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acac
AZADO
Bn

Bz
caled.
cat.

CoA
cod

conc.

DABCO
DBU
DCE
DEAD
DEPT
DIBAL
DMAP
DMF
DMPU
DMSO
DPPA

dr
EDCI-HCI
ee

EIMS

eq
ESI-MS
Et
FAB-MS

acetyl

acetylacetonate
2-azaadamantane-N-oxyl
benzyl

benzoyl

calculated

catalytic amount of
coenzyme A

cyclooctadiene

Concentrated

cyclohexyl
1,4-diazabicyclo[2.2.2]octane
1,8-diazabicyclo[5.4.0Jundec-7-ene
1,2-dichloroethane

dietyl azodicarboxylate
distortion enhancement by polarization transfer
diisobutylalminum hydride
4-(dimethylamino)pyridine
N,N-dimethylformamide
N,N-dimethylpropyleneurea
dimethylsulfoxide
diphenylphosphoryl azide

diastereomeric ratio

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

enantiomeric excess

electron impact mass spectrometry
equivalent

electrospray ionization mass spectrometry
ethyl

fast atom bombardment mass spectrometry



gem germinal

GPC gel permeation chromatography

h hour

HMPA hexamethylphosphoric triamide
HOMO highest occupied molecular orbital
HPLC high resolution liquid chromatography
HRMS high resolution mass spectrometry
Hz hertz

i-Pr isopropyl

IBX 2-iodoxybenzoic acid

IR infrared

LAH littum aluminium hydride

LDA lithium diisopropylamide
LHMDS lithium bis(trimethylsilyl)amide
LUMO lowest unoccupied molecular orbital
mCPBA m-chloroperbenzoic acid

Me methyl

min minute

MOM methoxymethyl

mp melting point

MS molecular sieves

NCS N-chlorosuccinimide

NHC N-heterocyclic carbene

NMO N-methylmorphorine N-oxide
NMR nuclear magnetic resonance

PCC pyridinium chlorochromate

PDC pyridinium dichromate

Pd/C palladium on carbon

PE petroleum ether

PG protecting group

Ph phenyl

PP pyrophosphate



ppm perts per million

PTLC preparative thin layer chromatography
quant quantitative yield

RCM ring-closing metathesis

t room temperature

TBAF tetrabutylammonium fluoride

TBS tert-butyldimetylsilyl

-Bu tert-butyl

temp. temperature

TEMPOL 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl
TES triethylsilyl

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

THF tetrahydrofuran

TIPS triisopropylsilyl

TLC thin-layer chromatography

TPAP tetrapropylammonium perruthenate

Ts p-toluenesulfonyl

v/v volume ratio
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(Scheme 1a), Clark HiIE=/L> 7 a7 X ) —LDA L7 42 3 & 2MMD/37 27 Al
TIEM b2 & BILKEENLNETT 5 2 & 235 L7z (Scheme 1b), ZiUH X\ 4
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Table 1. > 7 a7 /)Lh J o OErD B i OFERHE E

a) b)
0 NaBH, OH [:_TLH hv E(
(q (I_)—n_( ( n acetone ( n

n TR SRR n TR R IR

0 - 0 0.1

1 1.64 1 0.76

2 0.0435 2 1.3

3 1.0 3 1.0

WEROESWOT AT R F—L, BBIEOH L SOJRRICH 725, BI)F B DO RERK
B DO8E . OF AT RV —[ZAERY O T RV F — % @O RIS OEATICAFNE < . F
7oy BT Hr L B — (T RERBIRIBIC & 8 L IS ML 113 — % 15 00 3 B i Sl
DB S AFNE <,
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kN R o, AHABREYIEEEZRT O RO S (Figure 1), FIZiE, AR O X
5 70 BB DR R 72 BOCHEDS ETEMERBLOR L 7 D256 b 5 D, RERRBIITHI OHUH
HELCTANHEICERZEmE LTz, =V VR EDR-T7 X ARPHEKETHD, =
U, M OMREE Z BT BT F KT U B v ORISR & ARG L
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HATE, FMNMSEL2HEICL > TEERIEREOKRT D2 ENARETH 5, IR K
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VI EEAWIZEW) 2+2) BALINTH D, 2 S IFIEFITIAFICHE STV 510, (242)
BALATINCRIBE L 2 2 D3, BT L BT L% o 2 OB O ERIRIE TH 5.
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EHL OSSR ORI G & 70D Z L3 %0,
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Scheme 4. -t GPEIERCBE TSR GBI S D N7 EEIRME O il 18]
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Eo LB L= REBETRET VO (2+42) BB Z#H45 L T 5 (Scheme 5b),
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» 12 13 (75%)

Scheme 5. BB A A4 2 BRI HEAD < B (2+2) BRABAHN

BRFGE T N—TCThH, Bt LT THNH Z W= Vv ) —Lo—7 L7 7 UL
e 27 L0 (2+2) BRAVATINZBRFE L T DM, AR INL BRI EO SRS PR I
PR D WIUBEROMENARETH D, BRI v ) — > —7 1 14 Z IV TARBUS
AT AR X v EEZEBATHZ ENAETH D, SHIZ, T — R AT
NA~BHEATHZENTE, 77T U0 2HET 252 HLAETH S (Scheme 6),
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Tf,NH OTBS

Q/OTBS 0 (1 mol%) CII“\COZMG
+ —_—
ﬁo'\"e CH,Cl,

H
14 15 .
16 (91% trans : cis=93 : 7)
OTBS
OTBS (QT%'S‘I';O) CO,E
+ =COEt —— 7 .
14 17 18 (80%)

Scheme 6. 'V /L /) —/L=—F )LD (2+2) BALATIN

VUNE ) —LT—T VD (2+2) BN TOERMIT eI T 2o E iy
nXT a7 T TChh, —H, ZORNET TV I AT e — LTI, A
RE BRI L 0 BLEN B E W s T X T AR iR s an T T T
BH LR EOROEMR T Iu TS ) ~EEL T E)NTED (Scheme 7), V7
07y ) TERAERONEERA~DOEAR, LA AR K DIEMHLZ % 2 B IR 72
EMFFORISER T LN Y . AlkFE & L TEERMEFETH S (Scheme 8), F 7= E#
HEATHHRETCIORINZITZIIZERY 7 a7y ) oo LTHLAHRbD L
3%, BIZIX, 77 VREABEBBEL LTHEIT 2770 IAT R — L BEHBT A
— BT AT LT (2+2) BRALATINZ4T 21X, providencin 72 E DRI G~ EIGHT D Z
ENXTED,

R3o0 OSi CO.R OSi CO,R 0o COsR
N cree
R' , R R R' R
ketene silyl acetal
(KSA)

Scheme 7. KSA @ (2+2) BRALMMEGAEIRD > 7 VT X ) L ~DFEH
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O HO [Rh(cod),]BF4 (5 mol%) (RA]
PCyPh, (12 mol%) “oH o]
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Me. _Ts
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OTiCl, I
Bu Me
Oy Bu  Tic|, o ,Bu SiMes y
g = e
toluene 4+2
OEt 0°C goa (442 SiMes

(80%)

Scheme 8. > 7 17 % ) L ORE 72 KA

ketene silyl acetal

CO.Me CO,Me
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= + 07N = 0 ~=0%
1 OMe
R2  CO,R! o
R2—==—CO,R"
0] aldol
providencin known multi-substituted
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Lo T, illudol BFIHTT 1 hANE L RKE & U THEES 'S (Figure 2a), 1 /L% U FH
DOEIBEA L VNS Z & T, 1969 41T Anchel HIZL > TI7a hAAVE ) EART BT,
Pk, < 07 a MM AZACEMNRIRP D HBES T2, —HofiNzikrs, 13&
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0 AT ALEY (LLF, 4-0-70 hANVE U HHET D) 13 < HEtSh TR Y, BRE
WAEMIEYEZ R T H DRV (Figure 2b),

HOH OH

HO
protoilludane illudane illudin S (R! = OH) illudol
illusin M (R" = H)
b)
OH OH H CHO
H HO -
Ac L3 0 o
HO HO
illudol tsugicoline D paesslerin A melleolide
MEEEL MEEE. FEEEL
fto/RRAEF

Figure 2. {X#EH 27 0 hA VE U BIE XX T )L

7'a MV FHD ALK % Scheme 10 1Z/R T2, A 80 UEERIEIZ K o THRS
N7 7 VRN VRIS E AT T LX) A K humlene &AL S5, humulene (i85
RN FNEAE ST LR RBEIE LA SN D, ZNb D) bo—MA 7 b
ANE B THD, 70 A BITOT ATEHEER U BBRIEE 2 6 7 5 7o OB HEAT
AL Z W 29 < | illudane, ceratopicane, cerapicane, marasmane, fomannosanen ‘%72 & X F &
FREAFTINANCEEICEREND, ZNDIES DITEKEAMAEZ D EFITSERR
REMIFEEND,
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a) 7AONAMILY VEOEERE S 5B EHR

, Ho, , @
acetyl CoA acetoacetyl-CoA /\/<)k
HO OH
mevalonic acid
~
L — |
OPP
farnesyl pyrophosphate humulene
humulene
fomannosane protoilludane illudane

VRN
F XY Xy

marasmane cerapicane ceratopicane

by 7O AT UHSHFEINZ B

XD ep M AL G X

strepureane isolactanrane bullerane illudaran isoilludaran hirsutane
pleurotellane cucumane merulane hydrogrammane lactarane seco-lactarane

Scheme 10. 7’12 NA NZ U2 HFEYE L TERREINDEAFT L

7'a MM VE BT ORFBE e EEN D . 2 < OB FE OBIROX R L 7o TV
%o FIOTOERBIE, 1971 HEDORARHIZ L 5 illudol DT IROEEKTH D2, I (2+2)
BACATINC X 0 (RBIWEBR AR L, DA —/L 21 OFRLBIZUIH K 0 F TV R— e
W2 L > CREBRIY ZHEE L= (Scheme 11),
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)\OEt OAc 2) MsCl, py

OAc ——————~ e —_—
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H R
H EtO OEt
19 20 (50%)
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HO
22 (51%) illudol (23)

Scheme 11. A4 5 (C L % illudol DAEAAL

Pt < D7 v A VE U ERORBEENIE ST &7, Semmelhack HIXHERZ &
e ) 7 4B (242) BALMINTE =3 7 v 77 @ Diels-Alder )HIZ X - TRNEER

BER) #HEEL 70 A LE B Z AR LT22 (Scheme 12a), 7)1 513, FaA 5 @ illudol
ARk EREE, 0 FINT L R— Ui &2 L » T B ERO#ESE A L T 52 (Scheme 12b), HiEH
1% 5/8 MEBRE D & OVEBRUSIZ LV 6/4 fgBifkis (BC B8) ZH2E L> (Scheme 12¢), Mehta
S 5/5/4 MEBRiEED DEBRILKEINZ L > T e hAVE U ERIZEN TV 528 (Scheme
12d), Vollhardt &% 1991 4F, = A ALEWN G, 2390 Ml A V7207 (2+2+2)
BALSURC Ko TEBRAE M A — 25 THEEE 5 HE & BA%E L7277 (Scheme 12¢), [Alfk7: Fik
“C Malacria HX°Mulzer H & 71 b A JLE U EE A HEEE L R AR Z B L T b2 2,
F 721993 4£, Singh 512 X > T endo-tricyclo[5.2.2.0*Jundecane 1% Norrish Type 1 S0
IZ&oTTm b NF U EICEL FERRE S’ Banwell 56 ZOHEIZL DN
MmOT v NN OB E R U123 (Scheme 12f), LA ED X 5125 < OBERAEZEEN
FRENTETN, < OHEEFBLE DR RERDOE IR STz, FFRZ 4-0-7
B A VE RO E GERGNTHE S TW Do T,
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EtO, C/Q Diels-Alder aldol EtO
OEt

EtO OFEt
mtramolecular >Cg ring-expansion ;/é ;
AcO

cyclization

=0/ e To

cyclization Norrish Type |

COQMG

CH,OAC

OTBS

Scheme 12. (kD7 10 ~ A )L F L Fk& OESEE

ZDOLX DI, BT N—TTIE 4-0-7a NANVE U FHTH 5 paesslerin A DGR E
B LT, SEROSITIE, BASE NV —7 CTURIBIF Lic Y vz ) — Lo =T e 7 7 U v
fp 27 L OfibiiERy 2+2) BALMMZFIH L Tnd, il e LTHWD TENH [E2 Y v
)=V E =T B FRNCRERTEA~RE LS E L Z L bW LN L TEY, 24 D5
MAL L BRALAINE Y Ry hTHEITSE D Z 3 TE 53 (Scheme 132), 2L DOHAE
L1, THENH % U 7z Diels-Alder S, Vv ) — L= —7 L ORMAL, 2+2) BILA
7~ 6 2 Z iR B b A Nz S U RS ISR ATRE7ZR 3 DM b —281
NV EREOREEIZRI LTz, £ L TR RO B Fu Uiz R3nh & L2
BB~ C-H i ALJHIZ & > T, paesslerin A DA A FERK L723* (Scheme 13b),

ZOERBREIT 4-0-7 1 A NE B EBETE LIIEFITAHRLDOTHD, LinL,
B EOREZIE L Tz, O & DIRERERIMOIENMENZ L TH D, L TH OO
EolE, ZRABRBEZOERAMENNETHL Z L Thotz, 77206, NALR (BER)
LB EATNEZEAT 20RO HEDLLTLEMAZZEL TLEY, RINEDOKT
EHRNTND, BRI LR EERM I & LT, BERMICRBAEREEZ AT 5 6/4 Miiikis
(B-CE) MHEAIEFIEZ LT W Z EnETFonD, HlxiE, ZBUeiw 3517
VAT y RERRoNA A A S8 Tl 4tk Pk o i+ 25 & bIC CBR
IFUEBR O BRI T AN E T L CLE -T2, £27 I 372 N-ZnufkLA
SUWICEHBLE D E LRI, 4 itk R Kb 0EALGICI > T B ROBAEL
72 (Scheme 14),
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COZMe
OTBS
©/\OTBS TENH (1.0 mol%) O/\OTBS i COuMe
CH,CI
-10 O(32, 52min -78°C,2h : l
24 Isomerization 25 (2+2) 26 (92%, trans:cis = 13:1)
b)
? Tf,NH
><j X (5 mol%)
+ _—
Z>oTBS  CH.Cl oTBS
-40°C,2h
27 28 (4+2) 29 Isomerization 30

Z>COo,Me
TH,NH (3 mol%)

—40°C,25h

l'/COQMe
(2+2) 31 (23% from 27)

Cu(acac),

(10 mol%) 5 steps

toluene
reflux, 30 min

Carbene Insertion 33 (84%, dr 4:1) paesslerin A (34)
(total 15 steps, 1.0 %)

Scheme 13. Paesslerin A D44 FK

BF3‘OEt2

H  HSPh H
PhSH : :

0°C, 8 min

NCS, DCE
0 °C, 30 min;

DBU
rt, 30 min

37 38 (92%)

Scheme 14. NI ERESL A 7D B-C RO E E 72V BHA



EENAMIEZBAMG LT-d 12, Scheidt 512XV 4-0-7 1 b A LE HHA REN B S
M7= (Scheme 15), = 7 /L NHC filfi: 2 FIVWCILEBRER Y &2 =) o F A RIRAGITHESE L, U
BRIETa—nAn 7)o I TARRLES, fi BREELHIZ L > T, echinocidinD %
UL LI 4BORKRMOBEREER L TN D, ZOARBKOSHE, 7a hA Ly
ERRIESES OB RERCERL O A LR T T D08, BEATENA 41 Gk % TIILEREIR
PERENEMEZ IR L T LE VY, RIEROKT 2T,

O
H chiral O@ H 0
o NHC Me -
AN T
\ (0] Me H H%O =
H
PO(OEY), H @NHC PO(OE),
39 40
H OTBS H OTBS
11 steps . OH — >
—_— -0 pinacol H
a
3.2% “—CHO coupling OH
4 42
H
OH OH ¢ CHO
H H OH 0 OH
| OH A OH H 0
H OH H “1OH OMe
Cl
echinocidin D echinocidin B armillaridin
(total 20 steps, 2.4 %) (22 steps, 1.4 %) (total 24 steps, 0.84%)

Scheme 15. Scheidt 512 L 5 4-0-7 1 A )V E HOER,

H3H ARMFIEICES LT

Melleolide™ i3 1984 F12F T Z ripb Bl s Le 70 hA NV T ) — L= 2T LT,
WGP Z R TR & L THE S TWb, OLORMSE CTHIBEEMN 2 R"34 2 & b Al S
72o FET-UTH., 10-dehydroxymelleolide D <> aemillarinin 7¢ & 8 FEFHOFHEBZIA & T, O H
FOMM ORI R L 52 HEH (MUEIEH) 2683252 & M50 E 72572 2 (Figure
3), W IFAEFETEEN R O 5 23, I Z < D EZ IR L T-BRICIT R RARETE DS F
BNDHEWVWIREL H LB, ZHTEMIE~OEIEE GUEEIEM) &R ~D /L
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FARETRE 2 R & 9 S TR IRV, Melleolide 142 D & 9 A AEMpiE 2 A9
D07, F VUL TOMERBFFIEI S 0T TR, E - REETEMABIZE S . KA
D HG LN DHHFREE VT IREN RS O LAMTON TRV, EF BB A E gk L
U 7o SRS 70 W Ve PR A BAF 20 ~ D B A2 (LB IZ W L7z melleolide D& kAR 2 ffENr 35 2
il Oy

H
H 3 2 Eho OH _ CH,OH © CHO
OH O OH OH O OH
OH o OH )i>\ J:@
melleolide 10- dehydroxymelleollde D armillarinin

Figure 3. UE{EHZ R4 7' 1 A L& U HH

Melleolide IZFALEE S LEREHIEm N T 1 hA VE UHHTH D L F 2 5D, MEIIFHME LT
IR BB ICIX AP EES . WA CS LAY VBB ATV ERT 5,
Z LU TN THD CANLIZE Frx ek 4-0-7n M V2 U TH D, 4-0-7' 1 |k
ANE L BEREOREEE & LTI RTS8 7 v — 712 X % paesslerin A D& Rl ] &
Scheidt 52 X % echinocidin D 5T 4 DO KR OB o 5, BLEDEm N T v M A VE
VIE BT HICHTZo T, TS DOAMRKETIE,

() BFNICHERERRELZAT D 6/4 MBRMEEIIRARZEZ L3 <, 00K

AR O BRI LIIEECH S

(i) FRILERDME
EWOH BRI BNE ol FFIZ, TNHORBELZ R L S OB(LEDE Y 4-0-7'1
M VE RO G OMENL 2 B LTz, HEEITU T OREZBRE L., Bz /26 it o
FICEF LT,

()  6/4 MBI EI LA R OKAEIA R

() 7Fa hALE B OEERTO, BRLE ORI

(D) /& IS B R b S A7 BRALRTBIR A oD pa S R 7 G 1 oD B 56

Melleolide D &AMt A Scheme 16 (27”79, 70 b A /LZ L AEIE, IHEEIE T W
BRILICE > CTHREK 44 IOREESTHZ L& Lz, Z2C, BLEDOEWVERLAIERE 44 %
BT DICH0 gL HEERE LT CINIICMEBETRENEAINS T va—)L
45 Gt Lz, C3oe Fax v a @ & UC RN XD ka7 {bE D C2,
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Cl fiRFEHBANTHZ LN TEDHLEEZDBND, Melleolide & G hk%d %554, Horner-
Wadswarth-Emmons 56 (LLUF, HWE KU&) 1289 ap-Rfafi= A7 v & L, i< Morita-
Baylis-Hillman SGY (LUF, MBH JE) ICE VAR TE 5 B 272, 45137 ¥ — /i
R T 5 ZRAULEW 45 L AREME TH D, 2D XD emEICE R b S 7o kR
BIR (CER) ZWVVDNIHET 20 PNEETHDH, FH L, paesslerin A DA CTHIH I 7=
YU NT )= —T VO (2+2) BRSNS, ST o U AT X — 47 I b
ATEUT, 46 DB ATREE B 2 T2,

H H 3
H E H H 3
CHO 7 COEt +” “OH -
** R Ve
H H :
H R2 3 5 H
© oP oP oP

H ketene silyl acetal

H
Z O .
— %& k- os:
FGI A CO.R (2+2) Co2
2 ‘/
46

47

Scheme 16. Melleolide D& Eﬂzﬁ’%ﬁ

AKFmILTIEE 2 BIZBWTC, 7Y U AT EE— Lo p-AERT AT L0 2+2) B
LA OFER 22 R Et 2 AT > 7o DT, ZvE i35, 5 3 BT, 52 BBV TR
Lizv a7 T oAikiEEFIH L, melleolide 38 X OV DRI DOEEROMBE L., BV
DiF\ ™ 4-0-7' 0 A NVE DB ZER LD TINZl~%
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$F2E HTUVILTEEA—IILETOEF—ILEET XTIV DRI (2+2) BIL{FTINDRS

5 1HE MR

WEOFT I AT XY=L (LT, KSA EH5T) &7 a4 — BT 2710 (2+2)
BRALATIN OB 2 L FIZZ80F 5, g7 J73E & LT, 1988 412 Rousseau H¥ /L a=17
L& W= (242) BN Z @i L Cunvd (Scheme 17a), £72. 7V =0 Aildk &1L
FRWMEA VD RETIISH 525, 2010 FFIZMALIZ L > THEEICERL S 17z KSA 52 = /H
W2 (242) BALATINZS A S U 72*(Scheme 17b), 240 5 D SEATHIZE Tk BAF 2RI R & ik
LTCW5, LA L Rousseau 5D FiElE 4 FlED KSA, 85RO D HET T 0 A4 — Uit A7
VOB ORI E, RENREE COMM TH o7z, —F, Miesch HIFHEDRIEEMT
D (2+2) BALAHINE 3 FED KSA & 3 FEOWNER T L% > TENEIURET LTV 5%, Scheme
18 12 b RVINERE A 5 2 TOT BRI T TOREO—H AR Lz, ZOHETIE, IX
RICHEZFE L TV D, 12T, ilEO#E Tl KSA ORI FikE#I (R'=Ar) A7
BTG SN TR o 7o, HERERLAZ G T 5 KSA T (2+2) BB BV
THEAT T4, providencin DERRZR EITISHTHZENARETH DL LEZBND, FHIL.
KSA & 7'u B4 — Vg AT L O (2+2) BB\ T, mWIEE 5 2 5 Kk
FHEOBF AT, MM EFHRDL L& L,

R' OTMS
R OMe ZrCly cat.
= + =—CO,Et = R? OMe
R2  OTMS COCl, or CH,Cl,
CO,Et
49a-49d 50 51a-51d
H OTMS H OTMS MeOTMS OTMS
nosHﬁ«‘;towle O—‘;tOMe Me«i;towke OMe
CO,Et CO,Et CO,Et CO,Et
51a (51%) 51b (61%) 51c (70%) 51d (84%)
b)
MeO oM ( ) MeO OTBS
e e MesAl (1.0 eq
>_< + RI—=—CO,R? MeO OMe
toluene
MeO  OTBS AT \coRe
52 53 54 (up to 92%)

R', R2 = H or Ph or aliphatic

Scheme 17. (a) Rousseau & & (b) #iAK 512 L5 KSA @ (2+2) BRLAHIMOM®E
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. + RI—R2 Heoe " OTMS
OTMS R1 R2
55 50a-50c 56a—-56¢
O O (0]
Heeo " OTMS Heeo OTMS H: OTMS
H COMe H CO,Et MeO,C CO,Me
56a (54%) 56b (32%) 56¢ (45%)

Scheme 18. Miesch 51225, KSA @ (2+2) BALMIIOHE

F2H PIHIMRE LIRS T U AT X — L D DR

EFETMEEME LT, 7= = AFRR A TV LD R L 72 KSAST & 7 m A — L= F /v
OEALAMZRE L, L2 ERED MeAl 1 FGEITo72 L 2 A, v r/u7 T Uil
BFONT AT IVEY NEAFYE L TR LI, ZIUIFTEDORILAR S8 WA LD L,
4n BIERRUSICEDBBPR I o7 b D B2 LT, D%, Fix ORISR
BETp Rk A MR RE L2, 2L ORMETEABMIL S THY 777 58 (TH
B¢ & 722> 7= (Scheme 19),

— OMe
=—CO,Et Ph )
Ph o OMe 3 4 0Si Ph \ OMe
osi various CO,E CO,E
conditions
57 58 59 (major product)

Scheme 19. KSA @ (2+2) BAbAHINO 08t

BIBR IR DB DN FERIZ OV TIE FOL I ICBE LT, B/ 07T 00 4nE
FER ST L D BHBROE X 09 X3, SRR ER 2 8 AR Ol 52380 5, 2SR
T 4n BB SSIE, Woodward-Hoffman HI**Z L % & [FIEMICHEITT %, v o/a 7T
D 3NLE 4 ALTEHILDN 4 DSHAISN TV DAL, 2 OFRBERZ2BHER O BRI STARRE S 23
AT HIDRHBRNEXIC 2D, 581L3 ML 40X 3 B TH o7, BHER K
M & LT WA TH D B2 HD (Scheme 20a), 7z, 7 v 772 3 (ZE
HEWEERDH D & an BT ERFONIC L DARNBERLT R ENMONTNDY, 7=
=V O EEILL, B L OB ASIRIRERIE N S D 5E L TH | B
BRI DIEHEAL = 2L =ML 72D L0 D #5 S 8 5% (Scheme 20b), L7235 T 58 1%
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FERITHER LT WMEEM Th - o AlREMENE 2 b LT,

a)

47 electrocyclic reaction
conrotatory

‘O \_/

E, = 32.5 kcal/mol

Acov\sg AcO ‘\_\\_//

E, = 29.8 kcal/mol

Ph

E Ph—\\_//

E, = 26 kcal/mol

Scheme 20. & 1-EAREGIT &K 2 BER G DI & 07 S O NARRYEEA] & 8112

ZOMBEERRT D170 FEITBRIRKSA ZFIHT 5 2 &2 & 270, 4n BRI
SISV RIBERNCHEIT T 2728, cis BlE T R', RZEHEZ O 7177 60 DEN 4n 5
FERARBUE T cis, trans-7 2 = INERM) & LT 545 (Scheme 21a), — ., #ighs L
ey u7 T 2 61 TRBERZR 4n BT BURBUSH B IR, trans-2 7 a7V 278 %,
trans-> 7 0T VT AXEVOT HEFFo TND Z END, ZOMBRITET L2V, b L
IPPFEARELSHRKICHTD LB DN, MRy /R 7T U B REICHECE D L%
Z. 7= (Scheme 21b), 3-1 V7 v~/ L VFHE LT KSA 62a T (2+2) BRILfHIN%
FLZE A, JHVEY BOS 7 075 63aa & 32% THD Z LIS LT-, BRI
FOSIZ XV BHER L7z 64 38 L ONEAUCHIRT 2 & DN D RIARMIIR bR ole, EH
X2 DOBIR KSA 62a & 70 A — LT 2T L 50a DG D &0 fEbE1T S =
il Oy
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R’ R2

) A — Gy )

H H 47 electrocyclic reaction
7T ycli i . .
t )
60 conrotatory cis, trans rans, ¢is
A
Q T or £
£ \_/
H H )
61 cis, trans trans, cis
b)
=——CO,Et (50a)
— |
OTBS toluene H N\ CO,Et
rt, 2n COZEt 2
62a 63aa (32%) 64 (0%)

Scheme 21. (a) ¥ 7 077 » OEW 4n B EIREUGIT L 2 [FIERIBHER
(b) B4R KSA ZF 9 5 ki

53 H RUSSRARET

XU DIZ, CHCL HEHEH-78 °C 2 B EIRICFHIR T 254 THix DV A RB0T L U AT
> ezt L7z (Table2), MesAl % 1 & L72BRIZIZ HAY 63aa 28 78% TR LT
23, KSA 62a KSR LT-A V7 v~ /265 bbb nT (entry 1), RT3
=0 LDV A ABETEH D EtAICL Tl B OULENME T L7z (entry 2), = DIE A, Sc(OThH)s,
InCls, Ga(OTf)s. ZrCly, BF3*OEt,, TfOH 72 & D& fi L7223, 63aa 356 UL
fbLicA vy~ 65 ODFHBIFOLILE (entries 3-6), YUz /) —Lx=—FT )T 7Y
NMBETZ ATV, Ta A — BT AT LD (242) BN CRARINEE 5 2% THNH
R L U CHWZHEA T, 63aa OULRIZHFREE Th -7 b OO R ITR b B
Fa 527 (entry 7). LU, filliEE 280 L7z 5515 KSA O3RN HEA L, IR i
BTz, EHIT, REMAKEZ SR L TWEEONREERTDH &L L, UBEORK
I MesAl Z W TITH Z & & Lz,

T =0 A EHRLER LT DM T RBIFCRISPEIT T 2/ERIL, vz —L =
—TNET T YN AT LD (2+2) BALAIIY OGO FRICFET 5, TV I =7 il
BES (2+2) BRALAINZE W THEL Th 2 RBEEITEZ D0 > TORNA | KRJSD 2
BYMEH ORE (Scheme 22 (ZH81F A b) IZBWT, VLA AR THD TV = LR
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B L7z /) T — M, RS 230 A AFERENL LT ) T — R & E_TREI D &
KRB LBEZALND, B LIS WHERZWET IS 5RET ) 77— FOREN
WETholtEZBILD,

Table 2. KSA @ (2+2) BRALAHIMC IS 1T 2 el o ke

0 aC|d
@ + =CO,Et jorss O
OTBS CH20|2 H Q CO,Et O

-78 °C to rt
62a 50a 63aa 65
entry acid (mol%) 63aa (%)? 65 (%)°
1 MesAl (100) 73 18
2 EtAICI, (100) 31 43
3 Sc(OTf)3 (10) 0 90
4 InCls (10) 0 90
5 Ga(OTf)3 (10) 0 90
6 ZrCl, (20) 0 90
7 TioNH (2.0)° 47 0

ajsolated yield, ® estimated by crude "H NMR
¢ performed for 24 h

2,
OSi
--[Al]
( ~[A]] H CO.R

|
/\) OR

Scheme 22. 7/ 3 =7 Al WA O 2+2) BALAHINEG

BT, IR, BRI DY B o) VB ORKETZ1T 72 (Table3), bzl & KA
L Le8rE . CHCL Da L L ChOT MR N TV . THF 2 W& CidA
FIITAF DAL D o 72 (entries 1-3), MesAl O % 20 mol% FE T U T HILRIZIT L A

LN LWL E 72 o7 (entries 2, 4), HWEHEO VU ME#EEERFILIZE Z A,

M) ZF NN Y NIICERT L B E 52 THEEOR Y V MbOBZRNEIT LA V7 1
~ /) EGZDRETRoT (entry 5), R A YA Y AKICETTLHE, KSA O
LEMWDRM EU tert-7F NI AF NV AVEL D EHF LWIEEZ 5 27 (entry 6), 7235,
MesAl OfiE R 2 10 mol%LL FIZIH U 5 LR DOIK T2 A G472 (entries 6,7), FHHILZ
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Gl B b O & LT,
Table 3. KSA 0 (2+2) BHLANNCH BIAME, MRIE, o U AR EORE

i (0]
0 acid ;
@\ + =—CO,Et S/
i solvent
OSi 0°Ctort H CO,Et

62a: Si=TBS 50a 63aa: Si=TBS
62b: Si=TES 63ba: Si=TES
62c: Si=TIPS 63ca: Si=TIPS
entry solvent acid (mol%) Si yield (%)?

