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The Chemical Synthesis of C-Ring Aryl Taxoids

K. C. Nicolaou,* Christopher F. Claiborne, Kumarapandian Paulvannan,
Maarten H. D. Postema, and Rodney K. Guy

Abstract: We designed and targeted for
synthesis the C-ring aryl taxoids 2a—c in
order to develop methods for the con-
struction of the taxoid skeleton and to test
their cytotoxicity against tumor cells.
Compound 2a was synthesized by a con-

tion to join 5 and 4, a McMurry coupling
to construct the 8-membered ring, a car-
bonate opening to introduce the 2-ben-
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zoate group, and an allylic oxidation fol-
lowed by side-chain attachment. A similar
sequence led to compound 2¢, whereas at-
tempts to attain 2b were thwarted by the
lability of the benzyl group during the car-
bonate opening. The biological activity of

vergent route from hydrazone 5 and alde-
hyde 4. Key steps included a Shapiro reac-

Introduction

Taxol (1, Figure 1), originally isolated from the Pacific Yew
Taxus brevifolia,'!) is an important new anticancer agent that
has recently excited both the clinical and basic research commu-
nities. The past decade has seen its approval for the treatment of
breast and ovarian cancer as well as its clinical evaluation for
the management of skin, lung, and head and neck cancers.l?!
Taxol functions by interfering with the assembly/disassembly
cycle of microtubules, crucial cellular proteins.’! In vivo, this
effect causes the formation of stable bundles of nonfunctional
microtubules within cells, arresting the cell cycle and killing the
cells.'*! Recently, scientists have expended much effort in at-
tempting to understand the molecular basis of this effect.

2a:X=H
2b: X = OBn
2c: XmOMe

Figure 1. Structures of taxo! (1) and designed analogues 2a-c. Bn = benzyl;
Bz = benzoyl.
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2a and 2 ¢ against tumor cells was consid-
erably less than that of taxol.

Chemists working on this problem have concentrated upon
probing taxol’s structure - activity relationships (SAR), primar-
ily through degradative and semisynthetic methods.!”! The re-
searchers in this area have demonstrated two general principles.
First, the so-called ““southern’ substituents, the phenyl isoserine
side chain and the C2 benzoate,!®! are crucial for activity. While
either will tolerate subtle alteration, many substitutions or dele-
tions significantly reduce cytotoxicity. On the other hand, the
“northern” functionalities at C 7,171 C9,I®1 and C 10178 can be
deleted without compromising taxol’s effect. Although these
studies have produced a large body of information about taxol’s
SAR, they are necessarily limited in scope. The effects of the less
easily manipulated functions such as the C1 hydroxyl, the
methyl groups, and the oxetane moiety are less well understood.
After resisting for many years, taxol yielded to two groups that
published independent total syntheses in early 1994 1% and
another one in 1995.1'11 These syntheses opened the door for
exploration of these previously uncharted areas of taxol’s SAR.

One of the key remaining questions about taxol's pharma-
cophore was the role of the oxetane (D) ring. Kingston's group
had shown that cleaving open the oxetane produced a com-
pound that lacked biological activity.''*) However, the manipu-
lations needed to open the oxetane also caused other structural
perturbations that make interpreting this result difficult. One
could hypothesize that the oxetane serves a purely structural
role: its presence rigidifies the ABC-ring system to the extent
that the taxane core is essentially conformationally inert. Alter-
natively, one could speculate that the lone pairs of electrons
from the oxetane’s oxygen might participate actively in hydro-
gen bonding with taxol’s receptor.*?*-13! Desiring to probe
these possibilities, we targeted for synthesis derivatives of the
type shown in Figurc 1 (2a—c¢) where taxol’'s C- and D-rings
have been replaced by an aromatic moiety. Molecular modeling
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indicated the possibility
of good overlap between
such structures and taxol
(see Figure 2).

A few similar baccat-
in IIT  derivatives had
been produced previous-
ly,'¥ but none con-
tained the cructal side-
chain and C2 functional-
ities necessary for biolog-
ical activity. Thus, we
wanted to invent a
method that could install
both these features and
allow the gencration of
any desired
substitution pattern. At
the outset of this project,
a convergent strategy for
the synthesis of taxol was
already in development
in thesc laboratories.[°! Tt
was decided to follow a
very similar strategy for
these derivatives (Fig-
ure 3). Thus, retrosyn-
thetic disconnection of
the side chain through
known  oxidations!'®
and esterifications pro-
vided a baccatin I1I ana-
logue whose central B-
ring could be imagined
to arise from sequential
Shapiro!'®! and McMur-
ry!'”1 reactions. This
convergent route was perceived to allow high efficiency and
flexibility with respect to C-ring substituents.!'®!

aromatic

Figure 2. Computer-generated models of
taxol (A} and designed taxoids 2a (B) and
2¢(0).

Abstract in Greek:

e prinym: Ta C-daxktvhov-apviotagoedn 2a-c,
oyxedootnkay oav ouvvBetikor gtoyor xatariinior, ad’
£VOC eV, Y TV avontuEn pebodohoylag mapaocKeung
TaE0etdovg OKEAETOV, b’ ETEPOV dg, YL TOV eAeyyO TNG
TOELKOTNTAG TOUS EVOAVTL KaPKLVIKwV Kuttapwv. H evwon
2a ouvvetedny cuvdolovrag v uvdpalovy § pe myv
ardevdn 4. Ta Poowka otadio mepielapfavav
ouvevwon twv 5 pe 4 pe avidpoaon Sapiro, v
dnmutovpyta tov  8—pehoug  daktvAov  ue  ovlevEn
McMurry, To avolypa tou avB8poKiKou €OTEPG YLt TNV
sLoaywy Tou 2-Peviovieotepa Kot TEAOE, ue aARUAKY
oEedworn, axohlovBouuevn QO TPOCUPTINOYN  TYG
nhevplkns advodas.  Ilapouota mopera odnynoe oy
£voon 2¢, evo avoioyeg npoorabeleg va mpooeyynder
2b gpmodionkav Aoyw trng aotabelag tng feviviopadag
oto oradto e duavorlEne touv avlpoxikov gotepa. H
Bloroyikn  dpaoctkotnta Twv 22 Kat  2¢  EVAVIL
KQPKIVIKWOV KUTTOPWY MTAV ONUOVILKO QOBEVECSTEPY TNG
Takoine (Taxol).
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McMurry coupling

BzHN O ‘8
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side chain addition \
Shapiro coupling

Figure 3. Strategy [or the synthesis of C-ring aromatic analogues of taxol.

Results and Discussion

A. Synthesis of Aryl C-Ring Taxoid 2a: The synthesis of the
aromatic C-ring analogue 2a was carried out as summarized in
Schemes 1 and 2. 1,2-Benzenedimethano!l (3, Scheme 1) was
monosilylated with tBuPh,SiCl and imidazole and thence oxi-
dized with PCC to afford the requisite aldehyde 4 in 67 % over-
all yield. The vinyl anion generated from hydrazone 5!
(Scheme 2) by the method of Chamberlin'1®® was condensed

OH a ~o
e
OH OTPS

3 4

Scheme 1. Synthesis of the aromatic C-ring 4. Reagents and conditions: a) TPSCI
(0.6 equiv), imidazole (2 equiv), CH,Cl,, 25°C, 2h; PCC (1.5 equiv), CH,Cl,.
25°C, 1h: 67% for two steps. TPSCI = i-butyldiphenylsilyl chloride; PCC =
pyridinium chlorochromate.

TBSO
OTBS s OTPS
e )
&
NNHSO,Ar
§: Ar = 2,4,6-triiso- 6 OH
proplybenzene b l
RO TBSO
OR OTPS
) — )
& O
R0 5R2 O 45u
8: Ry, R, = H,H; R=TBS 7

9L .| Ro=CO; R = TBS
e[ 10: Ry, R, = CO; R=H

] (o]
4
) — -
(D
[o) S
o
c}’r

1

Scheme 2. Synthesis of the ABC-ring system 12. Reagents and conditions:
a) nBuLi (2.1 cquiv), THEF, —78 — 25°C, cool to 0"C and add 4 (1.1 cquiv), 0.5 h,
86 % . b) tBUOOH (1.1 equiv), {VQOacac),} (0.05 equiv), benzene, 25 °C. 5 h. 90%;
¢) LiAIH, (6.6 cquiv), Et,0O. reflux, 4 h; TBSCI (2.6 equiv). imidazole (2.7 equiv).
CH,C1,,25 'C. 1 h, 76%: d) CDI (10 cquiv), CH,CN, reflux, 2 h, 95%:¢) TBAF
(3eqguivy, THE 25°C, 2 h: f) TPAP (0.05 equivy, NMO {4 equiv), CH,Cl,, 25°C.
1 h, 89%: g) [TiCly(dme), 5] (7 equiv), Zn-Cu (24 equiv), DME, reflux, 3 h. then
add 11 by syringe pump, 1 h addition, then reflux additional 3 h, 53 %. TBSCI = ;-
butyldimethylsilyl chioride; CDI = carbonyldiimidazole; TBAF = tetra-n-buty-
lammonium fluoride; TPAP = tetrapropylammonium perruthenate; NMO = N-
methylmorpholine N-oxide.
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with the TPS-protected benzaldehyde derivative 4 to give alco-
hol 6 (Scheme 2). Directed cpoxidation (90%) by Sharpless’
method'!*! followed by reductive opening of the resulting epox-
ide (7) with lithium aluminum hydride and reprotection of the
primary alcohols (coincidentally desilylated during the reduc-
tion) with rBuMe,SiCl and imidazole gave diol 8 in 75 % overall
yield. A conformation of the molecule perceived to be favorable
for the upcoming McMurry reaction was then enforced by rigid-
ifying the C1-C2 bond through formation of a cyclic carbon-
ate. Thus, treatment of 8 with carbonyl diimidazole furnished
carbonate 91in 95 % yield. Liberation of the alcohols with nucle-
ophilic fluoride and oxidation with the Griffith—Ley catalyst
(TPAP)?%T and N-methylmorpholine N-oxide (NMO) provided
dialdehyde 11 (89 % overall yield) via diol 10. Exposure of this
material to the McMurry reagent!'”) provided, diastereoselec-
tively, a single cyclic diol (12) in racemic form (53 % yield). The
racemic compound 12 was taken through the synthesis to give
two diastereomeric compounds 2a and 2a’ upon coupling with
enantiomerically pure fS-lactam 17 (see Scheme 3). At this
stage it was also possible to separate the two enantiomers of 12
by formation of their diastereomeric diesters with camphanyl
chloride followed by chromatographic separation and cleavage
of the chiral auxiliary. Enantiomerically pure diol 12 was char-
acterized by X-ray crystallographic analysis {sce ORTEP dia-
gram, Figure 4).

0 12 b 13:R=H

OBz

18 R=TES
f ]: 2a"R=H
Scheme 3. Synthesis of taxoid 2a. Reagents and conditions: a) PhLi (6 equiv),
THF, —-78°C, 0.5h, 80%: b) Ac,0 (2.2equiv), Et;N (3equiv), 4-DMAP
(0.1 equiv), CH,Cl,, 25°C, th, 100%; c¢) PCC (46 equiv), Celite, NaOAc
(20 equiv), benzene, reflux, 2 h, 55%; d) NaBH, (excess), MeOH, 0°C, 20 min,
90% (ca. 8:1 mixture of « to #); ¢) NaN(SiMe,), (3.0 equiv), 17 (2.0 equiv),
THE, —78°C, 0.5h, 73%; f) HF-pyr (2.0equiv), THF, 25°C, 2h, 90%. 4-
DMAP = 4-dimethylaminopyridine; TES = triethylsilyl.
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12

Figure 4. ORTEP drawings of compounds 12 and 28.

Hydroxybenzoate 13 was formed in a regiospecific manner by
treatment of (racemic) 12 with phenyllithium at — 78 “C (80 %
yield) (Scheme 3). Protection of the hydroxy!l groups as their
acetyl esters (Ac,0, Et;N, 4-DMAP, leading to 14, 100 %) fol-
lowed by allylic oxidation with PCC gave enone 15 (55 % yield).
Reduction of 15 with sodium borohydride in methanol at 0°C
gave, stereoselectively, allylic alcohol 16 (90% total yield, ca.
8:1 a:f ratio). Finally, side-chain attachment by the Holton -
Ojima method™' 221 and B-lactam 17221 [NaN(SiMe,),, — 78
to 0°C] gave two diastereomeric products, 18 and 18 (37%
each), which were chromatographically separated. Desilylation
of 18 with HF -pyridine (HF - pyr) furnished the targeted taxoid
2a(90% yield). Similar treatment of 18’ led to the diastercomer-
ic taxoid 2a’.

