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sis strategy relies on a regioselective macrolactonization, a stereoselective Wittig coupling of the two major syn-
thetic fragments, a complex anri aldol reaction to join the C;-Cy5 and Cj6-Cpg spiroketal regions, and an
anomeric suifone acylation to join the C9-C37 and C38-C43 pyran regions. The incorporation of the C44-Cs;
sidechain in the final stages of the synthesis establishes a viable route for the construction of variants in this phar-
macologically important region. Methodological developments en route to the total synthesis include a 1,5 anti-
selective methyl ketone aldol reaction and a diastercosclective approach to Lewis acid mediated B-C-glycosida-
tion. Completion of the synthesis has confirmed the stereochermnical assignments proposed in the altohyrtin series
and has established the identity of the altohyrtin and spongistatin marine macrolides. © 1999 Elsevier Science Ltd,

All rights reserved.
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Introduction

Since the initial reports of their isolation from marine sponges in 1993, the spongipyran macrolides have
generated considerable interest in the fields of synthetic organic chemistry! and chemical biolo gy.2 Spongis-

ed considerable interest in the fields of synthetic o chemistry' and chemi calb Spongis
tatin 1 (isolated from Spongia),32 altohyrtin A (from Hyrtios altum),*2 and cinachyrolide A (from (_Ti_ inachyra)’
were independently characterized by the Pettit, Kitagawa, and Fusetani groups and shown to comprise some of
the most potent antitumor substances known. Against a National Cancer Institute panel of 60 highly chemore-
sistant tumor cell lines, spongistatin 1 exhibited ICsq values in the range of 0.03 nM; similar antitumor activi-
ties were noted for altohyrtin A and cinachyrolide A. Continued efforts by the Pettit and Kitagawa groups
have isolated additional spongistatins (2-9)3b-¢ and altohyrtins (B, C, and 5-desacetylaltohyrtin A),4b all of
which demonstrate potent in vitro antitumor activity. Preliminary biological investigations have demonstrated
that the spongistatins inhibit tubulin polymerization by binding at a site distinct from those occupied by other
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Structure Elucidation. The spongipyrans have been obtained from nature in minute quantities (the
largest isolation yet reported yielded 14 mg of spongistatin 1 from 200 kg of Spongia).,® and the scarcity of
these natural products has prevented the unambiguous elucidation of their structures. Inspection of Figure 1
reveals that the structures proposed for the altohyrtins and spongistatins possess identical carbon connectivi-
ties and oxygenation patterns but differ with regard to internal stereochemical relationships.” Because the ini-
tial structurai assignments of the natural products were based on NMR investigations, rigorous correiations of
relative stereochemical assignments between subunits could not be obtained. The resulting uncertainty, in

conjunction with the similar biological activities of the three families of molecules, raised the possibility that

and cinachvrolides mn‘rht all share an identical stereostructure
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al isolation reports, K_Qbavashl and Kitagawa have presented a convincing case for
the altohyrtln structural amgnment shown in Figure 1. A detailed Mosher ester analysis led to a complete ab-
solute stereochemical proposal for the altohyrtins. This analysis was consistent with a circular dichroism exci-
ton chirality assignment of the C47 sidechain stereocenter.82.0 Most recently, a restrained molecular dynamics
study incorporating NMR data has corroborated the stereochemical assignment of the Cy4-C;¢ propionate re-
gion.8¢

Synthesis Plan. The extensive structural assignment work of Kobayashi and Kitagawa dictated the
choice of the altohyrtins as primary targets for total synthesis. The synthesis strategy was guided by three im-
peratives: (1) the need for a convergent approach which could be readily aitered to provide antipodes of stere-
ochemically controversial subunits; (2) the desirability of an efficient route which might easily access natural
product analogs with potential relevance to biological studies; and (3) an emphasis on development of new re-

antinn mathadalaocg ta achinva thaca nhiacstivac
AGLIVLI 11K uIWUlUEy LU AVl YL LU UL AL YLD,
The retraogunthecic initiallv focnged on the C..-Ce; sidechain as g potentiallv important contributor to
1NC refrosyntnesis mnitally iocuseg on ne Lg4-L5p siaechnain as a poienuanly portant contriputor to
pharmacological activity. In both the spongistatin and altohyrtin families, the zdcntltv of the substituent at Csp

(Cl, H, or Br) appeared to significantly influence the observed ICsy values.? We therefore planned to add a
sidechain allyl nucleophile to an advanced F-ring epoxide intermediate (Scheme 1, transform Ty or Ta,) which
could be derived from the corresponding dihydropyran (transform T or T3g). Successful implementation of
this late stage sidechain addition would allow incorporation of a variety of Cy4-Cs; sidechains, natural or de-
signed, into a common, fully elaborated intermediate.
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The incorporation of the sidechain was intimately tied to our strategy for macrocyclization to form the 32-
membered spongipyran lactone (Scheme 1, transform Ty or Ty,). Macrolactonization involving the Cy4y hy-
droxyl and the C; carboxylate was clearly indicated, but the congested environment at C4; caused some con-
cern. We believed that a Cy,-protected seco acid precursor would be severely hindered and therefore difficult
to cyclize (transform Ty,, R = protecting group).i® Any lactonization attempted with the C4, hydroxyl in
place was therefore predicated on a regioselective Cq;, Cyp diol macrolactonization (transform Tj,, R = H).
An alternative approach involved macrolactonization before incorporation of the C4 hydroxyl. This straiegy
focused on the cychzatmn of a dihydropyran hydroxy acid (transform T3) followed by epoxidation (transform
addition (transform Tj).

imon to the two strategies was hydroxy acid A, which contains a complex array of six pyran ring

s (A,
B, C, D, E and F) containing 21 stereogenic centers. Four of the pyran subunits participate in [5.5]
dioxaspiroundecane spiroketal systems. To manage the synthesis of this complex target, a convergent
synthesis plan was developed (Scheme 2). Our analysis provides for three strategic disconnections to yield
four principal fragments. These fragments will be joined in three successive operations: (1) a stereoselective
aldol reaction to join the AB and CD spiroketal systems; (2) formation of the EF bicycle by the addition of an
E-ring anomeric sulfone anion to an F-ring carbonyl electrophile; and (3) union of these two complex frag-

ments (ABCD + EF) by a Wittig coupling of a Cyg unstabilized phosphonium ylide with a Cyg aldehyde.
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Resuits and Discussion

Synthesis of the AB Spiroketal. The C;-C,s fragment contains six stereogenic centers arrayed on a [5.5]
spiroketal framework. Because the configuration of the anomeric carbon (C7) of this system corresponds to
the thermodynamically favored diaxial arrangement,!! acid-catalyzed spirocyclization of a dihydroxy ketone
precursor under equilibrating conditions should generate the desired spiroketal (Scheme 3). The acy ¢ pre-
cursor can be retrosynthetically bisected at the C7-Cyg bond by a methyl ketone acy ea
tion to provide two segments of comparable complexity.
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Synthesis of C;-C; fra 1t 6 (Scheme 4) began from (S) alcohol 1,12 prepared from TBS-protected
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glutanc anhydndc.” Successxve trityl protection and DIBAIH reduction afforded aldehyde 2 (81%) along
with recovered (S)-2-naphthylethanol. Wittig homologation!* and silyl deprotection afforded 4, which was
subjected to base-induced internal heteroconjugate addition through the derived benzaldehyde hemiacetal to



afford the 1,3-syn acetal 5 (83%, dr >95:5).15 DIBAIH reduction provided aldehyde 6 in 56% overall yield for
the six-step sequence.
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{a) TrCi, EiyN, CH,Ciy (b) DIBAIH, toiuene, -78 °C; (¢) Ph #=CHCO;N(OMejMe, CH,Ciy; (d) TBAF, THF; (e) KOr-Bu, PACHO, 0 °C; (f) DIBAIH,
CH2Cla, -78 °C.

The synthesis of the Cg-Cy5 fragment was initiated by alkylation of the (Z)-titanium enolate of the N-pro-
pionyloxazolidinone 7 with benzyloxymethylchloride to provide the known crystalline adduct 8 in 99% yield
and >99:1 diastereoselection (Scheme 5).16 Attempted methanolysis of the oxazolidinone chiral auxiliary in 8
using either stoichiometric or catalytic amounts of K;CO3 (MeOH, 0 °C) led to mixtures (2:1) of the desired
ester 9 and amide byproduct 9a resulting from endocyclic cleavage of the oxazolidinone ring. We subse-
quently found that the use of catalytic Sm(OTf); in dry MeOH provided the desired methyl ester 9 in high
yield. Recovery of the oxazolidinone auxiliary in this reaction is nearly quantitative (Scheme 5).
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(a) i. TiCl4, CH2Cly, 0 °C; ii. Ei3N; iii. PhCHOCHCL; (b) MeOH, K2CO3, U °C; (c) Sm(OTf)3 (10 mol%), McOH.
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(a) i. TMSCH,MgCl, CeCl;3, THF, -78— 25 °C; ii. silica gel, CH,Cl,, 25 °C; (b) i. 10, SnCl, (1.1 equiv), CH,Cl,, -78 °C;
ii. 11, CH,Cly; (¢) p-NO,CgH4CO,H, PPh,, di-t-butyl azodicarboxylate, toluene/THF, 0 °C; (d) K,CO3, MeOH; (e) PPTS,
acetone, reflux; (f) TESOTHT, 2,6-lutidine, CH,Cl,, -78 °C.
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The opt1mal condmon for h allylsﬂane addmon to aldehyde 1118 involved pre- treatment of 10 1th SnCl4
followed by addition of 11. This protocol provided 12 in 98% yield (dr = 94:6); the observed stereoselectivity
suggests a closed transition state involving an internally chelated allylstannane (eq. 1).1? Mitsunobu inversion
of the C;; alcohol20 (79%) and subsequent methanolysis (99%) provided 13 possessing the desired absolute
stereochemical relationships at both C;; and Cy4. Successive ketal hydrolysis and silyl protection afforded the
Cg-Cy5 methyl ketone fragment 14 in 53% overall yield for the seven-step sequence.
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Union of the C;-C7 and Cg-C;5 fragments was initiated by enolization of methyl ketone 14 with dibutyl-
boron triflate and i-Pr,NEt2! followed by addition of aldehyde 6 to provide aldol adduct 15 (79%) as an incon-



sequential 1:1 mixture of C; diastereomers (Scheme 7). Oxidation of this mixture with chromium triox-
ide/pyridine/Celite?? gave B-diketone 16 in 77% yield along with 12% recovered 15. Multiple deprotection
and spiroketalization of this substrate was achieved by treatment with HF/H,O/CH;CN. As anticipated, the
only spiroketal diastereomer obtained (75%) from this transformation was the thermodynamically favored
anomer 17.23

After silylation of the C; terminus, construction of the requisite Cq tertiary carbinol stereocenter was
achieved by treatment of 18 with methyllithium and cerium trichloride in THF to provide axial alcohol 19
(88% 95:5).24 Silyl protectxon was followed by deben,:ylduon (LDBB)25 to afford the primary ulcohol 20
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() i. Bu,BOTY, i-Pr;NEt, CHyCly, -78 °C; ii. 6, -8 °C; (b) CrO,, pyridine, Celite, CH,Cly; (c) HFACH; CN/H,0; (d) TBSCI, imidazole, CH,Cly;
(e) MeLi, CeCl,, THF, -78 °C;, (f) TESOTH, 2,6-lutidine, CH,Ch, -78 °C; (g) LDBB, THF, -78 °C; () Dess-Martin periodinane, pyridine, CH ,Cl,.
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The configuration of the anomeric center (Co3) corresponds to a putatively disfavored axial-equatorial ar-
rangement. In the absence of additional stabilizing interactions, the preferred 1,7-dioxaspirane conformation
disposes each ring oxygen axial to its adjoining ring (Scheme 9). This "axial-axial" conformational bias is
reinforced by the complementary equatorially disposed methylene substituents affording a significant bias
(~2.4 kcal/mol) for the illustrated "axial-axial" conformer.!! In the natural product, the CD spiroketal Cp3
configuration must be stabilized by additional factors which override the thermodynamic preference for the
bis-axial configuration. Intramolecular hydrogen bonding can be an important influence in the stability of
various spiroketal systems This is pamcularly evident in systems comdmmg a hydroxyl group and a spiro C-
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The synthesis of the acyclic precursor was initiated by the regioselective opening of (R)-trityl glycidol??
(22) with divinylcuprate (Scheme 10). Carbinol 23 was conveniently homologated to o, unsaturated amide
24 in a one-pot process involving ozonolysis of the alkene, reduction of the ozonide, and in situ Wittig
olefination of the unpurified aldehyde with the requisite stabilized ylide reagent.i4 Base catalyzed
iniramolecular heteroconjugate addition (vide supra) of benzaldehyde hemiacetal alkoxide provided the

si

protected 1,3 syn diol 25 as a single stereoisomer.28 Organolithium addition afforded the desired methyl
katone fraoment 26 (Co- (7 n 43
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With methy! ketone 26 in hand, we were poised to investigate the critical double stereodifferentiating2?
aldol coupling with aldehyde ($)-2712 (Scheme 11). Control of the newly generated stereogenic center at Cy;
in the aldol addition reaction may be influenced, in principle, by remote stereocenters on both the aldehyde
and enolate components. Our efforts to achieve this coupling have resulted in the discovery of a stereoselec-
tive aldol variant in which induction is controlled entirely by enolate stereochemistry. Addition of the
dibutylboron enolate?! of methyl ketone 26 to aldehyde (§)-27 provides the 1,5 anti adduct 28, which corre-
sponcls to the desired CD spiroketal stereoarray (eq 2). The controlling element in this reaction is the enolate
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aldehyde (S)-27 at -110 °C proceeded with high diastereoselectivity (dr = 96:4). Methylation32 of aldo! adduct
28 afforded spirocyclization substrate 30. Subsequent removal of the oxygen protecting groups positioned at
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32 (ratio 6:1) were isolated in 70% yield. A byproduct which incorporated a second methyl ether at C,5 was
also identified (18%).3* Diagnostic NOE experiments provided unequivocal stereochemical assignments for
both spiroketal diastereomers.33 The major isomer 31 possesses the undesired bis(axial) spirane ring fusion
(CD4, Scheme 9),

Formation of the desired axial-equatorial spiroketal 32 was accomplished by equilibration of the diaxial
spiroketal 31 using either protic or Lewis acid catalysis. (eq. 6, Table 1).264.36 Equilibration of spiroisomer 31
with various Lewis acids led to preferential formation of the desired equatorial-axial spiroisomer 32.

Presumably, the C;s-hydroxyl assists in these equilibrations37 by participating in an internal chelate with

the metal cation and the Cy7-anomeric oxygen (structure B). Given that spiroketals 31 and 32 were prone to
decomposition under these Lewis acidic conditions, magnesium trifluoroacetate offered the best compromise
for maximizing both mass recovery (ca. 80%) and selectivity (2.6:1) for this equilibration.
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(a) Bu,BOTY, i-Pr,NEL, B0, -110 °C, then (5)-27; (b) Me;0BF,, 2,6-di-t-hutyl-4-methylpyridine; (c) CSA, MeOH/CH,Cl,.
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ﬂ‘—o” Table 1. CD spiroketal equilibration (eq. 6)
He\zﬂ7_ H OH 9 J:’ (6)  Conditions Ratio (32 : 31)
~0 7 CSA, MeOH/CH,Cly, 24 h 1:6
2
MedS MeO CSA, CHyClp, 22°C, 3 h 101
Equatorial-Axial Isomer 32 ‘;' Axial-Axial Isomer 31 on . ~rr v Aano 1 a1
£Znpry, Uiy, 22°C, 11 23:1

Me Mg(Q;CCFy), CH,Chy, : 28:
Mg‘-owo)\mp ZnCl3 CH2Ch, 22°C, 3 h 43:1

Transformation of 32 to the CD-spiroketal ethyl ketone 35 (Scheme 12) was achieved by selective protec-
tion of the C,g hydroxyl of 32 as its derived trityl ether, TBS-silylation at C,s, and transformation of the C;;
ester functionality to an ethyl ketone through the corresponding Weinreb amide 34.38 It is noteworthy that at-
tempted transamidation of ester 33 under Lewis acidic conditions (MeONHMe*HCl, AlMe;)39 afforded none
of the desired amide and led to appreciable epimerization of the spiroketal stereocenter to the unnatural diaxial
configuration.

Scheme 12
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(a) TrCl, pyridine, 60 °C; (b) TBSOTT, 2,6-lutidine; (c) MeO(Me)NH-HCI, EtMgBr, THF, -10 °C; (d) EtMgBr, THF, 0 °C.

AB-CD Fragment Coupling. By employing an aldol addition of CD spiroketal ethyl ketone 35 to AB
spiroketal aldehyde 21, we planned to establish the stereocenters at C;5 and Cj¢ concomitant with the coupling
of these two fragments. Ample precedent exists for establishment of the 1,2-anti relationship between C)5 and
Cy¢ through the use of (E) boron enolates;*0 however, control of the incipient Cys hydroxyl configuration was



a concern. Because each reacting partner in this proposed aldol reaction has resident stereocenters which can
potentially influence the stereochemical outcome of the reaction, the stereochemical preferences of each
fragment were separately investigated.

The relevant experiments are shown in equations 7 and 8. AB model aldehyde 36 underwent stercoselec-
tive aldol reactions with the boron and lithinm enolates of 3-pentanone (eq. 7).41 The reaction of the (E)-
boron enoiate prepared from dicyciohexyichioroborane and 3-pentanone with aidehyde 36 exhibited excelient
selectivity for the desired anti aldol, Felkin addition product 37. The (E)-lithium enolate derived from 3-pen-
tanone and LiTMP/LiBr was somewhat less selective. In these experiments, it was essential to precisely con-
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In contrast, an investigation of the intrinsic diastereofacial bias of the (E) boron enolate derived from 35
indicated that remote chirality on 35 would play a subordinate role in the stereochemical outcome of the pro-
posed aldol union (eq. 8). Stereoselective formation of the (E)-boron enolate of 35 using Brown's pr\,\,edt...,“2
and subsequent aldol coupling with isobutyraldehyde gave an msenarable mixture of the two aldol products 38

(ratio 2:1). The products are presumably the two possible anti-aldol isomers. The absence of smmﬁcant lev-
els of 1,4 asymmetric induction arising from the C;9 stereocenter implies that the (E)-boron enolate of ketone
35 would have a negligible facial bias in the projected double stereodifferentiating aldol fragment coupling.
Based on these results, the critical C;s-Cy¢ bond construction was achieved by selective formation of the
(E)-boron enolate of 35 using (c-Hex);BCl and triethylamine in pentane (Scheme 13). Addition of the unpu-
rified aldehyde 21 to the enolate solution at -78 °C provided a mixture of aldol diastereomers (dr 90:10) favor-
ing the desired stereoisomer in 70% overall yield. The desired isomer 39 could be obtained in 64% isolated
yicld over two steps (oxidation and aldol).
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(a) (c-Hex),BCl, Et3N, pentane, 0 °C, 90 min, then -78 °C, add 21, (b) HF=pyridine, THF, 0 °C; (¢) MeOAc,0, i-Pr,EtN, CH,Cly;
(d) Ac,O, DMAP, pyridine, 22 °C; (e) Me,AICH, CH,Cl,, -78 “C; (f) Dess-Martin periodinane, CH,Cl,.
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At this point, incorporation of the Cs and C5 acetate residues present in the altohyrtin structure was ad-
dressed. Selective desilylation of 39 at C; and Cs using buffered HF*pyridine provided triol 40 (78%).43 Se-
lective monoacetylation at the C;-hydroxyl using methoxyacetic anhydride was followed by bis(acylation) at
Cs and C;5 with acetic anhydride to afford 41 (89%). The selection of the methoxyacetyl residue for interim
protection of the C; terminus was made after difficulties were encountered in the selective hydrolysis of the



corresponding C; acetate. Optimal conditions (Et3N, MeOH/H,0)** promoted the slow (> 72 h) removal of
the C; acetate. However, during this extended reaction time, deacetylation at C; was accompanied by -
elimination of the C;s acetate to give substantial amounts of the corresponding o, unsaturated ketone.

T Table 2. Evaluation of trityl deprotection conditions
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Refunctionalization of the Cpg terminus in preparation for Wittig coupling was then undertaken. Removal
of the Cyg trityl ether proved to be a challenging transformation due to the lability of the equatorial-axial
spiroketal center, which precluded the use of protic acids. This deprotection was modelled with the CD
spiroketal ethyl ketone 35 (eq. 9, Table 2). Transfer hydrogenolysis of the trityl ether (entry 1)45 proceeded
slowly, and considerable unreacted starting material remained after 36 hours. Application of these conditions
to the fully elaborated ABCD bis-spiroketal system resulted in competing saturation of the C;3 disubstituted
olefin. A rangc of Lewis acids#6:47 (entries 2 and 3) promoted trityl deprotection; however, in nearly ali cases,

isomerization of the spiroketal system to the bis(axial) configuration was observed. Dimethylaluminum chlo-
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the removal of the organoaluminum salts prior to concentration of the crude product residue. If this procedure

i
was not performed correctly, quantitative isomerization of the product was observed (entries 4 and 5). Pre-
sumably, the intermediate organoaluminum species can internally activate the spiroketal system toward iso-
merization via an oxocarbenium ion intermediate (eq. 10).

This deprotection reaction was applied to the bis spiroketal system 41 with complete fidelity to the model
experiments (Scheme 13). The C,g-hydroxyl compound could be isolated in good yield under these condi-
tions. Oxidation with Dess-Martin periodinane provided aldehyde 42, a critical substrate for the Wittig frag-
ment coupling (vide infra).

Synthesis of the E-Ring Sulfone. Synthesis of the Cy9-C37 E-ring fragment was initiated from the enan-
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nomcrlcally purec boron aidoi adduct 45:4 (bcneme 14) Protection of the L.33 nyaroxy group ana arruae re-
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(@) TESOTS, 2,6-lutidine; (b) DIBAIH, -78 °C; (c) 47, BE3*E$,0, CHyCly, -78°C; (4
MeOH: (B imidazole, DMF; (g} 9-BBN, then H,0,; (h) TMSSPh, Zal; (i) ! mCPBA, NaHCO,

. Bu,NI, (j) mCPBA, N2HCO,,
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substituted terminal olefin.>2 Given careful monitoring of the reaction, the aldehyde was obtained in 93%
yield with minimal overreduction. Acid-catalyzed deprotection-acetalization followed by silyl protection of
the remaining secondary alcohol afforded the E-ring methyl ketal 49 (81%, 3 steps). Hydroboration (9-BBN)
then provided alcohol 50 (85%). Preparation of the E-ring phenylsulfone 51 was completed by successive
anomeric sulfide formation (TMSSPh, Znl;),5? Cy9 alcohol benzylation (NaH, BnBr, BuyNI, 90% from 50),

and sulfide oxidation (mCPBA, NaHCOQ3, 97%).
Synthesis of the F-Ring Dihydropyran. Our previously reported synthﬁslsla of the C33-Cy3 F-ring frag-
ent utilized a Cu(il)-catalyzed enaniioseiective acetate aidol reaction4 ror the construction of synthon 53
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ries36 suggested an improved route to this fragment (Figure 2). Adduct 56 conta
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ray and incorporates a C3g ester, potentially avoiding the oxidation state adlustment employed in the previous
route from 55.
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In analog" to our previous F-ring synthesis, adduct 56 was TES-protected and reduced (Pd/C, Et3SiH) to
provide aldehyde 58 (Scheme 15). The use of Fukuyama conditions was demonstrated for the first time with
phenyl thme ers and allowed the selective reduction of the thioester in the presence of the ethyl ester. A di-

astercoselcctwe Mukaiyama aldol reaction (47, BF3°OEt;) provided the desired Cy4; stereoisomer in 71% iso-
lated yield, and a second Fukuyama reduction selectively converted ethyl thioester 59 to the corresponding B-
hydroxy aldehyde. Treatment of this aldehyde with CSA in MeOH effected deprotection and internal ketal-
ization as well as a fortuitous transesterification of the Csg ethyl ester to the corresponding methyl ester 60. At
this stage, a modified elimination sequence was employed in order to accommodate the epimerization-prone
Cjg stereocenter. Transformation to anomeric sulfide 61,53 oxidation, and sulfoxide thermolysis37 provided F-
ring dihydropyran methyl ester 62.
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(a) TESCI, imidazole; (b) Pd/C, EtaSiH, acetone; (¢c) BF3+OEt», toluene, -93 °C; (d) CSA, MeOH/CHACl; (1:1);

(e) TESCI, imidazole: (f) TMSSPh, anq, 1,2-dichloroethane; (g) mCPBA, EtOAc, 0 °C, (h) benzene, 80 °C.

EF Bicycle Assemblage. Initial model studies indicated that addition of lithiated E-ring sulfone 63 to
aldehydes resulted in elimination to an E-ring dihydropyran which could not be efficiently rehydrated (eq.



11).38 In contrast, addition to simple acid chlorides was highly efficient and provided the intact sulfone cou-
pling product without concomitant elimination (eq. 11).
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The preparation of F-ring acid chloride 64a was achieved via methy! ester cleavage (TMSOK, THF)%®
and treatment with the Ghosez reagent (Scheme 16).%0 This
method for acid chioride formation was unique in its
tolerance of the highly acid-sensitive dihydropyran
intermediate. Additional acyl derivatives of the F-ring di-
hydropyran were prepared from 64a by treatment with

np?rnpnmp alechols, thiole, or amineg Ithpmn lﬂ\

I aiin

Acyl chioride 64a was anticipated to be the most
reactive F-ring derivative. As this intermediate could not
be purified, an unpurified solution of 64a in CH;Cl; was

Scheme 16

0 SPh
added directly to the sulfone anion (in THF) at -78 °C.6! ,ﬁ’ga )
This procedure, under various conditions of stoichiometry, o~ ~ Me 9’:\ A
led to irreproducible results and low yields (ca. 30%). S\ Ngres A res S Nores
Following the precedent of Beau,58 we next examined the 64c 64d 64e

o . (a) TMSOK, THF, then pH 5.5 buffer; (b) I-chloro-2,N,N-trimethyl
pure and stable acyl derivatives 64b and 64c¢. In reactions of -propenylamine; (¢ \]::"f(’)H BN, ;{h,f Ap: CS;Clg,, (d’n’?}s:‘i
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these partners with the llthldted' E-ning sulfone, both the' CH,Cly, (f) benzotriazole, pyridine, DMAP, CH,Cly.
sulfone and the ester or thioester were recovered

unchanged. Two observations led us to conclude that these esters had been enolized by the sulfone anion: (1)
the addition of either 64b o Ifone solution; (2)

4c decolorized the characteristically bright yellow lithiate d

su
pyl ester 64b we were able to isolate a small amount of t
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in the attemoted r*nnpli

1T Quivaiipvve Vo

(4]

epimer. Tt is likely that the thermodynamic acidity of the Cag proton is greatly enhanced by t
withdrawing effect of the enol ether function. Moreover, the relatively flat structure of the dihydropyran may
increase the kinetic acidity of the sterically accessible Czqy proton.

These experiments prompted us to investigate substituted amides as coupling partners for which enoliza-
tion is precluded by allylic strain. While the pyridylamide 64d was inert under the reaction conditions, the
benzotriazole amide 64e proved more reactive. Treatment of the sulfone anion with 64e afforded the desired
ketone in approximately 80% yield as a 60:40 mixture of sulfone anomers using a 20% excess of the anion.2
Implementation of this acylation strategy (Scheme 17) provided the EF bicycle in 55% yield from 62 (4 steps).
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(a) LDA, THF, -78 °C, then 64e; (b) i. Znly, MeOH; ii. MgBr2Et20, MeOH; (c) KBHEw, THF, -78 — 40 °C; (d) TESCI, imidazole, DMF.
Methanolysis of 65 provided ketone 66 in 48% isolated yield.63 Of the hydride reducing agents surveyed,

KBHELt; proved most effective in securing the desired alcohol stereochemistry at Csg (90%; dr >95:5). The
observed stereoselectivity is presumably a consequence of Felkin induction from the Csg stereocenter. At this
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juncture, single crystal X-ray analysis of alcohol 67 OB " _oBn a _-OBn
confirmed the structure of this advanced in- omn &% . :_ _oBn
. . . . o]
termediate.64 Silylation of the hindered secondary L:\/r — L/T )\ L (12)
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epoxide opening to give P-C-glycoside 70 (Table 3, Jf r /\/S,,BUS " ,[/
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to investigate alternative conditions. Allylstannanes HO
(Table 2, entries 4-6) were subsequently identified as Diastereeselscion »85:5 Tl Pramses
viable mmlennhlleq in Lewis acid mediated additions

0 69; tributyltin triflate proved the optimal Lewis acid with regard to both stereoselectivity and yield (Table 3,
entr_y 6). This addition sequence was applicable in the analogous F-ring system (eq. 13).68
Synthesis of a fully functionalized sidechain allylstannane began with the known (285, 3E)-hexa-3,5-diene-
1,2-diol (72)%? (Scheme 18). A three-step sequence provided mono-silylated ether 73 in 90% overall yield
without intervening purifications. While the corresponding tosylate and iodide were not reactive toward nu-
cleophilic substitution, conversion of 73 to its unstable triflate derivative followed by immediate treatment
with the lithium enolate of methyl-B-dimethylaminopropionate’® provided 74 in 80% yield. Quaternization
and elimination of the dimethylamino group were accomplished in a single reaction (Mel, NayCOj3, 94%).71
Ester reduction (DIBAIH, 95%) gave the correspondmg allyhc alcohol In situ mesylation and displacement
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(a) AcCl, 26 lutidine, CH,Cl, -78 °C; (b) TESCI, imidazole, CH2C12 (c) DIBAIH, toluene, -78 °C; (d) Tf20 pyrldme, CHZC_lZ, -10 °C;
() methyi-B-dimeihyiaminopropionate, LDA, THF, -78 °C; (f) Mel, Na,CO,, MeOH:; (g) DiBAiH, CH,Cl,, -78 °C; (h) BuLi, MsCi, THF,
-78 °C, then Bu3SnLi; (i) NaOH, EtOH; (j) N, O-bis(trimethylsilyl)acetamide.

This final protecting group adjustment (76a—76¢) represented a crucial transformation, as the efficiency
of the sidechain addition was highly dependent on the identity of the allylstannane’s hydroxyl protecting group
(eq. 14, Table 4). All variations provided high B:o selectivities, but the isolated yields differed significantly.
More sterically demanding alcohol protecting groups generally afforded lower yields (entries 1-3),73 while the
electronically deactivating acetate protecting group also gave poor results (entry 4). This steric effect was
somewhat surprising given the apparently remote nature of the C47 hydroxyl and the unhindered environment



around the Cy43 center observed in the dihydropyran crystal structure. Use of higher concentrations of allyl-
stannane improved the reaction efficiency (entry S vs. entry 3), supporting the interpretation that the rate of
stannane addition must compete with the rate of nonproductive decomposition of the epoxide. Since the
unreacted allylstannanes could be quantitatively recovered after flash chromatography, the use of multiple
equivalents of stannane was regularly employed; the optimal protocol entailed treatment of the epoxide with

tributyitin trifiate and 16 equivalents of TMS-protected allylstannane 76¢.74

R ® O8N Table 4. Allyistannane structure vs. reaction efficiency
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Application of this methodology in more complex systems was highly successfui (Scheme 19). Epoxida-
tion of bicycle 68 with dimethyldioxirane proceedcd quantltatlvely (dr >95: 5) Treatmcnt f the epoxide with
allyletoanmana "1‘.\ nnr] trilntuvlcetannyl teifla ad 1 Adiactara_
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omer. The excess allylstannane from this experiment was recovered qu raphy.

At this juncture, acidic conditions wer protection of th EF-bis(pyran) 79. Prior ex-

perience had revealed that E-ring A-Cze d1hydropyran formatlon was to be avmded since rehydration of this
intermediate was problematic. Under the optimal conditions, treatment of 79 with aqueous HF resulted in re-
moval of all four silyl protecting groups as well as hydrolysis of the C37 methyl ether to provide lactol 79a.
This experiment allayed concerns that the unwanted elimination to the dihydropyran would complicate the
projected final deprotection sequence leading to the target structure.

Wittig Fragment Coupling and Elaboration. In accord with our plan to delay sidechain introduction to
the latest possible stage, EF-bis(pyran) benzyl ether 68 was further elaborated to phosphonium salt 81

(Scheme 20). This key Wittig coupling partner was prepared via successive debenzylation (LDBB, 96%), me-

sylation (MsCl, Et3N, 99%), sodium iodide substitution (Nal, acetone, 94%), and displacement by triph-
enylphosphine (PPh3, MeCN, 94%).
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(a) LDBB, THF, -78 °C; (b) MsCl, E3N, CHaCly; (¢) Nal, NaHCO3, Na2SO3, acetone; (d) PPh, CHLCN.

Deprotonation of 81 (1.26 equiv) with LIHMDS followed by addition of ABCD aldehyde 42 provided the
desired Wittig product 82 in 64% yield (>95:5 Z:E).75 Selective removal of the methoxyacetate C; protecting
group was accomplished using NH3/MeOH in 82% yield. While hydrolysis of the secondary acetates at Cs



and C;s was not observed, a minor byproduct resulting from B-elimination of the C;5 ester was isolated (vide
supra). The primary alcohol was oxidized to the aldehyde 83 using Dess-Martin periodinane (92% yield).
The two remaining major transformations, macrolactonization and sidechain addition, could, in principle,
be carried out in either order. We first examined macrolactonization of the dihydropyran hydroxy acid 83a,
which was synthesized via modified Krause oxidation’® of 83 and selective deprotection of the allylic C4; TES
cther (HFspyridine, pyridine, THF, 0 °C). As anticipated, this sterically unencumbered hydroxy acid readily

(a) LIHMDS, THF, -78 °C, then 42, -78 = -20 °C;
(b) NH3, MeOH; (¢) Dess-Martin periodinane,
pyridine, CH,Cl,; (d) NaClO,, 2-methyl-2-butene,
ethyi-i-propenyi ether, -BuOH, pH 5.5; (¢)
HFepyridine, pyridine, THF, 0 °C; ()
2,4,6-trichiorobenzoyi chioride, i-Pr,NEt, benzene,
then DMAP, benzene, room temp.

83a

ence of two additional olefins (Cyg-Cy9 and Cy3). While 1,1 disubstituted olefins are less reactive toward
dioxiranes, cis olefins are known to react readily with dimethyldioxirane.”8 Overoxidation at the Cog-Cog
olefin was thus identified as a potential problem. To examine this epoxidation, small scale experiments were
designed in order to preserve this precious synthetic intermediate. Typically, 0.005 mg of macrolactone 84
were dissolved in 100 ul. CH,Cl; (0 °C). Approximately 20 equiv of a dilute solution of DMDQ in ace-
tone/CH»Cl, (100 pL) were added, and the reaction was stirred at 0 °C. Reaction monitoring was achieved by
removal of 1% aliquots from the reaction and subsequent electrospray ms analysis.” The results (Figure 3)

Epoxidation of this advanced dihydropyran intermediate was expected to be challenging due to the pres-
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Figure 3. Chemoselective epoxidation of macrocyclic dihydropyran 84 time (min)
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indicate that epoxidation occurred with almost complete chemoselectivity for the dihydropyran olefin despite
the fact that the rate of epoxidation was significantly reduced relative to simpler systems.30

Preliminary attempts at sidechain addition to epoxide 85 (16 equiv 76¢, Bu3SnOTf, CH,Cl,) resulted in a
complex mixture of compounds, none of which incorporated the Cy4-Cs; sidechain by ms or NMR. Rather
than pursue this disappointing result, we focused our attention on the alternative route involving addition of
the sidechain prior to macrocyclization (Scheme 22). The C; oxidation sequence (vide supra) was again em-
ployed and followed by sﬂylatlon of the rcsultant acid lo give ester 86 (72% y1€ld 2 steps from 83) Epoxxda-

sultin

w
o @
g
e

\
adduct 87 in 80-94% isolated yield as a single diastereomer. The exces as recovere
quantitative yield after column chromatography.

At this stage, the crucial regioslective diol macrolactonization (vide supra) was investigated. As a pre-
lude to macrocycle formation, selective deprotection of ester 87 was implemented. Treatment of this inter-
mediate with buffered HFspyridine (THF, 0 °C), resulted in removal of the triisopropylsilyl (TIPS) ester, the
C47 TMS ether, and the C4; TES ether while retaining the silyl protecting groups at Cg, Cs5, C35, and Csg
(Scheme 22). Subjection of acid triol 88 to Yamaguchi macrolactonization conditions (2,4,6-trichlorobenzoyl
chloride, i-ProNEt, DMAP) provided a product tentatively identified as the desired macrocycle bearing a
trichlorobenzoyi group at the C47 oxygen. To prevent this undesired acylation, selective protection of acid
triol 88 at the C47 hydroxyl was performed prior to macrolactonization to give TES ether 89 (TESCI, imida-

1. Nor Q71071 R2

llylstannane

Z0IC, U "\, F170).”
3 1t1 3 1 3 1 + an . QrLoy.
Exposure of 82 to modified Yamaguchi conditions provided a single regioisomeric lactone 20 in 86%
y;cld It is noteworthy that this macr cychzauon was mlwh less facile than cychzauon of the correspondmg

addition techniques (42 h) for optimal results. The regiochemical outcome of the reaction was established by

observation of the coupling patterns among the C4g-Cy4 protons in the COSY spectrum (500 MHz, benzene-

dg). This allowed an unambiguous assignment of the C41H and C4;H resonances; the large downfield shift of

the C4,H resonance (0 4.84 for C41H, & 3.45 for C4oH) verified that macrolactonization had occurred at the

C4; hydroxyl.

