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AL THERT HRFBIUTOLEY TH 5,

AhR
ALBO

DDQ
DIBALH
DIPEA
DMAP
DMF
DMSO
dr
DTBMP
eq.

ESI

Et

FICZ

h
HMBC
HMPA
ICZ
KHMDS
LDA
LHMDS
mCPBA
Me

min

aryl hydrocarbon receptor

allyl oxabicyclo[3.3.0]-octene
aqueous

aryl

tert-butoxycarbonyl

butyl

catalytic

calculated

1,5-cyclooctadiene
1,8-diazabicyclo[5.4.0]undec-7-ene
2,3-dichloro-5,6-dicyano-p-benzoquinone
diisobutylaluminium hydride
diisopropylethylamine
4-dimethylaminopyridine
N,N-dimethylformamide

dimethyl sulfoxide

diastereomeric ratio
2,6-di-tert-butyl-4-methylpyridine
equivalent

electrospray ionization

ethyl

formyl indolocarbazole

hour

heteronuclear multiple bond coherence
hexamethylphosphoric triamide
indolocarbazole

potassium bis(trimethylsilyl)amide
lithium diisopropylamide

lithium bis(trimethylsilyl)amide
m-chloroperbenzoic acid

methyl

minute
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quant
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temp
tert
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TFA
THF
TLC

Ts

uv

methoxymethyl

melting point

mass spectroscopy
a-methoxy-a-(trifluoromethyl)phenylacetyl
sodium bis(trimethylsilyl)amide
nuclear magnetic resonance
nuclear Overhauser effect

no reaction

nucleophile

para

phenyl

pyridinium p-toluenesulfonate
1,8-bis(dimethylamino)naphthalene
pyridine

quantitative yield

sodium bis(2-methoxyethoxy)aluminum dihydride
room temperature

saturated

tetrabutylammonium fluoride
tert-butyldimethylsilyl
tetrachlorodibenzodioxin
temperature

tertiary

trifluoromethanesulfonyl
trifluoroacetic acid

tetrahydrofuran

thin-layer chromatography
p-toluenesulfonyl

ultraviolet



BI1E ARV —LLZOHEEE
ELE Frim
A Fahgnny—)v (BT ICZ) EiZA v R—IVB L N Y — LB RS L

TALEMBETDH D, AN —NLVBOXRCEBUVREZIT LT o3EME L-G&I12i,
LT D 5 DI KB &35 (Figure 1.1),

Indole Carbazole

e

Indolo[2,3-a]carbazole

Indolo[3,2-b]carbazole

Figure 1.1 £ > Kua B3y —)L8E

ICZ BIXBEFBERILKBETCHEIR U Z L OAT BT Fu L3 2R T
T, FTOEWKFMEE L, SERBEICHEKTIETFEERMEIIMNZA T, &V -
- BERULFOREE» DITEZOBXILFOFES L OFIAIEBE LTS —
HTHH "M, RN OFEERE G/ - Tl 2B TAETLZ b
=7 ZAMERBEN I XU ABFRE~DBELAZ-LTWS Y, 200 Zh
SDOLEMBEOBEFETIES Lv@ESA TS Y,



ERZBWTIZ N P77 0 OREBHE LTEA Y Fr Ay — L KRY
EEHTAZLRMONTVS Y, ZCITBEERAREEERELZ LSO LD
., MBARNG E~DIEHOMFEEINI{LEMEETLH D,

1.1.1 A > Fa[23-al i/ —)ViE

AV RaR23-a NN =L THRH L HALNTWAILEMIAZ Y ARY
Td 5(Figure 1.2), AF 71 AR Y 2 (AM-2282)1% 1977 ST KA S 12 X 0 HRE O
—FETdH D Streptomyces staurosporeus 7>5HHBESNI-bEW VT, 77V a
(K252C) 254 ¥~ RuaR3-al I —VEREET S, AZ 0 AR 35T
rurA ¥ F—EHERTHAZ ERMONTEY, ZOFEKL F-HER
EMERTZENDA Y RER3-aINANY —NEE2 BT A ILEMIEELSE
BT —Xbem e LTOISABREESNS —HTH D,

H
H
N_o O N0
I OO (=
VI e c Hog  C
Indolo[2,3-a]carbazole e
MeO HO HO
NHMe MeO
Staurosporine Rebeccamycin

Protein Kinase C inhibitor Antibiotic and antitumor

Figure 1.2 1 > Ru[23-a] I VY — L OfE L 7 OikE ik

FALE MR T DEFIEDO SR EIIEANITLI., ZhETICLL OFES L —
T EDERFINEE SN TNS 978,



1.12 A ¥ Fa[3,2-b] /3 — )V iE

—HTA Y FuBb) N = Vb X, PV T F 77 RE@PHE LTH
B - FIE SN T 7LEWEETH H(Figure 1.3), HERHF®E L TRV T hT 70
HETHDZ LD 6 MBXO N2 MLICBHBRELZETIHLONRL,

Tk v VT V=V A-C I 2005 4E Steglich 52 L W EERYIETH S TAED
WREFD—2 L EZ HILTWD Malassezia furfur DIEHIIZ L— RV 7 770 %
WNT5ZLICEoTHELNIILAEYTHS ), AMEOEFULAH TH D 6-F/V
INA v Ra[32-b] 3V —)v (LUF FICZ) I3EHORED TIZRS L- U 7 b
77 VKERONBHFIC L > TRHEINLEHTH Y . EENIC X > THEINR
Ik TEREND Z ERMLNTNS ',

1
Tsos Qi Qo
e O 0 C
H 12 H 12R2 H Q
Indolo[3,2-b]carbazole Malasseziazoles A-C FICZ
A:R'=COCO,H,R?=H
B :R!'=COCO,H, R2=CHO
C:R'=CO,H, R?=CHO

Figure 1.3 A > F1[32-b] NV S — LHdE L F DOFEE K

|



1.13  6-A/V VA > RR[3,.2-b] 1 V23V —)L(FICZ)

FICZ 3 X OV dFICZ X 1987 412 Rannug HI12X Y L- U 7 k7 7 VIKEEHRIZ 200
nm O UV ¥ Z2BH L2EWRT L RESNALEWTH 5, Z OREFFIRRILKSE
ZAAK (Aryl hydrocarbon Receptor : AhR) (Z%f L TE I E /L LU TOREWEFME
AETH_REOIAME L THE S (Figure 1.4)'%, Z?D# 1995 4£(Z Rannug &
Bergman 512 &Y ZDOEMEREEREN RSN, AR UH > FE LTFICZ BX
W6,12-FR ) VA ¥ R [2,3-b] /3 —)W(AFICZ) R EE S iz, FDIEHDE &
ENDUETI/BETHD L-FNV TR 77 VORBRICE-THLND Z &b,
MEIZB W T HEMEICTEE LRSI B b2 ARMED ARR U H > RELTHE
26N TWn5 2, #EMED AhR U T2 K& LTIEZ A 4% (TCDD) V72 EH3%n
SN TRV, dFICZ X TCDD & [FFEE OB fMib(REEER Ky = 4.4 x10"°'M) &2 7R~ §,
X BIIEFR 2SR L O FICZ O IR bRV (Kg=7 x10"'"M) Z &b, &
LA DB RIERRIELZHESLT 5 Z L13E 72 5 EMEFMEATFE~ &S A B 2 7T
REL 2D,

OHC, H OHC H
S S SIS S 0 o6
Cl O Cl
L, (o
H H
FICZ dFICZ TCDD

Figure 1.4 FICZs 3 X U TCDD.



FE2HI ICZHEDOIERDOEEE

1.2.1 HHA ICZ HOARKRE

B b A 72 1ICZ MDA ET Fischer £ » F— V&K W4 EH LD TH S
(Scheme 1.1), T72bbI 7 a~FH o VA UNH L TC2YED 7=V RTV
VEERESEHZ LT RTYUERICKES B8489[3,3]> /'~ b bt—, BILZ&T
ICZ 2T 5, VDY 7~V o VFrOINVR=VOMBIZL > TRZRS
ICZ FHEEPEERTRETH D,

acid
heat O
+ HQN\N _—
H

O O

Iz
Iz

Scheme 1.1 Double Fischer A > F—/L&RKIZ L 5 ICZ BRIEAK.

XEEE A TS ICZ HOERKICHT= > TIZZ @ Fischer A » R—LARkE W
T=FRERERTH Y RETUTOREE L,

T U= RIVUVOFEFRR FOB#REZH LN LD\ VRFETTF a—=
YILTEBLLIZETA Y Fa Y —)VRIEKE, mmOFERICELY OB
DEANFRETHD ),

A R AN = VBOBERRF~DRBEREDEANEIIELIINTEY,
ERIEN-T Y = VFERIIED L TE S,



AiEEZHWERAE, 42 Fr Y —)Lig EOhROR ¥ U BROEH KR
ThHHEVIHIREH D, 1999 F(Z Bergman 5 %A > K 2[3,2-b] B /L 3 —)LERD
6,12 (LICHRMEERER (RAINFERIITATABRE) 2F L 7 a~dHh oo
F 2%t LT Fischer 4 & R—/VER A @A T 5 Z & 28 A TV 5 (Figure 1.5), f& 5%
ST 24 Fa Ay —fbegWi b2 3, LVEEREATZ7 =)Lt R
TS UREAAL I FZ v ERRLE,

Ph
R Q N
N-NHPh N
PhH N‘N/ N7
R N
PH O
bis- phenylhydrazone bis- imidazolone
R=CHO (in case of
R = CO,Et R = CO,Et)

Figure 1.5 ZERE TV VBIVERA I XY a DK,

122 A ¥ Ka[3,2-b] NN —)ViEEKE L OV FICZ OREEEH

A ¥ Ra[32-b] W3 — VBRI L O FICZ OREREFITVL 2 0mf%E s v
=7k THRESN TV D, EBETHEMIEORHLE LT,
M23-PAV FUNAZ  Z@PREICREL.

OWEIRT L > TA v RE[3,2-b]| N3 — LB DS

LW FEEZERAWTNS,

10



1.2.2.1 Bergman 5T & 5 ARl

1998 4E{Z Bergman 5|2 & ¥ FICZ DLFA KA ERK & 1172 (Scheme 1.2)'7'91), i
51X FICZ 2B 571D OFMRRET 21T oT2R, 23-VA L RU LA Z 28
KELTREL, 22VFAA L F—=NE 3BV INA LV R—=NEDH TV TR
Sz 3 TRERT23-VAV RINRAZ LV 2EK L, YZ7ruaT72FLrnm
U R & Dfaa RIS ITHE < BB TORARKIGIZ & - T8 6 TRIZT FICZ 281K
L7z, L LAFETIIRKRAERMO FICZ & & HI2 ICZ 2EIAE L, @#H O5BEN
HETHD LW RERR D -T2, ZORBEETRT 5 =DICHREERYDORED
% —J% Boc 2 CR# L FICZ & ICZ B E KD HEEEIT- T2, %1& ZEGETH T L
T Boc ZEDFREZITVFICZ % 8 T, #RINEE 12%IZ T FICZ DA R % 5ERK S
¥, BE, 9 ILRERON v 7Y U 7 RKIEDNEHREZITOARE R ORINEE
31%2m ExHe,

Phozs N,Sozph
—?8 °C,2h
(> - 1
N N
\ ) THF N
CO,L 30%, in 1998 N OH
81% in 1999
SO,Ph H
N N .
DDQ Q O K,COs5 Q O LiAIH,
_— —_—— ——
dioxane N >
it 1h . H,0/MeOH N D THF
929 H reflux, 2 h H reflux, 1 h
88% quant.
§ CL,CHCOCI ohc N
\ pyndune g_” EtOH / 2M HCI O
O ; O
N THF rt reflux, 7 h
H 80% H
1) Boc0 84% inseparable mixture
DMAP with ICZ
THF H

separation ‘ O
Crd-

2) 200 °C N
0.1 mmHg H H
4h,71% FICZ Icz
(2 steps) pure form

Scheme 1.2 FICZ O F]DARL (Bergman, 1998, 1999).
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Bergman & 13 2004 FEIZA G R ORBELEITOREFER LICEBBREL AT S

FHEEARK L ADETHE L=(Scheme 1.3), > F—L & A v R—)L2-H VR =
nrzul REDORERIGIZHELS ANVR=VEDBTTIZE - T 23-PA 2 FU LR
ZoEER LTz, DBEORBEORERFIGIZBWTIIRETFAIZ 7 a7 ) 42 Vg
TFNVIIEE LBBOYBEMEICEE LR, BIAET S 1CZ 253 Z L ITHKkTh
L. TEZOHMRIZHEII L T\ D, RERERKIT 6 TEREIE 7% TH 5,

1) Me,AICI, or H
EtAICI, N CICOCOEt
m CH,Cl, 4 O pyridine
—
N 2) LiAIH, O N THF
H THF N rt, 88%

52% (2 steps)

H
1) LiAIH, N
0 MeSO3H E‘OZC L. ore i O
N 14 dioxane 2) DDQ ‘
N 92% N

1,4-dioxane
89% (2 steps)

I

H
FICZ

Scheme 1.3 FICZ DA% (Bergman, 2004).

12



1.2.2.2 Dehaen & D4 A
2007 & Dehaen HIZ LY 6 (LB H DAL 6, 127 _@BHEA > K [3,2-b] /3
— VDA RRBIAHE STV 5 (Scheme 1.4) %,

R 1
0] I, (0.1 eq,) R H
) * R1J'L|-| O O ’ 2 8 N
N HN . NH Qe SO
I H'N«_/
Indole aldehyde 3,3'-diindolylmethane indolenium ion

R' = alkyl
(-Me, -Pentyl etc...)

R H or 1,30, ¥ u
- O N + (EtO)CRZ _ 274 O O N

n b Q MeOH N O
14h i, 14 h H Re

2,3'-diindolylmethane orthoester
RZ2=H, alkyl 20 - 50% yield
(-Me, -Et, -Phenyl) 3 steps, one-pot reaction

Scheme 1.4 6, 12 il —@#A > K1 [3,2-b] /W37 —)LDERMH| (Dehaen, 2007)

% 5132003 €512 Bandgar HIZ LV HE SN URMETTCOAL > R—1 e 7T
VT ROBERIGICE »TEOND 33-VA Y FUARAZ UBRRIGRFIZBND
T, 23-VAVRINRAEUA~LREETHZZLEZRBL, B—RIGRFIZENT
NI N) 2 FALEERHSEAZETA U FR[B2D AN — VEREEEL
TW5, 33-OA LV RUNAZUNBED23-4 2 R LA Z o ~D RO i
1% 2004 4212 Harigaya HIZE > THESIN TS A » F— =0 A RO
e BRABANPRIDZ LI > T 234V RU MR Z U~ BB ET
TAH5LEZLNTWA D, Dehaen H 132 D EMLEEOEELEZITV., xr DAL
N AT NVEERASED ZETOLERA > Fa[32-b] N/ — LB LV6 L 12
AL BT VEI)V-A » Ra[32-b] W WY — VB ERD AR EER L TWD, AE
FRORME LT 6 MBIR 2 LICERPBEREZEATEIANETOND, L
UM S EEEATREREREN 7 LV ER CEBKEERREICRESND,

723, Dehaen HITEARRERBHRIEDONY = — 3 V20T HH T, 6 (iifE#Hh
AV Ra[B32-b] NN =kt L TERELERA 12 fL~DRLINEBI Y
BEFF OB AT LTV 5 (Scheme 1.5),

13



method A;

POCI,/DMF
Pentyl (1 _gseq_ ) Pentyl

H dichloromethane H
o = T
N O Q method B; N
H FeBrs
(3.0eq.) — o
THF/H,O R =-CHO (50%, from method A)

R = -Br (yields were not described.
from method B)

Scheme 1.5 6 fL{E#A > K[3,2-b]H V3V — )LD 12 (LB REFEAL

1223 Tang 52X AR

2013 4 Tang BT K- TR E D PICL FE T, AV MLlc T v Lo —7 )1
FRETAT=) UBEEKREA U RV EEREESZ L TEFBRERAAL R L
AR DERIEE N TV H(Scheme 1.6) 2,

NHBoc PtCI, (10 mol%) BOC e
R3 (:@ Na,CO; (1.5eq.) R3 ‘ p
100 °C 4 O R'
OMe dioxane §
Propargylic ethers Indoles

Diindolylmethanes
55-88% yield

Scheme 1.6 H&fRHIZ K 2 IERIFRIeA > KU LA F o DE R (Tang, 2013)

7. Tang HIIAFIESE FICZ DA~ & B L TV 5(Scheme 1.7),
FTROLOLARIGICTELNIZE ALV R—uizxt LTS MRIZ L D Boc EDRRZE,
suaua ) FxUNBTF L BHRSICHE < BBERG TORILERTA v
Ra ARy — v a4 TR 30%IZTERK LT, FD#%ERO Bergman H DFEEH
WT 6 LFE27% T FICZ DERAZER L TV 5,

14



Indole (2 eq.)

NHBoc  PtCl, ( 10 mol%) &
Na,CO5 (1.5 eq. ) 160 o p
100 °C 0% / O
dioxane N

82%

N
CICOCO,Et ‘ ) MeSO;H
0.
4 52%
Et0 o H for 2 steps
H

OHC N
-

H
FICZ
Scheme 1.7 BE/RZINZ & D FICZ D& R (Tang, 2013).
Tang HOFET T2 SNV FNLNZ—TLVELIRS V F—VIZHLNPLORELRD

BEREZEAL CB L TERIBEHBRENRRY—VERTHEAL LV RY VA S
VEBIOA VRN — VB EERARETH D BB ETH D,

15



E2E EFEREZHEFICZ DHRALERK

FE1E AREHE

FICZ OFABM R RETRIZ33I-PA L RIARXAZ L0 | TRTELND X
72 1ICZ % 6 PLEIRANT AN 2 T 5 2 TIRAK TH 5(Scheme 2.1), LxL72HR
O ARFIEIT eI D Bergman b IZFERICRRET S 41, AV I RIC L - TICZ 226 FICZ
AT LIIRETHD L BABMESATVS P,

direct CHO|_I
O H formylation Q 6 N
c - L
N
N0 N
Indolo[3.2-b]carbazole FICZ (21)
Scheme 2.1 ICZ DEHEE / BV I NWKIZ X D FICZ ~DZEH#:

F Z T FICZ 2R ERT A= 0IEw R FF—LT7 78 2 —DReH%2E
R, ETENOHFEMIC FICZ 26T HFIEL LTUHRETEMRLTE
T ) 5— bOfLELZBERT S Z & & L7=(Scheme 2.2) V%),

bbb, V) 7— b EMETHDHA 2 FYEBE=F NV 9% K —IlZ, D
TR FTE—L L T2-783- 58I A F=LDERE L, NLEBERIRA 2K E
— REEEERRISC L VA Ra[32-b] NV = VEBOF RO L BRERK
EITO AR O Z BIEL L,

(ABEOYAZDFF—+F7o€T8— —  FICZOLBRREAHEE—SHITHE]

EtO,C B R
@/\ chq E1O,C N O
Vo ¥ O\ T QD
N C
Boc O N

0 R
enolate - = Michael acceptor 6-substituted indolo[2,3-b]carzazoles
indole - = aldehyde ’

Scheme 2.2 & FREHHE
AERBBEOFEE LT 207/ AV FRRBEDOKRE ENLRL52=y |k
THY, bihbrFELI=y FOBEADKNENRL FICZ DRKFEKE —EICHE
EARETH D, ZDL I RIRAINOFERIZR FICZ DERKE L OZE D BREHK
IeDEB A BHRE L,

16



B2 EE ORISR

—fRIZY ) F— FORIRIZBWNT, RISROHIER LIZLIZTHEE LTETH
N5 (Scheme 2.3)%, 7TV AR AT (E7-137 0 b B AT )V) 1TFEEICK
LT v hALE S TR T— b EEKRT D, TOBET ) F— b D ofiLt
YLD ZODRIERBPFEL, TNHRKSEHFIZB T = 77— FOHEOE(L,
ThDbLRIGHBEM IR PEXRNC L > TEORIGEAOHIBENARETH D, &
Bx /) 7— b ERAOEERICE o ERARMAMEZ 525 Z LML THS 220,

base o™ E* o o
“o T Remng |—— ‘%“TKX+RTﬁ%1¥
E E
dienolate a-adducts v-adducts

Scheme 2.3 — / 7 — MO

AV Ra[32-b) NNV — VEBOEEIZH-Y, (MEBROICRIGEITI bD L
THE, AV RFYLVEEBRZFLEIVEIMND YT ) F—FD
Qo BIRAY 72 1AM
@y BIREY 72 1 2-FHINRE
DTN EEBRTHLERD D,

AV RINVEFBRZ AT NVIET ULVEIB T AT NVOEERT ITn s tRhipdZ b

BH¥D, FOid, &R 77— e AWi=Qo ZBIRAZ 14RO ER
Bf L7z,

17



2.2.1 PIIRRE (VR y MRIR)
MPRE E LT, VU Ry b TO 2 HFTRRRE R ERE S EROBRE 2R 72
(Scheme 2.4),

Boc H

Et0,C, Boc base EtO,C N O N
o - RO e 0 4
N A 0°Ctort O N \

Boc 0] Boc 0

2.2 2.3 24 2-5

Scheme 2.4 A > R[3,2-b] 7 V3 — )VER D EBRIE L

FOSIREE 0 °CH b |IRSMH T I CHEEEMS A 285 L= (Table 2.1), W THh
DEHELZRL LA BIGE LW Z &, £EESESEE B TT LT E R
2-3 D Boc ENRREINDRIKISHETTH Z EHHA L,

Table 2.1 A > K 1[32-b| W XY — VB D EHHIE L.

