
CHDCI, (5.29); °C NMR, CDCl; (77.0), CDg (128)], chemical
shifts of **F NMR are reported in ppm with reference to CF:COOH
(—76.5) in D,0. The following abbreviations are used to designate
the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet,
and m = multiplet. High resolution mass spectra (HRMS) were
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recorded on an AB QSTAR Elite under ESI-TOF conditions.
Combustion elemental analyses were performed using Yanaco CHN

- CORDER MT-3.

8-Fluoro-5-trifluoromethanesulfonyloxy-2,2-dimethyl-4H-
benzo[d][1,3]dioxin-4-one (13). To the 300 mL two-necked flask
charged with N-fluoro-5-(trifluoromethyl)pyridinium-2-sulfonate 11
(398 g, 16.2 mmol) was added a solution of 5-hydroxy-2,2-

. dimethyl-4H-benzo[d][1,3]dioxin-4-one 10 (3.73 g, 19.4 mmol) in

dry 1,1,2,2-tetrachloroethane (49 mlL), and the resulting mixture
was refluxed for 4 h with light shielding. After cooling to room
temperature, the reaction mixture was diluted with dichloromethane
(90 mL), quenched with saturated aqueous Na,S,05 at 0 °C, and
extracted with ether. The organic layer was washed with saturated
aqueous Na,S,0s, pH 7.0 phosphate buffer solution and brine, dried
over Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (50:1
to 5:1 hexane/ethyl acetate) to afford a mixture of 12a and recovered
10 containing 1,1,2,2-tetrachloroethane, and a mixture of 12b and
12¢. 12a: Ry = 0.40 (10:1 hexane/ethy] acetate, developed in twice);
'H NMR (500 MHz, CDCl5) 6 9.99 (1H, br s), 7.26 (1H, dd, J =
9.7,9.7 Hz), 5.98 (1H, dd, J = 9.2, 3.4 Hz), 1.78 (6H, s). 12b: R,
0.36 (10:1 hexane/ethyl acetate, developed in twice); 'H NMR (500
MHz, CDCl;) é 10.3 (1H, br s), 7.24 (1H, dd, J = 9.7, 9.7 Hz),
6.37 (1H, dd, J = 8.6, 2.9 Hz), 1.73 (6H, s); '"H NMR (500 MHz,
CD,Clp) 6 10.3 (1H, br 5), 7.25 (1H, dd, J = 10.9, 6.0 Hz), 6.39
(18, dd, /= 9.2, 3.4 Hz), 1.70 (6H, s). 8c: R; 0.36 (hexane/ethyl
acetate = 10/1, developed in twice); 'H NMR (500 MHz, CDCl;)
0998 (1H, brs), 7.18 (1H, dd, J = 10.0, 10.0 Hz), 1.78 (6H, s);
'H NMR (500 MHz, CD,Cl,) 6 9.96 (1H, br s), 7.20 (1H, dd, J =
10.3, 10.3 Hz), 1.76 (6H, s).

To a solution of 12a and 10 in pyridine (18 mlL), trifluo-
romethanesulforiic anhydride (11.0 mL, 2.09 mmol) was added
dropwise at 0 °C, and the mixture was stirred at 0 °C for 1 h. The
teaction mixture was quenched with saturated aqueous NaHCO,
at 0 °C and extracted with ether. The organic layer was washed
with saturated aqueous NH,Cl, water, and brine, dried over MgSOy,
filtered, and concentrated under reduced pressure. The residue was
purified by flash silica gel column chromatography (30:1 to 10:1
hexane/ethyl acetate) to afford 13 (1.07 g, 3.11 mmol, 16%, two
steps) as a colorless solid which was separated from 14 (1.71 g,
5.25 mmol, 27%, two steps). 13: R, = 0.18 (10:1 hexane/ethyl
acetate); IR (film) 3092, 2986, 1749, 1632, 1497, 1419, 1403, 1395,
1381, 1319, 1301, 1286, 1264, 1229, 1219, 1182, 1141, 1068, 1033,
979, 907, 856, 828, 649, 593 cm™'; 'H NMR (500 MHz, CDCly)
6 7.39 (1H, t, J = 9.0 Hz), 6.95 (1H, dd, J = 9.2, 3.6 Hz), 1.80
(6H, s); °C NMR (125 MHz, CDCl) 6 156.1 (d, Jop = 4 Hz),
150.4 (d, Jer = 254 Hz), 145.7 (d, Jor = 15 Hz), 143.9 (d, Jop =
4 Hz), 1222 (d, Jor = 19 Hz), 118.7 (d, 'Jer = 312 Hz, -CF,),
110.0, 108.0, 25.5; '°%F NMR (470 MHz, CDCI;) 6 132.4 (dd, J =

