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Ac : acetyl

acac  : acetylacetonate

AIBN :2,2’-azobis(isobutyronitrile)

Ar s aryl

BINAP : 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl
Bu : butyl

cat : catalytic amount

CAN : cerium(IV) diammonium nitrate
CBS  : Corey-Bakshi-Shibata

CSA  :10-camphorsufonic acid
DMAP : N,N-dimethyl-4-aminopyridine
2,2-dmp :2,2-dimethoxypropane
3,5-DMP: 3,5-dimethylpyrazole

DBU : 1,8-diazabicyclo[5.4.0]-7-undecene
DCE :1,2-dichloroethane

DMP  : Dess-Martin periodinane
DIBAL : diisobutylaluminium hydride
DMF : N,N-dimethylformamide

Et : ethyl

h : hour

HFIPA : hexafluoroisopropyl alchol

i : iso-

IBX : 2-iodoxybenzoic acid

IPA : isopropyl alchol

LDA : lithium diisopropylamide
LiHMDS: lithium hexamethyldisilazide
m : meta-

MBH : Morita-Baylis-Hillman
mCPBA : m-chloroperoxybenzoic acid
Me : methyl

MS : molecular sieve

NHPI : N-hydroxyphthalimide

NOESY : nuclear Overhauser effect correlated spectroscopy
Ph : phenyl



: tetrabutylammonium fluoride

: 1,5,7-triazabicyclo[4.4.0]dec-5-ene
: t-butyl hydroperoxide

: t-butyldimethylsilyl

: triethylamine

: trifluoromethylsulfonyl

: tetrahydrofuran

: trimethylsilyl

: normal

: para

: propyl

p-toluenesulfonic acid

: racemic
: room temperature

: tertiary
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bHE, v/ u 74 FEZREKEZHEBENICERT 2L VI FETHD, ZOFEITEIVE
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D E DI, RO Z OFEFAIZ K> TUTE T ERPIFEHL SN TNDLIHDOHEH D |
ZDOGEIIZ < OBERKREH—INIER TR L 2D, —JF, TANCHRRRME D O
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T LR E RO TER LT UL by, 20X 9 72 mnnn, HEBO RS
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RO —FETH DA BT N/ A NIIEYCEEN O IR Bl S, 7~
GERIVTTF REDEZGT DA TV REULEM ORI Ch 5, £ OREENZERNE
&R 2R AR YEDN & | BRI K OERES S — Mea & L THEB STV 5D,

Applanatumol B (1) (%X Ganoderma applanatum NpELETHA BTNV A4 R THDY |
2 01 64F|Z Y.-X.Cheng BT L o THHEIEILE SNz (Figure 12, D%, R
T N—1Z X > T applanatumol C — Z5 2% G. applanatum 75 HEE STV 5 ),
Applanatumol B (1) 1%, FERIRD =B E# TH 5 dioxacyclopenta[cd]inden B 153 X
WV ReXx )/ Uiz LT, Froeskiko =\ IEgRiis oo ~rFhoaf
L 7B AL F AN HRER ) e i T 5,



Figure 1. Applanatumol %H

applanatumol A (2)?

CO.R
l f MeOQC

applanatumol V (R = H) (3)% applanatumol X (R = H) (5 applanatumol Z (7
applanatumol W (R = Me) (4)%) applanatumol Y (R = Me) ( )3)

Applanatumol B (1) DAEGHFEEEIZ DOV T, Y.-X. Cheng H1F T F IMREEK & A 1
VR L DA T Y FRITH D LB LTV D (Scheme 1), T2 5, 2% I
RIKHI SR D 4-hydroxybenzoic acid & A /3m U FE#RIKHI KD geranyl diphosphate 73,
geranyl transferase DFEAIZ L Y #ES LT geranyl hydroquinone & 725 7-M & chizhine
D Zit T 8 &5, TO®K, LRAMMELLISIC LD 9 tiosToDnb, 77 biAk
IZ X ¥ applanatumol B (1) ERKT D E VO RIETH 5,

Scheme 1. Applanatumol B DHEE A= A Al

COCH OH
+ —_—
)\/\/KAOPP © N N
OH OH
geranyl diphosphate 4-hydroxybenzoic acid geranyl hydroquinone
OH OH
X X X OH
H
OH O O~ "OH OH © O~ "OH OH
chizhine D 8
[e) OH
-, HO Ho -
(0]
HO OH
9 applanatumol B (1)



F LS X Z LT, applanatumol A (2) ZBRUNTI, applanatumol FHIZHE D ARF
FLAERTOHEMERBETHLICHEDLL T, 2 TT7 B IRTHEESN,

7t IR CHEEX 7= applanatumol B (1) 136570 BRI AEMTEMERER DM T DO,
M Bifg BAER & 4 NRK-52E Alfidicxt U CIREKRGFIICHBMELE 2R3 2 &0
BBz Sz, £72 (+)-applanatumol B [T~ (-)-applanatumol B [3{&H 238502
b I TTWA, F72. applanatumol X (5) -Z (7) (2 OWTIXFEMZ2 2EMIETEIZAR
HTH D,

Applanatumol FHI%, ¥t Fe ¥/ V(B KO EER 2 BEZ &3 2RO m W b
EWMRETH DT, GRS FE D&\ applanatumol B (1) 2 &k CEXZ DA
R ZFIH LT < @ applanatumol JHA MEFEMICEK TE 5 B 1T, £ 2 TEHEH
1%, #hEAY7 applanatumol FHOMFEAI A RVEDMENL 2 HAYIZ, applanatumol B (1) @
BRBFZEICE T LT,

AR ZIT D I2H7=V . £9° applanatumol B (1) D i akfi#HT 217> 7= (Scheme
2), Applanatumol B(1) 1%, {bE&# 11 O FRBEMBIS IV GO b D EE R T,
Thbb, RBREO 3 ODOEBIENET trans BLE CTH 5 (all-trans) {LEYH 11 O
7 hy o= A VAL, allcis BliEE AT HHEIE 10 L7205, Z20%., {LEW
10 O FHNBRIERISIZEVILES 1 bbb &E X, L& 11 1%, LEY 16
KV 2Oo0RE 1 BIO2 THEWREL Lz, K1 T kE® 11 13 12 o7
) BEONKRGREOSIZE VO b0 L L, bEW 12 13 13 1ZxT 2537 b
A 2 DNRBIRAY 2 LAMINBOSIZ LV oD EE 2T, (LEW 13 13 16 ~D
~ B BT AT OO BT TROERIZ LD ArTaE L Lz, #i 2 T, 1k
A 11 %, VR CEREMALE LT = EE S0 14 L VFBEAREE L, {LEW
14 3 15 1T 2~ v VBT AT VO NARRIRIY~ A 7 A INORT & 0 G RCrTRE
LT, $hbb, BK1TIEYT %2 B2 TE~vrn B AT v ez nth
BRI CTEAL, AR EO =#HEAFH.0% X0 ESFRICEEE L # 2
S5 all-trans BLiE & SARHIEIL L 9 EB 270, (LAWY 16 LAWY 17 1ITxFT 5
43F-P Morita-Baylis-Hillman (MBH) S IC K0S DD E L ALEY 17 132.,5-
CARFIRURXTATE R (18) BLW 40 F -4 —L 19) LYW ERTRETE
RCRTRE & L7,



Scheme 2. Applanatumol B ™% & B fift AT

all-trans configuration

l OH

O OH
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AW _
13 OH
pr—
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(55

u VA

A
16
O

(e}
CHO
+ MOH
_0
2,5-dimethoxybenzaldehyde (18) 4-pentyn-1-ol (19)

FUDIZ, 25-P X FEIRUZTAFE R (18) BED 420 F 14 —/L (19)
MOBEELIET AT e N 1T ZHWe, 07PN MBH RS Z R L72 (Scheme 3), <
DFER. -7 FNT N a—VEEEH | PPhs & JHW 2 RAFICTHBOBRIBIK 16 2 IR
BL<F3EDZ EITMIILT, fitW\ T, B LIZHE->T 16 IZKT O~V By ATF LD
~ A TIPS & B TRROERELI 21TV LEH 20 26 LT, 53 FH MBH
FOGDSAMRFTB L OMEEY 20 £ TORRIEIZOWTEH—FH BTk <5%,



Scheme 3. LA 16 BL W 20 DAL

O
CHO HO
+ MOH >
_0
2,5-dimethoxybenzaldehyde (18) 4-pentyn-1-ol (19)

intramolecular
Morita-Baylis-Hillman
reaction OH oTBS

O O "0OTBS
O O

VT, = K 20 12k 227 U AEA 2 OSLARERINA 1,4-( 12DV Tl
#f L7z (Scheme4), ELAICN % H W56 LAMINISITHEITT 5 S ODOFTED all-
trans IKRONARBIRIEGRIIRETH 72, £/, BNV T AT LAY —EA
21 ZHWCTEMESRE T TOYT 2 EOMKGMHE X OBRILRIG &2 Bt Lz, Bk
DT FARKIIELNT, A DT AT VA~ —%2ELT 7 2L 22 BHZ LR
Llpole, TOFEMEE R _HTR5,

Scheme 4. FRI& 1 TOE RS

H
O "0TBS O "0TBS
o5 o5
/ \ / \
20 21 22

BRI 1 TO =B LEWOERIINE CThH 772, BRI 2 TOFRMEELHIEL
7= (Scheme5), {L&W 16 IZXf L CE=/LEEZEALT /2 15 L L7-DbH, ~o v
e A F IV OSLIRERI e~ A 7 VATINBISIZOWTREf LTz, £ ORER, ZAHO
all-trans BLEZ AT HbEW 23 Z AWM E LTHEDL Z LI Lo, ZOFEMIC

DWTH—EE —Hi Tk~ 25,



Scheme 5. FRI% 2 TOE RS

, OH A ’ stereoselective
Michael addition
O (6]
ety
/ \ / \
16 15

FENT~A T AAIE 23 ZEEBMET DT AT VA~ —BEMIIK L, 7
AT LA~ —O0BE &R TREOERELHRIC XV BRILRIBMATH D LR
24 ~LEFHEE L2 (Scheme 6), =Dk, {bEW 24 ZEMESRIFITAT & 77 F o ofin
DTE X UAIZ L 0 FREHA 10 Z8E L7Z0bICRAOBRLSHNE Z 0 . =8 L
G 25 BFDH T LTI LT, mAZ I A Tk L, applanatumol B(1) @7 & I 4
BRREEER LTz, VL EOFEC W THE —EFHENUES TR 5,

Scheme 6. Applanatumol B D45 %

10 25 applanatumol B (1)

PLED X 512 LT Applanatumol B (1) OEEKEER L2720, FOAMFMIKZ
v 7= applanatumol FH DM@ G KIEDBRBIIEEITH)> 2 L Lz, b D
applanatumol JEDH T% applanatumol B (1) & IFERALERAX N E 2D | T o~ HiK %
A3 % applanatumol X (5) BL TN Y (6) ZIENMLEW & L, GRMIEICEF LT, LA
TIZZ OWERFENT %2 773 (Scheme 7), T 7245 applanatumol X (5) B LY Y (6) %
T2 26 ITxTHT = ) = AMEKBEED A X V-~ A T AAINIGIZ KV AT RE
& L. 26 /% applanatumol Z (7) 7> H a5 E n[He & L 7=, Applanatumol Z (7) (&
applanatumol B (1) OERKHFEUATH 2B 27 LV EKRTEHHDE LT,



Scheme 7. Applanatumol X-Z i 5 K fEAT

CO.H MeOZC Meogc "OH A E "OH
(ijé -
o
OH OH o O o

applanatumol X (5) applanatumol Z (7

FRROERKRFHEIINE > TA MR 21TV applanatumol Z (7) DOEA KA ZERL L7273,
HER Lo =@ A F T OO NARGFEIZ DWW TII R RERDB TN R 0o T
(Scheme 8), LA EDOFHIDWT, H _EE—Hi Tk~ 5,

Scheme 8. Applanatumol Z O SZAKERIN Y72 5 B kR TS

! OH low stereoselectivity X "’OH MeO,C "’OH

_—

O O e}
oo oo oo
/ \ / \
16 27 applanatumol Z (7)

% Z T UKL applanatumol B (1) DA MK TH 2{LEM 15 76 FNERIEK
S L BRI EAS A AESE L. applanatumol X (5) B LN Y (6) DA A ERK L 72
DT, B FF _HTIR% (Scheme 9),

Scheme 9. Applanatumol X, Y DA K

\ oy = CO,R
HO
0 —_— —_—
o)
58
/ \ H
15

28 applanatumol X (R = H) (5)
applanatumol Y (R = Me) (6)



L E®D X 512 L T applanatumol B (1) O H KN ZOHEAETH 5
applanatumol X (5),Y (6), Z (7) DGR A #EK LT, Hiv T, FHIIMD applanatumol
FAL I THEDRE S ERY | RESEBDER IV TUVRY applanatumol A (2) (25
HL7,

Applanatumol A (2) IZ, 2 0 1 6 4T Y.-X.Cheng 52 L - T applanatumol B (1) &
Al RE | HLBfE - &R E S L7z (Figures 1 and 2)?, 72, AR LIV
bicyclo[3.2.2]nonane F #5725 k5 spiro[benzofranbicyclo[3.2.2]nonane] ‘H¥ A H L. 4
OORFHLEFSWEMLEMTH D,

fi 75 . applanatumol A 7% Hiff S L7 B Td 5  Ganoderma applanatum X 0
spiroapplanatumine #8722 0 1 7 fF(ZHEE « fEIRE S 7o (Figure 2)¥, 20 FEIHOIA
IR D ZOLEMRIT, A RBEZAET LI EDPHMENFETHDL, £,
applanatumol JEH73 7 & Ik & U CHEf S 17—, spiroapplanatumine FE13 6715
R & U CHEE S 72 ST BRR VY, Figure2 (Z7R 7758 0 | applanatumol A (2) O
applanatumol 8 X Y ¢ spiroapplanatumine 8 & OFHLMENEm W EF 2 5, MZ T,
applanatumol A (2) |3 spiroapplanatumine $H & [RIERIEFIEMEMA L U CHEES Lz, £
7=, applanatumol A (2) O/EMIEMEIZ. applanatumol B (1) & [AIEEIZ NRK-52E fifaic
f U CIR ARSI E I 2R 2 L 3 ST g 2,

Figure 2. Applanatumol A 3 X T' Spiroapplanatumine %

(0] O
o Ho—, Ho—~,
0 ; 0, 7
U LD LG
HO HO HO
o) OH (0] o (0] o
o H o Me
applanatumol A (2)? spiroapplanatumine A (29)4 spiroapplanatumine F (30)%
O
HO\{/O HO
o, 2
J: I«Q E HO :
HO Y
o} OH o /\(
H
spiroapplanatumine L (31)% spiroapplanatumine Q (32)4

Applanatumol A (2) O &AM E BIETIZHTZ0 . LU NIRRT WS 217> 72
(Scheme 10), Applanatumol A (2) 1%, & 35 Z W2 FHERLEURIZ KV &Rk
TEHbDE LI, T74bb, kAW 35 o FNT IV R—AfEAICL Y EEREY
MELT34 LLOL, 7= /) —WHIKBEDOA X V-~ A 7 AAINRIS EFEL 7
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7 R AL D BRI FRZEETE DL Lz, {LAEW 35 1% 36 LT VF 2
DOKFI . B VEOBEEB L OA F LT R T LEAL OB T L 0 FHEa g L £ %
7=, {bEW 36 13bEW 37 BL N 38 & D Frater-Seebach 7 /L WAL SIZ L 0 ST

BRI ERATRE S LTz,

Scheme 10. Applanatumol A ¥ & R ARHT

OH
CO,Me MeO,C
o OH
p— ; pr— OH
HO OH
(6] OH O OH

applanatumol A (2) 33
(0] 37
MeO2C &
— +
5z “10OH
_0 o

XU DICE GRS 2 HIIZ, 78 IR TOEMRFI%21T> 72 (Scheme 11), L
IR OEREHEIZRE, HEWENGZNZEN 2 TR TAEY 37 B3O 38 Z45RkL
72o D% Frater-Seebach 7 VX /ALKIS NZ XY 36 #57-D5H, 5 TROEHRIZ
E0 7 b= 2T 39 ZERKLTZ, £D%, LAY 39 W2 FNT IV F— L
BNZOWTHRE L7=d, T2 OB LSUSNTHETT L2 o 72,

Scheme 11. (L&Y 40 O A EHF

(0]
Frater-Seebach
a/ky/at/on X
)J\/K/\/ _ "'OH
0 CO,Me
37 36
5 steps MeO,C O
—
"OAc
0 © OAc

39



BNWT, TNV R—AT I Z—%T VTt NICEZCLEREMET LI LLEL
7= (Scheme 12), J 72 H, (LAY 41 O =ALIEMBARLTT AT E R 42 &
LD B fFNT IV R= Vi ztTo7c & 24, TEOLRBLGY 43 OHHIIHK
PLiz, ULEORRE S = 8HE —HiTilki~5,

Scheme 12. £ BERET O G bR

oxidative intramolecular
- H
A cleavage Ox aldol reaction ©

"OAc ""OAc ""'OAc

OAc 0 O OAc 0 O
41 42 43

o O OAc

L EEOMEZ ER LIZD T, W T REHRSIZOWTHRE L7 (Scheme
13), NUZT—1h 44 25 LTIZDOGLREA DRFIRE DT >~ 7V v TS %G L
RS T U ABEEEY L Pd (0) $EARE WS TR R A 5272, Bohe
TR A5 IZONWT E L RDEMRFIZAT o T2, 7 ) EKOEHRSOM A F b7
EIWTNDOIEFAFIZB N T ITEORISTEITE T {LEY 46 ~OFHEILIA
ThoT,

Scheme 13. — R 3R BRI O Rt

e coupling of o oHM 0,C
ey
TfO CN group NC O
_ —H—
O "'OAc O "'OAc "'OAc
0 0 OAc L0 0 OAc OH © OAc
44 45 46

EZTRUDNNT R BB LIAEEY 47 120 T —BIL IR B ARG % i
St L7 (Scheme 14), £, (LAY 44 ORI NANERTLTAF LUK 47 L L
Db —AVIREFANISEITOATF LT ATV 48 AR L7-, = OEPECRIK
WMOBFTHETCDRBIRFERZDHZ ENTE, L EOFERICHOWTE =358 i
(S~ 2,
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Scheme 14. X2 VNALDEIL & A F )V X7 WAL DO KEET

~ ~

O ) o}
Tio reduction of methoxy- MeO,C
O ketone group carbonylation O
"'OAc ’“OAc
0 0 OAc 0 OAc

a4 a7 48

BEWTOFINEBALESIZOW TR L7= (Scheme 15), {b&% 48 % i A F bk
TOWTEF L L=0bH, DBU ZHWTHOTFWNEILRSZ RS T, LLETED
WERMAL G CTld7e <. HEHEAGTNORMALZESTT 7 N ALREIT LTZILEY

50 527,

Scheme 15. 77 MNERAL S DR ET

~N
(0] OH OH (0]
MeO,C MeO,C
2 steps O DBU o]
0 OAc OH OH OH OH
48 49 50

F I T _EEAEOEMAEMHIT D720, IO~ U EEREE LT
LB IG 21T 572 (Scheme 16), T72b b, LAY 48 DXL DA E L L TH
MoREWMELTLDL, —HDAFNELFRIRWICERE LAWY 51 21572, £
DRI T & FLE & ONEI ) TIBHLSUS 240, BT IUBHEL A0 Al
I LTz, BB A F AL L, applanatumol A (2) DT I A A ER L7z, Uik
DfEFRAT DUV TH Z B8 = HiICFRIR T 2,

Scheme 16. Applanatumol A D&%,

~ .
intramolecular (0]

MeO,C MeO.C tandem cyclization
® — — S
"OAc T "OAc
HO OH
0 OAc OH © OAc °
48 51 applanatumol A (2)
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Applanatumol A (2) DT I BEMNPER TEIZDO T, FWTHEL LTCRELZ G &
|2 applanatumol A (2) OARFEERKE HIE L7z, (L&Y 37 ZHFAEMHEAR E L THK
TENLX, RERERBFAIRBTHDL EEX, £TIEF b= ATV 52 OF K AL D
RFIETCIZOW TR A M5 21772 5 7= (Scheme 17), £ DFfEFIZ OV TH =255 JUH)
Tk~ 5,

Scheme 17. R&IE 7T DM

(0]
enantioselective
O O reduction O OH ) 0
o~ A~z o — ‘
(0] (0] HO
e} OH
52 37 (-)-applanatumol A (2)

14



S S

#—%  Applanatumol B O£k

ARFETIE, BIROAREHEIZHE > 7= applanatumol B DA RMFZEIZ DV CRER T 5,
FHEITIED W MBH BRURIZ KD LA-RHINBUSRTERA DG RIS DWW Tk~ 55 Hfi

TITRRE 1 I L2 BB EBEORFIC O W TR~ S, F=/ IR 212Xk 5=
HFEARET L OREZEIZOW TR, FIUHITiX applanatumol B D& IZ DOV Tak
5,

B8 7PN MBH BUGICE D LA ISR RIERA O & o at

ARGEHEIZREVD, 1IZUDIC25-P A FFRIRUXT LT E R (18) & 420 F -1-
= (19) EHEBEWE L LTI AT e K 17 248 L7 (Scheme 18), £7°, 4-
Fr1-A—v 19) & n-Buli KORBEIELVFULTEFY RE 25-VA X
NRURXT AT e K (A8) ~KEMIMSE, U4 —/L 53 ZUUR 90% THK-, i\ T
VA=V 53 OT F L UHENLE Red-Al® ZHWC R T U RE T LI-OB, IBX R
fBizE D 7T e K 17 % 2 TRIE 80% TiH/,

Scheme 18. 1.5 17 DA%

o S0 OH
CHO n-Buli FZ OH
+ N ——
THF
-78°Ctort
0 90% 0
2,5-dimethoxybenzaldehyde (18) 4-pentyn-1-ol (19) 53

_Red-AI® _
EtZO T CHCN
80 °C

80% (2 steps)

W TILEY 17 12X 557N MBH KSZ G L7- (Table 1), F 9l L
T PPhMez® X° PPhoMe % FHWNT THF B IR TS S 720, EHERIEA Y%
5.2 7= (entries 1 and 2), Fhis-RONEHEAL L7 JRIAIX, PPhMe, X° PPhoMe DG PEDS
EBTELZEICHDHEEZ, L RISEDIRV PPhy (A X272 & Z AR 72% TH
FIDERALIR 16 24572 (entry 3), WITAMIEZ PPhs (Z[EE L RSB DU TR
L7 MR CTH D b= 2 WS AIIROSR AR L, IR L FRETH
ST (entry 4), 7' M MERHERIE CTH D -7 F AT A a— Lz W& ZA D,
SOGHEAEIZ 3 A Z T2 HDODIE 90% THMY 16 #1550 Z L2k Lz
(entry 5),
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Table 1. 23PN MBH KKt OFiEt

O O ,
@J\/\ACHO conditions OH
O
P! W
17 16
entry catalyst solvent temp. time result
1 PPhMe, THF rt 1h complex mixture
2 PPh,Me THF rt 20 h complex mixture
3 PPhg THF rt 3d 72%
4 PPhg toluene rt 6d 64%
5 PPhs +BuOH 30°C 3d 90%

Bohnibaw 16 Ixf L, ~u gy A F )% THF BEHEH 65°C T~ A 7 Vhkt
MERTZLE A BKETEITLIALEY 55 IR 11%., ~A 7 AHINO Z8ELT L
LAY 56 ZULER 76% TH7Z (Scheme 19), LAY 56 1XHE{LA AAR Y LZ v
<AL, L&Y 55 Akuyﬁliéﬁf:o WITALE 55 % DIBAL (22X FU A —b
TBS fRi#& LILEY 58 #1537,
W TIEE Y 58 @%Z%’*&Y/I/:T~/W§f Dess-Martin f2{b. L, BHID 1,4-( 1SR

57 ~tBEBILLIEDOG,

— T L — L A RN

BHATH DT ) K 20 2 3 TRRINEK 30% THE7-.

Scheme 19. .5 20 DA%

’ MeO,C.__CO,Me
HO NaOMe
0 THF
(e
/ \
16
_ DIBAL _
55
toluene
-78°Ctort

I OTBS

OH ~0TBS
0 o]
/ \
58

AU

55 (11%)

COzMe HO aH CO,Me
COQMe COQMe
O
o
\
56 (76%)
1 POCI;, DMAP ‘

OH ~OH
° O
DMP
rt
30% (3 steps) /

pyridine, 63%

TBSCI

|m|dazole

DMF
0°Ctort

I OTBS

)

O ~OoTBS

o
\

20



BHT RREE 1S KD R E AR OMRGT

AIEICIZ. 7 V7T & R 17 1287255 7N MBH K& &< B LREOEBRIZ L D=
J 220 ETOERKEZRAT-, REITIE, =/ 20 1T 50T AeA A2 DAL
BRINE LA S ORELE . 27 7 DMK RS L OV FNEAL RS DR
DTN D,

T AEA F D VAN I T D SARERIRPEIZB U, FFH 1XLLT OEZER
AL Tl (Figure 3), ¥ 7 s AbMA AN ) 2 20 1Z%F L CHREGR LA T 1,4
ML 754A . & TBS a2 F T AN VIKEE L 725720, 7 /%L TBS
ML T > TFRE ORI D, —TJ5. V7 ALA A 2 ORI - BB AT )12
ITLBA. ESIc X LB o =@ AT OoneTHS 7 7 MU 7 UCE
M L2 BB R E e all-trans BLE 2725, T 785 B RENC £ 2 SO
i E BEAHO all-trans BLE~DOIENA[RE L B 2 72,

anti

Figure 3. > 7 2 ALMA A2 O LA 351 2 {F 3
NC H

o 7\ H
CN oS [ .
\‘// - (o)
. ~=0 \-0TBS o o
\
9

OTBS
OTBS

A
steric hindrance /

kinetic control L A | 5
/ undesired

I OTBS
+

0 “OTBS CN
o
/ \
equilibrium
* \ " !
OTBS —
thermodynamic control Ar 0 OTBS
60
all-trans configuration desired

ERO X D 7 EERGICESE LAY 20 ~D VT AMEWA A 2 D SLARERIRT
LA IZ DWW TR L7z (Table 2), £33 7 2IRE LTI T ALY v axEH
WTC 14U A IR TG S8, FBHEIR I - 7= (entry 1), F7=
FOtEm LA BRI L, b7 =0 DRI LTS BT - T2 BSOS ITHETT L 722>
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7= (entry 2), WRIZ TMSCN LRz U LEZH W=7 AbA 4> D 1,4-£H0
Bis Oz BT, FRROFER & 72 o7 (entry 3), Ft\ T 7 /% ELAICN (24
Z. PIVEUEEEET 0°C TRUGSHIZEZ A, BINERRR L= UL 21 2V T A
TUA~—IREWE LTHEE (entry 4), IRIZTT /{bAl%Z ELAICN IZEE L, K
WL X ONEE 2t LT, it % THF ([CE 272 2 A, K 69% T=hr U/ 21
EREHZ LI LIZ, VT AT VA~ —IREWE 5 272 (entry 5), € Z T& VA
FIFRI BN K D iR E oM EA BEE L, RONEIE Z @b o 1,4-0F %302
B2 TINBGEE T RIS Z A BT, WENKE SR T T H8EK L o7 (entry 6),

Table 2. > 7 Ab¥A Ao D 1 AN S O RS

I OTBS

conditions H
O "OTBS O "OTBS
aVa aVa
/ \ / \
20 21
entry reagents solvent temp. time result
1 KCN 1,4-dioxane rt 2d no reaction
2 KCN, NH,CI, H,0O DMF 70°C 3d no reaction
3 Cs,CO3, TMSCN, H,O 1,4-dioxane 60 °C 2d no reaction
4 Et,AICN toluene 0°C 12 h 32%
5 Et,AICN THF 0°C 8h 69%
6 Et,AICN 1,4-dioxane 70°C 2h 13%

Table 2 T/RL7=K DI, T MEMA A2 D 1 AN IS T D SEAREARME L il 180
TERDPSTZHLOD, = UV 21 /52 ENTED, BESRIETTOYT 7
FEDOIK R & #5E < o3 FINERALSUSIZ DWW TR L7 (Table 3), SOSRIE % & ik S8
14-UAFH CEHE L, BB LI ORIGEEICOWTHRE L, £7 80°C TiRER
EEREE L2 A, < ONREMEERZ G TIREMDIE 33% THOLILE (entry
1)s '"HNMR TOMEERTIIRIETH 7208, BEONI LD 77 % 2K 22 B4Rk L
TWb ETHEINZ, 2 TELNET 7 X 2 22 2% L ClRBED KSR &
D, LHDT 7 Fr 61 ~OWHKZRARTZN, KISTHET L7e2> > 7= (Scheme 20),
2 50% MilRICE 2 TRRET L7225, entry 1 ERIBEDFER & 72572 (entry 2), F7-.
T EONMKGGEAARET 2 2 & 2 L, BINAIZREET L7z %19, 50% HaSO4 7K
Wiz 2 b & = OENLF & LT (rac)-BINAP Z UM L7228, #EER O LY
52 DDHTH -T2 (entry 3),
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Table 3. 7 / FD KR & i < BRALS S DRt

