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acetyl
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butyl
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functional group interconversion

gel permeation chromatography
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hydrogen atom transfer
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high resolution mass spectrometry
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Lewis acid
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matrix assisted laser desorption/ionization
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minute

methoxymethyl
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normal

nuclear magnetic resonance

nuclear Overhauser effect
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0XI. oxidation

PDP 2-((2-[1-(pyridin-2-ylmethyl)pyrrolidin-2-yl]pyrrolidin-1-yl)methyl)pyridine
Ph phenyl

PIDA phenyliodine(III) diacetate
ppm parts per million

pr propyl

rt room temperature

sat. saturated

SET single electron transfer

SM starting material

TASF tris(dimethylamino)sulfonium difluorotrimethylsilicate
TBAF tetrabutylammonium fluoride
TBHP tert-butyl hydroperoxide
TBPB tert-butyl peroxybenzoate
TBS tert-butyldimethylsilyl

TES triethylsilyl

TFE trifluoroethanol

Tf trifluoromethanesulfonyl
THF tetrahydrofuran

TLC thin-layer chromatography
Ts p-toluenesulfonyl

t tertiary

taut. tautomerization
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BHER LB 2 AT D T BIERRWIT., 7 ORIKEORES & SR AWiENEN IR 24D
TE72 D, ZOH T, rubioncolin B (1)i%, 1990 #:Z Rubia oncotricha DRND Z7& IKE LTH
sz, 7 RIEEKEET D BIEKF 7 e Fax ) VEHOBLWIITHD (Figure 1) 2, 1 1%
Rubia JEAEMZHRT 2 ZIREHED O—>TH Y | FBMHEMIIT v 7% ) 07 M/ U

BEIZEDLZ AL, GRORTFEESRST —2 Ly 2 —FEZCLAVLNTE I, 113
i E OISR I3 U CRIR M E 2 B35 2 &b, JiBAKY — RMEaHm e L Tow
REMEDSRIB S LT D 3,

‘Isolated from the root of Rubia oncotricha as a racemate.?
-Naphthohydroquinone dimer bearing a heptacyclic skeleton.
-Antitumor activity (tumor cells Sarcoma 180).%

rubioncolin B (1)

Figure 1. Rubioncolin B (1) D& 7 & DN AW TEM:

ZOE ) ICHBREVEE EBWERINERZA L TV Rn Db, ZOESHREKICEET 2 4 X
2008 4E® Trauner HIZ K2 HMEFETELNTE LT AMMEF MG bR SN TV RN o729,
Woix, F7 e kx5 e 7 N7 70 2 AT LY L —TCHfESE/-F 7 he Fr¥
J UFHEIR 305, 1 OO TOREGMEZEMR LTZ (Scheme 1), T72bbh, 32V 741 kU A
FATABBE ) A(ZAFILT I )ALV KR=T L (TASF) 26— KRXUB P77 — |
(PIDA) #HWCER LT 52 TH7 b/ v e AR L, ZHNAZRME L CEEFFIIATH S
FNEFTT EX I URAF R (0-NQM;7) HAEL D, FW\T, 7085051 [4+2]-FHNBRALES 2 % T
7 BRUEERAEENRE., B TREZRT1OREMEER L, 16 ONRIL, R G MHRRE % R
L7272 Tlid72 <. o-NQM HRRZ N3 25 AlRetE D & 2 A G R 2 e L, HEfshiz 1237
TIRTHD I EICHETIHEMEIEDD LD TH -T2, LLARND, 5 OAMRKIZITN S
PREETREARD D, BEMICIE, 3 ORLERICER U CERBEICRELZZEL, S HIZHE
HOSFRIZE Y 3 DFEARTR NMR AT MLT —2 72 5N HRMS 7 — % ORGSR NEECH - 72,
7. Aﬁ%%ﬁpﬁ%f%ék IHEEZARE GREIRIL - BRIRG D) ARG Tl AlFE%

B LSS TG RO B HEIZHRIN D o7z, Lizdi-> T, EWTEERHIICE 3 2 i 2 4kMb
%@ﬁﬁkwﬁﬁﬁf\Wﬁ%??D*?%&é%tﬁé%ﬁ%%%ﬁﬁﬁ%?%éo



Key transformation; oxidation/tautomerization/[4+2]-cycloaddition cascade

OH
taut. O‘ [4+2]-cycloaddition OO
—» —_—

© o-Nam © o}
TBSO O@ o
COZMe Cone COZMe
I PO, O 0W;
coatte — TASF PIDA ©
1880 - TBSO TBSO
g o Me Me O Me
6]
Me Me Mo
o] MeO,C O MeO,C O MeO,C O
2 Q Q Q
Q OH
COxMe CO,Me
(L% O‘ :
_TASF N o _taut. \ [4+2]-cycloaddition
0 (0]
= (o) Me .
Me demethylation
MeO,C O MeO,C
MeO Q
° rubioncolin B (1)

Scheme 1. Trauner HZ X5 1 DAL (2008 £)

L AT, BIROA NI F T hX ) U AF R (0-NQM) 1F, AV EF 7 U AF R (0-QM) 1T
PrBR OB LIEIFETHY, RUPUBOMBBMEBIZL Y S0 BMEENEET S

(Scheme 2), T72bbH, 1-77 Fx/ 2-2AF F (1-NQ-2-M) (KA TIE, Zi4E o-NQM
ERERT D), 2-F 7 R¥ /) -1-AF K 2-NQ-1-M), 2-F77 ¥ /) -3-AF K (2-NQ-3-M) ThHh
5, HEAEETHD o-QM (X, 13- 7 a~"FH U FRICONVAR= ALY AF LN
FEA LIEEZ R D, a AR VAR = VAL~ D 442 INERAL SSSe 1AM ET4 2% &%
NENDOERMN T EZ TR EZ RS LD, ATV o~ VT 772 —L L THERET 5,

. O X

1- naphthoqumone -2-methide  2-naphthoquinone-1-methide 2-naphthoquinone-3-methide : ortho-quinone methide
(1-NQ-2-M) (2-NQ-1-M) (2-NQ-3-M) ' (0-QM)
; [4+2]-cycloaddition (heterodiene) 1,4-addition (Michael acceptor)

OH
e Nu@ >
r*ll Nu

Scheme 2. 0-NQM D =S D EIER 72 & TNZ 0-QM DA & % O i
6



0-QM DOFHENEITE < M BAFFE SN TER Y 9, FilkR & LTA/V MBS (LG) 2 E# LT
NRUVNVIRBEAT D7 = ) —VHEERDPHNOND Z & 7§>§< W 77 13T X v iR LT A
FIEN—AITH S (Scheme 3), T7bOH, HIFHEOLEGAIX, BIBEAD LG H2n 7w M AbEIT
Lewis B ~DENLIZ L - THEMAL S, 7=/ —11/75>¢)@ B O L > THLBERE DS EE L T o-
NQ BNEL D, —FH, REBDOHBAIXT = /% RA A ORAEITHE, HLNIT LG BBEEL T o-
QM M AERT %,

acid or base

©/\/ actlvat/on 0

0-QM precursor o0-QM

Scheme 3. 0-QM D RITBRADAETE & — iy 7o FH 8%

i 21X, Brensted R T&H % p- ML= ZVAR R (TsOH) &3 U IICHEFF L72il3Ez v 5 Fik
TiX, AR 8 DA RF U AT/ (MOM) HEFRELRND o-QM ZFHELI L, i< AF L&D
[4+2]-FHINBRIL S GIZ X » T 2- 7 == a~<2 9 45T % (Scheme 4) 9,

Zph
SI—SO0sH L
OMOM  (0.81 mmol/g, 1.1 eq.) o O Ph | (si)—sOsH !
> 1 !
OAc toluene, 0 °C to rt © TsOH on silica :
8 9

Scheme 4. Bronsted i % 7= 0-QM OFFHYL & o < [4+2]-FH B LS

F 7. Lewis BRI 2 W= LU F oM Tk, IER7Z2 58T, BilKA 10 12 Sc(OTH; Z1EH S+, o-
QM ZFHE L T\ 5 (Schemes) 7, A U72 o-QM 1F. N- b vk KTV & [402]-(HINBRAL SO &
L, 13X XAV 11 AR T 5,

_NHTs
OH PN’ o} 0._Ph
Sc(OTH); (5 mol%) q @(/Y
OH — N.
CH,Cl,, 25 °C N < "NHTs
Ph Ph Ph

10 1"

Scheme 5. Lewis /% FH V7= 0-QM OFREL & #57 < [4+2]-(HINERAL S

I X AL F OGS TIE, BIBA 12 12 Grignard A E SEH 2L T =/ F 2 A4
BIRAESE, T R UEOBEEE RV 0-QM 4L D (Scheme 6) ¥, Z O S 13D TIRIR Tk
ITL, $i< Ve Fa 77 v & O4R2-MERIZ L » TEBRBRXOBERBRILAW 13 215 T 5,
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OH i-PrMgCI o} SN e}
—_— Em—
OAc THF, -78 to 25°C

H
12 13

Scheme 6. HEJL% 72 0-QM OFFHRL & i < [4+2]-FHINER LG

—J7 . MOFREEOFHE LT, ARLIITUE=U AL A Re~ULd X2 K (CHP) »
AR 2 W S v R A EERE & 95 . RIBRIE 14 526 OFR(LAY o-QM FHREZ HE L T
W5 (Scheme7A) 9, AU 72 o-QM X, =F LB =L —F )L L 42N LG A2 Z L, 2-=
F¥Trm<w 15 WAEKRT S, 72, T< &I, Huang - Wu OO0 & KRR+ 8) (HAT)
il 2 4L 2B IoH T2 0-QM DFHELEZBA%S LTS (Scheme 7B) 19, 3725 0-QM HiBE{AK 16 73
S L7z 2,4,5,6-7 5 Z (OH-73 V237 ) WA Y 7 HZ =k UL (4-CzIPN) & D—EFBE) (SET)
L VEBBIL ST T N D T A RN A Ul iBREERE tert-7F /L (TBPB) HAEL S
tert-7 FIVEEFZ T V)V ETII B BB T ¥ WXL D HAT 23X VAL THEIT LT 0-QM 234
L%, £U7 0-QM 1Efi< =F = m—T )L & O[4R2)-FNBRILG R T 2-m h¥ oo n~
Y17 525, IhH ZOOFETVTN LR UAMIOFEFIEREELELE L ET, KR
DBENSENT- HIETH D,

A
(A) /\OEt
ammonium salt [N
Me OH (10 mol%) Me o Me 0. OEt ® o Me 100H
CHP (1.1 eq.) I
Me CICH,CH,CI CF;
OMe OMe OMe
14 15 F3C
ammonium salt CHP
(B) Z 0Et
4-CzIPN (5 mol%)
o)
Me KsPO, (2.0 eq.) Me Me .
/@[OH TBPB (1.4 eq.) o /@CJ/OB ©)‘\O/o Bu
—_— e
TFE, rt
MeO Me Blue LED MeO MeO TBPB
16 17

Scheme 7. F&{KIZ K D 0-QM DFHEL & f5i < [4+2]-FINER AL i

F72. 0-QM ZFIH LI R E R OHE 25 b 5 ', il 21X, 2024 412 Chen HIZ L > T
&N 7z rubriflordilactone A (18)D &AL TIE, 7 =/ —/VFFEAR 19 705 9 TR TENMND 0-QM
ABRAAR 20 2> 5 Lewis BRI L > TA U D 0-QM (20 & B =)L 7 T B3R 21 DO[4+2]-fHINERAL
FOSIZ X0 . ZODRSy % Zh=RAIZHERE LT 22 #45721% ., Fid BRI KLY 18 DG EER L T
W% (Scheme 8) ', ZD XL HIZ, 0-QM 1T E RN CTHE DB 72 IEHRCTH 5,



Sc(OTf),
(10 mol%)
B ———

CH,Cly, rt

22 rubriflordilactone A (18)

Scheme 8. Chen 512 X % 0-QM % A\ 7= rubriflordilactone A (18) DA%

0-NQM D = ODFMEIRY 0-QM EREDE 2 Tl T 5, HlIXIE, T R 7F LT o=
7 LT A Y R (TBAF) Z W HIETIE, 7 v #ET =4 0% o-NQM HIlRA 23 D O-Si fi& %
FARSETCT7 = /) %V RA A EET S, BT =4 > OEEZ > T o-NQM (2-NQ-1-M)»3 4
U % (Scheme9) '3, ZORINIMRSO TR CTHEIT L., Fi< =F =1 —T L & D[4+2]-(TINER
BIZ L » T =B OEREBLEY 24 215 TN 5,

ZOEt
TBAF O‘
oTBS ———————
THF, -78 °C 0
23

ONO,
Scheme 9. TBAF % U 72 0-NQM (2-NQ-1-M) D HL & #5¢ < [4+2]-FHInER AL S s

SN

24 OEt

L LR G, R ERICE T D EE SRS FTEEZR o-NQM OFFRNEDOHEIL, 0-QM D
B EHNTELIDRY, 2T, 777 L gtk IO E RS EM Z i LoD, BREEIC
7z ) —MOKEREER L OB 2 A 5 N DV IRFENEHR LTS A RIS 5 Tk
MPLNTWNWDIEOTHDLEZZOND, —F, FEPTRT HDMRETIIZNET (2013 4 -
2015 4F) (2, NUWA 25 L, 22T AFNNELIT2-T ) AS5(a XU AF )T T UFEEIK 26 D
Diels—Alder S L VRIS NS 14-mRF2-14-V 8 RaF 7 X LU 2T # 5 & LT o-NQM
DOFHFREIE L | AL T ¢ VB E OBRENT L D BHEGEL#E LT\ 5 (Scheme 10 1) 19,
Tlebb, 2712k L TR D Lewis BBATE S D Z L2 L D, 1¢mf#y%ﬁ®ﬁ%@m%
BRI e U ATFIED 12-86500, FHEL. T —IVOWBENR 2 T AT L,
oNQM BREL D LWV D THDH, TOKIGIT, V7 4 v EHGFSHTEL Z LT, 402
BALBUSISEIT L, 34-V 8 Ra2H-77 B12-b]E T Bk 29 AT 5, FE @M F 056
AMARNICTRT (29a-29d), 2T, B 29131 ICEENHERKICHY TS, LavL., 1IXEK
29 O 6 WIZKEEEEEZ T HDITH L, _®ﬁ% A CIEENLE IS T VX VI FE 7213 v UV EE )N E
L2 LG o, ZOMEICLY ., ZoHEmE 1 OGR~EEEHT 2 2 & IXRET
%oto%:f%%@@i%%%%mﬁwf\m®6u IR B Z B A TE | KA OA R
JE B ATRE 72 iEdm 2 BA%E L7z (Scheme 10 ) 9, § 72 b 2- (N VA F T A F))-5-21
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X7 T30 BHTICERE - AR L. XU A 225 LD Diels-Alder ] &4TH5 &, AU D 1,4-=
RE¥T-14-Vb Rt 7% L AIEBIC 1,4-TR S VENON EERARBRZL, XUV L4 3o A
FNIEED 12-8500, HFHEALDZ T AHINCETT 52 & T, o-NQM RiBMATH D 1-F7 b—ILiF
BRSO, THUT, SEATHIZED HRIA 28 [ITAHY 2, 31 1Txf L TR D Lewis f2 2 {F
HESELZ LI IATNa—VORiEZ > T o-NQM N4EL, fFT 5417 08D
[4-+2]- 1 INBRAL B IZ K0 A& 29 @ 6 (AT B REAAL S VT ik B ks 32 2457, HEE MBI o
— AR T (32a-32d), E72. 32d 2> 6 KA mollugin 33)DEK G EM L TV D, FH
32131 ORBERICHIET D720, ZOHERIT 1 OGRICEEERTRETHD EE2 LN,

ACIE (2013)'%3), JOC (2015)"P); previous work of our group

R; alkyl or silyl R

Ow Lewis acid (LA) ‘\ Oe
v d : —
-40Ctort ‘
LA O OTBS OTBS

OTBS OTBS OTBS
27; o-NQM precursor

R; alkyl or silyl
o0 — OO Oe ++++++
HOT}(,OTBS o-NaM Q. /‘
28 LA o 29 ‘
] ? rubioncolin B (1)
A
29b .
ASC (2023)'9); this author's work (master's thesis)
TBSO OTBS OTBS OTBS
©| e ‘i Oﬂ OG
25
OTBS OTBS OTBS OTBS
6
Lewis aC|d Oc OO
—_— —_—
OBn
o .
OH HOVN/OBn NaM ] A
31; 0-NQM precursor ‘\ /,‘ 32 ../
OTBS
CO,Me
Me Me
32b mollugin (33)

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

Scheme 10. MAFFEEE TS 5 HeATIITERS L OFEH O ERTHERRIZ BT 2 sUR OB
10



FF I LRI ICBW T2 FICRE S, 1 OAREER LIZET AFZEIZ S ED fLA
72 (Scheme 11) ¥, F7ebH, M UEEH AL 7 4 & LT2-AF AT 7 M7 T U FEK 34a
EHAFSH T o-NQM ZRAESHTZ L 2 A, [4R2)-FHINBALRIE AT L, 1 & [A UEA CHigs L7-
FIRT 6 BRPEAL AW 35a & Z OFFERNLE RMEIR 352" DR B EONT (entry 1), S 512, BRHE
FAE2E0RER N ) —VERZEAE LTEL 7 aaRL Azl & X2 35a 2
TAERME LTHELN (entries24), ™7 U RIEEEZ WD & 35a BN EAERD 0D 2 ENHG
mETeoTz (entries 5-8), BLBRZEWZ L1, Y7 um A X URENZ 1%Dx % ) — /L ERINL T4
ECIX, EARDN 352 120) 0 b5 2 2 R LT (entry9), ZADDFERE Y | BUSEEEIT &
S THEBRFMZHIEITEX 2 Z EBHALMNERY | 1 OGREIEZBRT 2 ETHRAZRMANRSE N
77

OTBS
Regioselectivity switch QTBS
Me by solvent control
OTBS
g FeCl; (20 mol%)
SOUSE 3 R
OBn MeO,C O solvent, rt, time
Q e’y Q OMe
o MeO
31 )
34a (2.0 equiv.)
35a (natural type) 35a’ (non-natural type)
1 0/.\a@
entry solvent time (h) NMR yield (%)
35a 35a’
1b toluene 0.5 21 30
2 THF 20 56 trace
Et,O 12 67 trace
CHCIj (stabilizer; ethanol) 3 81 trace
CHCIj (stabilizer; amylene) 0.5 trace 55
6° CDClIj (no stabilizer) 0.5 8 50
CH,Cl, 0.5 0 54
CICH,CH,CI 0.5 0 53 rubioncolin B (1)
9 CH,Cl, (with 1% ethanol) 3 68 7

4Determined by H NMR using 1,1,2,2-tetrachloroethane as an intarnal standard.
b1.5 eq. of 34a were used. °CDCl; after treatment with basic Al,Os.

