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ATHHILERL, BWARIIEWMBEOKRE IR XNV —REDRICEEL 2D L 2 HAHk
WZEETE 5, 20X 5 ICAMIE T, RMIICEREZEILSELZInT ) A NERELZ AR
TAHZ LIk oT, Fig. NIRRT TBHENR=RVX —(RE] - [IvT )4 NOFFRIEE) -
SR 72 EEIREE) @ 3 SOBREFRICHEHME L, BENR ANV X —(REEEL AT Z
EEERMELTVD,
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B1E N V= HEEEO RGNS RIEDOREST

1-1 Fil
NY V=i AERAIBRICBN T, e bond

7 v 7 F # & K Peridinin-Chlorophyll ¢ /
a-Protein (PCP) complex W TR L 72 F= = O

'‘OH
NF—Frsun 7 L)V a~ 95%LL EDOFE
TZRXNVF—RETD . ZOBIHERBRT
INF—REE, R VoV OBRLBECERTAIZENEEINLTND, TROBRY V=
VOBMHREREL LT, TLVEA. AVT T T/ ) NR, Sbi—#har /A K
X C40 THERINDA, T LV RFEN 3 Dl C37 OB END Z L AT 65 (Fig.
1-12, FETHRNZE I, BEHIBDHRB R RV —REORKBRICES T LHEINDT
LVURER. AVT 77 ) FRBIVRFHCIT LWV IHIXRY V=R FEREEOHEHB %
ALMITEED, R P0G EHMEEICEREY CRMELZRE L, Thbb, b
DRFEHIRBERES RV —REHEIZEDL HIIZEE L TNEDON, £ I b BEFERED
RCIRRE T D ICT ML DO FFAER L BB ENCT character) D KX ZiZxt L, ED LI ITEEL K
ELTCWDONEHEET 720, RHEMICEREZE(ISEE—EORY V=V EREZAIR T
HZEl Lz, TRHEEEDT RV —(REDFREERL LU HEEWRIEZITV., KRB
VO UORER BT A LT, ZOBELBECBREZALNTTIIENTED,

fif/QOH C37-Peridinin (1) (n 7

3: Acetylene Derivative 6 C33-Peridinin Derivative (1 = 5)

C37-Peridinin (1) Ylidenebutenolide ring

Fig. -1 XY V= DtEE

OH 9: Acetylene Ester Derivative

o
R X

l" ‘; Z
o i o}
fi/QEOH 0

4: Olefin Derivative AcO 7: C35-Peridinin Derivative (n = 6)

10: Olefln Ester Derivative

OH
o
AN ‘/ A T Ve e Y Y5 YA Y S
! o]
AcO' RN . CIOH (0] O
5: Dlolefm Derivative AcO 8: C39-Peridinin Derivative (n = 8) 11: Dihydrofuran Derivative
Allene-modified Derivatives Polyene chain-modified Derivatives  Ylidenebutenolide-modified Derivatives

Fig. 1-2 T %A ¥ LY Y= VERE
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LROBHDOZ®, Fig 12 1Z7R3T XY R—EOERKET VA v Lz, Thbb, 20T
=V OEBRBRRFEIZOVTRET 2720 . R P=r k0 458 % 2 o8 < L7z C33 KK 6,
1 28< L7z C35 &Ik 7. 1 DK< L7z C39 ik 8 R E L7, C39 FxikIL, — ARV =
T4 RBEFEOREFT VLT 4 OB EBETIERETHD, —HTT VU OMRICERELH T,
TLyTha— Ve RxLT7TeF Lol LEERE 3, thotnTF /4 Fitk<{Abhd
ITRFX VAV T 4L LIZEGEA BLOARERBOT V7 4 e LV T VT 4 VERES &
RE L, &I, AVT 77 ) FRODRER D72, AEMABEEZER LT EF L
VERATNVEREY, N VoV ERISORBHOR S EFOT VT 4 VAT NVERIE 10 B X
OCINFR=NEEZRL LY Fa 77 VEGE 11 Z28RE L, C3OBERESRPUI LT 4 8
BIE 5 1E, RARORY V= IV HEEPRLS 22720, RELTEEICRIFEI Z B8 TED
DE S PRBREI N,

LZAT, NV V=3 T /A FOFTUROEMELEEZHA L. SREFIITHIEFIT
WAL EMTH D, T, ZTNETIZS B, TOAEBIHESNTND, ThbbH, 1993
EDFHESIZL DHOEEAS, 2002 EOUHRRIZL HHIOSLAELZEZFHIHE LS4/ 4. 2006
#£ Briickner H1Z X B A5, 2007 D de Lera HIZ LB AR S, S 5122010 £D Burke HIZ L 5
BHTHD,

B DA% Scheme 1-1 1278 T, (@IZAT L 9 ICFELIX, 12 2% L mCPBA IZ L 2 =K ¥
UL EITVNZ)-B-A X ANRAN V2=V 1B/ . TV EFTHT 7214 % ANT,
ANVKETREENSINTZT =4 v 2 13 LRSS AV T 7T /U e —BBECEART M
HOFEZBRELTWED, EEFZELEHBEIALTHRY, BRTHEMAEOHTHIZ L
DE RO, Brickner HIXOWIR LI XL DIz, BRB= AT VEZREE LT, Witig KIis. 77
kAb, BiAKIZEZ V7770 NE16 245, 18 L D Stille B v 7Y 7B L UN17 & OH R Julia X
JMZE DAL TWD, (IR T deLera b b RARICHAKICE D OV F o T7 ) FES A
v 21 RS R, 18 LU 22 2V ERHY Stille I v ) 7B RB LKA ER LT
%, S BHIZAIZRT Burke HiE, MEIZEABLEZE=AVRI VEHAV, RY = UE0 23 5 26
DEEEZ TR THR-BEHSEZANVD Z & THE S, IHRLF2TRICHE L 2R b6k % 2
LTS, 20X 32, XY D=V OARITBN T, Y = ORESEME L OF O FEIHE~
ThH D, FIZ Burke HDOEFHIERY = VOB FE L ERICHFE TE TV LA THEAWTH D,

(a) Ito's synthesis

CO,Me
XN CHO  mepea
nan——-_—-

HO 12(Z/E=5/4)
47 %

14: Allenic Segment HO") Ohe o HO/\ OAc
PhOESM¢' Nee. =

Peridinin (1)

18% (Z/E=11/1) HO'

Scheme 1-1 ZHNETONY = DHEE
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(b) Brickner's synthesis

OH OH = Br
H : X - ~\\ 7N
EtOZC/\;/COZEt —_— OHE XX .: AN Br OHC/\W
OH o 16 0
(+)-DET 15 o] (Z/E=35~13/1)

)\/\ &3 o
F SOBT  OHE NN Y, o
+ m + BugSn” X ——  Peridinin (1)
AcO \'OH 17 0 18

(c) de Lera's synthesis

|\\\Br
(e]

(0]
19 @IE=T11) ,

)\/\/\/S”Bua

./ R /\:gg’
IW " BU3Sn B Peridinin (1)
AcO \|

OH

(d) Burke's synthesis
OAc

} Me Me —>  Peridinin (1)
Ho/if(\/ ¥ Mfé} § (‘} '/ 26

P e N
Scheme 1-1 ZHETORY D= DERL

RBICHMRBOHRMICL > TERINZARY V= DA KIE% Scheme 12 1277, £7. X
ZIEME 7R ()-actinol 27 235 6 BEECHE LT UAT A a—/L 28 IZH L, BEREGODL &
Sharpless REFTRF IAMLEITHI Z & T6 BIRAEDOMNBLFZHETHZ LIZRIILTVS S, Z
X, e T /A4 RO 6 BREOMELZEZHBE LMD TOFTH D, <MLz vBEbhb
TATe K29 2@PEEE L. 7L AVFRBIOAVTUTT /) KBTI ALV N36 %
ENENERLTND, ETT LB AV MNOERDTD, PIDITT LT E F29 BT NF L~
THaL, E=Navk31 EOFEBEI TV AICEY 30 2B TWDE, T0%, BElchuT A4
RERICBW TR SN TWATIE® Ch 5 DIBAL # AV 7z SRBOBTICLY 7 L U E%2E
HL, ANVKRU~DERELEHBEITOI LTI LY B AV IR EZAHE LTS, —F T, AV
TUTT ) RET AV NOERTIE, ETEMREECTHRBLELZV Y LT T O Wittig RFE 3310
ETNVTER29 ERIGSHE, i —EEBRBLICLVEONLGT LT v FEMENGA LT 4
YOSIELFEEFIE L RN S HEEEMEL, TAXL 4 ~FEL TS, IHIZ, Pd ffEIC
EBU Ry NCOBEBEI v TV T, A VT 7T ) FREOBEIZ LY Ik bFEEEse
WHBEBLAER A VT 7T U REZ AV R 36 DERIZHEI LTS, 2 200ON—T7&T A
PO E HITEHEMARERIZ OV TIIRICRAND, HFEIC, BREFEFEHE LK 2 D N—T
BT AVMERBY 2 ) TRIGERAWTHESESE, BRLELZ VT 4 VRV A EOEAED%E b
TUAEANL B S ED L TEOAEREER LTS, ZOEMDOEEMIL, Sharpless A
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TRFIUAIZL D 6 BEREOSNFLFOHIE, Pd I L 2TV Ry b TOMLERIRKZ2A VT
YITT ) FROEE, BLXUOeT /A FOERIZBWTHO THWEZHEY 2 )V TRIGTH
ol

1) Sharpless Asymmetric
Epoxidation

2) Oxidati
O 6 steps ) Oxidation CHO
OH
i} p— — 0
HO 27 G TBSO 28 TBSO 29 ) F{Pﬂ’hasr
4 TBS 33
Cone / N‘Oz Oxidation
Sonogashlra Couplmg \ OH
o
// XX
/\/O 0
HO | One-pot
l Sp2' Hydride Reduction \/\r Ylidenebutenolide
35 Formation

)\/\/\O N o

NP N o

Pz S—

- 5_<s:© OHCW\:Q’
o]

AcO \, OH

. . i [e]
32: C17-Allenic Segment 36: C20-Ylidenbutenolide Segment

1) Modified Julia Olefination
2) Isomerization

Peridinin (1)

Scheme 1-2 HHIZE AR U= DERE

DXL RR) P2V OERTFERD DR, FEFILLHRE TER LSRR 2~
VOV DORRIEEREL L, FRALEBEZONDUBRY 2V TRIGBLUA VT 7T/ U FR&R
DOEHEEE D ELFIAT 22 & T, fEx OEFEZRMB L ORMITTE 55 MEKEZ LTk,
FThbb, Fig 13 ICRT LI RBLADANVKE L ETLVTE REZNENERTDHZ LT, N—7
BITAVMNDI=TGAT I ) —REBEL, BERELZENH L —EOBEREKEZ AR T 2FHETH S,
Bl IiE, Fig. 12 TT A U LIeRY D= LD HEEE 1 DB Lz C35 RET7IE, F1v 74
VOREE1DELSLECIS TV 7 AU N3T 2FICAKRTA2Z LT, BB C204 VT
VITFIVRETAURNILEDH T U TICEVERTED, £/, XY V= L0 R REHE
1 2EL L COEBRES I MO CIT T LS AL R EFLT4vDESE19EL L
7 CRAVFTyTT ) RETAL MM POEMRTE D, —FH. 7 Vo zEM LIEREIT =
REVTEF LYV BLOZRF VAL T 48T A3 BHEICAKTHIEITL- T,
COAVTFVTT IV RETALVINI6 LDy T VU TICEVAERTE . A VTV TT /) N
REMLIZEREBIX. TAVT e FEETATEF LUV AT LA RET VT 4 VAT VBT AV
b2 BRERTENIECITI T LU BT AV Oy TV TICLVERTHIENTED,
CITEHATARRY 2 ) TR, — RIS OEBIZB W TREB CRIGHEITT 5720
Hx R BEREZATAIRY Vo VEREKOARICHLARTHAZENEL LN, LBLARBL,
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RV EFTHIRT ) A FEETHOONZGIZ, 5 & BIZ8HE &7z Brickner H Db D
DHTohole, LIeBoT, LRV = E2FTLHIEEIIKTHRBRY 2 ) TRIGIZBITHEE
—RHEIIRFTEN TR oTe, . RV 2V TRIGEITI BICNEL DL DANVE S
~OBRELERTIE, MR TAHTINALVT o FE&BE T, BElAkFEAKkb LI mCPBA
EVIBEESRBICI VBT 2 HER B THY, AEERRV V2B THEERTROLD
ST ADZ ERTERNE I DI LRh T,

/\/\/\9 N 3
s— :@ ar,
e 5 _<S 0 XN

H O
AcO \'OH 0

OH

32: C17-Allenic Segment

mmeee Allene modified half-segment --

/)\/\(':')N

i/

AT
(0]

\'OH
AcO i 37: C15-Allenic Segment

36: C20-Ylidenebutenolide Segment
Ylidenebutenolide modified half-segment
! OH ;

o o
XY
H o

(¢}
40: C22-Ylidenebutenolide Segment

AcO . . H
38: C17-Acetylene Segment 41: C20-Acetylene Ester Segment
sAoa g N N oH
0 (';‘,—<s RS SN
AcO H CO,Me

39: C17-Olefin Segment 42: C20-Olefin Ester Segment

Fig. 13 N—T7%® 7 A DI=FGATTF—
—5 T, X EEEFBECELIELD
{Z . Honer-Wasworth-Emmons iz (LA T

J\/i\iﬂﬁ‘éﬁﬂ
R X-"0H

o]

43 E0.§ s
HWE SR 2 RAT 5 2 & & L, SAUE, g 1) o SO /L/\jfﬁi
_ . 2 RN N0y
Fig. 1-4 AR T RO/ T I AT a— 2) DIBAL 48
- - 2 (o)
b 43 L_)Gj“ﬁ‘}:) Mn02 @ﬂﬁk— & U 1’%‘%%5 RJ\“:CHO - 1)?!%:3\4)7\/(;02& FEHEH: 3
(Al =l N fR SR A
TATE R 44 26, REFEEORR DR 2 DAL BN 43\ o

®Ui%%45%i047%%“THWEﬁ Fig. 1-4 FREDOHE
IEEAT 9 Z & T EBREOEEIC L%

HEMRTOZ LN TEDLINLTH D, IHIZ, HWE ISIZ LV B oo AT L 28T T
BT, KBEDORRDB I ODOT VAT ILa—)L 43, 46, 48 ZRFIZAHKTE, ThHIIHER
Ca ) TRIGICHEERDANK Y ERBRTHEODORNMNY Li2d, —&IC, B) TLAHKT
FeBRMEEAWEI v Ay 7Y VIRISHAV LD Z L 33%L . Scheme 1-1 IZBiT 5 de
Lera 3 LU Burke Db DERFENRESIZEDOEFTH D, LOLRBDL, ZHDDEKIETIE,
TLUEREMLTEEREEGRT 2 LIXFEETH I, HRHEPUE LEBERESCA VT T
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TV FREZBEBELZEBREZAMT DL, TOFERY U ORBAEMOEERNLE L
RBID, BRELZEREEZDEMICAKRTATEDIE+SICELEZLD L IXE LRV, LD
TEEBEEL MRV 2V TRISICEBAN—T®TA L NDI=TATT U—O)%%%J:U‘Ef
R RE DO HD HWE RS2 lAEabE 5 2 &f\ﬂ4%’*%%%wméﬁ EDA
VU= VR EER T L L LT

16



1-2 HBEEFRELERYS_UEREOERY
A BREAETZILEXOOERK

FT, YFRECTT CIRMILEN TV DI ERIEIZENT VT F29 Z&i LTztk, X V=V
A ROGETEE L 72 5BEmMO T VX 2 50 % ARk L7=(Scheme 1-3), HFIEHERT 7 F /) —
V2T % TBSIRE L%, V=L hU 77— b9 ~LFE LT, B, —BILRFFARGL L
CLAHBRIZED T I ATV a—1 28 L LT, ROV ¥ — T VARFZRF UL, &l
PHRELTWOIREZMEER D HETIE, FERERICISZToLBEIIIHRENFG
N2 h o 72728 Brickner 5AME L TV ORELZFEBA VLU BRELZTRA L % K&K, Swern
BB TTATE K29 287, L7 ¥ 5013, THETOHFEDKEEE LT TMS
DTS AB AL BT EF L AL, $:< TBAFIZ L5 TBS OREEIZL YV ENKRTERT D Z &
BT&ER,

1) TBSCI, imidazole

: 1) CO, Pd(PPhs),
,Ef/ro DMF, quant ,ijim MeOH, 70 °C, 92% ,ij(\OH
HO “,  2)LDA, PhNTF, T8SO 2) LiAlH,, THF TBSO

THF, 45 °C, 85% oc 769
27: (-)-actinol 49 45°C, 76% 28

1) (-)-DET, Ti(OiPr)s

TBHP, MS4A 1) TMSCH,No, LDA P
CH,Cly, -20 °C ,6:0"'0 THF, 78% e
. "0 e e 0
2) (COCI),, DMSO, Et,N | TBSO 2) TBAF HO
CH,Cly, -78°C 29 THF, 87% 50

90% for 2 steps

Scheme 1-3  FLBHFEMAET L% 2 50 DARK

B. EZ)LIA—PRFBLUVEZLREFTUDER

wiZ, RY = EOEGHRICANVWD AXB LS URILEWIE, Scheme 14 1277 T &K 5 IZRHEH
IERTE R, Thbb, 2-7F -1-A— /T T 5 Lipsutz DERHFICEHE e 2T LY %
BB AXT L a—L 512125 L. MO, BbB L OFIIRD U L343 45 B L 1847 % A\ 7= HWE
M L D I EN RN OSE—ARmE LT, £BEFL 740N 228LU3 DORA X RATF )V
52 8LU54 2B, TNHEENENDIBALIELT 2 Z &L THEHREORRDAZAT Va—)
S53BINSS 2B/AENTER, ZORBEF LT 4 VB3I ODOETHAARARAZAT L4 BLURAX
Ta— V55 ARXRHNDDEES DI EGN Y AN T bra~ NTT5 7 4 —TRER
TOLERD T,

—F, FEREERORLRIBHMOIVRT AT 56 BLUS81Z, LT 4B 1DDRAXT IV
a—/L 51 &3 URICERL 35 L L%, REEOFIRIZ T MO, Bk, #t< HWE FURIZ X D &AL
THZENTER, HHEIZ, DIBALEBETLEZITH) L THEA LT 4 B 2208X N3 20a UHE
TNa—)L 5T BIUS ZEHK LT, 57 BLU 59 IXRE, L TEBICHET L2720, B
HFEKROI v 2Ty 7 ) TRISERT Va— IV OEBRKGE1T o7z, 2, 59 [ZEFEITREE
Th O RGHETH, FF< work up 21T\, B % 0 °C CRIERMET HHERH T, —JF7. [
U3 20#_BEDFT VT 4 v EFHOAIT L a—)1 55 1% Ar FESK T, 20 °C T2 BEIIRFTEE

17



Thotr, Fie, AL T 4R 320DF VR AT/ 58 O HWE K Tik, =AT VTRV
3EHA LT 4 U EMAL LB/ ZHIZ10/1 720 DIBALETHZIZ S HIZRME(L L B/ ZEiZ 6/ 1
Ehpotz, ThHiX, HBFREREZEZ ) V=BT ax o FUEBREE AR T A
DEEZRPEETH S,

J\/\ 1) MnO, THE J\/\/co o DIBAL
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1) I/k/\/\OTES
69
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DETRT I AT OEEHOBIIIH LT AR HIXRTHAT positive B — 7 BRI S h
BIL9CTH DB EMD NOESY TIIE & A L E— 27 BB S iz h - 72, & Z T, ROESY(Rotating
Overhauser Effect and Exchange Spectroscopy) Z#IE L7z & T A, HRANZRT &L 5 IZBAREIZ positive
v— 7 REEl s,

ZERI ATV EE DL IRAR N %175 NOE B80T, BREBEIESCHR S FOEMICE - T,
FOBENET D, ummmZ@;5&m@%ﬁwﬁMHﬁ#f®ME£;U%%iﬁmé<
(100 FREE)F D4y FEB DN\ Ny F —#%IZ NOE IZIEEO v — 7 08N b %, —FH., SREK

#13% < (500 or 750MHz), 5/A9@i9ﬁ TTEPKRE L S FEBNEBVWELEYDHE TIX
NOE IZBDEL 22D, £DO—FT, SRBIELZAY ymny 7 LERETORLBETH S
ROESY Tid. #EITEWARAFEEEOHEEG LR CIZR57-DEIZNOE IXEICHTEHATLZ L
WTED, X))V VEREITISTEN 650 EHIRBEREL, BVEBEIARKEKD 750 MHz ©
NMR Z FWTHIE L7272, SEIOEFGEDQRIETIIH LI ENOEMR 0 LD LAHLNE
mote, BEDARRLERY D= VERAEZ 750 MHz O NMR THIE L7 DBATID LS
REENBR SN2 D, tMOEEAED FIZ ROESY ZBIET 2 Z & THREREL TV,

Fig. 1-8 7 &5 L KD NOESY(X£)B & ' ROESY(H) D #l E s 2
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LD Xy, 7TBF vy, FL740BIOT o2 BI AL FD 3 DDN—TET A
b, BV 2V TRIGERVWDZETT Ly 2B LI ENENB/EOWEEZET S 3 20
HBREOAGRIZRS Lz, ZNLEBRKROAR TR, HEHEPEL 2DIZ EAHRMBE L < Kitdk
HEEETOINERD Tz, FIZIE, V7 4 VEBEEPLRBEEP 2R R VF LT«
VHERBIEDOA R TIE, R EBRETIDO Stlle By ) U IZBWTC RIE»O T I B
MU THEIGERGEZIBRICT D Z & THH TILEIFEZ I C& 72, £72 Scheme 1-9 (2R & 51T,
TEFLLTPZ 79, PV 8l TRV 8 DFELDANVT 4 Kb ANVK L ~DRLE
BAZBNT, Y P2V ARORBICAVE Mo BETIHIERINES L IZRIEMRY LovE oy
LoD, BRREHELERDIWRHEELZANVWDZETHDTRE LIZNECELARME/LZ &0
T&Iz, ¥KrxDON—T8 T A MERAVWERRY 2 ) TR TR, 3 DOEGETATIZE
WTHERS FIGBREIT L2 &0 b, MRV 2V TRIENT Vo e L7 2 OBEGEIZE
WTHBHATEDLZLERETE, LOLAERDL, N—TEBT AL NMILERAVT 4 Rb AV
B ~OBRILERTIE, EREPERDIZONVNERET L, ~"—T7kE7 A OB
DEELL Bl bhamols, £, I EEEEARVEED TIIANVF U ~DOERELH
PHRETHDIZERTFRINDI LN, SO PRORELBECRENLEE NS,
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1-4 AVFUTT/ ) FREZEEHLERY S VEREOER Y

A N=TRTAV DB

WIZ, XNV = BFELIA VT 7T ) FROMRZHAONC TS, ThHEBRRLET
BF LU AT VIERE 9 BL O VT 4 = 2T VIR 10 DA B %2R A 7= (Fig. 1-2), Hicdk
BENIZINR=NVEEZGTEI0T /A4 FEZEGFETHIHOD, A VT 7770 FROX
IRBHEEFETOILDOIXFLALRLNT, BRERI =R IO L) RBREELZFFOONIE
WIZHEBERED, 2 OERE OB TIL Fig 1-3 TRLEABREBKIZESE, F-ic7 AT K
BFTHTEFLVVZATART AV ML BLOA VT 4 VAT AT A N2 ZHEL, BE
MOCIT T VBT AV NI T Y T TEHIETRRTAIEE LT,

Scheme 1-11 IZRT L2 2DN—T T AL MNME, £IZA VT TT7 7V RET AL 36
DERFFICANVONI=FEETHDTT /) Fed OB THI & & Lz, £7., £ARAERAE
BHRLETEF L AT VERKDOAN—T TR N THETEF LD AT NLET AL b
4113, ZBREIZ64DTT ) ) FEREZBER%E, Ml T7 =4 2L, Corey izt Vo7
Ef & L7, IRIZ Scheme 1-6 & RFRDRIGSEMHToH D TBAFZHWVWTT X 85 ~EFE LT,
Scheme 1-6 T7 Y N7 u<wA RTT =4 e L7k & L THHIR, Corey 535 L U TBAF (2
LDNEOWNEITIZE A EEDL LR 5T, HEBIC, BONET X 85 LEIZAKLTNDYE
=NI—T R3S EOBEEN Y T ) 7 Fi< MnO, BB LIC K VMR b FEEZETHIB LN ST
EFLVUVTZATNVET AV N BERTHIENRTE,

—HT, RY = L REORBHEE LR O L T 4 VAT NVERED BRI N EE R DA
LISV AT AET A PR IF, ETTAXF U8R LE Fex X LIkt Fekvk
LTV 86 2, I URTNLa—N35LtDStlle Yy T AL VERTEZ L &2FELE,

nkwm
Pd(PPhg), Cul
o 1) PraNEL Mel /if(\/K/ EtaN, 66%
TBSO CBI’4 PPha HO 2) MnOz

76% for 2 steps
3) TBAF, 50%

hydrostannyration

or hydroboration
CO.Me
NN M 35, Pd
w0 .. T >
HO 86 HO

M = SnBuj or BR;

42: 9'Z-Olefin Ester Segment

R Buasnj\/s,I\OH

Oy_-OMe

i COzMe PdCI,(CH3CN),
PrNEt, DMSO S rsnBr 680G, 50%
; P*PhyCH,BrBr {0 .
NaHMDS TBSO g; mﬁé:, 85% o
s Mel, 69% 87(11E/11Z=1/1) (9E/9Z =6/ 1)

42': 9'E-Olefin Ester Segment oo

Scheme 1-11 A VT 77 /) FREEM LINN—TET A NOAERK
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LLARRL, INLDORIGEEZBABREFTLEZbO0, RERDET 3 DR DEITETRN
BRIIGONhoT, T2 T HBOTT /) Fed T L. 3BEREZ TRy FTITH 2 & T,
Tuek81BB/DHI LN TEL, T b Hinig Base IZ X D Z3BRINZT T /) FREBRERE.
ELCTT AT E FE Witig H & @ Wittig KIS 21TV REICKIGRADOT =74 % Mel THitR T
B ETOODINETT TR 2B, ZITCHELNEZTTEEXIINMLOFT LT 2051/ 1
DEMEEIBEM TH o7, RIT, TOREFBEVDOEEL= VA5 D Stille Vv 7Y 7
BTl b ZABLS REF{ERE2E-, 7ok 87 BLUAXT /L a—)1 51 % Pd(CH,CN),Cl, fil
BEAET0°C TRIGI®ZEZ A, S0BDWERTH v 7Y 7 EEH/TZ, Zi0 NMR fEHT %17
STl ZAADOEITHERBRUIDEEMTH T2 1ILOF VT 4 VIZERIZEEROR LY |
DTV T 4 VINEIZ=6/1 L ol REREEMTHLZ EBRALMNE o7, Z D Stille
) T ERBCHIGSETCHLREORER THoEZ EnE B TIE R PAIZL > T2 ATV
DANR=NVEOIBLEENDRIZEV R 2V BB LI EREBEZONE, £72 9Z k%
HPLCIZ L D HEEL-20°C CHERF LI L ZABERAKRL o722 b b Bie Z RIXEE
WHEETERWI ERDh o, TOZ &b VE BREARYOREFESHO F F ]G %
HHZELEL, TLyEZ AV NeDA v 7Y U TRBITHEMEAEZITO, =V T 2 E%2HE
HZ Ll Lk, &HBIZ TBS OFRE. MnO, Bt Z1T9 Z L T OEF VT 4 VAT BT AV
cMeaR LT,

B. ZEERAEDERS K VRS

FxDN=TRT A IRELNTZOT, £7 Scheme 1-12 2R T 7 F L 2= 27 /VERIE
ZER LI MR Y 2 ) 7RIGE, ZHE T L RROFIET THE B -78 °C THEIZ NaHMDS
ERAVWELZA, KIGTEBIZET LYy 7)) v 72 B RINRTEL 2 LN T, BRI
BUGb ZAVETERRICR B VBEEFR, BRENRTTCHELLEZA, Iy 7V U JEHEIT
QDE— I BEERMTH TP, WAIZEEMPETLODOE - BNEERME 20T, Th
ETOEKETIL, FERBICETOIETICHERTH 3 HLDPMBEL Lhoed, TEFL
T AT VEBEITEESES FEREBIZETHSE TS BELEEL L, Thid, &4 L7 4
YOHRIZTEFLUBREENTNDRED, MOBEREL LA THSITHE L TR LT 2E(LE

immediate after 3days  after 8 days

()
li ®
|

!
|
| ® N
o | :
NaHMDS . |
[EU—————— !'1 ; B
THF, -78 °C ﬂ?’ ’
63% IO 9-1: all trans-derivative \/V i i @
AcO L /\#U‘\ i o vt
9-2: 13Z-derivatve - R L

Scheme 1-12 7 & F L b 25 VIBRIED A Fig. 19 RAELORET
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ol LHEREIND, 2 2O =7 %43E L, 750 MHz OFEfll72 NMR fEHTIZ X W O34 — b
TUADIBE K 9L, @ 1321692 TH2D I L AHERE LT,

SHICZZCHBEEL BEABIUI3ZIEKTIE, IbLAMOREENRBLRDZZENRHALNE RS
72o Scheme 1-13 IR T L IIZ BER 91 2EZ v SV LZAVWTNMRBIEL/ZE 25, EHY
BRFRVACEENIENRBICLVEZICVE Fu T T K 9~ BT 52 80 o7z,
TOLIBEEIX, 138 A TRREL LT 4B A3 THAISNZLDERILTTH S,
FOED TNAVIFTICEVBERELEZEZ oo RV AEZHAWVWTNMR ZRIET D HERD -7,
—J5, 13Z 1K 9-2 TIZRILIZE BRI SN d o7, E-EFEIZEE O Frank % 528 2 S &%
EOSHREEIT o= A, 13EK9-1 1% 466 nm D L —F—HIZ L W AEFIT 13Z 15 9-2 ~FEif
kT2 Bgmoie, UEDOZ ENOBBELA—NV T VA KTH S 13E (KIE, 13Z KLY
b ARBRETHDHIERRALNER T,

Xy z Z2
/ii OH 9-1: all trans-derivative 9" all frans-ring derivative
AcO

l 466 nm Laser

9-2: 13Z-derivative

Scheme 1-13 7 EF L = X F VEEZIE O

—75. Scheme 1-14 IZRT H ALV T 4 VAT VEGEGERIC, TV A MR2EB
LOF VT4 2 ATV A L MAPEZRAVOIRBEY 2 ) TRIGZ IV EH LTz, & 2Tl 5%
WHEONTIZPEF VT 4 VAT BT A N AP ORMEEEBEEWE RV EOTEF L2 XTF
NEBEBEE RBROFMET 46%DWERTH v TV VT ERE/BDZENTE, Dy TV U TED
HPLC 3#T & 1TV, A— b T VAR E 725 2 & 28R UL R L 23R4 72 (Fig. 1-10), KIGEH%
T@DOE—I BREEFMTHo72N, 5 BRICHEREBIGELODO Y — 7 BELEFRMD L o7,
BiEbE, BIE0ZVORLVQDOY—7 2B LIBEMIT 21T o2 25, QIXTREHR T R
L7072 13Z, YER 102, QX OMNNEL L7 4 v OFEETH D 13E, YER10-1 THYH, Lie
A=V T A BE ZE10-3 13BN TERN O, 2O ENLF VT 4 VATV
BEOTERETIL, Bed— NV NI VA RITMMOBIAERD & L THEEL TV D AR S 52
FABRYE LTIRELNT, LEEHDEH L7 13E, YE K 10-1 RELREREETHH Z L HH
bkl ol,
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(9'E/9Z = 6/ 1)

NN
/\/\/\ SO,BT

+
AcO \ OH

32: Allenic Segment

OH NaHMDS
D a—
THF, -78 °C
46%

CO,Me
42" 9'E-Olefin Ester Segment

® 10-2: (132, 9'E)-derivative ‘o X, @ 10-1: (13E, 9'E)-derivative

Isomerization A N ¢}
e
OH N
AcO \"OH I i’

MeO”™ ~O OH

Scheme 1-14 VL7 4 VT AT NVEEBIKEDERL

OH

® 13 o,

fluorescent light A N T X \9‘ N

F
benzene MeO 6}

@ 5 days i Acofi/QEOH
M 10-3: desired all-trans (13E, 9'Z)-derivative

Fig. 1-10 F V7 4 VT AT NVERED READIRF L Bied—V b T o 2 {EDOHEE

X GIZIFRIFFEE Th D Frank #2528, 7T F Lo = 27 VEEGE 13E K 9-1, 13Z 1K 9235
LOF VT 4 = A7 VERIE 13E, 9°Z & 10-1 % AV 72 Peridinin-Chlorophyll a-Protein (PCP)
complex DEHELEERZIT o/, TITIIHEROAZZB~LH0, LELD 3 >OE&EEE HAV 25
A TiX. PCP complex ZHEHE T2 2 LN TERDI o, THE, HERREL L OEREOMHE
BE2BEMTOLiCLoTRRZHFETE L, T742b5, 13E-7 EF L AT VERRE 9-1 1
BHIRER 132 1K 92 ~BIE LT 572X BENBH L TLEY, YEA LT 4 V= ATV
BIE10-1 b= AT AR SOV NR=NVEORENMRICL Y LEREDEH L TLE > TNE D,
SRR % & A72 PCP complex # L TE oD THD, 2LV, A VF7F /U Fig
NHOBENLRERLEMT LI ENTED, ThbLH, ZATADI I ITERPEVEETIT
BB LT A 728 PCP complex #TE TERWVWDOTH D, XY P=rBICT #AB IV
BRTBEIERSE(CT characten) 2 TR T A7 OICHNVR =L EE b B, S LICERHREEZ RO~
DIZIEIARBEWZA VT 777 ) FRIIATHDEEL D, —F. LI HTRELERY V=
DANKR=NEZR LY Fe 77 VERE 1S BHICT7 7 o~ BT 2ME 2/
7T DOEMITERLTE LT, ZHOFEHIZ O W TREREFOELRLEZEZRENTZ W E,

32



1-5 A5

UED XSz, BHRHRZ RNV AREORBUIRY) VoV BNEFOT LV UER. A VT VT
77U FRBIVKRFE C37 LW I BB ERENEDLIICEE LTI EHLNITD
e, LIRS 3 0OREB L OFELHEL L THEMIC Fig. 1-11 IR T 8EDORY U=
ERAEEART I LI L, £T. OUHRETHEINZV Ry FTOA VT T T
7V FROEEE Y, HEHPRVWEEICHEISIED Z L TEOEE—RELERA L. FEMIC
HEEREE 2723 DD C33, C35, CIOFHBEEEEGMT 2 Z LTI LTz, £/, QZNETH
07 ) A ROERIZBWTHT & Brickner b LO2AWNWTW o By 2V TRIGE, TV
BIOAVT 777 ) RREZEM LZEREDS LOEEREELUE L2 BREOHE T 8 B
DEBEICEIS SEDZ LICHEH LEOEE B EZRTE L7, @S HIKHRY 2 U T RISHE,
BNFOICEBBEERT NN TV AENLNERT D0 T /4 FOMEEZ > ELE»L. 2
ETHOLBNTW o RELIEIZ L Y HPLC T CZ ORI OBET 280 L, EEE 4
FREFRZERLSEDRA NI T U AEEEDZERTEE, B, TVUVZ2EMLETE2F L
VEREIZ, MEORMALOKRTFERLTEY, AT /A FERIZBIT2FRARMRTHD &
=25,

IHOEZEOER T, RTVEREPIELS RDIZEEHPE LS IGERHEEETOILE
NHY, BB 2V TRSEEITITODANT £ Kb AR ~DOB{LER Tl %k
BCRISZEITIMLER DT, TRbb, TLVVREMHLILNAN—T T A FOEFRITEBNT,
ANY = UEDRRZ AN Mo REE TIHRINE & 222 038 2 WITEIAERD LG DR WD,

E /f ;’)
AcO \OH  C37-Peridinin (1) (n=7)

454.0 nm
OH
o

\ e NN
., : o]
. o}
AcO ---"1438.0 nm Aco«é(op; o o 410.0 nm
3: Acetylene Derivative 6: C33-Peridinin Derivative (n = 5) 9: Acetylene Ester Derivative
OH oM
e
o
)\W\:Q’ :’EMO
NS
436 5 nm N
4: Olefin Derivative 7 C35-Peridinin Derivative (n = 6)

OH
\ \ N )\/\/\M(\Q/\Ig' 10-1: (13E, 9'E)- derlvatlve
J 430.5 nm

AcO 459 0nm 0 469 0 nm
5: Diolefin Derivative 8: C39-Peridinin Derivative (n = 8)
Allene-modified Derivatives Polyene chain-modified Derivatives  Ylidenebutenolide-modified Derivatives

Fig. 1-11 AR L7V D= Uik & 20O RRRILEE
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BRREETHD WRELZHOVDZ L THHD TEELENERTCELARMEBDLZ LN TE T,
LLZBb, ZOBULKISTIE, #BEREL RDIZONVNEREKTL, "—T7EZ7 A bD
BENRBRENELIRDZ b ahoT, Eo, TR ERBEPRVEEH TIXANLE Y ~D
BRELBPAE CHLII N TFHRINDZ L6, SHIZPRMBRUBREOHRENIEEIND,

—5 T, EEBRINALZ MUZ XY ~FH Rz 5 —EOEBREDORRRINERE 2 HE L
Teo £ DFER%E Fig. 1-1112737, EBREEZEIEEZETIE, L7 40 v OER—D2THAE
RAHZET, BEF20mm TOBMLLTNDIEBGND, ZuE, IvnT /4 FokEtrLy
A4 V=D E BRI EA 20 nm LT85 &0V ) —REZMRIC—KLTWS, —F, 7L
VEEH LA LT VBRI A L VAL T 1 VEERIKS BT D &, EREN—DRARBIC
H2NP BT 10 nm LED > T, Tt 6 BREEOA L7 4 IR ) = b Lighiz
BEZED, +HRRERLTCOVRNWI EEZRLUTEBYIEFICHEEKRY, 72, A VT 7T/
FBEZBEWEA L7 4 v AT VEREKIIRY o ERICER AL 7 4 % 7 DR OERIKT
BHATHEID LT, BERBINEEIZRY =i LBILF 20 mEL 2> TW5A, ZiTE
BEEHETHIAVTUTT /) FROGHELI - THLELENEHERETHD, RARY D=0k
KB K 454 nm ZFOBIZIEA VT 77 /) FREIMNEATHD L5125,

INbDT LB LUHREEREZWE LIZEREKIX. $XTET—N I 2 EERAWTHOFE
BRI ZEIT o2, TORER. DFOKRZBOSELITTREINS b0 huT ) A4 ORI
LRI & OBREMO THLMNITHZ LR TEE, ZOFEMIO VT3 ETH
~D,
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o TJaxW LT UrONEILEESEE LSS
B L OZFDOEIEDERKEESE~DER

2-1 FH
ZaxhrFord, BERENOEEES
NizEEEI T )4 RThd, FOH

Bi3. UM, FOBRISIER 72 2 Jii?ﬁ
WAEIEFIZRERE & 72 o> TV A ATE BB AcO (OH C40-Fucoxanthin (1)

CHTBRE RPEB L OO sy ) el TEFTTIORE

A FIZiEBRVEWIEBRER., SOICENERACERETRIEAREZIKICEY . BERRELDS
FIIBWTERbBEEBINLTWHIAIaT ) A FO—D2Thd !, E7axdrF ik, BARAIZLE
STHRGHEERIRT /A4 FO—25Y), BRBRIZAERTZ2UN A, B, OL &R EBEE
MHEZLEND T LBRHONTVD, BIE, BEBIZERT 24X T VTR 2 KREICATH
BTHILT, 7ax YU FUrEREEETLOIFELHIINLDOHY, 5%, BERME LT
K& RHH L 722 OIEREWVZR N,

—F. 7axYPrFrid, sra 7 g0 a BEL W e, FUNRNTELERICBYTEAK
Fucoxanthin-Chlorophyl a/c-Protein (FCP) complex Z 2k L. RIX L 7= =RV ¥ —% ZOEEEN
Tr/mru7 a~80%Lh EL ) EmEFE T RVFX —{KET D %, FCPcomplex 1%, X #ftdntE
ERRITITE TN T RWS DD, 7 2/ BESIE L O OBERITARERICEA TS, &
DERNVF—REHNRIL, R P=VICRSENDDOTH Y | HAEBYEBRICIIT 2 82hEM
TARNF—REL LTEEDFANFORH THAENEAITOIL TN D,

3E2HBIO 3 HICTHMAUAT LN, BFIXIINETIZAER LY U=V EREDS L
%%wﬁéﬁﬁ_&f %%%%&I*»#~h%ﬁ%@%%@%&ﬁéﬁﬁﬁ@tﬁﬁwég
ERIDTHLNIL, BFAHFOZHICT LT AN—%blb Lz, Thbb, HFizhx
w#~@ﬁf&émTﬁu@TT%%ﬂL TNPERERICI ST —EDMEICNIRT D &
ERELE Y o, XU V=0OT LURAR C3T LW RBEBPRE LBEWNBEZTFHET
B ERBALMNI LT w45, mnbit, N P=r 0T ESE L FORIEIREE & DR E BRI
LR CHID TORRETH Y, HIZ ICT AL OBD T =—27 REEITHEETZ, 2T
TOEIRTFHUARWRERRERN, XY =B Thioias /4 FIZBWTHRERIZ
BOSE, —BREEZFOONEIDERIET D720, XY VU ERBERZ RV —BENESL
AT27axY U FACER L, XY V=PI eT )4 FTHORKRRER?E LIV,
INODBDTa=— 7 RERDHIEL /LI ENTE D,

EHIL, 7ax$rFUIREBLEL Y —2OEBE LT, XY VU TIEHBEIZLOAFICA
WHONRWESFT 7 T#EK PCP complex [ZfH¥ 9% FCP complex & KRN OEZITH/E LN
HZLThHD, THE, HICHBRANTEREAEINLTWASEAXTTEXT D6 FCP complex % HHfE
LTWBZ LITHFRT D, o T, BEBMRAICKNELR D7 ax V) o F U HEBE% FCP complex
WCHAIATe, TR X —(REMFEREERZ BORFIBRBZITTO LR TEDL LHFSN

B-Epoxyketone moiety _.._

Allene bond ___
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5,

Fig. 2-1 IZRT X7 ax o F U OBERRFEE LT, 7To0®&EFT LT 4 TLUHA
BIUOB-=RF LT bAEFETHIENETOND S Z0 B-=RF o b #EEIL, —RIT
ANK=NVED a D78 hOBEENEL RV BEFIZZR I VERIBRT S, 7axh o
YTHRRIC, MECH LARETHLZ erHmESINTWVWD ', T720 5, Scheme 2-1 1277 T &
DN AE ) —)VEEEF 5% KOH TR T 5 LR L L bITINVR=NVED o7 v b 05|
EHENMBZY, DRI VEBIBABLD Lok, ~NIT I e DERTAZ EBTLR
TWb, LEBR-T, ZOEFMEETHEEICH L UIEEEREGRHIR I, £ 06 ITREE
BEY, TOLD, TNETERINIFESIZLZ2—FIL1R< ., TOAMED 6 BRHB IV

A L7 4 L OSBERIT T RICHIE TE TR 8, Z DA RKIESE Scheme 2-2 3 X TN Scheme
23 IZHEIS T B, ZOME— DA TIX, C40 7 aF P F % Cp5-Cg-Cis D 3 FRATITH T DERRE &
EV, EFT N UEAT D CIS-Wittig#g 2 & C10-U 7T & K3 & O Wittig RS Z2{To 72,
RLT2F VT 4 VIZBWTEZER 11 DEEEEBESEYWZ HPLCIZK VR T 52 & TH— b
FURAEDR B — V5 E/BTNWD, £D#%, TV 2T 5 Cl5-Wittigi 4 X7
—)V5 LD2EBED Wittig ISICE DR = UHEEET I L T6EH/BTND, L LENRD,
ZITHBEHRLEA VT A OB/ ZHIZ U1 THY, BOHPLC Z AWTA—/V T R EDH
EHRL TS, &EIC, mCPBAZHAWT6 ® 6 BRED4BHRAL 74 2RI TE
ETR-=RFIT FUEOBEEZITV, 7axPhrFrOQZEHL TN,

5% KOH 5% KOH S8
“0 MeOH MeOH 2N si
g OH
HO' O OH ©
c

Scheme 2-1 B-TRF T4 b EORR

Wittig reaction
D —————

HPLC Separation
HO

Wittig reaction

HPLC Separation HO

Epoxidation
R
HPLC Separation

HO Fucoxanthin (1)

Scheme 2-2 FESHIZXL D 7 axV U F U DARK
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L2>L72A% 5 Scheme 2-3 IZ7RT L H1Z, ZOZRFIALIL36% L ENETHY, TOINIK(LE
ELHBIN TR, Thbb, 6125 L mCPBA ZHWTERFIALT S L, 3AKEBREIC
STLEER W cs-ZARF UL ENTZS T AT VA —PUREERM E LTELN., Eie rans-T R
%VMéﬂk7n#%V?y0)ibfm’ LOELNTOVRY, ZLbDEMEEIBEY % 3 EH
@ HPLC | SBL, BLe7axdrFrzBind, 2oL, FEEDOERETIEEL
me%ﬁﬁﬁéhfkgf\u%i%%@%%@tb3§%Hmcmiéﬁm%ﬁofmék
DEFEREEREITI ZOITIZEN MG E RIADR, 22T, 77 axV 0 FroBEREs
BICHEIETE 27 aXxh o F U O ERRNLERIELHEEL T L L L,

minor
. desired
trans-epoxide
: CPBA Fucoxanthin (1
(@i\[‘)\/i{ m
36%
o
HO

6 e m————
.-\‘\ﬂ)%%[ ! undesired !

> (¢] o H i

HO 1 cis-epoxide |

. (SRR
Diastereomer 1' major

Scheme 2-3 HREEBEBEIZBITH=RKF b
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2-2 EREE
TaxhrFUOERTIE, RV = VOBEEREICNA—T TR DI =TG4 T T —
Do 7 axV o F UBEREEZERT DD, FED LITRRY C40 7 aF Vo F Uk CupCydD 2
BAPOEHRTHILE L, REER B-ZRF U7 FUHITARDORKERICHEE TS & L
7z T720H, Fig. 22 IRT LI, T CTLEITALPEC0E FRFVANLEF
TAV N T ) T Lt 2T INAT A a—LEER{b L, %I TES E4BiR#ET 2 -
ETB-=ARFILT PoHEEBETHHE TH D, B-=ARF T b UElid, BEEICH LALETDH
BILRHESNTVAED, 6 BEIOMRMELICIIBBEME CHR#NTIETH S TES L% 8
AT, FETo, 2 BT INATAa—LOBLS FHENLBBEEHTITIZ & & L, ZOAKICRE
WT, BELARZDIZC20E Faxs 2Rl A0 8 DERIEYHYTHZ L ThHD, =
DERIEZLTENE, 7aXxP o F U T TIZARLTWAC T LA NT &y
TV TTBHIETRRTE, TLUEEHLEZERIEIEITATE FEETHC0 4L 7 40k
TAVRNY ATV T THETEMTED, IDIHEHLIUE L-EREIZ, 75
RFEATHHRBEELEZTZCI5, C1TBLVCR2 TLrEZ AV M0, 11, 12 &, AL C20
BRI RLR RS A N8By T ) T T B L TREMICAE TE B, Fig. 222 O A
THARLEE2ZDT AT E FiX, ZINE TR D= VEREEZ AT A EDICHVWEY Y h g
FATNWERFICAKATETH D,

OH
)\/ka i O):'_
NN
Acofif/qOH Fucoxanthin (1)

| | |

)\/\/]\/ OHO‘\‘ o

- X CHO BT-0,S NN .
Aco’é(

\OH 7. c20-Allenic Segment 8: C20-Hydroxy Sulfone Segment

Allene modified
13: C40-Olefin Derivative

5 )\,NCHO 5
: & n : Polyene chain modified

| —

0: C15-Allenic Segmenti 14: C35-Fucoxanthin Derivative
1: C17-Allenic Segment ! 15: C37-Fucoxanthin Derivative
2: C22-Allenic Segment

g
Q
o)
xI
353
nonon
[N
— o —

16: C42-Fucoxanthin Derivative

1
|
|
:

Fig. 2-2 7 a ¥4 v F D4 R
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LZAT, 6 BETIC=RXV FNEHETIZEREIRT /A FOERTIX, Scheme 2-4 TR
TTINANTLNa— V1T PETEEIRABH T L 7 4 VOTEBROARTRF AR ELEET
HEELHETH o/, TOHEMBE LT, TD 4 BBV T 4 AISLEEENKE WD UGMEN
B, ET3AAKBEIT S LEERW S ARBRERTROT VAL TH D, #il 21X Scheme 2-3 1277
Lizk iz, BFEGL 7 ax¥ o F ORI THREERET mCPBA ([ZX 58z VT
DR, BERW cis-TRFI VIR EAERDE LTHELNTND, ZOVZABIMENHLTWEH
WZDWTHE, MIEEEOEIT N OBRINTNS Y, ZORERMBEICK L, T E THMEET
ML S NT-MIBE DT U VT v — L% H L7z Sharpless RE =R FAIC LV, 3 (rkEEEE b
TUADBRIZHLZRF Y FOVEBRALEAZIToTER, ZOMXEEFELZHIFE LR
FLUTNA—LV 18 NoTELONY V=V EREEERT LI ENTER, —F, 7axdrFv
DOERIZHELRDZE FRXFLAVEES AL b 8§ DAKTIE, SMKBEZEATSZ LN
VB L 725, BEIZOARICHET, TAa—118 15T ) RIC L 5 —REBRKIGPE Fa
RYBCRISERN T VXN FEOBREBE L BRI LS, BOERIIGELONRP o7, ZOK
FIERLD, BIZZARXU FEEATLLZORBICLY SMKBELZEATLIOIXRELRD
ZEMTFRINT,

EZT B RFECLY ZOMOBELITI L L Lie, Ak 7-8ffafivesr /A F
T 5 P457 (Fig. ) DA FAFFEIZI T, 3’epi-actinol 20 N HFFE L= 2 VAFE L 21 12K L, 6 BR
WD o-FET VAT N a— L &FA L7z Sharpless R F TR X UACLKIGIZ X 0 SERRIRAGIZ = R ¥
VREEATAHHEERB LTS, B3 MKBEOSNEILEEREIEHZ L T6 BRI
DIMFELZEOHIEICRI LTV D, EEEUMEEOTRICE ST, ELRHIFHRFBRZEINT
WB L UL, ZOFEZEALEFIZANLE L 21 OB THVMOEE TITRIHI L TR
LT, TOEE—REICHERD -7,

% Previous approach

Sharpless
Asymmetric

é A Epoxrdatlon /Ej:\ A|ky|at|on
TBSO T Tmeso T e

*Furuichi's new approach
TBHP
soppr _VOtBeac); TBHP VO(acac),, TBH SO,BT
HO3 toluene, 100 °C
0 0,
20: 3"-epi Actlnot 43%, 95% de

CI

“PPhy, DIAD
70% °

Homologatuon

Scheme 2-4 TN E TOZRFIALEL L OHFH T RF A
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FITEEIL., ZOFEESEL L Scheme 2-5 IIRTFEIZL Y, p-=RFTF b ria Ik
{LZEFIE L CHEET AFBEEZN T, T7hbb, Yepi-7T 7 F /7 —/L 20 bR S NIKEBEESL
WAL 24 #872%., oo BET VAT NAa— VEF A LT Sharpless RETRF L. $i< %k
ERC LY PKBEOSNEEFEREIE, 26 282D THd, ZDL3IZ, 6 BRED
SMECFEEFERICHIE LSS QM KBELZEATIHE THD, ZOFRTFI IALIETEER
—RMECRIERN D o122, TO—RIEERF LoD FaFx i 2Lk A0 b8 28KT
Bl b, EETLUET AV NEOREARICE, KBV 2 ) TRIGICHWA DO A )LER Y
72 Ce < Wittig B° HWE RE~OFRALBRORAALD Z LIT LK,

*Approach for synthesis of f-epoxyketone moiety

0 Formation of Sharpless
C8'-Hydroxyl group Epoxidation
3 —_— J B —— e S
HO\‘. i, HO\\' Ho\‘
20: 3'-epi Actinol
Inversion by g Form at;‘(o:; of
Mitsunobu reaction o N _P-epoxyketone o N

,1‘ B e —— AN
\PO* ; OR PO ©
26 P = Protecting group 27

Scheme 2-5 SEABLZEEHIE L7 - ¥4 b B OREGETE
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2-3 Z7aFHYIUFUDEER
A 8 RIKEEEDEA

8 /KEEZEIX. Scheme 2-6 IZ/RT L 9 IC—B(LRFF AL ET Stille ¥ » 7'V 7 H2HANTEA
THIEERRTY, 77205, 3epi-actinol 2> HEEAMD FIEIZ LY 4 BETT VAT La—)L 28
ELTtk, EUAKBEZI VRS LIIERLLTIZLTTIANT A F29 & LTz, ZHITK

—BILRBEFER T, AXT NV a— 30 BLUOFEL O Pd it s AWV TR 2{To72, L~

LaA6, WTFNORISIZBNTY 6 BERIOBEIEL L-EERBENIESND DR TH -
77

W, B ) R334 5 Stille hy 7Y 7k D 35 2852 L aRhA, K03 URE
296V T AT X B —RFHER, i< DIBAL BETE 2R TS BB THILVR V32 ~LFHE
L7c, ZRCxtL, XU rro ) REFIGES®2ZETHBI/Inl) R33 &Lk, Z0oBral
R33i%, YIATNVETCHBLANKVBIRD D7 u< s 7T 7 4 — 2L 2BER2T0T.
WD Stille 71 v 7V v 7 &R AT, Pd OB T3 L OBMAIZ BE L7223, B IIRELETH
DIBRGKET CRBIZANVKRUVEE R ~ERADTORIGEEITS A LN TE R, 2D X
YT Stille 1y 7Y T ERAGTEFETIE, QM KBELZEATERN2TDOTIONL— & B
L7,

Iz, PPhs BuQSnJ\/\OH
: o 4 " imidazole 30
3 e
HO" o TBSO or MsCI LiCl TBSO" DMF or THF 10" o
20: 3-epi Actinol collidine 29 A 31 unknown product
DMF, 80% X=lorCl -
Bu3Sn3)4\/\OTBS
Ej(\ 5 steps ijfoo H (COCN: c Pd WOTBS
B 4 B ——
TBSO" T Ao be"ze“e AcO™ O DMFor THFaAcO™ °

33 A 35 no reaction

Scheme2-6 70 AW v 7)) 7 &AW SIKEEDE A

% Z T, Scheme 2-7 {Z/R T T & R 38 12§ D REFOMIMIC LY S AkEBEEZEAT D Z
LERDT, TAT b F3BIIFELICL o THERERIENRE SN TWZD T, ZIUTEVE
B L7z 2, 3’epi-actinol D/KEEE Z TES ECTHRE L%, TMS 7E®F VU FE2IG I &, KL
THZELTT AR 3T 2B, i, NPTV AL DBMRIGICE Y mETT LT F 38
BT 1213, & Z AT 3epi-actinol 1E, P47 b2 36 @ Raney-Ni & fl\W 72 /KREMOBIARKY TH
B, BRHEVEONARNI EAMETHo- Y, FITTATE R38 2B/ RBKEL LT
(-)-actinol 40 7>HWIERISIZ LY 41 Z1F7=%., TMS 7&F U K k@}iﬁﬁ: hnk sy gz < TES
EOBREICLY 3MT NV — V3T 255 Fika Lz, ZDF/ML— MZ L D (-)-actinol 40 30 g
MBTATE R3810g 21552 LR TE T,
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0,
1) TESCI, 99% (PhSiO)4VO
H

2) =—TMS // 3
HO" ™"  3)10%KOHy TESO™ " " xylene, reflux  rego

. At MeOH 98%
20: 3-epi Actinol 929% for 2 steps 37 38

0,
20% M’I\/\OTBS

o 1) =—TMS, "BuLi M = MgBr, Li A
/I/ifl/ Rarl:e2 Ni D e e o
y Ni imi Table 2-1 -
5 ) 3) TESCI, imidazole TESO OH

36 75% 80% for 3 steps 39
AcOH
,Ef[/o PPhs, DIAD ifro
————————
HO! hy THF, 33% AcO™ “y
40: (-)-Actinol 41

Scheme 2-7 7/VF b K 38 DAL

TLT e R38BNERTEEDT, K

_ D SR el [yooa =]
B R NE T2 3 L=, 20 Table 2-1 SREZATINIC & D8GIKEEEDEA

5 % Table 2-1 1Z77F, Grignard )i Entry | Condition Result
THL %’E &~ 7‘* vU A A %%-ﬁ*é 2 1 I/]\/\OTBS Mg, THF, 70 °C no reaction
42

FHBBET AT REMANSEE

Mg, ether, reflux decomposition
IS S o 72 (Entry 1,2), £ 2
T, BuLi # T a o) F AR
— N 4 !BuLi, ether, -78 °C 90%
HaEiTo 721 38 &M% 7L Z A, THF
5 "BulLi, ether, -78 °C 33% (multispots)

BTGB ET Lo 72b DD,
T-FABETRENETE 9 2B
% & B TE = (Entry 3,4), —7F7. "Buli
THRISITEITLEbOD 33% L{ERE L 72D, B2V A X 34 ITHTH AR FU LML
B oT-(Bntry 5, 6) F7o. REHIE 72D 42 OREREE AcIT LI DOREEL TWRWVME
e AWTGE . BOSTET LR o7z,

3 'BuLi, THF, -78 °C no reaction
; BuBSni?/\OTBS {BulLli, ether, -78 °C no reaction

B. BRI TARY ML RIED#®ET

a-FET VT )V a—&FH L7z Sharpless REF TR F UALEIG PIZoWT, ETET MELE
W% R THRET L7z, Scheme 2-8 IZ/RT X HICT /AT FIIZH L, TMS TEF VU N & DK,
TBAF IZ X 2L, i< MnO,BLICk D 7 b 43 ZFINECERK LT,

1) =—TMS

"BuLi, 0 °C Z =
CHO 2) TBAF 7 Table 22 _ ~
. —_— - o <0
TESO' 83%for 2steps  HO' HO™ 0
38 3) MnOy, 74% 43 44

Scheme 2-8 AREF TR X IALEIS DR AIT I EE A K
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IHIERT 2 =R LRI OREERE
Table 2-2 :ﬁi'ﬁ‘ Entry 1 TiZ mCPBA #H\\7- &

Table 2-2 RAEFTRF IAMVLRIGDOMHEST

Entry Condition Yield
ﬁé’] H EIJ% % &3 DT EMT % e ﬁll@ﬁ 1 mCPBA (1.3 eq) quant (cis/ trans = 3/ 1)
| . N . _’ . £ ’ CH2C|2, rt.
@i&lf%otoku\ B LB e roey
HMoBLOVRHEZHWELHRRERIIEDS toluene, 60 °C
3 VO 0.2 eq), TBHP (2.0 56% I
N2 Tz(Bntry 2,3)e £Z T, BIFHIZL-T tolu(:::,c T Boew foym on)

WEIN TS AOBu),RESEZH L 25, 4 AI(O/Bu)y (1.0 eq), TBHP (20eq) 8% (syn only)

0°C TRISSES = & T BN TH— A s

EHLIENTE L, TOZRFY ROMKFETIT /A FIZBTD 3 (LT V3 —VIilHHT
bcis-b LL idtrans-=A R XY RONMR D7 I A7 MZLHRBRANC L Y RE L TV 5B 107
I, EEOEBEZANWC, REBEEZRE L, 2 Tk Scheme 2-9 12731 X 512, JEIC
BTz — 39 h 6 SAKBREICE . OREELZEAN LR ET o7, TORKEE Table 2-3
27”7, Entry 1~4 OREETIX, £ L RKDOEHEF L .

