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Abstract: A convergent total synthesis of pironetin 1 and related compound 2 using a chiral building block,
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proper subsmuents were emp]oyed as couplmg partners to construct the whole carbon skeleton 48, which was
converted to (—)-pironetin 1 and (-)-2 in few steps. The usefulness of § for polyketide synthesis was demonstrated.
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Introduction

derivatives, which were independently isolated by two groups from the fermentation broths of Streptomyces sp
......... In- DA _AQ1&82 2 Th ArrmatnAde mmoccac arrnrl oo il aiaal antiaitiac
NK10958! and St eptomyces pri unicolor PA-48153.2 These co npounas possess remarkavie 0ioiogicai activities

obayashi and co-workers.'2d The plant heights of

-~

One is a plant growth regulatory activity reported by
sorghum and paddy rice are shortened by 1 or 2, and it is expecied that the usc of these compounds wiil
contribute to prevent lodging and subsequent loss of harvests. Another is an immunosuppressive activity
described by Yoshida and co-workers.22 Recently, a study on the structure-activity relationships of the analogucs
of 1 was reported by the same group.2® They showed the suppressive effects of 1 on the responses of T and B
lymphocytes to mitogens, while CsA and FK506 selectively inhibit T cell activation. More recently, Osada and
co-workers reported the biological effects of 1 and its derivatives on cell cycle progression and antitumor

activities.?
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Not only these interesting activities but also the unique and simple structures make 1 and 2 attractive
synthetic targets and four total syntheses of 1 have been reported only in the past five years.* We show here an
alternative approach to 1 and 2 via an efficient and convergent route’ using our chiral building block,
(18,55,6R)-5-hydroxybicyclo{4.1.0Jheptan-2-one 5.¢ The chiral ketone § is available in large quantity by simple
operation starting from a B-ketoester 3,5 from which we synthesized several natural products 6-10 (Scheme
1).5>4 Through these syntheses, the ketone 5 has been proved to be useful for the construction of eremophilanes
and related ring systems, but we considered that it could be a useful chiral starting material for polyketide

Tor polyketide
nthesis. The basic plan is shown in Scheme 2. Methvlation at the g-nosition of the ketone (= nratectad &)
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(route b). The Baeyer-Villiger oxidation of F followed by two carbon-unit introduction would give a linear
precursor G, which would be led to 1 by oxidative lactonization in the final stage.

Scheme 2
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Results and Discussion

Preparation of the key intermediates 17 and 18: The protection of 5 as THP ether followed by
methylation of the enolate generated by LDA in HMPA-THF at -78°C afforded the ketone 12 in 91% yield
(Scheme 3). The diasterecisomer at C3 position could not be detected. The reduction of 12 with [-Selectride® at
-78°C gave 13 as an inseparable mixture of four diastereomers (13 and their diastereomers due to the THP
group) in quantitative yield. Treatment of 13 with NaH-Mel in THF in the presence of a catalytic amount of
TBAI and subsequent removal of the THP group under acidic conditions gave separable isomers 15 and 16 (2
steps 96%) in a ratio of 13:1. On the other hand, reduction of 12 with NaBH, in absolute ethanol at 0°C (88%)

followed by the same two steps, etherification—deprotection, led to 15 and 16 in an inverse ratio of 1:4 (2 steps
RACZN Tha alrnhnle T8 and 1 weore conarately avidized with Dece-Martin neriodinane? ta oive katoneg 17
av /l/). LIV QIVAZIIVEDY B W7 QLI R NP wWuwlw ’\/tlm At VALINILAAG VY AILLL A7WO0 AVidl Lial yvxjvuuiuuw T 5"\' NWIViIWD A 7
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prepared selectively using the diffcrent reducing agents (17, 69% yield from 5; 18, 47% yield from 5). The 'H-
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NMR spectra of 15/1 6 and 17/1 8 did not indicate the clear siereochemistries of the newly-introduced methyi and
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methoxy groups, but they were determined unambiguously by X-ray analysis of a crystalline diol 19 as shown in
Figure !. The diol 19 was prepared as a major isomer (71%, 19:20=14:1) by the deprotection of 13, which was
prepared by L-Selectride® reduction (ca. 13:1 mixture).

Scheme 3

OR THP OTHP OH OH
1)cord
1\/\ > A/K ‘“B"’°°% (v/‘\ ’ (\/'\1 /H

TN 1) N, e w (86-96%

8 ('S \un 2 steps } C:_)Me OMe
i5
H a(i00%) 12 13 H H ™
p) 14 R=Me l g (85%) ‘ g (90%)
\

Reagents and conditions: (a) DHP, PPTS, CH,Cl, r.t.; (b) LDA, HMPA, THF, —=78°C then Mel; (c) LiB(sec-butyl)sH,
THF, —78°C; (d) NaBHg4, EtQH, 0°C; (e) NaH, Mel, TBAI, THF, 60°C; (f) ag. HCIl, MeOH, 0°C; (g) Dess-Martin periedinane,
CH,Cly, 0°C; (h) TsOH, MeOH, r.t.

Preparation of the C1-C6 unit: The benzoate 2 2 of the known epoxy alcohol 2 1% (93% ee) was treated with
acetylenic alanate, which was prepared from TBS propargyl ether, n-BuLi and trimethylaluminum, in the

Hydrogenation of 2 3 over Lindiar catalyst in methanol at room temperature gave a (Z)-homoailylic alcohol 24 in
quantitative yield without generation of the undesired (E)-isomer or saturated compound. The secondary
hydroxyl group of 24 was protected as TBS ether to give 25. Removal of the benzoate was executed by
treatment with two equivalents of Mel.i in ether to give alcohol 26 in 85% yield, while methanolysis of 25
(K,CO;, MeOH) resulted in a low yield of 26 due to 1,2-shift of the TBS group. Triflylation of the resulting
hydroxyl group afforded atriflate 27 as a C1-C6 unit. The other C1-C6 units, an iodide 3 1 and an epoxide 32,
were prepared easily from 24 in the usual manner. Methanolysis of the benzoate 24 (99%), selective mono-
tosylation of the resulting primary hydroxyl group (76%), silylation of the remaining secondary hydroxyl group
(100%) and iodination of the tosylate (83%) gave 31. Treatment of 29 with a base afforded epoxide 32 in 89%
yield.

Figure 1. ORTEP view of compound 19.
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Reagents and conditions: (a) PhCOCI, ttaN (.,H?(.;L‘, 0°C; (b) TBSOCHZL CH, n-Buli, Me Al, Bl‘3 OEt? ether, -78°C;
(€) Hy, Lindlar cat., MeOH, r.t.; (d) TBSOTT, 2,6-lutidine, CHxCh, 0°C; (e) MeLi, THF, -78°C; (f) Tf,0, 2,6-di-t-butylpyridine,
CHQC'Q 0°C; (9) KgCOg, MeOH rt; ; (h) TsCl, EtsN, DMAP CHgCIQ 0°C; (i) Nal, NaHCO;,, DMF 90°C.
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unit to the ketone 17 or 18 (Scheme 5). A simple alkylating reagent, such as methyl or isobutyl iodide, reacted
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HF © \.,) {0 glvc 33 u\"‘ }v'ki, isobu y}) in 60-
diastereomeric mixture due to the R group. However, treatment of the triflate 27 or the iodide 3

under the same conditions resuited in no reaction. The other enolate E (in Scheme 2) generated by Birch
reduction of 18 (Li, t-BuOH, liq. NH,, THF, -78°C) also did not react with 27 or 31 and a non-alkylated

ketone 3 4 was obtained.

v Uy & N Uy
Anas a9 O na
vvie 99 vivie 34

AX
» )\/‘ ) i or )\/l :
see Table 1 v s QA A~ . . oy

Table 1: Reaction of the enolate of 34.

Entry Conditions RX  Product (%) Ratio * te §Me
1 LDA, THF, -78°C TMSCI 35 (67) 1:1 H'/)\':LM\H
2 KHMDS, THF, -78°C  TMSCI 35 (83) 1:3 Mo o
3 BrMgNPr/y, EtaN, Et,O, rt. B TMSCI 35 (60) 1.7:1 | o T
4 EtsN, CH,Clp, 0°C TBSOTS 36 (92) 1:15 Hy Mo
5 LDA, THF, -78°C MeSSO,Me @ 38 (100) 9 - H.:dd A 1.6 4.0 Hz
6 LDA, THF, —78°C 319 37 (32) 9 1:1 Ho: dd, J= 11.2, 14.5 Hz

Hf ddd, &= 1.6,5.2, 145 Hz
a) The ratio was determined by 'H-NMR (integration of H,) and the stereochemistries were

not confirmed. b) See reference 10. c) 0.5 equiv. of RX was used. d) Yield based on RX. Kigure Z



The ketone 34 was prepared from cither 17 and 18 in good yield (Li, lig. NH3, THF, —78°C then NHaCl;
75-78% vyield) and we then tried the regioselective enolate formation (Table 1). Although no remarkable
selectivity was observed under the thermodynamic!® or kinetic conditions (entry 1-4), we found the lithium
enolates have different reactivities (entry 5). A mixture of the enolate (1:1) reacted with 0.5 equivalent of
MeSSO,Me to give 2-methylthiocyclohexanone 3 8 in quantitative yield (= 50%) as a single diastereomer together
with recovery of the unreacted 34 (25%). The regio- and stereochemistries were determined by 'H-NMR. Long

and vicinal coupling constant (11.2 Hz) of Hj-H, indicated the

range-coupling constant (1.6 Hz) of H,-H

equivalent of the iodide 31 under the same conditions afforded an O-alkylated produc in 32% yield {entry
Consequently, introduction of the C1-C6 unit to the a-position of ketone 17, 18 or 34 could not be accomplished
and these results might be due to the lower reactivity of both the enolate and the alkylating reagent. Although

cross-aldol reaction of 17 with an aldehyde of the C1-C6 unit (prepared from 2 6 by Swern oxidation in 92%
yield) afforded the desired product in 74% yield, removal of the hydroxl group resulited in disappointing yieid.

Revised route: Higher nucleophilicity, therefore, should be essential for the coupling with the C1-C6 unit and
we adopted route ¢, which involves an epoxide opening with the anion of 1,3-dithiane (Scheme 6).
Hydroxylation of the ketone 17 and the reductive cleavage of the cyclopropane ring would afford J. Oxidative
cleavage of the o-ketol moiety of J and two carbon-unit introduction would give C7-C14 unit K. Coupling of the
dithiane K with the epoxide 3 2 followed by hydrolysis and stercoselective reduction at C7 would afford L which
is equivalent to G in Scheme 2.

