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24-F-Baf 24,24-didesmethyl-24-F;-bafilomycin derivative
Ac acetyl

aq aqueous

ATP adenosine 5’-triphosphate

Baf bafilomycin

bCG bovine chromaffin granule

BINOL 1,1'-bi-naphthol

Bn benzyl

Bu butyl

Bz benzoyl

cOc chicken osteoclast

COsy correlation spectroscopy

Cp cyclopentadienyl

CSA camphorsulfonic acid

dba dibenzylideneacetone

DCCD dicyclohexyl carbodiimide

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DEAD diethyl azodicarboxylate

DEIPS diethylisopropyilsilyl

desmethyl-24-F-Baf
6,8,24,24-tetrakisdesmethyl-24-F;-bafilomycin derivative

DFT density functional theory

DIAD diisopropyl azodicarboxylate
DIBAL diisobutylaluminium hydride
DIP-Chloride diisopinocampheyl chloroborane
DMAP N,N-dimethylaminopyridine
DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMSO dimethyl sulfoxide

DQF double-quantum filtered
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EDC
ESI

Et

HF
HMBC
HMQC
HPLC

i-

ICso

IR
KHMDS
LAH
LHMDS
L-Selectride
m-

Me
MOM
MMTr
MNBA
MS
MS4A
MTPA

NCS
NHMDS
NMO
NMP
NMR
NOE
NOESY

enantiomeric excess

equivalent
1-ethyl-3-(3-dimethylaminopropyl)carbodiinide
electrospray ionization

ethyl

hydrogen fluoride

heteronuclear multiple bond cohearence
heteronuclear quantum cohearence

high performance liquid chromatography
IS0

half maximal inhibitory concentration
inrfared

potassium hexamethyldisilazide

lithium aluminium hydride

lithium hexamethyldisilazide

lithium tri-sec-butylborohydride

meta

methyl

methoxymethyl

monomethoxytrityl
2-methyl-6-nitrobenzoic anhydride
mass spectrum

molecular sieves 4A
a-methoxy-a-(trifluoromethyl)phenylaceteic acid
normal

N-chlorosuccinimid

sodium hexamethyldisilazide
N-mehylmorpholine N-oxide
N-methylpyrrolidone

nuclear magnetic resonance

nuclear Overhauser effect

nuclear Ovarhauser effect spectroscpoy



PMB
pPpm
PPTS
Pr

Pv

Py

REDOR
quant.

rt

t-
TBACI
TBAF
TBAI
TBDPS
TBS
TEMPO
TES

Tf

THF
TIPS
TLC
™
TMS
TOF
TPAP
Ts
V-ATPase

ortho

para

phosphate buffer saline
phenyl

p-methoxybenzyl

parts per million

pyridinium p-toluenesulfonate
propyl

pivaloyl

pyridine

hydrocarbon group

rotational echo double resonance
quantitative

room temperature

tertiary

tetrabutylammonium chloride
tetrabutylammonium fluoride
tetrabutylammonium iodide
t-butyldiphenylsilyl
t-butyldimethylsilyl
2,2,6,6,-tetramethylpiperidine 1-oxyl
triethylsilyl
trifluoromethanesulfonyl
tetrahydrofuran
triisopropylsilyl

thin layer chromatograpy
transmembrane

trimethylsilyl

time of flight
tetrapropylammonium perruthenate
p-toluenesulfonyl

Vacuolar type ATPase



WST-8 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium
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1-1 e ATP 77—

R ATP 77— (V-ATPase) 13/KFEA A Zaedhliais 3 HEEEM & X7 'g
ThHY ., fix OEHBSICEBRICEEL WS, RE L VB Shz~sn ) F&
KR NT g a~A v oid, RFEHZ V-ATPase [HERITH S, Z 2 TIHE T,
V-ATPase OHEZIZ DWW TR 5,

1-1-a FEELGFT & FERE

BEAYOMBENEIZIZA VT R T EEEN D ECHEN T/ MEENGFEL, U Y

V= ARy RV =Ll EENENME LB ISR OBECHEEZ A LT D
(X 1-1) . ZHB/MEEORREITBIEICRIZNTEY | Z o\ T BEONRST R
YA b=V R EERRAEBIRICHERERZ R L TWD, ZOMMEREZ(EY
H LTV D ONHEIE ATP 77— (V-ATPase) LFHIN DL L R0 BETHY | I
JERARLZE 5 > TF e b OREENHFE Z 1T > T 5, V-ATPase (% ATP DK/ fif—
FNFX—ZFH L TKBA A ZhAHLETHT0 hR T THY | RO LY
FRENTUR D, BERAY O NEE ONBCRICIES BB L TV D 2 &3 52
L p ot 2348 F 7= V-ATPase IZNIER 71T T < BB IR0 AR e & HE
OO H 2 < FEL L TWD (K 1-2) , EEMIaICHBL3 5 V-ATPase 1%,
H & OMITH W & MR D22 Z LT 5 2 & THROBEM T E Fr¥
TRNEA NOVRE 2T = v ORI EICBE L TR Y | B HERE & OBENRIE
ENTWD, TN TIE, V-ATPase ITHIIND pHIER F 2B <2 &k 7
R—=3 2B E, & BICHISREE 2t b4 2 2 & TR A DA L B L C
WD ZEDIRBENTWD, 2D V-ATPase 1X Z N HIRBOHF =720 TAER & L
THIEHZED, BHWRFEMThh T 8789,



V-ATPase AN
N ATP " ADP Recycling
Transporter o M Pi vesicle @-
E——

Secretory Coated /
vesicle vesicle

Early
endosome

: /
/ : r - @ Endosomal

carrier vesicle

TGN
Y 5
- @ ceniomome N2
- wen Lysosomal —(©) &3
Golgi SREYme

Lysosome

1-1 M/ NERE OWNECRIZH BT 5 V-ATPase
W IPPE, Rt E T, U Y Y — AR K — ATl V-ATPase D |2

F 0 pH AR 4560 Lo THEY, ZL T BEONRREEIZES L TWD,
Reprinted with permission from Nat. Rev. Mol. Cell Biol. 2002, 3, 94-113.%
Copyright © (2002) Nature Publishing Group.

a) WA b) AN

{

Bone Tissue

1-2  fHfafElz B3 5 V-ATPase
a) B AIE CIEE & OMIZH DWW 2B b L, BWICEE 595, b) 28 Akka

TITAIEA pH AR 2B <7200 Tre < MilasBR B8 & Btk L s A ORI B 53 %,
Reprinted with permission from Nat. Rev. Mol. Cell Biol. 2002, 3, 94-113.2
Copyright © (2002) Nature Publishing Group.



1-1-b

V-ATPase DL HZERERE Saccharomyces cerevisiae X°7 773> % £ Neurospora
crassa 13k V-ATPase MV, @il & BRGSO 7- [ D BRIMEE, X Bid i
AT 72 SIS X0 MR S C & 7z 1021 e o) V-ATPase 134072 < &b 14 RO
o=y MBI LS FEAIRT, MP®MKA%%ﬁw EZaHH 9 SISy Vi &
7a kT FVEEKT HIREE cKBlEnD (K13, £1-1) . Vi
TD ATP OIS fRIZ i@ébéi%w%~iﬁ%ﬁkU(W%%KE%%M\:
DOHEFIFHLTTa b EEEE XD,

Vit 7=2=> s ABCDEFGH 2L shsd, +7=2=v h A & BIZ
K23 ONRZHIZW AT 6 EEKZE L, ATP OIKRZIT> T D, ATP IKSS
FRICPED VT a=y N ADa LT A— 3 VLI, Bl VX — & L CHRmE
il ChHHY 7=y D & FZBLT Vo ilmillzzobnd, EHYP 7=k
CEGHiIE%kLT@meé

oI a=y  accc’de MHERINATWD, Y T7a2=y kc ¢, ¢

% 4 @H%ELDBLL%ﬁL 6 ONEE ST FOWEKELZH Y e 7 F U ER
Vo7 LIRS T S ¥, £ 7=y hald 9 EIEEERMOE KR
YT 2=y hTHY ., BUKED N K& BUKED C Kiizd A3 25, C KUl
FEBL T hrFry 22 Ba L. N RimfEEEFE LT Tng, 7=
=y NIV OREE N E 7 a7 A Y B RY U nx b &EEEZH STV 5,

YT a=y hOKREILEIC X BREmEEEITICZ VNS TEE TN D
LOD, ZOFERIR LN TND, ZIUTES X7 ETh % V-ATPase 1%, EZAE
W) CIEEICAN TR TABIHEET 2720 O RERBNREE 2 2 & F bR
LLKRIEB LT NI &, SHIC U flEZE2 LY T a2=y 0 6R5E5 FHEEIR
T&ék@k%i%%%wtkg%ﬁ%lﬁﬁ%é ERENRKE LTET N
%, FRCEEBH D CTHL 7T AV e R 7 OBEOFEMII AN TH - 7273,
2005 4|2 Murata % %, 77 LR T H 5 imPNEEHER R Enterococcus hirae @7 - U
U LA FUHENE VI ATPase O 7' m 74 B R U U Vs 2 X S S E i ic
L0 L (K 1-4) 9, Z4ud VR ATPase @ U > ZHEREDFEERIA WO TH & 7
IZENThITH S,



1-3 V-ATPase Ot 7 /L X

Reprinted with permission from Int. J. Biochem. Cell Biol. 2012, 44, 1422-1435."
Copyright © (2012) Elsevier.

V, Domain

V, Domain

#1-1 V-ATPase ZHk 4547 2=y k& Dk Y

HJazwy bk ¥R

HELEDT A Y T4 —L

HJa1= v FDHEE

(kDa) (+B#0)

ViEAAL D

A 70 ATP Ok fEEGI. BEEF

B 60 B1(EfiE. BHRELK) BEF. TOFoHELUV
B2(EiEHY) TIL RS —EHEE A

C 40 C1(&&EHrY) BEF. 79 F AESERGL
C2a,b(fifi. Big. FEELIX)

D 34 EEEF

E 33 E1(5 &) EEF. RAVEB LU
E2(E&EHrY) FILES—EHEEER

F 14 EEEF

G 13 G1(EEHY), G2(#iZHERa) ElEF. RAVE & B
G3(Efig. BELRK)

H 50 ExEF. NEF A

VoRAA Y

a 100 al(Fp#EHERa), a2( PR HERa) Jo kb UEE. BEF
a3(FEEM), ad(BiE. FBE LK) FILES—EiEEER

d 38 d1(EEM), d2(BE. FEERLEK) [El#5F

e 9 ABH

c 17 7ok Uik, BETF

c' 17 IWELEIFEES 7o b %k, BEF

c" 21 70 b rE, EEF

4 RAVE: regulator of the ATPase of vacuolar and endosomal membranes
b NEF: negative replication factor



Periplasm

X 1-4 RPN EEHERES Enterococcus hirae O kU 7 A A A ikt VL ATP 7 —€
DT TF Y RY 7 ORE G
Reprinted with permission from Science, 2005, 308, 654-659.°
Copyright © (2005) The American Association for the Advancement of Science.

V-ATPase CHEIL7=MEE2AGT 50 LT, MEOMRBESCER MO o
¥R U TR L ORI DT T 2 F RIESICIEET 5 F-ATPase 288 % (X 1-5) 17,
F-ATPase (X712 b > ORERRL L BENMZ T ATP OEEITH ATP ARklER
T b, V-ATPase & F-ATPase DOAEIEICITIELIAN 3% < | F-ATPase I3 ATP &1k %
9 Fiily EME I LicA AV BEOBE 2D Rl a a7 5, EHRiEEL L0
FEREICBE4 B FZEI%. V-ATPase (2T F-ATPase 739517 L TRV . X Hhs ik iz
I X VYT 2= b O EBRCHEEERBUCET 2 ENE ST\ D, —F
T V-ATPase 1X. TDOHFEMENEEAEMICBOLN TB VMBI A RNETH-T-7-0,
F-ATPase (T~ 14 - AL FRIFSEITEIL, 2R OREE B AENIL TR,
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1-5 F-ATPase Dk
Reprinted with permission from Nat. Rev. 2004, 5, 1-12.%
Copyright © (2004) Nature Publishing Group.

1-1-¢c  [A[#R5) FF— & —DFEH

V-ATPase 7% ATP BREWMED ARy - E— & — L LT r h &2k LD 2 L,
2003 4EICAAT - BEILSIC L D 1 FEERIC L VI S (K 1-6) 9, #5133,
HIEAMIEE Thermus thermophilus i3 V-ATPase %7 2= N A2 L AF VL X 7%
FANTH T AREBEICEENL LT RN TH T 2=y FDBLOFICVAT A VRS
AL TR T m—7 & b B —= X% fiH S, 2218 ATP 201x % L EEET 5
Hra, RS L VBRI LI LW D, Rk V2= bclce—=X
EREA S D Z LT ATP OIMKDEFIICY 7 2= b ¢ EHRT 2812 83
T2 LI L2 O, s D EERM D V-ATPase 73 ATP DMK F L ¥ —%
Brgh & 58— 2 —F LRI ETH D EDNFEH SN,



C g g

Bead Bead
Streptavidin

/Hisa-tag\ M

Ni-NTA coated glass
1-6 V-ATPase NSy — X —ThHdH I & &R LI EBR
ATP ORI K VA7 e —T7 ThHhH I —RXE2FT 5 72=y s DB LOF I,

o AFEICEE SN T 2=y b AR LTHERT 5 Z &gl s,
Reprinted from Proc. Natl. Acad. Sci. USA 2003, 100, 2312-2315.
Copyright © (2003) National Academy of Sciences, USA.

1-1-d 7'v2 h o DlgERA =X A

V-ATPase D71 kU iiik A J1 = X LN, EITT 2/ B~ 028 FIE A FHRIC
LviTbh, 7o b rgkicidh 7a=y b MLy T o=y ka0 T
HZEPHALNZENT, V7 2=y FcldBHET I VB THDLIINVEZI U BE 1D
AHLTWS (F7=2=v k¢ TILEL37, ¢ TILEL45, ¢c"TILEL08; ¥ 1-7) , ZZIC
BHZEHANTH E V-ATPase {EHENHEIND Z &b, ZOTNAVE I BT e b
VEREICMETH D Z LR ENT B, CoOINEIVRIIY T a=y ko & ¢
T TM4 2, ¢ TIE TM2 IZTEFE L, IRE " EIEO AT IicfofE LT g 4208,



cytoplasm

@

N C N
™1 TM2 TM3 TM4 T™M1 TM2 TM3 T™M4 M1 T™M2 TM3 TM4

subunit ¢ subunit subunit c*

lumen

1-7 7 z2=v kcc c"OETIVK
Reprinted with permission from FEBS Lett. 2003, 545, 76-85.
Copyright © (2003) Elsevier.

Floh T 2=y b a ~OERE AR HT29, H735, L739, H743, E789, R799,
V803 D 7 DT I/ BRFRFENEMRBUCEE TH H Z LAVRBR I TS (X 1-8)
212 BRIZ TMT ICAFAET % RT35 ISR A AT 5 & L IRMEN AR DI D 2 &
5. R735 [HIEMRBICHHATH DL EEZLNTNWD, R0 b Ugko A =
R, MR SEAT LTS F-ATPase Ot PO 2 kD X HI2E 2 BT
5 ( 1_9) 3,4,23,27)o

NH
\ 2
-~
Trypsin
Factor Xa
61 564
405 443[\457 558[°60 \sespsa| 707 78Q_L(_\783 Cytoplasm

729

735 789

TM1 | TM2 |TM3 |TM4 |TM5 |TM6 | TM7 |TM8 |TM9
743 799

533[K] L Js00

423 \@426 47! 537 506 634 752\_/760
425 802
606

499

Membrane

533

809

803
Lumen

COOH

1-8 ¥ 7=z2=v hadDETI/INH
Reprinted with permission from Nat. Rev. Mol. Cell Biol. 2002, 3, 94-113.2
Copyright © (2002) Nature Publishing Group.



7a hFt 7 2= b a OMIIEEMI O hemi-channel 2> HEOEBIZA D | BEgE L
TWAHHTa=y b c DI NVE I UBIRIKICHEST 5, D%, Vi TO ATP @
IMAKGIREF X =2k 0 a7 40 ERY > 7 I3MBE R 5 /B CrREFHR Y (2 (A
Hid 5, BKIRBENTHEZBEI L7 v % I U iE, 7 2= b add BT 2 NEE
> hemi-channel |23l Y £ < &, ZZIFET AT 2=y haD T X =Fkkk &
FHAERM LT v b oAbz szid %, i &7z 7 1 k1% hemi-channel %38 > TH
PERZERIT TS, 7a bR LIEZVZ I UgiE, 2O ERERN/EZHZ L
THEZD hAvbSh, TV IREND, 2D XK I ATP OIIKIRIZ LD 4
Clem e F—N7 a7 AR 7 ZEEESE, ZAUTR Y 7 e b o A3 e ]
NOWEMNIZR A BT b b,

1-9 V-ATPase ® 71 b UGk DOHETE A =X A
ATP OHNKSIRIC L D A U2 X —n 7 a5 4 v R v 7 &R SE, Zhic

07 b SHEERD SRR RS DT b D, 7 LIRS,

Reprinted with permission from Nat. Rev. Mol. Cell Biol. 2007, 8, 917-929.*
Copyright © (2007) Nature Publishing Group.



1-2 V-ATPase fHEHIENNT o~ A
1-2-a  V-ATPase [HZEH

V-ATPase Z Fr IICPLEF T AW AT 7 LM TO V-ATPase DIEHL 4
WRBTHIDOEERY —/LE LTET TR, ZORE OREEMIIC b EE R 5E
R LT &, £72 V-ATPase [T HHERIESCD AIRBIR E ORI RAIZE S — 7~ K
ELTHIERZED TNDTD, HERBEOMIAMIE AT TE -, AR
72 V-ATPase [LEAITHH N7 s m~A 20 B3 U Lt e B+ 5207
_,\7/( oy 30,31)%3/\/( 71:1 U :/“\/ 32,33)\ 7j'§/]/"\7‘: oy 34,35)‘ i’74ﬂ"74 U \/36,37)‘ -
A7 mE ) ZRY R e L L g plecomacrolides family" & FEE 5 —HE D~ 7 v Y
RRRBCHEEND (K 1-10) ¥, ZhBLEMOEERNERE LT, 250V
TUEEDIEHOHWVTIIB ERO~Y I/ uI s e ATHIE AIT B LIS
DT IIE R YT VREATLI L, ZNONR I IKFED Y U — TR L7
EEATLHIERERETOND, N7y~ R U0
V-ATPase $ A/ BLEFRITH U | I1Cso A 1nM LUF & 38/ 22iE 2 9% 09, =
DILEZ R 24 & L CRHB-ORERE T V-ATPase DFREELN TR 5L, V-ATPase 734
< DBE RN TRE 2 72 RE 2 H o TV A Z E MBS MICEN TV S,

FlLF, oD~ a ) REIRRAIEEZAT AV U AT I N2 TE
751 B8 Ty R L WS TLAA, BT LWZ A 7D V-ATPase FLEH
ELTHAINLTWS (X1-11) |

-10-



micromonospolide B elaiophylin

1-10 plecomacrolide family (ZJ& T 25~ 7 v U R KXY OIS

— 6]
(@)
OH O (@) N
o OH wNo
AN :
OH
salicylihalamide A apicularen A archazolid A

% 1-11 FE 4~ D V-ATPase [LEH| OREE
1-2-b N7 <A > OEEEL G E

N7 g a~A TR Streptomyces griseus 72> B HEEE S =~ 7 0 U KR KKRY
ThHhh, N7 om~vAT A (Baf) Z4aD, By, Ci, D 72 8502 < DYHERBA DS BT,
BERESN TS (K 1-12) B8 X7 o< o3 HEENE, e mEiETE,
PUEBIGYE, Pi~ T U TR CRIEWAEMEEZ2 555 2 L RRESh TS
204748) -G ¢, 1988 4FIZ Bowman HIZ LW N T 1~ A v Ay S V-ATPase % 45 5

-11-



BB ICPLET 2 = & NEE SN TLUE, < OEHAZED TS O 7 41
~ A 2 Ay ORI E 1983 £RIC NMR I K0 RIE Sdu, #EFLRRLE T NMR &
DEET YV ZERICE D HEE S 7212, 1987 4RI X #fE s i L 0 e =
NIz BB ST e f UV EERRIECRRETH Y | pH 21 6 IR H D\ 13
ULETRAMLTLE S L@ESH TS B,

R! R?
A (1) H
H
A, Me
B, o] ! 0 H
Z
o | XY Me
o]
HO
bafilomycin Cy 0 H
Me

bafilomycin D

1-12 N7 g u~A v HEORE

FRT gm~vAT AL D X BFEREEIT N O N7 4o~ A 2O 17 fir, 19
MOE R EBLOT 7 F OB VR = VERFERFNZ X0 T+ INAKER S BIFEET
D2 EMHLMNIEI, NT g av A T EIRE RS E AR L 0D 2 EAUR
a7 (K1-13) 9, ELICHIRIREETD a Ly 7+ A—2 g UEfTs, 7a ko
T E L NOE ERMNOHATONTWD, TOREK, HZnaRL AP TOa 7
A—a IHESREED v T 3 A= g VERIUTH D Z L AUREB E ., TEMERE
ICEETHHLEEZ LTS Y,

-12-



K 1-13 N7 a~A 2 A OfEsaRE 49
1-2-c N7 4 a~A 2 DL MG

T 4w A T NTE QOBIREWEYTENE & R RS0 O A A b FF o il
ThE A&, ZHETIC 5§ DORAMEELEE < OBBMENRESHL TS 9,
Evans Hlx, # b L VRIL 7= Z-= /) F—FET AT REET IV R—RIRIZ X
DERET AL TR-E XU b & 955 DU T AT LABIRMECTAR L, i &
UARDOREICL Y R T s a~A v ADFDEERKREER LT (R F—251-1)%,
ZDT I R=IVSZEBWTHE B, E < OFT VE R HVA g & LT PhBCI,
. ETT NODBAET LU NVER S ORERR S LTERR U LVEEZ WD Z &G
WO T AT VA BRRMERBUCEE THDH Z L Z2HME L T\ 5,

1) PhBCl, i-Pr,NEt
CH,Cl,, -78 °C
d.r. >95:5, 60%

2) HF-Py, THF
rt, 94%

AF—2Ah1-1 Evans HBIZE AT s~ A v AL DEERK
%7~ Toshima HiX, 7AW T =)V AEF I —RF LT 4% Stille hy 7V 7

WXL, Iha~2nm7 27 hoAIc kD 77 N UBROEEEZIT-72 (A% —24
1-2) . HEWV T Evans b E[RIERIC Y T AT VAEIRAI R T )V R—)LSIC X 0 =F L/

-13-



Moz L, YUNLNKERETLIZE TR ua~vA Yy AL DEEREER LT

53,54,55)
(o)

Stille couplin
—pﬁ MMTrO

OH  mm

macrolactonization

ll Yamaguchi

oH 1)Aldol
2) Desilylation ~ #-Bu...-Bu
- o \Q 0

A2F%—2A51-2 Toshima blckiAaz N7 oa~AT v AL DGR

Roush Hi%, A LI —RAF VL7 4 U EHBAR-BHD 7V 712 L0 EREL,
a~7vaZ7 bk 77 hrzapkllz (Ax—24 1-3) , Wil
R—= VLV 7T e REERE L, DU NLVEERETLIZE TR o~ vV
Al @/ﬁé\ﬁk%%ﬁk L/7LC 56,57,58,59,60)O

OMe

OH  Suzuki-Miyaura
coupling

.

B HO.CTY

TESO TESO ‘Q OH mm

macrolactonization

ll Yamaguchi

1) Aldol
2) Desilylation
<«—— TBSO O +

21

AF—A51-3 Roush HIZXDB N7 ra~A Ty Al DERK
Hanessian & (30 1 IZBH3E L7 1,2- R B M EUS A BS99 L LT3 wks L O

CFTUEAR L W& ETFT DT IV AT L0 ERE LT (R F— 4 1-4)
83 BEWNTHIRERCT AoV AZF U ~EZER L Stille v 7V 72k a—

-14-



KAV 7 4 o2k LTz, Fo%ILAO~Z T 7 hAbEITWD., YU LVEEZRET D
Tl TART vy ALDEEREER LT,

BS

TBS N . T
TBSO © m o><o dithiane alkylation  tgso

0
OTBDPS > X

S __S

OMe

1) Macrolactonization
2) Deprotection TBS, HOC™ "%
- TBSO Ol LOH oW

|

A ¥ —2A 1-4 Hanessian 512X D137 o~ A 2 AL DEERL

Carreira HIFME IR L= R A AF S R 13- B 1-HINBR bt 59 % g
JRE LTHKLIET VT Rk LT, #igh 7 BF =V FOAIMBIEIZ LY C13-Cl4
EOEREE L (AF—Ln 15) B0 ALz g2V~ BE#%, LA~
777 NARICED T 7 b ~EEHRL, e Tl 7 v R—= ARSI Z D 7 vs
b REERE L BICHEEST Dt TR T su~l v AR E ER LT,

OMe

B( zinc alkynylide HO,C” "X OH
TBDPSO O~ O addition TBDPSO OH OH
= = + = =
- =
14 Y
o} OMe

l Yamaguchi
macrolactonization

1) Aldol
2) Deprotection

ZFx—2A5 15 Carreira bl ka7 o<1 ADEERK

-15-



EDE YN T s u~A v ORERTIE., DA MENEIZ & 5 FEHE @ A H
bnd (M1-14) , ~7 077 FUEMEIELE L TRTI VT AEHANWisa 2y
Uyﬁﬁmmi@cncmFA%%&bt%~?7m77b/Mﬁm_i@%%éh
TWb, £7o, ~I 78X — L0 IZT NV R—=VRIGIZ LV HEASNTEY
cncwﬁé%éuicmcmﬁé®%ﬁ; HHEFEDTON TS

Macrolactonization

Mukaiyama aldol — Palladium-catalyzed

“— Boron aldol  coupling

X 1-14 N7 q4ma<A T2 AADOESRIZHNHIL TV D /R8N
1-2-d N7 4 a~ A T ORESETE A BT SE

N7 g a~vA 2y OIEERBUCEEREALT, RSO RAM DD AR L 7 E R
B O TS TR VEARBARIZE 2 & & HFRE iz ShTng 4978 %12 1c=v
U okEfas LRy v ra~vT o VA ERHWESGAEO T e b UiiEORES
Bamgmt, "7 qa~A L3 00FE 2 R a2 FT 50, mﬁtkm%
HEMNE G RISHEREW, ZAUE, TALE a3 BTN ERITAI A » AL B
D, F7-170re Fed X190 Fed v ERBLONT 7 l\/@ﬁﬂ/ﬂ‘waﬂ/ﬁ&yﬁ
E BT, KEHEAFERICEES L TC0D7DTHD, 21tk R 7 vFubd
HWNEAR Y =— MEL THIEMEIIRE < ERITET, B L THIEHERE L RN
EDD, EMERBUCITEE TRV EVRIE IS TWS (3 1-2, compd 2, 3, 6)
F2 19N Fax v REAF LT v X — /L L THIFHICHE L2V &bl S
NTW5D (compd7) ., — ., 7Tk R v IImbd 2 EEESAR 30 K T 5
ZEnh, IEERBUCEETHDH EEBEZX LTS (compd 11) , EHIC7HLE 21
a8 T 5 LIEMEITRIEIZ KD (compd 12,13,14,15)

ThZ7E Feb 7 U BRI L T BEEN Kb N7 s v~ A 22 D TlaiEk
MW—HIETFL,. 7 F T RrET UBREZEHT S C20-C25 KFZH L TWARWEAEY
17 (XFAE 72 P ETEME 2 R & 720 (compd 16,17) o & HIZ 23 (Ll F LEEE AT 5 24-
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TATFNANNRT g avf oROoN BTV EET A~ A7 vE ) AR Fid, A
Taaw A VURFTAEMEREFELTVS Z LB EE STV (K 1-9, 1-11) 3869,
L7eRoT, 7RI Rt T VBROFEBERIINT s m~A 3 OIEMERBUCEHE
ThHEEZONDN, BEICHET S 23 MEBILITIEMEICEE LV 2 & AR
SNd,