Biological evaluation of 2a provided interesting results. First,
although 1ts level of toxicity was considerably lower than that of
taxol, 2a exhibited significant cytotoxicity against scveral cell
lines, for example:123! Ovcar-3, 1C,, = 2.80 x 10~ "™ (taxol =
6.2x1071%M);  HT-29, IC,,=129x10""m (taxol =
51x107"M); UCLA-P3, 1C,,=296x10""M (taxol =
6.4 x 107 ?m). Secondly, the diastereomeric compound 2a’ (in
which the side chain is of the correct absolute stercochemistry,
but the taxoid framework is antipodal to that of taxol) showed
insignificant cytotoxicity against the same cell lines. These re-
sults indicated that the major role of the oxetane might be con-
formational. Taking into consideration the current structural
models for taxol,2*) we tried to rationalize the attenuated cyto-
toxicity through examining missing structural components. We
reasoned that perhaps the 4-acetyl group present in taxol might
be serving as an anchor for the “hydrophobic collapse™ of the
C?2 benzoyl and C3’ phenyl rings.?*! In order to test this hy-
pothesis, we designed and targeted for chemical synthesis alkoxy-
aryl derivatives such as 2b and 2 ¢, which we expected to provide
an ethereal oxygen in approximately the same position as the
4-acyloxy substituent of taxol.

B. Attempted Synthesis of Benzyloxyaryl C-Ring Taxoid 2b:
Formation of the required C-ring synthon for the construction
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of the benzyloxyaryl taxoid 2b was carried out by perbenzyla-
tion of 3-hydroxyphthalic acid (19) (K,CO,, BuBr) followed by
reduction of the resulting benzyl esters with lithium aluminum
hydride to give diol 20 in 75% overall yield (Scheme 4).

OH © OBn OBn
X OH a OH c )
l —_— ———T
_A__OH OR OTPS
19 O 20:R=H 22
b, >1:R-TPs

Scheme 4. Synthesis of aromatic C-ring 22. Reagents and conditions: a) BnBr
(5.0 equiv}, K,CO,4 (7.0 equivy. DMF, 50 “C, 1.5 h, 75%: LiAlH, (4.9 equiv), THF,
25°C, 1.0h, 81%: b) TPSCI (1.1 equiv), imidazole (1.5 equiv), CH,Cl,, 25°C,
0.5h, 50% (after separation of isomers): ¢) PDC (2.0 equiv), 4 A mol. sieves.
CH,Ct,.25°C. 1.5 h, 82%. BoBr = benzyl bromide; DMF = dimethylformamide;
PDC = pyridinium dichromate.

Monoprotection of 20 with tert-butyldiphenylsilyl chloride, fol-
lowed by oxidation of the correctly protected compound 21
(50% yield), provided the required aldehyde 22 (8G% yield).
In a manner analogous to that described above, 22 was cou-
pled to the vinyl anion derived from 5 to give allylic alcohol 23
in 86% yield (Scheme 5). Subsequent vanadium-directed!**!

0TBS OTPS

NNHSOQAI’

@35

0 OBn

Oy ~——

HO Bz(:) OH

29 28 O

Scheme 5. Synthesis of the ABC-ring system 29. Reagents and conditions:
a} nBuli (2.1 equiv), THE —78 — 25°C, cool to 0°Cand add 22 (1.1 equiv). 0.5 h.
86%: b) BuOOH (1.1 equiv), [VO(acac),) (0.05 equiv), benzene, 25°C, 5h, 85%:
¢) LiAIH, (6.6 equiv), Et,0, reflux, 4 h; CDI (10 equiv), CH,CN, reflux, 2 h, 63 %:;
d) TPAP (0.05 equiv). NMO (4 equiv), CH,Cl,, 25°C, 1 h, 71%; e) [TiCl,-
(dme), 5] (7 equiv). Zn-Cu (24 equiv), DME, reflux, 3 h, then add aldehyde 27 by
syringe pump, 1h addition, then reflux for an additional 3h, 39%: f) PhLi
(6.0 equiv), HMPA (6.0equiv), THF, —78°C, 0.5h, 80%. HMPA = hexa-
methylphosphoramide.
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cpoxidation of 23 yielded epoxide 24 (90% yield). Lithium alu-
minum hydride reduction of 24 afforded the corresponding te-
traol (25) by concomitant desilylation. Instead of reprotecting
the primary positions as had been done in the case of 6 —> 8
(Scheme 2), we treated the tetraol 25 with excess carbonyl diim-
idazole to construct the carbonate ring as desired at C1 and C2
and allowed thc primary hydroxyl groups to form transient
urethanes, which were subsequently hydrolyzed selectively to
afford 26. Oxidation of the resulting primary alcohols in 26 with
a catalytic amount of TPAP and NMO afforded the required
dialdehyde 27 (71 % yield). Subjection of dialdehyde 27 to the
McMurry coupling cyclization provided diol 28 in modest yield
(33%}). The stereochemistry of this compound (28) was proven
by X-ray crystallographic analysis (see ORTEP diagram, Fig-
ure 4). Compound 28 proved rather unreactive towards phenyl-
lithium. When forcing conditions (large excess of reagent and
HMPA) were used, opening of the carbonate ring was accompa-
nied by concomitant removal of the benzyl group to afford
phenolic compound 29 (80% yield). Presumably, this debenzy-
lation reaction proceeds through a single electron transfer (SET)
reduction. Triol 29 was not amenable to further convenient ma-
nipulations, and the pursuit of 2b was, therefore, abandoned in
favor of a more robust alkoxy group on the aromatic ring,

C. Synthesis of Methoxyaryl C-Ring Taxoid 2¢: Starting with
known intermediate 30'%%! (Scheme 6), the monoprotected in-
termediate 31 (#BuPh,SiCl/imidazole, 45% yield) was oxidized

OMe OMe
OH b ~o
—_—
OR OTPS
30: R=H 32
31: R=TPS

Scheme 6. Synthesis of aromatic C-ring 32. Reagents and conditions: a) TPSCI
(1.0 cquiv), imidazole (1.5 equiv), CH,Cl,, 25°C, 1.0 h, 33% (after separation of
isomers): b) PDC (2.0 equiv). 4 A mol. sieves, CH,Cl,. 25°C. 2 h, 86%.

with PDC in CH,Cl,, as with the analogous benzyl ether deriva-
tive 21, to give the required aldehyde 32 (80%). This substrate
(32) coupled cleanly with the A-ring viny! anion generated from
hydrazone 5 to give alcohol 33 (86 % yield, Scheme 7). Epoxida-
tion, followed by reduction, gave the expected tetraol, which
was converted to carbonate 35 via epoxide 34 by means of the
method described above for compound 26 (Scheme 5). Oxida-
tion of diol 35 (TPAP/NMO, 89% yield) followed by ring clo-
sure under McMurry conditions furnished cyclic diol 37 in 33 %
yield. The stereochemistry of the diol system in this compound
was based on NMR comparisons with 12 and 28, whose struc-
tures were firmly established by X-ray crystallography.
Unlike benzyl ether 28, the methoxy derivative 37 reacted
smoothly with phenyllithium under the previously described
conditions to afford 38 in 80% yield (Scheme 8). Selective
acetylation of the latter compound (38) proceeded cleanly to
give diacetate 39 (100 %), which was oxidized with PCC in the
presence of NaOAc in refluxing benzene, furnishing enone 40
(55% vyield). Reduction of the carbonyl group of the enone
function in 40 with NaBH, in methanol at 0 °C resulted in the
formation of a 1:1 mixture of « and f diastereoisomers (90 %

0947-6539197/0303-0402 § 15.00+ .25/0 Chem. Eur. J. 1997. 3. No. 3



Aryl Taxoids

399-409
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oT8S OTPS
a
ERSS S
NNHSO,Ar
5: Ar = 2,4,6-triiso- 33  OHome
proplybenzene b ¢

835
37 07f6 OMe
[o]

Scheme 7. Synthesis of the ABC-ring system 37. Reagents and conditions:
a) nBuLi(2.1 equiv), THF, —78 - 25°C, coolto 0 °C and add 32 (1.1 equiv), 0.5 h,
86% : b) rBuOOH (1.1 equiv), [VO(acac),] (0.05 equiv), benzene, 25°C, 5 h, 90%;
¢} LiAIH, (6.6 equiv), Et,0. reflux, 4 h, 75 % ; CDI (10 equiv), CH,CN, reflux, 2 h,
73%; d) TPAP (0.05equiv). NMO (4equiv), CH,Cl,, 25°C, 1h, 89%;
¢) [TiCly(dme), ) (7 equiv), Zn-Cu (24 cquiv), DME, reflux, 3 h, then add alde-
hyde 36 by syringe pump, 1 h addition, then reflux for an additional 3 h, 33%.

42: R=TES
2c:R=H
TESO, o] Bz. Ac(:) OAc
NBz :
17 Ph

42': R = TES
t[ oc:RoH

Scheme 8, Synthesis of taxoid 2¢. Reagents and conditions: a) PhLi (6 equiv),
THF, =78°C, 0.5h, 80%; b) Ac,0 (2.2equiv), Et;N (3equiv), 4-DMAP
(0.1 equiv), CH,Cl,, 25°C. Lh, 100%: ¢} PCC (46 equiv), Celite, NaOAc
(20 equiv), benzene, reflux, 2 h, 55%; d) NaBH, (excess), MeOH, 0°C, 20 min,
90% (ca. 1:1 mixture of o to f); e) NaN(SiMe,), (3.0 equiv), 17 (2.0 equiv),
THF, —78°C, 0.5 h, 73%; f) HF -pyr. (2.0 equiv), THF, 25°C, 2 h, 90%.
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total yield), from which the desired o isomer 41 was isolated by
chromatography. The stereochemical outcome of this reduction
is somewhat different from that of the corresponding enone
leading to the non-oxygenated aromatic taxoid 2a (sec 15 — 16,
ca. 8:1 a: ff ratio, Scheme 3), suggesting a conformational effect
exerted by the aromatic oxygen of 40. Racemic 41 was then
converted to the two taxoids 2¢ and 2¢’, via intermediates 42
and 42, by attachment of the enantiomerically pure side chain
through the Holton—Ojima'?*:22] method with S-lactam 17
(Scheme 8). Preliminary biological studies with 2¢ and 2¢” indi-
cate low cytotoxicities as compared with taxol.

Conclusion

In this article, a synthetic route to simplified taxoids containing
benzenoid systems instead of the CD-ring framework of taxol is
described. Although preliminary biological data indicate con-
siderable loss of cytotoxicity, the strategy may prove useful for
the synthesis of other designed analogues of taxol that are cur-
rently unavailable from natural sources.

Experimental Procedure

General Techniques: Melting points were determined on a Uni-Melt (Thomas
Scientific) apparatus and are uncorrected. NMR spectra were recorded on
Bruker AMX-500, AMX-400, AM-300, or AM-250 instruments with Me,Si
or CHCI; (in CDCly) as internal standard: chemical shift signals (d) are
quoted as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), apt
(apparent), b (broad), obs (obscured). IR spectra were recorded on Nicolet
205, Perkin Elmer 1600, or Galaxy 2020 series FT-IR spectrophotometers.
Optical rotations were recorded with a Perkin Elmer 241 polarimeter. High-
resolution mass spectra (HRMS) were recorded on a VG ZAB-ZSE mass
spectrometer, under fast atom bombardment (FAB) or electrospray condi-
tions, at the Secripps Research Institute.

All reactions were monitored by thin-layer chromatography (TLC) carried
out on 250 mm Whatman silica gel plates (K 6 F-60 A) with UV light, p-anis-
aldehyde, or 7% ethanolic phosphomolybdic acid and heat (200 “C) as devel-
oping agents. E. Merck silica gel (60, particle size 0.040-0.063 mm) was used
for flash column chromatography. Dry tetrahydrofuran (THF) and ethyl
ether were distilled from sodium/benzophenone, methylene chloride was dis-
tilled from calcium hydride, and benzene and toluene were distilled from
sodium immediately prior to use. All reagents were obtained from Aldrich
unless otherwise noted. Solvents used for workup, chromatography, and
recrystallizations were reagent grade from Fisher Scientific and were used
directly as received. All reactions were carried out under an argon atmosphere
with freshly distilled solvents under anhydrous conditions, unless otherwise
noted. Yields refer to chromatographically and spectroscopically (*H NMR)
homogenous materials, unless otherwise stated.

