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Abstract: The extensive ring-expansion strategy for the synthesis of tetrahydrooxepin, oxocane, and
hexahydrooxonin, which correspond to the D(E), I and F rings of ciguatoxin (CTX1B, 1),
respectively, has been established. Chemoenzymatic acylation of the meso alcohols using a lipase
provides an expeditious entry for the enantiomeric building blocks. © 1999 Elsevier Science Ltd. All

rights reserved.

tropics and subtropics.!2 The most potent is ¢
of ciguatera, was isolated from the moray eel, Gymnothorax javanicus, and the absolute configuration was
At e el oo ol la Fliaaies 1 45 Qunthacic nf 1 hac racaivad cancid o ;
determined quite recently, as shown in Figure 1.%° Synthesis of 1 has received ¢ isiderable atlention among
Q
7

synthetic chemists due to the striking structurai and biological features of this toxin. &9 In the present synthetic

study on 1,510 we describe a new enantiocontrolled strategy that is based on an extensive ring-expansion and
chemoenzymatic desymmetrizaton for synthesizing tetrahydrooxepins, oxocanes, and hexahydrooxonins
corresponding to the D(E), I, and F rings, respectively.i0b

Figure 1. Structure of ciguatoxin (CTX1B, 1).
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RESULTS AND DISCUSSION

Synthetic Strategy
A versatile route which would provide both enantiomérs of 1 was planned, as outlined in Scheme 1,
because the absolute configuration of 1 was not determined at the beginning of the present study. An exo-diene
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(6) was envisaged as a pivolal iniermediate for the meso oxocane (2), tetrahydrooxepin (4), and
hexahydrooxonin (8), which correspond to the 1, D(E), and F ring moieties of 1, respectively. The oxocane (2)

would be svnthesized starting with 6 via tetrahvdrooxenin (4) throuch the successiv {
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the 3-oxabicvclo[3.2.0Thept-1(5)-ene system (5) and
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hexahvdrooxomn (8) would also be constructed from 6 via the 3 oxab1
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Scheme 1. Extensive ring-expansion and chemoenzymatic desymmetrization strategy.

Synthesis of the Tetrahydrooxepin

Synthesis of the exo-diene (6: R<TBS, 14) and tetrahydrooxepin (4: R=TBS, 21) is shown in Scheme
2. Readily available diol (9)!2 was mesylated. Ozonolysis of 10 followed by reduction with NaBH4 gave diol
(11) in 74% overall yield. Displacement of the mesylate groups of 11 with iodides and protection of the primary
alcohols as fert-butyldimethysilyl (TBS) ethers furnished 13. Diiodide (13) underwent a clean elimination with
1,8-diazabicyclo[5.4.0lundec-7-ene (DBU) to give 14, whereas the elimination reaction of the corresponding

P DR PP e T P S, 5. PR | » | AU P, Lo Y S s A\
ULITH hyl IO wad dMUREIsh unuc:r lﬂC hte1d] reacuon conaiuons rnotoeiec I‘()LyLll(., edCUOﬂ oI e ﬂleﬂe (14)
resulted in the formation of cyclobutene (15), which was immediately subjected to ozonolysis followed by
reduction with PhaP to give diketone (16) in 47% overall yield from 13. Although reduction of 16 with NaBH,

was not stereoselective, diisobutylaluminum hydride (DIBAL) reduction proceeded stereoselectively to yield
meso-cis-diol (17) as a major product concomitant with the diastereomer (dI-18) in a 5:1 ratio. The next task

was the regioselective preparation of diene (20) from 17. The diol (17) was converted to iodide (19) by



T. Oishi et al. / Tetrahedron 55 (1999) 7471-7498 7473

stereochemical inversion, |3 and treatment of 19 with DBU resulted in the exclusive formation of the conjugated
diene (20) in 84% overall yieid from 17. Other sterecisomer derived from dI-18 gave a mixture of the positional
isomers of the dienes. The diene (20) was transformed to the diol (21) using the procedure reported by Martin.6¢
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Scheme 2. Reagents and conditions: (a) MsCl, EtsN, CHCly, 0°C, 80%. (b) O3, CHCly, MeOH, -78°C then
NaBHy, 93%. (c) Nal, acetone, reflux. 89%. (d) TBSCI, Imidazole, DMF, 97%. (e) DBU, THF, reflux, 90%.

(f) hv (low pressure mercury lamp), hexane, EtOH, 90%. (g) O3, CH,Cl, -78°C then Ph3P, 58%. (h) DIBAL,
CH,Cla, -78°C, 52%. (i) I, Ph3P, imidazole, benzene, 87%. (j) DBU, THF, reflux, 97%. (k) O3, 5,10,15,20-
tetraphenyl-21H,23H-porphine (TPP), hv (high pressure mercury lamp), CHCl3, 0°C then Hj, Lindlar catalyst,
MeOH, 48%.

A more straightforward synthesis of the tetrahydrooxepin (4: R=TIPS, 24) is shown in Scheme 3.
Triisopropylsilyl (TIPS) ether (22) was prepared from 12 in an analogous sequence using TIPSOT rather than
TBSCI. Formation of the bis-silylenol ether from 22 followed by treatment with N-bromosuccinimide (NBS)
gave enone (23). Whereas 1,2-reduction of 23 with CeCl3*7H,O-NaBHy gave a mixture of the diol (24) and
the diastereomer (25) in a 63 : 37 ratio (Table 1, entry 1), highly stereoselective reduction was achieved using
TiCl4-Et3SiH (94.5 : 5.5, entry 2). The stereochemistry was determined by 'H NMR analysis of 24 (Jah=8.6

Hz) and the corresponding acetonide (26) (Jv=8.8 Hz). The stereochemical outcome can be explained based on
Cieplak’s hypothesis (Figure 2).14 The hydride is thought to preferentially attack anti to the neighboring Gcy
rather than the G¢c because of the higher electron donating ability of 6¢. Therefore, axial attack of the hydride to
the intermediate A and C resulted in the formation of the equatorial diol (24) (path a). The formation of a
considerable amount of 25 associated with the use of CeCl3*7H>0O-NaBH4 may be attributed to competitive

e do, PP

intramolecular hydride delivery via intermediate D (path b).
O:( \FO a O:(-¥O b HO"-(_\'"OH
0 o

TIPSO 22 OTIPS TIPSO 23 OTIPS TIPSO 24 OTIPS

Scheme 3, Reagents and conditions: (a) TMSCI, LDA, THF, then NBS, propylene oxide, 81%; (b) See Table
1.
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TIPSO 23 OTIPS TIPSO "“OTIPS TIPSO ¢ “OTIPS
25 26
Jap = 8.6 Hz Jea=~0Hz Jap=8.8Hz
Table 1. Stereoselective reduction of the diketone 23.
entry reagent (mol eq.) solvent temp./°C ratio (24:25)a  yield/'%
1 NaBH4 (10), CeCl3*7H,0 (10) MeOH -70 63:37 43
2 Et3SiH (10), TiCly (2.4) »Cly -78~-40 94.5:5.5 48
@ The ratio was determined by HPLC analysis
H-
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Figure 2. A hypothetical model of the stereoselective reduction of 23.
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Synthesis of Oxocane

Having completed the synthesis of the tetrahydrooxepin (4: R=TBS, 21), we examined the synthesis of
oxocane (Z: R=TBS) via cyclopropane (3: R=TBS), which was obtained by Simmons-Smith reaction (Scheme
4). Treatment of the tetrahydrooxepin (21) wusing Et;Zn and CH3CHI, resulted in the formation of

s

methyicyciopropane (27) in 36% yieid as a singie siercoisomer. Unfortunateiy, 27 was an undesired

diastereomer with respect to the methyl group of which the structure was determined by 'H NMR analysis of the
corresponding acetate (Z8).

BSO 21 OTBS BSO OTBS a & Jap=10.0Hz
r— 27: R=H - NOEe \ S he=17Hz
D L’ E 1] N o \\—/
28: R=Ac

Scheme 4. Reagents and conditions: (a) EtzZn, CH3CHI, benzene, reflux, 22h, 36% (recovery of 21, 38%).
(b) Acy0, Py.

Alternatively, the carbenoid addition reaction was examined (Scheme 5).!5 Treatment of 26 with
CH3CHN? using Pd(OAc); in Et20 resulted in the formation of a diastereomeric mixture of methylcyclopropanes

e n o A 1 emtsm T 1 bl A F eb . Lot SO csion smsaciteva <5 Aisa e sl
29,306, and31inals5:4 ratio. The low yield of the producis (38%) was presumably due to the steric
bulkiness of the carbenoid complex generated from CH3CHN, because the reaction with CH3N; proceeded
cmoemly to gwe the corresponding cyc!mmmm in 90% vxeld. Rhy(OAc)4, PACI(CH3CN )2 and Cu(OT),

Ve
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Scheme 5. Reagents and conditions: (a) CH3CHN3, Pd(OAc)3, Et20, 38% (recovery of 26, 62%).

In an attempt to improve the stereoselectivity, we examined the effect of protecting groups using 32a~c
prepared from 24 (Scheme 6, Table 2). Although the use of ethoxyethyl (EE) ether (32a) did not improve the
selectivity (run 1), that of the methoxymethyl (MOM) ether (32b) resulted in better selectivity than 26 (run 2).
Highly stereoselective methylcyclopropanation was realized using benzyloxymethyl (BOM) ether (32¢) giving

1

33cina?24 : i ratio (run 3) Almougn the reaction did not reach completion, even when excess reagents were

R IS e g

JIPEPE RS L I
!

added, recycling o epetition of this procedure three times gave an 90% yield of 33¢ (run
4). High stereoselectivity using 32¢ can be rationalized as shown in Figure 3. The BOM groups of 32¢

effectively block the or-side of the olefin; therefore, carbenoid addition occurred from the less-hindered B-side via
the transition state, in which the methyl group takes on equatorial orientation due to steric hindrance.
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32a: R=EE 33a: R=EE
32b: R=MOM 33b: R=MOM
32¢: R=BOM 33¢c: R=BOM

Scheme 6. Reagents and conditions: (a) ethyl vinyl ether, PPTS, 90% (for 32a); MOMC]I, iPr,NEt, CH;Cl,,
56% (for 32b); BOMCI, 'PryNEt, CH,Cly, quant. (for 32¢); (b) See, Table 2.

Table 2. Carbenoid addition reaction of 32.9
run substrate product ratio? yield/%<
1 32a (R=EE) 33a 25:1 33 (65)
2 32b (R=MOM) 33b 6:1 37 (63)
3 32¢ (R=BOM) 33c 24: 1 45 (53)
4 32¢ (R=BOM) 33e¢ 24:1 904 (0)

“Reaction was carried out using 30 mol% of Pd(OAc); at room temperature in EtOAc and Ety0. bThe ratio of the

product 33 and other isomers. ¢In parenthesis indicate the recovered yields of 32. dYield after three times repetition.

-side
H 2 Pe 9y X
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Figure 3. A transition state model of the stereoselective carbenoid addition.

The next crucial step is a regioselective reductive-opening of the cyclopropane ring of 33¢. Although
cleavage of the reactive cyclopropanes (such as vinylcyclopropanes or cyclopropanols) occurs easily under
reductive or acidic conditions, cleavage of the inactivated cyclopropanes appeareded to be problematic.
Hydrogenation of 33¢ using Pd(OH),/C did not induce ring-opening of the cyclopropane. Rather, this resulted
in the removal of the BOM groups (Scheme 7). After numerous experiments using various substrates (29, 33
and other derivatives) under various conditions, we found that hydrogenation of 34 using Rh/AlOs catalyst in
cyclohexane at room temperature proceeded regioselectively to give oxocane (35) as a single isomer. The choice
of the substrate and reaction conditions was crucial in this reaction. For instance, the reaction did not proceed

when the cecondarv hvdrovyy arnnne of M ere nrotected. or w
193 ”V\’llum] ll‘y AL \_II\J bluuy‘] R L A g yl T LR, SR

espectively. Furthermore, a hioher reaction temperature (60°C) resulted in the formation of by-product

LAIBIY S, L 222 230 AR 2l $1V 84 VDYl

re! Iy sul
(36). These results suggest that the regioselectivity in the cleavage of the cyclopropane ring occurred due to the
followings. The hydroxy groups facilitate the adsorption of 34 onto the surface of the Al,Oz (Figure 4).
Insertion of Rh-H to the carbon-carbon bond from the same side of the hydroxy groups followed by reductive

elimination gave 35. The by-product ( 36) is thought to have formed via B-hvdride elimination from the

overall yxeld
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Synthesis of the Hexahydrooxonin

Synthesis of the hexahydrooxonin (8) from exo-diene (6) was examined (Scheme 8). The Diels-Alder
reaction of 14 with maleic anhydride, followed by hydrolysis and methylation, gave diester (37) as a single
stereoisomer in 81% yield from 14. Whereas oxidative cleavage of the double bond of 37 by ozonolysis was
unsuccessful, dihydroxylation of 37 and treatment of the resulting glycol using Pb(OAc)4 gave diketone (38).
Reduction of 38 with NaBH4 proceeded stereoselectively to give diol (39) as a single isomer in 83% overall
yield. Although the stereochemistry of the resulting secondary alcohol was the opposite to that desired, the
synthesis was carried out because the stereochemistry can be inverted readily at a later stage. Protection of the
hydroxy groups of 39 as trimethylsilylethoxymethyl (SEM) ethers (89%) followed by saponification of diesters
(95%) gave dicarboxylic acid (41). Introduction of the double bond was attempted using Barton’s
decarboxylation method.!® However, preparation of the bis-acyl chloride {from 41 failed due to the formation of
the corresponding anhydride. In contrast, treatment of 41 with Pb(OAc)4!7 under irradiation by a tungsten lamp

resulted in the formation of the hexahydrooxonin (42) in 35% yield concomitant with 3-lactone (43) (40%). The

of the meso olefin (42) was ambiguous at this stage, the Z—g“om“*y‘ was confirmed b‘y "H NMR analysis after
the desymmetrization of 42 (vide post). Selective desilylation of the TBS groups of 42 with tetrabutylammonium
fluoride (TBAF) vielded diol (44). Since this method has drawbacks in that inversion of the alcohol
stereochemistry is requisite and introduction of the double bond is inefficient, an alternative method was

investigated.
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Scheme 8. Reagents and conditions: (a) maleic anhydride, Et;0, reflux; (b) H20, THF; (¢) CH3N3, Et0O, 0°C,
81% (3 steps); (d) OsOy4, N-methylmorphorine N-oxide, 1,4-dioxane, HyO, 75°C, 94%; (e) Pb(OAc)4, Py, 94%

(f) NaBH4, MeOH, 0°C, 94%; (g) SEMCI, iPr;NEt, BugNI, 89%; (h) LiOH, BusNBr, 'BuOH, H,0, 95%; (i)

Pb(OAc)4, benzene, hv (tungsten lamp), 35% (43; 40%); (j) silica gel, toluene, 70°C, 75%; (k) TBAF, THF,
0°C~rt, 86%.

