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Abstract: The chiral synthesis of the immunosuppressive sesquiterpene, FR65814 1 is described.
The cyclohexane ring in 1 was prepared in an optically active form from D-glucose using Ferrier's
carbocyclization reaction and the carbon side-chain in 1 was slcrcosc]ectively introduced via ch:rahty
transfer b by way of Claisen rearrangement of the cyclohexenol derivative, followed by Pd-catalyzed
Stille coupling. The bis-epoxide function was stercosclectively constructed by sulfur ylide chemistry
and vanadium catalyzed epoxidation of a homoallyl alcohol derivative, This first total synthesis fully

confirmed the proposed absolute structure of FR65814. © 1999 Elsevier Science Ltd. All rights reserved.

Introduction

FR65814 1 is a sesquiterpene isolated from the culture broth of Penicillium jensenii F-2833 and reported
to show a potent immunosuppressive activity.! The structure of 1 was tentatively assigned! on the basis of the
spectral similarity to fumagillol 3, a hydrolysis product of fumagillin 2, which showed antiparastic and
carcinolytic activity.2 Recent discovery of inhibitory activity of fumagillin against endothelial cell proliferation

and tumor-induced angiogenesis attracted the novel biological attention, 3 and compounds related fumagillin,
ch as TNP-470 4 have bee

uch 1ave peen

Such interesting biological activity
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as well as their challenging structures which contain a highly functionalized cyclohexane ring with multiple

ii

O

stereocenters, stimulated synthetic efforts and elegant total synthesis of racemic fumagillin by Corey32, optically
active fumagillol by Kim3b, and ovalicin (racemic3¢ and optically active5d) have been reported to date.
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FR65814 (1) Fumagillin (2): R = C(O){CH=CH),CO,H  Ovalicin (5) Chlovalicin {6)
Fumagillol (3): R =H
TNP-470 (4): R = C(O)NHCOCH ,Cl

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PIT: S0040-4020(99)00004-6



22006 S. Amano et al. /

< ) g Lo ommsas

However, 0 Ort on ynthesis of 1 has appeared. In this article, as a part of our continuous study to

However, no report on the s
synthesize biologically important compounds containing cyciohexane unit starting from aidohexoses utilizing

Ferrier's carbocyclization,5:7 we report the first total synthesis of 1 from D-glucose.8
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Fig. 2. Retrosynthetic analysis of FR65814.
Our retrosynthetic analysis (Fig. 2) suggested that the 1 would be constructed by bis-epoxide formation of

carbon-elongation of y-lactone ii, whose C-3a stereochemistry would be generated from cyclohexenol iii via
chirality transfer by way of [3,3]-sigmatropic rearrangement. The cyciohexenol iii, in turn, was expected to
arise by catalytic Ferrier's carbocyclization reaction® of 6-deoxy-5-enopyranoside derivative iv, which should
be readily available in an optically pure form from D-glucose.

Results and Discussion
Preparation of the key intermediate, y-lactone (23): The synthesis of the important intermediate,
-lactone 23 via cyclohexenol 19, commenced with commercially available methyl 4,6-O-benzylidene-a-D-

with I, Ph3P and imidazole provided primary iodide 10 in 93% yield. Reaction of 10 with +-BuOK in
tetrahydrofuran (THF) at room temperature, followed by conventional acetylation provided 6-deoxy-5-
enopyranoside derivative 11 in 77% yield. Catalytic Ferrier's carbocyclization reaction of 11 using mercury(Il)
trifluoroacetate (10 mol%)94 in acetone—water (2:1) at room temperature cleanly generated the cyclohexanone
12, which, without purification, was transformed into the enone 13 by the action of methanesulfonyl chloride
(MsCl) and triethylamine (84% yield from 11). Reduction of 13 under the conditions of Luchel® proceeded

stereoselectively and gave cyclohexenol 14 (90% yield). The observed large coupling constants in 14 (Jp 3 =

o

hydroxy group in 14 was protected as tetrahydropyranyl (THP) ether to afford 15 (90% "ie}d‘, whose O-acetyl
Y ¥ J Y AN ) \ Y ) o4
group was removed by sodium methoxide in MeOH to give 16 in 87% vyield. The hydrox oup in 16 was
g

with NaH and CS; afforded the xanthate 17, which,
without purification was reacted with n-Bu3SnH to give 18 in 71% yield from 16. The THP protecting group

then deoxygenated via xanthate ester.1! Treatment of 1



was removed by the action of pyridinium p-toluenesulfonate (PPTS)!2 in EtOH to generate the desired
cyciohexenol 1% in 96% yieid.

With optically active cyclohexenol 19 in hand, introduction of a carbon side-chain by chirality transfer
reaction was next explored. Claisen rearrangement!3 of 19 with triethyl orthopropionate in the presence of a
catalytic amount of propionic acid at 140 °C provided rearranged product 20 in 74% yield as an inseparable
diastereomeric mixture at C-2 (ca. 1:1). Saponification of the ester group in 20 with -BuOK in dimethyl

sulfoxide!4 (DMSO) afforded the crude carboxylic acid 21. Interestingly, epimerization at C-2 occurred during

the reaction and carboxylic acid obtained was a sole product, judging from its 'H NMR spectrum.
Ied_!act_mzat-on of the crude carboxylic acid 21 provided y-lactone 22 in 87% yield from 20 as the single

isomer. Deiodination with n-Bu3SnH cleanly afforded 23 in 91% yield. The observed coupling constants

(J3a,4 =9.2 Hz, J3a7a = 4.4 Hz) and NOE between H-3 and H-7a, and H-3a and H-7a in compound 23 clearly
revealed that the carbon side-chain at C-3a was introduced in the suprafacial mode, and suggested that the

stereochemistry at C-3 should be S, as depicted in Scheme 1.
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Scheme 1 PMB = 4-methoxybenzyl, THP = (ctrahydropyran-2-yl, Reagents and conditions: a, NaH, PMBCI, DMF, 0
°C - r.L; b, AcOH-H20 (4:1), 60 °C; ¢, Ph3P, I, imidazole, toluene, r.t; d, --BuOK, THF, r.t,, then Ac0, pyridine,

; €, 10 mol% Hg(OCOCF3)2, acetone-Ho0O (2:1), r.t; f, MsCl, EzN, CHClp, 0 °C; g, NaBHy, CeCl3*7H,0,
McOH 0 °C; h, 3,4-dihydro-2H-pyran, PPTS, CHaCly, r.t.; i, McONa, MeOH, r.t.; j, NaH, CS», imidazole, THF, 0 °C,

then Mel; k, n-Bu3SnH, 2,2'-azobisisobutyronitrile (AIBN), toluene, reflux; 1, PPTS, EtOH, 50 °C; m, CH3CH,C(OE)3,
CH3CH2CO2H, 140 °C; n, +-BuOK, DMSO, r.t; 0, I, KI, THF-aq. NaHCO3, r.1.; p, n-BuzSnH, AIBN, PhH, reflux.

Elongation of the carbon side-chain: With the y-lactone 23 which embodies proper hydroxy

groups and the carbon-carbon bond with correct stereochemistries on the cyclohexane ring in hand, the
elongation of the carbon side-chain was next explored (Scheme 2). Treatment of y-lactone 23 with
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diisobutylaluminium hydride (Dibal) afforded the corresponding lactol, which, without purification, was
giihinnead s WIlaez o —nonmelme welele THL DI T L on lcin mmcanasmiiis A (Y4 Yo AL I | A :L st o
supjected to Witlig reaction with PhaP=CHj3 10 give compound 24 in 50% yield. Afier proiection of the

secondary alcohol function as TBDMS ether, the alkene portion of the resulting 25 was converted into primary
alcohol by hydroboration-oxidation to provide 26 in 84% yield from 24. Perruthenate oxidation15 of 26 gave
aldehyde 27 (81%), which was transformed into silyl enol ether by the action of KHMDS and TMSCL.
Without purification, the crude silyl enol ether was oxidized with stoichiometric amount of Pd(OAc),!6 to give
o,B-unsaturated aldehyde with E-geometry 28E in 47% yield. The Z-isomer 28Z was also isolated as the
minor product (8% yield). The observed NOE between C-3 methyl and a formyl hydrogen in 28E, and that
between C-3 methyl and a vinyl hydrogen in 28Z clearly assigned the geometries of the double bonds,

respectively. Reduction of compound 28E with Dibal afforded allyl alcohol 29 (93% yield), which was

converted into allylic chloride 30 in 93% yield. Stille coupling!” of 38 with isobutenyltributyltin!8 31 in the
presence of Pd{PPh3)4 successfully provided the coupling product 32 in 60% yield. Deprotection of the silyl

protecting group in 32 afforded homoallyl aicohol 33 in 84% yield.

MBO = = * " - % MDO ~ MB Y
i H 5 H L : PMaO_ P2
PMBO . PMBO A PMBO N OHC
1 Al
. — 24 R=H ., — 26 R=CH,OH 28E 28Z
Pl .25 R=TBS 9l . 27 R=CHD

PMBO” Y : PMBO'J\Y/L >=\
Pveo U m; SnBug

PMBO
3N

h[™ 29 R=OH N

b - =
% R-Cl i 32 R=TBS l

33 R=H
Scheme 2 TBS = -BuMe;Si-, Reagents and conditions: a, Dibal, toluene, -78 °C, then PhsPCH3Br, n-BuLi, THF, 60
°C; TBSOTf, 2,6-lutidine, CH2Cly, 0 °C; ¢, BH3*THF, THF, 0 °C, then H;09, ag. NaOH, 0 °C; 4,
Tetrapropylammonium perruthenate, 4-methylmorpholine N-oxide, MS-4A, CH,Cly, r.t.; ¢, KN(SiMe3)2, THF, 0 ~ r.t.,
then MeSi3CI-Ei3N, r.t; f, Pd(OAc)z CH3CN, 0 °C; g, Dibal, toluene, -78 °C; h, MsCl, LiCl, collidine, DMF, r.t.; i,

3}, Pd(PPhj)q Txlu":,40 °C; 23, - uu4nu T lllF, It

Generation of bis-epoxide function; unsuccessful attempts: Having established the preparation
of the substituted cyclohexane derivative 33 with the proper carbon side-chain, the stereoselective introduction
of the bis-epoxide function was next investigated (Scheme 3). Vanadium-catalyzed epoxidation!? of 33
generated the single epoxide 34 in 91% yield. The stereochemistry of the newly formed epoxide moiety in 34
was assigned by the comparison of its IH NMR spectrum with those of model compounds 41a and 41b.
These compounds were obtained in a ratio of 6:1 by vanadium-catalyzed epoxidation of 40, which was
prepared from 24 by way of rhodium-catalyzed alkene isomerization.20 The E-geometry of the double bond in

AD wa
v
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observed at & 3.95 ppm. In the compound 34, H-3' and H-3 were resonated at 8 3.07 and 3.66 ppm,

respectively. The spectral similarity between 34 and 41a suggested that the stereochemistry of the epoxide
moiety in 34 should be 2'R, 3'S. To complete the total synthesis, formation of the spiro epoxide function was
then explored. Oxidation of 34 with pyridinium dichromate (PDC) afforded ketone 35 in 60% yield.
Unfortunately, compound 3§ was found to be rather unstable, and attempts to convert 35 into spiro epoxide 36
(reaction with dimethyloxosulphonium methylide2! or CHpN>), or to introduce one carbon (reaction with
Ph3P=CHj; or Tebbe reagent) resulted in the decomposition of ketone 35. Alternativel

compound 33 was oxidized to give another
compound v ze € another

Vi AR WU By

ylide (Me2S+(O)CH2™) to provide 38 as a single isomer (the stereochemistry at C-3 not determined) in 47%
yield. Treatment of 38 with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) or ceric ammonium nitrate
(CAN) to deprotect O-MPM group, however, gave no desired diol 39.

VO(acac) OH Me;S(O)l
+BUOOH - (\1!’ PDC AN NaH, DMSO A~

4
CH Ol D“QHW ~ A J\ L L ——h— l ,L -
Mg FoviLing § ﬂ o b“eblz PMBO’ \./ B X or i PMBO' ‘\_/E\K
. PMBO room temp. o2 H 120 cun EH YO
k3 PMBO Et'zs‘z PMBO
\\\ -
DMSO, Ac,0 34 a5 X an X
room temp. | I A T

A O Me,S(O)l O
AR = g 6 4 -ﬁﬂb P

a7 38 T 39
OH
Y
4 3
PMBO” N8
PMR{E\ H
OH VO(acac), o ¥
(PPhg)3RhCI +BUOOH 4_1:1 5
EtOH-banzene ... - > g :
120 °C PMBO™ ™ | CH,Cl, L
PMBO . l/"‘\l/‘-"

40 ~NZ
PMBO i H ™0 Chem3D representaion of X-ray
PMBO N structure of 41a.

synthesis of FR he failure to construct spilo epoxide function in compound 35 and o
........ Y RATIRA L S 0 e o m all bl Asnon g I ™ T~ | 1
(lt:pI'U[C(..I /-IVirivi group in u)mpounu Jo led us o Cde € in€ anotner 4approdcn UCPI'O[CC[IOI’I or U- Sllyl

group in 29 afforded diol 42 quantitatively. Protection of the primary alcohol function gave 43, whose
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unction was oxidized with Ac20-DMSO to generate ketone 44 in 83% yield from 42.

Reaction of 44 with stabilized suifur ylide, which is known to add from the equatorial direction in the
cyclohexanone system,21,22 proceeded stereoselectively and afforded spiro epoxide 45 as the sole product in
58% yield. The observed coupling constants and NOE of 45, as well as lH NMR spectral similarity of a
methylene proton at spiro epoxide portion between 45 (5 2.48, J = 4.9 Hz) and fumagillol (5 2.47, J = 4.9 Hz)
clearly supported the assigned structure (Scheme 4). Treatment of 45 with DDQ afforded diol 46, whose O-
acetylation, followed by desilylation provided 47 in 92% yield from 45. The allyl alcohol 47 was transformed
into allylic chloride 48 quantitatively. Stille coupling of 48 with isobutenyltributyltin 31 in the presence of

vUupi

Pd(PPh3)4 successfully provided the coupling product, E-diene 49 in 72% yield. The difference NOE analysis
1 2 ' ' wlama an Yanmd M 2 caatholawas sae RINE liasocaa. RAL o M
in 49 (NOE between Me at C-1' and C-3' methylene, and H-2' and C-3' methylene; no NOE between Me at C-

1' and H-2') showed that the double bond in 49 should be E and no isomerization had occurred during the Stille
coupling. Removal of the O-acetyl group gave diol 50 in 99% yield. The final transformation, introduction of
the second epoxide functionality was stereoselectively achieved by vanadium-catalyzed epoxidationl? to furnish
FR65814 1 in 70% yield. In this reaction, the small amount (9%) of diastereomeric epoxide (51: 2',3'-diepi-
FR65814) was also isolated. The chemical shifts and appearance of the hydrogen attached to the carbon bearing
epoxide ring (H-3") of 1 and 51 in 'H NMR spectra (CDCI3) are found to be characteristic. Thus, H-3' of
FR65814 1 was observed at 8 2.61 as dd (J = 5.9, 7.1 Hz), whereas that of 2',3'-diepi-FR65814 51 was
appeared & 3.13 as a broad multiplet. The spectral similarity of the epoxide moiety in 1 to fumagillol (H-3'

resonated at 8 2.56 as dd, J = 5.9, 7.1 Hz)! strongly suggested that the configuration of C-2' and 3' in 1 should
ha MDD And 2'C
UL 2R alild O J.
OH  pmso
n-BuNF ~
A THFU4 (\f Ac,0 M Me,S(O)l S
room temn PMBO A ( room temp. ngo)\_/ékl/ NaH. DMSO PMBOIK')E\/
. I H L ' IR [
PMBO *H,OR PMBO PMBO I\
CH,OTBS CH,OTBS
TBSC 42 R=H
imidazole . 432 R-TRBS 44 45
DMF I
O, u

I
o o s _}X
~ > 1) Ac,O A~ I ~2 H

DDQ Ac,0 U .
CH,Cl~H,0 (LJ\( pyridine /LJ\'/ RO._6 2y
HO .g. 2) nEL{iNF AcO Ei i .,.RO /':J‘ T"4% NOE

z ] z
50 THF H Hw/ \UH
HO Kc.H. 0TBS AcO CH,R % 8%
46 e J,s=11.0Hz, J, = 8.6 Hz,
VIOt 47 R = OH Mad - 2.2 -
LiC!, collidine l 48 R= 0l JG,?ax 13.1 Hz, J7ax,8ax 13.9 Hz
DMF, 0 °C o o
Q- ~ ~
31 Y VO(acac), i (Y
)\/k]/ t-BuOOH > /\/\2/
= - + £
DAIDDR \ o H (@) = HO "z 7.
ru‘rrlla" LA g H .,
THF, 40 °C RO

- H -

_18° YA [Jor Yt H Mo
|H CH,Cl, -18 °C Ho k’ o H
2 N3 3 3

=~ X X
NeOMe [— 49 R=Ac Y hd o hd
MeOH L—50 R=H | FR65814 (1) ! 2',3'-diepi-FR65814 (51) |

Scheme 4.
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33 and 50 both afforded the (2'R,3'S)-
epoxides, 34 and 1, respectively. Miehlich er al., proposed the chair-like transition state in the vanadium-
catalyzed epoxxdatlon of homoallyl alcohol derivatives.23 Considering Miehlich's hypothesis, the possible
rationale for the observed selectivities in the epoxidation of 33 and 50 might be that the presence of non-bonded
interactions between an axial oxygen at C-1 and a methyl group at C-1' (TS-a in 33), and between a methyl at
C-1' and a methylene at spiro epoxide (TS-d in 50), respectively (Fig. 3). Due to these sterically disfavored
interactions, TS-b (for 33) and TS-c (for 50) would become more favored transition structures, thus affording

34 and 1 in a highly stereoselective manner.