Scheme 22 JL oTES
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(a) NaClO3, 2-methyl-2-butene, ethyl-1-propenyl RPN ] ™ SN
ether, -BuOH, pH 5.5; (b) TIPSCL, EtaN, THF; (c) H, Qk_la H £ 9 H ’ o] S
dlmelhyldloxuane acetone, CHZ(‘IZ, (d) 16 equiv ﬁ e -— o
76¢, 2 equiv Bu3SnOTY, -78 °C; (e) HFpyridine, 9 F ol G?A _ome 86% || ol K_n\P ~  _OMs
pyridine, THF, 0 °C; (f) TESCI, imidazole, CHCly, y TBSO}\\\“'T/CT ,)K/\/KOH Tsso)\\“"‘/c\r
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n 4 T

Deprotection (HF/H,O/MeCN) provided synthetic altohyrtin C, which was isolated in 67-85% yield after
reverse phase HPLC (Scheme 23). A detailed comparison of the natural and synthetic compounds was espe-
cially important in light of the stereochemical discrepancies which, in part, motivated the total synthesis. Thus
the synthetic material was found to be identical to a sample of natural spongistatin 283 as judged by 'H NMR
(500 MHz, CD3;CN), COSY, HPLC, electrospray mass spectroscopy, and UV spectroscopy. Comparison of
optical rotations confirmed that the synthetic and natural compounds possessed the same absolute stereochem-
istry (synthetic [0]24p +26.6 (¢ 0.04, MeOH); natural [@]24p +29.2 (¢ 0.12, MeOH)). Further, comparison of

TR oY lfr YR ST

ID 'H NMR and 2D ectra ASO-dg) confirmed that the synthetic material was also
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67-85%

4 Aitohyrtin C/ o
(ay HF/H20/MeCN, 0 °C. Spongistatin 2

Conclusion. The first total synthesis of a spongipyran macrolide, altohyrtin C/spongistatin 2, has been
completed. The relative and absolute configurational assignment of Kobayashi and Kitagawa has been con-
firmed, and the spongistatin and altohyrtin families have been unified under a single structural identity. The
synthesis required 32 steps (longest linear sequence) and produced the natural product in 0.9% overall yield
for an average yield of 86% per step. A 1,5-anti, enolate-controlled methyl ketone aldol was developed to
construct the CD-spiroketal and impiemented for the first time in the synthesis of a natural product. The use
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in 1) and ,_ltohyrti_n, _B,“b with dihvdropyran 86 serving as a common intermediate
0gs.
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Experimental Section

General. Melting points were determined with a Buchi SMP-20 melting point apparatus equipped with
an Omega Model 450 AET thermocouple thermometer and are uncorrected. Infrared (IR) spectra were
recorded on a Perkin Elmer 1600 series FT-IR spectrophotometer. 'H NMR spectra were recorded on Bruker
DMX-500, AM-500 or AM-400 spectrometers. Chemical shifts are reported in ppm from tetramethylsilane or
with the solvent resonance as the internal standard. 13C NMR spectra were recorded on Bruker AM-500 (125
MHz) or AM-400 (100.6 MHz) spectrometers with proton decoupling. Chemical shifts are reported in ppm
from tetramethylsilane or with the solvent as the internal standard. Mass spectra were obtained on JEOL AX-

layer chromdtography (TLC) was performed on EM Reagent 0.25mm silica gel 60-F plates. Chromatography
on silica gel was performed using a forced flow of the indicated solvent system (flash chromatography) on EM



Reagents Silica Gel 60 (230-400 mesh) or Waters Preparative C;g Silica Gel (1254, 55-105 pm). Solvents
used for extraction and chromatography were HPLC grade. Unless otherwise noted, all non-aqueous reactions
and distillations were carried out under an atmosphere of dry nitrogen in glassware that had been either flame-
dried under a stream of nitrogen or oven-dried (80 °C) overnight. pH 7.0 phosphate buffer (0.05 M),
commercially available from Fisher Scientific, was used when pH 7.0 buffer is indicated. When necessary,
solvents and reagents were dried prior to use. Deuterochioroform was stored over 4 A molecular sieves.

101uene was OISUUCG II'OIH p()[dbblum mt:[dl léﬁmlyufOlufaﬁ i nr) dl]u uwmyl etlléf (Ele) WEre umuucu
from sodium or potassium metal and benzophenone ketyl. Dichloromethane (CH,Cly), trimethylchlorosilane,

oxaly! chloride, pentane, pyridine, 2,6-lutidine, triethylamine, diisopropylethylamine, and diisopropylamine
were distilled from calcium hydride. Methanol (MeOH) was distilled from magnesium methoxide
(Mg(O]} c)ﬂ Boron trifluoride etherate was distilled from calcium hydride under reduced pressure. Di-n-

Inoue and Mukaiyama as modified by Evans and co-workers. Trimethylsilylmethyl chloride and
benzaldehyde were distilled immediately before use. (S)-2-Naphthyl ethanol was used as received and could
be reutilized after recrystallization from hot hexanes. All other commercially available reagents were used as
received.

[2'S,35]-1-(2'-Naphthyl)ethyl-3-(tert-butyldimethylsiloxy)-5-triphenyl-methyloxy-pentanoate (1a). To a
solution of 16.00 g (39.80 mmol) of alcohol 1 in 50 mL of CH,Cl, under argon atmosphere was added 11.06

1A AN

mi (79.60 mmol) of triethylamine followed by 12.20 g (43.78 mmol) of tmyl chloride. The resultant yeiiow

uouuy mixiure was stirred for 12 h at room u:mpcxdlmc, then concentrated in vacuo. Purification of the

residue by flash chromatography on silica gel (5% EtOAc/hexanes ) ave 23.32 g (36.22 mmol, 91%}) of trityl
s a clear oil: [0]23s5g5 -33.1 (¢ 2.14, CH,Cly); IR (neat) 3058, 2953, 2928, 2853, 1736 cm™!; 1H

L3212 )y AIN \uv... LFIAD0, LFL0, L0020

Cly, 400 MHz) 8 7.78-7.83 (m, 4H), 7.40-7.49 (m, 9H), 7.19-7.31 (m, 9H), 6.06 (q, 1H), 431 (m,
1H), 5 (m, 2H), 2.51 (dd, 1H. J = 5.8, 15.0 Hz), 246 (dd, 1H, J = 6.5, 15.0 Hz), 1.89 (m, 2H), 1.63 (d, 3H,
J=6. 6 Hz), 0.71 (s, 9H), -0.10 (s, 3H), -0.69 (s, 3H); 13C NMR (CDCl3, 100.6 MHz) 6 170.7, 144.2, 138.9,
133.1, 132.9, 128.6, 128.3, 127.9, 127.7, 127.6, 126.8, 126.1, 125.9, 125.0, 124.0, 86.6, 72.3, 66.9, 60.4, 43.0,
37.6, 25.6, 22.2, 17.8, -4.9; exact mass (70eV, FAB/Nal) calculated for C4H4804SiNa; 667.3220; found:
667.3222; Rf = 0.67 (30% EtOAc / hexanes). Anal. Calcd. for C4pH4504Si; C, 78.26; H, 7.45; found: C,
78.16; H, 7.52.

(3S) 3-(tert-Butyldxmethylsnloxy) S trlphenylmethyloxypentanal (2) To a -78 °C solution of 23 32 g

£

jution in toluene). Afier stirring for 2 h at -78 °C,t
U SRR 7N | rthin olawy ndditinm ~Af cn 11#:\04:14
1111.4} lUllUWCU U_y tne Siow aaaition of saturatea Na/is
perature for 2 h, the aqueous solution was separated and extracted thh 2 x 150 mL of
C

organic 591 itions were washed with brine, dried over anhydrous MgSQy, filtered, and

alicd CL AllllyQiOus IvigadV4, --_----.., and conc

e

ated in vacuo.
irification of the residue by flash chromatography on silica gel (10% EtOAc / hexanes) gave 15 28 g(32.23
mmol 89%) of aldehyde 2 as a clear oil: [0]23559 +1.1 (¢ 0.89, CH,Cly); IR (neat) 3086, 3058, 3033, 2953,
2527, 2880, 2855, 2738, 1725, 1692, 1638 cm!; 'H NMR (CDCl3, 400 MHz) 6 9.76 (t, 1H, J = 2.4 Hz), 7.44-
7.21 (m, 15H), 4.34 (qt, 1H), 3.15 (t, 2H, J = 6.4 Hz), 2.46 (m, 2H), 1.93 (m, 1H), 1.82 (m, 1H), 0.78 (s, 9H),
0.01 (s, 3H), -0.57 (s, 3H); 13C NMR (CDCls, 100.6 MHz) § 202.2, 144.1, 128.6, 127.8, 127.0, 86.7, 65.9,
60.2, 50.9, 38.0, 25.7, 17.9, -4.65, -4.73; exact mass (70eV, FAB/Nal) calculated for C3¢9H3303SiNa:
497.2488; found: 497.2482; Rf = 0.59 (30% EtOAc / hexanes).

[2E,5S)-(tert-Butyldimethylsiloxy)-7-(triphenylmethyloxy)-[N-methoxy-N-methyl]-2-heptenamide (3). A

P?

o 1= oA sAA AN

solution of 15.28 g (32.23 mmol) of aldehyde 2 and 14.67 g (40.42 mmol) of N-methoxy-N-methyi-
(triphenylphosphoranylidene)acetamide in 250 mL of CH,Cl, was stirred at room temperature for 12 h. The
enlvant wae remaved in varun tn nrovide a vieeone vellaw nil Purification of the recidne hy ach rhramatnao.
DULVYLLIL WaAd 1111V YUGU UL vuLauw v kll\lvlu\d a4 Yiowuvruy ‘y\alAUVV i A4 ULIRIWALIVZEL VUl uiv Avaiuuwg U7 AAGRO11 w1l Ull‘alUE

raphy on silica gel (30‘7 EtOAc / hexanes) gave 16.93 g (30.29 mmol, 94%) of 3 as a clear oil: [0t]?3589 -5.27
(¢ 1.29, CHCly); IR eat) 3086, 3058, 3033, 2930, 2884, 2856, 166 1634 cm™!'; '"H NMR (CDCl3, 400
MHz) 6 7.45-7.41 (m ) 7.31-7.29 (m, 6H), 7.25-7.21 (m, 3H), 6 (dt 1H, J=74, 154 Hz), 6.38 (d, 1H
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J = 15.4 Hz), 3.95 (qt, 1H), 3.67 (s, 3H), 3.24 (s, 3H), 3.17 (m, 1H), 3.09 (m, 1H), 2.34 (m, 2H), 1.80 (m, 2H),
0.78 (s, 9H), 0.00 (s, 3H), -0.11 (s, 3H); 13C NMR (CDCl3, 100.6 MHz) 8 166.4, 144.1, 143.8, 128.4, 127.5,
126.7, 120.7, 86.4, 68.9, 61.4, 60.6, 40.5, 37.3, 32.1, 25.6, 17.8, -4.6, -5.0; exact mass (70¢V, FAB/Nal)
calculated for C34H45NO4SiNa: 582.3016; found: 582.2995; Rf = 0.53 (50% EtOAc / hexanes). Anal. Calcd.
for C34H45NO4Si; C, 72.98; H, 8.05; N, 2.50; found: C, 72.87; H, 8.15; N, 2.43.

[2E,55]-5-Hydroxy-7-(triphenyimethyioxy)-V-methoxy-V-methyi-2-heptenamide (4). To a solution of
16.93 g (30 29 mmol) of silyl ether 3 in 150 mL of anhydrous THF at room temperatur e wa added 66 mL
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Purification of the re 1due by ﬂash chromatography on sdlca gel (40‘7 EtOAc / exanes) gave 12 47 g (28 17
mmol, 93%) of alcohol 4 as a pale yellow oil: [0t]235g9 +9.0 (¢ 1.87, CH,Cly); IR (neat) 3418, 3057, 2937,
1661, 1620 cm™!; 'H NMR (CDCls, 500 MHz) 8 7.41-7.45 (m, 6H), 7.29-7.33 (m, 6H), 7.23-7.26 (m, 3H),
6.95 (dt, 1H, J = 7.4, 15.4 Hz), 6.45 (d, 1H, J = 15.4 Hz), 3.95 (m, 1H), 3.68 (s, 3H), 3.39 (m, 1H), 3.24 (m,
tH), 3.23 (s, 3H), 2.98 (d, 1H, J = 3.1 Hz), 2.38 (m, 2H), 1.78 (m, 2H); 13C NMR (CDCl3, 100.6 MHz) &
166.5, 143.7, 143.5, 128 4, 127.8, 127.0, 121.0, 87.1, 69.7, 62.0, 61.5, 40.2, 36.1, 32.2; exact mass (70eV, EI)
calculated for CgH3NQy: 445.2253; found: 445.2271; Rf = 0.16 (50% EtOAc / hexanes). Anal. Calcd. for
Co3H31NOQy; C, 75.50; H, 6.97; N, 3.14; found: C, 75.26; H, 6.98; N, 3.10.

- e

[28,45,65]-4-(N-methoxy-N-methyi-carboxamidomethyl)-6-[ (2-triphenyimethyloxy)-ethyl]-2-phenyi-1,3-
dioxane (5). To a solution of 5.00 g (11.23 mmol) of amide 4 in 112 mL of THF at 0 °C was added 1.25 mL
(12.35 mmol) of freshly distilled benzaldehyde followed by 0.051 g (0.56 mmol) of -BuOK. The resulting
yellow solution was stirred for 15 min at 0 °C. This sequence was repeated again. After 25 min the reaction
mixture was quenched with 100 mL of pH 7 phosphate buffer. The aqueous solution was separated and

extracted with 3 x 100 mL of Et;0O. The combined organic solutions were washed with brine, dried over anhy-
drous MgSOy, filtered, and concentrated in vacuo. Purification of the residue by flash chromatography on sil-
ica gel (30% EtOAc / hexanes) gave 5.13 g (9.32 mmol, 83%) of amide S as a white solid: mp 199-201 °C;
[0]23sg9 -21.0 (¢ 1.59, CH,Cly); IR (CH,Cl,) 3058, 2938, 2877, 1660 cm™!; 'H NMR (CDCls, 400 MHz) §
7.20-7.47 (m, 20H), 5.60 (s, 1H), 4.42 (m, 1H), 4.20 (m, 1H), 3.67 (s, 3H), 3.39 (m, 1H), 3.21 (s, 3H), 3.18
(m, 1H), 2.98 (dd, 1H, J = 5.6, 15.3 Hz), 2.54 (dd, 1H, J = 6.0, 15.3 Hz), 189(m 2H), 1.78 (dt, 1H, J = 130
Hz), 1.44 (dt, 1H, J = 11.2, 12.8 Hz); 13C NMR (CDCl;, 100.6 MHz) 6 171.4, 144.3, 138.6, 128.7, 128.4

128.0, 127.7, 126.8, 126.1, 100.4, 86.4, 73.7, 73.5, 61.4, 59.0, 38.2, 37.1, 36.3, 32.0; exact mass (70eV EI)

Armn L1 NLLY, T - 1IN ?

calculated for C3sH37NOs: 551.2672; found: 551.2662; Rf = 0.16 (30% EtOAc / hexanes).

=t

[2S,4S,6S5]-4-(Formylmethyl)-6-[(2-triphenylmethyloxyethyl)]-2-phenyl-1,3-dioxane (6). To a solution of
5.13 g (9.32 mmol) of amide 5 in 46 mL of CH,Cl; at -78 °C was added dropwise 8.07 mL (12.12 mmol) of a
1.5 M solution of DIBAIH in toluene. The resulting solution was stirred at -78 °C for 45 min before it was
quenched by the addition of 10 mL of EtOAc followed by 50 mL of saturated Na/K tartrate solution. After

stirring at room temperature for 2 h, the aqueous solution was separated and extracted with Et;0 (2 x 150
mL). The combined organic solutions were washed with brine, dried over anhydrous MgSQOy, filtered, and
concentrated in vacuo. Purification of the residue by flash chromatography on silica gel (20% EtOAc /
hexanes) gave 4.36 g (8.85 mmol, 95%) of aldehyde 6 as a white solid: mp 48-49 °C; [0t]?35g9 -11.2 (c 3.78,
CH,Cly); IR (neat) 3086, 3058, 2946, 2917, 2874, 2731, 1725 cm™!; 'H NMR (CDCl3, 400 MHz) 3 9.86 (t,
1H, J = 1.7 Hz), 7.22-7.50 (m, 20H), 5.61 (s, 1H), 4.44 (m, 1H),422(m {H), 3.42 (ddd, 1H,J = 4.8, 8.7 Hz),

3.19 (dt, 1H, J =5.3,9.1 Hz), 2.80 (ddd, 1H, J= 2.1, 7.4, 16.9 Hz), 2.59 (ddd, 1H, J= 1.5, 5.0, 16.9 Hz), 1.95
(m, 1H), 1.88 (m, 1H), 1.66 (dt, iH, J = 2.3, 13.0 Hz), 1.47 (dt, 1H, J = 11.2, 13.0 Hz); 13C NMR (CDCls,
100.6 MHz) & 200.3, 144.2, 138.2, 128.6, 128.1, 127.7, 126.9, 126.0, 100.4, 86.5, 73.6, 71.8, 58.9, 49.3, 36.7,
36.2; exact mass (70eV, El) calculated for C33H13;04: 492.2300; found: 492.2287; Rf = 0.38 (30% EtOAc /
hevanacg)

IIUAHLIVO/-
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Tethyl-(2S)-3-(benzyloxy)-2-methyl-propanoate (9). To a solution of 20.00 g (56.65 mmol) of 8 in 150 mL
of anhydrous MeOH was added 2.73 g (5.66 mmol) of dry Sm(OTf)3, and the resulting clear solution was



stirred for 3 h at room temperature. The solvent was removed in vacuo to provide a clear oil. To this oil was
added n-hexane which precipitated (R)-4-benzyl-2-oxazolidinone in 95% yield. Purification of the residue by
flash chromatography on silica gel (10% EtOAc / hexanes) gave 11.43 g (54.95 mmol, 97%) of methyl ester 9
as a clear liquid: [0]?3sg9 +12.1 (¢ 10.10, CHCL); IR (neat) 3087, 3067, 3026, 1734 cm!; 'H NMR (CDCls,
400 MHz) & 7.36-7.22 (m, 5H), 3.69 (s, 3H), 4.52 (s, 2H), 3.66 (dd, 1H, J = 7.3, 9.1 Hz), 3.04 (dd, 1H, /= 5.9,

9.1 Hz),2.79 (dqd, 1H, J = 5.9, 7.1,7.3 Hz), 1.18 (d, 3H, /= 7.1 Hz); "LNMR(LDLIg,, IUUGMHZ)O 175.0,
138.0, 128.1, 127.4, 72.9, 71.8, 51.5, 40.0, 13.8; exact mass (70eV, CI/NH3) calculated for C;HyNO;3:

’
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tomed flask nowdered CeCl3;.7TH,0 (3396 ¢ .15 mmol) was heated under vacuum (1 mm Heo) at 1 °C
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for 10 h with vigorous stirring, resulting in the formation of a white mobile solid. The reaction flask was
flushed with nitrogen and allowed to cool to room temperature. 140 mL of THF was added to the vigorously
stirred cerium (1II) chloride, forming a uniform white suspension, which was left to stir for 2 h. During this
time, a separate 3-necked 100 mL flask, fitted with a condenser and a pressure equalized dropping funnel, was
charged with 2.21 g (91.15 mmol) of magnesium turnings, and the whole apparatus was flame dried under a
flow of nitrogen. To this flask was added dropwise a solution of CICH,TMS (12.72 mL,, 91.15 mmol) in 50
mL of THF. This mixture was stirred for 1.5 h until almost all of the magnesium was dissolved. The cerium
(III) chloride suspension was cooled to -78 °C. To this suspension was added dropwise the Grignard reagent,
forming an off-white suspension which was stirred at -78 °C for 1 h. Ester 9 (6.32 g, 30.38 mmol) in 15 mL

of THF was added dropwise over 5 min, and the resulting mixiure was warmed graduaily to room
tarmimaratiiea Whan annciimmintian of ctarting actar wag namnlata by TT O tha calntian gwag canlad ¢4 _77Q O
(8380} 1AatulT. VYV IICH CUILIDULIIPUIVLIL UL Stdilllily TS0l wdadd LULLIPICIC Uy 1 LA, UIU SUIUUUH Wdd LUUICU WU -/0 o
and guenched hvy the addition of 5% hydrochloric acid until nH 4 0 and then allowed to warm to room tem-
@ris: klu\tll\'ll\’u ll] Lifhw CAMANEILAV/AL WL 7 7V IAJ MEVWELAVLLAY UWALE WRELRE lJl T AW ARG LIAWAL LIV YY WL LV YY ALdll w2 lwlll 1S 2 90 O
perature. The aqueous solution was separated and extracted with Et;O (2 x 100 mL). The combined organic

solutions were washed with brine (2 x 50 mL) and saturated NaHCO3 (2 x 50 mL), then dried over anhydrous
MgSO4. The solvent was removed in vacuo to provide a slightly yellow liquid which was dissolved in 100
mL of CH,Cl,. To this solution was added 15.00 g of silica gel and 2 drops of 1% hydrochloric acid, and this
mixture was stirred at room temperature until TLC indicated complete consumption of starting material. The
silica gel was then removed by filtration and washed with 300 mL of CH,Cl,. The solvent was removed in
vacuo to give a clear pale yellow liquid which was purified by flash chromatography on silica gel (2% EtOAc
/ hexanes) to afford 6.69 g (25.52 mmol, 84%) of allylsilane 10 as a clear liquid: [0t]?3559 +6.2 (c 1.14,

CH,Cl,); IR (neat) 3085, 3066, 3030, 2956, 2854, 2791, 1632 cmi; TH NMR (CDCl3, 400 MHz) 8 7.35-7.25
(m, 5H), 4.63 (s, 1H), 4.60 (s, 1H), 4.53 (d, 1H, J = 12.1 Hz), 450(d 1H, J= 12.1 Hz), 3.52 (dd, 1H, J = 5.0,

O 1 ¥y 1A /33 11T F_ Q1 O11I7I v 70/~ 1ITIV 1 €O /.1 1LY 7T __NO 12 7 LI0 £2 731 1LY YT NnNO 1277
Y.1 112), 2.L% U(l, in,J=0.1,7.1 n&), £.47 (111, 111), 1.00 U, 111, J = VU.,7, 10./ 11L), 1 JO\Ud, 111, J =VU. 7, 10,/
TN 11074 AT T - 6 I NIV (¢ OHN: 130 NMR /CDCL, 1006 MHZY § 1407 12387 1282 1278
IiZ), 1.1V \U, JI11, J — V.0 114), V.UL (D, J11], o LVIVIEN (WSS, UV LVILL ] U BT Ty 1J00 Ty 1400, LLT .y
1274 106.5. 75.0. 73.0. 41.0. 26.7. 17.2, -1.3: exact mass (70eV, CI/NH,) calculated for CisH17OSi1:
Lda [ 2"Fyg AN edy T o/sNly a7y L.y Py Ay 1.2, TAGQLL 2AASS VIVS Y, ATINRRG ) LAt aaie Al 161227321

263.1831; found: 263.1836; Rf = 0.53 (10% EtOAc / hexanes).

2'-Methyl-2-[2R,5R]-2-hydroxyl-5-methyl-4-methylene-6-benzyloxy-hexyl-1,3-dioxolane (12). To a solu-
tion of 6.69 g (25.52 mmol) of allylsilane 10 in 70 mL of CH;Cl; at -78 °C was added 3.28 mL (28.07 mmol)
of SnCly dropwise. The resulting solution was stirred at -78 °C for 1 h, then aldehyde 11 (3.98 g, 30.62
mmol) in 20 mL of CH,Cl; was added dropwise. This mixture was stirred at -78 °C for 30 min and then
quenched by the slow addition of 2 mL of Et3N, followed by 100 mL of saturated NH4Cl solution. The
aqueous solution was separated and extracted with CH;Cl; (2 x 50 mL). The combined organic solutions
were washed with brine, dried over anhydrous MgSOy, filtered, and concentrated in vacuo. Purification of the
residue by flash chromatography on silica gel (30% EtOAc / hexanes) gave 8.00 g (25.00 mmol, 98%) of ho-

Tl dim nlamla il B oo Alane ~21. T20123 A2 7.1 08 AIT 1N TR /a6y 2810 A0CT NQ2N D001 -—=1. 11T
moallylic aicohol 12 as a ciear oil: [}~ 589 +4.3 (€ 1.6, LriaLip); IR (Ii€al) 55190, 2701, 275U, 2601 CI™°; '
NMD /0T, AN MUY S 728 728 fm S AQ0N (¢ 211y A82 /(A 1TH T - 172 H2Y 440 (4 1H T —-1272
INIVIRN (L3, QUU IINIZ) O 1.39-17.23 \IT, JI1), 9.0 5, £01), 7.4 (G, 101, 7 = 1£.5 012}, .46 (G, 111, v = 14.5
Hz 407 (m. 1H). 397 (m. 4H). 351 (s, 1IH). 340 (dd. 1H. J=6.5, 9.1 Hz). 3.32 (dd ﬂ-l J=7.1.91Hz
1AL [, U7 \L1Yy EXLJy o7 1 \AKky TERLJy Jedk \Oy LAL)]y o My iaa, v ey A ARafy ST Gy 2ax, v Peiy . Aiify
2.48 (s, 1H), 2.27 (dd, 1H, J =7.1, 142 Hz), 2.13 (dd, 1H, J = 6.3, 14.2 Hz), 1.90 (dd, 1H, J = 1.7, 14.6 Hz),
1.74 (dd, 1H, J = 9.5, 14.8 Hz), 1.35 (s, 3H), 1.07 (d, 3H, J = 6.9 Hz); 13C NMR (CDCls, 100.6 MHz) & 148.6,
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138.4, 128.2, 127.5, 127.4, 111.6, 110.1, 74.5, 72.9, 66.2, 64.5, 64.2, 44.4, 43.5, 39.2, 24.0, 17.2; exact mass
(70eV, CI/NH3) calculated for C;9H3,NO4: 338.2331; found: 338.2334; Rf = 0.26 (30% EtOAc / hexanes).

2'-Methyl-2-[2S,5R ]-2-(4-nitrobenzoyl)-5-methyl-4-methylene-6-benzyloxy-hexyl-1,3-dioxolane (12a). To
a mechanically stirred solution of 8.00 g (25.00 mmol) of alcohol 12, 20.20 g (75.00 mmol) of triphenylphos-
phine and 11.70 g (70.00 mmol) of p-nitrobenzoic acid in 1 L of toluene at 0 °C was added dropwise 17.28 g
(75.00 mmol) of di-tert-butylazodicarboxylate. After approximately 5 min the slightly orange solution be-
came heterogeneous. This off-white suspension was then vigorously stirred at 0 °C for 12 h. The volatile
componenis were then removed in vacuo and the residue purified by flash chromatography on silica gel

(EtOAc/hexanes/EtzN, 10/90/1) to provide 9.26 g (19.75 mmol, 79%) of ester 12a as a pale yellow oil:
{a‘23-39 +4.1 {c 2.55, CH,Cly); IR (neat) 3110, 3082, 3030, 2981, 2931, 2879, 1947, 1810, 1720, 1645, 1607

m~!; 'TH NMR (CDCl3, 400 MHz) 3 8.26 (dt, 2H, J = 2.0, 9.0 Hz), 8.17 (dt, 2H, J = 1.9, 9.0 Hz), 7.36-7.20
(-.. SH) 5.59 (m, 1H), 488 (d, 1H, 1 =09 Hz), 487 (s, 1H), 4.48 (s, 2H), 3.92-3.79 (m, 4H), 3.46 (dd, 1H, J
=6.2,9.2 Hz), 3.32 (dd, 1H, J = 6.9, 9.2 Hz), 2.54 (m, 1H), 2.48 (dd, 1H, J = 7.6, 14.6 Hz), 2.44 (dd, 1H, J =
5.8, 14.6 Hz), 2.14 (dd, 1H, J = 8.1, 15.0 Hz), 2.04 (dd, 1H, J = 3.3, 15.0 Hz), 1.32 (s, 3H), 1.08 (d, 3H, J =

6.9 Hz); 13C NMR (CDCls, 100.6 MHz) § 164.0, 150.3, 147.4, 138 4, 136.2, 130.5, 128.2, 127.4, 123.4,
112.6, 108.6, 74.7, 72.9, 70.4, 64.5, 64.4, 42,5, 41.4, 39.1, 24.3, 16.9; eEoryt mass (70eV, CI/NH3) calculated
for Cy6H3,NO5: 470.2179; found: 470.2192; Rf = 0.44 (30% EtOAc / hexanes). Anal. Calcd. for CyH3 NO7;
C, 66.52; H, 6.61; N, 2.98; found: C, 66.60; H, 6.67; N, 2.99.

2'-Methyl-2-[2S,5R]-2-hydroxyl-5-methyl-4-methylene-6-benzyloxy-hexyl-1,3-dioxolane (13). To a solu-
tion of9.26 g (19 75 mmol) of estcr IZa in 80 mL of MeOH was added 7 mL of water. To this solution was

1A

volatiles were then removed in vacuo, and the residue purmea by flash cnromalograpny on silica gel (30%
EtCAc/ hexanes; to pi’Ov:dc 6.26 g (19.55 mmol, 99 %) of u(‘JmOauyuC alcohol 13 as a clear oil: [uj"‘sgg -2.0
(c 2.74, CH,Cly); IR (neat) 3519, 3065, 3030, 2880, 1952, 1874, 1810, 1729, 1642, 1604 cm™!; 'H NMR
(CDCl3, 400 MHz) § 7.36-7.22 (m, SH), 4.90 (m, 2H), 4.52 (d, 1H, /= 12.3 Hz), 448 (d, 1H,J = 12.3 Hz),
4.06 (m, 1H), 3.98 (m, 4H), 3.51 (s, 1H), 3.48 (dd, 1H, J = 6.2, 9.2 Hz), 3.32 (dd, 1H, J= 7.2, 9.2 Hz), 2.49
(m, 1H), 2.27 (dd, |H, J=7.3, 144 Hz),2.12 (dd, 1H, J = 6.3, 144 Hz), 1.90 (dd, 1H, /= 1.8, 14.6 Hz), 1.74

(dd, 1H, J = 9.7, 14.6 Hz), 1.35 (s, 3H), 1.09 (d, 3H, J = 6.9 Hz); !3C NMR (CDCl3, 100.6 MHz) & 148.6,
138.4, 128.2, 127.44, 127.35, 111.6, 110.1, 74.5, 72.8, 66.4, 64.5, 64.2, 44.5, 43.2, 39.5, 24.0, 17.1; exact
mass (70eV, CI/NHj3) calculated for CigH3,NO4: 338.2331; found: 338.2334; Rf = 0.26 (30% EtOAc /
hexanes). Anal. Calcd. for Ci9Hy304; C, 71.25; H, 8.75; found: C, 71.07; H, 8.81.

[4S,7R]-Hydroxyl-6-methylene-7-methyl-8-benzyloxy-octa-2-one (13a). To a solution of 6.26 g (19.55
mmol) of alcohol 13 in 100 mL of wet acetone was added 0.422 g (1.95 mmol) of pyridinium p-toluenesul-

fonate (PPTS). The resuiting solution was refluxed for 5 h. The volatile components were then removed in

AT _ YT

vacuo. The residue was dissoived in 50 mi of L[2U and washed with 25 mL of saturated aqueous NaH U3
and 25 mL of brine. The Grgamc "puase was dried over Pvfgou;;, filtered, and concentrated in vacuo. Purifica-

tion of the residue by flash chromatography on silica gel (30% EtOAc / hexanes) gave 5.29 g (19.16 mmol,
98%) of methyl ketone 13a as a clear oil: [!vl23con +18.2 (¢ 1.52, CH,Cly); IR (neat) 3444, 3066, 3030, 2962,

daviaiy s X a8 QS & LaAVAL UL, 589 Til.& .04, AR AN Ralay) Ty SV, IV,

2872, 1955, 1870, 1810, 1714, 1643 cm™!; 'H NMR (CDCls, 400 MHz) 5 7,36 7.25 (m, 5H),4.95(d, 1H,J =
0.6 Hz), 4.92 (d, 1H, J = 1.1 Hz), 4.49 (s, 2H), 4.20 (m, 1H), 3.45 (dd, 1H, J =74, 8.8 Hz), 3.36 (dd, 1H, J =
6.3, 8.8 Hz), 3.08 (d, 1H, J = 2.9 Hz), 2.60 (dd, H, J = 4.0, 17.1 Hz), 2.55 (dd, H, / = 8.2, 17.1 Hz), 2.50 (m,
1H), 2.21 (d, 2H, J = 6.4 Hz), 2.13 (s, 3H), 1.06 (d, 3H, J = 6.9 Hz); 13C NMR (CDCl;, 100.6 MHz) & 209.1,
148.5, 138.1, 128.2, 127.5, 127.4, 112.2, 74.5, 72.9, 66.3, 49.6, 42.7, 39.4, 30.6, 17.1; exact mass (70eV,
CI/NH3) calculated for C17H28NO3: 294.2069; found: 294.2066; Rf = 0.19 (30% EtOAc / hexanes).

[4S,7R]-4-Triethylsiloxy-6-methylene-7-methyl-8-benzyloxy-octa-2-one (14). To a solution of 5.29 g
(19.16 mmol) of methyl ketone 13a in 77 mL of CH,Cl; at -78 °C was added 4.46 mL (38.32 mmol) of 2,6-

lutidine. To this solution was added dropwise 4.46 mi (21.07 mmol) of triethyitrifluoromeihanesuifonate,
and the resulting solution was stirred at -78 °C for 20 min. The solution was diluted with 120 mlL of a 3:1
mixture of n-hexane/CH;Cl; and then quenched by the addition of 25 mL of saturated aqueous NaHCO;3 solu-
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tion. The aqueous solution was separated and extracted with 2 x 30 mL of CH,Cl,. The combined organic
solutions were washed with 90 mL of 0.5 M aqueous NaHSOj solution. The aqueous phase was extracted
with 20 mL of CH;Cl,, and the combined organic extracts were dried over MgSOy, filtered, and concentrated
in vacuo. Purification of the residue by flash chromatography on silica gel (5% EtOAc / hexanes) gave 7.25 g
(18.58 mmol, 97%) of protected methyl ketone 14 as a pale green oil: [01]8559 +17.7 (¢ 1.38, CH,Cl,); IR
(neat) 3077, 3066, 3030, 2954, 2867, 1715, 1643 cm™!; 'H NMR (CDCl3, 400 MHz) & 7.35-7.25 (m, 5H), 4.87

(s, 1H), 4.83 (d, 1H, J = 1.0 Hz), 4.52 (d, 1H, J = 12.2 Hz), 4.48 (d, 1H, J = 12.2 Hz), 4.35 (m, 1H), 3.47 (dd,

]
!

iH, J=6.1, 9.2 Hz), 3.31 (dd, iH, J = 7.2, 9.2 Hz), 2.57 (dd, H, J = 4.6, 158Hz) 251(dd,H,J=17.3, 15.8
Hz), 2.44 (m, 1H), 2.31 (dd, 1H, J=5.1, 14.1 Hz), 2.15 (ddd, 1H, /= 0.6, 8.1, 14.1), 2.10 (s, 3H), 1.08 (d, 3H,
J=69Hz),093(t, 9H, J=7.7 Hz), 0.58 (g, 6H, J = 7.7 Hz); 13C NMR (CDCl;, 100.6 MHz) & 207.5, 148.2,
138.4,128.1, 127.4, 127.3, 111.9, 74.3, 72.8, 67.7, 50.3, 43.6, 39.4, 31.3, 17.0, 6.7, 5.0; exact mass (70eV,
CI/NH3) calculated for Co3H4pNO;Si: 408.2934; found: 408.2945; Rf = 0.63 (30% EtOAc / hexanes). Anal.
Calcd. for C3H3g03Si; C, 70.76; H, 9.74; found: C, 70.70; H, 9.84.

