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1-1. i g% A o ELR

FRANI RGO PES L E LIRS RARERA R L TE 72, LI LARDB 6,
PRI LD M ESAERRROME R P REREG S EE I LTE 2 &
JEHOEBY Thb, ZO LX) BFEFEZRE L TLEMEOE W RAIDOBRRE D 51,
SHTEHEEREOEHTHLRVEREINTZFHEBRFNFIHIND LHIZR>TET
W5, FTABEIIEAERKEOSGE, BEREOHESL LI XD LTERn, &
AT 72 o Tl AT BE, NBRIGE T4 i, B A0 R &4 e, A Rdhic k7%
FAMIER ENHNS L DT 0 (WD TEMICH DA RENME L 2> TV D,
S OICFHFERIEIIREPREEICBONTHZRAARFENAEZ L6 LTS, 2L E
Cla] BKERIE & LT Santonin?, 7 ¢ 7 U 7 BRERZEIZIL Supatonin?7p KD T L H
W= A 2 ARGV BT & T, BUE TR B o0 J1 Tl B D EYYEIZ DU T,
Avermectin®*®, Ivermectin®¥, Mebendazole?, Praziquantel”, Pyrantel®, Albendazole” 72 & ®
LB EHETHER I TWD, £z, EFEACEMZEHT TR & 472 Pyripiropene
FHERTH D AfidopyropenV 3 BAFE KN FEMIZE > TV D, BUFIZZENEILDIA
DFFH % 774 (Figure 1-1),

e Santonin: [FIH DV ARG, FEAGH. K OERNEBLEE A LEST 5, 7272 LA
(2R BEPEIT 2R

e Supatonin : 7 4 7 U TIEICR S HWOBNTWA Y ZF VA"~ A o 8AF, 7 4
7 VT R ORI E 2 IH L. B BREEE R,

* Avermectin, Ivermectin : 7 /L % I VRIS ME CI'T v RVICIER L, #REJENR QR HRIZ
K LR HTEMEZ 7R T, Avermectin (X4 CREFHDIERAENIET H 03, £ DOH
TH Blal3FrZmWEEE A 5,

FT2207, 230 A LT 4 UDNRTT SNV EARTH D Ivermectin 1T, BFELE LT
v, vV T HEREOTFERBEERRA XOT 4 7 U TIEOTHICHWWbND, S
HIZESEME LT, 77 UV NCEBIET 54 av A BE, Vo _R7 47 U TREDFE
I L L THWSILD, Stromectol®/2 EDpFE M4 T, HASETHH I TWS,

* Mebendazole : benzimidazole R DOEWIE, FLRLKEBD B-F =2 —7 U UITIERAY
IZREA L, BUNE OEASZRET 5,
* Praziquantel : ZFZEHR DI DNV T LAFEMEZEE L, BRSBTS LK HRTE
LRSI A
Pyrantel: = FUMETEFLa Y UF v 2UIIER L, #rBSCS R LR BiETE
ZRY,
« Albendazole : benzimidazole &4t EHE, Mebendazole [FlER, T/NERRK, KTNT ~
IR TTRE R B EERIC L 0 BRI E2 R T,
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* Afidopyropen: 777 L aFUT I FUT IFOWITHEE BRI L TEWEL
R 2 RT,

ZHBEAEMH SN TV DR BACHUR RANI LI IZIED £ O R 2R L T

7= M3 ﬁsﬁé’éﬂéfﬁéﬁ@@f\ﬂ”&ﬂﬁﬁf%é EITVWEES | AT ML DRV
LWEHIOBIR MR BEINTWD

j\ HO,C O
[ONTONTS -HOZC/W\COZH %J
NN

T

Santonin Supatonin®
Pyrantel (Combantin®)

(o) o
l T e O g

Mebendazole Albendazole (Eskazole®)

Praziquantel (B|Itr|0|de

X-Y : CH=CH, Z : CH,CH3 / Avermectin B1a
X-Y : CH,-CH,, Z : CH,CH3 / lvermectin B1a

X-Y : CH,-CH,, Z : CH, / Ivermectin B1b) | Stromectol) Afidopyropen (Inscalis®)
xlvermectin B1a, B1b0;E&

Figure 1-1. BEAFOR B A, Huis BAl



1-2. AR BIETERIRY) Verticilide

1-2-1. Verticilide (1) 3 A,

FEADG 2 U TEREGREA~DKE DS EFENKE T ARRRA~FE O

FHAIE 720 9 DEFEN T DERBRDBTEF AT O TE Y P THHTRIERN s L
T ryanodine receptor (RyR)23EH 31T\ %, RyRIFEHRIEMZE T DM 7T Vv v
A R T& % ryanodine (Figure 1-2) & FFRAICHE AT OZA/ILE LTHRAI NI &
HZEDAFNROT BTz, RyR ISMBIAN/NMOAER EIZAFET D Ca¥' 1 AU T v
FRVT, Ca¥ MR E I 9~ 5 2 & CHRIHE Z Hil4E3° 2 (Figure 1-3), Ca i} A
A= ALZIE28Y Y | —DITAMHER ORIz LY | MRENIZRA L EA-
925 Ca? PR Z B L /NEKRN A 775 Ca?' % it 3 % (Ca**-induced Ca** release),
) —OlE, AIREHENE EIC/FEL RyR SEfELC0WAH Y RerE Y VU LT X —
(DHPR) 7N It 73 WAL 22 52 17 RyRAZ /R L Ca® & it S & % (Voltage-induced Ca**
release),

F72. 2015 HIZ Andrew HIZ LD 7V FD RyR O X Hhksb S BT 2> 5 5E 72
RyR O STARAEIE HIMiEH] S 4z 9,

Figure 1-2. ryanodine D&

Dihydropyridine signal
Receptor l
Deporalization
Skeletal Muscle
Voltage-induced
Sarcoplasmic Ca?2+ release
Reticulum

Cell Membrane

Cardiac Muscle
Ca2+-induced
Ca?t release

‘ \ Deporalization
i\ \[RyR2' —
Y. IEX
R,

/
L) . )
% 500 4
U &
..I...-I..
o [ )
P e® g0

Figure 1-3. RyR (T & 2 75 3 il i A
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BIGT7 0—=2 7 DREDD. RyR IRIA T % OBIETIZa— FSRT
W5 AR RYR-1), 2 BUDAFRL(RYR-2), 3 BY/MAI(RYR-3)0D 3 FHED T A
T A= LPHERSNTND 10, —HF T MABI VY a vV a v A iZE LTIV
NOFTH A FICHIBS RV RYR BRESA TS D, L7 >T, RyR Ik LT
ryanodine & f5HLT 2 LA O TR BRIHE RIS KT LI O @SV b ok, Bl
Fe B AeHE AN A2 D Z L AR SN D 1219,

IO XS B FEO T ACBEMIEET O KK HIZ X0 BRAEWEIRD D OFIH ryanodine-
RyR #EALEME DRENTONTZ, £ DRGSR, SRIRE Acremonium variecolor FKI-
1033 BROEGRIRH £ 0 HiBL R Verticilide (1)23 AL &7z 19419
( Figure 1-4), Verticilide X 4 DD(R)-2-t KuF v ~F X gl 4 DD N-AF)L-L-T
T=rD2O0O02=y MPRRHEIZZATVET I REN L THEA Lz 24 BRERIRT
TIRTFRTHD Y, EWIEEE LT, VR IR T U HKO RyR IZ/EA L 1Cs
fiE 4.2 uM T ryanodine #55 FLENG M2 7~ 3 (Table 1-1), —J7, ~ 7 AH KD RyR (2%}
L TIE ICso i 54 M T ryanodine fE A FLEEMEZ T2 &6, BH RyRIZH LT
K REOBTIMEEZGT D EDRRBI T,

1 ’ o)
n-C5H11“ N—
o] o
ol N— O
| . ,‘, | ﬁ-C5H11
Acremonium variecolor FKI-1033 Verticilide (1)

Figure 1-4. Verticilide “EPER C & % Acremonium variecolor FKI-1033 £k (72[X]).,
Verticilide (1) DA% (F7X])

Table 1-1 Ryanodine binding inhibition of Verticilide (1)

Compound Cockroach RyR Mouse RyR
ICs0 (uM) ICs0 (uM)
Verticilide (1) 4.2 53.9
Ryanodine 0.03 0.07




1-2-2. Verticilide (1) % J&A4% & U 7= g% A O BRI AF5E

AT, Meiji Seika 7 7 /b~ L2381 % R H BUTKS 2 8% MG TEWE OIRFR DR
1 &2 fth 8 FFHDIERIKICHRNE RIEEN & 5 Z E N RWIES e 1, TS
PEDOFEM A 7R3 (Table 1-2), ZHOERIKILIT X T 7T Ly I AryFAnT7HIv
v, ATy atb YT I EOWHEFRICR L, FRHCEOE RIE AR T, YRR
ENFIHET DHEERT A 77 U —I2xt LT, AR S 7872 725 - % & AV CiE
PR AT 2 ISk AR EWIEEEZ AT 2R AR S D L Hiff SN 5,

Table 1-2. Verticilide (PF1422A)} (X PF1442C~J D 23 T3 5 #% ik

B |
o~
NGl A fgﬁ/_
(0] (6]
/\/\“'{): o . o N—
R;\ N Jl\;’o
Ry By
LCso (ppm)
Ry R, R3 URT7 T8y 0% An T
THYIg~ arYI3
Verticilide £,
RN §—CH, f—cHy 10 50 1
(PF1442A) :
< 2,
PF1442C V\/\« i oH, §—CH 10 50 2.5
PF1442D <[ tcH,  i—oH, 100 50 2.5
PF1442E JWOH oH,  i—cH, 100 50 2.5
PF1442F “’J\/\/QO $—CH, $—CH, 100 50 2.5
PF1442G =N 4 om, i cH, 100 50 25
< o,

PF1442H \/\3/\ “Uon  ChH 100 100 25
PF14421 O —Ch, i—Chq 2.5 50 2.5
PF1442] AL —cH, o 10 100 2.5




1-2-2. #EH 612 X A Verticilide (1) X OSEB A EEE . EMEIEM

2012 4, fEH BT LY ACAT BRETEMEDE DB DOFER DG | Verticillium sp. FKI-
2679 B0 6 Verticilide (1)1 X OV OBERANEEE S - 19, TRtk o
it & TETEREMIZ DU T g (Table 1-3), Verticilide % & TefAfxA A 2 L AT 01— /LT
> WALE%FE acyl-CoA : cholesterol acyltransferase (ACAT)D 2 fFEEDOT A VA LD H
H ACAT2 |Z%f L T ACAT1 £ 0 bW FEIEME 2R Z &L BN ahoT,

'J'csHp n-C5H’1 n € H
~ N OJ\WN n-CsH‘"
Yy N © o
% o o o ]/\/
(o] (o] o
o o _ _ §
—N :2 11n-CsHyq N :2>" CsHyy N o :2>" CsHyy \(&0 % v"o
(o] (o] N (o] (o]
"'C5H11““f N— "'csH11<2: n-CsH11<2: - o] n-CsHyqyq
o 0 ) }/& }/&
o % j\ n-CsHy 0 NS
N o
| ;1-C5H11 n- C5H11 n- 05H11 Verticilide B1
Verticilide A1 Verticilide A2 Verticilide A3
(Verticilide (1))

Table 1-3. Effect of verticilide on ACAT1 and ACAT?2 activity in ACAT1-and ACAT-2-CHO cells

ICs0 (uM)
Verticilide ACAT1 ACAT2 Sla
Al 2.5 0.23 11
A2 4.8 0.55 8.7
A3 3.5 0.36 9.7
B1 11 1.3 8.5

aSelectivity index (SI); ICso for ACAT/ICso for ACAT?2.



1-2-3. Verticilide (1)D 25

AMEEIZ &V Verticilide DARFFEERANERK S HL, TS KV HOSHEE D RE S
TW5D 2O, LUTICHEN. STz 245 AR % 7k L 7= (Scheme 1-1),

(R )-4-Benzyl-2-oxazolidinone & n-heptanoyl chloride & ¥ FHL L7z 2 (2%t L. Davis
b % AV TR INAYIZ benzyl (R)-2-hydroxyheptanoate ((+)-4)23 &S L CW 5, &
LTC(H)-4 &7 X /%2 R# S 1172 N-methyl-L-alanine (5)D T A7 WAL Z TV E &Y
126 & L. Boc i EZHWIe_TF ROMK, ~v7/uZ7 7 2 5Mbx1T9 2 LT, 2000
TR 14 I, FRIER 66% T Verticilide (1) D EE RN EMR SN TWD, S HITARR
BEFIHT 22 & T, £< D Verticilide BRI DG RLOMT DAL,

|
BocN

CO,H
0, O o T
o o Ph—S N-C-Ph )iy o 1) TBDMSCI, imidazole o 5
N J\/\/\/ o N DMF, 0 °C to r.t., 88% EDCI, DMAP
o N _— \ / —_—» BnO —_—————— >
/ NaHMDS -, OH 2) BnOH, n-BuLi OH CH,Cly, 0 °C to rt.
7 THF, -78 °C, 94% THF, -78 °C to r.t,, 85% quant.
Ph 2 (single diastereomer) Ph 3 3) 4 M HCl/dioxane, 93% (+)-4
O n-CsHy
H,, PAIC Bock 54 H,, PAIC
EtOAG, rt. 0" ">Co,H n-CsHn | EtOAc, rt.
“ o N
PyBroP [o]
° I_I-CSH.“ / PyBrop /\If{ /
BocN %:\ 7 2 o o fo} [}
0 "CO,Bn CH,Clp, 0°Ctort. —NBoc )rin-CHyy
6 — | O nCy 97% (2 steps) BnO,C T
HCI-HN 53 9
0"">c0,Bn )
4 M HCl/dioxane 4 M HCl/dioxane
rt. 8 rt.
n-CsHy |
O/I\"/N\; n-C5!111 ,L n-CsHyy "“
%o ° /o 0/73( & »/z/ﬁo(
—NBoc ) 11n-CoHay PyBroP 1) Hy, PIC, EtOAC, rt. o o 9
—N 1n-CsHyy
o

o o 9
HO,C i-PryNEt —NBoc +11n-CgHqq 2) 4 M HCl/dioxane, r.t.
10 CO,Bn o B o
CH,Cl,, 0 °C to r.t."_csH“w< N— 3) PYBOP, i-PryNEt  n-CgHyqit- N—
quant. (2 steps) o o] (o] CH,Cl; (0.005 M) o o ¢}
o 0°Ctort. o
{ N0 98% (3 steps) N
°~§\ o I fcsHay I fcsyy
Verticilide (1)

(Overall yield : 66% in 14 steps)

Scheme 1-1.  Verticilide (1) 4 A R R% 1



1-2-4. Johnston & | X % Verticilide (1)D &%

UTAE, Johnston 512 X > T Verticilide(1) DA RN ERL S AL TV 5 2180 PIFICA
%% 753 (Scheme 1-2), X2 % F—/LA3)/25H 3 TRTT 2 /=y FA5ZAK
L7-%. Tafae6)z Ak L,

F D%, NIEREL & HlZ MCO(macrocyclooligomerization)iZ#i < N A F /UL E1T 9
Z & T Verticilide ()2 &% L7z, ZOFRIZ, WINAIE LR~ O8R4 W5 2
LT, BV A RORLDEBREREAKR L T D, BlziE, Cs DX H R EROK
SR EMWTE. B A X036 BEROBRIEDIBIRAIZAER L TWDH Z &2
Db, MZ T, ZOFEEZHWD Z L Tlent)-Verticilde DEKHITH> T 5,

1) Cu(OAc),°H,0, Blay Ligand CsHyq CsHigy

. AlCI
BrCHoNO,, EtOH, 20 °C Momo/'\(Noz NH-(L)-Ala-OBn Momo)}( vcozsn 3
CsHyq H 2) CH,(OMe),, P,05, CHCIy Br NIS, K,CO3, O, Toluen, 0 °C tor.t.
o y ' 2-MeTHF/H,0 85%
13 99% (2 steps) 14 0°C. 80/2
n-CsHyy |
o/ﬁfN\g\
o)
%o o9
CsH 1) Mco —N ''n-CsHyq or or or
STy (macrocyclooligomerization) o) [o)
N.__COH _
HO i > n-CsHqqr: o o —
o - 2) NaH, Mel, DMF, 0 °C, 78% o o
: LA
N7T ™
¥ T
Verticilide (1)
50 r m = 3 (18-ring atoms) 44
mm = 4 (24-ring atoms)
40 | m = 5 (30-ring atoms)
g Em = 6 (36-ring atoms) 33
o
330 ¢ 27
>
®
® 20 1516
[}
2
10
0 0 O 0 0000
0 % == = =
none L|BF4 LiBr NaBF, KBF4 CsCl

additive

Eftect of salts on the production of cyclooligomers using a Mitsunobu based

oligomerization/cyclization approach and didepsipeptide 16.



1-3. ARHFFED HAY

Verticilide & ZOFEMRITARARZEBRFE 20 5 I EFICEEMLAED THDH, K
b afeb i e LCRT2ICH- 0 TEMRREAENTRETH D 2RN A
RIS ORER N R A K TH D,

Ll 2 E TRHEF ICB W CTHNL SN AR E CIXFIENEMETH D = &0,
RIS B A M E LT 25 70 ERNRMEICRIEDN & o 7o, TEMICHFIHATRE 70 A Rk
WIS D120, FEFITRRMED B Verticilide DHR AR O A21TH Z L &
L7z, THUTEEV, BHITBUKYE S 77 HO-TAGa ZFI 32 = & 2l A iz, Bkt
7 EIIRBEEO B MEEMTH D IR#ERE L THWD Z L TEWKIGZIETHY
DREMAGZFTREICT D GEMIIAGR T T %), T TICYMRE=RICLY, ¥ 7%
AW T T RRREED DG REIT DI, A AR EE O KiE /e hZ L3 =Rk S
TW5, Z OSSN GG % Verticilide DEARRICHEIGT 5 Z & T, TEME
R ATRE 7T LA BRI A L T D & & 2 T2,

T ZTEHIL. FTHUKMEZ 7 HO-TAGa % 7= Verticilide D&/ EITH Z &
THIRA R B ORI B LT,

10
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2-1. X7 T RERRICAH 722 51k

2-1-1. A RIEIZ OV T

EAE G BIEE AR LA A G S, TN E 00DV ICA R Z D 5 FET
B 5, 1963 412 Merrifield 237 b 7 X7 F ROEF G Z#HE L TLSE 2D, XTF R
MR EDOF ) T~ —M0FORMNRGHRFEE LTHER L JRSFIHIN TV S,
LN /7 ATF UL INTBERY) AF LR (LY NZEHWEXT T
R [E A A B D R FIE A 7~ 3 (Figure 2-1),

Linker Base polymer

Cl Merrifield resin
R
PG J\n,OH > 1) attach of N-protected amino acid to linker
H o
R
mNLrO Cj C
H o
2) Deprotection of N-protective group

3) Coupling of N-protected amino acid

Figure 2-1. <7 REFHG RO F25RFIH
DN-ARET 2 VRO VAR VR Z [ERICHE S S8 5,
2) N KOR#ERZRET 5,
J)NAIRET X EfEET D,
4)2), 3) Z HEIMICEDLETHEVIRLATTF RHEHES®E S,
5) IR TTF R EBIEORE A 2N 5,
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PLEDOTRRT, HEOXTF REG5 L0 FIETH D,

BEFEARIEDORIRE LT, WORBET N5,

o BHRUWIZEAE BICHFEF SN TWAD 720, JEil, WEHOA TRELZRETE D,

« JRE. TR, VEE &V ) BMEEDTZ D, HEME LT,

-mmAm?i%~7%FAﬁ$W¢®%"mbfﬁmx#%%ﬁm#éﬁgﬁ
o —TEAMEA R TIX A THEMEIL L TRISHEITT 2720, R RERD 7 F

F@f%:%bgﬁ\ ZIEF—FETRIGSHED Z ENTE D,

1XT7 7 _RTF R LEmTHH Z LIZEH L, BEE I L > THERMESERIED
ST M T L7z 229 (Scheme 2-1-1), Scheme 1-1 |27 L7 A /L — MZHEWT AT )L
i:y%17%éﬁbk%\z7mm%v%w7muvavqs%lﬁﬁ%kbfm
VN Fmoc {EICHE U T Fmoe DO BifRiE, =27 /L=y FOMEZ#DIRT, &KEIC
BEAREAENS DY) H L 2170, mdmREH T, ~o7ue o7 4 Aﬂ:’%ﬁ 92 L TEIN
FNOHEH R 1 OBREMDBER I TND

HO,C._0O

NF ~N
N CSH“ \c[)]/\l moc O/Wf'{

o 17 (3.0 eq.) —NFmoc 1n-CsHyqq
i-ProNEt (6.0 eq.) 1) 20% piperidine/DMF o
PS O a=Qc ——> QOJ\/ \n/\NFmoc > N—
CH,Cl, n-C H11 o) 2) 13 (3.0 eq.), PyBroP(3.0 eq.) O,

(Crystallization) iPryNEt (6.0 eq.), DMF
19 (Crystallization) )k/o
18 3) repeat steps 1 and 2 two times GO
2-chlorotrityl linker n- C5H11 0 n- C5"‘11
PS = Polystyrene

20
n-CgHyq | n-C;,!-IH 'L
0/'\(rN o \g
o
% o o %o o9
TFA (] o —N 1n-CgHyq
1) 20% piperidine/DMF —NH :2“‘n-C5H11 PyBop, iPr,NEt o o
_ > CO,H o —_— > e:
2) 20% TFA/CH,Cl, ,,.csHﬁw( N— CH,Cl, (0.005 M) n-CsHyy o N—

99% (9 steps) 0P o © 74% o ° 0%

(Filtration) (HPLC purification)

purity 92% N)K/o Nki/o

: I AcsHy
Verticilide (1)

(Longest liner 10 steps over all yield 69%)

Scheme 2-1-1. Verticilide O [EAHE B IR
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2D X ST, EHEBIEITIRAARIE & i L C LREBAHIR L., fEICHMmE S
RTE D,

— T, L NIORTIER OB E L TILA BRI o ToBEENE L 5,

o BRI CTRISZAT O To D SO RPE LS | REL BRI T 5,

o SUSEHHENENTZ O, KISNFERET 5 F CTREM 3025,

o RIE X FBRENTZH, REAEA~OBEINTEHE LV,

o JEE CHRIEALPRETE DM, EHBRICHEFSELEMII R TEAT 5, 20
e BB E & I —HOREE NI SN AP BIRIEL TWDH, EDZ &0 b,
FOG TREZ R DIZHEV, R A ICERE SN TV, REZEICHE N LE ) HE i
TRE IR N Z L EEN, BAIC K> TIXHPLC THET 2 LENE S,

o BRCTPEIRDOBLEE, RSN TE R,
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2-2-1. 7 )V 4T ZLFIZHONT

INF T 2R LT Em T v REEWERM LTALFTH Y | 1997 FITE Y —
7 RKFD Curran ZIZ HIZ X > T INEZFIETH D P, &7 v RBIEAWIT—KIC
IR 5> DAREEE & BUFPE MRS 3 7 v B LI MMER D & D
Bz ALTRBY, ZOFEEFIATLZ LT IET7vHRILED & 17 vHFErEE
RMEEW ) DBENEINATZ D, Curran L OWEN T L—27 ZA)—L7p ) 7)1
FITRETETNFTAY AT NVERND 74T AEMAH (Fluorous Solid
Phase Extraction, FSPE) &5, [Z/L AT X051 L TFETNVAFT A 051] B3R
BLBECE D ITENFE SN, FSPE TlX, R—7r4 a7 VX LViEE2¥ 4T A
MEEHICHET D INAT AV DT NVE T IVE T 2AEY O BEE RIS RIS 5
(Figure 2-2-1), —fXAICHWONTWEL 74T AL U B X MITNA T 2 bEM %
BRMICRFF 95, LU FIZ FSPE OH#EHE % 7~ 3 (Figure 2-2-2),

Rf

K| Rf
_/_Si_/_
Rf
Rf = CGF13, CSF17 etc.
Si
0790
—Si—Si—Si—

V0

Figure 2-2-1. 7V A7 2V I 7 VDS
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RISEEY BRZ ) ADO%SE BoIAOHEE

U U U

[ 0 0
: 0 0
—y —p
] == ]
ZIVASRU AT >
2 %%E
organic fraction fluorous fraction

Figure 2-2-2. FSPE O EB#(E

FP. B TINA T AE T EEE ST VAT 2MeEY (k) & A E
W RIS OIREWE TN T ALY B TFNKRO I T Ko a~ 7T 74— EI
DE D, WIT, BNV EOFEELZRT &, 7 v RBEZTERWAERILEWITT IC
7T BINHIRIVIHT S, T T AMEEIEH T DIWE LT EEBE L, A
LBV O HE, BT NA M EOWEE AT Z & TT AT ZMEEWM R L, fER
ELTHBILEM E TNT T AMEEMERD BT D Z LINAIRETH D,

TNFT A I AN — IR EDO M2 KIBICEL 2N TEX L LR
KOFETHLHIN, ESITHRENISRICBWTHEATE, X7F FEREED-1F
& EDBER DTS ISHAFEETH Do ETEIEDET=H —RRKEARDOES I

S >~

T2 5,
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TNF T AL T AW REERRBBEICHE SN TWAD, v/ e T 7 ¥ NEKER
T 5 E6Y)Th D Venturamide B [F 5 VVEIRIET Y 1o & UMHPERRIZR L CHEZ 2 Z &
MH, Jie7 U THDY — NMeaw e L T#HFF STV %, Venturamide B (X, & R
7 X VEOFHERIICE o TFa—7 5y -~ U IS TERSRER BL OB %
fREI$ 2 — L7205 5, FRRFOPR S, 7 VAT 2 REEE W7 v 7
T 2AEELZFIA LT, ZvAd 7 AEMHHE (FSPE)Z X » TEBPHEREZ B SICH
Bt . JUE|IZ Venturamide B 248K LT\ 5 Y,

EBEDO B KA F— L% LI FIZRT (Scheme 2-2-1,2-2-2), D-7T 2 AL A =2D o-T
X/ 3% T7Boc(CsF17CH2CHLC(CH3),0C(0)-) TH# L. F"Boc- D-allo-Thr & 22 & L
o EBICTFFATINMEERTTF T — NV EETAELNT 47T ay 7 27T 85K
L7c, E7z. RO FECIY . B 5 HBEWEAEGY 28 K129 G LT,

1) TBSOTf, Et;N/THF

0 OH oTBS
/\){ 0N gy DralloThr EtgN 2) K,CO4/MeOH-H,0
3 N .
CeFi7 0”0 ¥ F1§0CHN\ OH F17BocHN® OH
(0]

o THF-H,O FSPE (2nd step)
F17Boc-ON FSPE o 90% (2 steps)
84% 22 23
1) BrCH,C(0)CO,Et
1) EtOCOCI, Et,N OTBS OTBS KHCO4/DME OTBS
2) 28% NH3 aq. Lawesson's reagent 2) TFAA, pyridine/DME ¢4,
——>F17 N NHy ——————F17 S\ NH2 > BocHN* =N
FSPE BocHN DME BocHN FSPE s\/)—COQEt
91% (2 steps) o FSPE S then SiO, column
24 90% 25 75% (2 steps) 26
oTBS
1M LIOH \Q( 7 \Q/ .krN
e Fi7 R v N TFANH,Y =
VNN BocHN = 2
BocHN = oC
THF-H,0 ooiN™ T )—coH & pCoskt 0.JCOE
FSPE
quant. 27 28 (from D-Val) 29 (from D-Ala)

Scheme 2-2-1. 28-29 D&k

BRLIENVNT 4770y 7 % Boc IKIC K VA S, &7 VA T AR
ZREL~I7u T 7 X MESEHZETHRE T 5 Venturamide B 5L TV 5
(Scheme 2-2-2), 7 /N4 T ARH#ELEHND Z LICL D Z L OEMETT VAT A
I X O B ERP R ES S Z &3 TX | Venturamide B % f&{# /> O 12 &
L7z

17



oTBS
29
TFA PyBOP, /Pr,NEt FgocHNL\N)_/( 0
—_—
28 — > TRA NH2 7 e
J—cozEt "

CH.Cl, THF 3
FSPE FSPE S ).
quant. quant. Z>CO,Et

(7]

THE N’ 2) TFA O_N N

—

Y

. o OH

EtO BocHN . ~OTBS ) 4\ LioH .
1) 1M LiOH \(zﬁ THF = N Y°
/

2) 28 3) BOP, iProNEt 0o
PyBOP, DIPEA DMF

THF 40% (3 steps) ’}\(_‘7),
ow” Aty

FSPE then SiO, column

81% (2 steps) Venturamide B

Scheme 2-2-2. Venturamide B D24 K

PLED XS BT RAE RO TFELE UCGHERER Shoob b 7 v 4T 2 b
THAIN, RAELLTHHOILVAET ALY B FNVELBELSTAZ ERET O, 2
NE— Iz EMmTh 5,

PLEOBEFERK., 74T AMEF BT DR E T 5720, HEFIIHT-/2H
e U CEiAM: % 7 % F\ iz Verticilide D& AIZETF LT-, F OFEIILL FloiR <
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2-3-1. BUKYES 7 HO-TAGa

Bk 7 HO-TAGa (33) & 1%, RH#HEMIBET VXV EKEZFETHX DT 03—
IWRIEEWToH % 29 (Figure 2-3-1), Bf/KPEH 713 CHLCL 72 E O IERMEIREE % L C
WES 228, MeOH @ X 9 7oyt Tl b+ 282675, 720X 7
\2%f LC DCC (N,N -dicyclohexylcarbodiimide) 7 & i &7 % IV CTHIUFF S H7- (LA
ML RBROMEE N5 S5, HIKTH DX 71T TFA 72 & O5EFEMESIE T Iz
frETE %,

(0]

\ﬁo
HO
O

Figure 2-3-1. B/kPE4 7 HO-TAGa DA i

RFEH:18

HO-TAGa (33)/% 2001 4E(Z Tamiaki 52 K> TR Sz, FHEED 3, 4, 5L
octadecyloxy 2 AT 5 UNT NV a— VEKEET HILEMTH D, XUULT
Na—)VEREATDHE IS TRLD 34, 35 2 E0NALNTE Y (Figure 2-3-2),
FRIZ 33 NEAZNL2DITT NV aF VENRERL TWDH 2D, fld 2 D& Eh it se
T CHMAMEEZ RS 2D,

FLROFILIYD, IVF LV EEEAT 5 36 DX D RBUKMES 73R ST
WB B, RN TINa— VRO T T, G FRNBEI O FO7T I bR
FMIMEIRIG E LTREZ Y Z 7 OBURENE - 255085508, BEn 7 vt L g
AT 5 2 & TREBHBEZDEEICETHMMAZ AR L TV, 72 N Rl
BATEDITOEIRZ 7 LRI TS P,

OCigHa7 OCsHys
CygH37,0 CooHys0
OH OH OH
CygH370 CooHys0
OCo2H,s5
35
HO-TAGa (33) "

F

OH
o L
O ()OCyH
Q'O mezz ® CoHusO OCyHys
37

36

Figure 2-3-2. Bf/KH 2 7 OFEHH
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& JICHEF S AL AR EERIEIC B W CURERIBIZ X 0 7 v 3 — L R AT
TR ORI L R IZHECE 5, AW REBIEEO—#% UL N IZR 7 (Figure 2-
3-3),

1) # 7ICHEF S B EWE CHCl 72 £ O FEMBIEIASE P ISR fiE L, AR TS %
179, BISRIE, TLCIZK =4V VTN A[EETH D,

2) SUSEREE . BOSRIRIC AT L Cila &0 MeOH & ORI Nz, &# 7\ fHEE
SETALEME RS 5,

3) JEiE L, MeOH % T+ 52 & T, RELZRELHMOMLHEECX 5, £/,
METHIUXT Y BTN - BT h7a~ T 77 4 —ICX 5B AHRETH D,

4) NMR =° MS F(Z X DS 217V (EFEE 2 IRE TE D,

BEIED
1B 1 B #4 .
{5) MeOH -
[ LS TR .‘
RO
—_—
- SRS
b F5 5 AT BE
| | - o NMR,MSIZ&? |
RASE SRR O a@% Y. RELHLOE BERR
f5) CH,CI, L) AikE—#EICRYRKRITAO

Figure 2-3-3. B/KMEZ 7 OEAEFIE

LIEDBAIRIC LY R 0T DR ZAT O Z LR ICANMOHR 2 HEETE 5,
BRI S 7 OFRE L TIRO BT B D,

- VR UFEOREI L L CRIARRETH D728, X7 F & IGIZE LT\ 5,
RACTRUG AT T B 720, RIE AL EmE AV TR E 5EMRET 5 Z & AR
25,
« MPEDFWEE TH-ThH, REMWEE LTI 2 &N TE %,
s WEONTEERELS TR0, DPETORVFVBES RS,
o TRADHBENRFRETH D,
« REAKNATRETH D,
o FEA LD A THRIED O EITRE R ENIT 2 503, MBS U TH 7 AER S AEE
Th b,
o BUKPES 7 BRZZANER T, LR TRKEIZAERAIETH D,
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ZDO R DITHKMES 7% VDB RIE BEO SN & RFEE DRI E W 9 1Ek
DIEAR, [EA A RRIE ORI S % W3 SRR GRIE L > T D,

WMHFZERICEB VT, [EFEFR L OVHO-TAGa & W = KIRT'F R{LAEY  Argifin O
BARNER I TS 39, Argifin 133 FF—VILEREZH T 58K F MM
A THY, @V E R LIERDTRARX 7T REROEHANRETH D Z L,
SRR LD EEDOABERINTEY . ZDOBEOILEYDOEEEIZIT HPLC %
AT, F7z, BUKMESY 7 HO-TAGa ZEHL P ofRbVICHW=EZ A, ¥
7 ORFOEWIBAEMEIC X VIR TOAKA A E L 72 0 | HPLC KR 2 BRI A
R STV D,

DB R A F— L% LU FIZ~ 79 (Scheme 2-3-4,2-3-5), % 7 (ZHE SE 72 LI DK
S IEEEARMIC, RIGTEREZIC MeOH ZFIEIN 2 CTHMMEZ M S, JEEL T
MeOH TUEF3 5 Z & TREAREL T D,

FPFTART X UM =y | 38 NDOA VRV E%Z HO-TAGa EHFiG SHT-0b,
Fmoc {EZ W T =y MEZIEXAME S LT, M6 A% ORIEIL4A T MeOH IZHAfET
HHDOEHNTWSD, F7o, Fmoc ZEDFRZEIX 5% piperidine / CHoCl, O FEAMESAF T
TiT-oTW5,
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1)

Allylo,C

—NHFmoc
B
HO S0 a8

DCC, DMAP
CH,Cl,

r.t., 3h, 100%
(Crystallization)

1

FmocHN

\

2) 5% piperidine
CH,Cl,
rt., 3h, 100%
(Crystallization)

NHDde

CO,H

42
PyBOP, iPr,NEt
CH,Cl,/DMF = 10:1
rt., 2 h, 100%
(Crystallization)

2) 5% piperidine
CH,Cl,
rt., 2 h, 100%
(Crystallization)

X2

Allylo,C

N

O/\\O

Allylo,C

\\NHZ

o /i\o
39

;\/\NHDde

1

II:moc

N<

Hop&@
40

PyBOP, iPr,NEt

CH,Cl,

r.t., 3h, 100%
(Crystallization)

2) 5% piperidine

CH,Cl,

rt., 3 h, 100%
(Crystallization)

1) s

FmocHN ——LCOZH
44

PyBOP, iPr,NEt
CH,Cl,

rt., 3h, 100%
(Crystallization)

m

2) 5% piperidine
CH,Cl,
rt, 3h, 97%
(Crystallization)

Y

AIIyIOZC

45
1)
t-Buo ,COH
o 7,
NHFmoc
46 o
wv
PyBOP, iPrNEt t- BuO '« Q
CH,Cl,
rt., 3 h, 100% NHDde
(Crystallization) NHFEmoc o
. HO,C.
2) Dimedone, Pd(PPh3), Dde
THF
[e]

r.t., 30 min, 100%
(silica-gel chromatography)

Scheme 2-3-4. 7 F 7 X7 F MK 4T)DE K

ZL T~ ruI 7 25z iTol0b EHGKRTIIFIMTE 2holc U 7V
R 2 - CTRIBIK 49)Z HEEL T\ 5, 8D N-ATF LI NVREAL VT T =D)L
FEAREE U=, B2 50% TFA (trifluoroacetic acid) / CHCL IR CTX 7 & Frd
% Z & T Argifin O2A B A R L TV % (Scheme 2-2-5),

H -—-':\Qo N -—-\Q S H -;1(0
t-BuO NH t-BuO t-BuO NH
7. \;\ANHDde 5% piperidine 2/ \;\ANHDde PyBOP, iPr,NEt 0. \g\/\NHDde
NHFmoc o chaol NH; CH,Cl, HN N °
HOZC\\ N~ r.t.,zl hz HO.C rt, 2h, 85% (2 steps) o) )

(Crystallized
by 0.1 M HOBt in MeOH)

\

—N (silica-gel chromatography) R H
i H H
0g 0 0 o 0"
47 48 49

1) 2% hydrazine H T

CH,Cl,/DMF = 4:1 o

2Clo/DMF BocN o N=Y NH O
rt, 2 h,100% HO NH
(Crystalhzatlon) /,, N N N7 50% TFA . ;\/\N JLN JLN -

o
H ) H
2) H Hogn CH,Cl, HN o HoH
NBoc rt, 1 h, 49% N<
N (Cartndge Column) ] N‘A@

N H o LH O

\_7 50 ‘—o Ho o
iPr,NEt .
CH,Cl, 51 Argifin
rt, 2 h, 99%

(Crystalhzation)
Scheme 2-3-5. Argifin D25
22



ZD X, BKMES NIRRT F RERICBW TEWEAM 2177, Argifin OD£H
FCHENL S NVT=SetE 2@ 9% 2 & C. [RIBRIC Verticilide TOB/KMEZ 7 % Hv 4
BRI AL TE D &R T-,
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2-4. BiAKMEZ 7 HO-TAGa % F\ 7~ Verticilide D25 1K

2-4-1. BRI

F 92 FREIT Verticilide O A AEERE (2O Ton 9 (Scheme 2-4-1), Verticilide 1% Argifin
EEWV, BREBOMBICY V2GS ST D WK UM 22720, D7), BR
BT DIV R VBN ICESE Y Ve sEs e L, B ReXx Ui
=y "ML T T=rva=y FEYODME LT AT )va=y M| #iaHlZzHWT

JICHEFS BTG, = AT b=y FEJAKMES LTV E | REICF ZTEREDE 52
%f)%ﬂj@‘é ZEThHLND EBXT,

SENIZARRFFERG RIS EHIS TE D AR O A ET5, ZDda=
v MEfEA DS, 1 2=y F T oA STV ERPEZEK E, 22=y ME%E
BJlezIiZ2 2=y MRE L Z M6 S EDWORE R O 2 DO THRT 5 Z
L& LT,

F 7z, fE R PIECOARRBARER X 7 OMWE ZIENT 72D, R0 Lk %z T
DRV IMZ . U T KR A I BRAGRTERA £ TOE R A Z AT R o
HCHEES 28T o2& 8 LT,

"csHH "
Ny -2 e |
NP LT
o © o % L HN&O ° 0
—N ; 1n-CgHyy Cyclization HO -1n-CgHyqy
,fQ,,,"‘L ,,,,, o={--- o °
n-CgHyy o | o N— — n-CsHqq N—
(o] o] (o)
[0] o o Y&
NJK,/O j\NJ\/O
-CsHus ! ;7'05”11
Verticilide (1) 52
OCgH37 U
C4gH370
OH \

C1gH3,0 n-CsHqq N n-CsHqq OH HN
HO-TAGa (33) 0/\\( o o/’\\( o
HO .n-CsHqq

HN— o ¢ o o .wn-CsHyy
o o (o]
[o] OYK NH o OH NH o
n-CgHyp'" o - - OH

o*g\
NH HOA : TAGa-Q HN— TAGa—Q —
\\-/A n-CsHyy \fo \Fo o HN
n-CgHyp" n-CgHqq™ YK
o o o
U < 3 S
\

)K/ O Fmoc n-CgHyq \ h-CsHy,q
OH 4
BnO Ho)Kr

n-C sHqq

53 54

Scheme 2-4-1. Bi7k: % 7 % FVN = Verticilide (1) D & % IS

24



2-4-2. B Rk Ufiga = s OEREMEOUEERET

ETHEE OMS L-ARERKEZL LI, E FaxvEa=y N ThHDH(R)-2-
hydroxyheptanoic acid D& &E1TH Z & & L7z 303, HIEFED L-serine D7 X / K
B, T I ERCT o A8 L, RS CALEE S B Z & T potassium glycidate
(56)% 155, & 512 BnNEtCl /F/E F TR X 5% Bn 5 TR L | benzyl glycidate
(57)% A L TV 5 (Scheme 2-4-2),

o KBr, NaNO, o (o]
HBr KOH BnBr, BANEt;CI
HO)K;/\OH HOMOH — > ko Bno™ <o
NH, H,0, 0 °C to rt. Br EtOH CH,Cl,
] 55 -40 °Ctor.t. 56 40 °C 57
L-serine 33% (3 steps)

Scheme 2-4-2. benzyl (R)-2-hydroxyheptanoate (57) D&%

56 @ Bn {LIZF\\ T, BT ISAHBEBEN L & LT BaNEGCL Z N TW 5, FH
12 VT 18-crown-6 Z W5 Z & T3, filliE &% KIFIZHIE L 3 steps76% D &Y
RIZ U T & 7= (Table 2-4-1),

Table 2-4-1. Bn {L D E}

o Table 9]
K 'oj\{é BnOJJ\%
56 57
Entry BRI K Uit 2T B BER IR (3 steps)

BnBr (1.1 eq.)
1 CH,Cl, 40°C 1.5h 58%
Bn(C2H5)3N+ Cl (11 Cq.)

BnBr (1.2 eq.)
2 CH;CN 40°C  6h 76%
18-crown-6-ether (0.1 eq.)

