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Synthesis of Zaragozic Acid A/Squalestatin S1
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Abstract: A novel synthetic approach to
the construction of the zaragozic acids,
which was used for the asymmetric syn-
thesis of zaragozic acid A/squalestatin S1
(1), is described. Fragment §, representing

complete the required carbon-oxygen
connectivity. The convergency of this syn-
thesis is demonstrated by the dithiane ad-
dition of a variety of C1 side chains (e.g.,
78) to advanced intermediate 5. A multi-

event acid-catalyzed rearrangement yield-
ed the zaragozic acid core 86, which was
converted to an intermediate obtained
from degradation of zaragozic acid A. A
second-generation synthesis of the core of

the tricarboxylic acid core portion, is as-
sembled in three key steps: 1) Stille cou-

the zaragozic acids is also described.
When aldehyde 90 was used instead of 5,

pling to establish the carbon framework; Keywords both the yield and diastereoselectivity of
2) enantioselective dihydroxylation to in- asymmetric  syntheses enzyme the dithiane addition reaction were im-
troduce the absolute stereochemistry; and inhibitors squalestatins total proved, although the degree of convergen-
3) diastereoselective dihydroxylation to syntheses * zaragozic acids cy was slightly lower.

Introduction

Despite declining since the mid 1950’s, coronary heart disease
(CHD) remains the largest single cause of death in many indus-
trialized nations.!!! There is a clear connection between the inci-
dence of CHD and high levels of low density lipoprotein (LDL)
cholesterol in the bloodstream,'?! and much effort has been
made to reduce serum LDL cholesterol levels in the population,
particularly by education about dietary intake of cholesterol.
However, approximately half of the human body’s requirement
for cholesterol is met by endogenous synthesis, mainly in hepat-
ic tissue, and in recent years attention has been focused on
controlling amounts of LDL cholesterol from this source.* The
discovery of inhibitors of HMG CoA reductase,!*! the first key
regulatory enzyme in the sterol biosynthetic pathway, resulted
in the development of a number of clinically useful agents (e.g.,
Mevacor!®l) for the control of high LDL cholesterol levels.
However, the inevitable consequence of inhibiting an early en-
zyme in a branched biosynthetic pathway is that its action may
be felt more widely throughout the pathway and undesirable
side effects may occur.!®! The first pathway-specific step on the
biosynthetic pathway to cholesterol, catalyzed by squalene syn-
thase (EC 2.5.1.21), is the reductive dimerization of two farnesyl
pyrophosphate (FPP) molecules via presqualene pyrophosphate
to form squalene,!”! and this represents an ideal point at which
to inhibit cholesterol biosynthesis.
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During programs in which fungal extracts were screened for
inhibitors of squalene synthase, researchers at Merck and Glaxo
independently discovered the same class of natural products,
named the zaragozic acids!®! and squalestatins,'®) respectively
(e.g., zaragozic acid A/squalestatin S1, 1, Fig. 1). These com-

Fig. 1. Zaragozic acid A/squalestatin S1 (1).

pounds are competitive inhibitors of mouse, rat, and HepG2
squalene synthase,!®* ®% and are much more potent than earlier
designed substrate analogues. For example, the K; for zaragozic
acid A is 78 pM for rat microsomal squalene synthase;®2] previ-
ous inhibitors were several orders of magnitude less potent.!”
Furthermore, zaragozic acid A/squalestatin S1 (1), has been
shown to reduce serum cholesterol levels in marmosets at an
oral dose of 10 mgkg~*d ! for eight weeks,!!® with no attenu-
ation of response. The zaragozic acids also display potent anti-
fungal activity.[®®! Zaragozic acid A has been shown to be an
inhibitor of ras-farnesyl transferase, which has implications in
the development of anticancer agents, particularly for colon and
pancreatic cancer.!’!! Consequently, a large number of ana-
logues have been prepared'?! and the components of the
natural products necessary for biological activity are being elu-
cidated.

0947-6539/95/0107-0467 § 30.00+ .25/0 — 467



FULL PAPER

K. C. Nicolaou et al.

Table 1. Zaragozic acids B-F (2a-2f) and squalestatins $2 and H1 (3a and 3b).
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C6 acyl side chains (e.g.,
4) clearly presents no
problem and construc-
tion of the C1-C7 bond
by addition of an acyl
anion equivalent, for ex-

Compound Ry

Ry ample 6, to an aldehyde 5

Zaragozic Acid B (2a)
Zaragozic Acid C (2b)
Zaragozic Acid D (2c)
Zaragozic Acid D, (2d)
Zaragozic Acid E (2e)
Zaragozic Acid F (2f)
Squalestatin S2 (3a)
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Squalestatin H1 (3b)

would, in principle,
provide attractive mod-
ules for the C1 side chain
and the tricarboxylic
acid core, respectively.
The presence of two 1,2-
diol functionalities (C3-
OAc C4 and C5-C6) in 5
suggested to us the possi-
bility of making 5 in
three key steps (Fig. 3)—
a Stille coupling!*®! to
Ph assemble the carbon

framework and two di-

hydroxylations, the first
Ph enantioselective, to es-

tablish the required car-
OAc bon—oxygen connectivi-
ty. With this, the prob-
lem was reduced to a
technical matter of ad-

4
\
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Ph
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OAc
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oH justing the oxidation
Ph states of C8, C9, and

C10 to the acid, C7 to

OAc the aldehyde, and C3,

C4, CS5, and C6 to the
alcohol by suitable ma-
nipulation of protecting

The seven zaragozic acids and the majority of the 27 naturally
occurring squalestatins all contain a unique, highly oxygenated
4,6,7-trihydroxy-2,8-dioxobicyclo-[3.2.1}-octane-3,4,5-tricar-
boxylic acid ‘“core”, with variation only in the C1 alkyl side
chain and the C6 acyl side chain (Table 1). Although there are
a few examples of 2,8-dioxobicyclo-[3.2.1]-octane skeletons in
nature,!'3] and many more as synthetic intermediates,!** there
are none known so densely oxygenated nor functionalized as the
core of the zaragozic acids.[!*! In view of their therapeutic po-
tential and remarkable chemical structures, the zaragozic acids
have attracted attention from many synthetic chemists, which
has concentrated mainly on synthesizing models of the bicyclic
core,I'® but four total syntheses have also now been report-
ed.l'”] Herein we describe in detail our studies on the zaragozic
acids.i'®

Results and Discussion

1. Retrosynthesis: Our general synthetic strategy is shown in
Figure 2, exemplified with zaragozic acid A (1). The zaragozic
acids are clearly composed of three distinct modules, comprising
the C6 acyl side chain, the C1 alkyl side chain, and, most strik-
ingly, the tricarboxylic acid core. Uppermost in our minds was
the desire to design a synthetic scheme in which this modularity
could be exploited to enable the synthesis of a wide range of
naturally occurring zaragozic acids/squalestatins and a range of
designed synthetic analogues. Introduction of a wide variety of

468 —— © VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1995

groups.

2. Degradative Studies: With a ready supply of zaragozic acid A
(1),129 we were in the fortunate position of being able to obtain
information about the planned end of the synthesis before
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Fig. 2. Retrosynthetic analysis of zaragozic acid A/squalestatin S1 (1).
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Fig. 3. Retrosynthetic analysis of the aldehyde 8. P = protecting group.

reaching it with valuable
synthetic material. It was
clear from the outset that
the three carboxylic acids
needed to be protected as
esters, to provide more
tractable late-stage inter-
mediates. However, with
the presence of two other
esters in the natural
product (C6 and C4'), it
was imagined that simple
esters (e.g., methyl) could
not be cleaved selectively.
Studies of the medicinal
chemistry of the zaragozic
acids have shown the con-
venience with which the
three carboxyls can be ma-
nipulated as fterr-butyl es-
ters.8-2 121 In principle,
benzyl esters can also be
cleaved selectively by hy-
drogenolysis, and we be-
gan to investigate this
route (Scheme 1).12!1 Ac-
cordingly, zaragozic' acid
A (1) was benzylated with
N.N'-dicyclohexyl-O-ben-
zylisourea (DCBI)?2! in
refluxing toluene to give
the tribenzyl ester 11 in
99% vyield. We then tried
to remove the three benzyl
esters. Transfer hydro-
genolysis with Pearlman’s
catalyst (Pd(OH),) and
1,4-cyclohexadiene in re-
fluxing dioxane effected
removal of the benzyl es-
ters, in the presence of the
a,f-unsaturated ester, the
acetate, and the olefin, but
caused some epimerization
at the C4' stereocenter. A
wide range of other condi-
tions with this catalyst led
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to similar or inferior results. However, when the nonbasic Pd/C
catalyst was used, pure zaragozic acid A (1) was obtained in
50 % yield after reverse phase HPLC purification.

Attention was then focused on the manipulation of the four
hydroxyl groups (C4, C4’, C6 and C7). We anticipated that the
7 sterically hindered C4 hydroxyl would not pose a problem dur-
ing the manipulation of the other hydroxyl groups. Further-
more, the C6 acyl side chain appeared compatible with any
transformations planned for the end of the synthesis; thus we
were able to incorporate it at an earlier stage. Analysis of molec-
ular models indicated different steric environments between C7
and C4'; this lead us to pursue selective acylation at C4'. Con-
sequently, the C4’ acetate of 11 was removed selectively with
3% HCl/MeOH!8 10 give the triol 12 in 51 % yield (with 37%
recovered starting material). Longer reaction times led to signif-
icant methanolysis of the relatively unhindered C3 benzyl ester

Dihydroxylations ﬂ

14 15

Scheme 1. Retrosynthetic and synthetic studies with 1. Reagents and conditions: a) DCBI (4.2 equiv), toluene, reflux, 2 h, 9%
b) 10% Pd/C (1.0 wtequiv), 1,4cyclohexadiene, 1,4-dioxane, 110°C, 2h, >70% crude, 50% after HPLC (reverse phase C18:
MeOH/0.1 %AcOH (4:1), flow rate 9 mLmin ', retention time 13.8 min); ¢) TESOTS (1.1 equiv). pyridine (1.5 equiv), CH,Cl,,
22°C, 10 min, 95%; d) TBAF (1.2 equiv), THF, 0°C, 15 min, 85%; ¢) 3% HCI/MeOH, 22 °C, 2 h, 51 % (plus 37 % recovered 11);
f) C1,CC(OPMB)=NH (2.0 equiv), CSA (0.2 equiv), CH,Cl,, cyclohexane, 22°C, 3 h, 68% (plus 26% recovered 12); g) 1. Li-
OH-H,0 (10 equiv), THF/H,0 (2:1), 22°C, 12 h; 2. DCBI (4.4 equiv), toluene, reflux, 2 h, 42% (14), 62% (15); h) 1. 15
(1.0 equiv), LiOH (15 equiv), THF/MeOH/H,0 (2:1:1), 22°C, 4 h; 2. 14 (1.0 equiv), EDC (1.25 equiv), DMAP (0.6 equiv),
CH,Cl,,22°C, 10.5 h, 47 % (3:2 mixture of acyl C 6 (13) and acyl C 7, respectively) (plus 20 % recovered 14); i) TESOTf (1.1 equiv),
pyridine (1.5 equiv), CH,Cl,, 22°C, 20 min, 79 %; j) DDQ (1.2 equiv), CH,Cl,/H,0 (20:1), 22°C, 1 h, 98 % k) Ac,0 (2.5 equiv),
pyridine (3.0 equiv), DMAP (0.1 equiv), CH,Cl,, 22°C, 4h, 99%. DCBI = N,N-dicyclohexyl-O-benzylisourea, TESOTf =
triethylsilyl trifluoromethanesulfonate, TBAF = tetrabutylammonium fluoride, PMB = p-methoxybenzyl, CSA = (1)-10-cam-
phorsulfonic acid, EDC = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride.
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(vide infra). However, the acetate could not be reintroduced
selectively, giving predominantly the (C4', C7) bisacetate, so
that the C7 alcohol needed to be protected before reintroduc-
tion of the acetate at C4’. After considerable experimentation,
it was found that a p-methoxybenzyl (PMB) ether could be
placed selectively on the C4 hydroxyl of 12 with PMB-
trichloroacetimidate in the presence of a catalytic amount of
(#)-10-camphorsulfonic acid (12 —»13, 68 % plus 26 % recov-
ered starting material).

We anticipated at the outset of these studies that the C6
hydroxyl (being outside the ““bowl-shaped’ core) could be selec-
tively acylated with the C6 acyl side chain in the presence of the
C7 hydroxyl. In order to test this hypothesis, the C6 acyl side
chain was hydrolyzed with lithium hydroxide (which also
caused cleavage of the C3 and CS benzyl esters). After workup
with DCBI, triol 14 was obtained in 42 % yield, together with 15
(62 % yield), the benzyl ester of the C6 acyl side chain. Reintro-
duction of the C6 acyl side chain, however, proceeded with only
modest selectivity to give a 3:2 mixture of C6:C7 acylated
products in 47% yield.1?3! However, the C7 acylated product
could be readily separated by flash column chromatography,
hydrolyzed, and recycled.

Having differentiated the C4’ hydroxyl from the C7 hydrox-
yl, it was necessary to mask the C7 hydroxyl with a protecting
group before the PMB ether on C4’ was removed. Since it was
already known that a TES group could be used at C7 (18 —»11),
it followed that this was an appropriate protecting group. Ac-
cordingly, 13 was sequentially silylated with TESOTT, depro-
tected with DDQ, and acetylated with acetic anhydride to give
18 via intermediates 16 and 17 in 77 % overall yield (3 steps).

Consequently, these synthetic studies provided the following
important pieces of information: 1) triol 14 was a viable late-
stage intermediate ; 2) a PMB ether could be selectively placed at
C4'; and 3) the three carboxylic acids could be conveniently
protected as benzyl esters. With this information, we embarked
on the syntheses of the fragments 4, 5, and 6.

3. The Enantioselective Dihydroxylation: A number of dienes
were synthesized by routes analogous to that illustrated for 26h
(Scheme 2) and evaluated as substrates for the Sharpless asym-
metric dihydroxylation (AD) reaction.[?4] 2-Butyne-1,4-diol
(19) was protected as its bisPMB ether by treatment with NaH
and PMBCI in DMF to give 20 in 94% yield and then hy-
drostannylated with nBu,SnH and Pd(PPh,), to give vinylstan-
nane 21.12%1 Allyl alcohol 22 was protected as a SEM ether to
give 23, oxidized with ozone to give the aldehyde 24, and sub-
jected to a Wittig reaction with methyl iodo(triphenylphospho-
ranylidene)acetate ¢! to give vinyl iodide 25 as a 30:1 mixture
of (Z/E) stereoisomers. The Stille coupling of vinylstannane 21
and vinyl iodide 25 in DMF using Pd(MeCN),Cl, (15 %) as the
catalyst proceeded smoothly to give the (Z,E) diene 26h in 70 %
yield. It was found to be essential to degas the DMF carefully
and conduct the reaction in the absence of light to achieve opti-
mal yields.

The results of the asymmetric dihydroxylation for dienes
26a—k are shown in Table 2. Qur initial choice of protecting
groups for the C8, C9, and C10 hydroxyl groups (R = Ac,
R’ = TPS) was not successful because the diene 26a did not
undergo AD with AD-mix §,124! even when left at room tem-
perature for a long time (Table 2, entry 1). Reducing the methyl
ester to an acetoxy-protected hydroxymethyl group did not
result in dihydroxylation, but instead accelerated decomposi-
tion of the starting material (entry 2). Changing the protect-
ing groups at C8 and C9 to either MOM or benzyl ethers
still did not result in dihydroxylation (entries 3 and 4). How-
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Scheme 2. Synthesis of diene 26h. Reagents and conditions: a) NaH (2.5 equiv),
PMBCI (2.5 equiv), nBu,NI (0.4 equiv), DMF, 22°C, 8h, 94%; b) nBu,SnH
(1.1 equiv), Pd(PPh,),Cl, (0.015equiv), THF. 22°C, 17h, 94%; c¢) SEM-C]
(1.1 equiv), N(iPr),Et (2.2 equiv), CH,Cl,, 22°C, 2 h,98%; d) O,, CH,Cl,/MeOH
(10:1), Me,S (6.0 equiv), — 78 °C, 20 min, 98 % ¢) Methyl iodo(triphenylphospho-
ranylidene) acetate (0.8 equiv), benzene, 22°C, 24 h, 78% ((Z/E) ratio 30:1); f) 21
(1.1 equiv). 25 (1.0 equiv), Pd(CH,CN),Cl, (0.15 equiv). DMF. 22°C, 3 d, 70%.
SEM = 2-(trimethylsilyl)ethoxymethyl.