{2R,55,9RS,10(4S,65)]-1-[ (Phenyl)-methoxy]-2- (methvl) 3-(methylene)-5-(triethylsiloxy)-9-(hydroxy)-10-
[2-phenyl-4-(triphenylmethyloxy)-ethyl-1,3-dioxan-6-yl]-decan-7-one (15). To a solution of 3.625 g (9.29
mmol) of methyl ketone 14 in 20 mL of CH,Cl; at -78 °C were added 2.3 mL (13.0 mmol) of diisopropy-
lethylamine and 2.80 mL (11.25 mmol) of di-n-butyl-boron triflate. The resulting mixture was maintained at
-78 °C for 45 min, producing a light yellow solution. To this enolate solution was added 4.13 g (8.40 mmol)
of aldehyde 6 as a solution in 17 mL of CH,Cl,. The mixture was stirred at -78 °C for 2 h and quenched by
the addition of 15 mL of a 1:1 mixture of pH 7 phosphate buffer and MeOH. The mixture was warmed to 0
°C and maintained at this tempera'mre for an additionai 15 min A soiution of 10 mL of 30% aqueous Hz()z in
10 mL of MeOH was ¢

S its in vacuo, S0 mL of saturated aqueous NaHCO; was added, and the mixture was
extracted with 3 x 60 mL of CH,Cl,. The combined organic extracts were dried over MgSO4, filtered and
concentrated in vacuo i
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1:1 mixtu_c of aldol pr

a :
oil: IR (neat) 3527, 3086 3060, 3032, 1707, 1641 cm™!; TH NMR (CDCl;3, 400 MHz) & 7 48 -7.20 (m, 25H),
4.86 (s, 1H), 5.55 (m, 1H), 4.82 (s, 1H), 4.49 (s, 2H), 4?7 (m, 2H), 4.16 (m, 2H), 3.47 (dd, 1H, J = 64 9.1
Hz), 3.39 (m, 1H), 3.30 (dd, 1H, J =7.1, 9.1 Hz), 3.14 (m, 1H), 2.48-2.64 (m, 4H), 2.43 (m, 1H), 2.32 (dd, IH,
J=438, 14,2 Hz), 2.14 (dd, 1H, J = 8.5, 14.1 Hz), 1.92 (m, 1H), 1.88 (m, 1H), 1.67-1.56 (m, 3H), 1.53 (m,
1H), 1.41 (m, 1H), 1.08 (d, 3H, J = 6.9 Hz), 0.93 (t, 9H, J = 8.0 Hz), 0.59 (q, 6H, J = 8.0 Hz); 13C NMR
(CDCl3, 100.6 MHz) & 211.0, 210.0, 200.3, 148.2, 144.3, 144.2, 138.7, 138.5, 138.4, 128.6, 128.4, 128.3,
128.1, 128.0, 127.7, 127.5, 126.8, 126.0, 112.1, 100.4, 100.2, 86.4, 75.6, 743 73.8,73.3, 72.9, 67.8, 65.7,

64.0, 59.1, 39.0, 51.0, 50.9, 50.3, 50.1,43.7, 43.6, 42.4, 41.3, 39.6, 37.3, 36.9
(/U CV I*AD/Nal) calcula[ea IOl’ L,56r170U7blNa YUD. 4 5

3, 17.2, 6.8, 4.9; exact mass
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120 mL of CH;,Cl; was added 2.06 mL (26.08 mmol) of pyridine, followed by 1.30 g (13. 103
(dried in vacuo prior to use). The resulting slurry was stirred at room temperature for 1 h producing ar ed het-
erogeneous mixture. To the reaction mixture was added a solution of 1.00 g (1.141 mmol) of aldol adducts 15
in 25 mL of CH,Cl,. This slurry was stirred vigorously for 1 h at room temperature. The dark red reaction
mixture was then poured into 100 mL of a saturated aqueous solution of NH4Cl and was extracted with 3 x
100 mL of EtOAc. The combined light-red extracts were filtered through a short plug of florisil, followed by
further elution with 100 mL of EtOAc. The resulting colorless filtrate was dried over anhydrous MgSQy, fil-

tered, and concentrated in vacuo. Purification of the residue by flash chromatography on silica gel (10%
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EtOAc / hexanes) gave 0.773 g (0.878 mmol, 77%) of P-diketone 16 as a clear oil: [0t]?3539 +22.2 (¢ 1.08,
. £ PRSI R | -
CH,Cl); IR (neat) 3086, 3060, 3032, 2954 2912, 2875, 1954, 1811, 1704 cm™!; 'H NMR (CDCl3, 400 MHz)
8 7.48-7.20 (m, 25H), 5.59 (m, 1H), 5.57 (s, 1H), 4.91 (s, 1H), 4.88 (s, 1H), 4.53 (d, 1H, J = 12.2 Hz), 4.49 (d,
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1H, J = 12.2 Hz), 4.32 (m, 2H), 4.19 (m, 1H), 3.50 (dd, 1H, J = 60 92Hz) 3.40 (m, 1H), 3.32 (dd, 1H, J =
7.3,9.1 Hz), 3.18 (m, 1H), 2.72 (dd, 1H, J = 7.0, 14.8 Hz), 2.56 (dd, 1H, J = 4.1, 14.1 Hz), 2.46 (m, 1H), 2.45
(dd, 1H, J = 6.1, 14.8 Hz), 2.36 (dd, 1H, J = 5.1, 14.1 Hz), 2.27 (dd, IH, J= 8.2, 14.1 Hz), 2.21 (dd 1H,J =

7.8, 14.0 Hz), 1.88 (m, 2H), 1.66 (dt, 1H, J = 2.0, 13.0 Hz), 1.42 (dt, 1H, J = 11.3, 12.9 Hz), 1.09 (d, 3H, J =
6.9 Hz), 0.91 (t, 9H, J = 7.9 Hz), 0.55 (q, 6H, J = 7.9 Hz); 13C NMR (CDCl;, 100.6 MHz) § 191.42, 191.35,
148.2, 144.3, 138.5, 138.5, 128.7, 128.3, 128.0, 127.9, 127.7, 127.5, 127.4, 126.9, 126.0, 112.2, 102.4, 100.3,
86.4,74.5, 73.6, 73.5, 73.0, 68.7, 59.0, 45.7, 45.0, 44.1, 39.6, 36.9, 36.3, 17.2, 6.8, 4.9; exact mass (70 eV,

AT Ay cm o

FAB/Nal) caiculated for CseHggO7SiNa: 903.4632; found: 903.4630; Rf = 0.64 (30% EtOAc / hexanes). Anal.
Calced. for CsgHggO78Si; C, 76.36; H, 7.73; found: C, 76.30; H, 7.79.
{2R,2(3R),6R,8S,105]-10-Hydroxy-8-[2-(hydr xy‘“thy}}-Z-{z-methylerl-?v methyi-4-(phenyimethoxy)-

90:5 acetonitrile:conc. aqueous hydrofluoric
ution was added tc 0.773 ¢ (0.878 mmaoD of

utl Yas auulu W vl rJ B \U.Ul O HULIvL) Ut

butyl]-1,7-dioxaspiro[5.5]-undecan-4-one (17). To 10 mL of
acid (47%) mixture was added 5 ml. of deionized water. This s
B-diketone 16, and the resulting yellow solution was stirred : eaction w
quenched by cautious addition of 20 mL of saturated aqueous NaHCOz and was then nartmoned between 20

mL of water and 30 mL of EtOAc. The aqueous solution was extracted with 3 x 10 mL of EtOAc, and the
combined organic extracts were washed with 30 mL of brine, dried over MgSQy, filtered, and concentrated in
vacuo. Purification of the residue by flash chromatography on silica gel (70% EtOAc / hexanes) afforded
0.275 g (0.658 mmol, 75%) of spiroketal 17 as a clear oil: [0t]235g9 -35.8 (¢ 5.79, CH,Cl,); IR (neat) 3517,
3086, 3060, 3031, 1722, 1645, 1606 cm™!; TH NMR (CDC13, 500 MHz) 6 7.37-7.25 (m, SH) 498 (d, IH,J=

IH),j.D()(m, 111),5.45((1(1, lH,Jz().7,9 i H ), 332(00 111 J= ob, . H z), 1,52 (m ll-l) 248 243 (m
2H), 2.41-2.35 (m, 3H), 2.21 (dd, iH, J = 11.4, 14.2 Hz), 2.10 (br, 1H), 2.06 (dt, iH, J = 2.3, 14.3 Hz), 1.72
(ddd, 1H,J=2.1, 5.1, 13.7 Hz), 1.66 (dd, 1H, J = 3.5, 14.2 Hz), 1.63 (m, 2H), 1.46 (ddd, 1H, J= 2.8, 12.0,
13.6 Hz), 1.09 (d, 3H, J = 6.9 Hz); 13C NMR (CDCl;, 100.6 MHz) 8 17.1, 37.4, 37.6, 38.3, 39.4, 43 4, 46.6,
51.4,585,623,64.2,680,73.2,75.2, 1008, 112.7, 127.65, 127.70, 128 4, 137.9, 147.7, 204.2; exact mass
(70 eV, FAB/Nal) calculated for C‘MHMOASIN& 441.2230; found; 441.2253; calculated for Cp4H3504Si:

419.2433; found: 419.2416; Rf = 0.17 (70% EtOAc / hexanes).
[2R,2(3R),6R,8S,105]-10-Hydroxy-8-[ 2-(tert-butyldimethylsiloxy)ethyl]-2-[2-methylen-3-methyl-4-(phen-
ylmethoxy)-butyl]-1,7-dioxaspiro[5.5]-undecan-4-one (18). To a solution of 0.275 g (0.658 mmol) of
spiroketone 17 in 5 mL of CH;Cl; at room temperature was added 0.089 g (1.316 mmol) of imidazole and
0.149 g (0.990 mmol) of tert-butyldimethylsilyl chloride. A white suspension quickly formed, which was
stirred at room temperature for 12 h. The reaction mixture was then diluted with 15 mL of CH,Cl,, and the
combined organic extracts were washed with brine, filtered, dried over anhydrous MgSO4 and concentrated in
vacuo. Puriﬁcation of the residue by flash c'hromatograp'hy on silica gel (30% EtOAc / hexanes) gave 0.336 g

ANA ANTY NN, XY s\ mAmms  AA~AO s

96%) of spiroketal 18 as a clear oil: [0]2%sgo -28.2 (¢ 2.94, CH,Cl,); IR (neat) 3526, 3086,

—
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3063, 3031, 2929, 2739, 2709, 1950, 1727 1644 cm™'; 'H NMR (CDCl3, 500 MHz)5736 7.25 (m, SH), 5.01
(s, 2H), 4.49 (s, 2H), 4.14 (m, 1H), 4.04 (dt, 1H, J = 3.1, 10.5 Hz), 3.91 (m, 1H), 3.74 (d, 1H, J = 10.5 Hz),
3.68 (m, 2H), 3.43 (dd, 1H, J = 6.3, 9.1 Hz) 332 (dd, TH, /= 6.6, 9.1 Hz), 246 (m, 1H}, 2.44 2.37 (m, 4H),
2.33 (dd, 1H, J = 8.6, 14.3 Hz), 2.21 (dd, 1H, J = 11.3, 14.4 Hz), 2.04 (dt, 1H, J = 2.3, 14.3 Hz), 1.76 (br d,
1H), 1.71-1.61 (m, 3H), 1.44 (m, 1H), 1.12 (d, 3H, J = 8.6 Hz), 0.86 (s, 9H), 0.03 (s, 3H), 0.02 (s, 3H); 13C

NMR (CDCl3, 100.6 MHz) & 204 2, 147.5, 138.4, 128.3, 127.5, 112.7, 100.7, 75.0, 73.0, 68.0, 64 2,62.2,
59.5, 51.4, 46.6, 42.2, 39.5, 39.1, 38.8, 37.5, 26.0, 18.4, 16.7, -5.27, -5.32; exact mass (70 eV, FAB/Nal)
calculated for C3gH4306SiNa: 555.3118; found: 555.3094; Rf = 0.17 (30% EtOAc / hexanes). Anal. Calcd. for
C3oH480¢51; C, 67.67; H, 9.02; found: C, 67.65; H, 9.12.
[2R,2(3R),4S,6R,85,105]-8-[2-(tert-Butyldimethylsiloxy)ethyl]-2-[2-methylen-3-methyl-4-(phenylmeth-
oxy)-butyl]-10-hydroxy-4-methyl-1,7-dioxaspiro[5.5]-undecan-4-ol (19). A 2-necked 50 mL flask contain-

ing 0.705 g (1.893 mmol) of powdered CeCl3*7H,0 was heated under vacuum (1 mm Hg) at 160 °C for 12 h

[N 7Y T g 1 m e smmrr el o 2

WLl v1g0ruus surrmg, resuit lg 1[ ine mnuatu"m Ora Whlte TTIUDIIG bOll(l 1ne I'CdC[lOl'l nasx was IlUSﬂCG Wl[ﬂ
nitrogen and allowed to cool to room temperature. THF (5 mL) was added to the vigorously stirred cerium
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(11I) chloride to form a uniform white suspension which was allowed to stir at room temperature for 2 h. To
the cooled mixture (-78 °C) was added dropwise 1.13 mL (1.17 mmol) of a 1.4 M solution of MeLi in THF to
form an off-white suspension which was stirred at -78 °C for 1.5 h. To this suspension was added dropwise a
solution of 0.336 g (0.631 mmol) of spiroketal 18 in 5 mL of THF, and the resulting mixture was stirred at -78
°C for 1 h. After this, the mixture was diluted with 20 mL of Et,0, quenched by the slow addition of 10 mL of
a saturated solution of NH4Cl and allowed to warm to room temperature. The aqueous solution was separated
and extracted with 2 x 20 mL of Et20. The combined organic solutions were washed with brine, dried over
anhydrous MgSOy, filtered, and concentrated in vacuo. Purification of the residue by flash chromatography
on silica gel (20% EtOAc / hexanes) afforded 0.300 g (0.548 mmol, 87%) of axial alcohol 19 as a clear oil:

L o e I

[@]?35g9 -17.8 (¢ 2.20, CH,Cly); IR (neat) 3518, 3086, 3064, 3031, 2930, 2739, 2710, 1644, 1604 cm™; 'H

NMR (CDCl3, 500 MHz) 3 7.36-7.25 (m, 5H), 4.98 (s, 2H), 4.51 (d, 1H, J = 12.2 Hz), 4.46 (d, 1H, J = 12.2
Wy A2NSe 1IN ANQ (e 1THY 20Q 7/ LY 20274 11Ty 2 7L 2 E£Q (v DL 2 AA /A3 1LT T _ €7 O 1 LI
I1Z), 4.5V \8, 111}, 4.U0 {iN, 111}, 5.77 I, «I1}, 5.75 (Q, 1K1j, 5./0~ 5.07 (Ill, 211, 5.44 (QQ, 111, J = 5./, 7.1 11Z},
328(dd, 1H, J=7.0,91Hz), 248 (m, 1H),229(dd, 1H, /=38, 144 Hz), 222 (dd, 1H, J=9.], 143 Hz),
1.83-1.66 (m, 6H), 1.62 (dd, 1H, J= 3.4, 140 Hz), 1.48 (m, 1H, J=13.8 Hz), 1.47 (d, 1H, J= 140 Hz), 1.29
(dd, 1H, J = 11.7, 13.4 Hz), 1.17 (s, 3H), 1.14 (d, 3H, J = 6.9 Hz), 0.87 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H); 13C

NMR (CDCl3, 100.6 MHz) & 148. 2 138.6, 128.4, 127.61, 127.55, 112.4, 100.3, 75.2, 73.1, 67.8, 64.9, 64.5,
63.0, 60.1, 45.6, 43.8, 42.1, 40.0, 39.00, 38.97, 38.1, 30.1, 26.1, 18.5, 16.8; exact mass (70 eV, FAB/Nal)
calculated for C31Hsp06SiNa: 571.3431; found: 571.3445; Rf = 0.37 (30% EtOAc / hexanes). Anal. Calcd.
for C31H5706Si; C, 67.88; H, 9.49; found: C, 67.87; H, 9.60.
[2R,2(3R),45,6R,8S,105]-8-(2-tert-Butyldimethylsiloxy)ethyl]-2-[2-methylen-3-methyl-4-hydroxybutyl]-
10-triethylsiloxy-4-triethylsiloxy-4-methyl-1,7-dioxaspiro[5.5]Jundecan-4-0l (20). To a -78 °C solution of
19 (0.692 g, 1.25 mmol) in CH,Cl; (20 mL) were added 2,6-lutidine (0.436 mL, 3.75 mmol) and triethylsilyl
trifluoromethanesulfonate (0.636 mL, 2.81 mmol). Upon completion, the reaction was diluted with saturated
aqueous NaHCO; and Et;0, then warmed to room temperature. The organic solution was separated, washed

with saturated aqueous NH4L1 and Drme dried over MgbU4, mtered and concentrated. 1 he residue was purl-
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fied Dy flash cnromatograp y (150 g S10,, 10 % EtOAc/hexanes) to give .725 g of the silyl ether, which was
PRI I S, A FAMl averion e man b e A cnlirtinmea A€ 10 fa.04 bstolhicalinened 7 7L 0 10 2Q saazan 1) S TLITY
Uusca l ﬂlllCUldLC.ly lll L 1 llUWlllg 1TAC UL, A DULLILIVLL U1 UI-E7 I-UULYIUIPLICILY T (4. 70 g, 1U.00 11V1) 11 11y
{0 T \ wrag traatad with ceveral ecmall niacac af ent and ermiched fwith nhiare) lithiim wirea (INNRN &« 11 49
\LU llIJ.J} WAad uuuvaittu witill suvuial olliaill Pl‘-\/\-ﬂ) Vi VUL dliu VIWoLIvAL (willl 1—'11\41-3) ALbiiiUinL yviiw \U.UUU 5, 1 1.%74
mmol) at room temperature. The mixture was sonicated (with cooling to maintain temperature 10-25 °C) for 5
) at room temperature. The mixture was sonicated (with cooling to maintain temperature 10-25 °C) for 5

h to produce a deep green radical anion seluh-n.. In a separate flask, a solution of the benzyl ether (0.725 g,
0.930 mmol) in THF (15 mL) was cooled to -78 °C. The radical anion solution was added to the substrate

portionwise (ca. 10 mL) until the green-blue color persisted. The solution was stirred for 15 min at -78 °C and
carefully quenched with saturated aqueous NH4Cl solution. The cold bath was removed and the mixture
warmed to room temperature. The mixture was extracted with EtpO (2 x 30 mL). The combined organic so-
lutions were washed with saturated aqueous NH4Cl (10 mL) and brine (10 mL), then dried over MgSQy,, fil-
tered, and concentrated. The residue was purified by flash chromatography (150 g SiO,, 20 % EtOAc/ hex-
anes) to give 0.533 g (62% from 19) of the alcohol 20: [a]*3sg9 -39.2 (¢ 3.3, CHCl3) IR (neat) 3460, 2957,
2878, 1636 cm~!; TH NMR (400 MHz, CDCl3) d 4.99 (s, 1H), 4.92 (s, 1H), 4.23-4.17 (m, 1H), 4.13-4.07 (m,

1H), 4.03-3.99 (m, 1H), 3.76-3.62 (m, 2H), 2.45-2.37 (m, 1H), 2.27-2.22 (dd, J—145 68HZ 1H), 2.13-2.08

l
l
]

(dd, J = 14.5, 6.1 Hz, 1H), 1.92-1.90 (m, 1H), 1.82-1.73 (m, 2H), 1.67-1.45 (m), 1.27-1.24 (d, J = 14.1 Hz,
1T ~ s YT MmNt 73 ) ~ N TY 2B A Y s Yot ONaY s o V™ 1OYYY N OQ 7. N1\ NN N A 7 EEa ) B AY NNna o
1H), 1.19 (s, 3H), 1.03-1.01 (4, J = 7.0 Hz, 3H), 0.96-0.92 (m, 18H), 0.85 (s, 9H), 0.60-0.54 (m, 12H), 0.04 (s,
L£Y0v: 13 ATRAD 71N1T RALTI. MW Y X 140 A 117N QT2 INE&E £&8 0 L& 12 £AQ £ N £N 12 A0 1 AA O A1

o), "YU INIVIIN (1UL IVINZ, LUCL3) O 194094, 114.Y, 77.3, /U..1, VI.7, UJ.J, UH.0, UL.U, UU.D, 40.1, 44.0, 40.1,
A2N 2072 2Q@7 2172 250 197 12 79 AQ AR AQ 8§87 avart mace raled foar O, TI_.N_Ci_Na- 7NQ ALQT1 -
FIVy IF7.3, J0.1 3 Ddosduy &ty 10y LVUkiy [okey Uo7y U0, 1.0, “J.4&, LAGUL LHLIADDY VALl 1UL U3RLLTAVIHIL3ING. 1UTZ.3UT L,
found 709.4690 (FAR. MNBA., added Nal): R&0.61 (20% EtOAc/ hexanes)

four 9.4690 (FAB, MNBA, added Nal); Rf=0.61 (20% EtOAc/ hexanes ).

[2R.,2(3R),45,6R 88,1051-8-(2-tert-Butyldimethylsiloxy)ethyl]-2-[2-methylen-3-methyl-butan-4-all-10-tri-

ethylsiloxy-4-triethylsiloxy-4-methyl-1,7-dioxaspiro[5.5lundecan-4-0l (21). A solution of Dess-Martin pe-
riodinane (0.061 g, 0.142 mmol) in CH,Cl; (2 mL) was prepared under an inert atmosphere (weighed in dry
box) and treated with pyridine (0.096 mL, 0.094 g, 1.19 mmol). After stirring for 5 min, a solution of alcohol
20 (0.092 g, 0.137 mmol) in CH,Cl; (1 mL) was added. The clear, yellow solution was stirred for 40 min.
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The solution was quenched with 1M Na;S,0x/saturated aqueous NaHCO3 (0.5 mL/0.5 mL). The mixture was
extracted with Et;0 (2 x 10 mL). The combined organic solutions were washed with saturated aqueous
NaHCO; (2 x 5 mL) and brine (5 mL). The organic solution was dried over MgSQy, filtered, and concen-
trated. The residue (0.093 g, 100%) was used without further purification Partial data for the unpurified alde-
hyde 21: IR (neat) v 2955, 2872, 2717, 1722, 1639 cm™!; TH NMR (400 MHz, C¢Dg) 8 9.61 (s, 1H) 5.13 (s,
1H), 4.86 (s, 1H), 4.36-4.31 (m, 2H), 3.96-3.94 (t, J = 3.4 Hz), 3.90-3.77 (m, 2H), 3.19-3.14 (q, J = 6.9 Hz,
1H), 2.41-2.36 (dd, J = 14.3, 64Hz 1H), 2.19-2.14 (dd, J = 14.3, 6.0 Hz, 1H), 2.02-1.94 (m, 1H), 1.75-1.63

(m, 4H), 1.45-1.34 (m, 1H), 1.22-1.21 (d, J = 6.9 Hz, 3H), 116112(d1—140HZ 1H), 1.10-0.96 (m, 27

H), 0.71-0.57 ’m, 12H); 13C NMR (101 MHz, Cg¢Dg) 8 199.9, 144.7, 115.0, 97.3, 70.7, 65.4, 65.1, 62.0, 60.6,
53.5,48.4,45.0,43.2,41.9,39.8, 35.0, 32.3, 26.1, 18.4, 13.4,7.5,7.2,7.1, 5.1, 1.3, -5.0, -5.1; Rp=0.60 (20%
EtOAc/ hexanes).

[2R1-1-Triphenylmethoxy-2-hydroxy-4-pentene (23). A suspension of Cul (37.42 g, 197 mmol) in THF
(480 mL.) was cooled to -78 °C and treated with a solution of vinylmagnesium bromide (394.1 mL of a IM so-
lution in THF, 394.1 mmol) maintaining an internal temperature below -70 °C. After the addition w om-

plete, the light-brown slurry was stirred for 1 h at -78 °C A solution of 22 (31.16 g, 98.6 mmol) in THF (250
mL) was added via an addition funnel over 30 min. The resulting slurry was stirred at -78 °C for 90 min. The
cold bath was removed and the mixture was warmed to -20 °C (mixture discolors to a dark brown color). A
mixture of saturated aqueous NH4Cl and NH,OH (600 mL/600 mL) was cautiously added (vigorous evolution
of ethylene gas). After foaming had subsided, Et,O (1200 mL) was added and the mixture stirred for 12 h.
The biphasic mixture was separated. The agueous portion was extracted with Et;O (2 x 500 mL). The com-
bined organic solutions were washed with brine, dried over anhydrous MgSQy, filtered and concentrated in
vacuo. Purification of the residue by flash chromatography (500 g SiO;, 10% EtOAc / hexanes) afforded

. Af Alanh 1 D2 no a Alaae 310 [A123 120 LI ). TR £ o) f)c"-lo ANNES 10K QN
32.54 g (96%) 01 aICono1 &5 as a cicar oirl [ 7589 -1.0 \(, 1.57, Lniig); IR ult.dt) , 2925, 1556, 1820,

1640 cm~!; TH NMR (300 MHz, CDCl3) 6 7.46-7.43 (m, 5H), 7.34-7.24 (m, 10H),
3.85 (m, 1H), 3.21-3 Q(dd J 97 5.2 Hz, 1H),3.12-3.07(dd, J = 9.2, 6 8 Hz

GO \aixy 223 Jy PediaT . iy ek 2Ry AERjy e By, v = FLLy UL A4,

1 = 1
(CDCla1, 125 MHz) & 14 3.8, 1343, 128.6, 127.8, 127.0, 117.5, 86.7, 70.2, 6
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calculated for CvaHagOoN 362. 2120 found 362.2131; Rf= 0.26 (15% EtOAc / hexanes).
[2E, SR]-5~Hydroxy-6—(tr1phenylmethyloxy)-N-methyl-N-methoxy 2-hexenamide (24). A solution of
alkene 23 (25.37 g, 73.9 mmol) in dichloromethane (750 mL) was treated with several crystals of Sudan Red
(ca. 20 mg). The pale red solution was cooled to -78 °C. Ozone was bubbled through the solution until the
red color dissipated (40 min). The solution was purged with N3 for 20 min. Triphenylphosphine (19.36 g,
73.9 mmol) was added and the cold bath removed. After stirring for 5 h at room temperature, N-methoxy-N-
methyl-(triphenylphosphoranylidene)acetamide (26.83 g, 73.9 mmol) was added producing a slight exotherm

(22 — 28 °C). The yellow solution was stirred for 14 h at ambient temperature. The solution was concen-

74 A~

trated t0 an oil. The residue was mluauy purmea Dy flash cnromatograpny (1.2D kg blUQ, 30 —» 50%

T+MNA~Thoavanmac ) s '] v ivadd Ly Ry, ~omhiiea o~ o mmataral [ ac ArTAsTFEs

L.Lunuut:)\auc:a) to gl ve the plUUULl 24 mixed with uipucu'yxpuuapuulc oxide. This material was concentrated
to a paste and triturated with hexanes. The solid mass was washed with Et;O/hexanes (1:1). The combined
Si02: 50% EtOAc/hexanes s) to give 23,1 2 (73%) of
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]3): IR (neat) 3405, 3059, 3006, 1661, 1623 cm™!;
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xtracts AT LML &Y

. g S
e product 24 as a white solid: [0t]23539 +2.0 (¢ 2.62, CH 1€
H NMR (300 MHz, CDCl3) 6 7.44-7.41 (m, 6H), 7.32-7.21 (m, 9H), 6.94-6.86 (dt, J = 7 3, 15.4 Hz, 1H),
6.96-6.42 (d, J = 15.4 Hz, 1H), 3.92-3.87 (m, 1H), 3.64 (s, 3H) 3.21 (s, 3H), 3.21-3.09 (m, 2H), 2.43-2.39 (m,
2H); 13C NMR (CDCl3, 101 MHz) § 166.5, 143.7, 142.9, 128.5, 127.8, 127.1, 121.1, 86.7, 77.2, 69.7, 67.1,
61.6, 36.7, 32.3; exact mass (FAB) calculated for Ca7H29gO4Na: 454.1994; found 454.1998: Rf=0.26 (15%
EtOAc / hexanes).
[2R, 4S, 6S ]-4-(N-methoxy-V-methyl-carboxamidomethyl)-6-[(triphenylmethyloxy)methyl}-2-phenyl-
1,3-dioxane (25). A solution of the amide 24 (22.75 g, 52.78 mmol) in THF (530 mL) was cooled to 0 °C.
The solution was treated with freshly distilled benzaldehyde ( 3 portions x 5.84 mL., 58 mmol) and potassium

Py—y [P Py - N —~ PSR, L SR T T S, w
tert-butoxide (3 x 0.592 g, 5.28 mmol) at 1 h intervals. After stirring for an additional 30 min, saturated aque-
ous NH;Cl solution (200 mL) was added. The mixture was extracted with Et;0 (2 x 500 mL). The combined



organic solutions were washed with saturated aqueous NH4Cl (300 mL) and brine (300 mL). The organic so-
lution was dried over MgSQy, filtered, and concentrated. The residue was purified by flash chromatography
(1 kg Si03, 30—»70% EtOAc/hexanes) to give 19.1 g (76%) of the benzylidene acetal 25 and 2.8 g (12%) of
the starting carbinol 24. [at]?3sg9 -10.2 (¢ 1.52, CHCl3); IR (neat) 3008, 1659 cm™!; 1H NMR (400 MHz,
CDCl3) 8 7.55-7.48 (m, 7H), 7.37-7.19 (m, 13H), 5.64 (s, 1H), 4.46-4.39 (m, 1H), 4. 17—4 12 (m, 1H), 3.63 (s,
3H), 3.73-3.37 (dd, J = 5.8, 9.6 Hz, 1H), 3.17 (s, 3H), 3.10-3.06 (dd, J = 5.8, 9.6 Hz, 1H), 3.00-2.95 (m, 1H),
-2.52 (dd, J = 15.6, 5.9 Hz, 1H), 1.84-1.81 (4, 13.0 Hz, 1H), 1.57-1.48 (g, J = 11.4 Hz, lH), 13C
7 26.0
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[2R,4S,GS]-4-(Propan-2-0ne)-6-[(tr phenylmethyloxy)methyl] 2-phenyl-1,3-dioxane (26). A solution of
the amide 25 (10.0 g, 18.69 mmol) in THF (180 mL) was cooled to -78 °C and treated with a solution of
methyllithium in Et;0 (40.0 mL of a 1.4 M solution in Et;0, 56 mmol) over 30 min. After stirring for 90 min
at -78 °C, the solution was cautiously quenched by the addition of a saturated aqueous solution of NH4Cl (40
mL). The cold bath was removed and the mixture warmed to room temperature. The mixture was extracted
with Et;0 (2 x 150 mL). The combined organic solutions were washed with saturated aqueous NH4Cl (100
mL) and brine (100 mL). The organic solution was dried over MgSQy, filtered, and concentrated. The residue
was purified by flash chromatography (600 g SiO;; 15—20% EtOAc/hexanes) to give 7.47 g (81%) of the
methyl ketone 26 as a white foam. [a]235g9 +25.6 (¢ 1.96, CHCl3); IR (neat) v 3070, 3022, 2917, 2869, 1716
cm~!; 'TH NMR (400 MHz, CDCl3) § 7.54-7.22 (m, 20H), 5.59 (s, 1H), 4.39-4.35 (m, 1H), 4.15-4.12 (m, 1H),

o ] o n - - TTTN 17 2 e P F_ &= O & ~ 1IIN A NN N OL 73141 T 1£ " L BN 1

J.2308-3. , 2.0 IN4, 111), J.IL'J.UO \uu, v = 0.7, 7,0 1L, 1), £4.74-£4.00 (U4, J = 10.5, /.4 nz, lﬂ),
TRQVYRA (A T — 167 S99 H>y 1IN 291 (¢ 2HIY 1 76172 4(d T =170 H-» 1THY 1 &2.1 AQ (+~ 1H)- 130
L. I7-.59%\Q0, v = 10.0, J.& L1L, LX%) L4 \Dy OX1), L. IU-2.00 \U, J = 14&.7 112y 111), 1.00~1.947 \ill, 111}, o
NMR (101 MHz, CDCI3) § 206.4, 1439, 138.3, 128.6, 1281, 127.7, 1269, 1259, 100, 4, 864, 75.7, 72.8,
66.5, 49.4, 33.6, 31.1; exact mass calcd for C33H3,04Na: 515.2199; found 515.2187 (FAB, MNBA, added

Nal); Rf=0.24 ( 20% EtOAc/ hexanes).

(15)-1 -( 2-Napthyl)ethyl(3S,55)-3-tert-Butyldimethylsilyloxy-5-hydroxy-8-[ 2-phenyl-4-(R)-triphenylmet-
hyloxy)-methyl-1,3-dioxan-6-(S)-yl]-octan-7-on-1-oic acid (28). A solution of the methyl ketone 26 (7.15 g,
14.53 mmol) in Et;0 (250 mL) was slowly cooled to -78 °C (rapid cooling precipitates methyl ketone 26). To
this solution was added Hunig's base (2.76 mL, 16.27 mmol). After stirring for 5 min, neat Bu,BOTf (3.81
mL) was added dropwise. The resulting white suspension was stirred for 45 min at -78 °C. The reaction
mixture was cooled to -110 °C (internal temperature monitoring) by immersion in an Et;O/liquid N, bath. A
solution of the aldehyde ($)-27 (6.50 g, 16.27 mmol) in Et;O (50 mL) was added by cannula. After stirring
for 45 min at -110 °(‘ the qolutlon was warmed to -78 °C and stirred at this temperature for 45 min. The solu-

temperature and diluted with EtZO (250 mL) The organic solution was washed w1th saturated aqueous
NaHCO; (2 x 150 mL) and brine (150 mL). The aqueous washes were extracted with Et;0O (75 mL). The
combined organic solutions were dried over MgSQy, filtered, and concentrated. The residue was purified by
flash chromatography (1 kg SiO;, Gradient elution: 15—30% EtOAc/hexanes) to give 10.25 g (79%) of aldol
product mixture and 1.04 g (15%) of starting methyl ketone 26. The diastereoselectivity of the aldol addition
process was determined to be 22:1 favoring the 1,5 anti product 28 (Zorbax, 20% EtOAc/hexanes, 1 mL/min).
Data for the major isomer 28: [a]?3sgg -3.3 (¢ 1.47, CHCl3); IR (neat) v 3507, 3046, 3015, 2851, 1728 cm!;
TH NMR (500 MHz, C¢Dg) 8 7.71-7.61 (m, 11H), 7.45 (d, J = 8.5 Hz, 1H), 7.29-7.01 (m, 15H), 6.19-6.15 (q,
J = 6.5 Hz, 1H), 5.44 (s, 1H), 4.64-4.55 (m, 1H), 4.42-4.32 (m, 1H), 4.20-4.08 (m, 1H), 3.91-3.80 (m, 1H),

3.46-3.43 (dd, J = 5.6, 9.6 Hz, 1H), 3.22 (br s), 2.64-2.54 (m, 2H), 2.45-2.41 (dd, J = 7.4, 16.0 Hz, 1H),

1O NYNL (+n ALIY DY NN 1T O& (A T . A Q 1£M0N 11a 1IN 1 £ 1 AL (ama DLIN 1 £1 ¢ Yy . £ & 1T 21Ty 1 20
L. 16-4.00 {111, 4I1), 2.UU-1.70 {04, v = 4.0, 10.U 114, 111}, 1.U£-1.40 \ill, £11), 1.01 (0, v = 0.0 NZ, orij, 1.7~
172 f(m 2H)Y NQ28 /¢ QY N 16 (¢ 3HY NNR (¢ 3H)- I3C NMR (125 MH> DCILY S 200 16400 144 A&
| Yo \111, Ll.l‘], V. 740 \D, /1.[/, V. rv \O, Jll), V.o \J, JJL}, N 1 NAVRAN \le LVIIAL, \_rU\llj} v QUU.U, i1Us.7, 1"1“1’.\),
139.5, 139.4, 133.8, 133.7, 129.2, 128.7, 128.6, 128.4, 128.2, 128.1, 127.2, 126.6, 126.3, 126.1, 125.5, 124.6,



100.9, 87.0, 77.5, 76.0, 72.9, 72.5, 67.2, 64.4, 51.2, 49.1, 43.6, 43.4, 33.6, 29.9, 26.0, 22.3, 18.2, -4.66; exact

mass caled for CsgHgqOgSiNa: 915.4270; found 915.4271 (FAB, MNBA, added Nal); Rr=0.11 (20% EtOAc/
hexanes).

(15)-1-(-2-Napthyl)ethyl(3S,55)-3-tert-Butyldimethylsilyloxy-5-methoxy-8-[2-phenyl-4-(R)-triphenylmet-
hyloxy)-methyl-1,3-dioxan-6-(S)-yl]-octan-7-on-1-oic acid (30). A suspension of trimethyloxonium
tetrafluoroborate (2.93 g, 19.77 mmol) in dichloromethane (250 mL) at room temperature was treated with
freshly distilled di-tert-butylmethylpyridine (5.40 g, 23.36 mmol). After the mixture was stirred for 20 min, a
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Xt diluted with Et;0 (300 mL). The organic solution was washed with saturated
(2 X IOO mL) and brine (100 mL). The solution was dried over MgSQs,, filtered, and concentrated. The
residue was purified by flash chromatography (500 g SiO,, 15% EtOAc/hexanes) to give 5.47 g (91%) of the
methylated adduct 30 as a white foam: [0]?sg9 -9.5 (¢ 1.34, CHCl3); IR (neat) v 3059, 2856, 1729 cm!; 'H
NMR (400 MHz, CDCl3) § 7.78-7.62 (m, 11H), 7.46-7.44 (dd, J = 1.7, 8.4 Hz, 1H), 7.30-7.04 (m, 15H), 6.18
(q, J = 6.6 Hz, 1H), 5.51 (s, 1H), 4.54-4.47 (m, 1H), 4.20-4.16 (m, LH), 3.99-3.95 (m, 1H), 3.92-3.83 (m, 1H),
3.47-3.43(dd, J = 5.7,9.6 Hz, 1H), 3.18 (dd, J = 4.5, 9.5 Hz, 1H), 3.13 (s, 3H) 2.67-2.44 (m, 4H), 2.23-2.18
(dd, J = 16, 6.0 Hz, 1H), 2.11 (dd, J = 5.1, 16.3 Hz, 1H), 1.82-1.71 (m, 2H), 1.50 (d, J = 6.5 Hz, 3H), 1.41-
1.27 (m, 2H), 0.963 (s, 9H), 0.17 (s, 3H), 0.09 (s, 3H); '3C NMR (101 MHz, CDCIs) & 206.5, 170.3, 143.9,
138.9, 138.1, 133.1, 128.7, 128.6, 128.2, 128.1, 128.0, 127.7, 127.6, 126.9, 126.1, 126.0, 125.9, 125.0, 124.1,

100.4, 86.9, 75.8, 73.5, 72.6, 72.4, 66.5, 66.4, 56.3, 49.5, 48.4, 43.4, 42.5, 33.6, 29.2, 25.7, 22.1, 17.8, 4.5,
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caled for Cs7HggOgSiNa: 929.4426; found 929.4415 (FAB, MNBA, added Nal); Kf=0.55
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5.5]lundecane-2-acetate (36) and (1S5)-1-(2-Napthyl)ethyl(25,45,65,8R,10R)-10-hydroxy-8- (hydroxy-
methyl)-4-methoxy-1,7-dioxaspiro[S.5lundecane-2-acetate (31). A solution of the ketone 30 (5.37 g, 5.91
mmol) in CH,Cl,/MeOH (10 mL/150 mL) was treated with camphorsulfonic acid (0.343 g, 1.48 mmol) at O
°C. The colorless solution was stirred for 13 h with gradual warming to room temperature. The solution was
neutralized with saturated aqueous NaHCO3 (40 mL) and the mixture extracted with EtOAc (3 x 100 mL).
The combined organic solutions were washed with saturated aqueous NaHCO3 (2 x 75 mL) and brine (75
mL). The solution was dried over MgSQy, filtered, and concentrated. An HPLC assay of the crude residue
showed a 6.1 :1 ratio of spiroketal isomers (Zorbax column, 10% EtOAc/10% i-PrOH/80% hexanes; 0.5
mL/min). The residue was purified by flash chromatography (400 g Si0;, 3% MeOH/CH,Cl,) to give a
mixture of two spiroisomers 31 and 32 and 0.489 g (18%) of a bis- mci‘nyi ether byproduct This material was

PUSUNITY Pyt By s Y AANITITaMN A A\ e slcrm smzzon MM T LN na A 28
recnromato gl’ pﬂ a (ouU g DIU2, lUU /0 ElUﬂL—')J'/OLVICUI'lIDLUI‘\L} w glVC puie J‘r (V.4Ul s 1.070) Alld J1
ENOLY Tata far 21 fannmatinea 1 enirnianmar e Tw125.0- 10 R (2121 CHOLY TR (mant) 1 2429 2087

\1 63 g, U£70). did 101 51 \uuuatulax apuumuxuu] Lu.] 380 ~17.0{C 1.014, bllblj], A (NCay vV 3454, JUdi,
2932, 1730, 1602 ¢ TH NMR (500 MHz, MeOD) & 7.90-7.79 (m, 4H), 7.49-7.40 (m, 3H), 6.02 (q, J = 6.5

Hz, 1H), 4.35-4.30 (m, 1H), 3.95-3.89 (m, 1H), 3.67-3.60 (m, 1H), 3.44 (m, 2H), 2.52-2.50 (m, 2H), 2.38-2.34
(m, 1H), 2.03-1.99 (m, 1H), 1.83-1.80 (dd, J = 13.3, 3.9 Hz, 1H), 1.70-1.65 (m, [H), 1.63-1.62 (d, J = 6.5 Hz,
3H), 1.50-1.46 (dd, J = 1.7, 10.0, 1H), 1.42-1.37 (m, 1H), 1.21-1.07 (t,J = 15.8 Hz, 1H), 1.04 (q, / = 14.5 Hz,
1H); 13C NMR (125 MHz, CDCl3) 6 171.7, 1389, 133.1, 133.0, 128.2, 128.0, 127.5, 126.2, 125.7, 124.5,
99.8,73.1,72.6, 72.3, 66.3, 64.0, 61.0, 55.4, 43.7, 41.8, 41 4, 36.8, 34.0, 21.7; exact mass calcd for C,5sH3307:
445.2226; found 445.2191 (CI, NH3); Rp=0.17 (5% MeOH/ CH.Cly). Data for 32 (natural spiroisomer): see
below.
(1S5)-1-(2-Napthyl)ethyl(2S5,45,6S,8R,10R)-10-hydroxy-8-(hydroxymethyl)-4-methoxy-1,7-dioxaspiro-
[5.5]undecane-2-acetate (32). A solution of the spiroketal 31 (1.48 g, 3. 31 mmol) in dichloromethane (120
mi) was treated with magnesxum trifluoroacetate (9.93 mi
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(60 mL). The solution was dried over MgSQy, filtered, and concentrated. The residue was purified by flash
chromatography (200 g SiO;, 6% i-PrOH/CH,Cl) to give 0.793 g (53%) of spiroisomer 32 and 0.349 g (24%)
of spiroisomer 31. Data for 32 (natural spiroisomer); [0t]?3sgg -S1.1 (¢ 1.63, CHCl3); IR (neat) v 3507, 2933,
1728 cm~1; TH NMR (400 MHz, MeOD) & 7.91-7.78 (m, 4H), 7.59-7.40 (m, 3H), 6.07 (q, J = 6.6 Hz, 1H),
4.11-3.99 (m, 1H), 3.93-3.91 (t, J = 3.2 Hz, 1H), 3.76-3.68 (m, 1H), 3.57-3.46 (m, 1H), 3.30-3.24 (m, 4H),

3.10-3.05 (dd, J = 11.7, 5.2 Hz, 1H), be(m 2H), 22422()(brd J = 14.8 Hz, 1H), 2.09-1.98 (m, 1H), 1.62-
1.61 (d, J = 6.6 Hz, 3H), 1.52-1.45 (m, 2H), 1.27-1.21 H), 1.13-1.04 (g, J = 11.8 Hz, 1H); 13C NMR
: 3 5 6
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S8 85 A2 8§ A1 N0 A6A 2485 220 21 A avant macge caled far CL 1. N AAA D1A4Q: Farvnd AAA V1AA (TT.
JI.Jy s, LY, JUWY, I, JJ.U, 41U, CAaLL 1iass Ladill 1UL UISII3VUT. 49T.4190, I0Una 444.2.144 {1 )5
Ra=0131 (5% MeQOH/ CH-Cl,
~j w LAV 5 TS § LW b