. 8.9, 4.0 Hz); HRMS (ESI-TOF) m/z caled for C; HgF,NaOsS (M

+ Nat) 366.9875, found 366.9877.
8-Fluoro-5-(2-propenyl)-2,2-dimethyl-4H-benzo{d][1,3dioxin-
4-one (15). Lithium chloride (395 mg, 9.33 mmol) in a Schlenk
flask was dried by being heated under reduced pressure. Tris-
{dibenzylideneacetone)dipalladium(0) —methylene chloride complex
(166 mg, 0.16 mmol), tris(2-furyl)phosphine (74.3 mg, 0.32 mmol),
and N-methylpyrrolidone (2.2 mL) were added to the flask, and a
solution of 13 (1.07 g, 3.11 mmol) in N-methylpyrrolidone (4.0
ml) was added and then stirred at room temperature for 12 min.
To the stirred solution, allyl tri-n-buthyltin (1.14 mL, 3.73 mmol)
was added dropwise at 0 °C. After being stirred at room temperature
for 8 h, the reaction mixture was quenched with saturated aqueous
KF at 0 °C, the resulting precipitates were removed filtration, and
the filtrate was extracted with ether. The organic layer was washed
with saturated aqueous KF, water, brine, dried over MgSO,, filtered,
and concentrated under reduced pressure. The residue was purified
by flash silica gel column chromatography (20:1 to 10:1 hexane/
ethyl acetate) to afford 15 (620 mg, 2.62 mmol, 84%) as a pale
greenish-yellow oil. R = 0.50 (5:1 hexane/ethyl acetate); IR (film)
2956, 2924, 1740, 1639, 1616, 1594, 1503, 1465, 1429, 1391, 1381,
1281, 1262, 1204, 1150, 1065, 1030, 997, 982,911, 823 cm™!; 'H
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NMR (500 MHz, CDCl;) § 7.24 (1H, dd. J = 9.6, 8.6 Hz), 6.88
(1H, dd, J = 8.6, 4.7 Hz), 5.98 (1H, ddt, J = 16.9, 10.3, 6.5 Hz),
5.04 (1H, ddd, J = 10.2, 2.9, 1.3 Hz), 5.01 (1H, ddd, J = 17.1,
3.3, 1.7 Hz), 3.82 (2H, d, J = 6.4 Hz), 1.73 (6H, s); 3C NMR
(125 MHz, CDCls) 6 159.2 (d, Jor = 4 Hz), 149.7 (d, Jer = 247
Hz), 145.1 (d, Jor = 13 Hz), 140.1 (d, Jer = 5 Hz), 136.4, 124.0
(d, Jer = 6 Hz), 121.6 (d, Jor = 17 Hz), 116.2, 113.6, 106.3, 37.7,
25.6; 'F NMR (470 MHz, CDCl,) 6 —138.5 (dd, J = 9.9, 4.5
Hz); HRMS (ESI-TOF) m/z caled for Cj3H);F4NaO; M + Nat)
259.0746, found 259.0747.
3-Fluoro-2-hydroxy-6-(2-propenyl)benzoic¢ Acid 2-Propenyl
Ester (16). To a solution of 2-propene-1-o0l (1.40 mL, 20.6 mmol)
in THF (1 mL), a solution of ethylmagnesium bromide in THF
(0.49 M, 21.1 mL, 10.3 mmol) was added dropwise at 0 °C, and
the resulting solution was stirred at room temperature for 20 min.
To the reaction mixture, a solution of 15 (610 mg, 2.58 mmol) in
THF (3 mL) was added dropwise at 0 °C. After being stirred at
room temperature for 17 h, the reaction mixture was diluted with
ether, quenched with aqueous NH,CI at 0 °C, and extracted with
ether. The organic layer was washed with saturated aqueous NH,C],
water, and brine, dried over MgSQ,, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column
chromatography (40:1 to 10:1 hexane/ethyl acetate) to afford 16
(494 mg, 2.09 mmol, 81%) as a pale greenish-yellow oil. R, =
0.37 (20:1 hexane/ethyl acetate, developed in twice); IR (film) 3080,
2082, 1734, 1669, 1615, 1595, 1490, 1432, 1373, 1307, 1251, 1171,
1143, 983, 918, 822, 811, 797, 767 cm™"; '"H NMR (500 MHz,
CDCls) 6 11.1 (1H, s), 7.14 (1H, dd, J = 9.8; 8.7 Hz), 6.66 (1H,
dd, 7 = 8.4, 5.0 Hz), 6.01 (1H, ddt, J = 17.2, 10.5, 6.0 Hz), 5.92
(1H, ddt, J = 17.0, 10.2, 6.3 Hz), 5.42 (1H, dd, J = 17.0, 2.6 Hz),
5.34 (1H, d, J = 10.5 Hz), 5.00 (1H, dd, J = 10.2, 3.0 Hz), 4.92
(1H, dd, J = 17.0, 3.4 Hz), 4.86 (2H, dt, J = 6.0, 1.4 Hz), 3.64
(2H, br d, J = 6.2 Hz); *C NMR (125 MHz, CDCly) ¢ 170.4 (d,
Jer = 2 Hz), 151.0 (d, Jer = 12 Hz), 1504 (d, 'Jer = 243 Hz),
137.7 (d, Jer = 5 Hz), 137.3, 131.0, 121.2 (d, Jer = 6 Hz), 121.2
(d, Jog = 6 Hz), 120.1 (d, Jer = 13 Hz), 120.0, 115.6, 66.8, 39.7;
F NMR (470 MHz, CDCl;) 6 —138.8 (dd, J = 9.9, 4.5 Hz);
HRMS (ESI-TOF) m/z caled for C;3H;sFNaO; (M + Nat)
259.0746, found 259.0759.
3-Fluoro-2-methoxy-6-(2-propenyl)benzoic Acid 2-Propenyl
Ester (17). To a solution of 16 (481 mg, 2.04 mol) in acetone (4.0
mL), potassinm carbonate (366 mg, 2.65 mmol), and methyliodide
(127 mL, 204 mmol) were added. After being stirred at room
temperature for 23 h, the reaction mixture was concentrated under
reduced pressure. The residue was purified by flash silica gel column
chromatography (20:1 hexane/ethyl acetate) to afford 17 (471 mg,
1.88 mmol, 93%) as a pale greenish-yellow oil. Ry = 0.65 (20:1
hexane/ethyl acetate); IR (film) 2982, 2944, 1734, 1640, 1606, 1490,
1458, 1421, 1359, 1277, 1195, 1160, 1134, 1105, 1043, 986, 922,
820, 734 cm™!; '"H NMR (500 MHz, CDClL;) 0 7.05 (1H, dd, J =
11.2, 8.5 Hz), 6.86 (1H, dd, J = 8.5, 4.5 Hz), 5.99 (1H, ddt, J =
17.2, 10.5, 5.9 Hz), 5.85 (1H, ddt, J = 16.9, 10.2, 6.6 Hz), 541
(1H, ddd, J = 17.2,29, 1.4 Hz), 5.28 (1H, ddd, / = 10.3,24, 1.3
Hz), 5.04 (1H, ddd, J = 10.2, 3.0, 1.3 Hz), 5.02 (1H, ddd, J =
16.9, 3.4, 1.7 Hz), 479 (2H, dd, J = 5.9, 1.4 Hz), 3.92 3H, d, J
= 1.9 Hz, -OMe), 3.32 2H, br d, J = 6.7 Hz); '*C NMR (125
MHz, CDCL) & 166.5 (d, Jer = 4 Hz), 153.6 (d, YJcr = 246 Hz),
144.7 (4, Jor = 12 Hz), 136.0, 133.7 (d, Jor = 5 Hz), 131.7, 129.1,
124.7 (4, Jop = 7 Hz), 119.1, 117.9 (d, Jer = 19 Hz), 116.5, 66.1,
62.0 (d, Jor = 5 Hz), 37.0; 'F NMR (470 MHz, CDCl;) § —133.5
(br ddg, J ='11.1, 4.5, 1.8 Hz); HRMS (ESI-TOF) m/z calcd for
C4H,sFNaO; (M + Na'*) 273.0903, found 273.0929.
3-Fluoro-2-methoxy-6-(2-propenyl)benzoic Acid (7). To a flask
charged with tetrakis(triphenylphosphine)palladium (8.3 mg, 7.2
pmol), a solution of 17 (18.0 mg, 71.9 xmol) in THF (2.3 mL),
followed by morpholine (62.7 xL, 0.72 mmol), was added dropwise.
After being stirred at room tempeature for 1 h, the reaction mixture
was concentrated under reduced pressure. The residue was purified
by flash silica gel column chromatography (1:1 hexane/ethyl acetate,
containing 0.05% HCOOH) to afford 7 (12.9 mg, 61.2 umol, 85%)
as a colorless oil. Ry = 0.44 (1:1 hexane/ethy! acetate); 'H NMR
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(500 MHz, CDCly) 6 7.10 (2H, dd, J = 11.2, 8.3 Hz), 6.92 (2H,
dd, J = 8.6, 4.6 Hz), 5.90 (1H, ddt, J = 17.0, 10.0, 6.3 Hz), 5.05
(I1H,d, /=103 Hz), 5.04 (1H,d, J= 172 Hz), 398 3H, d, J =
1.7 Hz), 3.47 (2H, br d, J = 6.9 Hz); IR (film) 3503, 2946, 2654,
2361, 1707, 1640, 1606, 1559, 1491, 1462, 1425, 1280, 1199, 1164,
1141, 1042, 994, 968, 921, 820, 768, 708, 668 cm™!; *C NMR
(125 MHz, CDCly) 6171.7, 153.7 (d, 'Jor = 246 Hz), 145.1 (d,
Jer = 13 Hz), 136.0, 134.4 (d, Jor = 4 Hz), 127.6, 1251 (d, Jor =
7 Hz), 118.6 (d, Jor = 18 Hz), 116.7, 62.2 (d, Jor = 6 Hz), 37.3;
1%F NMR (470 MHz, CDCly) 6 —133.1 (br dq, / = 10.8, 2.2 Hz);
HRMS (ESI-TOF) m/z calculated for C H,;FO; (M-H™) 209.0613,
found 209.0639.