Scheme 11. 1 D&%z &\ L 7T LR

BIICRE LR 1 OB 572 b NI LRI TR O MR 2B E 2. FH IR R
FRIZHBWT 1 ORI ZER LISkt~ B L7z, 3726, Trauner IZX Y 1 ORHK
R SN2 b DD RIS Z Bk LI ATEMERARIZ & 3 2 ZARZRFFEMMLRE & v 9 B Tid, %
O DEMAIFE L ITR R DN R 2 e T 288N H D LB b, £7o, HEATHIEE
T O NIRRT IS < FEBR I O Fn LI, 1 OEMER SR BB RBEITHEET L7290
DEERFNRNY &2 HDThoTc, AT, DR 1 OGRS ORI T TEE D
1% IR COhE L 72— OB ST DN\ T, Z OkES & iR 23Rk 95,

11



®—2 7 7 a—F (White-Chen B&{LZ W55 2 N UK

—7 7a—F & LT, ATFIORT AN 2322 L= (Scheme 12), T72bbH, 11X, 77
k236 D 2ME~D A FF AR =/L (COMe) FDE AL NIKIBIERERLDOREICIVE
bBNDHEEZ, 36 DT T FUEBII NIRRT DN RFVIREARAEE L Lz Y 7 a EVER L
® C-H b (Wh1te£hen fiefb) Ol K> T CX D B 27, £7-. 371X 6 BRIMELEW 35D
DR VNN DOBERERAGICE VSRS EME LTz, 35b 1%, 31 HELEND o-NQM (31) & 2
MolzA Y7 na t/v%zn%@ L7=F 7 b7 7 B8R 34b & DO[4R2)-(NBRAL RO & fe < (ko
BRFBZLIVAERTHZ L 2FE Lz, 22T, GROIERMZ & D H7-9H121%, COMe HITA
FFREICEAN L T REZE BN o0, AT DIZ W THEEIE# OFRIMEIC COMe FE4iE
ATHZ LTI LTEY, 36 IZK L THEATEDLRIALR DT, iz, FEHEOHEKIXZ 7 b
VEROEKIZH 5T, u‘:ybiof BRHEAETD COMe EEDFAZFHE L7z (DT F'm—F
WCOWTHREETH D), FH—ETIX. ZOUWERIITIC S-SR EZ RS

White—Chen
oxidation

OTBS

(from 31)
w1

cycloaddition

Me ————> 310/ Me

MeO,C O
MeO Q

TBS—Me

—

carboxylation

Scheme 12. W& pkfigdr (GF—7 7 [7“‘7‘)
B— 77 N7 7 UBEEOARR D T [4+2]-(MBR RS ~D 5 A

WA BIEATIC S X . ETHIDIC 2.4 Y Fr LT 7 v 75 UFFEK 3db OARE B LT
(Scheme 13), HAAMIZIE, BEEV LA Y TH L 3MT NV a— a2 5T 7 b7 7 kK 38 &
AL TA Y T a_om VA~ L e KRB LY 4 Y 7 a BV~ LB 2R 248
iE L7038 DBAKSISIZOWNTIE, Zili e AR CToh 5 p- by > 2Lk v fi—KFn#) (TsOH-H20)
EHAWTHE Lz, TORRE., EEE 0.10 M TIEBUKIE 34c ITEBIE LVE SN2 - 720IC
12



XU, 4fFICAIR L7 0.025 M S CIIINERAS 58% F Tt kL L7z, ZOIER Fix, KR DOFR
2L > T, ISFITERT 2 0 F A4 FRESCERY O o FREIE (4 ) F<—{boR Y ~—1b)
EHRANCIH ST Z LITRRTH O EHE L TWDH, G547 3de 1E, KRFBEINEISITAT
ZETHRISHMND 24 Y TN F T T T UFEER 34b ~ L BB S T,

H, (balloon)
Pd/C (10 mol%)
_ =

EtOAc, rt, 40 min

TsOH-H,0 (0.1 eq.)
toluene, rt, 3.5 h

~ 0

MeO,C

MeO MeO
34c 34b (93%)
< 6 steps from ) < 0.10 M: trace)
1,4-dihydroxy-2-naphthoic acid 0.025 M: 58%

Scheme 13.2-1 Y 7 L F 7 h 7 5 L FHEK 34b DARK

Z D%, 31 MHFAREIND o-NQM (31) & 34b D[4+2]-FH BV & it L7~ (Scheme 14),
SEATHRGE Clclifb L 72 SOSSRIFISH L2 & 2 A, BRI 6 BRIE(LED 35b 75 57% DR TR LN
7o 2B, ZORIETR SN LED 0-NQM & D[4+2]-AH B B W -3 222 @b &l & LT
TH )= ANEMENTZ7 eafRlV A ThD,

OTBS

FeCls (20 mol%)
CHCl3, 1t, 1h

34b (2.0 eq.)

35b (57%)

Scheme 14. 0-NQM (31') & 34b D[4+2]-(HNBR LA s D Bt
BH AR~ DR

FTHOIC, XRUUNMNLOEREHAL 2 MET L7z (Scheme 15), 77245, White—Chen FR{LATERIA
37 (Scheme 12)I%, MEEREBALICAFAET DA Y 7 B ENVERIIKT L CUAREIZ /2 D X DT VAL
[ZANVRF VP EL L TWDHLENH 5, FTILEAEEE 2 &0 TEBER 72 1 VR % A1k
ZEt L7z, Konig & O MIT{ivy, DMF 1, Stfilifif & LT 4-CzIPN, HAT fififit & L T i-Pr;SiH
Z T CO S T T 456 nm D2 MG L7z, JEUEFE LT 35b (R = fert-butyldimethylsilyl (TBS))
Z DT BRIZIINL > U U b2 8 O BRI GRS DTz s, IV RFVENEASNTLEY 37
TN oTz (entry 1), B U AL ROKE R & HERI L, TBS £4 A T VAT E# L 72 FE
35b' Z 5B & UL CHWTDS | B — 0 285 R & 72 0 | KABEIIREOE D £ X STz (entry
2)e THHDORERNG, NUUNALTOEBEN R TINVRX AITIRETH D Z E BRI N, S

13



SIC. ZOHETIHEASND WNVRVBROSIEET S THRINEETH 57, BB 6 plirts &
Batd oz L& Lz,

CO, (sealed)
4-CzIPN (6 mol%)
i-Pr3SiSH (20 mol%)

DMF, rt
456 nm LED

35b: R = TBS — 1) TBAF (1.2 eq.) RIS
THF, 0°C (R =Me)
2) Mel (3.5 eq.) White—Chen oxi.
35b" R = Me K,COj3 (6.0 eq.) precursor
(86% in 2 steps) acetone, rt
entry SM time (h) product
1 35b 14 multiple desilylated products
2 35b’ 7 35b’ (51%) recovery with no product

Scheme 15.35b £ 7213 35b') & O EFEH 72 White—Chen BRIV RTERIA 37" £ 7213 37 OFELOKES

EEBERI 7 G RRIE & LT, RUUNMIOEBEIZE D 7 R BB A LT, Wittig ROSIZZ - Tx
J V=T LWL CREBRIKRICE D T AT e R~EW=obh, k52 L Thu
REVEPEATLH LT LT, BIAKSRDOERT TBS A RE SN D AREMRH D720, A F L
T—T7 L 35b'E L LCERE#ED D Z LIZ LT (Scheme 16), £3°, X2 UL EREREALD
BN R D INAR=NVEOBANZRG LIz, TORR, 1,4-U4F V0 LKOIREGEEH | 35p
1223-Y7an56-Y7 Jp-Xr X (DDQ) Z=ER CERSE LML NE R L < it
fTL. 7 b 39 5 bhni-,

DDQ (2.5 eq.)
1,4-dioxane/H,0, rt, 7 h

35b’ (86% in 2 steps) 39 (87%)

Scheme 16. 7 k> 39 DA%

VT, 39 @ Wittig BUGIT K 5 —RFEH R ARG L7 (Scheme 17), T72bH, (XA RF T AT
INRY 7 2=k AR=r L2711 K (MOMPPh;Cl) 777, #E3E LCn-BuLli ZHHWWCA U
ZEE, —78 °C P B EIRIZONT T 39 & DRIGZ AN, TV AR = VIO INTE Z & 727>
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o7z (entry 1), —J7C, t-BuOK Z ik & U TR L, MIBGEW S T CRINEIT o712 & A, Wittig
FOGSHEREISHEITL, BIOxT ) — /L= —T )10 E K 40-E 72 5 ONC Z 1K 40-Z 735 7z (entry
2)o THUHDOFRERNG, ANR=VEEE Y OSPEREE D720 KONZIZEREEPMNETHDH Z &
WAL NI o Tz, 2B, Bohizm /) — LT —T )L 40 DA L 7 ¢ U EOSIAKELE X, NOE FHE
WXV E LTz,

entry conditions result

MOMPPh;CI (1.2 eq.)
1 n-BuLi (1.2 eq.) 39 (67%) recovery with no product
THF, -78 °Ctort,3 h
MOMPPh;CI (3.0 eq.)
2 t-BuOK (3.0 eq.) 40-E (74%); 40-Z (11%)
THF, reflux, 14 h

Scheme 17. Wittig S i DR FT

VT, = — =T )L ORI 2 15T LTz (Scheme 18), £ THIDIZ 40-E %7
BhE U, SRR, RS 45°C ECHEL TR EIToT2 & 2 A, FTEONMeEE AT
% 41 B 15%, =D CUNLDO T B~ —Cl1'-epi-41 73 5%15F H v, JFERD 38%[EIN S 7= (entry 1),
—J57C, TSOH-H,0 % T 35°C TRILEIT -T2 & T A, 41 28 55%, Cll'-epi-41 73 11% DY T
o, BB 10%EML 7z (entry2), TG DFERID | entry 2 i seff & Lz, [AS&H%
40-Z \ZHEH L= 2 A, 41 13 42%, Cl1'-epi-41 28 10%15 S v, BB 20%[m1IX 7= (entry 3),
FOGKFRZIER L= & 2 A, FEHIETHEBE SN OO0, 41 LRI AR L 72> 72 (entry 4),
728, 41 B Cll'-epi-41 OSIAR{EF1X, NOE AHBIIZ KX W & L7z (Scheme 18, £ilX), FTELD
SR LR EAE TS 41 DEARDE LTELNTDIE. T a AR EE WA Y e BV Ak
F5 LD I CamN LT LTl LR S D,
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key NOE correlations

C11-epi-41

entry SM conditions NMR yield®

0,
3.0 M HCl aq. (excess) 41 (15%)

1 40-E ° C11-epi-41 (5%)
THF, tto 457°C, 6 40-E recovery (38%)
o )
TsOH-H,0 (5.0 eq.) LY (.55 A:', |so|ateod yield)
2 40-E  ocetoneiH,0,35°C, 19h  C11-epi-41 (11%)
2 ’ 40-E recovery (10%)
41 (42%)
TsOH-H,0 (5.0 eq.) aeto
3 40-Z 2 o C11'-epi-41 (10%) -
acetone/H,0, 35 °C, 28 h 40-Z recovery (20%) C11"-epi-#1
) 41 (27%)
4 40z  SOHH0(50eq) C11"-epi-a1 (13%) ¥\ NOE

acetone/H,0, 35 °C, 91 h 40-Z recovery (0%)

aDetermined by 'H NMR using 1,1,2,2-tetrachloroethane as an internal standard.

Scheme 18. = / —/ L =—F )L 40 OFRINK 53 fEDETE X OV 41 @ NOE fHBE

FTEDONARMEFEZ /T HT7 AT K4 3G 572728, #il T Pinnick B{LIZ X > TH/LAR g
37 ~EHL L7 (Scheme 19), 72 b, BIAT L2 RHMERBOMIEH & LT 2-AFN-2-TFT %
M, MEEBT Y A (NaCloy) &V g /k#FEF U oA (NaHPOsy) ZEFSESZ
ET37T ~EHW, 5517z 37 1 DMSO DS OB AT TH Y . S HITERMESRM Tz
WTARLERME Th o Te, £ DRZEMZ T 5720  HEgr/ NS W pKa iz A7 5 1,1,1,3,3,3-
~FY T A nA Y Fa T ba—L (HFIP, pKa=93) 3L hY 74 =% ) —/L (TFE,
pKa = 12.4) T 37 i S8, IWIROGTRZEINLSS TLC Z8), HfRERMaTiE L-, T ORR,
HFIP TIIHLINICE 7 a6 BALE R THAEICZEL L, TLC ET37T NaTHRRL{LEM~L
S lz, —J5, TFE Tl 10 REENT CTREAFH N O R EZRTHAaICE{kL, TLC ET
37 DETHERR DA~ BB I, 15 DI MRA W) OREERRNT 21T o T2/ 3. Wi 37
D [42]- BRI L > THELUTZ34b THDH Z EVHIBA LT, TNHDORERNS, BB Z D
Wi-[44+2)- (BSOS Z Rt L CORRICE - 72 B 2 B DD, T ORI D TR AR
Th b,
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' degradation product:
NaClO, (5.0 eq.)
NaH,PO, (5.0 eq.)

2-methyl-2-butene (50 eq.)

THF/t-BuOH/H,0, 0 °C to rt

37 (57%)
unstable & poor solubility

investigations of instability of 37 under acidic conditions

observation
solvent pKa .
solution color change TLC
oH ink—black b 34b without 37

HFIP: )\ 93 pink—black—brown withou

’ FsC” CFs (~a few seconds) (within 30 seconds)

. PN colorless—brown—yellow 34b without 37
TFE; F,C” "OH 124 (~10 minutes) (within ~15 minutes)

Scheme 19. 7 /L7 &b K 41 @ Pinnick B2 K 5 B /LR g 37 ~DZEHLE T O 37 DL E MR

BIREDIR S B L OARLEMNE L W) —o0EE xS b, FTEONAKMLFEEZHT D VR
£ 37 (White-Chen FR{L DO RIERIA) OFHEUCERI) L7z, % 2T, White-Chen f{bIZ L 5T 7 kU BR
ﬁxﬁi%‘i’*ﬁnfbﬁo L AT, BT DN ARX U E AR E T DRSSOV T, Rychnovsky

X T ATISME 720 (B BRI 7D al) Z KERA M GHEREENC X 0 RIEMbd 2 2 L3 E
g?%ékﬁ%bfhé(&MMﬂm1@;%%\Mé%37_i%®i5ﬁ%&(ﬁé?%bf“
%) 33 METFELE L. HFIP 72 & OB AWV I- RIEMAE RSB L 722 1D, LR -T, 3T R Z 0D
O RBHET ML TLEY Z L IEEMTH S,

weaker C-H bond

O/. (more reactive) o) desired

reaction site

strong C-H bond

hydrogen bond donar
Me (HFIP, TFE, etc.)

Scheme 20. /K&t & HG-PEDWEIZ & 2 FEAROTEPEENL O AN FEMEAL

B TS U, White B 2334 L7238 % 3 [N/ 1 TN 2 B 1E 9% 8/ L 7= (Scheme 21)
HFIP % MeCN OIIABE L L CTHWEEEA . 37 X REOEMIEEZ R LI b 0D, KGSEERTIIC K
ISR DT DB S v Tz, BRI A BN U TS EAT o 7203, /o fifA Rk 34b & M
RPORAERD B F D, BRIO 36 135 /ehno7z, —FH T, MeCN B Z IR & L=

17



X, 37 OIEMIESRD TERWZ D, 0.003M & W9 EREStECRISEITh I 5258 hoT-, =
DL 34b ~DONFITINZ G- BEERHORIAERY O 035 S, FEEC 36 135 5

277,

OH conditions
Me — x— >
White—Chen oxi.

MeO,C MeO,C
MeO
37
yield (%)
entry conditions ETTEE—— result
36 34b
| X
3x < Fe(R,R-PDP) (5 mol%)) -solution color change was observed NG
1 H,0, (0.8 eq.) n.d. 12 -unidentified by-product N |2+ NCM
MeCN/HFIP, rt, 1.5 h was obtained e e
_______________________________________________________________________________________ N | NCMe
2 < Fe(R,R-PDP) (5 mol%) N 2SbFg
H;0, (1.2 eq.) -unidentified by-product A
2 MeCN (0.003 M), t, 4 h; nd. trace (same as above) was obtained
Fe(R,R-PDP) (5 mol%) Fe(PDP)

H,0, (1.2 equiv.), 50 °C, 2 h

Scheme 21. White—Chen F2{b. D ¥t

PLE, 31 2B L5 o-NQM (31 & 2-A Y 7 ELF 7 R 7 5 U iFEK 34b D[4+2]-FH N8RV K
SR E D 6 BRMALEM 35b 4572 DH | 6 TREDEWUZ LV LD AR F 262 VAR R 37
(White—Chen F&{L O RIBRIER) OAERIZAKTI L7z (Scheme22), L2>L. 37 DARZEENMR L OVEENE
OIRE &S TR LR Z f 2 . White-Chen BR(LIZ L5 T 7 b UBRIBRICIZE S0 o 72, AR
FHZE D, 34b 1E. o-NQM & D[42]-(HMERALBUSIZE M FTRE Td W | F 7ofie < ZBHUT IV TARL
YOS LSRR O ISR PRETH D Z EBH BN E 5T, — 5T, 3718, BRIk
WTCREETHD DI BT, IPEDIL S A White—Chen B(LGOHEITZ LET SR L 725
ZENRIBENT, DML, BEDT T a—FIZBIT S EE OREHOL ELERIE OREIC
BWT, BEREHZEZ DD THD, LER-T, 770 —FI13Z 2 CTHE L, Hi-oig
W& DNLFE~ERAT LT,
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OTBS ec,
OO (20 moi%)
* Me [—>
OBn MeO,C CHCly, 1t
OH
31
1) TBAF MOMPPh;CI
THF, 0 °C DDQ £BUOK
—_—
2) Mel, K,CO4 1,4-dioxane/H,0, rt THF, reflux
acetone, rt
40 (85%, E/Z = 7/1)
NaClO,, NaH,PO,4
TsOH-H;0 2-methyl-2-butene

acetone/H,0, 35 °C THF/t-BuOH/H,0, 0 °C to rt

37 (57%)
(66% (dr = 5:1) from E isomer) unstable & poor solubility

52% (dr = 4:1) from Z isomer

OMe

Fe(R,R-PDP) ,H,0,

MeCN/HFIP, rt
White—Chen oxidation

degradation product; 34b Fe(PDP)

Scheme 22. 85— 7 u—FDFE LD
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FE_EE _Tu—F (FL T4 EBRENYETHT I PR

F—T77a—FIZBNT, 471N White-Chen FR{LIZ L5 T 7 b AbBREECTH - 7=
7=, Fex i;’M’ V7ua R VAR RN LT 5T 7 R AbLEREE~ & % FUE L7z (Scheme 23),
Tebb, F—7 7o —FLEERIZ, 11377 b 36 hoFEINDLERELTZ, 36 DTV h
B A LR /ﬁk 92 0L u/\,a/wrs@ﬁzz@r%%t LR LT 20 TRERERIGIZ X 0 AL AT EE
HDHEEZTY, ZOEKICLY, HENE C-HBREIZHES N#EE wiR T 2 LR L7, 4213
ﬁ@&%@%Rﬁ%ﬁbt6%@%%%35@R%%%yfm&:wgmﬁﬁbt%\%vu»
t« AF LB LI NVRF LD —HEDOER (F—7 7'v—F THILFEH) ICXVFRTE S
EEZ T, BT, 351%, o-NQM (31" L) 72 R B A G957 b7 7 U FFEK 34 L D[4+2]-
MBS K > THERRT D Z L AFHE L7z, 8 Tl 2 OWERITIZ ISV - A st
DFERM AR R B,

acid-mediated
lactonization

rubioncolin B (1)