—

TS-a .
disfavored favored favored disfavored

Fig. 3. Transition structure model of vanadium-catalyzed epoxidation of 33 and 50.

The spectroscopic (1H and 13C NMR) data for synthetic 1 were fully identical with those of natural
FR65814,24 and physical property of synthetic 1 {M.p. 39-40 °C (from EtpO-hexanes); [a]p2! — 41.6 (c 0.25,

MeOH)} showed a good accord with those of the natural product {M.p. 39-40 °C (from Etsz\,—uexanes)Z";
mixed M.p. 39-40 °C24; M.p. 46-47 °Cl; [a]p?3 - 38.4 (c 2.4, MeOH)!}.
Conclusion

In summary, a chiral and highly stereoselective total synthesis of FR65814 1 has been achieved. This
first total synthesis fully confirmed the assigned structure of FR65814, and revealed that Claisen rearrangement
of cyclohexenols derived from carbohydrates by Ferrier's carbocyclization is the potent methodology for the
preparation of highly oxygenated terpenes possessing a cyclohexane unit.
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EXPERIMENTAL
M.p.s were determined on a Mitamura-riken micro hot stage and are uncorrected. 'H NMR spectra were
measured with a JEOL INM-GSX 270 (270 MHz) or a JEOL JNM-LA 300W (300 MHz) spectrometers, with

tetramethylsilane as the internal standard for solutions in deuteriochloroform, unless otherwise noted, and J
values are given in Hz. 13C NMR spectra were taken on a JEOL JNM-GSX 270 (67 MHz) or a JEOL JNM-LA
300W (75 MHz) spectrometer. Low and high resolution mass spectra were measured by a JEOL GC Mate
spectrometer with EI mode (70 eV). Optical rotations were measured with a JASCO DIP-370 instrument with

1-dm tube and values of [a]p are recorded in units of 10~ deg cm? g-1. IR spectra were taken with a JASCO

—
—
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FT/IR-200 spectrometer. Organic extracts were dried over anhydrous NapSQOj4 and concentrated below 40 °C
under reduced pressure.

Methyl 4,6-O-Benzylidene-2,3-di-O-(4-methoxy)benzyl-a-D-glucopyranoside (8). To a
suspension of NaH (1.83 g, 76.2 mmol) in DMF (50 ml) at 0 °C was added a solution of methyl 4,6-O-
benzylidene-a-D-glucopyranoside (7) (8.00 g, 30.5 mmol) in DMF (100 ml). After being stirred for 1 h, to the

was added dropwise 4-methoxvbenzvl chlori 2 Y OO oo ol i
mixture was added dropwise 4-methoxybenzyl chloride (6.00 ml, 44.3 m é d
o

temperature for 20 h. The reaction mixture e u
further stirred at 0 °C for 1 h . The products was extracted with EtOAc, and the organic la_y r was concentrated
to give a crystalline residue, which was recrystallized from EtOH to afford 8 (15 .3 g,96 %) as a white solid:
M.p. 79-82 °C (from EtOH); [o]p27 —40.4 (¢ 1.00, CHCI3); IR ymax (KBr) 1615, 1516 cm-1; TH NMR (270
MHz) §=3.39 (s, 3 H), 3.51 (dd, 1 H, J = 3.7, 9.1 Hz), 3.57 (dd, 1 H,J =9.1,9.1 Hz), 3.69 (dd, 1 H, J =

—
=

1
was noured into cold saturat
¥ AT t’\l ‘Wi

9.9, 10.3 Hz), 3.79, 3.80 (2Zs, each 3 H), 3.76-3.85 (m, lH),dOO(dd 1H,J=9.1,9.1 Hz), 425 (dd, 1 H,
J=44,99Hz),452(d, 1 H,J =37 Hz), 462,477,477, 4.82 (4d,each 1 H, ] = 11.0 Hz, ), 5.54 (s, 1
H), 6.85(d, 4 H, J = 8.8 Hz), 7.29 (d, 4 H, ] = 8.4 Hz), 7.44 (m 5 H); 13C NMR (75 MHz in CDCl3) 8 =

55.2, 55.3, 62.3, 69.0, 73.4, 75.0, 78.2, 78.7, 82.1, 99.3, 101.2, 113.7, 113.8, 126.0, 128.2, 128.9,
129.6, 129.7, 130.2, 130.9, 137.4, 159.1, 159.4; MS m/z 522 (M*, 1%), 401 (100), 137 (36), 121(100), 91
(61); HRMS m/z 522.2256 (522.2253 caled for C3gH3408, M*). Anal. Found: C, 68.97; H, 6.69%. Calcd
for C30H3403: C, 68.95; H, 6.56%.

Methyl 2,3-Di-0-(4-methoxy)benzyl-a-D-glucopyranosid

Aanatin aniA 1N 1\ P e Y /")f\ | g | £LN 0
in acetic acid (120 ml) and water (30 ml) was heate

(L
give a residue. Thig residue was chromatooranhed o
& e vas Cl or

SAGT . &S Avsiauy BUVLIRIU RGP IIVAL

as eluent, to afford 9 (5.81 g, 89%) as a colorless syrup: [o]p?? —10.7 (¢ 0.78, CHC ) , neat) 34
1610 cm'1 IH NMR (270 MHz) 5=1.85 (br, 2 H), 3.37 (s, 3 H), 345 (dd, 1 H,J = 3.7, 9.5 Hz), 3.40-3.78
(m, 5 H), 3.80, 3.81 (2s, each 3 H), 4.54 (d, 1 H, J = 3.7 Hz), 4.60, 4.61, 472, 494 (4d,each 1 H, J =
11.7 Hz), 6.87, 6.88, 7.28, 7.30 (4d, each 2 H, J = 8.6 Hz); 13C NMR (75 MHz in CDCl3) § = 55.2, 62.4,
70.3, 70.7, 72.8, 74.9, 79.4, 80.9, 98.2, 113.8, 114.0, 129 9.6, 129.7, 130.1, 130.8, 159.3, 159.4; MS m/z
433 (M*-H, 1%), 313 (30), 137 (33), 121 (100); HRMS m/z 433.1862 (433.1862 calcd for Cy3H290g, M+
H). Anal. Found: C, 63.34; H, 7.08%. Calcd for Cy3H390g: C, 63.58; H, 6.96%.

Methvl 6- Deoxv 6-iodo-2,3-di-0-(4- methoxv\bgulvl o-D- g!ucgpyranomdé (10). To a solution
of 9 (8.80 g, 20.3 mmol) in toluene (200 ml) were added triphenylphosphine (6.37 g, 24.3 mmol), imidazole
(3.31 g, 22.3 mmol) and iodine (5.67 g, 22.3 mmol), and the mixture was stirred at room temperature for 5 h.
The reaction mixture was diluted with EtOAc, and successively washed with 20% aqueous NazS703 solution,

saturated aqueous NaHCO3 solution and brine, and then dried. Removal of the solvent gave a residue, which

was chromatographed on a column of silica gel (270 g), with acetone-toluene (1:10) as eluent, to afford 1
(10.2 g, 93%) as a colorless syrup: {a]p206 24.7 (c 0.70, CHCI3); IR ymax (neat) 3480, 1610 cm-!; 1H NMR
(270 MHz) 8=2.37 (s, 1 H), 3.23 (dd, 1 H, J = 7.0, 10.6 Hz), 3.27 (dd, 1 H, ] = 2.2, 8.8 Hz), 3.37 (ddd, 1
H J= 2.6, 7.0 Hz), 3.43 (s, 3 H), 3.48 (dd, 1 H, J = 3.7, 9.5 Hz), 3.51 (dd, 1 H, J = 2.6, 10.6 Hz),
373(dd IH J = 8.8,9.5 Hz), 3.81 (s, 6 H), 457 (d, 1 H, ] = 3.7 Hz), 459 (d, 1 H, J = 11.0 Hz), 4.60

and 4.72 (2d, each 1 H, J = 11.7 Hz), 494 (d, 1 H, J = 11.0 Hz), 6.89 (m, 4 H), 7.28 (m, 4 H); 13C NMR
(75 MHz in CDCl3) & = 55.2, 55.5, 69.8, 72.8, 73.6, 74.9, 79.4, 80.2, 98.2, 113.9, 114.1, 129.7, 129.9,
130.6, 159.4, 159.5; MS miz 423 (M+-PMB, 97%), 137 (95), 121 (100); HRMS m/z 423.0304 (423.0305
calcd for Cy5H0061, M+—PMB). Anal. Found: C, 50.50; H, 5.62%. Calcd for Ca3H29071: C, 50.75; H,
5.37%.

Methyl 4-0-Acetyl-6-deoxy-2,3-di-O-(4-methoxy)benzyl-o-D-xylo-hex-5-enopyranoside

(11). To a solution of 10 (104 mg, 0.191 mmol) in THF (2 ml) was added potassium zerz-butoxide (64.3 mg,
0.573 mmol), and the mixture was stirred at room temperature for 23 h, The mixture was concentrated to give a
residue, which was treated with acetic anhydride (0.7 ml) and pyridine (1.4 ml). After being stirred at room
temperaturc for 3 h, the reaction mixture was concentrated to give a residue, which was diluted with EtOAc, and

................... mol dim- 3 smnieniia erliitl e o NIoITrvy PR TR
but,bCSblVCly dellcu wlul l ol A ayucous ﬂ\,l SO1ULLIO 1, 5dluldlbu dquLUub Ndl’lL,U} bUIUUUIl, and o nce,

and then dried. The organic layer was concentrated to give a residue, which was chromatographed on a column

of silica gel (3.5 g), with acetone-hexanes (1:5, containing 1 vol% Et3N) as eluent, to afford 11 (67.7 mg,
77%) as a colorless syrup: [o]p28 —19.1 (¢ 1.14, CHC13); IR ymax (neat) 1740, 1660, 1610 cm-1; 1TH NMR
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(270 MHz) & = 2.05 (s, 3 H), 3.41 (s, 3 H), 3.64 (dd, 1 H, J = 3.7, 9.5 Hz), 3.80, 3.81 (2s, each 3 H), 3.92
(dd, 1 H, J = 9.5, 9.5 Hz), 4.44 (dd, 1 H, J = 1.8, 1.8 Hz), 4.57-4.65 (m, 4 H), 4.76, 4.79 (2d, each 1 H, J
= 11.7 Hz), 6.87 (d, 4 H, J = 8.8 Hz), 7.22, 7.28 (2d, each 2 H, J = 8.8 Hz). Anal. Found: C, 65.24; H,
6.82%. Caled for C25H300s: C, 65.49; H, 6.60%.

fAC Py £\ £ A o dheee. A= 'y, ) AAI_-._--.I_-..'___.I\A.._-4 PUVRPN, IS MR 1 N, re Bs B o Y al
(45,3K,05)-6-Acetoxy-4,5-a1-(4-methoxybenzyljoxy-cyciohex-2-en-1-one (13). To a solution
nf romnannd 11 71128 o 101 mmal) 1in aratnna PN m) and watar (100 M) agc addad mercnrul/ITN
AV 3 UUIIIIJU“IIU A K \.l [X=As ) 5, S UL llllllull 111 wBvwivilw \Lf\l l‘ll} ALING VY Ulwil \ A\ llll, YYD auuvg lllul\;ul] \.lll
t_ri luoroacetate (128 mg, 0.301 mmol), and the mixture was stirred at _r@gm temperature fgr 15 h. The reaction

with 10% aqueous KI solution and 20% aqueous Na28203 solution, and then dried. Removal of the solvent
gave crude 12 (1.34 g, 100%). This was used for next reaction without further purification. To a solution of
crude 12 (1.34 g) in (,Hz(,lz (15 ml) at 0 °C were added mcthancsultonyl chloride (0.699 ml, 9.03 mmol) and
mcmyxamme \L DL ml 16 1 mmou, anu lﬂC mlxmre was surreu at U L IOI’ 2 n The de[lOﬂ le[urC was
diluted with CH,Cl; and successively washed with 0.5 mol dm-3 aqueous H2SO4 solution, saturated aqueous
NaHCOQO3 solution, and brine, and then dried. Removal of the solvent gave a residue, which was
chromatographed on a column of silica gel (50 g), with EtOAc-toluene (1:10) as eluent, to afford 13 (1.07 g,
84%) as a colorless syrup: [a]p2? 83.4 (¢ 0.99, CHCI3); IR ymax (neat) 1750, 1695, 1615, 1515 cm-1; 1H
NMR (270 MHz) 5 = 2.16, 3.80, and 3.81 (3s,each 3 H), 3.99 (dd, | H, ] = 8.4, 11.0 Hz), 4.41 (ddd, 1 H, J

=122,22, 84 Hz), 4.68, 471, 476, 4.78 (4d, each 1 H, J = 11.0 Hz), 5.39 (d, 1 H, J = 11.0 Hz), 6.05

(dd, 1 H,J =2.2, 10.6 HZ), 6.83 (dd, 1 H, J = 2.2, 10.6 Hz), 6.87, 6.89, 7.24, 7.28 (4d, each 2 H, ] = 8.8
TI\. l“h’"\\lD (TR WAL~ f“hf‘l\t_,")ﬁt: E8N 722 740 72 4A €99 117Q¢ 112Q 197 A 170 12
0Zj, "-C INNVIN \/J VINZ ul VAR ) O = LU, JJ.Ly 120, 1947, 10.O, 04.4, 113.0y4 113.7, 14il. %y LLT7.3,
129.5, 129.6, 1299, 148 8, 159.3, 159 5, 169i83 192.1; MS m/z 426 M+, 5%), 305 (100), 137 (100), 121
(100); HRMS m/z 426.1679 (426.16 78 calcd for Ca4Ha607, M*). Anal. Found: C, 67.88; H, 6.19%. Calcd

for Cp4Hp607: C, 67.59; H, 6.15%.