Z D%, BHEEDOE /L — MIHEV, Gilman il A2 1EH SR ROBHEREZ £
WIEIGSHMIEE 2 AT 52 L T Fefviia=y B3 EAM LTz, &bIZT 7=
vaz=y NS ERFESED LT AT L=y N58) % A% L 7= (Scheme 2-4-3),
BKMEY WS D22 =y FEARTE DT, BRI 7 & AW A 0RO
L 2 5T, 1)

e)
Fmoc™ \:)LOH
54"
EDCI, DMAP
o CH,Cl, n-CeHyy
0 n-C4HgMgBr, CuBr-Me,S rt., 3h, 85% FmocN \)L /\[rOH
> BnOJH/\/\/
BnO JJ\(J) Et,0 OH 2) 10% Pd/C, H,
-78°C to-5°C AcOEt
57 2h, 88% 51 rt,1h, 90% 58

Scheme 2-4-3. TA7 /L= K (58)DHNK
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2-4-3. EARHIRRIKIC X B Verticilide (1)DEH K

LU D BOGIEAT CHaCly 1 CHVE 2 i S CTHRAH TROS 21TV, USRG4I
R (REEEIC L TR S %) @ MeOH 2Nz CTH 7 LiEA LTAbA Y % fabr &
B, iR 52 TRELRET L E LT,

FTZ AT V= NE8D X J ~DHEHRF 21T > 72, FUSKRHTITMZ %S 58 D
BEMMZ DL, RUSTER I E 7 58 DRAKRO Y &2 M L7z,

Argifin 245 A CHENL S-SR EE S L 3D, BIlE Ak L7z HO-TAGa (33)I12%F L T
FEHLL7- 58 & 1.3 Y& T DCC, DMAP D&M THid 21T & 2 A, HgE T
%1 2=vy MK (59)% LR 100% CTF57-(Table 2-4-2), KIZ 58 % 1.2 H&E|ZHH S LK
JEEHTE A RISBER/ETOTMNICRKIED 33 BMEfFE L, £2 T, %
SEf S D, RIEFEDBEMEIT- T,

F 7o AU 72 BK S T T H 2 & CRUSHER M B4 5, 2T 33 28
JEF T 13 RpRINBGZ R S, O 0Ky 2BRET 5 2 & T OotEnsm B L 58 @
MEAWOTZENTEDIMH L, UL, BUSHEREMA B3 R&kiic 58 %5
1.3 B EKOZOMBAIELINZ D Z & TRONETERM Lz, Lo T, L% HO-TAGa ~
HESE22=y NOEARNREREZ 13 YBECTEHET LI LE LK,

Table 2-4-2. 1 === Rk (57)@/5\52;@%

OCygH37
CigHarO ) 0-CsHyy
CieHar0 OH  FmocN \:)LO/'\[rOH
” : 58 0 ‘
Table @ 00
OH > T 7P
CH,Cl, n-CHay Oﬁ\
rt. NFmoc
33 (Crystallization) 59 I
Entry 58 Z 7 DINBELIE IR UVt IREH I
DCC (1.5 eq.)
1 1.3 eq. / lh 100%

DMAP (0.05 eq.)

DCC (1.5 — 3.1 eq.)
2 1.2 - 13 eq. / 3h 100%
DMAP (0.05 — 0.4 eq.)

DCC (1.5 — 3.0 eq.)
3 1.1 — 1.3 eq. 13h 12h 100%
DMAP (0.05 eq.)

Bonl 1 2=y MEDKEEHRIC 2ALDRE DR VAL L TWAAREMEN B -
Tele, —E 1=y MRO X 7 #BEMESETY Y L 'THNMR T bE~—0DfF K
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Z el L7 (Scheme 2-4-4), ZDfERBE—UT A7 LA~ —OHNBH S L, =B X
VALIZRF TIREA LR W MR CE T, ZDT-D ZOF FAMERIZED D Z
L7,

(0] (0]
o o 50% TFA HO
s —_— K
n-CoHu™ 0 CHCl, n-CeHyy' Oﬁ
NFmoc rt., 1 h, 98% NFmoc
I (Filtration)
59 58 (single diastereoisomer)

Scheme 2-4-4. 57 D=t A VL O H D FET

RIZ 1 2= ME(BI)IZXF L 5% piperidine / CH2Cl ¥ % H C Fmoc #&DFREZE1T -
7=(Table2-4-3), F£3°, FEIZXT HEEEE 1 LREATOKG &R L 0.05M H TG
ZAT o712, BUSBRIAEDNS 3 BRI, TLC O AR v b TRIAEBRM B4R L TV D DR
sl S 7o, R ORBIZ DI TREIER OEIGITHIM L, SIS 525 D v db
IZBWTEIERIIEEOR 2 BIOETE ENTW e, EREIAERDZ Y 157V
FERICHEE L2 2 A, 2=y FNOZ AT G RAE L LawmeH)e2= v k
23RE 72 HO-TAGa &6 7,

RIZERN ISR R K 2 DI EL < AR L TL 50T, ROGKM A2 FEfE 325 Z
ETCRIERMOARREZMA S22 e Lz, 22T, AEIZAHLT 001 M O 5%
piperidine / CHClo 7&K H TG S, R O OFERT &% 5 5 IZHIN S H SO RERH
DM R T, BRI L2 E 25 3 B CRISTERM L, BIRUG &2 3 2 i
99% CTHMDT X L (60)23 5 BT~

Table 2-4-3. Fmoc JLFRZ512 1T 5 ISR FE Rt
FHRIERSO

00 _— @ 00 o
‘( o 5% piperidine ‘ \/( 0 O‘( OH

n-Cohhun™ OjNFmOC CH,Cl, (Table) nCeftn” OﬁNH n-CoHy," OH
59 ! 60 ! 61 HO-TAGall
Entry EERE e ] IES FOLEE
1 0.05 M 7h 100% 82%
2 0.01 M 3h 99% 99%
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BoTz 60 ITXHLTH O = FOTAT L=y [58)& Diffie %17 > 7= (Scheme
2-4-5), Verticilide D [EARA AR DS&MEE2S5EI12, HEH] PyBroP & iPrNEt & U
HZET, 2o02=y "RT I REAEN LEFE L7 2 2= MR(62)Z A LT,

S H1Z 62 @ Fmoc % piperidine / CH:CL I CTEREL T I 2GR LT, A lHl
IZHREIZHR L 0.05 M IERP CRUSEAT o728, 1 2= MK (589)DIRt &t~ THIIA
Tz A EE U o Tz, BBRE LT, 1 2=y MRIZHAN2 2=y MEIZHE
L7z =y MRS & 725 Z & T, piperidine (2 X 5= A7 LA ~D KEEFTIN
DEZDSHNEERL TS, L%, Fmoc FEOFREICE L THIEAMIZ 0.05M IF
WaEHWHZ L e LT,

ZOHEORIG TR TZ AT L=y c58)% b 9 1 N Fiia S 32=y MK
63)%, IHIZHLI 1IN TMHAEIETC42=y MedHZEBK LT,

Fmoc.
o 7
2.3
(e}
HO™ % 1) 5% piperidine
n-CgHy CH,Cl,
o 58 (1.05eq) r.t., 4 h, 100%
o PyBroP, iPr,NEt 0° Klmoc (Crystallization)
{ o - T o o N -
n-CsHy™ "0 CH,Cl, n-CgHy™ O o ‘?A 2) |
NH  rt,13h,97% N J\_/O FmocN \i
| izati z
(Crystallization) | A-CaHyy o
60 62 O=2~‘n‘C5H11
58
OH (1.05 eq.)
PyBroP, iPr,NEt
CH,Cl,
r.t., 12 h, 100%
(Crystallization)
Q'Cs":u
| 1) 5% piperidine : N
FmocN i CH,Cl, JLeTr i
o rt, 3h, 99% N 0 7o
o .n-CgHyy (Crystallization) Emoc o <n-CsHyy
o=2 o
N -—

O«(O P N 2 0-CgH O (O O o
o N-CsHyy A
- __OH n-CsHi™ 0 o N
n-CgHy ™ 0 o ?A o sH1
NJI\,O E \NH /ﬁc]; Nll\./O
T moc |

I A-CsHyy

A-CsHy (1.05 eq.)
58 (LU5€q.
64

63 PyBroP, iPrNEt
CH,Cl,
r.t., 12 h, 98%
(Crystallization)

Scheme 2-4-5. [EARIIERIKIC LD 4= MK (64) DA

Z D%, 64 D Fmoc £ 7% [FER DM TERE L, & 512 50% TFA/ CHCL iR
T T DOBREEITV, BRALATBEIRG2)Z A LT, &%IZ 0.005 M O E ARG T
C PyBOP, iPrNEt # HHW T FNERILZ TV, U B 7 VRS CHEET 52 2 & TH
H & % Verticilide (1)% U 60% THF7=(Scheme 2-4-6), Ak L7 1 3G ST
%R D "H-NMR & LW —F &7~ L7z Y)(Figure 2-4-1),

28



n-CsHyy n-CsHyy
H H |

{ R :
‘N 1) 5% piperidine - N
N HO/\"’ i CH,Cl, . HO’\H’
N 0 7o rt, 4 h, 100% N o /o
Fmoc  © :e"n‘CsHu (Crystallization) H O :e.m—CsHu
o > fe)
OTO o o N- 2) 50% TFA H0~<O o o N-
- CH,CI .
MG Oﬁ\ Jok,\)/g r.t.,22h2, 98% Nn-CsHy™ Oﬁ\ j)k/\)/g
N~ ~© (Filtration) NI~O
b Aoy b ey
64 rCatt 52
oy
O
%o 079
PyBOP, iPr,NEt —N «n-CgHyqq
- 2:0 o
CH,Cl, -CeHyp N—
11, 20h, 60% 04° o %A
(silica-gel chromatography) N Jj\:/o
I ACoHyy
Verticilide (1)

Scheme 2-4-6. [ELHRI G AARIEIZ & 2 Verticilide (1) D2 A
Q'Cs|111
O’:ﬁrN
5/«0 0 i

O o
N 032...,1-05H11
n-CsHﬁ\“?: o N—

o OYQ 500 MHz, CD;OD + KSCN,
NI 0 Synthetic Verticilide (1) s ('
b fCaHy
Verticilide (1)
-
B )I
Jll‘
u | A )
_/JL Jll. Ju..-rJ sl P UI l
' 6!0 T IS!G IIIIIIIII 4!0 IIIIIIIII 3!0 IIIIIIIII 2‘.0 IIIIIIIII o
270 MHz, CD;OD + KSCN, _f }
—/ Natural Verticilide (1) . -
(5 pa o e o ~—yTr o —r— oy - e T Y s — ™" T
=9 8.8 B0 «“8 dt [ ¥ ] 8.0 ae .0 28 1.0 (N ]

Figure 2-4-1. K%MW) & ARk Verticilide ® "H-NMR & v — b O L
210 TRRO OB, Z 7 ~OWEFFNLEACATEO G E TO 9 TR ZMITHERIC
K DU D A TERBF A Z 1S T B —BlD > Y U 7 VR TR R 2 HEE
L72, ¥R 53% CHAM &5 Verticilide (1) 2 24K L. BRKYES 7% T2 BT
B RGRR S A Sz L 72 32,
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2-5-1. UNRAYRREIC K 5 Verticilide (1) D &5 %

1=y FFOME I T ERHEGEREPEL TEDOT RIZ2 2=y I
(KA i A S8 DU HAIREEE 2 B O Verticilide DAL Z T2, JElE E DB —
MZPEW, BRTPHIETH D 2 2= MEO62)Z T2, 62 & 2 DIZ571F . —J5 T 50%
TFA / CH:Cl, I TH 7 DFrEZ . b 9 —J7 T 5% piperidine / CH2Cly H' T Fmoc £ DR
EEITO, ZENENHIVEEE (65)E T X 2 (66)% 157-(Scheme2-5-1),

Ho\io o Emoc

| o) N

509% TFA  n-CgHyp™ oﬁ\ J?\/\)/Q
N~ ~O

CH,Cl, I

/" tt.1h, 100% A-CsHas
O(O Klmoc (Filtration) 65
O N

N

(@]
n-CgHy™" Oﬁ\ o
NJI\.’O lo) H
I ic 5% piperidine O o N_
Nn-CsHjy o O?/g

n-CgHy™ 0
62 CH,Cl, st ﬁ\ o
rt., 4 h, 100% NI

(Crystallization)
Scheme 2-5-1.2 === D H /LR FE65). T I 2 (66) DAL

ELIZELNTEM 2 ==y MERFE4% PyBroP. iPrNEt % W\ CHgA 2R A7
(Scheme 2-5-2), L/»L, THRICKLTHIMTHD 4= MK (64)& L DI, 64
2N NY AT F b LTERIAERY (67)03XE 51%DONETHLNTE T, &l
AW 67 1%, 65 DARDEICH W TFA DNHETHELTWD EE X T, HBbhiz
65 12Xk LTIz hvm 32497 5 Z & C TFA ORREEZRATZ0N . T2 H 0
6T TFA ZERITRE L E VTR DI 25% TH U, £ 2 TEH L, TFA
IXHIVR VEE (65) & DT/ > TWD DT intE X, HIZ/HR-> T\ 5D 63 1IZx%f
LTTFA K VRWEEAEZINZ D Z & T HREND TFA 2l S HRETE 5 LB 2T,

n-CsHyy
H |
HOﬂrNi
N (0]
N (0]
Fmoc O o =2“n-can
n-Coblyg | 0+© o) OO A
~ N |
SRS e
o) O_.n-CsHyy ° o)
¢ Iy Lt
Fmoc 07 OH N-CgHqy
(0] H 65
O( o o N, PyBroP, iPr,NEt 64 (desired product)
n-CgHy™ Oﬁ\ o CH,CI +
2Cly
NJI\’O rt,13h

[ i o]
R Crystallizati
n-CsHyq (Crystallization) 60 Nt
66 N" "CF3
(0] OYK

n-CgHy* O o
N e

' A-CgHyg
67

Scheme 2-5-2. IURIARRRIBIC L D 4 2= MK (64) DAkt
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FDED, ZTOBRERIZ62 2 bl T EE S Z LT, mBEED TFA Z %
E L7, HEIZx LT HCl/dioxane ik &2 MMz . FE ML= 34252 & T,
U A AT R IS B S T2 I VR U BR(68) & 15 T=, TN EANTT 2 L(66) L D
Maaa T o7, ZORER. LIZEDRIERMON N ERE T, HE T4 2=
> ME(64) % B LTZ, (Scheme 2-5-3),

n-CgHyy |\ n-CsHyy |
FmocN™~ - N > N
—o o o/\\g o o \g*o
o 50% TFA Y&o O )nCsHu | agded HClfdioxane 0 J NunceHy
o [o] [o) —_— _— 0
o o

n-CgHy"" d CH,Cl, —N o o OH and conc. —N o o OH
° N'hCHy it 2h, 100%. ):0H @0% )on cl
\ (Filtration) o CE o
3
62 Fmoc Fmoc 68

n-CsHyy

T
L«OﬂrN i
68 N o o
o H o9
O o N PyBroP, iPr,NEt FmocO -n-CsHy
N —

n-CaH™ Oﬁ 0 o
1_o CH,Cl, | o] )
N~ rt., 14 h, 99% Ay Oﬁ N
¥

H o
! A-CgHyy (Crystallization) 41]\/0
% A-CsHy

Scheme 2-5-3. HAFEE DO /LR B (68)% V- 4 2= MK (64) DAL

F D%, EARAREE L FEEIC, 64 D Fmoc fi& ¥ V& REL. &BICRILZITH =
& T, UK 61% THM & D Verticilide (1) % A3k L 7-(Scheme 2-5-4),

D'Cs|'||11 Q'C5|'I|11
N 1) 5% piperidine N
LT { CH,Cl, i ¢ be
N 0 7o rt, 4 h, 100% N SR ale
FmocO =2.|n—(35Hu (Crystallization) H © =2-‘n'csHu
o —_— > o)
0¢© o o N- 2) 50% TFA HO O o 5 N-
. CH,CI
remtod 9 WS WS nonrod g S
N-~© (Filtration) N~ ~©
! n-CsHyy ! n-CsHyy
64
n-CeHyy | 52
oy
%o © o™o
PyBOP, iProNEt —N “n-CeHyy
2:0 o
CH,Cl, n-CgHyp™ N-
rt., 63 h, 61% 04° o o?/&
(silica gel chromatography) N J.I\:/o
I ACeHy
Verticilide (1)

Scheme 2-5-4. IR A RREIEIZ K B Verticilide (1) D4 E %

29 TROI L, Z 7 ~OHEFENLEACEIBMAD G E TD 8 TFETAE LA
H AR I RS U & 2 I8 0O 7 T e AR I3 etk O TRECT—RID > Y B 7 Lk
BICHEE L 7=, #U0ER 60% THM &9 5 Verticilide (1) & 24 L Z U2 X 0| Bk
& 7 % O TR A A ORI & Sz L 72 32,
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w
=1
(57

S 5l

]

VI ERRTE LD ICAIZRICB W TEEIL, LR X 5 2R a7,

L. AR Verticilide (1) ORG MR OMESL A BiE L, BKMES 7
(HOTAGa) 127 H L7c, ZHRFERICHEIS TEX AAMRKE LT, 1=y I
FTOMEE STV ERAE R & Verticilide 13 C2 M OREE 2 A3 2 Hh
52 =y MERZELRZIC 2 2=y MEFELZHEE S 2 BORIE BRI O 2
OORWAENZE LT, £F, EHROREGARREE L LT, SR 68) 123 L, B
K% 7 (HOTAGa) it S 59 5K L2, £ D%, Fmoc ZEDOBLREETT - 72
%, 58 LDOMAEEITH 2 & T, 2 2=y MK(62) 2157, W\ T, NAEKILLRE &
MaaEMRL, 2=y NOMEZITI Z & T 4 2=y MK(64) Z AR LT,
BT, Fmoc #DFREE Z T DOREEITo 2%, BNLSNT-~7n T 7 % Lk
DSMEAT T, Verticilide (1)% 10 I&\ TRULER 53% TRA A EMR LT,
MZ T, ZNFETOERIEE L HWD %ﬁ%b#o_ilﬁ%Lbf
U BT AR X AR fkl%a@ 1 IEI@%LT BRI AL — M2 LD
TR 72 B IR IS & gL LU 7=,

OCgH37
C1gH370 TAG
a
OH 0
H
C1sHsr0 EmocN— 1) 5% piperidine
TAGa-OH (33) % CH,Cly, r.t.
0 n-CH o . n-CgHyq _
| B 99% (Crystallization FmocN
FmooN. I A0 4 DCC.DMAP  _ taga-g o b (Cry )
I 2! B
: T W
quant. , iPr)l
58 (Crystallization) 59 CH,Cly, r.t. . CsHy4
(1.3eq.) 97% (Crystallization)
. ,h n-CsHy,
moc
oﬁ% §
1) 5% piperidine /TAGa ;go 1) 5% piperidine
CH,Cly, rt. o -1n-CgHyq CHyClp, rt. *Fmoc “1n-CgHqq
quant. (Crystallization) 2:0 1) 99% (Crystallization) TAGa-0_ P
> a—
2) 58 (1.05 eq.) n-CsHn . O o N 2)58 (1.05eq))
PyBrop, iProNEt [o} % PyBrop, iProNEt n- C5H11
CHJCly, r.t. CH,Cly, r.t. )_K/o
. (Crystallizat NT© 98% (Crystallizati
quant. (Crystallization) | H o (Crystallization)
n-CgHyy - CsHyq
63 64
n-CsHqyy
n-CsHyy | o N
~ N
1) 5% piperidine o o
CH,Cly, it 0 o o Q
oClp,rt. o o’ © ; —N 1n-CsHqq
quant. (Crystallization) —NH :2“"1 C.H PyBOP, iPrNEt o o
- -CsHqq >
2) 50% TFA HCI CO, o CHCly, rit. n-c5H11w2: N—
CH,Cl,, r.t., 98% "-CsH11““< o o N 60% o ° o OM
(Filtration) Oj\ o % (silica-gel chromatography)
N o
o
T H ! -C sHiq
n-CsHyq Verticilide (1)
52 Over all yield 53%, 10 steps

BRAKME S 7 % FIWTZ R ARG I K 2 Verticilide (1) D5k
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F 72, Verticilide 1Z C2 ;R DOEEZ AT 2FHNL, A LT 2 2=y MK
LEMA S EDH 2 T, ORGSR D &5 & 72,

FIZAE LT 2 2= ME (62) % 2 DIZ T Kimfri L 2 BRE L, 65, 66 &
L7z, fEWWT, B2 65, 66 Zisad HZ & T, 4 2=y MEK(4) 2157,
54 @ Fmoc J:DFREEITV., S0%TFA ZH\W =¥ 7 OkEEITH Z LT, &k
AIBRA (52) & L7z, ®RIZ, ZNETERKOFEZHW v aZ 7 2 MMk
IZED, &8 T, ML 0% THIHET D1 26 L. DURBEML— hC
£ DA RS 2 N LT,

Mz T, ERRIE RN — FERTEEOHR L, ZOBEICBWTYH, ERNEA
fL— R ERBRICETREZBE LT, VU A7 VBRI X DRI R TR |
[BlDAH T, WHHIE R — M X DRI 72 A R & fesr LT,

: N
50% TFA oY
I — [e] d (o]
TAGa CH,Cly, rt., quant. o )r1n-CoHay
[e] (Filtration) —NFmoc HO,C
o 65
n-CgHyq FmocN— |
o P 0
P
N;&J\:/O TAGa-0 HN—
62 ’ n-CsHyy 5% piperidine fo OYK
L
CH,Cly, r.t., quant. n-CsHyy" o 2 o o
(Crystallization) N)X\'/ 64
\ n-CsHyq
66
n-CsHyy | n-CsHyy |
O/YN O/YN
1) 5% piperidine % (o] o % o o
CH,Cly, rit. HeL 4 © o mC.H VAR o
quant. (Crystallization) n-Cstn PyBOP, /Pr)NEt 1n-CsHyy
CO,H o o - o o
2) 50% TFA n-CaHyy( ° o N CHClp, rt. n-CsHyy' N—
CH,Cly, rt., quant. o o % 61% 0. ° ° 0%
(Filtration) (silica-gel chromatography)
Nkfo N)l\(o
‘ n-CsHqq ! n-CsHyy

52 .
Verticilide (1)

BRKME 2 7 2 IO T2 IR B A AR I & % Verticilide (1) DA R
F7o. AEIHENL LB RGRRK IR, FIEZEMEE L THWEICERMZ G TE 5
2D, FEEROERENRLLATADFIETHS, S HITEKMES 71X
Bea MO REIZHEIG TE 2 2 L n, SEEEOHEREAKTHZ &
HHRETH D, < OFERLAMR L. HEHERHMIZ1T 5 2 & TRICETEMR Y
— NMeaW RN T 2 &b Rl A Rk T 5 ETIHERFICHEETH D,
Z DX D ITHKIES 7 & WO @A A, TSR BIAF ST L
FEHE RS DB B W TCIEFITHE MR GEL 720 9 5, Sk, BRGRRIED
B b8GE 21TV, LD M, MR IPENTREZMNT 52 & T, Al3K
WEZEIZ & > T BIZEMEDOENY — VTR D 2 & 28T 5,
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General method

3,4,5-Tris (octadecyloxy) benzyl alcohol (HO-TAGa) was prepared by the literature
procedure (Zetrahedron, 2011, 67, 6633-6643) from commercially available methyl
gallate. Unless otherwise noted, reagents and solvents were purchased at highest
commercial quality and used without further purification. Methanol and dry toluene,
CH>Cl, were purchased from Kanto Chemical Co., Inc.

All reactions were monitored by thin-layer chromatography (TLC) using Merck silica
gel 60 F254 pre-coated plates (0.25 mm). Flash column chromatography was carried out
with Kanto Chemical silica gel (Kanto Chemical Co., Inc., Silica gel 60N, spherical
neutral, 40-50 mm, Cat.-No. 37563-84). 'H NMR spectra were recorded at 500 MHz
and *C NMR spectra were recorded at 125 MHz on JEOL ECA-500 (500 MHz). The
chemical shifts are expressed in ppm downfield from internal solvent peaks CHCIls (7.26
ppm, 'H NMR), CDCl; (77.0 ppm, *C NMR), and coupling constant (J values) are
given in Heltz. The coupling patterns are expresses by s (singlet), d (doublet), dd
(double doublet), ddd (double double doublet), t (triplet) q (quartet), m (multiplet). The
all infrared spectra were measured on a Horiba FT-210 spectrometer. High and
low-resolution mass spectra were measured on a JEOL JMS-700 MStation and JEOL
JMS-T100LP. Melting points were measured on a YANACO MP-500P. Optical

rotations were measured with a Jasco P-1010 polarimeter.
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General method for Fmoc deprotection

Fmoc protected substrate was dissolved into 5% piperidine/CH2Cl (generally 0.05 M
for substrate) at room temperature and solution was stirred for 3 h. The reaction mixture
was subsequently cooled to —5 “C and MeOH was added (five times excess of reaction
solution). The resulting heterogeneous solution was stirred for further 30 min at -5 C,
and the colorless precipitate was filtered and washed with additional MeOH to afford

corresponding amine as a colorless powder.

General method for cleavage of TAGa function

Tagged substrate with TAGa dissolved into 50% TFA/CH>Cl, (0.05 M for substrate) at
room temperature and solution was stirred for generally 1 h. The reaction mixture was
subsequently concentrated with toluene (X 3) to remove TFA. To a flask was then added
CH,Cl» at =5 °C, followed MeOH was added (five times excess of ). The resulting
heterogeneous solution was stirred for further 30 min at —5 “C, and the colorless
precipitate was filtered off and washed with additional MeOH. The combined filtrates
were added 4 M HCl/Dioxane (0.05 M for product) and concentrated with toluene (X 3)
to afford corresponding carboxylic acid as a generally brown oil. The crude was used

next reaction without further purification.
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[(R)-2-(9-Fluorenylmethyloxycarbonyl-/N-methyl-L-Leucylester)]-heptanoate
3,4,5-Tris (octadecyloxy)benzyl Ester (59)
(NV-Fmoc-N-MeAla-H.A.-O-TAGa)

HO -0
L o
n-CoHy™" oﬁ\ ..
NFmoc 187137
58 | CygH370
QCreHar DCC, DMAP o
CygH3,0 . . CiHaO o] o
OH CH,Clp n-CsHi*" "0
CreHsrO rt., 3 h, 100% s NFmoc
33 (Crystallization) 59 )

To a stirred solution of HO-TAGa (33) (650 mg, 0.711 mmol) in CH2Cl, (14.2 mL)
were added 58 in 0.1 M toluene solution (9.2 mL, 0.924 mmol),
4-dimethylaminopyridine (4.3 mg, 3.56 ux mol), and N,N’-dicyclohexylcarbodiimide
(220 mg, 1.07 mmol) at room temperature under N> atmosphere. After being stirred at 3
h, the reaction mixture was cooled to =5 “C, and MeOH (71 mL) was added. The
resulting heterogeneous solution was stirred for further 15 min at =5 °C, and the
colorless precipitate was filtered and washed with additional MeOH (200 mL) to
provide 59 (960 mg, quant.) as a colorless powder; Rf = 0.61 (Hexane/EtOAc = 4/1);
mp 46-47 °C; [a]*®p= —4.1 ( ¢ = 1.94, CHCI3) ; IR (neat) *max (cm!) 2916, 2864,
1743, 1705, 1589, 1504, 1466, 1442, 1396, 1327, 1311, 1234, 1188, 1149, 1119, 1003,
964, 895, 817, 756, 741; 'H NMR (500 MHz, CDCl;3), 8(ppm) : 7.77 (d, J = 8.0 Hz, 1H),
7.75 (d, J = 7.4 Hz, 1H), 7.57 (m, 2H), 7.35 (m, 4H), 6.49 (rotamer, 2H), 5.12-4.99 (m,
3H), 4.87 (q, J = 7.4 Hz, 1H), 4.45-4.23 (complex -m, 3H), 3.93 (m, 6H), 2.91 (rotamer
5:3, 3H), 1.84-1.71 (complex-m, 8H), 1.43 (d, J = 7.4 Hz, 3H), 1.45-1.19 (complex-m,
96H), 0.89-0.86 (t, J = 6.8 Hz, 9H), 0.80-0.78 (m, 3H); 1*C NMR (125 MHz, CDCls) &
(ppm); 171.7 (2C), 170.0, 169.8, 156.7, 155.9, 153.3, 144.2, 144.0, 141.4, 138.4, 130.3,
127.8, 127.1, 125.2, 120.1, 106.9, 73.5, 73.1, 69.2, 68.0, 67.5, 54.1, 47.3, 32.0, 31.3,
31.0, 30.4, 30.2, 29.8 (2C), 29.5 (2C), 26.2, 24.7, 22.8, 22.4, 15.3, 14.7, 14.2, 14.0
(many signals, especially alkyl chains, overlapped.); HRMS-FAB (m/z) [M+Na]" calcd
for Cg7H14sNNaOy : 1371.0812, found 1371.0804.
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N-MeAla-H.A.-O-TAGa (60)

OCygH37 OCygH37

CigH370 S CigH370
00 5% piperidine 00
CigH370 o CH.Cl > CygHg0 \ o
n-CaHyr™ Oﬁ\ rt, 3 h, 99% n-CaHy™ Oﬁ\
NFmoc (Crystallization NH
59 1 Cry ) 60 |

Following the procedure described for general procedure of Fmoc deprotection, 59
(958 mg, 0.711 mmol) was converted to 60 (790 mg, 99%) as a colorless powder; Rf =
0.12 (Hexane/EtOAc = 5/1); mp 48-49 °C; [a]*’p= +4.8 (¢ = 0.51, CHCl5) ; IR (neat)
"max (cm ) 2916, 2846, 1743, 1589, 1504, 1466, 1442, 1381, 1335, 1234, 1173, 1119,
1072, 1018, 903, 818, 756, 725; '"H NMR (500 MHz, CDCls), 8(ppm) : 6.51 (s, 2H),
5.12-5.02 (complex-m, 3H), 3.94 (m, 6H), 3.36 (q, J = 7.0 Hz, 1H), 2.38 (s, 3H),
1.86-1.70 (complex-m, 8H), 1.31 (d, J = 6.8 Hz, 3H), 1.47-1.25 (complex-m, 97H),
0.89-0.86 (complex-m, 12H); 3C NMR (125 MHz, CDCI3) § (ppm); 174.5, 17.1, 153.5,
138.4, 130.2, 107.0, 73.5, 72.8, 69.2, 67.5, 57.9, 34.1, 32.0, 31.3, 31.0, 30.4, 29.8 (20),
29.5 (30), 26.2,24.9,22.8,22.4, 18.4, 14.2, 14.0 (many signals, especially alkyl chains,
overlapped.); HRMS-FAB (m/z) [M+H]" calcd for C77H13¢N1O7 : 1127.0317, found
1127.0289.
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N-Fmoc-N-MeAla-H.A.-N-Me-Ala-H.A.-O-TAGa (62)

Fmoc,
N -_

o
0 N
HOJ\_:,O
OCygH37 58 -CsHy4 OCygHs7
CigH370 CigH370
00 PyBroP, iProNEt 0.0 FmocN
CygH370 ( o] T ¥ CyuHx0 ( e} -
= CH.Cl, CaHL o O\}/&
n-CsHi™ "0 rt, 13 h, 97% n-CeHir™ "0 1.4
IIIH (Crystallization) l}l T
60 62 ni-CgHyq

To a stirred solution of 60 (779 mg, 0.692 mmol) in CH>CL (10 mL) were added 58 in
0.1 M toluene solution (7.3 mL, 0.726 mmol), N,N-diisopropylethylamine (0.35 mL,
2.08 mmol), and PyBroP (485 mg, 1.04 mmol) at room temperature under N>
atmosphere. After being stirred at 13 h, the reaction mixture was crystallized by the
procedure described in synthesis of 59 to provide 62 (1.05g, 97%) as a colorless
powder; Rf = 0.43 (Hexane/EtOAc = 4/1); mp 46 C; [a]*'p = —13.2 ( ¢ = 0.75,
CHCl) ; IR (neat) "max (cm ') 2916, 2854, 1743, 1705, 1666, 1589, 1466, 1311, 1234,
1211, 1188, 1149, 1111, 1011, 1003, 895, 818, 756, 741; 'H NMR (500 MHz, CDCls),
O(ppm) : 7.78 (m, 2H), 7.58 (m, 2H), 7.39 (m, 2H), 7.31 (m, 2H), 6.49 (m, 2H),
5.27-4.77 (complex-m, 6H), 4.45-4.24 (complex-m, 3H), 3.93 (m, 6H), 2.99 (rotamer,
5H), 2.85 (rotamer, 1H), 1.77 (complex-m, 10H), 1.58-1.15 (complex-m, 108H),
0.89-0.78 (complex-m, 15H); *C NMR (125 MHz, CDCls) § (ppm); 171.5, 171.2,
169.9, 169.5, 156.7, 153.4, 144.2, 144.0, 141.4, 138.3, 130.3, 127.8, 127.2, 125.2, 120.1,
107.0, 73.6, 73.2, 71.7, 71.4, 69.3, 68.0, 67.6, 67.5, 55.1, 54.4, 54.2, 52.6, 47.3, 32.1,
31.6,31.5,31.4,31.0,30.9, 30.7, 30.6, 30.5, 29.9, 29.8, 29.6 (20C), 29.5, 26.3, 25.1, 25.0,
249, 24.6, 22.8, 22.5, 15.6, 15.3, 14.7, 14.4, 143, 14.1, 14.0, HRMS-FAB (m/z)
[M+Na]" calcd for CogHi64N2NaO1z : 1584.2182, found 1584.2227.
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N-MeAla-H.A.-N-Me-Ala-H.A.-O-TAGa (62°)

OCygH37 OCygH37

C1gH370 . C1gH370
o) moc, o 0

CygHar0 0 o o N— 5% piperidine CygHar0 0 o o HN —

n-CgHy™" "0 JOK/ \7/“ CHCl, n-CsHy™" "0 JOK/ ?/K

N~O rt., 4h, 100% N~©
62 | 7-CsHyy (Crystallization) | 7-CsHy,
62’

Following the procedure described for general procedure of Fmoc deprotection, 62
(346 mg, 0.221 mmol) was converted to 62° (297 mg, quant.) as a colorless powder ; Rf
= 037 (Hexane/EtOAc = 1/1); mp 46 °C; [a]*’p= —10.3 (c = 0.43, CHCl;) ; IR (neat)
"max (cm ') 2916, 2854, 1743, 1666, 1589, 1504, 1466, 1442, 1381, 1335, 1242, 1180,
1119, 1080, 1018, 903, 818, 725; 'H NMR (500 MHz, CDCls), 8(ppm) : 6.50 (m, 2H),
5.14 (complex-m, 3H), 3.94 (m, 6H), 3.37 (m, 1H), 2.99 (rotamer, 9/4H), 2.85 (rotamer,
3/4H), 2.49 (rotamer, 3H), 1.86-1.72 (complex-m, 10H), 1.55-1.25 (complex-m, 112H),
0.91-0.84 (complex-m, 15H); 3C NMR (125 MHz, CDCls) § (ppm); 175.6, 175.0,
174.4, 171.2, 170.2, 153.4, 138.5, 138.4, 130.3, 130.1, 107.1, 107.0, 73.6, 73.2, 71.3,
71.2,69.3,67.7,67.5,57.8,55.1,52.7,34.2, 34.1, 32.1, 31.7, 31.5 (2C), 31.3, 31.1, 31.0,
30.5,29.9,29.8,29.6 (2C), 29.5, 26.3, 25.3, 24.9, 24.7,22.8, 22.6, 22.5, 18.4, 18.3, 15.6,
14.4, 14.3, 14.1 (2C), (many signals, especially alkyl chains, overlapped.); HRMS-FAB
(m/z) [M+H]" caled for Cs3sHissN2O1o : 1340.1682, found 1340.1670.
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N-Fmoc-N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-O-TAGa (63)

|
FmocN

(o} |
o :2.\n-CsH11 FmocN
0
OCygHg7 58 OH OCygH37 o~ o
C18H370©\/ CygH370 jgun-Can
00 _ PyBroP, iPr,NEt 00 o
CyaHarO Lo oMM > CigHar0 Lo o "
n-CsHi™ "0 0 ?/& CHCl, n-CsHi™ "0 0 ‘?/K
N I _o rt, 12 h, 100% N I_o
) B (Crystallization) A H
, n-CsHy -CsHyy
62
63

To a stirred solution of 62° (287 mg, 0.214 mmol) in CH>Cl (4.3 ml) were added 58 in
0.1 M toluene solution (2.3 ml, 0.225 mmol), N,N-diisopropylethylamine (0.11 ml,
0.642 mmol), and PyBroP (150 mg, 0.321 mmol) at room temperature. After being
stirred at 12 h, reaction mixture was crystallized by the procedure described in synthesis
of 57 to afford 63 (380 mg, 100%) as a colorless powder; Rf = 0.38 (Hexane/EtOAc =
3/1); mp 46-47 °C; [a]*®*p —19.79 (c 0.59, CHCl3); IR (neat) vmax(cm™): 2916, 2854,
1743, 1704, 1666, 1589, 1466, 1404, 1381, 1311, 1303, 1234, 1188, 1111, 1018, 903,
818, 756, 741, 725; 'TH-NMR (500 MHz, CDCl3) § (ppm): 7.76 (m, 2H), 7.59 (m, 2H),
7.40 (m, 2H), 7.31 (m, 2H), 6.50 (m, 2H), 5.25-4.69 (complex-m, 8H), 4.45-4.24
(complex-m, 3H), 3.94 (m, 6H), 2.98 (rotamer, 9H), 1.84-1.70 (complex-m, 12H),
1.55-1.25 (complex-m, 118H), 0.89-0.77 (complex-m, 18H); *C-NMR (125 MHz,
CDCL) 6 (ppm): 171.4,171.3,171.2 (2C), 171.1, 170.6, 170.4, 170.1 (x2), 169.9, 169.6
(x2), 169.4, 156.7, 156.0, 153.3, 144.2, 144.0, 141.4, 138.5, 138.3, 130.3 (2C), 130.1,
127.7, 127.2, 125.3, 125.2, 120.0, 119.8, 107.1, 106.9, 73.5, 73.2, 72.1, 71.8, 71.7, 71.6,
71.5, 71.4, 70.6, 69.2, 67.9, 67.7, 67.6, 67.4, 55.0, 54.3, 54.1, 53.2, 52.6, 52.5, 52.4,
47.3,34.5,32.2,32.0,31.7,31.5,31.4,31.3, 31.0, 30.8, 30.7, 30.6, 30.5, 30.4, 29.8 (2C),
29.5 (30), 26.2,25.2,25.1, 25.0, 24.9, 24.6, 24.5, 24.4, 22.7, 22.5 (2C), 15.6, 15.5, 15.3,
4.7, 144, 14.2, 14.1, 14.0 (2C); HRMS-FAB (m/z): [M] calcd for CiooHis3N3Oss,
1774.3649; found, 1774.3618.
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N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-O-TAGa (63°)

|
FmocN \i HN \i
OCygH37 o} OCygH37

% CeH 0" 9 \ncaH
CygH370 Oj?.xn- 8711 5, piperidine CygH370 0:2.\n- 5M11
o o
CigHar0 © X o N- CH,Cl, CiaHarO o 1 o N-
o o \}/& rt, 3h, 99% o (o] \}/&
n-CgHy™ 0 n-CgHi™ 0
NE ¢! B¢
| B | Z
n-CgH n-CgH
63 51 63’ 51

Following the procedure described for general procedure of Fmoc deprotection, 63
(323 mg, 0.208 mmol) was converted to 63’
N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-O-TAGa (319 mg, 99%) as a
colorless powder; Rf = 0.24 (CHCI3/EtOAc = 1/1); mp: 46-47 °C; [a]*°p —16.73 (¢ 1.33,
CHCl3); IR (neat) vmax(cm™): 2916, 2854, 1743, 1658, 1589, 1504, 1466, 1442, 1381,
1335, 1296, 1234, 1180, 1119, 1018, 903, 818, 725; 'H-NMR (500 MHz, CDCl;) §
(ppm): 6.50 (m, 2H), 5.34-4.67 (overlapped, 7H), 3.94 (m, 6H), 3.37 (m, 1H), 2.99
(rotamer, 6H), 2.40 (rotamer, 3H), 1.88—1.68 (overlapped, 12H), 1.56—1.25 (overlapped,
117H), 0.89-0.84 (overlapped, 18H); '*C-NMR (125 MHz, CDCls) & (ppm): 175.4,
175.3, 174.6, 174.5, 171.5, 171.3, 171.1, 170.9, 170.7, 170.5, 170.3, 170.1 (2C), 169.7,
169.6, 169.5, 153.4, 138.5 (2C), 138.4, 130.8, 130.3 (2C), 130.1, 107.1, 170.0 (2C),
73.6,73.3,73.2,72.2,71.8,71.4,71.3,71.2,70.7, 69.3, 67.8, 67.6, 67.5, 57.9, 55.1(2C),
53.3,52.6 (2C), 34.6, 34.4, 34.3, 32.3, 32.1, 31.8, 31.7 (2C), 31.6 (2C), 31.5,31.4, 31.3,
31.0 (2C), 30.9, 30.8, 30.5, 29.9, 29.8, 29.6 (2C), 29.5, 26.3, 25.3 (2C), 25.2, 25.0, 24.9,
24.7, 24.6, 24.5, 22.8, 22.6 (2C), 22.5, 15.7, 15.6, 14.5, 14.4, 14.3, 14.2, 14.1;
HRMS-FAB (m/z): [M+H]" calcd for Co4H174N3013,1553.3047; found, 1553.3026.
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N-Fmoc-N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-N-Me-Ala-H.A.-O-TAGa
(64)

nCdi o
0
I © n-CsHy4
HN o st
\i —NFmoc N ‘\«o’\g
OCygH37 o 0 58 OCygHsr N o0
C1sH37O©\/ Ojg.m-CsHﬂ PyBroP, Pr,NEt C18H37O©\/ FmocO c):z.\n-csH11
00 —_— 00
CraHarO O N- CH,Cl, CygH37,0 ( o N—
nCeHo N0 o O?A rt, 12'h, 98% nCeH 0 o O\}/&
5111 NJ\/O (Crystallization) NJ'\,O
G [
, -CsHyy F-CaHn,