3-Fluoro-2-methoxy-6-(2-propenyl)-benzoic acid (15,3R,45)-
3-(methoxymethoxy)-1-[2-[(4-methoxyphenyl)methoxyJethyl}-4-
methyl-6-heptenyl Ester (18). To a stirred solution of triphe-
nylphosphine (254 mg, 0.97 mmol), 7 (0.86 mmol), and 9 (254
mg, 0.72 mmol) in ether (3.6 mL), DEAD (40% in toluene, 0.44
ml, 0.97 mmol) was added at 0 °C. After being stirred at réom
temperature for 36 min, the reaction mixture was quenched with
saturated aqueous NH4Cl at 0 °C and extracted with ether. The
organic layer was washed with saturated aqueous NH,CI, water,
and brine, dried over MgSQ,, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column
chromatography (10:1 to 5:1 hexane/ethy] acetate) to afford 18 (368
mg, 0.68 mmol, 91%) as a pale greenish-yellow oil. [0]p?” +3.63
(c 0.32, CHCLy); Ry = 0.50 (3:1 hexane/ethyl acetate); IR (film)
2935, 1727, 1640, 1613, 1514, 1490, 1458, 1442, 1421, 1362, 1275,
1248, 1197, 1173, 1155, 1139, 1097, 1039, 995, 975, 917, 820
em™'; 'H NMR (500 MHz, CDCly) 6 7.25 (2H, d. J = 8.6 Hz),
7.03 (1H, dd, J = 11.2, 8.5 Hz), 6.87—6.82 (3H, m), 5.88 (1H,
ddt, J = 17.0, 10.2, 6.4 Hz), 5.71 (1H, ddt, J = 17.0, 10.0, 7.0
Hz), 542 (1H, dddd, J = 6.2, 6.0, 6.0, 6.0, 6.0 Hz, H15), 5.05
(1H, dd, 7= 10.2, 3.0 Hz), 5.00 (1H, dd, J = 17.0, 3.3 Hz), 4.94
(1H, dd, J = 17.2, 3.2 Hz), 4.90 (1H, dd, J = 10.0, 1.9 Hz), 4.68
(1H, d, 7 = 6.9 Hz), 4.66 (1H, d, J = 6.9 Hz), 4.45 (1H, d, J =
11.5 Hz), 441 (1H, d, J = 11.5 Hz), 3.90.(3H, d, J = 2.0 Hz,
-OMe), 3.78 (3H, s), 3.61 (1H, ddd, J = 9.5, 8.4, 5.9 Hz, H17a),
3.60 (1H, dt, J = 10.0, 3.6 Hz, H13), 3.55 (1H, ddd, J = 9.5, 6.9,
6.9 Hz, H17b), 3.38 (3H, s), 3.30 (2H, br d, 7 = 6.4 Hz), 3.30 (2H,
br d, J = 6.4 Hz), 2.05 (1H, ddd, J = 13.9, 6.6 Hz, H1la), 2.03
(1H, ddd, J = 14.0, 6.0 6.0 Hz, H16a), 1.97 (1H, ddd, J = 14.0,
6.9, 5.7 Hz, H16b), 1.93—1.85 (1H, m, H12), 1.80 (1H, ddd, J =
13.9, 8.6, 7.9 Hz, H11b), 1.73—1.69 (2H, m, H14), 0.87 (3H,d, J
= 6.7 Hz); '*C NMR (125 MHz, CDCL) 6 166.6, 159.1, 153.4 (d,
YJer = 246 Hz), 144.3 (d, Jor = 12 Hz), 137.1, 136.2, 133.3 (4,
Jer =5 Hz), 130.5, 129.6, 129.3, 124.5 (d, Jop = 7 Hz), 117.7 (d,
Jer = 17 Hz), 116.6, 115.9, 113.7, 96.7, 78.2, 72.7, 71.3, 66.4,
61.7 (d, Jor = 7 Hz), 55.8, 55.3, 37.5, 36.7, 36.3, 35.3, 35.1, 13.7;
'*F NMR (470 MHz, CDCL) & ~133.6 (br ddq, J = 10.8, 4.5, 1.8
Hz); HRMS (ESI-TOF) m/z calcd for CyHy FNaO; M + Nat)
567.2734, found 567.2731.