1 toluene MesAl (100) TBS 60

2 CH,Cl, MesAl (100) TBS 73

3 THF MesAl (100) TBS 0

4 CH,Cly MeAl (20) TBS 70

5 CH,Cl MesAl (20) TES 0

6 CH,Cl, Me3Al (20) TIPS 89

7 CH,Cl, MesAl (10) TIPS 54

@ Conditions: KSA 62 (0.55 mmol), 50a (0.5 mmol) in solvent (0.25 M) at 0 °C to rt.
b isolated yield.

Table 4. KSA @ (2+2) BRALATINZ I % SUOSTRE DR

Me;Al o

o) (20 mol%)
@ + =——CO,Et O OTIPS
OTIPS CH,Cl, e COLEt

62c S0a o 63ca
entry temp. 63ca (%)@
1 -78°C 0
2 —-40°C 0
3 —20°C 66
4 0°C 88
5 -78°Ctort 76
6 0°Ctort 89
7 rt 85

a gstimated by '"H NMR

BOGIREE DFEM 72 it % Table 4 (27897, —40 °C LU R TIXSSIFEIT L7eh > 72 (entries
1,2), —20°C TIZHREEDILRIZE EE D (entry3), 0°C & FEiL TIXFFEE TH -7 (entries
4,7) ARIENDRAITHIR L TS FEERET LT E 2 A, 0°C 22 B EIRA~FIRT 2 &2
T O 5 ER TS S 25 L RO TNNTIER G T,
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AR EE A RrEORE

FIHI TR Lk a b Lo, WE-RMEEamF Lz, 57 et —Age 27
NOWETEIT o 72 (Table 5), TATAEGIEIATF VT ATILTH 7 2= )LZ AT /)L THAR
ST [ RE T~ 7= (entries 1,2), = Z T, PALIZEHIE R 2o m 4 — L=
AT NTORINERF LTz L 2 A, R BEIIE L FEBEOWTILT S RIS T RAHETT
HZ EERH L (entries3,4), S LIZR' BT AT IVOLGE, FEFITEHWVINEKE T 7 a7 T
v 27 (entry 5), 63cd-63cf LV EERZHERLT D 4 DDRFB R TITEHIE N EAI NI
a7 TroThY . RRICHZEBRFENERZ AT 2 0ED & % providencin HAKIT
HRTHD Z ERREENT,

Table 5. 7 1 B4 — LT 2T )LD HET— ik

MegAl o
<o s, (g
+ R—=-CO,R2 ———
Z>0TIPS CH;Cly W CO,R?
R1

0O°Ctort
62c 50b-50f 2h 63cb-cf
entry 50 R! R2 yield (%)P

1 50b H Me 74 (63ch)

2 50c H Ph 63 (63cc)

3 50d Et Et 81 (90)° (63cd)
4 50e Ph Et 67 (63ce)

5 50f CO,Et Et 95 (63cf)

@ Conditions: KSA 62¢ (0.55 mmol), 50 (0.5 mmol), and Me3zAl (20 mol%) in CH,Cl, (0.25 M)
at0°Ctort.

b isolated yield.

¢18.5 mmol scale

WIZ KSA FEE DO — P2 it L7- (Table 6), /SEBRIEE XmWOINRTHIT L7722, HE
BRIEE CIRIE & A EREHAIR D & 725 7= (63da), Z DK E LT, KSABFEBHETHD
RV T T DOHEE LR DT DIFFITKETH D . RInHET Lo lob D LR S
%, CEROHEETIE, FREDOIETY 7 a7 T RN EHiiz (63ea), £7-. KSA OF
L L U THBFBEEBEDN WL D TH - ThH, UNTETT 5 2 L R ST (63fa-
63ha), F7-AREIOIGEMEE, PALAT U — L@ L 72 KSA 721 T < NENSEAN E# L
72 KSAIZHEHAIRETH V| ENENHBOMIER G b, £7o, MME#H O KSA % H
WEIBA . IEWICRIFRINRTIHYED S /7 n 7T o2 525 2 LidbhoT- (63ia-63ja),
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Table 6. KSA & O — MO aE

MegAl
o) (20 mol%
+ =——CO.Et OTIPS
=
TIP CHZCIZ

I omrs 0°C o CO,E!

62c-j 50a 63ca-63ja
o]

O Q otirs O OTIPS TIPS
H 9 CO,Et H Q CO,Et H Q CO,Et
63da (trace) 63ca (89%) 63ea (79%)

E ;o
Q oTies OTIPS %TIPS
H &0023 H CO,Et CO,Et
63fa (31%) 63ga (72%) 63ha (78%)

TIPS
Me CO,Et

63ia (95%)

1) TIPSOT}
EtsN

2) ethyl propiolate
MesAl (20 mol%)

artemisinin (66)

Scheme 23. Artrmisinin 13D KSA @ (2+2) BR{LAHIN

ENFIINESFINE S

TIPS
Ph CO,Et

63ja (95%)

EtO,C
67 (95% in 2 steps)

HEPNTERTH D720 BHEEAEWICbEN TE 5 &EAbN D, TDFE

7 & LC, artemisinin (66) 7>5Ha5E L72 KSA 2 W TARIGEIToT2& 2 A, FEFITEW
T 7 a7 T 6T ICERTE, BmUWERELTFEIN RSN, RERWE OIS

FA LT WG TH D EV 2D (Scheme 23),
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% 5 i Providencin MDA AT

Providencin {Z 2003 4=, Rodriguez 52 & Y Pseudopterogorgia kallos 7> 5B S /=7 7 /
YT T IARTTARTHDLS, 77 )T T4 FEIT7 I VEBETT ) Reg
DREREE LR L T 2IEMRETH Y . BROREOIRLE DE O THE & 72 R IRW H T
BEINTWD (Figure 4), ZILHDOHTH providencin [T E T 7 B[12.2.0]~F V7 I o HH#
EETRPFEET, 77 /877 A4 NEOF T mWEMLE 2R, AWTErEL LT
EFREOHIEREESEZ A L TR Y A AMIL (MCF7), 2B/ N2 M (NCI-H460).
FRAX A AL (SF-268)25%f L CORREIHIEME SRS ST D 45,

COzMe

e

N
o

0]

providencin lophodiol A rubifolide

Figured. 77 /v 77 ) 4 N

Providencin D& RFFEITEBIHRE R D b DD RIEAEUITER STV 0, f
HNEERBRITOT AT REROBE TH L EEX DNDHD, 2 Mulzer HIZE->TE
TAERBER SN TND X, CI2 CI3fHGE2T /v R= ARSI L > TR LIZDOL, H
RAZ BV AL TREREZGM LTZ, £DHDOEHIZ I - T 17-deoxyprovidencin ~ &
T D (Scheme 24a),

Providencin Z KT HI12&H 72V, 17-deoxyprovidencin @ C17 {7z #IRAJICIE(LT 5 Z &
C providencin ~E L Z LIIREETH D LD, L7eh > T, Mulzer HDHIRLATENL
providencin DAL E FEK T HIZIT, 7T 7 A b 69 D ClTLIZIREEREEZEA LY
FITA NN AR DMERDHY . 2O KD L D E I B BR A A A ST 5 )
NEIE L5, FHIT, KETHH LIZERIR KSA & 70— igm 27 )L D2+2) Bk
MR 7 Z 7 A k12 OERRIZFIHATE 5 &5 2 7= (Scheme 24b),

Providencin D& AT Z Scheme 25 1274, KEERIT Mulzer H DF{E L FERICT L R
—BOGE LR A Z B AT K > THROKIRICHER T D2 L & L, APRAR S LT
MDOT7Z7TA 68 LT TTA b adGt Lic, 777 A2 R T2, mEICERERL
ENTee 7 a7 T ) 13D ERIEABIC S > TES Z & 23l L, 73 137 7 VBRDMEBR
LIer 7y DT s —v 74 L BALBSERS NI T v B4 —/UIRT ATV 75 Z HV
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7= (2+2) BB L R RETH D L B AT,

OgMe
oo\ aldol
o) SePh < OTIPS ellmmat/on
0]

CHO

68 69

Grubbs Il
(20 mol%) OTIPS  —=
benzene
80°C
17-deoxyprovidencin
b) CO,Me
CO,Me OH
| 17
74 17,OR
|\ OTIPS
CHO OAc
72 providencin

Scheme 24. Mulzer ©(Z X % 17-deoxyprovidencin D5 % & providencin D5 k7t i

COQMe
Rem (oA CO,Me
Jrm—
< oTIPS
g CHO
0] aldol
providencin 68 72
CO,M
e © CO Me
7
7 o OR IH 0 (242 (ji\/l\
— O S e 0Si
COzR‘
|\ OTIPS R2 CO,R! /
CHO R2
75
72 73

Scheme 25. Providencin O 4 AT
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ZI T, FERERPMER LY 7 u 7T VIR TH D 63ed ZET /L E LTHW, TEX
—NVORRIZE D7 a7 2 ) o ~OEBERRFT L2, 63cd Z THF A, Pd/C (2 THEfk
BILEATHI ZET, DU T AT LA~—¢ LT 76 2137, 76 ONLA{LZFEIZE LTI,
NOE 2 X HPREN TE RN T2 U7 N —T I L HFWLDOELE 80 THO PA/CIZL 5D
AR TCORM R 2 b LICTR LT, ZORGOITE—ORME(K 81 (X, DIBALICXK D=
AT VOETLE HF IC L DPURHEIC L > TOA— /L 2 ICFHFETE, o X MRS IC
TR FERE Lz, 76 RO FAF T 2D EEZ Tz, RMICERE N Y
AV T ey Y NVIHEERT D AN OEICHEIT LI ERE X HbID, £ D% DIBAL
(2K DRI, HF IC XDV U NREEDIREIZ L > TAAITEZ— L 18 L LT, Bk
TNhaA—=ND tert-7 F NI AF NI NI DREODS, BLINZT B4 — /L 2B
THZETYImTE ) 19T ERT D Z LN TETZ (Scheme 26),

Fl2. 19 ~OEBROBFIOHR T T O L S 2 R S, 63ed D=AT Vi %
DIBAL Tt 952 L TT /N a—)L 83 |[ZAEMT HZ LN TE D, 22 THFMeCN DFRT
VUMM A BURET D L RUDANIOT L a— L SN2 R A 22 & THOWE
BRigiga Lol ) v 84 BB TZ (Scheme27), =/ 84 [ZWWEER ED /& h 7217 T
SIIGEDE exo-F L7 4 AL TEY . SORDIZRBEMBNBARETHDL EEZ D
N%, F£72 63cd I[ZxT 5 PA/C TOEMIREITLIZISV T, MeOH WHEH TI1T 9 & SRR
HUIEICIZ LD 76 WA LT=D 6 RPN NiE e SRR LT & b 54 85 %
5. %272 (Scheme 28),
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? oties Pd/C, H, ? otips DIBAL Q otips HF
Q CO,Et THF H CO,Et THF H MeCN
Et Et OH

H
Et
63cd 76 (92%) 77 (92%)
TBSCI, Et;N CHO
O on CH,Cly;
H o
H PCC, DMF
OH
Et Et OTBS

78 (94%) 79 (86%)

0 1) DIBAL o
Pd/C, H, 0TBS THF, -78 °C OH
AcOE, 1t H COEt 2 HF, MeCN H
nBu 0°C nBu OH
80 81 82 (X-ray)

Scheme 26. > 7 a7 % ) L ~DFHE

DIBAL
THF, 78 °C
83 (85%)
&t
H
o}
84 (66%)

Scheme 27. SN2’ FUSIC L BT ) o ~DEEH

Me
Q oTiPs
—— ‘e, CO2H
" O Lco Et
Et Et 2

76 85 (75%)

Scheme 28. X L DIBITCIC L A Bt DRI
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NP UBRABEREL LTHTS 63cd DY 7 a7 X ) o ~DEMBNER SNI-ZD T,
providencin DEEA~DICHEZE M L7 7 U REAEHILE LTHT % KSA @ (2+2) BRIbft
MOREFI 24T > 72, KSA ORIEEA 89 OEAIL., AMZEOILFEMFFEE 232 L7 (Scheme
292), BEAMLEMTHD IV 86 ZRT DX > GEIELT LV a— L 87 L LIzDh,
87 DT AT Ny w E FEMNK iS5 Z & THILVR ik 88 2457-, 88 % p- hlm R
NE=r7al) REHWTOTNERILIES 2 LT, 77 VEBROMRLIZT 7 v 89 1%
=, LRI, 097 5% (LHMDS/TBSCL, 7 X »/TBSOTf 72 &) ZHWTZ 7 bk
> 89 /2D KSA 90 ~DEMARFT LTy, MMERIEEME 52 DA ThoT, EHITH
£ KSA90 DAFRITDONT, BRx REFICBNTRE LIz E 24, Wb EMRIRG Y%
G-z 7z, BOMREGH®D 'H NMR Z35MICfftr L7c L 2A, =%V AF L Bbhd e —
I BB ST, ZOMBENG, 77 FUBRBBR LI 91 O X O LA ERL TV D
EEDbIND, THIERUCEBUROMER LT (KSA 62 OARR) TiEA Lo TR
ThHd, HHIL. YV IMLBINT 7~ D VR =)V FRICENL U CTHEMAL L72BE, _oB o
RLIVLETEER7IVRPOOEMGIZEINV T 7 FUBRBOBAENEZ s72b0 L%

%% | 7= (Scheme 29b),
a)
TsCl
I —_— EE—. »
o COMe THF o) COMe  THFH,0 o) COH  cH,Cl,
—78°Ctort r rt
86 87 (79%) 88
H
LHMDS I H NMR
Y o TBSCI / o Vi o
| complex mixture |

O (o) o} Z OTBS 0 OTBS

89 (70%, 2 steps) 90 91

not observed

/OC0_Rasix (/m
o o ®0~ OSiR,

Scheme?29. 7 7V BOMER LT 7 Fr OB Er T U NT B2 — L ~DOEBOME

b)

T VBROBTEEXRBIELZ EEEKIL, 7T UBRO S ML a S r e EETR
GIPERE AR AN LT HE 72 £ T8 KSA BROR 21T 272, LrL., 89 DIGA LRIMRIZ T *
VAV T 4 v EEDIBMIRREAME S 2. 77 NUBROBRBRIIIZ S i,

PLEDOFERNS 7 T U BROMiER LTz KSA IEIEFICHRB LIS WD ERB SN ERY |
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providencin & %12 KSA @ (2+2) BRLMAINAEH T2 Z LI13E LW e Bbivs, BIfE, 44f
G2 N— 7Tl 7 7 1 —F|ZC providencin Ak E Hiat L T\ 5,

FeH /MG

KSA & 7'a A — A= 27 L0 (2+2) BLMAINTEEICERE LS N-NERZ 5 2,
EIEEMI s TR ) N BMTEDLTOANETE L TAHTH D, EkETH
HEN TSR TIEREN R EE TOHROBRFTH 720 . IRICHERH 720
L7cle FHIT ZORISITE U TREMZR SRR 21T o T2, oA ABR, VA AFROTRINE,
BOGIREE | Wi 20 5 SIS Ui 70 Sefth & B UTc, ABUSSRMED & & IHE iR
YouTH ) SDEBROBE L. SRRZERS s nT S ) AR TFiEE LT
OFRMER LI,
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E£3EF MBEERZTRIT IO RIS VL melleolide B LUV FDEZEDEER
BAH Wl R

FEENOHEBESNEEAXTT LD b, Fu b VE

BHERTHHOIEZ AbNs, HBEO—DIFFERO X9
2. 78 bA VSRS L ODBAXT AR OBBO DR
LI TNDLTeDThH D, b o —2OMIL, Armillaria mellea AT
(HAR% : FZ %/, 954 :honey fungus) & L <ILZ DUrkzxd Ar:ﬂ%mi{éizia(_;;ﬁk?
% 2t FHICEEOTE b MY RO s e £
TWH7hTHD 20,

FTIZETF =T TRIT AV T 7 IUHNICEBETLHX A THY, HRTITHA AR,
HBE TR BRALE LTHLEN TS, T LEAMY & LT, BIESCHER, ik
FE9, mIE, AR EOIRFEICHHWLNTE 2, 61272 7idhoEmicxtd s
PR (MURIER) MAIEFITIRONZ E AR CTH 5, FA LIBIARICIIREN 25 R Z L,
fthox ) aOFERRIITFRELECSHEDLZERMLN TS, ZNHOREFILFF X7
) ERETALTI Y B RERCE e EOWE DR v, BLED KO e BRROVAEY)TE
PERT et 2L ORFEOBEKZL & AR ORBEDC K AN BT &
7. Melleolide 33 & O D Z OIHZFIKIT, ZDOF T X FIRERWE TH D Z ENHL MM E
ole, FIZETMBHBEINS T MM AZ L, ZL<BRY T F R ThLIANLEY
R L OZ ORI LA L= ATV E LTRHEN D, 72, 77 A AE 5y, A
N VEET AT VESY E BICEMIEEICFE S L TND Z ERM BTN D 20653,

T ETNBEB SIS T M LE O TS A EIGAEER & 75 melleolide (3, 5
1 BT LD (TR R AEMIEE A EEAE T 2R TH Y . ET-RLED < ARk
HHEDEN 4-0-7 0 "ANE LT V=V ATV Th D, EHTH 12D Scheme 13 |2
R LT A ERRHTIC EE-3 % | melleolide DA RAMFFEIZ A F L7z,

# 28 BT T LW E AT RSSO

L 72D ROGIEE 2 BTk L2 KSA @ (2+2) BibfHhmichnz, 5 FNEfkic k% B
BROBELEETHL LB DN, T2 T, 713 A BORWET VLEWZ AW,
C B, BERAMET L USKRMERRZ1T) Z & & LT,

BEFEE W) a- A F -85 T 7 v (920 HHFEME L, BEMOFIETr T v
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TEZ—)L 93 BB LT-0OBLY, FE2ETRH LT A — Lo 25 )L & Offiii
2+2) BALMINOIGSEMIA Lz s 2 A, 94 2 EEMIZAR TE 72 (Scheme 30),

:—COZMG
MezAl (20 mol%
o LDA, TBSCI 0 oAl °) O otBs
e Pz -
(0] THF, rt, 12h OTBS CHZC|2, 0°C COZMe
99%
92 93 94 (99%, 2 steps)

Scheme 30. 0- A F/L-§-3L 17 7 7 ) BHEN KSA O (2+2) BB

RIZ C5S LD T AT VARG 22 BURERIZHE < BEFRIC & - T MR EREAICAWT 5F!
ZATo77, MEERWELR ECTOZ DX 5 228 Hik, Jung 512 X % Bayer-Villiger 2t 2 F]H L
T HERHRE SN TNDYS, 94 LOEBR LT VT e RIZFEKSRGEZEH L& 2 A1
MR O E B 2, BIOABDITE< S/ -7 (Scheme 31a), KRIZ, 94 &Ky
EL TR OALD VAR B 95 1Tk L Curtius B5A7ITHE < IIAKIARIZ & 2 ZB8H07 2387 7,
DPPA & HIWTRIGZAT o7z 2 A, RINRRN L7 mT 2 ) 2 96 ~H Z LITHIIL
72 (Scheme 31b),

o mCPBA o
E E NaHCO OTBS
OTBS p—— oTBS ° complex mixture (0]
CH,CI
~cogte CHO  4sh o’

not observed

b)

: DPPA, NEt o
Qotss &, Q otBs e OTBS
MeCN/H,0 toluene, rt; o
CO,Me rt,15h CO.H H,0, reflux
94 95 (76%) 96 (23%)

Scheme 31. C5 (\. ~DEEE B HEHLE A DRt

DPPA % W o BUGSIZOWT, BRI Z HEES 2 2 & TIRINEDOJRRZ -7 & 2 A,
TIVT VR 9T BT D EBEMEDILRICIEE > TWDE Z ERHL N E ST, 2D
DA VT F— h~OERALIF R < #E4T LT 7o (Scheme 32a), 7 37 Y RMEIZEIT
D REVERMNIFIE TE R 272D, ISEDIREW D ESI-MS A7 MU TT ¥ KN 1,4-
ML 72100 &b s v — 27 BBl S -, FEITZOMENS, BVR 95 MNE
REMEDIEF RN VERT AT /L 99 ~EMSNTZER. 72 RO LA ET L7- 7T hE
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MWRnd 5 EE %7 (Scheme 32b), a,f-AEIFIH LR Uk & DPPA % H U 7= Curtius #5712 35
WC, TV RD LA 2EIROSTRECRENRH DB, £ TY VBT RAT /L 99 ik
RWEMERE LT, FORE., R 27 /L 101 [ZE# L7205 NaN; & S S 592
LT DINLREZLET S Z LT L7z (Scheme 32¢), & D% DEANLUE & BRiESMETO
KR 2T, 3 B CHEEE OYLERT 96 315 5 417- (Scheme 32d),

a)

E ;o
E O otBs DPPA, NEt, [ O 5tBS 60 °C OTBS
CO,H toluene, rt; CONj toluene NCO

H50, reflux
95 97 (26%) 98 (95%)
b)
o)
O:OTBS DPPA OTBS Q otes
7 o) 7
O\ /7
COzH o) R~oPnh CON,4
Ng O OPh Ns
95 99 100

[M + Na+] C15H26N6Na038i+
ESI-MS: m/z = 389.1728

c)

EtOCOCI
O:OTBS EtsN O:OTBS NaNg, H,0 O:OTBS
CO,H THF COCO,Et CON,4

95 101 97 (71%)

1) EtOCOCI, Et3N, NaN, o
0 OTBS THF OTBS
2) toluene, 60 °C g; '&

://k CO,H 3) aq. HCI/THF, 60 °C o

95 96 (46%)

Scheme 32. Curtius SinlZ & B EH DR D ik

7 R 296 DNLIREIRAIE TTIE DIBAL % AW CIRIRSME T OIS S H 5 Z & TR T,
H—DRMERE LT b a— L 102 28 84% IR TH L, T/ —/L 102 [Tk L, NaH
EERASET VA RETDE, tart-TF NI AF Y VIV SONRZ 5 2 &
WohoT-, ZOHEND, 103 DT /b3 — L OSNRELEIIEBMO b Ra 5L syn e
ETHDHETRL, BRI O@mE W a X3 & A F VDT concave N HDE R
U REENMBERLIZEDOEEZ BN 5% (Scheme 33),
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OoSi

o) o) :
O y1gs DIBAL otBs  NaH OH : Me
—_— - + 102 Lo o
0 THF OH THF OTBS (22% recovered) . /
m,1h ;

96 15h 102 (83%) ’ 103 (72%) | 0
sole diastereomer ;

Scheme 33. DIBAL (2 X 5 SAAREIR A 7238 7T

Melleolide > C5 (AR B REILDSLARLFIL 103 Wi ThH o7, Bifri#ICL>Tyrdy
A Mo x U RRICERT X, STEREEN D2 <72 Y convex [HINN B DBEE NI HEIT LETHE
DERDDFFHN D D TIFRNNE B Z T2, 7 b2 96 (2% L TBAF ([Z L DL U /Wb AR
FLIzE 2 A, THEAOIAICHHEIT L, CERE —BEREPMEER L7 7 F 105 B E6
Niz, ZOREEIT X BEERAATIC TR L T\ D, a-7 b— VRN EIT LB 25
NHNB, MEREY I HIZOTHOREVZBIRPAERT DG &V D R THBRE, AR
I DFEMIE, BIEYHIZE 7 L — 7 T4 CTdH 5 (Scheme 34),

0 © Q

Q otss TBAF 0 o)

—_— U —_—

o THF 0 OH
rt, 30 min &

96 104 105 (41%)
X-ray

Scheme 34. — BER % BT 2 Halr SOt

Scheidt HIZL > TIDOEDE Rk v HEOGHEME CONAKIENHE SN TVWD 2
LGB FEHRBVMRMEFORITIOBIZAEETH 5 & B %, 102 2 W TR Rt &17 5
ZEE L, VUNEOERMEINZ LD 103 ~OFFEIIREERDOF TR AL L TEDEE
FIH Lz, Boniz~I 74—/ d IBX IZL DLV EZIC7 FTLTE R 106 12
W9 D2 &N TE, HWE RURIZ K o TERALAIEATH 5 107 (ICE Z LR TE

(Scheme 35),
CHO (Et0),0P” “CO,Et - CO2Et
E ;O oH IBX Ef:/(o NaH o
DMSO toluene
OTBS I'T, 2h OTBS rt, 30 min OTBS
103 106 107 (66%, 2 steps)