ThB 0 °C TREILET Lok i, Hil ::e 2'3f§mz;1fm wggﬁf
ICHIET DI LT S0RREDINETHNMER ~ 1 or  rtish 84%

B ENTEE, 0, TVI=U AREDEE

-OMe r.t., 30 min 80%

2
2TH—
b0SeqETHOT I LN TEE, LxLansn, 3 Ol rhisn o
4 =0 r.t., 45 min 77%
z i Lz =5 -
R & TBS % %’—#7\ L 7; k % N % D = é P 7L 5 -0OTBS r.t.—reflux, 5 h trace
HIRF AL L A BT LD o T, —T5, 6 -OAc  mCPBA, CH,Cl,, 0°C, 1.5h 83% (cis: trans= 3: 1)

mCPBA TILEIRMEIL 3: 1 TEI T AEIMBEL

720
1) octi Al{O'Bu);
protection oTes_TBHP TBHP OTBS
TESO™ deprotectlon toluene HO‘

of TES group Table 2-3

Scheme 2-9 RE TR F LRI DEET

—J5. Scheme 2-10 iZ/RF X 912 8% Ac ZECHR#E L 3 /kBEE % TES 2 CHR#E L7=EE 47
ERAWERICE, SREESho, ZORENS, THBY IAKEEEIC Al BENL LK
ISREITT A Z BB I N, 2. 39 FANWT SMIKBED o-FET VAT Va—VEF A
T5Z L bRABR, BRTIEIKGITETET, FRLEGAITEENOM LT,

. Al(O'Bu)g
X TBHP X
B 7 B
y T 0TBS oY oTBS
TESO™ toluene  TEgO™

47: R = Ac ; reflex, 4 h, no reaction
39:R=H ;r.t— 45°C, decomposition

Scheme 2-10 8 (I/KEEEZ AW RE R X LR IS OME
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UEDZ b, ZOMEER
By 78 = R % AL RO Fig. 2-3 1278
TRIGEEREZ bV, T72b
H. TBHP & Al(OBu);, b fl &
AT 8EEDS 3K ER BT ELAT L.
ZORBILHOBRRFICEID

g AlOBu) R
ﬁ TBHP .
) [E——————— O\‘. ———
HO' tohﬁne ,\M/O—O-'Bu H
WL tBuO'

IR

v

2 \

"0

O\“ . P

= H—3h /
Y e ] e

N S = ALT J O..0-
RENEIBAD=ALTH L‘Q\Ar/? L‘Q\Aﬁ-""?

B, T TIEH—BHIZEIAND O \o\
B VMo Tit/ad . AlstsEs Bu tBu
I N RN T, T TR AL D S

MEH5ZDHZ LRG0T, Fio SMIKBENFET 2HAE. TOKBEOIRERICER L
SEEBETTL2ZEPRALNERoT, HTHORAWZERIL, SITKBENRI AF L
LROTEEBETHY ., T biIL DG CRIGHEITETEREDORRITK DTS, ZDZ
EMD, SNMKBEOHEEN 6 BREKED IV T4 A—va VIZALIPOEELRITT I & T,
TRF VRIS Z HIBICETEI T2 b0 L ERIND,

C.C20E FOXZYRANKRVET AL FDERL

SPLKBEDEAL LI 6 BRISA~DMNAEBIRMZ R MBIZKII LD T, N—T8 T A
OB EI T, TNETORBEREL T O L D% Scheme 2-11 12777, =13 —Y K42 %
NaF ) FULTBRL, INETATE RIS IERASELLE ZABNERTI9 2B, KRIZAE
U7 KEREED Ac fRE.6 BIRE D TES 2 BIRAIICRETH LT Ep T a—145 & L,
OFETINTNa—LE2FHA LEARFETRE IACRGIT Al REL WS = & T, StfEE A%
HELBZ LR B—TBDNETIRI AT B LNTEE, ., p-= M REBEBRE A

2) PPTS, MeOH HO™
1) AI(O'Bu)z, TBHP

I oms
CHO ‘BuLl OTBS OTBS
: ether, -78 other, 78°C TESO™

93% for 2 steps
toluene, 84% WOTBS WCOZB
OA
2) p-NO,PhCO2H, PPhg p-NO,Bz0O p-NO,BzO C (13'E/13'Z=15/1)

1) Ac,0, EtsN
DMAP

TESO'

38

......

90%

1) TBAF, 77%

2) MnOz
o 0 cPTEEERer 3oy | .o ey
DIAD, 70% 8 (3] )Et o #\/kﬂcozet 115 g
"BuLi, DMPU
. X oTBs| 73% for 2 steps
<0
12% \ OAC 4g'

1) 2N KOH

EtOH, 96% SN AS_COzEt 1) DIBAL, -78°C sar
—— »(o . "
2) TESCI < OAc 2) HS-BT, PPh, .

imidazole 'Eo0 50 DIAD TESO 51 {19}

95% 84% for 2 steps

Scheme 2-11 A/ 7 4 K 51 DARR
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W SEHER AN & 0 3K EE 2 S S E, 6 BREOMLFEFEZZRICHIE LR 5 8 AKER
EeB8ATDHT LI LT, SRS T, —# B-Hilti 48 bRIAmm L LTHRRB LT, &
bz VT ATV 48 1Tkt L, TBS Ofifki#. MnO, Bk, %< HWE KIS%1TH 2 & T, 13D
E/ZHW 15/ 1 BB P AT V49 2157, SbiZ, AR LZE 2 A, BERREERRBIZ p-
= bRV A NVEEREL, TES BICMHINZEZ R TERE, FERIZ, TLrEFT AL
DAYy TV TICRRY 2 ) TRIGEANWS72®, DIBALEBLIZ IV OA— b Lc#k, RER
XD 1L BTN —=NVDHANT 4 RAE# LT, BIREOT I —VIIEEIIARLE THoT
72, BREFIZALT 4 R 51 ~OBMBKIGEIT 72,

BBDOANT 4 BixnbRVER L OBLEGE, IRONTZEER L OSRG TORRIGHET LTz,
Thbb, KBEL T Va2 — R0 TES £ THRELLGEIE. RORERITE b 2d o 7-(Table
2-4,Entry 1~3), £72, Ac ZETHRELZBEDERDIIEOLNZLODENEL ooT, £ZTK
BEZETERIETHD S P& LS BLEITom & 2 A LM O TES EA4 4L 137
PNDA VT 4 DE ZHMW5 1 ERELIZEDD 65%DNETENMERDLZENTER, 1
ETHIRARZN, BFEERRV DT I NLARNLT 4 OB, BEOREEMEIC LB
DEEFCMAZONT BT D EREZ N, BFREMEDOINVR=VEZEATIZ ETEN
ZMEIL, BOWINETERYLI/ONTZLEBEZDND, —FH., 50 OETETHLVA—NA2Db
Wittig #5035 X O HWE RE~DOEBRE L RFT L72, ELERPEHL Z LIXTERD) o7,

"
o/ NN ggT Table 24 o/ NN N 50,BT
0 R _— 0 R
TESO 52 HO 53

Table 2-4 ANT 4 RO

Entry R Condition Result
1 -OH NapWOy, 30% Hz0z4q 16%
2  -OTES (NH4)gM07024, 30% HoO2aq trace
3 mCPBA, CH,Cl, multispots
4 -OAc Na; W04, 30% HyOzaq 60% s:‘:":x;de: sulfone
5 (NH4)gM07024, 30% HoO24q 32%
6 =0 (NH4)gMo07024, 30% HaO2zg 65%  (13E/13Z=5/1)

Li k% Scheme2-121CF B L, AT 1 F51IZX L DMPBRLIZL W 7 b & L%, Mo
REZHAWIZBERUSIZ L Y ANV 54 28T, DKM THNTI TES £ZHTE L Luche &
TEEITHIZET, ERaRTANVK BT A N8 2/HIENTEL, LOLARBLA LT 4
VORMENEIBITEITL, B/ ZHIZ3/ 1 Lo, BREBOBETTIX, KnE 3D ETH L&
BN UARNE L 72072, 72, NaBH, & & WEITAI TH 2 DIBAL I X U L-Selectride %
WA IE A RIEBEITE T, Luche &t X Y EEM %/~ 9 LiBH, Z VW2 iBm CIAEINER &
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ROBRELRBO LN o7, ZTOZENDL B-2RF U FUOHIEESVETH TS E VK
JEET, TP REEMROETHINRICEELRIETZ B ohoT, Kr— NI, TATE R
B5gMPbERRFTANLES BT AL 8% 300mg BT HIENTE, +4IC B2 8L
RIADHEHN— MR TH N TERLE XD,

) DMP, 70%
S-BT e NNAR 50,87
2) Hy024q,
TESO EtOH, 65% HO (13'E/13'Z = 5/ 1)

1) TESCI, imidazole
CHQC'Q, 74% , 2 Y \ ~N

— o SO.BT
2) NaBHy,, CeCl O én
4 3 -
MeOH, 0°C TESO (13E/13Z = 3/ 1)
< 3 min, 90% . s .

8: C20-Hydroxy Sulfone Segment | 300 mg ;

.........

Scheme 2-12 £ Fax s 2Lk ov 7 A0 FOARK

D. 7ax4FODEERK

C0t FaFxF ALK BT AV N8 BERTELDOT, BEIZERLTWVWSD C20 7 LS R
YhT EDEBY ) T RIGEIT o7 (Scheme 2-13), T4 HET L7z & Z A THF &fiEdh, HEEIC
NaHMDS % i\ 0 °C THE L= L 2 A, KINZE BIZHEIT L EHIW 55 % 56%DINETHL Z &
MTE, = HF T M EFTHALVKRY 4 LRBR Y2 ) TRIGDRET LTz, L LR S, fHFix
REMTCHISERAZLDOD, HEBNSHBTEDHRTH o712, BT, BELEMETH 5 DMP BR1L
T2H/TINT Va— V&L L, PPTS CTES £EDOREZITHIZ L TCI 7axYrFri2h

L7,
)\/\)\/CHO OHO\V o
S NSNS BT-025 e
t :‘i +
AcO \

OH7: C20-Allenic Segment 8: C20-Hydroxy Sulfone Segment
OHS OTES
15\ o
NaHMDS NSNS N NN
THF,0°C
5 0
6% AcO'

1) DMP, CH,Cly PPN
rt., 61%
A Yy

2) g Eg:sigﬁ/fo"' AcO C40-Fucoxanthin (1)

Scheme 2-13 7 aFxH o F L DLERK
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ZO—EDRKIEDHPLC 4T % Fig. 2-4 1257, DMPE BLTESE Rtk

2ODET AL ROy T v TEBIE, DT AT 43 43 7£
VAT —IREMDTI-OF VT 1 D Bl Z EiT (2 peaks)

©& 2572 45, DMP BRALAE IS B EE HPLC 47 % pPTS pioriy
[TolbZ A3 20— BEBIENE, T77b “MeoH 3 days

H, A—NV T UREEBRLNZOOEY—7 B L

VN TRPDF LT 4 RV RERSTNHE— MWM *AMWL

I Chb, vAFT—E—I SR, ERRI 2 Fig 2-4 HPLCHHT

R7 MNERETDLHE, InT A FEREOVAEY—2773 310 nm [ZHEICA LIV, 13 LB XL T
15 R RALROTNDZ ERTAENE S, PPTSICE D TES B4 PEE L-EZITIZE AL
BALDR R SN2 o e, RY U= VAR & RO RECRGTH LB B, &
T FCEMLSRZLEZA, OOF—NV TV AKREBLONDE—I 0B 8%k R LTz, Tk
DERLURRMEREARY MAT—FE2EK LTZEZA BO—HERLA NI REDT
ax P FUTHDLIERHALNERST,

DEDXyic, RICFTRIGEREE LTEBEFEEZHBLRR L 72X F L O2GH%E E
FLz, 7. ©6 BREIZHEETS a-rET VAT Aa—vEHALEARF RS UALRIS,
ZINTRES HIERIKIT LY 6 BREOME(LFEEZRITHE LA G, 8 MKEREDE AT
Lz, TOZRX ULIEL 8 MkEEEE2 AT 2 BT LTk, MISOREBREICERZE S RN
ETLZOEE BT RHT N TEE, @7 axt rFrEREOERIZAIT, N—
TRETAVIDI=FGAT T ) —,ERETHEHC E RuFx T ALK BT AV NOERKRIESLY
ML, RV 2V TRBICE DR = HEERT DL LIS L, ZDON—T78Z A b
WZBITDANK U ~DOBLFIGETIE, BEFEERT INVANLVT 4 ROKRIZEFRETHDL T
FMoBEATAIE TCRELDMITD LR ANVKVZERTHENTE, EDIThy
TV %, BBRAHICL Y BERINERT - RV bUREEBEL, BAESEEd R4 L
74 VTCRELLSTWIRT VA FORREZENTILTT7ax U FUroglEeER LT,
ZOEBN— MIBEPEERTSICFRRTHY . T ax Y F UEREOSRICHE L& RIET
b5,
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2-4 JaAXYUFUEBREOER
A HEEERELECIT LUV CR FEEEDERK

KT, EBREEZHE L) U= VEBGEOSKRFHRELLHE L ICT B O T =
— 7 B DO—REERIET 2720, £BREZUE L7 ax I v F UERIKO AR ERARTZ,
EPFT7axYUF Um =D L, HBEP—DE D C3TEBRAER = 6)B L U—2& v\ C42 %
B =8)DEHREIToTm. Zbid, FxDHEFEHE—OTOEXZCITBLVC2T VB
AVMILR2EAEBL, 7ax P FUoARERABKROFIRICIVERTDII L & L,

EFPFCLTITLrE7 AL M1 T, BBy b F—)L 56 5 MnO, BBk, $:< Acbic
X0 BN R THAR TE 2(Scheme 2-14), —F, C22T7 V&7 A b121d, RV hUF
— )V 57 > 5 MnO, E8{t. . HWE X Ji> it < DIBAL 2JuiC X ¥ £&8H 2 TR —o W& L7,
B2 MnO,B{b., 7TEFNLEITHI Z&ET, BADOF VT 4 M 138/ 132 =6/1 L BEEKRES
MLipgolcbDDELT FI7 27—V 12 ZEHKTHIENTE L, BoONT 12 11ERICTREE
ThY., BB TEIBRESME LI,

MOH

___________________________________

F 1) MnO,, ACOEL : F
U — :
i i...OH 2) Ac,0, DMAP ;
HO 56 Et3N, CH,Cl, i AcO OH
72% for 2 steps :1 11: C17-Allenic Segment

WOH /)\/\/K/\/\OH

& 1) MnO,, AcOEt 7
et e e e .
QOH  (1BE/13Z=101) T ‘o <10OH 58
HO 57 £’ ~ O Nany HO

44% for 2 steps
3) DIBAL LU EEEEEEE ‘.
1) MnO,, AcOEt | Z 13 |
2) Ac,O, DMAP '
) EtazN, CH,Cl, 1 AcO OH (13E/13Z2=6/1)
71% for 3steps 12: C22-Allenic Segment

Scheme 2-14 #E£ZEEDOEALD CLTBIUVCR2 T V27 A bOERK

Scheme 2-15 127 a ¥ F 0 X D EEB— 28V C37T R EOEERERT KB 2V T
X, 7 XV U F AR OR E RO KM CTERY KGN EIT LELAERD 59 21552 LR
TE,C3T EREDEH TIHIERENEL o Z L ICL VKR Y 2 Y 7 K. DMP i1k, PPTS
IZ& D TES EOBREO —EDOKHIZBNT, 7ax Y U FrOoPEITHNTRE M ELE,
ZDO—EDORIGITIT D EMM D HPLC 2T % Fig. 2-5 12T, 7axV$ o F oL FEEICH
v 7V PERIEA VT 4 VD B Z ITHE T E R o 7223, DMP L% HPLC 47 21T > 7=
L AQDY— 7B 35% %R LIz, $i< TES HOBRH#ELITo-%., BE HPLC ST &iTolz
ZAQDOE—71349% %R Lz, ZiX, TES EOBREIZH V- PPTS OFERIC L v &A1
TAUPENPCEELLLZbOLHRIND, S OICRBEAERISEToLEZ A, VAKLER
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PNBE—73/NEL 720 4 BRICIIOOE—7 R 19%DEIE %R Lz, x4 E L 750 MHz
D NMR I L AEEMTZ2IToTne 2 A, A—NVET U RAETHAI LA OMNERoTz, ZD
IolevaxrFrofpis < FAEOFRIZLY, £EEN—DOE C37 BERIEDERKIZ
RRIh L7z,

)\/\/CHO (13E/13Z =3 /1) OHN OTES

e g i o, NaHMDS DMPE # BATESE %  Bitikit
BT-0,8_ NCZ N -
<iOH + THF,0°C ] @ O
ACO i ® | 49%? 79%)
11: C17-Allenic Segment 8: C20-Hydroxy Sulfone Segment 35%) ;i ] benzene i
. PPT 1T
o TS | s e
13 o ’\ || MeOH 4 days i
VT T Nl S N 1) DMP, 63% f gi l ; i
* e 15 C37-Derivative i‘-\ i i\ j’ i
2) PPTS, 81% - 1A 1 k I
O <OH 59 n=6 o J J\J (S VAVANEY WA
Scheme 2-15 C37 JExED AL Fig. 2-5 HPLC &#7

—7J. C42 BREIZIEBEHP R Ro Db EWDREMEMET L, 8D 2 BT I NT I
a— L OEBALA A L 72 o7z, Table 2-5 \2E DRUSFEMHF DT Z R T, Entry 1 Ti&, 7aFx 4
F o LRRDOGEMETH L DMP B 21T o723, BEN SR L 33% LABRNE L 72 o7, F£72., Entry
2~5 TIIfE~ DIRMREGEZBR LN EOR/ERITBONR» o, 22 TBX BLEZITom
AL AILER 38% TR B L, X BT TES ZE231 72 C42 1%k 16 % 31%DINERTH S
TENTE, 2. 626 BRHEOKBENBILINT briotRBARY RO b,
CRFREREDOER TR, RV 2 ) TREB I UKED TES BROBE#EL bIZ7ax)rFr0
BREENTERNEE Ro72bOD, FROFIEZLY ZOEMEZER LT,

M/‘\NCHO
. 13

& NaHMDS
13'E/ 132 =6 /1 -+ 8: C20-Hydroxy Sulfone Segment e
ﬁOH ( ) THF, 0 °C
AcO 12; C22-Allenic Segment 45%

OTES
1) Table 2-5

F prp—— 16: C42-Derivative
o 60 ) PR n=8
AcO

Scheme 2-16 C42 FABZEAED A AL

.....

Table 2-5 C42FBREIZBIT D 2T VATV a— LDkl

Entry Condition Result
1 DMP, NaHCOj3, 0 °C, <1 min 33%
2 TPAP,NMO, 1.5 h 24%
3 SOjpyr., EtsN, DMSO, 5h N.R.
4 DCC, PPTS, DMSO N. R. (TESEX X1 3)
5 (COCl),, EtsN, DMSO decomposition 0N oH .
6  IBX,DMSO, rt, 1h 38% + & AT (C4zgﬁ£ﬁ;16)
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B. £BEEHRELI-CR BLU C35 ERIEDER
WiC7axyorFrry 2 2EEEBE C35 FigEn = 5)FB LU 3 258 C32 FHgE® = 4)
DERERSTZ, T TIHEECRRELSOND B-= R U7 M2 F T HbaWicst L,
BEERRC 2 ) TRIGERATZE A, BEICAEKTHIENTE 7, £7 Scheme 2-17 IZ/RT
T, AERFEETHET AT E N6l ioxt LIRFHEDO RS HWE REA V5 2 & TH%&H
M3DDTAF N 49 BLOLEEEN 2 DO ATV 65 ¥ BIFRINETEE, BbnFErT X
TND p-= ba N A V% TES ZEIZHTE X 7%, DIBAL &L, #i< DMP B{Lx1T5 Z &
T HBEEORZRDLZF N TATE FB3BL 6T 2ZNTNERILELZHB LN SAK L,
INBIER L, BBFDANK L EDOWBE Y 2 ) TRINERAT, B REZLIZ, ¥ M TT
E R 63 £7/21L67 & ALK 68 O THF IFHEIZHT L, -78 °C T NaHMDS #/M %72 & Z ARIGITE
LIZEATL, FBICHERME/L L3 TE T, ZORISZHMT 572D, THF BT 63 D&
IZxt LT NaHMDS Z iR L7z & 2 A, BE MR 0fF L72(ER 20%), —F5, B v 7V > 7K TES-14
Tkt LTHERRICEM L CH R, b bIXEREOSRITA LT 90%DIN R THEIL TS 2
EMTE, ZOZENDL, TATERGBOTMILT =AU PERLZRF Y FORBARETH LY
b, TUNAEL 68 DT =F L DEMMPIELS | ENBEPLHIT LT FIZKET S Z LTk
BUaVTRIGHEIT LI ERNBIOND, ERISITBREICETL, XBREPEL Ro1b
EMTH L TERWVEEZANVTH, B-ZRF 7 PUEHIIIEEA RIS LN E BB E
Meole, BBICHIREM T TES BOBRELZITV, B HRMEMICL Y T = h T o Rk~ L IR
SHDHI LT, C35 BLUCR BREDERICHEII LT, B-=ARF L7 b EIE, T CIHES
NTWBEIETAH VTR EHRELIZoREVENRE, EHITAITEX —N4ERK

EtO.
e ﬁ\/I\/COzEt 73%WCOZH 1) DIBAL WCHO
OA 2) DMP TESO
X -CHO 49:R = pNOsz ) 2N KOH, 96% 200 1or 2 steps 63: C20-Ketoaldehyde
50: R = TES TESCI 95%
PNBO

PN CO,Et X -CHO
o Ac 78% for 2 steps

Et0-
o -B__CO,Et 88% 65 R=pNOBZ — 1) 2N KOH, 81% 67: C17-Ketoaldehyde
64 66: R = TES 2) TESCI, 71%
HON OAc
1) NaHMDS, -78 °C 7 -
> -
HOA OAc 57% (11E/ 112 =1/ 2) - A PN =
68 2) PPTS, 81% e "
g 3) Isomerization HO .

14: C35-Fucoxanthin Derivative (n = 5)

HON OAc
1) NaHMDS, -78 °C 7 E
45% (11E/11Z =1/ 1) 73

o ENZEN
2) PPTS, 79% Lo "

3)1 izati HO .
)lsomerization 69: C32-Fucoxanthin Derivative (n = 4)

- =
BT: OZS\/Y

Scheme 2-17 E£EERZHE L7 C32 BL O C35 BRERE DAL

52



THN, BEVEEEZAVEZEA TR, BEICL Y RESKSENERDZ Z L3007z,
SHILZORGOEMAEHAEZ T2 720 UHHEEORK L O LRI L D | FIZHWZ CL5
ARV 68 LD BN —DOR NV CIT ANVF L T0 ZHANT -2 RF V7 b EEETHILED
T 2%HBY 2 ) TRIGIC DWW THE 4 5 L7z (Scheme 2-18), T DFER, WX —aF v
ETVESULEIRTHI LT, SHICHEEPREV C37TEHREEZERTEDIZLLHALNLR
oz, ZAUTERAEM L C37 7axHh T % @wAﬁmiD%4m&%&fﬁéo;®ﬁ$
DM R OBRITEMOELRXEZERINT N Y,

63: C20-Ketoaldehyde OAG
1) NaHMDS, TBAI HO
+ one 0°C.61% P
HO 13E/ 132 =1/ 1
7 2) PPTS 20 13

BT-0.S
z \/W 3) Isomerization ~ HO

70: C17-Allenic Sulfone

15: C37-Fucoxanthin Derivative (n = 6)

Scheme 2-18 C37 7 a¥x % v F U HEEEOH B A KIE

C. 7L EEBMHLE7aXHUF UEREDAH

HEERELZER T 4 2O T7 ax U FUEBGEZERTELOT, RZ7axYy o Fro7
VOMRERETAED, TLLE BRI T )4 FIZRLNATRIF AL T 4 v ~EH
LB 2 G T 52 LI L BT L LT Fig. 2-6 IZRTC40 7 aXH v F n="T).
CRIEBEN=4)DT Vo 2 EM LT C40 7L 7 1 VERIEK 13, Z L TCR A V7 1 VERETL
Thd, TTHEEPE N CR2 ALV 7 0 VEBE 71X, EXBONTBENLD CIS VT 4~
ANE T2 EB-ZRX T N HERETACITITATE F6T LOHBY 2 ) TR LD EE
FECRIEMICEMRT DT L &RFHE L, —FH. C40 4V 7 1 VERFE 131X, 7axy o Fram
BRIZAHWZZC20 e FaX v ALK 8T Ly ad L7 4o LT CT R IF=FT—V9%h Y

69 C32-Fucoxanthin Derivative C40-Fucoxanthin (1)
0N OH 0N OH
- \ X ‘5’\ PN > /'"o%‘ PN *;\ NN .
AcO “* 71: G32-Olefin Derivative AcO 13: C40-Olefin Derivative
U
Q o

OHCTXX
67 C17-Ketoaldehyde

N AcO N .-
72: C15-Olefin Sulfone 9: C20-Tetraenal

Fig. 2-6 F L 7 4 VB 13 B L OV T1 O & RN
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TV TEE, 7axt o FUEERLIEELRROFEICTB-mR XU b U EET 55
B% T, 2O X5 REEOTIZ, YHEZEORE L OERMRIZL V&2 OEHREBFE LT,

CR2BLUCA0 F L7 ¢ VEEBIKDA K% Scheme 2-19 IZR"7, TTHELRZLF LT 4%
TAVNDERTIE, 138 A TERLIZE= LI - RT3ICK L, AL 740D 1DODAXT
Na—)L30 BLOEERAL LT 4 VR3ODRAXT Va—)v75 % Stille I v 7Y 7452 LT,
V)= NVTABIOTF NI ) =76 EE—OERME LTER, ZOVT ) —V 741, HIE
RISIZE BRI FT Y —0EA, < mB{tkFEKE Mo RELXAWERLIcL Y, B2
WERTELCISF LT 4V ANVKYyNRRICHFEE L, —FH, 77 /=762, —%kTINLT
a— vk MnO,BBILICK WV T AT e NETH5Z2ET.C207 MG —19 L, CI54F L7
AVANVB L TRBEVCT VI F =9 D2ODF VT 48T A NESLEGSES I
L2MBERTEZDT, TNENDON—TE T AV N2 BBV 2V TRBICEVEAIES D
el

FTCRALVT 4 VERETLI OB TIE, CI54 L7 4 Y AVKR T2 L p-mBmF T4 b E
EHTZCLT 7 vNTATE R 6T DIRAWICH L, NaHMDS #1272 & Z AEIER TS EAT
L7z, BB O TES £OBEETIE, 73XV F v OAmKE L RED PPTS DL ThHIA#E L
LA FOFRIIIV ARV FBREGRMNLEVE N7 J bawiEoni, ZEy Y
SVIEBITEZF VT 4 VEBEOBIZBEI SN LD LRI URILEATH S, T T, WRBELE
L2WbDD TBAF Z AW THARETHZ L L Lz, bk Fax i AR 2HBUONEME
BIZE VA= b T AEITINR S B 7%, BEERE L 400 MHz @ NMR (2 X D HBERE L7,

—JF, CA0 A V7 4 VEBFEOERTIZ, FRLEZC20 7T o) —L 9 LTyaxdrFro
BRRFFIZANZC20E FRFLANVAR 8 LOBR Y2 ) TRIGICLY 37%DWNHETH v S v
TERE/DLIENTE T, B-ZARX 7 b EOBEIL, R L FFRICHEREMCTH 5 DMP BR1L

Buaan\/\OH
30 PN
Pd(CH3CN),Cl,, LiCl 7] R
(CFsCMCl 0 1) HS-BT, DIAD
DMF, r.t. AcO 74: R=0OH PPh3, 98%
] 2) Mo, H.0, ag

| 99% .
/ﬁji’o\v 72: R = SO,BT 92%
h— C15-Olefin Sulfone
AcO Bu:;SnJ\?\/K/\OH

73 %
Pd(PPhg)s, LiCI, PrNEt s s s R
DMF, 70 °C K
67% AcO 76: R = CH,0H
] MnOz
9 :R=CHO

C20-Tetraenal
1) NaHMDS 1) NaHMDS

-78 °C, 81% i -78°C, 37%
72: C15-Olefin Sulfone ~——————————=T71: C32-Olefin Derivative !8: C20-Hydroxy Sulfone 13: C40-Olefin Derivative
2) TBAF, 31-62% H 2) TPAP, 42%
+ 3) Isomeriation i + 3) TBAF, 30-63%
67: C17-Epoxyketo aldehyde 1 9: C20-Olefin Aldehyde ~ 4) Isomeriation ‘
. b
2) PPTS AN 2) DMP 73 g
..... 5 ! 3) PPTS e
AcO © : ) AcO 0
by product ! by product

Scheme 2-19 C32 B LN C40 AV 7 4 VEBRIEDE R
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IZHi < PPTS IZ X DR ECIIRILAERE O NS 2D, [KINEL 2 5 TPAP B{bi LU TBAF %
FANWBZ L TEDEREER Lz, BIE. C40 T L7 4 VEBIED NMR T 2{ToTnb &
AThb, TVoEEMLAL T 4 & LIEERIEOER TR, EHEICH LRRER p-=RF ¥
TFRNABEBLVBICEIVAZGICVE Fr 7 7V IZRILT 2= ARX AL T 4 VEHEZEET 5720,
BB LOEEMEREFL BIZHIBIND Z EBHLNE R0, LELENL, RIGRFEZREE
L. LY FHIGENRETRIGEIT) 2 TCRBIVCAO ALV 7 4 VEREERRTAZ LI
mxh L7z,

D. HILARZLEZEBHLL7aXFY O FUEBREOER

RY V=R 7ad P FURAINR=NVEER L, BEIeT A4 FEREEIND, ZTHET
HEHENCHNVF=NVERFETHZ LX), BERBICESWTIFRNTENBBREZ D,
SHIZICT AR AKSNAZ ENEILLNTERL, TNHOHMRITLY | SHEMRIHERIZE
WTEWHIETI/ar 7 4 AT RXNVXF—BETDHIERHEEINTND, £Z T, #HESNT
WABANR=NVEOMRERALNICT D0, InaEi L B8R EEARTHIZ L L Lz, £
7 Fig. 2-7 {7 L9110, £BEREL INVR=VEE-OMe £ & LEERE 77 2R E LT,
C32-OMe &AL, #7212 C17-OMe-7 /LT & K78 Z&m L. BEF®D CI5-TL &7 A b 68
CHBTVaVTRISICED Ay TV v T IFBH e LE TATE R18IET7 aXH U F UERL
WCRBITAEMFPEENSEZFICARTRTH DI X FHEND, LX) RFEOL L, 4
MR DR & OFMEIZL Y &Lz B L,

OH

N

AN
ﬁOH ‘ . * )
AcO 69: C32-Fucoxanthin Penvatlve

Me_ OH
v I

. d o
AcO 77: C32-OMe-Fucoxanthin Derivative AcO 68: C15-Allenic Segment

Fig. 2-7 (C32-OMe &k 77 DFERL

N\

N\

Scheme 2-20 IZ & DE AT T . BT RE 45 DKBEE A F AL
L7z#, 7axYrFrOapicEk-3&, TES RORBR#EEZIT Z
ETT9 1B, KIT, AI(OBu); & AW 2 SCEBRINEY 72 — K % 21k,
B RERSIZE VST AT LI —BAEWME LTEHR YT ATV
80 AR L7z, ZTZT, 8MAKBEIZBITIOIVT AT VEAY—%Y
YHRGTNAT BT NTTT7 4 —ZXVNBETCEDZ L3 0ho
Tee ZOILEWD NOE BIEZIT o712 & Z A, Fig. 2-8 IR T X 5 724
ERBREESN, ZNETNOEEEBETDI LN TEL, - THABIO T8 BEILICHES
THYEEAETHD D, NOEHIEEXTT->TH 2 2O(LAWIXFE CHEBEN R 6 KR TE 20

Fig. 2-8 NOE#IE
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1) A(O'Bu),
orss1 ) Mel, NaH OTBS TBHP, _TBHP.83% OTBS
TESO™ 2) PPTS 2) p-NO,PhCO,H PNBO

MeOH PPhg, DIAD, 66%
84% for 2 steps

o
1) TBAF, 77% NN COEt  pipa DY YN oH Mo, 780 C17-0-OM
—— > N ———— A o “ e
‘;; MnOz PNBO OMe 78°C HO OMe Aldehyde
E:g 'J\/ COgEt 81 95% 820
NaH B
76% for 2 steps
LAH NS MnO
PN o OH_T"2_  78p: C17-B-OMe-
- OH Q
on 0°C . OMe Aldehyde
.. OMe __, o HO
HO ” 82'p 53% 828

Scheme 2-20 -3 XU B-C17-OMe £ 7" A > b DAL

ZENTERINTZ, LaLedb, PRIZKL o7 a hrBI A MRV ELE 6 BREO 3
DD AFNVEOHEBEIARICEAR SN, SEBERICE2EBENS, =RFIVERBLO 6 BERE
D3 ODAFNEELRHEIAM & OSEBEEICLY, BEAGPEBRICEETE RN ERER S
Teo BME, 2 DDVT AT LA —I3l 2 M EED Tz, £/, A FFXFVEDN o BEDO I
FEAETOLDEZ aflk, BOBDE BHELET, ExDMEEETHLEWICI L, TBS OfifR
#. MnO, Bk, %< HWE L Z1TV 81 2787, ZO—EOKG Tt o, B AELIZFAEREDILE
TRIGIEIT Lz, LOLRRL, ROV AT IVOBTTIIRRARIGHEEZTRT I & R348 0-o
Teo Thbb, o ffIZxt L DIBAL # AW TERIELIZEZ A, 5%BDINETEL VA —/) 82a %15
DIENTE Tz, LHLRAD, B KIS LEROEM TRIGZRAATZN, 828 LHizmRF
RO L7- 828 BIRAEWE LTHE LN, ZHIE, BHEOFNTRFURIZT VI =T AN
LT BONTEHRTHLLEEBREIND, I T, BHIZLAHZAWVWCGETTAZ LT, F
BEOWERNGUA V820 2/H LR TEE, BREIZ, 40OV —VE Bk~ T
WEVEbTHZ L TELN—T 8T A MK LT,

FT. o FEANVTHRY 2 ) TRIGERA T, TNETLRBEOHRME CRIGITETTL, BEIF
RWERTELy T T EEBLIZENTEL, BONTERDONEEILOET % Fig. 29
R, Wy 7V U TEBIE2 DO E—I DB TH oM, 2 BRICITTEIREICEL, 4 o0
— 7 BRBRENT, ERREEITo%, TLC CARMOMELZHERLIZLE A, ALMIC
BELTNBZ LR nhotz, ZOEREIT, IVR=VELZETHEREKL HET S & K&
MERELRY, KICHTOIREENELIETLTEBY, M VAEOARIZIE L 2N &
Boyinolc, BIE, 4 DO —27 2 TNENSE L, MR EEMRITE21T> T\ 5,

0T 1@
)\/\ Moo o i ®
NN50,BT Lo Lo o

F 20,
/if/( + OHC XY
Q'OH
AcO 68: C15-Allenic Segment 78a: C17-OMe-Aldehyde

i
L oakm o

@
L ® @
i benzene . !
NaHMDS i 2 days
77: C32-0-OMe-Derivative 4
THF, -78 °C o
65% BRI A S S e
Scheme 2-21  a-C17-OMe HEi& ik D& Fk Fig. 2-9 RMHEALDIRTF
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2-5 #&E5E

PEOED (& aET Iy )\/\)\/W
oL . S R NS T Y
ZF|F L7z Sharpless RF&F =R ¥ LR
ERICT ARV T OREREERL O \° 16 C42-Derivative AL 7 4 81 8 Amax: 463 nm

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

2o & HIZ, Fig. 2-10 1278 L7k 91T, Z
DERBEERBHEBLOT LU 2 ERL W

7~ 6 BMOBEHEEEHR~EBELE, 20D
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EBIT, HECH LALELEDLND p-=RXI 7 b BEHTHILAEWII L, HELAW
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F o XD RN 3 O/ CR2 FFIE 69 AR L. C20 7 FTLT b R 63 HHIEEEHN 2 0
VN C35 IR 14 2 fHEICARTH I e N TE T,
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FEIE  HEMERICRIT O ERRIER LT
TRV X —EEZNRBNE ~ D RE

3-1 Fii

HERIZBTEInT )4 FOBEELREE T 2MBENRERCBNT WEEIaT /A F,
NRYP=rvBLBTaxhrFoE, AnT /A K- saa T g ZUNRTBEOEZD2D0
R INDT T 7 %A K Peridinin-Chlorophyll a-Protein (PCP) complex 3 X T
Fucoxanthin-Chlorophyll a/c-Protein (FCP) complex Z kT 2, ZDOHF TR L2 RAF—%~
V2= id 95% B, 7ax P F AL 0% EE VI FERICEWHETIar T 4 ba~TR
NE—RET D, ZOBHEHRIINVEF BRI V= BIOT7axhrFrofri
BENRBEELTVAZLRHEEINTEY, BEERIZOBELERBICES LY T2 20 nT )/
A4 FOBEREEZRENICHE L —EOEREE R L TE T2, —HTHFARFOLHFIZR
T, ZOBHENZT RVE—REILIL 2 DOBKLHMERENRKE BEELTWD Z EAH#E
EN T3, T 725, Intramolecular Charge Transfer State (ICT ¥#E{7) & FEIXN 2 F 7= 2 = R L F—
YENT DTFEIERR L N RIEEREETO N FNEMBETRR(CT character) ThH b, AETIXZING 2D
OREREBIZESLZY T, AR LAENY P=vBI V07 ax o F UEREE AV o280
EREROFMIZONTHERD, 62, 7axhrFrExEEZAVEZ XV —REDERE
EBRIZHT T, A2 HEAA AT modified FCP complex # BigE T 57-DIZ, X FUEXY
235 @D FCP complex DB - FHIB L O'7 2 ¥4 F - Z R\ 72 FCP complex DFAR &AL 72D
TENHIZS2WTHERT S,

RO 2 SOREREICOVTIZFETTT 2
CRELSBNTVEA, 22T 5 —EMBICH Svss
BRI 5., SEER 72 EIEER B D— > T B ICT HEfTI,
Fig. 3-1 \ZF 3 & 9 1 Frank %88 512 & o T
SR, S, ML OEHFICFEET S L EX DA HL |
REFNF MM TH D, Frank HFZOHIE, 20 g _|
ICT¥MIR 7 mr 7 4 )V a~DBEHEMN LRV
F—GEIIKRESBRMRLTWVS LEHLTVS,
ZOEBE LT, — B S M TIERL, Z7ra T4 0® QN FIZXVEW ICT #2256
TRNVF—EENPRI D, bLILS, EMIIEBBEEG L, £EIPDONERN R RNVF—(REL
BEL TV ERHEREIN TS, 720 ICT ¥, DFEEZEDLHEZDHDOL H —D2DER
Thdrsun 7 4)va tLOTRAX—EUBEOMEERARBN ELHEEINTNS, ZOKD
ICEWHHEROBEIRITIL, ICT EMBHEFICEELERDILENBZONTND, LPALARBLIOD
ICT ML OFETIRIERECEETHD . TOME AL R > TR, LA -T,
CDOFEPHEEZRAONTTD I LB HE T COELGETHY . TN TENITHE
fRAMRE REERIVEDZ LITRD,

—JF. ZTOICT AL DOREBUTIL, Fig. 321273 TH 5 —oDFL R DRHEIRE (77 FAERBE

Peridinin Chl-a
Fig. 3-1 XY P=r DT RVLF—UENL
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IHE(CT character)] NEELTWVWA I ENHEETIN TV, REBRY R..

b, REREDOMEREICES LR, a7/ 4 ;g@fk7§7§11&&§¢
FOIEBENIC ORI VENGFEET S 2 & TETH R Charge Transfer (CT)

hv Character

HERRELSKDbND, ZOL5IC, BTHRIHESFRILE =
FFNEHBBRRICED . A FVHRBEBKECAD  SASASACONAAN)
ICT WARET 5 LEZBRTVND, SbiC, ZOBEHE iﬁfﬁ%%;%@ -
BOBRERKELARZLICE o T RAR—HEMEITS
FEOHAEERAPKREL 2D, AT /A4 Fhbrra T b a ~OZRLVFE—(REHENRE L
RHBZEDHEINLTND, LBLARBLIDOREIIZDONWTIL, RERI T ) A4 FOHEIHIZR
RKESFHREINTVEIHOD, RY P77 axy o FURNEoBBHNREREN DL S
WEELZ 52 TOANZOVTIRESHES TR,

ZZ T, RY) V=7 axt I U OBNERN R = RVE —(REEEMRRICET, HitkT
ANFX YRR T D ICT EAIIARYIZTFET 2 D, éE’EﬂiEk%&%ﬁ@@ﬁi:of
WBENENWS ZEIZEBL, IhbhuT /A REFEOKFERIBENREDO LI HICEEL
EZTOE0ERALNITEZ L E L, Tihbb, RfEK ’*%%%ﬁMéﬁtuu/#/%
BIEBLO7 axd o F U BEREEZ AV THRFENRBEEZITV, RRORY D=7 axd
VFUORREEBETLZZLICE T, RESNTWD ICT M OEFEREOHEZHE L, 4
B REREN DL S ICERBBORE SICEBL RIFTHEHFETLIZ L Lz, 20X
2. DFEEE RGNS B —EOEREE AN DHRT e —FITk 0, HFokF
TR LER» oL R 2EREBOMELALNCTELZ LBHFBIND, Z0OEN
WM, 2208 B L5EFHFIEL AW, 1. ICT ¥R ORREHT 138 2k RFE 25 A R
AT MVERIE L, BWMBEOKRE SORFHIZBEREFARIN ALY bVEATY 2 Z L7 22
7 MVERESZRIE LTz, TORSNTELLR, Z1b 220D ART MVAIER, 2< B2 b R#H -
REFETHD, TDH, ENTNORERBRZEB ST, ICT BALOME L BERBEB DK
FXD2OOBRIZONVTERT DI LT TERL,
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3-2 BEENESBEIRARY FLORE
A RE - AIEERE

HEELTWD ICT #LiX, FEC. TR X IS, #MLD S
T HFET D f:bi—%ﬁ%ﬂ%%}: %5, TDI®, TDICT ¥fL S—
DHEEZALMCT B Be 2R EHFIELRET S 1 Probe
PVENRHD L ICT fE{_L M. %R T AN R RV —  S/ICT y
N EIXRR D7D, DTHhRRDb S, BAMEPOLDOEXLT  pump ﬂs1%ﬁ

HEERBROND), £ TAHE, BEEREE SRR RN R
ERVTBERIASLY M EHETS Z Lk 0. S, BLO

B H 5 ICT B OEFZRET Lz, Zhid, Fig. 3-31TR
TEDIHERILL S, BRI ~BB L BT S, BALICER LIS, HERICLY S, B~
BYESEDFETHD, BE, BHSEE L XGRERIY)OD S, ¥ATF 713 ICT HAr 5 S, KT~
BB 558E AR A BEE T 5 2 LIC K o T, IR RAVF—HEAL(S, £721% ICT AL DRE
TR TH 5 _[S, Fdr| BTSN TE B,

So
Fig. 3-3 @ERIN AT bV

I T S, FMOFRENT OV TELA 700 600 500

T2, Bl LT.C35 7axyrFr W nmaxe e [ "Th
_ N, SR it F8y Lk
ERIED 2 F ) — AR TOBERIN 252 I Tam

- AA AA) | e
2y MDRER% Fig. 34 KRd, A\

. %S Sssi:r;:\er::g(hano!