Entry base solvent yield note
1 NaOEt EtOH - multispots, RSM
2 NaH THF - multispots, 2-5
3 DBU CH,Cl, - multispots, 2-5
4 DBU, LiClI CH,Cl, - multispots
5 Et;N THF - multispots

ZOFEREZT. VR y RIS T—ZIZEMRT 2Bt 2 & L. IRKRE SR
RIGZEATH ZE TREBRERTHZ L L LI,

18



222 A v FUNVERBRTF NV DRI

FZTET. AV RULEER-F L 22 2V ) T — bEIBRE L L& 2 DRIS
HEDOFEZEIT -7 (Table 2.2), RIGRES —78 °C 12T, AL L TLHMDS % f
WTEERBFRIZER I A, INVKRNVIRFED oL TR L7z o-fFHIAE

2-6 X RIFRINRTHI, £ 20 y fLTRIG LIZERDITNTHOFREIZBW
THBRI SR oT,

Table 2.2 1 > R U )VEEEE—F )L D it

CO,Et  LHMDS (1.2) EIOL
electrophile (1.1)
N\ > N
N THF N
Boc _78°C.1h Boc
2-2 then AcOH 2-6a-2-6d
Entry electrophile major product yield / %
EtO,C
1 Me-l 80
822
Boc
EtO,C
\ /
2 Allyl-l 70
Boc
Eto,c_ OH
3  isobutyraldehyde
(dr5 2 1)
Boc
OH
4 acrolein EtO,C
/
(dr2 3 1)
Boc

2 KHMDS was used instead of LHMDS and the reaction was
performed at —20 °C.

19



223 2-7mua3- KN INAg Yy R—=LORIGHE
2-7mu3-RNVI)NA v =)L 2-3 1T 5 LAINMRISIEZNE TITF A4 —v
RT IVEREBACLEZLORN, BRERTOHAINTVUVLERAW I a A v
VU I RIGIC X DIRFE—RBHEAEREPBE SN TVWEDATH- 720
ZIZT /N T227er3-5KVI A v R—L 23 ORIGHEDOIRZH/ 5 L K
FREAE L TRLEMZT ) 7— FNEMETH BTV E AW TRISEIT
- 7= (Table2.3),

Table2.3 —/ 57— b & D

Boc
EOC base N
EtO THF Cl
. m—?:]@ _THF N
0] °
Y —718°C g0 OH
2h o)
ethyl acetate 2.3 2.7

Entry Base Yield / %
1 LHMDS 71
2 KHMDS 68

BEOHD U E—AF U HFATELT, 1L,2-(E 2-7 Z2BROICHT-2 5
AR L,

2-7 v u-3-FNVINA v R—)b 2-3 IZxHF 2 IRBEREH OBIRE 1,4-( MRS
—fl Coldham HIZ k> THE SN TS ¥, REF L LTvr BTV, HE
& L TNHMDS #H\W5 Z & T 1A-FINRIGE 2 #1T &8 TV 5(Scheme 2.5)

Boc Boc O 0
O 0O N NHMDS MeO,C
oA~Home T TN ’ HkOEt MeOJ\])LOMe
Me Me THF MEOZC H
OH OH !
dimethyl 23 10 min 1,4-adduct i PKa=25 PK,=13
malonate 95% H

Scheme 2.5 (i EZTIRA 1.4-FMN)G
g =T &~ VEEY A FIOUTIIBEEN ENEH pKa DIEH 25 & 13 L KZE

SEENRTWD Z L, ERENDOREHE L TOMEIIRES BRI LENEZ
bhd,

20



3 HE NLEERAER RS

231 A7 V—=v7

A RYNEEBR=F L 22 BLN2-7 na3- KV )bA v R—IL2-3 DZENEH
DRIEZRIEL =D T, W TlE ORI Z e L7z (Table 2.4), SHEEE, X
ICRESAEFE L, BN EONDI 0 EBE L, RIGRES —78 °C, LHMDS
ZERSHES L BRMO LAk 2-8 |TEBIERER S 722 1,2-0fk 2-9 234
B & L TE 27z (entryl), SV TRIGIREZ—78 °CH5 0 CETHRBEIHAZEZ
A 1LA-FIINE 2-8 75 20% K THLH B EERD & L TELNZ(entry 2), & Z CH
FUCTHO U E—A AV EER LI E Z A Na K OEIZINEE E L 7= (entries 3,
4), b BWERE A E 2 7= KHMDS % AV CTRIGIREE 2 — 78°CIZEE L 7= 84 (entry
5). RISEEIE % CHLCly, PhMe (22T L 7235E (entries 6, 7) 28 L 7=, LLEDOFER LY
entry 4 (IR TREEZRESRMGE Lz, 7B, HEL LT LDA #AVESHAICIX
LHMDS & RIRDINE L 5 2 7=1E), BHERIRAY %5 2 7= (entry 8),

Table 2.4 GOt

EtO,C base
solvent
Temp
Boc

2-2 2-3 2-8 2-9

Entry Base Solvent  Temp. / °C  Yield of 2-8 / % Result

1 LHMDS THF -78 trace 2-9 major
2 LHMDS THF -78 to rt 20 2-8 major
3 NHMDS THF -78 to rt 42 2-8 major
4 KHMDS THF -78 to rt 59 2-8 major
5 KHMDS THF -78 49 2-8 major
6 KHMDS CH,Cl, -78 to rt 30 2-8 major
7 KHMDS PhMe -78 to rt 31 2-8 major
8 LDA THF -78 to rt 20 multi spots
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232 IREERET
2.3.1 @D entry 4 X W ARG DE@EIRE %25 L7, (Table 2.5)

Table 2.5 RERS]

EtO,C ﬁoc KHMDS
N A\ Temp. @
Boc @] time
2-2 2-3 2-8

Entry Temp./ °C Time / h Yield / %

1 -78 0.5 47
2 -78 2 49
3 -60 1 43
4 -40 2 54
5 -30 1 51
6 -20 1 60
7 -10 1 50
8 0 0.5 50

FOREE —78 °CIZ TG % 30 47, 2 FRfE CE L2581z & A FIERIZ
k% 1= 2 72> 1= (entries 1, 2), TDOHRLITIRELY EIF &2 1To72L 2 A,
FOGIRE —20 °COBFIZ 60% LR bINE L 144K 2-8 %2 525 Z L& RE LT

(entry 6),
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233 B UL E—hF A OREH

FOGIREE—20 °C, ¥4 THF ORESEH*AWTHEEDOI Y 2 —hTFF %5
B L7 R %R (Table 2.6), Z DL, BIERH TH D 1,2-(01{K 2-9 DIz Z D
ARETH B 210 B L 2-11 2 KSHEOHKRAE® D ' HNMR % VW CRERR L 7=,

Table2.6 7V ¥ —hF 4 DEE,

B
EtO.C Eoc base EtO,C, Nos
) T I
3" Y CHO i
N A\ -20°C O N
Boc Boc
210 : R=Boc
2-2 2-3 2-8 29 241-R=H
. Ratio of products®
Ent B Yield of 2-8 / %
nry | base 2.8 29 210 2-11
1 LHMDS 6 17 83 <1 <1
2 NHMDS 37 58 <1 3 39
3 KHMDS 60 >95 <1 <5 <1

?Determined by 'H NMR analysis.
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2.3.4 BIRMEDRRAE

A B—=HFF L DECLDZBREODEDRE R ZZ T, W O ORIFERE
17> 7=(Scheme 2.6), %7, &S 7z 1,2-(HA0K 2-9 (2%t L CTEIRIZ T LHMDS % {E
AERD L, HONCHEEFERTHAA > R LERER-F L 22 & 2-7 nr-3-75k)L
SINAVR= 23 IZEDZENHA L, ZORERIE. 1L,2-fE& 29 2260
FIGHETT 22 LETTHDTH D, H\ T, —78CIT T LHMDS & HMPA %N
ZT2EBEToTE A, BEX 1LAAINE 2-8 NBIRAICEONZ, EHIT, 1,2
A 2-9 (2% LT —20Ci2 T KHMDS Z{EH &85 &, 1L4-f1nfk 2-8 ~ L &
SNHZEBALNERST,

EtO,C Boc LHMDS
o HMPA
\ * A —_—
N A THF
Boc 0 -78 °C
2h
2-2 2-3

KHMDS

THF
-20°C
54%

Scheme 2.6 HFEEER
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ULDRERIY, KRIETHV X —HFF N Lo TRIREN (LT 2 HH &
LT, VFULLDFA L OHEARITITERTIE 1, 2-fIME SRR CRIGAIEE D |
XV BEBZRBEHEEOKR NG ) T L DF A TR 12-MMPEE»SFE~D L b e
L2-FHINEGMEEE U 14Nk 2-8 ~L 8510 5 Z L35 2 B35 (Scheme 2.7), £
7= HMPA O X5 R F AL @M MR H D WIE7 FAZ -k EHRETH L5 7%
BNMAZMZ2 52TV FULITFALTHY b 1 2-MIRIGERE S H 1,4-fF
ik 2-8 ~L#ExfbTHZ LEHALNE Lz,

path b Boc

EtO,C /7 o \N path a
e,
v
\ H
O N\

N N
. th ! '
Boc Paé L Boc path ¢ _ Boc
metal alkoxide 1, 2-addition
intermediate ’
path b l path ¢

B B ] elimination
EtO,C (| ﬁoc Et0,C Boc (E1cB product)
N
O — MCl N O
—

N 0—M Li (HMPA N b

Boc as additive) EIE oc
- - 1,4-addition

Scheme 2.7 #EE i 1S
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EAHE A Fa32-b)J NV — LB O

‘BoTe LAk 2-8 (2% L THFHABR G D#EE 41T - 72(Table 2.7) , Et;N
TS EITE T (entry 1), Z O ESFEEE A2 EH S THEMEORLAED R
SNDBDOHTE AT AR L 72 - 7= (entries 2-5), LxLEERE L LTDBU ZHW
TeBRICBRILEOS D EIT L, B K 61 %IFEIZ TERILIK 2-4 %157 (entries 6-8),

Table 2.7 HE DT

Boc Boc Boc
Et0O,C N EtO,C N EtO,C N
I _bese | ® . ) ®
O I\\I CHO solvent O N OH O N
Boc temp. Boc Boc
2-8 212 2-4
Entry  Base Solvent Temp. / °C_Yield / % Note
1 Et;N THF 0tort - no reaction
2 t—-BuOK THF Otort trace muti spots
3 NaOEt EtOH Otort trace -
4 NaH THF Otort trace muti spots
5 LHMDS THF -78 to rt trace muti spots
6 DBU THF 0tort 29 -
7 DBU THF 50 46 -
8 DBU THF-MeCN rt 61 =

AROSITBIESREF T TOLEIT T2 Z 8IS D, D Boc £ b [FIRFIC B
ETxE, IEEHBOmASLEE LY, £ZT TFA 2{EHEEEEZ A,
Boc ZEDFREICH WV CTHARRISOHEICET L, IXE 78%I2TA > Ru[3,2-p /v
RV =)L 2-14 DAFRITHE) L7~ (Scheme 2.8) ,

~ y .
Boc H
Et0,C N Et0,C CW® Et0,C N
T , C
~ 2 o
cro ® ®
Boc 0°C H H
30min - -
2-8 8% 213 214

Scheme 2.8 Boc D% & ARG
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ESHI FICZ DARK

BT FICZ DARLE LA T DOREIZIT - 72, Bergman b DHE Tl 2TV 2-14 |12
% LT LAH&ITIZHE< DDQ BA{LiZ L » T2 TR INE 2% TFICZ #& T\ 5,
ZIZT, ETATAEZEBOICT VT & R~LBET 5 FiELRATZ, DIBALH
WZEBT7NLVT e RFANOEFERETZRAT-N I EFET LA -7, (Scheme
29) ZOEMH L L TCIIFMEEEIC L TEEYW 214 B LI, TATe R
TIED DD DEBEGF TIZTESCHHHLTLE > 72O THD (Table 2.8),

H H
Et0,C. N DIBALH OHC. N
O O solvent O 0
O N —-78°Cto0°C O N

H H
214 FICZ (2-1)

Scheme 2.9 DIBALH |2 X 53i&5C.

Table 2.8 L&Y 2-14 O¥EfEME:

Solvent _ Solubility at rt _Solubility at — 40 °C
nhexane
EtOAc
PhMe

CHCl,
CH,Cl,
THF

dioxane
DMSO

X ARE ACERE o:fE O: F%

- (mp.: 12 °C)
- (mp.: 20 °C)

Q0O O OD>D> x
X

b& 214 ([Zxt L T4 OBTAIZERASETT v a— A~ L8 Z LAk
oo FELUBRICBW TR EEWII TV BTN T T DA~DOREDFERNZ LA L
=8, WOBLEIGED TRICKELY B2 RWVETRZRAWD Z & & Lz, &k
DFER Red-APPHEHBEL TV —NAA~LB LTI EE2RHLEOTIREZAY
oo M BALRIGIZBWT, T2 THWBEOHKIRE 5 1F7z, FREEED > HT7 =
— ) 215 DL &R T 5 H DN dioxane BL T DMSO DA TH-T-, FEABRETD
fEH. Bergman b & RIEROEMHTH 5 DDQ BRLA b BEWERE2 5 2, 2 TRINE
94% T FICZ (2-1) %1% 7=(Scheme 2.10) ,



OH H H

H
EtO,C. N ® N OHC N
0 e LD e 20T
O THF O dioxane ‘
N N rt N

H 0°C H 94% H

2.14 2.15 (in 2 steps) FICZ (2.1)

Scheme 2.10 FICZ (2-1) D& Fk.

BonibEm 2-1 © 'H, °C NMR, MS # &1 2 TD ALY hLF—Z [ THEE
ML —Z L FICZ DEREZEEAILEHmTHDHA > R ERTF /L 2-2 LV 4 TFE,
FAUL R 44% & hSREITERK L T2,
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FEIE FnovrXr—EHEER XR774 DA

E1E Frim

XR774 1% 2001 42 Cladosporium J&D—E#Hk CBUK20700 EREDREEE P L v B
HE - G ESNTALEMTH S Y (Figure3.1), ALAWITH CD26 FEA%B| X
BIFTArZ—aAfxr 2 (IL-2) HEEEZEE L LoAEMGIRORER 7 Y
—= VI ORERRAHEINTALEH T, EHFMOEMIZHB N T abl-Fr v ¥f—
PEBLSPAET DI LA BESNT, BICEOHRDEMFTMIZL > T, KXMeAWIT
FEFo XS —BICk L TRAERZ T Z LGS, BEELTHA~D
V=AM & R B AIREE AR LT 2P,

% OH

XR774 (3-1) Benzo[,t']fluoranthene

Figure 3.1 XR774 L XUV [j17NVA T T VB

FAEEYH OWERRKEK L LT, RV 17 AT T (LT BjF) BREZHE L.
D B EITERT D5 3 DORFRBRFERT DI LBHETOoNLH, £OEHHAI
72 < MERLABLE IR E STV RY, BjF L& Truncatone DHEEAEHHL T
RUBZTTF RPERICLDEMES T T 72V VAN ERER LIZOL ik
WkpdeF 72V T T A= (BNT) ~eE#HIh, <l Bk E
BRNERAEREN TS EEZLNTWVS (Scheme3.1) ¥,

OH OH

2 9 e
OH OH
— — — —
o) -0 l‘“ﬁ "gm

O SCoA
Pentaketid
entaketide OH OH
BNT
0O 0O O OH
a0, (K
I [H] 9
IS 54
0]
OH O OH
Truncatone

(BjF Natural product)

Scheme 3.1 BjF {bL& ) DHEE A& R AR #E
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AEWIESEZB T 5 BiF {LADIIA LA OBEEEREZ IO EREEOMEN INT
WD IO RIS B W TR T A RS LT
c 4 9N T = ) —NAEKERE

* A, DEMHFEE LGETLE BiF) R 5B OBBRTREST—T V2R T
%

CERLECI_EEEGZATS
ZEBRFETFTHEND (Figure 3.2),

O OH O OH

OH O
ROQ 09 90
i/ O (CLR
HO H
G O a9
0O @] 0O
OH OH OH
Bulgarein Truncatone XR774 Daldinone A
(R=-OH,R;=-H) 1998 2001 (R = gH), 2002
Bulgarhodin Daldinone C
(R=-OH,R; =-0OH) (R = a-H), 2006
1976
OH
Daldinone D Hypoxylonol A (R = -Et Hypoxylonol D (R = -Et
2006 Hypoxylor;glog R =-Me Hypoxylonol E (R = -Me

ypoxylonol F (R = -H)
Hypoxylonol C (R = -H) 2012
2012

Figure 3.2 2t/ BjF X%A®
BIZZOCREODZEMAEDHFEIZEIV ARDDIWVIID BBBESICHFFRILT
HIERFREING, Thbb, CRED_EFESOERMENREZ o T2 HL—ET

LFEEBELLTLE D LEFICEEREEL 2D, LER> THRELAEHOERKIZE
WTIXCEBLEDODZHERESZ VN L THEERT IR EL 25,
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XR774 & [FIRFICHEERE S 7= CD B LR LFE X OB LS 0 B 7 2 586
(£32—3-4 DEMBEHNRE S BR DV N ORLEWROARKIT, XV EWE
%o BF L& E RH I AREMER A EN D (Figure 3.3), £ZT, ZDOX Y
N7 NAT T B OBEEDORMENL & . XR774 ORERSIAEREOREFAZ B E L
THRILEVMDERIZEF LT,

XR774 (3-1)
Figure 3.3 XR774 & Z D¥ERZE
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FE2H B KERGHE
EH LAY DM A AN 2~ (Scheme 3.2), XR774 ZUUHEIOZIRIICE

TH, Zo0FT7EZVUERERTAILEMER W v 7Y VI RIGICE -
TAROBIZ BIF D2RFEEREBETI I LE L, CRED_EFAZAHIEE
THETHZL L Lz, HFREIELTEF7F LAY 3-6 xEEFREAKL LT
RELREAIE LT= P I3 TE RETHAEL TRV REFETH7 H3-9
ZEEt L7z, = NUA BT IXFRILEHTHEL T 77XV A —1 38 LV, 7k
V391FFTELUVA 310 L EFENFNRET S L L,

OH
OH
3-8
/ - +
e o T
( o)
(o}
XR?"(-L (3-1) MO 03-5 3-6
MOMO O OH
39 3-10
Scheme 3.2 W& RFCARMT.
AEREKR 2 ERTH ETORBEIL,
= hUN3T &7 by 39 OFEGERBIGZEIT AALERRME 8 Il LTV 12b
LD )

- MRS 3-6 DEARKIGIZE T AL ERIRE (5-exo BRILE L W 6-endo BR{L)
BETFTHND (Figure 3.4),

OMOM

enolate phenol

@O (C12c) (Cé6a)

(‘ S ©ba i

@O CN . .

<& .
S @r Ifleztone Epoxige
MOMO O (C12b, C8) (C6b, C7)

Figure 3.4 (i B ZHUE O |1
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3 v 7FIAREEOERK

33.1 = h UV 3T DERK

=k UV 3-T DGR % 773 (Scheme 3.3),

HIRILEWMTH D 1234-T T Fa-15-F7F Lo IPF— (38D T = ) —
JAEKER R MOM B TRELI-DL, RUDIIOZ nufbili 7 /) FEDE
AZEV=Fr U N 3T 2557,

OH MOMCI OMOM OMOM OMOM
NaH SOCI2 NaCN
THF THF HMPA
OH 0°Ctort 60 °C
92% 72%
3-8 -11 3-12 (2 steps)

Scheme 3.3 = K V)L 3-7T D&%

332 &7 b2 39 DARK

r b 3-9 OERRER %A 779 (Scheme 3.4),

HRILEM TH D 1,5-F 7 Z Lo VA —(3-10)DEEER(L DIz kv ¥/ 313
B, 7= /) —NHKEEEEZ MOM ECHRELZOL, HESEFHETOTRF T
ik v s b 39 2157,

OH
MOMCI
O Cu%l _FPrNEL H%:o3
T MeCN CHzcb THE/ H;0
60 °C 0 °Cto 1t 0°Ctort
OH
3-10

OH 0] MOMO 0] MOMO 0
68% 92%

Scheme 3.4 7 k> 3-9 D&%
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333 (MLERIRE D v 7Y > 7 Kt

ARLIZ=FIN 37T BEXOHr by 39 Oy 7V v RGOS 2R 7
(Scheme 3.5), BETOFRER., RIGIRE —78 °C, 5 L L TLHMDS Z AW\t Z 5,
BTV T RAER 36 B 2R DTVT AT VA —BRAME LTRERINETH
T=Z7.