OTBS

(from 31)
[4+2}-

R group
manipulation &

cycloaddition

31" O > R
TBS—Me & o]
carboxylation
y MeO,C MeO,C O
MeO Q
35 34

Scheme 23. WA RMENT (G5 7 7' 1 —F)
B 77 7T UBEEDOARR D R [42]- IR G Dt

BT T —FE2RET 5IChe . ETIRER R EEZAT LT T N7 T UFER 34 OR%E
BLOARZIT>7- (Scheme24), b EAAN2 R BiZA V7o X= LV ETHY, 2t 2-4 V7
O _=)L 7 N7 T R 34e [TAHYM TS, UL, Lewis B FCldA LV 7 4 v E~D BT
FUTERMEES L, ZN AR ETH4 Y I~— (bR U ~—fk7e EDORIEIG, 72 5 NZ 0-NQM

DRI EEINT, T2 T, HIROEMRERTA Y T a X VA LFERRER R L L
T. DCOCH; % (34d). @CH(Me)CH,OH % (34e) . @CH(Me)CH,SePh & (34f) ##& it L7=, O
1L Wittig SOts. OUEBAKSOER ., @IERHET 2 L 2 2 ROBsyn-liBEIZ L 0 2nEivf V7 e~
SIVEEANEEWNTFRETH D LE LT, ETHOIZ, 7 M7 T UFHER 43 O Friedel-Crafts [
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JRIZ KD 2- 78 F ST N7 T IR 34d 21572, 7235, Friedel-Crafts SUSIZRBWNT T =/ —/L
PEAREEEED A F VIR & 34d DIREHF O T To | By A F V& W THE
AT IEEATV, 34d [IZPOREIE TV D, —F, 34e b Rk v -k v 2-(2-& ke
Xl-AF ) TF )T T T /an%ﬁx 34e 1537-, FT-. 3de DKEHAE NI 7T — MELT
44 ~EH%, BT =AU TEBT S ZEICEY 2-(1-A T 2-T7 == )bk L= )T ) F T
k7T U ERER 34f AR LT,

1) MeCOCI (3.2 eq.)
AICI3 (3.0 eq.)
CH,Cl,, 0 °C, 30 min

2) Me,S0O4 (2.0 eq.)
KzCO3 (50 eq)
acetone, 45 °C, 1 h

BH5 THF (1.5 eq.)
THF, 0 °C to rt, 20 min;

NaOH aq. (0.5 eq.)
H,0, aq. (5.0 eq.)
THF/H,0, rt, 20 min

34e (92%)

Tf,0 (1.4 eq.)
2,6-lutidine (1.5 eq.)

PhSeSePh (1.5 eq.)
NaBH,4 (3.1 eq.)

THF/EtOH, rt, 1 h

CH,Cly, =20 °C, 20 min

34f (77% in 2 steps)

Scheme 24. 2 (L2 G2 E LA/ T 5T 7 b7 7 VSR 34d-34f DG RK

FEVN T, 34e-34f & T o-NQM & D[4+2]-(HINBR LIS & #iit L7z (Scheme 25), & DR,
247NN F T N T T UFER 34 BLO2-T v F LT T T T U EER 34d BV TEEA
WZix, ST 5 6 BIMEILAW 35¢, 35d (355N o T2, BB TZRTR O SOS 3 5EE HICH#EIT L
L2 ENRREB 2 LN, BEIX, TEFALEOEANCLY 2MOEFEENMET LIERER,
IS HEELT LZe o e (ZFEOFIINBORT X 2 Bt 2 187 L7 55) 2. & D Wik mE
Hi#iE (HOMO) @iz‘\/vﬂe“~@4j7bi‘1fw L7=Z & T o-NQM D K Z=ifiE (LUMO) DT RV
F—NPLR L, WEFEGEM Diels-Alder SUGEE Z D IZL < po 272D (o-NQM &= )
7 %77/@’%%%‘:%/:/%& Lo B2 18E L 5E) Tha EHlllang, —J7, 2-
(2-t FRF - 1-AF /T F T 7 7T UiFEK 3de BIO 2-(1-A F/L-2-7 = =)Lk L =)L)
TF )T N T T UFHER 34 W TEGEIZIE, BRIO 6 BRI LAY 35e. 35f BEINLEIL 68%
(NMR [X#, dr=7:1), 46% (dr=1.3:1)DOICRTH LI, 7238, 35e-major [T —HIEHNAIEETH
57273, 35e-minor (FHLEECX 72 o72720, T Z TIEINMR IR ARG L TWD, £/, 35613
T AT LA —NOERABETH 1=7-0, PT AT LA~—IREWE L TIEREZEH LTV
PLEDOFREFR NG, UIBEOARIT 35e BLON3SF 2N TED L Z L & Lz,
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FeCly
OO (20 mol%)
v -
OBn  MeO,C CHCl3, rt
o MeO
31

35¢ 35d 5 35e 35¢
2 h; not obtained 0.5 h; not obtained : 1 h; 68%2 (dr = 7:1) 2 h; 46% (dr = 1.3:1)

aDetermined by TH NMR using 1,1,2,2-tetrachloroethane as an internal standard.

Scheme 25. R EHAIE O [4+2]-FH MBI 351 2 36 1 FTREME O 4t

B_H ARME~DER

F£ 77, 35e-major DT /L a—/LEHOBKIZL DA Y T r RV HADEH A AT (Scheme 26)
Burgess 3K 29 Grieco-Nishizawa £ (0-NO,C¢HsSeCN/n-BusP) 212% =723, HIUE 35 35¢ ~
DEHUNIE L 2 oTz, EHIT, MU 77— MFER 45 O E2 BSOS P2 et Licis, 2075
HEICBWThA VT a R VAR TE R o7, D ORRIE, FOSAEL ORI X
DRIEDANCHBEE CE R Do Z LICERT 5 LRI D,

Burgess reagent
or

0-NO,CgH4SeCN, n-BuzP;
oxidation

Tf,0 (4.0 eq.)
pyridine (8.0 eq.)
CH,Cl,, 0 °C, 20 min

DBU, t-BuOK
OTf NaOMe

45 (71%)
Scheme 26. 35e-major D7 /L 21— /LERD A Y 7 0 R= )V He~ D HLO Frgt
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VT, 35f (7 AT LA~—IRGW) O L EDLsyn-BEC K DA Y T X= LV EE~D%E
Bz Mat L7z (Scheme27), 972 b, 35f 12 A% 7 nnid% B&E (mCPBA) Z{EHSE5Z &
THIST DL Fo FBL L 0N Ssyn-BEBENHETT L TRIRINICA Y T L= it
BHEINTZ, HEWNT, BT 70 —F o TV NED A FNVIEADLRTEZ & XU
MO LR S TRV EZEA L, 7 ho 47 2157,

mCPBA (1.0 eq.)
THF, 0 to 45 °C, 40 min

1) TBAF (1.2 eq.)

THF, 0 °C, 10 min DDQ (2.5 eq.)

2) Me,S0, (3.0 eq.) 1,4-dioxane/H,0, 1t, 9 h
K2003 (50 eq)

acetone, rt

46 (85% in 2 steps) 47 (72%)

Scheme 27.35f DA Y P ~_X= )LIEA~DZERL L F D% DI

RIZ, 47 O Wittig SSIZ X D —RFEHER 2 MG LT72 (Scheme28), 70 b, H—7 71 —TF[F
BEOSEMEAFWA Z & C AT I3 RIcT ) — L =—F )L 48 ~ LS, UL, PRI,
48 XU BTN RREDOFHRICH LTI ZMOTRLEETHY, VIV TFN T Lsa~v T T7T
A —IZ L OO THM LI (entry 1), WHIKIZ1%D M) = F AT I 2MA 52 LITEY
OyIRZANEI L, HEECIIR L2 b DD (entry2) . Z D% DERMIK BRI INEEN TS D FEE &
ot
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MOMPPh;CI (3.0 eq.)
t-BuOK (3.0 eq.)

THEF, reflux
48-E/48-Z
unstable on silica gel
entry NMR yield? purification isolated yield
. 10 h; 80% silia el 48-E; 20%
(E/Z=31) Hexane/EtOAC 48-Z; not obtained
silica gel AB-E: 53% })
7h; 81% column 5, 0570 oo
2 (Ez=3n) Hexane/EtOAc —~ A48-E/8-Z=1/1.2,9%

48-Z; 119
with 1% Et;N » 1%

4Determined by H NMR using 1,1,2,2-tetrachloroethane as an internal standard.

Scheme 28. Wittig S i DR FT

NEI TN DD, 48 DT ) — )T —T N OIMKDIFRZ L DT VT & K 49 ~D 4
Z k7= (Scheme29), 48-E Z#3EH L L, BF—7 7o —F L[Ekk, TsOH-H,O % VT 30°C 75
IMEGEFSAE T CRINEITo 728 2 A EWEOEBO T VT v e G LMERIEEM»IEOND
&L BT, B 12%FI 7z (entry 1), F 72, 25°C TORISMZIBWT S EHEIE AW DG B,
21% DR EU E 47z (entry 2), —J7. HERRAKIER &2 W OGS T, 35 °C £ THIRT S
EFUSEMAL L= b DD, §I 5%DEERH O T LT & ROARAHE SN (entry3), 25°C T
IS DBEHEITRD DT, 48-E 03— EHE SN 13— OIfEsE C& 220vo 72 (entry
4), 48-E L 48-Z D 1:12 DIREWMZIE & LT GEG . 40 °C ETHIR LA, RISKEHIAS 1 IRefi] &
B o Te e OO T L THRE N - HE SN DI L EE o7 (entry 5), BLEOFEREMNG
48 D ) — N —T W OBMNKGIEZ L DT VT b K49 ~OEHIIRNFETH 5 Z EBRBE S
Too ZAUIE, BIEE U7 JR0EF 48 ORLEMEITM A T, AR 49 BIR O AL ETH D Z LITEKFT S
CHEHIEND, T2bb, 49 TR INEEEL A Y T a RV ERN YV ARBETHELTBY . 51N
TINVIR = VOGS EITT 5 2 & THOMNFHRE S ND AN H 5, FEEE, FrlE Sz X
IR glycinoeclepin A DEGHRIZIBWNNT, HINIE A VT a XV KRN o AfdE CHiET 516
BWIRET D —T . T U ARE T D LEMITLEITAHE LGS 2 LRl STV D 2,
722 L. EOERIZET 2572 mIT 7R STV,
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48-E/48-Z

entry SM conditions NMR yield? note

TsOH-H,0 (5.0 eq.) complex mixture
acetone/H,0, 30 °C to reflux, 7 h multiple aldehyde (trace)

TsOH-H,0 (5.0 equiv.) complex mixture

SM recovery; 12%

- . 0,
2 48-E acetone/H,0, 25 °C, 15 h SM recovery; 21% multiple aldehyde (trace)
3 48-E 3M HCI aq. SM recovery; 3% complex mixture
THF/H,0, rt to 35 °C, 20 h aldehyde; 5% aldehyde; unidentified
i 3M HCI aq. AN, no degradation product
4 48-E THF/H,0, 25 °C, 15 h SM recovery; 40% or by-product
48-E/48-Z 3M HCl aq. CEq0 no degradation product
5 (111.2) THF/H,0, 40°C, 1 h SM recovery; 51% or by-product

aDetermined by H NMR using 1,1,2,2-tetrachloroethane as an internal standerd

Scheme 29. =/ —/L=— )L 48 OFEINK S RO Et

LB 31 54T 5 0-NQM & | 2 71 CH(Me)CH,SePh L3 E#a L7=F 7 b7 7 V3K 34 O
[4+2]-FHINBRAV B K 0 6 BRMALAW 35f 2157-DH . 5 TROEHIZI D A V7 =V HnE
BL7ZFTEDO ™ ) — L —T )L 48 DAEFRIZEKEN L7 (Scheme30), L2>L., THIL 722\ 48 DEEIC
KT DHRNZEMEDNS, =) — V=T VEOBIKGRIZE D7 VT B RO 49 [ZITEL 7R
Mol KRFHZED, BL U280 EREZFOT 7 N7 7 ViF8 R [4+-2)-H B b S 2 i
FATRRETH D Z L, F- 6 BRI LicA VT uXo e o ) — Lo —F Vi 2 o
FETFAE FCHRO T LT WE W) Z RN E o7, ZTRHDOMAIL, %D T 7 —F
B W BB L OISR TEOREICB W CEEREHEZ 522520 THD, LR ->T, B
T a—FI I 2 CTHB L, TR A NIRRT A2 bk LT
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FeC|3
(20 mol%)

CHCl3, rt

34f (2.0 eq.)
OTBS
1) TBAF
mCPBA THF, 0 °C DDQ
—_—
THF, 0 to 45 °C 2) Me,S0Oy4, K,CO3 1,4-dioxane/H,0, rt
acetone, rt
47 (72%)
TsOH-H,0
MOMPPh;CI 2
£-BUOK acetone/H,0
_— —_—
THF, reflux HCl aq.
THF/H,0

48 (81%, E/Z = 3/1)
unstable under acidic conditions

Scheme 30. % _7 7u—FDFE LD
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BoE FE=T7 v —F (GFRNTEFXF—ABRERBTST 7 N FERK)

HoT T r—FICBNT, = =A== L 48 DRENIKIIRIC K 2 49 ~OEBIIRHETH 5
Z & muRk T (Scheme 31 B, 22T, HE=77m—FTlL, =/ — L= —TFT VLT a—
IVEBAL 2[Rl — 0 F- IS B RO 25 50 2t - Bk L. 0 FR7 B X —LERIC L > TTS2HO
BROOMEE 2 GHE Lf: (Scheme 31 ), AMMKIZ LY | BBIIKDMED TREEZKED Z & BR{bA
RTEDHEEZLN, BICKHT OARLEMEE W) BREEZ AR TED LML, F=8TlE, 2
DEENZ IS\ = B RS DR 2 3k B

2nd approach

3rd approach A\l
(Synthetic pIan)
Me

Z Me intramolecular
OH acetallzatlon

Scheme 31. A Rkatl (=7 71 —5F)

50 DERRICNT T, AL 7 4 OKFIRGZ#RFH L72 (Scheme32), 9, % 7 7' rn—F TBE

AR LT 46 Z ALK FIS G DS L 2 A, ST 25 3k T va—L 52 355z, L
U, SLIFBEMESRIEICARZETHY YV TN DT L7 a~ NI T 7 4 — 2 L DHEROER T
fiE Uiz, DTN 52 132 L O Tid e o7z UIETE 728487 — 13 '"H NMR A
I MNVDIRTHD), —FH T, XUV b E2HT 5 47T ZRIEROSRBICf L2822 A, BB
D3T3 —)L 53 BNELNTZ, S3ITLEETH 772, UBEOARILS3 2 VW Ti#ED D Z LI
L7,
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O, (bubbling)
Co(acac), (20 mol%)
PhSiH3 (3.0 eq.)

i-PrOH, rt, 8 h

52 (33%, NMR yield)
unstable under acidic conditions

O, (bubbling)
Co(acac), (50 mol%)
PhSiH3 (7.5 eq.)

i-PrOH, 45 °C, 3 h

53 (50%)

Scheme 32. 46 35 X TN 47 O [ LAKFI R G OFaEt

EBAAEDOKBIEL AT 5 53 ITx7 HEEEN L Wittig SUS 2NIEEN DT LR E R o7
(Scheme 33), L7243 - TC, /KERK% triethylsilyl (TES) CfRi# L. TES =—7 /L 54 ~E\ /-,

TESOTf (1.2 eq.)
2,6-lutidine (2.0 eq.)

CH,Cl,, 0 °C, 10 min

MOMPPh;CI (4.0 eq.)
t-BuOK (4.0 eq.)

decomp.
THEF, reflux, 30 min

54 (77%)

Scheme 33. Wittig i KX OVKEEEE D TES fRi#

ﬁ VT, 542X B Wittig SOS DRRFTA21T o7 (Scheme 34), 7 bV JEL OSNARFEE NG | Kk
IEEIRAZ B L, 1,4-dioxane Z 1AL & 9 5 INBGETE S FIZBWTRISHREIT LT, £72. D
ETICIIREREORIEL VD LERH -7, 5 bNTZAERMIZ TBAF Z/EH ST TES K%
B2 L, T OBHERTEEA 50 28k L7z, 7235, BRI ABLE 13 NOE MBS L 1 E 1K & g
L7z, 728, 5013 U BT NITK L TRORRLEETH > T2, ﬁ%ﬁﬂi’r X VO A EE

S =

BNRICENZ, BRI T L a~ N T 7 4 —%1T5 2 & THfRZ R/NRIZED -,
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1) MOMPPh;CI (9.0 eq.)
t-BuOK (9.0 eq.)
1,4-dioxane, reflux, 7 h

2) TBAF (1.4 eq.)
THF, 35°C, 13 h

54 (77%) 50 (55% in 2 steps)

Scheme 34. Wittig S i DRt

W, N T X — B E R LTz (Scheme35), T 72bbH, V7 M Lewis fBl L =
J =)V T—T VIR B BRI TIEME L L, 73— b ORI X 286287 L=, MoiZ
BEL. WA SN DREEE UCHEBKERADZ FAVWS Z & L L7, 9, it E LT THF O A% H
W, REHIEEA L2 BRIOBRILIBRIZRE bR oTc, —F, KEHEE L LTI 725444
TIXHMO 7RURIRT % —/V 51 M6z, ZHUTE Y| rubioncolin B (1) H T 52 TOER
AR D2 Lok Lz,

Hg(OAc), (1.5 eq.)
THF/H,0, 35 °C, 20 min;

NaBH, (4.0 eq.)
sat. K,COj3 aq., 0 °C, 20 min

51 (50%)

Scheme 35. 77 FWNERALSSZ K 5 7 BRMERIR T &2 —/L 51 DAL

WIZ, 51005 T 7 b 36 ~DZEWZHF L= (Scheme36), 725, 51 ZHEEE/AKEE T TN
BA 5 2 L THIARGIEDNEIT L, 77 b= S5 GBIz, T Dk, 55 2 REEHR/ 74 &
THLTHZ L2k, 36 ~EHiIin, LarL, 36 (FHBECEL TROD TRLETHY, -
BonlEd S<METH S22 TG TE IiEn T — % X 'THNMR B8 XV HRMS DA TH 5,
FEFIL, 36 ORLZEMEZX 1 O CONIUTHFIET D COMe B KAM L TWDH Z EIZKT 5 EHEZ L
TW5, 7238, 36 OREIEITHNMR FTIC L ViR LTz, 372 b, 55128 T VL7 e k
Y (K78 TaRT) 13 4.01 ppm (d, J= 5.2 HO)IWZBLI S =28, 36 ~ & itk 4.31 ppm O
Ty N TFANEEM LT, T OMIEREIZ. MALDI-HRMS HIEIZ BV T[M+Na] &' — 72
DHEHEINTZZ &b b EMTHNT-,
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Ag,CO3/Celite (excess)

toluene, reflux, 50 min

54.01 ppm N
OMe (d, J =5.2Hz) 84.31 ppm (s)
/ 3 3.18 ppm

(d, J=5.2 Hz)

also detected by
MALDI-HRMS

Scheme 36. 51 DK fRE L fe < BRILIZE DT 7 F 2 36 DAL

Lk, 77 b a7 6 4 TRAR THFWNERLETERER 50 25 L., fi< KxHnwe= ) —1x
— T VIR DIEIRI IR IEME L 2 £E 5 23 FIN T 2 2 — A2 L Y rubioncolin B (1) 42 T DB %
ZTBRAIRT B X —V 51 2155 Z LIZEEH L= (Scheme 37), S H12, 51 KXY F 7
R—JL 85 ~AEHtL . BRILICK > TT 7 h 36 ~EEH L=, UL, 36 BNHFEIZEE L CTREET
bole, FEHIT. ZORLEMNE 1O CQMUATIFET DA X ANAR=/L (COMe) FDXKANN
JFRKTHDEHR LTz, LEER - T 36 OAMEED D Z S IXREN PRI N, ARFHZ LY,
T ) — )V —T U O KB A A N2 L DFECIRIEEAL DN 0 TN T ' &7 — b % md iRm0 s i
TSE/RD 2 & F OGS EMERZERIEBROBEIIANTHLZ LBHLNE o7, —
J5CL 36 1 EHBEIC S L TR TRZETH Y | ik B OREZ EAb & B 8 L 727 726 RCRIE O
REIRBETH D Z L RB ST,
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0, (bubbling)

Co(acac), TESOTf
PhSiH3 2,6-lutidine
i-PrOH, 45 °C CH,Cl,, 0 °C
1) MOMPPh;CI
+-BuOK Hg(OAc),
1,4-dioxane, reflux THF/H,0, 0 to 35 °C;
2) TBAF NaBH,
THF, 35 °C sat. K,CO3 aq., 0 °C
HCI aq.