Scheme 35. ER{LATERIK 107 D5k
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BALRIBRA 107 2345 S 7- DT, MBH FJSIZ X 5 B BBOREEES 2 kit L7=, MBH i3
HEATDEBN T, W R A R0, FAIREZR IRV IRE AR LT Thiu %,
HHIZ MBH FUZ K < FIH S5 %7 I >, DABCO X° DMAP % sREZfili & L CH
WA, RSIEELS T Lo To, 7 2 0 & X CTRIEME DO E WS 3 JEI 15055 & SR fl it
&L THRAET LTS, nBusP Z¥EBEEA 2 & & | 27 B CIRICER 22 28 S ITR O A % 155
LT LT, RO Z BT Lic & 2 A, BRI 108 138 2 7 ¢ AR S 53 &5
RS D Z &R bhole, 16> T, ONE R TREM SE 25 2 & BSIER RIZoReni 5 &7
LTz, BESO/NSWERAT 4 THD MesP WD Z & T RUSFER O 8EHE & i
AR L7 (Table 7),

Table 7. 77N MBH K2 K % B BRIEGEORGT

S mkeopnle
OTBS

OTBS
107 108
catalyst concentration of catalyst time (h) result
DABCO (10 eq) 1.5Min THF 24 no reaction
DMAP (10 eq) 1.5Min THF 24 no reaction
p-1Bu-thiophenol (20 eq) neat 24 no reaction
nBugP (14 eq) neat 27 108 (30%)
MegP (427 eq) neat 25 108 (80%)

% 3 Melleolide 35 L OMERRIL D ARk

ET LA TORBORRE S L2, A BEFT 2 ZBAILE TREME RO %
BAtA L7=, Glyoxal (109) & 1,3-acetonedicarboxylate (110) % HFEH# & LT, Weiss S, 7k
DY EIZ LV HlH L7z Baeyer-Villiger FRLIZ L > T, 3 BETEERID 7 7 k> 112 ~E
7287, Wittig RONMIC R DA L7 ¢ > 13 ~OZEHL, LDAR LHMDS 2 ED Y F 7 L7 I K
2D LD b, BuOK & W73 BAF 7RI % 5. 2 7=, Simmons-Smith SIS IZ K %27
a7 A, HIHICE 5 TR SN2 EbZn & CHL I LY IS A REfifld 25
ROBERRE LI, BUSITHEAT Leh o7z, % ZC Shi H D TFA-HRERSEIAZ IV 2 S B 1LY
ERELIZE A, B0y 7 a7 a Ry 114 & BIHRIEECTHE-, Adams filiiic K 242

39



it Cy  n T R U BRERE S gem-U AT KIS L LT2OB afLd A FAKIZ
Lo TZ7 b 116 IZZH#: L7= (Scheme 36),

H
HJLT( 1) NaOH, MeOH H mCPBA H
0o reflux to rt : NaHCO4 :~o
2) 1 M ag. HCI B CH-CI : (0]
MeO C\)OJ\/CO M AcOH, reflux H 0 %CZ H
e e
2 2 2 steps 42% 111 112 (46%, brsm 73%)
b known
PhsPMeBr H Et,Zn, CH,ly H H
BuOK =0 TFA m PtO,, H, ><ji\/1
THF C:I: :L> CH,Cl, : o} AcOH : o
t,3h H © t,5h H 90°C, 7h H
quant.
113 (75%) 114 (88%) 115 (quant.)
LDA, Mel H

DMPU "o
THF : o
i, 11.5 h

116 (94%, a-Me:B-Me = 80:20)
Scheme 36. BRI 7 7 k2 116 DAL

TBRAT 7 116 o ZBEAT v X —L 122 ~OEHT, BT VLAY 102 DA RkE
EHMA L, T72bb, 7oA T v 2 —L 11T ~HW=0hL, Fu bt — L gs 2T
ED 2+2) BALMINC LD “ERBEOINER 94% Ty 7 a7 T v U8 247-, ZOIGEY
T AT UAEIRMICET L, e B4 —LERT X7 L3 convex HiD» BT UG L7 AERK
MDNH—DOSREMERE L THE LN, HEMSFNE T TOZ AT VORI v
AR UBE 119 & L, Curtius B50ZIZ K > TA V7 F— b 120 ICE#H LT, Fi< S CTo
MAKRBFZ L > T a7 s ) o121 ZER LTE, VR = VEEOSLRERIYIE T, 78
°C T® DIBAL & MW oiE Gl Lo TRAARIMEETER L, T3 —L 122 21572, 728
122 OB, NV A Y 7T a e U ALVEROBBEGEO DL T b = REGHER 123 34K
T2 0D, TETIULAYOBRLFERIC S Lot FueX BT pERETHD LIREL
7o SAREFEOWRTE I OEERE (Scheme 49, 146) T X MR IEMITIC L VIREL TV D
(Scheme 37),
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TIPSOTY =—CO,Me

H

z Et-N Me-Al LiOH- Hzo

: (o) THF OTIPS CH,Cl, MeCN, H,O

H 2
f, 14.5 h r,1h COMe (= 21)

116 (a-Me:B-Me = 80:20) 118 (94%, 2steps) 60°C, 27.5h
) EtOCOCI
Et3N NaN3 H THF, HCl aq.
THF, 1t, 1 h ; (viv=1/1) DIBAL
oTIPS Qomps VIV otps
2) toluene : 60°C,1.5h THF
COH  “gpooc H NCO —78°C, 2 h
119 (87%) 120 121 (67%, 3 steps)
H H
><:(/\O&°TIPS 0 [ Qo
: OTIPS 74
H
OH i Me H 5.0
122 (98%) | 117 =—CO,Me 123

Scheme 37. 7 &% —/LHREHA 122 D&%

< TEXY— 122D N A Y T a ey U O, THF BB+ NaH % {EH &
D2 L THFICRUBRNERTERTE/, 22 TY I IREENET MEEW LR U tert-
TFNDAF NV NVETH TG W 125 BERICHER Ly Rz, BRI 126 &
SUBTNIT AT avw NI T T 4 — TR TCE e hole, ZORIGTEETHD & F
Z B, AR AEH OB FEN R T XN X =K T D B2 bbb, SRIOFZRT
. BTV a— DU ) K TH D 122,125 L0 L5 7 La— 1o U bk
ThH D 124, 126 DT =B FEH & ONAREF /NS WD, T x0T —ME < 7 0 oAl
MWINTe LD EBZOND, tert-7 TNV AT NI ALV X VERN NI A Y T rE )L
VUNEEAVEE 2O X —ERREL R ALY RE S EFBANCT T
boEEZOND, EREREDO=RXLX —ZE%FH (Spartan *06, B3LYP 6-31G”", Density
Functional Theory) L7255, 122 & 124 D= /LF¥—2% (4G°) 1% 15.84 kI/mol T 124 O
FAMEL . 125 & 126 D= FR/LF—71F 5.10 kJ/mol T 126 D FMMEN -T2, PTE % K
5 K = EXP (- AG/RT) & W TEHRIRRE (20 °C) TOILAMDOIFELEFHE TS &
124:122=99.9:0.1 | 126:125=89:11 TH V., EBHEFR & BIteda—E L7 (Scheme 38),
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H
= NaH =
Q OTIPS - . Q OH
: THF :
H OH ,3h H OTIPS

122 124 (97%)
H H H
Z NaH Z Z
o OTBS - . o OH + Q OTBS
: THF : :
H OH ,3h H OTBS H OH
125 126 125

inseparatable (126:125 = 85:15)

Scheme 38. 3 U /L E:D#EA s

BONTEA~ITEZ =V 124 ZRALINICHHER L. 77 & B 127 28T D 217>
2o L2 L. BT MEAW & FRRIC IBX 12 X DB ERIBAER 278 C b BUGIF &< T L7
Mmolz, FoOMh, IBX &R U BRFl= v FE % D Dess-Martin BR{b?, Al 27 = L2
Hi&E MWD PDC Bfk” . N-A XV TV E= T AN T AU RFP TRAESERIES D
TEMPO (74> AZADO B&{t’, DMSO 0 A /L7  R&EIHMEL L CTHW 5 Swern L,
Corey-Kim fi2{l.”7, Parikh-Doering f2{b78 72 & Flix OELIIG A MET L2230V B9
I35 SN0y 7=, TPAP % H\\ 5 Ley-Griffith B3t D7, DT NICHIEOT LT & R 127
ERFHITED, JRERDNER L2 RIS BECE WA & DIREGW Toh -7 (Scheme 39),
T 2 — L EEALT B2 0IC AcOH R EDT L 2T v REgAIRINT 5 %>, NaH T
t e a2l e hAb LEBERIZ N2 5 S0 EbMET L7ens, RO Ea<ETL
ot

H
H 0] :_CHO
? oH ~ P
H OTIPS various H
conditions OTIPS
124 127
H
H TPAP (10 mol%) :_CHO
: NMO, 4A MS
Q oH ! 0
E CH2C|2 H
H OTIPS
m,12h OTIPS
124 127 inseparable from impurities

(19%, estimated from "H NMR)

Scheme 39. ~ 3 7 & % — /L OER{VAIBHBR SO
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FRALAOBHER UGS IZ B W C =B E 124 1T T 7 VAEE 103 & B B0 R AR L7223, 103
& 124 OIEE TR D ABROFENEISHEICE S L TCnD Z & LD, FHIE, JGHED
FEZ L TO X S IZELR LTz, BRMESME T, Wl Ic VT, 124 13 124 & OFHERRRE
HEEZOND, ERAET AW 103 L LT, 1241 A BRIC X o TRFEHOBLE
OHBENHIREATHD E PSS, ZHNERT 128 OPAR®EE k, (X, 7 Vb
BVDZN LR THS 0D LEALND, FEEIEL. A BROIFEDTZDIT 124° O FIERHE
ko D5, 127 & 52 DFBALHEE koxi £V B EEIRIIZHE S 72 o 72 72 DIZEREIS L Z B 727025
TmlEBEZI, Tihbb, TeX =L 124 & 124 BRI E 00N AT HITiE, L0
FED R WKW S % WD 3038 5 (Scheme 40a),

a)

H

:_CHO
" o, -
OH : o
Iii Koxi H
oTiPS OTIPS OTIPS
127
b)
H
7 “OH OH
O @ ......
|:| \_/
OTIPS OTIPS OTIPS
124° 128
strained ketone ring-opened form

Scheme 40. F2{LAIBHER SIS DB 42 L I8 LAY BAER D #EHE

ZZTERT. RO T H ) CEGER Lic, o u T2 ) O XD REEEAO
FTHDORE NI VR =NV EAORBEHIOLE L, OF HOMEN S OBRE) 7] & LTl
HIDITEHRDO T b ~DZENE D BN EDRFLNTVS °, 124 DIUEERT b Ob
KU REILIG THAIUIBHERL 128 BELNLDOTIE AW B 272, T LT 128 IIF S

B LT 2 Z LN TE, BROZ FTLTE R 127 W65 &% 272 (Scheme 40b),
BT EX—L 124 1CKF L, & RU RBBICHIZEHSEZE A, HIFFEY FBRIEDO L 7 1
TH)UEBILTDHIENTE, UA—)L 128 2155 2 LTI LT, NaBHs &2 H\W 255
B VA —IVRIED D & I U VO EOSET L, BERWVEIERY 129 735 54
7z, iz OREIOH T, LiBHs Z# THF W TS S E2HE, &V VRO & 7
WZ EmbooTo, 2T LY 129 AR I A HiL, BB DU A E L 72 (Scheme 41),
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H

7 O on NaBH, :

: H

H oTips  EfOH

124 N 129 (25%)

H

A

124 N 128a (87%) 129b (5%) ) 129 (0%)
(92%)

Scheme 41. R b N NI LA 7 ¥ —/LOiEcHIBIER

F7o NaBHs Z WD & U NVEDENI AR E D Z L 2R L, EikUsET5 2 &8 T
XHZEBLRMULE, 7 b 12112k LT NaBHy ZEH S5 & IR = VDR,
VU NI, & HICHBRERDE LA ST TS, 1 BT 128 18 Z 2T L
Too WERICRREITFR L1223, ZOBRORIVERNIT122 DV T AT L A~—TH 5 130 &, H
I S BT U NVEEDERI LTZ 129 THDH I ERDroTWd, Zivh DRIAERY %
WNTHIEIT 2 22338 CT& % (Scheme 42),

H

- H
E o NaBH, :
%ﬂps Qomps Q ooNa® —
A 0 EtOH :
50°C, 10 h H OTIPS
121
o H
. OH ><j%onps
H :
A "OH
oTIPS
128 (50%, dr = 78:22) 130 (32%) 129 (15%)

Scheme 42. > 7 17 % ) 121 )5 VA —/L 128 F TOEKHI 7238 0K s

WIZ, BRALAIEAR 131 D5 E B BRIEEDORGFHIE T LT, ¥4 —/L 128 IL Swern &1L
# L <L Corey-Kim FRLIC K W FTED 7 b7 AT 8 R RRTICEBRT HZ LN TEZ, 1270
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HWE 2 k0 | o f-Rfafim 27 0 131 28 69% CH: 5 4L7= (Scheme 43a), ¥4 —/L 128
DIRALITIALA ORIRNEE TH 5, 128a [CHETFMiI vETH D IBX 2EASED &
HEHIIAHATH 208 7V a— LORBENEIZEZ Y FOT 42— L3 HET L 124
DAER LT-, F£7-. 128b OBEAITFE -H T La—AnhbibEn-e LThH, 7TEZ—1L
IELEZOBIZEBICEEENTT 7 F132 ZEK LT LE 9, FEEIC 128b (2 TPAP % 1{E
ST D LEMERIRAWE 527203 FOSREGYO THNMR R IR KV 77 k132 DARL
D/RIE X172 (Scheme 43b),

a)
H NCS, Me,S H <o (Et0),OP” “CO,Et H
: OH toluene ¢ 2R COEt
| OH -20 °C, 40 min; | fe) NaH | 0
A Et;N H toluene H
OTIPS 0°C,1h OTIPS m1h oTIPS
128 (dr = 78:22) 127 131 (69% from 128)
b)
H H
IBX 79 on
DMSO H OTIPS
i, 1h
124 (54%)

TPAP (11 mol%)
NMO, 4A MS

132

observed with TH NMR or IR
of crude mixture

Scheme 43. ¥4 — /L DfE{l & HWE UZ K DR

Swern f2{t:X> Corey-Kim (L. D6 FOSH A L L TANLR =0 2133 BEL S, £
DRFIEZIRET D 2 & TRALDETT 228, F—MT A a— A k7 ra—ng
NHREICEEL SN2 LTH, ANAR=T LEHAGAE Fux i e~ 27 LTnDHeD)
TEZ=ITEIT LRNWEBEZX LN D, USRI T AT FR2T B3 GLNTZEE X
TW 5 (Scheme 44),
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_ o _
cl”y
H
5 MNCS : S EtzN
OH Me,S )fc) ° s
: LOH : Og-o
B H | Cl
oTIPS oTIPS
128b - 133 B
o}
H 9 s _a® " cHo
O\(é)/@ or * (0] —_— B 0
H | Cl H H
oTIPS OTIPS OTIPS

Scheme 44. Corey-Kim Fg{biZ L % A4 — /L Db

FT /LAY 108 DE AL L FIERIZ, T OBALRTBAA 131 12 MesP 2 HV 72457 MBH [
JEDSAAT LTz & Z A JOSFECETEFIIRENEIR SN, ZO%5EabEk, 7
MEEM L DEWNT A BOFEDOHLTH LD, EHIZZORISHEITLRVEBE LT, A
BT & o TSRS AN C BT 2 B LR =)L B IREDSERCERI SN TWD Z R
JRIR Tl 72 & & 2 72 (Scheme 45),

CO2E1 MeaP 02Et 5 CO2Et COgEt
neat :
H OTIPS :

OTIPS : OTIPS OTIPS
134 (0%)

Scheme 45. o, f-RAZFIT 2 7 /U2 X D ERALOGT

MesP L O SEARBNS/ N S 7 sREEfRiiE 2 I D 2 L IZINEECH - 772, BRSIMERE T
KT 2 Z & TCZOMBEDERZ KT, HWE SUSICHWSRIEE L 2 5 2 L TEHEE
REMEIEICEZ D Z LN TED, RTICKRARVEBRT ATV 1359, 1378 2 2N ENRIG S
HHZ LT, af-AafI= KV L 136, of-FEIFITF A= AT V32138 2 Z N ENERK LT,
T AT V31 6 BB T a p- RN T LT B K139 A L7z, 138 & 139 (X, B/ AR=
NVEE B ALD LUMO DR F—% FiFHZ & CRICEHEDOR EEZM->72bDThHhD
(Scheme 46),
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CN
135, NaH oS :
ekl | 0 :
toluene H |
t,2h i PN
H oo r otips | (Et0);0P” “CN

136 (38% from 128) ! 135
128 ! 0 — !
, H :

Corey-Kim 9y ! (Et0),0P” “COSEt

: COSEt |

: ! 137

127 137, NaH o : 3
s \ o -
toluene H
r, 11.5 h ——
138 (78% from 128) !
H
1) DIBAL © ~CHO
CH,Cl,, —-78°C, 1 h o
2) IBX H
DMSO, rt, 2.5 h OTIPS
131 139 (70%, 2 steps)

Scheme 46. — A7 )LVLIANDE R IMEFLDE A

Bk LT-BLRTBR A 2 22 MBH SUSOSRMCA Lz & 24, = F UL 136 TIEER(L
DEIT L7 723, o f-REEFTF A= A7 /1138 & o f-REAF17 /LT & K 139 TG E
ITL, BHO=ZRAAEW 141,142 DE LI, ZHUCE D 7'a A VE ERE ORI
By L7z (Scheme 47) ,

H

: CN
MesP T
8 < iOH
neat :
H OTIPS

140 (0%)

H

MesP : COSEt
OH
rt, 10.5 h B
H OTIPS

141 (69%)

H

MesP : CHO
OH
rt, 1h B
H OTIPS
139 142 (62%)

Scheme 47. 73+ MBH U LD 7 1 b A VH L F R OREEE
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725, MBH UGS DOBIZ & 5 B BBIBEORF 21T > T, 7'a A Z U E
OFELIZITE > T, ETAVREE L L Cap ARl 271 143 % AT, Smh &
To—BETIC L DBRESEMF LA, 7 e b AE B b T 5/5/4 BERO =5
AL 144 G S NT- (Scheme 48a), F72, FAT 4 L0 LRSI NEWE b b
F 47 — b &\ 7z Michael f11-7 /0 R — LI K B #EER™M A4 A 7= 23, BLBRIR N 2 & 1T
7 a3 AT X E R E R OA R 145 N TSNS D, ZHRETF AT — Rk
ST D a7 m hURE[E I, T R VEDBBBEL exo-4 L7 4 L2
72O b WEBRESICTF A7 — RS 1,411 L T Rauhut-Currier &% (Michael £+f/1- Michael
FNBE) BT L2 D EEZ BN D (Scheme 48b),

a) — (o _
P CO,Et
CO,Et Sml,
MeOH
quant. OAc
OAc
143 - - 144
b) 3 _
CO,Et CO,Et
RSLi, MezAl
quant.
OAc Li-sR
143 - _

RSLi = BU@SLi

Scheme 48. MBH [ )i~ LAZ T D ERAL DFRES

BALIKRE LCFAZ ATV 141 LT VT b R 142 BMELNT, T O%RDOEREEERO
HAIC L0 F AT AT 1141 % F T melleolide ARk & fikfet L 7=, 74— 27 /L 141 % TBAF
IZE > THR#EL VAL 146 & L7z, 146 O X BFERMNTICL Y ZRETTFREL W
SR IE LW & & DT, TI2T, CSALOE RaXx U HEOSERKERARET 5 2
Ll LTz, ETIIRESISICE D, SEKERZ S A LA D CEEFHER 1475008 A % Mt
LTS DA< 15 B 72 b > 72 (Scheme 49),
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TBAF H 147

H
: COSEt DEAD : COSEt : oMoM
NH,F LA o |
ad OH 3 | O OMOM | Ho.c
- — : |
s A on  THF A "o
0°C,1h e : o
OMOM !
146 (91%) 148 (0%) - 147
X-ray
Scheme 49. JEIESSIZ K D = AT AL DO IRET

WIZ, VA=V 146 2 —EfRb L Cyrur X ) e LieDb, 7 b AVR = VA SR
BARICIETT T 2 Hika it L7z, A4 —/L 146 % Corey-Kim fR{bic L~ T o7 ur %/
2149 ([TEW LTz, 149 D I3 VIR =)V EE D SRR 7238 761X, NaBH(OAc); Z VT 4 47
Db Rk B2 Ennny & LRz Mt L7z (Table 8), —fi%AYIZ NaBH(OAc) 3 1L /L
R NVEEEEET D AcOH L EbICHWLN, FRBEEFEHSIDY, Ly b
149 (2% L T CH,CL/AcOH DIRG IR ThUG S E72BECTIT B A SEREIRIEIZS b /e
Mole, TIZ T, AcCOH ZIRMEFTICIG ST & 2 A, BRMEOm ERR 6N, S5
NaBH(OAc); DY & L SIREZGHI L= Z A, FTED 150 % L 0 mWESERETH S 2 &
2R LTz, 150 DOSLAR L R % 5D - M 1 XORRAS ST Ic K 0 #eRB L7=, 149 D7 R h L
R VERIZNER I D720, BRI VR = VL0 BB TG EIT Lo 0 &
Ezohs, TN ZITTEHEFI E LTOD AcOH ORI THRISHBHEIT L EE 2
HiLH, AcOH ZIMN L7=85E1E, SRS AF] 72 concave i HDIEITLHHET H L D
20 MARERM AR T SELER LR o772 L BL L TN D (entry 1),

Table 8. 7 b 71 LA =/ EDSIEBIRAEILIC L5 B R0 S 3O R BER OB

NCS, Me,S
H toluene H H
; COSEt 500G 40 min : COSEt Na?gg’;ck . COSEt
: EtsN : solvent B
H OH 0°C,1h H ‘ o temp. H ""OH
146 149 (87%) 150
X-ray
entry solvent X (eq.) temp. (°C) 150:146
1 C(Uff'j/ﬁ‘)c.%'-' 20 rt 54:46
2 CH,Cl, 20 rt 76:24
3 CH,Cl, 5 0°Ctort 95:5
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FRTRE LT A1 150 ~ZEH L, ilRoA 1t Y Vg (151) EfFE L, 152
EAER LN, At ) VBOESEEEbREIERY E B 152 O ) A7V 5
Lyma~ NTT7 4 —TCTORMNRKRETCH -7z, 2hexzib T, ALt VEOT7 = /) —)L
PEKEEEE 2 MOM 07 2 F VL CIR# L7- 147 ° 153 THHEO 2 el L7z, 147 & OfEd
A HEITET, 153 L OFEA I 'THNMR 225 b T 0IC#IT L TV D Ko Icbniong &
DEIERRINER L T LE ST BIEMOOE DTV A — 150 3T B F b S 7z 155 T
H5 X5 ThH-o7=(Scheme 50), 153 & DMAP N LT BT LAl E 25T e ) vy
LHE156 BAE L, BHEZT T /b LIzb D LB X 511 5% (Scheme 51), DMAP % it
TUTHE A BRATD, ROSITET LR o7z,

151 H COSEt
H  COSEt EDCI '

DMAP OH 0 OH
| OH : +  impurities
B CICH,CH,CI H "0

"'*OH
OH
150 152
147 H
5 COSEt 53,?; : COSEt
OH — | OH 0 oOMOM
|i| “\OH CH2C|2,.I't H ,,,o)Ij\
no reaction
OMOM
150 148
153 H
H COSEt EDCI : COSEt 5 COSEt
o DMAP >O%OH 0 OAc . ><:%OH
H "OH CH?C'2’_” H "'o)i(i H ""OAc
no reaction
150 154 OAc 155 + impurities
low amount
O OH O OMOM O OAc
OH OMOM OAc
151 147 153

Scheme 50. A /L& U U ERERNL & DS Ui DFRET
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(0] OAc 0 H

1 : COSEt

HO™ jij <) W, N > ] EOH

OJ\ NQN\ N~ i . OH
DN/ \fca

153 156

Scheme 51. A4 —/L 150 O 7T U4k

7 x )= MK RE LRIAEB 2 I Z D2FHE D E<S WMo DT, Mid ik
152 L EIERIIEIY A ZPEebr b 7 L7 o~ N 757 4 — (UHA 27/ HPLC) ZFIFH L CH
L. melleolide &k A MFtT 52L& L, RIULBBLIZTAZATALOT VT E R
~OBTEEDORMEIAT T Z LTk 2 TF AT AT AET LT & R~EEHTE | melleolide
DRERAEMR LT, — 897 Pd & EGSiH 04 % W2 R TIERISITIZ & A ST LW
M, MgSOs M Z 5 S0 % dawit LTz & T ARG EIT Lz, &k L 72 melleolide & KXY
® "HNMR, BCNMR % & HIZBWW—F %7~ L7 (Scheme 52),

151 H
H COSEt EDCI : COSEt
T OH DMAP GPC column ><:%OH O OH
: CICH,CH,CI (Recycle HPLC) A "0
H "'OH 60 °C, 25.5 h
OH
150 152 (62%)
H
Pd/C, Et;SiH : CHO
MgSO, | OH 0 OH
CH,Cl, H "0
rt, 1.5h
88% OH

melleolide (88%)

Scheme 52. Melleolide D25

Fz, FEESKIRDNE . W< DD melleolide FHZA~FHEETHZ L HA[EETH 5,
SERAOTHE 141 Z LAHICK > TR T DL T, FATATAOELE ) A Y T u
B UV DOBRE & FIRFICHEIT S, meleolide & [AIARICAMENEH 26 7 2 KAW
echinocidin D?? (238 /2, F72[FERIC LAH Z W80T, ¥4 —/1 150 £ Y echinocidin
BP# G TE 72, & 512 melleolide 7> 5 1% NaBH4 12 & 538612 L - T, melleolide F**~IY
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L BT 5 2 LN TE 7= (Scheme 53),

H H
: COSEt LAH : OH
OH - OH
: Et,O :
H OTIPS 1, 5.5 h H OH
141 echinocidin D (78%)
H H
: COSEt LAH : OH
><:%OH bl ><:§%G-I
: Et,0 : By
H "'OH i, 1h H '‘OH
150 echinocidin B (78%)
H H
: CHO : OH
OH 0 OH NaBH, OH 0 OH
A o) MeOH A o)
rt,1h
COH OH
melleolide melleolide F (90%)

Scheme 53. Echinocidin D. echinocidin B, melleolide F D&%

HAE BRKLTZ 4-0-7 v ~ A VE FEO A IE A

T2 E TN HEBESNOEED 4-0-7'v A VK CFIIMM O DRI Y 52 5
MEEHZRTZENMBNTEY, =/ X272 EDx ) aDERKEREEES,
4 2 DRI 72 & DO REFREIER 72 EDRHEDR O BT\ D, 71 A Z RO MIEAE
FOEYTEMRBUI R L Db DDOHRT, FEARIZ X 2 SRR E%RIEZ Aotk
TEMEFBIRFZE IR 21T T ey,

RETIE4-0-7' 1 M NVE FADE AR &L LT, RAEBRREEZFIH UL, 26
BEREEGRTHZENTED LEZLND, FHIL, melleolide DEGHAMFFE DR
TEH LN AR IR 2 & TodEkR AR 13 F (KTS1-KTS13) ([CBIL T, %/ a0 RaER
FEME L 2 ZAORREICIR 72 & O R RFMETEM 274 f U, HETEIEAEBIFFE~ & BB 5
ZLE LT, AETIIEMERR LN S EOY 7L (KTS3,4,5,9,10) (2B 55584
Y, ARTEVERBRIE, # KPR B GBL A H B JE R O] R i & R ERHTBh
& DOIEFBIFEIC L 0 FhE S, SREFFeE S AR U7z 51k & [RIER O Tk CREAf L 72 20

38

o
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&/ 2 OB AR EEE

¥/ aDERRENHESND &, RN CH D TEEOERMEES D, L)
> THADEEZ RN ET DIEMWIT,. FREEDIEZ IS DKL LTI
DR CE 5, IEHEFHIZITo 72 7D 95 W< DT melleolide & FIFRIC= / %
B B ORESAREMRFIEEEA G T 5 2 Lndbhrolzs, T8~ — TIHtEOF HENRE
DLV T UBRELIL, CSNDOSREF B IEMERBUCED 5 L 5 Th-72, Melleolide D
At ) RS B BRI LT KTS 5 13iE 2 R &, ER EoBHRLIINLE
HEXDHZENEZLND, KTS10 72 EORARIRIEIZIBIT 5 FRIA S @Rl R L EE
P2 RIS O &7 (Table 9),

