Mot

KEIREAERXID)IVET AT LU A

KOOI T Z U DR

0 SCFR K 2K 2 S
S R

M

Yoo B 7w =

EEHR mIlER

YR A VAR R Y



=
ox
=i
O

Ac: acetyl

AIBN: 2,2’-azobis(isobutyronitrile)

Bn: benzyl

Bu: butyl

n-: normal

t-: tertiary

(S)-BINAP: (S)- 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl

CIMS: chemical ionization mass spectrometry

CuTC: copper(I)thiophene-2-carboxylate

(S,S5)-Chiraphos: (25,35)-(—)-bis(diphenylphosphino)butane

dba: dibenzylideneacetone

DDQ: 2,3-dichloro-5,6-dicyano-p-benzoquinone

DIPEA: N,N-diisopropylethylamine

DMA: N,N-dimethylacetamide

DMAP: N,N-dimethyl-4-aminopyridine

DME: dimethyl ether

DMEF: N,N’-dimethylformamide

DMSO: dimethyl sulfoxide

Dppe: bis(diphenylphosphino)ethane

EDC: I-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
EIMS: electron impact mass spectrometry

Et: ethyl

Grubbs II catalyst: Hoveyda-Grubbs catalyst 2™ generation

Me: methyl

(R,R)-Me-BPE: (+)-1,2-bis[(2R,5R)-2,5-dimethylphospholano]ethane
MOMCI: chloromethyl methyl ether

Ms: methanesulfonyl

(S)-MTPA: (S)-(—)-a-methoxy-a-(trifluoromethyl)phenylacetic Acid
(S)-(+)-MaNP acid: (S)-(+)-2-methoxy-2-(1-naphthyl)propionic acid
NBS: N-bromosuccinimide

Ph: phenyl

(R)-(S)-PPFA: (R)-N,N-dimethyl-1-[(S)-2-(diphenylphosphino)ferrocenyl]ethylamine
PPTS: pyridinium p-toluenesulfonate

PIFA: [bis(trifluoroacetoxy)iodo]benzene

Pin: pinacol

Pr: propyl

SPhos: 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl

TBAF: tetrabutylammonium fluoride



TBS: tert-butyldimethylsilyl
TFA: trifluoroacetic acid
TFAA: trifluoroacetic anhydride
Tf: trifluoromethanesulfonyl
THEF: tetrahydrofuran

TMS: trimethylsilyl

(o-tol)sP: tri(o-tolyl)phosphine
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REEHII B RICEIR L Ao MIC ks, #E, R Y S RICHE
v, R CREEENK 14000 FE, FFEMK 6000 FE, Y T ENK 300 FEAERE
SINTWD, BHEIFELENT-X VKA TELvnadsrH, EREKDODE=2/H
KO7H~2 37 BICHBIND, ZH0OEWIE =(EER O MIER RICBn & S
. FETIEELSMOEGE LTHEDLNLTWE LD L L, FRSH DOIEE, L
BIED T PHRMER P32 & & LT 20 O SENEA M b cx ), L
L. BHELTHWON R Z & RPN ENZ & DEPES TRWI &)
B EH DAL IIFEIT 100 LU E S DRITHON TV Rd o T,

ZD XD 7‘@%%@% b RFEINEGE OIS N— T X E L 0 D B E R
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CHTEA TR LT Y, BAT 11X 2 DOERIAMN 2 HOT—TF LGS Tk
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TWb, A7 2132 DODERVUNANRT—T IS E BT 2= LS T Sz
feemcYV T 4> A, C, F, KON IV FF A DRERHITON, #1473
X2 DOERVIULABRENEN 2 FEOE 7 2= VG CEM LD TS VT
FF L C. Dy KON = ARERMONTWS, A7 413447 1006 3 Dk
BB THAL IS FETEHICHEE LI bamTHY . 7TAT LI A1), (H-F B
77V 2, MOXTVTF o ClrEnRfianTtng
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Marchantin A%): R = OH Riccardin B © Isomarchantin C7)
Marchantin C9: R =H isolated from isolated from
isolated from Riccardia multifida Marchantina polymorpha

Marchantia polymorpha

OOH OR, OOHR
0 0 o

HO Rgo MeO O
HO HO R OH

Riccardin C (3) 8 Riccardin A®): Ry =H, R, =Me Plagiochin A9: R = OH
isolated from isolated from Riccardia multifida PlagiochinD9: R =H
Reboulia hemisphaerica Riccardin F 8: Ry =Me, R, =H isolated from
isolated from Blasia pusilla Plagiochila acanthophylla

subsp. japonica

,,,,,,,,,,,,,,,,,,,,,,,,,, OH OH OH OH OH OH
: ; cl
oo UWQ oW U
> !

AL w0 e e O0—D

A HO HO HO

77777777777777777777777777 Isoplagiochin C 9) Isoplagiochin D 9 Bazzanin A10)
isolated from isolated from isolated from
Plagiochila fruticosa Plagiochila fruticosa Bazzania trilobata

OH

Ho— Y )
0

Asterelin A(1) 1 (+)-Cavicularin (2) 12 Pusilatin C 13)
isolated from isolated from isolated from Blasia pusilla
Asterella angusta Cavicularia densa

Fig. 1-1 Subtypes and representative compounds of macrocyclic bisbibenzyls.”



RERE AR DVHIZE ORF RSN Z ., ARRAEMIEEZET 550N
%< EMIEEWE L LTHOIER SR TWD Y, il ~ b o F o A T
IO L LTEL OEMIFEENIONTEY, BHOEFELLZVZ ENDREix
HWTEMERBR N AN AT O TE - (Fig. 1-2) Yy 79904 F U A1l yM DEE TS
> MR VAR R R IR W THRRZSE M B EEE A R L, ZAUE TITEORE
PERBORARIEEE L LTS TWD Y, 72571 U v A (1) 13EHE Candida
albicans \Z%F L C MIC = 128 yM OE THEFEEEZ ALY | 7T F 2 CIiE ICs =
5.16 uM DT DNA B U AT —F BIEMEOHEZRT 2 ENH LM ST 2,
T, AV VAT 2 ClEICs = 45.2-58.0 pM DIREIZBW TV 7 n At v 7 ) —
£ (COX) BHEIEENRD LI A VY~ B F o CIRI0 M OBETHT T L &
B OEEHEIEMEZ 45 % 95%, BUHET D Z LR3bnoTnD P, S512, & Reboulia
hemisphaeria 7> HHWBESNT=VU VT 4> ClL, 10-100 pM OEFETEN L& 7 & —
Thode MEX LE7 % —a (LXRa) OFFEA)T =2 MNEWEEZ AT HZ &2, EL
ISR AT OK EL O 7 V=TI X VLM S, KiEME S50 a
AT 17— )L OPEHAEEIZ LS\ I B REE LR R O PRI ONRIRIE L e (L EW &
LCERZED TN 9,

OH OH OH o M

ﬁ; 70 0 O
o O OO 000
OH HO
OH HO (0]
Marchantin A Plagiochin A Asterelin A(1) Isomarchantin C
* Cytotoxic activity * Neurotrophic activity * Antifungal activity * Cathepsin L and B inhibition
OH OH

Sas

OO HO
HO

Ho HO
Isoriccardin C Pusilatin C Riccardin C (3)
* Cyclooxygenase inhibition * DNA ploymerase ginhibition * Selective LXRa agonist activity

Fig. 1-2 Biological activities of macrocyclic bisbibenzyl compounds.



RERE A BN DV O R RS & IR W AYTESE IR h oG b7 %
BT L, ZNETIZE L OEFMIER T, Bix e RERBSEEDFRB I N TE T,

Fig. 1312447 1IZHEEINLERAERVDVEOARKEZ R LT, BEHEHEG
1% Ni A V2 Wurtz BOSIC KD KEBREAMEL, VAT 12 BORER ™ %
PR L T\ 5, F72, WEE 51X Horner—-Wadsworth—-Emmons [GSZ LD~/ o F 2 A
DERL . Speicher H1E McMurry RIS T~/ F 2 C DAY Z#H&E L TEY |
WTNOERE N DAL OBRKIS TCREREZHEEL TWD, X147 2 OERKIT
BNWTH, XU TOREREEEDN T E 72> TEY | Nogradi 1% Wurtz i
kB INT 4 A DER Y, Speicher &1 Wittig S E B Y BT 40 C &
McMurry G & 277 V4 F > E OGRK 2, f&ILSIE Stevens KIRIC LD 7TV
FTF D OER P EWE L TWD (Fig. 1-4), F7-Me—. 88KD DTN —F 13 FR
BEHSG % = —T VML TOBLBISICEA L, U WVT 1 C OEKZ®RE LT
LW, 2AT 3 OERIZONTHERU VAL TORLRIE R NS TEY
Speicher &1 Wittig S LV A VY FF3V0FF 0 € P &, S5y =r A 9%
McMurry Stz WD Z & TENEN G ZZER L T\ 5 (Fig. 1-5),

Type 1

* Wurtz reaction
* H-W-E reaction [—
* McMurry reaction

@ 30
1) NiBro(PPhg),, Zn, Et,NI, 83%

> Riccardin B 18

O O M. lyoda et al.

* Wurtz reaction

BBrS CH20|2 95%

OMe (0] OH
* H-W-E reaction
OH
shaon
1) t-BuOK, DMF, 60% .
- Marchantin A19
OHC P(OMe )2 2) H,, Pd/C, MeOH, 89% M. Kodama et al.
O o 3) 6K HCI, 80% O ) O
OBn OH
* McMurry reaction
OH OH

o} O

o0 OO

1) TiCly, Zn, THF, 47% ; 20)
CHO .~ Marchantin C

OHS 2) H,, Pd/C, 96% A. Speicher et al.

O o @ 3) BBr3, CH,Cl,, 85% O o O
OH

OH

Fig. 1-3 Total syntheses of type 1 macrocyclic bisbibenzyl compounds.
4



Type 2
* SNAr reaction /;L'KP\\

* Wurtz reaction
» Wittig reaction _—
* McMurry reaction
« Stevens reaction

* Wurtz reaction

OBn OH
O 0
Br_ /©/ O O O
Br 1) Na, Ph,C=CPh,, 30%} Riccardin A21)
MeO Q O 2) BBr3, CHCly, 37% MeO Q O M. Nogradi et al.
BnO HO

» Wittig reaction

OMe OH

® 1) NaOMe, CH,Cl,, 80% O O "

> Riccardin C (3
CHO 2) Hy, Pd/C, 92% A. Speicher(et) al.
PPhgBr  3) BBra CH,Cly, 80%
3
wo- 50 o
HO

MeO

* McMurry reaction
OH

OMe
O 0© ‘ o)
Lo 1) TiCI5(DME),, Zn, DME, 23% Plagiochin E 22
OHCG 2) H,, Pd/C, 98% A. Speicher et al.
2 ’ °
O O 3) BBrs, CHoCl,, 68% Q O
OMe ~ OMe OH OH

* Stevens reaction

OBn OH

OBn 1)
0 o 1) Anthranilic acid O
| Na,S O isoamyl nitrite
(0.01 M) CICH,CH,CI
s

Br Br

o

OBn 1%, (over 3 steps)

" DMF 2) Na, t-BuOH MeO O
25%  MeO Q 3) Hy, Pd/C, EtOH O
OH
OBn

Plagiochin D 23)
Y. Fukuyama et al.

* SyAr reaction

O OH
pTol-S F OMe

o)
Ho 0
O O 1) CsF, CaCO,, 3AMS

DMF, 140 °C, 92% . .
° - Riccardin C (3) 24

2) n-BuLi, then MeOH, 95%  Ho Q O K. Suzuki et al.
MeO O O 3) BBr5, CH,Cly, 93%,
HO
MeO

Fig. 1-4 Total syntheses of type 2 macrocyclic bisbibenzyl compounds.
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Type 3

» Wittig reaction -
* McMurry reaction

» Wittig reaction

OMe OMe

1) NaOMe, CH,Cly, 74% o
PPh4Br > Isoplagiochin C 25)
2) BBr3, CH,Cl,, 85% A. Speicher et al.
o) )-ono o)
MeO

* McMurry reaction

OMe OMe (0]

O :
1) TiClz(DME),, Zn-Cu, DME
CHO >

2) BBrs, CH20|2, 85%

H
Bazzanin A 26)
A. Speicher et al.

oo~ )-cmo o
MeO H

OH OH
HO
OH
O Cl
O
Fig. 1-5 Total syntheses of type 3 macrocyclic bisbibenzyl compounds.
ZOXIITHAF TRERE A BRIV HDO AR THONTEIER, <D
BRI AN TOREBBRMBEEEEZHEHA L T0D, 20X RO L &, S
RETIIH A BRIE S L TREREA ERCONVEOAGHRRKICER Lz 29, K
BAIRE A B R UL, AARINIC 2 FEO BV UUEERE NSNS F KR
TEALD v 7Y v 752 E TREREBKT D 2 ENTTICHES TV 9, 4
[ZH AT 2R3 ICHEINIEWT S ERERF L OEHRN R » 7Y 7T &
DET o UEREMET D Z L TREBRMEREND EEBEZ LN TWD ) Ui
EBTIHZI DO T NADOMFERRAGHRRICHESE, BT = = VR Z ©
AERUVEO KB BRIEEICE T MO S RIEIZITA BB OB TE Rk
WF9E 217> C& 7= (Fig. 1-6), 1999 NI XA 7 21T ENDL T T OHF L A >
DERMIGEE I Z o> TofE R, Kelly RUGIZ LD A X = b, 1 Stille KIGIZ &
D16 BEERMEEZMET 52 & CREMEZEMR LT, 72, 2001 FN+-L KX, A& =
b & Stille SUS % —28128 272 5 471 Stille—Kelly SIS x B3 L, 77 4 F D
DREBHEREIZD L TN D P, BT, /5 FNER-ETH G % VT 2009 12
ZU BT 42 C™ &L 2004 EICITFHNA Y 7T VFF L D O/KETNTER
B LT, WTHORRRIZS B 7 = = VAT RGN Pd il RS 215 H 35 2 & T
REBHEEIZHKII LT D,
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» Stille—Kelly reaction
* Suzuki-Miyaura reaction }
= ) = |
S X
Type 3

« Stille reaction

Type 2

R, OH
o Ry R1 1) Pd(PPhg), 0 OH
O Pd(PPh3), Toluene O O
(Me3Sn), 120 °C, 31%
MeO — > MeO - >
O Toluene 3) HBr, MeOH
R Br B 120°C R, Rs ), meo—( ) O
HO OH

44%

=MOM Ry =MOM, R, =Br, Ry = SnMe3
or Plagiochin A 23)

=MOM, R, = SnMeg, Ry = Br

« Stille-Kelly reaction

Type 2
OMOM OMOM

OH
(@]
Pd(PPhg), O O
Me Sn
MeO _ (MesSmz )2
Toluene MeOH
Br 120 °C, 17% MeO 87% MeO @
OMOM OMOM " 0OH

Plagiochin D 27)

* Suzuki-Miyaura reaction

Type 2

OMe
> 0 Pd,(dba)s, SPhos
o, _ 2MNaCO; BB’B
T OME 100G T CHCl
90 s
oy

MeO

Riccardin C (3) 28)

Type 3

OH OH
d(PPhj) 4, K3PO4 BBr3 O O
DMF CH20|2
= 80 °C, 41% 86%
wo-C—0) AV
= OMe HG

Isoplagiochin D 29)

Fig. 1-6 Our synthetic studies on bisbibenzyl compounds using Pd-catalyzed reactions.
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LALLM S, ZHUETITUMREDNAREZT T LIALEWEZ A7 2 KO 3 125
HENHILEMTHY . LVBEHTERPRELEX OND X AT 4 ODILEMDERL
IIRFFZEETE TR, ZZTEHIEIZ AT 4 OFTHRICHEBRBEMEEEH T 5
TATLIUY A BER H-HEe27Z7 V2 (2) OGMRMAEEITY Z L2 LT (Fig
1-7),

Type 4

OH HO
0%
HO4—>
HO Q O HO
0

Asterelin A (1) (+)-Cavicularin (2)

Fig. 1-7 Synthetic targets.

—OHDOEKS =Ty FTHLT AT LY A (1) X, 2007 i Lou b D 7 L—7
(X0 B Asterella angusta 7D BBHEIEIRE SN EAEXCUVETHY . KB
BARSICINZ VR 7 7 UEE AT DEFICE LVMEATH D (Fig. 1-8) ', &
52, 1 1XEH Candida albicans \Z%F LT MIC = 128 uM DR E THEREEHZH T 5
TEMBI U VIIERT AV TV AR E OREMER RIRIE ORI L LTS
ENTWD, BIfE, DBRETHERKREASN TWDLHIEFEIKIZEIC 4 7 7 2 7 FEO M
Th V., EEAPIEEEICIKAIM O BBER A U D & EREEYERR I CRA 72 2 %
G251z, FlieFAlEE AT 2EREORENRE L SN Tn5D 0, Lizn
ST, 1 DR =— 7 IS 2 A4 2 FFNIHBEOMERIEICIT /R, TR ETITHE
WEHIFSAEIC L 2 PTEEEK E L CORREMES IS T D,

OH
DRG
volsY—(o)>
o =
Asterelin A (1)

Fig. 1-8 Properties of asterelin A (1).
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H)—DODERLI—7 > N THD (H)-IE7 7V (2) X, 1996 FE&)INEdFZD 7 v
— LV EHE Cavicularia densa 7>H RV ESn-{b&¥W T, e R+ ML
S E AT DREICELRODD S ERREEN DKo TVnE P, Zove Fr T e
F o b LRSI, o REE A S ICE Y, ABRIZ2R2 ED “HAEA T HAR— MY
AT H A= arEBRLTND, ZOMERI T3 A= a VFEREEZEL,
[a]p? +168 DILFENCE Z Hr OB iE MR & L CHBE S TV 5 (Fig. 1-9), LrL., A
LEPTBEFIZ T ME LG TN TE LT M EMIEEIIRT S Tunian,
ERMERTHLT AT LY A 1) KOERKAIBMETHD Y VT ¢ CITITEH
REMEMENRRHENTWADZ e (HD)-IE7 TV 2) OEMIEEIZHSOWTHIE
ISR b5,

’ Dihydrophenanthrene ’

(+)-Cavicularin (2)
[a]p2! +168 (c = 0.25, MeOH)

Fig. 1-9 Properties of (+)-cavicularin (2).

B BLO 21X, A7 2B TDHV VT 4 CQ3) OO THEE LD v 7Y
YRk DAERKRESRSEEZLEND 2, Thbb, 1 IZV AT 4 C@B) D10
AL 13NLOKERIEM CRRL D » 7V T INBZ 0D VR 7 7 REERER S, 2
X3 E NN TORRIE T » 7V 72k P Rr 7 2 v F L UEERTER I
% (Fig. 1-10),

C-10 and O-13'

Oxidative
coupling

C-3'and C-10' HO

To— W
Oxidative ‘ _ @/
coupling O HO-LD O
HO

Riccardin C (3) O
HO OH

(+)-Cavicularin (2)

Fig. 1-10 Plausible biosynthesis of asterelin A (1) and cavicularin (2) from riccardin C (3).
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EHILZOAEBHRK 2 RBIZ, 7 = = URETERBOG & 5 TR » 7
TRRNCEDT AT LI A Q) BEOY (HD-TEZ TV ) DEBMREEITH Z &
2 U7z, 37205, Pd S ZTEH T 23k x OBIR 2 IS H LR ER 8%, 137
DIKFEIENS R 7T U EkE . ICMDOREZENSIIVE Ka 7 =72 L UEK
EENTIVEET 2AEARICAI L-AiEZREFTT 5 Z LT Lz,

WHFZER Tel) T 2 RBEIRE A RV U VEO GG, 1 BXD 2 D&
L0 = BHDOILEMDERRMIENTE T T 5 Z L2720 A E RERKREA B UL
{LEMERRDERK EMEDIT, THETITo TELREREA XU UVEDO AR
BRGSO FE & e KBRICTE T 2 B 78128 F L7z,

T, KGLoE—BETIIT AT LI A1) OEARICHONWT, £/, H_FTIE
H-DTETZ TV 2 ODEEHKIZOWT, SHIZE =FETIL (H-IEZZ7V Y 2) DA
FHERIZHOWTEERT 5,
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o 72T LU ADEER

o P

TATLUVAQ) 1T, REEIREAERC VDO Tl — Ry 7 7 s
TG TH L2 TR < FERMMEEEIEICS T 22 R2IREEE Y 25V —
NMEEWTH D Z LN BIEIRN ORI FEENGIERZEDTND, LLeRb,| 1
DEEFIZZNE TIZHEIT R, ZOEBIEDHIE RO 5N TWD, RKAFIETIE,
CORERIEEDOBRIEMSI BB L, T AT LU v A OEGIRIEIC IS OBk
a5 Z LIz LT (Fig 2-1),

OH OH
A SA®
C-10 and OH-13'
HO @ @ Oxidative coupling ; HO
- s
1,0H
13'
Riccardin C (3) Asterelin A (1)

Fig. 2-1 Biosynthesis of asterelin A (1).

TATLIU Y A Q) BETLHIORY 7T U4EEITL < ORBYM O GG E LT
MOENTWVDICHLEDLT, UV 7T U OBEEIF T ZREEORISIZR SN T
W5, —oRIINEF L EETAE T 2oL —F AW S DR FIRFEREATERK
RT3 o Rid o n S AT 2ol T = ) — L b DR BRI ATERU S T
b5 D OOV Y T T OREREIL, a0t O kR & fr
ERINICEATHILERH Y, AROMES &V ) RICBWTHERSH 5, —T7,
SOHOHEIEL DT = ) =D OEENR G FRERT v 7Y 7 OGS,
a7 DEANBER L BERERIEE VD, L, KEMARICHER S =fl
FFEFID L, HEY KT, Bk v 7Y o7& LA & LT,
Pan D2 X DALEERING D TWNERL D » 7V v 7Rkl Uiz (£)-TFAXTF B O
BREMRZET BN D (Fig.2-2)%, L L., ZORISTIREATRT 7 U —0KEEHEIC &
DIEHALIN TR 7T ORICHAE SN TWD, AR TE IR > T AT LY
VAR TIZ YR T T AN T U — OKBERIEENFAET D & BT CORRE
OGRS DT, BEZOGRIEZEMAT 5 Z L1XTE RV, 22T, A%
TEHIRY 7T UBRIBROBEITIE D20, KSAUSNO KB EZ 2 TFLo—T
NTCIRE LT EEICKT 27 = 7 — VoSN v 7Y U7 ERRETTH 2 LT L
7z (Fig. 2-3),

AREONEIZE L CTIX Nat. Prod. Comm., 8, 915-918 (2013) (2387 .
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Pd(OAc), OMe

: PCY3 HBF4
©\ X @ Ar-Ar coupling 3 (;LCI U OMe 2003 ‘ X
—_— |O '
(0] (0] : Z=0

; DMA 130 °C
! X = Halogen, COoH, H 3 81%
! | K. Fagnou et al.
| 0 s A
= ; S = _
~ Pd or Cu-catalyzed A ) O J cuTC | N>—/
| . on O-arylation | P ; HO N ) o \
X o cl Et DMA, 130 °C Et
X = Halogen O 65%

BINDY
M. Hagiwara et al.

‘ ‘ HO OH

| | OH ) Agz0.DMF )

: Oxidative 1 9% "

! HO O coupling HO O } O OH 50 C, 75% O OH
; O — O ' HO o o 0

' HO OH HO o 2) Hy, O H, PAC O

: 1 EtOH, 98%

: ! OH O

OH O

(x)-Anastatins B
G. Pan et al.

Fig. 2-2 Examples of construction of dibenzofuran.

OMe

o}
ORe SHS

Oxidative coupling

MeO O MeO O
(¢}

Y

HO

Fig. 2-3 Oxidative coupling for dibenzofuran of asterelin A (1).
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BF BRkEE

AERTIET AT LY A1) OEGHEBRIRICHEKSE O 7T OBEITER
DEABEFETITO 2 &IC LTe, T2 TR » 7Y o ZIAEEREZ 723729
e 4 DX 3WMHLT7 =/ =N MHKBED IS 2 HEAFNT—T /LT DN
b b, (LB 4 DREEMEEIT, LAY E TSI L2 VT 4 C(3) OFE
ik 2V e, Pd LS NSRBI SOSIC L VST 5 2 L ic Lie, BRALETBEIA
51 ZTA-CEBRICHEYTIE 7z lo—FT L 8IC BRIy FT L CBa2=v F6%2
J @ Horner—Wadsworth—Emmons (HWE) KItMZ KV #ERET 5 2 L TEKTHZ &L
SHICE 7= —T )L 81 HMEAEY 9 & 10 @ Ullman G2 LV T 5B TH
% (Fig. 2-4),

OMe
C-10 and OH-13' Intramoleculer
Oxidative Suzuki-Miyaura NP
coupl/ng reaction B
10' - @
O T e

'“HO
13
Asterelin A(1) 4 °
H-W-E
reaction
OMe OMe Br o CHO
Br HO !
@ Ullman reaction O @ P(OMe), @
oHC ‘ OHC OMOM
COMe CO,Me OMe OBn
10 9 8 ’ °

Fig. 2-4 Retrosynthetic analysis of asterelin A (1).
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R NS ARE TR BOSIC K D KB BRIESE

Fa=y NOFE S AL LT, THIRD 34- Fads X X7 /L5 ke R
(11) 27 % bREERIRIE D VU T AL BALR U UV TRER L (LAY 12 % 63%DILER
T, 12 OKEEEE NN-UA Y T a L= F LT I UFEF MOM £ CHR#L, D
Ra=> k6 L L7z (Fig. 2-5),

CHO CHO CHO
BnBr, K,COj MOMCI, DIPEA
. —————— | (o)
OH  Acetone, reflux OH CH.Cl,, 0°C OMOM
OH 63% OBn 84% OBn
1 12 6

Fig. 2-5 Preparation of unit 6.