NC Ei OTBS

H conditions
O °OTBS
oo
/ \
21 61 (desired) 22
entry reagents solvent temp.  time result
1 conc. HCI 1,4-dioxane  80°C 4h 22 (33%)
2 50% H,SO,4 1,4-dioxane  60°C 17h 22
3 50% HyS0Oy, Cul, (£)-BINAP  1,4-dioxane  60°C 2d unknown

Scheme 20. 7 7 % 2 22 Tk DK FRD Mgt

conc. HCI
—_—

1,4-dioxane
80 °C

DX, N MBH URZHNIGE LT, 20 28 LT2bDD, 7T
A A A2 D LA B WD TR IR I T & Zeovo 7z, F72. Hoh
fe= b U 21 IR 2 IMKRGMEISERBTZBFTED T 7~ 61 3/Fo6NT, T
72 NMK 22 BH 2 AR THoT-,
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B R 212 KD AN A L O R T

RIEIClX, &7 A A 0 OSTRTEIREY 1L AAINRS & 27 7 F DMK SR X
5 ZRMEEEEBEOBRGHIOW TR Tz, LL, 7 AeWA 4o D 1LAING
(BT D NREFEDOHIENC B W TR ZRERIIGEON R o7, Flo, = MU VK
21 2677 AR 61 ~OEBMLNETH 7=, & 2 CTAETITRK 2 12X DA K
FHHE 2 % L2, applanatumol B &5k AE HIgd 2 & & L7z,

R 2 T~ v BT 2T VA FRIERIC LV BEA L, HER Lo =i A7
FODNARMEF G 2 G REIE CTh 5, T7hbb, E=VEZ AT 5EW 15
WXL, v U ATV E NSRRI~ A T AATINESE T all-trans 18 14 & L
Db, TATNDETE E=NVEOBRILFERICE Y WVR B 11 25T 5
(Scheme 21), £ D%, BAMESIET 11 O F ofiiO = B 2 VAL &< 73 FNERIEIK
IR ZREBHREAEEL, 61 255D E Lz, RBEICATFALEEZREL,
applanatumol B(1) # R AT H5HETH 5, REHTIX, {LEW 15 ITHT o~ v B
T AT NVONRFIRI)~ A 7 MASIIROSE DFRFHI W TR %,

Scheme 21. &1 2 O & kEtH|

AN ’ stereoselective
Michael addition
o}
oo
/ \

15

10 61 applanatumol B (1)

TR 2 1206V 1T C DI A 16 1% L CTRALEIY A F IV ANV T ¢ REEIRIFIET
o~ rxvvnazal Re 144U, BiKkE TEITLZEED 15 Z IR
35%. 1A-fHINOAHHEIT LILEY 62 ZULE 60% T1H7- (Scheme 22), L& 62
FEALR ARV VERHNTHAL, I 81 % TIEEW 15 ~E PRSI H T2,
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Scheme 22. L&) 16 ICxtT A= L~<r Ry A7l RO 1 ARG

(N Z“MgCl A
OH

CuBr-Me,S +
o _— O
THF
O o O
oS0 T W W
/ N / \ /
16 15 (35%)
‘ POCI,;, DMAP ‘
pyridine
0°Cto90°C

81%

WRIZ ALEW 15 1T D~ 1 VT AT VO NAREIR ~ A 7 AT INSIZ D0
THEFT L7 (Table 4), Z DO~ A 7 NATINIG TlE Figure 3 TO/EZENRGR & [FlEE, ~
0 R AT VO NREEOME VR LI LV, BN L E all-trans BLiE &2 H
TG 23 ~OPUKRNFAREE B 272, IFUHIC~va VBU AT LE, HELE LT
FTRUTLAREDS RZHWT THF BEH 45 °C TGS &2 A, IR 82%
TIEEW 23,63,64 2T AT LAY—IEAEY (1:4:1) & LTHE (entry 1), EAHD
all-trans 1K 23 136N DD, FEFMIT T AT LA ~— 63 Tholo, IbLH
Y 63 DNEAMY THHHMIT, HMERIEIZL Y v VEEY A TN B =V Ak
FHEMMLT=06, mEn~a VT AT VRN ZRET T h Y ofiii 7 e bk
MLl EELZ NS, FOH~a LB Y X u L THRISERRT-D, &
W2 DDA Y7 a EVEENAREE & 720 BOSITHEIT L7275 72 (entry 2), HiW T
YR UBT AT NN E A R AFVICEE L, B BOSHIEE R X OSSR EE & 1R
L7z TRV TARA RN RETm N UMRIEBEECTH D A ¥ ) — L OAE DY
T, L&Y 23 OERLEZEIM LT (entry 3), 72, 7 bXT BV T LE T F
NT A= VOMBEDEIZEBNTS, FREOTT AT LA ~—th (1:2:1) &7xo7c
(entry 4), 7' & b U MERBMREE RS L OMEEE LTEOT L axsy REHWDH Z & T,
RO MERE S, BTN ETS EE 2 HND all-trans RO AERLEEDSHE L
o BELUE, W TI DIl ZEET D720, MMEGERIE T A &/ — /WVIREEF Tk
UTLRA MY REEHSETLEZ A (LAY 23 OARMEARE M EL, E4RK
ML THLZ LTI LTS (entry 5), AREINMZEBWTEEISBIFAET 5 Z & &1k
AET D720, /LG 63 BLTY 64 DIRGWZIEGRTE T A X/ —VIEEEF, 1 4%
DF IV TLAA RNV REETICMN LIEE Z A, #i7oiibEY 23 DAL T entry
5 LRICYT AT UA~—th 25:2:5 ~& 2k LTz, ZOZ e OEERFEY £
T AT LA~ —RUZIEEE 15 250 LI PR FAE L, entry 5 OGS Tl
BN 22N TE AL B 23 ~ENURT D Z ERN LM E 2o T2,
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Table 4. ~ 17 g X7 )L D SLARSRIRI) ~ A 7 )VAHINBS O Rt

A
RO,C.__CO.R

O
o~ _)o
/ \

15
entry reagent base solvent temp. time results

1 R =Me NaOMe THF 45°C 24 h 82% (23:63:64 = 1:4:1)
2 R = i-Pr NaOMe THF 45°C 24 h no reaction
3 R=Me NaOMe MeOH 45°C 24 h 23:63:64 = 1:2:1
4 R =Me t+BuOK +-BuOH 45°C 24 h 23:63:64 = 1:2:1
5 R =Me NaOMe MeOH reflux (65 °C) 24 h 95% (23:63:65 = 25:2:5)

F7-. LML AWM ORI SRR E 1L, NOESY % W CHRE L7 (Figure 4),

Figure 4. 1A% 23,63, 64 O NOESY HIEIZ X B S R(L DR E

N R= 0
NOE o o
/ \
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FUUET  Applanatumol B 7 & I D44k

ATEICIE, v R A F IV OSREERIY~ A 7 /ARG ORREHZ DUV T~ 7z,
AEITIE, 3 FWEALRISIZ L D ZBRIEFEMEL L applanatumol B O 7 & I &G
(ZOWNTiE~ 5,

F9. (LAWY 23,63,65 DUT AT LAY —IEAWA LiAlH, EcL., RV A—
K 66 137D b, BF—fkT L a— L& RIRAYIZ TBS R# L7z (Scheme23), 5 54l
T AT VA —IREWME VBTN AT I a~ NI 77 4 —IZThHlEL, 1A
B L OEBIENPFTEOMM SR EZ AT 2MEW 671 207 AT LA~—l 11
THT,

Scheme 23. {.&%) 67 DAL

TBSCI
4 minor diastereomers imidazole
(derived from 63, 65)

DMF

rt
73%* (2 steps)

66 (derived from 23) * yield of only 67 67
(separated from other diastereomers)

(LB 67 DRy DAL TV a—vh AZADOL® TEL WL T 68 & L7=
?D 5. Lemieux-Johnson F&{L 2LV 77 K 69 ~LiFE 7= (Scheme24), =D
#%ILEY) 69 % Pinnick B2k L. BALREIBKKR CTH D /LR BB 24 AR LT,
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Scheme 24. &%) 24 DAL

cat. OsO,
Na|04
AZADOL®, PhI(OAc), 2,6-lutidine
CHyCly/phosphate buffer +-BuOH/H,O
rt rt
quant.

80%

NaClO,, NaH,PO,
2-methyl-2-butene

+BuOH/H,O
rt
82%

REWVTHILAR T 24 1Tk L, ZBRIEE B~ 720 FNEBRILEUS 2 /G LT
(Table 5), F 3 THF &EEH 60°C T 5% H.SOs KIFEEZERH S8 2 A, BILK
JSITHEITETIC TBS EDMRE SN IALEM DA% H 2 72 (entry 1), KIZT'® kv
2% IMHCl IZEZT-E 2 A, BHOEK 25 ZIUE 33%, 7 A7 LA~—l
5:4 OIREW T (entry2), FEWVTIMEGEIE T p-TsOH Z/EHIE- &L 2 A, IR
BLOUT 2T LA~—lnE blcm ELE (entry3), 7 AT LA~—thom L&
HEglZ 7 vk UMERPEIAED 1 > TH D HFIPA ZRM LN, WRBL YT 2T
VA —HITR T T 28R &2 o7 (entry 4),

Table 5. 5> FIBHLIIRIC & 5 I HEEEO B

H+
24 10 25
entry reagent solvents temp. time results (dr of C8’)
1 5% H>SO, THF 60°C 3h  deprotection product
2 1 MHCI THF 60°C 2h 25, 33% (5:4)
3 p-TsOH THF reflux 2h 25, 88% (3:1)
4 p-TsOH THF/HFIPA  60°C  3h 25, 61% (2:1)
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FEW TIPS T D I A T /UABIZ DWW THEET L 72 (Scheme 25), 1E&#) 25 (2%t
LT CAN b L%/ K 70 A LT-, {LAEW 70 13X C8 (L TOYT AT LA
~—IREWMTH AT, HPLC [Z TV T AT LA~ —% Bt LITE DNk F2H 5
HA6EM T1 5T, BIALEY 71 2 /KFUSINBOGZ X 0 358 13 L, applanatumol
B() D7 EIREMAER LT W,

Scheme 25. Applanatumol B D45 %

CAN separated by HPLC
CH3CN/H,O
0°C
65%

H,, Pd/C

THF

64%

71 applanatumol B (1)

A L7z applanatumol B (1) OEFEARY L7 — X [ ISCHME & BAF72—Ba R L
TW% (Table 6),
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Table 6. Applanatumol B @ HiEfih D NMR 7 —# B L OGO NMR 7 —#

synthetic product isolated product

No. Bu ¢ No. Bu ¢
1 148.6 1 1485
2 129.7 2 129.7
3 6.87 (d, 2.8) 114.0 3 6.87 (d, 2.8) 114.0
4 150.9 4 150.8
5 | 664(dd, 88,28 1176 5 | 664(dd,86,28) 1176
6 6.67 (d, 8.8) 1185 6 6.67 (d, 8.6) 1185
1 108.9 1" 108.9
2' |3.14(dd, 108,88 419 2' |3.14(dd, 104,86) 419
3 3.28 (t-like, 8.4) 50.7 3 3.28 (t-like, 8.1) 50.6
4 1814 4 181.3

5'a 2.18 (m) 29.9 5'a 2.18 (m) 29.9

5% 1.73 (m) 57b 1.73 (m)

6 1.90 (m) 326 6'a 1.90 (m) 325

6 151 (m) 6'b 151 (m)
7 2.28 (m) 38.0 7 2.28 (m) 37.9
8' 1.69 (m) 385 8' 1.69 (m) 385

9% 3.98 (d, 8.0) 59.1 9 3.98 (d, 8.0) 59.0

9b 3.91 (d, 8.0) 9b | 3.91(dd, 12.1,3.5)

10'a | 4.02(dd, 104,39) 642 10'a | 402 (dd, 10.7,2.9)  64.1

10b | 3.77(104,64) 10 | 3.77 (dd, 10.7,2.9)

ZDE DI 3N MBH RIS, OG22 R L7 B8P Bl Co~ m oy
AFIVOSRIEIRA)~ A 7 VIS, 77 b afid = e 2 U Ak &< o NBRBX
SIS L D ZBRIEB AR 2 BESUG & L, applanatumol B (1) ® 7 & I A Z K L
7

26



55 % Applanatumol X-Z DEE kL

AiEE ClX. applanatumol B DR/ RKIZ DWW T 7=, AFTIX applanatumol B D&
Rl A Z I L 7= applanatumol JHOMAFER G RIEDBHFEIZOWTFERT 5, H—
fiClX applanatumol Z DEHHUIZ DOV TR~ % _HiTlE applanatumol X 3LV Y
DEEICONTIRAD,

% —Hi  Applanatumol Z @7 & I &AL

Applanatumol FHiF Z AV E TIT 3 O MIHOFHZ A ME SN TEH Y , £DE < 13dhE
DEEEZH L TCW5, FEDBI% L7 applanatumol B (1) OAKF MK TH 21LE
¥ 62 ZH\WiliX, %< @ applanatumol FEZIA~EL S REBNBAIEETHD EB 2T
(Figure 5), & Z CHIKRDOHFTH applanatumol B (1) & 135272 2 B{LARX TH 2 Jak%
K X(5) BEDV Y (6) ZAHAIEMIZEDT,

Figure 5. Applanatumol 8D MEHET) A k1% O BAF AR

MeO,C E “OH

0]

HOOH

H COZR
applanatumol Z (7) HO. : /U\ 1 f
(0]

R = H (applanatumol X) (5)
= Me (applanatumol Y) (6)

R = H (applanatumol V) (3)
= Me (applanatumol W) (4)

HO
|
o)

:C:OzMe

applanatumol Z2 (72)
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Applanatumol X (5) BEL TN Y (6) DERKAEITOITHIZV . LRI WA AT %2
{T> 72 (Scheme 26), Applanatumol X (5) BL O Y (6) IHLEW 26 2k 557N
BALKISIC I Do b DL L, 26 1 3IEAFIEKD—D>TH D applanatumol Z (7) 7226
WA ST £ & RFTEE & L7, Applanatumol Z (7) 13L& 27 LV FERHEE L
72 T 725 applanatumol X (5) BL O Y(6) 1L Z(7) AL CAKRMIRETH D &
EZ T,

Scheme 26. Applanatumol X-Z D ifi& il fEAT

CO,H
HO MeOQC MeO,C ""OH “'OH

O H OH OH

applanatumol X (5 applanatumol Z (7

VT AT VAT —REWTHHILEY 62 D= VAR L TT LT e R
73 £ L7=D%, Pinnick FRILIZE D LR R 74 & L7z (Scheme 27), =Dk AT
NI AT AL ER FER EOAFNVEERELTLOL, T AT vA~—%0HL
applanatumol Z (7) DA K& /K LT,

Scheme 27. Applanatumol Z D&%,

cat. OsO, u NaClO,
NalO, 2-methyl-2-butene
2,6-lutidine OHC OH NaH,PO,
t-BuOH/H,0 o +-BuOH/H,0
0

0°Ctort,1h 0 O rt, 30 min
89% / \

73

TMSCHN, ~ MeOL

3
toluene/MeOH CH,Cl, @)
rt, 10 min 0O °C,15h HO O OH
53% (2 steps) 23%
75 applanatumol Z (7)
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L& 17 OBEFEANT MVT—Z T CHME & O B4f72—E %R L7 (Table 7),

Table 7. Applanatumol Z @ i NMR 7 — % B L OEAMGD NMR 7 —#

synthetic product isolated product

No. oH &c No. oH &c
1 157.3 1 157.3
2 120.7 2 120.7
3 7.45 (d, 2.8) 116.6 3 7.46 (d,2.9) 116.6
4 150.7 4 150.7
5 7.04 (dd, 8.8,2.8) 126.4 5 7.04 (dd, 8.9,2.9) 126.3
6 6.81(d, 9.2) 119.6 6 6.81 (d, 8.9) 119.6
1 207.6 1 207.5
2' 4.04 (dd, 8.0,5.2) 59.1 2' 4,05 (dd,8.2,5.1) 59
3 4.30 (dt, 6.0,4.8) 78.3 3' |[4.31(dd,109,52) 782
4'a 1.89-1.98 (m) 35.9 4'a 1.94 (m) 35.9
4b 1.76-1.84 (m) 4b 1.80 (m)

5' 2.08-2.18 (m) 279 5' 211 (m) 27.90
6' 3.37 (dt,8.0,8.8) 47 6' 3.37 (m) 46.9
7' 176.5 7' 176.4
8' 3.63(s) 52.6 8' 3.64 (s) 52.5

eV T MRIRINY 72 applanatumol Z (7) D&% % R 7= (Scheme 28), Lo LALE
Y 16 \ZxT 5 B =D 1LAFINC B W CLRRIEO RN RE ChH o722 & |
FZOBRIEIZENTH AR EOARFTLOSLARHIHEIZ ST RAF 2255 R D
DR oTTe D, /LB 16 75 ONLARIEIRAYZL applanatumol Z (7) DA FITIEE
R oT,

Scheme 28. Applanatumol Z 7> 5 O F5EET

low selectivity

o
o

B, co,A
MeO,C ‘OH 2

applanatumol Z (7 R = H (applanatumol X) (5)
= Me (applanatumol Y) (6)
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% i Applanatumol X BILW Y T &I £H

AT TIE applanatumol Z (7) % #%H L7 applanatumol X (5) 3L Y (6) D&%
B L7228, SMAKERIY 72 applanatumol Z (7) D& RN REETH - 7272 Z ORREE I

frs L7, & 2 CARE T2 A RGEHE 222 L, applanatumol X (5) 38 XN Y (6)
DEEREHE LT,

VL RICH =72 A kit 2 245 (Scheme 29), 9 724>, applanatumol B (1) O&
RFRERD—2>TH DAY 15 500 TINBILMIGIZ L 0 ZBREFKZMEEL 28
ELEDL, BMITEOEREZITV applanatumol X (5) B LY Y (6) Z AT 5 atHE T
H D,

Scheme 29. Applanatumol X XY Y OA I AN 728 7- 72 & BEHE

002R
: : :lj o

28 R applanatumol X) (5)

H(
Me (applanatumol Y) (6)

T/ 15 IZRH L TC=RAbAR VR EHNTHA F L L, 76 &5 L7z (Scheme
30), W TH FNERIEESIZ DUV TRRET L7z (Table8), Entry 1 TiE p-TsOH f#{E
MELT= & 2 A, ITEDERILIKR 28 BE LN L DDOREWKIGEEH, HREOIEER
ORI Ll R DWW FERITHE D e o 72, FeW THEHE 2 VTRt
HZ & & LT, Entry2 TIIKEBEET MU U AEZHWTHRE L2, BRINETH -7,
Entry3 Tli& THF BHEFREED U U LZAEH S0, ROSTEIT Lo T, £ 2
T entry 4 TR Z A X ) —VIZEZTZE ZAPNE 8%, VT AT LA ~—tk 51
TIbEW 28 ZHUSTE 72, X HIT 50°C THEALZE Z AR 96%, VT AT L
F~—Ib 8:1 IZE Tl kL7 (entry5),

Scheme 30. =B EHE DEEO MG

ol Y _
N N H .,
BBrs Table 8 HO O -H
0 CH,Cl, 0 S ‘ % )
oS e i
86%
15 76 28 m
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Table 8. 77 PNERALS S DA ET

entry reagent  solvent temp. time results?
1 p-TsOH THF nmto50°C 5d  64% (dr=2:1)
2 NaOH THF rt 14 h 15%
3 KoCO3 THF rt 3h no reaction
4 KsCO;  MeOH rt 12h  88% (dr=5:1)
5 KoCO3  MeOH 50 °C 12h  96% (dr=8:1)

@ Diastereomer mixture at C6.

Bon 8w baw 28 O = VEOBILBA L i< Pinnick FR{LEZ1TV,
applanatumolX(S) DA EER LTz (Scheme31)Y, DB I /VR U WHE AT /Lx
AT~ ZEH L | applanatumol Y (6) ~DFHEIZ L L7z 1),

Scheme 31. Applanatumol X 53XV Y OEH

cat. OsO, NaClO,
Na|04 CHO NaH2PO4'2H20
2,6-lutidine 2-methyl-2-butene
1,4-dioxane/H,0O +-BuOH/H,0
rt, 12 h rt,1h
99% 78%
O CO.H O, CcOo.Me
HO Mo TMSCHN, HO YA
toluene/MeOH
o4 t, 30 min o
applanatumol X (5) 76% applanatumol Y (6)

It 5 BELWY 6 OHFEART MAT =X, UEEE BRIif 2 —8Z R LT
(Tables 9 and 10),
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Table 9. Applanatumol X D HEfESL D NMR 7 — % B L OERKALD NMR 7 —#

synthetic product isolated product

No. OH &c No. OH &c

1 155.7 1 155.7
2 120.5 2 120.5
3 7.15(d,3.2) 1114 3 7.16 (d,2.9) 1113
4 153.0 4 153.0
5 7.02(dd,8.6,32) 126.3 5 7.02 (dd, 8.9,2.9) 126.3
6 6.84 (d, 8.6) 120.3 6 6.83 (d, 8.9) 120.2
1 195.0 1 194.8
2' |3.08(dd,10.0,4.1) 552 2' 3.08 (m) 55.2
3'a | 4.95(dd, 6.3,3.2) 846 3'a | 495(dd, 6.3,3.2) 84.6
4 2.09 (m) 33.1 4 2.09 (m) 33.0
5% 2.32 (m) 291 5% 2.32 (m) 29.0
5D 2.02 (m) 5 2.02 (m)

6 3.03 (m) 472 6 3.03 (m) 471
7' 1784 7' 178.2

Table 10. Applanatumol Y D HiHE, D NMR 7 — % B L OGO NMR T —#

synthetic product isolated product

No. oH &c No. oH &c

1 155.7 1 155.7
2 120.5 2 120.5
3 7.14 (d,3.2) 1113 3 7.15(d,2.9) 1113
4 153.1 4 153.1
5 7.02 (dd, 9.1,3.0) 126.4 5 7.03 (dd, 8.9,2.9) 126.3
6 6.84 (d, 9.1) 120.3 6 6.83 (d, 8.9) 120.3
1 194.6 1 194.5
2' 3.04 (dd, 1.8) 55.5 2' 3.03 (m) 55.4
3'a | 4.96(dd,6.4,34) 84.6 3'a | 4.95(dd,6.3,3.2) 845
4 2.11-2.15 (m) 33 4 212 (m) 33.0
5a 2.27-2.34 (m) 28.8 5a 2.31(m) 28.7
5D 2.00-2.06 (m) 5b 2.02 (m)

6 3.06-3.09 (m) 46.8 6 3.07 (m) 46.7
7' 176.7 7' 176.6
8' 3.70 (s) 52.8 8' 3.66 (s) 52.7

Z D X 51T, applanatumol B (1) O & FRIMAE 62 LW 15 ZFH L T
applanatumol Z (7) 3 X OBRILEER D F 72 % applanatumol X (5) BL N Y (6) DEH
F AR LT, FRICRAY 5 BEDN 6 AT DB, mARSRIIIC BRI E#K O
WIS LTz, £72. AR RIA 16 13 applanatumol $H% &5 Ek3 5 ECEEZHH
KTH, X575 applanatumol JHO BN AIRETH D Z & NRIB I LTz,
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5 —HF  Applanatumol A DAL

Ai% CTlX. applanatumol B D& RH A A FIH L 72 applanatumol X, Y, Z DORH K
[ZDOWTIR 7z, FEWVTARFE TIX applanatumol 5D —-2>T& % applanatumol A D4
BRI DN TIER D, FH—EHTIL, 0 FAT IV R—VRORIC K 5B BEROHER
FHZDOWTIHR RS, 5 HiTld, —RFEIRLUCDRFIHE R I ONTIRA D, 5 =i
TIE, 7 FNEBRAEROSIT L D TUERMFHAESLE LY applanatumol A D 7 & I 25,
IZHOWTIRR%, FHUEITIL. applanatumol A DOARFEEFRIZ AT T2 ARFIZE T OGS
IZDOWTIR~ 5,

B LEBRMEOM

1 U®IZ Frater-Seebach 7 /L /UALKSHIBRATH L6 37 BLW 38 D&
FRAZ DUV TR L7z (Scheme 32), 7 & REERR X T/ (78) 1Zxt L CT U LI ZEA L
52 L LB, b UEML A KRB LA T FERT P DALV ETLL T AT L 37
Z G L7 (Scheme32A)19, —J5, &9 —2DOHEWEH THDH 1-7 2E-25-TV A ¥
TRUBY (19) LT RV ELT LI =)L (80) LOWEL v 7Y T RISIC R
Taa—) 81 L L7eObL KEEEZRFNHL T7 uE(R 38 2157~ (Scheme 32B)!7,

Scheme 32. L5 37 BL O 38 OEAL

A NaH
then n-BulLi
o O allyl bromide o O NaBH, O OH
\OJ\/U\ THF ~o Z  MeOH \OW
0 °C to rt, 30 min 0°C,1h
78 98% 52 77% 37
B
~N ~N ~
0 Pd(PPhs), 0 0
N /\/OH Cul Br,, PPhy
~ n-BuNH ~OH B
Br UNH, = CHxCl, Z
reflux, 9 h 0°Ctort,1h
/O 86% /O 99% /O
79 80 81 38
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BWTHAEKRLIALEY 37 BXL O 38 & V7= Frater-Seebach 77 /L /VAL K is &
17> 7= (Scheme 33) '), fl 4 St L7z, THF ®EEH LDA % 2.4 4 EHWT
20°C TRIGISHTZEZ A, WHE 70% H—ONAREMEERLE L TEEY 36 2155 2
EMRTEL, £ ZORISIZEY C6 BXO C7 Mo L7I-AF OO G
R L7,

Scheme 33. Frater-Seebach 7 /L % /LAV S its

~o ~o
O OH LDA (2.4 eq.) N
JJ\)\/\/ " 6
o B THF = “:OH
o —50°C to —20°C, 10 h o 7
e 70% e Cone
37 38 36

single isomer

TV TARBSIZ BT D AR SRIRPEFR BB IS DWW TR T % (Figure 6), £ HAH
37 1T LTI YEHD LDA RIS L, VFULAT VaxT R 37 BNERT D, i
WT 2 BEHD LDA BN AT )V afizi7e hAb LT F L) T— 1k 377
WEKRT D, 2OLEx, VFULT /) T7— b DUFTAFRTLETLaxy FORER
T L DM THEIHEAFEHANAET, SEERERIZaZ VAR A—a rBREESND, 20
FOBHRMRIZRE L, T ALHITH DAY 38 N7 7T =V EEBET 5 L2128
ZEVNTW D N BEEE U TGS EITT 2720, LR OSIASRIRMER B L= &5 %
TW5b,

Figure 6. Frater-Seebach 7 /L WAV SIZ 31T 2 SEARRIME RS BIEERE D 5 52

Li /+/\

O OLi LDA OLi OLi _Li—o o

<74 37" N

Il
O

)

FWNTILEY 36 DA TF NV AT )VEL% LiAlHs I2XViET L, U4 —/L 82 %
372 (Scheme 34), L&Y 82 OMHRNKEE L IET D7D, T A NR#EL
TILEY) 83 ~EFFELIZDB NOESY HIELIT o7, TORER, KnT 571 b
2 nOe FHRANBIHI SN Z & h ., (LAY 83 IFFTLED VKL FE AL TNDH Z
EMRBINT, HEWTHTFNT IV R— AV RIGRIBRMEEZ GRS 5720, U4 —/L 82
IZxF LT, ZoDOKERED T ' F AL LT L AL ~K RN & A A SR (D) n
KF & O TRIFFICITWDN 19D, 77 by 41 &R LT, T v3 » OKFIRS OBiEHT
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BT, BEORMICTOKRSITERTE TWEb DD, oD KERHEN
NUDNANLT b~ EBRZIAL FEIRIEEY 86 ~E AN TLE S>MENELT
(Figure 7), Z ORI Z RG2S 728, 1,3-V 4 — LERNLD TBS fRi#ECT & A R
AT, BRESRM T COKRMIETIEWT L BAAE I LT LIV, IS
¥ 86 ~LUUKRL7=, L2 UHiBEEL (1) n KF0¥ % VD50 Clk, ftEgek (1) 23
Lewis gL L CTE, —DOKEBEIENTIZT EF AL ST D BITKFIBOG DS E T
L7, BEIRLEY) 86 ~EEHIND Z LR BIEDT bR 41 BEDHZENT
7, HOTHEAY 41 O =D VA — bk Efi< AZADOL® |2 X 5k 20k
L ORAF N 2T ML EIT, 5 FINT IV R—)VIJSRIBRA 79 % 3 TREAICTAER L
7=