Treatment of the silyl enol ether of 17 with osmium tetroxide'' in THF-H,O gave an inseparable mixture
of u-ketol 39 and 40 (2:3) in quantitative yield (Table 2, entry 4). On the other hand, oxidation using Davis'
reagent!2 (entry 1) or lead tetraacetate!* (entry 2), and m-CPBA oxidation of the silyl enol ether'* (entry 3) gave
39 or 40 selectively but in lower yields. Reductive cleavage of the cyclopropyl ketone moiety by Birch reduction
afforded a separable mixture of 41 and 42 in 54% yield in aratio of 2:3. In this reaction, pre-formation of the
alkoxide using LHMDS was essential to avoid the undesired reductive cleavage of the hydroxyl group. The
f the Birch reduction was unimproved even by changing several conditions (alkali mctal,
ime, and the workup procedures), although this reaction seemed to be clean and

VIRLP PRl AUUELL L

only both epimers, 41 and 4 2, were observed on TLC of SiO,. The stereochemistries of 39-4 2 were confirmed
1 £
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W Conditions Products  Yield (%
H§OH }:b oM Entry (%)
17 —» + 1 KHMDS, THF, -78°C then Davis reagent * 40 28

\./ ngy N

i i 2 1) Pb(OAc),, GHg, reflux 40 40
OMe 39 OMe 40 2) KzCOs3,
o 3 1) TBSOTHF, EtzN, CH,Cly, 0°C then m-CPBA 39 65
LHMDS, THF, -78°C , EigN, Uhallp,
then Li, lig. NH3 (54%) 2) aq. HF, MeCN, r.t.
then NH,CI
“ 4 1) TBSOTS, EtzN, CH,Cly, 0°C 39+ 40 100
2) cat. 0s0,4, NMO, THF H,0, rt. (2:3)
% He 9 Hg
T O (R ) A
+ Hp: d, J= 12.2 Hz *
o P He d, U= 5.7 Hz PhSO,—N——Ph
i H \Hg brd, J=11.2Hz /
OMe 41 OMe 42

The o-ketol moiety of both 41 and 42 was oxidatively cleaved with lead tetraacetate in benzene-methanol
solution (4:1)!5 to give the same product 43 in 89% and 78% yield, respectively (Scheme 7). Acetalization of 4 3
followed by reduction with DIBAL at -78°C in CH,Cl, gave aldehyde 45 (2 steps 89%). Introduction of the two
carbon-unit to the formyl group was accomplished by Takai's protocol.'s Treatment of 45 with CH,CHI, in the
presence of CrCl, in THF afforded the desired (E)-olefin 46 in 80% yleld exclusively. Transacetalization of 46
with 1.3-propanedithiol in the presence of BFR OEt, afforded the dithiane 47 in 97% vyield as a C7-C14 unit of

S T T r T r 2 it T

tof
of 43 is a strasghltorwerd route to 47,

pironetin (overall 14 steps, 21% from §). A.lthough thioacetalization h
dnr\nmnng;ﬁnn of tha dithiana fuinctian recultad in nanr viald in the Takai reantinn
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( 89% from 41 ) N (98%) T {80%)
78% from 42 Sita OMe
A 4 uvie Uivic
43 a1ors . A4 R=CO.Me
B1%) €\ 45 R=CHO

Reagents and conditions: (a) Pb(OAc)4, CeHg, MeOH, r.t.; (b) HO(CH2),OH, TsOH, CgHeg, reflux;
IBAL, CHoCl,, ~78°C: (d) CH3CHio, CrCly, THF, 1t (n\ HS(CHp)3SH, BF3-0Et,, CH,Cly, ~78°C.
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Coupling reaction of two units, the dithiane 47 and the epoxide 32, successfully gave the whole skeleton

48 in 91% yield (Scheme &). The key feature of this reaction is the anion formation and the best yield was
~Ahtninad whan tha Aithiana 47 wac traatard with o _Rnl 1 at N far o chart narind (S minntae)l The came treatment
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abstraction from THFE. The reaction unde usual conditions, such as r-BuLi at lower temperature (-78°C),

-

gave no products. Similar successful conditions (1,3-dithiane, n-BuLi, THF, r.t., 5 min. then epoxide) were
rcported independently by Ide and co-workers.!” Mercuric ion-assisted hydrolysis of the thioacetal 48 gave B-
ketol 49 in 83% yield. Stercosclective reduction of the ketone was investigated to introduce the last chiral center



at the C7 position (Table 3). Reduction with sodium'® or tetramethylammonium triacetoxyborohydride,'® both of
which are known as effective methods for the stereoselective reduction to anti-diol, gave disappointing results
(entry 1-3). Also, reduction with a bulky reagent such as L-Selectride® at ~78°C (entry 4) and the intramolecular
Tischenko reaction?? (entry 7) gave unsatisfactory results. We then tried Mori's method using excess LiAlH,?'2?
or LiAIH(OBu'),'¢ in the presence of lithium iodide in ether at ~78°C. Although the reduction with LiAIH,
mainly afforded the undesired syn-isomer 5 1 predominantly (entry 5), the use of LiAIH(OBu'), gave the desired
50 in high sclectivity of 91:9 (entry 6). These selectivities can be explained according to Mori's report.2'c The

chelation of the lithium cation between the ketone and the methoxy group gave a transition state as shown in
Fioure 3 The free hvdroxvl oroun would be nrotected ac an aluminum alkoxide and the second hvdride attacks
s léul\l - LI LR IIJ UAUI\JI blv“y FYLIRELIWE LN l}lvwku T WAL IR ALIAMLLE GANUALIUL LIV UV Jwwiuiiaw ll]ul&u\r vt g
the carbonyl group. A small hydride such as LiAlH, attacks from the axial face to give a syn-product and
alternatively, a bulky hydride such as LiAIH(OBu'), attacks from the less-hindered equatorial face to give an anti-
product. The stereochemistries of 50 and 5 1 were determined by converting them into 1 and its C7-epimer 54
Scheme 8
/
| i MeQ R! R? OH
a . . c Y 4
[ H
(91%) /K_/I“-m,’ OH l E l\
z 48 X=—S(CH 1= 2_
OMe  ao=s (CHy)3S~ )b (83%) 50 R'=OH, R*=H
- 51 R'=H, R°=OH |
1
5 Meo H R2 OH MeQ R: RZM.,_/\
%,
. /\/\)\A)\/ﬂ/ — /\/\/k/&v""l\g’ko
( 50 to 52 100%) H ( 52t01 88% ) |
5110 53 100% 53 to 54 79% .
52 R'=OH, RZ:H 1 R'=OH, R?=H
53 R'=H, R2=0OH 54 Ri=H, R“=0OH

oH OH ents and conditions: (a) »BuLi, HMPA, THF, 0°C, 5min then 32;
f {b) Hg(CIO4),, CaCOa, THF, r.t; (c) see Table 3; (d) TBAF, THF, r.t; (e)
MnO,, CgHg, I.L.; (f) BBrs, Nal, 15-crown-5, CH,Cly, —78~0°C.

Desilylation of 50 and 51 with TBAF followed by oxidative lactonization with manganese dioxide
afforded pironetin 1 and its C7-epimer 54, respectively. In addition to that, we achieved the synthesis of 2 by the
demethylation of 1 with BBr; in the presence of sodium iodide and 15-crown-5 at —78 to 0°C, a mild
demethylation condition reported by Niwa and co-workers.22 The 'H-NMR, '*C-NMR and IR spectral data,
specific rotations, melting points of 1 and 2 were identical with those reported.'a.1d.2a

Table 3: Reduction of 49 to anti/syn-diol 50 and 5 1.
Entry Reagents and conditions 80 (anti} : 81 (syn) Yield{%)
1 NaBH(OAc);, AcOH, MeCN, 0°C 49 : 51 77
MeOm, =y (o]
2 MesNBH(OAC);, ACOH, MeCN, -20°C 64 : 36 94 I w27 i
3 MesNBH(OAC)3, acetone, —~78°C 59 : 41 86 W ZR;:;(“ @
4 L-Selectride®, THF, ~78°C 62 :38 90 H Me f\n 50 ‘anti"
5 LiAlHg4, Lil, ether, —-78°C 30:70 92 ]
6 LIAIH(OBU')g, Lil, ether, ~78°C 91: 9 quant. Z’:‘a'na"afk
7 isobutyraldehyde, Smis, THF, =10°C - No reaction syn

Figure 3




In conclusion, we have succeeded in efficient total synthesis of pironetins via a convergent route (13%
overall yield of 1 in 19 steps from §). Furthermore, our chiral building block § was proved to be extremely
versatile for natural product synthesis. Further studies on the synthesis and biological activities of the analogs are
in progress and will be reported in due course.
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Experimental

Ali boiling points (bps) and melting points (mps) were uncorrected. Infrared spectra (IR) were measured
on a Jasco FT/IR-230 spectrometer. Proton and carbon-13 magnetic resonance spectra ('H-NMR and '*C-NMR)

per miliion () relative to internal chioroform (5 7.26 for 'H and 6 77.0 for 13C). Opticai rotations were measured
on a Jasco DIP 1000 polarimeter. Analytical thin-layer chromatography (TLC) was carried out using 0.25 mm
Merck silica gel 60 F,, precoated glass-backed plates. Compounds were visualized by ultraviolet light (254
nm), iodine vapor, or phosphomolybdic acid spray reagent. Preparative TLC was carried out using 0.5 mm
Merck silica gel 60 F,, precoated glass-backed plates. All column chromatography was performed on Merck
silica gel 60. All solvents were reagent grade. Tetrahydrofuran (THF) and diethyl ether were freshly distilled
from sodium/benzophenone under argon. Dichloromethane, benzene and hexamethylphosphoric triamide
(HMPA) were distilled from calcium hydride and stored over 4A-molecular seives. Methanol and absolute
ethanol were used without purification.

(18,55,6R)-5-(2-Tetrahydropyranyloxy)bicyclo{4.1.0]heptan-2-one (11)

To a solution of 56% (6.0 g, 48 mmol) in dichloromethane (60 mL) were added 3,4-dihydro-2H-pyran (8.0
£, 95 mmol) and pyridinium p-toluenesulfonate (0.1 g, 0.4 mmol). After being stirred at room temperature for 30
min, the solution was poured into saturated aqueous sodium bicarbonate (200 mL) and extracted with diethyl
ether (300 mL). The organic phase was washed with brine (100 mL), dried over anhydrous sodium sulfate, and
concentrated in vacuo. The residue was chromatographed on silica gel (200 g) eluted with n-hexane/ethyl acetate
(5:1-3:1) to give 11 (10.2 g, quantitative). Two diastereomers (ca. 1:1) due to the THP group were inseparable
and were employed in the next step without further purification; colorless oil; [oz]D21 -52.3°(c¢ 0.45, CHCly); IR
(film) v, 2944, 1695, 1442, 1342, 1255, 1201, 1154, 1133, 1077, 1029, 968, 883, 813 cm~!'; TH-NMR (300
MHz, CDCl;) 6 1.11-1.21 (1H, m), 1.39-2.20 (12H, m), 2.32-2.37 and 2.38-2.43 (total IH, each m),
3.49-3.57 (1H, m), 3.85-4.02 (1H, m), 4.30-4.43 (1H, m), 4.75 and 4.88 (total 1H, each dd, /= 2.7, 4.6 and
2.7, 4.4 Hz); Anal. Calcd for C,,H,0;: C, 68.53; H, 8.64. Found: C, 68.23; H, 8.64.