IHliZ~vruT 7 FUoBBICOWT, YUY R T D EIEMENK) 2000
FIRT L, &2TELT 2 eEENRKDILD (compd18,19) ., £727 7 M BREZRH< &
EERE AT T2 (compd20) , L7223-> T, B~ u o7 N EgkKIdls
PERBUCHMATH DL EEZ BN TS,

UbZzFELOD L N7~ T U OIEMRBUTIT 7T R U A2 5 TR
Wi~ raZ 7 hoBRITEETHD, —FH, 7 87 eI VRLEETIIH S
N, ZOFIEIRAIR EVI DT TIERL, HOREOFREALBROARIND L5
ZHhd, Lol MEIEMHABINFFRIE KA s b OFFE N [ RE/2 EATIZIR 5 AT
DONRFARTH Y . BB SN/ > THD LIETF VBT,
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# 12 N7 ua~vA T OREEIEMER RS 6

C

Table 1-2. Inhibition of proton transport in chicken osteoclast (cOc) and bovine chromaffin granule (bCG)

potency ratio
(IC5o compd/ICg, Baf)

compd R! R? R3 cOc bCG
1(Baf)® OH OH OH { 1 1
2 OH OH MeCO, f 2 14
3 OH OH PhCO, [ 4 16
4 OH OH FmocNHCH,CO, | 60 12
5 OH OH MeO I 13 12
6 OH OH =0 2 22
7 OH OMe OH 14 14
8 OH OMe MeCO, 13 18
9 OH OMe PhCO, Y 9.1
10 OH OMe Pro 4 5
11 =0 OH OH TR
12 =0 OH = 103 112
13 =0 OH MeCO, " 531 552
14 MeCO, OH MeCO, T a7 280
15 MeCO, OH MeO " 430 7 738
16 - - - [ 9 " 15
17 - - - na® na®
18 - - - " 2160 7 2110
19 - - - na® na’
20 - - - " 200 7 330

#C5q of bafilomycin A: was 1-3 nMin cOc and 0.6-1.5 nMin bCG.
®|Cy, greater than 10 pM.
“Gagliardi, S. et al. J. Med. Chem 1998, 41, 1073.
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1-2-e N7 ¢~ A D V-ATPase PHETE MR BLHERE

NTgavw A oRariir~A ORGSO EREREOMEIIL, B iai
HOBIFE R FRAIBROB SN SO RE W T TR <, V-ATPase D& 10 b i
PEHEREDIRIIC & RN D Z L BRI Tb T X 72,

N7 pa~<A v OEENIL. VD s a~7 ¢ URERIH KD V-ATPase % U
- FEBRIZ LGS 02 Hanada ST s A YA I W RES R TW
72 V-ATPase ® 7' 11 k VHgEIEMEDS, Vo0 AN D BT HZ 2R L, N7 4
2 VAR Vo THERT 5 Z e vEml Sz 0, F7- Zhang Hid, REEICY 7
2=y baZMA THIEMERHLIFREEET L2 2WMEL, X7 ra~ A 2 Dff
SEAIEY T 2=y baThD I ERRER I 2,

—HF N7 4w CERAWET 74 =T 40— < N T T 40—V,
DCCD f#7E F Tl V-ATPase |33 7 4 v~ A U NEE I NTZ B 7 MTHEE Len
LB SN ™, DCCD IV T 2=y b e ITfEAT A Z L BB MRS TS
7= BTN = DFEBRCIIANT s av A L OFESEIIE DCCD SR LY T =y
cecTHDZ ENRBINT,

TDXEIINT g a~wA VOOFREEEMITIZo X LT, av bt I H
LTS STV e 7273, 2000 AU A O SEBUFIHA R FE8R I L OV 2 i~
DIEFIEANFERRIZ L0 FEM 72 S L OERERE BT, Huss Hi%, 2T ~A v
¥ DICBFIMEAE AR 2 W TRk SR 21TV, #2332 A X A 77 Manduca sexta @ H 5
L ORI V-ATPase D% 7' 2= b ¢ NRFRIICEHR S ND Z L Z2H LN LT
T EEESIE, NT g u A 2D 20 LB A A L AR A D- 3
A4 A T ERHWTEREROFERZITV, 7 2=y hc 2T TR T7T2=v Fa
bD-NT quvA VRV ERR S NS Z L Em L) (X 1-15)
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N D-bafilomycin

X 1-15 SeBUREREGRA 2 VN 7= V-ATPase DOAE % 35
L— 413UV N, L—2 513UV RS, DX~ Nl T =y

fec &bt 7=y b aBNFrEMITER SN,

This research was originally published in Journal of Biological Chemistry. Qsteresch, C.;
Bender, T.; Grond, S.; von Zezschwitz, P.; Kunze, B.; Jansen, R.; Huss, M.; Wieczorek. The
Blndlng Site of the V-ATPase Inhibitor Aplcularen Is in the V|C|n|ty of Those for
Bafilomycin and Archazolid. J. Biol. Chem. 2012; 287:31866-31876.”° © the American
Society for Biochemistry and Molecular Biology.

¥ 72 Bowman 537 #2377 £ Neurospora crassa D% 7 2= hc DT I J E~E
FUEAZITH 2 & T, WA OERET-72 9, 5137 v X MCEREEAT S
IR T pa~wA VUMMMERB I N a v e A Ui A L L, N T
oAU NY T =y FelIEHT D2 LT TR, BRMECTWET R R

OREAICEE L CWAT X VBEHE L, SOIUEROEFICERZEAT S Z
XD, N7 v AV EORBICEBETHL EEXLND 10 [HMO7T I J #E%
EAF SN L (K1-16) 29, —noo7 I kL, 7=y hco~
w7 A1, 2,4 RICEFE>TUEL TV, —FH, Wang bl 7=y ha~DEH
EAFEBRIZ LY TM7 ISIEAET 5 ET21, L724, N725 [CZ8 B A8 A U723 A I FE B 1355
W HHENT ga~<A VUTHEERAE LS Z EEZ LN, 7 2=v b a bifk
BEMLDO—EHTHHZEEBREL TS S, a2kl wsn s, +72=y kN
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T4avA L UDREREMTHY ., T a=y b a biEAEMO—EE DTS &
ZEZHNTW5,

a)

i,
06 0l

OF% b
-

X 1-16 N7 4~ A UMERICB T 2ERPEAINTZT I BOAE

Q) 7uT A VE R T EEKTD6OOY T 2= kA& MIRERS R -AE T
T, KT 2=y bclLd SOBERHEA~Y v 7 2% 410, TM2 & 4 B3IMANCAL
[ERC

b) RALES PR L., BiEd 5 2 DO 7 2= k ¢ % helical wheel ¥ & L TR,
BRAN B PIIERAZEAN LT I /B ARG NCL D K EOE LA R
To KEDOZEANRKEWVRTF-OT X BBIKEN AT s u~A v EOMEERIC
HETHDLEBEZDOND, ZNHDOT I JEBEKITA~Y v 7 X 12 Lo T =

=y bO~NY w7 X4 BIZEFE > THELTWD,

These researches were originally published in Journal of Biological Chemistry. Bowman, E.
J.; Graham, L. A.; Stevens, T. H.; Bowman, B. J. The Bafilomycin/Concanamycin Binding
Site in Subunit ¢ of the V-ATPase from Neurospora crassa and Saccharomyces cerevisiae. J.
Biol. Chem. 2004; 279:33131-33138.81 and Bowman, B. J.; McCall, M. E.; Baertsch, R.;
Bowman, E. J. A Model for the Preteolipid Ring and Bafilomycin/Concanamycin-binding
Site in the Vacuolar ATPase of Neurospora crassa. J. Biol. Chem. 2006; 281:31885-31893.82
© the American Society for Biochemistry and Molecular Biology.

YT o=y b cIIWEBENTH Y . FOREEIIMENNL TV, FB4 T 5845 D
REERME— L TN AD SO L LT -1 i Tk~ 7- X 9 I IENHES4ERE Enterococcus
hirae OFMLBEIZTFIE L, T MU U LA F Ul e 2 A5 5 V-ATPase D1 — 4 — 1

-21-



7 (K-ring) MEFEF 5D, £ 2T Bowman HI1dZ d K-ring OfEdbfEED b A€ m
=T YK T IR ED ering DREEAHEE L, 7S BRZS HaE A FEER
DRERE A EDED Z & THRATMMOREEEIT-72 %, TORE, $72=v b
EYTa=y e DMICHEERT Y FRFETHZ L 2B L (M1-17) .

(1-17 G ET VL ITHBICIVHEEINT AT v~ A v OREE AL

AT —RpRWH 7=y e, AANEREANFERIZEIDV AT ru~v A L DA
TERHICEETH L B2 NLT I ViR, AHOKE L RETRINLTWDHT
MNT gav A BRT, N7 0w,V EOMBERAICEETHL EEZ XD
HT7 X WERET, VT a=y he kT 2=y e ORBIALE L TVWD Z ENRE

L. AR T Y NOFENRE SN,

This research was originally published in Journal of Biological Chemistry. Bowman, B. J,;
McCall, M. E.; Baertsch, R.; Bowman, E. J. A Model for the Preteolipid Ring and
Bafilomycin/Concanamycin-binding Site in the Vacuolar ATPase of Neurospora crassa. J.
Biol. Chem. 2006; 281:31885-31893.820 © the American Society for Biochemistry and
Molecular Biology.

ZDEIIINT g a~A 2 OFEMRREGHEALORRIL, FIOCRI AR5 &
T2 BRA~DEREANERIZLVIThLTEE, LMLt ny—7 Y 7 &R
LIS B OHEEIX, FE QR CTHRBENE D, F IO BIRM AR5 IT, RO
153 F DIRIEIIER S 2 BT 2 b 0D, JREIZT X/ BRIEHE L~ X TOREN
REETH O | FEMeE ST OB RESD 2 SITEL Y, — A REAER T, N
74 a4 O V-ATPase [LETEIER IO TV 7RV IREE, T 7eb B AEER R 20
WA R CnWb e, MEBIRMHAEERERICE EE-TLEY, ZOD, N7 4
<A DFMRFEEENIe, V-ATPase &7 s~ A 238D L 5 AR
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MIZEVFEALTWD0, HOWVITHAEECESG L TWDLERER LS, 51 LU
TORAEHRRIIEKIRE LTRHADOEETH D, D &L 9 ZREHEEE D 4y 1 HE % i B
THEOIIE, NT 4~ ATl V-ATPase OAH BAEH 2 EEAICBIAI T & 5 Fik
DEANMETH DL, @, X /X7EE ) H o NOMEMERZEENICBNT 5T
HEE LTI, X B A S AT -CIRE NMR I X ST A e FEECH D, L
7> L V-ATPase (ZEME/B )y TS VXV THDH D I N OFENEHAREETH
D, BEBEEOHERITIFLAEHELNTOARVORIIRTH 5, HHEMEHEZEREE
BL ., AL TR 7202, IZ T H e EOBHERRIZB N T
HEEFRMT N AT RE 72 BT e FIEA RO BN D,
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1-3 [EERNMRIIZ LD X X0 E-V 5 v RS RO ERHT

INETIZEZ L OXTF RROF X B O 3RTAFEIERL Y H v K& OBE RS
PR X R A TPV NMR 72 BT X 0 e ST & 7= 8489 X it Sk v A
MrCid, D TEORE X U NRIETHLZEOREEMNT T2 Z LN AEETH D08,
b ZAT O MERH Y | RE RN E LN T ITRE L <HEEREEITH 2 &
MTERY, — K NMR TIEEE A S a b S MER e < WIRDO £ £ TIIR
WIEZ T CE 5, BB, B — = U F =25 (NOE) » &A1 7 [HHERE & 43
TERR R L DS Rl b 2 A G bt D 2 L T, X U B OSHEEE S E
ENTEED, Lo, REEMED & 237 B e EYRRIEOARGEHI & LT A4
LT EDBWNETH D,

IR G DX XTI DR 30%IT < & D DS X7 TTIL, TEFEMEDME N TZ T
T AERBICHE DA ENTORIEN OIS SIS E R 7o F R - fidk3 2 2
ERHEETH D, T DD, X BRSO NMR (1 X OIS 2175 2
CITHATHL RIS RIEL o TWD, 2D &) Aeftiibde X ORI A K 8 72 50k}
DOREERRNT 21T 9 FE L LT, EEBEE NMR 2R 20T 5 78 FEHik NMR
TIEBEOIRREIC B D & THEEMNT 21T 2 Z ENAEETH Y, P THZOHETIED
— T 5 [AlkET o — — F LI (Rotational Echo DOuble Resonance; REDOR) 89 -¢ i,
PG FHEAEHORE SZJET 52 LT, BREZBOERZET 22 &N TE D,
TS DT HEEDERESD Z ENARETH DD, [EHIR NMR TR T D%
PRSI IR L LCTER S, X o300 Ty REA R OREEMAT @ S
NTE TG 02BN pIFiczomAf % 2 FlRd,

Cady HiE, A VI NZ T OA NV ABEAFIET D M2 & R EORERT ~ v &
DU ORI OYER & FE NMR & W CTiTo7z (K1 1-18) %, M2 % L3 75
It 4 BIROA AL F A THY, () T XN TF ¥ RANEBICA VAT Z &
TAKRFA AL OWBEFET 2 %, H AV F¥ RO CRBAIZT <~ 2P
A FDFED LF v 2 B LI RBBIC S = & THERM 2 RT Y, L) B
28 DY X R S S AT 3 &L ONAIE NMR fi#ATIC X 0 iThh Tz, & 2 T 5,
HKBE#M LT~ 2Pl BC R L M2 Z 2Ry OEE @RS & VT
BC{*H} REDOR i EZ 1T~ 72, TOFER, T~ 2P dt U v 3Lk btV &
DRSS, Ty x5S ETHBEERZ TR LTWD Z ERP LIS,
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X118 7~ 5 Ve OGS JUM2 5 2 B L OB G RIS T

T AT V3L IR BTV D E MR ST,
Reprinted with permission from Nature 2010, 463, 689-693.%
Copyright © (2010) Nature Publishing Group.

F 72 Cegelski &3, M OMIIREE S EER L HET D2 a~ A 2 OREEEA O
YR AT -T2 (M 1-19) BP0 o m< (2 E3_FF K2 U > D-Ala-D-Ala
Bl 2853 5 2 &N, BT AT T RE VTR NMR FESEEITIC L 0 8 S

TV LRI F RZ U B -y as A o U EOIROREEMTIZ. MaREEA
FEREIEETH Y . BERELENZOIThbN TR o To, & 2 CTabfiZafEiE 2 50
2T 570, ARRRICEY BCBLIOPN ZEA LT F R U B, 7 /#J“f
WAL T~ v UFERE G, REEREORIE D TEE 7 BC{°F} REDOR kI X
%%Mﬁﬁﬁbﬂto%@%%\Nynv4vym%%%%%%ﬁﬁbt%mﬁwf
HXTF R B ATEEEH L TWD Z ERREIN, X7 F NEHKN D-Ala-D-Ala
Be 2585k U, BRI 7 ) o7V v U LTHET 27T RHE, F ok

EEAL AR LTV D Z E MR ST,
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(0]

\ 2 °
R .

cross-link NH vancomycin: R = H O

""" <002H D-Ala "®F-vancomycin: R = 3
c)
L-Ala
Bound stem
. : J (Gly,
Neighboring -4z

stem

D-Ala

L-Ala
1-19 a) XFF KTV B UDOET K, b) NravAf v rBLOT v BIEHTE
MKW, ©) BAKRSTET /L, KT D-Ala-D-Ala ¥, fkix 7 v#H, 4137
V7Y wTPhkFET, Noav A O T REKN D-Ala-D-Ala #3855k L. bF

#3453 1% Neighboring stem & 25 —OfE AN 2R T 5 2 & DB S vz,
Reprinted with permission from Bioorg. Med. Chem. Lett. 2013, 23, 5767-5775.1%
Copyright © (2010) Nature Publishing Group.
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Z®D X 912 REDOR 1T, BHIAREMES v 7 BIZERT 5 U H oy ROfEAEE %
M+ 5 ECHRARTETH L EEBEZLRD, L L NMR OJIEZETH 5 °C
BN IZRARFAELMEL | PF IR RROERS FITIFE TR TN, ks 4 H
ALFEFEEREZRNT 2 AR ETH D, PFEHVDRIEE LT, BFi3psm
Rt 7 E B AZIRDWTREWZD, k% & LTHWD 2 & TRIEBERIEA 7 RE T
0%, BC-UF - MEEECH UL 10 A BE £ TOMEES, FENARTNIZE01A D
FECTRIETE 5, SHICBFIZRAE LD 12 DO RINLIED KIKFELL D 100%TH 5
TEOREN L, RIMEAITITZE A EFIELRNZ v, R 2 T Ry
FANIEFITEL . EMREHEERNSOND E VI N THLENTH D,

Ny a=A 2 OFITIRRRN SRS \CHERTRE IS YF 238 A LTV 5H 1z
D, BEFALE DS B BN TALE, 20 B REEE F[RE/efE G & 3 DA TENL
BIZHD, D7D, ZOFHEREANTCLE S ¥ —LOEMRESFERNEZEAT S
ZEEREETHL EEZA LN, ZOMBEEBIT LI, G FEEEDOLDIC
T AEBANT D EBMETHDLH, NTF RROF NI EAMEREEAEAT D Z LI
B LPRFESCEMR S X7 AR EEZ WD Z &L THIRNAS Th 5,
— 5. FERTF REO KRR OB H RIS AZBEANT L Z L%, REWZDOHLDOD
EARICILHT 2 FEERO BN MBETH D, £-RIEEEHENTREZ Bc{*®F}
REDOR #IEZAT O 7cITid, 7 v RE D TEKITEAT L ENULETHD, L
LIRETTHAD X912, 7 v RIMEEDOTEESCHEE RE AL HETLE > BN
N DT, IEMERFF LT 7 » B ORBN M TH D, S 5IZ REDOR LT
THE Z & ROE A A TR 2 BN H D, LI > TZub A b FRI 7
BENSORESBES 2D, BIfED L Z A REDOR IEDOHEMIZATF R
— DR TALE W2 EIZR BTV D,
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1-4 7 vFEOMWE L7 v FBEHILRARMDOERK

ATER Tk~ 72 X 9 IZEIR NMR, FRICEERREL I O BREE A |29 % REDOR JAIZ %
INTE-V T REAEEROEERITICA R FIETH D, REHEIE 21T 5 720121
WAL LT v R EERTHZENRELRS, L L 7y RITEXEEENS2
TLHRDHATHRRNTH Y, MONETRGMEEZET L0, 7 vREHIEOEREOME
BRI SES 2 LMD TS (£13) 19, F7- CFEADRVEES
TR F—R0, REBRBKME, SOICIIKFBAEREEZE TSI &6 7 v ROFHK
R ED—D2>TH D, ZOZ ENLAEBAYM~DT v RIFFOENL, £ OWE
HIMEE R EMER K OVEMITEMEIC R E R B 52 H 0N H 5, TDIH, 7 v
REHICL Y L0 SN REZREICTHEL, EYRMEICT7 vy RBEEALFE
KEFHUS L Z ENRKREEETH D,

#13 7oFEOEME

element bond length /om van der Waals radius /om  bond energy /kJ-mol™' electronegativity

(CH3-X) (Bondi) (CH3-X) (Pauling)

H 109 120 414 2.20

C 154 170 347 2.55

F 138 147 485 3.98

O (OH) 143 152 359 3.44
Cl 179 175 339 3.16

S (SH) 182 180 271 2.58

BHFREDO L)L FIEFEAE LTASHWLNATWAT Y 74TV BD 7 v
FBCFEAROARAERELTWDE 9, o537 747V BORI = b
D287 v FEEATLHHEMNR (28-F-AME) %5 L. R0 L& 7
AVINETvRERATHET A NEEFET LS L TR AGMREER LT (K
1-20) , 28-F-AME IRV = RIZ7 vHE2ATHORETHY | FTPEB LY
EEDRES BN LW ERTREINT, FEEE. 28-F-AME OEWIENEIZRARY) &
[F%CTH V. FERNMR Z AW ESREERITICR ST g, L LEDERK
(X, 4 40 BEELL B 2B AT L, EREIC R TNV ERLETH ST 2
LR EMNL, R DOEERIZILET 2N 2t b 2D Tho7e, TD7E®
WU BT v FBEBEANLTALEMORGET L | %@MA%®M4Mﬁﬁ%®%ﬁﬂ\
ZDLD MO EERREE WR 5,
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OTBS

0,, O_Me
C1-C21 Segment ()\
+ TBSO™ > NOTBS
NHFmoc

28-F-AME HO‘\\@OH

C22-C37 segment

X 1-20 7 v FBHEHAT T TV L UFHER
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1-5 AL B

V-ATPase |3ffx DAEMBGIIB N TEHEREH ZH - TEBY | £ OREIEHEED
%% ICHBR N RN CT& 7o, EBHRIESCHARREREOBENS, N7 <A v
IZAREFE SN D V-ATPase (HEAIBIEH 2L DTV D, ZIVE TICHHEH OTEMER X
U%m@@mi%ilbti%mm R0, PHERAEAEI 2 35 m U7 AL rORr e 3 %

PNTAT O T E T2, TEMER B ORI 5T ﬁofwéti%w%w

N7 g uvA Nl KD V-ATPase BREBEMN OFEM 2 iFBA 95 72 91213, V-ATPase-
N7 o~ AV A EROHIEZ 531 L~V CHEBMICEIIIT 5 kﬂM%f%é
fk XU E T D V-ATPase & OEARIL, X B MRS NMR O3 H
INREET & 573 IRBRBE T OAEIEMEAT 23 vl HE 72 [ER NMR 13 C& 2 S Hifs s v b,
L, ZDEOITIEINRT o~ A V=SR2 B8N LB B RORE L, o
DWHE TR D,

T T TARMIFE T, AR Lc 7 v RIFakib N7 s o~ A U FEIRZBAR T
HT EERMIERE LT (M 1-21) , RO T OBIZT v B Z2EN LTHEEROM
HuaeBRE LT, TODITITRO 2 OOBEEMRTHZEDBMETHL EFZ 2 LI
770

1) 7 v HBIHMEAMOYNERCTENE 2B S DL ERNHDH D, 7R EEAL
THIEEZRFF L T D X5 b 2@ I 7 v RE A LFFE R A5 5
ZERRETHD,

(2) FEL7FEREZ AR T H-0ICiE, 7 vy EERBRICLDHEE ) EHEL,
%%@%@%ﬁé%%%ﬁ?é_&ﬂu%f%éo

AT TIXZ D OFRE ORI 21T > 7=,

o
HO :
o

:

X 1-21 7 v EEHL AT 4 v~ A VU FHER
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ARFZEIZ L 0 V-ATPase PRETEMZH L T\ 5 7 v BIEHb N7 s~ A o U ihiE
RERFETEIUL, 7 v R ORMEZIED LR RIBEEER EIEIC L N7 s~
A v L V-ATPase OFEATEREZ 45 T L~V CHEEEERITX . 5515 BEEEE®R S
N7 gu~vA T OIERREAMNELZRETE D LHfF S5, £7- REDOR £ 5y
FM7ZT TR, DFRNICHEATLZENARETH D, T DT OARIFFER I % It
L. 7y RNz TEC 28 A LEFERE RIS, /5 FNEEEES RO BIHC X
D V-ATPase fE DN T o~ A L OSERRE LA T 5 W sns, 20
Il TART o~ AL V-ATPase DFE AR A M cE ., FLEA O EIE
b SOBE [ E FR AR DB S 36 L ORF R EA OBFE 22 & ~D R b FIREIZ 2 2 &
EZ i, FHERLOBBICLICHTE S LIRSS,
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2-1 7 o FBEHBNT v~ A T UFHEROFG

FTEAT A VLT v BREEALTHERORG 2T o7, 1Tl
m& oz, 7y RIHMEEMOME Z RE S ZLIEDAREMENH 5720, WU
I AT v REEATHIENEETHD, o, FHEMAIT V-ATPase [Z%f
LTAT ru~vA vy bR UALEICFR CNARBE TR T D Z EMBENLD, N7
S4B A N PEECT B R 2R L T UE 7 FBAERRER Sy LASM b S e 2
THZELITARETH D, & 2 THEEROKFZHT- - TL () BADO LT I (i) &
ANLTALEMORENE, (i) EWEED 3 KE2BE Lz, FTEADO LT IE2EE
THE, B RaXUEET RCTEBTLIONINEE X, LML 128 TR
Ko7tk R TEMERBLUCEE TH Y 17ft ReX oI T7 ra~A
v ORI IR FERE SIS LT A2, WU TClERnweEE bRz, 72 21
fLe Fefxvikid, 7ovRBEEATLER-7Aa s bk e 725720, ZEM
MRS D Z LRSS, FoT, bk Fadvik~n7 o FREALZ WS
L7z, WIT, {EHE~OREN LB/ NSWEEZLNDT T8 RaET VRO 23
FECHEE Uiz, 23001%. AV 7 EAEOEFICZTF LR X o= VA2 HT
LIFENNT fa~A Vo LIRIEREOIEREZB L TND I EnD, ZOMEILT
vHREBALTHIEHEEE L L2 EEZTZ, SLICEAD LT IEEELTHY
TNFABRAFNILE LTEHEATHZ LI, 2424-FFT AAF)V-24-F3-"7 4 u~ A
TV (24-F-Baf, 2) % 7 v FAEHAL NN T 4 v A VUK E LTREF L (X 2-1)

N7 quavwA DAY Tab iz N 7 rda AFARICERT D L, E
ADLRT ST TR EDNENERGHEBADOONES>THDL, M) 7t AF L
HIZ7 7 VT AT — L AKEO I TIL39.8 A% L. 389AT D= F LM L EMiTH D
CEPNTHY Y, F-EEERERET XL X — DR TlIA Y 7 1 LR L SR
MThHHERESNTND D, 200, 800 FY 74 m AFLEEZEALTH
EMEICEZ DEBTTZEAERNEEZ, ZOXHICHEEH L=,

Ll N7y avA N7 v FREEANLTALEMOEBITHRERN 2, £
DTOBEICT v REAT DGO ERIT, RO A RIZILET 213 L O R #
ERTRENTY, ZZTARODRILER D120, e - HThor R
FEAFNLEOBRELRIF LT, Irie 5137 0T A % F—F C DIEMHITHLHT
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VD7 MR UDRFEAFNEELZRET H 2 LT, MEICE R AR5 E RO B
R LTS (F2-2) ) 22 TIhIC, N7 qu<A2 D6 LTU8
NDOARFEAFNIERE LI-FEIK 6,82424-T F T T ARAF)L-24-F3-"7 4 u <A
T (TAAFIV24-F-Baf, 3) EkGErL, ZHHbAMTLZ LIl (K2-1) .