QMOM LHMDS

THF
+ 0 ——i
7 %2)
then Ac
CN MOMO O 94%,
dr=5:1

+

3-7 3-9
Scheme 3.5 B v 7V V7K 3-6 DEFL

- T 7Y TR 3-6 D TEIRE

A ULTEREERDOC T AT VA—REWI I TSN AT LI~ N TTF7 4
—THREZBEL 2o Ty, ~FH U-FRR = F S TEARY 3-6a HiEmibT 5
ZEERHLE, TREAWTEARY 3-6a ZHEEL TW&, ERolzRiRF OV
TATA—lR 1:1 BEIZRSEDOLIZAT LAV ISV~ N T T T 4—
WX SBET D Z ERETREE Ao T,

ZDHL, EEMY 3-6a ITHEMEMIC Lo THERS B LN X Bk aEs
FEMTIZ X o TE OFE® L ARELE A R L 7= (Figure 3.5),

Figure 3.5 =AM 3-6a O X MG A EMRIT (
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KA 7V TR HBREIIRO L 5 IZHETE S 15 (Figure 3.6, Scheme
3.6).

s MLEEFRMEICE LT, b 39 D IIITFETIEFEMTHD —TVE
BEDORA VAV —FRIZLE>T, IVAR=AEOREFHIZIMEV S 126D F

A3 < SREZA & ORUGIE 120l TRIRMIZE Z 2
MOMO

5+01Oe;12c I
ol s+ll8 3-7
MOMO O
3-9

Figure 3.6 7 v 7"V > 7 )i DAL B 2R

« SARTBIRMEICE L TR F 2 FOSLKREE 28T 2 X O ([CHEmE BRI D> & REZAIT
HD= VNI OIS ETT S

MR DEE, U F U L% Lic 6 BIRBEREEZER "T5Z L28ETS L,

FHFERFELPIESDD exo BB L ER Y A9 endo BEIRED 2 DOBBIKEEN
EZzboND, ZOHH, MKEED LD /D72 exo BRREZEH L TLAEY 3-6a
EEARME L THIZZ, b —FHD endo BREIREZRA L {LEW3-6b 2 L %
WZhzxbEEZ BN,

endo-TS
major diastereomer minor diastereomer

Scheme 3.6 #EEZEBIREE
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334 BARKG

AR 3-6 1IFRICREMEEM DO 7 = 7 —)V, REFEIMOTRF Y FigiE%
B35, €T 3-6a %AV THSRMTIZHWTHERRIE%21T > 72(Table 3.1),
Table3.1 FABRRIG

Entry  Conditions 3-15 3-16
1 HCI-MeOH X O
2 FeCl, x o)
3 Yb(OTH), x O

Fli 2 DERMESREIZBWT 6 BERMPIEERLIZ3-16 ZXERMME LThHIExT-, — K%
W2 FRBERALR G DFR TIX 5-exo BALD M 6-endo BRAL LV LEERBICEFITH
% Z &3 Baldwin Bl & LTHIBN TV P, ARIEHR T 6 BBREERAAFICETT
Z¥H L LT, Figure 3.4 O X BiEMEEHEITOBENSL, BHETHARIERTH
% 6a-6b ALEIDOFEREEL W &, 6a-7 (LEDEEBED F 23 < . SERZRHIFRIC L - T
SRR LR LI W2 ERFETF BN D, £ 2T 12b-12¢ % L Y [IE 72 sp” #idE
CEBLUIZPREE A ICELS ZERTENIE, RIGATH D 6a-6b [EDEEREZ T30
L0 EREFZ 6b (MDA F AU BEENSEDIWEL 2D LITX Y, MERRY
7RPARBUG A EBLCTE % & & % 7=(Scheme 3.7),

Lewis acid
—_—

5-exo-Tet

Scheme 3.7 6 BERF &R L OFHE P REIE A OF%E
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3.3.5 RiIBEEA R

RUVMIT—FTNAEB L= h Y VEL Birch B2 EO—EFRITIZE > THE
BICBRETERZERMBNTND DB 22 T 12b BL O 12¢ (L7211 Z2BIRA
WZBRET BT 12b fLOKEEEZ = —FT NVEIL, SMAINVKRoNVEE KEEEA~ L
ZEH#a L7~ (Scheme3.8), LAWY 3.6 ITHEEMFHFICBNT=RI V3T EARFY
K39IZEDZ ¥ L (Scheme 3.9) 729, XU DIT 3 BokEpi 2 BS54
TIZBWTMOM E CTHR#E L7= 19, ZORIEDERI LD MOM EAREINI=720,
INEBENTEL, KFEbEERUFETFT Y U A Ko TIHEEBIRMIZ S LA NVEAR=
IWEEDBTTEIT- T,

CHy(OMe),

Ceiite%
—_—

CHCl,
rt

NaBH,
—
MeOH/THF
0 °C to rt K
89% L7
(3steps) yomo  OH
319
(dr 5:1)

Scheme 3.8 ETiA 3-19 DAL

pasic OMOM 0
condition
—_— + (0]
CN MOMO O
MOMO O
3-6 3-7 3-9

(5:1 mixture)
Scheme 3.9 L ko [ 2-fHINE



« BITIK 3-19 DOEERE

A U728 7oK 3-19 O S ARELE 1T X B R & ARITIZ & > TIRFE L 7=(Figure 3.7),
6 BRICFET D2 ARF 73— )L OIAKELE X NOE EBR TIIMEENE b7
Sfeled, EAEWY 3-19a [Z OV TIEERE M 1TV X R s s I X - Tk
BoE A2 E Lz,

H ) —FHDIT AT LA<—3-19b IZOWTIE 8 fLDAEEEE p-T HEXR Y A
IME LTz = AT )UK 3-20b 25 R L, = AT LK 3-20b @ X B suidEEITIc L -
TZDOSAKFEE 2 RTE L=,

| ./ \
=~ e (oY
J.__-\/"‘
—_ \":‘ |
& g | N
Noaf [T
s
% W
p-bromobenzoyl , i,
chloride \ - e ) ~
P /N \
y . N A ‘[ /\.___/“
> TN T - SR
CICHﬁCHQCI b ,{.\; _}’!w-
60% EAVARE §

Figure 3.7 3270k 3-19a 3 X' 3-20b D X #ifs S EfRmT
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3.3.6 —EFRITRIG

BWTEERM E LTELNLETAR 3192 Z AV T—EFHELRCOBRIN 21T
>7z(Table3.2), AT =T H IV F U L) VU ALAZHV Birch #ix Tl
ER T AR E 2o T(entries 1,2), £33 Vb~V v AZETA L LGS
WZIERG DI ELT LR > To(entries 3,4), ME— U F U AL FT7F 1L =F (LN) %i&E
Al Lz Zii= PIVBLIOP—FT LV OBETHBRENEIT L 7.8- U4 —/1 3-21
M 12¢ fLOSEEALFED RS 2:1 OV T AT LA~<w—¢ LTELNE, ARG
3-19a B LV 319b DRAMEIFEE L LEGAICLERSETLR—DO YT AT
L At CARY) % 5 % 7=(Scheme 3.10),

Table 3.2 3.19a D —EFiE T

MOMO OH MOMO f}OH
3-19a 3-21 3-22
not obtained

Entry Conditions Yield / % Note
1 Li, NH,4 trace  multi spots
2 Na, NHj trace  multi spots
3 Sml, - N.R.
4 Sml,, HMPA - N.R.
5 Li, naphthalene 712 -

OMOM

Li
naphthalene

8
MOMO OH dr=21 MOMO OH

319 3-21a 3-21b
(dr 5:1 at C12c)

Scheme 3.10 3-19 O—EFEIC
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AR DA FOCHEIIARATH 52, BHIOHENWE LT—EFBAlcL S
EEEOVT ) EBLO—FT VEBREOBRTHREIC L 2 “ERGHREEE
L TV /=(Scheme 3.11),

— ik OMOM
lithium ) lithium
3-19 naphthalenide OMOM haphthalenide
- _—l- ™ - .
OMOM

MOMO OH MOMO OH MOMO OH
3-22 3-21
Scheme 3.11 287 E L T\ e —E 8 oo OEHE
ERITEZ o2 ISIE, =ARF Y FOBTHBEALFRRICETLEZHDOTH S
(Scheme 3.12), ZiLiL, LR ORIEREEIZ L > TA L 3-22 NHEIZHEFELELIND
BEEDIENIC, =ARFY FMUNETHICEAEL, KELOTVINLBRIHIZ—ETF
BREEZTINET =F 0 2E L0 bIZ—T VORBENE Z 288 THWHA
TEX D0, ZOFMIFHATHS ",

- OMOM
2 lithium o
naphthalenide lithium
319 —> . OMOM naphthalenide
cleavage . -_—
of C-O bond
at 6b 0©
MOMO OH
OMOM OMOM

“OH
MOMO OH MOMO OH MOMO OH
3-21

Scheme 3.12 — & 138 e D HE EFEHE
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a2 BRSO R, HRE LTWE 322 IRGFREEE LTHRIETSHZ &I1XT
ol ARIGICE - TEHEOLND 321 ZHWVWTH R0 FEBREITO =
L7,

3.3.7 —E BT 3-21 OEERE

—E BT 3-21 OBEREIIENENFEERD X Bk SEERITIC X > TT
STz, EAERY 3-21a O 7T LOKEEFEZ A F b, 8 (LD/KEEEZ Y VI THRE
Lit&# 3-23a 5 Lo, B oo ba® 3-23a O X M EERITIC LY 20
FAXISZARELE 2R E L7z, (Scheme 3.13)

OMOM

1) Mel, tBuOK
THF, 38%
——

2) TBSOTf
Pyridine
CH}CIz
68% MOMO OTBS

3-23a

Scheme 3.13 3-23a DA & X Gk bt S AT

1 ) —H DAY 3-21b ONAAEE X 7, 8 fLOKEEREEZ A F ML LIZDH, 6a
BXO6b itz a vFELI-{kE& 3-2db AR L=, Bobni-{k&¥ 3-24b D X
FfE SR I X © F O SIARLE 2 E LT-, (Scheme 3.14)

3
1) Mel, tBuOK SN
THF, 51% L~
2)1 -« >“*""'
Ag0COCF, B 7l
CHzclz, 95% \ >:‘.L{/-'l ¥
A,

Scheme 3.14 3-24b DARL & X MiE g EARHT
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WA B WAREHE

3.4.1 FHBRCATBRAEDORE

Rice BIIRFHNDOT L—-b Y757 — b Dh v 7Y U IRIGICE - T BjF B
DA Z B LTV 5 (Scheme 3.15)'Y, Z DFE, X5 20 AORBRLAIFIMNCHE S C-H
FARSFRHZHAMBEDOEWVC LY 6 BERBLV 7T BROBBREZRTENEN
BIF BXORY LU 22 BREREZEZIOND, ARIGIZEBWTIX 7 BREBIK
RBAREDLNY LUIAERE T, 6 BEREBIRELZE S BF ZUITE 93% L #IRIZHE
TWAHZ b, B2 ET 6 BREBIREBLREZHRKICHAERNCHOHIBICE
7452 w#rTHITHD, TO—F, WEETHS DBU FE FEBERTEEZLE
ETHZENLIVIBRMREUEIAFELZERATL-OOBEL 2D,

CI) papmsyse
Q@
BjF

-
93%

OTf  pMmF
O‘ 135-140 °C
:

>

= - Perylene

Scheme 3.15 FAERIGIC K % BjF RO

—F. BHFARIZBNT, =y AV ERWEARKIEEZ KRRV ERICB W THE
LTV %(Scheme 3.16)'7, Hi7 LV ¥—#E TMC-264 DERRMFEIZIBNT, TV
— RV T— ML, =XV ERY 7 ud 2 20 AW -ARRIGIC X
STEBEBBRIOR VA ET VEREOBEEEZITV., TOREREER LTI, ARG
TRFEFRLELOBFEENE BILOMMEIENEEER TH D Z EBRREB I
Tote o)A ABEOFINC X 2iEME(LEIT> TV D,

Cl
Me .
Nl(co%)z
Et,AICI
MeO. Br Cl OMOM —— . MeO
@]
MeO O

Scheme 3.16 Ni(cod), & FV 7= AR K
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Z ZCZORARRICOFEE RS HARRIEA T 5 Z & & L7z(Scheme 3.17), #7
HPEEBIZH LT, @B%2M3 % 6 BEREBIREBLZREIARKISICE > THHOD
SRABBBPIERENDI LD EER LT,

MOMO OR? | MOMO  OR?
B BjF
cyclization precursor skeleton

Scheme 3.17 & REHE

&7 3-21 2 RITH - 2B LATEE B OA % EHE % 7~ 9 (Scheme 3.18),
6a iL35 & UF 6b AL~DBIRE 1 7 E AT A, FARKISIZEBT D ROGHER L &
5 BB E O FEBREZES T DD 3 MR DAL OB BRILATIC
fTo2Le L, SHIZINGDOBRIELAFHETIZBWT DRSBTS Z LIck-T
HEFEEREL D TAB XS MLOKBEE %2 R#E T S 5HE 2L Tz,

T4, 8T D IREE
6afiL, 6btIM/\O45 1k
3D ERIE
...............’.
....................... -
MOMO OR?
3-21 B

Scheme 3.18 ER{LEIBE(A 3-23 DA Rk EHE
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3.4.2 BRALAETERE 3-28 DAL

BRALAIBRA 3-28 (3-28a 35 L 1f 3-28b) DA ALITLL T DFRIZIT - 7=(Scheme 3.19),
VA= 321 OKEBEEEZ I NVETRE LV Y VK325 2(7-, Gonkr I
& 3-25 D 6a, 6b fLIZ—10 CIZ T T REL XY M U EAEREEA L TY 71
T 326 L L=, Bon/Y 7 o326 1zl HoiBEA Y v AEHWE
RO DV %ATWT b 32T 2872, &S b 3-27 I2x L TBAF %
EREE%Z L TU Y VEDOREZITOERLATEK 3-28 &£ L7,

(0]
OMOM Br—~NJ"~N.Br
TBSOTf OHMe
pyridine Me
CH,Cl, CH,Cl,
0°C,1h ~10°C,1h
99% from 3-21a 54% from 3-25a
89% from 3-21b 44% from 3-25b
MOMO OTBS
3-25
OMOM O OMOM
KMnO
Cuso’ TBAF
aq. t-BuOH THF R
50°C,2d rt,3h

53% from 3-26a quant. from 3-27a
“OTBS 52% from 3-26b “oTRs 94% from 3-27b

OTBS MOMO OTBS MOMO OH
3-26 3=27 3-28

Scheme 3.19 ERALHIBR{E 3-28 DAL
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BEE NUV[INAT T B OB
3.5.1 FARKIS

9. BRACATBR{A 3-28a (%3 5 FER K %217 - 7=(Scheme 3.20),
S TNERY I e A7 E Vo ERAVD I E THRRIGHEITTLEMN LT 58
bk 3-29a % 5 % 7=, ARIGIINA A2 ¥ OFMAZ LE L ERICTHFIC
HET LT,

Scheme 3.20 3-28a DB &

FIERIZ Cl2c ALK D B 72 2 BRAVATERA 3-28b (Zx13 5 FARKIG 21T o 7=
& Z ARSI THIRIZERILA 3-29b % 5-% 7=, (Scheme 3.21),

Scheme 3.21 3-28b D AR
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3.5.2 EMHEALRIG

W TER LA 3-29a (23t L CZEE S O RME(LRISEDO/ET % 1T - 7=(Table 3.3),
FEEECHRAL V) F 7 A7 & OB S TIRRMAL B EIT LR D o7, SHEETH S
R =FAT I DEERESERE ZARMERISAEITL 3-30 BLO3-31 %
1:1DREWME LTHEE,

Table 3.3 EME{LOSMHHET
O OMOM

Entry  Conditions Isomerization

1 LiCl X
2 AcOH x
3 Et,N O (1:1)

F I CHEEEOBRSFT 21T O AAEIRME 284 L 7= (Table 3.4), BRFTOFBEEY
VVUEBERASEDZE TROLEWVIAARBREICCEMNOILAKEELZ AT 5L
3-30 257,
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Table 3.4 HEEDORET
O OMOM

Entry Base 3-29a 3-30 3-31 3-32 Note
1 Et;N - 32 65 3 -30 °C
Et;N - 42 57 5 40 °C
3 /—Pr,NEt - 32 45 23
4 DBU - - - - Decomposed
5 Imidazole - 9 91
6 DABCO - 8 84
7 Pyridine - 81 5 14
8 Pyridine 15 75 5 5 THF solvent
9 DTBMP 100 - - - N.R.
10 Proton Sponge® - 42 58 -
11 DMAP - 10 66 24
12 1,10—-Phenanthroline 100 - - - N.R.

* ratio was determined by 'H NMR analysis

— 5T, Cl2c MDA LFED RS 3-29b ZHWEHRAICE ) DU ERH & ®
Jo & TANEEIRMEIIRB L 2o, 3-29b IZX L TIX MY =F A7 2 2%
ELTHWAZ L CEMDONKEELZHFT5 3-30 ZFAE[Y & L TH7=(Scheme
3.22), U LEORERENS, BHECEISIZBW TIIEERID & O SEARES B 23 K i D S 4E
REZEET LI EPHALNE RS T,

O OMOM

Scheme 3.22 3-29b @ B AV K6



BHALRIGIZB W T, FEOMARBER L OCEEIC L > TRIRESE DS HB %
KD K HIZHEE LI=(Scheme 3.23), £, 'HNMR OFERNS 3-29 DD B ED 7,8
PLDIKBEEFENT pseudo-axial HRNZINIE L TWA Z &3, HEY® 3-30 O 7,8 fLDKER
X pseudo-equatorial FMEIZHLE L TWVWD I ERREBINT-, ZOOKEBEREMN
pseudo-axial FRIZALE L TWA a7+ A—a VOFA, 7u b AL I Fai
N RZ->725E @AY 3-31 2525) [ZIZA ABOEETHHDITH L
T. BB 3-30 252 57023 =R NAF— IR R 2Bl a > 7 A —
VarvELDOMERDD, Lo TIELEALEDEREICBWTRIARY 3-31 DOEN
ZDIL, 3-29 D O DIKEEEED pseudo-axial HFENIALBE L TWDH I T H A —
3 VOBHZ 12D T v b BlEEE L IO T MALRRZ DD THD EE
bbb,

base

3-31
MOMO (such as
\ i imidazole) undesired
_O _—
3-30
desired

disfavored

Scheme 3.23 BMHALRIGTIBT D SRR & IR

—FH., BUDUDXEIRTHEETIE S FUB| XX OBENEL . KISRFIC
BWT 329 Dary 7+ A—2a yBNEELIEDOBIZ 12 i1 b5l EHkE s
6bLDT 1 b ALBETTHZ & THHW3-30 DRIRERM ELZEEZIOBND,

RBREMILICBIT D EBIREOHIEOMRE L LT, 3-27Ta® 7O ) VEE
BrE LAk 3-27a’ X © B 2 R(bik 3-29a’ % WV TR 21T - 25 & 12T,
S ASEIRAYIC B L 3292’ 3B H D Z L A3y TU H(Scheme 3.24), Z DX
BERAWEGEOBROEBRPDRIEIT LR 3-30 ZHV TR £
EITHZ L &L,

Scheme 3.24 (R EIT L A SRR EOHIH
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FE6HEI XR774 DA
3.6.1 7HLDAF AL

HITHE B bz BIELA 3-30 D 7 (LD KEEEEDFEIRAY A F /1L %1T - 7= (Scheme
3.25), 'HNMR OFERENS, SHIKBEREIT I A FF U AFIVEL ST TAER
ALTWAZ LAREENZ(0-H : §4.14 ppm) 7=, —ODKEEEDRIGHEIZIZE
BHHLDEEE L, KRBT P TLRH Y Uhtert-7 hFV RREDEREE
FAWTZ A F ARG TITESHICEER T HER o To, BETOMRKER, Bk
RERNEFHFICTI VAT AL EERSES Z & TTMNOKEBENELRNIZK
JELATF ALK 3SII B/ OoNLHZ L ERHE LT,

3-30 3-33
Scheme 3.25 7 (L /KEEFEE D X F 1AL

3.62 REEOBREB LS MO EILIZ XS XR774 DEFK

TV TIREREDBREETT o 7=(Scheme 3.26), fI#IRTE LT, /X7 hrxz= AL
RUBMEEFET., A¥ ) —NVEEASEAZ LT, A MKV AFAEORER X
O BALIZAZ ) — NN EA SN ALEY 3-34 ZEEBMICHET, LEW3-34 b £7=
KRDPOHEEESN TWAILEH " TH Y . NMR F—Z 2 L Y FOfEDHIEE BT,
ZDbEW 3-34 (Zxt L TR A KICERE L CRRO RIS EHITA 3 Z & T XR774
(3-1)%&B-, ARLEZ31 DAY MATF—F3HEHEYE—HL, Tk
AR A ER LT,

O OH

TsOH H,O TsOH H,0
—_— oH S

MeOH mOMe THF/H,0

quant. quant.