PMBO

S

ever, simply by changing the C7 hydroxymethyl protecting group
to a smaller and more polar one (SEM or MEM ), dihydroxyla-
tion was observed for the first time, even at 0°C (entries 5-9). We
attributed this dramatic change in reactivity to steric require-
ments in the “‘binding pocket” of the AD catalyst, which ap-
pears, in this instance, unable to accommodate a large TPS
group in the “north-eastern” quadrant (Fig. 4), but able to ac-
commodate a smaller, linear protecting group such as MEM or
SEM. The best combination of protecting groups for the dihy-
droxylation appeared to be for 26g (R = MOM, R’ = SEM,
R” = CO,Me) but difficulties in removing the MOM protecting
group led us to try R = PMB. This gave equally satisfactory
results with R’ = SEM (26h) or R’ = MEM (26i) (entries 8 and
9); in practice the SEM group was superseded by the MEM
group for reasons of economy. Changing the chiral ligand from
(DHQD),PHAL to (DHQ),PYR2*! resulted in a less satisfac-
tory reaction with 26i (entry 10). When the chiral ligand
was changed to the pseudo-enantiomenic (DHQ),PHAL (AD-
mix «) (entry 11), the dihydroxylation of 26h proceeded with
slightly reduced yield and enantioselectivity. We had hoped for
a favorable attractive interaction between the phenyl ring and
the “south-western” quadrant but, disappointingly, the benzyl
ester 26j (entry 12) proved a slightly poorer substrate for the
dihydroxylation. The acid 26k did not react at all (entry 13).
Although the yield in the AD of 26h or 26i was quite low, the
reaction was extremely dependable, and could be performed on
scales exceeding 0.2 mol. The enantiomeric excess for the dihy-
droxylation step (83 % ee for 27h and 75% ee for 271) was deter-
mined by NMR analysis of the Mosher’s esters!2” of the derived
allylic alcohols (e.g., 29a or 29b). The absolute configuration,
which remained uncertain for some time because of our reluc-
tance to decide the relative size of the various substituents on the
diene, was finally established by X-ray crystallographic analysis
of 32 (Fig. 7) (vide infra).[28!
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Table 2. Asymmetric dihydroxylation of dienes 26a—k
Entry R R’ R” Reaction Recovered Diol (%) ee (%)
conditions diene (%)
[a.b]
1 Ac TPS CO,Me A 26a (88) 27a (0) -
2 Ac TPS CH,0Ac A 26b (65) 27b (0) -
3 MOM TPS CO,Me A 26¢ (72) 27¢ (0) -
4 Bn TPS CO,Me A 264 (72) 27d (0) -
5 Ac SEM CO,Me B 26e (63) 27e(21) 75
6 Ac MEM CO,Me B 261 (40) 271(20) ND
7 MOM SEM CO,Me B 26g (47) 27g (48) 61
8 PMB SEM CO,Me B 26h (44) 27h (30) 83
9 PMB MEM CO,Me B 26i (47) 27i(25) 75
10 PMB MEM CO,Me B ic] 26i (48) 27i(8) ND
11 PMB SEM CO,Me B [d} 26h (54) 27h (18)  68]e]
12 PMB MEM CO,Bn B 26j (49) 27j(24) 70
13 PMB MEM CO,H . B 26k (77) 27k (0) -

[a] All reactions were performed in tBuOH/H,0 (1:1); [b] Reaction conditions A:
AD-mix § (2.0-2.8 gmmol ! diene), MeSO,NH, (1.5-2.0 equiv), 0-25°C, 19—
72 h; Reaction conditions B: *‘super” AD-mix 8 (1.4 gmmol ! diene [*super”
AD-mix § is K;Fe(CN), (3.0equiv), K,CO, (3.0equiv), (DHQD),PHAL
(0.10 equiv), K,0s0,(OH), (0.01 equiv)]), MeSO,NH, (2.0-3.0 equiv), 0°C. 24~
72h; [c] (DHQ),PYR (0.10 equiv) was used instead of (DHQD),PHAL:
[d] (DHQ),PHAL (0.10 equiv) was used instead of (DHQD),PHAL; [e] The ee
was in the opposite sense to experiments conducted with (DHQD),PHAL.
TPS = terr-butyldiphenylsilyl, ND = not determined.

At the outset of these studies, no examples of the AD of
dienes with electron-withdrawing groups at the 2-position
had been reported, and we were both surprised and pleased that
the proximal C5-C6 double bond was dihydroxylated exclu-
sively and with good enantioselectivity in the sense required
for the natural product. However, a rationalization of these
facts was not obvious from consideration of the Sharpless
mnemonic device.l?*! Indeed, counter-intuitively, the diene 26
needs to fit into the binding pocket such that the largest,
branched C3-C4 substituent on C5 is placed in the small,
“north-west” quadrant (Fig. 4).
It is also interesting to note that
in contrast to the work of
Corey,'?! which has shown that
an allylic PMB group can pro-
mote the AD, the C3-C4 olefin
(with two allylic PMB groups)
was not dihydroxylated.

Molecular dynamics calcula-
tions!*®  were performed on
dienes 26a and 26i, and the low-
est energy conformations are
shown in Figure 5. These show
clearly that the two olefins of the
diene are approximately copla-
nar, but the methyl ester is twist-
ed almost completely out of con-

"HO OH"

for 26a and OPMB for
26i) are approximately
orthogonal to the plane
of the C3-C4 olefin;
this maximizes hyper-
conjugative stabiliza-
tion. In contrast, the
C5-C6 olefin only
has one such electron-
withdrawing hydroxy-
methyl group (OTPS
for 26a and OMEM
for 26i). These two fea-
tures suggest that, con-
trary to superficial ex-
pectations, the C5-C6
olefin is more electron-rich than the C3-C4 olefin, and there-
fore intrinsically more reactive towards AD.

Furthermore, inspection of 26i (Fig. S) shows that the C3-C4
olefin is extremely hindered, but that one face of the C5-C6
olefin appears quite accessible. Further evidence for the hindered
nature of the C3—C4 olefin was obtained when acetonide 28a
and 28b (Scheme 3) failed to undergo AD or standard dihydrox-
ylation, even with a stoichiometric amount of OsO, for several
weeks (vide infra). Both olefins in 26i appear severely hindered
(Fig. 5). It is also interesting to note that the diene in 26i appears
to have the s-rrans conformation, whereas in 26a it appears to be
s-cis. Inspection of the Sharpless mnemonic device shows that an
s-cis conformation about C4-C 5 would place the bulky C3-C8
unit inside the “binding pocket” of the catalyst; this may possibly
prevent dihydroxylation. In contrast, the s-frans conformation
(Fig. 4) places the C3-C8 unit outside the binding pocket.
Clearly, as with other complicated polyunsaturated substrates
subjected to the AD reaction, a subtle balance of steric and elec-
tronic effects dictates the site of dihydroxylation.

With satisfactory, if not quite rationalized, conditions for the
enantioselective dihydroxylation now in hand, we turned our
attention to the dihydroxylation of the C5—C6 double bond.

a-face
"HO OH"

Fig. 4. Sharpless mnemonic device applied
to the AD of dienes 26 (ref. [24]).

4. The Diastereoselective Dihydroxylation: The diol 27h,R, =
SEM.: 27i, R, = MEM) was protected as an acetonide using
2-methoxypropene and a catalytic amount of PPTS (Scheme 3).

jugation. This is presumably a AcO 0TPS PMBO OMEM
result of the competing effects of

: > COmPELTE AO NN 6 PMBO NF N ¢
allvlic strain and the loss of 3 050 Me 3 C?) "
olefin—ester conjugation.!!! It is 2 2Me
also notable that the two allylic 26a 261
hydroxymethyl substituents (OAc Fig. 5. Lowest energy conformations of dienes 26a and 26i.
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PMBO OH PMBO. OR TPSO—; O%HZ,OH
: a
PMBO™ NN OR = PMBO N N o 0/}'(\035'%
MeO,C OH MeOZC‘o$ o0 o]
27h: R=SEM 28a: R =SEM
271: R = MEM 28b: R=MEM
b
H20H Scheme 4. Synthesis of cam-
phanate derivative 32. Reagents
and conditions: a) (—)-Cam-
phanic acid chloride (3.0 equiv).
pyridine, 22°C, 6h. 73%; b) O,N
TBAF  (1.2equiv), AcOH
30a: R = SEM 29a: R =SEM (2.0equiv), THF, 0°C, th,
30b: R =MEM 29b: A =MEM 84%;: «¢c) 2,4-dinitrobenzoy!

Scheme 3. Synthesis of lactones 30a and 30b. Reagents and conditions: a) 2-
Methoxypropene (5.0 equiv), PPTS (0.2equiv). CH,Cl,, 0°C, 12h, 88%
(27h — 28a); 77% (27i — 28b); b) DDQ (3.0 equiv), CHCI,/H,0 (20:1), 22°C,
12 h,86% (282 — 29a); 78 % (28b — 29b); c) OsO, (0.05 equiv), NMO (3.0 equiv).
tBuOH/THF/H,0 (1:1:1), 0°C, 18 h. 83% (29a — 30a): 100% (29b — 30b).
NMO = 4-methylmorpholine N-oxide.

It was hoped that the C3-C4 double bond could be dihydrox-
ylated selectively, but, disappointingly, it was found to be resis-
tant to either standard dihydroxylation or the AD (vide supra).
Consequently, we decided to try and increase the reactivity by
removing the PMB protecting groups to generate a less sterically
hindered allylic alcohol. This was also expected to yield the
lactone 29a or 29b, which had the added advantage of provid-
ing severe steric hindrance to attack at the re face of the olefin.
These predictions proved correct when dihydroxylation
(0.01 equiv OsO,, NMO, 0°C, 2 h) provided the triol 30a or
30b as a single diastereoisomer in quantitative yield (Scheme 3).
It is noteworthy that the N-methylmorpholine generated during
the dihydroxylation slowly catalyzed translactonization, which
could be brought to completion by addition of triethylamine in
the workup. This serendipitous translactonization both released
the C8 hydroxyl for oxidation and protected the C 3 hydroxyl in
the desired oxidation state. A similar translactonization has
been reported by Roberts et al. in a related system.!'®?! The
relative stereochemistry at C3 and C4 of triol 30a was deter-
mined by X-ray crystallography (Fig. 6). In order to determine
the absolute configuration, 31 (Scheme 5) was derivatized by the
following sequence aof reactions to give 32 (Scheme 4): 1) esteri-
fication of the C9 hydroxyl with (—)-camphanic acid chloride;
2) desilylation of the C 8 hydroxyl with TBAF; and 3) esterifica-
tion of the C8 hydroxyl with 3,5-dinitrobenzoyl chloride. The
initial mixture of diastereoisomers of 32 (approximately 10:1)
was recrystallized three times to homogeneity (500 MHz
"HNMR analysis). Crystals were then grown by allowing a
solution of 32 in hot heptane/ethyl acetate to evaporate slow-
ly.The crystal structure of 32 is shown in Figure 7.

Y
é

Fig. 6. Representation of the X-ray crystal structure of 30a,
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chloride (3.0 equiv), DMAP NO,
(0.1 equiv). pyridine, 22°C, 1 h,
75%. 32

Fig. 7. Representation of the X-ray crystal structure of 32.

5. The Oxidations: The oxidations of C7, C8 and C9 were not
as uneventful as we had hoped. Our initial attempts to oxidize
simultaneously the C8 and C9 positions on 30a or 30b were
unsuccessful and gave only complex mixtures of lactones and
other products. This led us to consider the longer, but efficient
and effective, stepwise procedure shown in Scheme 5 for the
C7-SEM derivative 30a. Silylation of the triol was highly
selective for the C8 hydroxyl to give exclusively the diol 31.
Dess—Martin oxidation,*?! Pinnick oxidation,3! and esterifi-
cation with DCBI gave the ester 35. Desilylation with TBAF
gave the diol 36. The oxidation of 36 to the aldehyde with
standard oxidizing agents (Dess—Martin periodinane, Swern,
PCC, and TPAP) or to the acid (RuO,) sometimes gave very low
yields, particularly on a large scale, and we attributed this to
retro-aldol cleavage of the C3-C4 bond. This problem was
solved by protecting the tertiary alcohol in a convenient two-
step bissilylation—monodesilylation sequence to give the alco-
hol 38. Repeating the stepwise oxidation on the C8 hydroxyl
and esterification then gave the diester 41a reliably and in
excellent yield. A small amount (5-10%) of desilylated
material (41b) was formed in the esterification step. This
could be isolated, but generally the mixture was used without
further purification. The SEM and TMS groups were removed
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with TFA in dichloromethane in good yield.[** 33! Finally,
the C4 OH of 42 was reprotected as a TMS ether by another
bissilylation —monodesilylation sequence and the C7 hydroxyl
was oxidized to the aldehyde S§. Protection was necessary
to avoid lactolization. The 13 step sequence of reactions from
diol 31 to aldehyde 5 could be performed with only three
chromatographic purifications and gave overall yields in excess
of 50%.

RO— TPso—, OH

8 OH
A R

o/?—-ﬁosem LA o:;—(\osem
0_0 0_0
°X °x

30a: R=H ¢ [ 33 R=CHO

al. "31: R=TPS gL 34: R=COM
35: R=C0,Bn

'

oTMS

—. OR
1 £,C0.8n . RO  :co,en
o/?——ﬁosem ) o:;—(\osem

0_ 0 0_0
°X °X
h[:38'R=CH20H f[:36'R=H

. = 39: R=CHO
! 40: R=CO,H

37: R=TMS

BnO,C Bno,c O

OR C

K B COQBH z : COan
(0] OSEM —— o

o__0 (o]
(o] x o) xo
41a: R=TMS 1= 42: R=CH,OH; R'=H
41b: R=H m 43: R=CH,OTMS; R' = TMS
nCo 44: R=CHy,0H; R'= TMS
5: R=CHO; R'=TMS

Scheme 5. Synthesis of aldehyde 5. Reagents and conditions: a) TPSCI
(1.0S equiv), imidazole (2.0 equiv), DMAP (0.05 equiv), DMF, 22°C, 12 h, 89%; b)
Dess—Martin periodinane (3.0 equiv), CH,Cl,, 22°C, 24 h, 89%; ¢) NaClO,
(3.0 equiv), NaH,PO, (1.05 equiv), 2-methyl-2-butene (4.2 equiv), tBuOH/H,0
(4:1),22°C, 3 h; d) DCBI (1.5 equiv), toluene, 100 °C, 1 h. 96 % (2 steps); e) TBAF
(1.2 equiv), AcOH (2.0 equiv), THF, 0°C. 2h, 97%; f) CH,N(TMS)COCF,
(3.5 equiv), 100°C. 2h; g) PPTS (0.014 equiv), CH,Cl,/MeOH (10:1), 22°C,
5 min; h) Dess ~Martin periodinane (1.2 equiv). CH,Cl,, 22°C, 2 h, 97 % (3 steps);
i) NaClO, (3.0equiv), NaH,PO, (1.05equiv), 2-methyl-2-butene (4.2 equiv).
(BuOH/H,0 (4:1), 22°C, 3 h; j) DCBI (1.3 equiv), toluene, 60°C, 3 h, 60% (41a.
2 steps), 16% (41b, 2 steps); k) TFA (50 equiv). CH,Cl,, 0°C, 1-2h, 25%
(412 — 42), 42% (44); 88% (41b — 42); 1) CH,N(TMS)COCF,. 80°C. 1 h; m)
PPTS (0.15 equiv), CH,Cl,/MeOH (10:1), 22°C, 5 min; n) Dess-Martin perio-
dane (2.1 equiv), CH,Cl,, 22°C. 30 min. 93% (3 steps).

With the correct oxidation states now set, and 5 available in
quantities of several grams by this route, attention was turned to
coupling it with a C1 module.