Table 9. 4-O- 7' 11 kA JLZ HED L WpiE MR

*/ ADEABRREEEN L % 2 D RAEEE
I/ X5 WYY
ME-07Lala NBRC33136 R 1R
melleolide melleolide — —
(RRY) O O (RAY)
KTS 3 KTS 3 + -
KTS 4 O KTS 4 —_—
KTS 5 KTS 5 _— -_
KTS 9 KTS 9 + —
KTS 10 @) O KTS 10
O ERBREZEESD +  BERE — REE=
HEEFELAN—T X IH5 1 cmBAIC controlE LELTHERENH > 72HD
EAROEIEL TWRWERLGIINH 25E (ttest. n=7, p<0.05)
H H
CHO N0 0
OH o OH | OH 0 OH | OH O OH
OH OH
melleolide KTS 3 KTS 4
CHO
><:% H o ; COSEt ; iCOSEt
KTS 5 KTS 9 KTS 10
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L & A D iR E

TEMEREAT L 7= < ORIKICEB T, LE ZADRICK LTI EREEE 2 R LT, B
BB L T A L > TREARET 2 b D L ELAAET I OB AN, L
A DRI DA TIX KTS 5 T melleolide & AR EMERMEN R LN, 7=/ —
MAEKEEFEIIVATIEZRNE S Tholo, £72, KTS3SCKTS9 O X 972, RdilixpkZie
W5 TRIZRERET MG b RoNT, 202 Lnd, i~O/ER L RBA~D
TERCIIAER 5 TR R D RIBEMER B D Z L BB X b D,

FoHI /NE

BLLRVROEWTETE 2 4 5 K melleolide 35 L OMKRE D HHIE K IRM D 2B & ZERK L
72 Melleolide ® X 9 ZRFE{LEDEN 4-0-7 1 S A NV H BT E BN IEHF I D70 <L IR
D EBWEBARIE A N LT B RIIRE W, 4-0-7 1 M VH BT 6/4 Hgbrik i OB A IE
HIEZ LT Wl EREREBEZEOERE BB ChH 72, 2D, Z&RXD
FARFH OMERCELE 2RI L, 5%I1C 64 fiBE 2 Ak 2k 2 & 72, B
DET LA THRE LTZ OSSR D IV R WEERE W O d - 7288, 0T AT
WEER EOANR=NVEDORIEEDm S 2R W L2 T 82—V OB T RES, o, B-F
FTZ AT ND5FN MBH RUG72 E fEROEZLE L TRICE D MEEMR L, 4-0-7'1 M
VB DB AR D BRI AP LTz,

o, KA A FIH L melleolide #HfR A2 Bk L. MGG 21T - 72, EH DAL
EMITHOUNT, melleolide & [RIRR72F / 7 DB ARG L ¥ 2 O pCRFRETEMED R
biviz,
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FHNIr T oV INT v E = E T a A ViR AT L OfMER (2+2) BR{LAHIN D
PGSR ATV, MR L S N RFE N BB ORI 2 A ML Z A% Lz, Bk
D KSA ZFIHT 2 2 & TEMMOEFERRIGIC L DBREZMAOND Z L2 R LT,
VU VERGERL . B, VR, RS AT L. CHCL H 0°C 22 b |iRA~FR S, MesAl
Z 20 mol% WD RMUENRGE TH D Z & & L Lo, F7-BE — MM O Mo B B e
DI 5 LEHBIF L. ARJEOFAMED R S i,

FMBERAZ25RT 70 hAAVE LRI AT L0 TH D melleolide DB L% FERK
L7ze BESO—203FHA D LT oy UAT®Z—L e P a B d— Lo X5 )L
OIERIC+2)BLS I TH D, ZHUICKVBILEDE WY 7 u T T gy 5 2 L3 T
T EHREOBANICHEHA T -T2, 7B X —VORBRKISIISHEDEWOT A BB 7
NoZBILT D ETERIN, TO%, TEOY 7 vT % ) 28N, 431N Morita-
Baylis-Hillman SGIEEEE O TR MEEE TRT L2 L THITSEL 2N TE, v b
A NVE R EREET D Z LT LTz, £ D% ORI X o T melleolide DAL
IR LT, £72.4-0-7' 1 b A NV IR C & 5 echinocidin D, echinocidin B, melleolide
F OERIZ ARSI LT, ERIMICIEREERELZ AT 5 6/4 MR DOAD LT E 07z diE(k
EORBENEEL <, SEICERERLENT 4-0-7 0 M A DA BENTIER D 7270
ST, ABFFECTHA LIZMLE 2 2 O HICHEIC B B2+ D HIIC L - TR
D BVERARIE AL LTz, S HIS, AA AR ZFIH L CRMLE O @O ERIK & REIC S
L, 78 M VE ACE Y ORETEMEAE BB REE LT, BESBORG K LT KRR
R0, EOET RO AEDIEFHE 21T > T\ 5,
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RERIA

General

Silica gel was used for column chromatography. Thin layer chromatography (TLC) was
visualized using a combination of UV and phosphomolybdic acid, anisaldehyde, ninhydrin, and
potassium permanganate staining. NMR was recorded on a JEOL JNM-LA (500 MHz for 'H and
125 MHz for "*C) and measured in CDCl; unless otherwise mentioned. Chemical shifts and
coupling constants are presented in ppm 9 relative to tetramethylsilane and Hz, respectively.
Abbreviations are as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad.
3C peak multiplicity assignments were made based on DEPT data. IR spectra were recorded on
a Shimadzu IRAffinity-1 and the wave numbers of maximum absorption peaks of them are
presented in cm™'. High resolution mass spectra were measured on a Shimadzu LCMS-IT-TOF
fitted with an ESI. Melting points were determined on YANACO micro melting point apparatus.
X-ray single crystal diffraction analyses were performed on a Rigaku Xtal. AB P200 apparatus.
All reagents were purchased from chemical companies and used as received. Dehydrated solvents

were purchased for the reactions and used without further desiccation unless otherwise mentioned.

o

General Procedure for (2+2) Cycloaddtion: To a solution of ketene silyl acetal 62 (0.55 mmol)
and propiolate (0.50 mmol) in dry CH>Cl; (2.5 mL) was added a solution of MesAl in CH>Cl, (40
mM, 2.5 mL, 20 mol%) at 0 °C under argon atmosphere. The solution was warmed to room
temperature and stirred for 2 h. The reaction mixture was quenched with saturated aqueous
Roschelle salt and extracted three times with CHCl;. The combined organic layers were washed
with brine, dried over MgSO, and concentrated under reduced pressure. The residue was purified

by silica gel column chromatography (hexane/AcOEt 10:1) to afford the desired product.

56



Ethyl  (2aR",8bR’)-2a-{(tert-Butyldimethylsilyl)oxy}-2a,8b-dihydro-4H-cyclobuta  |[c]
isochromene-2-carboxylate (63aa): 73% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

"H NMR: 0.06 (s, 3H), 0.11 (s, 3H), 0.89 (s, 9H), 1.32 (t,J = 7.0 Hz, 3H), 3.84 (s, 1H), 4.18-4.32
(m, 2H), 4.65 (d, J = 14.0 Hz, 1H), 4.79 (d, J = 14.0 Hz, 1H), 6.89 (s, 1H), 7.12 (d, J = 7.2 Hz,
1H), 7.16 (d, J="7.7 Hz, 1H), 7.21 (ddd, J= 1.4, 7.5, 7.5, Hz, 1H), 7.23-7.30 (m, 2H).
BCNMR:-3.5,-3.3,14.2,17.9, 25.7, 54.2, 60.4, 64.2, 100.5, 125.1, 126.8, 127.7, 127.9, 133.8,
134.9, 140.5, 146.1, 160.8.

IR (neat): 1253, 1718, 2856, 2956, 3412.

HRMS-ESI (m/z): [M + Na]" calcd. for Co0H2sNaO4Si, 383.1650; found, 383.1656.

Ethyl (2aR",8bR")-2a-{(Triisopropylsilyl)oxy}-2a,8b-dihydro-4H-cyclobuta|c]isochromene-
2-carboxylate (63ca): 89% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 0.97-1.05 (m, 18H), 1.07-1.13 (m, 3H), 1.30 (t,J = 7.0 Hz, 3H), 3.91 (s, 1H), 4.19-4.29
(m, 2H), 4.67 (d, J= 14.4 Hz, 1H), 4.74 (d, J = 14.4 Hz, 1H), 4.67 (d, /= 14.4 Hz, 1H), 6.83 (s,
1H), 7.09 (d, J = 7.5 Hz, 1H) ,7.16 (d, J = 7.5 Hz, 1H), 7.20 (dd, J = 7.0, 7.0 Hz, 1H), 7.26 (dd,
J=6.3,8.2Hz, 1H).

BC NMR: 12.8, 14.1, 17.9, 55.0, 60.3, 64.1, 100.7, 125.0, 126.7, 127.7, 128.0, 133.8, 134.6,
140.2, 145.8, 160.9.

IR (neat): 2943, 2893, 2866, 2360, 2337, 1720, 1620.

HRMS-ESI (m/z): [M + Na]" calcd. for C23H34NaO4Si, 425.2119; found, 425.2118.
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Methyl (2aR’,8bR")-2a-{(Triisopropylsilyl)oxy}-2a,8b-dihydro-4H-
cyclobuta|c]isochromene-2-carboxylate (63cb): 74% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

"H NMR: 0.97-1.02 (m, 18H), 1.08-1.16 (m, 3H), 3.77 (s, 3H), 3.92 (s, 1H), 4.67 (d, J= 14.3 Hz,
1H), 4.75 (d, J = 14.3 Hz, 1H), 6.84 (s, 1H), 7.10 (d, /= 7.2 Hz, 1H), 7.16 (d, J = 7.2 Hz, 1H),
7.21(dd,J=6.8,7.2 Hz, 1H), 7.26 (dd, J= 6.8, 7.2 Hz, 1H).

BC NMR: 12.8, 17.8, 51.3, 55.1, 64.1, 100.6, 125.0, 126.8, 127.8, 128.0, 133.7, 134.5, 139.9,
146.0, 161.2.

IR (neat): 2943, 2893, 2866, 2360, 2337, 1728, 1620, 1280, 1064.

HRMS-ESI (m/z): [M + Na]" calcd. for C2H3,NaO4Si, 411.1962; found, 411.1961.

Phenyl (2aR",8bR")-2a2a-{(Triisopropylsilyl)oxy}-2a,8b-dihydro-4H-
cyclobuta|c]isochromene-2-carboxylate (63cc): 74% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 0.98-1.04 (m, 18H), 1.08-1.15 (m, 3H), 4.01 (s, 1H), 4.78 (d, J = 14.3 Hz, 1H), 4.82
(d, J=14.3 Hz, 1H), 7.03 (d, J = 1.3 Hz,1H), 7.12-7.17 (m, 3H), 7.18-7.22 (m, 1H), 7.22-7.26
(m, 2H), 7.26-7.32 (m, 1H), 7.39 (dd, J = 7.8, 8.3 Hz, 2H).

BC NMR: 12.8, 17.9, 55.4, 64.2, 100.8, 121.5, 125.1, 125.8, 126.9, 127.9, 128.1, 129.4, 133.5,
134.6, 139.5, 148.1, 150.1, 158.8.

IR (neat): 2943, 2866, 2360, 1739, 1492, 1188.

HRMS-ESI (m/z): [M + Na]" calcd. for C27H34NaO4Si, 473.2119; found: 473.2112.
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Ethyl (2aR",8bR")-1-Ethyl-2a-{(triisopropylsilyl)oxy}-2a,8b-dihydro-4H-
cyclobuta|c]isochromene-2-carboxylate (63cd): 61% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 0.97-1.03 (m, 21H), 1.06-1.12 (m, 3H), 1.30 (t, J = 7.2 Hz, 3H), 2.14-2.22 (m, 1H),
2.61-2.68 (m, 1H), 3.86 (s, 1H), 4.19 (dq, /= 10.9, 7.2 Hz, 1H), 4.25 (dq, /= 10.9, 7.2 Hz, 1H),
4.65-4.74 (m, 2H), 7.08 (d, J=7.5 Hz, 1H), 7.14 (d, J=7.5 Hz, 1H), 7.19 (ddd, J=1.5,7.5, 7.5
Hz, 1H), 7.24 (ddd, J=1.5,7.5, 7.5 Hz, 1H).

BC NMR: 12.8, 14.1, 14.2, 17.9, 22.6, 56.6, 59.7, 63.9, 98.9, 124.9, 126.5, 127.5, 128.3, 130.9,
133.6, 134.6, 161.6, 164.3.

IR (neat): 2939, 2866, 1708, 1462, 1280.

HRMS-ESI (m/z): [M + Na]" calcd. for C2sH3sNaO4Si, 453.2432; found: 453.2430.

Ethyl (2aR",8bR")-1-Phenyl-2a-{(triisopropylsilyl)oxy}-2a,8b-dihydro-4 H-
cyclobuta|c]isochromene-2-carboxylate (63ce): 67% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 1.01-1.06 (m, 18H) , 1.09-1.15 (m, 3H), 1.37 (t, J = 7.2 Hz, 3H), 4.34 (s, 1H), 4.27-
4.40 (m, 2H), 4.67 (d, J = 14.0, 1H), 4.84 (d, J = 14.0 Hz, 1H), 7.05 (d, J = 7.4 Hz, 1H), 7.15
(ddd,J=1.1,7.4,7.4 Hz, 1H), 7.25 (dd, J= 6.9, 7.5 Hz, 1H), 7.30-7.34 (m, 3H), 7.37 (d,J = 7.5
Hz, 1H), 8.02-8.05 (m, 2H).

BCNMR: 12.8,14.2,17.9, 56.5, 60.2, 64.2, 98.6, 125.3, 126.7, 127.6, 128.1, 129.5, 129.9, 130.0,
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130.5, 131.3, 133.6, 135.2, 153.2, 162.2.
IR (neat): 2943, 2862, 1701, 1631, 1458, 1276, 1207.
HRMS-ESI (m/z): [M + Na]" caled. for CooH3sNaO4Si, 501.2432; found, 501.2435.

Diethyl (2aR’,8bS")-2a-{(Triisopropylsilyl)oxy}-2a,8b-dihydro-4H-
cyclobuta|c]isochromene-1,2-dicarboxylate (63cf): 95% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 0.96-1.02 (m, 18H), 1.06-1.11 (m, 3H), 1.23 (t, J= 7.2 Hz, 3H), 1.33 (t, J = 7.2 Hz,
3H), 4.13 (s, 1H), 4.09-4.21 (m, 2H), 4.29 (q, J = 7.2 Hz, 2H), 4.76 (d, J = 14.6 Hz, 1H), 4.83 (d,
J=14.6 Hz, 1H), 7.08 (d, /= 7.2 Hz, 1H), 7.21 (ddd, J=1.3, 7.5, 7.5 Hz, 1H), 7.25 (d, J= 7.2
Hz, 1H), 7.29 (ddd, /= 1.3, 7.2, 7.2 Hz, 1H).

BCNMR: 12.7,13.7,13.9,17.8, 55.2, 60.96, 61.02, 64.3,99.1, 124.7, 126.9, 127.5, 129.2, 132.3,
133.6, 138.5, 144.2, 160.5, 160.8.

IR (neat): 2943, 2866, 1716, 1651, 1462, 1226.

HRMS-ESI (m/z): [M + Na]" calcd. for C2sH3sNaOeSi, 497.2330; found, 497.2326.

Ethyl (2aR"9bR")-2a-{(Triisopropylsilyl)oxy}-2a,4,5,9b-
tetrahydrobenzo|d]cyclobuta|b]oxepine-2-carboxylate (63ea): 79% yield as colorless oil.
TLC: R; 0.4 (hexane/AcOEt 9:1).

"H NMR: 1.09-1.14 (m, 18H), 1.15-1.18 (m, 3H), 1.28 (t,J = 7.2 Hz, 3H), 2.62 (dd, J = 4.0, 14.0
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Hz, 1H), 3.46 (ddd, J = 6.4, 12.9, 13.5 Hz, 1H), 3.64 (ddd, J = 4.3, 10.6, 12.9 Hz, 1H), 4.23 (s,
1H), 4.15-4.26 (m, 2H), 7.01 (dd, J = 2.2, 5.7 Hz, 1H), 7.16-7.21 (m, 3H), 7.52 (d, J = 1.2 Hz,
1H).

3CNMR: 13.3, 14.0, 18.2,32.9, 60.5, 61.4, 98.4, 126.6, 126.7, 127.1, 128.6, 136.4, 137.3, 141.5,
148.9, 161.0.

IR (neat): 2943, 2866, 2357, 1716, 1558, 1064.

HRMS-ESI (m/z): [M + Na]" caled. for CsH3eNaO,Si, 439.2275; found, 439.2277.

<‘ O? :OTIPS
H CO,Et

63fa

Ethyl (1R’,58")-1-{(Triisopropylsilyl)oxy}-2-oxabicyclo[3.2.0|hept-6-ene-7-carboxylate
(63fa): 31% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 1.06-1.10 (m, 18H), 1.11-1.17 (m, 3H), 1.28 (t, J = 7.2 Hz, 3H), 1.37-1.39 (m, 1H),
1.78-1.86 (m, 1H), 3.07 (m, 1H), 3.66-3.71 (m, 1H), 4.11-4.29 (m, 3H), 6.95 (s, 1H).

BCNMR: 12.8, 14.1, 17.9, 25.9, 53.9, 60.2, 66.6, 107.9, 139.7, 145.9, 161.0.

IR (neat): 2943, 2866, 1724, 1462, 1292, 1122, 1053.

HRMS-ESI (m/z): [M + Na]" calcd. for C1sH3,NaO4Si, 363.1962; found, 363.1960.

Q OTIPS
H CO,Et
63ga
Ethyl (1R’,68")-1-{(Triisopropylsilyl)oxy}-2-oxabicyclo[4.2.0]oct-7-ene-8-carboxylate

(63ga): 72% yield as colorless oil.
TLC: R; 0.4 (hexane/AcOEt 9:1).
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'H NMR: 1.06-1.08 (m, 18H), 1.10-1.17 (m, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.58-1.64 (m, 2H),
1.69-1.75 (m, 1H), 1.88-1.96 (m, 1H), 2.90-2.93 (m, 1H), 3.76-3.90 (m, 2H), 4.17-4.27 (m, 2H),
7.01 (s, 1H).

BC NMR: 12.9, 14.1, 18.1, 19.9, 22.8, 50.5, 60.2, 61.9, 97.3, 143.0, 150.0, 161.0.

IR (neat): 2943, 2866, 1720, 1465, 1257, 1118.

HRMS-ESI (m/z): [M + Na]" caled. for C1sH3:NaO4Si, 377.2119; found, 377.2118.

OTIPS

H CO,Et
63ha

Ethyl(1R",7S")-1-{(Triisopropylsilyl)oxy}-2-oxabicyclo[5.2.0]non-8-ene-9-carboxylate
(63ha): 78% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 1.05-1.08 (m, 18H), 1.09-1.16 (m, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.48-1.72 (m, 5H),
1.82-1.87 (m, 1H), 3.05 (dd, J=4.3, 8.6 Hz, 1H), 3.61-3.65 (m, 1H), 4.00-4.05 (m, 1H), 4.21 (q,
J=7.2Hz, 2H), 7.11 (s, 1H).

BCNMR: 12.9, 14.1, 18.1, 25.7, 25.9, 29.2, 60.0, 60.2, 64.8, 106.0, 140.6, 152.6, 161.2.

IR (neat): 2927, 2866, 1720, 1616, 1253, 1111.

HRMS-ESI (m/z): [M + Na]" calcd. for C20H3¢NaO4Si, 391.2275; found, 391.2273.

[illl OOTIPS
Me Q CO,Et

63ia

Ethyl (2aR",8bR")-8b-Methyl-2a-{(triisopropylsilyl)oxy}-2a,8b-dihydro-4 H-
cyclobuta|c]isochromene-2-carboxylate (63ia): 95% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"HNMR:, 1.03-1.06 (m, 18H), 1.16-1.22 (m, 3H), 1.29 (t,J= 7.2 Hz, 3H) , 1.60 (s, 3H) , 4.16-
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4.26 (m, 2H), 4.61 (d, J = 14.0 Hz, 1H), 4.79 (d, J = 14.0 Hz, 1H), 6.82 (s, 1H), 7.07 (d, J="7.1
Hz, 1H), 7.19 (ddd, J = 1.1, 7.2, 7.5 Hz, 1H) , 7.26-7.31 (m, 1H), 7.34 (d, J= 6.9 Hz, 1H).

BC NMR: 12.2, 13.0, 14.1, 17.6, 18.1, 19.8, 60.3, 63.9, 90.8, 124.4, 124.8, 125.6, 126.2, 127.8,
134.4,138.3, 151.2, 161.3.

IR (neat): 2943, 2866, 2360, 1720, 1620, 1095.

HRMS—ESI (m/z): [M + Na]" caled. for CsH3eNaO,Si, 439.2275; found, 439.2281.

O OOTIPS
phP > CO,Et

63ja

Ethyl (2aR’",8bS")-8b-Phenyl-2a-{(triisopropylsilyl)oxy}-2a,8b-dihydro-4 H-
cyclobuta|c]isochromene-2-carboxylate (63ja): 95% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 0.81-0.85 (m, 18H), 0.93-1.00 (m, 3H), 1.31 (t, J = 7.2 Hz, 3H), 4.19-4.30 (m, 2H),
4.73 (d, J=14.3 Hz, 1H), 5.01 (d, /= 14.3 Hz, 1H), 6.95 (dd, J= 1.7, 7.2 Hz, 1H), 7.10 (d, J =
7.2 Hz, 2H), 7.14 (dd, J= 1.7, 7.2 Hz, 1H), 7.17 (dd, /= 2.0, 7.5 Hz, 1H), 7.19 (s, 1H), 7.18-7.19
(m, 1H), 7.20-7.23 (m, 2H), 7.28 (d, /= 6.6 Hz, 1H).

BC NMR: 12.8, 14.1, 17.9, 60.5, 63.4, 64.4, 102.4, 124.6, 126.6, 127.6, 127.7, 128.9, 129.1,
134.5, 138.6, 141.2, 141.7, 148.5, 161.2.

IR (neat): 2943, 2866, 1720, 1624, 1288, 1222.

HRMS-ESI (m/z): [M + Na]" calcd. for Co0H3sNaO4Si, 501.2432; found, 501.2426.
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Ethyl (3R,3aS,6R,8aR,95,10a8,12aS,12bS)-3,6,12a-Trimethyl-10a-{(triisopropylsilyl)oxy}-
1,2,3,32,4,5,6,10a,12a,12b-decahydro-9H-6,9-epoxycyclobutajc][1,2]dioxepino[4,3-
ilisochromene-11-carboxylate (67): 95% yield as colorless oil.

TLC: R; 0.4 (hexane/AcOEt 9:1).

'"H NMR: 0.84-0.90 (m, 2H), 0.96 (d, J = 6.3 Hz, 3H), 1.07-1.11 (m, 18H), 1.14 (s, 3H), 1.20-
1.44 (m, 12H), 1.64 (dd, J = 3.7, 13.5 Hz, 1H), 1.69-1.72 (m, 1H), 1.78-1.82 (m, 1H), 1.92-1.95
(m, 2H), 2.24 (ddd, J = 3.7, 13.3, 14.6 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 5.54 (s, 1H), 7.00 (s,
1H).

BC NMR: 12.2, 13.0, 14.2, 18.2, 19.7, 24.7, 24.8, 25.2, 34.1, 36.5, 37.1, 39.3, 47.2, 51.5, 52.8,
59.5, 80.0, 88.7,99.2, 103.2, 154.9, 161 .4.

IR (neat): 2939, 2866, 1724, 1620, 1462, 1377, 1249, 1103, 1010.

HRMS-ESI (m/z): [M + Na]" calcd. for C20H4sNaO-Si, 559.3062; found, 559.3063.

[a]®p =+ 119.6 (¢ 0.14, CHCI3)

Pd/C, Hp Q otiPs
THF H
rt, 3 days COEt
Et
63cd 76

Ethyl (1R",2R",2aS",8bS")-1-Ethyl-2a-{(triisopropylsilyl)oxy}-2,2a,4,8b-tetrahydro-1H-
cyclobuta|c]isochromene-2-carboxylate (76): To a solution of 63¢d (1.0 g, 2.3 mmol) in THF
(23 mL) was added Pd/C (10 wt%, 240 mg) at room temperature. The mixture was purged with
H, several times and stirred at the same temperature for 3 days. After the mixture was filtered
through a pad of Celite®, the filter cake was washed with AcOEt. The filtrate was concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 10:1) to
give 76 as a single diastereomer in 92% yield (920 mg) as colorless oil.

TLC: R; 0.5 (hexane/AcOEt 9:1).

'"H NMR: 0.81 (t, J = 7.4 Hz, 3H), 0.97-1.01 (m, 21H), 1.29 (t, J = 7.2 Hz, 3H), 1.76-1.92 (m,
2H), 1.96-2.05 (m, 1H), 3.50 (d, J=4.0 Hz, 1H), 3.52 (d, /= 3.7 Hz, 1H), 4.13 (dq, J=10.8, 7.2
Hz, 1H), 4.19 (dq, J = 10.8, 7.2 Hz, 1H), 4.76 (d, J = 14.6 Hz, 1H), 4.87 (d, J = 14.6 Hz, 1H),
7.06-7.09 (m, 2H), 7.16-7.22 (m, 2H).

64



BC NMR: 12.2, 13.3, 14.2, 17.9, 22.7, 41.0, 51.7, 54.2, 59.9, 63.0, 96.2, 124.5, 126.2, 127.2,
127.5,132.4, 135.6, 169.3.

IR (neat): 2943, 2866, 1732, 1369, 1207, 1056.

HRMS-ESI (m/z): [M + K] caled. for CosHs0KO4Si, 471.2327; found, 471.2334.

o
Q OTIPS DIBAL OTIPS
H CO,Et THF H
Et rt, 3 h Et OH

[(1R",25",2aS",8bS")-1-Ethyl-2a-{(triisopropylsilyl)oxy}-2,2a,4,8b-tetrahydro-1H-
cyclobuta|c]isochromen-2-yljmethanol (77): To a solution of 76 (450 mg, 1.0 mmol) in THF
(5.0 mL) was added diisobutylalminium hydride (1.0 M solution in toluene, 2.6 mL, 2.6 mmol)
at —78 °C. After warmeing to room temperature, the mixture was stirred for 3 h at the same
temperature. The mixture was quenched with saturated aqueous potassium sodium tartrate. The
whole was extracted three times with AcOEt. The combined organic layers were washed with
brine, dried over MgSOs and concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane/AcOEt 5:1) to afford compound 77 in 92% yield (380 mg) as colorless
oil.

TLC: R; 0.4 (hexane/AcOEt 4:1).

'"H NMR: 0.89-0.97 (m, 24H), 1.73 (dq, J= 7.4, 7.2 Hz, 2H), 1.84-1.91 (m, 1H), 2.50 (br m, 1H) ,
291 (brm, 1H), 3.20 (d, J= 7.4 Hz, 1H), 3.90-3.93 (m, 1H), 4.00-4.03 (m, 1H), 4.77 (d, /= 14.6
Hz, 1H), 4.95 (d, /= 14.6 Hz, 1H), 7.07 (d, /= 7.2 Hz, 1H), 7.09 (d, J = 7.4 Hz, 1H), 7.16-7.23
(m, 2H).

BC NMR: 12.8, 12.9, 18.0, 23.2, 39.8, 48.8, 53.1, 59.9, 64.2, 99.5, 124.8, 126.0, 127.5, 127.6,
133.2,137.0.

IR (neat): 3406, 2939, 2866, 2357, 1462, 1269, 1056.