New synthesis of hexahydrooxonin (50) from exo-diene (45) is shown in Scheme 9. The Diels-Alder
reaction!9 of 45 with (E)-2-trimethylsilylvinyl phenylsulfone?0 resulted in the formation of racemic di-46 as a
single diastereomer. Although dihydroxylation of the hindered olefin (di-46) under standard conditions was too
sluggish (Table 3, entry 1, 2),21,22 the reaction under Tsuji's conditions?3 using diazabicyclo[2.2.2]octane
(DABCO) and K3Fe(CN)g proceeded smoothly to give diol (dI-47) as a single diastereomer (entry 3, 4).
Introduction of the cis-double bond was successfully achieved by treatment of dI-47 with TBAF in THF at 40°C
to give the olefin (48) smoothly in good yield (88%).22 Oxidative cleavage of the glycol with Pb(OAc)s gave
diketone (49). Stereoselective reduction of the diketone (49) was examined next (Table 4). Reduction of 49
with NaBHy resulted in the formation of the three possible diastereomers 50, 51, and 52 in a 25 : 53 : 22 ratio.
The ratio of the equatorial alcohols was improved with CeCl3*7H,0-NaBH4, and reduction of 49 with TiCly-
Et3SiH at -78 to -15°C gave the desired 50 as a single isomer in 86% yield. A plausibie mechanism of the
stereoselective reduction of the diketone (49) in comparison with 38 was depicted in Figure 5. The
hexahydrooxonin (49) should exist as an equiriblium mixture of the conformers (A and B) based on the similarity
with the other hexahydrooxonin system.}.7¢ The hydride can attack from both sides of the carbonyl groups of A
and B resuiting in the formation of the diastereomeric mixture. In the presence of Lewis acid, C is presumed to
be a stable conformation, and hydride should preferencially attack anti to the neighboring O¢y based on Cieplak’s
hypothesis.!4 Formation of a considerable amount of 51 with CeCl3*7H>0-NaBH4 may be attributed to the
competitive intramolecular hydride delivery via intermediate D. However, conformer F of the oxocane (38)
should be more stable than E due to steric hindrance, and the hydride should attack from the less hindered side
giving axial diol (39) exclusively. Thus, synthesis of hexahydrooxonin (50) was achieved in five steps from
exo-diene (45) in 46% overall yield.
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Scheme 9. Reagents and conditions: (a) (E)-2-trimethylsilylvinyl phenylsulfone, toluene, 75%; (b) See; Table 3;
(c) TBAF, THF, 40°C, 88%; (d) Pb(OAc)4, Py, 95%; (e) Sec; Table 4.

3

Table 3. Dihydroxylation of the olefin 46.2

aentru r

entry reagent (mol eq.) solvent temp/°C  time/d  yield/%b
1 N—methylmorphoriné N-oxide (5) dioxane-H»O (1:1) 75~80 7 4 (70)
2 trimethylamine N-oxide (5) dioxane-H7O (1:1) 80~90 7 20 (70)
3 K3Fe(CN)g (10), K,CO3 (10), DABCO (1) tBuOH-H,0 (1:1) 40~45 1 56 (38)
4 K3Fe(CN)g (10), K2CO3 (10), DABCO (0.25)  tByOH-H,0 (1:1) 40~45 1 88 (0)

@ Reaction was carried out using 0.5 mol% of OsOy. b1n parentheses indicate the recovered yields of 46.

" Jap=85Hz
{ } HO{ } * { )OH + HO{ ~OH e
PWO

pivo— © \_opiv \opiv  PvOo4H 1. \0Pv  Pvo— 11 \-OPiv
52

50 di51
Table 4. Reduction of the diketone 49.

entry reagent (mol eq solvent temp./°C

S tem! antin (EN.E1.E0\0 vield/%
i 1auo (SV.01.04)7 J AR
NaBH4 (2.5) MeOH 0 25:53:22 68
2 NaBHj4 (3), CeCl3*7H20 (3) EtOH -78~13 35:65:0 72
3 Et3SiH (10), TiClg (3) CH,Cly -78~-15 i00:0:0 86
4 The ratio of the diastereomers was determined by HPLC analysis.
H
(o] . o]
' PVO TN 4 PVO N £~ PVOSN /.
49: PNVOQY =74 —_— ~ 7 g
A PivO HO- / iV, Hé c PWC‘/W
PivO H (A) B) M (C) B! )
M = CeCl3 or TiCly H I-!| ‘H O
TBSO—;‘S_”Q/\ 0 (2 . Né(a)9
# _ ~rr~r o esof=R _ T8SOgR TR
TBSO Ho i > ~ "R T X o R
X R TBSO H (F) TBSO H H-BH,
€ A A = CO,Me (@)

Figure 5. A plausible mechanism of the stereoselective reduction of 38 and 49.
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Chemoenzymatic Desymmelrization

Chemoenzymatic desymmetrization of the meso cyclic ethers obtained was then examined. Asymmetric
monoacylation of the tetrahydrooxepins using lipases and vinyl acetate is shown in Table 5. The reaction of TBS
ether (21) proceeded highiy stercoseiectiviy to give mono acetate (54) in >96% ee (run 1~6). The solvent effect
was hardly observable using both lipases AK and PS, whereas the rate for AK is faster than that for PS (Amano).
Although the reaction of TIPS ether (24) was sluggish under the same conditions, the reaction rate and yield were
increased using vinyl acetate as a solvent (run 7). It is noteworthy that the reaction of benzyl ether (53), prepared
from 24 (desilylation and selective protection of the nnmarv alcohol), was much faster than 24 to give mono

will &7 (GLallyallial AL AL R02 RIS pRasaaR ) KAVULIVL S, WWAS LGl ik ster than Z4 (O £AVL xRy

acetate (56) with excellent enantioselectivity in >99% ee (run 8).

no.}(zlcm Ro~; %OH RO}O/KOH

TBSO oTBs TIPSO OTIPS BnO OBn
21: R=H 24: R=H - R=
54: R=Ac 55: R=Ac 22 ’;;;C

Table 5. Chemoenzymatic asymmetric acylation of tetrahydrooxepins.

run substrate product lipase (%w/w) solvent temp./°C time/d yield/% ee/Tb

1 21 54 PS (100) benzene 30 8 50 (23) >99
2 21 54 PS (100) CHiCN 30 8 58 (42) >99
3 21 54 PS (100) BuOMe 30 6 12 (85) 97
4 21 54 AK (160) benzene 30 6 76 (30) 98
5 21 54 AK (100) CH3CN 30 6 65 (35) >99
6 21 54 AK (100} tBuOMe 30 6 60 (6) 96
7 24 55 AK (40) < 25 5 77 >99
8 53 56 AK (4) c 30 2 81 >99

9In parentheses indicate the recovered yields of 21. bDetermined by HPLC analysis of the corresponding benzoate
(CHIRALCEL OD). €Vinyl acetate was used as a solvent.

The results of the desymmetrization of oxocanes are summarized in Table 6. Whercas asymmetric
acylation of oxocane (35) using lipase AK was slugglsh compared to tetrahydrooxepin (24), that of the
corresponding tetraol (57) derived from 35 by desilylation proceeded smoothly to give the mono acetate (58) in

good yields but in moderate selectivity (55% ee, run 1). The addition of triethylamine not only increased the

reaction rate!1€ but also caused a reversal of enantioselectivity (run 2). Lipases PS and PPL (Sigma) were not
suitable for §7 (run 3,4). However, dibenzoate (59), derived from 35 via benzoylation and desilylation, gave
mono acetate (60) in high enantiomeric excess (93% ee, run 5). Chemical yield of 60 was improved up to 94%
without loss of the optical purity by using vinyl acetate as a solvent (run 6).

Me Mze Mge
HOK \OH HO f\...QH BZO"C?(“OBZ
TIPSO—-’)V/(“OTWS HO——’}"’/(“CH rRo— © NOH
35 57: R=H 59: R=H
58: R=Ac 60: R=Ac



T. Oishi et al. / Tetrahedron 55 (1999) 7471-7498

7481

run substrate product lipase (w/w%) solvent temp./°C time/h yield/%c ee/%
1 57 58 AK (100) CH;3CN 30 22 quant. 55d
2 57 58 AK (100) CHACN& 30 9 quant. 39d.e
3 57 58 PS (100) CH3CN 30 84 quant. 32d
4 57 58 PPL (100) CH2CN 37 24 5 (90) ad
5 50 80 AK (11) henzene 30 192 50 (50) 53f
6 5% 60 AK (110) b 30 144 92 92f

ATriethylamine was used as a cosolvent. by inyl acetate was uscd as a solvent, ClIn parentheses indicate recovered yields of
the starting materials. Determined by HPLC analysis of the corresponding benzoate derivative 67 (CHIRALCEL OD).
See; Scheme 10. €The enantiomeric excess of the antipode. JDetermined by HPLC analysis (CHIRALCEL OD).

Next, asymmetric acylation of hexahydrooxonins was examined (Table 7).

Although asymmetric

acylation of the diol (44) was too sluggish, that of tetracl (61), prepared from 44 by desilylation, proceeded
smoothly to give monoacelate (62) in 83% ee together with a small amount of diacetate (run 1). The reaction of
the diol (50) was also too sluggish, and that of tetraol (63) gave not only a monoacetate, but also a mixture of
diacetates and triacetates, unlike the cis,syn,cis- hexahydrooxonin (61) (run 2). Then, asymmetric acylation of p-
methoxybenzyl (MPM) ether (64) prepared from 50 was examined using various solvents. The reaction in
aceonitrile, benzene, and vinyl acetate gave excellent enantiomeric excess (>94% ee, run 4, 7, and 8), and the

vinyi acetate is suitable both in yieid and selectivity.

SEMO SEM HO OH HOw “OH HO™ ‘OH MPMO™ “OMPM
HO}O{OH HO}O \-0R PivOJX\OA/\’—OPiv Ho—/ 9 oy RO—/\M‘(—OH
44 61: R=H 50 63 64: R=H
82: R=Ac 65: R=Ac
Table 7. Chemoenzymatic asymmetric acylation of hexahydrooxonins

run  substrate product lipase (w/w%) solvent  temp./°C  time/d  yiejg/ga  ee/%
1 61 62 AK (66) benzene 30 0.7 54 (32)¢ 83¢
2 61 62 AK (29) CH;CN 30 5 91 R2e
3 61 62 PS (200) CH3CN 30 21 60 (9)4 14¢
4 64 65 AK (20) CH;CN 37 5 55 (45) 96/
5 64 65 AK (20) THF 37 5 11(89) g4f
6 64 65 AK (20) toluene 37 5 44 (56) 85/
7 64 65 AK (20) benzene 37 5 68 (31) 95f
8 64 65 AK (20) b 37 5 76 (23) 04f

9n parentheses indicate the recovered yields of the starting materials. bVinyl acetate was used as a solvent. Diacetetes
were obtained in 9% yield. dDjacetetes were obtained in 31% yield. ¢Determined by HPLC analysis (CHIRALCEL OD)
of the corresponding benzoate derivative 70. See; Scheme 10. JDetermined by HPLC analysis (CHIRALCEL OD).
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The absolute configurations of these monoacetates were determined by modified Mosher's method.24 The
secondary alcohols (55 and 56) were directly converted to the corresponding (S)- and (R)-o-methoxy-a-
trifluvoromethylphenylacetyl (MTPA) esters. The triols, 58 and 62, and primary alcohols, 60 and 65, were
converted to the corresponding acetals, 66, 69, 68, and 71, respectively (Scheme 10), and the resulting

secondary alcohols were subjected to 'H NMR analysis using the modified Mosher's method (Figure 6).

AcOJg N-OH AcOS = ~OH HO-/ S’ \—OAc Aco—/ ‘1 \_0oH
Cad G2 85
a l c,d,a l a + e l
Me M Hd Hc

b
O H  J4p=103Hz
YMP Joa = ~10 Hz

— H” ~0OBOM O~'H OAc ACO—’|-—-|vaa\—O Jot= 9.3 HZ
5 EE@ R=H &8 b,,.s A=H M
67: R=Bz 70: H Bz

Scheme 10. Reagents and conditions: (a) 2,2-dimethoxypropane, PPTS, CH3CN. (b) BzCl, DMAP, Py. (c)
BOMCI, iPr;NEt, CH)Cly. (d) KpCO3, MeOH. (e) DDQ, CH;Cl», then H,O.
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Figure 6. Determination of the absolute configurations of 55, 56, 66, 68, 69, and 71 by

modified Mosher's method.

Conclusion

The higly stereoselective synthesis of the D(E), I, and F rings of 1 was achieved. The cxtensive ring-
expansion and chemoenzymatic desymmetrization method described in the present paper also provide key chiral
building blocks that should be useful for the synthesis of other polyether marine toxins. Further studies directed
toward the total synthesis of 1 are currently in progress in our laboratory.



T. Oishi et al. / Tetrahedron 55 (1999) 7471-7498 7483

> - arww PP als et

EXPERIMENTAIL SECTION

General methods 'H and !3C NMR spectra were recorded on a Varian Gemini 200 (200 MHz), a Mercury

SEEES

2000 (200 MHz), an INOVA 500 (500 MHI) a JEOL GX-400 (400 MHz), an Alpha-500 (500 MHz). or a
Brucker AM-600 (600 MHz) spectrometer. Chemical shifts are reported in & (ppm) using chloroform as an

internal standard of 8 7.26 and & 77.00 for 'H and 13C NMR, respectively. IR spectra were recorded on a
JASCO FT/IR-7000, or a Perkin-Elmer Spectrum BX FT-IR spectrometer. Low- and high-resolution mass
spectra (MS, HRMS) were recorded on a JEOL HX-110, a JMS-DX303, a IMS-AX500, or a HITACHI M-
2500-S instrument. MALDI-TOF MS was recorded on a PerSeptive Biosystem Voyager DE STR SI-3
instrument. Optical rotations were recorded on a JASCO DIP-370 digital polarimeter. Elemental analysis was
conducted with a Yanako CHN corder MT-5. Melting points were measured on Ynanagimoto micro-melting
point apparatus, and were not corrected. Tetrahydrofuran (THF) was distilled from benzophenone ketyl just
prior to use. Dichloromethane (CH2Cly), benzene, toluene, and pyridine were distilled from calcium hydride.

Flash column chromatography was performed using E. Merck silica gel 60 (230-400 mesh).

¢x0-6,7-Bis(methanesulfonyloxymethyl)-2-oxabicyclo[2.2.1]hept-4-ene (10). To a stirred
solution of 9 (40.4 g, 0.259 mol) and EtzN (108 mL, 0.777 mol) in CHyCly (500 mL) at 0°C was added
dropwise a solution of MsCl (50.1 mL, 0.647 mol) in CHCly (100 mL) over a 80 minutes period, and
additional stirring for 30 minutes. The reaction was quenched with saturated aqueous NH4Cl, and the organic

Y, T X

phase was washed with water, saturated aqueous NaHCO3, and brine. The organic phase was dried over

MaS), and ~oncantratad nnder rediicrad nraccinira Tha ragidne wae nnrifiad hy pacrvetallizatiom Frry
1'151)\_‘4 IV CUIR LI L atvag uliuvig IASURAU IO, | Vi vouuy wan l_’ul jesilwe] o y l\a\_l.y 3'.‘11‘.1[4“‘»‘”1‘ llUlll
hoavanaff BT M & £A & o (MY cianl QNODLY ~AF 1A o AnlAs nm 114 1 |—mn. 11T ATAA rls)
HICAALIC/CEII 1) U 51\’!: V.0 B (V.LUV HWI, OU/0) Ul 1V D LUIU[ICDD pl. lblllb, ll.lp 110117 ., "ﬂ “l"ll\ (LUU

MHz, CDCl3) § 2.66-2.85 (2H, m), 3.24 (6H, s), 3.61 (2H, dd, J=12.3, 5.3 Hz), 3.76 (2H, dd, J=12.3, 3.5
Hz), 3.98-4.10 (2H, m), 4.36-4.62 (2H, m); 13C NMR (50 MHz, CDCl3) & 39.10, 43.49, 65.32. 71.19,

84.03; IR (KBr) v 3038, 3022, 2978, 2944 cm|; MS (EL, 70 eV) m/z (%) 312 (M+, 7), 148 (100); Anal. Calcd
for C19H160752: C, 38.45: H, 5.16: S, 20.53. Found: C, 38.30; H, 5.14; S, 20.69.