AN AERR B PRI DR EE | BT . - J i esnnegns
N €T > BE (hm) 0 1 Dexg;?nme (ps) woﬁﬂﬂ (ps)
FEOm)%Z & V| £ ORFRERIEZ BB T
L BERIL 227 R A DERTS Fig. 3-4 S & OFHR ST P

5, TNERBLEFADO0.6 ps ORFIZRINOBENR LR LB 00D, TO%K, FFEIREB
T HIZONRZ IR OBEN /NS K RDRTFVEMETE, 20 ps DRFIZHR /NI NI B0 5
(EBIXX HIZRHFMIZRR LRI BBE LT D), TOART MRERE ., I RINOIRE %
LY BEENCRREZ LD TOREOE(LEZERNICT 2y P L72b DA Fig. 34 OHRIO T 7
Thd, BERNARY MEZRIE LIRS EVRINEELZ 1 & L, FRIBRETHIZoN
BEACHEELTWKRFLREBMRTE D, MEOFRKBEIZH L, ZOBEDOHED 1/ e (e
exponential) & 72 o =REBI R Z D F R b 0FM, TROL S, FMTHDLLERIND, BT D
MZDCIS 7axthrFUBEGEDRAZ ) —/VHETO S, Fmit17ps L7125,

TIZTODS, FmILS, ALY LT ICT #(L & S, MBI O =RV X —2 52 R THIE L
LTEZESN, ZOFBNC L - TS, B & ICT ¥ OEX A 22 BEIR A R = L B A[EEIC A 5,
AvT A RO S BALOD L S IZERFHBECEEMA 2 BRI - EXEPER S 2RIz sy
THROMHODZRZAF—F v vy 7R NI BE. S, FmPBEL 2D L S EM(E/T ICT L
Sy HEME DT RN F—2F/NXL 25, SEIOEIETIE, ICT BLOFER LUHEZHA LN
THD, S, L L ICTHEND 2 DD RNV —HEMEXFILZN O, BxOBEEEIIRITLE
NEZENOHAB 2= RN X MEOREZH AT, I 6RDBERNANT MLVOFEMHIZONT
X ESR IV,
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—7 ., ZHETO ICT AL DHFFIZE T Fig.3-5
WZRT XS IR =BT B ICT AL FEREME
B TH DXV U VEE P TIES, ML LY BVLE
WCHEETDHI ™o TS, —F, WIEEET
HBHAF ) — VR TITEMBEREBICRYOT VM
B LB TICT AT R EIL S, S ML VK :
WILBICHFET 5 2 BRHENTNS % 2T, ==t !
AET- 72 S, FEMOFRNCBNT, ¥ TiE
XY =X —BMAOE 1S, BADFA] (S,-So
BOTRAF—E)VNWEHRIEN, 2F /AP TR IVEERSNEZ TICT ¥ rDFE4 | ICT-S,
DT RNAE—Z)NHB SN LH#HBISND, 2D S, FEMITREFEZT RV X—HEMD b DXE
BENDEE NI BB EIC,.BEHLIEIRNY V=V EREORBOBEN AR M ERIE L,
LT, ZOHEMDI L %E S Ffn L KL T 5.,

Methanol

Fig. 3-5 ICTEEL D& E1L

B. #@EERELRY S VERKORTERER ¢

aARXFH v P KRE Frank HHZ T, RY P2V BIUOARLEREEEZLE L 3 2OXRY U=
VEREOBEERB ORI A XY SVHBRIE E 4L, Sy FMA R S, £ DORER % Table
31 IERT, ~FH R TIR, BEOBMEIC L AMEERAREBHZ LR D S, BLOF M
DRl E N, £EHEORBICIVKREERRLSTVWD I LRNN D, ThbH, HEHMN
BELREWV CHOERENRLENFEMTH S 41 ps ZRL, BRIEOEEHNEL DI o>NFHEM

DEIL 186, 1000, 4200 ps LEDIKE <782 opie3y Y U= LEREKICET 5SS h ORR

Teo —H T, BEMX 2LERI B

lifetime (ps)
A& ) — L TIE ICT ¥R DEMAEHA| &4,  Sovent  C33Der.  C35Der. C37Per.  C39 Der.
FEEE 5 6 7 8
B8, C33~C39 @A DHEMITOTH B 10 £
. n-Hexane 42004200 1000+100 1864 M+
ps LIZER UEEZR L, £, C33 gk
Methanol 1143 91 1041 9H
@%’R‘ﬁfi\ f\#*)“/ﬂP’C 4200 ps T&) N ABR ] memmeremmcmeme e i““(-r;r;) """"""""""""
—AHFTIE Ilps 720 TRXTOLLEHDF  nHexane 410 436 454 469
TRbBRERELZRLT,
J:?E@%ﬂﬁ%:%kll\ Nl (5% S]/ICT%‘ého) E_ s, Y, S
N ; ; s,
BRELRAVLX—HEMKE LTEKRT L., Fig \a—/ \E/ '\\;:?/ S. Y,
e e _ s\ Ll ; : s
36 DX D72 D, S ML OFMERT~FY gt 4 SN\t S\ g 5 A
\ == ;A _3,: [ \ 4.
CHRTREMOENRE S REBIED, Th S| w@jﬁ L
5D S\ EMDNEBEIIRESERS, —&KITH i
07 A4 FTIRBEEHPEL R DITO0E\EK 75, \.‘/ S, . / S| S b/
W RIS 20, S B LS, i | S S < s
Iy F.‘%l/\ 'ﬁZﬁELC T?E ‘ﬂ‘ 5. = i i\ Schulten -— n:C335Der. 0356Der. C377Per. C398Der.

bliZkvB|ESNTR) = ORBREHRIE

Fig. 3-6 #E TRV F—HGH
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7ed b, ZRITHEIL T S, NS S, EMDOMNEBER LR T LWV I FHERBRIZESHTND S,
—H. AL —IVHTD S o FMITITIER CEEZFLTEY, ICT BT XEEICELLTAT
DEREICBNCH UMEBILFET DEELOND, 2O b S BMITHBRERNEL 2D
WONTHRLZIZEF LT DIZR L, ICT #4LiE EOEBREICB N THIZIER CALBICHFEET
HEVWHIEEERM L, ZORBRIL, ICT BN HBHEEICERZR L T XTOEH TR AL
BIZNRLTWAZLERL, TNETERVEBD Ca=—7 R2IEEERFOTR VX —HEMNTH
HTEWHLMNE R,

UEnXSic, AEXEEEZELTZ—EONR) VoV EBKREEZAERLEZI LIZE 2T, ~F 1
VERAZ )= NVOEEHNRNG S, YEML L ICT ML D2 B2 2 ZEEHH MO THRICBRI S h i,
D DORERD G ICT ¥ERLITMENTIFIE L, S AL L 1T REB 2R T2 L N AR S LTz,
72, ZHDOERNLET T, FED Fig. 6 IR L7 S, & ICT EALOBRIZOWTIL, B
REmOIT 52 FTERY, £REROREICHL T, A&/ — A HIZBWTZIER UALEIZ
TRV —MEMBFET D L0 THLRWHFRALRGIL, ICT AL —RIR T R X — AT
LA ERIMEER SOBTRETHD LT L. RNY V=VEFAOBENFEICR L b OMNY
I IR THBRRY, ERIZ = RV F—RERITONDE T T THEAETH S PCP complex
TIEAZ )=V ERBERLRETHHLEDNLTND I E0ND S, ZOICT B A =RV F—(E
ENRIZKESBEELTVD D LHERIES NG,

C. #BHZHEL-T7aF YO F U ERBAEDATHRE

EFRONRY V= VEREORE RN S ICT ¥(LIT, S, MM 2 B HEHE R, BIEAR S
TIEH—EDMEIZNIRT 2L VWHIBD THRELREEELET LI EBHALNI R, 22T, Z
DB/ELNTEERBERITIIZ L TR V= F Tt —BIEEZ 00 8 hERFTT 5728,
RIEFSLKRFBAPICCT7 aF P o FUrBLUOBR LEERERE 7 ax % o F U EREOER
BB SRR AR S ADRIE E I, £ D Syer FMABFHAIE 7z,

Table 32 1IZRY V= BI BT af ¥ o F oD S aBHFmOfRLHE TRT, BB LIS
VY= OFRERTIE ~F Y IR RENEL D2 oNFMmA 41, 186, 1000, 4200 ps & K&
KBRBOIZFL, AF 7 —NVHTIEBLZE 10ps L IZIE—FEDMHEIZINK L7z (Table 3-2 ), —FH T

ZaxhrFroBETH, AEOERERT
K BETH, AROBAZTRY Table 3-2 SypepFMDFER (L 7axdrFu

LA ERoT, THRbBESEREIEN Ty V=)
C32 F|FHEEZBRNT, ~FH o PToFmidtE Lifetime (ps)

BEAET L 72 BT OILT 22, 62. 97, 182 ps Likxz Solvent  C32 Der. C35 Der. C37 Der. Fx. C42Der.

BAKE KRB DK Ly AF = VBRI L oo
. c-Hexane 65 182 97 62 22

T 20ps (TR LT, ZORERIE, ~NY V=V DR Methanol 14 17 22 18 15

RO NIZRREFKIC, A X ) — VP TOHEM

. . . Solvent C33 Der. C35 Der. Per. C39 Der.
N—EOEITINETAHZ LERLTEBY, ICT # B, 5 6 7 8
BB T TR DLAMITB O CTHL—ED  nHexane - 4200 1000 186 41
MCBICINRT 2 &\ ) S RAME O —fitt % 52gr  Methand ! $ 1 8
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TH2HbDTHD, —H T, TAHTE PR LEREEABEL TR0 T F— AL THRKEOERS
MPFEEINTVE, EHIZT7axHrFUrOHE TR, AF ) —LFIZBNT, FmOEIRL<
HEGFIERTF LRV DO TR L, HBEN 6 D C37T BREDKHIT 22 ps LW I BKEEZTRTZ &
By oTe, X, MOERE L T, C37 H|EED ICT #ALBE b EVMIEILFET S Z

EERLTWVWS, ZHIEOWTIE, MEIOXIRBEPRILZ2OMPEEEMTETVRNED
O, ICT ¥ENMOWBEERTHRMATHLLEERXD, —FHTAFH P TOREIZBNT, H#
DS 5 DD C35 FFIED Syer FMIT 182 ps Z/RTDITH L, HEGHH 4 oD C32 FFIFETIX
65ps L7220 FEEPEL RoLICLBALOTHEMDEI/NSILKRDENI INETLIZIRRD
EEE AL, THIZOVTIE, RICRTEERRARY M ORBRNL ZORFLHBET D Z
LBTED,

Fig. 3-712, 7 a% % v F U B L UOEEEEZEE L 72 E&ZFICB T 5 % 3 ps D@ERITA
7 MV OFERERT, 5612 Fig. 34 TR L2 £ I Z ORI 2 BB 2 L IRINOMENE
fbL. ZDOWRINDIBEIIRT DRFE Z AT T 5 2 & TSy FMAB/LNDHA, 2 2 TR ERIX
AR MO TE—7 OFIK] CEBT 5, EflE~FH o, FAXAZ ) — VR TRIE L
BERINANRT MVORFERTHD, EH 0 DEEIIZ 550~600 nm I & T 500~550 nm D KT 2
DOORINABE ENTWD, ED 550~600 nm IZERNZRIIT ICT ¥ 2 ~TRINTHY, HOD
500~550 nm IZBN BT S, BN Z R TIRIR E HRI S D, FlZiT C37 BERAEIZHOVWTRTH
Be, AXYH R TITERO S, EMNEZTRTHRNNBKES 2oTWND, —F, AZ J—LVHFTIES,
YN 2R TRIUI/NE L 2D, ERIO ICT BMLZTTRINARELS RoTWNDHZ LA »D, Z
DRI DFRE L, BERIN TH S S, AL LL X ICT ¥ D S, EM~BBINDIETFOHE
ZRLTWD, T72bb, ZOMENRNEND Z LITZDOTRVX—HENS, AN E /21T ICT %
MLV ZLLDBEBTFHFEL TS Z L ERT, Bl C37TEREDHE TIE. ~FHHhTik
S| AL Z R TIRINAS ICT #EML 2 R TIRIR K W KE W=D, ICT ¥AL LV S, EALIZEF 1L F1E

P S‘\@/ ----- ICT (Hex)

”
’

600 500
j\\' k@/m (MeOH)
IcT
1
iR 7 27 74 2

C32 Der
FEA%8H 4 050

C35 Der
A& 5 Of

=]

C37 Der
HEH : 6.05

et
C40 fx

700
. \ o= ICT (Hex)
l’ ’T ‘ M 31 ﬂ
gl 7@|CT (MeOH)
#&& 1 7 -1 1 - -1
C42 Der [y /\J?\i f :
AR © 8.1 flane 15 N - ICT (Hex)

.

18 2 22 24 26 PR ) I
in c-Hexane in MeOH
ICT (MeOH)
Sy

Fig. 3-7 XEhiEH 3 ps DRERINA Y M OFERIB L OHEE = R F—HEALK
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THIENEZLND, ZOZ b, BEFMNICT ¥ L D =R NVX—HENMBICRER S, EBAIZ

FHELTWD Z LR PHEEIN, Fig. 3-7 OANCRT I 91T S, M ICT ML L 0 KW ALEID
GHETLIZENBZLND, —F, AF /= VFTIXICT ¥MIIREIL SN S ALK Y =R ¥
—YEMRTRD70, LVEER ICT EAICEFREE Y ZOEEREMT S22 LICX->TICT
EN 2 R TRINAKRE L 725,

—F CHEBEHEHPEDEVCRBEGRETIZ ATV UBLUORAY ) — LD EH L OBEHFTHICT
EMETRTRELOR SNV ERNSNDE, ZOFRIE, EHLOBBEFTHLEICS, B LY
BWALEIZ ICT AR FEELTWVWAZ EEZRLTND, 2D & D Table 3-2 DIEHEN R HIE
W CRBREOFMMP/NE L Rofc R E LT, TS, BALL Y ICT BBV EICHFEL T
WHT®, FamaBIE LRICEIZ S, B OFGRBR SN0 TIERL, KVEVZEIZND
ICT M OEBLMZIT I LICLoTHEADERNES BolbEZOND, X VIERVE
W5 ICT ML OFMBBRA SN2 T2 OFMOEP/NEL RoTc b bEZDONDIN, EHoD=
*w¥~$&®%ﬁﬁ%méﬂkmi”fm%ﬁ IZHIE TERW, T, HEEN KRB R C42
BRAETIEA~T Y, A¥ ) —VERIIEE S M EZ R TRINL AR O0T, EHODEBETHHE
IZICT ¥EAT L Y S, EMAMEVMIEBIZFAEL TV D Z MR S D, B L, S, L L ICT #ALD
TRAXF—MEIEZH ETTRTHY . BERNOBEDEBNPERRT RNV —DOMNELZ T
bOTHINENE, GHRIORIBHPLETH D,

kDX oz, 7axhrF U EBREORBERINARY M ERETDZ LIZL>T, RYY
ZVDORFICELNRERTH D ICT M BHENITHFEL, FEEROREICWOT AL /) —1
CRWTIRIERI UM BICEET S L WIBD Ta=—7 RUMEO—BiEE EiET 2 Z LB TE T,
DX RFI IR RN N OFEEMNEL., TORFRLEEO— L ERECTE 2T LI,
TRV —REBERERICHT TORER—FHTHY, FEICEVE—2a T REDTH D,
Az, 7axyrFrEERERAVTRERIA NS MV OEREHTT5Z LT, NI V=
VORI NS R ol ICT AL OF - e EEZ R T Z RN TE T, T742bHb, TRETK
RORY D=7 axd o FrTEZLNTO AT U TICT ML S, AL L Y &V LE
WCEEL, AZ ) — Nl EREESN S EM L VBN RV X - &5 &V FEE
T BIZICT IR RETRAX—EME 2D C32 7 ax Vo F VERED X 5 2{baW
BDEETDHIEEZALNICLE, ZOREI, ICT ¥#MI3H 2 —FEOHMBIZ LOFELRVE
I L EPRBIIRTHEDOTH D,

D. 7PLVHBHLERY S ULV 72X O FUBEREROAIERR®

Wiz, 2-4 i CAM LT VUREAEZA TS C32 7axy oI @i, 7Lzt
4 LT C3R2 A VT 4 VEERIKD S ior B OFERE L OHE - XX — MK % Fig.3-8 1T
T, BERIN AT MLVOFERNL, C32 AL 7 4 VEHEEFICB W TS ICT #EAL &2 R T IRIND A
DEB ENTZ(Z ZTHEARLTWRY), iUk C32 AV 7 4 VEGETH C32 ik L FRRIZ
FIZ ICT ¥EAOE S, ML L D IRV BIZTFET DI L AR T LD TH D, KRIT Syper Fn DFER
WHEBTHE, TVUREEAET S CREBETIE, ~FHHFT65 psBRLAZ ) — NPT
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X1l ps Ligole, —H. 7 Vo 2 EM /)\/\j;
7
LA v 7 4 VEEE TR, ~FP iii
AcO \

PGP
0 g

B L0 A 7/ g w10 A7 B R
IEREG AT, LT HEEEEIC ‘: .’

AT A RREOTIRE e 12 Sb/ SSgJICT (Hex)

S TWD, WHEIXIZIER U R “:‘::":'::"éé'{{s"' I

RE2TRT L6, MED S, LR ﬂ ........ kg}
UMIBIZFET 2L B2 b, Th
M, INLOEMDENVIETOEE k@/ ______ ICT (MeOH)
ICT YL DMXIHY 72 = R LF—HERLD L
RBICHEE LTS LiEans, + T VY ORERRICE DS h DR

BbbAZ ) —LVRICBNTA LT 4 VEERED ICT (213, 7L 2AT 5 C32 EEkik & ik
LCHOEBICEET 5 2 LA TSNS, AEICA~X S RITBOTHA L7 1 VERED
ICT #{ZiZ, 7V 2R T 5 CRERED ICT ¥ LHEAND LEWMIBIZFET LI LPEXD
b, ZORRIZ. TLVUREDHEEIZLY ICT EMOMBIEILT A LE2EKLTEY, 7
LA BET B CRERED ICT AL, 417 4 VIEREL Y BT BICGET S = &
PHEB XD, ZIUE. T LU ESDEEN ICT OB EMICEE LTS - L2 R LTS,

—JC, Frank EROLBAE LT LV )\/\
BEMLENY V=V EREICBN T NN ooy
EH% @%%7ﬁ ?%: B ﬂf v 6 ° Fig' 3-9 ic N AcO’i/QQOH Peridinin AcO' 5:\0_.": Olefin Derivative

RYTmv bRy DT LY R L Mmax=454nm . )\maxf450nm
TAVIEBERAI AL T ¢ VIERED ‘ '

A5 )= IHTO Sycr BROBRB LT e
HESNDZINF MR ERT, 2V i —

Vo TE, RO EEEZE L C32

Taxy LTI U EEREOHA L BIRY A \\Egg_‘?‘ff.“?i"”’
5 ) —VHRTREEL S ICT ML e —

S, ¥ENT L D BV BIZEET 5 —F T, ~ Fig.3-9 7 L 2B LT R Y V= VEREORKR

FH R TREEEMESN TR ICT ALY S, BALL D MW LEICFEL, ~F T TS,
EMLOFEMMPFHRAI SN, ICT A OMNBIIFETER, I T2 20LAWORKREINEE L
g5 LY D= id 454 am, ALV T 4 VBRI 450 nm SIFIERCEERLIZZ EHD S,
EMIXIZIER B IZHFEETAZ ENHAI SN D, KEREIZA Y J— VR TOHEMDEVDNRE
DEFE ICT B OEMH R = RNF—EMDOMNBICFE L TVWDLRETLH L, RIT=0D S,
HEMIT 1lElps, AL 7 4 VERED S, HEMT 191 ps TH Y. F L7 1 VEGIEDFBMED K
EL{polz, ZOZEDDL, AT 4 VERED ICT EMMIZ, TLUE2FTHRI V=080
FVBNIBIZEETAZEATFRHSND, ZOBRIZ, 7axd o FrEGERTELNEZT L
UREBRIZED ICT PR EMIND LWIBREZIF T LD TH D, REZDOL D RELEHN

777 IGT (Hex)

,
’
.

8y

ICT (MeOH)
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2 DI BEMTE TRV, ICT BEMORENRIT VU HEREHEELTWD Z L2/ TR
BT D2bDTHD,ALEMIL > TICT EMOMERIELTHEIZarT 4 VD QN FLDIE
BEAEL L, TRV —BEDRCEERELEZ DA THRILI D, ZbEREDO
FVE—EEHENED X DICELT 2 0 FEEITHERREN,

LIZAT, INEFTHERMRZRINE —GECBEET D LEZLLND ICT ELIZOWTHRETT
57, RYP=vBIR7axh o Frof&#HlBLO0T Lo 2EM L2 BERE OB ERRE
SRR AT B ZONWTRRTE =, —F, Frank #2613, FE TR vT /A4 Fox
BRIZBITEH 5 —2DRETH L2 HREFERICEET 5 ZEEFERET, BA)ICOWTHK
MLTWE, T7hbb, TRNETIZAMLAER) Vo v oREHER2 ONNCT L 2EMH L E&
ERBILOZea 74 vaZANT, ERSAEFMHFITL Y BEEERSARINSEIC LY T, B
DOEBERFTTHEDOTH S, TORE, T, BAMIZONWTIERY PV OREHEHESLT LU OF
BICEME R IZERILEH 2T L, R VoV OB BN ERESZRE L TO N EEERACHE
DNHFEELTWRNZLEZREL TS, ZO T, ELIZOVWTIX, AFEOBEHNTHD 707 4
WV oa ~DBIER LT RV X —REEBEFR S ITECEELRVZD, LI BRXRWBEDF
MOWTIXE SR I LN 8,

E.AVToTT/7Y FRZEHLERY S VEBEORUERR

Frank B2 I Lo T RV P=v DA VT o757 7 ) FREZBR LU ERE OB /o Rk I 2
N7 MBREENTZ, | BTRARZEIIC, AVT 777 ) FREZBR LZEREFIIESIC
VAKNERMEALTLEI D, YEA LT 4 AT AVEREB L 13Z-TEF L R T
IWVEBREIZ DWW THIE LTV 5 (Fig. 3-10),

Fig. 3-11 IZRTBERN AR MORERIT, BRI R, ftaaERNEEDELE
ERLTEBY, ZORBABRBOEFERL TS, ERAIDART MUIIAZ 7 —d TRk~
FH P TOART PNVERTH D, Fig. 3-7 LFE

OH
BT R R0 650 nm HHE O LILH A ICT e & f)”“/\&T\fzgﬁ;r
TR TH Y | EEERD 500~550 nm ORI jf( L
AcO \'OH

XS, ML ETRTIRNTH D Z LR HERI D, & C37-Peridinin

OMe
BEFBICA ) — VBT, A~ DRy WO
X

C37-Peridinin 9'E-olefin ester 13Z-acetylene ester  AcO” i["OH "'?Ej\
A T

ICT ICT 9'E-olefin ester derivative
’ B €~ jor

b ¥ /
= i i}
':_[‘ D SI N ES1 :.;bF S1
; ICT
n-hexane
o
e nti o S
Wavelength nm
Fig. 3-11 @EWRIL R 22 hLOFEE Fig. 3-10 @A DK &H
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M EZEERTA L ICT BN EZTRTE—IRKRELRoTWNWARIERNGNE, 2D Enb, =&
FNEETD 2 DOEBEEICBNTHRY D= LRERIC, ICT BMRGFETDIZ L REETE

Do

Wi, FEDEEELHE L-EREB LV
AVTF 7T ) FREEMLZERED
Syicr i % Table 3-3 12737, B EHE L
TR TIE, ~F VU FIcB W THREEE
BHEL 2D KRB ER /NS L RDH)HITH
. EOHFEMOENPKE L R> T DITH
L, A% /—VHTHIZIERLT 10 ps /R L
e =T AVTYTT ) FREEEHL,
HBEF VLT 4 VBV R Lo TWBEGIET
i, ~AF VR B W CEMD B OMER R
L7z, T72bb, BERBEES/NSL 25
2o, FMOMERREL 2D EATFHES
nrh, FRICR LEOEIZ/I LS 2oT,

Table 3-3 #£BER (HBLCA VT 77 ) FE(T%

ﬁgﬁfﬁ L f:ﬁ%%%%lj‘s 175 SlﬂCT%éﬁ @%%

lifetime (ps)
solvent C33Der. C35Der. C37Per. C39Der.
A n: 5 6 7 8
n-Hexane 42004200 1000100 18614 411
Methanol 1143 941 1041 941
Amax (nm)
n-Hexane 416 436 454 469

Acetylene Ester Olefin Ester 37 per
Der. Der. ’

n-Hexane 6431 8341 18614

Methanol 4341 2141 101
Amax (NM)

n-Hexane 410 430.5 454

EBIL, AF ) —NVHETH PE-A LT 4 VAT VERETIX 2151 ps, 13Z-TEF LT 2T
NVEBERIETIZ 4321 ps LEMOENKREL RDBERBR LN, TDXIZ, ZOA VT 7T
7V RBREEH LIZERED S FOEFHTL 2L T, VAKRDHETII T A K EREL
EBPRERD LB GD o7, Frank BROIZ, o h a7 ) A FlZBNTH, P TR fkLI R
ECTRRDIFGOBEANPRONDZEEZRELTND Y, ZNDLOFREND, ICT ¥ & S, HEAL
PSR E B2 R T I EIEEXHABOD, ILARIZEEIZOVWTIIAKARZ LIZEAT. ok
BEENLHEEMRAIZAL DI VT T T ) FRIIABMICEE THD Z LB TRER I

7:.
—o
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3-3 BELEHARIARY L (28I ARY FL) DHEIE
A BE-JIEES

Wiz, BEER T XN —EEICES T L ELLND, resRy ]
b5 —DOERETH D %W%ﬁ%@ﬁ%@T&wmm_o \/\Qkyg;gggf%g£)
WD, ZOBEIT. IR ICT B2 HET 5K HERE

Charge Transfer (CT)
FELHEEND, N VmeT7axt o FoarhsR=v hv Character

EE2AT570, KL EEREN D BRREICERS L : <
LEFTHCTEMBBISED Y, EREOBTHRIFHIEN  EkE nEF
Kb b (Fig. 3-12), R ) V= icfE SN DB =R Fig 312 ST NEFREE
NF—REICIZZOMEREBIZBIT 2EMBENEFE LTI EHESH, ZOMEMHRKE S
BHEHE SR STV D

EFNZERERE H@Q#E_ofméﬁkowf I, Va2 Z NI AR M(EREFARILA
N7 MPWVERIETDHIETRBELD LN TE S, ZORIFEIZLY ., Fig. 3-12 IR TEEIRRE &
FHEREBICBIT A0 FHREWMBEZ OB FE— A v FOEWAL DE)Z REL 5 Z & T, itk
RBICBI AN TFHNEMBBOBREZHELTE S, AL, 20 Ap DEITEFRBE ORIk &
SEFRTHOTIERLS, HRARBRRHIFOEED 1 2 THHZ LEZEFERLLTELS, YT, %
DEKRRLEH FIEICOWTHEBIZHAT 5,

A BNT AR MK, BTNV ERENTAZ E TV

TN DOERRER L OBEREBEZELIE, ZORJNART My sAE%%%EMm:tF
B Vi aai VAN

ZRET DNFNFIETH LD % Fig. 3-13 IR T L O ICERZ HEINCEE
BT LIT kD BEREES ORI B 5 2. IR

Ry MABDTMCET D, 22T, BEEMTLILICLo BRA~Y PAERE
TELNERINASY N OEEBR L, 20222 MOk SAE#

z EAT I =7 E R 5
BILLBMITICL o C, BxDEBELRDHEEEZRDDZ LV Fig. 313 m #7027 20 b
DTH D, DJFHE

Va BT AT f X, ERRTRARZ LI TAEHERIC L A2RINA LY MV DZE{LAA]
DZEThHY, XLV KRDENB,

Ad = log(“M)
Nl Q1 CHAEEREORVWE ZOBREEE] THY., TAl: AHERIZ L 2BENHREDOE
mjﬁﬁéo~ﬂ5ﬁiﬁfwﬁéﬂ\V:5W71N7FﬂﬂA%&ET%6O
T a BN AT FIVAAITK T HERRIL, Liptay HIZ K VB
TVB B, ZOMHE L USHEERITEM - b - - TS o T b

AN YA TATATAY
B, ERCH/OLNEASY MVOREMTT 52 L T, ROFER ‘\\Qkfi
WEEEDSRD N D, —okE THERE L EEREOTET £ — 2 k

L FDEAL ThB, b —olt. AuOBEBIEBFOM M © e 3-14 AK 8ILonT
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HbD, T TOAEZ, BRI SVIZKT A0 (N7 MWVOAETHDH, BIERIZ, —
EFAPLEBEEL TSI LT UCH L. Bk RAK D LBBEREDLICA 2R 5 2 L
TR ORI AT B, EUCE ) BERETIH T SADAEE BT T LTS
5. R = OBERIET Y =4 L FATT

BB ERABITN DT, v F Ly A )\W

7 MVERIEST ST &L T Fig. 3-14 IZ7-T X 9

W7 PVARE R DD AEEZ TRIT 2 Z &M Peridinin Au 5.42 (x 1029 C m)
TE B, AEDY 2 V7 A7 FLOBIEIL T e
BT 5 BEIL, AuDKE S|AWOEERET S )»&Aw%fﬁxfﬁxjgy
SETHY XD TOREREIEBITHX D rif/( Fucoxanthin  ax=5.01(x 102°C m)
SF OEH DEREZRODIZETHDH, Z n=7 (in2-MeTHF)
WETOMFEE LT, van Grandelle H1Z X > T e
NRY =D A DERRD BN TEY Y Fg UV Y SSNINNNNN o
3-15 WRTEHIERY V=i R = v ‘ Spheroidenone ay = 4.28 (x 102 C m)
EETB7AXY LT IRAT =BT ) P 5l (it e
EHRDBLEBESFBFIZERE2BOD, K& Fig.315 Yo XLy 2T RLORER

An DIEZFFOZ E N> TWN5B 15, '

T, BMERBPOL 5 —2OFHNY LD BERBENCT character) D K& ZIZEHR L, K
MM KREBAREIRO L LI 2 VT AR MVERETDHZ LITXY ., RY V= DRFRHE
EEZORESLDERICOVWTRITAZEICLE, Thbh, R U= VEEEIZONTO
A BNT AR MVERIETBHIET, NI V=VOT LYBRITNCIT LWV RBEENED
IHCRERBHBBICEEL TV HO0ERIFNTLIOTH D,

B. RYTZVEBRADRIERER S
FHEREBICB VW TCERBBIOBREZRETH720, AL IUABAFALR) v—h T V=
VBIOCABLE S DOBEREKDO T 2 XNV T AT MERRIE LT, £DFER, Table 3-3 1277
IHETVUREAREH ORI V=V, TLrELF LT 4 T EF LV CBERITZETOAR
BIERAEDOR T, b RER AW DEEFOZLEBHLNE R, ThbH, RYTP=2D Au
DIEMN 542 x10° Cm THEIDIZH L, T VLU EBEMLEUA VT 4 VBRI 425 x10% C
m, AL 7 4 VEREIZ422x10P°C m, T

Table 3-4 ¥ a F V7 AT FVOFER
BF L SERIRIZ 247 X107 Crm k72 o7, ™ 5

)‘max

Table 3-4 35 & 0% Fig. 3-16 \ZRx3#E1E % Lhik wo®om O om

-C37 Per. 5.42 29 454.0

71, ° N g - S .y nat-

L a B A [ dd %ﬂ/ ﬁfﬁ L 7L /j- 74 /i:g Diolefin Der. 4.25 9.6 459.0

Bk, TARF A VT 4 VERE, maRFY alene o Olefin Der. 422 203 4500
TEFLVVERED 3 DICBNTERETS AcelyleneDer. 247 227 4380

. . €39 Der. 5.29 18.6 469.0

ted chain-
 IRBRED R 2 DI SN RBIBR S modified derivaties ©35 Der. 425 12.4 4365

E< 20 FRZHED An b REREEZRT
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TEBRGNDE, L, TLUEREHORN) Vv VAV T g VEREERET D L, BL
ZARY D= DEFNRKER Aw DEZRL TS, TSR X 912, Ap DR E S IXEHDIREE
BT 2ERBBOBRELFT2D, BERBEBHIIR) VoV OBEITREBRENVI ERHL NI
Rolz, £i-. AAE 0% EE LK% Fig. 3-16 12777, BRREBIZBVT, IV R=/VER
BF T 78 FF—ThHHLEETEHE, RV V= TRT VUCDMNBIZEEMANRD Z & 8T
END, —H T, Fig. 3-16 £ERIDOT L &AM LT 3 DOEBMAED Ap iZHEHEH O FmZmWTER
D, ZDRD, INVKR=)VELOBEBEPESE+LDREMBEINEZ o TWRNWZ LAHEEI R
oo TNHDRERNPE, TUVUPEBEFREEORFNZR-TZLICLY | hOBEZEITITRVEK
IR BWRBENHRBR(CT characten) 5| ER I ENTVWAZ ERHAIIND, ZHIEXT LV OEEHE
ZHIOTHEISRLEBDTH Y, “RY P=VidRET LU E2ESON L5 5 Rt
2—DDHMEREZTH D, ERFEEOBAFOMAIL, MNDO-PSDCIEHE TIZL Y Zivb D
ERERPBRERREL M-I HEOHAERBRL BT DI LR LTND 15

—FH T, FEEEZERTERECONWTEET DL, ERBOT LV UEZEMH L) V=X
HAEENR C39 FHRAEDPRE B KRER Ap OEEFF L TFRINEICHILT, FRIZKLEZD
BERY =00 b0 X /S BIRREICE T 5EMBEIOREIITNINWZI ERHALNE RS
e T2bH, RY V=D A DIER 542x10°C  m THHDITHR L, HEEHRRY P= &
D —2oRV C39 g EIE 529 x10% C - m, HERELNY V=0 X0 —28\ C35 FHixEIL 4.25
x10Cm L7207, T2 CHRARDRES C37T B EFF O V=V OERBEOREN R b
RELKRBZEDHLNERY, “RY DU R CIT THDHDN” &) Eficxtd 2 /R
BrzThdEEZ5,

2.47

o SO )
< 4.25
0 o]

AcO .- Acetylene Derivative AcO OH C39-Derivative

Fig. 3-16 XV V= VEGEICEBWTTHEEIN S ERSENIREBOEKK
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PEDESiT, BIRLAET LU BEIUOARELHE LIEAN) V=V EREEZ AW T2 2 vy
2R MVEBIE L, TORER, RV OBRREELEMBBIOKRE S LOBKRERDL
MZTHZENTEE, Thbb, RIP=URFSOT L UREERCIT LW I REBERN, =R
N —EEDRICEET DL LEAONDREREMBEN(L Y RERA T VA ZFEL T
HILERMLEZ, Ihbid, 7LrRC37 L0 ) REFERPEMBEZR(CT character)iZ 1
TEETHIZLEPDTHREBILRLEGRTHY . S FHEORAD DBHEH R RLF—
CEMEEZRATL ECRELRFHPVICRIERTH D, SOIC. ZOMRO— ML KT
B, BETZ7ax Y o FUBREDY 2 Z V7 A7 MVERIELTWS,
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3-4 FCPcomplex DEH - BHF LU T7a3FH > F > L X FCP complex O FfH
A ITRLF—EEDEDREIZAEITT

A TIE, RNV P=rBLOT7ax S o FUORETHEIn T )V a ~DBHHRM R TRV
XF—CEMELZMATIZLEAML LTS, ZOEDFETRRZEHIC ThueF /4 Ko
RRWEE - TBOENR=XNVE—RE] - [SERBERE] © 3 SDOBREEMTILEN
HbH, INETIT, NV V=UBRUOT7 ax¥ o F U E8REEZAWT, BRI AR~
I INVBERY2ZNVT AR MVERIET D2 LT, FR2IES) & [HBE2BERETHS
ICT B OFER I VEWBBHORE| LOBREZHALNILTERL, FZTROBERE LT,
BREARTRINVX—GEEOBBREZALNICTIRED, ZhbheT )4 NERERERIZE
NEEDZRNFX—CEDEEZRBETINERTNTOIIENEREL RS, TOEDIZ, 7ax¥
VF VNS B T 7 F#A K Fucoxanthin-Chlorophyll a/c-Protein (FCP) complex {Zi£H L, 7
a4 v F URBEEE M AIA A TE modified FCP complex M T RVX —(RENRBIEEREZRAD
Z &L L7, FCP complex {Z DWW TiL, WE X BAERBERTITIIRIIL TR, LHLA
Do, EOT7 I BES OB BB AMICHEINTEY, $-RKESWED IS, F~raK Y,
Ta BN G P E R RGNEFHRIMIRNITOA TS, Th
LOERE#A LT, Fig. 3-17 1277 & 9 72 FCP complex @ F
BEIIBITIEROBEEHMDOET ABBEINTNS &, —F%
T, RN P VEBETHLRBICHREZRET ELEND B0,
Sl ~_ 7z X 5 12 PCP complex I RANLRONZELMEDZ
EMTERWED, ENZ AL LTS Frank B0 /Y L
TEY, XY V= EEE% PCP complex ([ZHAA AT FIEZEEER
NREETHTH D,

TRNVX—EEDEZRETDEDITIIUTOFIERNLEL RS, Thbb, ETOERGED
FTaA NOXAMEDHETe & 737 FCP complex DEBEA1T 9, Fig. 3-18 IZR-T X H1T, H
BRI FCP complex 7213 T2 <, BBREZ1EV 9 PS1 °PS2 & PRI 2 KL H L0, HY A
FoEBSY N u LB ERERAREIVARIEPREFENTND, £DED, ETZOH00H
Fr72 FCP complex DA% BBl 5 Z LB E L 25, KRIZ, @F L7 FCP complex 22H a7
A4 RBRTaxVrFL)0hEREL, CP complex 2T 5, 7axd o5 EgikEiE
HIATIZIE, ETRAMTHD 7 ax Yo F U E2#RETHLENRD D, THNIIHBRTHHB, o
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TO5M4ZEM LB Right B AL DRV 2V THBICEVERTHZ LERALTVD
LNLRR6, ZOXREHPEVWANLE Y WIX, BRI >TELEZ o fLOT =4 v ORISHEN
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ELRIGHDET Loz, 2T, HICRight B AV M8 L 3BHBAL 746 2WBEY =
VT7RISC X DR SEt, RBICAVT V77 /) FREBETDI L LA, HUHOK
B2 ) 7TRIGTIR, HE, BEBIVRECZOWTEAB LZE A, U4 5h
NaHMDS f#7E T, BiR TRIGHEIT L 43%DWETERMEB/BDLIZ LN TE T, By 7V I
DRMEEEIZ10/ /1 A =NV TV REREEBDERoTcb DD, ML LIXIUMLD Z K
LEZODNDRIERD LB LN, RIZEEFREW P LELNZI5IZX L, 7 vibkh ) U A
2L D TMS EDREIZED T X 16 257, LLRA 6, 16 1THEET D LEEIIRLZET
Holried, BEEETIZU VR b TAVF U777 ) FREEELE, T7hbb, TMS £%2K
ELTcth, TEDEE Left B/ AL FS LOBEBN YT Y 7 fH FBRIZLVERLTHI LT,
DRy hTCAVT Y77 /) FREBELEZTLC ETH Y 7Y U7 K17 2B TE 2Tk
BRTHRIGIE, FBERMUZEZIZ S5 CIZARBTHZELETERA VT TT /) FERYZ b
SRR IK YBS-23 % 40%DINRTHED Z & zsf’éto FET 2 ZEEEZ BRIV A—V T
VAEASLINREEH, T HPLC IZ X 2 5 E1TV NMR 12 K A EEFTIC LD A — b
TUAETHDBZ LERHER L,

"
M’ 302 BT
P TMS OHC™ \
(ME/M1Z=2/1)
AcO '

\'OH 5: Left segment 8: Right segment

OH
5: Left segment PN
XN SO,-BT o, o
gl (Ef( OHCT N X —#> 3: YBS-2 Derivative

/

. OH OH
8: Right segment L mbs 1w g O (o
+ 4 XTI KF // XX
dioxane  TMS oo DMF 00

0,
6 r.t., 43% N 15 r.t. = 16

OH

Left segment 5 4 SO HCO,H
TN —> 3: YBS-2 Derivative

ol
Pd(PPhs), A o) 55°C
Cul, EtN, r.t. i 40%
AcO \ OH 17

Scheme 42 A VT 777V F®RE 220V 7 b IEEEEEEDOER

EnZ, EEOFEICEIVAV T TT 7 U FRE 1 DV 7 P SRTEEBREOERIT BRI L
72(Scheme 4-3), 3 B AL 7 46 L Right B/ AL M7 DHBE Y = ) TRIETIE, RIGGEH%
e LEbOOWH LA V7 4 VD E ZHiX1 1 Eeol-, FFEIZ TMS £0KRZE, HEE
BTV T L AVT v TT7 ) FROBEEZ T Ry NTITH T LT, YBS-1 2 DEHE
B LT, LLRAL, ZORGTIIFBREDONETRIARY b/ OIVRINEL 72572, YBS-1
FERRAE D FRIZ HPLC IC X W 0B L 72, NMR IZ L A BEBEREE T o7z, &%, ZORIERD D
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NMR T8 L ORIG R G 2 R T D BERH D,

OH
13 Ry
)\/\/\w' Y S0.BT 0.,
& ™S OHC™ ™
AcO \

(13E/18Z2=2/1) PR -
\OH  4: Left segment 6 7: Right segment

[e]

HF, DMF

(9'E/9Z = 1/1)

. Ri ; Left segment 4
7: Right segment  n..LMDS Pd(PPhs)s, Cul, EtsN .
+ ——-T-;-E-—»TMS ————— 2: YBS-1 Derivative
6 0oc,30% A9 Ouqg  HOOH

45 °C, 22%

Scheme 4-3 A VT 75 /0 FEE%Z 12V 7 b Z3RTZEBREDOERK

D. #4:E

ED Xz, BOLERES BRIV 4V E2FHICEAE L, Zhd Az 3 fua it
RIGEBFETAZ LT, VP20 )T 7T ) FEREE2Y T S REERIEDOE IR
L7z, ZOARBIEX, RIT=VOREBEOMBIZA VT 7T /) FREBEATE, S HIT Left
BLO Right B7 A bOEBREOREIEZMEI I LT, BEICEEHEZUE L EEE
LA TEANAEOBNFETHE, £/, INOEBREOEERINALZ b EZRIE L E
A ANFFURIZEBNTRY =R 454mm THHDIZH L, A VT 77/ U FRE—DY
7 b &E72 YBS-1 $HiZAIT 448 nm, o3 7 b SH 7z YBS-2 FEMAIL 446 nm & T NRN HiE
WRR BN, TOENE S FEMOERBOB O TREARZRETIHRVWEHRUEINEN, 1V T
YITT ) REROMNBIZE s THEL LT 4 VBT 2BETFORNVIGEVRELTWVWD Z L Z2R
L TR Y EFICEKEY, BE, ThOEREOBEERBSMBRNART PVB LY 2 2V
AR MERBELTWAETTHD, 2 DDARRT MUERNS, BHBEBIOKRE &L ICT
WM ORENOBERERELNICTE S LHFIND,
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4-2 HEEESFORSE
A Fif

INETRY =BT EANVT o TT ) FROKREIZEBET D720, Ben) P=y
HEREDEHREIToT&L, I T, AVT V7T /) FROWER B2 anLHEET D
DR ELEBLUI 0T ) A4 FOARRIZONWTHRRS,

SHFHREIZBNT, AT 4 VR 11 THER-IuT e EOREHEEEXTZB-IaT
VEERE DY 2 FNT AR FAVDRIERITOILT VS (Fig. 4-4)°, £ Z T, %kuﬁg¢ﬂur
TE)REREELEZ L —EOA VT VT T/ ) FREGALEBUIRT /A4 FEEKL, 18
B DHBEEF ST B- IR T VLR ENRINEL LR LZDOREDENE ST D LI
Fo T AVT V77T ) FROREZEETHZ L2 ERE LT, J’b%%ﬁ{,{ﬁm*f/4 NS
RY =R EBE LSRR O L RABRE D, LN o T MOERE %%@ﬁwtb
AVFUTT ) FROBOREMBDIENTES, Thbb, A VTV T7T7 ) FENVEMN
BEIRZR(CT character) DREBB LWV ICT BB ENIFEEETHHINEEZH LT, BEERER
FEEBLILENTESL LHFIND,

o, IVHR=NVEEbOBEIT )4 RBREBESNDSG S D 1 2OEERH D, L, &
W aT A4 RO 3 RIFBHHFIEEOEN, ERED 7T ) A FITEXTHEREIIRES 2T
WAHETHD, 3 WIEREAFRE LT, KOS %E 3 RIZTIHHRTHY . WEHONWHEDS
BICBWCTHEHEREENTWD, BEDI T /A RIZE2eeamel s LTS TBh, Ihn
SO aT /A4 R L2 BT 52 L T, FiRBEEDEORBRORKL s &
BEIRFIND,

NG Y G S YN \\\\\\\\\
p-Carotene BL-11
n =11
AN e Y S A YA S \\\\\\\\
BL-10
AN Y YA YN \\\\\\\
N S SN \\\\\\
n=8 BL-8
NG YN \\\\\
n=7 BL-7
w iji\/t)\/\i@
n=6

Fig. 4-4 HEHEZBELTZB-IuT v Fig. 4-5 HZELZUELBELUI =T /4 F
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B. &RCERE

RELEEEUIeT /A4 RTHDLTT /U MEAEW®BL)IL, Fig. 4-6 IR THEBRFIEIZ L D RHk
BIZARTAIEE Lz, T7hbb, TAF 19 LEREEE L EELA4OE=1a—P R 20 %
ZNTNER L, YHARBTHRRERINEZV VR Y NCOBEBEI TV T <A VT 7T/
U FROBEEEZA VDI ETARTED LELZ, TNETICHBHEEIUE LR V=FE
BHEOARIZBNT, BORY T2 TIRBCHLTHIOA VF 7T U FROWEEE
BEDHTHDEIZEHZRAHLTWER, FZETRVWA) UV EFOEBICHERTE 204505
TV, 22T, TOBEAKAL®RET AL & Lk, 728, BL-8,9 IZOWTIIMHREDK
HA&DERMETHD,

o o/\/
=
x AR A
W -+ |w
n=-1~4 FTTTTG T \ =~
One-pot : 19 20“ 1~4

Butenolide compound (BL) Ylldenebutenoltde

Formation

Fig. 4-6 A RCHRIE

C. BhEAET7ZILX>DERK

ET. TAFX 19 DA% Scheme 4-4 ([ZRT, B-A A/ VD 2EBHA VT 4 L EBRIREYIZA Y
VAR L%, NaBH, CEBTTAZ ETTIATILa—Le Lk, RIZBILLTELNETLVT
bR FRHICEKBILININVE VB~ EBELTCLEI D ZDOT AL a— L ERFLTE
g\MgﬁﬂMM%%MK&D?»?EPK@MLT%M%:&&LtO%E\Tfﬁﬁﬁéﬂ
TWDEBIEIZESETAX 19 ZEE LY TAT e N 2212675 Wittig )i, i< —EIH
BEREBLICED 7T /) F23 & Lk, ZBIROZREER, Corey IEICL W U7 nE{k24 2157,
B4 12 NaHMDS 5 X OV EtMgBr @ 2 fE D E 4 -100 °C TIEASE 5 Z & T, 78%DINE TE e
TLX19 ZERTE R,

1) O3, -30°C [{P"PhaBr o]
MeOH/ CHCl, = 1/ 1 B )
Eji\/ko then NaBH,, 56% ijf\CHO 1) ~o” " TBS, "BuLi, 52% A OH
2) MnOy, THF 2) Oy, hv, TPP
21 70°C, 81% 22 -78°C, 91% 23
0. _ONF o 0/\/
1) B, iProNEt 1) NaHMDS
DMSO A Br 2) EtMgBr NP
B
2) CBry, PPhg Br THF,-100 “THF, -100°C
EtsN, -60 °C 78%
77% for 2 steps

Scheme 4-4 T F L DERK
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D. 8 REEOERLZSIE-LI—C FDOERK

—J, BrxOE=1a—Y KX, B-A 4/ b Wittig KIiSZHEE L LTEBIZARTHZ &
N TE - (Scheme 4-5), £, AV 74 v % 2O0OFTAHAE=NVI—TUR25F, TAT B K212
5 Wittig RIS &Y E BRIICEKTE /2, RIZA VI 423 DATHE=I =T F 27
i, TTIRHRE SN TOVAFEIZENT VXL 26 ~OEH, H AFATAVIFR—TarBLO
SURICED I Ty FIE Y BIFRNRTARLEZ S . AV 74 0% 428575 2913, B-
A Z ) KT D HWE Kin, DIBALETIC L W 7 va—L28 & Liztk, AR LavRE2ET
5 Wittig B2 FAVWTER LTz, LALRBDL, IBL P NI LoF LT 4 OB EAEI Y &
V74 VOB ZER2 UL EBHEZ R0l Ted, HxDREEDEFEEIZTE THRY, ZORIG
WZOWTIHRERFFTH S, —F, V74 & 5208753213 BELICK>TTTIIHRE
ENTVAARRIBICHZITESICARFRETHDHEEZDND S TR, TAFL 26 ZAF
NTWVIF—=arlz30iixstl, 7aI FEORED T ) 72k 0 HEHEZHER LI,
TASRRIC L 0 HBEBENTAX U3 E2ARL, INEFBEATFATAIR—T a2, i 3
DELICLD 2 2EBBFETHD, SHICFL T4 v h 6 0FTHTEI F341E, TA% 31
R LAFATNIR=—a il 3B e2E HE=AI—U FEDRED YY) 7280
B TE D,

CHO P*Ph3CH3Br NG|
LIHMDS, I,
m———————-
(E/Z2=711)
22 THF, 64% 25

1) LDA 2 1) MegAl, Cp,ZrCl,
Eji\/Lo CIPO(OE),, -78 °C -7 CHyCl S N
2)LDA then Iy, -40 °C, 67%
21 26 27

0°Ctort 72%

(o]
EtO-p__co,Et
1) Et0 %, NaH
6(\*0 )THF, 50°C, 97% NoN"oH 1) MnO, NN R |
2) DIBAL - 2) P*PhCHall”
21 )0°C,94% 28 (9E/92=7/1) “ \aHMDS 29
THF, 57%

TMS

1)Br/\/

. MeaAl
A AlMe, ZnCly, Pd N7 CpeZiCly S NN
-------------- E B
2) K,CO3 then I
30

MeOH 31 32
MegAl
CpoZrCly AR AR AL B A A _Br
< sl - | 9 - 7 emzm—ee- -
ZnBry
33 Pd(PPha)s 34

Scheme 4-5 HEEEX UL LI =13 —Y FOEHK



E. BB FOER

FNENDY VMU BARTERZDT, DRy hTOA VT U777/ FRIESEKEEZ AT
3ODEEUIT ) A4 FOEREIT>To, T OFER% Scheme 4-6 12777, HEHEN 6 DELII =
7 /A4 K BL-6 IZBWTHKIGSRGEEEARE L2 E 2 A, /NT P LT PA(PPhy),. FMMANZ Cul
ZRAWEBEICRNTEIT L, YRy M TIUBEFEEHIE LT 54%DINER TCELA D 2/ 5
TERTER, TORISTIE, BEY v 7Y U FIERRTESHICET L2—F T BIERGI
EETI7TRRBELZLEL Lz, £, R{LATEREL BL-6 1L, TLC DAR v FOAEHF LT
HDIOVAANT MERNTRIGDERZHB Lz, —F T, RIGRELZ & D H7-9HIT 45°C
WHR LG R IEEER LM LT, RICBL-6 KIZBWTCY VR y MRISGHEIIL7ZD T, ZOK
IS EZDOEELEHN T OOBL-7THERB L8 D BLS (FIZEA & ¥z, ZORR. Rk
IR DODLICFABEDOINRTEMMEHTD Z LIZHII LTz, Ziub DRIGTIEL, BL-7 &
I3 BL-6 (K & [AFRIZEIR T 17 R &2 4 F & L7223, BL-8 1% 5 BRfE CRUG M #EAE L7z, 2@ BL-8
FiZ, TNETERLTE2RY V=V ERE LR L TR bEEEHDIREWEEM TH 2,

OB nT ) A4 FOBEITIHPLC IZ L ViT o7, BL-7T I3BAIMEZEZHIE L TV 5D
TR D MBI R o7, BL-6 KX URILEW 25 DALV T 4 BT | OREEIREY
ThH D7, IEHEHPLC Z AW TR EZRA T2, L L7 6, BL-6 FITMBENMEW - D EBHRE
WEA~FYF ORI L THHMT DI N TERN o, £2C, ¥/ HPLC & AW CIEEEZ 7
Th=hUNMAZ ) =)Lk THF =87:10:3 25 12T B2 L T THMET A LN TE -, 22
Ti&, THF & AW 2R ITXEE B EICEMRE T Lz, —J5 BL-8 {KiX, BEEEIZ~XV
vEZBAWTNEH HPLC I X W AR 215G, K LFFOFMFETHEMHAPLCIZ IV ER L, Zh
HOLEWITITNTA00 MHz D NMR 12X VA=V T U RAETHDEZ L 2HER L, b
PaaF /)4 FOERBINEEZ T2 &, HEHEB—2RALDZ L TEXZ 20 nm E{bL T
WD ZEBRGNDH, TO/BRIT, NIV TP=rBLOTax Vo FUroBREELE X LEEET
BRIZN.bDELERILRARTH S,

=
0, 0 Pd(PPhg),, Cul Q o
PN 4_1_ PN EtsN, r.t., 10 min S AR A
then HCOzH
19 25 17 h, 54%

BL-6 (386 nm) (in hexane)

o)
Pd(PPhs),, Cul 0
EtsN, r.t., 15 min
19 + X 3———-—> NN
then HCO,H
21 17 h, 52% BL-7 (412 nm)
0
Pd(PPhs)s, Cul o
EtsN, r.t., 15 min
19 4 I e NV
then HCO,H
29 5 h, 54% BL-8 (435 nm)

Scheme 4-6 HREMED T D H K
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F. #5585

UEDXSICEFZ, VVoRy bTOA VT U T T/ ) FROBEEZHANTEH LT 0 VERN
6. 7. 8 DL 1T ) 4 N BL-6, BL-7. BL-8 DARICAKII LTz, ZOHESL L7ZARFIEIL, 3
DOOEBIZBNTHEEHENEL 2o THONRIZKREREMN L NWAKOBBVWFETHELLE
2B, S, SHITHEBEHEORE D BLY ®° BL-10 ZAMTALERH Y, ¥ THBHELIED
EEICHEATE 20EFICHKIE D, E-Z0EMIETIE, BL7FEO LI =1a —2 FOL
BAEZEHBETENIR, L7 4 VOB EFEEZRRITHET 22 LB TE D720, ZOHEN
SHOBELIRD, ;

INETERLEELIaT /4 RiZonTik, HRE, BEERMOMHRINART PABI O
Va NI AN MERER TH D, DNFHESE LI T VERELERTHZ LT, A
V77T ) FRODRZ I NETLERERIBADOEBTEXIZ LBMHFIND, T,
INHIX 3 ROFBEAZISEEZ O &N TFRIN., FHRMENDEORB T =FRLY
VIR B LRI NG,
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4-3 FLIT42 AP RZEZRAWNzHAAT/ A4 FERT
A Fif

TV T4 AZ RV ARG, AHBERICIEE A58 At v 7 4 VEBRRIETH Y
%< DBEMERRBDODEEHIZHNONTND S, fiCbz A U AF VR IRRY v —(bKG
Vxla REHICANONDR, R AZKHTDF LT 4 v A Z BV RITEE R VEIRGA
BIDIENTFREREINDD, FLALANLN T RN,

—H. AnT A FOERICBNT, BEREBIZITRIZR T vy 7Y VI FESAVLRLTY
B, BPlziE, ThETIRRRERY V= 7axP o FrBlUE0EREOARIL. &%
Ay TV TCHBRY 2 ) TREERAVDZETERLTEZ, IHIC 1 ETHRAZ LI T,
Burke 5D V= DEKTIISER-BERRGZAVTEDOEREZEK L TWD, LRI 1
7 /4 FOERAEIE LT, Scheme 4-7 IR TR IIZB-A 2T v OERTIE, 3 VRLEW2T X
A& 35 O 2 EEORDIZES Stille By TV U T EVENTRNOREEREA LTS 2,
£72. McMurry 6137 b7 7 manFE2 o 2HG, RXRUFZTF—136 Z McMurry By 7Y U7
HIET, ZOHBIaT /A4 FEAEMRLTNA B, X5IZ, Koo bidANLRY 37 Ioxt LEES
AT, Ramberg-Backlund KiSZ AVD Z & TEDEMEIToTND MY, LoLRR6, ThE
TOEMIETIEA VT 4 VOMELZEORBESH » 7 ) v T Dldizdbial b 250 v b
PBRLBELRD, ROXREZFORLERLEWITH LEL OEREEMBILELRD, £,
McMurry 7 v 7V 7 b BEREA 2T ) A FIZITEATE 2VBERRH - 72,