64

To a stirred solution of 63’ (306 mg, 0.197 mmol) in CH2Cl> (3.9 ml) were added 58 in
0.1 M toluene solution (2.07 ml, 0.207 mmol), N,N-diisopropylethylamine (0.10 ml,
0.592 mmol), and PyBroP (137 mg, 0.296 mmol) at room temperature. After being
stirred at 12 h, reaction mixture was crystallized by the procedure described in synthesis
of 57 to afford 64 (383 mg, 98%) as a colorless powder; Rf = 0.45 (Hexane/EtOAc =
2/1); mp 47 °C; [a]*’p —24.41 (c 1.27, CHCl3); IR (neat) vmax(cm™): 2916, 2854, 1743,
1705, 1658, 1589, 1466, 1403, 1381, 1311, 1211, 1188, 1149, 1111, 1018, 903, 818, 764,
741, 725; '"H-NMR (500 MHz, CDCl3) & (ppm): 7.75 (m, 2H), 7.59 (m, 2H), 7.39 (m,
2H), 7.30 (m, 2H), 6.49 (m, 2H), 5.26—4.68 (overlapped, 10H), 4.44-4.22 (overlapped,
3H), 3.93 (m, 6H), 2.98 (rotamer, 12H), 1.84-1.70 (complex-m, 14H), 1.53-1.19
(overlapped, 126H), 0.88-0.73 (overlapped, 21H); '3C-NMR (125 MHz, CDCl;) §
(ppm): 171.3, 171.2, 171.0, 170.3, 170.1, 169.9, 169.7, 169.6, 169.5 (2C), 156.7, 156.0,
153.3, 144.2, 144.0, 141.4, 138.4, 138.3, 130.3, 130.2, 130.1, 130.0, 127.7, 127.2, 125.3,
125.2, 120.0, 107.1, 106.9, 73.5, 73.2, 72.2, 72.1, 71.8, 71.5, 71.4, 69.2, 68.0, 67.6, 67.4,
55.1,54.9, 543, 54.1, 52.7, 52.5 (2C), 47.3, 32.0, 31.7, 31.6, 31.5 (3C), 31.4, 31.3, 31.2,
31.0, 30.8, 30.7, 30.6, 30.4, 29.8 (2C), 29.5 (3C), 26.2, 25.2, 25.1, 25.0, 24.9, 24.6, 22.8,
22.5 (20C), 15.6, 15.5 (20), 15.4, 15.3, 15.2, 14.7 (2C), 14.4, 14.2, 14.1, 14.0 (2C);
HRMS-FAB (m/z): [M+Na]® caled for Ci20H202N4O1s Naj, 2010.4912; found,
2010.48609.
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N-Fmoc-N-MeAla-H.A.-N-Me-Ala-H.A.-OH (65)

OCygH37
CraftarO Fmoc F
[e) moc
CiaHarO N - 50 % TFA HO
n- (:5H11 CHZC,2 n- CsHﬂ 0
JK/O rt, 1 h, 100% NJ\/O
7-CaHiy (F|Itrat|on) - CaHiy
62 65

Following the procedure described for general procedure of TAGa deprotection, 62
(347 mg, 0.221 mmol) was converted to 65 (183 mg, 100%) as a brown oil.
This crude was used next reaction without further purification, Rf = 0.05

(Hexane/EtOAc = 4/1).
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N-Fmoc-N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-N-Me-Ala-H.A.-O-TAGa
(64)

o (0] fo) Cil\n-Ctan 0-CsHi1
~~N
—NFmoc 0= oH . Ho’ﬁr
OCygH37 65 OC,gHs7 N h (0] oo o
CigHarO PyBroP, iPr,NEt C1gH3g70 Fmo =2“"‘ sH11
CigHar0 0© HN > GHoO 0¢° o=
18H37 ‘/( o] o ' CH,Cl, 18H37/ ‘/( o] o .-
n-CeHy 0 0 N rt. 12 h, 98% G0 o %N
le,o (Crystallization) NJK/O
P [
n-CeHyy 64 n-CeHy

To a stirred solution of 66 (282 mg, 0.210 mmol) in CH>Cl, (4.2 ml) were added 65
(147 mg, 0.221 mmol), N,N-diisopropylethylamine (0.11 ml, 0.631 mmol), and PyBroP
(147 mg, 0.316 mmol) at room temperature. After being stirred at 12 h, reaction mixture
was crystallized by the procedure described in synthesis of 59 to afford 64 (410 mg,

98%) as a colorless powder.
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N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-N-Me-Ala-H.A.-O-TAGa (64°)

n-CsH1y n-CsH1q
~ N ~ N
o ! o
OC1sH37\NL« /\g (;io OCigHaz N o/\g (;io
C1gHa70 FmocO O=2. 1-CeHyy 5% piperidine C1gHa70 H O=2. -Gty
CigHg70 O“{o 0 o N- CHCl, CigHgr0 0¢° o N-
CoH o \}/g rt., 4h, 100% CaH, o] \}/K
n-CsHir™ 0 J\/O (Crystallization) n-CsHu™ O J\/O
v v
64 A-CgHy4 6 7i-CgHyq

Following the procedure described for general procedure of Fmoc deprotection, 64
(399 mg, 0.201 mmol) was converted to 64°.
N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-N-Me-Ala-H.A.-O-TAGa
(355 mg, 100%) as a colorless powder; Rf'= 0.40 (CHCI3;/MeOH = 10/1); mp 4748 °C;
[a]**p —72.45 (c 0.58, CHCl3); IR (neat) vmax(cm™): 2916, 2854, 1743, 1666, 1589, 1466,
1412, 1381, 1335, 1303, 1188, 1111, 1018, 902, 818, 787, 764, 725; 'H-NMR (500
MHz, CDCl3) 6 (ppm): 6.50 (m, 2H), 5.34-4.66 (complex-m, 9H), 3.94 (m, 8H), 3.37
(m, 1H), 2.99 (rotamer, 9H), 2.40 (rotamer, 3H), 1.88—1.70 (overlapped, 14H), 1.56—
1.25 (overlapped, 126H), 0.89-0.85 (overlapped, 21H); *C-NMR (125 MHz, CDCl3) §
(ppm): 171.3, 171.0, 170.8, 170.4, 170.3, 170.1, 170.0 (2C), 169.8, 169.7, 169.6 (2C),
169.5, 153.4, 138.6, 138.5, 138.3, 130.3 (2C), 107.1, 107.0, 73.6, 73.2, 72.3, 72.2 (2C),
71.8,71.5,71.4,71.3,70.7, 69.3, 67.8, 67.7, 67.6 (2C), 67.5, 57.9, 57.8, 55.1, 53.2, 52.6,
52.5,34.6,34.5,34.3,34.2,34.1, 34.0, 32.1, 29.9, 29.8, 29.6 (2C), 29.5, 26.3, 25.3, 25.1,
25.0, 24.7, 22.8, 22.6, 22.5, 18.5, 18.2, 15.7, 15.6, 14.4, 14.3, 14.1 (2C); HRMS-FAB
(m/z): [M+H] calcd for C10sH194N4O16, 1766.4423; found, 1766.4427.
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N-MeAla-H.A.-N-Me-Ala-H.A.-N-MeAla-H.A.-N-Me-Ala-H.A.-OH (52)

1-CsHy4 n-CsHyq
~ N ~ N
B¢ MU ¢
OCqgHs7 °'N o~ 0 CcI' N o7 0
C1aH37O:C H O o=8“”‘CSHﬂ 50% TFA Hy O O=2“”'05H“
(0] _— (0]
CigH370 ° 0 N- CH,Cl, Ho 0 N-
. 0 t, 2 h, 100% . 0
n-CsHy* 0 o YN rhe 199%  n-CeHy™ "0 %
NJK(O (Filtration) NJK_/O
! 7-CaHyy ! 7-CaHyy
64’ 52

Following the procedure described for general procedure of TAGa deprotection, 64’
(343 mg, 0.194 mmol) was converted to 52 (176 mg, 100%) as a brown oil.
This crude was used next reaction without further purification; Rf = 0.28

(CHCI3/MeOH = 10/1).
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Verticilide (1)

Q-Csl-fﬁ ”‘Cs|_"{11 |
Ly 'Y
-\ [e) o)
N (0] O
c H, O o <n-CgHyq _R/QO °© «1n-CgHyq
Ho O o PyBOP, iProNEt _ 8:0 o)
N— > w N-—
. ? o CH,Cl, n-CgHyy 16) o
neHe oA 0 YN rt. 63 h, 61% 0¢” o A
N Jj\:,O (silica-gel chromatography) N J'k:/O
' Ay ' Ao
52 Verticilide (1)

A crude of previous reaction (70 mg, 0.0771 mmol) was dissolved in CH2Cl, (15 ml,
0.005 M). To the reaction mixture were added N,N-diisopropylethylamine (66 uM,
0.386 mmol) and PyBOP (80 mg, 0.154 mmol) at room temperature. After being stirred
for 63 h, the reaction mixture was quenched with saturated aqueous NaHCO3 (15 ml) at
0 °C and this mixture was extracted with CHCI3z (20 ml x 2). The combined organic
layer was washed with 10% aqueous NaHSO4 (60 ml) and brine (60 ml), dried over
NayS0s, filtered and concentrated in vacuo. The crude was purified by column
chromatography on silica gel (CHCl3/MeOH = 100/1) to provide 1 (40mg, 61%)as a
colorless oil; Rf'= 0.30 (CHCI3/MeOH = 10/1); [0]*p —39.1 (c 0.45, MeOH); IR (neat)
vmax(cm™): 2931, 2862, 1743, 1658, 1458, 1412, 1381, 1296, 1250, 1188, 1149, 1080,
1018, 949, 910, 810, 748; '"H-NMR (500 MHz, CDCls) § (ppm): 5.37 (m, 8H), 3.07 (s,
12H), 1.83 (m, 8H), 1.54—1.49 (m, 8H), 1.50 (d, J = 7.45 Hz, 12H), 1.37 (m, 16H), 0.93
(m, 12H); 3C-NMR (125 MHz, CDCl3) § (ppm): 173.3, 172.6, 133.9, 74.0, 54.1, 32.7,
32.1,31.8,26.1,23.7, 14.9, 14.5; HRMS-ESI (m/z): [M+H]" calcd for C4sH76N4O12Nay,
875.5357; found, 875.5352.
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JEYSE DR XA OB E ZOHEILOREL L L HizH v . HHLIFT DT
RETE NOEBRORERE T pEHOTEZ, T LTER, EFOREN TG
JEQRESRIZIAE 272 L Vo THIRE TidZe\, BYEIL, RESSUb ol &
2, F—nm RO, RO~ (bR ik o THRITL TE /=,
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ICARNEZ AL D T2 D ESFK HIV/AIDS Bilig 23R Le ¥, Z OFBSITIHEICENO
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IR ATRE R AR 25 2121 & 5 T REDOERINEN 2 Fiit L, BB 72478 A
Ty T EMRIORT R AES Z LN HBESN TS, I 5122015 4, AREERS
1% 2020 AT [ANT 72 TS 638 S 4030, I DBICKERGE L bt b,

Lol %W’T%#&Eﬂfné®i3kmmr(mwmm;77)7
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G8 JbiREF=E#Y I v FEMES (lAA =27 F7) DThHo, LI WHO
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72 E s U CEBRAY e BUY M DB IS ST,
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NTDs il £ - BEIRDOFH—HIE, £ T HIE L T OHIET R EHREZIEE L BUF.
RURA e Dol U CEBEM 20 ST 2 e b E 5, 2012 4R, R
BUSERF 13 4L, EA&A U & - A Y, WHO, KEI X O EBUF, it
FERIT. £ L C NTDs B AEEBEJFIX, 2020 4% TICNTDs D 9 H 10 DA (b
Ta—<  NreVHE, 77V NI R Y —RE, AVTHEE, U U NRT
4 FUTRE, ¥ —HAFR, V—a~v=TIE, o avhE, ik hE,
TR TFABAE) OFEIZAT TR L T EWS SLFEFH vn o RUE
51 WERK LT,

B Z1E, ALBREAEMERIFZEHT O KA HI2 X RW7E Sz i g e ik, ~r
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BRT, ZOZ LN, WHO T4 Y 2/ IVHIEZE PR 5 720 O HEE R 722 BRI
ELT, 77UV HIZBNTA RV RAT F oz - didsl 5w s ik
(community-directed treatment with ivermectin; CDTI)% 5t L T\ 5, A /L7 tHi
FOKMOWHII0H & 2013 F(21X, CDTI OERS 2 266 LT\ 5 24 2o E | 1
BALLED N 2124~V 2 7 F 2 )5l Stz 3,

Z D XD IEGERIEIZ AT A FERBERB SN T\ DH—J7, NTDs D HIZIE,
ZORFIEICWEEMEZ 2200 b5, ZOHFD 1287 7V h U R
)V —==ETH D,

62 T 7V NNV V—=<4E (T 7V BEEIRE) (22T H0

T7UH NI R) Y=< (77U BERRE) X, Y=Y =3 (Fig. 7-1)IZ
Lo EN D FAEMER N X Y —=(Fig. T-DICX->THEEHZEND A

EILREYHE TH 5,

e =

Fig. 7-1 Y=Y =T (f£) BLOLY R/ Y —~ (T brucei brucei) (47)
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T brucei gambiense \Z L > TH|EHZINAHAT L ET MR V=< IEB IO
T. brucei rhodesiense \Z X > CHIEEZ ENDa—T 7 MU/ VYV —<JEIZ K
D 7000 5 ND N4 & T brucei brucei, T. vivax 3 XN T. congolense |Z 3> T 1
{i§ 5000 HHAICH DIE D4, & HIZZIUCILHCT 28D, [L2EOMN Z OB
CENSNTWD, EEHRIT W EZHA, 202FEDT 7V H MU Y —<IE
CEDEEHIT T T8 TALHEESATND Y,

77U NU R Y=< EE 18 HALIZIIBEIZ A B TE Y | Jox 13K O
D Z L RSN HIR D B THAT LTV, BN FEIZE L TV o TR
WIZEE DAL L TR Y R TId o7z, LavL, BEOFEE, ) ZFH
L7e N2 DIERBEH L < R DICONKFATH A LN D L D127 ->72, 1900 Al
BRI A =N O ZTT 7V NI N I —~EORFATHH D | FEEIL
AIE CIL 50 A, #%ETIE25 FAICDE-T,

THREIEA LR JREIR, B E . B b ORI B RO BRER T
1572 E ORME)Z2WIER 00D HAvTc, K 100 4FRT, BVER B0 A2 F£f o 72 R
MEFOEERE 7 — UL N« 2y B N7 7V B IEIRIE ORFAREZ KO TFHA L
IR A 73Tz 2 & DR DHME L 70 > T D,

62-1 77U H U )Y —<REQFRKRFE B & A

FABART=E D, 77V RN R Y —IEERGIESR T NN Y —v
JRHRIZIZNICHET 5 T brucei gambiense, NSCERE D HIZH YT D T brucei
rhodesiense (N, Fia 72 E OB AT D T brucei brucei 72 E 3% 0 | )11
DU, VR FIRBICAERT Y =Y = RS b,

oD, TT7UR IR Y=L =Y =2 NEPRERT LT 7 U B
FEOFARIETH Y, ¥V =Y = /A BMTAekE 19 £ & ik 27 o2 K
B2 D B> B VR RT3 5 2 &6 TR B HgC B W THitIT L T 5,
KRR C&H D T brucei rhodesiense [ZIB L OFET 7V B < Ao, T
brucei gambiense |3Va3 L OV ERT 7 U HIZH 5415 (Fig. 6-2), Z LD &4
DY =Y zNTOERBICE W TR, R, FZEERETEHEZLTTND
e, BAEERL Y AT AN RERMBN S NA U R 7 Lo TN D,

I BT, RIBMOFEIZ LD A2 DR, BAFERN 72 & CHRJE 24 0 Ik
2 E DRFRORBUTE DI A & DIEGER D — i & 72> T 2,
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[] Norisk /
] Atrisk
Endemic AR Sl
I High endemic U
I cEpidemic \VI

Fig. 62 77U B NV ) ) —<JED 5 Hi 4

WIZR YR ) ) —==DFTATHA I NI DEIRT, RNIR)V—<DTA 7
YA 7 MIIEEEENRRTH DY =Y = RO TE £ 15 (Fig. 6-3).

Tsetse fly Stages Human Stages
Epimastigotes multipy o Tsetse fly takes
in salivary gland. They . & blood mesl Injected metacyclic
(irjocts i trypomas d trypomastigotes transform

trypomastigotes, which
are carried to other sites.

transform inte metacyclic
moasmms. ,.‘l""'_ > % - . 9 into bloodstream

Trypomastigotes multiply by
binary fission in vanous
body fluids, e.g.. blood,
lymph, and spinal fluid,

aé_g;‘_‘%./‘

Procyclic trypomastigotes
leave the midgut and transform
into epimastigotes.

Blocdstream Irypomasligotes
transform into procyclic
trypomastigotes in tsetse fiy's ﬁ?‘\\

eTr)rpumuslignles in blood

midgut, Procyclic tryposmatigotes
multiply by binary fission.

Fig.63 KU/ J Y —2DFA THA 7LD
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DY = = NN OW I OBRIHERE SN BB RRIEFER (metacyclic
trypomastigote) & FEEIL D R BRI TOMEIES A 75 NOIMEIZIR AT 5,

@ L CHIEIZSEHE R (trypomastigote) ~ & IR EZEIT 5,

ONENTIZ Z OFEF RS 5302 Ko THIGE L, BEfifeky— i i € i,
U 2R RIS LIRS o T <,

@, OFEMFFERINY = = N (2RI S D,

® B oo P 5 ¢ R B NS R (procyclic trypomastigote) \C A L, 4% ko
THIET %,

@B BN EEFE A T 5 O MBI EAT U EEEEAY (epimastigote) (228
=R

@M MR C _EHEET (epimastigote) 23 /2L L. B REAREEHF LT (metacyclic

trypomastigote) (ZZE{KT 5,

NREN) O M CHEFE 2 4 0 IR e U X Y —~ ORmITHE S
/X2 'E  (variable surface glycoprotein; VSG) TEDOIVEGEMELFFD, L L7en
5Y =Y 2 N OHGTIL VSG & R WVEYAEIIRF 237, MERIRICRAT L72ERIC
BOVSG ZF &, NG E b ORBERREEEEN L 25, NN Y —
< JFHIXENENICER LR P52 0 VSG Bla 2 FbH. 15 EOARBL K
JSZBEMEIC XS LT VSG IR DO ER A Z L, fEENTAEZIERS, - T,
U7 FrOERIZNEECTH Y BIEIXART 7 FUREELRY, 20D
BAET 70 R) R —<ETHIEY =V = ST OBRERICHED LvR<, 78
B TITEHE LVIRIICH D,
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622 77U H MU Y —<FEDIE O

YV 2N IEROBHA THIL EDOE /S THEO L O I8 CTHI] LK
M3 %, FSAZEFTIIZER L em BEO U U ZHROKIEDN TE | WAERND
MEGIC X DREREEFEDO X OITRSENL EN VI OB D TLRDO NY X Y
— < fEME T Jif (trypanosomal chancre) & 725, Z ORIE S (bite reaction) & FEIE
LD A ORI E ST, BB EEZBZ T2 b D235 <X 1-2 B TH
KU, HET D &L LZDOIEREITOZW N K72 < 72 5 7 O 2 W2 I3 TR O
RED NI L 2D,

RIE% ., BOICH HDONDIERITA 7 IR IER & BT 53580
2 < BE WLWETRCREETR R L2 o7 40CLLEDOREDRED b D,
Z DT ZOBFEIZ I T DIERN S OBWHIINETH 5,

AT IR Y —<fEL v —FT T h )X —<JEX AW - 72
SRR L 2 D3, H T MY R Y —<IEX VXD NI EEEZ RO R
—7 37 RN Y —<IETITE LWETIEREH bbb, FBEUTEHIMIC
DI R A8 A 2 7 E(spiking fever) O % & 25 B BRI H D
WENEIN, FFlcae—7 v 7 U R Y —<ETIEEWERIMENGED 5 b,

T N RI Y —=<IEDGEIL, S D VIFEREE FEHO U s jE
NBHA B —7R kN A8 5E(Winterbottom's sign) N K <O LN D, WiH & HIZiR
P TNHE T D SRR HE A 80% LA EOBENF T L TLE I,

FREEDORAE T~ U N Y =< PFRER T IR SN D IRIEIZ 2 D &tk
FHIE 2D, S OITHRPEARBZIIC 2 EMRIERZE D £ 91272 b
gig | PEELEITEN, AR OMBIRZHIL, S HITIERDED & FESKEC L D1
%, =T 7 MR Y —=<ERFIIT T MY R Y=< EHEICH
N ZZICELIHEENRLS B A TEHICAVIECT 5 -7, BEITEED
HUVNEENLL B U TEREERIZ A DTERDN & 5,

UEDXE T 7Y H NN Y —<IERERRN & ET D L IEF I
BRIZIEIT T Do Lo LZ ORRGAIHN I OIRYUE & DRER D XHIEE L < |
S HICKNIFRR A BRI 2 00N H 0 | JRATHLO EIFRHEER 0O 7~ T IL R 15
FUXREERIGAE N2, Flo, LB HICU 7 F AT X 5 PR
RIUZ D 0 | A RITBRFNERITHO D552 520, ZO X722 Lo b YL
O ERE NGBS, ERERERENEOCEIZE N ATRE & 78 5 £ T
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MUY =< SRR I TIEGE P LR I C bR R AR TE 2 b O

BELWnEERZLND,

6-2-3 T 77U H bUIRJ Y —<JEDIREIK

DI F a0 N X)) =< ~ORRNRNEETH DL, *IRITHERTE
PATHH D LFIERIR, R U S ) — < ETR IO BR I AR E T LT
DI EFFIEIEEZ W — L) v e TH D, 1901 -, =— LU v eI~ T
UTRBIEREZ 77 O XHFICe RN R YR Y=< ZHHNRB O HHE
WD EOFEHEHE RO, LV R Y —<EOBIR 2L, 900 UL ED B FE1L
AWM EAEY EER, BN ZILFEEE & LT RY R Y —< %7 53

%Eﬁﬁ L7me BRERDH RN —=| ﬁfﬁiﬁt??m/\% TGN oTe
FEMNREENTWD DT

fﬁfﬁﬁ WHN TS IREESEE (Melarsoprol) (2
Z DS @waémfiﬁw#&%z%néw

F)A//ﬁvﬁﬁﬁ%&ijwBﬁw%%éﬂkSwmm%ﬁ@D
NN o T,

Pentamidine, Melarsoprol, Eflornithine (Fig. 6-4, 6-5) 23MEH S 415 L 9
Al &G (A

il FHSEAN TG (RS PR AR R IR AT D LLRT)
ZXoTHEA D, Fig. 6-4 [ZELWH ~ RN W B0 5 3642~ T,

TR

(o)
o e o
NH H H HN

0”7 NH SOH HO,8 HN™ YO o~ 0
D 99
SO;H HO,S NH NH

SO;H

SO,H
Pentamidine (19394E B 5)
Suramin (19234E B $8)
BERE BEFLRGHE
BERE ~
BRI~ B RS BEOB~ RS

Fig 64 EUA~ PV B L % 367

Suramin (LR Y A)VR AL T 7 FIOVIRBHEFITH Y | T brucei rhodesiense 9%
OHHEIZHW SIS, HEIEE D BN SN2 WENSERIRNES THW, 1 H 1
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B, 5~10 @M OEEGNLETH D, £, MEMEEM ZBEE TE 2D, R
S HFHEAFRERITRA L2 Z O RITHIRFTE v, BIER & L TEREME, K
JEMERER, BEO TR, BRH&ERENmon T\,

Suramin |LIMHEZ /37 & OFEEMED E < MEES X7 LTV 2 —%
Jrlicmy A b= A Ko THRBPIZER D AT, FRROAEFITHER
TV RAT AR VIFEOMIR AT A Z LICX VPR Y N Y —<iE A
BT L 0L INTWER, LETZ =2 N ERVIDIALTHL EORED
&5,

Pentamidine (% 7. brucei gambiense &G DX V5415, Suramin [FI4E MR
JIRd BE I L 72 72 3D Ji 28 HRARARER R ATIR N L7232 O R RITHIRF TE 220y,
Fo. HIEEDL BRI S VWD FE GIEITFIRNE 5. & 2 WIZARTER T
HY ., 48 B EIC T8 MR LGP LETH D, BIIEH & LTE#RE, XY
VIR 2T K D AR MEE, PERR . RAEMRREE R | BEIRIF 72 E SRR S LTV D,
TERPEE LTiX. AU T U DAGHICEES3 % S-Adenosyl-L-methionine
(AdoMet) decarboxylase DL 4 DNA ~DfEE SO0 E I TV D, Tz,
BRZPWErT 5 EHETLZLEBRMONTND,

RIZ, Fig. 6-5 |G B (FARARRIEIR) (ZHW B 5 3H 2 R"T,

OH
n {
F,HC NH, A As.g
HZNMO | /@
)\N/)\u

OH H,N

Eflornithine (19784F Bf 5) Melarsoprol (19534F B )
_ BEHERRE BEAE BE
Ry (PRABERKBRE REEY (PRABER RS

Fig. 6-5 AR B D A

Eflornithine |£A4/V=F > OFFEILTH Y | T brucei gambiense \ZR Y A %72 3K
HThHD, JRADRY T I AEGRKIZE G- % orithine decarboxylase % [HE 4
% 3. T. brucei rhodesiense @ ornithine decarboxylase 358 [ is D X — o A —/3—
B EE 2N < Eflornithine (2% 2 B2 MEN 220, MRAKBART & @i L, 43 %18
U CHEARES CEH &5, Nifurtimox® & OOfFHIZ L 0 HE G- ORI EITI S
BOHEDRINTWNDD, 7T~15 HOEREGENRLETH Y . — ANE72 0 OIEHR
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11500 VAR D,

Melarsoprol IFA R L FBAITH 5, MEMMEIFT Z 818 U T brucei rhodesiense &
Yx | T brucei gambiense &G DB INTEFIRPESS (1 B 1B 10 BfE) Wb s,
F 72, T brucei rhodesiense DEINAEH TE HME—DIAITH S, BIEHE LT
MMIE, ODFPEE. mIEREDRDH D, WM LWEWEROZO, 1BRIZ XK 53 TH
X 5~10%ThH v | FEAIMEF B DN L0 20%12 EDOFFREN R HILD 559,
ZOXOBEWERICHLEDLL T, REICT 7 VA IR Y —<JEZRIICB W
THRbEHSNDEEHTH D,

F- FREAII A TRERNETH L Z L MEO—D2TH D, —EANTIES
FITFEANT L ARAFE BN HE L < | YL D2 < PEIERRAH DOFE > TR HE
BIZES L TWAT 7 U MR Y —<IEDRE . £ OIRREITHIENE S
BRREAETHD ZENEE LYY,

LED XS B mne, FilT 70 MY Y —<iERFEEIZIT, ZmT
BEMENENENETH L Z B LV, AR L IREMEZ RS R, DX
DB DIERRF RO ERROOENTVE EEZBNS,

63 77U N RN —<IEDEIT OIS

0©
Rt 77U H RY R Y —<IEDIREETIL, 2009 F@m
W) 7 4« T_XoF 4 AL DND/ (Drugs for Neglected | N N—

Diseases 1nitiative) Dt b7 7 U H KU IR ) V—<E (77 oj/
U 77 MEARSP) DIREHE L L CHLEHE Th 5 fexinidazole (7 (?
=X =LY —)b) O3, BGE, ke, (ST O WIEARE | [
LT3 57, _
DND/ iZ&EF8Eh=trua IV —LZ{bEWMENIE L, FOHFDO—>T
HHT X =L — AR T 7 U ARERIGICH L TCHERLAERTH L F
%Tﬁmh L7z 7xF =X — X, DNDi 2SAIERE P 5 IR B R B & T
EDT-HDOILEMTH Y . 2019 FITIL, :/:Ezﬁﬁlfﬁnénfm
Fo. BUEOIRRIE L RIEOFIMELFSH, K OBAMENE ., D%@ﬂﬂ
bﬁﬁﬁﬁﬂf%éohwm&hbK7i#V:5/~W&%ﬁ%@mmmﬁ
BRI OV in vivo IRBRIC L A5 R A R~T %),

Fexinidazole
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Table 6-2a in vitro\ZB1 % 7 =% v =4V — )b L BEAFEOTEMERER
ICso (uM)
Parasite Strain Fexinidazole Melarsoprol Pentamidine Eflornitine
(279.3) (398.3) (592.7) (236.7)

T b. rhodesiense ~ STIB900 2.17+0.29 0.011+0.003 0.002+0.0003 8.58+2.7

(wild type)
5.56+1.9

STIB900mel 2.66+0.57 0.092+0.028 0.095+0.035 ND
STIB900pent  2.71+0.87 0.043+0.022 0.058+0.019 ND

T b. brucei BS221 (wild 2.38+0.88 0.013+0.004 0.002+0.0003 ND
type)
BS221 1.33+0.21 0.034+0.003 0.008+0.002 ND
ATIKO
STIB950mdr  2.44+0.99 0.038+0.011 0.002+0.0002 ND

T b. gambiense STIB930 1.84+1.13 0.012+0.005 0.016+0.001 2.85+0.98
DAL 898R 1.01+0.36 0.009+0.002 0.002+0.0002 ND
K3048 0.95+0.19 0.032+0.012 0.084+0.015 7.63+2.5
45R 2.17+1.59 0.033+0.011 0.069+0.044 9.98+2.4
40R 2.61+1.03 0.032+0.006 0.088+0.024 11.4+5.8
349Pi 1.07+0.14 0.043+0.011 0.066+0.012 16.7+3.6
349R 3.31+0.88 0.033+0.015 0.095+0.012 22.8+13.9
130R 2.37+1.14 0.055+0.023 0.074+0.011 9.4+2.19
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Table 6-2b in vivo lZRBITH 7 =X =XV —)L & X T )Y 7 a— )L OIEMNRER

Compound Dose Mouse No. of cured Mean day of
(mg/kg) Mice/no. of relapse
Infected
Mice
Control 0/12 8.75
Fexinidazole 20 ip. 0/4 11+2
Fexinidazole 50 ip. 4/4 >60
Fexinidazole 25 p.o. 0/4 12+£2
Fexinidazole 50 p.o. 1/4 >27
Fexinidazole 100 p.o. 4/4 >31.5
Melarsoprol 4 ip. 4/4 >60
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6-4 TAUAH BRIV —<JE (Y —HRAIE) IZOWVWTH

Triatomine bug Trypanosoma cruzi

Vx — N AIEIXEFEMDIR R TH D Trypanosoma cruzi 73 77 A DOPEIIZ K
DB NIRRT D YWE T, BHICHR ATl SR ISR TWn5, HEERK
YeFHIX, #9600~700 5 ADNEGE LT D EHEE S, B DI EAENRT
TUTAUBITER LTS, HEEEEESIT, R 1 52000 A2372< 72> T
WHEHEESN TS, ¥y —H AEDIERICIL, kS - 18O 2 B
b, AMENCIE, RREZ OGRS EOh A, BER E 7T, A,
HEIE . FHIE W o ZIZOREIC S & TR E 2IEIR LBz, 18 T,
AMHO%, MHFEL, HOWVITAEEMOIIEL 2N EbH b, L,
BB D 20~30%FE D DIEAOHE (ORI, DA%, (ODififER) CIBEA O
JE (BIEEZITRBORKRI) 2l E2a I L, WTILDER S AMmIZH 0
DORKITHEATT AR B D, TRIEITIEL, BERIEL L TR X =4 Y — )b
E=TNTFEY 7 AO2TEENH Y . SVER BRI LD, —
TS EREEREIER ORABEN 40%E D720 @iz, IRBICIZY 27 3&
W, Fo, WTNOES O - IR EDO & 5 B IR E N TE T,
=TTy 7 AT AR BO H D BFIIRATE 2V, 2D ORI
M, VX — T AIEIRED D DFTEEDPHFE N R LB L STV D,

86



6-5 Actinoallolide ¥ H.ifE . 1&EME

ALBRAMBIENEITICB TS 7 4 a I ANVAT Y —=0 7 (BEEERO
LC-MS ZHTIZ L D0 T8, A UV WL, it S o b rg 215
e, RIWMOT —Z _X—=Z E TR, B2 0 R BRI T HE
THZ G, FHILEMERREZIBIRICERRZ1T O HiE) OFEICLY, 44
FEREINZE D 7 /D R Actinoallomurus fulvus MK10-036 BEEZ## V5 FLOHT
HALAE WD HBE S AU, 5EAE7Z2 NMR fi#FTI2 K 0 2 O i Fig. 6-6 (237 &
INIIPRE L. Actinoallolide A (1) — E (5) & 4 S 4u7z 90,

Actinoallolide A (1) MTPA — A7 )L
Dk i 1

Actinoallolide C (3) Actinoallolide D (4) OH Actinoallolide E (5)

Fig. 6-6 Actinoallomurus fulvus MK10-036 & T}
Actinoallolide A (1) D fhff#id & Actinoallolide %8 Ot ST A4 18

Actinoallolide A-E (1)-(5) DA VEARBLE L, L FOHFEIC LV RE SN, T
725, Actinoallolide A ()N 5 2 DD =K EEEEIZE B L. MTPA 0

EAZRE SN, FOREE C-13 (O KEEHIZ MTPA ENEA S NT-{LEWM%
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D ENTE, 2O X B EEMTICEE D&, 7 Actinoallolide A (1) Dt
RISLARELE % Fig. 6-6 |2/~ X 9 ICIRE ST, £, [A—EK L D[RR HEE
STz Actinoallolide JHIFFALIDNVAAKE EZF T 5 Z &L < PAEI Uz, FEBR
IZ Actinoallolide B-E (2)-(5)i% Actinoallolide A (1)7)> 5 O FEEIC L V) #askh S AR &
BIRET D Z & T Fig. 6-6 (1279 X 9124 TP Actinoallolide X8 D ) 37 (A HL &
MRTE STV D 29, LUTIZ 205 OREEIFHR & NER IR~ %,

F£9°. Actinoallolide A (N)DHEIERFEE LTI, mEICE AL S L7280k
ODHEEZFETLHZ L, BXORER~ T FRNICS BREA~AITEXY—L
WiEEHETLZENET N5,

1T Actinoallolide B (2)1% Actinoallolide A (1) & fiish CTHELL L 7= 1&E 2 A L
TWDHHDD, C21 ANV AR = VIPKIBIALIBITLINTND Z LD 50
Lo TND,

% 7-. Actinoallolide C (8)i% Actinoallolode A (1) C3 it~ 7 & % — /LK [iE
BEBAKZE=ZT b BRRE =L —7 UEEZER L Tk V., Actinoallolide D
(4)1% Actinoallolide C 3)? C21 A7 W AR = VBB ILE I KEEIE L 7o o7,
2 L < 1Z Actinoallolide B Q) C3 (i~ 7 & ¥ — /L KR K 25207 5 B8R
o lm—T UG L ool L R D 2 E kD,

%12, Actinoallolide E (5)iZ. Actinoallolide C (3)® C13 fir/kf2}/>% C1
PEANHRZNVIEAORERERNEZY 4B~/ a 77 b~ RNT AT
FAEBEZ o TAbEM L 72> T D,

F 7=, ALBRAMBL STV RIS ¥ — T3 S 4172 Actinoallolide
¥ D T brucei brucei GUTat3. 1 FRICxt T 2IEMHRBROMER., 5 FO
Actinoallolide X THRHL MU NN VYV —<{EWE2GTHZENHAL N E -T2
(Table 6-3)%9,
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Table 6-3  In vitro Anti-trypanosomal activity against 7. brucei brucei GUTat 3. 1 and
cytotoxicity in MRC-5 cells

ICso (ug/mL) Selectivity

Compound Structure
Anti-trypanosomal activity ~ Cytotoxicity ~ Index (Sl)

Actinoallolide A (1) 0.0049 >100 >20,408
Actinoallolide B (2) 1.10 51.83 51.3
Actinoallolide D (4) 0.77 16.45 21.4
Actinoallolide C (3) 0.11 32.44 295
Actinoallolide E (5) 0.13 4.71 36.2
Pentamidine 0.0016 5.71 3,614

KERHIK Actinoallolide $H7)> & 45 B N 7 IETEMEAHBIIC DWW T DB 4 LU FIZik
~2D,

Actinoallolide 38 #1 T %, Actinoallolide A(D)®D ks U /X YV —=<1ZxF3 5 ICso
fEIX 4.9 ngmL THY . ZIUIBEFIRA X IV UZILEd 5, Iz C21 itk
VAR = VISR TEIRTH % Actinoallolide B (2)35 KUY Actinoallolide D (4) D&%
BRLHE. CQLNL VAR =K TH D ActinoallolideA (1) & bbifg L, KiEIZHE M
MPEES LT Y, C21 AL ANV AR = VI TTERBUC EE AL TIE W e %
bbb,

F 72, Actinoallolide A (1) C3 iz /kEEH 2 /K L 72 Actinoallolide C (8) D
PEd 1 L THE L TR, 2O OKBEBIEERBUCEE TH D &
BEZ D,

X6z, C3 ALAKEENMAK L 7{tA Y Actinoallolide D (4) 3 L O}
Actinoallolide C (@)% [t 3% & C2L iR NKR=NIETH S 3 DIEHED N
El, ZOZENS L C2ANEH VR = VO BEEEN RSN TN D,
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R®BIZ, BRI R 4 BR~7 074 Rl 5 L WEOF
PITIFIERIFETH Y . ZHULEE O 3WICHEIEDFELL L T D720 Tl nn
EEBEZBNS,

WIZ, & b~OZEMEICEB T 5 L., Actinoallolide A (DIX & FE LB IZ 50
T MRC-5 il (B NGRS (o3 LHIlREMEZ RS9, £ O selectivity
index 1320000 % EFY BEFFEAN 2 IV 10 b@mnWEatEz R, £z,
Actinoallolide A (1) & X2 % I VU OMEITIRE S B D20, WEITERLD
EHA = AL EZH L TND I ENTREIND,

wIZ . Actinoallolide A (1) 7! brucei rhodesiense 5 XN T cruzi (2% 51
PRI ER S S 4 Table 6-4 1233 0,

Table 6-4 In Vitro Anti-trypanosomal Activity against 7. brucei rhodensiense STIB900
and 7. cruzi Tulahuen C4C8 of Actinoallolide A (1)

IC,, (ug/mL) Anti-trypanosomal activity

Compound
T brucei rhodensiense T cruzi
Actinoallolide A (1) 0.086 0.226
Melarsoprol 0.002 Not tested
Benznidazole Not tested 0.418

Table 6-4 (Z7k7 X 912, Actinoallolide A (1)ift MIAE LEBDFEIKNE 725
T. brucei rhodesiense \Z%f L CHIEMEZ /R L, & HIZIE, ¥ —H AIFEDIREIR T
BD T oruzi \IZRTHEEEZ AT LI EBHENERS>TND,

—7J5C. Actinoallolide A (1)IZ in vivo FERIZEB W TIRIFEIR AR S 02 &
HIH LT 5 00,
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6-6 B EPY

Actinoallolide JAIXFR 172 bt b U X Y —<iEEB I OMEEMEZ /L, P U
)V —<EDOBEFIRE B o2 LT D Z Enn, BEFRE IR -7
B A D =X LR FEEIN D, S BHIT fexinidazole (7 =F v =%V —/) Tl
X, in vivo REBRIZBA L CIRBEDIRZREI W H O D, in vitro WBRIZI VTR
H7pEEEZRL WD, £ZT in vivo RBRICB T 2HMERBE 2 AR L
Actinoallolide $8. %F!Z Actinoallolide A ()& V — L&MW E Li=7 7 U A h U X
J =< EVR SRR ST O RIREME 22 D NC B2 RIB L TV 5 &8 2 7,

ZOT LD, EFITHHT 7V B N R Y — < EIRE KA 2 & B
& LT, £70L. Actinoallolide A (1)Z 1Y & L 7= 2472 B8R ARG AR DS FTRE 72 42
BRRRE DML ZATH) 2 BiEL, MMEICEFTHZ L L LT

6-7 Actinoallolide A (1)D & FRAFFEIZ- DWW T

6-7-1 Paterson H DAFZEIZ-DOWNT D

Paterson 52X > T 1 OGP ERINTWVWD, Pl AEMIEEZ T
(Scheme 6-6-1), HISHEIZOA TIL, FEBREETH D Cl12-14 /i, C18-21
N DFELL T 7T T 0 % syn-aldol, anti-aldol S Z V3T 5 2 & THESL L T
5, G, =T hralRWEE L, 74 & syn-Aldol G S HIZ
IZ Paterson B 2MfENL L7-7R T v % = anti-aldol SOZ K B ARF FLOFESE &
RFMR 2TV, WBRIZT VIALEAT O FTRIEA VT 4 AT DML
DEMEAIT> TS, TV b ENLOREEETIL C6 MITHFIET D 4 BHURFE % |
Seebach )i & FW T ARERIICHEE L T\ D, BEE LT 2 2D T7 7 7 A B
ZIUA T AT ARIZ L0 BAERTE A~ S8 x| < PR A ¥ B A S E W
HIETNRER~YI/BTZ MUEEELTND, b9 —DORMNEETH
HANIT B H—VENE, A-BE Rax L AT LOLEITV., Z DShAT
DL NTT h~EEE ] TES EDOBRETHELLZFE =MT LI — b0
DFHNEILEIDA~AI TS —VEREZHEL 1 ORAREEKRL TWD, Z0
BRI, ISR Lk, ~2a T2 bAbZEIT) FlkE o TH
Y . actinoallolide AD/E A ASEIZ LIZARIETE L Z 2 biLD,
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Ti(O'Pr)Cl3, DIEPA, CH,Cly;

o OH OH [0} OH OPMB
methacrolein; LiBH, 4 steps
\)H/\OPMB - M\OPMB —_— H =
90%, dr > 20:1
6 7 8
[o}
BzO
H (o} QH OH OPMB OH OTES TESO OPMB
-  » BzO ' 4 st :
= steps =
Cy,BCl, Et;N H ~
Et,0, -78 °C B
89%, dr =15:1 9 10
Br o, o
o (MeO);CH, CyH, 80 °C; 9,0 LDA J\: >=Bu  gsteps O
- ><'Bu ’ -0 R
OH 4 (o] o D —
OH TsOH, ‘BUCHO, Hexne, 73% THF, -78 °C %
53%, dr > 20:1
1" 12 13
1) TCBC, EtsN, DMAP
Toluene, 99% o 4 steps
10 + 14 > OTES TESO OH >, Actinoallolide A (1)
2) Hoveyda-Grubbs Il :
(40 mol%)
Toluene, reflux, 7 d
3) DDQ, pH 7 duffer 15

70% over 2 steps

Sscheme 6-6-1. Paterson © (2 &2 5 Actinoallolide A (1) A=A 3k A
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6-7-2  ZFJE O OHFFEIZDOVNT 2