2

wrndth o nces 1€en
In U

{ k k ECk)Y 2 A wlnws nth o N ntmnlie danfara s IV -9 K 'y NP
L} s Ir) " Jr I ICLHRAIICdOUR Jivayuiciuyljiitanyui viul I~Ly I~UlIHCLII&ANV
(11). Ozone was passed through a stirred solution of 10 (12.0 g, 38.4 mmol) in CH»Cl5 (700 mL) and MeOH

(140 mL) at -78°C over 100 minutes until a blue coloraUOn persisted. The excess ozone was removed with a
stream of nitrogen for 30 minutes. NaBH4 (7.27 g, 0.192 mol) was added to the reaction mixture at -78°C, and
the Looling bath was removed. The reaction mixture was slowly warmed to room temperature, and then

¥ ¥~ AT YW O~

qucncne(l with ZN HCi (IUU mL), and then neutralized with saturated aqueous Nantuj UD mL) at U"( The

~eoanmta bngae ey e Al tha amirass oo Ammoan A vinAdar vadisnad aeacciira Thha sacidira wrac

OfganicC 1ayer was acpcualcd ana uie aqucuu:: m'y’cl was concentrated undaer reaucea piressuie. 1
purified by recrystallization from water to give 12.4 g (3 .6 mmol, 93%) of 11 as colorless pri:

LA UYWL acl

°C; 'H NMR (200 MHz, D>0) & 5.3 ), 3 76 (ZH
Al 71712 18 oy 2084 10 O =y A6 ALY (AL . 130 NIMBR 50 MU, Do) § 10 10 A3 40
Ull, J=—1.o.0, J.J 114}, 2.707%. 1V L&kl 11), .U UL ("f11, 1), INIVIIN \JVU IVILLL, LNV )] U OT7.1U, S.9%977,

(2R* 3R* 485* 58%)-3 4-Ris(iodomethvl)tetrahyvdrofuran-2,5-dimethanol (12). A solution of 11

VARSI RRRRRRRRY STLI|AR YRR ETeAtE Ll

137 4g,0. 107 mol) and NaI (639 ¢,0. 429 ol) in acetone (1500 mL) was stirred at reflux for 24 hours. The
resulting white precipitates were removed by filtration and the filtrate was concentrated under reduced pressure.
The residue was purified by recrystallization from EtOAc to give 39.2 g (95.1 mmol, 89%) of 12 as colorless

prisms, mp 97-99°C; 'H NMR (200 MHz, CDCI3) 8 2.66-2.86 (2H, m), 3.14 (21, dd, J=9.9, 7.4 Hz), 3.28
(2H. dd, J=9.9, 7.1 Hz), 3.57 (2H, dd, J=12.1, 4.0 Hz), 3.84 (2H, dd, J=12.1, 2.6 Hz), 3.90-4.00 (ZH, m);
i3C NMR (50 MHz, CDCl3) § 2.24, 46.50, 63.40, 83.51; IR (KBr) v 2920, 2888, 2838 cmi; MS (EI, 70 eV)
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m/z (%) 412 (M*, (0.3), 381 (87), 285 (22), 253 (100), 209 (21), 197 (20); Anal, Calcc

SEESNES T T2 hahad Sesiss 4icd lor CgH{..",O'%-Q C"
23.32; H, 3.42; 1, 61 60 Found: C 23.08; H, 3.35; 1, 61.23.
(2R*,3R*,45S*,55%)-2 S-Bis(tert-butyldlmethyl loxymethyl)-3,4- bis(iodomethyl)-

teirahyd 'ii‘r“n {13). A solution of 12 (31.3 g, 76.0 mm *0 1) in DMF (50 mL) was added imidazole (15.5 g,
0.228 mol) and TBSCI (240 g, 0.160 mol), and stirred for an hour. The reaction was added water and extracted

L0 VL7 GRS FRFIRA LTV &y VAV 5V ), QAR SRaaAl S Al s oAt QS AuLUUu Wava Qe vaualLliins

with Et0. The organic layer was washed with saturated aqueous NH4Cl (15 mL) and saturated aqueous
NaHCOj3 (15 mL), and dried over anhydrous MgS804 and concentrated under reduced pressure. The residue was

purified by silica gel column chromatography to give 47.1 g (73.5 mol, 97%) of 13 as colorless oil; 'H NMR
(200 MHz, CDCl3) 8 0.07 (12H, s), 0.90 (18H, s), 2.60-2.78 (2H, m), 3.18-3.32 (4H, m), 3.58 (2H, dd,

J=10.5, 5.5 Hz), 3.67 (2H, dd, J=10.5, 4.2 Hz), 3.88 (2H, dd, J=5.5, 4.2 Hz); 13C NMR (50 MHz, CDCl3)
-5.39, 3.14, 18.31, 25.96, 48.35, 65.37, 82.86; IR (film) v 2958, 2932, 2898, 2860 cm™!; MS (EI 70 eV) m/z
(%) 583 (M*-Bu, 4), 582 (11), 455 (11), 450 (15), 328 (23), 327 (71), 311 (12), 297 (41); Anal. Caicd for
C20H420312Sip: C. 37.50: H, 6.61; L, 39.62. Found: C, 37.76; H, 6.40; 1, 39.76

(2R*,58*)-2,5-Bis(tert-butyldimethylsilyloxymethyl)-3,4-dimethylene-2,5-dihydrofuran
(14). A solution of 13 (6.47 g 10.1 mmol) and DBU (4.53 mL, 30.3 mmol) in THF (100 mL) was stirred at

LY Fad

re[lu 4 IOf L OUTS 1ﬂe re”uluﬂg prectplta&eb WwWere remUVLu Dy [lllrdl]()n dnﬂ [ﬂe Il'lI‘d[e was CODCCﬂtraIe(l unccr
reduced nressure, The residue was nurified h‘u florisil column chromatoeranhvy (hexane/FtOH=20/1) to give 3 .14

LNV UL BRI, LIV IUSINLL WS prlaciiald o LRI VIR VLRV ST QP (UVAGIUIL/ ARSI I=LUr 1) W BIVw 03T

g (9.1 mmol, 90%) of 14 (To prevent polymerlzatlon of diene 14, the elute of the chromatography was directly
subjected to following photo-reaction) as colorless oil; UV (hexane) Amax 245nm (e 6800); 'H NMR (200 MHz,

CDCl3) 8 0.07 (12H, s), 0.90 (18
(18

\S A VAV 29 AT
] ?
¥

365 (2!«1 dd I—IﬂA <'1Ll—;\ 373 (2H. dd. J=104, 53 Hz). 4.50-

2y U, U S 1AL \&~Lk,y N, —AVLTy e RAL ]y TTLIVIT

3
4.64 (2H, m), 5.02 (4H, d, J=1.8 Hz), 546 ( .

25.96, 66.92, 81.91, 103.88, 146.16; IR (film) v 2960, 2932, 2888, 2862, 1473, 1464, 1427 cm-1; MS (EL 70
eV) m/z(%) 384 (M+, 3), 327 (100), 235 (12), 195 (52), 165 (15), 147 (17), 115 (10); HRMS (EI, 70 eV) calcd

for CagH4003Si; (M*) 384.2516, found 384.2521.

(28*,4R *)-2,4-Bis(tert-butyldimethylsilyloxymethyl)-3-oxabicyclo[3.2.0]hept-1(5)-ene (15).
A solution of 14 (ca. 10.1 mmol) in hexane-EtOH (20:1, 800mL) was transferred into the quartz vessel, which
was irradiated by a low pressure mercury lamp (160W) for 15 hours with a stream of nitrogen at room
temperature. The residue was purified by florisil column chromatography to give 3.50 g (9.09 mmol, 90%) of
15 as colorless oil; 'H NMR (200 MHz, CDCl3) 8 0.06 (12H, s), 0.89 (18H, s), 2.70 (4H, d, J=1.4 Hz), 3.57
(2H, dd, J=10.2, 5.4 Hz), 3.69 (2H, dd, /=10.2, 5.2 Hz), 4.63-4.76 (2H, m); 13C NMR (50 MHz, CDCl3) &
-5.34, 18.29, 25.88, 27.07, 66.13, 84.21, 147.97; IR (film) v 2960, 2932, 2888, 2862 cm'!; MS (EL, 70eV)
m/z (%) 327 (M*+-1Bu, 6), 239 (16), 211 (4), 195 (15), 147 (13); Anal. Calcd for CogHa003Sin: C, 62.44; H
10.48. Found: C, 62.02; H, 10.08.

(2S*,7R*)-2,7-Bis(tert-butyldimethylsilyloxymethyl)oxepan -3,6-dione (16). Ozone was passed

through a stirred solution of 15 (3.50 g, 9.10 mmol) in CH,Clz (90 mL) at -78°C over 15 minutes until a blue

ralaratinm narcictad Tha aveace A7ana ramavarl with o ¢traam Af nitraoan far 1) minntac Tha raartinn

Lulvlauull WIDIBWU 1 LG CALCDDY VLU wua FCRRRU VAL Wil d sucaiii Oi HIUUELLE TUL LU THHEHUC S, LIIv 1vacuuial
mixture was added Ph3P (3.58 g, 0.136 mmol) at -78°C, and the cooling bath was removed. The reaction

mixture was warmed to room temperature with stirring, concentrated under reduced pressure. The residue was
purified by florisil column chromatography (hexane/EtOAc=20/1) to give 2.20 g (5.28 mmol, 58%) of 16 as

colorless oil; 'H NMR (200 MHz, CDCl3) 8 0.03 (6H, s), 0.06 (6H, s), 0.86 (18H, s), 2.30-2.52 (2H, m,
AA'BB’), 3.15-3.35 (2H, m, AA'BB'), 3.86-4.02 (6H, m); !3C NMR (50 MHz, CDCl3) & -5.57, -5.38,
18.25, 25.79, 37.49, 65.00, 88.22, 212.13; IR (film) 2958, 2932, 2888, 2862, 1731, 1717 cmr'!; MS (EI, 70
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eV) m/z (%) 359 (M+-{Bu, 20), 341 (3), 329 (4), 315 (5), 267 (6), 201 (25), 171 (30), 157 (11); HRMS (EI, 70
eV) caled for C16H3105Si2 (M+-Bu, 20) 359.1708, found 359.1707.

(2S*,3S* 6R*,7TR¥)-2,7-Bis(tert-butyidimethyisilyloxymethyl)oxepan-3,6-diol (17). To a
stirred solution of DIBAL in hexane (1.7 M, 288 pl.) was added in dropwise a solution of 16 (40.0 mg, 96

pmol) in CH2Cly (1.6 mL) at -78°C and stirred for 30 minutes. The reaction was quenched with MeOH and
saturated aqueous Rochelle salt (1 mL), then extracted with EtOAc. The organic phase was washed with brine

and dried over MgS80O4 and concentrated under reduced pressure. The residue was purified by flash column
chromatography to give 21.0mg (49.9 umol, 52%) of 17 and its diastereomer dI-18 4.4 mg (10.6 pumol, 11%)
as colorless feathers (hexane), mp 86°C; 'H NMR (200 MHz, CDCl3) § 0.07 (12H, s), 0.89 (18H, s), 1.70-
1.92 (2H, m), 1.94-2.15 (2H, m), 3.42 (2H, ddd, J=5.5, 4.8, 1.2 Hz), 3.65 (2H, d, J=6.6 Hz), 3.76 (2H, dd,
J=10.0, 4.8 Hz), 3.81 (2H, dd, J=10.0, 5.5 Hz), 4.00-4.10 (2H, m); !3C NMR (50 MHz, CDCl3) § -5.49,
18.17, 25.78, 29.51 , 64.94, 70.26, 82.43; IR (KBr) v 3448, 2932, 2862 cm'!; MS (EI, 70 eV) m/z (%) 421

(M+, 1), 405 (M*-CHas, 4), 365 (13), 364 (31), 363 (100), 327 (16), 213 (17), 195 (23), 187 (38), 169 (14),
157 (53), 143 (16); Anal. Caled for CygH4405Siy: C, 57.10; H, 10.54. Found C, 5691; H, 10.25. dI-18:

colorless oil, TH NMR (200 MHz, CDCl3) 3 0.068 (6H, s), 0.083 (3H, s), 0.088 (3H, s), 0.89 (9H, s), 0.90
(9H, s), 1.58-1.64 (1H, m), 1.67-1.73 (1H, m), 2.05-2.20 (2H, m), 2.40 (2H, d, J=6.5 Hz), 2.96-2.98 (1H,
m), 3.38 (1H, ddd, J=5.0, 4.5, 3.0 Hz), 3.58-3.61 (2H, m), 3.71 (1H, dd, J=5.5, 3.0 Hz), 3.75 (1H, dd,

J=5.5, 3.0Hz), 3.86 (1H, dd, J=5.0, 3.0 Hz), 3.87-3.90 (1H, m), 4.00-4.02 (1H, m); IR (KBr) v 3450, 2932,
2862 cm-!.

(28*,3R*,65*,7R*)-2,7-Bis(teri-butyidimethylisiiyloxymethyl)-3,6-diiodooxepane (i9). Toa
ctirred caolntian of 17 (227 ma 0 8§87 mmal)l PhaP (§87 mo 2 727 mmal) and imidaznala (120 mo D 78 mmal
SULLIVG SUIULIULL UL 27 (404 g,y VeJJ4& LU f, T3 \JO& Uig, £.04 HUUVL), Qi miuGaZUiN (107 11y, 4.1 0 111i101)
in benzene (3 mL) was a dcd in dronwme a solution of Iy (704 g, 2. 78 mmnl\ in toluene (3 mL \ over 10 minutes

filtrate was concentrated under reduced prcssure The residue was purlned by silica gel column chromatography
to give 308 mg (0.481 mmol, 87%) of 19 as colorless oil; 'H NMR (200 MHz, CDCl3) 6 0.06 (12H, s), 0.89
(18H, s), 2.15-2.47 (4H, m), 3.75 (2H, ddd, J=10.0, 4.4, 2.2 Hz), 3.85 (2H, dd, J=10.9, 4.4 Hz), 3.81 (2H,
dd, J=10.9, 2.2 Hz), 4.25-4.45 (2H, m); 13C NMR (50 MHz, CDCl3) & -5.33, -5.19, 18.35, 25.93, 30.50,
37.14, 64.34, 89.68; IR (film) v 2930, 2860 cm'1; HRMS (FAB) caled for Cj6H3203Si0I2 (M*-'Bu) 581.9980,
found 581.9987.