Stille Coupling
N Pd
@:\)\/ +BU33HWSHBUQ+|& —— p-Carotene
27 35 27
McMurry Coupling
TiCly
NONNNCHO L e S Y — p-Carotene
36 36
Ramberg-Backlund Reaction SO,Ph SO,Ph
S X = N NaOEt

S —— p-Carotene
O,

37

Scheme 4-7 XA T /A FIZBITDHINETOAKE

ZZTCEERZI V0T /A FOFREREORFELBE L, YREOH D LETFL T 1
AZRAERAWERHInT AR, EF TR UFUoBIUI LTIV UTFUOEMERS
Teo VT4 AFRBIRIL, REEFFEE LN OERE S ITRABICRE LW D, BieEE
FIEICE, RE, WREOMEL RE B TELIHRRH D, £, IHEInT /4 FO
BEHRTIE, | BEOHROG DA TEILKAROAT v 7HEERBHETHI N TE, BELREETHD
=W T UAERELND EHIFETES, LLERL, R ALEMIHTH4L 7 4 v
ABEVRE, BB LICELORIGRER L, BEERVEIRIGHEZ 52 R THEIN
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B0, INETIEEATHAVLN TV RN ST, LERS T, AfRIZa=—7 2 >F ¥ L v
T RbDTHDHEERD,
47 %% F 0% Kuhn B2, I 47
¥ > F 1% Nische HIZ L - THEf Sz
W aT ) A4 FTHD 1516, I£iT Eugster HO Violaxanthin (38) on
BIZE>TABEN, BERESNL TS “ﬁ;}'
18 2 OREERAE E LT, Fig. 4-7 IR /)%AVKf”&Y\”?/
TEICEEA TR U F UL 2 2OZFRF mjiﬁm Mimulaxanthin (39)
VIRE O ODHEFT VT 4 U EFEDL, I A
TRV UF T L URER L ERICEEL T
DOHEF VT 4 R L, RIIELAIHOEEEZE L TWD, Bugster bid, ThbDAhwT )/
A K% 3 BAIZ21F, Scheme 4-8 IR TFEEZAVTAER L TND, T72bL, V=7 —140 %
L7 Vv E2HFTHT7ATE R 41 & Witig ¥ 42 & O Witig K. £ 21X
Hornor-Wadsworth-Emmons KMZ & D Zubxz Iy 7Y 7 LT3,

Ph3pvaph3
42
X -CHO
0 Wittig reaction \ ) .
HO 40 Violaxanthin

or

or
_ )\/CHO Hornor-Wadsworth- Mimulaxanthin

Emmons reaction
HO \‘OH “ + Reduction
(o]
it ENE
(Eto)zpmg(OEt)z

43
Scheme 4-8 Eugster bl XA EF T XV FUrBLUI LT X I F U OERK

Fig. 47 ©4 I XV FrBLUI ATV F L OEE

B. &R

EEITRICHRAT LD THBEI 0T ) A FOBMERERIEORZ B L, Rind L7 1 46
BLPATIZHTHF LT 4 AFEBVRZED  EFTF Y FUrBLPILTIXRY U F U ag
9B Z & & L7z(Scheme 4-9), ZNHERMGA VT 4 VOERKIZ, R) =T axyoF UE
ik EERT 2DITHNEZY

OH

YR ERRATAIETERIC 5« "’0\ X Grubbs cat. -

FECXD, FEICKRY L HO ' 44 HO' ‘ a5

&:ﬂ_fé Gmbbsﬁﬂﬁ@}im‘ﬁ% 2 % y SV Yo Yo YN Grubbs cat. . )
BB, BEFAEEmE LT - o " —_— Violaxanthin (38)
C30 ©°4 7 X% F JEZE 45 SUSN

EREL MY U MICHTEE if/(f G2 Mimulaxanthin (39)
1/7’(:/7( §V‘Z:\/x%’/ﬁ15:k HO \'OH a7

L7, Scheme 4-9 & FCEERS
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C. EXSx4>FoDER
FVT7 A AZ BV RCMHELRDRGA VT 4 DER%Z Scheme 4-10 1277 F, BEENID 48 12
HLU NI ETERLELEBREEDORRDZAXT NV a— L 49 BLUS51 LD Stille I v 7' ) v 7 %4T
I ET, MRMEEEFERCHBLAERL YT ) — V0 BIOT I/ — V582 3577, &6
W& 2 DTN a— IR L, v H B i< Wittig KRMCED M= 4 BN F v
46 ZFEEICARTHI N TE, £EHORVWU X 46 OB TIX, Wittig FNZ LY
BADF VT 4 BERMEEL 13B/132=7/1 DERMEEKREH L IR-T2b DD, REFRINETHERR
MEBDLIZENTERL, ZORIETIE, 20 °C LV FBTD L7 4 v OBRMEEN & ST

LEMEREIT3/1 EleoTz,
BuBSnJ\:Q\OH

R
Pd(CH5CN),Cla, LiCl NN

o)
DMF, r.t. HO 50: R = CH,OH 1HMnQ,
86% :I 2) CH3PPh3Br

| 44: R = CH=CH, NaHMDS
:(o ] 72% for 2 steps
HO' J\/\/k/\
BuzSn NN OH

48 o
Pd(PPhs)a, LiCl, PrNEt s s bR
DMEF, 65 °C O
64% HO §2: R = CH,0OH

46: R = CH=CH,

MO,  _

2) CH3PPh3Br
NaHMDS, -20 °C

70% for 2 steps

Scheme 4-10 Fr U o BLORU X DERK

TNENDORET VT 4 VIBRERTELOT ET NI 2 MBIZHTLEIA VT 4 o AFETR
%47 > 7= (Scheme 4-11), Grubbs & 2 A Z VY, M= H45 °)C THBERR LT L 2 A,
53 DN TELERME/D Z LB TE, BONTERYD HPLC S &iTo72L 25, 92%
VI EWAME T C30-E A 7 X FUBEGERBELNTVWAZ LABALNL o7, T
Grubbs filifiE®D Ru BN, SIEBEEDRE VW2 BRI L7 BION3 BRI L7 1 6EK
WO BERA LT 4 VEERIZRTHZ EICL o TRIGHEIT LR TH D,

Grubbs 2nd cat. OH

0,
PP (5 mol %)
.0 toluene
HO 44 45°C,53% HO

Scheme 4-11 C30-t4 7 %% F LV ERIEDERK

WIZRUF T 46 IR T HA LT 4 VA BV A BB Lz, TORRE% Table 4-1 ({27R T,
FRTIHTE A ERNITET LR D03 45° CIZFRIBSE D L RGTHEIT Lz, LHLARR 5,
Entry 3 QX S ICRIFEHEET L2 L EBMB SR, ZEALBHRMERDLZERTERP T,
ZZ CEntry 4 IR W THBEDOES 0.1 SBIC LT 2 L NRITM EL, & 51T Entry 6 TRANRE
ZA5°CH60°CIZTHT LT, 6TDWNETEFMER/RD ZENTERZ, —F T, IHIZHE
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L 7= 34 <0, Hoveyda Grubbs fifif 35 L OV — 4% Grubbs fillfif % AW 28 TIERWERIIB LN
o,

Table 4-1 46 1=kt BF L7 4 VA FZ B ROES

S AN A catalyst
"0 13 Violaxanthin (38) \ X Y \
HO \ 46 toluene (470 nm)
C

30 (423 nm)
entry cat. (mol %) temp. (°C) time (min) d:?%ldnj ‘;; (%) W Q/\(\Oj;g’
1 Grubbs 2nd (5) rt 20 trace Ho €3
2 (5) 45 20 37
3 (5 45 120 trace A)
4 (10) 45 20 56
5 (10) 60 10 87
6 (5) 80 10 13
7 Hoveyda Grubbs 2nd (10) 60 10 23
8 Grubbs 1st (10) 60 10 10 I
30 min 30 mm 30 min
Detected wavelength 470 nm 423 nm 423 nm'470 nm

Fig. 4-8 HPLC/3#T

Z O Entry 5128 3£/ D HPLC B %217 - 72, £ OFER. Fig. 4-8 (A) 1Z/8T 470 nm D
UV &2 AWEST TIHIZEOO B —7 LMBBIENZRW—F T, (B) 27757 423 nm ® UV kX%
AWl Tid, QO —RNRKRELBAIENDIZEBRHALNE RS, ZTHiX, UV B U~
AARY PV DFERD S IBENINTEL o7z COEREKTHD Z LB hotz, £ T,
ERER CA0 B A T XV U F U DINEERD 5 720 HPLC HHTIZ BV TREFRERE A 30 25 DRFIZ,
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Table 4-2 53 IZxtT DAL 7 4 v A X B ADWE

@ g ® |
entry cat. (mol %) temp. (°C) time (min) oru dimp?ggtgtf (%) ‘
1 Grubbs 2nd  (10) 60 10 34 ‘
2 (20 60 20 56 /\} L\
aadding at 4 times of 5 mol % at 5 min intervals. -
Detected wavelength 470 nm 423 nm
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General. All commercially available reagents were used without further purification. Solvents were used after
distillation when it was needed. Tetrahydrofuran (THF), diethyl ether, benzene, toluene, and dimethoxyethane
(DME) were refluxed over and distilled from sodium-benzophenone ketyl. Dichloromethane was refluxed over
and distilled from P,0s;. Dimethylformamide (DMF), dimethyl sulfoxide (DMSO), and hexamethylphosphoric
triamide (HMPA) were distilled from CaH, under reduced pressure. Methanol was refluxed over and distilled
from Mg(OMe),. Triethylamine, diisopropylamine, and diisopropylethylamine were refluxed over and distilled
from KOH.

Preparative separation was performed by column chromatography on silica gel (FUJI Silysia Ltd., BW-200). 'H
NMR and *C NMR spectra were recorded on a 400MHz (JNM ECX-400) and 750 MHz spectrometer and
chemical shifts were represented as d-values relative to the internal standard TMS. The optical rotations were
recorded on a JASCO DIP-370 Digital Polarimeter. IR spectra were recorded on a JASCO FT/IR-8100 or
JASCO FT/IR-5300 Fourier Transform Infrared Spectrometer. High-resolution mass spectra (HRMS) were
measured on a JEOL JMS-T100LC spectrometer. Analytical and preparative HPLC was carried out on a JASCO
PU-2086 or PU-2087 and Waters 1525 Binary HPLC pump, and a JASCO UV-2070 UV detector and a Waters
2996 photodiode array detector.

(15,2R 45)-4-tert-Butyldimethylsiloxy-1,2-epoxy-2,6,6-trimethylcyclohexane-1-carbaldehyd

e 29, To a solution of oxalyl chloride (3.18 mL, 36.9 mmol) in dichloromethane (90 mL) was Ef’@,m
added dropwise DMSO (3.08 mL, 44.2 mmol) at -78 °C, and the mixture was stirred for 10 min 550

at the same temperature. To this mixture was added a solution of alcohol 102 (4.43 g, 14.7 mmol) in
dichloromethane (13 mL), and the resulting mixture was stirred for 20 min at room temperature, water was
added, and the mixture was extracted with ethyl acetate. The organic layers were combined, washed with brine,
dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography (5%
ethyl acetate in hexane containing 3% triethylamine) afforded aldehyde 29 (4.13 g, 94%): [a]**, ~76.8 (c 0.84,
CHCLy); IR (NaCl, cm™) 2957, 2932, 2858, 1727, 1471, 1384, 1254; '"H NMR (CDCl, 400 MHz) & 9.80 (s, 1H),
3.85 (m, 1H), 2.24 (ddd, J = 14.6, 5.4, 1.2 Hz, 1H), 1.71 (dd, J= 14.9,7.6 Hz, 1H), 1.49 (dd, J = 132,34, 1.2
Hz, 1H), 1.38 (s, 3H), 1.28 (dd, J = 13.2, 9.0 Hz, 1H), 1.27 (s, 3H), 1.07 (s, 3H), 0.88 (s, 9H), 0.05 (s, 3H), 0.04
(s, 3H); *C NMR (CDCl,, 100 MHz) 8 200.4, 72.3, 66.1, 64.2, 46.3, 40.8, 33.6,28.0,26.2, 25.8, 20.6, 18.0, -4.8,
-4.8; EI*-HRMS m/z calcd for C,;H;,0,SiNa (M+Na)*298.1963, found 298.1973.

(1S,2R 45)-4-tert-Butyldimethylsiloxy-1,2-epoxy-2,6,6-trimethylcyclohexyl-1-ethyne 29°. To =
a solution of Pr,NH (1.20 mL, 8.63 mmol) in THF (30 mL), was treated with n-butyllithium /Ej\{
(1.6M in THF, 5.08 mL, 8.12 mmol) at 0 °C and then stirred for 30 min. The mixture was

cooled down to -78 °C and trimethylsilyldiazomethane (2.0M in diethyl ether, 4.32 mL, 8.63 mmol) was added.
After stirring for 30 min, a solution of aldehyde 29 (1.50 g, 5.08 mmol) in THF (5.5 mL) was added and the
resulting mixture was sitrred for 1 h at -78 °C and for 2 h at room temperature. The reaction mixture was poured
into a saturated aqueous NH,CI solution, and then extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel
column chromatography (from 1% to 3% ethyl acetate in hexane) afforded siloxy alkyne 29’ (1.17 mg, 78%) as
a colorless oil: [a]**%, ~119.8 (¢ 0.51, CHCl,); IR (NaCl, cm™) 3311, 2957, 2857, 2100, 1385; '"H NMR (CDCl,
400 MHz) 8 3.75 (m, 1H), 2.35 (s, 1H), 2.18 (ddd, J = 14.1, 5.1, 1.5 Hz, 1H), 1.62 (dd, J = 14.5, 7.9 Hz, 1H),
1.46 (s, 3H), 1.45 (m, 1H), 1.22 (s, 3H); 1.15 (m, 1H), 1.07 (s, 3H), 0.83 (s, 9H), -0.01 (s, 6H); *C NMR (CDCl,,
100 MHz) § 80.7, 73.8, 66.2, 64.1, 63.0, 45.4, 40.1, 33.7, 29.4, 25.7,25.4, 21.5, 17.9, -4.9; EI'-HRMS m/z calcd
for C;;H,,0,SiNa (M+Na)*237.1311, found 237.1321.

(1S,3R 4R)-3,4-Epoxy-4-ethynyl-3,5,5-trimethylcyclohexanol 50. To a solution of siloxy P
alkyne 29’ (1.17 g, 3.97 mmol) in THF (19.9 mIL) was added tetra-n-butylammonium fluoride 1.0 ,if(
M solution in THF (11.9 mL, 11.9 mmol) at room temperature. After being stirrred for 1.5 h at "

the same temperature, the reaction mixture was poured into a saturated aqueous NH,CI solution, and then
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extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered
and concentrated in vacuo. Purification by silica gel column chromatography (from 10% to 50% ethyl acetate in
hexane) afforded hydroxy alkyne 50 (623 mg, 87%) as a white solid: [a]**?, —45.6 (¢ 0.58, CHCL,); IR (KBr,
cm™) 3480, 3449, 3258, 3233, 2978, 2870, 2108; 'H NMR (CDCl; 400 MHz) 8 3.82 (m, 1H), 2.42 (s, 1H), 2.35
(ddd, J = 144, 5.2, 1.7 Hz, 1H), 1.64 (dd, J = 14.4, 8.4 Hz, 1H), 1.60 (ddd, J = 13.2, 3.4, 1.7 Hz, 1H), 1.52 (s,
3H), 1.28 (s, 3H), 1.22 (dd, J = 13.0, 10.3 Hz, 1H), 1.12 (s, 3H); *C NMR (CDCl,, 100 MHz) $ 80.5, 74.1, 66.5,
63.8,45.7,39.7,34.0,29.7,25.4,21 4.

Ethyl (2E4E)-5-(tributylstannyl)hexa-2,4-dienate 52. A mixture of alcohol 51 (1.50 g,
4.15 mmol) and manganese dioxide (24.9 g) in THF (24 mL) was stirred at room auSSn)\/\/c"zE‘
temperature for 2 h. The precipiate was filtered through a pad of Celite, and the filtrate was concentrated in
vacuo to afford crude aldehyde, which was used in the next reaction without further purification.

To a solution of triethyl phosphonoacetate (1.08 mL, 5.40 mmol) in THF (20 mL) was added sodium hydride
(200 mg, 4.98 mmol) at 0 °C and the mixture was stirred for 10 min. To this mixture was added a solution of the
crude aldehyde in THF (5.0 mL) at O °C. After being stirred for 5 min at room temperature, the reaction mixture
was poured into water and then extracted with ethyl acetate. The organic layers were combined, dried over
MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography afforded stannyl
ester 52 (1.57 g, 88% for 2 steps): IR (neat, cm™) 2961, 2928, 2870, 2852, 1716, 1620, 1462, 1340, 1304, 1265,
1132, 1095; '"H NMR (CDCl,, 400 MHz) 8 7.67 (ddt, J = 15.3, 11.2, 3.3 Hz, 1H), 6.34 (tddd, J = 29.5, 11.2, 1.9,
0.7 Hz, 1H), 5.79 (d, J =15.1 Hz, 1H), 4.21 (q, J =7.1 Hz, 2H), 2.13 (s, 3H), 1.4-1.6 (m, 6H), 1.25-1.35 (m, 9H),
0.8-1.0 (m, 15H); *C NMR (CDCl,, 100 MHz) & 167.8, 157.9, 137.6, 136.5, 119.9, 60.1, 29.0, 27.3, 20.6, 14.3,
13.6, 9.2; ESI-HRMS m/z calcd for C,,H330,SnNa (M+Na)* 453.1795, found 453.1777.

(2E AE)-5-(Tributylstannyl)hexa-2,4-dien-1-0l 53. To a solution of ester 52 (1.20 g, 2.64 /W
mmol) in dichloromethane (26.4 mL) was added dropwise diisobutylaluminium hydride (1.0 ~ BUS" OH
M in toluene, 7.94 mL, 7.94 mmol) at —78 °C. After the reaction mixture was stirred for 5 min at the same
temperature, aqueous potassium sodium (+)-tartrate tetrahydrate solution was added, and then resulting mixture
was extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 10% to 30% ethyl
acetate in hexane in 3% triethyl amine) afforded alcohol 53 (912 mg, 85%) as a yellow oil: IR (neat, cm™) 3327,
2957, 2920, 2852, 1460, 1417, 1375, 1340, 1292, 1089, 1005; 'H NMR (CDCl,, 400 MHz) & 6.64 (dd, J = 15.1,
10.5 Hz, 1H), 6.19 (td, J = 32.5, 10.5 Hz, 1H), 5.78 (dt, J = 14.8, 5.9 Hz, 1H), 4.22 (t, J = 5.8 Hz, 2H), 2.00 (s,
3H), 1.49 (m, 6H), 1.30 (m, 6H), 0.89 (m, 15H); >C NMR (CDCl,, 100 MHz) & 145.2, 138.0, 130.9, 126.3, 63.7,
29.2,27.5,19.9,13.8,9.2.

Ethyl (2EAE,6E)-7-(tributylstannyl)-3-methylocta-2,4,6-trienoate 54. A mixture of )\/\/k/co o
alcohol 51 (100 mg, 0.28 mmol) and manganese dioxide (1.66 g) in THF (1.67 mL) was BusSn” > 72
stirred at room temperature for 2 h. The precipitate was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo to afford crude aldehyde, which was used in the next reaction without further purification.
To a solution of triethyl-3-methyl-4-phosphonocrotonate  (0.087 mL, 036 mmol) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone (0.10 mL, 0.83 mmol) in THF (1.3 mL) was added dropwise
n-butyllithium (1.6M in THF, 0.21 mL, 0.33 mmol) at 0 °C. After the mixture was stirred for 20 min at 0 °C, a
solution of the crude aldehyde obtained above in THF (0.50 mL) was added at -78 °C. After being stirred for 5
min at room temperature, the resulting mixture was poured into water, and extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 1% to 3% ethyl acetate in hexane) afforded trieneester
54 (111 mg, 90% for 2 steps) as a colorless oil: IR (neat, cm™) 2957, 1713, 1608, 1445, 1261, 1234, 1152, 1047,
961; 'H NMR (CDCl,, 400 MHz) 8 6.98 (dd, J = 15.1, 10.5 Hz, 1H), 6.31 (dd, J = 10.6, 1.8 Hz, 1H), 6.20 (d, J =
15.1 Hz, 1H), 5.78 (s, 1H), 4.17 (q, J = 6.9 Hz, 2H), 2.32 (d, J = 1.0 Hz, 3H), 2.08 (d, J/ = 1.3 Hz, 3H), 1.49 (m,
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6H), 1.30 (m, 9H), 0.90 (m, 15H); *C NMR (CDCl, 100 MHz) 8 167.5, 153.4, 151.1, 138.9, 135.0, 128.7, 119.1,
60.0, 29.5, 27.7, 20.7, 14.7, 14.2, 14.0, 9.6; ESI-HRMS m/z calcd for C,3H,,0,SnNa (M+Na)*493.2109, found
493.2123.

(2E ,4E ,6E)-7-(Tributylstannyl)-3-methylocta-2,4,6-triene-1-0l 55. To a solution of J\/\/}v
ester 54 (1.16 g, 2.48 mmol) in dichloromethane (24.8 mL) was added dropwise °'*" oH
diisobutylaluminium hydride (1.0 M in toluene, 7.44 mL., 7.44 mmol) at —78 °C. After the reaction mixture was
stirred for 5 min at the same temperature, aqueous potassium sodium (+)-tartrate tetrahydrate solution was added,
and then resulting mixture was extracted with ethyl acetate. The organic layers were combined, washed with
brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography
(from 10% to 30% ethyl acetate in hexane in 3% triethyl amine) afforded alcohol 55 (885 mg, 84%) as a yellow
oil: IR (neat, cm™) 3393, 2853, 1714, 1616, 1464, 1373, 1253, 1072, 960, 758; 'H NMR (CDCl,, 400 MHz) &
6.63 (dd, J = 15.1, 10.5 Hz, 1H), 6.26 (dd, J = 11.0, 1.4 Hz, 1H), 6.21 (d, J = 15.6 Hz, 1H), 5.70 (t, J = 6.9 Hz,
1H), 4.31 (t, J = 5.9 Hz, 2H), 2.03 (d, J/ = 1.4 Hz, 3H), 1.84 (s, 3H), 1.49 (m, 6H), 1.31 (m, 6H), 0.90 (m, 15H);
BC NMR (CDCl,, 100 MHz) 8 145.5, 139.5, 137.4, 136.0, 130.3, 123.5, 59.9, 29.5, 27.8, 20.4, 14.1, 13.0, 9.5.

Ethyl (2E4E)-5-iodo-hexa-2,4-dienate 56. A mixture of alcohol 35 (2.64 g, 13.3 mmol) and )Wcoza
manganese dioxide (26.6 g) in THF (80 mL) was stirred at room temperature for 1 h. The !

precipiate was filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford crude
aldehyde, which was used in the next reaction without further purification.

To a solution of triethyl phosphonoacetate (3.46 mL, 17.3 mmol) in THF (75 mL) was added sodium hydride
(639 mg, 16.0 mmol) at 0 °C and the mixture was stirred for 10 min. To this mixture was added a solution of the
crude aldehyde in THF (5.0 mL) at 0 °C. After being stirred for 5 min at room temperature, the reaction mixture
was poured into water and then extracted with ethyl acetate. The organic layers were combined, dried over
MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography afforded ethyl
ester 56 (2.35 g, 66% for 2 steps): IR (neat, cm™) 2979, 1711, 1619, 1306, 1261, 1130, 1033; 'H NMR (CDCl,,
400 MHz) & 7.35 (dd, J = 15.6, 11.5 Hz, 1H), 6.90 (d, J = 11.5 Hz, 1H), 5.83 (d, /= 15.1 Hz, 1H), 4.20 (q, J =
6.8 Hz, 2H), 2.64 (s, 3H), 1.29 (t, J = 6.9 Hz, 3H) ; *C NMR (CDCl,, 100 MHz) & 167.1, 138.9, 138.1, 121.7,
108.1,60.9,29.2, 14.6.

Ethyl (2E,4E,6E)-7-iodo-3-methylocta-2,4,6-trienoate 58. A mixture of alcohol 35 (129
mg, 0.65 mmol) and manganese dioxide (3.91 g) in THF (3.91 mL) was stirred at room IJ\/\/K/ COE
temperature for 20 min. The precipitate was filtered through a pad of Celite, and the filtrate was concentrated in
vacuo to afford crude aldehyde, which was used in the next reaction without further purification.

To a solution of triethyl-3-methyl-4-phosphonocrotonate  (0.21 mL, 0.85 mmol) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone (0.24 mlL.,, 1.96 mmol) in THF (3.2 mL) was added dropwise
n-butyllithium (1.6M in THF, 0.49 mL, 0.78 mmol) at 0 °C. After the mixture was stirred for 20 min at 0 °C, a
solution of the crude aldehyde obtained above in THF (0.7 mL) was added at -78 °C. After being stirred for 5
min at room temperature, the resulting mixture was poured into water, and extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 1% to 10% ethyl acetate in hexane) afforded trieneester
58 (185 mg, 92% for 2 steps) as a colorless oil: IR (KBr, cm™) 2963, 2928, 1734, 1636, 1468, 1381, 1240;
E-isomer: 'H NMR (CDCl,, 400 MHz) & 6.88 (d, J = 11.2 Hz, 1H), 6.63 (dd, J = 15.1, 11.0 Hz, 1H), 6.20 (d, J =
15.3 Hz, 1H), 5.82 (s, 1H), 4.17 (q, J = 7.1 Hz, 2H), 2.60 (s, 3H), 2.30 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H); *C NMR
(CDCl,, 100 MHz) & 166.9, 151.5, 140.3, 135.9, 128.3, 120.5, 101.2, 59.8, 28.5, 14.3, 13.6; ESI-HRMS m/z
calcd for C;;H,;0,INa (M+Na)*306.0117, found 306.0114.

/)\/W
QEAE,GE)-9-[(I’R,2’R4’S)-2’ & -Dihydroxy-2’,6*,6’-trimethylcyclohexylidene «Ei/(/ NN on
HO

]-3,7-dimethyinona-2,4,6,8-tetraen-1-0l 60. To a solution of triene diester (734 V'OH
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mg, 2.04 mmol) in dichloromethane (20.4 ml) was added dropwise diisobutylaluminium hydride (1.0 M in
toluene, 14.3 mL, 14.3 mmol) at O °C. After the reaction mixture was stirred for 5 min at the same temperature,
aqueous potassium sodium (+)-tartrate tetrahydrate solution was added, and then resulting mixture was extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by short silica gel column chromatography (from 50% to 75% ethyl acetate
in hexane) afforded triol 60 (447 mg, 69%) as a white solid: [a] **°p -23.5 (c 0.97, CHCL,); IR (neat, cm™) 3356,
2961, 2928, 2860, 1930, 1724, 1641, 1454, 1373, 1253, 1157, NMR (CDCl;, 400 MHz) 6 6.54 (dd, J = 15.2,
11.2 Hz, 1H), 6.27 (d, J = 15.1 Hz, 1H), 6.07 (d, J = 10.5 Hz, 1H), 6.02 (s, 1H), 5.64 (t, /= 6.8 Hz, 1H), 4.22 (d,
J = 6.8 Hz, 2H), 4.20 (m, 1H), 2.18 (ddd, J = 12.7, 3.9, 2.0 Hz, 1H), 1.89 (ddd, J = 14.9, 3.9, 2.0 Hz, 1H), 1.83 (s,
3H), 1.80 (s, 3H), 1.50-1.20 (m, 2H), 1.33 (s, 3H), 1.33 (s, 3H), 1.06 (s, 3H); *C NMR (CDCl,, 100 MHz) &
203.4,137.7, 137.2, 133.1, 131.8, 128.9, 125.8, 118.8, 103.6, 73.1, 64.7, 59.5, 50.6, 50.1, 36.6, 32.9, 31.4, 29.5,
14.1, 12.6; ESI-HRMS m/z caled for C,yH;,0;Na (M+Na)*318.2194, found 318.2193.

(2EAE)-7-[(1’R,2’R 4°S)-2’° 4’-Dihydroxy-2’,6’,6’-trimethylcyclohexylidene]-5-m P
ethylhepta-2,4,6-trien-1-0l 61. To a solution of diene ester (1.12 g, 3.51 mmol) in (if/(
dichloromethane (35.1 mL) was added dropwise diisobutylaluminium hydride (1.0 M H0” >\
in toluene, 35.1 mL, 35.1 mmol) at 0 °C. After the reaction mixture was stirred for 5 min at the same temperature,
aqueous potassium sodium (+)-tartrate tetrahydrate solution was added, and then resulting mixture was extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by short silica gel column chromatography (from 50% to 75% ethyl acetate
in hexane) afforded triol 61 (780 mg, 80%) as a white solid: [a] **°, -37.19 (c 0.46, MeOH); IR (KBr, cm™) 3356,
2965, 2928, 2870, 1935, 1725, 1663, 1456, 1375; NMR (CDCl;, 400 MHz) & 6.56 (dd, J = 15.1, 11.2 Hz, 1H),
6.02 (d, J = 11.2 Hz, 1H), 5.98 (s, 1H), 5.85 (dt, J = 15.1, 5.9 Hz, 1H), 4.32 (m, 1H), 4.23 (d, J = 5.9 Hz, 2H),
2.26 (ddd, J = 12.9, 3.9, 2.2 Hz, 1H), 1.95 (ddd, J = 12.2 3.6, 2.2 Hz, 1H), 1.76 (s, 3H), 1.50-1.20 (m, 2H), 1.34
(s, 3H), 1.33 (s, 3H), 1.06 (s, 3H); *C NMR (CDCl,, 100 MHz) & 202.0, 132.5, 131.7, 127.8, 126.5, 117.7, 102.6,
72.9,64.2,63.5,49.4,489,35.7,32.1, 31.3, 29.3, 13.8; EI'HRMS m/z caled for C,;H,,0,Na (M+Na)*278.1882,
found 278.1817.

(2E,4R)-5-[(1’R,2’R,4°S)-2° 4’-Dihydroxy-2’,6’,6’-trimethylcyclohexylidene]-3-methyl- _ )\/\on
2.4-pentadien-1-0l 62. To a solution of ene ester (406 mg, 1.62 mmol) in ’
dichloromethane (8.11 mL) was added dropwise diisobutylaluminium hydride (1.0 M in HO \OH
toluene, 8.11 mL, 8.11 mmol) at 0 °C. After the reaction mixture was stirred for 5 min at the same temperature,
aqueous potassium sodium (+)-tartrate tetrahydrate solution was added, and then resulting mixture was extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by short silica gel column chromatography (from 50% to 75% ethyl acetate
in hexane) afforded triol 62 (404 mg, 99%) as a white solid: IR (neat, cm™) 3318, 2960, 2924, 1940, 1732, 1455,
1374, 1155, 1041; NMR (CDCl;, 400 MHz) 8 5.94 (s, 1H), 5.59 (t, J = 6.9 Hz, 1H), 4.30 (m, 1H), 453 (d, J =
6.8 Hz, 2H), 2.25 (ddd, J = 12.8, 4.0, 2.2 Hz, 1H), 1.94 (ddd, J = 12.8 4.6, 2.3 Hz, 1H), 1.68 (s, 3H), 1.38 (dd, J
=128, 11.4 Hz, 1H), 1.34 (s, 3H), 1.33 (m, 1H), 1.32 (s, 3H), 1.06 (s, 3H); >*C NMR (CDCl;, 100 MHz) &
201.7,133.6, 126.7, 118.0, 102.2, 73.2, 64.6, 59.9, 49.7,49.2, 35.9, 32.4, 31.6, 29.6, 13.9; ESTHRMS m/z calcd
for C;sH,,0;Na (M+Na)* 275.1623, found 275.1637.

(REAEGE)-9-[(1’R,2’R 4°S)-4’- Acetoxy-2’-hydroxy-2’,6°,6’-trimethylcyclohex /MCHO
ylidene]-3,7-dimethyinona-2,4,6,8-tetraenal 63. A mixture of triol 60 (81 mg, O(E/QEOH

0.28 mmol) and manganese dioxide (1.11 g) in ethyl acetate (1.94 mL) was stirred

at room temperature for 20 min. The precipitate was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo to afford crude aldehyde, which was used in the next reaction without further purification.
To a solution of crude aldehyde in pyridine (1.11 mL) was added acetic anhydride (0.039 mL, 0.42 mmol) and
N,N-4-dimethylaminopyridine (3 mg, 0.028 mmol) at room temperature, and the reaction mixture was stirred for
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10 min at the same temperature. A saturated aqueous CuSO,solution was added, and then the resulting mixture
was extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 20% to 50% ethyl
acetate in hexane) afforded acetate 63 (60 mg, 68%): [a]**° -26.3 (c 0.71, CHCl,); IR (neat, cm™) 3447, 2965,
1929, 1729, 1652, 1583, 1366, 1246, 1141, 1028, 957; NMR (CDCl,, 400 MHz) 6 10.1 (d, J = 8.2 Hz, 1H), 7.02
(dd, /=152, 11.5 Hz, 1H), 6.34 (d, /= 15.1 Hz, 1H), 6.15 (d, J = 11.5 Hz, 1H), 6.06 (s, 1H), 5.96 (d, J = 8.2 Hz,
1H), 5.37 (m, 1H), 2.30 (s, 3H), 1.99 (ddd, J = 12.7, 4.1, 1.8 Hz, 1H), 1.86 (s, 3H), 1.50 (dd, J = 12.2, 12.1 Hz,
1H), 1.40 (m, 1H), 1.38 (s, 3H), 1.35 (s, 3H), 1.07 (s, 3H); C NMR (CDCl,, 100 MHz) § 203.4, 191.5, 170.7,
154.9, 138.0, 135.0, 132.5, 129.5, 127.6, 118.2, 103.3, 77.9, 68.2, 46.0, 45.6, 36.1, 32.3, 31.4, 294, 21.7, 14.6,
13.4; ESI-HRMS m/z calcd for C,,H,,0,Na (M+Na)*381.2042, found 381.2120.

2-[(REAE)-7T’-((1”’R,2’R,4°°S)-4"’-Acetoxy-2’’-hydroxy-2’’,6’",6”’-trimethylc . 4)\/\A8023T
yclohexylidene)-5’-methylhepta-2°,4°,6’-trienyl)sulfonyl] benzothiozole 32. To ,(\f(

a solution of diene sulfide (477 mg, 1.02 mmol) in ethanol (10.2 mL) was added A0 NoH
dropwise a solution of ammoniumheptamolybdate (1.26 g, 1.02 mmol) in hydrogen peroxide (4.07 mL) at 0 °C.
After being stirred for 20 min, at the same temperature, the reaction mixture was poured into water and extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by short silica gel column chromatography (from 20% to 50% acetone in
hexane) afforded sulfone 32 (452 mg, 89%) as a yellow solid: [a] *'%; -6.15 (c 0.77, CHCL); IR (neat, cm™) 3356,
2976, 2928, 1935, 1725, 1630, 1472, 1426, 1375, 1331, 1248, 1109, 1073; 'H NMR (CDCl;, 400 MHz) & 8.24
(dd,J=17.8, 1.2 Hz, 1H), 8.01 (dd, J=7.8, 1.2, 1H), 7.65 (ddd, /= 7.8, 7.8 .1.2 Hz, 2H), 7.59 (ddd, / = 7.8, 7.8,
1.2 Hz, 1H), 6.53 (dd, J = 15.1, 11.7 Hz, 1H), 5.95 (d, J = 11.7 Hz, 1H), 5.93 (s, 1H), 5.61 (dt, J = 15.1, 7.8 Hz,
1H), 5.36 (it, J = 11.7, 4.4 Hz, 1H), 4.32 (d, J = 7.8 Hz, 2H), 2.27 (ddd, J = 12.7, 4.4, 2.0 Hz, 1H), 2.03(s, 3H),
1.97 (ddd, J = 12.7, 4.4, 2.0 Hz, 1H), 1.57 (s, 3H), 1.36 (s, 3H), 1.30 (s, 3H), 1.50-1.30 (m, 2H), 1.02 (s, 3H); *C
NMR (CDCl,, 100 MHz) 6 202.5, 170.4, 165.6, 152.6, 137.0, 136.8, 135.3, 127.9, 127.6, 125.5, 122.3, 117.6,
115.1, 102.4, 72.4, 67,9, 59.0, 45.3, 45.2, 35.6, 31.9, 31.0, 29.0, 21.3, 13.6; EI'HRMS m/z calcd for
C,H;,05NS,Na (M+Na)*501.1642, found 501.1637.

2-[(REAR)-7T’-(1’R,2”’R4°°S)-4"’-Acetoxy-2°’-hydroxy-2°’,6°°,6”’-trimethylcyclo /)\/\sozsr
hexylidene)-5’-methylpenta-2’,4°-dienyl)sulfonyl] benzothiozole 17. To a solution -

of sulfide (78 mg, 0.16 mmol) in ethanol (0.94 mL) was added dropwise a solution of ~ AcO \OH
ammoniumheptamolybdate (193 mg, 0.16 mmol) in hydrogen peroxide (0.62 mL) at 0 °C. After being stirred for
20 min, at the same temperature, the reaction mixture was poured into water and extracted with ethyl acetate.
The organic layers were combined, washed with brine, dried over MgSQO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 20% to 50% ethyl acetate in hexane) afforded sulfone
17 (74 mg, 94%) as a white solid: [a]*', =7.9 (c 0.78, CDCLy); IR (KBr disk, cm™) 3447, 2965, 2926, 1939, 1729,
1328, 1252; 'H NMR (CDCl,, 400 MHz) & 8.20 (d, J = 7.8 Hz, 1H), 7.97 (d, J = 7.3, 1H), 7.60 (m, 2H), 5.91 (s,
1H), 5.42 (t, J = 8.2 1H), 5.30 (m, 1H), 4.33 (d, 2H), 2.22 (ddd, J = 12.8, 4.1, 2.3 Hz, 1H), 2.01 (s, 3H), 1.89
(ddd, J = 12.3, 4.1, 1.8 Hz, 1H), 1.47 (s, 3H), 1.40-1.20 (m, 2H), 1.30 (s, 3H), 1.13 (s, 3H), 0.85 (s, 3H); *C
NMR (CDCl;, 100 MHz) & 201.7, 170.2, 165.5 152.3, 140.9, 137.1, 127.9, 127.6, 125.3, 122.2, 117.8, 111.0,
101.3, 72.3, 67.7, 55.4, 45.2, 45.1, 35.6, 31.7, 30.9, 29.1, 21.4, 13.9; ESI-HRMS m/z calcd for C,,H,,0sNS,Na
(M+Na)*498.1385, found 498.1372.

(SRS)-Hydroxy-3-{(1’E)-2’-(1’S,2”’R ,4°°S)-4”- tert-butyldimethylsiloxy-1°,2”-epox R o
y-2”,6”,6”-trimethylcyclohex-1"-ylethen-1’-yl}-2(SH)-furanone = 64. To a "(o\ NAMOH
suspension of Wittig reagent 33 (5.4 g , 10.05 mmol) in diethyl ether (30 mL) was Teso S

added dropwise n-butyllithium (1.6M in hexane, 6.28 mL, 10.05 mmol) at 0 °C. After the mixture was stirred for
10 min at 0 °C, a solution of the aldehyde 29 in diethyl ether (3.5 mL) was added at the same temperature. After
being stirred for 1.5 h at room temperature, the resulting mixture was poured into water, and extracted with
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diethyl ether. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo to afford crude product, which was used in the next reaction without further purification.
A solution of crude product and tetraphenyl porphine (5 mg) in dichloromethane (88.4 mL) was irradiated with
halogen-tungsten lamp under oxygen atmosphere for 30 min at -78 °C. After the mixture was allowed to warm to
room temperature, the solvents were removed in vacuo. Purification by silica gel column chromatography (from
10% to 50% ethy] acetate in hexane) afforded butenolide 64 (1.62 g, 62% for 2 steps) as a yellow oil: [a]*'-47.5
(c 0.34, CHCl,); IR (NaCl, cm™) 3376, 2957, 2932, 2859, 1769, 1659; '"H NMR (CDCl,, 400 MHz)  7.22 (d, J =
15.6 Hz, 1H), 6.93 (s, 1H), 6.27 (d, J = 15.6 Hz, 1H), 5.95 (s, 1H), 4.97 (brs, 1H), 3.83 (m, 1H), 2.23 (ddd, J =
14.6,5.1, 1.5 Hz 1H), 1.65 (dd, J = 14.6, 8.3 Hz 1H), 1.49 (ddd, J = 12.9, 3.4, 1.7 Hz 1H), 1.26 (ddd, J = 12.9,
10.0 Hz 1H), 1.16 (s, 6H), 0.92 (s, 3H), 0.86 (s, 9H), 0.04 (s, 6H); *C NMR (CDCl,,100 MHz) & 169.8, 143.0,
135.6,131.3,120.7, 96.2, 70.6, 67.5, 64.6, 46.8, 41.1, 35.0, 29.3, 25.8, 24.9, 19.9, 18.1, -4.8, -4.8; EI'HRMS m/z
Calcd for C,,H;,05SiNa (M+Na)* 394.2173, found 394.2175.

0. 0/\/

((3Z,5E)-6-[(1°S,2’R,4°S)-4’-Hydroxy-1’,2’-epoxy-2°,6,6’ -trimethylcyclohex-1’-yl]- P
Z

4-allyloxycarbonylhexa-3,5-dien-1-yne 34. To a solution of dibromide (1.44 g, 2.44

mmol) in THF (24.4 mL) was added tetra-n-butylammonium fluoride 1.0 M solution in  HO
THF (14.6 mL, 14.6 mmol) at room temperature. After being stirrred for 1 h at 55 °C, the reaction mixture was
poured into a saturated aqueous NH,Cl solution, and then extracted with ethyl acetate. The organic layers were

PPN
0

combined, washed with brine, dried over MgSO,, filtered and concentrated irn vacuo. Purification by silica gel
column chromatography (from 30% to 50% ethyl acetate in hexane) afforded acetylene 34 (421 mg, 55%) as a
brown oil; IR (NaCl, cm™) 3412, 3293, 3086, 2963, 2874, 2097, 1725, 1649, 1582, 1453, 1223, 1163; 'H NMR
(CDCl,, 400 MHz) 6 6.25 (s, 2H), 5.99 (ddt, / = 17.1, 10.5, 5.9 Hz, 1H), 5.84 (d, J = 2.7 Hz, 1H), 5.42 (dd, J =
17.1,1.2 Hz, 1H), 5.29 (dd, J = 10.5, 1.2 Hz, 1H), 4.80 (m, 2H), 3.88 (m, 1H), 3.42 (d, J =2.7 Hz, 1H), 2.37 (ddd,
J=14.2,5.1,1.7 Hz, 1H), 1.70-1.50 (m, 2H), 1.23 (dd, J = 13.2, 10.5 Hz, 1H), 1.19 (s, 3H), 1.12 (s, 3H), 0.97 (s,
3H), 0.85 (s, 3H). °C NMR (CDCl,,100 MHz) § 165.6, 142.9, 131.8, 131.5, 128.8, 119.0, 113.1, 87.1, 80.0, 69.9,
67.3, 65.8, 64.0, 46.9, 40.8, 35.2, 29.3, 24.8, 19.8; EI'HRMS m/z Calcd for C,,H,,O,Na (M+Na)* 316.1673,
found 316.1684.

(5Z)-[(2’E)-4’-Hydroxy-2’-methyl-1’-butenylidene]-3-[(17E)-2"-(1"’S,2”’R 4"’ ° 0
S)-4’hydroxy-1"",2”’-epoxy-2""*,6°",6’”’-trimethylcyclohex-1’"’-ylethene-1”-yl] ':(o\ NN o
-2(5H)-furanone 68. To a solution of the alkyne 34 (141 mg, 0.44 mmol) and *HO A

iodide 35 (96 mg, 0.49 mmol) in triethylamine (4.41 mL) was added tetrakis(triphenylphosphine)palladium (51
mg, 0.044 mmol) and cuprous iodide (8 mg, 0.044 mmol). After the reaction mixture was stirred for 10 min at 45
°C, formic acid (0.05 mL, 1.32 mmol) was added at the same temperature, and then the mixture was stirred for
15 min at the same temperature. The resulting mixture was poured into a saturated aqueous NH,C1 solution, and
extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered
and concentrated in vacuo. Purification by silica gel column chromatography (from 50% to 75% ethyl acetate in
hexane) afforded alcohol 68 (72 mg, 47%) as a yellow solid: [a]*,-38.5 (¢ 0.83, CHCl,); IR (KBr disk, cm™)
3420, 2928, 1755, 1640, 1440, 1381, 1154, 1121, 1047; 'H NMR (CDCl,, 400 MHz) & 7.19 (d, J = 15.6 Hz, 1H),
7.04 (s, 1H), 6.37 (d, J = 15.6 Hz, 1H), 5.97 (t, J = 6.6 Hz, 1H), 5.65 (s, 1H), 4.36 (d, J = 6.6 Hz, 2H), 3.90 (m,
1H), 2.40 (ddd, J = 14.6, 5.1, 1.7 Hz 1H), 1.50-1.70 (m, 2H), 1.25 (m, 1H), 1.21 (s, 6H), 0.97 (s, 3H); >*C NMR
(CDCl,,100 MHz) 6 168.7, 146.6, 136.9, 134.3, 133.9, 125.9, 121.5, 117.6, 70.4, 67.5, 64.1, 59.5, 47.0, 40.9,
35.3,29.4,24.9, 19.8, 15.5; EI'"HRMS m/z Calcd for C,oH,0; (M+Na)* 346.1779, found 346.1788.
(5Z)-[(2’E4’E)-6’-Hydroxy-2’-methyl-1’-hexanylidene]-3-[(1”E)-2"-(1""°S, E o
2”°R4”°S)-4’hydroxy-1""’,2"’-epoxy-2"",6"",6’”’-trimethylcyclohex-1"’-yl 'j(o\ NSNS o
ethene-1’-yl]-2(SH)-furanone 40°. To a solution of the alkyne 34 (48 mg, HO

0.16 mmol) and iodide 69 (80 mg, 0.24 mmol) in triethylamine (1.60 mlL) was added
tris(dibenzylideneacetone)dipalladium (15 mg, 0.016 mmol), tri(2-fulyl)phosphine (15 mg, 0.064 mmol) and
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cuprous iodide (9 mg, 0.048 mmol). After the reaction mixture was stirred for 10 min at 45 °C, formic acid (0.18
mlL, 4.74 mmol) was added at the same temperature, and then the mixture was stirred for 15 min at the same
temperature. The resulting mixture was poured into a saturated aqueous NH,ClI solution, and extracted with ethyl
acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by silica gel column chromatography (from 50% to 75% ethyl acetate in hexane) afforded
alcohol 13 (24 mg, 44%) as a yellow solid: [a]*,-116.5 (c 0.98, CHCL,); IR (KBr disk, cm™) 3422, 2961, 2928,
2870, 1749, 1458, 1601, 1554, 1458, 1381, 1363, 1184, 1149, 1049, 943, 767, 653; '"H NMR (CDCl,, 400 MHz)
6 7.18 (d, J = 15.6 Hz, 1H), 7.03 (s, 1H), 6.67 (ddt, J = 15.1, 11.4, 1.8 Hz, 1H), 6.38 (dd, J = 9.61 Hz, 1H), 6.37
(d, J = 15.6 Hz, 1H), 6.04 (dt, J = 15.1, 5.5 Hz, 1H), 5.69 (s, 1H), 4.30 (d, J = 5.03 Hz, 2H), 3.91 (m, 1H), 2.40
(ddd, J=14.6,5.0, 1.8 Hz, 1H), 2.21 (s, 3H), 2.21 (s, 3H), 1.65 (m, 2H), 1.27 (m, 1H), 2.21 (s, 6H), 0.98 (s, 3H);
BC NMR (CDCl,,100 MHz) 8 169.0, 147.1, 137.0, 136.6, 134.3, 134.1, 132.4, 127.3, 125.6, 121.9, 119.1, 70.8,
67.9,64.5,63.7,47.4,41.2,35.6,29.8, 25.2, 20.2, 15.7; ESI-HRMS m/z Calcd for C,,H,;,05 (M+Na)" 395.1834,
found 395.1848.

(1Z,3E)-6-(1’R,2’R,4S°)-4’-Acetoxy-2’-hydroxy-2’,6’,6’-trimethylcycloh P
exylidene]-1-iodo-1,4-dimethylhexa-1,3,5-triene 70. To a suspention of ,if( '
ethylphosphonium bromide (651 mg, 2.24 mmol) in THF (7.04 mL) was added sodium AcO V"
bis(trimethylsilyl)amide (1.0M in THF, 4.47 mL, 4.47 mmol) at 0 °C. The mixture was stirred for 15 min at the
same temperature, and then to the resulting mixture was added N-iodosuccinimide (502 mg, 2.24 mmol) at 0 °C.
After the reaction mixture was stirred for 30 min, aldehyde (237 mg, 0.75 mmol) was added at the same
temperature, and then the mixture was stirred for 15 min at the same temperature. The resulting mixture was
poured into water, and extracted with ethyl acetate. The organic layers were combined, washed with brine, dried
over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 10% to
50% ethyl acetate in hexane) afforded vinyl iodide 70 (237 mg, 70%) as a yellow solid: [a]*-16.4 (c 0.96,
CHCl,); IR (KBr disk, cm™) 3462, 2961, 2982, 2872, 2858, 1932, 1728, 1585, 1458, 1375, 1250, 1184, 1163,
1124, 1072, 1032, 972, 883, 856, 742; '"H NMR (CDCl,, 400 MHz) 8 6.30 (dd, J = 10.3, 1.4 Hz, 1H), 6.07 (s,
1H), 6.01 (d, J = 10.3 Hz, 1H), 5.38 (m, 1H), 2.65 (s, 3H), 2.28 (ddd, J = 12.8, 44, 2.1 Hz, 1H), 2.03 (s, 1H),
1.99 (ddd, J = 124, 4.1, 2.3 Hz, 1H), 1.78 (s, 3H), 1.50 (dd, J = 12.6, 11.5 Hz, 1H), 1.40(m, 1H), 1.38 (s, 3H),
1.35 (s, 3H), 1.07 (s, 3H); *C NMR (CDCl,, 100 MHz) 8 202.6, 170.7, 134.6, 130.8, 129.7, 118.0, 103.2, 103.1,
73.0, 68.3, 45.8, 45.6, 36.0, 34.7, 32.4, 31.6, 29.5, 21.8, 15.4; ESI-HRMS m/z Calcd for C;H,,10; (M+Na)*
453.0903, found 453.0892.

C33-Peridinin Derivative. To a solution of iodide 70 (58 mg, 0.14 < OH
mmol) and alkyne 34 (43 mg, 0.14 mmol) in triethylamine (1.36 mL) SN \O"'
was added tetrakis(triphenylphosphine)palladium (16 mg, 0.014 ,if( 0 5
OH
mmol) and cuprous iodide (8 mg, 0.042 mmol). After the reaction A©

mixture was stirred for 10 min at 45 °C, formic acid (0.015 mL, 0.41 mmol) was added at the same temperature,
and then the resulting mixture was stirred for 10 min at the same temperature. The mixture was poured into a
saturated aqueous NH,C] solution, and then extracted with ethyl acetate. The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column
chromatography (from 30% to 75% ethyl acetate in hexane) in the dark afforded C33-Peridinin derivative 6 (29
mg, 35%) as a mixture of the isomers in an orange film. A solution of the obtained mixture containing all
trans-C33-peridinin derivative 6 and its cis-isomer in benzene was left at room temperature under irradiation
with fluorescence light. After 2 days, the separation by preparative HPLC [column: Develosil CN-UG (1.0 x 25
cm); mobile phase: acetone / n-hexane = 1 / 10; flow rate: 2.0 mL / min.; UVdetect: 415 nm; retention time:
(all-trans-isomer) 60 min, (11Z, 11°’Z-isomer) 62 min, (11E, 11’E-isomer) 71 min.] in the dark afforded the
desired optically active all trans-C33-peridinin derivative 6 as an orange solid: [a]®;-93.9 (c 0.98, CHCL,); IR
(KBr disk, cm™) 3449, 2961, 2926, 2855, 1925, 1751, 1748, 1736, 1655, 1637, 1560, 1458, 1377, 1261,1250,
1165, 1030; 'H NMR (CDCl, 400 MHz) & 7.17 (d, J = 15.6 Hz, 1H), 7.02 (s, LH), 6.65 (d, J = 12.1 Hz, 1H), 6.38
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(d,J = 6.3 Hz, 1H), 6.37 (d, J = 15.6 Hz, 1H), 6.12 (s, 1H), 5.78 (s, 1H), 5.72 (s, 1 H), 5.38 (m, 1H), 3.90 (m, 1H),
2.40 (ddd, J = 14.2, 5.0, 1.6 Hz, 1H), 2.29 (m, 1H), 2.23 (s, 3H), 2.04 (s, 3H), 2.00 (m, 1H) , 1.84 (s, 3H) , 1.65
(m, 2H), 1.51 (m, 1H) , 1.42 (m, 1H) , 1.39 (s, 3H), 1.35 (s, 3H) , 1.29 (m, 1H), 1.21 (s, 3H), 1.20 (s, 3H), 1.07 (s,
3H), 0.97 (s, 3H); 3C NMR (CDCl;, 100 MHz) & 203.0, 170.3, 168.7, 146.5, 136.4, 136.3, 133.6, 133.6, 133.4,
124.7,124.1, 121.7, 119.6, 117.7, 103.7, 72.6, 70.4, 67.9, 67.5, 64.2, 47.1, 45.4, 45.2, 40.9, 35.9, 35.3, 32.0, 31.2,
29.5,29.1,24.9,21.4,19.9, 15.2, 14.1; ESI-HRMS m/z Caled for CasH, O, (M+Na)* 601.3141, found 601.3160.