(18,38,58,6R)-3-Methyl-5-(2-tetrahydropyranyloxy)bicyclo[4.1.0]heptan-2-one (12)

To a solution of diisopropylamine (8.7 mL, 62 mmol) in THF (350 mL) under nitrogen atmosphere at 0°C
was added n-buthyllithium (35.9 mL of 1.59 M solution in n-hexane, 57 mmol) over 20 min. After 15 min,
HMPA (41 mL, 238 mmol) was added and the temperature was lowered to =78°C. A solution of 11 (10.0 g, 48
mmol) in THF (50 mL) was added over 30 min. After 1 hr, iodomethane (3.6 mL, 58 mmol) in THF (15 mL)
was added over 30 min. The reaction mixture was allowed to warm to 0°C over 2 hr and stirred for | hr at the



same temperature. The solution was poured into cold water (500 mL) and extracted with ethyl acetate (3 x 300
mL). The combined organic phase was washed with brine (500 mL), dried over anhydrous sodium sulfate and
concentrated in vacuo. The residue was chromatographed on silica gel (300 g) eluted with n-hexane/ethy! acetate
(7:1-5:D to give 12 (9.7 g, 91%). Two diastereomers (ca. 1:1) due to the THP group were inseparable and were
employed in the next step without further purification; colorless oil; [oc]D24 -29.8° (¢ 0.68, CHCl,); IR (film)

Vo 3447, 2939, 1695, 1454, 1377, 1200, 1132, 1022, 993, 870 cm'; TH-NMR (300 MHz, CDCl,) 6 1.02
and 1.05 (total 3H, each d, J= 6.8 and 7.1 Hz), 1.13-1.23 and 1.30-1.37 (total 1H, each m), 1.46-2.11 (11H,
m), 2.39-2.56 (IH, m), 3.50-3.57 (1H, m), 3.84-3.92 and 3.94-4.02 (total 1H, each m), 4.32-4.39 and
4.43-4.48 (total 1H, each m), 4.70-4.74 and 4.88-4.92 (total 1H, each m); Anal. Caled for C;H,,0;: C,
69.60; H, 9.00. Found: C, 69.35; H, 8.94.

(1R,2S5,45,58,65)-5-Methoxy-4-methylbicyclo[4.1.0]heptan-2-ol (15) and (IR,25,4S,5R,65)-5-methoxy-4-
methylbicyclo{4.1.0]heptan-2-o0l (16)

Via L-Selectride® reduction: To a solution of 12 (8.6 g, 38 mmol) in THF (300 mL) was added L-
Selectride® (76.7 mL of 1 M solution in THF, 77 mmol) under nitrogen atmosphere at —78°C. After being stirred
at the same temperature for 30 min, the solution was allowed to warm to 0°C over 2 hr and water (5 mL), 3N
aqueous sodium hydroxide (25 mL), and 35% aqueous hydrogen peroxide (25 mL) was added at 0°C.  After
being stirred at room temperature for 1 hr, water (250 mL) was added and the mixture was extracted with ethyl
acetate (2 x 300 mL). The combined organic phase was washed with brine (200 mL), dried over anhydrous
sodium sulfate and concentrated ir vacuo. The residue was chromatographed on silica gel (300 g) eluted with n-
hexane/ethyl acetate (6:1-2:1) to give 13 (8.7 g, quantitative) as an inseparable mixture of four diastereomers (13
and their diastereomers due to the THP group), which were employed in the next step without further purification;
colorless oil; [e],2? —66.1°(c 0.11, CHCl,); IR (film) v, . 3443, 2939, 1454, 1384, 1260, 1201, 1183, 1137,
1111, 1076, 1023, 999, 867, 810 cm™!; 'H-NMR [300 MHz, CDCl,, major two isomers (ca. 1:1) could be
ssigned] 6 0.42 and 0.57-0.69 (total 2H, g and m, J= 5.4 Hz), 0.91 and 0.92 (total 3H, each d, J=6.6 and 6.3

1.12-1.90 (12H, m), 3.46-3.54 (1H, m), 3.84-3.91 and 3.95-4.04 (total 2H, each m), 4.26-4.32 and

8-4.42 (total 1H, each m), 4.65-4.68 and 4.87—4.90 (total 1H, each m); Anal. Caled for C,;H,,0;: C,
8;: H, 9.82. Found: C, 68.55: H, 9.71.
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phase was dried over anhydrous sodium sulfate and concentrated in vacuo, and the residue was chromatographed
on silica gel (250 g) eluted with n-hexane/ethyl acetate (5:1-2:1) to give 15 (4.80 g, 92%) as a less polar
component and 16 (0.37 g, 7%). Compound 15; colorless oil; [a]Dz‘ -258°(c 0.26, CHCl,); IR (film) v
3390, 2929, 1644, 1462, 1363, 1330, 1302, 1255, 1214, 1160, 1090, 1033, 1003, 960, 940, 906 cm™!; 'H-
NMR (300 MHz, CDCl,) 60.39 (1H, q, J= 5.4 Hz), 0.61 (1H, dt, J= 5.4, 9.2 Hz), 0.91 (3H, d, J= 6.5 Hz),
1.04 (1H, ddd, J=2.2, 5.0, 13.3 Hz), 1.30-1.46 (3H, m), 1.55-1.74 (2H, m), 3.19 (1H, dd, J=1.7, 2.8 Hz),
3.42 (3H, s), 4.41 (1H, dt, J= 6.8, 5.0 Hz); Anal. Calcd for CjH, (O,: C, 69.18; H, 10.34. Found: C, 68.89;
H, 10.29. Compound 16; colorless oil; [a]?! =79.6°(c 0.25, CHCL); IR (film) v, 3400, 2929, 1651, 1463,
1363, 1329, 1302, 1256, 1184, 1084, 1033, 984, 970, 930 cm™!; 'H-NMR (300 MHz, CDCl;) 60.56 (1H, dt,
J=5.4, 8.8 Hz), 0.71 (1H, q, J= 5.4 Hz), 0.94 (3H, d, J= 6.8 Hz), 1.25-1.68 (6H, m), 3.29 (1H, dd, J= 7.1,
12.4 Hz), 3.40 (3H, s), 4.31 (1H, brq, J=5.9 Hz); Anal. Calcd for C,H, O,: C, 69.18; H, 10.34. Found: C,
68.70; H, 10.35.

Via NaBH4 reduction: To a solution of 12 (200 mg, 0.89 mmol) in absolute ethanol (5 mL) at 0°C was
added sodium borohydride (38 mg, 1.00 mmol) over 5 min. After being stirred for 2hr, the mixture was diluted
with water (20 mL) and extracted with ethyl acetate (3 x 30 mL). The combined organic phase was washed with
brine (30 mL), dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was chromato-
graphed on silica gel (20 g) cluted with n-hexane/ethyl acetate (6:1-2:1) to give 13 (178 mg, 88%). Etherification
(94%) followed by deprotection (91%) was performed as described above to give 15 and 16 (1:4).

{IR,45,55,65)-5-Methoxy-4-methylbicyclo{4.1.0]heptan-2-one (17)

To a solution of 15 (4.68 g, 30 mmol) in dichloromethane (250 mL) at 0°C was added Dess-Martin
periodinane’ (14.00 g, 33 mmol) over 5 min. After being stirred at the same temperature for 1.5 hr, 10%
aqueous sodium thiosulfate (150 ml) and saturated aqueous sodium bicarbonate (150 mL) were added. The
mixture was stirred at room tempareture for | hr and extracted with dichloromethane (2 x 300 mL). The
combined organic phase was washed with brine (300 mL), dried over anhydrous sodium sulfate and concentrated
in vacuo. The residue was chromatographed on silica gel (250 g) eluted with n-hexane/ethyl acetate (10:1) to
give 17 (3.92 g, 85%); colorless oil; [aly?? -97.7° (¢ 1.41, CHCLy); IR (film) v_ . 3020, 2823, 1693, 1459,

'_U

1355, 1338, 1283, 1247, 1193, 1092, l()’il 968, 947, 924, 906 (:m‘I lH-NMR("EOO MHz, CDCl,) 6 0.99

(3H, d, J=6.6 Hz), 1.13 (1H, q, J=5.9 Hz), 1.19 (1H, ddd, /=5.9, 84, 97HZ\,181 (1H, ddd, J—59 7.1,

3 V114 ARL) Gl 114}

Hz), 1.88-2.04 (2H, m), 2.06 (1H, dd, J= 7.1, 18.3 Hz), 2.14 (1H, dd, J= 7.3, 18.3 Hz), 3.47 (3H, s),
(1H, t, J= 2.6 Hz); Anal. Calcd for CjH, ,0,: C, 70.08; H, 9.17. Found: C, 69.83; H; 9.12.

ST =987 1420 -

(IR 4S,5R 6S)-5-Methoxy-4- mpth\;/hlr\)rln/-’f 1.0 hg ntan-2-one (18)

yl AN, id TS TIVAC VA fL el By H » /]

The oxidation of 16 (300 mg, 1.9 mmol) was performed as described above for 17 to give 18 (266 mg,

90%); colorless oil; {GJDZI +90.0°(c 0.43, FHCI ; IR (film) Viax 2932, 2823, 1694, 1455, 1359, 1285, 1253,
1174, 1093, 985, 946, 905, 851 cm™!; TH-NMR (300 MHz, CDCl;) §0.99 (3H, d, J= 6.5 Hz), 1.17 (1H, ddd,
J=5.4, 84,95 Hz), 1.33 (1H, q, J= 5.4 Hz), 1.84-2.01 (3H, m\ 1.85 (IH, dd, J= 9.2, 16,7 Hz), 2.41 (1H,
dd, J= 4.3, 16.7 Hz), 3.47 (3H, s), 3.48 (1H, dd, J= 4.8, 7.2 Hz); Anal. Calcd for CgH, ,0,: C, 70.08; H,
9.17. Found: C, 70.09; H, 9.08
(18,25,38,55,6R)-3-Methylbicyclo[4.1.0Jheptane-2,5-diol (19) and (18,2R,3S,55,6R)-3-methylbicyclo{4.1.0]-
heptane-2,5-diol (20)

To a solution of 13 (98 mg, 0.43 mmol, obtained by 1L-Selectride® reduction) in methano! (10 mL) was
added p-toluenesulfonic acid monohydrate (1 mg). After being stirred at room temperature for 6 hr, powdered
sodium bicarbonate (5 mg) was added and the mixture was concentrated in vacuo. The residue was diluted with
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diethyl ether (20 mL) and anhydrous magnesium sulfate was added. The mixture was stirred for 30 mim, filtered
through Celite® pad and concentrated in vacuo. The crude oil was chromatographed on silica gel (20 g) eluted
with n-hexane/ethy] acetate (10:1-1:1) to give 19 (44 mg, 71%, white solid) as a less polar component and 20 (3
mg, 5%). Compound 19 (after recrystallization from n-hexane/ethyl acetate); colorless needles; mp 105-106°C;
[a],2! -515°(c 0.09, CHCL,); IR (nujol) v, 3288, 1310, 1261, 1051, 1025, 1009, 971 cm~!; TH-NMR (300
MHz, CDCl,) 60.50 (1H, q, J= 5.4 Hz), 0.60 (1H, dt, J=54, 9.2 Hz), 0.93 (3H, d, J= 6.3 Hz), 1.07-1.18
(1H, m), 1.29-1.63 (6H, m), 3.99 (1H, brs), 4.40-4.48 (1H, m); Anal. Calcd for CgH, ,0,: C, 66.62; H,
9.94. Found: C, 67.11; H, 9.82. Compound 2 0; colorless oil; [Ot]D23 -24.1°(c 0.08, CHCL,); IR (film) v_
3360, 3012, 2927, 1726, 1462, 1255, 1141, 1107, 1036, 982, 927, 845, 746 cm!; 'H-NMR (300 MHz,
CDCl,) 60.53 (1H, dt, /=5.3, 8.9 Hz), 0.76 (1H, q, J= 5.3 Hz), 0.97 (3H, d, J= 6.3 Hz), 1.22 (1H, ddd, J=
4.8, 11.9, 14.3 Hz), 1.34-1.68 (6H, m), 3.64 (1H, dd, J= 5.6, 8.4 Hz), 4.33 (1H, ddd, J= 3.0, 4.8, 7.6 Hz);
Anal. Calcd for C9H1402: C, 66.62; H, 9.94. Found: C, 66.13; H, 9.80.