ZJR B @ actinoallolide A D ARG FAIFE TILS BEANI T B X — /UGS L
Ric~r T 7 AL EITV., S LIMBEOMEE1T 9 ARREIEZ & > T
5o £916 ZHFEWE L L CHll-aldol (12X D RFFLORE, i IRFBME
Z4T > 721 . Seebach IGZ X A TUEHARFEAEGL L 20 243 TV 5, HITHRFH
MR LI, ~IT8X—NVEMETHD F-7 8T 7 N UEEET L0
TATNDY Y )Nx ) T— % aldol fUSTEAL -7 = AT VD7 & F=
RERGERQDZEEL TWD, ZDH%RT 7 M rQQ)EHEELTRIIA~AIT Y —
Jb~ L IE X actinoallolide A (1)D 5 BEANIT X — L2 G 12 BRI 7 M UF
¥ 24 OREZEE CTEERL L TV 5 (Scheme 6-6-2),

OTMS

~ PMBO  OTBS
o o MeO N R, B0 OH OTBS 3 gieps :

)k 5 steps OTBS

—_— B
o N)H o MeOZCW Br N
“{ CH,Cly, —78 °C, 96%

Bn

17 18 19

X O0TMS

16
o 07"Bu 1)
X
?0 o °7“Bu oM BN
g 3 stens oTMS Oxo
s )
LDA, THF PMBO QTBS P PMBO QTBS TiCly
-78°C, tort. = = CH,Clp, —78 °C
87%
20 21

2) TMSOTf, Et3N
CH,Clp, —78 °C
2 steps 71% 22

DDQ, CH,Cl,
_—
pH 7 phosphate buffer
0°C, 92%

TMSO oTMs Toluene  Tmso
" OH OTBS  fux, 92%

23 24 25
Scheme 6-6-2 ZJR 52K D HHK
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6-8 I E TOFBEMIEE T actinoallolide ¥ DHFSE

6-8-1 Actinoallolide A D24 XSS

AMEA 1T X Y | actinoallolide A()DEG L AT 2 IZH T2V B REIE S VLR S 1
TW5, ZOFEMZOWTLLNIZART, 6-4 Tik-X7 actinoallolide A(1)7® in vivo
AR B W TIRIEDIR DR SN WIRRITFEFEOENIZ BT 2RI L2 b
DThHDLEEZEZTWD, R#MEREIGE., ETHOIC~YI7 T 7 b DK
DRINE 2 5% (Scheme 6-8-1), L/ L., ZHZPh<HEERR (=27 uA#iE
AMOEREECHE SR HMEERN) IIRAYEFEE LA CIIRETH
%, F72. FFifiCib~7= actinoallolide A(1) — E(5)D in vitro I&EMEFRERSE 0 6 |
BWHLR U X Y —< B RBUCIIANI T2 — A EER L ETH D EE 2T
Wh, LML, FmilBiT o2 ERERNL, YA~ IT B —AHBEIIESIC
BAKZEZTHZ ERPALNERS> TS, HHIEOENIZE N TH Z OBAKK
JEDE Z D IEEME T LTV D A[REME S B 2 41 5 (Scheme 6-8-1), ZiLa [
I CSPEANR =V EDOBRENREZ LNDN, 2L RKEMEFE 357
7u—F TIINETH 5,

Actinoallolide A (1)

Hydrolysis / \ Dehydration

Actinoallolide C (3)

Scheme 6-8-1 Actinoallolide A (1) D AEAANIZ 51T 5 At T
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CLED Z & e | BifEE T actinoallolide A1) % V — R{LA# & LT-AIZEIF7E %
ITOITIE, SRR BRGNP B A RIS 2T 2 2 E DR ETH D
EHIT L, e < MERRER ZRFRER AR AR T, BT 7 U Y N Y —<ER
WELZAIRT 52 2k AR S LTHRIT TV D,

6-8-2 Wi HIKIRNT

Actinoallolide A(1) DG4 & L T,
DI2BBR~7077 hRAIZS BRENIT B - HEEATL L
2) MISHICEEREL 3 ERE A F R LEALTNDHZ L
INZET B 5 (Fig. 8-1), LLTFIZZALBRHM T & O BT &2 1~ 9,

~-~._ 5-membered hemiacetal

Similar stereocenter triad

Fig. 8-1 Actinoallolide A (1) & AR5

6-8-3  Actinoallolide A(1) D& EkEEIG

6-4 TIk~7= X 912, KERH KD actinoallolide $H % Ak & L 7o & TH MEFERY &
D, ~I7TEX = VERITEEREEP O TOLENAZX D, Z0H, %O
FEREGR OB ICANTSGE, B ERFES R L AT 513 ~I T '8 X —
IMEEZHMERFT D MER S D, - T, G ERV BN 0nA~AITEX—L
MG 2 HEFRE L O DR BN G A ZIT 211, R4~ 7 B ¥ — /Ui 36 il &
BRI WTRERIK B-7 P AT VL O ET LKA L 5 EREE LW E
% % T 5 (Scheme 6-8-2),

ZOBE, CSMLAINVAR=NVFEEREBTLTT/La—L 27 ELTEEX, ~3I7
T X — AEREBICRIET D Z LN E L& E X 7~ (Scheme 6-8-2), Z DT 71
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—FH LD IRV BEHRFRUR2TIIANIT B = AN DMK Y 27 ZIK
LTz R & U TEMERRBRICIRt TE 5 L E 2TV D,

_--~"~~~_ 5-membered hemiacetal

27

Hemiacetalization

28
Scheme 6-8-2 5 BB~ 7 & & — /LEN. O AR

WIZ -7 N T 7 RU@)DMERRIZHOWNWTHRRD, 3, — 7% 4 b=
AT VDA R % 77 (Scheme 6-8-3),
1)
>< A, Tol
, loluene
RMO > R)J\%.éo R'OH

2) [0} o o}
o) )J\ 0] OH (o] (o)
X i X )= 0 I
(o) Base o R R'OH R OR’
o 0 P-Ketoester

XV RS LEE

3) B PIL F— I

(0} . OSiR; /
RJ\H /I\OR' i

Scheme 6-8-3 -7 b= A7 LA
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1) OFISTIE, g7 MAINRUBEIOFEIND 13-4 F 2 0 ORGHRIC
K0, AL T BTN a— LV EMAETHIET BT N2 ATV ERRTE
%9, 2y ORIETIE, ANVRTABEBI v T4 RefWies 27 =) —F )L
Ma Tk < . WREE, 7V a— LV OMEIZED . -7 R AT ARGLND ),
NDORETIX R ENEZ Y L ) —Lo—FT LT TF e REpmLi7 L R
— NG THEUT f-8 Red v 27 Uk LKBREOR(LEZITH 2 & T -7
KT AT ARELND,

INBHDOFIEX, REMAERICHWLNTE 72, Lo, £ALD g7 Fx=X
TNORGEDE I N D, 2L OFFITEBETHEI N TS, MA T,
BHEIMEE BT 52 R E G T 256 BRI, BRx REOREME B
RIS nEH, fibH 5, FlxiX. 1) OFHBEEHWDITIE, BICR
BRI EZ N TWD 720, -7 N AT VDS RRERME £ TEAMES: 2 v
HZEMTERY, 2D, RiMEZ SRR E CRERMEE L L TFES
B CEBLIME NS D, Aggarwal 51T Prelactone B DEAF[K SNz WNT, FOH
MiRL 72D B-7 b2 AT N3l T YV —)L=—F)129 L N—FigEx, 4/
VIR AR TA R LTV 5 (Scheme 6-8-4),

O3

CH,Cly / MeOH e ~P:Ket°e3ter
OH Li, i-PrOH OH —78°C, 20 min 4
_ s !
- OMe . . OMe < g
H NHy / THF, =78 °C, 1 h : then i _
84% PPhgy
29 30 -78°C,tort., 1h 31

69%

Prelactone B (32)

Scheme 6-8-4 Prelactone B(32) D &A% &9

97



T T, KERIZBWTS -7 = AT EIAE LT = /) — /L —T )b
ZIEFHT 5 Z & & LTV 5 (Scheme 6-8-5),

Birch
reduction

Selective
cleavage

PGO...

Mitsunobu
reaction

34 35

Scheme 6-8-5 -7 k= A7 VIR DA K,

Bl NP UBASDRERT U — Lo —F L 34 25T 53— F B LD,
FVT7 4 OBBERAREITO ZEICE D 28 B Z &L Lic, 2O, 34 DX
VEVEREOEBILIZA P VEBIUOATAEEZH O UHEE L TH Z
Ll Lz, ZIUCL VD NR—FIBTTAELD 33 T4 EBRHL > ) — L —F
ERDTIZHOIFFICETEEICRY S FHICFET M0 2 SO =EA 17 4
Y EDBEBFIREOENEZFM LICBRLBRIZLY, BHO 47 b= AT Ve
LHIZENTEDLOTIERVWMNEZER T, VT 4 OB FIREOENEZFIHL
T BRI 2R R LB O Bt DA & LT, Aggarwal 512 X D PGFa, D &A% 09
D3ZET 55 (Scheme 6-8-6),

o/

O3, Pyr. Q/\ H? :\:/\/\co H
CH,Cl, / MeOH cS ~ 2

-78°C O\/\/\/\/ — O\/\/\/\/
R = —_— N 7

= z —_— = z
then HO OTBS HO OH
NaBH4 PGqu
36 -78°Ctort. 37

60%

Scheme 6-8-6 PGF2, DA% Y
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FRIZ, Aggarwal 51T PGF,, DEARIZBW T ZE#H V)T ) — /L T—TF
VB LT 0 o OBRRMELY, MBEBOBEFEEOEZHMALBIL TWD
IO ENDL, RFETIARGHEEIFICBNTHARETHDL LEX TV,

FEVNT L 34 AR & 7225 38 DICIESUSIZ K VG X 5 LB TN, BEICE
REE LS NTMHE 7 = ) — VIO SIERUSIFBAE L TIZHM BN TE 6T 4%
BOGIEREED LS & FHALTWD,

F 7= actinoallolide A()ZAFTE T 5 FALLE A 7 HLO O FHIE R D 7K R
DYNKRTH D, ZOZ &L, 1 OOERAFF L=y FEDFEMIZHER TE
AUE, M5 OKEEEEDSEKERIZ LV B ICERATRETH D Z &2 mme LT
He SIHIT, 20o0HEGEFLE 1 OOBEFMENLHEDS E VD T L, KR
F7e B AR DNLR A AlRE & L, PORM e B kL — NSRRI 38 Rk Ak &
B LTWAEHFICE S TIHERICAFTH D, LEDOZ L6 1 ORERREE
TN D25 Z & & LTV % (Scheme 6-8-7),

Negishi

o coupling

PG

OPG OPG

OPG OPG
OPG
Ho™ \/\‘/Y\ .

SnR3 Center part (40) Right part (41)

Left part (39)

Common intermediate (42)

Scheme 6-8-7 3 Hf AN HOMNIEFEH LG Rk

BNt 35 D CONLICIFIET DX T NRENMRFELZ T 38 L#E Z L b
l,38ﬁNVﬁV%%ﬁﬂIﬁﬂm@%&@ﬁﬂﬁﬁK%@b%@ﬁCmm
part(40), Right part(d41)~& 3E[4 2% Z & T2 50 3 #ife A L@ R
RPHEL ZLENTEDHEEZTND
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6-8-4 £ 7T T AL N DERRKK

T TITHMFIEE TIE, HFRNFZEE 12 K 5 actinoallolide A (1)D A FRAFEIZ IS
TEBIZ. 1 E2 3207 T 7 A MIHEIL, TNENDT T T A %@é\ﬁj‘zﬁ%
Eﬂ%ﬁ”ﬁﬁbﬂ\é SBT3 ODT T T A NENART > 7V 7 RIGIT

HAET 5 2 & T 1 OFTXRTORIBERZAT 28R PHIEL 87T DA% 2 ﬁiz L.
i SL(Tetrahedron Lett, 2016, 57, 357) ) CT#i5 % L TV 5 (Scheme 6-8-8~
11),

Ti(Oi-Pr),

Diethyl D-tartrate
OMe OMe OMe TBHP (0.5 eq.)

4 steps H 2 steps HO x MS 4 A

Br CH2C|2

OH OBn OBn -20°C,3h
43 44 40% (93% ee)

Me (Me3Sn),, Pd(PPhs), " OTBS
4 steps . OTBS i- P"zNEt
50°C, 1h SnMe3
62%

Left Part (39)
13 steps
total yield 14%

Scheme 6-8-8 Left part (39) D&k

Left part 39D A L, ML THD 2-70E-4- A "X 7=/ —/L (43)
BHREFEIE L. 4 TRTTLTE R @YE Lz, 20k, 2 TRTT AT L
a— LR (45) % ARk L’Cb\é NT, L THLY Y — T L AREFETARF
MEEITV, =T VEOREGRAE T ENCL Y =R X AR @e)Z G L T
Do £D%, 4 I%%fw:“::/va UHEK @DE L, B#E, FURRAILZHELT D
T LT, 13 TR, #UNER 14% T 39 DAL & ML L TN D,
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OH

3 steps
/Y\‘/\OPMB - W
Common
intermadiate (42)
3 steps \TBSQ OPMB
—_—T \ < <
5 — OH
51

Propargyl bromide

THF, r.t,, 30 min \/‘\‘/Y \/Y\‘)

49 : 43% 50:54%

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

1) MsCl, DMAP

Pyridine, CH,Cl, TBSO OPMB
0°C, 1 h, 99% \/W
> I
2) Nal, Acetone

reflux, 24 h Center Part (40)
quant 8 steps
total yield 25%

Scheme 6-8-9 Center part (40) D&k

Center part (40)D &L, AR L7~ Common intermediate (42) 975

3 TETTNAVTER @A LT, D%, 48
bromide # 7=/ NV E A TV,
BIDT VX AR (BO) &SR L TV 5D,

(2% LT, Zn, Propargyl
1.3:1.0 DY T AT LAIZBWTH
FEWNVT BO 0D 3 LFETHL & L7214,

—HRKERFED A ALK . I U FE(LETTV Center part (40)% 8 LFE. 1‘*”*\1&

2% THERM L TWD,
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1 ) PPh3, CBr4

1) 'F‘,"S%': DM({J\: o oH eMP CH,CH,, 0 °C, 15 min
yridine, CHxCl, 72%
Common 0°C, 2 h, quant Ssteps, 0 @0 ° >
intermadiate (42) ) CSOA - 7 OPMB 2) n-BuLi, THF
)1;croc ~78°C t0 0 °C, 15 min
-crown-6-ether 52 53 then Mel

toluene, reflux, 3 h c
then DIBAL-H 0°C, 1 h, quant
0°C,3h,78%

1) Cp,ZrCly, DIBAL-H, THF

PMP 0°Cto50°C,3h
° i PMBO  OTIPS
0/'\0 PMBO O thecn NIS, 0 °C, 15 min
4 steps N 71% I
% e AN - =
E—
2) TIPSOTT, 2.6-Lutidine .
CH,Cl,, ~78 °C to 0 °C Right Part (41)
54 55 1h, 97% 12 steps

total yield 20%

Scheme 6-8-10 Right part (41) D&%

Right part (41)®D A& %%, Center part (40) & [F££(Z Common intermediate
@20 HE LTz, £, 42 OKBIREZ AR T 20 ERH L7720, A v
fbL., B> L7 88— b2 WA RERZITV, &% DABAL-H (2 X 5i&
JLEATH Z LT, BAHONEEET 88 G LTS, Hit\ T, 40 & [FEEIC 3
TETT7 VT E RK B3) &AM LT, TO%, a—U—T7 v 7 AT LI Ak
DFEIZEY, e ik GHEARK LT, Hi\ T, 4 TRTH ik (65) &
L7c#, BIGHM AT oo 2 DV YREEZH W T, =13 vR kL [FKRIC
TR DONAREIRANE L AT > T D, ZORRIZ, @, ¥ = VLY ilEEoRk
7RIRVIRTTHITIE T b DEITTIIAT 2, L L, RHFICAEAET S DIBAL-H
DT NVI =T LB MATENTHHFICEID, 7 Fo2iEtEbsEs 2 & T,
T a UV REICLDEILIMTONTELDOREEEZZ LTS, SARERRMEIC
BLTi%, o PMB & 7 h oo DIBAL-H O 7L =7 ABENL L, A8
BRIBBIRIEZRRM L, 22V fIED DRI EITT 5 2 & TR RELL 7=
EER LT, kb, A UTKEEEEE TIPS ECHR#ET2H T, 12 TR, BRINER
20%C Right part (41) & ARk L7=,
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6-8-5  DIRFEFKEZATDHERFEAEDOERK

TRCDT T T A MOEKRKE 2 HESL LT-7-%. &IT. actinoallolide A (1)
DRIRFBEEH T 5 KPR OE KT I (Scheme 7-8-4),

ZnCly, t-Buli TBSO OPMB
THF S J<
Center part (40) - zn
-78 °C, 5 min
rt.,1h

Pd(PPhg), TBSQ QPMB PMBO OTIPS
THF - -

A
Right part (41) > Z
rt, 3h,59%

56
oTBS oTBs
HZrCp,Cl+i-Bu,AICI : OPMB  PMBO  OTIPS t © OPMB  PMBO OTIPS
- | = = + = =
THF, 0 °C to 50 °C
then NIS, 0 °C
57 57"
57 : 57" = 5: 3 mixture (55%)
/
o
Left Part (39)

Pd(PPhs)g, LiCI, CuCl OTBS

HO'™

THF, 50 °C, 3 h
28%

/  1BSO OPMB PMBO OTIPS

Scheme 6-8-11 2R FH# 2 A 2 LR PRHIAGBB) DA HL

FFHIOIZ, Center part (40) & Right part Q1) ZARjF=H v 7'V o 7 Tl S
HleL A, 56 ZTRREDIRTHEMR I NI, HW\VT, =2 UL EREEE N
TRV O =13 0HFEEITH> TS, LNLRNRE, FREDIE
THRINMIET L2 b 00, DEERATRE/R BRIOLEY (BT LArE RIER (BT)
PMRA 5:3 DEIETHLNE, BRAMTEHDL LOD, B =13 vHERNG
HiLz7=, Left part (89) & @ Stille v 7'V v 7 %47 o7c & 2 A, (RINE
NOITED 1 ORRFEKEZ AT 28R PEIKGY) AR SN TN D,
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7-1-1 Actinoallolide A (1) D &R FE T %2 A 3 H IR P KD & ks

>

ZnCly, t-BuLi

TBSO OPMB
THF S J<
Center part (40) > Zn
-78 °C, 5 min

rt.,1h

Pd(PPhs), \TBsg OPMB  PMBO  OTIPS
THF, rt. X A
Right part (41) > Z

1) 0%-59%

56
oTBS OTBS
HZrCp,Clei-Bu,AlICI QPMB PMBO  OTIPS 1 QPMB PMBO  OTIPS
> = = + = =
THF, 0 °C to 50 °C
then NIS, 0 °C
57 57"

2) 57 : 57" = 5 : 3 mixture (55%)

/
o

Left Part (39)

Pd(PPhs),, LiCl, CuCl HO" oTBS

THF, 50 °C, 3 h
3) 28%

/ TBSO OPMB  pMBO OTIPS

58

Scheme 8-1-1 SR EIA(S8) D R A

JFam o 6-8-5 Tk 7 K 5121 DRIRFEH 2 AT 2SR T RIEO G A A Ek
LTWD, LLARnb, 588 ZAMT 29 AT O0ORBENR SR -T2
(Scheme 7-1-1),

1) Center Part (40) & Right Part (41)DRFH ~ 7' U o 7 OFHMEIME W
2) B=b 3 URR ST OGROBR, ALEZRIE L OIPERDMEN
3) )OI D Stille B~ 77V > 7 DMEILE T RAIAE 23 K #E

ZIZT, ETHIOIC) WBED v 7V T ORERR b NARH BN O SGE AT
STz, FIEZ. T Centerpart (40) & HEfLHH Z2IRAG L T &, £ 2~ -Buli &
MZ AR TT X VEER 2 L7-t%. Z 4% Right part 41)FB LU T T A
f I DIRBHE~IN R D ITHETIT 2 72, TREIC 2V E TOHRE R Z 79 (Table 7-1-1),
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Table 7-1-1. 1R v 7'V o 7 Ot

ZnCly, t-BuLi

TBSO OPMB TBSO OPMB
- Solvent \YY K
I Zn
-78 °Ctort.

Center part (40)

Pd(PPh3), TBSO OPMB PMBO OTIPS
PMBO OTIPS (5 mol%) \\ t z
| = =
Solvent

) rt. 56
Right part (41)

5

Entry 40 41 t-BuLi ZnClz Solv. 56
eq.
1 1.2 1.0 3.6 1.2 EtO 35%
2 2.2 1.0 5.6 1.2 EtO 40%
3 4.0 1.0 12.0 4.0 EtO 37%
4 1.2 1.0 3.6 1.2 THF 59%
5 1.2 1.0 3.6 1.2 THF 31%
6 1.2 1.0 3.6 1.2 THF N.R.

F 9 entry 1 TIL, 40 Z 12 FEHAV TN EIToT2E 2 A, IR 35% &K
WETHLN, 7Y TR 56 3G 5Lz, WEOR % HES L entries 2,3
TIE, 40 DFEELHEO LD, TEROM EBR bR o7, KRIZ, entry4d T
I, R AR T D THE ICEE L 2 A, WROHEN RN, LML
N5 entries 5,6 TiX entryd & [ARED USSR ZAT o 72Dy, PEROFELMEDN S
Nigrole, TOXIRFRND, G UERD BADAFINVEDSAREEIZLY
Zn DFFANH3IATZ TWR W F720EMETH 2 7V VI E D R TE
PERB 2 bhiz, £ C, IEEEOLENEZZR LT VX NVRT — e N5
A—EHY v 7V 7 DERedTHoHELE L,
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7-2-1

B-7 VX VAR BRI T T

Center part (40)(Z%} L, #-BuLi, 9-OMe-9-BBN Z/EflcERT7— %

L7

%, AW % Right part (33), /37 P07 MMl 35 X OMEREROEAK~INA T &
Z A BOSIEMEICHELIT L, IR 75% T 5 Z & A3k 72 (Table 7-2-1, entry 1),
WIZ, entry 1 IZBWT, 40 BRI S22 &5, 40 DEEZW S L, S 5T,
41 O =La yEHNONLEENELBE L, entry 1 DFMZEN TIZBWTT
STl ZTA, WHEYHETH LESEHZ LIS LT,

|

BR—EHD v 7Y T ORE

Table 7-2-1.
9-OMe-9-BBN Li®
1 B
-78°Ctort. © f
Center part (40)
TBSO OPMB PMBO OTIPS
PMBO QTIPS Condition 2 A : :
N> - Z
r.t.
Right part (41) 56
Entry 40 (eq.) 41 (eq.) t-BuLi (eq.) 9-OMe-9-BBN (eq.) Condition 56
1 1.3 1.0 2.8 3.0 75%
2 1.15 1.0 2.5 2.5 in dark 86%
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7-2-2  SLRT RGO B =L 3 v FE(k

WIZ, 8SSAR—BEIHP v 7V 7LD 56 ZICELLSED T ERMHKIT-D,
Leftpart (39)& D v 7'V T x24T H L 56 D =)L I UHFEIEIToT,

LN NIV T LEHWDE R AR, TV DAVRINICE D AKX
b7e EREA R AT 2Nk FET D Z Bk hoTe, — . A =1a vk
{EIE 60 DAEELR 61 DA FUTI W THIERIREDRFEL L, 61 DAL EITIE
HB—DIbEME 52 TW5, 72, 60 DEKTIE, DTN b O E R
FAERTD2HLOD, ZOMERMEERIII T LI~ T T 7 4 —IC TR
BERTRE CTH D, ZDOZ 0o ISHEETR L HWEICHERH D LB 2D,
56 &£ 59 BLU61 DIEWVIZZEDHFORIRLEFREDENTH D, 59 DIEE &
LTp-OMe X VY F o7 X —/L(PMPCHEEZH L TWVWDLZ EnD, f
N TBS & & DNARKFENAEL D Z & T, T/F% 2 & TBS ] TOSRREE A
HEND, ZOTD, BE=03 UREOBRZ, MEESENFEH L 720 Tizen
MEELEL TS, S5 LTIE, TAFL D afilcAFLEZHFLTWS D
EMB, WY 2 UL RIS X F LV EL AR L C L AL EEUE S EL L T
HEFRLUE, UL, 56 OFAETIE LR THA LR ERZ HE 0 21T
FARVIEPE CTROGEIT L7z & B 2 72, (Scheme 7-2-1),

PMP
PMP Y
B4 HZrCp,Cl+i-Bu,AICI TBSO 07 0
TBSO 0~ O THF, 0 °C to 50 °C | O
\\ < 5 - Z
then NIS, 0 °C
73% 60
59
HZrCp,Cl+i-Bu,AICI PMBO OH
<« MBQ O THF, 0 °C to 50 °C
X I~
then NIS, 0 °C
55 71% e+
OTBS
:  OPMB PMBO  OTIPS
! = : : =
HZrCp,Clei-Bu,AlICI
56 - 57
THF, 0 °C to 50 °C +
then NIS, 0 °C oTBS
I I OPMB PMBO  OTIPS
= : : =
57"

57 : 57" = 5 : 3 mixture (55%)

Scheme 8-2-1 56 |Zxf9 5 =/L3 UH#(

109



7-3-1  Fii- 70 B g

=3 U EEOBRFHIRBWTEGE LT 5 2 LR 70, £ 2 T59 D
=3 U F I W T E B R OZBIRMEN [ E LTV D ENG . Fio /e
e LThy 7V TNEFZZE L actinoallolide A (1)DEIRFEEH & A 58
WA Z G 23 & Lz, BID, Left part (39)& 63 % Stille 7~ 7'V >
7 CHEE ST A BRE AW AT o 7o 1%, AR THENL L7z Right part (41) & Dés
KR=BEHA v 7V 7 a5 FETHMIK S & & 2 7-(Scheme 7-3-1),

o PMBO OTIPS cl)

I~

Stille

HO“ Right Part (41) coupling
PMBO  OTIPS ————» p—
Suzuki-Miyaura
coupling
58
/
O e mmameee—————————-
PMP
o oTBS TBSO  OPMB TBSO Q}\O
A N I - b z <
i +E Y\/\‘/Y\OMS ﬁ N
SnMe, :
Left Part (39) ; 63 59

.......................................................................

Scheme 7-3-1 Actinoallolide A(1) DK H A G Bk 58 DK
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7-3-2  Actinoallolide A ()D& /R FEF¥ % A T HHIR P RIED G R

>

EFT,. 9L =13 vFEEETVEBEEEE 60 & Lo, ZOBRIZHT )
RS DOMERMEEITELLN, HTLIa~v NI 57 4= TRGITHRET
HETH o7, T, 60 DEIRT & # — /LI Z DIBAL-H % AV THZ BRI
7T H— VOB EITV, A UTE KB E MsfbL 63 A LT, =D
%, B Leftpart O FFREANS 2 THRICTHELL 64 & 63 % Stille /v 7V v
WXV ERESE Ty 7Y TR 6S HEIETHELZ LN TE L, WIZ, 74
TN a B A VRINTED Ms A3 URICERL 66 AR LIz, ZDik, &
A—EHH v 7V T EEGSEZE ZABIRINET 5 AKERHED TMS £ T
i ST 1 ORRFEMKE G T D8R TRHIAE 67 DOE Rk =ik L 7= (Scheme 7-
3-2),

PMP }P\MP 1) DIBAL-H, CH,Cl,
Cp,ZrCl ~78°Ct00°C
<Bs0 9/5\0 LiEt?éH THE TBSO 0" 0 gy TBSQ OPMB
< - ’ - T T I < <
S o = I\~ > = OMs
then NIS, 0 °C 2) MsCl, Et;N
73% (7 : 1) CH,Cly, 0 °C
59 separable 60 quaznt.z 63
/
o
. OTBS 63, CuTC Nal, Acetone
™SO / Pd(PPha)s, DMF reflux
_
SnMe, 73% 64%

OMs

Left Part (64)

t-BuLi, 9-OMe-9-BBN TMSO'"

-78 °Ctor.t.
PMBO

OTIPS

>

then 42, PdCl,(dppf)
K3PO4 aq., DMF in dark
rt., 65%
PMBO OTIPS 67

I~

Right Part (41)

Scheme 7-3-2 ZRFEZ AT H R FRIE 67 DERL

UbDZ &LV, O THE LIEMBERZMHRT L Z LN TE,
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7-4 FERE s DFRES

7-4-1 ERSEEHEZ AT 28R P REICBT 5 A E R

1 ORRFEKEZE T L28HRTHEEOEKEEZ LR L, MG ATERIZ e -
e, TOHROEREIT>72, £, actinoallolide A(1)DFH T 5 B HEFKLDE A
%179 % & L7=(Scheme 7-4-1), 1 O C-6 (AZTFAET D DU E IR FE O LAY
L LT, P 588 DO CSALT VT I a—)LOKEEIEZ @R hn & Lizy
T AT UABR =R b, BIORZ ISk RSV ROBEREA21T- 72,
Tl % FRET Ot 5. VO(acac)y, TBHP % W72 TR F AL DRI BV TR, 3
FREE IR D BV R TR X LB 7o, AAREIRPEIX Sharpless 512X -
THAMZHE VI TV | Z0EBREL RICT R FOSEEZHEE LT,
RN TIUE LR FE DSARERZTT 9% & L Roush HIZ X WG Sz ik
PV, AT VBT 2= VEERSE 7 2= — A — 1 68 & Liztk, /L
A AL LT ELAICI Z/Ef SEZRF U RE2EHILESE D L BEFFNHD
RZBCE S EAT LSRR 2 PRV e < IEPESRIF IR 0 Rl K 0 LNk 2f
TDHH—RF— bk 69 257, Hi. £ UTKERIEEZ Ac JETRH#E L%, It
OGO G R ZRH#E L T D 2 DD TBS Kz B MR brE LELRTERA 70 %

B,

o—

|
(o)

1) VO(acac), o
TBHP, CH,CI
‘ OTBS A
HO" 265 to -50 °C PhHNJ(o\._ oTBS Et,AICI
. Yo
PMBO  OTIPS —— > X Teso OPMB  PMBO  OTIPS e,
2) PANCO : then 1 M HCI
CH,Cly/pyr, r.t. 0°Ctort.

97%
89%
58 ’

o—
o—

1) DMAP, Ef;N, Ac,0, 0 °C

o OoTBS quant. "
Lo 2) TBAF, THF, 0°C, 87% ///(_)-0\“
0’y TBSO OPMB  PMBO OTIPS > 0 HO  opmB
o C 3) Conc. HCI, THF, rt., 72% AcO o PMBO QTIPS

69 70

Scheme 8-4-1 EBRALATERR(70)D & Hk
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742 RRFE AT S BRBIRIC S0 5 HIER G O

IAZHT & AU SR PR (70)°0 € DR G A HARIS K L TONIE~ 7 m o —F
MV DFEFE 24T > 72 (Scheme 7-4-2), £, A L7256 ([Cx L, 7Y VW ILARF
2L — MZ DIAD, TMAD % A8 X 7 4 /|2 PPhs, PBus %, I##(C THF, Toluene
BTNV 21T o7z, Ll WInb 0223 /o, Zo
TERIND, ARA—=T a VEBESED Z LT, BB EITT 20 TR
EBZ BIRAT—AR— ML AZ B Y MOM FRITZHE L7z FE ORISR O P&
A PMB RCATE LI AE &R LIRS AT o 7203, OB B-Bisf ko 203
/i, €I T, SBHET C89 MDA L7 1 & DI REN A BB /) & L
7= B-BRBEAHEIT L TN D DTNV EE X 72, DT, C8-9 frdA L7 ¢
v ETRF AL LTIALEDTH T DN~ 7 v = —T b E T o7z, L, W
THORIZBNTS S-BEEHADG i, FrEo 12 BERREIRT J —1>z—7 1
KIFAFLFERHRR 2Tz, 2O ENLANIE~Y 7 v = —T UL TIE, EEI
BHEBL ST =/ — /L LT V20— L ORI T, WIS ST & 720 | Bk
EITLRWEB 2T,

PMBO

OTIPS

......

Azodicarboxylate = DIAD or TMAD
Phosphine = PPh; or PBug
Solvent = THF or Toluene
Temperature = 0 to r.t.

OR OTIPS

=

Scheme 7-4-2  SLR PR (70)F L OMEE R HRICK 5 63t~ 7 v =—F L1k
DFEF
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7-5  Bri- 7oA R

7-5-1 P-OMe XU F o T v 2 —)1UALEWICE T 5 WEIER G D
i

A& TR 72 X 9 1 ABHEL D SEARBE R DS BRAL OHELT 2 5 17 TV D JRIA 72 &
Ee LTb\éo ZOD, IO NKEEN NS 2D K9 BRIRFBEHOFNMEAED
EHWD Z & TRIEDEIT T 20Tl E X T, £ 2T, BT THN
TWREICTHET 21T 9 & L7=(Scheme 7-5-1), FitlZ A kiEE R, £9°,
Left Part (39) & Center Part (60)% VT Stille 7 v 7V > 71Xk 7 Y 7
EOADZAR LTz, ST, INE TORKIELZSE I 4 BReELAIHRZ1T 9 Z

T, BALATERAR(T3) 2 Bk L7z,

3
PMP 1) VO(acac),
. TBHP, CH,Cl,
TBSO g CuTC, Pd(PPh3)4 HO! ~78°Ctort., 79%
oTBS
HO DMF r.t. 2) PhNCO
0,
| 79% pyridine/CH,Cl,
SnMes Center part (60) 91%

Left part (39)

1) ELAICI, Et,0

0 °C, then
0.5 M HCI, 87% HRMS (ESI) (m/z) [M+Na]*
—_— > calcd for : 693.3250
2) DMAP, Et3;N found : 693.3251
Ac,0,0°C 73
quant.
3) HF/pyr, MeCN
0°C, 75%

Scheme 7-5-1. P-OMe X2V F o7 v Z— bSO AR
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FWT, o7 73 1% L CiE~ 7 1 =— 7 )L b & 7 7+ 7= (Table 7-5-1), %G
1THF%E7> 5. DEAD, PPhs Z FW 7o SRR I W TS HET LR W 2 & 23557
STWSH(Entry0), ZDOFLEL LT, FHILT =/ — VOMEEIZER Lz, 8
WOT7x ) — WHKBEEIZEASR RERICHN WA T = ) —VE, 7= /) — )b
PEAKEEIE NS R T, XRUBUVBONRNIMICE TG TH D A XU EB IO
ABPLNIATFNVIEEF L TNWDZ D, 7= /) — WKL OBEVEE DK T
LTWbEEEL-, 2D, DEAD O L 9 2R\ M 2 m 3K Tk, 7
= ) — )UHOKERIL O 7 1 s AL T LW T DI BB SE Z 6
W E TP LT, £2TC, JEEREK & LTI TRV TMAD 2 Wb Z & &
L7,

ZDORE. TMAD OBEZEMEZEE L, hrx= i, TMAD, PBus & ZiEi
BEEANCTKISEIToT2 8 ZABMO S TEE RTILEY 14 21572,

Table 7-5-1. BRALETERAGBINC L D HIE~ 7 0= —TFT WAL OME

HRMS (ESI) (m/z) [M+Na]* Conditions HRMS (ESI) (m/z) [M+Na]*
calcd for : 693.3250 calcd for : 675.3145
found : 693.3251 found : 675.3430

Toluene

73 74
Entry Azodicarboxylate Phosphine Temp. 73 74
0 DEAD (10.0 eq.) PPh; (11.0 eq.) r.t. No raction
1 TMAD (12.0 eq.) PBu; (12.0 eq.) 0°Cto 60 °C - 77%

PTG B IV T BRALIR(T4) DFEM 2 S fR AT 24T - 72 (Fig 7-5-1), ¥kt NMR f##
MrofER, X 8-6-1 [ RTHBENELNT-Z LD, 16 BB~ 7 nz—7 LD
ERE T,

Fig. 7-5-1.  BRAGIR(74) D& EfEAT

115



ZORERMNG . 16 BRIZECDIRK & 2R 5 ~ < bR (73) D EMAT 21T > 7
(Fig 7-5-2), fi#HT OFEFR., CI13 AL, CISALHS Cl1 AL, C13 \ZiZ P-OMe N>V
TUT = IVOEN LTALEM TH D Z ENFTIT o T, S HIZFDR
[KlE LT, 220D TBS ZEDOFREDEIZ, PMP 7 & X — /L REAL L TW\WDH I &N
M L7,

Z ORI G, HE OFRO BTN EIT LT 5 & %% L, TBAF Z W
T-BREZIT o208, FRRIC T3 MG 5072, 2D Z £k, Cl13, C-15 LD P-OMe
RV FoTEF—LED ., C-11, C-13f®D P-OMe XV F o7k 4 —
IVDBERENES LN EIMEEM TH D EBLE LT,

HF/Pyridine, MeCN

0°Ctort,5h
75%

Fig. 7-5-2.  BRALRIBEMR(T3) DAEIEMEAT 36 K QAL O R

Z T, 2D PMP 72X — /I bEMIT ORI AT o7, £3. 73 O P-
OMe XUV F 7 ®EZ—NVDREZITWNT R F74—/L 76 & L7z, %\ T P-
OMe XUV F Uo7 HX—)VEFTLOD C-13, C-15LIZEAN LTz, ZORE, 73 1%
BIVREZEIACEWIE L AL T A7, KIE T THERAIC p-OMe X
PIUTFUT A —=IVDBANEIToTmE A, BHD T 257, T, Sbh
72 77 (2% U CB L DRt 21T - 72 (Table 7-5-2), Entry 1 TiX. 1T & DBk
I LT & 24 B-BHAD B 2B L/ R &I oTe, Z DT, entries 2, 3 T
X, BATBIORBRIC TR EI T2 2 A, 0° CTIENKIGE T, Fii
fBizB W Tid entry 1 & [FAERIC -BEAR A -2 7, & 2T, JBEISITBWTK
JEMHEDEWEEETH D THE 2 VizE 25, 0 CCOLRMEIZTBUNT B-IEEN ST
L7z ZHHREEND, HEMEDE W TMAD A3 -2 (e L TV % ATREMEA
bHHEBZZ, M T, DIAD Z/EH S /723, JHvE T &[RRI B- BB
ITLTCLEIRR LT,
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Table 7-5-1. BRALRIBMATTIC & D Wit~ 7 v =—TF ML OMG

MeO
Q/OMe

OMe
- @@ @ @ @ @
CSA, DMF, 0 °C
79% (2:1)

80% TFA or
50% TFA or
12 M HCI
OH _—
35-53%
(BRSM ; 53-93%)

/ /
o o

—— HMBC
o OH pup Conditions o PMP
o;&o o }\ o;&ow
AcO H H Q/“\O Toluene AcO 0

77 78 Desired

Entry Azodicarboxylate Phosphine Temp. Results
1 TMAD PBus 60 °C f-elimination
2 TMAD PBu; 0°C No reaction
3 TMAD PBu; r.t. f-elimination
4* TMAD PBu; 0°C f-elimination
5 DIAD PBu; 0°C f-elimination

*Solvent = THF

TNDDOFERNG | ANIE~ 7 v = —T LTI, BRFEKERT DAY
(T0)BLCT 2 —=HEEADIC LS 12 BB~ 7 nx—7 L OMEITREET
b HATR SN, B E LT, MBS LT P-OMe N2 ¥ ) 7o 7k 4
— VIR DSIRFEERRESEBLTWDLEE2 LN, FLREICERERL
Sh 12 BENEER A E ABEIC B CHEMEICEL T O AR B & 5
ZHND, LNLRR L, #KSTh D\ —F @RI L2 >\ T
BT 5, EEBLIE 16 BBHLANIHE RIEE: L TRV D%
& L7,
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7-6. 16 BB~/ 0T—F /LD - b T kv O

7-6-1. 16 B~ 7 ux—T )LIZ LD B-7 NT 7 b OREERE]

FTdROFER LY, 12 BRR~7 0 —T )LVOEFIIITZ 2272 b DD, 16 B
R~/ T —7 VOREEZENR L TS, O, IRORETH H/3—F i
TCIZHE < BIRFBILPHZUZ DWW TR 21T 2 72, EOHIBERD A K EZ1T > 72
(Scheme 7-6-1), F£7°. C-7 fi/KIEIEDEREZITI F L L, KoCOs, MeOH D5
TAcKEEBRELEE, AFATFAI—FRF—FDEA, i< X—hr~rar
E—DFRMFITATT 2 & T T KB IEDORIESRLIZ LD 66 2GRk L7z, il T,
BRI — AR R — LB L P-OMe R P U F o7 ¥ — LV EOBREZITNT
kT A= 81 ~EEN -, HEWT, TBSEDEA, 7T b= NIk DV —
IVOLRGE, B MOM B CORELIT H T & TA—FRITHIBMAB2) & Ak L

o]
1) K,CO3, MeOH
70 °C V-70, Ph3SnH
_—
Toluene, 40 °C
2) NaH, CS,, THF .
0 0 °C then Mel 70% (3 steps)
74 PMP
\
o)
" ,:,,Mo’,\‘_,a?:;‘q' 1) TBSOTY, 2,6-Lutidine
eon, DCM, -78 °C, 91%
0°C, 94% o

> 0,
2) 80% THF aq. 2 S%’%ﬁcmeb
Et,SiH, 0 °C y
, 3) MOMCI, DIPEA, TBAI OMOM
DCM, 75% DCE, 50 °C, quant.
82
720

Scheme 7-6-1.  /S—F &R ILHIBK(82) AR DG Ak

N—FRITHTEER@) R F DI, N—F BT L DT ) — LT —F LD
W 5772, (Table 7-6-1), £3°. Na ZzHWW TG EIT-oT2E 2 A, KINR
MBELe ) — = —T V8N EGFDH T ENHIKTE, LU b, JFERE]
NS LD, entry2 T, BLAOEWLIIZEZRTZE A, JFEIOTHK
e ) — L= —T L(83) % T9% & BRI TED Z LTk LTz, B2
HNEDOM EABEL, 7ua hJRE L THiA DT LV a—LERATZHN, MeOH
ERAWESGAENEDRWREREZR LT,
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Table 7-6-1. N—FETIZ L DT /) — /L= —TF )L OREGERG

Entry Metal Proton source Temp. 83
12 Na MeOH -78 °C to -50 °C 5%
2 Li MeOH -78 °C 79%
3 Li EtOH =718 °C 58%
4 Li t-BuOH -78 °C 43%

3 Recovered SM ; 79%
T )= V=T V@R ENRTE LN, & Ve nizo ) —)u
T — 7 VRN 21T > 7=(Table 7-6-2), VHEHA L 7 ¢ 2 & Z@EHA L 7 ¢
DR EZ T 720 A U RICB W THW B AT ERIK & L Oil violet
DI ) RO AT LTz, Oil violet 13, PUEHAA L 7 ¢ v & Z @A
L7 4 OMORISEZ R THEND | KIEORIGRFRIO BZ & L THW,
R 2O BRE CRIGERFT OBOEEZMHER LI, ETHDICAY V%25
N7V 73/ A I OMEBRFT LT 8 C-8, C9MLD —EHLA
V7 4 BB LT 85 LN E Hivic, UL, 3ALOF LT g PR
L7ALEMB G LN o= Z Enb | IR Z R Lz & 2 A, FE R R
THRMR L poTe, BEBL, C3NMDA VLT 4 0F, CANDTZFILIEDNR
EEICE D RUSEDME T L TCWA T, IRA OIS EIT L TVWD EFE X
oo 2T, C-1 E3EBALVT 0 OBRMEZMEND D Z L& UIRA TG
MZE < LRFTZIT o722, BHRMICOWTHER T2 Z L0k ho 7,
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Table 7-6-2. =/ —/L=—7 )\(83)& H\ 7= B--7 b T 7 b > OREFRKG 1

DCM/Pyr, -78 °C
then Me,S

Entry Time

1 2 min

5 min Decomp.