(15,45,5R,6R)-2-Acetoxy-4,5-di-(4-methoxybenzyl)oxy-cyclohex-2-en-1-01 (14). To a
solution of compound 13 (63.7 mg, 0.149 mmol) and CeCl3-7H,O (83.5 mg, 0.224 mmol) in methanol (2 ml)
at 0 °C was added NaBH4 (6.2 mg, 0.164 mmol). After being stirred at 0 °C for 15 min, the mixture was
diluted with water and the products were extracted twice with EtQAc. The combined organic layer was washed

with brine, and then dried. Removal of the solvent gave a residue, which was r‘hmma[ncrrﬂnhpd on a column of

silica gel ( 3 g), with EtOAc-hexanes (1:1) as eIucnt, to afford 14 (57.6 mg, 90%) as a colorless syrup: [a]p?>
59.8 (c 0.85, CHCI3); IR ypax (neat) 3450, 1735, 1610 cm-1; 1H NMR (270 MHz) 6 = 2.07 (s, 3 H), 2.70
(br, 1 H), 3.71 (dd, 1 H, J = 7.3, 10.3 Hz), 3.79 (s, 6 H), 4.18 (m, 1 H), 4.28 (m, 1 H), 4.59 (s, 2 H), 4.66

and 475 2d,each 1 H,J =11.2 Hz), 496 (dd, 1 H, J = 7.3 10.3 Hz), 5.70 (m, 2 H), 6.86 (d,4 H, ] = 8.4
Hz), 7.22 and 7.24 (2d, each 2 H, J = 8.4 Hz); 13C NMR (75 MHz in CDCl3) § = 21.1, 55.2, 71.0, 72.1,
MA L TO0N "TOHO 1121 7 112 O 179" 12 190 1 1% 2 1Y) & 12N 1 12N A 180 19 180 2 171 “7. MO .../ ANO
14.0, 10.7, /2.7, 11D3./, 113.0, 141.3, 1LY.1, 14Y.3, 1£7.0, 1JU.1, 1JU4, 17,4, 1D7.3, Lil.1, IV1D FH/Z 440
M+ 0.2%), 307 (99, 171 (100}, 137 (100), 121 (100); HRMS »/z 428.1837 (428.1835 calcd for CoaHo507,

M+) Anal Found C, 67.03; H, 6.70%. Calcd for Co4H2807: C, 67.27; H, 6.59%.
(35,4R,5R,65)-5-Acetoxy-3,4-di-(4-methoxybenzyl)oxy-6-(tetrahydropyran-2-yl)oxy-
cyclohex-1-ene (15). To a solution of compound 14 (1.59 g, 3.71 mmol) and pyridinium p-
toluenesulfonate (9.3 mg, 0.037 mmol) in CH»Clj (32 ml) was added 3,4-dihydro-2H-pyran (1.02 ml, 11.1
mmol), and the mixture was stirred at room temperature for 24 h. The reaction mixture was diluted with

CH,Cl, and washed with brine, and then dried. Removal of the solvent gave a residue, which was
raliimn af cilica gl (AN o) with FtOAc_havanece {1:2) ac alis nnf' to afforr‘ 18 f1 QR o

A% ) 4 a WATAULIELL VUL D11V G 5 S \UU 5] WLLKI ALANJIIVTRIIVAULIVD \L J,I “ao \/lu\/ll A\: Ko7 | 1.070 6
90%) as a colorlcss syrup. This compound 15 was obtained diastereomeric mixture (ca. 3:1); IR ymax (neat)
1750, 1610 cm-! 1H MR 270 MHz)S— 1.40-1.80 (m, 6 H), 2.03 (s, 3 H), 3.50 (m 1 H), 3.67 (dd, 1 H, J
=179, 10.8 Hz), 380 (s, 6 H), 3.80 (m, 1 H), 4.24 (m, 1 H), 4.38 (m, 1 H), 4.60-4.81 (m, 5 H), 5.21 (dd, 1

H, J = 8.1, 10.8 Hz), 5.70 (m, 2 H), 6.86 and 7.24 (2d, each 4 H, J = 8.4 Hz); MS m/z 427 (M*-THP,

13%), 391 (13), 307 (18), 255 (34), 171 (19), 137 (44), 121 (100), 85 (100); HRMS m/z 427.1753 (427.1756

calcd for Co4H2707, M*~THP). Anal. Found: C, 67.79; H, 7.21%. Calcd for Co9H3603g: C, 67.95; H,
=7 NQ O
{.£070.
(1R,25,55,65)-5,6-Di-(4-methoxybenzyl)oxy-2-(tetrahydropyran-2-yl)oxy-cyclohex-3-en-1-
ol (16). To a solution of compound 15 (1.11 g, 2.17 mmol) in MeOH (22 ml) was added NaOMe (351 mg,

6.50 mmol), and the mixture was stirred at room temperature for 15 h. The reaction mixture was neutralized
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with IR-120 resin (H*) and the insoluble material was removed by filtration. The filtrate was concentrated to
give a residue, which was chromatographed on a column of silica gel (40 g), with EtOAc-hexanes (1:4,
containing 1 vol% Et3N) as eluent, to afford 16 (883 mg, 87%; ca 3:1 diastereomeric mixture) as a colorless
syrup: IR ymax (neat) 3400, 1610 cm-i; TH NMR (270 MHz) & = 1.50-1.90 (m, 6 H), 3.67 (dd, 1 H, J = 7.9,
10.8 Hz), 3.50-4.95 (m, 11 H), 3.79 and380 (2s, each 3 H), 5.56-5.73 (m, 2 H), 6.86, 6.88, 7.31, 7.33

(A4 each 7 H T = 2 Q o\ RAQ ma/y QK MA+_THD 20\ 240 127\ V&S (D) "’1’! I’)”\ 1’71 /1n\ 127 /10N
\74, Calil £ 11, 3 = 0.6 01Z) MO TIZ 365 UV —afix, 5370}, 547 (4t ), &0 (La), 413 (ac), 171 (17), 137 {1W),
121 (100), 85 (100); HRMS m/z 385.1651 (385.1651 caled for CaoHas06, M#—THP). Anal. Found: C, 68.97:

H, 7.44%. Calcd for Co7H3407: C, 68.92; H, 7.28%.
(35,4S5,6R)-3,4-Di-(4-methoxybenzyl)oxy-6-(tetrahydropyran-2-yl)oxy-cyclohex-1-ene

(18). To a solution of compound 16 (2.55 g, 5.42 mmol) in THF (50 ml) at 0 °C were added imidazole (36.9
mg, 0.542 mmol) and NaH (60% in oil, 434 mg, 10.8 mmol), and the resulting mixture was stirred at 0 °C for

nr\n

40 min. To the mixture was added L,Dz (A 44 ml 40.6 mmm) at 0 °C, and the mixture was further stirred at 0

O far 1 8 h Th tha mivtnre wae than addad MaT 7678 1 10 Q mmanl) nAd tha miviiiea oo gtivead as N O £re
IV 1.J He LU UV A LULY Wad Uil aUulAl Lvivl \V /72 11, 1U.0 llllllul}, allu lIID HITALULIC wab SLIHICU dal U O 1w

30 min. The reaction was quenched with ice-water, and the products were extracted with EtOAc. The organic
layer was dried and concentrated to give a crude xanthate derivative 17 (3.04 g), which was used for next
reaction without further purification. A solution of crude 17 (3.04 g), azobisisobutyronitrile (445 mg, 2.71
mmol), and n-Bu3zSnH (1.60 ml, 5.96 mmol) in toluene (50 ml) was heated under reflux for 15 h. After
cooling, the reaction mixture was concentrated to give a residue, which was chromatographed on a column of
silica gel (100 g), with EtOAc-toluene (1:10) as eluent, to afford compound 18 (1.75 g, 71%; ca 3:1

Az aranmaris mivhiral ac a cenlnrlece curimn: TR az r 1E1N0 rm-1e TET NINMD 70 MITY & 1 &N_1
aiastereomeric uw\uuw as a CO1oNICSs SYTUpP: 1IN Tmax ucm) 101U CIMi™4, 21 INIVIIG \L/U VII1Z) 1.50-1.90 \m,

<«
0
7 H), 248 (m, 1 H), 3.53 (m, 1H),3m&]dd 1H,1=37,418, 7.7 Hz), 3.80 (s, 6 H), 3.

AR]y Lis iy & RLjy J.T0 (axay 2 2 U MRy A aay v = DS Lidijy SJOU Oy W Az

and 4.61 (4m, each 1 H), 4.62 (s,2H),468(d, 1 H,J = 11.0 Hz), 477 (s, 1 H), 5.71 (m, 1 H), 5.80 (ddd,
1H,J=138, 1.8, 10.3 Hz), 6.86 (d, 4 H, ] = 8.4 Hz), 7.27 (d, 4 H, J = 8.8 Hz); MS m/z 369 (M+-THP,
17%), 333 (6), 249 (42), 197 (11), 137 (100), 121 (89), 85 (100); HRMS m/z 369.1703 (369.1702 calcd for
CooH2505, M*~THP). Anal. Found: C, 71.30; H, 7.41%. Calcd for C27H340¢: C, 71.34; H, 7.54%.

(iR,45,55)- 4,5 Di-(4- methoxybenzyi)oxy cycio'nex -Z-en-i-oi (19). A solution of 18 (519 mg,
1.14 mmol) and pyridinium p-toluenesulfonate (28.7 mg, 0.114 mmol) in EtOH (10 ml) was stirred at 50 °C for
3 h. After cooling, the reaction mixture was concentrated to give a residue, which was chromatographed on a
column of silica gel (18 g), with EtOAc-toluene (1:4) as eluent, to afford compound 19 (404 mg, 96%) as a
colorless syrup: [a]p?2 123 (¢ 1.20, CHCI3); IR ymax (neat) 3400, 1610 cm-1; 1H NMR (270 MHz) 5 = 1.89
(ddd, 1 H, J = 5.5, 7.8, 13.6 Hz), 2.22 (ddd, 1 H, 2.6, 5.1, 13.6 Hz), 2.45 (m, 1 H), 3.78 (ddd, 1 H, J =
2.6, 4.8, 7.8 Hz), 3.81 (s, 6 H), 3.90 and 4.17 2m, each 1 H), 4.55 (s, 4 H), 578 (ddd, 1 H, J = 0.7, 3.7,
10.3 Hz), 5.97 (ddd, 1 H, ] = 1.1, 3.7, 10.3 Hz), 6.87 and 7.24 (2d, each 4 H, J = 8.8 Hz); 13C NMR (75
MHz in CDCl3) 6 71.7, 75. 7

130.8. 133.3. 15

QU LE u, P IS PYS |
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o

7 07%
Ethyl 2-{(15,55,65)-5,6-Di-(4-methoxybenzyl)oxy-cyclohex-2-en-1-yl)propionate (20). A
solution of 19 (247 mg, 0.668 mmol) and propionic acid (10 ul) in triethyl orthopropionate (10 ml) was stirred
at 140 °C for 2 h. After ccmling, the reaction mixture was concentrated to give a residue, which was
chromatographed on a column of silica gel (8 g), with EtOAc-toluene (1:20) as eluent, to afford compound 2§
(223 mg, 74%) as a colorless syrup. This compound was a diastereomeric mixture at C-2 (ca. 1:1): IR ¥max
(neat) 1720, 1610 cm-!; 1H NMR (270 MHz) §=0.88 (d, 1.5 H,J = 7.0 Hz), 1.17 (d, 1.5 H, ] = 7.0 Hz),
1.18 (t, 1.5 H,J =7.1 Hz), 1.22 (t, 1.5 H,J = 7.1 Hz), 2.12 (m, 1 H), 2.48 (m, 0.5 H), 2.54 (m, 1 H), 2.81-
2.92 (m, 1.5 H), 3.42 (dd, 0.5 H, J = 9.0, 9.0 Hz), 3.64-3.76 (m, 1 H), 3.80 (s, 6 H), 4.01 (dd, 0.5 H, ] =
7.3, 7.3 Hz), 4.10, 4.11 (2q, cach 1H,J =7.1Hz), 4.44 and 4.59 (2d each0.5H,J = 103Hz),462 and

6.87, 7.28, 7.30 (4(1, eac'n 2 H, J' = 8 8 'H z); UC T\IMR ("5 MHz in LUL,13)0— 10.8, 14.2, 32.0, 38.3, 19.1,
AADQ AT 2 BE&12 N1 AN T1 7 TAN TJAA 77 708 702 QN 1127 K 1127 112 Q@ 1794 Q@ 19798 8§
494.7, 47.3, JI.J, OU.l, OU.J, [ 1.7y, 1%, i9.45, i0.1y 17.9, 17.04 OUNJ, 11J.U,y, L13J.7, 113.0, 1L7.0, L1ud.Jd,
1259, 1263 297 129.8, 130.9, 131.3, 159 159.2, 1747 175.9; MS m/z 454 (Mt, 1%), 453
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(35,3a5,45,55,75,7aS)-7-1odo-4,5-di-(4-methoxybenzyl)oxy-3-methyl-3a,4,5,6,7,7a-

hexahydrobenzo[b]furan 2(3H)-one (22). To a solution of 20 (219 mg, 0.482 mmol) in DMSO (5§ ml)
was added potassium tert-butoxide (270 mg, 2.41 mmol), and the mixture was stirred at room temperature for
25 min. Thc reaction mixture was poured into ice-water. The solution was acidified (pH ~ 2) by addition of 1

R e e

mol dm-3 aqueous HCI solution, and the products were extracted with EtOAc. The organic iayer was dried and

- e o iadun b ] S vis Mmn s 1LY AIRAD 79770 WAL \Q_I\OD 1 2 1Y
ICCIIU ailU L SIVC a LIUUC uuuu.\yu'. auu ucuvauvc Ll LLUJ lllg, T INWIN (4 /U 1vuu} o= 00 (4, O 11,

210 (m, 1 H),252(ddd, 1 H,J=49,54,173Hz),284 (m,2H),342(d, 1 H, I1=90

wANS \dRdy A AA)y AALJy &eUT \Lily & La)y JJSTa \B\y L RXy 7 T eV,

= )

= 1L/,

.0 Hz), 3.74 (m, 1 H), 3.79 and 3.80 (28, each 3 H), 4.59 (d,1H,J=11.1Hz), 463 (s,2H), 494 (d, 1
H, J = 11.1 Hz), 5.34 (m, 1 H), 5.59 (m, 1 H), 6.86, 6.87, 7.27, and 7.29 (4d, each 2 H, J = 8.8 Hz)],
which was used for next reaction without further purification, To a solution of crude 21 (205 mg) in THF (3
ml) and 0.5 mol dm-3 aqueous NaHCO3 solution (9 m1) were added KI (798 mg, 4.81 mmol) and iodine (366
mg, 1.44 mmol), and the mixture was stirred at room temperature for 2 h. The reaction mixture was quenched
with 20% aqueous NazS203 solution, and the products were extracted with EtOAc and CH2Cly. The combined

oraganic laver wac dried and concentrated tn oive a recidinae which wae chromatnoranhed aon a column of clica
Ulpaiiiu iayul wads Glitu allU CUNLLLHUAQILU U EiVE a IU51ILUL, wWillill Was LlIUHaUglapiiCly Ui a couuman Or1 suica

gel (10 g), with EtOAc-toluene (1:20) as eluent, to afford compound 22 (230 mg, 87%) as a co 1 rless syrup:
[aJD22 14.2 (¢ 1.11, CHCI3); IR ymax (neat) 1780, 1615, 1515 cm'1 IH NMR (270 MHz) § = 1.34 (d, 3 H, J
= 6.6 Hz), 1.82 (ddd, 1 H, J = 3.5, 11.2, 14.8 Hz), 2.23 (m, 1 H), 2.88 (m, 2 H), 3.48 (dd, IH I =90,

90Hz) 380(s 6H) 411 (ddd lH J—35 90 112Hz) 442(d lH J—106Hz) 453and460

ﬁr1r [+
4L, J = 0.

3
80.2, 82.2, 113.8,

UV ekwy Ukridwy 1

(100); HRMS m/z 552. 1003 (552 1009 calcd f C25H290¢I, M*). Anal. Found: C, 54.59;
for Co5Ho90gl: C, 54.36; H, 5.29%.
(35,3a5,45,58,7aR)-4,5-Di-(4-methoxybenzyl)oxy-3-methyl-3a,4,5,6,7,7a-hexahydro-
benzo[b]furan-2(3H)-one (23). A solution of 22 (462 mg, 0.836 mmol), azobisisobutyronitrile (68.7
mg, 0.418 mmol), and n-Bu3SnH (247 ml, 0.920 mmol) in benzene (10 mi) was heated under reflux for 2 h.
After cooling, the reaction mixture was diluted with CH»Cly and washed with saturated aqueous KF solution,

qr}fi than Ariad Ramnual nf tha ecnluant gcave a roacidiie whisrh wae rhramatnoranhead Aan a ~rnliim F cilira aal
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LI LIIVLD UL ANAL.  INMATIVU VY AL UL UG DUl vwidne Eavv QA 1wvoluuL, Wilivil vwads UlllUlllaL\J&la}lllUu vir a \/Ululllll 1SS LWT. ) 5\.’1
(15 g), with EtOAc-toluene (1:15) as eluent, to afford nmrmund 23 (324 mg, 91%) as a colorless solid: M. ..

95-96 °C (from EtOH); [a]p28 43.9 (¢ 1.03, CHCl3); IR ymax (KBr) 1760, 1610 cm-1; 1H NMR (270 MHz) &
=134 (d, 3H, J = 7.3 Hz), 1.49-1.65 (m, 2 H), 1.96 and 2.25 (2m, each 1 H), 2.43 (ddd, 1 H, J = 4.4, 6.6,
9.2 Hz), 2.89 (dq, 1 H, J = 6.6, 7.3 Hz), 3.48 (dd, 1 H, J = 6.6, 9.2 Hz), 3.48 (m, 1 H), 3.80 (s, 6 H), 4.42
(d 1 H,J = 10.6 H), 4.44 (m, 1 H), 4.50 and 4.64 (2d, each 1 H, J = 11.0 Hz), 5.10 d, 1 H, J = 10.6 Ha),

063 060 7. 1/ and 7.26 (’-Hl cacnzn J —661’12), “’L NMR \ID MHz in LULB)O—— 110 LD.L, £LD.D,

42.2, 46.6, 55.3, 70.9, 73.5, 77.6, 78.2, 82.7, 113.7, 113.8, 129.3, 130.3, 130.8, 159.1, 159.2, 179.1; MS
m/z 426 M+, 0.1%), 305 (100); HRMS m/z 426.2036 (426.2042 calcd for C95H3005, M), Anal. Found: C,

S L2y RINAVILD S LU L0 LA L L Laluil 28250

70.71; H, 7.07%. Calcd for C25H300s: C, 70.40; H, 7.09%.