(15)-1-(2-Napthyl)ethyl(25,4S,6S,8R,10R)-10-hydroxy-8-(trityloxymethyl)-4-methoxy-1,7-dioxaspiro-

[S.5]undecane-2-acetate (32a). A solution of the diol 32 (0.731 g, 1.64 mmol) in pyridine (8 mL) was treated
with trityl chloride (freshly recrystallized from heptane, 2.22 g, 8.19 mmol) . The yellow solution was stirred
at 60-65 °C for 4 h, cooled to room temperature, and stirred for an additional 12 h. The solution was diluted
with water (30 mL) and extracted with EtOAc (2 x 75 mL). The combined organic solutions were washed
with brine (50 mL), dried over MgSQy, filtered, and concentrated. The residue was purified by flash chro-
matography (150 g SiO,, 50—60% EtOAc/hexanes) to give 0.986 g (89%) of the product 32a as a yellow
foam: [0t]%35g9 -20.6 (¢ 1.90, CHCl3); IR (neat) v 3518, 3056, 2933, 1728 cm™!; 'H NMR (400 MHz, CDCl3) &

7.81- /74(m 3H), 7.66-7.64 (m, 1H), 7.48-7.18 (m, 18H), 6.15 (q, J = 6.6 Hz, 1H), 4.16-4.03 (m, 2H), 3.89-
3.86 (d, 4.7 Hz, 1H), 2.96-2.93 (dd,

k‘
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o
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, 1H), 3.58-3.43 (m, 1H), 3.33 (s, 3H), 3.05-3.01 (dd, J = 9.4,
¥ DA A ATIT. 1IN N ™QO N =t 711 T __ 1£7T N2 I¥. 1LY N ££ DY £1 73113 ¥ _ 177 2 72 1T 111V N 231 N NQ 7.3
J=79,4.9I514, 111), £./10-4,71 '\ U, J = 10./, 7.0 114, 111}, £,00-£.01 \UU, J = 10.7, 2.0 INL, 1IN), £L.D4L-£.L0 (U,
T = 1AALI: 1IN 212902 f+vv DIIY 1 AO_1 £ (1 ’)U\ 1AYA(A T—AALI> 211\ 1 885_1 &N(Ad T — 144 279
J = 1949 14, 111), &b a2 Ud (111, &4x1), 1.UF-1.94 \Ill, &5, 1.5 {4, v = O.U 11Z, o511, 1.33-1.I9u \QG, v = 1924, 5./
Hz. 1HY 143137 (¢t J=11.58Hz 1H) 133-127 (a. J=11.8 Hz. 1H): 13FNMP {101 MH7z CNC1LY §
Lhdiy ARy, LSFITLTT \GL Y 1.0 KRdy AxRJy RePITa kT \Mqy v 11.0 L34, 141y, o ANAIVAIN 1V aVarid, xsna3y U
170.8, 144.1, 138.2, 1329, 128.8, 127.6, 127.5, 126.8, 126.1, 126.0, 125.4, 125.4, 124.0, 994, 86.1, 73.1
S d

709.3129; found 709.3110 (FAB, MNBA, added Nal); R=0.50 (90% EtOAc/hexanes).
(15)-1-(2-Napthyl)ethyl(2S,4S,6S,8R,10R)-10-tert-butyldimethylsiloxy-8-(trityloxymethyl)-4-methoxy-
1,7-dioxaspiro[5.5]Jundecane-2-acetate (33). To a cold solution (-100 °C) of the spiroketal 32a (0.986 g,
1.42 mmol) in CH,Cl; (30 mL) was added 2,6-lutidine (0.245 mL, 0.228 g, 2.13 mmol) and ftert-
butyldimethylsilyl triflate (0.324 mL, 0.394 g, 1.49 mmol). The yellow solution was warmed to -78 °C and
stirred 1 h at this temperature. The solution was quenched with saturated aqueous NH4Cl (10 mL) and the
cold bath removed. After warming to room temperature the reaction mixture was extracted with Et;O (2 x 50

'.111 n‘ o P TaY

mL) The combined or gamc extracts were washed with saturated aqueous INFgl (U mL) and brine (JU mL).
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ranhey 71NN 4~ QN 1N0L TBtNA~Thavanao) tn aiva 1 NA o (QTIOL\ AF cilvyl nf"\nr k % WY l—\ ite fram: [v125... .00 )
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(¢ 1.26, CHCl3); IR (neat) v 3056, 2953, 2861, 1733 cm™!; 'H NMR (500 MHz, CDCl3) 8 7.81-7.77 (m, 3H),

7.48-7.43 (m, 6H), 7.27-7.18 (m, 13H), 6.07 (g, J = 6.5 Hz, 1H), 4.55-4.25 (m, 1H), 4.13-4, ll (t,J = 3.4 Hz,
1H), 3.90-3.86 (dt, J = 8.0, 2.1 Hz, 1H), 3.43- 3.38 (m, 1H), 3.22 (s, 3H), 3.17-3.04 (m, 2H), 2.83-2.80 (dd, J
= 15.5, 3.8 Hz, 1H), 2.58-2.52 (dd, J = 15.5, 9.9 Hz, 1H), 2.19-2.11 (m, 2H), 2.02-1.99 (dd, J = 12.3, 3.1 Hz,
1H), 1.73 (br d, J = 13.4 Hz, 1H), 1.68-1.65 (m, 1H), 1.63-1.62 (d, J = 6.5 Hz, 3H), 1.48-1.44 (dd, J = 14.3,
3.6 Hz, 1H), 1.37-1.32 (t, J = 11.9 Hz, 1H), 1.10 (q, J = 11.6 Hz, 1H), 0.761 (s, 9H), 0.01 (s, 3H), -0.05 (s,
3H); 13C NMR (101 MHz, CDCl3) & 170.1, 144.1, 138.7, 133.1, 130.0, 128.8, 128.2, 128.0, 127.6, 127.5,
126.8, 126.1, 126.0, 125.3, 124.1, 120.1, 98.2, 86.1, 73.8, 72.5, 66.9, 66.5, 64.9, 64.3, 55.4, 43.2, 41.1, 36.6,
35.6, 35.5,25.7,21.9, 17.9, -4.8, -4.9; exact mass calcd for C5oHggO7SiNa: 823.4006; found 823.3975 (FAB,
MNBA, added Nal); Rf-O 48 (30% EtOAc/hexanes).
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2- uv-memoxy-zv-memyl 1-(25,48,65,8K,16R)-10-teri-butyldimethyisiioxy-8-(irityloxymeihyi)-4-methoxy-
1" .l: nnnnnnnnnnnn Aonnean Voanatasmetda (AN Ta o canled .10 90 anhiitian af tha actar 22N LQ0 5 N Q772
14/=Q Uldhpll ULJ J]uuut:tauc- L 1HIUCT (J49). 1U A LVUIVU -1V U ) SUTUnIVIL UL UL ©Olll o0 \V.UT7 5, V.0/J
mmo } n THF (15 mL) was added N O-dimet v] hvdrovyvlamine hvdrachloride (0 1823 ¢ 1 §7 mmol & re-
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sulting suspension was treated with a solution of ethyl magnesium bromide (4.71 mL of a 1M solution in



Et;0, 4.71 mmol) maintaining an internal temperature of -10 °C to -5 °C during the addition. The pale yellow
solution was stirred for 90 min at -10 °C. The solution was quenched with saturated aqueous NH4Cl (5 mL).
The cold bath was removed and the biphasic mixture stirred for 30 min. The solution was extracted with Et,O
(2 x 50 mL) and the combined organic solutions washed with saturated aqueous NH4Cl (20 mL.). The solution
was dried over MgSQ;,, filtered, and concentrated. the residue was purified by flash chromatography (60 g
Si0,, 15% EtOAc/hexanes then 50% EtOAc/hexanes) to give 0.018 g (3%) of ethyl ketone 35 and 0.540 g
(90%) of the amide 34: [0]?3sg9 -5.8 (¢ 1.26, CHZCIZ) IR (neat) v 3058, 2949 2872, 1733, 1662 cm™!; 1H
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43H7,1H) 185182(d 13.4 Hz, 1H), 5(m,2H),152148(de 36 144 Hz, {H), 139-
1.33 (t, J = 11.9 Hz, 1H), 090 (s, 9H) 0.08 (s, 3H), 0.07 (s, 3H); 13C NMR (101 MHz, CDCl3) & 172.0,
144.1, 128.8, 127.6, 126.8, 98.3, 86.1, 73.9, 67.2, 66.5, 65.0, 64.3, 61.2, 55.7, 43.4, 38.4, 37.1, 35.8, 35.7,
32.0, 25.8, 18.1, -4.8, -4.9; exact mass calcd for C4oHs507SiNNa: 712.3646; found 712.3656 (FAB, MNBA,
added Nal); Rg=0.35 (40% EtOAc/hexanes).
(2S5,45,6S,8R,10R)-10-tert-butyldimethylsiloxy-2-(buta-3-one)-8-(trityloxymethyl)-4-methoxy-1,7-dioxa-
spiro[5.5]undecane (35).. A cooled solution (0 °C) of the amide 34 (0.896 g, 1.30 mmol) in THF (25 mL)
was treated with a solution of ethylmagnesium bromide (6.51 mL of a 1 M solution in Et;0, 6.51 mmol). The
bright yellow solution was stirred at O °C for 90 min. The solution was treated with saturated aqueous NH;Cl

solution (10 mL) and the cold bath removed. After warming to room temperature, the mixture was extracted

ra Wi I 431 ._.1 A o VPRI, TSI RO SR DY, SRR (LR [ £ilen RO SRR, |
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The residue was purified by flash chromatography (75 g SiO3, 15% EtOAc/hexanes) to give 0.785 g (95%) of
the ethyl ketone 35 as a wblte foam: [0U]%3589 -2.7 (¢ 2.18, CH,Cly); IR (neat) v 3058, 2929, 2850, 1715 cm™};
IH NMR (400 MHz, CDC Y d 7.46-7.44 (m, 6H ), 7.29-7.19 (m, 9H), 4.59-4.55 (m, 1H), 4.15-4 13 (t, J =34

124, 27 v,_,, A2 27 138 Vi 113 L R R

Hz, 1H), 3.97-3.92 (m, 1H), 3.53-3.45 (m, 1H), 3.32 (s, 3H), 3.21-3.17 (dd, J = 8.8, 4.5 Hz, 1H), 3.10-3.06
(dd, J = 6.3, 8.8 Hz, 1H), 2.87-2.82 (dd, J = 17.2, 3.6 Hz, 1H), 2.70-2.64 (dd, J = 17.2, 8.9, 1H), 2.45-2.40 (q,
J = 7.4 Hz, 2H), 2.24-2.14 (m, 2H), 2.05-2.01 (dd, J = 12.0, 3.6 Hz, 1H), 1.81-1.77 (br d, J = 13.4 Hz, 1H),
1.70-1.63 (m, 2H), 1.36-1.30 (t, J = 12.0, Hz, 1H), 1.06-1.03 (t, J = 7.4 Hz, 3H), 0.88 (s, 9H), 0.07 (s, 3H),
0.034 (s, 3H); 13C NMR (101 MHz, CDCl3) 8 209.3, 144.1, 128.8, 127.6, 126.8, 126.8, 98.2, 86.2, 73.8, 66.6,
65.0, 64.3, 55.5, 48.6, 43.2, 37.0, 36.9, 35.8, 35.7, 25.8, 18.1, 7.7,-4.8; exact mass calcd for C4gHs40¢SiNa:
681.3587; found 681.3591 (FAB, MNBA, added Nal); R1=O.4l (30% EtOAc/hexanes).

2'-Methyl-2-[2S,5R]}-2-(tert-butyldimethylsiloxy-5-methyl-4-methylene-hexan-6-al)-1,3-dioxolane (36). A
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solution of di- tert—butymlpnenyl (9.76 g, 36.6 mm01) in THF {

of cut and crushed (with pliers) lithium wire (0.330 g, 47.
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20 mL.,) was treated with several small plCCCS

Si
sy it + 1
to maintain temp ution of the radical
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anion solution. separate flask, a solution of benzy
cooled to -78 °C. The radical anion
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persisted. The solution was stirred for 30 min at 78 °C and carefully g uenched with saturated aqueous NH4Cl
solution. The cold bath was removed and the mixture warmed to room temperature. The mixture was ex-
tracted with Et,O (2 x 40 mL). The combined organic solutions were washed with saturated aqueous NH4Cl
(15 mL) and brine (10 mL). The organic solution was dried over MgSQOy, filtered, and concentrated. The
residue was purified by flash chromatography (50 g SiO;, 100% Hexanes then 30 % EtOAc/ hexanes) to give
0.366 g (70%) of the desired alcohol and 0.139 g (27%) of a mixture of the desired product and deketalized
product. Data for the alcohol: [a]?35g9 +22.4 (¢ 2.8, CHCI3) IR (neat) v 3446, 2964, 2861, 1641 cm™!; 'H

a. 20 mL) until the green-blue color

NMR (400 MHz, CDCli3) 6 4.97 (s, 1H), 4.89 (s, 1H), 4.17-4.12 (m, 1H), 3.57-3.38 (m, 6H), 2.50-2.45 (dd, J
= 14.1, 5.6 Hz, 1H), 2.36-2.28 (m, 2H), 2.08-1.94 (m, 2H), 1.84 (br s, 1H), 1.32 (s, 3H), 1.05-1.03 (d, /= 6.9
Hz, 3H), 0.991 (s, 9H), 0.15 (s, 3H), 0.10 (s, 3H); 13C NMR (101 MHz, CDCl;) 8 148.9, 112.3, 109.3, 68.2,
66.3,64.4,64.1,46.4,44.9,42.2,26.1, 24.8, 18.2, 16.5, -4.0, -4.1; exact mass calcd for C;gH3704Si: 345.2461
IM* +1]; found 345.2467 (CD); R=0.26 (25% EtOAc/ hexanes). A solution of Dess-Martin periodinane
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(0.105 g, 0.248 mmol) in CH;Cl; (2 mL) was prepared under an inert atmosphere (weighed in dry-box) and
treated with pyridine (0.152 mL, 0.150 g, 1.90 mmol). After stirring for 5 min, a solution of the alcohol
(0.066 g, 0.190 mmol) in CH,Cl, (1 mL) was added. The clear, yellow solution was stirred for 40 min. The
solution was quenched with 1M Na;S;0s/saturated aqueousNaHCO; (0.5 mL/0.5 mL). The mixture was
extracted with Et0 (2 x 10 mL). The combined organic solutions were washed with saturated aqueous

NaHCO; (2 x 5 mL) and brine (5 mL). The organic solution was dried over MgSQy, filtered, and
concentrated. The residue (0.060 g, 92%) was used wnhout further purification Data for aldehyde 36:

[} sg9 +31.67 (¢ 2.67, CHCl3) IR (neat) v 2959, 2713, 1726, 1638 cm™!; 'H NMR (400 MHz, C¢Dg) 6 9.32
(s, 1H) 5.05 (s, 1H), 4.80 (s, 1H), 4.11-4.05 (m, 1H), 3.59-3.44 (mn, 4H), 2.93-2.88 (dq, J = 2.3, 6.4 Hz, 1H),
2.52-247(dd, J = 14.2, 44 Hz, 1H), 2.28-2.22 (dd, J = 14.2, 7.2 Hz, 1H), 2.03-1.93 (m, 2H), 1.27 (s, 3H),
1.05-1.03 (d, J = 6.4 Hz, 3H), 0.959 (s, 9H), 0.124 (s, 3H), 0.054 (s, 3H); !3C NMR (101 MHz, C¢Ds) &
148.9, 112.3, 109.3, 68.2, 66.3, 64.4, 64.1, 46.4, 44,9, 42,2, 26.1, 24.8, 18.2, 16.5, -4.0, -4.1: exact mass calcd

for CIRH’HOASI 343.2305; found 343. 2300 (CD); R=0.39 (20% EtOAc/ hexanes).

2'-Methyl-2-[25,5R,6S 7S]-2-(tert-bntyldlmethylsiloxy-4-methylene—5 -methyl-6-hydroxy-7-methyl-non-8-
one)-1,3-dioxolane (37). A solution of dicyclohexylboron chloride (0.112 mL, 0.112 g, 0.511 mmol) and tri-
ethylamine (0.071 mL, 0.052 g, 0.511 mmol) in pentane (11 mL) was cooled to 0 °C and treated with neat 3-
pentanone (0.052 mL, 0.044 g, 0.511 mmol) producing a granular white precipitate (triethylamine hydrochlo-
ride). The mixture was stirred for 1 h at 0 °C and then cooled to -78 °C. A solution of the aldehyde 51 (0.060
g, 0.176 mmol) in pentane (I mL) was added. The resulting white slurry was stirred at -78 °C for 90 min,
quenched with MeOH/ pH 7 buffer (0.5 mL/0.5 mL), warmed to room temperature and treated with HyO,

,\I‘I MNYY i\ & T N L S AL o .l I~
(J 0% aqueousyvieuri (V.0 mL/u.0 miL). Alter stirri ng for 45 mm the mixture was extracted with D[ Ui<x
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(5 mL). The organic solution was dried over MgSQ;, filtered and concentrated. A small portion of the unpu-

d
rified residue was silylated with trimethylsilyl imidazole (THF, 12 h, 22 °C) and assayed by gas chromatogra-
phy. GC assay (DB 1701, oven temperature 190 °C, flow rate 16) showed a 97:3 ratio of isomers. t, (major
isomer) = 43.76 min. The residue was purified by flash chromatography (20 g SiO;, 15% EtOAc/hexanes) to
give 0.070 g (93%) of the aldol adduct 37: [@]*3559 +29.9 (c 2.85, CHCI3) IR (neat) v 3497, 2956, 2898, 1715,
1637 cm™1; 'H NMR (400 MHz, CDCl3) 8 5.99 (s, 1H), 5.88 (s, 1H), 4.96-4.87 (m, 5H), 4.64-4.60 (dt, J = 8.3,
4.1 Hz, 1H), 3.74-3.66 (quintet, J = 7.2 Hz, 1H), 3.54-3.49 (q, J = 7.2 Hz, 2H), 3.40-3.36 (dd, J = 14.4,4.2
Hz, 1H), 3.31-3.26 (m, 1H), 2.94-2.88 (dd, J = 14.4 Hz, 7.3, 1H), 2.85-2.81 (dd, J = 14.4, 3.9 Hz), 1.30 (s,

3H), 1.03-1.00 (m, 6H), 0.844 (s, 9H), 0.046 (s, 3H), 0.003 (s, 3H); 13C NMR (101 MHz, CDCl;) & 215.9,

148.4, 113.9, 108.8, 82.9, 73.6, 67.5, 64.3, 64.0, 47.4, 46.0, 44.0, 41.0, 36.5, 30.0, 25.8, 25.6, 24.5, 23.6, 17.9,
13.7, 11.5, 7.3, -4.4; exact mass calcd for Cy3H4405SiNa: 451.2856; found 451.2852 (FAB, MNBA, added
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2.-[(25,4S,6R,85,105)-8-[(3R,45,55)-7-[(25,45,6R ,8S,105)-10-(tert-Butyldimethylsiloxy)-4-methoxy-8-(tri-
tyloxymethyl)-1,7-dioxaspire[5.5]undec-2-yl}-4-hydroxy-3,5-dimethyl-2-methylene-6-oxcheptyl}-4-(tri-

ethylsiloxy)-10-methyl-10-(triethylsiloxy)-1,7-dioxaspiro[5.5]undec-2-yl]1-(tert-butyldimethylsiloxy)-
ethane (39). A solution of the ethyl ketone 35 (0.125 g, 0.202 mmol) in pentane (4.0 mL) was cooled to 0 °C
and treated with dicyclohexylboron chloride (0.043 mL, 0.043 g, 0.202 mmol). After stirring for 10 min at 0
°C, triethylamine (0.028 mL, 0.020 g, 0.202 mmol) was added, producing a granular white precipitate. The
heterogeneous mixture was stirred at 0 °C for 90 min. The enolate solution was cooled to -78 °C and treated
with a solution of the unpurified aldehyde 21 (0.093 g, 0.137 mmol) in pentane (1.0 mL). The mixture was
stirred at -78 °C for 4 h, the mixture was quenched with a solution of MeOH/pH 7 phosphate buffer (1 mL/1
mL) and the -78 °C bath replaced with an ice/water bath. Aqueous H,O,/pH 7 phosphate buffer (1 mL/1 mL)
was added, and the mixture was stirred at 0 °C for 1 h. The mixture was extracted with Et,O (3 x 15 mL).
The combined organic solutions were washed with saturated aqueous NaHCO3 (2 x 10 mL) and brine (10
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product mixture showed a 9:1 mixture of aldol diastereomers (Zorbax column, 15 % EtOAc/ hexanes, 1.0 mL/
min; Tz Minor = 5.50 min, Tg Major = 7.18 min). The residue was purified by an initial flash
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chromatography (20 g SiO,, 15% EtOAc / hexanes) to give 0.194'g of a residue which was repurified by
preparative HPLC (Zorbax column, 15% EtOAc/ hexanes, 20 mL/min) to give 0.118 g (64 % over two steps)
of the major isomer 39, 0.011 g (6 %) of a minor isomer, and unreacted ethyl ketone 35 (52 mg 74 % of
theoretical). Data for aldol adduct 39: [at}*5589 -9.3 (c 1.18, CHCl3; IR (neat) v 3514, 1713 cm™; 1H NMR

(400 MHz, CDCl3) 8 7.45-7.43 (d, J = 7.4 Hz, 6H), 7.30-7.19 (m, 9H), 5.09 (s, 1H), 4.89 (s, 1H), 4.58-4.54

(m, 1H), 4.18-4.11 (m, 2H), 4.09-3.95 (m, 3H), 3.75-3.68 (m, iH), 3.63-3.58 (m, 2H), 3.51-3.46 (m, iH),

3.31 (s, 3H), 3.20-3.16 (dd, J = 8.9, 4.4 Hz, 1H), 3.11-3.07 (dd, J = 8.9, 6.3 Hz, 1H), 2.97-2.92 (dd, J = 18.1,
27 H-2 1HY 7Q27.7Q1 (A1 T .11 ONLIs 1IN\ VT E&OQ DAY (+» 1IN D24 D 72 (zv: 2LIY D AN D) 10 7343 T
J.f XL, i11f, £.0/~4&.01 (G4, v = 10.1, .U I1Z, 111}, 2. UF-£. O3 ({11, 101}, £.09-4.25 \I1l, 5N}, 2.2U-2.17 {404, J =
143 34H7 1THY 2 2Midd J=120 34 Hz THY 100104144 T =14 SAH THY 1221 47{m 12
ATFeelg T RRdig RALJy AW TT LU ULy U L htsNFy T BRbey RRA Sy Lo 77T 17T\, T AWl S 2L, 1AL ), L.OLTLY O\ARLy 14
H), 1.35-1.30 (t, J = 12.0 Hz, 1H), 1.28-1.24 (m, IH), 1.98 (s, 3H), 1.04-1.02 (br d, J = 6.9 Hz, 6H), 0.96-0.92

(t, J = 7.9 Hz, 18 H), 0.885 (s, 9H), 0.878 (s, 9H), 0.594-0.526 (m, 12H), 0.656 (s, 3H), 0.032 (s, 9H); 13C
NMR (CDCl,, 101 MHz) 6 213.2, 147.7, 144.1, 128.7, 127.6, 126.7, 113.6, 98.2, 97.2, 86.13, 77.2, 73.9, 73.7,
704, 66.5, 66.2, 65.0, 64.6, 64.4, 64.3, 62.1, 60.1, 55.5, 49.7, 48.1, 48.0, 45.1, 43.3, 43.1, 42.1, 40.5, 39.1,
38.6, 36.8, 35.8, 35.6, 32.1, 29.6, 25.8, 18.2, 18.1, 13.5, 11.7, 7.2, 6.9, 6.8, 4.7, -4.8, —4.9, 5.2, -5.3; MS
(FAB) calculated for C76H 260 ,Si4Na [M*+ Na], 1365; found 1365; Rf=0.38 (20% EtOAc / hexanes).

2-[ (25, 45, 6R, 8S, 105)-8-[ (3R, 45, 55)-7-[(2S, 4S, 6R, 85, 10S5)-10-(fert-Butyldimethylsiloxy)-4-
methoxy-8-(trityloxymethyl)-1,7-dioxaspiro[5.5]Jundec-2-yl}-4-hydroxy-3,5-dimethyl-2-methylene-6-ox-
oheptyl]-4-hydroxy-10-methyi-10-(triethyisiloxy)-1,7-dioxaspiro[5.5Jundec-2-yl]1-hydroxyethane (40).
A soiution of the bis-spiroketal 39 (143.7 mg, 0.107 mmoi) in THF (1.85 mL) in a poiyethyiene vial was
cooled to 0 °C and treated with a buffered solution of HFepyridine (1.85 mL of a solution containing 7.7%

WD i Aimal 1N muridina/TLIE ho unhimal Tha enlintinn wae otirrad ot N O Foe T h Tha onlitinn was fn
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tinticely anienched with catiirated anneonie NaHCOO, (4 mT ) and the mivtiire wae extracted with FtO A~ (3 ¥ 1§
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mbL). The combined organic solu tions were washed with saturated aqueous NaHCO; (2 x 10 mL) and brine

(10 mL). The solution was dried over MgSOy, filtered, and concentrated. The residue was purified by flash
chromatography (2 x 12 cm silica gel, 70% ethyl acetate/hexanes) to give 102.4 mg (77%) of the desired triol
40 and 18 mg (14%) of a partially deprotected diol. Data for triol 40: [0]®sg9 +3.0 (c 1.38, CHCl3); IR (neat)
v 3487, 2943, 1707, 1635 cm-!; 'H NMR (400 MHz, CDCl3) & 7.45-7.43 (d, J = 7.4 Hz, 6H), 7.29-7.19 (m,
OH), 5.11 (s, 1H), 5.01 (s, 1H), 4.61-4.49 (m, 1H), 4.23-4.18 (dt, J = 3.1, 10.4 Hz, 1H), 4.15-4.13 (t, J =
3.22 Hz, 1H), 4.08-3.91 (m, 3H), 3.83-3.78 (m, 1H), 3.71-3.67 (m, 1H), 3.66-3.64 (dd, J = 7.8 Hz, 1.7 Hz,
1H), 3.53-3.45 (m, 1H), 3.31 (s, 3H), 3.20-3.16 (dd, J = 8.9, 4.4 Hz, 1H), 3.12-3.08 (dd, J = 8.9, 6.3 Hz, 1H),
2.98-2.85 (m, 2H), 2.72-2.65 (m, 1H), 2.49-2.44 (m, 1H), 2.26-2.14 (m, 4H), 2.04-2.01 (m, 1H), 1.85-1.82 (d,
J = 14.4 Hz, 1H), 1.79-1.56 (m, 11H), 1.37-1.30 (m, 2H), 1.26 (s, 3H), 1.05-1.03 (d, J = 7.0 Hz, 3H), 0.965-
0.926 (t, J = 7.8 Hz, 9 H), 0.887 (s, 9H), 0.655-0.572 (two overlapping quartets, J = 7.8 Hz, 6H), 0.69 (s, 3H),

N 2K (¢ AN 130 NIMDR (O 1[\1 MII-YVRDVID A 1421 1441 190 R 17974 17AR 11492 QA QR Y Q& 1
U.30 (8, 311, O INIVIR AU UL, 1V VinZ) O £12.90, 15001, 159591, 140.8, 14/.0, 120.05, 115.5, 70.6, 70.4, OU.4,
77.1, 73.9, 72.7, 70.3, 66.5, 66.3, 65.0, 64.8, 64.3, 64.2, 63.9, 60.1, 55.5, 49.7, 48.5, 47.8, 45.0, 43.3, 42.1,
407.39.0, 37.1, 36.8, 35.8, 35.6, 31.9, 29.6, 25.9, 18.1, 12.9, 10.7, 7.2, 6.6, 4.8, 4.9; MS (FAB) calculated

for Ce4HogO12Si;Na [M*+ Na], 1137; found 1137; Rf= 0.31 (70% EtOAc / hexanes).

2-[(2S,45,6R.85,105)-8-[(3R,4S,55)-7-[(25,45,6R,8S5,105)-10-(tert-Butyldimethylsiloxy)-4-methoxy-8-(tri-
tyloxymethyl)-1,7-dioxaspiro[5.5Jundec-2-yl}-4-hydroxy-3,5-dimethyl-2-methylene-6-oxoheptyl]-4-hy-

droxy-10-methyl-10-(triethylsiloxy)-1,7-dioxaspiro[5.5]lundec-2-yllethylmethoxyacetate(40a). A solution
of triol 40 (115.9 mg, 0.104 mmol) in CH,Cl; (2.7 mL) was cooled to 0O °C and treated with Hunig's base
(0.339 mL, 1.94 mmol) and methoxyacetic anhydride (0.134 mL, 0.972 mmol). After stirring for 22 h, the so-
lution was diluted with EtpO (20 mL) and washed with saturated aqueous NH4Cl solution (2 x 7.5 mL). The
aqueous washes were extracted with Et;O (2 x 10 mL). The combined organic solutions were dried over
MgSQy, filtered, and concentrated. The residue was purified by flash chromatography (2 x 12 cm silica gel,
40% EtOAc/CH,Cly) to give 113.1 mg (92%) of the methoxyacetate 40a as a white foam. [0t]?5sg9 +3.1 (c

N 20 f"‘“l-T{"l mn Inpaﬂ 1 ’l/l()’7 ’)0’1 1783 1719 IRA‘I ~mT ] 1H NMR /Am R/fT—Tv CNCYNY R T ART AA {A T
Veud 79 B ANE j], AAN \ ANTveN } 5T LY SISy ATy AT Kby AVTTL NAAR AL LVNAVYEAN A Alig N AN / v o7.TT % an o \ )
— 7.4 Hz, 6H), 7.29-7.20 (m, OH), 5.08 (s, 1H), 4.99 (s, 1H), 4.57-4.55 (m, IH), 131-4.26 (m, 2H) 4.16-4.10

1 4 2
(m, 2H), 4.00 (s, 2H), 4.01-3.95 (m, 1H), 3.90-3.84 (m, 2H), 3.65-3.63 d J=9220



(m, 1H), 3.42 (s, 3H), 3.31 (s, 3H), 3.19-3.17 (dd, J = 8.8, 4.3 Hz, 1H), 3.11-3.08 (dd, J = 8.8, 6.3 Hz, IH),
2.98-2.95 (dd, J = 10.1, 5.9 Hz, 1H), 2.90-2.85 (dd, J = 18.1, 9.0 Hz, 1H), 2.71-2.66 (dq, J = 9.0, 7.2 Hz, 1H),
2.41-2.37 (br q, J = 6.7 Hz, 1H), 2.25-2.17 (m, 2H), 2.19-2.17 (d, J = 6.9 Hz, 2H), 2.04-2.01 (dd, J = 12.6, 6.4
Hz, 1H), 1.87-1.43 (m, 13H), 1.34-1.26 (m, 2H), 1.24 (s, 3H), 1.06-1.05 (d, J = 6.9 Hz, 3H), 1.01-1.00 (d, J =
6.9 Hz, 3H), 0.95-0.91 (t, J = 8.0 Hz, 9H), 0.886 (s, 9H) 0.586-0.541 (q, J = 8.0 Hz, 6H), 0.068 (s, 3H), 0.036

(s, 3H); 13C NMR (CDCl;, 101 MHz) 8 212.7, 170.0, 148.1, 144.1, 128.8, 127.6, 126.8, 114.5, 99.0, 98.2,

86.1, 73.9, 72.9, 70.0, 69.7, 66.5, 66.3, 65.0, 64.9, 64.3, 64.1, 61.7, 61.6, 59.3, 55.5, 49.7, 48.4, 47.2, 45.3,
41.9, 40.8, 39.4, 37.2, 36.8, 35.8, 35.6, 34.2, 31.9, 259, 18.1, 13.0, 10.8, 7.2, 6.8, —4.8, —4.9; MS (FAB)
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tyloxymethyl)-1,7-dioxaspiro[5.5lundec-2-yl}-4-hydroxy-3,5-dimethyl-2-methylene-6-oxoheptyl]-4-hy-
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droxy-10-methyl-10-(triethylsiloxy)-1, 7-dmxaspiro[5 Sjundec-2-yllethylmethoxyacetate,diacetate (41).
A solution of diol 40a (113.1 mg, 0.095 mmol) in pyridine (5.95 mL) was treated with acetic anhydride (0.267
mL, 2.83 mmol) and DMAP (115.3 mg, 0.944 mmol). The bright orange solution was stirred for 3 h at room
temperature. The solution was diluted with EtOAc (20 mL) and washed with saturated aqueous NH4Cl (10
mL), IM HCI (10 mL), and brine (10 mL). The aqueous solutions were extracted with EtOAc (10 mL). The
combined organic solutions were dried over MgSQOy, filtered and concentrated. The residue was purified by
flash chromatography (2 x 12 cm silica gel, linear gradient, 30-40% EtOAc/hexanes) to give 106.8 mg (89%)
of the bis-acetate 41 as a clear, colorless oil. [0]23539 -5.4 (¢ 0.95, CHCl3); IR (neat) v 2930, 1735, 1631 cm™1;

I'H NMR (400 MHz, CDCl3) 6 7.45-7.44 (d, J = 7.4 Hz, 6H), 7.29-7.20 (m, 9H), 5.23-5.21 (dd, J = 9.6, 2.8
Hz, 1H), 5.10 (br s, 1H), 5.00 (s, 1H), 4.84 (s, 1H), 4.57-4.55 (i, 1H), 4.30-4.22 (m, 2H) 4.16-4.10 (m, 3H),

4.14-4.13 (t, J = 3.2 Hz), 4.01 (s, 2H), 3.47-3.44 (m, 1H), 3.4 (s, 3H), 3.30 (s, 3H), 3.19-3.17 (dd, J = 8.9,
4.7 Hz, 1H), 3.12-3.09 (dd, J = 8.9, 6.3 Hz, 1H), 2.95-2.89 (m, 2H), 2.74-2.70 (dd, J = 18.1, 9.0 Hz, 1H),
2.39-2.37 (m, 1H), 2.36-2.27 (m, 2H), 2.18-2.14 (m, 2H), 2.04 (s, 3H), 2.04-2.01 (m, 1H), 1.91 (s, 3H), 1.84-
1.46 (m, 13H), 1.33-1.21 (m, 2H), 1.25 (s, 3H), 1.08-1.06 (d, J = 6.9, 3H), 1.06-1.05 (d, J = 6.9 Hz, 3H), 0.94-

0.91 (t, J = 8.0 Hz, 9H), 0.879 (s, 9H) 0.585-0.508 (q, J = 8.0 Hz, 6H), 0.063 (s, 3H), 0.020 (s, 3H); 13C NMR
(CDCl3, 101 MHz) 6 209.7, 170.9, 170.0, 169.3, 146.9, 144.1, 128.8, 127.9, 127.6, 126.8, 113.4, 98.2, 96.7,
86.1, 74.1, 73.7, 70.5, 69.7, 67.0, 66.5, 66.1, 64.9, 64.5, 64.3, 61.8, 61.2, 59.2, 55.5, 49.6, 47.7, 45.0, 43 .4,
41.6, 38.7, 38.5, 36.9, 35.7, 35.4, 34.2, 34.0, 32.0, 29.6, 25.8, 22.6, 21.5, 20.7, 18.1, 14.0, 13.4, 11.9, 7.2, 6.8,
-4.8, -4.9; MS (FAB) calculated for C7;H,0601¢S1;Na: 1293; found 1293; Rf= 0.44 (40% EtOAc / hexanes).
2-[(25,45,6R,85,105)-8-[(3R,4S,55)-7-[(25,45,6R,8S5,108)-10-(tert-Butyldimethylsiloxy)-4-methoxy-8-
(hydroxymethyl)-1,7-dioxaspiro[5.5Jundec-2-yl]-4-hydroxy-3,5-dimethyl-2-methylene-6-oxoheptyl]-4-
hydroxy-10-methyi-i0-(iriethyisiioxy)-1,7-dioxaspiro {5.5] undec-2-yi] ethyimethoxyaceiaie, diacetate
(4la) A solution of the trityl ether 41 (63 g, 0.05 mmol) in CH2C12 (6.9 mL) was cooled to —78 °C and

tion was washed saturated aqueous Rochelle's salt (1 x), 1M HCI (1 x), water (1 x) and brme (1 x). The solu-
tion was dried over MgSQ,, filtered and partially concentrated (volume reduced to ca. 0.1 mL). The crude
residue was purified by flash chromatography (2 x 12 cm silica gel, 75% EtOAc/hexanes) to give 45.8 mg
(89%) of the carbinol 41a as a colorless foam. [(]255g¢ -11.8 (¢ 0.44, CHCl3); IR (neat) v 3487, 2953, 1733
cm!; TH NMR (500 MHz, CDCl3) § 5.24-5.22 (dd, J = 9.7, 2.7 Hz, 1H), 5.06 (br s, 1H), 4.99 (s, 1H), 4.84 (s,
1H), 4.43-4.40 (m, lH) 4.29-4.22 (m, 2H) 4.10-4.09 (t, J = 3.2 Hz), 4.05-3.86 (m, 5H), 3.69-3.66 (dd, J =

11.5, 3.1 Hz, iH), 3.53-3.45 (m, 2H), 3.44 (s, 3H), 3.30 (s, 3H), 2.95-2.90 (m, 1H), 2.90-2.85 (dd, J = 17.8,
3.6 Hz, iH), 2.74-2 69 (dd, J = 17.8, 9.0 Hz), 2.43-2.38 (m, 1H), 2.33-2.28 (dd, J = 14.5, 8.5 Hz, 1H), 2.18-
2.10 (m, 3H), 2.03-1.99 (m, 1H), 2.03 (s, 3H), 1.91 (s, 3H), 1.84-1.18 (m, 15 H), 1.09-1.07 (d, J = 6.9 Hz,
2QHY 10A.1 M4 (4 T=60H7 2HY N04_.N001 (¢t T=R0H> QOHY 0 K7 (¢ QHY O 57.058%2 (a J =0 H7» AH)
illlj, A UUTLL.UTT \U, Vo UGS LIl ALy VLSTTTVUL A \L, g UL LRl /Al}, Ve O/ \D, I;‘.}, Naad I T\Foud b \\1, o - OV 1114, ULL],
0.03 (s, 3H), 0.01 (s, 3H); 13C NMR (125 MHz, CDCl;) 8 209.7, 170.9, 170.1, 169.3, 146.9, 113.5,98.2, 96.7,



74.0, 70.5, 69.7, 67.0, 66.4, 66.3, 65.8, 64.5, 64.2, 61.8, 61.2, 59.2,°55.5, 49.3, 47.8, 47.6, 45.1, 43.1, 41.7,
38.6, 38.5, 36.7, 35.6, 34.2, 34.0, 32.0, 29.6, 25.8, 21.5, 20.7, 18.1, 13.3, 11.9, 7.2, 6.8, -4.9. Mass calcd for
Cs1HggO15Si2Na: 1051; found 1051 (FAB, MNBA, added Nal); R=0.18 (60% EtOAc/hexanes).
2-[(2S,45,6R,85,105)-8-[(3R,45,55)-7-[(25,45,6R 8S,105)-10-(tert-Butyldimethylsiloxy)-4-methoxy-8-(for-
myl)-1,7-dioxaspiro[5.5]Jundec-2-yl]-4-hydroxy-3,5-dimethyl-2-methylene-6-oxoheptyl]-4-hydroxy-10-
methyl-10-(triethylsiloxy)-1,7-dioxaspiro[5.5jundec-2-yljethyimethoxyacetate,diacetate (42). To a room
Lempcrature solution of 41a (45.8 mg, 0 045 mmol) in 5 mL of CH,Cl, was added, via cannula, a suspension

e 1 Q e I\ 1 /N N0 Ty v
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O (2 mL) and stirred for
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ith Et 40 (2 x). The
combined orgamc solutions were washed with saturated queous NaHCOs3 (1 x) and brine (1 x), dried over
MgSOQq, filtered, and concentrated. Flash chromatography (2 x 12 cm silica gel, linear gradient, 20-30% ace-
tone/hexanes) provided 41.6 mg (90%) of a clear oil. [a]235g9 -11.1 (¢ 0.98, CH,Cly); IR (neat) 2955, 2931,
1737 cm-1; TH NMR (400 MHz, CDCl3) 8 9.72 (s, 1H), 5.24-5.21 (dd, J = 9.5, 2.3 Hz, 1H), 5.02 (br s, 1H),
4.99 (s, 1H), 4.84 (s, 1H), 4.84-4.80 (m, 1H), 4.28-4.23 (m, 2H), 4.16 (m, 1H), 4.01 (s, 2H), 4.03-3.92 (m,
3H), 3.50-3.43 (m, 1H), 3.44 (s, 3H), 3.31 (s, 3H), 2.93-2.87 (m, 2H), 2.78-2.71 (dd, J = 18.2, 9.6 Hz, 1H),
2.40-2.38 (m, 1H), 2.34-2.14 (m, 4H), 2.11-2.07 (dd, J = 12.0, 4.2 Hz, 1H), 2.03 (s, 3H), 1.91 (s, 3H), 1.86-
1.36 (m, 15 H), 1.20 (s, 3H), 1.08-1.07 (d, J = 6.8 Hz, 3H), 1.05-1.04 (d, J = 7.0 Hz, 3H), 0.94-0.90 (t, J = 8.0

Hz, 9H), 0. 85 (s, 9H), 0.57-0.51 (q, / = 8.0 Hz, 6H), 0.05 (s, 3H), 0.02 (s, 3H); 13C NMR (100.6 MHz,

CDCl3) 6 209.6, 202.7, 171.0, 170.2, 169.4, 147.0, 113.7, 98.6, 96.9, 74.1, 73.5, 71.1, 70.6, 69.8, 67.1, 66.6,
64.5.63.6. 62.0.61.3.55.4. 55.7. 45.5. 47.8. 47.7. 45.2. 43.3. 41.8. 38.64. 38.60. 36.9. 35.2. 34.3. 34.1. 33.2
64.5, 63.6, 62.0, 61.3, 59.4, 55.7,45.5,47.8, 47.7,45.2, 43.3, 41.8, 38.64, 38.60, 36.9, 35.2, 34.3, 34.1, 33.2,
271 296 Q 21T A MY 1€ 128 179N 72 A0 .40 Mage raled far CH_ N, Qi W 1NAQ. frrind: 1NA0
JL.1, 23.2, 21.0, 2U.6, 16.4, 15.3, 12.U, /.5, 0.7, =45, Mass CaiCa. 10T UsarigglUigolziNg. 1Ua7, TOUnaG: 1va>
(FA m-nitrobenzvl alcohol. Nal added)

(TAD, m-IIreoenzy: aiCcenol, N

Gaanies.
(25,45,6S8R,10R)-10-tert-butyldimethylsiloxy-8-(hydroxymethyl)-4-methoxy--2-(buta-3-one)-1,7-dioxa-
spiro[5.5]lundecane (43). A solution of trityl ether 35 (0.045 g, 0.073 mmol) in CH,Cl; (5 mL) was cooled to
-78 °C and treated with a solution of Me,AlICI (0.364 mL of a | M solution in hexanes, 0.364 mmol). The re-
sulting bright yellow solution was stirred at -78 °C for 40 min. The solution was quenched at -78 °C with
saturated aqueous Rochelle's salt/THF (0.200 mL/ 0.600 mL), resulting in rapid decolorization. The cold bath
was removed and additional portions of Rochelle's salt (3 mL) and Et;0 (3 mL) were added. The biphasic
mixture was stirred for 4 hrs. The mixture was extracted with Et;O (2 x S mL) and the combined organic
solutions treated again with saturated aqueous Rochelle's salt (2 mL). The mixture was stirred for 1 h. The
mixture was extracted with Et;O (2 x 5 mL). The combined organic solutions were washed with 1M HCI (2 x
5 mlL), water (5 mL), and brine (5 ML). The organic solution was dried over MgSQy, filtered, and

L« ..