BRx1=vbh 7IF, 22780F5-ArFrrX v r7aI K 13) b
Michaelis—Arbuzov [t *Y #4772 9 Z LI12 L 0 1 BEFE 98% DI R TERL L 7= (Fig. 2-6),

Br

reflux @ P(OMe),
OMe 98%
OMe
13 7

Fig. 2-6 Preparation of unit 7.

A-CERRZ=y MIHYTHE 7 2=L=—TFT /L 8 (L, 3-E RrF 42X hF %
BEBRAT IV 9) & p-7aEXVXTILTE R 10) &80 BB ER L& O
REEH V) v AFAE T Ullman S 21T 5 2 & T 76% DR THEL L 7= (Fig. 2-7),

OMe o) QMe
er HO\© Cu0, K,CO4 @
+ —_—
= OHC
OHC Pyridine, reflux CO.Me
CO.Me 76% ’
10 9 8

Fig. 2-7 Preparation of unit 8.
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Wi, B LTI =2=y h%& 2 EO HWE K CTEfE L, T X TOHFHFERIERE L
7oAt & 18 ~E\ 7z (Fig. 2-8), THF i 0 °C T2=> 7 ZKFE T U 7 AT
JLEER:, L= K 8 LD HWE K LV 98%DILHET 14 #1537, Fi\ T 14 DT A
TIARLH AKFALT VI =7 LY F U LATETLL, T3 —/UE 15 % 98%DULE Tl
L7, EBIC15OTVa— xR bF A=k B#EME, BT 2 L
UL R AFNUERIESH, FARR— ME1T ~FE LTz, BONTFRARE— |
K17 Z HWE KJRIc LW == b 6 &EfE L, 94%@1414*(1!:/\% 18 ~E\ -, 72ds,
EH 5O HWE Mt b 588 7 ESRINME CROSITHER, Z RIS ST,

o
OMe X
B
o "t 9 NaH | I-'/'\|H4
. @ P(OMe), ——— Br |
OHC THF, 0°C cone THF, 0 °C
CO,Me 98%

Onte 98%
OMe
SOBr;, Benzene
CHO 0 °C-rt.
A GEE
Br ‘ 6
~ NaH OMe Br
T (MeO),
ﬂ
MOMO Jan (overZSteps) OMe
18 17 16

Fig. 2-8 Horner—Wadsworth—Emmons reactions between 7 and 8 / 6 and 17.

2O LTHELNALEM 18 IR L ATF A ORI &Mt L7z (Table 2-1), =+
3. Zdanovich HDFE P ICHEN, B Y TAF O BEREE FY T VBT AT L. A
V7 4 ORICITHEIT L2 b DD MOM % & BEDOBBED L, B v £k 20 2 34
& LChH 27 (Entry 1), WICUHEEDONERLFNZT 7 AT > OAIZHW
TosF RV RATEE I AR E E L CHW AR ER AT E 2 A P
BOSTE A% D & B3 OBBENBH S ubE 21 &7 v ek 22 B35 5472 (Bntry 2),
W2 7 m v RV A2 ) — AR BB B LU 22 5 T2 3t AT R & 7 28 k13
RoNero7- (Entry 3), RIZ, HEMFMET p- M= ANV T =Lt FTV F%
A= N AS: SR é”ﬁof: LIAMRFNES ZENTE, BETHWY
M19 ZFTE- (Bntryd), S HIC, i LT bR v =& ) — a2 LTE
AL BOCFEE OFEHEIC b kP LIRS 97% F TE T X 7= (Entry 5),
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OMe om0 OMe om0 g OMe om0 OMe MOMO

ey

18 19

Table 2-1 Selective reduction of the double bonds in the stilbene.

products (%)
entry conditions 18 19 20 21 22
1 Et;SiH, TFA, 60 °C, 25 min - - 74 - -
2 H,, PtO,, Benzene/Hexane = 1:1,r.t., 2 h 22 - - 35 12
3 H,, PtO,, CHCI;/MeOH =9:1, r.t., 2 h 23 - - 53 7
4 TsNHNH,, NaOAc, THF/H,O =1:1,70°C, 6 h - 94 - - -
5 TsNHNH,, NaHCOs;, EtOC,H4OH, 135 °C, 3 h - 97 - — -

RIAF BT 19 b REREVATERA 24 ~FFE L7z (Fig. 2-9), 19 &7 1 1 AR/L A
/AB )=V =9 1 OIRBVEEREMB LI D XUV EERREER, N 74 A
B AR R NNN-V A F)-4-7 2 ) BV D TUEL Y 7 L— MK 23
E LTz, it TC, BRRIGICE DV AR VIR AT VA B AL, BRALATEMA 24 235 L

7’9
—o

0 SR
4
Br H,, PA(OH), Br
MeOH/CHClg = 1:9 O
OMe O 93% OMe O
MOMO MOMO

OBn OH
19 21

Tf,O, DMAP
CH,Cly, 96%

OMe OMe

Q_é o o
o 0 I J T 9
B szinz, Pd(PPha)4Y K3P04 Br
O N Dioxane, 100 °C O
‘ 81%
OMe om0 OMe \1omo

oTf OTf
24 23

Fig. 2-9 Preparation of boronate 24.
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T LTHERR U AT L 24 (2% L T FRESAR—E S e Uiz, £,
[FREDOREEE CHREL LB T LA D R U AT o—T )R 27 (ZxF LEAR—E /6
%4772 (Table 2-2), DMF &g il & L C PAd(PPhy)y, HiJEE LCYU V@D Y U A%
MAOWTRIEEITY & 9% EIRNETIEIH DN EMNORILR 28 2552 LR TE
(Entry 1), RIZHE & OfRIE L B2 Mgt LS SR, ARiEEZ Pdy(dba)s, BEfZ1-1Z SPhos
AL L&, RO EPREDO LN, SOICHEEOEBEZMFLIEEZA 2MOD
REET N U T LKIERE R L2356, 25%0 —BAbik 29 BWAER LZH 00 B 28
% 48%DINZR TS Z LN TX 7= (Entries 2,3), L/ DINROLEL HIF L T, WL
RIZOWNWTHIE LD OUEIZIZE & 720 > 7= (Entries 4-6), LA LD EE &
\Z Entry 3 OFMFEARFEOKE L bbEW 24 ~EH LT Z A, WEROKTFRAD
NEIERY E LT e MibA 7SIz 26 23 65%DINR CTARL L7z (Entry 7), =D
7'a MR T EE. RRICHFET DK 071 h e ISR HEITL TV D
EEZONTZT2D, WEZRET N U LK D HEKREET R O AZEL L,
F7o. WO DMF IZROSEANCEAE L b DA LIz 2 A, THEY 7o h ik
EMMZDH T ENTE NRUDOIFETRERILEW 25 21525 Z LIZAZ) L7 (Entry 8),

OMe
OMe OMe OMe
Pd cat.
20 mol% Ligand
3 eq Base MeO
Solvent MeO OMe
Sovent O O
OMe
Q) O °

12h 100 C €Momo

‘ S
¢ “PCy,
24: R = MOM MeO OMe 25: R = MOM 26 OMB
27.R=Me 28: R =Me

SPhos

Table 2-2 Intramoleculer Suzuki—Miyaura coupling of 24 and 27.

entry R Pd ligand solvent base result
1 Me  Pd(PPhs)s" - DMF K3PO4 28 (9%)
2 Me  Pdydba);  SPhos DMF K3PO, 28 (16%)
3 Me  Pdy(dba);” SPhos DMF 2M Na,COs 28 (48%), 29 (25%)
4 Me  Pdy(dba);” SPhos Toluene 2M Na,;COs3 28 (2%), 29 (28%)
5 Me  Pdy(dba);” SPhos THF 2M Na,COs 28 (34%), 29 (24%)
6 Me  Pdy(dba);” SPhos DMSO 2M Na,;COs3 28 (3%)
7  MOM Pdy(dba);" SPhos DMF 2M Na,COs 25 (31%), 26 (65%)
. " ; anhydrous
8" MOM Pdy(dba); SPhos DMF 25 (72%)
Na,COs

10 mol%. ° 5 mol%. ©0.001 M. “Freshly distilled DMF was used.
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WIZ25 %, AKX ) — VB~ T )VIRETREER . BRMESE T MOM B2 fREL, 556
Ni=7 = ) —)UK 4 IZ% L CENIGTH DAt v 7V o TR 7
T U OREISERETTH 2 T L,

Dowex® 50WX2-100

P

MeOH/EtOAC = 2:1 MeO Q O
Me0 <) ) 70°0
HO

MOMO 83%

25 4

Fig. 2-10 Deprotection of MOM group.

WUET SDFNEB by TV I LA RS T T DR L
TATFLY 2 ADESHK

1980 42 Harrod & D 7 /v — 713, A X LTV T A(NV) Z{bHIE T2 7 =/
— VOB v TV T EREL TR, ZOERHO—2 & L TRIFER R 5 DR
VT T ACEMEHTND Y,

OH OH OH t-Bu
2 eq. v00|3 t-Bu t-Bu t-Bu
Hexane . ‘
t-Bu t-Bu t-Bu
67% 10% 15%
Oxidant

[
”
HO HO
HO e}

Riccardin C (3) Asterelin A (1)

Fig. 2-11 Oxidative coupling using VOCl;.
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% 2 THEFIL Harrod D DGR ZZE TG 2 A2 0 FRIb T » 7Y o 7 &k
At L7z (Table 2-3), £, /LA AMAFAIE FERLHI & LT 4 oKt Y v Lz v
TS ZEATH CEBEHERIBREVMNERTL2OHRATHNMESGD Z LIXTE otz
(Entry 1), RIZ¥ 7 v A& i bl & LT PIFA 2 W TSR CRISEIT>
LA, 5%E TARNERTIZH AN T AT LU BB EAT 5 30 M5 54, B{EH
OSBRI ETE LRICE T2 TG E THIXEREONETHIMEZ 52 72
(Entries 2, 3), —J7. BbAlE LTAF U TT T A (V) ZHVT 15 R RIG S
G E, BRI 30 3G o2 oTcs, TAT LY EO 1057 mrfb I i
T7ALE Y 31 3 20% DILR T LT (Entry 4), Z OGS TIEP R Y 7 T U ER O
itz 100207 a v b KOV FRIOE AP EIT L TWD Z ERTHISNZ720, [H
Ui % 20 4y CIEIESH 728 24,30 & 58%DINER TS Z LIk L= (Entry 5),
BRI Z L2 O&M S 10000 FE ETORED v 7V v FROSIFE T, %t
JET 5V E R 7 =20 P AR R ITESB LA TV,

OMe OMe OMe
o0 0 ¢
=
10'C|
mMeo— ) MeO—( ) ) Meo— ) )
HO O (0]
4 30 31 32

Table 2-3 Oxidative coupling of 4.

entry  oxidant conditions time 30 (%) 31 (%) 32 (%)
1 Ce(OH)s TFA, TFAA, BF; * Et,0, CH,Cl,, =78 °C 18 h complex mixture —
2 PIFA CH,Cly, r.t. 16 h 5 - -
3 FeCls CHyCly, r.t. 22 h 7 - -
4 VOCI; CH,Cl,, 0 °C I5h - 20 -
5 VOCl; CH,Cl,, 0 °C 20min 58 27 -

Fig. 2-12 IZIEAF LN F U U A (V) 12X D8Ib » 7V VT DRIGA T =R I
BER LT, AX VAT UL (V) DDBREOKBELESLIZOHL T VLR
FAL, EHEHAIC B RO 10 (L& BRAZTEME, &EBIZ 1007w FB3hifEid2 2 &
TIORY T T ORI EHERIS D,
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OMe
00
MeO 45} QED

10 HO

Fig. 2-12 Plausible mechanism of oxidative coupling with VOCl;.

Fig. 2-13 ([ZIZRIAERM TH D 7 vk 31 OFRERAERA B = A L Emwd, P
7T UEROEME, X AT T L (V) DORNTELURESRTZ O D
RO IOCALIZAIML, 7 e oAb dT 52 & T3 DNEKR LIz EE X T,

0
C|C\|3c| 0,,-C
v
OMe OMe OMe
O T A
. *Cl
o TN ¢ cl ‘) -HCI cl
0 — [H Rl
o945 o9 o))
oy g/j“) o
30 31

Fig. 2-13 Plausible mechanism of chlorination giving rise to by-product 31.
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B%ZIZ, b 7Y I L0 ELNTZ30 2 Z“RALR UV ETUE L TAF Lo —
TNIEEDOPRGEZIT, 217 BB 6.4%DBINETT AT LU A (1) DL ERL
T& 7= (Fig. 2-14),

OMe OH
SRe Sae

BBr3
R EE—
N e S e B
76%
o o

Asterelin A (1)
Total 17 steps
6.4% over all yield

30

Fig. 2-14 Completion of the synthesis of asterelin A (1).
Fig. 2-15 IZH D NMR A7 [V % F7- Table 2-4 [Z R & BRI D AT

M7 —% ("HNMR, PC NMR) O—& 254", SRMhD 227 L7 — 2 1 3RK8K
MDA AT —HE—F L, NIV TATLIAQ) OEERERT LT,

TH NMR of synthetic 1 (500 MHz in (CD3),CO)

| I
{ ” e Iy

o L T TITE L T

Fig. 2-15 'H and ">C NMR spectra of synthetic 1.
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Asterelin A(1)

Table 2-4 Comparison of 'H and C NMR between natural and synthetic asterelin A.*

Position Natural!! Synthetic
°H (600 MHz)  °C (150 MHz) °H (500 MHz) °C (125 MHz)

I 15736 158.0
2 6.61,dd (2.6, 8.3) 12156 6.61,dd (3.0, 8.5) 1222
3 747, dd (2.2, 8.3) 131.98 7,47, dd (2.0, 8.5) 132.6
4 13631 137,0
5 5.98, dd (2.2, 8.2) 130.78 5.98, dd (2.2, 8.0) 131.4
6 6.29, dd (2.6, 8.2) 119.99 6.28-6.30, m 1206
7 §§§ Z 39.32 3.222',7;&50(13(.35',5_%.153,'? 3.0) 40.0

3 T 35.13 eyt vl ey SENEY

9 136.55 139.2
10 6.83,d (2.1) 113.07 6.84, d (2.0) 113.7
11 157.98 158.6
12 6.87.d (2.1) 98.81 6.87. d (2.0) 975

13 158.36 159.0
14 117.35 117.3
T 147.79 148.4
2 14638 147.0
3 5.33,d(1.7) 12222 5.33, brs 122.9
4 13330 133.9
5 6.84, dd (1.7, 8.4) 12543 6.83, brd (8.6) 126.1
6 6.84. d (3.4) 116.67 6.83, brd (3.6) 118.0
7 %; o 38.09 2.927',75215?3(.35',55.15?'? g.s) 38.7

d 55 38.46 T ey iry S

9 139.38 140.0
100 6.28,dd (1.4,7.9) 12478 6.28-6.30, m 125.4
1 7.14,d (1.9) 121.42 7.14, d (8.0) 122.1
12 122.93 1236
13 157.11 157.8
14 7.26.d(1.4) 110.73 7.25. brs 111.4

In acetone-ds.
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BoE O ()-HE TV 0eh
Bt Fam

REIREAERCDVEOFTHME—I R F 2 A L, JePEERy 7 07 7 Abs
MTHD (H)-HET TV Q) IFHRFTOERILEEDOER ZHED, AN E RS
DB IRDILTND

2005 4= Harrowven 5 1%, McMurry SSIZ LD REREE & 7 2 I VERLRIGIZ &
PERRT72F U R UEEZHEHE L THIOIE T T Y 2) OEE m%ﬁibt
(Fig. 3-1)°Y, 207 VI ABLRIGE TR, BRI L CRIAERM THD Y LT 1 v
CB) W1:2DEETHERTLILODOIE Y T L BEROBEICHKIIL TV D

* McMurry reaction
* Radical transannulation

O OMe
K,CO5 @ 0
@7 @ 0] 18-crown-6 | O
— > MeO
, Cg|62°(/:|2 ||3: OQ ’ 10 | CHO
PPh4Br (E/Zz = : @
: RO weo - —(Ty-cro

o \J( MeO

1) TiCly, Mg, THF
35% (Z selective)

2) TsNHNH,
NaOAc, 91%

OMe
o}
) HSi(SiMeg)s, AIBN O @
Toluene 90 °C
2) BBra, CH,Cly !
O o HO O O 85% (over 2 steps) MeO O @

MeO

+)-Cavicularin (2 Riccardin C (3

D. C. Harrowven et al.

Fig. 3-1 The first total synthesis of (+)-cavicularin (2) by Harrowven’s group™"

AREONEIZE L CIX Tetrahedron, 69, 6959—6968 (2013) (2387 H,
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Harrowven 5 @D 7 & KGNS 8 4%, AR HITF T /LA LARF T R AFMB AL
ELTHBRIHANDS ()-BEZ TV ORFEMRERE LT (Fig. 327, #5135+
NEBRBHS S LD 7 22— T LR TERS CRER AR EL, 713
KDANKRFY R TNV ZVRF Y FAEBEHR LIRS ORI Z 2o, T
AR F Y REARFMBEE L TRIA LT D BROELAIENIMEE B Z o 72k R, &
W T U F AR A AR LA T AT 5 2 L ITEE) LT\ D, %2 Harrowven
SOTVANVBLKGEIGHL, Y Fa7oFh v hLUZBEL TS, LiL,

KIKDTH D (H)-EKDOERKIZITE - TV,

p-Tol \S,,O ©
OMe p'TOI\s~ :
0 OMe
CsF, CaCOg O t-BuLi, THF @ o
MS3A -78°C O
B — R —"
MeO Q > then A, -78°C R
DMF, 150 °C R 73%, 77%ce MeO O D>
92% R
,,,,,,,,,,,,,,,,,,, R = OMOM R = OMOM
(5\ .9
N
o STl 1) SnBr,, phloroglucinol
A ' Toluene, rt., 82%
A 2) n-BulLi, then MeOH, quant
1) HSi(SiMeg)s AIBN o OMe
Na,HPO,, Benzene
82%

(-)-Cavicularin (2)

HO
meo—~ H—<B
MOMO
(>95%ee) (>95%¢e)

2) BBra, CH,Cl,
85%, >95%¢ee

K. Suzuki et al. 3) recryst. >99%ee

Fig. 3-2 Total synthesis of (—)-cavicularin (2) by Suzuki group®”.
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S B2, 2014 4F Beaudry O I3 il 2 U 5 455 Diels—Alder Sk & G &
LTRUTHD (H)-HET TV OEEREND CERLE (Fig 3-3)*, Z0ARK
TIEET, VT BERB KT DG AR-E UGS XV mEICE R Sz
B-C-DE=xL=y h& U Ry FTERLIEDOL A Grubbs il 2 AV 724 L7
4 AR METICEZYV Y Fe T o) N OMEEITo T, O T a,B-
REGFNA LR o ~iFiE%, o af T ahhuA RiEEREZEKSFiE L THWD
a-pyrone Diels—Alder UG ZATR o oA R, 78%ee & =T o F A P TIFREE 208 &
HREERELEIAFTZ —BIHEEL, R 70 CORFERIZHKII L TWD,

* Olefin metathesis

PhO,S
) MeO
v @ o ipro ' ~ TBSO 1) Grubbs Il catalyst TBSO
Meo B(pin) CH,Cly, 50 °C, 95%
B 2) H, (600 psi), Pd/C :
63% 2 s
OMe (one flask) EtOAc, 84%
MeO
1) NH,COH MeO
Pd/C, H, TfO o
quant. O
02 B ool ~ o,
2) BBrg, CH,Cl, . 2>12
80% MeO 4= O 0°C
45%
MeO 78%;e
M. Beaudry et al. (2 steps) i

Fig. 3-3 Total synthesis of (+)-cavicularin (2) by Beaudry group*”.
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ZOXDTHHERFTHE Y 7V U OEMRMERBZ R TWLHH, HFEEDE
TAEBBREEIC SN BT T Y U OAREZBRM LTz 2D, BiE 2 OA&G IR
ICEWMTHLY INT 4 CQ3) ODERIELHNLE, 3 DL 7 7LD hE
770 CERMEEEORBICE T L, BErEEREERFELOBRIT v 7Y VI K
JSIZ XV BT 2 = VR R BT 256, BRI 3 U R LEmOmb N Yy L5
OFALHIZ VD ISR S TWD, £ CTHIb D v 7Y > 7 OfE 2 5 % R
THED BT ARG ZH L. Ve Fu 7 =) LU OBEEEZRT LT (Table
3-1), B&{bAlE LTPIFA, X7 vk F T A (V). 4fliDOKE(ILE Y 7 A% HW
TR Z M L2 R, PIFA 235 Entry 4 D& EI D BAD 34 L7 =) b
VVERE S D35 22 NTIL33%E 28%DINE TS Z LN TE T,

OMe OMe OMe
g O J_ 0 O__ 0D
O
MeO MeO MeO &
33 34 35

Table 3-1 Previous studies on oxidative coupling of the model compound 33 in our laboratory.

yield (%)
entry oxidant conditions time 33 34 35
1 PIFA CH,Cl,, 0 °C 24h 93 - -
2 PIFA BF; * Et,0, CHxCl,, 0°C 5h 35 22 23
3 PIFA BF; « Et,0, MeCN, —40 °C 12h 35 - trace
4 PIFA BF; « Et,0, CF;CH,0OH, —40 °C 30 min 39 33 28
5 VOF; TFA, CHxCl,, 0 °C 4h 35 8 35
6 VOF; TFA, TFAA, EtOAc, CH,Cl, 0 °C tor.t lh 27 - 10
7  Ce(OH)4 TFA, TFAA, BF; * Et,0 1.5h — complex mixture

ETNHEORERZL LI VAT 42 CQ3) KNI AF LY TNT 42 C(36)
BIE L LTCEIEY v 7)) 7 e Lz (Table 3-2) *V, LU, SOGSITEHERIRA
MazG522DHT, A7 TV BREATLHITR2 2G5 LT TE o7, &
DFERNG, BFIIRIED 7V 72k bV K7 o0 b L OBENREET
HoHEEZ, JFRIZH E0TRx OB REER TH 5 Pd Al SO 275 F 9 2 188 & BT
L., WEZZ V) OFRKETRIZES Z LI L,
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o OR RO
(0]
—_—————
o0 e
RO RO

OR

36: R =Me 37:R =Me
Ricarrdin C (3):R =H Cavicularin (2):R =H

Table 3-2 Previous studies on oxidative coupling of 36 and 3 in our laboratory.

entry R oxidant conditions time results
1 Me PIFA BF; * Et;O, MeCN, —40 °C 10 min complex mixture
2 Me PIFA BF; * Et,0, CH,Cl,, =78 °C 40 min complex mixture
3 Me PIFA CF;CH,OH 30 min complex mixture
4 Me VOF; TFA, CH,Cl,, 0 °C 120 min no reaction
5 H PIFA CH,Cl,, —30°C 90 min complex mixture

WIS R LI 70 (2) OFEKGEHEZ Fig. 3-4 1273, BOG AN & [FEE
22 OYEe FrZ7=2F U P UEITAEROKE T IRV, Y Rey=F ML
REE ORESFLIZIL P i Ar-Ar B 7V VRS AT S 2 Sl Lz, EZ T
NFET 2 2O YT = = VG & FOMMEICE T Pd il SOS TR S5 2 & T
BEIWZELDNPN ST T 7Y B ENRNICAERT 2B TH 5, Pd filifi
Ar-Ar 1 v 7V U T RISDORIGIEE &l b a7 ARIZ, 7 A7 L U A RO PR
4 OALERRP 72 ~a FAc L 0 B ICRBATRE & B 2 7=,

Sne
Halogenation

at 10"-position

o @ Pd-catalyzed
O Ar-Ar coupling
reaction

X
> o035
HO OH o

(x)-Cavicularin (2) 4

H

Fig. 3-4 Retrosynthetic analysis of (+)-cavicularin (2).
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EEH S THNAr-Ar Y S Ik AYe Re ey Ry
DS L (2)- B EY T U DA

SANALEW 4 1253 5 10O ERINA 1 7 Ak Z Gt L7z (Table 3-3), £7°,
4 ZERAEE P RECUET 2 L BN E T 57 0 ER38 NEL NN, 140 RFEL
SNV T K39 98 20%DURTAR LZ (Entry ), — 5. 7 b=k U N-
THREAT A I REHWTHINERB IR T2868120%, 38 % 81%DEINERTEH 2 5
ZENbhotz (Entry2)®, £7-. RS E 72D Pd RS TORGEEEE L T
TR OWNWTHRET LIz EZ A, A X —nAma ikt U v AGET/KER{ET b
U LEWRBEFRBET N O LAEZHNWD Z LT, SERERALERRMETE — NMK 40 215
% Z LN T&E I (Entry 4)*,

OMe OMe OMe
SRS OO O
10' - X Br
wo {4 wo( - w03
HO HO HO B

14'

38. X =Br
4 40: X = | 39

Table 3-3 Regioselective halogenation at C-10’.

entry conditions products
1 Br,, AcOH 38 (29%), 39 (20%)
2 NBS, MeCN 38 (81%)
3 NaBr, NaOCl, NaOH, MeOH 38 (60%)
4 Nal, NaOCl, NaOH, MeOH 40 (75%)

X 52, Pd fREED BRI N T 2 OO R EE BRIIZI — R{K40 D7 = ) —
UMK R FL & THF VAL DMAP fillit N KEEEE CTT & F U b L 41 ~iFE L., #500
& 72D Pd il Ar-Ar B v 7V RS E MG L2 (Fig. 3-5),

OMe OMe
SN® SN®
| Ac,0, DMAP |
R
MeO O O THF, 97% MeO Q O
HO AcO

40 41

Fig. 3-5 Acetylation of 40.