C35-Peridinin Derivative 7. To a solution of sulfone 37 (43 mg, o O
0. 090 mmol) and aldehyde 36 (31 mg, 0.090 mmol) in THF 4)\/\/\(\(1/\:;2’
(1.35 mL) was added dropwise sodium bis(trimethylsilyl)amide ,E/Q( © o}

(1.0M in THF, 0.27 mL, 0.27 mmol) at -78 °C in the dark. After o

being stirred for 5 min at the same temperature, the reaction mixture was poured into water, and then extracted
with ethyl acetate and THF (1:1). The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by short silica gel column chromatography (from 15% to 30%
acetone in hexane) in the dark afforded the C35-peridinin derivative 7 (21 mg, 39%) as a mixture of the isomers
in an orange film. A solution of a mixture of the all trans-C35-peridinin derivative 7 and its cis-isomer in
benzene was left at room temperature under the irradiation with fluorescence light. After 3 days, the separation
by preparative HPLC [column: Develosil CN-UG (1.0 x 25 cm); mobile phase: acetone / n-hexane = 1/ 8; flow
rate: 1.5 mL / min.; UVdetect: 435 nm; retention time: (all trans-isomer) 74 min, (11Z-isomer) 79 min.] in the
dark afforded the desired optically active C35-peridinin derivative 7 as an orange solid: IR (KBr disk, cm™) 3449,
2914, 2855, 1736, 1464, 1377, 1261, 1161, 1095, 1034, 966; 'H NMR (CDCl, 400 MHz) 8 7.14 (d, J =15.6 Hz,
1H), 7.02 (s, 1H), 6.69 (dd, J =13.7, 11.4 Hz, 1H), 6.59 (d, J =14.0, 11.2 Hz, 1H), 6.37 (d, J =15.6 Hz 1H), 6.17
(d,J =11.2 Hz 1H), 6.06 (s, 1H), 5.72 (s, 1H), 5.38 (m, 1H), 3.91 (m, 1H), 2.40 (ddd, J =14.2, 4.8, 1.4 Hz, 1H),
2.28 (m, 1H), 2.22 (s, 3H), 2.04 (s, 3H), 2.00 (m, 1H), 1.82 (s, 3H), 1.64 (m, 2H), 1.51 (m, 1H) , 1.39 (s, 3H),
1.35 (s, 3H) , 1.36 (m, 2H), 1.21 (s, 3H), 1.20 (s, 3H), 1.07 (s, 3H), 0.98 (s, 3H); *C NMR (CDCl,;, 100 MHz)
6202.7, 170.3, 168.7, 146.7, 138.1, 136.3, 134.6, 133.6, 133.0, 128.8, 128.3, 124.7, 121.7, 119.2, 117.6, 103.3,
72.6,70.4, 67.9, 67.5, 64.2,47.1,45.4, 45.2,40.9, 35.8, 35.3, 32.0, 31.3, 29.7, 29.5, 29.2, 24.9, 21 .4, 19.9, 15.5,
14.1; ESI-HRMS m/z Calcd for C3,H,30, (M+Na)* 627.3298, found 627.3282.

\'OH

C39-Peridinin Derivative 8. To a solution of sulfone 32 o) o
(56 mg, 0.11 mmol) and aldehyde 40 (39 mg, 0.11 NN
mmol) in THF (1.68 mL) was added dropwise sodium (Ef( R

AcO

bis(trimethylsilyl)amide (1.0M in THF, 0.11 mL, 0.11

mmol) at -78 °C in the dark. After being stirred for 5 min at the same temperature, the reaction mixture was
poured into water, and then extracted with ethyl acetate and THF (1:1). The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by short silica gel column
chromatography (from 10% to 20% acetone in hexane) in the dark afforded C39-peridinin derivative 8 (25 mg,
35%) as a mixture of the isomers in a red film. A solution of the obtained mixture containing all
trans-C39-peridinin derivative 8 and its cis-isomer in benzene was left at room temperature under the irradiation
with fluorescence light. After 2 days, the partial separation by preparative HPLC [column: Develosil CN-UG
(1.0 x 25 cm); mobile phase: acetone / n-hexane = 1 / 10; flow rate: 2.0 mL / min.; UVdetect: 469 nm; retention
time: (all-trans-isomer) 77 min, (9Z,13E-isomer) 81 min.] in the dark gave crude C39-peridinin derivative 8,
which was further purified by preparative HPLC [column: YMC Carotenoid C30 (1.0 x 25 cm); reverse phase:
acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2.5 mL / min.; UVdetect: 469 nm; retention time: (all
trans-isomer) 36 min.] in the dark afforded the desired optically active C39-peridinin peridinin 8 as a red solid:
IR (KBr disk, cm™) 3422, 2928, 2851, 1741, 1664, 1464, 1377, 1261, 1093, 1206, 800; '"H NMR (CDCl,, 750
MHz) 8 7.17 (d, J =15.5 Hz, 1H), 7.02 (s, 1H), 6.61 (dd, J =13.4, 13.1 Hz, 1H), 6.57 (dd, J =15.1, 12.0 Hz, 1H),
6.48 (dd, J =13.7, 11.3, Hz, 1H), 6.46 (d, J =11.7 Hz, 1H), 6.45 (dd, J =14.8, 11.7 Hz, 1H), 6.39 (dd, J =144,
11.0 Hz, 1H), 6.38 (d, J =15.5 Hz, 1H), 6.10 (d, J =11.7 Hz, 1H), 5.73 (s, 1H), 5.38 (m, 1H), 3.91 (m, 1H), 2.40

112



(dd,J =14.4, 4.8 Hz, 1H), 2.28 (m, 1H), 2.23 (s, 3H), 2.04 (s, 3H), 2.01 (m, 1H), 1.79 (s, 3H), 1.64 (m, 2H), 1.50
(m, 1H), 1.41 (m, 1H) , 1.38 (s, 3H), 1.35 (s, 3H) , 1.30 (m, 1H), 1.21 (s, 3H), 1.20 (s, 3H), 1.07 (s, 3H), 0.98 (s,
3H); 3C NMR (CDCl,, 188MHz) 6 202.6, 170.4, 168.8, 146.8, 138.0, 137.0, 136.3, 135.6, 134.1, 133.7, 133 4,
133.1, 132.9, 130.9, 129.2, 128.2, 124.8, 121.8, 119.2, 117.6, 103.3, 72.7, 70.5, 68.0, 67.5, 64.2, 47.1, 45.4, 45.2,
410,35.8,35.3,32.1,31.3,29.5,29.2, 24.9, 21.4,19.9, 15.4, 14.0; ESI-HRMS m/z Caled for C,,H;,0, (M+Na)*
679.3611, found 679.3585.

(1S,2R 45)-4-Acetoxy-1,2-Epoxy-2,6,6-trimethylcyclohexyl-1-ethyne 71. To a solution of >
acetylene 50 (1.21 g, 6.71 mmol) in pyridine (26.8 mL) was added acetic anhydride (1.26 mL, ij\{
13.43 mmol) at room temperature and the reaction mixture was stirred for 18 h at the same Aod
temperature. A saturated aqueous CuSO,solution was added, and then the resulting mixture was extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 10% to 30% ethyl acetate in
hexane) afforded acetate 71 (1.35 g, 90%): [a]**; —20.3 (c 1.18, CHCL,); IR (neat, cm™) 3281, 2966, 2930, 2872,
1738, 1460, 1367, 1242, 1157, 1105, 1043; '"H NMR (CDCl, 400 MHz) 8 4.85 (m, 1H), 2.42 (s, 1H), 2.37 (dd, J
=15.1, 5.7 Hz, 1H), 2.01 (s, 3H), 1.79 (dd, J = 15.1, 6.4 Hz, 1H), 1.60 (dd, J = 13.8, 3.4 Hz, 1H), 1.52 (s, 3H),
1.38 (dd, J = 13.5, 8.24 Hz, 1H), 1.27 (s, 3H), 1.16 (s, 3H); *C NMR (CDCl,;, 100 MHz) 8 170.1, 80.2, 74.2,
66.9, 64.9, 63.1, 39.7, 35.6, 33.5, 28.4, 25.9, 21.7, 21.3; ESI-HRMS m/z calcd for C;H,;;0;Na (M+Na)*
245.1154, found 245.1164.

(trans)-2-[(1°S,2°R,4°S)-4’-Acetoxy-1°,2’-Epoxy-2°,6°,6’-trimethylcyclohexyl]-1-(tributy _SBq
Istannylethylene 72. To a solution of acetylene 71 (1.0 g, 4.50 mmol), ’(\fé\/
tetrakis(triphenylphosphine)palladiom (254 mg, 0.22 mmol) in THF (45 mL) was added AcO

dropwise tributyltin hydride (2.39 mL, 9.00 mmol) at -78 °C. After being stirred for 15 min at room temperature
and the reaction mixture was filtered through a pad of silica gel to give the crude products as a solution, which
was concentrated in vacuo. Purification by silica gel column chromatography (from hexane to 2% ethyl acetate
in hexane) afforded 72 (2.16 g, 94%): [0.}*; -49.4 (¢ 0.89, CHCL,); IR (neat, cm™') 3466, 2959, 2926, 2872, 2854,
1739, 1462, 1419, 1377, 1365, 1242, 1184, 1155, 1118, 1097, 1070, 1030; '"H NMR (CDCl,, 400 MHz) & 6.23 (d,
J=19.0 Hz, 1H), 6.16 (d, J = 19.2 Hz, 1H), 4.92 (m, 1H), 2.38 (dd, J = 14.8, 5.7 Hz, 1H), 2.01 (s, 3H), 1.75 (dd,
J =148, 6.8 Hz, 1H), 1.64 (dd, J = 13.2, 3.4 Hz, 1H), 1.49 (m, 6H), 1.35 (m, 1H), 1.30 (m, 6H), 1.19 (s, 3H),
1.16 (s, 3H), 0.97 (s, 3H), 0.88 (m, 15H); *C NMR (CDCl,, 100 MHz) § 170.4, 142.1, 132.4, 72.2, 67.9, 64.7,
41.5,36.8, 34.3, 29.2, 28.6, 27.3, 25.5, 21.5, 20.3, 13.8, 9.6; ESI-HRMS m/z calcd for C,sH,;0,SnNa (M+Na)*
537.2371, found 537.2363.

(trans)-2-[(15,2R,45)-4- Acetoxy-1,2-Epoxy-2,6,6-trimethylcyclohexy!]-1-iodoethylene  73.

To a solution of iodine (2.14 g, 8.42 mmol), Na,CO,(1.78 mg, 16.8 mmol) in dichloromethane /Eji(o\/l
(35 mL) was added dropwise a solution of 72 (2.16 g, 4.21 mmol) in dichloromethane (7 mL) AcO

at 0 °C. After stirred for 5 min at 0 °C, the mixture was poured into a saturated aqueous Na,S,0; solution and
then extracted with Chloroform. The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by silica gel column chromatography afforded iodide 72 (1.26 g,
86%): [a]*p —68.0 (¢ 1.01, CHCL); IR (neat, cm™) 2965, 2932, 1736, 1603, 1468, 1365, 1242, 1032; '"H NMR
(CDCl,, 400 MHz) 6 6.77 (d, J = 14.2 Hz, 1H), 6.28 (d, J = 14.2 Hz, 1H), 4.89 (m, 1H), 2.37 (dd, J =14.9, 5.5
Hz, 1H), 2.01 (s, 3H), 1.76 (dd, J = 15.1, 6.8 Hz, 1H), 1.63 (dd, J = 13.5, 3.4 Hz, 1H), 1.35 (dd, /= 13.5, 8.9 Hz,
1H), 1.22 (s, 3H), 1.15 (s, 3H), 0.99 (s, 3H); *C NMR (CDCl,, 100 MHz) § 170.3, 141.3,79.8, 72.5, 67.3, 65.1,
41.3, 36.6, 34.3, 28.4, 25.4, 21.5, 20.2; ESI-HRMS m/z calcd for C;;H;;JO;Na (M+Na)* 373.0277, found
373.0277.

(45)-4-hydroxy-2,6,6-trimethylcyclohex-1-enyltrifluoromethanesulfonate 74. To a solution of oTt
49 (200 mg, 0.50 mmol) in THF (2.47 mL) was added tetra-n-butylammonium fluoride (1.0M in Hoﬁ
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THF, 1.49 mL, 1.49 mmol) at room temperature. After being stirred for 45 min at the same temperature, the
reaction mixture was poured into a saturated aqueous NH,Cl solution and then extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 10% to 50% ethyl acetate in hexane) afforded alcohol
74 (112 mg, 78%) as a colorless oil: [a] | -25.4 (c 0.99, CHCL,); IR (neat, cm™) 3359, 2932, 2361, 1686, 1404,
1210, 1067, 913; '"H NMR (CDCl,, 400 MHz) & 4.11 (m, 1H), 2.50 (ddd, J = 17.0, 5.5, 1.9 Hz, 1H), 2.18 (ddd, J
=16.5, 9.2, 0.9 Hz, 1H), 1.86 (ddd, J = 12.4, 3.7, 0.3 Hz, 1H), 1.77 (s, 3H), 1.68 (dd, J = 11.9, 11.9 Hz, 1H),
1.22 (s, 3H), 1.17 (s, 3H); *C NMR (CDClL, 100 MHz) & 149.3, 123.9, 64.1, 49.0, 41.3, 37.1, 27.7, 27.0, 17.9;
FAB-HRMS m/z caled for C;oHs,0,Na (M+H)* 288.0716, found 289.0759.

(trans)-2-[(45)-4-hydroxy-2,6,6-trimethylcyclohexene]-1-(tributylstannyl)ethylene  76.

To a solution of alcohol 74 (388 mg, 1.17 mmol) and bisstannane 75 (855 mg, 1.41 mmol) /ﬁj:\/smaua
in DMF (5.86 mL) was added diisopropylethylamine (0.61 mL, 3.52 mmol), "°
tetrakis(triphenylphos phine)palladium (67 mg, 0.059 mmol), and lithium chloride (99 mg, 2.34 mmol) After
being stirred for 1 h at 90 °C, the reaction mixture was poured into water and then extracted with ethyl acetate.
The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 0% to 30% ethyl acetate 3% triethylamine in hexane)
afforded 76 (451 mg, 85%) as a colotless oil: [a]** -72.0 (c 0.84, CHCL); IR (neat, cm™) 3360, 2924, 2855,
2361, 1579, 1464, 1174, 1045, 691; 'H NMR (CDCl;, 400 MHz) § 6.30 (d, J = 19.6 Hz, 1H), 5.90 (d, J = 19.2
Hz, 1H), 3.98 (m, 1H), 2.35 (dd, J = 16.5, 5.5 Hz, 1H), 2.00 (dd, J = 16.1, 9.5 Hz, 1H), 1.75 (ddd, J = 19.0, 3.6,
2.3 Hz, 1H), 1.70 (s, 3H), 16.0-1.47 (m, 6H), 1.45 (dd, J = 12.3 Hz, 1H), 1.06 (s, 3H), 1.04 (s, 3H), 0.90 (m,
15H); 3C NMR (CDCl,, 100 MHz) & 145.4, 141.5, 133.9, 124.9, 65.5, 48.6, 42.5, 36.9, 30.4, 29.6, 28.8, 27.6,
21.7,14.1,9.9.

(trans)-2-[(4S)-4-hydroxy-2,6,6-trimethylcyclohexene]-1-iodoethylene 76°. To a solution s
of iodide (728 mg, 2.87 mmol), Na,CO; (608 mg, 5.74 mmol) in dichloromethane (11.4 mL) ,ﬁj(\/
was added dropwise a solution of stannane 76 (654 mg, 1.44 mmol) in dichloromethane (3 mL)

at 0 °C. After stirred for 5 min at 0 °C, the mixture was poured into a saturated aqueous Na,S,0, solution and
then extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 5% to 30% ethyl
acetate in hexane) afforded iodide 76’ (379 mg, 94%) as a colorless oil: [a] ® -115.0 (c 0.64, CHCL); IR (neat,
cm™) 3301, 2955, 1590, 1466, 1364, 1166, 1047, 945, 781; 'H NMR (CDCl,, 400 MHz) & 6.89 (d, J = 14.6 Hz,
1H), 5.96 (d, J = 14.6 Hz, 1H), 3.95 (m, 1H), 2.33 (dd, J = 17.0, 5.5 Hz,, 1H), 1.94 (ddd, J = 17.0, 9.6, 1.4 Hz,
1H), 1.73 (ddd, J = 12.4, 3.7, 1.4 Hz, 1H), 1.66 (s, 3H), 1.42 (dd, J = 11.9, 11.9 Hz, 1H), 1.02 (s, 6H); *C NMR
(CDC1;, 100 MHz) 6 143.5, 139.0, 128.2, 79.5, 65.1, 48.2, 42.4, 36.8, 30.2, 28.7, 21.7; FAB-HRMS m/z calcd
for C, H,,10, (M+H)*293.0397, found 293.0423.

(trans)-2-[(45)-4-Acetoxy-2,6,6-trimethylcyclohexene]-1-iodoethylene 77. To a solution of
iodide 76’ (379 mg, 1.30 mmol) in pyridine (5.19 mL) was added acetic anhydride (0.24 mL,

2.59 mmol) at room temperature, and the reaction mixture was stirred for 16 h at the same A°©
temperature. A saturated aqueous CuSO,solution was added and then the resulting mixture was extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (30% ethyl acetate in hexane) afforded
acetate 77 (374 mg, 86%) as a colorless oil: [o] %°;, -99.8 (¢ 1.10, CHCL,); IR (neat, cm™) 2963, 2867, 1740, 1588,
1466, 1242, 1117, 1035, 968; NMR (CDCl,, 400 MHz) 6 6.91 (d, J= 14.6 Hz, 1H), 6.00 (d, J = 15.1Hz, 1H),
5.02 (m, 1H), 2.39 (dd, J = 16.9, 5.4 Hz, 1H), 2.04 (s, 3H), 2.01 (m, 1H), 1.76 (ddd, J = 11.9, 3.2, 1.8 Hz, 1H),
1.67 (s, 3H), 1.55 (dd, J = 11.5, 11.5 Hz, 1H), 1.07 (s, 3H), 1.04 (s, 3H); *C NMR (CDCl,;, 100 MHz) & 171.1,
143.3, 139.2, 127.8, 79.8, 68.3, 43.9, 38.4, 36.4, 30.0, 28.5, 21.8, 21.6; FAB-HRMS m/z calcd for C;yH;,0;
(M+H)*335.0502, found 335.0541.
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(REAE)-7-[(1°S,2°R 4’S)-4’-Acetoxy-1’,2’-Epoxy-2’,6’,6’-trimethylcyclohexa-1’-
yl]-5-methylhepta-2,4-diene-6-yn-1-o0l 78. To a solution of iodoester 56 (1.11 g, f
1.89 mmol) in dichloromethane (18.9 mL) was added dropwise diisobutylaluminium Aco
hydride (1.0 M in toluene, 4.56 mL, 4.56 mmol) at —78 °C. After the reaction mixture was stirred for 5 min at the
same temperature, aqueous potassium sodium (+)-tartrate tetrahydrate solution were added and then resulting
mixture was extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over
MgSO,, filtered and concentrated in vacuo.to afford crude vinyl iodide 57, which was used to the next reaction
without further purification.

To a solution of crude vinyl iodide 57 and acetylene 71 (420 mg, 1.89 mmol) in diisopropylamine (9.45 mL)
was added tetrakis(triphenylphosphine)palladium (262 mg, 0.23 mmol) and Cul (40 mg, 0.21 mmol). After
being stirred for 1.5 h at room temperature, the reaction mixture was poured into a saturated aqueous NH,Cl
solution, and then the resulting mixture was extracted with diethyl ether. The organic layers were combined,
dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography (from
30% to 50% ethyl acetate in hexane) afforded the conjugated acetylene derivative 78 (484 mg, 81%): [a]*;
+15.1 (¢ 1.07, CHCL,); IR (neat, cm™) 3458, 2965, 2926, 1738, 1448, 1370, 1244, 1043; '"H NMR (CDCl,, 400
MHz) 6 6.50 (dd, J = 14.8, 11.4 Hz, 1H), 6.39 (d, J = 11.2 Hz, 1H), 5.90 (dt, J = 14.9, 5.5 Hz, 1H), 4.87 (m, 1H),
423 (d, J=5.5 Hz, 2H), 2.38 (dd, J = 14.9, 5.7 Hz, 1H), 2.01 (s, 3H), 1.91 (s, 3H), 1.80 (dd, J = 14.8, 6.4 Hz,
1H), 1.62 (dd, J = 13.8, 3.5 Hz, 1H), 1.51(s, 3H), 1.39 (dd, J = 13.5, 8.3 Hz, 1H), 1.27 (s, 3H), 1.16 (s, 3H); *C
NMR (CDCl;, 100 MHz) 6 170.3, 135.4, 134.2, 125.9, 118.0, 89.3, 85.5, 67.1, 65.6, 63.9, 62.9, 39.8, 35.7, 34.0,
28.6,26.1,21.9,21.3, 17.4; ESI-HRMS m/z caled for C;oH,,0,Na (M+Na)*341.1729, found 341.1740.

X OH

2-[((Q’E4’E)-7’-((1”°S,2”’R,4°°S)-4°’-Acetoxy-1",2"’-Epoxy-2 **,6°’,6’’-trimeth
ylcyclohexylidene-1°’-yl)-5’-methylhepta-2,4-diene-6-yn)sulfanyl) .,(f
benzothiazole 79. To a solution of 78 (100 mg, 0.31 mmol), 4w
2-mercaptobenzothiazole (68 mg, 0.41 mmol) and triphenylphosphine (107 mg, 0.41 mmol) in THF (4 mL) was
added dropwise diisopropyl azodicarboxylate (0.09 mL, 0.44 mmol) at 0 °C. The reaction mixture was stirred for
1 h at room temperature and the all solvents were removed in vacuo. To a residue was added diethyl ether and
the precipitate was removed by filtration through a pad of Celite to give the crude products as a solution, which
was concentrated in vacuo. Purification by short silica gel column chromatography (from 5% to 10% ethyl
acetate in hexane) afforded the thioether 79 (127 mg, 87%): [@]**; +8.5 (¢ 0.97, CHCL); IR (neat, cm™) 2967,
2926, 1736, 1460, 1427, 1367, 1242, 1042; '"H NMR (CDCl,, 400 MHz) & 7.87 (m, 1H), 7.75 (m, 1H), 7.42 (m,
1H), 7.30 (m, 1H), 6.60 (dd, J = 14.9, 11.2 Hz, 1H), 6.36 (d, J = 11.5 Hz, 1H), 5.93 (m, 1H), 4.87 (m, 1H), 4.08
(d, J = 7.6 Hz, 2H), 2.37 (ddd, J =14.9, 5.7, 0.9 Hz, 1H), 2.00 (s, 3H), 1.89 (s, 3H), 1.79 (dd, J = 15.1, 6.6 Hz,
1H), 1.61 (m, 1H), 1.48 (s, 3H), 1.38 (dd, J = 13.7, 8.2 Hz, 1H), 1.24 (s, 3H), 1.14 (s, 3H); *C NMR (CDCl,,
100 MHz) & 170.3, 165.8, 153.2, 1354, 135.0, 129.8, 128.9, 126.1, 124.3, 121.5, 120.9, 118.9, 89.2, 86.1, 67.1,
65.6, 63.9, 39.9, 35.9, 34.1, 28.7, 26.2, 21.9, 21.4, 17.5, -0.02; ESI-HRMS m/z calcd for CysH,sNO;S,Na
(M+Na)*490.1487, found 490.1467.

NNNs8T

2-[((’EA4E)-7’-((17’S,2”°R,47°S)-4”’-Acetoxy-1",2”’-Epoxy-2°°,6”*,6”’-trimet P
hylcyclohexylidene-1"’-yl)-5’-methylhepta-2,4-diene-6-yn)sulfonyl)benzothiaz “0

ole 38. To a solution of the thioether 79 (154 mg, 0.33 mmol) in ethanol (3.3 mL) A%

was added dropwise a solution of sodium tungstate (VI) dihydrate (163 mg, 0.49 mmol) in hydrogen peroxide
(30 wt.% in water, 1.65 mL) at O °C. After being stirred for 30 min at room temperature, the reaction mixture
was poured into water and then extracted with diethyl ether. The organic layers were combined, dried over
MgSO,, filtered and concentrated in vacuo. Purification by short silica gel column chromatography afforded the
sulfone 38 (from 10% to 50% ethyl acetate in hexane) (106 mg, 65%): [c]**°, +9.6 (¢ 0.29, CHCL,); IR (neat,
cm™) 2967, 2928, 1736, 1472, 1368, 1333, 1244, 1150, 1028; 'H NMR (CDCl;, 400 MHz) 8 8.23 (m, 1H), 8.02
(m, 1H), 7.64 (m, 2H), 6.46 (dd, J = 14.9, 11.5 Hz, 1H), 6.31 (d,J = 11.4 Hz, 1H), 5.69 (m, 1H), 4.87 (m, 1H),
4.31 (d, J=7.8 Hz, 2H), 2.37 (dd, J = 15.1, 5.7 Hz, 1H), 2.01 (s, 3H), 1.78 (dd, J = 15.1, 6.4 Hz, 1H), 1.72 (s,

SO,BT
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3H), 1.60 (m, 1H), 1.47 (s, 3H), 1.37 (dd, J = 13.7, 8.4 Hz, 1H),1.23 (s, 3H), 1.13 (s, 3H); *C NMR (CDCl,, 100
MHz) 6 170.3, 165.4, 152.6, 135.7, 134.0, 128.1, 127.7, 125.4, 122.4, 121.5, 117.7, 88.7, 87.3, 67.1, 65.7, 63.8,
58.7, 39.9, 35.8, 34.1, 28.6, 26.2, 21.9, 21 .4, 17.5, -0.02; ESI-HRMS m/z calcd for C,sH,NO;S,Na (M+Na)*
522.1385, found 522.1381.

(2EAE,6E)-7-[(1’S,2°R,4’S)-4’-Acetoxy-1’,2’-Epoxy-2°,6°,6’-trimethylcyclohexa-
1’-yl]-5-methylhepta-2,4,6-triene-1-o0l 80. To a solution of iodide 73 (560 mg, 1.6 Ke) oH
mmol) and vinyl stannane 53 (915 mg, 2.40 mmol) in DMF (8 mL) was added Ao
bis(acetonitrile)dichloropalladium(Il) (21 mg, 0.05 mmol) and lithium chloride (136 mg, 3.20 mmol). After
being stirred for 10 min at 60 °C, the reaction mixture was poured into water and then extracted with ethyl
acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by silica gel column chromatography afforded coupling product 24 (482 mg, 95%) as a
yellow oil: [a]®, —41.6 (¢ 1.02, CHCL,); IR (neat, cm™) 3443, 2964, 2928, 1736, 1450, 1365, 1244, 1030; 'H
NMR (CDCl,, 400 MHz) § 6.60 (dd, J = 14.2, 10.3 Hz, 1H), 6.27 (d, /= 15.8 Hz, 1H), 6.10 (d, J = 11.2 Hz, 1H),
5.88 (d, J=15.8 Hz, 1H), 5.86 (m, 1H), 4.93 (m, 1H), 4.24 (m, 2H), 2.40 (dd, J = 15.1, 5.8 Hz, 1H), 2.01 (s, 3H),
1.88 (s, 3H), 1.77 (dd, J = 14.8, 6.8 Hz, 1H), 1.66 (dd, J = 13.2, 3.4 Hz, 1H), 1.34(m, 1H), 1.18 (s, 3H), 1.15 (s,
3H), 0.96 (s, 3H); *C NMR (CDClL,;, 100 MHz) § 170.3, 137.4, 134.5, 132.8, 130.4, 127.5, 123.7, 70.3, 67.7,
65.5, 63.5, 41.4, 36.8, 34.7, 28.6, 25.5, 21.4, 20.2, 12.8; ESI-HRMS m/z caled for C;;H,;O,Na (M+Na)*
343.1885, found 343.1883.

2-[((’E4’E,6’E)-7-((17°S,2’R,4°*S)-4”’- Acetoxy-1"’,2°>-Epoxy-2 **,6°°,6>*-tri
methylcyclohexylidene-1°’-yl)-5’-methylhepta-2,4,6-triene)sulfanyl) & S-87
benzothiazole 81. To a solution of 80 (330 mg, 1.03 mmol), AcO
2-mercaptobenzothiazole (241 mg, 1.44 mmol) and triphenylphosphine (378 mg, 1.44 mmol) in THF (10 mL)
was added dropwise diisopropyl azodicarboxylate (0.32 mL, 1.65 mmol) at O °C. The reaction mixture was
stirred for 10 min at room temperature and the all solvents were removed in vacuo. To a residue was added
diethyl ether and the precipitate was removed by filtration through a pad of Celite to give the crude products as a
solution, which was concentrated in vacuo. Purification by short silica gel column chromatography afforded the
thioether 81 (444 mg, 92%): [a]”} -25.6 (c 1.08, CHCL); IR (neat, cm™) 2964, 2926, 1734, 1460, 1427, 1365,
1242, 1028; "H NMR (CDCl,, 400 MHz) & 7.87 (m, 1H), 7.75 (m, 1H), 7.40 (m, 1H), 7.28 (m, 1H), 6.71 (dd, J =
14.7,11.3 Hz, 1H), 6.24 (d, J = 15.5 Hz, 1H), 6.07 (d, J =11.4 Hz, 1H), 5.88 (d, J =15.5 Hz, 1H), 5.86 (m, 1H),
4.93 (m, 1H), 4.11 (d, J =7.5 Hz, 2H), 2.38 (dd, J =15.8, 5.7 Hz, 1H), 2.01 (s, 3H), 1.87 (s, 3H), 1.76 (dd, J
=14.8, 6.8 Hz, 1H), 1.65 (dd, J =13.2, 3.4 Hz, 1H), 1.33(m, 1H), 1.16 (s, 3H), 1.14 (s, 3H), 0.96 (s, 3H); *C
NMR (CDCl,, 100 MHz) 6 170.3, 166.1, 153.2, 137.2, 135.3, 134.9, 130.9, 129.9, 127.4, 125.9, 124.2, 124.1,
121.5, 120.9, 70.3, 67.6, 65.5, 41.4, 36.7, 36.1, 34.7, 28.5, 25.5, 21.4, 20.2, 12.8; ESI-HRMS m/z calcd for
C,¢H;,NO,S,Na (M+Na)"492.1643, found 492.1640.

2-[(’EA’E,6’E)-7°-((1”°S,2”’R,4°°S)-4"’- Acetoxy-1"",2”’-Epoxy-2",6",6-tri
methylcyclohexylidene-1”’-yl)-5’-methylhepta-2,4,6-triene)sulfonyl) ::(o\ NN"50,87
benzothiazole 39. To a solution of the thioether 81 (30 mg, 0.064 mmol) in A©

ethanol (0.64 mL) was added dropwise a solution of sodium tungstate (VI) dihydrate (42 mg, 0.128 mmol) in
hydrogen peroxide (30 wt.% in water, 0.51 mL) at 0 °C. After being stirred for 50 min at room temperature, the
reaction mixture was poured into water and then extracted with diethyl ether. The organic layers were combined,
dried over MgSO,, filtered and concentrated in vacuo. Purification by short silica gel column chromatography
afforded the sulfone 7 (18 mg, 56%) as a yellow solid: [a]**, —22.5 (¢ 0.79, CHCl,); IR (neat, cm™) 3471, 2930,
2865, 1736, 1637, 1473, 1381, 1334, 1240, 1147, 1116, 976, 763; "H NMR (CDCl,, 400 MHz) § 8.22 (d, J =7.8
Hz, 1H), 8.01 (d, J =8.7 Hz, 1H), 7.65 (m, 2H), 6.59 (dd, J =14.7, 11.0 Hz, 1H), 6.20 (d, J =15.6, 1H), 6.02 (d, J
=15.6 Hz, 1H), 5.90 (d, J =15.6 Hz, 1H), 5.64 (dt, J =15.1, 7.8 Hz, 1H), 4.91 (m, 1H), 4.31 (d, J =7.8 Hz, 1H),
2.36 (dd, J =15.1, 5.7, 1H), 2.00 (s, 3H), 1.78 (dd, J =15.2, 6.5 Hz, 1H), 1.71 (s, 3H), 1.63 (m, 1H), 1.37 (dd, J
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=137, 8.5 Hz, 1H), 1.13 (s, 3H), 1.12 (s, 3H), 0.95 (s, 3H); 3C NMR (CDCl,, 100 MHz) & 170.7, 165.9, 153.0,
137.5, 1372, 129.5, 128.3, 128.0, 125.8, 125.7, 1227, 116.5, 70.5, 67.9, 65.9, 59.3, 41.7, 37.1, 35.0, 28.9, 25.8,
21.7,20.5, 13.1; ES-HRMS m/z caled for ,4H,;,NOsS,Na (M+Na)* 524.1541, found 524.1524.

(2EAE.6E)-7-[(4’S)-4’-Acetoxy-2’,6’,6’-trimethylcyclohexene]-5-methylhepta-2,
4,6-triene-1-0l 82. To a solution of acetate 77 (194 mg, 0.58 mmol) and vinyl
stannane 53 (247 mg, 0.64 mmol) in DMF (29 mL) was added A
diisopropylethylamine (0.30 mL, 1.74 mmol), bis(acetonitrile)dichloropalladium(Il) (7 mg, 0.03 mmol) and
lithium chloride (49 mg, 1.16 mmol). After being stirred for 50 min at room temperature, the reaction mixture
was poured into water and then extracted with ethyl acetate. The organic layers were combined, washed with
brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography
(from 10% to 30% ethyl acetate in hexane) afforded 82 (151 mg, 85%) as a yellow oil: [a]®} -91.0 (c 1.33,
CHCLy); IR (neat, cm™) 3414, 2961, 2924, 1736, 1366, 1244, 1030; '"H NMR (CDCl,, 400 MHz) § 6.63 (dd, J =
15.1, 11.2 Hz, 1H), 6.13-5.96 (m, 3H), 5.88 (td, J = 12.1, 5.9 Hz, 1H), 5.06 (m, 1H), 4.24 (m, 1H), 2.44 (dd, J =
17.0, 5.72 Hz, 1H), 2.06 (m, 1H), 2.05 (s, 3H), 1.92 (s, 3H), 1.77 (ddd, J = 12.2, 3.4, 1.8 Hz, 1H), 1.71 (s, 3H),
1.56 (m, 1H), 1.10 (s, 3H), 1.06 (s, 3H); *C NMR (CDCl,, 100 MHz) & 170.8, 138.3, 137.7, 135.9, 132.0, 129.3,
127.9, 1258, 125.6, 68.4, 63.7, 43.9, 38.4, 36.6, 29.9, 284, 21.5, 21.4, 12.6; ESI-HRMS m/z calcd for
CsHysO;Na (M+Na)*327.1936, found 327.1940.

\\\OH

2-[(Q’EA’E,6’E)-7’-((4°S)-4"’-Acetoxy-1",2"’-Epoxy-2°’,6"*,6’-trimethylcycl
ohexene)-5’-methylhepta-2,4,6-triene)sulfanyl)benzothiazole 83. To a solution NN Ng8T
of alcohol 82 (110 mg, 0.29 mmol), 2-mercaptobenzothiazole (68 mg, 0.41 mmol) aco

and triphenylphosphine (107 mg, 0.41 mmol) in THF (3 mL) was added dropwise diisopropy! azodicarboxylate
(0.09 mL, 0.47 mmol) at O °C. The reaction mixture was stirred for 10 min at room temperature and the all
solvents were removed irn vacuo. To a residue was added diethyl ether and the precipitate was removed by
filtration through a pad of Celite to give the crude products as a solution, which was concentrated in vacuo.
Purification by short silica gel column chromatography (from 10% to 30% ethyl acetate in hexane) afforded
thioether 83 (111 mg, 84%): [a]®} -64.1 (c 0.93, CHCL); IR (neat, cm™) 2963, 2926, 1734, 1460, 1427, 1363,
1244, 1030; '"H NMR (CDCl,, 400 MHz) 8 7.87 (m, 1H), 7.75 (m, 1H), 7.41 (m, 1H), 7.27 (m, 1H), 6.74 (dd, J =
14.6, 11.2 Hz, 1H), 6.09-6.04 (m, 2H), 6.02 (d, J =10.0 Hz, 1H), 5.88 (m, 1H), 5.04 (m, 1H), 4.11 (d, J =7.6 Hz,
2H), 2.43 (dd, J =17.0, 5.5 Hz, 1H), 2.08 (dd, J =17.0, 9.4 Hz, 1H), 2.04 (s, 3H), 1.91 (s, 3H), 1.73 (m, 1H), 1.69
(s, 3H), 1.56 (m, 1H), 1.08 (s, 3H), 1.05 (s, 3H); *C NMR (CDCl,, 100 MHz) 8 170.7, 166.2, 153.2, 138.2,
137.6, 136.3, 135.3, 131.2, 128.9, 126.7, 126.1, 125.9, 125.6, 124.2, 121.5, 120.9, 68.2, 43.9, 38.3, 36.6, 36.2,
29.9,28.4,21.4,21.4,12.56; ESI-HRMS m/z caled for C,sH;NO,S,Na (M+Na)*476.1694, found 476.1696.

2-[((Z’EA’E,6’E)-7’-((4’S)-4’’-Acetoxy-2"*,6"’,6”’-trimethylcyclohexene)-5’-
methylhepta-2.4,6-triene)sulfonyl) benzothiazole 84. To a solution of the WSOZBT
thioether 83 (205 mg, 0.45 mmol) in ethanol (9.0 mL) was added dropwise a AcO

solution of sodium tungstate (VI) dihydrate (164 mg, 0.50 mmol) in hydrogen peroxide (30 wt.% in water, 5,42
mL) at 0 °C. After being stirred for 50 min at room temperature, the reaction mixture was poured into water and
then extracted wit h diethyl ether. The organic layers were combined, dried over MgSO,, filtered and
concentrated in vacuo. Purification by short silica gel column chromatography (from 10% to 30% ethyl acetate
in hexane) afforded the sulfone 84 (68 mg, 31%): [a]*, -43.5 (c 1.50, CHCL,); IR (neat, cm™) 2963, 1728, 1630,
1471, 1364, 1330, 1244, 1148, 1026, 970; 'H NMR (CDCl,, 400 MHz) & 8.24 (m, 1H), 7.99 (m, 1H), 7.63 (m,
2H), 6.60 (dd, J = 14.9, 11.3 Hz, 1H), 6.10 (d, J = 16.2 Hz, 1H), 5.99 (d, J = 16.3 Hz, 1H), 598 (d, / = 11.4 Hz,
1H), 5.62 (m, 1H), 5.04 (m, 1H), 4.33 (d, J = 7.4 Hz, 2H), 2.37 (m, 1H), 2.09 (m, 1H), 2.04 (s, 3H), 1.80-1.65 (m,
1H), 1.74 (s, 3H), 1.60-1.50 (m, 1H), 1.43 (s, 3H), 0.97 (s, 3H), 0.88 (s, 3H); *C NMR (CDCl,, 100 MHz) &
171.5, 166.3, 153.3, 139.2, 138.5, 137.8, 137.6, 133.9, 129.5, 128.6, 128.3, 128.2, 127.6, 126.1, 123.0, 116.1,
69.2, 59.8, 44.7, 38.7, 37.8, 29.5, 28.9, 22.12, 20.8, 13.2; ESI-HRMS m/z calcd for C,sH;NO,S,Na (M+Na)*
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508.1592, found 508.1547.

Olefin Derivative 4. To a solution of olefin segment 38 (22

mg, 0.044 mmol) and ylidenebutenolide segment 36 (15 mg,
0.044 mmol) in THF (0.65 mL) was added dropwise sodium A<
bis(trimethylsilyl)amide (1.0M in THF, 0.13 mL, 0.13 mmol) at -78 °C in the dark. After being stirred for 5 min
at the same temperature, the reaction mixture was poured into water and then extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSQ,, filtered and concentrated in vacuo.
Purification by short silica gel column chromatography (from 30% to 50% ethyl acetate in hexane) in the dark
afforded olefin derivative 4 (13 mg, 48%) as a mixture of the isomers as a red film. A solution of a mixture of
all-trans-olefin derivative 4 and its cis-isomer in benzene was left at room temperature in the fluorescence light.
After 2 days, partial separation by preparative HPLC [column: Develosil CN-UG (10 x 250 mm); mobile phase:
acetone / n-hexane = 1 / 10; flow rate: 2.0 mL / min.; UVdetect: 450 nm; retention time: (all-trans-isomer) 49
min., (15-cis-isomer) 43 min.] in the dark, and HPLC [column: YMC Carotenoid C30 (10 x 250 mm); reverse
phase: acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2.0 mL / min.; UVdetect: 450 nm; retention time:
(all-trans-isomer) 30 min., (15-cis-isomer) 24 min.] in the dark, afforded the desired optically active olefin
derivative 4 as ared film: IR (neat, cm™) 3327, 2924, 1741, 1712, 1462, 1377, 1259, 1153, 1028; 'H NMR (C,D,
750 MHz) & 7.57 (d, J = 15.5 Hz, 1H), 6.68 (d, J = 15.4 Hz, 1H), 6.62 (dd, J = 14.0, 12.3 Hz, 1H), 6.56 (d, J =
15.5 Hz, 1H), 6.45 (dd, J = 14.1, 11.9 Hz, 1H), 6.38 (dd, J = 14.3, 11.2 Hz, 1H), 6.33 (d, / = 11.7 Hz, 1H), 6.26
(dd, J =142, 11.3 Hz, 1H), 6.17 (d, J = 11.7 Hz, 1H), 6.15 (s, 1H), 5.92 (d, J =15.5 Hz, 1H), 5.20 (s, 1H), 5.19
(m, 1H), 3.86 (m, 1H), 2.35 (dd, /= 14.7, 5.3 Hz, 1H), 2.19 (ddd, J = 14.7, 5.1, 1.1 Hz, 1H), 2.13 (s, 3H), 1.79 (s,
3H), 1.72 (s, 3H), 1.71 (m, 1H), 1.62 (dd, J =14.8, 7.2 Hz, 1H), 1.42 (m, 2H), 1.35 (m, 1H), 1.13 (s, 3H), 1.12 (s,
3H), 1.09 (s, 3H), 1.09 (s, 3H), 1.08 (s, 3H), 1.05 (s, 3H), 1.05 (m, 1H); *C NMR (C¢Ds, 188 MHz) & 169.3,
168.3, 147.5, 138.1, 137.7, 137.1, 136.4, 135.8, 134.7, 134.6, 134.4, 132.5, 131.4, 129.9, 125.1, 125.0, 1224,
118.5, 70.5, 70.3, 67.7, 67.5, 65.8, 63.9, 47.3, 422, 41.2,37.3, 35.3, 35.1, 29.5, 28.8, 25.7, 25.3, 21.0, 19.9, 15.6,
12.9; ESI-HRMS m/z caled for C;0H,;0;Na (M+Na)* 651.3298, found 651.3276.

OH
Diolefin derivative 5. To a solution of sulfone 84 (22 mg, o

) Y Y S N N N

0.045 mmol) and aldehyde 36 (16 mg, 0.045 mmol) in THF - 5

(0.68 mL) was added dropwise sodium °
bis(trimethylsilyl)amide (1.0M in THF, 0.14 mL, 0.14 mmol) at -78 °C in the dark. After being stirred for 5 min
at the same temperature, the reaction mixture was poured into water and then extracted with diet hyl ether. The
organic layers' were combined, washed with brine, dried over MgSO,, filtered and concentrated irn vacuo.
Purification by short silica gel column chromatography (from 30% to 50% ethyl acetate in hexane) in the dark
afforded peridinin derivative (13 mg, 47%) as a mixture of the isomers as a red film. A solution of a mixture of
all-trans-diolefin derivative 5 and its isomer in benzene was left at room temperature in the fluorescence light.
After 4 days, partial separation by preparative HPL.C [column: Develosil CN-UG (10 x 250 mm); mobile phase:
acetone / n-hexane = 1/ 10; flow rate: 2 mL / min.; UVdetect: 459 nm; retention time: (all-trans-isomer) 68 min.,
(15-cis-isomer) 61 min.] in the dark, and HPLC [column: YMC Carotenoid C30 (10 x 250 mm); reverse phase:
acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2.0 mL / min.; UVdetect: 459 nm; retention time:
(all-frans-isomer) 34 min.] in the dark, afforded the desired optically active diolefin derivative 5 as a red film: IR
(neat, cm™) 3449, 2924, 2853, 2363, 1751, 1655, 1509, 1364, 1242, 1124, 1034; '"H NMR (C¢D,, 750 MHz)
87.57 (d, J = 15.5 Hz, 1H), 6.68 (dd, J = 13.7, 12.3 Hz, 1H), 6.57 (d, J = 15.5 Hz, 1H), 6.49 (dd, J = 14.1, 12.0
Hz, 1H), 6.42 (dd, J = 14.1, 12.0 Hz, 1H), 6.36 (d, J = 11.4 Hz, 1H), 6.34 (dd, J = 14.1, 11.0 Hz, 1H), 6.27 (d, J
= 15.8 Hz, 1H), 6.26 (d, J = 11.4 Hz, 1H), 6.19 (d, J = 16.1 Hz, 1H), 6.17 (s, 1H), 5.29 (m, 1H), 5.22 (s, 1H),
3.76 (m, 1H), 2.46 (dd, J = 17.1, 5.9 Hz, 1H), 2.20 (ddd, J = 14.2, 4.8, 1.0 Hz, 1H), 2.15 (s, 3H), 2.13 (m, 1H),
1.87 (m, 1H), 1.84 (s, 3H), 1.68 (s, 3H), 1.64 (dd, J = 11.9, 11.9 Hz, 1H), 1.42 (m, 2H), 1.13 (s, 3H), 1.13 (s, 3H),
1.09 (s, 3H), 1.08 (s, 3H), 1.07 (s, 3H), 1.06 (m, 1.16); *C NMR (C(D;, 188 MHz)[18[1169.8, 168.3, 147.4,
139.0, 138.1, 137.7, 137.2, 136.3, 134.6, 134.3, 134.1, 131.6, 129.6, 126.7, 126.4, 125.1, 122.4, 118.5, 70.4, 68.1,
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67.4,63.8,47.3,44.4,41.2, 38.8, 36.8, 35.3, 30.1, 29.5, 28.6, 25.3, 21.5, 21.0, 19.9, 15.6, 12.7; ESI-HRMS m/z
caled for C3oHs,OgNa (M+Na)* 637.3505, found 637.3517.

Acethylene Derivative 3. To a soluti on of acetylene
segment 38 (22 mg, 0.044 mmol) and ylidenebutenolide
segment 36 (15 mg, 0.044 mmol) in THF (0.87 mL) was
added dropwise sodium bis(trimethylsilyl)amide (1.0M in
THF, 0.12 mL, 0.12 mmol) at -78 °C in the dark. After being stirred for 5 min at the same temperature, the
reaction mixture was poured into water and then extracted with ethyl acetate. The organic layers were combined,
washed with brine, dried over MgSQ,, filtered and concentrated in vacuo. Purification by short silica gel column
chromatography (from 30% to 50% ethyl acetate in hexane) in the dark afforded acethylene derivative 3 (12 mg,
42%) as a mixture of the isomers as a red film. A solution of a mixture of all-frans-acethylene derivative 3 and

its cis-isomer in benzene was left at room temperature in the fluorescence light. After 11 days, partial separation
by preparative HPLC [column: Develosil CN-UG (10 x 250 mm); mobile phase: acetone / n-hexane = 1 / 10;
flow rate: 2.0 mL / min.; UVdetect: 438 nm; retention time: (all-trans-isomer) 58 min., (9Z, 13E-isomer) 51
min.] in the dark, and HPLC [column: YMC Carotenoid C30 (10 x 250 mm); reverse phase: acetonitrile /
methanol / water = 50 / 48 / 2; flow rate: 2.0 mL / min.; UVdetect: 438 nm; retention time: (all-trans-isomer) 22
min.] in the dark, was afforded the desired optically active acethylene derivative 3 as a red film: IR (neat, cm™)
3455, 2924, 2853, 2367, 1701, 1655, 1561, 1460, 1419, 1379, 1259, 1121, 1041; '"H NMR (C¢Ds, 750 MHz) &
7.57 (d, J = 15.5 Hz, 1H), 6.61 (d, J = 11.7 Hz, 1H), 6.56 (d, J =15.5 Hz, 1H), 6.42 (dd, J = 13.9, 12.3 Hz, 1H),
6.38 (dd, J = 14.3, 12.1 Hz, 1H), 6.30 (d, J = 11.8 Hz, 1H), 6.26 (dd, J = 14.2, 11.5 Hz, 1H), 6.15 (s, 1H), 6.13
(dd, J =142, 11.7 Hz, 1H), 5.18 (s, 1H), 5.07 (m, 1H), 3.75 (m, 1H), 2.25 (dd, J = 14.8, 3.5 Hz, 1H), 2.20 (ddd,
J=14.5,4.2,1.0 Hz, 1H), 2.11 (s, 3H), 1.79 (s, 3H), 1.68 (s, 3H), 1.62 (m, 1H), 1.46 (s, 3H), 1.41 (m, 2H), 1.35
(m, 1H), 1.34 (s, 3H), 1.31 (s, 3H), 1.13 (s, 3H), 1.09 (s, 3H), 1.08 (s, 3H), 1.06 (m, 1H); *C NMR (C¢D,, 188
MHz) & 169.3, 168.3, 147.7, 137.3,136.8, 136.4, 136.3, 135.1, 135.0, 134.9, 130.9, 130.0, 125.4, 122.3, 119.5,
118.2,90.1, 89.1, 70.5, 67.4, 67.2, 65.6, 64.1, 63.9,47.3,41.1,40.4, 36.2, 35.3, 34.4, 29.5, 29.0, 26.6, 25.3, 22.1,
20.9,19.9,17.7, 15.6; ESI-HRMS m/z calcd for C;yH,30,Na (M+Na)*651.3298, found 651.3276.

(3Z,5E)-6-[(1’S,2’R 4°S)-1°,2’-epoxy-4’-Hydroxy-2’,6’,6’-trimethylecyclohex-1’-yl]-4-m COaMe
ethoxycarbonylhexa-3,5-dien-1-yne 85. To a solution of dibromide 64 (684 mg, 1.21 -,(0\ ~7
mmol) in THF (12.1 mL) was added tetra-n-butylammonium fluoride (7.27 mL, 1.0 M HO :

solution in THF) at room temperature. After being stirred for 2 h at 55 °C, the reaction mixture was poured into a
saturated aqueous NH,CI solution, and then extracted with ethyl acetate. The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column
chromatography (from 10% to 50% ethyl acetate in hexane) afforded alkyne 64 (171 mg, 50%): [a]**, -64.7 (c
0.95, CHCL,); IR (neat, cm’') 3424, 3291, 2961, 2782, 2097, 1782, 1578, 1437, 1375, 1229, 1159, 1049, 974; 'H
NMR (CDCl; 400 MHz) & 6.24 (s, 2H), 5.83 (d, J = 2.7 Hz, 1H), 3.88 (m, 1H), 3.85 (s, 3H), 3.41 (d, / = 2.8 Hz,
1H), 2.36 (dd, J = 14.2, 4.5 Hz, 1H), 1.63-1.57 (m, 2H), 1.22 (dd, J = 12.8, 11.0 Hz, 1H), 1.18 (s, 3H), 1.12 (s,
3H), 0.96 (s, 3H); *C NMR (CDCl,, 100 MHz) 8 166.8, 143.4, 132.2, 129.1, 113.4, 87.3, 80.4, 70.3, 67.7, 64.3,
52.4,47.3,41.1,35.6,29.6, 25.1, 20.1; ESI-HRMS m/z Calcd for C;;H,,0, (M+Na)*313.1416, found 313.1413.