HRMS-ESI (m/z): [M + Na]" calcd. for C23H3sNaOsSi, 413.2482; found, 413.2499.
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OTIPS HE OH
H MeCN H
77 78

(1R",25",2aR",8bS")-1-Ethyl-2-(hydroxymethyl)-1,2,4,8b-tetrahydro-2aH-
cyclobuta|c]isochromen-2a-ol (77): To a solution of 77 (30 mg, 77 pmol) in MeCN (1.0 mL)
was added 40% aqueous HF (0.10 mL) at room temperature. The mixture was stirred for 12 h at
the same temperature. The mixture was quenched with saturated aqueous NaHCOs. The whole
was extracted three times with AcOEt. The combined organic layers were washed with brine,
dried over MgSQO4 and concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane/AcOFEt 2:1) to afford compound 78 in 94% yield (11 mg) as white solids.
TLC: R; 0.2 (hexane/AcOEt 3:2).

"H NMR: 0.96 (t, J = 7.4 Hz, 3H), 1.25 (s, 1H), 1.55-1.63 (m, 1H), 1.66-1.74 (m, 1H), 1.43-2.22
(br m, 1H), 1.97-2.04 (m, 1H), 2.57-2.62 (m, 1 H), 3.06 (d, J = 8.3 Hz, 1H), 3.94 (dd, J = 4.9,
10.7 Hz, 1H), 3.90-4.03 (m, 1H), 4.56 (d, J = 14.0 Hz, 1H), 5.00 (d, J = 14.0 Hz, 1H), 7.07 (d, J
=7.4Hz, 1H), 7.11 (d, /= 7.4 Hz, 1H), 7.17 (ddd, J= 1.3, 7.4, 7.4 Hz, 1H), 7.22 (m, J=7.4,7.5
Hz, 1H).

BCNMR: 13.1, 23.2, 39.6, 46.7, 47.0, 59.7, 61.5, 96.6, 124.7, 125.0, 126.0, 127.2, 133.2, 135.4.
IR (neat): 3375, 2958, 2927, 1770, 1697, 1207, 1029.

HRMS-ESI (m/z): [M + Na]" calcd. for C14HisNaOs, 257.1148; found, 257.1152.

Mp: 105-113 °C.

o) o)
OH TBSCI, Et;N OH
H CH,Cl, H
Et OH rt, 5h Et OTBS
78 ES1

(1R",25",2aR",8bS")-2-[{(tert-Butyldimethylsilyl)oxy} methyl]-1-ethyl-1,2,4,8b-tetrahydro-
2aH-cyclobuta|c]isochromen-2a-ol (ES1): To a solution of 78 (13 mg, 55 umol) in CH»Cl, (2.0
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mL) was added trimethylamine (11 pL, 83 pmol) at room temperature. The mixture was stirred
for 5 h at the same temperature. The mixture was quenched with water. The whole was extracted
three times with AcOEt. The combined organic layers were washed with brine, dried over MgSO4
and concentrated in vacuo. The resulting residue (ES1) was used next step without further
purification.

TLC: R; 0.7 (hexane/AcOEt 2:3).

'"H NMR: 0.12 (s, 6H), 0.93 (s, 9H), 0.95 (dd, J= 7.2, 7.5 Hz, 1H), 1.55-1.60 (m, 1H), 1.67-1.73
(m, 1H), 1.95-2.02 (m, 1H), 2.55 (ddd, J = 4.6, 9.8, 10.3 Hz, 1H), 3.06 (d, J = 8.6 Hz, 1H), 3.92
(dd, J=4.9, 10.0 Hz, 1H), 4.09 (dd, J=10.4, 10.6 Hz, 1H), 4.55 (d, /= 14.1 Hz, 1H), 5.03 (d, J
=14.1 Hz, 1H), 7.07 (d, J= 7.7 Hz, 1H), 7.10 (d, J= 7.7 Hz, 1H), 7.16 (dd, J = 6.6, 7.4 Hz, 1H)
7.21(dd,J=7.2,7.7 Hz, 1H).

o CHO
OH PDC H o
H
DMF
Et OTBS t, 3 day Et OTBS
ES1 79

2-{(1R" 25" ,3R")-3-[{(tert-Butyldimethylsilyl)oxy} methyl]-2-ethyl-4-
oxocyclobutyl}benzaldehyde (79): To a solution of ES1 (12 mg, 34 pmol) in DMF (2.0 mL)
was added PDC (34 mg, 0.10 mmol) at room temperature. The solution was stirred for 3 days at
the same temperature. The mixture was quenched with water. The whole was extracted three times
with AcOEt. The combined organic layers were washed with brine, dried over MgSO, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(hexane/AcOEt 10:1) to afford compound 79 in 86% yield (9 mg) as colorless oil.

TLC: R; 0.3 (hexane/AcOEt 9:1).

"H NMR: 0.09 (s, 3H), 0.11 (s, 3H), 0.93 (s, 9H), 0.98 (dd, J = 7.5, 7.5 Hz, 3H), 1.90-2.05 (m,
2H), 2.74-2.81 (m, 1H), 3.48-3.52 (m, 1H), 3.95 (dd, /=2.8, 10.7 Hz, 1H), 4.10 (dd, /=4.9, 10.8
Hz, 1H), 4.90 (dd, J = 2.3, 9.5 Hz, 1H), 7.30 (d, /= 7.7 Hz, 1H), 7.44 (dd, J = 6.6, 7.5 Hz, 1H),
7.56 (ddd, J=1.4,7.5,7.7 Hz, 1H), 7.87 (dd, J= 1.4, 7.7 Hz, 1H), 10.11 (s, 1H).

BC NMR: -5.70,-5.68, 13.4, 18.1, 23.1, 25.8, 37.7, 58.7, 61.1, 67.9, 127.5, 129.2, 133.1, 133.5,
134.0, 137.5, 192.3, 206.4.
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IR (neat): 2958, 2931, 1778, 1697, 910.
HRMS-ESI (m/z): [M + Na]" caled. for C20H30NaOsSi, 369.1856; found, 369.1855.

DIBAL

THF
rt, 3 h

{(2aR",8bR")-1-Ethyl-2a-{(triisopropylsilyl)oxy}-2a,8b-dihydro-4 H-
cyclobuta|c]isochromen-2-yl}methanol (83): To a solution of 63cd (500 mg, 1.2 mmol) in THF
(3.0 mL) was added diisobutylalminium hydride (1.0 M solution in toluene, 2.9 mL, 2.9 mmol)
at —78 °C. After warming to room temperature, the mixture was stirred for 3 h at the same
temperature. The mixture was quenched with saturated aqueous potassium sodium tartrate. The
whole was extracted three times with AcOEt. The combined organic layers were washed with
brine and dried over MgSO4 and concentrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/AcOEt 5:1) to afford compound 83 in 85% yield (396 mg) as
colorless oil.

TLC: R; 0.3 (hexane/AcOEt 4:1).

'"H NMR: 0.97-1.00 (m, 21H), 1.02-1.11 (m, 3H), 1.80-1.82 (m, 1H), 1.98 (dq, J = 15.1, 7.7 Hz,
1H), 2.15 (dq, J=15.1, 7.7 Hz, 1H), 3.81 (s, 1H), 4.26 (s, 2H), 4.64 (d, /= 14.1 Hz, 1H), 4.77 (d,
J=14.1 Hz, 1H), 7.06 (d, /= 7.3 Hz, 1H), 7.09 (d, J= 7.3 Hz, 1H), 7.17 (ddd, J= 7.5, 7.5, 1.5
Hz, 1H), 7.22 (dd, J= 1.5, 7.3 Hz, 1H).

BCNMR: 11.5,12.8, 18.0, 20.1, 55.7, 56.3, 64.0, 99.8, 124.8, 126.2, 127.3, 128.0, 134.2, 135.2,
138.0, 146.8.

IR (neat): 3390, 2939, 2866, 2360, 1462, 1273, 1222, 1060.

HRMS-ESI (m/z): [M + Na]" calcd. for C23H3sNaOsSi, 411.2326; found, 411.2325.
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HF Et
MeCN H
rt, 12 h
(0]
83 84

(2aR",8bS")-2a-Ethyl-2-methylene-2,2a,4,8b-tetrahydro-1H-cyclobuta[c]isochromen-1-one
(84). To a solution of 83 (30 mg, 77 umol) in MeCN (1.0 mL) was added 40% aqueous HF (0.10
mL) at room temperature. The mixture was stirred for 12 h at the same temperature. The mixture
was quenched with saturated aqueous NaHCOs3. The whole was extracted three times with AcOE.
The combined organic layers were washed with brine, dried over MgSOs4 and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 5:1) to
afford compound 84 in 66% yield (11 mg) as colorless oil.

TLC: R; 0.3 (hexane/AcOEt 4:1).

'"H NMR: 1.08 (t, J = 7.4 Hz, 3H), 2.06 (q, J = 7.4 Hz, 2H), 4.07 (s, 1H), 4.68 (d, J = 14.3 Hz,
1H), 4.76 (d, J= 14.3 Hz, 1H), 5.54 (s, 1H), 6.09 (s, 1H), 7.10 (d, /= 7.4 Hz, 1H), 7.21-7.31 (m,
3H).

BCNMR: 8.4,31.0,64.1,64.2,77.8,117.1, 125.0, 126.9, 128.0, 128.8, 128.9, 133.9, 157.3, 194.5.
IR (neat): 2966, 2920, 2850, 1759, 1654, 1454, 1257, 1041.

HRMS-ESI (m/z): [M + Na]" caled. for C14H1sNaO», 237.0886; found, 237.0882.

Me
ST
2
MeOH )/\/
rt, 7 days Et CO.Et

85

(2R",35")-2-Ethyl-3-(o-tolyl)succinic Acid (85): To a solution of 63cd (200 mg, 0.50 mmol) in
MeOH (5.0 mL) was added Pd/C (10 wt%, 50 mg) at room temperature. The mixture was purged
with H; several times and stirred at the same temperature for 7 days. After the mixture was filtered
through a pad of Celite®, the filter cake was washed with AcOEt. The filtrate was concentrated in

vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 2:1) to give
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85 as a single diastereomer in 75 % yield (80 mg) as colorless oil.

TLC: R; 0.2 (hexane/AcOEt 3:1).

'"HNMR: 0.77 (t,J= 7.4 Hz, 3H), 1.24 (t,J = 7.2 Hz, 3H), 1.17-1.28 (m, 2H), 2.40 (s, 3H), 2.53-
2.54 (m, 1H), 2.56-2.60 (m, 1H), 3.99 (d, /=10.3 Hz, 1H), 4.07-4.14 (m, 2H), 7.15-7.20 (m, 3H),
7.39(d, J=6.9, 1H).

BCNMR: 10.4, 14.1, 19.9, 22.7, 35.6, 38.5, 49.4, 60.3, 126.4, 127.2, 127.3, 130.6, 135.4, 137.0,
172.5,179.0.

IR (neat): 3016, 2966, 2935, 1732, 1701, 1172.

HRMS-ESI (m/z): [M + Na]" caled. for C16H22NaOs, 301.1410; found, 301.1411.

methyl propiolate

0o Me3Al (20 mol%) ) OTBS
4
OTBS CH,CI
O%Cz CO2Me
93 94

Methyl (1R",65")-1-{(tert-Butyldimethylsilyl)oxy}-6-methyl-2-oxabicyclo[4.2.0]oct-7-ene-8-
carboxylate (94): To a solution of ketene silyl acetal 93 (16 g, 70 mmol) and methyl propiolate
(7.0 mL, 84 mmol) in dry CH,Cl, (100 mL) was added a mixture of MesAl (2.0 M solution in
toluene, 7 mL, 14 mmol) and CH>Cl, (100 mL) at 0 °C. After warming to room temperature, the
mixture was stirred for 1 h at the same temperature. The mixture was quenched with saturated
aqueous potassium sodium tartrate. The whole was extracted three times with hexane. The
combined organic layers were washed with brine, dried over Na,SO4 and concentrated in vacuo
to afford 94 (22 g, quant.) as yellow oil.

TLC: Rr0.44 (hexane/AcOEt 10:1).

"H NMR: 0.12 (s, 3H), 0.20 (s, 3H), 0.89 (s, 9H), 1.14 (s, 3H), 1.53-1.77 (m, 4H), 3.75 (s, 3H),
3.80 (t,J=5.5 Hz, 2H), 6.98 (s, 1H).

BC NMR: -3.55 (CH3), -3.43 (CH3), 18.3 (C), 20.0 (CH>), 20.7 (CH3), 25.8 (CHs), 30.2 (CH»),
51.1 (CHs), 51.7 (C), 61.4 (CHy), 99.1 (C), 140.6 (C), 155.1 (CH), 161.7 (C).

IR (neat): 2951, 2886, 1728, 1616, 1462, 1250, 1099, 1061 , 779.

HRMS-FAB (m/z): [M + H]" caled. for C16H2004Si, 313.1830; found, 313.1835.
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9 OTBS 0 oTBS

CO,Me MeCN/H,0 (2:1) CO,H

rt
94 95

(1R",65")-1-{(tert-Butyldimethylsilyl)oxy}-6-methyl-2-oxabicyclo[4.2.0] oct-7-ene-8-
carboxylic Acid (95): To a solution of ester 94 (200 mg, 0.64 mmol) in MeCN (2.0 mL) and H,O
(1.0 mL) was added LiOH - H>O (54 mg, 1.3 mmol) at room temperature. The mixture was stirred
for 15 h at the same temperature. The mixture was quenched with saturated aqueous NH4Cl. The
whole was extracted three times with AcOEt. The combined organic layers were washed with
brine, dried over Na,SO4, and concentrated in vacuo to afford 95 (145 mg, 76%) as white solid.
TLC: R 0.14 (hexane/AcOEt 3:1).

'"H NMR: 0.14 (s, 3H), 0.19 (s, 3H), 0.89 (s, 9H), 1.16 (s, 3H), 1.55-1.78 (m, 4H), 3.82 (t, J= 6.5
Hz, 2H), 7.09 (s, 1H), 10.21 (br, 1H).

BC NMR: -3.51 (CH3), -3.44 (CH3), 18.3 (C), 20.0 (CH>), 20.6 (CH3), 25.8 (CHs), 30.1 (CH»),
52.0, 61.5 (CH>), 99.0 (C), 140.3 (C), 157.6 (CH), 166.2 (C).

IR (neat): 3055, 2928, 2886, 1694, 1462, 1296, 1250, 1099, 883.

HRMS-FAB (m/z): [M + H]" caled. for C15sH2704Si, 299.1673; found, 299.1679.

Mp: 86-88 °C.

1) EtOCOCI, Et3N, THF;
NaN3, H,0, 20 min

(0]
O OTBS 2) toluene, 60 °C, 1.5 h o OTBS
3) THF/HCI aq. (viv=1/1
CO,H T e ian °
95 96

(1R",65")-1-{(tert-Butyldimethylsilyl)oxy}-6-methyl-2-oxabicyclo[4.2.0]octan-8-one (96): To
a solution of 95 (1.7 g, 5.5 mmol) in THF (100 mL) were added Et;N (1.2 mL, 8.3 mmol) and
EtOCOCI (0.63 mL, 6.6 mmol) at room temperature. The mixture was stirred for 30 min at the

same temperature. The mixture was added a solution of NaN3 (377 mg, 5.8 mmol) in H,O (10
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mL) and stirred for additional 20 min. the mixture was diluted with hexane and the whole was
extracted three times with hexane. The combined organic layers were washed with brine, dried
over Na,SOs, and concentrated in vacuo. The crude mixture of acyl azide was obtained as
colorless oil, which was used in the next step without further purification.

The crude was dissolved in toluene (50 mL) and the solution was stirred for 1 h at 60 °C. The
mixture was concentrated in vacuo. The crude mixture of isocyanate was obtained as colorless
oil, which was used in the next step without further purification.

The crude was dissolved in THF (60 mL) and 10% aqueous HCI (60 mL) and the mixture was
stirred for 1.5 h at 60 °C. The whole was extracted three times with hexane. The combined organic
layers were washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/Et;O 20:1) to afford 96 (685 mg, 46% from
95) as colorless oil.

TLC: R 0.46 (hexane/AcOEt 10:1).

"H NMR: 0.16 (s, 3H), 0.20 (s, 3H), 0.90 (s, 9H), 1.07 (s, 3H), 1.54-1.64 (m, 2H), 1.75-1.88 (m,
2H), 2.13 (d, J=16.0 Hz, 1H), 3.14 (d, /= 16.0 Hz, 1H), 3.53 (ddd, J=1.5, 11.0, 12.0 Hz, 1H),
3.77 (dquin., J= 1.0, 2.0 Hz, 1H).

BC NMR: —4.14 (CH3), -3.68 (CH3), 18.1 (C), 21.2 (CH>), 24.0 (CH3), 25.7 (CHs), 28.5 (CHo),
35.4 (C), 49.0 (CH»), 61.4 (CH), 106.1 (C), 202.5 (C).

IR (neat): 2859, 1790, 1462, 1404, 1223, 1161, 1134, 1103, 1069, 783.

HRMS-FAB (m/z): [M + H]" calcd. for C14H,7,058i, 271.1724; found, 271.1729.

Q OTBS DIBAL Q OTBS

0 THF, -78 °C OH

96 102

(IR*,6S*,8S*)-1-{(tert-Butyldimethylsilyl)oxy}-6-methyl-2-oxabicyclo[4.2.0]0ctan-8-ol (102):
To a solution of ketone 96 (500 mg, 1.9 mmol) in dry THF (10 mL) was added
diisobutylaluminum hydride (1.0 M solution in toluene, 3.7 mL, 3.7 mmol) at —78 °C. The mixture
was stirred for 1.5 h at the same temperature. The mixture was quenched with methanol and
saturated aqueous potassium sodium tartrate. The whole was extracted three times with AcOEt.

The combined organic layers were washed with brine, dried over Na,SQO4, and concentrated in
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vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 20:1) to
afford 102 (420 mg, 83 %) as colorless oil.

TLC: Rr0.74 (hexane/AcOEt 3:1).

"H NMR: 0.15 (s, 3H), 0.16 (s, 3H), 0.94 (s, 9H), 1.15 (s, 3H), 1.25 (dd, J = 3.5, 11.5 Hz, 1H),
1.45-1.67 (m, 4H), 2.01 (dd, J= 6.5, 11.5 Hz, 1H), 2.12 (d, J = 6.5 Hz, 1H), 3.57-3.63 (m, 1H),
3.66-3.75 (m, 1H), 4.09 (dt, J=3.5, 6.5 Hz, 1H).

BC NMR: -3.48 (CH3), -3.20 (CH3), 18.2 (C), 21.8 (CH>), 23.7 (CH3), 26.0 (CHs), 32.9 (CHo),
36.3 (CHy), 40.4 (CH>), 62.9 (CH»), 72.3 (CH), 99.4 (C).

IR (neat): 3468, 2858, 1462, 1280, 1250, 1184, 1134, 1091, 1030, 891.

HRMS-ESI (m/z): [M + Na]" caled. for C14H2sNaOsSi, 295.1700; found, 295.1699.

NaH
O oTBS a O oH

OH THF, rt OTBS
102 103

(1R",6R" 8R")-8-{(tert-Butyldimethylsilyl)oxy}-6-methyl-2-oxabicyclo[4.2.0]octan-1-ol
(103): To a mixture of NaH (60% suspension in o0il, 163 mg, 4.1 mmol) in dry THF (5.0 mL) was
added a solution of acetal 102 (332 mg, 1.2 mmol) in dry THF (5.0 mL) at room temperature. The
mixture was stirred for 1 h at the same temperature. The mixture was quenched with saturated
aqueous NH4Cl. The whole was extracted three times with AcOEt. The combined organic layers
were washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/AcOEt 20:1 to 5:1) to afford 103 (239 mg, 72 %)
as white solid.

TLC: Rr0.51 (hexane/AcOEt 3:1).

"H NMR: 0.08 (s, 3H), 0.09 (s, 3H), 0.90 (s, 9H), 1.16 (s, 3H), 1.34 (dd, J = 5.0, 11.0 Hz, 1H),
1.49-1.67 (m, 4H), 1.98 (dd, /= 7.0, 11.0 Hz, 1H), 3.73-3.83 (m, 3H), 4.26 (dd, /= 5.0, 7.0 Hz,
1H).

BC NMR: —4.93 (CH3), 4.71 (CH3), 18.0 (C), 21.0 (CH3), 21.1 (CH>), 25.7 (CHs), 32.7 (CHo),
38.2 (C), 38.7 (CH»), 62.0 (CHy), 69.9 (CH), 97.6 (C).

IR (neat): 3529, 2951, 2932, 2886, 1782, 1462, 1361, 1254, 1096, 1057, 837.

HRMS-ESI (m/z): [M + Na]" caled. for Ci4H2sNaOsSi, 295.1700; found, 295.1701.
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96 105

(1R",7R")-1-Hydroxy-7-methyl-3-oxabicyclo[5.1.0]octan-2-one (105): To a solution of 96 (45
mg, 0.17 mmol) in THF (1.7 mL) was added TBAF (1.0 M in THF, 0.25 mL, 0.25 mmol) at room
temperature. The mixture was stirred for 30 min at the same temperature. The mixture was
quenched with saturated aqueous NH4CI. The whole was extracted three times with AcOEt. The
combined organic layers were washed with brine, dried over Na,SO4, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexane/AcOEt 3:1 to 1:3) to
afford 105 (11 mg, 44 %) as white solid.

TLC: R 0.38 (hexane/AcOEt 1:1).

'"H NMR: 0.81 (d, J = 6.0 Hz, 1H), 0.86 (ddd, J = 6.5, 12.5, 15.0 Hz, 1H), 0.90 (d, J = 6.0 Hz,
1H), 1.20 (s, 3H), 1.81 (ddddd, /= 0.5, 4.0, 6.0, 12.5, 15.0 Hz, 1H), 1.95 (ddddd, /= 1.5, 6.0, 6.5,
12.5, 15.0 Hz, 1H), 2.08 (ddd, J = 1.0, 6.0, 15.0 Hz, 1H), 4.28 (ddd, /= 0.5, 6.0, 12.0 Hz, 1H),
4.55 (ddd, J=4.0, 12.0, 12.5 Hz, 1H).

BC NMR: 14.4 (CH;), 21.5 (C), 23.5 (CH>), 25.2 (CH>), 30.6 (CHa), 60.4 (C), 65.5 (CH>), 173.9
©).

IR (neat):3360. 2932, 1724, 1258, 1192, 910, 737.

HRMS-ESI (m/z): [M + Na]" caled. for CsHi2NaOs, 179.0679; found, 179.0679.

Mp: 104-106 °C

X-ray: Recrystallization from hexane-diethylether gave colorless platelets suitable for X-ray
crystal structural analysis: triclinic, PP —1; a = 6.359 (3), b =7.478 (4), ¢ = 8.465 (3); a = 90.61
4), £=97.01(3),y=99.75 (4),; V=393.56 (3), Z=2, D, = 1.32.

74



(Et0),0P” “CO,Et

H Et
0 IBX cHo NaH 002
OH 0 o
OTBS DMSO, rt toluene, rt
103 106 107

Ethyl (E)-5-[(1R",3R")-3-{(tert-Butyldimethylsilyl)oxy}-1-methyl-2-oxocyclobutyl|pent-2-
enoate (107): To a solution of hemiacetal 103 (176 mg, 0.65 mmol) in DMSO (6.0 mL) was added
IBX (542 mg, 1.9 mmol) at room temperature. The mixture was stirred for 2 hat the same
temperature. The mixture was added water, and extracted three times with hexane. The combined
organic layers were washed with brine, dried over Na,SOs, and concentrated in vacuo. The crude
mixture of aldehyde 106, colorless oil, was employed in the next reaction without further
purification.

To a solution of crude of aldehyde 106 in dry toluene (5.0 mL) was added a solution of triethyl
phosphonoacetate (0.19 mL, 0.97 mmol) and NaH (60% suspension in oil, 39 mg, 0.97 mmol) at
room temperature. The mixture was stirred for 30 min at the same temperature. The mixture was
quenched with saturated aqueous NH4Cl. The solution was extracted three times with hexane.
The combined organic layers were washed with brine, dried over Na,SQO4, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 20:1) to
afford 107 (144 mg, 66%) as yellow oil.

TLC: R 0.60 (hexane/AcOEt 3:1).

"H NMR: 0.10 (s, 3H), 0.12 (s, 3H), 0.90 (s, 9H), 1.22 (s, 3H), 1.28 (t, J= 7.0 Hz, 3H), 1.65-1.69
(m, 3H), 2.19-2.24 (m, 2H), 2.36 (dd, J = 10.0, 11.0 Hz, 1H), 4.18 (q, J = 7.0 Hz, 2H), 4.96 (dd,
J=175,10.0 Hz, 1H), 5.83 (td, J= 1.5, 15.5 Hz, 1H), 6.92 (td, /= 7.0, 15.5 Hz, 1H).

BC NMR: -5.06 (CH3), —4.77 (CH3), 14.2 (CH3), 18.2 (C), 19.9 (CH3), 25.7 (CHs), 27.8 (CHo),
35.9 (CH), 36.7 (CH>), 56.0 (C), 60.3 (CH>), 79.7 (CH), 121.8 (CH), 147.6 (CH), 166.4 (C),
212.1 (C).

IR (neat): 2955, 2859, 1778, 1717, 1655, 1462, 1366, 1254, 1184, 949, 837.

HRMS-ESI (m/z): [M + Na]" calcd. for CisH3:NaO4Si, 363.1962; found, 363.1961.
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Ethyl (1R",6R",8R")-8-{(tert-Butyldimethylsilyl)oxy}-1-hydroxy-6-methylbicyclo[4.2.0]oct-
2-ene-2-carboxylate (108): To ester 107 (8.0 mg, 0.022 mmol) was added Me;P (1.3 mL) at room
temperature. The mixture was stirred for 2.5 h at the same temperature. The whole was
concentrated in vacuo. The residue was purified by silica gel column chromatography
(hexane/AcOEt 10:1) to afford 108 (6.0 mg, 80%) as colorless oil.

TLC: R 0.34 (hexane/AcOEt 10:1).

"H NMR: 0.07 (s, 3H), 0.11 (s, 3H), 0.93 (s, 9H), 1.22 (s, 3H), 1.28 (t,J = 7.5 Hz, 3H), 1.41 (ddd,
J=5.0,8.5,13.5 Hz, 1H), 1.46-1.52 (m, 2H), 1.89 (dd, /= 6.5, 12.0 Hz, 1H), 2.05-2.14 (m, 1H),
2.27-2.34 (m, 1H), 3.61 (s, 1H), 4.14-4.17 (m, 1H), 4.16 (qd, /= 7.5, 11.0 Hz, 1H), 4.24 (qd, J =
7.5, 11.0 Hz, 1H), 7.02 (t, /= 4.5 Hz, 1H).

BC NMR: —4.90 (CH3), —4.87 (CH3), 14.4 (CH3), 18.1 (C), 22.4 (CH3), 22.5 (CH,), 25.8 (CHs),
31.0 (CH), 36.3 (CH>), 39.6 (C), 60.2 (CH»), 72.2 (C), 72.6 (CH), 134.0 (C), 141.3 (CH), 166.8
©).

IR (neat): 3525, 2955, 2859, 1717, 1462, 1369, 1254, 1146, 1042, 910, 837.

HRMS-ESI (m/z): [M + Na]" caled. for CisH32NaO4Si, 363.1962; found, 363.1963.

H H

: ::o Et,Zn, CH,l,, TFA : ::o
H © rt, 4.5 h H ©
113 114

(4aR",7aR")-Tetrahydro-1H-spiro[cyclopenta[c]pyran-6,1'-cyclopropan]-3(4H)-one (114):
To a solution of diethyl zinc (1.0 M in Hexane, 1.5 mL, 1.5 mmol) in dry CH>Cl, (1.5 mL) was
added trifluoroacetic acid (0.12 mL, 1.5 mmol) very slowly at 0 °C. The mixture was stirred at
the same temperature. After 20 min, the mixture was added a solution of CHzl; (0.12 mL, 1.5

mmol) in dry CH>Cl, (1.0 mL). After additional 20 min, the mixture was added a solution of
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olefin 113 (116 mg, 0.76 mmol) in dry CH>Cl> (1.0 mL) was added. After warming to room
temperature, the mixture was stirred for 4.5 h at the same temperature. The reaction was quenched
with 0.1 N aqueous HCI. The whole was extracted two times with Et;O. The combined organic
layers were washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/AcOEt 3:1) to afford 114 (100 mg, 84 %)
as yellow oil.