F9°. DMF &, gt b U CHEEfR N7 U o A, LS U CRmEBEA A L, FHx
DOBENLAZ FHNT Ar-Ar v 7 ) VT RO 21T o720 WIS, —RENZE W
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JeMEZ7RT (o-tol)sP KON #-BusP Al & L CTHWRIGZ T o728 2 A, i3 v #Efk
DIBPEST LTALAEW 43 AR L 7= (Entries 1,2), Z v 0 ffi Pd 23R LA IN#% . Pd
IZENLT D EE N T A AT 4 YA RE CREDMTELDMONARIEIZLY
BRALBOGDEE TREIKS & LTl E R bR EIT Lo EHERI L=, & 2 Tkiz, YAk
BNZ/NE W n-BusP 2 L72E 2 A, TREBY B E T2 Ar-Ar 0 v 7 U 7 IROED
HITLAE T TV B ERT D 42 % 39%DIVRTED Z LN TE 72 (Entry 3), &
OISR NSRBI - CTh D EtsP & W54 Tk, 3WE LGN IR L E
MWD DN OBALISIT 2L #IT L2~ 72 (Bntry 6), F/o, v~ 7 n v =—7
b0 T JEREL A D Dppe Z W TRIGEIT > 7273, BIAERY 43 RS 51, RO
SEIZITE D) o7 (Entries 5, 7). BICRIGGEDK#ELEZIToT2 L 2 A, n-BusP
D% 40 mol %75 20 mol %lZIHET 5 Z & T42 % 50%DIERTHD Z LIk LT

(Entry 4) *,
OMe OMe
SRO o Sae
I Table N ‘
—_——————— >
MeO 20 mol% Pd(OAc), O MeO
&S0 ST Ny O
AcO 120 °C MeO AcO
41 42 43

Table 3-4 Intramolecular Pd-catalyzed Ar—Ar coupling reaction of 41.

entry ligand mol % of L 42 (%) 43 (%)
1 (o-tol)s;P 40 - 81
2 t-BusP 40 - 78
3 n-BusP 40 39 36
4 n-BuzP 20 50 31
5° n-BusP 20 40 44
6 Et;P 40 - -
7 Dppe 20 41 43

*Using microwave (300W, 150 °C, 2 min).

Fig. 3-6 {213 Pd it Ar—Ar 1 > 7°V » FRUSD AREIR R A B = X Kt %0, B
IZ 2 HDOMEETERERZA TS ZORETIE 3 MEORIGEENE 2 5D, —oRIE
#EAR-Heck # A T O INVKRNRT T —3 3 T K HREET, o HIZBRLAISINE o 2
i/ X7 o0 MM T HRETEBIIEERD AN =ALTHD, EHIZHLI—DLL
TEAERIINZ X0 A U7e o -Pd $6RD N ER: C-H #GAEM LY Fr 7 =F U b
VBB T DRRENRZE R bivD, SEIOKISRTIENCE VR FEOBFHEEN L,
E DRI TRIGSHEIT L TW DI LTIV, WPhicE IAKIEZ1T9 2
ETHMET DI E Y T U B ORI L=,
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Carbopalladation

MeO
°~
Oxidative ’ X
Addition Pd
S . —
meo<——{ )
AcO

—PdX

Electrophilic Substitution

MeO
°~
Oxidative
Addition ) x ‘Pd

41 >

MeO —<_> O

AcO

Electrophilic
Substitution

MeO
. (0]
Reductive a
Pd

Elimination Deprotonation
2 < -
meo <)
AcO
C-H Activation
MeO
°~
Oxidative ’ X
Addition "Pd '
e
meo <5 )
AcO

42 Reductive Elimination

Ligands are not shown.

Fig. 3-6 Plausible mechanisms of Pd-catalyzed Ar—Ar coupling reaction.
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RBIZ, oz 2 AL ) — i KR U U LERWTT BT IRy
fift%, SRR U R TRIEL TAFAEEZREL, 4220 B 38%DRINETIE Y Z
Uy 2) DT IRAEREER LT (Fig. 3-7), Fig. 3-8 & (X Table 3-5 (24 lidh & KK
Mo 'H } OV PCNMR A7 b VAR LTS, ARkih D NMR A2 kL ifﬁi#@@?
— & L AR LY,

MeO MeO HO
(0] (0]
S L | o8

—_—————
MeOH r.t. O CHgClz O
O OA O OH 71% O OH
MeO C MeO over 2 steps HO

32 (+)-Cavicularin (2)
Total 20 steps
3.8% over all yield

KOs

Fig. 3-7 Completion of the synthesis of (+)-cavicularin (2).

"H NMR of Natural 2 (600 MHz in CDCly)

Fig. 3-8 Comparison of 'H and >C NMR between natural and synthetic cavicularins.
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Cavicularin (2)

Table 3-5 Comparison of 'H and '°C NMR between natural and synthetic cavicularins®,

position Natural® Synthetic
°H (600 MHz) 5C (150 MHz) °H (500 MHz) 5C (125 MHz)
1 153.8 153.8
2 6.10, dd (2,7 8.6) 115.1 6.10, dd (2,5 8.5) 115.1
3 6.46, dd (2.2, 8.6) 127.8 6.47,dd (2.5, 8.5) 127.8
4 135.0 135.0
5 6.15,dd (2.2, 8.3) 130.0 6.15,dd (2.5, 8.5) 130.0
6 6.71,dd (2.7, 8.3) 117.8 6.76, dd (2.5, 8.5) 117.8
7 2.55,ddd (4.4,13.4,17.6) 381 2.55,ddd (3.5, 12.5, 14.0) 381
2.96, m 2.92-2.98, m

g 2.28, dddz(.‘;:: ;3.4, 17.6) 174 2.28, dzdgz(izb',glg?:l, 14.0) 174
9 141.6 141.6
10 6.88,d (2.7) 116.9 6.88,d (2.5) 116.9
11 155.5 155.5
12 6.70, dd (2.7, 8.3) 114.7 6.72, dd (2.5, 8.5) 114.7
13 6.82,d (8.3) 131.6 6.83,d(8.5) 131.7
14 128.9 128.9

11-OH 4.88, brs 4.85,s
I' 147.8 147.9
2' 138.5 138.5
3 123.3 123.3
4 131.7 131.7
5 6.98,d (8.1) 123.0 6.98, d (8.0) 123.0
6' 6.94,d (8.1) 113.0 6.94, d (8.0) 113.0

1’-OH 6.12, s 6.12, s
7 ;ggzz 30.2 2.63-2.78, m 30.2
8 2.66, m 30.5 2.63-2.78, m 30.5
9' 140.5 140.5
10' 124.0 124.0
11 6.40, s 131.1 6.40, s 131.1
12' 124.0 124.0
13 150.2 150.2
14' 6.68, s 113.2 6.68, s 113.3

13°-OH 4.75, s 4.75, s

a In CDC13.
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FE (-7 I OREFERK
B8 A RlEHE

HETZV L (2) DT IRERMPTET TELDOT, KIZ ()2 DRFGKE G
LTco REGHRZHIGT DI12H720 | ST 2 HIHT 2 2 O S REIE 2 T2 LT,
—OBRIETEIKROGHMEEEDOEEFAL, Y Fr T =) b L OREEERIC
X TVEMLTEMAT S 2 LT (DB EY T U L OMARE £ HET 2 RETH D, =
SHIEHLNUDHTYE R 72 Fr LUy AL TR E, RZICF T VENL 26
T2 =T o F AR AR-E R EZATWVEIRF & KERA FRIRFICHEE IS 58
KThHD (Fig. 4-1), EH 0 ORME HEIAF OMEEE L LTI E TITIEHI O 72 Bl
PRIRUN G BCEE & W\ 2 D,

Suzuki-Miyaura reaction .
“ reaction
Ho-

HO
(+)-Cavicularin (2)

. . o) O Enantioselective
Enantioselective \Q’ )~ Pd-catalyzed Ar-Ar coupling

* Enantioselective Pd-catalyzed Ar-Ar coupling reaction

OMe

o) Pd-catalyst

T
chiral ligand
I [
weo {5

AcO
M * L: Chiral ligand 2

e Enantioselective Suzuki-Miyaura reaction

HO

Pd-catalyst HO
O 0 O with HO,
HO ‘ chiral ligand g\o O 0 O
O : HO < f
g0, TO O \)/\Pd Q. HO-&> Q.
o) OH LN
*L OH HO

* L: Chiral ligand 2

Fig. 4-1 Construction of axial chirality of (+)-cavicularin (2).
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B o T AERA TN Ar-Ar v ) T RO

T, = FUF RIS N Ar-Ar o 7Y VRIS E BRI LTz, ZOEKIET
72 IRERORKEEZOEFHEHL, e Fu 7ot F L U OBEREIS TV
BN 2T 5 2 & TR F 2 #3525 ECH 5 (Fig. 4-2),

o OMe HO
O O Enatioselective 0
Pd-catalyzed Ar-Ar coupling O
| reaction
Ho-<=23-( )
woo-{_)—")
HO
AcO
41 2

Fig. 4-2 Enantioselective Pd-catalyzed Ar—Ar coupling reaction.

2 DT EIERAERITBNT Ar-Ar B v 7V > T RIED KSR TE TV DD
T, RIGHE L7053 — NMEALIZH L TR 72X T 0 ) o RICBE DA RIS EAT
o7 (Table 4-1), A I HMOXZNVEMNI 1 A ZHEH LIS E, Knide<EE R -
T2, 74+ AT 7 A MRS B KT + A7 ¢ RIBNAZ2 VD SRR T d
HINA2 G252 ERbhoT (Entries 1-4), ARl ME L7237 VB FI28 W T
AR /N S 2R EANL -3 BRI P R WS S & 5- 2 Chiraphos i L 723555 12 IR
23%. 11%ee TEALIK 42 2345 5407 (Entry 5),

OMe OMe
MeO o)
0 ¢
10 mol % Pd(OAc),
3 eq Ag,CO3 .
e
DMF MeO 42 O MeO
o O~
AcO AcO
41 42 43

Table 4-1 Enantioselective Pd-catalyzed Ar—Ar coupling reaction.

entry ligand mol % of L 42 43 ee”
1 A 10 - - -
2 B 10 7 - 7
3 (R,R)-Me-BPE 10 12 - 6
4 (S)-BINAP 10 18 - 7
5 (S,S)-Chiraphos 10 23 - 11

aEes were determined by HPLC.

i o) 1
' N / '
1 r— PN P «/P? PPhy !
{Bn J:N N ] ‘Bn O 0O e , OO PPh, 2" 3

A B Me-BPE BINAP Chiraphos



LU, ARISTIE o FA@ERES TR IR o727, ZORKEZH 6
IZTHETIE 7V H T L& L7 HPLC 9#r 247> 7= (Fig. 4-3), TOREE, 2
— RE 4 BT TICEAREEZBE L7 EIERTHLZENHBA L, T72obb, MIGHEE
NIZEIRTHLHZDIZ T U TFHRBEREPMELS o7 B ONE, 2O b,
ARISTEFRIN R IR AN S 5 FITIZ T, W Th L= F v FA~—BAEH DS
HELRREETHDL Z LD, ZOBEBTORFEAZNIEL, b —D2OH BRI LK
R RS NP el Y

1) Nal, NaOH, NaOCl

MeOH, 75%
2) Ac,0, DMAP
THF, 97%
4 41a 41b
HQ, HO,
78 7o
JOR G TN 5 ¢
HO HO
(+)-2 (-)-2
Column : 4.6 x 150 mm, Kromasil 3-CelluCoat Column : 4.6 x 150 mm, Kromasil 3-CelluCoat
Solvent : Hex : i-PrOH Solvent : Hex : i-PrOH
Flow rate : 1 mL/min Flow rate : 1 mL/min
Detector : UV 254 nm 4 Detector : UV 254 nm 41aand 41b

Fig.4-3 HPLC analysis of 4 and 41 using chiral column.
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o T AR AR TR SO

XINVENFEFERT 2T FARIRBA-EHSC L D287 7 U O
REOHEFIELZRAT D Z &2 Lz (Fig. 4-5), T72bb, HHNTH Pd il
Ar-Ar Iy 7V U RIETY e Fe7xF v FLUZ2ERL TR X Akt
FA BN A-BHISEB I 2) 2 LIV RER AT 2 RIHBRIES
EWVHIHLDOTH D,

Pd catalyzed
Ar-Ar coupling
reaction

MeO @
BnO

OMe
44

012
MOMO :>Meo

MeO HO

B-O TfO
o ){4 OMe

45

Enatioselective
Suzuki-Miyaura
reaction

o )
—— @/
Ho-=2-0 )
HO

(+)-Cavicularin (2)

Fig. 4-5 Enantioselective Suzuki—Miyaura reaction.

INETOEKREIEZIGH L, =) > F AR AR RGO EE Sk E 8 27
STy T, RNV UERHBEEFERE LTI 7 X2 UEEER NN-V A Y T LT
FNT IVIFET 7 =/ — KB E MOM B CIRF#EL, DER==v | 46 %2 —EtfE
95% DI THHL L7 (Fig. 4-6).

CHO CHO
MOMCI, DIPEA @
_—
OMe CH.Cl, OMe
OH 95% OMOM
Vanilin 46

Fig. 4-6 Preparation of unit 46.

WIZA I R= Y v B FERR AL ERIRICRB L L 7 ek 47 L LB D 7

x )= MK A R DNV CIRE L 48 15T, 48 DT VT b REKFELHA T FES
FUDAIEORDAT v a—)L~gBtk, o7 va— Lz rsua i
I R FER BRI T 2=V T+ A7 4 TR LB DL 50 ~Z54 L
T2o BABIZ N Y AF LT 4 27 7 A b % V72 Michaelis—Arbuzov JRIZ L ¥ C B =
v M e D ARARR— MES1 25 L7z (Fig. 4-7),
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CHO CHO CHO
Fe powder, Br, Br Br
NaOAc BnBr, K,CO3
—_—————— —_—
OH OH OBn
HOAc DMF
OMe 1% OMe 91% OMe
Isovanilin 47 48
NaBH,
THF, 99%
9 OH
P(OMe),
Br OMe CBr4 PPhgs Br
Benzene CH2CI2 OBn
OBn 98%
OMe OMe
51 50 49

Fig. 4-7 Preparation of unit 51.

WIZ, D BRr=v 6L C B=x=v F51% HWE X 0 ERER, AF Lot
V74 RV VIETLL, C-D Rx=>y MM4~EH\ /= (Fig. 4-8),

(”) MeO
CHO B(OMe), MeO O o O
. B NaH B0 P O TSNHNH,, NaHCOs B
OMe f] THF EtOC,H,OH O
o OMOM AR
OMOM OMGOBH 93% OMe 79% MOMO
OMe
46 51 52 44
Fig. 4-8 Preparation of 44.
oAz 44 [Tt L CPAd B Ar-Ar 1 v 7 712K 5V e T2 b L UG

& fRET L7z (Table 4-2), £, 7B IKERMTHEM L2 2#EH LS EIT > 7
LA, B S3 13 9% DILETH LN b D DL DJFEAEI 7z (Entry 1),

ORI TIIIGOETIRP TEIE L2 b, O SN RE I Nz, 2
T, BN % 60 mol% E TEFERIICIE & LIS Z B 2 >72 & 2 A, 40 mol% D n-BusP
R U2 E TR 23%, JRBHENN 2 5 8 L 7 IR 59% % CULEEA M E L7- (Entry
2)e WICHRIEZRFI LIZFER., REED U UL EZ WD L RISNERET D2 ENbo .,
H%%ﬁ3%ﬂ%\ﬂ%ﬁ%%&4%ﬂ%@ﬂif€ﬁ_QMy®OOH%@MKW%%
M9 5 BT A )VEEO IS M 2 CsOPiv IZA T LT 54 OIS~ v €1k 55 @
R EMZ D Z EIXTETULERIL 1020%I28 F » 7= (Entries 5, 6), F7=. BESHFEC
BOAL - DOFESH 2 2 UER &2 2 SOG SR 2 723, BIAER N BEIN$ 2 D& TR A /2
fER S FIIH K20 o7 (Entries 7-13), Z OEFEICB W TR O UEIZITE S 72
o ToDy, JFEFOEIATEEZR Entry 2 DS TRIGZITV, ARE D H Z &IT L

77
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MeO O
BnO
Br

MOMO I

20 mol % Pd cat.

3 eq Base

Solvent

MeO O
BnO

MOMO O

MeO O
BnO

MeO

MeO O
BnO
MOMO O

(0.01 M) MOMO
Mo 120 °C OMe OMe
44 53 54 55
Table 4-2 Intramolecular Pd-catalyzed Ar—Ar coupling reaction of 44.

d
entry Pd ligand mol % base solvent additive 44 53 54 55 bo;;m
1 Pd(OAc), n-BujP 20 Ag,CO; DMF - 65 9 12 - 26
2 Pd(OAc), n-BusP 40 AgCO; DMF - 61 23 15 - 59
3  Pd(OAc); n-BusP 60 Ag,COs; DMF - 60 22 11 - 55
4  Pd(OAc), n-BusP 40 K,COs; DMF - - 32 53 - -

5 Pd(OAc), n-BusP 40 K,CO; DMF PivOH - 17 43 19 -
6 Pd(OAc), n-BusP 40 CsOPiv DMF - - 11 25 43 -
7 Pd(OAc), n-BusP 40 AgCO; THF - - 20 2 59 -
8" Pd(OAc), n-BusP 40 Ag,CO; Dioxane  — - - - 61 -
9°  Pd(OAc), n-BusP 40 Ag,CO; Toluene  — - - - 9% -
10  Pd(OAc), n-BusP 40 Ag,CO; DMSO - - 26 55 14 -
11 Pd(OAc), (o-tol);sP 40 Ag,CO; DMF - 32 12 6 - 25
12 Pd(OAc), CysP 40 Ag,CO; DMF - 18 30 39 - 38
13 Pd(PPh;3)4 - -  AgCOs; DMF - 12 11 19 - 13

“60 °C, * 100 °C, € 110 °C, ¢ Based on recovered starting material.

K

=~

53 706 REVIRBRALETERA L 72 2 45 ~DiFiE 42 B Z /2~ 7= (Fig. 4-9), £7.

PR ICIC LD 53 DR UNVEEFREL 56 & 97% DR THTZ, 56 & p-7 BE~
A7 T e RE@ Ullmann KOS LD A BRAZEFEHR . BER==> F 7 & ® HWE &2

IV AEToOEEFRLZMZT-8 ZH L&MW E LT

P L7, i< B FTVATED R

FNR ORI L OEMESME T T MOM EOBREZEEMICBZ 2\ T = /) —)L
K60 ~E\ -, FBRICEHEISICE AR B AT LOE A%, KiEHE N 7L
— h~EHT S Z LT 45 O A5 T Lz (Fig. 4-9),
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MeO MeO oHc __-MeO
O O p-Bromobenzaldehyde O
BnO ‘ Hy, PA(OH), HO ‘ CuO, K,COgq o ‘
—_— ®
O CHCly O Pyridine O
MOMO 97% MOMO 65% MOMO
OMe OMe OMe
53 56 OMe 57

@ Q
P(OMe), NaH
Br 7

THF, 97%

©v MeO

=
Dowex® 50WX2-100 TsNHNH,, NaHCO, Br
MeOH/EtOAC O EtOC,HOH
=21 MOMO 98% MOMO
OMe

70°C OMe
96% 59

OMe

OMe
MeO Pd(PPhg)4
O B,Pin, Meo PhNTY,
Br O o O K3PO4 CSQCO3
‘ Dioxane THF
O 95% 77%
HO

HO TfO
OMe OMe OMe

60 61

Fig. 4-9 Preparation of boronate 45.

ZOLTHB L 45 1Th L C=F o F AR AR-ER MG X 5 K EBREE L
FRET L7z (Table4-3), £ 7F 7 NVREALFToH S SPhos & W TEAR-T S %
BIholnl 2 A, BB LIS ET L 25% DINETHHIW 37T 2155 Z LN T 72
(Entry 1), ZAUTED 45 IZH T HREEEBENFAETHL Z L AR TEDT, 2
DS FAT X T NVENLFZ2EH LT o F RIS A= Tl RS 2 i B T T )
(ZF T VEAAL - & LT (S,S)-Chiraphos & WG # T 72 & 2 A, T < #®iTH
TR ZFEIT DI E 572 (Bntry 2), — 5, Bl 7% (RS)-PPFAICEE L& Z A,
U3 3%, 9%ee DT > T AEIRMET 37 252, (S)-(-)-BINAP ZfEf L =5 &3>
T F A BIRVEICZ LT R S 72 o 72 5 O DULEMN 12%F Tl | L7z (Entries 3, 4),
RIZBNL % BINAP (ICEE L, ML, I, KON Pd A 5 L72 (Entries 5-13),
ZORER, WEEV VBRI ULAIETTHZ LT f U F &R MEE 18%ee £ THW
FTHZ LN TE (Entry 9), L L. WTFNDISFEEBINENMELS . £ 054
i hY 7L — MERERISE 2RV EREHBLZ LT TERdroTc, THITER
EESIZRB N T, ISERHENTWD Z &, SHICEREIND KREENEEREALE
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BT 52 LI XD BRALSISOIEELT L F =D K E < YR TH SRS O SUSIHREE 73
ELLELS o TWDLZENENEEZEZ DBND,

OMe OMe
MeO MeO MeO
% e | R $dn
M
Vany i, O 30|ve1n(t) (0001 €0 eO O
OMe OMe
45 37 62
Table 4-3 Intramolecular Suzuki—Miyaura reaction of 45.
entry catalyst ligand base  solvent 45 37 62 ec”

1 Pd,(dba); SPhos Na,CO; DMF 9 25 15 -
2 Pdy(dba);  (S,S)-Chiraphos Na,CO; DMF 60 - - -
3 Pdy(dba); (R,S)-PPFA Na,CO; DMF 40 3 - 9
4 Pdy(dba);  (S)-(—)-BINAP Na,CO; DMF 36 12 - 9
5 Pd,(dba); (S)-(-)-BINAP  Na,CO; Dioxane 70 - - -
6 Pd,(dba); (S)-(—)-BINAP  Na,COs; Toluene 86 - - -
7 Pdy(dba);  (S)-(—)-BINAP Na,CO; DMSO - 3 - 6
8 Pdy(dba);  (S)-(—-)-BINAP Ag,CO; DMF 62 - - -
9 Pdy(dba);  (S)-(-)-BINAP  K;PO, DMF 60 2 - 18
10 Pdy(dba);  (S)-(—-)-BINAP TLCO; DMF 19 4 -

11 Pd(OAc),  (S)-(—)-BINAP  K;PO4  DMF - trace 18 2

12 Pd(dpphH)Cl,  (S)-(—)-BINAP  K;PO,  DMF 11 trace 58 0.4

*Ees were determined by chiral HPLC.