Aldehyde 4: rert-Butyldiphenylsilyl chloride (1.86 g, 6.77 mmol) was added in
one portion to a methylene chloride solution of 3 (850 mg, 6.15 mmol) and
imidazole (628 mg, 9.22 mmol) at room temperature, and the resulting solu-
tion was stirred for 2 h. The solution was then poured into ether (100 mL) and
washed with saturated aqueous ammonium chloride (20 mL) and then brine
(20 mL), dried with magnesium sulfate, filtered, and concentrated. The crude
alcohol was oxidized in a fashion analogous to the oxidation of 10 to 11 (see
below) with tetrapropylammonium perruthenate (20 mg, 57 mmmol), 4-
methylmorpholine N-oxide (865 mg, 7.38 mmol) and methylene chloride
(10 mL) to give 4 as a clear oil (1.54 g, 67%); R, = 0.60 (silica, 30 % ether in
petroleum ether); FT-IR (film): ¥, = 2930, 2856, 1669, 1600, 1575, 1471,
1427, 1194, 1113, 1075.822 cm ™ ' "H NMR (500 MHz, CDCl,): 8 =10.13 (s.
1H, CHO), 7.85(d, / =7.5 Hz, 1H, Ar), 7.81 (dd, /= 8.0, 2.4 Hz, L H, Ar).
7.69-7.65 (m, 4H, Ar), 7.64-7.60 (m, 1H, Ar), 7.47-7.34 (m, 7H, Ar). 5.19
(s, 2H, CH,0),1.10 (s, 9 H, /BuSi): *C NMR (125 MHz, CDCl,): § =192.9,
143.7, 135.5, 134.0, 133.3, 132.7, 129.7, 1278, 127.1, 126.9. 63.6, 26 .8, 194,
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Coupled product 6: #-Butyllithium (9.4 mL of a 1.6M solution in hexanes,
15 mmol) was added dropwise to a solution of the hydrazone 5 (4.0 g,
7.11 mmol) in tetrahydrofuran (30 mL) at — 78 °C. After complete addition,
a color change from the initial yellow to a bright red was observed. The
dry-ice bath was removed and the solution was allowed to warm to 25 °C (gas
cvolution was observed). The solution of the vinyl anion was then cooled
back to 0°C and aldehyde 4 (2.93 g, 7.82 mmol) was added dropwise as a
solution in THF (5 mL}. The mixture was stirred for 1 h at 0 °C and was then
quenched with aqueous ammonium chloride (15 mL). Ether (100 mL) was
added and the mixture was washed with agueous ammonium chloride
(10 mL) and brine (15 mL), and dried over magnesium sulfate. After filtra-
tion and concentration, the crude product was purified by flash chromatogra-
phy (silica) to give 6 as a colorless oil (3.9 g. 86%). R, = 0.25 (silica, 20%
ethyl acetate in petroleum ether): FT-IR (film): v, = 3345, 2956, 1472,
1428 cm '; "THNMR (CDCI,): d =7.87-7.78 (m, 4H, Ar), 7.68 (m, 1H.
Ar). 7.55-7.32 (m, 9H, Ar), 5.92(dd, J = 3.5,3.0 Hz, 1 H, HC=C). 5.69 (s.
1H, HCOH), 5.04 (d. /=13.0Hz 1H, CH,0). 479 (d, J =13.0Hz, 1H,
CH,08i), 4.28 (s, 2H, CH,0). 2.96 (s, 1H, OH). 2.81 (dd, J = 23.0, 3.0 Hz,
1H. CH,), 2.74 (dd. J = 23.0. 3.5 Hz, 1H. CH,), 1.87 (s, 3H, CHj,). 1.40 (s,
3H, CH,), 1.20 (s, 9H, 7BuSi), 1.01 (s, 9H, sBuSi), 0.92 (s, 3H. CH;), 0.19
(s. 3H. CH,Si), 0.18 (s, 3H, CH,Si); '*C NMR (125 MHz, CDCl,):
3 =143.9, 141.6, 137.3, 135.6, 135.5, 1329, 132.8, 129.8, 129.7. 129.0, 128.2,
127.8,127.7,127.5,127.4, 127.3, 69.1, 64.5, 58.8, 38.3, 33.4. 27.9, 27.8, 26.8.
26.3. 260, 194, 183, —54; HRMS (FAB): caled for CuoH,,0,Si,
({M +Cs™]) 773.2822, found 773.2824.

Epoxide 7: feri-Butyl hydroperoxide (50 mL of a 3.0m solution in 2,2,4-
trimethylipentane, 0.18 mmol) was added to a solution of the allylic alcohol
6 (100 mg, 0.16 mmol) and vanadium acetylacetonate ([VO(acac),]) (ca.
2 mg, cat.) in benzene (1 mL) at 0°C. The solution turned a deep red color
and was allowed to warm to 23°C and stirred for 2 h. The reaction was
quenched by dilution with ether (3 mL). followed by addition of agueous
sodium thiosulfate (1 mL), and washed with aqueous sodium bicarbonate
(1 mL) and then brine (1 mL). The resulting organic solution was dried over
ntagnesium sulfate, concentrated, and purified by flash chromatography (sil-
ica, ether/petroleum ether) to yield 7 as a white foam (95 mg, 90%);
R, = 0.30 (silica, 20% ether in petroleum ether); FT-IR (film): 3, = 3385,
2955, 1471, 1427, 1253 em™'; '"HNMR (500 MHz, CDCl,): § =7.70 (d,
J=7.0Hz 2H, Ar), 7.54 (d. J=7.0 Hz, 1H, Ar), 7.46—7.23 (m, 11 H, Ar),
528 (s, 1H, HCOH), 490 (d, J=13.5 Hz, { H, CH,0), 4.84 (d, / =13.5 Hz,
1H, CH,0),4.12(d,J =11.0 Hz, 1 H, CH,0). 3.09 (s, 1 H. H-¢poxide). 2.76
(brs, 1H. OH), 2.41 (d, J =19.0Hz, 1H, CH,C=C), 2.36 (d, / =19.0 Hz,
1H, CH,C=C), 1.67 (s. 3H, CH;), 1.29 (s. 3H, CH,). 1.11 (s, 9H, tBuSi),
0.88 (s. 9H. (BuSi), 0.81 (s, 3H. CH,), 0.05 (s. 6H, CH,Si); '*C NMR
(125 MHz, CDCl,): 6 =138.2,137.7, 135.6, 135.5, 133.8, 133.1, 133.0, 129.7,
127.9,127.7,127.2,127.0, 126.3, 124.9, 66.2. 66.1, 63.4, 58.8, 58.1, 38.6, 31.7.
26.7, 25.9, 25.8,22.0, 19.6, 19.2, 18.2, —5.5, — 5.6: HRMS (FAB): caled for
CooH,eSi,0, ([M +Cs*]) 789.2772, found 789.2775.

Disilylether 8: Lithium aluminum hydride (5 mL, 1M solution in ether,
5.0 mmol) was added dropwise to a solution of epoxide 7 (500 mg,
0.76 mmol) in dry ether (5 mL) at 25°C. The solution was then refluxed for
4 h. cooled to 0°C, and quenched with aqueous ammonium chloride (S mL).
The mixture was stirred for 2 h at 25 °C and then diluted with ether (20 mL),
washed with aqueous ammonium chioride (10 mL), brine (5 mL), dried over
magnesium sulfate, and concentrated. The crude tetraol was carried forward
to the next step, where it was reprotected by dissolution in methylene chloride
(15 mL) and treatment with 7-butyldimethylsilyl chloride (300 mg, 2.0 mmol)
while being stirred at 257C for 30 min. The mixture was quenched with
aqueous sodium bicarbonate (5 mL), diluted with ether (15 mL), and dried
over magnesium sulfate. The crude product was concentrated and purified by
Nash chromatography (silica, ether/petroleum ether) to give 8 as a white foam
(375 mg. 75%); R; = 0.45 (20% ether in petroleum ether); FT-IR (film):
Vi = 3384, 2360 cm ™ !; 'H NMR (500 MHz, CDCl,): § =7.33 (m. 2 H, Ar),
7.26 (m. 2H. Ar), 4.98 (brs, 1H, HCOH), 4.80 (d, J=12.5Hz, 2H,
CH,O0S1), 3.06 (s. 2H, CH,0Si), 1.90 (m. 2H, CH,C=C). 1.69 (s, 3H.
CH,;C=C), 1.55 (m. 2H. CH,), 0.94 (s, 18 H, tBuSi), 0.12 (s. 12 H, CH,Si);
"3C NMR (125 MHz, CDCl,): & =140.65, 140.6, 138.0, 135.7, 131.2, 127.5,
127.4, 759, $59.2, 436, 290, 27.8, 260, 259 258, 239, 19.2,
18.2, —5.3, —5.4: HRMS (FAB): caled for C,,H,,S1,0, [M*] 534.3561,
tound 534.3545.
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Carbonate 9: Carbonyl diimidazole (1.4 g. 8.4 mmol) was added to a solution
of diol 8 (450 mg, 0.84 mmol) in dry acetonitrile (10 mL). and the mixture was
refluxed for 2 h. The solution was then diluted with petroleum ether (20 mL)
and washed with 5% hydrochioric acid (2 x 5mL), aqueous sodium bicar-
bonate (10 mL), and brine (10 mL), and dried over magnesium sulfate. Con-
centration and purification by flash chromatography (silica, ether/petroleum
ether) gave 9 as a white foam (447 mg, 95%); R, = 0.6 (silica, 20% ether in
petroleum ether); FT-IR (film): ¥, = 2931, 2857, 1803, 1456cm™':
'"HNMR (CDCl,): § =7.43-7.25 (m, 4H. Ar), 5.95 (s, | H, HCOH), 4.77(d.
J=130Hz, 1H. CH,0), 457 (d, J=13.0Hz, 1H, CH,0), 428 (d,
J=11.5Hz. 1H, CH,0). 419 (d, J =11.5Hz, 1H, CH,0), 1.98 (m. 1H,
CH,C=C), 1.80 (m, 1H, CH,C=C), 1.62 (s, 3H, CH,C=C), 1.57 (m, 2H.
CH,). 1.34(s. 3H, CH;). 1.27 (s, 3H, CHy), 0.92 (s, 9 H. (BuSi), 0.92 (s, 9H.
/BuSi), 0.11 (s, 3H, CH,Si). 0.10 (s, 3H, CH,Si): '*C NMR (125 MHz,
CDCl,y): ¢ =155.0, 138.9, 133.5, 129.0, 127.9, 127.7, 127.3, 90.1, 62.7. 59.2.
42,5, 28.7, 258, 25.7, 25.0, 19.1, 18.1. —5.2; HRMS (FAB): caled for
C,;,H;,0.81, [M +Na™] 583.3251, found 583.3250.

Diol 10; Tetra-n-butylammonium fluoride (4.8 mL, 1M solution in THEF,
4.8 mmol) was added to a solution of silyl ¢cther 9 (900 mg, 1.6 mmot) in THF
(20 mL) at 25°C. The mixture was stirred for 1 h and quenched with excess
aqueous ammonium chloride. Ether (20 mL) was added and the solution was
washed with water (5 mL), brine (5 mL}, and dried over magnesium sulfate.
The combined aqueous layers were extracted with methylene chloride
(10 mL) and added to the organic mixture, filtered, and concentrated. The
crude product was purified by flash chromatography (silica. ethyl acetate/
petroleum cther) to afford diol 10 as a white foam (369 mg, 99%); R, = 0.25
(60% ethyl acetate in petroleum ether); FT-IR (film): ¥ = 3392, 2974,
1781 em~!; "HNMR (500 MHz, CDCl;): § =7.38-7.26 (m, 4H. Ar), 6.07
(s. 1H, HCOCO,), 4.63 (d, J =12.5Hz, 1H, CH,0), 4.48 (d. J =12.5 Hz,
1H, CH,0), 421 (d, /=11.5Hz, 1H, CH,0). 410 (d, J=11.5Hz, 1H,
CH,0), 1.91 (m, 2H, CH;C=C), 1.63 (s, 3H, CH,C=C), 1.60 (m, 1H,
CH,). 1.33 (m, 1H. CH},). 1.31 (s, 3H, CH,), 1.20 (s, 3H, CH,): "*C NMR
(125 MHz, CDCl,): 6 =155.3, 138.4, 134.0, 133.9, 133.7,129.5, 129.4, 128.1.
127.8,89.9, 78.4, 62.1, 58.1, 42.6, 28.6, 24.8, 23.9, 20.9, 19.1; HRMS (FAB):
caled for C, H,,04 [M +Na™] 355.1521, found 355.1520.