(based ”'OIVIe (bas“ﬁg

NMR on
on ) OH )
3-33 3-34 XR774 (3-1)

Scheme 3.26 XR774 (3-1) D&
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RIR DO HEX, Ar—nN% BT HE0BEREICHERH Y, /- XR774 ZH K
T55ZTIHMEAEW I3 DOLEEGRTELIONRTEZKOEBCTHEE LY, 22
THEW T, LAY 3-33 72 HEREE XR774 2155 X< #RFT 21T - 72(Scheme 3.27), &
MOFEE, 1.0 MERERE A VD EHIZBW T, XR774 (3-1) & C8-¢pi-XR774 BXEN
FNELNTC, REHITHERMED L < | B L7 C8-¢pi-XR774 % FBEE[R US&MI2ft
42 & TRBRIC XR774 B3-N)2BHZ LN TE -,

XR774 (3-1) C8-epi-XR774
38% 59%
1.0 M HCI
C8-epi-XR774 ——— & XR774(31) + C8-epi-XR774
THE/H.O 40% 47%
40 °G
1d

Scheme 3.27 XR774 35 X OF C8-¢pi-XR774 DE K

WH) 8 MLOSLRERE OHIEIX, CD BROFEIENLD Tb fLONAEEIZESX, CD
BR D convex M HAKGFNFIINT 2 Z & TIMARIRAIZ XR774 7210 2535 =
LNRHAEETH B L& 2 T 7=(Scheme 3.28),

concave
disfavored

H203’}%- o

[ . OH | OH
""""" ~ Ho gﬂ@.le =
:J MeOH HOMEOH

convex
favored

HO
H,O

Scheme 3.28 XR774 & 23517 5 SLARED & il i

LN ZORISIZRB W TEFENRTFET 5 Z &, £72 'HNMR R X #iEmiE
TERRMT DFER DD C8-epi-XR774 1X XR774 121X 720> 8.9 LD A TOHrFHNKFE
BEDOEENTREINZ, Zhi2XY 7,8, 9ffoBHEMICBWTI— 2 KFED
Bz AVARBICHLELLTZRAX—MIZIE XR774 LIFEAEEDLRNI L
2 DFT BHRIZBVW TR SN HHR (BREETRNVF—DFHE(B3LYP/6-31G(d,p))
12XV C8-epi-XR774 1X XR774 £V 0.70 kcal/mol BTE) & 727z,
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25 7 Hii XR774 OHERLRELE OWRE

XR774 Ozt SLAAELE ORTEILLLT DERIZIT - 72(Scheme 3.29), 4 & L 72#E
R ALEY 3-33 X L TRALICE > THE SN TV D RFEFEERA I ET 2
a7 5 3-35 DEMEHEHTERESESZ LT, DRGSR T % —1 336 8
X337 ~OFEB L OHEINRE L o7z,

TS
A 3-35

A
(S)-5-Allyl-2-oxabicyclo-
[3.3.0]oct-8-ene
PPTS

CHyCl,

14 h

ran 3-36 3-37

220
R* = G:) (less polar) (more polar)

Scheme 3.29 3-33 D245 E|

Bz 3-36 1Tk L TEEMESRME T 7 v ¥ — L OREEITV MTPA =27 )L 3.38
~LFHEETH 2 L TR Mosher tEZ A L7z 2, Zhiz kY £79°3-36 D 2 #kKEE
HEONKEEZ SSHBLE & L, MR AEBER D> TWND Z EMD 3-36 DFEXfIT
{KECLE H3(6bR, 7S, 8S) T 5 Z & ZIRTE L 7=(Scheme 3.30),

0 OMOM

1) 1.0 M HCl aq.
THF, rt
1d

3-36
(less polar) R-MTPA ester S-MTPA ester

3-38a 3-38b

+0,01 +0.02
A

0—"-0.09
-0.057 .0.12

Ad = SSPBR

Scheme 3.30 MTPA = AT )LDOEREE AS B
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B&IZT 72—/ 3-36 725 XR774 (3-1)~ & U /= (Scheme 3.31), BENN/KSAEIZ
XoTT 2 Z—NBIOMREEDRE L SMOKEED T E(LOEITIZ L Y XR774
B-NDZEER LTz, AR L7z XR774 (3-1) & KM OFENE V& D H#RIC X v RF 5%
RLT=Z ED (AR 3-1: [alp23—-107 (¢0.16, CH2Cl2); K&&# 3-1: [alp20 —81 (¢ 0.25,
CH2Clo) . KRB DHEX STARELE 23(6bR, 7S, 8R) TH D Z E #HABL M LT,

1.0 M HCI aq.
THF
rt, 1d

———————

(-)-XR774 (3-1)
synthetic 3-1 : [a]p2® —107 (c 0.16, CH,Cl,);
natural 3-1 : [a]p2® -81 (c 0.25, CH,Cly)

Scheme 3.31 (—)- XR774 DL2A K
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AT RIS

AL EZLLTF O X O IC#iET %,

F 1 ECTRIFFERILKEZEME FICZ OARHEZITV., ERLEYMOEEHRTHS 6
(LE#A 2 R ua(3,2-bl NS — VB ORI EEE ORI AT,

1. @ERAMEBRORZE-RBEESRIE CTORMERIZ, [RISFEOENTRIGAD
AA v F U TNEEE] THHIEEZTRBTHHLOTHS,

2. AV RUAERzATABIOZ aubiI Ay R= VO BRIRMRE REREES
FERRIGZ L > T, 6 ir®/ BH#aA > Fu[32-b Y — L& 2 TR 47T%INER & BhaRpY
WCARTHH -zl Lz, E6IC2 TRZRTFICZ % 4 T 44%NRIZTARK
L.

FE2ETIEF 37 —EHER XRT74 O2ARMELZITV., CREC_EFKEEGZET
DRIV JTINAT T BB OEEEORTEICERY AT,

1. BxEE BjF L) —HOGRICBWTEERREGL 2V ED 7 FAHEEKORE
EITWV, Zo0F 7 Z2 L UoHEEL D HFRMCARKILEW O AR EZER LT,

2. VF UL 7EZLV=FRERAVWEZRI YV FORBEEZEI RV UMDV T JEBLIT
T—FNVERENS—ZIET T —EFE LR EFHICRE L,

3. Nilcod: # AWHARKIGICE VBB Y [N TNVAT 0T B ERET DHT-
RFEERE L,

4. BHERHEFICBNT 8 fLORV UNMAIKBENR =T HZ L2 RH L. XR774 OHID
EEMEFR LIz, DT, KFEELAIVEL 7 utd s T U 2AVERESENCLY
KR XRT774 ~L B =, %R Moscher IEIZ X - THREH TH > =KADY OB LRELE
% (6bR,7S,8R) ERTELT=,
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FEBROH

General Methods.

"H NMR spectra were recorded at 400 MHz with JEOL ECS-400 and 600 MHz with Bruker
AVANCE 600 instruments. Coupling constants (J ) are reported in Hz. *C NMR spectra were
recorded at 100 MHz with JEOL ECS-400 instruments and 150 MHz with Bruker AVANCE 600
instruments. Chemical shifts (6) are quoted in parts per million (ppm) and referenced to the
residual solvent peak (CDCls 7.26 ppm for *H, 77.00 ppm for 13C; acetone-ds; 2.05 ppm for
1H, 29.80 ppm for 13C; CD3sCN-d3 1.94 ppm for *H, 1.30 ppm for 3C; CD3OD-d: 3.31
ppm for 'H, 49.00 ppm for 13C; DMSO-ds 2.49 ppm for 'H, 39.70 ppm for 3C). The
following abbreviations were used for multiplicities (s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet, br = broad).. Melting point (mp) determinations were
performed by using a Yanako MP-S3 instrument and melting points were uncorrected.
FT-IR spectra were recorded with ThermoFisher SCIENTIFIC NICOLET 6700 FT-IR. HR-MS
and MS were obtained with ThermoFisher EXACTIVE PLUS, JEOL JMS-SX102A and JEOL
IMS-GCMATEII, respectively. HRMS spectra of ESI and FAB were recorded on
orbitrap and sector mass spectrometer, respectively. Optical rotations were measured
with a JASCO P-2200. THF was distilled from Na before use. CH,Cl, was distilled from P,Os
immediately before use. All moisture sensitive reactions were performed under a static argon

atmosphere in glassware with magnetic stirring.
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F2E  FEBRICKRZBERFICZOZRAIE AL

Compound 2-6a

CO,Et KHMDS EtO,C
§ THF Me
—b
. A\
E -20°C
oc then Mel N
30 min Boc
2-2 82% 2-6a

To a solution of ester 2-2 (19.3 mg, 63.6 umol) in THF (0.193 mL) was added 0.5 M solution
of potassium bis(trimethylsilyl)amide (0.140 mL, 70.0 pmol) at —20 °C. After 30 minutes,
iodomethane (4.4 pL, 70.0 umol) was added to the reaction mixture. The reaction mixture was
stirred at —78 °C for 30 minutes, and then AcOH (12.0 pL, 0.210 mmol) was added to the
reaction mixture. The resulting mixture was warmed to room temperature and evaporated in
vacuo. EtOAc (0.5 mL) and H,O (0.3 mL) were added to the residue and the organic layer was
separated. The aqueous layer was extracted with EtOAc (0.3 mLx3). The combined organic
layer was evaporated in vacuo, and the residue was purified by silica gel column
chromatography (n-hexane : EtOAc = 15:1) to yield compound 2-6a as a colorless oil (16.5 mg,
52.2 pmol, 82%). R; value : 0.27 (n-hexane : EtOAc = 15:1); '"H NMR (CDCl;, 400MHz) : 6
(ppm) 8.15 (1H, bd, J= 7.5 Hz), 7.61 (1H, ddd, /=8.0, 1.5, 0.5 Hz), 7.52 (1H, s), 7.32 (1H, ddd,
J=28.0,7.5, 15 Hz), 7.24 (1H, ddd, J = 8.0, 8.0, 1.0 Hz), 4.16 (1H, dq, /= 11.0, 7.0 Hz), 4.14
(1H, dq, J=11.0, 7.0 Hz), 3.94 (1H, qd, J= 7.0, 1.0, Hz), 1.67 (9H, s), 1.61 (3H, d, /= 7.0 Hz),
1.22 (3H, t, J = 7.0 Hz); “C NMR (CDCl;, 100MHz) : é (ppm) 174.2, 149.7, 135.5, 129.4,
124.5, 122.9, 122.5, 120.0, 119.4, 115.3, 83.6, 60.9, 36.9, 28.2, 17.2, 14.2; HRMS(ESI) m/z
caled for C,3H,;0,NNa 340.1519, [M+Na]" ; found 340.1519; IR (thin film, KBr) : 2980, 2937,
1732, 1454, 1371, 1254, 1158, 1099, 1060, 858, 766, 748.
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Compound 2-7

Boc
Eoc base N
EtO THF Cl—\
\I.I/ . C—\ .
) -78 °C
\0 2h EtO OH
71% o
Ethyl acetate 2-3 2-7

To a solution of dry THF (0.258 mL) was added lithium bis(trimethylsilyl)amide in 1.0 M
THF (0.154 mL, 0.154 mmol) and ethyl acetate (10.0 pL, 0.103 mmol) at —78 °C. After 30
minutes, a solution of aldehyde 2-3 (25.8 mg, 92.2 pmol) in THF (0.258 mL) was added to the
reaction mixture via cannula. The reaction mixture was stirred at —78 °C for 2 hours, and then
AcOH (26.3 pL, 0.461 mmol) was added to the reaction mixture. The resulting mixture was
warmed to room temperature and evaporated in vacuo. EtOAc (0.5 mL) and H,O (0.3 mL) were
added to the residue and the organic layer was separated. The aqueous layer was extracted with
EtOAc (0.3 mL X 3). The combined organic layer was evaporated in vacuo, and the residue was
purified by silica gel column chromatography (n-hexane:EtOAc = 5:1) to yield compound 2-7
as a white solid (24.2 mg, 72.8 pmol, 71%). Ry value : 0.31 (n-hexane:EtOAc = 5:1); mp :
128 °C; "H NMR (CDCly, 400MHz) : 6 (ppm) 8.07 (1H, d, J=8.0 Hz), 7.85 (1H, d, J=7.5 Hz),
7.33-7.21 (2H, m), 5.55 (1H, ddd, /=10.2, 3.5, 2.8 Hz), 422 (2H, q,J=7.1 Hz), 3.18 (1H, d, J
=2.8 Hz), 3.12 (1H, dd, J = 17.0, 10.2 Hz), 2.69 (1H, dd, /= 17.0, 3.5 Hz), 1.69 (9H, s), 1.29
(3H, t, J = 7.1 Hz); "C NMR (CDCl;, 100MHz) : & (ppm) 172.2, 148.9, 135.6, 126.1, 124.6,
123.1, 121.4, 120.0, 119.2, 115.1, 85.1, 64.5, 61.0, 40.7, 28.2, 14.1, HRMS(ESI) nvz calcd for
Ci3H2»OsNCINa [M+Na]*, 390.1079; found 390.1074; IR (thin film, KBr) : 3508, 2981, 2934,
1738, 1564, 1449, 1371, 1345, 1313, 1156, 1106, 855, 836, 762, 748.
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Compound 2-8

CO,Et Boc
N
AN + Cl \
N

Boc OHC

2-2 2-3

To a solution of potassium bis(trimethylsilyl)amide in 0.5 M THF (2.35 mL, 1.17 mmol) was
added a solution of ester 2-2 (197.7 mg, 0.658 mmol) in dry THF (2.0 mL) at —20 °C over 5 min.
After stirring for 20 min, a solution of aldehyde 2-3 (273.5 mg, 0.978 mmol) in dry THF (2.8
mL) was added to the reaction mixuture over 5 min. After stirring for 2 hours at that
temperature, the reaction was quenched with AcOH (0.201 mL, 3.52 mmol). The mixture was
warmed to room temperature and was evapolated in vacuo. EtOAc (20 mL) and H,O (4 mL)
were added to the residue and the aqueous layer was extracted with EtOAc (4 mL x 3). The
combined organic layer was evaporated in vacuo, and the residue was purified by silica gel
column chromatography (n-hexane:EtOAc = 5:1) to yield 2-8 as a yellow syrup (214.5 mg,
0.390 mmol, 60 %). Ry value : 0.35 (n-hexane:EtOAc = 5:1); 'H NMR (acetone-ds, 400 MHz)
o (ppm) 10.60 (1H, s), 8.31 (1H, dd, J = 8.0, 1.5 Hz), 8.14 (1H, d, J = 8.0 Hz), 8.02 (1H, dd, J =
8.0, 1.0 Hz), 7.86 (1H, s), 7.46 (1H, d, J = 8.0 Hz), 7.40 (1H, ddd, J = 8.0, 8.0, 1.5 Hz), 7.37
(1H, ddd, J = 8.0, 8.0, 1.0 Hz), 7.28 (1H, ddd, J = 8.0, 8.0 1.0 Hz), 7.15 (1H, ddd, J = 8.0, 8.0,
1.0 Hz), 6.80 (1H, s), 4.25 (2H, q, J = 7.5 Hz), 1.68 (9H, s), 1.65 (9H, s), 1.20 3H, t, J = 7.5
Hz); "C NMR ((CD3),CO, 400 MHz) ¢ (ppm) 205.9, 187.4, 169.4, 150.4, 150.1, 146.2, 136.3,
135.7, 130.7, 126.9, 126.8, 126.5, 125.2, 123.5, 121.7, 120.0, 119.9, 116.2, 115.9, 115.8, 87.5,
84.6, 62.1, 41.2, 28.2, 28.1, 14.4; HRMS(ESI) m/z : caled for C3Hs,0;N,Na [M+Na]",
569.2258; found 569.2247 ;IR (thin film, KBr) : 2980, 1740, 1669, 1454, 1371, 1258, 1155,
1140, 1082, 1033, 840, 750.

Compound 2-9: R; value : 0.29 (n-hexane:EtOAc = 6:1); '"H NMR (CD;CN, 400 MHz) J (ppm)
8.11 (1H, dd, /= 8.0, 1.0 Hz), 8.00 (1H, d, /= 8.0 Hz), 7.80 (1H, dd, /= 8.0, 1.0 Hz), 7.78 (1H,
s), 7.75 (1H, dd, J = 8.0, 1.0 Hz), 7.30 (1H, ddd, J = 8.0, 8.0, 1.0 Hz), 7.28 (1H, ddd, J = 8.0,
8.0, 1.0 Hz), 7.23 (1H, ddd, J = 8.0, 8.0, 1.0 Hz), 7.20 (1H, ddd, J = 8.0, 8.0, 1.0 Hz), 5.66 (1H,
dd, /=9.0, 4.0 Hz), 4.54 (1H, d, /= 9.0 Hz), 3.95 (1H, dq, /= 10.0, 7.0 Hz), 3.83 (1H, dq, /=
10.0, 7.0 Hz), 3.66 (1H, d, J = 4.0 Hz), 1.66 (9H, s), 1.65 (9H, s), 0.90 (3H, t, J = 7.0 Hz); °C
NMR (CDs;CN, 400 MHz) ¢ (ppm) 171.7, 150.5, 149.7, 136.4, 136.3, 131.1, 127.3, 126.2,
125.39, 125.36, 123.7, 123.4, 123.0, 121.3, 120.9, 120.2, 116.6, 115.9, 115.8, 86.2, 84.8, 69.1,
61.7, 50.1, 28.31, 28.27, 14.1; HRMS(ESI) m/z : caled for C3H3s0;N,CINa [M+Na]™ ,
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605.2025 ; found 605.2007; IR (thin film, KBr) : 3514, 2980, 2934, 1736, 1450, 1371, 1310,
1257, 1156, 1106, 748.

Compound 2-10: R; value : 0.33 (n-hexane:EtOAc = 10:1); 'H NMR (CDCls;, 400 MHz) §
(ppm) 8.04 (1H, brd, J = 8.0 Hz), 7.99 (1H, s),7.94 (1H, d, /= 8.0 Hz), 7.43 (1H, s), 7.27 (1H, d,
J=8.0 Hz), 7.23 (1H, ddd, J = 8.0, 8.0, 1.0 Hz), 7.11 (2H, ddd, J = 8.0, 8.0, 1.0 Hz), 6.80 (1H,
ddd, J = 8.0, 8.0, 1.0 Hz), 6.72 (1H, d, J = 8.0 Hz), 4.35 (2H, q, J = 7.0 Hz), 1.68 (9H, s), 1.57
(9H, s), 1.33 (3H, t, J = 7.0 Hz); °C NMR (CDCl;, 400 MHz) J (ppm) 167.3, 149.5, 148.6,
135.3, 135.0, 131.6, 129.6, 126.74, 126.71, 126.2, 125.4, 124.4, 124.2, 122.9, 122.6, 120.3,
120.0, 116.2, 116.1, 115.0, 114.7, 85.4, 83.8, 61.4, 28.11, 28.06, 14.3; HRMS(ESI) m/z : calcd
for C3;H;3304N,CINa [M+Na]", 587.1919; found 587.1920; IR (thin film, KBr) : 2980, 2932,
1738, 1716, 1449, 1370, 1310, 1242, 1224, 1155, 1107, 746.

Compound 2-11: R; value : 0.31 (n-hexane:EtOAc = 4:1); 'H NMR (CD;OD, 400 MHz) §
(ppm) 8.13 (1H, s), 8.10 (1H, dd, J = 8.0, 1.0 Hz), 7.37 (1H, s), 7.24 (1H, ddd, J = 8.0, 8.0, 1.0
Hz), 7.23 (1H, dd, J = 8.0, 1.0 Hz), 7.18 (1H, dd, J = 8.0, 1.0 Hz), 7.08 (1H, ddd, J = 8.0, 8.0,
1.0 Hz), 6.96 (1H, ddd, J = 8.0, 8.0, 1.0 Hz), 6.55 (1H, ddd, /= 8.0, 8.0, 1.0 Hz), 6.30 (1H, dd, J
= 8.0, 1.0 Hz), 4.30 (2H, q, J = 7.0 Hz), 1.53 (9H, s), 1.30 (3H, t, J = 7.0 Hz); "C NMR
(CD;0D, 400 MHz) 6 (ppm) 169.7, 150.9, 136.7, 136.5, 134.8, 131.5, 129.5, 127.7, 125.7,
125.3, 123.6, 123.5, 121.6, 121.5, 121.3, 118.2, 116.0, 111.8, 109.8, 84.9, 62.3, 49.8, 28.2, 14.6;
HRMS(ESI) m/z : caled for CyH,s04N,CINa [M+Na]", 487.1395; found 487.1387; IR (thin
film, KBr) : 3281, 2980, 2933, 1736, 1707, 1682, 1451, 1370, 1239, 1156, 1096, 745.