1 min - trace

E>NI VSN )

30 sec -- trace

FIT ATV U TEEICLARKIEO s s a— L3 L=, g1 gafn
DAY R AR U=, FEICK L CRROA Y IR ER F LTV E
BREMEAAT O F L L7 (Table 7-6-3), £7°, 1.9%EEDF Y D DCM ik & H W
el A, ZLDOFERHELIZ I MLOLRFAKLTZ 86 B L O —EHA L7 ¢ o H 3k
B L7 8 N ENENE LN, RICEL DFEEINERIELTZZ &b, =fF
BOF Y UIRRERNTZEZ A, 86 % 9%, 85 & 3% EHT-, ZTOREMNS, 1
NOWEEA LT ¢ D EIERENZ LR hoTz, 2T, 86 ZiEINAYIC
55 2 ENMENE, BICZERA LT 4 B A LT 0 VEMRIC DB
ISR LT-%%, TR D 3 NDF LT ¢ VEMNLAE A RIS L0 LB S
HIETBT T hoBnfGonsdLEZT=, TDd, 86 ZiRINWJIZHES Z
EHEHEME LT MFTE21T o 7= (entries3-5), F 7 entry 1 TZ < OJFERR AN
SN2 0D, FSRIKDOEEZ 0.1 MICTRIEEIT> T2 FDREHE. 85 D
AERRE N ZARILER 2R D 86 BRI D Z E kT, Lo Laans, Zo
B H 2 < OFRIAEI STz, 2070, FEZHKR ST 27204 U IRR D%
B2 L BRIERIICH F L CITo 72, 4 Y ViR ANz 52> TLC k-
2T 85 DAERMNIE X TV D ONRHERI NI, DT MR 5 DFEE 7% LK
IR ST, TOMRE, BIE T 5 86 & 25% TH5 2 ERHKE, LavL,
85 DEIGHLWZ T LESTZZ ED, BEFEMICH F LTV HFIETHE, KGR
HOREDIRAIZHELS 720 | FUSEMELS 2o TLE S B X, 22T, @E
BOL Y URRE —EIZIINT 5 HEEZB I a2, ZORBRIE, FE O3RN
BRI CEZT LE-T-,
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Table 7-6-3. =/ —/L=—7 )L(83) & H\ /= B--7 b T 7 b > OREFRRGT 2

Conditions
DCM/pyr (X M)
78 °C
then Me,S
Entry 0.03 M O3 in DCM (eq.) X 83 86 85
1 1.9 eq. 0.01 M 64% 2% trace
2 5.7 eq. 0.0l M 39% 9% 3%
3 1.9 eq. 0.1M 75% 5% --
4 3.8eq.,5.6eq.,3.8¢eq. 0.1 M 29% 25% 11%
5 19 eq. 0.1M Decomp.

RINFE 2N HIO 8 NiFbiiiod, -7 727 N OWEEZIT- 1=
(Scheme 7-6-2), 55172 86 (2] LT, A L7 o VA TH 5 =K% 2 F(87)
EEMLTE, ZOBE, mARXIALORIGHRE LT 3 (MLICHFET HINERT /) —
NE—=T N BN 4O T VIO NAREFIC LY OSERNKR T LTS T
O, BIRENBH L= B 25, HW T, 87 1Tk LikiElb LizA > v D5k
TR LTz ZAPRRERD GELO B-/7 8T 7 b (88) %1572,

121



m-CPBA, NaHCO, 03, DCM/Pyr

DCM, 0 °C, 75%
(single diastereomer)

-78 °C, then Me,S
35%

Scheme 7-6-2. -7 T 7 kv OEEE

B-7 NT U N DWREEAT O ZENHRTEN, TERDIRESR, 2 EEOA Y
DREATD R T NE R BT RN TIT RV, £ 2T, LEORKE L ZRAT-
(Scheme 7-6-3), B 5 JElC Bk L7 82 DR A& 1T o 1o, MEARIZ OV T,
RRETHLN, ZOBELHE—DILEMEZEDEETEHE X TWD, il T, N—F
WILERBTE A FRRERPLHHOT ) — LT —T VR0 E2 155 Z &M
Hsk7-, WERMEWEIHR & LT, TLC ETHMEoEWMEEME 52 Tnb 2 &
M, TARFY ROBRE LIALEWDRRIERME LTELTWND EELL T
BHo WIZ, HBHIT 90 IZX L TAH Y U R EITo T2, FEA RS ZAT o TG 5.
WK e LTI =T L2 WD LB ICREL -7 877 NG5 2 &0
KT Bl TR UENE X T AT o ERWEBBRRECEI DAL T v
WCRTZET, 16 BR AT T 27 MO DOREEZER LT,

m-CPBA, NaHCO;, *01,.

DCM, 0 °C, 83%
(single diastereomer)

Li, NHs lig.

—_—
MeOH, THF

OMOM -78 °C, 62%

—_—
0°Cto45°C
86%

Scheme 7-6-3. -7 N7 7 N OREE O E
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771 ETNEICLD R BRI 0T b OREERE

7-7-1 7 VEE O

HRROFERNS, 16 BTV — N —T VAR -7 b7 7 F OS54
R LT7Ze L, 12 BTV —LT—F/LTO -7 T 7 b ORI
TEXTWARYY, #Z T, Actinoallolide A DIEMERBICEE /R 12 B~/ 2T 7
NI OELET VEEICTIT) 2 & & Le, BANIZE RIS 2~
(Scheme 7-7-1), ZALE TOEREERMEIZE N, 7L X LD 98 7B AR TX
HEB R,

Intramoleclar Oxidative
cyclization cleavege
12-membered
macrolactone moiety
Birch . o Mitsunobu
reduction Deoxygenation O\V\ reaction
— — ——
AcO
95
/
Suzuki-Miyaura o
Coupling
— ?
— o * .
HO™ 8s o BY\/\OTBS
/

Scheme 7-7-1. p-7 N7 7 F v OHEEE
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F7. Aggarwal HRHE L TWVD FEIC TR LEE=LEKR T (98) 70 L 2
FOPME L= VI UHEKR @NEHOCTEHAR-BERD 7V 72k, #
i St 97 #1572 (Scheme 7-7-2), #Hi\ T, ZILE COFHRELO AL & FERIC
C6 WD MU SRFEDOHEZ, A Ul /KBEHZ Ac L THRE LIS, HIERIGED K
mm%%%waé20@H$%%HMF%%mfﬁﬁﬁ%%b%ﬁ%%%%
15T,

o
\%

B 1) VO(acac),
0 WOTBS TBHP, CH,Cl, o
-50 °C to r.t. Ph
98 HO 92% \”J(o“ OTBS Et,AICI
otBs — "° v
N o o
HO Pd(ddpf)Cl,*CH,Cl, 2) PANCO Et,0,0°C
/ Ba(OH),, DMF, 84% pyridine/CH,Cl, then, 0.5°M HCI
147 oTBS 95% = otes 9%
99
DMAP, EtgN TBAF, THF
—_—
Ac0, 0°C 0°Ctordt.

quant.

Scheme 7-7-2 E 5 /ULEWIZET 2 BALETERIKDE K

BHITE 96 (kT L CIE~ 7 v =—T LD FET 21T - 7= (Table 7-7-1),
Entries 1-3 TIXREDOMRGI 21T > 72, £ OHREFR THF ZHW 2 & 2 A B IER
B IS HIERIEDEIT L2, LML ZDORICBWCEFERMICZ L < EHIN
RIX10%RETH -7, HiZentry 4-6 TIIHEAT 4 Ot &EiTo72, BIH,
entries 4-5 TiX DIAD E{EMEMZE LT RDETFEEDBWRAT 4 %
=, PBus & W2 R CIISBIESSITET T p-IBED A 03T LTz, P@4-
OMeOPh); & W72 % TITFEHA TH - 7= Z &b IRA T 4 D DIAD ~
DRIETBEDMELT U T 1% DKERFED & OIEVERRI 5 2 SR BB AN T3,
TNaAXVRAR=T AHFRBROIEEN TE TWRNo 2O TR & 2
72o &I TEntry 6 CIXETHEEDIRNKEAT 4 ZHW\WSHZ &£ T, DIAD &7
274/ LB LN DIEEREICKTT 2 KBEN L ORBREL, 22k
HBONDLHREORETHEZ LITHZ 28D Cll ALOIEHALEZ IR 7205, 7K
274/%%@*&i#ﬁ<Ei@#f%fwﬁﬁokt@ﬁmﬁﬁﬁbﬁﬁ

7,
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Table 7-7-1 JEHE It D FE

DIAD (10 eq.)
Phosphine (10 eq.)
0°Ctort. g

Entry Phosphine Solvent 95 102
1 PPhs THF 10-35% 40-60%
2 PPh; CH:Cl> 6% 27%
3 PPns Toluene ca13% 45%
4 PBus THF -- quant.
5 P(4-OMePh)s THF - -
6 P(FsPh)s THF - -

F-  BALEOREEIZ CIL LD T 1 F ot CLALDO A —AR A% L THIE S
U7 HMBC FHRIZ L D IRE L7e (Fig. 7-7-1),

/ > HMBC

Fig.7-7-1 95 ® HMBC (T X % BRAL DR
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EFIX 96 (ZxFT D NMIERISDOERBIRRBIC ONWTELRE L, T ERILATERMAIZ
KL TT7 =) —MAKBEOR T o N AR EITL 7= ) R A ZEL D,
A DKBBIENSRAT 4 ANAKT HRERHBIZEL>TT7 =/ %2 KB X
HiILDH, 2 Z CITEONIER SN EITT D72 OIZIT 0 TN TT7 =/ F 2 K3 Cll
PEZXTT D SN2 IS ZE R Z S 72 e b7evy, Lo LEEICERE LI
12 BEBROELDEBECLY, C2NMNDOT 1 kb C-6 if A F VK E DMITIAE
REENET  TLEONIESISDNEIT LIC K R TWb EE X, DD LD
AT LT W0 B-HEE DI T MESE L T L E 272 b D &5 2 7-(Scheme 7-7-3),

95

Minor

Scheme 7-7-3 ET VEEH BT D HHER G D Skt b B4

FITCEEIEAV I 4% A VT 4 VIERZ D Z L THEO RIS R
DERTLBRVBRELLT K RDDTIEHRWINEEZ X Z-A4 L7 1 R(109) % 7%
H LT, RBRICZEND ER~OBMEARLEICRAN, FOAICEL T
UIFOFETERTE D LEBEX D, Fabb, Z2A L7 4 IR 9F
— LD FRNTRF ALZIT, ZOBRTRF Y FICHLTH T AT
VERRWEREBFECEIT) FT, TED EA LT 4 VERBBOND EE X
(Scheme 7-7-4),
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Epoxidation”")

OH O 1) Et3N, MsClI o
l S CH2C|2, OOC N S

L
’ o

P (o] =
fo) THF/MeOH(3/1) 0o
90% 2steps

WClg, n-Buli, Lil

THF,-78 °C, 67%

Scheme 7-7-4 F V7 4 v O EMAL

OO T, ZZA Vv 7 4 v ERTHET NG 109 OEREITI O >
7N 78— R —& LT Lemos b DA NTHEW Z-ED B = /L 2 Z{K(103) %
HuWie, i, 103 OF—KBEEIZEMN T 28RIbORIGE L 725 7- TBS 1t
HRBTNACEDDDIRT D EWVWOIFERTH STl v TV T DRI, B
—iRKEEFEIRAYIZ TBS (&2 1T 9 Z & & L7=(Scheme 7-7-5),

E-F V7 4 MROER E R E =3 THEERATZ 103 & D Stille B 7Y
T XOFTED T » 7 ) T IRA04) & SRk LT,

TN T, SRR HSRING TBS (L& 1T o 721212, DGR & RO S %
FAWT 4 TR CUEBRIRFEOMBELZITD 108 248 LT-, FIZA KR
Ac FTHRHE LTS, IS DGR 2R L T\ 5 20 TBS JiZx LT
TBAF & VW TERE LERILAETEMA 109 M58 L7z,

Oo—

SnBuj
OH
X HO,, VO(acac),
103 TBSCI, Imid TBHP
How oTBS ————— > .
CuTC, Pd(PPh3), DMF, 0 °C DCM
| DMF, quant. OTBS 90% OTBS  eCt0-50°C
1 47 OH OTBS 97% (dr = 19:1)
104 105
0 1
) Ac,0, DMAP
PhHN/( Et;N
O.. 0°Ctort.
PANCO (o) Et,AICI 95%
Et,0, -40 °C 2) TBAF, THF
DCM/P 20, - )
quam.yr oTBS then 0.5 M HClI aq. 0°Ctort.
OTBS 82% 98%
OTBS
107 108

Scheme 7-7-5 Z IRET M T 5 BRALATERIAR(95) D&k
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BT, F:H 072 109 (256 L OBER S DFRET 21T > 72 (Table 7-7-2),

Entry 1 T E-A L7 4 K96)IZF1T D i Setth 2 W TRIS 21TV BRABIE
(110)% 45% (impurity 2 ZT)DINRTHD Z &N TE 72, impurity |FFRFEH KT
boTelzd, entry2 TIEE W AGITHHETHEZ: TMAD Z W TS Z{To 72 &
ZA, THEY EEICGRELZ S CE, MERSBRIEEZELZ LN TE, K
W2 111 OAEKREIZ 5 BRYT entry 3 TITIRIESM T TG ZA TN, p-TiEE
ROIRICZALITIES 110 OPEENMET Lic, 202 b p-NiBEo 1Rk
L0 LEERICHATH D Z &R I Tz, Entry 4-5 TIXEERNE % WRF
L C. IR T8 5 Toluene, CH2CL 2 W THIFH 21T o 72, € DfE R CH2CL
ZHWTZERT B-BER D ARk 2z . BROBRILIROIRZYGET 52 L8 T
T, IO ORER, RIERIGIZ XL D 12 BERT U — /L —T7 )LOEZIL C8-9 fif
WEEROME D G ZIKOYO 3 LT\ D 2 &R Sz,

Table 7-7-2. Z K EF NVEBEIC L A MIE~ 7 0o —F UL DOKiE]

Conditions

ES 7o BR
Entry Azodicarboxylate Phosphine Solv. Temp. 110 11
1 DIAD PPh; THF 0°Ctort. 45% (impurity) 40%
2 TMAD PBu3 THF 0°C 43% 41%
3 TMAD PBu3 THF -20°C 29% 39%
4 TMAD PBus Toluene 0°Ctort. 55% 22%
5 TMAD PBu3 CH2Clz 0°Ctort. 69% 10%

(RO EHER T T2 2 A Cll i 71 s Cl fidDH—AR A%
% HMBC HHE M Esd T & 72 (Fig. 7-7-2),

Fig. 7-7-2 96 ® HMBC |Z X 2 ER{L DR

——>» HMBC
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7-7-2. N—FBIHIBMED GRS I B-7 b T 7 bk DORGEE

BRILRAI0) MG DT 728, p--7 8T 7~ O % B $5 L 72(Scheme 7-7-6),
9. ZETEREEIC, TKBREDOHBREILZIT> 2%, BRI —FRF— b
BN DR EITHES | RERDE AN LI T T-, ZOBIC, 1,2-24—/L % TES T
REL7- M3 T = FECTRELTL 14 Z2ZNENERK LT,

1) Ko,CO3, MeOH 1) NaOH, THF
THF MeOH, 0 °C
R R
2) NaH, CS,, 0 °C 2) Protection
then Mel TES
3) V-70, Ph3SnH or
Toluene, 40 °C 0, 04,
69% (3 steps) ><o,§§ R = TES, ><°§

113 114

Scheme 7-7-6 Z {RET NMTEIT D /3—F B ITHIERE DA AR

113, 114 1Zxf LT, N—FBllHe < AV o3 % ik F72 (Scheme 7-7-7),
MEEES, XN—FE LIV ) — V=T VN5 25272, LorL7an
5, B A U TIZERNO B b T 7 NS LT, BOKESEZ Y
FETH S 113, 14 ICEHBEShTLE -7,

Li. NH lig.
B —
THF, MeOH
78°C
115 desired
R = TES, ><%’§" - Not obtained
13 114 ¢

Scheme 7-7-7 Z KET NMTEIT D 3—F B ITTHIEMED A AR

TOEIR 1A T aNFY DA RIS LD KERITERE S
TWA™, ZOFEKE LT, NEOA L7 4 v DEETI12 EBROELD KX
< 14-v7a~ntHh P PNR— M MIOoayRA—varvebtbZtTrr b
VIRIERIEL Y RIS E LTEITL T LE 272 B L 7-(Scheme 7-7-8),
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(o) -0
Ozone _0__
H H o 0 Hydrogen
H H elimination
M%_R e £O H,0 ”
2VY3

0 <>

Me ? !
. 115 Me B

Scheme 7-7-8 1,4-v 7 a0 ~FH T DOHEFBALD A J1 =X A

FIZRARZ L5, HTCWB 224V 7 ¢ URIT, #oex E-A LT 4 U ~DR
MALZATORERH DO, TORENY ELTUA—EEITH 2 ELT
Wb, ZNETORENL, NEOA L7 4 BN 12 BRROEAZRKE LT
LR EBLZLTND, o T, ZTONIA L7 4 v B — LT HZ & T,
{bEMOABEZ BT, REEDFEFRICOETEMZ 2FN/HRD EEXT
(Scheme 7-7-9), £ 4 A IV AZHW U4 —LicHi< TBS ORI LY
116 & L7z, RICAR—FBILEITV 117 ~ & BN 2%, FEL LB OBE 21T
ST, L LS, Wi 118 B8 KO 118 HED 3 iEmING b iz, AEEE
DAY R X ABRLBIZLClL, 1V OBRZITIR Z 2 b 0D, 3 MO LBHIZS
AT LW & 72 o 72, JRINE LT, 4L F VRO NARBEEZ L 0 SOE
PMETF L, IWBIZZER A, SNA~ADF LT 0 ORI Z D REFIZE
LTLE-TWS, F7o, 16 BEROBEIZIZ. ALV 7 0 VORMEIBEZ > T
RWEND, 12 BEROERICLDHENRKEWVWEER LT, TOD, KEE
TOREBEE7 FT7 b OBEIINEETH D ENRR ST,

1) 4% OSO4 in Hzo
Acetone/H,0

pyridine, 63% Li, NH3 lig.
> _—
2) TBSOTf THF, MeOH
2,6-Lutidine, DCM -78 °C
0°C, 69%
113 117
TESO,,,
o TESO,,. TESO,,,
3 . TESO,,,
> + complex mixture
solvent, -78 °C
TBSO
solvent ; OTBS TBSO rgs
AcOEt or AcOEt/Pyr or DCM 118

desired (not obtained)

Scheme 7-7-9 12 ABRETNEHEIC LD p-7r b 77 o ORFERG
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7-8.  HTT- 725 BCHRIE

7-8-1.  Fi=72 C-11 L KR D B pR kI

1288 -7 V77 bUOBEIIRBETH-72, ZNETIHEOLNZ/BRE L
EZ. BT 7 BRI & S48 L 7= (Scheme 7-8-1), Frim CikX7= X 512, RKY
DOERNPD, RERMOL N TV AT 7 bALERHATAHZL T, HWERTHD
actinoallolide E 2353 5311 TWA Z £ oTWa, AT, 87 TrLEELD
216 BER -7 N7 7 b OMBEITER L T D, BlE, C-11 KON K % K
KR TER L, ~7 vx—7 Ik -7 NI 7 FOHE, NT AT
7 MABIZE Y, 14 BERB IO 12 BERICERN/ N 21T 24X, actinoallolide #1 ™
AR D & B 2RO &2 LT,

Trans
lactonization

Actinoallolide A (1)
Actinoallolide B (2)
Actinoallolide C (3)
Actinoallolide D (4)
Actinoallolide E (5)

Actinoallolide OH
A,B,C,D type Actinoallolide E type

Ozonolysis

Mitsunobu c/0
reaction . PMP
. g
— HO OTBS+ o Bl
"
/
1 47 123
PMP
OH 0" ™0
AN z
1
124

Scheme 7-8-1 #7272 A AR I
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FP. EHONURTERE L2 124 B RGEFR L 7= C-11 D /KEREE D KRB D
E=VIRT (123) EBETFD 47 g AR-EI A v 7 ) ISR D M S 125 &
B L7=(Scheme 7-8-2), e\ T, ZHETOFEEMNT, WHkIER O
e DEREERLHRZITO 122 & L, KRS, 7=/ —/UIRKERIED TBS &
DFIRAIBREZIT o728, THE TITHESL L7 IE~ 7 v = — T /b D FAFIC
9z LT, RO 16 BBi~7 nx—7 /L 121 %4547~

(o]
$
.~ PMP "
o TBSO o/é\ o PdppNCLCHClL  Hov OTBS pyp VO(acac),
OTBS ! N Ba(OH);*8H,0 TBHP
HO™ + 0By 0O — >
/ DMF, 93% 0°Cto-50°C
123 DCM, 90%
! 4 125
/
(o]
B
Ph
PhNCO N oy OTBS pmp  EalCH ELO
—_— B —
pyridine/CH,Cl, o 0 °C, then
0°Ctort. 1 M HCl aq., 95%
88%
126 127 128

1) DMAP, Et;N
Ac,0,0°C 1) TBAF, THF
96%. 0°C, 76%.
_ =
2) Cyanuric chloride 2) TMAD, PBuj3
NaBH,4, MeCN Toluene, 60 °C
0°C,61%

76%

122

Scheme 7-8-2 KM 16 B~ 7 v =—T VDA

121 1ZxF L T scheme 8-7-3 [CHB W Tk~ 7z -7 F 7 7 F o OMEEELZ VL
X, RO 16 BERB-7 N T 7 UL TEHLEHE X TN D,

Lth. AENRZ1ED LETE Tk 7= 5 R Hklg 2 512, Actinoallolide 26D 45
N EREND Z & 2 W+ 5,
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8. iedhi

LEDZ &b, #FHE T actinoallolide A D EEKIFEICET L. UPIHK &
LTWw/z2 12 BERL-7 b7 27 F IR 12 BIEOKREAEARICLZHEDN L,
MESRIINEECH B 2 L3 hoTze £2T, 16 BB~ 0z —51(91) 2w
TG TH 28— FBTCICHKEL A V% ITH 2T 16 BBL-7 572
bV OREEEERL T2,

/
o

PMP
TBSO oj\o
HO™ OTBS |W TMAD, PBus
+ > (o) —_—
/ > Toluene, 60 °C
77%
SnMe; Center part (60)

Left part (39)

m-CPBA, NaHCO, *01..

DCM, 0 °C, 82%
(single diastereomer)

Li, NHg lig.

_—
MeOH, THF

oMoM  -78°C,62%

—_—
0°Cto45°C
86%

16 BBB-7 + 77 b v OREE

Z 2T, FH S 727 actinoallolide JHD &I #EXR L 72, HIb. KK
VIDEHRPS, PIvaT 7 bvfbickd 12 BRI 14 BRAZEET2HE
L7z, F7. SelcbiR7z 16 BEECDB-T 7 b v ofESERE i, C-11 £k
BREL % KR Ci%at L 2L A 2 AR L | 7 L 725 i3, &y rlfE
ThDHLEZT,

TR, RARBoOVAZET20108)%2A&K L, e=ravEA)Ehy 7Y
VIR RBRZETI V125 B S, T, TIATAa—LEEHrD &
L 7= BRI e TR F SALIC X 0 =R F 2 K(126) & L 72, RICIIARERL 75
PUBIREZEDORER A ({TI b L L, 72 h— A — b DEAICH . L4 2B
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ZHGTAIERERICHE ) =K F 2 FORBRIC K WEBRIRA —F A F— 1 128 264
KL 72, feC, Acfbicki P-OMe Ry ¥ ) 7 v Tk X — L DA E SR 7x
BBR 21T o 7215, 7 = 7 — A Mok R TBS H o7 X 0 BRALHIER A % 1572,
RIC, L L 72N~ 2 v T — T AL DM 2 IS X &3 2 & T C-11 i RART
16 BlR~7nz—7 012D COHEKEERKL 72, 5% 1F. KimTmn L 72¥e
FREAT % 3512, Actinoallolide S 2GR I NG Z L ICHFF T 5,

/
(o)

[
o } PMP
o TBSO .. Pd(dppfiClyCH,Cl,  HO™ OTBS pyp VO(acac),
. Py9 Ba(OH),+8H,0 TBHP
oTBS B J o
HO . o Bit —_— —
i DMF, 93% 0°C to -50 °C
DCM, 90%
1 47 123 125

/
[0}

o)
Ph.
PhNCO ﬂ/qo“ OTBS pyp Et,AICI, Et,0
° — » O
o 0°C, then

pyridine/CH,Cl,
0°Ctort.
88%

126 127

1M HCl aq., 95%

128

1) DMAP, Et;N
Acy0,0°C 1) TBAF, THF
96%. 0°C, 76%.
-
2) Cyanuric chloride 2) TMAD, PBuj3
NaBH,4, MeCN Toluene, 60 °C
0°C,61% 76%

122
C-11 fiRARAI 16 BERB-7 F 727 F v DIESE
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General Methods and Material

Unless otherwise noted, reagents and solvents were purchased at the highest commercial
quality and used without further purification. Dry THF, toluene, CH2Cl2, DMF, acetone,
Et>O and MeOH were purchased from the Kanto Chemical Co., Inc. All reactions were
monitored by thin-layer chromatography (TLC) using Merck silica gel 60 F254 pre-
coated plates (0.25 mm). The TLC plates were visualized with UV light and/or by staining
with Phosphomolybdic acid, p-anisaldehyde and KMnQOa. Flash chromatography was
carried out with Kanto Chemical silica gel (Kanto Chemical, silica gel 60N, spherical
neutral, 0.040-0.050 mm, Cat.-No. 37563-84) or Merck silica gel 230-400 mesh ASTM
(60N, 0.040-0.063 mm, Cat.-No. 109385). Preparative thin-layer chromatography (Prep.
TLC) was carried out with Merck silica gel plates (60F-254, 0.25 or 0.50 mm). *H NMR
spectra were recorded on JEOL JNM-ECA-500 (500 MHz). Chemical shifts are
expressed in ppm downfield from the internal solvent peaks for CDCls (*H;8= 7.26 ppm,
13C;5=77.0 ppm), CD30D (*H;5= 3.31 ppm, 3C;5= 49.0 ppm), and J values are given in
Hertz. The following abbreviations were used to explain the multiplicities: s = singlet, d
= doublet, dd = double doublet, ddd = double double doublet, t = triplet, q = quartet, m =
multiplet, dt = double triplet, dg = double quartet, br = broad. All infrared spectra were
measured on a Horiba FT-210 spectrometer. High and Low-resolution mass spectra were
measured on a JEOL JMS-AX505 HA, JEOL JMS-700 MStation, JEOL JMS-T100LP
and AB SCIEX TripleTOF® 5600. Optical rotations were measured by using JASCO P-
1010 polarimeter and HORIBA SEPA-500 Automatic polarimet
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Vinyl iodine (63)

TBSO OPMB » TBSO OPMB
| H H Condition | B R
WOH - WOMS
63' 63

To a solution of known compound 63’ (1.0 g, 1.78 mmol) in CH,Cl, (18 mL) were
added Et;N (0.5 mL, 3.60 mmol) and MsCI (0.22 mL, 2.85 mmol) at 0 °C under N,
atmosphere. After stirring for 2 h at room temperature, the reaction mixture was quenched
with H,O (15 mL) at 0 °C. After stirring for further 30 min at room temperature, the
reaction mixture was extracted with CH2Clz (10 mL x 3). The combined organic layers
were washed with 1 M HCI aq., dried over sodium sulfate, filtered, and concentrated in
vacuo. The crude residue was purified by flash column chromatography (EtOAc/hexane
= 1/5) to provided 63 (1.15 g, quant.) as a colorless oil: [a]*°p=—7.2 (¢ = 1.0, CHCl;) :
IR (diamond prism) vmax (cm™') 2954, 2923, 2885, 2853, 1734, 1717, 1683, 1652, 1636,
1558, 1540, 1514, 1456, 1248, 1175, 1054, 834, 774, 669 ; 'H NMR (500 MHz, CDCls,
d); 7.22 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 6.06 (t, J= 7.5 Hz, 1H), 4.51 (d, J
=10.9 Hz, 1H), 4.47 (d, /= 10.9 Hz, 1H), 4.34 (dd, J=9.7, 4.6 Hz, 1H), 4.16 (dd, J =
9.7, 7.5 Hz, 1H), 3.87 (m, 1H), 3.82 (s, 3H), 3.28 (dd, J= 7.7, 4.3 Hz, 1H) 2.96 (s, 3H),
2.30 (s, 3H), 2.24-2.18(m, 1H), 2.15-2.10 (m, 2H), 1.97-1.91 (m, 1H), 1.15 (d, /= 6.9 Hz,
3H), 0.95 (d, J = 6.9 Hz, 3H), 0.88 (s, 9H), 0.04 (s, 3H), 0.02 (s, 3H) ; '*C NMR (125
MHz, CDCl3, ) ; 159.14, 138.69, 130.33, 129.01 (2C), 113.75 (2C), 94.77, 83.03, 74.33,
71.76, 71.61, 55.22, 41.61, 37.09, 35.75, 33.86, 27.63, 25.77 (3C), 17.89, 15.61, 11.37,
—4.39, —4.59 : HRMS (ESI) (m/z) [M+Na]" calcd for C26Hasl1O6SiNa: 663.1648, found
663.1635.
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Vinyl stannane (64)

/
o

o—

/
o
oTBS Condition Condition orBS
w —_— oTBS ——> NG
HO TMSO'" TMSO
/ J /
47 1 SnMe; 64

Crude material

To a solution of 47 (128.1 mg, 0.26 mmol) in CH>Cl (2.6 mL) were added Et;N (0.11
mL, 0.79 mmol) and TMSCI (0.07 mL, 0.55 mmol) at 0 °C under N> atmosphere. After
stirring for 2 h at room temperature, the reaction mixture was quenched with sat. NaHCO3
ag. (5 mL) at 0 °C. After stirring for further 30 min at room temperature, the reaction
mixture was extracted with hexane/EtOAc = 1 : 1 (4 mL X 3). The combined organic
layers were washed with sat. NH4Cl aq. and brine, dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude material was used in the subsequent reaction without
further purification.

Crude material in THF (3.8 mL) were added DIPEA (0.2 mL, 1.13 mmol), (Me3Sn).
(0.16 mL, 0.75 mmol) and Pd(PPh3)s (43.0 mg, 0.037 mmol) at room temperature under
Nz atmosphere. After stirring for 3 h at 50 °C, the reaction mixture was cooled to room
temperature and concentrated in vacuo. The crude residue was purified by silica gel
column chromatography (hexane/EtOAc/EtsN = 50 : 1 : 0.1) to provided 64 (270 mg,
73% in 2 steps) as a pale yellow oil: *The analytical compound date are not shown

because of its complexity with the deSnR3 compound.
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Diene (65)

/
o

. OTBS
TMSO"

/ TBSO OPMB

OMs

65

To a solution of 64 (114 mg, 0.19 mmol) in DMF (2.0 mL) were added 63 (125 mg, 0.19
mmol) in DMF (2.0 mL), Pd(PPh3)4 (22 mg, 0.02 mmol), CuTC (55 mg, 0.03 mmol) at
room temperature under N> atmosphere. After stirring for 1.5 h, the reaction mixture was
quenched with sat. NaHCOs aq. (5 mL) at 0 °C. After stirring for further 30 min at room
temperature, the reaction mixture was extracted with EtOAc (3 mL X 3). The combined
organic layers were washed with sat. NH4Cl aq. (4 mL) and brine (4 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by
flash column chromatography (EtOAc/hexane = 1/6) to provided 65 (132 mg, 73%) as a
pale yellow oil: [a]*°p=—5.6 (¢ = 0.59, CHCI;) : IR (diamond prism) vinax (cm ') 2955,
2857, 1975, 1614, 1558, 1505, 1463, 1248, 1204, 1177, 1053, 898, 776, 751, 669 : 'H
NMR (500 MHz, CDCls, 6); 7.20 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.53 (s,
1H), 6.48 (s, 1H), 5.52 (s, 1H), 5.15 (t, J = 6.3 Hz, 1H), 4.47 (d, /= 10.9 Hz, 1H), 4.37
(d, /J=10.9 Hz, 1H), 4.33 (dd, J=9.5, 4.3 Hz, 1H), 4.16-4.04 (m, 1H), 4.15 (dd, J=9.2,
7.5 Hz, 1H), 3.89-3.83 (m, 1H), 3.79 (s, 3H), 3.67 (s, 3H), 3.35 (dd, /= 6.3, 4.6 Hz, 1H),
3.28-2.85 (m, 1H), 2.92 (s, 3H), 2.27-2.15 (m, 2H), 2.13 (s, 3H), 2.01-1.85 (m, 2H), 1.64
(s, 3H), 1.54-1.47 (2 peaks overlapped, 4H), 1.11 (d, /= 6.9 Hz, 3H), 0.99 (s, 9H), 0.92-
0.83 (overlapped, 1H), 0.91 (d, /= 6.9 Hz, 3H), 0.85 (s, 9H), 0.69 (t, J=7.5 Hz, 3H), 0.14
(s, 3H), 0.12 (s, 3H), 0.007 (s, 9H), —0.012 (s, 3H), —0.046 (s, 3H) ; *C NMR (125 MHz,
CDCls, 0) 159.24, 152.28, 147.09, 136.19, 133.61, 130.73, 130.12, 129.23 (2C), 128.75,
126.13, 125.51, 119.35, 113.84 (2C), 113.51, 82.74, 82.35, 73.87, 73.02, 72.35, 55.89,
55.33, 41.47, 37.16, 35.73, 32.01, 26.02-25.96 (7C), 22.81, 18.32, 18.12, 17.25, 16.94,
15.93, 13.50, 12.29, 11.60, 0.13 (3C), —4.06, —4.14 (2C), —4.40 : HRMS (ESI) (m/z2)
[M+Na]" calcd for CsoHssSO9Si3Na: 971.5354, found 971.5336.
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Alkyl iodine (66)

/
o

. OTBS
TMSO"

/ 1BSO OPMB

66

To a solution of 65 (0.149, 0.16 mmol) in acetone (1.6 mL) was added Nal (0.142 mg,
0.95 mmol) at room temperature under N atmosphere. After stirring for 22 h under reflux
condition, the reaction mixture cooled to room temperature. Then the reaction mixture
was quenched with H>O (2.0 mL). The aqueous layer was extracted with (hexane/AcOEt
=1/1) (3 x 3 mL) and the combined organic layers were washed with brine (3 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by silica gel column chromatography (EtOAc/hexane = 1/10) to provided 66 (98.2 mg,
64%) as a yellow oil; [a]*'p=+4.22 (¢ = 1.0, CHCI3) ; IR (diamond prism) vimax (cm ™)
2955, 2929, 2857, 2613, 1512, 1503, 1463, 1248, 1201, 1180, 1054, 937, 897, 774, 753,
678 ; 'TH NMR (500 MHz, CDCls, §); 7.22 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H),
6.53 (s, 1H), 6.48 (s, 1H), 5.51 (s, 1H), 5.15 (t, J= 6.9 Hz, 1H), 4.47 (dd, J = 16.9, 10.6
Hz, 2H), 3.87-3.84 (m, 1H), 3.79 (s, 3H), 3.67 (s, 3H), 3.38 (dd, /= 9.7, 2.9 Hz, 1H),
3.28-3.22 (m, 2H), 2.26-2.14 (overlapped, 2H), 1.97-1.83 (overlapped, 3H), 1.50-1.47
(overlapped, 3H), 2.13 (s, 3H), 1.64, (s, 3H), 1.47 (s, 3H), 1.11 (d, J= 6.9 Hz, 3H), 0.99
(s, 9H), 0.91 (d, J = 7.5 Hz, 3H), 0.85 (s, 9H), 0.69 (t, /= 7.5 Hz, 3H), 0.14 (s, 3H), 0.12
(s, 3H), 0.01 (s, 9H), —0.002 (s, 3H), —0.05 (s, 3H) : 3C NMR (125 MHz, CDCl;, &)
159.19, 152.32, 147.12, 136.12, 133.50,130.03, 130.23, 129.18 (2C), 126.14, 125.75,
119.57,113.83 (2C), 113.53, 84.25, 82.40, 74.05, 73.07, 55.94, 55.38, 41.56, 38.41,32.13,
26.10-26.00 (7C), 22.87, 19.15, 18.36, 18.17, 17.28, 16.98, 14.13 (2C), 13.52, 12.32,
12.00, 0.16 (3C), —4.03, —4.10 (2C), —4.25 : HRMS (ESI) (m/z) [M+Na]" caled for
C49Hss5106S13Na: 1003.4596, found 1003.4593.
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Linear intermediate (67)

/
o)

™SO OTBS

/ TBSO OPMB  pmMBO OTIPS

67

To a solution of 66 (44 mg, 0.045 mmol) in Et;O (0.5 mL) were added #~-BuLi (1.64 M
in pentane, 90 uL, 0.148 mmol), 9-OMe-9-BBN (1.0 M hexanes, 140 pL, 0.139 mmol)
and THF (0.5 mL) at =78 °C under N> atmosphere. After stirred for 10 min, the reaction
mixture was allowed to warm up to room temperature. After stirring for 1.5 h at room
temperature, the reaction mixture was added 3.0 M K3PO4 in H2O (50 pL), right part 41
(111.3 mg 0.19 mmol) in DMF (1.5 mL) and Pd(PPhs)4 (6.8 mg, 0.008 mmol) at 0 °C in
dark. After stirring for further 2 h at room temperature, the reaction mixture was quenched
with sat. NH4Cl aq. (1 mL). The aqueous layer was extracted with (hexane/EtOAc = 1/1)
(3 x 3 mL) and washed with sat. 1 M HCl aq. (1 mL) . The organic layer was dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by
silica gel column chromatography (EtOAc/hexane = 1/40) provided 67 (39.4 mg, 65%)
as a colorless oil: [a]*'p=—0.29 (¢ = 1.0, CHCI5) ; IR (diamond prism) vmax (cm ') 2953,
2862,2360, 1740, 1511, 1459, 1055, 898, 835,772, 676,526 ; 'H NMR (500 MHz, CDCl;,
d): 7.28 (d, J= 8.6 Hz, 2H), 7.24 (d, J = 8.6 Hz, 2H), 6.87 (overlapped, 4H), 6.54 (s, 1H),
6.50 (s, 1H), 5.54 (s, 1H), 5.18 (t, J = 6.3 Hz, 1H), 5.08 (d, J = 9.7 Hz, 1H), 4.45-4.40
(overlapped, 4H), 3.97-3.93 (m, 1H), 3.97-3.83 (m, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 3.68
(s, 3H), 3.30 (dd, J=6.3,4.6 Hz, 1H), 3.16 (dd, J = 8.6, 2.3 Hz, 1H), 2.75-2.67 (m, 1H),
2.29-2.09 (overlapped, 3H), 2.14 (s, 3H), 2.01-1.76 (overlapped, SH), 1.66 (s, 3H), 1.72-
1.57 (overlapped, 2H), 1.49 (s, 3H), 1.25 (s, 3H), 1.08 (s, 18H), 1.03 (d, J = 6.9 Hz, 3H),
1.01-0.98 (complex m, 6H), 1.03 (d, /= 6.9 Hz, 3H ), 1.01 (s, 9H), 0.98 (d, J = 6.9 Hz,
3H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.9 Hz, 3H), 0.86 (s, 9H), 0.72 (t,J = 7.5 Hz,
3H), 0.16 (s, 3H), 0.14 (s, 3H), 0.02 (s, 9H), —0.01 (s, 3H), —0.06 (s, 3H); 1*C NMR (125
MHz, CDCls, §); 158.94, 158.85, 152.17, 146.95, 135.72, 133.06, 132.50, 131.40, 131.38,
130.41, 130.15, 129.09 (2C), 129.00, 128.76 (2C), 126.89, 125.97, 119.45, 113.66 (20C),
113.57 (2C), 113.37, 85.90, 83.84, 82.25, 75.31, 74.49, 74.23, 72.87, 55.76, 55.22, 42.13,
40.53,39.78, 36.66, 33.40,31.11,27.11, 25.91 (3C), 25.84 (3C), 22.57, 18.41 (3C), 18.33
(30), 18.20, 18.00, 17.12 (3C), 16.82, 16.12, 13.41, 13.17 (3C), 13.04, 12.94, 12.20,
10.86, 10.05, 9.28, 0.01 (3C), —4.20, —4.25, —4.44 (2C) ; HRMS-ESI (m/z) [M+Na]"
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calcd for C77H13409S14Na : 1337.9002, found 1337.8984.