Dialdehyde 11: Tetrapropylammonium perruthenate (14 mg, 0.04 mmol) was
added to a stirred solution of diol 10 (266 mg, 0.801 mmol) and 4-methylmor-
pholine N-oxide (375 mg, 3.20 mmol) in methylene chloride (10 mL) at 23 °C.
The solution was stirred for 2 h, diluted with ether (5 mL), filtered through
silica gel. and concentrated to give the crude dialdehyde. Purification was
carried out by flash chromatography (silica, ethyl acetate/petroleum ether) to
afford 11 as a white solid (712 mg. 89%): m.p. 162 “C (from ether/hexanes):
R, = (.6 (silica, 60% cthyl acetate in petroleum ether); FT-IR (film):
Ve = 2978, 1798, 1701, 1671 cm '; '"H NMR (500 MHz, CDCly): 6 =10.08
(s, 1H. CHO}, 10.04 (s, 1H, CHO), 7.87 (dd, / =7.6, 1.5 Hz, 1 H, Ar), 7.72
(m. 1, Ar), 7.66 (m, 1H, Ar), 7.51 (d, /=78 Hz, 1H, Ar), 6.81 (s. 1H.
HCOCO,), 2.36 (m. 1H, CH,C=C), 2.02 (s. 3H, CH;C=C). 1.85 (m, 1 H.
CH,C=C), 1.52 (s, 3H, CH,), 1.50 (s, 3H, CH,), 1.48 (m. 2H. CH,); *C
NMR (125 MHz, CDCl,): 6 =192.4, 191.5, 154.7, 153.6, 137.1, 136.4, 135.5.
134.0,133.6, 129.7, 128.9, 90.7, 76.3, 41.5, 31.5, 24.5, 234, 19.7, 8.5; HRMS
(FAB): caled for C,,H, O [M +Na™] 351.1205, found 351.1210.

McMurry product 12: 1,2-dimethyloxyethane (DME: 30 mL) was added to a
flask containing [TiCly(dmej, 5} (900 mg, 3.1 mmol} and Zn-Cu couple
(930 mg. 7.2 mmol) at 23°C (reagents were weighed out under inert atmo-
sphere). The solution was heated to reflux with vigorous stirring for 3.5 h and
then cooled to 55 °C. Tricthylamine (100 pL, 0.72 mmol) was added. followed
by a solution of dialdehyde 11 (100 mg, 0.3 mmol in 30 mL DME) from a
syringe pump over 1.5h. After complete addition, the solution was main-
tained at 55°C for 2 h, cooled to 0 °C, and poured into a solution of aqueous
potassium carbonate (5%. 100 mL) kept at 0 “C. After stirring for 10 min the
mixture was allowed to warm to ambient temperature, diluted with ether
(100 mL), and filtered through Celite. The organic phase was washed with
brine (10 mL), dried over magnesium sulfate, and concentrated. Purification
by flash chromatography (silica, 20% ethyl acetate in benzene) afforded 12
(53 mg, 53 %) as a crystalline solid (from methylene chloride/hexane), m.p.
2517C (decomp.); R, = 0.20 (silica, ether); FT-IR (film): ¥ = 3426, 2937.
1800, 1457, 1026 cm ~'; 'H NMR (500 MHz, [D Jacetone): § =7.82 (i, 1 H,
Ar), 7.47 (m. 1H, Ar), 7.30 (m, 2H, Ar), 591 (s, 1H, HCOCO,), 5.14 (dd.
J=8.5,3.6Hz, HCOH), 4.83 (d, / = 3.0 Hz, 1H, OH). 4.64 (dd. J = 8.5,
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3.0 Hz, 1 H, HCOH), 441 (d, J = 3.0 Hz, 1 H, OH), 2.37 (m, 1 H, CH,C=C),
2.29 (m, 1H, CH,C=C), 1.89 (m, 1 H, CH,), 1.72 (s, 3H, CH,C=C), 1.19
(m, 1H, CH,), 1.17 (s, 3H, CH,), 0.79 (3H, CH,); 13C NMR (125 MHz,
[D,Jacetone): & =154.2, 142.0, 138.0, 133.2,132.9, 128.2, 127.5, 126 4. 124.1,
93.0, 80.3, 79.2, 75.2, 40.6, 29.5, 23.5, 21.5, 21.1; HRMS (FAB): calcd for
C,oH,,04 [M +Na*] 353.1365, found 353.1360.

Benzoate diol 13: Phenyllithium (600 pL, 1.2 mmol of a 2M solution in cyclo-
hexanc ether) was added to a stirred solution of diol 12 (65 mg, 0.197 mmol)
in THF (17 mL) at — 78 °C. The mixture was stirred for 30 min and was then
quenched at —78 °C with aqueous ammonium chloride (15 mL). The solu-
tion was diluted with ether (50 mL), washed with brine (10 mL), dried over
magnesium sulfate, and concentrated. The residue was purificd by flash chro-
matography (silica, ethyl acetate/petroleum ether) to provide 13 as a white
solid (64 mg, 80%); R, = 0.5 (silica, 50% ethyl acetate in petroleum ether);
FT-IR (film): ¥, = 3456, 2945 1704, 1450, 1283 cm~ ' THNMR
(500 MHz, CDCl,): 6 = 8.05 (m, 1H, Ar), 7.58-7.41 (m, 4H, Ar), 7.15 (m,
2H, Ar), 6.31 (s, 1H, HCOBz), 5.41 (d, /=9.0 Hz, 1 H, HCOH), 4.50 {d,
J=9.0Hz, 1 H, HCOH), 2.41 (m, 1 H, CH,C=C), 2.28 (m, 1 H, CH,C=C),
1.84 (m, 1H, CH,), 1.73 (s, 3H, CH,C=C), 1.36 (s, 1H, CH,), 1.15(s, 3H,
CH,), 0.62 (s, 3H, CH;): '3*C NMR (125 MHz, CDCl,): § =165.9, 139.6,
138.5, 138.1,133.2,131.4,129.8,129.5, 128 .4, 126.9, 126.5, 124.4,123.8, 79.7,
79.2, 74.3, 74.1, 41.5, 29.8, 27.2, 26.1, 20.3, 19.6, 14.1; HRMS (FAB): calcd
for C,H,50; [M +Na™] 431.1834, found 431.1830.

Diacetate 14: Acetic anhydride (26 pL, 0.27 mmol) was added to a stirred
solution of diol 13 (50 mg, 0.123 mmol}. tricthylamine (51 pL, 0.369 mmol),
and 4-dimethylaminopyridine (1.5 mg, 0.012 mmol) in methylene chloride
(20 mL) at 0°C. The solution was allowed to warm to 23 °C and stirred for
45 min before quenching with aqueous sodium bicarbonate (10 mL). The
reaction mixture was then diluted with ether (10 mL), washed with water
(5mL) and then brine (5mL), and dried over magnesium sulfate. After
concentration, trace impurities were removed by filtration through silica gel
(as a solution in 60% ethyl acetate in petroleum ether); this yielded a white
foam; R, = 0.5 (silica, 60 % ethyl acetate in petroleum ether); FT-IR (film):
Ve = 3526, 2995, 1733 cm™'; 'THNMR (500 MHz, CDCly): § = 8.10 (m,
2H, Ar), 7.53 (m, 5H, Ar), 7.20 (m, 2H, Ar), 6.66 (d, J=10Hz, 1H,
HCOAC), 6.429 (s, 1 H, HCOBz), 5.768 (d, J =10.0 Hz, 1H, HCOACc), 2.51
(brs, 1H, OH), 2.41 (m, 1H, CH,C=0C), 2.325 (m, 1 H, CH,C=C(), 2.20 (s,
3H, OAc), 2.13 (s, 3H, OAc), 1.85 (m, 1 H, CH,), 1.73 (s, 3H, CH,C=C),
1.37 (m, 1H, CH,), 1.09 (s, 3H, CH,). 0.83 (s, 3H, CH,); *C NMR
(125 MHz, CDCl,): § =170.3, 169.5, 165.7, 140.8, 138.9,136.0, 133.2, 129.8,
129.6,128.6,128.4,128.2,126.7,124.7,124.3,79.2,77.5,74.1,72.2, 41.4, 29 .8,
27.3, 264, 21.1, 209, 20.2, 19.6; HRMS (FAB): caled for C, H;,0,
[M +Na™] 515.2024, found 515.2050.

Enone 15: To a dry flask were added pyridinium chlorochromate (1.0¢g,
4.64 mmol; freshly prepared is best), Celite (1 g), anhydrous sodium acetate
(700 mg, 8.53 mmol), benzene (25 mL), and the diacetate 14 (50 mg,
0.1 mmol). The solution was heated to 70 °C and the reaction progress was
carefully monitored by thin-layer chromatography (1-2.5 h for complction).
The reaction mixture was cooled to 23°C, diluted with ether (25 mL), and
filtered through Florisil. Concentration and purification of the residue by
flash chromatography (silica, ether/petroleum ether) gave 15 as a colorless
solid (28 mg, 55%); R, = 0.6 (silica, 80 % ether in petroleum cther); FT-IR
(film): ¥,,,, = 3502, 2968, 2926, 1749, 1674 cm~'; 'H NMR (500 MHz, CD-
Cl,): 8 =809 (m, 2H, Ar). 7.64 7.36 (m, SH, Ar), 721 (m, 2H, Ar), 6.81
(d, J=10.0 Hz, 1H, HCOAc), 6.55 (s, 1 H, HCOBz), 5.81 (d, / =10.0 Hz,
1H, HCOAC), 3.15 (4, J =19.5 Hz, 1H, CH;), 2.77 (d, J =19.5, 1 H, CH,),
2.24 (s, 3H, OAc), 2.20, (s, 3H, OAc), 1.82 (s, 3H, CH,C=C), 1.22 (s, 3H,
CH,), 1.08 (s, 3H, CH,); '*C NMR (125 MHz, CDCl,): § =197.6, 170.2,
169.4, 165.7, 150.3, 140.3, 138.1, 134.9, 133.7, 129.7, 129.3, 128.8, 128.7,
127.8, 125.3, 124.4, 77.9, 77.5, 73.5, 70.9, 42.9, 42.8, 32.1, 21.0, 20.9, 19.3,
127 HRMS (FAB): caled for C,oH; 04y IM +Na*] 529.1838. found
529.1840.

Alcohol 16: Sodium borohydride (excess) was added portionwise to a stirred
solution of ketone 15 (50 mg, 0.099 mmol) in methanol (5 mL) at 0°C, and
the resulting mixture was stirred for 45 min and then quenched by dilution
with ether (20 mL) and slow addition of aqueous ammonium chloride (S mL).
The aqueous phasc was extracted with cther (2 x 5 mL), and the combined
organic layers were washed with brine (5 mL), dried over magnesium sulfate,
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and concentrated. The crude product was found to be a 8:1 mixture of
epimers ('HNMR) in favor of the & isomer. Purification by preparative
thin-layer chromatography (20% ethyl acetate in benzene) gave alcohol 16
(42 mg. 84%) as a colorless solid; R, = 0.4 (silica, 30% ethyl acetate in
petroleum ether); FT-IR (film}): ¥, = 3509, 2926, 1724 cm™': '"H NMR
(CDCly): 6 = 8.15(m, 2H, Ar), 7.20-7.70 (m, 7H. Ar). 6.69 (d. J =10.0 Hz,
1H, HCOACc), 6.47 (s, 1 H, HCOBz), 581 (d, / =10.0 Hz, 1 H. HCOACc). 4.33
(m, 1H, HCOH), 2.58 (dd. J =19.5,10.0 Hz, 1 H, CH,). 2.27 (brs, 1 H.OH),
2.42(dd, J =19.5,3.5Hz, 1H, CH,), 2.21 (s, 3H, OAc), 2.14 (s, 3H, OAc),
1.75 (s, 3H, CH,C=C), 1.09 (s, 3H, CH,). 1.03 (s, 3H, CH,): '*C NMR
(125 MHz, CDCl,): 6 =170.2, 169.4, 165.5, 142.8, 140.1. 136.5, 133.4, 130.6,
129.6, 129.5, 128.5, 127.8, 127.6, 125.7. 124.1, 77.1. 76.6. 74.05. 71.82, 67.62,
39.7, 29.6, 27.5, 21.0, 20.8, 19.8, 15.3; HRMS (FAB): caled for C,,H;,0,
[M +H™] 509.2175, found 509.2175.

Coupled products 18 and 18”: Sodium bis(trimethylsily)amide (236 uL, 1™
solution in THE, 0.236 mmol) was added dropwise to a stirring mixture of’
alcohol 16 (racemic, 40 mg. 0.079 mmol) and the f-lactam 17 (optically pure.
60.0 mg, 0.157 mmol) in THF (2mL) at —78"C. The reaction mixture was
stirred for 20 min and was then quenched with aqueous ammoniuwm chloride
at — 78 °C. The biphasic solution was separated and the organic layer was
washed with aqucous ammonium chloride (1 mL) and brine (1 mL), and
dried over magnesium sulfate. After filtration and concentration, the material
was purified by preparative thin-layer chromatography (silica, 50% ether in
hexane) to yield the two cxpected diastereomers (18: 19 mg, 37%, and 18"
19 mg, 37%).