(1R,2R,35,45)-2-{(1R)-1-Methylprop-2-en-1-yl}-3,4-di-(4-methoxybenzyl)oxy-cyclohexan-
1-0l (24). To a solution of 23 (300 mg, 0.703 mmol) in toluene (6 ml) under Ar at -78 °C was slowly added

1.0 mol dm-3 solution of diisobutylaluminium hydride in toluene (1.41 ml, 1.41 mmol). After being stirred at

-78 °C for 10 min, the reaction mixture was quencne(l with water and the products were extracted with EtOAc.

Tl ~ecnmin PR ra I SN onl: catieatad amiianiie
11T Ulgdl v Ld.yc:l was buu.c:bblvcxy wubucu WlUl 1 U IHUI Ulll b quEUUb n\,l bUlullUll, bdtuxdtcu ayucoud
NaHCO: solution. and hnnp and then dried. Removal of the solvent cave a crude lactol derivatives ('1{\1 mo

YRLANANS Y SULUVEL, ang orine 4= ULiivauve L3-9)

100%) as a white solid, whlch was used for next reaction without further purification. To a suspension of
methyltriphenylphosphonium bromide (2.56 g, 7.17 mmol) in THF (12 ml) under Ar at 0 °C was slowly added
1.69 mol dm-3 solution of n-butyl lithium in hexane (3.82 ml, 6.46 mmol), and the mixture was stirred at 0 °C
for 20 min. To this mixture at 0 °C was added a solution of the crude lactol (301 mg) in THF (12 ml), and the
reaction mixture was stirred at 60 °C for 3 h. After cooling, the reaction mixture was quenched with saturated
aqueous NH4Cl solution, and the products were extracted with EtOAc. The organic layer was dried, and

rnnprantratad tn oiva a racidns ‘ll“\‘ll“h 170 hramatnaranhad Aan a anln

concentratea to give a résiaGue, wniln was Cnromatograpnea on a coiumn f silica ge] (2A g) with EtOAc-
toluene (1:20) as eluent, to afford compound 24 (278 mg, 90%) as a colorless syrup: [a]p23 16.0 (¢ 1.38,
CHCl3); IR ymax (neat) 3460, 1610 cm-!; 1H NMR (270 MHz) §=1.15 (d, 3H, J = 7.3 Hz), 1.30-1.94 (m, 6
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H), 2.77 (m, 1 H), 3.48 (ddd, 1 H, J = 4.8, 8.1, 10.6 Hz), 3.74 (dd, 1 H, J = 8.1, 11.0 Hz), 3.79 and 3.80
(3s, each 3 H), 4.09 (m, 1 H), 4.55(d, 1 H, J = 10.3 Hz), 4.55 and 4.64 (2d, each 1 H, J = 11.0 Hz), 4.96
(d, 1 H,J =103 Hz), 502 (ddd, 1 H,J = 1.5, 1.5, 10.3 Hz), 5.09 (ddd, 1 H, J = 1.5, 1.5, 172Hz),596

(ddd, 1 H, J = 7.0, 10.3, 17.2 Hz), 6.85, 6.86, 7.23, and 7.29 (4d, each 2 H, J = 8.8 Hz); 13C NMR (75
MHz in CDCl3) § = 16.9, 24.3, 31.3, 37.4, 50.4, 55.3, 68.9, 71.3, 74.3, 79.1, 84.1, 113.2, 113.7, 113.8,

129.3, 129.5. 131.0, 131.4, 144.1, 1509 159.1: M 426 (M*, 2%), 305 (81), 197 (37), 137 (100);

31.U, L1V J,

HRMQ m/z 426.2415 (426. 2406 calcd for CygH , M*). Anal. found C, 72 79 798% Calcd for
Ca6H3405: C, 73.21; H, 8.03%.
(1R,28,35,45)-3-{(1R)-1-Methylprop-2-en-1-yl}-4-(tert-butyldimethylsilyl)oxy-1,2-di-(4-
methoxybenzyl)oxy-cyclohexane (25). To a solution of 24 (41.0 mg, 0.0961 mmol) in CH2Clz (1 ml)
at 0 °C under Ar were added 2,6-lutidine (44.8 pl, 0.384 mmol), and rerr-butyldimethylsilyl trifluoromethane-
sulfonate (44.1 ul, 0.192 mmol), and the mixture was stirred at O °C for 30 min. The reaction mixture was
diluted with CH;Cly, and washed with brine, and then dried. Removal of the solvent gave a residue, which was
chromatographed on a column of silica gel (2.5 g), with EtOAc-hexanes (1:10) as eluent, to afford compound
25 (47.8 mg, 92%) as a colorless syrup: [a]p?23 16.1 (¢ 1.12, CHCI3); IR ymax (neat) 1615 cm-1; TH NMR
(270 MHz) 5 = 0.05, 0.07 (2s, each 3 H), 0.92 (s, 9 H), 1.11 (d, 3 H, ] = 7.3 Hz), 1.29 (m, 1 H), 1.45 (ddd,
1H,J=20,5.2, 10.8 Hz), 1.69-1.88 (m, 3 H), 2.71 (m, 1H), 3.45 (ddd, 1 H, J = 5.1, 8.4, 10.4 Hz), 3.70
(dd, 1 H, J = 8.4, 10.8 Hz), 3.79 and 3.80 (2s, each 3 H), 4.08 (m, 1 H), 453 (d, 1 H, J = 10.3 Hz), 4.55
and 4.64 (2d, each 1 H,J = 11.4 Hz), 494 (ddd, 1 H, I = 1.5, 1.5, 10.4 Hz), 496 (d, 1 H, J = 10.3 Hz),

(l\l\!AAA 1T T—-18 18 17T HY S07 7444 1 I3 T —AQ 1NA 1"1’)'(.1'-, A QA L RK T8 and 770
vu \Gaa, 1 n, 3 = 1.5, 1.3, 17.4 0aZ), 5,77 G44G, 1 11, 5 = 0.0, 1U.4, /‘.uz.;,uo'-f,unu,rA.J,aUI.z.y

.0,
(4d, each 2 H, J = 8.8 Hz); 13C NMR (75 MHz in CDCl3) § = 4.5, -3.7, 16.7, 18.1, 24.6, 26 1.7, 36.7

calll L 28,70 — 0.0 114 - AVAITRL LIS, O AQ. 2 PRV _u.-, Sa.d, I,

519 55.2, 69.1, 71.5, 74.2, 79.7, 84.8, 112.0, 113.7, 113.8, 1294, 131.1, 1317 144.3, 158.9, 159.1;
MS m/z 540 (M"', 1%), 419 (5), 137 (18), 121 (100); HRMS m/z 540.3270 (540.3271 calcd for C3pH4g0s5Si,
M+). Anal. Found: C, 71.36; H, 9.06%. Calcd for C3oH4805Si: C, 71.07; H, 8.95%.
(3R)-3-{(15,25,3S,6R)-6-(tert-Butyldimethylsilyl)oxy-2,3-di-(4-methoxybenzyl)oxy-

o Y- Yo it e <

cyciohex-i-yljbuian-i-oi (26). To a solution of 25 (321 mg, 0.594 mmon) in THF (5 ml) at 0 °C u

Ar was added 1.0 mol dm- -3 solution of bﬁfaﬂe-t%ﬁ'ahydﬂ)fuxau \,umpxex in THE (1. 19ml, 1.19 mmol), "ud i
mixture was stirred at 0 °C for 2 h. To the reaction mixture were added water (0.8 ml), 3 mol dm-3 aqueous
NaOH solution (8 ml), and 35% aqueous HyO» solution (8 ml), and the mixture was further stirred at 0 °C for 1
h. The products were extracted with EtOAc and the organic layer was washed with brine, and then dried.
Removal of the solvent gave a residue, which was chromatographed on a column of silica gel (25 g), with
EtOAc-hexanes (1:2) as eluent, to afford compound 26 (301 mg, 91%) as a colorless syrup: [alp2! 0.5 (¢

4.33, CHCl3); IR ymax (neat) 3420, 1615 cm-1; IH NMR (270 MHz) & = 0.07, 0.08 (2s, each 3 H), 0.91 (s, 9
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H), 1.01 (d, 3 H, ] = 7.0 Hz), 1.54-1.95 (m, 8 H), 2.15 {(m, 1 H), 3.39-3.83 (m, 4 H), 3.7% and 3.80 (2s,
each3H),415¢r, 1 H),454(d, 1 H, I=103Hz), 455and 463 (2d,each 1 H,J=117Hz), 503, 1
H, J =10.3 Hz), 6.85 (d, 2 H, J = 8.4 Hz), 6.86 and 7.24 (2d, ecach 2 H,J =8.8 Hz), 7.29 (d,2 H, J = 8.4
Hz); 13C NMR (75 MHz in CDCl3) § = —4.3, -3.6, 17.2, 18.0, 24.6, 26.1, 28.4, 31.9, 380 50.4, 55.2,

61.5, 68.7, 71.5. 74.6, 79.5, 84.7, 113.7, 129.4, 131.0, 131.4, 159.0; MS m/z 437 (M*-PMB, 8%), 283
(6), 137 (9), 121 (100); HRMS m/z 437.2726 (437.2723 calcd for Cy4H410581, M*-PMB). Anal. Found: C,
68.50; H, 8.95%. Calcd for C32H5006§i C, 68.78; H, 9.02%.
{(3R)-3-{(15,25,35,6R)-6-(tert-Butyidimethyisiiyijoxy-2,3-di-{4-meihoxybenzyljoxy-
cyclohex-1-yl)butanal (27). A mixture of compound 26 (391 mg, 0.770 mmol), molecular sieves powder
(4A, 400 mg), tetrapropylammonium perruthenate (12.3 mg, 0.0350 mmol), and 4-methylmorpholine N-oxide
(135 mg, 1.16 mmol) in CH2Clp (8 ml) under Ar was stirred at room temperature for 30 min. Removal of the
solvent gave a residue, which was diluted with Et20 and filtered through Celite. The filtrate was concentrated to
give a residue, which was chromatographed on a column of silica gel (40 g), with EtOAc-hexanes (1:6) as
eluent, to afford compound 27 (317 mg, 81%) as a colorless syrup: la]p20 —15.1 (¢ 1.20, CHCI3); IR Ymax

(neat) 1720, 1615 cm-!; 'H NMR (270 MHz) &= 0.07 (s, 6 H), 0.90 (s, 9 H), 1.05 (d, 3 H, J = 6.8 Hz),
1.26-1.42 (m, 2 H), 1.69-1.92 (m, 3 H), 2.36 (ddd, 1 H, J = 2.4, 10.2, 15.6 Hz), 2.55 (m, 1 H), 2.72 (m, 1
H), 3.45 (m, 1 H), 3.76 (m, 1 H), 3.80 (s, 6 H), 4.08 (bri 1 H), 4.54 (d, 2 H, J = 10.7 Hz), 4.63 and 5.07
(2d,J = 10.7 Hz, cach 1 H), 6.86 (d, 4 H, J = 8.3 Hz), 7.25, 7.29 (2d, cach 2 H, J = 8.3 Hz), 9.69 (dd, 1 H,
J =15, 2.4 Hz); 13C NMR (75 MHz in CDC13)8=—45 3.8, 18.0, 19.0, 24.5, 25.9, 26.0, 28.4, 31.6,
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49.3, 50.5, 55.2, 70.3, 71.5, 74.5, 79.8, 84.7, 113.7, 113.8, 129.4, 129.5, 130.9, 131.3, 159.0, 159.1,
203.2; MS m/z 435 (M*-PMB, 19%), 299 (8), 137 (9), 121 (100); HRMS m/z 435.2566 (435.2567 calcd for
C24H3905S8i, M*-PMB). Anal. Found: C, 68.79; H, 8.75%. Calcd for C3;H480¢Si: C, 69.03; H, 8.69%.
(2E) 3- {(lS 2S »35,6R)-6- (tert-Bntyldlmethylsnlyl)oxy 2,3-di-(4-methoxybenzyl)oxy-
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it-2-enal (28E) and its (2Z)-Isomer (28Z). To a solution of 27 (184 mg, 0.331

° ™A an of Botaccli
C under Ar was slowly added 0.5 mol dm -3 solution of potassium

-
[

toluene (4.97 ml, 2.48 mmol). After hmncr stirred at room temperature for 30 min. a

Rl ULaa SriialAs G iUV HpPVAGIUAY AV JU LAy R

bis(trimethylsilyl)amide in toluer
mixture of chlorotrimethylsilane (O 272 ml) and tncthylamme . 277 ml) was added, and the resultant mixture
was further stirred at room temperature for 20 min. The reaction was quenched with saturated aqueous
NaHCO3 solution, and the products were extracted twice with EtpO. The combined organic layer was washed
with brine, and then dried over Na2CO3. Removal of the solvent gave crude silyl enol ether, which was used
for next reaction without further purification. A mixture of the crude silyl enol ether, Pd(OAc), (81.8 mg,
0.364 mmol) in acetonitrile (5 ml) under Ar was stirred at 0 °C for 12 h. The mixture was diluted with EtQAc
and the insoluble material was removed by filtration throngh Celite, and the filtrate was successively washed
with 20% aqueous Na3S,03 solution, saturated aqueous NaHCO3 solution, and brine, and then dried.
Removal of the solvent gave a residue, which was chromatographed on a column of silica gel (20 g), with
EtOAc-hexanes (1:10) as eluent, to afford first, unchanged starting material compound 27 (12.5 mg, 12%).
Further elution gave 28Z (13.8 mg, 8%) and then 28E (86.8 mg, 47%), both as a colorless syrup. Compound
28E: {a]D22 -28.8 (¢ 1.21, CHC'13), IR Ymax (neat) 1670, 1615 cm-1; IH NMR (270 MHz) § = —0.08 and 0.00

4o ] anah 2 NeQ /o OLI 1 1 1 IN I A LT T 1 N LT 1 TN
(<8, €acn 5 n) V.00 \3, 7 n) 1.45 uu i n), 74-1.90 Uu, 3 n), L.z, 511, ) = 1UnZz), 2.27 \m, 1),

3.48 (ddd, 1 H, J = 4.9, 8.3, 10.7 Hz), 3.77 and 3.80 (2s, each 3 H), 3.93 (dd, 1 H, J = 8.5, 11.0 Hz), 3.98
(br, 1 H), 446 (d, 1 H, J = 10.7 Hz), 4.55 and 4.64 (2d, each 1 H, J = 11.2 Hz), 499 (d, 1 H, J = 10.7 Hz),
599 (dd, 1 H,J = 1.0, 7.8 Hz), 6.81, 6.87, 7.11, and 7.29 (4d, each 2 H, J = 8.8 Hz), 100 (d, 1 H,J = 7.8
Hz); 13C NMR (75 MHz in CDCl3) 8 = —4.9, 4.8, 17.9, 18.2, 24.4, 25.8, 32.0, 55.3, 57.6, 70.9, 71.5,
74.7, 78.5, 83.8, 113.7, 113.8, 113.9, 129.1, 129.5, 130.6, 131.0, 159.0, 159.2, 162.9, 190.9; MS m/z 554
M+, 1%), 433 (18) 165 (29), 137 (16), 121 (100), HRMS m/z 554.3044 (554.3063 calcd for C32H4606Sl
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[a]p?3 22.6 (¢ 1.27, CHCl3 vmax (neat) 1675, 1615 cm-1; TH NMR (2,0 i
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eachBH) 090(5 9H) 1.48-2.03 (m, 4 H), 2.10 (s, 3 H), 341 (bd, 1 H,J 1,] =
4.4, 8.4, 109 Hz), 3.77 and 3.81 (2s, each 3 H), 3.99 (dd, 1 H, J = 8.3, 107 Hz), 405 (m H), 4.52,
4.53, 4.65, and 5.09 (4d, each 1 H, J = 11.2 Hz), 599 (d, 1 H, J = 7.3 Hz), 6.83, 6.88, 7.14, and 7.38 (4d,
each 2 H,J = 8.8 Hz), 9.93 (d, 1 H, J = 7.3 Hz); 13C NMR (75 MHz in CDCl3) § = -5.0, —4.8, 17.9, 24.3,
25.9, 31.8, 55.3, 71.3, 73.8, 83.8, 113.7, 113.9, 128.5, 128.6, 129.2, 129.4, 129.5, 130.5, 131.1, 159.0,
159.2, 189.9; MS m/z 554 (M*, 1%), 433 (23), 297 (22), 165 (58), 137 (28), 121 (100); HRMS m/z
554.3060 (554.3063 calcd for C32H4606Si, M),
(2E)-3-{(15,25,35,6R)-6-(tert-Butyldimethylsilyl)oxy-2,3-di-(4-methoxybenzyl)oxy-
cyclohex-1-yl)but-2-en-1-0l (29). To a solution of 28E (53.6 mg, 0.0966 mmol) in toluene (1 ml)
under Ar at -78 °C was slowly added 1.0 mol dm-3 solution of diisobutylaluminium hydride in toluene (0.193
ml, 0.193 mmol). After being stirred at —78 °C for 15 min, the reaction mixture was quenched with water, and
the products were extracted with EtOAc. The organic layer was successively washed with 1.0 mol dm-3