EUET AFAEZ WS Ar-Ar By 7Y U T RG

TS U F RN Ar-Ar 1> 7V U7 OS &SR BOS TIHIR KL =T o F
ARIRENME L+ RE2G2 2 LN TET, (D)2 OIREZHET 2877272 Ak
BRGNS EE L fp o7z, UIFREE TR IR > T AR VIVEHDO AR ITAS
IR B ED W RO R A IR TH D . (1)-2 OAFGRIZEBNTH Z D
R o—%2 B ARRKEHERAT L2 Ll Lz, BTk Hica— KK 41
T3 VREARCEAF LA L2700, = F o F @R I RS TENIL
(H)-2 DARFEGRNEREICR D, LrL, BUEZO LS REOSITEHFETH Y | FFFEA7ZR
RN DBNEIZ L D REFEANERFT 52 LI Lz, REFENEIZIIEE 2 72 51EH B
FENTWDEN, LEERTED 1 2L LTRFMBEZRATL 7 A7 L A4
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R ARFEEEN BT DD, AEMPEZFINT 5 2 &I X0 SR b2 il i L
T, FRRERMIZBEAME DT AT LA~ —DMRICR D Z & THERNESIC
720 EICE NS U FAREE L O HNO AR AIRE TH D, £ 2T, DER E
DN ENZE G WA TR A B MBI EZEAL, P77 A7 LAERWIZTE R
07 )y b UBREEET D EHEIA N T (Fig. 4-10), 772 b, REMIIEEZEA
L7 RO EE IR L C, 2 E TIOiESL L7z Pd il Ar—Ar 0 v 77U V7 S %4T O £l
BORR (H)-HE 7TV () DAKREITD HiETH D,

’ Enantioselective reactions‘

» Pd-catalyzed Ar-Ar coupling reaction

OMe
O MeO
O O 10 mol % Pd(OAc), o

10 mol % (S, S)-Chiraphos O
| Ag2CO3 _ .

o)) o o 27

120 °C
AcO 23%, 11%ee AcO
a1 42

e Suzuki-Miyaura reaction

OMe
MeO MeO
e 10 mol % Pd(dba), 0 O
I \Q O 20 mol % (S)-(*)-BINAP
B, o) 3eqKzPO, .
oo ‘ -
Me0 -2
VAR O DMF (0.001 M) e0 O
TiO 2%, 18%ee MeO
OMe 100 °C
45 37

Diastereoselective reaction

» Pd-catalyzed Ar-Ar coupling reaction

OMe MeO HO
(0] —
O © O C 9 @ °4
Pd catalyst “pd .
I — O —— Ho O
MeO Q O MeO <> HO

* RO13

* R = Chiral auxiliary

* RO

* R = Chiral auxiliary

2

Fig. 4-10 Construction of axial chirality of (+)-cavicularin (2) using chiral auxiliary.
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AREMBIEOEANIZH =0 | FHRALTFZFIH Ui 72 R B R 2 I L 72 (Fig.
4-1)®, PT AT UVABIRNR MG T, OT7 AT LA~ —H TG OERIREDO
*w¥~%ﬁk%<ﬁéﬁ%ﬁ%%%ﬁmbtk%K\w%ﬁw RIVENRF LN DI
TThbH, L, BRREOFHREIIEM T, WRLREMNLEIZRY | BLENRS
ETIEZRY, 2 Tiﬁ%@xxw%~#%%wﬁé:&’bkoL#E&%@ﬁ
FREMEITEEKSICBWTHHATH S, LrL, SEIFFERES THHZ L, £
7o ARBUS T Pd OFLRIINE ORI N EREE TH L & THISND Z LB A
DT FVX —ZENEECTH D W LR 21T - 72, AAMBEOERLED &
L CHER® Fig. 4-11 12T 6 MO X TNV NR U E BT, KFxE2 87 TV 2
BANLTEZ AT IUARIZOW TR ZERLE Z i L = f VX —3R 21T o 70, £ DORER,
%< DT AT VR TITT RV =28 1 15 3 kl/mol E/NEno7=DIZxt L. (5)-(+)-
FT7uxt o ABALLLAEY 64 Tl 13@@&&¢@@i*w¥—%ﬁk%<@é
Z A L, EERIRRE & RE LT7=85A @ Boltzmann 234 E 99.5 1 0.5 VA E EFERIZ
WAERE G 270, ZOREERENS, T%ﬁ%%&bf(&@g%7m#?/%%w
Z &Lz,

OH
Diastereoselective HO, HO

(0]
O O Pd-catalyzed o) O o O
Ar-Ar coupling
| reaction . .
> Ho =2 ) Ho—=23-( )
Ho—{ )= )
*RO

* 63: R = Chiral ester (S)-Naproxen-64 (R)- Naproxen -64

99.5 >> 0.5
HO g (0]
HO™ ™ -

: FsC ‘OMe 0™ 0H
(S)-(+)-Naproxen (S)-MTPA (1S)-(-)-Camphanic acid
S:R=995:05 S:R=46.0:54.0 S:R=759:241

AE =Eg-Eg =13.18 kJ/mol AE =Eg-Eg =-1.51 kJ/mol AE =Eg-Eg=2.85 kJ/mol
o o}
5 o ) Ho e O e
o0 s
0 Me™ ‘OMe
(8)-1,4-Benzodioxane-2-carboxylic acid (S)-(+)-MaNP acid (-)-Menthyloxyacetic acid
S:R=648:352 S:R=526:47.4 S:R=785:215
AE =Eg-Ep=1.51 kd/mol AE = Eg-Eg =1.09 kJ/mol AE =Eg -Eg = 3.22 kJ/mol

Fig. 4-11 Selection of chiral auxiliary.



FT. AFMBELZGAN LIS SEE O 21T o7 (Fig. 4-12), 72 I{bEMTH
H7aER38 LI — RIK40 1ZK LT 7 ma 2% U PEEH EDC ZEA7 L LTHW
TAREMMBIE §)-(H)-T 7 axkr ffia 38z, ZOMGTIE=F v FA~—fHTO
FOGHEIZ T2, K11 OPT AT LA~—RAEW 65 KT 66 NZILZEI 718%35 X
W 68% DI TG BTz,

OMe
OMe

O
O 7 O (S)-(+)-Naproxen O O

EDC, DMAP

b
?

X
X
o9
o9 ° e
HO

Meoo

Racemates Diastereomeric mixtures
38: X =Br 65: X = Br (78%)
40: X = | 66: X = | (68%)

Fig. 4-12 Preparation of 65 and 66.

ZOTuER 65 KNI — KK 66 12X LT K7 o) b UBRIBEL BT L
7= (Table 4-4), ZZTIEVE Fu7=F v b LUBRIESICT OB VRIE & Pd filtfil 5
ENZIEM LS LTz, £ORER. 7 VNS TIEOSITETT 5 6 D
D, 67 & 683K 1:10053:2DFEGTERKL, V7 AT LA~—MTORIGHEIZE
LR8O B iL7e o 7 (Entries 1, 2), —J7, Pd il Ar—Ar 1 v 7Y VRIS TIE 7 v €
& 65 TIXFEIZEIUT DDA THo7eh, 39— FE 66 IZx L TRICERBZR>725
B NET8%. 5 3DAERE T Fr 7Ty hLr 67 & 68 DIRAEMEED =
E V) L7z (Entries 3, 4),

OMe

MeO MeO
Diastereoselective

. 0 o
A encron ™ @ %
Mo O. MeO <= ()
MeOO MeOo

67 68
[a]p2® = +30.0 (¢ = 0.500, CHClg)  [a]p®” = —10.4 (¢ = 0.500, CHClg)

Table 4-4 Diastereoselective Ar—Ar coupling reaction of 65 and 66.

entry X conditions SM 67 + 68 (%) ratio (67 : 68)
1 Br HSi(SiMe;);, AIBN, Na,HPO,4, Benzene 38 56 1:1
2 | HSi(SiMe;);, AIBN, Na,HPO,, Benzene - 48 3:2
3 Br Pd(OAc),, n-BusP, Ag,COs, DMF 78 - -
4 I Pd(OAc),, n-BusP, Ag,CO;, DMF - 78 5:3
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I— FK66 1IZxt9 % Ar-Ar 7 v 7'V U VS TIL, RUSFEENEIL S TR0 2
EMS ., LM INBRETIZ Y T AT LA~ —B CRIGHER 2N Z LRI EN D,
OO RERERICHEARERORRENE T Lo B2 6050, BIFARERIZE
THEBYM O N X =22 HRKT DBRILDOKISHEIZZNE L, LD LETERMPEAK

ST 67 DMESE LTI LIV B 272 (Fig. 4-13),

MeO B MeO
Sy o0
! +Pd(0) “Pd
MeO - Q — MeO - O
MeOO MeOO
66a - -
MeO B MeO_ |

-Pd(0) 2 MeO <=

MeO
@0 W

Y
o

MeO o

Fig. 4-13. Difference of reactivity between diastereomers 66a and 66b.

BHE (D-HEZ TV DORFEK

Ar-Ar 1 7'V U RISIZ K VG LNTZ6T L 68 DY T AT LA~ —IREWIIH T A
rnaw WS T T7 4 —TRBITHETHZ LN TE, HEELT- 67 DRFMBIIEZ KHEL
TNAI=TL)FULATETLHCRELIATFAIE Y TV 2 32 % 88%DINHE T,
%I 32 22 RBARTETUH LA TFAVEEZRETDIZLET, (- TY
(2) DERAESET L= (Fig. 4-14), AR LT 213 [alp = +115.7 OFEtEA R L, KK
VIOFENEE ([o]p’=+168.2) &g+ 5 Z LTk v, AR KR & [\ UMk (A7
BEHETD (D-HEZFTVL Q) ThHILEMRLE D,

44



MeO

Mixture of 67 and 68 0
67

[a]p25= +30.0 (¢ = 0.500, CHCl3)

MeO

LiAlH,
THF, 0 °C
88%
(I—)|O_ MeO
@ \_/ o
S0 g
-
HO &, MeO < O.
Ho CH,Cl,
72% HO
(+)-Cavicularin (2)
32

22 — —
Natural: [a] p2 = +168.2 (c = 0.25, MeOH) [a] p** = +117.2 (¢ = 0.767, CHCly)
Synthetic : [a] p2! = +115.7 (¢ = 0.700, MeOH)

Fig. 4-14 Completion of the synthesis of (+)-cavicularin (2).

XTIV T LEFEH L HPLC AT OfE R, SR (4)-2 1. 97.9%ee & Ev—)
CFAMETHDH L EHR L, (HD-HET TV 2) ORFAMEE T Lz (Fig.

4-15),

Column : 4.6 x 150 mm, Kromasil 3-CelluCoat
Solvent : Hex : i-PrOH

Flow rate : 1 mL/min

Detector : UV 254 nm HO 2

I
|1 ‘_}
' f\
HO OH |

(+)-Cavicularin (2) - 5—‘_—‘ — —4‘ -
Column : 4.6 x 150 mm, Kromasil 3-CelluCoat
Solvent : Hex : i-PrOH
Flow rate : 1 mL/min -
Detector : UV 254 nm =
HO f
I\
°4 ) |
I
Ho-=3{ Y ¢ |
: .
HO { \
. . = Y
(+)-Cavicularin (2) = v | \‘_¥ B

Fig. 4-15 HPLC analysis of cavicularin (2) using chiral column.
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WHE

A LICBWTEHRIT, TNETUMREETB IR TEERREREAERV UL
FADAEG AR DN G 2 5l & LT 7 AT LY A1) KO E T F Y
¥ (2) OERRMIEEBZRoT,

TAT LU AQ) OERMAFIETIL, KEIRE R B D VERR O KR BEREE % )
FNEAR—ETH S CRESRZ TN T 5 Z LIS Lz, & 512 41Tk 28kl » 7Y
VRS ERRE LTS R, A VAR U T A (V) WA YR Y T T U OfE
REMIELRRET 52 LITRIIL, 217 B 6.4%DIGRT 1 OFIORERZ # L
77

OMe OMe OH
A—é 0 o 0
340 she 0
B 1) Pdy(dba)s, SPhos 1) VOClI3, CH,Cl, 7
O Na,CO3, DMF, 72% 58%
O 2) Dowex® 50WX2-100  MeO Q O 2) BBrg, CH,Cly HO O O
OMe ;om0 MeOH EtOAC = 2:1 76% o
OoTf 83% HO 1
Asterelin A(1)
24 4 Total 17 steps
6.4% over all yield

A7 7V (2) ODEMMIFETIE, 7&K ()2 BLOVECFEEER (+)-2 DERKIZ
waﬁ&&ﬁbto7t BRERRTIX 4 O 102 RRAIZa vFRE L7z 41 123 L

DTN Ar-Ar By 7 T RS EAT o T2 AE R PA(OAC),—nBusP filifim % W5 Z &
Li@/tkm7:%/FV/%%ﬂf% 420 BePE 3.8%DINET 2 O T & KA
(R Lz,

OMe OMe
o o 1) Pd(OAG), n-BugP
1) Nal, NaOCI, NaOH Ag,CO3, DMF
MeOH, 75% 120 °C, 50%
10' > >
2) Ac,0, DMAP 2) K,CO3, MeOH
meo—{_ ) ) 97% meo—{_ ) ) 3) BBrg, CH,Clg
HO AcO 71% over 2 steps
(x)-Cavicularin (2)
4 a1 Total 20 steps
3.8% over all yield

< (D)2 DREGTIE. A2 IV OETAMAKFESREL LTy F A
BN Ar-Ar B v 7Y UG, TF U F RS FNSAR-E IR, B LR
FREZRAT 5 Ar-Ar Iy 7Y VRIS ERET LTc, ZORER, =F o F 48R
(SIS ML R L OSBRI TR < R WS FER 215D Z L IXT& edno Tz,
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Enantioselective Pd-catalyzed Ar-Ar coupling reaction

OMe
o]
O O 10 mol% Pd(OAC)2
10 mol% (S, S)-Chiraphos
I AgoCO3 _
o)) one
120 °C
AcO 23%, 11%ee
a1 42

Enantioselective Suzuki-Miyaura reaction

OMe

MeO

10 mol% Pdy(dba)s

(0]
20 mol% (S)-(<)-BINAP O
3 eqKsPO, .
g =)
MeO

M
DMF (0.001 M) e0

TfO 2%, 18%ee
100 °C

37

—J. )T T eI ERFMPIELE L TEALE Ar-Ar By 7Y v I KE
TIX 78% DI, 5:3 DVT AT UARIRMETHIIM 67T #1520 Z LA TE, HEITA
FER L OUKBEORELEZRET H 2 & T2 20 B 4.0%DINET (H)-B v
TV Q) DEMRETET L, AETIZ, ZAE TOMIT NV—TDERKTITERK T
T TR 97.9%ee & VT o F A ML TRWUIE AL E L BT D (HD-IEY
ZUr (2) OAERITEEI LT,

Diastereoselective Pd-catalyzed Ar-Ar coupling reaction

OMe

s
Pd(OAC),, n-BugP 0 O o Q
' o P Ps
oS w7 o

78%

0} 67:68=5:3 MeO~_O<=o C o
(0] MeOﬁ i:O
MeO Q O

66 67 68
M;O HO
Q/ g 1)Li£‘IH4, THF @/o
e S S 90 ¢

2) BBr3 CH20|2

MeO o 71% HO
67

(+)-Cavicularin (2)
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1) Kosho Makino, Kenichi Harada, Miwa Kubo, Hideaki Hioki, Yoshiyasu Fukuyama. Total
Synthesis of Bisbibenzyl Dibenzofuran Asterelin A via Intramolecular Oxidative Coupling.
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EBROER

B E

FRIZHWT O OIENER Y | JEIZEE LTIk o WEMR &2 e,

FERE R L (NMR) A7 kUi, Varian #1:5 Mercury-300 %!, Mercury plus-300 7
MR-400 %1 MR-500 % v, 7 b T AF LT (TMS) ZWNHEERE L L CHIE L
7= 7=, WEEBIIE ookl A (CDCL) . BV & MY (acetone-ds) % AV 7=,
b5 7 & (d) 1% ppm HAL, fEAEE () 1L Hz AL CREE L7z, v 7 uid—Ef
(Xs, THEMITA, ZEHRITL UERT q0 ZERIEm LR L, ERRAEST
br THEFL L7,

IRIMERILIN (IR) A2 Ui H AR Y64t FT/IR-4200 %53 Y6 Y6 G % VT ATR
ECTHE LTe,

B (MS) v AARY MUEHARE 7 INM-AX 500 24 & O The MStation JMS-700
B FRAEE B AT 2 VY, BT ER A A AkIE (B, AbFEA A ARE (CD), Sl
JFHE 28 A A AbiE (FAB) ([CK D HEIE L., mdE #2281 4 1biE (FAB) O~ F
v 7 AL m-= b a XU T v a— v E W, JIE RS SCE R g &
—\KFE U7z, F 7z TR~ 2 22 k)L (TOF-MS) I PerSeptive Biosystems f1:
%! Voyager TM DE RP % W CHllE L 7=,

EHIEIR 7 v~ N7 F 7 4 — (HPLC) 1L H A AL PU-1587 2R 7 & LTHW,
B IS B AR e b Uv-2075 2w, EiRAS E L THARS KA HR
MX-2080-32 % v /=, HPLC HiZ 7 5 & LTH I T A 7 A7 %18, COSMOSIL 5SL-II
(20x250 mm) ZffFfH L. HPLC FH*Z /4 7 & & LT Akzo Nobel ft:4 Kromasil
3-CelluCoat (4.6x150 mm) ZfEH L7z,

T =T h T AFEAE LT, U AL B bR Silica gel 60N (BRIR, H)
63—210 pm, FEHEEE T 24408 Wakogel C-300 45—75um.,  BEH L2248 Silica gel 60N
(BRI, ) 40-50 um A L7z,

SYBUR. St EM s v~ K5 7 4 — (TLC) 1Z. MERCK #E# Silica gel 60 Fys4
025mm Z AL, ARy FOMRHEIZIE 254 n0m O UV 7 7 ORE, 3 0 FBRKE.
10% Ve 7T VBT ) —VROH N ORI 2% 7 =AT7 VTt R=X ) —
NFEHNZR UNET 22 L TR I o7,
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4-Benzyloxy-3-hydroxybenzaldehyde (12)

CHO CHO
BnBr, K,CO3
e
OH Acetone; reflux OH
OH 63% OBn
1" 12

34-Vt Fadxy XU X705 ke K (11) (2.03 g 147 mmol) O 7 & kIR (150

mL) (ZEREEH U 7 A (3.05 g, 22.1 mmol) & BAEL~> L (1.74 mL, 14.7 mmol) Z 1%
65 °CTARFRINNEERTT L7z, BUSHK T, Celite®535RVS TlEIE LISIE & HE L7z, £
Ol AE 1T L7 v~ 7T 7 ¢ — (Toluene:EtOAc = 13:1) THHL L T12 (2.12 g,
63%) E1+7-,
Compound 12: colorless solid; 'HNMR (300 MHz, CDCl;): § 5.21 (2H, s), 5.77 (1H, s), 7.05
(1H, d, J=8.2 Hz), 7.40—7.47 (7H, m), 9.86 (1H, s); *C NMR (75 MHz, CDCl;): & 71.3, 111.5,
114.4, 124.4, 127.9, 128.8, 128.9, 130.8, 135.2, 146.3, 150.9, 191.0; IR (ATR): 3201, 1672,
1604, 1577, 1511, 1454 cm™'; EIMS m/z (rel. int.): 228 [M]"(40), 92 (40), 91 (100), 65 (40);
HR-EIMS: [M] caled for C14H,205 228.0786; found 228.0789; mp: 120.0—122.0 °C.

4-Benzyloxy-3-methoxymethoxybenzaldehyde (6)

CHO CHO
MOMCI, DIPEA
OH CHyCl,, 0°C OMOM
OBn 84% OBn
12 6

12 (2.60 g, 11.4 mmol) ® CH,Cl, ¥&#% (114 mL) % 0 °C ({Z##EI L. MOMCI (1.73 mL,

22.8 mmol) & DIPEA (3.98 mL, 22.8 mmol) Z 1z 12 BHEHE L=, K& N2 O %45
B2, KE%Z CH.CLH L, AiE %K & iRk Cied, Wile U o ATzl
SH, Bl TELNEREEZ 7570~ N7 7 4 — (Hexane:EtOAc = 3:1) T
FERLL C 6(2.44 g, 84%) %157,
Compound 6: yellow oil; '"H NMR (300 MHz, CDCls): § 3.50 (3H, s), 5.21 (2H, s), 5.25 (2H, s),
7.00 (1H, d, J=8.4 Hz), 7.36—7.47 (6H, m), 7.66 (1H, d, J=1.9 Hz), 9.80 (1H, s); °C NMR (75
MHz, CDCls): & 56.3, 70.6, 95.3, 113.0, 116.0, 126.6, 127.1, 128.1, 128.6, 130.1, 135.9, 147.1,
154.2, 190.6; IR (ATR): 2826, 1684, 1582, 1505, 1454, 1434 cm™'; EIMS m/z (rel. int.): 272
[M]" (78), 227 (35), 181 (40), 91 (100), 65 (40), 45 (80); HR-EIMS: [M]" calcd for C1sH 1604
272.1049; found 272.1041.

Dimethyl (2-bromo-5-methoxybenzyl)phosphonate (7)

Br
P(OMe)3 Br

Br " O 0
reflux P(OMe),
OMe 98%
OMe
13 7
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-7 E5-A RFIARUVLT IR (13) (100 g 357 mmol) EHLY R R Y AF
JL (13.0 mL, 107 mmol) DIEEW % 90 °C T2 BERINBGEF L7, B L TE b=
a7~ T T7 40— (EtOAc) THE L T7(10.8 g, 98 %) 157,
Compound 7: yellow oil; '"H NMR (300 MHz, CDCls): & 3.39 (2H, d, J=22.1 Hz), 3.70 (3H, s),
3.74 (3H, s), 3.79 (3H, s), 6.68 (1H, dd, J=2.9, 8.8 Hz), 7.00 (1H, d, J=2.9 Hz), 7.44 (1H, d,
J=8.8 Hz); ’C NMR (75 MHz, CDCl;): § 32.0, 33.8, 52.9, 53.0, 55.5, 114.8, 114.9, 115.1,
115.3, 116.8, 116.9, 132.3, 132.4, 133.4, 133.5, 158.8, 158.8; IR (ATR): 2953, 2849, 1596,
1572, 1474, 1415 cm™'; EIMS m/z (rel. int.): 310 [M]" (10), 308 [M]" (10), 230 (30), 229 (100),
214 (30), 201 (10), 199 (20), 93 (30); HR-EIMS: [M]" calcd for C;oH;404BrP 307.9813; found
307.9815.

Methyl 3-(4-formylphenoxy)-4-methoxybenzoate (8)

OMe OMe

o]
er HO CuO, K,COy Q ©
+ >
OHC OHC

Pyridine, reflux
COMe 76% CO:Me

10 9 8

TR T, 4-7BERXTLTE R (10) (4.50 g, 32.6 mmol), [RKEEH U 7 L
(1.06 g, 7.67 mmol) & {4 (IT) (608 mg, 7.63 mmol) DMK E Y 2 &K (10 mL) 12,
3-b K44 FF U2 BERRA TV (9) (995 mg, 546 mmol) Z 1z, 125 °C T 16
WFRIINEAER I L7z, BOUGHE T4, Celite®535RVS Tl LIRIR 2 186 L7z, ok
EaEHT7 L7~ 7T 74— (Toluene) THMLL T 8(1.18 g, 76%) % 1+7-,
Compound 8: yellow solid; '"H NMR (300 MHz, CDCls):  3.86 (3H, s), 3.89 (3H, s), 6.99 (2H,
d, J=8.7 Hz), 7.06 (1H, d, J/=8.4 Hz), 7.78 (1H, d, J=1.8 Hz), 7.83 (2H, d, J=8.7 Hz), 7.97 (1H,
dd, J=1.8, 8.4 Hz), 9.91 (1H, s); °C NMR (75 MHz, CDCl;): & 52.1, 56.1, 112.1, 116.3, 123.4,
123.8, 128.5, 131.2, 131.9, 142.6, 155.5, 163.0, 166.0, 190.7; IR (ATR): 1716, 1692, 1600,
1579, 1504, 1437 cm™'; EIMS m/z (rel. int.): 286 [M]" (100), 255 (94), 127 (20); HR-EIMS:
[M]" caled for C16H;405 286.0841; found 286.0850; mp: 94.5-96.2 °C.

(E)-Methyl 3-(4-(2-bromo-5-methoxystyryl)phenoxy)-4-methoxybenzoate (14)

OMe
o)
OMe
Br
o) 0 NaH 5 O ©
@ . P(OMe); ——— Br |
OHC THF, 0°C COMe
CO,Me OMe 98% O
OMe
8 7 14

TN KG T 7 (8.80 g, 28.6 mmol) DMK THF & K (4 mL) % 0 °C (/WAL
60% /K#FEfLF hVU 7 A (153 g 382 mmol) ZANx 1 B L7, KW T8 (6.64 g,
19.0 mmol) O &K THF {A#E (1 mL) Z A0z, ZIE T 24 R L7z, fafiiiib” &
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=7 LAKERE N2 TS Z 1R, KIE% EtOAc T L, AHE 2K & fafn i

KT, HFonT-A¥EEZMET N U ATHBIE, Bl TEHEONTERELY

N h7 v~ hJ T 7 4 — (Hexane:EtOAc = 10:1) THH L T 14 (8.70 g, 98%) % 157=,
Compound 14: colorless solid; '"H NMR (300 MHz, CDCls): & 3.80 (3H, s), 3.84 (3H, s), 3.86

(3H, s), 6.66 (1H, dd, J/=2.7, 8.8 Hz), 6.93 (2H, d, J/=8.8 Hz), 6.96 (1H, d, J=16.2 Hz), 7.00 (1H,
d, J=8.5 Hz), 7.14 (1H, d, J=2.7 Hz), 7.30 (1H, d, J/=16.2 Hz), 7.42 (1H, d, J=8.8 Hz), 7.48 (2H,
d, J=8.8 Hz), 7.68 (1H, d, J=2.1 Hz), 7.86 (1H, dd, J=2.1, 8.5 Hz); *C NMR (75 MHz, CDCl;):

§51.9, 55.4, 56.0, 111.5, 111.8, 114.7, 114.8, 117.3, 122.1, 123.0, 126.3, 127.2, 128.1, 130.6,

131.7, 133.4, 137.7, 144.3, 155.2, 157.4, 158.9, 166.1; IR (ATR): 2951, 2839, 1712, 1604, 1583,
1566, 1503, 1462, 1436, 1419 cm™'; CIMS m/z (rel. int.): 471 [M+H]" (100), 470 [M]" (90),

469 [M+H]" (100), 468 [M]" (60), 390 (20); HR-CIMS: [M+H]" calcd for C,4H,0OsBr
469.0651; found 69.0637; mp: 93.5-94.5 °C.