Analysis of 18: Colorless solid; R, = 0.45 (silica, 80% ether in petroleum
ether); [¢]2* = 26.67 (¢ 1.5, CHCL,); FT-IR (film): ¥ = 3429, 3956, 1747,
1668 cm~'; "TH NMR (500 MHz, CDCl,): 6 = 8.27(d, / = 8.0 Hz. 2H, Ar),
8.13(d,J = 8.0 Hz, 1 H, Ar), 7.87 (m, 2H, Ar). 7.60- 7.20 (m, 14 H., Ar), 7.14
(d, J=9.0Hz, 1H, NH), 6.73 (d, J =10.0 Hz, 1 H, HCOAc). 6.43 (s, | H,
HCOBz), 5.81 (d, J =10.0 Hz, 2H, HCOAc¢ and HCNHBz), 5.64 (m. 1 H.
HCC=C(), 4.33 (d, J = 2.0 Hz, t H, HCOTES), 2.58 (s, 1 H, OH). 2.41 (m.
2H,CH,),2.20(s. 3H, OAc), 2.13 (s, 3H, OAc). 1.73 (s, 3H, CH,C=C), 1.07
(s, 3H, CH,), 0.98 (s, 3H, CH;), 0.71 (t. J = 8.0 Hz, 9H, CH,CH,Si), 0.30
(m, 6H, CH,CH,Si); 1*C NMR (125 MHz, CDCl,): § =170.4, 170.2, 169.4.
167.0, 165.8, 139.4, 139.1, 138.3, 135.6, 134.8, 133.2, 132.0. 131.7, 130.2,
129.5, 128.8. 128.6, 128.4, 128.0, 127.6, 127.1, 127.05, 127.0, 126.2, 124.6,
77.2,71.7,75.1, 74.2, 71.9, 70.4, 55.5, 42.2. 35.8, 27.0, 21.1, 21.0, 20.0, 15.3,
6.4, 4.2; HRMS (FAB): caled for Cg H O NSi [M +Cs™) 1022.2912,
found 1022.2930.

Analysis of 18": Colorless solid; R, = 0.32 (silica, 80 % ether in petroleum
ether); [o]f? = — 24.43 (¢ 1.4, CHCLy); FT-IR (film): ¥, = 3422, 2955.1.
1746, 1663, 1025cm™'; 'HNMR (500 MHz, CDCl;): ¢ =8.07 (d,
J=7.0Hz 2H, Ar), 8.69 (d, J =7.0 Hz, 2H, Ar), 7.75 -7.25 (m, 15H, Ar),
7.09 (d, J = 8.5 Hz, 1H, NH), 6.67 (d, J/ =10.0 Hz, 1 H, HCOAc). 6.46 (s,
1H, HCOBz), 5.81 (d, J =10.0 Hz, 1 H, HCOAc), 5.54 (m, 1 H, HCC=C),
5.18(d,J = 8.5 Hz, 1 H, HCNHBz),4.37 (d,/ =1.5 Hz, 1 H, HCOTES). 2.61
(s, 1H, OH), 2.56 (dd, J =10.3,6.4 Hz, 1 H, CH,), 2.30 (dd. / =10.3, 2.7 Hz,
1H,CH,).2.20(s,3H, OAc), 2.10 (s, 3H, OAc), 1.74 (s. 3H, CH,,C=C), 1.05
(s, 3H, CH,), 1.00 (s, 3H. CH,), 0.84 (t, / = 8.0 Hz, 9H. CH,CH,Si). 0.47
(m, 6H, CH,CH,Si); '*C NMR (125 MHz, CDCl,): § =170.4, 170.1, 169.5,
166.5, 165.6, 139.1, 138.9, 138.7, 136.1, 1342, 133.5, 132.1, 131.6, 129.6,
129.0, 128.7, 128.6, 128.5, 127.7,127.6, 127.2, 127.0, 126.4, 125.5, 125.3, 76.9,
76.7,75.3,74.3,71.9,70.6,55.9,42.0, 36.6,27.6,21.0,20.9, 19.8, 15.6, 6.5, 4.3;
HRMS (FAB): caled for C, HsoO, NSi [M +Cs*] 10222912, found
1022.2935.

Taxoids 2a and 2a’: HF -pyr (150 pL) was added to a stirred solution of silyl
ether 18 (19 mg, 0.021 mmol; 18’ for taxoid 2a”) in THF (1 mL) (polyethylenc
vesscl). The reaction mixture was stirred for 30 min and then quenched by
being first diluted with ether (3 mL) and then poured into stirred agqucous
sodium bicarbonate (5 mL) and ailowed to react for 10 min. The organic layer
was washed with aqueous sodium bicarbonate (5 mL) and brine (2 mL), and
dried over magnesium sullate. After filtration and concentration, the crude
compound was purified by column chromatography (silica, ether) to yield the
pure alcohol 2a (2a’).

Properties of 2a: Yicld 14 mg, 89 % colorless solid; R, = 0.43 (silica. cther):
[d2? = 52.33 (¢ 0.30, CHCL,); FT-IR (film): ¥, = 3729, 3417, 1654, 1515,
1027 cm ™ ; "H NMR (500 MHz, CDCl,): 6 = 8.30 (d, J = 8.0 Hz, 2H, Ar).
818 (d, J=8.0Hz 1H, Ar), 7.84 (d. J = 8.0 Hz, 2H. Ar), 7.60-7.20 (m,
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14H. Ar), 6.99(d, J = 9.5 Hz, 1H, NH), 6.73 (d, J =10.0 Hz, 1 H, HCOACc),
6.45 (s, 1H, HCOBz), 588 (d, J=9.5Hz, 1H, HCNHBz), 579 (d,
J=10.0 Hz, 1H, HCOAc), 5.72 (m, 1H, HCC=C(), 4.47 (s, 1H, HCOM),
3.26 (brs, 1 H, OH), 2.66 (s, 1H, OH), 2.61 (dd, J =155, 40 Hz, 1 H, CH,),
2.38(dd, / =15.5,10.5 Hz, 1 H, CH,,), 2.20 (s, 3H, OAc), 2.13 (s, 3H, OAc),
1.75 (s, 3H, CH,C=C), 1.05 (s, 3H, CH,), 0.91 (s. 3H, CH,); '*C NMR
(125 MHz, CDCl,): 6 =172.0,170.4,169.4, 166.9, 139.3, 138.9, 137.8, 135.5,
134.4, 133.3, 132.5, 131.9, 130.2, 129.6, 128.9, 128.8, 128.5, 128.5, 127.9,
126.8,127.2,127.1,127.0, 126.6, 1247, 77.1,76.7, 74.2,73.2, 71.9, 71.7, 54.0,
42.4,354,27.2,21.1,20.9, 20.0, 15.2; HRMS (FAB): caled for C,,H,;0, N
[M +Cs™] 908.2047, found 908,2058.

Properties of 2a”: Yield 85%; colorless solid; R, = 0.32 (silica, ether);
[o]3? = —16.00 (¢ 0.50, CHCl,); FT-IR (film): ¥, = 3423,2929, 1737, 1658,
1237 em ™' THNMR (500 MHz, CDCL,): 6 = 8.07 (d, J = 8.0 Hz, 2H, Ar),
7.69(d,J = 8.0 Hz, 2H, Ar), 7.65-7.20 (band, 15H, Ar), 7.00(d.J = 9.0 Hz,
1H, NH), 6.66 (d, J =10.0 Hz, 1 H, HCOACc), 6.42 (s, 1 H, HCOBz), 5.77 (d,
J =100 Hz, 1 H, HCOAc), 5.59 (brd, J = 8.0 Hz, 1 H, HCC=C), 5.33 (dd,
J=19.0,2.0Hz, 1H, HCNHBz),4.50 (dd, / = 4.0, 2.5 Hz, 1 H, HCOH), 3.16
(d, J =4.0Hz, 1 H, OH), 2.72 (s, T H, OH), 2.54 (dd, J =15.0, 10.0 Hz, 1 H,
CH,), 2.22 (dd, / =15.0, 3.5 He, 1H, CH,), 2.18 (s, 3H, OAc), 2.11 (s, 3H.
OAc), 1.73 (s, 3H, CH,C=C), 1.04 (s, 3H, CH,;), 0.98 (s, 3H, CH,); '3C
NMR (125 MHz, CDCl,): 6 =171.6, 170.2, 169.5, 166.6. 165.8, 38.8, 138.7,
138.0,127.3,127.0,126.9, 125.5,125.2,76.9,76.8, 74.2, 73.5,71.97, 71.9, 54.8,
42.1, 36.4, 27.6, 21.1, 21.0, 19.8, 15.6; HRMS (FAB): caled for C,,H, 50,
[M + Cs '] 908.2047, found 908.2038.

Diol 20: Benzyl bromide (105 g, 618 mmol) was added to a solution of the
diacid 19 (23 g, 123 mmol) and potassium carbonate (119 g, 865 mmol) in
dimethylformamide (400 mL) at 25°C and the solution was then heated to
50 °C for 1.5 h. The dimethylformamide was removed in vacuo and the result-
ing residue was diluted with ether (SDOmL) and washed with water
(3x 100 mL) and brine (100 mL}, and dried over magnesium sulfate. After
filtration and concentration, the residue was redissolved in ether (800 mL)
and cooled to —78°C. Lithium aluminum hydride (23 g, 600 mmol) was
added portionwise and the mixture was allowed to react for 1 h. The mixture
was carefully quenched at — 78 “C by dilution with ether (500 mL), dropwise
addition of water (23 mL), and being warmed to 0°C and stirred for 30 min.
Aqueous sodium hydroxide (3N, 23 mL) was then added slowly at that tem-
perature, and the reaction mixture was stirred for 1 h at ambient temperature.
Water (69 mL) was then added slowly with vigorous stirring; the reaction was
allowed to continue for 20 min. The precipitate formed was filtered through
silica and the resulting solution was concentrated. Purification (silica, ether/
hexane) was carried out by column chromatography to afford compound 20
as a colorless oil (19 g, 73%); R, = 0.20 (60% ether in hexane); IR (film):
Toax = 3337, 2881, 1586. 1459, 1263 cm™'; '"HNMR (500 MHz, CDCl,):
3 =7.41(m, 3H, Ar), 7.35(m, 1 H. Ar), 7.27 (m, 1 H, Ar), 6.99 (m, 2H, Ar),
517 (s, 2H, Cl{,0), 4.89 (d, / = 6.0 Hz, 2H, CH,0), 473 (d, / = 6.0 Hz,
2H., CH,0). 2.89 (brs, 1 H, OH), 2.78 (brs, 1 H, OH); '3C NMR (125 MHz,
CDCly): 0 =156.8, 141.3,136.7. 129.1, 128.5, 127.9,127.2, 122.1, 112.3, 70.5,
63.8. 56.1; HRMS (FAB): caled for C, H, O, [M +Cs '] 377.0154, found
377.0148.

Monosilyl ether 21: rert-Butyldiphenylsilyl chloride (6.8 g, 24.8 mmol) was
added to a solution of the diol 20 (5.5 g, 22.5 mmol) and imidazole (2.3 g,
33.8 mmol) in methylene chioride (200 mL) at 0 “C. The reaction mixture was
warmed to 25°C, stirred for 30 min, worked up by addition of ether
(200 mL), and washed with H,O (50 mL) and brine (50 mL). The organic
solution was then dried over magnesium sulfate and filtered. Column chro-
matography (silica, ether/hexane) permitted separation of the mixture (diol
and the two monosilyl ethers) to yield the desired monosilyl ether 21 (5.3 g,
49%). Colorless solid, m.p. 54—56 °C (from ether/hexane); R, =045(50%
ether in hexane); IR (film): ¥ _,, = 3474, 3067, 2932, 2858, 2360 cm™!;
'"HNMR (500 MHz, CDCL,): 6 =7.71 (m. 4H, Ar). 74.6 (m, 4H, Ar), 7.41
(m.6H, Ar), 7.35 (m, 1 H, Ar), 7.22 (m, 1 H, Ar), 6.96 (m, 1 H, Ar), 6.88 (m,
tH, Arj). 5.15 (s, 2H, CH,0), 4.85(d. J = 6.5 Hz, 2H, CH,0), 4.81 (s, 2H,
CH,0), 3.00 (t. J=6.5Hz, 1H, OH), 1.07 (s, 9H, /BuSi); '*C NMR
(125 MHz, CDCly): 6 =156.9, 140.0, 136.8, 135.6, 132.8, 129.8, 128.6, 128.1,
127.9,127.7.127.2, 121.3, 111.8, 70.4, 64.8, 56.6, 26.7; HRMS (FAB): calcd
for C;, H,,0,S8i, [M +Na™] 505.2175, found 503.2173.