Z #uiX. MacroModel % W72 i ZEBLE D RAE RN D 2 DDOREF A F NLIEEFRE
LTH ok LTOMBEEMFITED O T ZERENFLEL L TOIURIEMEX
FL2WETPRLIETLOTHY . L0 EEICARATER 7 » FEH(E AT s v~ A

CHEBRE D Z AL TREN LT (¥ 2-3)

Flo, HEER2 & 3DEMEREZEET 5 Z & T, AAETFRFIEIC X HEETENE
B E WO BENO GFTRMANGOND Z 2/ LIz, T7hbb, N7 ra~v
A UDIEHRBIZIE~7 a0 ) REEHONPEETH DI EIFEDLNLTWDL 0D, K
ICEBNEHBEICHRONTWADIZ T Fax v EoRThd, £ 2 T%%%Zk
3ZHET DI LT, TNETHEMSIN TR 6B L8 ALD A F/LIEMNTHEME
B2 DO BERLNITELEE X,

PPER =14

: 24FBaf()

BADLPTE

= éMe
desmethyl-24-F-Baf (3)

[ 2-1 7o FERANT g v A TV UFEER 2B LV 3 ORG

mQ Oy

:
O

HO OH HO
Aplysiatoxin analogue

X 2-2 T FUTT hF oL FOFENR

OH
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713 MMFFs
73 XL TNCG
gt Ezerh

2-3  MacroModel (= & % f 22 & Be FE AT
BIMVBLIONSHIMDAFNIEERELZ6,8-CT AAFANT <A 0L, RIWY
CNEIFFEEDOSIAREEZ A LTV D Z LRI S N7,
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2-2 5 A A F )L 24-F-Baf DAk

2-2-a WG RARNT

2 DD T FREWALNT 4 v~ A 2 UFHEAR 2,3 IXFEROABERIS I TERT 5 2
L, ETIET AATF IV 24-F-Baf 3 ORI EIEL LT HZ LIl Lz, WH
AT 2 A — L 2-1 (2T, CRs B AV MIAKROKBIEATE L Z ENEEN
L. TRNETICHE SN TV D REMIFEF L2 BT DL, kic~vrmF s b
BRAERELIZRIZT NV R VRIS EVBEATHL— EDBIRTHDL EZEZ B
7= MWBEDOHFFEIZIVT Roush 5 2% C20-C21 & % . Evans & 913 C17-C18 #&A %
SMAREIRIIZ2 TV R= AV BORIC KOV EREST 5 2L TAT s ma~ A T DB A IE
BLTWD (AF—2Ah2-2,2-3) , BiIEDONL— NMITIT b RO A F VI T TR
<Ptk R ENSTIRRIRPEICRE S BT L7280, ZD/L— FTOD CRy B A
Y hOBEANF, yLD U 7oA a A FOVIENSTREIRVE ISR B A B 2 D ATREME S R
Aéﬂkyfﬁ%%@WHFTiJ%WVUW%ﬁj%%RE%ﬁKEET%ék@

v BPRIRMEIC G 2 D83V EE 2 -, £ TARl, Cl17-C18 fiA &S5+
AZETCREZ AV NFEATAZ LIZLT, T7bbiEEK 3%, Evans H D
HETHOT AT VAR TV R—= N RISIZE Y 7 v FEEH T 5 CLl8-C24 & 7 A
VM4 LTARAFICL-CIT B A N 5 2T L TARTED BT,
C18-C24 B/ A b 41X, REREAT D MY 7vAm XA F R Z R IMRIGIT X
DRSS 5oL L, —HTF ARAF )L CL-C17 £ 7 A k 5 1%, Toshima & 7
%ﬁ%uvxf%»chitfxyk7kcucntf%yk&%smmﬁyfu
YICEDEE LT, BILSEDHZETAEKTE S EE X, T AAT L CL-ClLL
tﬁf/b7i20@$%f%w%%%£bk:kf%@@éﬁﬁﬂ%f%ék%ﬁ
L7 E£72CL2-ClTEZ AL F6IEF T AT AT F8ITK LT, Takai H DL
T 5 KA BRI DO REAMIMBIGIZ LV anti-1,2-2P 4 — UHEE 2595 2 L TARK
TEHEBZT,

ARERDBEA > NI, FTAFRUCRNY 7t e A FLHEEHFT 5H CL18-C24 & 7 A
/b%mﬁ %m?é#kwoﬁf&é EHICT7 v FREABZLDOKSIZBNTT v #
WL DB EBE LN OEREIT O NERNDH DL R BT NS, FRZ C1-C17 &7
AL REDOT IV K= VNI EBWTIL, Evans HOFEZHNTEH 7 v RIZ L VLR

BIPEDN B L ZT D[RR EZ b ND oD, BEEREE WD, £, AT
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HAE2BpETHZ L Cflifi~ra o7 hUBROHWELZFEHTEXEINE W) S ARA
Y RTHDH, NSO ETRTHIT L2 ENARERAEERT 2 ETHERAIR E VX
%)o

Diastereoselective aldol reaction

- } ~  Trifluoromethylation — Macrolactonization

‘t-Bu\S,,t-Bu OH

|:> oo 0 +
FG 18
24 . .
Stille coupling
desmethyl-24-F-Baf (3) C18-C24 segment (4) desmethylC1-C17 segment (5)
‘ ’ <
Chromium-mediated addition OMe

6
OH
OH‘ MeO,C~

o
7 x._SnBu, 1 A
+ MMTrO +
MMTrO MeO A~ Crln <:I OMe [ N

C12-C17 segment (6)
8 desmethylC1-C11 segment (7)

A X— N 2-1 T A RAF )L 24-F-Baf DL kAT

1) LHMDS, THF o
TMSCI, EtsN, -78 °C TBS,

Py
o

2) A, BF3-OFEt,, -78 °C
CH,Clp, MS4A
69%, dr. >95:5

TBSO OH O

A% — A 2-2 Roush 52X B SARBRINHT L R— VR Y

PhBCl,, i-Pr,NEt
—_—
CH,Cly, -78 °C
60%, dr. >95:5

Z2F—2-3 Evans HIZ & A SRR 7 L R— L ©

t-Bu._..t-Bu

18

2-2-b Cl18-C24 &7 A > NDAFK
FFNICI8-C2U BT/ AL MADEKEZBHIEL, U 7Zbdn A F LFEADRE L

mAHXI LT ITE R 12a DB AT 7= (AF—L4 2-4) . Rauhala & D45 0124
VL3 TR VA VDRI O FRd v RE S UVETREL, KHE FE
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X % Parikh-Doering i@t 92 Z L2 X0 7 v R 10 215872, Ziucxt L Thllig
FEIL7- 4 I REDEvans 7V F— i Wai7o7-L 2 A, YDiesyn-B-£ R ¥
7RI 9SS U EDEWTY T AT VABERETH LI, T R U ATF LTI
= NHET T X R TV 5 2 & TIUHRBEAN O Weinreb 7 S R 10 b 25 R
L. 28T Vv a— v aESIET PMB =—7 L~ b=t DIBAL IEJCIC LD 7
TR R 12a 457,

o o
O)LN)H
1) BnBr, NaH \_( 1) NH(OMe)Me-HCI
TBAI, Bn AlMes, THF, -15 °C
THF, DMF n-Bu,BOTf 1h then 13
tt, 16 h, 66% O Et;N O o oH 0°C,35h,94% O OPMB
AR, — | N : > I =
HO OH %) DMSO, Et;N OBn GH,Cl, O\_E OB 2)PMBOCNHCCI; & OBn
1,3-propanediol SO;-Py 10 -78°C1.5h 8n 11 Sc(OTHf)s, toluene 12a
CH,Cly, rt then 0 °C, 2h t, 4h, 70%
15 h, 82% 89%, >95%de 3) DIBAL, CH,Cl,

-78 °C, 1 h, 80%

AX—Ah2-4 TITE K 12a DAL

BoENETLTE F12a2HWT MY 7vd v X F AL OBRR 21T 72, ¥ 7
I & IR FE B U 70 1 A F USRIl SLTian s oo, filfito
THRLEMECH D RAFNR L mL< N2 &b, 22 TIEEEREc L2 YT 271
AR RS ERFT LT (A% —A42-5) , T70bbT /L7 b N 12alixt LT, TBAF
FEFT R ZAFaAFA Y AFLL T BAER S8 25 RISITERHN
AT L2 DD TRV 23R T /L a— L 1da N EARKY & L T50%DINHRTHE S,
e 23S 7L —/b 13a 1d 26%DINE THE LT, WHE XLV XNV H T DI TES
W BERTEE Ch o 7o, A LT ML, DDQ W THE LB T B Z —L~ b
FHiEH, NOEICLVWIELE (RF—L426) , YT AT LA RIRMEZWET D720
IZBALE Fu iz MOM JECIRi#E L7 12b OfR#ERZRE LT Va—L 12¢ &
AWTORET BT 7208, @REOR LIXR oot Rt~ 31U LTF
fEF, Fb—3aray b=/ XD AREPFPEDOHIE & R 7208 ROSIEE < AT
Lo Tz,
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TMSCF3, TBAF OH OPMB OH OPMB

—— + PG
THE, 1t F,Cy23 z OBn F,C/23 OBn
o OR 10 min 13a, 26% separable  14a, 50%
Wogn — 13b, 30% inseparable  14b, 53%

B TMSCF3, TBAF 13c, * inseparable  14c, * * major:minor= 1.5:1
12a: R= PMB MgBr,-OEt, disired undesired (Felkin-Anh)
12b: R= MOM no reaction
12¢: R=H THF, rt, 30 min

AFx—2n52-5 KU TZFw XTI DBET
MP
OH OPMB DDQ O/_\C_)
= =
Fgc)\z/\/\OBn F3C)23\:/21\/\OBn
13a pH 7.0 buffer 15
rt, 1 h, 94%
MP
OH OPMB DDQ o o
= = = =
F,C7 Y "oBn FiC 23 21~ 0Bn
E CH,Cl, H
14a pH 7.0 buffer 16
rt, 1 h, 92%

AX—Ah2-6 TI/La—) 13a B L 1da DN LFOIRE

FITCEARWE LTELI 23R 73—/ 14a D 23 (T KRR E 5 = &
T, 2 23S 7 a—/L 13a ~DEBERA T, FIWIELIGIT K D SRR 2 et
L7=72%, DIAD, p-= hrZEERE, M) 7= VRAT 0 OFRME T CIIKSEEE
SHEITL R oTlz (RAF—A27) . ZHUT 2300 e B850 O SRR E D K X
W EEZBND, T TRICE Fa X B2l Lith, SCABRIRAETIC LY
23S 7 Nva— L BaxHEoZ il (RA¥X—L428) , ThbbET/Va—)L 14a &
Dess-Martin fi2{t. L 724 . DDQ % I\ C PMB JE%#[RET 252 & Tp-&E ey 7 b
19 Z#FHBR L, pirt Fux AR A Lz anti-1,3- V4 — UHESEEO G 21T - 72,
L LEBTEAIE LTCTF R AFATYE=Y AR T2 RS R KU R ¥ia A
WIZEETIE, PRI LE 2R\ syn-U A4 — 0 20 REAERM E LT, 238 VA4 —L
20:23R VA — L 21=1:1.4 OBRETHE LT, Z O TEANORIRMEL, 6 BEREBIR
RICBWT R 74 AF VRN T 5T AN % 5D D SARBCREDS, 7w FEHSGRER
DRTFRICENTDHZ ETEEILENDTEDELTWDE EBEX LN (X 2-4) , #i
WTa vk~ oarzHize RU RN G Z G L7z, Evans, Tishchenko ©
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IR AT AT e REET, B-& Rexor hAcktLca viby~U v AZEH &
DI ETHTANE RY REMKISIZEY anti-1,3-U 4 — U2 BEcx 5t %
HELTVDE Y, 220k Faxi s b 19 ICH L TARIGE T 2L 25, #
FFE Y = 1,3-anti SEIRPEIFREL L2, BT a2 —1 22 L L2 22 =B A
Vb L7277 v =2— v 23 BEIET HRER E o7, T CRENEWE TR
BI D70, VP~ U TLNT b Z2iEE LB 22 (o7 e koAb bt S
TEAUVEREITLELDOEEZBND, LEORERICK VB Ra ¥ 2T H
L= HiEIE, 7 v B0 LD VMERIRE~ORERNREL AN EnbWA LT,

p-NO,PhCO,H

OH OPMB PPh3, DIAD p-NO,BzO 9PMB
/\/\/\ ~
FsC BN IhE 1t 16h FsC OBn
14a 17

AR — A 2-T  HE i DR

OH OPMB DMP, NaHCO, O OPMB DDQ, CH,Cl, * ?H
F3C/23\/\/\OBn — > [C 23 0Bn T > (FC 23 OBn
CH,Cly, rt H pH 7.0 buffer z
“14a 3 h, 84% 18 rt, 2 h, 80% 19
Me,NBH(OAC); g e on on
19— [FOY 0Bn *+ ([FCr23Y " 0Bn
AcOH, MeCN B
-40°Ctort, 4 h 20 (1:1.4) 21
desired
Sml,, PhCHO OH22 08z OH22 08z
19 — [C 23% OoBn * (F3Cr23 OBn
THF, -20 °C, 3h B
22 (1:1.8) 23
desired

A% —242-8  anti-1,3- VA —/VIEELE O RGEY

X 2-4 T KIAFNALT U E= ?AF)TJZF%/TDI: KU K& RAWTZiETNZ
ERIRIEDOHEE X
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WIZHIZE/ TN by 18 Ikt L, T ViRl &2 V- AREE T2 R L
72 (AFx—2Ah 29) , BETAIELTCEHB-Z7end A Y/ B TaANVKRT

((-)-DIP-Chloride) % =& 24, AL T57 va— 13a 3B on T, &5
BN E X UL L= F o 24 MEIESND/ERER-Tc, ZHIENY 7 udw
ATV B DoSLKRFFF DR ) BRMEE D R < 72> TRV (pKa~15) | R 7 alkic
X0 N BEE L LTEBICRME b Lm0 B2 65,

o

O OPMB (-)-DIP-Chloride O OPMB OH OPMB
: 225 )\/:\/\
Fsc)J\E/\/\OBn FSC)WOBF‘ F3C > OBn

E Et,0, t, 18 h :
18 24 13a

AF =529 (VB-runrVA V) BT A NRT W TETEE O

HWTHT by 18 DoNDARFEFIH LTIV T AT VA RIR 2R T 0 & Bt L
72 (A% —2A52-10) , 7 b 18 1% LT, MAKREE D K ViETHITH S L-Selectride
THF F—78 ECER S /7o & 2 A, BEr 23S 7/ —/L 13a 3 4.2:1 OBPRETE
AR & LT BN, 2 OfE BT Felkin-Anh &7 /L TP S LD BRIRIEIZHE S & D
THY, CRIEICIAEEIIFEE IR -T2 EZEZLND, ZRICLV T Lva—
1Baz7 /L7 kb R12a 76 2 B 50% DI TR D Z L ITHH LT, AREITSIZD
VW L-Selectride DI DR TTANTR L TR LT &M O &b 21T > T,

(@] OPMB . OH OPMB OH OPMB
H L-Selectride H H B
F,Cr23Y oBn — > | (F,C23Y OBn + (L2 >"oBn
H THF, -78 °C, 1 h B H
18 13a desired 14a undesired
54% 4.2:1) 13%

A% — LA 2-10 L-Selectride Z /=38 0 e

Bohi=T/va—/b 13a ZHWT C18-C24 ¥/ A v DA EIT->T2 (AF—L4
2-11) , 970 a—/113a D PMB % DDQ ZHWTEREL XL H > ELIZEZ A, p-
ARFIRUODYFT T B —ANELTZD, UriRy b CTHIRBWE TS Z LT
A —NVERELY A 25 25, ZhERRI LT L TCHRELVY L
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26 ~LFEE LI, =mTFAT P U OESE AT T, Thbb, YU L2601
R DN =T VB IKBIRNIMBOSIZ LV ERE L, A U727 /v 23— L% Dess-Martin
Bk 22 & TTAT e R2T~EEH LTz, & 52T /L Grignard 53K 2 (B S,
LT v a— L& Dess-Martin it 35 2 £ TC18-C24 8/ A A %&{5H 2
AP LTz, PLERT K912 CR RITE R D R 2 SOS OREA Z w5 2 &
T, 7vHREIT A NADOBRREZEKR LT,

DDQ CH,Cly, H,0 (-Bu),Si(OTf), tBu. -Bu
rt, 1h OH OH 2,6-lutidine o "0
13a > FiC ~ OB > F,C : OB
then AcOH, THF y " DMF,rt, 2 h, 89% S n
40°C, 1.5 h, 79% 25 2
1) 10% Pd/C, H, tBu. . tBu 1) EtMgBr, THF tBu. - t-Bu
EtOAc, rt, 98% oo o rt, 3 h, 93% oo o

-
L

| - B
F3C/'\=/\) o Fs07 Y 18
L 2) DMP, NaHCO, 3

0,
27 CHCly, i, 50, 90% 515 024 segment (4)

2) DMP, NaHCO;
CH,Cly, rt, 6 h, 94%

A¥—LA2-11 Cl8-C24 7 AL k4 DEFL

2-2-¢c Cl12-C17 B A > F DAL

C12-C17 & Z A 6" A kT Toshima HOHE 2% A LTI T-7- (RF—L4
2-12) . ETHIRD(S)-3-E RuFfi A VEERA T LOE Fa X i MMTr 2 TR
L, =27 /% DIBALEIT L7214, SwernB&bick v 7Tk R 28 24572, i
(2% LT Takai & 2885545 7 U LIS &2 T 729, 4 72b b —78 EIZH W\ T TMSI
T, b7 eseT7 70l AP AFAT X — VIR Lzy-A FF2 TV
N a ARIEICH LT VT B R 28 Z{EH &H, ZThvE —45 T 13 S S /7,
ORGSR, Bie anti-1,2- A — N AEEEZH T HHRET VLT3 —/0 29 25 6.5:1 D
T AT UAEIRMETCE, BIE LT AT A~ —1X U 75V h T 2T THBE
ARE T o 7o, ARPNMEIF RN TA U DRSO E E-7 1 AFERERIROEB IS
B ETRILTWDEEZLND (K25) , HWTT Va3 —/L29 DREA L7
AV EFTAITARBIIZEID VA= 31 ~E B L%, BIUERT NI U LAE
HWTRILHAE AT & TP AT e K 32 2857, ZOT7 AT e RiZv U orn
KT B TEDITE L T-729, ¥ %1717 Ohira-Bestmann iRFE 2 EH & H7- & =
A, TILF 33N 3 B 62%DIETH LT, &EZIC/NNT V0 MR T, K
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FR)TFNAAXEH V- a2 X{ba17H 2 LT, Cl2-Cl7 8/ A b 6 %t
8 Bt THA LT,

OH
MMTrO 15 1:4 X
1) MMTrCI, Et;N CrCl, OMe
L9 DMAP, CH,Cl, ©  CH,=CHCH(OMe), 29
0,
HO OMe M, 13h 96% MMTKY”\r) TMSI o + 43%  separable
° OH 6.5:1
methyl (S)-3- 2) DIBﬁ\L, CHzclz0 28 THF, -45°C, 13 h
hydroxyisobutyrate -78 °C, 1h, 88% MMTrO X
3) (COCl,), DMSO OMe
EtsN, CH,Cl, 30
-78°C, 1 h, 6%
Q E,OMe

OH OH OH ? /J\W’\OMe

0s0O4, NMO NalO N
29 ___LL____,.MMﬂO/\1/L§/L\/OH____f____,.MMﬂo v 2
THF, acetone 31 OMe pH 7.0 buffer 32 OMe K,CO5;, MeOH
pH 7.0 buffer THF, rt, 1 h rt, 13 h
rt, 20 h 62% (3 steps)
OH Bu3SnH OH

7 PdCly(PPh i
MMTrO - 2 3)2 MMTrO/\l)\E/\Q/SﬂB%
OM OMe

e CH,Cl,, rt
33 20 min, 77% C12-C17 segment (6)

AX—Ah2-12 ClL2-ClTEZ AL 6 DAL

X

2-5 FHHE T v ARIEO RIS BT 5B IREE DO HEE X
2-2-d T AAFI)LCL-Cll BV AL FDOERL

FARAFILCLCILL BT AL NTIE, 2 ODARFAFAEEZGRELEZL2IENL
R GREEZEZER LT (AF—2A4 2-13) , £7 40 Fr-1-F =Dk ek
%5% Parikh-Doering F21k L 72 . BINOL & W2 A 7 U UABKOGIZ £ 0 ME— D AT
S Th5 T Fuxl Eolss1T-7- ", 4 72b b Ti(0i-Pr), 1 L U(R)-BINOL
GIEF., 20 EIZBWCT UL M) TFARREERSE- L2 A, KGIEE=F
FARIRANCHEIT L. RET VAT L3 —/L 3405 00K 66%., 94%ee TE7-, £ LT~
T b a2 — )LDONLAR R KO SEME O E 1L, Mosher = AT )L~ L B4 5 = L
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TITolz (A¥%—2A42-14) , T72bb, 73—/ 34 & MTPA % DMAP 77/£ F EDC
WEHEA L, AU 2T 00 'H NMR OFEMEDHAS 0.97:0.03 THo7= 2 & h
5 94%ee LIELT-, WICTI/Va— L 34 OREGH VT 4 B4 U LT,
Hanessian & O 94 222 F Lo V8 FIC W T Wittig SIS 21TV E-A L7 ¢
v 35 ~LEH LT, & 5HIZ DIBALEILATT-72%. Negishi & O N fEwv ~ U
AFNLTNVIZULFAEF, R 7aX 2o a=gshyrsal) ek
ASETAF DA F AL a= MEEITW, ZhEd 3 UHBELHTHZ LT3
— A V7 4236 & 86%DURTHIZ, it CT7 I T FAT E= L7 R
FEF, TEMPO BXOIN-Z 27 v qf 2 REEASE, 17 /va—LA&ER
MNCEME D LT LT e R~ EEH L, BHN7ET /L5 B RICk LT, Roush & D
%5 9% 5212 KHMDS 3 L1V 18-7 5 W 26 T—F LIF(E . BRI L=k A%
— | 2L ® Horner-Wadsworth-Emmons & #af Lz (F£2-1) , => FU—1 T
Roush & DA IZHEWVEIR CTRIGEIToT- & Z A Eie Y 2 7 13U 30% TH B,
LERNT T TE D A%RIET HRER E oo 70, IR KON ARSER M Z2m ESE 5
e, T R =2 TIHIGEEEZ 15 EIZ Lz 2 A, T5%DIERTY =2 7 035
bz, SHICEEEZTIF—30 EBLIO—-50 ETRILEIToT2E T A, Z BIRMEIX
RBiFCThHh o7, BRFRIG SETHIREAERITITHEE S TR 56%35 KO
58% & 7 o7z, LLEDRERNLT Y Y —2 OF&MEBRHAL, 8 BB TOT A AT L
Cl-Cl1 B 7 A N 7T DERIEDFENLIT I LT,

1) O3, CH,Cly
1) SO5-Py, DMSO MeOH, -78 °C
EtsN, CH,CI then Me,S
HO 3N, 2v12 OH 2 OH
7 t, 14 h, 52% NN t, 3 h Et0,C7
2) Ti(OiPr),, (R)-BINOL 2) PhaP=C(Me)CO,Et
Il AllylSnBug, MS4A Il toluene, 100 °C Il
CH,Cl,, -20 °C, 63 h 15 h, 73% (2 steps)
4-pentyne-1-ol 66%, 94%ee 34 35
1) TEMPO, n-BuyNCI, NCS OMe
CH,Cl,, pH 8.6 buffer 6
1) DIBAL, CH,CI 2Cla, . OH
)-78 C 1hoosn O 0o r, 2.5 h, 90% MeO,C
,1h, -~ A
= 11
2) Cp,ZrCly, AlMeg X 2) (i-PrO),P(O)CH(OMe)CO,Me 17X
CICH,CH,Cl, KHMDS, 18-crown-6 ether
60 °C, 17 h 36 THF desmethylC1-C11 segment (7)
then I, THF Table 2-1

-30 °C, 1 h, 86%

ZAF¥—NA213 FTAAFILCICIL BT AL FT DAL

-48-



# 2-1  Horner-Wadsworth-Emmons )it~ D F 5

Entry Substrate/mg Temperature, Time 7 Y7ieEId M
1 15.0 rt, 4 h 30% 4% 0%
2 14.0 -15°C,3h 70% tr 0%
3 14.2 -30°C,4h 56% 0% tr
4 22.7 -50 °C, 14 h 58% 0% tr

§ o-(S}MTPA  (S)-MTPA oH (R)-MTPA O-(R)-MTPA
EDC DMAP EDC DMAP
CHZCIQ i, 11 h CHZCIZ i, 11h
Il 81% 75%
37
Z ¥ — 2-14 T )La—)L 34 DA LFE L O FHRE O P-E
2-2-e v/ a7y hUBROBE

FAAFNCL-CIL B AL P THBIOCI2-CI7T 7 A2 F 6 OFBIMNE T LizD
T RICWEZHAET D LIV~ v T 7 N UBRBOBEERTT- 72 (A% — 14 2-15),
%9 Tsuchikawa B D DA B E I THEIRELIZEB W T M 7 ==L EFRB LRV A
yfmﬁ»:%»??foT Stille 1> 7V v 7 a{ToT-L 2 A, KIGIFEIRIZ

BT LN LE Y= 39 (X 40%RRE LG NT, TIAT =L AZ T 6 BLILO
a—kﬁv74/7ﬂ$%ﬁy7)/&Lk%@ﬂ%h%nm%%iww%ébéﬁ
Rllpol, TNODRIERWITIRN T LV AAXAZNALZRETHZ ETHS I ENTE
HEEZ ML) F T LEMZD I LT LT, 3725, Marshall & O#E 2Ifitv,

M 7 2=V beHRBLOHENY FULFEE T, NMP BELHZIT Stille 7 v 7Y 7
HAT-To & TA, POSIEEIRIC T RAFZHEIT L 84%DINRETY = 39 2157, itk
TKEBBIED YV 7 L2 FANTZ AT IVENKSRET 52 L TRl 40 ~EHL, =

% U CBALR S DR 24T > 72, Roush 535 L8 Carreira Hix~27 1o 7 kAL
FOSIZBWT, 7Tt Raf e fi#E L T D EBRILBUSHEIT LI W & 2
BELTWD (RF—2A 2-16) P ZiUd 7 MoF#EIC L0 & a@nsbicaGR 7z =
VI F A= arERDOLL ol THD EHNTE S, FZTTifk Rk
R RHEEPICRARISERET S L L, ETHA LOWRE DB EIC
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MNBA & DMAP O @A RSB 70 EEIZB W TR I 40 2R < F L& 2 A,
HieT 7 by A ITHEMERIRAM E LT 20%REDINRTLNMEGE LN ot £ 2
T Carreira HO#E PEsE W BILAE DTCoORFEIT -, T4bL, ¥ amg
DVDITHLIA Y TR ELVZF AT IVAFET246- M) 7naXey M rrnl R
ER S, E U IR AT 2 @R L= . DMAP | X DB 21T > 7=, LA L,
COBAELLLT 7 N AL IXRAY E LT 20%FEE DR T LVE LR -T2,
BB ERBE LI A, ALV T 40D EZ BN EITLIZE0OR, Tk Ko
X UENS INEA~DOBAEAEIT LI b DR ENEL TS Z L AURE Sz (4 2-6),
IS ORIVAERMIL, FT ALY 6 o7 e hALREIT L, AL T 4 v
DML, FL<BRIENRZ D Z L TERLIZb DO EEZ LN, Tt Fuf U iEH
DINREEO/NS INKRERFERTH S EHEH Sz,

OMe sz(dba)3-CHCI3
X OH PhzAs, i-ProNEt
OH HEOHE THF, rt, 18 h, 40%
i 11 or
MMTrO/\l)\:/\u/S”B% + P - T
OMe sz(dba)3CHCI3 r
C12-C17 segment (6) desmethylC1-C11 segment (7)  PhsAs, LiCl

NMP, rt, 12 h, 84%

MNBA, DMAP
toluene, 70 °C, 4 h
slow addition of 39
<20%

1M KOH aq. or
_— >
dioxane, 80 °C ¢ Ou
3 h, quant. o o, i-PrNEt

then DMAP, toluene
rt, 20 h, <20%

A¥—N2-15 ~r T b UBREEORD

1) 1M KOH qa.
dioxane, 80 °C

2) Cl3CgH,COCI
i-ProNEt, THF, rt
then DMAP, toluene
reflux

R=H 52%
R=TBS <10%

A% —Ah2-16 Roush Hlckpd~27 57 FAbED
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2-6 ~ 7177 hIACRURIZIB W THEE S U 5 BIIAE R O &

ZI T, INHORIBOST 7L Fr B mmm O IR Tlhik 4 5 2 & THi)
TELHEEZ, Tk Fr¥ v A% TIPS JECHR#E L7t 2 44 O A T o7z (R
F—Ah2-17) . Thbb, I—F4AL 74070 Rex ks TIPS L THREL,
FelE & LRIBRIZ Stille 1 v 7Y 7 fgi SR RRIC K0 & =i 44 % 3 Bl 67%12 T
AR L7, ZHICK L CHE L AS&SETORIOSE R Lic & 2 A, RS IEHIF®
D BAFISHELT L. BIAERMITES 52T, HeT 27 45 & 83%DIRTHEL Z &
(R LTz,

1) Pdy(dba)s-CHCl,

QMe PhaAs, LiCl, 6

TIPSOTY, 2,6-lutidine  Me0,c” "7 OTIPS  NMP, rt, 12 h, 81%
7 » =
CH,Cl,, rt, 30 min | X 2) 1M KOH aq.
quant. dioxane, 80 °C
43 2h,83%
Cl O