(35,5R,65,8E)-3,4,5,6,7,10-Hexahydro-13-fluoro-14-methoxy-
5-(methoxymethoxy)-3-[2-[(4-methoxyphenyl)methoxylethyl]-6-
methyl-1H-2-henzoxacyclododecin-1-one (19). To a flask charged
with dichloromethane (18 mL) under vigorous stirring, a solution
of 18 (358 mg, 0.66 mmol) in dichloromethane (67 mL) and
(CysP),CLRu=CHPh (41 mg, 0.0495 mmol) in dichloromethane
(63 mL) were added simultaneously at room temperature over 26
min, and the resulting solution was stirred at room temperature for
21 min. The reaction was quenched with triethylamine (3.2 mL),
exposed to air for 13 h with vigorous stirring, and concentrated
under reduced pressure. The residue was.purified by flash silica
gel column chromatography (10:1 to 5:1 hexane/ethyl acetate) to
afford 19 (306 mg, 0.59 mmol, 90%) as a pale-gray oil (10:1
mixture of E:Z isomers at C9). [a]p? —44.5 (¢ 0.21, CHCL,); R, =
0.28 (3:1 hexane/ethyl acetate); IR (film) 2954, 2933, 1725, 1613,
1587, 1514, 1489, 1456, 1417, 1359, 1275, 1248, 1207, 1173, 1155,
1142, 1099, 1067, 1040, 975, 917, 822 cm™!; '"H NMR (500 MHz,
CDCIL) 6 725 (2H, d. J = 8.6 Hz), 6.97 (1H, dd, J = 11.3, 8.3
Hz), 6.85 (2H, d. J = 8.6 Hz), 6.78 (1H, dd, J = 8.4, 4.5 Hz),
5.50—5.40 (2H, m, H15 and H10), 5.29 (1H, ddt, J = 15.2, 9.5,
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2.2 Hz, H9), 4.84 (1H, d, J = 6.9 Hz), 4.76 (1H, d, / = 6.9 Hz),
4.45 (2H, s), 4.06 (1H, dd, J = 9.5, 3.7 Hz, H13), 3.82 3H, d, J
= 1.9 Hz), 3.78 (3H, s), 3.63 (1H, br dd, J = 16.4, 10.0 Hz, HSa),
3.61 (2H, t,dd, J = 6.7, 6.7 Hz, H17), 3.41 (34, s), 3.28 (1H, ddt,
J =164, 4.6, 2.6 Hz, H8b), 2.28 (1H, br ddd, J = 14.0, 5.7, 3.3
Hz, Hlla), 2.17—2.06 (1H, m, H12), 2.01 (1H, dddd, J = 14.2,
8.3, 6.0, 6.0 Hz, H16a), 1.90 (1H, dddd, J = 14.2,7.2,7.2, 4.6 Hz,
H16b), 1.72 (1H, dd, J = 15.6, 8.9 Hz, H14a), 1.68 (1H, dd, J =
14.1, 11.6 Hz, H11b), 1.46 (1H, dd, J = 15.5, 9.5, H14b), 0.84
(3H, d, J = 6.9); '*C NMR (125 MHz, CDCly) ¢ 166.9, 159.1,
153.6x (d, 'Jop = 246 Hz), 144.7 (Jor = 12 Hz), 134.1, 131.5 (Jer
= 2 Hz), 130.6, 130.2, 129.1, 128.3, 125.5 (Jor = 7 Hz), 117.1
(Jer = 19 Hz), 113.7, 96.8, 79.3, 72.8, 72.6, 66.3, 61.6 (Jer = 7
Hz), 55.6, 55.3, 37.7, 37.3, 36.4, 35.5, 34.0, 13.4; '""F NMR (470
MHz, CDCL;) 6 —133.0 (br ddg, J = 11.7, 4.5, 1.8 Hz); HRMS
(BSI-TOF) m/z calcd for CyoH3,FNaO; (M + Nat) 539.2421, found
539.2426.
(3S,5R,6S,8E)-3,4,5,6,7,10-Hexahydro-3-(2-hydroxyethyl)-13-
fluoro-14-methoxy-5-(methoxymethoxy)-6-methyl-1H-2-benzox-
acyclododecin-1-one (20). To a solution of 19 (296 mg, 0.57 mmol)
and water (0.57 mL) in dichloromethane (11 mL), 2,3-dichloro-
5,6-dicyano-p-benzoquinone (182 mg, 0,80 mmol) was added at 0
°C. After being stitred at room temperature for 53 min, the reaction
mixture was quenched with saturated aqueons NaHCO; and
saturated aqueous Na,S,0; at 0 °C, and extracted with ether. The
organic layer was washed with saturated aguneous Na,S,04, water,
and brine, dried over Na,SOy, filtrated, and concentrated under
reduced pressure. The residue was purified by flash silica gel column
chromatography (3:1 to 1:1 hexane/ethyl acetate) to afford 20 (220
mg, 0.55 mmol, 97%) as a pale bright-yellow oil (10:1 mixture of
E:Z isomers at C9). [o]p?” —37.8 (¢ 0.26, CHCL); R, = 0.29 (1:1
hexane/ethyl acetate); IR (film) 3441, 2954, 1725, 1605, 1489, 1457,
1417, 1382, 1348, 1275, 1231, 1197, 1155, 1142, 1102, 1041, 975,
917, 822, 717 cm™'; 'H NMR (500 MHz, CDCl;) 6 6.98 (1H, dd,
J =115, 8.5 Hz), 6.80 (1H, dd, J = 8.4, 4.5 Hz), 5.48 (1H, dddd,
J=28.5,8.5,4.7,4.7 Hz, H15), 5.46 (1H, ddt, J = 15.2, 11.5,2.6
Hz, H10), 5.30 (1H, ddt, J = 15.2, 9.6, 2.2 Hz, H9), 4.85 (1H, d,
J=6.8 Hz), 4.80 (1H, d, J = 6.8 Hz), 4.08 (1H, dd, J = 9.4, 34
Hz, H13), 3.92 (3H, d, J =2.0 Hz), 3.82 (1H, ddd, /= 11.6, 7.7,
4.4 Hz, H17a), 3.75 (1H, ddd, J = 11.2, 6.0, 5.3 Hz, H17b), 3.63
(1H, dd, J = 16.5, 9.6 Hz, H82), 3.43 (3H, s), 3.29 (1H, dddd, J =
16.5,4.2, 2.4, 2.4 Hz, H8b), 2.29 (1H, ddd, J = 144, 5.6, 3.2 Hz,
Hila), 2.18—2.07 (1H, m, H12), 1.94 (1H, dddd, J = 14.5, 9.5,
5.9, 4.4 Hz, H16a), 1.84 (1H, dddd, J = 14.4, 7.7, 4.7, 4.7 Hz,
Hi6b), 1.75 (1H, dd, J = 15.6, 8.2 Hz, H14a), 1.69 (1H, ddd, J =
14.3,11.6, 11.6 Hz, H11b), 1.46 (1H, dd, J = 15.6, 9.3 Hz, H14b),
0.85 (3H, d, J = 6.7 Hz); '3C NMR (125 MHz, CDCl;) 6 167.1 (d,
Jer'= 2 Hz), 153.5 (4, Jer = 247 Hz), 144.3 (d, Jor = 12 Hz),
134.1 (4, Jer = 3 Hz), 131.6, 129.9, 128.2, 125.7 (d, Jer = 7 Hz),
117.3 (d, Jor = 19 Hz), 97.0, 73.5, 61.9 (d, Jor = 7 Hz), 594,
55.6, 38.9, 37.6,37.3, 35.5, 34.1, 13.4; "*F NMR (470 MHz, CDCl5)
6 —132.8 (ddq, J = 11.7, 4.5, 1.8 Hz); HRMS (ESI-TOF) m/z caled
for Cy;HysFNaOg M + Nat) 419.1846, found 419.1861.
(35,5R,6S,8E)-3,4,5,6,7,10-Hexahydro-13-fluoro-3-(3-iodo-2-
propenyl)-14-methoxy-5-(methoxymethoxy)-6-methyl-1H-2-ben-
zoxacyclododecin-1-one (21). To a solution of 20 (211 mg, 0.53
mmol) in dichloromethane (11 mL) Dess—Martin periodinane (339
mg, 0,80 mmol) was added at 0 °C. After being stirred at room
temperature for 73 min, the reaction mixture was quenched with
saturated aqueous NaHCO; and saturated aqueous Na,S,0; at 0
°C, and extracted with ether. The organic layer was washed with
saturated aqueous Na,S,0s, water, and brine, dried over Na,SOy,
filtrated, and concentrated under reduced pressure to afford aldehyde
as a pale bright-yellow oil, which was used in the next reaction
without further purification. Chromium chloride(II) (782 mg, 6.36
mmol) was dried by being heated with flame under reduced pressure
for 15min. To a suspension of the chromium chloride(Il) in THF
(4.6 mL), a solution of the aldehyde and iodoform (835 mg, 2.12
mmol) in dioxane (27.6 mL) was added at 0 °C to give a reddish-
brown suspension. After being stirred at room temperature for 26 h
with light shielding, the reaction mixture was diluted with ether
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(32 mL), and the suspension was poured into a mixture of ether
(12 mL) and water (36 mL) at 0 °C. The organic layer was
separated, washed with saturated aqueous Na,S,0,, saturated
aqueous NaHCOs, water, and brine, dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified
by flash silica gel column chromatography (15:1 to 5:1 hexane/
ethyl acetate) to afford 21 (221 mg, 0.43 mmol, 80%) as a pale-
yellow oil (3.3:1 mixture of E:Z isomers at C17). [a]p?” —84.5 (c
0.21, CHCly); Rr = 0.49 (3:1 hexane/ethyl acetate); IR (film) 2955,
2932, 1727, 1606, 1489, 1456, 1426, 1417, 1382, 1347, 1273, 1230,
1196, 1155, 1139, 1102, 1042, 975, 917, 821, 811 cm™!; 'H NMR
(500 MHz, CDCly) 6 6.99 (1H, dd, J = 11.5, 8.5 Hz), 6.78 (1H,
dd, J = 8.5, 4.4 Hz), 6.69 (1H, ddd, J = 14.4, 8.2, 6.2 Hz, H17),
6.15 (1H, d, J = 14.5 Hz, H18), 545 (1H, dddd, J = 14.8, 11.4,
2.7,2.7 Hz, H10), 5.33 (1H, ddd, J = 8.3, 8.3, 4.6 Hz, H15), 5.28
(1H,dddd, J = 15.2, 9.6, 2.1, 2.1 Hz, H9), 4.85 (1H, d, J = 6.7
Hz), 478 (1H, d, J = 6.7 Hz), 4.05 (1H, dd, J = 9.4, 3.7 Hz,
H13), 3.96 (3H, d, J = 2.0 Hz), 3.62 (1H, dd, J = 16.3, 9.5 Hz,
HB8a), 3.43 (3H, ), 3.28 (1H, dddd, J = 164, 3.9, 24, 2.4 Hz,
HB8b), 2.45 (1H, dddd, J = 14.6, 8.0, 6.3, 1.5.Hz, H16a), 2.33 (1H,
dddd, J = 14.9, 8.2, 4.6, 0.9 Hz, H16b), 2.29 (1H, br d, J = 14.2
Hz, H1la), 2.17-2.07 (1H, m, H12), 1.68 (dd, J = 15.1, 8.6 Hz,
H14a), 1.67 (1H, ddd, J = 14.2, 11.5, 11.5 Hz, H11b), 1.40 (1H,
dd, J = 15.4, 9.5 Hz, H14b), 0.84 (3H, d, J = 6.9 Hz); '*C NMR
(125 MHz, CDCl3) 6 166.9 (4, Jer = 4 Hz), 153.6 (d, YJer = 246
Hz), 144.8 (d, Jer = 12 Hz), 141.71, 136.9, 134.1 (d, Jor = 5 Hz),
1315, 128.3, 125.4 (d, Jop = 7 Hz), 117.2 (d, Jor = 19 Hz), 97.1,
79.4,77.6,73.8,61.9 (d, Jor = 7 Hz), 55.7, 42.4, 37.6, 37.2, 35.1,
34.1, 13.3; "9F NMR (470 MHz, CDCl) 6 —132.7 (ddq, J = 11.3,
4.5, 2.4 Hz); HRMS (ESI-TOF) m/z caled for CpHygFINaOs (M
+ Na™) 541.0863, found 541.0881.
(35,5R,65,8E)-3,4,5,6,7,10-Hexahydro-13-fluoro-3-(3-iodo-2-
propenyl)-14-hydroxy-5-(methoxymethoxy)-6-methyl-1H-2-ben-
zoxacyclododecin-1-one (22). To a vigorously stirred solution of
21 (211 mg, 0.41 mmol) in dichloromethane (45 mL), a solution
of tribromoborane in dichloromethane (1.0 M, 1.06 mL, 1.06 mmol)
was added at —78 °C. After being stirred at —78 °C for 65 min,
the reaction mixture was allowed to warm up to room temperature,
then quenched with ice-cold water (70 mL) at —5 °C and extracted
with dichloromethane. The organic layer was washed with brine,
dried over Na,SO,, filtered, and concentrated under reduced
pressure. The residue was purified by flash silica gel column
chromatography (5:1 to 3:1 hexane/ethyl acetate) to afford 22 (138
mg, 0.30 mmol, 76%) as a colorless powder (4:1 mixture of E:Z
isomers at C17). [alp?” +19.4 (c 0.69, CHCL); R = 0.27 (3:1
hexane/ethyl acetate, developed in twice); IR (film) 3469, 2956,
2359, 1703, 1612, 1491, 1425, 1356, 1291, 1274, 1168, 1141, 1028,
968, 820, 767, 669, 623 cm™!; 'H NMR (500 MHz, CDClL) 6 10.1
(1H, br s, -OH), 7.10 (1H, dd, J = 8.5 Hz), 6.63 (1H, dd, J = 8.3,
5.0 Hz), 6.57 (1H, ddd, J = 14.3, 7.4, 7.4 Hz, H17), 6.18 (1H,
ddd, J = 14.3, 1.3, 1.3 Hz, H18), 5.52 (1H, dddd, J = 10.6, 5.9,
5.9, 1.0 Hz, H15), 540 (1H, ddd, J = 15.5, 4.6, 4.6 Hz, H9), 5.12
(1H, brddd, J =15.2,9.3, 5.3 Hz, H10), 3.69 (1H, dd, J = 8.7, 3.4
Hz, HI3), 3.59 (1H, br dd, J = 16.7, 5.1 Hz, H8a), 3.40 (1H, ddd,
J =168, 20, 2.0 Hz, H8b), 247—2.41 (2H, m, H16), 2.33 (1H,
brdddd, /= 13.5, 6.7, 1.8, 1.8 Hz, H11a), 1.93 (1H, dd, J = 15.0,
10.6 Hz, H14a), 1.84—1.92 (2H, m, H12), 1.79 (1H, ddd, J = 13.6,
9.2, 9.2 Hz, H11b), 1.33 (1H, ddd, J = 15.1, 8.8, 1.0 Hz, H14b),
0.90 (3H, d, J = 6.9 Hz); C NMR (125 MHz, CDCl;) ¢ 169.7,
150.5 (d, "Jor = 241 Hz), 1494, 140.7, 136.8 (d, Jor = 5 Hz),
1359, 132.0, 1274, 122.3 (d, Jer = 7 Hz), 119.0 (d, Jep = 17
Hz), 784, 73.7, 70.5, 41.4, 38.5, 38.2, 37.4, 35.2, 13.6; "F NMR
(470 MHz, CDCl;) 6 —139.1 (br s); HRMS (ESI-TOF) m/z calcd
for C¢H,,FINaO, (M + Nat) 483.0445, found 483.0457.
Salicylihalamide A (1a) and B (1b). N,N'-dimethy] acetamide
(DMA) used in this reaction was degassed by freeze—thaw method
over 10 times. To the 20 mL Schlenk flask dried by heating with
flame, under reduced pressure for 10 min Rb,CO; (139 mg, 0.60
mmol) was added under argon atmosphere and dried by a drier
under reduced pressure for 15 min and charged with argon gas after
cooling to room temperature. To this flask, copper(l) thiophene
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carboxylate (19 mg, 0.10 mmol), a solution of (2Z4Z)-24-
heptadienamide 8 (75 mg, 0.60 mmol) and 2,2"-bipyridine (20 mg,
0.12 mmol) in DMA (0.9 mL), which was dried over MS4A, and
then the resulting mixture was immediately degassed until no
bubbles were found. After being stirred for 30 min at room
temperature with light shielding, a solution of 23 (44 mg, 0.10
mmol) in DMA (0.6 mL), which was dried over MS4A, was added
and the resulting solution was immediately degassed until no
bubbles were found. After being stirred for 1 h at 90 °C with light
shielding, the reaction solution was diluted with ether at room
temperatur, and was quenched with pH 7.0 phosphate buffer at 0
°C. The organic layer was separated, washed with pH 7.0 phosphate
buffer, water and brine, and dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by
flash silica gel column chromatography (hexane/ethyl acetate =
3/1 to 1/3) to afford the roughly purified substance (58.3 mg), which
was purified by the preparative HPLC to afford salicylihalamide
A (1a) (10.1 mg, 0.023 mol, 23%) and salicylihalamide B (1b)
(11.4 mg, 0.026 mmol, 26%) as a colorless wax, respectively. HPLC
conditions: column: COSMOSIL 5C18-MS-II (NACALAI TESQUE,
INC.), 10 mm x 250 mm; detection: A = 280 nm; flow rate: 2.0
mL/min; elution with a gradient solvent system: MeOH/H,O = 7/3,
0—100 min: MeOH/H,0 = 7/3 — MeOH, 100-120 min: MeOH,
120—140 min; The #g of salicylihalamide A (1a) and salicylihala-
mide B (1b) were 64.2 and 81.0 min, respectively.