Compound 2-14

CO,Et
TFA O H
- L
CH,Cl, N Q
30 min H
78%
2-8 2-14

To a solution of compound 2.8 (14.0 mg, 25.6 umol) in CH,Cl, (0.42 mL) was added
trifluoroacetic acid (0.14 mL) at 0 °C, and the reaction mixture was warmed to room
temperature,. After 30 minutes, the resulting mixture was evaporated in vacuo. The residue was
purified by silica gel column chromatography (n-hexane:EtOAc = 5:1) to yield compound 2.14
as a yellow solid (6.7 mg, 20.4 umol, 78%). Ry value : 0.34 (n-hexane:EtOAc = 5:1); mp :
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227 °C; '"H NMR (DMSO-d,, 400MHz) : § (ppm) 11.48 (1H, s), 10.92 (1H, s), 8.70 (1H, d, J =
8.0 Hz), 8.46 (1H, s), 8.25 (1H, d, J=7.5 Hz), 7.67 (1H, d, J= 8.3 Hz), 7.52 (1H, d, J = 8.0 Hz),
7.46-7.39 (2H, m), 7.22-7.10 (2H, m), 4.67 (2H, q, J = 7.1 Hz) , 1.51 (3H, t, J = 7.1 Hz); °C
NMR (DMSO-ds, 100MHz) : 6 (ppm) 167.5, 141.9, 141.4, 135.9, 135.4, 126.5, 126.4, 125.1,
123.5, 121.9, 121.5, 120.5, 120.3, 118.8, 118.0, 111.7, 111.0, 106.9, 105.4, 61.1, 14.7;
HRMS(ESI) m/z calced for C;H;40,N,Na [M+Na]*, 351.1104; found 351.1103; IR (thin film,
KBr) :3420, 3392 , 3373, 2975, 1674, 1615, 1515, 1458, 1322, 1300, 1230, 1210, 743.

Compound 2-1 (FICZ)

1) Red-Al®
CO,Et THF CHO
O H 0°C,3h O H
N
® gint®
\ Q 2)DDQ N O
H i :
1,4-dioxane
rt, 14 h
2.14 94% (2 steps) FICZ (2-1)

To a solution of compound 2-14 (10.8 mg, 32.9 umol) in dry THF (0.54 mL) was added
Red-Al® in PhMe (3.5 M, 56.4 pL, 0.197 mmol) at 0 °C. After 3 hours, sodium sulfate
decahydrate was added to the reaction mixture. The resulting mixture was filtered and the
filtrate was washed with EtOAc. The combined organic layer was evaporated in vacuo. The
residue was dissolved in 1,4-dioxane (1.08 mL) and DDQ (8.4 mg, 37.0 umol) was added to the
solution, and the resulting stirred for 14 h. The reaction mixture was poured into a solution of
EtOAc and saturated aqueous solution of NaHCOj; and stirred for 1 h. The organic layer was
separated and the aqueous layer was extracted with EtOAc. The combined organic layer was
evaporated in vacuo, and the residue was purified by filtration and decantation to yield
compound 2-1 as a yellow solid (8.8 mg, 31.0 pmol, 94% over 2 steps). Ry value : 0.34
(n-hexane:CHCl; = 2:5); mp : >300 °C; 'H NMR (DMSO-d,, 400MHz) : 6 (ppm) 11.71 (1H, s),
11.6 (1H, s), 11.35 (1H, s), 8.59 (1H, s), 8.55 (1H, d, J= 8.3 Hz), 8.28 (1H, d, J= 7.5 Hz), 7.74
(1H, d, J = 8.1 Hz), 7.59 (1H, d, J = 8.3 Hz), 7.51-7.40 (2H, m), 7.26-7.16 (2H, m); °*C NMR
(DMSO-ds, 100MHz) : 0 (ppm) 190.3, 141.82, 141.80, 135.5, 138.0, 126.7, 126.5, 124.8, 123.5,
121.8, 121.5, 121.2, 120.6, 119.4, 119.0, 112.5, 112.3, 111.7, 110.1; HRMS(ESI) m/z calcd for
CoH 30N, [M+H]", 285.1022; found 285.1025; IR (thin film, KBr) : 3382, 1658, 1620, 1461,
739, 698.
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Compound 3-11

OH OMOM
MOMCI

NaH

THF
OH O°Ctort OH

3-8 932;) 3411

To a solution of 1,5-dihydroxy-1,2,3,4-tetrahydronaphthalene (3-8) (25.2 g, 153 mmol) in
THF (504 mL) was added NaH (7.03 g, 161 mmol; 55% in oil) slowly at 0 °C. After stirring for
30 min, MOMCI (12.7 mL, 168 mmol) was added and the reaction mixture was warmed to
room temperature. After stirring for 3 hours, the reaction mixture was quenched with MeOH.
The resulting mixture was evaporated in vacuo. The residue was diluted in EtOAc and H,O. The
organic layer was separated and the aqueous layer was extracted with EtOAc (100 mLx3). The
combined organic layer was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (n-hexane:EtOAc = 3:1) to yield the compound 3-11 as a pale
brown solid (29.2 g, 141 mmol, 92%).
R; value : 0.28 (n-hexane:EtOAc = 3:1); 'H NMR (CDCl,, 400 MHz): 6 (ppm) 7.17 (1H, t, J =
8.0 Hz), 7.11 (1H, d, /= 8.0 Hz), 6.98 (1H, d, J = 8.0 Hz), 5.20 (2H, s), 4.81-4.72 (1H, m), 3.48
(3H, s), 2.86-2.75 (1H, m), 2.66-2.53 (1H, m), 2.03-1.72 (4H, m); "C NMR (CDCl;, 100 MHz):
o (ppm) 154.6, 140.2, 126.7, 126.5, 121.7,112.4,94.2, 68.1, 56.0, 31.6, 23.1, 18.0; HRMS(ESI)
(m/z): caled for C,,H,;sNaO; [M+Na]", 231.0992; found 231.0992; IR (cm™, thin film KBr):
3365, 2935, 1584, 1465, 1243, 1151, 1036, 1004, 980, 923.

Compound 3-7

OMOM OMOM
1) SOCl,, PhMe

0 °C, 15 min

-
2) NaCN, HMPA

OH 0% 2oeps) O

3-11
To a solution of the compound 3-11 (25.6 g, 123 mmol) in THF (77 mL) was added SOCI,
(9.60 mL, 135 mmol) at 0 °C. After stirring for 15 min, the reaction mixture was concentrated in
vacuo. The residue was dissolved in HMPA (77 mL) and added to a solution of NaCN (12.1 g,
246 mmol) in HMPA (51 mL) at 60 °C. After stirring for 2 days, to a solution of toluene (500

37
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mL) and H,0O (200 mL) was added the reaction mixture and the organic layer was separated and
washed with H;O (100 mLx3). The organic layer was concentrated in vacuo. The resulting
residue was purified by silica gel column chromatography (n-hexane:EtOAc = 4:1) to yield the
compound 3-7 as a yellow oil (18.5 g, 85.1 mmol, 69% over 2 steps). Ry value : 0.29
(n-hexane:EtOAc = 4:1); '"H NMR (CDCls, 600 MHz): ¢ (ppm) 7.17 (1H, dd, J=8.2 & 7.7 Hz),
7.03 (1H, d, J="7.7 Hz), 7.00 (1H, d, /= 8.2 Hz), 5.21 (1H, d, J= 6.6 Hz), 5.20 (1H, d, J = 6.6
Hz), 3.97 (1H, t, J = 6.2 Hz), 3.48 (3H, s), 2.77 (1H, dt, J =17.8 & 6.3 Hz), 2.70 (1H, dt, J =
17.8 & 6.8 Hz), 2.14-2.09 (2H, m), 2.07-2.00 (1H, m), 1.89-1.82 (1H, m); °*C NMR (CDCl,,
150 MHz): 6 (ppm) 155.1, 131.1, 126.9, 126.2, 121.9, 121.7, 112.7, 94.2, 56.1, 30.9, 26.8, 22.5,
20.3; HRMS(FAB) (m/z): caled for Ci3H;sNO, [M+H]", 218.1181; found 218.1175; IR (cm™,
thin film KBr): 2944, 2237, 1587, 1464, 1246, 1152, 1040, 998.

Compound 3-9

o) 1) MOMCI, iPr,NEt o
CH,Cl,

0°Ctort,3h
= (0]
2

) H202, NaHCO3

OH O THF, H,O MOMO O
O°Ctort, 2h

To a solution of juglone (3-13) (14.3 g, 81.8 mmol) in CH,Cl, (428 mL) was added i-PrNEt,
(55.7 mL, 327 mmol ) and MOMCI (21.5 mL, 286 mmol) quickly at 0 °C. The reaction mixture
was warmed to room temperature. After stirring for 3 hours, the reaction was quenched with sat.
NaHCOs; aqueous solution (150 mL). The organic layer was separated and the aqueous layer
was extracted with CH,ClI, (150 mLx3). The combined organic layer was concentrated in vacuo.
The resulting residue was dissolved in THF (215 mL) and H,O (215 mL). NaHCO; (20.6 g, 246
mmol) and 30 % H,0, (13.9 mL, 123 mmol) was added to the solution at 0 °C. The reaction
mixuture was warmed to room temperature. After stirring for 2 hours, the resulting mixture was
filtered through a pad of Celite® and evaporated in vacuo. CHCly and saturated NaCl aqueous
solution was added to the resulting mixture and the organic layer was separated and extracted
with CHCI; (150 mLx3). The combined organic layer was concentrated in vacuo. The resulting
residue was purified by silica gel column chromatography (n-hexane:CH,Cl,:EtOAc = 2:2:1) to
yield the compound 3-9 as a brown solid (17.8 g, 76.1 mmol, 93% over 2 steps). For analytical
data, compound 3-9 was recrystallized from n-hexane/ethyl acetate to afford a colorless
crystalline solid. R; value : 0.32 (n-hexane:EtOAc = 3:2); mp : 115-116 °C; 'H NMR (CDCl;,
600 MHz): o (ppm) 7.64 (1H, dd, J=7.9 & 7.0 Hz), 7.59 (1H, dd, J= 7.0 & 1.2 Hz), 7.53 (1H,
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dd, J=7.9 & 1.2 Hz), 5.31 (1H, d, J= 6.9 Hz), 5.29 (1H, d, J = 6.9 Hz), 3.99 (1H, d, J = 4.2
Hz), 3.99 (1H, d, J = 4.2 Hz), 3.52 (3H, s); °C NMR (CDCls, 150 MHz): 5 (ppm) 191.5, 190.1,
156.7, 135.0, 133.7, 122.0, 121.1, 120.5, 95.0, 56.6, 55.4, 55.2; HRMS(FAB) (m/z): calcd for
C1,H,,05 [M+H]", 235.0606; found 235.0603; IR (cm’, thin film KBr): 2943, 1697, 1588, 1488,
1471, 1257, 1088, 1015, 975.

Compound 3-6

LHMDS
THF
—78 °C, 30 min

OMOM (0]

then 3-9
-78°C,2h
94%
3-7 39 dr=5:1 MOMO

CN MOMO O

To a solution of the compound 3-7 (5.00 g, 23.0 mmol) in THF (75 mL) was added LHMDS
(34.5 mL, 34.5 mmol; 1.0 M in THF) slowly at —78 °C. After stirring for 30 min, the compound
3-9 (5.90 g, 25.3 mmol) in THF (100 mL) was added to the reaction mixture with dropping
funnel. After stirring for 2 hours, the reaction mixture was quenched with AcOH (6.02 mL, 104
mmol) in THF (31 mL). The resulting mixture was warmed to room temperature and evaporated
in vacuo. The residue was diluted in EtOAc and H,O. The organic layer was separated and the
aqueous layer was extracted with EtOAc (50 mLx3). The combined organic layer was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(n-hexane:EtOAc = 1:1) to yield the compound 3-6 as a pale yellow syrup (9.33 g, 21.6 mmol,
94 %, dr = 5:1 at C12c position). For analytical data, compound 3-6a and 3-6b were separated
by silica gel column chromatography (toluene:EtOAc = 4:1) to give the compound 3-6a as a
white solid and 3-6b as a colorless syrup respectively. Compound 3-6a was recrystallized from
n-hexane/ethyl acetate to afford a colorless crystalline solid.

Major diastereomer 3-6a: R; value : 0.34 (toluene:EtOAc = 4:1); mp : 148-149 °C; 'H NMR
(CDCl;, 600 MHz): ¢ (ppm) 8.08 (1H, d, /= 8.2 Hz), 7.88 (1H, d, /= 8.0 Hz), 7.66 (1H, t, J =
8.2 Hz), 7.32 (1H, d, J= 8.4 Hz), 7.26 (1H, d, /= 8.4 & 8.0 Hz), 7.09 (1H, d, J = 8.2 Hz), 5.29
(1H, d, J=6.8 Hz), 5.22 (1H, d, /= 6.8 Hz), 5.22 (1H, d, /= 6.8 Hz), 5.19 (1H, d, /= 6.8 Hz),
3.62 (1H, d, J=4.3 Hz), 3.51 (3H, s), 3.48 (3H, s), 3.46 (1H, d, /= 4.3 Hz), 3.06 (1H, s), 2.85
(1H, dt, J = 17.5 & 4.5 Hz), 2.32 (1H, ddd, J = 17.5, 10.4, & 5.7 Hz), 1.78-1.72 (1H, m),
1.70-1.61 (1H, m), 1.62-1.57 (1H, m), 1.44 (1H, ddd, J = 13.4, 11.2, & 2.6 Hz); "C NMR
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(CDCl3, 150 MHz): 6 (ppm) 192.4, 156.2, 155.0, 141.7, 135.0, 131.8, 128.4, 127.1, 124.2, 121.4,
121.4, 119.6, 117.2, 113.5, 95.3, 94.5, 57.1, 56.6, 56.2, 55.5, 48.5, 32.3, 23.1, 19.3, One peak at
C12b position overlapped with the solvent peak.; HRMS(FAB) (m/z): caled for C,sH,sNO;
[M+H]", 452.1709; found 452.1696; IR (cm™, thin film KBr): 3391, 2953, 2235, 1692, 1592,
1463, 1255, 1152, 1078, 1051, 1015, 973, 785, 763.

Minor diastereomer 3-6b: R; value : 0.29 (toluene:EtOAc = 4:1); '"H NMR (CDCls, 600 MHz):
o (ppm) 7.69 (1H, d, J=7.8 Hz), 7.20 (1H, t, J= 8.3 Hz), 7.17 (1H, t, J= 7.8 Hz), 7.13 (1H, d,
J=28.3 Hz), 7.03 (1H, d, J = 8.3 Hz), 6.48 (1H, d, /= 7.8 Hz), 5.22 (1H, d, J = 7.0 Hz), 5.16
(1H,d,J=7.0 Hz), 5.11 (2H, s), 4.30 (1H, d, J=4.3 Hz), 3.83 (1H, d, J=4.3 Hz), 3.47 (3H, s),
3.40 (3H, s), 3.18 (1H, s), 2.66 (1H, dt, /= 17.1 & 5.1 Hz), 2.36-2.29 (1H, m), 1.84-1.76 (2H,
m), 1.63-1.48 (2H, m); °C NMR (CDCls, 150 MHz): § (ppm) 192.3, 155.8, 154.2, 139.4, 133.6,
130.4, 129.2, 126.1, 125.1, 122.5, 122.3, 120.4, 117.1, 113.8, 95.2, 94.5, 76.9, 57.5, 57.2, 56.5,
56.0, 48.0, 31.2, 22.2, 19.0; HRMS(ESI) (m/z): calcd for C,sH,sNaNO; [M+Na]" 474.1523;
found 474.1522; IR (cm’, thin film KBr): 3386, 2953, 2235, 1693, 1593, 1464, 1255, 1153,
1079, 976, 748.

Compound 3-19

1) P205, CHz(OMe)z
Celite®, CHCI,
rt, 2 h

2) MOMCI, iPryNEt
CH,Cl,
0°Ctort,2h

3) NaBH,
THF, MeOH
0°Ctort,1h

MOMO o) 880/0, dr =5:1 y
(3 steps)
3-6

(dr 5:1 at C-12c)

To a solution of the compound 3-6 (3.01 g, 6.64 mmol, dr = 5:1 mixure of diastereomers at
C12c position) in CH,(OMe), (30 mL) and CHCl; (60 mL) was added Celite® (9.0 g) and P,Os
(12.0 g, 12.8 mmol). After stirring for 2 hours, the reaction mixture was filtered through a pad
of Celite® and evaporated in vacuo. The resulting residue was dissolved in CH,Cl, (60 mL) and
cooled to 0 °C. i-Pr,NEt (13.6 mL, 79.7 mmol ) and MOMCI (5.81mL, 77.2 mmol) was added
to the solution and the reaction mixture was warmed to room temperature. After stirring for 2
hours, the reaction mixture was quenched with sat. NH4Cl aqueous solution (20 mL). The
organic layer was separated and the aqueous layer was extracted with CHCI; (20 mLx3). The

combined organic layer was concentrated in vacuo. To a solution of the resulting mixture in
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THF (45.1 mL) and MeOH (15.0 mL) was added NaBH, (940 mg, 26.7 mmol) at 0 °C. After
stirring for an hour, the reaction mixture was quenched with sat. NH,Cl aqueous solution (5
mL) and concentrated in vacuo. The resulting mixture was diluted in EtOAc and H,O. The
organic layer was separated and the aqueous layer was extracted with EtOAc (20 mLx3). The
combined organic layer was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (n-hexane:EtOAc = 1:1) to yield the compound 3.19 as a pale
yellow amorphous (2.90 g, 5.84 mmol, 88% as a 5:1 mixure of diastercomers at C12c position).
For analytical data, compound 3-19a and 3-19b were separated by silica gel column
chromatography (CHCIl;:2-butanone = 5:1) to give the compound 3-19a as a white solid and
3-19b as a colorless syrup respectively.

Major diastereomer 3-19a: R¢value : 0.40 (CHCl;:2-butanone = 5:1); mp : 128-129 °C; 'H
NMR (CDCl;, 600 MHz): 6 (ppm) 8.19 (1H, dd, /= 8.1 & 0.9 Hz), 7.81 (1H, dd, J=8.1 & 1.0
Hz), 7.44 (1H, t,J= 8.1 Hz), 7.24 (1H, t,J=8.1 Hz), 7.17 (1H, dd, /= 8.1 & 1.0 Hz), 7.06 (1H,
dd, J = 8.1 & 0.9 Hz), 5.40 (1H, brs), 5.33 (1H, d, J = 6.6 Hz), 5.24 (1H, d, J = 6.6 Hz), 5.22
(1H, d, J= 6.5 Hz), 5.19 (1H, d, J = 6.5 Hz), 4.78 (1H, d, /= 6.5 Hz), 4.64 (1H, d, J = 6.5 Hz),
3.59 (3H, s), 3.51 (3H, s), 3.49 (3H, s), 3.38 (1H, dd, /= 3.8 & 1.8 Hz), 3.02 (1H, d, J = 3.8 Hz),
2.97-2.91 (1H, m), 2.38 (H, ddd, J = 17.0, 12.8, & 5.0 Hz), 2.11 (H, ddd, J = 14.0, 12.5, & 3.0
Hz), 1.90-1.83 (1H, m), 1.63-1.55 (1H, m), 1.35-1.30 (1H, m); °C NMR (CDCl;, 150 MHz): §
(ppm) 155.5, 154.7, 133.3, 132.9, 129.9, 129.2, 126.7, 126.6, 124.6, 122.6, 121.5, 114.6, 113.3,
95.2, 94.6, 93.9, 81.1, 61.8, 57.4, 56.7, 56.1, 53.9, 53.4, 49.7, 32.5, 23.5, 19.9; HRMS(ESI)
(m/z): caled for Cp;H3NaNOg [M+Na]", 520.1942; found 520.1948; IR (cm", thin film KBr):
3463, 2951, 2236, 1584, 1460, 1249, 1154, 1025, 985, 763. The relative configuration of
compound 3-19a was determined by X-ray crystallography as shown below (Figure S2).