Cl
cl cl i-PerEt

then DMAP, toluene
rt, 7 h, 83%

Ax—0L 217 T 45 DAL

2-2-f C18-C24 &= 7 A k DiEfE

T M D ELNTZDT, FEWVWTCI8-C24 7 A b4 LDEfEEITH-T- (A
F—A52-18) ., £T 77 b 45 % PPTS CHLBEL 7L 2 A, —# 7k Fufk ok
DILRFEDET L7 DD 88% DN TEL T /L a—)L 46 MG 5T, f\TAT
77 v a— VOO e L7z, BR(bAlE LT Dess Martin #A3E<> TPAP 3K %
AWEBE TR, ELETATE ROafid T E R Y0, BB ORI —E 50 fR
LCLEIREDOMEMNELTZ, £ 2 T VIKIETHEITT 25 Swern i3 {b 21 T-o72 & =

-51-



AL FOXORBBEITIRONT T AT E K 2K, ALTET LT E R5EV U B 47
NI T BT T—EH R LTl ORI Th T SN TO T A7 VAR T L R—
WG EIT -T2, 7726 Evans b OWE V2BEIZ, ¥4Il LToa Y 7 m
EATF AT IAHER. PZan 7= AR T A ERESECHE LI L— |
IZT7 AT e R AR —78 FET2 RIS SHZE Z A, £211 OFRMETE R
X b AT BT, BT U7 17 B X O 18 Ao TR LT, tH NMR DAk
7 MBI OEA T E Toshima & OE " L OMEE L 2 &2 Fiokt 2
EHEET D2 ETIRELZ (R2:2) , T72bbH, TV R—=IVIGDEARDD 16 fif
5 20 (LD 7 R B X OREGERIL, Toshima L2 8ET 58 Reki o Fr A
E AL EFRNT—E LTz, 18 (DT — X ITITOCARFEN I 3 - Tuizi= . Fal
LiziE 24T 216AM B L Ol ITo72, TOMEER, 18 ffbFy 7 FB I
WAERIIBW—HAERLIZZ END, TV R—ILEICTELZE Raxor b
IFLHDNMFEEZH LTS ERET DICE ST, T ORIUEIL Evans b 23 HET
HEC, BRVIUALEBIO2MAFARKICEY 2R ) L— O ERE
M 2-T IR T LI | ZDOBRINAKEED/NS WV Re LT VT B R EDRIG
DT L2 EEZ BN D,

(COCl),
DMSO
OTIPS  pprs EtsN
—_— — O O
THF CH,Cl,
MeOH -78 °C
rt,21h 1h
88%
PhBC, T OTIPS
t-Bu. .t-Bu i-PrNEt t-Bu,_,t-Bu
o™ o + 36 ——» oSis
= CH,Cl,, -78 °C
FsC z 18 2h2 2 FsC . £ -
24 H z 5 =
43% (2 steps) : : OMe
C18-C24 segment (4) dr 21:1 47

A% — N 2-18 Cl18-C24 &7 AL kDiHEfE
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22 T R— VR ESEROME AT A0 E W & D TH NMR O ik

fluorinated hydroxyketone derivative 47

i-Pr-hydroxyketone derivative A8

Carbon No. 47 A B
16 2.4  (1H,ddg,J =10.0,751.5Hz)  1.98 (1H,m) 2.00-1.86 (1H, m)
17 3.80  (IH,dd,J =10.0,3.0 Hz) 381  (1H,ddd, J=9.8,4.0° 2.4 Hz) 3.74  (1H,ddd, J = 9.0, 3.0, 1.0" Hz)
18 2.74 (1H, qd, J = 7.0, 3.0 Hz) 2.83 (1H, ddg, J = 9.2°, 7.0, 2.2 Hz) 2.73 (1H, dg, J=7.0, 3.0 Hz)
20a 2.89  (1H,dd,J =155,9.5Hz) 2.80  (1H,dd, J=15.4, 10.0 Hz) 3.30-3.19 (1H, m)
20b 243 (1H,dd,J =155, 3.0 H2) 2.45  (1H,dd, J = 15.4, 3.6 Hz) 3.30-3.19 (1H, m)

~Si~t
Bu_BPhCI
\O o~

H H
X 2-7 Burx ) L— hOHEE S IRHELEE ©

2-2-g il

HNTE Raxs 7 b 4T AT 2 50V ) VEDOREEZBRFTLEZ (RAF—2A
2-19) , £ Fuxi 7 b 47126 LT 18% HF Py & 5\ X TBAF 2 {Ef & 7=
EZA BIRVUAVEIIEIRICT LRI E TR ICBRES NS DWIZx L, 747 TIPS
HIFERMMIG S THRES N o7, £72 TAS-F 2 W54 Tk, iBFEIEO
REEH WD Z L CEOPRERDO RN R TE b 0D, NiEhNRE < AL
DIER L Ip o, ZZT2-2-F I8V T PPTS FREDFIVER T 7 7 TIPS FEDFREN
—ER LN EEEBE L, WICHBIESRECOBREEZRFT o2 il Liz, T72b
b, £Te Raxo s b 47124 LT 18% HF Py Z1Efl &8, U LA EEN
WBREL TR A — 48 ~EEH LTz, ZHZ LT = YL, 7B R
5 ROBEIREER bk % 6 BEFIER S® 2 & 24, RUSITBEFICHEIT L 7
ML TIPS A BRET 5 Z &M TE o B IT K 2-8 TR T 412 T HPLC #E A 1T 0,
PREFFERT 194 0O B — 27 3BT 25 2 & CL2 BYFEINE 60% T A A F-)L 24-F-Baf (3)
DERITEI LT, HREOERIZ, EMAECHY & 57 DMF 212 T'H NMR % |
EL, 78 b ORBSEOL LD 158mg ERE L, ZHICE Y D TEKICT v
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EHETHNT ga~A Y UHEROYIOEREERT D & & BT, RO 722
BRIEDTEIIZ R Le (R ER TR 17 B, 2ICR 1.7%., SEBIER 79%)

(A) 18% HF-Py

(B) TBAF
(C) TAS-F
18% HF-Py
THF, rt, 1 h
quant.
' N\
1) TsOH
MeCN, CH,Cl,
H,O, rt, 6 h

P
L

2) HPLC purification
60%

desmethyl-24-F-Baf (3)

. J

AX— A 2-19 U LEBREORE

i B A-248 ngﬁ . L
1 —— ex855F3HPLC_130611.2  op .
] ex955F3HPLG. 13061172 Hesmethyl-24-F-Baf .
400 - : - _ - 400
B 900 200
o] A ~ J \L - -0
0 5 .10 15 20 25 30 35
min

2-8 T AAF ) 24-F-Baf O HPLC 7 a~ K77 A

KL Column, 5SL-11 (¢ 10x250 mm)
Flow rate, 2.0 mL/min
Mobile phase, 50% EtOAc in hexane
Detect wave length, 248 nm
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2-3  24-F-Baf D&%

T A AT )L 24-F-Baf QYD EKIEEMENL TE-D T, HWT Iz A L 24-F-Baf
QYDA E IR LTz, 2-1 §i Tl _7= X 912, 6 iL & 8 (LI A F NV HAH T % 24-F-Baf
X, T AAT IR L FEROIKIC TEKAIRE TH D, T70bbH, 2 DORF AT LE
HTHCLClLl B AL F49 L C12—Cl7T 7 A 6 % Stille 7 v 7"V 7B &
Wvwru7 7 bR K VERE L, 7R E2FTHCL8-CU BT A M4 EEANTD
ZLT2UFBAf ZEMTEDHEEZT (AF—14220) ., 3ODBT AL DI HE
AT DHENHDLDIZCL-CILETZ A 4 DA TH DL, TTIEZDOARK
ANSY i i B Rl N By

KR DA AFFEIZ VT Roush 1%, 7132 50 ZHffjfk L L Ta— R4 L
T4 DERERELTND Y, EHIETAF 50D 2 O5ORFEET LFE R
5112k 257 B F LS L VR L TV DR, ZOREOERMIT 85:15 Th D,
T ZTCARARTIE, XV EWIT AT LA BIRMENHIFF T % Paterson 7 /L R—/ L&
TR OB FHWTT A% 50 ML, CI-CllEZ A2 b 49 DL AERFTHZ & &
L7z,

Diastereoselective aldol reaction
| Macrolactonization
]

t-Bu._..t-Bu

Sil
|::> % ? 0 C1-C11 segment (49)

+
FoC7 Y 18 +
24 =

C18-C24 segment (4) OH

e N
24-F-Baf (2) ) VO )Ll)\/\/SnB%
I : 12
OMe

Stille couplin
ping C12-C17 segment (6)

OTBS aldol reaction

::> PMBO\JE

| cf. crotylboration
C1-C11 segment (49) 50 (85:15) 51

HO.

A X— 1 2-20 24-F-Baf O3 & M
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2-3-a Cl1-Cl1 B A FDAR%

FFTALXL 50 DERAEIToT- (AF—L4 2-21) , Paterson & D4 3Dz e,
HRDR)-3-E Rk oA YEEBRA F AL DT )L a—LZz PMB =—7 /L& L TIR#L
1%, TATFNAEKREN)F AT LI =T ATEIT L, 0T Swern i2{bic Lo 7
LT K51 2457, AUk LC Paterson & 2A#HEd 2 anti ZIRAYR T L K—ILIK
i O &AToTlz, bbb, BERFHR L2 FACK L —78 ETYAF LT LT
VIET., 7uuaYv s uand bR T VEAERSEET ) L— b ERR L%, T
LT RE1 &% 2 ARG SE5 2 LT, Eiep-t ek s b 529% 161 D
DT AT LA TEPIET 67% DR THITz, RBIRMEIT T N A ET DX A VK
INT VT b RKFEEKRFEREZE L. T/ATE RO Sl CORIGHERTHZ LT
HHE LD EEx2HND (K29 .

BT 2 kT va—L% TBS JECIR#E LI, KBILATVFEF NI ALY 7
NoZBEBTLL, SBICTVYRYy NCRED Y U LAEERAIERV YA NVEERET D
Z L TUA—/V 53 % 3 BEMEINE 79% T, I I UEBET U U AEAWTER
EHIBHA ATV, E LT VT 8 REKFEATUHRE ST M) U LATELTHZ LTIV
T—)L 54 LWL, S 1 ®kTVa—LE RNIUE LR, UF LT BT
U REMMEEDLZETT AT 28 AL, DDQIZXEY PMB EERETHZETT
Ja—)L 50 BT, AMEEM ORI, Roush HRRIIERY v F ALK S & 8K S &
LTARRLEZRE—EA®W® &, NMR Z s 5 Z Lick v ikiE Lz,

1) PMBOCNHCCl, Q
CSA, CH,Cl, H\l/OBZ 1) TBSOTf
r, 13 h 2,6-lutidine
2) LAH, THF, rt, 2 h Cy,BCl CH,Cly,
HOWOMe 90% (2 steps) F’MBO\)H Me,NEt  PmMBO OH -78°C,2h
I > (|j —_ e T ™
3) (COCl),, DMSO -78°C,2h 2) NaBH,, MeOH
Methyl (R)-3- )I(Et3N, C))2H20I2 51 then -25 °C )rt, 1 h4
hydroxyisobutrate ~_7g °C,1h 2 days, 67% OBz then K,CO5

dr 16:1 52 rt, 22 h
79% (3 steps)
1) NalO,4, MeOH 1) TsCl, Py, rt, 3 h, 99%

pH 7.0 buffer 2) LiCCH-H,NCH,CH,NH,
rt, 1h PMBO oTBS DMSO, rt, 2 h, 64% H
 — >
2) NaBH,, THF wSOH 3y DDQ, CH,LCL,
MeOH, rt, 1 h 54 pH 7.0 buffer, rt, 40 min
86% (2 steps) then NaBH,4, THF, MeOH

rt, 30 min, 94%

AF—Ah 221 TILFXL 50 DEFK
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2-9 Paterson 7 /L F— /LS OHEEERBHAE 30

BNTT A A FIROBA & Ak, Hanessian DS eV C4 2= v B L=
— KAV T 4 U OMEREITH) Z L TCL-Cll |7 A2 M 49 DERRELIT 7= (A%
— A 2-22) . ThbbTa—50 & Swern b L7, MR A Y R
ER & To,B-REdFIT X7 /L 56 ~&AHi L, DIBAL 2Ll LV = AT Vv &ELT
%= LT 3 B 83% DIV ER T T L ot — /L 57 & 15 7=, IkIZ Negishi & DA 202 4Eu,
R)AFATALAI=gLBLIORERAY 7 aX 2oL o)a=y kY r7al) R
ERAWCTAX U aOATF AN a=y MEEITV, A2 I URNAHT 52 & C
9— RA VL7 1258 % 66%DIHETHZ, & 5IZTEMPO Bz k Y 77t R 59
~EZEH LT 1%, Roush B DT 2 4 Mfit vk 2k % — k @ KHMDS £ L Ot
18 7 7 7 v -6-=—7 /L % FJ\V T Horner-Wadsworth-Emmons %179 Z & To- A b
XL o,B- R AT S AL LT, 707 TBS &iX, Z 0% OBRLSIZE N T
SAKFEEIZ 72 % Z L A Roush HIZ L WA DS TWA -8, f%IC TBAF THLERT
HZETCL-Cll BT A k49 % 19 B CARR LTz,
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DMSO, (COCl),

Et;N PhsP=C(Me)CO,Et DIBAL
HO OTBS — 5 OTBS > coc OTBS — &
CH,Cl,, -78 °C CI> R toluene, 100 °C, 11 h z CHJCl,, -78 °C
1h 1.5h
| | | 83% (3 steps)
50 55 56
szZFClZ
AlMe;
CICH,CH,CI TEMPO
60 °C,12h TBACI, NCS
OTBS —  » HO OTBS ——»
then I, CHCl,
THF, -30 °C pH 8.6 buffer
1h, 66% rt, 4 h, 88%
(i-PrO),P(O)CH(OMe)CO,Me
KHMDS
18-crown-6 ether TBAF
t —_—
THF, rt, 10 h, 49% THF, rt
15 h, 84%

AX— 222 CI-ClLEZ AL 49 DERK
2-3-h w7 a T hUBROMES

Cl-Cll B A M A9 G HNTZD T, WIZ 2-2 i CTHR L7z C12-C17 &7 A |
6 LDEFEAITHIZ LTI/ uT 7 MU BROWEEIT-T- (AF—102-23) , TAA
FARDEEA L FREIC, Marshall 5 D52 %2582 ) 7 ==L e EB LY
F U LFE T, NMP LI\ T Stille 7y 7 U 7 54T o728 2 A, OSIEEIRIC
TRIFIZEITL, 85%DINETY = 61 #5370, Fi\TKEEA U © L% TR
FINT AT IVENMKSIE L., & U7~ aliz 62 1oxt L TBILS A2 T -7, Carreira ®
WiEDEBEIL, DAYV TAELTZFAT IVHEET 246-RY) 7aaxyy ALy
72U R VIRAMEKD RS, Fi CEAREMICT DMAP & Ef S#7-
LA BT 7 Fr63 0 2 BfE S1%DINETHE LN, 22 TliE, mEO#RED
BV, 7O B s BT R O REE TSR < AT L1z >,
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oH Pd,(dba)s-CHCl,

17 PhsAs, LiCl
MMTrOMSﬂBua + T .
OM NMP, rt, 13 h

OMe
C12-C17 segment (6) 85%

Cl O
Cl
1M KOH agq. cl o, I-ProNEt
E—. X
dioxane then DMAP, toluene
80°C,2h rt, 9 h, 51% (2 steps) MMTrO

AX—N223 ~rnTy hUBEOME

2-3-c C18-C24 & 7' X v b DAL & Wi 24

~7 a7 NUBRORENTT LIZOTHRWT Y vyH#Z &2 HFT 5 Cl8-C24 v/ A
N4 EDHEREERFT DI L L L E T TREREORFT 21T o 72 (A% — 4 2-24),
Toshima HIX 7 fLofR#ERR L LTy oF LA Y7Ly UL (DEIPS) HENETH
5 LRRTVWAHN, ZOFHMITRESENTHARWD, ZZ2TEPIETFTAAFALEKRDOE
AW T BRI R A2 5 2 Tz TIPS B8 7T (LOR#ER E L CHlEY THDE0 2
ALz, ZORER, 2 DORFEATNVEERTHT7 L3 —)L 63 OGH, BRIED
TIPSOTf Z HW D SRAFIC K VIR R S RGET 5 Z LILTETN, T A A F )L 24-F-Baf
B DA DRSS TH D N TR BRET L ENTERN &
P LT, 22 TIRICK Y S/ il & LTTES A2 @R LT, 2056
TIERFELOS TR NTHELT L7228, %< PPTSIZ X 5 1#k MMTr = — 7 VE DR ZE
BATo7E 2 A, TALTES B RIFFICERESNTLE D L0 ) BENA U, KGR
FEDRRF 21T > 723, MMTr EOBIRPIBREIIRE CTH 72720, TESE D 7LD
B LTARBETHD M Lz, U EOREZESE 2. WIZ TIPS X 0 &A1
&<, TES XV b RKE WL L LT Toshima & 23559 % DEIPS £4% 7 (L%
L LTCBIN L, T bbb 73— 6312% LT 2,6-/LF 2 U 1#{E T . DEPISOTf
ZERM S E T Y )b —F )b 64c & 85% DR TR, ZiuIx LT PPTS Z/EH &
7T A, BTy A—v 65 OAEBITR LN OO, MMTr ZEANRIRAYIZFRE
ST V3 — L 66C & T8NDINHETHEDL Z LN TE T2, £/2 M VS TORR
ARG LI E 2 A, EiR 12 ORISR T T 2 & b T& 7z, LA
FORERNS, Tk Furx T EofRF#ER L LT DEIPS 2 i CTh 5 &l L7,
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TIPSOTf
2,6-lutidine 7,0TIPS TsOH-H,0
63 —_—
CHCl, 1t CH,Cly, MeCN
20h, 96% MMTrO x H,0. rt. 2 days
OMe
64a
OMe
TESOTf
2,6-lutidine O 7 ,OTES PPTS
63 _ =
CHaClp, 0°C THF, MeOH
1h, 77% MMTrO it 4 h

f. fion at 0°C
(cf. no reaction at 0°C) ¢ . R1= MMTr, R2= TES (recovery), 40%

66b: R'= H, R?= TES (desired), 30%
67c: R'= MMTr, R2= H, 8%
65: R'= R?= H, 20%

DEIPSOTf OMe . ODEIPS
2,6-lutidine PPTS
63 _ = — =
CH,Cl,, 0 °C THF, MeOH
1h, 85% MMTrO rt, 15 h
OMe
64c 64c: R'= MMTr, R?= DEIPS (recovery), 13%

66¢: R'= H, R?= DEIPS (desired), 78%
67c: R'= MMTr, R>= H, 0%
65: R'=R?=H, 2%

OMe
1 ODEIPS 14011 1,0
R
CHQClz, MeCN
MMTrO x H,O, rt, 12 h
OMe 55%

A F— I 2-24 T i{RH#ERLORIR

BN TE LT L a—Le6c & Swernfiz(bic LW 7 /LT & R68~& 2 Li-1%,
C18-C24 B/ A > k 4 DL & IT 7~ (AF—14 2-25) , Evans bDOFIEEHBE|C,
TRABIZKHLTCIOA Y TR ENZT VT I AFIE R, V777 2= )VihT U &2fE
HAEE TR Lz ) L— T T REE-T8ET2HRMMGSEEZEZA K
20:1 OBIMETE R 7 b 69 % 2 B 32%DINE THD Z LITkE L, #
T U7 17 LB £ TN 18 A DNER LT, Je D bad 47 DA L FBE. 'H NMR
DAL 7 F 3 KOS ES % Toshima & O s L OMERL L -k 2 5oL B
BLHET D2 LT, BHONMREFEEALTOWD ERELE (£2-3) .

-60-



RIZ2ODV I NVEDREEIToT2, TRDOBET 18%HFPYy Z W TV L%
PrEL, ST R AVR TS 52 CTTte Re X RoRift#EL2iTo72, =D
RSO IZRIEZ < HAT L. BT 2-10 (R4 T HPLC FEHRIZATV N, (REFRy
[f15.8 53D — 7 Z 53l % 2 & T 2 Bef 36% DULER T 24-F-Baf D& ik & #mk L7z,
o7 24-F-Baf Q)OO E&EIL, [EMEICHIY & -7 DMF 212 T'H NMR Z#lE L |
7'a N OFRESMED LY 1.20mg ERE LT, LLEORER LV T A X F )L 24-F-Baf
CTHENL L 7= )75 & IRl — O#IE ©, 24-F-Baf #4872 Z LIcksh Lz (REERLT
T2 28 Beplr, AUER 0.16%, FHIINHE 79%)

C18-C24 segment (4)

(CoCl),

PhBCI
DMSO, Et;N i-Pr2NI2£t t-Bu, 7, ODEIPS
66c —>» - S 0 oH o
CH20|2, -78 °C CH-CI H =
1h -782°C,22 h FsC ) : -
S : OMe
32% (2 steps) 69
X
1) TsOH
MeCN, CH,Cl, oMe o
18% HF-Py H,0, rt, 16 h
—— M N0 OH O mm
THF, rt, 1 h 2) HPLC purification E

36% (2 steps) HO™ 5% S
= e
24-F-Baf (2)

AX— L 2-25 24-F-Baf OERK

-61-



#2-3 T R— VAR ESEROME AT A{0E W & D TH NMR O ik

fluorinated hydroxyketone derivative 69

i-Pr-hydroxyketone derivative A7)

Carbon No. 69 A B
16 2.00 (1H,ddg, J=9.0, 7.0, 2.0 Hz) 1.98  (1H,m) 2.00-1.86 (1H, m)
17 378 (1H,dd,J=9.0,2.5Hz) 381  (1H,ddd, J=9.8, 4.0°, 2.4 Hz) 374  (1H,ddd, J=9.0,3.0, 1.0° Hz)
18 2.74 (1H, qd, J=7.0, 2.5 Hz) 2.83 (1H, ddg, J = 9.2°, 7.0, 2.2 Hz) 2.73 (1H, dg, J=7.0, 3.0 Hz)
20a 287 (1H,dd,J=155, 9.5 Hz) 2.80 (1H,dd, J=15.4, 10.0 Hz) 3.30-3.19 (1H, m)
20b 240  (1H,dd,J =155, 3.0 Hz) 2.45  (1H,dd, J = 15.4, 3.6 Hz) 3.30-3.19 (1H, m)
1 24-F-Baf |
400 n C
2 ]
E 200
] i
; ; i — . -
0 5 10 15 20 25 30
min

2-10 24-F-Baf ® HPLC 7 v~ 7' F A

FERLIZME Column, 5SL-11 (¢ 10x250 mm)
Flow rate, 2.0 mL/min
Mobile phase, 50% EtOAc in hexane
Detect wave length, 248 nm
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2-4 7 v FIEMAL AT 4 v~ A T L FHEARD AEYIE VR

N7 yma~vA T 3H 1 BT L 91T, V-ATPase BHEIEMELAMT b HLEETE
PE. PLRETEME, U0 BVEMEZ EIRIAWAEDTERE AR T 5 2 Aot Tingd, 22T
1% V-ATPase FHETEMEF X OMIETEIGTEELZ KRR TH L N7 s mu~ A &
5 2 & TR LTZT A ATV 24-F-Baf 18 1 O 24-F-Baf O AWM % SEf L 7=,

2-4-a  FRME/ YR IR

HRNIZAEE T DM/ ML V-ATPase D) & (2 L 0 BptEIci-hCnb, £ZT
PSR TN ERT AT 7 VDAL PRV REERIZ LY | ialcBsT
% V-ATPase PLED A WA AN L 7= (4 2-11) %, AHBRILHIE KP4 B R HF
ZERMFAHHERREZAR IC L W Elii SNz, T2 U VA L DI NIE A G i RE A e AL
PR TH O | BHESRMMETHROADEINZ R T D, T OORITBIERE N D4 /LI *
FIWIZRVIAEND &7 m b ALEINANL TR T oM bR b7z, VY Y
— AR RY — AR EOWME/NNEE YT 5 ENTESD, LA - T V-ATPase
HERE L CW A EIIREOE LN/ NS 7 Ky b & U TEIII S, £ OREREDEIX
HHOWRIZL VB SN D,

V-ATPase

TOVOUF LY «

BAHE N (Y — L2 E) & S D3 s
X 2-11  FEet/ o e 60 525k O A% 3L

7w MEHEFIICH LT, N7 v A VOB X UG LTET A X T )L 24-F-Baf
& 24-F-Baf Zf¢ 5L 2 A > F 2 _X— M L7k, 727 VDA L UEMA TN
IRE G LT & EOREFE X 2-12 \Z" T, X AT 47 a2 hr—/Ld DMSO D
BATIIROEO/NE2 Ry RAR S, V-ATPase 2MEHE L TV B EEF23 8L S vz,
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ZAUZHR LT 100 nM DT 4 a< A 22 BH DML 100 nM D 24-F-Baf FANERIZ
FDWELEPBR S iz, L= THIAENIZEB W T V-ATPase ﬁ)ﬁﬂiéhfb\'éﬁt??
NS NT-, —F5 10 pM DT A A F )L 24-F-Baf IRMNFFIZIE, REDO/NS72 Ky b
M BT Z & D V-ATPase DHE I TW W ERfER Iz, 2D OfE R
£ 0 24-F-Baf IZE\ ) V-ATPase [LEIGHEZ A L TVWD Z LN RIBENT-—F T, T A
A F )L 24-F-Baf IZPAFTEMED RIEIAK T L TWD Z &R S i,

2 hours treatment

Baf desmethyl 24-F-Baf 24-F-Baf
Sl 100 NM 10 uM 100 NM

. .
[X] 2-12 7 v D kHEZEIE O B/ NE e 8 52 B>

*GLE R A B B R R R R F R o it
DMSO Tldfet/Marzs/hs2 Ky hE LTRSS DIZx L, 100 nM @ Baf 5

VWM 24-F-Baf IsINEF CIE R 64079, MIRNIZEB W T V-ATPase NLEINLTWS, —
FFT ARXAF )L 24-F-Baf Tlx, /IS Ry bBRR LD Z £ D V-ATPase iﬁﬂ%ém
“Cb\fc;jb\o

Phase

Acidic organelle
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2-4-b In vitro V-ATPase [HETE MR

e T V-ATPase PRLETE M A4 & RAVICIH R 572012, BEREH R OBEE 53 12534 5 [
VLA R L2 3, KRB b S {Ezji:féé\fmfﬁﬂ:ﬁbﬁ BRI IC L 0 5
i 47z, V-ATPase (X ATP ONIK =R —Z B ) & LT\ D7z, [HEE
PEIX ATP 23 ADP 123 fif S LD BRITAE U 5 MR U ‘/ﬁfz%“ﬁfé ZETAELL L
MTE D, EBIILLTO X 9 IdT7hbhi, E%!:H% IIB538 U 7o BERE O Al R B % P it
W74, LB KOV Al DEI nﬂ% L7z, Zauzxf LT, [HEAZ
jJuz 10 /34 % = X— K L7214, ATP %buz 60 /A v F aX— kK L7z, TD%

WEBRE M EE LS, v T A NV —BIXOEY 77 VBREIRIN LT,
77%4%7)~/i%)77/ﬁf? Y Vi LR OBE AR ETERT 5720
650 nm (2B W NEEZNET HZ & CTHEEY U IOEEEITo T2, A HHAEHR O
rﬁfﬁf& 10,3,1nM &L &E7= & & D V-ATPase iM%, DMSO % 100 & L7=& &0
aryha—=%E LTR24 IR, TI06 ICEZEHLIZE A, 24-F-Baf |
ICso {75 2.5 nM & KR D 2.3 nM & [A%E D V-ATPase [HETEEAZH L TWDH Z &7
SN E o Tz, —HT AAT /L 24-F-Baf iZ. 10 pM (28T V-ATPase % 30%7F2
FE U FRER T, ICs MBI 10 uM BA R & 4 ML EFRETEEAME T L T2 2 & 23 HiERE
iz,