TLC: R 0.34 (hexane/AcOEt 3:1).

"H NMR: 0.38-0.44 (m, 2H), 0.47-0.56 (m, 2H), 1.40 (dd, J=5.8, 12.8 Hz, 1H), 1.48 (dd, J=5.8,
12.9 Hz, 1H), 1.73 (dd, J = 8.2, 13.4 Hz, 1H), 1.82 (dd, J= 7.9, 12.8 Hz, 1H), 2.43 (dd, J= 7.5,
14.9 Hz, 1H), 2.68 (m, 3H), 4.11 (dd, J= 7.3, 11.3 Hz, 1H), 4.30 (dd, /= 5.0, 11.4 Hz, 1H).

BC NMR: 9.62 (CH,), 10.1 (CH>), 21.6 (C), 34.2 (CH), 34.3 (CH>), 36.3 (CH), 37.3 (CH>), 41.9
(CH>), 69.7 (CH»), 173.2 (C).

IR (neat): 3071, 2990, 2936, 2855, 1747, 1250, 1080.

HRMS-ESI (m/z): [M + K]" caled. for C10H14KOs, 205.0625; found, 205.0628.

H PtO, (5 mol%) H

: 0) AcOH : (0]
H 90°C,7h H

114 115

(4aR*,7aR*)-6,6-Dimethylhexahydrocyclopenta[c]pyran-3(1H)-0ne (115): To a solution of
cyclopropane 114 (3.0 g, 18 mmol) in AcOH (35 mL) was added PtO, (204 mg, 0.90 mmol) at
room temperature. The mixture was purged with H, several times and stirred for 7 h at 90 °C.
After the mixture was filtered through a pad of Celite®, the filter cake was washed with AcOEt.
The filtrate was concentrated in vacuo. The residue was diluted with Et;O and the solution was
washed with saturated aqueous NaHCO; and brine. The organic phases concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexane/AcOEt 5:1 to 3:1) to
afford 115 (3.1 g, quant.) as white crystals.

TLC: R¢ 0.39 (hexane/AcOEt 3:1).

"H NMR: 0.96 (s, 3H), 1.07 (s, 3H), 1.12 (dd, J=11.6, 11.7 Hz, 1H), 1.35 (dd, J=11.3, 11.3 Hz,
1H), 1.62 (ddd, J=2.1, 8.2, 12.3 Hz, 1H), 1.74 (ddd, J= 2.1, 7.5, 12.3 Hz, 1H), 2.33 (dd, J=5.5,
14.9 Hz, 1H), 2.55-2.65 (m, 2H), 2.66-2.77 (m, 1H), 4.05 (dd, J = 5.0, 11.3 Hz, 1H), 4.27 (dd, J
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= 4.6, 11.5 Hz, 1H).
13C NMR: 26.4 (CH3), 28.2 (CHs), 33.6 (CH), 34.6 (CH,), 35.9 (CH), 39.4 (C), 43.1 (CH,), 47.9
(CH,), 70.1 (CHa), 173.7 (C).

IR (KBr): 3021, 2955, 2866, 1740, 1466, 1385, 1246, 1215, 1172, 1083, 756.

HRMS-ESI (m/z): [M + K] caled. for C1oH16KO,, 207.0782; found, 207.0781.

H LDA, Mel
> THF
: o
rt, 10 h
H 116a LH Me
115 116a (major 116b (minor)
11.5 Hz

(4R"4aS",7aR")-4,6,6-Trimethylhexahydrocyclopenta[c]pyran-3(1H)-one (116a) and
(4R"4aR’,7aS")-4,6,6-Trimethylhexahydrocyclopenta[c]pyran-3(1H)-one (116b): To a
solution of diisopropylamine (2.2 mL, 15 mmol) in dry THF (20 mL) was added "BuLi (1.6 M
solution in hexane, 8.8 mL, 14.0 mmol) at =78 °C. The mixture was stirred for 30 min at the
temperature. The mixture was added a solution of lactone 115 (2.0 g, 12 mmol) in dry THF (10
mL) was added. After additional stirring for 30 min, a mixture of HMPA (4.5 mL, 26 mmol) and
Mel (1.5 mL, 23 mmol) was added. The mixture was warmed to room temperature and stirred for
10 h. The solution was quenched with saturated aqueous NH4Cl. The whole was extracted three
times with Et,O. The combined organic layers were washed with brine, dried over Na,SOs, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(hexane/AcOEt 10:1 to 3:1) to afford 116a and 116b (2.00 g, dr = 8:2, 94 %) as yellow oil.

116a:

TLC: Rr0.47 (hexane/AcOEt 3:1).

"H NMR: 0.98 (s, 3H), 1.10 (dd, J = 11.5, 12.0 Hz, 1H), 1.11 (s, 3H), 1.18 (d, J = 6.5 Hz, 3H),
1.20 (dd, J=11.0, 12.0 Hz, 1H), 1.63 (dd, /= 12.0 Hz, 1H), 1.89 (dd, /= 8.0, 12.0 Hz, 1H), 2.15
(dddd, J= 8.0, 8.5, 11.0, 11.5 Hz, 1H), 2.33 (qd, J = 6.3, 11.5 Hz, 1H), 2.59-2.71 (m, 1H), 3.94
(dd,J=11.0, 12.0 Hz, 1H), 4.31 (dd, J= 6.5, 11.0 Hz, 1H).

BC NMR: 14.0 (CHs), 26.8 (CH3), 28.6 (CH3), 36.9 (CH), 39.3 (CH), 41.0 (C), 41.9 (CH), 42.9
(CH>), 48.1 (CH»), 70.0 (CH>), 176.4 (C).

IR (neat): 2936, 2855, 1744, 1458, 1384, 1246, 1611, 1107, 1065, 1026.

HRMS-ESI (m/z): [M + Na]" calcd. for Ci1H;sNaO,, 205.1199; found, 205.1199.
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116b:

TLC: Rr 0.40 (hexane/AcOEt 3:1)

"H NMR: 0.85-0.95 (m, 4H), 1.04 (s, 3H), 1.13 (d,J= 5.5 Hz, 1H), 1.47 (t, J= 5.5 Hz, 1H), 1.53-
1.57 (m, 1H), 1.60-1.65 (m, 1H), 2.58-2.65 (m, 1H), 2.69-2.77 (m, 2H), 4.11 (d, J=11.5 Hz, 1H),
4.30 (dd, J=3.5, 11.5 Hz, 1H).

BC NMR: 12.9 (CH3), 26.0 (CH3), 28.0 (CH3), 36.5 (CH), 37.0 (CH), 38.2 (C), 39.8 (CH), 43.7
(CH>), 44.0 (CHy), 69.2 (CH>) 176.2 (C).

IR (neat): 2939, 1744, 1389, 1161, 759.

HRMS-ESI (m/z): [M + Na]" calcd. for C;1HisNaO,, 205.1199; found, 205.1188.

H TIPSOTf H

z Et;N 2
CH,Cl,
rt, 14.5 h

116 117

Triisopropyl[{(4aR*,7aS*)-4,6,6-trimethyl-1,4a,5,6,7,7a—hexahydrocyclopenta[c]pyran-3-
yl}oxy]silane (117): To a solution of lactone 116 (1.8 g, 10 mmol) in dry CH>Cl, (50 mL) were
added EtN (2.2 mL, 16 mmol) and TIPSOTf (3.2 mL, 12 mmol) at room temperature. The
mixture was stirred for 14.5 h at the same temperature. The mixture was concentrated in vacuo,
and diluted with hexane. The whole was washed with H,O and brine, dried over Na,SO4, and
concentrated in vacuo. The crude mixture of ketene silyl acetal 117 was obtained as pale yellow
oil. The material was employed in the next reaction without further purification.

"H NMR: 0.99 (s, 3H), 1.04 (s, 3H), 1.05-1.08 (m, 18H), 1.09-1.19 (m, 5H), 1.57 (s, 3H), 1.61
(ddd, J= 1.0, 8.5, 13.0 Hz, 1H), 1.74 (ddd, J = 1.0, 6.5, 12.5 Hz, 1H), 2.28-2.35 (m, 1H), 2.45-
2.50 (m, 1H), 3.49 (t,J=10.0 Hz, 1H), 3.84 (dd, J=4.5, 10.0 Hz, 1H).

BC NMR: 12.6 (CH), 13.9 (CH3), 17.7 (CH3), 17.9 (CH3), 29.5 (CH3), 30.45 (CHs), 36.8 (CH),
38.4 (C), 40.2 (CH»), 47.6 (CH>), 68.7 (CH>), 84.1 (C), 149.5 (C).

IR (neat): 2943, 2866, 1697, 1462, 1339, 1234, 883.

HRMS-ESI (m/z): [M + H]" caled. for C20H300,Si, 339.2714; found, 339.2713.
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methyl propiolate
MesAl (20 mol%)

CH,Cl,
rt,1h

Methyl (2aR",4aR",7aS",7bS")-6,6,7b-Trimethyl-2a-{(triisopropylsilyl)oxy}-
2a,4,4a,5,6,7,7a,7b-octahydrocyclobuta[b]cyclopenta[d]pyran-2-carboperoxoate (118): To a
solution of the crude mixture of ketene silyl acetal 117 and methyl propiolate (1.0 mL, 12.0 mmol)
in dry CH2Cl, (50 mL) was added a solution of MesAl (2.0 M in toluene, 1.0 mL, 2.0 mmol) in
dry CH>Cl> (20 mL) at 0 °C. After warming to room temperature, the mixture was stirred for 1 h
at the temperature. The mixture was quenched with saturated aqueous NaHCO; and saturated
aqueous potassium sodium tartrate. The whole was extracted three times with hexane. The
combined organic layers were washed with brine, dried over Na,SO4, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexane/Et;O 50:1 to 20:1) to
afford 106 (3.96 g, 94% from 118) as colorless oil.

TLC: R 0.52 (hexane/AcOEt 10:1).

"H NMR: 0.89 (s, 3H), 1.05-1.09 (m, 21H), 1.13 (s, 3H), 1.14-1.21 (m, 3H), 1.38 (dd, J = 8.0,
12.5 Hz, 1H), 1.43-1.45 (m, 2H), 1.66 (dd, J = 8.5, 12.5 Hz, 1H), 2.09 (ddddd, J = 3.0, 5.0, 8.0,
8.5, 10.5 Hz, 1H), 2.39 (ddd, J=9.5, 9.5, 10.5 Hz, 1H), 3.48 (dd, J = 3.0, 12.0 Hz, 1H), 3.71 (s,
3H), 3.79 (dd, J=5.0, 12.0 Hz, 1H), 7.03 (s, 1H).

BC NMR: 13.1 (CH), 18.2 (CH3), 20.4 (CH3), 26.9 (CH3), 29.2 (CH3), 34.1 (CH), 36.7 (C), 41.2
(CH), 45.5 (CH»), 47.6 (CH>), 51.0 (CH3), 53.3 (C), 65.5 (CH»), 100.9 (C), 138.3 (C), 156.4 (CH),
161.9 (C).

IR (neat): 2947, 2866, 1728, 1612, 1462, 1281, 1262, 1234, 1049, 883.

HRMS-ESI (m/z): [M + Na]" calcd. for C24aH4NaO4Si, 445.2745; found, 445.2746.

LiOH - H,O

MeCN/H,O
(viv=2/1)
118 60°C, 22.5 h 119
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(2aR’,4aR",7aS",7bS")-6,6,7b-trimethyl-2a-{(triisopropylsilyl)oxy}-2a,4,4a,5,6,7,7a,7b-
octahydrocyclobuta[b]cyclopenta|d]pyran-2-carboperoxoic Acid (119): To a solution of ester
118 (5.7 g, 13 mmol) in MeCN (90 mL) and H,O (45 mL) was added LiOH * H,O (1.1 g, 27
mmol) at room temperature. The mixture was heated to 60 °C and stirred for 22.5 h at the same
temperature. The reaction was quenched with saturated aqueous NH4Cl and 10% aqueous HCL
The whole was extracted three times with AcOEt. The combined organic layers were washed with
brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/Et,O 10:1 to 3:1) to afford 119 (5.20 g, 95%) as white solid.
TLC: R 0.36 (hexane/AcOEt 3:1).

'"H NMR: 0.89 (s, 3H), 1.05-1.09 (m, 21H), 1.14 (s, 3H), 1.16-1.23 (m, 3H), 1.39 (dd, J = 8.5,
13.0 Hz, 1H), 1.44-1.46 (m, 2H), 1.66 (dd, J = 8.5, 13.0 Hz, 1H), 2.10 (ddddd, J = 3.0, 5.0, 8.5,
8.5, 10.0 Hz, 1H), 2.40 (ddd, /=9.5, 9.5, 10.0 Hz, 1H), 3.50 (dd, J = 3.0,12.0 Hz, 1H), 3.79 (J =
5.0, 12.0 Hz, 1H), 7.16 (s, 1H).

BC NMR: 13.0 (CH), 18.2(CH3), 20.3 (CH3), 26.9 (CH3), 29.2 (CH3), 34.1 (CH), 36.6 (C), 41.0
(CH), 45.5 (CH>), 47.6 (CH), 53.6 (C), 65.5 (CH>), 100.8 (C), 137.9 (C), 159.2 (CH), 166.6 (C).
IR (neat): 2943, 2866, 1690, 1620, 1462, 1289, 1265, 1234, 1092, 883, 733.

HRMS-ESI (m/z): [M + Na]" calcd. for C23H4NaO4Si, 431.2588; found, 431.2585.

Mp: 109-101 °C

1) EtOCOCI, EfzN, THF;
NaN3, H20, 1h

2) toluene, 60 °C, 1 h

3) THF/HCI aq.
(viv=1/M1)
60°C,1.5h

119 121

(2aR",4aR",7aS",7b"R)-6,6,7b-Trimethyl-2a-

{(triisopropylsilyl)oxy}octahydrocyclobuta[b]cyclopenta|d]pyran-2(1H)-one (121): To a
solution of 119 (3.0 g, 7.4 mmol) in THF (75 mL) were added Et:N (1.2 mL, 8.9 mmol) and
EtOCOCI (0.85 mL, 8.9 mmol) at room temperature. The mixture was stirred for 1 h at the same
temperature. The mixture was added a solution of NaN3 (507 mg, 7.8 mmol) in H>O (25 mL) and
stirred for additional 1 h. the mixture was diluted with hexane and the whole was extracted three

times with hexane. The combined organic layers were washed with brine, dried over Na>SOs, and
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concentrated in vacuo. The crude mixture of acyl azide was obtained as colorless oil, which was
used in the next step without further purification.

The crude was dissolved in toluene (40 mL) and the solution was stirred for 1 h at 60 °C. The
mixture was concentrated in vacuo. The crude mixture of isocyanate was obtained as colorless
oil, which was used in the next step without further purification.

The crude was dissolved in THF (150 mL) and 10% aqueous HCI (150 mL) and the mixture was
stirred for 1.5 h at 60 °C. The whole was extracted three times with hexane. The combined organic
layers were washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/Et,O 50:1 to 20:1) to afford 121 (2.3 g,
83% from 119) as colorless oil.

TLC: R 0.52 (hexane/AcOEt 10:1).

"H NMR: 1.02 (s, 3H), 1.05-1.09 (m, 25H), 1.23 (sep, J = 7.5 Hz, 3H), 1.54-1.62 (m, 2H), 1.66
(dd, J = 8.0, 14.0 Hz, 1H), 2.18 (d, J = 15.5 Hz, 1H), 2.33-2.42 (m, 2H), 3.06 (d, J = 15.5 Hz,
1H), 3.39 (dd, J= 6.5, 11.5 Hz, 1H), 3.44 (dd, J=11.5, 11.5 Hz, 1H).

BC NMR: 12.7 (CH), 17.9 (CH3), 21.9 (CH3), 31.5 (CH3), 31.7 (CH3), 35.5 (CH), 36.8 (C), 37.8
(C),41.7 (CH), 42.1 (CH2), 42.6 (CHy), 51.9 (CH>), 61.2 (CH»), 105.6 (C), 202.5 (C).

IR (neat): 2947, 2866, 1794, 1462, 1246, 1103, 1061, 907, 883, 737.

HRMS-ESI (m/z): [M + Na]" caled. for C2,H4NaOsSi, 403.2639; found, 403.2639.

DIBAL

THF
~78°C,2h

121 122

(2R",2aS" ,4aS",7aR",7bS")-6,6,7b-Trimethyl-2a-
{(triisopropylsilyl)oxy}decahydrocyclobuta[b]cyclopenta[d]pyran-2-ol (122):

To a solution of ketone 121 (21 mg, 55 pumol) in dry THF (1.0 mL) was added diisobutylaluminum
hydride (1.0 M in toluene, 0.067 mL, 0.067 mmol) at —78 °C. After warming to room temperature,
the mixture was stirred for 2 h at the same temperature. The reaction was quenched with MeOH
and saturated aqueous potassium sodium tartrate. The whole was extracted three times with
AcOEt. The combined organic layers were washed with brine, dried over Na,SOs, and

concentrated in vacuo. The residue was purified by silica gel column chromatography
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(hexane/AcOEt 50:1 to 20:1) to afford 122 (21 mg, 98 %) as white solids.

TLC: Rr0.48 (hexane/AcOEt 10:1).

"H NMR: 0.96 (s, 3H), 1.02 (dd, J= 2.5, 13.5 Hz, 1H), 1.03 (s, 3H), 1.07-1.17 (m, 21H), 1.23 (s,
3H), 1.36 (dd, J = 0.5, 12.0 Hz, 1H), 1.45 (d, J = 10.0 Hz, 1H), 1.61 (dd, J = 8.5, 13.5 Hz, 1H),
1.95 (dd, J = 6.0, 12.0 Hz, 1H), 1.99 (td, J = 10.0, 7.0 Hz, 1H), 2.10 (d, J = 4.0 Hz, 1H), 2.26
(tddd, J=8.5,2.5,7.0, 8.5 Hz, 1H), 3.35 (d, /= 8.5 Hz, 2H), 3.99 (ddd, /= 0.5, 4.0, 6.0 Hz, 1H).
BC NMR: 13.1 (CH), 18.1 (CH3), 23.0 (CH3), 31.0 (CH3), 31.5 (CH3), 35.9 (CH), 36.7 (C), 36.9
(CH>), 42.4 (CH»), 42.5 (CH>), 44.4 (C), 44.5 (CH), 62.8 (CH), 74.4 (CH), 97.6 (C).

IR (neat): 3464, 2943, 2866, 1462, 1230, 1177, 1061, 883.

HRMS-ESI (m/z): [M + Na]" caled. for C2,H42NaOsSi, 405.2795; found, 405.2796.

Mp: 64-66 °C.

TBAF
NH,F

THF
rt, 15 min

122 ES2

(2R",2aR",4aS8",7aR",7bS")-6,6,7b-Trimethyloctahydrocyclobuta[b]cyclopenta|d]pyran-
2,2a(2H)-diol (ES2): To a solution of 122 (116 mg, 0.34 mmol) in THF (3 mL) were added NH4F
(23 mg, 0.51 mmol) and TBAF (1.0 M in THF, 051 mL, 0.51 mmol) at room temperature. The
mixture was stirred for 1 h at the same temperature. The mixture was quenched with saturated
aqueous NH4Cl. The whole was extracted three times with AcOEt. The combined organic layers
were washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/AcOEt 1:1) to afford ES2 (75 mg, 98 %) as white
solids.

TLC: R 0.24 (hexane/AcOEt 1:1).

"H NMR: 0.97 (s, 3H), 1.01 (dd, J = 4.0, 14.0 Hz, 1H). 1.04 (s, 3H), 1.25 (s, 3H), 1.40 (dd, J =
2.0, 10.5 Hz, 1H), 1.45 (br, 1H, OH), 1.46 (d, J = 9.5 Hz, 1H), 1.58 (dd, J = 8.5, 14.0 Hz, 1H),
2.01-2.06 (m, 2H), 2.30-2.39 (m, 2H), 2.90 (br, 1H, OH), 3.43 (dd, J = 11.0, 11.5 Hz, 1H), 3.46
(dd,J=6.5,11.5 Hz, 1H), 4.03 (d, /= 6.0 Hz, 1H).

BC NMR: 21.7 (CH3), 30.5 (CH3), 31.1 (CH3), 36.4 (CH), 37.1 (C), 37.4 (CH>), 41.9 (C), 42.1
(CH>), 42.2 (CH»), 43.7 (CH), 62.9 (C), 72.8 (CH), 97.2 (C).
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IR (neat): 3391, 2866, 1466, 1381, 1246, 1115, 1057, 1018, 910, 737.
HRMS-FAB (m/z): [M + Na] calcd. for Ci3H2,03Na, 249.1461; found, 249.1467.
Mp: 94-97 °C

2,2-dimethoxypropane
TsOH

rt, 30 min

(1aR*,4aS*,6aS*,9aR*,9bS*)-3,3,8,8,9b-Pentamethyloctahydro-6H-
[1,3]dioxolo[4',5':1,4]cyclobuta[1,2-b]cyclopenta]d]pyran (123): To a solution of ES2 (20 mg,
88 umol) in 2,2-dimethoxypropane (1.0 mL) was added a small amount of TsSOH (one crystal) at
the room temperature. The mixture was stirred for 30 min at the same temperature. The mixture
was diluted with AcOEt and the whole was washed with saturated aqueous NaHCO3 and brine.
The organic layer was dried over Na,SOs, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/AcOEt 10:1) to afford 123 (16 mg, 68 %) as white
solids.

TLC: Rr0.72 (hexane/AcOEt 3:1).

"H NMR: 0.97 (s, 3H), 1.07 (s, 3H), 1.08 (dd, J = 9.0, 12.5 Hz, 1H), 1.12 (s, 3H), 1.38 (dd, J =
3.0, 12.5 Hz, 1H), 1.44-1.56 (m, 9H), 1.89 (dd, J=6.5, 12.5 Hz, 1H), 2.18 (ddd, /= 8.5, 9.5, 10.0
Hz, 1H), 2.42-2.50 (m, 1H), 3.41 (dd, J=10.5, 11.0 Hz, 1H), 3.81 (dd, J=6.5, 11.0 Hz, 1H), 4.43
(dd, 3.0, 6.5 Hz, 1H).

BC NMR: 21.0 (CH3), 26.8 (CH3), 27.1 (CH3), 29.0 (CHs), 29.9 (CH3), 37.2 (CH), 38.3 (CH»),
38.4 (C), 38.5 (C), 41.7 (CH»), 43.9 (CH>), 44.0 (CH), 65.7 (CH»), 76.8 (CH), 107.0 (C), 113.4
(©).

IR (neat): 2951, 1770, 1462, 1373, 1242, 1211, 1150, 1069, 1006, 910, 864, 737.

HRMS-FAB (m/z): [M + H]" calcd. for C16H2703, 267.1955; found, 267.1960.

Mp: 58-60 °C
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122 124

(2R",2aR",4aS",7aR",7bS")-6,6,7b-Trimethyl-2-
{(triisopropylsilyl)oxy}octahydrocyclobuta[b]cyclopenta[d]pyran-2a(2H)-ol (124): To a
suspension of NaH (60% suspension in oil, 314 mg, 7.8 mmol) in dry THF (30 mL) was added a
solution of 122 (1.5 g, 3.9 mmol) in dry THF (10 mL) slowly at 0 °C. After warming to room
temperature, the mixture was stirred for 3 h at the temperature. The reaction was quenched with
saturated aqueous NH4Cl. The whole was extracted three times with AcOEt. The combined
organic layers were washed with brine, dried over Na,SOs, and concentrated in vacuo. The residue
was purified by silica gel column chromatography (hexane/AcOEt 20:1) to afford 124 (1.46 g,
97%) as colorless oil.

TLC: Rr0.48 (hexane/AcOEt 10:1).

'"H NMR: 0.97 (s, 3H), 1.01 (dd, J = 4.5, 13.5 Hz, 1H), 1.04-1.14 (m, 24H), 1.20 (s, 3H), 1.37
(dd, J=2.0, 11.5 Hz, 1H), 1.42-1.50 (m, 2H), 1.56 (dd, J= 8.0, 13.5 Hz, 1H), 2.01-2.07 (m, 2H),
2.33 (ddddd, J=4.5, 6.0, 7.5, 8.0, 11.5 Hz, 1H), 3.44 (dd, J = 11.5, 11.5 Hz, 1H), 3.51 (dd, J =
6.0, 11.5 Hz, 1H), 3.58 (s, 1H), 4.07 (dd, J= 2.0, 6.5 Hz, 1H).

BC NMR: 11.8 (CH), 17.8 (CH3), 21.6 (CH3), 30.5 (CH3), 31.0 (CH3), 36.6 (CH), 37.2 (C), 39.1
(CH>), 42.0 (CH»), 42.2 (C), 42.3 (CH»), 43.9 (CH), 63.6 (CH), 73.4 (CH), 97.0 (C).

IR (neat): 3564, 2943, 2866, 1462, 1157.

HRMS-ESI (m/z): [M + Na]" caled. for C2,H42NaOsSi, 405.2795; found, 405.2793.

H .
o LiBH,
H OTIPS THF
0°C,3h
124

(1R*,2R",45")-2-{(1S",2R")-2-(Hydroxymethyl)-4,4-dimethylcyclopentyl}-2-methyl-4-

85



(triisopropylsilyloxy)cyclobutan-1-o0l (128a) and

(1R*,28" 4R")-2-{(1R",2S")-2-(Hydroxymethyl)-4,4-dimethylcyclopentyl}-2-methyl-4-
(triisopropylsilyloxy)cyclobutan-1-ol (128b): To a solution of hemiacetal 124 (500 mg, 1.3
mmol) in THF (25 mL) was added a solution of LiBH4 (3.0 M in THF, 1.3 mL, 3.9 mmol) at —15
°C. After warming to 0 °C, the mixture was stirred for 3 h at the same temperature. The reaction
was quenched with saturated aqueous NH4CI. The whole was extracted three times with AcOE.
The combined organic layers were washed with brine, dried over Na,SO4, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 10:1 to
3:1) to afford 128a and 128b (460 mg, 92%, dr = 95:5) as colorless oil.

128a:

TLC: R 0.60 (hexane/AcOEt 3:1).

'"H NMR: 1.00 (s, 3H), 1.05-1.14 (m, 24H), 1.24 (s, 3H), 1.33 (dd, J = 12.0, 12.5 Hz, 1H), 1.39
(dd, J=6.0, 13.0 Hz, 1H), 1.44 (dd, J=7.0, 12.5 Hz, 1H), 1.47 (dd, J = 1.5, 12.5 Hz, 1H), 1.54
(dd, J=7.5,13.0 Hz, 1H), 1.92 (dd, /= 6.0, 12.5 Hz, 1H), 2.17 (ddd, /= 7.0, 7.5, 12.0 Hz, 1H),
2.33(ddddd, J=6.0,6.5,7.5,7.5, 8.5 Hz, 1H), 3.10 (br, 1H), 3.37 (dd, J= 8.5, 11.0 Hz, 1H), 3.72
(dd, J=6.5,11.0 Hz, 1H), 3.96 (d, J = 6.0 Hz, 1H), 4.39 (ddd, /= 1.5, 6.0, 7.5 Hz, 1H).

BC NMR: 11.8 (CH), 17.8 (CH3), 18.9 (CH3), 30.7 (CH3), 31.4 (CH3), 36.5 (C), 39.4 (CH>), 41.7
(CH»), 44.2 (CH), 44.5 (CH), 45.3 (C), 49.9 (CH), 63.4 (CH>), 68.0 (CH), 72.3 (CH).

IR (neat): 3406, 2928, 2866, 1462, 1366, 1153, 1049, 937, 910, 883.

HRMS-ESI (m/z): [M + Na]" calcd. for C2,HisNaO3S1,407.2952; found, 407.2956.

128b:

TLC: R 0.56 (hexane/AcOEt 3:1).