Scheme 34. 5> N7 /L R— L SRIERA DG A%

0
~ O>< /no_e\'
83
2,2-dmp, CSA
CH20|2, rt,3h
quant.
~o ~o o
X LiAIH, N Feo(SO4)5"nH,0 A
F ""OH THF G ""OH AcOH "'OAc
0°Ctort,1h 75°C, 12 h
0 COMe oo 0 OH 7% 0 © Ohc
36 82 M

1) AZADOL®, NaNO,

~
0Os04 OH AcOH, O, balloon Q MeO,C O
NMO CH3CN/H,0, 1t, 7 h
acetone/H,0 “'OAc 2) TMSCHN, "'OAc
rt,5h toluene/MeOH
O O OAc rt, 15 min O O OAc
79

84 47% (3 steps)

Figure 7. /KFI )& COERILAD ORIZE

AN HzO*
0
oF N
~N
o
o O
~ OR AI’ O ‘?ZL
85 86 Ar =
R=HorTBS

or acetonide _0
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FEWT, 7 b= ATV 39 1ITxFT 55 TNT /L R— VOOV THRRET L7z (Table
1), FTHDOIHEEEIZ LIHMDS & W TR L7223, EENEET R THh -7
(entry 1), Z DFERNBALAEY 39 NIEEESFMTICH L TARLEETH D Z LIRS
Nl WIT Lewis e & LCU(bTF# %, TIVHEELE LT NN-UVA Y TrENL
TFVT I W TRRGET L7223 2D, ROSITET L2 o 72 (entry 2), #iel N TSR
EAERECTHRIEIL L ZA, FEOHEDHER S LD O ORGSR O LR %
HZ55ERTh -7 (entry3), ZOLAMICONWTERSTEIT-T2& 25, FEO
K2MEDGTEThSTZ D, OTRITT NV R—=ARISDEIT LT EBE LT,
F£7-. Lewis BEAHALHENICE X THRET L7223 entry3 & [R CARM) % 5-% 72 (entry
4),

Table 11. 75 PNEAL G DO FRGT

o o
MeO2C O M602C
table
"'OAc "'OAc
0 © OAc 0 O OAc
39 40
reagents solvent temp. time result
1 LiHMDS THF -78°C 1h decomp.
2 TiCly, iProNEt CHyCl, -20°C 18h no reaction
3 TiCly, iProNEt CH,Cl, rt 12h unknown (MW = 923)
4 ZnCly, iProNEt CH,Cl, rt 18 h unknown (MW = 923)

-7 N AT IVCHKT DTN T v R— VG E R L b BEREEIINECTH
Slefed, AFNVTZAT VAL Ra %y XA F)VEFER~ LB LT hFETO
TV R VRIS Z BRET LTZ (Scheme 35), §772bH, LG 41 OE=LEDO VA —
MEEFE L BT Vv — D TBS (Ri#IZ LD ILEY 87 AR L7z, W\ TH
W7 va—/v%& DMP b L7~ 88 #1G7-, 77 b 88 W/ T L F—
IVES Z BT LT22 L JRUBHEN SO BOG SR DML 72 LI X W AT D 7 )L R—/L{K 89
ECEYCY WA Ny
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Scheme 35. 4> 7N T /L R— LG L 5 EEBEREOKRZ

h > ~ oTBS
o 0] OH O
0Os0y OH TBSCI OH
NMO imidazole
""OAc acetone/H,0 """OAc DMF "OAC
rt rt
- OAc -0 0 OAc  52% (2 steps) -~ © 0 OAc
1 84 87
~ OTBS ~ OTBS
0 0
0 OH
DMP
s —— —H—
CHCly "OAC OAG
rt
quant. 0 0 OAc 0 0 OAc
88 89

o b VRETOSFNT L R VRURIIREECH 5 LMl L, TV K= T 72
F—%TNTE FICEZCEREFT 22 L L Uiz, LTICH 6 a2~
(Scheme 36), (L& 41 OT T =V EO ERHGEHA AR L T LT K 42
ELTDL, HFNT IV RV RIRIZ L0 LEBRILAEY 43 2 AT 5, Kl T
FWIRI 2 GO TROERIZE D AF V2TV 40 28705, 5 TNBEK
SRS KD TUBRMEE A 24555 L C applanatumol A (2) O RARZ EK T H5HHTH 5,

Scheme 36. #17= 72 A ETHH

o) (0]
intramolecular
N oxidative cleavage aldol reaction HO
""OAc ""OAc
O © OAc -0 0 OAc
M 43
~
M902C
carbonylation O
"'OAc
0 0 OAc
40 applanatumol A (2)
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9. MBEAAI v LABLIOEI VRS N v AEHACTEEY 41 O _ERE
BN EERLBAR L, 7T B R 42 21572 (Table 12), W TT7 7k K 42 & [
W25 FINT IV R—= VSO W TG LTz, £THIOIC +-BuOK Z =R THW &
A FTEOT IV K=K 43 BNELNT-H O DORKIERSSL < ORIAERY % 5 2 1=
(entry 1), & Z CTHUMREEZ 0°C IZZE X THRET L 7RG R, BAIKOIHIC L) L7 b
DD entryl ERFRIZZ < ORIVESWEZ 5 27, 2L +BuOK (2L 257 EF /L
ENPAREINT-ONFRINEEZER L TND, RIZT I UHEETH D DBU ZHWTH
RFL7e, ROSITHEST L7Ze > 72 (entry 3),

W CAMIGNZRFTT 2125720 LLFIZRT RBatti HIZL5584:25F Lk
22, R. Batti 5% 2008 4EiZ 1,5,7- N U 7Y E 7 1[4.4.0]7 7-5-= (TBD) % i
IZH W= enol-exo N T v R— L EORZ & 5 TLEERE KOUKBER O G RE % H
£ LTV 5 (Tables 13 and 14), =D, 2010 4EIZ F. Himo O30+ 7 /L R—/VIX
2 F T 5 TBD ORI DWW THE L TWD (Figure 8) 2, T72bbH, £
TBD 7 b UFAAHERH L, 77 o= ) —fbZRET 5, Z20%, =/ —/LEL
DKFE[EPFE DD, TBD OF T I/ ERT AT E REAFBREALTT AT
t Ro7m hiAbERE L, FHNT IV R— VOSSR HEITT 5 &0 ) OGRS CTH 5,
TBD i7" ki MAfbB LT 1 b fbD —SDEERZH+T5 2 & TPV R—ILRE
ZREL, DBU &7 I VERERI Y bEWiEEE2 RTEE2 6 T05, Lk
SRS ALAEY 42 \THT D FNT L =L RISICB W T HiEMA RETH 5
& B2 SR A i L2, THF W 0°C © TBD % 0.5 MERMLIEE Z A,
— R SSNHEI TS D b O DILER 58% TT IV R— Lk 43 # LAY E LTHE
HZ B LT (entry 4),

Table 12. 7377 /b B —/VEUSHIBEAED G LIS KOV FIN T L R — VBSOS O

(0] t 0sO (0] (0]
cat. OsUy (0] HO
N NalO,, 2,6-lutidine X table
"OAc 1 4-dioxane/H,0 ""OAc ""OAc
rt, 30 min
/o 0 OAc 97% /o 0 OAc /O 0o OAc
41 42 43
table
entry reagent solvent temp. time results
) 434 (minor) , dehydrated product (10%),
1 +BuOK THF rt 15 min inseparable unknown byproducts (major)
2 t+BuOK THF 0°C 15 min 434, inseparable unknown byproducts (major)
3 DBU THF rt 5h no reaction
4 TBD THF 0°C 3h 437 (58%), dehydrated product (11%), unknown (applox. 15%)

a: diastereomeric mixture
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Table 13. 5 or 6-exoenol 53N 7 /L K — Vi D HID

(0] (0]
base OH
L0 e
THF
rt
table
entry base time yeild
1 TEA 18 h 0%
2 DBU 18 h 1%
3 (S)-proline 18 h 33%
4 TBD 30 min 94%
Table 14. 5 or 6-exoenol 153N 7 /v R — Lt D@
)
N/XH o
e e
THF
n rt, 30 min
table
entry substrate product yeild
O oOH
1 n=1 i:/J%[i\ 59%
O oH
2 n=1 ©)L'*© 90%
O OH
3 n=2 )‘l‘%@ 76%
O OH
4 n= 2 91 o/o
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Figure 8. TBD O 7’1 b AR A FIH L7200+ T L R—/L i
N
o) (\/k\/j o)
) OH H N

protonation & deprotonation;
bifunctional catalyst

d N Y :
i H
()

n
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WH —RARROE OB

RITEC T, TBD Z AW+ T L R— LRSI & 0 B BB ORESIC LTz,
& ZTCOARHEITIE, —IRFBEIRKIGZITVY applanatumol A D7 7 K EALIC Y T2 B T
VIR =V E O Z B LT,

ETHOIIC, LAY 43 12xFT 5 IBX BB LR 77— MeIZE D =1 K
Y77 —1h 44 Z#45 L7= (Scheme 37),

Scheme 37. {t.&%) 44 DAL

~

o) 0 Tf,0 0
HO IBX 0 -Pr,NEt O TfO
"'OAc CH4CN ""OAC CH,Cl, "'OAC
r,1h 0°C,1h
L0 0 OAc A0 0 OAc  74% (2steps) °© © OAc
43 20 44

HRIZ, YT T— 1 44 (T3 5 —RBEIRISIZOWTHGES L7 (Table 15), %
THIOIZ LR BFHRTIZTA bF TR = AR E A T2 D3 BOSEHETT
L7z o 7z (entries 1and2), F7/z, EHIOIZ LV #E SN2 —BLRBEMEZ Hu
7o F VIR = ACEOER 2 TIE LR 91 B8 L OEHERIRGW A 5 272 (entry 3), _LFdfE
R b —BRGIRSE 7 W TR O IX R EECTd 2 &l L, 570 2 R REZA 2
Teh TV T RO K DR il Iz, T ACHiSh E FHWTARE S v ) VTR
JETIE, FRERNL T /1K 45 24572 (entry4), £7-, VAT LA E V28
AIXEIRIC THEICRICDSEIT L, PRI TA TR 92 255 T& 72 (entry 5),
Entry 6 3L 7 Tl =/~7 v vh7 ) FEYIREAESEE=/VEHAHK
MW TIRFED v 7V U TROSERARTZN, FEZ RN LTz, 72, TMS A F L
DA 0% KT, BUSMIEHEL L7 (entry9), BcBIChU 7F LA Ry
AFNED Stille 71 7YV TS ERGET LT, HHERIBRG WA 5-2 72 (entry 10),
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Table 15. — 2 5 SO DR

~

(e}
Tf
O © table
""OAc ""OAc
0 0 OAc OAc
44 40 :R=CO,Me 93:R=CHCH,
91:R=H 94 : R = CH,TMS
45:R=CN 95 : R = CH,OH
92 :R=Me
table
entry reagents solvents temp. time results
1 Pd(PPhs),, Et3N, CO DMF/MeOH rtto 65 °C 15 h NR
2 Pd(OAc),, PPhs, Et3N, CO DMF/MeOH rt to 65 °C 2d NR
Pd(OAc),, Xantphos, Et3N .
8 2,4,6-trichrolopheny! formate toluene t 3h 91 + complex mixture
4 Zn(CN),, Pd(PPhg), DMF 80°C 2h 45 (65%)
5 Zn(Me),, Pd(PPhs), DMF rt 4h 92 (91%)
/\
6 MgCl (4 eq.), ZnCl, (6 eq.) DMF rt to 60 °C 5h NR
Pd(PPhg),, 1,4-dioxane
/\
7 Z~ MgCl (10 eq)) ZnCl, (5 eq.) DMF rt to 60 °C 5h SM + complex mixture
Pd(PPhg),, 1,4-dioxane
TMSCH,MgCl, LiCl . _ .
8 Pd(PPha), 1,4-dioxane rt 30 min complex mixture
TMSCHoLi, AICl, .
complex mixture
9 Pd(PPhs), toluene rt 2h plex mixtu
10 ”'B“fg(f;gﬂ;" Lict THF ft 1o 60 °C 8h complex mixture

FROBETOFER, T VKRB L ORAFAEOBEENTEETH T2 2 b, 2
D ODILEMZONWTE L2 5 REtEED -,

FEFTIIA T IR 92 ITXF 287272 B RG22 7”9 (Scheme 38), L& 92 D A
FNLIKDOIILE L OFEFER ELOMA T LIZEY 40 & L7eDb, 55 FHNERILKISIZ
X0 UERME B 2 #8545 L. applanatumol A (2) & & T 2 HHEITH 5,

Scheme 38. A F /LK 92 Z A= 7- 72& BCEHHE]

oxidation of
methyl group

applanatumol A (2)
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FEEIEIO S & TR =V LD A F ORI DWW TREFT L 72 (Table 16),
FTHOIC b LB TRF LR, A F VRO A TEER EO Yy
b SNTAbEY 96 #INUR 38% CThH X7z, TOHRMSBH ZIT->T-fE%, &
B LD yMRNEICB LSRN LD @bt L I X 5bEaW 95 DA RITIA
HThHDHEHE X, KV T Rubottom FE{k 2% KT L7, Entry2 TiZ TMSOTf ¥ &
N NN-TVAY TN TF AT I I L ) — v —T U LT=D 5,
mCPBA |Z L DAL AT DGR A E 52 7=, v U v= ) — Lo —T )L
fEL7zB%, CER EICEHEAGZHET LY ) —UEREAE L TAEKLIZTZD, entry
3 TIEEEWRERTHD LDA 2Ty U v —rxz—T b LT, & DOREHE,
FHREY AFVEOT o bonsl kv v ) — o —T K E AR TE
7eh3, %< mCPBA I K Db CIIEMERIREM A 5 2 T2, &%I\Z Davis B2{b 2%
AT, FIRRICHEME IR & 5- 2 T2,

Table 16. * F /L EDEEL.DOFaET

~o S0  OH S0 OHo
® = C
""OAc ""OAc ""OAc
0 0 OAc 0 0 OAc 0 0 OAc
92 95 96
table
entry reagents solvent temp. time results
1 SeO, 1,4-dioxane 100 °C 2h 96 (38%)
TMSOTf, iProNEt CH,Cl, -78°C 1h
2
mCPBA, NaHCO3 CH,Cl, -20°C 4h complex mixture
3 LDA, TMSCI CH,Cl,
mCPBA, NaHCO3 CHJCl, -78°Ctort 1h complex mixture
4 LDA, Davis reagent THF -78°C 2h complex mixture

FNVR=Z)V LD A FNVIEOBGITHRE CH 72720 FENTTT K 45 -
T BB E1T > 70, LA FICARKETEZ 7R T (Scheme 39), ¥ 7 /K 45 Zi A F L
fbL7leob, 5 FNEGEIS ATV applanatumol A (2) &R DEHEITH 5,

43



Scheme 39. 7 /1K 45 Z 7287 724 EE

o OH o)
NC NC
- > O _— Q’f 0
“OAC "'OAc
HO OH
.0 © OAc OH © OAc o)
45 97 applanatumol A (2)

ETHIOIIC, ALEW 45 1T DB A T ALIZ OV TR L 72 (Table 17), Entry 1
TIEH=ZRBALAR T FEZHWOTIA F AL ERBR TN, 7 OV ML E T D A
FNIEDBPPEA TF AL S NTALEY 98 % 5 %2 7=, Entry 2 CTIZ=RALAEUEE 10
BEHANWTIA F AL Z R0, EHERIRE W % 5 2 -, $i T Lewis B8z H(L7T
IV = MIEZTHE LTS, ROSITHEIT LR o7z, F7-. Bronsted iZ Th 5 5
{EARFEZ N TGEITEME IR AWM Z 5 %27 (entry 4), Entry 5 TIX R U AF LY
Nnzual RBEE 7Y F U LOMAGOEEZRATZN 2, FERICEHE IR %2
5.z T2 %2 CAN ZHWTX ) UARA~OE B % R A 7203, FURHAI IS X OV e
REW % 5 -2 7- (entry 6),

Table 17. > 7 /1K 45 |Zx9 2 i A F AL OFRGT

~0 OH ~o
NC NC NC
'D table _D 'D
"""OAc ""OAc "OAC
/O (0] OAG OH O OAc OH O OAG
45 97 98
entry reagents solvent temp. time results

1 BBr; (7 eq.) CHJCl, —-78°Ctort overnight 98

2 BBr3 (10 eq.) CH,Cl, —78°Ctort overnight complex mixture

3 AICl;, MS 4A toluene 70°C 6h NR

4 HBr AcOH rtto 80 °C 2h complex mixture

5 TMSCI, Lil CH3CN 80 °C 2h complex mixture

6 CAN CH3CN/H,0 0°C 1h SM + complex mixture
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FEWNT, 7 21K 98 Z W HIC K A BRILS 2 Mt L7c (Scheme 40), L 72>
L 6-endo BRILSISDESLE L CTREZ 7205, 7 2 FBBiEEL 72L& 99 %KX
RTCHEZDDHRTH-T-, UIEDOFERNS 7 = ) —AAMKBEIED A % V-~ A 7 L Af
BT BN T, 5-exo BRILIG LV b 6-endo BRALIL 2N EEFRIICHRITH D =
EWRBEENT, ETBRLRIGZFATT DRI, &7 7 FEIFMBERED 72 W LR =1
NI TV ENHD Z ENHIA LT,

Scheme 40. > 7 / {K 98 (Zx}9 5 BRALE S DR
~o
NC 0
T Yoo — \/ﬁj%lilf“
M'OAC (o) T oA
OH O OAc
98 0

ZIZT, IR — =T NEHWUT RSOGO L T v T e R
DLW AT (Scheme 41), L2 U4 Sefffaat L7228, BOBHEIN S L < I3&
ROEHACPBHI SN D DR TH T2,

Scheme 41. 7 % — « = 7V ZHW =7 7 EDEIT

~o ~o
NC Raney-Ni OHC
_— -
O "'OAc O "'OAc
.0 O OAc L0 0 OAc

45 100

i 2 DRFEREHN DT 7V o T ROGERMA F AL KO 7 2 BEOZE TS0
HEAT LAV E LT, HERDS T b L3y T /X To R EMRS Z
L CRISROETHEEMET L, KISHAKRE AEFLTNS R0 EEE L, 22
TAU VALY b 2RI L THER BRI L 720 b 30 Flix O BERAE 21T 5 B
F 7R QORI & VIR LT (Scheme 42), TAD L. LA 44 DL VLS b %
BIRLTT Aa—L 101 AR LE=0L, —RBEMBERIGICE D A F LT 2T LA
(7 ORESR I LN D T A a— LA b LT 40 2 AT 5, BBl A
FIE L, 5FRBEILRIGHTERE 46 21353 B Th 5,
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Scheme 42. X U NANLDIRETCIT K 2 AR DR % (¢ - T2 B 7= 72 A Ak a T

~o ) ~o0 carbonylation
reduction of ketone Tio &
O TfO of benzylic position O oxidation
"'OAc "'OAC
.0 © OAc O OH OAc
44 101
OH
. MeOQC
demethylation O
OH O OAc

46

HIOITALA Y 44 12 L, DIBAL & MW= _U DALy DR ILB LR >0
TR FNIEOPRHEEZITO N Y A —/ 102 ZUE 80% THH/- (Scheme43), =D,
Pd(PPhs)s fIEAFTE T, —B{LRBFHASIEEZRASLTE AT 7 P AR 103 2527,

=L hY 77— ML A~S—{LIREPTFFA SN b OO, IEHICLE T D5 k7T
LI ANREHBELCT V7 AL LT EEBRLZ, £2TF 7 b 103 % DIBAL
TEILLT VAT IV a— L 104 ~OEEEZRLN, MERHOERM & 5 2 12,

Scheme 43. X UNANLDIRETTE L OB VR = AL O A R

~

(0]

10 CO, Pd(PPhs),
O DIBAL EtsN, MeOH
"""OAc CH,CH, DMF
-78°C 60 °C
0 0 OAc

80% 23%

44

0
Q
—0 "OH DIBAL
OH CHch2 "OH
-78°C
o
/
103

104
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RUVNNLOFE BT N a— VN REFETH L E T 7 AL TH T VI LT
7o, H kT A — VARG LT D BT — IRFH R UG A RET L7 (Scheme 44),
TROLALEW 102 D 13-VA—NE 2T A RRELZOL, XU
kT va— L& TBS R THR#EL TLEW 106 2157=, {b&# 106 (2% L T—
Bl B4R AU 2 i T2, SUGR T TBS EABURESNTZOBLZ 7k Abn
T L7AEEY 107 2 5-27-,

Scheme 44. {f#EK 106 O H LR = )AL DOfF&EFID

o
2,2-dmp TBSOTf
TfO
O CSA 2 6 lutidine
“wOH  THE T CHCl,
rt, 3 min >< 0°C
-0 OH OH quant.
102

89%

o)
0 CO, Et;N Q7

O Pd(PPhs), —0 7 "Q
DMF/MeOH o><
OTBS >< 60°C,7h

106 107

— 7. ALEW 106 2k BT DD v T 2 T ROSIIRINER 22 0N HHELT L
T K 108 Z457- (Scheme45), i\ T 7/ H%A DIBAL TE L CT7/LT b R
109 & L7=™ b, Pinnick B{LIZ LD VR B 110 #ERELTZ, LML ALK g
110 (Z%}9 5 TBS ZEOBAELISTETE T MEOEY 11 1 3EonRhoT,
F72, 7T E R 109 ~® TBAF (255 TBS REORELZRLT-N, 77X L~
113 52 20H5ThoTc, ZHIUIISHEFIZT TBS EAMLRE S TEA Y 112
DERRLIEZDOL, BFEEREFRNOTIVT & RAOREKE L < FHEEL
ITLTAERRLEZEEZ TS
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Scheme 45. 7K 106 O B IR = ALOKRFO

~ ~
O TfO Zn(CN), O NC DIBAL
"0 DMF "0 CH,Cl,
O OTBS >< 80°C O OTBS >< 0°Ctort
- 0 38% - 0 108:109 = 1:1
106 108
NaCI02 \O \O
KHoPO4+-2H,0 HOC HO,C
2-methyl-2-butene O TBAF O
_ ——
+-BuOH/H,0 "0 "0
t X X
_O0 0OTBS o O OH o

110 111
~
OHC

S0 OH
TBAF H*
109 —— O '~o —_ mo><
_O  OH o>< _0 OH ©
112 113

PED X oz, RUDIALYT b o gt LTS T L a— LiFEik a2 h 4 5 Ak
R TIX. BRALBUSHIBHMAD B IZREE TH - 7=, £ Z T, LU TIRT R U NMNLE
AF LU EEFTEILLICALEY 47 2R H T 568K~ &L ZH L7z (Scheme 46),
FNUZ7F—h 44 DXV AL E S VIR L OV T VKRR TVFET N T A
ZHAWTEILL 3D, 73— 114 TR 40%, A F L AR 47 R 36% THET-,
Toa—) N4 MY 7 ARSI O RN = F LT a2 AW THERET L,
LB 471 ~E PR ST, e\ TEEY 47 12%F L C, PA(PPhs)s fREEAFAE T, —&
{LRFBIAS)GERIAT-E Z A, FTEDAF LT AT )L 48 ZINHR 95% TEHZ, =
AUIR NI AF Lo gl 7p o722 & TRV S, KGR DOEBEN
M b, MICRISHET LIzl LB T\ 5,
Scheme 46. X U IVALDiETEE L OV—ER LR B4 ASUGR D Rt

o o
O o Znl,, NaBH;CN O o
"'OAc CH,Cl, "'OAc ""OAc
L0 0 OAc ,10h O OH OAc OAc
a4 114 (40%) 47 (36%)
’ TFA, Et3SiH T
CH2C|2, rt, 1 h
96%
CO, Et;N
Pd(PPhg),
DMF/MeOH "'*OAc
60°C,4h
OAc

95%
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%5 —f Applanatumol A D 7 & I &4 K

AIEIZ T, A F VAR 2 —BAL R BIRASIS ATV A B F 2 bR =iz
REI L7z, £ 2 TARHEITIE, 0 FRBRALISIZ X2 TMERMEFE & OGS L O
applanatumol A @ 7 & I £2HKIZ DWW TR S,

AFNTAT IV 48 IZX L TC=RAbBR U FEELZHMNTHFEERE O Z2oD A F L%
BELEZob, 6 M HEREICEY —o07 v FLEEZBiE#EL ThaY 49 & Lz
(Scheme 47), i\ TILEY 49 (ZxF9 5 DBU & MW= FINEBAL S & 5 A T2 3
AT DB LIETIE AR ZEHEANR DAfi~E RN LT=DH T 7 b AL ELT
LibEaY 50 25 27,

Scheme 47. L&Y 49 (ZxT 5 53 T-INERALEG DR ET

~o0 OH
MeO,C MeO,C
O o O
“OAc  CHCh ""OAc
0 -78°Ctort,5h OH OAc

51% 115

OH

9020 Q
_BMHOl o
TR " 12DCE &
r, 10 h 80°C, 10 h
OH oH

50

PLEDFERD G0 F NS ZAT D BN O b U, 7 b o B a4
HRBENHDZENHA L, 2T, LAY 48 O VAL DAL ISIZ DUV T
FREt L7z (Table 18), £ #HIHIZ, AIBN3IX> Co(acac)’?Y & T2 7 ¥ VG TD
v UNALIEAL Z R TN RO SR ITEHEAL L7 (entries 1 and 2), eV T =Mk o A
TOWAL D2t Lcs, JOSITET LR o7 (entry3), LU, bt L %
AW GE X ERUS D ET L, BTED T MUk 40 BLWNT 7 ]\/{Z!K 116 %45k
1.4 OIREME L THT (entry 4), 77 b 116 WAEKRLZBEBHE LT, AF L
VEN I L AR OB S TOKBENER LTEDL, 7 o~k
ANZITFITALE T D A F VT AT AN EKBEPEZIAALTE LD EEZTWD, £ 2
T, bV U HFE T RIGRT TR ONANE R T a— v Ew A o~
REZRER AN DUV TRRET L7 30, fli 2 et L 7GR, BRI RE % < 6 R DL Lz
Brxw e @b~ T E WG E. T Ry 40 OERMEDS 1.3:1 ERELmEL
7= (entry5), WICER{LAIZ "Bk L U BXO Wb~ T U ZEE L. MONABIC
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DWTHRF LTz, K ML= BRI OEKT ATV 2O T5E01E 40 OAREN
XN L7272 (entries 6and 7). ik A X2 % HW 28513 40 UDEESZJ:[:ZP 3.3:1 12
F T kL7 (entry8)37, 72, 30mg X&*‘/I/Tﬁit?j—*bf\_&\_%\ ERKIE 2:1 TF
AR E L TUEA Y 40 355372 (entry 9), LAY 40 BLO 116 (37T v =
TNHThruav 777 4 —FEIZBWTHHREECH 72720, IREWMD E IR
DA BAREHZ W,

Table 18. X U NANLO RV FRFT

~
MeOZC
O table
"'OAc OAc
O OAc
48
table
entry reagents solvents temp. results (40:116)
1a AIBN, NHPI, O, CH3;CN 80 °C decomp.
oa Co(acac),, TBHP acetone rt complex mixture
3a CrOg, 3,5-DMP 1,2-DCE 80°C NR
4a SeO, 1,2-DCE 70°C 1:4
5b Se0,, MnO, (pre-dried) 1,2-DCE 70 °C 1.3:1
62 SeO,, MnO,, (pre-dried) dry-toluene 90 °C 1:1.5
7a SeO,, MnO, (pre-dried) dioxane (wet) 80 °C 1:1.4
8a Se0,, MnO,, (pre-dried) dry-dioxane 100 °C 3.3:1
gb Se0,, MnO,, (pre-dried) dry-dioxane 100 °C 2:1

a: 3 mg scale, b: 10 mg scale, c¢: SeO, =5 eq., MnO, = 10 eq.