1a. [0]p!® = —32.6 (c 0.169, MeOH); R; 0.25 (hexane/ethyl
acetate = 1/1); IR (film) 3285, 2964, 1700, 1653, 1589, 1523, 1464,
1293, 1248, 1216, 1123, 1066, 971 cm™'; 'H NMR (500 MHz,
CsDg) 6 11.5 (1H, br, C3-OH), 7.93 (1H, brdd, J = 11.4, 11.4 Hz,
H22), 7.12 (1H, dd, J = 14.3, 10.9 Hz, H18), 6.99—6.94 (2H, m,
H4 and HS), 6.62 (1H, dd, J = 11.6, 11.6 Hz, H21), 6.50 (1H, br
d, —NH), 6.48 (1H, dd, J = 6.6, 2.3 Hz, H6), 5.62 (1H, ddddd, J
= 10.8, 7.7, 7.7,°1.3, 1.3 Hz, H23), 5.54(1H, ddd, J = 10.0, 6.6,
6.6 Hz, H15), 5.28 (1H, ddd, J = 15.5, 4.3, 4.3 Hz, H9), 5.10 (1H,
br d, J = 10.9 Hz, H20), 5.05 (1H, br ddd, 7 = 14.6, 6.9, 6.9 Hz,
H10), 4.77 (1H, br ddd, J = 14.3, 7.2, 7.2 Hz, H17), 3.62 (1H, br
dd, J = 16.5, 5.3 Hz, H84a), 3.44 (1H, dd, J = 8.3, 2.9 Hz, H13),
3.32 (1H, br d, J = 16.0 Hz, H8b), 2.17 (1H, ddd, J = 14.0, 7.2,
7.2 Hz, H162), 2.12 (1H, ddd, J/ = 12.3, 5.7, 5.7 Hz, Hl1a), 2.05
(1H, ddd, J = 14.0, 6.9, 6.9 Hz, H16b), 1.97 (2H, tdd, J = 7.6,
7.6, 1.4 Hz, H24), 1.66 (1H, dd, J = 15.1, 10.8 Hz, Hl4a), 1.62
(1H, dd, J = 13.5, 8.9 Hz, H11b), 1.56—1.45 (1H, m, H12), 1.27
(1H, dd, J = 14.9, 8.6 Hz, H14b), 0.82 (3H, d, J = 6.9 Hz, H26),
0.77 3H, t, J = 7.7 Hz, H25); '*C NMR (125 MHz, C¢Dg) 6 1712,
170.0, 163.0, 162.9, 142.6, 141.7, 136.9, 134.0, 132.7, 127.1, 126.0,
124.9, 123.6, 119.7, 117.1, 114.7, 107.0, 75.3, 70.4, 39.3, 38.6,
37.6, 36.4, 35.5, 20.8, 14.0, 13.9; HRMS (ESI-TOF) m/z calcd for
CasH3sNNaOs M + Na™) 462.2256, found 462.2253.