VL LAY TENERRER ) O | 24-F-Baf XKW & [R5 D8 )7 V-ATPase BHETEME %
HLTEBY, 7 vHBERbT7 qu~A L UFEEE L THEARLDEARTHZ &
WZRP LTz, — 7 A AT )L 24-F-Baf LB 72 V-ATPase [LEEEAZH LT LT,
T BEHACNNT g u~ A VUFBERE L TUIAWD ZENTERN EAHH L
oo FTLINDOFRRNG, 6 MBI BND A FIVEER AT 4 v~ A 2 OIEMHFE
BUCEECTOHD Z ENREEINT,
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F 2-4 BERHEEE 2% D V-ATPase P ETE HEER*

conc (nM) control% ICgy (NM)

Baf 10 201 2.3

3 42.7

1 67.5
desmethyl 24-F-Baf 10000 73.8 >10000
24-F-Baf 10 5.1 2.5

3 40.0

1 86.1

*HU R A A BR TR AT TR R F RS HE B 1R it

2-4-c U gp A AL ek 9 2 i el S S A i AR

V-ATPase FLEIHMEA KIEIZIL T LTV 2T A A F )L 24-F-Baf OEWiEMZ2 & 51
T 5 7212, F A HL-60 35 & OF K562 (2 %3 2 AR s il slbk 2 17 - 7=
) RRBRIIHA S — - T— - U0 R EHE ST, A IRk SR
IZ& D NADH NEEA SN D=, 435 WST-8 2 1-Methoxy PMS & & H 2Nz 5 &
Z DEITHEIZ I Y WST-8 1% Methoxy PMS Z /1 L T /L~ W U ZiE L S5 (K 2-13),
A UTEETRITHEIC AR T D0 F OREZRES 2 2 & T, Az lET 52
EMTE D, ERIFLLTO L S Iq7biviz, £THIEE LI-SHlaz 96 well ~-1 2
07 L— MIRERE L, 24 BFRI#£ 12 0.001-10 uM Dt 8 B E DRLER|Z A % 22— |k
L7z, 48 IffElf:, WST-8 AN L, AR 53 2 BHE A oD A0 ha s A m il 20 5 2
B L. SISk 5 1Cs il 2 7 L 72,

O,N 0,8 SOy
N *N=N
substrates NAD*
i

1-Methoxy PMS O,N
dehydrogenases WST-8
OMe
N O,N 055 SOy
NADH @ /) \©\H,N7/\©/
v,\ll N™ =

reduced form

Cell

WST-8 formazoan

%] 2-13  ffa FE Rl B O 3
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iRz X 2-14 | R”T, R CIE, WM )T 0.01 705 0.03 pM (22T THY
FEENHI IS AL DAL, ICs A 30 nM & 88 ) e BEIEEZH L T\ iz, —J7, T A A
F v 24-F-Baf (31 705 10 pM (2T THRFEINHIZ RS L 40, 1Cso fEDS 3 uM & 1EME
MAMEL DRER L7207, L L, KRE L TH T ~A I/ BE—TF—DF—HX—T
HIRE HEFEAIHRE R 2 LT D 2 & DNHER S LT,

HL-60%HkE
| A
A‘ﬁ\v)‘r\‘_/\
\ \

== desmethyl-24-F-Baf
== Baf

=
]
[ ]

-
]
]

o
=

=
=

Fa P MR EE (%)

20
0 r . r r . r r r .
0 0007 0.003 001 003 0.1 0.3 1 10
F=EE (M)
K562%1 12
140

—
=]
=

__,_gl——r’fxfﬁr’fh_q“mu
\ \

=+=desmethyl-24-F-Gaf l

=l=Baf

—
=
=

=
(=T

PP M EE (%)

]
]

[ ]

0 0001 0003 001 003 01 03 1 10

B (M)

¥ 2-14 [ IJFEAERD HL-60 35 X O K562 12553 5 Hl it i 4 | 2 R>
SRR — « - LR
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2-5 #i5%

AT ORE R KLV . 24-F-Baf [T KA & [A% D V-ATPase [HRETEMZH T2 Z & 3H
Sinkipot-, —Ji T, T AAF )L 24-F-Baf [T RKARY) & el L C V-ATPase FELEETE
(3549 10000 15, MERREENE CTITAY 100 FHK T3 2 &0 9 IR 2157, & 2 CARIEM AR
FER L ZOEIZOWTUTIZERT S L L BHIZ, V-ATPase & O AERICE 25
WEIZONWTHBEELZ,

2-5-a N7 qqu~A & 24-F-Baf O kL%

23 712 CFy F£ 38 A L 7= 24-F-Baf (%, V-ATPase [LEIGMEZAFF L T iz, L
S TCEEOA L [FER, 23 MEHBEIIEHEICIIRESEE LN EB 2 OND, FEE
ICRKI & THNMR Ol A L Ta 5 &, 24-F-Baf (TR LRl — D~ 57 kv
BHERT L2, v 7 v Z 7 Moo obdy 7 MEB LA ERITIZIZFRERTH
D, 7872 FrETVERBOWTRIEELZ & > TWNWD Z LR TE (R 2-5,
3Ja0ax21 = 11.0 Hz, 332120 = 11.0 Hz, *Jp023 = 11.0 Hz) o & HIT BCNMR & LWV —E A 5,
iz (3£ 2-6) . F7= NOE ZEBRIZ LV H3/H5 35 KUY H29/C20Me [ZFABE A 7 55 41,
C3-CA fEAIL strans Bl A & > T\ D Z LR CT& 7= (¥ 2-15) , 1z T H5/H8,
H8/H11 I[ZHFHREN A B, ZNHIERERME —F LTz, Lo TANT sm~A ¥
COTEMRBICEE CTH LB a Ly 7+ A—a VB b LTE L, ik
V-ATPase [HREEEZ R LT EE X DBND,
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#2-5 24-F-Baf & N7 s m~A D HNMR O kg

"HNMR
# 24-F-Baf Natural®
1 - -
2 - -
3 6.63 (1H,s) 6.68 (1H,d,J=0.8)
4 - -
5 5.75 (1H,d,J=9.0) 5.77 (1H,ddg,J=9.2,1.0,1.0)
6 2.56-2.49 (1H, m) 254 (1H,ddq,J=9.1,7.1,1.9)
7 3.33-3.26 (1H, m) 3.29 (1H, dd, no J values given)
70H ND 1.62 (no other information given)
8 1.95-1.86 (1H, m)) 1.90 (no other information given)
9a 2.18-2.10 (1H, m) 2.13 (1H, no multiplicity given, J = 14.0)
9b 2.00-1.92 (1H, m) 1.95 (1H, no multiplicity given, J = 14.0, 11.5)
10 - -
11 5.81 (1H, d, J=10.5) 5.81 (1H,d, J=10.7)
12 6.51 (1H, dd, J=15.0, 10.5) 6.51 (1H, dd, J=15.0, 10.7)
13 5.15 (1H, dd, J=15.5, 9.0 5.16 (1H, dd, J=15.0,9.4)
14 3.90 (1H,dd,J=95,9.5) 3.89 (1H, dd, J=9.0,9.0)
15 4.94 (1H,dd, J=9.0,1.0) 495 (1H,dd,J=8.7,1.4)
16 2.15 (1H, ddg, J = 10.8, 6.8, 1.4) 2.15 (1H, ddqg, J = 10.8, 6.8, 1.4)
17 4.09-4.02 (1H, m) 4.13 (1H, ddd, J=10.8, 4.1, 2.0)
170H 4.87 (1H,d,J=4.0) 466 (1H,dd,J=4.2,1.1)
18 1.87-1.79 (1H, m) 1.77 (1H, no multiplicity given, J=7.0, 2.1, 1.3)
19 - -
190H 6.17 (1H,d,J=2.0) 554 (1H,d,J=21)
20eq 2.34 (1H,dd,J=12.0,5.0) 2.30 (1H,dd,J=11.9,4.8)
20ax 1.31-1.20 (1H, m) 1.16 (1H,ddd,J=12.1,11.1,2.2)
21 3.75 (1H,ddd, J =11.0, 11.0, 5.0) 3.70 (1H,ddd, J=11.2,9.9,4.7)
22 1.65-1.55 (1H, m) 1.33 (1H, ddg, J = 10.1, 10.1, 6.5)
23 4.04 (1H, qd, J=11.0, 6.5) 3.49 (1H,dd,J=10.4,2.4)
24 - 1.88 (1H, ddg, J=6.8, 6.8, 2.3)
25 - 0.90 (3H,d,J=6.8)
26 1.98 (3H,s) 1.99 (3H,d,J=1.2)
27 1.07 (3H,d,J=7.0) 1.07 (3H,d,J=7.1)
28 0.93 (3H,d,J=6.0) 0.94 (3H,d,J=6.3)
29 1.94 (3H,s) 194 (3H,d,J=1.1,11)
30 0.83 (3H,d,J=7.0) 0.83 (3H,d,J=6.9)
31 1.06 (3H,d,J=7.0) 1.05 (3H,d,J=7.3)
32 1.12 (3H,d,J=6.5) 0.94 (3H,d,J=6.5)
33 - 0.77 (3H,d,J=6.8)
2-OMe 3.63 (3H,s) 3.64 (3H,s)
14-OMe 3.25 (3H, ) 3.25 (3H,s)

2 Chemical shifts are reported in ppm relative to internal residual solvent (*H NMR CDCl; 7.26 ppm).
b Everett et al. J. Chem. Soc. Perk. Trans. 2 1989, 1073.

-69-



#2-6 24-F-Baf X7 s~ A D BCNMR D il

13C NMR
# 24-F-Baf Natural®
1 167.4 167.3
2 141.4 141.3
3 133.2° 133.7
4 133.1° 132.8
5 142.6 143.3
6 36.7 36.8
7 81.2 80.8
8 40.2 40.2
9 41.3 413
10 143.3 1434
11 125.3 125.0
12 133.2° 133.2
13 127.1 126.8
14 81.9 82.3
15 76.5 76.8
16 37.1 37.2
17 70.4 70.6
18 41.0 421
19 100.6 99.0
20 429 435
21 69.7 70.7
22 38.8 40.9
23 71.9 75.9
24 ND 27.9
25 - 21.2
26 14.0 14.0
27 17.2 17.3
28 21.7 21.7
29 20.2 20.2
30 9.6 9.8
31 7.0 71
32 11.9 12.2
33 - 14.3
2-OMe 59.6 60.0
14-OMe 55.5 55.5

#Chemical shifts are reported in ppm relative to internal
residual solvent (13C NMR CDCI3 77.0 ppm).

P Everett et al. J. Chem. Soc. Perk. Trans. 2 1989, 1073.

° Not assigned

2-15 24-F-Baf ™ NOE 8
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2-5-b N7 4w AT LT ARXTF )L 24-F-Baf D g

6 (7 L N8 ALD A FNILARE LIZT R A F /L 24-F-Baf D V-ATPase FHETEMEIX
RESIKEFLE, ZHIE, 26 200X FOVEMNEHRBICEETH D 2 L 2RE
THHOTORETHDEVWZD, T TART sa~vA v ET AAT )L 24-F-Baf
DNMR Z S 5 2 & T, RELEEDOEDN DD EMER LT (£2-72-8) ., £
DFEHR . FAAF LD 'H B LOBC NMR 1%, A FVEARRE LT 6,8 frEhd =7
T < 3R 13 fir /e EIRHEIPAIC BN TR T 7 MR L L TWD Z & DR S 7z,
ZoEbE, ROEHNTCe— by 7L LTELEZLDOERK 2-16 (TR 7, FRES
TR UIALFEY 7 b DRE KB L TOBEFT., IEWEEFHIC 72 - THOA LT
WAHZENHA LT, ZHIEATFAEOREICED, X sa~vAf T Da 74 A
—valyPEH LTSI EEZRBETHHLDOTHY, 15 fLIZHYT LY ) =— |k
o OW-EAEESS, T FeXxviEonE, Hor0E~vruT 7 hVRaRoa
TAA—=va P LTWAEZ R ENREZ N, ThbDEkIzED, "7 4
B A OIEERBUCEBE CTHAREN a2 T4 A= a2 H T N TE
L p oo iR, BHE e V-ATPase [HETEEZ RS e hoTc&&EX bND, b
DEAbE LV EEICERT 572012, NMRIZE W&o -kEaES. X OVNOE 3
BRIC L 0D N HEEE 2 VO CT A A F )L 24-F-Baf OFEJEMRNT 21T - 72 (X
2-17) . ZDOFER, T A A F )L 24-F-Baf (28 T H3/H5 35 X OV H29/C20Me |2 NOE
FABE A A2 B 41, C3-CA &L s-trans Bl & > TV D Z E DR TE 72, LM LRAR
W)<e 24-F-Baf L (35720 . H7/H9 5 KOV HI/H11 12 H NOE FARSMN A Hii=, F-4E
BERIZENTH, 6728 9.0Hz E K& HHL TV DR EDENRL LN, L
Mo TT AAF )L 24-F-Baf 1L, 24-F-Baf PR L 13 7voTca T xr A—Ta vk
HLTWBHZ ENHLMNERSTZ,
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%27 FAATFIL 24-F-Baf & KKWD 'HNMR O Hei

"HNMR
# desmethyl-24-F-Baf Natural’
1 - -
2 - -
3 6.41 (1H,s) 6.68 (1H,d,J=0.8)
4 - -
5 5.57 (1H, dd, J =10.0, 5.0) 5.77 (1H,ddq, J=9.2,1.0,1.0)
6 2.65 (1H, ddd, J=9.0, 9.0, 3.0) 2.54 (1H,ddg,J=9.1,7.1,1.9)
2.13-2.07 (1H, m) -
7 3.55-3.48 (1H, m) 3.29 (1H, dd, no J values given)
70H ND 1.62 (no other information given)
8 1.96-1.91 (2H, m) 1.90 (no other information given)
9a 2.52-2.43 (1H, m) 2.13 (1H, no multiplicity given, J = 14.0)
9b 2.15-2.08 (1H, m) 1.95 (1H, no multiplicity given, J = 14.0, 11.5)
10 - -
11 5.82 (1H,d,J=10.5) 5.81 (1H,d, J=10.7)
12 6.53 (1H, dd, J=15.0, 11.0) 6.51 (1H, dd, J=15.0, 10.7)
13 5.24 (1H, dd, J=15.0, 9.5) 5.16 (1H,dd, J=15.0,9.4)
14 3.90 (1H,dd,J=9.0,9.0) 3.89 (1H, dd, J=9.0,9.0)
15 4.91 (1H, dd, J= 9.0, 1.5) 4.95 (1H, dd, J=8.7, 1.4)
16 2.24-2.16 (1H,12.0, 6.5, 6.5) 2.15 (1H, ddg, J=10.8, 6.8, 1.4)
17 4.10-4.04 (1H, m) 4.13 (1H, ddd, J=10.8, 4.1, 2.0)
170H 4.83 (1H,dd, J=4.0, 1.0) 4.66 (1H,dd,J=4.2,1.1)
18 1.84-1.82 (1H, m) 1.77 (1H, no multiplicity given, J=7.0, 2.1, 1.3)
19 - -
190H 6.13 (1H,d,J=2.0) 554 (1H,d,J=2.1)
20eq 2.34 (1H,dd, J=12.0,5.0) 2.30 (1H,dd,J=11.9,4.8)
20ax 1.26-1.23 (1H, m) 1.16 (1H,ddd,J=12.1,11.1,2.2)
21 3.79-3.69 (1H, 10.0, 10.0, 5.0) 3.70 (1H,ddd,J=11.2,9.9,4.7)
22 1.64-1.55 (1H, m) 1.33 (1H,ddq, J=10.1, 10.1, 6.5)
23 4.09-3.99 (1H, m) 3.49 (1H,dd,J=10.4,24)
24 - 1.88 (1H, ddq, J=6.8, 6.8, 2.3)
25 - 0.90 (3H,d,J=6.8)
26 1.96 (3H,s) 199 (3H,d,J=1.2)
27 - 1.07 (3H,d,J=7.1)
28 - 0.94 (3H,d,J=6.3)
29 1.84 (3H,s) 194 (3H,d,J=1.1,11)
30 0.84 (3H,d,J=7.0) 0.83 (3H,d,J=6.9)
31 1.06 (3H,d,J=7.0) 1.05 (3H,d,J=7.3)
32 112 (3H,d,J=5.5) 0.94 (3H,d,J=6.5)
33 - 0.77 (3H,d,J=6.8)
2-OMe 3.60 (3H,s) 3.64 (3H,s)
14-OMe 3.27 (3H,s) 3.25 (3H,s)

2 Chemical shifts are reported in ppm relative to internal residual solvent (*H NMR CDCl, 7.26 ppm).
®Everett et al. J. Chem. Soc. Perk. Trans. 2 1989, 1073.
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#2-8 T A ATF L 24-F-Baf & KD 3C NMR D b

BC NMR
# desmethyl-24-F-Baf =~ Natural®
1 167.2 167.3
2 142.1 141.3
3 131.7 133.7
4 133.4 132.8
5 135.4 143.3
6 38.2 36.8
7 745 80.8
8 36.5 40.2
9 37.4 41.3
10 140.9 143.4
11 125.5 125.0
12 133.0 133.2
13 129.0 126.8
14 81.8 82.3
15 76.1 76.8
16 36.6 37.2
17 70.3 70.6
18 41.0 42.1
19 100.6 99.0
20 42.8 43.5
21 69.6 70.7
22 38.8 40.9
23 71.9 75.9
24 125.0 27.9
25 - 21.2
26 14.0 14.0
27 - 17.3
28 - 21.7
29 16.3 20.2
30 9.4 9.8
31 7.0 7.1
32 11.9 12.2
33 - 14.3
2-OMe 59.3 60.0
14-OMe 56.0 55.5

2 Chemical shifts are reported in ppm relative to internal
residual solvent (1H NMR CDCI3 77.0 ppm).

b Everett et al. J. Chem. Soc. Perk. Trans. 2 1989, 1073.

OMe l;l
o d>3.0 24 CF o) \3J% OH
1 3 Y\ \g7
? \

10<d<3.0 " >
PN Hi AC
0.5<d<1.0 I\zj.Q ?H . d= AHZ 1 (?) - (1)
d<05 HO® éHE/\l)\E/mW
= OMe

desmethyl-24-F-Baf

X 2-16 5 A A F )L 24-F-Baf & KW D NMR 5 — Z D il
RUOICE VLT 7 FOE b d ZFE L, R RKE B L=EFT 20k, &, oA
TrLT-,
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%] 2-17 5 A A F /L 24-F-Baf ® NOE FEx

Z 2T L0 R e BLRAENT 21T 5 72912, MacroModel % W 7- Bl RH R 21T > 72
(K 2-18) . MMFFs % /132 IV TNCG ¥EIC LV B ER R 24T - 1-%% . DFT
B3LYP/6-31G** % JLJEI% & L T i b 21T o 72, #IHItEEII N7 s v~ A
O IS Z UV NMR IZE V5 Sk A EH s K OYNOE EBRIC X W o /-iE
HEE M2 W THIRZ T2, £ORE, RRMEOa T4 A—a 26815
24-F-Baf IZxf L, 7 A A F /L 24-F-Baf 1% 6-9 (L DELJEN K& Bp->TEY | FFIC 8
NAF LU DNREENRRKE LS B L TWDE Z ENRBENT-, FLHITEN, 7
e R EomE B b LTWD Z RN Lo, ZRHOEWIZE Y R
RolearyZx A—va ks HiER, 7 A ATV 24-F-Baf (1T 72 V-ATPase [HE
EEZ RS o e LML SN D, ZORR%Z 2-1 fiCor U 7o BlEEFH R OfG F & ik
T5HE, THie RexviEomE o bz PROHEENTH 72, LL 8D KE
RHEEZRALII TSN DO LD TH Y | ARG LT A A F /L 24-F-Baf D NMR 7 —#
ZHWTHIRZ T L2 ETHIOTHLNE RoTeiEE WA D, LLEDZ 2k,
THAiE ReX v EomE, HHWIX8NLA T L U ONARBLE DK X 70 Z8bh3, TETES
BUCKRE e BE G2 - L s b,

KIRBT A A F NARDEE A & B0 DI, 6 (LB L8 A F L L 10 fif A F
NHEEL DB TNARRENEL D7D THDH EBZ LN, FFZ 8N AT NHIT 6L L
10 N2 A FNVEEE DRITALET D72 SIRFE~DTFERRE, L2 -> T, 6L
AFNHEL L BITRIZ SN AT LI, N7 s~ A L U OR B a L T3 A—
3 UEEHKT D ECTEEREREZH S TNWD I ENRBIND,

-74-



a) 24-F-Baf

b) 7 A A F /L 24-F-Baf

11%5: MMFFs
73U XL TNCG
el B

2-18 MacroModel (2 X ¥ #5 L 7= a)24-F-Baf 38 L UV b)T A A F /L 24-F-Baf DIk
Fic

24-F-Baf X HFHDONMEIZ A FNVENFLET D720 KK FEIZED T AAF L
24-F-Baf DSLARFRJEZ & D 2 LN TERRU,
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2-5-c  V-ATPase & DA ANEAZ G O T-5%2

N7 guavA 0%, BETHRAZ LIl EDOMIEI S V-ATPase D7 =
vhekd 5*00)47“73%\7 FeoMizcwraZ s LB REG L, £ 7 =2
=y halbHAEEHLTWS EEZX LN TS, AEIT A AT /L 24-F-Baf 23 BHZE 72
LR Z RS R ol 2 2B 2D L, NIy~ A 2 U LRE 0 Tl T
V-ATPase EFHAFEH L TWD EEZXBND, FRZCE-CO DAL T A— g DE
{EDNTEVEICRESHBLLEZEZ2EBETHE, W7 ax=v hablchk L bITLT
EF+2 &) L0, 4%7“:L:y b c LOREEHEL & FRENCF MM LTV 5 Alie
PENEWEHEREIN S, ZHUTREICIRESIN TWAREER Ty NOGFIELE TG L7
WFERTHDH EWVNZ D,

X HIZT A AT )L 24-F-Baf 1%, V-ATPase [HEIEMEIT R S 720 o 72 6 O OAH IR 5H
PHTEMEIZA LT, 2 omfliEMEIL V-ATPase [LE Ti72a < 27 285 L v 3¢
BLTWDZENEZXLNDTD, HIOEMERNFEET D Z ENRBREND, BE
DWFFENZBNT, N7 o~ A U 3x RAEYIEEEZ AT 25 EME SN THD R,
V-ATPase DIAMIIER T2 L MESNTWD LDV, L7z - TAEIOFERIE
N7 g a~A AT R ERER DT D ATREME 2 R T D R & W R D,
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N7 4uvA Nl KD V-ATPase [HEMMHE OFEM 2RI 5 2 & 2R i& BIFICH
F. EO—2HOHEERETH LD BRI v REHA LT 7 v BE# N7 4 v
AV UHEERORREET ol 7 yREAD LT S, ALEM DL EM R L OEY
IEME 2 %8B L C 24-F-Baf 3L O A A F )L 24-F-Baf ##%et L. Th O DEIEDHE
SNEREI LI, 3008 A L MEERET ANERMNAREBRE L, AFAICNY 70
Fa AFNHEEFT D 23 ML ONAKMEFEOREE, BIOKEZ A2 FOMERHEKE
TV TEITH T L THEROGEZZER L, ZRAERIEOHNIIZ RS LT,

ARk LT8R IS Z T L2 & 2 A, 24-F-Baf 1381758 0 KIkW L [74% D
EWHEFREEEZAE L TS Z ERHLNE otz ZHICL Y 7 v HFE#b N7 4 1
~ AV UHEAROBRRAERTHE L BIC., Ty BERAM L NT s a~v A U
BREZWMDTHDL Z LTS Lic, —J. 7 AAF )L 24-F-Baf 1L PICK LB 72
V-ATPase FAFTEMEZ /RS, 7 v FFLARL L TUIE S 2N Z LR L N E o T,
FMEOESEZKT A LICLD, 6 BLOBMATNVENNT ra~v A
DIEWHIUCRELSFEGTHZENREBIN, I T+ A= a3 VOEVICT K VG
WEL LTS Z EAURIBEI T,

AEBARIC Y S U= 24-F-Baf 1Z. /X7 4 v~ A 302 L A V-ATPase BHZERASE 4 [H

ENMR & AV THT LAV TRITS % 9 2 C, BEARNTTn—7 L7252 LB
HEhs.,
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Experimental Section

General methods for organic syntheses. All reactions sensitive to air or moisture were
performed under argon atmosphere with dry glassware unless otherwise noted in particular.
The dehydrated solvents, dichloromethane (CH.Cl,), tetrahydrofuran (THF), toluene,
N,N-dimethylformamide (DMF) and pyridine were purchased from Kanto Chemical Co. Inc.
or Wako Pure Chemical Industries Ltd., and was used without further dehydration.
Dimethylsulfoxide (DMSO), 1,2-dichloroethane, N-methylpyrrolidone (NMP), 2,6-lutidine
and benzylbromide were distilled before using. Lithium chloride (LiCIl) and molecular sieves
(MS4A) were preactivated by heating in vacuo. All other chemicals were obtained from local
venders, and used as supplied unless otherwise stated. Thin-layer chromatography (TLC) of E.
Merck silica gel 60 F254 pre-coated plates (0.25-mm thickness) was used for the reaction
analyses. For column chromatography, Kanto silica gel 60N (spherical, neutral, 100-210 pum),
Kanto silica gel 60N (irregular, neutral, 63-200 um) or Merck silica gel 60 (40-63 um, for
flash 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- and *C-NMR spectra were recorded on a JEOL JNM-ECS400, JEOL
JNM-ECA500 and Agilent Inova-600 spectrometers. Chemical shifts are reported in ppm
from tetramethylsilane (TMS) with reference to internal residual solvent [*H NMR, CHCl;
(7.26); °C NMR, CDCl; (77.0)]. The following abbreviations are used to designate the
multiplicities: s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet. High resolution
mass spectra (HRMS) were recorded on a LTQ-Orbitrap XL (Thermo Scientific) mass
spectrometer.
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S2

PMB ether S2: To a solution of known Weinreb amide S1% (4.57 g, 16.2 mmol) in toluene
(108 mL) was added PMBOCNHCCI; (6.1 mL, 29.2 mmol) and Sc(OTf), (0.80 g, 1.62
mmol) at 0 °C. After being stirred at room temperature for 1 h, PMBOCNHCCI; (1.6 mL,
7.70 mmol) was added. The reaction mixture was stirred for 2 h and filtered through Hirsch
funnel, then quenched with saturated aqueous NaHCO3. The aqueous layer was extracted with
CH,Cl,, and the organic layer was washed with brine, dried over anhydrous Na,SO,, filtered
and concentrated under reduced pressure. Purification by silica gel column chromatography
(hexane/EtOAc = 5/1 to 1/2) afforded PMB ether S2 (4.55 g, 11.3 mmol, 70%) as a colorless
oil: R = 0.39 (hexane/EtOAc = 1/1); *H NMR (400 MHz, CDCls) & 7.35-7.19 (9H, m),
6.86-6.82 (2H, m), 4.52-4.40 (4H, m), 3.82-3.76 (1H, m), 3.78 (3H, s), 3.61 (3H, s), 3.60-3.54
(1H, m, H3), 3.19-3.05 (1H, m), 3.16 (3H, s), 1.98-1.88 (1H, m), 1.84-1.75 (1H, m), 1.23 (3H,
d, J=7.0 Hz).