Epoxy alcohol (58°)

MeO

OTBS

TBSQ QPMB PMBO  OTIPS

58'

To a solution of 58 (183.2 mg, 0.147 mmol) in CH>Cl, (3.0 mL) was added VO(acac),
(18 mg, 0.07 mmol) at 0 °C, under N atmosphere. After stirring for 30 min at 0 °C, the
reaction mixture was cooled to —60 °C, then TBHP (0.21 mL, 1.16 mmol) was added.
After stirring for 12 h under —60 °C, the reaction mixture was allowed to slowly warm up
to —50 °C. After stirring for further 2 h under —50 °C, the reaction mixture was quenched
with 10% (w/v) Na>S>03 aq. (3 mL) at =50 °C. After stirring for further 1 h at room
temperature, the reaction mixture was extracted with EtOAc/hexane = 1/1 (3 x 3 mL).
The organic layer was washed with NaHCO3 aq. and brine (10 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The crude residue was purified by silica gel
column chromatography (EtOAc/hexane = 1/10) to provided 58 (158.2 mg, 86%) as a
white amorphous: [a]**p = —0.62 ( ¢ = 0.87, CHCIs) ; IR (diamond prism) vimax (cm ™)
2959, 2932, 2862, 2361, 2335, 2023, 1996, 1954, 1615, 1551, 1462, 1248, 1063, 1039,
835, 776 ; 'TH NMR (500 MHz, CDCls, §); 7.27 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 8.6 Hz,
2H), 6.86 (d, J= 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.73 (s, 1H), 6.63 (s, 1H), 5.46 (t,
J=6.3 Hz, 1H), 5.07 (d, /= 9.7 Hz, 1H), 4.53-4.44 (overlapped, SH), 3.98-3.95 (m, 1H),
3.86 (d, J= 5.1 Hz, 1H), 3.83-3.78 (overlapped, 3H), 3.80 (s, 3H), 3.79 (s, 3H), 3.73 (s,
3H), 3.56 (s, 1H), 3.30 (dd, /= 6.3, 4.6 Hz, 1H), 3.18 (dd, /= 8.6, 2.9 Hz, 1H), 3.16-3.12
(m, 1H), 2.73-2.68 (m, 1H), 2.36-2.30 (m, 1H), 2,29 (s, 1H), 2.21-2.04 (overlapped, 4H),
2.18 (s, 3H), 1.98-1.94 (m, 1H), 1.88-1.60 (overlapped, 4H), 1.60 (s, 3H), 1.58 (s, 3H),
1.07 (s, 18H), 1.00 (s, 9H), 1.09-0.83 (overlapped, 19H), 0.87 (s, 9H), 0.72 (t, J= 7.5 Hz,
3H), 0.17 (s, 3H), 0.16 (s, 3H), 0.02 (s, 6H); *C NMR (125 MHz, CDCls, §) ;158.95,
158.87, 151.60, 147.28, 132.50, 131.44, 130.46, 131.40, 129.23, 129.10 (2C), 128.74
(20), 128.53, 126.78, 124.27, 119.43, 113.68 (2C), 113.61 (2C), 113.42, 85.84, 83.85,
75.33, 75.04, 74.50, 74.14, 73.08, 64.51, 61.67, 55.88, 55.25 (2C), 41.73, 41.37, 40.71,
39.80, 36.70, 33.48, 30.70, 27.12, 25.95 (3C), 25.83 (3C), 21.65, 18.43 (3C), 18.34 (30),
18.22,18.04,17.14 (2C), 16.86, 16.17, 14.68, 14.30, 13.19 (3C), 11.83, 11.40, 10.06,9.31,
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-4.19, -4.29 (2C), -4.36 ; HRMS-ESI (m/z) [M+Na]" caled for C74Hi26010Si3Na :
1281.8557, found 1281.8536.

Phenyl carbonate (68)

OTBS

TBSO OPMB PMBO  OTIPS

68

To a solution of 58’ (514.3 mg, 0.408 mmol) in CH>Clo/Pyridine=1/1 (8.2 mL) was
added PhNCO (0.44 mL, 4.05 mmol) at 0 °C under N, atmosphere. After stirring for 23
h at room temperature, the reaction mixture was quenched with 1 M HCI aq. (8.0 mL) at
0 °C. The reaction mixture was extracted with (EtOAc/Hexane = 1/1) (3 x 3 mL), the
organic layer was washed with NaHCO; aq. (10 mL) and brine (10 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by
silica gel column chromatography (EtOAc/hexane = 1/10) to provided 68 (547.5 mg,
97%) as a white amorphous: [a]*'p=+2.36 ( ¢ = 0.74, CHCI;) ; IR (diamond prism) viax
(ecm1)2361,2339,2022, 1956, 1649, 1511, 773, 644, 599, 576, 539 : 'H NMR (500 MHz,
CDCls, 6); 7.36 (d, J=7.5 Hz, 2H), 7.29-7.26 (overlapped, 4H), 7.21 (d, J= 8.6 Hz, 2H),
7.04 (t,J=17.4 Hz, 1H), 6.85 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 6.63 (s, 1H),
6.59 (s, 1H), 5.36 (t, J = 6.9 Hz, 1H), 5.05 (t, J = 10.3 Hz, 2H), 4.53-4.38 (overlapped,
4H), 3.93-3.90 (m, 1H), 3.79 (s, 6H), 3.76 (s, 3H), 3.83-3.76 (m, 1H), 3.36 (s, 1H), 3.32-
3.28 (m, 2H), 3.16 (dd, J = 8.6, 2.9 Hz, 1H), 2.72-2.67 (m, 1H), 3.16 (t, J=2.7 Hz, 1H),
2.72-2.67 (m, 1H), 2.32-2.24 (m, 1H), 2.16 (s, 3H), 2.22-2.13 (m, 1H), 2.10-2.02 (m, 1H),
1.88-1.73 (overlapped, 3H), 1.69-1.56 (m, 1H), 1.56 (s, 3H), 1.52 (s, 3H), 1.11 (s, 3H),
1.07 (s, 18H), 1.01 (d, J= 6.9 Hz, 3H), 0.97 (s, 9H), 0.97 (d, J = 7.4 Hz, 3H), 1.10-0.96
(overlapped, 5H), 0.89 (d, J = 6.9 Hz, 3H), 0.85 (d, J = 6.3 Hz, 3H), 0.84 (s, 9H), 0.88-
0.80 (overlapped, 4H), 0.72 (t , J= 6.9 Hz, 3H), 0.15 (s, 3H), 0.09 (s, 3H), —0.01 (s, 3H),
—0.03 (s, 3H): *C NMR (125 MHz, CDCl3, 3); 159.10, 158.95, 153.01, 151.97, 147.29,
138.09, 132.67, 131.59 (2C), 130.56, 129.45, 129.26 (2C), 129.11 (2C), 128.88 (20),
127.29, 126.58, 124.51, 123.43,119.45, 118.74, 118.68, 113.83 (2C), 113.73 (2C), 113.66,
85.85, 84.01, 79.13, 75.47, 74.64, 74.17, 73.29, 62.65, 62.02, 56.04, 55.40 (2C), 41.74,
40.84,39.93, 36.81,36.81, 33.58,31.03, 27.28,26.10 (3C), 25.98 (3C), 23.06, 18.58 (3C),
18.49 (3C), 18.33,18.18,17.29 (2C), 17.11, 16.33, 14.44, 13.42, 13.34 (3C), 11.70, 11.55,
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10.21, 9.45, —3.98, —4.15, —4.24, —4.31 ; HRMS-ESI (m/z) [M+Na]" caled for
Cs1H131NO11S13Na : 1400.8928, found 1400.8934.

Cyclic carbonate (69)

MeO

OTBS

TBSQ QPMB PMBO  OTIPS

69

To a solution of 68 (167.0 mg, 0.121 mmol) in Et,O (2.4 mL) was added dropwise
Et;AICI (0.87 M in hexane, 0.49 mL, 0.43 mmol) at 0 °C under N, atmosphere. After
stirring for 1.5 h at 0 °C, then to the resulting mixture was added 0.5 M HCl aq. (2.4 mL).
After stirring for further 15 h at room temperature, the reaction mixture was extracted
with (EtOAc/Hexane = 1/1) (3 x 3 mL), the combined organic layers was washed with
H>0O (3 mL) and sat NaHCO3 aq. (3mL) and brine, dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude residue was purified by silica gel column
chromatography (EtOAc/hexane = 1/10) to provided 69 (140.8 mg, 89%) as a white
amorphous: [a]*p= +16.04 ( ¢ = 1.0, CHCI;) ; IR (diamond prism) vmax (cm™ ') 2960,
2933, 2861, 2360, 2335, 2022, 1797, 1511, 1458, 1248, 1058, 1034, 8355, 777, 673, 647,
599, 576, 538: 'H NMR (500 MHz, CDCl;, §); 7.26 (d, J = 8.0 Hz, 2H), 7.21 (d, J= 8.6
Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 9.1 Hz, 2H), 6.60 (s, 1H), 6.57 (s, 1H),
5.38 (t,J=6.3 Hz, 1H), 5.08 (d, J=9.1 Hz, 1H), 4.91 (brs, 1H), 4.55 (d, J=11.4 Hz, 1H),
4.52 (d,J=10.3 Hz, 1H), 4.48 (d,J=10.3 Hz, 1H), 4.37 (d, /= 10.9 Hz, 1H), 3.94-3.86
(overlapped, 2H), 3.76-3.82 (overlapped, 2H), 3.79 (s, 3H), 3.79 (s, 3H), 3.69 (s, 3H),
3.29 (dd, J=6.9, 4.6 Hz, 1H), 3.13 (dd, J = 8.9, 3.4 Hz, 1H), 2.69-2.74 (m, 1H), 2.21-
2.11 (overlapped, 5H), 2.16 (s, 3H), 1.96-1.89 (m, 2H), 1.88-1.80 (m, 2H), 1.58
(overlapped, 6H), 1.18 (s, 3H), 1.07 (overlapped, 19H), 1.02 (d, J = 6.9 Hz, 3H), 1.00
(overlapped, 10H), (d, /= 6.9 Hz, 3H), 0.92 (d, J = 6.9 Hz, 3H), 0.87-0.84 (overlapped,
9H), 0.83 (s, 9H), 0.70 (t, J = 7.4 Hz, 3H), 0.16 (s, 3H), 0.15 (s, 3H), 0.00 (s, 3H), -0.06
(s, 3H); *C NMR (125 MHz, CDCls, §); 158.94, 158.87, 154.13, 151.20, 147.49, 133.21,
132.36, 132.12, 131.40, 131.32, 130.54, 129.33, 129.08 (2C), 128.90, 128.72 (20C),
127.83, 113.84,113.67 (2C), 113.65 (2C), 87.97, 85.93, 83.84, 80.34, 75.29, 74.49, 74.24,
72.43, 55.70, 55.28, 55.24 (2C), 45.91, 41.98, 40.57, 39.78, 36.64, 33.51, 30.63, 27.12,
25.85 (3C), 25.80 (3C), 24.26, 18.43 (3C), 18.34 (3C), 18.21, 17.99, 17.12 (2C), 16.93,
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16.18, 15.91, 14.12, 13.18 (3C), 11.05, 10.95, 10.06, 9.28, —4.22 (2C), —4.31, —4.36;
HRMS-ESI (m/z) [M+Na]" calcd for C75H126012Si3Na : 1325.8455, found 1325.8452.

Bis-TBS protected compound (69’)

MeO

OTBS

TBSO OPMB PMBO  OTIPS

69’

To a solution of 69 (95.3 mg, 0.057 mmol) in Ac2O (1.2 mL) were added Et3N (30 uL,
0.21 mmol), DMAP (1.7 mg, 0.014 mmol) at 0 “Cunder N atmosphere. After stirring for
24 h at room temperature, the reaction mixture was quenched with sat. NaHCOs3 aq. (2
mL) at 0 “C. The resulting mixture was extracted with EtOAc (2mL). The organic layer
was washed with sat. NH4Cl aq. (2 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude residue was purified by silica gel column
chromatography (EtOAc/hexane = 1/10) to provided 69’ (78.1 mg, quant.) as a white
amorphous : [0]**p=20.11 (¢ = 1.0, CHCl3) ; IR (diamond prism) vmax (cm ') 2967, 2950,
2862, 2361, 2335, 1994, 1957, 1806, 1741, 1649, 1613, 1553, 1540, 1509, 1214, 1059,
1038, 900, 836, 774, 675 : 'TH NMR (500 MHz, CDCls, §) ;7.25 (d, J = 8.6 Hz, 2H), 7.22
(d, J=8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 6.61 (s, 1H), 6.53
(s, IH), 5.43 (t, J = 6.9 Hz, 1H), 5.08 (d, J = 9.7 Hz, 1H), 5.04 (s, 1H), 4.53-4.48
(overlapped, 3H), 4.37 (d, /= 10.9 Hz, 1H), 3.96-3.93 (m, 1H), 3.83-3.75 (m, 1H), 3.80
(s, 3H), 3.79 (s, 3H), 3.70 (s, 3H), 3.30 (dd, J = 6.9, 4.6 Hz, 1H), 3.13 (dd, J= 8.6, 2.9
Hz, 1H), 2.75-2.67 (m, 1H), 2.22-2.1 (overlapped, 3H), 2.17 (s, 3H), 1.98-1.76
(overlapped, 6H), 1.95 (s, 3H), 1.75-1.58 (m, 3H), 1.62 (s, 3H), 1.59 (s, 3H), 1,26 (s, 3H),
1.09-1.06 (overlapped, 22H), 1.03 (d, J = 6.9 Hz, 3H), 1.00 (s, 9H), 0.98 (d, /= 6.9 Hz,
3H), 0.92 (d, J= 6.9 Hz, 3H), 0.89-0.83 (overlapped, 3H), 0.87 (d, J = 6.9 Hz, 3H), 0.83
(s, 9H), 0.70 (t, J= 7.4 Hz, 3H), 0.71 (s, 3H), 0.14 (s, 3H), —0.01 (s, 3H), —0.07 (s, 3H) ;
BC NMR (125 MHz, CDCl3, §); 169.06, 158.92, 158.90, 153.65, 151.18, 147.48, 132.38,
131.38, 131.17, 131.15, 130.50, 129.78, 129.07 (2C), 128.75 (2C), 128.60, 128.07,
125.55, 113.81 (4C), 113.57, 87.00, 85.80, 83.82, 80.61, 75.29, 74.47, 74.20, 72.34, 55.60,
55.55, 55.26, 55.21, 41.98, 40.60, 39.77, 36.64, 33.43, 31.19, 27.09, 25.90-25.83
(overlapped, 4C), 25.77 (3C), 23.98, 20.76, 18.40 (3C), 18.32 (3C), 18.18, 17.92, 17.23,
17.10 (2C), 16.90, 16.73, 16.61, 14.27, 13.17 (3C), 11.15, 10.04, 9.26, —4.07, —4.34, —
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4.43, —4.57 ; HRMS-ESI (m/z) [M+Na]" calcd for C77H123013Si3Na : 1367.8560, found
1367.8550.

Mono TBS protected compound (69”)

MeO

OH

TBSO

QPMB PMBO OTIPS

69"

To a solution of 69’ (30.1 mg, 0.0235 mmol) in THF (1.0 mL) was added TBAF (1.0
M in THF, 40 uL, 0.04 mmol) at 0 “C. After stirring for 1 h at room temperature, the
reaction mixture was quenched with 1 M HCI aq. (1 mL) at 0 °C. The resulting mixture
was extracted with EtOAc (2 mL). The organic layer was washed with brine, dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by silica gel column chromatography (EtOAc/hexane = 1/3) to provided 69 (23.9
mg, 87%) as a white amorphous : [a]**p=+5.35 (¢ = 1.0, CHCl) ; IR (diamond prism)
vmax (cm 1) 3005, 2967, 2947, 2864, 2361, 2336, 2021, 1995, 1956, 1741, 1651, 1613,
1539, 1512, 1453, 1056, 903, 885, 838, 773, 678, 652 ; 'H NMR (500 MHz, CDCl;, §) ;
7.28 (d, J = 8.6 Hz, 2H), 7.21 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H) X2, 6.60 (s,
1H), 6.18 (s, 1H), 6.61 (s, 1H), 5.50 (t, J=5.2 Hz, 1H), 5.10 (d, /= 9.7 Hz, 1H), 4.86 (s,
1H), 4.74 (d, J = 11.5 Hz, 1H), 4.57-4.47 (overlapped, 3H), 4.27 (d, J = 10.3 Hz, 1H),
4.20 (d,J=9.2 Hz, 1H), 3.83-3.79 (m, 1H), 3.80 (s, 3H), 3.79, (s, 3H), 3.72 (s, 3H), 3.40
(t, J=9.2 Hz, 1H), 3.32 (dd, J = 6.9, 4.6 Hz, 1H), 3.09 (dd, J = 8.6, 2.9 Hz, 1H), 2.76-
2.70 (m, 1H), 2.18 (s, 1H), 2.26-2.02 (overlapped, 6H), 2.18 (s, 3H), 2.00 (s, 3H), 1.95-
1.92 (m, 1H), 1.88-1.80 (m, 2H), 1.71-1.56 (m, 3H), 1.61 (s, 3H), 1.44 (s, 3H), 1.19 (s,
3H), 1.08-1.07 (overlapped, 23H), 1.04 (d, J = 6.3 Hz, 3H), 0.99 (d, /= 6.9 Hz, 3H), 0.96
(d, J=17.4 Hz, 3H), 0.94 (d, J = 6.9 Hz, 3H), 0.91 (s, 9H), 0.89-0.83 (overlapped, 3H),
0.66 (t, J = 7.4 Hz, 3H), 0,10 (s, 3H) *C NMR (125 MHz, CDCls, §); 168.91, 159.03,
158.93, 153.65, 150.51, 147.90, 132.24, 131.37, 130.71, 130.62, 130.49, 129.74, 129.06
(20), 128.86 (2C), 124.80, 123.65, 114.23, 113.79, 113.68 (2C), 113.66 (2C), 86.95,
86.44, 83.78, 81.95, 80.34, 75.39, 74.53, 74.46, 73.84, 55.86, 55.21 (2C), 41.65, 40.71,
39.81, 36.69, 33.36, 29.95, 27.09, 26.55, 26.04 (3C), 25.90, 20.71, 18.40 (overlapped,
5C), 18.30 (3C), 18.20, 17.98, 17.10, 17.06, 16.11, 13.17 (3C), 10.95, 10.55, 10.06, 9.32,
-3.70, -4.40; HRMS-ESI (m/z) [M+Na]" calcd for C71H;14013Si2Na : 1253.7696, found
1253.7685.
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Diol (70)

MeO

OH

OH OPMB PMBO  OTIPS

70

To a solution of 69 (39. 7 mg, 0.0322 mmol) in flask was added conc.HCI (5% v/v)

in THF, 1.61 mL) at r.t. After stirring for 1 h, the reaction mixture was quenched with sat
NaHCOs3 aq (2 mL). The resulting mixture was extracted with EtOAc (2 mL). The organic

layer was washed with brine, dried over sodium sulfate, filtered, and concentrated in
vacuo. The crude residue was purified by silica gel column chromatography
(EtOAc/hexane = 1/3) to provided 70 (25.8 mg, 72%) as a white amorphous : [0]*p= —
15.66 (¢ = 1.0, CHCI;) ; IR (diamond prism) vmax (cm 1)3735, 2967, 2940, 2867, 2361,
2335,2021, 1794, 1738, 1514, 1455, 1224, 1212, 1055, 1037, 882, 819, 772, 668, 649 ;
"H NMR (500 MHz, CDCls, §) ; 7.97 (brs, 1H),7.28 (d, J = 8.6 Hz, 2H), 7.28 (d, J= 8.6
Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 6.59 (s, 1H), 6.56 (s, 1H),
5.63 (t,J=6.3 Hz, 1H), 5.39 (s, 1H), 5.12 (d, /= 9.7 Hz, 1H), 4.79 (d, J=11.5 Hz, 1H),
4.71-4.69 (overlapped, 2H), 4.54-4.49 (overlapped, 3H), 3.84-3.80 (m, 1H), 3.78 (s,
6H), 3.72 (s, 3H), 3.72-3.68 (overlapped, 1H), 3.41 (ddd, J = 16.3, 10.9, 3.4 Hz, 1H),
(overlapped, 2H), 2.76-2.69 (m, 1H), 2.34-2.26 (overlapped, 2H), 2.18 (s, 3H), 2.07
(s,3H),2.13-2.03 (m, 1H), 1.97-1.89 (m, 1H), 1.89-1.74 (m, 2H), 1.70-1.59 (m, 1H), 1.61
(s,3H), 1.49 (s, 3H), 1.36-1.25 (m, 1H), 1.13 (s, 3H), 1.07-0.98 (overlapped, 32H), 0.88-
0.84 (overlapped, 6H), 0.69 (t, J= 7.4 Hz, 3H); *C NMR (125 MHz, CDCls, §); 169.22,
159.64, 158.94, 153.67, 150.01, 148.87, 131.86, 131.38, 131.10, 130.77, 130.08, 129.65
(20), 129.34, 129.03 (2C), 124.07, 123.42, 113.99 (2C), 113.88, 113.70, 113.66 (2C),
90.83, 86.97, 83.91, 82.03, 80.71, 76.20, 75.30, 75.11, 74.59, 55.86, 55.23, 55.21, 41.71,
41.42, 39.69, 37.35, 36.48, 35.04, 32.21, 27.22, 27.18, 20.89, 18.41 (3C), 18.33 (3C),
18.30, 16.97, 16.88, 16.35, 16.23, 16.02, 15.18, 13.17 (3C), 10.31, 9.96, 9.21; HRMS-
ESI (m/z) [M+Na]" calcd for CesH100013SiNa : 1139.6831, found 1139.6828.
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PMP acetal compound (60)

PMP
TBSO o/é\o

60

To a solution of Cp2ZrCl, (4.4 g, 15.0 mmol) in THF (20 mL) was added dropwise
LiEt;BH (1.0 m in THF, 13.7 mL, 15.0 mmol) at room temperature under N> atmosphere.
After stirring for 1 h, the resulting mixture was added to a solution of 59 (1.30 g, 3.0
mmol) in THF (10 mL). After stirring for 1 h at 0 °C, the reaction mixture was cooled to
0 °C and NIS (4.00 g, 18.0 mmol) in THF (5 mL) was added to mixture. After stirring for
further 40 min, the reaction mixture was quenched with sat. NaHCO3 aq. (20 mL) at 0 °C.
The resulting solution was stirred for 30 min and extracted with EtOAc (15 mL x 3). The
organic layer was washed with sat. Na>S;03 aq. (20 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude residue was purified by silica gel
column chromatography (EtOAc/hexane = 1/10) to provided 60 (1.24 g, 73%) as a
colorless oil: IR (diamond prism) vmax (cm™') 2954, 2927, 2854, 2362, 2340, 2043, 1615,
1589, 1517, 1460, 1247, 1170, 1119, 1065, 1035, 967, 942, 829, 773, 665, 603

*The analytical 'H NMR and '3C NMR date are not shown because of its complexity
with the stereoisomer of the PMP acetal moiety.

HRMS (ESI) (m/z) [M+Na]* caled for CasHail,04SiNa: 583.1718, found 583.1716.
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Diene (71)

To a solution of 39 (1.0 g, 1.6 mmol) in DMF (20 mL) were added 60 (850 mg, 1.6
mmol) in DMF (12 mL), Pd(PPh3)4 (185 mg, 0.16 mmol), CuTC (458 mg, 2.4 mmol) at
room temperature under N> atmosphere. After stirring for 12 h at room temperature, the
reaction mixture was quenched with sat. NaHCO3 aq. (30 mL) at 0 °C. After stirring for
further 30 min at room temperature, the reaction mixture was extracted with EtOAc (30
mL X 3). The combined organic layer was washed with brine (20 mL x 3), dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by silica gel column chromatography (EtOAc/hexane = 1/7) to provide 71 (1.0 g,
79%) as a yellow amorphous: IR (diamond prism) vmax (cm™ ') 3441, 2955, 2929, 2856,
2360, 2335, 1735, 1616, 1517, 1505, 1462, 1397, 1301, 1249, 1204, 1170, 1118, 1062,
1024, 939, 898, 834, 776, 678 : 'H NMR (500 MHz, CDCls, §); 7.38 (d, J = 8.6 Hz, 2H),
6.86 (d, J= 8.6 Hz, 2H), 6.59 (s, 1H), 6.54 (s, 1H), 5.76 (s, 1H), 5.35 (s, 1H), 5.30 (t,J =
6.9 Hz, 1H), 4.16 (t,J= 6.9 Hz, 1H), 4.07 (dd, J=11.5, 4.6 Hz, 1H), 3.95 (m, 1H), 3.79
(s, 3H), 3.73 (s, 3H), 3.44 (t, /= 11.2 Hz, 1H), 3.42 (dd, /=9.7, 3.4 Hz, 1H), 3.11-3.07
(m, 1H), 2.49-2.45 (m, 1H), 2.20-2.01 (overlapped, 3H), 2.16 (s, 3H), 1.91-1.84 (m, 1H),
1.63-1.52 (overlapped, 1H), 1.68 (s, 3H), 1.58 (s, 3H), 1.04 (d, /= 7.5 Hz, 3H), 1.00 (s,
9H), 0.87 (s, 9H), 0.81 (d, J = 6.9 Hz, 3H), 0.75 (t, /= 7.5 Hz, 3H), 0.16 (s, 3H), 0.14 (s,
3H), 0.03 (s, 3H), —0.04 (s, 3H): >*C NMR (125 MHz, CDCls, 8): 159.83, 151.91, 147.28,
135.25, 133.00, 131.54, 130.39, 130.21, 128.59, 127.92, 127.42 (2C), 126.57, 119.59,
113.71, 113.56 (2C), 101.69, 86.13, 81.06, 73.50, 72.05, 55.95, 55.36, 40.99, 32.34, 31.63,
26.00 (3C), 25.93 (3C), 21.99, 18.31, 18.13, 17.45, 16.95, 14.26, 12.81, 12.29, 11.58, -
4.06, -4.14 (2C), -4.32: HRMS (ESI) (m/z) [M+Na]" caled for C46H7607Si>Na: 819.5010,
found 819.5027.
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Epoxy alcohol (71°)

To a solution of 71 (636 mg, 0.79 mmol) in CH>Cl, (8.0 mL) was added VO(acac)> (43
mg, 0.16 mmol) at 0 °C under N> atmosphere. After stirring for 30 min at 0 °C, the reaction
mixture was cooled to =78 °C, and then TBHP (0.3 mL, 1.6 mmol) was added at =78 °C.
After stirring for 1 h at =78 °C, the reaction mixture was allowed to slowly warm up to
—40 °C. After stirring for 2.5 h at —40 °C, the reaction mixture was quenched with 10%
(W/v) NazS,03 aq. (10 mL) at —40 °C. After stirring for further 30min at room temperature,
the reaction mixture was extracted with CH>Cl> (5 mL x 3). The combined organic layer
was washed with brine (10 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. The crude residue was purified by silica gel column chromatography
(EtOAc/hexane = 1/10) to provided 71’ (1.0 g, 79%) as a yellow oil: IR (diamond prism)
vimax (cm™ 1) 3465, 2955, 2929, 2856, 2360, 2341, 1735, 1683, 1652, 1616, 1558, 1540,
1517, 1505, 1462, 1249, 1204, 1170, 1117, 1060, 1034, 940, 898, 834, 805, 775, 678

*The analytical '"H NMR date are not shown because of its complexity with the
stereoisomer of the PMP acetal moiety.

BC NMR (125 MHz, CDCls, §); 159.84, 151.72, 147.39, 131.58, 129.22, 128.71,
127.44 (2C), 126.84, 124.62, 119.49, 113.81, 113.54 (2C), 101.68, 95.79, 86.19, 80.66,
75.22, 73.48, 71.97, 64.62, 61.88, 55.99, 55.34, 40.90, 31.66, 26.03 (3C), 25.94 (3C),
21.84,18.32,18.23, 16.96, 14.82, 14.39, 12.80, 11.92, 11.52, -4.07 (2C), -4.18 (2C)

HRMS (ESI) (m/z) [M+Na]" calcd for C4¢H760sSi2Na: 835.4976, found 835.4971.
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Phenyl carbonate (72)

To a solution of 71° (730 mg, 0.90 mmol) in CH>Cl,/Pyridine=1/1 (9.0 mL) was added
PhNCO (0.5 mL, 4.50 mmol) at room temperature under N> atmosphere. After stirring
for 24 h, the reaction mixture was quenched with H>O (10 mL). After stirring for further
10 min at room temperature, the reaction mixture was extracted with CH>Cl, (10 mL x
3). The combined organic layers were washed with 1 M HCI aq. (10 mL) and brine (10
mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude residue
was purified by silica gel column chromatography (EtOAc/hexane = 1/9) to
provided 72 (763 mg, 91%) as a white amorphous: IR (diamond prism) vimax (cm™') 3314,
2955, 2929, 2856, 2359, 2334, 1735, 1601, 1540, 1518, 1505, 1462, 1442, 1375, 1312,
1249, 1205, 1116, 1059, 1025, 940, 896, 834, 805, 775, 753, 692 : 'H NMR (500 MHz,
CDCls, d); 7.37-7.34 (overlapped, 4H), 7.29 (d,J= 7.5 Hz, 2H), 7.04 (t,J = 7.5 Hz, 1H),
6.85 (d, J=6.9 Hz, 2H), 6.63 (s, 3H), 6.58 (s, 1H), 5.42 (t,J = 7.5 Hz, 1H), 5.33 (s, 1H),
5.02 (d,J=7.5Hz, 1H), 4.04 (dd, J=11.5, 4.6 Hz, 1H), 3.94-3.91 (m, 1H9, 3.78 (s, 3H),
3.19-3.70 (overlapped, 2H), 3.76 (s, 3H), 3.44-3.26 (overlapped, 5H), 2.51-2.46
(overlapped, 1H), 2.13-1.99 (overlapped, 2H), 2.16 (s, 3H), 1.83-1.77 (m, 1H), 1.65-
1.57 (m, 1H), 1.48 (s, 3H), 1.09 (s, 3H), 1.00 (d, J = 7.5 Hz, 3H), 0.97 (s, 9H), 0.84 (s,
9H), 0.78 (d, /= 6.3 Hz, 3H), 0.72 (t, J = 7.2 Hz, 3H), 0.15 (s, 3H), 0.09 (s, 3H), 0.02 (s,
3H), —0.01 (s, 3H): *C NMR (500 MHz, CDCls, 8); 159.81, 153.00, 151.92, 147.24,
138.05, 131.58, 129.29, 129.05 (2C), 127.44 (2C), 127.21, 126.55, 124.65, 123.39,
119.43, 118.71 (2C), 113.80, 113.62, 113.54 (2C), 101.60, 95.69, 86.12, 80.49, 79.25, 73,
49, 71.94, 71.82, 67.94, 62.72 (2C), 55.96 (2C), 55.36, 40.87, 31.61 (2C), 25.99, 23.13,
18.29, 18.12, 17.06, 14.37, 13.31, 12.79, 11.60, -4.03 (2C), -4.24, -4.37 : HRMS (ESI)
(m/z) [M+Na]" calcd for Cs3HgiNOo9SioNa: 954.5347, found 954.5344.
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Cyeclic carbonate (72°)

To a solution of 72 (200 mg, 0.21 mmol) in Et2O (4.2 mL) was added dropwise Et,A1CI1
(0.87 M in hexane, 0.9 mL, 0.76 mmol) at 0 °C under N> atmosphere. After stirring for 1
h at room temperature, the resulting mixture was added to 0.5 M HCl aq. (4.2 mL). After
stirring for further 24 h at room temperature, the reaction mixture was extracted with Et20
(10 mL x 3). The combined organic layers were washed with brine (10 mL x 3), dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude residue was
purified by silica gel column chromatography (EtOAc/hexane = 1/9) to provided
72’ (156 mg, 87%) as a white amorphous: IR (diamond prism) vmax (cm™ ') 3458, 2969,
2954, 2856, 2360, 2335, 1785, 1737, 1558, 1540, 1507, 1456, 1365, 1228, 1215, 1117,
1056, 1028, 898, 836, 806, 777, 680.

*The analytical '"H NMR and '>*C NMR date are not shown because of its complexity
with the stereoisomer of the PMP acetal moiety.

HRMS (ESI) (m/z) [M+Na]" calcd for C47H76010Si2Na: 879.4847, found 879.4868.
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Bis-TBS protected compound (72”)

To a solution of 72’ (210 mg, 0.24 mmol) in Ac,O (20 mL) were added EtsN (0.1 mL,
0.72 mmol), DMAP (18 mg, 0.15 mmol) at 0 °C under N> atmosphere. After stirring for
10 min, the reaction mixture was allowed to warm up to room temperature. After stirring
for 3 h at room temperature, the reaction mixture was quenched with sat. NaHCO3 aq.
(20 mL) at 0 °C. The resulting mixture was extracted with EtOAc (20 mL x 3). The
combined organic layer was washed with sat. NH4Cl aq. (20 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The crude residue was purified by silica
gel column chromatography (EtOAc/hexane = 1/7) to provided 72”° (219 mg, quant)
as a white amorphous: IR (diamond prism) vmax (cm™!) 2969, 2930, 2857, 2360, 2341,
1806, 1740, 1652, 1615, 1558, 1540, 1506, 1456, 1371, 1301, 1229, 1215, 1116, 1056,
1028, 940, 897, 834, 804, 776, 679.

*The analytical '"H NMR and '*C NMR date are not shown because of its complexity
with the stereoisomer of the PMP acetal moiety.

HRMS (ESI) (m/z) [M+Na]" calcd for C49H78011Si2Na: 921.4980, found 921.4962.
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Diol (73)

To a solution of 72” (0.17 mg, 0.13 mmol) in MeCN (13 mL) was added dropwise
HF - pyr (1.3 mL, 0.39 mmol) at 0 °C under N> atmosphere. After stirring for 1 h at 0 °C,
the reaction mixture was allowed to warm up to room temperature. After stirring for 4 h
at room temperature, the reaction mixture was quenched with sat. NaHCOs3 aq. (10 mL)
at 0 °C. The resulting mixture was extracted with EtOAc (10 mL x 3). The combined
organic layers were washed with sat. NH4Cl aq. (10 mL) and brine (10 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by silica gel column chromatography (EtOAc/hexane = 1/7 — 1/5) to provided 73
(66 mg, 75%) as a white amorphous: [a]*'p = +4.8 ( ¢ = 0.36, CHCI5) : IR (diamond
prism) vmax (cm™ 1) 3454, 3377, 2969, 2875, 2341, 1793, 1741, 1616, 1558,, 1456, 1409,
1372, 1303, 1228, 1151, 1053, 914, 832, 798, 770, 677 : '"H NMR (500 MHz, CDCls, §);
7.43 (d, J=9.0 Hz, 2H), 6.80 (d, J = 8.6 Hz, 2H), 6.50 (s, 1H), 6.00 (s, 1H), 5.63 (t, J =
5.2 Hz, 1H), 5.58 (s, 1H), 4.79 (s, 1H), 4.59 (d, /= 10.9 Hz, 1H), 3.92 (dd, J=11.5, 3.4
Hz, 1H), 3.85-3.69 (overlapped, 3H), 3.71 (s, 3H), 3.66 (s, 3H), 3.58 (dd, /= 10.3, 1.2
Hz, 1H), 3.24 (t, J = 12.6 Hz, 1H), 2.53-2.44 (overlapped, 2H), 2.33 (m, 1H), 2.14 (s,
3H), 2.10 (s, 3H), 1.87 (m, 1H), 1.36 (s, 3H), 1.17 (d, /= 6.9 Hz, 3H), 1.07 (s, 3H), 0.92
(d, J= 6.3 Hz, 3H), 0.75 (m, 1H), 0.45 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCls,
d); 169.3,160.3, 153.8,150.4, 148.2, 139.8, 130.9, 129.6, 127.8, 127.6 (2C), 124.5, 123.1,
113.9 (2C), 113.6, 102.3, 87.0, 86.6, 83.2, 81.8, 80.7, 63.8, 55.9, 55.2, 37.8, 36.5, 35.5,
31.2,26.7,21.0, 18.2, 16.3, 16.0, 15.8, 12.6, 10.4: HRMS (ESI) (m/z) [M+Na]" calcd for
C37Hs50011Na: 693.3250, found 693.3251.
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Tetraol compuond (76)

To a solution of 73 (2.3 mg, 3 umol) in toluene (0.3 mL) were added dropwise 80%
TFA in H>O (30 pl) and Et3SiH (1.4 pl) at 0 °C under N atmosphere. After stirring for 2
h at 0 °C, the reaction mixture was quenched with sat NaHCOs3 aq. (1 mL) at 0 °C. The
reaction mixture was extracted with Et2O (1 mL). The organic layer was washed with
brine (1 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Purification
by pre. TLC (EtOAc/hexane = 1/2) provided 76 (0.9 mg, 53%) as a white amorphous:

*The analytical 'H NMR and '3C NMR date are not shown because of can t be analyzed

by broarding spectra. Therefore, the next reaction confirmed the structure.

C-13, C-15-PMP acetal compuond (77)

To a solution of 76 (15.9 mg, 28 umol) in DMF (1 mL) were added p-anis aldehyde
dimethylacetal (10 pl, 0.056 mmol) and CSA (6.5 mg, 0.028 mmol) at 0 °C under N»
atmosphere. After stirring for 18 h at 0 °C, the reaction mixture was quenched with sat
NaHCO:s aq. (1 mL) at 0 °C. The reaction mixture was extracted with Et,O (1 mL). The
organic layer was washed with brine (2 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Purification by pre. TLC (EtOAc/hexane = 2/1) provided 77 (14.9
mg, 79%, dr 2:1 with PMP acetal moiety) as a white amorphous: *The analytical 'H NMR
and 3C NMR date are not shown because of its complexity with the stereoisomer of the
PMP acetal moiety.

The desired PMP acetal moiety was confirmed by HMBC.
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16-membered macroether (74)

To a solution of TMAD (217 mg, 1.26 mmol) in toluene (5.0 mL) was added dropwise
PBu3 (0.31 mL, 1.26 mmol) at 0 °C under N> atmosphere. After stirring for 30 min at
room temperature, the reaction mixture was added dropwise 73 (56.4 mg, 0.084 mmol)
in toluene (3.4 mL) at 0 °C. The reaction mixture was allowed to warm up to 60 °C. After
stirring for 1 h at 60 °C, the reaction mixture was cooled to room temperature. Then the
reaction mixture was quenched with H,O (5 mL). The resulting mixture was extracted
with EtOAc. The combined organic layer was dried over sodium sulfate, filtered, and
concentrated in vacuo. Purification by pre. TLC (EtOAc/hexane = 2/1) provided 74 (42.4
mg, 77%) as a white amorphous: [0]*'p=+5.8 ( ¢ = 0.45, CHCI3) : IR (diamond prism)
vimax (cm 1) 2969, 2937, 2871, 2359, 2334, 2151, 1801, 1742, 1652, 1615, 1558, 1540,
1516, 1506, 1455, 1372, 1229, 1216, 1201, 1170, 1118, 1081, 1057, 1021, 971, 913., 888,
828, 796, 777, 678, 626 : '"H NMR (500 MHz, CD2Cl,, §); 7.40 (d, J = 8.6 Hz, 2H), 7.01
(s, IH), 6.93 (d, J= 8.6 Hz, 2H), 6.60 (s, 1H), 5.59 (s, 1H), 5.39 (d, /=9.7 Hz, 1H), 4.59
(d, J=10.9 Hz, 1H), 4.42 (s, 1H), 4.04 (t, J = 10.3 Hz, 1H), 3.89 (dd, J =9.7, 3.4 Hz,
1H), 3.83 (s, 3H), 3.69 (s, 3H), 3.66 (dd, ] = 10.3, 2.9 Hz, 1H), 3.51 (d, /= 10.3 Hz, 1H),
3.29 (ddd, J = 12.2, 12.2, 4.0 Hz, 1H), 2.86 (m, 1H), 2.75 (ddd, J = 15.3, 11.0, 4.4 Hz,
1H), 2.54 (m, 1H), 2.26 (d, J=15.5 Hz, 1H), 2.22 (s, 3H), 2.02 (s, 3H), 1.73 (s, 3H), 1.43-
1.39 (m, 1H), 1.30 (s, 3H), 1.05 (d, J= 7.5 Hz, 3H), 0.91 (d, J = 6.3 Hz, 3H), 0.46-0.42
(m, 1H), 0.35 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CD,Cl, §); 169.2, 159.8, 152.9,
152.6, 131.8, 131.0, 129.5, 126.9 (2C), 125.2, 119.4, 113.5 (2C), 113.2, 98.9, 88.0, 84.8,
83.7,80.7,80.4, 76.2, 55.6, 55.3,53.9, 53.0, 37.1, 33.8, 31.2, 29.1, 26.1, 20.6, 18.3, 15.9,
15.6, 12.9, 12.5, 10.6: HRMS (ESI) (m/z) [M+Na]" calcd for C37HagO10Na: 675.3145,
found 675.3430.
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7-dehydroxy compound (80)

To a solution of 74 (399.4 mg, 0.61 mmol) in MeOH (61 mL) was added KoCOs (168
mg, 1.22 mmol) at room temperature under N> atmosphere. The reaction mixture was
allowed to warm to 70 “C. After stirring for 30 min at 70 “C, the reaction mixture was
quenched with sat NH4Cl aq. (60 mL) at 0 °C. The reaction mixture was extracted with
Et,0 (60 mL x 3). The combined organic layers were washed with brine (50 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude material was used
in the subsequent reaction without further purification.

Crude material in THF (6.1 mL) was added NaH (73 mg, 1.83 mmol) at 0 °C under
N> atmosphere. After stirring for 30 min at 0 °C, the resulting mixture was added dropwise
CS> (0.18 mL, 3.1 mmol). After stirring for further 45 min at 0 °C, to the reaction mixture
was added Mel (0.38 mL, 6.1 mmol). After stirring for 15 min at 0 °C, the reaction
mixture was quenched with sat. NH4Cl aq. (5 mL) at 0 °C, extracted with Et,O (5 mL).
The combined organic layer was washed with brine (5 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude material was used in the
subsequent reaction without further purification.