WIALEY) 40 B 116 DIREWIX L T=RAbAR R 2 H Tl A F b L
Db, 17 MEHIZI VLAY 116 % 0BEbRE L TILEY 46 %1572 (Scheme 48),
ZD% 6M HRIZL DT B TFNLIEOBR#EELITV., 7T h T4 —/ 34 ZERK LTz,
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Scheme 48. 77 7 NER(LSSHTERIK 34 DAL

BBr3

CH,Cl,
~78°Ct0-30°C, 1 h

FEWNT, 7 T A= 34 Z W FRBRERIS Z#GET L72 (Table 19), #1912
9l T D CSA Z HWTHET L7272y, ROSIFEIT LR o7z (entry 1), i Tle %
6M HEFRIZA 2 723 3%, BHERIR AW %E 5 272 (entry 2), FATESRIFIZE W TR 70hE
RB‘FEONRD Tl WEMRMETONFRNERIISZ G LT-, Entry 3 Tl
t-BuOK % FWTHRET L7223 BN L7 e C 7 I V2 WV TIRET L=,
DBU % HWA I3 ERNHO ALY % 5 2 (entry4), TBD % W55 13 HE 72
BAEWME G 271= (entry5), — DD 7 = ) — /WK EEE A BALHEIC LA, WS
TETIEE LS RELENL L0, T N T4 —/L 34 OEBRE X ORI 724> TN B
EISIIRNEETH 5 & B 272, & 2 CRERZ BMERIICERE L, BRI A F -~ A
FNISERB LT 7 b oAb ziTo Z & THBEMEKROEEEL B LT,

Table 19. 7 + 74— 1 34 \ZxFd 550 T-INERALS DRt

OH
MeO,C o}
table
O s
""*OH
HO OH
OH O OH 0]
34 applanatumol A (2)
table
entry reagent solvent temp. time results
1 CSA THF rt to 50 °C 2d NR
2 6 M HCI THF rt to 50 °C 3h complex mixture
3 +BuOK THF -78°Cto0°C 3h decomposition
4 DBU THF -30°Ctort 5h SM + unknown
5 TBD THF 0°Ctort 6h complex mixture
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LAY 40 BLO 116 DIREMICK LT —78°C T=R{bA U ZELIEHESE,. 7
VIO AN MMLIZALET D A b XU RO B BRI A T 146 L 72 (Scheme
49),

Scheme 49. &/ X F LK 51 OERK

~

(0]
M902C
'OAc
0 0 OAc

40

~

(0]
MeOQC
BBrj O O
CH,Cly "OAc
-78°C,1h OH O OAc

57% (2 steps)

51

W T, oAb EW 51 ZHW 20 TNBRERIGIZ L 5 A B R B OREEEIZ D0
THFT L7z (Table20), £ HIDIT p-TsOH T74E F. THF REEH 60°C THIEL L 7273
FOSIFELT L7 o 72 (entry 1), FRPESRAIFIC & 2 R/AMBENI B W TR 2R PGS
NIpdolzod, WS TORICKIGE 2 L7z, Entry 2 TiX +~BuOK ZHW\»
e, FENHEE L, RICTIVHEETHD DBU 2HW-EZ A, 60°C IZTH
B 51 OHERPHERTE 7208, B o bEWit B iz < EERH O ALY T
oo (entry 3), HEWVWTHOFHNT IV R—ILSORFICEB W TR HEREZ R LT
TBD %AW THFWNERILE G Z R (entry 4), T DFER., HEDO A aB{LAEW
117 1Tz, 77 FALE TEIT LT URMEILEY 118 22N ENT T AT LA~
—IREWE LT, Entry 4 OFRMEICTT 7 bALETEITLZFK E LT, Wik
PEDENVY TBD ICE ENDWMED KN T B FNEENKSIRE LT~ L BELT-, #
I CT B FNIEONKG R ERHET D720, KISHEEEZ THE 3 X OVKORA RS %
FAWTHREILTIZEZ A, TRIEY 77 F oAb THEIT LAY 118 Z BRI
H—ONRRMER L L TAKT 2 Z & IZEI L7 (entry 5),
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Table 20. 77 PNERALSOS DFRET

~

O
MeO,C MeO(z)C o
O table o 0
"OAc ~0 ""OAc ~o
o OH
OH O OAc OAc o
51 117 118
table
entry reagent solvents temp. time results
1 TsOH THF rt to 60 °C 12 h NR
2 +BuOK THF 0°C 30 min decomposition
3 DBU THF rt to 60 °C 24 h unknown
4 TBD THF rt 10h 1177 + 118¢
5 TBD THF/H,0b rt 10 h 118¢ (77%)

a: diastereomer mixture
b:10:1
c: single isomer

RSO HEE R IR 57~ A e BbEY N (7 27 LA~ —IBEaW)
BIOWEBHE LS 18 (7 A7 LA~—REY) OEAWIZk L. THF B LW
KOREGEEH T TBD Z{EH I L 2 A, FiilCUBRMEAEY 118 HH-—DL
IRFEMER L U TR L7= (Scheme 50), Z DFER S AL Scheme 51 (2779 X
VIS TH D EHE L TWD, T72bh, TEFAENNKSRINTELZ
FUA— 119 RAERERLLT 120 &72o7cDb, 77 b ALDBET L THEAEY
118 AT D, ZOAERERILEBLIOT 7 F AR AIHIZHEIT L, B> 3HAF
LTWDKDZI D OGS RS D728, K & 0 B2 ZE b E
Y 118 MWHE—DONARRMERE L TAEKRLIZEEZEZE LTS, £7-. scheme40 D 5EHk
FERNORIBIIND L9 ICARMIGIEBWTY 6-endo BRLSKIIHEIT LSS M, 6-
endo BRILIKDARIIFER SN2 o 72, ZHUTRIERNIZIBN T 6-endo BRALEG DY
EITL2ob, HERME LT 119 &R 5USHREAFE L, REMICHEMLEY
118 ~EPURL7-b D EHEZEL T D,

Scheme 50. 7 A7 LA~ —IBEWITxT 55 FWNER LG

MeOZC O (0]

o)
o) TBD o]
, " o __ T Ao
"o "OAc ~o THFH,0 o
o OAc o) OH rt, 10 h o) OH
17 118’ 77% 118

single isomer
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Scheme 51. 771 PNER{LE D SO A D 5 52

~

(0]
MeOQC MeOQC
O . "OH \O
OH O OH
19 120 118

BB A FIABIZOW TG L 72 (Scheme 52), LAY 118 ~D = RALER U HEIZ
K DWA F AR AT, FREHEZ -T2, 2 THEIALT VI =T AB XK
THTF A =NOMAGEDLE DemE Lz e ZAMBITKICHEITL, BRO
applanatumol A (2) ® 7 & I A EEK LT,

Scheme 52. it A F /AL OFEFTHE LTV applanatumol A D45 K

AICl5
1-dodecanethiol

OH 0°Ctort,1h
118 85%

applanatumol A (2)

BB ALEY 2 OEFEANY MVT—F ISCHRE & BAf 72 —38% R L7 (Table21),

Table 21. Applanatumol A O Hiff5h> NMR 7 — 4% B XL OEALH D NMR 7 —#

synthetic product isolated product
No. P 5c No. P 5c
1 165.6 1 165.7
2 119.8 2 119.9
3 6.97 (d, 2.8) 108.3 3 6.98 (d, 2.7) 108.3
4 153.7 4 153.7
5 7.29 (dd,8.8,2.8) 1284 5 7.29 (dd,8.9,2.7) 1284
6 7.06 (d, 9.2) 115.1 6 7.06 (d, 8.9) 115.2
1" 202.3 1" 202.5
2 875 2 87.6
3 2.75 (d, 6.0) 447 3 2.76 (dd, 6.0, 2.6) 449
4 2.52-2.60 (m) 17.8 4 2.56 (m) 17.9
4D 1.89-1.98 (m) 4D 1.92 (m)
5' 2.12-2.17 (m) 19.9 5' 2.15 (m) 20.1
6' 4.79 (t, 3.6) 77.9 6' 4.79 (tlike, 5.9) 78.0
7 2.41-2.49 (m) 438 7 2.45 (m) 43.9
8a 2.07 (overlap) 30.0 8a 2.07 (overlap) 30.1
8b | 1.66(dd, 14.4,4.0) 8b | 1.66(dd,15.0,4.1)
9a | 3.59(dd,10.8,5.2) 64.0 9a | 3.58(dd, 11.0,52) 64.0
9b 3.49 (t, 8.0) 9b | 3.48(dd,11.0,8.0)
10' 170.1 10' 1703
4-OH 4-OH 8.67 (s)
9-OH 4.02-4.07 (m) 9-OH 4.04 (s)
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ORI, TEMERATF L (18) BLIW 1-70E25-V A FF "B (79)
ZbEWY) 37 BN 38 ~LFNFNHEL-DL ., Frater-Seebach 7 /L LAV s
(2 K0 SRR ERE LIL S 36 24572 (Scheme 53), il T 3 TREDZEHIZ &
DTNATE R 42 ZARLTEOL, 5 FHNT IV K=V L0 L EBROBEEIZRD)
LTy Z0%6 TROEHIZL D AF LT AT 51 L LE-0Ob ., @SNl
BOGIT X0 SEAGRIRAIC U BRME B R A 5L L, 21 5 LT applanatumol A (2) D7
I RE A ER LT,

Scheme 53. Applanatumol A D45 AL

Frater-Seebach

78 37 alkylation N
+ - 7 OH
o o o
2 steps - CO:Me
Br é Br 3
0 0
79 38
. ~o
intramolecular
3 steps aldol reaction HO
OAc
O 0 OAc
43
stereoselective
- tandem
0 intramolecular 0
MeO,C cyclization
6 steps O [ o o
HO OH
OH O OAc 0
51 applanatumol A (2)
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FUUHT  Applanatumol A D ARF A FR~IAT T

RifiClL. Frater-Seebach 7 V¥ /LIS ERIA L7 I 7 AL Ny TV v 7,
S TINT v R—V RIS T Ot BB L OSSN TN BRMLRSIC & 5 B
WSS L L, 221 5 TR T applanatumol A D F & I A KEEK LI, 2
TAHEITIE, 7B IGAUT KD FENL L2 G0 %2 & L1, applanatumol A D/RNF 4
BT TRET LI RIS W Tk R B,

Applanatumol A (2) D ARFAIL, LEW 52 O b UL &2 =T F A RIS
BILL, B-E ¥ AT/ 37 2R E LTHEL Z ENTEIULTREE 72
% (Scheme 54), ft-> T, (L&YW 52 O b ENLO =T o F AIRINA 7238 Te UG T
DWTHRRRT LT,

Scheme 54. Applanatumol A DR 24 kR

NaBH, O OH o 0
~ J\)\/\/ —_— /
MeOH (0] HO
0°C,1h e} OH
77% rac-37 rac-applanatumol A (2)
O O
\OJ\/U\/\/
52
' O
enantioselective
reduction O OH - o, (0]
N N —_— '
o HO
e} OH
37 (-)-applanatumol A (2)

XU DT, FHEAFKRFEBELSL O% G L7 (Table 22), KB T, AL
LThVZ=FAT IV EHAOTLT =0 AEIZ OV TR 2 BRE L7, 13 U I fili
121 ZHWTEIRTRICISETL &2 A, LAWY 37 ZIE 74% THZ (entry 1), 5
ST 37T XX T8 T L%z HPLC (2 L0 JEFME 201 L7223, stk
TR S Do To, FO TR 122 ZHWTHRET L7220 entry 1 & FRIERDOFER & 705
7o (entry 2), FefZITAffE 123 FAETARRRE LT Y FrberTva— Lz e
ETAH WERIT 2% LRIFTHDLbODTF U FF~—@RIRIT 15%ece &AKHE
e EE 0T,
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Table 22. BH{EARF /K BRBEN G DO FT

O O Ru cat. O OH
\OM/\/ - \OW
52 37
table
entry reagent solvents temp. yeild (%) ee (%)
1 121 EtsN/HCOOH rt 74 0
2 122 EtsN/HCOOH rt 75 0
3 123 IPA rt 72 15
Q > > O
Ts Flu/C| Ts Cl
N L\J N, W
o pS SN B
RuClI[(S,S)-Tsdepn](mesitylene) (121) RuClI[(R, R)-Tsdepn](mesitylene) (122) RuClI[(S,S)-Tsdepn](mesitylene) (123)

PHEARF ARKBRBIISICB W TRGREENEON RN o 120D, FEnTa—Y
— N7 B (CBS) Bt K D7 b LD ARFIEITCIZ OV TGS L7 (Table
23), IEU®ICY 7 ma XX T (S)-Me-CBS flEAF1E TR 7 L -fifb ¥ A F /LA
VT 4 REEAZER SET- & 2 A IR 16%, =) F 4~ —@F=R 40%ee TLE
Yy 37 #1572 (entry 1), WRIZERMEA THF IZEZ THEILTZE 2 A, RITETRT
L7zboD, = rFA~—imEEom EXAR 57z (entry2), FiWCiETLHIZ R T
V-THF $ERICEE L7 Z2A, WRFTMELZSDODOTF U F A4~ —imE=RITKT
L7z (entry3), =} v FA~—i@fEom L2 BEL, XY &E&EW (S)-nBu-CBS fili
RHWCHRE L2, PRICK LTy F 4~ —@BR=IIEF L7 (entry4), jz z

A E L THTa—VART U EHOTREF L, (S)-Me-CBS filtiit 2 F\ 7235
HREE DR TILEW 37 252720, = v F A~ —iBRHEIL 34%ee 2L EF -
7= (entry 5), #f%IZ (S)-nBu-CBS filfific 2 THET LT & 2 A, INEB L =) F
F~—imElRE BT L2 (entry 6),
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Table 23. CBS EILOKET

O O table O OH
~ OJ\/U\/\/ N OJ\/k/\/
52 37
table
entry reagents solvent temp. yeild (%) ee (%)°
1 (S)-Me-CBS, BHz*Me,S CHJCl, -78°C 16 40
2 (S)-Me-CBS, BHz*Me,S THF -78°C 11 57
3 (S)-Me-CBS, BH3*THF THF -78°C 22 37
4 (8)-nBu-CBS, BH3*Me,S THF -78°C 30 10
5 (S)-Me-CBS, catecholborane CH.Cl, —40 °C 51 34
6 (S)-Bu-CBS, catecholborane CH.Cl, —40 °C 40 18
H PhPh H PhPh
N- B\/O N- B\/O
Me nBu
(5)-(-)-2-methyl-CBS-oxazaborolidine (S5)-(-)-2-nBu-CBS-oxazaborolidine

U Eomath b iREDO = o F A~ —iBERICTHLEY 37 24T 52 LI
TEED, WOV IR LUOYEFEME Cldlen o7, 5l &t & RED Y &R
BEARE L, ARFETSDOINERL L O v F A4~ —imRER DA B8 b=,
Fo, ERRLUSOEITLIG HRFTT D TETH Y |, applanatumol A (2) DARF LA KT
BT CTHRFT 2 TETH D,
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T i
Ganoderma J& 7> & Hilff SNV TALEWFRITI T VUL L OKR Y 7 F KAL) S
12 DD BN SR LT B2 A L SR I & Th 5, 4 RIEH I
applanatumol B (1) &Gk & Z DA RIAZFIH L7 applanatumol JHDOHEMENI &
FIEDHENL, 3 X TN applanatumol JHOF CTHE— A B RERB LNV 7 1[3.22]/ F
‘BHZ AT % applanatumol A (2) DEERAE Hi5 L. B HMIZEIZHEF L7z (Figure 9),
Figure 9. Applanatumol %A

applanatumol A (2)

CO R
2 MeOQC
O H
applanatumol V (R = H) (3) applanatumol X (R =H) (5 applanatumol Z (7
applanatumol W (R = Me) (4) applanatumol Y (R = Me) (6)

F—EFH - TIL. 0 FN MBH RISEERIGE LTT /20 OERRE R LT
(Scheme 55),2,5-P A hHF I R_RUXT T E R (18) & 4-XF-1-4—/L (19) LV
STERTARLET AT E R 17 IR L, -7 F AT a— L iEgd PPhy 2 /EH &
BTN MBH Ut %Z1T\), applanatumol JHDMEFENI A AIZ IV CEEFRIA & 722
LG 16 ZIE 90% T, HtW\WT, 4 TROFRELHIZEIV v 20 &

AR LTz,
Scheme 55. 1,4-fH 1S RTBE AR O G AL
o S0 o
CHO 3 steps F
2,5-dimethoxybenzaldehyde (18) 4-pentyn-1-ol (19) 17
PPh; OH 4 steps l OTBS
16 20
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W EITCIE, = 20 1T D VT A A A DOSTRRIR 14N
JEORETE . v T BDONMIKGFRIZ L D Z BRI REE & it L 72 (Scheme 56),
7 /P E LT ELAICN Wz & 2 AT T AA A4 v O 1LAAMIIEOSITHETT 5
OO, SEEBEIRRAAMOSTEITE T T AT VA~—REME 5 272, £7-,
BoNz= P YLK 21 OERIESRIETOMAKDREIE & RF L7, 727 & Ak 22
DIFOENDDHTH-T,

Scheme 56. 7 S ALWIA AL D LAKIRIGER LT 7 DMK ROBT

, OTBS  ELAICN NC OTBS  p o
o >otBs o >otBs
P O Q P O R\ P
20 21

BmE —E T AEAEY 15 ST A~ a VEET X T LD NLREIR )~ A VA
INBOE Z ket L7z (Scheme 57), MBGER T, A% 7 —VEERERLE LTH NI D
LA RFYRERANWCY BB AFAO~A T AMINBIGEEToT28 24, all-
trans 1K 23 ZEAERYE L THD Z LTI LT,

Scheme 57. ¥ 2 VBT 2T )L DONAREIRA )~ A 7 VARG DR ES

MeOZC\/COZMe
A
NaOMe

MeOH

e}
/O O O\ reflux

95% (dr = 25:2:5)
15 23
major diastereomer

- NE T, 2 TNERILKISIC LD ZBREEHEEEOMET & applanatumol B
(1) OEAERIZOWTEER L7= (Scheme 58), {b&#) 23 726 5 TREOEHIZL D v
RUWe 24 L L7=DOb, THF WY p-TsOH Z{EH S®/-E A, 7 by afid=
B A UABIC &0 AR 10 28 H L CRTEOBRILOG ST L, BRI (LEY 25 %
1525 Z LIk LTz, %I 25 Z i A F 11k L. applanatumol B (1) @7 & I 24K
ZEERK LT,
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Scheme 58. Applanatumol B D45 %

10 25 applanatumol B (1)

5 % ClX, applanatumol B (1) DA RH A% V72 applanatumol FHDOHERER) &
B DMESLIZ DWW TRET L=, B AZER % applanatumol X (5), Y (6), Z (7) IZE D, F
CEEH—Hi Tl applanatumol Z (7) DG KA H¥E L7 (Scheme 59), L& 16 7>
5ONAKBRRMLERIIRECTCH- b0, EEFBENLOFEIZLD
applanatumol Z (7) O&A IR LT,

Scheme 59. Applanatumol Z D5,

! OH \ E"'OH MeO,C E"'OH

e

low stereoselectivity

o o - o
o o oo
/ \ / \
16 27 applanatumol Z (7)

W I, LA 15 5 applanatumol X (5), B LY Y (6) DARLE BE
L 7= (Scheme 60), T 726, {LEW 15 ZATF AL LT=DE | STEERIRIY 72051
WNERALEUSIZ L0 =R bEY 28 2157, TOBRE=NVEEZINLVR BB IOATF
IV AT L~ EZE ML | applanatumol X (5) B LN Y (6) DEEKAEEK LT,

Scheme 60. Applanatumol X 353X TN Y O2H K

XN ’ oOu = QL COR
1) BBr3, 86% HO 2 or 3 steps HO
O 2)K,COs MeOH o o)
/ \
15

96% (dr = 8:1) H

28 applanatumol X (R = H) (5)
applanatumol Y (R = Me) (6)
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Wiva i v =i va

9= —Hi i, applanatumol A (2) ®-LEERHOEKIZ DOV THRES L7= (Scheme
61), 7 & MNEFEE A F /v (78) 726 2 TRETILEW 37 #1587, —FH. b o —DODHH
WMETHHTaEL5-VARFIRUPL (18) &/ VKT L a— L E OREAE
TV TR ERS T aEfbic X 0ibaEY 38 Ak LTz, £ Dk Frater-
Seebach 7 LV NMAVKSIZ X O NCASEIRAI/LEWY 36 Z157-D0H, 5 TROEHIC
L0 h= 27 39 G5 LTz, LorL, 7 b ATV 39 1ITxFT 50 TNT VR
— VIO TEIT L2 o T2,

Scheme 61. 77 N7 /v F— /LRI K 5 L BEROHEZERFO

0 o) 2 steps O OH
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Scheme 64. Applanatumol A D45 A%
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General

All reactions involving air- and moisture-sensitive reagents were carried out using standard
syringe-septum cap techniques. Unless otherwise noted, all solvents and reagents were obtained
from commercial suppliers and used without further purification. Routines monitoring of
reactions were carried out Merck silica gel 60 F254 TLC plates. Column chromatography was
performed on Kanto Chemical Silica Gel 60N (spherical, neutral 60-230 um) with the solvents
indicated. '"H and '3*C NMR spectra were measured with a JASCO EZC 400S (400 MHz)
spectrometer. Chemical shifts were expressed in ppm using CHCl3 (7.26 ppm for 'H NMR,
77.0 ppm for *C NMR) in CDCI3 and (CH3)20 (2.05 ppm for '"H NMR, 29.8 and 206.2 ppm
for 3C NMR) in (CD3)20 as internal standard. Infrared spectral measurements were carried out
with a JASCO FT/IR-4700 and only noteworthy absorptions were listed. HRMS spectra

measured on a Micromass LCT spectrometer.
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1-(2,5-dimethoxyphenyl)hex-2-yne-1,6-diol (53)

~ ~

0 O OH
CHO n-BuLi // OH
+ //\/\/OH
THF
—78°Ctort, 6 h
0 Z" _0
18 19 90% 53

To a stirred solution of 4-pentyn-1-o0l (19) (557 mg, 6.62 mmol) in THF (12 mL) was added
dropwise n-butyl lithium (1.56 M in n-hexane, 8.5 mL, 13.2 mmol) at —78 °C under Ar, and
reaction mixture was stirred for 1 h at 0 °C. To this mixture was added dropwise a solution of
2,5-dimethoxybenzaldehyde (18) (1.00 g, 6.02 mmol) in THF (8 mL) at —78 °C, and the mixture
was stirred for 6 h at room temperature. The reaction mixture was quenched with sat. NH4Cl
aqueous solution, and extracted with AcOEt. The combined organic layers were washed with
brine, dried over MgSQ4, and concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEt, 1:1) to afford 53 (1.35 g, 90%) as yellow oil. IR
(neat) 3375, 2944, 2835, 2225, 1590, 1497, 1463, 1428, 1277, 1246, 1215, 1045, 930, 812 cm™
I; TH NMR (400 MHz, CDCl3) & 1.80 (2H, quin, J = 6.8 Hz), 2.41 (2H, td, J = 6.8, 2.0 Hz),
3.77 2H, t,J= 6.8 Hz), 3.79 (3H, s), 3.85 (3H, ), 6.82 (2H, d, /= 2.8 Hz), 7.15 (1H, d, /= 2.8
Hz); 3C NMR (400 MHz, CDCl3) 8 15.4, 31.0, 55.6, 56.0, 60.9, 61.5,79.7, 86.1, 111. 76, 113.6,
113.9, 130.0, 150.7, 153.5; HRMS (ESI-TOF) Calcd for C14H;304 [M+Na]* 273.1103. Found
273.1095.

(E)6-(2,5-dimethoxyphenyl)-6-oxohex-4-enal (17)

S0 OH S0 OH S0 0
// OH Red-AI® = OH IBX = CHO
Et,0 CH4CN
r,6h 80°C,1h
-0 -0 73% (2 steps) -0
53 54 17

To a stirred solution of 53 (6.00 g, 23.9 mmol) in ether (120 mL) was added Red-Al® (60% in
toluene, 25.7 mL, 79.1 mmol) at room temperature under Ar, and the mixture was stirred at the
same temperature for 6 h. The reaction mixture was quenched with 1 M NaOH aqueous solution,

and extracted with ether. The combined organic layer was washed with brine, dried over MgSOs,
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and concentrated in vacuo afford the crude 54. To a stirred solution of the crude 54 in CH3CN
(200 mL) was added IBX (22.4 g, 80.1 mmol) at room temperature, and the mixture was stirred
at 80 °C for 1 h. After cooling to room temperature, the insoluble material was filtered and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 1:1) to afford 17 (4.32 g, 73% in 2 steps) as yellow oil. IR (neat) 3427, 2943, 2835,
2727,1723,1660, 1619, 1494, 1463, 1414, 1279, 1223, 1167 cm™!'; 'TH NMR (400 MHz, CDCl3)
0 2.57-2.62 (2H, m), 2.65-2.69 (2H, m), 3.78 (3H, s), 3.82 (3H, s), 6.77 (1H, dt, J=15.6, 1.6
Hz), 6.84-6.91 (2H, m), 7.09 (1H, d, J=3.2 Hz), 6.99 (1H, dd, /= 5.2, 3.2 Hz), 9.81 (1H, t, J
= 1.6 Hz); 3C NMR (400 MHz, CDCl3) & 24.7, 41.8, 55.7, 56.2, 113.1, 114.3, 119.0, 129.1,
131.1, 145.0, 152.4, 153.4, 192.2, 200.6; HRMS (ESI-TOF) Calcd for Ci14Hi604 [M+Na]*
271.0946. Found 271.0941.

(2,5-dimethoxyphenyl)(5-hydroxycyclopent-1-en-1-yl)methanone (16)

To a stirred solution of 17 (1.00 g, 4.03 mmol) in +-BuOH (80 mL) was added PPhs (1.05 g,
4.03 mmol) at 30 °C, and the mixture was stirred at the same temperature for 3 d. The reaction
mixture was diluted with AcOEt, and concentrated in vacuo. The resulting residue was purified
by column chromatography (hexane-AcOEt, 1:1) to afford 16 (850 mg, 85%) as yellow oil. IR
(neat) 3466, 3065, 2941, 2835, 1650, 1495, 1463, 1415, 1353, 1277, 1223, 1045 cm™!; 'H NMR
(400 MHz, CDCl3) 6 1.88-1.93 (1H, m), 2.34-2.49 (2H, m), 2.62-2.73 (1H, m), 3.18 (1H, s),
3.74 (3H, s), 3.76 (3H, s), 5.29 (1H, t, J= 6.0 Hz), 6.57 (1H, t, J= 2.8 Hz), 6.83 (1H, d, /= 2.8
Hz), 6.88 (1H, d, J = 9.2 Hz), 6.94 (1H, dd, J = 9.2, 2.8 Hz); 3C NMR (400 MHz, CDCl5) §
314, 31.6, 55.8, 56.4, 75.5, 113.0, 114.3, 116.8, 129.5, 146.0, 150.6, 150.9, 153.0, 194.6;
HRMS (ESI-TOF) Calcd for C14H1604 [M+Na]" 271.0946. Found 271.0938.
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dimethyl 2-(2-(2,5-dimethoxybenzoyl)-3-hydroxycyclopentyl)malonate (55)

o O

) wo o [ o
CO,Me CO,Me
HO NaOMe 2 HO g 2
COQMB + COgMe
oS e U e &
(] o
y \ 65°C,17 h / \ / \
16 55 (11%) 56 (76%)
‘ POCI3, DMAP
pyridine

0°Cto90°C,3h
63%

To stirred solution of 16 (1.08 g, 4.35 mmol) in THF (25 mL) was added dimethyl malonate
(0.74 mL, 5.65 mmol) and NaOMe (305 mg, 5.65 mmol) at room temperature, and reaction
mixture was stirred for 17 h at 65 °C. The reaction mixture was quenched with sat. NH4Cl
aqueous solution, and extracted with AcOEt. The combined organic layers were washed with
brine, dried over MgSQ4, and concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEt, 3:1 to 1:1) to afford 55 (173 mg, 11%) as yellow oil
and 56 (1.26 g, 76%) as a diastereomixture as yellow oil. To stirred solution of 56 (371mg, 0.97
mmol) as a diastereomixture in dry pyridine (8 mL) was added POCI3 (0.63 mL, 6.79 mmol)
and DMAP (118 mg, 0.97 mmol) at 0 °C, and reaction mixture was stirred for 3 h at 90 °C. The
reaction mixture was quenched with sat. NaHCO3 aqueous solution, and extracted with AcOEt.
The combined organic layers were washed with 1M HCI and brine, dried over MgSOs, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 1:1) to afford 55 (222 mg, 63%) as yellow oil.

Data for 55

IR (neat) 2999, 2952, 2836, 1650, 1614, 1495, 1435, 1276 cm™'; 'H NMR (400 MHz, CDCls)
6 2.09-2.17 (1H,m), 2.26-2.35(1H, m), 2.40-2.50 (1H,m), 2.53-2.64 (1H, m), 3.69 (3H, s),
3.73 (3H, s), 3.74 (3H, s), 3.76 (3H, s), 3.82-3.86 (1H, m), 4.23 (1H, d, /= 5.2 Hz), 6.49 (1H,
dd, J=4.8, 2.8 Hz), 6.81 (1H, d, /= 2.8 Hz) ,6.86 (1H, d, /= 9.2 Hz), 6.90 (1H, dd, /= 9.2,
2.8 Hz); 3C NMR (400 MHz, CDCls) § 26.7, 32.5, 43.5, 52.0, 52.3, 52.4, 55.7, 56.4, 112.9,
114.6, 116.0, 130.2, 144.8, 150.8, 151.4, 152.9, 169.1, 169.4, 193. 0; HRMS (ESI-TOF) Calcd
for C19H2207 [M+Na]* 385.1263. Found 385.1254.