Ol OPMB
OBn

12a

aldehyde 12a: To a solution of PMB ether S2 (198 mg, 0.493 mmol) in THF (4.9 mL) was
added DIBAL (1.04 M in hexane, 1.42 mL, 1.48 mmol) at -78 °C. After being stirred at
-78 °C for 30 min, the reaction mixture was quenched with saturated aqueous NaK-tartrate.
The resulting mixture was stirred for 1 h and the aqueous layer was extracted with ether. The
organic layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated
under reduced pressure. Purification by silica gel column chromatography (hexane/EtOAc =
5/1) afforded aldehyde 12a (136 mg, 0.396 mmol, 80%) as a colorless oil: Ry = 0.34
(hexane/EtOAc = 3/1); *H NMR (400 MHz, CDCls) § 9.75-9.73 (1H, m), 7.38-7.26 (5H, m),
7.21-7.15 (2H, m), 6.88-6.82 (2H, m), 4.51-4.38 (4H, m), 4.06 (1H, dt, J = 8.0, 4.0 Hz), 3.79
(3H, s), 3.62-3.50 (1H, m), 2.61-2.52(1H, m), 1.95-1.78 (1H, m), 1.12 (3H, d, J = 7.0 Hz).
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OH OPMB
F3C OBn
13a

alcohol 13a: To a solution of aldehyde 12a (326 g, 0.950 mmol) in THF (19 mL) was added
TMSCF; (0.70 mL, 4.75 mmol) and TBAF (1.0 M in THF, 2.4 mL, 2.4 mmol) at 0 °C. After
being stirred at room temperature for 10 min, the reaction mixture was quenched with
saturated aqueous NH,4Cl. The aqueous layer was extracted with ether and the organic layer
was washed with brine, dried over anhydrous Na,SQO,, filtered and concentrated under
reduced pressure. Purification by silica gel column chromatography (hexane/EtOAc = 20/1 to
5/1) afforded alcohol 13a (103 mg, 0.249 mmol, 26%) and 14a (195 mg, 0.472 mmol, 50%)
as colorless oils.

13a: R; = 0.40 (hexane/EtOAc = 3/1); 'H NMR (400 MHz, CDCls) & 7.39-7.28 (5H, m),
7.22-7.17(2H, m), 6.88-6.83(2H, m), 4.75 (1H, d, J = 5.0 Hz), 4.51-4.41 (4H, m), 4.00-3.86
(2H, m), 3.79 (3H, s), 3.56-3.49 (1H, m), 2.24 (ddt, J = 7.0, 7.0, 3.0 Hz), 2.03-1.94 (1H, m),
1.91-1.80 (1H, m), 1.05 (3H, d, J = 7.0 Hz); **F NMR (376 MHz, CDCl3) & -76.25 (d, J = 7.0
Hz).

(:)H (:)PMB

F3C OBn

“%

14a

14a: Ry = 0.33 (hexane/EtOAc = 3/1); '"H NMR (400 MHz, CDCls) & 7.39-7.27 (S5H, m),
7.23-7.17 (2H, m), 6.89-6.84 (2H, m), 4.52-4.37 (4H, m), 4.23-4.14 (1H, m), 3.80 (3H, s),
3.72 (1H, dt, J = 6.0, 3.0 Hz), 3.58-3.48 (1H, m), 3.27 (1H, br), 2.23-2.15 (1H, m), 2.00-1.83
(2H, m), 1..04 (3H, d, J = 7.0 Hz); **F NMR (376 MHz, CDCls) & -76.71 (J = 8.0 Hz).

Fsc)\s/\/\OBn

acetal 15: To a solution of alcohol 13a (70.9 mg, 172 umol) in CH,Cl, (3.5 mL) and pH 7.0
PBS (0.7 mL) was added DDQ (137 mg, 602 pumol) at 0 °C. After being stirred at room
temperature for 1 h, the reaction mixture was quenched with saturated aqueous NaHCO3 and
Na,SOs.The aqueous layer was extracted with CH,Cl, and the organic layer was washed with
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brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure.
Purification by silica gel column chromatography (hexane/EtOAc = 20/1 to 3/1) afforded
acetal 15 (66.5 mg, 162 pmol, 94%) as a colorless oil: R; = 0.71 (hexane/EtOAc = 2/1); *H
NMR (500 MHz, CDCls) & 7.40-7.37 (2H, m), 7.36-7.26 (5H, m), 6.91-6.88 (2H, m), 5.85
(1H, s), 4.53 (1H, d, J = 12.0 Hz), 4.90 (1H, d, J = 12.0 Hz), 4.43-4.38 (1H, m), 4.10 (1H, dt,
J=5.0, 5.0 Hz), 3.81 (3H, s), 3.63-3.54 (1H, m), 2.10-1.88 (2H, m), 1.78-1.71 (1H, m), 1.29
(3H, d, J = 7.0 Hz); **F NMR (470 MHz, CDCl3) § -71.10 (J = 9.5 Hz); *C NMR (126 MHz,
CDCl3) 6 160.18, 138.34, 130.55, 128.35, 127.60, 127.42, 125.41 (q, J = 286 Hz), 113.65,
97.83, 76.79 (g, J = 30 Hz), 73.00, 72.11, 66.04, 55.24, 32.90, 29.18, 13.10.

acetal 16: To a solution of alcohol 14a (25.5 mg, 61.8 umol) in CH,Cl, (1.2 mL) and pH 7.0
PBS (0.25 mL) was added DDQ (49 mg, 216 umol) at 0 °C. After being stirred at room
temperature for 1 h, the reaction mixture was quenched with saturated aqueous NaHCO3 and
Na,SOs3.The aqueous layer was extracted with CH,Cl, and the organic layer was washed with
brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure.
Purification by silica gel column chromatography (hexane/EtOAc = 20/1 to 5/1) afforded
acetal 16 (23.3 mg, 56.8 pmol, 92%) as a colorless oil: Ry = 0.72 (hexane/EtOAc = 2/1); *H
NMR (500 MHz, CDCls) 8 7.43-7.27 (7H, m), 6.92-6.88 (2H, m), 5.34 (1H, s), 4.54 (1H, d, J
= 12.0 Hz), 4.50 (1H, d, J = 12.0 Hz), 4.31 (1H, qd, J = 7.0, 2.5 Hz), 4.15-4.10 (1H, m), 3.81
(3H, s), 3.68-3.61 (1H, m), 3.60-3.55 (1H, m), 2.02-1.93 (1H, m), 1.88-1.82 (1H, m),
1.81-1.73 (1H, m), 1.13 (1H, d, J = 6.5 Hz); *°F NMR (470 MHz, CDCls) & -74.26 (J = 7.0
Hz); °C NMR (126 MHz, CDCls) § 160.24, 138.32, 129.97, 128.41, 128.36, 127.68, 127.60,
127.53, 127.37, 127.28, 113.67, 113.58, 101.93, 78.69 (q, J = 31 Hz), 77.08, 73.05, 65.94,
55.29, 32.69, 31.48, 6.37.
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O OPMB
F3C OBn
18

ketone 18: To a solution of alcohol 14a (69.2 mg, 168 umol) in CH,CI, (1.7 mL) was added
NaHCO;3 (282 mg, 3.36 mmol) and DMP (0249 mg, 587 umol) at 0 °C. After being stirred at
room temperature for 3 h, the reaction mixture was quenched with saturated aqueous NaHCO3
and Na,S,03. The aqueous layer was extracted with CH,Cl, and the organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. Purification by silica gel column chromatography (hexane/EtOAc = 30/1 to 7/1)
afforded ketone 18 (58.4 mg, 142 pumol, 85%) as a colorless oil: R; = 0.48 (hexane/EtOAc =
3/1); *H NMR (500 MHz, CDCl3) & 7.37-7.28 (5H, m), 7.19-7.15 (2H, m), 6.88-6.82 (2H, m),
4.50-4.37 (2H, m), 3.95 (1H, ddd, J = 7.0, 7.0, 7.0 Hz), 3.79 (3H, s), 3.52 (2H, t, J = 7.5 Hz),
3.30 (1H, qd, J=8.0, 8.0 Hz), 1.8 (1H, dt, J = 7.5, 7.5 Hz), 1.24 (3H, d, J = 7.0 Hz).

alcohol 13a: To a solution of ketone 18 (12.3 mg, 30.0 umol) in THF (0.37 mL) was added
L-Selectride (1.0 M in THF, 93 uL, 92.6 umol) at -78 °C. After being stirred at room
temperature for 1 h, the reaction mixture was quenched with MeOH. The organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. Purification by silica gel column chromatography (hexane/EtOAc = 20/1 to 5/1)
afforded alcohol 13a (6.7 mg, 16.2 umol, 54%) and alcohol 14a (1.6 mg, 3.9 umol, 13%) as
colorless oils.

OH OH
F3C OBn
25

diol 25: To a solution of alcohol 13a (60.3 mg, 146 umol) in CH,Cl, (3.0 mL) and H,O (1.0
mL) was added DDQ (116 mg, 512 umol) at 0 °C. After being stirred at room temperature for
1 h, AcOH (1.0 mL) was added. The resulting mixture was stirred at 40 °C for 2 h and
quenched with saturated aqueous NaHCO3; and Na,S,03. The aqueous layer was extracted
with CH,Cl,, and the organic layer was washed with brine, dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography (hexane/EtOAc = 10/1 to 3/1) afforded diol 25 (33.8 mg, 116 umol, 79%) as
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a colorless oil: R = 0.39 (hexane/EtOAc = 2/1); *H NMR (400 MHz, CDCl3) § 7.40-7.28 (5H,
m), 4.86 (1H, d, J = 7.0 Hz), 4.56 (1H, d, J = 12.0 Hz), 4.52 (1H, d, J = 12.0 Hz), 4.32 (1H, d,
J = 10.0 Hz), 3.96-3.86 (1H, m), 3.85 (1H, s), 3.81-3.76 (1H, m), 3.72-3.65 (1H, m),
2.08-1.96 (1H, m), 1.58-1.51 (1H, m), 1.20 (3H, d, J = 7.5 Hz); *°F NMR (376 MHz, CDCl5)
8-76.22 (J = 8.0 Hz).

t-Bu__..t-Bu

oo

OBn

?

26

silyl ether 26: To a solution of alcohol 25 (58.9 mg, 201 umol) in DMF (1.0 mL) was added
2,6-lutidine (94 uL, 805 pumol) and t-Bu,Si(OTf), (99 uL, 302 umol) at 0 °C. After being
stirred at room temperature for 2 h, the reaction mixture was quenched with saturated aqueous
NaHCOj3. The aqueous layer was extracted with ether and the organic layer was washed with
brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure.
Purification by silica gel column chromatography (hexane/EtOAc = 100/1 to 10/1) afforded
silyl ether 26 (77.5 mg, 179 umol, 89%) as a colorless oil: R = 0.85 (hexane/EtOAc = 3/1);
'H NMR (500 MHz, CDCls) & 7.36-7.25 (5H, m), 4.55 (1H, d, J = 12.0 Hz), 4.52 (1H, d, J =
12.0 Hz), 4.31-4.26 (1H, m), 4.12 (1H, qd, J = 7.0, 7.0 Hz), 3.69 (1H, dd, J = 7.5, 5.0 Hz),
2.38-2.30 (1H, m), 1.84-1.70 (2H, m), 1.03 (9H, s), 1.00-0.97 (3H, m), 0.99 (9H, s); *°F NMR
(470 MHz, CDCl3) 6 -77.82 (J = 7.0 Hz).
t-Bu__..t-Bu

oo

F.C OH

{

S3
alcohol S3: To a solution of silyl ether 26 (63.3 mg, 146 umol) in EtOAc (0.7 mL) was added
10% Pd/C (23.3 mg, 22 umol). The resulting mixture was purged with hydrogen and stirred at
room temperature for 10 h. After being filtered through Celite, the filtrate was concentrated
under reduced pressure. Purification by silica gel column chromatography (hexane/EtOAc =
7/1 to 3/1) afforded alcohol S3 (49.0 mg, 143 umol, 98%) as a colorless oil: Ry = 0.40
(hexane/EtOAc = 3/1); *H NMR (400 MHz, CDCls) & 4.39 (1H, ddd, J = 11.0, 4.5, 2.5 Hz),
4.17-4.09 (1H, m), 3.93-3.85 (1H, m), 2.31 (1H, ddq, J=7.0, 7.0, 4.5 Hz), 2.24 (1H, t,J=5.0

-85-



Hz), 1.88-1.78 (1H, m), 1.68-1.60 (1H, m), 1.05 (9H, s), 1.04 (9H, s), 1.06-1.03 (3H, m); *°F
NMR (376 MHz, CDCl3) & -78.28 (J = 9.0 Hz).

aldehyde 27: To a solution of alcohol S3 (49.0 mg, 143 umol) in CH.ClI, (1.4 mL) was added
NaHCOj3; (180 mg, 2.14 mmol) and DMP (182 mg, 429 umol) at 0 °C. After being stirred at
room temperature for 1 h, the reaction mixture was quenched with saturated aqueous NaHCO3
and Na,S,03. The aqueous layer was extracted with CH,Cl, and the organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. Purification by silica gel column chromatography (hexane/EtOAc = 10/1 to 3/1)
afforded aldehyde 27 (45.7 mg, 134 umol, 94%) as a colorless oil: R; = 0.53 (hexane/EtOAC =
3/1); *H NMR (500 MHz, CDCl3) 6 9.83 (1H, dd, J = 3.5, 1.0 Hz), 4.79-4.73 (1H, m), 4.10
(1H, quin. J = 7.0 Hz), 2.64 (1H, ddd, J = 15.5, 11.0, 3.5 Hz), 2.46-2.38 (1H, m), 1.03-0.95
(3H, m), 1.02 (9H, s), 0.99 (9H, s); *°F NMR (471 MHz, CDCl3) 6 -7.60 (J = 7.0 Hz).

t-Bu\Si,t-Bu t-Bu\Si,t-Bu
O "0 OH OO0 OH
Fsc)\s/\)ﬁ Fso)\s/\)ﬁ
" s4 85

alcohol S4 and S5: To a solution of aldehyde 27 (45.7 mg, 134 umol) in THF (0.67 mL) was
added EtMgBr (1.0 M in THF, 0.67 mL, 670 umol) at 0 °C. After being stirred at room
temperature for 3 h, the reaction mixture was quenched with saturated aqueous NH4CI. The
aqueous layer was extracted with ether and the organic layer was washed with brine, dried
over anhydrous Na,SQO,, filtered and concentrated under reduced pressure. Purification by
silica gel column chromatography (hexane/EtOAc = 20/1 to 5/1) afforded alcohol S4 (15.8
mg, 46.7 umol, 35%) and alcohol S5 (28.1 mg, 77.4 mmol, 58%) as colorless oils.

S4: R; = 0.57 (hexane/EtOAc = 3/1); *H NMR (400 MHz, CDCls) & 4.54-4.47 (1H, m), 4.14
(1H, double quint. J = 6.5, 2.0 Hz), 3.87-3.79 (1H, m), 3.76 (3H, s), 2.25-2.18 (1H, m),
1.74-1.63 (1H, m), 1.60-1.44 (4H, m), 1.10 (3H, dd, J = 7.0, 1.0 Hz), 1.07 (9H, s), 1.06 (9H,
s), 0.96 (3H, t, J = 7.5 Hz); F NMR (471 MHz, CDCls) & -79.04 (J = 7.5 Hz); HRMS
(ESI-TOF) m/z calcd for C17H3403FsNaSi [M+Na'] 393.2043, found: 393.2048.
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S5: Rt = 0.50 (hexane/EtOAc = 3/1); *H NMR (400 MHz, CDCl3) & 4.46-4.38 (1H, m), 4.12
(1H, quint., J = 7.5 Hz), 3.95-3.87 (1H, m), 2.44-2.33 (1H, m), 1.70-1.62 (1H, m), 1.58-1.49
(2H, m), 1.47-1.39 (1H, m), 1.04 (9H, s), 1.02 (9H, s), 0.98 (3H, J = 7.0 Hz); °F NMR (471
MHz, CDCls) & -77.58 (J = 7.0 Hz).

t-Bu “gi” t-Bu
o0 O

F3C

C18-C24 segment (4)

ketone 4: To a solution of alcohol S4 and S5 (46.0 mg, 124.1 umol) in CH.Cl; (2.4 mL) was
added NaHCO3 (156 mg, 1.86 mmol) and DMP (158 mg, 372 umol) at 0 °C. After being
stirred at room temperature for 9 h, the reaction mixture was quenched with saturated aqueous
NaHCOj3; and Na;S;03. The aqueous layer was extracted with CH,Cl, and the organic layer
was washed with brine, dried over anhydrous Na,SQO,, filtered and concentrated under
reduced pressure. Purification by silica gel column chromatography (hexane/EtOAc = 50/1 to
10/1) afforded diol 4 (41.4 mg, 112 umol, 90%) as a colorless oil: Rt = 0.70 (hexane/EtOAc =
3/1);*H NMR (500 MHz, CDCls) & 4.73 (1H, dt, J = 10.0, 4.0 Hz), 4.10 (1H, quin, J = 7.0
Hz), 2.72 (1H, dd, J = 15.0, 10.0 Hz), 2.53 (1H, q, J =7.5 Hz), 2.40-2.31 (2H, m), 1.07 (3H, t,
J = 7.5 Hz), 1.03-0.99 (21H, m); *C NMR (125 MHz, CDCls) 5 209.11, 124.77 (q, J = 282
Hz), 74.22 (q, J = 31.2 Hz), 71.12, 45.50, 36.79, 36.06, 27,19, 27.12, 21.40, 21.19, 13.36,
7.50; °F NMR (470 MHz, CDCls) & -78.15 (J = 7.5 Hz); HRMS (ESI-TOF) m/z calcd for
C17H31F305SiNa [M+Na'] 391.1887, found: 391.1890.

EtO,C

35
ester 35: To a solution of known alcohol 34? (109 mg, 874 umol) in CH,Cl, (2.0 mL) and
MeOH (2.0 mL) was bubbled O gas at -78 °C for 5 min, then O, gas was bubbled for 10 min.
SMe; (294 uL, 4.02 mmol) was added and the resultant mixture was stirred at room
temperature for 2 h, subsequently concentrated under reduced pressure. The crude product
was used without further purification. To a solution of the crude aldehyde in toluene (8.7 mL)
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was added PhsPC(Me)CO,Et (1.58 g, 4.37 mmol). After being stirred at 100 °C for 4 h, the
reaction mixture was quenched with saturated aqueous NH4Cl. The aqueous layer was
extracted with ether and the organic layer was washed with brine, dried over anhydrous
Na,SOq, filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography (hexane/EtOAc = 20/1 to 5/1) afforded ester 35 (134 mg, 637 umol, 73%
over 2 steps) as a colorless oil: R; = 0.68 (hexane/EtOAc = 1/1); *H NMR (500 MHz, CDCls)
5 6.81 (1H, qt, J = 7.5, 1.5 Hz), 4.20 (2H, q, J = 7.0 Hz), 3.98-3.91 (1H, m), 2.41-2.34 (4H,
m), 1.86 (3H, d, J = 1.5 Hz), 1.78-1.64 (2H, m), 1.30 (3H, t, J = 7.0 Hz); HRMS (ESI-TOF)
m/z calcd for C1,H103Na [M+Na'] 233.1148, found: 233.1152.

S6

diol S6: To a solution of ester 35 (1.61 g, 8.19 mmol) in CH,Cl, (82 mL) was added DIBAL
(1.04 M in hexane, 31.5 mL, 32.8 mmol) at -78 °C. After being stirred at -78 °C for 15 min
and at 0 °C for 15 min, the reaction mixture was quenched with saturated aqueous
NaK-tartrate. The resultant mixture was stirred for 2 h and aqueous layer was extracted with
CH,Cl,. The organic layer was washed with brine, dried over anhydrous Na,SQ,, filtered and
concentrated under reduced pressure. Purification by silica gel column chromatography
(hexane/EtOACc = 2/1 to 1/2) afforded diol S6 (1.31 g, 7.81 mmol, 95%) as a colorless oil: R¢
= 0.15 (hexane/EtOACc = 1/1); *H NMR (400 MHz, CDCls) & 5.49 (1H, qt, J = 7.5, 1.5 Hz),
4.04 (2H, br), 3.86-3.78 (1H, m), 2.35 (2H, dt, J = 7.0, 2.5 Hz), 2.25 (2H, t, J = 6.5 Hz), 1.98
(1H, t, J = 3.0 Hz), 1.77-1.61 (2H, m), 1.69 (3H, s).

HO ™ OH

17X

36
iodoolefine 36: To a solution of Cp,ZrCl, (6.78 g, 23.2 mmol) in CICH,CH,CI (155 mL) was
added AlMe; (2.0 M in toluene, 34.8 mL, 69.6 mmol) at 0 °C. After being stirred at room
temperature for 30 min, diol S6 (1.30 g, 7.73 mmol) in CICH,CH,CI (26 mL) was added. The
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resultant mixture was stirred at 60 °C for 8 h, then cooled to -30 °C. A solution of iodine (19.6
g, 154.6 mmol) in THF (154 mL) was added and the resulting mixture was stirred at 0 °C for
1 h. The reaction mixture was carefully quenched with saturated aqueous K,CO3 and filtered
through Celite. The filtrate was extracted with ether and the organic layer was washed with
saturated aqueous Na,S,O3; and brine, then dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure. Purification by silica gel column chromatography
(hexane/EtOAc = 20/1 to 3/1) afforded iodoolefine 36 (2.06 g, 6.63 mmol, 86%) as a
colorless oil: Ry = 0.39 (hexane/EtOAc = 1/2); *H NMR (400 MHz, CDCls) & 5.93 (1H, s),
5.47 (1H, t, J = 7.5 Hz), 4.05 (2H, br), 3.67-3.58 (1H, m), 2.43-2.20 (4H, m), 1.85 (3H, s),
1.69 (3H, s), 1.65-1.53 (2H, m); HRMS (ESI-TOF) m/z calcd for C11H190,INa [M+Na']
333.0322, found: 333.0325.

17X

s7
aldehyde S7: To a solution of diol 36 (1.15 g, 3.71 mmol) in CH,Cl, (37 mL) and pH8.6
buffer (37 mL) was added TEMPO (58 mg, 0.370 mmol), TBACI (103 mg, 0.370 mmol) and
NCS (742 mg, 5.56 mmol) at 0 °C. After being stirred at room temperature for 2 h, TEMPO
(29 mg, 0.185 mmol) was added and the reaction mixture was stirred for 1 h, then quenched
with saturated aqueous NaHCO3 and Na,S;03. The aqueous layer was extracted with CH,ClI,,
and the organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure. Purification by silica gel column chromatography
(hexane/EtOAc = 10/1 to 1/1) afforded aldehyde S7 (1.03 mg, 3.32 mmol, 90%) as a colorless
oil: Ry = 0.54 (hexane/EtOAc = 1/1); *H NMR (400 MHz, CDCls) § 9.44 (1H, s), 6.59 (1H, qt,
J =70, 1.5 Hz), 596 (1H, q, J = 1.0 Hz), 3.86-3.77 (1H, m), 2.54 (2H, t, J = 7.0 Hz),
2.45-2.28 (2H, m), 1.85 (3H, s), 1.77 (3H, s), 1.69-1.60 (2H, m).
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OH
MeO,C~ X

17X
7

ester 7: To a solution of a known phosphate $8% (48.0 mg, 161 umol) in THF (1.6 mL) was
added 18-crown-6 ether (42.6 mg, 161 umol) and KHMDS(0.5 M in THF, 292 uL, 146 umol)
at 0 °C. After being stirred at 0 °C for 30 min, a solution of aldehyde S7 (15.6 mg, 50.6 umol)
in THF (0.3 mL) was added at -15 °C. The resulting mixture was stirred at -15 °C for 5 h and
quenched with saturated aqueous NH4Cl. The aqueous layer was extracted with ether and the
organic layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated
under reduced pressure. Purification by silica gel column chromatography (hexane/EtOAc =
7/1 to 2/1) afforded ester 7 (13.8 mg, 35.0 umol, 69%) as a colorless oil: Ry = 0.58
(hexane/EtOAc = 1/1); *H NMR (400 MHz, CDCls) § 6.61 (1H, s), 5.93 (1H, g, J = 1.0 Hz),
5.84 (1H, t, J = 7.5 Hz), 3.79 (3H, s), 3.72-3.62 (1H, m), 3.66 (3H, ), 2.44-2.25 (4H, m), 1.99
(3H, d, J=1.0 Hz), 1.84 (3H, d, J = 1.0 Hz), 1.69-1.50 (2H, m).

OMe

OTIPS
MeO,C~° X

17
43

silyl ether 43: To a solution of ester 7 (390 mg, 0.990 mmol) in CH,Cl, (00 mL) was added
2,6-lutidine (0.52 mL, 4.45 mmol) and TIPSOTT (0.80 mL, 2.97 mmol) at 0 °C. After being
stirred at room temperature for 1 h, the reaction mixture was quenched with saturated aqueous
NaHCOs. The aqueous layer was extracted with CH,Cl, and the organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure.
Purification by silica gel column chromatography (hexane/EtOAc = 100/1 to 10/1) afforded
silyl ether 43 (545 mg, 0.990 mmol, quant.) as a colorless oil: R = 0.64 (hexane/EtOAcC =
3/1); *H NMR (400 MHz, CDCl3) & 6.60 (1H, s), 5.87 (1H, g, J = 1.0 Hz), 5.84 (1H,t,J = 7.0
Hz), 3.80 (3H, s), 3.67-3.65 (1H, m), 3.66 (3H, s), 2..43-2.33 (2H, m), 2.30-2.21 (2H, m),
1.98 (3H, s), 1.82 (3H, s), 1.64-1.55 (2H, m), 1.07-1.04 (21H, m).
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diene S9: To a solution of iodoolefine 43 (209 mg, 380 umol) and alkenylstannane 6 (274 mg,
380 umol) in NMP (4.5 mL) was added LiCl (64 mg, 1.52 mmol), PhzAs (349 mg, 1.14
mmol) and Pd,(dba)s-CHCI3; (98 mg, 95 umol) in NMP (7.6 mL). After being stirred at room
temperature for 12 h, the reaction mixture was quenched with H,O. The aqueous layer was
extracted with ether and the organic layer was washed with brine, dried over anhydrous
Na,SOq, filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography containing 10% K,COj3 (hexane/EtOAc = 50/1 to 3/1) afforded diene S9 (262
mg, 306 umol, 81%) as a red amorphous material: R; = 0.41 (hexane/EtOAc = 3/1); *H NMR
(500 MHz, CDCls) 6 7.45-7.41 (4H, m), 7.34-7.26 (6H, m), 7.23-7.19 (2H, m), 6.84-6.81 (2H,
m), 6.61 (1H, s), 6.22 (1H, dd, J = 15.0, 11.0 Hz), 5.86 (1H, t, J = 7.0 Hz), 5.82 (1H, d, J =
11.0 Hz), 5.43 (1H, dd, J = 15.0, 9.0 Hz), 3.94-3.90 (1H, m), 3.80-3.76 (4H, m), 3.79 (3H, s),
3.65 (3H, s), 3.37 (1H, dd, J = 9.0, 6.0 Hz), 3.22 (1H, d, J = 9.0, 4.5 Hz), 3.20 (3H, s), 3.02
(1H, d, J = 9.5, 4.5 Hz), 2.55 (1H, d, J = 2.5 Hz), 2.41-2.36 (2H, m), 2.12-2.03 (1H, m),
1.99-1.93 (1H, m), 1.98 (3H, s), 1.71 (3H, s), 1.68-1.53 (1H, m), 1.15 (3H, d, J = 6.5 Hz),
1.06 (21H, s).

seco acid 44: To a solution of diene S9 (262 mg, 306 umol) in dioxane (10.2 mL) was added
1M KOH (4.6 mL, 4.60 mmol). After being stirred at 80 °C for 2 h, the reaction mixture was
quenched with saturated aqueous NH4Cl. The aqueous layer was extracted with CH,Cl, and
the organic layer was dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. Purification by silica gel column chromatography (hexane/EtOAc = 2/1 to 1/3)
afforded seco acid 44 (210 mg, 256 umol, 84%) as a colorless amorphous material: Ry = 0.33
(hexane/EtOAc = 1/3); *H NMR (400 MHz, CDCls) 57.46-7.18 (12H, m), 6.85-6.80 (2H, m),
6.72 (1H, s), 6.21 (1H, dd, J = 15.0, 11.0 Hz), 5.91 (1H, t, J = 6.5 Hz), 5.82 (1H, d, J = 11.0
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Hz), 5.44 (1H, d, J = 15.0, 9.0 Hz), 3.97-3.90 (1H, m), 3.81-3.76 (1H, m), 3.79 (3H, s), 3.67
(3H, s), 3.37 (1H, dd, J = 11.0, 7.5 Hz), 3.26-3.18 (1H, m), 3.20 (3H, s), 3.04-2.98 (1H, m),
2.42-2.37 (2H, m), 2.12-2.04 (1H, m), 1.99 (3H, s), 1.99-1.91 (1H, m), 1.71(3H, s), 1.64-1.54
(1H, m), 1.16 (3H, d, J = 7.0 Hz), 1.06 (21H, s).

lactone 45: To a solution of seco acid 44 (185 mg, 220 umol) in toluene (13.0 mL) was added
i-Pr,NEt (0.76 mL, 4.40 mmol) and 2,4,6-trichlorobenzoyl chloride (0.34 mL, 2.20 mmol) at
0 °C. After being stirred at room temperature for 3 h, the reaction mixture was diluted with
toluene (130 mL). A solution of DMAP (349 mg, 2.86 mmol) in toluene (13 mL) was added
and the resultant mixture was stirred for 12 h, then quenched with saturated aqueous NaHCO3.
The aqueous layer was extracted with ether and the organic layer was washed with brine,
dried over anhydrous Na,SQ,, filtered and concentrated under reduced pressure. Purification
by silica gel column chromatography (hexane/EtOAc = 50/1 to 5/1) afforded lactone 45
(150.5 mg, 183 umol, 83%) as a colorless amorphous material: R¢ = 0.65 (hexane/EtOAc =
3/1); *H NMR (400 MHz, CDCl3) & 7.48-7.43 (4H, m), 7.36-7.31 (2H, m), 7.30-7.24 (4H, m),
7.22-7.17 (2H, m), 6.83-6.79 (2H, m), 6.42-6.34 (1H, dd, J = 15.0, 11.0 Hz) 6.36 (1H, s), 5.80
(1H, d, J = 11.0 Hz), 5.57 (1H, t, = 8.0 Hz), 5.29 (1H, dd, J = 15.0, 7.5, Hz), 5.00 (1H, dd, J
=7.0,45Hz),3.79 (1H, t, J=7.5Hz), 3.78 (3H, s), 3.73-3.66 (1H, m), 3.47 (3H, s), 3.17 (3H,
s), 3.14 (1H, dd, J = 9.0, 7.0 Hz), 3.00 (1H, dd, J = 9.0, 6.5 Hz), 2.59-2.51 (1H, m), 2.50-2.43
(1H, m), 2.38-2.27 (1H, m), 2.25-2.14 (1H, m), 2.02-1.95 (1H, m), 1.92 (3H, s), 1.86-1.74
(1H, m), 1.69 (3H, s), 1.07 (21H, s), 1.04 (3H, d, J = 7.0 Hz).

alcohol 46: To a solution of lactone 45 (89.7 mg, 109 umol) in THF (2.2 mL) and MeOH (2.2
mL) was added PPTS (32.6 mg, 109 umol) at 0 °C. After being stirred at room temperature
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for 21 h, the reaction mixture was quenched with saturated aqueous NaHCO3. The aqueous
layer was extracted with ether and the organic layer was washed with brine, dried over
anhydrous Na SO, filtered and concentrated under reduced pressure. Purification by silica gel
column chromatography (hexane/EtOAc = 50/1 to 1/2) afforded alcohol 46 (53.1 mg, 96.4
umol, 88%) as a colorless amorphous material: R; = 0.46 (hexane/EtOAc = 2/1); *H NMR
(400 MHz, CDCl3) & 6.51 (1H, dd, J = 15.0, 11.0 Hz), 6.42 (1H, s), 5.84 (1H, d, J = 11.0 Hz),
5.60 (1H, dd, J =10.5, 5.5 Hz), 5.27 (1H, dd, J = 15.0, 9.0 Hz), 4.91 (1H, dd, J = 9.0, 3.0 Hz),
3.87 (1H, t, J = 9.0 Hz), 3.63 (3H, s), 3.63-3.53 (1H, m), 3.39-3.30 (1H, m), 3.28 (3H, s),
2.68-2.60 (1H, m), 2.53-2.43 (1H, m), 2.30-2.22 (1H, m), 2.18-2.00 (2H, m), 1.98-1.88 (1H,
m), 1.94 (3H, s), 1.82 (3H, s), 1.67-1.59 (1H, m), 1.06 (21H, s), 0.89 (3H, d, J = 7.0 Hz).