_—

THF, rt to 60 °C

36 (<5% in 2 steps)
unstable

rubioncolin B (1)

Scheme 37. 5 =7 7u—FDFE LD
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EUE ENT7 Fa—F (A MRV HNLR=JVEDOERREA)

BT T —FIZBWT, 56N T7 7 F 36 IIARLETH -T2, ZORLEMEIIRKRD 1 7
C2REITFE> COMe KD RANT KT % L HERI L 7=, 2T, COMe % b S LHEAL, 55T
DR EACE K D G R & HT- 123228 L= (Scheme38), F72b0H, 1IFBIRT X —/L 56 D&
BT, 56 LM =T 7 H— T BN TR Lim ) — L m—F L 5T D5 TN T & ¥ — AR
L > THEERTRETH D E B AT, 57 BRKRIC, B =7 7 m—FIZBW T L7z 6 BRIEEAWY
58@~$@&VV”QE%%“ﬁ5@’fV74V@*Wﬁmmﬁdmféﬁ@gék%ito
58 5T HT2HIZIE, o-NQM D 2 LI H 502 U COMe FEMEHL L TWAMLERH DH, L7=H
of\ﬁﬁawwuwmkio%@mﬁmwb%mﬁbtoww%ﬁ%f%Mi\Af#ézm_
AFN2-T 2 =B L= )TN T T BT T FHER 34 L DO[42]-HINERAE & #5E < Srsyn- B
FORATFIEIZ L > T 6 BRIEALEY 58 2155 2 LN TE D LIBE L, HUETIE, ZOWAEAK
FRNT I\ TSN BRI ZE D 2EH & ik = B,

Me .
intramolecular
cyclization

lactonization &
Y —
o) Me

demethylation

Lewis acid

CO,Me CO,Me
2 O‘ — OO
cycloaddition &
> oNaM O SePh

(59" e

methylation MeO,C O

MeO
58 16f

hydration &

—

benzylic position
homologation

p-elimination & 59

MeO,C

Scheme 38. Wi & pfiEdT (GEMNT 7 a2 —F)
H—H HH o-NQM DFRLZ ST [4+2]-(HMBRAL G DR dt

FTWIDIT, o-NQM RifBEIKR 59 DA F A MG L7 (Scheme39), 59 1% 2 (I 7RG FE EHL L
7-F7 b e Rax ) B ERET D, 208 REHOBEICH A7 K)GE LT, Hauser—Kraus B2
EROSERNH BN TS, ZORNE, 7% U K7 =4 & a AR vR = AbE&8 & OIS
Ev, gk F 7 re Fax ) VEKREEZHDHDOT, R ZF RRARKRYOERRIZIA S5,
Flo 3ALITIIMBER (RN DA V) PEBLIEAT VU EEEZEATINERDH L, 2D
LD EE AR TRELR B L LT 3-v 7 /7 XY R0 MO L7724 Y K7 =42 & BEA
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Da,fAREFI T VR = ALE Y 610D E T-T-& 2 A, BROF 7 he Kax /v 59 2155
ZENTE,

OH

(@)
- | COMe LiHMDS (1.2 eq.) OO COMe
+
THF, -78 °C to t, 30 min OB
CN OBn Hauserl—Kraus OH
60 61 (1.2 eq.) annulation 59 (56%)

Scheme 39. 0-NQM il 59 DAk

WRIZ. 59 73 o-NQM FiiEIAR & L CTHERET 2 &2 iR L 7= (Scheme40), 72056, 89 & A T v
% A S CHRALER Z B S H, o-NQM DFA Z i AT, Z OFER, *HET 25 0-NQM (5934 L,
[4-+2]-FHINBRALBOS DSHEA T35 Z & TERALAERM 62 3G Hiiz, L7z23- T, 59 I1F 0-NQM DHiTEE
RELTHICHREL, BRICERME 522 Z LB LN 5T,

OH OH

CO,Me CO,Me
ooy | (L) 90
o-NQM g o
CHCI3 rt, 20 min
62 (72%)

Scheme 40. 0-NQM (59") & A > 7 o D[4+2]-fFINER L

(4.0 eq.)

BT, 59 BRSNS o-NQM (59') & 34f D[4+2]-1F BRI & st L 7= (Scheme41), %
DOFER. TAEY BEIOD 6 BRMEILAEY 63 % 51% (dr=2.1:)DILRTHEDL Z LN TE -,

FeClj
(20 mol%)

CHClj, rt
30 min

34f (2.0 eq.)

63 (51%, dr = 2.1:1)

Scheme 41. 0-NQM (59") & 34f D [4+2)-fI BRIV S DR
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B_H AR FE~D BB

63 LMD T, A~ E B L, T72bb, H—rofE =77 a—F CHEM LM
(RUVIMANEEREER DI VBB L5 77 M UTERK) 22O F F 63 IZHM T
% Z LN TENL, rubioncolinB(D)D AN AIEETH H, ETHIOIZ, 63 DT = /) — KBS
AFNETHREL, ATFNLT—T /L 64 ~EEH LTz, ZD#H%, B L% mCPBAIZ XL VST 5
Tl /XY RAEE Bsyn- BB L > TA Y e XL~ EZEH LT 58 #1572 (Scheme 42),

Me Mel (3.0 eq.)
/SePh K2C03 (5.0 eq.)
_—

DMF, rt, 30 min

SePh  MCPBA (1.1¢eq))
THF, 010 45°C, 1 h

63 (dr=2.1:1) 64 (81%, dr = 2.1:1) 58 (68%)

Scheme 42. 63 D A F AL BT E L B DA YV Fa L= )L Fi~DZEHa

TN T 88 IZxF L TR VAN REIEAL D BN L7257 N OB A% G L7 (Scheme 43)
B BT Tu—F THOWEZERESM (DDQ, 1,4-dioxane/H0, rt) TIISUGA 2L #EFT L7 o
o7z, 50°C £ THAR L7ZAMEIR E U CRUNFHETE T 75%DJFEZ[EIL L 72 (entry 1), & HIC
ElEge (110°C) TG O RPHER ST (entry2), —J7, HEER/MKFRRRIEATALET . BR{LA
BT a0 A(VIPIZER Lz & A, JOSERITA L U (V) bk (Cr) ~E kL,
FRALEOG B AR DEITITHEGR L= b DD R DK FE 275 LIRS R ORI DB 535 5
iz (entry3), tert-7F /b Ku~YULtF L K (TBHP) %AW 50 Cik, WEN ot
LfEFR L Ie o7z (entry4), LLEDOFEFR G C2NLIZ COMe FENEHR L7 Z L2 XD R P ALn
BRLIZX L CRIEbS TR Y, B b OENIREETH D Z LRSI LTz,
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entry conditions result

DDQ (2.5 eq.) no reaction
1,4-dioxane/H,0, rt to 50 °C, 12 h (SM recovery; 75%)

9 DDQ (2.5 eq.) d
1,4-dioxane/H,0, 110 °C, 19 h ecomp.
3 CrO3 (2.0 eq.) unidentified product
AcOH/Ac,0, 01040 °C,9h (benzylic position; intact)
PIDA (2.0 eq.), mCPBA (2.0 eq.) .
SM partially
4 TBHP (3.0 eq.) decomposed

MeCN/acetone, rtto 70 °C, 7 h

Scheme 43. X UL DAL DR FT

PLE. 60 & 61 ® Hauser-Kraus BRALEUGT LV F72IZFHE L7z, 2 212 COMe JEAEHL LT o-
NQM FiBRIA 59 7254 U % o-NQM (59') & . 2 /i71C CH(Me)CHaSePh JeNEHa L= 7 + 7 T ikl
1K 34f D[AR2)-FIINBRALOSZ L0 6 \BIEILAEW 63 215705, 2 TIROEMEZRTA Y FaX=
NIEEEFT D 6 BBIUALEY 58 DARIZHKT) L= (Schemed4), LU, THIHT 58 DX P LAf
B LRI L TARIEETH 0, BRI B0 L7227 N OEANITIZEL o Tz, KR
BEOMRBFHT LD .59 53 0-NQM HiBE A L U CTHINHEREST D Z LB E 72D | C2'HE~D COMe
EOFRRPEANC L 50 T LERE N > T-ARFHE O F & U TR EEEL Z RN TE T,
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Mel, K,CO3

CO,Me LIHMDS 2 CO,Me
o - o U s
THF, -78 °C to t n

CN OBn Hauser-Kraus OH
60 61 annulation 59 (56%)

FeCl;
(20 mol%) SePh
CHCl3, rt
DDQ
CrO3
m-CPBA PIDA-TBHP, etc.

_— >
THF, 0 to 45 °C

64 (81%, dr = 2.1:1) 58 (68%)

Scheme 44. T o —FDFE &b
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Yt =A
=N

FZET, EERIHRE TR LAV T T b U AF R (0-NQM) Z R H T 2 BB ks i 4
1% KERY) rubioncolin B (1) DA RAFSEIZIGH Lz, AERFFEZ#E U T, L FORREEE 2,

(1) 2P0 Y T aENVENER LT 7 N7 T UFFEK 34b 73 31 2264 U 5 0-NQM & D[4+2]-
MMBALSRICEAFRE TH H Z LR L, TOBROEBRIZL > TIMEON MR LFEE2HT 5
White-Chen EE{LRIBRIA 37 2455 Z & 1TEh L7 (Scheme45), 37 IXEEEME DRI T
BWTARREE W I MWEZFH, White-Chen BLICE 2T 7 MU TERITEBR L2 o720
DO, 1 BET 25 6 BEBKOSUSERBNCBE L TE L 0 RES, (F—E)

OTBS

FeCl,
(20 mol%)

CHCl3, rt

OMe

37 (57%)
unstable & poor solubility

Scheme 45. FHF—F=DF &

(2) 2 f\ZIZ CH(Me)CH,OH 335 T8 CH(Me)CHoSePh JENEHL L7=F 7 b 7 T L iFEIK 34e B LY
34f 28 31 AL D o-NQM & D[4R2]-MIERLESIZEA AR Ch D Z L 2R L, £DHD
EHIZ L > THEDO= ) — /L= —7 )L 48 % 137= (Scheme 46), 48 1> THIHDARLEME R L
T2l O LD IIE SR> b DD, 1 D 6 BtEE s F o REEILEME & 9 B T
BN L, S%OGFHREICET 2 AAE, (%)
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OTBS

FeCly
(20 mol%)

_ =

CHClI3, rt

35e; R = CH(Me)CH,OH
68%, dr = 7:1

35f; R = CH(Me)CH,SePh
45%, dr = 1.3:1

OMe

TsOH-H,0
acetone/H,0O
— X
HCl aq.
THF/H,0

35f

48 (81%, E/Z = 3/1)
unstable under acidic conditions

Scheme 46. & _F=DF &

(B) B _ETHLNTT F 47D 4 TREEZRCTERALAIBIA 50 255 L7, i< KRz A=
J =T —T VERDBRIRA R IEMEAIZ LV 55 FN T & & — (k& 1T S, rubioncolin B (1)
ETOREEEZHTHERIRT X —L 51 2155 Z L I1pkEh L7z (Scheme47), =512, 2 Tf%
DEWZRTT 7 b 36 BMFHATZ, 36 IXHBEIEE L TREZETh o722 L0vb 1 D C2'fir
B LTZ COMe EEM1 0 T2 EIZES LT ATREMED RIER S 41, RIS A kg o R E
LRRETHDEVI MRS LN, (B=%

Hg(OAc),
THF/H,0, 0 to 35 °C;

NaBH,
sat. K,CO3 aq., 0 °C

51 (50%)

36 (<5% in 2 steps) rubioncolin B (1)
unstable

Scheme 47. BE-"FEDFE &
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(4) FEZBTHEONTEDTLRERDELE LS LT, 1O C2NLUITAF(ET D COMe Mk AR
AT DGR ORET 21T > 72 (Scheme 48) . 372 b 7B L7z 59 72 B4 L % 0-NQM
& 34f O[AR2]-(HNBRALEGIZ £ - T 6 BRMUALAW) 63 Z457= (Scheme 48), =12, 2 TREOD
A IRT 88 2%, XU NSO ko> TERERALD ZH00 L7257 F o DEA
ERRETL7ams, XU UL SRAFIZHR U TRIEETH S 7272 65 ~DZEHLIZITE 5727
o7, LML B, COMe &z R ORE THEAR2-MIMBRLRICNET T2 2 &2 AT 2
EMWTET,

OH FeC|3
COzMe (20 mol%)
+ _—
OBn CHClj, rt
OH
59
DDQ
CI'O3
2 steps PIDA-TBHP, etc.
_ —_— . .
rubioncolin B (1)

Scheme 48. FHIUFED F &

INBORREIE, HHESRUEEOKIGMEB L O TREEOFHICAHTH D L &b,
rubioncolin B (1) DEEZERIIZ 31T 2 SO - MG R (b L e 0155, FrZ, F = TH
IR S1 B L3631 LE—D 7R A AL, RERIED BREEOBEIZAEZ T
HZEERLTVD, SHICARIEIL, = 2Oy OEFEIZ I 0 7 BRIEEH 2 BRI AES T 5 IR
HIFIETH D | oy OWZ 208 U TEERRFHERORIE A FHETH 5 (Scheme49), L7223 > T,
AHFFE TR DAV F RIE, AIEERFZEIC BT D 1 OB RIS AFE SRR LIS OfNLICE T 5 &5
bbb,

OTBS (3rd approach)

OMe
OBn /)
—_—

PhsP
OH Me
SePh > I
o
MeO,C O
el
e 36 (most advanced compound) rubioncolin B (1)

Scheme 49. AREIEDKFE; = RKIERE I KD 7 BRMEE R O UURAIREEE
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A

AW AT DICHT2Y . EREO THREZHY £ Lo, KRERRFLRFPBRER AR 2% 15
BT JeEICTR G L BT E 9,

ARBFFEICER L, THE, ZBEZBY Lz, o - RERRFRZEFERE R 2R (B - KR
FPERPIFGETH A~ OEER) A E BRI L £

AT LT, FELOCTHRE, ZHE2B0 £ Lo, RERORFERFAGCREIIER Zax /MEE
B ded. [FnEEdR PliE oAl Bl £

AWPIECEE T 2 E BN 21T > TIHE £ Lo, RIRRFRFBEEER E oS & HH 7
BAZEHE L £

ARWFFEDHEMEZ Y T2 V) | JHHERFHHEEZ T o TIHE £ L7, RIRRFER I AT IER R RE 7
FROE L B R RERT AT IR L £

ARG ZATT DITHE =D, R T ZEAZGY £ Lo, KRIRKRFR AP EE Bk 7 m
=7 b (JST SPRING, JPMJSP2138) 2/t L £9,

RIS R B A FE RS RE o T BUE L 20 BF O BRI, A 4 OGRS L UWHEE T% < @
X, BERHEEE L, BILHL LTET,

BRIZ, DDOXA LIRS T FIRB LN L £,
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General informations.

All reactions were carried out in dry solvents under argon atmosphere. Unless otherwise noted, all substrates
and solvents were purchased from commercial sources and were used without further purification. 31'>, 3839,
43°9, and 61° were synthesized according to the references. Flash column chromatography was performed
with 40—50 um Silica gel 60N (Kanto Chemical Co., Inc.) or 60 um NHj silica gel (Fuji Silysia Chemical Ltd.).
Gel permeation chromatography (GPC) was performed on JAI LaboAce LC-5060 Recycling Preparative
HPLC with JAIGEL-2HR or JAIGEL-2H40. Melting points were measured on Yanaco MP-S3 and were
uncorrected. IR spectra were recorded on SHIMADZU IR Affinity-1S as a thin film on NaCl or JASCO FT/IR-
4X as an ATR method. 'H, '*C and ""F NMR spectra were recorded on JEOL JNM-ECZL500 ("H NMR: 500
MHz, 3C NMR: 125 MHz and '°F NMR: 470 MHz) with chemical shifts reported in 8 (ppm) relative to the
residual solvent signal for 'H (CDCls: 8 = 7.26 ppm, (CD5)>SO: & = 2.50 ppm, and (CD;).CO: & = 2.05 ppm)
and relative to the deuterated solvent signal for *C (CDCls: 8 = 77.0 ppm, (CD3).SO: & = 39.5 ppm) and
internal standard for '°F (hexafluorobenzene in CDCls: & = —163.0 ppm). High resolution mass spectra were
measured on JEOL JMS-T100LP (ESI) or JEOL JMS-S3000 (MALDI).
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B—EICET OER

TsOH-H,0
_—
toluene, rt, 3.5 h

38 34c¢ (58%)

TsOH-H,O (363 mg, 1.91 mmol) was added to a solution of 38 (6.00 g, 19.1 mmol) in toluene (765 mL) at
room temperature. After being stirred at room temperature for 3.5 h, saturated aqueous NaHCO3 solution was
added to the mixture. The organic layer was washed with brine, dried over Na>SQO4, and concentrated in vacuo.
The residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 4/1 with 1% Et;N)
to afford 34¢ (3.26 g, 11.0 mmol) in 58% yield.