(2E,6Z.8E)-9-[(1’S,2’R,4’S)-1°,2’-Epoxy-4’-hydroxy-2’,6’,6’-trimethylcyclohe CoMe s
x-1’-yl]-7-methoxycarbonyl-3-methylnona-2,6,8-trien-4-yn-1-ol (85°). To a "'o\ ~7
solution ~ of  vinyl iodide 35 (174 mg, 0878 mmol), Ho
tetrakis(triphenylphosphine)palladium (41 mg, 0.035 mmol) and triethylamine (0.15 mL, 1.05 mmol) in THF
(2.2 mL) was added a solution of alkyne 85 (102 mg, 0.35 mmol) in THF (0.6 mL) and Cul (7 mg, 0.035 mmol).
After being stirred for 40 min at room temperature, the reaction mixture was poured into a saturated aqueous

OH

NH,CI solution, and then the resulting mixture was extracted with ethyl acetate. The organic layers were
combined, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column
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chromatography (from 50% to 70% ethyl acetate in hexane) afforded diol 85’ (83 mg, 66%): [a]*, —77.9 (c 0.62,
CHCLy); IR (neat, cm™) 3395, 2962, 2930, 1722, 1437, 1379, 1219, 1157, 1047; 'H NMR (400 MHz, CDCl,) &
6.26 (s, 2H), 6.03 (td, J = 6.4, 1.4 Hz, 1H), 6.00 (s, 1H), 4.26 (d, J = 6.6 Hz, 2H), 3.88 (m, 1H), 3.86 (s, 3H),
2.37 (ddd, J = 14.2, 5.0, 1.6 Hz, 1H), 1.86 (s, 3H), 1.66-1.57 (m, 2H), 1.25-1.20 (m, 1H), 1.19 (s, 3H), 1.14 (s,
3H), 0.97 (s, 3H); *C NMR (100 MHz, CDCl,) § 166.9, 140.7, 137.4, 131.0, 129.5, 121.0, 115.1, 102.1, 85.3,
70.4,67.7,64.5,59.6,52.2,47.4,41.2,35.6,29.7,25.1,20.1, 17.7; ESI-HRMS m/z Calcd for C,;H,s05 (M+Na)*
383.1834, found 383.1846.

(1Z,3Z,5E)-6-[(1’S,2°R,4°S)-4’-tert-Butyldimethylsiloxy-1’,2’-epoxy-2°,6°,6’-trime COMe
thylcyclohex-1’-yl]-1-bromo-4-methoxycarbonyl-hexa-1,3,5-triene 87. To a ~:<0\ NN B
suspension of bromomethyltriphenylphosphonium bromide (2.02 g, 4.63 mmol) in T8SO

THF (7.72 mL) was added dropwise sodium bis(trimethylsilyl)amide (1.0M in THF, 4.32 mL, 4.32 mmol) at -30
°C. After the mixture was stirred for 5 min at -30 °C, a solution of y-hydroxybutenolide 64 (609 mg, 1.54 mmol)
and diisopropylethylamine (0.81 mL, 4.63 mmol) in DMF (7.72 mL) was added. After being stirred for 15 min
at room temperature, methyl iodide (0.57 mL, 9.26 mmol) was added. After being stirred for 15 min at the same
temperature, the reaction mixture was poured into water, and then extracted with ethyl acetate. The organic
layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by
silica gel column chromatography (from 5% to 10% ethyl acetate in hexane) afforded triene bromide 87 (511 mg,
69%) as a mixture of E and Z isomer: Z-isomer [o]p> -35.7 (c 0.76, CHCL); IR (neat, cm™) 2957, 2930, 2858,
1726, 1462, 1381, 1257, 1151, 1078; '"H NMR (400 MHz, CDCl,) & 7.18 (dd, J = 11.0, 7.1 Hz, 1H), 6.77 (d, J=
11.2 Hz, 1H), 6.46 (d, J = 7.4, 0.9 Hz, 1H), 6.31 (d, J = 15.8 Hz, 1H), 6.24 (d, J = 15.8 Hz, 1H), 3.84 (s, 3H),
3.83 (m, 1H), 2.25 (m, 1H), 1.64 (dd, J = 14.4, 8.2 Hz, 1H), 1.51 (m, 1H), 1.26 (m, 1H),1.19 (s, 3H), 1.13 (s, 3H),
0.97 (s, 3H), 0.88 (s, 9H), 0.07 (s, 6H); *C NMR (100 MHz, CDCl,) § 167.6, 134.1, 131.0, 130.9, 130.5, 129.2,
114.9, 70.6, 67.5, 65.0, 52.3, 474, 41.7, 35.5, 29.6, 26.2, 25.3, 20.4, 18.5, -4.4; ESI-HRMS m/z Calcd for
C,;H;,BrO,Si (M+Na)* 507.1542, found 507.1530; E-isomer 'H NMR (400 MHz, CDCl;) & 7.30 (dd, J = 13.5,
11.9 Hz, 1H), 6.63 (d, J=14.2 Hz, 1H), 6.31 (d, J = 11.9 Hz, 1H), 6.22 (d, J= 15.6 Hz, 1H), 6.18 (d, /= 15.6 Hz,
1H), 3.84 (s, 3H), 3.83 (m, 1H), 2.24 (m, 1H), 1.64 (m, 1H), 1.50 (m, 1H), 1.26 (m, 1H),1.17 (s, 3H), 1.12 (s,
3H), 0.95 (s, 3H), 0.88 (s, 9H), 0.04 (s, 6H); *C NMR (100 MHz, CDCl,) 8 167.3, 134.6, 133.7, 133.4, 131.6,
130.2, 116.1, 70.7, 67.6, 65.0, 52.2,47.3, 41.7, 35.5, 29.6, 26 .2, 25.3, 20.4, 18.5, -4.4.

(2E4E,6E,8E)-9-[(1’S,2°R,4°S)-4’-tert-Butyldimethylsiloxy-1°,2’-epoxy-2°,6°,6°-t
rimethylcyclohex-1’-yl]-7-methoxycarbonyl-3-methylnona-2.4,6,8-tetraen-1-ol
87°. To a solution of triene bromide 87 (178 mg, 0.37 mmol) and vinylstannane 51
(398 mg, 1.10 mmol) in DMSO (1.84 mlL) was added
bis(acetonitrile)dichloropalladiam(Il) (5 mg, 0.02 mmol) and lithium chloride (31
mg, 0.73 mmol). After being stirred for 30 min at 60 °C, the reaction mixture was poured into water, and then
extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered
and concentrated in vacuo. Purification by silica gel column chromatography (from 10% to 30% ethyl acetate in
hexane) afforded coupling product 87’ (87 mg, 50%): [a]p> -18.7 (c 1.05, CHCl,); IR (neat, cm™) 3449, 2957,
2930, 2858, 1714, 1597, 1435, 1363, 1228, 1084; 'H NMR (400 MHz, CDCl,) 8 7.19 (d, J = 11.2, 1H), 6.66 (dd,
J=15.1,11.2, 1H), 6.59 (d, J = 15.1, 1H), 6.50 (d, J = 15.8 Hz, 1H), 6.46 (d, J = 15.8, 1H), 5.85 (t, / = 6.9 Hz,
1H), 4.34 (m, 2H), 3.85 (m, 1H), 3.78 (s, 3H), 2.26 (dd, J = 14.2, 5.1 Hz, 1H), 1.84 (s, 3H), 1.67 (m, 1H), 1.55
(m, 1H), 1.26 (m, 1H), 1.24 (s, 3H), 1.17 (s, 3H) , 1.01 (s, 3H), 0.88 (s, 9H) , 0.05 (s, 6H); *C NMR (100 MHz,
CDCl,) 8 168.0, 144.8, 1394, 136.0, 135.4, 132.0, 127.5, 124.9, 1234, 71.0, 67.5, 65.0, 59.7, 52.1, 47.3, 41.7,
354, 29.8, 26.2, 25.3, 20.4, 18.4, 12.9, -4.5; ESI-HRMS m/z Caled for C,;H,,05Si (M+Na)*499.2856, found
499.2845; 9°Z-isomer "H NMR (400 MHz, CDCl,) 8 6.91 (dd, J = 15.4, 11.9, 1H), 6.53 (d, J = 11.7, 1H), 6.47 (d,
J=15.6, 1H), 6.26 (d, J = 15.5 Hz, 1H), 6.14 (d, J = 15.6, 1H), 5.81 (t, J = 6.9 Hz, 1H), 4.40 (m, 2H), 3.85 (m,
1H), 3.84 (s, 3H), 2.24 (dd, J = 14.2, 5.1 Hz, 1H), 1.84 (s, 3H), 1.65 (m, 1H), 1.55 (m, 1H), 1.26 (m, 1H), 1.24 (s,
3H), 1.17 (s, 3H) , 1.01 (s, 3H), 0.88 (s, 9H) , 0.05 (s, 6H).
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(2E4E,6E,8E)-9-[(1’S,2°R,4°S)-1°,2’-Epoxy-4’-hydroxy-2’,6’,6’-trimethylcyclohex-
1’-yl]-7-methoxycarbonyl-3-methylnona-2,4,6,8-tetraen-1-ol 87°’. To a solution of
tetraene alcohol 87’ (45 mg, 009 mmol) in THF (1 ml) was added
tetra-n-butylammonium fluoride (1.0M in THF, 0.24 mL, 0.24 mmol) at 45 °C. After
being stirred for 3 h at the same temperature, the reaction mixture was poured into a

saturated aqueous NH,CI solution, and then extracted with diethyl ether. The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by short silica gel column
chromatography (from 50% to 70% ethyl acetate in hexane) afforded tetraene diol 87°’ (22 mg, 65%); [a]p**
—21.5 (c 0.61, CHCL,); IR (neat, cm™) 3427, 2959, 1713, 1597, 1437, 1375, 1238, 1047, 974, 758; '"H NMR (400
MHz, CDCly) 8 7.19 (d, J = 11.0, 1H), 6.67 (dd, J = 15.1, 11.0, 1H), 6.59 (d, J = 15.1, 1H), 6.48 (s, 2H), 5.85 (t,
J=6.9 Hz, 1H), 4.33 (d, J = 6.8 Hz, 2H), 3.90 (m, 1H), 3.78 (s, 3H), 2.39 (ddd, J = 14.2, 5.4, 1.8 Hz, 1H), 1.83
(s, 3H), 1.64 (m, 2H), 1.25 (m, 1H), 1.25 (s, 3H), 1.18 (s, 3H) , 1.02 (s, 3H); *C NMR (100 MHz, CDCl,) §
168.0, 144.8, 139.5, 136.2, 135.2, 131.8, 127.5, 125.1, 123.6, 70.8, 67.5, 64.6, 59.9, 52.2,47.4,41.2, 35.6, 29.9,
25.2,20.2, 13.0; ESI-HRMS m/z Caled for C,;H;,05 (M+Na)*385.1991, found 385.1986.

Acetylene Methyl Ester Derivative 9. To a solution of diol
(30 mg, 0.08 mmol) in diethyl ether (0.8 mL) was added
manganese dioxide (499 mg) at room temperature. After
being stirred at the same temperature for 10 min, the ,é( '
reaction mixture was filtered through a pad of Celite. The A© \ o

solvents were removed in vacuo to afford crude aldehyde 41, which was used to the next reaction without further
purification.

To a solution of the sulfone 32 (40 mg, 0.083 mmol) and crude aldehyde 41 in THF (2 mL) was added dropwise
sodium bis(trimethylsilyl)amide (1.0M in THF, 0.32 mL, 0.32 mmol) at -78 °C in the dark. After being stirred
for 5 min at the same temperature, the reaction mixture was poured into water, and then extracted with diethyl

ether. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by short silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) in the
dark afforded a mixture of all-trans-acetylene ester derivative 9 and its cis-isomer (34 mg, 63%) as an orange
film. A solution of a mixture of acethylene ester derivative 9 in benzene was left at room temperature under
fluorescent light. After 8 days, the separation by preparative HPLC [column: Develosil CN-UG (10 x 25 mm);
mobile phase: acetone / n-hexane = 1/ 6; flow rate: 2 mL / min.; UVdetect: 410 nm; retention time:
(all-trans-isomer 9-1) 40 min., (13Z-isomer 9-2) 41 min.] in the dark gave crude acetylene ester derivative 9,
which was further purified by preparative HPL.C [column: YMC Carotenoid C30 (10 x 250 mm); reverse phase:
acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2 mL / min.; UVdetect: 410 nm; retention time:
(all-trans-isomer) 15 min] in the dark, afforded the desired optically active peridinin derivative 9-1 as an orange
powder: IR (neat, cm™) 3505, 2929, 2161, 1931, 1713, 1437, 1363, 1223, 1161, 1032; 'H NMR (750 MHz,
CDCly) 6 6.58 (dd, J = 14.2, 11.9 Hz, 1H), 6.49 (d, J = 11.4 Hz, 1H), 6.46 (dd, J = 13.2, 13.2 Hz, 1H), 6.41 (dd,
J=12.9, 129 Hz, 1H), 6.32 (dd, J = 14.3, 11.0 Hz, 1H), 6.27 (s, 2H), 6.08 (d, J = 11.8 Hz, 1H), 6.07 (s, 1H),
6.04 (s, 1H), 5.38 (m, 1H), 3.89 (m, 1H), 3.87 (s, 3H), 2.37 (dd, J = 14.1, 4.8 Hz, 1H), 2.28 (dd, J = 10.7 Hz,
1H), 2.04 (s, 3H), 1.99 (m, 1H), 1.96 (s, 3H), 1.79 (s, 3H), 1.63 (m, 2H), 1.50 (dd, J = 12.0, 12.0 Hz, 1H), 1.42
(m, 1H), 1.38 (s, 3H), 1.35 (s, 3H), 1.34 (m, 1H), 1.20 (s, 3H), 1.14 (s, 3H), 1.07 (s, 3H), 0.97 (s, 3H); °C NMR
(188 MHz, CDCl,) 6 202.5, 170.4, 166.6, 137.8, 135.9, 132.7, 131.3, 130.3, 129.4, 128.0, 127.8, 117.7, 117.6,
115.4, 103.3, 87.6, 81.0, 72.7, 67.9, 67.6, 64.2, 51.6, 46.6, 45.4, 45.2, 40.9, 35.8, 35.3, 32.1, 29.4, 24.9, 214,
19.9,17.5, 14.0 ; ESI-HRMS m/z Calced for C,Hs,0; (M+Na)*667.3611, found 667.3609.

. OMe
s . .. . s ATV VE VS T
9’E-Olefin methyl ester derivative 10. To a solution of 87’ (24 mg, ﬁw
X
AcO' ¥

0.067 mmol) in diethyl ether (0.66 mL) was added manganese dioxide OH
(0.397 g) at room temperature. After being stirred at the same ﬁj\
oH
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temperature for 5 min, the reaction mixture was filtered through a pad of Celite. The solvents were removed in
vacuo to afford crude aldehyde 42°, which was used to the next reaction without further purification.

To a solution of the sulfone 32 (34 mg, 0.067 mmol) and aldehyde 42” in THF (1.56 mL) was added dropwise
sodium bis(trimethylsilyl)amide (1.0M in THF, 0.31 mL, 0.31 mmol) at -78 °C in the dark. After being stirred
for 5 min at the same temperature, the reaction mixture was poured into water, and then extracted with diethyl
ether. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by short silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) in the
dark afforded a mixture of olefin ester derivative 10 (20 mg, 46%) as a red film. A solution of a mixture of olefin
ester derivative 10 in benzene was left at room temperature under fluorescent light. After 5 days, the separation
by preparative HPLC [column: Develosil CN-UG (10 x 25 mm); mobile phase: acetone / n-hexane = 1/6; flow
rate: 2 mL / min.; UVdetect: 430 nm; retention time: (13Z, 9’E)-isomer 10-2 35 min., (13E, 9°E)-isomer 10-1 37
min.] in the dark gave crude peridinin derivative 10, which was further purified by preparative HPLC [column:
YMC Carotenoid C30 (10 x 250 mm); reverse phase: acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2
mL / min.; UVdetect: 430 nm; retention time: (13E, 9’E)-derivative 31 min] in the dark, afforded the optically
active 9’E-olefin ester peridinin derivative 10-1 as a red powder: IR (neat, cm™) 3433, 2926, 2855, 1929, 1711,
1437, 1364, 1246, 1163, 1032; '"H NMR (750 MHz, CDCl,) § 7.24 (d, J = 11.7 Hz, 1H), 6.72 (dd, J = 15.1, 11.7
Hz, 1H), 6.65 (d, J = 15.4 Hz, 1H), 6.59 (m, 2H), 6.53 (d, J = 15.8 Hz, 1H), 6.50 (d, J = 16.0 Hz, 1H), 6.47 (dd,
J =144, 11.3 Hz, 1H), 6.37 (dd, J = 144, 11.0 Hz, 1H), 6.32 (d, J/ = 11.0 Hz, 1H), 6.10 (d, J = 11.3 Hz, 1H),
6.05 (s, 1H), 5.38 (m, 1H), 3.93 (m, 1H), 3.78 (s, 3H), 2.41 (dd, J = 14.7, 4.5 Hz, 1H), 2.29 (m, 1H), 2.04 (s, 3H),
1.99 (m, 1H), 1.95 (s, 3H), 1.80 (s, 3H), 1.66 (m, 2H), 1.50 (m, 1H), 1.42 (m, 1H), 1.38 (s, 3H), 1.35 (s, 3H),
1.26 (m, 1H), 1.25 (s, 3H), 1.20 (s, 3H), 1.07 (s, 3H), 1.03 (s, 3H); *C NMR (188 MHz, CDCl,) & 202.6, 170.7,
167.9, 139.6, 136.3, 136.1, 133.0, 131.1, 128.9, 127.9, 127.6, 126.2, 125.0, 123.0, 120.9, 117.3, 103.3, 80.4, 77.5,
67.1,64.3,51.8,47.2,45.4,45.2,41.0, 35.8, 31.9, 31.2, 29.3, 29.2, 25.0, 21.4, 20.0, 14.1, 14.0; ESI-HRMS m/z
Calcd for C,Hs,0, (M+Na)* 669.3767, found 669.3758.
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(4S,6R)-4-Acetoxy-2,2,6-trimethylcyclohexanone 41. To a solution of (-)-actinol 40 (10 g, 64.1
mmol), acetic acid (4.78 mlL, 83.2 mmol) and triphenylphosphine (21.83 g, 83.2 mmol) in THF
(320 mL) was added dropwise diisopropyl azodicarboxylate (21.3 mL, 83.2 mmol) at 0 °C. The
reaction mixture was stirred for 30 min at room temperature, and the all solvents were removed in vacuo. To a

AcO™

residue was added hexane, and the precipitate was removed by filtration through a pad of Celite to give the crude
products as a solution, which was concentrated in vacuo. Purification by silica gel column chromatography
(from 1% to 10% ethyl acetate in hexane) afforded acetate 41 (3.29 g, 33%) as a colorless oil: [0]*, -65.6 (c
1.02, CHCL); IR (neat, cm™) 2970, 1713, 1460, 1365, 1246, 1028; ‘H NMR (CDCl,, 400 MHz) & 5.33 (m, 1H),
2.77 (m, 1H), 2.32 (m, 1H), 2.06 (ddd, J = 12.8, 4.6, 3.7 Hz, 1H), 2.04 (s, 3H), 1.65 (dd, J = 12.8, 11.9 Hz, 1H),
1.46 (dd, J = 13.8, 11.9 Hz, 1H), 1.24 (s, 3H), 1.07 (s, 3H), 1.03 (d, J = 6.4 Hz, 3H); *C NMR (CDCl,, 100
MHz) 8 214.8, 170.7, 68.3, 45.5, 44.6, 40.4, 38.1, 26.4, 25.9, 21.5, 14.9.

(1S,4S,6R)-4-Hydroxy-1-ethynyl-2,2,6-trimethylcyclohexanol 41°. "BuLi (40.9 mL, 65.5 Vi
mmol) was added to a solution of TMS acetylene (9.19 mL, 65.5 mmol) in THF (150 mL) at 0 °C ijion
and the mixture was stirred for 30 min. To this mixture was added dropwise a solution of acetate "~ ™

41 (10.8 g, 54.6 mmol) in THF (13 mL) at 0 °C. After being stirred for 10 min at the same temperature, the
mixture was poured into a saturated aqueous NH,Cl, and then extracted with ethyl acetate. The organic layers
were combined, washed with brine, dried over MgSQ,, filtered and concentrated in vacuo.

The crude compound was dissolved in MeOH (164 mL), and 10% KOH aq. (55 mL) was added to it. After being
stirred at room temperature for 2.5 h, the mixture was poured into a saturated aqueous NH,Cl, and then extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 20% to 50% ethyl acetate in
hexane) afforded diol 41° (8.69 mg, 87% for 2 steps) as a white solid: [a]**; -33.6 (c 1.02, MeOH); IR (KBr disk,
cm™) 3265, 2910, 2100, 1691, 1367, 1118, 910; 'H NMR (CDCl,, 400 MHz) & 3.87 (m, 1H), 2.52 (s, 1H), 1.98
(m, 1H), 1.93 (s, 1H), 1.87 (dm, J = 12.8 Hz, 1H), 1.68 (ddd, J = 12.9, 5.1, 2.8 Hz, 1H), 1.60 (dd, J = 12.8, 11.5
Hz, 1H), 1.40 (dd, J = 12.8, 11.4 Hz, 1H), 1.14 (s, 3H), 1.08 (d, J =6.4 Hz, 3H), 1.02 (s, 3H); *C NMR (CD,OD,
100 MHz) 6 85.4,79.3,77.6,67.5,48.2,43.1,41.4,37.7, 28.3,22.3, 17.8.

(1S,4S,6R)-4-Triethylsilyloxy-1-ethynyl-2,2,6-trimethylcyclohexanol 37. To a solution diol Y
41’ (5.14 g, 28.2 mmol) in DMF (85 mL) was added imidazole (2.88 g, 42.3 mmol) and TESCI Ej“OH
(5.67 mL, 33.9 mmol) at room temperature. After the reaction mixture was stirred for 10 min at TESO” ‘

the same temperature, the resulting mixture was poured into a saturated aqueous NaHCQ; solution, and extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 2% to 10% ethyl acetate in
hexane) afforded 37 (8.40 g, 100%) as a mixture of C8 epimer as a colerless oil: [a]**, —23.4 (c 0.92, CHCL,); IR
(KBr disk, cm™) 3505, 3310, 2959, 2106, 1826, 1458, 1377, 1240, 740; 'H NMR (CDCl,, 400 MHz) & 3.83 (m,
1H), 2.50 (s, 1H), 1.94 (m, 1H), 1.85 (s, 1H), 1.77-1.71 (m, 1H), 1.66 (dd, J = 12.8, 11.4 Hz, 1H), 1.53 (m, 1H),
1.46 (m, 1H), 1.12 (s, 3H), 1.06 (d, J = 6.4 Hz, 3H), 1.01 (s, 3H), 0.95 (t, J = 8.3 Hz, 9H), 0.58 (q, J = 7.8 Hz,
6H); C NMR (CDCl,, 100 MHz) 8 83.9, 78.1, 66.8, 47.4, 42.2, 39.8, 36.0, 27.1, 21.1, 16.6, 7.2, 5.2.

[(4S)-4-Triethylsilyloxy-2,6,6-trimethylcyclohexyl]-acetaldehyde 38. To a solution of the

acetylenic alcohol 37 (2.0 g, 6.74 mmol) in xylene (13.5 mL) were added (Ph,SiO);VO (300 Ejfc“"
mg, 0.34 mmol) and benzoic acid (41 mg, 0.34 mmol) was refluxed for 3 h. After evaporation Eso”

off of the solvent, the residue was purified by silica gel column chromatography (from 1% to 3% ethyl acetate in
hexane) afforded aldehyde 38 (1.96 g, 98%) as a yellow oil: [a]*; +73.3 (c 1.06, CHCL); IR (neat, cm™) 3427,
2957,2716, 1724, 1460, 1383, 1238, 1084, 835; "H NMR (CDCl,, 400 MHz) 8 9.50 (t, J = 2.3 Hz, 1H), 3.93 (m,
1H), 3.08 (t, J = 18.4 Hz, 2H), 2.21 (dd, J = 17.4, 4.6 Hz, 1H), 2.10 (ddd, J = 16.5, 9.2, 1.3 Hz, 1H), 1.68 (ddd, J
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=12.4,3.2, 1.8 Hz, 1H), 1.58 (s, 3H), 1.53 (dd, J = 12.4, 11.9 Hz, 1H), 1.01 (s, 3H), 0.99 (s, 3H), 0.97 (t, J = 8.2
Hz, 9H), 0.61 (g, J = 7.8 Hz, 6H); *C NMR (CDCl,, 100 MHz) § 200.9, 130.3, 128.6, 65.5, 48.7, 43.7, 43.1,
37.6,29.6,28.1,20.4, 7.2, 5.2; ESI-HRMS m/z caled for C,,H,,0,SiNa (M+Na)* 319.2069, found 319.2073.

(2E)-tert-Butyldimethyl{5-[(4’S)-4’-triethylsilyloxy-2’,6°,6’-trimethylcyclohexeny
1]-4-hydroxy-3-methylpent-2-enyloxy}silane 39. To a solution of the vinyl iodide WOTBS
42 (143 g, 4.57 mmol) in diethyl ether (150 mL) was added dropwise TESO" oH
tert-butyllithium (1.57M in pentane, 3.13 mL, 4.92 mmol) at -78 °C and the mixture was stirred for 30 min. To
this mixture was added dropwise a solution of the aldehyde 38 (1.04 g, 3.51 mmol) in diethyl ether (2.78 mL)
at-78 °C. After being stirred for 20 min at the same temperature, the mixture was poured into a saturated aqueous
NH,CI, and then extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over
MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 2% to 10%
ethyl acetate in hexane) afforded alcohol 39 (1.52 g, 90%) as a mixture of C8 diastereomer as a colorless oil:
[0]*, +23.6 (c 1.06, CHCL,); IR (neat, cm™) 3508, 2959, 2127, 1632, 1458, 1361, 1253, 1109, 835; '"H NMR
(CDCl,, 400 MHz) 8 5.57 (1, J = 6.4 Hz, 2H), 4.24 (d, J = 5.9 Hz, 4H), 4.15 (m, 2H), 3.94 (m, 2H), 2.38 (m, 2H),
2.29-2.02 (m, 6H), 1.70-1.67 (m, 12H), 1.65-1.60 (m, 2H), 1.52 (dd, J = 12.4, 11.9 Hz, 2H), 1.08 (s, 3H), 1.07 (s,
3H), 1.06 (s, 3H), 1.05 (s, 3H), 0.97 (t, J = 7.8 Hz, 18H), 0.90 (s, 18H), 0.60 (q, J = 7.8 Hz, 12H), 0.07 (s, 12H);
3C NMR (CDCl,, 100 MHz) & 138.9, 138.8, 133.7, 133.6, 129.6, 129.5, 125.9, 125.7, 76.6, 76.5, 65.6, 60.4,
499, 49.3, 43.7, 43.4, 38.2, 37.8, 34.6, 30.5, 30.3, 29.7, 29.0, 26.3, 21.3, 18.7, 12.3, 12.2, 7.2, 5.3, -4.7,
- ESI-HRMS m/z calcd for C,,Hs,0,S1,Na (M+Na)* 505.3509, found 505.3491.

(2E)-tert-Butyldimethyl{5-[(4°S)-4’-triethylsilyloxy-2’,6’,6’-trimethylcyclohexeny
1]-4-acetoxy-3-methylpent-2-enyloxy}silane 39°. To a solution of alcohol 39 (100 WOTBS
mg, 2.90 mmol) in pyridine (0.83 mL) were added acetic anhydride (0.05 mL, 0.52 teso* OAc

mmol) and N, N-4-dimethylaminopyridine (5 mg, 0.041 mmol) at room temperature, and the reaction mixture
was stirred for 30 min at the same temperature. A saturated aqueous CuSQ, solution was added, and then the
resulting mixture was extracted with ethyl acetate. The organic layers were combined, washed with brine, dried
over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 1% to
3% ethyl acetate in hexane) afforded acetate 39* (101 mg, 93%) as a mixture of C8 diastereomer as a colorless
oil: [a] 5 +23.5 (c 1.05, CHCL,); IR (neat, cm™) 3424, 2957, 2141, 1741, 1649, 1741, 1649, 1471, 1370, 1238,
1007, 835; NMR (CDCl;, 400 MHz) 6 5.56 (t, J = 6.0 Hz, 1H), 5.54 (t, / = 6.0 Hz, 1H), 5.32 (dd, J = 10.5, 3.2
Hz, 1H), 5.28 (dd, J =9.2,5.0 Hz, 1H), 4.21 (d, J = 6.0 Hz, 2H), 4.20 (d, J = 6.0 Hz, 2H), 3.88 (m, 2H), 2.48 (dd,
J=15.3,11.2 Hz, 1H), 2.42 (dd, J = 14.7, 8.7 Hz, 1H), 2.28 (dd, J = 14.1, 4.1 Hz, 1H), 2.19-2.09 (m, 3H), 2.00
(s, 3H), 1.98 (s, 3H), 1.67-1.64 (m, 12H), 1.51-1.44 (m, 2H), 1.06 (s, 3H), 1.05 (s, 3H), 1.02 (s, 6H), 0.97 (t, J =
7.8 Hz, 18H), 0.89 (s, 18H), 0.60 (q, J = 7.8 Hz, 12H), 0.05 (s, 12H); *C NMR (CDCl,;, 100 MHz) § 170.2,
135.5, 1354, 132.9, 132.8, 128.6, 127.3, 127.1, 78.6, 78.5, 65.7, 60.2, 49.7, 49.3, 43.5, 43.4, 38.1, 37.9, 32.2,
32.1, 304, 30.0,29.4, 29.0, 26.2, 21.6, 21.5, 21.3, 21.1, 18.7, 13.1, 13.0, 7.2, 5.2, -4.7; ESI-HRMS m/z calcd for
C,Hs60,Si,Na (M+Na)* 547.3615, found 547.3598.

oxy-3-methylpent-2-enyloxy}silane 45. To a solution of the acetate 39” (101 mg, 0.19

mmol) in MeOH (0.96 mL) was added pyridinium p-toluenesulfonate (5 mg, 0.019

mmol) at room temperature, and the reaction mixture was stirred for 10 min at the same temperature. A saturated
aqueous NaHCO; solution was added, and then the resulting mixture was extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 5% to 50% ethyl acetate in hexane) afforded alcohol 45
(77 mg, 98%) as a mixture of C8 diastereomer as a colorless oil: [a]*, +32.5 (¢ 1.06, CHCL); IR (neat, cm™)
3362, 2955, 1740, 1471, 1371, 1240, 1113, 837, NMR (CDCl,, 400 MHz) 6 5.56 (t, / = 6.4 Hz, 1H),5.54 (t, J =
5.9 Hz, 1H), 5.34 (dd, J = 10.5, 3.2 Hz, 1H), 5.29 (dd, /= 9.2, 5.0 Hz, 1H), 4.21 (d, /= 5.9 Hz, 2H),4.20 (d, J =

(2E)-tert-Butyldimethyl{5-[(4°’S)-4’-hydroxy-2’,6°,6’-trimethylcyclohexenyl]-4-acet
o188
HO OAc
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6.0 Hz, 2H), 3.93 (m, 2H), 2.50 (dd, J = 15.1, 10.5 Hz, 1H), 2.43 (dd, J = 15.2,9.2 Hz, 1H), 2.31-2.16 (m, 4H),
2.00 (s, 3H), 1.99 (s, 3H), 1.93 (dd, J = 16.1, 10.1 Hz, 2H), 1.68-1.66 (m, 12H), 1.47-1.40 (m, 2H), 1.09 (s, 3H),
1.07 (s, 3H), 1.02 (s, 6H), 0.90 (s, 18H), 0.05 (s, 12H); >C NMR (CDCl,, 100 MHz) 8 169.8 169.7, 134.9, 128.0,
126.9,77.6,76.3,75.2, 68.0, 66.5, 63.3, 63.2, 63.0, 62.2, 60.0, 59.9, 43.9, 43.6, 39.9, 39.6, 36.2, 35.7, 30.7, 30.1,
264, 26.3, 26.1, 25.0, 24.8, 21.7, 21.4, 21.3, 18.4, 13.2, 12.7, -4.9; ESI-HRMS m/z calcd for C,;H,,0,SiNa
(M+Na)*433.2750, found 433.2741.

(2E)-tert-ButyldimethyH5-[(1’S,2’R,4’R)-4’-hydroxy-1’,2’-epoxy-2’,6°,6’-trimethyl
cyclohex-1’-yl]-4-acetoxy-3-methylpent-2-enyloxy}silane 45°. To a solution of L o
alcohol 45 (1.08 g, 2.62 mmol) and aluminium tri-tert-butoxide (645 mg, 2.62 mmol) \

in toluene (13.1 mL) was added zerz-butylhydroperoxide (0.95 mL, 5.24 mmol) at 0 °C. The reaction mixture was
stirred for 2 h at the room temperature. A saturated aqueous potassium sodium (+)-tartrate tetrahydrate solution
was added, and then the resulting mixture was extracted with ethyl acetate. The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column
chromatography (from 5% to 50% ethyl acetate in hexane) afforded alcohol epoxide 45° (830 mg, 74%) as a
mixture of C8 epimer as a colorless oil: [a] >, +30.3 (¢ 1.05, CHCL,); IR (neat, cm™) 3483, 2957, 2859, 1744,
1473, 1371, 1240, 1111, 837; NMR (CDCL, 400 MHz) 8 5.62 (t, J = 6.0 Hz, 1H), 5.55 (t, J = 6.0 Hz, 1H), 5.34
(dd, J = 7.8, 4.1 Hz, 1H), 5.07 (d, J = 9.6 Hz, 1H), 4.19 (d, J = 6.2 Hz, 4H), 3.78 (m, 2H), 2.20-2.10 (m, 3H),
2.03 (s, 3H), 1.98 (s, 3H), 1.95 (dd, /7 =9.2,4.1 Hz, 1H), 1.86-1.75 (m, 3H), 1.64 (d,/=1.0Hz, 3H), 1.62 (d,J =
0.9 Hz, 3H), 1.55-1.48 (m, 2H), 1.35 (s, 3H), 1.28 (s, 3H), 1.30-1.22 (m, 3H), 1.09 (s, 3H), 1.06 (s, 3H), 1.05 (s,
3H), 1.04 (s, 3H), 0.88 (s, 18H), 0.05 (s, 12H); *C NMR (CDCl,, 100 MHz) 8 170.3, 135.4, 135.2, 133.2, 133.0,
128.0, 127.4, 127.2, 78.6, 78.5, 65.4, 60.2, 49.2, 48.8, 42.9, 42.8, 38.1, 37.9, 32.2, 32.1, 30.4, 30.0, 29.5, 29.1,
262, 21.6, 21.5, 21.2, 21.1, 18.7, 13.1, 13.0, -4.7; ESI-HRMS m/z calcd for C,;H,,05SiNa (M+Na)* 449.2699,
found 449.2688.

(2E)-tert-Butyldimethyi{5-[(1°S,2°R,4’S)-4’-p-nitrobenzoxy-1’,2’-epoxy-2’,6,6
’-trimethylcyclohex-1’-yl]-4-acetoxy-3-methylpent-2-enyloxy}silane 48. To a moms
solution of alcohol 45° (830 mg, 1.95 mmol), p-nitrobenzoic acid (914 mg, 5.84 PN02B=0

mmol) and triphenylphosphine (1.53 g, 5.84 mmol) in THF (9.73 ml) was added dropwise diisopropyl
azodicarboxylate (1.46 mL, 5.84 mmol) at O °C. The reaction mixture was stirred for 1 h at room temperature,
and the all solvents were removed in vacuo. To a residue was added diethyl ether, and the precipitate was
removed by filtration through a pad of Celite to give the crude products as a solution, which was concentrated in
vacuo. Purification by short silica gel column chromatography (from 5% to 30% ethyl acetate in hexane)
afforded diester 48 (784 mg, 70%) as a mixture of C8 epimer as a colorless oil: [a]**, -2.9 (¢ 1.01, CHCL); IR
(neat, cm™) 2957, 2859, 1724, 1608, 1530, 1471, 1350, 1279, 1103, 837; "H NMR (CDCl,, 400 MHz) & 8.27 (d,
J=8.7 Hz, 4H), 8.15 (d, J = 8.3 Hz, 4H), 5.64 (t, J = 6.4 Hz, 1H), 5.57 (t,J = 6.0 Hz, 1H), 5.43 (dd, J=6.2, 5.7
Hz, 1H), 5.20 (dd, J = 10.5, 1.8 Hz, 1H), 5.15 (m, 2H), 4.20 (d, J = 5.9 Hz, 4H), 2.55 (dd, /= 16.0, 6.8 Hz, 2H),
2.21 (dd, J = 15.1, 10.5 Hz, 1H), 2.06 (m, 2H), 2.04 (s, 3H), 2.01 (s, 3H), 1.98-1.79 (m, 5H), 1.66 (d, J = 0.9 Hz,
3H), 1.64 (d, J = 0.9 Hz, 3H), 1.40 (s, 3H), 1.35 (s, 3H), 1.22 (s, 3H), 1.20 (s, 3H), 1.13 (s, 3H), 1.11 (s, 3H),
0.89 (s, 18H), 0.05 (s, 12H); *C NMR (CDCl,, 100 MHz) & 170.0, 169.9, 150.8, 136.2, 134.9, 134.8, 130.9,
128.2, 127.4, 123.8, 76.2, 75.4, 69.8, 67.7, 66.5, 62.7, 62.6, 60.1, 60.0, 41.3, 40.8, 37.2, 36.7, 35.4, 35.2, 31.9,
31.7,31.2,27.9,27.7,26.3,26.2,26.0,22.9,21.6, 21.5, 21.3,20.8, 18.6, 144, 14.3, 13.2, 12.8, -4.8; ESI-HRMS
m/z caled for C3H,sNOgSiNa (M+Na)* 598.2812, found 598.2802.

(2E)-5-[(1°S,2’R,4°S)-4’-p-Nitrobenzoxy-1’,2’-epoxy-2’,6’ ,6’-trimethylcyclohex-
1’-yl]-4-acetoxy-3-methylpenta-2-en-1-ol 48°. To a solution of diester 48 (493 mg, “0 N0
0.86 mmol) in THF (3.42 mL) was added tetra-n-butylammonium fluoride (267 mg, PNOzBz0” "~ %A°

1.02 mmol) at room temperature. After being stirred for 20 min, the reaction mixture was poured into a saturated
aqueous NH,C1 solution, and then extracted with ethyl acetate. The organic layers were combined, washed with
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brine, dried over MgSQ,, filtered and concentrated in vacuo. Purification by silica gel column chromatography
(from 30% to 60% ethyl acetate in hexane) afforded alcohol 48” (319 mg, 81%) as a mixture of C8 epimer as a
white foam: [a]*, -4.6 (¢ 1.07, CHCL,); IR (neat, cm™) 3505, 2964, 2876, 1944, 1713, 1609, 1524, 1471, 1238,
1103, 972; '"H NMR (CDCl,, 400 MHz) & 8.27 (d, J = 8.7 Hz, 4H), 8.15 (d, J = 9.2 Hz, 4H), 5.73 (t, J = 6.4 Hz,
1H), 5.66 (t, J = 6.4 Hz, 1H), 5.42 (dd, J = 6.9, 5.0 Hz, 1H), 5.20 (dd, J = 10.5, 2.3 Hz, 1H), 5.15 (m, 2H), 4.18
(d, J =6.4 Hz, 4H), 2.55 (dd, J = 15.6, 6.4 Hz, 2H), 2.22 (dd, J = 15.6, 10.5 Hz, 1H), 2.06 (s, 3H), 2.02 (s, 3H),
1.98-1.78 (m, 5H), 1.71 (s, 3H), 1.69 (s, 3H), 1.54-1.44 (m, 2H), 1.41 (s, 3H), 1.35 (s, 3H), 1.22 (s, 3H), 1.20 (s,
3H), 1.13 (s, 3H), 1.10 (s, 3H); *C NMR (CDCl,, 100 MHz) & 170.2, 170.1, 164.2, 150.7, 136.8, 136.6, 136.2,
130.8, 127.2, 126.2, 123.8, 76.3, 75.6, 69.7, 67.6, 66.5, 62.7, 62.6, 59.1, 59.0, 41.3, 40.7, 37.1, 36.6, 35.3, 35.1,
31.4, 30.9, 27.8, 27.6, 26.3, 26.0, 21.5, 21.4, 21.1, 20.8, 13.0, 12.6; ESI-HRMS m/z calcd for C,,H;;NO;Na
(M+Na)*484.1947, found 484.1947.

(2EAE,6E)-9-[(1’S,2’R,4°S)-4’-p-Nitrobenzoxy-1’,2’-epoxy-2°,6°,6°-trime
thylcyclohex-1°-yl]-8-acetoxy-3,7-dimethylnona-2,4,6-triene-1-ynoate 49. WC%E'
A mixture of alcohol 48’ (319 mg, 0.69 mmol) and manganese dioxide (4.15 p-NO,Bz0 N One

g) in THF (5.53 mL) was stirred at room temperature for 25 min. The precipitate was filtered through a pad of
Celite, and the filtrate was concentrated in vacuo to afford crude aldehyde, which was used in the next reaction
without further purification.

To a - solution of triethyl-3-methyl-4-phosphonocrotonate  (0.25 mL, 1.05 mmol) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone (0.22 mL, 1.85 mmol) in THF (3.20 mL) was added dropwise
n-butyllithium (1.6M in THF, 0.66 mL, 1.05 mmol) at 0 °C. After the mixture was stirred for 20 min at 0 °C, a
solution of the crude aldehyde obtained above in THF (0.50 mL) was added at -78 °C. After being stirred for 5
min at room temperature, the resulting mixture was poured into water, and extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 10% to 30% ethyl acetate in hexane) afforded
trieneester 49 (286 mg, 73%) as a mixture of C8 epimer as a white foam: [a]*; —6.0 (c 1.01, CHCL); IR (neat,
cm™) 3022, 1720, 1609, 1529, 1369, 1279, 1242, 1157, 1045, 964, 758; '"H NMR (CDCl,, 400 MHz) 6 8.27 (d, J
=9.2 Hz, 4H), 8.14 (d, J = 8.7 Hz, 4H), 6.76 (dd, J = 15.1, 11.0 Hz, 2H), 6.29 (d, J = 15.6 Hz, 1H), 6.26 (d, J =
15.1 Hz, 1H), 6.24 (d, J = 10.9 Hz, 1H), 6.17 (d, J = 11.0 Hz, 1H), 5.77 (s, 2H), 5.46 (dd, J = 5.9, 5.9 Hz, 1H),
5.27 (dd, J = 10.1, 2.3 Hz, 1H), 5.15 (m, 2H), 4.16 (q, J = 6.8 Hz, 4H), 2.56 (dd, J = 15.5, 6.8 Hz, 2H), 2.31 (s,
6H), 2.26 (dd, J = 15.0, 10.6 Hz, 1H), 2.07 (s, 3H), 2.02 (s, 3H), 1.99-1.79 (m, 5H), 1.88 (s, 3H), 1.85 (s, 3H),
1.49 (dd, J = 14.7, 14.7 Hz, 1H), 1.48 (dd, J = 14.2, 14.2 Hz, 1H), 1.41 (s, 3H), 1.36 (s, 3H), 1.28 (t, J = 7.3 Hz,
6H), 1.22 (s, 3H), 1.19 (s, 3H), 1.14 (s, 3H), 1.07 (s, 3H); *C NMR (CDCl,, 100 MHz) 8 170.1, 167.3, 164.2,
152.3, 150.8, 140.0, 139.7, 137.1, 136.9, 136.2, 130.9, 130.0, 127.6, 126.7, 123.9, 119.9, 120.0, 76.7, 69.8, 67.5,
66.5, 62.7, 62.6, 60.1, 41.3, 40.7, 37.2, 36.7, 35.4, 35.2, 31.5, 31.0, 27.9, 27.6, 26.4, 26.0, 21.6, 21.5, 21.2, 20.8,
14.6, 14.1, 13.3, 13.3; ESI-HRMS m/z caled for C;;H3,NO,Na (M+Na)*592.2523, found 592.2533.

(2E,AE,6E)-9-[(1°S,2’R,4°S)-4’-Hydroxy-1’,2’-epoxy-2°,6’,6’-trimethylcyclohe
x-1’-yl]-8-acetoxy-3,7-dimethylnona-2,4,6-triene-1-ynoate 49°. The triene ester W COat
49 (131 g, 2.30 mmol) was dissolved in EtOH (13.8 mL), and 2 N KOH ag. Ho” >~ %

(1.15 ml) was added to it. After being stirred at room temperature for 5 min, the mixture was poured into a
saturated aqueous NH,Cl, and then extracted with ethyl acetate. The organic layers were combined, washed with
brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography
(from 30% to 50% ethyl acetate in hexane) afforded alcohol 49’ (928 mg, 96%) as a mixture of C8 epimer as a
white foam: [a]**, +8.7 (c 1.08, CHCL); IR (neat, cm™) 3541, 2934, 1732, 1607, 1369, 1240, 1157, 1045, 964,
758; '"H NMR (CDCl,, 400 MHz) 8 6.75 (dd, J = 15.1, 11.5 Hz, 2H), 6.27 (d, J = 15.1 Hz, 1H), 6.24 (d,J = 15.5
Hz, 1H), 6.21 (d, J = 11.9 Hz, 1H), 6.15 (d, J = 11.4 Hz, 1H), 5.75 (s, 2H), 5.44 (dd, J =7.3, 5.0 Hz, 1H), 5.24
(dd, J = 10.1, 2.8 Hz, 1H), 4.15 (q, J = 7.3 Hz, 4H), 3.81 (m, 2H), 2.30 (m, 1H), 2.29 (s, 6H), 2.20 (dd, J = 15.1,
10.1 Hz, 1H), 2.06 (m, 1H), 2.04 (s, 3H), 2.01 (s, 3H), 1.85 (s, 3H), 1.83 (s, 3H), 1.71-1.54 (m, 6H), 1.63 (s, 3H),
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1.31 (s, 3H), 1.27 (t, J = 7.3 Hz, 6H), 1.17 (s, 3H), 1.15 (s, 3H), 1.05 (s, 3H), 1.00 (s, 3H); *C NMR (CDCl,, 100
MHz) & 170.2, 170.0, 167.3, 152.4, 140.2, 140.0, 136.9, 136.7, 129.8, 129.7, 127.2, 126.6, 120.0, 119.6, 76.8,
76.1, 67.1, 66.3, 64.5, 64.2, 64.0, 60.0, 47.5, 47.2, 41.5, 41.1, 35.7, 35.6, 32.1, 32.0, 29.0, 28.9, 26.1, 25.5, 21.5,
214, 21.2, 20.7, 14.6, 14.0, 13.7, 13.3; ESI-HRMS m/z calcd for C,H;0cNa (M+Na)* 443.2410, found
443.2415.

(2EAE,6E)-9-[(1°S,2’R ,4°S)-4’-Triethylsilyloxy-1°,2’-epoxy-2°,6’,6’-trimeth
ylcyclohex-1’-yl]-8-acetoxy-3,7-dimethylnona-2,4,6-triene-1-ynoate 50. To a WCOZE’
solution 49” (99 mg, 0.24 mmol) in DMF (1.19 mL) was added imidazole (32 Teso” ™"~

mg, 0.48 mmol) and TESCI (0.06 mL, 0.36 mmol) at room temperature. After the reaction mixture was stirred
for 10 min at the same temperature, the resulting mixture was poured into a saturated aqueous NaHCO; solution,
and extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 2% to 10% ethyl
acetate in hexane) afforded 50 (121 mg, 95%) as a mixture of C8 epimer as a colerless oil: [a]*, +6.5 (c 1.02,
CHCl,); IR (neat, cm™) 3447, 2963, 2116, 1736, 1610, 1458, 1370, 1238, 1153, 1066, 725; '"H NMR (CDCl,, 400
MHz) 6 6.76 (dd, J = 15.1, 11.0 Hz, 2H), 6.28 (d, J = 15.1 Hz, 1H), 6.25 (d, J = 15.6 Hz, 1H), 6.21 (d, J = 11.9
Hz, 1H), 6.15 (d, J = 11.0 Hz, 1H), 5.77 (s, 1H), 5.76 (s, 1H), 5.44 (dd, J = 7.3, 4.6 Hz, 1H), 5.25 (dd, J = 10.1,
2.8 Hz, 1H), 4.16 (q, J = 6.9 Hz, 4H), 3.75 (m, 2H), 2.30 (d, J = 0.9 Hz, 3H), 2.30 (d, / = 0.9 Hz, 3H), 2.24-2.18
(m, 2H), 2.11-1.97 (m, 2H), 2.04 (s, 3H), 2.02 (s, 3H), 1.85 (d, J = 0.9 Hz, 3H), 1.83 (d, J = 0.9 Hz, 3H),
1.67-1.59 (m, 2H), 1.45 (ddd, J = 13.7, 3.7, 1.8 Hz, 2H), 1.33 (s, 3H), 1.30 (s, 3H), 1.28 (t, J = 6.8 Hz, 6H), 1.15
(s, 3H), 1.13 (s, 3H), 1.05 (s, 3H), 0.99 (s, 3H), 0.92 (t, J = 7.7 Hz, 18H), 0.55 (q, J = 7.8 Hz, 12H); °*C NMR
(CDCl,, 100 MHz) 6 170.1, 170.0, 167.3, 152.5, 140.3, 140.2, 136.9, 136.8, 129.9, 129.8, 127.3, 126.7, 119.7,
119.6,76.9, 76.2, 67.2, 66.4, 64.7, 64.4, 60.0, 48.1, 47.8,42.4,42.1, 35.8, 35.7, 32.2, 29.1, 29.0, 26.1, 25.6, 21.6,
21.5, 21.4, 20.9, 14.7, 14.1, 13.7, 134, 7.2, 5.1; ESI-HRMS m/z calcd for C;;H;;,0¢SiNa (M+Na)* 557.3295,
found 557.3274.

2-[((’EA’E,6’E)-9’-(1"°S,2”’R ,4°°S)-4”’-Triethylsilyloxy-1"’,2’’-epoxy-2"’,
6°’,6°’-trimethylcyclohex-1°-yl)-8°’-hydroxy-3°,7’-dimethylnona-2’ 4,6 -tri (0}, NN s 8T
ene)sulfanyl]benzothiazole 51. To a solution of diester 50 (1.25 g, 2.34 TES°

mmol) in dichloromethane (11.7 mL) was added dropwise diisobutylaluminium hydride (1.0 M in toluene, 11.7
mlL, 11.7 mmol) at —78 °C. After the reaction mixture was stirred for 10 min at the same temperature, aqueous
potassium sodium (+)-tartrate tetrahydrate solution was added, and then resulting mixturé was extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. '
To a solution of crude diol, 2-mercaptobenzothiazole (470 mg, 2.81 mmol) and triphenylphosphine (737 mg,
2.81 mmol) in THF (11.7 mL) was added dropwise diisopropyl azodicarboxylate (0.59 mL, 3.04 mmol) at 0 °C.
The reaction mixture was stirred for 10 min at room temperature, and the all solvents were removed in vacuo. To
a residue was added diethyl ether, and the precipitate was removed by filtration through a pad of Celite to give
the crude products as a solution, which was concentrated in vacuo. Purification by short silica gel column
chromatography (from 3% to 20% ethyl acetate in hexane) afforded thioether 51 (1.19 g, 85% for 2 steps) as a
mixture of C8 epimer as a colerless oil: [a]**, -2.1 (¢ 1.03, CHCL); IR (neat, cm™) 3476, 2957, 2247, 1560, 1458,
1309, 1240, 1078, 1001, 908, 750; 'H NMR (CDCl;, 400 MHz) 8 7.86 (d, J = 7.8 Hz, 2H), 7.74 (d, J = 7.8 Hz,
2H), 7.41 (td, J = 8.7, 0.9 Hz, 2H), 7.29 (td, J = 8.4, 1.4 Hz, 2H), 6.47 (dd, J = 14.7, 11.0 Hz, 1H), 6.46 (dd, J =
14.6, 11.0 Hz, 1H), 6.26 (d, J = 15.5 Hz, 1H), 6.25 (d, J = 15.2 Hz, 1H), 6.19 (d, J = 11.0 Hz, 1H), 6.13 (d, J =
11.0 Hz, 1H), 5.71 (t, J = 7.8 Hz, 2H), 4.56 (d, J = 10.5 Hz, 1H), 4.15 (d, J = 8.2 Hz, 4H), 4.08 (d, J/ = 10.0 Hz,
1H), 3.87 (s, 1H), 3.79 (m, 2H), 2.52 (d, J = 2.7 Hz, 1H), 2.31-2.23 (m, 2H), 2.10-2.04 (m, 2H), 1.94 (s, 3H),
1.86-1.82 (m, 1H), 1.81 (s, 3H), 1.73-1.64 (m, 3H), 1.62 (s, 3H), 1.39 (s, 3H), 1.34 (s, 3H), 1.23 (dd, J = 13.3,
9.2 Hz, 2H), 1.17 (s, 3H), 1.16 (s, 3H), 1.09 (s, 3H), 1.07 (s, 3H), 0.94 (t, /= 7.8 Hz, 18H), 0.57 (q, J = 7.8 Hz,
12H); ®C NMR (CDCl,, 100 MHz) 8 166.6, 153.5, 140.3, 139.2, 136.4, 136.3, 135.6, 126.2, 124.9, 124.7, 124.6,
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124.4, 121.7, 121.1, 77.6, 76.2, T4.1, 69.9, 67.9, 65.6, 65.4, 64.3, 64.1, 47.9, 47.7, 42.7, 41.8, 35.9, 35.6, 34.0,
33.0, 322, 29.1, 287, 26,6, 252, 21.5, 20.3, 13.5, 13.2, 12.8, 7.1, 5.0; ESI-HRMS m/z caled for
C,;H,,NO,S,SiNa (M+Na)* 622.2821, found 622.2820.