1b. [0p?® = —90.4 (c 0.025, MeOH); R; 0.25 (hexane/ethyl
acetate = 1/1); IR (film) 3286, 2960, 2924, 1695, 1653, 1587, 1507,
1464, 1294, 1247, 1211, 1119, 1032, 966 cm™'; 'H NMR (500
MHz, CsDg) 6 11.8 (1H, br, C3-OH), 7.97 (1H, br dd, J = 114,
11.4 Hz, H22), 7.57 (1H, br d, J = 9.2 Hz, -NH), 7.31 (1H, dd, J
=10.0, 10.0 Hz, H18), 6.98—6.94 (2H, m, H4 and HS), 6.62 (1H,
ddd, J = 11.4, 11.4, 0.9 Hz, H21), 6.45 (1H, dd,6.3, 2.6 Hz, H6),
5.26—5.12 (2H, m, H15 and H10), 6.48 (1H, dd, J = 6.6, 2.3 Hz,
H6), 5.62 (1H, ddddd, J = 10.8, 7.7, 7.7, 1.3, 1.3 Hz, H23), 5.44
(1H, 4, J = 11.5 Hz, H20), 5.25-5.12 (2H, m, H15 and H10),
5.07 (1H, ddd, J = 15.3, 7.2, 7.2 Hz, H9), 4.48 (1H, ddd, J = 8.0,
8.0, 8.0 Hz, H17), 3.56 (1H, br dd, J = 16.5, 5.3 Hz, H8a), 3.24
(1H, br d, 7 = 16.9 Hz, H8b), 3.21 (1H, br d, J = 9.7 Hz, H13),
2.11—1.99 (14, m, Hlla), 2.04 (1H, ddd, J = 14.0, 7.4, 7.4 Hz,
Hi16a), 1.94 (2H, tdd, J = 7.6, 7.6, 1.4 Hz, H24), 1.84 (1H, ddd, J
=14.3, 7.7, 7.7 Hz, H16b), 1.77—1.68 (1H, m, H11b), 1.72 (1H,
dd, J = 14.7, 10.7 Hz, Hl4a), 1.45 (1H, br q, / = 6.8 Hz, H12),
1.19 (1H, dd, J = 15.2, 8.6 Hz, H14b), 0.82 (3H, d, J = 6.9 Hz,
H26), 0.77 (3H, t, J = 7.4 Hz, H25); *C NMR (125 MHz, CsD¢)
6 172.0, 162.9, 141.9, 137.3, 134.6, 132.8, 126.8, 1254, 124.9,
123.7, 119.5, 117.2, 103.2, 76.1, 70.9, 39.4, 384, 38.0, 36.2, 31.4,
20.8, 14.0, 13.8; HRMS (ESI-TOF) m/z calcd for CogHasNNaOs
(M + Nat) 462.2256, found 462.2245.
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4-F-Salicylihalamide A (6a) and B (6b). N,N'-dimethyl
acetamide (DMA) used in this reaction was degassed by freeze—thaw
method over 10 times. Rb,CO; (139 mg, 0.60 mmol) in a Schlenk
flask was dried by heating with a drier under reduced pressure for
15 min. After cooling to room temperature, copper(l) thiophen-
ecarboxylate (19 mg, 0.10 mmol) was added in glove box. A
solution of (2Z,4Z)-2,4-heptadienamide 8 (75 mg, 0.60 mmol) and
2,2'-bipyridine (20 mg, 0.12 mmol) in DMA (0.7 mL), which was
dried over MS4A, was added and the resulting mixture was
immediately degassed over and over again until no bubbles were
found. After being stirred for 30 min at room temperature with
light shielding, a solution of of 22 (46 mg, 0.10 mmol) in DMA
(0.7 mL), which was dried over MS4A, was added and the resulting
solution was immediately degassed over and over again until no
bubbles were found. After being stirred for 1 h at 90 °C with light
shielding, the reaction mixture was diluted with ether at room
temperature and was quenched with pH 7.0 phosphate buffer at 0
°C. The organic layer was separated, washed with pH 7.0 phosphate
buffer, water and brine, and dried over Na,SQg, filtrered, and
concentrated under reduced pressure. The residue was purified by
flash silica gel column chromatography (3:1 to 1:3 hexane/ethyl
acetate) to afford the roughly purified substance (29 mg), which
was purified by the preparative HPLC to afford 4-'“F-salicylihala-
mide A (6a) (7.1 mg, 0.015 mol, 15%) and 4-'°F-salicylihalamide
B (6b) (10.1 mg, 0.022 mmol, 22%) as a colorless wax, respectively.
HPLC conditions: column: COSMOSIL 5C,-MSII, 10 mm x 250
mm; detection: 280 nm; flow rate: 2.0 mL/min, eluent: 70:30
MeOH/H,0, 100 min, 70:30 — 100:0, 20 min, 100:0, 30 min. The
retention times (fg) of 6a and 6b were 63.4 and 73.4 min,
respectively. 6a: [0]p?® —50.0 (c 0.213, MeOH); R; = 0.34 (1:1
hexane/ethyl acetate); Aua (MeOH) 282 nm (¢ = 26200); IR (film)
3281, 2963, 2931, 1691, 1656, 1611, 1492, 1461, 1288, 1248, 1218,
1138, 1081, 1027, 971, 820, 678 cm™'; '"H NMR (500 MHz, C¢Dg)
6 10.5 (1H, br, C3-OH), 7.91 (1H, br dd, J = 11.5, 11.5 Hz, H22),
7.08 (1H, dd, J = 14.3, 10.6 Hz, H18), 6.72 (1H, dd, / = 9.7, 8.3
Hz, HS), 6.61 (1H, ddd, J = 11.5, 11.5, 0.9 Hz, H21), 6.56 (1H, br
s, —NH), 6.19 (1H, dd, J = 8.3, 4.6 Hz, H6), 5.63 (1H, ddddd, J
=10.9,7.7,7.7, 1.3, 1.3 Hz, H23), 5.53 (1H, m, H15), 5.23 (1H,
ddd, J = 15.5, 4.7, 4.7 Hz, H9), 5.10 (1H, br d, J = 11.5 Hz,
H20), 5.13—-5.03 (1H, m, H10), 5.05 (14, br ddd, J = 14.6, 6.9,
6.9 Hz, H10), 4.85 (1H, ddd, J = 14.3, 7.2, 7.2 Hz, H17), 3.68
(I1H, br d, J = 6.0 Hz, H13),3.37 (2H, m, HS), 2.21 (1H, ddd, J
= 143,74, 7.4 Hz, H16a), 2.12 (1H, m, H11a), 2.08 (1H, ddd, J
= 13.6, 6.0, 6.0 Hz, H16b), 1.97 (2H, tdd, J = 7.6, 7.6, 1.4 Hz,
H24), 1:66 (1H, dd, J = 15.0, 9.9 Hz, H14a), 1.65—1.53 (2H, m,
H11b and H12), 1.31 (1H, dd, J = 14.6, 9.2 Hz, H14b), 0.83 (3H,
d,J= 6.9 Hz, H26), 0.77 3H, t, J = 7.6 Hz, H25); '*C NMR (125
MHz, C¢Dg) 0 169.7 164.2, 160.5, 151.5 (d, 'Jcor = 240 Hz), 141.9,
137.2,135.8, 130.8, 129.5, 126.0, 124.9, 121.7, 119.7, 117.5, 108.8,
76.0, 71.1, 38.3, 37.6, 36.7, 36.2, 20.8, 14.0, 13.7 (1 of the sp,
carbons were obserded); 'F NMR (470 MHz, CsDg) 6 —138.6 (3);
HRMS (ESI-TOF) m/z calculated for CpH3FNOs M + HY)
458.2343, found 458.2341. 6b: [a]p™ —71.0 (c 0.301, MeOH); R;
= (.34 (hexane/ethyl acetate = 1/1); Ayax (MeOH) 282 nm (¢ =
22,100); IR (film) 3357, 2964, 2931, 1707, 1654, 1590, 1491, 1274,
1248, 1207, 1170, 1137, 1032, 973, 678 cm™'; '"H NMR (500 MHz,
CeDg) 0 7.90 (1H, dd, J = 11.5, 11.4 Hz, H22), 7.71 (1H, br s,
—NH), 7.26 (1H, dd, J = 9.9 Hz, H18), 6.72 (1H, dd, /= 9.7, 9.7
Hz, H5), 6.67 (1H, dd, J = 11.7, 11.7 Hz, H21), 6.17 (1H, dd, J =
8.2, 4.6 Hz, H6), 5.63 (1H, br ddd, J = 10.9, 7.9, 7.9 Hz, H23),
5.51 (1H, d, J = 10.9 Hz, H20), 5.36 (1H, m, H15), 5.20—5.08
(2H, m, HS and H10), 4.65 (1H, ddd, J = 8.3, 8.3, 8.0 Hz, H17),
3.60 (1H, m, H13), 3.34 (1H, br d, J = 15.7 Hz, H8a), 3.30 (1H,
br d, J = 15.7 Hz, H8b), 2.17 (1H, ddd, J = 14.0, 7.2, 7.2 Hz,
H16a), 2.11—-2.01 (1H, m, Hlla), 2.06 (1H, br d, J = 14.5 Hz,
Hileb), 1.97 (2H, tdd, J = 7.6, 7.6, 1.4 Hz, H24), 1.76 (1H, dd, J
=14.9, 10.0 Hz, H14a), 1.72—1.65 (1H, m, H11b), 1.65—1.55 (1H,
m, H12), 1.30 (1H, dd, J = 14.9, 8.9 Hz, H14b), 0.85 (3H, d, J =
6.9 Hz, H26), 0.78 (3H, t, J = 7.7 Hz, H25); '*C NMR (125 MHz,
CsDg) 6 170.0, 164.0, 151.2 (4, 'Jor = 246 Hz), 142.0, 137.4, 136.7,
131.1, 128.9, 124.9 (d, Jer = 12 Hz), 122.2 (d, Jor = 5 Hz), 119.6,
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118.3 (d, Jor = 17 Hz), 105.2, 76.2, 71.3, 38.5, 38.3, 37.8, 36.3,
31.9, 20.8, 14.0, 13.6 (3 of the sp, carbons were obserded); ''F
NMR (470 MHz, CsDg) 6 —138.4 (s); HRMS (ESI-TOF) m/z caled
for CysH3,FNNaOs (M + Na*) 480.2162, found 480.2162.