Data for 56
IR (neat) 3507, 2999, 2953, 2837, 1731, 1670, 1609, 1581, 1495 cm™!; 'H NMR (400 MHz,
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CDCl3)  1.51-2.25 (4H,m), 3.16-4.11 (15H, m), 4.26-4.54 (1H,m), 6.89-6.93 (1H, m), 7.00—
7.03 (1H, m), 7.12-7.22 (1H, m); 3C NMR (400 MHz, CDCls) & 28.4, 34.3, 40.3, 52.2, 52.3,
52.4, 552, 55.7, 56.3, 63. 4, 113.5, 114. 3, 119.9, 128. 6, 152.5, 153.6, 169.2, 169.3, 202.0;
HRMS (ESI-TOF) Calcd for C19H24Og [M+Na]* 403.1360. Found 403.1369.

(2,5-dimethoxyphenyl)(5-(2,2,3,3,9,9,10,10-octamethyl-4,8-dioxa-3,9-disilaundecan-6-
yl)cyclopent-1-en-1-yl)methanone (20)

, COzMe , TBSCI
DIBAL OH imidazole
CO,Me _ - 5
o 7? toluene OH ~OH DMF
o) O o) —78°Ctort O O o) 0°Ctort
/ \ / \
55

57

oTBS Dess-Martin periodinane oTBS
OH ™~OTBS CH,Cl, O 0TBS
oo oo
/ \ nin / \
58

30% (3 steps)

To stirred solution of 55 (462 mg, 1.27 mmol) in toluene (6.5 mL) was added DIBAL (1.01 M
in toluene, 8.9 mL, 8.90 mmol) at —78 °C, and reaction mixture was stirred for 12 h at —78 °C
to room temperature. The reaction mixture was quenched with sat. Rochelle” s salt aqueous
solution, and extracted with AcOEt. The combined organic layers were washed with brine, dried
over MgSQOs4, and concentrated in vacuo. The resulting residue was passed through a short pad
of silica (AcOEt) to yield the crude 57 (234 mg) as colorless oil. To a stirred solution of the
crude 57 in DMF (3.6 mL) was added fert-butyldimethylchlorosilane (261 mg, 1.73 mmol) and
imidazole (262 mg, 3.85 mmol) at 0 °C, and the mixture was stirred for 1 h at room temperature.
The reaction mixture was quenched with H>O and extracted with ether. The combined organic
layers were washed with brine, dried over MgSOs, and concentrated in vacuo to afford crude
58 (333 mg) as colorless oil. To a solution of crude 58 (333 mg) in CH>Cl, (4.2 mL) was added
Dess-Martin periodinane (416 mg, 0.98 mmol) at room temperature, and the mixture was stirred
for 30 min at the same temperature. The reaction mixture was quenched with sat. Na>S>03
aqueous solution and extracted with AcOEt. The combined organic layers were washed with
brine, dried over MgSQ4, and concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEt, 10:1) to afford 20 (291 mg, 30% in 3 steps) as yellow
oil. IR (neat) 2953, 2938, 2856, 1733, 1652, 1495, 1471, 1253, 1223 cm™!; '"H NMR (400 MHz,
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CDClz)  0.00 (3H, s), 0.02 (3H, s), 0.05 (3H, s), 0.06 (3H, s), 0.87 (9H, 5), 0.90 (9H, s), 1.93—
2.04 (1H, m), 2.04-2.13 (1H, m), 2.23-2.30 (1H, m), 2.33-2.42 (1H, m), 2.47-2.57 (1H, m),
3.45-3.48 (1H, m), 3.57 (3H, m), 3.74 (3H, s), 3.76 (3H, s), 3.82 (1H, dd, J = 10.0, 6.4 Hz),
6.44 (1H, dd, J = 4.0, 2.8 Hz), 6.80 (1H, d, J = 2.8 Hz), 6.85 (1H, d, J = 8.8 Hz), 6.85 (1H, dd,
J=28.8,2.8 Hz); 3C NMR (400 MHz, CDCls) § -5.5, 18.2, 25.9, 32.9, 43.4, 55.7, 56.3, 60.4,
62.9, 112.7, 114.1, 116.1, 119.8, 147.7, 150.0, 152.2, 153.0, 193.6; HRMS (ESI-TOF) Calcd
for C290Hs005Si, [M+Na]" 557.3094. Found 557.3098.

(3R*)-2-(2,5-dimethoxybenzoyl)-3-(2,2,3,3,9,9,10,10-octamethyl-4,8-dioxa-3,9-
disilaundecan-6-yl)cyclopentane-1-carbonitrile (21)

I OTBS NC Ei OTBS

Et,AICN )
O "0TBS THFE O "0TBS
SOSTNEE ySe s
/ \ 69% / \
20 21

To stirred solution of 20 (50 mg, 0.093 mmol) in THF (7 mL) was added Nagata reagent (1.0
M in toluene, 0.14 ml, 0.14 mmol) at 0 °C, and reaction mixture was stirred for 8 h at the same
temperature. The reaction mixture was quenched with 1 M NaOH aqueous solution, and
extracted with ether. The combined organic layers were washed with brine, dried over MgSQOs,
and concentrated in vacuo. The resulting residue was purified by column chromatography
(hexane-AcOEt, 5:1) to afford 21 (36 mg, 69%) as yellow oil as a diastereomixture.

Data for major diastereomer

IR (neat) 3354, 2928, 2856, 1671, 1588, 1495, 1463, 1417, 1255, 1226 cm™'; 'H NMR (400
MHz, CDCls) 6 —0.20 (6H, s), 0.01 (6H, s), 0.77 (9H, s), 0.86 (9H,s), 1.62—1.69 (1H, m), 2.27—
2.36 (2H, m), 3.12-3.15 (1H, m), 3.26 (1H, dd, J = 10.0, 6.4 Hz), 3.41 (1H, dd, J = 10.0, 2.8
Hz), 3.51 (1H, dd, J = 9.6, 6.4 Hz), 3.62-3.70 (1H, m), 3.74-3.81 (1H, m), 3.77 (3H, s), 3.94
(3H, s), 4.30 (1H, dd, /= 7.3, 2.7 Hz), 6.91 (1H, d, /= 8.8 Hz), 7.05 (1H, dd, J = 8.8, 2.7 Hz),
7.10 (1H, d, J=2.7 Hz); 1*C NMR (400 MHz, CDCl3) § -5.4, 18.2, 25.8, 29.4, 32.0, 40.4, 43.0,
46.3,54.9,55.6,55.9,61.0,61.1, 113.5, 120.6, 129.5, 144.0, 144.1, 153.5, 153.9, 196.4; HRMS
(ESI-TOF) Calcd for C30Hs105Si> [M+Na]™ 584.3203. Found 584.3204.
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(2,5-dimethoxyphenyl)(5-vinylcyclopent-1-en-1-yl)methanone (15)

g 2 L
OH =~ “MgClI N

CuBr-Me,S
o T’ ¢} +
F O R ~78°C, 30 min £ O R
16 15 (35%) 62 (60%)
‘ POCI;, DMAP ‘
pyridine

0°Ct090°C,3h
81%

To a stirred suspension of CuBreMe;S (677 mg, 3.29 mmol) in THF (55 mL) was added
dropwise vinylmagnesium chloride (22.7 mL, 32.9 mmol) at —78 °C under Ar atmosphere, and
the mixture was stirred for 15 min. To this mixture was added dropwise 16 (2.73 g, 10.9 mmol)
at —78 °C, and the mixture was stirred for 30 min at the same temperature. The reaction mixture
was quenched with sat. NH4Cl aqueous solution and extracted with AcOEt. The combined
organic layers were washed with brine, dried over MgSOs4, and concentrated in vacuo. The
resulting residue was purified by column chromatography (hexane-AcOEt, 1:1) to afford 15
(1.01 g, 35%) as yellow oil and 62 (1.83 g, 60%) as a diastereomer mixture as yellow oil. To a
solution of 62 (1.42 g, 5.14 mmol) in pyridine was added POCI; (3.3 mL, 35.9 mmol) and
DMAP (628 mg, 5.14 mmol) at 0 °C, and the mixture was stirred for 3 h at 90 °C under Ar
atmosphere. After cooling to 0 °C, the reaction mixture was quenched with sat. NaHCOs3
aqueous solution then acidified with 1 M HCI, extracted with AcOEt, washed with brine, dried
over MgS0Os, and concentrated in vacuo. The resulting residue was purified by column
chromatography (hexane-AcOEt, 1:1) to afford 15 (1.07 g, 81%) as yellow oil.

Data for 15

IR (neat) 3076, 2942, 2834, 1651, 1609, 1495, 1463, 1415, 1347, 1277, 1222, 1179 ecm™'; 'H
NMR (400 MHz, CDCI3) 6 1.86 (1H, ddd, J=16.8, 8.4, 4.4 Hz), 2.17-2.26 (1H, m), 2.39-2.48
(1H, m), 2.53-2.62 (1H, m), 3.73 (3H, s), 3.76 (3H, s), 3.77-3.788 (1H, m), 4.99 (1H, ddd, J =
17.2, 1.6, 1.2 Hz), 5.10 (1H, ddd, /= 17.2, 10.4, 6.8 Hz), 6.45 (1H, ddd, J=4.0, 2.8, 1.2 Hz),
6.79 (1H, d, J=2.8 Hz), 6.85 (1H, d, /= 9.2 Hz), 6.90 (1H, dd, J=9.2, 2.8 Hz); '3*C NMR (400
MHz, CDCl) 6 30.5, 32.2, 46.8, 55.8, 56.5, 113.1, 113.5, 114.1, 116.1, 130.9, 139.7, 147.5,
148.6, 150.9, 153.1, 193.2; HRMS (ESI-TOF) Calcd for CisHi903 [M+Na]*259.1334. Found
259.1382.
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Data for 62 (diastereomer A)

IR (neat) 3441, 2952, 1671, 1581, 1496, 1463, 1417, 1280, 1214, 1168, 1051 cm™!; '"H NMR
(400 MHz, CDCl3) 6 1.73-1.79 (2H, m), 1.88-1.99 (2H, m), 2.88-2.96 (1H, m), 3.60 (1H, dd,
J=9.2,4.8 Hz), 3.78 (3H, s), 3.86 (3H, s), 4.47-4.51 (1H, m), 4.84 (1H, dd, /= 10.0, 0.8 Hz),
492 (1H, dd,J=16.8, 1.2 Hz), 5.79 (1H, ddd, /= 17.6, 10.0, 7.6 Hz), 6.89 (1H, d, J = 8.8 Hz),
6.99 (1H, d, J = 8.8, 3.2 Hz), 7.05 (1H, d, J = 3.2 Hz); 3C NMR (400 MHz, CDCl;3) & 29.4,
34.6,45.7,55.8,56.1, 61.5, 74.9, 113.0, 113.7, 114.0, 119.6, 129.9, 140.8, 152.5, 153.5, 205.3;
HRMS (ESI-TOF) Calcd for Ci16H2104 [M+Na]" 277.1440. Found 277.1432.

Data for 62 (diastereomer B)

IR (neat) 3426, 2943, 1675, 1492, 1455, 1412, 1271, 1229, 1214, 1031 cm™!'; '"H NMR (400
MHz, CDCl3) 6 1.47-1.54 (1H, m), 1.72-1.84 (1H, m), 1.98-2.07 (1H, m), 2.11-2.18 (1H, m),
3.17-3.26 (1H, m), 3.68 (1H, dd, /= 10.8, 5.2 Hz), 3.18 (3H, s), 3.84 (3H, s), 4.56-4.59 (1H,
m), 4.82 (1H, d,J=10.0 Hz), 4.94 (1H, d, J=17.2 Hz), 5.71 (1H, ddd, J=17.2, 10.4, 7.6 Hz),
6.88 (1H, d,/=9.2 Hz), 7.18 (1H, dd, J= 8.8, 3.2 Hz), 7.08 (1H, d, /= 3.2 Hz); *C NMR (400
MHz, CDCl3) 830.5, 34.2,47.6,55.7,56.3,66.2,113.2,113.9,119.2, 129.9, 141.0, 152.0, 153.6,
204.5; HRMS (ESI-TOF) Calcd for Ci16H2104 [M+Na]* 277.1440. Found 277.1432.

Data for 63 (diastereomer C)

IR (neat) 3431, 2947, 1656, 1492, 1463, 1417, 1276, 1224, 1163, 1036 cm™!; 'H NMR (400
MHz, CDCls) 6 1.58-1.71 (2H, m), 2.01-2.02 (1H, m), 2.15-2.24 (1H, m), 3.09-3.17 (1H, m),
3.76 (3H, s), 3.86 (3H, s), 3.86-3.9 (1H, m), 4.69-4.71 (1H, m), 4.73-4.76 (1H, m), 5.57 (1H,
ddd, J=17.2,10.8,9.2 Hz) 6.87 (1H, d, /= 9.2 Hz), 6.99 (1H, dd, /= 8.8, 3.2 Hz), 7.12 (1H,
d, J= 3.2 Hz); *C NMR (400 MHz, CDCIl3) & 29.1, 32.4, 44.9, 55.7, 56.0, 63.7, 74.4, 112.9,
114.0, 114.6, 119.8, 129.2, 139.2, 152.6, 153.3, 203.0; HRMS (ESI-TOF) Calcd for Ci6H2104
[M+Na]" 277.1440. Found 277.1432.

dimethyl 2-((15*,25*35%)-2-(2,5-dimethoxybenzoyl)-3-vinylcyclopentyl)malonate (23)

. ’ MeOZCvCOQMe

NaOMe
O 0 MeOH
6] (@]
reflux, 24 h
4 \ 95%
15 (23:63:65 = 25:5:2) 23 63 65

To a stirred solution of 15 (500 mg, 1.94 mmol) in MeOH (10 mL) was added dimethylmalonate
(0.29 mL, 2.52 mmol) and NaOMe (28% in MeOH, 0.47 mL, 1.94 mmol) at room temperature,
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and the mixture was stirred for 24 h under reflux condition. The reaction mixture was quenched
with sat. NH4Cl aqueous solution and, extracted with AcOEt. The combined organic layers were
washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting residue was
purified by column chromatography (hexane-AcOEt, 3:1) to afford 23 (722 mg, 95%) as yellow
oil and a mixture of diastereomer (25:5:2).

Data for 23

IR (neat) 3075, 2999, 2952, 2871, 2836, 1732, 1641, 1435, 1413, 1278, 1225, 1159, 1022 cm™
!; 'TH NMR (400 MHz, CDCls) 6 1.50-1.73 (2H, m), 1.84-1.93 (1H, m), 1.98-2.13 (1H, m),
2.66-3.00 (1H, m), 3.14-3.30 (1H,m), 3.38 (3H, s), 3.47 (1H, d, J = 8.0 Hz), 3.50, 3.53, 3.57,
3.68,3.69 (3H, s), 3.72 (1H, d, J=4.0 Hz), 3.75, 3.77, 3.78, 3.79 (3H, s), 3.83 (1H, d, J=2.8
Hz), 4.75-5.03 (1H, m), 5.545.87 (1H, m), 6.84 (1H, d, /= 9.2 Hz), 6.93-6.98 (1H, m), 7.08—
7.15 (1H, m), *C NMR (400 MHz, CDCl3) § 29.1,29.2, 31.9, 40.6, 42.0, 47.8, 50.4, 52.1, 52.2,
55.7,55.7,55.9,57.4,59.1, 112.8, 113.0, 113.8, 114.3, 114.4, 119.1, 119.6, 129.5, 138.5, 140.6,
152.3, 153.2, 168.9, 204.4; HRMS (ESI-TOF) Calcd for C21H2607 [M+Na]" 413.1576. Found
413.1570.

(2,5-dimethoxyphenyl)((15*,2R*,55%)-2-(2,2,3,3,9,9,10,10-octamethyl-4,8-dioxa-3,9-
disilaundecan-6-yl)-5-vinylcyclopentyl)methanoll (67)

LiAIH,

+63 +65 + 4 minor diastereomers
Et,O

0°Ctort,1h

TBSCI
imidazole

DMF
rt, 30 min
73% (2 steps)

To a suspension of LiAlH4 (396 mg, 10.4 mmol) in ether was slowly added a solution of 23, 63
and 65 (1.02 g, 2.61 mmol) in ether at 0 °C, and the mixture was stirred for 1 h at room
temperature under Ar atmosphere. After diluted with ether, the reaction mixture was quenched
with sat. Rochelle salt aqueous solution and insoluble material was removed by filtration with
AcOEt, and extracted with AcOEt. The combined organic layers were washed with brine, dried
over MgS0Os, and concentrated in vacuo afford the crude 66 with minor diastereomers. To a

stirred solution of the crude 66 with minor diastereomers in DMF was added fert-
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butyldimethylchlorosilane (821 mg, 5.44 mmol) and imidazole (881 mg, 12.9 mmol) at room
temperature, and the mixture was stirred for 30 min at the same temperature. The reaction
mixture was quenched with H>O and extracted with ether. The combined organic layers were
washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting residue was
purified by column chromatography (hexane-AcOEt, 5:1) to afford 67 (1.07 g, 73% in 2 steps)
as a diastereoer mixture as pale yellow oil. IR (neat) 3435, 3074, 2952, 2929, 2884, 2857, 1637,
1428, 1254, 1216, 1178, 1155, 1085, 1050, 1005 cm™!; 'H NMR (400 MHz, CDCl3) § —0.07—
0.68 (12H, m), 0.85-0.93 (18H, m), 1.38-2.03 (7H, m), 2.13-2.35 (2H, m), 2.68 (1H, m), 3.40-
3.64 (4H, m), 3.75, 3.76, 3.76, 3.77 (3H, s), 4.57-4.70 (1H, m), 5.50, 5.62 (1H, ddd, J = 17.4,
10.0, 7.3 Hz), 6.70-6.76 (2H, m), 6.93, 6.99 (1H, d, J = 2.3 Hz); *C NMR (400 MHz, CDCls)
0 18.2, 18.3, 25.9, 26.0, 28.8, 29.2, 32.1, 32.3, 40.0, 40.2, 44.3, 46.5, 46.8, 47.2, 53.6, 54.4,
55.5, 55.7, 55.9, 60.6, 60.9, 61.6, 61.7, 65.5, 72.2, 72.6, 76.4, 76.6, 77.0, 77.3, 110.9, 111.5,
111.6,112.1, 112.3, 112.6, 113.7, 114.0, 132.8, 133.1, 142.8, 144.3, 150.5, 151.1, 153.5, 153.6;
HRMS (ESI-TOF) Calcd for C31Hs605 Si> [M+Na]" 587.3564. Found 587.3560.

(2,5-dimethoxyphenyl)((15*,2R*,55%)-2-(2,2,3,3,9,9,10,10-octamethyl-4,8-dioxa-3,9-
disilaundecan-6-yl)-5-vinylcyclopentyl)methanone (68)

AZADOL, Phi(OAG),

CH,Cl,/pH7 phosphate buffer
rt,5h
quant.

To a solution of 67 (46 mg, 0.081 mmol) in CH2Cl> (0.5 mL) was added pH7 phosphate buffer
(0.5 mL) and PhI(OAc)> (39 mg, 0.12 mmol) and AZADOL (6 mg, 0.039 mmol) at room
temperature, and the mixture was stirred for 5 h at the same temperature. The reaction mixture
was quenched with sat. Na;S>03 aqueous solution and extracted with AcOEt. The combined
organic layers were washed with brine, dried over MgSQs4, and concentrated in vacuo. The
resulting residue was purified by column chromatography (hexane-AcOEt, 10:1) to afford 68
(46 mg, quant.) as yellow oil. IR (neat) 3077, 2953, 2929, 2883, 2857, 1673, 1639, 1410, 1277,
1254, 1225, 1162, 1090, 1051, 1024 cm™!; 'H NMR (400 MHz, CDCIl3) 8-0.09 (3H, s), 0.08
(3H, s) 0.00 (3H, s), 0.01 (3H, s), 0.81 (9H, s), 0.87 (9H, s), 1.49-1.70 (3H, m), 1.80-1.92 (2H,
m), 2.50-2.58 (1H,m), 2.72-2.79 (1H, m), 3.39-3.49 (2H, m), 3.55-3.61 (1H, m), 3.64 (1H, dd,
J=17.6,7.6 Hz), 3.68-3.72 (1H, m), 3.76 (3H, s), 3.79 (3H, s), 4.80 (1H, d, /= 10.0 Hz), 4.85
(1H,d,J=17.2 Hz), 5.75 (1H, ddd, /= 17.2, 10.0, 7.6 Hz), 6.84 (1H, d, /= 8.4 Hz), 6.94, (1H,
dd, J=9.2,3.2 Hz), 7.03 (1H, d, J = 3.2 Hz); 1*C NMR (400 MHz, CDCl;3) 6 18.1, 18.2, 25.8,
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25.9,28.8,32.2,42.7,47.4,49.9, 55.7,55.8, 60.1, 60.5, 62.3,112.7, 113.0, 114.3, 118.7, 130.2,
141.8, 152.2, 153.3, 206.2; HRMS (ESI-TOF) Calcd for C31Hs40s5 Si> [M+Na]" 585.3407.
Found 585.3410.

(1R*2R* 3R*)-2-(2,5-dimethoxybenzoyl)-3-(2,2,3,3,9,9,10,10-octamethyl-4,8-dioxa-3,9-
disilaundecan-6-yl)cyclopentane-1-carbaldehyde (69)

cat. 0304, Na|O4
2,6-lutidine

O OTBS +BuOH/H,0

rt,2h

80%

OTBS

To a solution of 68 (84 mg, 0.15 mmol) in ~-BuOH (0.75 mL) and H>O (0.15 mL) was added
2,6-lutidine (35 pL, 0.30 mmol) and NalO4 (128 mg, 0.60 mmol) and 4% OsOs aqueous
solution (50 pL, 0.0074 mmol) at room temperature, and the mixture was stirred for 2 h at the
same temperature. The reaction mixture was quenched with sat. Na>S>O3 aqueous solution and
extracted with AcOEt. The combined organic layers were washed with brine, dried over MgSOs,
and concentrated in vacuo. The resulting residue was purified by column chromatography
(hexane-AcOEt, 5:1) to afford 69 (68 mg, 80%) as yellow oil. IR (neat). 2954, 2929, 2856,
2709, 1725, 1672, 1583, 1495, 1470, 1411, 1278, 1225 cm™!; 'H NMR (400 MHz, CDCI3) & —
0.10 (3H, s), —0.10 (3H, s), —0.51 (3H, s), 0.57 (3H, s), 0.80 (9H, s), 0.86 (9H, s), 1.30-1.41
(1H, m), 1.47-1.55 (1H, m), 1.82-2.02 (3H, m), 2.53-2.61 (1H, m), 3.00-3.02 (1H, m), 3.38—
3.53 (3H, m), 3.68 (1H, dd, J=10.0, 3.6 Hz), 3.77 (3H, s), 3.78 (3H, s), 4.15 (1H, dd, J = 8.0,
5.2 Hz), 6.86 (1H, d, J=9.2 Hz), 6.99 (1H, dd, /=9.2, 3.2 Hz), 7.13 (1H, d, J = 3.2 Hz), 9.66
(1H, d, J=2.0 Hz); 3C NMR (400 MHz, CDCl3) 6 18.1, 18.2, 25.8, 25.8, 26.6, 29.8, 30.4, 42.7,
42.9,47.2,48.1,54.0, 55.5,55.7,56.2, 57.0, 60.4, 60.5, 62.3, 112.7, 114.3, 119.6, 128.6, 152.3,
152.4, 153.4, 202.0, 204.2, 204.5; HRMS (ESI-TOF) C30Hs106 Si> [M—H] 563.3224. Found
563.322.
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(1R*2R* 3R*)-2-(2,5-dimethoxybenzoyl)-3-(2,2,3,3,9,9,10,10-octamethyl-4,8-dioxa-3,9-
disilaundecan-6-yl)cyclopentane-1-carboxylic acid (24)

NaCIOz, NaH2PO4

2-methyl-2-butene HO.C"

u ""COTBS

O OTBS

+BuOH/H,0
15 min 0] (0]
82% / \

To a solution of 69 (68 mg, 0.12 mmol) in #~-BuOH (0.6 mL) and H>O (0.4 mL) was added 2-
methyl-2-butene (0.13 mL, 1.20 mmol) and NaH2PO4 (94 mg, 0.60 mmol) and NaClO: (94 mg,
0.36 mmol) at room temperature, and the mixture was stirred for 15 min at the same temperature.
The reaction mixture was poured into brine and extracted with AcOEt. The combined organic
layers were washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting
residue was purified by column chromatography (hexane-AcOEt, 3:1) to afford 24 (57 mg,
82%) as pale yellow oil. IR (neat) 2954, 2856, 1736, 1703, 1411, 1254, 1225, 1167, 1089, 1051,
1024 cm™!; 'TH NMR (400 MHz, CDCl3) § -0.11 (3H, s), —0.11 (3H, s), 0.00 (3H, s), 0.00 (3H,
s), 0.80 (9H, s), 0.86 (9H, s), 1.50-2.04 (3H, m), 1.91-2.04 (3H, m), 2.49-2.57 (1H, m), 3.08—
3.12 (1H, m), 3.39 (1H, dd, J = 10.4, 5.2 Hz), 3.46 (1H, dd, J = 10.0, 7.6 Hz), 3.55 (1H, dd, J
=10.0, 5.6 Hz), 3.71 (1H, dd, J = 10.0, 3.6 Hz), 3.76 (3H, s), 3.77 (3H, s), 4.10 (1H, dd, J =
8.0, 5.2 Hz), 6.86 (1H, d, J= 8.8 Hz), 6.99 (1H, dd, /=9.2, 3.2 Hz), 7.15 (1H, d, J= 3.2 Hz)w;
3C NMR (400 MHz, CDCls) § 18.1, 18.2, 25.8, 25.9, 29.8, 30.4, 43.0, 47.2, 48.1, 55.5, 55.7,
57.0,60.4,62.3,76.6,77.0,77.3, 112.7, 114.3, 119.7, 128.6, 152.4, 153.4, 204.2; HRMS (ESI-
TOF) Calcd for C30Hs5207Si2 [M+Na]" 603.3149. Found 603.3152.

(2aR*2a'S*4aR* 7a5*)-7a-(2,5-dimethoxyphenyl)-5-(hydroxymethyl)octahydro-2H-1,7-
dioxacyclopenta[cd]inden-2-one (25)

p-TsOH

THF
reflux, 2 h
88% (dr = 3:1)

To a solution of 24 (150 mg, 0.26 mmol) in THF (1.5 mL) was added p-TsOH (25 mg, 0.13
mmol) at room temperature and the mixture was stirred for 2 h under reflux condition. The

reaction mixture was concentrated in vacuo. The resulting residue was purified by
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column chromatography (AcOEt) to afford 25 (67 mg, 88%) as pale yellow oil and a mixture
of diastereomer (3:1). IR (neat) 3471, 2942, 2835, 1767, 1589, 1496, 1464, 1423, 1280, 1230,
1024, 939 cm™!; 'H NMR (400 MHz, CDCIl3) § 0.82-1.78 (4H, m), 1.89-1.92 (1H, m), 2.24-
2.56 (3H, m), 3.04-3.20 (2H, m), 3.44-3.68 (1H, m), 3.74, 3.80 (3H, s), 3.99-4.08 (2H, m), 6.82-
6.88 (2H, m), 7.11-7.14 (1H, m); *C NMR (400 MHz, CDCls) & 25.11, 29.03, 29.83, 31.57,
36.67,36.89, 38.05, 40.49, 43.38, 48.06, 48.92, 55.83, 55.88, 56.51, 58.50, 58.95, 62.54, 64.29,
106.62, 112.28,112.92, 113.05, 113.78, 114.99, 115.50, 130.23, 131.18, 150.17, 150.39, 153.45,
178.32; HRMS (ESI-TOF) Calcd for C1sH2306 [M+Na]" 335.1495. Found 335.1486.