B-hydroxyketone 47: To a solution of oxalyl chloride (22 uL, 254 umol) in CH,Cl, (0.5 mL)
at -78 °C was added dimethyl sulfoxide (28 uL, 382 umol). After the reaction mixture was
stirred at -78 °C for 30 min, a solution of alcohol 46 (35.0 mg, 63.5 umol) in CH,Cl, (0.25
mL) was added. The resultant mixture was stirred at -78 °C for 60 min, then triethylamine
(106 pL, 762 pumol) was added. The reaction mixture was stirred at -78 °C for 15 min and at
0 °C for 15 min, then quenched with saturated aqueous NH4Cl. The aqueous layer was
extracted with ether, the organic layer was washed with brine, dried over anhydrous Na;SOg,
filtered and concentrated under reduced pressure to afford crude aldehyde 5 which was used
in the next reaction without further purification. To a solution of ketone 4 (46.8 mg, 127
umol) in CH.CI; (1.3 mL) at -78 °C was added dichlorophenylborane (50 uL, 381 umol) and
diisopropylethylamine (82 puL, 476 umol). After being stirred at -78 °C for 30 min and at 0 °C
for 30 min, the resultant mixture was recooled to -78 °C. A solution of above crude aldehyde
5 in CH,ClI; (0.35 mL) was added to the reaction mixture. After being stirred at -78 °C for 3 h,
the reaction mixture was quenched with pH 7.0 phosphate buffer. The aqueous layer was
extracted with ether, the organic layer was washed with brine, dried over anhydrous Na,SOy,
filtered and concentrated under reduced pressure. Purification by silica gel column

-93-



chromatography (hexane/EtOAc = 50/1 to 5/1) afforded p-hydroxyalcohol 47 (25.0 mg, 27.2
umol, 43% over 2 steps) and S10 (1.2 mg, 1.26 umol, 2% over 2 steps) as colorless
amorphous materials.

A7: R¢ = 0.45 (hexane/EtOAc = 3/1); *H NMR (500 MHz, CDCls) & 6.50 (1H, dd, J = 15.0,
11.0 Hz), 6.43 (1H, s), 5.82 (1H, d, J = 11.0 Hz), 5.61 (1H, dd, J = 10.0, 6.0 Hz), 5.26(1H, dd,
J =15.0, 9.0 Hz), 5.03 (1H, d, J = 9.0 Hz), 4.83-4.77 (1H, m), 4.14-4.03 (1H, m), 3.86-3.74
(2H, m), 3.65-3.55 (1H, m), 3.62 (3H, s), 3.25 (3H, s), 2.89 (1H, dd, J = 15.5, 10.0 Hz),
2.78-2.70 (1H, m), 2.69-2.59 (1H, m), 2.53-2.39 (2H, m), 2.33-2.24 (1H, m), 2.20-2.10 (2H,
m), 2.09-1.99 (1H, m), 1.99-1.85 (1H, m), 1.95 (3H, s), 1.81 (3H, s), 1.18 (3H, d, J = 6.5 Hz),
1.10-0.98 (21H, m), 0.93 (3H, d, J = 7.0 Hz); **F NMR (376 MHz, CDCls) & -78.74 (d, J =
7.0 Hz); HRMS (ESI-TOF) m/z calcd for CsgHgsF30gSizNa [M+Na'] 939.5420, found:
939.5433.

$10

S10: Ry = 0.37 (hexane/EtOAc = 3/1); 'H NMR (400 MHz, CDCls) § 6.48 (1H, dd, J = 15.0,
11.0 Hz), 6.38 (1H, s), 5.80 (1H, d, J = 11.0 Hz), 5.57 (1H, t, J = 9.5 Hz), 5.21 (1H, dd, J =
15.0, 9.5 Hz), 4.93-4.87 (1H, m), 4.76-4.71 (1H, m), 4.11 (1H, dq, J = 7.0, 7.0 Hz), 3.93-3.87
(1H, m), 3.79 (1H, t, J = 9.0 Hz), 3.64-3.58 (1H, m), 3.59 (3H, s), 3.37-3.30 (1H, m), 3.27
(3H, s), 2.91 (1H, dd, J = 15.0, 10.0 Hz), 2.87 (1H, s), 2.67-2.58 (1H, m), 2.53-2.45 (2H, m),
2.35-2.26 (2H, m), 2.20-2.08 (2H, m), 2.04-1.82 (1H, m), 1.94 (3H, s), 1.80 (3H, s), 1.16 (3H,
d, J = 6.5 Hz), 1.10-0.97 (24H, m); **F NMR (376 MHz, CDCls) & -78.64 (d, J = 7.5 Hz);
HRMS (ESI-TOF) m/z calcd for CsgHgsF309SioNa [M+Na'] 939.5420, found: 939.5439.
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hemiacetal 48: To a solution of alcohol 47 (38.9 mg, 42.5 umol) in THF (4.3 mL) was added
18% HF-Py (42.9 uL, 425 umol) at 0 °C. After being stirred at room temperature for 1 h, the
reaction mixture was poured into saturated aqueous NaHCOs;. The aqueous layer was
extracted with ether, the organic layer was washed with brine, dried over anhydrous Na;SOg,
filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography (hexane/EtOAc = 7/1 to 2/1) afforded hemiacetal 48 (33.0 mg, 42.5 umol,
quant.) as a white solid: R = 0.59 (hexane/EtOAc = 1/1); *H NMR (400 MHz, CDCls)  6.53
(1H, dd, J = 15.0, 11.0 Hz), 6.40 (1H, s), 5.82 (1H, d, J = 11.0 Hz), 5.59 (1H, dd, J = 10.5, 5.0
Hz), 5.23 (1H, dd, J = 15.0, 9.5 Hz), 4.91 (1H, dd, J = 9.0, 1.0 Hz), 4.85 (1H, d, J = 3.5 Hz),
4.09-3.98 (2H, m), 3.89 (1H, t, J = 9.0 Hz), 3.75 (1H, ddd, J = 15.0, 11.0, 4.0 Hz), 3.61-3.54
(1H, m), 3.59 (3H, s), 3.26 (3H, s), 2.70-2.60 (1H, m), 2.52-2.41 (1H, m), 2.33 (1H, dd, J =
12.0, 4.5 Hz), 2.23-2.20 (3H, m), 2.00-1.90 (1H, m), 1.95 (3H, s), 1.84 (3H, s), 1.66-1.55 (1H,
m), 1.11 (3H, d, J = 6.5 Hz), 1.09-1.03 (24H, m), 0.84 (3H, d, J = 7.0 Hz); *°F NMR (470
MHz, CDCls3) 6 -73.36 (d, J = 6.0 Hz).

desmethyl-24-F-Baf (3)

desmethyl-24-F-Baf (3): To a solution of hemiacetal 48 (33.0 mg, 42.5 umol) in CH,CI,
(0.63 mL), MeCN (3.1 mL), H,0 (0.79 mL) was added TsOH-H,0O (123 mg, 650 umol) at
0 °C. After being stirred at room temperature for 3 h, TSOH-H,0 (123 mg, 650 umol) was
added. The resulting mixture was stirred for 3 h and quenched with saturated agqueous
NaHCOs. The aqueous layer was extracted with CH,CI,, the organic layer was dried over
anhydrous Na,SO,, filtered and concentrated under reduced pressure. Purification by silica gel
column chromatography (hexane/EtOAc = 3/1 to 1/2), then by HPLC (COSMOSIL 5SL-II
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10x250 mm, eluent: hexane/EtOAc = 1/1, flow rate: 2.0 mL/min, tz = 19.6 min) to afford
demethyl-24-F-Baf 3 (15.8 mg, 25.4 umol, 60% over 2 steps) as a white solid: [o]p> +92.6 (c
0.0343, CHCls); Rt = 0.27 (hexane/EtOAc = 1/1); IR (film) 3413, 2918, 2850, 2363, 2339,
1641, 1631, 1219, 1102, 772 cm™; *H NMR (500 MHz, CDCls) 6 6.53 (1H, dd, J = 15.0, 11.0
Hz), 6.41 (1H, s), 6.13 (1H, d, J = 2.0 Hz), 5.82 (1H, d, J = 10.5 Hz), 5.57 (1H, dd, J = 10.0,
5.0 Hz), 5.24 (1H, dd, J = 15.0, 9.5 Hz), 4.91 (1H, dd, J = 9.0, 1.5 Hz), 4.83 (1H, dd, J = 4.0,
1.0 Hz), 4.10-3.99 (2H, m), 3.90 (1H, t, J = 9.0 Hz), 3.79-3.69 (1H, ddd, J = 10.0, 10.0, 5.0
Hz), 3.60 (3H, s), 3.55-3.48 (1H, m), 3.27 (3H, s), 2.65 (1H, ddd, J = 9.0, 9.0, 3.0 Hz),
2.52-2.43 (1H, m), 2.34 (1H, dd, J = 12.0, 5.0 Hz), 2.20 (1H, ddq, J = 12.0, 6.5, 6.5 Hz),
2.15-2.08 (1H, m), 1.96 (3H, s), 1.96-1.91 (1H, m), 1.84 (3H, s), 1.84-1.82 (1H, m), 1.64-1.55
(1H, m), 1.26-1.23 (1H, m), 1.12 (3H, d, J = 5.5 Hz), 1.06 (3H, d, J = 7.0 Hz), 0.84 (3H, d, J
= 7.0 Hz); *C NMR (151 MHz, CDCl3) & 167.20, 142.17, 140.96, 135.35, 133.39, 133.03,
131.62, 129.04, 125.48, 125.0 (q, J = 279 Hz), 100.66, 81.91, 76.09, 74.50, 71.95 (q, J = 30
Hz,), 70.35, 69.59, 59.26, 55.96, 42.84, 41.09, 38.80, 38.24, 37.38, 36.62, 36.50, 16.34, 14.00,
11.92, 9.46, 6.97; *°F NMR (470 MHz, CDCls) 6 -73.36 (J = 7.0 Hz) ; HRMS (ESI-TOF) m/z
calcd for CsH47F30gNa [M+Na'] 643.3064, found: 643.3070.

OBz

S1

silyl ether S11: To a solution of known hydroxylketone 524 (778 mg, 1.88 mmol) in CH,CI,
(19 mL) was added 2,6-lutidine (0.97 mL, 8.46 umol) and TBSOTf (1.3 mL, 5.64 mmol) at
-78 °C. After being stirred at -78 °C for 3 h, the reaction mixture was quenched with saturated
aqueous NaHCOg3. The aqueous layer was extracted with CH,Cl, and the organic layer was
washed with brine, dried over anhydrous Na,SOq, filtered and concentrated under reduced
pressure. Purification by silica gel column chromatography (hexane/EtOAc = 1/0 to 10/1)
afforded silyl ether S11 (893 mg, 1.69 umol, 90%) as a colorless oil: R = 0.72
(hexane/EtOAc = 2/1); *H NMR (400 MHz, CDCls) & 8.08-8.04 (2H, m), 7.60-7.55 (1H, m),
7.47-7.42 (2H, m), 7.23-7.19 (2H, m), 6.96-6.92 (2H, m), 5.45 (1H, q, J = 7.0 Hz, 4.37 (2H, s),
4.03 (1H, dd, J =9.0, 2.0 Hz), 3.80 (3H, s), 3.56 (1H, dd, J = 9.0, 6.0, Hz), 3.26-3.16 (2H, m),
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2.10-2.02 (1H, m), 1.50 (3H, d, J = 7.0 Hz), 1.11 (3H, d, J = 7.0 Hz, 0.98 (3H, d, J = 7.0 Hz),
0.82 (9H, s), 0.05 (3H, s), -0.07 (3H, 5).

diol 53: To a solution of silyl ether S11 (893 mg, 1.69 umol) in MeOH (8.5 mL) was added
NaBH, (128 mg, 3.38 mmol) at 0 °C. After being stirred at room temperature for 1 h, K,CO3
(934 mg, 6.76 mmol) was added. The reaction mixture was stirred at room temperature for 20
h, and then quenched with saturated aqueous pH 7.0 phosphate buffer. The aqueous layer was
extracted with CH,Cl, and the organic layer was washed with brine, dried over anhydrous
Na,SOq, filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography (hexane/EtOAc = 5/1 to 1/1) afforded diol 53 (647 mg, 1.52 mmol, 90%) as
a colorless oil: R = 0.30 (hexane/EtOAc = 2/1); *H NMR (500 MHz, CDCl3) & 7.26-7.23 (2H,
m), 6.89-6.85 (2H, m), 4.40 (2H, s), 3.80 (3H, s), 3.76 (1H, t, J = 4.5 Hz), 3.63 (1H, dt, J =9.0,
3.0 Hz), 3.49 (1H, d, J = 1.0 Hz), 3.46 (1H, dd, J = 9.5, 6.5 Hz), 3.27 (1H, dd, J = 9.5, 6.5 Hz),
2.56 (1H, dd, J = 8.5, 2.0 Hz), 2.12-2.06 (1H, m), 1.79-1.72 (1H, m), 1.14 (3H, d, J = 6.5 Hz),
0.98 (3H,d,J=7.0 Hz), 0.91 (9H, s), 0.82 (3H, d, J = 7.0 HZz), 0.12 (3H, s), 0.09 (3H, s).

PMBO OTBS
WS_OH

54

alcohol 54: To a solution of diol 53 (647 mg, 1.52 mmol) in MeOH (24 mL) and pH 7.0
phosphate buffer (8.0 mL) was added NalO,4 (1.95 g, 9.12 mmol) at 0 °C. After being stirred
at room temperature for 1 h, the reaction mixture was quenched with saturated agqueous
NaHCO;3; and Na;S,0s. The aqueous layer was extracted with ether and the organic layer was
washed with saturated aqueous Na,S,03 and brine, dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure. The residue was used without further purification. To a
solution of above crude aldehyde in THF (8.0 mL) and MeOH (8.0 mL) was added NaBH,
(115 mg, 3.04 mmol) at 0 °C. After being stirred at room temperature for 1 h, the reaction

-97-



mixture was quenched with saturated aqueous NH4CI. The aqueous layer was extracted with
ether and the organic layer was washed with saturated aqueous Na,S,03 and brine, dried over
anhydrous Na,SQy, filtered and concentrated under reduced pressure. Purification by silica gel
column chromatography (hexane/EtOAc = 20/1 to 5/1) afforded alcohol 54 (500 mg, 1.31
mmol, 86% over 2 steps) as a colorless oil: R; = 0.37 (hexane/EtOAc = 3/1); *H NMR (400
MHz, CDCls) & 7.26-7.23 (2H, m), 6.89-6.86 (2H, m), 4.43 (1H, d, J = 11.5 Hz), 4.39 (1H d,
J=115Hz), 3.81 (3H, s), 3.70 (1H, dd, J = 10.5, 5.0 Hz), 3.66 (1H, d, J = 4.0 Hz), 3.57 (1H,
dd, J =11.0, 6.0 Hz), 3.47 (1H, dd, J = 9.0, 6.0 Hz), 3.29 (1H, dd, J = 9.0, 7.0 Hz), 2.11-2.02
(1H, m), 1.91-1.82 (1H, m), 0.98 (1H, d, J = 7.0 Hz), 0.97 (1H, d, J = 7.0 Hz), 0.90 (9H, s),
0.11 (3H, s), 0.78 (3H, s).

PMBO OTBS
= OTs

S12
tosylate S12: To a solution of alcohol 54 (500 mg, 1.30 mmol) in pyridine (6.5 mL) was
added TsCI (744 mg, 3.90 mmol) at 0 °C. After being stirred at room temperature for 3 h, the
reaction mixture was quenched with H,O. The aqueous layer was extracted with ether and the
organic layer was washed with brine, dried over anhydrous Na,SOy, filtered and concentrated
under reduced pressure. Purification by silica gel column chromatography (hexane/EtOAc =
20/1 to 5/1) afforded tosylate S12 (691 mg, 1.29 umol, 99%) as a colorless oil: Ry = 0.46
(hexane/EtOAc = 3/1); *H NMR (400 MHz, CDCls) § 7.79-7.75 (2H, m), 7.33-7.30 (2H, m),
7.23-7.20 (2H, m), 6.89-6.85 (2H, m), 4.39 (1H, d, J = 11.5 Hz), 4.34 (1H, d, J = 11.5 Hz),
4.18-4.09 (1H, m), 3.81 (3H, s), 3.81-3.76 (1H, m), 3.52 (1H, t, J = 4.5 Hz), 3.40 (1H, dd, J =
9.0, 5.5 Hz), 3.21 (1H, dd, J = 9.5, 6.5 Hz), 2.44 (3H, s), 2.06-1.98 (1H, m), 1.96-1.85 (1H,
m), 0.90 (3H, d, J = 7.0 Hz), 0.88 (3H, d, J = 7.5 Hz), 0.79 (9H, s), -0.01 (3H, s), -0.04 (3H,
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alkyne S13: To a solution of tosylate S12 (275 mg, 0.511 mmol) in DMSO (2.6 mL) was
added LICCH-H;NCH,CH,;NH; (236 mg, 2.56 umol) at 0 °C. After being stirred at room
temperature for 2 h, the reaction mixture was quenched with saturated aqueous NH4CI. The
aqueous layer was extracted with ether and the organic layer was washed with brine, dried
over anhydrous Na,SO., filtered and concentrated under reduced pressure. Purification by
silica gel column chromatography (hexane/EtOAc = 50/1 to 7/1) afforded alkyne S13 (129
mg, 0.330 umol, 64%) as a colorless amorphous material: R; = 0.67 (hexane/EtOAc = 3/1); *H
NMR (400 MHz, CDCl3) & 7.27-7.22 (2H, m), 6.89-6.85 (2H, m), 4.41 (2H, s), 3.80 (3H, s),
3.55-3.50 (2H, m), 3.25 (1H, dd, J = 9.0, 7.5 Hz), 2.30 (1H, dd, J = 4.5, 3.0 Hz), 2.12-2.06
(1H, m), 2.03 (1H, s), 1.95 (1H, t, J = 3.0 Hz), 1.91-1.80 (1H, m), 1.03 (3H, d, J = 7.0 Hz),
0.98 (3H, d, J =7.0 Hz), 0.87 (9H, s), 0.06 (3H, s), 0.04 (3H, s).

alcohol 50: To a solution of alkyne S13 (5.81 g, 14.9 mmol) in CH.Cl, (250 mL) and pH7.0
phosphate buffer (50 mL) was added DDQ (11.8 g, 52.2 mmol) at 0 °C. After being stirred at
room temperature for 1 h, the reaction mixture was quenched with saturated aqueous NaHCO3
and Na,S,03. The aqueous layer was extracted with CH,Cl, and the organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. To the residue in THF (75 mL) and MeOH (75 mL) was added NaBH, (1.41 g, 37.3
mmol) at 0 °C. After being stirred at room temperature for 30 min, the reaction mixture was
quenched with saturated aqueous NH4Cl. The aqueous layer was extracted with ether and the
organic layer was washed with brine, dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. Purification by silica gel column chromatography (hexane/EtOAc =
20/1 to 3/1) afforded alcohol 50 (3.80 g, 14.0 mmol, 94%) as a colorless oil. The : R; = 0.45
(hexane/EtOAc = 3/1); *H NMR (500 MHz, CDCls) & 3.70-3.63 (2H, m), 3.60 (1H, dd, J =
11.0, 6.0 Hz), 2.31 (1H, ddd, J = 20.0, 5.5, 3.0 Hz), 2.14 (1H, ddd, J = 20.0, 10.5, 3.0 Hz),
1.98 (1H, t, J = 2.5 Hz), 1.96-1.92 (1H, m), 1.90-1.84 (1H, m), 1.05 (3H, d, J = 7.0 Hz), 1.03
(3H, d, J=7.0 Hz), 0.92 (9H, s), 0.13 (3H, s), 0.12 (3H, S).

The spectral properties of alcohol 50 are identical with those of reported compound.”
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diene 61: To a solution of iodoolefine 49 (564 mg, 1.34 mmol) and alkenylstannane 6 (967
mg, 1.34 mmol) in NMP (17 mL) was added LiCl (227 mg, 5.35 mmol), Ph3As (1.23 g, 4.01
mmol) and Pd,(dba)s-CHCI3 (341 mg, 0.33 mmol) in NMP (29 mL). After being stirred at
room temperature for 13 h, the reaction mixture was quenched with H,O. The aqueous layer
was extracted with ether and the organic layer was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography containing 10% K,COj3 (hexane/EtOAc = 5/1 to 1/2) afforded diene 61 (831
mg, 1.14 mmol, 85%) as a red amorphous material: R = 0.26 (hexane/EtOAc = 2/1); *H NMR
(400 MHz, CDCls) & 7.46-7.40 (4H, m), 7.34-7.25 (6H, m), 7.23-7.18 (2H, m), 6.85-6.80 (2H,
m), 6.63 (1H, s), 6.25 (1H, dd, J = 15.5, 10.5 Hz), 5.87 (1H, d, J = 11.0 Hz), 5.81 (1H, d, J =
9.0 Hz), 5.44 (1H, dd, J = 15.0, 9.0 Hz), 3.82-3.75 (1H, m), 3.79 (6H, s), 3.66 (3H, s),
3.41-3.35 (1H, m), 3.28-3.20 (1H, m), 3.20 (3H, s), 3.07-3.01 (1H, m), 2.80-2.69 (1H, m),
2.56 (1H, d, J = 2.0 Hz), 2.42-2.35 (1H, m), 2.00 (3H, s), 1.90-1.65 (2H, m), 1.72 (3H, s),
1.15(3H, d, J=7.0 Hz), 1.02 (3H, d, J = 7.0 Hz), 0.80 (3H, d, J = 6.5 Hz).

lactone 63: To a solution of diene 61 (831 mg, 1.14 mmol) in dioxane (38 mL) was added 1M
KOH (17 mL, 17 mmol). After being stirred at 80 °C for 2 h, the reaction mixture was
quenched with saturated aqueous NH4CI. The aqueous layer was extracted with CH,Cl, and
the organic layer was dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The residue was used in the next step without further purification. To a solution of
crude seco acid 62 (25.6 mg) in toluene (2.8 mL) was added i-Pr,NEt (164 uL, 0.954 mmol)
and 2,4,6-trichlorobenzoyl chloride (75 pL, 0.477 mmol) at 0 °C. After being stirred at room
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temperature for 3 h, the reaction mixture was diluted with toluene (28 mL). A solution of
DMAP (76 mg, 0.620 mmol) in toluene (2.8 mL) was added and the resultant mixture was
stirred for 9 h, then quenched with saturated aqueous NaHCOs. The aqueous layer was
extracted with ether and the organic layer was washed with brine, dried over anhydrous
Na,SOq, filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography (hexane/EtOAc = 10/1 to 1/1) afforded lactone 63 (12.9 mg, 18.5 umol,
51%) as a colorless amorphous material: R; = 0.60 (hexane/EtOAc = 2/1); *H NMR (500
MHz, CDCls) & 7.48-7.44 (4H, m), 7.35-7.32 (2H, m), 7.31-7.15 (6H, m), 6.84-6.81 (2H, m),
6.60 (1H, s), 6.39 (1H, dd, J = 15.0, 11.0 Hz), 5.84 (1H, d, J = 11.0 Hz), 5.76 (1H, d, J = 9.5
Hz), 5.24 (1H, dd, J = 15.0, 7.0 Hz), 5.00 (1H, t, J = 5.5 Hz), 3.82-3.78 (1H, m), 3.78 (3H, s),
3.61 (3H, s), 3.40-3.37 (1H, m), 3.18 (1H, dd, J = 9.5, 5.5 Hz), 3.15 (3H, s), 3.1 (1H, dd, J =
9.5, 6.5 Hz), 2.53-2.45 (1H, m), 2.36 (1H, br), 2.21-2.13 (2H, m), 2.03-1.98 (1H, m), 1.95 (3H,
d, J=1.0 Hz), 1.92-1.83 (1H, m), 1.74 (3H, s), 1.07 (3H, d, J = 7.0 Hz), 1.05 (3H,d, J = 7.0
Hz), 0.98 (3H, d, J = 7.0 Hz).

silyl ether 64c: To a solution of lactone 63 (60.1 mg, 86.5 umol) in CH,Cl, (0.9 mL) was
added 2,6-lutidine (113 uL, 973 umol) and DEIPSOTT (94 uL, 389 umol) at 0 °C. After being
stirred at room temperature for 1 h, the reaction mixture was quenched with saturated aqueous
NaHCOs. The aqueous layer was extracted with CH,Cl, and the organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure.
Purification by silica gel column chromatography (hexane/EtOAc = 20/1 to 3/1) afforded silyl
ether 64c (60.5 mg, 73.5 umol, 85%) as a colorless amorphous material: Ry = 0.69
(hexane/EtOAc = 2/1); *H NMR (400 MHz, CDCls) § 7.49-7.44 (4H, m), 7.36-7.19 (8H, m),
6.86-6.81 (2H, m), 6.70 (1H, s), 6.44 (1H, ddd, J = 15.5, 11.0, 1.0 Hz), 5.95 (1H, d, J = 9.0
Hz), 5.90 (1H, d, J = 11.5 Hz), 5.40 (1H, dd, J = 15.5, 4.0 Hz), 5.26 (1H, dd, J = 8.5, 1.5 Hz),
3.88-3.84 (1H, m), 3.79 (3H, s), 3.66 (3H, s), 3.63 (1H, br), 3.22 (3H s), 3.16 (1H, dd, J = 9.5,
5.5 Hz), 3.07 (1H, dd, J = 9.5, 5.0 Hz), 2.61 (1H, dd, J = 14.5, 9.5 Hz), 2.45-2.36 (1H, m),
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2.06-1.98 (1H, m), 1.93 (3H, s), 1.76-1.60 (2H, m), 1.54 (3H, s), 1.13-1.08 (22H, m),
0.77-0.65 (4H, m).

alcohol 66¢: To a solution of silyl ether 64c (60.5 mg, 73.5 umol) in THF (1.3 mL) and
MeOH (1.3 mL) was added PPTS (27.7 mg, 110 umol) at 0 °C. After being stirred at room
temperature for 15 h, the reaction mixture was quenched with saturated aqueous NaHCOs.
The aqueous layer was extracted with ether and the organic layer was washed with brine,
dried over anhydrous Na,SQ,, filtered and concentrated under reduced pressure. Purification
by silica gel column chromatography (hexane/EtOAc = 20/1 to 3/1) afforded alcohol 66¢
(31.5 mg, 57.2 umol, 78%) as a colorless amorphous material: Ry = 0.33 (hexane/EtOAc =
2/1); *H NMR (500 MHz, CDCls) § 6.67 (1H, d, J = 0.5 Hz), 6.47 (1H, dd, J = 15.5, 11.0 Hz),
5.92 (1H, d, J = 11.0 Hz), 5.88 (1H, d, J = 9.5 Hz), 1H, 5.39 (1H, dd, J = 15.5, 6.5 Hz), 5.10
(1H, dd, J = 4.5, 4.0 Hz), 3.95 (1H, t, J = 5.5 Hz), 3.67 (3H, s), 3.61 (1H, t, J = 3.0 Hz),
3.57-3.50 (1H, m), 3.40-3.33 (1H, m), 3.29 (3H, s), 3.04 (1H, br), 2.52-2.43 (2H, m),
2.18-2.10 (1H, m), 1.94 (3H, s), 1.79-1.72 (2H, ), 1.68 (3H, s), 1.10-0.99 (19H, m), 0.90 (3H,
d, J=7.0 Hz), 0.76-0.65 (4H, m).