Minor diastereomer 3-19b: R; value : 0.33 (CHCl;:2-butanone = 5:1); '"H NMR (CDCl;, 600
MHz): ¢ (ppm) 7.83 (1H, d, J = 8.1 Hz), 7.21 (1H, t, J = 8.0 Hz), 7.03 (1H, dd, J = 8.0 & 0.8
Hz), 6.99 (1H, dd, J = 8.0 & 0.8 Hz), 6.85 (1H, t,J = 8.1 Hz), 6.04 (1H, d, J= 8.1 Hz), 5.43 (1H,
brs), 5.28 (1H, d, /= 6.8 Hz), 5.18 (1H, d, /= 6.8 Hz), 5.12 (1H, d, J = 6.6 Hz), 5.08 (1H, d, J =
6.6 Hz), 4.78 (1H, d, /= 6.6 Hz), 4.49 (1H, d, /= 6.6 Hz), 4.13 (1H, dd, /= 3.7 & 0.8 Hz), 3.69
(1H, dd, J=3.7 & 1.8 Hz), 3.62 (3H, s), 3.48 (3H, s), 3.40 (3H, s), 2.61-2.56 (1H, m), 2.40 (2H,
ddd, J = 14.5, 10.2, & 3.7 Hz), 2.35-2.29 (1H, m), 1.52-1.46 (1H, m), 1.44-1.38 (1H, m); "°C
NMR (CDCl;, 150 MHz):  (ppm) 155.1, 153.8, 131.4, 130.6, 130.4, 128.3, 127.1, 126.1, 125.5,
123.9, 122.5, 114.4, 113.7, 95.0, 94.6, 92.9, 80.9, 62.0, 56.9, 56.6, 56.4, 55.9, 53.7, 48.9, 31.3,
22.2, 19.5; HRMS(FAB) (m/z): Caled for Co;H3,NOg [M+H]", 498.2128; found 498.2126; IR
(cm™, thin film, KBr): 3468, 2952, 2233, 1585, 1461, 1250, 1154, 1025, 988, 924, 784, 765.
The relative configuration of the compound 3-19b was determined by derivatization to the

compound 3-20b as shown below.
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Figure S2. ORTEP drawing of 3-19a with 50% probability ellipsoids

Compound 3-20b

p-Br benzoyl
chloride
DMAP
.OMom __ryndine
Ko CICH,CH,CI
w 0°Ctort
4d
MOMO  OH 60% MOMO O

3-19b 3-20b

To a solution of the compound 3-19b (36.5 mg, 73.4 umol) in 1,2-dichloroethane (1.1 mL)
was added 4-dimethylaminopyridine (4.5 mg, 36.7 pmol), pyridine (30.0 pL, 0.367 mmol) and
p-bromo benzoyl chloride (32.2 mg, 0.147 mmol) at 0 °C. The reaction mixuture was warmed
to room temperature. After stirring for 4 days, the reaction was quenched with saturated
NaHCO; aqueous solution (2 mL). The organic layer was separated and the aqueous layer was

extracted with CHCl; (2 mLx3). The combined organic layer was concentrated in vacuo. The
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resulting residue was purified by silica gel column chromatography (n-hexane:EtOAc = 2:1)
to yield the compound 3-20b as a colorless solid (30.1 mg, 44.2 umol, 60%). Recrystallization
of the solid from n-hexane/CHCI;/EtOAc afforded a colorless crystalline solid. R value : 0.33
(n-hexane:EtOAc = 2:1); mp : 175-176 °C; '"H NMR (CDCl;, 600 MHz): § (ppm) 8.00 (1H, d,
J=8.2 Hz), 7.80 (2H, d, J = 8.0 Hz), 7.60 (2H, d, J = 8.0 Hz), 7.28 (1H, t, J = 8.2 Hz), 7.07
(1H, d, J= 8.2 Hz), 6.97 (1H, d, J= 8.2 Hz), 6.88 (1H, dd, J = 8.2 & 7.8 Hz), 6.85 (1H, brs),
597 (1H, d, J=7.8 Hz), 5.15 (1H, d, /= 6.6 Hz), 5.11 (1H, d, J = 6.6 Hz), 5.06 (2H, s), 4.80
(1H, d, J=6.4 Hz), 4.50 (1H, d, /= 6.4 Hz), 4.18 (1H, d, J = 3.7 Hz), 3.81-3.77 (1H, m), 3.65
(3H, s), 3.43 (3H, s), 3.24 (3H, s), 2.69 (1H, dt, J = 16.5 & 4.6 Hz), 2.43-2.30 (2H, m),
1.71-1.60 (1H, m), 1.56-1.44 (2H, m); °C NMR (CDCl;, 100 MHz): ¢ (ppm) 164.8, 155.5,
153.8, 132.0(2C), 131.6, 131.2, 130.9(2C), 130.0, 129.3, 128.6(2C), 126.3, 125.7, 123.4,
122.1(2C), 113.9, 113.7, 94.6, 94.3, 93.0, 80.6, 64.2, 57.0, 56.2, 56.04, 55.99, 51.6, 48.8, 31.4,
22.5, 19.6; HRMS(ESI) (m/z): Calcd for C34H3,BrNNaO, [M+Na]", 702.1309; found 702.1307;
IR (cm™, thin film, KBr): 2952, 2233, 1724, 1589, 1464, 1261, 1154, 1097, 1029, 993, 923, 788,
755. The relative configuration of compound 3-20b was determined by X-ray crystallography
(Figure S3).
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Figure S3. ORTEP drawing of 3-20b with 50% probability ellipsoids
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Compound 3-21

OMOM OMOM
(0
naphthalene
THF
>e
2h “OH
68% MOMO  OH MOMO  OH
dr=2:1
3-19 3-21a 3-21b

To a solution of the compound 3-19 (1.04 g, 2.09 mmol, as a 5:1 mixure of diastereomers at
Cl12c position) in THF (52 mL) was dropped a solution of Li-naphthalenide (20.9 mL, 20.9
mmol; 1.0 M in THF) via syringe at —98 °C. After stirring for 2 hours, the reaction was
quenched with MeOH. The resulting mixture was warmed to room temperature and evaporated
in vacuo. The residue was dissolved in EtOAc¢ (40 mL) and H,O (20 mL). The organic layer was
separated and the aqueous layer was extracted with EtOAc (20 mLx3). The combined organic
layer was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (n-hexane:EtOAc = 1:2) to yield the compound 3-21 as a pale yellow oil (589
mg , 1.43 mmol, 68%, dr = 2:1). Compound 3-21a and 3-21b were further separated by
repeating silica gel column chromatography (n-hexane:-BuOMe= 1:4) to give the compound
3-21a and 3-21b as a colorless oil respectively.

Major diastereomer 3-21a: Ryvalue : 0.24 (n-hexane:-BuOMe = 1:4); 'H NMR (CDCls, 600
MHz): ¢ (ppm) 7.29 (1H, dd, J = 8.0 & 7.8 Hz), 7.19 (1H, d, J = 7.8 Hz), 7.10 (1H, d, J = 8.0
Hz), 7.05 (1H, dd, J = 8.0 & 7.8 Hz), 6.91 (1H, d, J = 8.0 Hz), 6.71 (1H, d, J = 7.8 Hz), 5.48
(1H, d, J=4.0 Hz), 5.29 (1H, d, J = 6.8 Hz), 5.24 (1H, d, /= 6.8 Hz), 5.24 (1H, d, J = 6.5 Hz),
522 (1H,d,J=6.5 Hz), 5.12 (1H, d, J= 3.8 Hz), 4.36 (1H, dd, /= 4.0 & 3.8 Hz), 4.25 (1H, t,J
=4.8 Hz), 3.53 (3H, s), 3.51 (3H, s), 2.82 (1H, dt, /= 18.0 & 5.2 Hz), 2.63 (1H, ddd, J = 18.0,
8.0, & 7.8 Hz), 1.96-1.87 (2H, m), 1.81-1.69 (2H, m); C NMR (CDCls, 150 MHz): ¢ (ppm)
156.1, 154.8, 142.2, 139.2, 133.2, 129.4, 127.7, 127.6, 126.1, 125.0, 123.5, 118.4, 114.9, 110.9,
95.2, 94.4, 68.7, 67.4, 56.5, 56.1, 40.9, 27.4, 23.2, 18.7, HRMS(ESI) (m/z): calcd for
C,sH2NaOg [M+Na]*, 435.1778; found 435.1779; IR (cm, thin film, KBr): 3435, 2934, 1581,
1461, 1244, 1151, 1041, 1001, 959, 751. The relative configuration of the compound 3-21a
was determined by derivatization to the compound 3-23a as shown below.

Minor diastereomer 3-21b: R¢value : 0.19 (r-hexane:--BuOMe = 1:4); '"H NMR (CDCl;, 600
MHz): ¢ (ppm) 7.24 (1H, t,J= 7.8 Hz), 7.11 (1H, d, J= 7.8 Hz), 7.08 (1H, d, J = 7.8 Hz), 7.02
(1H,t,J=7.9 Hz), 6.90 (1H, d, J=7.9 Hz), 6.71 (1H, d, J = 7.9 Hz), 5.56 (1H, brs), 5.29 (1H, d,
J=6.8 Hz), 5.25 (1H, d, J = 6.8 Hz), 5.24 (1H, d, J = 6.5 Hz), 5.21 (1H, d, J = 6.5 Hz), 5.08
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(1H, dd, J=5.5 & 3.8 Hz), 4.41 (1H, dd, J=3.8 & 1.0 Hz), 4.19 (1H, t, /= 5.0 Hz), 3.53 (3H,
s), 3.52 (3H, s), 3.38 (1H, brs), 2.81 (1H, dt, J=17.6 & 5.5 Hz), 2.68 (1H, dt, J=17.6 & 7.0
Hz), 1.98-1.81 (3H, m), 1.78-1.70 (1H, m); *C NMR (CDCl;, 150 MHz): d (ppm) 156.0, 154.8,
141.3, 139.4, 133.6, 129.1, 128.5, 127.4, 126.1, 124.8, 123.2, 118.6, 114.8, 110.9, 95.2, 94.4,
70.1, 69.6, 56.5, 56.1, 41.7, 27.8, 23.3, 19.2; HRMS(ESI) (m/z): caled for C,4H,sNaOg [M+Na]’,
435.1778; found 435.1778; IR (cm’', thin film, KBr): 3429, 2934, 1575, 1460, 1244, 1152, 1074,
1042, 1003, 958, 793. The relative configuration of the compound 3-21b was determined by

derivatization to the compound 3-24b as shown below.

Compound 3-23a

1) Mel, Ag,O
MeCN
rt, 6 d
38%

2) TBSOTf
Pyridine
CH,Cl,
0°C,50 min MOMO OTBS
68% 3-23a

To a solution of the compound 3-21a (52.5 mg, 0.127 mmol) in MeCN (1.84 mL) was
added Ag,O (17.7 mg, 76.7 pmol ) and Mel (79.2 uL, 1.27 mmol) at room temparature. After
stirring for 6 days, the reaction was filtered through a pad of Celite® and evaporated in vacuo.
The resulting residue was purified by silica gel column chromatography (n-hexane:EtOAc =
3:1) to yield the monomethyl ether as a colorless oil (20.5 mg, 48.3 pmol, 38%) and 3-21a
(22.7 mg, 54.7 umol, 43%). To a solution of the monomethyl ether (11.4 mg, 26.7 umol) in
CH,Cl, (399 uL) was added pyridine (5.4 puL, 66.8 umol ) and TBSOTT (7.4 uL, 32.1 umol) at
0 °C. After stirring for 50 minutes, the reaction was quenched with saturated NaHCO;
aqueous solution (0.5 mL). The organic layer was separated and the aqueous layer was
extracted with CH,Cl, (0.5 mLx3). The combined organic layer was concentrated in vacuo.
The resulting residue was purified by silica gel column chromatography (n-hexane:EtOAc =
10:1) to yield the compound 3-23a as a colorless solid (9.9 mg, 18.3 pmol, 68%).
Recrystallization of the solid from methanol afforded a colorless crystalline solid. Ry value :
0.47 (n-hexane:EtOAc = 5:1); mp : 109-110 °C; '"H NMR (CDCl;, 400 MHz): J (ppm) 7.25
(1H, t,J=8.0 Hz), 7.21 (1H, d, J = 8.0 Hz), 7.04 (1H, d, J = 8.0 Hz), 7.05 (1H, dd, /=82 &
7.8 Hz), 6.91 (1H, d, /= 8.2 Hz), 6.78 (1H, d, J= 7.8 Hz), 5.32-5.27 (1H, m), 5.25 (1H, d, J =

68



6.9 Hz), 5.25 (1H, d, J=6.9 Hz), 5.22 (1H, d, J= 6.9 Hz), 5.18 (1H, d, /= 6.9 Hz), 5.17-5.15
(1H, m), 4.35-4.30 (1H, m), 3.70 (1H, dd, J = 6.0 & 2.3 Hz), 3.52 (3H, s), 3.50 (3H, s), 3.22
(3H, s), 2.85-2.75 (1H, m), 2.64-2.51 (1H, m), 1.97-1.74 (3H, m), 1.70-1.58 (1H, m), 0.78
(9H.s), 0.14 (3H, s), —0.06 (3H, s); °C NMR (CDCl;, 100 MHz): 6 (ppm) 155.5, 154.8, 144.2,
139.7, 133.9, 128.8, 128.0, 125.7, 125.5, 124.8, 124.1, 117.6, 113.9, 110.7, 94.9, 94.4, 76.0,
62.2, 56.4, 56.2, 56.1, 40.2, 26.9, 25.6(3C), 23.2, 18.0(2C), —4.6, —=5.0; HRMS(ESI]) (m/z):
Calcd for C;5;H44NaO4Si [M+Na]", 563.2799; found 563.2807; IR (cm'l, thin film, KBr): 2931,
2894, 2857, 1577, 1461, 1247, 1152, 1081, 1043, 1003, 836, 775. The relative configuration of
compound 3-23a was determined by X-ray crystallography (Figure S4).
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Figure S4. ORTEP drawing of 3-23a with 50% probability ellipsoids
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Compound 3-24b

OMOM 1y Mel, tBuOK

THF
(D gz
51%

H _—
2) 1,
LY oo
“"OH CH,Cl,
0 °C, 30 min
MOMO  OH 95% MOMO  OMe
3-21b 3-24b

To a solution of the compound 3-21b (99.0 mg, 0.240 mmol) in THF (2 mL) was added
tBuOK (125 mg, 1.80 mmol ) and Mel (224 pL, 3.60 mmol) at 0 °C. After stirring for 3 hours,
the reaction was quenched with saturated NH4CI aqueous solution (2 mL). The organic layer
was separated and the aqueous layer was extracted with EtOAc (5 mLx3). The combined
organic layer was concentrated in vacuo. The resulting residue was purified by silica gel
column chromatography (n-hexane:EtOAc = 4:1) to yield the dimethyl ether as a colorless oil
(53.8 mg, 0.122 mmol, 51%). To a solution of the dimethyl ether (3.7 mg, 8.40 pmol) in
CH,Cl, (370 uL) was added iodine (4.5 mg, 17.6 umol) and AgOCOCF; (4.1 mg, 18.5 pmol)
at 0 °C. After stirring for 30 minutes, the reaction was quenched with saturated Na,S,0; and
NaHCO; aqueous solution (0.5 mL). The organic layer was separated and the aqueous layer
was extracted with CHCI; (2 mLx3). The combined organic layer was concentrated in vacuo.
The resulting residue was purified by silica gel column chromatography (n-hexane:EtOAc =
5:1) to yield the compound 3-24b as a colorless solid (5.5 mg, 7.94 pmol, 95%). Compound
3-24b exists as 1:1 mixture of atropisomers between C12b and C12c. These isomers could not
be distinguished with NMR spectra. Recrystallization of the solid from n-hexane/ethyl acetate
afforded a colorless crystalline solid. R value : 0.29 (n-hexane:EtOAc = 5:1); mp : 136-137 °C;
'H NMR (CDCl;, 600 MHz): 6 (ppm) 7.70 (1H, d, J = 8.6 Hz), 7.61 (1H, d, J = 8.6 Hz),
7.37-7.30 (2H, m), 7.14 (1H, dd, J = 7.2 & 1.8 Hz), 6.95 (1H, d, J= 8.2 Hz), 6.79 (1H, t, J =
8.2 Hz), 6.77 (1H, d, J = 8.6 Hz), 6.69 (1H, d, J = 8.6 Hz), 5.98 (1H, d, J = 8.2 Hz), 5.29 (1H,
d, J=6.3 Hz), 5.24 (1H, d, J = 6.8 Hz), 5.22 (1H, d, J = 6.8 Hz), 5.22 (1H, d, J = 6.8 Hz),
5.21 (1H, d, J=6.3 Hz), 5.17 (2H, s), 5.16 (1H, d, J= 6.8 Hz), 4.86 (1H, d, J = 2.3 Hz), 4.72
(1H, d, J=2.7 Hz), 4.60 (1H, d, J= 2.7 Hz), 4.51 (1H, t,J= 6.3 Hz), 4.35 (1H, t, /= 7.7 Hz),
4.25 (1H, d, J = 2.3 Hz), 3.58 (3H, s), 3.50 (3H, s), 3.48 (3H, s), 3.47 (3H, s), 3.46 (3H, s),
3.42 (3H, s), 3.39 (3H, s), 3.37 (3H, s), 3.01-2.90 (1H, m), 2.81-2.69 (2H, m), 2.59-2.48 (1H,
m), 2.39-2.29 (1H, m), 2.16-2.04 (2H, m), 2.04-1.95 (1H, m), 1.89-1.79 (1H, m), 1.76-1.48
(3H, m); “C NMR (CDCls, 100 MHz): 6 (ppm) 156.3, 155.8, 155.0, 154.2, 144.5, 144.3, 142.3,
141.3, 138.1, 137.8, 136.8, 134.8, 133.9, 131.1, 129.6, 129.1, 122.8, 120.8, 118.6, 116.5, 113.84,
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113.81(2C), 113.6, 106.1, 95.9, 94.64, 94.59, 94.5, 94.3, 92.1, 91.9, 88.7, 86.7, 72.2, 71.0, 57.9,
57.5, 56.5, 56.23(2C), 56.16, 56.04(2C). 56.01, 47.3, 30.5(2C), 24.5, 24.4, 21.3, 20.0;
HRMS(ESI) (m/z): Calcd for C,gH30I,NaOg [M+Na]", 715.0024; found 715.0002; IR (crn'l, thin
film, KBr): 2933, 1566, 1449, 1245, 1153, 1080, 1005. The relative configuration of compound

3-24b was determined by X-ray crystallography (Figure S5).

Figure S5. ORTEP drawing of 3-24b with 50% probability ellipsoids

Compound 3-25a

TBSOTf
pyridine
— >
CH,Cl,
0°C,2h
99%

MOMO OH MOMO OTBS
3-21a 3-25a

To a solution of the compound 3-21a (1.56 g, 3.79 mmol) in CH,Cl, (47 mL) was added

71



pyridine (1.53 mL, 18.9 mmol ) and TBSOTT (1.91 mL, 8.33 mmol) at 0 °C. After stirring for 2
hours, the reaction was quenched with saturated NaHCO; aqueous solution (10 mL). The
organic layer was separated and the aqueous layer was extracted with CHCI; (10 mLx3). The
combined organic layer was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (n-hexane:EtOAc = 10:1) to yield the compound 3-25a as a
colorless oil (2.41 g, 3.76 mmol, 99%). R; value : 0.46 (n-hexane:EtOAc = 10:1); '"H NMR
(CDCl;, 400 MHz): ¢ (ppm) 7.23 (1H, t, J = 8.0 Hz), 7.18 (1H, d, /= 8.0 Hz), 7.04 (1H, d, J =
8.0 Hz), 7.04 (1H, t, J= 8.0 Hz), 6.90 (1H, d, /= 8.0 Hz), 6.75 (1H, d, J = 8.0 Hz), 5.30 (1H, d,
J=6.8 Hz), 5.27 (1H, d, J= 6.8 Hz), 5.21 (1H, d, /= 6.8 Hz), 5.19-5.11 (1H, m), 5.13 (1H, d, J
=6.8 Hz), 4.98 (1H, dd, /= 2.4 & 1.3 Hz), 4.31-4.24 (1H, m), 4.04 (1H, dd, /= 6.0 & 2.4 Hz),
3.52 (3H, s), 3.48 (3H, s), 2.86-2.75 (1H, m), 2.64-2.51 (1H, m), 1.98-1.74 (3H, m), 1.70-1.59
(1H, m), 0.78 (9H, s), 0.73 (9H, s), 0.12 (3H, s), =0.07 (3H, s), —0.10 (3H, s), —0.15 (3H, s); "°C
NMR (CDCl;, 100 MHz): J (ppm); 155.3, 154.7, 142.0, 139.7, 134.4, 128.3, 127.9, 127.3, 126.1,
125.6, 124.4, 117.4, 113.6, 110.8, 94.6, 94.5, 68.6, 65.3, 56.1, 56.0, 40.1, 27.0, 25.72(3C),
25.68(3C), 23.3, 18.13, 18.06, 18.0, —4.2, —4.6, —4.7, —5.0; HRMS(ESI) (m/z): calcd for
Cs6HssNaOgSi, [M+Na]", 663.3508; found 663.3505; IR (cm™, thin film, KBr): 2952, 2930,
2894, 2856, 1578, 1461, 1249, 1153, 1073, 1044, 1004, 835, 777.