Single crystal X-ray diffraction analysis of 19: Recrystallizaton of 19 again from diethyl
ether/chloroform gave colorless prisms for X-ray analysis; CgH, 402, Mr=142.20, monoclinic, space group P4,
a=10.580(4) A, ¢=7.236(4) A, V = 810.0(6) A3, Z=4, Dx=1.166 g/cm?, F(000)=312, and u(MoKu)=0.84
cm'!, crystal size 0.2 x 0.2 x 1.0 mm. All data were obtained on Rigaku AFC-5S automated four-circle
diffractometer with graphite-monochromated Mo Ko radiation. Final lattice parameters were obtained from a
least-squares refinement using 25 reflections. The intensities were measured using /26 scan up to 45°. Three
standard reflections were monitored every 150 measurements. The data were corrected for Lorentz and
polarization factors. Absorption corrections were applied (Transmission factor =0.8 to 1.0). Of the 663
independent reflections which were collected, 424 reflections with 1> 3.0 o( I ) were used for structure
determination and refinement. The structure was solved by direct method using TEXSAN crystallographic
software package (Molecular Structure Corporation). All non-H atoms were found in the Fourier map. All H
atoms were calculated at geometrical positions and refined isotropically. The refinement of atomic parameters was
carried out by the full matrix least-squares refinement, using anisotropically temperature factors for all non-H
atoms. The final refinement converged with R =0.070 and Rw=0.075 for 90 parameters. The minimum and
maximum peaks in the final difference Fourier map were —0.23 and 0.27 eA~. The supplementary data has been
deposited at Cambridge Crystallographic Data Center.

(2R,3R)-2,3-Epoxypentun-1-0l (21)

The epoxy alcohol 21 was prepared from the corresponding allyl alcohol by Sharpless' asymmetric
epnvudahnn £ To a solution of (——\-dlf'thvl tartrate (13.0 g, 63 mmol) and (F)-2-pentenol?? (20.7 g, 240 mmol) in
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(2R,3R)-2,3-Epoxypentyl benzoate (22)

To a solution of 21 (4.1 g, 40 mmol), triethylamine (12.2 g, 121 mmol), and 4-dimethylaminopyridine (49
mg, 0.4 mmol) in dichloromethane (50 mL) at 0°C was added benzoyl chioride (6.7 g, 48 mmol). After 30 min,
methanol (1 mL) was added. Stirring was continued for additional 30 min and water (50 mL) was added. The
mixture was extracted with diethyl ether (3 x 100 mL). The combined organic phase was washed with brine (100
mlL), dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was chromatographed on
silica gel (500 g) eluted with n-hexane/ethyl acetate (15:1-5:1) to give 22 (8.1 g, quantitative); colorless oil;
[oz]D23 +21.5°(c 1.03, CHCL,); IR (film) v, 2970, 1724, 1602, 1452, 1385, 1315, 1274, 1177, 1107, 1070,
1026, 972, 892, 713 cm~!; 'H-NMR (300 MHz, CDCl,) & 1.01 (3H, t, J= 7.5 Hz), 1.56-1.72 (2H, m), 2.93
(1H, dt, J=2.8, 5.7 Hz), 3.12 (1H, ddd, J=2.8, 3.3, 6.2 Hz), 4.18 (1H, dd, J= 6.2, 12.3 Hz), 4.62 (1H, dd,
J=3.3, 12.3 Hz), 7.44 (2H, t, J=7.5 Hz), 7.57 (1H, t, J=7.5 Hz), 8.06 (2H, d, J= 7.5 Hz); Anal. Calcd for
C,,H,,0,:C, 69.87; H, 6.86. Found: C, 69.84; H, 6.85.

(25,3R)-6-tert-Butyldimethylsilyloxy-3-ethyl-2-hydroxy-4-hexynyl benzoate (23)
To a solution of propargyl alcohol rert-butyldimethylsilyl ether (6.1 g, 36 mmol) in diethy! ether (300 mL)
under nitrogen atmosphere at -78°C was added n-butyllithium (23 mL of 1.66 M solution in n-hexane, 38 mmol)
over 20 min. After 1 hr, trimethylaluminum (36 mL of 1.01 M solution in n-hexane, 36 mmol) wa:
50 min. After 1 hr, 22 (6.1 g, 30 mmol) in diethyl ether (30 mL) was added over 15 min. After 2
and s

trifluoride diethyl etherate (5.1 g, 36 mmol) in diethyl ether (15 mL) was added over 15 min
continued for 1 hr. The mixture was quenched with methanol (30 mL) and allowed to warm (o 0°C over 2 h

Saturated aqueous sodium bicarbonate (300 mL) was added and the mixture was extracted with diethyl ether (3 x
300 mL). The combined organic phase was washed with brine (500 mL), dried over anhydrous

mrmE f Toarw WRRSSVRIIVAS MEpSessy Rttt kit Sl g 2SSy A ARRS RS AJ =

s n te
and concentrated in vacuo. The residue was chromatographed on sxhca gel (1 kg) cluted with n-he xane/ethy
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(25,3R,4Z)-2,6-Bis-tert-butyldimethylsilyloxy-3-ethyl-4-hexenyl benzoate (25)

To a solution of 24 (290 mg, 0.77 mmol) and 2,6-lutidine (312 mg, 2.91 mmol) in dichloromethane (15
mlL.) under nitrogen atmosphere at 0°C was added rerz-butyldimethylsilyl triffuoromethanesuifonate (0.32 mL,
1.39 mmol) over 10 min. After being stirred for 1 hr, brine (20 mL) was added and the mixture was extracted
with dichloromethane (2 x 30 mL). The combined organic phase was dried over anhydrous sodium sulfate and
concentrated in vacuo. The residue was chromatographed on silica gel (20 g) eluted with n-hexane/ethyl acetate
(20:1) to give 25 (378 mg, quantitative), which was employed in the next step without further purification;
colorless oil; 'H-NMR (300 MHz, CDCl,) 60.00 (6H, s), 0.05 (3H, s), 0.07 (3H, s), 0.85 (9H, s), 0.86 (3H,
t, J=7.4 Hz), 0.87 (9H, s), 1.23 (1H, ddq, J= 109, 13.4, 7.4 Hz), 1.75 (1H, ddq, J=3.5, 13.4, 7.4 Hz), 2.46
(1H, ddt, J=3.5, 5.3, 10.9 Hz), 3.83 (1H, dt, J= 4.1, 5.3 Hz), 4.15 (1H, ddd, J= 1.6, 5.9, 13.3 Hz), 4.20
(1H, dd, J= 5.3, 11.4 Hz), 4.25 (1H, ddd, J= 1.6, 6.7, 13.3 Hz), 4.36 (1H, dd, J=4.1, 11.4 Hz), 5.23 (1H,
tt, J= 1.6, 10.9 Hz), 5.67 (1H, brdt, J= 109, 5.9, 6.7 Hz), 7.44 (2H, t, J=7.5 Hz), 7.57 (1H, t, J=7.5 Hz),
8.05 (2H, d, J=7.5 Hz).

(25.3R.4Z)-2,6-Bis-tert-butyldimethylsilyloxy-3-ethyl-4-hexen-1-ol (26)

To a solution of 25 (237 mg, 0.48 mmol) in THF (10 mL) under nitrogen atmosphere at —78°C was added
methyllithium (1.0 mL of 1 M solution in diethyl ether, 1.0 mmol) over 10 min. After being stirred for 30 min,
the mixture was quenched with water (0.1 mL), warmed to room temperature, dried over anhydrous magnesium
sulfate, and concentrated in vacuo. The residue was chromatographed on silica gel (20 g) eluted with n-
hexane/ethyl acetate (30:1) to give 26 (159 mg, 85%), which was emploved in the next step without further
purification; colorless oil; '"H-NMR (300 MHz, CDCl 3) 6 0.07 (6H, s), 0.08 (6H, s), 0.82 (3H, t, J= 7.4 Hz),
0.90 (9H, s), 0.91 (9H, ), 0.97-1.13 (IH, m), | 7?—I .85 (1H, m), 2.30 (1H, J=6.6 Hz), 2.51 (1H, ddt
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carbonaie (50 mg, {0.36 mmoi). Afier peing SUfrea 10r 5 nr, water (1VU IIL) Wds 4ddcd anda e nixiuie was
extracted with diethyl ether (5 x 100 mL.). The combined organic phase was dried over anhydrous sodium sulfate
and concentrated in vacuo. The residue was chromatographed on silica gei (100 g) eluted with n-hexane/ethyl



acetate (5:1-2:1) to give 28 (1.44 g, 99%); colorless oil; [a]** +89.9° (¢ 0.21, CHCL,); IR (film) v_, 3391,
2957, 2930, 2858, 1463, 1362, 1255, 1081, 940, 837, 777, 717, 667 cm™!; 'H-NMR (300 MHz, CDCl,) &
0.10 (6H, s), 0.85 (3H, t, J=7.4 Hz), 0.91 (9H, s), 1.15-1.29 (1H, m), 1.78-1.92 (1H, m), 2.29 (2H, br s),
2.47-2.59 (1H, m), 3.39-3.45 (1H, m), 3.55-3.66 (2H, m), 4.06 (1H, dd, /= 6.3, 12.1 Hz), 4.28 (1H, ddd,
J= 1.4, 8.0, 12.1 Hz), 5.27 (1H, brt, J= 10.9 Hz), 5.79 (1H, ddd, J= 6.3, 8.0, 10.9 Hz); Anal. Calcd for

C,4H;,0,5i: C, 61.25; H, 11.04. Found: C, 60.87; H, 11.08.

(2S,3R,4Z)-6-tert-Butyldimethylsilyloxy-3-ethyl- 1 -p-toluenesulfonyloxy-4-hexen-2-o0l (29)
To a solution of 28 (0.92 g, 3.4 mmol), triethylamine (1.70 g, 16.8 mmol), and 4-dimethylaminopyridine
(10 mg) in dichloromethane (50 mL) under nitrogen atmosphere at 0°C was added p-toluenesulfonyl chloride
(0.83 g, 4.4 mmol). After being stirred for 3 hr, water (100 mL) was added and the mixture was extracted with
diethyl ether (2 x 100 mL). The combined organic phase was washed with brine (50 mL), dried over anhydrous
sodium sulfate, and concentrated in vacuo. The residue was chromatographed on silica gel (100 g) eluted with n-
hexane/ethy] acetate (10:1-7:1) to give 29 (1.10 g, 76%); colorless oil; [a],2* +3.87°(c 0.51, CHCL,); IR (film)
Voax 3444, 2956, 2857, 1734, 1599, 1463, 1361, 1255, 1189, 1177, 1096, 974, 902, 836, 776 cm‘] TH-NMR
(300 MHz, CDCl,) 6 0.05 (6H, s), 0.83 (3H, t, /= 7.5 Hz), 0.88 (9H, s), 1.14-1.28 (1H, m), 1.66-1.80 (1H,
m), 2.32-2.43 (1H, m), 2.44 (3H, s), 2.51 (1H, d, J= 5.5 Hz), 3.63-3.72 (1H, m), 3.86 (1H, dd, J= 7.4, 10.4
Hz), 4.12 (1H, dd, /= 2.9, 10.4 Hz), 4.14 (2H, dd, J= 1.2, 6.3 Hz), 5.10 (1H, tt, J= 1.2, 10.9 Hz), 5.71 (1H,
dt, J=10.9, 6.3 Hz), 7.33 (2H, d, J= 8.2 Hz), 7.78 (2H, d, J= 8.2 Hz); Anal. Calcd for C,,H, O,SSi: C,
58.83; H, 8.48. Found: C, 58.72; H, 8.53.