6. Coupling of Aldehyde 5 with Methyl Dithiane and Rearrange-
ment to the Bicyclic Core: As a model for the C1 side chain of
the zaragozic acids, we elected to use methyl dithiane as a simple
acyl anion equivalent. Thus, deprotonation of methyl dithiane
with n-butyllithium under standard conditions!®®! and addition
of aldehyde § gave a mixture of the desired adduct 45a (formally
resulting from anti-Cram addition) and the epimer 45b in an
approximate 1:1 ratio (Scheme 6). Intriguingly, only the epimer
45b was desilylated under the reaction conditions, possibly as a
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result of internal migration of the TMS group from C4 to C7
and subsequent desilylation. Our attempts to influence the
diastereoselectivity by adding MgBr, or MgCl,13" or by chang-
ing the solvent (ether or THF) gave inferior results. The desired
(7R) diastereoisomer 45a was desilylated and the dithiane was
hydrolyzed with Hg(ClO,),/CaCO, in good yield to give the
lactol 46 a as a single anomer.[3® The hydrolysis of the dithiane
was far less efficient if the TMS group protecting the C4 OH

OTMS
BnOC  =co.Bn

0%0
o__0

°N

5

46a 46b
d l d
HO _,OH HQ QH
Ro?c‘g;é\ RO@{;’\
RO.C on c%zn RO,C oH c%2R
e[:47a:R=Me;R‘=Bn e:47b:R=Me;R'=Bn

48a: R=H; R'=Bn 48b: R=H; R'=8Bn
f L 49a: R=R'=H f o 4gb: R=R'=H

Scheme 6. Synthesis of model systems 49a and 49b from 5. Reagents and condi-
tions: a) 1. 2-Methyl-1,3-dithiane (1.5 equiv), nBuLi (1.5 equiv), THF, —40°C,
1.5h; 2. 5(1.0 equiv), —78°C, 5 min, 45a (30%) and 45b (34%); b) 2% HCl in
MeOH, CH,Cl,, 22°C, 5 min, 76 % c) Hg(ClO,), (1.6 equiv), CaCO, (1.7 equiv),
THE/H,0 (5:1). 22°C, 2 h, 72% (45¢c — 46a); 76% (45b — 46b); d) 2% HCl in
MeOH, 68°C, 18h, 40% (46a—47a); 54% (46b— 47b); e) LiOH-H,0
(20 equiv), THF/H,0 (1:1), 22°C. 19 h. >90%; f) H,. Pd/C, MeOH. 22°C, 5 h,
100%.

was left in place. Presumably, the free hydroxyl group at C4
assists the hydrolysis of the intermediate thionium ion; this ac-
counts for the particular ease of the conversion in this instance.
The Stork reagent!®9] [(bis(trifluoroacetoxy)iodo)benzene] and
“Claycop”° (Cu(NO,), on K-10 clay) were both found to be
ineffective. Our attempts to invert the C7 stereocenter were
unsuccessful, probably because of intramolecular participation
of the adjacent dithiane, severe steric hindrance, or both.

The lactol 46a contains the correctly oxygenated carbon
framework of the zaragozic acid core, and all that remained was
to remove the acetonide, open the internal lactol and lactone
protecting groups, and trust that the desired bicyclic ketal 47a
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would be more thermodynamically stable than the many other
possible products. Extensive degradation chemistry!®-%- 121 had
demonstrated that the bicyclic core was particularly strong, and
a recent report on the interconversion of ascorbic acid deriva-
tives'*!! suggested experimental conditions that might be effec-
tive for this transformation.!*?! In the event, heating 46a with
2% HCI/MeOH for 18 h at 68 °C resulted in the exclusive for-
mation of the bicyclic core 47a in 56 % yield in which all the
desired transformations had occurred as planned. In addition,
the C3 benzyl ester had been transesterified to a methyl ester.
This latter event was not unanticipated, as other experiments on
derivatives of the diester 41b had shown that the C3 ester was
far more susceptible than the C4 ester towards hydrolysis, and
degradation chemistry!®® 8! had demonstrated the C4 ester of
the zaragozic acids to be far less reactive than either the C3 or
the C5 ester. The stereochemistry at C7 was confirmed by the
coupling constant J = 2.3 Hz (H6—H 7) and by NOE measure-
ments.[*3! Similarly, the C7 epimer 47b was made in an
analogous manner, and the H6—H7 coupling constant (J =
6.3 Hz) and NOE measurements confirmed the sterecochemical
assignments.!*3!

The two methy! esters of 47 a were selectively hydrolyzed with
LiOH to give the diacid 48a. The benzyl ester was removed by
hydrogenolysis to give the water-soluble triacidtriol 49a, a com-
plex molecule with a remarkably simple '"H NMR spectrum
[S00 MHz, 320K, D,0: 6 = 5.51 (d. J=2.0Hz, 1H, H-6),
5.03 (s, 1H, H-3), 4.25 (d, /=2.0Hz, 1H, H-7) and 1.80
(s. 3H, CH,)]. The same experiments on 47b gave 49b
[500 MHz, 298 K, D,0: 6 = 5.30(d. J =7.0 Hz, 1 H, H-6), 4.47
(s, 1H, H-3), 432 (d, 7=7.0Hz, 1H, H-7) and 1.50 (s, 3H,
CH,)].

A few experiments were conducted to try to determine
whether a clear order of events occurred in the cascade rear-
rangement {Scheme 7). The lactol 46b was treated with 2%
HCI/MeOH at room temperature for 12 h to yield the methyl
glycoside 50. After 7 h at 68 °C, the reaction mixture was much
more complex by TLC analysis but contained two major com-
ponents, the desired bicyclic compound 47b (26 % yield) and the
acetonide 51 (28 % yield). in which the lactone ring had been
opened, the C3 hydroxyl had ketalized onto C1,1*!and the C3
ester had been transesterified with methanol. When 51 was re-
submitted to the reaction conditions, further rearrangement oc-
curred to give the desired compound 47b in 59% yield. This
suggested that the slowest event in the rearrangement cascade

BnO,C CO,Bn

3L O HO OH

o 4 OH o=.s 77

6

7 OH MeO,C—> 0 !

(o] o 14 h, 68 °C BnO,C 3 %
(54 %)
46b 47b
12 h,25°C 68 °C, 9h,

(59%)

BnO,C CO,Bn
: 1o

o OMe
OH
50 (95%) 51 (28%) + 47b (26%)

Scheme 7. Some intermediates along the rearrangement pathway of 46b to 47b.
Reaction conditions: 2% HCl in MeOH for all reactions.
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was the hydrolysis of the acetonide. A number of alternative
solvents ({BuOH/H,0, THF/H,0 and BnOH) were employed
but did not effect the rearrangement cleanly. Camphorsulfonic
acid (0.55M in MeOH) was found to be an effective but less
convenient replacement for 2% HCI/MeOH.

7. Synthesis of the C1 Alkyl Side Chain 6: Having successfully
demonstrated the appropriateness of our overall strategy for the
synthesis of the zaragozic acids, we turned our attention to the
synthesis of the C1 alkyl and C6 acyl side chains.**! The key
disconnection in the retrosynthesis of the C1 alkyl side chain
(Fig. 8) was expected to be a three-carbon homologation of the
aldehyde 52. We planned to make 52 from (Z)-1-hydroxy-4-
phenyl-2-butene (54) by a Sharpless asymmetric epoxidation
and subsequent opening of the epoxide 53.

(\s OPMB
H

S >

OPMB

HO

54

Fig. 8. Retrosynthetic analysis of side chain 6.

The synthesis of aldehyde 52 is shown in Scheme 8. Initially,
we synthesized 54 with a modified Horner—Emmons reaction
between 2-phenylacetaldehyde (56) and phosphonate 55.14%
This gave exclusively the cis «,f-unsaturated ester (by '"H NMR
analysis), which was reduced to the allylic alcohol 54 with
DIBALH in 99% yield. In a more cost-effective route, 54 was
synthesized by a Wittig reaction between phosphonium bromide
58 and aldehyde 59'*°! followed by desilylation with TBAF
to give the allylic alcohol 54 in 90 % yield (2 steps). Sharpless
epoxidation!*”! of 54 gave the epoxide 55 in 83 % yield and 81 %
ee.1*8) Despite some precedent,’*®! we were not able to open the
epoxide 55 at C5’ with good regioselectivity and elected instead
to protect the primary hydroxyl as a p-methoxybenzyl ether.
This approach allowed us to use an “ate” complex (AlMe, and
nBuLi)P®% to open the epoxide 61 regioselectively at C5' (re-
gioselectivity >95:5 by 'HNMR analysis) to give 62, and to
take advantage of the PMB group in subsequent manipulations.
Oxidation of the PMB ether 63 with DDQ in the absence of
water'®!] gave the unstable acetal 63, which was immediately
reduced with DIBALH to give the primary alcohol 64 as a single
regioisomer. Swern oxidation afforded the aldehyde 52 in 98 %
yield.

Homologation of 52 with 2-(1,3-dioxolan-2-yl)ethylmagne-
sium bromide gave the acetal 65 as a 1:1 mixture of diastereoiso-
mers in 73 % yield (Scheme 9).1°%! Oxidation with Dess—Martin
periodinane gave the ketone 66 and Tebbe methylenation!>?!
gave the olefin 67 in 78% yield (2 steps). The olefin 67 was
recrystallized from cyclohexane to afford material of 98%
ee.’¥ Finally, transthioacetalization!>>! of 67 gave the dithiane
6 in 64 % yield (8 % overall yield from 54 in 10 steps), ready for
coupling with the aldehyde S.
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CO,Me MeO,C
(CF3CH,0) P) +0 a X
A —
[ H
55 56 57
b
RO
TBSO
DU
BrO®pPph, )
58 59

OH
PMBO
v'\l/\© g
-—
62

MeO hl
o) OPMB
0 ,. X
—_—
63 . 64: X=OH,H
I Lo 5. =0

Scheme 8. Synthesis of aldehyde 52. Reagents and conditions: a) 55 (1.0 equiv), 56
(1.0 equiv), KHMDS (1.0 equiv), 18-crown-6 (5.0 equiv), THF, —78°C, 30 min,
87%;b) DIBALH (4.4 equiv), CH,Cl,, — 78°C, 15 min, 99 % c) 58 (1.0 equiv), 59
(1.0 equiv), NaHMDS (1.0 equiv), CH,Cl,/THF (1:1.2), —-78*C—22°C, 1h,
99%:; d) TBAF (1.05 equiv), THF, 0°C, 30 min, 90%; ¢) tBuOOH (2.0 equiv),
Ti(OiPr), (0.1 equiv). diisopropyl p-tartrate (0.14 equiv), 4 A M. S.(0.67 wtequiv),
CH,Cl,, —20°C, 20 h, 83 %, 81% e¢e; f) PMBCI (1.25 equiv). NaH (1.2 equiv),
nBu,N*1™ (0.04 equiv), THF, reflux, 30 min, 73%:; g) AKCH,), (2.0 equiv), nBuLi
(0.3 equiv), toluene, —20°C, 20 h, 89%; h) DDQ (1.3 equiv), CH,Cl,. 4 AM.S.
(0.20 wtequiv),22°C, 5 h, 53%;i) DIBALH (1.2 equiv), CH,Cl,, —78 °C — 22°C,
2 h, 81%; j) (COCl), (1.5 equiv), DMSO (2.0 equiv), Et,N (4.0 equiv), CH,Cl,,
—78°C, 2h, 98%. NaHMDS = sodium bis(trimethylsilyl)amide, KHMDS =
potassium bis{trimethylsilylyamide, M. 8. = molecular sieves.

OPMB l—o OPMB
H a o
—_—
o OH
52 65
b l
(\s OPMB (—o OPMB
S d ©
-— X
6 66: X=0

¢0s 67: X=CH,

Scheme 9. Synthesis of dithiane 6. Reagents and conditions: a) 2-(1,3-Dioxolan-2-
yhethylmagnesium bromide (3.0 equiv), THF, 35°C, 6 h, 73%; b) Dess—Martin
periodinane (1.2 equiv), CH,Cl,, 22 °C, 20 min, 92%: ¢) Tebbe reagent (1.4 equiv),
THF, 22°C, 1 h, 85%; d) DIBALH (3.2 equiv), 1.3-propanedithiol (1.6 equiv).
benzene, 22 °C, 20 h, 64%.

8. Synthesis of the C 6 Acyl Side Chain 4: The C6 acyl side chain
was synthesized as shown in Scheme 10. Our initial plans to
alkylate the enolate derivative of (4R,5S)-3-oxopropyl-4-
methyl-S-phenyl-2-oxazolidinone!®® with the commercially
available (S)-1-iodo-2-methylbutane gave disappointing mix-
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tures of diastereoisomers, presumably because of “‘mismatch-
ing” of the two chiral partners. Oppolzer’s chiral sultam auxil-
iary[37! also gave disappointing results. However, Enders’ hy-
drazone 68!°® [prepared from propanal and (S)-1-amino-2-
(methoxymethyl)pyrrolidine (SAMP)] could be alkylated with
much higher diastereoselectivity (92% de). Ozonolysis of the
crude hydrazone 69 provided the aldehyde 70 and Wittig olefi-
nation gave the ester 71 (30 % yield overall from 68). Hydrolysis
of the ester afforded acid 4 in 90 % yield, which was identical in
all respects to a sample obtained by degradation of the natural
product (vide supra).

N'N i
a /Yj)LH OMe
OMe

69

N,N
A,
68

o}
c
/Y\‘/\)LOR -—

bl
o}
H
d[:71: R =Me

70
4: R=H

Scheme 10. Synthesis of Cé6-acyl side chain 4. Reagents and conditions: a) /Pr,NH
(1.1 equiv), nBuLi (1.05 equiv), THF, 0°C, 15 min, then 68 (1.0 equiv), 0°C. 4 h.
then nBuLi (1.05 equiv), —20°C, 2 h, then (§)-1-iodo-2-methylbutane (1.2 equiv).
—100°C to —50°C, 1.25h; b) O,, CH,Cl,, —78°C, 30's; ¢) Ph,P=CHCO,CH,
(1.2 equiv), CH,Cl,, 22°C. 3 h, 30% overall from 68, 92% de: d) LIOH-H,0
(3.0 equiv), MeOH/H,0 (2:1). 22°C, 3 h, 90%.

9. Coupling of Various C1 Alkyl Side Chains, Successful Rear-
rangement, and Completion: Following the conditions estab-
lished with methyl dithiane, the C1 side chain 6 was lithiated
and added to aldehyde 5, to give, as before, an approximate 1:1
mixture of diastereoisomers 72a and 72b (Scheme 11). The
more polar one, which had lost the C4 TMS group and was
assumed to have the (7S) stereochemistry, was treated with
mercury perchlorate solution to remove the dithiane protecting
group. The resulting lactol 73 was treated with 2% HCl/MeOH
and stirred at room temperature overnight. The 'H NMR of the
crude reaction mixture showed that in addition to the formation
of the methyl glycoside, the PMB group had undergone S,2
displacement with methanol to give 74. This unwelcome result
was also observed with the C1 side chain fragment (6 —75,
Scheme 12). Other attempts at the rearrangement (¢BuOH/
H,0/HCIl, BnOH/HCIl) were unsuccessful, or gave the same
result (0.55m CSA in MeOH).