Crude material in toluene (61 mL) were added V-70 (37 mg, 0.12 mmol) and Ph3SnH
(0.47 ml, 1.83 mmol) at 0 °C under Ar atmosphere. The reaction mixture was allowed to
warm to 40 “C. After stirring for 30 min at 40 “C, the reaction mixture was concentrated
in vacuo. The crude residue was purified by silica gel column chromatography
(EtOAc/hexane = 1/20) to provided 80 (270.4 mg, 70% 3 steps) as a white amorphous :
[0]*'p= —17.1 (¢ = 1.0, CHCIl;) : IR (diamond prism) vmax (cm™'); 2962, 2841, 2360,
2341, 2270, 1792, 1698, 1652, 1558, 1540, 1507, 1456, 1249, 1203, 1085, 1058, 1034,
774,719, 669 ; '"H NMR (500 MHz, CDCls, §); 7.41 (d, J = 8.6 Hz, 2H), 7.05 (s, 1H),
6.92 (d, J= 8.6 Hz, 2H), 6.58 (s, 1H), 5.59 (s, 1H), 5.17 (d, J=9.2 Hz, 1H), 4.70 (d, J =
11.5 Hz, 1H), 4.05 (t, /= 10.3 Hz, 1H), 3.86 (dd, /= 9.7, 2.9 Hz, 1H), 3.82 (s, 3H), 3.71
(s, 3H), 3.65 (dd, J = 10.6, 3.2 Hz, 1H), 3.51 (d, J = 10.3 Hz, 1H), 3.28 (ddd, J = 16.7,
11.1, 3.4 Hz, 1H), 2.95-2.86 (m, 1H), 2.74-2.68 (m, 1H), 2.56-2.49 (m, 1H), 2.37 (d, J =
14.3 Hz, 1H), 2.23 (d, J = 14.9 Hz, 1H), 2.21 (s, 3H), 1.69 (s, 3H), 1.61- 1.48
(overlapped, 2H), 1.29 (s, 3H), 1.04 (d, J = 6.9 Hz, 3H), 0.90 (d, J = 6.3 Hz, 3H), 0.60-
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0.5 (m, 1H), 0.38 (t, J = 7.4 Hz, 3H) ; *C NMR (125 MHz, CDCl3, §); 159.66, 153.82,
152.48 (2C), 131.76, 131.39, 129.13, 126.92 (2C), 126.43, 126.18, 120.06, 113.60 (20),
112.93,98.91, 87.13, 84.68, 83.21, 80.49, 76.40, 55.80, 55.38,47.87,37.21, 33.83,29.31,
26.70,26.46,23.13, 17.46, 16.10, 15.90, 13.11, 10.77, HRMS (ESI) (m/z) [M+Na]" caled
for C35sH460sNa : 617.3090, found 617.3095.

6,7-dihydroxy compound (80°)

To a solution of 80 (54 mg, 0.09 mmol) in THF (4.5 mL), MeOH (1.5 mL) were added
1 M NaOH aq. (3.0 mL) at 0 °C. After stirring for 12 h at room temperature, the reaction
mixture was quenched with sat NH4Cl aq. (10 mL) at 0 °C. The reaction mixture was
extracted with Et2O (10 mL). The organic layer was washed with brine, dried over sodium
sulfate, filtered, and concentrated in vacuo The crude residue was purified by silica
gel column chromatography (EtOAc/hexane = 1/4) to provided 80’ (48.3 mg, 94%)
as a white amorphous ; [a]*p=+78.3 (¢ = 1.0, CHCl3) : IR (diamond prism) vmax (cm™');
3670, 3648, 3628, 2965, 2932, 2870, 2359, 2336, 2169, 2042, 2012, 1984, 1771, 1716,
1698, 1683, 1652, 1616, 1558, 1540, 1517, 1506, 1456, 1397, 1339, 1247, 1198, 1131,
1080, 1032, 832, 681, 669; ' H NMR (500 MHz, CDCls, §); 7.49 (d, J = 8.6 Hz, 2H), 7.30
(s, 1H), 6.91 (d, J= 8.6 Hz, 2H), 6.58 (s, 1H), 5.50 (s, 1H), 5.45 (t, J = 8.0 Hz, 1H), 4.39
(dd, J=10.6, 6.6 Hz, 1H), 4.00 (t, J = 4.6 Hz, 1H), 3.81 (s, 3H), 3.78 (dd, J=11.1, 4.32
Hz, 1H), 3.75 (s, 3H), 3.58 (m, 1H), 3.36 (d, /= 9.7 Hz, 1H), 3.29-3.25 (m, 1H), 2.59 (d,
J=4.0 Hz, 1H), 2.41 (d, J= 6.9 Hz, 2H), 2.31 (d, J = 14.3 Hz, 1 H), 2.24-2.19 (m, 1H),
2.19 (s, 3H), 2.04-1.93 (m, 2H),1.71 (d, J= 14.9 Hz, 1H), 1.46 (s, 3H), 1.31 (m, 1H),1.15
(s, 3H), 1.13 (d, J = 6.9 Hz, 3H), 0.66 (d, J = 6.9 Hz, 3H), 0.64 (t, J= 7.4 Hz, 3H) ; 1*C
NMR (125 MHz, CDCls, 8); 159.82, 151.73, 151.50, 134.43, 132.16, 131.18, 127.58 (2C),
126.81, 122.77, 117.77, 113.46 (2C), 112.75, 100.71, 85.86, 81.76, 76.34, 75.92, 74.12,
56.07, 55.28, 49.67, 38.25, 33.98, 33.15, 29.87, 25.16, 24.81, 18.85, 16.99, 16.13, 12.04,
11.49 ; HRMS (ESI) (m/z) [M+Na]" calcd for C34Hss07Na : 591.3297, found 591.3306.
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5,6,11,13-tetrahydroxy compound (81)

To a solution of 80’ (54 mg, 0.09 mmol) in CH>Cl; (4.5 mL) were added 80% TFA aq.
(3.0mL) and Et3SiH (0.04 mL) at 0 “C. After stirring for2h at 0 °C, the reaction mixture
was quenched sat NaHCOs3 aq. (5 mL) at 0 °C. The reaction mixture was extracted with
Et;0 (5 mL). The organic layer was washed with brine, dried over sodium sulfate, filtered,
and concentrated in vacuo. The crude residue was purified by silica gel column
chromatography (EtOAc/hexane = 1/4) to provided 81 (48.3 mg, 75%) as a white
amorphous ; [a]*’p=+10.7 ( ¢ = 1.0, CHCI5) : IR (diamond prism) vmax (cm™'); 3648,
3628, 3382, 2970, 2872, 2360, 2342, 1733, 1717, 1698, 1683 1652, 1636, 1558, 1540,
1506, 1456, 1375, 1197, 1141, 1025, 976, 910, 734, 669, 652, 559; 'H NMR (500 MHz,
CDCls, 9); 7.64 (s, 1H), 6.60 (s, 1H), 5.25 (dd, J = 10.9, 4.6 Hz, 1H), 4.58 (brs, 1H),
4.32 (d,J=10.3 Hz, 1H), 3.97-3.92 (overlapped, 2H), 3.85 (dd, /=9.7, 2.3 Hz, 1H), 3.76
(s,3H), 3.60 (dd, J=10.0, 2.0 Hz, 1H), 3.36 (dd, /=9.2,4.0 Hz, 1H), 2.63 (ddd, J = 14.3,
10.9,4.6 Hz, 1H), 2.29 (d, J= 13.1 Hz, 1H), 2.25 (s, 3H), 2.21-2.15 (m, 1H), 2.03 (d, J =
12.6 Hz, 1H), 2.04-1.97 (overlapped, 3H), 1.88 (s, 3H), 1.58-1.49 (m, 1H),1.39 (d, J =
6.9 Hz, 3H), 1.26 (s, 3H), 0.74 (t, J = 7.4 Hz, 3H), 0.73 (d, J = 6.3 Hz, 3H); *C NMR
(125 MHz, CDCls, §);153.60, 151.19, 140.05, 134.87, 127.61, 120.74, 120.54, 112.41,
84.12,77.63,77.21,76.01, 75.65, 55.54, 55.49, 40.03, 37.35, 34.34, 30.98, 26.57, 23.06,
18.64, 15.97, 15.51, 13.02, 12.04; HRMS (ESI) (m/z) [M+Na]" calcd for C26H4206Na :
473.2879, found 473.2866.
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11-epi-OTBS compound (81°)

To a solution of 81 (27.2 mg, 0.06 mmol) in CH>Cl, (6.0 mL) were added 2,6-lutidine
(14 pL, 0.12 mml) and TBSOTT (17 pL, 0.078 mmol) at 0 °C. After stirring for 2 h at
room temperature, the reaction mixture was quenched with sat NaHCOs aq. (6 mL) at
0 °C. The reaction mixture was extracted with EtO (10 mL). The organic layer was
washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The
crude residue was purified by silica gel column chromatography (EtOAc/hexane
= 1/20) to provided 81’ (29.5 mg, 91%) as a white amorphous ; [a]**p=+72.1 (¢ = 1.0,
CHCls) : IR (diamond prism) vmax (cm'); 3648, 3628, 3566, 2958, 2932, 2858, 1733,
1716, 1636, 1558, 1540, 1507, 1456, 1201, 1036, 835, 775, 720, 669; 'H NMR (500 MHz,
CDCls, 9); 7.03 (s, 1H), 6.59 (s, 1H), 5.24 (t, J= 8.0 Hz, 1H), 4.24 (dd, J=11.1, 5.4 Hz,
1H), 3.94-3.89 (overlapped, 2H), 3.75 (s, 3H), 3.63-3.60 (m, 1H), 3.46 (dd, J = 8.6, 1.7
Hz, 1H), 3.16 (m, 1H), 2.37-2.27 (overlapped, 3H), 2.18 (s, 3H), 2.06-1.96 (m, 2H), 1.84-
1.76 (m, 2H), 1.50 (s, 3H), 1.56-1.47 (m, 1H), 1.16 (d, J= 6.9 Hz, 3H), 1.01 (s, 3H), 0.92
(s, 9H), 0.70 (d, J = 8.0 Hz, 3H), 0.68 (t, J = 7.4 Hz, 3H), 0.18 (s, 6H) ; 3*C NMR (125
MHz, CDCl3, §) ; 151.74, 151.56, 134.17, 131.00, 126.40, 123.16, 117.37, 113.13, 79.34,
77.21,76.31, 76.15, 74.23, 55.97, 49.01, 39.96, 38.30, 35.33, 35.20, 25.82 (3C), 25.42,
24.18,18.76,17.94,16.96, 16.53,16.21, 11.31, -4.25, -4.91 ; HRMS (ESI) (m/z) [M+Na]"
calcd for C32Hs607Si1Na : 587.3743, found 587.3734.
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11-epi-OTBS, 5.6-isopropylidene compound (81”)

To a solution of 81° (54 mg, 0.09 mmol) in Me,C(OMe): (4.5 mL) was added CSA (mg,
mmol) at 0 “C. After stirring for 8 h at room temperature, the reaction mixture was
quenched with sat NaHCO3 aq. (5 mL) at 0 °C. The reaction mixture was extracted with
Et;0 (5 mL). The combined organic layer was washed with brine (5 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by silica gel column chromatography (EtOAc/hexane = 1/20) to provided 81 (62.1
mg, 97%) as a white amorphous ; [a]*p=+41.4 (¢ = 1.0, CHCl3) : IR (diamond prism)
viax (cm1); 3628, 2956, 2932, 2876, 2858, 1979, 1965, 1683, 1652, 1558, 1540, 1507,
1456, 1253, 1058, 1038, 778, 669 ; '"H NMR (500 MHz, CDCls, §); 6.83 (s, 1H), 6.66 (s,
1H), 4.97 (d, /= 8.0 Hz, 1H), 4.56 (brt, 1H), 4.04 (d, /= 10.3 Hz, 1H), 3.72 (s, 3H), 3.77-
3.68 (m, 1H), 3.64-3.41 (overlapped, 4H), 3.30 (t, J = 9.1 Hz, 1H), 2.62 (brt, 1H), 2.39
(brt, 1H), 2.26-2.10 (overlapped, 4H), 2.18 (s, 3H), 1.92 (d, J = 13.7 Hz, 1H), 1.63 (s,
3H), 1.41 (s, 3H), 1.22 (s, 3H), 1.19 (d, J = 6.9 Hz, 3H), 1.16 (s, 3H), 0.92 (s, 9H), 0.89
(d, J = 6.9 Hz, 3H), 0.66 (t, J = 6.9 Hz, 3H), 0.10 (s, 3H) 0.08 (s, 3H); *C NMR (125
MHz, CDCls, 6); 151.27,150.72, 134.71, 127.01, 125.30, 124.35, 114.38, 111.51, 105.22,
83.00, 81.43, 80.12, 78.78, 69.37, 56.28, 46.72, 37.66, 36.98, 36.47, 35.00, 28.85, 26.89,
26.52, 25.86 (3C), 25.04, 19.33, 18.39, 17.94, 17.07, 16.35, 11.29, -4.24, -4.85 ; HRMS
(ESI) (m/z) [M+Na]" calcd for C3sHs0O6Sii1Na : 627.4056, found 627.4047.
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11-epi-OTBS, 5.6-isopropylidene 13-MOM protected compound (82)

To a solution of 81” (140.1 mg, 0.23 mmol) in DCE (5 mL) were added DIPEA (2.3
mL), TBAI (170 mg, 0.46 mmol) and MOMCI (1.7 mL, 23.2 mmol). After stirring for 8
h at room temperature and quenched with sat NaHCOs aq. (5 mL) at 0 °C. The reaction
mixture was extracted with EtoO (5 mL). The organic layer was washed with brine (5 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. The crude residue was
purified by silica gel column chromatography (EtOAc/hexane = 1/20) to provided
82 (153.3 mg, quant.) as a white amorphous ; [a]*'p = +20.6 ( ¢ = 1.0, CHCl3) : IR
(diamond prism) vmax (cm'); 2981, 2949, 2931, 2856, 2022, 1772, 1698. 1683, 1652,
1558, 1540, 1507, 1456, 1246, 1032, 835, 774, 669 ; '"H NMR (500 MHz, CDCls, §) 6.84
(brs, 1H), 6.66 (s, 1H), 5.28-4.70 (overlapped, 2H), 4.71 (d, J = 6.3 Hz, 1H), 4.47-4.42
(brm, 1H), 4.14 (d, /= 10.3 Hz, 1H), 3.73 (s, 3H), 3.64-3.57 (m, 1H), 3.44 (s, 3H), 3.41-
3.38 (m, 1H), 3.62-3.30 (m, 1H), 2.60-2.40 (brm, 1H), 2.20 (s, 3H), 2.33-2.07 (overlapped,
3H), 2.00-1.86 (m, 1H), 1.64 (s, 3H), 1.53-1.40 (m, 1), 133-1.10 (overlapped, 3H), 1.43
(s, 3H), 1.26 (s, 3H), 1.15 (s, 3H), 0.97 (d, /= 3.4 H, 3H), 0.85 (overlapped, 12H), 0.66
(t, J = 6.9 Hz, 3H), —0.02 (overlapped, 6H); *C NMR (125 MHz, CDCl;, §) 151.53,
151.18, 133.20 (br), 126.99, 125.50 (overlapped, 2C), 114.05 (2C), 105.17, 99.20, 87.11,
83.13, 81.29,71.59, 56.19, 56.02, 46.83, 37.66, 37.66, 36.68 (br), 34.20 (br), 30.30, 29.68,
28.91, 27.36, 26.59, 25.85 (3C), 25.01 19.11, 17.97, 16.27, 11.21, —4.33, —4.89

*The analytical '"H NMR and *C NMR date were not shown because of can’t be
analyzed by broarding spectra.

HRMS (ESI) (m/z) [M+Na]" caled for C37HesO7SiNa : 671.4319, found 671.4311.
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11-epi-7,8-epoxy compound (89)

To a solution of NaHCOs (61 mg, 0.71 mmol) in CH:Cl: (15 mL) was added
m-CPBA (60.5 mg, 0.27 mmol) at 0 °C under Ns atmosphere. After stirring
for 15 min at 0 °C, the reaction mixture was added 82 (115.2 mg, 0.178 mmol)
in CH:Cl: (3 mL). After stirring for 2.5 h at 0 “C, the reaction mixture was
quenched with sat NaHCOs aq. (15 mL) and sat Na»S:0; aq. (15 mL) at 0 C.
After stirring for further 30 min at room temperature, the reaction mixture
was extracted with Et20 (25 mL). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude residue
was purified by flash column chromatography (EtOAc/hexane = 1/20) to
provided 89 (97.2 mg, 82%) as a white amorphous: [0]*'p=+23.6 (¢ = 1.0, CHCI;) :
IR (diamond prism) wmax (cm1); 2952, 2931, 2360, 2341, 1716, 1698, 1683, 1652, 1636,
1558, 1540, 1507, 1473, 1456, 1201, 1033, 773, 720, 669, 656; 'H NMR (500 MHz,
CDCls, 3); 7.01 (s, 1H), 6.59 (s, 1H), 4.86 (d, J = 6.3 Hz, 1H), 4.78 (d, J = 5.7 Hz, 1H),
4.33 (brs, 1H), 4.04 (d, J = 9.7 Hz, 1H), 3.83-3.75 (brs, 1H), 3.72 (d, J = 4.0 Hz, 1H),
3.69 (s, 3H), 3.47 (s, 3H), 3.42 (d, J = 5.7 Hz, 1H), 3.29 (ddd, J = 16.4, 10.9, 4.0 Hz, 1H),
2.79 (d, J = 9.7 Hz, 1H), 2.52-2.26 (overlapped, 2H), 2.17 (s, 3H), 2.17-2.10 (m, 1H),
1.98 (d, J = 14.9 Hz, 1H), 1.50-1.40 (m, 1H), 1.45 (s, 3H), 1.38-1.25 (m, 1H), 1.34 (s,
3H), 1.34 (s, 3H), 1.19 (s, 3H), 1.07 (d, J = 6.9 Hz, 3H), 1.01 (d, J = 6.3 Hz, 3H), 0.93-
0.84 m, 1H), 0.88 (s, 9H), 0.64 (t, J = 7.4 Hz, 3H), 0.52 (d, J= 14.3 Hz, 1H), 0.02 (s, 3H),
0.01 (s, 3H); 13C NMR (125 MHz, CDCls, 8) 151.62, 151.38, 126.90 (2C), 115.00-113.99
(overlapped, 2C), 105.47, 99.72, 86.70, 82.50, 81.76, 72.64, 61.06, 58.60, 56.28, 55.97,
46.85,37.34,35.34-34.55 (overlapped, 3C), 28.89, 27.16, 26.78, 25.92 (4C), 25.37, 20.28,
19.02 (br), 18.01, 16.75, 16.33, 11.18, —4.20, —4.84; HRMS (ESI) (m/z) [M+Na]" calcd
for C37He4OsSiNa : 687.4268, found 687.4249.
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11-epi-enol ether (90)

To a solution of 89 (20.1 mg, 0.03 mmol) in THF (0.5 mL) and MeOH
(0.05mL) was added lig. NHs (0.5 mL) at =78 C under Ar atmosphere. The
reaction mixture was added Li (8.3 mg, 1.2 mmol). After stirring for 30 min
at —78 °C, the reaction mixture was quenched with isoprene (0.1 mL),
NH4C1 solid. (5 mg) and H20 (0.5 mL) at =78 °C. After stirring for further 30
min at room temperature, the reaction mixture was extracted with Et20 (1
mL). The organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude residue was purified by flash column
chromatography (EtOAc/hexane = 1/20) to provided 90 (7.9 mg, 62%) as a

white amorphous ; *The analytical compound date are not shown because of its unstable.

11-epi epoxy 16-membered- 4 lactone (88)

o O

To a solution of 90 (20.1 mg, 0.03 mmol) in EtOAc/pyr =1 :1 (3.5 mL) was
cooled to —78 °C under N2 atmosphere. Ozone gas was bubbled for 5 min at —
78 °C, the reaction mixture was added Me2S (one potion ) and allowed to
slowly warm up to room temperature. After stirring for 1 h at room
temperature, the reaction mixture was extracted with Et2O (5 mL). and H20
(0.5mL) at =78 “C. The organic layer was washed with brine (5 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The crude residue was purified by silica
gel column chromatography (EtOAc/hexane = 1/20) to provided 88 (1.7 mg,
40%) as a white amorphous.

*The analytical compound date are not shown because of its complexity with the keto-

enol tautomerism compounds.
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11-epi olefine 16-membered- 4 lactone (91)

To a solution of 88 (5.0 mg, 8.1 umol) in THF (0.12 mL) was added 0.1 M
WCls in THF (0.12 mL) at room temperature under Ar atmosphere. The
reaction mixture was allowed to warm to 45 ‘C. After stirring for 1 h at 40 “C,
the reaction mixture was cooled to 0 °C. The reaction mixture was quenched
with NaHCOs aq. (0.5 mL) and H20 (0.5 mL) at 0 °C. After stirring for further
30 min at room temperature, the reaction mixture was extracted with Et20
(1 mL). The organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo. purification by pre. TLC (EtOAc/hexane = 1/2)
provided 91 (4.2 mg, 86%) as a white amorphous ; 'H NMR (500 MHz, CDCls, §)
11.91 (s, 1H), 5.04 (t, J=9.7 Hz, 1H), 5.01 (s, 1H), 4.89 (dd, /= 10.0, 6.0 Hz, 1H), 4.82
(d,J=6.3 Hz, 1H), 4.66 (d, /= 6.9 Hz, 1H), 4.09, (d, /= 5.15 Hz, 1H), 3.79 (d, /= 10.3
Hz, 1H), 3.85, (s, 3H), 3.59-3.38 (complex , 2H), 2.75-2.68 (m, 1H), 2.33-2.23 (m, 2H),
2.18-2.07 (m, 3H), 1.92-1.84 (m, 1H), 1.66 (s, 3H), 1.38 (s, 3H), 1.32 (s, 3H), 1.03 (d, J
— 7.5 Hz, 3H), 0.99 (s, 3H),0.91-0.87 (overlapped, 17H), 0.09 (s, 3H), 0.05 (s, 3H); 13C
NMR (125 MHz, CDCls, 8) 175.09, 166.31, 133.65, 125.60, 106.74, 99.43, 94.38, 86.04,
81.96, 78.90, 64.98, 56.04, 50.00, 48.10, 36.45, 34.98, 33.21, 28.62, 26.94, 25.96 (4C),
22.87,18.92. 18.12, 18.80, 16.77, 15.88, 11.36, —4.05, —4.88.
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EDiene (97)

To a solution of vinyl iode 47 (320.4 mg, 0.65 mmol) and 98 (339.6 mg, 1.04 mmol)
in DMF (13 mL) were added Ba(OH)> (315.1 mg, 1.00 mmol), Pd(dppf)Cl, + CH>Cl»
(36.8 mg, 0.045 mmol) at room temperature under N> atmosphere. After stirring for 1 h,
the reaction mixture was quenched with 1 M HCl aq. (13 mL) at 0 °C. After stirring for
further 30min at room temperature, the reaction mixture was extracted with
EtOAc/hexane = 1:1 (10 mL x 3). The combined organic layers were washed with sat.
NaHCOs3 aq. (10 mL) and brine (10 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude residue was purified by silica gel column
chromatography (EtOAc/hexane = 1/10) to provided 97 (309.6 mg, 84%) as a colorless
oil : [a]®*p=—1.4 (¢ = 1.0, CHCI5) ; IR (diamond prism) vnax (cm™') 3421, 2954, 2929,
2857, 2344, 1502, 1463, 1399, 1253, 1203, 1093, 1021, 938, 898, 835, 776, 727, 676,
555,497,482,471, 458, 446, 435,410,402 ; '"H NMR (500 MHz, CDCls, §); 6.60 (s, 1H),
6.52 (s, 1H), 5.73 (s, 1H), 5.12 (t, J= 6.9 Hz, 1H), 4.16 (d, /= 6.8 Hz, 1H), 3.73 (s, 3H),
3.56 (t,J=17.1 Hz, 2H), 3.11-3.07 (m, 1H), 2.51-2.46 (td, J = 14.3, 7.4 Hz, 2H), 2.16 (s,
3H), 1.84-1.92 (m, 2H), 1.66 (s, 3H), 1.61 (s, 3H), 1.00 (s, 9H), 0.88 (s, 9H), 0.75 (t, J =
7.4 Hz, 3H), 0.16 (s, 3H), 0.14 (s, 3H), 0.03 (s, 6H) ; *C NMR (125 MHz, CDCl;, §) ;
151.88, 147.21, 135.85, 133.94, 129.93, 128.41, 126.60, 125.53, 119.61, 113.58, 80.93,
62.84, 55.89, 44.83, 32.07, 25.98 (3C), 25.86 (3C), 22.05, 18.37, 19.25, 17.07, 16.89,
14.05, 12.25, -4.14, -4.23, -5.24 (2C) ; HRMS (ESI) (m/z) [M+Na]" caled for
C32Hs304S12Na : 585.3771, found 585.3756.
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E-Epoxide (97)

To a solution of 97 (366.9 mg, 0.65 mmol) in CH>Cl» (13 mL) was added VO(acac)
(26.6 mg, 0.10 mmol) at 0 °C under N, atmosphere. After stirring for 30 min at 0 °C, the
reaction mixture was cooled to —50 °C, and then TBHP (0.41 mL, 2.26 mmol) was added
at —50 °C. The reaction mixture was stirred for 4 h and quenched sat Na>S;03 aq.(10 mL)
at —50 °C. After stirring for further 1.5min at room temperature, the reaction mixture was
extracted with EtOAc (10 mL x 3). The combined organic layers were washed with brine
(10 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude
residue was purified by silica gel column chromatography (EtOAc/hexane =
1/10) to provided 97° (347.9 mg, 92%) as a colorless oil : [0]*’p=+8.9 (¢ =10.58, CHCl;) ;
IR (diamond prism) vmax (cm™ ') 3495, 2953, 2929, 2857, 2361, 2334, 1738, 1504, 1463,
1400, 1382, 1253, 1204, 1096, 1028, 937, 898, 835, 804, 776, 727, 677, 572, 554, 493,
481, 464, 456, 444, 435, 418, 409 ; 'TH NMR (500 MHz, CDCls, §) ; 6.71 (s, 1H), 6.63 (s,
1H), 5.33 (t, J= 7.1 Hz, 1H), 3.87 (d, /= 5.2 Hz, 1H), 3.74 (s, 3H), 3.61-3.57 (ddd, J =
7.0, 6.8, 1.4 Hz, 1H), 3.56 (s, 1H), 3.14-3.10 (m, 1H), 2.31-2.26 (overlaped, 3H), 2.18 (s,
3H), 1.90-1.83 (m, 1H), 1.73-1.66 (m, 1H), 1.64 (s, 3H), 1.00 (s, 9H), 0.99 (s, 3H), 0.87
(s, 9H), 0.72 (t, J= 7.3 Hz, 3H), 0.17 (s, 3H), 0.16 (s, 3H), 0.04 (s, 3H), 0.03 (s, 3H) ; 1*C
NMR (125 MHz, CDCls, §); 151.61, 147.28, 130.48, 128.38, 126.84, 122.39, 119.47,
113.43, 75.02, 64.65, 62.68, 61.65, 55.88, 41.71, 31.24, 25.93 (3C), 25.82 (3C), 21.90,
18.31, 18.21, 16.88, 14.50, 14.09, 11.79, —4.18, —4.28, —5.29 (2C) ; HRMS (ESI) (m/2)
[M+Na]" calcd for C32Hs3OsSizNa : 601.3720, found 601.3711.
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E-Phenyl cabanate (99)

To a solution 0 97” (338.3 mg, 0.58 mmol) in CH>Cly/pyridine=1/1 (12 mL) was added
PhNCO (0.25 mL, 2.30 mmol) at room temperature under N> atmosphere. After stirring
for 22 h at room temperature, the reaction mixture was quenched with H>O (10 mL). The
reaction mixture was extracted with CH>Cl (10 mL x 3). The combined organic layers
were washed with 1 M HCI aq. (10 mL) and brine (10 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude residue was purified by silica gel
column chromatography (EtOAc/hexane = 1/10) to provided 99 (385.9 mg, 95%) as
a white amorphous : [a]**p=+37.9 (¢ = 0.53, CHCI;) ; IR (diamond prism) vimax (cm™!)
2929, 2857, 2362, 1735, 1601, 1539, 1504, 1463, 1443, 1376, 1312, 1205, 1100, 1047,
1026, 897, 835, 776, 752, 691, 503, 485, 468, 451, 439, 425, 416 ; '"H NMR (500 MHz,
CDCl3, 6);7.37 (d,J=8.0 Hz, 2H), 7.28 (t,J = 8.0 Hz, 2H), 7.04 (t, J= 7.4Hz, 1H), 6.64
(s, 1H), 6.61 (s, 1H), 6.58 (s, 1H), 5.23 (t, /= 7.4 Hz, 1H), 5.03 (d, J = 8.0 Hz, 1H), 3.77
(s, 3H), 3.54-3.51 (ddd, J=7.0, 7.0, 2.0 Hz, 2H), 3.37 (s, 1H), 3.28 (brs, 1H), 2.25-2.03
(overlapped, SH), 1.86-1.75 (m, 1H), 1.68-1.58 (m, 1H), 1.62 (s, 3H), 1.09 (s, 3H), 0.98
(s, 9H), 0.85 (s, 9H), 0.71 (t, J = 7.4 Hz, 3H), 0.15 (s, 3H), 0.10 (s, 3H), 0.00 (s, 6H) ; 1*C
NMR (125 MHz, CDCl3, 9); 207.07, 151.82, 147.13, 137.90, 130.36, 128.95 (2C), 127.21,
126.29, 123.30, 122.40, 119.50, 118.56, 113.55, 99.89 79.01, 62.76, 62.62, 62.11, 55.95,
31.33, 30.82, 26.02 (3C), 25.91 (3C), 23.27, 18.39, 18.28, 17.07, 14.15, 12.96, 11.60,
—4.04, —4.34, =5.22 (2C) ; HRMS (ESI) (m/z) [M+Na]" calcd for C39Hs3NOeSioNa :
720.4091, found 720.4032.
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E-Cyclic carbonate (100)

To a solution of 99 (377.9 mg, 0.54 mmol) in Et;O (11 mL) was added dropwise
Et;AICI (0.87 M in hexane, 2.2 mL, 1.91 mmol) at 0 °C under N> atmosphere. After
stirring for 1 h, the resulting mixture was added to 1.0 M HCl aq. (11 mL). After stirring
for further 24 h at room temperature, the reaction mixture was extracted with Et,O (10
mL x 3). The combined organic layers were washed with brine (10 mL x 3), dried over
sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by silica gel column chromatography (EtOAc/hexane = 1/9) to provided 100 (302.9
mg, 90%) as a white amorphous : [a]**p=+27.2 (¢ = 0.63, CHCl5) ; IR (diamond prism)
vmax (cm™ 1) 3441, 2954, 2929, 2857, 2360, 2343, 1770, 1505, 1463, 1400, 1363, 1252,
1205, 1058, 1033, 938, 896, 875, 835, 801, 776, 678, 523, 511, 502, 485, 465, 452, 438,
426,416 ; 'TH NMR (500 MHz, CDCl3, §) ; 6.65 (s, 1H), 6.53 (s, 1H), 5.38 (t,J = 7.1 Hz,
1H), 4.87 (brs, 1H), 3.80 (brs, 1H), 3.74 (s, 3H), 3.59 (t, J = 6.8 Hz, 2H), 3.24 (brs, 1H),
2.32-2.19 (m, 2H), 2.18 (s, 3H), 2.00-1.92 (m, 1H), 1.72-1.59 (overlapped, 4H), 1.24 (s,
3H), 1.00 (s, 9H), 0.87 (s, 9H), 0.69 (t, J = 7.1 Hz, 3H), 0.16 (s, 3H), 0.15 (s, 3H), 0.03
(s, 6H) ; B*C NMR (125 MHz, CDCls, 8); 153.99, 151.18, 147.28, 134.37,127.78, 127.12,
125.63,119.31, 113.54, 88.12, 83.67, 79.74, 62.17, 55.55, 38.55, 31.35,25.77 (3C), 25.66
(30), 24.53, 18.11, 18.03, 16.79, 16.24, 13.71, 10.75, —4.28, —4.45, —5.44 (2C) ; HRMS
(ESI) (m/z) [M+Na]" calcd for C33HssO7Si2Na : 645.3618, found 645.3630.
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E-Acetyl compound (101)

101

To a solution of 100 (288.9 mg, 0.46 mmol) in Ac;0O (10 mL) were added EtsN (230
pL, 1.67 mmol), DMAP (7.2 mg, 0.058 mmol) at 0 °C under N> atmosphere. After stirring
for 10 min at 0 °C, the reaction mixture was allowed to warm up to at room temperature
and stirred for 24 h. The reaction mixture was quenched with sat. NaHCO3 aq. (30 mL)
at 0 °C. The resulting mixture was extracted with EtOAc (10 mL x 3). The combined
organic layers were washed with sat. NH4Cl aq. (10 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude residue was purified by silica gel
column chromatography (EtOAc/hexane = 1/7) to provided 101 (219 mg, 99%) as a
white amorphous : [0]*°p = +35.2 ( ¢ = 0.56, CHCI3) ; IR (diamond prism) vmax (cm™') 1
2929,2857,2361, 2342, 1806, 1746, 1504, 1463, 1371, 1205, 1093, 1053, 1018, 938, 896,
835, 775, 678, 536, 492, 460, 438, 416 ; '"H NMR (500 MHz, CDCls, §) ; 6.65 (s, 1H),
6.50 (s, 1H), 5.33 (t, /= 6.8 Hz, 1H), 4.85 (s, 1H), 4.78 (brs, 1H), 3.75 (s, 3H), 3.61-3.53
(m, 2H), 3.21 (brm, 1H), 2.31-2.12 (overlapped, 3H), 2.19 (s, 3H), 1.99 (s, 3H), 1.99-1.92
(m, 1H), 1.64 (s, 3H), 1.28 (s, 3H), 1.00 (s, 9H), 0.86 (s, 9H), 0.69 (t, J = 7.4 Hz, 3H),
0.17 (s, 3H), 0.13 (s, 3H), 0.02 (s, 3H), 0.01 (s, 3H) ; *C NMR (125 MHz, CDCls, §);
169.21, 153.57, 151.33, 147.51, 130.52, 130.06, 128.32, 125.16, 119.68, 113.78, 87.11,
83.45, 80.42, 62.03, 55.64, 39.84, 31.55, 25.86 (3C), 25.77 (3C), 24.53, 20.78, 18.22,
18.19,17.38,16.95, 14.08, 11.02,-3.99, —4.42, -5.35 (2C) ; HRMS (ESI) (m/z) [M+Na]"
calcd for C35Hg0OgSi2Na : 687.3724, found 687.3733.
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E-Mitsunobu precursor (96)

To a solution of 101 (297.3 mg, 0.44 mmol) in THF (9.0 mL) was added TBAF (1.0 M
in THF, 1.1 mL, 1.1 mmol) at 0 °C. After stirring for 1 h, the reaction mixture was warm
up to at room temperature and stirred for 30 min. The reaction mixture was quenched with
1 M HCl aq. (10 mL). The resulting mixture was extracted with EtOAc (10 mL x 3). The
combined organic layers were washed with brine (5 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude residue was purified by silica gel
column chromatography (EtOAc/hexane = 1/4) to provided 96 (185.6 mg, 95%) as a
white amorphous : as a white amorphous : mp 119.8 °C ; [a]*®p = +47.9 ( ¢ = 0.41,
CHCIs) ; IR (diamond prism) vmax (cm™) 3441, 3299, 2969, 2357, 2342, 1779, 1744,
1518, 1455, 1410, 1372.1, 1229, 1203, 1104, 1054.87, 1015, 876, 797, 774, 700, 680, 607,
549, 519, 491, 468, 450, 438, 421, 409 ; 'H NMR (500 MHz, CDCl;, §) ; 6.64 (s, 1H),
6.48 (s, 1H), 5.59 (t, /= 6.0 Hz, 1H), 4.74 (d, J = 11.4 Hz, 1H), 4.66 (s, 1H), 3.92-3.88
(brm, 2H), 3.74 (s, 3H), 3.46-3.41 (ddd, J=11.3, 11.0, 3.0 Hz, 1H), 2.40-2.29 (overlapped,
2H), 2.22 (s, 3H), 2.05 (s, 3H), 2.01-2.10 (overlapped, 1H), 1.56 (s, 3H), 1.43-1.33 (m,
1H), 1.21 (s, 3H), 0.67 (t, J = 7.4 Hz, 3H) ; '3C NMR (125 MHz, CDCl;, §); 169.36,
153.56, 150.47, 148.36, 131.67, 131.08, 124.25, 123.87, 114.04 (2C), 87.23, 82.61, 80.49,
62.56 (2C), 55.92, 30.10, 27.02, 20.86, 18.18, 16.12, 14.62, 10.42 ; HRMS (ESI) (m/z)
[M+Na]" calcd for C23H3205Si2Na : 459.1994, found 459.1983.
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E-12-membered macroether (95)

To a solution of PPh3 (21.3 mg, 80 umol) in THF (1 mL) were added dropwise DIAD
(15 pL, 0.07 mmol) at 0 °C under N> atmosphere. After stirring for 15 min at 0 °C, the
reaction mixture was added dropwise 96 (3.6 mg, 8.25 pumol) in THF (0.7 mL) at 0 °C.
After stirring for 15 min at 0 °C, the reaction mixture was warm up to room temperature
and stirred 5 h. The resulting mixture was concentrated in vacuo. Purification by pre. TLC
(EtOAc/hexane = 2/1) provided 95 (1.2 mg, 35%) as a white solid : mp decomp. >
200.0 °C ; [a]**p=+50.6 (¢ =0.20, CHCI3) ; IR (diamond prism) vmax (cm ') 2957, 2925,
2879,2363.34,2335,2017, 1998, 1962, 1792, 1749, 1508, 1456, 1374, 1228, 1203, 1087,
1056, 1019, 860, 800, 771, 703, 646, 632, 607, 590, 545, 514, 503, 488, 473, 464, 448,
439, 431, 418, 410, 402 ; 'TH NMR (500 MHz, CDCls, §); 6.59 (s, 1H), 6.56 (s, 1H), 5.79
(dd, J=11.1 Hz, 4.8 Hz, 1H), 4.98 (d, /= 12.0 Hz, 1H), 4.92 (s, 1H), 4.55 (dd, J = 12.9,
10.0 Hz, 1H), 4.30-4.26 (m, 1H), 3.74 (s, 3H), 3.30-3.26 (ddd, ] = 12.8, 6.3, 1.1 Hz, 1H),
2.55-2.48 (m, 1H), 2.33-2.30 (brm, 1H), 2.18 (s, 3H), 2.18-2.14 (m, 1H), 2.12 (s, 3H),
1.47-1.38 (m, 1H), 1.25 (s, 3H), 0.97 (s, 3H), 0.79 (t, J = 7.1 Hz, 3H) ; '*C NMR (125
MHz, CDCl3, §); 169.06, 153.45, 150.97, 148.50, 129.78, 129.36, 125.95, 123.39, 113.83,
113.02, 86.65, 81.02, 79.93, 65.08, 55.80, 38.16,30.97, 26.84,20.93, 18.64, 16.82, 16.24,
10.55 ; HRMS (ESI) (m/z) [M+Na]" calcd for C23H3007Na : 441.1889, found 441.1888.
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ZDiene (104)

104

To a solution of vinyl iodide 47 (1.53 g, 3.13 mmol) and vinyl stannane_103 (2.35
g, 6.26 mmol) in DMF (63 mL) were added CuTC (1.20 g, 6.26 mmol), Pd(PPh3)4 (722
mg, 0.626 mmol) at room temperature under N> atmosphere. After stirring for 30 min at
room temperature, the reaction mixture was quenched with sat. NaHCOs aq. (63 mL) at
0 °C. After stirring for further 30 min at room temperature, the reaction mixture was
extracted with EtOAc (30 mL X 3). The combined organic layers were washed with brine
(50 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. he crude
residue was purified by silica gel column chromatography (EtOAc/hexane = 1/7)
to provided 104 (1.44 g, 100%) as a colorless oil : [a]*p= —30.98 ( ¢ = 1.0, CHCI;) ; IR
(diamond prism) vmax (cm ') 3723, 3702, 3341, 2957, 2930, 2859, 2361, 2338, 2176, 1500,
1464, 1464, 1399, 1255, 1202, 1182, 1021, 900, 839, 804, 779, 680, 611, 580, 555, 515,
493, 466, 452, 421 : '"H NMR (500 MHz, CDCls, §); 6.58 (s, 1H), 6.48 (s, 1H), 5.61 (s,
1H), 5.08 (t, /= 6.9 Hz, 1H), 4.27 (d, J = 8.0 Hz, 1H), 3.71 (s, 3H), 3.33 (t, /= 6.6 Hz,
2H), 3.03-3.00 (m, 1H), 2.14 (s, 3H), 2.04-1.97 (m, 1H), 1.72-1.60 (overlapped, 2H), 1.60
(s, 3H), 1.52-1.40 (overlapped, 1H), 1.45 (s, 3H), 0.98 (s, 9H), 0.74 (t, /= 7.4 Hz, 3H),
0.15 (s, 3H), 0.14 (s, 3H),; *C NMR (125 MHz, CDCls, §) ; 151.99, 146.87, 138.17,
134.89, 128.40, 126.55, 126.48, 123.08, 120.15, 113.48, 80.80, 62.32, 55.73, 45.49, 32.69,
25.74 (3C), 23.81, 23.60, 18.12, 16.68, 12.50, 11.98, -4.23, -4.30 ; HRMS-ESI (m/z)
[M+Na]" calcd for C26H4404SiNa : 471.2906, found 471.2906.
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Z-Bis TBS (105)

OoTBS
105

To a solution of 104 (1.44 g, 3.13 mmol) in DMF (31 mL) were added
imidazole (426 mg, 6.26 mmol) and TBSCI (518 mg, 3.44 mmol) at 0 ‘C under

Nz atmosphere. After stirring for 5 min, the reaction mixture was warm up to

r.t. and stirring for 1.5 h at room temperature. The reaction mixture was
quenched with sat. NH4Cl aq. (20 mL) at 0 “C. The aqueous layer was
extracted with EtOAc (20 mL X 3). The combined organic layers were
washed with sat. NH4Cl aq. (20 mL) and brine (20 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The crude residue was purified
by silica gel column chromatography (EtOAc/hexane = 1/7) to provided 105
(1.59 g, 90%) as a colorless oil ; [0]*p= —16.98 ( ¢ = 0.62, CHCI3) ; IR (diamond
prism) vmax (cm 1) 1957, 2931, 2859, 2359, 2339, 1502, 1467, 1402, 1254, 1183, 1100,
1024, 1006, 939, 900, 837, 776, 728, 613, 669, 471 : 'H NMR (500 MHz, CDCl3, §); 6.59
(s, 1H), 6.51 (s, 1H), 5.67 (s, 1H), 5.21 (t, J = 7.4 Hz, 1H), 4.22 (d, J = 7.5 Hz, 1H), 3.73
(s, 3H), 3.46-3.37 (m, 2H), 3.09-3.05 (m, 1H), 2.15 (s, 3H), 1.99-1.91 (m, 1H), 1.83-1.76
(m, 1H), 1.70-1.56 (overlapped, 2H), 1.60 (s, 3H), 1.50 (s, 3H), 1.00 (s, 9H), 0.88 (s, 9H),
0.75 (t, J = 7.2 Hz, 3H), 0.16 (s, 3H), 0.14 (s, 3H), 0.03 (s, 6H) : 3C NMR (125 MHz,
CDCls, 06) ; 151.82, 147.17, 137.63, 133.61, 128.24, 126.49, 126.24, 123.92, 119.56,
113.51, 80.75, 62.94, 55.73, 44.95, 32.56, 25.97 (3C), 25.81 (3C), 23.70, 22.79, 18.37,
18.21, 16.82, 13.16, 12.15, —4.14, —4.25, —5.26 (2C); HRMS-ESI (m/z) [M+Na]" calcd
for C32Hs804Si2Na : 585.3771, found 585.3750.
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Z-Epoxide (106)

OTBS
106

To a solution of 105 (1.50 g, 2.66 mmol) in CH>Cl> (50 mL) was added VO(acac)> (77
mg, 0.29 mmol) at 0 °C under N2 atmosphere. After stirring for 30 min at 0 °C, the reaction
mixture was cooled to —50 °C, and then TBHP (1.43 mL, 7.9 mmol) was added at —50 °C.