C-Ring Aldehyde 22: Pyridinium dichromate (8.11 g, 21.6 mmol) was added
to a suspension of alcohol 21 (5.2 g, 10.8 mmol) and 4 A molecular sieves
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(15 g) in methylene chloride (100 mL) at 0 °C, and the resulting mixture was
allowed to reach ambient temperature and stirred for 1.5 h. The reaction
mixture was filtered through a pad of silica gel (washed with 200 mL of
ether), concentrated, and purified by flash chromatography (silica, ether/hex-
ane) to give the aldehyde 22 (4.2 g. 82%) as a white solid; m.p. 99-101°C
(from ether/hexane); R, =0.70 (80% ecther in hexane); IR (film):
Vo, = 3068, 2932, 1980, 1585, 1467 cm™'; 'HNMR (500 MHz, CDCl,):
& =10.20 (s, 1H, CHO), 7.73 (m, 2H, Ar), 7.69 (m, 2H, Ar), 7.60 (m, 2H,
Ar), 7.38 (m, 11 H, Ar), 7.00 (m, 1 H, Ar), 5.20 (s, 2H, CH,0). 5.18 (s, 2H,
CH,0), 1.14 (s, 9H, rBuSi); *C NMR (125 MHz, CDCl;): § =191.6, 162.0,
146.0, 136.0, 1354, 135.2, 133.4, 129.5, 128.6, 128.2, 127.6, 127.2, 121.2,
118.3, 110.9 70.6, 64.1, 26.8, 19.4; HRMS (FAB): caled for C; H,,0,Si
[M +H']: 481.2199, found 481.2199.

Coupled product 23: Same procedure as for the preparation of compound 6
(same scale, 86 % yield); white foam; R, = 0.41 (silica, 20 % ether in hexane):
IR (film): ¥, = 3549, 2953, 2858, 1585, 1463, 1380cm™!; 'HNMR
(500 MHz, CDCl,): 6 = 87.68 (m, 4H, Ar). 7.38 (m, 11 H, Ar), 7.25 (dd,
J=8.0,80Hz 1H, Ar), 7.11 (d, J= 8.0 Hz, 1 H, Ar), 6.97 (d, J = 8.0 Hz,
1H, Ar).5.75(d,J =10.0 Hz, 1 HL HCOH), 5.34 (s, 1 H, HC=C), 5.14 (s, 2H,
CH,0),4.77 (s, 2H,CH,0),4.21 (s, 2H, CH,-0),4.15(d, J =10.0 Hz, 1 H.
HCOH), 2.57(d, J =22.0 Hz, 1H, CH;), 2.40 (d. J = 22.0 Hz, 1H, CH,).
1.74 (s, 3H, CH,~C=C), 1,29 (s, 3H, CH;). 1.15 (s, 3H, CH;), 1.09 (s, 9H,
tBuSi), 0.94 (s, 9H, rBuSi}, 0.12 (s, 6 H, (CH,),Si); HRMS (FAB): calcd for
C,;H4»0,Si, [M +Na*] 769.4084, found 769.4070.

Epoxide 24: Same procedure as for the preparation of compound 7 (same
scale, 85%); white foam; Rj = 0.29 (silica, 20% ether in hexane); IR (film):
Voax = 3517, 2932, 2858, 1584, 1465, 1383, 1254 cm ™ '; '"H NMR (500 MHz,
CDCl,): 0 =7.68 (m, 4H, Ar), 7.48 (m, 2H, Ar), 7.42 (m, 2 H, Ar), 7.37 (m.
7H, Ar), 7.32 (m. 1H, Ar), 7.24 (m, 1H, Ar), 6.92 (m, 1H, Ar), 5.63 (d.
J=8.5Hz, 1H, HCOH), 5.10 (dd, J = 20.5, 11.5 Hz, 2H, CH,0), 4.89 (d,
J=13.0Hz, 1H, CH,0), 474 (d, J=13.0Hz, 1H, CH,0), 429 (d.
J=280Hz, 1H,0H),4.10(dd, J =19.0, 11.0 Hz, 2H, CH,0), 2.45 (brs, 1 H.
HCO),2.12(d,J =190 Hz, 1H, CH,), 1.92(d, / =19.0 Hz, 1 H, CH,). 1.59
(s, 3H, CH;), 1.40 (s, 3H, CHj3), 1.17 (s, 3H, CH;). 1.09 (s, 9 H, rBuSi), 0.90
(s. 9H, /BuSi), 0.07 (s, 3H, CH,Si), 0.06 (s, 3H, CH,Si); '*C NMR
(125 MHz, CDCl,): 6 =157.2, 140.1, 136.7, 135.5, 135.4, 134.3, 132.9, 129.7,
128.5, 128.4, 128.0, 127.7, 127.5, 1254, 124.7, 120.5, 112.0, 71.1, 69.4, 658,
64.1, 589, 57.3, 39.4, 31.8, 26.7, 25.9, 24.7, 22.5, 19.6, 19.2, 18.3; HRMS
(FAB): caled for C,;Hg,0,8i, [M +Cs*] 895.3190, found §95.3221.

Carbonate diol 26: The hydroxyepoxide 24 was treated with lithium alu-
minum hydride by the same procedure used for the preparation of compound
8. The resulting tetraol was then subjected to the following carbonate forma-
tion procedure: Carbonyl diimidazole (395 g, 2.43 mmol) was added to a
solution of the crude tetraol (100 mg, 0.243 mmol) in dry acetonitrile (8 mL)
at 25°C and the solution was then refluxed for 2 h. The reaction mixture was
worked up by dilution with petroleum ether (20 mL) and washing with cold
(0-5°C) 10% agucous hydrogen chloride (3 x 5 mL; this procedure must be
carried out carefully and with TLC monitoring so as to assure complete
hydrolysis of the mixed carbonates), aqueous sodium bicarbonate (10 mL).
and brine (10 mL). The organic solution was dried over magnesium sulfate
and concentrated, and the residue was purified by flash chromatography
(silica, ethyl acetate/hexane) to give 26 as a white foam (67 mg, 63%);
R, = 0.30 (silica, 50 % ethyl acetate in hexane); IR (film): ¥ = 3386, 2901.
1779, 1585, 1464 cm ™ '; tH NMR (500 MHz, CDCl,): d =7.45(m, 2H, Ar).
7.37 (m, 2H, Ar), 7.31 (m, 1H, Ar), 7.23 (m, 1 H, Ar), 6.93 (d, J = 8.5 Hz,
1H, Ar), 6.89 (d, J = 8.5Hz, 1H, Ar), 6.12 (s, 1 H, CHCO,). 5.22 (s, 2H.
CH,0), 4.66 (dd, J =13.0, 7.0 Hz, tH, CH,0), 4.52 (dd, J =13.0, 4.5 H7,
1H, CH,0). 4.32 (dd. J=11.0. 40 Hz, 1H, CH,0), 417 (dd, J =11.0.
4.0 Hz, 1H, CH,0), 2.53 (m, 1H, OH), 2.15 (m, 1H. CH,). 2.01 (m, 1H,
CH,). 1.92 (m, 1H, CH,). i.83 (m, 1 H, OH), 1.66 (s. 3H, CH,C=C). 1.39
(m, 1H, CH,). 1.36 (s, 3H, CH,). 1.23 (s, 3H, CH,); 13C NMR (125 MHz,
CDCly): & =158.0, 155.8, 140.9. 136.2, 134.6, 1339, 130.4, 128.5, 127.9,
127.5,122.1, 121.8, 113.3, 88.0, 78.1, 70.9, 62.6, 58.3, 43.0, 29.4, 23.9, 19.1;
HRMS (FAB): caled for C, H,,Of [M +Na™] 461.1940, found 461.1952.

Dialdehyde 27: Same procedure as for the preparation of compound 11 {(same
scale, yield 71 %); white foam; R; = 0.50 (silica, 50% ethyl acetate in hex-
ane); IR (film): ¥ = 2981, 1793, 1672, 1585, 1462, 1264 cm ™ !; '"HNMR
(500 MHz, CDCl;): ¢ =10.10 (s, 1 H. HCO), 10.02 {s. 1 H, HCO), 7.53-7.26
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(m, 8H, Ar), 5.28 (s, 1H, HCOCO,), 2.35 (m, 1H, CH,), 1.99 (s, 3H,
CH,C=C), 1.98 (m, 1 H, CH,), 1.80 (m, 1H, CH,), 1.60 (m, 1 H, CH,), 1.44
(s, 3H, CH,), 1.42 (s, 31, CH,); '*C NMR (125 MHz, CDCl,): § =192.8,
191.9, 158.6, 155.4, 153.1, 137.7, 135.5, 131.0, 128.8, 128.5, 128.4, 127.7,
123.6, 119.0, 88.7, 74.4, 71.5, 41.8, 32.0, 28.5, 23.8, 22.1, 20.6, 18.6, 14.2;
HRMS (FAB): caled for C, H,,O, [M +Na*] 457.1627, found 457.1636.

McMurry product 28: Same procedure as for the preparation of compound
12 (same scale, 39 %); white solid; m.p. 190- 195 °C (methylene chloride/hex-
ane); R, = 0.20 (silica, 50 % ethyl acetate in hexane); IR (film): ¥,y = 3465,
2914, 1786, 1581, 1461 cm ™ *; *H NMR (500 MHz, CDCl,): 6 =7.48 (m, 2 H,
Ar), 741 (m, 2H, Ar), 7.33 (m, 1H, Ar), 7.25 (m, 2H, Ar), 6.98 (d,
J=8.0Hz, 1H, Ar), 561 (s, 1H, HCOCO,), 516 (d, /=11.5Hz, 1H,
OCH,Ph), 5.08 (d, /=85Hz, 1H, HCOH), 506 (d, J=11.5Hz, 1H,
HCOH), 3.50 (brs, 1 H, OH), 2.73 (m, 1H, CH,), 2.64 (s, 1 H, OH), 2.32 (m,
1H, CH,), 1.82 (m, 1H, CH,), 1.56 (s, 3H, CH,C=C), 1.42 (m, 1H, CH,),
1.16 (s, 3H, CH,), 0.79 (s, 3H, CH;); '*C NMR (125 MHz, CDCl,):
8 =156.1, 154.4, 142.3, 140.0, 136.4, 130.2, 128.9, 128.6, 127.9, 127.1, 120.5,
118.8, 113.5, 93.1, 79.3, 78.8, 74.8, 71.6, 40.5, 29.4, 26.2, 23.9, 21.0, 20.4;
HRMS (FAB): calcd for C, H,g0, [M +Na™*] 459.1784, found 459.1762.

Benzoate triol 29: Phenyllithium (600 uL, 1.2 mmol of a 2M solution in cyclo-
hexane/ether) was added to a stirred solution of diol 28 (65 mg, .197 mmol),
and HMPA (500 puL) in THF (17 mL) at —78 °C. The resulting mixture was
stirred for 30 min and was then quenched at — 78 °C with aqueous ammoni-
um chloride (15 mL). The solution was diluted with ether (50 mL), washed
with brine (10 mL), dried over magnesium sulfate, and concentrated. The
residue was purified by flash chromatography (silica, ethyl acetate—
petroleum ether) to afford 29 as a white solid (64 mg, 80%); R , = 0.5 (silica,
50% ethyl acetate in petroleum ether); IR (film): ¥, = 3456, 2945, 1704,
1450, 1283 cm ™ *; 'H NMR (500 MHz, CDCl,): § = 8.05 (m, 1 H, Ar), 7.58 -
7.41 (m, 4H, Ar), 7.15 (m, 2H, Ar), 6.31 (s, 1H, HCOBz), 5.41 (d,
J=9.0Hz, 1H, HCOH), 4.50 (d, J = 9.0 Hz, 1H, HCOH), 2.41 (m, 1H,
CH,C=C), 2.28 (m, 1H, CH,C=C), 1.84 (m, 1H, CH,), 1.73 (s, 3H,
CH,C=C), 1.36 (s, 1H, CH,), 1.15 (s, 3H, CHj), 0.62 (s, 3H, CHy); '*C
NMR (125 MHz, CDCl,): 6 =165.9, 139.6, 138.5, 138.1, 133.2, 131.4, 129.8,
129.5,128.4,126.9, 126.5, 124.4,123.8,79.7,79.2, 74.3, 74.1, 41.5,29.8, 27 .2,
26.1, 20.3, 19.6, 14.1; HRMS (FAB): caled for C,H,,O5 [M +Na*]
431.1834, found 431.1830.