& oy

(2R*,78%)-2,7-Bis(tert-butyldimethylsilyloxymethyl)-2,7-dihydrooxepine (20). A solution of
19 (1.48 g, 2.31 mmol) and DBU (1.38 mL, 9.22 mmol) in THF (25 mL) was refluxed for 2 hours. The
resulting precipitates were filtered off and the filtrate was concentrated under reduced pressure. The residue was

purified by silica gel column chromatography to give 860 mg (2.24 mmol, 97%) of 20 as colorless oil, 'H NMR
(200 MHz, CDCl3) § 0.05 (12H, s), 0.88 (18H, s), 3.54 (2H, dd, J=10.0, 7.1 Hz), 3.81 (2H, dd, J=10.0, 6.5

Hz), 4.40 (2H, bt, /=7.0 Hz), 5.83-6.00 (4H, m); 13C NMR (50 MHz, CDCl3) & -5.33, -5.23, 18.31, 25.89,

L£E 177 QN £ 1NAZ £Q 17232 07, T /001 MAONLEO NN Q0O MQ LA 1 7 N 20 \'_L A\
65.17, 80.69, 125.58, 135.92; IR (film) v 2558, 2532, 2888, 2862 cm'; MS (El, 70 eV) m/z (%) 384 (M, 4),
327 (100), 195 (66), 171 (30), 169 (22), 147 (37); HRMS (EI, 70 V) calcd for CoH4003Si, (M*) 384.2516,
Lonzremd 204 HELD
TOUIKY 004.L01 4.

(2S*,3R*,6S*,7R*)-2,7-Bis(tert-butyldimethylsilyloxymethyl)-2,3,6,7-tetrahydrooxepin-
3,6-diol (21). A solution of 20 (860 mg, 2.24 mmol) and TPP (14 mg, 22.8 umol) in CHCl3 (400 mL) was
irradiated by a high pressure mercury lamp (200W) for 1.5 hours with a stream of oxygen at 0°C. The reaction

mixture was concentrated under reduced pressure, and the residue was purified by f{lorsil column
chromatography to give endo-peroxide. The endo-peroxide was dissolved in MeOH (25 mL) and hydrogenated
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with Lindlar catalyst (49.0 mg, 23 pmol) under 3 kg/cm? for 10 hours. The catalyst was removed by filtration

through a glassfritted filter packed with Celite, and the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography to give 460 mg (1.10 mmol, 48%) of 21 as colorless

needles (hexane), mp 90.5-92.0°C; 'H NMR (200 MHz, CDCl;) § 0.07 (12H, s), 0.87 (12H, s), 3.43 (2H,
ddd, /=85, 6.5, 5.1 Hz), 3.60 (2H, d, J=2.4 Hz), 3.69 (2H, dd, J=10.2, 6.5 Hz), 3.82 (2H, dd, /=10.2, 5.1
Hz), 4.28 (2H, bd, J=8.5 Hz), 5.60 (2H, s); !3C NMR (50 MHz, CDCly) § -5.61, 18.08, 25.72, 66.29,
73.54, 82.53, 132.32; IR (KBr) v 3298, 2932, 2860 cm!. MS (EI, 70 eV) m/z (%) 361 (M*+-Bu, 77), 284

(15), 211 (21), 199 (12), 187 (10), 169 (47), 117 (100); HRMS (EI, 70 eV) calcd for C1¢H40O3Si> (M*-Bu)
361.1867, found 361.1863.

(25*%,7R*)-2,7-Bis(triisopropylsilyloxymethyl)oxepan-3,6-dione (22). Colorless oil; 'H NMR
(200 MHz, CDCl3) & 1.04 (42H, s), 2.30-2.56 (2H, m, AA'BB"), 3.20-3.45 (2H, m, AA'BB'), 3.91 (2H, t,
J=3.2 Hz), 4.04-4.13 (4H, m); 13C NMR (50 MHz, CDCl3) & 12.30, 18.32, 38.07, 65.96, 88.94, 212.76; IR
(film) 2944, 2870, 1717 cmr!; MS (ElL, 70 eV) m/z (%) 457 (M+-1Pr, 100), 283 (11), 173 (33), 103 (26);

HRMS (EI, 70 eV) caled for C23H4505S8i; (M*-1Pr) 457.2806, found 457.2804; Anal. Caled for CogHs205Siy:
C. 62.35; H, 10.46. Found: C, 62.12; H, 10.58.

(28*,7R*)-2,7-Bis(triisopropylsilyloxymethyl)-2,7-dihydrooxepin-3,6-dione (23). To a stirred

. 1] P "A SN ‘m"nf" /7L A4 q a'np' T TYTY SA N

SOIton o1 LD mg, 1.0 mmOU anda piviotLl kO"’-l ”’L .0 mmOI) in THF (3U mL) was added a solution of
LDA (0.1M, 26 mL) in THF at -78°C over 30 minutes. The reaction mixture was added a solution of EtsN (20%
in hexane) and warmed to room temperature with stirring.  The resulting precipitates were filtered off and the

filtrate was concentrated under reduced pressure. The residuc was dissolved in THF (40 ml.), then added

propyrene oxide (700 uL, 10.1 mmol) and NBS (176 mg, 1.01 mmol) in THF (3 mL) at -78°C. The reaction
mixture was stirred for 40 minutes, and then warmed to room temperature. EtzN (1.5 mL, 10.6 mmol) was
added to the reaction mixture and stirred for 12 hours, then quenched with saturated aqueous NaHCO3. The
organic layer was separated, and the organic layer was extracted with EtOAc. The combined organic layer was
washed with brine, and dried over MgSQOy4. Concentration followed by florisil column chromatography gave 409

mg (820 mmol, 81%) of 23 as pale yellow oil; TH NMR (200 MHz, CDCly) § 1.04 (42H, s), 4.00-4.26 (6H,
m), 6.50 (2H, s); 1*C NMR (50 MHz, CDCl3) & 12.35, 18.36, 63.51, 88.65, 137. 49, 185.26; IR (film) 2946,

2894, 2870, 1690 cnrl; MS (EI, 70 eV) m/z(%) 455 (M*-1Pr, 12), 279 (60), 239 (20), 167 (49), 149 (100);
HRMS (EI, 70 eV) calcd for C23H4305Siy (M+-1Pr) 455.2649, found 455.2664.

(25*,3R*,65*,TK*)-2,7-Bis(triisopropyisilyloxymethyl)-2,3,6,7-tetrahydrooxepin-3,6-diol
(24). To a stirred solutton of 23 (409 mg, 820 pmol) in CH7Cly (12 mL) was added a 1.0 M solution of TiCly
in CHp_Clo (2 mL) and Et3SiH (1.3 mL, 8.2 mmol) at -78°C. The reaction mixture was poured into the

................. d < o of NAHON. th slor Tha racultios seaniniiotac o Aice Lo
ngxuual_y stirred solution of NaHCO;3 'L'ui'()ugu Caniiuiai.  1n0c 1cnu1tulg pl”éupxidfca was dissolved Uy ne

addition of water. The reaction mixture was extracted with EtOAc and the oreanic laver was washed with
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saturated aqueous NH4Cl and brine, and dried over MgSO4. Concentration followed by silica gel column
chromatography gave 460 mg (1.10 mmol, 48%) of 24 as colorless needles (hexane), mp 90.5-92.0°C; 'H
NMR (200 MHz, CDCl») 8 0.07 (12H, s), 0.87 (12H, s), 3.43 (2H, ddd, J=8.5, 6.5, 5.1 Hz), 3.60 (2H, d,
J=2.4 Hz), 3.69 (2H, dd, /=10.2, 6.5 Hz), 3.82 (2H, dd, /=10.2, 5.1 Hz), 4.28 (2H, bd, /=8.5 Hz), 5.60
(2H, s); 13C NMR (50 MHz, CDCl5) 6 -5.61, 18.08, 25.72, 66.29, 73.54 , 82.53, 132.32; IR (KBr) v 3298,
12), 187 (10), 169 (47)

N3V ], .

(4aR*,5a5*,9aR*,11a8%)-2,2,8,8-Tetramethyl-4,4a,5a,6,9a,11a-hexahydro-m-dioxino
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[4°,5°:6,7]oxepino|3,2-d]-m-dioxin (26). A solution of 24 (10 mg, 24 pmol), p-TsOH*H20 (0.9 mg,
5 pumol), and 2,2-dimethoxypropane (12 pL, 96 pmol) in acetone (0.3 mL) was stirred for 4.5 hours at room

temperature. The reaction was quenched with saturated aqueous NaHCO3, and extracted with ether. The organic
layer was washed with aqueous saturated NH4Cl and brine, and dried over MgSQO4. Concentration followed by

silica gel column chromatography gave 6.3 mg (23 pumol, 97 %) of 26 as colorless needles (hexane), mp 91.5-
92.0°C; 'TH NMR (200 MHz, CDCl5) 6 0.83-0.87 (2H, m), 0.85-0.91 (1H, m), 1.15 (3H, d, J=5.7 Hz), 1.40
(6H, s), 1.43 (6H, s), 3.24 (2H, ddd, J=8.8, 5.5, 2.3 Hz), 3.39 (2H, ddd, J=8.8, 8.0, 6.1 Hz), 3.55 (2H, dd,
J=12.0, 8.0 Hz), (2H, dd, J=12.0, 6.1 Hz); 13C NMR (50 MHz, CDCl3) & 18.78, 28.69, 62.48, 73.17, 74.31,
98.39, 132.41; IR (KBr) v 3036, 3000, 2946, 2892, 2842 cml; MS (El, 70 eV) m/z (%) 270 (M+, 0.4), 255

(10), 212 (7), 195 (3), 168 (6), 167 (6), 129 (8), 128 (5); HRMS (EL 70 eV) caled for Cj3H 905 (M+-Me)
255.1231, found 255.1238.

(1§*,28*%,3R*,55*%,6R*,TR*,8BR*)-3,5-Bis(tert-butyldimethyisilyloxymethyl)-8-methyl-4-

B
oxablcyclo[ S5.1.0joctan-2,6-dioi (27). A solution of 21 (22.9 mg, 54.7 umol) in benzene (5.5mL) was

added a 0.98 M solution of EtoZn in hexane (375 puL, 383 pmol) and CH3CHI, (51.9 uL, 547 pmol). The
reaction mixture was refluxed for 22 hours, then cooled to 0°C. The reaction was quenched with saturated

LS PN 5 VaVal

aqueous Nart U3, and the orgamc iayer was washed with Drme and dried over annyarous MgbU4

Concentration followed by silica gel column chromatography gave 8.8 mg (19.7 umol, 36 %) of 26, and 8.7 mg

(20.7 umol, 38 %) of 21 was recovered. Colorless powder; 'H NMR (200 MHz, CDCly) 8 0.07 (6H, s), 0.89
(18H, s), 1.10-1.18 (2H, m), 1.10-1.18 (1H, m), 1.15-1.20 (3H, m), 3.05 (2H, dt, /=10.3, 5.9 Hz), 3.16

3 rATY oy

(2H, d, J=3.5 Hz), 3.68 (2H, dd, J=10.3, 5.9 Hz), 3.77 (2H, dd, J=10.3, 5.9 Hz) 4.01-4.10 (2H, m).

(1§*,28*,3R*,55S*,6R*,TR* 8R*)-2,6-Bis(acetyloxy)-3,5-bis(triisopropylsilyloxymethyl)-8-
methyl-4-oxabicyclo[5.1.0}octane (28). A solution of 27 (4.3 mg, 9.6 pmol), acetic anhydride (91 pL,
960 pmol), and DMAP (0.1 mg, 1.0 umol) in pyridine (0.5 mL) was stirred for 15 hours at room temperature.
The reaction mixture was concenirated under reduced pressure, and the residue was purified by silica gei column

chromatography to give 3.8 mg (7.2 pmol, 75%) of 28 as coloriess oil; IH NMR (600 MHz, CDCl3) & 0.02

(6H, s), 0.03 (6H, s), 0.87 (18H, s), 1.04 (3H, d, J=5.6 Hz), 1.18-1.23 (IH, m), 1.23-1.26 (2H, m), 3.19
(2H, ddd, J=100, 49, 2.3 Hz), 3.60 (2H, dd, J=109, 49 Hz), 3.68 (2H, dd, /=109, 2.3 Hz), 523 (24, dt,
J=10.0, 1.7 Hz); 13C NMR (150 MHz, CDCl3) & -5.45, -5.40, 9.55, 18.27, 19.09, 21.27, 25.85, 64.12,
- o s s TEe oo M oy 4w s ot

71.15, 76.79; IR (fiim) v 2932, 2860, 1742 cm .
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(4aR*,5a5%,9aR*,108*,115%,12KR*,12a8%)-2,2,8,8,11-Pentamethyi-m-dioxano{4’,5°:6,7]
cyclopropane{1”,2”:4,5]Joxepanc|3,2-d]}-m-dioxane (29). To a stirred solution of 26 (24.6 mg, 91.0
pumol) and Pd(QAc); (2.0 mg, 9.1 umol) in EtOAc (3.0 mL) was added in dropwise a solution of CH3CHN3; in

ether (2.0 mL), and stirred for 10 minutes at room temperature. The catalyst was removed by filtration through a
glassfritted filter packed with Celite, and the filtrate was concentrated under reduced pressure. The residuc was

purified by silica gel column chromatography to give 10.3 mg (34.5 umol, 38 %) of 29, and 15.5 mg (57.4
umol 62%) of 26 was recovered. Colorless o IH NMR (600 MHz. CDCIl1) d 0.83-0 R’] (2H, m), 0.85-0.91

i 3 L wi R N H SAVAIN APV VAL, asRa Yy U VO oT. LXR, i, V.OOITULT

. J=:12.0 8.0 Hz), 387 (2H
27.80, 62.61, 75.81, 76.30, 98 40;
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(25*,3R*,6S5*,7R*)-2,7-Bis(triisopropylsilyloxymethyl)-3,6-bis(benzyloxymethyloxy)-
2,3,6,7-tetrahydrooxepin (32¢). A solution of diol 24 (940 mg, 1.87 mmol) in CH»Cly (15 mL) was
added iPrgNEt (2.28 mL, 13.1 mmol) and BOMCI (1.04 mL,, 7.48 mmol). The reaction mixture was stirred for

4O w“TEw

i 1 hours at 40°C and diluted with bizU The orgamc 1ayer was washed with saturated aqucous NH4LI saturdtﬁd

.......... j thoan Adrad TS €Allmexrad ther
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chromatography gave 1.39 g (1.87 mmol, quant.) of 32¢ as colorless oil; *H NMR (

1.15 (42H m), 3.70 (2H, dd,
4, 7 Hz), 4.34 (2H, brd, J=6.

t
:

)

i
o1 h a ot o s £
815 IR (film) v 2946
1 1

7), 410 (10), 225 (15), 173 (56), 157 (16), 149 (18), 145

)
(5 HRMS ) caled for C5H305 (M*-1Pr) 699.4109, found 699.4131.