Consequently, the suitability of other protecting groups was
investigated (Scheme 12). The PMB group was removed with
DDQ to give 76 in 70% yield, and the TPS group was intro-
duced in 98 % yield to give dithiane 77. This was lithiated and
added to the aldehyde 5, and the adducts 79a and 79¢ were
converted to the lactol 80a and 80b (Scheme 13). Exposure of
80Db to the rearrangement conditions resulted in the formation
of a new product, tentatively identified as the spiroketal 82a, in
which the TPS ether and the acetonide protecting groups had
been removed but the lactone remained unopened. Molecular
dynamics calculations (Insight-Discover, modified AMBER
forcefield)!®®! suggested that the (1R) diastereoisomer 82a was
more stable than the other possible spiroketal 82b by
2.7 kcalmol ™! (Fig. 9), and this stereochemistry was assumed
for 82a. Spiroketal 82a was resubmitted to the reaction condi-
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Scheme 11. Unsuccessful rearrangement of the PM B ether 73. Reagents and condi-
tions: a) 1. 6 (5.0 equiv), nBuLi (5.0 equiv), THF, —23°C, 1 h; 2. § (1.0 equiv),
—78°C, Smin. 29% (72a), 21% (72b); b) Hg(ClO,), (1.2equiv), CaCO,
(1.3 equiv), THF/H,0 (5:1), 67% (72b—73); ¢) 2% HCI/MeOH, 22°C, 12h,

40%.
Cs OPMB (\s OH
—

(S\s OMe Cs OR
YYD Y T0

75 77: R=TPS
78: R =DTBMS

Scheme 12. Protection of the C4’ hydroxyl. Reagents and conditions: a) 2% HCl/
MecOH, 60°C, 12 h, 78%: b) DDQ (1.3 equiv), CH,C1,/H,0 (20:1), 22°C, 30 min,
70%; ¢) TPSCI (1.2 equiv), imidazole (2.0 equiv). DMAP (0.05 equiv), DMF,
60°C. 12 h, 98%; d) DTBMSOT( (5.9 equiv), 2,6-lutidine (12.0 equiv), DMAP
(2.0 equiv), 70°C, 8 h, 87%. DTBMS = di-terr-butylmethylsilyl.

tions, but did not rearrange further to the dioxabicy-
clo[3.2.1]octane skeleton. Indeed, molecular dynamics calcula-
tions suggest that the lowest energy conformation of 82a is
considerably lower in energy than the lowest energy conforma-
tion of the desired core structure 83 (Fig. 9).
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80a: X=0OH;Y=H
80b: X=H;Y=0H

ad
H
HO‘.s 79 OTPS
255 T
BnO,C
2 OH C%zMe
81

Scheme 13. Unsuccessful rearrangement of lactol 80b. Reagents and conditions: a)
1. 77 (1.7 equiv), nBuLi (1.6 equiv), THF, —25°C, 1.5 h; 2. 5 (1.0 equiv), THF,
—78°C, 5 min, 23% (79a), 29% (79b); b) 2% HCI-MeOH/CH,Cl, (1:3), 22°C,
5 min, 95%; c) Hg(ClO,), (1.6 equiv), CaCO, (1.7 equiv), THF/H,0 (5:1), 22°C,
2 h, 80% (79¢ — 80a); 93% (79b — 80b); d) 2% HCl/MeOH, 78°C, 21 h, 0%.

CO.Bn

MeO:C, HQ OH F0Bn

MeO,C HO OH

82a 82b
H H
Q 9 OH
MGOZCM
BHOQC
OH C%zMe
83

Fig. 9. Calculated energies of spiroketals 82a (E =127.26 kcalmol™') and 82b
(E = 129.92 kcal mol ') and rearranged core 83 (E = 137.51 kcalmol™*).

The rarely used di-tert-butylmethylsilyl (DTBMS) group is
known to be extremely stable to acidic conditions.!*®! This silyl
protecting group is no longer commercially available, and was
synthesized by the method of Barton.!®!! Dithiane 78 was
formed in 87% vyield by heating 76 with a neat solution of
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DTBMSOT( (10 equiv), 2,6-lutidine, and DMAP at 70 °C for
8 h (Scheme 12). The dithiane was lithiated, added to the alde-
hyde §, and the desired (7 R) diastereoisomer 84 a was desilylated
and converted to the lactol 85a (Scheme 14). Lactol 85a was
submitted to the rearrangement conditions, and this time the
silyl protecting group survived to afford the desired intermedi-
ate 86. The DTBMS group was then removed using 49 %
aqueous HF in nitromethane (1:10)*% to give 87. All other
conditions investigated (TBAF, TBAF on silica gel, HF-py,
CsF, HF/MeCN, HCl, HF /urea, BF, in CH,Cl, [°Y BF,-OEt,)
either failed to remove the DTBMS group or caused varying
degrees of destruction.

The two methyl esters present in 87 (one introduced by nucle-
ophilic opening of the lactone; the other by transesterification of
the C3 benzyl ester) were then hydrolyzed and replaced with
benzyl esters. This was necessary to avoid concomitant hy-
drolytic cleavage of the C6 acyl side chain at the end of the
synthesis. The resulting tetraol 88 was then treated with PMB

OTMS
BnOLC  co,en
0%0
s ODTBMS 0.0
C X
s
5
78 |
|

BnO,C RO CO)%Bn

BnO,C CO,Bn \/L/\/@

e [:36: R =Me; R' = Bn; R" = DTBMS
f [:87: R=Me; R =Bn; R"=H
g[:88: R=R=Bn;R"=H

14: R=R=Bn; R" = PMB

Scheme 14. Synthesis of key intermediate 14. Reagents and conditions: a) 1. 78
(1.2 equiv), nBuLi (1.2 equiv), THF. —25°C. 1.5 h; 2. 5 (1.0 equiv), THF, —78°C,
S min, 40% (84a), 32% (84b); b) 2% HCl-MeOH/CH,Cl, (2:3), 22°C, 5 min,
99%; ¢) Hg(ClO,), (1.2 equiv), CaCO, (1.3 equiv), THF/H,0 (5:1), 22°C, 2.5 h,
83% (84c —854); 80% (84b — 85b); d) 1.8 % HCI/MeOH, 78°C, 21 h, 45%; ¢)
49% aqueous HF/MeNO, (1:10), 0°C, 24 h, 30%: f) 1. LiOH -H,0 (10.0 equiv),
THF/H,0 (2:1), 22°C. 1 h: 2. DCBI (4.8 equiv), THF. 55°C, 1.5 h, 68 % (2 steps);
g) CSA (0.1 equiv), C1,CC(OPMB)=NH (1.0 equiv), CH,Cl,. 22°C, 45 min, 21 %
(14), 36% (88).

Chem. Eur. J. 1995, {, No. 7

) VCH Verlagsgeselischaft mbH, D-69451 Weinheim, 1995

trichloroacetimidate and a small amount of CSA to give pre-
dominantly 14 in which the allylic hydroxyl had been protected.
Other isomers in which the C6 and C7 positions had been
protected were conveniently separated by flash column chro-
matography and recycled. Comparison of the spectral data of 14
with a sample obtained by degradation of the natural product
indicated that the two samples were indistinguishable.

10. Redesign of the Aldehyde 5: Unfortunately our choice of the
initial aldehyde 5 for the tricarboxylic acid module suffered
from a number of problems. Firstly, we were not able to control
the diastereoselectivity at C7 in the coupling of the C1 frag-
ment. Secondly, the aldehyde was not stable to chromatogra-
phy, with the practical consequence that, in the event of prema-
ture quenching of the dithiane anion by adventitious moisture,
we could not recover the aldehyde from the reaction mixture.
Thirdly, the C3 benzyl ester was prone to attack of the dithiane
anion, particularly in small-scale reactions. This last problem
could be solved by using the di-zert-butyl ester 89 (Fig. 10) but
this solution suffered from low yields in the terr-butyl esterifica-
tions. This led us to consider 90 as a more suitable coupling
partner. In this molecule, the C8 oxidation state is reduced and
the TMS group replaced with a benzylidene acetal, which, it was
hoped, would influence the approach of the C1 anion to the
aldehyde.

Fig. 10. Alternative key intermediates 89 and 90.

With the earlier intermediate 30b as starting material, the C8
hydroxyl was selectively silylated to give 91, the C9 hydroxyl
oxidized and the resulting acid 93 esterified with DCBI to give
94 in 82% overall yield (Scheme 15). Our attempts to remove
the MEM group at this stage met with some resistance. Zinc
bromide in wet dichloromethane!®®! worked but gave only a
small amount of the desired product 95 (38 %) and a significant
amount (24 %) of the seven-membered acetal by-product 100.
The reaction rate was increased substantially by performing the
reaction in an ultrasound bath, which also stopped formation of
the acetal by-product 100 and gave an increased yield (53 % of
95 plus 35 % of recovered starting material). If the reaction was
allowed to go to completion, the yield of the product 95 was
substantially lower. Treatment of 94 with PPTS in refluxing
t-butanol'®® for two days effected removal of the MEM group
to give 95in 66 % yield, conditions that remarkably left the TPS
group intact. Finally, treatment of 94 with TMSCI/Nal in
MeCN at —35°C!3] provided the best conditions for removal
of the MEM group (78 % of 95 plus 20% recovered starting
material). Compound 95 was then desilylated to give the desired
triol 96 in 87 % yield. Triol 96 was crystalline, and two recrystal-
lizations from dichloromethane increased the enantiomeric ex-
cess from 78 % to >98 % (measured by making the bisMosher’s
esters). Treatment of the triol 96 with benzaldehyde dimethyl
acetal and a catalytic amount of CSA gave the benzylidene
acetal 99 as a single diastereoisomer in 85 % yield. Alternatively,
the MEM protecting group could be removed after formation of
the benzylidene acetal (via intermediates 97 and 98), although
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Scheme 15. Synthesis of aldehyde 90. Reagents and conditions: a) TPSCI
(1.6 equiv). imidazole (1.6 equiv). DMAP (0.07 equiv), DMF, 22°C, 3 h, 89%; b)
Dess—Martin periodinane (1.1 equiv), CH,Cl,.22°C, 12 h; ¢) NaClO, (3.0 equiv),
NaH,PO, (1.2 equiv), 2-methyl-2-butene (4.2 equiv), tBuOH/H,0 (1:1), 22°C,
2h:d) DCBI (1.5 equiv}. toluene, 110°C. 1 h, 93 % (3 steps); €) TMSCI (2.0 equiv).
Nal (2.0 equiv), —307°C. 1.5h, 71% (94 — 95): 66% (98 — 99) (plus 26 % recov-
ered 98); f) TBAF (1.2 equiv). AcOH (2.0 equiv), THF. 0°C, 1.5 h.97% (94 - 97);
87% (95— 96); g) PhCH(OMe), (3.0 equiv), CSA (0.25 equiv), CH,Cl,, 18 h,
22°C, 79% (96 — 99) (plus 6% recovered 96); 85% (97 — 98); h) Dess~Martin
periodinane (3.0 equiv). CH,Cl,, 22°C, 1 h. 90%.

this route did not offer increased enantiomeric purity. Finally,
oxidation of 99 with Dess—Martin periodinane gave the alde-
hyde 90 in 92% yield.

Addition of methyl dithiane anion under the same conditions
described for aldehyde 5 gave a 3:1 mixture of two diastereoiso-
mers, 101a and 101b, respectively (Scheme 16). The diastereo-
isomers were readily separated by column chromatography and
the major one, 101a, was converted to the known bicyclic core
47 a in order to confirm the stereochemistry at C 7. Removal of
the benzylidene acetal with Zn(OTf), and ethanethiol!®! gave
triol 102 in 89% yield. Hydrolysis of the dithiane protecting
group gave the lactol 103. Conversion of the lactol to the methy!l
glycoside and oxidation and esterification gave the dibenzyl
ester 107, the first probable intermediate in the cascade rear-
rangement. Subjection of this to the rearrangement conditions
(2% HCI/MeOH) then gave the bicyclic core 47 a, proving that
the aldehyde 90 did indeed favor formation of the desired (7R)
diastereoisomer, 101 a. Further proof of this was obtained from
the crystal structure of lactone 108 (Fig. 11), isolated together
with a small amount of the minor diastereoisomer 101b from a
dithiane addition reaction that had been allowed to warm to
—35°C. The crystal structure clearly shows the (7R) stereo-
chemistry; presumably the minor diastereoisomer 101b was un-
able to lactonize because of severe steric interactions between
the dithiane moiety and the phenyl ring of the benzylidene ac-
etal.

Although routes to the zaragozic acids involving the aldehyde
90 as the tricarboxylic acid core fragment are inevitably less
convergent because the oxidations of C 8 are performed after the
coupling with the C 1 side chain, the advantages stemming from
its improved stability and diastereoselectivity more than com-
pensated.[6”!
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101b: X=0OH;Y=H

105: R = CHO 47a
"L 106: R=CO.H
905 107: R=CO5Bn

Scheme 16. Synthesis of the model system 47a from aldehyde 90. Reagents and
conditions: a) 1. 2-Methyl-1,3-dithiane (2.6 equiv), nBuLi (2.5 equiv). THF,
~40 — -25°C, 1.5h; 2. 90 (1.0 equiv), THF, —78°C. 5 min. 47% (101a), 16%
(101b); b) Zn(OTf), (3.9 equiv), EtSH, CH,Cl,, ultrasound bath, 22°C, 8 h, 89%
(101a —+102): c) Hg(ClO,), (1.8 equiv). CaCO, (1.9 equiv), THF/H,0(5:1),22°C,
0.5h,81%;d)2% HCI/MeOH, 22°C, 6 h, 82% (plus 11 % recovered 103); e) PCC
(10 equiv), Celite (1.0 wt equiv), 3A M. S. (1.2 wt equiv), CH,Cl,, 22°C, 2.5 h,
65%; f) NaClO, (3.0 equiv), NaH,PO, (1.5 equiv), 2-methyl-2-butene (9.1 equiv),
tBuOH/H,0 (5:1),22°C, 3.5 h; g) DCBI (1.6 equiv), toluene, 110 °C, 35 min. 92 %
(2 steps); h) 2% HCI/MeOH, 80°C, 19 h, 64%.

(o]
07 REh
o)

108

Fig. 11. Representation of the X-ray crystal structure of 108.

Conclusion

The described chemistry demonstrates an effective and flexible
strategy for the synthesis of the zaragozic acids/squalesta-
tins.[3! A simple model of the fully oxygenated bicyclic “core”
was made by a multi-event acid-catalyzed rearrangement of an
advanced intermediate. This was obtained from a late-stage
coupling of a simple C 1 side chain model with a C3-C7 tricar-
boxylate fragment 5 or 90. Although a greater degree of conver-
gency in the synthetic scheme is embodied in 5, a number of
practical problems and low diastereoselectivity were overcome

0947-6539/95/0107-0478 § 30.00+ .25/0 Chem. Eur. J. 1995, 1, No. 7



Zaragozic Acids

467-494

by the design of 90. The complex oxygenation pattern present in
the zaragozic acids was readily attained by sequential enantio-
and diastereoselective dihydroxylations of a heavily substituted
prochiral diene. A number of synthetic analogues have been
prepared by means of the chemistry described in this paper, and
their biological activities will be reported in due course.

Experimental Procedure

General Techniques: All nonaqueous reactions were carried out under an argon
atmosphere with dry, freshly distilled solvents under anhydrous conditions. unless
otherwise noted. When appropriate, intermediates were azeotropically dried with
benzene or toluene before use. Tetrahydrofuran (THF) and diethyl ether (ether)
were distilled from sodium/benzophenone, dichloromethane and benzene from cal-
cium hydride, and toluene from sodium. Yields refer to chromatographically and
spectroscopically (‘H NMR) homogeneous materials, unless otherwise noted. All
aqueous solutions used in workup procedures are saturated unless otherwise noted.
Most reagents were purchased at the highest available commercial quality and were
used without further purification unless otherwise stated.

All reactions were monitored by thin layer chromatography carried out on 0.25 mm
E. Merck silica gel plates (60 F,4,) using UV light as visualizing agent and ethanolic
p-anisaldehyde solution (2.7 %), aqueous cerium(1) sulfate (1 %)-phosphomolybdic
acid (1.6 %) solution, iodine, or basic KMnO, and heat as developing agents. E.
Merck silica gel (60, particle size 0.040-0.063 mm) was used for flash column
chromatography. Preparative thin layer chromatography separations were carried
out on E. Merck silica gel plates (60 F,, 0.25 or 0.50 mm).

NMR spectra were recorded at ambient temperature on Bruker AMX-500, AMX-
400 or AM-300 instruments and calibrated with the residual undeuterated solvent
as the internal reference. The following abbrevations were used to explain the
multiplicities: s, singlet: d, doublet; t, triplet; q. quartet: m, multiplet; br, broad:
app, apparent. IR spectra were recorded on a Perkin-Elmer 1600 series FT-IR
spectrometer or Mattson Galaxy 2020 FT-IR. Optical rotations were recorded on
a Perkin-Elmer 241 polarimeter. High-resolution mass spectra (HRMS) were
recorded on a VG ZAB-2SE mass spectrometer under fast atom bombardment
(FAB) conditions or on a Hewlett— Packard GC-MS under electron ionization (EI).
Melting points (M.p.) are uncorrected and were recorded on a Thomas Hoover
capillary melting point apparatus. The nomenclature used to name intermediates
was based on CAS guidelines, although for the sake of simplicity the carbon num-
bering of zaragozic acid A (1) (Fig. 1) was used elsewhere.