TYY AT Y YN

aqueous el SOlUIlOIl saturated aqueous Naﬂk,U3 SOlU[lOﬂ and DI‘lnC and then dried. Removal of the solvent
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gave a résiauc, wniCn was \.luuulaxublal,uluu On a coiumn Of suica EDI \J 5}, with EtOAc-hexanes \1 &4y as

eluent, to afford compound 29 (50.0 mg, 93%) as a colorless syrup: [a]p23 —2.8 (¢ 1.21, CHCI3); IR Ymax
(neat) 3440, 1615 cm-!; 'H NMR (270 MHz) & = —0.05 and 0.00 (2s, each 3 H), 0.89 (s, 9 H), 1.33-1.52 (m,
3 H), 1.65-2.00 (m, 2H), 1.75 (s, 3 H), 2.10(dd, 1 H, J = 2.0, 11.4 Hz), 3.47 (ddd, 1 H, J = 5.1, 8.6, 10.8
Hz), 3.78 and 3.80 (2s, each 3 H), 3.89 (dd, 1 H, ] = 8.6, 11.4 Hz), 3.94 (m, 1 H), 4.18 (m, 2 H), 4.50 and
4,56 (2d, each 1 H, J = 11.0 Hz), 4.64 and 4.98 (2d, each 1 H, J = 10.6 Hz), 5.50 (bt, 1 H, J = 6.6 Hz),

6.83, 6.87, 7.18, and 7.30 (4d, each 2 H, J = 8.8 Hz); 13C NMR (75 MHz in CDCl3) 6 = —4.9, -4.8, 16.7,
18.0, 24.6, 31.8, 55.2, 56.2, 59.5, 71.4, 71.7, 74.3, 79.1, 84.0, 113.6, 113.8, 126.2, 128.9, 129.4, 130.9,
131.6, 1382, 158.9, 159.1; MS m/z 556 M+, 4%), 435 (100), 299 (40), 281 (56), 167 (86); HRMS m/:
556.3220 (556.3220 calcd for C3pH4g0¢S1, M*). Anal. Found: C, 68.93; H, 8.66%. Calcd for C37Hs80¢Si:
C, 69.03 ; H, 8.69%.

-
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(15,25,35,4R)-3-{(1E)-3-Chloro-1-methylprop-1-en-1-yl}-4-(tert-butyldimethylsilyl)oxy-

1,2-di-(4-methoxybenzyl)oxy-cyclohexane (30). A solution of 29 (51.0 mg, 0.0916 mmol), collidine
(160 pl1, 0.550 mmol), lithium chloride (23.3 mg, 0.550 mmol), and methanesulfony! chloride (46.6 ul, 0.605
mmol) in DMF (1.5 ml) under Ar was stirred at room temperature for 1.5 h, The reaction mixture was diluted
with water, and the products were extracted twicc with EtOAc. The combined organic layer was successively

wachad with 1 N manl dm-3 aguanne HCL enln ad annaniig NalI N enln and hrina and tha
Y AoiinAg Wllll 1. lllul \Fivy) \-i wua LA OUlullUll, O“lulal\lu a\.{uuuua 11(111\,\1_5 ‘l’lullull, aing viinig, ailiu ul\.dll
dried. Removal of the solvent gave a residue, which was chromatogra phed on a column of silica gel (2 g), with

EtOAc-hexanes (1:10) as eluent, to afford compound 30 (48.8 mg, 93%) as a colorless syrup: [a]p2? 235 (c
0.79, CHCI3); IR ypax (neat) 1615 cm-1; 1H NMR (270 MHz) & = —-0.03 and 0.01 (2s, each 3 H), 0.89 (s, 9
H), 1.40 (m, 1 H), 1.68-192 (m, 3 H), 1.81 (d, 3 H,J =11 Hz), 2.14 (dd, 1 H, J = 2.2, 11.4 Hz), 3.46

(ddd, 1 H,J = 5.1, 8.6, 10.8 Hz), 3.78 and 3.80 (2s, each 3 H), 3.89 (dd, 1 H, J = 8.6, 11.4 Hz), 3.93 (m, 1
YTV A 18 £ ___ ~OTYN FRN -} 1 Ty r 1N A TY hY 4 & A A Vda V= RS 1 TY h g Fagh & RN A N~ s 1 4 Y

H),4.15(m, 2 H),4.52(d, 1 1, J = 10.4 Hz), 4.56 and 4.64 (Zd,each 1 H,J = 11.0H=2),495{d, 1 H,J =
INALI-Y §8Q e 1T T = ~ A u-.\ AR AQT TN und 72N A on k o] L] 1 QQ TI) 13(‘ JAAD /IR
PRV A, 4 11&}, Jed T \UL, 1 i1, J V.U i L) VOhy V.07 y oS, auu [EY®AVS \'-ru, ua n < 0.0 IIL} . IVWIVIEN \IJ

MHz in CDCl3) § = —4.7, -4.6, 16.7, 18.1, 24.7, 26.1, 32.0, 41.0, 55.4, 56.5, 716 71.8, 74.6, 79.1, 84.1,
113.7, 113.9, 122.9, 129.3, 129.6, 131.0, 131.6, 142.2, 159.1, 159.2; MS m/z 576 M(7CD)*, 0.1%), 574
M+, 0.3%), 455 (12), 453 (30), 317 (9), 185 (16), 149 (20), 137 (24), 121 (100); HRMS m/z 574.2880
(574.2881 calcd for C32H4705CISi, M*).

(15,25,35,4R)-3-{(1E)-1,5-Dimethylhexa-1,4-dien-1-yl}-4-(tert-butyldimethylsilyl)oxy-
1,2-di- (4 methoxybenzyl)oxy-cyclohexane (32). A mixture of 30 (6 6 mg, 0.0115 mmol),

S’

nlic adis 2me. 1.15 umoD). and tribu PR (21} (11 9 mz. 0.0344
tbucuua\ulyuvuy1yuuapxuuy}pauauxuul\U} \1 7 llls, 1.4 }Llll\ll] atia u JUul_y.llDUUlll\/llylllll \Jl[ \11.7180 5 \VAVEL o
mmol) in THF (1 ml) under Ar was stirred at 40 °C for 6 dayvs. The reaction mixture was concentrated to give a

residue, which was chromatographed on a column of silica gel (1 g), with EtOAc-hexanes (1:40) as eluent to
afford compound 31 (4.1 mg, 60%) as a colorless syrup: [a][)25 2.1 (¢ 0.92, CHCI3); IR ymax (neat) 1615
cm-1; 1H NMR (270 MHz) § =-0.04 and —0.01 (2s, each 3 H), 0.89 (s, 9 H), 1.26-1.43 (m, 2 H), 1.63, 1.67,
and 1.72 (3s, cach 3 H), 1.78-1.88 (m, 2 H), 2.20 (dd, 1 H, J = 2.2, 11.2 Hz), 2.74 (bt, 2 H, J = 7.3 Hz),
3.45 (m, 1 H), 3.78 and 3.80 (2s, each 3 H), 3.87 (m, 1 H), 3.91 (m, 1 H), 448 (d, 1 H, ]
-

d464(2d. each 1 H.J=110H2).491(d 1 H. ] =103 Hz). 514 (tg. 1H. ] = )
&G 4.04 (£0, ¢aCn 1 N, J = 11U nZj, 451 (G, | 0,4 =103 NZj, 5.4 ({1q, 1 1,3 = 15,7 L} 1 (DL, 1

H, ] = 7.3 Hz), 6.81, 6.87, 7.18, and 7.31 (4d, each 2 H, J = 8.8 Hz); 13C NMR (75 MHz in CDCl3) § =
-5.0, -4.8, 16.7, 17.7, 18.0, 24.7, 25.7, 25.9, 26.1, 27.1, 31.9, 55.3, 56.3, 71.5, 72.1, 74. 3, 79.4, 84.1,
113.6, 113.8, 123.3, 125.9, 129.1, 129.2, 129.4, 131.0, 131.1, 131.8, 133.9, 144.4, 158.8, 159.1; MS m/z
594 (M*, 2%), 509 (7), 473 (20), 419 (15), 337 (7), 283 (15), 137 (24), 121 (100); HRMS m/z 594.3739
(594.3740 calcd for C3gHs4058i, M*),

(1R,2R,35,45)-2-{(1E)-1,5- Dlmethylhexa 1,4-dien- l-yl}-l 2-di-(4- methuxybenLyl)oxy-

y‘, U 1I€Xan- l Ul ‘JJ’ 1U a bUluLlUn Ul .).‘: \1’ O lllg UUJ.)J lllIllUl} l" lrl[' \l llll} at room lclllpUleurB
vas added 1.0 mol ﬂm-3 solution n‘F tetra- q-hngvl')mmnnn\m fluoride in THF (0.333 m| 0 313 rnmr\l\ and the

was added ol dm solutior n fluoride in THF (0.333 m! 0.333
mixture was stirred at room temperature for 7 days. The reaction mixture was concemrated to give a residue,
which was chromatographed on a column of silica gel (1.6 g), with EtOAc-hexanes (1:4) as eluent, to afford
compound 33 (13.4 mg, 84%) as a colorless syrup: [a]p28 —35.4 (c 0.64, CHCI3); IR ymax (neat) 3460, 1615
cm-1; ITH NMR (270 MHz) § = 1.64 (s, 3 H), 1.66 (d, 3 H, J = 1.0 Hz), 1.75 (s, 3 H), 1.34-2.00 (m, 4 H),
2.18 (dd, 1 H, T = 2.2, 11.2 Hz), 2.70 (bt 2 H, 7.0 Hz), 3.45 (ddd, 1 H, ] = 4.4, 8.6, 11.2 Hz), 3.78
and 3.80 (2s, each 3 H), 3.76-3.83 (m, 2 H), 4.46 (d, 1 H, J = 10.3 Hz), 4.57 and 4.65 (2d, each 1 H, J =
11.0 Hz), 4.88 (d, 1 H, J = 10.3 Hz), 5.12 (tq, 1 H, J = 1.0, 7.0 Hz), 5.36 (bt, 1 H, J = 7.0 Hz), 6.82, 6.87,
7.17, and 7.33 (44, each 2 H, J = 8.8 Hz); 13C NMR (75 MHz in CDCl3) =177, 18.2, 24.6, 25.6, 27.1,
29.6, 55.3, 55.9, 67.2, 71.3, 75.0, 78.7, 83.9, 113.6, 113.7, 122.7, 125.0, 129.2, 1294, 131.2, 131.5,
133.5, 142.7, 158.9, 159.0; MS m/z 480 (M*, 1%), 359 (33), 205 (7), 137 (21), 121 (100); HRMS m/z
480.2878 (480.2875 caled for C3gH4005, M*).

(1R,2R,35,45)-2-[(2R,35)-3-(3-Methyl-2- buten-l-yl)-Z-methyloxiran-2-yl]-3,4-di-(4-

f»a

metnoxynenzyuoxy-cycmnexan i-ol (34). To a solution of 33 (5.1 mg, 0.0106 mmol) and vanadyl

noatclanatanata (2 o ne . Al in O (1 Nar _ 109 iindar Arwwae addad § N_A N manl Am-3 caluti
dbClyla&.CLUlldLC \U 2 HIE, 1 vu p.ulUl; LTI (1 Ll Al —IW L unuct was aGGea O.u-o.v MG G S01utio

of tert-butyl hydroperoxide in decane (3.1 ml, 0.0155-0.0186 mmol), and the mixture was stirred at -8 °C for 5

h. To the reaction mixture was added dlmethyl sulfide (0.1 ml), and the mixture was further stirred at Q °C for
30 min. The reaction mixture was concentrated to give a residue, which was chromatographed on a column of

= 10.3 Hz), 4.56
2 LI\ &7 ke 1
o s VARRIVY
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silica gel (1 g), with EtOAc-hexanes (1:4) as eluent, to afford compound 34 (4.8 mg, 91%) as a colorless
syrup: [a]p?7 37.9 (c 0.30, CHCI3); IR ymax (neat) 3470, 1615 cm-1; 1H NMR (270 MHz) §= 1.43 and 1.56
(2s, each 3 H), 1.61 (d, 3 H, J = 1.1 Hz), 1.75 (s, 3 H), 1.65-1.95 (m 4 H), 2.29 (m, 1 H), 3.09 (bt, 1 H, J

= 6.2 Hz), 3.37 and 3.43 (2m, each 1 H), 3.65 (dd, 1 H, J = 8.4, 11.0 Hz), 3.78 and 3.80 (2s, each 3 H),
ANV L e 1 LTI\ A AO A &1 A L1 el ENE (A g N Y h 4 11 N YT\ £ 1A r___ 11’7\ L OA s ’\I‘ ¥ 00
427 (m, 1 H), 4.48, 4.51, 4.61, and 5.05 (4d,each 1 H, J = 11.0 Hz), 5.14 (m, 1 n),6s84{a,2H,J=2.8
Hz),6.85(d,2H,J=84Hz),720(d,2H, I =88Hz),725(d, 2 H, ] =84 Hz); 13C NMR (75 MHz in
CDCl3) §=17.9, 21.1, 24.3, 25.6, 27.5, 30.2, 50.9, 55.3, 61.4, 641 68.1, 71.1, 73.9, 77.2, 78.9, 84.1,

305 (12) 289 (13) 221 (14) 151 (21) 137 (77) 121 (100), HRMS miz 496.2829 (496 2824 caled for

C30H400¢, M*). .