______ . | Mlna wacidiin sxrng mizesfind flach Alwasantacvrvnsmber (8 ~ CiM) NG, TeMNMATlhnwnmac) ¢4 ~cixra
CONCCHLrdicu I N€ TESidilc was puuucu Uy 11a>1l CIL Uluau)glapu \2 g DIV, 1V Dl\anluC}kdlle} W glVC
NS g (AT f carhinal 42 ac a claar calarlece il Tev125..6 2236 (~ 1 26 CHCL.): TR (neat) v 3466 20472
v.uoD 5 \OJ /U} Ul LalUlliivl 2o ao a vival, LUIUVLIVOD VL. lu] 359 P-7e PV \L 1 edeNJy \,l&\,t_s}, FEAN \ll\l“‘-} v J'TUU, L TETT
2892, 1712 cm-1; 'H NMR (500 MHz, CDCl3) 8 4.43-4.40 (m, 1H), 4.11-4.08 (t, J = 3.7 Hz, 1H), 3.94-3.90
(m, 1H), 3.68-3.65 (dd, J = 11.6, 3.15 Hz, 1H), 3.51-3.44 (m, 2H) 3.31 (s, 3H), 2.84-2.79(dd, J = 17.1, 3.7
Hz, 1H), 2.65-2.61 (dd, J = 14.6, 3.8), 2.42-2.38 (q, J = 7.3 Hz, 2H), 2.02-1.99 (ddd, J = 12.2, 4.4, 1.5 Hz

1H), 1.69-1.63 (m, 2H), 1.49-1.46 (m, 2H), 1.35-1.30 (t, J = 11.9 Hz, 1H), 1.04-1.02 (t, J = 7.4 Hz, 3H), 0.84
(s, 9H), 0.02 (s, 3H), 0.01 (s, 3H); 13C NMR (101 MHz, CDCl3) 6 209.1, 98.2, 73.8, 66.6, 66.3, 65.8, 64.2,
55.5, 48.5, 43.1, 39.8, 37.0, 36.8, 35.7, 34.2, 25.8, 18.0, 7.6, -4.9; exact mass calcd for C;1H4O¢Na:
439.2492; found 439.2476 (FAB, MNBA, added Nal); Rg=0.15 (60% EtOAc/hexanes).
(25,4S,6R8R,10R)-10-ert-Butyldimethylsiloxy-8-(hydroxymethyl)-4-methoxy-2-(buta-3-one)-1,7-dioxa-
spiro[5.5Jundecane (44). A solution of trityl ether 35 (0.010 g, 0.016 mmol) in EtOH (1.0 mL) and pyridine

(0.013 mL, 0.013 g, 0.160 mmol) was treated with anhydrous SnCli; (0.031 g, 0.160 mmol). The heteroge-

neous mixture was heated to reflux for 24 h. The yellow mixturé was cooled to room temperature, dlluted
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0.58, CHCl3); IR (neat) v 3464, 2928, 2856, 1715 cm™!; IH NMR (500 MHz, CDCl3) § 4.44-4.41 (m, 1H),
4.16-4.13 (m, 1H), 4.05-4.04 (m, 1H), 3.63-3.55 (m, 3H), 3.31 (s, 3H), 2.74-2.68 (dd, J = 15.7, 7.4 Hz, 1H),
2.66-2.61 (m, 1H), 2.49-2.41 (m, 3H), 2.08-2.04 (m, 1H), 1.81-1.77 (dd, J = 13.4, 4.1 Hz), 1.72-1.60 (m, 2H),
1.50-1.46 (m, 1H), 1.15-1.04 (m, 2H), 1.06-1.02 (t, J = 7.3 Hz, 3H), 0.88 (s, 9H), 0.041 (s, 3H), 0.036 (s, 3H);

13C NMR (101 MHz, CDCl3) § 210.2, 99.6, 72.5, 71.3, 65.9, 65.8, 63.5, 55.4, 48.4, 44.0, 39.8, 37.4, 37.2,

34.6,25.7, 18.0, 7.5, -4.8, -4.9; exact mass calcd for Cy HsOgNa: 439.2492; found 439.2489 (FAB, MNBA,
added NaI) Ryr=0.20 (60% EtOAc/hexanes).

£7C D\ A AAathneoar AT Y Jiemathel 2 _(tnintholallave) £ hamtamanuida (AZAY Th o anliztinm AL an YT ~ 7124
&y JIN) lv-l"chAJ LY g™ llcll’Jl JELLL lclll’mllUAJ JO=1k Plclldluluc \"'Ja]' 10U a »UIUUOI1 I Cd. L/ g \1)"
mmol) aleahnl AR in SN M Af CHA1. at JTIRC wac added 28 ml (D1R mimnl) af 7 A lntidine fallamwad by
AIMIINVL ) QACATIINE TWed IR WU LM UL N2 A JNAA 7 GL T T U Oy VWWAD AUV G Lo LU (L1 U MLV ) VL L UTIUUULLIC TVIIUWLAL U
39.3 ml. (174 mmol) of triethvlsilyl trifluoromethanesulfonate. The reaction was allowed to warm to -20 °C
mt, i mmoi) of Inceinyvisiiyl tnfi metndanesuironale, 1 ne reaction was allow 1O warm o -0 "

over 1 h and cooled to -78 °C. The solution was poured into a mixture of Et;O and saturated aqueous
NaHCO; (500 mL/100 mL). The aqueous solution was separated and extracted with 200 mL of Et,0, and the
organic solutions were washed with 3 x 200 mL of IM NaHSQy4. The combined aqueous washes were ex-
tracted with 200 mL of Et;O. The combined organic solutions were washed with saturated aqueous NaHCQ3
and brine, then dried over Na;SQy4. The volatiles were removed under reduced pressure and the residue was
filtered through a short plug of silica gel (15% EtOAc in hexanes) and used directly in the next reaction. The
product could be purified by flash chromatography on silica gel (15% EtOAc in hexanes) to give amide 45a.

[0]23p +3.9 (¢ 2.0, CHCl3); IR (neat) v 3077, 2955, 2912, 2877, 1664 cm~t; 'H NMR (400 MHz, CDCl;) 8

5.81-5.71 (m, 1H), 4.99-4.87 (m, 2H), 3.91 (dt, J = 8, 5 Hz, 1H), 3.65 (s, 3H), 3.14 (s, 3H), 2.95 (s(br), 1H),
2.11-2.05 (m, 2H), 1.59-1.45 (m, 2H), 1.14 (d, J = 7 Hz, 3H), 0.94 (t, J = 8 Hz, 9H). 8Hz,6H)
™ 1 7 [¢)
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(2S, 3R)-2-dimethyl-3-(triethylsiloxy)-6-heptenal (46). To a -78 °C solution of the total sample of unpuri-
fled amide 45a (ca. 134 mmol) in 1 L of THF was added 52 mL (290 mmol) of DIBAIH over 20 min. The re-
action was stirred at -73 °C for 3 h followed by the addition of 14 mL of EtOAc. The resulting solution was
cannulated into a 0 °C mixture of Et;O and 1 M Rochelle's salt (1 L/1 L) and stirred at room temperature for 3
h. The aqueous solution was separated and extracted with 2 x 500 mL of Et;O. The combined organic solu-
tions were washed with brine and dried over MgSO,4. The volatiles were removed under reduced pressure
(only 10 min under high vacuum) and the residue was purified by flash chromatography on silica gel (20-30%

CH,Cl, in hexanes) to afford 33.47 g (97% for 2 steps) of aldehyde 46. [0]23p +57.6 (¢ 2.3, CHCl3); IR (neat)

TY ATR AT AN e Y L A 4 177\ oo & o

v 2055, 2912, 2877, 1/1/ 1641 cm™ !; ‘H NMK (DUU MHz, hULI3) oOY.// (S, 1I1), 5.83-

I.7D (m ll‘l), 5.05-
4.96 (m, 2H), 4.14 (dt, J =7, 4 Hz, 1H), 2.48-2.43 (m, 1H), 2.15-2.00 (m, 2H), 1.65-1.53 (m, 2H), 1.06 (d, J =
7T, A NQS 4 T = Q LI, O\ NSO (a T=Q Ty &N 30O NMR (100 M (CTCTANSINE N 1277 114 Q
{134, O11), V.JO\\, v — O IlL, 7i1), V.J7 14, v — O 114, ULl), N LNIVIIN L1V VAR AZ, A1y ) U LVUJY, 1T T, 1170,
718 5192 3K 298 76 67 50 Re03 (20 9 CHACly/hexanes): exact ass caled for C. :H-.S10-:
Fhedy, D1id, JI.0, £7.0, 00, UL, S0V, S{ VD (Y O LAA2RA2MLCAQLUS F, DAALY LGS VGG GUL R j4iiggadinegg.
274.2202; found: 274.2216 (CI, NH3 atmosphere).
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S-Ethyl-(3S, 4R, 5R)-3-H droxy-4-methyl 5-(triethylsiloxy)-8-nonenethioate (48). To a -78 °C solution of
35.0 g (136.5 mmol) of aldehyde 46 in 1 L of CH,Cl; was added 26.5 g (150.1 mmol) of silyl ketene thioac-
etal 47, followed by 18.5 mL (150.1 mmol) of freshly distilled BF3*Et;O over 15 min. The reaction was
stirred at -78 °C for 2 h, after which 3.8 mL of Et3N, 1 L of Et;0 and 500 mL of saturated aqueous NaHCO3.
were added. The resulting mixture was allowed to warm to room temperature and diluted with 1 L of Et,O.
The aqueous solution was separated and extracted with 200 mL of Et;O. The combined organic solutions
were washed with brine and dried over Na;SQ4. The volatiles were removed under reduced pressure and the
residue was purified by flash chromatography on silica gel (6-15% EtOAc in hexanes) to afford 42.8 g (87%)
OI [mOCS[er 46 as a VD.D le[UI'C OI lb()mCl"b. I‘ll‘l.‘\_, dﬂdlyblb 01 U]C unpurlucu prouuu bHOWCG a 34.0 Hll)&lUfC
of isomers (ZorbaX' 5% EtOAc/hexanes; 1 mL/min; major 10.6 min, minor 8.2 min). [a]23 -22.9 (¢ 2.56,
IR (neat) v 3518, 3077, 2955, 2911, 2877, 1686, 1641 cm™!; 'H NMR (500

3), LN LG } S LU, S LTI,

] 1 N8 5RK1-
L3 5 LW i, voU, 1X ANAVAIN TV u;.x Ly Nensieag) U OJ00
5.73 (m, 1H), 5.02-4.94 (m, 2H), 4.25-4.21 (m, 1”) 3.89-3.87 (m, lH\ 3.20(d, J =1 Hz, 1H), 2.92-2.85 (m,
2H), 2.78 (dd, J = 15, 7 Hz, 1H), 2.68 (dd, J = 13, 5 Hz, 1H), 2.01-1.95 (m, 2H), 1.67-1.55 (m, 3H), 1.24 (t



=7 Hz, 3H), 0.96 (t, J = 8 Hz, 9H), 0.91 (d, J = 7 Hz, 3H), 0.61 (q, J = 8 Hz, 6H); !3C NMR (125 MHz,
CDCl;) o 198.5, 137.7, 114.7, 76.1, 71.4, 49.2, 39.8, 33.4, 29.7, 23.2, 14.5, 6.7, 6.4, 5.2: Rf 0.3 (10 %
EtOAc/hexanes); exact mass calcd for CygH3,8iS05: 361.2233; found: 361.2247 (FAB, MNBA, added Nal).

(35, 4R, 5R)-3-Hydroxy-4-methyl-5-(triethylsiloxy)-8-nonenal (48a). To a solution of thioester 48 (24.5 g,
67.9 mmol) in 600 mL of acetone was added 163 mL (102 mmol) of Et3SiH followed by 42 mL (340 mmol)
of 1-hexene and 4.34 g (2.04 mmol) of Lindlar catalyst. The reaction was stirred vigorously at room
temperature for 30 min (monitored by TLC every 10 min) and stopped by filtering the reaction over a pad of

celite. The volatiles were removed under reduced pressure and the residue was purified by flash
Ahrmmaatmgranhe ~m oiling gal (1€ VK0 T A ~ in havanac) tn affaed 10 o (020N ~F aldabic; T AQo fr i o

LInUHIAVUERIAPLY Ul Sliiba gUL (1400 LWJAL L TICAALIC ) WU aliVil 17 g (7070) U1 alUuCilydc S40d L()"Ld.llll"dmu
with a trace nf cufnruhﬁr‘ nrodiot (raductinn nf the alafind Tev123.. 91 87~ 2 & CHOL IR (naat) v 2ALA
¥Yitii @ udve Ul daiuraivu pgiuuuuvi iviiuwiivil vk ine WViwkiM ). W] 1) Ter.o Uy a3 ), LN ivat) v Uy,
2956, 2912, 2878, 1725, 1641 cm™!; '"H NMR (400 MHz, CDCl5) § 5.82-5.72 (m, 1H), 5.03-4.93 (m, 2H),
4.36-4.32 (m, 1H), 3.95-3.91 (m, 1H), 3.30 (s, 1H), 2.69 (ddd, 7 = 17,9, 2 Hz, 1H), 2.49 (dd, J = 17, 4 Hz,

1H), 2.01-1.92 (m, 2H), 1.71-1.52 (m, 3H), 0.96 (1, / = 8 Hz, 9H), 0.91 (d, J = 7 Hz, 3H), 0.62 (q, J = 8 Hz,

6H); 13C NMR (100 MHz, CDCly) 6 202.1, 137.6, 114.9, 76.6, 70.1, 49.1, 39.7, 33.4, 29.7, 6.7, 6.0, 5.2; Rf
0.35 (15 % EtOAc/hexanes); exact mass calcd for C,H;,510;+NHy: 318.2464; found: 318.2480 (CI, NH; at-
mosphere).

(4S, 5R, 6R)-6-(3-butenyl)-5-methyl-4-hydroxy-2-methoxy-tetrahydro-2H-pyran (48b). To a solution of
aldehyde 48a (31 g, 103 mmol) in a mixture of CH;Cl; (350 mL) and MeOH (150 mL) at room temperature
was added 479 mg of CSA in one portion. The reaction was monitored by TLC and after completion 2 g of

NaHCOj3; were added followed by 500 mL of Et,O and 300 mL of saturated aqueous NaHCO3. The resuiting
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the combined organic solutions were washed with saturated aqueous NaHCO3 and brine, then dried over

N2a;SQy. The volatiles were removed under reduced pressure to afford 30.2 g of l_lnm_lnﬁed oil. 11.7 g of this
crude material was purified by flash chromatography (10-20 % Et,O in CH,Cly) to afford 7.46 g (93%) of the
mixed methyl ketal. [0]?3p (major isomer) +131.5 (¢ 1.91, CHCL); IR (neat) v 3540, 3076, 2938, 2833, 1641
cm~!; '"H NMR (400 MHz, CDCl;) 8 (major isomer) 5.86-5.76 (m, 1H), 5.04-4.93 (m, 2H), 4.74 (d, J = 4 Hz,
1H), 4.07-4.03 (m, 1H), 3.73-3.70 (m, 2H), 3.32 (s, 3H), 2.27-2.18 (m, 1H), 2.11-2.01 (m, 1H), 1.92 (dt, J =
15, 4 Hz, 1H), 1.73-1.58 (m, 3H), 1.43-1.34 (m, 1H), 0.86 (d, J = 7 Hz, 3H); & (minor isomer) 5.88-5.78 (m,
1H), 5.05-4.94 (m, 2H,), 4.64 (dd, J =9, 4 Hz, 1H), 3.97-3.96 (m, 1H), 3.92-3.88 (m, 1H), 3.50 (s, 3H), 2.29-
2.20 (m, 1H), 2.16-2.06 (m, 1H), 1.79-1.65 (m, 3H), 1.57-1.51 (m, 1H), 1.44-1.36 (m, 1H), 0.92 (d, J = 7 Hz,
3H); '3C NMR (100 MHz, CDCly) & (major isomer) 138.2, 114.6, 99.0, 70.1, 64.3, 54.7, 38.0, 31.6, 30.5,
30.1, 10.4; 9 (minor isomer) 138.3, 11 0.8; Rf (major

T minor isomeir) 0.2 {10 % E
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-(but-3-enyl)-5-methyl-4-(tert-Butyldimethylsiloxy)-2-methoxy-tetrahydro-2H-pyran (49).
of alcohol 48b (18.5 g, 90% pure) in 140 mL of DMF was added 14.3 g (209.7 mmol) of
imidazole at room temperature. The resulting solution was placed at 0 °C, and 16 g (106.2 mmol) of tert-
butyldimethylsilyl chloride was added in one portion. The ice bath was removed, the solution was stirred at
room temperature for 20.5 h and poured into a mixture of 600 mL of Et;O and 100 mL of saturated aqueous
NaHCOs;. The organic solutions were washed with water (6 x 100 mL), and the combined aqueous solutions
were extracted with Et;O (100 mL). The combined organic solutions were washed with 50 mL of 1 N HCI,
100 mL of saturated aqueous NaHCO3, 100 mL of brine, then dried over MgSQy4. The volatiles were removed
under reduced pressure and the residue was purified by flash chromatography (5-10% EtOAc/hexanes) to

afford i8.2 g (9;% 2 steps) of the protected mixed methyl ketal 49. major isomer: [0]?3p +98.4 (¢ 1.38



69.9, 66.6, 54.8, 39.3, 33.9, 30.6, 30.2, 25.6, 17.9, 11.0, -4.7, -5.0; Rf 0.3 (4 % EtOAc/hexanes); exact mass
calcd for Cy;7H34Si03Na: 337.2175; found: 337.2175 (FAB, NBA, Nal added).

(4S8, 5R, 6R)-6-(4-hydroxy-butyl)-5-methyl-4-(ter¢-Butyldimethylsiloxy)-2-methoxy-tetrahydro-2H-pyran
(50). To a 0 °C solution of 11.0 g (35.0 mmol) of olefin 49 in 250 mL of THF was added, via cannula, 17.3 g
(69.9 mmol) of 9-BBN in 200 mL of THF over 30 min. After 1 h the ice bath was removed, and the clear

solution was stirred at room temperature for i h, then cooled to 0 °C. The reaction was stopped by adding 70
mL of a 1: 1 rmxture of THF EtOH followed by 70 mL of pH 7 buffe and 70 mL of 30% HZOZ (’I‘ < 10 °C).

i L

00 mL), and the combmcd organic solutlons were washed with 200 mL of saturated aqueous
NaHCO; and 200 mL of brine, then dried over MgSO4. The volatiles were removed under reduced pressure,
and the residue was purified by flash chromatography (25-30% EtOAc in CH,Cl,) to afford 9.1 g (85%) of
alcohol 50 as a colorless oil. IR (neat) v 3418, 2934, 2884, 2858 cm™'; 'H NMR (400 MHz, CDCl;) § 4.63-
4.59 (m, 1H), 4.16-4.11 (m, 1H), 3.90-3.87 (m, 1Hy;p), 3.69-3.64 (m, 3Hpy), 3.49 (s, 3Hmin), 3.32 (s, 3Hng)),
1.90 (dt, J = 14, 4 Hz, 1Hy,;;), 1.66-1.28 (m, 9H), 0.89-0.87 (m, 12H), 0.05 (s, 3Hyin), 0.04 (s, 3Hpyg), 0.03 (s,
3Hmin), 0.01 (s, 3Hpy): i3C NMR (100 MHz, CDCl3) 6 100.3, 97.8, 72.3, 72.0, 69.9, 66.8, 62.7, 56.1, 54.8,
39.3, 38.6, 34.7, 33.7, 32.6, 31.9, 31.0, 25.6, 22.3, 222 179 10.9, 10.7, -4.7, -5.0; Rf 0.3 (30 %

EtOAc/CH,Cl,); exact mass calcd for C;7H345104+NHy4: 350. ; found: 350.2730 (CI, NH;3 atmosphere).
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added. at room temnerature. 10.25 mL (54.13 mmoD) of TMSSPh followed by 11.5 ¢ (36.08 mmaoD) of Znls in
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one portion. The slightly exothermic reaction was placed in an ice bath for 10 min and then stirred at room
temperature for 1 h. The white heterogeneous mixture was poured into a mixture of EtOAc/saturated aqueous
NaHCO; (1L/500 mL). The aqueous solution was separated extracted with 2 x 150 mL of EtOAc and the
combined organic solutions were washed with 1N HCI (2 x 200 mL), 200 mL of saturated aqueous NaHCOs,
200 mL of brine and dried over MgSO4. The volatiles were removed under reduced pressure and the residue
was purified by flash chromatography (20-30% EtOAc/hexanes) to afford 7.02 g (95%) of the primary alcohol
as a colorless oil. To a solution of 6.8 g (16.55 mmol) of the alcohol in 160 mL of DMF at -20°C was added
730 mg (18.21 mmol) of NaH (60% in oil) immediately followed by 2.0 mL (16.55 mmol) of benzyl bromide
and 6.1 g (16.55 mmol) of BuyNI. The reaction was allowed to warm to 0 °C where an extra 264 mg (0.4 eq.)
of NaH and 0.393 mL (0.2 equiv.) of benzyl bromide were added. The heterogeneous mixture was stirred 4 h
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NaHCO; mixture {1 L/200 mL). The oreanic solution was senarated and washed with water (4 x 200 mlL)
NanCO; muxture (1 L/200 mb). 1he orga ufion was separated and wasned with water (4 X 20U ml.),

and the combined aqueous solutions were extracted with Et,0 (2 x 200 mL). The combined organic solutions
were washed with 200 mL of brine and dried over MgSQOy4. The volatiles were removed under reduced
pressure and the residue was purified by flash chromatography (5-8% EtOAc in hexanes) to afford 7.42 g
(90%) of the benzyl ether 50a as a colorless oil. f-Anomer (Major): [0]?3p -3.4 (¢ 1.77, CHCL3); IR (neat) v
3062, 3030, 2952, 2931, 2857 cm™!; 'H NMR (500 MHz, CDCl;) & 7.48-7.16 (m, 10H), 5.18 (dd, J = 12, 2
Hz, 1H), 4.49 (s, 2H), 3.97-3.94 (m, 1H), 3.86-3.85 (m, 1H), 3.47-3.44 (m, 2H), 1.94-1.88 (m, 1H), 1.69-1.29
(m, 8H), 0.89 (d, J = 7 Hz, 3H), 0.88 (s, 9H), 0.03 (s, 6H); '*C NMR (125 MHz, CDCl;) 8 138.5, 135.1,
130.1, 128.5, 128.2, 127.5, 127.3, 126.4, 80.3, 75.0, 72.8, 71.4, 70.2, 38.3, 34.5, 32.2, 29.5, 25.7, 22.6, 17.9,
10.7, -5.0, -5.1; R 0.25 (5 % EtOAc/hexanes); exact mass caled for CygHg,SiSO3+Na: 523.2678; found:
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was added 4.53 g (53.9 mmol) of NaHCO; followed by 6.29 g (23.72 mmol) of m-CPBA (6 % pure). The

reaction was stirred for 2 h at 0 °C, then diluted with 100 mL of Et;0 and quenched with 10 mL of saturated



aqueous NaHCOj. The resulting heterogeneous mixture was poured into an Et;O/saturated aqueous NaHCO;
mixture (600 mL/100 mL). The organic solution was separated and washed with 100 mL of 5% aqueous
Na;S;0;3 and 2 x 100 mL of IN NaOH. The combined aqueous solutions were extracted with 100 mL of
Et;0, and the combined organic solutions were washed with brine and dried over MgSQy. The volatiles were
removed under reduced pressure and the residue was purified by flash chromatography (15% EtOAc in hex-
anes) to afford 5.54 g (97%) of the sulfone 51 as a mixture of anomers. B-Anomer (Major). [0]23p +41.6 (¢
1.23, CHCl3); IR (neat) v 3064, 2935, 2857 cm-l lH NMR (400 MHz, CDClg) 5 7.94-7.91 (m, 2H) 7 60- 7 28

A

EtOAc/hexancs) exact mass calcd for CygH4,SiSOs+Na: 555 2576 found 555 2‘384 ( FAB MNRA added
Nal). o-Anomer (Minor). [0t]23p +62.6 (¢ 1.50, CHCl3); IR (neat) v 2930, 2857 cm™!; 'H NMR (400 MHz,
CDCl;) 6 7.91-7.89 (m, 2H), 7.56-7.29 (m, 8H), 4.48 (dd, J = 11, 3 Hz, 1H), 4.46 (s, 2H), 4.09 (dt, J = 12, 4
Hz, 1H), 3.63 (td, /=9, 5 Hz, 1H), 3.23 (t, J =7 Hz, 2H), 2.31 (dt, J = 13, 4 Hz, 1H), 1.95-1.79 (m, 2H), 1.50-
1.22 (m, 6H), 0.90 (s, 9H), 0.83 (d, J = 7 Hz), 0.10 (s, 3H), 0.06 (s, 3H); 1*C NMR (100 MHz, CDCl;) &
138.5, 136.9, 133.5, 129.3, 128.6, 128.3, 127.5, 127.5, 85.3, 77.3, 72.8, 69.9, 69.3, 40.8, 31.0, 29.0, 26.2, 25.6,
21.6,17.9,12.9, -4.3, -4.9; Rr0.35 (15 % EtOAc/hexanes); exact mass calcd for C,gH,4SiSOs+Na: 555.2576;

found: 555.2566 (FAB, MNBA, added Nal).
Ethyl 3s, 2R)-2-trlethylsnloxy-3-methyl-4-ox

O
&

-phenylthiobutanoate (57) solution of 2.73 g
d. " C g i

filtered and concentrated. Flash chromatography 2% EtOAc/hexanes, then 4% EtOAc/hexanes) afforded
3.78 g (9.89 mmol, 97%) of 57 as a clear oil. IR (neat) 2956, 2877, 2361, 2343, 1752, 1736, 1702 cm'!; 'H
NMR (400 MHz, CDCl3) & 7.40 (s, SH), 4.44 (d, J = 8.0 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 3.16 (dq, J = 8.0,
7.1 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H), 1.21 (d, / = 7.1 Hz, 3H), 0.94 (t, J = 8.1 Hz, 9H), 0.59 (q,J = 8.1 Hz,
6H); 13C NMR (100 MHz, CDCl3) 6 198.3, 171.5, 134.3, 129.3, 129.1, 127.7, 74.3, 61.0, 52.6, 14.1, 13.4, 6.6,
4.5; R; 0.50 (10% EtOAc/hexanes); Anal, Calcd for C;gH2404S8Si: C, 59.65, H, 7.90; found: C, 59.71, H, 7.88;
exact mass calcd. for C;gH3404S88iN: 400.1978; found: 400.1990 (FAB, m-nitrobenzyl alcohol, Nal added).

Ethyl (45, 2R, 3R)-6-ethyithio-2-triethyisiioxy-3-methyi-4-hydroxy-6-oxohexanoate (59). To a solution of
57 (1 96 g, 5.14 mmol) in 52 mL of acetone was added 5.8 mL (36 0 mmol) of tnethylsﬂane The reaction was
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re removed in va Flz hron ; /he O es)
afforded ca. 1.40 g of aldehyde 58 Wthh was use d di rectly in the next step IR (neat) 2878 1753 1733
cm’l; TH NMR (400 MHz, CDCl3) 8 9.73 (d, J = 1.1 Hz, 1H), 445 (d, J = 4.8 Hz, 1H), 4.22 (dgq, J=3.6,8.0
Hz, 1H), 4.20 (dq, J = 3.6, 8.0 Hz, 1H), 2.76 (ddq, J = 1.1, 4.8, 7.1 Hz, 1H), 1.28 (t, / = 8.0 Hz, 3H), 1.13 (d, J
= 7.1 Hz, 3H), 0.95 (t, J = 8.0 Hz, 9H), 0.63 (g, J = 8.0 Hz, 6H);.13C NMR (100 MHz, CDCl5) § 202.0, 171.9,
73.1, 61.3, 50.5, 14.1, 10.0, 6.6, 4.5; R; 0.33 (10% EtOAc/hexanes); exact mass calcd. for C3H3904SiN:
292.1944; found: 292.1945 (FAB, m-nitrobenzyl alcohol, Nal added). To a solution of 1.40 g of unpurified
aldehyde 58 in 52 mL of toluene at -93 °C was added dropwise 1.70 mL (7.71 mmol) of silyl thioketene acetal
47. The reaction was stirred for 5 min, and 0.76 mL (6.17 mmol) of BF3*OEt; was added dropwise over 15
min. After stirring a further 15 min, the reaction was quenched by adding 2 mL of triethylamine and diluted
with saturated aqueous NaHCO;, followed by EtOAc at —93 °C. The aqueous solutxon was separated and

washed with EtOAc (2 x). The combined organi

1
filtered and concentrated. 'H NMR ana
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71% from 57) of the Felkin diasteromer 59 as a yellow oil. [a]23p+13.9 (¢ 1.16, CH,Cl,); IR (neat) 3516,
2957, 2937, 2914, 2878, 1750, 1735, 1687 cm’!; TH NMR (400 MHz, CDCl3) 6 4.36 (dddd, J = 1.5, 3.1, 4.6,
8.6 Hz, 1H), 4.24-4.16 (m, 3H), 2.88 (q, J = 7.6 Hz, 2H), 2.78 (dd, J = 8.7, 15.0 Hz, 1H), 2.54 (dd, J = 4.6,
15.0 Hz, 1H), 1.96 (ddq, J = 3.1, 3.2, 7.1 Hz, 1H), 1.29 (t, /= 7.6 Hz, 3H), 1.23 (t, J = 7.6 Hz, 3H), 1.02 (d, J
= 7.1 Hz, 3H), 0.95 (t, J = 8.0 Hz, 9H), 0.63 (q, J = 8.0 Hz, 6H); 13C NMR (100 MHz, CDCl;) § 198.1, 172.7,
76.6, 68.3, 61.1, 48.8, 40.5, 23.4, 14.6, 14.2, 10.0, 6.6, 4.4; R, 0.24 (15% Et,0/pentane); Anal. Calcd, for

C,7H3405SSi: C, 53.93, H, 9.05; found: C, 54.17, H, 9.08; exact mass calcd. for Ci7Has05SSiN: 396.2240:
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VACIARYL (8D, &y ON j-4-ITICYsSOXY -0-IMSIROXy-S-Meunyileiranyaro-cx-pyran-4-carooxyiate (ovj). 10a
solution of §9 (1,29 0 341 mmol) in 38 ml of acetone was added triethvlsilane (4.1 mL. 25.5 mmoh or
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ﬁltered through a Dad of celite and concentrated The residual oil was dissolved in 50 mL of MeOH and 50
mL of CH;Cl, and 0.20 g of camphorsulfonic acid was added. After 30 min of stirring, a further 3.0 g of
camphorsulfonic acid was added, and the reaction was stirred for 7 days, when 'H NMR of an aliquot con-
firmed complete transesterification. The reaction was then diluted with EtOAc, and quenched by adding satu-
rated NaHCO3. The aqueous solution was separated and extracted with EtOAc (3 x). The combined organic
solutions were washed with brine, dried over Na;SOy, filtered and concentrated. Filtration through a silica
plug (15% EtOAc/hexanes, then 70% EtOAc/hexanes) yielded 0.87 g (4.26 mmol) of a volatile, yellow oil
contaminated with residual solvent. The oil was dissolved in 21 mL of CH,Cl,, and 1. 16 g (17 0 mmol) of

. 21

imidazole was added. The solution was
I
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ver Nay SOy, filtered, and concentrated. Flash chromatography (8% EtOAc/hexanes)

washed with brine, dried o
afforded 0.760 g (2.39 mm
2913, 2877, 1755 cm’l; TH NMR (400 MHz, CDCl3) § 4.90 (dd, J = 1.7, 3.4 Hz, 1H), 3.97 (d, J = 10.4, 1H),
3.77 (s, 3H), 3.69 (ddd, J = 4.7, 4.7, 9.8 Hz, 1H), 3.33 (s, 3H), 1.96 (ddd, J = 3.7, 4.6, 8.4 Hz, 1H), 1.80-1.68
(m, 2H), 0.95 (t, J = 8.0 Hz, 9H). 0.58 (g, J = 8.0 Hz, 6H); !3C (100 MHz, CDCl3) & 170.9, 99.6, 73.9, 69.1,
55.1,52.1,41.1,39.2, 12.9, 6.8, 5.0; P, 0.33 (10% EtOAc/hexanes); Anal. Calcd, for C|sH305Si: C, 56.57; H,
9.50; found: C, 58.50; H, 9.74; exact mass calcd. for C;5H3405SiN: 336.2206; found: 336.2208 (FAB, m-
nitrobenzy! alcohol, Nal added).