Biology. Materials. All the chemical used in this study were
commercially available special grade ones without further treatment.
Water was purified with a Millipore Simpli Laboratory system
(Millipore Inc., Bedford, MA) and used within a few hours. The
following reagents used in this protocol were as follows: SME
buffer (0.3 M sucrose, 5 mM EDTA, 10 mM MOPS and pH 7.5
with NaOH), pepstatin A (10 mg/mL in ethanol), leupeptin (10
mg/mL in ethanol), reaction medium for proton pump assay (0.3
M sucrose, 40 mM KCl, 5 mM tricine, and pH 8.0 with NaOH),
9-amino-6-chloro-2-methoxyacridine (ACMA) (0.1 M in ethanol),
valinomycin (1 mg/mL in ethanol), MgATP (0.1 M ag and pH 7.5
with NaOH), and carbonyl cyanide p-trifluoromethoxyphenylhy-
drazone (FCCP) (1 mM in ethanol), Hanks’ balanced salt solutions
(HBSS) (137 mM NaCl, 5.3 mM KC], 1.3 mM CaCl,, 0.82 mM
MgSOy, 0.34 mM NapHPOy, 4.2 mM KH,POy, 4.2 mM NaHCOs,
5.6 mM glucose, 15 mM HEPES (4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid) pH 7.4 with NaOH).