(25,3R,4Z)-2,6-Bis-tert-butvldimethylsilyloxy-3-ethyl-4-hexenyl p-toluenesulfonate (3 0)
To a solution of 29 (97 mg, 0.23 mmol) and 2,6-lutidine (0.10 mL, 0.86 mmol) in dichloromethane (5 n

mL
under nitrogen atmosphere at 0°C was added tert-butyldimethylsilyl trifluoromethanesulfonate (94 ul,

e S I

in.
ichloromethane (2 x 30 mL).

with dichloro ). The combined organic phase was dri _l over anhydrous sodium s lf te, and
concentrated in vacuo. The residue was chromatographed on silica gel (10 g) eluted with n-hexane/ethy! acetate
(10:1) to give 30 (124 mg, quantitative), which was employed in the next step without further n_mﬁcauon
colorless oil; 'H-NMR (300 MHz, CDCl,;) §0.01 (3H, s), 0.03 (3H, s), 0.05 (6H, s), 0.78 (3H, t, J=7.4 Hz),
0.84 (9H, s), 0.89 (9H, s), 1.11 (1H, ddq, J=10.9, 18.4, 7.4 Hz), 1.50-1.64 (1H, m), 2.28 (1H, ddt, J= 1.8,
6.4, 109 Hz), 2.45 (3H, s), 3.67 (1H, dt, J= 3.6, 6.4 Hz), 3.80 (1H, dd, J= 6.4, 9.8 Hz), 4.01 (1H, dd, /=
3.6, 9.8 Hz), 4.13 (1H, ddd, J= 1.6, 5.8, 13.2 Hz), 419 (1H, ddd, J= 1.6, 5.8, 132 Hz), 506 (1H, u, J=
1.6, 10.9 Hz), 5.62 (1H, dt, J= 10.9, 5.8 Hz), 7.33 (2H, d, J= 8.3 Hz), 7.77 (2H, d, J= 8.3 Hz)
(28,3R,42)-2,6-Bis-tert-butyldimethylsilyloxy-3-ethyl-1-iodo-4-hexene (3 1)

N &S mmmal)in MME (10 ml Y a 1itrnaan atmngenhara urag irred a o far | Dhr A ftor conling the miviure
V. JJ HUIIULJ 1 B71vEE L 1V 1) ULV MU UERVED AllIVUSHIWEW wWwads IIGAR at VIR AN AV I ) § ¥ § SRIWE VUVLEELE, LIV IIHATUWIL
wae nanrad intn enld watar (80 mI Y and aviracted with diethul ather (2 ¥y SOmIY T combined oreanic nhace
was poOurcad o COili Waill (JV Hi) alid CAualil Wil Uitlilyl CuUivl \J A OV Jiike) 4 G0 LI UIgRILe Pluase
ne Ariad ~var anhgdenie cadinim cnlfata and ~ancantratad 122 12,12 Tha racidne wag chromatnagranhad an cilica
Wdd UIICU UVl mlll.yulUub SUALLULLL DULLIAC ALl VUL U U atvAg l"o vuo ‘lU 110G IU3IvuLC wads UlllUlJlatUs‘.a 1IVAL U111 JRivQ
gel (20 g) eluted with n-hexane/ethyl acetate (100:1-50:1) to give 31 (76 mg, 83%), which was employed in the
it obtmem xridb ool gt ol adace T LT NTMDR 200 AMLT- TV Y SN NT (AT oy NNQ /AT o)
NEXL SICP WIHOUL 1uruiCr puriiiCationl, COI0HICSS UL, II-INIVER (OVUV VIILZ, WALy ) OU.UT (01, 3), U.UO (UL, 5,
NnNO 72T N NOA LT ¢ I 7&K LIy NOY O A NQA QLT Y 1 12 (1T dAAdA T 1IN0 146 78S U2 1779
U7 (O, §), .04 (S5, , J= 1.D0 L), V.74 \JI1, d), V.79 \JI1, 5), 1.1 {15, Uuay, v= 1v.7, 199, /.J 114}, 1.7 4
F1TY 11 ) 4 oA 14 < T g I¥_\ Y AL /1YY 3. 7_ 17 A TN 1tNO Iy 2 1Y 711 1.1, T_ 21 [~ | TN LI
(1, a q, J= 3.4, 14.0, /7.0 Z), £.42 (1n, auy, J= 2.4, /.U, 1\WL7 ns), 3.1« \in, uuu, J= 5.1, ».1, 7.V 114),
3.24 (1H, dd, /= 5.1, 10.1 Hz), 3.29 (1H, dd, J= 3.1, 10.1 Hz), 4.30 (1H, ddd, J= 1.7, 6.0, 13.1 Hz), 4.40
e i 117 - s a1 YI_ N E NN FIIT L. T 17 1A0 T\ E ££ 111 de T iNn 0 £ 0 1T
(IH, dad, y=1./, 6.0, 13.1 HZz), D.UZ (in, W, J= 1./, 1U.Y 1Z)}, 5.00 (111, 4i, y= 1U.Y, O.U 11Z)



(28,3R,4Z)-6-tert-Butyldimethylsilyloxy-3-ethyl-1,2-epoxy-4-hexene (32)

To a solution of 29 (1.00 g, 2.3 mmol) in methanol (30 mL) at room temperature was added potassium
carbonate (0.39 g, 2.8 mmol). After being stirred for | hr, water (100 mL) was added and the mixture was
extracted with diethyl ether (3 x 100 mL). The combined organic phase was dried over anhydrous sodium sulfate
and concentrated in vacuo. The residue was chromatographed on silica gel (50 g) eluted with n-hexane/ethyl
acetate (30:1) to give 32 (0.53 g, 89%); colorless oil; [oc]D26 -11.2°(c0.52, CHCIL,); IR (film) v 2958, 2930,
2857, 2463, 1408, 1362, 1255, 1091, 838, 777 cm™!; 'H-NMR (300 MHz, CDCl;) 60.06 (6H, s), 0.89 (9H,
s), 091 (3H, t, J=7.5 Hz), 1.38 (1H, ddq, J= 7.4, 12.5, 7.5 Hz), 1.71 (1H, ddq, J= 4.9, 12.5, 7.5 Hz),
2.05-2.15 (1H, m), 2.47 (1H, dd, J= 2.6, 4.9 Hz), 2.69 (1H, t, J= 4.9 Hz), 2.80(1H, ddd, J= 2.6, 4.9, 6.9
Hz), 4.18 (2H, dd, J= 1.3, 6.0 Hz), 5.22 (1H, tt, J= 1.3, 10.7 Hz), 5.68 (1H, dt, /= 10.7, 6.0 Hz); Anal.
Calcd for C, ,H,40,Si: C, 65.55; H, 11.03. Found: C, 65.97; H, 11.04.

(35,55)-4-Methoxy-3,5-dimethylcyclohexanone (34)

To liquid ammonia (ca. 30 mL) under nitrogen atmosphere at —78°C was addcd lithium (ca. 22 mg). After
15 min, a solution of 17 (100 mg, 0.65 mmol) in THF (5 mL) was added over 5 min to the dark-blue solution
and the mixture was stirred for additional 30 min. Ammonium chloride (50 mg) was added and the white
suspension was allowed to warm to room temperature. After evaporation of ammonia was complete, diethy! ether
(30 mL) and anhydrous sodium sulfate was added to the residual white solid. The mixture was stirred vigorously
for 1 hr and filtered through Celite® pad. The filter cake was washed with diethyl ether and the combined filtrate
was concentrated in vacuo. The residue was chromatographed on silica gel (20 g) eluted with n-hexane/ethyl
acetate (10:1-5:1) to give 34 (76 mg, 75%). Birch reduction of 18 (100 mg) was performed as described above

to give 34 (79 mg, 78%); colorless oil; [a] ;26 ~14.0° (¢ 0.51, CHCL,); IR (film) v__ 2960, 2824, 1714, 1455,
1382, 1279, 1245, 1194, 1140, 1101, 1039_ 987, 945, 920 ecm™!; 'H-NMR (300 MHz, CDCl;) 6 0.95 (3H, d,
J=17.0 Hz), 0.99(314 d, J= 6.3 Hz), 1.99 (1H, ddd, J= 1.3, 5.6, 14.0 Hz), 2.18-2.48 (4H, m), 2.58 (1H, dd,
J=5. .09 (1H, dd, /_24 5.2 Hz), 3.42 (3H, s); Anal. Caled for rCyH, 0,: C, 69.18; H, 10.34.

(IR ,3R,45,5R,6S5)-3- Hw/rnxv 5-methoxy-4- mm‘hvlht yelo[4.1.0]h

fAYEFOA Y- -TRErNox

hydroxy-5-methoxy-4-methylbicyclo[4.1.0]heptan-2-one (40)

Oxidation of silyl enol ether of 17 with osmium tetroxide: To a solution of 17 (4.30 g, 28 mmol)
qnd triet viamine R S0 o R4 mmanl) in dichlaramethane (100 m] ) ninder nitraooen atmoenhere at 0°C wae added
and triethylamine (8.50 g, 84 mmol) in dichloromethane (100 mL) under nitrogen atmosphere at 0°C was added
tert-butyldimethylsilyl trifluoromethanesulfonate (7.7 ml., 34 mmol) over 10 min. After being stirred for 30

drned over anhvdrone codinm culfate and concentrated 1n vacuo  In order to remove nolar immaritieg e racidue
SELEWAL UYVWE ULIIE YW UMI OUMIBLILL JUILULY IV VWWVWIEIIVWIRUL ULV #TE YU Lv L, ARl ViINAVE VW IWIIIVU Y W Y\le ll(ly“ll\lvn), LERW AwJiNvAUw
wae chromataoranhed aon cilica oel (18 o) eluted with n-nentane/disthv] ether (5:1) to oive a colorlecc 0il (7 7Q0)
Y L0 \/ln\llll“lvsl“l’ll\/“ AE Jiavis svl \LJ é} WEMACWAS VY AULAL T E r’vllmllv’ NEXW LA Jl WRAEE (S e X ] WS bl Y% & VURURIVIS WL (7 i /b,-