Methyl (4S, 2R, 3R)-4-triethylsiloxy-6-phenylthio-3-methyltetrahydro-2H-pyran-2-carboxylate (61). To
a solution of 60 (760 mg, 2. 39 mmol) in 12.5 mL of 1,2-dichloroethane was added 1.35 mL (7.17 mmol) of

101, 70% from 59) of a clear oil. [0t]23p—45.7 (¢ 0.470, CH,Cl,); IR (neat) 2956,
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The combined organic solutions were washed with brme dried over N a2504, filtered, and concentrated. Flash
chromatography (5% EtOAc/hexanes) afforded 861mg (2.17 mmol, 91%) of 61 as a clear oil. [0]?3p-122.6
(c 0.530, CH,Cl,). IR (neat) 2955, 2912, 2877, 1754 cm’'. 'H NMR (400 MHz, CDCl3) 6 7.49 (dd, J = 1.4,
7.1 Hz, 2H), 7.28 (dd, J = 5.2, 7.1 Hz, 2H), 7.23 (dd, J = 1.4, 5.2 Hz, 1H), 5.81(dd, J = 4.0, 4.4 Hz, 1H), 4.45
(d,J =8.4, 1H), 3.76 (s, 3H), 3.74 (ddd, J = 4.4, 9.0, 12.7 Hz, 1H), 2.16 (ddd, /= 4.0, 4.4, 9.3 Hz, 1H), 2.05
(ddd, J =4.4,9.3, 12.7 Hz, 1H), 1.94 (ddq, J = 8.4, 9.0, 6.8 Hz, 3H), 1.04 (d, J = 6.8 Hz, 3H), 0.96 (t, J = 8.0
Hz, 9H). 0.61 (q, J = 8.0 Hz, 6H); 13C (100 MHz, CDCl3) 6 170.9, 134.7, 130.6, 128.9, 126.9, 82.8, 72.1,
69.7, 52.0, 40.6, 38.6, 13.7, 6.8, 4.9; P, 0.51 (10% EtOAc/hexanes); Anal. Calcd, for C;9H3,04SSi: C, 60.58;
H, 8.14; found: C, 60.55; H, 8.21; exact mass calcd. for CooH3604SSiN: 414.2134; found: 414.2127 (FAB, m-
nitrobenzyi alcohol, Nal added).
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NaHCOs. After stirring several min, 207 mg (0.874 mmol) of meta-chloroperoxybenzoic acid was added in
one portion, and the reaction was stirred at 0 °C for 45 min. The reaction was quenched by adding saturated



NaHCO3;, and diluted with Et;O. The organic solution was separated and washed with 1 N NaOH. The com-
bined aqueous solutions were then washed with EtOAc (2 x). The combined organic solutions were washed
with 0.5 M Na;S,0; and brine, then dried over Na;SQy, filtered, and concentrated. 'H NMR of the unpurified
mixture showed a 7:1 ratio of diastereomers. Flash chromatography (15% EtOAc/hexanes) yielded 325 mg
(0.70 mmol, 84% from 61) of a clear, viscous oil which was used immedialely in the next reaction. Major
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Diastereomer: [at]?°p+37.0 (¢ 1.51, CH,Cly); IR (neat) 2954, 2912, 2877, 1752 cm'!; 1H NMR (400 MHz,
CDCl) 6 7.61 (“' J=1.9, 6.7 Hz, 2H), 7.53-7.50 (m, Jn),SO2(dJ '=3.3 8.5 Hz, 1H), 4.27 (d, J = 4.3,
1H), 3.91 (ddd, /= 3.2, 4.8, 5.7 Hz, 1H), 3.70 (s, 3H), 2.32 (ddd, J = 5.7, 8.5, 10.7 Hz, 1H), 2.17 (ddd, J = 3.8,
4.8, 10.7 Hz nq 137¢dda J=32 43 71 HzZ 3V 107(d J=71Hz 3HY OR1 (t T=80Hs QLY )45

L S8 LAR gy Reod T MUY, V o ekey Tanly T oA RA&g SEAR] AT \Ny U Fol Riduy JRLJy V.U \Ly J = OV 1L, TXL). USTTD
(dg, J = 4.0, ROHz 6H); 13C NMF (100 MHz, CDCI3) 8 171.0, 141.0, 130.9, 129.0, 124.3,91.2, 77.3, 68.7

Methyl (4S, 2R, 3R)-4 trxethylsnloxy-3-meﬂ1yl 3,4—dlhydro-2H-pyran-z-carboxylate (62). A solution of
81.8 mg (0.20 mmol) of 61 in 20 mL benzene was refluxed at 80 °C for 90 min, then cooled to room tempera-
ture, quenched with saturated NaHCOj3, and diluted with EtyO. The aqueous solution was separated and
washed with Et;0 (2 x). The combined organic solutions were washed with brine, dried over Na,SO;, filtered,
and concentrated. Flash chromatography (3% EtOAc/hexanes) afforded 49.7 mg (0.17 mmol, 88%) of 62 as a
clear oil. [0]%3p+39.1 (¢ 0.725, CH,Cly; IR (neat) 2955, 2913, 2878, 1765, 1741, 1648 cm’!; 'H NMR (400

z-,,. ~ vw

MHz, CDCl3) & 6.43 (d, J = 6.2 Hz, 1H), 4.81 (ddd, J = 1.3, 5.0, 6.2 Hz, 1H), 4.36 (d, J = 8.4, 1H), 3.71 (m,
4H), 2.41 (dddq, J = 1.3, 2.1, 3.3, 7.1 Hz, 1H), 1.02 (d, J = 7.1 Hz, 3H), 0.93 (t, J = 7.8 Hz, 9H). 0.61 (q, J =
70O I, LZIN. 13 WAMD f 1NN RALT. OTWYMT AR 1IN L 142N 1IN E TEE £AOQ &1 7 27 £ 1£ N0 £ AN D N LO
1.0 114, UI1}, "7U TUVIIN {1VUU WVITLL, CLACE3 ) O 17V, 190V, 1VUL.D, 10.0,0%4.0, 01./7, 2/7.0, 10.U, 0./, 4.7 Kf V.00
(20% EtOAc/hexanes); Anal. Calcd, for Ci4H»604Si: C, 58.70; H, 9.15; found: C, 58.93; H, 9.28; exact mass
calcd. for Ci4H3504SiN: 304.1944; found: 304.1949 (FAB, m-nitrobenzyl alcohol, Nal added)

(4S, 2R, 3R)-4-Hydroxy-3-methyl(3,4-dihydro-2H- pyran-z-yl) benzotriazolyl ketone (64e). To a solution
of potassium trimethylsilanoate (63.6 mg, 0.494 mmol) in 0 mL of THF was added 62 (70.6 mg, 0.247

mmol) in 1.0 mL of THF via cannula (0.7 mL THF rinse). The reaction was stirred for 60 min, then quenched
by adding pH 5.5 buffer and diluted with EtOAc. The aqueous solution was separated and extracted with
EtOAc (2 x). The aqueous solution was then acidified to pH 4.5 with 1 N HCI and extracted with CH,Cl; (3
x). The combined organic solutions were stirred over MgSOy4 for 5 min, then filtered and concentrated to af-
ford 72.8 mg of a carboxylic acid. 'H NMR (400 MHz, CDCl3) & 8.02 (br. s, 1H), 6.42 (d, J = 6.2 Hz, 1H),
4.84 (ddd, J = 1.1, 5.0, 6.2 Hz, 1H), 4.37 (d, J = 3.8 Hz, 1H), 3.76 (dd, J = 3.5, 5.0 Hz, 1H), 2.43 (dddq, J =

i
i
)
4
i

1.1, 3.5, 3.8, 5.8 Hz), 0.95 (d, ] = 5.8 Hz, 3H), 0.93 (t, J = 7.8 Hz, 9H), 0.56 (q, J = 7.8 Hz, 9H). The unpuri-
fied acid was dissolved in 2.7 mL of CH>Cly, and 71 L (0.535 mmol) of 1-chio —N,N 2-trimethylipropeny-
nnnnnnnnnn rin cxrvamoan ALbar otiseirey Fon L) sanin tlaio vxrmo Anmmailasad e cmlazbiome ~F 124 oo 71
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mmol) benzatriazole, 165 pL (1.66 mmol) pyridine, and ca. 20 mg DMAP in 1 mL CH,Cl,. The reaction was

stirred at room temperature for 3 h, then quenched by adding saturated aqueous NaHCQ3 and diluted with

31212 2o baipaailiv vl SRR QURAIALE 2allall ayUlORS INAIIL Y A&l Wil Wil

Et,0. The aqueous solution was separated and washed with fresh Et;O (2x). The combined organic solutions
were washed with brine, dried over NapSOy, filtered and concentrated. The residue was filtered through a
short silica plug (CH,Cl, eluent) to yield 80.0 mg of amide 64e. [o]23p -39.1 (¢ 3.25, CHCl3); IR (neat) v
2956, 2911, 2877, 1755, 1646 cm™!; 'H NMR (400 MHz, CDCl;) 6 8.27 (d, J = 8 Hz, 1H), 8.10 (d, J = 8 Hz,
1H), 7.65-7.61 (m, 1H), 7.51-7.47 (m, 1H), 6.65 (d, J = 6 Hz, 1H), 5.64 (d,J =2 Hz, 1H), 491 (td,J =6, 2
Hz, 1H), 3.70, dd, J = 5, 2 Hz, 1H), 3.04-2.98 (m, 1H), 1.20 (d, J =7 Hz, 3H), 0.56 (t, /= 8 Hz, 9H), 0.16 (g, /
= 8 Hz, 6H); 13C NMR (100 MHz, CDCl;) & 168.4, 145.4, 143.5, 131.1, 130.1, 126.0, 119.8, 114.4, 101.9,
64.2, 39.0, 15.9, 6.2, 4.3; Rf 0.3 (5 % EtOAc/hexanes); R, 0.80 (CH;Cl,); exact mass calcd for

C9H»;SiN3O5+NH4: 391.2165; found: 391.2164 (CI, NH3 atmosphere).

D agc ACONN A (4,8 Dbl e il Vi lnereY £ T/YD 2C ACY 2 A Al B X a1 A ra_t_ 4L _ W _SW_._._. A ATT
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HY! ani=a \\u\u,ul‘.tu I Wl Qi y Ul USUT PRIy ISUA UNC SIS I Y SS&S (P UCIHL Y IUA Yy VUL Y R &L=y H \UJje 11U a
mmol) in 1.8 mL of THF at —78 °C was added 0.50 mL of freshly prepared

8
propylamine 0.68 ml. BuLi (1.50 M in hexanes), 0 °C, 10 min).
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at —78 °C for 1 h. Amide 64e was then added via
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cannula in 0.6 mL of THF (0.4 mL THEF rinse). The reaction was stirred for a further 30 min at —78 °C, then
quenched by adding saturated NH4Cl, diluted with Et;O and warmed to room temperature. The organic solu-
tions were separated washed with 1 N NaOH. The combined aqueous solutions were washed with Et,O (2x).
The combined organic solutions were washed with brine, dried over MgSQ,, filtered and concentrated. 'H
NMR analysis of the unpurified residue indicated a 1.3:1 mixture of sulfone anomers. Flash chromatography
(10% EtOAc/hexanes) afforded 104.2 mg (0.132 mmol, 55%) of 65 as a viscous oil. [-Sulfone-anomer
(Major). [a]?3p +58.1 (c 2.18, CHCL); IR (neat) v 2953, 2877, 1737, 1648 cm~!; TH NMR (400 MHz,

CTYMINYNKRT7QALT 72 fen 2HY 782 797 (m QU £97 (4 1T =G 1L Ty §22. 821 fv 1IN A £N (¢ T _ £ LI
Ll_l\_d.’.;} U f.OUT/.70 \1Ll, &Kk}, 1.JO"T.&i \l.l!, Ol.l}, Vil WUy, J — U ILL, 111), J.J2~J.J1 kll.l, 111), “4.Uuv \L, J - U 114,
1THY 456 (¢ ?2H) 4 (d IT=2H7z 1HY 384 (a =22Hz THY 3830385 (m H) 273(dd T =1 2 H»
LEAJy Tl U Dy dwddjy Few (GBy v L Xidiy amijy T\ v W ORALy 1ERJy JITTIOT ULy JER), LT (UG, v ATy J RAiy
H), 2.49-2.44 (m, 1H), 2.24 (dd, J = 16, 4 Hz, 1H), 1.83-1.40 (m, 7H), 0.97 (s, H) 0.93 (d, J = 7 Hz, 3H),

1 ) , , J= 4 . 9

0.90 (t, J = 8 Hz, 9H), 0.85 (d, J = 7 Hz, 3H), 0.59-0.47 (m, 6H), 0.17 (s, 3H), 0.11 (s, 3H); 3C NMR (100
MHz, CDCl;) § 201.0, 143.7, 138.5, 137.2, 133.4, 130.7, 128.5, 128.2, 127.5, 127.4, 100.1, 99.8, 78.6, 72.8,
72.1,70.2,68.8, 64.5,37.8,37.4,32.5,29.7, 28.8,25.7,22.5,18.1, 17.0, 11.0, 6.6, 4.8, -4.9, -5.2; Rf0.4 (15 %
EtOAc/hexanes); exact mass calcd for C4oHgSi250g+Na: 809.3915; found: 809.3890 (FAB, MNBA, added
Nal). o-Sulfone-anomer (Minor). [0t]?p +143.9 (¢ 3.13, CHCL); IR (neat) v 2952, 2877, 2858, 1733, 1653
cm™!; TH NMR (400 MHz, CDCl,) § 7.98-7.96 (m, 2H), 7.69-7.28 (m, 8H), 6.22 (dd, J = 6, 1 Hz, 1H), 5.12
(d, J=11Hz, 1H), 4.70 (dd, J = 6, 2 Hz, 1H), 4.65-4.62 (m, 1H), 4.54 (s, 2H), 4.174.14 (m, 1H), 3.68 (d, J =

3 Hz, 1H), 3.52 (t, J = 6 Hz, 2H), 2.81 (dd, J = 14, 3 Hz, 1H), 2.28-2.22 (m, 1H), 1.72-1.20 (m, 8H), 1.04 (d, J

=7 Hz, 3H), 0.99 (t, J = 8 Hz, 9H), 0.79 (s, 9H), 0.64 (q, J = 8 Hz, 6H), 0.00 (s, 3H), -0.02 (d, J = 7 Hz, 3H),
N NL 7o DTTN. gf" ANTRAD 710NN IT 9TV A K 100 A 1A 77 120 & 124 O 124 2 121 A 190 A 170 2 177 &
~“U.UQ 5, 3“), O INIVIR {1UY IVlﬂL, LULIB} O 170.4, 144.7, 100,90, 109.7, 10%.0, 121.9, 1£0.4, 140.0, 14/.9,
1774 1INAKR QR 1 76Q 714 770 701 092 A0 1 KA G4 122272708 2722 92984 2772 17 149 R R
L1405, 1UQ.0, 76,1, /0.7, /3.0, /4.5, iV.i, O¥.4, O¥F.1, 30.0, 30.5, 534£.3, 47.0, 40.5, 4349, La.5, 11.5, 194.4, 6.5,
68 50 -54.-5.5: Rr0.37 (15 % EtOAc/hexanes); exact mass caled for C,»H S8i-SOq.+Na: 809.3915: found:
6.8, 2.0,-02.4, 0.0, XfO.27 (D EtOAc/hexanes); exacl mass calcg 10T CysHged1pdUg+INar 80,39 15] Tound!

809.3903 (FAB, MNBA, added Nal).
(2R, 35, 4S, 6R)-4-(tert-Butyldimethylsiloxy)-6-[ (2R, 3S, 45)-3,4-dihydro-3-methyl-4-(triethylsiloxy)-2H-
pyran-2-(oxo)methyl] tetrahydro-6-methoxy-3-methyl-2-(4-benzyloxybutyl)-2H-pyran (0.-66). To a so-
lution of 3.0 g (3.81 mmol) of sulfone 65 (1:1 mixture of anomers) in 150 mL of acetonitrile at room tempera-
ture was added 1.5 g of NaHCOj and 1.5 g of Na,SO; followed by 40 mL of a solution of Znl; (51 g; 160
mmol) in MeOH. The mixture was stirred at room temperature for 3 h 30 min, then poured into an Et,O/H,0
mixture (1.5 L/200 mL), and 20 mL of 1 N HCI were added to dissolve the Znl,. The organic solution was

washed with 200 mL of 0.1 N HCl and 3 x 200 mL of H,O. The combined aqueous solutions were extracted

with Et;0O (2 x 200 mL), and the combined organic solutions were washed with saturated aqueous NaHCO3,
brine and dried over MgSO4, filtered, and concentrated. The re51due was purlﬁed by flash chrornatography
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10ed and treated with a M r2°E1,0 (20 g, + mmol in 12
mL of MeOH) followed by of NaHCO3. The mixture was s urred 18 h at 70 °C, cooled to room tempera-
ture and poured into a Et;O/H,O mixture (1.5 L/200 mL). The organic solution was washed with H,0 (3 x
200 mL), and the combined aqueous solutions were extracted with Et;O (2 x 100 mL). The combined organic
solutions were washed with saturated aqueous NaHCO3; and brine, then dried over MgSOy. The volatiles were
removed under reduced pressure, and the residue was purified by flash chromatography (5% EtOAc in hex-
anes) to afford 614 mg of an inseparable mixture of mixed methyl ketal ®-66 contaminated with 304 mg of -
66 and elimination product. Combined yield: 1.25 g (48 %) of methyl ketal a-66. [0t]23p +59.2 (¢ 2.0,

CHCl»); IR (neat) v 2935, 2877, 1743, 1648 cm™!; 'H NMR (400 MHz, CDCl;) 8 7.34-7.26 (m, SH), 6.49 (d,
J= 6Hz, 1H), 484(d J =3 Hz, 1H), 4.72-4.69 (m, ) 4.52 (s, 2H), 4.51-4.24 (m, 1H), 378(q,J 3 Hz,
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29.7,25.6,22.7,17.9,16.7, 10.7, 6.7, 4.9, -4.9, -5.3, Rf 0.35 (10 % EtOAc/hexanes); exact mass calcd for
C37Hg4Si20,+Na: 699.4088; found: 699.4075 (FAB, MNBA, added Nal).

(2R, 38, 4S, 6R)-4-(tert-Butyldimethylsiloxy)-6-[(S)-[(2R, 3S, 45)-3,4-dihydro-3-methyl-4-(triethylsiloxy)-
2H-pyran-2-yl} (hydroxy) methyl] tetrahydro-6-methoxy-3-methyl-2-(4-benzyloxybutyl)-2H-pyran (67).
To a -78 °C solution of 0.303 g (0.447 mmol) of ketone 66 in 8 mL of THF was added 1.77 mL (1.77 mmol)
of a 1.0 M solution of KBH(Et)3 in THF. The reaction was allowed to warm to -40 °C over 30 min and stirred
at this temperature for 1 h. The solution was cooled to -78 °C, and 7 mL of a pH 7 buffer/MeOH (1/6, v/v)
solution was added. The resuiting ciear solution was warmed to 0 °C, and 3 mL of a 30% H,0,/MeOH (1/2,

v/v) solution was added. The ice bath was removed, and the reaction was stirred for 1 h at room temperature

lllC \UIULIUI] was LlllLlI.C(l Wlul OU llLL4 Ul ELzU auu LU H.LL Ul wau:x UlC plld.be WEIC bdeIdLCU \1\} lllL Ul Urlﬁe
was added to break the emulsion), and the organic solution was washed with 10 mL of half-saturated aqueous

The agueous solution was extracted with 2 x 20 mL of EtOQAc, and the combined ¢

3 solution. aqueous solution extracted 20 mL of EtOAc, and the combined organic

utions washed with brine and dried over MgSOy4. The volatiles were removed under reduced pressu
and the res1due was purified by flash chromatography (9% EtOAc in hexanes or 5% EtOAc in CH;Cl; for the
mixed fraction of anomers) to afford 280 mg (90%) of alcohol 67. "H NMR analysis of the unpurified product
of the reaction showed only one isomer of the Csg alcohol (>95:5 diastereoselection). [0]?3p +66.9 (¢ 3.39,
CHCLy); IR (neat) v 3473, 2953, 2936, 2877, 1653 cm™!; '"H NMR (400 MHz, CDCl5) § 7.35-7.28 (m, 5H),
6.34 (d, J = 6 Hz, 1H), 4.65 (dd, J = 6, 2 Hz, 1H), 4.51 (s, 2H), 4.15-4.12 (m, 1H), 3.98 (d, J = 8 Hz, 1H), 3.94
(d, J = 10 Hz, 1H), 3.81-3.80 (m, 2H), 3.49, (t, J = 6 Hz, 2H), 3.17 (s, 3H), 2.50 (d, J = 5 Hz, 1H), 2.04 (dd, J
=15, 4 Hz, 1H), 2.03-1.97 (m, iH),l()S I35(m,8H) l()4(d J =7 Hz, 3H), 0.98 (t, J= 8 Hz, 9H), 0.89 (s,

9H), 0.84 (d, J =7 Hz, 3H), 0.64 (q
i

v
<
:
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s, 3H), 0.02 (s, 3H); 1*C NMR (100 MHz, CDCl;) &
71 1

mAAN INT 0N

,70.2,70.1,69.2,66.9,47.5, 37.9, 37.3, 32.3,
7,-5.2; RfO0. 2 (10 % EtOAc/hexanes); exact mass calcd for
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i 1S) 1 e
yl] (triethylsiloxy) methyl] tetrahydre-6-methoxy-3-methyl-2-(4-benz
(68). To solution of alcohol 67 (980 mg, 1.44 mmol) in 7.2 mL of DMF werc added :
imidazole and 725 pL (4.32 mmol) of chlorotriethylsilane. The reaction was stirred for 5 h at room tempera-
ture, and excess chlorotriethylsilane was destroyed with 250 uL. of MeOH. The solution was poured into an
Et,Ofsaturated aqueous NaHCOj3; mixture (80 mL/20 mL). The organic solution was separated and washed
with 4 x 20 mL of water. The combined aqueous solutions were extracted with 20 mL of Et;0. The com-
bined organic solutions were washed with saturated aqueous NaCl and dried over MgSOy4. The volatiles were
removed under reduced pressure and the residue was purified by flash chromatography (4% EtOAc in hex-

oo
?
g ®
<
=

anes) to afford 1.11 g (97%) of suyl ether 68. [oj23p +53.1 (c 1.87, CHCl3); IR (neat) v 2953, 2876, 1655 cm™

'H NMR (400 MHz, CDCl;) §7.35-7.27 (m, 5H), 6.33 (d, /= 6 Hz, 1H), 4.59 (dd, / = 6, 2 Hz, 1H), 4.52 (s,
2H), 4.07-4.04 (m, 1H), 4.00 (dt, J =9, 1 Hz, 1H), 3.89 (s, 1H), 3.86 (d, J = 11 Hz, 1H), 3.77-3.76 (m, 1H),
2189345 (m JHNY 2 10¢(c 3HY 204 (dd J =15 A4 Hy 1HY 187-1 78 ¢m 1H) 1 70121 (m KH\ 107 (d J
S e d T TS \111, Lll}, I 1 \37 Jll}, Lt 2 NTT \uu, (Y3 Loty 7T KRdig Lll/’ 1.7 i i \lll.’ lll,, i I\ L. 1 \lll’ UAL}, 1 A \J \u, o
=7Hz 3H),099(t, J=8 yz 914\ 0.98 (t, J = & Hz, 9H), 0.88 (5 9H), 0.86 (d, J = 7 Hz, 3H), 0.72-0.65 (m,

6H), 0.64 (q, J = 8 Hz, 6H), 0.02 (s, 3H), 0.00 (s, 3H); !3C NMR (100 MHz, CDCl,) & 143.9, 138.6, 128.2,
127.5, 1274, 104.7, 101.1, 779 72.7, 70.5, 70.5, 704, 70.3, 670 46.8, 38.1, 36.7, 32.5, 29.9, 25.7, 22.8,
17.9, 14.6, 104, 7.1, 6.8, 5.6, 5.1, -4.6, -5.2; va0.2 (3 % EtOAc/hexanes); Anal. calcd. for C43HggO7Si3: C,
65.11; H, 10.17; found: C, 64.96; H, 10.10.

(3S, 2R, 4R, 5R, 6R)-4-Triethylsiloxy-5-methyl-2-(2-methylprop-2-enyl)-6-[(phenylmethoxy)methyl]-
tetrahydro-2H-pyran-3-ol (71). To a 0 °C solution of 35.8 mg (0.103 mmol) ((4S, 2R, 3R)-4-triethylsiloxy-
3-methyl(3,4-dihydro-2H-pyran-2-yl))(phenylmethoxy)methane!2 in 1 mL of CH,Cl; was added a solution of
dimethyldioxirane in acetone (prepared according to Murray, R. W.; Singh, M. Org. Synth. 1997, 74, 91-100)
via cannuia untii TLC indicated complete consumption of starting material. The reaction was concenirated
under a vigorous stream of nitrogen. The residue was dissolved in 2 mL of CH;Cly, dnd cooled to -78 °C.

thallyltribhityltin (O 11 mT 0 200 mmnl
Un (v.it

NMa H wace addad via curin
LVL\.«LI]GJIJ]LLJUUI.]I 1E1 - LS 1V

Q oa
wao a AL Yia D)’llllé\n Oy SUiuLIvil UL ot

\D
—
b

\
G 1fllay U.JUZ ULLIVL)



™ A 17 r:n ~

. e P F1000Y QKT QUL
J. A. Evans er al. /7 1efranearon 32 (1¥¥¥) 80/1—-8/40

on
~)

mg, 0.208 mmol) in 1.5 mL of CH,Cl; was then added rapidly via cannula. After 10 min, the reaction was
quenched by addition of 0.500 mL of EtzN. The mixturc was diluted with saturated aqueous NaHCO3 and
Et;0 and allowed to warm to room temperature. The aqueous solution was extracted once with EtOAc. The
combined organic solutions were washed once with brine, dried over Na;SQq, filtered, and concentrated.
Flash chromatography (2 x 14 cm silica gel, linear gradient 0-20% EtOAc/hexanes) afforded 39.4 mg (82%)
of a clear oil. {a]73539 +8.9 (¢ 1.68, CH,Cly); IR (neat) 3940, 2954, 2911, 2875, 1648 cm™!; 'H NMR (400

1H), 3.00( d, J'= 11 0, 2.3 Hz, iH‘, 3.52 (dd, J'= 11.0, 5 2 }u, 1H), 3.34 (app dt, J = 6.5, 35 Hz, 1"), 3.26-
3.18 (m, 3H), 2.56 (dd, J = 14.5, 3.2 Hz, 1H), 2.28 (dd, J = 14.5, 8.4 Hz, 1H), 2.03 (d, J = 3.0 Hz), 1.81 (s,
3H), 1.69 (ddq, J = 6.6,3.4,34 Hz, 1H), 0.98 (t, /= 8.0 Hz, 9H), 0.91 (d, J = 6.6 Hz, 3H), 0.67 (g, /= 8.0 Hz,
6H); 13C NMR (100.6 MHz, CDCl3) & 143.6, 138.6, 128.3, 127.6, 127.4, 112.3, 80.9, 80.5, 78.0, 76.2, 73.4,
70.9, 40.7, 39.6, 23.1, 13.3, 7.0, 5.5; exact mass calcd. for Cp4H4q04SiNa: 4432594, found: 443.2585 (FAB,

m-nitrobenzyl alcohol, Nal added).

(3E)(2R)-2-Triethylsiloxyhexa-3,5-dien-1-0l (73). To a -78 °C solution of diol 72 (151.8 mg, 1.33 mmol) in
32 mL of CH;Cl; were added 2,6-lutidine (0.310 mL, 2.66 mmol) and acetyl chloride (0.100 mL, 1.40 mmol).
The reaction was stirred for 1 h, then quenched with pH 7 phosphate buffer, diluted with EtOAc, and warmed
to room temperature. The organic solution was separated and washed once with brine. The combined aque-
ous solutions were extracted once with EtOAc. The combined organic solutions were dried over NaySQOg, fil-
tered, and concentrated. The residue was dissolved in 32 mL of CH;,Cl,. Imidazole (453.3 mg, 6.66 mmol)
was added, and the resulting solution was cooled to 0 °C. Chlorotriethylsilane (0.335 mL, 2.00 mmol) was

ry

added via syrmge and the reaction was stirred for 10 min, then diluted with pH/ pnospnate buffer and btzU
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combined aqueous solutions were extracted once with Et;O. The combined organic solutions were dried over

Na,SQy, filtered and concentrated. The residue was dissolved in 15 mL of toluene :

Y A 1 and rnnled tn =’1Q oM
i u‘uvq, LEXVWI Wby GRIIU WULIv VLI SV, LAV AWSIBULY VY AS WSS LA ¢ 12 ML o1 o1 QLU VUVILAL W 10 o
DIBAIH (0.593 mL, 3.33 mmol) was added via syringe, and the reaction was stirred for 10 min, then
quenched by addmon of EtOAc. The solution was dlluted w1th saturated aqueous sodium/potassium tartrate,

allowed to warm to room temperature, and stirred vigorously for 12 h. The aqueous solution was separated
and extracted with EtOAc (3 x). The combined organic solutions were dried over Na;SQy, filtered, and
concentrated. Flash chromatography (3 x 12 cm silica gel, 7% ethyl acetate/hexanes) provided 271.5 mg
(90%) of a clear oil. [a]*3sg9 -12.2 (¢ 0.87, CH,Cly); IR (neat) 3423, 2955, 2913, 2877, 1605 cm™!; 'H NMR
(500 MHz, CDCl3) 6 6.32 (ddd, J = 16.6, 10.4, 10.4 Hz, 1H), 6.24 (dd, J = 15.0, 10.6 Hz, 1H), 5.62 (dd, J =
14.8, 6.9 Hz, IH) 521 (d, J— 163Hz IH) 5. 10(d J =9.6 Hz, 1H), 4.25 (dd, J = 109 67 Hz lH) 353

6.6,5.2 Hz, 1H), 2.02 (t, J = 7.0 Hz, R

1.3,
MHz, CDCl3) 6 136.1, 133.1, 132.3, 11"/8 736,00.9 6.7

3
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by volume) w1th hcxanes The resulting suspension was flltere throug Cehte and the volume was r educed
to ~0.5 mL by rotary evaporation at 0 °C. The remaining solution was cooled to -78 °C and further
concentrated under a strearn of nitrogen. In a separate flask, diisopropylamine (0.147 mL, 1.12 mmol) and 2
mL of THF were cooled to 0 °C. A 2.57 M solution of n-BulL.i in hexanes (0.429 mL, 1.10 mmol) was added
via syringe. After 15 min stirring, the reaction was cooled to -78 °C, and methyl-B-dimethylaminopropionate
(0.192 mL, 1.12 mmol) was added via syringe. The solution was stirred for 30 min, after which a solution of
the triflate in 1.6 mL of THF and 0.6 mL of HMPA was added via cannula. After 30 min stirring, the reaction

was quencned Dy addition of saturated agueous NH4Li diluted with l‘.‘.th and warmed to room temperature.

g, e S Ata R T el Lo N % 4

The orgdm(, solution was bderdlCﬂ washed once with DI'll'lC, dried over l\d20U4, Iuterea and concentrated.

Flash chromatography (3 x 12 cm silica gel, 45% ethyl acetate/hexanes) provided 152.6 mg (80%) of 74 as a
I at) 2953, 2913, 2877, 2820, 2769, 1740, 1605 cm-!; '"H NMR (400 MHz

g 11Ty LU vl ) 41 INIVEIN \"TUVY LVELILL,

[
-
’

N
—



[ee]

~I

12 D. A. Evans et al. / Tetrahedron 55 (1999) 8671-8726

CDCl3) 6 6.29 (ddd, J = 16.9, 10.4, 10.4 Hz, |H [major]), 6.13 (dd, J = 15.2, 10.5 Hz, 1H [major]), 5.62 (dd, J
=15.2, 6.6 Hz, 1H [major]), 5.18 (dd, J = 16.9, 1.5 Hz, 1H [minor]), 5.17 (d, J = 16.9 Hz, 1H [major]), 5.06
(d, J = 10.0 Hz, 1H [major]), 4.14 (dd, J = 11.9, 7.2 Hz, 1H [major]), 3.67 (s, 3H [major]), 3.66 (s, 3H
[minor]), 2.80 (dddd, J = 10.0, 9.0, 6.4, 3.7 Hz, 1H [major]), 2.66 (dddd, J =9.7, 9.1, 5.5, 4.0 Hz, 1H [minor]),
2.57 (dd, J=11.7, 9.5 Hz, 1H [minor]), 2.56 (dd, J = 11.9, 9.0 Hz, 1H [major]), 2.22 (dd, J = 15.0, 8.6 Hz, 1H
[major]), 1.90 (ddd, J = 13.7,9.2, 5.7, 1H [minor]), 1.80 (ddd, J = 13.8, 10.0, 4.5, 1H [major]), 1.65 (ddd, J =
13.8, 7.9, 3.7, 1H [major]), 0.93 (t, J = 7.9 Hz, 9H), 0.57 (g, J = 7.9 Hz, 6H); 13C NMR (100.6 MHz, CDCl3) 6
1759 1367 1364 1362 130.9, 130.6, 1171 71.3,62.4,62.3,51.4,45.7, 45.6, 40.6, 40.4, 38.9, 38.8, 6.8,

ANOM TIT

; found: 341.2387 (ED).
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mmol) via syringe. The reactlon was protectcd from light and stirred at room temperature for 8.5 h, then di-
luted with pH 7 phosphate buffer and Et;O. The organic solution was separated and washed once with brine,
The combined aqueous solutions were extracted once with Et,O, and the combined organic solutions were
dried over Na;SOy, filtered, and concentrated. Flash chromatography (3.5 x 12 cm silica gel, linear gradient
1-2% ethyl acetate/hexanes) provided 398 mg (94%) of a clear oil. [(t]23589 +13.3 (¢ 0.98, CH,Cl,); IR (neat)
2953, 2913, 2877, 1722, 1631, 1604 cm™1; TH NMR (400 MHz, CDCl3) 4 6.30 (ddd, J = 16.9, 10.3, 10.3 Hz,
1H), 6.20 (d, 1H, J = 1.5 Hz), 6.14 (dd, J = 15.2, 10.5 Hz, 1H), 5.66 (dd, J = 15.2, 6.6 Hz, 1H), 559 (d, 1H, J
= 0.9 Hz), 5.17 (d, J = 16.9 Hz, 1H), 5.06 (d, J = 10.1 Hz, 1H), 4.34 (app. q, J = 6.5 Hz, 1H), 3.75 (s, 3H),
2.50 (d, J = 6.6 Hz, 2H), 0.92 (t, J = 7.9 Hz, 9H), 0.56 (q, J = 7.9 Hz, 6H); 13C NMR (100.6 MHz, CDCl5) §
167.6, 136.6, 136.44, 136.39, 130.3, 128.2, 116.9, 71.5, 51.7, 41.3, 6.7, 4.8; exact mass calcd. for C1¢H803Si:

2 Yo Y4 | nNno L ards MNNL 1OMNA (TOTY
296.1808; found: 296.1804 (El)

e wrlox - wr o ~ o, o man o~ Antan PTIE (27TQ on
(SE)(4S)-4-Triethylsiloxy-2-methyleneocta-5,7-dien-1-o0l (75a). To a -78 °C solution of ester 75 (378 mg,
1.28 mmol) in 10 mL CH,Cl; was added DIBAIH (0.91 mL, 5.11 mmol) followed by 5 mL CH,Cl;. The

reaction was stirred for 20 min, then quenched by addition of EtOAc. The solution was diluted
agueous sodmmjnotaqmum tartrate, allowed to warm to room temperature, and stirred VIQ(_)[‘(_)I_I__\IV for 12 h.

The aqueous solution was separated and extracted with EtOAc (2 x). The combined organic solutions were
dried over Na,SOy, filtered, and concentrated. Flash chromatography (3.5 x 12 cm silica gel, 15% ethyl ac-
etate/hexanes) provided 327.4 mg (95%) of a clear oil. [0t]?3559 +16.2 (¢ 1.25, CH,Cly); IR (neat) 3351, 2955,
2912, 2877, 1654, 1605 cm™!; TH NMR (400 MHz, CDCI3) 8 6.30 (ddd, J = 16.9, 10.3, 10.3 Hz, 1H), 6.14
(dd, J = 15.2, 10.5 Hz, 1H), 5.68 (dd, J = 15.2, 7.1 Hz, 1H), 5.19 (dd, J = 16.8, 1.2 Hz, 1H), 5.10-5.07 (m,
2H), 4.88 (s, 1H), 4.31 (dd, J = 12.2, 6.2 Hz, 1H), 4.06 (d, / = 5.8 Hz, 2H), 2.89 (t, ] = 6.0 Hz, 1H), 2.36 (d,J
= 5.7 Hz, 2H), 0.94 (t, J = 7.9 Hz, 9H), 0.60 (q, J = 7.9 Hz, 6H); 13C NMR (100.6 MHz, CDCl5) § 145.3,
136.3, 136.0, 130.7, 117.3, 113.9, 73.2, 66.7, 42.6, 6.7, 4.8; Anal. calcd. for C;5H30,8i: C, 67.12; H, 10.52;

£ /ATTY AQsr AMe

; exact mass calcd. for L15nzguzmu\4r14): 286.2202; found: 286.2214 (CI).
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e (0 055 mL 0.70 mmol) was added to give a colorless qoluuon Whlch was stirred for 40 min at
78 °C A 78 °C solution of Bu3SnLi (0.96 mmol, prepared according to Still, W. C. J. Am. Chem. Sac. 1978,
100, 1481-1487) in 2.6 mL. THF was then added via cannula. The resulting bright yellow solution was stirred
for 25 min, then quenched by addition of water and Et,O. The mixture was warmed to room temperature, and
the organic solution was separated, dried over K,COj3, filtered, and concentrated. Reverse phase flash chro-
matography (2 cm x 12 cm Cjg silica gel, 10% CH,Cl,/MeOH) provided 294 mg (85%) of a clear oil.
[0t]%3589 +1.4 (¢ 0.61, CH;CIZ)' IR (neat) 2956, 2928, 2875, 1626 cm-1; IH NMR (500 MHz, C¢Dg) 8 6.36-

6.27 (m, 2H), 5.83 (dd, J = 14.4, 6.6 Hz, Sn satellites v1s1ble 1H), 5.17-5.11 (m, 1H), 4.97-4.94 (m, 1H), 4.83-

\<1
0
=
Q
=
o

4.79 (m, 1H), 4.74-4.71 (m, 1H), 4.47 (dd, J = 13.0, 6 , 1H), 2.45 (dd, J=13.4,6.9 Hz, 1H), 2.29 (dd, J =
13.4, 6.2 Hz, 1H), 2.00 (dd, / = 20.1, 11.3 Hz, 2H), 1.63—i .53 {m, 6H), 1 10-1.33 (m, 6H), 1.06 (t, / = 7.9 Hz,
9H), 1.01-0.90 (m, 15H), 0.67 (q, J = 7.9 Hz, 6H); 13C NMR (100.6 MHz, C¢D¢) 8 146.5, 137.7, 137.0, 130.4,
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116.8, 108.3, 73.0, 48.0, 29.6, 27.8, 20.1, 13.9, 13.9,9.8, 7.2, 5.5; Anal. calcd. for C7Hs540SiSn; C, 59.75; H,
10.04; found: C, 59.83; H, 9.98.