The reaction mixture was stirred for 4 h, and quenched with sat Na>S>O3 aq. (50 mL) at

—50 °C. After stirring for further 1.5min at room temperature, the reaction mixture was
extracted with CH2Cl> (10 mL x 3). The combined organic layer was washed with brine
(10 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude
residue was purified by silica gel column chromatography (EtOAc/hexane =
1/10) to provided 106 (1.49 g, 97%) as a colorless oil : [a]*'p= —3.99 (¢ = 1.0, CHCI3) ;
IR (diamond prism) vimax (cm™ 1) 2956, 2929, 2855, 2361, 2335, 1502, 11466, 1399, 1253,
1206, 1099, 1029, 935, 898, 836, 803, 776, 726, 679, 490, 447 : 'H NMR (500 MHz,
CDCl;3, 9) ;6.73 (s, 1H), 6.64 (s, 1H), 5.42 (t, J = 7.4 Hz, 1H), 3.82 (d, J= 4.0 Hz, 1H),
3.75 (s, 3H), 3.69 (s, 1H), 3.61 (dd, J = 6.6, 6.6 Hz, 2H), 3.15-3.11 (m, 1H), 2.41-2.27
(overlapped, 2H), 2.19 (s, 3H), 1.92-1.84 (m, 1H), 1.74-1.67 (m, 2H), 1.66 (s, 3H), 1.10
(s, 3H), 1.01 (s, 9H), 0.89 (s, 9H), 0.73 (t, J=7.5 Hz, 3H), 0.18 (s, 3H), 0.17 (s, 3H), 0.49
(s, 6H) ; *C NMR (125 MHz, CDCls, §);151.53, 147.29, 130.89, 128.73, 126.80, 125.95,
119.43, 113.42, 75.63, 63.00, 62.87, 60.15, 55.85, 41.52, 31.48, 25.95 (3C), 25.83 (30C),
22.16,20.91, 18.36, 18.22, 16.87, 15.39, 11.73, —4.19, —4.29, —5.29 (2C) ; HRMS-ESI
(m/z) [M+Na]" calcd for C3,HssOsSizNa : 601.3721, found 601.37189.
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Z-Phenyl carbanate (107)

OTBS
107

To a solution of 106 (1.47 g, 2.54 mmol) in CH>Clo/Pyridine=1/1 (30.8 mL) was added
PhNCO (1.1 mL, 10.2 mmol) at room temperature under N> atmosphere. After stirring
for 22 h at room temperature, the reaction mixture was quenched with H>O (30 mL). After
stirring for further 10 min at room temperature, the reaction mixture was extracted with
CH>Cl> (30 mL x 3). The combined organic layers were washed with 1 M HCI aq. (30
mL) and brine (30 mL), dried over sodium sulfate, filtered, and concentrated in vacuo.
The crude residue was purified by silica gel column chromatography
(EtOAc/hexane = 1/10) to provided 107 (1.79 g, quant.) as a white amorphous : [a]*'p =
+33.3 (¢ =1.0, CHCl3) ; IR (diamond prism) vmax (cm™") 3699, 3661, 3338, 2959, 2933,
2857, 2335, 1725, 1707, 1602, 1530, 1504, 1467, 1442, 1403, 1314, 1254, 1209, 1105,
1053, 1026, 900, 837, 780, 685, 668, 615, 577, 499, 464, 434 : 'H NMR (500 MHz,
CDCl3, 9) ;7.39 (d, J = 8.0 Hz, 2H), 7.30 (t, J = 8.0 Hz, 2H), 7.06 (t, J = 7.5 Hz, 1H),
6.68 (s, 1H), 6.65 (s, 1H), 6.61 (s, 1H), 5.37 (t,J= 7.2 Hz, 1H) 5.00 (d, /= 8.0 Hz, 1H),
3.79 (s, 3H), 3.49 (overlapped, 3H), 3.28 (m, 1H), 2.23-2.15 (m, 2H), 2.18 (s, 3H), 1.86-
1.77 (m, 1H), 1.63-1.56 (m, 1H), 1.56 (s, 3H), 1.15 (s, 3H), 0.98 (s, 9H), 0.86 (s, 9H),
0.71 (t, J = 7.2 Hz, 3H), 0.18 (s, 3H), 0.13 (s, 3H), 0.00 (s, 6H) ; *C NMR (125 MHz,
CDCls, 9);153.04, 151.84, 147.18, 137.87, 131.04, 129.98 (2C), 127.19, 126.30, 125.56,
123.42, 119.74, 118.71 (2C), 113.61, 80.02, 62.95, 60.71, 60.58, 55.88, 31.20, 25.95
(overlapped, 3C), 25.85 (3C), 23.91, 20.71, 18.37, 18.20, 16.99, 13.66, 11.35, —4.15, —
4.50, —5.32 (2C) ; HRMS-ESI (m/z) [M+Na]" caled for C39Hs3NOeSioNa : 720.4091,
found 720.4076.
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Z-Cyclic carbonate (108)

OTBS
108

To a solution of 107 (74 mg, 0.106 mmol) in Et,O (11 mL) was added dropwise Et,AlCI
(0.87 M in hexane, 0.44 mL, 0.382 mmol) at 0 °C under N> atmosphere. After stirring for
1 h, the reaction mixture was added to 1.0 M HCI aq. (11 mL). After stirring for further

24 h at room temperature, the reaction mixture was extracted with Et,0 (10 mL X 3). The

combined organic layer was washed with brine (10 mL X 3), dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude residue was purified by silica gel
column chromatography (EtOAc/hexane = 1/9) to provided 108 (54 mg, 82%) as a
white amorphous : [a]*p=+39.9 (¢ = 1.0, CHCI3) ; IR (diamond prism) vinax (cm™") 3785,
3432, 2955, 2930, 2857, 2358, 2337, 1803, 1504, 1468, 1401, 1255, 1208, 1181, 1037,
937, 899, 836, 780, 729, 673, 578, 547, 485, 451 : '"H NMR (500 MHz, CDCls, §) ; 6.63
(s, 1H), 6.57 (s, 1H), 5.40 (t, J = 7.8 Hz, 1H), 4.90 (d, /= 5.7 Hz, 1H), 4.18 (d, J = 1.7
Hz, 1H), 3.74 (s, 3H), 3.61-3.50 (overlapped, 2 H), 3.33 (brs, 2H), 2.55-2.47 (m, 1H),
2.18 (s, 3H), 1.99-1.95 (m, 2H), 1.76 (s, 3H), 1.60-1.54 (m, 1H), 1.27 (s, 3H), 1.00 (s,
9H), 0.86 (s, 9H), 0.80 (t, J = 7.5 Hz, 3H), 0.18 (s, 3H), 0.15 (s, 3H), 0.03 (s, 6H) ; 13C
NMR (125 MHz, CDCls, 9); 154.25, 151.24, 147.46, 135.60, 128.74, 127.67, 126.18,
118.91, 113.48, 88.31, 84.03, 75.24, 62.03, 55.68, 38.55, 30.84, 25.87 (3C), 25.79 (30),
24.78, 22.36, 18.42, 18.19, 16.95, 16.06, 10.74, -4.15, -4.34, -5.42, -5.50 ; HRMS-ESI
(m/z) [M+Na]" caled for C33Hss07Si2Na : 645.3619, found 645.3608.
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Z-Acetyl compound (108’)

OTBS
108’

To a solution of 108 (225.1 mg, 0.36 mmol) in Ac;O (10 mL) were added Et:N (142
pL, 1.02 mmol), DMAP (8.6 mg, 0.07 mmol) at 0 °C under N> atmosphere. After stirring
for 10 min at 0 °C, the reaction mixture was warm up to at room temperature and stirred
for 24 h. The reaction mixture was quenched with sat. NaHCOs3 aq. at 0 °C. The resulting
mixture was extracted with EtOAc (10 mL x 3). The combined organic layers were
washed with sat. NH4Cl aq. (10 mL), dried over sodium sulfate, filtered, and concentrated
in vacuo. The crude residue was purified by silica gel column chromatography
(EtOAc/hexane = 1/7) to provided 108> (227 mg, 95%) as a white amorphous : [a]*°p =
+35.2 (¢ =0.56, CHCI:) ; IR (diamond prism) vmax (cm ') 2957, 2930, 2858, 2358, 2338,
1807, 1749, 1502, 1464, 1401, 1370, 1209, 1094, 1052, 1022, 939, 897, 836, 776, 680,
606, 486, 433 : 'TH NMR (500 MHz, CDCl3, §) ; 6.64 (s, 1H), 6.61 (s, 1H), 5.54 (t,J=6.9
Hz, 1H), 5.52 (s, 1H), 4.85 (brs, 1H), 3.75 (s, 3H), 3.66-3.60 (m, 1H), 3.58-3.54 (m, 1H),
3.24 (brm, 1H), 2.44-2.37 (m, 1H), 2.27-2.22 (m, 1H), 2.19 (s, 3H), 2.00 (s, 3H), 1.94-
1.86 (m, 1H), 1.72-1.67 (m, 1H), 1.65 (s, 3H), 1.36 (s, 3H), 1.00 (s, 9H), 0.88 (s, 9H),
0.72 (t, J = 7.5 Hz, 3H), 0.19 (s, 3H), 0.15 (s, 3H), 0.03 (s, 6H) ; *C NMR (125 MHz,
CDCls, 8); 169.21, 153.57, 151.33, 147.51, 130.52, 130.06, 128.32, 125.16, 119.68,
113.78, 87.11, 83.45, 80.42, 62.03, 55.64, 39.84, 31.55, 25.86 (3C), 25.77 (3C), 24.53,
20.78, 18.22, 18.19, 17.38, 16.95, 14.08, 11.02, —3.99, —4.42, —5.35 (2C) ; HRMS-ESI
(m/z) [M+Na]" caled for C3sHgoOsSi2Na : 687.3724, found 687.3713.
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Z-Mitunobu precursor (109)

109

To a solution of 108’ (211 mg, 0.317 mmol) in THF (6.3 mL) was added TBAF (1.0 M
in THF, 0.76 mL, 0.76 mmol) at 0 °C. After stirring for 1 h at 0 °C, the reaction mixture
was warm up to at room temperature and stirring for 30 min, the reaction mixture was
quenched with 1 M HCl aq. (7 mL). The resulting mixture was extracted with EtOAc (10
mL % 3). The combined organic layers were washed with brine (5 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The crude residue was purified by silica
gel column chromatography (EtOAc/hexane = 1/4) to provided 109 (135.7 mg, 98%)
as a white amorphous : [a]*'p=+ 87.5 (¢ = 1.0, CHCI;) ; IR (diamond prism) vinax (cm™!)
3414, 2962, 2932, 2878, 2361, 2324, 1797, 1786, 1750, 1512, 1460, 1410, 1380, 1239,
1203, 1114, 1052, 877, 799, 754, 684, 609, 560, 486 ; 'H NMR (500 MHz, CDCl;, §);
6.65 (s, 1H), 6.53 (s, 1H), 5.54 (t, /= 6.9 Hz, 1H), 5.28 (s, 1H), 4.67 (d, J=9.7 Hz, 1H),
3.84-3.78 (m, 1H), 3.75 (s, 3H), 3.77-3.72 (m, 1H), 3.48-3.40 (brm, 1H), 2.45-2.41 (m,
2H), 2.23 (s, 3H), 2.02 (s, 3H), 2.01-1.96 (m, 1H), 1.73 (s, 3H), 1.42-1.54 (m, 1H), 1.29
(s, 3H), 0.69 (t,J=7.2 Hz, 3H); 1*C NMR (125 MHz, CDCls, §) ;169.89, 153.56, 150.66,
148.29, 132.20, 130.50, 125.52, 123.94, 114.07 (2C), 87.03, 84.10, 74.88, 65.85, 62.22,
55.90, 31.53, 25.98, 20.68, 19.64, 18.04, 16.11, 10.58; HRMS-ESI (m/z) [M+Na]" calcd
for C23H32,0sNa : 459.1995, found 459.1995.
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Z-12-membered macroether (110)

110

To a solution of TMAD (12.5 pL, 0.073 mmol) in CH>Cl, (0.75 mL) was added
dropwise PBus (20 pL, 0.073 mmol) at 0 °C under N> atmosphere. After stirring for 15
min at room temperature, the reaction mixture was added dropwise 109 (3.2 mg, 0.0073
mmol) in CH2Cl» (0.75 mL) at 0 °C. After stirring for 15 min at 0 °C, the reaction mixture
was warm up to room temperature and stirred 50 min. The resulting mixture was
concentrated in vacuo. Purification by pre. TLC (EtOAc/hexane = 2/1) provide 110 (2.1
mg, 69%) as a white amorphous : [a]’p= —4.26 (¢ =0.25, CHCI;) ; IR (diamond prism)
vinax (cm 1) 2920, 2360, 2333, 1806, 1509, 1467 ; 'H NMR (500 MHz, CDCls, 8); 6.70 (s,
1H), 6.32 (s, 1H), 5.59 (dq, J = 5.9, 4.6, 1.1 Hz, 1H), 5.06 (s, 1H), 4.67 (d, J=11.5 Hz,
1H), 4.50-4.45 (ddd, J=12.0,9.2,4.0 Hz, 1H), 4.06-4.01 (dq, 11.9, 5.3, 4.0 Hz, 1H), 3.76
(s, 3H), 3.49-3.44 (ddd, J = 11.5, 9.7, 3.4 Hz, 1H), 2.41-2.33 (m, 1H), 2.25 (brm, 1H),
2.21 (s, 3H), 2.08-1.99 (m, 1H), 2.00 (s, 3H), 1.88 (s, 3H), 1.33-1.43 (m, 1H), 1.17 (s,
3H), 0.72 (t, J = 7.2 Hz, 3H) ; '*C NMR (125 MHz, CDCls, §);169.71, 153.06, 151.09,
147.29, 134.44,130.01, 128.22, 123.62, 114.56, 114.16, 87.04, 83.40, 71.58, 66.03, 55.83,
37.01, 28.14, 28.00, 20.81, 20.36, 18.77, 16.27, 10.04; HRMS-ESI (m/z) [M+Na]" caled
for C23H3007Na : 441.1889, found 441.1884.
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Z—T7-deoxy compound (112)

112

To a solution of 110 (13.2 mg, 0.031 mmol) in MeOH (3.2 mL) and THF (0.63 mL)
was added K>CO; (6.5 mg, 0.047 mmol) at room temperature under N> atmosphere. The
reaction mixture was stirring for 2 h, the reaction mixture was quenched with sat NH4Cl
ag. (2 mL) at 0 °C. The reaction mixture was extracted with Et;O (2 mL x 3). The
combined organic layers were washed with brine (2 mL x 3), dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude material was used in the
subsequent reaction without further purification.

Crude material in THF (1.5 mL) was added NaH (3.8 mg, 0.095 mmol) at 0 °C under
N> atmosphere. After stirring for 30 min at 0 °C, the reaction mixture was added dropwise
CS, (0.01 mL, 0.16 mmol). After stirring for further 45 min at 0 °C, the reaction mixture
was added Mel (0.02 mL, 0.32 mmol) and stirred for 1 h at 0 °C. The reaction mixture
was quenched with sat. NH4Cl aq. at (2 ml )0 °C, the resulting mixture was extracted with
Et,0 (3 mL x 3). The combined organic layer was washed with brine (3 mL x 3), dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude material was used
in the subsequent reaction without further purification.

Crude material in toluene (3.2 mL) were added V-70 (1.9 mg, 0.0063 mmol) and
Ph3SnH (2.6 ul, 0.01 mmol) at 0 °C under Ar atmosphere. The reaction mixture was
allowed to warm to 40 ‘C. After stirring for 1 h at 40 °C, the reaction mixture was
concentrated in vacuo. The crude residue was purified by silica gel column
chromatography (EtOAc/hexane = 1/20) to provided 112 (7.8 mg, 69% 3 steps) as a
white amorphous : [a]*p= —67.8 ( ¢ = 0.52, CHCI3) ; IR (diamond prism) vimax (cm ™)
2965, 2920, 2873, 2358, 2341, 1800, 1506, 1461, 1450, 1402, 1299, 1238, 1200, 1182,
1094, 1050, 1034, 862, 773, 664; 'H NMR (125 MHz, CDCl3, §); 6.68 (s, 1H), 6.40 (s,
1H), 5.43 (dd, J = 12.0, 3.7 Hz, 1H), 4.72 (d, J = 11.5 Hz, 1H), 4.46 (ddd, J = 12.0, 6.6,
4.0 Hz, 1H), 4.02 (dq, J = 12.1, 5.4, 4.0 Hz, 1H), 3.78 (s, 3H), 3.44 (ddd, J = 10.8, 9.7,
3.4 Hz, 1H), 2.20-2.17 (overlapped, 1H), 2.20 (s, 3H), 2.12 (d, J = 16.0 Hz, 1 H), 2.05-
1.97 (overlapped, 2H), 1.87 (s, 3H), 1.42-1.32 (m, 1H), 1.23 (d, /= 16.0 Hz, 1H), 1.20 (s,
3H), 0.73 (t, J = 7.4 Hz, 3H) ; >*C NMR (500 MHz, CDCls, §); 153.54, 151.12, 147.26,
131.23, 128.11, 127.59, 124.48, 115.00, 113.76, 86.80, 83.00, 66.94, 55.85, 38.20, 37.15,
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28.03, 27.62, 24.26, 22.77, 16.28, 14.11, 10.00 ; HRMS (ESI) (m/z) [M+Na]" calcd for
C23H3007Na : 383.1834, found 383.1826.

Zbis TES compound (113)

113

To a solution of 112 (7.8 mg, 0.021 mmol) in THF (1.2 mL) and MeOH (0.4 mL) was
added 1 M NaOH aq. (0.8 mL) at 0 “C. The reaction mixture was stirring 10 h at room
temperature, the reaction mixture was quenched with sat NH4Cl aq. at 0 °C. The reaction
mixture was extracted with EtoO (2 mL x 3). The combined organic layer was washed
with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The crude
material was used in the subsequent reaction without further purification.

Crude material in CH>Cl, (1.1 mL) were added 2,6-lutidine (40 pL, 0.32 mmol) and
TBSOTT (50 pL, 0.21 mmol) at 0 °C under N> atmosphere. The reaction mixture was
stirring for 30 min at 0 °C, the reaction mixture was allowed to warm to room temperature.
After stirring for futher 10 h at room temperature, he reaction mixture was quenched with
sat. NaHCO3 aq. (2 mL) at 0 °C. The resulting mixture was extracted with Et;O (3 mL x
3). The combined organic layers were washed with brine (2 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The crude residue was purified by silica
gel column chromatography (EtOAc/hexane = 1/5) to provided 113 (9.2 mg, 76% 2
steps) as a colorless oil. *The analytical '"H NMR and 3C NMR date are not shown
because of can 't be analyzed by broarding spectra.

HRMS (ESI) (m/z) [M+Na]" calcd for C3,Hsg04Si2Na : 585.3771, found 585.3743.
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Z-acetonide compound (114)

114

To a solution of 112 (42.1 mg, 0.10 mmol) in THF (5 mL) and MeOH (1.6 mL) were
added 1M NaOH aq. (3.2 mL) at 0 “C. After stirring for 10 h at room temperature, the
reaction mixture was quenched with sat NH4Cl aq. (10 mL) at 0 °C. The reaction mixture
was extracted with Et,O (5 mL x 3). The combined organic layers were washed with brine,
dried over sodium sulfate, filtered, and concentrated in vacuo. The crude material was
used in the subsequent reaction without further purification.

Crude material in Me,C(OMe), (10 mL) was added CSA (4.6 mg, 0.02 mmol) at
0 °C under N atmosphere. After stirring for 12 h at room temperature, the reaction
mixture was quenched with Sat. NaHCOs3 aq. (10 mL) at 0 °C. The reaction mixture was
extracted with Et20 (3 mL X 3). The combined organic layers were washed with brine (10
mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude residue
was purified by silica gel column chromatography (EtOAc/hexane = 1/5) to
provided 114 (32.8mg, 88% 2 steps) as a colorless oil : [0]*’p= —69.3 (¢ = 1.0, CHCl3) ;
IR (diamond prism) vimax (cm™') 2962, 2932, 2873, 2359, 2341, 1800, 1507, 1456, 866,
771, 669 ; 'H NMR (500 MHz, CDCl;, §); 6.65 (s, 1H), 6.63 (s, 1H), 5.23 (dd, J = 10.6,
1.7 Hz, 1H), 4.72 (d, J= 11.5 Hz, 1H), 4.30 (ddd, J=11.6, 5.7, 4.0 Hz, 1H), 4.09 (d, J =
10.3 Hz, 1H), 4.06-4.01 (m, 1H), 3.76 (s, 3H), 3.21 (ddd, J=15.8, 10.2, 3.4 Hz, 1H), 2.22
(s, 3H), 2.08 (d, J=15.4 Hz, 1H), 2.05-1.96 (overlapped, 2H), 1.99 (s, 3H), 1.89-1.83 (m,
1H), 1.80 (d, J=16.0 Hz, 1H), 1.47 (s, 3H), 1.45 (s, 3H), 1.31-1.40 (m, 1H), 1.04 (s, 3H),
0.69 (t,J=7.4 Hz, 3H) ; 3*C NMR (125 MHz, CDCls, 8); 152.40, 146.71, 133.99, 127.63,
126.80, 126.03, 120.39, 112.95, 105.34, 83.56, 81.01, 68.37, 55.83, 38.82, 38.05, 29.59,
28.91, 28.14, 27.37, 24.83, 24.38, 16.28, 10.29 ; HRMS-FAB (m/z) [M]" calcd for C23H340s4 :
574.5206, found 374.2457.
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Zbis-TES compound (113"

OH
13’

To a solution of 113 (6.1 mg, 0.01 mmol) in acetone (0.9 mL) and H>O (0.1 mL) were
added pyridine (1.6 ul, 0.02 mmol) and 4% OsO4 in H>O (0.11 mL, 0.013 mmol) at room
temperature. After stirring for 13 h at room temperature, the reaction mixture was
quenched with sat Na>S>03 aq. (2 mL) and sat NaHCOs3 aq. (2 mL). After stirring for 1
day at room temperature, the resulting mixture was extracted with EtoO (2 mL). The
organic layer was washed with brine (2 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude residue was purified by silica gel column
chromatography (EtOAc/hexane = 1/2) to provided 113” (3.8 mg, 63%) as a white
amorphous: [0]**p= —60.7 (¢ =0.5, CHCI3) ; IR (diamond prism) vinax (cm ') 3724, 3625,
2956, 2873, 2158, 2025, 1999, 1506, 1455, 1070, 1011, 772, 669, 650, 617, 569, 557 'H
NMR (500 MHz, (CD3),S0, 9); 7.71 (s, 1H), 6.70 (s, 1H), 4.29-4.24 (m, 1H), 4.72 (d, J
= 11.5 Hz, 1H), 4.12 (brm, 1H), 4.02 (overlapped, 2H), 3.73 (s, 1H), 3.66 (s, 3H), 3.61
(s, 1H), 2.13 (s, 3H), 2.03 (d, /= 14.9 Hz, 1 H), 1.72 (t, /= 6.9 Hz, 2H), 1.61-1.41 (brm,
1H), 1.48 (s, 3H), 1.29-1.13 (m, 1H), 1.20 (s, 3H), 0.99 (t, J = 7.7 Hz, 9H), 0.98
(overlapped, 1H), 0.94 (t, J = 7.7 Hz, 9H), 0.81-0.71 (overlapped, 6H), 0.63 (td, J =
15.5,8.0 Hz, 6H), 0.53 (t,J=7.4 Hz, 3H) ; >*C NMR (125 MHz, CsDs, §); 153.04, 146.51,
126.91, 126.39, 123.78, 113.04, 86.24, 80.19, 75.41, 73.43, 66.92, 55.42, 46.01, 42.28,
32.08,31.28,25.37(2C), 16.03, 12.71, 7.63 (3C), 7.32 (3C), 6.93 (3C), 4.70 (3C) ; HRMS
(ESI) (m/z) [M+Na]" calcd for C3:Hs0O6Si2Na : 619.3826, found 619.3820.
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Zbis-TES bis-TBS compound (116)

OTBS

To a solution of 113 (21.6 mg, 0.036 mmol) in CH>Cl> (1.2 mL) were added 2,6-lutidine
(0.06 ml, 0.54 mmol) and TBSOTT{ (0.08 mL, 0.36 mmol) at 0 “C. After stirring for 13 h
at room temperature, the reaction mixture was quenched with sat NaHCO; aq. (2 mL).
The resulting mixture was extracted with EtoO (2 ml). The organic layer was washed with
brine (2 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude
residue was purified by silica gel column chromatography (EtOAc/hexane =
1/40) to provided 116 (3.8 mg, 69%) as a white amorphous: [a]*'p= —24.4 (¢ = 2.0,
CHCls); IR (diamond prism) vmax (cm ') 2955, 2928, 2879, 2856, 2360, 2340, 1772, 1683,
1652, 1558, 1540, 1507, 1472, 1252, 1199, 1063, 1006, 834, 771, 721, 669 : (500 MHz,
CDCl3, 0); 7.60 (s, 1H), 6.55 (s, 1H), 4.72-4.78 (m, 1H), 4.65-4.61 (m, 1H), 4.24 (d, J =
5.1 Hz, 1H), 3.91 (d, /= 2.3 Hz, 1H), 3.69 (d, J = 12.0 Hz, 1H), 3.43 (s, 3H), 2.53 (d, /=
15.5 Hz, 1H), 2.35 (s, 3H), 2.24-2.31 (m, 1H), 2.17-2.07 (m, 1H), 1.99-1.87 (m, 2H), 1.61
(s, 3H), 1.51 (d, J=15.5 Hz, 1H), 1.51 (s, 3H), 1.13 (t, J = 8.0 Hz, 9H), 1.09 (t, J = 8.0
Hz, 9H), 1.04 (s, 9H), 0.94-0.85 (overlapped, 9H), 0.93 (s, 9H), 0.78-0.84 (m, 6H), 0.18
(s, 6H), 0.17 (s, 3H), 0.00 (s, 3H); 3C NMR (125 MHz, C¢Ds, 5); 153.47, 148.36, 128.35,
127.19, 121.52, 113.057 87.73, 81.81, 81.54, 79.00, 69.03, 55.36, 47.15, 43.83, 33.55,
32.57, 31.76, 27.37, 26.17 (6C), 18.71, 18.67, 16.59, 13.25, 8.90 (3C), 8.37 (3C), 7.50
(3C), 5.64 (3C), —1.74, —2.06, —3.18, —3.55; HRMS (ESI) (m/z) [M+Na]" caled for
Ca4HggOsSi14Na : 847.5555, found 847.5554.
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Borate (123)

PMP

(o) =

123

To a solution of CuCl (138.7 mg, 1.39 mmol) in THF (15 mL) was added tricyclohexyl
phosphine (0.62 M in Toluene, 2.8 mL, 1.73 mmol) under Ar atmosphere. After
stirring for 5 min at room temperature, then reaction mixture was Na-OBu
(2.0 M in THF, 1.1 mL, 2.2 mmol) under Ar atmosphere. After stirring for 45 min,
the reaction mixture was added Alkyne compound (1.26 g, 2.91 mmol), (BPin)2
(1.19 g, 4.69 mmol) and PrOH in THF (15 mL) were slow addition. After
stirred for 5 h at room temperature, the reaction mixture was diluted with
EtOAc (30 mL), filtered with Celite pad® and concentrated in vacuo. The
crude residue was purified by silica gel column chromatography
(EtOAc/hexane = 1/15 to 1/10) to provided 108 (1.38 g, 85%) as a colorless oil:
*The analytical '"H NMR and 3C NMR date are not shown because of its complexity with

the stereoisomer of the PMP acetal moiety.

Diene (125)

125

To a solution of 123 (89.7 mg, 0.16 mmol) and vinyl iodine 47 (90.3 mg, 0.18 mmol)
in DMF (3.2 mL) were added Ba(OH); * 8 H,O (75.1 mg, 0.23 mmol), Pd(dppf)Cl, -
CHxCl2 (15.9 mg, 0.019 mmol) at room temperature under N atmosphere. After stirring
for 1.5 h at room tempemperature in dark, the reaction mixture was diluted with
Hex/EtOAc = 1/1 (5§ mL) and H>O (5 mL). The reaction mixture was separated and the
organic layer was washed 1 M HCI aq. and brine. The combined organic layer was dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude residue was
purified by silica gel column chromatography (EtOAc/hexane = 1/7) to provided
125 (118.5 mg, 93%) as a colorless oil: *The analytical 'H NMR and '3C NMR date are

not shown because of its complexity with the stereoisomer of the PMP acetal moiety.
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Epoxide (126)

126
To a solution of 125 (664.7 mg, 0.83 mmol) in CH>Cl, (17 mL) was added VO(acac)»
(29 mg, 0.10 mmol) at 0 °C under N> atmosphere. After stirring for 30 min at 0 °C, the
reaction mixture was cooled to —60 °C, and then TBHP (0.53 mL, 2.92 mmol) was added
at —60 °C. After stirring for 3 h, at =50 °C, the reaction mixture was quenched sat Na>S>03

aq. at =50 °C. After stirring for further 14 h at room temperature, the reaction mixture was
extracted with CH>Clo. The combined organic layer was washed with brine (20 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude residue was
purified by silica gel column chromatography (EtOAc/hexane = 1/15 to 1/10 to
1/7) to provided 126 (609.1 mg, 90%) as a colorless oil: *The analytical '"H NMR and '>C
NMR date are not shown because of its complexity with the stereoisomer of the PMP

acetal moiety.

Phenylcarbanate (127)

127

ated in vacuo. The crude residue was purified by silica gel column chromatography

To a solution of 126 (609.1 mg, 0.74 mmol) in CH>Cl»/Pyridine=1/1 (15 mL) was added
PhNCO (0.33 mL, 3.04 mmol) at 0 “C under N> atmosphere. After stirring for 30 h at
room temperature, the reaction mixture was quenched NaHCOs aq. (15 mL). The reaction
mixture was extracted with CH2Cl> (20 mL). The organic layer was washed with 1 M HCl
ag. (10 mL) and brine (10 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. The crude residue was purified by silica gel column chromatography
(EtOAc/hexane = 1/10) to provided 127 (615.5 mg, 88%) as a white amorphous : *The
analytical '"H NMR and '3C NMR date are not shown because of its complexity with the

stereoisomer of the PMP acetal moiety.
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Cyeclic carbonate (128)

128
To a solution of 127 (615.5 mg, 0.66 mmol) in EtO (13 mL) was added dropwise
Et;AICI (0.87 M in hexane, 2.7 mL, 2.35 mmol) at 0 °C under N> atmosphere. After
stirring for 1.5 h, the resulting mixture was added to 1.0 M HCl aq. (13 mL). After stirring

for further 12 h at room temperature, the resulting mixture was extracted with Hex/EtOAc
= 1/1 (10 mL). The organic layer was washed with NaHCO3 aq. (10 mL) and brine (10
ml), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude residue
was purified by silica gel column chromatography (EtOAc/hexane = 1/6) to
provided 128 (529.5 mg, 95%) as a white amorphous : *The analytical 'H NMR and '3C
NMR date are not shown because of its complexity with the stereoisomer of the PMP

acetal moiety.

Acetyl (128)

128’
To a solution of 128 (529.5 mg, 0.62 mmol) in Ac>O (6.3 mL) were added Et;N (0.26
mL, 1.87 mmol), DMAP (7.1 mg, 0.058 mmol) at 0 °C under N> atmosphere. After stirring

for 10 min, the reaction mixture was warm up to at room temperature. After stirring for

4.5 h at room temperature, the reaction mixture was quenched with sat. NaHCOs aq. (6
mL) at 0 °C. The resulting mixture was extracted with EtOAc (6mL x 3). The organic
layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The crude
residue was purified by silica gel column chromatography (EtOAc/hexane = 1/8)
to provided 128’ (533.7 mg, 96%) as a white amorphous: *The analytical 'H NMR and
I3C NMR date are not shown because of its complexity with the stereoisomer of the PMP

acetal moiety.
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Primary alcohol compound (122)

122
To a solution of 128’ (106.4 mg, 0.12 mmol) in MeCN (2,4 mL) were added NaBH4
(44.3 mg, 1.17 mmol). After sttiring for 5 min, the reaction mixture was added cyanuric
chloride (174.4 mg, 0.94 mmol) at 0 °C under N, atmosphere. After stirred for 2.5 h
at room temperature, the reaction mixture was diluted with EtOAc (10 mL),

filtered with Celite pad® and concentrated in vacuo. The crude residue was
purified by silica gel column chromatography (EtOAc/hexane = 1/6) to provided
122 (66.2 mg, 61%) as a white amorphous : [a]*p=+30.5 (¢ = 2.0, CHCI3) ; IR (diamond
prism) vmax (cm ') 3710, 3675, 2952, 2856, 2008, 1802, 1748, 1716, 1636, 1558, 1540,
1507, 1456, 1247, 1032, 895, 774, , 669,; (500 MHz, CDCl3, 3); 7.22 (d, J = 8.6 Hz, 2H),
6.86 (d, J=8.6 Hz, 2H), 6.61 (s, 1H), 6.49 (s, 1H), 5.37 (t, J = 6.3 Hz, 1H), 4.90 (s, 1H),
4.77 (brs, 1H), 4.54 (s, 2H) , 4.54-4.47 (m, 1H), 4.20 (dd, J = 9.2, 4.0 Hz, 1H), 4.10-4.07
(m, 1H), 3.79 (s, 3H), 3.76 (d, J = 3.4 Hz, 1H), 3.68 (s, 3H), 3.55-3.50 (m, 1H), 3.37 (dd,
J=18.9,2.6 Hz, 1H), 2.75 (brs, 1H), 2.34-2.20 (m, 2H), 2.17 (s, 3H), 1.94 (s, 3H), 1.92-
1.87 (m, 2H), 1.77-1.72 (m, 1H), 1.65 (s, 3H), 1.24 (s, 3H), 1.16 (d, J= 7.5 Hz, 3H), 0.99
(s, 9H), 0.89 (s, 9H), 0.80 (d, J = 6.9 Hz, 3H), 0.68 (t, /= 7.4 Hz, 3H), 0.15 (s, 3H), 0.13
(s, 3H), 0.06 (s, 6H) ; '3*C NMR (125 MHz, CDCls, 8) 169.21, 159.11, 153.55, 151.21,
147.50, 130.92, 130.61, 128.76 (2C), 128.28, 128.24, 113.81 (3C), 86.74, 86.52, 80.14,
75.00, 70.95, 64.41, 55.60, 55.26, 40.26, 36.07, 34.13, 25.97 (3C), 25.77 (3C), 23.98,
20.65, 18.26, 18.19, 16.89, 16.61, 14.73, 11.12, 9.99, —3.16, —4.04, —4.34 (2C) ; HRMS
(ESI) (m/z) [M+Na]" calcd for C49HsgoO11Si2Na : 923.5136, found 923.5119.
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Mitsunobu precursor (122°)

122'

To a solution of 122 (4.9 mg, 5 pumol) in THF (0.54 mL) was added TBAF (1.0 M in
THEF, 6.5 puL, 6.5 umol) at 0 °C. After stirring for 1 h, the reaction mixture was quenched
with 1 M HCl aq. (1 mL). The resulting mixture was extracted with EtOAc (1 mL). The
combined organic layer was washed with NaHCOj aq. (1 mL) and brine (1 mL), dried

over sodium sulfate, filtered, and concentrated in vacuo. Purification by pre. TLC
(EtOAc/hexane = 1/4) provided 122’ (3.2 mg, 76%) as a white amorphous : [a]*p=+30.3
(¢ =2.0, CHCI3) ; IR (diamond prism) vmax (cm™") 3901, 3853, 3837, 3819, 3801, 3734,
3709, 3690, 3675, 3648, 3627, 3566, 2955, 2932, 1792, 1748, 1716, 1698, 1683, 1652,
1636, 1616, 1558, 1540, 1507, 1456, 1374, 1205, 1030, 834, 774, 720, 669, 648 ; (500
MHz, CDCls, 6); 7.25 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.59 (s, 1H), 6.14 (s,
1H), 5.33 (t, /= 6.3 Hz, 1H), 4.64 (d, J = 10.3 Hz, 1H), 4.58 (d, J=10.3 Hz, 1H), 4.57
(d, /=4.0 Hz, 1H), 4.54-4.47 (m, 1H), 4.20 (dd, /=9.2, 4.0 Hz, 1H), 3.89 (dd, J = 10.9,
3.44 Hz, 1H), 3.77 (s, 3H), 3.69 (s, 3H), 3.69-3.65 (overlapped, 1H), 3.51 (dd, J = 9.7,
2.3 Hz, 1H), 3.32 (brs, 1H), 2.41-2.35 (m, 1H), 2.32-2.26 (m, 1H), 2.15 (s, 3H), 2.05-1.99
(m, 1H), 1.97 (s, 3H), 1.91-1.82 (m, 1H), 1.65 (s, 3H), 1.28-1.24 (overlapped, 1H), 1.22
(d, J=6.9 Hz, 3H), 1.19 (s, 3H), 0.92 (s, 9H), 0.85-0.92 (overlapped, 1H), 0.83 (d, J =
6.9 Hz, 3H), 0.56 (t, J = 7.4 Hz, 3H), 0.15 (s, 3H), 0.14 (s, 3H) ; 3*C NMR (125 MHz,
CDCl3, 8);169.17, 159.35, 153.38, 150.65, 148.28, 130.85, 129.96, 129.80, 129.26 (2C),
124.67, 124.15, 114.16, 114.04 (overlapped, 3C), 87.38, 86.51, 83.76, 80.32, 75.88, 70.93,
64.36, 55.87, 55.14, 40.41, 36.02, 33.95, 29.67, 25.98 (overlapped, 4C), 20.69, 18.31,
17.30,16.68,16.10, 13.78, 10.63,9.86, —2.99, —4.16 ; HRMS (ESI) (m/z) [M+Na]" calcd
for C43HesO11S11Na : 809.4272, found 809.4263.
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16-membered macroether (121)

121
To a solution of TMAD (107.7 mg, 0.62 mmol) in toluene (12.4 mL) was added
dropwise PBu3 (0.15 mL, 0.69 mmol) at 0 °C under N> atmosphere. After stirring for 30

min at room temperature, The reaction mix was cooled to at 0 ‘C and added dropwise

122’ (48.7 mg, 0.061 mmol) in toluene. The reaction mixture was warm up to 60 °C and
stirred 2 h. The reaction mixture was quenched with H>O (10 mL) at room temperature.
The resulting mixture was extracted with Hex/EtOAc = 1/1 (10 mL). The combined
organic layer was washed with brine, dried over sodium sulfate, filtered, and concentrated
in vacuo. Purification by pre. TLC (EtOAc/hexane = 7/1) provided 121 (21.6 mg, 67%)
as a white amorphous : [a]**p= —10.1 (¢ =4.0, CHCI5) ; IR (diamond prism) vinax (cm™!)
3732, 3648, 3566, 2957, , 2856, 1806, 1746, 1683, 1558, 1540, 1507, 1456, 1373, 1230,
1202, 1064, 1034, 835, 774, 720, 669, 655, 617 ; (500 MHz, CDCls, §); 7.24 (d, J = 8.6
Hz, 2H), 6.95 (d, J = 8.6 Hz, 2H), 6.88 (s, 1H), 6.60 (s, 1H), 4.93 (dd, J = 10.3, 4.6 Hz,
1H), 4.66 (d, J=10.3 Hz, 1H), 4.56 (d, J = 10.3 Hz, 1H), 4.42 (s, 1H), 4.30 (d, J=11.5
Hz, 1H), 4.18 (dd, J = 11.5, 4.0 Hz, 1H), 4.07 (t, J = 10.9 Hz, 1H), 3.87 (dd, J = 10.0, 3.7
Hz, 1H), 3.87 (s, 3H), 3.69 (s, 3H), 3.40 (d, J = 10.3 Hz, 1H), 3.34 (ddd, J = 16.3, 10.9,
4.0 Hz, 1H), 2.53-2.48 (m, 1H), 2.42-2.36 (m, 1H), 2.27-2.21 (m, 1H), 2.18 (s, 3H), 2.12-
2.04 (m, 1H), 2.01 (s, 3H), 1.71 (s, 3H), 1.63-1.56 (m, 1H), 1.35 (s, 3H), 1.05 (d, J= 6.9
Hz, 3H), 0.91 (s, 9H), 0.87 (d, J = 6.9 Hz, 3H), 0.76-0.63 (m, 1H), 0.44 (t, J = 7.4 Hz,
3H), 0.12 (s, 3H), 0.11 (s, 3H) ; *C NMR (125 MHz, CDCls, §) ; 169.32, 159.27, 153.12,
152.82,151.68, 132.83, 130.95, 130.75, 128.77 (2C), 124.33, 117.24,114.14 (2C), 113.31,
87.98, 84.70, 84.25, 80.23, 75.97, 75.30, 70.90, 55.63, 55.35, 39.61, 36.79, 34.92, 33.69,
29.68, 26.14,25.98 (3C), 20.85, 18.51, 18.31, 17.07, 16.33, 12.89, 10.80, 9.98, —2.86, —
4.21; HRMS (ESI) (m/z) [M+Na]" calcd for C43Hes010Si1Na : 791.4166, found 791.4160.
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