Yellow oil; IR (NaCl) em™: 2978, 2949, 1726, 1630, 1441, 1363, 1314, 1228, 1164, 1092, 1051, 768, 700; 'H
NMR (500 MHz, CDCIs) &: 8.34-8.26 (m, 2H), 7.70-7.65 (m, 1H), 7.57-7.53 (m, 1H), 7.11 (s, 1H), 5.90 (s,
1H), 5.21 (t, J = 1.4 Hz, 1H), 4.06 (s, 6H), 2.19 (s, 3H); *C NMR (125 MHz, CDCl;) : 166.3, 156.8, 154.6,
146.5,132.7,128.5,126.1, 125.6, 124.5, 123.4, 123.2,120.3, 113.4, 112.7, 105.1, 63.7, 52.1, 19.3; ESI-HRMS
(m/z) calcd. for C1sHi6NaO4 [M+Na]™ 319.0941, found 319.0943.

H, (balloon)
Pd/C

EtOAc, rt, 40 min

34b (93%)
Pd/C (10%, 702 mg, 0.66 mmol) was added to a solution of 34¢ (1.95 g, 6.58 mmol) in EtOAc (65 mL) at

room temperature and then hydrogen gas was purged. After being stirred at room temperature for 40 min, the

reaction mixture was filtered through a pad of Celite. The filtrate was concentrated in vacuo to afford 34b (1.83
g, 6.13 mmol) in 93% yield.

Pale yellow oil; IR (NaCl) cm™: 2969, 2874, 1728, 1713, 1634, 1576, 1441, 1363, 1310, 1227, 1160, 1092,
1047, 767, 704; '"H NMR (500 MHz, CDCls) &: 8.28-8.24 (m, 2H), 7.68-7.63 (m, 1H), 7.54-7.49 (m, 1H),
6.83 (d, J= 0.9 Hz, 1H), 4.05 (s, 6H), 3.23-3.15 (m, 1H), 1.41 (d, J = 7.0 Hz, 6H); '*C NMR (125 MHz,
CDCl) 8: 166.5, 165.0, 154.3, 146.2, 128.4, 125.4, 125.0, 124.4, 123.5, 123.0, 120.0, 113.6, 102.1, 63.8, 52.1,
28.4,21.1; ESI-HRMS (m/z) calcd. for CisHisNaO4 [M+Na]" 321.1097, found 321.1096.

42



FeCls (20 mol%)

_ =

CHCls, 1t, 1 h

35b (57%)

A solution of 31 (152 mg, 0.385 mmol) in CHCI3 (2.0 mL) was added dropwise to a solution of 34b (230 mg,
0.771 mmol) and FeCl; (13 mg, 0.080 mmol) in CHCI3 (2.0 mL) at room temperature. After being stirred at
room temperature for 1 h, water was added to the mixture. The resulting mixture was extracted with CHCls.
The combined organic layers were washed with brine, dried over Na>SOs, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 15/1) to afford 35b (128
mg, 0.219 mmol) in 57% yield.

White amorphous; IR (NaCl) cm™: 2958, 2934, 2885, 2859, 1725, 1599, 1460, 1394, 1228, 1089, 1046, 865,
840, 763; '"H NMR (500 MHz, CDCls) &: 8.02-7.98 (m, 1H), 7.93 (dd, J = 8.2, 0.9 Hz, 1H), 7.88-7.84 (m,
2H), 7.48-7.42 (m, 2H), 7.38-7.34 (m, 1H), 7.30-7.26 (m, 1H), 6.63 (s, 1H), 6.22 (s, 1H), 4.21 (s, 3H), 3.85
(s, 3H), 3.18 (d,J=14.9 Hz, 1H), 3.13 (d, /= 14.9 Hz, 1H), 2.31-2.22 (m, 1H), 1.19 (d, /= 6.7 Hz, 3H), 1.12
(d, J = 6.9 Hz, 3H), 1.01 (s, 9H), 0.20 (s, 3H), 0.18 (s, 3H); *C NMR (125 MHz, CDCl;) &: 166.4, 153.7,
150.3, 146.2, 143.5, 129.7, 127.3, 127.2, 127.1, 126.9, 125.6, 124.6, 123.6, 122.4, 122.2, 122.1, 120.9, 120.6,
118.1, 116.7, 113.5, 96.9, 84.1, 63.7, 52.4, 36.1, 32.2, 25.8, 18.3, 17.3, 16.9, —4.2, —4.4; ESI-HRMS (m/z)
caled. for C3sHa4NaOsSi [M+Na]™ 607.2486, found 607.2488.

TBAF Mel, KoCO3

THF, 0 °C, 10 min acetone, rt, 18 h

35b’ (86% in 2 steps)

TBAF (1.0 M THF solution, 0.12 mL, 0.12 mmol) was added dropwise to a solution of 35b (58.5 mg, 0.100
mmol) in THF (1.0 mL) at 0 °C. After being stirred at 0 °C for 10 min, saturated aqueous NH4Cl solution was
added to the mixture. The resulting mixture was extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,SOs, and concentrated in vacuo to afford crude S1. The crude S1 was used
in the next reaction without further purification.

Mel (22.0 uL, 0.352 mmol) was added to a suspension of crude S1 and K>COs (80.9 mg, 0.585 mmol) in
acetone (1.2 mL) at room temperature. After being stirred at room temperature for 18 h, the reaction mixture

was filtered through a pad of Celite. The filtrate was concentrated in vacuo. The residue was purified by flash
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column chromatography on silica gel (hexane/EtOAc = 8/1) to afford 35b’ (41.5 mg, 0.0856 mmol) in 86%
yield (2 steps).

White amorphous; IR (NaCl) cm™: 3071, 2966, 2881, 2854, 1726, 1635, 1598, 1514, 1461, 1442, 1387, 1293,
1229, 1171, 1093, 1046, 994, 940, 832, 762; '"H NMR (500 MHz, CDCl;) &: 8.04-7.99 (m, 2H), 7.90-7.84 (m,
2H), 7.49-7.43 (m, 2H), 7.41-7.37 (m, 1H), 7.32-7.28 (m, 1H), 6.59 (s, 1H), 6.24 (s, 1H), 4.21 (s, 3H), 3.90
(s, 3H), 3.85 (s, 3H), 3.24 (d, /= 15.0 Hz, 1H), 3.15 (d, /= 15.0 Hz, 1H), 2.32-2.23 (m, 1H), 1.21 (d, /= 6.9
Hz, 3H), 1.13 (d, J = 6.7 Hz, 3H); 3C NMR (125 MHz, CDCls) &: 166.4, 153.7, 150.5, 150.3, 142.8, 129.7,
127.3, 127.2, 126.6, 125.9, 124.9, 124.7, 123.6, 122.4, 122.1, 121.6, 120.8, 120.2, 118.1, 116.8, 104.9, 96.9,
84.0, 63.7, 55.6, 52.4, 36.2, 32.3, 17.3, 16.9; ESI-HRMS (m/z) calcd. for C30H2sNaOs [M+Na]" 507.1778,
found 507.1777.

DDQ

39 (87%)

DDQ (813 mg, 3.58 mmol) was added to a solution of 35b' (695 mg, 1.43 mmol) in 1,4-dioxane/H,O (10/1,
14.5 mL) at room temperature. After being stirred at room temperature for 7 h, saturated aqueous NaHCOs3
solution was added to the mixture. The resulting mixture was extracted with EtOAc. The combined organic
layers were washed with brine, dried over Na;SQO4, and concentrated in vacuo. The residue was purified by
flash column chromatography on silica gel (hexane/EtOAc = 4/1) to afford 39 (625 mg, 1.25 mmol) in 87%
yield.

Yellow amorphous; IR (NaCl) cm™: 3075, 3013, 2964, 2878, 2851, 1725, 1671, 1626, 1600, 1455, 1423, 1389,
1293, 1230, 1184, 1105, 1031, 767, '"H NMR (500 MHz, CDCl;) &: 8.19-8.15 (m, 2H), 8.14-8.09 (m, 2H),
7.65-7.61 (m, 1H), 7.60-7.55 (m, 3H), 7.05 (s, 1H), 6.73 (s, 1H), 4.17 (s, 3H), 3.97 (s, 3H), 3.96 (s, 3H), 3.10—
3.01 (m, 1H), 1.14 (d, J = 6.9 Hz, 3H), 1.02 (d, J = 6.9 Hz, 3H); *C NMR (125 MHz, CDCl5) &: 187.2, 166.2,
152.2, 152.0, 151.0, 150.1, 130.6, 129.9, 129.7, 127.9, 127.9, 126.9, 125.9, 123.7, 123.4, 122.7, 122.3, 122.2,
117.6,116.1,114.4,97.1,91.2,81.2, 63.8, 55.7,52.5,32.9, 16.5, 15.1; ESI-HRMS (m/z) calcd. for C3pH26NaO;
[M+Na]* 521.1571, found 521.1573.
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MOMPPh;CI
t-BuOK

THF, reflux, 14 h

40-E (74%) 40-Z (11%)

t-BuOK (266 mg, 2.37 mmol) was added to a suspension of MOMPPh3Cl (812 mg, 2.37 mmol) in THF (8.0
mL) at 0 °C. After being stirred at 0 °C for 20 min and then at room temperature for 5 min, a solution of 39
(394 mg, 0.790 mmol) in THF (2.0 mL) was added to the mixture. After being stirred under reflux conditions
for 14 h, water was added to the mixture. The resulting mixture was extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na>SOs, and concentrated in vacuo. The residue was purified
by flash column chromatography on silica gel (hexane/EtOAc = 5/1) to afford 40-E (308 mg, 0.585 mmol) in
74% yield and 40-Z (44.4 mg, 0.0843 mmol) in 11% yield. The E/Z configuration was determined from NOE
correlations.

40-E

White amorphous; IR (NaCl) cm™: 3069, 3010, 2962, 2938, 2838, 1726, 1651, 1596, 1514, 1458, 1443, 1386,
1362, 1332, 1236, 1046, 969, 816, 761; '"H NMR (500 MHz, CDCl;) &: 8.23-8.06 (m, 4H), 7.64-7.57 (m, 2H),
7.50-7.41 (m, 2H), 7.16 (s, 1H), 6.70 (s, 1H), 5.86 (s, 1H), 4.12 (s, 3H), 4.07 (s, 3H), 3.99 (s, 3H), 3.82 (s,
3H), 2.27-2.18 (m, 1H), 1.06 (d, J = 6.7 Hz, 3H), 0.85 (d, J = 6.7 Hz, 3H); *C NMR (125 MHz, CDCl;) &:
166.3, 152.9, 150.4, 149.9, 146.8, 141.8, 129.9, 127.5, 127.4, 126.0, 125.3, 125.3, 123.8, 122.7, 122.5, 121.8,
121.4,119.8, 118.7, 116.3, 109.2, 103.9, 96.1, 83.4, 63.9, 60.9, 55.7, 52.4,37.7, 17.9, 16.8; ESI-HRMS (m/z)
calcd. for C3,H30NaO; [M+Na]" 549.1884, found 549.1873.

40-Z

White amorphous; IR (NaCl) cm™: 3070, 3009, 2938, 2874, 2838, 1722, 1645, 1597, 1514, 1461, 1443, 1386,
1361, 1328, 1258, 1227, 1142, 1104, 1047, 760, 666; 'H NMR (500 MHz, CDCls) 5: 8.21-8.13 (m, 3H), 8.06—
8.03 (m, 1H), 7.61-7.56 (m, 2H), 7.50-7.46 (m, 1H), 7.43-7.39 (m, 1H), 6.64 (s, 1H), 6.62 (s, 1H), 5.83 (s,
1H), 4.10 (s, 3H), 4.06 (s, 3H), 4.01 (s, 3H), 3.93 (s, 3H), 2.95-2.86 (m, 1H), 1.02 (d, J=7.0 Hz, 3H), 0.79 (d,
J=7.0 Hz, 3H); 3C NMR (125 MHz, CDCl;) &: 166.4, 153.6, 150.9, 150.4, 146.9, 141.8, 129.9, 127.5, 127.3,
126.4,126.3,125.3,125.1,123.7,122.9, 122.6, 121.8,121.3, 120.0, 118.2, 116.4, 112.4, 99.9, 96.7, 81.5, 63.8,
61.1,55.7,52.3,35.3,18.0, 17.4; ESI-HRMS (m/z) calcd. for C3;H30NaO7 [M+Na]" 549.1884, found 549.1878.
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TsOH-H,0
acetone/H,0, 35 °C, 19 h

41 (55%) C11-epi-41 (11%, NMR yield)

TsOH - H>O (462 mg, 2.43 mmol) was added to a solution of 40-E (256 mg, 0.486 mmol) in acetone/H,O (15/1,
8.0 mL) at room temperature. After being stirred at 35 °C for 19 h, saturated aqueous NaHCO3 solution was
added to the mixture. The resulting mixture was extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (toluene/EtOAc = 80/1) to afford 41 (136 mg, 0.265 mmol) in 55% yield. The
yield of C11'-¢pi-41 was calculated by crude '"H NMR using 1,1,2,2-tetrachloroethane as an internal standard
because recovered 40-E and C11'-epi-41 could not be separated. The relative stereochemistry at C11" was
determined by NOE correlations.

41

White amorphous; IR (NaCl) cm™: 3072, 2970, 2950, 2882, 2849, 1722, 1598, 1460, 1443, 1386, 1293, 1229,
1167, 1094, 1043, 1029, 949, 935, 763; 'H NMR (500 MHz, CDCl;) &: 9.61 (d, J= 4.7 Hz, 1H), 8.04-7.99 (m,
2H), 7.88-7.83 (m, 2H), 7.50-7.44 (m, 2H), 7.43-7.39 (m, 1H), 7.37-7.32 (m, 1H), 6.53 (s, 1H), 6.46 (s, 1H),
431 (d,J=4.7 Hz, 1H), 4.23 (s, 3H), 3.88 (s, 3H), 3.83 (s, 3H), 2.42-2.33 (m, 1H), 1.35 (d, J= 6.6 Hz, 3H),
0.90 (d, J= 6.6 Hz, 3H); *C NMR (125 MHz, CDCls) 8: 195.0, 166.2, 153.6, 151.4,150.9, 143.1, 129.9, 127.6,
127.5, 126.8, 126.4, 126.0, 125.8, 123.7, 122.3, 121.8, 121.7, 121.0, 117.5, 116.7, 115.2, 103.9, 96.2, 84.8,
63.7, 59.2, 55.5, 52.5, 35.8, 16.5, 16.3; ESI-HRMS (m/z) calcd. for C3;HsNaO; [M+Na]" 535.1727, found
535.17109.

Cl1'-epi-41

White amorphous; IR (NaCl) cm™: 3071, 3016, 2965, 2880, 2845, 1726, 1634, 1598, 1461, 1443, 1386, 1298,
1233, 1171, 1096, 1044, 972, 943, 818, 762, 667; 'H NMR (500 MHz, CDCl;) &: 9.44 (d, J = 5.2 Hz, 1H),
8.24-8.20 (m, 2H), 8.14-8.10 (m, 1H), 8.08-8.05 (m, 1H), 7.66-7.59 (m, 2H), 7.59-7.55 (m, 1H), 7.54-7.50
(m, 1H), 6.55 (s, 1H), 5.82 (s, 1H), 4.15 (s, 3H), 4.13 (d, J=5.2 Hz, 1H), 4.10 (s, 3H), 3.98 (s, 3H), 2.31-2.20
(m, 1H), 1.08 (d, J= 6.9 Hz, 3H), 0.91 (d, J= 6.9 Hz, 3H); *C NMR (125 MHz, CDCls) 5: 194.8, 166.2, 153.1,
151.9, 151.4, 143.8, 130.1, 128.00, 127.97, 126.8, 126.5, 126.21, 126.16, 123.9, 122.6, 122.5, 122.2, 121.1,
118.2, 117.0, 116.0, 102.7, 98.0, 82.9, 63.9, 56.5, 55.8, 52.5, 36.0, 17.2, 16.6; ESI-HRMS (m/z) calcd. for
C31H2sNaO7 [M+Na]" 535.1727, found 535.1725.
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NaClO,, NaH,PO,
2-methyl-2-butene

THF/t-BuOH/H,0,0°C tort, 1 h

37 (57%)

A solution of NaClO» (80% purity, 28.3 mg, 0.250 mmol) and NaH,PO4 (30.0 mg, 0.250 mmol) in H,O (0.4
mL) was added dropwise to a solution of 41 (25.6 mg, 0.0500 mmol) and 2-methyl-2-butene (0.27 mL, 2.5
mmol) in THF/-BuOH (1.0 mL/0.4 mL) at 0 °C. After being stirred at room temperature for 1 h, water was
added to the mixture. The resulting mixture was extracted with Et,O. The combined organic layers were
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 1/1 with 0.5% AcOH) to afford 37 (15.0 mg, 0.0284 mmol) in
57% yield.

Pale yellow solid; m.p. 113 °C (decomp.); IR (ATR) ecm™: 3065, 3018, 2965, 2935, 1703, 1699, 1594, 1381,
1213, 1042, 945, 753; '"H NMR (500 MHz, (CD3)SO) §: 8.00-7.95 (m, 1H), 7.94-7.90 (m, 1H), 7.81-7.74
(m, 2H), 7.60-7.54 (m, 2H), 7.46-7.41 (m, 1H), 7.40-7.35 (m, 1H), 6.92 (s, 1H), 6.21 (s, 1H), 4.43 (s, 1H),
4.15 (s, 3H), 3.86 (s, 3H), 3.78 (s, 3H), 2.87-2.78 (m, 1H), 1.29 (d, /= 6.7 Hz, 3H), 0.69 (d, /= 6.9 Hz, 3H);
BCNMR (125 MHz, (CD5),S0) 8: 170.4, 165.8, 152.4,149.8, 149.1, 141.8, 128.9, 128.1, 128.1, 126.2, 125.9,
125.7,124.7, 123.5, 121.8, 121.4, 120.8, 120.5, 118.1, 117.8, 117.7, 105.6, 95.4, 83.2, 63.3, 55.7, 52.7, 49.8,
34.2,16.7, 16.5; ESI-HRMS (m/z) caled. for C31H2705 [M—H]™ 527.1700, found 527.1726.

1) MeCOCI, ACl,
CH,Cl,, 0 °C, 30 min

2) M62804, K2003
acetone, 45°C, 1 h

34d (52% in 2 steps)

MeCOCI (230 uL, 3.20 mmol) was added to a suspension of AlCI3 (400 mg, 3.00 mmol) in CH>Cl, (4.0 mL)
at 0 °C. After being stirred at 0 °C for 20 min, a solution of 43 (256 mg, 1.00 mmol) in CH>Cl (3.0 mL) was
added to the mixture at 0 °C. After being stirred at 0 °C for 30 min, saturated aqueous Rochelle salt solution
and 10% aqueous HCI solution were successively added to the mixture. The resulting mixture was extracted
with CHCIls. The combined organic layers were washed with saturated aqueous Rochelle salt solution and brine,
dried over Na;SQO4, and concentrated in vacuo to afford a mixture of demethylated-34d and 34d (1:0.8).