(2R,35,45)-2-[(2R,35)-3-(3- Methy -2-buten-1-yl)-2- methyloxn‘an 2-yl]-3,4-di-(4-
memoxynen;yi)ﬁxy -cyciohexan-i-one (35). A suspension of compound 34 (4.8 mg, 9.7 mmol),
pyridinium dichromate (10.9 mg, 29.0 mmol), and molecular sieves powder (4 A, 10m g) in CH,Cl (1 ml)
was stirred at 0 °C for 22 h. The mixture was diluted with EtpO and insoluble material was removed by
filtration through a short pad of silica gel. The filtrate was concentrated to give a residue, which was
chromatographed on a column of silica gel (1.2 g), with EtOAc-hexanes (1:4) as eluent, to afford 35 (2.9 mg,
60 %) as a colorless syrup: [a]p20 47.3 (¢ 0.15, CHCIl3); IR yqmax (neat) 1715, 1615, 1515 cm-1; TH NMR
(270 MHz) 8= 1.26 (s, 3 H), 1.65 and 1.74 (2d, each 3 H, ] = 1.5 Hz), 2.17-2.43 (m, 6 H), 226((1, 1 H J=

r e EE Ty -~ Y N A an n on
3.8 Nz), 2.57 (aqa, i n,J vhosy
A
u

C\

(D =2

.2 Hz), 3.80 and 3.81 (Zs,each 3 H), 3.82 (m, 1 H), 385 (dd, 1 H,J =
~h

il 1]

6.8, 8.8 Hz), 4.57 and 4.61 (2d, each 1 H, J = 11.4 Hz), 4.71 and 4.81 (2d, each 1 H, J = 10.5 Hz), 5 31
(dddd, 1 H,J = 1.5, 1.5, 7.1, 7.1 Hz), 6.86, 6.87, 7.25, and 7.35 (4d, each 2 H, J = 8.7 Hz); 13C NMR (75

MHz in CDCl3) § = 14.3, 18.0, 24.7, 25.7, 27.8, 37.2, 55.3, 58.5, 62.4, 63.3, 71.4, 72.8, 77.2, 78.9, 79.9,
113.7, 113.8, 119.0, 129.3, 129.6, 130.2, 130.5, 134.0, 159.3, 206.8; MS m/z 476 M+-H70, 1%), 355
(1), 202 (3), 137 (16), 121 (100); HRMS m/z 476.2561 (476.2563 calcd for C3oH3605, M+t—H>0).
(25,35,45)-2-{(1E)-1,5-Dimethylhexa-1,4-dien-1-yl}-3,4-di-(4-methoxybenzyl)oxy-
cyclohexan-1-one (37). A solution of compound 33 (6.0 mg, 0.0125 mmol) in acetic anhydride (0.4 ml)
and DMSO ({J‘ 6 ml) was stirred at room temperature for 18 h. To the reaction mixture was added EtCH (1 i m})

After being stirred at room temperature for 30 min, the mixture was diluted with EtOAc, and washed three times

1g stirred at roo perature for as diluted with EtOAc, and washed three ti
with water, and then dried. Rcmoval of the solvcm gave a residue, which was chromatographed on a column of
silica gel (1 g), with EtOAc-hexanes (1:8) as eluent, to afford compound 37 (3.8 mg, 63%) as a colorless
syrup: [a]p?0 71.9 (¢ 0.35, CHCl3); IR ymax (neat) 1715, 1615, 1515 cm-1; IH NMR (270 MHz) § = 1.59 (m,
1 H), 1.63, 1.64, and 1.69 (3d, each 3 H, J = 1.2 Hz), 2.15-2.46 (m, 2 H), 2.80 (m, 2 H),3.06 (d, L H,J =

4N A TT N A/n 1A T A~ an T nAaTY

10.3 Hz), 3.68 (dd, 1 H, J = 8.1, 10.3 Hz), 3.80 and 3.82 (2s, each 3 H), 4.48 (d, 1 H J=1UJHZ) 4.66

T
i,

fa DN A2 /A4 10 T 102\ & 14/ A4 110 T . 11 ’3"7"‘)’7’\Ll\€’3(l.l_«l IS B 4

L 11}y, %./0 \4, 1 I}, J = 1VU.D I1L), J.19 (UUUU, 1 11, J = 1.4, lL,I.L,I.LflL[, L0 Wlﬂ,.}

(s, 3. =
7.2,72 Hz),6.83(d,2H,J=8.8Hz), 689 (d,2H,J=2_8.5Hz),720(d,2H, J—88Hz),730(d 2H J
= 8.5 Hz); 13C NMR (75 MHz in CDCl3) § = 14.4, 17.8, 25.6, 27.3, 38.0, 55.1, 55.4, 65.3, 65.5, 71.9,
74.1, 80.5, 81.2, 113.7, 113.8, 122.4, 122.6, 129.1, 129.4, 129.7, 130.2, 130.5, 130.6, 159.2, 207.7; MS
milz 478 (M+, 0.2%), 357 (1), 236 (3), 204 (3), 137 (7), 121 (100); HRMS m/z 478.2717 (478.2719 calcd for
C30H3805, M™*).

(45,55,65)-4-{(1E)-1,5- Dimethylhexa 1,4-dien- l-yl} 5,6-di-(4-methoxybenzyl)-1-

oxaspirof2.5]octane (38). A solution of trimethylsulfoxonium iodide (95.2 mg, 0.432 mmol) and sodium
1

hvdride (6.9 mo. 0.288 mmol) in DMSO (0.6 m]) under Ar was stirred at room tem mperature frv\r 1 l'\. To this

hydride (6.9 mg, 0.288 mmol) in DMSO (0.6 ml) under Ar was stirred at room temperature
mixture was slowly added a solution of compound 37 (6.9 mg, 0.0144 mmol) in DMSO (0.3 ml). After being
stirred for 30 min, the reaction mixture was quenched with a buffer solution (pH = 7, prepared from 0.2 mol
dm-3 aqueous NaH,POy solution and 0.2 mol dm-3 aqueous NaOH solution), and the products were extracted
with EtOAc. The organic layer was dried and concentrated to give a residue, which was chromatographed on a
column of silica gel (1 g), with EtOAc-hexanes (1:10) as eluent, to afford compound 38 (3.3 mg, 47%) as a
colorless syrup: [a]p23 8.6 (c 0.17, CHCI3); IR ypax (neat) 1615, 1515 cm-1; TH NMR (270 MHz) 5= 1.26

3.
A4
U

(m, 1 H), 1.62, 1.63, and 1.68 (3d, each 3 H, J = 1.2 Hz), 1.71-1.91 (m, 2 H), 2.07 (m, 1 H), 2.47 (d, 1 H,
I=50Hz),253(d, 1 H,J =110 Hz), 2.61 (d_illl,_lzi()liz) 273 (4d, 2 H, J = 6.0, 7.1 Hz), 3.54
(ddd 1H,J=44,85, 11.2 Hz), 3.75 (dd, 1 H, J = 8.5, 11.0 Hz), 3.79 and 3.81 (2s, each 3 H), 4.47 (d, 1

H, J = 10.4 Hz), 4.60 and 4.66 (2d, each 1 H, J = 11.2 Hz), 498 (d, 1 H, J = 10.4 Hz), 5.10 (ddt, 1 H, J =
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1.2,1.2,7.1 Hz), 529 (dt, 1 H,J = 1.2, 6.0 Hz), 6.83, 6.87, 7.16, and 7.30 (4d, each 2 H, J = 8.8 Hz); 13C
NMR (75 MHz in CDCl3) § = 15.3, 17.7, 25.7, 27.1, 31.8, 50.5, 53.7, 55.1, 55.5, 59.9, 71.6, 81.8, 82.8,
83.0, 113.6, 113.7, 122.7, 129.3, 130.8, 131.0, 131.4, 159.0, 159.1; MS m/z 492 (M*, 0.2%), 371 (7), 137
(14), 121 (100); HRMS m/z 492.2878 (492.2875 calcd for C31H4005, MH).

(1D 9D 21C AC\ M _f{1 ) Mo Inean A_A3 thoxvbhenzy
\ll\,bl’\,.’d,"ﬂ"ﬁ'\\lb)'l‘l"lclll]lpl up-x-cu-l-yl) J,"I un-vc-uncunu&yucl

1-0l (40), A solution of compound 24 (76.3 mg, 0.179 mmol) and r‘!ﬂnrntnc(rnnhp nvinhos

A Slfamenaviin UL WAL RS 15 (RIS NIRS ) iy Flluuyll

(82. 8 mg, 0.0894 mmol) in EtOH (1 ml) and benzene (3 ml) under Ar in a sealed tube was snrred at 120 °C for

2 days. “After cooling, the reaction mixture was concentrated to give a residue, which was chromatographed on

a column of silica gel (8 g), with EtOAc-toluene (1:8) as eluent, to afford compound 40 (65.3 mg, 86 %) as a

colorless syrup: [a]p27 8.4 (c 1.03, CHCI3); IR ymax (neat) 3460, 1615, 1515 cm-!; IH NMR (270 MHz) § =

1.35-:200 (m, 4 H), 1.70(d, 3 H,i=7 ljnz), i. /zm 3H,J= 15Hz),zuma 1u,J—13 114Hz),
i,

$
2A€ /1131 1 0T T _AQ Q0@ 4 U 70 2 20N fen N LT 1 —_ 1n2
J.40 (Gad, 1 1, J = 4.0, 0.0, 1 1zj, 379 \a, .)u}, 3.80 (m, 2 H), 3.81 {s, 3 H), 4.47 \u, 1H,7=103

Hz), 4.56 and 4.65 (2d, each 1 H, J = 11.3 Hz), 4.89 (d, 1 H, J = 10.3 Hz), 5.41 (m, 1 H), 6.83, 6.87, 7.16,
and 7.30 (4d, each 2 H, J = 8.8 Hz), 13C NMR (75 MHz in CDClz) 8= 13.4, 17.8, 25.6, 29.6, 55.3, 55.9,
67.3, 71.3, 74.9, 78.9, 84.0, 113.6, 113.8, 120.1, 128.8, 129.3, 129.5, 131.2, 131.6, 134.6, 159.0; MS
miz 426 (M*, 3%), 305 (100); HRMS m/z 426.2407 (426.2406 calcd for CogHz405, M),

(1R,2R,35,45)-2-{(2R,35)- (41a) and (1R,2R,35,45)-2-{(2S5,3R)-2,3-Dimethyloxiran-2-
y1}-3,4-di-(4-methoxybenzyl)oxy-cyclohexan-1-01 (41b). To a solution of 40 (62.0 mg, 0.145
mmol), vanadyl acetylacetonate (1.9 mg, 7.3 umol) in benzene (1 ml) under Ar at -15 °C was added 5.0-6.0 mol

dm'3 solution of rart.hng'ul huﬂrr\narn\u(‘]p in decane (43,6 ul N21R-02K2 mmnl\ and the mixture was stirred at

SVl JUIUPLIUAIUL R BULRLL TV U Ve A T LT 11V, GG IXAALUIEIW ¥V S JUMIVG &

15 °C for 4 h. To the reaction mixture was added dlmethyl sulﬁde (0.1 ml), and the mixture was further stirred
at—10 °C for 30 min. The reaction mixture was concentrated to give a residue, which was chromatographed on
a column of silica gel (6 g), with EtOAc-hexanes (1:5 — 1:2) as eluent, to afford first, compound 41a (44.0
mg, 68%) as needles. Further elution gave compound 41b (7.7 mg, 12%) as a colorless syrup. Compound

4ia: M.p. 98-99 °C (from MeOH); [a]p2C -15.5 (¢ 1.07, CHCI3); IR ymax (KBr) 3415, 1615, 1515 cm-1; 1H

NMR (270 MHz) 3= 1.25 (d, 3 H, J——SSHI;) 1.35 (m, 1 H), 1.37 (s, 3 H), 1.74 (dd, 1 H, ] = 2.0, 111
Hz), 1.76-1.90 (m, 3 H), 3.18 (g, 1 H, J = 5.5 Hz), .44 (ddd, 1 H, ] = 4.6, 8.4, 13.4 Hz), 348 (m, 1 H)

AR&ujy RaliNFTR.7 Sl Yy 2 ERisJy 0T UG, LT XRiufy WU \Mddy X XKy

3.63 (dd, 1 H, J = 8.4, 11.1 Hz), 3.80 (s, 6 H), 4.28 (m, 1 H), 4.46 (d, 1 H, J = 10.7 Hz), 4.51 and 4.63
(2d, each 1 H, J = 11.0 Hz), 5.04 (d, 1 H, J = 10.7 Hz), 6.86, 6.87, 7.21, and 7.28 (4d, each 2 H, J = 8.7
Hz); 13C NMR (75 MHz in CDCl3) 5 = 13.6, 20.8, 24.4, 30.1, 50.7, 55.2, 57.4, 63.9, 68.1, 71.1, 74.3,
79.1, 84.0, 113.7, 129.0, 129.3, 130.9, 131.3, 159.0, 159.1; MS m/z 442 (M*+, 1%), 424 (7), 321 (100),
305 (18), 242 (84), 235 (100), HRMS m/z 442.2355 (442.2355 calcd for CogH3406, M*). Compound 41b:
r o) o s 1 A=

-

] 1~ N NAAN A L1E AEAE -1 111\111-1-\. IO RATT N @ T A3 DIT Y
[alp=® 12.8 {c 1.27, Cl3); IR ymax (neat) 3440, 1615, 1515 cm™*; *H NMR (270 MHz) 8=1.34 (d, 3 H, J
m(QUw\lA(Io’l \1((\"}{'\(\&“ A 18244 T H T 20 11{\1-1—'\ 284 (g. 1H. T =59H

J.T7 KR4}y 1.0 (D, J L1}, L.JVU &, UV \ill, v Iij, 1.0 \uu, 1 11, J LUy 11U XRL), £.09 (4, 1 11, J J.Z KALj,
3.50 (ddd, 1 H, J = 4.4, 8.4, 10.6 Hz), 3.78 and 3.81 (2s, each 3 H), 395 (dd, 1 H, J = 8.4, 11.0 Hz), 4.15

(m, 1 H), 4.57 and 4.64 (2d, each 1 H, J = 11.2 Hz), 4.67 and 5.08 (2d, each 1 H, J = 10.8 Hz), 6.87, 6.88,
7.31, and 7.36 (4d, each 2 H, J = 8.8 Hz); 13C NMR (75 MHz in CDCl3) 6 = 14.4, 24.4, 31.8, 49.7, 55.2,
55.3, 58.5, 61.6, 68.6, 71.4, 74.0, 78.2, 83.7, 113.6, 113.8, 129.0, 129.4, 130.8, 131.5, 158.8, 159.1; MS
miz 442 (M*, 2%), 424 (15), 321 (100), 305 (28), 185 (70), 167 (100); HRMS m/z 4422355 (442.2355 calcd

for Ca6H340¢, M*).

(1IR2R 23S 485 \.2. (1 E V.2 . Hydroxv-1-methvipron-1-en-1-v11-3 4.di-(4-methoxvbenzvoxy
\lﬂ"-l\’JL”"ﬂ}-L‘l\lL ”J'llyu UAJ'I'III‘:I.IIJIPI Up'l‘tll'I'JI]'J,"'ul'\"'lllclllu&yUclllo 1JUA Y™
cvelghexan- 1-0l (42). To a solution of 29 (83.6 mg, 0.150 mmol) in THF (1.5 ml) at room temperature

was added 1.0 mol dm -3 solution of tetra-n-butylammonium fluonde in THF (1.50 ml, 1.50 mmol), and the
mixture was stirred at room temperature for 6 days. The reaction mixture was concentrated to give a residue,
which was chromatographed on a column of silica gel (3 g), with EtOAc-toluene (1:1) as eluent, to afford
compound 42 (66.4 mg, 100%) as a colorless syrup: [a]pl7 —14.7 (¢ 0.73, CHCI3); IR ymax (neat) 3390,
1615, 1515 cm-i; 1H NMR (270 MHz) 8 = 1.43 (m, 1 H), 1.74-2.10 (m, 4 H), 1.77 (s, 3 H), 2.15 (dd, 1 H, J
= 2.0, 11.2), 2.35 (br, 1 H), 3.47 (ddd, 1 H, J = 4.4, 8.5, 11.2 Hz), 3.78 and 3.80 (2s, each 3 H), 3.79-3.86
(m,2H), 417 (dd, | H I=66,125H2),423(dd, 1 H I =68, 125 Hz), 450 (d, 1 H, ] = 10.6 Hz),

-~ aAy L § P L ess AAiu) LR L€ s ands; A0 128

456and4.65 (Zd, each 1H,J= 11 0Hz),493 (d, 1 H, J— 106Hz), 5.53 (dd, 1 H,J 6.6, 6.8 Hz), 682_
6.87, 7.17, and 7.30 (4d, each 2 H, J = 8.8 Hz); 13C NMR (75 MHz in CDCl3) 6 = 18.1, 24.5, 30.1, 55.2,
55.7, 59.0, 67.7, 71.3, 74.8, 78.8, 83.8, 113.6, 113.7, 125.1, 129.2, 129.3, 131.0, 131.4, 137.9, 159.0;
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MS m/z 442 (M+, 1%), 424 (2), 321 (100), 303 (56), 167 (70), 149 (82); HRMS m/z 442.2356 (442.2355
calcd for CrgH340¢6, M+).
(1R,2R,35,45)-2-{(1E)-3-(tert-Butyldimethylsilyl)oxy-1-methylprop-1-en-1-y1}-3,4-di-(4-
meihoxybenzyi)oxy-cyciohexan-i-of (43). To a solution of compound 42 (86.7 mg, 0.196 mmoi) in
DMF (2 ml) at 0 °C was added imidazole (80.1 mg, 1.18 mmol) and tert-butyldimethylsilyl chloride (88.6 mg,

0.588 mmol), and the mixture wasg stirred at room temperature for 30 min. The reaction mixture was diluted

1AL VY SaiiUAL QL IWARN S A% AV LS LA v AVGWLAVIL izl VY RS s

with EtOAc and washed with water, and dried. Removal of the solvent left a residue, which was
chromatographed on a column of silica gel (4 g), with EtOAc-hexanes (1:4) as eluent, to afford compound 43
(96.9 mg, 89%) as a colorless syrup: [alp23 =20.0 (¢ 1.19, CHCI3); IR ymax (neat) 3450, 1615, 1515 cm1;
1H NMR (270 MHz) § = 006 (s, 6 H), 0.88 (s, 9 H), 1.43 (m, 1 H), 1.74 (s, 3 H), 1.77-2.00 (m, 3 H), 2.17

(dd, 1 H,J = 2.0, 11.2), 3.46 (ddd, 1 H, J = 4.5, 8.8, 13.2 Hz), 3.78 and 3.80 (2s, each 3 H), 3.79-3.87 (m,