B-hydroxyketone 69: To a solution of oxalyl chloride (29 uL, 328 umol) in CH,Cl, (0.65
mL) at -78 °C was added dimethyl sulfoxide (35 uL, 493 pumol). After the reaction mixture
was stirred at -78 °C for 30 min, a solution of alcohol 66¢ (18.1 mg, 32.8 umol) in CH,ClI;
(0.25 mL) was added. The resultant mixture was stirred at -78 °C for 60 min, then

triethylamine (137 pL, 987 umol) was added. The reaction mixture was stirred at -78 °C for
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15 min, then at 0 °C for 15 min, then quenched with saturated aqueous NH,CI. The aqueous
layer was extracted with ether, the organic layer was washed with brine, dried over anhydrous
Na,SOq, filtered and concentrated under reduced pressure to afford crude aldehyde 68 which
was used in the next reaction without further purification. To a solution of ketone 4 (36.3 mg,
98.6 umol) in CH.CI, (0.95 mL) at -78 °C was added dichlorophenylborane (51 uL, 394
umol) and diisopropylethylamine (85 uL, 493 umol). After being stirred at -78 °C for 30 min
and at 0 °C for 30 min, the mixture was recooled to -78 °C. A solution of above crude
aldehyde 68 in CH,Cl, (0.30 mL) was added to the reaction mixture. After being stirred at
-78 °C for 3 h, the reaction mixture was quenched with pH 7.0 phosphate buffer. The aqueous
layer was extracted with ether, the organic layer was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography (hexane/EtOAc = 50/1 to 3/1) afforded B-hydroxyalcohol 69 (9.5 mg, 10.4
umol, 32% over 2 steps) and S14 (0.5 mg, 0.52 umol, 2% over 2 steps) as colorless
amorphous materials.

69: Rt = 0.33 (hexane/EtOAc = 3/1); 'H NMR (500 MHz, CDCls) § 6.68 (1H, s), 6.46 (1H, dd,
J=15.0,10.5 Hz),5.91 (1H, d, J = 11.5 Hz), 5.89 (1H, d, J = 10.0 Hz), 5.39 (1H, dd, J = 15.5,
6.5 Hz), 5.23 (1H, dd, J = 4.5, 2.5 Hz), 4.79 (1H, dt, J = 9.5, 3.5 Hz), 4.08 (1H, quint, J = 6.5
Hz), 3.92 (1H, dd, J =5.5, 5.5 Hz), 3.78 (1H, dd, J = 9.0, 2.5 Hz), 3.66 (3H, s), 3.61 (1H,t,J =
2.5 Hz), 3.27 (3H, s), 2.87 (1H, dd, J = 15.5, 9.5, Hz), 2.74 (1H, qd, J = 7.0, 2.5 Hz),
2.53-2.43 (2H, m), 2.40 (1H, dd, J = 15.5, 3.0 Hz), 2.33-2.25 (1H, m), 2.00 (1H, ddqg, J = 9.0,
7.0, 2.0 Hz), 1.94 (3H, s), 1.80-1.73 (2H, m), 1.68 (3H, s), 1.17 (3H, d, J = 7.0 Hz), 1.11-0.98
(40H, m), 0.92 (3H, d, J = 7.0 Hz), 0.78-0.65 (4H, m); **C NMR (151 MHz, CDCls)  211.13,
165.71, 143.89, 141.19, 141.09, 133.42, 131.53, 130.80, 125.49, 124.71, 83.37, 80.87, 76.06,
75.23 (g, J = 30.0 Hz), 71.88, 70.54, 67.96, 60.05, 56.20, 48.92, 43.98, 41.50, 40.10, 38.70,
37.68, 35.82, 29.70, 27.39, 27.18, 25.60, 24.74, 21.47, 21.44, 18.35, 17.87, 17.79, 17.74,
13.64, 13.61, 13.52, 10.88, 8.17, 7.45, 7.35, 4.81, 4.28; °F NMR (470 MHz, CDClg) 6 -78.71
(d, J = 7.0 Hz); HRMS (ESI-TOF) m/z calcd for C,gHgsF30sSi>Na [M+Na'] 939.5420, found:
939.5431.
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S14

S14: Ry = 0.23 (hexane/EtOAC = 3/1); *H NMR (500 MHz, CDCls) § 6.62 (1H, s), 6.45 (1H,
dd, J = 15.0, 11.0 Hz), 5.89 (1H, d, J = 10.5 Hz), 5.82 (1H, d, J = 9.5 Hz), 5.32 (1H, dd, J =
15.0, 7.0 Hz), 4.93 (1H, dd, J = 5.0, 3.0 Hz), 4.89 (1H, dt, J = 10.5, 3.5 Hz), 4.11 (LH, quint, J
= 7.0 Hz), 3.89-3.84 (2H, m), 3.64 (3H, s), 3.60 (1H, t, J = 3.0 Hz), 3.33 (1H, qt, J = 7.0, 4.0
Hz), 3.28 (3H, s), 2.87 (1H, dd, J = 15.5, 10.0 Hz), 2.74 (1H, d, J = 3.5 Hz), 2.55-2.47 (1H,
m), 2.49 (1H, dd, J = 15.5, 3.0 Hz), 2.39 (1H, dd, J = 15.5, 9.5 Hz), 2.34-2.27 (1H, m),
2.06-1.97 (1H, m), 1.93 (3H, s), 1.81-1.75 (2H, m), 1.72 (3H, s), 1.17 (3H, d, J = 7.0 Hz),
1.10-0.98 (43H, m), 0.78-0.65 (4H, m):; *C NMR (151 MHz, CDCls) § 212.85, 164.90,
143.88, 141.33, 133.02, 131.87, 130.83, 128.80, 125.51, 124.61, 76.55, 74.82 (g, J = 31.0 Hz),
71.82, 70.49, 65.83, 59.91, 56.22, 47.91, 45.38, 41.19, 39.81, 38.49, 37.68, 35.84, 29.70,
27.23, 27.18, 2451, 21.52, 21.44, 18.33, 18.02, 17.81, 17.76, 15.26, 13.63, 13.61, 10.34,
10.05, 7.45, 7.35, 4.77, 4.27; **F NMR (470 MHz, CDCls) 5 -78.58 (d, J = 7.0 Hz).

hemiacetal 70: To a solution of alcohol 69 (4.7 mg, 5.1 umol) in THF (0.3 mL) was added
18% HF-Py (10.3 puL, 102 umol) at 0 °C. After being stirred at room temperature for 1 h, the
reaction mixture was poured into saturated aqueous NaHCOs;. The aqueous layer was
extracted with ether, the organic layer was washed with brine, dried over anhydrous Na,SOg,
filtered and concentrated under reduced pressure. Purification by silica gel column
chromatography (hexane/EtOAc = 7/1 to 2/1) afforded hemiacetal 70 (4.0 mg, 5.1 pmol,
quant.) as a white solid: R = 0.50 (hexane/EtOAc = 1/1); *H NMR (500 MHz, CDCls)  6.59
(1H, s), 6.46 (1H, dd, J = 15.0, 10.5 Hz), 6.14 (1H, d, J = 2.0 Hz), 5.89 (1H, d, J = 10.5 Hz),
5.79 (1H, d, J = 9.5 Hz), 5.30 (1H, dd, J = 15.0, 8.0 Hz), 5.04 (1H, dd, J = 6.5, 1.5 Hz), 4.87
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(1H, d, J = 3.0 Hz), 4.08-4.00 (2H, m), 3.93 (1H, d, J = 7.0 Hz), 1H, 3.75 (1H, m), 3.61(1H, s),
3.26 (3H, 5), 2.58-2.51 (1H, m), 2.41-2.31 (2H, m), 2.14-2.08 (1H, m), 1.94 (3H, s), 1.84-1.72
(2H, m), 1.76 (3H, s), 1.11 (3H, d, J = 7.0 Hz), 1.09-0.98 (16H, m), 0.85 (1H, d, J = 7.0 Hz),
0.77-0.66 (4H, m); *°F NMR (470 MHz, CDCl5) § -73.33 (d, J = 7.0 Hz).

24-F-Baf (2)

24-F-Baf (2): To a solution of hemiacetal 70 (4.0 mg, 5.1 umol) in CH,CI, (38 pL), MeCN
(380 pL), H,O (95 pL) was added TsOH-H,O (14.6 mg, 76.8 umol) at 0 °C. After being
stirred at room temperature for 4 h, TsOH-H,0 (7.3 mg, 38.4 umol) was added. The resulting
mixture was stirred for 12 h and quenched with saturated aqueous NaHCO3. The aqueous
layer was extracted with CH,Cl,, the organic layer was dried over anhydrous Na,SOy, filtered
and concentrated under reduced pressure. Purification by silica gel column chromatography
(hexane/EtOAc = 5/1 to 1/2), then by HPLC (COSMOSIL 5SL-1I 10x250 mm, eluent:
hexane/EtOAc = 1/1, flow rate: 2.0 mL/min, tg = 15.7 min) to afford 24-F-Baf 2 (1.2 mg, 1.87
umol, 36% over 2 steps) as a white solid: [a]o? +10.3 (c 0.0318, CHCIs); R = 0.38
(hexane/EtOAC = 1/1); IR (film) 3404, 2959, 2924, 2850, 1685, 1461, 1259, 1099, 799 cm™;
'H NMR (500 MHz, CDCl3) & 6.63 (1H, s), 6.51 (1H, d, J = 15.0, 10.5 Hz), 6.17 (1H, d, J =
2.0 Hz), 5.81 (1H, d, J = 10.5 Hz), 5.75 (1H, d, J = 9.0 Hz), 5.15 (1H, dd, J = 15.5, 9.0 Hz),
4.94 (1H, dd, J = 9.0, 1.0 Hz), 4.87 (1H, d, J = 4.0 Hz), 4.09-4.02 (1H, m), 4.04 (1H, qd, J =
11.0, 6.5 Hz), 3.90 (1H, dd, J = 9.5, 9.5 Hz), 3.75 (1H, ddd, J = 11.0, 11.0, 5.0 Hz), 3.63 (3H,
s), 3.33-3.26 (1H, m), 3.25 (3H, s), 2.56-2.49 (1H, m), 2.34 (1H, dd, J = 12.0, 5.0 Hz),
2.18-2.10 (2H, m), 2.00-1.79 (3H, m), 1.98 (3H, s), 1.94 (3H, s), 1.65-1.55 (1H, m), 1.31-1.20
(1H, m), 1.12 (3H, d, J = 6.5 Hz), 1.07 (3H, d, J = 7.0 Hz), 1.06 (3H, d, J = 7.0 Hz), 0.93 (3H,
d, J = 6.0 Hz), 0.83 (3H, d, J = 7.0 Hz); *C NMR (151 MHz, CDCls) & 167.36, 143.26,
142.55, 141.40, 133.22, 133.18, 133.12, 127.06, 125.26, 100.63, 81.94, 81.20, 76.53, 71.92 (q,
J = 30.0 Hz), 70.39, 69.69, 59.62, 55.51, 42.86, 41.30, 41.02, 40.17, 38.85, 37.09, 36.69,
21.69, 20.18, 17.19, 14.02, 11.94, 9.56, 7.00; °F NMR (470 MHz, CDCl3) & -73.36 (d, J =
7.0 Hz); HRMS (ESI-TOF) m/z calcd for Ca3Hs;FsOgNa [M+Na'] 671.3377, found: 671.3385.
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Biological evaluation

The effect on Acridine orange stain of 3Y1 cells

The effect of 24-F-Baf on the acidification of intracellular acidic organelle by V-ATPase in
rat 3Y1 fibroblasts was examined®. 3Y1 cells were treated with 100 nM Baf or 24-F-Baf for 2
hours, and stained with 5 uM acridine orange for 15 min. In contrast to the case of DMSO
(control), the treatment with 100 nM of 24-F-Baf caused complete disappearance of red
fluorescence of acridine orange stain as well as that of 100 nM Baf A.

Yeast V-ATPase inhibition

V-ATPase inhibition activity of 24-F-Baf (2) was assayed against V-ATPases obtained from
purified vacuole membrane of budding yeast”. 135 pL of the reaction mixture contained 5 pg
of vacuolar membrane vesicles, 5 mM MgCl,, 10 mM NH,CI, 5 mM NaN3, 0.1 mM NazVO,
and 25 mM Mes-Tris (pH 6.9) was incubated with or without inhibitors as DMSO solution at
the indicated concentration for 10 min on ice. Then, the reaction was started by adding 15 pL
of 5 mM of Na,ATP. Activity assays were run for 60 min at 37 °C. 150 uL of 0.6 M
perchloric acid was added to stop the reaction and the liberated inorganic phosphate was
measured by the method of Ohnishi®.

Growth inhibition assay against leukemia cells

Serial dilutions (0.001-10 uM) of inhibitors were incubated with leukemia cell lines HL-60
and K562 at 37 °C in 5% CO2/95% air with a CO2 incubator. After incubated for 48 h,
proliferation was assessed using the Cell Counting Kit-8 (Dojindo).

Ab initio calculation

X-ray crystal structure of bafilomycin®

was used as the starting structure for conformational
analysis of 24-F-Baf and desmethyl-24-F-Baf. The most stable structure was built by the
molecular mechanics simulation using a 7000 steps of Monte Carlo conformation search and
TNCG energy minimization with MMFFs (MacroModel 9.3). One dihedral angle restraint
from 3JH,H coupling constants and two distance restraints from hydrogen bond were included

into the simulation for 24-F-Baf. Four dihedral angles restraint and four distance restraints
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from NOESY spectrum were included for desmethyl-24-F-Baf. The resulting minimum
structure was submitted to further ab initio geometry optimization by DFT B3LYP with
6-31G** basis set without any restriction to provide the fully optimized conformation.
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Design and Synthesis of 24-Fluorinated Bafilomycin Analogue as an NMR Probe with Potent
Inhibitory Activity to Vacuolar-Type ATPase

Hajime Shibata™?, Hiroshi Tsuchikawa®, Nobuaki Matsumori*, Michio Murata*?" and Takeo Usui®
'Graduate School of Science, Osaka University, 1-1 Machikaneyama, Toyonaka, Osaka 560-0043
2ERATO, Lipid Active Structure Project, Japan Science and Technology Agency, 1-1 Machikaneyama, Toyonaka, Osaka 560-0043
3Faculty of Life and Environmental Sciences, University of Tsukuba, Tennodai, Tsukuba, Ibaraki 305-8572

E-mail: <murata@chem.sci.osaka-u.ac.jp

A fluorine-labeled bafilomycin analogue was designed
and convergently synthesized from three segments via Stille
coupling, macrolactonization and diastereoselective aldol
reaction. The V-ATPase inhibitory activity of the analogue
was comparable to that of the natural product, indicating its
utility as a potential molecular probe for investigating the

inhibition mechanism of bafilomycin by NMR.

Vacuolar-type ATPase (V-ATPase) is a ubiquitous
proton pump that occurs in the endomembrane systems of all
eukaryotic cells and in the plasma membranes of diverse
animal cells.! This protein family has various functions
including the regulation of intracellular or intraorganellar pH
and the facilitation of transport processes across the
membrane. In recent years, it has become more evident that
the malfunction of V-ATPase is correlated with an increasing
number of age-related diseases such as osteoporosis, renal
tubular acidosis and cancer. Therefore, the inhibitors of V-
ATPase play a pivotal role in understanding the molecular
pathology of these diseases and in developing their molecular-
targeting drugs. Since bafilomycin A; (Baf, 1) (Figure 1) was
first isolated in 1983 from Streptomyces griseus sp.
sulphurus,® the antibiotic has long been regarded as a
representative V-ATPase inhibitor.®> The potent and specific
activity of Baf has accelerated mechanism-of-action studies,
resulting in the elucidation of its putative binding site to be
the transmembrane V, domain of V-ATPase.” However, the
precise location of the binding site remains unclear. The
largest problem lies in the structural analysis of such a
complicated membrane-bound system. We aimed to solve this
problem wusing solid-state  NMR techniques, especially
REDOR® known as a powerful tool for interatomic distance
measurements. For solid-state NMR measurements, labeled
compounds with NMR-sensitive nucleus are essential; among
several elements and isotopes, '°F is often regarded as the
most appropriate nucleus, despite its higher perturbations in
biology, because of its characteristic properties such as a
nuclear spin of 1/2, high gyromagnetic ratio, and low
background signals in biological samples.® We have
demonstrated that REDOR provides important evidence for
elucidating the structure of channel complex of “°F-labeled
amphotericin B in lipid bilayers.” In this study we designed
and synthesized a novel °F-labeled Baf analogue that had
potent inhibitory activity to V-ATPase and could be used for
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investigating the molecular interactions between Baf and the
protein.

Figure 1. Structure of bafilomycin and its fluorinated analogue

As a target molecule, 24,24-didesmethyl-24-F;-Baf (24-F-
Baf, 2), where the isopropyl unit of 1 was replaced by a
trifluoromethyl group, was designed in consideration of the
following points. (i) To minimize perturbations on bioactivity
brought by fluorine substitution, the tetrahydropyran (THP)
portion was selected based upon previous structure-activity
relationship studies.® (ii) Fluorine substitution for hydroxy
groups in the THP ring was avoided because the
destabilization of products was expected. (iii) A CF; group
would be facile to be introduced and equivalently replace the
i-Pr group in terms of the bulkiness.®

The efficient synthesis of 2 was planned by using the
diastereoselective aldol reaction of a novel CF;-labeled C18-
C24 segment 3 and the known C1-C17 macrocyclic core,'®
which could be constructed via Stille coupling and
macrolactonization from C1-C11 segment 4 and C12-C17
segment 5 by following the previous synthetic studies of 1.%°

Synthesis of 3 commenced with PMB protection of the
known Wienreb amide 6 prepared from 1,3-propanediol in 4
steps,** followed by DIBAL reduction to afford 7 (Scheme 1).
Next, diastereoselective trifluoromethylation was attempted
by the exposure of the aldehyde 7 with TMSCF; in the
presence of TBAF, which resulted in formation of undesired
23R epimer 8 as a major product. Since the chelation-
controlled conditions using the B-hydroxy group of 7 was not
successful, we attempted to invert the C23 configuration of 8.
After several trials," Dess-Martin oxidation of 8 followed by
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treatment with L-Selectride was found to give the desired
epimer 9 preferentially in 4.2:1 ratio."

Scheme 1. Synthesis of the C18-C24 segment 3. Reagents and
conditions: a) PMBOCNHCCI3, Sc(OTf)s, toluene, rt, 70%; b)
DIBAL, CH,CIl,, -78 °C, 80%; c) TMSCF,;, TBAF, THF, rt,
49% for 8, 27% for 9; d) Dess-Martin periodinane, NaHCO3,
CH,Cl,, rt, 92%; e) L-Selectride, THF, -78 °C, 68% for 9,
16% for 8; f) DDQ, CH,Cl,, H,0, rt, then AcOH, THF, 40 °C,
79%; g) (t-Bu),Si(OTf),, 2,6-lutidine, DMF, rt, 89%; h) Pd/C,
H,, EtOAc, rt, 98%; i) Dess-Martin Periodinane, NaHCOj,
CH,Cl,, rt, 94%; j) EtMgBr, THF, rt, 93%; k) Dess-Martin
Periodinane, NaHCO,, CH,Cl,, rt, 90%.

After removal of the PMB group, the resulting diol was
protected as a cyclic silyl ether to furnish 10. Hydrogenolysis
of the benzyl group followed by Dess-Martin oxidation
afforded an aldehyde, which was then treated with Grignard
reagent and the producing alcohol was oxidized to give 3 in

OH
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80% yield for 4 steps.

Next, preparation of the C1-C11 segment 4 was carried out
via carbon elongations from the known hydroxyketone 11* as
shown in scheme 2. Enantiopure alcohol 11 was silylated with
TBSOTf and 2,6-lutidine, and the reduction of 9-ketone
followed by one-pot treatment with K,CO; furnished the diol.
Then oxidative cleavage and NaBH, reduction resulted in the
formation of 12. Then, the primary alcohol 12 was converted
to alkyne 13" via tosylation, addition of lithium acetylide and
removal of the PMB group. Then the resultant alcohol 13 was
converted to 4, chiefly following Marshall’s report;'*"® after
three carbon elongation of the allylic alcohol moiety in 3 steps,
the formation of the vinyl iodide was performed under the
Negishi’s conditions™’ to produce 14. The TEMPO oxidation
of the allylic alcohol to aldehyde and the subsequent Horner-
Wadsworth-Emmons reaction proceeded in a Z-selective
manner, which was followed by removal of the TBS group to
afford the C1-C11 segment 4 successfully.

Next, the coupling reaction between 4 and separately
prepared C12-C17 segment 5™ and construction of the
macrocyclic structure were performed following the previous
protocol.® The Stille coupling of segments 4 and 5 under the
conditions reported by Marshall et al.* efficiently gave the
E,E diene product in 80% yield. Then, saponification of
methyl ester'® afforded the corresponding seco acid and the
following  macrolactonization was examined  under
Yamaguchi  conditions'®*® to  furnish  the desired
macrolactone 15 in moderate yield.

Since macrolactone 15 was successfully obtained,
connection with 3 by diastereoselective aldol reaction
established by Evans et al.'® was next attempted. First, the
secondary alcohol of 15 was protected as a
diethylisopropylsilyl ether, which was necessary for the
following reactions.'® The deprotection of the primary

24-F-Baf (2)

Scheme 2. Synthesis of fluorinated bafilomycin derivative 2. Reagents and conditions: a) TBSOTf, 2,6-lutidine, -78 °C; b)
NaBH,, THF, MeOH, rt, then K,CO3, rt, 79% (2 steps) c) NalO,, CH,Cl,, pH 7.0 buffer, rt; d) NaBH,, THF, MeOH, rt, 91% (2
steps); e) TsCl, Py, rt, 99%; f) LiCCH-H,NNH,, DMSO, rt, 64%; g) DDQ, CH,Cl,, pH 7.0 buffer, 94%, h) (COCI),, DMSO, Et;N,
CH.CI,, -78 °C; i) PhsP=C(Me)CO,Et, toluene, 100 °C; j) DIBAL, CH,Cl,, -78 °C, 83% (3 steps); k) Cp,ZrCl,, AlMe,,
CICH,CH,CI, 60 °C then I,, THF, -30 °C, 66%; I) TEMPO, TBACI, NCS, CH,Cl,, pH 8.6 buffer, rt, 88%; m) (i-
PrO),P(O)CH(OMe)CO,Me, KHMDS, 18-crown-6 ether, THF, rt, 49%; n) TBAF, THF, rt, 84%; o) Pd,(dba);-CHClIs, PhsAs, LiCl,
NMP, rt, 85%; p) KOH, dioxane, 80 °C; q) 2,4,6-trichlorobenzoyl chloride, i-Pr,NEt, toluene, rt, then diluted with toluene, DMAP,
rt, 51% (2 steps); r) DEIPSOTH, 2,6-lutidine, CH,Cl,, 0 °C, 85%; s) PPTS, THF, MeOH, rt, 78%; t) (COCI),, DMSO, Et;N, CH,Cl,,
-78 °C; u) PhBCI,, i-Pr,NEt, CH,Cl,, -78 °C, 32% (2 steps), v) 18% HF-Py, THF, rt; w) TsOH-H,0, CH,Cl,, MeCN, H,0, rt, then

HPLC purification, 36% (2 steps).



alcohol with PPTS followed by Swern oxidation provided 16,
which was treated with 3 under the reported conditions.'**®
As a result, the diastereoselective aldol reaction proceeded
smoothly to afford the desired B-hydroxyketone 17 in 32 %
yield for 2 steps with 20:1 diastereomer ratio.”’ This result
clearly revealed that the CF; moiety had no adverse effect on
the high stereoselectivity reported in the syntheses of 1.%%'%
Finally, stepwise removal of silyl groups was achieved using
HF-Py, followed by TsOH-H,O0, to afford 24-F-Baf 2 in 36%
yield after HPLC purification.

The V-ATPase inhibitory activity of 24-F-Baf 2 was
evaluated by two methods (See Supporting Information for
details).?? First, the effect on the acidification of
intracellular acidic organelles by V-ATPase in rat 3Y1
fibroblasts was examined. Treatment with 100 nM of 2 caused
the complete disappearance of red fluorescence in acridine
orange staining, indicating that 2 strongly inhibited V-ATPase
in the cells. Next, to evaluate the inhibition of V-ATPase
directly and quantitatively, we tested the effect of 2 on V-
ATPases obtained from the purified vacuole membrane of
budding yeast by measuring the liberated inorganic phosphate
from ATP. The V-ATPase activity was inhibited by 2 in a
dose-dependent manner and its 1Cs, value (2.5 nM) was
comparable with that of natural bafilomycin 1 (2.3 nM).
These results demonstrated that our rational design led to the
preparation of the first fluorine-labeled analogue of
bafilomycin with potent ATPase inhibitory activity.

In summary, the fluorine-labeled Baf analogue (24-F-Baf,
2) was properly designed and convergently synthesized from
three key segments. 24-F-Baf (2) was shown to possess potent
V-ATPase inhibition activity comparable with that of 1 and
expected to be a potential molecular probe for elucidating the
inhibition mechanism of bafilomycin using solid-state NMR
and other spectroscopic techniques.
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