(E)-(3-(4-(2-Bromo-5-methoxystyryl)phenoxy)-4-methoxyphenyl)methanol (15)

_LAH, ?
COzMe THF, 0 °C
98%

TV I G T, 14 (1.40 g, 2.9 mmol) DK THF ¥ #K (10 mL) % 0°C IZWmEI L., /K

FLVF T LTI =7 4 (020g,5.52 mmol) & M2 ZRIET 30 R L=, HEAE
FRU T LAY T LKFIKEER 2 N2 OGS E A5 185 K8 % BtOAc filtt L, A
J& oK &R R THEE, o ARBEZmEET M) U A TS S, BEL
THEoNnERIEE 770~ 7T 7 4 — (Hexane:EtOAc = 2:3) TR L T 15
(1.25 g, 98%) Z4+7-,
Compound 15: colorless solid; "H NMR (300 MHz, CDCls): & 3.77 (3H, s), 3.78 (3H, s), 4.54
(2H, s), 6.63 (1H, dd, J=3.0, 8.8 Hz), 6.88 (2H, d, J/=8.6 Hz), 6.91 (1H, d, J=16.1 Hz), 6.93 (1H,
d, J=8.6 Hz), 6.96 (1H, d, J=1.9 Hz), 7.08 (1H, dd, J=1.9, 8.6 Hz), 7.10 (1H, d, J=3.0 Hz), 7.24
(1H, d, J=16.1 Hz), 7.39 (1H, d, J=8.8 Hz), 7.42 (2H, d, J=8.6 Hz,); >*C NMR (75 MHz,
CDCls): 8 55.5,56.1, 64.7, 111.6, 112.8, 114.8, 117.4, 120.0, 123.7, 126.2, 128.2, 130.8, 131.5,
133.5, 134.0, 137.9, 144.8, 150.9, 157.9, 159.0; IR (ATR): 3377, 2934, 1505, 1463, 1440, 1425
cm ', CIMS m/z (rel. int.): 441 [M+H]" (70), 440 [M]" (60), 439 (70), 361 (100), 360 (60), 225
(20); HR-CIMS: [M+H]" calcd for C»3H2,0,4Br 441.0701; found 441.0721; mp: 82.8—83.2 °C.
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(E)-Dimethyl-3-(4-(2-bromo-5-methoxystyryl)phenoxy)-4-methoxybenzylphosphonate (17)

? SOBry \gj P(OMe), ng
Benzene reflux (MeO
0 °C -rt. 98%
(over 2 steps)

TR, 15 (4.31 g, 9.85 mmol) @ CH.CLIRIE 3mL) % 0°C I2HmAEIL, &

{bFA4 =/ (1.00 mL, 12.8 mmol) Z Nz, 2.5 BREfEHEH L7, K& N2 SO0 245 15
KIE % CHCL fliH U A48 27K & fafn B K CUeis il R U U ATz S H 7,
BONTFRBEEWY Ui RY AF /L (5.85mL, 49.5 mmol) %Iz T 100 °C C 24 F¢EHN
BaEE LTz, RUGHKE TH, toluene LI L VG RiEE W o7 L a~ NI T 7«4
— (Hexane:EtOAc = 15:85) THHL L, 17 (5.12 mg, 98%) %157z,
Compound 17: yellow oil; "H NMR (300 MHz, CDCLs): & 3.07 (2H, d, J=21.3 Hz), 3.65 (3H,
s), 3.69 (3H, s), 3.82 (6H, s), 6.68 (1H, dd, J=2.9, 8.8 Hz), 6.93 (2H, d, J=8.7 Hz,), 6.95 (1H, d,
J=2.5 Hz), 6.97 (1H, d, J=8.3 Hz), 6.98 (1H, d, J=16.4 Hz), 7.09 (1H, dd, J=2.5, 8.3 Hz), 7.16
(1H, d, J=2.9 Hz), 7.30 (1H, d, J=16.4 Hz), 7.44 (1H, d, J=8.8 Hz), 7.48 (2H, d, J=8.7 Hz); °C
NMR (75 MHz, CDCls): § 31.2, 32.6, 52.9, 52.9, 55.2, 55.5, 56.0, 111.6, 113.0, 114.8, 116.8,
117.3, 122.5, 122.6, 123.9, 126.2, 127.7, 128.1, 130.3, 130.8, 131.5, 133.5, 137.9, 144.5, 150.5,
157.9, 159.0; IR (ATR): 2952, 2838, 1584, 1503, 1463, 1442, 1425 cm™'; EIMS m/z (rel. int.):
535[M]" (100), 533 [M]" (70), 455 (50), 454 (50), 343 (50), 208 (20), 165 (20), 44 (40);
HR-EIMS: [M]" caled for C,5H,70¢BtP 533.0697; found 533.0713.

1-Benzyloxy-4-((E)-3-(4-((E)-2-bromo-5-methoxystyryl)phenoxy)-4-methoxystyryl)-2-methox

ymethoxybenzene (18)
OMe
OMe
o) CHO
Br ! +
| MeO), P OMOM 4’THF

e
O 2 A OBn 0°C, 94%
OMe OMe viomo

17 6 18

TR T 17 (5.44 g, 8.95 mmol) D #E/K THF (90 mL) &% 0 °C ([ZHEIL .
60% /K#FEfLF bV 7 A (716 mg, 17.9 mmol) ZHNx 1 BEREF L=, RW\T6 (2.92 g,
10.7 mmol) DMK THF (10 mL) &K &M%, ZEIE T 24 FEFEE L2, sl v
Fo U AKEREIMZ TRIGEE IR, Kig% EtOAc THItH L., AHE 2K & fafni
WK THE., BoNT-AlE2miErT N U ATHRIEZ, B L THEONTKE
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HHT LU~ kT 74— (Hexane:EtOAc = 4:1) THHLL T 18 (5.70 g, 94%) %45
77

Compound 18: pale yellow oil; '"H NMR (400 MHz, CDCl:): & 3.54 (3H, s), 3.84 (3H, s), 3.86
(3H, s), 5.16 (2H, s), 5.26 (2H, s), 6.70 (1H, dd, J=3.0, 8.8 Hz), 6.85—6.88 (2H, m), 6.97—7.03
(5H, m), 7.17-7.19 (2H, m), 7.24-7.52 (12H, m); >C NMR (100 MHz, CDCL): & 55.5, 56.1,
56.3, 71.0, 95.7, 111.6, 112.8, 114.5, 114.8, 117.3, 118.7, 121.1, 123.4, 126.1, 126.2, 127.1,
127.2,127.9, 128.2, 128.6, 130.8, 131.1, 131.2, 131.4, 133.5, 137.0, 138.0, 144.8, 147.2, 148.7,
150.9, 158.0, 159.0; IR (ATR): 2931, 1588, 1503, 1462 cm™'; FABMS m/z (rel. int.): 680 [M]"
(20), 678 [M]" (20), 345 (20), 154 (50), 136 (50), 91 (100), 41 (100); HR-FABMS: [M]" calcd
for C30H35BrOg 678.1617; found 678.1601.

1-Benzyloxy-4-(3-(4-(2-bromo-5-methoxyphenethyl)phenoxy)-4-methoxyphenethyl)-2-methox

ymethoxybenzene (19)
TsNHNH,
NaHCO Br Br
EtOCZH4OH
135 °C
®MOMO 97% § OMeMOMO MOMO MOMO

22

18 (5.13 g, 7.55 mmol) @ EtOC,H,OH #&# (75 mL) (2, TsNHNH, (14.0 g, 75.5 mmol)
CIREAKFETFT R Y 7 A (634 g, 75.5 mmol) A%, 135 °C T3 BEMIMNEER T L7z, X
JEAE T . Celite®535RVS Tl L. /K%M Z EtOAc THiH L, AREE %K & fafnaif
KTHE., BoNT-AWEZMET N U ATHRIEZ, Bl THoNTKEE
NT v~ 7T 7 4— (Hexane:EtOAc =9:1) THH L T 19(5.00 g, 97%) %157,
Compound 19: colorless oil; 'H NMR (400 MHz, CDCls): & 2.77 (4H, br s), 2.85-2.97 (4H, m),
3.50 (3H, s), 3.74 (3H, s), 3.82 (3H, s), 5.11 (2H, s), 5,18 (2H, s), 6.63 (1H, dd, J=3.5, 8.8 Hz),
6.68 (1H, d, J=2.0, 8.0 Hz), 6.69 (1H, d, J=3.2 Hz), 6.75 (1H, d, J=1.3 Hz), 6.80 (1H, d, J=8.2
Hz), 6.85 (2H, d, J=8.5 Hz), 6.88—6.91 (3H, m), 7.13 (2H, d, J=8.5 Hz), 7.29-7.43 (6H, m); "°C
NMR (100 MHz, CDCl3): & 35.4, 37.0, 37.3, 38.7, 55.4, 56.1, 56.2, 71.1, 95.7, 112.6, 113.3,
114.5,114.8, 116.1, 117.3, 117.8, 120.8, 122.3, 124.2, 127.2, 127.8, 128.5, 129.5, 133.2, 134.7,
135.0, 135.4, 137.3, 141.9, 145.0, 146.8, 147.3, 149.4, 156.1, 158.8; IR (ATR): 2928, 1589,
1504, 1469, 1423 cm™'; FABMS m/z (rel. int.): 707 [M+Na]" (10), 705 [M+Na]" (10), 684 [M]"
(100), 682 [M]" (10), 154 (70), 136 (60), 91 (100); HR-FABMS: [M]" calcd for C30H30BrOg
682.1930; found 682.1903.

Compound 20: colorless oil; "H NMR (300 MHz, CDCls): & 2.72—2.76 (4H, m), 2.89 (4H, br s),
3.78 (3H, s), 3.82 (3H, s), 5.09 (1H, br s), 5.18 (1H, br s), 6.53 (1H, dd, J=2.0, 8.0 Hz), 6.61
(1H, d, J=2.0 Hz), 6.69—6.78 (5H, m), 6.81 (2H, d, J= 8.6 Hz), 6.88 (1H, d, J=2.0 Hz), 6.88 (1H,
d, J=2.0 Hz), 7.08 (2H, d, J=8.6 Hz), 7.20 (1H, t, J=8.0 Hz); >’C NMR (75 MHz, CDCL): &
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36.9, 37.0, 37.2, 38.0, 55.2, 56.1, 111.2, 112.6, 114.3, 115.2, 115.6, 117.3, 120.8, 120.9, 121.0,
124.1, 129.3, 129.4, 129.4, 134.7, 135.8, 141.5, 143.3, 143.4, 145.0, 149.3, 155.9, 159.4; IR
(ATR): 3416, 2926, 2855, 1604, 1505, 1441 cm™'; EIMS m/z (rel. int.): 470 [M]" (77), 349
(100), 211 (41); HR-EIMS: [M]" calcd for C30H3005470.2093; found 470.2093.

Compound 22: colorless oil; 'H NMR (500 MHz, CDCls): § 2.76 (4H, s), 2.88 (4H, s), 3.47 (3H,
s), 3.77 (3H, s), 3.81 (3H, s), 5.21 (2H, s), 5.84 (1H, s), 6.68 (1H, dd, J=2.0, 8.0 Hz), 6.72-6.75
(3H. m), 6.77 (1H, br d, J=7.5 Hz), 6.81 (2H, br s), 6.82 (2H, d, J=8.6 Hz), 6.88 (1H, d, J=2.0
Hz), 6.88 (1H, d, J=2.0 Hz), 7.09 (2H, d, J=8.6 Hz), 7.19 (1H, t, J=7.5 Hz); °C NMR (125
MHz, CDCls): 6 37.0, 37.1, 37.4, 38.0, 55.1, 56.1, 56.3,95.9, 111.1, 112.6, 114.2, 115.0, 115.7,
117.2, 120.8, 120.8, 122.9, 124.2, 129.2, 129.4, 133.6, 134.6, 135.7, 143.4, 144.2, 144.3, 145.0,
149.3, 155.9, 159.5; IR (ATR): 3439, 2931, 1603, 1583, 1504, 1454, 1439 cm™'; EIMS m/z (rel.
int.): 514 [M]" (13), 482 (100), 361 (31), 359 (78), 347 (30), 211 (48), 45 (37); HR-EIMS: [M]"
calcd for C3,H3406 514.2355; found 514.2362.

4-(3-(4-(2-Bromo-5-methoxyphenethyl)phenoxy)-4-methoxyphenethyl)-2-(methoxymethoxy)p
henol (21)

OMe OMe

0
Br Br &

H,, Pd(OH),

O MeOH/CHCl; = 1:9
oM O 93% OMe O
€ MoMO MOMO

OBn OH
19 21

19 (45.3 mg, 66.3 umol) @ CHCl;:MeOH = 9:1 &% (2.5 mL) (Z Pd(OH),/C (4.0 mg)

Nz, KFBEHE 10 M LR LI, RISK T#. Celite®535RVS TlEiH LIE
e, Boni=EiEs 7570~ 7T 7 04— (CHCly) THHR L T 21 (36.6
mg, 93%) =137,
Compound 21: yellow oil; 'H NMR (400 MHz, CDCls): & 2.76 (4H, br s), 2.85-2.97 (4H, m),
3.49 (3H, s), 3.74 (3H, s), 3.82 (3H, s), 5.13 (2H, s), 5.78 (1H, s), 6.63 (1H, dd, J=3.2, 8.8 Hz),
6.68 (1H, dd, J=2.0, 8.0 Hz), 6.70 (1H, d, J=5.6 Hz), 6.72 (1H, d, J=1.6 Hz), 6.82—6.84 (4H, m),
6.88—6.89 (2H, m), 7.13 (2H, d, J=8.4 Hz), 7.42 (1H, d, J=8.8 Hz); °C NMR (100 MHz,
CDCls): & 35.4,37.2,37.4,38.7, 55.4, 56.1, 56.4, 96.0, 112.7, 113.3, 115.0, 115.8, 116.1, 117.3,
120.8, 123.0, 124.2, 129.5, 133.3, 133.6, 134.7, 135.4, 141.9, 144.2, 144.4, 145.0, 149.4, 158.8;
IR (ATR): 3447, 2931, 1604, 1505, 1471 cm '; EIMS m/z (rel. int.): 594 [M]" (71), 592 [M]"
(69), 562 (76), 560 (74), 439 (95), 437 (92), 427 (84), 425 (96), 361 (96), 239 (46), 211 (100),
135 (42), 90 (28), 45 (58); HR-EIMS: [M]" caled for C3,H33BrOg 529.1461; found 592.1469.

55



4-(3-(4-(2-Bromo-5-methoxyphenethyl)phenoxy)-4-methoxyphenethyl)-2-(methoxymethoxy)p
henyl trifluoromethanesulfonate (23)

szo DMAP
CH2<:|2 96%

OMe MOMO OMe \1omo

OMe

21 (35.9 mg, 60.0 mmol) ™ CHZCME‘{TQ (1mL) #-78 °C T E1#% . DMAP (9.0 mg, 121
umol) & FU Z/bAd v A K 2 A)VIR VEESEKY) (12.9 pL, 121 pmol) Z 1%, 1 KR
LT, IRIEAKFET N U U LKEEKREZ M S AF 11, KEZ CHCLHH L, AtfE
ZoK & EAFN AR T, BT FY U A TS S, BELTEON-EBELY D
T Ly~ ~77 7 4— (Hexane:EtOAc =3:1) THEL L T 23 (42.2 mg, 96%) % 157=,
Compound 23: colorless oil; "H NMR (400 MHz, CDCls): & 2.80-2.95 (6H, m), 2.95-2.97 (2H,
m), 3.49 (3H, s), 3.74 (3H, s), 3.83 (3H, s), 5.18 (2H, s), 6.64 (1H, dd, J=3.2, 8.8 Hz), 6.71 (1H,
d, J=2.8 Hz), 6.73 (1H, d, J=1.6 Hz), 6.77 (1H, dd, J=2.4, 8.4 Hz), 6.84—6.87 (3H, m), 6.90 (1H,
d, J=8.2), 7.00 (1H, d, J=1.6 Hz), 7.09 (1H, d, J=8.4 Hz,), 7.14 (2H, d, J= 8.8 Hz), 7.42 (1H, d,
J=8.4 Hz); °C NMR (100 MHz, CDCLs): & 35.4, 36.6, 37.7, 38.7, 55.4, 56.1, 56.5, 95.0, 112.7,
113.4,114.8, 116.1, 116.6, 117.4, 120.6, 122.0, 122.1, 124.2, 129.5, 133.3, 133.9, 135.6, 137.3,
141.8, 143.3, 145.2, 148.8, 149.6, 156.0, 158.9; IR (ATR): 2924, 2851, 1604, 1504, 1470, 1420
cm '; FABMS m/z (rel. int.): 726 [M]" (20), 724 [M]" (20), 525 (40), 45 (100); HR-FABMS:
[M]" caled for C33H3,BrF;05S 724.0953; found 724.0969.

4-(4-methoxy-3-(4-(5-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenethyl)phen
oxy)phenethyl)-2-methoxymethoxyphenyl trifluoromethanesulfonate (24)

OMe

SRe
Br O 0 O

szinz, Pd(PPh3)4’ K3PO4

O Dioxane, 100 °C
OMe O 81% oM
MOMO e

oTf
23 24

TR T, 23(120mg, 166 pmol), 7 F T XA M) T2 =)L T 3 AT 4 %7
YA (2.0 mg, 1.66 umol), EA(EF 2T — kM)A m s (8.4 mg, 332 umol) &V R
=5 U v (10.5mg, 500 umol) DHE/K A FH L ¥AHE (100 mL) % 100 °C (ZHNZA L,
12 BRI LT, SOSHE T #. Celite®535RVS TR LIBIR A I L. S on-Eik4%
BT LY v~ T 74— (Hexane:EtOAc = 4:1) THHE L T 21 (10.0 mg, 81%) % 15H7=,
Compound 24: colorless oil; '"H NMR (400 MHz, CDCls): & 1.35 (12H, s), 2.78—2.86 (4H, m),
3.11-3.15 (4H, m), 3.49 (3H, s), 3.80 (3H, s), 3.83 (3H, s), 5.18 (2H, s), 6.71 (1H, d, J=2.4 Hz),
6.74 (1H, dd, J=2.4, 8.4 Hz), 6.76 (1H, d, J=2.0, Hz), 6.77 (1H, dd, J=2.0, 8.4 Hz), 68.5 (1H,

MOMO
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dd, J=2.1, 8.6 Hz), 6.86 (2H, d, /=8.6 Hz), 6.86 (1H, d, J/=2.1 Hz), 6.90 (1H, d, J=8.4 Hz), 7.01
(1H, d, J=2.0 Hz,), 7.09 (1H, d, J=8.4 Hz), 7.21 (2H, d, J=8.4 Hz), 7.79 (1H, d, J=8.4 Hz); °C
NMR (100 MHz, CDCls): & 24.9, 36.6, 37.7, 38.9, 39.0, 55.0, 56.1, 56.5, 83.2, 95.0, 110.6,
112.7, 115.1, 116.6, 117.2, 120.6, 121.1, 122.0, 124.1, 129.5, 133.9, 136.9, 137.3, 138.2, 143.3,
145.3, 148.8, 149.6, 151.4, 155.8, 161.8; IR (ATR): 2930, 1602, 1505, 1421 cm™'; FABMS m/z
(rel. int.): 795 [M+Na]™ (10), 772 [M]" (20), 615 (30), 525 (40), 359 (60), 45 (100);
HR-FABMS: [M]" caled for C30H44F3010SB 772.2700; found 772.2712.

Dimethylmethoxymethylriccardin C (25)

OMe OMe 3 OMe

> o
O‘B'O O O Pdy(dba)s, SPhos

anhydrous N32003

. oo
O (0.005 M) " e
OMe \1omo 72% MOMO 3 MOMO
oTf
24 § 25 § 26

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

TV E KGR T 24 (79.2 mg, 103 pmol) @ DMFIEWE (100 mL) (2 kU A(P_ Y
T T )P RT T A (9.4 mg, 103 umol), SPhos (8.3 mg, 20.7 umol) & kR VU
7 2 (32.6 mg, 308 umol) A N%. 100 °CIZHIEAL | 12§l —/b RF = —T7 N TH#
L7ce BOGHE T, Celite535RVS Tl LIRIK A ~Lw > & 3Ph S BRI L7z, 55
NI AR 17 L7 v~ N7 F 7 4 — (Hexane:EtOAc = 9:1) THHEL L CT25 (36.5 mg,
72%) 137,

Compound 25: colorless oil; "H NMR (500 MHz, CDCls): & 2.52-2.68 (3H, m), 2.82—2.88 (3H,
m), 2.95-3.00 (1H, m), 3.09-3.14 (1H, m), 3.33 (3H, s), 3.89 (3H, s), 3.94 (3H, s), 4.93 (1H, d,
J=6.0 Hz), 5.00 (1H, d, J=6.0 Hz), 5.38 (1H, d, J=1.9 Hz), 6.25 (1H, dd, J=1.5, 7.5 Hz), 6.66
(1H, brs), 6.72 (1H, d, J=1.5 Hz), 6.72 (1H, br s), 6.77 (1H, br s), 6.78 (1H, dd, J=1.9, 8.0 Hz),
6.82 (1H, br s), 6.83 (1H, d, J=7.5 Hz), 6.88 (1H, d, J=8.0 Hz), 6.91 (1H, br s), 6.96 (1H, d,
J=2.7 Hz), 7.04 (1H, d, /=8.3 Hz); *C NMR (125 MHz, CDCL): § 35.7, 37.2, 37.9, 38.3, 55.2,
56.1, 56.2, 95.1, 111.4, 111.7, 115.2, 115.4, 116.6, 121.5, 122.3, 122.5, 123.5, 128.8, 129.0,
129.6, 131.1, 132.3, 132.5, 133.7, 139.6, 141.3, 143.2, 146.8, 148.5, 152.7, 153.8, 159.1; IR
(ATR): 2931, 2841, 1605, 1505, 1442, 1420 cm™'; EIMS m/z (rel. int.): 497 [M+H]" (51), 496
[M]" (100), 451 (66), 225 (51); HR-EIMS: [M]" calcd for C3,H3,05 496.2250; found 496.2250.

Compound 26: colorless oil; 'H NMR (300 MHz, CDCls): & 2.78-2.83 (4H, m), 2,87 (4H, br s),
3.47 (3H, s), 3.75 (3H, s), 3.79 (3H, s), 5.16 (2H, s), 6.70-6.87 (9H, m), 6.99 (1H, d, J=2.0 Hz),
7.08 (1H, d, J=8.3 Hz), 7.09 (2H, d, J=8.6 Hz), 7.15-7.22 (1H, m); °C NMR (75 MHz,
CDCl): § 36.5, 36.9, 37.5, 38.0, 55.0, 55.9, 56.3,94.9, 111.1, 112.6, 114.1, 116.5, 117.2, 120.6,

120.8, 121.9, 121.9, 123.5, 124.1, 129.2, 133.8, 135.8, 137.2, 143.2, 143.3, 145.1, 148.7, 149.5,
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155.8, 159.5; IR (ATR): 2934, 1604, 1584, 1504, 1419 cm™'; EIMS m/z (rel. int.): 646 [M]"
(85), 525 (100), 347 (72), 211 (36); HR-EIMS: [M]" calcd for C33Hs;F50sS 646.1848; found
646.1857.

Trimethylriccardin C (28)

OMe
{TTmTTTmemememmnonomosooeooe s ! ‘ o O
o e MeO
Pd,(dba); SPhos | O : Q
2M NaQCOS 3 3 MeO O
_— '
1 : OMe
DMF ‘MeO ; O
48% 3 Q O 3 O
: MeO 3
C = I OMe
§ 3 oy

27 : 28 ; OMe

TR, PYVA(R VU T T RPN T P07 A (4.0 mg, 4.30 umol),
SPhos (3.6 mg, 8.70 umol) & 27 (32.8 mg, 44.0 pmol) % #E/K DMF (8.8 mL) (ZIAfif <7,
EHIZ2M REEA Y 7 A (67 ml, 0.13 mmol) Zh1%., 100 °C (2B L, 12 B> —
RF 22— WNTHE L, G T#., Celite®535RVS Tz L, hloy b djh s
MG LT, (O A Y Y1 2 L HPLC (K 3.5min, REFIER 47 4) THEL
T. 28(10.0 mg, 48%) & ERfb —E:AK 29 (5.1 mg, 25%) % 157=,

Compound 28: colorless oil; '"H NMR (400 MHz, CDCls): & 2.63—2.86 (3H, br s), 2.89-2.97
(4H, m), 3.06-2.97 (2H, m), 3.06-3.33 (1H, m), 3.67 (3H, s), 3.88 (3H, s), 3.94 (3H, s), 5.36
(1H, d, J=1.9 Hz), 6.24 (1H, dd, J=1.5, 7.6 Hz), 6.44 (1H, d, J=1.5 Hz), 6.73—6.83 (6H, m),
6.83 (1H, d, J=7.9 Hz), 6.89 (1H, d, J=8.3Hz), 6.96 (1H, d, J=2.8 Hz), 7.06 (1H, d, J=8.5 Hz);
C NMR (100 MHz, CDCls): & 35.6, 37.3, 38.1, 38.2, 55.2, 55.2, 56.1, 111.1, 111.4, 111.7,
115.4, 116.6, 121.4, 121.7, 122.3, 127.5, 129.2, 129.6, 130.9, 132.4, 132.4, 133.7, 139.7, 141.2,
143.2, 146.8, 148.6, 152.7, 155.9, 159.1; IR (ATR): 2931, 2834, 1605, 1584, 1505, 1464, 1419
cm '; EIMS m/z (rel. int.): 466 [M]" (100), 239 (75); HR-EIMS: [M]" calcd for C3H30O4
466.2144; found 466.2163.