Y AL /A 1T L T &0 17T T A2 fAA 1T O T _ £ 1 197 Iy AN A 1 LT T _ 1N 12 1T\ A &L
4 K1), 440004, 1 11, = 5.7, 14.f 0IZ), 4.3 Q0, 1 11, 3 = 0.1, 12./ 11Z), 45U \Q, 1 11, J = 1U.D 11Z}, 4.50
(d,1H,J=110Hz),465(d, 1 H,J=11.0Hz),491 (d, 1 H,J =103 Hz), 555(dd, 1 H,J =59, 6.1
Hz), 6.82, 6.87, 7.18, and 7.30 (4d, each 2 H, J = 8.8 Hz); 13C NMR (75 MHz in CDCl3) 6 =-5.2, 18.3,

24.5, 25.9, 29.7, 55.2, 558 60.0, 67.4, 71.3, 75.0, 78.8, 83.8, 113.6, 113.7, 126.4, 129.2, 129.3, 131.0,
131.4, 135.3, 158.9, 159.0; MS m/z 556 (M*, 0.2%), 435 (26), 281 (3), 167 (8), 149 (7), 137 (13), 121
(100); HRMS m/z 556.3222 (556.3220 calcd for C3pH4806Si, Mt). Anal. Found: C, 69.02; H, 8.63%.
Calcd for CapHygO6Si: C, 69.03; H, 8.69%.
(25,35,45)-2-{(1E)-3-(tert-Butyldimethylsilyl)oxy-1-methylprop-1-en-1-yl}-3,4-di-(4-

mathn\'vhonwvl\nvv-pvnlnhovnn.l-nnn (44), A solution of comnound 43 (484 mg, 0.0869 mmn]\ in
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acetic anhydride (0.8 ml) and DMSO (1.2 ml) was stirred at room temperature for 12 h. To the reaction mixture
was added EtOH (4 ml), and the mixture was further stirred at room temperature for 30 min. The mixture was
diluted with EtOAc and washed three times with water, and then dried. Removal of the solvent gave a residue,
which was chromatographed on a column of silica gel (2 g), with EtOAc-hexanes (1:5) as eluent, to dfford

compound 44 (44. 8 mg, 93%) as a colorless syrup: [(xID"-’ 53.7 (c 1.06, CHCI3); IR Ymax (neat) 1720, 1615

1:1: _....l Ity \r\nn £T0 RATLT_N & NN A 1 N NQ /D) O In 1
1010 CHI %, "Il INIVIIN {4/U IVIIN14) 0 = U.U/ dallld U U0 (LD

J
”

=U.u
1.63 (m, 1 H), 2.16-2.45 (m, 3 H), 3.09 (1 H, d, J = 10.1 .
3.81 (2s, each 3 H), 3.81 (m, 1 H), 4.28 (d, 2 H, ] = 6.1 Hz), 4.51
(d, 1 H,J =104 Hz), 543 (dt, 1 H, J = 1.2, 6.1 Hz), 6.83, 6.89, 7. 22 and 7.29 (4d each 2 H, J =8.8 Hz)
13C NMR (75 MHz in CDCl3) 6 = -5.2, 14,7, 18.3, 25.5, 25.9, 37.8, 55.2, 55.3, 60.1, 65.0, 71.9, 73.9,
80.3, 81.0, 113.7, 113.8, 129.3, 129.7, 130.4, 130.4, 131.2, 159.2, 207.1; MS m/z 554 (M*, 2%), 497
(37), 433 (100), 359 (53), 297 (52), 280 (100); HRMS m/z 554.3084 (554.3063 calcd for C3Hs60651, M*).
-Di-(4-methoxybenzyl)oxy-1-oxaspiro(2.5]oct-4-yl}-1-(tert-

b
Y-ona (A8 A enlntinn nf trn‘nplh :Icnlfnvnn-nm indide IOLY) meo 114 mmn]\
TN -~ \-'Ul 42 JVAURIVIA UL 1)\(‘,]'] AOUILVAVIIIAUILL AALAE \‘dd‘d IE E o s

ol 30 5 mg, 0.763 mmol) in DMSO (1.5 ml\ under Ar was stirred at room

(2.4
L
=

—

il

0. 0508 mmol) in DMSO (1 ml). After being stirred for 15 mm the reaction mixture was quenched thh a
buffer solution (pH = 7, prepared from 0.2 mol dm-3 aqueous NaH,PQy4 solution and 0.2 mol dm-3 aqueous
NaOH solution), and the products were extracted with EtOAc. The organic layer was washed with water and
brinc, and then dried. Removal of the soivent gave a residue, which was chromatographed on a coiumn of

Shn onl 7Q th DeMYA ~_ havaonao 1IN\ ng alis trn affrrd Anrmarmanind AR 16 2 o SQOLN ag a ~anlarlac
Dlluwd 8L1\O 5), wuu LEIVUAC-nEXancs \A 1U) ad CLUUHL, W aiivid bUl“}JUullu o \1V.0 1E, JO 70) ad a CO10T1CSS

syrup: [a]p23 4.3 (c 0.89, CHCl3); IR ymax (neat) 1615, 1515 cm-1; IH NMR (270 MHz) 6= 0.06 (s, 6 H),
0.89 (s, 9 H), 1.26 (ddd, 1 H, J = 3.1, 3.1, 13.9 Hz), 1.58 (s, 3 H), 1.71 (m, 1 H), 1.84 (ddd, 1 H, J = 3.1,
13.9, 13.9 Hz), 2.09 (m, 1 H), 2.48 (d, 1 H, J = 4.9 Hz), 2.56 (d, 1 H, J = 11.0 Hz), 2.63 (d, 1 H, ] = 4.9
Hz), 3.55 (ddd, 1 H, ] = 4.5, 8.6, 13.1 Hz), 3.76 (dd, 1 H, J = 8.6, 11.0 Hz), 3.79 and 3.81 (2s, each 3 H),
419 (dd, 1 H, J = 5.6, 13.1 Hz), 4.25 (dd, 1 H, J = 5.6, 13.1 Hz), 4.48 (d, 1 H, J = 10.5 Hz), 4.60 (d, 1 H,

J=11.0Hz),466(d, 1 H, ] =11.0 Hz), 487 (d, 1 H, J = 10.5 Hz), 5.47 (dd, 1 H, J = 5.6, 5.6 Hz), 6.82,
£ 00 T 17 and 721 7AA ....ml..du T — Q0 Q LI\, 130 NMDR /78 MITo i TV, \s:___<‘1 14:’/ 112 250
V.00, /.17, dalid /.01 (#, Caln £ 1, J = 0.0 11Z), U OINIVIR (7D MIGRZ I Let3) 0= —J.4, Ay 10.0, LJ.7,
27.0, 29.7, 31.8, 50.4, 53.4, 55.3, 59.7, 60.0, 71.6, 74.5, 81.6, 82.8, 113.6, 113.8, 129.3, 130.5, 131.0,

131. 4 1322 159.0, 159.1; MS m/z 447 (M*-PMB, 22%), 137 (7), 121 (100); HRMS m/z 447.2563
(447.2567 calcd for CasHi90sSi, M+-PMB). Anal. Found: C, 69.40; H, 8.28%. Calcd for C33H480¢5i: C,
69.68; H, 8.51%.
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(3R,45,55,65)-4-{(1E)-3-(tert-Butyldimethylsilyl)oxy-1-methylprop-1-en-1-yI}-5,6-
dihydroxy-1-oxaspiro[2.5]octane (46). To a solution of compound 45 (14.7 mg, 0.0258 mmol) in
CH,Cl; (0.45 ml) and water (25 pl) at room temperature was added 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (12.9 mg, 0.0569 mmoi), and the mixture was stirred at room temperature for 1 h. The reaction
mixture was diluted with saturated aqueous NaHCO3 solution, and the products were extracted with EtOAc.
The organic layer was washed four times with saturated aqueous NaHCQj3 solution, and then dried. Removal
of the solvent gave a residue, which was chromatographed on a column of silica gel (1 g), with EtOAc-hexanes
(1:1) as eluent, to afford compound 46 (8.5 mg, 100%) as a colorless syrup: [a]p22 —43.3 (¢ 0.89, CHCl3); IR
Ymax (neat) 3400 cm-1; IH NMR (270 MHz) &= 0.08 (s, 6 H), 0.90 (s, 9 H) 129 (m, 1 H), 1.64(d,3H,J =
1.1 Hz), 1.81-2.10 (m, 4 H), 241 (d, 1 H,J = 10.6 Hz), 249 (d, 1 H, J =48 Hz), 258 (d, 1 H, ] = 4.8
H,J=8.

Hz), 2.74 (br, IH),_’)()U(ddd iH,J=4.0,8.8, 114ﬂz),5/4(d i 8, 10,6 Hz), 421 (d,2H,]J
— &0 LT\ & &N r1:s 1 11 g0 110 13/ \Ylln /1TEZ NALY TY oo cn 102 NN NO £ 1 N
=J.7 ni), 3.ou ag L n J= 1.4, D7 114, *~0 INIVIN /O IViIlZ in CDC ’3) 0= —J3.4, 10.3, £J.7, 4D.D, J1.7,
iﬂ’l 7 SQ 5 SOR ’7AA ’7A< 1216 1’217 MQ mlz IR M+ D20 281N 285 (11 M2 /(10N 108
- .r.l Iy S Tady o7 7aidy iy RFRed AT Tib L JLT \4va ,u‘.-/u,, T \ ANy dwdoF \ R L Jy diduid \(ANTJy KNS

(57),93 (27), 91 (33), 75 (100) HRMS miz 328 2069 (328.2070 caled for C17H3204S1, M),
(3R ,45,55,65)-4-{(1E)-3-Hydroxy-1-methylpropen-1-yl}-5,6-diacetoxy-1-

oxaspiro[2.5]octane (47). A solution of compound 46 (20.3 mg, 0.0618 mmol) in acetic anhydride (0.3
ml) and pyridine (0.6 ml) was stirred at room temperature for 9 h. The mixture was concentrated to give crude
acetate, which was used for next reaction without purification. To a solution of the crude acetate in THF (0.5
ml) at room temperature was added 1.0 mol dm-3 solution of tetra-n- butylammonium fluoride in THF (0.124

ml n |7A mmn]\ Anﬂ ﬂ"ul m“{rnﬂs was chrrpl‘ at room temperature fnr 1 < h Thp- reacrtinn mivitire wa
llllllll y AW AWiAw iivZil RIlAALULY VY

concentrated to give a residue, which was chromatographed on a column of silica gel (2 g), with EtOAc-hexanes
(1:1) as eluent, to afford compound 47 (17.0 mg, 92%) as a colorless syrup: [aJD21 —33 1 (c 1.10, CHCl3); IR
Ymax (neat) 3460, 1750, 1740 cm-1; 1H NMR (270 MHz) §=1.30 (m, 1 H), 1.61 (d, 3 H, ] = 1.0 Hz), 1.67
(br, IH), 1.81-2.12 (m, 3 H), 1.97 and 2.04 (2s, each 3 H), 2.55 and 2.61 (2d,each 1 H,J = 46Hz) 2.67

2w

(d,1H,J=11.5Hz),4.13(d,2H, ] =6.6 Hz), 494 (ddd, 1 H,J =4.6,9.3, 11.7 Hz), 537 (dd, 1 H, ] =
9.3, 11.5 Hz), 5.50 (dt, 1 H, J = 1.0, 6.6 Hz); !3C NMR (75 MHz in CDCl3) § = 15.4, 20.7, 21.0, 26.6,
31.3, 50.2, 52.1, 58.7, 58.9, 72.9, 74.0, 130.4, 1325, 170.1, 170.5; MS m/z 280 (M*-H70, 1%), 267 (8),
207 (39), 196 (15), 178 (31), 165 (31), 160 (25), 147 (100); HRMS m/z 280.1308 (280.1311 calcd for

Ci5H2905, M*-H0).
(3R,45,55,65)-4-{(1E)-3-Chloro-1-methylprop-1-en-1-yl)-5,6-diacetoxy-1-
oxaspiro[2.5]octane (48). A solution of 47 (9.2 mg, 0.030 mmol), collidine (81.6 ul, 0.616 mmol),
lithium chloride (6.6 mg, 0.154 mmol), and methanesuifonyl chloride (24 pl, 0.31 mmol) in DMF (1 ml) under
Ar was stirred at 0 °C for 30 min. The reaction was diluted with water, and the products were extracted three

timag w nlv\ nann The rnmhinad nraorur\ ]qunr wrs 1rracet chad unith 1 M mnl dm 3 annannce HY
LRILBND (581 Fau L VY A 11V UULLLULLIIVGL Ulbu L ‘l.yvl Wu-) Qu\r\r\/ﬂx’lv\fl)’ Wﬂ‘llbu Wll.ll 1. lllUl ulll al.i LATUD 1ACd
solution, saturated agueous NaHCOQa solution, and brine, and then dried. Removal of the solvent gave a

v——vv—‘hvv‘—" e QLIRSS 2 AR, 1L 20

residue, which was chromatographed on a olumn of silica gel (1 g), with EtOAc-hexanes (1:4) as cluem, o
afford compound 48 (9.8 mg, 100%) as a colorless syrup: [a]p1® —25.8 (¢ 0.82, CHCl3); IR ymax (neat) 1740
cm-1; 1H NMR (270 MHz) §=1.34 (m, 1 H), 1.68 (d, 3 H, J = 1.5 Hz), 1.81-2.12 (m, 3 H), 1.97 and 2.04
(2s, each 3 H), 2.55 and 2.59 (2d, each 1 H, J = 4.6 Hz), 2.71 (d, 1 H,J = 11.5 Hz), 4.02 (d,2 H, J = 8.1

Hz), 4.94 (ddd, 1 H, J = 4.5, 9.3, 11.5 Hz), 5.38 (dd, 1 H, J = 9.3, 11.5 Hz), 556 (dt, i H, ] = 1.5, 8.1
LY\, IQﬂ ATAAD 718 NALY. MOTYWY VNN S 1A SN Y31 0N Y4 £ 21 A 20 0 ENn "N [ 45 e | (0 Q "M A T2 0
ﬂL} -\ INIVIIN \ /70 IVII1Z4 lll \,U\,IS) O= 1./, &U.J. L1.U, £V, U, J1.9%, IJ7.0, JU.L, JL.Jy JO.O, 4.4y [D.7,

126.8, 136.8, 169.9, 170.5; MS m/z 318 (M(37C1)+ 0.4%), 316 (M+, 1.2%), 281 (11), 267 (11), 221 (31),
214 (49), 207 (57), 196 (35), 161 (100); HRMS m/z 316.1075 (316.1077 calcd for C15H2105Cl, M*).
(3R,45,55,65)-4-{(1E)-1,5-Dimethylhexa-1,4-dien-1-yl}-5,6-diacetoxy-1-
oxaspiro[2.5Joctane (49). A solution of 48 (12.8 mg, 0.0384 mmol), tetrakis(triphenylphosphine)-
palladium(0) (4.2 mg, 3.8 umol), and tributylisobutenyltin (31) (26.6 mg, 0.077 mmol) in THF (1.5 ml)in a
sealed tube was stirred under Ar at 40 °C for 5 days. The reaction mixture was concentrated to give a residue,

“,-.I,. ,.Al & Y xrielh TDeMMYA A bavanan 1NN ao als aff
1 d1IL Cl (D 5}, Wllll ELUJ"\L llC)\dlle \1 lU} ad CIUCIH., (s} auuxu
urm

(97. §
compound 49 (9 8 me '7'70/.1\ as a colorless s Tp: ]U23 -20.6 (/- 0. Aﬂ CHCl2): IR ~ ax (n f\ 1750 ¢ r~m'1

CULLPUMII F7 \ 7.0 1115, A5 a LAEURAUSS Sy l i oA AN Ay gy AAN MIEX AR neat

1H NMR (270 MHz)&—l_._SO(m, 1H),155(,3H,J=1. 2Hz), 1. 6()(d,3H,J~15Hz),167(d)3H,J
= 1.5 Hz), 1.82-2.11 (m, 3 H), 1.94 and 2.04 (2s, each 3 H), 2.52 and 2.61 (2d, each 1 H, J = 4.9 Hz), 2.62
(d, 1TH,T=115Hz), 2.64 (m, 2 H), 493 (ddd, 1 H,J = 4.5, 9.5, 11.7 Hz), 5.01 (ddt, 1 H, J = 1.5, 1.5,

Wlllb[l was Llll UllldlU&,ldpllCU On a LUlUlllll [4)
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7.1 Hz),5.22(dt, 1 H,J = 1.2, 7.1 Hz), 5.34 (dd, J = 9.5, 11.5 Hz, 1 H); 13C NMR (75 MHz in CDCl3) § =
14.4, 17.7, 20.7, 21.1, 25.6, 26.7, 26.9, 31.4, 50.4, 52.7, 59.2, 72.7, 74.2, 122.2, 129.0, 130.6, 131.9,
169.8, 170.6; MS m/z 336 (M*, 1%), 276 (4), 267 (5), 234 (8), 216 (17), 207 (34), 187 (100); HRMS m/z
336.1939 (336.1937 calcd for C19H2805, M*).