4), 91 (100); HRMS (EI, 70 e
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el lLyorys L4

vloxy)-3.5-bis(triisonpronvlsilyl
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oxymethyl) -8- methyl-4~0xabicyclo[5.1 0]octane (33¢). To a stirred solutlon of 32¢ (33.0 mg, 44.5

wmol) and Pd(OAc)> (3.0 mg, 13.4 umol) in EtOAc (2.5 mL) was added in dropwise a solution of CH3CHN> in
Et70 (1 mL), and stirred for 2 hours at room temperature. The catalyst was removed by filtration through a
glassfritted filter packed with Celite, and the filtrate was concentrated under reduced pressure. After repeating
this procedure three times, the residue was purified by silica gel column chromatography to give 30.9 mg (40.1
umol, 90%) of 33c¢ as colorless oil; TH NMR (600 MHz, CDCl3) 6 0.76 (2H, td, J=5.4, 2.2 Hz), 0.94 (1H,
qumtet J=5.5 Hz), 101 1.12 (9H, m) 1 (}6 (36H bs) 3.32 (2H, ddd, J=8.3, 5.4, 2.2 Hz), 3.47 (2H, ddd,

I & P

J=8.3, 5.7, 2.5 Hz), 3.79 (2H, dd, J=10.6, 5.7 Hz), 4.0G3 (2H, dd, /=10.6, 2.5 Hz), 4.62 (4H, s), 4.81 (2H,
d, J/=6.6 Hz), 491 (2H, d, J=6.6 Hz), 7.27—737 (10H, m); 13C NMR (150 MHz, CDCl3) & 12.06, 17.96,
18.06, 22.89, 26.65, 64.08, 69.34, 78.82, 85.31, 92.69, 127.58, 127.77, 128.37, 137.88; IR (film) v 2944,
2892, 2868 cm-!; MALDI-TOF MS (alpha) calcd for C44H7407S12Na (M+Nat) 793.4871, found 793.527.

,5-Bis(triisopropylsilyloxymethyl)-8-methyl-4-
A solution of 33¢ (1.38 g, 1.80 mmol) in EtQAc (8 m W

H

)]
1} and stirred for 30 hours under hvdrncen atmosphere (1 l{o/r‘mz

1S jL8 2w | VgV Spaal 2 S vty a

room temperature. The catalyst was removed by filtration through a g]dqsfmted filter packed with Celite, and the

Jy 11l

filtrate was concentrated under reduced pressure. The residuc was punﬁcd by flash “column chromatography to
give 716 mg (1.35 mmol, 75 %) of 34 as colorless oil; 'H NMR (600 MHz, CDCly) 8 0.82 (2H, ddd, J=5.6,

5.1, 2.4 Hz), 0.92-0.97 (1H, m), 1.06 (36H, bs), 1.08-1.14 (6H, m), 1.17 (3H, d, J=6.0 Hz), 3.33 (2H,
dddd, J=8.4, 5.6, 2.4, 2.2 Hz), 3.42 (2H, ddd, J=8.4, 5.2, 4.3 Hz), 3.86 (2H, dd. J=10.6, 5.4 Hz), 3.96

(2H, d, J=2.2 Hz), 3.97 (2H, dd, J=10.6, 4.3 Hz); !3C NMR (150 MHz, CDCl3) & 11.70, 11.85, 18.51,
23.01, 27.85, 66.56, 77.93, 82.58; IR (film) v 3438, 2946, 2870 cn!; MS (EL, 70 eV) m/z (%) 487 (M*-IPr,
4), 469 (66), 451 (27), 313 (18), 295 (28), 269 (35), 253 (19), 251 (12); HRMS (FAB) calcd for CpgHs704Si7
(M*-OH) 513.3796, found 513.3818.

(28* 3R* 5R*,78* ,8R*)-5-Methyi-2,8-bis(triisopropyisilyloxymethyl)oxocan-3,7-diel (35).
A solution of 34 (248 mg, 467 umol) in cyclohexane (8 mL) was added 5% Rh-AlO3 (57 mg, umol) and
stirred for 6 days under hydrogen atmosphere (5 kg/cm?2). The catalyst was removed by filtration through a
glassfritted filter packed with Celite, and the filtrate was concentrated under reduced pressure. The residue was
purified by flash column chromatography to give 202 mg (379 pmoi, 82 %) of 35 as coloriess oil; 'H NMR
(600 MHz, CDCl3) é 1.06 (3H, d, J=7.2 Hz), 1.07 (36H, s), 1.07-1.17 (6H, m), 1.69 (2H, ddd, J=14.3,
10.5, 8.0 Hz), 1.84 (2H, ddd, J=14.3, 3.5, 1.8 Hz), 1.86-1.92 (1H, m), 3.45 (2H, ddd, J/=9.0, 7.4, 4.9 Hz).
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.U Lk, U, J=1.0 L), J.7/U (46, uuq, J=1V0, 7, 1.0 L), 2./ 7 (2, ad, J=1u.1, /7.4 riz), >.>»J tén, aga,
J=10.1, 4.9 Hz); 13C NMR (150 MHz, CDCl3) § 11.72, 17.89, 27.32, 27.57, 46.53, 67.53, 74.99, 85.11; IR
(film) v 3456, 2948, 2870 cm-!; MS (EL, 70 eV) m/z (%) 489 (M+-iPr, 6), 471 (5), 453 (4), 315 (13), 297 (20),

279 (20), 271 (34), 253 (14). Triacetate derivative of d/-36. 'H NMR (600 MHz, CDCly)  0.91 (3H,
d. J=6.5 Hz), 1.53 (1H, dddd, J=14.1, 13.8, 5.0, 1.3 Hz), 1.69 (1H, dd, J=14.1, 4.8 Hz), 1.92 (1H, dd,

J=13.8, 5.2 Hz), 1.96 (1H, ddd, J=13.8, 12.0, 1.8 Hz), 2.05 (3H, s), 2.08 (3H, s), 2.10 (3H, s), 2.52-2.59
(1H, m), 4.01 (1H, dd, J=11.6, 9.0,5.2 Hz), 4.04 (1H, dd, J=12.5, 8.3 Hz), 4.08 (lH, dd. J=11.6, 7.1 Hz),
4.13-4.16 (1H, m), 4.23-4.26 (1H, m), 4.28-4.31 (IH, m), 4.30 (2H, dd, J=12.5, 2.7 Hz).
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Methyl (28*,4R*,7S* ,8R*)-2,4-bis(tert-butyldimethyloxymethyl)-3-oxabicyclo[4.3.0lnon-
1(5)-ene-7,8-dicarboxylate (37). A mixwre of 14 (18.6 mmol) and maleic anhydride (1.82 g, 18.6
mmol) in Et20 (150 mL) was refluxed for 5 hours. The solvent was removed under reduced pressure, and the

I YT cONn

residue was added THF (GU mL) and water (6 mL) and stirred for 11 hours at room lemperdlurc The solvent

was remavead under rpdnppd nrecenre  and the rpc‘rhm was dissolved in Et~O and dried over anhvdrous MeSQOu
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The organic phase was cooled to 0°C, then added a solution of CHoN» in EtpO. The solvent was removed under
reduced pressure, and the residue was purified by silica gel column chromatography to give 7.95g (15 mmol,
81%) of 37 as colorless solid, mp 61-63°C; IH NMR (600 MHz, CDCly) 6 0.03 (6H, s), 0.04 (6H, s). 0.87
(18H, s), 2.38 (2H, bdd, J=16.0, 5.5 Hz), 2.52 (2H, bdd, J=16.0, 5.0 Hz), 3.09 (2H, bt, J=5.5 Hz), 3.61
(2H, dd, J=10.5, 5.0 Hz), 3.67 (2H, dd, J=10.5, 4.5 Hz), 3.69 (6H, s), 4.59 (2H, bs); 13C NMR (150 MHz,
CDCl3) 8 -5.46, -5.43, 18.22, 23.35, 25.87, 40.26, 51.95, 65.68, 87.12, 132.08, 173.41; IR (film) v 2956,
2932, 2860, 1742 cm-!; MS (EI, 70 eV) m/z (%) 497 (M+-OMe, 4), 471 (7), 383 (14), 339 (9), 325 (4), 309

(5), 279 (7), 251 (100); HRMS (FAB) calcd for CagHa907Siz (M++H) 529.3017, found 529.3019.

Methyl (25*,558*,6R*,9R*)-2,9-bis(tert-butyldimethyloxymethyl)-3,8-dioxooxonan-5,6-
dicarboxylate (38). To a solution of 37 (11.9 mg, 22.5 pmol) in 1,3-dioxane (2 mL) was added QsOy4 (2.2
mg, 4.5 umol) and 60% NMO in water (24 ul, 120 pmol), and stirred for 43 hours at 80°C. The reaction was

quenched with NapS;05 (220mg, 1.16 mmol) and stirred for 23 hours at 40°C. The precipitates were removed
by filtration through a glassfritted filter packed with Celite, and the filtrate was concentrated under reduced

pressure. The residue was purified by silica gel column chromatography to give 12.2 mg (21.7 pmol, 96%) of
diol (a mixture of two diastereomers). The diol (16.8 mg, 29.8 umol) was dissolved in pyridine (1 mL) and
added Pb(OAc)4 (22.1 mg, 44.8 umol), and stirred for 5 minutes at room temperature. The solvent was
removed under reduced pressure and the residue was purified by silica gel column chromatography to give 15.7
mg (28.0 pmol, 94%) of diketone 38 as colorless oil; IH NMR (200 MHz, CDCly) 8 0.03 (6H, s), 0.05 (6H,

s), 0.87 (18H, s), 2.61 (2H, dd, /=14.0, 6.0 Hz), 3.24 (2H, dd, /=14.0, 4.5 Hz), 3.58-3.97 (8H, m), 3.71
(6H, s).
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Vietnyl (47,33 7,337, 0N T, 3K T, YN T )-4L,I-DISUIErI-putyiaimeinyioxymeinyli)-35,8-ainyaroxy

oxonan-5,6-dicarboxyiate (39). The diketone 38 (i5.7 mg, 28.0 pmol) was dissoived in MeOH (i mL)
and added NaBH4 (3.0 mg, 79 umol) at 0°C. After stirring for 20 minutes, the reaction was quenched with
saturated aqueous NH4Cl, and extracted with EtOAc. The organic layer was washed with brine, dned over
anhydrous MgSQ4. Concentration followed by silica gel column chromatography gave 14.8 mg (26.2 pumol,

94%) of 39 as a single diastereomer. Colorless oil; 'H NMR (600 MHz, CDCl3) 6 0.058 (6H, s), 0.062 (6H,

s), 0.88 (18H, s), 1.79 (2H, ddd, J=15.5, 7.0, 0.5 Hz), 2.61 (2H, ddd, J=15.5, 8.0, 4.5 Hz), 2.77 (2H, d,
J=4.0 Hz), 3.36 (2H, td, J=6.0, 1.0 Hz), 3.66 (6H, s), 3.78 (2H, dd, J=11.0, 6.0 Hz), 3.80 (2H, dd, J=11.0,

6.0 Hz), 3.84 (2H, bs), 4.14 (2H, bd, J=8.0 Hz); I3C NMR (150 MHz, CDCl3) & -5.52, -5.46, 18.19, 25.85,
31.46, 40.07, 52.00, 64.76, 68.05, 88.40, 176.19; IR (film) v 3502, 2956, 2932, 2862, 1736 cnr!; MS (EL
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Methyl (25*,35*,55*,6R* 8R*,9R*)-2,9-bis(tert-butyldimethyloxymethyl)-3,8-bis(trimethyl

silylethoxymethoxy)oxonan-s 6-d|carboxylate (40). To a mixture of 39 (2. 77 g, 4.90 mmol), BU4NI

(5.43 g, 14.7 mmol), and iPrgNEt (8.5 ml., 49 mmol) was added SEMCI (2.8 mL, 16 mmol) at 0°C and stirred
for 22 hours at room temperature. The reaction was quenched with water and extracted with EtOAc. The
organic layer was washed with saturated aqueous NH4Cl and brine, then dried over MgSQ4. Concentration

followed by silica gel column chromatography gave 3.62 g (4.39 mmol, 89%) of 40 as colorless oil. TH NMR
(600 MHz, CDCl3) 6 0.00 (18H, s), 0.044 (6H, s), 0.047 (6H, s), 0.85-0.97 (4H, m), 0.88 (18H, s). 1.68

(2H, bq, J=8.0 Hz), 2.68 (2H, bs), 3.34 (2H, bt, J=6.0 Hz), 3.61 (6H, s), 3.63 (2H, dd, J=10.0, 6.5 Hz),
3.66 (2H, dd, J=10.0, 6.0 Hz), 3.68 (2H, dd, J=10.0, 6.0 Hz), 3.72 (2H, dd, J=10.0, 6.5 Hz) 3.75 (2H,
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Db) 4.U4 (4Ln, DA, J=8.0 nl.), 4.01 (Zn, 4, J=/.U s, 4./0 (<411, a, J=/7.0 I‘IL), C INMK (lJU J /ie VN DC13)
S -5.23, -5.24, -1.45, -1.42, 14.11, i8.07, 18.19, 25.94, 31.58, 51.68, 63.19, 65.76, 72.02, 89.37, 94.35,

175.37; IR (film) v 2956, 2934, 2862, 1738 cm-!.
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(4D T, 7,23 7,00 ™ ,Ol("',’l("} L ‘i-leUL’I’l-ﬂ“l ameinyioxymeinyi)-5,0-pisgirimet ylSlly
ethoxymethoxy)oxonan-5,6-dicarboxylic acid (41). The SEM ether 40 (134 mg, 0.174 mmol) in
tBuOH (1.4 mL) was added water (0.4 mL), LIOH*H>O (27.2 mg, 0.648 mmol), and BugNBr (10.7 mg, 33.2
11mnl) and ctirrad far nne waal at ranm tamnaraimire  Tha raantinn mivinra wace addad catniratad amanne NIT .

lllUlv[, QRN JULIRIGAT 1UL ULHIL WARACK Al 1WAFIEE WL £ ALLEI LIV IVAVUIULL 1TLHTATUIL W dd AuuLUu Ddtul alcua auyucarud 1\114\/1
{pH6), and extracted with EtOAc. The organic layer was concentrated under reduced pressure, and the residue
wag nurified bv silica oel column chromataoranhv to oive 123 mo (0 166 mol. 95%) of 41 as calorlecs <olid: |
was purified by silica gel column chromatography to give 123 mg (0.166 mol, 95%) of 41 as colorless solid; 'H
NMR (200 MHz, CDCl3) 8 0.00 (18H, s), 0.06 (12H, s), 0.89 (18H, s), 0.80-0.98 (4H, m), 1.75 (2H, bs),
2.60 (2H, bs), 3.36 (2H, bt, J=7.0 Hz), 3.53-3.80 (10H, m), 4.09 (2H, bd, J/=8.0 Hz), 4.68 (2H, d, J=7.0
H2\ AQ2 (2 d J=7 0 H TR (Hlm) v I6ON-2300 2956 1718 om-l
llL’, Talr i \tgll, \.l’ o N4 llb}’ FE AN ‘\llllll[ V IV sl I NTNT y e F T L7 i will .