(5E)(45)-2-(2,2-Dibutyl-2-stannahexyl)octa-1,5,7-trien-4-o0l (76a'). To a room temperature solution of 76a
(194 mg, 0.359 minol) in 8 mL of ethanol were added 2 mL of a 2 N aqueous NaOH solution. After 17 h stir-
ring, the reaction was poured into a 1:1 mixture of water and Et;O. The mixture was shaken, and the organic
solution was separated, washed once with brine, dried over Na;SO;, filtered, and concentrated to give 156.6
mg of a clear oil. The unpurified product was used directly in the next reaction, but could be purified by re-
verse phase flash chromatography (2 cm x 12 cm Cg silica gel, 10% CH,Ciy/MeOH). [at]?35g9 +20.4 (¢ 1.02,

CH,Cly); IR (neat) 3407, 2957, 2926, 2872, 2853, 1626 cm™!; 'H NMR (400 MHz, CgDg) & 6.39-6.25 (m,
A R IN /A1 11 T _ 1AK QLI 8 1A E&NQ (1n 1TV AQQ A OA (1w TN A T2 (e 1INV A AD) f+n 1T1LIN A 2N
Zri), 3./uaq, in, s = 14.3, 3.0 niZj, 5.14-3.U06 (I, 111}, 4.76-4.54 (1, 1), 4./5 (in, 10), 4.02 (0, 111), 4.5V
4.24 (m, 1H), 2.23-2.15 (i, 2H), 1.84 (dd, J = 24.9, 11.5 Hz, 2H), 1.62 (app. dd, J = 7.4, 3.1 Hz), 1.59-1.43
(m. 6H). 1.34 (sextet, J = 7.3 Hz, 6H), 1.10-0.75 (m, 6H), 0.93 (t, J = 7.3 Hz, 9H); 13C NMR (100.6 MHz

( ( IE)-Buta-l 3 dlenvl)( IS) 5 S-dlbutyl 1- mmethvlsxloxv 3-methvlene-5-stannanonane (76¢). Alcohol
76a’ (156.6 mg) was combined with N,0-bis(trimethylsilyl acetamide (0.266 mL, 1.08 mmol). The resulting
solution was stirred for 14 h, then concentrated and purified by reverse phase flash chromatography (2 cm x
12 cm C;g silica gel, 7% CH,Cl,/MeOH) to give 166 mg (93%, 2 steps) of a clear oil. [01]235g9+3.4 (¢ 0.83,
CH,Cly); IR (neat) 2957, 2927, 2873, 1628, 1605 cm™1; 'H NMR (400 MHz, C¢Dg) 6 6.35-6.25 (m, 2H), 5.79
(dd, 1H, J = 14.1, 6.4 Hz), 5.17-5.09 (m, 1H), 4.99-4.92 (m, 1H), 4.82-4.77 (m, IH) 4.73-4.68 (m, 1H), 4.43
(dd, J = 12.8, 6.3 Hz, 1H), 2.40 (dd, J = 13.4, 7.3 Hz, 1H), 2.26 (dd, J = 13.4, 5.0 Hz, 1H), 1.99 (dd, J = 24.9

11.4 Hz, 2H), 1.67-1.47 (m, 6H), 1.36 (56)([6[ J =7.3 Hz, 6H), 1.11-0.86 (m, 6H), 0.54 (t, / = 7.3 Hz, 9H ),
N 10 7. OTTN, 1Yy RTRATY 71 AL £ 177777 1723771 N 123N 13 11£0 1NO " 171N AT ™ AN L A Q
U.108 (S, 7I1), ‘YU INIVMIK [lUUO LVlI'lL \.6U6} () 146. O, 13/7./7, 137U, 13U.0, 110.0, 1UB.4L, [L.F,4/.1, 9.0, L/.0,
20.0, 13.9, 9.8, 0.4; Anal. calcd. for Co4H4g0SiSn: C, 57.57; H, 9.67; found: C, 57.69; H, 9.68

Y MMEFMACY A Trimaothvlcilavv.).maothvlonansta & T_dianvD & ((T1QO(AC P SR Y.mathnvv . d tort hutvl_
et \\J‘JI"‘U} - 11.‘..“1['} ROREUIA = lll‘r‘rl.J AVEEL UL LER™ -’,' “l‘rl.’ .} W \\Akl, l\"k,, “l’ L’“’ T AR LERUI A b dn 2 7 N 7 uulJl
dimethylsiloxy-S-methyl-6-[4-( nhem!methexv butylltetrahydro-2H-pyran-2-yl trzeth!silnxv-

LRRRRARAE JASEROR ‘et LAt R AT J Y S35 HLY13HOR)

dlhydropyran 68 (3. 6 mg, 0 0045 mmol) n 0 500 mL CH2C12 was ddded dlmcthy1d10x1rdne/dcetone solutlon
(Murray, R. W.; Singh, M. Org. Synth. 1997, 74, 91-100) until TLC indicated complete consumption of
starting material. The reaction was concentrated under a steady stream of nitrogen. The residue was
combined with a solution of allylstannane 76¢ (37.5 mg, 0.075 mmol) in 0.250 mL of CH,Cl,, and the
resulting solution was cooled to -78 °C. A solution of tributyltin triflate in 0.250 mL of CH,Cl,; was added
rapidly via cannula. After 20 min stirring, the reaction was quenched by addition of 0.250 mL triethylamine,
diluted with saturated aqueous NaHCO3 and Et;0, and warmed to room temperature. The organic solution
was separated, washed with brine (1 x), dried over Na,SOy, filtered, and concentrated. Flash chromatography
(1.5 x 10 cm, linear gradient 2-4% ethyl acetate/hexanes) provided 3.7 mg (80%) of a clear oil (34.2 mg, 0.069
mmol of 76¢ was recovered). [0]%35g9 +27.2 (¢ 0.19, CH,Cl,); IR (neat) 3467, 2959, 2933, 2876, 1605 cm™};

T NNMBR (AN MUEz DOCLAR 724727 (m SHY £20(443d T=1682 1072 1nqu~, 1HY A 12 (AA I—IAO
AL LNLIVRIEN \_TUU iv. l.l.lb \./U\/Ij’ W J LI LY N \lll, Jll), ke 7 uuu, o A\J. U AL\J. J A\. llL, lll} AV e ) \uu 17T, /,
10.6 Hz, 1H), 5.66 (dd, J = 15.1, 6.1 Hz, 1H), 5.15 (d, J = 16.7 Hz, 1H), 5.03 (d, J = 10.0 Hz, 1H), 4.91 (s,

1H), 4.84 (s, 1H), 4.50 (s, 2H), 4.24 (dd, J = 12.8, 6.5 Hz, 1H), 4.02-4.00 (m, 1H), 3.71 (s, 1H), 3.70 (m, 1H),
347 (dt, J=9.1, 3.3 Hz, 1H), 3.20 (app. t, J = 9.1 Hz, 1H), 3.16 (d, J = 10.6 Hz, 1H), 3.09 (dt, J = 8.8, 2.9 Hz,
1H), 3.05 (s, 3H), 2.52 (dd, J = 14.3, 2.9 Hz, 1H), 2.28 (d, J = 6.5 Hz, 2H), 2.15 (dd, J = 14.0, 7.5 Hz, 1H),
201 (dd, J = 15.4, 3.8 Hz, 1H), 1.96 (d, J = 3.2 Hz, 1H), 1.68-1.25 (m, 9H), 0.99 (t, J = 7.9 Hz, 9H), 0.95 (t, J
=7.9 Hz, 9H), 0.93 (d, J = 6.5 Hz, 3H), 0.87 (s, 9H), 0.80 (d, J = 7.2 Hz, 3H), 0.67 (q, J = 7.9 Hz, 6H), 0.60
(dg, J = 8.0, 1.9 Hz, 6H), 0.08 (s, 9H), 0.01 (s, 3H), -0.01 (s, 3H); 13C NMR (100.6 MHz, CDCIl53) & 143.6,
138.8, 137.2, 136.7, 129.8, 128.4, 127.6, 127.5, 116.5, 115.0, 101.2, 81.0, 78.3, 78.2, 75.8, 72.9, 72.1, 70.8,
70.6, 70.5, 66.9, 46.8, 45.7, 39.4, 39.3, 38.3, 32.6, 30.0, 29.9, 25.9, 229, 18.1, 13.9, 104, 7.2, 7.1, 5.7, 0.3,
-4.3, -4.9; Mass calcd. for CssH0209Si4Na: 1041; found: 1041 (FAB, m-nitrobenzyl alcohol, Nal added).

2-((5E)(4S)-4-Hydroxy-2-methyleneocta-5,7-dienyl)-6-(1S){(4S , 2R , 5R)-4- hydroxy-z-methoxy 5-

athul_ £ 4 _(mhanvlima; hnvll\l\lll‘vl1fn"ruhvtl—n_')n_nv—nn_', l} udr ‘rmn thvl(2C 12 Ap [ 9 2] [

mblllll'v [1'\Pllbll‘yllll\.lllul\_y TLYLjLCLL @AY LR T AAAT Y R ARITATY B fAR OXyme llylj JU, dd g WIN g IV ] bR o
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methyltetrahydro-2H-pyran-3,4-diol (79a). To a 0 °C solution of 79 in 0.500 mL acetonitrile was added
0.100 mL of a freshly prepared HF/water/acetonitrile solution (0.5 mL of 48% aqueous HF, 0.9 mL of water,
and 8.6 mL of acetonitrile). The resulting solution was stirred at 0 °C for 1 h, after which an additional 0.100
mlL HF/water/acetonitrile solution was added. After 13 h stirring, an additional 0.050 mL
HF/water/acetonitrile solution was added, and the reaction was stirred for 3 h, then diluted with saturated
aqueous NaHCO; and CH;Cl;. The aqueous solution was separated and extracted with CH,Cl, (2 x). The
combined organic solutions were dried over Na;SOy, filtered, and concentrated. Flash chromatography (1 cm

-~ b4 4 PR Be W SOy ol s, JLNRDRY N IS | r~.123 AA M 7 O1 YEY /N
X 1V cin Sitica gel, 57 meur/eriplly) PIroviicd 2.0 mg (/07 ) Of a Ci€ar Oll. [X]“7365 +44.2 (C V.15, UL Ip),
TR (neat) 24N2 028 16490 1&NA ~Am-1o T NIMD 78NN MIT, DAMCN_ N R 7 287 D6 (+n 1IN £ 70 (A3 T _
I\ (I€AL) 59U5, 4755, 1044, 10U4 CIHL7 7, "I INVIRN \ DUV IVINZ, LIOVU-Gg) O 7.05-/.23 (014, Jr1j, 0.2 (Qaa, v =
1A0 107 1INTH7 1HY A1A4(d44 T=-180 1NTH» ITHY SAO(dd T =182 SOHy THY §7285 /¢ 1L 14
1U.Z7, IVU.Jy 1VLJ K14y 113, Uil (U, v = LJWU, 1IVWT Lidy 111 )y J.UT7 UG, J Ldedey JoZ Kdliy 1X1Jy Jidad \Oy 111}, Jod™T
(dd, J = 17.0, 1.5 Hz, 1H), 5.00 (app. d, J = 10.8 Hz, 1H), 4.89 (d, J = 5.2 Hz, 1H), 4.81 (d, J = 4.9 Hz, 1H),
4.77 (d-like, J = 5.1 Hz, 2H), 4.73 (d, / = 5.4 Hz, 1H), 4.52 (d, /= 8.1 Hz, 1H), 444 (d, J = 7.9 Hz, 1H), 4.43

(s, 2H), 4.13 (m, 2H), 3.60 (dd-like, J = 6.5, 3.2 Hz, 1H), 3.45 (d, J = 10.6 Hz, 1H), 3.42 (t, J = 6.5 Hz, 2H),
3.21 (t-like, J =9.7 Hz, 1H), 3.16 (4, J = 8.2 Hz), 2.91 (dt, J = 9.3, 5.5 Hz, 1H), 2.82 (dt, J = 9.3, 5.5 Hz, 1H),
2.63 (brd, J = 15.0 Hz), 2.22 (dd, J = 14.0, 6.7 Hz, 1H), 2.06 (dd, J = 13.3, 6.5 Hz, 1H), 1.94 (dd, J = 15.0,
10.3 Hz, 1H), 1.81 (dd, J = 14.3, 2.9 Hz, 1H), 1.68 (m), 1.57 (m, 1H), 1.54 (m, 2H), 1.49 (m, 1H), 1.38 (m,
2H), 1.25 (m, 2H), 0.81 (d, J = 6.5 Hz, 3H), 0.72 (d, J = 7.1 Hz, 3H); 13C NMR (100.6 MHz, C¢D¢) & 143.4,
139.3, 136.9, 136.7, 131.0, 117.4, 115.6, 99.6, 80.9, 78.5, 77.4,75.9, 73.0, 72.9, 71.2, 71.0, 70.3, 67.2, 44.1,
39.6, 38.1, 37.9, 33.5, 32.6, 30.2, 23.5, 12.2, 10.8; exact mass calcd. for C33HsyO9Na: 613.3353; found:

613.3347 (FAB, m-nitrobenzyi alcohol, Nal added).

A (7 T/4 00N s7A00 AW\ 4 PV _____aL _ 1/ 4 _BSE___ A_.. YT . .. N _.I\\a___ ik __B_°%____ 4l AV Yollis B ;]
4-{0-[(15){{(&5,0K)-4- lnemyu-uoxy-o metnyl(3,4-ainyoro-Z-pyran-2-yijjtrietnyisunoxymetinyij(4s,3K,
LD A bk I.--4-.I,I:...nbl.-,l.-.ln-.- dhenwwr 2 ntlholéndnaherden FLT w SYyran Y yllhectaaes 1 Al (1 £QAY TA o _7Q
Dll)-‘l-l, l-UULyIUI llﬂllylb UA‘)‘ 'U'lllcll.ll.h\y -'.J-uu:u yll.Cl.l au_yul U'bll."llyl a-ylfuumu A= \Uﬂd] 1Ua-/0
°C solution of 68 (390.7 mg, 0.493 mmol) in 2.7 mlL of THF was added a THF solution of lithium di-tert-
buty nylide via cannula until a deep green color persisted. Thc .react-v-_ was dxlucad with saturatcd

aturated aqueous NaHCOq ( 1 x) and brme (1 x) dncd over MgSO4, ﬁltered and concentrated Flash
chromatography (3 x 12 c¢m silica gel, linear gradient, 0-10% ethyl acetate/hexanes) provided 333.2 mg (96%)
of a clear oil. [®]?3sg9 +57.6 (¢ 0.73, CH,Cly); IR (neat) 3338, 2954, 2877, 1656 cm’!; TH NMR (400 MHz,
CgDg) 6 6.33 (d, J = 6.1 Hz, 1H), 4.63 (dd, J = 6.2, 1.3 Hz, 1H), 4.27-4.25 (m, 1H), 4.05 (d, J = 11.3 Hz, 1H),
4.05 (s, 1H), 3.91 (app. d, J = 8.6 Hz), 3.88-3.87 (m, 1H), 3.38 (t, J = 6.4 Hz, 2HOH), 3.13 (s, 3H), 2.44 (dd, J
=15.2, 3.7 Hz, 1H), 2.14 (app. d quintets, J = 13.0, 6.7 Hz, 1H), 1.97 (br d, J = 15.2 Hz lH), 1.71-1.34 (m),
1. 45 (qumtet J = 6.7 Hz, 2H), 1.40-1.21 (m, 2H) 1 09 (d, J 64 Hz, 3H), 1 .09 (t = 7.9 Hz), 1.06 (s,
=7.9Hz,9H), 095 (d, J 7.9

-~
\C
Q.
e
0
~

; f nd 725 4639( B m-mtrobenzyl alcohol, Nal added)

y!eﬂ xv)-6-[(S)-[(2R,35,45)-3,4-dihydro-3-methyl-4-(triethylsiloxy)-
2H-pyran-2-yll(triethylsiloxy)methylltetrahydro-6-methoxy-3-methyl-2-(4-methanesulfonyloxybutyl)-
2H-pyran (80). To a 0 °C solution of 68a (287.6 mg, 0.410 mmol) in 7 mL of CH,Cl; were added triethy-
lamine (0.234 mL, 1.68 mmol) and methanesulfonyl chloride (0.048 mL, 0.62 mmol). After 30 min stirring,
the reaction was diluted with saturated aqueous NaHCOj3 and Et;0 and warmed to room temperature. The or-
ganic solution was separated, washed with saturated aqueous NaHCO; (1 x) and brine (1 x), dried over
MgSQy, filtered, and concentrated. Flash chromatography (3 x 12 cm silica gel, 30% ethyl acetate/hexanes)
provided 316.5 mg (99%) of a clear oil. [0]?3sg9 +52.7 (¢ 1.16, CH;Cly); IR (neat) 2954, 2877, 1656 cm-!; 1H
NMR (400 MHz, C¢Dg) & 6.32 (dd, J = 6.2, 1.1 Hz, 1H), 4.64 (dd, J = 6.2, 1.6 Hz, 1H), 4.22-4.18 (m, 1H),

) 4 (fprl-nntvhhmn

APIALy ERATREAS S

4.05 (s, 1H), 4.04 (d, /= 11.3 Hz, 1H), 3.92 (dt, J = 8.5, 1.5 Hz, IH), 3.87-3.84 (m, 1H), 3.84 (t, J = 6.4 Hz),
1A /.. ATTN ’\A’\ /711 T 1247 20 11 TEIN 7 177 DY AN (e 1TIIN N 1L 7. 3TTN 1 07 713 ) 4 1A N O TT_N\ 1 £

3.14 (s, 3H), 2.42 (aqd, s = 15.2, 3.8 iz, 1H), 2.17-2.05 (m, 1H), 2.16 (s, 3H), 1.97 {ad, / = 14.9, 1.8 Hz), 1.57-
1.41 (m, SH), 1.25-1.14 (m, 2H), 1.11-1.06 (m, 12H), 1.06 (s, 9H), 1.02 (t, /=79 Hz,9H), 091 (d, J =7.2
Hz 3H). 078 (da. J = 7.9 3.2 Hz. 6H). 0.62 (a. J = 7.9 Hz. 6H). 0.17 (s. 3H). 0.00 (5. 3H): 13C N (100 6
Ahéy JaLJy V1T MY,y v Sy ek ARLy VERJy Ve Yy v F oS Akdy URAJy Ved T \Ty JALJy ST (Oy JiL), LR PAL AN AVIVAS)
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MHz, C¢Dg) & 143.9, 105.3, 101.8, 78.1, 71.2, 71.0, 70.5, 69.2, 67.2, 47.0, 38.8, 37.2, 36.7, 32.6, 30.7, 29.6,
26.1,225, 18.3,15.2, 10.6, 7.4, 7.2, 6.1, 5.6, -4.3, -4.8; exact mass calcd. for C37H7609SSi3Na: 803.4416;
found: 803.4430 (FAB, m-nitrobenzy! alcohol, Nal added).

(2R ,3S,4S,6R)-4-(tert-Butyldimethylsiloxy)-6-[(S)-[(2R,3S ,45)-3,4-dihydro-3-methyl-4-(triethylsiloxy)-
2H-pyran-2-yl](triethylsiloxy)methyl]tetrahydro-6-methoxy-3-methyl-2-(4-iodobutyl)-2H-pyran (80a).
To a solution of mesylate 80 (163.2 mg, 0.209 mmol) in 6 mL of acetone were added NaHCO3 (42 mg),
Na;S0O; (29 mg) and Nal (156.8 mg, 1.05 mmol). The mixture was heated at reflux for 14 h, then cooled to
room temperature and poured into a 1:1 mixture of water and Et,O. The organic solution was separated,

.................................. s NT-ATT

washed with saturated aqueous NapS,03 (1 x), saturated dqueous NaHCO3 (1 x) and brine (1 x), dried over

A T Tl ~l Te at
MgS0,, filtered, and concentrated. Flash chromatography (2 x 12 cm si

provided 158.9 mg (94%) of a clear oil. [0t}?3530 +46.4 (c 1.14, CH,Cl,);
NMR (4()0MH7 (“J)Aﬁﬁ’%’) (dd, J=62. 13 H

...... AVIDAL, G506 LGS PR iy 12

zZ,
4.04 (s, 1H),4.04 (d, /= 11.4 Hz, 1H), 3.92 (dt, J = 8.6

sl INO7 et o1 o Il

gLl, 1U /0 Lulyl st:LdLCIIlCXdI]Cb)

Md

R (neat) 2935, 2876, 1656 cm™!; 1H
Hz, 1H), 4.21-4.18 (m, 1H),
,J=5.8,2.8 Hz, 1H), 3.13 (s,
) (m, 2H .97 (dd, J = 15.2, 1.5 Hz, 1H),
1.58-1.45 (m, 5H), 1.23-1.12 (m, 2H), 1.10«1.06 (m, 12H), 1.06 (s, 9H), 1.02 (t, J=79Hz,9H),091 (d,J =
7.2 Hz, 3H), 0.78 (dq, J = 7.9, 3.7, 6H), 0.62 (q, J = 7.9 Hz, 6H), 0.17 (s, 3H), 0.09 (s, 3H); !3C NMR (100.6
MHz, C¢Dg) 0 143.9, 105.2, 101.8, 78.1, 71.2, 70.9, 70.5, 67.2, 47.0, 38.8, 37.2, 33.9, 32.0, 30.7, 27.5, 26.1,
18.3, 15.2, 10.6, 7.5, 7.2, 6.3, 6.1, 5.6, -4.3, -4.8; exact mass calcd. for C36H7306Si3INa: 835.3657; found:
835.3653 (FAB, m-nitrobenzyl alcohol, Nal added).
[4-[2R,35,4S,6R)-4-(tert-Butyldimethylsiloxy)-6-[(S)-[2R,3S,45)-3,4-dihydro-3-methyl-4-(triethylsiloxy)-
2H-pyran-2-yij-(triethyisiloxy)methyijtetrahydro-6-methoxy-3-methyi-2H-pyran-2-yi]butyi]triphenyi-

=) h—-l‘-"‘

phosphoniumiodide (81). A solution of iodide 8%a (158.9 mg, 0.196 mmol) and triphenylphosphine (515
mg, 1.96 mmol) in 7 mL CH3;CN was heated at reflux for 44 h, then cooled to room temperature and con-

1ux
centrated. Flash chromatography (2 x 12 c¢m silica gel,
vided 197.5 mg {Qd%\ of a nale veHnw solid. Trace am

2L 17 st YW oL, LLVIVE 3§

30%

mount
1ount

S

CH3CN/ethyl acetate, then 100% CH3CN) pro-

of water were removed by lyophilizing the sel.u

from benzene (4 x) to give a Dale yellow powder (96% mass recovery). [0]231455 +104.6 (¢ 0.50, MeOH);
(neat) 2954, 2877, 1656 cmm!'; TH NMR (400 MHz, C4Dg) 8 7.91-7.86 (m, 6H), 7.33-7.24 (m, 9H), 6.34 (d ]—
6.5 Hz, 1H), 4.64 (dd, J = 6.2, 1.4 Hz, 1H), 4.26 (m, 1H), 4.20 (s, 1H), 4.17 (m, 2H), 4.12 (d, J = 11.4 Hz,
1H), 3.94 (br d, J = 8.6 Hz, 1H), 3.90 (m, 1H), 3.30 (s, 3H), 2.47 (dd, J = 15.2, 3.7 Hz, 1H), 2.22-2.12 (m,
1H), 2.09 (m, 1H), 2.01 (d, J = 15.2 Hz, 1H), 1.86 (m, 1H), 1.64-1.52 (m, 4H), 1.32 (m, 1H), 1.21 (t, J = 6.5
Hz, 3H), 1.10 (t, J = 7.9 Hz, 9H), 1.06 (s, 9H), 1.02 (t, J = 7.9 Hz, 9H), 1.00 (d, J/ = 7.1 Hz, 3H), 0.87-0.80 (m,
6H), 0.62 (q, J = 7.9 Hz, 6H), 0.17 (s, 3H), 0.09 (s, 3H); 13C NMR (100.6 MHz, C¢Dg) & 144.0, 134.7, 134.5,
134.4, 1304, 130.3, 119.4, 118.6, 105.2, 101.8, 78.3,71.5,71.2, 70.7, 67.1, 48.1, 39.0, 37.3, 33.2, 30.8, 26.3,

i8.4, i54, 11.0, 7.6, 7.2, 6.2, 5.6, -4.3, -4.5; exact mass caicd. for Cs54HggOgSisP*: 947.5626; found:

wn

547.5613 (FAB, m-nitrobenzyl alcohol, Nal a‘ded‘
(35,4S,5R)-1-[(25,45,6R,8R,105)-10-{tert-Butyldimethylsiloxy)-8-[(12)-5-[(2R,35,4S,6R)-4-(teri-buiyidi-

methylsiloxy)-6-[(S)-[(2R,3S5,45)-3 4-d1hydro-3-methyl -4-triethylsiloxy)-2H-pyran-2-yl](triethylsiloxy)-

mpfhvﬂtntrahvﬂrn-ﬁ-mpthnyv-"-mpthvl-?“-nvran-‘)-v" 1-nontpnv"-d-mpfhnvv.1 7-dioxasniroel5.5Tun-

A Y ALl KA YR L O==A2CR 2224 ARILIERY 2T &S aRaaT pIoRseRay 2] RRATSARUAY Ay f AV AGS AR Ve w_lu&l’

dec-2-yll-4-hydroxy-6-{[25,45,6R 85,105)-10-hydroxy-8-(2-methoxyacetyloxyethyl)-4-methyl-4-(triethyl-

siloxy)-1,7-dioxaspiro[5.5lundec-2-yllmethyl]-3,5-dimethyl-6-hepten-2-oned,610-diacetate (82). To a -78
°C solution of 81 (54.2 mg, 0.05 mmol) in 0.44 mL of THF was added 0.153 mL (0.050 mmol) of a 0.33 M
solution of lithium hexamethyldisilazide (prepared from 0.211 mL of hexamethyldisilazane and 0.710 mL of a
1.41 M solution of n-BuLi in hexanes) in THF. The resulting dark orange solution was stirred at -78 °C for
Ih. A solution of aldehyde 42 (41 mg, 0.040 mmol) in 0.150 mL of THF was then added dropwise via
cannula to give a yellow-orange solution. The reaction was stirred 5 min, then warmed to -24 °C and stirred
40 min to give a red solution. The reaction was quenched by addition of saturated aqueous NH,4Cl and

saturated aqueous N32D2U3, diluted with b[zU and warmed to room temperature. The orgamc solution was

P . | | S | el - P NRAraral £ o A i 1 P U A £ h 1 3
separated, wasned wiin saturaied aqueous nun\,ug (1 x) and brine (1 X), ariea over Iviga\.u;, Iiiereq, ana
concentrated. Flash chromatography (2 x 12 cm silica gel, linear gradient, 10-30% acetone/hexanes) provided

n
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4.6 mg (11%) of recovered 42 and 43.2 mg (64%) of a clear oil. [®€]23sg0 +4.4 (¢ 0.77, CH,Cly); IR (CH,Cly)
2957, 2935, 2876, 1737, 1728, 1606 cm-1; TH NMR (500 MHz, C¢Dg) 8 6.33 (dd, J = 5.9, 0.9 Hz, 1H), 5.75
(dd, J = 10.5, 8.3 Hz, 1H), 5.62-5.59 (m, 1H), 5.60 (dd, 9.7, 2.5, 1H), 5.51 (dt, J = 10.7, 7.2, 1H), 5.17 (s, 1H),
4.99 (br s, 1H), 4.95 (s, 1H), 4.64 (dd, J = 6.2, 1.4 Hz, 1H), 4.38-4.32 (m, 2H), 4.27-4.26 (m, 1H), 4.19-4.10
(m, 3H), 4.06 (d, J = 11.3 Hz, 1H), 4.06 (s, 1H), 4.03-3.92 (m, 2H), 3.88 (m, 1H), 3.83 (dd, J = 20.8, 16.3 Hz,
2H), 3.27-3.22 (m, 1H), 3.23 (s, 3H), 3.14 (s, 3H), 3.12-3.05 (m, 1H), 3.04 (s, 3H), 2.89 (dq, / = 9.8, 7.0 Hz,

1H), 2.74 (dd, J = 18.4, 10.0, 1H), 254 -2.49 (m, 2H), 2.45 (dd J =15.2,3.8 Hz, 1H), 2.37 (m, 4H), 2.18-2.08
6-1.91 (m,

—~~
-

B0
© o o

47.6, 46.8, 451 436 41.6, 38.9, 38.6, 38.2, 370 367 349 342 340 324 32.0, 31, ,
28.1, 26.2, 25.8, 25.7, 21.4, 20.6, 17.9, 14.7, 134, 12.0, 104, 7.11, 7.09, 6.8, 5.6, 5.2, -4 5.0, -5.
caled. for CggH|6202SisNa: 1718; found: 1718 (FAB, m-nitrobenzyl alcohol, Nal added).
(35,45,5K)-1-[(25,4S,6R,8R,105)-10-(tert-Butyldimethylsiloxy)-8-[(1Z)-5-[ (2R,3S,4S,6R)-4-(tert -butyldi-
methylsiloxy)-6-[(S)-[(2R,3S,4S)-3,4-dihydro-3-methyl-4-triethylsiloxy)-2H-pyran-2-yl](triethylsiloxy)-
methyl]tetrahydro-6-methoxy-3-methyl-2H-pyran-2-yl]-1-pentenyl]-4-methoxy-1,7-dioxaspiro[5.5]un-
dec-2-yl]-4-hydroxy-6-[[25,45,6R,85,105)-10-hydroxy-8-(2-hydroxyethyl)-4-methyl-4-(triethylsiloxy)-1,
7-dioxaspiro[5.5Jundec-2-yljmethyl]-3,5-dimethyl-6-hepten-2-oned,619-diacetate (82a). To a solution of
methoxyacetate 82 (15.2 mg, 0.009 mmol) in 3.7 mL of McOH was added 3 7 mL of a saturated solution of

_________ RANTT /oo T L T LT 5 &
dl]llllUIlld lIl vieun (PICp4aica DY DUDDIIE ¢ mimno 1121 L
+ e

N

rne o A nt e~ Avntiiea Far 2 & A AsmAaamten A e ad ler Flach P, 1 o 1

wad D 10U at 1uvl poelatulo 1ut J.J 5 HIITIL CULILTLILL Al LILCL l)ululCU Uy 11 11 CIH UL lalUgl p.lly \1 A 1L CIHiL

sihca oel. linear eradient 20-40% ethvyl aceta tn/hpv nec) tn oive 11  mo (2% af a clear il [v123.__ 220 0
&VI Ririviar EI“UAVI VTV VY Vbll.’l BV viGV7 LivAallivo ) VW BAV\/ L i1.0 lll& \Va /V ) Vi 4 vivdl v luj jb) LAV g

(¢ 0.14, CH,Cly); IR (CH,Cly) 3502, 2956, 2877, 1712, 1651 cm-!; IH NMR (500 MHz, C¢Dg) 8 6.33 (dd, J =

6.0, 0.9 Hz, 1H), 5.74 (dd, J = 10.8, 8.2 Hz, 1H), 5.62-5.58 (m, lH\ 5.59 (dd, 9.7, 2.7, 1H), 5.51 (dt, J = 10.8,
7.3, 1H), 5.17 (s, 1H), 5.01 (br s, 1H), 4.93 (s, 1H), 4.64 (dd, J = 6.2, 1.4 Hz, 1H), 4.27-4.15 (m, 4H), 4.06 (d,
J=11.4 Hz, 1H), 4.06 (s, 1H), 3.94-3.91 (m, 2H), 3.89 (m, 1H), 3.84-3.78 (m, IH), 3.68 (m, 1H), 3.26-3.21
(m, 1H), 3.15 (s, 3H), 3.09 (dd, J = 18.4, 2.8 Hz, 1H), 3.04 (s, 3H), 2.89 (dq, J = 9.7, 7.0 Hz, 1H), 2.77 (dd, J
=18.4,9.9, 1H), 2.58 (m, 1H), 2.49 (dd, J = 14.8, 8.6 Hz), 2.45 (dd, J = 15.1, 3.8 Hz, 1H), 2.39-2.28 (m, 4H),
2.18-2.08 (m, 3H), 1.99 (br d, J = 15.4 Hz, 1H), 1.94-1.91 (m, 1H), 1.92 (s, 3H), 1.78 (s, 3H), 1.76-1.71 (m,
3H), 1.67-1.36 (m), 1.29 (dd, J = 11.9, 3.4 Hz, 1H), 1.25 (m, 1H), 1.25 (dd, J = 14.9, 4.3, 1H), 1.15-1.11 (m,

6H), 1.12 (t, J = 8.0 Hz, 9H), 1.07 (s, 9H), 1.05-0.97 (m, 9H), 1.03 (s, 9H), 1.02 (t, J = 8.0 Hz, 9H), 0.85-0.77

(m, 6H), 0.70 (q, J = 7.9 Hz, 6H), 0.62 (q, J = 7.9 Hz, 6H), 0.17 (s, 3H), 0.09 (m, 9H); 13C NMR (125 MHz,
SETY NS AN A 171N 1 1£0 0 1A 0O 144N 137N 1NN 17 £& 1177 A i ¥aY-4ks ] 1N1T QO NQ 2 NN 70" mMaQ
Lellg) O LUTZ.4, 1/U. 1, 100.7, 14/.7, 1944.U, 134.4, 1JU.7, 14/.9, 1123.9, 1UI.Z, 1VU1.5, ¥0.3, YO.Y, /8.4, /4.8,
T2 Q 712 T1 N2 T1 0N TNAE AT T A7) AREA L8 D) £A A A4 A2 ANA S8 1 &1 1 AQ 2 A7 Q AT N AR
/3.0, 11.3, 11.UJ, 11.VU, iIU.U,0/./,0/.4, UU.U, UJ.4L, UF.4, U4.0, UL.D, OU, JJ.1, J1.1, 40.03,%4/.7,47.U, 45.9,
44.5,42.7, 39.3, 38.9, 38.8, 38.05, 37.97, 37.3, 35.0, 34.4, 33.0, 32.3, 30.8, 28.7, 26.9, 26.2, 26.1, 21.3, 20.5,

18.4, 15.2, 13.8, 12.3, 10.8, 7.6, 7.5, 7.2, 7.1, 6.2, 5.6, -4.3, -4.8, -4.9; Mass calcd. for CgsH;5309SisNa:

1646; found: 1646 (FAB, m-nitrobenzyl alcohol, Nal added).
(35,45,5R)-1-[(2S,4S,6R,8R,105)-10-(tert-Butyldimethylsiloxy)-8-[ (1Z)-5-[ (2R,3S5,4S,6R)-4-(tert-butyldi-
methylsiloxy)-6-[(S)-[(2R,3S,45)-3,4-dihydro-3-methyl-4-triethylsiloxy)-2H-pyran-2-yl](triethylsiloxy)-
methyl]tetrahydro-6-methoxy-3-methyl-2H-pyran-2-yl]-1-pentenyl}-4-methoxy-1,7-dioxaspiro[5.5]un-
dec-2-yl]-4-hydroxy-6-[[2S,45,6R,88,10S5)-10-hydroxy-8-(formylmethy!)-4-methyl-4-(triethylsiloxy)-1,7-
dioxaspiro[5.5]Jundec-2-yllmethyl]-3,5-dimethyl-6-hepten-2-oned,619-diacetate (83). To a room tempera-
ture solution of alcohol 82a (11.8 mg, 0.0073 mmol) in 0.200 mL of CH;Cl, was added, via cannula, a
suspension of Dess-Martin periodinane (i1 mg, 0.026 mmol) and pyridine (0.087 mL of a 1 M solution in
CH,Cly, 0.087 mmol) in 0.100 mL of CH;Cl,;. The reaction was stirred for 1 h, then diluted with saturated

amiraniio NaLIWY. N DE =TV catizeratad ataninne Na . Q.M N KN 22T Y A T N (1 0T Y Thea cvviwéines szraoc
aqueous NanlL Uz (V.40 M), saturaied aqueodus ivazos,aUs (U.OU M), and cizV (1 nin).  1n0e mixture was
< ad for 25 min and nonred inta 20 mI 11 Ft-O-FtOA-~ Tha areanic caolntion wac cenarated wachead wit
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saturated aqueous Na;S;03 (1 x), saturated aqueous NaHCO; (1 x) and brine (1 x), dried over MgSOy,
filtered, and concentrated. Flash chromatography (1 x 12 cm silica gel, 30% ethyl acetate/hexanes) provided
10.8 mg (92%) of a clear oil. [0t]P365 +15.3 (¢ 0.26, CH,Cly); IR (CH,Cly) 2956, 2930, 2877, 1727, 1651,
1606 cm!; 1H NMR (500 MHz, C¢Dg) 8 9.70 (m, 1H), 6.33 (d, J = 6.0 Hz, 1H), 5.77-5.73 (m, 1H), 5.63-5.60
(m, 1H), 5.61 (dd, J =9.9, 2.4 Hz, 1H), 5.51 (dt, J = 10.8, 7.4 Hz, 1H), 5.17 (s, 1H), 4.97 (br s, 1H), 4.93 (s,
1H), 4.64 (dd, J = 6.0, 1.3 Hz, 1H), 4.43 (m, 1H), 428—426(m 1H), 4.18 (m, 2H), 4.07 (d, J = 11.4 Hz, 1H),

4.06 (s, 1H), 3.95-3.92 (m, 2H), 3.89 (m, 1H), 3.27-3.21 (m, 1H), 3.15 (s, 3H), 3.09 (dd, J = 18.4, 2.8 Hz, 1H),

'
"
n
2
"
"
)
)
"
"

3.04 (s, 3H), 2.91 (dq, J = 10.0, 6.9 Hz, iH), 2.76 (da, J =18.4,99, IH), 2.62 (m, 1H), 2.48-2.42 (m, 2H),
2.40-2.27 (m, 5H), 2.20-2.09 (m, 3H), 2.09-1.97 (m, 1H), 1.97 (m, 1H), 1.95-1.93 (m, 1H), 1.93 (s, 3H), 1.91
flaee A T _Q A > 1TIN 1 7Q /e ALIN 1 TQ_ 1 7D (e 1 LKL (1 1T L1 1 & (oY 1 AL 1 21 (oo L£LIN 1191 731 ¥
\vi U, J — 0.7 114, lllj, .70 \o, J11}, 1./071.74 \111}, 1.U0 \ll.l}, 1.U1~1.00 \l l), F.40-1.01 \lu., Un}, 1.41 \Uu, -—
15.3, 4.3, 1H), 1.18-1.16 (m, 6H), 1.12 (t, J = 7.9 Hz, 9H), 1.07 (s, 9H), 1.03 (s, 9H), 1.02 (t, J = 8.0 Hz, 9H),
1.01-0.94 (m, 9H), 0.86-0.77 (m, 6H), 0.62 (q, J = 7.9 Hz, 6H), 0.58 (q, J = 7.9 Hz, 6H), 0.17 (s, 3H), 0.10 (s,
3H), 0.09 (m, 6H); 13C NMR (125 MHz, CsDg) 6 209.6, 199.7, 170.1, 168.7, 1479, 144.0, 132.2, 130.9
113.5,105.2, 101 8,98.3,97.0,78.2,74.6,73.8,71.3,71.0, 70.7, 70.6, 67.7, 66.8, 66.6, 65.3, 64.5, 62.3, 60.2,

55.1, 51.1, 49.2, 47.9, 47.8, 47.0, 45.5, 44.5, 42.8, 39.3, 38.9, 38.6, 38.4, 38.0, 37.3, 35.0, 34.4, 33.0, 32.1,
30.8, 30.1, 28.7, 26.9, 26.2, 26.1, 21.3, 20.5, 18.4, 15.2, 13.7, 12.0, 10.8, 7.53, 7.49, 7.22,7.17, 6.2, 5.6, -4.3,
-4.8, -4.9; Mass calcd. for CgsHj56019SisNa: 1644; found: 1644 (FAB, m-nitrobenzyl alcohol, Nal added).
(18,38,98,145,175,18S,27S5,298,31S,335,365,375,415,435,47S,5R,15R 25R .38 R)-3-A cetyloxy-15,31-di-
methoxy-18,36,38,43,47-pentamethyl-39-methylene-8,12,45,46,48,49,50-heptaoxa-7,35-dioxo-14,43-bis-
(triethyisiloxy)-17,27-bis(tert-butyldimethyisiloxy)heptacyclo[39.3.1.1<1,5>.1<9,13>.1<15,19>. 1<25,-