{2D AC £C £C\ 1Y 1T & MNivathe lhoya 1T A_A:
fon ‘Iu),JO,UQ}"‘"I\].LJ]'A’J'Ullllclllyll TAad=i,®-ul

’ en-
(50), To a solution of compound 49 (6.9 mg, 0.0205 mmol) i

AV e B SABLVAL Vi wus AV 7 LGy VUL S

1 ALl
f~i- U)ldbpll U[ D JOoctaiie-S5,0-aion
MeOH (1 m]) at room temnerature was added

AYALRSLL (& 2iii) @ AUVEL Winpviiua Y Quuvis

1.0 mol dm-3 solution of NaOMe in MeOH (123 pl, 0.123 mmol), and the mixture was stirred at room
temperature for 25 min. The reaction was quenched with a buffer solution (pH = 7, prepared from 0.2 mol
dm-3 aqueous NaH2POy4 solution and 0.2 mol dm-3 aqueous NaOH solution), and the products were extracted
with EtOAc (x4). The combined organic layer was washed with brine and dried, and then concentrated to give a

P W~ s

residue, which was cnromatograpneﬂ on a column of silica gel (1 g), with EtOAc-hexanes (i:1) as eluent, to

Affard wd BN /180 mao OO0 Alarla 22 en&ANnAN
af1org Compouna sSv \.; 7 mg, 57 %) as a colorless Syrup: la]lp== -60.5 C V.oV, \.,n\,x_t,), IR Ymax \ucau 3390

cm-1; 1H NMR (270 MHz) §=1.29 (m, 1 H), 1.62 (d, 3 H,J = 1.2 Hz), 1.65 (d, 3 H, J = 1.5 HZ), 1.69 (d, 3
H,J= 15 Hz), 1.75 (m, 1 H), 1.93-2.36 (m, 3 H), 2.38 (d, 1 H, J = 11.0 Hz), 2.49 (d, 1 H, J = 4.9 Hz),
251(d, 1 H,J=24Hz),256(d, 1 H,J =49 Hz), 273 (bdd, 2 H, J = 7.3, 8.5 Hz), 3.60 (m, 1 H), 3.73
(ddd, 1 H,J =24, 8.5, 11.0 Hz), 5.07 (ddt, 1 H,J = 1.5, 1.5, 8.5 Hz), 5.30 (dt, 1 H,J = 1.2, 7.3 Hz, 1 H);
13C NMR (75 MHz in CDCl3) 6= 17.7, 25.6, 27.0, 28.6, 31.9, 50.4, 54.1, 59.5, 74.5, 74.6, 122.2, 129.6,
131.1, 132.2; MS m/z 252 (M*, 1%), 234 (2) 183 (62), 165 (50), 147 (32), 123 (26), 119 (37), 109 (100);

LIDXC /- V&N 1772 I"’:") 1'1”!1 nalad £ae M NA4
TRINAVLID Tl L LY. 0 LD \Lo& LJ Lditu 10l L,]:,ng4u_«; ivi”’ }

p?ﬂ:ﬁld (1\ To a gvluua")p of 80 (5.9 mea,. 0.0233 mmn]\ in f‘nnf‘ln (1 m]\ under Ar at —18 °C were added

265814 Toas 1 of 50 (5.9 mg, 0.0233 mmol) in CHCl C were added
vanadyl acetylacetonate (0.3 mg, 1.2 pmol) and 5.0-6.0 mol dm-3 qoluuon of rerr-butyl hydroperoxide in decane
(0.014 ml, 0.070-0.084 mmol), and the resulting mixture was stirred at —18 °C for 18 h. To the reaction
mixture was added dimethyl sulfide (0.1 ml), and the mixture was further stirred at 0 °C for 30 min. The
reaction mixture was concentrated to give a residue, which was chromatographed on a column of silica gel (1

g), with EtOAc-hexanes (1:1) as eluent, to afford first, 2',3'-diepi-FR65814 (51) (0.6 mg, 9%) as a colorless

syrup: IR Ymax (neat) 3420 cm-1; 'TH NMR (270 MHz) 6= 1.21 (m, 1 H), 1.34 (s, 3 H), 1.50-2.08 (m, 5 H),
165and 174 2d,each 3 H, T =15Hz),214(ddd, 1 H, I =71,74, 149 Hz), 232 (ddd, 1 H, I =59,
7.4,149 Hz), 2.62 (d, 1 H, ] = 4.1 Hz), 2.92 (bm, 1 H), 3.13 (bm, 1 H), 3.53 (ddd, 1 H J=44, 8,5, 11_0
Hz), 3.44 (m, 1 H), 3.58 (m, 1 H), 5.19 (dddd, 1 H, J = 1.5, 1.5, 7.4, 7.4 Hz); MS m/z 268 (M*, 0.8%),
181 (13), 169 (21), 109 (96), 95 (100); HRMS m/z 268.1685 (268.1674 calcd for C15H2404, M*). Further
elution gave FR65814 (1) (4.4 mg, 70%) as needles: M.p. 39-40 °C (from Et,O- hexanes), [a]p22 —41. 6 (c

0.25, McOH); {natural FR 65814: M.p. 39-40 °C 24 mixed M. p 39-40 °C24, [aJD“ ~38.4(c 2.4, MeUH) b

1. 1w wo Ty v 1A 171

IR ymax (neat) 3400 cm~*; ‘H NMR (270 MHz) 6=1.21 (m, 1 H), 1.30 (s, 3 H), 1.41{d, 1 H, J = 11.2 Hz),
166(d 2 H I1=15H2). 170 (m. 1 H). 176 (d. 2 H. J=15Hz). 1.94 (m. 1 H). 1.99 (m. 1 H). 2.14
g \u’ [ R T P S LILI P A \III’ A Lll RN A \u’ o Al v P Yy LLLI’ La7™T \lll, 1 ll), Ao/ 7 \111ly 1 11y 4&.17Y
(ddd, 1 H,J =17.1, 7.4, 149 Hz), 242 (ddd, 1 H, J = 5.9, 7.4, 149 Hz), 2.55 (d, 1 H, J = 4.3 Hz), 2.61

J
(dd, 1 H,J =59, 7.1 Hz), 2.73 (br, 1 H), 2.77 (bd 1H,J=37Hz),284(d, 1 H,J=4.3Hz), 3.53 (ddd,
1H,J=44,85,11.0Hz), 3.88 (ddd, 1 H,J =3.7, 8.5, 11.2 Hz), 5.17 (dddd, 1 H,J =1.5,15,74,74
Hz); 13C NMR (75 MHz in CDCl3) & = 13.7, 18.1, 25.8, 27.2, 28.0, 32.3, 49.3, 52.2, 58.5, 59.6, 61.8,
75.0,75.2, 117.8, 135.5. The spectral data were fully identical with those of natural FR 65814. MS m/z 268
M+, 0.3%), 181 (9), 169 (1 1), 149 (20), 109 (36), 95 (51), 86 (72), 84 (100), 55 (41); HRMS m/z 268.1672

MEQ 1LTA ~alsd £ N+
1200.10 74 CairCh 101 \,1311&4\;4, I/ ;

REFERENCES AND NOTES

1. Hatanaka, H.; Kino, T.; Hashimoto, M.; Tsurumi, Y.; Kuroda, A.; Tanaka, H.; Goto, T.; Okuhara, M
J. Antibiot. 1988, 41, 999.
DiPaglo. 1. A: anhpll D. Q Moare. G. E. in Antibiotics Annual ]958-]959 ed. Welch - Ma

LY QUINy J. iaiuvva Ty LVAUUIL, A3 i, s Ol s H >

Ibanez, F. Medxcal Encyclopedla Inc., New York, 1959, p. 451.

o

-
[
>

-
e
»

3. (a) Ingber, D. E.; Fujita, T; Klshxmoto, S.; Sudo, K.; Kanematsu, T.; Brem, H.; Folkman, J. Nature
1990, 348, 555; Ingber D. E Semin. Cancer Biol. 1992 3, 57; Folkman I Ingbcr . E. Semin.
Cancer Bioi. 1992, 3, 89; (b) Sin, N.; Meng, L.; Wang, M. Q. W.; Wen, J. J.; Bornmann, W. G.;
Crews. C. M. Proc. Natl Acad. Sci. II(‘A IQQ" Qd 60Q0Q- ﬂﬂfﬁfh E C.: u, Z, Turk’ R, E’ Chen

5
NAAIVVY 3y N, AVA. 2 Yigeb, AL (S 7o U B O 4 VT T, odirian S

S.; Chang, Y.-H.; Wu, Z,; Biemann, K.; Liu, J. O. Chem. Biol. 1997 4, 461,



2224

o)

Qo

S. Amano et al. / Tetrahedron 55 (1999) 2205-2224

Hayashi, M.; Kim, Y.-P.; Takamatsu, S.; Preeparme, S.; Komiya, T.; Masuda, R.; Tanaka, H.;
Komlyama K Omura S. J. Antibior. 1996 49 641 Takamatsu S Kim, T.-P
Sunazuka, T; Hayath M.; Tanaka, H.; Komiyama, K.; Omura, S. J, Annbtot 1996, 4

9’
(a) Corey, E. J.; Snider, B. B. J. Am. Chem Soc. 1972 94, 2549; (b) Kim, D.; Ahn, S

K.; Bae, H;
Choi. W. 1. Kim, H. S. Tetrahedron Leit. 1997 38 4437 (¢) Corey. E. 1.: Dittari 1 D Az
N AIEy VY . J.y INIIEEy KK. W J. £ Cvlv ICG“ UFE £C. BRI TT 4 00y ™I, \W) \J\Ilh‘y Lae Joy BAILLA ll s V. E . J nrrn
Chem. Soc. 1985, 107, 256; (d) Bath, S.; Billington, D. C.; Gero, S. D.; Quiclet-Sire, B.; Sa_ma.cli; M.
J. Chem. Soc., Chem. Commun. 1994 1495 Corey, E. J Guzman- Pcrez A.; Noe, M. C. J. Am.

Chem. Soc. 1994, 116, 12109; Barco, A.; Benetti, S.; De Risi, C.; Marchett, P.; Pollini, G.; Zanirato,

V. Tetrahedron: Asymmetry 1998, 9, 2857.
(a) Ferrier R 1T g, Chom Snc  Perkin Trans. 1 1979 1455 Ferrier T: Haine € R T (Thom

\G@j A viizui, v o Soruires, UL, & CIRen Fleien ., 1 » ITISr, I\, J., 1i310S, 5. K. 4. Lagm.

Soc., Perkin Trans. 1 1985, 2413. For a review, see ’(b) Ferrier, R. J.; Middleton, S. Chem. Rev.
1993, 93, 2779.
Utilization of Ferrier's carbocyclization in natural product synthesis: see Barton, D. H. R.; Augy-Dorey,

S.; Camara, J.; Dalko, P.; Delaumeny, J. M.; Gero, S. D.; Quiclet-Sire, B.; Stiitz, P. Tetrahedron 1990,
AK 218- F'pmpr 14 T anr—: A FE f‘nrhnlﬂyn'r Roe 100“ 200 27 \ﬁuramntn \l Ralar NA T

TU,y &bty L wilivi, Fu. MIMULL, LRy o BT UUTL YW L INLD. AF U, LUV, LU0y IVAIYQIUIUWI, 1VE.y AFARGL IVI. Ruey

Lewis, M. D. Tetrahedron Lett. 1992, 33, 3725; Sakairi, N.; Hayashida, M.; Amano, A ; Kuzuhara, H.
J. Chem. Soc., Perkin Trans. 1 1990, 1301; Takahashi, S.; Terayama, H.; Kuzuhara, H. Tetrahedron
Lert. 1991, 32, 5123, Sato, K.; Sakuma, S.; Muramatsu, S.; Bokura, M. Chem. Lezt. 1991, 1473;

Estevez, V. A.; Prestwich, G. D. J. Am. Chem. Soc. 1991, 113, 9885; Bender, S. L.; Budhy, R, J. J.
Am Chom cnr' 1991 ”? QRRKR13- n\lnnu I.: Hagedorn, H. W Thiem. I ,lﬂb < Ann Chowm 1QR4

LRFT#s N TOUTI6. UL BF T Ay FOU S, gy l,lAubuuuAll 10iT a0k, F. AT B LRTEIE. N TWIT6 B TUNy

ig
551; Fisher, M. J.; Myers, C D.; Joglar, J.; Chen, S.-H.; Damshefskyv S. 1. J. Org. Chem. 1991, 56,
5826; Chrétien, F.; Ahmed, S. 1.; Masion, A.; Chapleur, Y. Tetrahedron 1993, 49, 7463; Ermolenko,
M. S.; Olesker, A.; Lukacs, G. Tetrahedron Lert. 1994, 35, 715; Ermolenko, M. S.; Lukacs, G.; Poiter,

P. Tetrahedron Len. 1995, 36, 2465, Park, T. K.; Danishefsky, S. J. Tetrahedron Lert. 1995, 36, 195;
Chida, N.: Ohtsuka, M.; Nakazawa, K ; ﬂonwa Q I f)ro Chem. 1991, 56, 2976; Chida, N.; Ohtsuka

Nozzalaily A Y. ELS Ity Avaey 2 VADMRLA VYR AN MIT TRy TRy &ed § S S e LR T SN ) SIS WA,y

M.; Ogawa, S.J. Org. Chem 1993, 587 4441 Chlda, N Jitsuoka, M.; Yamamoto, Y. Ohtsuka_ M,
Ogawa, S. Heterocycles 1996, 43, 1385; Chida, N.; Sugihara, K.; Amano, S.; Ogawa, S. J. Chem.
Soc., Perkin Trans. 1 1997, 275; Takahashi, S.; limori, T.; Ikegami, S. Tetrahedron Lert. 1998, 39,
6939.

Preliminarv communication: Amann Q ﬂoau)n N Ohtsuka. M- n S - Chida
rreiimin ary communcation: Amano, JS. Qgawa, N, UDISux a, IV} a, o.; Lhida,

Commun. 1998, 1263.

Catalytic version of Ferrier's carbocyclization with Hg salts, see (a) Chida, N.; Ohtsuka, M.; Ogura, K.,

Ogawa S. Bull. Chem. Soc. Jpn 1991, 64, 2118. (b) Machado, .S.; Olesker A Lukacs G
o, S,; <acs

N Chem
N. Chem.

acl A‘. Q Fa ™

Carbohydr. Res. 1985, 135, 231; Machado, A. S.; Olesker. S.; Castillon

Soc., Chem. Commun. 1985, 330: with Pd salts, see (c) A..,.... S. Tetrah , 6389;
(d) Iimori, T.; Takahashi, H.; Ikegami, S. Tetrahedron Lett 1996, 3 649.

Gemal, A. L.; Luche, J.-L.. J. Am. Chem. Soc. 1981, 103, 5454.

Barton, D. H. R.; McCombie, S. W. J. Chem. Soc., Parkin Trans. 1 1975, 1574.

Miyashita, M.; "O‘L ikoshi, A.; Grieco, P. A. J. Org. Chem. 1977, 42, 3772.

Johnson, W, S Werthemann, L.; Bartlett, W. R.; Brockson, T. I.; Li, T.-T.; Faulker, D. ].; Petersen,

M. R. J. Am. Chem. Soc. 1970, 92, 741.
Chang, F. C.; Wood, N. F. Tetrahedron Lett. 1964, 2969.
Ley, . V.; Norman, J.; Griffith, W. P.; Marsden, S. P. Synthesis 1994, 639.

1nnn ) 1M1

lIO Y ,I‘lll"dO T. DngUSd T J. urg Chem. 1778,45, 1UL1l.
Sheffv. F. K_: (‘nrlcrhalx I P,; Stille, J. K. J. Am.

Wiivaly, ARey NFVSVR VAiivy v AR

Chem. Int. Ed. Engl. 1986, 25 508.

Saihi, M. L.; Pereyre, M. Bull. Soc. Chim. Fr. 1977, 1251.

Sharpless K B.; Michaelson, R. C J Am. Chem Soc. 1973, 95, 6136.
Birth, A. J.; oubb& Rao, G. S. R. Tetrahedro . 1968, 3
Corey, E. I; Chaykovsky, M. J, Am, Chem. Soc. 1968, 87
Krief, A. Tetrahedron 1980, 36, 2531.

Miehlich, E. D.; Daniels, K.; Eickhoff, D. J. J. Am. Chem. Soc. 1981, 103, 7690.

These data of natural FR65814 were measured in our laboratory on material kindly supplied by Fujisawa

L et T T .1
ranarmceutcal Lo., Lid.

P~
'q
8
S
™
S
S
3
r
S
S
_