'"H NMR: 1.02 (s, 3H), 1.05-1.07 (m, 24H), 1.21 (dd, J = 5.5, 13.0 Hz, 1H), 1.26 (s, 3H), 1.27
(dd, J=17.5,11.5 Hz, 1H), 1.34 (dd, /= 12.5, 12.5 Hz, 1H), 1.46 (dd, J= 6.5, 12.5 Hz, 1H), 1.60
(dd, J=8.5, 13.0 Hz, 1H), 2.10 (dd, /= 9.0, 11.5 Hz, 1H), 2.21 (ddd, J = 6.5, 7.0, 12.5 Hz, 1H),
2.49 (ddddd, J=5.5,6.5,7.0, 8.5,9.0 Hz, 1H), 3.00 (br, 2H), 3.44 (dd, /= 6.5, 10.0 Hz, 1H), 3.70
(dd, J=9.0, 10.0 Hz, 1H), 3.82 (d, /= 5.5 Hz, 1H), 4.02 (ddd, /= 5.5, 7.5, 9.0 Hz, 1H).

BC NMR: 12.0 (CH), 17.9 (CH3), 26.1 (CH3), 30.2 (CHs), 31.3 (CH3), 35.7 (C), 37.8 (C), 39.3
(CH»), 42.7 (CHy), 43.5 (CH), 44.0 (CH), 44.4 (CHy), 63.9 (CH>), 71.2 (CH), 84.4 (CH).

IR (neat): 3391, 2924, 2866, 1462, 1365, 1169, 1092, 1069, 910, 737.

HRMS-ESI (m/z): [M + Na]" calcd. for C2,HsNaOsSi, 407.2952; found, 407.2948.
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: NaBH,
O oTips
H 0 EtOH

50°C, 10 h

(1R*,2R",45")-2-{(1S",2R")-2-(Hydroxymethyl)-4,4-dimethylcyclopentyl}-2-methyl-4-
{(triisopropylsilyl)oxy}cyclobutan-1-ol (128a),

(1R*,28" 4R")-2-{(1R",2S")-2-(Hydroxymethyl)-4,4-dimethylcyclopentyl}-2-methyl-4-
{(triisopropylsilyl)oxy}cyclobutan-1-ol (128b),
(1R*,28",35")-3-{(1R",2S")-2-(Hydroxymethyl)-4,4-dimethylcyclopentyl}-3-methyl-2-
{(triisopropylsilyl)oxy}cyclobutan-1-ol (129) and

(2R",2aR",4aR",7aS", 7bR")-6,6,7b-Trimethyl-2a-
{(triisopropylsilyl)oxy}decahydrocyclobuta[b]cyclopenta[d]pyran-2-ol (130): To a solution
of ketone 121 (50 mg, 0.131 mmol) in EtOH (3 mL) was added NaBH,4 (25 mg, 0.657 mmol) at
room temperature. The mixture was heated to 50 °C and stirred at the temperature. After 10 h, the
reaction was quenched by the addition of H,O. The solution was extracted three times with Et,O.
The combined organic layers were washed with brine, dried over Na,SO4, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 20:1 to
10:1 to 3:1) to afford the title compounds (128a + 128b: 709 mg, 50%, dr = 78:22, 129: 212 mg,
15%, 130: 452 mg, 32%) as colorless oil.

128a, 128b: descrided as above.

129:

TLC: R 0.36 (hexane/AcOEt 3:1).

'"H NMR: 1.02 (s, 3H), 1.07-1.14 (m, 24H), 1.29 (s, 3H), 1.42-1.45 (m, 3H), 1.57 (dd, J = 8.0,
14.0 Hz, 1H), 1.64 (d, J=13.5 Hz, 1H), 1.98 (dd, /= 5.5, 12.5 Hz, 1H), 2.08-2.13 (m, 1H), 2.18-
2.25 (m, 1H), 2.88 (br, 1H), 3.27 (dd, J = 10.5, 10.5 Hz, 1H), 3.59 (dd, J = 4.0, 10.5 Hz, 1H),
4.12-4.16 (m, 2H).

BC NMR: 12.0 (CH), 17.8 (CH3), 21.7 (CH3), 31.8 (CH3), 32.4 (CH3), 34.9 (CH>), 36.6 (C), 41.6
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(CH»), 42.9 (CH), 44.2 (CH), 45.5 (C), 49.1 (CH), 62.8 (CH>), 67.4 (CH), 71.5 (CH).

IR (neat): 3387, 2866, 1462, 1381, 1165, 1138, 1103, 1057, 1030, 910, 883.

HRMS-ESI (m/z): [M + Na]" calcd. for C2,HusNaOsSi, 407.2952; found, 407.2949.

130:

TLC: Rr0.40 (hexane/AcOEt 10:1).

"H NMR: 0.97 (s, 3H), 1.00-1.04 (m, 7H), 1.07-1.16 (m, 21H), 1.40-1.44 (m, 2H), 1.51 (dd, J =
13.0, 13.0 Hz, 1H), 1.60 (dd, /= 8.5, 13.5 Hz, 1H), 1.77 (dd, J = 8.0, 10.0 Hz, 1H), 1.97-2.03 (m,
1H), 2.21-2.27 (m, 1H), 2.62 (d, /= 11.5 Hz, 1H, OH), 3.34 (dd, /= 5.5, 11.5 Hz, 1H), 3.47 (dd,
J=11.5,12.0 Hz, 1H), 4.02 (ddd, /= 8.0, 8.0, 11.5 Hz, 1H).

BC NMR: 12.6 (CH), 17.9 (CH3), 18.0 (CHs), 22.7 (CH3), 31.5 (CHs), 31.8 (CH3), 36.0 (CH),
36.6 (C), 38.5 (C), 38.6 (CH>), 41.9 (CHy), 42.0 (CH>), 43.1 (CH), 61.2 (CH), 71.9 (CH), 97.6
(©).

IR (neat):3499, 2947, 2866, 1462, 1246, 1057, 921.

HRMS-ESI (m/z): [M + Na]" caled. for C22H42NaOsSi, 405.2795; found, 405.2796.

(COCl),, DMSO
5 chCly H cHo (E0),0P" " CO,Et
-78 OC, 1h; o NaH
: lene
.6h OTIPS T
811
128 127 131
Ethyl (E)-3-[(1R",2R")-4,4-Dimethyl-2-{(15",3R")-1-methyl-2-o0xo-3-

triisopropylsilyloxycyclobutyl}cyclopentyl]acrylate (131): To a solution of (COCI), (0.19 mL,
2.2 mmol) in CH>Cl, (10 mL) was added a solution of dimethyl sulfide (0.24 mL, 3.3 mmol) in
CH,Cl, (5.0 mL) at —78 °C. The mixture was stirred for a few minutes at the same temperature.
The mixture was added a solution of diol 128 (214 mg, 0.56 mol) in CH,Cl, (0.50 mL). After
another 1 h, the mixture was added triethylamine (0.93 mL, 6.7 mmol) and warmed to room
temperature. The mixture was stirred for 6 h at the same temperature. The mixture was quenched
with water. The whole was extracted three times with hexane. The combined organic layers were
washed with brine, dried over Na,SOs, and concentrated in vacuo. The crude mixture of aldehyde
127 was obtained as pale yellow oil. The material was employed in the next reaction without
further purification.

127:
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'"H NMR: 1.02 (s, 3H), 1.04-1.14 (m, 21H), 1.17 (s, 3H), 1.30 (dd, J = 7.0, 12.0 Hz, 1H), 1.33
(dd, J=12.0, 12.5 Hz, 1H), 1.38 (s, 3H), 1.56 (ddd, /= 0.5, 8.5, 14.0 Hz, 1H), 1.74 (dd, J = 7.0,
12.0 Hz, 1H), 1.91 (dd, J=4.5, 14.0 Hz, 1H), 2.42 (dd, /= 10.0, 12.0 Hz, 1H), 2.54 (ddd, J=7.0,
8.5,12.5 Hz, 1H), 3.01 (dddd, /= 3.0, 4.5, 8.5, 8.5 Hz, 1H), 4.81 (dd, /= 7.0, 10.0 Hz, 1H), 9.84
(d, J=3.0 Hz, 1H).

BCNMR: 11.9 (CH), 17.7 (CH3), 22.1 (CH3), 30.1 (CH3), 30.2 (CH3), 36.3 (CH>), 37.9 (C), 39.5
(CH>), 43.1 (CH»), 46.7 (CH), 53.5 (CH), 58.3 (C), 80.4 (CH), 203.5 (CH), 213.0 (C).

To a suspension of NaH (60% suspention in oil, 20 mg, 0.5 mmol) in dry toluene (5.0 mL) was
added triethyl phosphonoacetate (0.1 mL, 0.5 mmol) in dry toluene (0.50 mL) at 0 °C. After
warming to room temperature, the mixture was stirred for 30 min at the same temperature. The
suspension turned to a colorless solution (solution A).

To a solution of the crude of aldehyde 127 in dry toluene (0.50 mL) was added the solution A (2.6
mL) at room temperature. The mixture was stirred for 1 h at the same temperature. The mixture
was quenched with saturated aqueous NH4Cl. The whole was extracted three times with hexane.
The combined organic layers were washed with brine, dried over Na,SQO4, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 20:1) to
afford 131 (186 mg, 74% from 128) as colorless oil.

'"H NMR: 1.01 (s, 3H), 1.03—1.14 (m, 21H), 1.16 (s, 3H), 1.27 (s, 3H), 1.28-1.31 (m, 4H), 1.42
(dd, J=3.5, 14.0 Hz, 1H), 1.46 (dd, J=12.0, 12.0 Hz, 1H), 1.67 (dd, J= 7.0, 12.0 Hz, 1H), 1.76
(dd, J=8.0, 14.0 Hz, 1H), 2.29 (ddd, /= 6.5, 8.0, 12.0 Hz, 1H), 2.52 (dd, /= 10.0, 12.0 Hz, 1H),
2.94 (dddd, J=3.5, 6.5, 8.0, 10.5 Hz, 1H), 4.18 (qd, /= 7.0, 11.0 Hz, 1H), 4.22 (qd, /= 7.0, 11.0
Hz, 1H), 4.77 (dd, J = 7.0, 10.0 Hz, 1H), 5.76 (d, J = 15.5 Hz, 1H), 6.97 (dd, J=10.5, 15.5 Hz,
1H).

BC NMR: 11.9 (CH), 14.2 (CH3), 17.7 (CH3), 22.2 (CH3), 30.8 (CH3), 31.4 (CH3), 35.7 (CHo),
37.5(C), 42.7 (CH»), 44.6 (CH), 46.4 (CH»), 46.5 (CH), 58.7 (C), 60.3 (CH»), 80.9 (CH), 120.6
(CH), 150.0 (CH), 166.5 (C), 214.1 (C).

IR (neat): 2947, 1782, 1716, 1466, 1261, 1157, 995, 760.

HRMS-FAB (m/z): [M + H]" caled. for CosHa704Si, 451.3238; found, 451.3244.
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(E10),0P” “CN

H NCS, Me,S H 121 H
: OH toluene 5 5
| OH -20°C, 1h; NaH
H Et;N toluene
0°C 1h m2h
128 127 136

(E)-3-[(1R",2R")-4,4-Dimethyl-2-{(1S",3R")-1-methyl-2-oxo0-3-
triisopropylsilyloxycyclobutyl}cyclopentyl]acrylonitrile (136): To a solution of N-
chlorosuccinimide (28 mg, 0.21 mmol) in toluene (0.50 mL) was added dimethyl sulfide (18 uL,
0.25 mmol) at —20 °C. The mixture was stirred for 35 min at the same temperature. The mixture
was added a solution of diol 128 (20 mg, 53 umol) in toluene (0.50 mL). After another 40 min,
the mixture was added triethylamine (58 pL, 0.42 mmol) and warmed to 0 °C. The mixture was
stirred for 1 h at the same temperature. The mixture was quenched by the addition of water. The
whole was extracted three times with hexane. The combined organic layers were washed with
brine, dried over Na,SOs, and concentrated in vacuo. The crude mixture of aldehyde 115 was
obtained as pale yellow oil. The material was employed in the next reaction without further
purification.

To a suspension of NaH (60% suspension in oil, 2 mg, 50 umol) in dry toluene (0.50 mL) was
added a solution of 121 (9 mg, 50 mmol) in dry toluene (0.50 mL) at 0 °C. After warming to room
temperature, the mixture was stirred for 30 min at the same temperature. The suspension turned
to a colorless solution (solution A).

To a solution of the crude of aldehyde 127 in dry toluene (0.50 mL) was added the solution A at
0 °C. After warming to room temperature, the mixture was stirred for 1 h at the same temperature.
The mixture was quenched with saturated aqueous NH4Cl. The whole was extracted three times
with hexane. The combined organic layers were washed with brine, dried over Na,SO4, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(hexane/AcOEt 40:1 to 20:1) to afford 136 (8 mg, 38% from 128) as colorless oil.

TLC: R 0.32 (hexane/AcOEt 10:1).

'"H NMR: 1.02 (s, 3H), 1.04-1.13 (m, 21H), 1.15 (s, 3H), 1.25 (s, 3H), 1.31-1.42 (m, 3H), 1.72
(dd,J=7.0,12.0 Hz, 1H), 1.78 (dd, J= 8.0, 14.0 Hz, 1H), 2.32 (ddd, J = 6.5, 7.0, 12.5 Hz, 1H),
2.44 (dd, J=10.0, 12.0 Hz, 1H), 2.89-2.95 (m, 1H), 4.80 (dd, /= 7.0, 10.0 Hz, 1H), 5.30 (d, J =
16.0 Hz, 1H), 6.77 (dd, J=10.5, 16.0 Hz, 1H).

BC NMR: 11.9, 17.7, 18.0, 21.8, 30.5, 31.3, 36.0, 37.5, 42.5, 45.9, 46.2, 46.6, 58.6, 80.9, 99.1,
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117.4,156.8,213.3.
IR (neat): 2947, 2866, 2222, 1782, 1462, 1176, 995.
HRMS-ESI (m/z): [M + Na]" calcd. for C24H4NNaO,Si, 426.2799; found, 426.2797.

NCS, Me,S (Et0),OP” “COSEt H
toluene 123 :
—20 °C, 40 min; NaH
tol
0
128 127 138
S-Ethyl (E)-3-[(1R",2R")-4,4-Dimethyl-2-{(15",3R")-1-methyl-2-o0xo-3-

triisopropylsilyloxycyclobutyl}cyclopentyl|prop-2-enethioate (138): To a solution of N-
chlorosuccinimide (3.3 g, 25 mmol) in toluene (35 mL) was added dimethyl sulfide (2.2 mL, 30
mmol) at —20 °C. The mixture was stirred for 35 min at the same temperature. The mixture was
added a solution of diol 128 (2.4 g, 6.3 mmol, dr = 92:8) in toluene (15 mL). After another 40
min, the mixture was added triethylamine (6.9 mL, 50 mmol) and warmed to 0 °C. The mixture
was stirred for 1 h at the same temperature. The mixture was quenched by the addition of water.
The whole was extracted three times with hexane. The combined organic layers were washed with
brine, dried over Na,SOs, and concentrated in vacuo. The crude mixture of aldehyde 127 was
obtained as pale yellow oil. The material was employed in the next reaction without further
purification.

To a suspension of NaH (60% suspension in oil, 262 mg, 6.6 mmol) in dry toluene (10 mL) was
added a solution of S-ethyl 2-(diethoxyphosphoryl)ethanethioate (1.6 g, 6.6 mmol) in dry toluene
(15 mL) at 0 °C. After warming to room temperature, the mixture was stirred for 30 min at the
same temperature. The suspension turned to a colorless solution (solution A).

To a solution of the crude of aldehyde 127 in dry toluene (30 mL) was added the solution A at 0
°C. After warming to room temperature, the mixture was stirred for 11.5 h at the same temperature.
The mixture was quenched with saturated aqueous NH4Cl. The whole was extracted three times
with hexane. The combined organic layers were washed with brine, dried over Na,SO4, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(hexane/AcOEt 40:1 to 20:1) to afford 138 (2.27 g, 78% from 128) as white solids.

TLC: R 0.50 (hexane/AcOEt 10:1).
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'"H NMR: 1.02 (s, 3H), 1.04-1.13 (m, 21H), 1.16 (s, 3H), 1.26 (s, 3H), 1.29 (t, J = 7.5 Hz, 3H),
1.31 (dd, J=17.0, 12.5 Hz, 1H), 1.43 (dd, J = 3.5, 14.0 Hz, 1H), 1.46 (t, J = 12.5 Hz, 1H), 1.68
(dd, J=17.0, 12.5 Hz, 1H), 1.77 (dd, J = 8.0, 14.0 Hz, 1H), 2.31 (td, /= 7.0, 12.5 Hz, 1H), 2.51
(dd, /=10.0, 12.5 Hz, 1H), 2.91 (dddd, /= 3.5, 7.0, 8.0, 10.5 Hz, 1H), 2.95 (qd, J= 7.5, 15.5 Hz,
1H), 2.97 (qd, J= 7.5, 15.5 Hz, 1H), 4.77 (dd, J = 7.0, 12.0 Hz, 1H), 6.04 (d, J = 15.5 Hz, 1H),
6.89 (dd, J=10.5, 15.5 Hz, 1H).

BC NMR: 11.9 (CH), 14.7 (CH3), 17.8 (CH3), 22.2 (CH3), 23.1 (CH>), 30.7 (CH3), 31.4 (CHs),
35.8 (CHy), 37.6 (C), 42.7 (CH>), 44.6 (CH), 46.2 (CH»), 46.7 (CH), 58.7 (C), 80.9 (C), 128.0
(CH), 146.0 (CH), 189.9 (C), 214.0 (C).

IR (neat): 2943, 1782, 1667, 1462, 1173, 995.

HRMS-ESI (m/z): [M + Na]" calcd. for C26HssNaOsSSi, 489.2829; found, 489.2827.

Mp: 118-121 °C.

1) DIBAL
CH,Cl,, ~78°C, 1 h
2) IBX
DMSO, rt, 2.5 h
131 139

(E)-3-[(1R",2R")-4,4-Dimethyl-2-{(15",3R")-1-methyl-2-oxo0-3-
triisopropylsilyloxycyclobutyl}cyclopentyl]acrylaldehyde (139): To a solution of ester 131
(264 mg, 0.59 mmol) in dry CH»Cl, (5.0 mL) was added diisobutylaluminum hydride (1.0 M in
toluene, 2.9 mL, 2.9 mmol) at —78 °C. The mixture was stirred for 1 h at the same temperature.
The reaction was quenched with MeOH and saturated aqueous potassium sodium tartrate. The
whole was extracted three times with AcOEt. The combined organic layers were washed with
brine, dried over Na,SO4, and concentrated in vacuo. A crude of diol was obtained and the
material was employed in the next reaction without further purification.

To a solution of the crude in DMSO (6.0 mL) was added IBX (492 mg, 1.76 mmol) at room
temperature. The mixture was stirred for 2.5 h at the same temperature. The mixture was added
water, and extracted three times with hexane. The combined organic layers were washed with
brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by silica gel

column chromatography (hexane/AcOEt 20:1) to afford 139 (166 mg, 70% from 131) as colorless
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oil.

TLC: R 0.56 (hexane/AcOEt 3:1).

'"H NMR: 1.04-1.13 (m, 24H), 1.17 (s, 3H), 1.26 (s, 3H), 1.40-1.50 (m, 3H), 1.67 (dd, J = 7.0,
11.5 Hz, 1H), 1.81 (dd, J=7.0, 13.5 Hz, 1H), 2.36-2.43 (m, 1H), 2.46 (dd, J=10.0, 11.5 Hz, 1H),
3.06-3.12 (m, 1H), 4.82 (dd, J = 7.0, 10.0 Hz, 1H), 6.07 (dd, J= 8.0, 15.5 Hz, 1H), 6.95 (dd, J =
9.5, 15.5 Hz, 1H), 9.55 (d, /= 8.0 Hz, 1H).

BCNMR: 11.9 (CH), 17.7 (CH3), 21.7 (CH3), 30.4 (CH3), 31.2 (CH3), 36.3 (CH»), 37.5 (C), 42.7
(CHy), 45.1 (CH), 46.5 (CH), 46.8 (CH), 59.0 (C), 80.7 (CH), 132.1 (CH), 159.4 (CH), 193.8
(CH), 213.5 (C).

IR (neat): 2947, 2866, 1782, 1690, 1462, 1177, 995.

HRMS-ESI (m/z): [M + Na]" calcd. for C24H4NaOsSi, 429.2795; found, 429.2793.

Mesp

neat
rt, 10.5h

14

S-Ethyl (2R",2aR",4aR’,7aR",7bS")-2a-Hydroxy-6,6,7b-trimethyl-2-(triisopropylsilyloxy)-
2,2a,4a,5,6,7,7a,7b-octahydro-1H-cyclobuta[e]indene-3-carbothioate (141): Thioester 138
(500 mg, 1.1 mmol) was dissolved in Mes;P (0.50 mL, 4.8 mmol) at room temperature. The
mixture was stirred for 10.5 h at the temperature. The mixture concentrated in vacuo. The residue
was purified by silica gel column chromatography (hexane/AcOEt 40:1 to 20:1) to afford 141
(346 mg, 69%) as colorless oil.

TLC: R 0.64 (hexane/AcOEt 10:1).

'"H NMR: 1.00 (s, 3H), 1.05-1.11 (m, 2H), 1.13-1.20 (m, 3H), 1.25 (t, J = 7.5 Hz, 3H), 1.28 (s,
3H), 1.33 (dd, J=12.5, 13.0 Hz, 1H), 1.42 (dd, /= 7.0, 13.0 Hz, 1H), 1.43 (d, /= 13.0 Hz, 1H),
1.58 (dd, J= 1.5, 13.5 Hz, 1H), 1.82 (dd, J=5.5, 13.5 Hz, 1H), 1.87 (dd, J = 8.5, 13.5 Hz, 1H),
2.00 (td, J=17.0, 12.5 Hz, 1H), 2.67 (tdd, J = 1.5, 7.0, 8.5 Hz, 1H), 2.86 (qd, J = 7.5, 13.5 Hz,
1H), 2.92 (qd, J=17.5, 13.5 Hz, 1H), 3.54 (s, 1H, OH), 4.32 (d, /= 5.5 Hz, 1H), 6.58 (d, J=1.5
Hz, 1H).

BC NMR: 12.0 (CH), 14.5 (CH3), 17.9 (CH3), 22.3 (CH3), 23.2 (CH>), 31.76 (CH3), 31.85 (CHs),
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36.9 (CH>),37.7(C),39.2(CH), 41.8 (CH), 44.2 (C),44.7 (CH), 47.4 (CH»), 71.1 (C), 74.2 (CH),
139.7 (C), 142.1 (CH), 193.2 (C).

IR (neat): 3526, 2943, 2866, 1670, 1462, 1145, 880.

HRMS-ESI (m/z): [M + Na]" calcd. for C26HssNaOsSSi, 489.2829; found, 489.2828.

Me3P

neat
rt, 1 h

142

(2R",2aR",4aR",7aR",7bS")-2,2a-Dihydroxy-6,6,7b-trimethyl-2,2a,4a,5,6,7,7a,7b-octahydro-
1H-cyclobutale]indene-3-carbaldehyde (142): Aldehyde 139 (166 mg, 0.41 mmol) was
dissolved in Me;P (0.40 mL, 3.9 mmol) at room temperature. The mixture was stirred for 1 h at
the temperature. The mixture concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane/AcOEt 20:1) to afford 141 (103 mg, 62%) as colorless oil.

TLC: R 0.44 (hexane/AcOEt 10:1).

"H NMR: 0.99 (s, 3H), 1.00 (s, 3H), 1.07-1.16 (m, 21H), 1.27 (dd, J = 12.5, 12.5 Hz, 1H), 1.32
(s,3H), 1.43 (dd, /= 6.5, 12.5 Hz, 1H), 1.47 (d, /= 12.5 Hz, 1H), 1.59 (dd, /= 2.5, 13.0 Hz, 1H),
1.79 (dd, J=5.5, 12.5 Hz, 1H), 1.95 (dd, /= 9.0, 13.0 Hz, 1H), 2.07 (ddd, J = 6.5, 8.0, 12.5 Hz,
1H), 2.79 (dddd, J = 2.0, 2.5, 8.0, 9.0 Hz, 1H), 3.50 (s, 1H, OH), 4.04 (d, J = 5.5 Hz, 1H), 6.67
(d, J=2.0 Hz, 1H), 9.57 (s, 1H).

BC NMR:11.9 (CH), 17.9 (CH3), 22.0 (CH3), 31.3 (CH3), 31.6 (CH3), 37.1 (CH>), 37.8 (C), 39.6
(CH), 42.0 (CHy), 43.6 (C), 44.6 (CH), 46.9 (CH>), 70.0 (C), 73.9 (CH), 139.4 (C), 153.6 (CH),
193.3 (CH).

IR (neat): 3526, 2943, 2866, 1697, 1462, 1149, 1041.

HRMS-ESI (m/z): [M + Na]" calcd. for C24H4NaOsSi, 429.2801; found, 429.2802.
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Sml,, MeOH
THF
0°C,1h
OAc
143 144
Ethyl 2-{(1R",2aR",2bS",5aR" ,6aS")-1-(Acetoxymethyl)-6a-hydroxy-2a,4,4-

trimethyldecahydrocyclobuta[a]pentalen-6-yl}acetate (144): To a mixed solvent of dry THF
(0.2 mL) and dry MeOH (0.2 mL) was added a 0.1 M solution of Sml (0.5 mL, 50 umol) at 0 °C.
The mixture was stirred for a few minutes at the same temperature. The mixture was added a
solution of keton 143 (3 mg, 8.6 umol) in dry THF (0.3 mL).The mixture was stirred for 1 h at
the same temperature. The mixture was quenched with satulated aqueous NaCl. The whole was
extracted three times with AcOEt. The combined organic layers were washed with brine, dried
over Na;SQOy, and concentrated in vacuo. The residue was purified by PTLC (hexane/AcOEt 3:1)
to afford the title compound 144 (3 mg, quant.) as colorless oil.

TLC: R 0.49 (hexane/AcOEt 3:1).

"H NMR: 0.856 (s, 3H), 0.909 (t, J = 7.0, 3H), 0.992 (s, 3H), 1.08 (dd, J = 3.0, 13.5, 1H), 1.19
(s,3H),1.23(dd,J=7.0, 12.0, 1H), 1.30-1.50 (m, 4H), 1.73 (s, 3H), 1.75-1.84 (m, 1H), 2.00 (ddd,
J=6.0,7.0,13.0 Hz, 1H), 2.10 (ddd, /= 5.0, 9.0, 11.0 Hz, 1H), 2.24-2.36 (m, 3H), 3.81 (dq, J =
11.0, 7.0 Hz, 1H), 3.86 (dq, J = 11.0, 7.0 Hz, 1H), 4.26 (dd, J = 6.0, 11.0 Hz, 1H), 4.42 (s, 1H),
4.56 (dd, J=9.0, 11.0 Hz, 1H).

BC NMR: 14.1 (CH3), 18.8 (CH3), 21.0 (CH3), 30.2 (CH3), 31.5 (CH3), 32.8 (CH»), 33.2 (CHo),
33.4 (CH), 40.5 (C), 43.7 (CH>), 44.6 (CH»), 46.9, 47.0 (CH), 52.2 (CH), 54.4 (CH), 61.0, (CH>)
65.2 (CH), 84.2 (C), 171.0 (C), 175.2 (C).

IR (neat): 3460, 2931, 2862, 1717, 1458, 1373, 1242.

HRMS-ESI: m/z: [M+Na]" calcd. for C20H3:NaOs, 375.2142; found, 275.2142.

RSLi, MegAl

THF, 0°C

OAc
143 145
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Ethyl 2-{(3aR",4S",6S",7aS")-6-(4-tert-Butylphenylthiomethyl)-2,2,4-trimethyl-5-
oxooctahydro-1H-4,6-methanoinden-7-yl}acetate (145): To a solution of 4-(¢-
butyl)benzenethiol (0.5 ml, 3.0 mmol) in dry THF (3.0 mL) were added a 1.6 M hexaneolution
of n-BuLi (1.88mL, 3.0 mmol) and a 2.0 M toluene solution of AlMes (1.5 mL, 3.0 mmol) at —78
°C. After warming to 0 °C,

The mixture was stirred for a few minutes (solution B).