~An -~ “n o~ s A P

29>.1<29,33>]pentaconta-10,23-dien-37-ylacetate (84). To aldehyde 83 (5.7 mg, 0.0035 mmol) was added

e m bl IVaY'S SN |

0.178 mL (0.036 mmol) of a 2-methyl-2-propene stock solution (0.2 M in t-BuOH) and 0.178 mL (0.018
mmol) of an ethyl 1- propcnyl ether stock solution (0.1 M in t~-BuOH) followed by 0.036 mL (0.018 mol) of a
1 Y (O 5 M in nH 5 nhosnhate bu

er: nrenared from 56 5 mo of N

.5 M in pH 5 phosphate buffer; prepared from 56.5 mg of Na

n Minp 5

uffer). T onal po ortions of 3 _quwalentq of NaClO; solution were added after 1 and 2.5 h. After 3.5
h total stirring at room temperature, the reaction was diluted with an EtOAc/H,O mixture (20 mL/5 mL). The
aqueous solution was extracted with EtOAc (10 mL) and CH,Cl; (2 x 10 mL). The combined organic
solutions were dried over NaySOy for 15 min, filtered, and concentrated. The residue was used directly for the
next reaction without purification. To a 0 °C solution of the carboxylic acid (0.0035 mmol) in 0.285 mL of
THF was added 0.071 mL of a HF-pyridine/THF solution (4 mL of HFepyr, 8 mL of pyridine, and 32 mL of
THF). The solution was stirred at 0° C for 3 h and diluted with a EtOA¢/H;0 mixture (20 mL/5 mL). The
aqueous solution was extracted with EtOAc (10 mL) and CH,Cl, (2 x 10 mL). The combined organic
solutions were dried over Na;SOy for 15 min, filtered, and concentrated. The residue was used directly in the

1 /0 NNNE N A=~

nexi reaciion without purification. To a solution of the seco acid {0.0035 mmol) in 0.350 mL of benzene was

aAAAA A a1t N ;2 A L geinlhl o
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0.07 mmol). This solution was stirred at room temperature for 3 h, after which a solution of DMAP (21.4 mg,

0.175 mmol) in 7.2 mL of benzene was added rapidly via cnnn“l“ After 3 h the cloudy solution was poured
into a EtyOfsaturated aqueous NaHCO3; mixture. The organic solution was separated and washed with 1 N

HC], saturated aqueous NaHCOj3, and brine, then dried over ngSO4 for 15 min. The volatiles were removed
under reduced pressure, and the residue was purified by flash chromatography (10% acetone/hexanes) to
afford 2.9 mg (55%, 3 steps) of macrolactone 84. Partial data for 84: TH NMR (500 MHz, C¢Dg) 8 6.40 (dd,
J=59,09 Hz, 1H), 5.78 (t-like, J = 4.6 Hz, 1H), 5.69 (d, J = 10.2 Hz, 1H), 5.57 (d, / = 8.9 Hz, 1H), 5.46-
5.40 (m, 2H), 5.07 (s, 1H), 4.99 (br s, 1H), 4.93 (s, 1H), 4.80 (dd, J = 6.1, 1.7 Hz, 1H), 4.65 (t, / = 10.8 Hz,

1H), 4.42 (app. d, J = 92Hz 1H) 435 (t J— 107Hz lH) 432(d J— 107 Hz, lH) 420(5 1H), 4.14 (¢, J
6.7, 3.6 Hz),
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6.9 Hz, 3H), 1.38-1.29 (m), 1.27 (d, J = 6.7 Hz, 3H), 1.23 (d, J = 6.7 Hz, 3H), 1.22-1.17 (m), 1.15 (t, /= 8.0
Hz, 9H), 1.06 (s, SH), 1.02 (s, 9H), 1.00 (t, J = 7.9 Hz, 9H), 0.89-0.80 (m, 6H), 0.57 (dq, J=7.8, 2.1 Hz, 6H),
0.12 (s, 3H), 0.101 (s, 3H), 0.098 (s, 3H), 0.096 (s, 3H); Mass calcd. for C79H149010Si4Na: 1528; found: 1528
(FAB, m-nitrobenzyl alcohol, Nal added).
Triisopropylsilyl-2-[(2S5,45,6R,8S,105)-8-[(3R,4S5,55)-7-[(2S,45,6R,85,105)-10-(tert-butyldimethylsiloxy)-
8-[(1Z)-5-(2R,3S ,4S,6R)-4-(tert-Butyldimethylsiloxy)-6-[(S)-[(2R,3S5,4S)-3,4-dihydro-3-methyl-4-(triethyl-
siloxy)-2H-pyran-2-yl](triethylsiloxy)methyl]tetrahydro-6-methoxy-3-methyl-2H-pyran-2-yl]-1-penten-

yij-d4-methoxy-1,7-dioxaspiro{5.5jundec-2Z-yij-d-hydroxy-3,5-dimethyi- L-metnylene-b-oxoneptyu-4-ny-

B .. B ~aE. .0 A Fa .t 4l _.B_°R____.\ 1 M NS_ . __. .S ___§F&™ @3 ___ B_ . 4 _ BV_ 4R o

aroxy-iv-meuyi-i1u-{ l'lelllylSll Y )=1, /-Ul10XAaSpIropd.Jjunaec-4-yljet anoate ulace[ale (60} 10 a room
tamrnaratiira cnhitian oaf aldalherda Q@ /ML L vy NNTEA tvnenal) 1er N 2V0 2T A6 4 Tixsbn <:1
i ll.JC aAlulT SUIULIVULL Ul AIUTHIYUT OO0 (£LU.U 1lE, V.VIUS LIV 111 U.0LO0 UL UL T UuldllUl WEIC auucu A lllClH_yl‘
2-butene (0.03 , 0.328 mmol) and ethyl propenyl ether (0.018 mL, 0.164 mmol). A 0.5 M solution of Na-
ClO; in pH 5 phosphate buffer (0.493 mL, 0.246 mmol) was then added via syringe. The reaction was stirred

for 1 h, after which an additional 0.250 mL of NaClO; solution was added. Another 0.250 mL of NaClO,
solution was added 1 h later. After 3.5 h total stirring, the reaction was diluted with EtOAc (20 mL) and water
(5 mL). The aqucous solution was separated and extracted with EtOAc (1 x 10 mL) and CH,Cl, (2 x 10 mL).
The combined organic solutions were dried over NajySOy, filtered, and concentrated. The residue was
dissolved in a 0.4 M solution of triethylamine in THF (0.493 mL, 0.197 mmol). A 0.4 M solution of
chlorotriisopropylsilane in THF (0.246 mL, 0.099 mmol) was added via syringe. After 30 min stirring, an
additional 0.250 mL of triethylamine solution and 0.125 mL of chlorotriisopropylsilane solution were added.
After 1 h total stirring, the reaction was diluted with 2.5 mL of a 1 M solution of Et;NHOAc in THF and

T W

stirred for 1 min, then diluted with water (10 mL), saturated aqueous NaHCO3 (2 mL), and Et;O. The organic

bOlUllOl’l was bderdLC(l washed Wllll water (I X}, dried over lV420U4, IlllchU, and concentraied. Flash

chromatography (2 x 12 cm, linear gradient 5-10% acetone/hexanes) provided 21.3 mg (72%) of a clear oil.
[0]23365 +23.6 (¢ 0.42, CH,Cly); IR (CH,Cly) 2954, 1728, 1606 cm-!; 'H NMR (500 MHz 18633 J

LWTT365 TAOWY G, UHplin)s IR (LIRUlp) 27904, 1/26, 1ovo Cm; " INMIK (DWW Mz, v ’
=5.7 Hz, 1H), s7s r\dd,J— 10.8, 8.2 Hz, 1H), 5.63-5.60 (m, 1H), 5.61 (dd, J = 9.8, 2.4 Hz, 1H .S
10.9, 7.3 Hz, 1H), 5.15 (s, 1H), 5.06 (br s, 1H), 4.96 (s, 1H), 4.64 (dd, J = 6.4, 1.3 Hz, 1H), 4.4
4.30-4.27 (m, 2H), 4.19 (br t, 1H), 4.07 (d, J = 11.3 Hz, 1H), 4.06 (s, 1H), 3.94-3.88 (m, 2H), 3.25 (m 1H),
3.15 (s, 3H), 3.10 (dd, J = 18.7, 2.4 Hz, 1H), 3.05 (s, 3H), 2.95 (dq, J = 10.0, 6.8 Hz, 1H), 2.92 (dd, J = 15.8,
3.8 Hz, 1H), 2.76 (dd, J = 18.6, 10.0, 1H), 2.68 (m, 1H), 2.56-2.50 (m, 1H), 2.53 (dd, J = 15.8, 10.0 Hz, 1H),
2.46 (dd, J = 15.3, 3.5 Hz, 1H), 2.43-2.29 (m, 2H), 2.31 (septet, J = 7.4 Hz, 2H), 2.18-2.09 (m, 4H), 1.99 (br d,
J = 14.6 Hz, 1H), 1.95-1.92 (m, 1H), 1.92 (s, 3H), 1.81-1.72 (m, 3H), 1.77 (s, 3H), 1.67-1.54 (in), 1.46-1.33
(m, 3H), 1.33-1.23 (m, 2H), 1.31 (d, J = 6.8 Hz, 3H), 1.20 (d, J = 6.8 Hz, 3H), 1.14-1. 11 (rn 27H) 107 (s
OH), 1.06-0.97 (m, 30H), 1.04 (s, 9H), 1.02 (m, 2H), 0.88-0.77 (m, 6H), 0.55 (m, I-
{ 8.7
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Tmsopropylsnlyl(ZR 4S 6S, SS 05)-8-[2-[(1R,2S,3 )-5 [(25,4S, 6R 8R lOS)-lO-(tert butyldimethylsiloxy)-
8-(12)-5-[(2R,35,45,6R)-4-(tert-butyldimethylsiloxy)tetrahydro-6-methoxy-3-methyl-6-[(S)-[2R,35,4R,
5R,6R)-tetrahydro-5-hydroxy-3-methyl-6-[(4S5,5E)-2-methylene-4-(trimethylsiloxy)-5,7-octadienyl]-4-
(triethylsiloxy)-2H-pyran-2-yl](triethylsiloxy)methyl]-2H-pyran-2-yl]-1-pentenyl]-4-methoxy-1,7-dioxa-
spiro[5.5]undec-2-yl]-2-hydroxy-1,3-dimethyl-4-oxopentyl]allyl]-4-hydroxy-10-methyl-10-(triethylsil -
oxy)-1,7-dioxaspiro[5.5]Jundecane-2-acetate,4,82-diacetate (87). Dimethyldioxirane/acetone solution (pre-
pared according to Murray, R. W.; Singh, M. Org. Synth. 1997, 74, 91-100) was diluted in CH»Cl; to a

concentration of ~0.004 M (measured by addition to a known quantity of tri-O-benzyi giucal). The resuiting

V7aWeTaTa Qs 2 £

solution (U.YUuU m, ~0.0037 IIlIIlDl) was added via byrmgc to a § °C solution of umyuropyrdn 80 (0.0 mg,

0.002 mmol) in 0.600 mL of CH;Cl,. After 5 min stirring, the reaction was concentrated under a steady
stream of nitrogen. To the residue was added a solution of q"vlefqnnqnp T6¢ ( 16.03 me, 0032 mmoein0.111
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mL of CH,Cl;, and the resulting solution was cooled to -78 °C. A solution of tributyltin
trifluoromethanesulfonate (1.76 mg, 0.004 mmol) in 0.111 mL CH;Cl; was added rapidly via syringe. The
reaction was stirred for 20 min, then quenched by addition of triethylamine (0.100 mL), diluted with saturated
aqueous NaHCO; and Et;0, and warmed to room temperature. The organic solution was separated, washed
with brine (1 x), dried over Na;SOy, filtered, and concentrated. Flash chromatography (1 x 12 cm, linear
gradient 15-30% ethyl acetate/hexanes) provided 3.8 mg (94%) of a clear oil (unreacted 76¢ was recovered
quantitatively). [aj?335 +5.7 (¢ 0.42, CH,Cly); IR (CH,Cl,) 3686, 3602, 2937, 2876 i781, 1728, 1606 cm-i;
TH NMR (500 MHz C6D5) 8 6.34-6.30 (m, 2H) 579 (dd, J = 144, (m, 1H), 5.64-5. 61 (m
1 5 N &£

1LY

N
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. 94 (s, 3
_105Hz lH) 332(dt J 86 3.6 Hz, 1H), 328322(m lH) 325(app t, J 89Hz) 3.16 (s, 3
(dd, 7= 18.4,2.7 Hz, 1H), 3.05 (s, 3H), 3.01-2.95 (m, 1H), 2.93 (dd, / = 15.9, 3.9 Hz, 1H), 2.78-2.68 (m 3H)
2.61 (dd, J = 13.6, 7.8 Hz, 1H), 2.56-2.33 (m), 2.16-2.12 (m, 1H), 2.10 (br d, J = 13.9 Hz, 2H), 1.96-1.92 (m,
1H), 1.92 (s, 3H), 1.87-1.81 (m, 2H), 1.77 (s, 3H), 1.67-1.55 (m), 1.42-1.17 (m), 1.32 (d, J = 6.8 Hz, 3H), 1.21
(d, J = 6.8 Hz, 3H), 1.16-0.97 (m, 54H), L.11 (s, 9H), 1.05 (s, 9H), 1.00 (d, J = 7.4 Hz, 3H), 0.84-0.78 (m,
6H), 0.74 (dq, J = 7.9, 4.0 Hz, 6H), 0.66-0.57 (m, 6H), 0.26 (s, 3H), 0.18 (s, 9H), 0.16 (s, 3H), 0.10 (m, 6H);
13C NMR (100.6 MHz, CgDs) 8 209.6, 170.6, 170.2, 168.7, 147.8, 144.4, 137.6, 137.0, 132.1, 130.9, 130.3,
116.8, 115.2, 113.8, 101.6, 98.3, 97.1, 81.1, 78.8, 78.4, 76.1, 74.7, 73.7, 73.0, 71.3, 71.2, 70.6, 67.5, 66.8,
66.5, 65.2, 64.3, 62.3, 61.6, 55.1, 51.2,47.78, 47.75, 46.9, 459, 45.5,44.5,42.9, 42.7, 40.03, 39.9, 39.3, 38.9,
1,379, 34.8, 34.4, 33.0, 32.0, 30.6, 30.4, 30.2, 30.1, 20.5, 18.4, 18.0, 14.4, 13.7, 12.2, 12.0, 10.7, 7.6
72 A £,

Al _AQ
4.0, -4.0

Q- o alad £ Y = Na- 2NA2. e B
, ~4.7, V1dS8S Caicda. 1or \41%11]93\12201711‘1 Z

(2R A48,65,85,105)-8-[2-[(1R,25,35)-5-[(25,45,6 R 8R;105)-10-(tert-Butyldimethylsiloxy)-8-(1Z)-5-[ (2R 3§,
48,6R)-4-(tert-butyldimethylsiloxy)tetrahydro-6-methoxy-3-methyl-6-[(S)-[2R,35,4R ,5R,6R)-tetrahydro-
5-hydroxy-3-methyl-6-[(4S,5E)-2-methylene-4-(hydroxy)-5,7-octadienyl}-4-(hydroxy)-2H-pyran-2-yl]-
(triethylsiloxy)methyl}-2H-pyran-2-yl]-1-pentenyl]-4-methoxy-1,7-dioxaspiro[5.5Jundec-2-yl]-2-hydro-
xy-1,3-dimethyl-4-oxopentyljallyl}-4-hydroxy-10-methyl-10-(triethylsiloxy)-1,7-dioxaspiro[5.5Jundec-
ane-2-acetate,4, 82-diacetate (88). To a 0 °C solution of ester 87 (14.9 mg, 0.0074 mmol) in 0.600 mL of
THF was added 0.150 mL of a freshly prepared solution of buffered HFepyridine (2 mL HFepyridine, 4 mL
pyridine, and 16 mL THF). The resulting solution was stirred at O °C for 22 h, then diluted with water and
warmed to room temperature. The mixture was extracted with EtOAc (2 x 10 mL) and CH,Cl, (2 x 10 mL).
The combined organic solutions were dried over Na,SOy, filtered, and concentrated. Flash chromatography (1
x 12 cm silica gel, 40 mL of 30% acetone/hexanes, then 40 mL of 30% acetone/hexanes+1% acetic acid) pro-

vided 7.8 mg (63%) of acid 88. [0(]23365 +33.6 (c 0.38, CH,Cly); IR (neat) 3452, 2954, 1781, 1733 (br) cm;
1H NMR (5 MHz C.DYS640-631 (m. 2H) 5.79.-571 (m.2H). S67 (annd. J=100Hz 1THY 557 (brt J
AL ANIVAIN \JUV 1VAL Ly Nhirsfy) WV U fd R O\ARRy LA )y S T 0 ARy Lii)y ST Gy Gy v AN KRL,y 22k, ST \Uk v

= 9.1 Hz, 1H), 5.49 (“np J=17.5,8.2 Hz, 1H), 5.18 (d-like, J mo- z, 1H), 5.14 (s, 1H), 5.12 (s, 1H),

dd, 17.5, 8.2 Hz, 5. , J = 16. ., , s.

= 9.2 Hz, 1H), 4.96 (m, 2H), 4.40 (m, 2H), 4.31-4.27 (m, 2H), 4.20 (br t, J = 10.5 Hz,
lH) 3. 98 (br S, lH) 3.93 (s, 1H), 3.89 (m, 1H), 3.40 (d, J = 10.5 Hz, lH), 3.40 (m, 1H), 3.30 (t, J = 8.9 Hz,
1H), 3.26-3.18 (m, 1H), 3.20 (s, 3H), 3.16-3.11 (m, H), 3.09-3.04 (m, 1H), 3.02 (s, 3H), 2.91 (dd, J = 18.7,
10.0 Hz, 1H), 2.78 (m, 1H), 2.69-2.65 (m, 2H), 2.58 (br d, J = 14.1 Hz, 1H), 2.50-2.36 (m), 2.12 (m, 1H), 2.07
(d-like, J = 13.8 Hz, 1H), 1.93 (s, 3H), 1.91-1.84 (m), 1.81 (s, 3H), 1.70 (t, J = 12.0 Hz, 1H), 1.64-1.57 (m),
1.55-1.48 (m), 1.38 (d, J = 6.9 Hz, 3H), 1.33 (d, / = 6.9 Hz, 3H), 1.17 (t, J = 8.0 Hz, 9H), 1.12 (d, J = 6.3 Hz,
3H), 1.09 (s, 9H), 1.04 (t, J = 7.6 Hz, 9H), 1.03 (s, 9H), 0.96 (s, 3H), 0.92-0.80 (m, 6H), 0.63 (q, / = 7.9 Hz,

6H), 0.22 (s, 3H), 0.12 (s, 3H), 0.09 (s, 3H), 0.08 (s, 3H); 13C NMR (100.6 MHz, C¢Dg) 6 209.3, 170.3, 168.6,
147.6, 143.4, 136.9, 136.7, 132.0, 130.3, 127.3, 127.1, 116.7, 115.5, 113.5, 101.4, 98.0, 7.0, 79.1, 78.6, 78.5,
75.1,74.6, 73.5, 71.2, 71.1, 71.0, 70.5, 67.2, 66.6, 66.1, 64.9, 63.7, 62.1, 61.4, 54.8, 53.3, 51.4, 47.5, 46.7,
45.9, 45.1, 44.0, 42.7, 39.0, 38.7, 38.4, 38.3, 38.0, 37.7, 37.3, 34.0, 32.6, 31.8, 30.8, 30.4, 29.2, 28.3, 26.1,
25.92,25.89,21.1,20.3, 182, 18.1, 13.8, 13.7, 11.9, 10.6, 7.39, 7.36, 7.0, 6.9, 5.8, -4.4, -4.9, -5.06; -5.13;
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Mass caled. for CoqH 79022SisNa (Nay): 1699 (1722); found: 1699 (1722) (FAB, m-nitrobenzyl alcohol, Nal
added).

(2R,4S5,68,85,105)-8-[2-[(1R,2S,35)-5-[(2S5,4S,6R 8R IOS)-10-(tert-Butyldlmethylsﬂoxy) 8-(1Z)-5-[(2R,3S,
4S,6R)-4-(tert-butyldimethylsiloxy)tetrahydro-6-methoxy-3-methyl-6-[(S)-[2R,3S,4R,5R,6R)-tetrahydro-
S-hydroxy-3-methyl-6-[(4S,5E)-2-methylene-4-(triethylsiloxy)-5,7-octadienyl]-4-(hydroxy)-2H-pyran-2-
yll(triethylsiloxy)methyl]-2H-pyran-2-yl]-1-pentenyl}-4-methoxy-1,7-dioxaspiro[5.5Jundec-2-yl]-2-hy-
droxy-1,3-dimethyl- 4-0x0pentyl]allyl]-4 hydroxy 10-methyl-10-(triethylsiloxy)-1,7-dioxaspiro[5.5]un-
decane-2-acetate,4, 82 89). a solution of acid 88 (1.1 mg, 0.0007 mmol) in 0.070 mL of

added 5 addmonal portlons of imidazole solution (0.100 mL) and chlorotnethylsﬂane solunon (0.080 mL)
were added at 30 min intervals. After 4.2 h total reaction time, saturated agueous NH,4Cl and CH,Cl; were
added, and the mixture was warmed to room temperature. The aqueous solution was separated and extracted
with CH,Cl; (2 x). The combined organic solutions were dried over Na;SQy, filtered, and concentrated.
Flash chromatography (0.7 x 12 c¢m silica gel, 20 mL of 30% acetone/hexanes, then 50 mL of 20% ace-
tone/hexanes+1% acetic acid) provided 1.2 mg (97%) of a clear oil. [0t]233¢5 +23.1 (¢ 0.08, CH,Cl,); IR
(CH,Cly) 3775-3600, 2995, 2956, 1738, 1726, 1712 cm-!; TH NMR (500 MHz, C¢Dg) & 6.40-6.32 (m, 2H),
5.85(dd, J = 14.1, 6.5 Hz, 1H), 5.74 (app. t, J = 9.3 Hz, 1H), 5.65 (dd, J = 9.7, 3.1 Hz, 1H), 5.58-5.50 (m,

2H), 5.18 (d, J = 15.9 Hz, 1H), 5.13 (m, 2H), 5.08 (s, 1H), 5.01-4.98 (m, 3H), 4.46-4.44 (m, 2H), 4.29 (m,

2H), 4.19 (br t, J = 9.7 Hz, 1H), 3.97 (m, 1H), 3.94 (s, 1H), 3.89 (m, 1H), 3.41-3.39 (m, 1H), 3.40 (d, / = 104
I 11Ty 2 L 23 N e TEFY 2 A2 o 2ATIY D 177 2 1A 7. 1TIIY 1 11 7 N7 7o 1IN N NA s ATI. A an s 1 1 4

nZ, ir), 5.20-3.23 (IO, in}, 3.43 {8, o1, 2.1/-2.14 {M, ir), 3.11-0.U/ (M, i), 2.U4 (8, 3H), £.8Y ( (1, J =
1A 1NN 1TIN D72 Y TAE (v THY D A2 /AA T 1127 77 110 111N DKL DAQ fenY D AN D 20 7N D 10O 7o
10.%4, 1V.V I1Z, 1K1}, £./0-£. /0 \IT}, 1X1}, £.05\Q04, v = 15./, /.1 N1Z, 1), £.30-4.47 {(ill), a.42-4.506 {1}, .17 (1N,
TH210(m 1. 106(¢ 3HY 1Q0-18S5(m). 1 81 (¢ AN 1 77-1834m). 1 RK(d J=66H2 211y 179074 I
ALKy dwe A/ \Udly X11d), x YU NDy JALJy Lo SVUTRLUY LSy 10UL Oy JILJy 1.7 1T 1JT \111)y 1.JU Uy J ~ U.U 114, JI1J, 1.7 \U,J
= 6.9 Hz, 3H), 1.17 (t, J = 7.9 Hz, 9H), 1.12-1.10 (m, 3H), 1.10 (s, 9H), 1.08 (t, J = 7.9 Hz, 9H), 1.05 (t, J =

. . J ,J
7.9 Hz, 9H), 1.03 (s, 9H), 0.98 (m, 6H), 0.88-0.79 (m, 6H), 0.70 (q, / = 7.9 Hz, 6H), 0.64 (g, J = 7.9 H7., 6H
0.25 (s, 3H), 0.14 (s, 3H), 0.10 (m, 6H); '3C NMR (100.6 MHz, C¢Dg) 8 209.6, 170.5, 169.1, 147.8, 144.0,
137.7,137.0, 132.2, 130.9, 1304, 127.2, 116.9, 115.5, 113.8, 101.7, 98.3, 97.3, 78.94, 78.85, 75.8, 750 738
72.9, 71.2, 70.8, 67.2, 65.2, 64.0, 62.4, 55.1, 51.4, 47.9, 47.0, 46.2, 45.3, 44.2, 42.8, 39.3, 39.2, 38.7, 38.1,
37.9,35.0, 34.3, 32.8, 32.1, 30.6, 29.5, 28 4, 26 4, 26.2, 26.1, 21.4, 20.6, 18.4, 14.0, 13.9, 12.4, 10.8, 7.6, 7.2,
6.1, 5.4, -4.1, -4.6, -4.8, -4.9; Mass calcd. for Cg4H70022SisNa (Nay): 1813 (1836); found: 1813 (1836)
(FAB, m-nitrobenzyl alcohol, Nal added).

(1S,35,5R,9R,10R,11R,13R 14.5,151( 178, 13— 19R,23Z,25R,275,29R,31S,33 ~',36‘ _,3 ,3 R,41S,43S,49S)-
17,27-Bis(tert-butyldimethylsiloxy)-3,10,37-trihydroxy-15,21-dimethoxy-18,36,38,43,49-pentamethyl-39-
et 3. 1 [ AC ETN A oL _ 0 . ___. A ra__ 4L _ N 0.\ =M ___ s T ___17 14 A L _ra__t_ 4L _.3_ 0. ___\ O 14 A~
MEYICHC= 1 1=[{49) 0L )=&~HICLNYICTIC=4={(I'ICLN Y IMIOXAY =0, / =OCLAUICIL Y I |= 1 4,4~ DIS(LIICUIL Y IS Xy)-b,l&,‘la,'
AL A7 AR RO haontanvahantasuslal20 1 1 11,5 19,13 115,19 125.29 129331 nantacant. Y ana T &8 _dicnena 2 27
"U,"!I,"O”’U llUl.lLdUAallUlll—aL]LlU'_JJ-J.l-l 7 ek 7 o 7 o &L 4 x 7 _| llclllotlbulll-'.h‘)-vllc'I,Ja'ulull 'J’Jl'
diacetate (90). Hydroxy acid 89 (4.7 mg, 0.0026 mmol) was disselved in a 0.4 M solution of diisopropy-

lethylamine in benzene (0.197 mL, 0.079 mmol). A 0.4 M solution of 2,4,6-trichlorobenzoyl chloride (0.131
mL, 0.053 mmol) was added via syringe, and the resulting solution was stirred at room temperature for 3 h.
The reaction was diluted with 1.49 mL benzene and added via syringe pump to a refluxing solution of 4-
dimethylaminopyridine (16 mg, 0.131 mmol) in 2.9 mL benzene over 24 h. The anhydride flask was rinsed
twice with 0.750 mL benzene; each rinse was added via syringe pump to the refluxing reaction over 9 h. The
resulting cloudy white suspension was cooled to room temperature and diluted with saturated aqueous
NaHCOs, then stirred to give a clear biphasic mixture. The aqueous solution was separated and extracted with
EtOAc (2 x). The combined organic solutions were washed once with brine, dried over Na;SOy, filtered, and

concentrated. Flash chromatography (1 x 6 cm, 30% ethyl acetate/hexanes) provided 4.4 mg (86%) of a ciear
oil. [a]?3365 +71.5 (¢ 0.20, CH,Cl); IR (neat) 3490, 2953, 2877, 1737 (br), 1642 cm-1; 'H NMR (500 MHz,
I

{“‘T\\Sﬁ‘):(’SO/M AMIN QY /AAd T _ 140 AA LT 1IN £77/44 T _ 1N QO "lf\'(_'l'—. 1 £ £2/74 T 109
CeLlg) O V.00-0V.L0 (Ull, £11), J.0L \UU, J = 1.4, V.U 1L, 111}, 0./ 7/ \UU, J = 1VU.7, 1.V I1L, 111}, J.UO0 \U,J = 1VU.4
z THY S47 (m 1HY S2R (m. I1H). S 17512 (m. 3HY S 10(c. THY . 506 /(. 1HY 40(d J=90H7z 1H
114, 104y, 570 ML, 113), J.JU Ly 1137y JoA 1T 14 iy JE1)y JAV Oy 1i1)y JWVU Oy L11), F.J0N\U, b = FLU d04, 111,
4.93 (m, 2H), 4.84 (m, 1H), 4.51 (t, J = 11.1 Hz, 1H), 4.43 (m, 1H), 4.41-4.37 (m, 2H), 4.3 (t, J = 10.5 Hz
At VAl \ 273 5 5 73 ASELE] 73 At ] VAl LV v e Sy



1H), 4.01 (s, 1H), 3.94 (m, 2H), 3.53 (d, J = 10.4 Hz, 1H), 3.45 (m, 2H), 3.38 (s, 3H), 3.28-3.25 (m, 2H), 3.15
(app dd, J = 10.5, 6.9 Hz), 3.10-3.05 (m, 3H), 3.04 (s, 3H), 2.91-2.84 (m, 2H), 2.74-2.69 (m, 1H), 2.63 (dd, J
=13.3, 7.0 Hz, 1H), 2.54-2.50 (m, 4H), 2.40-2.36 (m, 2H), 2.35-2.28 (m, 2H), 2.19 (m, 1H), 2.15-2.06 (m,
2H), 2.03-2.01 (m), 1.98 (s, 3H), 1.95-1.86 (m), 1.85 (s, 3H), 1.83-1.59 (m), 1.52 (m), 1.47-1.44 (m), 1.40 (d,
]=6.9Hz,3H),l35(d J=6.8 Hz, 3H), 1.21 (t, J = 7.9 Hz, 9H), 1.13 (d, J = 7.1 Hz, 3H), 1.11 (s, 9H), 1.09

(m, 3H), 1.07 (t, J = 8.0 Hz, 9H), 1.03 (t, J = 8.0 Hz, 9H), 1.00 (m, 12H), 0.92-0.80 (m, 6H), 0.69 (q, J = 7.9
9t 6(

1 /. ATIN N Nt AT TN

,0 .15 (s, 3H), 0.07 (s, 3H), 0.0
168.5, 148.0, 143.7, 137.8, 137.0
7
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s, 3H); 13C NMR (100.6 MHz,
299, 127.6, 116.8, 115.6,
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1135 1017 5 0 Rl 70 TR S 740 73 728 720 71 8 4 70 1 G685 KA1 89 £27
LiJey AVULaT,y ety sy Lody 1 7.0iy $0dy 1777, 1 J.7, 1Ty 1 JJy 7 1.0, B PR A VS N <1y, YU, UVLL, VUJ.L, U/,
63.3, 60.5, 55.2, 52.3, 47.6, 47.5, 46.6, 45.6, 43.9, 40.9, 39.8, 39.3, 38.4, 38.0, 36.7, 36.0, 34.3, 32.7, 32.3,
304,27.9,26.2,26.1,21.4,20.6, 184, 14.4,14.2, 129, 10.8,7.6,7.5,7.22,7.17,6.2,5.4,5.3,-4.1,-47, -4.9;

Mass caled. for CoqH | 7002,SisNa: 1797; found: 1797 (FAB m- mtrobenzyl alcohol, Nal added).

Altohyrtin C (Spongistatin 2). To a 0 °C solution of macrolactone 90 (3.8 mg, 0.002 mmol) in 0.600 mL of
acetonitrile was added 0.05 mL of a freshly prepared HF/water/acetonitrile solution (0.5 mL of 48% aqueous
HF, 0.9 mL of water, and 8.6 mL of acetonitrile). The resulting solution was stirred at O °C for 24 h, then di-
Iuted with saturated aqueous NaHCO3; and CH;,Cl;. The aqueous solution was separated and extracted with
CH,Cl; (2 x). The combined organic solutions were dried over Na;SQ,, filtered, and concentrated. Flash
chromatography (0.7 cm x 5 cm silica gel, 5% MeOH/CH;,Cl,) provided 2.5 mg of a solid residue, which was
further purified by HPLC (Zorbax ODS C,3, 27.5% water/MeOH, 1 mL/min) to give 1.6 mg (67%) of a white
solid. [@]?3s5g9 +26.6 (¢ 0.04, MeOH); UV Amax = 226 nm; HPLC retention time 8.5 min (Zorbax ODS Cjg

4.6 mm x 25 cm, 27.5% water/MeOH, 1 mL/min, UV detection, A = 226 nm), 1.4 min (HP ODS Hypersil C g
)

1 ¥ 1 mm 250, waterMMaOYH O ADD mT /min P(T_mg¢ detecti tio \ IH NMR (500 MH> ON.ON)Y & & ’1(
PP V. U A VAV, llllll, ot IV YWY QAWLTLIVANAT ALy Vo TUN LLLL 311111, l Rl 171110 WUwlwwLl A1 1LNAIVILIN JUU 1'lllb \_,Uj\_;[‘} AU IRV RS O )
(ddd. J = 16.9. 103, 103 Hz, 1H), 622 (dd, J = 15.0, 10.5 Hz, 1H), 5.71 (dd. J = 15.2, 6.3 Hz, 1H), 5.49 (dd-

like, J=17.9, 8.5 Hz, 1H), 5.33 (t, / = 10.2 Hz, 1H), 5.19 (d-like, J = 17.7 Hz, 1H), 5.13 (dd, / = 10.6, 1.8 Hz,
1H), 5.04 (d-like, J = 9.9 Hz, 1H), 5.00 (dd, J = 10.0, 3.2 Hz, 1H), 4.93 (m, 1H), 4.87 (s, 1H), 4.84 (m, 3H),
4.76 (t-like, J = 10.1 Hz), 4.74 (m, 1H), 4.39-4.37 (m, 2H), 4.34 (s, 1H), 4.25 (m, 3H), 4.14 (dt, / = 9.1, 3.2
Hz, 1H), 4.00 (t, J = 10.9 Hz), 3.94 (m, 1H), 3.84 (d, J = 9.4 Hz), 3.73 (d, / = 10.2 Hz, 1H), 3.66 (m, 1H), 3.47
(tt, 11.5, 4.1 Hz, 1H), 3.41-3.34 (m, 2H), 3.25 (s, 3H), 3.12 (dt, J = 9.1, 5.4 Hz, 1H), 3.05 (dq, J = 10.6, 6.9
Hz, 1H), 2.90-2.84 (m, 2H), 2.79 (br dd, J = 13.5, 7.1 Hz, 1H), 2.75 (br d, J = 14.5 Hz), 2.62 (d-like, J = 18.2
Hz), 253(dd J=16.1, 1.7 Hz, 1H), 2.46 (dd, J = 16.1, 10.5 Hz, 1H), 2.33 (dd, J = 13.9, 6.4 Hz, 1H), 2.27 (m,
2H), 2.20-2.16 (m, ZH) 2()8 1.96 (m 4H), 1.95 (s, 3H), 1.94-1.88 (m, 2H), 1.85 (s, 3H), 1.80 (d-like, J = 15.2

- ~

Hz, iH), 1.70-1.65 (m, 2ZH), 1.62-1.39 (m, i0H), 1.32-1.23 (m, 3H), i.i7 (d, J = 6.9 Hz, 3H), 1.10(d, = 12.2
Hz, 1H), 1.07 (s, 3"), 1 05 (d, J/ = 6.9 Hz, 3H), 0.97 (app. q, J = 11.8 Hz, 2H), 0.82 (d, J = 7.2 Hz, 3H), 0.75
(d, J = 6.6 Hz, 3H); Mass calcd. for C43HgcO21Na: 1211.6; found: 1211.5 (electrospray); 1211.5 (atmospheric
nrecanre N Natnral camnle (cnnncncf hn 7 nrnvndpﬂ hv Prafeceor (G R Pattit) Tv123,.0n 42092 (~ O 17
pressure CI). Natural sample (spongistat provided by Professor G.R. Pettit). [al*isge +29.2 (¢ 0.12,
MeOH); UV Amax = 226 nm; HPLC retention time 8.5 min (Zorbax ODS C;g 4.6 mm x 25 cm, 27.5%

water/MeOH, 1 mL/min, UV detection, A = 226 nm), 1.4 min (HP ODS Hypersil C;g 2.1 x 100 mm, 25%
water/MeOH, 0.400 mL/min, APCI-ms detection); 'H NMR (500 MHz, CD3CN) 8 6.35 (ddd, J = 16.9, 10.3,
10.3 Hz, 1H), 6.22 (dd, J = 15.1, 10.6 Hz, 1H), 5.71 (dd, J = 15.2, 6.3 Hz, 1H), 5.49 (dd-like, J = 17.9, 8.5 Hz,
1H), 5.33 (t, J = 10.2 Hz, 1H), 5.19 (d-like, J = 17.5 Hz, 1H), 5.13 (dd, J = 10.7, 1.6 Hz, 1H), 5.04 (d-like, J =
10.2 Hz, 1H), 5.00 (dd, J = 10.0, 3.0 Hz, 1H), 4.93 (m, 1H), 4.87 (s, 1H), 4.84 (m, 3H), 4.76 (t-like, J = 10.1
Hz), 4.74 (m, 1H), 4.39-4.37 (m, 2H), 4.34 (s, 1H), 4.25 (m, 3H), 4.14 (dt, J = 8.8, 3.0 Hz, 1H), 4.00 (t, J =
10.8 Hz), 3.94 (m, 1H), 3.83 (d, / =9.4 Hz), 3.72 (d, J = 10.3 Hz, 1H), 3.66 (m, 1H), 3.47 (tt, 11.5, 4.3 Hz,

1H), 3.41-3.34 (m, 2H), 3.25 (s, 3H), 3.12 (dt, /= 9.1, 5.2 Hz, 1H), 3.05 (dq, / = 10.6, 6.8 Hz, 1H), 2.90-2.84
{m, 2H), 2.79 (br dd, J = 13.5, 6.8 Hz, 1H), 2.75 (br 4, J = 14.9 Hz), 2.62 (d-like, J = 18.6 Hz), 2.53 (dd, J =
140 1 &> 1\ DAL A3 T — 161 INS s 1IN 722744 T _ 12Q0 £ A LTer 1IN D77 (e ALIY N N1 N 172
1.V, 1.0 114, 111}, LAV UG, J — 101, MVLD K1L, LI, £.00 UG, U = 1.0, U 114, lﬂ}, o T \111, /.n), VAV LV AN e
(m, 2H), 2.08-1.96 (m, 4H), 1.95 (s, 3H), 1.94-1.86 (m, 2H), 1.85 (s, 3H), 1.80 (d-like, J = 15.3 Hz, 1H), 1.70-
1.65 (m, 2H), 1.62-1.39 (m, 10H), 1.35-1.20 (m, 3H), 1.17(d, /=69 Hz,3H), 1.10(d, /= 12.1 Hz, 1H), 1.07
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(s, 3H), 1.05 (d, J = 6.9 Hz, 3H), 0.97 (app. q. / = 11.8 Hz, 2H), 0.82 (d, J=7.2Hz, 3H),0.75(d, J = 6.7 Hz,
3H); Mass calcd. for Cg3HgsO21Na: 1211.6; found: 1211.4 (electrospray); 1211.7 (atmospheric pressure CI).
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Attempted spiroketalization of 28 in the absence of MeOH led to rapid B-elimination of the C,; methyl ether to give an o,p
unsaturated ketone.
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NMR spectra of naturar‘a‘ltohyrtm C
This conclusion was subsequently corroborated by KlShl s total synthesis of altohyrtin A/spongistatin 1. See reference 1b.