2-[((’EA’E6’E)-9°-(17°S,2”°R,4°°S)-4"’-Triethylsilyloxy-1’°,2**-epoxy-2°’,
6”’,6”’-trimethylcyclohex-1°-yl)-8’-carbonyl-3°,7’-dimethylnona-2’,4°,6’-tri “ NN NgBT
ene)sulfanyl]benzothiazole 52. To a solution of thioether 51 (479 mg, 0.80 7Eso 0

mmol) in dichloromethane (3.99 mlL) was added Dess-Martin periodinane (509 mg, 1.20 mmol) at room
temperature. After the reaction mixture was stirred for 10 min at the same temperature, the resulting mixture was
purified by silica gel column chromatography (from 3% to 20% ethyl acetate in hexane) afforded 52 (341 mg,
72%) as a yellow foam: [a]**; —2.0 (c 1.08, CHCL,); IR (neat, cm™) 2957, 2876, 1740, 1664, 1608, 1469, 1240,
1078, 995, 756; '"H NMR (CDCl,, 400 MHz) 8 7.87 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 7.8 Hz, 1H), 7.42 (td, J =
7.3,1.4 Hz, 1H), 7.30 (td, J = 8.2, 1.4 Hz, 1H), 7.06 (d, J = 8.7 Hz, 1H), 6.60 (d, J = 15.1 Hz, 1H), 6.55 (dd, J =
15.1,9.1 Hz, 1H) 5.95 (t, /= 8.3 Hz, 1H), 4.18 (d, J = 8.2 Hz, 2H), 3.75 (m, 1H), 3.61 (d, J = 18.3 Hz, 1H), 2.51
(d,J =17.8 Hz, 1H), 2.19 (dd, J = 13.7, 3.7 Hz, 1H) 1.98 (s, 3H), 1.92 (s, 3H), 1.77 (dd, J = 13.8, 10.1 Hz, 1H)
1.42-1.30 (m, 2H), 1.18 (s, 3H), 0.99 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 0.92 (s, 3H), 0.90 (s, 3H), 0.58 (q, J = 7.7
Hz, 6H); *C NMR (CDCl,, 100 MHz) & 197.9, 165.9, 153.3, 143.8, 138.3, 138.3, 135.8, 135.5, 129.8, 126.2,
124.4, 124.1, 121.6, 121.1, 67.2, 66.8, 64.3, 48.4, 42.3, 41.0, 35.4, 31.8, 28.1, 24.6, 20.9, 12.7, 11.9, 6.9, 4.9;
ESI-HRMS m/z calcd for C,;H;3NOsS,Na (M+Na)* 538.1698, found 538.1677.

2-[((’EA’E,6’E)-9’-(17S,2”°R,4°*S)-4’’-Hydroxy-1°’,2”’-epoxy-2"°,6*,6”-t
rimethylcyclohex-1’-yl)-8’-carbonyl-3’,7’-dimethyInona-2’,4’,6’-triene)sulf Q) NNN"N50,8T
onyl]benzothiazole 54. To a solution of the thioether 52 (53 mg, 0.089 mmol) HO

in ethanol (1.3 mL) was added dropwise a solution of ammonium heptamolybdate tetrahydrate (11 mg, 0.0089
mmol) in hydrogen peroxide (30 wt.% in water, 0.35 mL) at O °C. After being stirred for 50 min at room
temperature, the reaction mixture was poured into water, and then extracted with diethyl ether. The organic
layers were combined, dried over MgSO,, filtered and concentrated in vacuo. Purification by short silica gel
column chromatography (from 20% to 60% ethyl acetate in hexane) afforded the sulfone 54 (30 mg, 65%) as a
yellow foam: [a]**°, 1.39 (c 0.32, CHCL,); IR (neat, cm™) 3444, 2926, 1660, 1609, 1471, 1329, 1150, 1053, 761;
'"H NMR (CDCl,, 400 MHz) & 8.23 (d, J = 8.2 Hz 1H), 8.01 (d, J = 8.3 Hz 1H), 7.63 (m, 2H), 7.03 (d, J = 8.3 Hz,
1H), 6.56 (m, 2H), 5.72 (t, J = 8.2 Hz, 1H), 4.44 (d, J = 8.3 Hz, 2H), 3.80 (m, 1H), 3.60 (d, J = 18.3 Hz, 1H),
2.55(d, J=18.3 Hz, 1H), 2.31 (dd, J = 14.2, 3.2 Hz, 1H), 1.90 (s, 3H), 1.82 (s, 3H), 1.76 (dd, J = 13.7, 9.2 Hz,
1H), 1.48 (dm, J = 12.8 Hz, 1H), 1.33 (dd, J = 12.4, 10.9 Hz, 1H), 1.19 (s, 3H), 1.01 (s, 3H), 0.93 (s, 3H); 1*C
NMR (CDCl;, 100 MHz) 8 198.4, 165.9, 153.0, 143.8, 142.8, 138.0, 137.3, 137.0, 128.4, 128.1, 126.0, 125.8,
122.7,118.8,67.2, 66.4, 64.5, 60.7, 55.4,47.4,41.9,41.2,35.4,28.4,25.3,21.4,14.5,13.2, 12.; ESI-HRMS m/z
caled for C,;H33NOsS,Na (M+Na)* 538.1698, found 538.1671.

2-[((Z’E4’E,6’E)-9’-(1"°S,2”’R,4°°S)-4"’-Triethylsilyloxy-1°’,2*’-epoxy-2’
’,6°,6”’-trimethylcyclohex-1’-yl)-8’-carbonyl-3’,7’-dimethylnona-2’,4°,6’ W SO.BT
-triene)sulfonyllbenzothiazole 54°. To a solution 54 (157 mg, 0.30 mmol) '=°°

in DMF (1.52 mL) was added imidazole (41 mg, 0.61 mmol) and TESCI (0.077 mL, 0.46 mmol) at room
temperature. After the reaction mixture was stirred for 10 min at the same temperature, the resulting mixture was
poured into a saturated aqueous NaHCO; solution, and extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel
column chromatography (from 10% to 30% ethyl acetate in hexane) afforded 54° (143 mg, 75%) as a yellow
foam: [0]*, —2.1 (c 0.93, CHCLy); IR (neat, cm™) 2984, 2878, 1742, 1664, 1473, 1373, 1242, 1047, 939; 'H
NMR (CDCl;, 400 MHz) 6 8.22 (dd, J=7.8,0.9 Hz, 1H), 8.01 (dd, J = 7.8, 0.9 Hz, 1H), 7.62 (m, 2H), 7.01 (d, J
=8.7 Hz, 1H), 6.57 (d, J = 15.2 Hz, 1H), 6.52 (dd, J = 15.1, 7.8 Hz, 1H), 5.71 (t, /= 7.3 Hz, 1H), 4.44 (d, /=82
Hz, 2H), 3.74 (m, 1H), 3.59 (d, J = 18.3 Hz, 1H), 2.51 (d, J = 18.3 Hz, 1H), 2.19 (ddd, J = 14.2, 5.0, 1.8 Hz, 1H),
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1.88 (s, 3H), 1.81 (s, 3H), 1.76 (dd, J = 13.8, 10.1 Hz, 1H), 1.39 (ddd, J = 12.8, 3.7, 1.7 Hz, 1H), 1.33 (dd, J =
12.9, 11.0 Hz, 1H), 0.99 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 0.92 (s, 3H), 0.89 (s, 3H), 0.56 (q, J = 8.3 Hz, 6H); 3C
NMR (CDCl,, 100 MHz) 8 198.2, 165.8, 152.9, 143.7, 142.6, 137.7, 137.2, 137.0, 128.4 128.0, 126.0, 125.7,
122.6, 118.6, 67.3, 66.9, 64.5, 55.3, 48.6, 42.4, 41.3, 35.6, 28.3, 24.8, 21.1, 13.2, 12.2, 7.1, 5.1; ESI-HRMS m/z
caled for C5,H,,NO,S,SiNa (M+Na)* 652.2552, found 652.2563.

2-[((¥’EA’E,6’E)-9°-(1"°S,2”’R 4°°S)-4"’-Triethylsilyloxy-1°*,2’’-epoxy-2’
’,6°°,6”’-trimethylcyclohex-1’-yl)-8’-hydroxy-3’,7’-dimethylnona-2’,4°,6’- AN NN N Ng0,8T
triene)sulfonyl]benzothiazole 8. To a solution 54’ (198 mg, 0.31 mmol) in  Teso N OH

MeOH (3.14 mL) was added NaBH, (23.7 mg, 0.63 mmol) and CeCl, (311 mg, 1.26 mmol) at 0 °C. After the
reaction mixture was stirred for 2 min at the same temperature, the resulting mixture was poured into water, and
extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered
and concentrated in vacuo. Purification by silica gel column chromatography (from 10% to 30% ethyl acetate in
hexane) afforded 8 (174 mg, 88%) as a mixture of C8 epimer as a yellow foam: [a]**, +4.2 (c 0.67, CHCL); IR
(neat, cm™) 3445, 2954, 1619, 1470, 1328, 1237, 1149, 1080; '"H NMR (CDCl;, 400 MHz) & 8.22 (d, J = 7.8 Hz,
1H), 8.00 (d, J = 7.8 Hz, 1H), 7.61 (m, 2H), 6.43 (dd, /= 15.1, 11.0 Hz, 1H), 6.20 (d, J = 15.1 Hz, 1H), 6.11 (d,
J=10.5Hz, 1H), 5.47 (t, J = 8.3 Hz, 1H), 4.39 (d, J = 7.8 Hz, 2H), 4.06 (d, J = 10.1 Hz, 1H), 3.78 (m, 1H), 2.55
(d,J=2.3 Hz, 1H), 2.25 (dd, J = 14.2, 3.6 Hz, 1H), 2.04 (dd, J = 15.1, 10.0 Hz, 1H), 1.84 (td, J = 15.0, 2.3 Hz,
1H), 1.77 (s, 3H), 1.73 (s, 3H), 1.66 (dd, J = 14.7, 7.8 Hz, 1H), 1.58 (s, 3H), 1.48 (dm, J = 11.4 Hz, 1H), 1.34 (s,
3H), 1.15 (dd, J = 174, 11.4 Hz, 1H), 1.08 (s, 3H), 1.05 (s, 3H), 0.94 (t, J = 7.7 Hz, 9H), 0.56 (q, J = 7.8 Hz,
6H); °C NMR (CDCl,, 100 MHz) § 166.1, 153.0, 144.5, 141.7, 137.3, 135.4, 128.3, 128.0, 126.6, 125.7, 124.5,
122.7,114.0, 74.1, 68.1, 65.8, 64.3, 55.5,47.7,42.8,35.7, 34.0, 28.8,25.2,20.4, 13.8, 13.2, 7.2, 5.1; ESI-HRMS
m/z calcd for C3,H,oNO;S,SiNa (M+Na)* 654.2719, found 654.2694.

Fucoxanthin (1). To a solution of sulfone 8 (21 mg, 0.035 oS OH
mmol) and aldehyde 7 (32 mg, 0.099 mmol) in THF (0.32 N A 2 e e N NN
mL) was added dropwise sodium bis(trimethylsilyl)amide «if/QOH
(1.0M in THF, 0.16 mL, 0.16 mmol) at 0 °C in the dark. **°

After being stirred for 5 min at the same temperature, the reaction mixture was poured into water, and then
extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered
and concentrated in vacuo. Purification by short silica gel column chromatography (from 10% to 30% ethyl
acetate in hexane) in the dark afforded coupling product 55 (15.2 mg, 56%) as a mixture of the isomers in a red
film.

To a solution of 55 (15.2 mg, 0.019 mmol) in dichloromethane (0.19 mL) was added Dess-Martin periodinane
(10.6 mg, 0.025 mmol)at room temperature. After the reaction mixture was stirred for 20 min at the same
temperature, the resulting mixture was purified by silica gel column chromatography (from 10% to 30% ethyl
acetate in hexane) afforded 55 (9.0 mg, 61%) as a red film.

To a solution of the ketone 55° (9.0 mg, 0.012 mmol) in MeOH (0.12 ml) was added pyridinium
p-toluenesulfonate (0.3 mg, 0.0012 mmol) at 0 °C, and the reaction mixture was stirred for 25 min at the same
temperature. A saturated aqueous NaHCO; solution was added, and then the resulting mixture was extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 30% to 60% ethyl acetate in
hexane) afforded fucoxanthin (1) (5.3 mg, 70%). A solution of the obtained mixture containing all
trans-fucoxanthin (1) and its cis-isomer in benzene was left at room temperature under the irradiation with
fluorescence light. After 3 days, the partial separation by preparative HPLC [column: Develosil CN-UG (0.6 x
25 cm); mobile phase: acetone / n-hexane = 1 / 8; flow rate: 2.0 mL / min.; UVdetect: 445 nm; retention time:
(all-trans-isomer) 38 min] in the dark afforded the desired optically active fucoxanthin (1) as a red powder: IR
(neat, cm’™") 3442, 2923, 2854, 1929, 1729, 1655, 1607, 1576, 1364, 1249, 1051, 966; '"H NMR (CDCl;, 400
MHz) 8 7.14 (d, J = 10.1 Hz, 1H), 6.75 (dd, J = 14.2, 11.9 Hz, 1H), 6.67 (d, J = 15.1 Hz, 1H), 6.64 (dd, J = 14.0,
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11.4 Hz, 1H), 6.60 (dd, J = 14.7, 11.4, Hz, 1H), 6.57 (dd, J = 15.1, 11.0 Hz, 1H), 6.41 (d, J = 11.4 Hz, 1H), 6.34
(d, J =15.1 Hz, 1H), 6.27 (d, J = 11.7 Hz, 1H), 6.13 (d, J = 11.5 Hz, 1H), 6.05 (s, 1H), 5.38 (m, 1H), 3.82 (m,
1H), 3.65 (d, J = 18.4 Hz, 1H), 2.60 (d, J = 18.4 Hz, 1H), 2.30 (m, 1H), 2.04 (s, 3H), 2.00 (m, 1H), 1.99 (s, 6H),
1.51 (m, 1H), 1.49 (m, 1H), 1.41 (m, 1H) , 1.38 (s, 3H), 1.35 (s, 3H) , 1.35 (m, 1H), 1.22 (s, 3H), 1.07 (s, 3H),
1.03 (s, 3H), 0.96 (s, 3H); >°C NMR (CDCl,;, 100MHz) 8 202.7, 198.2, 170.4, 145.3, 139.4, 138.4, 137.4, 137.0,
135.8, 134.9, 132.9, 132.5, 129.8, 128.9, 126.0, 123.7, 117.9, 103.7, 73.0, 68.3, 67.4, 66.5, 64.7, 47 .4, 45.8, 45.6,
42.0,41.1,36.1,35.4,324,31.6, 30.1, 29.5, 28.5, 25.3, 21.7, 21.5, 14.3, 13.3, 13.1, 12.1; ESI-HRMS m/z Calcd
for C,Hs304 (M+Na)*681.4131, found 681.4108.

QREAE)-7-[(1’R,2’R 4’S)-4’-Acetoxy-2’-hydroxy-2’,6",6’-trimethylcyclohexyliden MCHO
e]-5-methylhepta-2,4,6-trienal 11. A mixture of triol 56 (670 mg, 2.66 mmol) and ,E/Q('é
manganese dioxide (10.62 g) in AcOEt (26.6 mL) was stirred at room temperature for  Aco \oH
30 min. The precipitate was filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford
crude aldehyde, which was used in the next reaction without further purification.

To a solution of crude aldehyde in pyridine (10.6 mL) were added acetic anhydride (0.38 mL, 3.99 mmol) at
room temperature, and the reaction mixture was stirred for 14 h at the same temperature. A saturated aqueous
CuSO,solution was added, and then the resulting mixture was extracted with ethyl acetate. The organic layers
were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica
gel column chromatography (from 20% to 50% ethyl acetate in hexane) afforded acetate 11 (532 mg, 68%): [a]
24-22.5 (c 0.40, CHCl,); IR (neat, cm™) 3431, 2964, 2926, 1930, 1729, 1671, 1603, 1248, 1126; NMR (CDCl,,
400 MHz) 6 9.60 (d, J = 7.8 Hz, 1H), 7.43 (dd, J = 14.7, 11.5 Hz, 1H), 6.27 (d, J = 11.4 Hz, 1H), 6.15 (dd, J =
15.1. 8.2 Hz, 1H), 6.10 (s, 1H), 5.37 (m, 1H), 2.30 (ddd, J = 12.0, 4.1, 2.3 Hz, 1H), 2.04 (s, 3H), 1.99 (ddd, J =
14.6, 4.1, 1.8 Hz, 1H), 1.93 (s, 3H), 1.50 (dd, J = 12.9, 11.0 Hz, 1H), 1.41 (m, 1H), 1.40 (s, 3H), 1.36 (s, 3H),
1.08 (s, 3H); *C NMR (CDCl,, 100 MHz) & 204.4, 194.1, 170.8, 148.0, 144.1, 131.2, 125.8, 118.6, 103.0, 72.8,
68.0, 45.6, 45.5, 36.2, 32.2, 31.4, 29.4, 21.7, 14.8; ESI-HRMS m/z calcd for C;oH,,O,Na (M+Na)*341.1729,
found 3411744.

EthylQEA4E,6E,8E)-11-[(1’R,2’R ,4’S)-4’-acetoxy-2’-hydroxy-2°,6’,6’-trim Mcoza
ethylcyclohexylidene]-5,9-dimethylundeca-2,4,6,8,10-pentaenoate 57°. A /E/Q(/
mixture of triol 57 (350 mg, 1.09 mmol) and manganese dioxide (4.37 g) in Ho \OH
AcOEt (10.93 mL) was stirred at room temperature for 30 min. The precipitate was filtered through a pad of
Celite, and the filtrate was concentrated in vacuo to afford crude aldehyde (322 mg), which was used in the next
reaction without further purification.

To a solution of ethyl diethyl phosphono acetate (0.21 mL, 1.06 mmol) in THF (5.09 mL) was added sodium
hydride (0.122 mg, 3.05 mmol) at 0 °C. After the mixture was stirred for 10 min at 0 °C, a solution of the crude
aldehyde (322 mg, 1.02 mmol) obtained above in THF (0.50 mL) was added at O °C. After being stirred for 5
min at room temperature, the resulting mixture was poured into water, and extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 10% to 30% ethyl acetate in hexane) afforded
tetraeneester 57° (187 mg, 44% for 2 steps) as a yellow solid: [a]**, —15.5 (c 1.67, CHCL,); IR (neat, cm™) 3733,
2960, 1929, 1698, 1617, 1571, 1454, 1368, 1136, 956; "H NMR (CDCl,, 400 MHz) § 7.67 (dd, J = 15.1, 11.9 Hz,
1H), 6.71 (dd, J=15.1, 11.4 Hz, 1H), 6.32 (d, J = 15.1, 1H), 6.20 (d, J = 12.4 Hz, 1H), 6.10 (d, /= 11.4 Hz, 1H),
6.02 (s, 1H), 5.88 (d, J = 15.1 Hz, 1H), 4.31 (m, 1H), 4.20 (q, J =7.3 Hz, 2H), 2.26 (ddd, J = 12.8, 4.1, 2.3 Hz,
1H), 2.20 (s, 3H), 1.94 (ddd, J = 12.3, 4.1, 2.3 Hz, 1H), 1.81 (s, 3H), 1.40 (dd, J = 12.4, 11.4 Hz, 1H), 1.35 (m,
1H), 1.34 (s, 3H), 1.33 (s, 3H), 1.30 (t, J = 7.3 Hz, 3H), 1.06 (s, 3H); *C NMR (CDCl,, 100 MHz) & 202.9,
167.8, 144.4, 140.7, 136.4, 134.8, 128.9, 128.5, 128.2, 120.8, 118.2, 103.3, 73.3, 64.6, 60.6, 49.7, 49.2, 36.2,
32.5,31.7,29.6,14.7, 14.4, 13.5; ESI-HRMS m/z calcd for C,H;,0,Na (M+Na)*409.2355, found 409.2353.
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(REAE,6E8E)-11-[(1’R,2’R,4’S)-4’-Acetoxy-2’-hydroxy-2’,6’,6’-trimethyl )\/\)\/\/cno
cyclohexylidene]-5,9-dimethylundeca-2,4,6,8,10-pentaenal  12. To a ﬁf

solution of ester 57° (185 mg, 0.479 mmol) in dichloromethane (2.39 mL) was Aco o

added dropwise diisobutylaluminium hydride (1.0 M in toluene, 2.87 mL, 2.87 mmol) at —78 °C. After the
reaction mixture was stirred for 5 min at the same temperature, aqueous potassium sodium (+)-tartrate
tetrahydrate solution was added, and then resulting mixture was extracted with ethyl acetate. The organic layers
were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.

A mixture of crude triol 58 and manganese dioxide (2.39 g) in AcOEt (3.83 mL) was stirred at room temperature
for 40 min. The precipitate was filtered through a pad of Celite, and the filtrate was concentrated in vacuo to
afford crude aldehyde, which was used in the next reaction without further purification.

To a solution of crude aldehyde in CH,Cl, (4.79 mL) were added a mixture of acetic anhydride (0.09 mL, 0.96
mmol) and triethyl amine (0.27 mL, 1.92 mmol) at room temperature and N,N-4-dimethylaminopyridine (12 mg,
0.096 mmol), and the reaction mixture was stirred for 20 min at the same temperature. A saturated aqueous
CuSO, solution was added, and then the resulting mixture was extracted with ethyl acetate. The organic layers
were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica
gel column chromatography (from 20% to 50% ethyl acetate in hexane) afforded aldehyde 12 (131 mg, 71% for
3 steps): [a]**, -18.4 (c 0.29, CHCL,); IR (neat, cm™) 3446, 2964, 1929, 1727, 1666, 1567, 1365, 1250, 1125,
968; NMR (CDCl;, 400 MHz) 8 9.61 (d, J = 7.7 Hz, 1H), 7.51 (dd, J = 14.7, 11.9 Hz, 1H), 6.81 (dd, J = 15.0,
11.4 Hz, 1H), 6.36 (d, J = 15.1 Hz, 1H), 6.34 (d, J = 11.5 Hz, 1H), 6.17 (dd, J = 15.1, 8.2 Hz, 1H), 6.14 (d, J =
11.5 Hz, 1H), 6.06 (s, 1H), 5.37 (m, 1H), 2.28 (ddd, J = 12.9, 4.1, 2.3 Hz, 1H), 2.10 (s, 3H), 2.04 (s, 3H), 1.99
(ddd,J=124,4.1,2.3 Hz, 1H), 1.84 (s, 3H), 1.51 (dd, J=12.8, 11.5 Hz, 1H), 1.41 (m, 1H), 1.38 (s, 3H), 1.36 (s,
3H), 1.07 (s, 3H); *C NMR (CDCl,, 100 MHz) § 203.1, 193.9, 170.7, 147.9, 146.8, 136.0, 135.9, 131.2, 129.8,
129.0, 128.2, 118.1, 103.5,72.9, 68.2, 45.7, 45.5, 36.1, 32.3, 31.6, 29.4, 21.7, 14.5, 13.6; ESI-HRMS m/z calcd
for C,,H;,0,Na (M+Na)*407.2198, found 407.2191.

C37-Fucoxanthin Derivative 15. To a solution of sulfone 8 . OH
(40 mg, 0.063 mmol) and aldehyde 11 (33 mg, 0.104 mmol) -
in THF (0.63 ml) was added dropwise sodium rEfCOH
bis(trimethylsilyl)amide (1.0M in THF, 0.25 mL, 0.25 mmol) AcO

at 0 °C in the dark. After being stirred for 3 min at the same temperature, the reaction mixture was poured into
water, and then extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over
MgSO,, filtered and concentrated in vacuo. Purification by short silica gel column chromatography (from 10% to
30% ethyl acetate in hexane) in the dark afforded coupling product 59 (29.6 mg, 64%) as a mixture of the
isomers in an orange film.

To a solution of 59 (29.6 mg, 0.040 mmol) in dichloromethane (0.40 mlL) was added Dess-Martin periodinane
(20 mg, 0.048 mmol)at room temperature. After the reaction mixture was stirred for 10 min at the same
temperature, the resulting mixture was purified by silica gel column chromatography (from 10% to 30% ethyl
acetate in hexane) afforded ketone 59° (18.6 mg, 63%) as an orange film.

To a solution of the ketone 59’ (18.6 mg, 0.025 mmol) in MeOH (0.25 ml) was added pyridinium
p-toluenesulfonate (0.6 mg, 0.0025 mmol) at room temperature, and the reaction mixture was stirred for 5 min at
the same temperature. Water was added, and then the resulting mixture was extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) afforded C37
fucoxanthin derivative 15 (12.7 mg, 81%). A solution of the obtained mixture containing all trans-15 and its
cis-isomer in benzene was left at room temperature under the irradiation with fluorescence light. After 4 days,
the partial separation by preparative HPLC [column: Develosil CN-UG (10 x 250 mm); mobile phase: acetone /
n-hexane = 1/ 8; flow rate: 2.0 mL / min.; UV detect: 425 nm; retention time: (all-trans-isomer) 46 min] in the
dark gave crude C37-fucoxanthin derivative 15, which was further purified by preparative HPLC [column: YMC
Carotenoid C30 (10 x 250 mm); reverse phase: acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2.0 mL /
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min.; UVdetect: 420 nm; retention time: (all trans-isomer) 12 min.] afforded the desired optically active
C37-fucoxanthin derivative 15 as an orange powder); IR (neat, cm™) 3442, 2931, 2845, 1931, 1717, 1652, 1607,
1558, 1366, 1236, 1051, 966; 'H NMR (CDCl,, 750 MHz) & 7.36 (d, /= 11.0 Hz, 1H), 6.83 (d, J = 14.8 Hz, 1H),
6.79 (dd, J = 13.7, 12.7 Hz, 1H), 6.76 (dd, J = 14.1, 11.0 Hz, 1H), 6.73 (dd, J = 15.8, 11.0, Hz, 1H), 6.70 (dd, J =
14.8, 11.3, Hz, 1H), 6.61 (dd, J = 14.1, 11.7 Hz, 1H), 6.51 (dd, J = 14.1, 11.7 Hz, 1H), 6.43 (d, /= 12.0 Hz, 1H),
6.39 (d, J = 14.8 Hz, 1H), 6.27 (d, J = 11.7 Hz, 1H), 6.17 (d, J = 11.3 Hz, 1H), 6.06 (s, 1H), 5.39 (m, 1H), 3.81
(d, J=18.2 Hz, 1H), 3.66 (m, 1H), 2.57 (d, J = 18.2 Hz, 1H), 2.22 (m, 2H), 2.02 (s, 3H), 1.98 (s, 6H), 1.95 (m,
1H), 1.93 (s, 3H), 1.86 (s, 3H), 1.65 (dd, J = 13.7, 9.6 Hz, 1H), 1.47 (m, 2H), 1.40 (m, 1H) , 1.39 (s, 3H), 1.33 (s,
3H), 1.23 (dd, J = 12.3, 12.0 Hz, 1H), 1.15 (s, 3H), 1.07 (s, 3H), 0.99 (s, 3H), 0.93 (s, 3H); *C NMR (CDCl,,
188MHz) 6 203.1, 198.6, 170.4, 145.5, 139.7, 138.3, 137.8, 137.4, 136.8, 136.8, 135.4, 134.8, 133.6, 132.9,
132.1, 130.2, 129.2, 126.6, 124.9, 118.4, 103.5, 72.4, 68.5, 67.4, 66.5, 63.5, 49.1, 46.7, 46.5, 42.8, 41.6, 36.4,
35.9, 32.6, 31.3, 29.4, 28.5, 25.0, 21.3, 14.2, 129, 12.7, 11.7;, ESI-HRMS m/z Calcd for C;oHs,0¢ (M+Na)*
641.3818, found 641.3802.

C42-Fucoxanthin Derivative 16. To a solution of 0 OH
sulfone 8 (38.1 mg, 0.060 mmol) and aldehyde 12 . 4)\/\/&/“/\/\(@,
(27.7 mg, 0.072 mmol) in THF (0.60 mL) was added IE?QOH '
dropwise sodium bis(trimethylsilyl)amide (1.0M in **°

THF, 0.24 mL, 0.24 mmol) at 0 °C in the dark. After being stirred for 5 min at the same temperature, the reaction
mixture was poured into water, and then extracted with ethyl acetate. The organic layers were combined, washed
with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by short silica gel column
chromatography (from 10% to 30% ethyl acetate in hexane) in the dark afforded coupling product 60 (21.9 mg,
45%) as a mixture of the isomers in a red film.

To a solution of 60 (15 mg, 0.019 mmol) in DMSO (0.13 mL) was added o-iodoxybenzoic acid (17 mg, 0.028
mmol) at room temperature. After the reaction mixture was stirred for 1 hour at the same temperature, the
resulting mixture was purified by short silica gel column chromatography (from 10% to 30% ethyl acetate in
hexane) afforded 60’ (5.6 mg, 38%) as a red film.

To a solution of the ketone 60’ (31 mg, 0.039 mmol) in MeOH (0.38 ml) was added pyridinium
p-toluenesulfonate (0.9 mg, 0.0039 mmol) at O °C, and the reaction mixture was stirred for 5 min at the same
temperature. Water was added, and then the resulting mixture was extracted with ethyl acetate. The organic
layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by
silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) afforded C42-fucoxanthin
derivative 16 (14.6 mg, 55%). A solution of the obtained mixture containing all frans-16 and its cis-isomer in
benzene was left at room temperature under the irradiation with fluorescence light. After 7 days, the partial
separation by preparative HPLC [column: Develosil CN-UG (10 x 250 mm); mobile phase: acetone / n-hexane =
1/ 10; flow rate: 2.0 mL / min.; UVdetect: 460 nm; retention time: (all-trans-isomer) 49 min] in the dark gave
crude C42 fucoxanthin derivative 16, which was further purified by preparative HPLC [column: YMC
Carotenoid C30 (10 x 250 mm); reverse phase: methanol; flow rate: 2.0 mL / min; UVdetect: 460 nm; retention
time: (all trans-isomer) 12 min.] afforded the desired optically active C42 fucoxanthin derivative 16 as a red
powder: IR (neat, cm™) 3442, 2924, 1929, 1733, 1653, 1363, 1246, 1030, 958; '"H NMR (acetone-d6, 750 MHz)
87.14 (d, J=11.0 Hz, 1H), 6.66 (d, J =15.1 Hz, 1H), 6.60 (dd, J =13.8, 12.0 Hz, 1H), 6.60 (dd, J =13.8, 12.0 Hz,
1H), 6.57 (dd, J =15.1, 11.3, Hz, 1H), 6.49 (dd, J =144, 11.3, Hz, 1H), 6.39 (dd, J =14.4, 11.3 Hz, 1H), 6.35 (d,
J=11.7 Hz, 1H), 6.10 (d, J =11.7 Hz, 1H), 6.05 (s, 1H), 5.38 (m, 1H), 3.81 (m, 1H), ), 3.65 (d, J =18.2 Hz, 1H),
2.59 (d, J =18.2 Hz, 1H), 2.32 (dd, J =14.1, 3.4 Hz, 1H), 2.28 (dm, J =11.0 Hz, 1H), 2.04 (s, 3H), 1.99 (dm, J
=13.8 Hz, 1H), 1.98 (s, 3H), 1.94 (s, 3H), 1.80 (s, 3H), 1.79 (dd, J =13.7, 8.9 Hz, 1H), 1.50 (m, 2H), 1.40 (m,
1H) , 1.38 (s, 3H), 1.35 (s, 3H) , 1.34 (m, 1H), 1.22 (s, 3H), 1.07 (s, 3H), 1.03 (s, 3H), 0.96 (s, 3H); *C NMR
(CDCl,, 188MHz) 6 202.6, 197.9, 170.4, 145.0, 139.1, 136.5, 136.3, 135.4, 134.6, 133.6, 132.9, 131.1, 128.8,
128.1, 123.4, 117.6, 103.3, 72.7, 68.0, 67.1, 66.1, 64.3, 47.1, 45.4, 45.3, 41.7, 40.8, 35.8, 35.2, 32.1, 31.3,29.2,
28.1,25.0,21.4,21.2,14.0, 12.7, 11.8; ESI-HRMS m/z Calcd for C,,Hg04 (M+Na)* 707.4288, found 707.4281.
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(2EAE,6E)-9-[(1°S,2’R ,4°S)-4’-Triethylsilyloxy-1°,2’-epoxy-2°,6’,6’-trimethy
Icyclohex-1-yl]-8-carbonyl-3,7-dimethyinona-2,4,6-trienal 63. To a solution W cHo
of diester 50 (80 mg, 0.15 mmol) in dichloromethane (0.74 mlL) was added TESO S ©

dropwise diisobutylaluminium hydride (1.0 M in toluene, 0.67 mL, 0.67 mmol) at —78 °C. After the reaction
mixture was stirred for 5 min at the same temperature, aqueous potassium sodium (+)-tartrate tetrahydrate
solution was added, and then resulting mixture was extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.

To a solution of crude diol in dichloromethane (0.75 mL) was added Dess-Martin periodinane (161 mg, 0.38
mmol)at room temperature. After the reaction mixture was stirred for 30 min at the same temperature, the
resulting mixture was purified by silica gel column chromatography (from 5% to 20% ethyl acetate in hexane)
afforded 63 (38 mg, 56%) as a colerless oil: [a]**°; —7.1 (c 0.90, CHCL,); IR (neat, cm™) 2958, 1662, 1456, 1364,
1214, 1064; 'H NMR (CDCl,, 400 MHz) & 10.10 (d, J =7.8 Hz, 1H), 7.10 (dd, J =11.0, 0.9 Hz, 1H), 7.04 (dd, J
=14.7, 11.0 Hz, 1H), 6.67 (d, J =14.7 Hz, 1H), 6.06 (d, J =7.8 Hz, 1H), 3.75 (m, 1H), 3.63 (d, J =18.3 Hz, 1H),
2.56 (d, J =18.3 Hz, 1H), 2.34 (s, 3H), 2.21 (ddd, J =14.5, 4.7, 1.8 Hz, 1H), 1.99 (s, 3H), 1.77 (dd, J =13.7,9.2
Hz, 1H), 1.40 (ddd, J =12.7, 3.7, 2.3 Hz, 1H), 1.34 (dd, J =12.8, 11.0 Hz, 1H), 1.18 (s, 3H), 1.01 (s, 3H), 0.94 (t,
J =7.8 Hz, 9H), 0.92 (s, 3H), 0.90 (s, 3H), 0.57 (q, J =7.8 Hz, 6H); *C NMR (CDCl,, 100 MHz) 8 198.2, 191.4,
152.9, 1420, 139.5, 136.5, 132.0, 130.8, 67.3, 66.9, 64.5, 48.6, 42.5,41.7, 35.6, 28.4, 24.9, 21.2, 13.4, 12.6, 7.2,
5.2; ESI-HRMS m/z calcd for C,H,,0,SiNa (M+Na)*469.2763, found 469.2750.

QREAE)-7-[(1°S,2’R4°S)-4’-p-Nitrobenzoxy-1’,2’-epoxy-2’,6’,6’-trimethylcyc
lohex-1’-yl]-6-acetoxy-S-methylhepta-2,4-diene-1-ynoate 65. A mixture of m o0t
alcohol 48 (72 mg, 0.16 mmol) and manganese dioxide (784 mg) in THF (1.26 PNOB20

mL) was stirred at room temperature for 25 min. The precipitate was filtered through a pad of Celite, and the
filtrate was concentrated in vacuo to afford crude aldehyde, which was used in the next reaction without further
purification.

To a solution of triethyl phosphonoacetate (0.041 mL, 0.20 mmol) in THF (0.94 mL) was added sodium hydride
(7.5 mg, 0.19 mmol) at 0 °C and the mixture was stirred for 10 min. To this mixture was added a solution of the
crude aldehyde in THF (0.4 mL) at 0 °C. After being stirred for 5 min at room temperature, the reaction mixture
was poured into water and then extracted with ethyl acetate. The organic layers were combined, washed with
brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography
(from 10% to 30% ethyl acetate in hexane) afforded diene ester 65 (73 mg, 88% for 2 steps) as a mixture of C8
epimer as a white foam: [0]* +3.2 (c 0.73, CHCL); IR (neat, cm™) 2963, 1716, 1641, 1527, 1369, 1275, 1236,
1101; 'H NMR (CDCl,, 400 MHz) & 8.26 (d, J = 8.7 Hz, 4H), 8.13 (d, J = 8.7 Hz, 4H), 7.49 (dd, J = 15.1, 11.9
Hz, 2H), 6.26 (d, J = 11.9 Hz, 1H), 6.17 (d, J = 11.9 Hz, 1H), 591 (d, J = 15.6 Hz, 1H), 5.87 (d, J = 14.7 Hz,
1H), 5.45 (dd, J = 6.4, 6.4 Hz, 1H), 5.23 (d, J = 10.1 Hz, 1H), 5.14 (m, 2H), 4.19 (q, J = 7.3 Hz, 4H), 2.55 (dd, J
=15.5, 6.8 Hz, 2H), 2.24 (dd, J = 15.0, 10.6 Hz, 1H), 2.08 (m, 2H), 2.07 (s, 3H), 2.02 (s, 3H), 1.99-1.90 (m, 3H),
1.92 (s, 3H), 1.89 (s, 3H), 1.81 (m, 2H), 1.47 (m, 2H), 1.40 (s, 3H), 1.34 (s, 3H), 1.27 (t, /= 7.3 Hz, 6H), 1.20 (s,
3H), 1.18 (s, 3H), 1.13 (s, 3H), 1.05 (s, 3H) ; °C NMR (CDCl,;, 100 MHz) 8 169.8, 169.7, 167.2, 164.1, 150.7,
145.8,145.3, 139.5, 136.1, 130.8, 125.3, 124.1, 123.7, 122.6, 122.3,76.2, 75.4, 69.6, 67.2, 66.3, 62.6, 62.5, 60.5,
41.2,40.5, 37.1, 36.6, 35.3,35.1, 31.2, 30.8, 27.7, 27.5, 26.2,25.9, 21 4, 21.0, 20.7, 14.5, 14.0, 13.5; ESI-HRMS
m/z calcd for C,gH;sNOgNa (M+Na)*552.2210, found 552.2183.

]-6-acetoxy-5-methylhepta-2,4-diene-1-ynoate 65°. The triene ester 65 (73 mg,
0.14 mmol) was dissolved in EtOH (0.41 mL), and 2 N KOH aq. (0.07 mL) was
added to it. After being stirred at room temperature for 5 min, the mixture was poured into a saturated aqueous

RE4E)-7-[(1°S,2’R 4°S)-4’-Hydroxy-1,2’-epoxy-2’,6’,6’-trimethylcyclohex-1’-yl
/ N COEL
) mkw

NH,C], and then extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over
MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 30% to 50%
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ethyl acetate in hexane) afforded alcohol 65’ (42 mg, 81%) as a mixture of C8 epimer as a white foam: [a]**,
+5.0 (c 1.18, CHCL); IR (neat, cm™) 3476, 2931, 1738, 1711, 1640, 1368, 1235, 1159; 'H NMR (CDCl,, 400
MHz) 6 7.51 (dd, J = 14.7, 11.5 Hz, 1H), 7.47 (dd, J = 14.7, 11.5 Hz, 1H), 6.23 (d, J = 11.5 Hz, 1H), 6.15 (d, J =
11.5 Hz, 1H), 5.90 (d, J = 15.1 Hz, 1H), 5.86 (d, J = 15.1 Hz, 1H), 5.43 (dd, J =7.3, 5.0 Hz, 1H), 5.22 (dd, J =
10.0, 2.8 Hz, 1H), 4.19 (q, J = 7.3 Hz, 4H), 3.82 (m, 2H), 2.33 (m, 2H), 2.20 (dd, J = 15.4, 10.1 Hz, 1H), 2.05 (s,
3H), 2.02 (s, 3H), 1.99 (dd, J = 15.5, 7.8 Hz, 1H), 1.90 (s, 3H), 1.88 (s, 3H), 1.80-1.60 (m, 8H), 1.35 (s, 3H),
1.31 (s, 3H), 1.28 (t, / = 7.3 Hz, 6H), 1.16 (s, 3H), 1.15 (s, 3H), 1.05 (s, 3H), 0.99 (s, 3H); *C NMR (CDCl,, 100
MHz) 6 170.1, 170.0, 167.5, 146.0, 145.7, 139.8, 125.2, 124.2, 122.5, 122.3, 76.3, 75.6, 67.1, 66.3, 64.4, 64.2,
60.6,47.4,47.1,41.5,41.1, 35.7, 35.6, 32.0, 31.9, 29.0, 28.9, 26.2, 25.6, 21.5, 21.4, 21.2, 20.7, 14.6, 14.1, 13.7;
ESI-HRMS m/z calcd for C,;H;,0¢Na (M+Na)*403.2097, found 403.2094.

(2EAE)-7-[(1°S,2’R,4’S)-4’-Triethylsilyloxy-1°,2’-epoxy-2’,6’,6’-trimethylcyclo
hex-1’-yl]-6-acetoxy-5-methylhepta-2,4-diene-1-ynoate 66. To a solution 65’ (42 WCOZE‘
mg, 0.11 mmol) in CH,Cl, (0.33 mL) was added imidazole (15 mg, 0.22 mmol) TESO” "~ O

and TESCI (0.028 mL, 0.17 mmol) at room temperature. After the reaction mixture was stirred for 10 min at the
same temperature, the resulting mixture was poured into a saturated aqueous NaHCO; solution, and extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 2% to 10% ethyl acetate in
hexane) afforded 66 (39 mg, 71%) as a mixture of C8 epimer as a colerless oil: [o]*, +9.41 (c 1.09, CHCL,); IR
(neat, cm™) 2955, 1742, 1715, 1643, 1368, 1233, 1135; 'H NMR (CDCl,, 400 MHz) & 7.48 (dd, J = 14.2, 11.4
Hz, 1H), 7.47 (dd, J = 14.2, 11.5 Hz, 1H), 6.22 (d, J = 11.5 Hz, 1H), 6.13 (d, /= 11.5 Hz, 1H), 5.88 (d, / = 15.1
Hz, 1H), 5.85 (d, J = 15.1 Hz, 1H), 5.42 (dd, J =7.3, 5.0 Hz, 1H), 5.21 (dd, J = 10.0, 2.8 Hz, 1H), 4.18 (q, /= 7.3
Hz, 4H), 3.74 (m, 2H), 2.21 (m, 2H), 2.07 (m, 2H), 2.04 (m, 2H), 2.01 (s, 3H), 1.97 (dd, J = 15.6, 7.8 Hz, 1H),
1.89 (s, 3H), 1.86 (s, 3H), 1.86 (m, 1H), 1.65 (m, 2H), 1.63 (m, 2H), 1.31 (s, 3H), 1.27 (s, 3H), 1.25-1.15 (m,
2H), 1.13 (s, 3H), 1.11 (s, 3H), 1.03 (s, 3H), 0.91 (t, J = 7.8 Hz, 18H), 0.55 (q, J = 7.8 Hz, 12H); *C NMR
(CDCl, 100 MHz) 6 170.1, 170.0, 167.4, 146.1, 145.8, 139.8, 125.0, 124.2, 1224, 122.2, 76.3, 75.6, 67.0, 66.2,
64.6, 64.3, 60.6, 60.5,47.9,47.6,42.3,42.0,35.7,35.6, 31.9,29.0, 26.1, 25.5, 21.4, 21.4, 21.2, 20.8, 14.6, 14.1,
13.7,7.1, 5.1; ESI-HRMS m/z calcd for C,;H,s04SiNa (M+Na)*517.2961, found 517.2943.

(2E4E)-7-[(1’S,2’R 4’S)-4’-Triethylsilyloxy-1’,2’-epoxy-2°,6,6’-trimethylcycloh
ex-1’-yl]-6-carbonyl-5-methylhepta-2,4-dienal 67. To a solution of diester 66 (89 ’(\f@\wj\/\vc”"
mg, 0.18 mmol) in dichloromethane (0.90 ml) was added dropwise TESO N ©
diisobutylaluminium hydride (1.0 M in toluene, 1.07 mL, 1.07 mmol) at —78 °C. After the reaction mixture was
stirred for 5 min at the same temperature, aqueous potassium sodium (+)-tartrate tetrahydrate solution was added,
and then resulting mixture was extracted with ethyl acetate. The organic layers were combined, washed with
brine, dried over MgSO,, filtered and concentrated in vacuo.

To a solution of crude diol in dichloromethane (0.90 mL) was added Dess-Martin periodinane (191 mg, 0.27
mmol) at room temperature. After the reaction mixture was stirred for 15 min at the same temperature, the
resulting mixture was purified by silica gel column chromatography (from 10% to 30% ethyl acetate in hexane)
afforded 67 (57 mg, 78%) as a colerless oil: [a]**°, —18.4 (c 0.82, CHCl,); IR (neat, cm™) 2955, 2876, 1674,
1457, 1386, 1362, 1239; 'H NMR (CDCl,, 400 MHz) 8 9.71 (d, J = 7.8 Hz, 1H), 7.47 (dd, J = 15.2, 11.5 Hz, 1H),
7.13 (d, J = 11.0 Hz, 1H), 6.43 (dd, J = 15.1, 7.9 Hz, 1H), 3.75 (m, 1H), 3.62 (d, J = 18.3 Hz, 1H), 2.59 (d, J =
18.3 Hz, 1H), 2.21 (dd, J = 13.8, 4.6 Hz, 1H), 2.05 (s, 3H), 1.77 (dd, J = 13.7, 9.6 Hz, 1H), 1.41 (dm, J = 12.8
Hz, 1H), 1.33 (dd, /= 11.9, 11.9 Hz, 1H), 1.18 (s, 3H), 1.01 (s, 3H), 0.94 (t, J = 8.3 Hz, 9H), 0.90 (s, 3H), 0.56
(g, J = 8.3 Hz, 6H); *C NMR (CDCl,, 100 MHz) & 198.1, 193.2, 145.4, 144.3, 136.9, 133.7, 67.1, 66.9, 64.5,
48.5, 42.4, 420, 35.6, 28.4, 24.9, 21.2, 13.0, 7.2, 5.2; ESI-HRMS m/z calcd for C,;H;30,SiNa (M+Na)*
429.2437, found 429.2419.
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C35 Fucoxanthin derivative 14. To a solution of sulfone 68 (55 ' OH
mg, 0.12 mmol) and aldehyde 63 (52 mg, 0.12 mmol) in THF S Y PN
(1.74 mL) was added dropwise sodium bis(trimethylsilyl)amide ,Ef/(oH

(1.0M in THF, 0.29 mL, 0.29 mmol) at -78 °C in the dark. After *°°

being stirred for 5 min at the same temperature, the reaction mixture was poured into water, and then extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by short silica gel column chromatography (from 10% to 30% ethyl acetate
in hexane) in the dark afforded coupling product (47 mg, 57%) as a mixture of the isomers in an orange film.

To a solution of the coupling product (10.3 mg, 0.015 mmol) in MeOH (0.15 mlL) was added pyridinium
p-toluenesulfonate (0.04 mg, 0.0015 mmol) at room temperature, and the reaction mixture was stirred for 5 min
at the same temperature. Water was added, and then the resulting mixture was extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) afforded
C35-fucoxanthin derivative 14 (7.0 mg, 81%). A solution of the obtained mixture containing all trans-14 and its
cis-isomer in benzene was left at room temperature under the irradiation with fluorescence light. After 4 days,
the partial separation by preparative HPLC [column: Develosil CN-UG (10 x 250 mm); mobile phase: acetone /
n-hexane = 1 / 6; flow rate: 2.0 mL / min.; UV detect: 400 nm; retention time: (all-frans-isomer) 28 min] in the
dark gave crude C35-fucoxanthin derivative 14, which was further purified by preparative HPLC [column: YMC
Carotenoid C30 (10 x 250 mm); reverse phase: acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2.0 mL /
min.; UVdetect: 400 nm; retention time: (all trans-isomer) 11 min.] afforded the desired optically active
C35-fucoxanthin derivative 14 as an orange powder; [a.]**°; +30.4 (c 0.18, CHCl,); IR (neat, cm™) 3430, 2923,
1929, 1731, 1655, 1609, 1551, 1435, 1246; 'H NMR (C¢D, 400 MHz) § 7.05 (d, J =7.7 Hz, 1H), 6.72 (dd, J
=14.2, 11.5 Hz, 1H), 6.60 (dd, J =14.6, 11.4 Hz, 1H), 6.52 (s, 1H), 6.51 (d, J =5.1 Hz, 1H), 6.39 (d, J =11.4 Hz,
1H), 6.14 (d, J =11.5 Hz, 1H), 6.01 (s, 1H), 5.68 (m, 1H), 3.82 (m, 1H), 3.55 (d, J =18.3 Hz, 1H), 2.64 (d, J
=18.3 Hz, 1H), 2.29 (ddd, J =12.8, 4.1, 2.3 Hz, 1H), 2.24 (dd, J =13.8, 4.1 Hz, 1H), 2.05 (ddd, J =119, 4.1, 2.3
Hz, 1H), 1.94 (s, 3H), 1.91 (dd, J =15.5, 13.8 Hz, 1H), 1.77 (s, 3H), 1.75 (s, 6H), 1.74 (dd, J =15.1, 9.2 Hz, 1H),
1.45 (s, 3H), 1.38 (m, 3H), 1.25 (s, 3H), 1.17 (s, 3H), 1.10 (s, 3H), 1.08 (s, 3H), 1.03 (s, 3H); *C NMR (C¢Ds,
100MHz) & 203.4, 198.0, 170.1, 145.2, 1390, 136.9, 136.2, 136.0, 134.9, 133.1, 129.8, 129.3, 124.9, 118.8,
104.0,72.9, 68.5, 67.4, 66.5, 64.7, 48.3, 46.6, 46 .4, 42.8,42.0, 36.5, 35.9, 32.9, 31.7, 30.7, 29.8, 28.9, 25.9, 21.9,
21.6,14.7,13.2, 12.5; ESI-HRMS m/z Calcd for C;;H;,05 (M+Na)* 615.3662, found 615.3663.

C32-Fucoxanthin derivative 69. To a solution of C15 allenic 0N OH
sulfone 68 (28.2 mg, 0.059 mmol) and C17 epoxyketo aldehyde 67 P D

(22.8 mg, 0.056 mmol) in THF (0.28 mlL) was added dropwise ﬁm’
sodium bis(trimethylsilyl)amide (1.0M in THF, 0.11 mL, 0.11 mmol) **°

at -78 °C in the dark. After being stirred for 3 min at the same temperature, the reaction mixture was poured into
water, and then extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over
MgSO,, filtered and concentrated in vacuo. Purification by short silica gel column chromatography (from 10% to
30% ethyl acetate in hexane) in the dark afforded coupling product 69-TES (17.5 mg, 45%) as a mixture of the
isomers in a yellow film.

To a solution of the ketone 69-TES (17.5 mg, 0.026 mmol) in MeOH (0.26 ml) was added pyridinium
p-toluenesulfonate (0.7 mg, 0.0026 mmol) at room temperature, and the reaction mixture was stirred for 5 min at
the same temperature. Water was added, and then the resulting mixture was extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) afforded
C32-fucoxanthin derivative 69 (11.4 mg, 79%). A solution of the obtained mixture containing all rans-69 and
its cis-isomer in benzene was left at room temperature under the irradiation with fluorescence light. After 4 days,
the partial separation by preparative HPLC [column: Develosil CN-UG (10 x 250 mm); mobile phase: ethyl
acetate / n-hexane = 1/ 3; flow rate: 2.0 mL / min.; UVdetect: 380 nm; retention time: (all-trans-isomer) 15 min]
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in the dark gave the desired optically active C32 fucoxanthin derivative 69 as a yellow solid; [a]**, +2.87 (c 0.22,
CHCL,); IR (neat, cm™) 3442, 2928, 1929, 1731, 1663, 1364, 1246, 1163; 'H NMR (CDCl,, 400 MHz) & 7.09 (d,
J =110 Hz, 1H), 6.70 (dd, J =14.7, 11.5 Hz, 1H), 6.67 (dd, J =14.7, 10.5 Hz, 1H), 6.55 (dd, J =14.6, 10.9 Hz,
1H), 6.38 (dd, J =14.2, 11.0 Hz, 1H), 6.11 (d, J =11.4 Hz, 1H), 6.05 (s, 1H), 5.37 (m, 1H), 3.81 (m, 1H), 3.63 (d,
J=18.2 Hz, 1H), 2.67 (d, J =18.2 Hz, 1H), 2.31 (dd, J =12.9, 12.8 Hz, 1H), 2.30 (dd, J =13.3, 10.5 Hz, 1H), 2.04
(s, 3H), 1.99 (dm, J =10.1 Hz, 1H), 1.92 (s, 3H), 1.82 (s, 3H), 1.78 (dd, J =14.2, 9.1 Hz, 1H), 1.47 (m, 2H), 1.38
(s, 3H), 1.38 (m, 1H), 1.35 (s, 3H), 1.23 (m, 1H), 1.15 (s, 3H), 1.21 (s, 3H), 1.07 (s, 3H), 1.03 (s, 3H), 0.95 (s,
3H); *C NMR (CDCl;, 100MHz) & 203.1, 198.1, 170.8, 141.2, 138.8, 136.7, 135.7, 135.1, 133.7, 132.3, 127.9,
118.0, 103.5, 73.0, 68.2, 67.4, 66.5, 64.6, 47.3, 45.7, 45.5, 41.9, 41.1, 36.1, 354, 32.3, 31.6, 29.5, 28.4, 25.3,
21.7,21.4,14.4,12.1; ESI-HRMS m/z Caled for C;,H,;04 (M+Na)" 575.3349, found 575.3351.