Compound 3-25b

OMOM OMOM

(1) esen 9®
pyridine

H —_— H
CH,Cl,
0°C,2h )

“OH 89% “OTBS
MOMO OH MOMO OoTBS
3-21b 3-25b

According to the same procedure above, the corresponding compound 3-25b (1.44 g, 2.25
mmol, 89%, as a colorless oil) was obtained from the compound 3-21b (1.10 g, 2.52 mmol). R¢
value : 0.42 (n-hexane:EtOAc = 10:1); '"H NMR (CDCls, 400 MHz): § (ppm) 7.14 (1H, t, J =
8.0 Hz), 7.01 (1H, d, /= 8.0 Hz), 6.95 (1H, t, /= 8.0 Hz), 6.93 (1H, t, /= 8.0 Hz), 6.86 (1H, d,
J=18.0 Hz), 6.82 (1H, d, J = 8.0 Hz), 5.62 (1H, d, J = 6.0 Hz), 5.30 (1H, d, J = 6.8 Hz), 5.25
(1H, d, J= 6.6 Hz), 5.21 (1H, d, J= 6.6 Hz), 5.12 (1H, d, /= 6.8 Hz), 5.01 (1H, dd, /=23 &
1.2 Hz), 4.12-4.05 (1H, m), 4.09 (1H, dd, J = 6.0 & 2.3 Hz), 3.52 (3H, s), 3.48 (3H, s),
2.89-2.70 (2H, m), 2.12-1.93 (3H, m), 1.86-1.72 (1H, m), 0.80 (9H, s), 0.79 (9H, s), 0.11 (3H, s),
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0.04 (3H, s), 0.00 (3H, s), —0.10 (3H, s); >C NMR (CDCl;, 100 MHz): § (ppm); 155.3, 154.5,
141.8, 141.2, 134.5, 128.2, 127.7, 126.9, 125.8, 125.6, 123.1, 118.0, 113.5, 110.5, 94.6, 94.4,
68.5, 65.5, 56.1, 56.0, 42.9, 29.1, 25.7(3C), 25.7(3C), 23.4, 20.6, 18.1, 18.0, —4.3, —4.57, —4.61,
—5.0; HRMS(ESI) (m/z): calcd for Cs;¢HssNaOgSi, [M+Na]+, 663.3508; found 663.3505; IR
(cm’', thin film, KBr): 2952, 2930, 2856, 1576, 1461, 1248, 1153, 1074, 1041, 1006, 833, 756.

Compound 3-26a

1,3-dibromo-
5,5-dimethyl-
hydantoin

Y

CH,Cl,
-10°C,1h
54%

MOMO  OTBS
MOMO  OTBS

3-25a 3-26a

To a solution of the compound 3-25a (1.65 g, 2.57 mmol) in CH,Cl, (49.5 mL) was added
1,3-dibromo-5,5-dimethylhydantoin (2.21 g, 7.72 mmol) at —10 °C. After stirring for an hour,
the reaction was quenched with saturated Na,S,0; and NaHCOj; aqueous solution (9 mL, 9 mL).
The organic layer was separated and the aqueous layer was extracted with CHCI; (20 mLx3).
The combined organic layer was concentrated in vacuo. The resulting residue was purified by
silica gel column chromatography (n-hexane:EtOAc = 20:1) to yield the compound 3-26a as a
yellow oil (1.12 g, 1.40 mmol, 54%). Compound 3-26a exists as 1:1 mixture of atropisomers
between C12b and C12c¢. These isomers could not be distinguished with NMR spectra. Ryvalue :
0.21 (n-hexane:EtOAc = 20:1); '"H NMR (CDCl;, 600 MHz): § (ppm) 7.51 (1H, d, J = 7.9 Hz),
7.31(1H, d, J=8.7 Hz), 7.27 (1H, dd, /= 8.2 & 7.9 Hz), 7.13 (1H, d, J= 8.7 Hz), 7.10 (1H, d,
J=8.2Hz), 6.90 (1H, d, J= 7.9 Hz), 6.74 (1H, d, J = 8.7 Hz), 6.84 (1H, d, J = 8.7 Hz), 6.80
(1H, t, J=7.9 Hz), 6.43 (1H, d, J= 7.9 Hz), 5.26 (1H, d, J= 6.9 Hz), 5.23 (1H, d, J = 6.9 Hz),
5.23 (1H, d, J= 6.7 Hz), 5.20 (1H, d, J= 6.7 Hz), 5.17 (1H, d, /= 6.7 Hz), 5.16 (1H, d, J= 6.7
Hz), 5.14 (1H, d, J= 6.7 Hz), 5.06 (1H, d, J = 6.9 Hz), 4.94 (1H, d, J= 2.6 Hz), 4.89 (1H, d, J =
3.2 Hz), 4.59 (1H, dd, J=10.5 & 7.7 Hz), 4.53 (1H, dd, /= 5.9 & 5.6 Hz), 4.39 (1H, d, J= 2.6
Hz), 4.20 (1H, d, J = 3.2 Hz), 3.50 (3H, s), 3.49 (3H, s), 3.48 (3H, s), 3.44 (3H, s), 3.20-3.13
(1H, m), 2.82-2.71 (2H, m), 2.67-2.59 (1H, m), 2.41-2.33 (1H, m), 2.11-2.04 (1H, m), 2.00-1.92
(1H, m), 1.91-1.80 (3H, m), 1.70-1.60 (2H, m), 0.87 (9H, s), 0.83 (9H, s), 0.76 (9H, s), 0.72 (9H,
s), 0.21 (3H, s), 0.15 (3H, s), 0.13 (3H, s), 0.12 (3H, s), 0.05 (3H, s), 0.05 (3H, s), 0.02 (3H, s),
—0.03 (3H, s); °C NMR (CDCls, 150 MHz): 6 (ppm) 155.4, 155.3, 153.9, 153.5, 139.0, 139.0,
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139.0, 138.9, 137.2, 135.6, 132.3, 131.9, 131.2, 130.3, 129.7, 128.7, 127.6, 126.9, 125.1, 124.4,
121.6, 118.5, 118.2, 117.7, 113.4, 112.9, 112.9, 112.9, 94.7, 94.7, 94.5, 94.3, 80.7, 79.1, 67.3,
66.4, 56.1, 56.0, 56.0, 55.9, 45.9, 41.8, 28.6, 28.5, 26.0(3C), 25.7(3C), 25.6(3C), 25.6(3C), 24.6,
244, 22.2, 19.6, 18.1, 18.0, 18.0, 17.9, —4.1, —4.1, —4.4, 4.7, -4.7, -49, -5.0, -5.0;
HRMS(ESI) (m/z): calcd for C3sHssNaO4Si,Br, [M+Na]", 819.1718; found 819.1715; IR (cm'l,
thin film, KBr): 2929, 1571, 1453, 1246, 1155, 1081, 1006.

Compound 3-26b
OMOM

1,3-dibromo-
5,5-dimethyl-
H hydantoin

-
L

CH,Cl,
-10°C, 1h
‘OTBS

44%
MOMO  OTBS

MOMO  OTBS
3-25b 3-26b

According to the same procedure above, the corresponding compound 3-26b (42.2 mg, 53.0
pmol, 44 %, as a colorless oil) was obtained from the compound 3-25b (77.3 mg, 0.121 mmol).
Compound 3-26b exists as 1:1 mixture of atropisomers between C12b and C12c¢. These isomers
could not be distinguished with NMR spectra. R¢value : 0.21 (n-hexane:EtOAc = 20:1); 'H
NMR (CDCl;, 600 MHz): J (ppm) 7.33 (1H, d, /= 9.0 Hz), 7.28 (1H, d, J = 8.7 Hz), 7.26-7.21
(2H, m), 7.10 (1H, d, J= 8.2 Hz), 6.91 (1H, d, J = 8.2 Hz), 6.86 (1H, d, /= 9.0 Hz), 6.80 (1H, d,
J=28.7Hz), 6.77 (1H, d, J = 8.2 Hz), 6.07 (1H, d, J = 8.2 Hz), 5.29 (1H, d, J = 6.7 Hz), 5.24
(1H, d, J = 6.4 Hz), 5.21-5.18 (3H, m), 5.16 (1H, d, J = 6.4 Hz), 5.13 (1H, d, J = 6.4 Hz), 5.07
(1H, d, J=6.9 Hz), 4.96 (1H, d, J= 2.1 Hz), 492 (1H, d, /= 2.8 Hz), 4.76 (1H,dd, /=72 &
6.9 Hz), 4.41 (1H, d, J=3.1 Hz), 4.34 (1H, dd, /= 8.5 & 7.4 Hz), 4.17 (1H, d, J = 2.1 Hz), 3.49
(3H, s), 3.49 (3H, s), 3.48 (3H, s), 3.45 (3H, ), 3.01-2.94 (1H, m), 2.90-2.83 (1H, m), 2.74-2.66
(1H, m), 2.59-2.51 (1H, m), 2.32-2.25 (1H, m), 2.14-2.03 (2H, m), 2.02-1.95 (1H, m), 1.86-1.78
(1H, m), 1.76-1.56 (3H, m), 0.84 (9H, s), 0.84 (9H, s), 0.75 (9H, s), 0.75 (9H, s), 0.17 (3H, s),
0.16 (3H, s), 0.13 (3H, s), 0.12 (3H, s), 0.07 (3H, s), 0.06 (3H, s), 0.01 (3H, s), —0.07 (3H, s);
C NMR (CDCls, 150 MHz): 6 (ppm) 155.5, 155.1, 153.9, 153.1, 139.4, 139.1, 139.1, 138.0,
136.6, 135.0, 132.4, 131.1, 130.7, 130.0, 128.8, 128.5, 127.2, 125.2, 123.6, 122.7, 118.4, 177.7,
117.7,116.2, 113.2, 113.1, 113.1, 112.8, 94.6, 94.6, 94.5, 94.5, 80.1, 78.8, 67.2, 66.5, 56.1, 56.0,
56.0, 55.9, 46.4, 42.6, 29.8, 29.4, 25.9(3C), 25.6(3C), 25.6(3C), 25.6(3C), 24.3, 24.0, 21.3, 20.7,
18.1, 18.0, 18.0, 17.9, —4.1, —4.1, —4.4, 4.7, -4.8, —4.9, —4.9, —5.0; HRMS(ESI]) (m/z): calcd
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for CsHs4NaBr,Si,0¢ [M+Na]’, 819.1718; found 819.1716; IR (crn'l, thin film, KBr): 2929,
2856, 1571, 1454, 1247, 1155, 1081, 1043, 1006, 836, 776.

Compound 3-27a

KMnO,
CuSO,

t-BuOH, H,0
50 °C
2d
53%
MOMO  OTBS MOMO  OTBS

3-26a 3-27a

To a solution of the compound 3-26a (1.90 g, 2.38 mmol) in ter-BuOH (95 mL) and H,O (19
mL) was added CuSO, (759 mg, 4.78 mmol) and KMnO, (5.64 g, 35.7 mmol) at room
temperature. The reaction mixture was heated to 50 °C. After stirring for 2 days, the reaction
was quenched with saturated Na,S,0; aqueous solution (30 mL). The resulting mixture was
filtered through a pad of Celite® and evaporated in vacuo. EtOAc was added to the resulting
mixture. The organic layer was separated and the aqueous layer was extracted with EtOAc (30
mLx3). The combined organic layer was concentrated in vacuo. The resulting residue was
purified by silica gel column chromatography (n-hexane:EtOAc = 5:1) to yield the compound
3-27a as a colorless oil (1.03 g, 1.27 mmol, 53%). Compound 3-27a exists as 1:1 mixture of
atropisomers between C12b and Cl12c. These isomers could not be distinguished with NMR
spectra. Ryvalue : 0.29 (n-hexane:EtOAc = 6:1); 'H NMR (CDCls, 600 MHz): 6 (ppm) 7.62 (1H,
d, J=9.0 Hz), 7.44-7.42 (2H, m), 7.29 (1H, dd, J = 8.2 & 7.9 Hz), 7.13 (1H, d, J = 8.5 Hz),
7.06 (1H, d, J=9.0 Hz), 6.95 (1H, d, /= 8.7 Hz), 6.92 (1H, d, /= 8.2 Hz), 6.81 (1H, t, J= 8.2
Hz), 6.32 (1H, t,J= 7.9 Hz), 5.31 (1H, d, /= 6.7 Hz), 5.26 (1H, d, J= 6.9 Hz), 5.26 (1H, d, J =
6.9 Hz), 5.24 (1H, d, J= 6.9 Hz), 5.22 (1H, d, J= 6.9 Hz), 5.20 (1H, d, /= 6.9 Hz), 5.14 (1H, d,
J=6.9 Hz), 5.07 (1H, d, J= 6.9 Hz), 494 (1H, d, J = 2.6 Hz), 4.92 (1H, d, J = 3.2 Hz), 4.86
(1H, dd, J=10.8 & 6.7 Hz), 4.80 (1H, dd, /= 5.4 & 3.8 Hz), 4.40 (1H, d, /= 2.6 Hz), 4.21 (1H,
d, J= 3.2 Hz), 3.52 (3H, s), 3.52 (3H, s), 3.49 (3H, s), 3.44 (3H, s), 2.90 (1H, ddd, J = 15.9,
13.1, & 4.1 Hz), 2.81 (1H, ddd, J = 14.6, 13.3, & 4.9 Hz), 2.72 (1H, dt, J = 13.1 & 3.7 Hz),
2.70-2.63 (1H, m), 2.47 (1H, ddd, J = 15.9, 5.4, & 3.8 Hz), 2.36-2.25 (2H, m), 2.14-2.08 (1H,
m), 0.87 (9H, s), 0.82 (9H, s), 0.75 (9H, s), 0.71 (9H, s), 0.21 (3H, s), 0.14 (3H, s), 0.12 (3H, s),
0.12 (3H, s), 0.05 (3H, s), 0.05 (3H, s), 0.02 (3H, s), —0.02 (3H, s); °C NMR (CDCls, 150
MHz): 6 (ppm) 197.3, 197.3, 157.2, 155.6, 155.6, 155.5, 145.6, 144.6, 138.6, 137.6, 137.4,
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137.4, 134.9, 133.5, 131.7, 129.0, 128.1, 127.8, 127.5, 126.8, 125.2, 124.1, 122.6, 118.2, 117.9,
117.7, 117.2, 116.6, 113.8, 113.3, 95.7, 95.6, 94.7, 94.4, 80.6, 79.0, 67.3, 66.2, 56.5, 56.5, 56.0,
56.0,46.5,42.5,40.5,37.2,27.5, 26.9, 25.9(3C), 25.6(3C), 25.6(3C), 25.5(3C), 18.1, 18.0, 17.9,
17.9, —4.1, 42, -44, -47, -4, -49, -5.0, -5.0; HRMS(FAB) (m/z): calcd for
C36Hs,NaBr,Si,0; [M+Na]", 833.1511; found 833.1526; IR (cm’l, thin film, KBr): 2954, 2929,
2856, 1697, 1573, 1256, 1154, 1082, 836, 777.

Compound 3-27b

KMnO,
CuSO,

t-BuOH, H,0
50 °C
2d
52%

MOMO  OTBS MOMO  OTBS

3-26b 3-27b

According to the same procedure above, the corresponding compound 3-27b (180 mg, 0.222
mmol, 52 %, as a colorless o0il) was obtained from the compound 3-26b (343 mg, 0.429 mmol).
Compound 3-27b exists as 1:1 mixture of atropisomers between C12b and C12c¢. These isomers
could not be distinguished with NMR spectra. Ryvalue : 0.29 (n-hexane:EtOAc = 6:1); '"H NMR
(CDCl;, 600 MHz): 6 (ppm) 7.66 (1H, d, J=9.0 Hz), 7.56 (1H, d, J=9.0 Hz), 7.30 (1H, t, J =
8.0 Hz), 7.20 (1H, t, /= 8.0 Hz), 7.13 (1H, d, /= 8.0 Hz), 7.10 (1H, d, /=9.0 Hz), 7.02 (1H, d,
J=9.0 Hz), 691 (1H, 4, J = 8.2 Hz), 6.74 (1H, t, J = 8.2 Hz), 5.88 (1H, d, J = 8.2 Hz),
5.32-5.21 (5H, m), 5.19 (1H, d, J = 6.7 Hz), 5.14 (1H, d, J = 6.7 Hz), 5.07 (1H, d, J = 6.4 Hz),
5.01 (1H, t, J=5.5 Hz), 4.96 (1H, br), 4.92 (1H, d, J= 2.9 Hz), 4.58 (1H, t, J = 6.5 Hz), 4.41
(1H, d, J=2.9 Hz), 4.16 (1H, d, J = 1.3 Hz), 3.52 (3H, s), 3.52 (3H, s), 3.49 (3H, s), 3.44 (3H,
s), 2.94-2.85 (1H, m), 2.74-2.58 (2H, m), 2.56-2.42 (3H, m), 2.38-2.30 (1H, m), 2.27-2.19 (1H,
m), 0.84 (9H, s), 0.84 (9H, s), 0.73 (9H, s), 0.73 (9H, s), 0.17 (3H, s), 0.16 (3H, s), 0.11 (3H, s),
0.11 (3H, s), 0.06 (3H, s), 0.05 (3H, s), 0.01 (3H, s), —0.05 (3H, s); C NMR (CDCls, 150
MHz): 6 (ppm) 197.1, 196.9, 156.8, 155.8, 155.6, 155.2, 145.8, 145.4, 138.3, 137.5, 136.5,
136.2, 135.8, 134.6, 128.9, 128.8, 128.4, 128.0, 126.8, 124.7, 124.0, 123.8, 117.9, 117.6. 117.5,
117.3, 117.2, 116.0, 113.7, 113.6, 95.8, 95.5, 94.6, 94.5, 80.1, 78.7, 67.0, 66.4, 56.5, 56.5, 56.0,
56.0,46.8,43.1, 38.7, 38.2, 28.9, 27.7, 25.9(3C), 25.6(3C), 25.6(3C), 25.5(3C), 18.1, 17.9, 17.9,
17.8, —4.1, —4.2, -44, 47, -48, -49, -49, -5.1; HRMS(ESI) (m/z): calcd for
Cs6Hs:NaBr,Si,0; [M+Na]", 833.1511; found 833.1502; IR (cm', thin film, KBr): 2955, 2929,
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2856, 1645, 1573, 1448, 1257, 1154, 1074, 1083, 857, 878, 778.

Compound 3-28a

MOMO OTBS
3-27a

To a solution of the compound 3-27a (2.6 mg, 3.20 umol) in THF (260 pL) was added TBAF
(16 pL, 16.0 pmol; 1.0 M in THF) at room temperature. After stirring for 3 hours, the reaction

mixture was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (n-hexane:EtOAc = 1:3) to yield the compound 3-28a as a white powder (1.9
mg, 3.20 umol, quant.). Compound 3-28a exists as 5:1 mixture of atropisomers between C12b
and C12c. R;value : 0.31 (n-hexane:EtOAc = 1:2); '"H NMR (CDCl;, 600 MHz): (major isomer)
o (ppm) 7.44 (1H, d, J= 9.0 Hz), 6.99 (1H, d, J= 9.0 Hz), 6.97 (1H, d, J = 8.2 Hz), 6.91 (1H,
dd, /=82 & 7.9 Hz), 6.42 (1H, d, J =79 Hz), 531 (1H, d, J = 6.9 Hz), 5.23 (1H, d, J= 6.9
Hz), 5.22 (1H, d, J= 6.9 Hz), 5.17 (1H, d, J = 6.9 Hz), 5.15 (1H, dd, J = 8.5 & 2.4 Hz), 4.91
(1H, dd, J = 10.9 & 6.5 Hz), 4.62 (1H, dd, J = 7.2 & 2.4 Hz), 3.52 (3H, s), 3.48 (3H, s),
2.88-2.72 (3H, m), 2.37-2.28 (1H, m), 2.17 (1H, d, J = 8.5 Hz), 1.90 (1H, d, J = 7.2 Hz); °C
NMR (CDCl;, 150 MHz): (major isomer) 0 (ppm) 196.8, 156.1, 155.9, 144.0, 138.7, 137.8,
130.1, 129.4, 128.0, 127.0, 123.5, 119.0, 116.9, 116.2, 114.9, 95.5, 94.8, 77.3, 66.2, 56.6, 56.4,
46.2,40.2, 26.5; HRMS(FAB) (m/z): calcd for Co4H,5s0,Br, [M+H]", 582.9962; found 582.9965;
IR (cm™, thin film, KBr): 3446, 2934, 1688, 1571, 1450, 1257, 1152, 1019, 948.
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Compound 3-28b

TBAF
S
THF
rt
3h
94%
MOMO OTBS MOMO OH
3-27b 3-28b

According to the same procedure above, the compound 3-28b (63.2 mg, 0.108 mmol, 94 %,
as a white powder) was obtained from the compound 3-27b (93.2 mg, 0.115 mmol). Compound
3-28b exists as 5:1 mixture of atropisomers between C12b and Cl2c. Rg value : 0.31
(n-hexane:EtOAc = 1:2); '"H NMR (CDCls;, 600 MHz): (major isomer) J (ppm) 7.58 (1H, d, J =
9.0 Hz), 7.39 (1H, t, J= 8.2 Hz), 7.27 (1H, d, J= 8.2 Hz), 7.20 (1H, d, /= 8.2 Hz), 7.06 (1H, d,
J=9.0 Hz), 532 (1H, d, /= 6.9 Hz), 5.29 (1H, d, J = 6.7 Hz), 5.24 (1H, d, J = 6.7 Hz), 5.22
(1H, d, J= 6.9 Hz), 5.16 (1H, dd, J = 9.3 & 1.8 Hz), 4.61 (1H, t, J = 7.4 Hz), 4.39 (1H, brs),
3.52 (3H, s), 3.52 (3H, ), 2.91-2.83 (1H, m), 2.79-2.63 (2H, m), 2.60-2.51 (1H, m), 2.29 (1H, d,
J=9.3 Hz), 2.01 (1H, d, J = 4.1 Hz); °C NMR (CDCl;, 150 MHz): (major isomer) & (ppm)
196.3, 156.2, 155.9, 144.7, 138.2, 137.9, 134.7, 130.3, 128.7, 123.2, 122.6, 117.2, 116.3, 116.1,
115.3, 95.7, 94.9, 78.4, 66.1, 56.6, 56.4, 42.9, 39.1, 27.2; HRMS(ESI) (m/z): calcd for
C,4sH,,NaO;Br, [M+Na]", 604.9781; found 604.9780; IR (cm™, thin film, KBr): 3435, 2936,
1686, 1573, 1451, 1255, 1151, 1062, 1034, 950, 751.