Me>SO;4 (0.190 mL, 2.00 mmol) was added to a suspension of the mixture of demethylated-34d and 34d
containing K,CO;3 (691 mg, 5.00 mmol) in acetone (10 mL) at room temperature. After being stirred at 45 °C
for 1 h, the reaction mixture was filtered through a pad of Celite. The filtrate was concentrated in vacuo. The
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residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 4/1) to afford 34d (156
mg, 0.523 mmol) in 52% yield (2 steps).

Yellow solid; m.p. 121-123 °C; IR (NaCl) em™: 3000, 2950, 2844, 1726, 1705, 1679, 1552, 1505, 1441, 1360,
1314, 1264, 1231, 1213, 1168, 1097, 1051, 971, 768, 704; '"H NMR (500 MHz, CDCl3) &: 8.46-8.44 (m, 1H),
8.35-8.32 (m, 1H), 7.99 (s, 1H), 7.79-7.74 (m, 1H), 7.71-7.67 (m, 1H), 4.09 (s, 3H), 4.08 (s, 3H), 2.68 (s,
3H); *C NMR (125 MHz, CDCl;) &: 187.7, 165.5, 156.1, 152.5, 148.7, 129.3, 128.4, 127.6, 124.8, 123.7,
121.7,121.2,115.8, 113.5,63.8, 52.3, 26.4; ESI-HRMS (m/z) calcd. for C17H14NaOs [M+Na]*321.0733, found
321.0731.

BH, THF

~ 0 THF, 0 °C to rt, 20 min;

NaOH aq., H,0,; aq.
THF/H,0, rt, 20 min

34c 34e (92%)

BH3-THF (0.9 M THF solution, 18.3 mL, 16.5 mmol) was added slowly to a solution of 34¢ (3.26 g, 11.0
mmol) in THF (110 mL) at 0 °C. After being stirred at 0 °C to room temperature for 20 min, water (37 mL),
NaOH agq. (0.2 M, 27.5 mL, 5.50 mmol), and H,O> aq. (9.8 M, 5.61 mL, 55.0 mmol) were successively added
to the mixture at room temperature. The reaction mixture was subsequently stirred at room temperature for 20
min before the reaction mixture was extracted directly with Et,O. The combined organic layers were washed
with brine, dried over Na,SOs, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 2/1) to afford 34e (3.18 g, 10.1 mmol) in 92% yield.

Pale yellow oil; IR (NaCl) cm™: 3468, 2969, 2940, 2879, 1711, 1634, 1577, 1442, 1365, 1316, 1233, 1161,
1092, 1046, 768, 704; 'H NMR (500 MHz, CDCI5) &: 8.30-8.22 (m, 2H), 7.70-7.64 (m, 1H), 7.57-7.51 (m,
1H), 6.98 (d, J=0.7 Hz, 1H), 4.05 (s, 3H), 4.05 (s, 3H), 3.98-3.86 (m, 2H), 3.34-3.26 (m, 1H), 1.66—1.62 (m,
1H), 1.45 (d, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) &: 166.3, 160.5, 154.5, 146.4, 128.6, 125.6, 125.3,
124.5,123.5, 122.7,120.0, 113.5, 104.7, 66.3, 63.8, 52.1, 36.8, 15.3; ESI-HRMS (m/z) calcd. for CisHisNaOs
[M+Na]* 337.1046, found 337.1047.

Tf,0, 2,6-lutidine PhSeSePh, NaBH,

THF/EtOH, rt, 1 h

CH,Cl,, =20 °C, 20 min

34f (77% in 2 steps)
T£,0 (2.37 mL, 14.1 mmol) was added dropwise to a solution of 34e (3.18 g, 10.1 mmol) and 2,6-lutidine
(1.77 mL, 15.2 mmol) in CH»Cl, (100 mL) at =20 °C. After being stirred at —20 °C for 20 min, aqueous HCI

solution (1.0 M) was added to the mixture. The resulting mixture was washed with 1.0 M aqueous HCI solution

and brine, dried over Na,SQs, and concentrated in vacuo to afford crude 44. The crude 44 was used in the next

reaction without further purification.
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NaBH, (1.18 g, 31.3 mmol) was added to a suspension of PhSeSePh (4.76 g, 15.2 mmol) in EtOH (150 mL)
at 0 °C. After being stirred at 0 °C to room temperature for 20 min, a solution of crude 44 in THF (100 mL)
was added to the mixture via cannula at room temperature. The reaction mixture was subsequently stirred at
room temperature for 1 h before saturated aqueous NH4Cl solution was added to the mixture. The resulting
mixture was extracted with CHCls. The combined organic layers were washed with brine, dried over Na>SOs,
and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(hexane/EtOAc = 10/1) to afford 34f (3.54 g, 7.81 mmol) in 77% (2 steps).

Colorless oil; IR (NaCl) cm™: 3020, 2973, 2950, 2936, 1714, 1578, 1441, 1366, 1230, 1048, 758; '"H NMR
(500 MHz, CDCls) &: 8.27 (dt, J = 8.3, 0.9 Hz, 1H), 8.18 (dt, /= 8.3, 0.9 Hz, 1H), 7.67-7.63 (m, 1H), 7.55—
7.50 (m, 1H), 7.49-7.45 (m, 2H), 7.17-7.08 (m, 3H), 6.89 (d, J= 0.7 Hz, 1H), 4.05 (s, 3H), 4.05 (s, 3H), 3.49—
3.44 (m, 1H), 3.41-3.33 (m, 1H), 3.20 (dd, J = 12.1, 7.4 Hz, 1H), 1.53 (d, J = 6.9 Hz, 3H); *C NMR (125
MHz, CDCl;) &: 166.3, 161.4, 154.5, 146.2, 132.7, 130.0, 128.9, 128.5, 126.7, 125.5, 125.2, 124.4, 123.5,
122.7,120.1, 113.5, 104.2, 63.8, 52.1, 34.5, 33.7, 19.0; ESI-HRMS (m/z) caled. for C24H2,NaO4*Se [M+Na]*
477.0576, found 477.0577.

FeCly (20 mol%)

_—_—

CHCly, 1t, 2 h

35e (68%, NMR yield, dr = 7:1)

A solution of 31 (329 mg, 0.835 mmol) in CHCl; (4.2 mL) was added dropwise to a solution of 34e (525 mg,
1.67 mmol) and FeCl; (27.1 mg, 0.167 mmol) in CHCl; (4.2 mL) at room temperature. After being stirred at
room temperature for 2 h, water was added to the mixture. The resulting mixture was extracted with CHCls.
The combined organic layers were washed with brine, dried over Na,SOs, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 3/1) to afford impure
35e-major and impure 35e-minor. The impure 35e-major was further purified by GPC to obtain analytically
pure sample. Analytically pure 3Se-minor suitable for full characterization could not be obtained; therefore,
the data are unavailable. The yields of the products were calculated by crude 'H NMR using 1,1,2,2-
tetrachloroethane as an internal standard. The relative stereochemistry of 35e-major and 35e-minor has not
been determined.

35e-major

Yellow amorphous; IR (NaCl) cm™: 3441, 3072, 3012, 2955, 2933, 2897, 2885, 2858, 1725, 1598, 1461, 1442,
1385, 1292, 1234, 1089, 1039, 1026, 859, 839, 760; 'H NMR (500 MHz, CDCI5) &: 8.22-8.18 (m, 2H), 8.08—
8.03 (m, 2H), 7.70-7.66 (m, 1H), 7.64—7.59 (m, 1H), 7.47-7.40 (m, 2H), 7.33 (s, 1H), 6.69 (s, 1H), 6.09 (s,
1H), 4.01 (dd, J=9.2, 7.1 Hz, 1H), 4.00 (s, 3H), 3.98 (s, 3H), 3.38 (d, /= 14.8 Hz, 1H), 3.33 (d, /= 14.8 Hz,
1H), 3.08 (dd, J = 11.4, 9.2 Hz, 1H), 2.56-2.48 (m, 1H), 1.09 (s, 9H), 0.87 (d, J = 6.7 Hz, 3H), 0.25 (s, 3H),
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0.22 (s, 3H); *C NMR (125 MHz, CDCls) &: 165.7, 152.4, 151.0, 145.0, 144.9, 129.8, 128.4, 127.9, 127.6,
126.4, 125.5, 125.3, 124.2, 122.3, 122.2, 121.7, 117.5, 116.8, 116.0, 115.5, 99.8, 88.8, 72.1, 63.7, 52.3, 43.8,
39.8, 25.9, 184, 9.9, —4.2, —4.3; ESI-HRMS (m/z) calcd. for CssHsoNaO5Si [M+Na]™ 623.2436, found
623.2433.

OTBS
OO FeCl; (20 mol%)
+ -
OBn  Meo,C CHCly, 1t, 2 h
OH

35f (46%, dr = 1.3:1)

A solution of 31 (1.74 g, 4.41 mmol) in CHCI3 (22 mL) was added dropwise to a solution of 34f (4.00 g, 8.82
mmol) and FeCls (143 mg, 0.882 mmol) in CHCl; (22 mL) at room temperature. After being stirred at room
temperature for 2 h, water was added to the mixture. The resulting mixture was extracted with CHCls. The
combined organic layers were washed with brine, dried over Na>SOs, and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (hexane/EtOAc = 10/1) to afford the mixture of
35f and recovered 34f. The mixture was further purified by GPC to obtain 35f (1.52 g, 2.05 mmol) in 46%
yield as a mixture of diastereomers (dr = 1.3:1).

Pale orange amorphous; IR (NaCl) cm™: 3071, 2954, 2933, 2887, 2858, 1732, 1599, 1460, 1439, 1395, 1255,
1228, 1089, 1045, 863, 841, 764; 'H NMR (500 MHz, (CD;),CO) &: 8.06-7.99 (m, 1H), 7.97-7.86 (m, 3H),
7.60-7.51 (m, 3 H), 7.47-7.44 (m, 1H), 7.43-7.38 (m, 1H), 7.35-7.29 (m, 2H), 7.28-7.24 (m, 0.44H), 7.11-
7.07 (m, 0.56H), 7.05-7.00 (m, 1H), 6.85 (s, 0.56H), 6.84 (s, 0.44H), 6.31 (s, 0.44H), 6.22 (s, 0.56H), 4.19 (s,
1.32H), 4.17 (s, 1.68H), 3.85 (s, 1.68H), 3.84 (s, 1.32H), 3.73 (dd, J=12.5, 1.7 Hz, 0.56H), 3.47 (dd, /= 12.3,
1.9 Hz, 0.44H), 3.44-3.36 (m, 1H), 3.30-3.23 (m, 1H), 2.98-2.86 (m, 1H), 2.80 (t, /= 1.0 Hz, 0.44H), 2.50—
2.43 (m, 0.44H), 2.35-2.28 (m, 0.56H), 1.45 (d,J=6.6 Hz, 1.68H), 1.32 (d, /= 6.6 Hz, 1.32H), 1.02 (s, 5.04H),
1.01 (s, 3.96H), 0.23 (s, 1.68H), 0.22 (s, 1.68H), 0.211 (s, 1.32H), 0.209 (s, 1.32H); *C NMR (125 MHz,
CDCl3) o: 166.22, 166.19, 153.5, 153.0, 150.7, 146.41, 146.40, 143.34, 143.30, 132.2, 131.5, 130.4, 130.3,
129.79, 129.78, 129.1, 129.0, 127.47, 127.45, 127.2, 126.9, 126.88, 126.86, 126.5, 125.7, 124.7, 123.71,
123.69, 122.35, 122.31, 122.27, 122.1, 121.9, 120.8, 120.3, 119.9, 117.9, 117.8, 116.5, 116.4, 113.3, 113.2,
96.62,96.58, 84.4,83.5,63.7,52.4,42.4,41.8,33.1,31.0,29.9,29.7, 25.8, 18.3, 15.2, 14.5, —4.18, —4.20, —4 .4,
—4.5; ESI-HRMS (m/z) caled. for C41H44NaOe*SeSi [M+Na]* 763.1965, found 763.1948.
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_OH Tf,0, pyridine

CH,Cl,, 0 °C, 20 min

35e-major

TH£O (157 pL, 0.932 mmol) was added dropwise to a solution of 35e-major (140 mg, 0.233 mmol) and
pyridine (150 pL, 1.86 mmol) in CH>Cl, (2.3 mL) at 0 °C. After being stirred at 0 °C for 20 min, water was
added to the mixture. The resulting mixture was extracted with CHCls;. The combined organic layers were
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 5/1) to afford 45 (122 mg, 0.166 mmol) in 71% yield.

White amorphous; IR (NaCl) cm™: 3071, 3015, 2954, 2935, 2898, 2886, 2860, 1729, 1634, 1599, 1575, 1505,
1462, 1442, 1394, 1332, 1291, 1218, 1139, 1040, 1029, 944, 858, 792, 763; 'H NMR (500 MHz, CDCl;) &:
8.14-8.11 (m, 1H), 8.10-8.04 (m, 2H), 7.93 (d, J = 8.4 Hz, 1H), 7.60-7.53 (m, 3H), 7.50-7.46 (m, 1H), 6.88
(s, 1H), 5.96 (s, 1H), 3.97 (s, 3H), 3.95 (dd, /= 8.8, 7.0 Hz, 1H), 3.92 (s, 3H), 3.59 (d, /= 14.6 Hz, 1H), 3.35
(d,J=14.6 Hz, 1H), 3.12 (dd, J=11.2, 8.8 Hz, 1H), 2.50-2.42 (m, 1H), 1.06 (s, 9H), 0.97 (d, /= 6.7 Hz, 3H),
0.25 (s, 3H), 0.23 (s, 3H); *C NMR (125 MHz, CDCI;) &: 165.7, 152.5, 151.5, 151.3, 136.6, 129.7, 128.1,
128.0, 127.9, 127.6, 127.4, 127.4, 126.1, 123.9, 122.7, 122.4, 122.3, 121.3, 118.6 (q, J = 318.0 Hz), 117.5,
116.6, 114.9, 97.5, 88.3, 72.1, 63.6, 52.2, 43.5, 37.0, 25.7, 18.3, 9.5, —4.4; °F NMR (470 MHz, CDCl5) &:
—74.6 ppm (s, 3F); ESI-HRMS (m/z) calcd. for C3sH39oF3NaOoSSi [M+Na]" 755.1928, found 755.1926.

mCPBA

THF, 0 to 45 °C, 40 min

35f (diastereomeric mixture) 35c¢ (98%)

mCPBA (70% purity, 552 mg, 2.24 mmol) was added to a solution of 35f (1.66 g, 2.24 mmol) in THF (22 mL)
at 0 °C. After being stirred at 0 to 45 °C for 40 min, saturated aqueous Na»S>0; solution was added to the
mixture. The resulting mixture was extracted with CHCl;. The combined organic layers were washed with
brine, dried over Na»SOs, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 10/1) to afford 35¢ (1.28 g, 2.20 mmol) in 98% yield.

White amorphous; IR (NaCl) cm™: 2953, 2932, 2858, 1726, 1599, 1460, 1442, 1393, 1263, 1228, 1088, 1044,
868, 840, 766, 734 ; '"H NMR (500 MHz, CDCls) 8: 8.05-8.02 (m, 1H), 7.95 (dd, J = 8.2, 0.9 Hz, 1H), 7.92—
7.89 (m, 1H), 7.87-7.86 (m, 1H), 7.50-7.45 (m, 2H), 7.38-7.35 (m, 1H), 7.31-7.28 (m, 1H), 6.65 (s, 1H), 6.23
(s, 1H), 5.33 (s, 1H), 5.01 (t, J= 1.3 Hz, 1H), 4.19 (s, 3H), 3.87 (s, 3H), 3.44 (d, /= 14.9 Hz, 1H), 3.21 (d, J
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= 14.9 Hz, 1H), 2.00 (d, J = 0.6 Hz, 3H), 1.02 (s, 9H), 0.20 (s, 3H), 0.19 (s, 3H); 3C NMR (125 MHz, CDCl)
8:166.3,153.2,150.8, 146.5, 144.2, 143.3, 129.8, 127.5, 127.4, 127.2, 127.0, 125.7, 124.7,123.7, 122.3, 122.3,
122.2, 120.9, 120.6, 118.1, 116.2, 113.3, 111.8, 95.7, 85.0, 63.7, 52.4, 34.5, 25.8, 19.0, 18.3, 4.2, —4.4; ESI-
HRMS (m/z) caled. for C3sHzsNaOgSi [M+Na]* 605.2323, found 605.2328.

TBAF
THF, 0 °C, 10 min

M62804, K2003

acetone, rt, 2 h

46 (85%, 2 steps)

TBAF (1.0 M THF solution, 0.59 mL, 0.59 mmol) was added dropwise to a solution of 35¢ (285 mg, 0.489
mmol) in THF (5.0 mL) at 0 °C. After being stirred at 0 °C for 10 min, saturated aqueous NH4Cl solution was
added to the mixture. The resulting mixture was extracted with Et,O. The combined organic layers were
washed with brine, dried over Na;SOs, and concentrated in vacuo to afford crude S2. The crude S2 was used
in the next reaction without further purification.

Me>SO4 (139 pL, 1.47 mmol) was added to a suspension of crude S2 and K,COs; (339 mg, 2.45 mmol) in
acetone (5.0 mL) at room temperature. After being stirred at room temperature for 2 h, the reaction mixture
was filtered through a pad of Celite. The filtrate was concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (hexane/EtOAc = 10/1) to afford 46 (201 mg, 0.417 mmol) in 85% yield
(2 steps).

White amorphous; IR (NaCl) cm™: 3071, 2998, 2950, 2851, 1722, 1598, 1460, 1442, 1386, 1227, 759; 'H
NMR (500 MHz, CDCls) o: 8.06-8.02 (m, 2H), 7.94-7.90 (m, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.51-7.46 (m,
2H), 7.41-7.38 (m, 1H), 7.33-7.30 (m, 1H), 6.60 (s, 1H), 6.25 (s, 1H), 5.35 (s, 1H), 5.02 (t, /= 1.4 Hz, 1H),
4.20 (s, 3H), 3.92 (s, 3H), 3.88 (s, 3H), 3.47 (d, J= 14.9 Hz, 1H), 3.25 (d, J = 14.9 Hz, 1H), 2.01 (s, 3H); "*C
NMR (125 MHz, CDCls) 8: 166.3, 153.2, 150.8, 150.7, 144.3, 142.6, 129.8, 127.5, 127.4, 126.7, 126.0, 124.9,
124.8, 123.7, 122.3, 122.2, 121.6, 120.7, 120.1, 118.2, 116.3, 111.8, 104.7, 95.7, 84.8, 63.7, 55.6, 52.4, 34.6,
19.0; ESI-HRMS (m/z) calcd. for C30H2sNaOs [M+Na]* 505.1622, found 505.1621.