To a mixture of a portion of the above oil (6.60 g), 4-methylmorpholine N-oxide (3.40 g, 29 mmol), THF
{2 mI ) at room temneratiire wae added ocminm tetroxide (60 mo 0 24 mmol) Aftar inog ctirrad faor 12 hr
\~’UU lllu’ QAL Ui l\ll‘lll\/l“l.ul\a YY QO AUV UL UOELELULLL Wwll VAL \\J\I lll&’ e du™T llull\ll/. £ Biiwl U\IIIIE Staliwa i 4w AAA
180 annanne cnditim thincnlfata (80 mI Y wag addad and tha mivinre wace avtrastad with ~rhlarafarm (2 v 2000
170 aqucuua DSUULULLL LHHUdULIALL | JUVY 1L, j WaAd dUuTu dliu Liv HITAWUIV Wdd vAllAaLivu Wikl VIHUIVIULIIE \J A JuYy
T Tha ~rnmhinad arganis nhagca wae wachad with hrina (2NN M1 Y Adriad nuar anhudrane gnadinnm enlfate and
iy, 110 CULHIVLIICA UL paiiiv pPlast Wad Wasiivld Wil ULHIV (VU L J, WG UYL dlili yWluiks SURUUR sundic aiid
concentrated in vacuo. The residue was chromatographed on silica gel (100 g) eluted with n-hexane/ethyl acetate
201N gy o s o dnemmarahla caivtiaea (g 02 Aatarmrinad ke intagratinm AF TIHT_NMD cmantrmim) ~F 10 and AN
(J.1) W0 EIVC all HDdTPdlavic HHAWILT (L Fave N LOI LI Uy HICEIAUUIl UL TI-IUVIR JPULUULIL) Ul O F alll | v
A O SR PUPL S g N I LR B LN S E Py g - P STy oy ebi oo Foiule o i ntiiie o lanlaoo
(4.uu g, qunuldllVC yll:lu 1Trom 1 7)), Wicn woic CHIpIoyced 1 UIC HCAL DICP WIHIDUL 1TUlUICh pulllivdliVil, COTVLICYS
1. 0.1 20 1470 .. N 1C OTIO AL TD /6210 2420 077 N0 100 1£Q0E 1ASA 1279C 199N 110N
Ol [(‘!_ID =143 (CU.10, Lrnul ) 1IN (1LY Vmax IH4DF, &l f, L?IF, LO0&F, 1UTI, 1909, 1040, 14LY, 117V,
1157, 1091, 1026, 986, 920, 893 844, 825 cm™!; 'H-NMR spectroscopic data of 39 and 40 are described

EN. 1T Q121 Y- d. N £72 11T 9 N7
0.31. round. L., O3 LO n, 6.2/
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Oxidation of silyl enol ether of 17 with m-CPBA: To a solution of 17 (170 mg, 1.1 mmol) and
triethylamine (390 mg, 3.9 mmol) in dichloromethane (10 mL) at 0°C was added fert-butyldimethylsilyl
trifluoromethanesulfonate (0.33 mL, 1.4 mmol) over 5 min. After being stirred for 30 min, the mixture was
added at 0°C to a solution of m-chloroperbenzoic acid (770 mg, 4.5 mmol) in dichloromethane (10 mL). After 1
hr, 1 M aqueous sodium hydroxide (10 mL) was added and the mixture was extracted with chloroform (5 x 30
mL). The combined organic phase was washed with brine (10 mL), dried over anhydrous sodium sulfate and
concentrated in vacuo. The residue was dissolved in acetonitrile (10 mL) and 48% aqueous hydrogen fluoride
(200 mg) was added at room temperature. The mixture was stirred at 70°C for 1 hr. After cooling, saturated
aqueous sodium bicarbonate (20 mL) was added and the mixture was extracted with ethyl acetate (5 x 30 mL).
The combined organic phase was dried over anhydrous sodium sulfate and concentrated in vacuo. The residue
was chromatographed on silica gel (20 g) eluted with n-hexane/ethy! acetate (5:1) to give 39 (122 mg, 65%); pale
yellow oil; 'H-NMR (300 MHz, CDCl,) 60.84 (3H, d, J= 6.8 Hz), 1.00 (1H, q, J= 5.7 Hz), 1.44 (1H, dt, J=
5.7, 9.6 Hz), 1.67-1.76 (1H, m), 1.97 (1H, ddd, J= 5.7, 7.8, 9.6 Hz), 2.55-2.64 (1H, m), 3.42 (3H, s), 3.60
(1H, d, J=3.5 Hz), 3.75 (1H, dd, J= 1.6, 4.6 Hz), 3.96 (1H, t, J=3.5 Hz).

Oxidation of 17 with Pb(OAc),: A mixture of 17 (259 mg, 1.68 mmol), lead tetraacetate (2.24 g,
5.05 mmol) and benzene (20 mL) was stirred at 80°C for 40 hr. After cooling, 15% aqueous sodium thiosulfate
(50 mL) was added and the mixture was extracted with dicthyl ether (3 x 50 mL). The combined organic phase
was successively washed with saturated aqueous sodium bicarbonate (50 ml.) and brine (50 mL), dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was chromatographed on silica gel (20 g)
eluted with n-hexane/ethyl acetate (10:1-5:1) to give the acetate of 40 (268 mg, 75%) as a colorless oil. To a
solution of the acetate (120 mg, 0.57 mmol) in methanol (5 mL) at room temperature was added potassium
carbonate (10 mg). After being stirred for 5 hr, diethyl ether (15 mL) and anhydrous magnesium sulfate was
added and the mixture was stirred vigorously for 1 hr. The mixture was filtered through Celite® pad and the filter
cake was washed with diethyl ether. The combined filtrate was concentrated in vacuo and the residue was
chromatographed on silica gel (20 g) eluted with n-hexane/ethyl acetate (5:1-3:1) to give 40 (51 mg, 53%);
colorless oil; "H-NMR (300 MHz, CDCI,) 60.95 (1H, g, J= 5.3 Hz), 1.18 (3H, d, J= 6.7 Hz), 1.17-1.25 (1H,
m), 1.74 (1H, ddg, J=2.2, 12.2, 6.7 Hz), 1.83-1.96 (ZH, m), 3.31 (1H, br s), 3.51 (3H, s), 3.71 (1H, t, J=
2.2 Hz), 3.84 (1H, d, J=12.2 Hz).

(2R,35,4R,55)-2-Hydroxy-4-methoxy-3,5-dimethvlcyclohexanone (41) and  (2S,35,4R,5S)-2-hvdroxy-4-

ST UA Y=L UA S AR L Ll L ;

n xy-3, nethylcyclohexanone (42)
To a solution of a mixture (ca. 2:3) of 39 and 40 (600 mg, 35 mmol, obtained by the osmium tetroxide
oxidation of the silyl enol ether of 17) in THF (30 mL) under nitrogen atmosphere at —78°C was added lithium

ion in n-hexane, 35 mmol) over 10 min. After being stirred for

O

0 1exane, 35 mmol) over 10 eing
d through a cannular to a dark-blue solution of lithium (ca. 240
) under nitrogen atmosphere at —78°C. After 10 min, ammonium chloride
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4.23 (1H, d, J=5.7 Hz); Anal. Calcd for C9H1603: C, 62.75; H, 9.38. Found: C, 62.74; H, 9.39. Compound
42; colorless oil; [oz]n23 -90.7° (¢ 0.19, CHCL,); IR (film) v 3479, 2965, 2933, 2826, 1714, 1456, 1424,
1386, 1243, 1192, 1160, 1097, 1064, 1005, 926, 804 cm™!; 'H-NMR (300 MHz, CDCl,) 5 0.89 (3H, d, J=
7.3 Hz), 1.25 (3H, d, J= 6.6 Hz), 1.90 (1H, ddq, J= 2.6, 11.2, 6.6 Hz), 2.18 (1H, br d, J= 13.3 Hz), 2.56-
-2.67 (1H, m), 2.88 (1H, dd, /= 6.2, 13.3 Hz), 3.12 (1H, t, J=2.6 Hz), 3.44 (4H, s), 4.07 (1H, brd, J=11.2
Hz); Anal. Calcd for CgH, (O;: C, 62.75; H, 9.38. Found: C, 63.08; H, 9.31.

Merhyl (3S,4R,5R)-6-0x0-4-methoxy-3,5-dimethylhexanoate (43)

To a solution of 41 (42 mg, 0.24 mmol) in benzene-methanol (v/v= 4:1, 10 mL) at room temperature was
added lead tetraacetate (140 mg, 0.32 mmol). After being stirred for 10 min, 15% aqueous sodium thiosulfate
(10 mL) and saturated aqueous sodium bicarbonate (10 mL) was added to the reddish yellow solution. The
mixture was stirred for 30 min and extracted with ethyl acetate (3 x 30 mL). The combined organic phase was
washed with brine (30 ml), dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was
purified by preparative TLC developed with benzene/ethyl acetate (4:1) to give 43 (44 mg, 89%). The oxidative
cleavage of 42 (48 mg) was performed as described above to give 43 (44 mg, 78%). In larger-scale reaction, the
mixture of 41 and 42 (2:3, 2.30 g) was oxidized as described above to give 43 (2.18 g, 81%); colorless oil;
lalp?' —17.5° (c 0.34, CHCL,); IR (film) v,__ 2976, 2836, 1732, 1438, 1382, 1286, 1174, 1087, 1007 cm™';
'H-NMR (300 MHz, CDCL,) 6 0.96 (3H, d, J= 6.4 Hz), 1.07 (3H, d, J= 7.1 Hz), 2.21-2.34 (1H, m), 2.28
(1H, dd, J="7.7, 18.1 Hz), 2.47 (1H, dd, J=9.3, 18.1 Hz), 2.62 (lH, dqui, J= 2.7, 7.1 Hz), 3.32 (1H, dd, J=
2.8, 7.1 Hz), 3.39 (3H, s), 3.69 (3H, s), 9.78 (I1H, d, J= 2.7 Hz); Anal. Caled for C,H,;0,: C, 59.37; H,
8.99. Found: C, 58.88; H, 8.75.

Methyl (3S.4R,5R)-5-(1,3-dioxolan-2-yl)-4-methoxy-3-methylhexanoate (44)
A mixture of 43 (2.10 g, 10.4 mmol), ethylene glvcol (13.0 g, 209 mmol),

L Bl YLU JEeiNNLEY .V L 111on ac

monohydrate (50 mg), and benzene (100 mL) was heated and refluxed for 30 min w1th azeotrop removal of

water hv nacema a condensed I uid thrnmrh a column of 4A-molecular seives. After (‘nnlmu the mixture was

1 bicarbonate (100 mL) and e cted with diethyl ether (3 x 100 mL).
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ed with brine (100 mL), driec_l over anhydrous sodiur

e combined organic phase was wash (100 mL), drie hydro dium sulfate and
concentrated in vacuo. The residue was chromatographed on silica gel (150 g) eluted with n-hexane/ethyl acetate
(5:1) to give 44 (2.51 g, 98%); colorless oil; [a],,24 -20.4°(c 0.31, CHCL,); IR (film) v 2976, 2885, 1739,
1437, 1365, 1283, 1165, 1087, 1045, 1009, 042 cm™'; 'TH-NMR (300 MHz, CDCl,) § 0.83 (3H, d, J= 6.9
Hz), 0.88 (3H, d, J= 6.6 Hz), 2.00 (1H, ddq, J=2.4, 9.6, 6.6 Hz), 2.19-2.30 (1H, m), 2.33 (1H, dd, J= 7.8
14.7 Hz), 2.45 (1H, dd, J= 6.1, 14.7 Hz), 3.07 (1H, dd, J= 2.2, 9.6 Hz), 3.41 (3H, s), 3.68 (3H, s),

2-3.99 (4H, m), 5.04 (1H, d, J=2.4 Hz); Anal. Calcd for C,,H,,0,: C, 58.50; H, 9.02. Found: C, 58.63;
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6.8 Hz), 0.95 (3H, d, J= 6.5 Hz), 2.03 (1H, ddq, J=2.5, 9.3, 6.5 Hz), 2.30-2.41 (1H, m), 2.43 (1H, ddd, J=
2.0, 4.8, 16.4 Hz), 2.55 (1H, ddd, J= 2.0, 5.6, 16.4 Hz), 3.06 (1H, dd, J= 2.4, 9.3 Hz), 3.39 (3H, s),
3.84-4.00 (4H, m), 5.03 (1H, d, J= 2.5 Hz), 9.79 (IH, t, J= 2.0 Hz); Anal. Calcd for C, H,,0,: C, 61.07; H,
9.34. Found: C, 60.86; H, 9.23.