Monosilylether 31: rert-Butyldiphenylsilyl chloride (50.72 g, 184.5 mmol) was
added to a solution of diol 30 (31.0 g, 184.5 mmol) and imidazole (18.8 g,
276.7 mmol) in methylene chloride (1 L) at 0°C. The reaction mixture was
stirred at this temperature for 1 h and then washed with aqueous sodium
bicarbonate (200 mL). The organic layer was dried over magnesium sulfate,
concentrated, and purified by flash chromatography (silica, ether/hexane) to
give silyl ether 31 (25.0 g, 33%) as a viscous fiquid: R, = 0.46 (silica, 50%
ether in hexane); IR (thin film): ¥, = 3451, 2931, 2856, 1588, 1472, 1428,
1390, 1264 cm™*; 'H NMR (500 MHz, CDCl,): 6 =7.71 (m, 4H, Ar), 7.45
(m, 2H, Ar), 740 (m, 4H, Ar), 7.23 (t, 1 H, J = 8.0 Hz, Ar), 6.90 (d, 1H,
J = 8.0 Hz, Ar), 6.85(d, 1H,J = 8.0 Hz, Ar), 4.81 (s,2H, CH,), 3.89 (s, 3H,
CH,), 1.04 (s, 9H, (BuSi); 3C NMR (125 MHz, CDCl;): § =157.8, 140.0,
135.6,132.9,129.9, 128.7,127.8, 120.9, 110.3, 64.9, 56.4, 26.8; HRMS (FAB):
caled for C,5H;00,81 [M +Na*] 429.1873, found 429.1862.

Aldehyde 32: Pyridinium dichromate (35.5 g, 94.48 mmol) was added to a
suspension of alcohol 31 (19.2 g, 47.24 mmol) and 4 A molecular sieves (35 g)
in methylene chloride (460 mL) at 0 °C, and the mixture was stirred for 30 min
at that temperature and then at 25°C for an additional 2 h. The solution was
filtered through a pad of silica gel (washed with 200 mL of ether), concentrat-
ed, and purified by flash chromatography (silica, ether/hexane) to give alde-
hyde 32 (16.43 g, 86%) as a colorless solid; R, = 0.31 (silica, 20 % ether in
hexane); IR (thin film): ¥, = 3070, 2958, 2856, 1681 cm~!; 'HNMR
(500 MHz, CDCl,): § =10.3 (s, 1 H, HCO), 7.69 (m, 5H, Ar), 7.42 (m, 2H,
Ar), 7.37 (1, 4H, J = 8.0 Hz, Ar), 6.93 (d, 1H, J = 8.0 Hz, Ar), 5.18 (s, 2H,
CH,), 3.89 (s, 3H, CH,0Ar), 1.14 (s, 9H, BuSi); '3C NMR (125 MHz,
CDCly): 6 =191.6, 162.8, 145.9, 1354, 133.4, 129.6, 127.7, 120.9, 117.9,
109.5, 64.1, 55.8, 26.9, 19.3; HRMS (FAB): caled for C,H,30,Si [M +Cs™]
537.0873, found 537.0862.

Coupled product 33: Same procedure as for the preparation of compound 6
(same scale, 85%); colorless foam; R, = 0.45 (silica, 20% ether in hexane);
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IR (film): ¥,,, = 2955, 2856, 1684, 1583, 1472cm™*; 'H NMR (500 Mz
CDCly): § =7.67 (m, 4H, Ar), 7.41 (m, 2H, Ar), 7.36 (m., 4H, Ar), 7.25 (1,
J=8.0Hz, Ar), 7.08 (d, J = 8.0 Hz, 1 H, Ar), 6.90 (d, J = 8.0 Hz, 1 H, Ar),
5.67 (d, J=10.5 Hz, 1H, HC=C), 5.29 (brs, 1H, HC=C), 4.74 (s, 2H,
CH,0), 4.22 (d, J =10.5 Hz, 1H, CH,0), 4.18 (d, J =10.5 Hz, 1H, OH),
417 (@, J=10.5Hz, 1H, CH,0), 3.85 (s, 3H, CH,0Ar), 2.49 (d,
J=195Hz, 1H, CH,), 238 (d, J=19.5Hz, 1H, CH,), 1.70 (s, 3H.
CH,C=C), 1.34 (s, 3H, CH,), 1.07 (s, 12H, CH, and rBuSi), 0.92 (s, 9H,
fBuSi), 0.10 (s, 6H, (CH,),Si); 1*C NMR (125 MHz, CDCL,); § =157.4,
143.9, 139.2, 1364, 135.6, 133.2, 129.6, 129.0, 128.7, 127.7, 121.2, 120.6.
110.6, 69.6, 64.1, 58.9, 55.6, 38.9, 33.5, 27.8, 26.8, 26.0, 25.9,19.2, 19.1, —5.3;
HRMS (FAB): caled for C,,H,40,Si, [M +Cs*]803.2928, found 803.2956.

Epoxide 34: Same procedure as for the preparation of compound 7 (same
scale, 86 %); white foam; R, = 0.45 (silica, 20 % ether in hexane); IR (film):
Ve = 3488, 2929, 2856, 1585, 1472, 1256cm™!; 'HNMR (500 MHz,
CDCl,): 6 =7.68 (m, 4H, Ar), 7.43 (m, 2H, Ar), 7.37 (m, 4H, Ar), 7.26 (m,
1H, Ar), 7.15 (m, 1H, Ar), 6.87 (m, 1H, Ar), 5.59 (d, /=8.5Hz, {H,
HCOH), 492(d,J =13.0 Hz,1H, CH,0),4.74(d, J =13.0 Hz, 1 H, CH,0),
4.13 (m, 3H, OH and CH,0), 3.85 (s, 3H, CH,0Ar), 2.51 (s, 1 H, epoxide
H), 2.18 (d, J =19.5 Hz, 1H, CH,), 2.06 (d, J =19.5 Hz, 1H, CH,), 1.61 (s,
3H, CH,C=C), 145 (s, 3H, CH,), 1.12 (s, 3H, CH,), 1.09 (s, 9H, rBuSi),
0.91 (s, 9H, (BuSi), 0.07 (s, 6H, (CH,),Si); 1*C NMR (125 MHz, CDCl,):
3 =157.9, 140.0, 135.5, 134.3, 133.0, 129.7, 128.4, 127.7, 125.3, 124.7, 120.3,
110.8, 68.8, 66.1, 64.1, 58.9, 57.5, 56.0, 39.5 32.0, 26.7, 25.9, 24.8, 22.3, 19.6,
19.1, 18.2; HRMS (FAB): caled for C4,H,O,Si, [M +Na*] 709.3721,
found 709.3698.

Diol 35: Same procedure as for the preparation of compound 26 (same scale,
61%); white foam; R, = 0.45 (silica, 20% ether in hexane); IR (film):
Tmax = 3388, 2916, 1586, 1468, 1266 cm™'; 'HNMR (500 MHz, CDCl,):
0=734 (1, J=8.0Hz, 1H, Ar), 6.95 (d, J=80Hz, 1H, Ar), 691 (d,
J=8.0Hz, 1H, Ar), 6.07 (s, 1 H, HCOCO,), 4.64 (dd, J =13.0, 7.0 Hz, 1 H,
CH,0H), 431 (dd, J=11.5, 40Hz, 1H, CH,0H), 415 (dd, J =11.5,
4.5Hz,1H, CH,0H), 2.36 (m, 1H, OH), 2.11 (m, 1H, CH,C=C), 1.96 (m,
1H, CH,C=C), 1.79 (m, 1H, CH,), 1.68 (m, 1H, OH), 1.64 (s, 3H,
CH,C=C), 1.34 (s, 3H, CH,), 1.29 (m, 1H, CH,), 1.20 (s, 3H, CH,); '*C
NMR (125 MHz, CDCl,): 6 =159.7,156.5, 143.4, 138.6, 135.9, 133.1, 131.5,
126.3, 122.3, 112.5, 88.9, 78.8, 62.1, 58.4, 56.2, 43.7, 30.7, 29.9. 24.7, 19.3;
HRMS (FAB): caled for C,,H,,O4 [M +H™] 385.1627, found 385.1635.

Dialdehyde 36: Same procedure as for the preparation of compound 11 (same
scale, 69 %); white foam; R, = 0.45 (silica, 20 % ether in hexane); IR (film):
Vomae = 2982, 1790, 1668, 1470 cm ™' ; "HNMR (500 MHz, CDCL,): 6 =10.09
(s, 1H, HCO), 10.03 (s, 1H, HCO), 7.63 (t, J = 8.0 Hz, 1H, Ar), 7.44 (d,
J=280Hz 1H, Ar), 7.28 (d, / = 8.0 Hz, 1H, Ar), 7.09 (s, 1 H, HCOCO,),
3.92 (s, 3H, CH,0Ar),2.34 (m, 1 H, CH,C=C), 1.97 (5, 3H, CH,C=C), 1.86
(m, 1H, CH,C=C), 1.75 (m, 1H, CH,), 1.55 (m, 1H, CH,), 1.42 (s, 3H,
CH,), 1.41 (s, 3H, CH;); '*C NMR (125 MHz, CDCl,): § =192.8, 191.8,
159.6, 155.5, 153.1, 137.6, 135.4, 131.2, 128.4, 123.4, 117.7, 88.6, 74.5, 56.3,
41.7, 32.0, 23.7, 219, 20.9, 18.5; HRMS (FAB): caled for C,,H,,04
[M +Na*] 359.1495, found 359.1489.

McMurry product 37: Same procedure as for the preparation of compound
12 (same scale, 37%); white foam; R, = 0.45 (silica, 20% ether in hexane);
IR (film): ¥,,,, = 3441,2937,1790, 1463 cm~*; '"H NMR (500 MHz, CDCl,):
6=745 (d, J=75Hz, 1H, Ar), 7.27 (t, J=8.0Hz, 1H, Ar), 692 (d,
J=8.0Hz 1H, Ar), 5.62 (s, 1t H, HCOCO,), 5.08 (dd, J = 9.0, 2.0 Hz, 1 H,
HCOH), 4.62(dd, /= 9.0, 2.5 Hz, 1 H, HCOH), 3.86 (s, 3H, CH,0Ar}, 2.94
(d, J=2.0Hz, 1H, OH), 2.77 (m, 1 H, CH,C=C), 2.52 (d, / = 2.5 Hz, 1 H,
OH), 2.38 (m, 1H, CH,C=C), 1.91 (m, 1H, CH,), 1.62 (s, 3H, CH,C=C),
143 (m, 1H, CH,), 1.21 (s, 3H, CH,), 0.80 (s, 3H, CH,); '*C NMR
(125 MHz, CDCl,): § =157.3, 154.6, 140.0, 130.3, 129.0, 120.1, 118.5, 112.3,
93.1, 79.4, 78.8, 74.8, 56.6, 40.6, 29.5, 26.2, 23.9, 21.0, 20.5; HRMS (FAB):
caled for C,,H,,0, [M +Na*] 383.1471, found 383.1465.

Benzoate diol 38: Same procedure as for the preparation of compound 13
(same scale, 78 %); white foam; R, = 0.45 (silica, 20% ether in hexane); IR
(film): %, = 3448, 2963, 1702, 1582, 1459, 1288 cm™!; '"H NMR (500 MHz,
CDCl,): 6 = 8.06 (d, J = 8.0 Hz, 2H, Ar), 7.52 (m, 1 H, Ar), 7.40 (m, 3H,
Ar), 7.07 {t, J=7.5Hz, 1 H, Ar), 6.78 (d, / = 8.0 Hz, 1 H, Ar), 6.25 (s, 1 H,
HCOBz), 5.37 (d, J=9.0Hz, 1H, HCOH), 442 (d, J=9.0Hz, 1H,
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HCOH), 3.79 (s, 3H, CH;0Ar), 2.85 (m, 1H, CH,C=C), 2.30 (s, 1H,
CH,C=C), 1.77 (m, 1H, CH,), 1.67 (s, 3H, CH,C=C), 1.48 (m, 1 H, CH}),
1.13 (s, 3H, CHjy), 0.61 (s, 3H, CH,); '3C NMR (125 MHz, CDCl;):
6 =166.4, 156.6, 142.4, 138.6, 132.9, 131.5, 130.3, 129.8, 128.2, 127.2, 126.6,
117.8, 110.9, 79.7, 79.6, 74.5, 74.4, 60.4, 55.8, 42.2, 30.2, 27.2, 20.2, 19.8;
HRMS (FAB): caled for C,¢H,,O4 [M +Cs*] 571.1097, found 571.1086.