2-((2aR*2a'S* 4aR* 55% 7aS*)-5-(hydroxymethyl)-2-oxooctahydro-7aH-1,7-
dioxacyclopenta[cd]inden-7a-yl)cyclohexa-2,5-diene-1,4-dione (71)

CAN HPLC separation

CH3CN/H,O 35%
0 °C, 30 min
60%

25 70 71

To a solution of 25 (22 mg, 0.066 mmol) in CH3CN (1.0 mL) and H>O (0.3 mL) was added
CAN (108 mg, 0.20 mmol) at 0 °C, and the mixture was stirred for 30 min at the same
temperature. The reaction mixture was quenched with H,O and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo.
The resulting residue was purified by column chromatography (AcOEt) to afford 70 (12 mg,
60%) as a diastereomer rmixture as yellow oil. Separation of diastereomers by HPLC (AcOEt,
retention time 9 cycles: 307 min) afforded pure 71 (7 mg) as a single diastereomer. IR (neat)
3397, 2924, 1771, 1660, 1600, 1469, 1346, 1285, 1257, 1204, 1126, 1081 cm™!; 'H NMR (400
MHz, CDCl3) 6 0.83-0.89 (1H, m), 1.48-1.59 (2H, m), 1.66-1.78 (2H, m), 1.93 (1H, ddt, J =
12.4, 12.0, 6.0 Hz), 2.28-2.36 (2H, m), 2.87 (1H, dd, J = 10.4, 8.8 Hz), 3.35 (1H, dd, J = 8.4,
8.4 Hz), 3.86-4.12 (4H, m), 6.76 (1H, s), 6.77 (1H, d, J= 2.0 Hz), 6.99 (1H, d, J= 2.0 Hz); 13C
NMR (400 MHz, CDCl3) 6 19.06, 28.93,31.24,36.30, 36.45,39.57, 48.66, 58.12, 63.52,76.27,
76.67, 77.00, 77.32, 92.28, 103.61, 133.14, 135.93, 137.74, 177.38, 185.60, 187.27, HRMS
(ESI-TOF) Calcd for C16Hi60s [M+Na]" 327.0845. Found 327.0838.
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(2aR*2alS* 4aR* 55* 7a5%*)-7a-(2,5-dihydroxyphenyl)-5-(hydroxymethyl)octahydro-2H-1,7-
dioxacyclopenta[cd]inden-2-one (1)

H,, Pd/C

THF
5 min, rt
64%

71 applanatumol (1)

To a solution of 71 (11 mg, 0.036 mmol) in THF (0.5 mL) was added Pd/C (8 mg, 0.075 mmol)
at room temperature, and the mixture was stirred for 5 min at the same temperature under H
atmosphere. The insoluble material was filtered and concentrated in vacuo. The resulting
residue was purified by column chromatography (AcOEt) to afford 1 (9 mg, 64%) as yellow
oil. IR (neat) 3366, 2914, 2858, 2351, 2318, 1750, 1592, 1506, 1450, 1126, 1031 cm™!; "TH NMR
(400 MHz, CD30OD) 81.48-1.55 (1H, m), 1.66-1.70 (1H, m), 1.71-1.76 (1H, m), 1.87-1.93
(1H, m), 2.15-2.21 (1H, m), 2.24-2.30 (1H, m), 3.14 (1H, dd, J = 10.8, 8.8 Hz), 3.28 (1H, t-
like, J = 8.4 Hz), 3.77 (1H, dd, J = 10.4, 6.4 Hz), 3.91 (1H, d, J = 8.0 Hz), 3.98 (1H, dd, J =
12.2,2.0 Hz), 4.02 (1H, dd, J = 10.4, 3.9 Hz), 6.64 (1H, dd, J = 8.8, 2.8 Hz), 6.67 (1H, d, J =
8.8 Hz), 6.87 (1H, d, J = 2.8 Hz); 3*C NMR (400 MHz, CD3;0D) § 29.97, 32.59, 38.03, 38.58,
41.98, 50.75, 59.08, 64.22, 108.94, 114.09, 117.68, 118.51, 129.77, 148.64, 150.94, 181.37;
HRMS (ESI-TOF) Calcd for C16H1s0s [M+Na]* 329.1001. Found 329.0995.
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O ERER

2-(2,5-dimethoxybenzoyl)-3-hydroxycyclopentane-1-carbaldehyde (73)

cat. OsO, u
Na|O4
2,6-lutidine OHC OH
+BuOH/H,0 0]
0°Ctort,1h 0] O 0
89% / \
73

To a solution of 62 (100 mg, 0.36 mmol) in ~-BuOH (2.5 mL) and H>O (0.5 mL) was added 2,6-
lutidine (80 pL, 0.72 mmol) and NalO4 (306 mg, 1.44 mmol) and 4% OsO4 aqueous solution
(0.11 mL, 1.8x102 mmol) at0 °C, and the mixture was stirred for 2 h at room temperature. The
reaction mixture was quenched with sat. Na>S>O3 aqueous solution and extracted with AcOEt.
The combined organic layers were washed with brine, dried over MgSOs, and concentrated in
vacuo. The resulting residue was purified by short pad of silica to afford 73 (125 mg, 89%) as

inseparable diastereomer mixture.

methyl 2-(2,5-dimethoxybenzoyl)-3-hydroxycyclopentane- 1 -carboxylate (75)

a NaCIO,
2-methyl-2-but
OHC oH MR o

NaH,PO, OH  TMSCHN,

¢} +-BUOH/H,0 o toluene/MeOH
0] O (e} rt, 30 min 0 0 rt, 10 min
/ \ / \ 53% (2 steps)
73 74

To a solution of 73 (125 mg, 0.45 mmol) in ~-BuOH (5 mL) and H>O (1.0 mL) was added 2-
methyl-2-butene (0.5 mL, 4.5 mmol) and NaH>PO4¢2H>0O (351 mg, 2.25 mmol) and NaClO;
(122 mg, 1.35 mmol) at room temperature, and the mixture was stirred for 30 min at the same
temperature. The reaction mixture was poured into brine and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo
to afford crude 74 as a yellow oil. To a stirred solution of crude 74 in toluene (4.5 mL) and
MeOH (0.6 mL) was added dropwise TMSCHN: (0.6 M in hexane, 0.73 mL, 0.43 mmol) at
room temperature under Ar, and reaction mixture was stirred for 30 min at the same temperature.
The reaction mixture was concentrated in vacuo. The resulting residue was purified by short

pad of silica to afford 75 (73 mg, 53% in two steps) as yellow amorphous.
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methyl (15*,25*,35%)-2-(2,5-dihydroxybenzoyl)-3-hydroxycyclopentane- 1 -carboxylate (7)

MeO,C E “OH

BBr3
0°C,1.5h HO O OH
23%
75 applanatumol Z (7)

To a stirred solution of 75 (20 mg, 6.5x10"2 mmol) in CH>Cl, (0.6 mL) was added dropwise
BBr3 (1.0 M in CH2Cly, 0.32 mL, 0.33 mmol) at 0 °C under Ar, and reaction mixture was stirred
for 1.5 h at the same temperature. The reaction mixture was quenched with water, and extracted
with AcOEt. The combined organic layers were washed with brine, dried over MgSQO4, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 2:1) to afford 7 as a diastereomer mixture. Separation of diastereomers by HPLC
isolated each diastereomer (hexane-AcOEt, 3:1) to afford 7 (4.0 mg, 23%). IR (neat) 3345, 1613,
1578, 1518, 1482, 1355, 1227, 1196, 1171, 916 cm™'; 'H NMR (400 MHz, CDCl3) § 1.76-1.85
(1H, m), 2.25-2.35 (1H, m), 2.48-2.58 (1H, m), 2.65-2.74 (1H, m), 3.90 (1H, ddd, /= 15.2, 8.2,
3.2 Hz),4.98 (1H, d,J=10.5 Hz), 5.08 (1H, dt,J=16.9, 1.3 Hz), 5.82 (1H, ddd, J=17.1, 10.6,
7.5 Hz), 6.47 (1H, dd, J=4.5, 2.2 Hz), 6.89 (1H, d, /= 8.8 Hz), 7.02 (1H, dd, J = 8.6, 3.2 Hz),
7.25 (1H, d, J= 3.2 Hz), 11.54 (1H, s); '3*C NMR (400 MHz, CDCls) & 30.1, 32.9, 49.7, 114.9,
117.1, 118.9, 119.7, 124.3, 139.3, 144.3, 144.5, 147.3, 156.2, 198.2; HRMS (ESI-TOF) Calcd
for C14H1303 [M—H]" 229.0865. Found 229.0869.

(2,5-dihydroxyphenyl)(5-vinylcyclopent-1-en-1-yl)methanone (76)

A A

BBrs
0 CH,Cls 0
e SR R o
86%
15 76

To a stirred solution of 15 (226 mg, 0.87 mmol) in CH>Cl> (9 mL) was added dropwise BBr3
(1.0 M in CH2Cl», 3.5 mL, 3.48 mmol) at —20 °C under Ar, and reaction mixture was stirred for
1 h at the same temperature. The reaction mixture was quenched with water, and extracted with
AcOEt. The combined organic layers were washed with brine, dried over MgSQOs4, and

concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
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AcOEt, 2:1) to afford 76 (172 mg, 86%) as brown amorphous. IR (neat) 3345, 1613, 1578, 1518,
1482, 1355, 1227, 1196, 1171, 916 cm™!; 'TH NMR (400 MHz, CDCl3) & 1.76-1.85 (1H, m),
2.25-2.35 (1H, m), 2.48-2.58 (1H, m), 2.65-2.74 (1H, m), 3.90 (1H, ddd, J=15.2, 8.2, 3.2 Hz),
498 (1H,d,J=10.5Hz), 5.08 (1H, dt,J=16.9, 1.3 Hz), 5.82 (1H, ddd, /= 17.1, 10.6, 7.5 Hz),
6.47 (1H,dd, J=4.5,2.2 Hz), 6.89 (1H, d, /= 8.8 Hz), 7.02 (1H, dd, /= 8.6, 3.2 Hz), 7.25 (1H,
d, J = 3.2 Hz), 11.54 (1H, s); 1*C NMR (400 MHz, CDCls) & 30.1, 32.9, 49.7, 114.9, 117.1,
118.9, 119.7, 124.3, 139.3, 144.3, 144.5, 147.3, 156.2, 198.2; HRMS (ESI-TOF) Calcd for
C14H1303 [M—H]" 229.0865. Found 229.0869.

(1R*,3a8*9aR *)-7-hydroxy-1-vinyl-2,3,3a,9a-tetrahydrocyclopenta[ b]Jchromen-9(1 H)-one

(28)
MeOH
HO OH 50°C, 12 h

96% (dr = 8:1)
28 S1

To a stirred solution of 76 (30 mg, 0.13 mmol) in MeOH (2.6 mL) was added K.COs3 (18 mg,
0.13 mmol) at room temperature, and reaction mixture was stirred for 12 h at 50 °C. The reaction
mixture was quenched with sat. NH4Cl aqueous solution, and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo.
The resulting residue was purified by column chromatography (hexane-AcOEt, 3:1) to afford
28 and S1 (29 mg, 96%) as a diastereomixture as pale yellow amorphous. Separation of
diastereomers by HPLC isolated each diastereomer (hexane-AcOEt, 3:1).

Data for 28

IR (neat) 3398, 3382, 3372, 3068, 2956, 2935, 1655, 1623, 1487, 606 cm™'; '"H NMR (400 MHz,
CDCl3) 6 1.63-1.72 (1H, m), 2.04-2.37 (3H, m), 2.45 (1H, dd, /= 10.9, 2.8 Hz), 2.83-2.99 (1H,
m), 4.93 (1H, t,J=4.1 Hz), 5.01 (1H, d, J=15.5 Hz), 5.04 (1H, d, /= 7.3 Hz), 5.83 (1H, ddd,
J=18.3,10.0, 7.7 Hz), 6.84 (1H, d, /= 9.1 Hz), 7.04 (1H, dd, J=9.1, 3.2 Hz), 7.34 (1H, d, J
= 3.2 Hz); 3C NMR (400 MHz, CDCl3) & 29.8, 31.8, 45.8, 56.8, 83.6, 111.1, 115.8, 119.1,
119.1, 125.2, 138.9, 150.5, 154.7, 194.2; HRMS (ESI-TOF) Calcd for CisH;303 [M-H]J"
229.0865. Found 229.0869.

Data for S1
IR (neat) 3346, 2941, 1660, 1492, 1460, 1353, 1309, 1220, 1197 cm™!; 'H NMR (400 MHz,
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CDCls) & 1.83-2.02 (2H, m), 2.08-2.14 (1H, m), 2.25-2.31 (1H, m), 2.88 (1H, dd, J = 10.0, 4.1
Hz),3.20 (1H, ddd, /= 14.1, 9.6, 4.5 Hz), 4.74 (1H, d, J= 10.0 Hz), 4.89 (1H, ddd, J = 8.0, 3.8,
1.3 Hz), 4.93 (1H, d, J= 17.8 Hz), 5.51 (1H, ddd, J = 16.9, 16.9, 9.6 Hz), 6.83 (1H, d, J = 8.6
Hz), 7.03 (1H, dd, J = 8.6, 3.2 Hz), 7.31 (1H, d, J = 3.2 Hz); 13C NMR (400 MHz, CDCl3) &
30.4, 33.3, 46.2, 55.1, 83.7, 110.7, 116.2, 119.3, 121.4, 124.7, 138.8, 150.1, 155.5, 193.9;
HRMS (ESI-TOF) Calcd for C14H1403Na [M+Na]* 253.0841. Found 253.0834.

(18*,3a5*,9aR *)-7-hydroxy-9-oxo0-1,2,3,3a,9,9a-hexahydrocyclopenta[b]chromene-1-
carbaldehyde (77)

cat. OsO,

NalO,4 CHO
2, 6 lutidine
1,4-dioxane/H,O
rt, 12 h
99%

To a solution of 28 (50 mg, 0.21 mmol) in 1,4-dioxane (1.5 mL) and H,O (0.5 mL) was added
2,6-lutidine (48 pL, 0.42 mmol) and NalO4 (180 mg, 0.84 mmol) and 4% OsOs aqueous
solution (27 uL, 4.2x1073 mmol) at room temperature, and the mixture was stirred for 12 h at
the same temperature. The reaction mixture was quenched with sat. Na>S>O3 aqueous solution
and extracted with AcOEt. The combined organic layers were washed with brine, dried over
MgSO4, and concentrated in vacuo. The resulting residue was purified by column
chromatography (hexane-AcOEt, 1:1) to afford 77 (48 mg, 99%) as yellow amorphous. IR
(neat) 3582, 3419, 2946, 1714, 1667, 1618, 1494, 1463, 1360, 607 cm™!; 'H NMR (400 MHz,
CDCl) 6 1.89-1.99 (1H, m), 2.08-2.22 (3H, m), 3.12 (1H, dd, J=9.1, 4.8 Hz), 3.19-3.25 (1H,
m), 4.96 (1H, td, J=4.5, 2.2 Hz), 6.87 (1H, d, J=9.1 Hz), 7.07 (1H, dd, J=9.1, 3.2 Hz), 9.79
(IH, d, J = 1.3 Hz); *C NMR (400 MHz, CDCls) § 22.4, 23.0, 31.7, 50.4, 52.5, 82.4, 111.0,
119.2, 119.3, 125.6, 150.8, 154.7, 193.2, 200.5; HRMS (ESI-TOF) Calcd for Ci3H1104 [M—H]*
231.0657. Found 231.0660.
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(18*,3a5*,9aR *)-7-hydroxy-9-oxo0-1,2,3,3a,9,9a-hexahydrocyclopenta[b]chromene-1-
carboxylic acid (5)

NaClO,
NaH,PO4+2H,0
0y cHO Zoa e O\, COH
HO 2-methyl-2-butene HO
tBuOH/H,O
0 o)
H rt, 1h H
77 8% applanatumol X (5)

To a solution of 77 (45 mg, 0.19 mmol) in #~-BuOH (1.5 mL) and H>O (0.5 mL) was added 2-
methyl-2-butene (0.20 mL, 1.9 mmol) and NaH>PO4°2H>0 (148 mg, 0.95 mmol) and NaClO;
(53 mg, 0.57 mmol) at room temperature, and the mixture was stirred for 1 h at the same
temperature. The reaction mixture was poured into brine and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo.
The resulting residue was purified by column chromatography (CHCI3-MeOH, 3:1) to afford §
(37 mg, 78%) as yellow amorphous. IR (neat) 3708, 2920, 2396, 2190, 1680, 1659, 1629, 1562,
1480, 1380 cm™!; 'H NMR (400 MHz, CD30D) 8 1.95-2.07 (1H, m), 2.09-2.15 (1H, m), 2.26-
2.38 (2H, m), 2.98-3.05 (1H, m), 3.08 (1H, dd, J=10.0, 4.1 Hz), 4.95 (1H, dd, /= 6.3, 3.2 Hz),
6.84 (1H, d,J=8.6 Hz), 7.02 (1H, dd, J= 8.6, 3.2 Hz), 7.15 (1H, d, J= 3.2 Hz); 3*C NMR (400
MHz, CD;0D) 6 29.1, 33.1, 47.2, 55.2, 84.6, 111.4, 120.3, 120.5, 126.3, 153.0, 155.7, 178.4,
195.0; HRMS (ESI-TOF) Calcd for C13H1105 [M—H]* 247.0606. Found 247.0609.

methyl (15*3aS5%*9aR*)-7-hydroxy-9-o0x0-1,2,3,3a,9,9a-hexahydrocyclopenta[b]chromene-1-
carboxylate (6)

O, CoOH ©
HO M2 TMSCHN, HO W [OMe
toluene/MeOH
oy rt, 30 min o'l
applanatumol X (5) 76% applanatumol Y (6)

To a stirred solution of applanatumol X (5) (10 mg, 40 mmol) in toluene (0.1 mL) and MeOH
(50 mL) was added dropwise TMSCHN; (0.6 M in hexane, 0.1 mL, 60 mmol) at room
temperature under Ar, and reaction mixture was stirred for 30 min at the same temperature. The
reaction mixture was concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEFt, 1:1) to afford 6 (8 mg, 76%) as yellow amorphous. IR
(neat) 3582, 3266, 2952, 1730, 1680, 1619, 1493, 1462, 1352, 1312 cm™!; 'H NMR (400 MHz,
CD;0D) 6 2.00-2.06 (1H, m), 2.11-2.15 (2H, m), 2.27-2.34 (1H, m), 3.04 (1H, dd, /= 1.8 Hz),
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3.06-3.09 (1H, m), 3.70 (3H, s), 4.96 (1H, dd, J = 6.4, 3.4 Hz), 6.84 (1H, d, J = 9.15 Hz), 7.02
(1H, dd, J=9.15, 3.0 Hz), 7.14 (1H, d, J = 3.2 Hz); 3C NMR (400 MHz, CD;0D) 5 15.4, 31.0,
55.6,56.0,60.9, 61.5,79.7, 86.1, 111. 76, 113.6, 113.9, 130.0, 150.7, 153.5; HRMS (ESI-TOF)
Caled for C14H 1305 [M—H]* 261.0763. Found 261.0765.
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H
1]
1
N,
M
5

methyl 3-oxohept-6-enoate (52)

NaH
then n-BuLi
60 O then allyl bromide o O
\OJ\/U\ THF \OW
0 °C to rt, 30 min
78 98% 52

To a stirred solution of methyl malonate (78) (5.00 g, 43.0 mmol) in THF (50 mL) was added
NaH (2.25 g, 51.6 mmol) at 0 °C under Ar, and reaction mixture was stirred for 30 min. To this
mixture was added dropwise zn-butyl lithium (1.58 M in n-hexane, 32.6 mL, 51.6 mmol) at same
temperature. Then, to this mixture was added allyl bromide (4.5 mL, 51.6 mmol) at 0 °C, and
the mixture was stirred for 30 min at room temperature. The reaction mixture was quenched
with sat. NH4Cl aqueous solution and extracted with AcOEt. The combined organic layers were
washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting residue was
purified by column chromatography (hexane-AcOEt, 3:1) to afford 52 (6.60 g, 98%) as yellow
oil. IR (neat) 3423, 3079, 2955, 1748, 1717, 1642, 1437, 1321, 1270, 1078, 999, 916 cm™!; 'H
NMR (400 MHz, CDCI3) 6 2.31 (2H, dt, J = 15.6, 7.6 Hz), 2.62 (2H, 7.2, t, J = 7.2 Hz), 3.43
(3H, s), 3.70 (3H, s), 4.96 (1H, dt, J=10.8, 1.2 Hz), 4.96 (1H, dt, /= 16.8, 1.2 Hz), 5.76 (1H,
ddt,J=17.2,10.8, 7.2 Hz); 3C NMR (400 MHz, CDCl3) § 27.5,41.9, 48.9, 52.2, 115.5, 136.4,
167.5, 201.8; HRMS (ESI-TOF) Calcd for CsH1203 [M+Na]" 179.0682. Found 179.0682.

methyl (5)-3-hydroxyhept-6-enoate (37)

O O NaBH, O OH
\O)J\/U\/\/ MeOH \OW
0°C,1h
52 77% 37

To a stirred solution of compound 52 (4.84 g, 30.6 mmol) in MeOH (90 mL) was added NaBH4
(1.70 g, 45.9 mmol) at —40 °C and reaction mixture was stirred for 1 h. The reaction mixture
was quenched with sat. NH4Cl aqueous solution and extracted with AcOEt. The combined
organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo. The
resulting residue was purified by column chromatography (hexane-AcOEt, 3:1) to afford 37
(3.73 g, 77%) as yellow oil. IR (neat) 3415, 3077, 2929, 1737, 1641, 1438, 1294, 1168, 1082,
996,913 cm™!'; 'H NMR (400 MHz, CDCl3) § 1.45-1.64 (2H, m), 2.06-2.24 (2H, m), 2.40 (1H,
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dd, J=16.4, 8.4 Hz), 2.48 (1H, dd, J = 16.4, 3.6 Hz), 3.68 (3H, s), 4.00 (1H, ddt, J = 8.8, 4.4,
3.2 Hz),4.94 (1H, dt,J=10.4, 3.2 Hz), 5.01 (1H, dt, J=16.0, 3.6 Hz), 5.79 (1H, ddt, /= 16.8,
10.4, 6.4 Hz); 13C NMR (400 MHz, CDCl3) § 29.6, 35.4, 41.0, 51.6, 67.3, 114.9, 137.9, 173.2;
HRMS (ESI-TOF) Calcd for CsHi1403 [M+Na]" 181.0841. Found 181.0839.

3-(2,5-dimethoxyphenyl)prop-2-yn-1-ol (81)

~ ~

o Pd(PPhs), o

Cul
+ = OH = .
N / OH
Br n-BuNH, =

0 reflux, 11 h o)

- 86% -
79 80 81

2-bromo-1,4-dimethoxybenzene (79) (5.00 g, 23.0 mmol) in n-butylamine (40 mL) was placed
in a flame-dried round-bottomed flask under an argon atmosphere. A mixture of propargyl
alcohol (80) (2.00 mL, 34.5 mmol) in n-butylamine (40 mL) and Pd(PPhs3)4 (1.32 g, 1.15 mmol)
was added, with the optional addition of Cul (131 mg, 0.69 mmol) where appropriate. The
mixture was heated for 11 h at reflux temperature and poured into H>O. The product was
extracted with EtOAc. The combined organic layers were washed with brine, dried over
anhydrous MgSOQ4, and evaporated under reduced pressure. The crude product was purified by
silica gel column chromatography (EtOAc/hexanes, 1:1) to afford 81 (3.79 g, 86%) as white
solid. mp 67-68 °C, IR (KBr) 2230, 3396 cm™!; '"H NMR (400 MHz, CDCl3) § 2.66 (2H, t, J =
6.0 Hz), 3.72 (3H, s), 3.81 (3H, s), 4.52 (2H, d, J=6.0 Hz), 6.77 (1H, d, J=9.2 Hz), 6.82 (1H,
dd,J=9.2,3.2 Hz), 6.93 (1H, d, J= 3.2 Hz); 3C NMR (400 MHz, CDCl3) § 51.5, 55.6, 56.2,
81.5,91.4, 111.7, 112.0, 115.7, 118.2, 153.0, 154.2; HRMS (ESI-TOF) Calcd for Ci9H2405
[M+Na]" 215.0684. Found 215.0681.

2-(3-bromoprop-1-yn-1-yl)-1,4-dimethoxybenzene (38)

0 o)
Brp, PPhy
o~ OH CH,Cl, B
0°C,1h
O 99% -0
81 38

To a stirred solution of PPhs (5.37 g, 20.5 mmol) in CH>Cl, (50 mL) was added dropwise Br

(1.05 mL, 20.5 mmol) at 0 °C under Ar, and reaction mixture was stirred for 30 min. To this
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mixture was added dropwise a solution of compound 81 (3.28 g, 17.0 mmol) in CH>Cl> (20
mL), and the mixture was stirred for 1 h at 0 °C. The reaction mixture was concentrated in vacuo,
and filtered through short pad of silica, and concentrated in vacuo. The resulting residue was
purified by column chromatography (hexane-AcOEt, 10:1) to afford 38 (4.29 g, 99%) as an off-
white solid. mp 47-48 °C, IR (KBr) 2205 cm™!; '"H NMR (400 MHz, CDCl3) & 3.75, (3H, s),
3.83 (3H, s), 4.21 (2H, s), 6.79 (1H, d, J = 8.8 Hz), 6.85 (1H, dd, J = 8.8, 3.2 Hz), 6.95 (1H, d,
J = 2.8 Hz); 3C NMR (400 MHz, CDCI3) & 15.6, 55.7, 56.3, 83.0, 88.0, 111.5, 111.9, 116.4,
118.2, 153.0, 154.7); HRMS (ESI-TOF) Calcd for CiiH11O2Br [M+Na]" 276.9840. Found
276.9835.

methyl (25%,35%)-2-(3-(2,5-dimethoxyphenyl)prop-2-yn-1-yl)-3-hydroxyhept-6-enoate (36)

(e} O
O OH LDA N
A A~z 7
~0 = B THE 7 "OH
0 -50°Cto-20°C, 10 h 0
e 70% e COzMe
37 38 36

To a stirred solution of diisopropylamine (10.0 ml, 71.3 mmol) in THF (50 mL) was added
dropwise n-butyl lithium (1.56 M in n-hexane, 45.7mL, 71.3 mmol) at 0 °C under Ar, and
reaction mixture was stirred for 20 min. To this mixture was added dropwise a solution of
compound 37 (4.70 g, 29.7 mmol) in THF (5 mL) at —50 °C, and the mixture was stirred for 1
h at 0 °C. Then, to this mixture was added dropwise a solution of compound 38 (9.00 g, 35.6
mmol) in THF (10 mL) at —50 °C, and the mixture was stirred for 10 h at —20 °C. The reaction
mixture was quenched with sat. NH4Cl aqueous solution and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo.
The resulting residue was purified by column chromatography (hexane-AcOEt, 3:1 to 2:1) to
afford 36 (6.68 g, 70%) as yellow oil. IR (neat) 3519,2948, 2834, 1732, 1605, 1500, 1439, 1269,
1232, 1208, 1170, 1045, 915, 808, 742 cm™!; '"H NMR (400 MHz, CDCl3) & 1.65 (2H, dt, J =
14.4, 7.2 Hz), 2.14-2.75 (2H, m), 2.79-2.91 (3H, m), 3.74 (3H, s), 3.75 (3H, s), 3.81 (3H, s),
4.00 (1H, dt,J=4.0, 6.4 Hz),4.97 (1H, d, J=9.2 Hz), 5.06 (1H, d, /= 16.0 Hz), 5.83 (1H, ddt,
J=16.8,10.0, 6.8 Hz), 6.76 (1H, d, J=9.2 Hz), 6.81 (1H, dd, /=9.2, 2.8 Hz), 6.89 (1H, d, 2.8
Hz); 3C NMR (400 MHz, CDCl3) & 19.8, 30. 1, 34.2, 49.5, 51.9, 55.7, 56.2, 70.9, 77.3, 90.5,
111.7, 115.0, 118.2, 138.0, 153.1, 154.4, 174.0); HRMS (ESI-TOF) Calcd for Ci9H24O5
[M+Na]" 355.1521. Found 355.1514.
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(2R*,35%)-2-(3-(2,5-dimethoxyphenyl)prop-2-yn-1-yl)hept-6-ene-1,3-diol (65)

(0] (0]
N LiAIH, N
= "'*OH THFE = ""'*OH
0°Ctort,1h
(0] ) (0]
e COzMe 98% pe OH
36 82

To a stirred solution of LiAlH4 (689 mg, 18.6 mmol) in THF (30 mL) was added solution of
compound 36 (4.00 g, 12.4 mmol) in THF at 0 °C and reaction mixture was stirred for 1 h at
room temperature. The reaction mixture was quenched with sat. Rochell’s salt aqueous solution
and extracted with AcOEt. The combined organic layers were washed with brine, dried over
MgSO4, and concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEt, 1:1) to afford 82 (3.59 g, 98%) as yellow oil. mp 62-
63 °C, IR (KBr) 3819, 3700, 3130, 3049, 2276, 2143, 1943, 1791, 1687, 1559, 1159, 799 cm™};
"H NMR (400 MHz, CDCl3) 6 1.62-1.78 (2H, m), 1.87-1.89 (1H, m), 2.13-2.22 (1H, m), 2.25-
2.34 (1H, m), 3.75 (3H, s), 3.81 (3H, s), 3.93 (1H, dd, /= 11.6, 4.8 Hz), 4.03 (1H, dd, J=11.2,
4.4 Hz),4.98 (1H, d, J=10.4 Hz), 5.07 (1H, d, J=17.6 Hz), 5.86 (1H, ddt, /= 17.2, 10.0, 6.8
Hz), 6.77 (1H, d, J = 8.8 Hz), 6.80 (1H, dd, J= 8.8, 2.8 Hz), 6.9 (1H, d, J= 2.8 Hz); 3*C NMR
(400 MHz, CDCl3) 6 20.1, 30.2, 34.4, 43.9, 55.7, 56.1, 63.4, 73.6, 78.3, 92.3, 111.5, 114.8,
117.9, 138.3, 153.1, 154.3; HRMS (ESI-TOF) Calcd for CisH2404 [M+Na]* 327.1572. Found
327.1566.