[5(2E,48,65),75]-2,7-Anhydro-8,9,10,12,13-pentadeoxy-3,4-bis-C-(carboxyl)-11-
ethanoate-10-methylene-12-(phenylmethyl)-5-(4,6-dimethyl-2-octenoate)-L-erythro-
L-glycero-D-altro-7-trideculo-7,4-furanosonic acid (zaragozic acid A, 1). A solution
of tribenzyl ester 11 (12.6 mg. 13.1 umol) in {.4-dioxane {1 mL) and 1,4-cyciohexa-
diene (0.25 mL) was treated with 10% palladium on carbon (12.6 mg, 100 wt%).
The reaction mixture was refluxed for 3 h. cooled to room temperature, filtered
through Celite, and washed with ether (2 x 5 mL). The filtrate was concentrated to
give a crude oil. Purification by HPLC (reverse phase C18, 4:1 MeOH:0.1%
aqueous AcOH, flow rate 9 mL min™!, retention time 13.8 min) gave zaragozic
acid A (1) (4.4 mg, 50%) as a white foam. [¢]32 = +18.3 (¢ 0.60 in CHCl,);
R; = 0.27 (silica, n-butanol:acetic acid:H,0 4:1:0.5); IR (thin film): ¥, = 3450,
3022, 2964, 2929, 1732, 1650, 1454, 1377, 1251, 1216, 1182, 1138, 1024cm™*;
'HNMR (500 MHz, CD,0D): § =7.27-7.24 (m, 2H, Ph), 7.19-7.13 (m, 3H, Ph).
6.85 (dd, J =15.5, 8.5Hz, 1tH, CH=CHCO,R}, 6.32 (brs, 1 H, H-6). 584 (d,
J =15.6 Hz, 1 H. CH=CHCO,R), 5.18 (brs, 1H, H-3), 5.09 (d. J =4.7Hz. 1H,
CH(OAC)). 5.02 (s, 1H, C=CHH"). 4.96 (s, 1H. C=CHH"). 4.00 (s, 1 H, H-7),
270 (dd. J=13.2, 60Hz. 1H. CH(CH,)CHH'Ph). 2.51-239 (m, 2H.
CH(CH,)CH=CH, CHH'C(=CH,)). 2.41 (dd. J =13.2, 89 Hz, 1H, CH(CHj,)-
CHH'Ph), 2.36-2.29 (m, {H. CHH'C(=CH,)). 2.27-2.22 (m, 1 H, CH(CH,)-
CH,Ph). 2.10 (s, 3H. OAc), 2.06-2.00 (m. 2H. CH,CH,C(=CH,)). 1.38-1.30 (m,
3H, CH,CHH'CH(CH,)CHH"), 1.16-1.11 (m. 2H, CH,CHH'CH(CH,)CHH'),
1.03 (d. J = 6.6 Hz, 3H, CH(CH,)CH=CH), 0.89-0.84 (m. 9H, CH,CH,CH-
(CH,), CH(CH,)CH,Ph); '3C NMR (125 MHz. CD,0D): § =172.7,172.2. 170.3,
168.6, 166.6, 157.6, 147.8, 141.7, 130.3, 129.4. 127.0, 120.0, 111.5, 106.9, 91.2, 82.7,
81.1, 80.2, 76.7, 75.7. 44.5, 41.0. 37.8, 35.7, 35.0. 33.2, 30.9. 26.5. 21.0, 20.6, 19.3,
14.2, 11.6; FAB HRMS caled for C,;H 0,,Cs (M + Cs)*: 823.1942; found
m/jz = 823.1937.

|S5(2E,45,6S),7S]-2,7-Anhydro-8,9,10,12,13-pentadeoxy-11-eth 10-methylene-
3,4-bis-C-|(phenylmethoxy)carbonyl]-12-(phenylmethyl)-5-(4,6-dimethyl-2-octeno-
ate)-L-erythro-L-glycero-D-altro-T-trideculo-7,4-furanosonic acid phenylmethyl ester
an.

Method A: from zaragozic acid A (1). A solution of zaragozic acid A (1) (0.5 g,
0.72 mmol) in toluene (5 mL) was treated with DCBI (0.96 g, 3.0 mmot). The reac-
tion mixture was refluxed for 2 h, cooled to room temperature. and concentrated
in vacuo. Purification by flash column chromatography (silica. ethyl ace-
tate: petroleum ether 1:4 — 2:3) gave tribenzyl ester 11 (0.69 g, 99%) as a white
foam.
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Method B: from silyl ether 18. A solution of silyl ether 18 (6.2 mg, 5.8 pmol) in THF
(0.2 mL) at 0°C was treated with TBAF (1.0M in THF, 6.9 uL, 6.9 pmoi). The
reaction mixture was stirred at 0 °C for 15 min and then diluted with water (2 mL)
and ether (2 mL). The aqueous phase was separated and extracted with ether (2 mL)
and the combined organic extracts were washed with NH,Cl (5 mL) and then water
(5mL). dried (MgSQO,), filtered, and concentrated in vacuo to give a crude oil.
Purification by flash column chromatography (silica, ethy! acetate: petroleum ether
1:19 —»1:4) gave diol 11 (4.7 mg, 85%) as a white foam. [«¢]3? = + 2.2 (¢ 0.43 in
CHCl,): R; =0.29 (silica. ethyl acetate:petroleum ether 3:7); IR (thin film):
Foax = 3468, 3026, 2963, 2929, 1768. 1736, 1650, 1455, 1379, 1244, 1217cm™':
'H NMR (500 MHz, CDCl,): § =7.30-7.22 (m, 15H, Ph), 7.15-7.11 (m. 5H, Ph),
6.78 (dd.J =15.6,8.8 Hz, 1 H, CH=CHCO,R),5.75(d. J = 2.1 Hz, 1 H, H-6), 5.35
(d. J =15.6 Hz. 1 H. CH=CHCO,R), 5.23 (s, 1 H, H-3), 5.20 (d, J =12.0 Hz. 1 H,
OCHH'Ph), 5.16 (d. J=12.1 Hz, tH. OCHH'Ph), 5.07 (d. J=5.0Hz. 1H,
CH(OAC)). 5.00 (d, J =12.1 Hz, 2H, OCHH'Ph, OCHH'Ph), 495 (d, J =7.9 Hz.
2H, C=CH,). 4.89 (d, J =12.1 Hz, 1H, OCHH'Ph), 4.80 (d. J =12.1 Hz, 1 H.
OCHH'Ph). 397 (d, J =20Hz 1H, H-7), 3.85 (s, 1 H, C4-OH), 3.14 (s, 1 H,
C7-OH), 2.66 (dd. J =13.4, 5.6 Hz, 1 H, CH(CH,)CHHPh), 2.42-2.27 (m, 3H,
CH(CH,)CH=CH. CH,C(=CH,)), 2.34 (dd. J =13.6, 9.1 Hz, 1H, CH(CH,)-
CHH'Ph). 2.11-2.05 (m, 3H, CH,CH,C(=CH,), CH(CH,)CH,Ph), 2.07 (s, 3H,
OAc), 1.37-1.23 (m. 3H, CH,CHH'CH(CH,)CHH’), 1.15-1.08 (m, 2H,
CH,CHH'CH(CH,)CHH'), 1.03 (d, J = 6.6 Hz, 3H, CH(CH,)CH=CH}, 0.85-
0.80 (m, 9H, CH,CH,CH(CH,). CH(CH,)CH,Ph); 3C NMR (125 MHz.
CD,0D): § =172.1, 170.2, 167.8, 166.4, 166.0, 157.9, 147.6, 141.6, 136.5, 136.0,
136.0, 130.3, 130.2, 129.9, 129.9, 129.8, 129.8, 129.8, 129.7, 129.7. 129.7, 129.6,
129.6, 129.5. 129.5, 129.4, 129.4, 129.4, 129.3, 127.0, 119.8. 111.7, 107.2, 91.2, 82.3,
81.0, 80.0, 76.6. 76.2, 69.2, 68.7, 68.4, 44.4, 40.9, 37.8, 35.7, 34.8, 33.3, 31.0, 26.5,
21.0, 20.8, 19.1, 14.3, 11.6; FAB HRMS calcd for C,¢H(0,,Cs (M + Cs)*:
1093.3350; found m/z =1093.3350.

[S(2E,45,6S),751-2,7-Anhydro-8,9,10,12,13-pentadeoxy-10-methylene-3,4-bis-C-
|(phenylmethoxy)carbonyl}-12-(phenylmethyt)-5-(4,6-dimethyl-2-octenoate)-L-ery-
thro-1-glycero-D-altro-T-tridecnlo-7,4-furanosonic acid phenylmethyl ester (12). A
solution of acetate 11 (300 mg, 0.3t mmol) in 3% HCI/MeOH (8 mL) was stirred at
room temperature for 2 h. The reaction mixture was quenched with NaHCO,
(10 mL) and concentrated in vacuo. The aqueous phase was extracted with ether
(3 x 10 mL) and the combined organic extracts were washed with brine (2 x 10 mL),
dried (MgS0,), filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography (silica, ethyl acetate:petroleum ether 1:4 —
1:3 - 3.7 2:3) gave the desired triol 12 (145 mg. 51 %), unreacted acetate 11
(111 mg, 37%), and the C3 methyl ester of the desired triol 12 (21 mg, 8%)
as white foams. [a]22 =—7.2 (¢ 0.21 in CHCl,); R, = 0.14 (silica, ethyl ace-
tate:petroleum ether 3:7): IR (thin film): ¥_,, = 3489.2961, 2925, 1739, 1648, 1498,
1457, 1380, 1263, 1023cm™*; 'HNMR (500 MHz, CDCl;): 6 =7.32-7.23 (m,
15H. Ph), 7.18-7.09 (m, SH, Ph). 6.77 (dd. J =15.6, 8.8 Hz, 1 H, CH=CHCO,R),
5.73 (brs, tH, H-6), 533 (d, J=156Hz, 1H, CH=CHCO,R), 522 (d,
J =124 Hz, 1H, OCHHPh), 521 (s. 1H, H-3), 5.16 (d, J=12.0Hz, 1H,
OCHH'Ph), 5.11 (s. 1H, C=CHH’), 5.00 (s, 1 H, C=CHH"), 495 (d. J =12.0 Hz,
1H. OCHH'Ph), 490 (d, J =11.9 Hz. 1H, OCH#'Ph), 4.80 (d, J =12.1 Hz, 1 H,
OCHH'Ph), 4.73 (d, J=12.1 Hz, 1H, OCHH'Ph), 4.06 (d, J=5.1Hz, 1H,
CH(OH)CH(CH,)). 3.96 (d, J =1.9 Hz, 1H, H-7), 3.92 (brs, 1t H, C4-OH), 3.19
(brs, 1H, C7-OH), 2.74 (dd. J =134, 5.6 Hz, 1 H, CH(CH,)CHH’Ph), 2.61 (brs,
1H, CH(OH)CH(CHy)), 2.53-2.47 (m. 1H, CH(CH,)CH=CH), 2.38 (dd,
J =134, 93 Hz, 1H, CH(CH,)CHH'Ph), 2.32-2.28 (m, 2H, CH,C(=CH,)).
2.18-2.07 (m, 2H. CH,CH,C(=CH,)), 1.94~1.89 (m, 1H. CH(CH,)CH,Ph),
1.36-1.25 (m. 3H, CH,CHH'CH(CH,)CHH’), 1.14-1.08 (m, 2H, CH,CHH'CH-
(CH,)CHH’). 1.02 (d, J = 6.6 Hz, 3H, CH(CH,)CH=CH), 0.84-0.82 (m, 9H,
CH,CH,CH(CH,), CH(CH,)CH,Ph); '>C NMR (125 MHz, CDCl;): 6 =168.1,
166.9, 166.0, 164.3, 157.9, 151.3, 141.3, 134.5, 129.2, 129.0, 128.7, 128.5, 128.5,
128.2, 125.7, 117.8, 111.5, 106.0. 88.3, 82.4, 81.6, 75.3, 74.7, 68.2. 67.8, 67.7, 43.2,
40.2, 38.0. 34.5, 33.6, 31.9, 30.0, 29.7, 26.3, 20.3, 18.8, 13.5, 11.1; FAB HRMS calcd
for C;,He;0,,Na (M + Na)* : 941.4088; found m/z = 941.4095.

IS(2E 45,6S),75)-2,7-Anhydro-8,9,10,12,13-pentadeoxy-11-O-[(4-methoxy-
phenyl)methyl|-10-methylene-3,4-bis-C-| (phenylmethoxy)carbonyl}-12-(phenyl-
methyl)-5-(4,6-dimethyl-2 Y-L-erythro-L-glycero-n-altro-T-trideculo-7,4-
furanosonic acid phenylmethyl ester (13).

Method A: from triol 12. A solution of triol 12 (322 mg, 0.36 mmol) in
dichloromethane (7.5 mL) and cyclohexane (7.5 mL) was treated with PMB tri-
chloroacetimidate (208 mg, 0.74 mmol) and CSA (17 mg, 73.1 ymol). The reaction
mixture was stirred at room temperature for 12 h and then diluted with ether (S mL)
and NaHCO, (5 mL). The aqueous phase was separated and extracted with ether
(2x5mL). The combined organic extracts were dried (MgSO,). filtered, and con-
centrated in vacuo to give a crude yellow oil. Purification by flash column chro-
matography (silica, ethyl acetate: petroleum ether 1:9 — 1:4 — 3:7) gave the desired
ether 13 (255 mg, 68 %) and unreacted triol 12 (86 mg, 26%) as a white foam.
Method B: from triol 14. A solution of benzyl ester 18 (7.0 mg, 26.9 ymol) in THF
(1 mL), methanol (0.5mL), and water (0.5 mL) was treated with LiOH-H,0
(17 mg, 0.41 mmol). The reaction mixture was stirred at room temperature for 4 h,
diluted with ether (3 mL). and acidified with aqueous HC1 (0.1 M, 10 drops) to pH 3.
The reaction mixture was extracted with ether (3 x 4 mL) and the combined organic
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extracts were dried (MgSO,), filtered. and concentrated in vacuo to give a crude
residue. The crude acid was dissolved in dichloromethane (2 mL) and treated with
triol 14 (10 mg. 11.3 umol). EDC (6.5 mg. 34.0 umol), and DMAP (2.0 mg.
16.4 pmol). The reaction mixture was stirred at room temperature for 10.5 h and
then diluted with water (3 mL) and ether (3 mL). The aqueous phase was separated
and extracted with ether (3 x 5mL). The combined organic extracts were dried
(MgSO0,). filtered. and concentrated in vacuo to give a crude oil. Purification by
flash column chromatography (silica. ethyl acetate: petroleum ether 1:4 —»1:2) gave
the desired C6 ester 13 (3.3 mg. 28%). C 7 ester (2.2 mg. 19%). and recovered triol
14 (2.0 mg. 20 %) as white foams. [¢]3? = —12.0 (¢ 0.12in CHCl,): R, = 0.39 (silica,
ethyl acetate: petroleum ether, 3:7): IR (thin film): v.,, = 2959, 2924, 1768, 1737,
1512, 1456, 1249, 1178, 1151, 1030 cm ™ ; 'H NMR (500 MHz, CDCl,): § =7.32-
7.23 (m, 16H, Ph), 7.21-7.18 (m, 2H, Ph). 7.13-7.10 (m, 2H. Ph), 7.06 (d.
J=70Hz, 2H. CH,0C,H,), 6.86 (d. J = 8.6 Hz, 2H, CH,0C.H,). 6.79 (dd.
J =156, 8.7Hz, 1H, CH=CHCO,R), 5.76 (d, / =1.9 Hz, 1H, H-6), 5.36 (d,
J =156 Hz, {H, CH=CHCO,R), 5.25 (s, 1H, H-3), 5.21 (d, J =120 Hz, 1H.
OCHH'Ph), 5.15(d. J =12.1 Hz, 1 H, OCHH'Ph), 5.06 (s, 2H, C=CH,), 5.00 (d,
J =122Hz, 1H, OCHH'Ph), 497 (d, J=12.1 Hz, 1H, OCHH'Ph), 4.87 (d,
J =121Hz, 1H, OCHH'Ph), 4.78 (d. J=12.1 Hz. 1H. OCHH'Ph), 4.45 (d,
J=11.4Hz 1{H, CH,0C;H,CHH").4.11 (d, J =11.5Hz, 1H, CH,0C H,CHH"),
398(d.J = 2.1 Hz, 1 H H-7), 3.85(brs, 1 H, C4-OH), 3.80 (s, 3H,0CH,), 3.49(d,
J =59 Hz 1H,CH(OCH,AD).3.17 (brs. 1 H, C7-OH), 2.65(dd. J =13.5, 5.6 Hz,
1H, CH(CH ,)CHH'Ph), 2.41-2.34 (m, 2H. CH(CH,)CH=CH. CHH'C(=CH,)).
227 (dd, J=133, 9.1Hz, 1H. CH(CH,)CHHPh), 2.33-2.09 (m. 3H,
CH,CHH'C(=CH,)), 1.97-1.93 (m, 1 H, CH(CH,)CH,Ph), 1.36-1.27 (m, 3H,
CH,CHH'CH(CH,)CHH’'), 1.13-1.08 (m, 2H, CH,CHH'CH(CH,)CHH), 1.03
(d, J =6.6 Hz, 3H, CH(CH,)CH=CH). 0.83-0.81 (m, 9H. CH,CH,CH(CH,),
CH(CH,)CH,Ph); '3C NMR (125 MHz, CDCl,): 5 =168.7, 166.9, 165.8, 164.5,
158.9. 157.9, 146.1. 141.2, 134.8, 134.6, 134.4, 131.0. 129.4. 129.2, 129.0, 128.7,
128.5.128.1,125.6. 117.8.113.6. 112.4, 105.9, 88.5,85.3, 81.8. 75.3. 74.7, 70.1, 68.5.
67.7. 67.4, 55.2,43.2, 40.1, 37.6, 34.5, 34.2, 31.9, 29.7, 24.4, 20.3, 18.8, 14.6. 11.1;
FAB HRMS caled for C,,H,,0,,Cs (M + Cs)*: 1171.3820; found mjz =
1171.3856.