(2E 4E)-53-[(1°S,2’R,4°S)-4’-Acetoxy-1°,2’-epoxy-2°,6°,6°-trimethylcyclohexa-1°-yl]-3
-methylpenta-2,4-diene-1-0l 74. To a solution of vinyl iodide 73 (277 mg, 0.74 mmol) &) OH
and stannane 30 (850 mg, 2.23 mmol) in DMF (3.7 mL) was added AcO
bis(acetonitrile)dichloropalladium(II) (10 mg, 0.037 mmol) and lithium chloride (67 mg, 1.48 mmol). After
being stirred for 25 min at room temperature, the reaction mixture was poured into water, and then extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 3% to 20% ethyl acetate in
hexane) afforded alcohol 74 (215 mg, 99%) as a white solid: [a]**; —45.8 (c 0.31, CHCL,); IR (neat, cm™) 3444,
2962, 1736, 1626, 1464, 1365, 1240; 'H NMR (CDCl,, 400 MHz) 8 6.24 (d, J = 15.5 Hz, 1H), 5.87 (d, J = 15.5,
1H), 5.69 (t, J = 6.9 Hz, 1H), 4.92 (m, 1H), 4.28 (d, J = 6.8 Hz, 2H), 2.39 (dd, J = 14.6, 5.5 Hz, 1H), 2.01 (s, 3H),
1.81 (s, 3H), 1.76 (dd, J = 14.7, 6.9 Hz, 1H), 1.64 (m, 1H), 1.35 (dd, J = 13.3, 8.7 Hz, 1H), 1.18 (s, 3H), 1.15 (s,
3H), 0.98 (s, 3H); *C NMR (CDCl,, 100 MHz) § 170.7, 137.3, 135.7, 130.7, 124.2, 70.5, 68.0, 65.8, 59.7, 41.7,
37.1, 35.0, 28.9, 25.8, 21.7, 20.6, 13.0, 0.97; ESI-HRMS m/z calcd for C;;H,,0,Na (M+Na)*317.1729, found
317.1731.

2-[((R’E4E)-T-((1’S,2’R,4°S)-4°’-Acetoxy-1"*,2”’-Epoxy-2"’,6°*,6”’-trimethylcy
clohexylidene-1°’-yl)-5°’-methylhepta-2,4-diene)sulfanyl) benzothiazole 74°. To a "0 S-BT
solution of 74 (215 mg, 0.73 mmol), 2-mercaptobenzothiazole (147 mg, 0.88 mmol) AcO

and triphenylphosphine (231 mg, 0.88 mmol) in THF (3.5 mL) was added dropwise diisopropyl
azodicarboxylate (0.18 mL, 0.95 mmol) at O °C. The reaction mixture was stirred for 10 min at room temperature
and the all solvents were removed in vacuo. To a residue was added diethyl ether and the precipitate was
removed by filtration through a pad of Celite to give the crude products as a solution, which was concentrated in
vacuo. Purification by short silica gel column chromatography (from 2% to 10% ethyl acetate in hexane)
afforded the thioether 74’ (319 mg, 98%) as a colorless oil: [o]*, —40.1 (c 0.18, CHCL,); IR (neat, cm™) 3019,
2400, 1729, 1427, 1215, 995; '"H NMR (CDCl;, 400 MHz) & 7.86 (d, J = 8.2 Hz, 1H), 7.74 (d, J = 8.3 Hz, 1H),
7.40 (t, J=8.2 Hz, 1H), 7.29 (t, J = 8.2 Hz, 1H), 6.24 (d, / = 15.5 Hz, 1H), 5.88 (d, /= 16.0, 1H), 5.74 (1, J=8.3
Hz, 1H), 4.92 (m, 1H), 4.14 (d, J = 7.8 Hz, 2H), 2.37 (dd, J = 14.6, 5.4 Hz, 1H), 2.00 (s, 3H), 1.89 (s, 3H), 1.75
(dd, J=14.7, 6.9 Hz, 1H), 1.64 (dd, J = 13.8, 2.8 Hz, 1H), 1.35 (dd, J = 13.3, 8.7 Hz, 1H), 1.16 (s, 3H), 1.14 (s,
3H), 0.97 (s, 3H); *C NMR (CDCl,;, 100 MHz) § 170.6, 166.7, 153.6, 137.8, 136.9, 135.7, 126.3, 125.1, 124.5,
121.8, 121.2, 70.4, 67.9, 65.8, 41.7, 37.0, 35.0, 32.1, 28.9, 25.8, 21.7, 20.6, 13.0; ESI-HRMS m/z calcd for
C, HysNO,S,Na (M+Na)"466.1487, found 466.1468.

2-[((Z’EA’E)-T’-((17°S,2”°R,4°°S)-4”’- Acetoxy-1"°,2”’-Epoxy-2"°,6°%,6” -trimethylc
yclohexylidene-1°’-yl)-3’-methylpenta-2,4-diene)sulfonyl) benzothiazole 72. To a ,if(o\)\ﬁsozm
solution of the thioether 74’ (30 mg, 0.067 mmol) in ethanol (1.01 mL) was added aco

dropwise a solution of sodium tungstate (VI) dihydrate (83 mg, 0.067 mmol) in hydrogen peroxide (30 wt.% in
water, 0.27 mL) at 0 °C. After being stirred for 30 min at room temperature, the reaction mixture was poured into
water and then extracted with diethyl ether. The organic layers were combined, dried over MgSO,, filtered and
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concentrated in vacuo. Purification by short silica gel column chromatography afforded the sulfone 72 (29 mg,
92%) as a white solid: [a]**°; =31.3 (c 0.54, CHCL); IR (neat, cm™3020, 2400, 1729, 1471, 1215, 1152; 'H
NMR (CDCl;, 400 MHz) 6 8.20 (d, J = 8.3 Hz, 1H), 7.97 (d, J = 8.2 Hz, 1H), 7.60 (m, 2H), 6.19 (d, J = 15.5 Hz,
1H), 5.86 (d, J = 16.0, 1H), 5.49 (t, J = 8.2 Hz, 1H), 4.88 (m, 1H), 4.35 (d, J = 8.2 Hz, 2H), 2.35 (dd, J = 14.6,
5.5 Hz, 1H), 1.99 (s, 3H), 1.72 (dd, J = 14.2, 7.3 Hz, 1H), 1.71 (s, 3H), 1.61 (dd, J = 13.7, 3.7 Hz, 1H), 1.31 (dd,
J=13.3,8.7 Hz, 1H), 1.09 (s, 3H), 1.07 (s, 3H), 0.91 (s, 3H); '*C NMR (CDCl,, 100 MHz) 8 170.6, 165.9, 153.0,
143.2,137.3, 136.1, 128.3, 127.9, 126.6, 125.7, 122.5, 114.8,70.2, 67.8, 65.8, 55.4, 41.6, 37.0, 34.9, 28.7, 25.8,
21.7,20.4, 13.3; ESI-HRMS m/z calced for C,,H,,NO,S,Na (M+Na)* 498.1385, found 498.1363.

(2EAE,6E 8E)-9-[(1°S,2’R,4’S)-4’-Acetoxy-1’,2’-Epoxy-2°,6°,6’-trimethylcycl
ohexa-1’-yl]-3,7-dimethylnona-2,4,6 8-tetraene-1-ol 76. To a solution of (WOH
iodide 73 (120 mg, 0.39 mmol) and vinylstannane 75 (182 mg, 0.43 mmol) in A A

DMF (1.95 mL) was added tetrakis(triphenylphoshine)palladium (22 mg, 0.019 mmol), lithium chloride (33 mg,
0.78 mmol) and ‘Pr,NEt (0.20 mL, 1.12 mmol). After being stirred for 1 h at 70 °C, the reaction mixture was
poured into water and then extracted with ethyl acetate. The organic layers were combined, washed with brine,
dried over MgSO,, filtered and concentrated irn vacuo. Purification by silica gel column chromatography
afforded coupling product 76 (95 mg, 67%) as a yellow foam: [a]*, —24.0 (¢ 0.27, CHCL,); IR (neat, cm™) 3416,
2964, 2871, 1732, 1364, 1240, 1027; 'H NMR (CDCl,, 400 MHz) 8 6.56 (dd, J = 15.1, 11.5 Hz, 1H), 6.30 (d, J =
15.1 Hz, 1H), 6.29 (d, J = 15.6 Hz, 1H), 6.15 (d, J =11.0 Hz, 1H), 5.87 (d, J =15.6 Hz, 1H), 5.71 (t, J = 6.9 Hz,
1H), 4.93 (m, 1H), 4.30 (d, J = 7.4 Hz, 1H), 2.40 (ddd, J =14.6, 5.5, 0.9 Hz, 1H), 2.02 (s, 3H), 1.91 (s, 3H), 1.85
(s, 3H), 1.77 (dd, J =15.1, 6.8 Hz, 1H), 1.66 (ddd, J=13.2, 3.3, 1.4 Hz, 1H), 1.36 (dd, J = 13.3, 8.3, 1H), 1.18 (s,
3H), 1.16 (s, 3H), 0.99 (s, 3H); *C NMR (CDCl,, 100 MHz) & 170.3, 137.8, 137.7, 137.3, 134.5, 132.0, 131.2,
124.9, 123.4,70.7, 67.9, 65.8, 59.6, 41.6, 37.0, 34.9, 28.8, 25.8, 21.7, 20.5, 13.2, 12.9; ESI-HRMS m/z calcd for
C,,H;,0,Na (M+Na)*"383.2198, found 383.2187.

C32-Olefin derivative 71. To a solution of diene sulfone 72 (35 mg,
0.074 mmol) and epoxyketo aldehyde 67 (31 mg, 0.077 mmol) in
THF (0.37 mL) was added dropwise sodium bis(trimethylsilyl)amide AcO
(1.0M in THF, 0.15 mL, 0.15 mmol) at -78 °C in the dark. After being stirred for 3 min at the same temperature,
the reaction mixture was poured into water, and then extracted with ethyl acetate. The organic layers were
combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by short silica
gel column chromatography (from 2% to 10% ethyl acetate in hexane) in the dark afforded coupling product
(26.3 mg, 53%) as a mixture of the isomers in an orange film.

To a solution of the coupling product (6.3 mg, 0.0094 mmol) in THF (0.05 mL) was added tetra-butylammonium
fluoride (7.4 mg, 0.028 mmol) at room temperature, and the reaction mixture was stirred for 1 h at the same
temperature. A saturated aqueous NH,Cl was added, and then the resulting mixture was extracted with ethyl
acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by silica gel column chromatography (from 20% to 50% ethyl acetate in hexane) afforded
C32-olefin derivative 71 (3.3 mg, 62%). A solution of the obtained mixture containing all trans-71 and its
cis-isomer in benzene was left at room temperature under the irradiation with fluorescence light. After 3 days,
the partial separation by preparative HPLC [column: Develosil CN-UG (10 x 25 mm); mobile phase: ethyl
acetate / n-hexane = 1/ 8; flow rate: 2.0 mL / min.; UVdetect: 375 nm; retention time: (all-frans-isomer) 37 min]
in the dark gave crude C32 olefin derivative 71, which was further purified by preparative HPLC [column: YMC
Carotenoid C30 (10 x 250 mm); reverse phase: acetonitrile / methanol / water = 87 / 10 / 3; flow rate: 2.0 mL /
min.; UVdetect: 375 nm; retention time: (all trans-isomer) 20 min.] afforded the desired optically active C32
olefin derivative 71 as a yellow powder; [o]**?, +3.93 (¢ 1.02, CHCL,); IR (neat, cm™) 3440, 2925, 2851, 1929,
1733, 1654, 1608, 1577, 1364, 1250; 'H NMR (CDCl,, 400 MHz) & 7.08 (d, J = 11.0 Hz, 1H), 6.75 (dd, J = 14.7,
11.9 Hz, 1H), 6.68 (dd, J = 14.6, 11.0 Hz, 1H), 6.57 (dd, J = 14.6, 11.0, Hz, 1H), 6.42 (dd, J = 14.2, 10.5, Hz,
1H), 6.32 (d, J = 15.5 Hz, 1H), 6.19 (d, J = 11.5 Hz, 1H), 5.98 (d, J = 15.6 Hz, 1H), 4.93 (m, 1H), 3.81 (m, 1H),
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3.63 (d, J = 18.2 Hz, 1H), 2.57 (d, J = 18.2 Hz, 1H), 2.40 (dd, J = 15.1, 5.5, Hz, 1H), 2.31 (dd, J = 14.6, 5.5 Hz,
1H), 2.02 (s, 3H), 1.94 (s, 3H), 1.92 (s, 3H), 1.78 (m, 2H), 1.66 (dd, J = 13.7, 2.7 Hz, 1H), 1.49 (dm, J = 9.6 Hz,
1H), 1.39 (m, 1H), 1.34 (dd, J = 12.2, 11.4 Hz, 1H), 1.21 (s, 3H), 1.19 (s, 3H), 1.17 (s, 3H), 1.03 (s, 3H), 0.99 (s,
3H), 0.95 (s, 3H); 13C NMR (CDCL, 100 MHz) 8 198.2, 170.7, 141.1, 138.7, 137.7, 135.4, 133.6, 133.2, 131.6,
128.3, 125.6, 70.7, 67.9, 67.3, 66.5, 66.0, 64.6, 47.4, 41.9, 41.7, 41.2, 37.1, 35.4, 35.1, 31.2, 28.9, 28.4, 25.9,
25.3,21.7,21.4,20.5, 13.3, 12.1; ESI-HRMS m/z Calcd for C;H,04 (M+Na)* 575.3349, found 575.3333.

4 E

MeOH (75 mL) and CH,Cl, (75 mL) was bubbled by O; gas (1.2 L/ min, 80V) at -20 °C. After
being stirred for 2.5 h at the same temperature, argon gas was bubbled for 15 min at the same

(2°,6’,6’-Trimethylcyclohexene)-1-methanol 21°. A mixture of B-ionone 21 (15.0 g, 78 mmol) in
t E[ OH

temperature. NaBH, (5.9 g, 156 mmol) was added slowly at -78 °C. The resulting mixture was poured into 1N
HCI, and extracted with chloroform. The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 1% to 10% ethyl
acetate in hexane) afforded alcohol 21° (6.61 g, 56%) as a colorless oil: IR (neat, cm™) 3354, 2928, 1456, 1360,
1204; 'H NMR (CDCl,, 400 MHz)  4.12 (s, 2H), 1.97 (t, J = 6.4 Hz, 2H), 1.74 (s, 3H), 1.59 (m, 2H), 1.44 (m,
2H), 1.03 (s, 6H); *C NMR (CDCl,, 100 MHz) § 138.0, 133.9, 59.2, 39.7, 34.3, 33.1, 28.8, 19.9, 19.6.

3-[(1’E)-2",6”,6”’-Trimethylcyclohex-1°’-ylethene-1’-yl]-2-tert-buthyldimethylsilylfuran TBSS o
22, A mixture of alcohol 21° (2.0 g, 13.3 mmol) and manganese dioxide (39.93 g) in THF (66.8 NN
mL) was stirred at 70 °C for 15 h. The precipitate was filtered through a pad of Celite, and the

filtrate was concentrated in vacuo to afford crude aldehyde (1.64 g, 81%), which was used in the next reaction
without further purification.

To a suspension of silylfuran-Wittig reagent (1.64 g, 10.79 mmol) in diethyl ether (54.0 mL) was added
dropwise n-butyllithium (1.6M in hexane, 10.1 mL, 16.1 mmol) at O °C. After the mixture was stirred for 10 min
at 0 °C, a solution of the aldehyde 22 in diethyl ether (5.5 mL) was added at the same temperature. After being
stirred for 40 min at room temperature, the resulting mixture was poured into water, and extracted with diethyl
ether. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by silica gel column chromatography (only hexane) afforded iodide 22 (1.86 g, 52%) as a
colorless oil: IR (neat, cm™) 2927, 2857, 1546, 1470, 1389, 1250, 1090; 'H NMR (CDCl,, 400 MHz) 8 7.55 (d, J
=1.8 Hz, 1H), 6.61 (d, /= 1.8 Hz, 1H), 6.40 (d, /= 16.0 Hz, 1H), 6.34 (d, / = 16.0 Hz, 1H), 2.03 (t, /= 5.9 Hz,
2H), 1.73 (s, 3H), 1.63 (m, 2H), 1.47 (m, 2H), 1.05 (s, 6H), 0.91 (s, 9H), 0.30 (s, 6H); *C NMR (CDCl,, 100
MHz) 8 146.9, 138.1, 136.0, 129.4, 127.5, 124.3, 107.5, 40.0, 34.5, 33.3,29.2, 26.7, 22.0, 19.6, 17.9, -5.2.

5-Hydroxy-[(1’E)-2"’,6”,6”’-trimethylcyclohex-1°’-ylethene-1’-yl]-2(5H)-furanone 23. A % o
solution of silylfuran 22’ (1.78 g, 5.38 mmol) and tetraphenyl porphine (1.5 mg) in AN 0H
dichloromethane (53.8 mL) was irradiated with halogen-tungsten lamp under oxygen

atmosphere for 30 min at -78 °C. After the mixture was allowed to warm to room temperature, the solvents were
removed in vacuo. Purification by silica gel column chromatography (from 1% to 10% ethyl acetate in hexane)
afforded butenolide 23 (1.10 g, 91%) as a yellow oil: IR (neat, cm™) 3398, 2929, 2865, 1765, 1456, 1091; 'H
NMR (CDCl,, 400 MHz) 6 7.32 (d, J = 16.5 Hz, 1H), 6.88 (s, 1H), 6.12 (bs, 1H), 6.10 (d, J = 16.9 Hz, 1H), 2.03
(t, J = 5.8 Hz, 2H), 1.73 (s, 3H), 1.61 (m, 2H), 1.47 (m, 2H), 1.04 (s, 6H); *C NMR (CDCl,, 100 MHz) & 170.1,
139.9, 137.7, 137.6, 133.4, 132.6, 120.3, 96.4, 39.9, 34.5, 33.5, 29.2, 22.0, 19.4; ESI-HRMS m/z calcd for
C,sH,,0;Na (M+Na)*" 271.1310, found 271.1315.

(3Z,5E)-1,1-Dibrom0-6-(2’,6’,6’-trimethylcyélohex-l’-yl)-4-allyloxycarbonylhexa-1,3,5 0 0
-triene 24. To a solution of the butenolide 23 (1.34 g, 5.40 mmol) in DMSO (54.0 mL) was iji\l/\(ar
added diisopropylethylamine (2.83 mL, 16.2 mmol) at room temperature. After the Br
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resulting mixture was stirred for 15 min at the same temperature, allyl bromide (2.81 mL, 32.4 mmol) was added
dropwise. After being stirred for 30 min at room temperature, the resulting mixture was poured into water, and
extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSQ,, filtered
and concentrated in vacuo to afford crude aldehyde, which was used in the next reaction without further
purification.

To a solution carbon tetrachloride (3.58g, 10.8 mmol) and in dichloromethane (81.0 mL) at -20 °C was added
dropwise the solution of triphenylphosphine (5.66 g, 21.6 mmol) and dichloromethane (7.0 mL). After the
resulting mixture was stirred for 20 min at the same temperature, a solution of crude aldehyde and triethylamine
(1.52 mL, 10.8 mmol) in dichloromethane (7.0 mL) was added at -60 °C. After the resulting mixture was stirred
for 20 min at the same temperature, the precipitate was filtered in hexane through a pad of Celite, and the filtrate
was concentrated in vacuo. Purification by silica gel column chromatography (from only hexane to 5% ethyl
acetate in hexane) afforded dibromide 24 (1.84 g, 77%) as a yellow oil: IR (neat, cm™) 2927, 2863, 1717, 1611,
1539, 1455, 1213, 1148, 963; '"H NMR (CDCl,, 400 MHz) & 7.49 (d, J = 11.5 Hz, 1H), 6.46 (d, J = 16.1 Hz, 1H),
6.36 (d, J = 11.4 Hz, 1H), 6.11 (d, J = 16.0 Hz, 1H), 5.99 (m, 1H), 5.39 (dd, J = 16.9, 1.3 Hz, 1H), 5.30 (dd, J =
10.5, 0.9 Hz, 1H), 4.76 (d, J = 6.0 Hz, 2H), 2.01 (t, J = 6.4 Hz, 2H), 1.72 (s, 3H), 1.61 (m, 2H), 1.45 (m, 2H),
1.02 (s, 6H); *C NMR (CDCl,, 100 MHz) & 167.0, 137.7, 135.4, 133.9, 133.4, 131.9, 131.8, 130.2, 129.1, 119.6,
96.9, 66.1,39.9, 34.5, 33.5, 29.2,22.1, 19.5.

((3Z,5E)-6-(2°,6°,6’-trimethylcyclohexene)-4-allyloxycarbonylhexa-3,5-dien-1-yne  19. 0 0
To a solution of dibromide 24 (113 mg, 0.25 mmol) in THF (2.54 mL) was dropwise sodium éi\j;///
hexamethyldisilazide (1.0M in THF, 0.76 mL, 0.76 mmol) at -100 °C. After the reaction

mixture was stirred for 10 min at the same temperature, ethylmagnesium bromide (1.0 M in THF, 0.76 mL, 0.76
mmol) was added dropwise at the same temperature. After the mixture was stirred 20 min, the reaction mixture
was poured into water and MeOH, and then extracted with ethyl acetate. The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column
chromatography (from only hexane to 30% ethyl acetate in hexane) afforded acetylene 19 (56 mg, 78%) as a
yellow oil: IR (neat, cm™) 2959, 2930, 2095, 1732, 1161; '"H NMR (CDCl,, 400 MHz) & 6.40 (d, J = 15.6 Hz,
1H), 6.08 (d, J = 16.1 Hz, 1H), 5.99 (m, 1H), 5.74 (d, J =2.2 Hz, 1H), 5.41 (dd, J = 17.0, 1.4 Hz, 1H), 5.27 (dd,
J=10.5, 1.4 Hz, 1H), 4.79 (d, J = 7.3 Hz, 2H), 3.35 (d, J = 2.8 Hz, 1H), 2.01 (t, J/ = 5.8 Hz, 2H), 1.70 (s, 3H),
1.60 (m, 2H), 1.45 (m, 2H), 1.00 (s, 6H); *C NMR (CDCl,, 100 MHz) 8 166.5, 145.3, 137.3, 134.1, 132.1, 132.0,
128.9, 119.3, 110.3, 86.3, 80.8, 66.1, 39.9, 34.5, 33.4, 29.2, 22.0, 19.4; ESI-HRMS m/z calcd for CoH,,0,Na
(M+Na)*307.1674, found 307.1673.

(trans)-2-(2°,6’,6’-trimethylcyclohexene)-1-iodoethylene  25. To a  suspension  of <l
methyltriphenylphosphonium bromide (100 mg, 0.66 mmol) in THF (3.28 mL) was added Ei\/
dropwise lithium bis(trimethylsilyl)amide (1.0M in THF, 1.64 mL, 1.64 mmol) at 0 “C. After the

mixture was stirred for 10 min at 0 °C, iodide (0.5 g, 1.97 mmol) was added. After being stirred for 10 min at
room temperature, lithium bis(trimethylsilyl)amide (1.0M in THF, 1.97 mL, 1.97 mmol) was added. After the
resulting mixture was stirred for 3 min at the same temperature, a solution of aldehyde 22 in THF (0.50 mL) was
added. After being stirred for 5 min at room temperature, the resulting mixture was poured into water, and
extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSQO,, filtered
and concentrated in vacuo. Purification by silica gel column chromatography (from 1% to 5% ethyl acetate in
hexane) afforded iodide 25 (110 mg, 61%) as a colorless oil as a E/Z (7/1) mixture. E isomer: IR (neat, cm™)
2928, 1560, 1458, 1360, 1165, 945; 'H NMR (CDCl,, 400 MHz) 6 6.91 (dm, J = 14.7 Hz, 1H), 5.93 (d, J = 14.7
Hz, 1H), 1.93 (t, J = 11.3 Hz, 2H), 1.65 (s, 3H), 1.58 (m, 2H), 1.43 (m, 2H), 0.98 (s, 6H); *C NMR (CDCl,, 100
MHz) 6 144.4, 140.3,139.3, 131.1, 78.6, 39.5, 34.1, 33.0,29.0, 21.9, 19.4.
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(2E 4E)-5-(2°,6’,6’-trimethylcyclohexene)-3-methylpenta-2,4-diene-1-ynoate 21°. To a

solution of ethyl diethyl phosphono acetate (5.15 mL, 26.0 mmol) in THF (20 mL) was added wcoﬁ
sodium hydride (1.04 g, 26.0 mmol) at 0 °C. After the mixture was stirred for 10 min at 0 °C,

a solution of the f-ionone (1.0 mg, 5.2 mmol) obtained above in THF (5.0 mL) was added at 0 °C. After being
stirred for 20 h at 50 °C, the resulting mixture was poured into water, and extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel column chromatography (from hexane only to 1% ethyl acetate in hexane) afforded
ester 21° (1.30 g, 95%) as colorless oil (E/ Z = 7/ 1). E isomer: IR (neat, cm™) 2929, 2865, 1709, 1606, 1232;
'H NMR (CDCl,, 400 MHz) § 6.55 (d, J = 16.1 Hz, 1H), 6.08 (d, J = 16.0 Hz, 1H), 5.74 (s, 1H), 4.17 (q, J = 6.9
Hz, 2H), 2.33 (s, 3H), 2.02 (t, J = 6.4 Hz, 2H), 1.69 (s, 3H), 1.61 (m, 2H), 1.45 (m, 2H), 1.28 (t, J = 7.3 Hz, 3H),
1.01 (s, 6H); *C NMR (CDCl,;, 100 MHz) 8 167.6, 153.1, 137.5, 136.5, 133.9, 131.4, 118.4, 59.9, 39.8, 34.5,
33.4,29.2,21.9,194, 14.7, 14.0; ESI-HRMS m/z calcd for C;H,,0,Na (M+Na)*285.1830, found 285.1830.

(2E 4E)-5-(2’,6°,6’-trimethylcyclohexene)-3-methylpenta-2,4-diene-1-0l 28. To a solution

of ester 21’ (1.30 g, 4.95 mmol) in dichloromethane (24.8 mL) was added dropwise iji\)vm
diisobutylaluminium hydride (1.0 M in toluene, 14.9 mL, 14.9 mmol) at 0 °C. After the

reaction mixture was stirred for 10 min at the same temperature, aqueous potassium sodium (+)-tartrate
tetrahydrate solution was added, and then resulting mixture was extracted with ethyl acetate. The organic layers
were combined, washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica
gel column chromatography (from 1% to 20% ethyl acetate in hexane) afforded alcohol 28 (1.03 g, 94%) as a
colerless oil. E isomer: IR (neat, cm™) 3370, 2926, 2864, 1455; 'H NMR (CDCl,, 400 MHz) & 6.12 (d, J = 16.5
Hz, 1H), 6.02 (d, J = 16.1 Hz, 1H), 5.61 (t, J = 6.8 Hz, 1H), 4.29 (d, J = 6.8 Hz, 2H), 1.99 (t, J = 7.0 Hz, 2H),
1.84 (s, 3H), 1.68 (s, 3H), 1.60 (m, 2H), 1.45 (m, 2H), 0.99 (s, 6H); *C NMR (CDCl,, 100 MHz) & 137.9, 137.3,
137.2,129.2,128.7,127.4,59.7,39.8, 34.5, 33.2,29.1, 29.0, 21.9, 19.5, 12.7.

6-(2,6,6-trimethylcyclohexene)-1-iodo-4-methylhexa-1,3,5-triene 29. To a suspension of

prepared CH,IP*Ph,I" (917 mg, 1.73 mmol) in THF (6.0 mL) was added dropwise lithium NN S|
bis(trimethylsilyl)amide (1.0M in THF, 1.73 mL, 1.73 mmol) at 0 ‘C. After the mixture

was stirred for 5 min at 0 “C, a solution of aldehyde 28’ (252 mg, 1.15 mmol) in THF (0.90 mL) was added.
After being stirred for 10 min at room temperature, the resulting mixture was poured into water, and extracted
with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (hexane only) afforded iodide 29 (225
mg, 57%) as a yellow oil as a mixture of isomers.

BL-6. To a solution of alkyne 19 (48 mg, 0.18 mmol) and iodide 25 (51 mg, 0.18 Q o

mmol) in triethylamine (1.24 mL) was added tetrakis(triphenylphosphine)palladium A

(20 mg, 0.018 mmol) and cuprous iodide (3 mg, 0.018 mmol) at room temperature. M
The reaction mixture was stirred at room temperature until 19 was completely consumed by monitoring with
TLC (ca. 10 min), and formic acid (0.07 mL, 1.78 mmol) was added dropwise. After being stirred for 17 h, the
resulting mixture was poured into a saturated aqueous NH,Cl solution, and then extracted with ethyl acetate. The
organic layers were combined, dried over MgSO, filtered and concentrated in vacuo. Purification by silica gel
column chromatography (from 1% to 5% ethyl acetate in hexane) afforded BL-6 (33 mg, 47%). The partial
separation by preparative HPLC [column: YMC Carotenoid C30 (10 x 250 mm); reverse phase: acetonitrile /
methanol / water / THF = 87 / 10 / 3 / 25; flow rate: 2.0 mL / min.; UVdetect: 386 nm; retention time: (all
trans-isomer) 12 min.] afforded the desired BL-6 as a yellow solid: IR (neat, cm™?) 2926, 1759, 1687, 1458, 1049,
949; '"H NMR (CDCl,, 400 MHz) 8 7.28 (d, J = 16.5 Hz, 1H), 7.03 (s, 1H), 6.69 (dd, J = 16.0, 11.5 Hz, 1H), 6.46
(d, J = 15.6 Hz, 1H), 6.20 (d, J = 16.5 Hz, 1H), 5.84 (d, J = 11.0 Hz, 1H), 2.07 (t, J = 6.9 Hz, 2H), 2.05 (t, J =
6.9 Hz, 2H), 1.79 (s, 3H), 1.76 (s, 3H), 1.65-1.58 (m, 4H), 1.47 (m, 4H), 1.06 (s, 6H), 1.05 (s, 6H); *C NMR
(CDCl;, 100 MHz) 8 169.0, 147.4, 138.0, 137.8, 137.1, 135.8, 134.3, 132.5, 128.2, 1264, 121.7, 115.2, 40.3,
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40.1, 34.6, 34.5, 340, 33.7, 29.3, 22.2, 22.1, 19.5, 19.4; ESI-HRMS m/z caled for C,;H,0,Na (M+Na)*
415.2613, found 415.2615.

BL-7. To a solution of alkyne 19 (26 mg, 0.096 mmol) and iodide 27 (27 mg, Q 0
0.101  mmol) in  triethylamine (096 mL) was  added M
tetrakis(triphenylphosphine)palladium (11 mg, 0.0096 mmol) and cuprous iodide

(1 mg, 0.0096 mmol) at room temperature. The reaction mixture was stirred at room temperature until 19 was
completely consumed by monitoring with TLC (ca. 15 min), and formic acid (0.01 mL, 0.288 mmol) was added
dropwise. After being stirred for 17 h, the resulting mixture was poured into a saturated aqueous NH,C1 solution,
and then extracted with ethyl acetate. The organic layers were combined, dried over MgSO, filtered and
concentrated in vacuo. Purification by silica gel column chromatography afforded BL-7 (19 mg, 50%) as an
orange solid: IR (neat, cm™) 2926, 2361, 1763, 1688, 1458, 1048, 970; '"H NMR (CDCl,, 400 MHz) & 7.30 (d, J
=16.5 Hz, 1H), 7.04 (s, 1H), 6.63 (d, J = 12.3 Hz, 1H), 6.34 (d, J = 16.1 Hz, 1H), 6.26 (d, J = 16.9 Hz, 1H), 6.22
(d, J =16.5 Hz, 1H), 6.19 (d, J = 12.4 Hz, 1H), 2.05 (m, 4H), 2.01 (s, 3H), 1.77 (s, 3H), 1.74 (s, 3H), 1.67 (m,
4H), 1.48 (m, 4H), 1.07 (s, 6H), 1.05 (s, 6H); *C NMR (CDCl,, 100 MHz) & 168.9, 148.5, 141.7, 138.0, 137.9,
137.5,135.8,132.7,132.2,131.5, 130.4, 128.0, 123.8, 121.8, 110.8, 40.1, 34.6, 34.5,29.4, 29.3,22.2, 19.5, 19.4,
13.1; ESI-HRMS m/z caled for C;,H,,0O,Na (M +Na)*455.2926, found 455.2915.

BL-8. To a solution of alkyne 19 (9.2 mg, 0.032 mmol) and iodide 29 (12.3 Q o
mg, 0.036 mmol) in triethylamine (026 mL) was added M
tetrakis(triphenylphosphine)palladium (3.6 mg, 0.0032 mmol) and cuprous

iodide (0.6 mg, 0.0032 mmol) at room temperature. The reaction mixture was stirred at room temperature until
19 was completely consumed by monitoring with TLC (ca. 15 min), and formic acid (0.03 mL) was added
dropwise. After being stirred for 5 h, the resulting mixture was poured into a saturated aqueous NH,CI solution,
and then extracted with ethyl acetate. The organic layers were combined, dried over MgSO, filtered and
concentrated in vacuo. Purification by silica gel column chromatography afforded BL-8 (8.0 mg, 54%). The
partial separation by preparative HPLC [column: Develosil CN-UG (10 x 250 mm); mobile phase: n-hexane;
flow rate: 2.0 mL / min.; UV detect: 435 nm; retention time: (all-frans-isomer) 12 min] in the dark afforded the
desired BL-8 as a red powder: IR (neat, cm™) 2927, 2360, 1760, 1684, 1461, 1048; 'H NMR (CDCl,, 400 MHz)
67.29 (d, J = 15.6 Hz, 1H), 7.01 (s, 1H), 6.83 (dd, J = 15.1, 11.3 Hz, 1H), 6.75 (dd, J = 14.7, 9.6 Hz, 1H), 6.29
(d, J=15.5Hz, 1H), 6.21 (d, J = 16.5 Hz, 1H), 6.20 (d, /= 11.9 Hz, 1H), 6.16 (d, J = 16.5 Hz, 1H), 590 (d, J =
11.0 Hz, 1H), 2.05 (t, J = 7.8 Hz, 2H), 2.03 (t, J = 7.8 Hz, 2H), 1.76 (s, 3H), 1.73 (s, 3H), 1.61 (m, 4H), 1.47 (m,
4H), 1.06 (s, 6H), 1.03 (s, 6H); ESI-HRMS m/z calcd for C,,H,,0,Na (M +Na)*481.3082, found 481.3070.

(trans)-2-[(1’S,2°R,4°S)-4’-Hydroxy-1,2’-epoxy-2,6’,6’-trimethylcyclohexyl]-1-iodoethylen

e 48. To a solution of iodine (1.28 g, 5.04 mmol), Na,CO; (1.07 g, 10.1 mmol) in ,(\f@\v'
dichloromethane (25.2 mL) was added dropwise a solution of stannane (1.19 g, 2.52 mmol) in "
dichloromethane (3 mL) at 0 °C. After being stirred for 15 min at 0 °C, the mixture was poured into a saturated
aqueous Na,S,0; solution, and then extracted with ethyl acetate. The organic layers were combined, washed with
brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column chromatography
(from 10% to 50% ethyl acetate in hexane) afforded iodide 48 (764 mg, 98%) as a colorless oil: [a]®, -82.0 (c
0.99, CHCL,); IR (KBr disk, cm™) 3449, 2963, 2870, 1695, 1466, 1303, 1184, 1122, 1047, 953, 914; 'H NMR
(CDCl;, 400 MHz) 6 6.75 (d, J =14.2 Hz, 1H), 6.25 (d, J = 14.2, 1H), 3.85 (m, 1H), 2.34 (ddd, J = 14.7, 5.0, 1.8
Hz, 1H), 1.60 (m, 2H), 1.21 (dd, J = 11.9, 11.9 Hz, 1H), 1.21 (s, 3H), 1.14 (s, 3H), 0.97 (s, 3H); *)C NMR
(CDCl,, 100 MHz) 6 142.1,79.7, 72.7, 66.6, 64.3, 47.1, 40.9, 35.1, 29.6, 25.0, 20.2.

(2E4E)-5-[(1°S,2°R4°S)-4’-Hydroxy-1°,2’-epoxy-2’,6’,6’-trimethylcyclohexa-1’-yl]-3
SV

-methylpenta-2,4-diene-1-o0l 50. To a solution of vinyl iodide 48 (71 mg, 0.23 mmol) "o OH
and stannane 49 (208 mg, 0.58 mmol) in DMF (1.15 mL) was added HO
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bis(acetonitrile)dichloropalladium(II) (3 mg, 0.012 mmol) and lithium chloride (19 mg, 0.46 mmol). After being
stirred for 20 min at room temperature, the reaction mixture was poured into water, and then extracted with ethyl
acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) afforded
alcohol 50 (50 mg, 86%) as a white solid: [a]*’, —62.9 (c 1.14, MeOH); IR (KBr disk, cm™) 3449, 2963, 2870,
1695, 1466, 1303, 1184, 1122, 1047, 953, 914; "H NMR (CDCl,, 400 MHz) 8 6.20 (d, J = 15.6 Hz, 1H), 5.85 (d,
J=15.6, 1H), 5.65 (t, J = 6.9 Hz, 1H), 4.26 (d, J = 6.4 Hz, 2H), 3.86 (m, 1H), 2.34 (ddd, J = 14.2, 3.2, 1.9 Hz,
1H), 1.78 (s, 3H), 1.58 (m, 2H), 1.21 (dd, J = 12.9, 10.6 Hz, 1H), 1.15 (s, 3H), 1.11 (s, 3H), 0.94 (s, 3H); *C
NMR (CDCl,, 100 MHz) 8 137.0, 135.6, 130.6, 124.8, 70.4, 67.1, 64.5, 59.6, 47.4, 41.2, 35.5, 29.9, 25.1, 20.2,
13.0; ESI-HRMS m/z calcd for C,sH,,0,Na (M+Na)*275.1623, found 275.1610.

(3E,5E)-6-[(1’S,2’R 4°S)-4’-Hydroxy-1’,2’-epoxy-2’,6°,6’-trimethylcyclohex-1’-yl}-4-
methylhexa-1,3,5-triene 44. A mixture of dienol 50 (74 mg, 0.29 mmol) and manganese ,,,0\ N
dioxide (1.17 g) in diethyl ether (2.35 mL) was stirred at room temperature for 20 min. Ho

The precipitate was filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford crude
aldehyde, which was used in the next reaction without further purification.

To a suspension of methyltriphenylphosphonium bromide (314 mg, 0.88 mmol) in THF (1.32 mL) was added
dropwise sodium bis(trimethylsilyl)amide (1.0M in THF, 0.88 mL, 0.88 mmol) at 0 °C. After the mixture was
stirred for 5 min at 0 °C, a solution of the crude aldehyde obtained above in THF (0.30 mL) was added. After
being stirred for 5 min at room temperature, the resulting mixture was poured into water, and extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 10% to 50% ethyl acetate in
hexane) afforded triene 44 (47 mg, 72%) as a white solid: [0.]* —52.6 (¢ 0.77, CHCl,); IR (KBr disk, cm™) 3451,
2963, 2929, 2367, 1655, 1560, 1420, 1381, 1217, 985, 906, 758; '"H NMR (CDCl,, 400 MHz) 8 6.69 (dddd, J =
17.0, 10.1, 6.4, 0.9 Hz, 1H), 6.25 (d, J = 15.6, 1H), 6.09 (d, J = 11.5 Hz, 1H), 5.89 (d, J = 15.1 Hz, 1H), 5.25 (d,
J =169 Hz, 1H), 5.14 (d, J = 10.0 Hz, 1H), 3.90 (m, 1H), 2.37 (ddd, J = 13.7, 5.1, 2.0 Hz, 1H), 1.88 (s, 3H),
1.62 (m, 2H), 1.24 (dd, J = 12.8, 11.0 Hz, 1H), 1.18 (s, 3H), 1.14 (s, 3H), 0.97 (s, 3H); *C NMR (CDCl,, 100
MHz) & 1374, 135.0, 133.4, 132.0, 124.8, 118.2, 70.5, 67.2, 64.6, 47.5, 41.3, 35.6, 29.9, 25.2, 20.3, 13.1;
ESI-HRMS m/z calcd for C,H,,0,Na (M+Na)*271.1674, found 271.1662.

(2E AE,6E 8E)-9-[(1’S,2’R,4°S)-4’-Hydroxy-1’,2’-epoxy-2’,6°,6’-trimethylcycl
ohexa-1’-yl]-3,7-dimethylnona-2,4,6,8-tetraene-1-0l 52. To a solution of vinyl WOH
iodide 48 (308 mg, 0.99 mmol) and stannane 51 (470 mg, 1.10 mmol) in DMF HO

(5.0 mL) was added diisopropylethylamine (0.52 mL, 3.00 mmol), Pd(PPh;), (58 mg, 0.050 mmol) and lithium
chloride (84 mg, 2.00 mmol). After being stirred for 30 min at 65 °C, the reaction mixture was poured into water,
and then extracted with ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,,
filtered and concentrated in vacuo. Purification by silica gel column chromatography (from 30% to 50% ethyl
acetate in hexane) afforded 52 (202 mg, 64%) as a white solid: [a]*, ~26.4 (c 0.99, MeOH); IR (KBr disk, cm™)
3449, 2963, 2870, 1695, 1466, 1303, 1184, 1122, 1047, 953, 914; 'H NMR (CDCl,, 400 MHz) § 6.54 (dd, J =
15.1, 11.0 Hz, 1H), 6.28 (d, J = 15.1, 1H), 6.25 (d, J = 14.9 Hz, 1H), 6.12 (d, J = 11.5 Hz, 1H), 5.85(d, J= 15.6
Hz, 1H), 5.68 (t, J = 6.9 Hz, 1H), 4.28 (d, J = 6.8 Hz, 2H), 3.87 (m, 1H), 2.35 (ddd, J = 14.2, 5.1, 1.9 Hz, 1H),
1.89 (s, 3H), 1.83 (s, 3H), 1.59 (m, 2H), 1.21 (dd, J = 12.9, 10.6 Hz, 1H), 1.16 (s, 3H), 1.12 (s, 3H), 0.95 (s, 3H);
13C NMR (CDCl,;, 100 MHz) & 137.7, 137.5, 137.0, 134.8, 131.9, 131.0, 125.1, 124.3, 70.6, 67.3, 64.6, 59.8,
47.5,41.3, 35.6, 29.9, 25.2, 20.3, 13.3, 13.0; ESI-HRMS m/z calcd for C, H;,05Na (M+Na)*341.2093, found
341.2079.

(3E,5E,7E,9E)-10-[(1°S,2’R4’S)-4’-Hydroxy-1°,2’-epoxy-2’,6’,6’-trimethylcycl
ohex-1’-yl]-4,8-dimethyldeca-1,3,5,7,9-pentaene 46. A mixture of alcohol 52 W
(129 mg, 0.41 mmol) and manganese dioxide (1.62 g) in THF (3.24 mL) was "°
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stirred at room temperature for 50 min. The precipitate was filtered through a pad of Celite, and the filtrate was
concentrated in vacuo to afford crude aldehyde, which was used in the next reaction without further purification.
To a suspension of methyltriphenylphosphonium bromide (434 mg, 1.22 mmol) in THF (2.03 mL) was added
dropwise sodium bis(trimethylsilyl)amide (1.0M in THF, 1.22 mL, 1.22 mmol) at 0 °C. The mixture was stirred
for 5 min at -20 °C, and then a solution of crude aldehyde in THF (0.30 mL) was added. After being stirred for 5
min at the same temperature, the resulting mixture was poured into water, and extracted with ethyl acetate. The
organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated ir vacuo.
Purification by silica gel column chromatography (from 20% to 50% ethyl acetate in hexane) afforded pentaene
46 (89 mg, 70%) as a yellow solid: [a]**, —14.9 (c 0.20, CHCL); IR (KBr disk, cm™) 3449, 3017, 2929, 1655,
1381, 1215, 1045, 908, 758; "H NMR (CDCl,, 400 MHz) § 6.71 (dddd, J = 16.5, 11.5, 10.1, 1.4 Hz, 1H), 6.59 (d,
J=15.1,11.0 Hz, 1H), 6.33 (d, J = 15.1 Hz, 1H), 6.28 (d, J = 15.5 Hz, 1H), 6.17 (d, J = 11.4 Hz, 1H), 6.13 (d, J
= 11.0 Hz, 1H), 5.87 (d, J = 15.5 Hz, 1H), 5.26 (d, J = 16.5 Hz, 1H), 5.14 (d, J = 10.0 Hz, 1H), 3.90 (m, 1H),
2.37 (ddd, J = 14.2, 5.0, 1.8 Hz, 1H), 1.92 (s, 3H), 1.91 (s, 3H), 1.62 (m, 2H), 1.21 (dd, J = 12.9, 10.6 Hz, 1H),
1.18 (s, 3H), 1.14 (s, 3H), 0.97 (s, 3H); >*C NMR (CDCl,, 100 MHz) & 138.3, 137.6, 136.5, 134.6, 133.6, 132.6,
132.3,125.2, 124.2, 118.1, 70.6, 67.3, 64.6, 60.7, 53.8, 47.5, 41.3, 35.7,29.9, 25.2, 21.3, 20.3, 14.5, 13.3, 13.0;
ESI-HRMS m/z calcd for C,,H,,0,Na (M+Na)*337.2143, found 337.2150.

C30-Violaxanthin Derivative 45. To a solution of triene 44 (16 mg,
0.064 mmol) in toluene (0.65 mL) was added Grubbs second-generation
catalyst (3 mg, 0.003 mmol). After being stirred for 15 min at 45 °C, the +o
reaction mixture was poured into water, and then extracted with ethyl acetate. The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column
chromatography (from 30% to 60% ethyl acetate in hexane) afforded C30-violaxanthin derivative 45 (8 mg,
53%) as a yellow solid: [a]*;, -47.4 (c 0.65, CHCL,); IR (neat, cm™) 3570, 3451, 3019, 2964, 1660, 1626, 1215,
976, 758; 'H NMR (CDCl,, 400 MHz) § 6.58 (dd, J = 7.8, 2.8 Hz, 1H), 6.27 (d, J = 15.6, 1H), 6.19 (d, J = 9.7
Hz, 1H), 5.89 (d, J = 15.6 Hz, 1H), 3.90 (m, 1H), 2.38 (ddd, J = 14.2, 5.0, 1.8 Hz, 1H), 1.90 (s, 3H), 1.62 (m,
2H), 1.22 (dd, J = 12.8, 11.0 Hz, 1H), 1.18 (s, 3H), 1.14 (s, 3H), 0.97 (s, 3H); *C NMR (CDCl,, 100 MHz) &
1374, 1350, 1334, 132.0, 124.8, 118.2, 70.5, 67.2, 64.6, 47.5, 41.3, 35.6, 29.9, 25.2, 20.3, 13.1; ESI-HRMS
m/z caled for C;0H,,0,Na (M+Na)* 491.3137, found 491.3151.

Violaxanthin (38). To a solution of pentaene 46 (27 mg,
0.086 mmol) in toluene (0.86 mL) was added Grubbs
second-generation catalyst (7 mg, 0.0086 mmol). After Ho
being stirred for 10 min at 60 °C, the reaction mixture was poured into water, and then extracted with ethyl

acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and concentrated in
vacuo. Purification by silica gel column chromatography (from 30% to 60% ethyl acetate in hexane) afforded
violaxanthin (38) (16 mg, 67%) as a crude product in a red film. The separation by preparative HPLC [column:
Develosil CN-UG (10 x 250 mm); mobile phase: acetone / n-hexane = 1 / 11; flow rate: 2.0 mL / min.; UV
detect: 470 nm; retention time: (all-trans-isomer) 40 min., in the dark, was afforded the desired optically active
violaxanthin (38) as a red film: IR (neat, cm™) 3467, 3019, 2928, 1901, 1630, 1469, 1368, 1215, 972, 756; 'H
NMR (CDCl,, 400 MHz) 6 6.63 (m; 1H), 6.60 (dd, J = 15.1, 11.4, 1H), 6.37 (d, J = 15.1 Hz, 1H), 6.29 (d, J =
15.1 Hz, 1H), 6.28 (m, 1H), 6.19 (d, J = 11.0 Hz, 1H), 5.88 (d, J = 15.6 Hz, 1H), 3.91 (m, 1H), 2.39 (ddd, J =
14.2,5.1, 1.4 Hz, 1H), 1.96 (s, 3H), 1.93 (s, 3H), 1.61 (m, 2H), 1.23 (m, 1H), 1.19 (s, 3H), 1.15 (s, 3H), 0.98 (s,
3H); *C NMR (CDCl,, 100 MHz) & 138.5, 137.7, 136.8, 134.7, 133.2, 132.6, 130.5, 125.1, 124.2, 70.7, 67.3,
64.7, 60.8, 47.6, 41.4, 35.7, 29.9, 25.3, 20.4, 14.6, 13.3, 13.1; ESI-HRMS m/z calcd for C,,H;,O,Na (M+Na)*
623.4076, found 623.4073.

(3E,5E,7E)-10-[(1’R,2’R,4’S)-2’ 4’-Dihydroxy-2’,6’,6’-trimethylcyclohexyliden /)\/\/K/\

L
e]-4,8-dimethyldeca-1,3,5,7,9-pentaene 47. A mixture of allenic alcohol 53 (165 /(K/EOH
HO
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mg, 0.52 mmol) and manganese dioxide (2.07 g) in ethyl acetate (5.18 mL) was stirred at room temperature for
20 min. The precipitate was filtered through a pad of Celite, and the filtrate was concentrated in vacuo to afford
crude aldehyde, which was used in the next reaction without further purification.

To a suspension of methyltriphenylphosphonium bromide (195 mg, 0.54 mmol) in THF (1.10 mL) was added
dropwise sodium bis(trimethylsilyl)amide (1.0M in THF, 0.53 mL, 0.53 mmol) at 0 °C. The mixture was stirred
for 5 min at 0 °C, and then a solution of crude aldehyde (69 mg, 0.22 mmol) in THF (0.30 mL) was added. After
being stirred for 10 min at the same temperature, the resulting mixture was poured into water, and extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,, filtered and
concentrated in vacuo. Purification by silica gel column chromatography (from 20% to 50% ethyl acetate in
hexane) afforded 47 (30 mg, 44%) as a yellow solid: [a]*, —28.1 (c 0.57 CHCl,); IR (KBr disk, cm™) 3335,
2926, 1929, 1455, 1439, 1375, 1161, 956; '"H NMR (CDCl,, 400 MHz) § 6.72 (dddd, J = 16.5, 10.9, 10.1, 1.4 Hz,
1H), 6.45 (dd, J = 15.1, 11.4 Hz, 1H), 6.30 (d, J = 15.1 Hz, 1H), 6.12 (d, J = 10.5 Hz, 1H), 6.09 (d, /= 10.5 Hz,
1H), 6.02 (s, 1H),5.26 (d, J = 16.5 Hz, 1H), 5.14 (d, J = 10.6 Hz, 1H), 4.13 (m, 1H), 2.26 (ddd, J = 12.8, 4.1, 2.2
Hz, 1H), 2.00 (m, 1H), 1.93 (m, 1H), 1.92 (s, 3H), 1.79 (s, 3H), 1.35 (s, 3H), 1.33 (s, 3H), 1.06 (s, 3H); °C NMR
(CD,0D, 100 MHz) & 204.4, 138.9, 138.2, 1354, 134.1, 133.8, 130.0, 127.2, 119.3, 118.6, 104.6, 74.0, 65.6,
37.5,33.8,32.2,30.4, 15.0, 13.5; ESI-HRMS m/z calcd for C,;H;,0,Na (M+Na)*337.2143, found 337.2139.

Mimulaxanthin (39). To a solution of allenic tetraene 47 (31 H

HO 0
mg, 0.099 mmol) in toluene (1.91 mL) was added Grubbs NA/YW/)Q/
second-generation catalyst (4 mg, 0.0048 mmol) at 4 times at ,Ef(/
5 min intervals. After being stirred for 5 min at 60 °C, the Ho \ o

reaction mixture was poured into water, and then extracted with ethyl acetate. The organic layers were combined,
washed with brine, dried over MgSO,, filtered and concentrated in vacuo. Purification by silica gel column
chromatography (from 50% ethyl acetate in hexane to 15% methanol in chloroform) afforded mimulaxanthin
(39) (17 mg, 56%) as a crude product in a red film. The separation by preparative HPLC [column: Develosil
CN-UG (10 x 250 mm); mobile phase: acetone / n-hexane = 1 / 6; flow rate: 2.0 mL / min.; UVdetect: 468 nm;
retention time: (all-trans-isomer) 49 min., in the dark, was afforded the desired optically active mimulaxanthin
(2) as a red film: IR (KBr disk, cm™) 3449, 2926, 2372, 1655, 1458, 1263, 1070, 958; 'H NMR (CD,0D, 400
MHz) 6 6.67 (dd, J=17.2, 2.7 Hz, 1H), 6.60 (dd, J = 15.1, 11.4, 1H), 6.35 (d, J = 15.1 Hz, 1H), 6.27 (d, J = 10.1
Hz, 1H), 6.12 (d, J = 8.2 Hz, 1H), 6.04 (s, 1H), 4.20 (m, 1H), 2.19 (m, 1H), 1.96 (s, 3H), 1.87 (m, 2H), 1.82 (s,
3H), 1.33 (s, 3H), 1.30 (s, 3H), 1.06 (s, 3H); *C NMR (CD,0D, 100 MHz) § 204.6, 139.2, 138.3, 134.5, 133.9,
132.1, 130.3, 126.9, 119.3, 104.7, 74.0, 65.6, 37.5, 33.8, 32.2, 30.4, 28.7, 28.5, 28.1, 15.0, 13.5; ESI-HRMS
m/z caled for CyoHscO,Na (M+Na)* 623.4076, found 623.4063.
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