Compound 3-30

3-28a 3-29a 3-30

From 3-28a: To a solution of the compound 3-28a (9.8 mg, 16.8 pmol) in THF (490 pL) was
added Me;P (134 pL, 134.2 pmol; 1.0 M in THF) and Ni(cod), (18.5 mg, 67.1 pmol) at room

temperature. After stirring for 4 hours, the reaction mixture was quenched with H,O (0.7 mL).
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EtOAc (1.5 mL) was added to the resulting mixture. The organic layer was separated and the
aqueous layer was extracted EtOAc (0.7 mL.x7). The combined organic layer was concentrated
in vacuo. The resulting residue was purified by silica gel flash column chromatography
(CHCI3:EtOAc = 1:1) to yield the compound 3-29a as a colorless solid (6.1 mg, 14.4 pumol,
86%). This product was immediately used for the next step. To a solution of the cyclization
product (4.1 mg, 9.66 pumol) in CH,Cl, (410 uL) was added pyridine (20.5 pL) at room
temperature. After stirring for 2 days, the reaction mixture was concentrated in vacuo. The
resulting residue was purified by silica gel flash column chromatography (n-hexane:EtOAc =

1:4) to yield the compound 3-30 as a white powder (3.3 mg, 7.77 umol, 80%).

O OMOM

MOMO  OH
3-28b 3-29b 3-30
From 3-28b: According to the same procedure above, the compound 3-29b (15.6 mg, 36.8
pmol, 67 %, as a pale yellow solid) was obtained from the compound 3-28b (32.0 mg, 54.8
umol). This product was immediately used for the next step. To a solution of the cyclization
product (9.0 mg, 21.2 umol) in CH,Cl, (2.00 mL) was added Et;N (100 pL, 0.716 mmol) at
room temperature. After stirring for 90 minutes, the reaction mixture was concentrated in vacuo.
The resulting residue was purified by silica gel flash column chromatography (n-hexane:EtOAc
= 1:4) to yield the compound 3-30 as a white powder (4.0 mg, 9.42 umol, 44%). R, value : 0.20
(n-hexane:EtOAc = 1:4); mp : 177-178 °C; '"H NMR (DMSO-d;, 400 MHz): § (ppm) 7.72 (1H,
d, J=8.5Hz), 7.32 (1H, t, /= 8.0 Hz), 7.25 (1H, d, /= 8.0 Hz), 7.07 (1H, d, J = 8.0 Hz), 6.98
(1H, d, J= 8.5 Hz), 5.81 (1H, d, J = 6.5 Hz), 5.28 (2H, s), 5.24 (1H, d, J= 6.5 Hz), 5.21 (1H, d,
J=6.5Hz), 5.00 (1H, d, J= 5.0 Hz), 4.86 (1H, dd, /= 7.1 & 5.0 Hz), 3.51 (1H, dt, J=12.0 &
2.5 Hz), 3.42 (3H, s), 3.40 (3H, s), 3.25-3.09 (2H, m), 3.18 (1H, ddd, J = 12.0, 7.1, & 6.5 Hz),
2.79 (1H, ddd, J = 15.5, 10.5, & 7.1 Hz), 2.65 (1H, ddd, J = 15.5, 6.6, & 5.2 Hz); °C NMR
(DMSO-ds, 100 MHz): 6 (ppm) 195.1, 156.4, 154.4, 151.7, 139.4, 137.2, 132.8, 131.1, 130.6,
129.4, 128.7, 119.0, 117.6, 114.1, 113.4, 95.3, 94.0, 77.5, 73.0, 56.03, 56.01, 54.6, 23.0. One
peak at C2 position overlapped with the solvent peak; HRMS(FAB) (m/z): caled for
Cy4H,,NaO, [M+Na]", 447.1420; found 447. 1392; IR (cm’, thin film KBr): 3346, 2905, 1680,
1580, 1469, 1338, 1153, 1058.
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Compound 3-33

To a solution of the compound 3-30 (20.2 mg, 47.6 pmol) in MeCN (10.1 mL) was added
Mel (505 pL) and Ag,O (152 mg) at room temperature. The reaction mixture was heated to
40 °C. After stirring for 2 days, the reaction mixture was filtered through a pad of Celite® and
evaporated in vacuo. The resulting residue was purified by silica gel column chromatography
(n-hexane:EtOAc = 1:1) to yield the compound 3-33 as a yellow syrup (10.1 mg, 23.8 pmol,
48%). R; value : 0.28 (n-hexane:EtOAc = 1:1); "H NMR (CDCl;, 600 MHz): ¢ (ppm) 7.78 (1H,
d, J=8.1 Hz), 7.32 (1H, t, J = 8.0 Hz), 7.26 (1H, d, J = 8.0 Hz), 7.11 (1H, d, J = 8.0 Hz), 7.04
(1H, d, J=8.1 Hz), 5.36 (1H, d, /= 7.0 Hz), 5.34 (1H, d, /= 6.8 Hz), 5.33 (1H, d, /= 6.8 Hz),
5.30 (1H, d, J=7.0 Hz), 5.24 (1H, dd, J= 7.1 Hz & 2.0 Hz), 4.14 (1H, d, J = 2.0 Hz), 3.71 (3H,
s), 3.59 (1H, dt, J=12.3 & 2.3 Hz), 3.56 (3H, s), 3.54 (3H, s), 3.36-3.24 (2H, m), 3.21 (1H, dd,
J =123 & 7.1 Hz), 2.90-2.79 (2H, m); °C NMR (CDCl;, 150 MHz): § (ppm) 195.9, 155.9,
155.2, 151.9, 138.4, 136.7, 132.8, 132.0, 130.6, 128.9, 128.1, 119.7, 118.0, 113.5, 113.4, 95.5,
94.6, 86.7, 74.4, 60.7, 56.6, 56.5, 53.3, 39.5, 23.5; HRMS(ESI) (m/z): calcd for C,sHysNaO;
[M+Na]", 461.1571; found 461.1568; IR (cm'l, thin film KBr): 3455, 2904, 2828, 1680, 1585,
1468, 1341, 1245, 1154, 1054, 1027, 980, 923.
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XR774 (3-1) and 8-epi-3-1
O OMOM

1.0 M HCI
— >
THF
40 °C
21h
38% for 31

59% for OH
8-6pi-3-1 XR774 (3-1) 8-epi-3-1

To a solution of the compound 3-33 (6.2 mg, 14.1 pmol) in THF (310 pL) was added 1.0 M
HCI (155 pL) at room temperature. The reaction mixture was heated to 40 °C. After stirring for
21 hours, the reaction mixture was quenched with saturated NaHCO; aqueous solution (0.7 mL).
The organic layer was separated and the aqueous layer was extracted EtOAc (1.0 mLx4). The
combined organic layer was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (n-hexane:EtOAc = 1:1) to yield XR774 (3-1) as a yellow powder
(1.9 mg, 5.36 pmol, 38%) and 8-epi-3-1 as a yellow solid (2.9 mg, 8.32 umol, 59%).

From 8-epi-3-1. To a solution of 8-epi-3-1 (1.5 mg, 4.28 pumol) in THF (150 pL) was added
1.0 M HCI (75 pL) at room temperature. The reaction mixture was heated to 40 °C. After
stirring for a day, the reaction mixture was quenched with saturated NaHCO; aqueous solution
(0.5 mL). The organic layer was separated and the aqueous layer was extracted EtOAc (1.0
mLx4). The combined organic layer was concentrated in vacuo. The resulting residue was
purified by silica gel column chromatography (n-hexane:EtOAc = 1:1) to yield XR774 (3-1) as
a yellow powder (0.6 mg, 1.7 umol, 40%) and 8-epi-3-1 as a yellow solid (0.7 mg, 2.0 pmol,
47%). Recrystallization of 8-epi-3-1 from n-hexane/EtOAc afforded a yellow crystalline solid.
8-epi-3-1: Ryvalue: 0.27 (n-hexane:EtOAc = 2:1); mp. 194 °C (dec.); 'H NMR (CDCls, 400
MHz): 6 (ppm) 10.70 (1H, s), 8.59 (1H, s), 7.74 (1H, d, J = 8.1 Hz), 7.30 (1H, t, J = 8.0 Hz),
7.16 (1H, dd, J= 8.0 & 0.9 Hz), 6.89 (1H, dd, /= 8.0 & 0.9 Hz), 6.79 (1H, d, J= 8.1 Hz), 5.25
(1H, d, J = 8.3 & 4.0 Hz), 3.67 (1H, dt, J = 12.0 & 2.3 Hz), 3.62 (3H, s), 3.44-3.25 (2H, m),
3.31 (1H, d, J=4.0 Hz), 3.18 (1H, dd, J = 12.0 & 8.3 Hz), 2.93-2.86 (2H, m); °C NMR (CDCls,
150 MHz): ¢ (ppm) 201.7, 159.4, 157.2, 150.8, 139.6, 132.7, 132.29, 132.27, 130.7, 129.8,
120.4, 118.0, 116.8, 113.3, 112.4, 88.1, 75.5, 60.9, 54.1, 36.4, 22.8; HRMS(ESI) (m/z): calcd for
C,H sNaOs [M+Na]’, 373.1046; found 373.1047; IR (cm™, thin film KBr): 3286, 2925, 1636,
1456, 1348, 1230, 1018. The relative configuration of 8-epi-3-1 was determined by X-ray
crystallography (Figure S6).
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Figure S6. ORTEP drawing of 8-epi-3-1 with 50% probability ellipsoids
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To a solution of compound 3-33 (19.9 mg, 45.4 pumol) in CH,Cl, (995 puL) was added
(S)-5-allyl-2-oxabicyclo-[3.3.0]oct-8-ene (69.6 uL, 454 umol) and PPTS (5.7 mg, 22.7 umol) at



room temperature. After stirring for 14 hours, the reaction mixture was quenched with saturated
NaHCOs; aqueous solution (500 pL). The organic layer was separated and the aqueous layer was
extracted CHCI; (300 puLx4). The combined organic layer was dried with Na,SO, and filtered.
The filtrate was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (n-hexane:EtOAc = 2:1) to yield the compound 3-36 and 3-37 as a pale yellow
syrup (19.6 mg, 33.1 umol, 73%, dr = 1:1). Compound 3-36 and 3-37 were further separated
by repeating silica gel column chromatography (n-hexane:EtOAc = 2:1) to afford the
compound 3-36 as a colorless oil (9.7 mg, 16.3 umol, 36%). Rsvalue: 0.22 (n-hexane:EtOAc =
2:1); [a]p™ =81.6 (¢ 0.22, CH,Cl,); 'H NMR (CDCls, 600 MHz): ¢ (ppm) 7.53 (1H, d, J = 8.2
Hz), 7.30 (1H, dd, J=8.2 Hz & 7.5 Hz), 7.11 (1H, d, /= 7.5 Hz), 7.10 (1H, d, J= 8.2 Hz), 6.99
(1H, d, J = 8.2 Hz), 5.52 (1H, d, J = 3.0 Hz), 5.31 (1H, d, J = 6.9 Hz), 5.30-5.22 (1H, m), 5.27
(1H, d, J = 6.9 Hz), 5.26 (1H, d, J = 6.7 Hz), 5.24 (1H, d, J = 6.7 Hz), 4.69-4.66 (1H, m),
4.60-4.55 (1H, m), 4.13 (1H, dd, J = 3.0 & 2.1 Hz), 3.63-3.61 (1H, m), 3.59 (3H, s), 3.54 (3H, s),
3.53 (3H, s), 3.43 (1H, td, J = 8.0 & 3.8 Hz), 3.29-3.22 (1H, m), 3.03-2.97 (1H, m), 2.91 (1H,
ddd, J=8.5, 8.0, & 7.2 Hz), 2.81-2.70 (2H, m), 2.23-2.17 (1H, m), 1.53-1.24 (9H, m); °C NMR
(CDCl;, 150 MHz): 6 (ppm) 196.2, 155.7, 154.7, 151.8, 142.1, 137.5, 136.3, 135.6, 129.3, 128.9,
128.3, 127.5, 119.0, 117.8, 117.6, 116.4, 114.4, 112.8, 95.5, 95.3, 79.6, 65.6, 65.3, 56.9, 56.4,
56.1, 55.3, 54.5, 39.9, 39.5, 38.6, 36.3, 34.7, 22,1, 21.5; HRMS(ESI) (m/z): calcd for
C3sH4NaOg [M+Na]®, 611.2615; found 611.2614; IR (cm™, thin film KBr): 2956, 1683, 1468,
1338, 1248, 1153, 1099, 1042, 983, 918.

MTPA ester 3-38

O OMOM
1) 1.0 M HCI
THF, rt
1d
T
wOMe 2) MTPA-CI
Py, 1d
OR*
OMOM
3-36
(less polar)

R-MTPA ester 3-38a. To a solution of compound 3-36 (1.5 mg, 2.55 umol) in THF (150 pL)
was added 1.0 M HCI (75 uL) at room temperature. After stirring for a day, the reaction
mixture was quenched with saturated NaHCOj; aqueous solution (0.3 mL). The organic layer

was separated and the aqueous layer was extracted EtOAc (0.1 mLx4). The combined organic
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layer was concentrated in vacuo. Then the resulting residue was filtered through a short
column of silica gel to afford the compound 3.33 as a yellow syrup (0.2 mg). To a solution of
the compound 3-33 (0.2 mg, 0.46 pumol) in pyridine (100 pL) was added
(+)-o-methoxy-a-(trifluoromethyl)phenyl acetyl chloride (2.1 pL, 11.4 pmol) at room
temperature. After stirring for a day, the reaction mixture was quenched with MeOH (0.1 mL).
The resulting mixture was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (n-hexane:EtOAc = 1:1) to yield the corresponding R-MTPA
ester 3-38a as a pale yellow syrup (0.2 mg , 0.31 pmol, 67%). Rsvalue: 0.23 (n-hexane:EtOAc
=2:1); "H NMR (CDCl;, 600 MHz): J (ppm) 7.69-7.63 (2H, m), 7.42-7.37 (4H, m), 7.37-7.34
(2H, m), 7.10 (1H, dd, J = 8.1 & 0.9 Hz), 7.03 (1H, d, J = 8.2 Hz), 6.77 (1H, d, J = 3.0 Hz),
5.31 (2H, s), 5.30 (1H, d, J = 6.7 Hz), 5.15 (1H, d, J = 6.7 Hz), 4.16 (1H, t, J = 3.0 Hz), 3.59
(3H, s), 3.56 (3H, s), 3.56-3.54 (1H, m), 3.48 (3H, s), 3.29 (3H, s), 3.35-3.26 (2H, m), 2.87
(1H, ddd, J = 15.4, 10.1, & 7.4 Hz), 2.79 (1H, ddd, J = 15.4, 6.4, & 5.3 Hz); HRMS(ESI)
(m/z): caled for C3sH33NaOoF; [M+Na]’, 677.1969; found 677.1967.

S-MTPA ester 3-38b. To a solution of compound 3-36 (1.4 mg, 2.38 pmol) in THF (140 pL)
was added 1.0 M HCI (70 pL) at room temperature. After stirring for a day, the reaction
mixture was quenched with saturated NaHCOj; aqueous solution (0.3 mL). The organic layer
was separated and the aqueous layer was extracted EtOAc (0.1 mLx4). The combined organic
layer was concentrated in vacuo. Then the resulting residue was filtered through a short
column of silica gel to afford the compound 3-33 as a yellow syrup (0.3 mg). To a solution of
the compound 3-33 (0.3 mg, 0.68 umol) in pyridine (150 plL) was added
(—)-a-methoxy-a-(trifluoromethyl)phenyl acetyl chloride (3.2 pL, 17.1 umol) at room
temperature. After stirring for a day, the reaction mixture was quenched with MeOH (0.1 mL).
The resulting mixture was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (n-hexane:EtOAc = 1:1) to yield the corresponding S-MTPA
ester 3-38b as a pale yellow syrup (0.2 mg , 0.31 pmol, 45%). R value : 0.23
(n-hexane:EtOAc = 2:1); '"H NMR (CDCls, 600 MHz): § (ppm) 7.66-7.63 (2H, m), 7.46-7.42
(4H, m), 7.38-7.34 (2H, m), 7.08 (1H, dd, J = 7.0 & 2.3 Hz), 7.04 (1H, d, J = 8.2 Hz), 6.73
(1H, d, J= 2.6 Hz), 5.32 (2H, s), 5.18 (1H, d, J= 6.7 Hz), 5.06 (1H, d, J = 6.7 Hz), 4.25 (1H,
dd,J=2.8 & 2.6 Hz), 3.80 (1H, dt, J= 2.8 & 2.6 Hz), 3.56 (3H, s), 3.50 (3H, s), 3.41 (3H, s),
3.30 (3H, s), 3.50-3.47 (1H, m), 3.37-3.32 (1H, m), 2.89 (1H, ddd, J = 15.5, 9.7, & 7.7 Hz),
2.81 (1H, ddd, J = 15.5, 6.4, & 5.3 Hz); HRMS(ESI) (m/z): calcd for C3sH33NaOoF; [M+Na]",
677.1969; found 677.1967.
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(5)-XR774 (3-1)

O OMOM

1.0 M HCl aq.
THF
rt, 1d
—_—
then 40 °C
1d
56 %

OH
(-)-XR774 (3-1)

(less polar)

To a solution of compound 3-36 (6.0 mg, 10.2 pmol) in THF (120 puL) was added 1.0 M HCI
(60 uL) at room temperature. After stirring for a day, the reaction mixture was heated to 40 °C.
After stirring for a day, the reaction mixture was quenched with saturated NaHCO; aqueous
solution (0.5 mL). The organic layer was separated and the aqueous layer was extracted EtOAc
(1.0 mLx4). The combined organic layer was concentrated in vacuo. The resulting residue was
purified by silica gel column chromatography (n-hexane:EtOAc = 1:1) to yield the (-)-XR774
(3-1) as a yellow powder (2.0 mg, 5.70 umol, 56%). R; value: 0.38 (n-hexane:EtOAc = 1:4);
[a]p> =107 (¢ 0.16, CH,Cl,); '"H NMR (CDCls, 400 MHz): 6 (ppm) 10.6 (1H, s), 7.70 (1H, d, J
=8.2 Hz), 7.31 (1H, t, /= 8.0 Hz), 7.21 (1H, dd, /= 8.0 & 1.0 Hz), 6.90 (1H, dd, /= 8.0 & 1.0
Hz), 6.76 (1H, d, J= 8.2 Hz), 6.12 (1H, s), 5.40 (1H, d, J=4.2 Hz), 3.99 (1H, dt, /=119 & 2.4
Hz), 3.56 (3H, s), 3.43-3.24 (2H, m), 3.22 (1H, dd, /= 11.9 & 4.2 Hz), 3.22 (1H, d, /= 1.5 Hz)
2.96-2.80 (2H, m); °C NMR (CDCl;, 100 MHz): J (ppm) 201.7, 159.1, 156.5, 150.8, 139.8,
133.1, 132.9, 132.8, 131.3, 130.1, 122.8, 118.5, 116.1, 113.4, 112.3, 81.9, 63.8, 58.0, 49.5, 36.4,
22.8; HRMS(ESI) (m/z): caled for C,;H,sNaOs [M+Na]", 373.1046; found 373.1046; IR (cm'l,
thin film KBr): 2924, 1641, 1575, 1466, 1347, 1227, 1093.
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