Compound 29: colorless oil; '"H NMR (400 MHz, CDCls): & 2.62—2.79 (8H, m), 3.68 (6H, s),
3.79 (6H, s), 3.85 (6H, s), 6.70 (2H, br s), 6.71-6.83 (16H, m), 6.87 (2H, d, J=2.0 Hz), 6.89
(2H, d, J=2.5 Hz), 7.00 (2H, d, J=7.5 Hz), 7.10 (2H, d, J=8.4 Hz); “C NMR (100 MHz,
CDCly): & 36.5, 36.6, 37.5, 38.6, 55.2, 55.4, 56.1, 110.9, 111.0, 112.6, 114.4, 116.9, 120.3,
120.9, 124.4, 127.8, 129.2, 130.7, 131.3, 131.5, 134.8, 136.4, 142.0, 142.3, 145.0, 149.7, 156.0,
156.7, 158.9; IR (ATR): 3006, 2926, 2854, 1604, 1576, 1503, 1463, 1419 cm™'; FABMS m/z:
933 [M+H]" (2); HR-FABMS: [M+H]" calcd for Cs2Hs 05 933.4366; found 933.4347.
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Dimethylriccardin C (4)

OMe OMe

0
Dowex® 50WX2-100

b
?

MeOH/EtOAC = 2:1 MeO Q O
ve0 )~ ) 70°0
HO

MOMO 83%

25 4

25 (39.0 mg, 81.6 mol) ® MeOH:EtOAc = 2:1 &% (1 mL) (Z Dowex” 50WX2-100 %

Mz, 70 °CITE L, 3 BEFIFHE Lz, BOSKE T4, Celite®S35RVS Tl LIKIK % 5
Mg Lic, oz 7 L7 a~ 87T 7 ¢ — (Hexane:CHyCl, = 1:1) TR L T
4 (32.4 mg, 83%) =1%7-,
Compound 4: colorless oil; '"H NMR (400 MHz, CDCls): & 2.64—2.75 (5H, m), 2.86—2.99 (2H,
m), 3.05-3.11 (1H, m), 3.90 (3H, s), 3.94 (3H, s), 4.80 (1H, s), 5.42 (1H, d, J/=2.0 Hz), 6.28
(1H, dd, J=1.6, 7.6 Hz), 6.43 (1H, d, J=1.6 Hz), 6.42—6.82 (6H, m), 6.88 (2H, dd, J=1.6, 8.4
Hz), 7.02 (1H, d, J=2.8 Hz), 7.10 (1H, d, /=8.4 Hz); >*C NMR (125 MHz, CDCl;):  35.1, 37.1,
37.7, 38.2, 55.4, 56.1, 111.7, 112.6, 115.9, 116.3, 116.6, 121.4, 121.6, 122.5, 122.7, 124.5,
128.0, 129.0, 129.3, 131.5, 132.6, 133.8, 139.3, 142.0, 143.6, 146.8, 148.6, 151.9, 152.9, 159.9;
IR (ATR): 3463, 2929, 2854, 1605, 1504, 1442, 1420 cm '; EIMS m/z (rel. int.): 452 [M]"
(100), 225 (68); HR-EIMS: [M]" calcd for C3oH504 452.1988; found 452.1990.

Dimethyl asterelin A (30)

! OMe ! OMe
oh o
- voo o
MeO Q O CHng';%/O °C jMeO =0 Meo < )
3 o] ! o]
30 31

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

TR . 4 (3.0 mg, 6.64 pmol) DK CH,Cl, (3 mL) YR % 0 °C IZHBHIL .
VOCI; (2.00 puL, 19.9 umol) &A% 20 ZrfIfEEE L7z, HEREEET & U U LK 2 A% T
BOSZ A 1k#% . JKJE 2 CHCL THllE L, AHEE 2K & fafn K T, B onicf
WEZmEr M) U ATHEIE L, Bl CEoNEREE I 770~ NI T 7
4 — (Hexane:EtOAc =2:1) THHLL T 30 (2.8 mg, 58%) & 31 (0.8 mg, 27%) % 157=,
Compound 30: colorless oil; '"H NMR (300 MHz, CDCl): & 2.61-2.82 (3H, m), 2.96-3.03 (1H,
m), 3.08-3.14 (1H, m), 3.12-3.20 (2H, m), 3.38-3.43 (1H, m), 3.87 (3H, s), 3.93 (3H, s), 5.41
(1H, br s), 5.92 (1H, dd, J=2.5, 8.2 Hz,), 6.30 (1H, dd, J=2.5, 8.2 Hz), 6.33 (1H, dd, J=1.4, 8.0
Hz), 6.66 (1H, dd, J=2.7, 8.2 Hz), 6.82 (1H, d, J=2.2 Hz), 6.84 (2H, d, J=1.4 Hz), 6.93 (1H, d,
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J=2.2 Hz), 7.05 (1H, d, J=8.0 Hz), 7.20 (1H, d, J=2.0 Hz), 7.29 (1H, dd, J=2.7, 8.2 Hz); °C
NMR (100 MHz, CDCls): & 34.8, 37.4, 37.6, 38.8, 55.7, 56.1, 94.1, 110.2, 111.5, 111.9, 119.9,
120.6, 120.8, 121.4, 122.0, 123.8, 123.9, 130.3, 130.6, 133.8, 135.2, 137.5, 138.5, 147.3, 149.3,
156.1, 156.4, 157.0, 159.6; IR (ATR): 2925, 2855, 1731, 1609, 1503, 1436 cm'; EIMS m/z (rel.
int.): 450 [M]" (100), 225 (42), 211 (54), 44 (67); HR-EIMS: [M]" calcd for C3oH2604450.1831;
found 450.1829.

Compound 31: colorless oil; '"H NMR (500 MHz, CDCl3): & 2.69-2.75 (2H, m), 2.88-2.92 (1H,
m), 3.06-3.10 (1H, m), 3.18-3.24 (2H, m), 3.29-3.38 (2H, m), 3.88 (3H, s), 3.93 (3H, s), 5.48
(1H, d, J=2.0 Hz), 5.96 (1H, dd, J=2.7, 8.3 Hz), 6.37 (1H, dd, J=2.7, 8.3 Hz), 6.74 (1H, dd,
J=2.7, 8.3 Hz), 6.82 (1H, d, J=2.2 Hz), 6.84 (1H, d, J=8.3 Hz), 6.91 (1H, d, J=2.2 Hz), 6.92
(1H, dd, J=2.2, 8.3 Hz), 7.16 (1H, s), 7.23 (1H, s), 7.35 (1H, dd, J=2.7, 8.3 Hz); *C NMR (125
MHz, CDCls): § 29.7, 34.0, 34.7, 37.2, 38.6, 55.7, 56.1, 94,1, 111.7, 111.9, 112.0, 116.7, 119.7,
120.3, 121.4, 121.7, 123.2, 124.6, 128.0, 130.2, 130.8, 133.1, 134.7, 135.4, 137.8, 147.2, 149.8,
154.7, 156.7, 157.5, 160.2; IR (ATR): 2929, 2858, 2841, 1608, 1504, 1464, 1426 cm '; EIMS
m/z (rel. int.): 484 [M]"(100), 343 (15), 242 (39), 211 (66), 44 (79); HR-EIMS: [M] calcd for
C30H2504C1 484.1441; found 481.1438.

Asterelin A (1)
OMe OH

SN® T
=

BBra
R E—
NS v S L By
76%
(0] o}

30 Asterelin A(1)

TI K0 T 30 (2.10 mg, 4.66 mmol) % CH,Cly (1 mL) (Z¥Af#ESH. 0 °C IZHH]
L. =5 kA7 #E (23.3 uL, 23.3 pmol, IM in CH,Cly) % x 2 B L=, K&z
TRIGZF1E#, CHCL, T 3 Bl L7z, &b A 2 8o K THes. kg
TRV LATHBEIEE, BMLTHEONEEREELZ D T L7 u~x NI T 7 40—
(Hexane:EtOAc = 2:1) THifl L T Asterelin A (1) (1.50 mg, 76%) % 157=,

Asterelin A (1): colorless oil; "H NMR (500 MHz, acetone-ds): 6 2.57 (1H, ddd, J=3.5, 12.5,
12.5 Hz), 2.71 (1H, dd, J=3.5, 13.0 Hz), 2.76 (1H, dd, J=3.5, 12.0 Hz), 2.97 (1H, ddd, J=3.5,
5.5,13.5 Hz), 3.12 (1H, ddd, J=3.5, 5.5, 13.0 Hz), 3.22 (1H, ddd, J=3.5, 5.5, 13.0 Hz), 3.33 (1H,
ddd, J=3.5, 3.5, 13.0 Hz), 3.45 (1H, ddd, J=3.0, 13.0, 13.0 Hz), 5.33 (1H, s), 5.98 (1H, dd,
J=2.2, 8.0 Hz), 6.28-6.30 (2H, m), 6.61 (1H, dd, J=3.0, 8.5 Hz), 6.83 (2H, br d, J/=8.6 Hz), 6.84
(1H, d, J=2.0 Hz), 6.87 (1H, d, J/=2.0 Hz), 7.14 (1H, d, J=8.0 Hz), 7.25 (1H, br s), 7.47 (1H, dd,
J=2.0, 8.5 Hz); °C NMR (125 MHz, acetone-ds): & 35.8, 38.7, 39.1, 40.0, 97.5, 111.4, 113.7,
117.3, 118.0, 120.6, 122.1, 122.2, 122.9, 123.6, 125.4, 126.1, 131.4, 132.6, 133.9, 137.0, 139.2,
140.0, 147.0, 148.4, 157.8, 158.0, 158.6, 159.0; IR (ATR): 3378, 2925, 1691, 1608, 1503, 1437
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cm '; EIMS m/z (rel. int.): 422 [M]" (100), 211 (95); HR-EIMS: [M]" calcd for CasH»,04
422.1518; found 422.1531.

10’-Bromo-dimethylriccardin C (38)

OMe OMe

SNe sae
Br |

NBS

s
s wo ()
MeO O O 81% MeO
HO HO

7/1/:’ V&I T 4 (4.2 mg, 9.28 umol) D HEK MeCN (200 pL) {AHRIC N-7T BE R T

2 R (1.82 mg, 10.2 umol) Z M2 FIE T25 oM L=, KIS TH#H., B L &
%ﬂf_i)ﬁ{ﬁ%ﬁ7b«7 n~ k2777 ¢— (Hexane:Et,0 = 1:1) THHE L T 38 (4.0 mg,
81%) Z1F7-,
Compound 38: colorless oil; 'H NMR (500 MHz, CDCls): § 2.52-2.57 (1H, m), 2.71-3.01 (6H,
m), 3.03-3.13 (1H, m), 3.91 (3H, s), 3.95 (3H, s), 4.88 (1H, s), 5.41 (1H, d, J=2.0 Hz), 6.34
(1H, s), 6.78—6.83 (3H, m), 6.86—6.90 (4H, m), 7.05 (1H, d, J/=2.7 Hz), 7.10 (1H, d, J=8.5 Hz),
7.14 (1H, s); >C NMR (125 MHz, CDCl): & 34.9, 35.6, 37.6, 38.2, 55.4, 56.1, 111.8, 112.6,
114.4,116.0, 116.8, 118.7, 121.6, 122.5, 122.9, 126.4, 126.7, 129.0, 129.3, 132.0, 133.4, 134.9,
139.2, 140.5, 143.8, 146.9, 148.9, 151.3, 153.0, 160.1; IR (ATR): 3448, 2930, 1605, 1505 cm ';
EIMS m/z (rel. int.): 532 [M]" (100), 530 [M]" (100), 227 (40); HR-EIMS: [M]" calcd for
C30H27Br0O4530.1093; found 530.1099.

10’-Iodo-dimethylriccardin C (40)

OMe OMe
O SR®
Nal, NaOCI, NaOH

b

|
weo—{_)—") e wo{ <)
HO HO

4 40

TNT KD T 4(13.4mg, 29.6 umol), T 7 T U A (4.5 mg, 30.0 pmol), KER{L
F KU 7 A (4.6 mg, 32.9 pmol) DMK MeOH (1 mL) %12 NaOCl (6.2 uL, 88.8 umol)
N Z IR T 3 REMEEE Uiz, difiEg ) N Y ¥ 2K CROG 215 1E1% ., 2 N HCl %1
%, K@% CH.CL CHi L, AHE 2K & fafi Bk T, B onmiks 7 A
sva~ K777 ¢ — (Toluene) THEHELL T 40 (12.9 mg, 75%) #1157z,

Compound 40: colorless oil; "H NMR (500 MHz, CDCls): § 2.67-2.71 (2H, m), 2.75-2.82 (2H,
m), 2.88-2.97 (2H,m), 2.98-3.03 (2H, m), 2.90-3.03 (4H, m), 3.90 (3H, s), 3.95 (3H, s), 4.87
(1H, s), 5.36 (1H, d, J=2.1 Hz), 6.37 (1H, s), 6.79-6.91 (7H, m), 7.03 (1H, d, J=2.5 Hz), 7.09
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(1H, d, J=9.0 Hz), 7.40 (1H, s); °C NMR (125 MHz, CDCl;): & 35.0, 36.1, 38.2, 41.7, 55.4,
56.1, 89.3, 111.9, 112.7, 116.1, 116.1, 117.9, 121.7, 122.6, 122.9, 126.3, 127.3, 129.0, 129.3,
132.1, 133.1, 139.2, 141.5, 143.7, 143.9, 147.0, 149.0, 152.3, 153.0, 160.2; IR (ATR): 3458,
2947, 2352, 1605, 1506, 1420 cm™'; EIMS m/z (rel. int.): 578 [M]"(100), 452 (30), 225 (30);
HR-EIMS: [M]" caled for C30Ha7041 578.0954; found 578.0958.

10’-lodo-dimethylacetylriccardin C (41)

OMe OMe
(10 0
| Ac,0, DMAP |
—_—
MeO Q O THF, 97% MeO Q O
HO AcO

40 41

TG By 40 (7.0 mg, 12.1 pmol) & NN-VAF )47 /Y (1.5 mg,

12.2 umol) DO ME/KTHF (1 mL) ¥HRIZHEKEERE (2.0 puL, 21.2 pmol) &A%, SR T2HFH]
PLEE UTc, BRI AKE T N U 0 DOKEEIR 2 00 2 BSOS 245 1R 1% | /K8 2 EtOAC THitH L |
AHEZKEMMEBEARKTHESE, SonEKELE I T L0~ VT 77 4 —
(Hexane:EtOAc = 4:1) THifd L T41 (7.3 mg, 97%) %157,
Compound 41: colorless oil; "H NMR (400 MHz, CDCls): 6 2.03 (3H, s), 2.64 (1H, dd, J=10.6,
10.6 Hz), 2.76-3.00 (7H, m), 3.88 (3H, s), 3.95 (3H, s), 5.27 (1H, d, J=2.0 Hz), 6.56 (1H, s),
6.76-6.82 (4H, m), 6.86 (1H, dd, J=2.8, 8.4 Hz), 6.89—6.93 (2H, m), 6.95 (1H, d, J=2.8 Hz),
6.97 (1H, d, J=8.8 Hz), 7.58 (1H, s); >C NMR (100 MHz, CDCl;): & 20.8, 35.3, 36.5, 38.2,
41.5, 55.3, 56.1, 97.6, 111.7, 112.0, 115.7, 115.7, 121.8, 122.5, 122.7, 124.2, 127.8, 129.4,
129.5, 132.0, 132.8, 133.8, 139.5, 142.6, 143.0, 143.9, 147.0, 147.7, 149.1, 152.7, 159.8, 169.1;
IR (ATR): 2933, 1763, 1606, 1506, 1470 cm'; EIMS m/z (rel. int.): 620 [M]" (100), 578 (44);
HR-EIMS: [M]" caled for C3,H»9051 620.1060; found 620.1067.

Dimethylacetylcavicularin (42)

OMe 1 : OMe
0 ! MeO 3 0
OR® New O PR®
Pd(OAc),, n-BugP O 3
| Ag2C0; | ‘ |
DMF 3 O |
o) e~ N e OO
AcO i MeO 3 AcO
41 § 42 | 43

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

T NI LG T 41 (4.0 mg, 6.45 pmol) DMK DMF & (1 mL) (2 fREESR (1.8 mg,
7.09 umol), FEEEE /X7 U A (0.3 mg, 1.34 umol), b V-n-7F LT 5 A7 ¢ (0.3 pL,
14.5 pmol) Z Mz, 120 °CITHMEA L, 6 BRI ER L7z, SUSH TH#, Celite®535RVS T
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T LIS ARG L. S onicikiEad 7 L7~ N7 7 4 — (Hexane:EpO = 3:1)
THRL L T 42 (1.6 mg, 50%) & 43 (1.0 mg, 31%) %157,

Compound 42: colorless oil; "H NMR (500 MHz, CDCls3): 6 2.30 (1H, ddd, J=3.0, 14.0, 14.0
Hz), 2.52 (1H, ddd, J=3.0, 12.0, 12.0 Hz), 2.64-2.78 (4H, m), 2.86—2.93 (2H, m), 3.87 (3H, s),
3.94 (3H, s), 6.01 (1H, dd, J=2.5, 8.5 Hz), 6.08 (1H, dd, J=2.0, 8.5 Hz), 6.40 (1H, dd, J=2.0, 8.5
Hz), 6.66 (1H, s), 6.73 (1H, dd, J=2.5, 8.5 Hz), 6.74 (1H, dd, J=2.5, 8.5 Hz), 6.79 (1H, d, J=8.5
Hz), 6.84 (1H, d, J=2.5 Hz), 6.85 (1H, s), 6.94 (1H, d, J=8.0 Hz), 7.04 (1H, d, J=8.0 Hz); "°C
NMR (125 MHz, CDCls): 6 20.7,29.7, 30.1, 30.3, 37.6, 38.1, 55.2, 56.7, 111.2, 111.5, 114.2,
115.4,117.9, 119.8, 122.3, 123.8, 127.3, 129.4, 130.1, 130.3, 130.5, 130.7, 132.1, 133.1, 134.3,
139.3, 141.1, 145.6, 151.6, 154.4, 158.8, 168.8; IR (ATR): 2925, 2852, 1749, 1606, 1505, 1457,
1438 cm™'; EIMS m/z (rel. int.): 492 [M]" (40), 450 (100), 359 (30); HR-EIMS: [M]" calcd for
C3H2505 492.1937; found 492.1931.

Compound 43: colorless oil; 'H NMR (500 MHz, CDCls): & 2.01 (3H, s), 2.57-2.69 (3H, m),
2.71-2.79 (1H, m), 2.80—2.89 (3H, m), 2.97-3.08 (2H, m), 3.88 (3H, s), 3.95 (3H, s), 5.33 (1H,
d, J/=2.0 Hz), 6.51 (1H, dd, J=2.0, 8.0 Hz), 6.62 (1H, d, J=2.0 Hz), 6.67 (1H, br d, J=8.0 Hz),
6.74 (1H, br d, J=7.5 Hz), 6.78 (1H, dd, J=2.0, 8.5 Hz), 6.80 (1H, d, J=2.5 Hz), 6.80 (1H, dd,
J=2.5, 8.5 Hz), 6.89 (1H, d, J=8.5 Hz), 6.94 (1H, d, J=7.5 Hz), 6.92 (1H, br s), 6.95 (1H, d,
J=2.0 Hz), 6.99 (1H, d, J=8.5 Hz); >C NMR (125 MHz, CDCls): § 20.8, 35.3, 37.2, 37.6, 38.2,
55.2, 56.1, 111.5, 111.8, 115.5, 116.5, 121.5, 122.3, 122.5, 122.8, 127.5, 129.2, 129.5, 129.7,
131.5, 132.2, 132.4, 133.4, 139.5, 141.3, 142.4, 146.9, 147.4, 148.5, 152.8, 159.4, 169.3; IR
(ATR): 2926, 2855, 1761, 1606, 1505, 1420 cm '; EIMS m/z (rel. int.): 494 [M]" (92), 452
(100), 225 (60); HR-EIMS: [M]" calcd for C3,H3005 494.2193; found 494.2106.

Cavicularin (2)

MeO MeO
=0
KoCOy 7 ‘ BBrs
R EEE— —_————————
MeOH, r.t. N O CH.Cl,
| OH 71%
MeO ™ over 2 steps
42 32 (=)-Cavicularin (2)

42 (1.2 mg, 2.44 umol) D A ¥ J —VEHE (1 mL) (ZREEH U 7 A (1.0 mg, 7.24 umol)
%Nz IR TSR L7, 2 NHCl 2012 TG & E= 1Rt K8 ZEtOAc THlttt L,
BN AE AR T, MR N U ATHBRIE-, BifEL TELR
TRl E 17 57 a~ N7 77 4 — (Hexane:EtOAc = 4:1) TR L T 32 (1.1 mg,
100%) %157z,

32 (1.8 mg, 4.00 pmol) DME/KCH,CL ¥R (1 mL) (2, =HAfbA v FE (10.2 pL, 10.2
umol, IM in CH,Cly) %20 °CIZmEI L, 24 L2, KEM A TG Z 51,
K& % CH,CLCHit L7z, 18 Do AHRE 2 fafn &K TWed, Wil R U U ATz
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BId7, Bl CELNTEREE DT L7~ N7 T 7 4 — (Hexane:EtOAc = 7:3)
THEHL LT cavicularin (2) (1.2 mg, 71%) %157,

Cavicularin (2): colorless oil; "H NMR (500 MHz, CDCls): ¢ 2.28 (1H, ddd, J=3.5, 12.5, 14.0
Hz), 2.55 (1H, ddd, J=3.5, 12.5, 14.0 Hz), 2.63—2.78 (4H, m), 2.92-2.98 (2H, m), 4.75 (1H, s),
4.85 (1H, s), 6.10 (1H, dd, J=2.5, 8.5 Hz), 6.11 (1H, d, J=2.5 Hz), 6.15 (1H, dd, J=2.5, 8.5 Hz),
6.40 (1H, s), 6.47 (1H, dd, J=2.5, 8.5 Hz), 6.68 (1H, s), 6.72 (1H, dd, J=2.5, 8.5 Hz), 6.75 (1H,
dd, J=2.5, 8.5 Hz), 6.83 (1H, d, J/=8.5 Hz), 6.88 (1H, d, J=2.5 Hz), 6.94 (1H, d, J/=8.0 Hz), 6.97
(1H, d, J=8.0 Hz); >C NMR (125 MHz, CDCl;): & 30.2, 30.5, 37.4, 38.1, 113.0, 113.3, 114.7,
115.1, 116.9, 117.8, 123.0, 123.3, 124.0, 124.0, 127.8, 128.9, 130.0, 131.1, 131.1, 131.7, 135.0,
138.5, 140.5, 141.6, 147.9, 150.2, 153.8, 155.5; IR (ATR): 3394, 2924, 2853, 1605, 1505, 1439
cm '; EIMS m/z (rel. int.): 422 [M]" (100), 331 (35); HR-EIMS: [M]" calcd for CasH»,04
422.1518; found 422.1521.

3-Methoxy-4-methoxymethoxybenzaldehyde (46)

CHO CHO
MOMCI, DIPEA
_———
OMe CH.Cl, OMe
OH 95% OMOM
Vanilin 46

TN KT 3= > (114.7 mg, 0.75 mmol) DME/KTHF ¥ (1.5 ml) %0 °ClZ

WHEIL, NN-UA Y 7a e F L7 I (260 L, 1.51 mmol) Zx 7=, IR\ T 2
0 Y AF)E—7)L (85 uL, 1.13 mmol) &Mz, 1SEFRIREE L7=, 2 N HCl Z/1x <
FOSZ 5 1% KB ZEOAcTHiEY L. 1§ 67 A8 2 fufn &K T, g7 k
U LATHBEIEL, BMLTHELNLEEEZ N 7L 70~ VT T 7 40—
(Hexane:EtOAc = 3:2) THRLL T 46 (141.5 mg, 95%) #1157,
Compound 46: colorless oil; "H NMR (500 MHz, CDCls): 8 3.53 (3H, s), 3.96 (3H, s), 5.34 (2H,
s), 7.27 (1H, d, J=8.7 Hz), 7.44 (1H, dd, J=1.5, 8.7 Hz), 7.45 (1H, d, J=1.5 Hz), 9.88 (1H, s);
BC NMR (125 MHz, CDCls): 8 56.1, 56.6, 95.0, 109.5, 114.6, 126.5, 131.1, 150.0, 152.0,
191.1; IR (ATR): 2934, 1683, 1589, 1508 1466, 1424 cm'; EIMS m/z (rel. int.): 196 [M]" (60)
45 (100); HR-EIMS: [M]" calcd for C1oH;,04 196.0736; found 196.0748.