(2R, 3R, 45,6 E)-2-(1,3-Dioxolan-2-yl)-3-methoxy-4-methyl-6-octene (4 6)

To a mixture of chromium(ll) chloride (1.27 g, 10.3 mmol) and THF (30 mL) under dark and nitrogen
atmosphere at room temperature was added a solution of 45 (280 mg, 1.29 mmol) and 1,1-diiodoethane?* (726
mg, 2.58 mmol) in THF (5 mL) in one portion. After being stirred for 3 hr, water (50 mL) was added and the
mixture was extracted with diethyl ether (2 x 50 mL). The combined organic phase was washed with brine (30
mL), washed with saturated aqueous sodium bicarbonate (30 mL), washed with brine (30 mL), dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was chromatographed on silica gel (50 g)
eluted with n-hexane/ethyl acetate (20:1) to give 46 (236 mg, 80%); colorless oil; [a],?” +53.5°(c 0.10, CHCl,);
IR (film) v_, 2970, 2935, 2883, 1454, 1380, 1161, 1097, 1043, 967, 941 cm™'; "H-NMR (300 MHz, CDCi_l)
60.80 (3H, d, /=74 Hz), 0.83 (3H, d, J=7.3 Hz), 1.61-1.73 (1H, m), 1.66 (3H, d, J= 5.0 Hz), 1.94-2.07
(2H, m), 2.10-2.18 (1H, m), 3.08 (lH, dd, J= 2.5, 9.4 Hz), 3.43 (3H, s), 3.83-4.00 (4H, m), 5.05 (1H, d,
J= 2.3 Hz), 5.40 (1H, dt, J= 15.1, 5.7 Hz), 5.46 (1H, dq, J= 15.1, 5.0 Hz); Anal. Calcd for C,;H,,0;: C,
68.37; H, 10.61. Found: C, 68.05; H, 10.49. In larger scale, 45 (1.90 g) was converted to 46 (1.37 g, 69%)
and 17% of 4 5 was recovered.

(2R,3R,45,6F)-2-(1,3-Dithian-2-yl)-3-methoxy-4-methyl-6-octene (47)

To a solution of 46 (1.67g, 7.3 mmol) and 1,3-propanedithiol (1.19 g, 11.0 mmol) in dichloromethane (70
mL) under nitrogen atmosphere at —78°C was added boron trifluoride diethyl etherate (2.3 mL., 18.2 mmol) over
10 min. The mixture was stirred for 30 min, allowed to warm to 0°C over 2 hr, poured into cold saturated
aqueous sodium bicarbonate (200 mL), and extracted with diethyl ether (2 x 100 mL). The combined organic

nhaw wias SLUCCES: \lvc=|v washed with IN aqueous sodium hydroxide (2 x 100 mL) and brine (2 x 100 mL), dried

over anhydrous sodium sulfate and concentrated in vacuo. The residue was chromatographed on silica gel (100
g) eluted with n-hexane/diethyl ether (50:1--30:1) to give 47 (1.94 g, 97%) as a white solid. Recrystallization

from methanol
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7.0 Hz), 1.59-1.70 (1H, m), 1.67 (3H, d, J= 5.1 Hz), 1.76-1 92 (1H,
m\ 1.95--2 6 (2H, m), 2.08-2.19 (2H, m), 2.83-2.90 (3H, m), 3.03 (1H, ddd, J=2.4, 12.5, 13.9 Hz), 3.23
(1H, dd, J=2.0, 99 Hz), 3.54 (3H, s), 4.52 (1H, d, J= 2.4 Hz), 540 (1H, dt, J=14.1, 5.5 Hz), 547 (1H,
dq, J=14.1, 5.1 Hz); Anal. Calcd for C, ;H,,0S,: C, 61.25; H, 9.57. Found: C, 61.56; H, 9.59
2-[(2R,3R,47) rt-Butyldimethylsilyloxy-3-ethyl-2-hydroxy-4-hexenyl]-2-[(IR 2R, 38,5E )-2-methoxy-1,3-

aimeiny plenyij-1,2-4dii7 <

To asolutionof 47 (63 in HM THE (yviv= 110 20 m] Y under nitrooen atmocenhere at
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0°C was added n-butyllithium (1.8 mL of 1.53 M solution in n-hexane, 2.75 mmol) over 3 min. The reddish-
vallauy, enliitinn wace ctirrad for § min and 2 eahition af 32 MRR2 mo 1| 40 mmal) in HMPA_THF (v/v= 110 2
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over anhydrous sodium sulfate and concentrated in vacuo. The residue was chromatographed on silica gel (100
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oil; [a]p?? ~11.3°(c 0.25, CHCI,); IR (film) v,,,, 3439, 2929, 2856, 1463, 1379, 1254, 1089, 967, 837, 776
cm™'; 'H-NMR (300 MHz, CDCl,) 5 0.76 (6H, s), 0.86 (3H, 1, J= 7.4 Hz), 0.89 (3H, d, J= 6.5 Hz), 0.90
(9H, s), 1.15-1.30 (1H, m), 1.20 (3H, d, J= 7.0 Hz), 1.56-1.66 (1H, m), 1.67 (3H, d, J= 4.6 Hz), 1.73-2.06
(4H, m), 2.09-2.32 (4H, m), 2.52 (IH, qui, /= 6.5 Hz), 2.70-2.82 (2H, m), 2.93 (IH, ddd, J=3.2, 9.9, 14.4
Hz), 3.03 (I1H, ddd, J= 3.1, 10.1, 14.4 Hz), 3.37 (3H, s), 3.41 (IH, br d, J= 6.5 Hz), 3.73 (IH, br s),
3.90-3.98 (1H, m), 423 (2H, dd, J= 1.1, 6.0 Hz), 5.23 (IH, tt, J= 1.1, 10.9 Hz), 5.34-5.50 (2H, m), 5.70
(1H, dt, J= 10.9, 6.0 Hz); Anal. Caled for C,4H;,0,5,Si: C, 63.33; H, 10.27. Found: C, 63.70; H, 10.23.

(2Z,4R,5R 8R,9R 108,12E)-te t-Butyldimethylsilylox y-4-ethyl-5-hydroxy-9-methoxy -8,10-dimet hyl-2, 1 2-
tetradecadien-7-one (49)

To a mixture of 48 (1.70 g, 3.2 mmol), calcium carbonate (500 mg, 5.0 mmol), and THF (200 mL) at
room temperature was added mercury(II) perchlorate (167 mL of 0.025 M solution in water). After being stirred
for 30 min, the white suspension was diluted with diethyl ether (300 mL) and filtered through Celite® pad.
Aqueous phase was separated and extracted with diethyl ether (2 x 100 mL). The combined organic phase was
successively washed with saturated aqueous sodium bicarbonate (200 mL) and brine (200 mL), dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was chromatographed on silica gel (100 g)
eluted with n-hexane/ethyl acetate (20:1) to give 49 (1.17 g, 83%); colorless oil; [a}DZ“ +5.93°(c0.18, CHCI,);
IR (film) v, 3443, 2931, 2857, 1709, 1462, 1378, 1255, 1201, 1089, 967, 838, 776 cm™'; TH-NMR (300
MHz, CDCl,) § 0.08 (6H, s), 0.84 (3H, t, J= 7.4 Hz), 0.84(3H, d, J= 6.7 Hz), 0.90 (9H, s), 0.91 (3H, d, J=
7.0 Hz), 1.10~-1.25 (1H, m), 1.53~1.65 (1H, m), 1.67 (3H, d, J= 5.4 Hz), 1.77-1.90 (1H, m), 1.91-2.01
(1H, m), 2.07-2.17 (1H, m), 2.22-2.33 (1H, m), 2.52 (1H, dd, J= 10.1, 16.8 Hz), 2.71 (1H, dd, J= 1.9, 16.8
Hz), 2.85 (1H, dq, J= 9.7, 7.0 Hz), 3.30 (3H, s), 3.36 (1H, dd, J= 2.0, 9.7 Hz), 3.48 (1H, d, J= 2.9 Hz),
3.78-3.86 (1H, m), 4.16-4.29 (2H, m), 5.11 (1H, t, J= 109 Hz), 5.37 (1H, dt, J=15.3, 5.8 Hz), 5.46 (1H,
dq, J/=15.3, 5.4 Hz), 5.70 (1H, dt, J= 10.9, 5.8 Hz); Anal. Calcd for C,H,¢0,Si: C, 68.11: H, 11.00. Found:
C, 68.02; H, 10.96.

(22, 12E,4R,5R, 7R ,8S,9R,10S)-1-tert-But yldime thylsilyloxy-4-e thyl-9-methoxy-8,10-dimethyl-2,12-
tetradecadiene-5,7-diol (50) and (ZZ.4R,5R 75,88 9,,,105,]2F) 1-tert-butyldimethylsilyloxy-4-ethyl-9-

Table 3 entry 6 To a solutxon of 49 (550 l 25 mmol) in dicthyl ether (50 mL) under nitrogen
atmosphere at room temperature was added lithium ioc de (840 mg, 6.28 mmol). After lithium iodide was

Q-(!Q

solution was cooled to -78°C and stirred for 15 min. Lithiun
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67.80; H, 11.40. Found: C, 68.25; H, 11.44. Compound 5 1; colorless oil; [a]Dz(‘ ~22.4°(c 0.12, CHCLy); IR
(film) v_, 3389, 2959, 2857, 1463, 1379, 1361, 1255, 1194, 1091, 966, 838 cm™!; 'H-NMR (300 MHz,
CDCl,) 60.07 (6H, s), 0.76 (3H, d, J=7.0 Hz), 0.85 (3H, t, J= 7.5 Hz), 0.86 (3H, d, J=7.1 Hz), 0.90 (9H,
s), 1.15-1.34 (2H, m), 1.58-1.81 (SH, m), 1.67 (3H, d, J=5.7 Hz), 1.92-2.05 (1H, m), 2.05-2.17 (1H, m),
2.27 (1H, ddt, J= 34, 6.9, 109 Hz), 2.98 (1H, dd, J= 2.4, 8.6 Hz), 3.46 (3H, s), 3.62-3.69 (1H, m),
3.82-3.89 (1H, m), 4.18-4.28 (2H, m), 4.39 (IH, brs), 5.18 (1H, t, J= 109 Hz), 5.37 (1H, dt, J= 15.3, 5.5
Hz), 5.46 (1H, dq, J= 15.3, 5.7 Hz), 5.70 (1H, dt, J=10.9, 5.5 Hz); Anal. Calcd for C,sH;,0,Si: C, 67.80;
H, 11.40. Found: C, 68.14; H, 11.42.