(28*,3S* ,8R*,9R *)-(Z)-2,9-Bis(tert-butyldimethyloxymethyl)-3,8-bis(trimethylsilylethoxy
methoxyloxon-5-ene (42). A solution of 41 (3.6 mg, 4.5 umol) in benzene (1 mL) was added Pb(OAc)4

(6.7 mg, 14 llmnl) and the reaction mixture was stirred for 11 hours with irradiation hv a tunesten
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. , 1.0 Hz), (2H, ddd, J=14.5, 7.0, l() Hz), 3.25
Hz), 326 (1H, ddd, J—BO 55 30Hz) 3.51-3.56 (2H, m), 3.60-3.78 (6H, m), 407 (IH ddd .I—'7() 7.5
1.0 Hz), 4.10 (1H, bd, J=7.0 Hz), 4.36 (1H, ddd, J/=11.0, 7.0, 1.0 Hz), 4.70 (2H, s), 4.72 (1H, d, J=7.0

Hz), 4.76 (1H, d, J=7.0 Hz), 5.19 (1H, ddd, J=11.0, 6.5, 1.0 Hz); 13C NMR (150 MHz, CDCl3) 8 -5.41,
5.39, -5.37, -1.48, -1.44, 17.95, 18.00, 18.18, 18.25, 25.89, 25.92, 26.32, 33.07, 48.14, 61.63, 62.35,

65.75, 66.00, 73.75, 74.16, 74.46, 88.27, 88.30, 95.49, 95.88, 174.10; IR (film) v 2956, 2892, 2862, 1825
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g NV 1

cm-i; MS (EL 70 eV) m/z(%) 649 (M*+-tBu-CO3, 0.5), 619 (0.2), 589 (1), 575(0.7), 531 (0.9), 501 (0.7), 485
(0.7), 473 (2), 443 (3), 427 (2); HRMS (El, 70 eV) caled. for C35H7400Si4 (M*+H) 750.4405, found

on o Ans

750.4361.

(25*,3S*,8R* ,9R*)-(Z)-3,8-Bis(trimethylsi

u

(44). To a solution of 42 (8.6 mg, 12.0 wmol) in HF (0;3 T
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he solvent was removed under reduced
pressure, and the residue was purified by silica gel column chromatography to give 5.0 mg (10.4 umol, 86%) of

44 as colorless oil; TH NMR (600 MHz, CDCl3) & 0.007 (18H, s), 0.86-0.96 (4H, m), 2.33 (2H, dddd,
J=12.4, 6.0, 4.3, 0.5 Hz), 294(2H bq, J=11.0 Hz), 3.39 (2H, btd, J=5.7, 3.4 Hz), 3.58 (2H, td, J=9.7, 7.8
Hz), 3.64 (2H, bs), 3.66 (2H, td, J=8.7, 7.5 Hz), 3.72 (2H, 44, J=11.7, 5.4 Hz), 3.83 (2H, dd, j=11.7, 6.2

Hz), 3.90 (2H, ddd, J=10.1, 6.0, 3.4 Hz), 4.6 'ZH, d, J=7.0 Hz), 4.70 (2H, d, J=7.0 Hz), 5.52-5.58 (2H,
2 7

42 A

m); 13C NMR (150 MHz, CDCl3) § -1.50, 9.29, 63.77, 65.74, 78.24, 85.28, 94.28, 127.69; IR (film)
. PR | _ . v an YIL A A A AN O ~
v 3366, 3016, 2956 cm™!; HRMS (El, 70 eV) calcd for CpoHy305Sip (M*-20H) 443.2649, found 443.2670.

(28*,4R*,7R*,8R*)-2,4-Bis(pivaloyloxymethyl)-7-trimethylsilyl-8-phenylsulfonyl-3-

oxabicyclo[4.3.0]non-1(5)-ene (dI-46). A mixture of 45 (24.4 mmol) and (E)-2-trimethylsilylvinyl

phenylsulfone (8.8 g, 33.6 mmol) in toluene (50 ml.) was stirred for 5 days at 100°C. The solvent was removed

under reduced pressure, and the residue was purified by silica gel column chromatography to give 10.2g (18.3

mmol, 75%) of di-46 as pale yellow oil, 'H NMR (500 MHz, CDCl3) § 0.01 (9H, s), 1.17 (18H, s), 1.91

(1H, d, J=8.0 Hz), 2.02 (1H, d, J=17.5 Hz), 2.28 (1H, d, J=18.5 Hz), 2.45 (1H, d, J=17.5 Hz), 2.64 (1H, d,
i

J=18.5 Hz), 3.40 (1H, dt, J=7.2, 1.5 Hz), 4.00 (1H, dd, J=11.2, 5.7 Hz), 4.03 (IH, ddJ=11.2, 5.7 Hz),
4.04 (1H, dd, J=11.2, 5. O Hz), 4.09 (1H, dd, J= 11.2, 5.2 Hz), 4.55 (1H, ), 4.66 (1H, s), 7.55-7.59 (2H,
m), 7.64-7.68 (1H, m), 7.85-7.89 (2H, m); 13C NMR (125 MHz, CDCl3) § -2.40, 18.85, 19.23, 20.64,
27.20, 60.38, 60.53, 66 12, 66.17, 84.63, 84.95, 128.53, 129.20, 133.77, 134.15, 138.39, 178.25; IR (film)
v 2974, 1734 ci[; MS (EL 70 eV) m/z (%) 564 (M*, 0.5); HRMS (EI, 70 eV) caled for CpgHg407S8Si (M*)

564.2577, found 564.2554.

(1S*,2R*,45* ,5R*,TR*,8R*)-2,4-Bis(pivaloyloxymethyl)-3-trimethylsilyl-4-phenylsulfonyl-
3. oxablcyclo[4 3. 0]nonan 1,5- iol (d1-47). To a stirred solution of K‘{FC(CN)() (12 9 g, 100 mmol),
K705 (13.8 g, 100 mmol) and PABCO (282 img, 2.5 mmol) in water (130 mL) was added a solution of dI-486
(5.62g, 10.0 mmol) in ‘BuOH (130 mL) and sotid OsO4 (27 mg, 0.1 mmol) at 40-45°C. After stirring for 29
hours, the resulting brown so‘ution was added solid Na2S205 (19.0 g, 100 mmol) and stirred for 10 hours until
the color of the solution turned to green. The organic layer was separated, and the aqueous layer was extracted

with Et70 (30 mLx3). The combmed organic layer was washed with saturated aqueous NaCl, and dried over
MgS0O4. Concentration followed by silica gel column chromatography gave 5.06 g (8.79 mmol, 88%) of dI-47.
colorless solid, mp 176.5-178.0°C; TH NMR (500 MHz, CDCly) 8 0.17 (9H, s), 1.14 (9H, s), 1.21 (9H, s),
1.46(1H, d, J=9.0, 5.0 Hz), 1.66 (1H, dd, J=15.0, 9.5 Hz), 1.70 (1H, dd, J=14.0, 4.0 Hz), 1.91 (1H, dd,

J=14.0, 11.0 Hz), 2.05 (1H, dd, J=9.5, 5.0 Hz), 3.31 (1H, td, J=11.0, 4.0 Hz), 3.32 (1H, s), 3.50 (1H, s),
3.77 (1H, dd, J=6.0, 4.5 Hz), 3.99 (1H, t, J= 5.5 Hz), 4.10 (1H, dd, J=12.0, 5.5 Hz), 4.14 (iH, dd, /=12.0,
ﬁ.) Hz), 4.22 (1H, dd, J=12.0, 4.5 Hz), 4.39 (1H, dd, J=12.0, 5.5 Hz), 7.56-7.59 (2H, m), 7.64-7.67 (1H,
m), 7.84-7.86 (2H, m); 13C NMR (125 MHz, CDCl3) 8 —1.05, 19.55, 27.08, 27.16, 31.74, 35.80, 59.55,
63.28, 63.64, 77.21, 77.65, 80.23, 82.80, 128.59, 129.32, 133.76, 178.73, 178.98; IR (film) v 3462, 2972,
1739 cm-!; Anal. Calcd for Co9Hge09SSi: C, 58.15: H, 7.76: S, 5.35; Found: C, 58.49; H,7.55; S, 5.26

bicyclo[4.3.0]non-7-en-1,5-diel (48).

mL) was added a 1.0 M solunon of TBAP in
was removed under reduced pressure, and the
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residue was purified by silica gel column chromatography to give 86.4 mg (0.23 mmol, 88%) of 48 as colorless
prisms (hexane/EtOAc), mp 109-111°C; TH NMR (400 MHz, CDCly) & 1.21 (18H, s), 2.39 (2H, d, J=17.6
Hz), 2.44 (2H, d, J=17.2 Hz), 3.27 (2H, br), 3.82 (2H, dd, J=6.4, 4.4 Hz), 4.20 (2H, dd, J= 12.0, 6.0 Hz),
4.44 (2H, dd, J=12.0, 4.8 Hz), 5.69 (2H, t, J=2.0 Hz); 13C NMR (100 MHz, CDCl3) § 27.14, 34.39, 63.77,
78.33, 82.31, 124.39, 178.78; IR (film) v 3470, 2974, 1729 cm'!; MS (EI, 70 eV) m/z (%) 384 (M+, 0.4);
HRMS (EI 70 eV) calcd for CogH3207 (M*) 384.2148, found 384.2139.

2 . | YT 121 DL/
2 HHUIVL) 11 pyuumc \0 I uu.,} Wwas dUUCU 50110 rof
T

I
minutes at room temperature. The nvridine was removed under
HNutcs perature. 10C pynaine was remov unger

by silica gel column chromatography to give 628 mg (1.65 mmol 95%) of 49 as colorless needles
(hexane/Et70), mp 68-89°C; 'H NMR (200 MHz, CDCl3) 8 1.20 (18H, s), 2.93 (2H, dd, J=11.0, 5.2 Hz),
4.11 (2H, dd, /=54, 3.2 Hz), 4.21 (2H, dd, J=11.0, 3.7 Hz), 4.23 (2H, dd, J=11.7, 5.4 Hz), 4.57 (2H, dd,
J=11.7, 3.2 Hz), 5.59-5.77 (2H, m); 13C NMR (50 MHz, CDCl3) § 27.15, 40.98, 64.99, 84.07, 125.66,
177.87, 205.48; IR (film) v 2976, 1734 cm!; MS (EL 70 eV) m/z (%) 382 (M+,100); HRMS (EI, 70 eV) cacld

Fne o IRAEY 20D
101 \,zuuguu,r (ivi" ) J0c.
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1007 4-‘ A 20 1004
1774, 10OUNa 504.1754%.

(2S*,3R*,85*,9R*)-(Z)-2,9-Bis(pivaloyloxymethyl)oxon-5-en-3,8-diol (50). To a stirred
solution of 49 (155 mg, 0.41 mmol) and Et3SiH (650 puL, 4.1 mmol) in CH>Cl, (4 mL) was added a 1.0 M
solution of TiCly in CHCly (1.3 mL, 1.3 mmol) at -78°C under the argon atmosphere, and allowed warmed to -
15°C. The reaction mixture was poured into the vigorously stirred solution of saturated aqueous NaHCO3 and

EtOAc through cannular. The resulting precipitates was dissolved by the addition of water. The reaction mixture
was extracted with EtOAc and the Organic layer was washed with saturated aqueous NH4Cl and brine, and dried

e KA Py, . ord _L.. mrzrm 1 2A e /N DVE e b OL7 N O
OVET lVlgDUz; bUl!LLlILIdllUll u)uuwcu Uy \lm.a 5Cl L,Ululllll LlllUllldL()E [) y g'dVC 1934 Illg (W00 iy, 807 ) 01
50 as a singie diastereomer. Colorless oil; 'H NMR (500 MHz, CDCly) & .17 (i8H, s), 2.17 (2H, ddd,
J=13.6, 4.0, 3.1 Hz ), 2.75 (2H, ddd, J=13.6, 5.7, 3.6 Hz ), 2.85-2.96 (2H, br), 3.31 (2H, ddd, j=8.5, 4.5,
3.0 Hz ), 3.75 (2H, ddd, J=8.5, 3.6, 3.1 Hz ), 4.22 (2H, dd, J=12.0, 4.5 Hz), 4.33 (2H, dd, J=12.0, 3.0 Hz),

77-5.85 (2H. m) 13 NNMR (198 MHy YOIV R 2711 21 Q0 ASR1 TN AT KRS 164 179784 17007 TR
S PEI.00 (&L, 111y, N LNUVEIN \ L&) JVRELL, AR A U Lda1dy, J1.0U, UJ.OL1, /UYL, OJ.1YU, 14/7.0%, 1/J7.UJ, I\
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2.18 (1H, d, J=8.0 Hz), 2.24 (1H, m), 2.37 (1H, J= Hz), 2.41 (IH ddd J- .8, 6.3 5 6 Hz), 2.67
{(1H, dt, J=12.6, 10.3 Hz), 2.90 (1H, m), 3.29 (1H, ddd, J=8.2,4.2,3.3 Hz), 3.51 (iH, ddd, Jj=7.3, 5.2, 2.2
Hz) 384 (1H, m), 423 (1H, dd, J=11.3,52 Hz), 426 (1H, dd, J=117,42 Hz) 434 (1H, dd, J=11.7, 3.3
Hz), 4.40 (1H, dd, J=11.3, 7.3 Hz), 5.63 (1H, td, J=10.3, 5.6 Hz), 5.84 (1H, td, J=10.3, 6.3 Hz). 52: IH
NMR (500 MHz, CDCl5) 3 1.19 (18H, s), 2.40 (2H, ddd, J=12.5, 6.0, 4.7 Hz), 2.47 (2H, d, J=7.3 Hz), 2.83
(2H, ddd, J=18.6, 9.2, 2.6 Hz), 3.38 (2H, br), 3.86 (2H, br), 4.18 (2H, ddd, J=11.4, 5.7 Hz), 447 (2H, dd,

J=11.4, 7.0 Hz), 561 (ZH, m).

(28*,3R*,6S*,7TR*)-2,7-Bis(benzyloxymethyl)-2,3,6,7-dihydrooxepin-3,6-diol (53). To a
stirred solution of 24 (346 mg, 688 umol) in THF (2.5 mL) and water (650 uL) was added CFCO2H (265 uL.,
3.44 mmol) and sturred for 30 hours at room temperature. The reaction mixture was evaporated, and the residue
was purified by silica gel column chromatography (EtOAc/EtOH=25/1~20/1) to give 77.1 mg (405 umol, 59%)
of tetraol. A solution of the tetraol (143 mg, 750 pmol) and BupSnO (411 mg, 1.65 mmol) in toluene (5 mL)
was refluxed with azeotropy for 5 hours. The solvent was removed under reduced pressure, and the residue was

dissolved in DMF (4 mL). The mixture was added CsF (456 mg, 3.00 mmol) and BnBr (196 pL. 1.65 mmol),
and stirred for 17 hours at room temperature. Concentration followed by silica gel column chromatography gave
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142 mg (383 pmol, 51%) of 53 as colorless oil; TH NMR (200 MHz, CDCly) 6 2.92 (2H, d, J=Hz), 3.50-3.80
(6H, m), 4.36 (2H, dd, J=8.0, 2.5 Hz), 4.56 (4H, dd, J=2.5 Hz), 3.73 (H, dd, J=10.5, 5.0 Hz), 3.67 (2H,
dd, J=10.5, 4.5 Hz), 3.69 (6H, s), 4.59 (ZH, bs); 13C NMR (50 MHz, CDCl3) § 72.24, 72.52, 73.64, 82.37,

127.27, 127.92, 128.50, 132.54, 137.44; IR (film) v 3422, 3066, 2870 cm'!.