2-Bromo-3-hydroxy-4-methoxybenzaldehyde (47)

CHO CHO
Fe powder, Br, Br
NaOAc
—_——————— >
OH OH

HOAc OMe

OMe 71%

Isovanilin 47

A Y R=1 > (6.00 g, 39.4 mmol) LEERET N U 7 A (6.50 g, 78.9 mmol) DFFEEVRIK
(40 mL) [ZiE 7tk (66.0 mg, 1.18 pmol) Z Mz 7=, S LI Fre— F 2 HWTERFE (1.80
mL, 41.8 mol) %3043 LA LT TINZ IR CI2EFRIFRER U7z, K& N Z S8 % 5 15
Jg L7z, o ikEs B8 TS 47(6.39 g, 71%) 1572,
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Compound 46: white solid; '"H NMR (300 MHz, CDCls): § 4.01 (3H, s), 6.07 (1H, s), 6.93 (1H,
d, J=8.6 Hz), 7.58 (1H, d, J=8.6 Hz), 10.26 (1H, s); >*C NMR (125 MHz, CDCl;): § 56.6, 109.3,
112.9, 122.8, 127.2, 143.2, 151.7, 190.9; IR (ATR): 3186, 1662, 1562 cm '; EIMS m/z (rel.
int.): 232 (90), 231 [M]" (100), 230 (90), 229 [M]" (100), 79 (20), 51 (10); HR-EIMS: [M]"
caled for CsH7BrO3229.9579; found 229.9574; mp: 204.8-206.6 °C.

3-Benzyloxy-2-bromo-4-methoxybenzaldehyde (48)

CHO CHO
Br Br
BnBr, K2CO3
OH > OBn
DMF
OMe 91% OMe
47 48

47 (4.36 g, 18.9 mmol) & kEEH U 7 A (5.24 g, 37.9 mmol) D MEAKDMFIAENL (95 mL)
[ZERALR UL (2.47 mL, 20.9 mmol) ZHN1Z65 °CIZHNEAL | 18WFfEHEFE L7, K&
TR ZAF %, KIEZEQOTHIH L7c, 15 bV AikRE £ fafn Bk TUHEid, mils
TRV ATHEBEIEL, BEELTEONTCEREE N T L0~ NI T 7 4 —
(Hexane:EtOAc = 4:1) THRL L T 48(5.50 g, 91%) %437~
Compound 48: colorless oil; 'H NMR (500 MHz, CDCLs): & 3.97 (3H, s), 5.06 (2H, s), 6.99 (1H,
d, J=8.6 Hz), 7.37-7.43 (3H, m), 7.56 (2H, d, J=7.4 Hz), 7.77 (1H, d, J=8.6 Hz), 10.28 (1H, s);
BC NMR (125 MHz, CDCL): § 56.3, 74.8, 110.9, 123.6, 126.6, 127.4, 128.3, 128.4, 128.5,
136.6, 145.1, 158.8, 191.1; IR (ATR) 2941, 2862, 1680, 1579, 1562, 1486, 1456, 1440, 1422
cm '; EIMS m/z (rel. int.): 322 [M]"(60), 320 [M]" (60), 241(40), 91 (100), 65 (70); HR-EIMS:
[M]" calcd for C;sH;3BrO; 320.0048; found 320.0049.

3-Benzyloxy-2-bromo-4-methoxyphenylmethanol (49)

CHO OH
Br NaBH, Br
R
OBn  THF, 99% OBn
OMe OMe
48 49

TNT LG T, 48 (1.00 g, 3.13 mmol) DMK THF ¥&#K (31 mL) % 0 °C lZHAIL
KFFTHEFT S U A (242 mg, 6.25 mmol) ZANx. iR T 12 BREfEH#E L7, fFn
WAL T =0 KA 2 INZ TS EE I, KE% EtOAc Tt L, Bohi-f
WEZ i N U ATHBESE, BiEL Ao EREEs I 72 a~ NI T 7
+ — (Hexane:EtOAc =2:1) CTHH L T 49 (1.00 g, 99%) %457,

Compound 49: colorless oil; 'H NMR (500 MHz, CDCls): & 2.24 (1H, s), 3.85 (3H, s), 4.67 (2H,
s), 5.01 (2H, s), 6.87 (1H, d, J=8.3 Hz), 7.16 (1H, d, J=8.3 Hz), 7.33 (1H, t, J=7.4 Hz), 7.38
(2H, t, J=7.4 Hz), 7.55 (2H, d, J=7.4 Hz); °C NMR (125 MHz, CDCl): & 56.1, 65.0, 74.6,
111.2, 118.8, 124.3, 128.1, 128.3, 128.4, 132.8, 137.1, 145.2, 153.2; IR (ATR): 3334, 2938,
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1594, 1484, 1455, 1439, 1417 cm™'; EIMS m/z (rel. int.): 324 [M]" (30), 322 [M]" (30), 243
(60), 216 (50), 214 (50), 91 (100), 65 (20); HR-EIMS: [M]" calcd for CisH;sBrOs 322.0205;
found 322.0208.

2-Benzyloxy-3-bromo-4-bromomethyl-1-methoxybenzene (50)

OH Br
é[Br CBr,, PPhg é[Br
OBn CH,Cl, OBn
OMe 85% OMe
49 50

TV IR T 49 (1.00 g, 3.09 mmol) DMK CHyCly (31 mL) &% 0 °C IZHAIL

WEALRSE (1.13 g, 3.40 mmol), U 7 ==L 74 A7 (> (893 mg, 3.40 mmol) %l
230 R Lie, RIS TR, B L CEohREEZ V7 L6720~ NI T 7 4 —
(Hexane:Et;O = 10:1) THEHL L T 50 (1.00 g, 85%) % 15%7=,
Compound 38: colorless oil; 'H NMR (500 MHz, CDCLs): & 3.88 (3H, s), 4.70 (2H, s) 5.03 (2H,
s), 6.90 (1H, d, J=8.5 Hz), 7.18 (1H, d, J=8.5 Hz), 7.34 (1H, t, J=6.4 Hz), 7.39 (2H, t, J=6.4
Hz), 7.56 (2H, d, J=6.4 Hz); °C NMR (125 MHz, CDCl): & 56.2, 65.2, 74.6, 111.2, 119.0,
124.4,128.1, 128.4, 128.5, 132.8, 137.1, 145.4, 153.3; IR (ATR): 3356, 2939, 1594, 1486, 1455,
1439, 1417 cm'; EIMS m/z (rel. int.): 388 [M]" (20), 386 [M]" (20), 384 [M]" (20), 307 (60),
305 (60), 216 (50), 214 (50), 91 (100); HR-EIMS: [M]" calcd for C;5H4Br,0, 383.9361; found
383.9363.

Dimethyl (3-(benzyloxy)-2-bromo-4-methoxybenzyl)phosphonate (51)

o

B
' P(OMe),
Br P(OMe) Br
R —
OBn  Benzene
OMe 98% OMeOB”
50 51

50 (2.78 g, 7.21 mmol) EHLY > fE kU A F /L (2.55 mL, 21.6 mmol) D1 E YRR

%90 °C T 12 BERIMBGRIE L=, BEL (EohiEZEs o670~ 777 4
— (EtOAc) TH#LL T, 51(2.92¢g 98%) &7,
Compound 51: colorless oil; "H NMR (500 MHz, CDCls): § 3.40 (2H, d, J=21.5 Hz), 3.66 (3H,
s), 3.68 (3H, s), 3.85 (3H, s), 5.02 (2H, s), 6.87 (1H, d, J=8.6 Hz), 7.18 (1H, dd, J=2.8, 8.6 Hz),
7.31 (1H, t, J=6.9 Hz), 7.37 (2H, t, J=6.9 Hz), 7.54 (2H, d, J=6.9 Hz); °C NMR (125 MHz,
CDCL): & 31.4, 32.5, 52.7, 52.8, 55.9, 74.3, 111.3, 113.3, 121.0, 120.9, 121.0, 124.0, 124.0,
126.3, 126.3, 127.9, 128.2, 128.3, 136.9, 145.2, 145.2, 152.6, 152.6; IR (ATR): 2952, 1594,
1485, 1456, 1440, 1417 cm™'; EIMS m/z (rel. int.): 416 [M]" (20), 414 [M]" (20), 335 (60), 244
(50), 91 (100); HR-EIMS: [M]" calcd for C,7H20BrOsP 414.0232; found 414.0226.
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(E)-2-Benzyloxy-3-bromo-1-methoxy-4-(3-methoxy-4-(methoxymethoxy)styryl)benzene (52)

(0]
CHO IFI’(OMe)Z MeO
@ + é[sr _NaH | Bno Z \@
OMe THF Br
OBn ! OMOM
OMOM L 93% e
46 51 52

T I LG T 51 (477 mg, 1.15 mmol) OMEEKTHFANR (9 mL) %0 °CIlZmHIL
60% K#EfLF bV 7 A (46.0 mg, 1.15 mmol) Z NN Z 300 M L7=, KW\ T 46 (150
mg, 766 pmol) OMEKTHFIANE (2 mL) ZMZ., iR C7.5REMHEAE Lz, fafniiibr >
T= U AKEIRE N Z UG E AR 1R, KB ZEOAcTHIE L=, S oAz Kk &
fAFn R T, M N Y v ATHBEIE, Bl T ONTEEEZ T LY
-~ k777 ¢ — (CHyCly:Hexane = 2:1) THEHL L T52 (344 mg, 93%) %157z,
Compound 52: colorless oil; 'H NMR (500 MHz, CDCls): & 3.53 (3H, s), 3.90 (3H, s), 3.95 (3H,
s), 5.04 (2H, s), 5.25 (2H, s), 6.87 (1H, d, J=16.1 Hz), 6.91 (1H, d, J=8.8 Hz), 7.06 (1H, dd,
J=1.9, 8.3 Hz), 7.09 (1H, d, J=1.9 Hz), 7.15 (1H, d, J=8.1 Hz), 7.32 (1H, d, J=16.1 Hz), 7.34
(1H, t, J=7.3 Hz), 7.40 (2H, t, J=7.3 Hz), 7.40 (1H, d, J=8.1 Hz), 7.58 (2H, d, J=7.3 Hz); °C
NMR (125 MHz, CDCL): & 56.0, 56.2, 56.2, 74.6, 95.5, 109.5, 111.6, 116.3, 119.9, 120.3,
121.8, 126.2, 128.1, 128.3, 128.5, 129.5, 131.0, 132.1, 137.2, 145.3, 146.4, 149.9, 153.0; IR
(ATR): 2938, 1589, 1507, 1478 cm '; EIMS m/z (rel. int.): 486 [M]" (80), 484 [M]" (80), 91
(100) 45 (30); HR-EIMS: [M]" calcd for C,5H,5BrOs 484.0885; found 484.0893.

2-Benzyloxy-3-bromo-1-methoxy-4-(3-methoxy-4-(methoxymethoxy)phenethyl)benzene (44)

MeO
MeO O O
BnO
BnO = O TsNHNHo, NaHCO;.,; By
Br OMOM  EtOC,H,OH O
MOMO

OMe 79%

OMe
52 44

52 (73.0 mg, 151 umol) MEtOC,H,;OH{A#Z (2 mL) (ZTsNHNH; (281 mg, 1.50 mmol) &
IREEKFET R Y 7 A (126 mg, 1.50 mmol) Z A1z, 135 °CTI4RERIMEER I L 7=, s
BT, Celite®535RVS TIEIE L. /KZ X EtOAcTHIH L. AHEE % /K & fafn ik
T, BoNT-AEBAMEET N U ATHBIET-, BiFEk. Bon-BEs D
T L7 nua~ k777 4— (Hexane:Et,O = 9:1) THHLL T44 (58.0 mg, 79%) Z4537=,
Compound 44: colorless oil; "H NMR (500 MHz, CDCls): & 2.82—2.85 (2H, m), 2.97-3.00 (2H,
m), 3.52 (3H, s), 3.85 (3H, s), 3.85 (3H, s), 5.03 (2H, s), 5.21 (2H, s), 6.71 (1H, d, J=2.0 Hz),
6.74 (1H, dd, J=2.0, 8.3 Hz), 6.80 (1H, d, J=8.5 Hz), 6.88 (1H, d, J=8.5 Hz), 7.07 (1H, d, J=8.3
Hz), 7.33 (1H, t, J=7.1 Hz), 7.39 (2H, t, J=7.1 Hz), 7.58 (2H, d, J=7.1 Hz); °C NMR (125
MHz, CDCl): § 36.0, 38.1, 55.8, 56.1, 56.2, 74.5, 95.7, 111.2, 112.3, 116.5, 120.5, 120.5,
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125.2, 128.0, 128.3, 128.4, 134.0, 136.1, 137.3, 144.6, 145.3, 149.5, 152.0; IR (ATR): 2937,
1593, 1506, 1476 cm™"; EIMS m/z (rel. int.): 488 [M]" (60), 486 [M]" (60), 230 (40), 227 (40),
181 (60), 151 (50), 91 (100), 45 (60); HR-EIMS: [M]" caled for CosHa7BrOs 486.1042; found
486.1048.

5-Benzyloxy-2, 6-dimethoxy-3-methoxymethoxy-9,10-dihydrophenanthrene (53)

MeO O MeO MeO MeO
Pd(OAc),, n-BusP
BnO ( Aggéog 8 BnO BnO BnO
Br MeO
O DMF
MOMO (0.01 M) MOMO MOMO MOMO

OMe 120 C

44 53

TN KGE T 44 (155 mg, 31.9 pmol) OMEKDMFIARR (3.1 mL) IZREEIR (26.2
mg, 95.7 umol), FEfE/X7 7 A (1.4 mg, 6.39 umol), bV -n-7F LT+ A7 4 (2.6 UL,
6.38 umol) Z Mz, 120 °CIZHIZEAL . 12B5RIEERE L7z, BSOS TH#. Celite®535RVS T
JEad ISR 2 IRAG Lo, Sonikiiz 7 .70~ 777 ¢ — (Hexane:EtOAc =
4:1) THEBLIL T53 (3.0 mg, 23%) &£ 54 (2.0 mg, 15%) =4F7-,

Compound 53: colorless oil; 'H NMR (500 MHz, CDCls): & 2.72 (4H, br s) 3.36 (3H, s), 3.87
(3H, s), 3.91 (3H, s), 4.82 (2H, s), 4.97 (2H, s), 6.77 (1H, s), 6.77 (1H, d, J=8.3 Hz), 6.95 (1H,
d, J=8.3 Hz), 7.26-7.30 (3H, m), 7.40 (2H, d, J=7.4 Hz), 8.26 (1H, s); °C NMR (125 MHz,
CDCls): & 29.7, 29.8, 55.8, 56.0, 56.1, 74.5, 95.6, 110.3, 110.9, 117.9, 123.0, 125.2, 127.8,
128.1, 128.5, 128.6, 131.4, 133.5, 137.6, 144.2, 145.2, 148.9, 152.3; IR (ATR): 2933, 2834,
1599, 1509, 1464, 1437, 1409 cm '; EIMS m/z (rel. int.): 406 [M]" (100), 315 (70), 283 (60),
268 (50), 239 (60), 91 (40), 45 (20); HR-EIMS: [M]" calcd for CasHasOs 406.1780; found
406.1784.

Compound 54:colorless oil; '"H NMR (500 MHz, CDCls): § 2.92-2.95 (2H, m), 3.27-3.30 (2H,
m), 3.52 (3H, s), 3.83 (3H, s), 3.91 (3H, s), 4.98 (2H, s), 5.20 (2H, s), 6.70 (1H, d, J=1.9 Hz).
6.71 (1H, dd, J=1.9, 7.5 Hz), 6.85 (1H, d, J=8.5 Hz), 6.96 (1H, d, J=8.5 Hz), 7.05 (1H, d, J=7.5
Hz), 7.26 (1H, d, J=7.5 Hz), 7.31 (1H, t, J=7.5 Hz), 7.37 (1H, t, J=7.5 Hz), 7.75 (1H, d, J=7.5
Hz); >C NMR (125 MHz, CDCl): & 37.2, 35.7, 55.8, 56.1, 56.2, 69.5, 95.6, 111.2, 112.1, 116.6,
120.4, 123.5, 124.1, 125.1, 126.1, 127.1, 127.9, 130.5, 133.8, 136.1, 144.6, 145.6, 147.2, 149.6;
IR (ATR): 2927, 2852, 1725, 1595, 1513, 1464, 1417 cm™'; EIMS m/z (rel. int.): 406 [M]" (60),
225 (100), 165 (50); HR-EIMS: [M]" calcd for CysH,605 406.1780; found 406.1786.

Compound 55: colorless oil; 'H NMR (500 MHz, CDCLs): & 2.82 (4H, s), 3.53 (3H, s), 3.84 (3H,
s), 3.88 (3H, s), 5.12 (2H, s), 5.22 (2H, s), 6.66 (1H, d, J=1.9 Hz), 6.68 (1H, dd, J=1.9, 8.0 Hz),
6.73 (1H, d, J=1.9 Hz), 6.74 (1H, d, J=1.9, 8.3 Hz), 6.83 (1H, d, /=8.0 Hz), 7.07 (1H, d, J=8.3
Hz), 7.32 (1H, t, J=7.6 Hz), 7.83 (2H, t, J=7.6 Hz), 7.46 (2H, t, J=7.6 Hz); >C NMR (125 MHz,
CDCL): 8 37.4, 37.6, 55.7, 55.8, 56,0, 56.1, 71.1, 95.6, 111.9, 112.3, 112.3, 114.9, 116.5, 120.5,
121.0, 127.3, 127.7, 128.4, 134.2, 136.2, 137.3, 144.6, 147.9, 148.0, 149.5; IR (ATR): 2932,
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1589, 1510, 1454, 1419 cm '; EIMS m/z (rel. int.): 408 [M]" (100), 227 (100), 181 (80), 151
(40), 91 (90), 45 (20); HR-EIMS: [M]" calcd for CysH,505 408.1937; found 408.1945.

3,7-Dimethoxy-6-methoxymethoxy-9,10-dihydrophenanthren-4-ol (56)

MeO O MeO
BnO ‘ Ho, Pd(OH), HO O‘

—_—
O CHCl, O
MOMO 97% MOMO
OMe OMe
53 56

53 (32.1 mg, 79.1 pmol) O CHCLI®# (1 mL) (Z Pd(OH),/C (3.0 mg) # /%, KFEX

U 24 L < Bk L7z, BOGHS TH# . Celite®535RVS Tl LRI & B L7z, 15
ONTFRIEE T L7 v~ 7T 7 ¢ — (Hexane:EtOAc = 4:1) THEH L T56 (24.2 mg,
97%) E1+7=,
Compound 56: colorless oil; "H NMR (500 MHz, CDCls): & 2.74 (4H, br s) 3.55 (3H, s), 3.90
(3H, s), 3.91 (3H, s) 5.28 (2H, s), 6.27 (1H, s), 6.71 (1H, d, J=8.1 Hz), 6.72 (1H, d, J/=8.1 Hz),
6.78 (1H, s), 8.32 (1H, s); °C NMR (125 MHz, CDCl;): & 29.8, 29.8, 55.9, 56.3, 56.4, 95.9,
108.4, 111.2, 117.5, 118.1, 120.5, 125.4, 131.5, 133.1, 142.8, 144.2, 145.7, 148.5; IR (ATR):
3485, 2938, 2836, 1601, 1509, 1448, 1400 cm™'; EIMS m/z (rel. int.): 316 [M]" (100), 284 (20),
211 (20), 45(20); HR-EIMS: [M]" calcd for C3H005 316.1311; found 316.1309.

4-((3,7-Dimethoxy-6-(methoxymethoxy)-9,10-dihydrophenanthren-4-yl)oxy)benzaldehyde (57)

MeO oHc.__-MeO
O p-Bromobenzaldehyde \©\ O
HO ‘ CUO, K2003 O ‘
O Pyridine O
MOMO 65% MOMO

OMe OMe
56 57

TNIEG ., p-7 BB AT VT B R (43.1 mg, 233 pmol), REED U 7 A (42.9

mg, 311 pmol) & E&(LER (II) (18.5 mg, 233 umol) DMK E U A (1 mL) (2 56
(49.2 mg, 156 pmol) DMK E U 2 ¥RIE (0.5 mL) &z, 125 °CT4RFMIINEAERFE L
72 BOBHE T, Celite®S35RVS Tl LB 218 L7, Sohi-Eiks 7 L7 0
~ N 2'Z 7 4 — (Hexane:EtOAc = 4:1) THHEL L T57 (41.2 mg, 65%) % 157-,
Compound 57: colorless oil; "H NMR (500 MHz, CDCl3): & 2.76-2.81 (4H, m), 3.41 (3H, s),
3.76 (3H, s), 3.86 (3H, s), 5.09 (2H, s), 6.73 (1H, s), 6.86 (1H, d, J/=8.1 Hz), 6.96 (2H, d, J=8.4
Hz), 7.14 (1H, d, J=8.1 Hz), 7.75 (2H, d, J=8.6 Hz), 8.05 (1H, s), 9.84 (1H, s); °C NMR (125
MHz, CDCl3): § 29.6, 29.8, 55.7, 56.0, 56.1, 95.8, 110.5, 111.1, 115.4, 116.8, 123.8, 125.1,
128.7, 130.6, 131.8, 131.8, 133.6, 139.0, 144.8, 149.0, 151.3, 163.9, 190.8; IR (ATR): 2941,
2836, 1692, 1596, 1508, 1436 cm ™ '; EIMS m/z (rel. int.): 421 (50), 420 [M]" (100), 390 (50), 45
(20); HR-EIMS: [M]" calcd for C,5H2406 420.1573; found 420.1577.
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(E)-5-(4-(2-Bromo-5-methoxystyryl)phenoxy)-2,6-dimethoxy-3-(methoxymethoxy)-9,10-dihyd
rophenanthrene (58)

OHC Meo

T 0 oM

=

. ower, O
O ( €2 THF 97%

MOMO

OMe MOMO
57 7

T T UKGE FLT(21.4 mg, 69.4 umol) D EEZK THF VK (0.25mL) % 0 °C lZHAIL
60 % KFE{LT N U T A (4.1 mg, 104 pmol) % 12 30 F3 4R L 7=, IRV T 57 (14.6 mg,
34.7 umol) O HEK THF ¥&#% (0.1 mL) Zh0%x, =R C 24 K L7z, by >
E =T AKEIRE N ZBOLZ 45 1-1% ., K8 % BtOAc T L. A %2 K & fafn i
KTHE, BoNT-BAHELZMEST MY v ATHERSEZ, BiEL TEon-ERiEs
T L7~ 7T 74— (CHyCly:Hexane = 1:1) THEH L T 58 (20.3 mg, 97%) %1%
77
Compound 58: colorless oil; '"H NMR (500 MHz, CDCl): & 2.75-2.79 (4H, m), 3.42 (3H, s),
3.76 (3H, s), 3.82 (3H, s), 3.85 (3H, s), 5.10 (2H, s), 6.67 (1H, dd, J=3.0, 8.8 Hz), 6.72 (1H, s),
6.84 (2H, d, J/=8.8 Hz), 6.84 (1H, d, J=8.3 Hz), 6.91 (1H, d, J=16.1 Hz), 7.10 (1H, d, J=8.8 Hz),
7.12 (1H, d, J=3.0 Hz), 7.22 (1H, d, J=16.1 Hz), 7.38 (2H, d, J=8.8 Hz), 7.43 (1H, d, J=8.3 Hz),
8.12 (1H, s); °C NMR (125 MHz, CDCls): & 29.6, 29.9, 55.5, 55.7, 56.0, 56.2, 95.9, 110.5,
111.1, 111.5, 114.7, 114.8, 115.2, 117.2, 124.2, 124.6, 125.5, 128.0, 128.9, 130.4, 131.1, 131.7,
133.5, 133.6, 138.1, 139.7, 144.7, 149.0, 151.7, 158.0, 159.0; IR (ATR): 2939, 2835, 1594,
1505, 1458 cm™'; EIMS m/z (rel. int.): 604 [M]" (100), 602 [M]" (100), 574 (20), 572 (20), 478
(10), 446 (10), 357 (10), 235 (10), 165 (10), 45 (20); HR-EIMS: [M]" calcd for C33H3;BrOg
602.1304; found 602.1306.

5-(4-(2-Bromo-5-methoxyphenethyl)phenoxy)-2,6-dimethoxy-3-(methoxymethoxy)-9,10-dihyd
rophenanthrene (59)

TsNHNH,, NaHCO, Br
EtOCH0H
MOMO

MOMO 98%

58 59

58 (46.7 mg, 77.6 pmol) @ EtOC,H,OH ¥ #% (1 mL) (Z TsNHNH; (144 mg, 776 pmol) &
od %4 k?—%% kU A (65.1 mg, 776 umol) &A%, 135°C T 12 BEREINEER I L7-, i
w“®T KEMZ, KEZ ELO THitH L, A#E 2K & fafn Bk Cheyd. Mgt bk
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U v AT, B, o kEx 7 L7 0~ 7T 7 4 — (Hexane:Et,0
=9:1) THHL L T 59 (46.0 mg, 98%) Z157-,
Compound 59: colorless oil; 'H NMR (500 MHz, CDCls): § 2.74-2.79 (6H, m), 2.88—2.90 (2H,
m), 3.41 (3H, s), 3.69 (3H, s), 3.75 (3H, s), 3.85 (3H, s), 5.09 (2H, s), 6.61 (1H, dd, J=3.0, 8.6
Hz), 6.65 (1H, d, J=3.0 Hz), 6.71 (1H, s), 6.75 (2H, d, J=8.6 Hz), 6.83 (1H, d, J=8.2 Hz), 7.02
(2H, d, J=8.6 Hz), 7.07 (1H, d, J=8.2 Hz), 7.39 (1H, d, J=8.6 Hz), 8.15 (1H, s); >C NMR (125
MHz, CDCls): § 29.7, 29.9, 35.3, 38.7, 55.3, 55.7, 56.0, 56.2, 95.9, 110.6, 111.0, 113.4, 114.6,
114.8, 116.0, 117.4, 124.4, 124.5, 129.0, 129.2, 131.6, 133.2, 133.5, 134.1, 140.0, 142.0, 144.6,
148.9, 151.9, 156.1, 158.8; IR (ATR): 2934, 2834, 1601, 1570, 1504, 1464, 1437, 1411 cm ';
EIMS m/z (rel. int.): 606 [M]" (100), 604 [M]" (100), 560 (20), 480 (20), 405 (20), 373 (30),
361 (40), 239 (20), 45 (20); HR-EIMS: [M]" caled for C33H33BrOs 604.1461; found 604.1465.