(2Z,4R,5R,7R,85,9R, 108, 12E)-4-Ethyl-9-methoxy-8,10-dimethyl-2,12-tetradecadiene-1,5,7-triol (52)

To a solution of 50 (490 mg, 1.11 mmol) in THF (20 mL) at room temperature was added tetra-n-
butylammonium fluoride (1.44 mL of 1 M solution in THF, 1.44 mmol). After being stirred for 1 hr, water (50
ml) was added and the mixture was extracted with dichloromethane (3 x 50 mL). The combined organic phase
was washed with brine (50 mL), dried over anhydrous sodium sulfate and concentrated in vacuo. The residue
was chromatographed on silica gel (20 g) eluted with n-hexane/ethyl acetate (2:1-1:1) to give 52 (365 mg,
quantitative) as a white solid. Recrystallization from n-hexane gave an analytical sample; colorless needles; mp
101°C; [a}D24 +21.2° (¢ 0.15, CHCLy); IR (nujol) v, . 3416, 1193, 1099, 1045, 1029, 1013, 983, 967, 824
cm™!'; TH-NMR (300 MHz, CDCl,) 6 0.86 (3H, t, J= 7.4 Hz), 0.89 (3H, d, J=7.1 Hz), 0.92 (3H, d, J=7.5
Hz), 1.12-1.28 (1H, m), 1.36 (1H, ddd, /= 2.3, 7.3, 14.2 Hz), 1.59-1.93 (7H, m), 1.66 (3H, d, J=5.2 Hz),
2.05-2.14 (1H, m), 2.52-2.63 (1H, m), 3.04 (1H, t, J= 3.2 Hz), 3.50 (3H, s), 3.51 (IH, d, J= 3.0 Hz), 3.83
(1H, dt, J= 3.0, 7.2 Hz), 4.02 (1H, ddd, J= 0.9, 6.0, 12.3 Hz), 4.17-4.22 (1H, m), 4.26 (1H, ddd, J= 0.9,
8.3, 12.3 Hz), 5.22 (1H, &, J= 0.9, 10.9 Hz), 5.36 (1H, dt, J= 154, 54 Hz), 544 (1H, dq, /= 154, 5.2 Hz),
5.85 (IH, ddd, J= 6.0, 8.3, 10.9 Hz); Anal. Calcd for C, H,,0,: C, 69.45; H, 11.07. Found: C, 69.13; H,
11.07.

(2Z,4R,5R,7S,85,9R, 108, 12E)-4-Ethyl-9-methoxy-8, 10-dimethyi-2,12-tetradecadiene-1,5,7-triol (5 3)

The desilylation of §1 (50 mg, 0.11 mmol) was performed as described above for §2 to give §3 (37 mg,
quantitative) as a colorless oil; [a];2® ~10.1° (¢ 0.10, CHCL,); IR (film) v__ 3350, 2964, 2931, 1455, 1379,
1136, 1070, 967, 847 cm™!; '"H-NMR (300 MHz, CDCl,;) 60.78 (3H, d, J= 6.9 Hz), 0.86 (3H, d, /= 7.2 Hz),
0.88 (3H, t, J= 7.6 Hz), 1.17-1.38 (2H, m), 1.45-1.59 ~(IH, m), 1.61-1.75 (3H, m), 1.67 (3H, d, J=5.7 Hz),
1.93-2.02 (1H, m), 2.06-2.16 (1H, m), 2.56-2.66 (1H, m), 3.01 (1H, dd, J= 2.6, 8.5 Hz), 3.09 (3H, br s),
3.49 (3H, s), 3.79-3.88 (2H, m), 3.92 (1H, dd, J=6.6, 12.0 Hz), 4.22 (1H, dd, J=8.2, 12.0 Hz), 5.36 (1H,

t, J= 10.8 Hz), 5.37 (1H, dt, J= 15.3, 6.3 Hz), 5.47 (1H, dq, J= 15.3, 5.7 Hz), 6.00 (1H, ddd, J= 6.6, 8.2,
10.8 Hz); Anal. Calcd for C, H..0,: C, 69.45; H, 11.07. Found: C, 69.16; H, 10.95.

T 19773674 =0 M7 T

(2Z,4R,5R,7R 8S,9R, 108, I2E )-4-Ethyl-7-hydroxy-9-methoxy-8,10-dimethyl-2,12-te tradecadien-5-olide
(pironetin 1)

mg, 0.09 mmol) in benzene (6 mL) at room temperature was added manganese

1L} ORLE

The mixture was stirred for 5 hr and filtered lhrmmh
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eluted with n—hexane/ule!h"' ather (1:3) to give a white solid (28 mo). which was recrvstallized from n-hexane to
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give 1 (26 mg, 88%); colorless needles; mp 77°C; lit. mp 78-79°C; laly 50°¢( . 3)
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1.64-1.74 (3H, m), 1.66 (3H, d, /= 5.8 Hz), 1.75-1.81 (1H, m), 1.83-1.90 (2H, m), 2.06-2.13 (1H, m),
2.26-2.31 (1H, m), 2.98 (1H, dd, /=4.6, 5.8 Hz), 3.47 (3H, s), 3.48 (iH, d, J= 2.6 Hz), 4.20 (1H, brd, /=
9.2 Hz), 4.73 (1H, dt, J/=9.2, 3.5 Hz), 5.37 (1H, dt, J= 15.3, 59 Hz), 544 (1H, dq, J=15.3, 5.8 Hz), 6.02
(1H, d, J= 9.8 Hz), 7.01 (1H, dd, J= 6.1, 9.8 Hz); ! 3C-NMR (125.7 MHz, CDClLy) 6 11.0, 12.2, 15.2, 18.0,
20.8, 36.1, 36.7, 37.2, 38.9, 39.1, 61.6, 67.4, 77.7, 91.9, 120.8, 126.9, 128.7, 150.7, 164.7; Anal. Calcd for
C,4H;,0,:C, 70.32; H, 9.96. Found: C, 70.27; H, 9.94.

(2Z,4R,5R,75.8S,9R, 108, 12E)-4- Ethyl-7-hydroxy-9-methoxy-8, 10-dimethyl-2, 12-tetradecadien-5-olide (5 4)

The oxidative lactonization of 53 (30 mg, 0.09 mmol) was performed as described above for 1 to give 54
(23 mg, 79%); colorless oil; fa],** ~166°(c 0.30, CHCL,); IR (film) v, . 3458, 2966, 2934, 1714, 1462, 1386,
1255, 1093, 1023, 966 cm™!; 'H-NMR (300 MHz, CDCl,) 60.85 (3H, d, J= 6.8 Hz), 0.88 (3H, d, J= 6.8 Hz),
0.98 (3H, t, J= 7.5 Hz), 1.44-1.60 (1H, m), 1.61-1.88 (4H, m), 1.67 (3H, d, J=5.6 Hz), 1.93 (2H, t, J= 7.2
Hz), 1.95-2.04 (1H, m), 2.08-2.17 (1H, m), 2.35-2.44 (1H, m), 3.04 (1H, dd, /= 2.4, 8.4 Hz), 3.47 (3H, s),
3.74 (1H, dt, J= 5.3, 7.2 Hz), 4.80 (1H, dt, J= 2.2, 7.2 Hz), 5.38 (1H, dt, J= 15.3, 6.3 Hz); 5.48 (1H, dgq, J=
15.3, 5.6 Hz), 6.03 (1H, d, J= 9.8 Hz), 7.05 (1H, dd, J= 6.2, 9.8 Hz); Anal. Calcd for C;H,,0,: C, 70.32;
H, 9.96. Found: C, 70.26; H, 9.89. )

(2Z,4R,5R,7R,8S.9R, 108, 12E)-4-Ethyl-7,10-dihydroxy-8, 10-dimethyl-2, 12-tetradecadien-5-olide (2)

To a solution of 1 (13 mg, 0.04 mmol) in dichloromethane (2 mL) under nitrogen atmosphere at —78°C was
added 0.77 mL of 0.3 M solution (0.23 mmol) of 15-crown-5 saturated with sodium iodide in dichloromethane,
which was freshly prepared before use. Boron tribromide (0.12 mL of 1 M solution in dichloromethane, 0.12
mmol) was added. The mixture was allowed to warm to 0°C over 3 hr and stirred at the temperature for
additional 3 hr. The mixture was diluted with diethyl ether (10 mL). Saturated aqueous sodium bicarbonate (5
mL) and 15% aqueous sodium thiosulfate (5 mL) were added and the mixture was extracted with diethyl ether (2
x 20 mL). The combined organic phase was washed with brine (10 mL), dried over anhydrous sodium sulfate
and concentrated in vacuo. The residue was dissolved in diethyl ether (20 mL) and stirred at room temperature
for 12 hr together with silica gel (1 g). The mixture was filtered through glass filter and washed with ethyl acetate
(50 mL). The filtratc was washed with 15% aqueous sodium thiosulfate (20 mL.), saturated aqueous sodium
bicarbonate (20 mlL.) and brine (20 mL), dried over anhydrous sodium sulfate and concentrated in vacuo. The
residue was purified by preparative TLC developed with n-hexane/ethyl acetate (1:1) to give a white solid (11
mg), which was recrystallized from n-hexane to give 2 (10 mg, 80%}); colorless needles; mp 77-78°C; lit. mp
77-78°C; ¢ [a]ﬁ” -133°(c 0.20, CHCI,); lit. [a],y 20 _123.0°(¢ 1.0, CHCL,)'¢ IR (KBr) v, 3417, 2965,
1721, 1461, 1381, 1254, 1094, 1066, 1026; 963 cm!; 'H-NMR (300 MHz, CDCl;) 50.85 (3H, d, J= 7.1
Hz), 0.88 (3H, d, J= 6.8 Hz), 0.97 (3H, t, J= 7.5 Hz), 1.43-2.13 (8H, m), 1.67 (3H, d, J= 5.6 Hz),
2.25-2.34 (1H, m), 2.29 (1H, br s), 3.15 (1H, brs), 3.57 (1H, dd, J= 3.3, 8.4 Hz), 4.16 (1H, brd, J=10.5

_____________

Hz), 4.79 (1H, dt, J= 10.0, 3.1 Hz), 542 (1H, dt, J= 15.3, 6.5 Hz), 5.50 (1H, dq, J= {5.3, 5.6 Hz), 6.03

(1H, d, J= 9.5 Hz), 7.03 (m dd, J= 6.1, 9.5 Hz); '’C- NMR (75.5 MHz, CDCl,) 6 11.0, 12.2, 12.3, 17.9,

20.9, 34.8, 35.4, 37.5, 39.1, , 69.7, 77.2, 77.4, 120.7, 127.0, 129.3, 150.7, 164.7; Anal. Calcd for
I, 9.76. F).l,.d C, 69.48; H, 9.70.
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