(75)-2,7-Anhydro-8,9,10,12,13-pentadeoxy-11-O-| (4-methoxyphenyl)methyl]-10-
methylene-3,4-bis-C-| (pbenylmethoxy)carbonyl|-12-(phenylmethyl)-t -erythro-L-
glycero-p-altro-7-trideculo-7,4-furanosonic acid phenylmethyl ester (14).

Method A: from ester 13. A solution of ester 13 (122 mg, 0.12 mmol) in THF (5 mL)
and water (3 mL) was treated with LIOH-H,O (49 mg, 1.2 mmol). The reaction
mixture was stirred at room temperature for 12 h, quenched with aqueous HC1 (1 m,
2mL). and diluted with ethyl acetate (5 mL). The organic phase was separated,
dried (MgSO,). filtered. and concentrated in vacuo to give a crude oil. A solution
of the crude material in toluene (S mL) was treated with DCBI (167 mg, 0.53 mmol).
The reaction mixture was refluxed for 2 h. cooled to room temperature, and again
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica. ethyl acetate:petroleum ether 1:19 —1:1) gave tribenzyl ester 14
(44 mg. 42%) as a white foam and benzyl ester 15 (19 mg, 62%) as a colorless oil.

Method B: from tribenzyl ester 88. A solution of tribenzy] ester 88 (5.5 mg, 7.2 umol)
in dichloromethane (0.2 mL) was treated with a solution of PMB trichloroacetimi-
date in dichloromethane (26.5 mm, 0.27 mL, 7.2 pmol) and a solution of CSA in
dichloromethane (35.0 mm, 20 pL. 0.7 pumol). The reaction mixture was stirred at
room temperature for 45 min and then purified directly by preparative TLC (ace-
tone:CH,Cl, 1:9) to give the allylic PMB ether 14 (1.3 mg, 21 %), identical to a
sample prepared by degradation of the natural product (13 —14), unreacted 88
(2 mg, 36%) and mixtures of other PMB ethers (2 mg, ca. 30%). [«]3* = — 20.9 (¢
0.55in CHCI,); R, = 0.29 (silica. ethyl acetate: petroleum ether 2:3): IR (thin film):
¥, = 3487, 3330, 3027, 2929. 2853, 1746, 1617, 1512, 1454, 1246, 1034 cm™';
'H NMR (500 MHz, CDCl,): 6 =7.30-7.13(m, 20H, Ph), 7.07(d,J =7.1 Hz, 2H.
CH,0CH,), 6.86 (d. J =8.6 Hz, 2H, CH,0C,H,). 528 (d, / =122 Hz, 1H,
OCHH'Ph). 5.17 (s, 1 H, H-3). 5.14 (d, J =12.1 Hz, 1H, OCHH'Ph), 5.08 (s, 2H,
C=CH,). 5.06 (s, 1H, H-6), 4.99 (d. J =12.1 Hz. 1H, OCHH'Ph), 497 (d. J =
12.1 Hz, 1H, OCHH'Ph), 4.85 (d, J=12.1 Hz, 1H, OCHH'Ph), 4.82 (d, J =
12.1 Hz, 1H, OCHH'Ph), 445 (d, J=114Hz, 1H, CH,0C,H,CHH'), 4.14 (d,
J =11.4 Hz, 1H. CH,0C,H,CHH"). 4.05 (s, 1 H. H-7). 3.79 (s, 3H, OCH,), 3.78
(s. 1H, C4-OH), 3.50(d. J = 6.1 Hz, 1 H. CH(OCH,Ar)). 3.46 (brs, 1 H, C6-OH),
2.65 (dd, J =13.5, 5.7 Hz, 1 H, CH(CH)JCHH'Ph), 2.46 (brs. 1H, C7-OH), 2.39-
2.32(m, 1 H, CHH'C(=CH,)). 2.27(dd, J =13.5.9.0 Hz, 1 H, CH(CH;)CHH'Ph),
2.20-2.09 (m, 4H, CH,CHH'C(=CH,), CH(CH,)), 0.85 (d. J=6.6 Hz. 3H,
CH(CH,)); '>C NMR (125 MHz, CDCl,): 6 =168.9, 166.1. 159.0, 146.1, 141.2,
134.8, 134.7, 134.5, 130.9. 129.4, 129.2, 128.6, 128.5, 128.4, 128.2, 125.6, 113.7,
112.8,105.8,91.3, 85.4, 82.3. 78.6, 75.2,. 74.7, 70.1, 68.4, 67.7, 67.4, 55.3. 49.2, 40.0,
37.6, 33.9, 33.7, 29.7, 25.5, 24.9, 24.3, 14.8. FAB HRMS calcd for C;,H,,0,,Cs
(M + Cs)*: 1019.2619: found m/z =1019.2640.

IS(2E,48,65),75]-2,7-Anhydro-8,9,10,12,13-pentadeoxy-11-O-| (4-methoxyphenyl)-

methyl}-10-methylene-3,4-bis-C-| (phenylmethoxy)carbonylj-12-(phenylmethyl)-6-O-
(triethylsilyl)}-5-(4,6-dimethyl-2-octenoate)-L-erythro-L-glycero-D-altro-T-trideculo-

7,4-furanosonic acid phenylmethyl ester (16). A solution of diol 13 (19.0 mg,
18.3 ymol) in dichloromethane (0.5mL) was treated with pyridine (2.2 uL,
27.4 umol) and triethylsilyl trifluoromethanesulfonate (4.5 uL. 20.1 yumol). The re-
action mixture was stirred at room temperature for 10 min and then diluted with
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water (S mL) and ether (5 mL). The aqueous phase was separated and extracted
with ether (5 mL). The combined organic extracts were dried (MgSO,), filtered, and
concentrated in vacuo to give a crude yellow oil. Purification by flash column
chromatography (silica, ethyl acetate: petroleum ether 1:19 —+1:9 —1:4) gave silyl
ether 16 (16.6 mg, 79%) as a white foam. {a]3? = +1.2(c0.57in CHCL,); R, = 0.56
(silica. ethyl acetate:petroleum ether 3:7); IR (thin film): ¥,,,, = 2958, 2916, 2876,
1772, 1734, 1513, 1457, 1248, 1180, 1128 cm™'; 'H NMR (500 MHz. CDCl,):
6 =733-7.19 (m, 17H, Ar), 7.13-7.08 (m, SH. Ar). 6.87 (d, J =8.7Hz. 2H,
CH,0C H,). 6.85(dd. J =15.6. 8.4 Hz, { H, CH=CHCO,R), 6.29 (d, J =1.8 Hz,
1H, H-6),5.62(dd, J =15.6,0.86 Hz, 1 H, CH=CHCO,R}), 5.26 (s, 1 H, H-3), 5.13
(d, J =12.1 Hz, 1 H, OCHH'Ph), 5.08 (s. 2H, C=CH,), 5.02 (d, / =10.2 Hz, 1H,
OCHH'Ph), 5.01 (d, J =12.1 Hz, 1H. OCHH'Ph), 5.00 (d, J =13.6 Hz, 1H,
OCHH'Ph), 488 (d, /=118 Hz, 1H, OCHH'Ph), 456 (d, J=11.8 Hz, 1H,
OCHH'Ph),4.48(d,J =11.5Hz, 1H, CH,0C,H,CHH").4.13(d,J =11.5 Hz, 1 H,
CH,OC,H,CHH'),4.13(d, J =1.8 Hz, 1H, H-7), 3.86 (brs, 1 H, C4-OH), 3.80 (s.
3H, OCH,), 3.52(d, J = 5.9 Hz, 1 H. CH(OCH,Ar)), 2.67 (dd, J =13.5, 5.3 Hz,
1H, CH(CH,)CHH'Ph), 2.48-2.35 (m, 2H. CH(CH,)CH=CH, CHH'C(=CH,)),
229 (dd, J =135, 9.6Hz. 1H. CH(CH,)CHHPh). 2.25-2.17 (m, 2H,
CHH'CHH'C(=CH,)), 2.07-1.96 (m, 2H. CHH'CH,C(=CH,), CH(CH,)-
CH,Ph), 1.37-1.24 (m, 3H. CH,CHH'CH(CH,)CHH"), 1.13-1.08 (m, 2H,
CH,CHH'CH(CH,)CHH), 1.01 (d. J = 6.7Hz, 3H, CH(CH;)CH=CH), 0.84 -
0.80 (m. 9H, CH,CH,CH(CH,), CH(CH,)CH,Ph). 0.77 (t, J = 8.0 Hz, 9H.
Si(CH,CH,),),0.46(q,J =7.9 Hz. 6H, Si(CH,CHj,),); '*C NMR (125 MHz, CD-
Cl,): 6 =168.8. 166.1, 164.6, 164.2, 158.9, 157.0, 146.2. 141.1, 134.9, 134.3, 134.2,
131.1, 129.3, 129.2, 129.1, 128.9, 128.6, 128.5, 128.4, 128.3, 128.1, 125.6, 118.2,
113.6, 112.3,105.9, 90.0, 85.6, 81.8, 78.6, 74.9, 74.5, 70.1, 68.8, 67.9. 67.2, 55.2,43.2,
40.1. 37.5. 34.5. 33.7, 31.9, 29.7, 24.5, 20.1, 18.8, 14.5. 11.2, 6.5, 4.4. FAB HRMS
caled for CogHg,0,,SiCs (M + Cs)*: 1285.4685: found m/z =1285.4698.

[S(2E,45,65),7S]-2,7-Anhydro-8,9,10,12,13-pentadeoxy-10-methylene-3,4-bis-C-

| (phenylmethoxy)carbonyl|-12-(phenylmethyl)-6- O(triethylsilyl)-S-(4,6-dimethyl-2-
octenoate)-L-erythro-L-glycero-D-altro-T-trideculo-7,4-furanosonic  acid  phenyl-
methyl ester (17). A solution of ether 16 (36.0 mg, 31.2 ymol) in dichloromethane
(5 mL) and water (0.25 mL) was treated with DDQ (8.5 mg, 37.5 umol). The two-
phase reaction mixture was stirred vigorously at room temperature for 1 h and then
diluted with water (5 mL) and ether (5§ mL). The aqueous phase was separated and
extracted with ether (SmL). The combined organic extracts were washed with
NaHCO, (4 x 5 mL) until the yellow color disappeared, and then with brine (5 mL},
dried (MgSO,), filtered, and concentrated in vacuo to give a crude residue. Purifica-
tion by flash column chromatography (silica, ethyl acetate:petroleum ether
1:19 —1:4) gave diol 17 (31.8 mg, 98%) as a white foam. {x]32 = + 9.1 (¢ 0.60 in
CHCl,); R; = 0.40 (silica. ethyl acetate:petroleum ether 3:7); IR (thin film):
Voan = 3470, 3031, 2959, 2922, 1737, 1649, 1456, 1379, 1259, 1178, 1125, 1027 cm ™!,
'H NMR (500 MHz, CDCl,): 6 =7.33-7.14 (m. 18 H, Ph), 7.07-7.05 (m, 2 H, Ph),
6.83(dd,J =15.7,8.6 Hz, 1H, CH=CHCO,R)}, 6.26 (d, J =1.6 Hz, 1 H, H-6). 5.59
(d, J =15.6 Hz, 1H, CH=CHCO,R), 5.21 (s, 1H, H-3). 5.14 (d, J =12.1 Hz, 1H,
OCHH'Ph). 5.14 (s, 1H, C=CHH'). 5.01 (d, J =11.6 Hz, t H, OCHH'Ph), 5.02 (s,
1H, C=CHH’). 496 (d, J =12.2 Hz, tH, OCHH'Ph). 496 (d, / =12.2 Hz, 1H,
OCHH'Ph), 479 (d. J =119 Hz, 1H, OCHH'Ph), 448 (d, /=119 Hz, {H,
OCHH'Ph), 4.09 (brs, 1H, 4-OH), 4.07 (d, / =1.8 Hz. 1H, H-7), 3.89 (s, 1H,
CH(OH)). 2.78 (dd. J =13.4, 5.8 Hz, 1H. CH(CH,)CHH'Ph), 2.75 (brs, 1H,
CH(OH)).2.57-2.51 (m, 1H, CH(CH,)CH=CH), 2.43 (dd. J =13.4,9.1 Hz,. 1H.
CH(CH,)CHH'Ph), 2.39-2.27 (m, 2H, CH,C(=CH,})). 2.14-2.08 (m, 1H,
CHH'CH,C(=CH,)), 1.99~1.90 (m, 2H, CHH'CH,C(=CH,), CH(CH,)CH,Ph).
1.37-1.23 (m, 3H, CH,CHH'CH(CH,)CHH’), 1.12-1.07 (m, 2H, CH,CHH'CH-
(CH,)CHH"), 1.01 (d, J = 6.6 Hz, 3H, CH(CH,)CH=CH), 0.86-0.80 (m, 9H,
CH,CH,CH(CH,), CH(CH,)CH,Ph), 0.79 (t, J = 8.0 Hz. 9H. Si(CH,CH,),),
0.47 (q. J = 8.0 Hz, 6H. Si(CH,CH,),); '*C NMR (125 MHz, CDCl,): 6 =167.9.
166.3, 164.5, 164.0, 157.0, 151.6, 141.4, 134.7. 134.3, 134.1, 129.2, 129.0, 128.9,
128.7, 128.6, 128.5, 128.3, 128.1, 125.6, 118.2, 111.2, 106.0, 89.7, 82.6, 78.5. 76.5,
74.9. 74.6. 68.4, 68.0, 67.5, 43.2, 40.2, 38.0, 34.5. 33.3, 31.9, 29.7, 26.9, 20.1, 18.8,
13.4,11.2, 6.5, 4.4 FAB HRMS calcd for C4oH,,0,,;SiCs (M + Cs)*: 1165.4110;
found m/z =1165.4120.

IS(2E,4S,6S5),7S]-2,7-Anhydro-8,9,10,12,13-pentadeoxy-11-eth 10-methylene-
3,4-bis-C-{(phenylmethoxy)carbonyi|-12-(phenylmethyl)-6-O-(triethylsilyl)-5-(4,6-
dimethyl-2-octenoate)-L-erythro-L-glycero-D-altro-T-trideculo-7,4-furanosonic  acid
phenylmethyl ester (18).

Method A: from diol 11. A solution of diol 11 (6.9 mg, 7.2 pmol) in dichloromethane
(0.2mL) was treated with pyridine (0.9 L, 10.8 umol) and TESOTf (1.8 uL,
7.9 pmol). The reaction mixture was stirred at room temperature for 10 min and
then diluted with water (5 mL) and ether (5 mL). The aqueous phase was separated
and extracted with ether (SmL). The combined organic extracts were dried
(MgS0,). filtered, and concentrated in vacuo to give a crude yellow oil. Purification
by flash column chromatography (silica, ethyl acetate:petroleum ether 1:19 —1:4)
gave silyl ether 18 (7.3 mg, 95%) as a white foam.