Benzoate diacetate 39: Same procedure as for the preparation of compound
14 (same scale, 97%); colorless solid; R, = 0.52 (silica, 50 % ethyl acetate in
hexane); IR (film): ¥, = 3460, 2920, 1738, 1462, 1372, 1240cm™';
'H NMR (500 MHz, CDCl;): § = 8.08 (d, J = 8.0 Hz, 2H, Ar), 7.52 (m, 1 H,
Ar), 7.41 (dd, J = 8.0, 8.0 Hz, 2H, Ar), 7.18 (im, 1 H, Ar), 7.07 (dd, J = 8.0,
8.0 Hz, 1H, Ar), 6.80 (d, J=7.5Hz, 1H, Ar), 6.64 (d, /=10.0Hz, 1H,
HCOAC), 6.35 (s, 1 H, HCOBz), 5.68 (d, J =10.0 Hz, 1 H, HCOACc), 3.77 (s,
3H, CH,OAr), 2.85 (m, 1H, CH,C=C), 2.60 (s, 1H, OH}, 2.30 (m, 1 H,
CH,C=C), 2.17 (s, 3H, OAc), 2.10 (s, 3H, OAc), 1.78 (m, 1H, CH,), 1.06
(s, 3H, CH3). 0.79 (s, 3H, CH;); '*C NMR (125 MHz, CDCl,): § =170.1,
169.3, 165.5, 156.6, 141.5, 138.3, 132.6, 130.0, 129.5, 128.3, 128.0, 127.3,
126.7, 117.5, 111.5, 79.1, 76.5, 73.9, 72.3, 55.6, 41.7, 30.0, 27.0, 21.0, 20.7,
19.8, 19.6; HRMS (FAB): caled for C,oH,,04 [M +Cs*] 655.1308, found
655.1323.

Enone 40: Same procedure as for the preparation of compound 15 (25 mg
scale, 53%); colorless solid; R, = 0.44 (silica, 50% ethyl acetate in hexane);
IR (film): ¥, = 3506, 2995, 1747 cm™!; "HNMR (500 MHz, CDCl,):
d = 8.08 (m, 2H, Ar), 7.56 (m, 1 H, Ar), 7.44 (m, 2H, Ar), 7.21 (m, 1 H, Ar),
741 (m, 2H, Ar), 6.48 (s, 1H, HCNHBz), 5.78 (d, J =10.0Hz, 1H,
HCOAc), 3.72 (s, 3H, CH;0Ar), 3.71 (d, J = 20.0 Hz, 1H, CH,), 2.87 (s,
1H, OH), 2.72 (d, J = 20.0 Hz, 1H, CH,), 2.21 (s, 3H, OAc), 2.15 (s, 3H,
OAc), 1.75 (s, 3H, CH,;), 1.20 (s, 3H, CH,), 1.05 (s, 3H, CH,); *C NMR
(125 MHz, CDCl5): 6 =199.0,170.5, 170.2, 169.4, 150.1, 140.1, 137.3, 134.4,
133.3, 129.9. 128.4, 126.0, 120.0, 118.2, 1129, 111.2, 77.9, 73.7, 72.2, 71.4,
56.0, 44.4, 357, 31.7, 24.2, 20.7, 19.5, 12.5; HRMS (FAB): caled for
C,oH4,0, [M +Cs*] 669.1101, found 669.1132.

Alcohol 41: Same procedure as for the preparation of compound 16 (10 mg
scale, 43%); white foam; R, = 0.30 (silica, 50 % ethyl acetate in hexane); IR
(film): v_,, = 3510,2928, 1716 cm ™ '; 'HNMR (500 MHz, CDCl,): § = 8.09
(m, J= 8.0 Hz. 2H, Ar), 7.53 (m, 1H, Ar), 7.40 (m, 2H, Ar), 7.15 (m, 1 H,
Ar), 6.87 (m, 1H, Ar), 6.68 (d, J =10.0 Hz, 1H, HCOAc¢), 6.35 (s, 1H,
HCNHBz), 5.75 (d, J =10.0 Hz, 1 H, HCOAc), 4.39 (brm, 1 H, HCOH), 3.77
(s, 3H, CH,0Ar), 2.90 (dd, J =15.0, 3.5Hz, 1 H, CH,), 2.64 (s, 1H, OH),
2.50 (dd. J =15.0, 10.5 Hz, 1 H, CH,), 2.19 (s, 3H, OAc), 2.1 (s, 3H, OAc),
1.67 (s, 3H, CH,), 1.00 (s, 3H, CH,), 0.99 (s, 3H, CH,); '*C NMR
{125 MHz, CDCl,): 8 =170.4, 169.3, 165.2, 143.0, 138.6, 133.0, 131.0, 129.7,
128.7, 128.3, 128.2, 127.1, 118.7, 118.1, 112.9, 112.1, 74.7, 72.6, 69.8, 68.2,
56.2, 56.3, 42.4, 40.1, 27.1, 21.3, 21.0, 20.1, 15.0; HRMS (FAB): caled for
C,y0H,,0, [M +Cs™] 671.1257, found 671.1268.

Coupled product 42: Same procedure as for the preparation of compound 18
(5 mg scale, 37%); colorless solid: R, = 0.41 (silica, 80 % ether in hexane);
[2)3% = —15.91 (¢ 0.22, CHCL,); IR (film): ¥, = 3510, 2928, 1716 cm™*;
'HNMR (500 MHz, CDCl,): § =8.13 (m, 2H, Ar), 7.84 (m, 2H, Ar),
7.54-7.15 (m, 14H, Ar), 7.03 (m, 1H, NH), 6.74 (d, /=10.0 Hz, 1H,
HCOAC), 6.37 (s, 1H, HCOBz), 591 (dd, J =11.0, 5.0 Hz, 1H, HCC=C(),
5.83(d, J =10.0 Hz, 1 H, HCOAc), 5.55(d, J = 8.0 Hz, 1 H, HCNHBz), 4.34
{d.J =1.5 Hz, HCOTES), 3.81 (s, 3H, CH,0Ar), 3.25 (s, 1 H, OH), 3.10 (dd,
J=15.0, 5.0 Hz, 1H, CH,), 2.32 (dd, J =15.0, 11.0 Hz, 1 H, CH,), 2.20 (s,
3H, OAc), 2.12 (s, 3H, OAc), 1.70 (s, 3H, CHj;), 1.07 (s, 3H, CH;), 0.92 (s,
3H, CH;), 0.71 (t, J = 8.0 Hz, 9H, CH,CH,S1), 0.32 (m, 6H, CH,CH,Si);
'3C NMR (125 MHz, C,Dy): 6 =170.0, 169.8, 168.7, 116.8,165.5, 158.1,
140.3,139.3,139.1,135.1, 132.7, 131.7, 126.6, 77.5, 77.1, 75.5, 74.9, 72.8, 71.7,
71.2,65.9,58.6,55.9,43.7,37.2,26.2,20.9,20.6,14.7, 6.8, 4.6; HRMS (FAB):
caled for C5,Hy,0,NSi [M +Cs*] 1052.3017, found 1052.3038.

Coupled product 42’: Colorless solid; R = 0.41 (silica, 80 % ether in hexane);
[€]32 = —12.38 (¢ 0.21, CHCL); TR (film): ¥, = 3404, 2943, 1790,
1727 cm™"; "HNMR (500 MHz, CDCL): § = 8.10 (m, 2H, Ar), 7.68 (m,
2H, Ar), 7.54-7.27 (m, 13H, Ar), 7.08 (m, 1 H, Ar), 6.99 (d, J = 8.5 Hz, 1 H,
NH), 6.68 (d, J=10.0 Hz, 1H, HCOAc), 6.39 (s, 1H, HCOBz), 5.80 (d,
J =10.0 Hz, 1 H, HCOACc), 5.75 (m, 1 H, HCC=C), 518 (d, / = 8.5 Hz, 1 H,
HCNHBz), 4.34 (s, 1H, HCOTES), 3.72 (s, 3H, CH,0Ar), 2.95 (dd,
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J =150, 3.5 Hz, 1H, CH,), 2.76 (s, 1H, OH), 2.48 (dd, J =15.0, 10.5 Hz,
1H, CH,), 2.19 (5, 3H, OAc), 2.08 (s, 3H, OAc), 1.67 (s, 3H, CH,), 1.04 (s,
3H, CH,).0.95 (s, 3H, CH;), 0.80 (t, J = 6.0 Hz, 9H, CH,CH,8i), 0.42 (in,
6H, CH,CH,Si); '*C NMR (125 MHz, C¢Dy): 6 =170.4, 170.1, 169.6,
166.3, 165.6, 156.7, 139.4, 139.3, 138.6, 134.1, 133.1, 131.7, 131.6, 130.0,
129.9, 128.6, 128.5, 128.4, 127.7, 127.0, 126.8, 126.4, 118.8, 113.2, 75.4, 74.7,
72.6,71.1, 56.6, 56.0,43.0, 37.1,27.0, 21.0, 20.3, 15.7, 6.5, 4.3; HRMS (FAB):
caled for C,;,H,,0,,NSi [M +Cs*] 1052.3017, found 1052.3059.

Deprotected product 2¢: Same procedure as for the preparation of compound
2a (5 mgscale, 89 %); colorless solid; R, = 0.32 (silica, 80 % ether in hexane);
[2]3% = 3.00 (¢ 0.40, CHCl,); IR (film): 7, = 3416, 1730, 1644cm™';
'HNMR (500 MHz, CDCl,): 6 =8.10 (d, J = 8.0Hz, 2H, Ar), 7.79 (d.
J =8.0Hz 2H, Ar), 7.54-7.13 (m, 14 H, Ar), 6.89 (d, J = 9.5 Hz, 1 H, NH),
6.69 (d, J=100Hz, 1H, HCOAc), 633 (s, 1H, HCNHBz), 572 (d,
J =10.0 Hz, 1 H, HCOACc), 5.67 (m, 1 H, HCC=C), 5.63 (m, 1 H, HCNHBz),
4.56 (brs, 1H, #HCOH), 3.72 (s, 3H, CH;0Ar), 3.07 (dd, J =15.0, 4.0 Hz,
1H, CH,), 2.90 (brd, 1H, OH), 2.45 (dd, J =15.0, 11.0 Hz, 1 H, CH,), 2.18
(s, 3H, OAc), 2.11 (s, 3H, OAc). 1.66 (s, 3H, CH,), 1.04 (s, 3H, CH,), 0.54
(s, 3H, CH,); *C NMR (125 MHz, CDy): 6 =171.3, 170.4, 169.4, 166.6,
165.4, 156.8, 138.4, 138.2, 137.9, 133.9, 133.2, 132.6, 131.9, 129.9, 128.8,
128.7, 128.3, 128.2, 127.0, 126.9, 126.8, 118.3, 113.3, 74.5, 73.5, 72.5, 72.4,
56.8, 54.9, 42.9, 36.9, 26.9, 21.1, 20.9, 20.2, 14.7; HRMS (FAB): calcd for
C,H,,0,,N [M +Cs*] 938.2153, found 938.2171.

Deprotected product 2¢”: Colorless solid; R, = 0.23 (silica, 80% ether in
hexane); [o]3? =18.50 (¢ 0.40, CHCl,); IR (film): ¥, =2917, 1714,
1238 em™'; '"HNMR (500 MHz, CDCL,): 6 = 8.07 (d, J =7.0 Hz, 2H. Ar),
7.68 (d, J=7.0Hz, 2H, Ar), 7.57-7.25 (m, 13H, Ar), 6.87 (m, 2H, Ar and
NH), 6.88 (d, J =10.5Hz, 1H, HCOAc), 6.35 (s, 1H, HCOBz), 5.7% (d,
J=10.5Hz, 1H, HCOACc), 5.65 (m, 1 H, HCC=C), 5.36 (m, 1 H, HCNHBz),
4.42 (brs, 1 H, HCOTES), 3.61 (s, 3H, CH,0Ar), 3.35 (brs, 1H, OH), 2.93
(dd, J=15.5, 3.5 Hz, 1H, CH,), 2.75 (brs, 1H, OH), 2.50 (dd, J =15.0,
10.5 Hz, 1 H, CH,), 2.19 (s, 3H, OAc), 2.10 (s, 3H, OAc), 1.66 (s, 3H, CH,),
1.04 (s, 3H, CH,), 098 (s, 3H, CH,); '*C NMR (125 MHz, C,D):
0 =172.1,170.2, 169.5, 166.6, 165.4, 156.6, 138.9, 138.5, 133.9, 133.4, 133.2,
132.6, 131.8, 129.9, 129.8, 128.9, 128.6, 128.4, 128.1, 127.0, 126.7, 118.7,
113.2, 74.5, 73.5, 73.1, 72.4, 56.6, 54.8, 42.7, 37.3, 27.2, 21.0, 20.1, 15.5;
HRMS (FAB): caled for C,¢H,,0,,N [M +Cs*]938.2153, found 938.2175.
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