Assay of Synthesized Salicylihalamides Using Simian
Kidney Cell. Simian (Cercopithecus aethiops) kidney COS-7 cells
were maintained in Dulbecco’s modified Eagle medium containing
10% fetal calf serum at 37 °C in 5% C0,/95% air with a CO,
incubator.?® The cells were seeded on poly-L-lysine coated cover-
slips. After overnight culture, the synthesized salicylihalamide was
addeéd into the culture media to give a final concentration of 1 M,
and incubated at 37 °C for 5 h. Then, the cells were loaded with
pH indicator LysoSensor Green DND-189 (Invitrogen, Molecular
probes)?? at a final concentration of 1 #M. After 1 min, an excess
of the indicator was washed out with HBSS. The cells were
observed using a fluorescence microscope, and images were
acquired using a cooled CCD camera. For fryptan blue exclusion
test, the intact or drug-treated cells were soaked in phosphate
buffered saline containing 0.3% trypan blue. The cells were
observed with bright-field and phase-contrast microscope.

Preparation of Chromaffin Granule Membranes (CGM)
from Porcine Adrenal Glands. Preparation of chromaffin granule
membranes (CGM) from porcine adrenal glands was operated
according to refs 30, 31 in which the preparation of CGM from

" bovine adrenal glands was described. The following manipulation
was carried out at 4 °C unless otherwise noted. Porcine adrenal
glands are obtained from the local meat distributor JKEDA meat-
packing company Co., Ltd., Kyoto, Japan). Then 30—35 adrenal
medullae were separated from the cortex by pinching the connecting
tissue with pointed forceps. The isolated adrenal medullae were
kept at 4 °C in 200 mL of freshly prepared SME buffer containing
5 pg/mL of pepstatin A and leupeptin. The medullae were briefly
homogenized in a Waring blender and rehomogenized in the
Polytron homogenizer on ice bath. The mixture was filtered through
two layers of gauze, and the filtrate was kept on ice. The pink-
colored filtrate was centrifuged at 2000g for 10 min. The pellet
was discarded and the supernatant was centrifuged at 10000g for
20 min. The obtained pellet was gently suspended in ca. 25 mL of
SME containing the protease inhibitors. The suspension was applied
on top of sucrose layers in polyallomer tubes. The bottom layer of
3.0 mL buffer contained 1.8 M sucrose, and the top layer of 3.6
mL buffer contained 1.2 M sucrose. The protease inhibitors were
added to the each layer just before use. About 4.2 mL of the
suspension was applied on the layers in six tubes and centrifuged
at 72000g for 17 h. The supernatant was removed and the pale-
pink pellet containing the chromaffin granules was suspended in a
small amount of SME containing the protease inhibitors and
homogenized with a glass homogenizer. The suspension was poured
into 300 mL of the hypotonic solution (10 mM MOPS, pH 7.5
with NaOH, 1.25 mM Na,ATP, and 1 xg/ml of the protease
inhibitors). After vigorous stirring for 1 min, the solution was
centrifuged at 3000g for 10 min. The pellet was discarded and the
supernatant was centrifuged at 200000g for 60 min. The chromaffin
granule membranes were obtained as a brownish-pink pellet and

Sugimoto et al.

diluted into 1.8 mL of the MOPS solution (20 mM MOPS, pH 7.5
with NaOH, 25% glycerol, 5 mM Na,ATP, 5 mM monothioglyc-
erol, and 10 ug/mL of the protease inhibitors). The resulting solution
contained 4—8 mg of the membrane proteins including V-ATPase,
judging from both the quantitative determination of the total protein
concentration by the BCA assay, and the Western blotting with
the antibody against subunit b on the V|, domain of V-ATPase.
The prepared CGM was suspended at the protein concentration of
5 mg/mL in the MOPS solution and kept frozen at —80 °C.

Assay of Synthetic Salicylihalamides in the Inhibitory
Activity against Chromaffin Granule Membrane V-ATPase. The
measurement of fluorescence quenching of 9-amino-6-chloro-2-
methoxyacridine (ACMA) as an indicator for proton uptake into
the membrane vesicles was employed.®' To a 2 mL of the reaction
medium for proton pump assay, chromaffin granule membranes
from porcine adrenal glands containing 50 ug of protein, 4.0 uL
of 1.0 M ACMA, and 0.67 uL of valinomycin were added, and the
resulting solution was incubated at 37 °C for 10 min. A solution
of the synthesized salicylihalamide in DMSO (prepared to give 0.1%
final concentration of DMSO) was added and incubated at 37 °C
for 3 min, and then 10 x4l of 0.1 M MgATP was added and
incubated for 2 min. The proton gradients made by the V-ATPases
in the membranes were canceled by addition of 3.4 gL of 1 mM
FCCP. The fluorescence quenching in the presence of MgATP was
monitored by a spectrofiuorometer with an excitation wavelength
of 412 nm and emission at 480 nm. The initial rate of quenching
was estimated as the slope of the quenching trace performed on
sets of 20 points (20 s of quenching trace) and is expressed as the
rate of quenching/min. The proton transport activity is expressed
as the percentage versus DMSO-matched controls with standard
deviation from triplicate experiments. ICsy values were obtained
graphically by plotting the percent activity of proton transport versus
the log values of the inhibitor concenirations.
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