(2R *,35%)-2-(3-(2,5-dimethoxyphenyl)prop-2-yn-1-yl)hept-6-ene-1,3-diol--(4S,5R)-4-(but-3-
en-1-yl)-5-(3-(2,5-dimethoxyphenyl)prop-2-yn-1-yl)-2,2-dimethyl-1,3-dioxane—
dichloromethane (83)

~o
A 2,2-dmp, CSA
Z ""OH CH,Cl,
_0O OH r,3h
82 quant.

To a solution of 82 (24 mg, 79 mmol) in CH>Cl, (0.4 mL) was added 2,2-dmp (20 mL, 0.11
mmol) at room temperature and the mixture was stirred for 4 h. The reaction mixture
was quenched with NH4ClI aqueous solution and extracted with AcOEt. The combined organic

layers were washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting

88



residue was purified by column chromatography (hexane-AcOEt, 3:1 to 1:1) to afford 83 (27
mg, qunt.) as yellow oil. '"H NMR (400 MHz, CDCls3) & 1.39 (3H, s), 1.46 (3H, s), 1.48-1.53
(1H, m), 1.72-1.89 (2H, m), 2.06-2.15 (1H, m), 2.21-2.28 (1H, m), 2.41 (2H, d, J = 6.4 Hz),
3.74 (3H, s), 3.80 (3H, s), 3.87 (1H, J=10.4, 2.8 Hz), 3.91 (2H, d, J = 8.0 Hz), 4.93 (1H, d, J
=10.4 Hz), 5.26 (1H, d, J=15.2 Hz), 5.81 (1H, ddt, /= 16.8, 10.0, 6.8 Hz), 6.75-6.79 (2H, m),
6.88 (1H, d, J=2.8 Hz)

(2R*,35%)-2-(3-(2,5-dimethoxyphenyl)-3-oxopropyl)hept-6-ene-1,3-diyl diacetate (41)

o
X Fep(S04)3°nH,0
5 “OH AcOH ""OAC
o 70°C, 17 h
-~ OH 67% OAc

82

To a stirred solution of compound 82 (547 mg, 1.80 mmol) in AcOH (9.0 mL) was added
Fe2(S04)3°nH20 (360 mg) at room temperature and reaction mixture was stirred for 17 h at 70
°C. The reaction mixture was filtered through Celite, and concentrated in vacuo, and washed
with sat. NaHCO3 aq., then, extracted with AcOEt. The combined organic layers were washed
with brine, dried over MgSQy4, and concentrated in vacuo. The resulting residue was purified
by column chromatography (hexane-AcOEt, 2:1) to afford 41 (487 mg, 67%) as yellow oil. IR
(neat) 2942, 1737, 1673, 1582, 1495, 1412, 1370, 1228, 1165, 1110, 1043, 915, 814 cm™'; 'H
NMR (400 MHz, CDCl3) 6 1.64-1.79 (3H, m), 1.97-2.10 (3H, m), 2.03 (3H, s), 2.04 (3H, s),
3.06 (2H, td, J = 8.0, 3.2 Hz), 3.39-3.43 (2H, m), 3.79 (3H, s), 3.86 (3H, s), (1H, dd, J = 11.6,
5.6 Hz), 4.12 (1H, dd, J = 11.6, 5.6 Hz), 4.96 (1H, d, J = 10.0 Hz), 5.01 (1H, d, J = 17.2 Hz),
5.01-5.07 (1H, m), 5.78 (1H, ddt, J = 17.2, 10.8, 6.8 Hz), 6.90 (1H, d, J = 8.4 Hz), 7.01 (1H,
dd, J=8.4,3.2 Hz), 7.23 (1H, d, J= 3.2 Hz); 3C NMR (400 MHz, CDCl3) § 20.9, 21.0, 22.3,
26.4,29.7,30.5,40.3,41.0, 55.8, 56.0, 63.6, 70. 5, 73.3, 113.0, 113.8, 119.9, 128.2, 137.5, 153.0,
153.4, 171.1, 201.4; HRMS (ESI-TOF) Calcd for C2H3007 [M+Na]® 429.1889. Found
429.1884.
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(2R *,35%)-2-(3-(2,5-dimethoxyphenyl)-3-oxopropyl)-6,7-dihydroxyheptane-1,3-diyl diacetate
(84)

0s0O,
NMO

acetone/H,O
rt,5h

"*OAc " OAc

OAc OAc

41

To a solution of 41 (129 mg, 0.32 mmol) in acetone (3.0 mL) and H>O (1.0 mL) was added
NMO (56 mg, 0.48 mmol) and 4% OsO4 aqueous solution (40 pL, 0.064 mmol) at room
temperature, and the mixture was stirred for 5 h at the same temperature. The reaction mixture
was quenched with sat. Na;S>03 aqueous solution and extracted with AcOEt. The combined
organic layers were washed with brine, dried over MgSQOs, and concentrated in vacuo without
further purification to afford 84 as yellow oil. "H NMR (400 MHz, CDCl3) § 1.37-1.50 (2H, m),
1.66-1.86 (2H, m), 1.93-1.99 (1H, m), 2.02 (3H, s), 2.03 (3H, s), 2.04-2.08 (2H, m), 3.04-3.09
(2H, m), 3.44 (1H, t,J= 7.2 Hz), 3.61-3.71 (2H, m), 3.78 (3H, s), 3.78 (3H, s), 4.02-4.09 (1H,
m), 4.11-4.16 (1H, m), 4.99 (5.05 (1H, m), 6.89 (1H, d, J=9.2 Hz), 7.01 (1H, dd, J=9.2, 3.2
Hz), 7.21 (1H, d, J=4.0 Hz)

(2R *,35%)-2-(3-(2,5-dimethoxyphenyl)-3-oxopropyl)-7-methoxy-6,7-dioxoheptane-1,3-diyl
diacetate (79)

1) AZADOL®, NaNO, -

OH AcOH, O, balloon MeO,C O
CH3CN/H0, 11, 7 h

"*OAc 2) TMSCHN, "'OAC
toluene/MeOH
OAc rt, 15 min /O o OAc
84 47% (3 steps) 79

To a solution of 84 (134 mg, 0.30 mmol) in CH3CN (3.0 mL) and H>O (1.0 mL) was added
AcOH (40 mL) and NaNO; (8 mg, 0.12 mmol) and AZADOL (4 mg, 0.030 mmol) at room
temperature under O atmosphere with O; ballon, and the mixture was stirred for 7 h at the
same temperature. The reaction mixture was quenched with sat. Na>S>O3 aqueous solution and
extracted with AcOEt. The combined organic layers were washed with brine, dried over MgSOs,
and concentrated in vacuo to afford crude a-ketocarboxylic acid product as yellow oil. To a
stirred solution of crude product in toluene (1.5 mL) and MeOH (1.5 mL) was added dropwise
TMSCHN3 (0.6 M in hexane, 1.0 mL, 0.58 mmol) at room temperature under Ar, and reaction
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mixture was stirred for 30 min at the same temperature. The reaction mixture was concentrated
in vacuo. The resulting residue was purified by column chromatography (hexane-AcOEt, 1:1)
to afford 79 (70 mg, 47% in 3 steps) as yellow amorphous. IR (neat) 3582, 3266, 2952, 1730,
1680, 1619, 1493, 1462, 1352, 1312 cm™!; 'H NMR (400 MHz, CD3;0OD) 6 1.65-1.86 (2H, m),
1.94-2.07 (3H, m), 2.02 (6H, s), 2.78-2.97 (2H, m), 3.06 (2H, t, /= 10 Hz), 3.78 (3H, s), 3.85
(6H, s), 4.09 (2H, d, J= 5.6 Hz), 4.98-5.04 (1H, m), 6.89 (1H, d, J=9.2 Hz), 7.01 (1H, dd, J =
9.2,3.2 Hz), 7.22 (1H, d, J= 3.2 Hz)

(2R *,35%*)-7-((tert-butyldimethylsilyl)oxy)-2-(3-(2,5-dimethoxyphenyl)-3-oxopropyl)-6-
hydroxyheptane-1,3-diyl diacetate (87)

~ ~ OTBS
(0] OH (0]
OH TBSCI OH
imidazole
""OAc DMF "*OAc
rt

0 0 OAc  52% (2 steps) o 0 OAc

84 87

To a stirred solution of the crude 84 (0.49mmol) in DMF was added tert-
butyldimethylchlorosilane (81 mg, 0.54 mmol) and imidazole (1001 mg, 1.47 mmol) at room
temperature, and the mixture was stirred for 30 min at the same temperature. The reaction
mixture was quenched with H>O and extracted with ether. The combined organic layers were
washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting residue was
purified by column chromatography (hexane-AcOEt, 2:1) to afford 87 (142 mg, 52% in 2 steps)
as a diastereoer mixture as pale yellow oil. 'H NMR (400 MHz, CDCl3) & 0.05 (6H, s), 0.88
(9H, s), 1.33-1.46 (1H, m), 1.50-1.92 (4H, m), 1.95-2.06 (2H, m), 2.02 (6H, s), 3.05 (2H, t, J =
6.4 Hz), 3.34-3.40 (1H, m), 3.56-3.65 (2H, m), 3.77 (3H, s), 3.85 (3H, s), 4.06-4.12 (2H, m),
5.00-5.07 (1H, m), 6.88 (1H, d, J = 8.4 Hz), 7.00 (1H, dd, J=9.2, 3.2 Hz), 7.2 (1H, d, J= 3.6
Hz)

(2R *,35%*)-7-((tert-butyldimethylsilyl)oxy)-2-(3-(2,5-dimethoxyphenyl)-3-oxopropyl)-6-
oxoheptane-1,3-diyl diacetate (88)

So Q78S No  OTBS
DMP
"OAc ToHCl, "OAc
00 OAc qu:nt. 0 0 OAc
87 88
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To a stirred solution of 87 in CH2Clz (3.0 mL) was added DMP (163 mg, 0.37 mmol) at room
temperature, and the mixture was stirred for 30 min at room temparature. The reaction mixture
was quenched with sat. Na>S>03 and NaHCOs3 aqueous solution and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo.
The resulting residue was purified by column chromatography (hexane-AcOEt, 2:1) to afford
88 (138 mg, quant.) as pale yellow oil. "H NMR (400 MHz, CDCI3) 6 1.65-1.75 (1H, m), 1.76-
1.89 (2H, m), 1.92 (2.00 (2H, m), 2.02 (6H, s), 2.52 (2H, t, /= 7.2 Hz), 3.06 2H. t. J=7.2
Hz), 3.78 (3h, s), 3.85 (3H, s), 4.09 (2H, d, J = 6.8 Hz), 4.14 (2H, s), 4.97-5.04 (1H, m), 6.89
(1H, d, J=8.8 Hz), 7.00 (1H, dd, J = 8.8, 3.2 Hz), 7.21 (1H, d, /= 3.2 Hz)

(2R*,35%)-2-(3-(2,5-dimethoxyphenyl)-3-oxopropyl)-6-oxohexane-1,3-diyl diacetate (42)

0
cat. OsO,
N NalO,, 2,6-lutidine
""OAc 1,4-dioxane/H,0
rt,1h
0 0 OAc 97%

41

To a solution of 41 (140 mg, 0.32 mmol) in 1,4-dioxane (2.4 mL) and H>O (0.8 mL) was added
2,6-lutidine (73pL, 0.64 mmol) and NalO4 (273 mg, 1.28 mmol) and 4% OsO4 aqueous solution
(100 pL, 0.016 mmol) at room temperature, and the mixture was stirred for 1 h at the same
temperature. The reaction mixture was quenched with sat. Na>S;O3 aqueous solution and
extracted with AcOEt. The combined organic layers were washed with brine, dried over MgSOs,
and concentrated in vacuo. The resulting residue was purified by column chromatography
(hexane-AcOEt, 1:1) to afford 42 (127 mg, 97%) as yellow oil. IR (neat). 2942, 2836, 1736,
1672, 1582, 1495, 1412, 1227, 1165, 1042, 815 cm™!; '"H NMR (400 MHz, CDCls) & 1.66-1.75
(1H, m), 1.78-1.88 (1H, m), 1.90-2.07 (5H, m), 2.03 (3H, s), 2.04 (3H, m), 2.50 (2H, t,J = 8.4
Hz), 3.08 (2H, t,J="7.2 Hz), 3.79 (3h, s), 3.87 (3H, s), 4.11 (2H, d, J = 5.2 Hz), 5.00-5.06 (1H,
m), 6.90 (1H, d,J=9.2 Hz), 7.02 (1H, dd, J= 8.4, 3.2 Hz), 7.23 (1H, d, J= 3.2 Hz), 9.76 (1H,
s); *C NMR (400 MHz, CDCl3) 8 18.1, 18.2, 25.8, 25.8,26.6, 29.8,30.4,42.7,42.9,47.2, 48.1,
54.0, 55.5, 55.7, 56.2, 57.0, 60.4, 60.5, 62.3, 112.7, 114.3, 119.6, 128.6, 152.3, 152.4, 153.4,
202.0, 204.2, 204.5; HRMS (ESI-TOF) Calcd for C»iH230s [M+Na]® 431.1682. Found
431.1674.
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((1R*,75*)-7-acetoxy-3-(2,5-dimethoxybenzoyl)-4-(((trifluoromethyl)sulfonyl)oxy)cyclohept-
3-en-1-yl)methyl acetate (44)

o] 0
) H
S TBD © IBX
"'OAc THF "'OAc CH4CN
0°C,4h 80°C,2h
/O o OAc /O 0 OAc
42 43
Tf,0
i-ProNEt
"'OAc CH.Cl,
0°C,1h

OAc  55% (3 steps)

To a stirred solution of compound 42 (362 mg, 0.88 mmol) in THF (18 mL) was added TBD
(37.0 mg, 0.26 mmol) at 0 °C and reaction mixture was stirred for 4 h at same temperature. The
reaction mixture was quenched with sat. NH4Cl aqueous solution, and extracted with AcOEt.
The combined organic layers were washed with brine, dried over MgSQOs, and concentrated in
vacuo afford the crude 43 as a diastereomer mixture. To a stirred solution of the crude 43 in
CH3CN (10 mL) was added IBX (490 mg, 1.76 mmol) at room temperature, and the mixture
was stirred for 2 h at 80 °C. The reaction mixture was filtered through Celite and concentrated
in vacuo afford the crude 90. To a stirred solution of the crude 90 in CH>Cl, (1.0 mL) was added
iProNEt (0.49 mL, 2.64 mmol) and T£,0 (0.23 mL, 1.32 mmol) at 0 °C under Ar atmosphere,
and the mixture was stirred for 1 h at same temperature. The reaction mixture was quenched
with sat. NH4Cl aqueous solution and extracted with AcOEt. The combined organic layers were
washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting residue was
purified by column chromatography (hexane-AcOEt, 2:1) to afford 44 (262 mg, 55% in 3 steps)
as pale yellow oil. IR (neat) 2923, 2852, 1739, 1651, 1496, 1416, 1225, 1139, 1040, 834 cm™!;
'"H NMR (400 MHz, CDCl3) & 1.78-1.85 (1H, m), 1.87-1.92 (1H, m), 1.95 (3H, s), 2.01-2.07
(2H, m), 2.03 (3H, s), 2.18 (1H, d, J=15.6 Hz), 2.48 (1H, dd, /= 16.4, 8.8 Hz), 2.72 (1H, dd,
J=17.2,10.0 Hz), 3.47 (1H, d, J=15.2 Hz), 3.58 (1H, d, J = 15.2 Hz), 3.75 (3H, s), 3.77 (3H,
s), 3.84 (2H, t, J= 6.0 Hz), 4.83 (1H, ddd, /= 9.2, 6.4, 3.6 Hz), 6.68 (1H, d, J = 2.8 Hz), 6.74
(1H, dd, J = 8.8, 3.2 Hz), 6.78 (1H, d, J = 8.8 Hz); 3C NMR (400 MHz, CDCl3) & 20.9, 20.9,
22.1, 23.8, 40.1, 40.4, 40.8, 55.8, 56.0, 63.2, 73.0, 113.0, 113.8, 120.0, 128.1, 153.0, 153.4,
170.6, 171.0, 201.1, 201.2; HRMS (ESI-TOF) Calcd for C2,H25010F3NaS [M+Na]* 561.1018.
Found 561.1019.
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((1R*,78%*)-7-acetoxy-3-(2,5-dimethoxybenzoyl)-4-methylcyclohept-3-en-1-yl)methyl acetate
92)

~N
o Zn(Me),
O TfO Pd(PPhs),
f, 4 h
A0 0 OAc 91%

44

To a solution of 44 (43 mg, 0.08 mmol) in DMF (1.6 mL) was added Zn(Me) (0.20 mL, 0.40
mmol) and Pd(PPhs)s (10 mg, 8.0x10-3 mmol) at room temperature. The reaction mixture was
stirred for 4 h at room temperature. The reaction mixture was quenched with sat. HoO and
extracted with Et2O. The combined organic layers were washed with brine, dried over MgSQOs,
and concentrated in vacuo. The resulting residue was purified by column chromatography
(hexane-AcOEt, 1:1) to afford 93 (29 mg, 91%) as yellow oil. 'H NMR (400 MHz, CDCl3) &
1.74 (3H, s), 1.94 (3H, s), 1.99-2.08 (3H, m), 2.03 (3H, s), 2.27-2.36 (3H, m), 2.52 (1H, d, J =
15.6 Hz), 3.77 (3H, s), 3.78 (3H, s), 3.93 (1H, dd, /= 10.8, 4.4 Hz), 3.98 (1H, dd, /= 11.2, 6.0
Hz), 4.86 (1H, dd, J = 10.8, 4.4 Hz), 6.85 (1H, d, J = 8.8 Hz), 6.97 (1H, dd, J = 8.4, 3.2 Hz),
7.03 (1H, d, J=3.2 Hz)

((1R*,75*)-7-acetoxy-3-(2,5-dimethoxybenzoyl)-4-(hydroxymethyl)-5-oxocyclohept-3-en-1-
yl)methyl acetate (96)

8602

1,4-dioxane
100°C,2h

38%

To a stirred solution of compound 92 (5.0 mg, 1.2x102 mmol) in 1,4-dioxane (0.3 mL) was
added SeO> (2 mg, 0.22 mmol), MnO:> (5 mg, 4.5x10-2 mmol), then reaction mixture was stirred
for 2 h at 100 °C. The reaction mixture was filtered through Celite and concentrated in vacuo.
The resulting residue was purified by column chromatography (hexane-AcOEt, 1:1) to afford
96 (2.0 mg, 38%) as yellow oil. 'H NMR (400 MHz, CDCl3) & 1.97-2.02 (1H, m), 2.09 (3H, s),
2.09 (3H, s), 2.28-2.36 (1H, m), 2.44-2.52 (1H, m), 2.56-2.67 (1H, m), 3.06-3.69 (1H, m), 3.74
(3H, s), 3.89 (1H, d, /= 4.8 Hz, 3.89 (1H, d, J = 5.2 Hz), 3.91 (3H, s), 3.98 (1H, dd, J = 8.0,
4.0 Hz), 4.03 (1H, dd, J = 16.8, 6.4 Hz), 5.08-5.15 (1H, m), 6.63 (1H, d, /= 2.8 Hz), 6.86 (dd,
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J=9.2,3.2Hz), 692 (1H, d, J = 8.8 Hz); HRMS (ESI-TOF) C22H2609Na [M+Na]" 457.1475.
Found 457.1470.

((1R*,78*)-7-acetoxy-4-cyano-3-(2,5-dimethoxybenzoyl)cyclohept-3-en-1-yl)methyl acetate
(45)

Zn(CN),
Pd(PPh),

DMF
80°C,2h
65%

To a solution of 44 (163 mg, 0.3 mmol) in DMF (5.0 mL) was added Zn(CN), (293 mg, 2.49
mmol) and Pd(PPhs)s (29 mg, 2.5x10-2 mmol) at room temperature. The reaction mixture was
stirred for 2 h at 80 °C. The reaction mixture was quenched with sat. H>O and extracted with
Et,0. The combined organic layers were washed with brine, dried over MgSQO4, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 1:1) to afford 45 (80 mg, 65%) as yellow oil. 'H NMR (400 MHz, CDCls3) & 1.75-1.85
(1H, m), 2.00 (3H, s), 2.08 (3H, s), 2.11-2.23 (2H, m), 2.42-2.55 (2H, m), 2.66-2.73 (2H, m),
3.79 (3H, s), 3.82 (3H, s), 4.01 (1H, dd, /= 10.8, 4.0 Hz), 4.06 (1H, dd, J = 11.2, 5.6 Hz), 4.96
(1H, ddd, J=13.2, 6.8, 4.0 Hz), 6.89 (1H, d, /= 8.9 Hz), 7.10 (1H, dd, J = 8.4, 3.2 Hz), 7.21
(1H, d, J=3.2 Hz)

((1R*,7§8%*)-7-acetoxy-4-cyano-3-(2-hydroxy-5-methoxybenzoyl)cyclohept-3-en-1-yl)methyl
acetate (98)

~

@)
BBr3 O NC
CH,Cl . "OAc
-78°C, 16 h OH O OAc
98

To a stirred solution of 45 (20 mg, 0.050 mmol) in CH>Cl; (1.0 mL) was added dropwise BBr3
(1.0 M in CH2Cl», 0.5 mL, 0.50 mmol) at —78 °C under Ar, and reaction mixture was stirred for
16 h at the same temperature. The reaction mixture was quenched with water, and extracted
with AcOEt. The combined organic layers were washed with brine, dried over MgSQO4, and

concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
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AcOEt, 1:1) to afford 98 with complex mixture including SM. 'H NMR (400 MHz, CDCI3) &
1.76-1.84 (1H, m), 1.94-2.16 (2H, m), 2.06 (3H, s), 2.07 (3H, s), 2.40-2.54 (2.69 2H, t, J =
16.0 Hz), 3.81 (3H, s), 3.99-4.08 (2H, m), 4.96 (1H, ddd, J=11.2, 7.2, 4.0 Hz), 6.85 (1H, d, J
=9.2 Hz), 7.05 (1H, dd, /= 8.8, 2.8 Hz), 7.17 (1H, d, /= 3.2 Hz)

((85*9R *)-8-acetoxy-2-methoxy-11-0x0-6,7,8,9,10,11-hexahydrocyclohepta[ b]chromen-9-
yl)methyl acetate (98)

BBrs
"OAc CH20|2
-78°Ctort,2h

99

To a stirred solution of 98 (2 mg, 4.8x10> mmol) in CH,Cl, (0.2 mL) was added dropwise BBr3
(1.0 M in CH2Cly, 35 mL, 3.3x10"* mmol) at —78 °C under Ar, and reaction mixture was stirred
for 2 h at room temperature. The reaction mixture was quenched with water, and extracted with
AcOEt. The combined organic layers were washed with brine, dried over MgSQOs4, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 1:1) to afford 99. '"H NMR (400 MHz, CDCls) & 1.74-1.82 (1H, m), 2.00 (3H, s), 2.07
(3H, s), 2.17-2.23 (1H, m), 2.46 (1H, t, J = 8.8 Hz), 2.52 (1H, t, /= 10.4 Hz), 2.69 (1H, t, J =
16 Hz), 3.81 (3H, s), 4.01 (1H, dd, J=10.8, 4.0 Hz), 4.06 (1H, dd, J = 11.2, 6.0 Hz), 4.96 (1H,
ddd, J=11.2, 7.6, 4.4 Hz), 6.85 (1H, d, J = 8.8 Hz), 7.05 (1H, dd, /= 9.2, 3.2 Hz), 7.14 (3.2,
d,J=3.2 Hz)

(4R *,55%)-2-((2,5-dimethoxyphenyl)(hydroxy)methyl)-5-hydroxy-4-
(hydroxymethyl)cyclohept-1-en-1-yl trifluoromethanesulfonate (102)

DIBAL
-78°C
80%

To a stirred solution of 44 (100 mg, 0.18 mmol) in CH>Cl> (1.0 mL) was added dropwise DIBAL
(1.0 M in hexane, 1.1 mL, 1.0 mmol) at —78 °C under Ar, and reaction mixture was stirred for
30 min at the same temperature. The reaction mixture was quenched with sat. Rochell’s salt

aqueous solution and extracted with AcOEt. The combined organic layers were washed with

96



brine, dried over MgSQOs4, and concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEt, 1:1) to afford 102 as a diastereomer mixture. 'H
NMR (400 MHz, CDCl3) & 1.75-2.01 (3h, m), 2.06 (1H, d, J=15.2 Hz), 2.42 (1H, dd, J = 12.6,
9.6 Hz), 2.61-2.67 (1H, m), 2.78 (1H, dd, /= 16.8, 10.0 Hz), 3.57 (1H, t,J=9.2 Hz), 3.71 (1H,
d, J=7.2 Hz), 3.74 (3H, s), 3.77 (3H, s), 3.83 (1H, d, J = 6.0 Hz), 5.91 (1H, s), 6.15 (2H, s),
7.03 (1H, d, J = 2.4 Hz)

(5R,65)-3-(2,5-dimethoxyphenyl)-6-hydroxy-5-(hydroxymethyl)-3,4,5,6,7,8-hexahydro-1H-
cyclohepta[c]furan-1-one (103)

0
~o
CO, Pd(PPhy), o)
TfO J
O . EtsN, MeOH —0 ""OH
"OH DMF OH
O OH 60 °C
- OH 23% o
102 " 103

To a solution of 102 (30 mg, 0.066 mmol) in DMF (1.0 mL) and MeOH (50 mL) was added
Et:N (30 mL, 0.20 mmol) and Pd(PPhs)4 (7.0 mg, 6.6x10~* mmol) at room temperature. CO was
bubbled through the solution and the reaction mixture was stirred for 4 h under a CO atmosphere
at 60 °C. The reaction mixture was quenched with sat. NH4Cl aqueous solution and extracted
with Et2O. The combined organic layers were washed with brine, dried over MgSQOs, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 1:2) to afford 103 (5.0 mg, 23%) as yellow oil. "H NMR (400 MHz, CDCls) & 1.62-
1.81 (2H, m), 1.91-1.94 (1H, m), 1.99-2.02 (1H, m), 2.19 (1H, dd, J=11.6, 17.2 Hz), 2.29 (1H,
dd, J=17.2,9.6 Hz), 2.67 (1H, dd, J = 16.8, 8.0 Hz), 3.56 (1H, d, J = 6.8 Hz), 3.71 (3H, s),
3.78 (3H, s), 3.76 (1H, d, J= 6.8 Hz), 3.91 (1H, ddd, J = 10.0, 6.8, 3.2 Hz), 6.09 (1H, s), 6.53
(1h, d,J=2.0 Hz), 6.81-6.86 (2H, m)

(4aR*9aS5%*)-6-((2,5-dimethoxyphenyl)(hydroxy)methyl)-2,2-dimethyl-4,4a,5,8,9,9a-
hexahydrocyclohepta[d][1,3]dioxin-7-yl trifluoromethanesulfonate (105)

2,2-dmp
CSA

THF
rt, 3 min
89%
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To a solution of 103 (29 mg, 0.063 mmol) in THF (0.6 mL) was added 2,2-dmp (77 mL, 0.63
mmol) at room temperature and the mixture was stirred for 3 min. The reaction mixture
was quenched with NH4ClI aqueous solution and extracted with AcOEt. The combined organic
layers were washed with brine, dried over MgSQOs, and concentrated in vacuo. The resulting
residue was purified by column chromatography (hexane-AcOEt, 3:1 to 2:1) to afford 105 (28
mg, 89%) as yellow oil. 'H NMR (400 MHz, CDCI3) 6 1.36 (3H, s), 1.40 (3H, s), 1.49 (1H, dd,
J=14.8,10.0 Hz), 1.67 (1H, d, J = 11.2 Hz), 1.61-1.68 (1H, m), 1.78-1.89 (1H, m), 1.89 (1H,
d,J=14.8 Hz), 2.44 (1H, dd, /= 18.0, 6.8 Hz), 2.62 (1H, t,J = 12.4 Hz), 3.43 81H, t,J=11.6
Hz), 3.56 (1H, td, J=4.0, 10., 14.0 Hz), 3.66 (1H, dd, J=11.6, 5.2 Hz), 3.74 (3H, s), 3.77 (3H,
s), 5.91 (1H, d, J= 2.0 Hz), 6.73-6.72 (2H, m), 6.98 (1H, d, /= 2.4 Hz)

(4aR,9aS)-6-(((tert-butyldimethylsilyl)oxy)(2,5-dimethoxyphenyl)methyl)-2,2-dimethyl-
4,4a,5,8,9,9a-hexahydrocyclohepta[d][1,3]dioxin-7-yl trifluoromethanesulfonate (106)