(28,3R,68,7R)-2,7-Bis(tert-butyldimethylsilyloxymethyi)-3-acetoxy-2,3,6,7-dihydrooxepin-
6-ol (54) Toa solutxon of lel 21 (15 5 mg, 37.0 pmol) and vinyl acetate (0.1 mL) in CH3CN (0.5 mL) was

~ s ey

r 6 udys at 30°C. The enzyme was removed by filtration through a

glacefrittad filtor nackad with pnhtn ta wae onnsantratad nndar radncad nracqiira Tha ragidna wag
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rarrifiad o ciling aal cabiimn Ahrammataaranhey ta affaed 11 1 maa A 1 31amam]l A8 N ~AF D1 ned vanmsrared € & e
Pul nicu Uy e a EUI LU Civiilawugl llly W aiiviu 11.1 1 IE |2 S § Hl 1, VO 0) 1 41 dllu ICLLOVCICU U0 11}

o
(13.1 umol, 35 %) of 54 as colorless needles, mp 50-51°C; [«]23p -48.4° (¢, 0.21, CHCl3); 'H NMR (400

MHz. CDCl3) & 0.033 (3H, s), 0.039 (3H, s), 0.103 (3H, s), 0.109 (3H, s), 0.883 (9H, s), 0.903 (9H, s),
3.50-3.59 (2H, m), 3.60 (1H, dd, J=10.5, 3.5 Hz), 3.67 (1H, ddd, J=9.0, 6.5, 3.5 Hz) 3.71 (IH, d, J=2.5

“ "l"\ FEh & 4 . ~ &~ YT -y~
Hz), 3

73 (1H, dd, J=10.5, 7.5 Hz), 3.95 (1H, dd, J=10.5, 4.5 Hz), 3.39 (1H, dq, J/=9.0, 2.5 Hz), 5.33 (iH,
dq, J=9.0, 2.5 Hz), 5.51 (1H, dt, J=12.5, 2.5 Hz), 5.70 (1H, dt, J=12.5, 2.5 Hz); IR (KBr) 3514, 2930,
2860, 2862, 1723 em!; HRMS (EI 70 V) caled. for CyoHs406Sis (M) 460.2677, found 460.2676.
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(28,3R,68,7R)-2,7-Bis(triisoproylsilyloxymethyl)-3-Acetoxy-2,3,6,7-dihydrooxepin-6-ol
(55). A mixture of diol 24 (1.24 g, 2.48 mmol) in vinyl acetate was added lipase AK (496 mg) and stirred for

-~

6 days a t 30°C. The lipase was removed by filtration through a glassiritted filter packed with Celite, and the

antrated nndcr rn/‘ncerl nressure The recidue w as
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propanol=99/1, 1.0 mL/min).

(25,3R,68,7R)-2,7-Bis(benzyloxymethyl)-3-acetoxy-2,3,6,7-dihydrooxepin-6-ol  (56). A
mixture of diol 53 (46.1 mg, 124 pumol), vinyl acetate (500 pL), and lipase AK (1.6 mg, 4%w/w) was stirred
for 2 days at 35°C. The lipase was removed by filtration through a glassfritted filter packed with Celite, and the

Wl IR )

filtraie was concentrated under reduced pressure. The residue was purified by silica gel column chromatography
to give 41.5 mg (101 pmoli, 81 %) of 56 as coloriess oil; [0]26p -58.0° (¢, 1.03, CHCI3); 'H NMR (200 MHz,
CDCl3) 6 1.96 (3H, s), 3.18 (1H, bs), 3.47-3.56 (2ZH, m), 3.62-3.88 (4H, m), 4.40 (1H, bd, J=7.5 Hz), 4.48
(1H, d, J=11.5 Hz), 4.56 (1H, d, J=11.5 Hz), 4.60 (1H, d. J=11.5 Hz). 4.63 (1H, d, J=11.5 Hz), 4.49-5.51
(1H, m), 5.47 (1H, dt, J=12.5, 2.5 Hz), 5.72 (1H, dt, J=12.5, 2.5 Hz); 13C NMR (50 MHz, CDCly) § 20.95,
70.33, 71.32, 72.22, 72.49, 73.37, 73.65, 82.04, 82.16, 127.56, 127.70, 127.74, 127.87, 128.20, 128.27,
128.45, 134.10, 169.68; IR (film) v 3472, 3034, 2872, 1740 cm!; HRMS (EI, 70 eV) caled for Cy7H2106

(M+-Bn) 321.1300, found 321.1337. The enantiomeric excess was determined by HPLC analysis of the
corresponding benzoate using CHIRALCEL OD: (hexane/2-propanol=100/1, 1.0 mL/min).

(28*,AR* SR* 7S* 8R*)-3.7-Ris(benzoyvloxy)-5-methvloxocan-2 8-dimethanol (59). To a
solution of 38 (45 mg, 84 1imol) and DMAP (2.1 me, 17 umol) in nyridine (0.85 mL) was added BzCl (97 uL
solution of 38 (45 mg, 84 umol) and DMAP (2.1 mg, 17 umol) in pynidine { ) (97 pL,
0.840 mmol), and stirred for 17 hours at room temperature, The solvent was removed under reduced pressure,
and the residue was purified by silic gel column chromatogrdphy The resulting benzoate was dissolved i
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CH3CN, and treated with 10 % HF solution in CH3CN (0.4 ml) for 3.5 hours at room temperature. The
reaction mixture was diluted with ether (20 mL), quenched with saturated aqueous NaHCO3 at 0 °C and stirred
for 30 minutes. The organic phase was washed with brine, and dried over MgSO4. Concentration followed by

silica gel column chromatography gave 27 mg (64 pmol, 76 %) of 59 as colorless oil; 'H NMR (600 MHz,

CDCl3) & 1.09 (3H, d, J=7.2 Hz), 1.90 (2H, ddd, J=14.3, 10.4, 8.1 Hz), 2.03 (2H, ddd, J=14.3, 10.4, 8.1

Hz), 3.64 (2H, dd, J=11.3, 9.0 Hz), 3.86 (2H, dd, J=11.3, 2.6 Hz), 4.04 (2H, ddd, J=14.3, 3.5, 2.0 Hz),
2.16-2.20 (1H, m), 3.64 (2H, dd, J=11.5, 9.2 Hz), 3.85 (2H, dd, J=11.5, 2.5 Hz), 4.01 (2H, W, J=9.2, 2.5

Hz), 497 (2H, ddd, J=10.4, 9.2, 3.5 Hz), 7.44-7.48 (4H, m), 7.55-7.58 (2H, m); 13C NMR (150 MHz,
CDCly) & 27.14, 27.64, 43.22, 64.90, 73.36, 86.57, 128.46, 129.59, 129.88, 133.26, 165.41; IR (film) v

3324, 3020, 2960, 1719, 1603, 1586 cm'!; HRMS (EI, 70 eV) caled for Ca4Hp507 (M*) 428.1833, found
428.1844.

(9€ IR SR 7€ R\ D Acotavvmethvi.? T.hicthanzavlavvi.A.mathviavacan.R.mathannl { &0
\uu YA gy’ KR g 7 L7 QRAF AR J T du l\r‘vl“i‘: IIIWDIIJ ETarg 1 AF B AN lllu., IUI‘J J l\a‘ollJ AVAVLAGIL T UTINVCVIEGRAREUR \S vv’
Ta a enlhitinan Af Ainl 80 (27 me, A4 11mal) in vinul ata (Y8 mlT ) wac addad lin AW (8N mn\ and nfim-nrl
A \F DUIIULILAL UL UIYVL J7 L l.ll. Y L.IlUJ[ [ 289 ‘lll]l aw‘aw ‘L -4 LI_J) wad auu\du 111.’“3\/ n AN \JU 11 5} QI SLil

for 6 days at 30 °C. The lipase was removed by filtration through a glassfritted filter packed with Celite, and the
filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatography

to give 27 mg (58 umol, 92 %) of 60 as colorless oil; [0]22p -12.8° (¢, 1.01, CHCl3): 'H NMR (600 MHz,
CDhCl, yal anH d. =72 Hz), 1.90 (1H, ddd l—-lAﬁ 07 A.Qnrn 1.92 HH ddd I—IAA QSZ A A6 H2)

LS B NS § 1; LS AV > o, Pade RREgy LeSN Zaxy eNsy v —aTT. Lul, v—1 F.U Aii g,

2.05 (1H, ddd, J=14.6, 3.3, 2.5 Hz), 2.09 (1H, ddd, J=14.4, 3.4, 2.4 Hz), 2.10 (3H, s), 2.18-2.27 (1H, m),
3.30 (1H, dd, J=10.4, 3.5 Hz), 3.55 (1H, ddd, J=11.8, 8.1, 3.5 Hz), 3.75 (1H, ddd, J=11.8, 104, 2.6 Hz),
3.92 (1H, ddd, J=9.7, 8.1, 2.6 Hz), 4.00 (1H, dd, J=11.8, 6.3 Hz), 4.12 (1H, ddd, J=9.0, 6.3, 2.2 Hz), 4.65
(1H, dd, J=11.8, 2.2 Hz), 5.01 (1H, ddd, J=9.8, 9.0, 3.4 Hz), 5.10 (1H, ddd, J=9.8, 9.0, 3.4 Hz), 7.44-7.48
(4H, m), 7.57-7.61 (2H, m), 8.00-8.04 (4H, m); IR (film) v 3538, 2964, 1719, 1603 cm-!; HRMS (EI, 70 eV)
caled for CpeHzpOg (M™*) 470.1941, found 470.1954. The enantiomeric excess was determined by HPLC
analysis using CHIRALCEL OD: (hexane/2-propanol=10/1, 0.5 mL/min).

1
6.5 hours at 50°C. After evaporation, the residue was purified hv mhm gel cn]u

mg (385 umol, 72%) of 61 lor oil; 'H (600 MHz, pyndine ) 0 2. ( ,ddd, J=122 6.2,
4,3 Hz), 3.40 (2H, bq, J=11.0 Hz), 3.86 (2H ddd,; _=7,(). 3.5, 2 9 Hz), 4. %6 (2H, ddd, J=10.2, 6.2, 2.9 Hz)
4.43 (2H, dd, J=11.6, 3.5 Hz), 4.64 (2H, dd, J=11.6, 7.0 Hz), 5.63-5.69 (2H, m), 5.95 (4H, br); 13C NMR
(150 MHz, pyridine-ds) & 33.61, 65.71, 72.84, 88.52, 128.36; IR (film) v 3308, 2924, 1686 cm!; MS (EI, 70
eV mfz (96) 219 (M++H. 7). 200 (16). 182 (4). 170 (18). 139 (23): HRMS (EL 70 eV) caled for CinHio0O<
LY ) MNL U] L 7Y TEEy &ujg LdNF L WU, 2U& \TJ, 177 (1G), 107 \&Ldj, L3INVAD (1sd, VU ¥ ) vGRva AVE A L{YsS
{(M++H) 2191231, found 219.1206.

(28,35,8R,9R)-(Z)-2-Hydroxymethy-9-acetyloxymethyl-5-oxonen-3,8-diol (62). Tetraol 61
(5.5 mg, 25.0 pumol) in acetonitrile (2 mL) was added viny! acetate (0.2 mL) and lipase AK (Amano, 1.6 mg),
and stirred for 5 days at 30°C. The lipase was removed by filtration through a glassfritted filter packed with
Celite, and the filtrate was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography to give 6.0 mg (23.1 pmol, 91%) of 62 as colorless prisms, mp 176°C; [a]?8p +9.3° (c, 0.45,
MeOH); 'H NMR (600 MHz, pyridine-ds) § 1.99 (3H, s), 2.51-2.56 (2H, m), 3.40 (1H, bq, J=10.5 Hz), 3.42

(1H, bq, J=10.5 Hz), 3.71 (1H, td, J=5.9, 3.2 Hz), 3.78 (1H, td, J=6.4, 3.0 Hz), 4.33 (1H, br), 4.42 (1H,
dd, J=10.8, 5.6 Hz), 4.48 (1H, dd, J=10.8, 6.2 Hz), 4.54 (iH, ddd, /=94, 6.2, 3.2 Hz), 4.84 (1H, dd,

J=10.9, 6.7 Hz), 5.00 (1H, dd, /=10.9, 6.2 Hz), 5.62-5.70 (2H, m), 6.37 (1H, bs), 6.43 (1H, bs), 6.61 (1H,
Love 13079 mRInAD 7180 AAL i 4\ & fn’\ o’z 2724 22 AQ L2 &N L& TQO T DIY T71 QA QA 27 Q7 QO
DS}, U INIVER (10U MHz, pyriaine€-asj) ¢ 2u.89, 335.04, 53.406, VI.JOU, OO./Y, Thl.22, [1.7% , 04.31, 0/.77,
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128.09, 128.63, 170.74; IR (film) v 3386, 3014, 2924, 1734, 1655 cm-!; MS (El, 70 eV) m/z (%) 261 (M++H,
0.9), 242 (5), 224 (1), 212 (4), 199 (4), 182 (6), 169 (7).

(28*,3R*,85*,9R*)-(Z)-3,8-Bis(p-methoxybenzyloxy)-5-oxonen-2,9-dimethanol  (64). A

11£ V1O WAL 4 FOoURAARAL RAACLE

solution of 50 (441 mg, 1.14 mmol) and trichloroacetoimidate (967 mg, 3.42 mmol) in Et7;0 (7 mL) was added a

0.1 M solution of CF3SO3H (68.4 uL., 6.84 pmol) in Et70, and stirred for 30 minutes at room temperature. The
reaction mixture was added saturated aqueous NaHCO3, and the organic layer was separated, and dried over
anhydrous MgSO4. The solvent was removed under reduced pressure, and the residue was dissolved in EtyO.
This solution was added LiAIH4 (146 mg, 3.86 mmol) at 0°C and stirred for an hour at room temperature. The
reaction was quenched with water (150 pL), 8% NaOH (300 pL), and water (300 puL). The resulting precipitates
were removed by filtration through a glassflitted filter packed with Celite, and the filtrale was concentrated under

reduced pressure. Purification by silica gel column chromatography gave 332 mg (780 umol, 68%) of 64 as

colorless prisms (hexane/ Et;0), mp 78-85°C; 1TH NMR (500 MHz, CDCl3) 6 2.38 (2H, ddd, J=13.6, 3.8 3.0
Hz), 2.64 (2H, ddd, J=13.6, 9.5, 3.0 Hz), 3.01 (2H,br), 3.36 (2H, ddd, J=8.8, 5.1, 3.0 Hz), 3.52 (2H, dt,
J=8.8, 3.0 Hz), 3.59 (2ZH, dd, J=11.6, 5.1 Hz), 3.76 (2H, dd, J=11.6, 3.0 Hz), 3.80 (6H, s), 4.35 (2H, d,
J=11.0 Hz), 4.60 (2H, d, /=11.0 Hz), 5.82-5.73 (2H, m), 6.87 (4H, AA’BB’), 7.24 (4H, AA’BB’); 13C NMR

(125 MHz, CDCly) 8 27.09, 55.26, 64.14, 70.99, 77.81, 85.48, 113.87, 127.68, 129.47, 130.15, 159.30; IR
(film) v 3364, 2924 cm-!; HRMS (EL, 70 eV) caled for C26H3407 (M*) 458.2305, found 458.2307.