DDQ

47 (72%)
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DDQ (1.06 g, 4.68 mmol) was added to a solution of 46 (904 mg, 1.87 mmol) in 1,4-dioxane/H,O (10/1, 19
mL) at room temperature. After being stirred at room temperature for 9 h, the reaction mixture was filtered
through a pad of Celite. The filtrate was partitioned between water and CHClIs, and the organic layer was
separated. The aqueous layer was extracted with CHCIs. The combined organic layers were washed with brine,
dried over Na,SOs, and concentrated in vacuo. The residue was purified by flash column chromatography on
silica gel (hexane/EtOAc = 5/1) to afford 47 (663 mg, 1.34 mmol) in 72% yield.

Yellow amorphous; IR (NaCl) em™: 3015, 2950, 1733, 1674, 1626, 1600, 1456, 1422, 1390, 1361, 1230, 1110,
1032, 755; 'H NMR (500 MHz, CDCls) &: 8.21-8.15 (m, 4H), 7.66-7.56 (m, 4H), 7.09 (s, 1H), 6.66 (s, 1H),
5.45 (s, 1H), 5.18 (t,J= 1.1 Hz, 1H), 4.14 (s, 3H), 4.00 (s, 3H), 3.98 (s, 3H), 1.98 (s, 3H); *C NMR (125 MHz,
CDCls) &: 185.5, 166.0, 152.9, 152.3, 151.9, 150.2, 140.3, 130.6, 130.0, 129.8, 128.2, 128.1, 127.0, 125.8,
123.9, 123.5, 122.6, 122.6, 122.4, 117.6, 115.7, 114.0, 113.9, 97.3, 90.4, 85.1, 63.8, 55.7, 52.5, 18.7; ESI-
HRMS (m/z) calcd. for C30H24NaO7 [M+Na]" 519.1414, found 519.1411.

OMe

MOMPPh3CI
t-BuOK

_— =

THF, reflux, 7 h

81% (E/Z = 3/1, NMR yield)
64% (E/Z = 5/1, isolated yield)

t-BuOK (54.5 mg, 0.486 mmol) was added to a suspension of MOMPPh;Cl (167 mg, 0.486 mmol) in THF
(1.6 mL) at 0 °C. After being stirred at 0 °C for 20 min and then room temperature for 5 min, a solution of 47
(80.4 mg, 0.162 mmol) in THF (0.7 mL) was added to the mixture. After being stirred under reflux conditions
for 7 h, water was added to the mixture. The resulting mixture was extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na,SOs, and concentrated in vacuo. The residue was purified
by flash column chromatography on silica gel (hexane/EtOAc = 5/1 with 1% Et3N) to afford 48-E (45.3 mg,
0.0864 mmol) in 53% yield and 48-Z (9.0 mg, 0.017 mmol) in 11% yield. The listed NMR yields were
determined by crude "H NMR using 1,1,2,2-tetrachloroethane as an internal standard. The E/Z configuration
was determined from NOE correlations.
(Note: 48-E and 48-Z are unstable on normal silica gel and decomposed completely during column
chromatography unless Et;N was added to the eluent.)
48-E
White amorphous; IR (NaCl) cm™: 3070, 3011, 2938, 2839, 1722, 1645, 1596, 1455, 1387, 1238, 1077, 1045,
968, 762; '"H NMR (500 MHz, CDCl5) : 8.16-8.08 (m, 3H), 8.03-7.99 (m, 1H), 7.56 (dt, J=9.8, 3.4 Hz, 2H),
7.45-7.42 (m, 1H), 7.41-7.37 (m, 1H), 7.35 (s, 1H), 6.70 (s, 1H), 6.04 (s, 1H), 5.44 (t, /= 0.7 Hz, 1H), 4.97
(t, /= 1.4 Hz, 1H), 4.13 (s, 3H), 3.98 (s, 3H), 3.96 (s, 3H), 3.89 (s, 3H), 1.96 (d, J = 0.7 Hz, 3H); *C NMR
(125 MHz, CDCl3) 8: 166.2, 153.0, 151.0, 149.8, 149.2, 143.3, 141.7, 129.8, 127.54, 127.50, 126.2, 125.9,
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125.4,125.3, 123.9, 122.6, 122.5, 121.65, 121.57, 118.4, 117.6, 116.4, 112.3, 108.0, 103.8, 94.9, 83.6, 63.8,
61.2,55.6,52.3, 19.5; ESI-HRMS (m/z) calcd. for C3;,H2sNaO7 [M+Na]* 547.1727, found 547.1721.

48-7

Pale yellow amorphous; IR (NaCl) cm™: 3071, 3012, 2937, 2839, 1722, 1645, 1596, 1451, 1386, 1258, 1231,
1181, 1158, 1147, 1070, 1044, 968, 762, 666; 'H NMR (500 MHz, CDCls) &: 8.24-8.18 (m, 2H), 8.16-8.13
(m, 1H), 8.07-8.04 (m, 1H), 7.60 (td, J = 6.6, 3.4 Hz, 2H), 7.50-7.46 (m, 1H), 7.43-7.39 (m, 1H), 6.73 (s, 1H),
6.68 (s, 1H), 5.71 (s, 1H), 5.21 (d, /= 0.6 Hz, 1H), 4.89 (t, J= 1.4 Hz, 1H), 4.07 (s, 3H), 4.05 (s, 3H), 4.01 (s,
3H), 3.93 (s, 3H), 1.82 (s, 3H); *C NMR (125 MHz, CDCl;) &: 166.1, 153.8, 151.2, 151.0, 147.7, 142.9, 141.6,
130.0, 127.6, 126.52, 126.49, 125.3,125.2,123.9,122.9,122.7,121.8,121.4,118.7, 118.4, 115.8, 111.5, 111.2,
99.4, 94.0, 84.9, 63.8, 61.2, 55.7, 52.2, 19.1; ESI-HRMS (m/z) calcd. for Cs,H,sNaO; [M+Na]" 547.1727,
found 547.1731.

BEEITETHER

O, (bubbling)
PhSiH3, Co(acac),

i-PrOH, 45 °C, 3 h

53 (50%)

Co(acac), (10 mg, 0.040 mmol) and PhSiH3 (74 uL, 0.60 mmol) were successively added to a solution of 47
(99 mg, 0.20 mmol) in i-PrOH (4.0 mL) at 45 °C. After being stirred at 45 °C with O, bubbling for 40 min,
additional Co(acac), (10 mg, 0.040 mmol) and PhSiH3 (74 uL, 0.60 mmol) were successively added to the
reaction mixture. After being stirred at 45 °C with O, bubbling for 40 min, additional Co(acac); (5 mg, 0.020
mmol) and PhSiH; (37 pL, 0.30 mmol) were successively added to the reaction mixture. After being stirred at
45 °C with O; bubbling for 10 min, saturated aqueous Na>S,0O3 solution was added to the mixture. The resulting
mixture was extracted with Et;O. The combined organic layers were washed with brine, dried over Na>SOs,
and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(hexane/EtOAc = 3/1) to afford 53 (52 mg, 0.10 mmol) in 50% yield.

Light green amorphous; IR (NaCl) cm™: 3474, 3009, 2980, 2941, 1723, 1668, 1626, 1600, 1455, 1422, 1230,
1194, 1103, 1032, 765; '"H NMR (500 MHz, CDCl3) &: 8.20-8.14 (m, 3H), 8.12-8.09 (m, 1H), 7.68-7.64 (m,
1H), 7.62-7.56 (m, 3H), 7.02 (s, 1H), 7.00 (s, 1H), 4.13 (s, 3H), 3.95 (s, 3H), 3.94 (s, 3H), 3.64 (s, 1H), 1.65
(s, 3H), 1.35 (s, 3H); *C NMR (125 MHz, CDCls) &: 188.5, 166.1, 152.3, 151.7, 151.1, 150.2, 130.8, 130.1,
129.7, 127.0, 125.7, 123.6, 123.5, 122.6, 122.4, 122.1, 117.7, 115.9, 114.6, 96.6, 91.0, 83.0, 74.2, 63.8, 55.7,
52.5,25.7,23.0; ESI-HRMS (m/z) calcd. for C30H26NaOs [M+Na]* 537.1520, found 537.1515.
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TESOTf
2,6-lutidine

CH,Cl,, 0 °C, 10 min

54 (77%)

TESOTT (0.35 mL, 1.54 mmol) was added to a solution of 53 (660 mg, 1.28 mmol) and 2,6-lutidine (0.30 mL,
2.56 mmol) in CH>Cl, (13 mL) at 0 °C. After being stirred at 0 °C for 10 min, water was added to the mixture.
The resulting mixture was extracted with CHCIs. The combined organic layers were washed with brine, dried
over Na,SOs, and concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (hexane/EtOAc = 10/1) to afford 54 (623 mg, 1.01 mmol) in 77% yield.

Yellow amorphous; IR (NaCl) em™: 2953, 2877, 1733, 1674, 1627, 1600, 1455, 1423, 1390, 1230, 1193, 1104,
1033, 1010, 760; '"H NMR (500 MHz, CDCls) &: 8.22-8.11 (m, 4H), 7.65-7.62 (m, 1H), 7.60-7.55 (m, 3H),
7.12 (s, 1H), 6.99 (s, 1H), 4.13 (s, 3H), 3.99 (s, 3H), 3.96 (s, 3H), 1.69 (s, 3H), 1.47 (s, 3H), 0.70 (t, J="7.9
Hz, 9H), 0.43-0.35 (m, 6H); *C NMR (125 MHz, CDCIs) &: 188.0, 166.1, 152.2, 151.7, 150.7, 150.0, 130.3,
129.5, 129.5, 127.7, 127.6, 126.8, 125.8, 123.5, 123.3, 122.6, 122.3, 122.2, 117.9, 116.6, 115.5, 97.2, 92.8,
82.8,77.2,63.8,55.6,52.3,26.3,25.0, 6.7, 6.4; ESI-HRMS (m/z) calcd. for C3sH4NaOsgSi [M+Na]" 651.2385,
found 651.2377.

TABF

54 S3 50 (55% in 2 steps)

Preparation of Wittig reagent solution

t-BuOK (16.8 mg, 0.150 mmol) was added to a suspension of MOMPPh;Cl (51.4 mg, 0.150 mmol) in 1,4-
dioxane (0.5 mL) at room temperature. After being stirred at room temperature for 10 min, it was used for the
subsequent reaction. This procedure affords 0.3 M Wittig reagent solution.

Wittig reaction

A solution of 54 (31.4 mg, 0.0500 mmol) in 1,4-dioxane (0.3 mL) was added to above prepared Wittig reagent
solution (0.5 mL) at room temperature. After being stirred under reflux conditions for 2 h, additional Wittig
reagent solution (0.5 mL) was added to the mixture at same temperature. After being stirred at reflux conditions
for 2 h, additional Wittig reagent solution (0.5 mL) was added to the mixture at same temperature. After being
stirred at reflux conditions for 3 h, brine was added to the mixture. The resulting mixture was extracted with

EtOAc. The combined organic layers were washed with brine, dried over Na,SOs, and concentrated in vacuo.
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The residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 6/1) to afford the
mixture of S3 and recovered 54 (25 mg, NMR ratio = 8.3/1). The mixture was used in the next reaction without
further purification.

Partial purification of S3 by flash column chromatography on NHo silica gel (hexane/EtOAc = 10/1) afforded
an analytically pure sample. The E/Z configuration was determined from NOE correlations.

White amorphous; IR (NaCl) em™: 2951, 2876, 1729, 1458, 1386, 1362, 1081, 760; 'H NMR (500 MHz,
CDCls) o: 8.22-8.11 (m, 4H), 7.61-7.57 (m, 2H), 7.50-7.46 (m, 1H), 7.45-7.42 (m, 1H), 7.04 (s, 1H), 6.69 (s,
1H), 6.26 (s, 1H), 4.12 (s, 3H), 4.08 (s, 3H), 3.99 (s, 3H), 3.76 (s, 3H), 1.47 (s, 3H), 1.17 (s, 3H), 0.62 (t, J =
7.9 Hz, 9H), 0.25 (q,J = 7.9 Hz, 6H); *C NMR (125 MHz, CDCls) 8: 166.3, 153.4, 150.2, 149.8, 147.3, 142.0,
129.5,127.2,127.1, 126.0, 125.9, 125.2, 125.2, 123.7, 122.5, 122.4, 121.8, 121.5, 120.5, 118.6, 117.5, 108.7,
104.2, 98.2, 84.0, 78.7, 63.9, 60.8, 55.7, 52.2, 26.9, 24.0, 6.7, 6.3; ESI-HRMS (m/z) calcd. for C33H44sNaOsSi
[M+Na]" 679.2700, found 679.2702.

TBAF (1.0 M THF solution, 40.0 uL, 0.0400 mmol) was added dropwise to the solution of the mixture of S3
and recovered 54 (25 mg, NMR ratio = 8.3/1) at room temperature. After being stirred at 35 °C for 50 min,
additional TBAF (1.0 M THF solution, 20.0 pL, 0.0200 mmol) was added dropwise to the mixture at 35 °C.
After being stirred at 35 °C for 12 h, additional TBAF (1.0 M THF solution, 10.0 uL, 0.0100 mmol) was added
dropwise to the mixture at 35 °C. After being stirred at 35 °C for 1 h, saturated aqueous NH4Cl solution was
added to the mixture. The resulting mixture was extracted with Et,O. The combined organic layers were
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 2/1) to afford 50 (15.0 mg, 0.0276 mmol) in 55% yield (2
steps).

Pale yellow amorphous; IR (NaCl) cm™: 3495, 2994, 2939, 1726, 1657, 1597, 1461, 1386, 1236, 1079, 967,
759; '"H NMR (500 MHz, CDCI3) &: 8.24-8.20 (m, 1H), 8.18-8.14 (m, 2H), 8.11-8.09 (m, 1H), 7.65-7.61 (m,
2H), 7.51-7.48 (m, 1H), 7.46-7.43 (m, 1H), 7.10 (s, 1H), 6.77 (s, 1H), 6.21 (s, 1H), 4.14 (s, 3H), 4.08 (s, 3H),
3.98 (s, 3H), 3.78 (s, 3H), 1.92 (s, 1H), 1.35 (s, 3H), 1.12 (s, 3H); *C NMR (125 MHz, CDCls) 8: 166.2, 152.3,
150.7, 150.0, 147.7, 141.7, 129.7, 127.6, 127.5, 126.1, 125.8, 125.4, 125.4, 123.9, 122.4, 122.2, 121.9, 121 .4,
119.3,118.7, 117.5, 107.4, 103.6, 97.4, 83.3, 75.6, 63.9, 61.0, 55.7, 52.4, 25.0, 24.7; ESI-HRMS (m/z) calcd.
for C3;H30NaOg [M+Na]* 565.1833, found 565.1828.

Hg(OAc),
THF/H,0, 35 °C, 20 min;

NaBH, in sat. K,CO3 aq.
0 °C, 20 min

51 (50%)

56



Hg(OAc), (28.3 mg, 0.0888 mmol) was added to a solution of 50 (32.1 mg, 0.0592 mmol) in THF/H,O (1/1,
1.3 mL) at 0 °C. After being stirred at 35 °C for 20 min, a solution of NaBHj4 (8.8 mg, 0.23 mmol) in saturated
aqueous K»>COj solution (0.17 mL) was added to the mixture at 0 °C. After being stirred at 0 °C for 20 min,
EtOAc and brine were added to the mixture. The resulting mixture was extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na>SOs, and concentrated in vacuo. The residue was purified
by flash column chromatography on NH; silica gel (hexane/EtOAc = 5/1) to afford 51 (16.0 mg, 0.0295 mmol)
in 50% yield. The relative stereochemistry at C12’ has not been determined.

White amorphous; IR (NaCl) cm™: 2993, 2938, 1729, 1640, 1601, 1460, 1443, 1394, 1368, 1268, 1233, 1099,
1042, 1016, 759; '"H NMR (500 MHz, CDCls) &: 8.14-8.12 (m, 1H), 8.09-8.07 (m, 1H), 8.00-7.99 (m, 1H),
7.96-7.94 (m, 1H), 7.56-7.50 (m, 2H), 7.43-7.37 (m, 2H), 6.53 (s, 1H), 6.38 (s, 1H), 5.31 (d, /= 5.6 Hz, 1H),
4.16 (s, 3H), 4.14 (d, J = 5.6 Hz, 1H), 4.01 (s, 3H), 3.94 (s, 3H), 3.33 (s, 3H), 1.50 (s, 3H), 1.46 (s, 3H); *C
NMR (125 MHz, CDCls) 8: 166.2, 151.8, 151.0, 149.4, 142.4,129.7, 127.7, 127.5, 125.9, 125.9, 125.6, 125.4,
123.8, 122.4, 122.2, 121.8, 121.6, 118.3, 118.2, 111.1, 104.7, 103.5, 95.2, 85.6, 78.9, 63.8, 55.6, 55.2, 52.5,
49.1, 26.7, 26.1; ESI-HRMS (m/z) calcd. for C3;H3)NaOs [M+Na]" 565.1833, found 565.1826.

HCl aq. o) Ag,CO3/Celite

o\ Me toluene, reflux, 50 min
Me

55 36 (<5% NMR yield, 2 steps)

3.0 M HCI aq. (0.1 mL) was added to a solution of 51 (7 mg, 0.0129 mmol) in THF (0.4 mL) at room
temperature. After being stirred at room temperature for 10 min, then at 40 °C for 10 min, then at 45 °C for 30
min, additional 3.0 M HCl aq. (0.1 mL) was added to the mixture. After being stirred at 60 °C for 8 h, water
was added to the mixture. The resulting mixture was extracted with Et,O. The combined organic layers were
washed with brine, dried over Na;SOs, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 2/1) to afford crude 55 (3.0 mg).

Colorless oil; 'H NMR (500 MHz, CDCl;) &: 8.12-8.09 (m, 2H), 8.00-7.95 (m, 2H), 7.56-7.52 (m, 2H), 7.48—
7.45 (m, 1H), 7.42-7.38 (m, 1H), 6.67 (s, 1H), 6.48 (s, 1H), 5.49 (t, J= 5.2 Hz, 1H), 4.19 (s, 3H), 4.01 (d, J =
5.2 Hz, 1H), 3.95 (s, 3H), 3.94 (s, 3H), 3.18 (d, /= 5.2 Hz, 1H), 1.70 (s, 3H), 1.33 (s, 3H)

AgrCOs/Celite (50% wt.% loading, 15 mg) was added to a solution of crude 55 in toluene (0.4 mL) at room
temperature. After being stirred at 80 °C for 5 min, then at 100 °C for 15 min, then under reflux conditions for
30 min, the reaction mixture was filtered through a pad of Celite. The filtrate was concentrated in vacuo. The
residue was purified by preparative TLC (hexane/EtOAc = 2/1) to afford impure and highly unstable lactone
36. The yield was determined by crude '"H NMR using 1,1,2,2-tetrachloroethane as an internal standard.
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Yellow oil; '"H NMR (500 MHz, CDCI5) &: 8.26-8.22 (m, 2H), 8.11-8.09 (m, 2H), 7.68-7.65 (m, 2H), 7.57—
7.49 (m, 2H), 7.02 (s, 1H), 6.08 (s, 1H), 4.31 (s, 1H), 4.14 (s, 3H), 4.08 (s, 3H), 4.01 (s, 3H), 1.53 (s, 3H), 1.34
(s, 3H); MALDI-HRMS (m/z) calcd. for C3;H2sNaOs [M+Na]* 549.1520, found 549.1493.