TBSOTf
2,6-lutidine

To a solution of 105 (28 mg, 0.056 mmol) in CH>Cl, (0.6 mL) was added 2,6-lutidine (20 mL,
0.16 mmol) and TBSOTT (40 mL, 0.16 mmol) at 0 °C and the mixture was stirred for 1.5 h. The
reaction mixture was quenched with NaHCO; aqueous solution and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo.
The resulting residue was purified by column chromatography (hexane-AcOEt, 3:1) to afford
106 (34 mg, quant,) as yellow oil. 'H NMR (400 MHz, CDCl3) & 0.00 (6H, s), 0.84 (9H, s),
1.36 (3H, s), 1.39 (3H, s), 1.50-1.73 (4H, m), 1.86 (1H, d, J = 14.8 Hz), 2.43(1H, dd, J = 16.4,
4.8 Hz), 2.57 (1H, d, J = 16.4 Hz), 3.46 (1H, t, J = 11.6 Hz), 3.51 (1H, dt, J=10.0. 4.4 Hz),
3.61 (1H, dd, J=12.0, 5.2 Hz), 3.71 83H, s), 3.76 (3H, s), 6.00 (1H, s), 6.73 (1H, dd, /= 5.2,
2.4 Hz), 6.95 (1H,d,J=7.6 Hz), 7.12 (1H, d, J= 2.8 Hz)
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(4aR*,10aS*)-6-(2,5-dimethoxyphenyl)-2,2-dimethyl-4a,5,6,9,10,10a-hexahydro-4H,8 H-
furo[3',4":4,5]cyclohepta[1,2-d][1,3]dioxin-8-one (107)

o}
CO, Et3N (@) /
— 2
Pd(PPhs), o) o)
DMF/MeOH o><
60°C,7h
O
/
106 107

To a solution of 106 (14 mg, 0.023 mmol) in DMF (0.5 mL) and MeOH (50 mL) was added
Et:N (10 mL, 0.069 mmol) and Pd(PPhs)s (3.0 mg, 2.3x103 mmol) at room temperature. CO
was bubbled through the solution and the reaction mixture was stirred for 18 h under a CO
atmosphere at 60 °C. The reaction mixture was quenched with sat. NH4Cl aqueous solution and
extracted with Et2O. The combined organic layers were washed with brine, dried over MgSQOs,
and concentrated in vacuo to afford crude 107 as yellow oil. 'H NMR (400 MHz, CDCls) &
1.34-1.57 (2h, m), 1.35 (3h, 9, 1.44 (3H, s), 1.83 (1H, dd, /= 16.0, 2.8 Hz), 1.96-2.02 (2H, m),
2.20 (1H, d, J=13.2 Hz), 2.81 (1H, d, /= 16.4 Hz), 3.48 (2H, d, J = 6.4 Hz), 3.67-3.72 (1H,
m), 3.72 (3H, s), 3.79 (3H, s), 6.08 (1H, s), 6.35 (1H, s), 6.85 (2H, s)

(4aR *9aS*)-6-(((tert-butyldimethylsilyl)oxy)(2,5-dimethoxyphenyl)methyl)-2,2-dimethyl-
4,4a,5,8,9,9a-hexahydrocyclohepta[d][ 1,3 ]dioxine-7-carbonitrile (108)

To a solution of 106 (10 mg, 0.016 mmol) in DMF (0.5 mL) was added Zn(CN), (10 mg, 8.0x10"
2 mmol) and Pd(PPhs)4 (3.0 mg, 3.2x10-3 mmol) at room temperature. The reaction mixture was
stirred for 14 h at 80 °C. The reaction mixture was quenched with sat. H>O and extracted with
Et,0. The combined organic layers were washed with brine, dried over MgSQO4, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 5:1) to afford 108 (3.0 mg, 38%) as yellow oil. 'H NMR (400 MHz, CDCl3) 8 0.06 (3H,
s), 0.15 (3H, s), 0.93 (9H, s), 1.36 (3H, s), 1.38 (3H, s), 1.38-1.52 (3H, m), 1.85-1.91 (1H, m),
1.93 (1H, d, J=14.0 Hz), 2.29 (1H, t,J=12.8 Hz), 2.71 (1H, dd, J = 8.4, 5.2 Hz), 3.42 (1H, t,
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J=11.2 Hz), 3.53 (1H, td, J = 10.0, 3.6 Hz), 3.62 (1H, dd, J = 11.6, 4.8 Hz), 3.77 (6H, s), 5.95
(1H, s), 6.71 (1H, d, J= 8.4 Hz), 6.75 (1H, dd, J = 8.8, 2.8 Hz), 7.14 (1H, d, J = 2.8 Hz)

(4aR*9aS*)-6-(((tert-butyldimethylsilyl)oxy)(2,5-dimethoxyphenyl)methyl)-2,2-dimethyl-
4,4a,5,8,9,9a-hexahydrocyclohepta[d][1,3]dioxine-7-carbaldehyde (109)

DIBAL

0°Ctort

To a stirred solution of 108 (7.0 mg, 0.014 mmol) in CH>Cl, (0.2 mL) was added dropwise
DIBAL (1.0 M in hexane, 20 mL, 0.021 mmol) at —78 °C under Ar, and reaction mixture was
stirred for 1.5 h at room temperature. The reaction mixture was quenched with sat. Rochell’s
salt aqueous solution and extracted with AcOEt. The combined organic layers were washed
with brine, dried over MgSQy4, and concentrated in vacuo. The resulting residue was purified
by column chromatography (hexane-AcOEt, 4:1) to afford 109 (2 mg, 29%) as a diastereomer
mixture. "H NMR (400 MHz, CDCI3)  0.02 (3H, s), 0.09 (3H, s), 0.92 (6H, s), 1.36 (3H, s),
1.40 (3H, s), 1.48-1.60 (2H, m), 1.71 (1H, t, J = 13.6 Hz), 1.84-1.91 (1H, m), 1.96-2.03 (1H,
m), 2.14 (1H, t, J = 12.4 Hz), 3.11 (1H, dd, J = 14.8, 6.4 Hz), 3.44 (1H, d, J = 6.8 Hz), 3.48
(1H,d,J=17.2 Hz), 3.62 (3H, s), 3.77 (3H, s), 3.48 (1H, d, /= 7.2 Hz), 3.55-3.60 (1H, m), 6.65
(1H, s), 6.68 (1H, d, J = 8.8 Hz), 6.75 (1H, dd, J = 8.8, 3.2 Hz), 7.17 (1H, d, J = 3.2 Hz), 10.4
(1H, s)

(4aR*9aS*)-6-(((tert-butyldimethylsilyl)oxy)(2,5-dimethoxyphenyl)methyl)-2,2-dimethyl-
4,4a,5,8,9,9a-hexahydrocyclohepta[d][ 1,3 ]dioxine-7-carboxylic acid (110)

NaClO, ~
KH2PO4'2H20
2-methyl-2-butene

+BUOH/H,0

To a solution of 109 (2.0 mg, 4.0x10~* mmol) in ~-BuOH (0.1 mL) and H>O (50 mL) was added
2-methyl-2-butene (10 mL, 8.0x102 mmol) and NaH2PO4+2H,0 (3.0 mg, 2.0x10-2 mmol) and

NaClO: (2 mg, 2.0x102 mmol) at room temperature, and the mixture was stirred for 18 h at the
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same temperature. The reaction mixture was poured into brine and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo
to afford crude 110 as yellow oil. 'H NMR (400 MHz, CDCl3) § 0.02 (3H, s), 0.05 (3H, s), 0.93
(9H, s), 1.36 (3H, s), 1.38 (3H, s), 1.40-1.46 (1H, m), 1.48-1.52 (1H, m), 1.83-1.93 (2H, m),
1.96-2.05 (1H, m), 2.14-2.23 (1H, m), 2.29-2.36 (1H, m), 2.71 (1H, dd, J = 15.2, 8.8 Hz), 3.40
(1H,t,J=11.2 Hz), 3.53 (1H, td, /= 10.0, 3.6 Hz), 3.63 (1H, dd, /= 8.4, 5.6 Hz), 3.68 (3H, s),
3.77 (3H, s), 6.37 (1H, s), 6.71 (1H, s), 6.73 (1H, dd, J = 8.8, 2.8 Hz), 7.20 (1H, d, /= 3.2 Hz)

(4aR*,13a5*)-7,10-dimethoxy-2,2-dimethyl-4,4a,5,12,13,13a-
hexahydronaphtho[2',3":4,5]cyclohepta[ 1,2-d][1,3]dioxine-6,11-diol (113)

>0 OH
_TBAF o
THF ><
0°C,3h 0 OH 0

113

To a solution of 110 (5.0 mg, 1.0x10 mmol) in THF (0.1 mL) was added TBAF (50 mL,
5.0x102 mmol) at room temperature, and the mixture was stirred for 30 min at the same
temperature. The reaction mixture was poured into brine and extracted with AcOEt. The
combined organic layers were washed with brine, dried over MgSOs, and concentrated in vacuo
to afford crude 113 as yellow oil. "H NMR (400 MHz, CDCl3) § 1.45 (3H, s), 1.43 (3H, s), 1.56-
1.76 (2H, m), 2.28 (1H, d, J = 14.8 Hz), 2.40 (1H, t, /= 14.8 Hz), 2.75 (1H, dd, /= 13.2, 4.4
Hz), 2.93-2.97 (1H, m), 3.60 (1H, t, /= 11.2 Hz), 3.70 (1H, dd, /= 13.6, 7.2 Hz), 3.75 (3H, s),
3.77 (3H, s), 6.86 (1H, d, J=2.4 Hz), 6.89 (1H, d, /= 2.8 Hz)

((1R*,75*)-7-acetoxy-3-(2,5-dimethoxybenzyl)-4-(((trifluoromethyl)sulfonyl)oxy)cyclohept-
3-en-1-yl)methyl acetate (47)

Znl,, NaBH4CN

rt, 12 h
44 114 (40%)

‘ TFA, Et3SiH T

CH20|2, rt, 1 h
96%
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To a stirred solution of compound 44 (75 mg, 0.14 mmol) in CH>CL (2 mL) was added Znl»
(137 mg, 0.42 mmol) and NaBH3CN (66 mg, 1.05 mmol) at room temperature and reaction
mixture was stirred for 12 h. The reaction mixture was filtered through Celite, and concentrated
in vacuo. The resulting residue was purified by column chromatography (hexane-AcOEt, 2:1
to 1:1) to afford 114 (27.0 mg, 40%) as yellow oil and 47 (5 mg, 37%) as yellow oil. To a stirred
of compound 114 (496 mg, 0.91 mmol) in CH>Cl, (10 mL) was added TFA (5.0 mL) and Et;SiH
(0.30 mL, 1.82 mmol). The reaction mixture was stirred at room temperature for 1 h. The
reaction mixture was quenched with sat. NaHCO; aqueous solution and extracted with AcOEt.
The combined organic layers were washed with brine, dried over MgSOs, and concentrated in
vacuo. The resulting residue was purified by column chromatography (hexane-AcOEt, 2:1) to
afford 47 (459 mg, 96%) as pale yellow oil. IR (neat) 2936, 1739, 1501, 1409, 1366, 1221, 1140,
1025, 981, 888, 607 cm™!; 'H NMR (400 MHz, CDCls) §1.78-1.85 (1H, m), 1.87-1.92 (1H, m),
1.95 (3H, s), 2.01-2.07 (2H, m), 2.03 (3H, s), 2.18 (1H, d, /= 15.6 Hz), 2.48 (1H, dd, J = 16.4,
8.8 Hz), 2.72 (1H, dd, J=17.2, 10.0 Hz), 3.47 (1H, d, /= 15.2 Hz), 3.58 (1H, d, J = 15.2 Hz),
3.75 (3H, s), 3.77 (3H, s), 3.84 (2H, t, J = 6.0 Hz), 4.83 (1H, ddd, J = 9.2, 6.4, 3.6 Hz), 6.68
(IH, d, J = 2.8 Hz), 6.74 (1H, dd, J = 8.8, 3.2 Hz), 6.78 (1H, d, J = 8.8 Hz); *C NMR (400
MHz, CDCl) 6 20.7, 21.2, 27.1, 27.3, 28.6, 40.4, 55.8, 56.1, 64.9, 72.4, 76.6, 112.9, 114.4,
121.9, 126.1, 135.1, 146.8, 153.3, 153.7, 170.2, 170.8, 192.7, HRMS (ESI-TOF) Calcd for
C22H2709F3NaS [M+Na]* 547.1226. Found 547.1226.

Methyl (4R*55%)-5-acetoxy-4-(acetoxymethyl)-2-(2,5-dimethoxybenzyl)cyclohept-1-ene-1-
carboxylate (48)

CO, EtzN
Pd(PPhg),

DMF/MeOH
60°C,4h
95%

To a solution of 47 (100 mg, 0.19 mmol) in DMF (2.0 mL) and MeOH (1.0 mL) was added
EtsN (0.13 mL, 0.95 mmol) and Pd(PPhs3)4 (22.0 mg, 0.019 mmol) at room temperature. CO
was bubbled through the solution and the reaction mixture was stirred for 4 h under a CO
atmosphere at room temperature. The reaction mixture was quenched with sat. NH4+Cl aqueous
solution and extracted with Et;O. The combined organic layers were washed with brine, dried
over MgSOs, and concentrated in vacuo. The resulting residue was purified by column
chromatography (hexane-AcOEt, 2:1) to afford 48 (78 mg, 95%) as yellow oil. IR (neat). 2926,
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2852, 1737, 1499, 1463, 1375, 1236, 1100, 1233 cm™'; '"H NMR (400 MHz, CDCL) & 1.45-
1.51 (1H, m), 1.98 (3H, s), 2.00 (3H, s), 2.03-2.09 (2H, m), 2.17-2.22 (2H, m), 2.30 (1H, dd, J
= 15.6, 11.2 Hz), 2.66 (1H, dd, J = 16.0, 8.8 Hz), 3.58 (1H, d, J = 14.8 Hz), 3.75 (9H, 5), 3.73-
3.75 (1H, m), 3.84 (1H, d, /= 10.0 Hz), 3.91 (1H, dd, J = 11.2, 5.6 Hz), 4.82 (1H, td, J = 9.6,
4.0 Hz), 6.71 (1H, dd, J= 8.8, 2.8 Hz), 6.76-6.78 (2H, m); '3C NMR (400 MHz, CDCls) 5 20.6,
21.1,27.0,28.6,29.0, 32.2,40.1, 55.6, 55.8, 64.8, 73.1, 111.4, 112.0, 116.6, 126.3, 131.4, 145.6,
151.9, 153.4, 170.1, 170.8; HRMS (ESI-TOF) Ca:H3OsNa [M+Na]* 457.1838. Found
457.1834.

methyl  (4R*55%)-5-acetoxy-4-(acetoxymethyl)-2-(2,5-dihydroxybenzyl)cyclohept-1-ene-1-
carboxylate (115)

BBr3
CH,Cl, ""OAc
-78°Ctort,5h
51% 115 OAc

To a stirred solution of 48 (15 mg, 0.034 mmol) in CH>Cl; (0.4 mL) was added dropwise BBr3
(1.0 M in CH2Cl,, 70 mL, 0.17 mmol) at —78 °C under Ar, and reaction mixture was stirred for
3 h at the same temperature. The reaction mixture was quenched with water, and extracted with
AcOEt. The combined organic layers were washed with brine, dried over MgSQOs4, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 1:1) to afford 115 (7.0 mg, 51%). 'H NMR (400 MHz, CDCl3) & 1.35-1.44 (1H, m),
1.99 (3H, s), 2.01-2.09 (2H, m), 2.05 (3H, s), 2.18 (1H, dd, J = 14.4, 10.0 Hz), 2.30 (1H, dd, J
=15.6, 11.2 Hz), 2.38 (1H, d, J = 14.4 Hz), 2.65 (1H, dd, /= 15.2, 7.6 Hz), 3.44 (1H, d, J =
14.4 Hz), 3.71 (1H, d, J=14.0 Hz), 3.81 (1H, dd, J=11.2, 7.6 Hz), 3.83 (3H, s), 3.88 (1H, dd,
J=11.6, 6.4 Hz), 4.79 (1H, td, J = 9.6, 4.0 Hz), 6.61-6.65 (2H, m), 6.72 (1H, d, J = 9.6 Hz),
8.13 (1H, s)

methyl (4R*55%)-2-(2,5-dihydroxybenzyl)-5-hydroxy-4-(hydroxymethyl)cyclohept-1-ene-1-
carboxylate (49)
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To a solution of 115 (4.0 mg, 4.8x10-2mmol) in THF (0.2 mL) was added 6 M HCI1 (10 mL) at
room temperature and the mixture was stirred for 10 h. The reaction mixture was quenched with
sat. NaHCO; aqueous solution and extracted with AcOEt. The combined organic layers were
washed with brine, dried over MgSQ4, and concentrated in vacuo to afford crude 49 as pale
yellow oil. 'H NMR (400 MHz, CDCI3) 6 1.10-1.15 (1H, m), 1.94-2.08 (3H, m), 2.21 (1H, t, J
=14.0 Hz), 2.27-2.36 (1H, m), 5.32 (1H, dd, /= 15.6, 8.4 Hz), 3.50 (1H, dd, /= 10.8, 5.2 Hz),
3.56-3.66 (4H, m), 3.83 (3H, s), 6.62-6.65 (2H, m), 6.71 (1H, d, J=9.6 Hz), 8.25 (1H, s)

(1R*4R* 55%)-2-(2,5-dihydroxybenzylidene)-4-(hydroxymethyl)-6-oxabicyclo[3.2.2nonan-
7-one (50)

OH 0
DBU o]
1,2-DCE =
80°C, 10 h OH o
50

To a stirred solution of compound 49 (6.0 mg, 1.5x10 mmol) in 1,2-DCE (1.0 mL) was added
DBU (60 mL, 0.45 mmol) at room temparature and reaction mixture was stirred for 15 h at60
°C. The reaction mixture was quenched with sat. NH4Cl aqueous solution, and extracted with
AcOEt. The combined organic layers were washed with brine, dried over MgSQOs4, and
concentrated in vacuo. The resulting residue was purified by column chromatography (hexane-
AcOEt, 1:1 to AcOEt) to afford 50 (2 mg, 46%) as pale yellow oil. "TH NMR (400 MHz, CDCl5)
1.37-1.42 (1H, m), 1.69-1.79 (1H, m), 1.86-1.93 (1H, m), 1.96-2.00 (1H, m), 2.11-2.29 (4H,
m), 3.61 (3H, s), 3.63-3.69 (1H, m), 3.76 (1H, t, /= 7.6 Hz), 3.83 (1H, dd, J = 10.4, 4.0 Hz),
6.31 (1H, s), 6.45 (1H, d, J=2.8 Hz), 6.59 (1H, dd, J= 8.8, 3.2 Hz), 6.78 (1H, d, J = 8.4 Hz)

methyl  (4R,5S5)-5-acetoxy-4-(acetoxymethyl)-2-(2,5-dihydroxybenzoyl)cyclohept-1-ene-1-
carboxylate (46)

BBr3

CH,Cl,
OAc  _78°Ct0-30°C, 1 h

A
11 OA°

To a stirred solution of 40 (10 mg, 0.034 mmol, purity = 50%; contained of 118) in CH>Cl, (0.3
mL) was added dropwise BBr3 (1.0 M in CH2Cl,, 0.2 mL, 0.17 mmol) at —78 °C under Ar, and
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reaction mixture was stirred for 1 h at 30 °C. The reaction mixture was quenched with water,
and extracted with AcOEt. The combined organic layers were washed with brine, dried over
MgSO4, and concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEt, 1:1) to afford 46 (2.3 mg, 51%). '"H NMR (400 MHz,
CDCl3) 6 1.72-1.80 (1H, m), 1.97 (3H, s), 2.00-2.05 (2H, m), 2.08 (3H, s), 2.25-2.34 (1H, m),
2.44-2.58 (2H, m), 2.87 (1H, dd, J = 15.6, 10.4 Hz), 3.52 (3H, s), 4.00-4.10 (2H, m), 4.97-5.01
(1H, m), 6.77 (1H, d, J= 2.4 Hz), 6.91 (1H, d, J=9.2 Hz), 7.02 (1H, dd, J = 8.8, 2.8 Hz), 11.2
(1H, s)

methyl (4R *,55%)-2-(2,5-dihydroxybenzoyl)-5-hydroxy-4-(hydroxymethyl)cyclohept-1-ene-1-
carboxylate (34)

To a solution of 46 (10 mg, 0.023 mmol) in THF (0.3 mL) was added 6 M HCI (10 mL) at room
temperature and the mixture was stirred for 10 h. The reaction mixture was quenched with sat.
NaHCOs3 aqueous solution and extracted with AcOEt. The combined organic layers were
washed with brine, dried over MgSQs4, and concentrated in vacuo to afford crude 34 as pale
yellow oil. "TH NMR (400 MHz, CDCls) 8 1.08-1.15 (1H, m), 1.64-1.75 (2H, m), 2.27-2.35 (2H,
m), 2.46 (1H, dd, J=15.2,9.2 Hz), 2.96 (1H, dd, J = 14.4, 8.0 Hz), 3.49 (3H, s), 3.66-3.76 (2H,
m), 3.93 (1H, td, /= 8.0, 4.0 Hz), 6.80 (1H, d, /= 3.2 Hz), 6.91 (1H, d, J=9.2 Hz), 7.02 (1H,
dd,/J=8.4,2.4 Hz)
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methyl (4R*,55%)-5-acetoxy-4-(acetoxymethyl)-2-(2-hydroxy-5-methoxybenzoyl)cyclohept-
1-ene-1-carboxylate (51)

8902, Mn02

MS 4A BBrg
1,4-dioxane CH,Cl,
100°C, 12 h -78°C,1h
40:116 = 2:1 57% (2 steps)

To a stirred solution of compound 48 (7.0 mg, 1.6x10-2 mmol) in dry-1,4-dioxane (0.3 mL) was
added SeO:; (25 mg, 0.22 mmol), MnO, (50 mg, 0.57 mmol) and 4A MS, then reaction mixture
was stirred for 12 h at 100 °C. The reaction mixture was filtered through Celite and concentrated
in vacuo. The resulting residue was purified by short pad of silica to afford 40 and 116 as
inseparable products. To a stirred solution of mixtures of 40 and 116 in CH2Cl> (0.3 mL) was
added BBr3 (85 mL, 85 mmol) at —78 °C and reaction mixture was stirred at the same
temperature for 3 h. The reaction mixture was quenched with H>O and extracted with AcOEt.
The combined organic layers were washed with brine, dried over MgSQOs, and concentrated in
vacuo. The resulting residue was purified by column chromatography (hexane-AcOEt, 2:1 to
1:1) to afford 51 (4.0 mg, 55% in 2 steps) as yellow oil. IR (neat). 2950, 2839, 1730, 1641,
1634, 1613, 1485, 1367, 1282, 1244, 1034, 831, 774, 727 cm™!; 'TH NMR (400 MHz, CDCI3) &
0.80-0.89 (1H, m), 1.70-1.79 (1H, m), 1.98 (3H, s), 2.09 (3H, s), 2.09-2.15 (1H, m), 2.20-2.26
(1H, m), 2.48-2.59 (1H, m), 2.90 (1H, dd, J=17.2, 10.4 Hz), 3.52 (3H, s), 3.75 (3H, s), 4.02
(1H, dd, J=11.2, 4.0 Hz), 4.11 (1H, dd, J = 10.8, 6.0 Hz), 5.01 (1H, td, J = 8.8, 3.6 Hz), 6.80
(IH, d, J = 3.2 Hz), 6.97 (1H, d, J= 9.2 Hz), 7.11 (1H, dd, J = 8.8, 3.2 Hz); *C NMR (400
MHz, CDCls) 6 20.7, 21.1,24.7,29.7, 31.0, 32.7, 35.2, 39.9, 51.5, 55.6, 55.8, 65.1, 74.7, 111.2,
111.3, 116.8, 127.8, 131.5, 148.6, 151.9, 153.4, 169.7, 170.0, 171.0; HRMS (ESI-TOF)
C2H2609Na [M+Na]* 457.1475. Found 457.1471.
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(1'R*28*4'R* 5'S*)-4'-(hydroxymethyl)-5-methoxy-3 H-6'-oxaspiro[benzofuran-2,2'-
bicyclo[3.2.2]nonane]-3,7'-dione (118)

(0]

TBD o} o
THF/H,O ~o
rt, 10 h o) OH

77%

118

To a stirred solution of compound 51 (3.7 mg, 8.5x10-* mmol) in THF (0.2 mL) and H,O (20
mL) was added TBD (4.0 mg, 2.8x10"2 mmol) at room temperature and reaction mixture was
stirred for 10 h. The reaction mixture was quenched with sat. NH4Cl aqueous solution and
extracted with AcOEt. The combined organic layers were washed with brine, dried over MgSOs,
and concentrated in vacuo. The resulting residue was purified by column chromatography
(hexane-AcOEt, 1:1) to afford 118 (2.1 mg, 77%) as pale yellow oil. IR (neat) 2924, 2854, 1712,
1489, 1277, 1227, 1180, 1097, 1070, 1017 cm™!; 'H NMR (400 MHz, CDCl3) 6 1.67 (1H, dd,
J=14.8,4.4 Hz), 1.91-1.98 (1H, m), 2.03-2.09 (1H, m), 2.16-2.25 (1H, m), 2.26-2.38 (1H, m),
2.57-2.66 (2H, m), 2.87 (1H, d, J = 5.6 Hz), 3.53 (1H, dd, J = 10.4, 7.2 Hz), 3.66 (1H, dd, J =
10.8, 4.8 Hz), 3.80 (3H, s), 4.85 (1H, d, J = 6.4 Hz), 7.00 (1H, d, J = 2.8 Hz), 7.05 (1H, d, J =
8.8 Hz), 7.27 (1H, d, J = 2.8 Hz); '3C NMR (400 MHz, CDCl3) & 17.0, 19.7, 29.6, 31.0, 42.4,
43.8,55.8,64.3,77.3,104.2,114.9, 128.9, 155.3, 170.4, 182.2,201.9; HRMS (ESI-TOF) Calcd
for C17H1s0¢Na [M+Na]" 341.1001. Found 341.0998.

(1'R*28*4'R*,5'S*)-5-hydroxy-4'-(hydroxymethyl)-3 H-6'-oxaspiro[benzofuran-2,2'-
bicyclo[3.2.2]nonane]-3,7'-dione (2)

0 AlCly 0
Q” o) 1-dodecanethiol Q” o
0 OH 0°Ctort,1h 0 OH
118 85% applanatumol A (2)

To a stirred solution of compound 118 (4.0 mg, 1.25x10"2 mmol) in CH>Cl> (0.3 mL) was added
AICl; (17 mg, 0.12 mmol) and 1-dodecanethiol (15 mL, 0.24 mmol) at 0 °C and reaction
mixture was stirred for 1 h at room temperature. The reaction mixture was quenched with H.O
and extracted with AcOEt. The combined organic layers were washed with brine, dried over

MgSOs4, and concentrated in vacuo. The resulting residue was purified by preparative TLC
(hexane-AcOEt, 1:1) to afford applanatumol A (2) (3.3 mg, 85%) as pale yellow solid. IR (neat)
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2921, 2856, 2338, 1704, 1484, 1383, 1297, 1248, 1015, 807 cm™'; 'H NMR (400 MHz,
(CD3),0) & 1.66 (1H, dd, J = 14.4, 4.0), 1.89-1.98 (1H, m), 2.07 (1H, overlap), 2.12-2.17 (1H,
m), 2.41-2.49 (1H, m), 2.52-2.60 (1H, m), 2.75 (1H, d, J = 6.0 Hz), 3.49 (1H, t, J = 8.0 Hz),
3.59 (1H, dd, J = 10.8, 5.2 Hz), 4.02-4.07 (1H, m), 4.79 (1H, t, J = 3.6 Hz), 6.97 (1H, d, J= 2.8
Hz), 7.06 (1H, d, J = 9.2 Hz), 7.29 (1H, dd, J = 8.8, 2.8 Hz); 13C NMR (400 MHz, (CD5),0) &
17.8, 19.9, 43.8,44.7, 64.0, 77.9, 87.5, 108.3, 115.1, 119.8, 128.4, 153.7, 165.6, 170.1, 202.3;
HRMS (ESI-TOF) Calcd for C16H 60sNa [M+Na]* 327.0845. Found 327.0844.

methyl (5)-3-hydroxyhept-6-enoate (37)

(S)-2-Me-CBS-oxazaborolidine
O O BH3*Me,S O OH

\OW THF \OW
-78°C, 18 h
52 11%, 57% ee 37

To a stirred solution of (S)-2-Me-CBS-oxazaborolidine (1 M toluene, 65 mL, 64 mmol) in THF
(0.5 mL) was added dropwise BH3*Me>S (0.12 mL, 1.28 mmol) at 0 °C under Ar and the
mixture was stirred for 30 min at same temperature. The mixture was added dropwise to a
stirred solution of 52 (100 mg, 0.64 mmol) in THF (0.5 mL) at —78 °C under Ar and the mixture
was stirred for 18 h at same temperature. The reaction was quenched with MeOH and 1 M HCI
and the mixture was extracted with AcOEt. The combined organic layers were washed with
brine, dried over MgSQOs4, and concentrated in vacuo. The resulting residue was purified by
column chromatography (hexane-AcOEt, 4:1) to afford (—)-37 (11 mg, 11%, 57% ee) as
colorless oil.
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