Method B: from allylic alcohol 17. A solution of allylic alcohol 17 (20.0 mg,
19.4 ymol) in dichloromethane (1 mL) was treated with pyridine (4.7 pL,
58.1 umol), acetic anhydride (4.6 uL, 48.4 umol), and DMAP (0.2 mg, 1.9 ymol).
The reaction mixture was stirred at room temperature for 4 h and then diluted with
NaHCO, (3 mL) and ether (5 mL). The organic phase was separated and washed
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with brine (5 mL). dried (MgSO,), filtered, and concentrated in vacuo to give a
crude residue. Purification by flash column chromatography (silica. ethyl ac-
etate: petroleum ether 1:19 —»1:9 —+1:4) gave acetate 18 (20.7 mg. 99%) as a white
foam. [2]32 = +19.5 (¢ 0.55 in CHCl,); R, = 0.18 (silica, ethyl acetate:petroleum
ether 1:4); IR (thin film): ¥_,, = 3461, 2959, 1769. 1737. 1649, 1457, 1374 cm™';
'H NMR (500 MHz, CDCl, plus one drop of D,0): § =7.32-7.24 (m, 15H. Ph),
7.18-7.13 (m, SH, Ph), 6.86 (dd, J =15.6, 8.6 Hz, 1 H, CH=CHCO,R), 6.30 (d,
J =1.8 Hz. 1H. H-6). 5.57 (dd, J =15.6. 0.8 Hz, | H, CH=CHCO,R), 5.26 (s. 1H,
H-3), 5.14 (d. J =12.1 Hz. 1H. OCHH'Ph). 5.12 (d. J = 5.4 Hz. 1 H, CH(OAC)).
5.05(d.J =119 Hz, 1H.OCHH'Ph), 5.01 (d. J =12.1 Hz, 1 H.OCHH'Ph). 5.01 (s.
1H.C=CHH'), 5.00(d.J =11.9 Hz, 1H. OCHH'Ph). 4.97 (s. 1H.C=CHH"). 491
(d. / =11.8 Hz, 1H, OCHH'Ph). 4.59 (d. / =11.8 Hz, 1H, OCHH'Ph), 4.11 (d.
J =19 Hz 1H. H-7), 3.89 (brs. 1H, C4-OH). 2.70 (dd, J =134, 53 Hz, 1H,
CH(CH,)CHH'Ph), 2.49-235 (m. 3H, CH(CH,)CH=CH, CH,C(=CH,)).
2.33 (dd. J =135 94Hz. 1H, CH(CH,)CHHPh), 2.17-2.10 (m, 2H,
CHH'CH,C(=CH,). CH(CH,)CH,Ph). 2.08 (s. 3H, OAc), 2.03-1.98 (m, 1H,
CHH'CH,C(=CH,)). 1.38-1.27 (m. 3H, CH,CHH'CH(CH,)CHH"), 1.14-1.07
(m,2H, CH,CHH'CH(CH,)CHH’). 1.03(d, J = 6.7 Hz, 3H, CH(CH,)CH=CH).
0.84-0.81 (m, 9H. CH,CH,CH(CH,). CH(CH,)CH,Ph). 0.79 (t, J = 8.0 Hz. 9H,
Si(CH,CH,);). 0.48 (q, J =7.9 Hz, 6 H, Si(CH,CH,),); '*C NMR (125 MHz. CD-
Cly): 6 =170.2, 168.9, 166.1, 164.6, 164.1, 157.0, 145.6, 140.3. 134.9, 134.2, 129.2,
129.0. 128.9. 128.6, 128.5, 128.4, 128.4, 128.4, 128.3, 128.3. 1259, 118.2, 111.8,
105.7. 90.0. 82.0, 79.3. 78.6. 74.8. 74.4, 68.8, 67.9. 67.2, 43.2. 39.9, 36.6, 34.5, 33.8,
319, 29.7. 25.2, 21.1, 20.1, 18.8, 13.8. 11.2, 6.5, 44; FAB HRMS culed for
Cy2H;750,,SiCs (M + Cs)*: 1207.4215; found m/z =1207.4215.

1,4-|Bis(4-methoxyphenyl)methoxy|-2-butyne (20). A suspension of washed sodium
hydride (60% dispersion in mineral oil, 14.8 g. 369 mmol) in DMF (100 mL) was
treated slowly with a solution of 2-butyne-1.4-diol 19 (12.7 g, 148 mmol) in DMF
(25 mL) over a period of 30 min. The reaction mixture was stirred at room temper-
ature until H, evolution ceased and then treated with tetrabutylammonium iodide
(2.19 g. 5.92 ramol) and a solution of PMBCI (57.8 g, 369 mmol) in DMF (20 mL)
over a period of 2 h. The reaction mixture was stirred at room temperature for 12 h,
poured slowly into ice water (500 mL). and extracted with ether (3 x 400 mL). The
combined organic extracts were dried (MgSO,), filtered. and concentrated in vacuo
to give a crude oil. Purification by flash column chromatography (silica,
ether:petroleum ether 30:70 — 35:65) gave alkyne 20 (45.0 g, 94 %) as a colorless
oil. R, = 0.30 (silica, ether:petroleum ether 2:3); IR (thin film): ¥,,, = 3000. 2936.
2839. 1611, 1512, 1463, 1349, 1247, 1070, 823 cm ~'; "H NMR (500 MHz. CDCl,):
5 =7.32-7.29 (m, 4H, CH,0C,H.). 6.91-6.88 (m, 4H, CH,0C,H,). 4.56 (s, 4H,
CH,0CH,CH,). 4.22 (s, 4H, CH,C=CCH,), 3.81 (s. 6H. OCH,); '3C NMR
(125 MHz, CDCl,): 6 =159.8, 130.1. 129.8, 114.2, 82.9, 71.6, 57.5, 55.7; FAB
HRMS calcd for C,0H,,0,Na (M + Na)*: 349.1416; found mjz = 349.1423,

(E)-2«(1,1,1-Tributylstannyl)-1,4-|bis(4-methoxyphenyl)methoxy]-2-butene (21). A
solution of alkyne 20 (45.0 g, 138 mmol) in THF (350 mL) was treated dropwise
with bis(triphenylphosphine)palladium(ir) chloride (1.45g. 2.07 mmol) and trib-
utyitin hydride (40.8 mL, 152 mmol). The reaction mixture was stirred at room
temperature for 17 h and concentrated in vacuo to give a crude oil. Purification by
flash column chromatography (silica, ether: petroleum ether 1:9) gave vinyl stan-
nane 21 (77.0 g, 90%) as a colorless oil. R, = 0.32 (silica, ether:petroleum ether
1:4): IR (thin film): ¥, = 2922, 2853, 1612, 1512, 1463, 1302, 1250, 1083,
821 cm™'; '"HNMR (500 MHz, CDCl,): § =7.30-7.25 (m. 4H. CH,OC H,).
6.91-6.88 (m. 4H, CH,OC.H,), 5.79-5.76 (m. 1H, CH=C), 4.45 (s, 2H,
CH,OC(H,CH,), 443 (s, 2H., CH,OC,H,CH,), 4.16-415 (m. 2H,
C=C(Sn)CH,0).4.03(d.J = 5.7Hz,2H,OCH,CH=C),3.82(s. 3H.OCH,), 3.82
(s. 3H, OCH,). 1.51-1.45 (m, 6H, Sn(CH,CH,CH,CH,),). 1.35-1.28 (m, 6H.
Sn(CH,CH,CH,CH,),), 0.90 (t. J =7.3 Hz, 9H, Sn(CH,CH,CH,CH,},). 0.89 (t.
J=83Hz. 6H, Sn(CH,CH,CH,CH,);): ')C NMR (125 MHz, CDCl,):
4 =159.6, 159.5, 148.6, 135.4, 130.8, 130.7, 129.9, 129.8. 114.2, 114.0, 72.6. 72.2,
71.7, 67.3. 55.6, 29.6, 27.8, 14.1. 10.6; FAB HRMS calcd for C,,H,0,SnCs
(M + Cs)*:751.1785; found mjz =751.1761.

1-{[2«(Trimethylsilyl)ethoxyjmethoxy]-2-propene (23). A solution of allyl alcohol 22
(18.3g. 315mmol) in dichloromethane (350 mL) and diisopropylethylamine
(115 mL, 660 mmol) at 0°C was treated dropwise with SEMCI (50.0 g, 0.30 mol)
over a period of 30 min. The reaction mixture was stirred at 8°C for 1 h, warmed
to room temperature and stirred for 3 h, diluted with dichloromethane (200 mL)
and washed with NH,Cl (2 x 200 mL), water (2 x 300 mL), and brine (300 mL).
The organic phase was dried (MgSO,). filtered. and concentrated in vacuo to give
a crude oil. Purification by flash column chromatography (silica, ether:petroleum
ether 3:97 — 5:95) gave compound 23 (49.6 g. 88%) as a colorless oil. R, = 0.71
(silica, ether:petroleum ether 3:97); IR (thin film): ¥, = 3082, 2954, 2881, 1649,
1408, 1249, 1059, 920, 836 cm ™ '; 'H NMR (500 MHz, CDCl;): 8 = 5.95-5.87 (m,
1H,CH,=CH}.5.30-5.26 (m, 1 H.CHH'=C), 5.19-5.16(m. t H. CHH'=(), 4.68
(s, 2H, OCH,0). 4.07-4.05 (m. 2H. CH,=CHCH,). 3.64-3.60 (m. 2H,
OCH,CH,Si(CH,);). 0.95-0.92 (m, 2H. CH,Si(CH,),). 0.01 (s. 9H, Si(CH;),):
13C NMR (125 MHz, CDCl,): 6 =134.9, 117.5, 94.5, 68.7. 65.6, 18.6. —1.0.

{i2-(Trimethylsilyl)ethoxy|methoxyjacetaldehyde (24). A solution of olefin 23(25.0 g.
133 mmol) in dichloromethane (250 mL) and methanol (50 mL) at —78°C was
treated with ozone until the reaction mixture turned blue. Oxygen was passed
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through the reaction mixture for 20 min; the latter was then quenched with dimethy!
sulfide (58.5 mL, 798 mmol), warmed to room temperature, stirred for 12 h.
and concentrated in vacuo to give a crude oil. Purification by flash column chro-
matography (silica, ether:petroleum ether 3:7 — 4:6) gave aldehyde 24 (253 g,
100%) as a colorless oil. R, = 0.40 (silica, ether:petroleum ether 2:3); IR (thin
film): ¥, = 2953, 2893, 1739, 1415, 1379. 1250, 1060, 836cm™'; ‘HNMR
(S00 MHz, CDCl,): § =9.64 (t,J = 0.8 Hz, t H, CHO), 4.68 (s, 2H, OCH,0). 4.11
(d. J = 0.8 Hz. 2H. CHOCH,). 3.61-3.57 (m. 2H. OCH,CH,Si(CH,),). 0.87-
0.84 (m, 2H, CH,Si(CH,);). —0.06 (s, 9H, Si(CH,),); '*C NMR (125 MHz,
CDCl,): 6 = 200.5.95.7, 73.6, 66.2, 18.4, —1.0; FAB HRMS calcd for CyH,,0,Si
(M + H)*": 191.1103; found m/z =191.1105.

(Z)-2-1odo-4-|2<(trimethylsilyl)ethoxy|methoxy|-2-butenoic acid methy! ester (25). A
solution of the aldehyde 24 (21.0 g. 11 mmol) in benzene (600 mL) at 0°C was
treated with methyl iodo(triphenylphosphoranylidenc)acetate [26] (76.2 g,
166 mmol). The reaction mixture was warmed to room temperature, stirred for
12 h, and concentrated in vacuo to give a crude oil. Purification by flash column
chromatography (silica, ether: petroleum ether 2:3) gave vinyl iodide 25 (38.7 g.
94%, 30:1 mixture of (Z/E) isomers) as a colorless oil. R, =0.40 (silica,
ether:petroleum ether 1:4); IR (thin film): ¥,,, = 2952, 2889, 1723, 1621, 1435,
1246, 1108, 1057, 1037, 858 cm™': 'HNMR (500 MHz, CDCl,): § =749 (1,
J=50Hz 1H. C=CH), 4.71 (s, 2H, OCH,0), 424 (d. J=5.0Hz 2H.
C=CHCH,0). 3.82 (s, JH, CO,CH,), 3.64-3.61 (m, 2H, OCH,CH,Si(CH};);).
0.96-0.92 (m, 2H. CH,Si(CH,);), 0.01 (s. 9H, Si{CH,),); '>C NMR (125 MHz,
CDCl,): 0 =163.1, 150.8, 119.6, 95.3. 72.4, 65.9, 54.2. 18.5, —0.9; FAB HRMS
caled for C,,H,,0,ISiNa (M + Na)*: 395.0152: found m/z = 395.0160.

(E,Z)-5-{(4-Methoxyphenyl)methoxy]-3-|| (4-methoxyphenyl)methoxyjmethyl]-2-
[2-[{2-(trimethylsilyl)ethoxy|methoxy|ethylidene|-3-pentenoic acid methyl ester (26 h).
A solution of vinyl iodide 25 (11.2 g, 30.1 mmol) in DMF (75 mL) was treated with
bis(acetonitrile)palladium(n) chloride (1.17 g. 4.52 mmol) and freeze—thaw de-
gassed. A solution of vinyl stannane 21 (22.3 g, 36.1 mmol) in DMF (75 mL), which
was also freeze - thaw degassed, was cannulated into the solution of the vinyl iodide
25. The reaction mixture was stirred at room temperature in the absence of light for
3 d. The reaction mixture was quenched with 10% NH,OH (500 mL). diluted with
ether (250 mL), and stirred vigorously for 30 min. The aqueous phase was separated
and extracted with ether (3 x 250 mL). The combined organic extracts were washed
with water (2 x 300 mL) and brine (500 mL), dried (MgSO,), filtered, and concen-
trated in vacuo 10 give a crude oil. Purification by flash column chromatography
(silica, ether:petroleum ether 3:7 —1:1) gave diene 26h (12.1 g, 70 %) as a coloriess
oil. R, = 0.26 (silica. ether:petroleum ether 1:1); IR (thin film): ¥,_,, = 2951, 2861,
1722, 1612, 1513, 1463, 1248, 1174, 1035, 835cm ™ '; '"H NMR (500 MHz, CDCl,):
6 =7.27-7.25(m.2H, CH,0C,H,). 7.20-7.17 (m, 2H, CH,0C H,). 6.96 (1, J =
6.4 Hz, | H, H-6), 6.89-6.83 (m. 4H, CH,0C(H,). 5.60 (t. J = 6.2 Hz, 1 H, H-3),
4.67(s,2H,OCH,0).4.44(s,2H,CH,0C,H,CH,).4.34(s,2H, CH,0C,H,CH,).
433 (d. J = 6.4 Hz. 2H. H-7). 4.13 (d. J = 6.2 Hz, 2H, CH,OC,H,CH,0CH,).
4.11(s.2H, CH,0C,H,CH,0CH,), 3.80 (s, 3H, OCH,), 3.79 (s, 3H, OCH,), 3.71
(s. 3H, CO,CH,). 3.63-3.60 (m, 2H, OCH,CH,Si(CH,),). 0.94-0.90 (m, 2H,
CH,SI(CH )3}, 0.00 (s, 9H, Si(CH,);); '*C NMR (125 MHz, CDCl,): 6 =167.1,
159.7, 159.6, 141.1, 135.1, 132.3, 130.6, 130.5, 129.92, 129.90. 129.7, 114.2, 114.1,
95.0.72.5.72.4,67.3.65.9.65.7,65.3, 55.7, 52.4, 18.5. —1.0; FAB HRMS calcd for
C,,H,,0,SiNa (M + Na)*: 595.0703; found m/= = 595.0729.

[25-2(1 R)- E]-2-Hydroxy-2-{1-hydroxy-2-{[2-(trimethylsilyl)ethoxy]methoxylethyl]-
5-|(4-methoxyphenyl)methoxy]-3-[{ (4-methoxyphenyl)methoxy|methyl]-3-pentenoic
acid methyl ester (27h). A solution of K;Fe(CN), (6.39 g. 19.4 mmol) and K,CO,
(2.69 g, 19.4 mmol) in t-butanol (30 mL) and water (30 mL) was treated with
(DHQD),PHAL (500 mg. 64.3 umol). The reaction mixture was stirred at room
temperature for 45 min. treated with K ,0s0,(OH), (23.7 mg. 64.3 umol), cooled to
0°C. treated with methanesulfonamide (918 mg, 9.66 mmol}, and stirred for 30 min.
The reaction mixture was poured into a second flask containing the diene 26h
(3.69 g. 6.44 mmol) and stirred at 0 °C for 3 d. The reaction mixture was quenched
at 0°C with Na,SO, (6.81 g, 54.0 mmol) and stirred for 15 min. The reaction mix-
ture was diluted with water (15 mL) and extracted with ethyl acetate (4 x 75 mL).
The combined organic extracts were dried (MgSQO,), filtered. and concentrated in
vacuo to give a crude oil. Purification by flash column chromatography (silica, ethyl
acetate: petroleum ether 1:4 —1:1) gave desired diol 2Th(1.17 g, 30%, 83% ee) and
unreacted diene 26h (1.73 g, 44%) as yellow oils.