To a solution of ketone 143 (3 mg, 8.6 umol) in dry THF (0.2 mL) was added the solution B (0.02
mL, 8.6 pumol) at 0 °C. The mixture was stirred for 1 h at the same temperature. The reaction was
quenched with satulated aqueous NaHCO3;. The whole was extracted three times with hexane.
The combined organic layers were washed with brine, dried over Na,SQO4, and concentrated in
vacuo. The residue was purified by PTLC (hexane/AcOEt 3:1) to afford 145 (5 mg, quant.) as
pale yellow oil.

TLC: R 0.66 (hexane/AcOEt 3:1).

"H NMR: 0.857 (s, 3H), 0.991 (s, 3H), 1.04 (s, 3H), 1.14 (t,J = 12.0 Hz, 1H), 1.21 (dd, 10.5, 12.5
Hz, 1H), 1.26 (t, J=7.0 Hz, 3H), 1.29 (s, 9H), 1.53 (ddd, J= 2.0, 7.5, 12.5 Hz, 1H), 1.68 (d, J =
10.0 Hz, 1H), 1.71 (ddd, J= 2.0, 8.0, 12.0 Hz, 1H), 1.82 (d, /= 10.0 Hz, 1H), 2.15-2.25 (m, 1H),
2.41(dd, J=11.5, 14.5 Hz, 1H), 2.53-2.60 (m, 2H), 2.95 (dd, /= 7.5, 10.5 Hz, 1H), 2.98 (d, J =
13.0 Hz, 1H), 3.14 (d, J = 13.0 Hz, 1H), 4.12 (dq, J = 11.0, 7.0 Hz, 1H), 4.16 (dq, J = 11.0, 7.0
Hz, 1H), 7.24-7.32 (m, SH).

BC NMR: 14.3 (CH3), 16.1 (CH3), 26.3 (CH3), 28.7 (CHs), 31.22 (CH>), 31.24 (CHs), 34.4 (O),
34.9 (CH), 37.7 (CH»), 38.6 (CH), 39.0 (C), 44.3 (CHz), 49.9 (CH), 50.3 (CH>), 54.7 (CH), 60.6
(CH>), 63.0 (C), 65.4 (C), 126.0 (CH), 129.2 (CH), 133.6 (C), 149.4 (C), 172.4 (C), 213.8 (C).
IR (neat): 2955, 2866, 1767, 1732, 1489, 1462, 1288, 1157.

HRMS-ESI: m/z: [M+Na]" calcd. for C2sH40NaO;S, 479.2590; found, 479.2588.

TBAF
NH,F

THF
0°C,1h

141 146

S-Ethyl  (2R",2aR’,4aR",7aR’,7bS")-2,2a-Dihydroxy-6,6,7b-trimethyl-2,2a,4a,5,6,7,7a,7b-
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octahydro-1H-cyclobuta|e]indene-3-carbothioate (146): To a solution of 141 (200 mg, 0.43
mmol) in THF (10 mL) were added NH4F (36 mg, 0.97 mmol) and TBAF (1.0 M in THF, 0.77
mL, 0.77 mmol) at 0 °C. The mixture was stirred for 1 h at the same temperature. The mixture
was quenched with saturated aqueous NH4CI. The whole was extracted three times with AcOE.
The combined organic layers were washed with brine, dried over Na,SO4, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 5:1 to 3:1)
to afford 146 (120 mg, 91 %) as white solids.

TLC: R 0.40 (hexane/AcOEt 3:1).

"H NMR: 1.00 (s, 3H), 1.02 (s, 3H), 1.28 (t, J = 7.5 Hz, 3H), 1.29 (t, J = 12.5 Hz. 1H), 1.31 (s,
3H), 1.44 (dd, J=7.0, 12.5 Hz, 1H), 1.48 (dd, J= 0.5, 13.0 Hz, 1H), 1.58 (dd, J= 1.5, 13.0 Hz,
1H), 1.78 (dd, J= 6.0, 13.0 Hz, 1H), 1.92 (dd, J=9.0, 13.0 Hz, 1H), 2.04 (ddd, /= 7.0, 7.5, 12.5
Hz, 1H), 2.76-2.79 (m, 1H), 2.91 (qd, J=7.5, 13.5 Hz, 1H), 2.95 (qd, J= 7.5, 13.5 Hz, 1H), 3.32
(br, 1H, OH), 3.96-3.98 (m, 1H), 4.18 (s, 1H, OH), 6.84-6.85 (m, 1H).

BC NMR: 14.5 (CH3), 22.5 (CH3), 23.3 (CH>), 31.5 (CH3), 31.7 (CH3), 35.7 (CHa), 37.7 (O),
39.6 (CH), 41.9 (CH), 43.5 (C), 44.5 (CH), 47.1 (CHy), 71.2 (C), 73.0 (CH), 138.0 (C), 144.8
(CH), 195.6 (C).

IR (neat): 3464, 2943, 1651, 1454, 1138, 910.

HRMS-ESI (m/z): [M + Na]" calcd. for C17H2¢NaOsS, 333.1495; found, 333.1497.

Mp: 108-110 °C.

X-ray: Recrystallization from hot hexane gave colorless platelets suitable for X-ray crystal
structural analysis: monoclinic, P 21/c; a=11.968 (2), b=12.136 (3), ¢ = 11.618 (3); p =95.415
(2); V=1680.0 (7), Z=4, D, = 1.23.

NCS, Me,S
toluene
—20 °C, 40 min;

EtsN
0°C, 1h

146 149

S-Ethyl (2aR’,4aR",7aR’,7bS")-2a-Hydroxy-6,6,7b-trimethyl-2-0x0-2,2a,4a,5,6,7,7a,7b-
octahydro-1H-cyclobutae]indene-3-carbothioate (149): To a solution of N-chlorosuccinimide

(123 mg, 0.92 mmol) in toluene (5.0 mL) was added a solution of dimethyl sulfide (1.0 M in
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toluene, 1.1 mL, 1.1 mmol) at =20 °C. The mixture was stirred for 40 min at the same temperature.
The mixture was added a solution of diol 146 (191 mg, 0.62 mmol) in toluene (5.0 mL). After
another 40 min, the mixture was added triethylamine (0.26 mL, 1.9 mmol) and warmed to 0 °C.
The mixture was stirred for 1 h at the same temperature. The solution was quenched with water.
The whole was extracted three times with hexane. The combined organic layers were washed with
brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/AcOEt 10:1 to 5:1) to afford 149 (165 mg, 87 %) as white solids.
TLC: Rr 0.40 (hexane/AcOEt 3:1).

"H NMR: 1.05 (s, 3H), 1.06 (s, 3H), 1.22 (s, 3H), 1.28 (t, J = 7.5 Hz, 1H), 1.36 (t, J = 13.0 Hz,
1H), 1.59 (d, /= 7.0, 13.0 Hz, 1H), 1.65 (dd, J = 2.0, 13.5 Hz, 1H), 2.05 (dd, /= 9.5, 13.5 Hz,
1H), 2.41 (d, J=16.0 Hz, 1H), 2.48 (ddd, J = 7.0, 7.5, 13.0 Hz, 1H), 2.79 (d, /= 16.0 Hz, 1H),
2.92 (dddd, J=12.0,2.5,7.5,9.5 Hz, 1H), 2.94 (qd, /= 7.5, 13.5 Hz, 1H), 2.97 (qd, J= 7.5, 13.5
Hz, 1H), 4.61 (s, 1H, OH), 7.01 (d, J = 2.5 Hz, 1H).

BC NMR: 14.5 (CH3), 20.4 (CH3), 23.4 (CH>), 31.2 (CH3), 31.6 (CH3), 36.5 (C), 38.4 (C), 39.8
(CH), 42.0 (CH), 42.6 (CH), 46.5 (CH), 51.7 (CHy), 86.3 (C), 131.9 (C), 146.0 (CH), 194.2 (O),
204.0 (C).

IR (neat): 3464, 2951, 2932, 2866, 1782, 1636, 1450, 1377, 1173, 1103, 764.

HRMS-ESI (m/z): [M + Na]" caled. for Ci7H24NaOsS, 331.1338; found, 331.1336.

Mp: 83-85 °C.

NaBH(OAC),

CH,Cl,
0°C,7.5h

149 150

S-Ethyl  (2R",2a$",4aS$",7aS",7bR")-2,2a-Dihydroxy-6,6,7b-trimethyl-2,2a,4a,5,6,7,7a,7b-
octahydro-1H-cyclobuta|e]indene-3-carbothioate (150): To a solution of 149 (426 mg, 1.4
mmol) in CH,Cl, (30 mL) was added sodium triacetoxyborohydride (1.5 g, 6.9 mmol) at 0 °C.
After warming to room temperature, the mixture was stirred for 7.5 h at the same temperature.
The mixture was quenched with saturated aqueous NaHCO3. The whole was extracted three times
with AcOEt. The combined organic layers were washed with brine, dried over Na,SO4, and

concentrated in vacuo. The residue was purified by silica gel column chromatography
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(hexane/AcOEt 3:1) to afford the title compound 150 (291 mg, 68 %) as white solids.

TLC: R 0.28 (hexane/AcOEt 3:1).

'"H NMR: 1.01 (s, 3H), 1.02 (s, 3H), 1.20 (s, 3H), 1.27-1.33 (m, 5H), 1.45 (dd, J= 7.0, 12.5 Hz,
1H), 1.55 (dd, J = 2.0, 13.5 Hz, 1H), 1.88 (dd, J = 8.5, 11.5 Hz, 1H), 1.92 (dd, J=9.5, 13.5 Hz,
1H), 2.14 (ddd, J=17.0, 7.5, 12.5 Hz, 1H), 2.63 (br, 1H, OH), 2.86 (tdd:, /=2.0, 7.5, 9.5 Hz, 1H),
294 (qd,J=17.5, 13.5Hz, 1H),2.97 (qd, J=7.5, 13.5 Hz, 1H), 3.80 (br, 1H, OH), 4.41 (t,J=8.5
Hz, 1H), 6.98 (d, /= 2.0 Hz, 1H).

BC NMR: 14.5 (CH3), 22.0 (CH3), 23.5 (CH>), 31.2 (CH3), 31.6 (CH3), 34.5 (CH>), 36.7 (C),
37.8 (C), 39.7 (CH), 41.7 (CH>), 43.8 (CH), 46.8 (CH>), 76.1 (CH), 136.1 (C), 145.9 (CH), 198.1
(©).

IR (neat): 3449, 2947, 2866, 1643, 1447, 1377, 1204, 1080, 980, 768.

HRMS-ESI (m/z): [M + Na]" calcd. for C17H26NaOsS, 333.1495; found, 333.1498.

Mp: 80-82 °C.

X-ray: Recrystallization from hot hexane gave colorless platelets suitable for X-ray crystal
structural analysis: triclinic P P —1; a = 8.372 (6), b = 9.957 (7), ¢ = 10.205 (6); o = 94.49 (5), p
=102.94 (5), y=99.05 (5); ¥=2813.1(10), Z=2, D, =1.27.

orsellinic acid
EDC-+HCI, DMAP

CICH,CH,CI
60 °C, 25.5h OH

150 152

(2R",2aS" ,4aS",7aS",7bR")-3-Ethylthiocarbonyl-2a-hydroxy-6,6,7b-trimethyl-

2,2a,4a,5,6,7,7a,7b-octahydro-1H-cyclobuta[e]inden-2-yl 2,4-Dihydroxy-6-methylbenzoate
(152): To a solution of 150 (100 mg, 0.322 mmol) in 1,2-dichloroethane (2.0 mL) were added
DMAP (197 mg, 1.61 mmol), EDC*HCI (309 mg, 1.61 mmol) and orsellinic acid (271 mg, 1.61
mmol) at room temperature. After heating to 60 °C, the mixture was stirred for 25.5 h at the same
temperature. The mixture was quenched with saturated aqueous NH4Cl. The whole was extracted
three times with AcOEt. The combined organic layers were washed with brine, dried over Na,SOs,

and concentrated in vacuo. The residue was purified by silica gel column chromatography
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(hexane/AcOEt 3:1) followed by HPLC (YMC Multiple Preparative HPLC LC-forte/R, YMC-
GPC T2000) to afford 152 (94 mg, 62%) as white solids.

TLC: Rr0.76 (hexane/AcOEt 1:1).

'"H NMR: 0.92 (t,J= 7.5 Hz, 3H), 1.00 (s, 3H), 1.01 (s, 3H), 1.32 (s, 3H), 1.35 (dd, J=12.5, 13.0
Hz, 1H), 1.49 (dd, J= 7.0, 12.5 Hz, 1H), 1.55 (dd, J=2.5, 13.5 Hz, 1H), 1.66 (dd, J= 9.0, 11.0
Hz, 1H), 1.96 (dd, J=9.5, 13.5 Hz, 1H), 1.98 (dd, J=9.0, 11.0 Hz, 1H), 2.23 (ddd, J = 7.0, 7.0,
12.5 Hz, 1H), 2.38 (s, 3H), 2.56 (qd, J= 7.5, 13.5 Hz, 1H), 2.60 (qd, /= 7.5, 13.5 Hz, 1H), 2.92
(dddd, J=1.5, 2.5, 7.0, 9.5 Hz, 1H), 4.89 (s, 1H, OH), 5.60 (br, 1H, OH), 5.70 (dd, J = 9.0, 9.0
Hz, 1H), 6.16 (d, J=2.0 Hz, 1H), 6.25 (d, J=2.0 Hz, 1H), 7.00 (d, /= 1.5 Hz, 1H), 11.75 (s, 1H,
OH).

BC NMR: 13.9 (CH3), 21.6 (CH3), 23.1 (CH,), 24.4 (CH3), 31.0 (CH3), 31.4 (CH3), 32.3 (CHo),
37.7 (C), 37.9 (C), 39.6 (CH), 41.7 (CH), 43.4 (CH), 46.6 (CH>), 76.6 (CH), 76.9 (C), 101.1
(CH), 105.1 (C), 111.3 (CH), 134.4 (C), 144.1 (C), 145.9 (CH), 160.7 (C), 165.4 (C), 170.8 (C),
196.2 (C).

IR (neat): 3356, 2951, 1651, 1447, 1311, 1257, 1099, 733.

HRMS-ESI (m/z): [M + Na]" calcd. for C2sH3NaOeS, 483.1812; found, 483.1809.

Mp: 190-193 °C.

H H

: COSEt Pd/C, Et3SiH : CHO
OH rt, 1.5 h OH
152 melleolide

Melleolide: To a solution of 152 (20 mg, 43 umol) in CH»Cl, (5.0 mL) were added Pd/C (10 wt%,
46 mg, 43 pmol), MgSO4 (105 mg, 0.868 mmol) and triethylsilane (35 pL, 0.22 mmol) at room
temperature. The mixture was stirred for 1.5 h at the same temperatur. After the mixture was
filtured through Celite®™, the filter cake was washed with Et;O. The filtrate was concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 3:1) to
afford melleolide (15 mg, 88%) as white solids.

TLC: Rr0.16 (hexane/AcOEt 3:1).

'"H NMR: 1.00 (s, 3H), 1.03 (s, 3H), 1.29 (dd, J = 13.0, 13.0 Hz, 1H), 1.33 (s, 3H), 1.50 (dd, J =
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7.0, 12.5 Hz, 1H), 1.58 (dd, J=9.0, 11.5 Hz, 1H), 1.59 (dd, J= 3.0, 13.5 Hz, 1H), 2.02 (dd, J =
9.5, 13.5 Hz, 1H), 2.07 (dd, J= 8.5, 11.5 Hz, 1H), 2.28 (ddd, J = 7.0, 7.0, 13.0 Hz, 1H), 2.28 (s,
3H), 3.03 (dddd, J = 2.0, 3.0, 7.0, 9.5 Hz, 1H), 4.47 (s, 1H, OH), 5.66 (dd, J = 8.5, 9.0 Hz, 1H),
6.14 (d, J= 2.0 Hz, 1H), 6.14 (br, 1H, OH), 6.20 (d, J= 2.0 Hz, 1H), 6.82 (d, J = 2.0 Hz, 1H),
9.47 (s, 1H), 11.64 (s, 1H, OH).

(CD:CL2): 0.99 (s, 3H), 1.02 (s, 3H), 1.26 (dd, J=13.0, 13.5 Hz, 1H), 1.30 (s, 3H), 1.49 (dd, J =
7.0, 13.0 Hz, 1H), 1.59 (dd, J = 2.5, 13.5 Hz, 1H), 1.61 (dd, J=9.0, 11.5 Hz, 1H), 2.02 (dd, J =
9.5, 13.5 Hz, 1H), 2.04 (dd, J = 8.5, 11.5 Hz, 1H), 2.25-2.30 (m, 1H), 2.29 (s, 3H), 3.03 (dddd, J
=2.0,25,7.0,9.5Hz, 1H), 4.36 (s, IH, OH), 5.64 (dd, J = 8.5, 9.0 Hz, 1H), 5.76 (s, 1H, OH),
6.16 (d,J=2.0 Hz, 1H), 6.20 (d, /= 2.0 Hz, 1H), 6.83 (d, J=2.0 Hz, 1H), 9.45 (s, 1H), 11.62 (s,
1H, OH).

BC NMR: 21.2 (CH3), 24.5 (CH3), 31.0 (CH3), 31.5 (CH3), 33.0 (CH>), 37.5 (C), 38.0 (C), 40.3
(CH), 41.6 (CH»), 44.0 (CH), 46.5 (CH>), 75.1 (C), 77.1 (CH), 101.4 (CH), 105.1 (C), 111.3 (CH),
137.3 (C), 143.3 (C), 158.7 (CH), 160.6 (C), 165.4 (C), 170.7 (C), 196.1 (CH).

(CD:CLy): 21.3 (CHs), 24.7 (CH3), 31.2 (CH3), 31.7 (CHs), 33.1 (CH»), 37.8 (C), 38.2 (C), 40.8
(CH), 42.0 (CH»), 44.4 (CH), 46.8 (CH>), 75.6 (C), 77.5 (CH), 101.5 (CH), 105.6 (C), 111.5 (CH),
137.7 (C), 144.1 (C), 159.2 (CH), 160.9 (C), 165.9 (C), 171.2 (C), 196.7 (CH).

IR (neat): 3371, 2951, 1647, 1447, 1312, 1258, 1096.

HRMS-ESI (m/z): [M + Na]" calcd. for C23H2sNaOg, 423.1778; found, 423.1777.

Mp: 188-190 °C

'H NMR, C NMR and IR spectra were well identical with the reported data®®.

LAH

Et,0
tt, 5.5 h

141 echinocidin D

Echinocidin D: To a suspension of LAH (8.0 mg, 0.21 mmol) in dry Et;O (0.50 mL) was added
a solution of 141 (10 mg, 21 pmol) in Et;O (0.50 mL) at 0 °C. After warming to room temperature,
the mixture was stirred for 5.5 h at the same temperature. The mixture was quenched with

saturated aqueous potassium sodium tartrate. The solution was extracted three times with AcOEt.
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The combined organic layers were washed with brine, dried over Na,SQO4, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane/AcOEt 1:3) to
afford echinocidin D (4.2 mg, 78%) as white solids.

TLC: R 0.20 (hexane/AcOEt 1:3).

'"H NMR: 0.98 (s, 3H), 1.02 (s, 3H), 1.26 (s, 3H), 1.36 (dd, J= 12.5, 13.0 Hz, 1H), 1.38 (dd, J =
6.5, 12.5 Hz, 1H), 1.40 (dd, /= 1.0, 13.0 Hz, 1H), 1.48 (dd, /= 2.0, 13.5 Hz, 1H), 1.82 (dd, J =
9.0,13.5 Hz, 1H), 1.84 (dd, /= 6.5, 13.0 Hz, 1H), 1.99 (ddd, /= 6.5, 7.0, 13.0 Hz, 1H), 2.60 (ddd,
J=2.0,7.0,9.0 Hz, 1H), 2.94 (br, 1H, OH), 3.23 (br, 1H, OH), 3.85 (br, 1H, OH), 3.94 (dd, J =
1.0, 6.5 Hz, 1H), 4.07 (d, J = 12.0 Hz, 1H), 4.30 (dd, /= 1.0, 12.0 Hz, 1H), 5.60 (d, J = 1.0 Hz,
1H).

BC NMR: 22.2 (CH3), 31.9 (CH3), 32.0 (CH3), 35.8 (CH»), 37.9, (C), 38.7 (CH), 41.8 (CH>), 44.0
(C), 45.0 (CH), 47.7 (CH>), 65.3 (CHy), 72.7 (C), 73.2 (CH), 134.1 (CH), 134.5 (C).

IR (neat): 3395, 2928, 2866, 1450, 1389, 1362, 1192, 1138, 1022, 910, 733.

HRMS-ESI (m/z): [M + Na]" caled. for CisH4NaOs, 275.1618; found, 275.1616.

Mp: 87-89 °C.

'H NMR, *C NMR and IR spectra were well identical with the reported data’.

LAH

Et,0
i, 1h

150 echinocidin B

Echinocidin B: To a suspension of LAH (12 mg, 0.32 mmol) in dry Et;O (0.50 mL) was added
a solution of 150 (10 mg, 32 pmol) in Et;O (0.50 mL) at 0 °C. After warming to room temperature,
the mixture was stirred for 1 h at the same temperature. The mixture was quenched with saturated
aqueous potassium sodium tartrate. The solution was extracted three times with AcOEt. The
combined organic layers were washed with brine, dried over Na,SQO4, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexane/AcOEt 1:3) to afford
echinocidin B (6 mg, 78%) as white solids.

TLC: R 0.08 (hexane/AcOEt 1:3)

"H NMR: 0.98 (s, 3H), 0.99 (s, 3H), 1.18 (s, 3H), 1.28 (dd, J= 12.5, 12.5 Hz, 1H), 1.34-1.40 (m,
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2H), 1.41 (ddd, J=2.0, 13.0, 13.0 Hz, 1H), 1.81 (dd, /= 8.5, 13.0 Hz, 1H), 1.90 (dd, J=8.5, 11.0
Hz, 1H), 2.05-2.12 (m,1H), 2.70-2.73 (m, 1H), 4.27 (d, J=12.0 Hz, 1H), 4.30 (dd, /= 8.5, 8.5
Hz, 1H), 4.44 (d, /= 12.0 Hz, 1H), 5.68 (s, 1H).

(CDs;0OD): 0.99 (s, 3H), 1.01 (s, 3H), 1.12 (s, 3H), 1.34 (dd, /= 7.0, 12.5 Hz, 1H), 1.37 (dd, 9.0,
10.5 Hz, 1H), 1.40 (dd, J=12.5, 12.5 Hz, 1H), 1.46 (dd, J= 2.0, 13.0 Hz, 1H), 1.75 (dd, J=8.5,
10.5, 1H), 1.85 (dd, J=9.0, 13.0 Hz, 1H), 2.09 (ddd, J= 7.0, 7.0, 12.5 Hz, 1H), 2.70 (dddd, J =
2.0,2.0,7.0,9.0 Hz, 1H), 4.16 (td, /= 1.0, 12.5, 1H), 4.24 (dd, J= 8.5, 9.0, 1H), 4.32 (td, /= 1.0,
12.5 Hz, 1H), 5.72-5.73 (m, 1H).

BC NMR: 21.8 (CH3), 31.7 (CH3), 32.0 (CH3), 35.9 (CHa), 37.1 (C), 38.0 (C), 39.1 (CH), 41.6
(CH>), 44.5 (CH), 45.5 (CH>), 65.2 (CH), 76.4 (CH), 77.7 (C), 133.5 (C), 133.9 (CH).
(CDs;0OD): 22.6 (CHs), 32.2 (CH3), 32.3 (CHs), 36.3 (CH>), 38.3 (C), 38.9 (C), 40.3 (CH), 42.6
(CH>), 46.0 (CH), 48.7 (CH>), 64.6 (CH»), 76.4 (CH), 78.5 (C), 134.3 (CH), 135.5 (C).

IR (neat): 3672, 3279, 2924, 1717, 1458, 1261, 1069.

HRMS-ESI (m/z): [M + Na]" caled. for CisH4NaOs, 275.1618; found, 275.1617.

Mp: 155-158°C.

'H NMR, C NMR and IR spectra were well identical with the reported data’.

NaBH,

MeOH
rt, 1 h

melleolide melleolide F

Melleolide F: To a solution of melleolide (14 mg, 35 pmol) in MeOH (3.0 mL) was added NaBH4
(4 mg, 11 pmol) at room temperature. The mixture was stirred for 1 h at the same temperature.
The mixture was quenched with saturated aqueous NH4Cl. The whole was extracted three times
with AcOEt. The combined organic layers were washed with brine, dried over Na,SO4, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(hexane/AcOEt 1:1) to afford melleolide F (13 mg, 90%) as white solid.

TLC: R 0.42 (hexane/AcOEt 1:1).

'"H NMR (CD;OD): 1.01 (s, 3H), 1.03 (s, 3H), 1.23 (s, 3H), 1.36 (dd, J= 7.5, 12.5 Hz, 1H), 1.44
(dd, J=12.5,12.5 Hz, 1H), 1.51 (dd, J= 1.5, 13.5 Hz, 1H), 1.70 (dd, /= 9.0, 11.5 Hz, 1H), 1.88
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(dd, J=8.5, 13.5 Hz, 1H), 1.93 (dd, /= 9.0, 11.5 Hz, 1H), 2.19 (ddd, /= 7.0, 7.5, 12.5 Hz, 1H),
2.37 (s, 3H), 2.75-2.78 (m, 1H), 3.97 (d, J = 13.5 Hz, 1H), 4.27 (d, /= 13.5 Hz, 1H), 5.57 (dd, J
=9.0,9.0 Hz, 1H), 5.76 (s, 1H), 6.14 (d, J = 2.5 Hz, 1H), 6.17 (d, /= 2.5 Hz, 1H).

3C NMR (CD;OD): 22.2 (CH3), 24.3 (CH3), 32.2 (CH3), 32.3 (CH3), 33.7 (CH>), 38.9 (C), 39.8
(C), 40.2 (CH), 42.4 (CH), 45.8 (CH), 48.8 (CH>), 49.1 (C), 49.5 (C), 64.2 (CH), 77.9 (C), 78.9
(CH), 101.7 (CH), 105.7 (CH), 112.5 (CH), 132.6 (CH), 144.7 (C), 163.9 (C), 172.3 (C).

IR (neat): 3302, 2951, 1643, 1450, 1315, 1258, 760.

HRMS-ESI (m/z): [M + Na]" calcd. for C23H30NaOg, 425.1935; found, 425.1932.

Mp: 184-186 °C

Bioassay:

Growth activity against fungus was examined as follows. The mycelia of each fungus were
placed onto the center of a potato dextrose agar (PDA) plate and incubated at 25 °C for 3 days
in an incubator. Meanwhile, the test compounds or amphotericin B (positive control) solution
was added to autoclaved paper disks (Advantec (D 8 mm; Toyo Roshi Kaisha, Ltd., Japan) and
then air-dried. Each air-dried paper disk containing 1, 0.1, or 0 umol/disk (control) of the
compounds or amphotericin B was placed directly onto the incubated plate. Plates were further
incubated at room temperature for 1 week (ME-07LaLa) or 6 weeks (NBRC33136). After the
incubation, the inhibitory activity was evaluated by observation of clear zones due to growth
inhibition of mycelia. The observation was repeated in duplicate for all of the test plates over

a period of 2 weeks.

Growth activity against lettuce was examined as follows. Lettuce seeds were put on filter paper
(Advantec No. 2, D 55 mm; Toyo Roshi Kaisha, Ltd., Japan), soaked in distilled water in a Petri
dish (D 60 x 20 mm), and incubated in a growth chamber in the dark at 25 °C for 1 day. On the
other hand, test samples and 2,4-dichlorophenoxyacetic acid (positive control) were dissolved in
1 mL of methanol (1, 102, 107, 10, and 10 umol/mL), and then each solution was placed on
filter paper ((D 55 mm) in a Petri dish ((D 60 x 20 mm). After the solvent was air-dried, 1 mL of
distilled water was poured on the sample-loaded paper or intact filter paper (control). The
preincubated lettuces (n = 6 in each Petri dish) were transferred onto the filter paper and incubated
in a growth chamber in the dark at 25 °C for 3 days. The lengths of the hypocotyl and the root

were measured using a ruler.
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