5-(4-(2-Bromo-5-methoxyphenethyl)phenoxy)-2,6-dimethoxy-9,10-dihydrophenanthren-3-ol

(60)
OMe
MeO
Dowex® 50WX2- 100 *V\‘
MeOH/EtOAc =2: 1
MOMO 70°C, 96%
59 60

59 (288 mg, 476 umol) ? MeOH:EtOAc = 2:1 % (5 mL) |Z Dowex” 50WX2-100 %

Mz, 70 °CITMER L, 12 BERIEIR L7, RO T#. Celite®535RVS Tl LIRIK %
B Lz, SohimEEs 7 570~ 7T 7 4 — (Hexane:EtOAc = 4:1) THH L
T 60 (256 mg, 96%) %= 157=,
Compound 60: colorless oil; 'H NMR (500 MHz, CDCls): § 2.71-2.79 (6H, m), 2.89-2.92 (2H,
m), 3.69 (3H, s), 3.74 (3H, s), 3.86 (3H, s), 5.31 (1H, s), 6.61 (1H, dd, J=2.9, 8.6 Hz), 6.64 (1H,
d, J=2.9 Hz), 6.68 (1H, s), 6.74 (2H, d, J=8.5 Hz), 6.83 (1H, d, J=8.5 Hz), 7.02 (2H, d, J=8.5
Hz), 7.06 (1H, d, J=8.6 Hz), 7.39 (1H, d, J=8.5 Hz), 7.87 (1H, s); °C NMR (125 MHz, CDCls):
§29.9,29.9, 35.3, 38.7, 55.4, 55.8, 56.3, 110.0, 110.7, 113.5, 114.8, 114.8, 115.0, 115.9, 124.2,
124.9, 129.0, 129.3, 131.2, 131.8, 133.2, 134.0, 140.5, 142.0, 143.6, 145.6, 151.9, 156.2, 158.8;
IR (ATR): 3517, 2935, 1592, 1505, 1460, 1437 cm™'; EIMS m/z (rel. int.): 562 [M]" (50), 560
[M]™ (50), 480 (10), 361 (100); HR-EIMS: [M]" calcd for C3;HBrOs 560.1198; found
560.1197.
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2,6-dimethoxy-5-(4-(5-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenethyl)phen
0xy)-9,10-dihydrophenanthren-3-ol (61)

OMe OMe

Pd(PPhg),
B,Pin,
K3PO4

Dioxane
95%

TV RN T 60 (256 mg, 456 umol) . T R T XA RN T =)L T H AT 4 L RT
T A (52.7 mg, 45.6 ymol), EA(EF 2T — MV a Y (236 mg, 912 umol) & U U
=AU 7 A (291 mg, 1.37 mmol) DK A XV R (5 mL) % 100 °C [ZMEL |
16.5 BRI HR L7, BUSHK T#. Celite®535RVS TlEIE LISIE 2 G Lz, S bhi-F%
Ea T v~ T T 74— (Hexane:Et,0 = 3:2) THHL L T 61 (263 mg, 95%) %415
77
Compound 61: colorless oil; '"H NMR (500 MHz, CDCls): & 1.34 (12H, s), 2.71-2.78 (6H, m),
3.05-3.09 (2H, m), 3.74 (3H, s), 3.76 (3H, s), 3.86 (3H, s), 5.34 (1H, s), 6.66 (1H, d, J=2.5 Hz),
6.68 (1H, s), 6.71 (1H, dd, J=2.5, 8.5 Hz), 6.74 (2H, d, J=8.5 Hz), 6.83 (1H, d, J=8.0 Hz), 7.07
(1H, d, J=8.0 Hz), 7.08 (2H, d, J=8.5 Hz), 7.76 (1H, d, J=8.5 Hz), 7.89 (1H, s); >C NMR (125
MHz): § 24.9, 29.9, 29.9, 38.9, 39.0, 55.0, 55.8, 56.3, 83.2, 110.0, 110.6, 110.8, 114.6, 114.6,
115.1, 115.1, 124.1, 129.0, 129.3, 131.1, 131.8, 135.5, 138.2, 140.6, 143.6, 145.6, 151.7, 152.0,
156.0, 161.8; IR (ATR): 3522, 2934, 1601, 1567, 1567, 1505, 1436 cm'; EIMS m/z (rel. int.):
608 [M]" (100), 361 (100); HR-EIMS: [M]" calcd for C37H4BO7 608.2945; found 608. 2952.

2,6-Dimethoxy-5-(4-(5-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenethyl)phe
noxy)-9,10-dihydrophenanthren-3-yl trifluoromethanesulfonate (45)
OMe OMe

PhNTf,
| CsC05

e
77%

TfO

T I KGR T 61 (190 mg, 313 umol) DMK THF ik (3 mL) I& N-7 ==L
TNFa AR AR A IR (224 mg, 626 umol) L REETE VT A (153 mg, 470
umol) % A% =R T 27 WFfIR#R L7z, fafndEfbT &= LoKEK 2 N 2 G 215 1k
%. AKE% ELO THIM U, ARE 27K & fafn ik CHeif. 15 & o A ik)E 2 milik -
MU DULATCTHBIEL, BELTEONLEELE N T L0~ NI 77 4 —
(Hexane:EtOAc = 4:1) THifd L T 45 (180 mg, 77%) %157,
Compound 45: colorless oil; '"H NMR (500 MHz, CDCls): & 1.33 (12H, s), 2.73-2.76 (2H, m),
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2.81 (4H, br s), 3.05-3.09 (2H, m), 3.75 (3H, s), 3.77 (3H, s), 3.89 (3H, s), 6.68 (1H, d, J=2.5
Hz), 6.71-6.74 (3H, m), 6.84 (1H, s), 6.88 (1H, d, J=8.3 Hz), 7.09 (1H, d, J=8.0 Hz), 7.13 (2H,
d, J=9.0 Hz), 7.77 (1H, d, J=8.3 Hz), 8.12 (1H, s); °C NMR (125 MHz, CDCl;): & 24.9, 29.0,
30.3, 38.9, 39.0, 55.0, 56.1, 56.3, 83.2, 110.6, 111.5, 112.2, 114.4, 115.1, 117.4, 119.9, 122.4,
124.5, 125.0, 127.6, 129.3, 131.2, 136.0, 137.0, 138.3, 140.3, 140.4, 150.1, 151.6, 152.0, 155.6,
161.8; IR (ATR): 2937, 1604, 1504, 1418 cm '; FABMS m/z (rel. int.): 779 [M+Na]*, 740 [M]"
(20), 641 (10), 493 (20); HR-FABMS: [M]" caled for CisHsoF30oSB 740.2438; found
740.2441.

Trimethyl cavicularin (37)

OMe
MeO

»(dba)s, (S)-(-)-BINAP

@ s
" w2

DMF
Tfo 100 °C
2%, 18%ee

37

TR T 45 (13.9 mg, 18.8 umol) DMK DMF #A#Z (4 mL) (Z h U A(T~Xv

CUTF TR N AYURT VT A (1.7 mg, 1.88 pmol), (S)-(—)-BINAP (2.3 mg, 3.75 pmol)
EVUEE=1Y 7 A (11.9mg, 56.3 umol) %1%, 100 °C [ZHIEA L, 12 FEfij > —/v KF
2—TWTH L7z, RIS T#, Celite®535RVS TR LIEIRZ Moy b S+
BAE LT, Bonl-EExs 17 L7 0~ 27T 7 4 — (Hexane:EtOAc = 3:1) THH L
T 37(0.2 mg, 2%) =147z,
Compound 37: colorless oil; "H NMR (500 MHz, CDCl3): 6 2.18 (1H, ddd, J=3.5, 13.0, 13.0
Hz), 2.36 (1H, dd, J=7.5, 7.5 Hz), 2.54 (1H, ddd, J=3.5, 13.0, 13.0 Hz), 2.67-2.93 (5H, m),
3.72 (3H, s), 3.87 (3H, s), 3.93 (3H, s), 5.98 (1H, dd, J=2.5, 8.5 Hz), 6.08 (1H, dd, J=2.0, 8.5
Hz), 6.37 (1H, dd, J=2.0, 8.0 Hz), 6.54 (1H, s), 6.63 (1H, s), 6.72 (1H, dd, J=2.5, 8.0 Hz), 6.74
(1H, dd, J=2.5, 8.5 Hz), 6.79 (1H, d, J=8.5 Hz), 6.87 (1H, d, J=2.5 Hz), 6.95 (1H, d, J=8.0 Hz),
7.03 (1H, d, J=8.0 Hz); >C NMR (125 MHz, CDCl3): & 29.7, 30.5, 31.1, 37.8, 38.1, 55.2, 56.7,
108.8, 110.6, 111.3, 114.0, 115.3, 117.8, 122.1, 122.1, 124.3, 126.9, 127.1, 129.6, 130.2, 131.7,
132.1, 132.6, 134.4, 139.6, 141.1, 142.1, 151.7, 154.2, 154.3, 158.6; IR (ATR): 2919, 2844,
1602, 1504, 1461 cm'; EIMS m/z (rel. int.): 464 [M]" (100), 373 (40); HR-EIMS: [M]" calcd
for C31H2304 464.1088; found 464.1982; 18%:ce.
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10’-Bromo-dimethyl-(S)-(+)-naproxen-riccardin C (65)

M
OMe 0 OMe
° ORe
O O (S)-(+)-Naproxen
EDC,DMAP Br
Br =
o wo-{ 94
o9 e
o
38 65

T RN T 38 (3.9 mg, 7.36 umol), NN-2 A Fv-4-7 2 U VY (1.5mg, 12.2
pumol), EDC (2.1 mg, 11.4 umol) & (S)-(+)-77m¥E > (2.5 mg, 11.4 umol) DK
CH,CL V&R (73 pL) % =59 C 30 Syt Lo, fafnifib” & =0 LK 2 I 2 X
ISz A1k JKIE A CHoCL CTHiH U, AHEJE 2K & i ik o, 15 O 7k
AT LT ua~ T 74— (Hexane:Et,O = 1:1) THHRL L T 65 (4.3 mg, 78%) =7
AT VA~ —DIRGEWE L TR,

Compound 65: colorless oil; "H NMR (500 MHz, CDCl;): 6 1.46 (3H, d, J/=7.5 Hz), 1.47 (3H, d,
J=7.5Hz),2.43-2.47 (2H, m), 2.57-2.71 (7H, m), 2.78—-2.86 (SH, m), 3.00—3.06 (2H, m), 3.64
(3H, s), 3.79 (1H, q, J=7.0 Hz), 3.83 (3H, s), 3.88 (1H, q, /=7.0 Hz), 3.90 (3H, s), 3.93 (3H, s),
3.94 (3H, s), 3.95 (3H, s), 5.26 (1H, d, J/=2.0 Hz), 5.29 (1H, d, J=2.0 Hz), 6.35 (1H, d, J=2.5
Hz), 6.45 (1H, dd, J=2.6, 8.4 Hz), 6.50 (1H, s), 6.60—6.66 (3H, m), 6.71—6.81 (11H, m), 6.85
(1H, d, J =8.3 Hz), 6.88 (1H, d, J/=8.3 Hz), 6.94 (1H, d, J/=8.3 Hz), 7.09 (1H, dd, J =1.7, 8.4
Hz), 7.13-7.16 (2H, m), 7.18 (1H, s), 7.23—7.26 (2H, m), 7.40 (1H, s), 7.53—7.54 (2H, m), 7.60
(1H, d, J=8.5 Hz), 7.64 (2H, d, J=9.0 Hz), 7.65 (2H, d, J=9.0 Hz); °C NMR (125 MHz,
CDCl»): 6 18.3, 18,6, 35.0, 35.2, 36.2, 36.4, 37.3, 38.0, 38.1, 45.4, 45.5, 55.0, 55.0, 55.2, 55.3,
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55.3, 56.2, 105.5, 105.6, 111.4, 111.6, 111.9, 112.0, 115.2, 115.4, 115.5, 118.9, 119.0 121.3,
121.4, 121.6 122.3, 122.6, 122.6, 124.7, 124.8, 124.9, 125.9, 126.0, 126.1, 127.2, 127.3, 127.4,
128.8, 129.3, 129.3, 129.4, 125.0, 131.7, 132.0, 133.2, 133.7, 133.8, 133.9, 134.5, 134.5, 136 .4,
136.6, 139.4, 139.5, 140.5, 140,5, 142.3, 142.7, 146.7, 146.8, 147.0, 149.2, 149.2, 152.7, 152.9,
157.6, 157.7, 159.4, 159.7, 172.7, 172.8; IR (ATR): 2933, 2836, 1751, 1633, 1606, 1505, 1473,
1420 cm™'; EIMS m/z (rel. int.): 744 [M]" (50), 742 [M]" (40), 532 (20), 530 (20), 450 (30),
212 (50), 185 (100); HR-EIMS: [M]" calcd for C44H3006Br 742.1930; found 742. 1925.

10’-Iodo-dimethyl-(S)-(+)-naproxen-riccardin C (66)

M
OMe 0 QMe
° J
O O (S)-(+)-Naproxen
EDC, DMAP _ I
I -
CH,Cl, MeO
weo— () e O+
o
40 66

TT KD T 40 (12.0 mg, 26.5 pmol), NN-V A F/L-4-7 X /Y 2 (0.5 mg,

3.59 umol), EDC (5.2 mg, 26.9 pmol) & (S)-(+)-F 7 mF¥+E > (6.2 mg, 26.9 umol) DK
CH,CL &K (180 uL) % =B T 24 FEfEE L7z, Sff kT =7 KK %2 N
OGSz 1k %%, JKJE 2 CH.CL THlElE L, AHEE 2K & Safn kK THEvE. 15 bn7osk
WhENDT7 L7 va~ 7T 74— (Hexane:EtOAc = 3:1) THHL L T 66 (9.7 mg, 68%) %
T AT LAY —DRGME L THET,
Compound 66: colorless oil; "H NMR (500 MHz, CDCl;): 6 1.46 (3H, d, J/=7.1 Hz), 1.46 (3H, d,
J =7.1 Hz), 2.40-2.42 (2H, m), 2.53-2.64 (2H, m), 2.53-2.64 (4H, m), 2.70—2.88 (10H, m),
3.64 (3H, s), 3.77-3.81 (1H, m), 3.83-3.89 (1H, m), 3.84 (3H, s), 3.92 (3H, s), 3.93 (3H, s),
3.94 (3H, s), 3.95 (3H, s), 5.23 (1H, d, J/=2.0 Hz), 5.25 (1H, d, J=2.0 Hz), 6.36 (1H, d, J=2.5
Hz), 6.49 (1H, dd, J=2.5, 8.4 Hz), 6.50 (1H, s), 6.61 (1H, s), 6.30—6.89 (14H, m), 6.88 (1H, t,
J=8.5 Hz), 6.95 (1H, d, J=8.3 Hz), 7.06 (1H, d, J=2.0, 8.6 Hz), 7.11-7.17 (4H, m), 7.39 (1H, s),
7.53-7.54 (3H, m), 7.60 (1H, d, J=9.1 Hz), 7.64 (2H, t, J=8.5 Hz); °C NMR (125 MHz,
CDCl): 6 18.3, 18.7, 21.5, 35.0, 35.3, 36.6, 36.8, 38.0, 38.1, 41.3, 45.4, 45.5, 55.0, 55.0, 55.3,
55.3,56.2,56.2,97.7,97.9, 105.5, 105.6, 111.4, 111.6, 112.0, 112.1, 115.1, 115.5, 115.5, 115.6,
118.9, 119.0, 121.8, 122.3, 122.4, 122.7, 122.7, 123.7, 123.8, 125.3, 125.9, 126.0, 126.0, 126.1,
126.1, 127.2,127.3, 127.4, 127.7, 128.9, 129.1, 129.3, 129.3, 129.6, 131.8, 132.1, 132.9, 133.7,
133.8, 133.9, 134.2, 134.5, 134.6, 137.9, 139.4, 139.6, 142.3, 142.7, 143.0, 143.3, 144.0, 147.0,
147.8, 147.9, 149.3, 149.3, 152.6, 152.8, 157.6, 157.7, 159.4, 159.7, 172.5, 172.7; IR (ATR):
2933, 2835, 1750, 1633, 1605, 1505, 1485, 1469, 1442, 1420 cm '; EIMS m/z (rel. int.): 790
[M]™ (40), 578 (10), 450 (10), 212 (30), 185 (100), 44 (30); HR-EIMS: [M]" calcd for
Ca4H39061 790.1791; found 790.1797.
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Dimethyl-(S)-(+)-naproxen-cavicularin (67)
OMe

O (0] O MeO MeO
| Pd(OAc),, n-BusP Q/ © O a ° O
AgoCO4 - . .
MeO O O - MeO - O MeoQQ;
o)

78% Moo o\_O MeO (0] o
MeO O O

66

TV E IR T 66 (2.6 mg, 3.29 pmol) D M#EZK DMF ¥A#Z (500 uL) (2 REEER (1.0 mg,
3.62 pmol). i X7 7 A (0.15 mg, 0.658 pumol), b U-n-7F LT+ A7 ¢ (0.14 uL,
0.658 umol) Z 1z, 120 °C IZHEA L, 6 FERIFEHR L7z, RISHE T, Celite®535RVS T
IR LIS 2 184G L, ok s 757 v~ 75 7 4 — (Hexane:Et,0 =
1:1) THHRELL T 67(09mg 41%) & 68 (0.8 mg, 37%) &7,

Compound 67: colorless oil; 'H NMR (500 MHz, CDCls): & 1.40 (3H, d, J=7.0 Hz), 2.03—2.09
(2H, m), 2.28-2.36 (2H, m), 2.62—2.76 (4H, m), 3.68 (3H, s), 3.79 (1H, q, J/=7.0 Hz), 3.92 (3H,
s), 3.96 (3H, s), 5.94-5.98 (2H, m), 6.15 (1H, d, J=2.2 Hz), 6.32 (1H, br d, J=8.5 Hz), 6.56 (1H,
s), 6.59 (1H, dd, J=2.2, 8.5 Hz), 6.65 (1H, dd, J=2.2, 8.5 Hz), 6.70 (1H, d, J=8.5 Hz), 6.79 (1H,
s), 6.92 (1H, d, J=8.5 Hz), 7.00-7.03 (2H, m), 7.12 (1H, br s), 7.16 (1H, dd, J=2.0, 8.5 Hz),
7.39 (1H, s), 7.52 (1H, br d, J=8.5 Hz), 7.62 (1H, br d, J=8.5 Hz); °C NMR (125 MHz,
CDCls): & 18.5, 29.7, 30.2, 30.3, 37.3, 37.9, 45.5, 54.9, 55.3, 56.7, 105.6, 111.0, 111.4, 114.2,
114.8,117.8,118.8, 119.8, 122.2, 123.7, 125.8, 125.9, 127.1, 127.1, 128.8, 129.3, 129.4, 129.7,
130.2, 130.8, 132.3 133.1, 133.6, 134.4, 134.7, 139.1, 140.8, 141.6, 145.5, 151.6, 154.3, 157.5,
158.4, 172.3; IR (ATR): 2926, 2844, 1751, 1605, 1504, 1484, 1467, 1439, 1416 cm '; EIMS
m/z (rel. int.): 662 [M]" (50), 450 (100), 212 (30), 185 (100); HR-EIMS: [M]" calcd for
Ca4H3306 662.2668; found 662.2674; [a]p>= +30.0 (¢=0.500, CHCL;).

Compound 68: colorless oil; colorless oil; "H NMR (500 MHz, CDCls): 6 1.33 (3H, d, J=7.4
Hz), 2.18 (1H, dt, J=3.7, 13.0 Hz), 2.44 (1H, dt, J=3.4, 12.2 Hz), 2.59-2.81 (6H, m), 3.69 (1H,
q, J=7.4 Hz), 3.85 (3H, s), 3.93 (3H, s), 3.93 (3H, s), 5.99 (1H, dd, J=2.5, 8.5 Hz), 6.05 (1H, dd,
J=1.9, 8.3 Hz), 6.35 (1H, dd, J=2.2, 8.3 Hz), 6.62 (1H, s), 6.65 (1H, d, J=2.5 Hz), 6.70—6.74
(3H, m), 6.79 (1H, d, J=8.5 Hz), 6.93 (1H, d, J/=8.3 Hz), 7.02 (1H, d, J=8,3 Hz), 7,12 (1H, d,
J=2.2Hz), 7.15 (1H, dd, J=2.5, 8.8 Hz), 7.19 (1H, d, J=8.6 Hz), 7.51 (1H, s), 7.63 (1H, d, J=8.3
Hz), 7.76 (1H, d, J=8.8 Hz); IR (ATR): 2927, 2849, 1750, 1606, 1505, 1487, 1418 cm™'; EIMS
m/z (rel. int.): 662 [M]~ (40), 450 (100), 359 (10), 212 (30), 185 (90); HR-EIMS: [M]" calcd for
C44H3506 662.2668; found 662.2677; [a]p”'= —10.4 (¢=0.500, CHCl).
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Dimethylcavicularin (32)

MeO
MeO

0]
0]
LB LB
HO

MeO o THsFéSOOC

67 32

73 UG FL67 (0.5 mg, 0.755 umol) DMK THF IA#Z (200 uL) % 0 °C IZH AL,
KFALY F LT =72 (0.1 mg, 2.64 umol) Z NNz, 30 3MiE#R Lz, WAEET
NU T AH YT KUKFIKER & N2 5545 1L, K@% EnO i L, AiE %
KEfFBEEKTHE, Bon-aELmET N v A CHEIE-, BifL TH
LN ERIEER 1T L7 v~ 7T 7 ¢ — (Hexane: Et,O = 1:1) THH L T 32 (0.3 mg,
88%) E1F7-,
Compound 32: colorless oil; 'H NMR (500 MHz, CDCLy): & 2.28 (1H, ddd, J=3.7, 12.4, 12.7
Hz), 2.55 (1H, ddd, J=3.4, 12.4, 12.5 Hz), 2.62-2.80 (4H, m), 2.92 (1H, ddd, J=3.4, 3.7, 12.2
Hz), 2.98 (1H, ddd, J=3.4, 3.7, 12.7 Hz), 3.90 (3H, s), 3.93 (3H, s), 4.76 (1H, s), 6.03 (1H, dd,
J=2.5, 8.3 Hz), 6.09 (1H, dd, J=2.0, 8.3 Hz), 6.23 (1H, dd, J=2.0, 8.6 Hz), 6.52 (1H, s), 6.68
(1H, s), 6.73 (1H, dd, J=2.5, 8.3 Hz), 6.83 (1H, dd, J=2.5, 8.3 Hz), 6.87—6.92 (3H, m), 7.03 (1H,
d, J=8.3 Hz); °C NMR (125 MHz, CDCl3): & 30.4, 30.6, 37.7, 38.2, 55.3, 56.7, 110.7, 112.9,
113.4, 114.4, 115.9, 117.9, 122.3, 124.2, 124.3, 124.3, 127.4, 128.9, 129.9, 131.4, 131.5, 132.8,
133.9, 140.4, 141.1, 141.4, 150.2, 151.7, 154.5, 159.5; IR (ATR): 3425, 2929, 2855, 1604, 1565,
1505, 1420 cm'; EIMS m/z (rel. int.): 450 [M]" (100), 359 (50), 225 (10); HR-EIMS: [M]"
caled for C30H,604 450.1831; found 450.1840; [a]p>'=+117.2 (¢=0.767, CHCL;).

(+)-Cavicularin (2)

MeO HO
O o}
@/ g BBrj @/ g
Me0 -2 ) oo, M= 7Y
HO 72% HO
32 (+)-Cavicularin (2)

32 (1.8 mg, 4.00 pmol) DHEKCH,CL ¥k (1 mL) Z#0 °CIZHmAIL, =R bR HE
(10.2 pL, 10.2 pmol, 1M in CH,Cly) Z 01 2 24W5 IR U=, KEIN 2 RIS E IR,
KIEZCH,CL Tt L, B oo AilE 2 fafn Bk Ty, milg) b U o A Clzlk
W7, BiELCEoNnREE T L7~ N T 7 ¢ — (Hexane:EtOAc = 7:3) T
FEHL L C (+)-cavicularin (2) (1.2 mg, 72%) % 157=,

Cavicularin (2): colorless oil; [a]p?*= +115.7 (¢=0.700, MeOH). 97.9%ce.
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