FIUEICEHTHER
O OH
COMe LiHMDS CO,Me
0] +
(r THF, -78 °C to rt, 30 min OO OBn
CN OBn OH
59 (56%)

LiHMDS (1.3 M THF solution, 1.16 mL, 1.51 mmol) was added dropwise to a solution of 60 (201 mg, 1.26
mmol) in THF (6.5 mL) at —78 °C. After being stirred at —78 °C for 15 min, a solution of 61 (312 mg, 1.51
mmol) in THF (6.5 mL) was added dropwise to the mixture at —78 °C. After being stirred at —78 °C to room
temperature for 30 min, saturated aqueous NH4Cl solution was added to the mixture. The resulting mixture
was extracted with EtOAc. The combined organic layers were washed with brine, dried over Na,SO4, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (toluene/hexane
= 4/1) to afford the mixture of 59 (240 mg, 0.709 mmol) in 56% yield.

Orange solid; m.p. 81-83 °C; IR (NaCl) cm™: 3288, 3067, 3031, 2953, 2864, 1657, 1592, 1447, 1348, 1234,
1098, 993, 770; 'H NMR (500 MHz, CDCl;) &: 11.71 (s, 1H), 8.83 (s, 1H), 8.38-8.36 (m, 1H), 8.23 (d, /=8.2
Hz, 1H), 7.67-7.63 (m, 1H), 7.57-7.54 (m, 1H), 7.41-7.33 (m, 5H), 5.23 (s, 2H), 4.65 (s, 2H), 3.88 (s, 3H);
BC NMR (125 MHz, CDCl;) &: 171.7, 155.3, 145.6, 136.6, 129.2, 128.8, 128.6, 128.2, 128.2, 126.5, 124.9,
123.7, 122.0, 110.8, 104.2, 72.6, 69.9, 52.2; ESI-HRMS (m/z) calcd. for Cy0HisNaOs [M+Na]* 361.1046,
found 361.1044.

CO,Me
indene (4.0 eq.) OO
O COMe _FeCly (20 mol%)
OBn  CHcly, rt, 20 min
o)
; &

62 (72%)

O«,’O
T T

FeCls (3.2 mg, 0.020 mmol) was added to a solution of 59 (33.8 mg, 0.100 mmol) and indene (46.5 uL, 0.400
mmol) in CHCl; (1.0 mL) at room temperature. After being stirred at room temperature for 20 min, water was
added to the mixture. The resulting mixture was extracted with CHCls;. The combined organic layers were
washed with brine, dried over Na,SOs, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 10/1) to afford 62 (25.0 mg, 0.0722 mmol) in 72% yield.

Pale yellow oil; IR (NaCl) cm™: 3072, 3025, 2951, 2847, 1649, 1631, 1592, 1445, 1385, 1330, 1235, 1173,
1104, 995, 766, 743; "H NMR (500 MHz, CDCls) 8: 12.05 (s, 1H), 8.34 (dq, J= 8.4, 0.6 Hz, 1H), 8.17 (d, J =
8.3 Hz, 1H), 7.63-7.56 (m, 2H), 7.49-7.44 (m, 1H), 7.27-7.20 (m, 3H), 5.60 (d, /= 6.3 Hz, 1H), 4.01 (s, 3H),
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3.47-3.39 (m, 1H), 3.15 (dd, J = 15.6, 7.3 Hz, 1H), 3.09-3.00 (m, 2H), 2.83 (dd, J = 15.6, 4.9 Hz, 1H); 1°C
NMR (125 MHz, CDCL3) &: 172.6, 156.5, 143.2, 142.9, 142.5, 129.24, 129.17, 128.7, 126.8, 125.6, 125.2,
125.1,123.9, 123.7, 121.4, 116.0, 105.2, 81.4, 52.1, 38.0, 37.3, 27.4; ESI-HRMS (m/z) calcd. for C2oH sNaO,
[M+Na]* 369.1097, found 369.1086.

FeCls (20 mol%)
_—_—
CHCla, rt, 30 min

63 (51%, dr = 2.1:1)

A solution of 59 (352 mg, 1.04 mmol) in CHCI; (4.0 mL) was added dropwise to a solution of 34f (940 mg,
2.07 mmol) and FeCl; (34.0 mg, 0.210 mmol) in CHCI; (10 mL) at room temperature. After being stirred at
room temperature for 30 min, water was added to the mixture. The resulting mixture was extracted with CHCl;.
The combined organic layers were washed with brine, dried over Na>SOs, and concentrated in vacuo. The
residue was purified by flash column chromatography on NH; silica gel (hexane/EtOAc = 4/1) to afford a
mixture of 63 and BnOH. The mixture was further purified by GPC to obtain 63 (363 mg, 0.531 mmol) in 51%
yield as a mixture of diastereomers (dr =2.1:1).

Pale yellow amorphous; IR (NaCl) cm™: 3071, 3017, 2951, 2848, 1722, 1657, 1634, 1596, 1579, 1478, 1442,
1386, 1329, 1293, 1233, 1192, 1167, 1094, 1045, 1007, 966, 942, 804, 762, 691, 667; '"H NMR (500 MHz,
(CD3)2CO) 6: 11.98 (s, 1H), 8.17 (d, J= 8.3 Hz, 1H), 8.06-8.00 (m, 1H), 7.96-7.90 (m, 1.32H), 7.89—7.85 (m,
0.68H), 7.64-7.52 (m, 4.32H), 7.47-7.41 (m, 1.68H), 7.34-7.28 (m, 1.32H), 7.28-7.23 (m, 0.68H), 7.10-7.06
(m, 0.32H), 7.04—7.00 (m, 0.68H), 6.30 (s, 0.68H), 6.22 (s, 0.32H), 4.29 (d, J = 15.5 Hz, 0.68H), 4,27 (d, J =
15.5 Hz, 0.32H), 4.19 (s, 2.04H), 4.17 (s, 0.96H), 4.13 (s, 0.96H), 4.11 (s, 2.04H), 3.842 (s, 0.96H), 3.839 (s,
2.04H), 3.74 (dd, J = 12.5, 2.3 Hz, 0.32H), 3.42 (dd, J = 12.3, 2.1 Hz, 0.68H), 3.35 (d, J = 15.5 Hz, 0.68H),
3.33(d, J=15.5 Hz, 0.32H), 2.97 (dd, J = 12.3, 10.3 Hz, 0.68H), 2.93 (dd, J = 12.5, 10.5 Hz, 0.32H), 2.53—
2.46 (m, 0.68H), 2.35-2.28 (m, 0.32H), 1.43 (d, J = 6.6 Hz, 0.96H), 1.32 (d, J = 6.7 Hz, 2.04H); *C NMR
(125 MHz, CDCl3) 6: 172.11, 172.08, 166.2, 166.1, 157.62, 157.60, 153.6, 150.9, 142.44, 142.41,131.9, 131.5,
130.5,130.3,129.9, 129.8, 129.48, 129.46, 129.4, 129.1, 129.0, 127.6, 127.5, 126.8, 126.5, 125.7, 123.9, 123.7,
122.4,122.2,121.9, 120.9, 119.3, 119.0, 117.8, 117.7, 116.14, 116.07, 104.9, 104.8, 96.82, 96.80, 84.0, 83.1,
63.7,52.4,42.2,41.6,30.8,29.8,29.7, 28.8, 15.1, 14.6; ESI-HRMS (m/z) calcd. for C37H32NaOs*’Se [M+Na]"
707.1155, found 707.1155.
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Mel, K,CO3
DMF, rt, 30 min

64 (81%, dr = 2.1:1)

Mel (51.2 pL, 0.822 mmol) was added to a suspension of 63 (187 mg, 0.274 mmol) and K,COs (189 mg, 1.37
mmol) in DMF (2.5 mL) at room temperature. After being stirred at room temperature for 30 min, brine was
added to the mixture. The resulting mixture was extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 3/1) to afford 64 (155 mg, 0.222 mmol) in 81% yield.

Pale yellow amorphous; IR (NaCl) cm™: 3071, 2994, 2948, 2848, 1729, 1597, 1456, 1440, 1379, 1284, 1228,
1174, 1163, 1090, 1028, 970, 761; '"H NMR (500 MHz, (CD5),CO) &: 8.09-7.89 (m, 4H), 7.63-7.43 (m, 6H),
7.32-7.23 (m, 2H), 7.09-7.05 (m, 0.32H), 7.03—6.98 (m, 0.68H), 6.36 (s, 0.68H), 6.26 (s, 0.32H), 4.20 (s,
2.04H), 4.18 (s, 0.96H), 4.02 (s, 0.96H), 4.00 (s, 2.04H), 3.873 (s, 0.96H), 3.867 (s, 2.04H), 3.86 (s, 0.96H),
3.85 (s, 2.04H), 3.72 (dd, J=12.5, 1.7 Hz, 0.32H), 3.41-3.32 (m, 1.68H), 3.24 (d, J = 15.5 Hz, 0.32H), 3.23
(d, J=15.5 Hz, 0.68H), 2.94 (dd, J = 12.3, 10.3 Hz, 0.68H), 2.89 (dd, J = 12.5, 10.8 Hz, 0.32H), 2.53-2.45
(m, 0.68H), 2.35-2.28 (m, 0.32H), 1.42 (d, J = 6.8 Hz, 0.96H), 1.33 (d, J = 6.7 Hz, 2.04H); '*C NMR (125
MHz, CDCls) 6: 167.59, 167.56, 166.2, 166.1, 153.5, 153.0, 150.9, 149.2, 146.12, 146.07, 132.1, 131.4, 130.2,
129.87,129.85,129.1, 129.0, 127.7,127.63, 127.61, 127.50, 127.49, 127.0, 126.9, 126.8, 126.5, 126.3, 123.70,
123.67, 122.9, 122.8, 122.6, 122.55, 122.45, 122.3, 122.0, 121.5, 117.83, 117.81, 117.7, 117.5, 116.1, 116.0,
96.0,84.2,83.3,63.7,63.5,52.44,52.42,42.3,41.6,30.3, 29.6, 29.5, 28.1, 15.1, 14.5; ESI-HRMS (m/z) calcd.
for C3sH34NaOs*Se [M+Na]* 721.1304, found 721.1303.

mCPBA
THF, 0t045°C, 1 h

64 (diastereomeric mixture) 58 (68%)

mCPBA (70% purity, 90.2 mg, 0.366 mmol) was added to a solution of 64 (232 mg, 0.333 mmol) in THF (3.5
mL) at 0 °C. After being stirred at 0 to 45 °C for 1 h, saturated aqueous Na>S>O3 solution was added to the
mixture. The resulting mixture was extracted with CHCl;. The combined organic layers were washed with
brine, dried over Na»SOs, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexane/EtOAc = 4/1) to afford impure 58. The impure 58 was further purified
by GPC to obtain analytically pure 58 (123 mg, 0.228 mmol) in 68% yield.
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White amorphous; IR (NaCl) cm": 3071, 2996, 2950, 2848, 1728, 1597, 1458, 1441, 1377, 1293, 1226, 1173,
1090, 1044, 1017, 970, 761; 'H NMR (500 MHz, CDCls) 5: 8.08-8.03 (m, 1H), 7.98-7.92 (m, 3H), 7.53-7.48
(m, 2H), 7.47-7.38 (m, 2H), 6.25 (s, 1H), 5.33 (s, 1H), 5.01 (t, J= 1.4 Hz, 1H), 4.20 (s, 3H), 4.03 (s, 3H), 3.91
(s, 3H), 3.90 (s, 3H), 3.40 (d, J= 15.3 Hz, 1H), 3.31 (d, J = 15.3 Hz, 1H), 1.99 (d, J = 0.6 Hz, 3H); *C NMR
(125 MHz, CDCL) &: 167.6, 166.3, 153.3, 151.0, 149.1, 145.9, 143.7, 129.8, 127.64, 127.62, 127.60, 127.0,
126.9, 126.2, 123.7, 123.1, 122.6, 122.4, 122.3, 121.6, 118.0, 117.9, 115.9, 112.2, 95.0, 84.8, 63.7, 63.5, 52.5,
52.4,31.6, 18.9; ESI-HRMS (m/z) calcd. for C3;HasNaOs [M+Na]* 563.1669, found 563.1669.

61



1)
2)
3)
4)
5)

6)
7)
8)
9)
10)
11)

12)
13)
14)

15)
16)

17)

18)

19)

20)

21)
22)

2275 3CHK

J. Sun, H. Yang, W. Tang, Chem. Soc. Rev. 2021, 50, 2320-2336.

Y.-F. Qiao, K. Takeya, H. Itokawa, Y. litaka, Chem. Pharm. Bull. 1990, 38, 2896-2898.

H. Itokawa, Z. Z. Ibraheim, Y.-F. Qiao, K. Takeya, Chem. Pharm. Bull. 1993, 41, 1869—1872.

J.-P. Lumb, K. C. Choong, D. Trauner, J. Am. Chem. Soc. 2008, 130, 9230-9231.

For reviews, see: (a) R. W. Van der Water, T. R. R. Pettus, Tetrahedron 2002, 58, 5367-5405; (b) M. S.

Singh, A. Nagaraju, N. Anand, S. Chowdhury, RSC Adv. 2014, 4, 55924-55959; (c) A. A. Jaworski, K. A.

Scheidt, J. Org. Chem. 2016, 81, 10145-10153.

P. Batsomboon, W. Phakhodee, S. Ruchirawat, P. Ploypradith, J. Org. Chem. 2009, 74, 4009-4012.

C.-Y. Wang, J.-B. Han, L. Wang, X.-Y. Tang, J. Org. Chem. 2019, 84, 14258-14269.

C. D. Bray, Org. Biomol. Chem. 2008, 6, 2815-2819.

M. Uyanik, K. Nishioka, R. Kondo, K. Ishihara, Nat. Chem. 2020, 12, 353-362.

S. Wang, G. Liang, C. Wang, C.-H. Wang, Z. Huang, C.-H. Tung, L.-Z. Wu, Org. Lett. 2025, 27, 470-475.

For reviews, see: (a) N. J. Willis, C. D. Bray, Chem. Eur. J. 2012, 18, 9160-9173; (b) C. D.-T. Nielsen,

H. Abas, A. C. Spivey, Synthesis 2018, 50, 4008—4018; (c) L.-N. Gao, K. Zheng, H.-Y. Chen, Y.-N. Gao,

Z.-7. 14, C. He, S.-H. Huang, R. Hong, M. Bian, Z.-J. Liu, Org. Biomol. Chem. 2025, 23, 2775-2792.

X. Zheng, X. Guo, H. Wang, P.-P. Zhou, X. Chen, J. Am. Chem. Soc. 2024, 146, 7198-7203.

A. K. Shaikh, A. J. A. Cobb, G. Varvounis, Org. Lett. 2012, 14, 584-587.

a) Y. Sawama, Y. Shishido, T. Yanase, K. Kawamoto, R. Goto, Y. Monguchi, Y. Kita, H. Sajiki,

Angew. Chem. Int. Ed. 2013, 52, 1515-1519; b) Y. Sawama, T. Kawajiri, S. Asai, N. Yasukawa, Y.

Shishido, Y. Monguchi, H. Sajiki, J. Org. Chem. 2015, 80, 5556-5565.

T. Aijima, S. Komagawa, S. Akai, Y. Sawama, Adv. Synth. Catal. 2023, 365, 3981-3986.

a) M.S. Chen, M. C. White, Science 2007, 318, 783-787; b) M. A. Bigi, S. A. Reed, M. C. White, J. Am.

Chem. Soc. 2012, 134, 9721-9726; c) A. S. Burns, S. D. Rychnovsky, J. Am. Chem. Soc. 2019, 141,

13295-13300; d) C. Etling, G. Tedesco, A. Di Marco, M. Kalesse, J. Am. Chem. Soc. 2023, 145, 7021—

7029.

Q.-Y. Meng, T. E. Schirmer, A. L. Berger, K. Donabauer, B. Konig, J. Am. Chem. Soc. 2019, 141, 11393—

11397.

M. Bietti, Angew. Chem. Int. Ed. 2018, 57, 16618—-16637.

a) Y.-X. Han, Y.-L. Jiang, Y. Li, H.-X. Yu, B.-Q. Tong, Z. Niu, S.-J. Zhou, S. Liu, Y. Lan, J.-H. Chen, Z.

Yang, Nat. Commun. 2017, 8, 14233; b) L. A. Adrio, L. S. Quek, J. G. Taylor, K. K. M. Hii, Tetrahedron

2009, 65, 10334-10338; ¢) L. Coulombel, E. Dunach, Synth. Commun. 2005, 35, 153—-160.

G. Schwertz, A. Zanetti, M. Nascimento de Oliveira, M. A. Gomez Fernandez, F. Dioury, J. Cossy, Z.

Amara, Tetrahedron 2019, 75, 743-748.

P. A. Grieco, S. Gilman, M. Nishizawa, J. Org. Chem. 1976, 41, 1485-1486.

N. J. Hafeman, S. A. Loskot, C. E. Reimann, B. P. Pritchett, S. C. Virgil, B. M. Stoltz, Chem. Sci. 2023,
62



14,4745-4758.

23) K. Shen, Q. Wang, T. Zhu, Y. Qiao, P. Hu, J. Am. Chem. Soc. 2025, 147,23411-23416.

24) a) H. Nagano, A. Mikami, T. Yajima, Tetrahedron Lett. 2003, 44, 6867-6870; b) A. B. Smith III, Y.
Yokoyama, D. M. Huryn, N. K. Dunlap, 7etrahedron Lett. 1987, 28, 3659-3662.

25) a) E. R. Koft, P. Dorff, R. Kullnig, J. Org. Chem. 1989, 54, 2936-2940; b) R. D. Crouch, J. F. Mehlmann,
B. R. Herb, J. V. Mitten, H. G. Dai, Synthesis 1999, 559-561.

26) E. Abraham, J. W. B. Cooke, S. G. Davies, A. Naylor, R. L. Nicholson, P. D. Price, A. D. Smith,
Tetrahedron 2007, 63, 5855-5872.

27) W. Gu, S. Wang, Eur. J. Med. Chem. 2010, 45, 4692—4696.

28) Y. Xu, Z. Yang, J. Hu, J. Yan, Synthesis 2013, 45, 370-374.

29) T. Aijima, S. Akai, Y. Sawama, Eur. J. Org. Chem. in press. (DOI: 10.1002/ejoc.202501103)

30) L. Xia, Y. R. Lee, Org. Biomol. Chem. 2013, 11, 6097-6107.

63