(2S,3R,85,9R)-(Z)-2-Acetoxymethyl-3,8-bis(p-methoxybenzyloxy)-5-oxonen-9-methanol

(65). A solution of diol 64 (29.4 mg, 68.7 pmol) in benzene (8 mL) was added vinyl acetate (2 mL) and lipase
AK (6 0 mg) and stirred for 5 days at 37°C. The lipdse was removed by filtration through a glassfritted filter
packed with Celite, and the filirate was concentraied under reduced pressure. The residue was purified by silica
gel column chromatography to give 20.7 mg (43.9 umol, 68%) of 65 as colorless oil; [o]24p -13.3° (¢, 1.05,
CHCl3); 'H NMR (500 MHz, CDCl3) 8 2.04 (3H, s), 2.38 (2H, m), 2.61 (2H, m), 3.25 (1H, dt, J=9.0, 3.1
Hz), 3.39 (1H, ddd, J=9.0, 3.7, 2.3 Hz), 3.60 (1H, dd, J=9.0, 3.1 Hz) 3.65 (1H, dt, J=9.0, 3.1 Hz), 3.70

{(1H, dt, /=9.0, 3.2 Hz), 3.78 (1H, dd, /=9.0, 3.1 Hz), 3.79 (3H, s), 3.80 (3H, s), 4.02 (1H, dd, J= '20 3.9
Hz), 4.36 (1H, d, J=11.0 Hz), 4.39 (1H, d, J=11.2 Hz), 4.52 (1H, dd, J/=12.0, 2.4 Hz), 4.60 (1H, d, J=11.2
Hz .) 4.61 (1H, d, /=11.0 Hz), 5.79 (2H, m), 6.87 (4H, AA’BB’), 7.25 (4H, AA’BB’); 13C NMR (!25 MHz,

CDCly) & 20,98, 26 88, 27.23, 5528, 62.06, 6501, 7102, 71.27 , 76.95, 77.38, 83.35, 86.07, 113.87,

~An

159.35, 171.39; IR (film) v 3364, 2924, 1738, 16i3 cmr
u

E antiomeric excess was determined sing CHIRALCEL OD: (hexane/2-propanol=10/1, 0. S

mL/min).
(2R,4aR,65,7R,11a85)-(Z)-2-(p-Methoxyphenyl)-6-acetoxymethyl-m-dioxano[5,4-bloxon-9-
en-7-ol (71). A solution of 65 (113 mg, 241 umol) in CH;Cl, (2.4 mL) was added DDQ (87.4 mg, 385
pumol) in portionwise and stirred for 13 minutes at room temperature. The reaction mixture was added water (100

uL), then DDQ (54.7 mg, 241 umol) in portionwise. The reaction was quenched with saturated aqueous
NaHCOj3 and extracted with Et20. The organic layer was washed with saturated aqueous Na»S203 and brine,

then dried over MgSO4. Concentration followed by silica gel column chromatography gave 66 mg (196 pmol,

81%) of 71. [0]2%p +14.9° (¢, 0.97, CHChy); 'H NMR (600 MHz, C¢Dg) 8 1.43 (1H, dd, J=5.7 Hz), 1.63
(3H, s), 2.11 (1H, br), 2.34 (1H, br), 2.46 (1H, br), 2.67 (1H, br), 3. }3(”{, ddd, J=9.3, 7.1, 2.2 Hz), 3.25-
3.29 (1H, m), 3.42 (1H, td, J=10.2, 4.5 Hz), 3.48 (1H, t, J=10.2 Hz), 3.50 (1H, dt, J=10.3, 5.0 Hz), 3.99

(1H, ddd, J=11.7, 7.1 Hz), 4.23 (lH, dd, J=11.7, 22'Hz) 4.40 (1H, dd J=10.2, 4.5 Hz), 5.68 (1H, bq,
J=10.0 Hz), 5.75 (1H, bq, J=10.0 Hz), 6.83 (2H, AA’BB’), 7.60 (2H, AA’BB’); 13C NMR (150 MHz,
CgDg) 8 20.83, 33.34, 33.48, 63.50, 65.79, 71.22, 71.94 , 84.37, 87.99, 128.09, 128.63, 170.74; IR (film) v
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3466, 3018, 2938, 2862, 1742, 1615 cm-!; MS (EL 70 eV) m/z (%) 378 (M*, 93), 272 (15), 212 (6), 199 (7),
163 (R). 136 (100): HRMS (EL 70 eV) caled for CanHacO~ (M+) 3781679 found 378.1678
VAN ATy S ASRATARS A A4n S SRRNAS SELURSLUN ] \ATR 7 ST A Ty AR S VD

(S)-MTPA ester of 55: 'H NMR (500 MHz, CDCl,;) 8 1.01-1.10 (42H, bs), 1.94 (3H. s), 3.52 (3H, s),
3.61 (1H, dd, J=11.0, 4.0 Hz), 3.65 (1H, dd, J=10.0, 5.0 Hz), 3.68 (1H, dd, J=11.0, 5.5 Hz), 3.75 (1H, dd,
J=10.5, 5.0 Hz), 3.92 (1H, ddd, J=7.0, 5.0, 4.0 Hz), 4.05 (1H, dt, J=6.0, 5.0 Hz), 5.34 (1H, m), 5.66 (1H,
m), 5.89 (2ZH, m), 7.35-7.51 (5H, m).

(R)-MTPA ester of 55: 'H NMR (500 MHz, CDCl3) 8 1.02-1.08 (42H, bs), 1.98 (3H, s), 3.54 (3H, s),
3.55 (iH, dd, J=11.0, 5.0 Hz), 3.61 (iH, dd, J=10.5, 4.5 Hz), 3.65 (iH, dd, J=11.0, 5.0 Hz), 3.70 (iH, dd,
I=105. SOH2 2306 (1H dt J=65 SOHz2Y 402 (1H ddd J=60 50 Hz) 541 (IH m) SK4 {(1H m)
of AWTeud gy 2T "“"’I’ ot e ST \l‘.l, iy Wenl g oS e S Ll‘ulg Y o\ \lll, NALRAEy W Veldy a7 Lll_;,, ST A \lll, lll, JaArT \ lll, lll’,
5.97 (2H, m), 7.35-7.52 (SH, m).

(S)-MTPA ester of 56: 'H NMR (600 MHz, CDCl3) & 1.87 (3H, s), 3.43 (3H, s), 3.48 (1H, dd, J=11.0,

4.0 Hz), 3.50 (1H, dd, J=11.0, 4.0 Hz), 3.50 (1H, dd, J=11.0, 5.0 Hz), 3.54 (1H, dd, J=11.0, 5.0 Hz), 3.95
(1H, dt, J=7.0, 4.0 Hz), 4.06 (1H, ddd, J=8.0, 5.0, 3.5 Hz), 4.49 (IH, d, J=12.0 Hz), 4.54 (2H, s), 4.57

(IH, d, J=12.0 Hz), 5.42 (1H, ddt, J=7.0, 4.0, 1.0 Hz), 5.67 (1H, ddi, J=8.0, 4.2, 1.0 Hz), 5.75 (IH, ddd,
J=12.0, 5.0, 1.0 Hz), 5.77 (1H, ddd, J=12.0, 4.0, 1.0 Hz), 7.25-7.41 (13H, m), 7.45-7.4% (2H. m)

o =4 L7y STy 1.\ RRLJy T LELy UM, o 1 L.Jy, a\7y NS ORKREg, T T.5T1 \ 1700, XEL), a6 <4, m ij.

(R)-MTPA ester of 56: 'H NMR (600 MHz, CDCl3) § 1.91 (3H, s), 3.40 (1H, dd, J=10.0, 5.0 Hz), 3.42

{1H, dd. J=11.0, 4.0 Hz), 3.47 (1H, dd, J=11.0, 4.5 Hz), 3.51 (1H, dd, J=11.0, 5.0 Hz), 3.51 (3H, s), 3.98
(1H, ddd, J=8.0, 4.5, 4.0 Hz), 4.04 (1H, ddd, J=8.0, 5.0, 4.0 Hz), 4.46 (1H, d, J=12.0 Hz), 4.48 (IH, d,
J=12.0 Hz), 449 (1H, d, J=12.0 Hz), 4.57 (1H, d, J=12.0 Hz), 5.44 (1H, ddt, J=7.0, 4.5, 1.0 Hz), 5.68

(1H, ddt, J=8.0, 4.0, 1.0 Hz), 5.82 (1H, m), 5.84 (1H, m), 7.25-7.42 (13H, m), 7.47-7.55 (ZH, m).

nan (211 A4

J0U (o1 u,
Q
7.

(3H, d, J=
, J=14.4, 9.9,
(1H, td, J=9.6, 5.8
3.686 (1H, ddd, J=10.4, 9.6, 3.9 Hz), 3.760 (1H,

.8 Hz), 3.830 (1H, dd, J=11.6, 2.4 Hz), 4.929 (IH, td.

{
I 1 ¥ A
z), 3540 (1H, dd, J=11.5,

=14.2, 102Hz),l (1 H ddd J—14

°~..

/—103 75 23 Hz), 3812 (lH dd J—-ll4 59 HZ.) 3903 (lH dd J—ll6 75 H/_) 4057 (lH dd
J=11.6, 2.3 Hz), 4.908 (iH, dt, /=10.3, 2.8 Hz), 7.40-7.47 (5H, m).

—7 9 U
i.2 )

=14,
d, J...loo 55 Hz) 3.45 (lH dd,

7.
J—_
O H
BV §
t

(1L
ik 3
, 1.97- 203(1H )

(R)-MTPA ester of 68: 'H NMR (500 MHz, CDCl3) 8 1.069 (3H, d, J=7.0 Hz), 1.354 (3H, s), 1.439

/2T oy 1 &) 1(0{ I 17QR (1H AAd T1—=128 A0 1 8§ Hzy 1 QIR (H AAA =128 1N0H 5 H2)
1281, d), 1.071.07 (111, ul) L.700 (111, Uuu, v—1J.J, 7. U, 1.J 1L}, 1.0&L0 | t1ll, UUU, J==—1J., 1UV.U, U.t 114],

1.939 (1H, dt, J=14.0, 2.5 Hz), 1.97-2.03 (1H, m), 3.275 (1H, dd, J=10.5, 6.0 Hz), 3.341 (1H, dd, J=10.5,
3.0 Hz), 3.359 (1H, td, J=10.0, 5.5 Hz), 3.537 (3H, s), 3.545 (1H, t, J=10.0 Hz), 3.568 (1H, ddd, J=10.0.
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6.0, 3.0 Hz), 3.700 (iH, td, J=10.5, 4.0 Hz), 3.838 (1H, dd, J/=11.5, 5.5 Hz), 4.513 (2H, s), 4.974 (iH, td,
J=10.0, 3.0 Hz), 7.27-7.40 (8H, m), 7.46-7.52 (2H, m)

(S)-MTPA ester of 69: 'H NMR (600 MHz, CDCly) & 1.349 (3H, s), 1.384 (3H, s), 2.028 (3H, s), 2.141

(1H, dddd, J=12.1, 5.1, 4.9, 0.5 Hz), 2.472 (1H, dddd, J=11.7, 6.2, 5.0, 0.5 Hz), 2.960 (1H, ddd, J=12.1,
11.2, 10.8 Hz), 3.048 (1H, ddd, J=11.7, 10.8, 10.6 Hz), 3.236 (1H, ddd, J=6.4, 6.3, 4.2 Hz), 3.451 (1H,
ddd, J=7.6, 5.2, 3.5 Hz), 3.590 (3H, s), 3.684 (1H, dd, J=12.1, 6.4 Hz), 3.741 (1H, dd, J=11.5, 7.6 Hz),

3.800 (1H, dd, J=11.5, 5.2 Hz), 3.903 (1H, dd, J=12.1, 6.3 Hz), 4.044 (1H, ddd, J=11.2, 4.9, 4.2 Hz),
5.267 (1H, ddd, J=10.6, 6.2, 3.5 Hz), 5.573 (1H, tdd, J=108, 5.0, 0.5 Hz), 5.623 (1H, tdd, J=10.8. 5.1, 0.5

\Lixy WMy v =LAV s xEL) AERy CNBNBy VE=AWLUy Wy v../ P Y4y W \LERy WU, T IUVLU, iy,

Hz), 7.39-7.43 (3H, m), 7. 51 -1.55 (ZHY m).

(R)-MTPA ester of 69: |H NMR (600 MHz, CDCl5) & 1.348 (3H, s), 1.378 (3H, s), 2.051 (3H, s), 2.104

(IH, did, J=12.1, 4.8, 0.5 Hz), 2.389 (1H, dddd, /=114, 6.1, 5.2, 0.5 Hz), 2.889 (1H, ddd, J=114, 10.7,
10.6 Hz), 2.898 (1H, ddd, J=12.1, 11.3, 10.7 Hz), 3.255 (1H, ddd, J=6.3, 6.2, 4.2 Hz), 3.506 (1H, ddd,
J=7.1, 5.7, 3.4 Hz), 3.530 (3H, s), 3.710 (1H, dd, J=i2.1, 6.3 Hz), 3.930 (1H, dd, J=12.1, 6.2 Hz), 3.998
(1H, dd, J=11.4, 7.1 Hz), 4.023 (1H, dd, J=11.4, 5.7 Hz), 4.035 (1H, ddd, J=11.3, 4.8, 4.2 Hz), 5.256 (1H

7\
\VREEy M, R LT, 4 A RRL Jy WeWhed \AAky WUy v K ds llb, FUuJI 111, UUU, J ady TGO, T L1L )y D LU 111,

ddd, J=10.6, 6.1, 3.4 Hz), 5.564 (1H, tdd, J—-IO:Y, 5.2, 0.5 Hz), 5.608 (1H, tdd, J=10.7, 4.8, 0.5 Hz), 7.40-
7.45 (3H, m), 7.47-7.53 (2H, m).

(S)-MTPA ester of 71: 'H NMR (600 MHz, CDCl3) & 2.07 (3H, s), 2.46 (1H, br), 2.56 (1H, br), 2.79
(IH br), 3.52-3.57 (2H, m), 3.57 (3H, s), 3.63 (1H, ddd, J=9.4, 6.8, 2.1 Hz) 3.73 (1H, br), 3.76 (1H, ddd,

J=12.0, 6.8 Hz), 3.80 (3H, s), 3.90 (1H, dd, J/=12.0, 2.1 nZ), 4,30 (1H, dd, J=5.8, 2.4 uz), 5.ii (iH, br),
'{'R (TH ¢\ <’7'7(II-I Add I-ln?. KRR 78 H» (0{\ AAA I-—I(\’A Q27 SQOHZY ARR MH AA’RR)
La I \lll 1[ oo I o lll uuu A\I.J ., i .}lll.ll ot o FNT l u l\lJ IL,U\I IILI,U U A-l ‘aVay Uu{,
7.37 (2H, AA'BB’ ),74]746(3H,m),748752(

(R)-MTPA ester of 71: 'H NMR (600 MHz, CDCl3) § 2.09 (3H, s), 2.43 (2H, br), 2.70 (1H, br), 2.80

(1H. br), 3.54 (3H, s), 3.54-3.59 (2H, m), 3.64-3.68 (1H, m), 3.74 (1H, br), 3.78 (3H, s), 3.88 (1H, dd,
J=12.0, 7.1 Hz), 4.11 (1H, dd, J=12.0, 2.2 Hz), 4.33 (1H, dd, J=10.0, 4.0 Hz), 5.08 (1H, br), 537 (IH, s),
5.53 (iH, ddd, J=10.2, 9.0, 6.8 Hz), 5.84 (iH, id, J=10.2, 7.2 Hz), 6.87 (ZH, AA’BB’), 7.37 (ZH,
AA’BB’), 7.41-7.44 (3H, m), 7.49-7.52 (2H, m).
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