Data for 27h: [a]22 = +10.6 (¢ 1.25 in CHCl,, 83% ee); R, = 0.33 (silica: ethyl
acetate: petroleum ether 2:3): IR (thin film): ¥, = 3493, 2951, 1738. 1612, 1514,
1454, 1301. 1247, 1108, 1034. 835cm ™' 'H NMR (500 MHz, CDCl,): § =7.22 (d,
J =87Hz, 2H. CH,0C.H,), 7.20 (d, / =8.7Hz, 2H, CH,0C.H,), 6.86 (d.
J =8.7Hz, 2H. CH,0C.H,). 685 (d, J=8.7Hz, 2H, CH,0OC.H,). 6.24 (t.
J = 6.1 Hz, 1H, CH=C), 4.64 (ABq, Jpy = 6.7 Hz, Av,, =13.6 Hz, 2H, OCH,0),
4.39 (s, 2H. CH,0C,H,CH,), 4.37-4.34 (m, 1H, H-6), 4.33 (ABq, J,5 = 11.5 Hz,
Avag = 9.9 Hz,2H.CH,0C H,CH,),4.08(d,J = 6.1 Hz,2H,OCH,CH=C).4.02
(ABq, Jos =11.1 Hz, Av,y = 34.5 Hz, 2H, CH=CCH,0), 3.88 (s. 1H, C5-OH).
3.81-3.79 (m. 1H, H-7). 3.79 (s, 3H, OCH,), 3.78 (s, 3H, OCH,), 3.74 (s, 3H,
CO,CHj;). 3.65-13.55 (m. 3H, OCH,CH,Si(CH;), and H'-7). 3.20 (d. J = 6.3 Hz.
1H, C6-OH),0.91 (1. J = 8.4 Hz,2H. CH,Si(CH};),), —0.01 (s, 9H. Si(CH,),); '*C
NMR (125 MHz. CDCl;): 6 =173.9. 159.7. 135.6, 131.9, 130.4, 130.3. 130 0, 129.9,
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114.3,114.2,96.0,80.9, 73.5.72.8, 72.5, 69.6, 66.4. 65.9.64.6, §5.7. 53.7. 18.5, — 1.0;
FAB HRMS caled for €y H,0,,SiNa (M + Na)*: 629.2758: found m/
z = 629.2541.

[25-2(1R)-E]-2-Hydroxy-2-{1-hydroxy-2-{|2-(methoxy)ethox ylmethoxy]ethyl}-5-
[(4-mmethoxyphenyl)methoxyl-3-{| (4-methoxyphenyl)methoxyjmethyl]-3-pentenoic
acid methyl ester (27i). A solution of K ,Fe(CN), (209 g, 0.63 mol), K,CO, (87 g.
0.63 mol), and (DHQD),PHAL (8.24 g. 10.6 mmol) in s-butanol (1000 mL) and
water (1000 mL) was stirred at room temperature for 1h, treated with
K,0s0,(0H),(0.78 g. 2.12 mmol), cooled 10 0 °C, treated with methansulfonamide
(60 g. 0.63 mol), stirred for 30 min. treated with the diene 26i (112 g. 0.21 mol), and
stirred at 0°C for 3 d. The reaction mixture was quenched with Na,SO, (315 g) and
warmed to room temperature. The reaction mixture was diluted with water
(1000 mL) and ethy! acetate (2000 mL). The aqueous phase was separated and
extracted with ethyl acetate (3 x 500 mL). The combined organic extracts were dried
(MgSO0,). filtered, and concentrated in vacuo to give a crude oil. Purification by
flash column chromatography (silica. ethyl acetate: petroleum ether 1:2 —1:0) gave
diol 27i (30 g. 25%, 75% ee) and unreacted diene 26i (53 g. 47%) as yellow oils.
[e]d? = +14.7 (¢ 1.00 in CHCly. 75% ee); R, = 0.39 (silica, ethyl acetate); IR (thin
film): ¥,,, = 3459. 2934, 2883. 1736, 1662, 1617, 1587. 1513, 1460, 1401, 1362, 1300,
1247, 3175, 1089, 1034 cm™!; 'H NMR (500 MHz, CDCl;): 7.24-7.20 (m, 4H,
CH,0C,H,). 6.87-6.85 (m, 4H, CH,OC H,). 6.25 (t. J = 6.1 Hz, 1 H, CH=C).
468 (ABq, Jiw=69Hz. Av,y;=87Hz, 2H., OCH,0), 439 (s, 2H.
CH,OCH,CH,). 4.40-437 (m, 1H. H-6), 434 (ABq, J,p =11.4Hz,
Avag = 9.3 Hz.2H. CH,0CH,CH,).4.09(d,J = 6.1 Hz. 2H,OCH,CH=C). 4.02
(ABq, Jyy =11.1 Hz, Av,s = 34.9 Hz, 2H, CH=CCH,0), 3.84 (s. 1H, C5-OH),
3.802 (s. 3H, OCH,), 3.799 (s. 3H. OCH,). 3.78-~3.76 (m. 1 H, H-7), 3.76 (s. 3H.
CO,CH,;), 3.73-3.64 (m. 3H, H'-7 and OCH,CH,OCH;). 3.51 (t, J = 4.5, 2H,
CH,OCH,), 3.36 (s, 3H. CH,OCH,), 3.92 (d. J=7.0Hz, 1H, CH(OH)): '°C
NMR (125 MHz, CDCl,): 173.4, 159.2, 135.1, 131.4, 130.0, 129.8, 129.4, 129.4,
73.0,72.3, 72.1. 71.7, 69.0. 66.9. 66.0, 64.1. 58.9, 55.2, 53.2; FAB HRMS calcd for
C,0H400,,Cs (M + Cs)*: 697.1625; found m/z = 697.1625.

(4R 55, E)-5-13-[ (4-Methoxyphenyl)methoxy]-1-[| (4-methoxyphenyl)methoxy|-
methylj|-1-propenyl|-2,2-dimethyl-4-|{[2-(trimethylsilyl)ethox y|methoxy|methylj-1,3-
dioxacyclopentane-S-carboxylic acid, methyl ester (28a). A solution of diol 27h
(1.55 g. 2.55 mmol) and PPTS (128 mg, 0.511 mmol) in dichloromethane (35 mL) at
07°C was treated with 2-methoxypropene (1.22 mL, 12.8 mmol). The reaction mix-
ture was stirred at 0°C for 3 h. treated with an additional amount of 2-
methoxypropene (0.50 mL, 5.23 mmol), and stirred at 0“C for 4 h. The reaction
mixture was quenched at 0 °C with NaHCO, (35 mL) and warmed to room temper-
ature. The aqueous phase was separated and extracted with ethyl acetate
(3x50mL). The combined organic extracts were dried (Na,SO;), filtered. and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ether: petroleum ether 3:7 — 4:6) gave acetonide 28a (1.45 g, 88 %) as
a colorless oil. [a]22 = + 55.6 (¢ 1.22 in CHCl,, 83% ee): R, =0.38 (silica,
cther:petroleum ether 1:1); IR (thin film): ¥,_,, = 2951, 1731, 1613, 1514, 1455,
1372, 1246, 1174, 1060. 856 cm~'; 'H NMR (500 MHz. CDCl,): 6 =7.23 (d,
J=83Hz, 2H, CH,0CH,). 7.18 (d. J = 8.3 Hz, 2H, CH,0C.H,). 6.86 (d,
J =8.3Hz, 2H, CH,0C.H,), 6.84 (d, J = 8.3 Hz, 2H, CH,0CH,). 6.19 (dd.
J=6.5,59Hz, 1H. CH=C). 5.00 (dd. J = 8.2, 4.2 Hz, 1 H. H-6), 4.63 (s, 2H.
OCH,0). 4.40 (s, 2H. CH,0C,H,CH,). 429 (s, 2H, CH,OC H,CH,). 4.10
(dd. /=134, 6.5Hz, 1H, OCHH'CH=C), 4.07 (dd. /=134, 59Hz, 1H,
OCHH'CH=C). 3.88 (ABq, J,p =11.6 Hz, Av,, = 20.1 Hz. 2H, CH=CCH,0),
3.79 (s. 6H, OCH; and OCH,), 3.68 (s. 3H, CO,CH,). 3.64-3.55 (m. 2H,
OCH,CH,Si(CH,),). 3.51 (dd, J =10.2, 42 Hz, 1H, H-T), 3.43 (dd, J =10.2,
8.2 Hz, 1H. H'-7). 1.53 (s. 3H, CH,), 1.35 (s, 3H. CH,). 0.91 (t, J = 8.4 Hz, 2H,
CH,Si(CH,),). 0.00 (s, 9H, Si(CH,),); '*C NMR (125 MHz, CDCl,): 6 =172.6,
159.61. 159.60. 133.2, 130.5. 130.21. 130.20, 129.8, 129.7, 114.2, 114.1, 110.8, 95.3,
86.8. 79.6. 72.8, 72.4, 68.0, 66.2, 65.6. 65.4, 55.6, 53.2, 28.4, 26.4, 18.4, —1.0; FAB
HRMS caled for C, H,0,0SiNa (M + Na)*: 669.3071; found m/z = 669.3080.

(4R 58, E)-5-[3-[(4-Methoxyphenyl)methoxy|- 1-[[(4-methoxyphenyl)methoxy]-

methyljl-1-propenyl]-4-|[|2-(methoxy)ethoxy]methoxyjmethyl|-2,2-dimethy}-1,3-

dioxacyclopentane-5-carboxylic acid methyl ester (28b). A solution of diol 27i (30 g.
0.053 mol) in dichloromethane (400 mL) at 0°C was treated with 2-methoxy-
propene (50 mL.0.52 mol)and PPTS (0.71 g, 2.82 mmol). The reaction mixture was
warmed to room temperature, stirred for 8 h, and concentrated in vacuo to give a
crude oil. Purification by flash column chromatography (silica, ethyl ac-
etate: petroleum ether 1:2) gave acetonide 28b (25 g, 77%). [x]32 = + 51.6 (¢ 9.35
in CHCl,, 75% ee); R, = 0.34 (silica, ethyl acetate:petroleum ether 3:7); IR (thin
film): ¥_,, = 2936, 2879, 1735, 1612, 1514, 1462, 1372, 1249, 1175,1071, 822 cm™*;
'H NMR (400 MHz, CDCl,): § =7.23-7.15 (m. 4H. CH,OCH,), 6.87-6.81 (m.
4H, CH;0C¢H,), 6.18(dd. J = 6.6, 5.8 Hz. 1H,CH=C).4.99(dd, J = 8.2. 4.4 Hz.
1H, H-6). 4.66 (ABq. J.p = 6.9 Hz, Av,, = 3.1 Hz. 2H, OCH,0). 4.38 (s. 2H,
CH,OC,H,CH,). 4.27 (s, 2H. CH,0C,H,CH,). 4.09 (dd, J =13.2, 6.6 Hz. 1H.
CHH'CH=C). 4.05 (dd, J=132, 58Hz 1H. CHH'CH=C), 3.87 (ABq.
Jus =11.7 Hz, Av,, =10.7 Hz, 2H, CH=CCH,0). 3.77 (s, 3H, OCH,), 3.77 (s,
3H, OCH,;), 3.67 (s. 3H. CO,CH,), 3.64-3.62 (m. 2H, OCH,CH,0CH,), 3.54
(dd.J =10.3.4.4 Hz, 1| H. H-7). 3.48 -3.46 (m, 2H, CH,0CH,), 3.40 (dd. J =10.3.
8.2 Hz, 1H, H'-7), 3.33 (s. 3H. CH,0CH,), 1.51 (s, 3H, CH,). 1.34 (s. 3H. CH};);
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13C NMR (125 MHz, CDCl,): § =172.5, 159.6, 159.5, 133.2, 130.4, 130.2, 130.0.
129.8, 129.7, 114.1, 114.0, 110.7. 95.9. 86.8. 79.5, 72.8. 72.4, 72.0. 68.0, 67.2, 66.1,
65.4. 59.2. 55.6, 53.1, 28.4, 26.4; FAB HRMS calcd for C,,H,,0,,Cs (M + Cs)*:
737.1938; found m/z =737.1954.

(4R,5S8,E)-9-(2-Hydroxyethylidene)-2,2-dimethyl-4-[|[2«(trimethylsilyl)ethoxy|-
methoxy]methyl}-1,3,7-trioxaspiro|4.4|nonan-6-one (29a). A solution of the ace-
tonide 28a (7.45 g, 11.5 mmol) in chloroform (300 mL) and water (15 mL) was
treated with DDQ (7.85 g, 34.6 mmol). The reaction mixture was stirred vigorously
at room temperature for 12 h. The reaction mixture was quenched with NaHCO,
(300 mL) and extracted with ethyl acetate (3 x 300 mL). The combined organic
extracts were dried (MgSQ,). filtered, and concentrated in vacuo to give a crude oil.
Purification by flash column chromatography (silica. ethyl acetate:petroleum ether
3:7 - 4:6) gave the lactone 292 (3.70 g, 86 %) as a colorless oil. [«]32 = — 34.2 (¢
2.95 in CHCI,, 83% ee); R, = 0.53 (silica, ethyl acetate:petroleum ether 2:3); IR
(thin film): ¥_,, = 3454, 2958, 2893, 1770, 1462, 1377, 1217, 1198, 1061. 838 cm ™"
'"HNMR (500 MHz, CDCl,): § = 5.82-5.79 (m. 1 H. C=CH), 5.07 (dd. J =13.7,
1.3 Hz, 1H, CHH’-lactone ring). 4.89 (dd. J =13.7, 2.0 Hz, 1H, CHH"-lactone
ring), 4.60 (ABq. Jug = 6.5 Hz, Av,, =7.6 Hz, 2H, OCH,0), 4.55 (dd, J =7.7.
5.7 Hz, 1H, H-6), 4.28 (d, J = 5.2 Hz, 2H, CH,0H, coincident peaks). 3.79 (dd,
J =97, 57Hz, 1H, H-7). 3.61-3.51 (m, 3H, OCH,CH,Si(CH,), and H'-7), 2.04
(brs, 1H, CH,OH . 1.63(s. 3H, CH,), 1.56 (s, 3H, CH,), 0.91 (app.t. J = 8.1 Hz,
2H, CH,Si(CH,),). 0.01 (s, 9H, Si(CH,),); '*C NMR (125 MHz, CDCl,):
d=176.3,133.9.128.3,112.4,95.7. 81.9, 81.0, 69.4, 66.6, 66.2, 60.4, 27.6, 25.8, 18.5,
—1.0; FAB HRMS caled for C,,H,,0,SiNa (M + Na)*: 397.1659; found m/
= = 397.1643.

(4R.5S,E)-9-2-Hydroxyethylidene)4-|{|2-(methoxy)ethoxy)methoxy|methyl}-2,2-
dimethyl-1,3,7-trioxaspiro[4.4]nonan-6-one (29b). A solution of the acetonide 28b
(48.9 g, 0.081 mol) in chloroform (1550 mL) and water (77 mL) was treated with
DDQ (55.2 g, 0.24 mol). The reaction mixture was stirred at room temperature for
16 h and then diluted with with ethy! acetate (1000 mL) and NaHCO, (1500 mL).
The aqueous phase was separated and extracted with ethyl acetate (3 x 50 mL). The
combined organic extracts were dried (MgSO,), filtered, and concentrated in vacuo
to give a crude oil. Purification by flash column chromatography (silica,
methanol:dichloromethane 1:99 —1:24) gave lactone 29b (21 g. 78%). [«]3? =
— 48.7 (¢ 2.81 in CHCl,, 75% ee); R, = 0.16 (silica, ethyl acetate: petroleum ether
1:1): IR (thin film): ¥, = 3450, 2938. 2892, 1779, 1460, 1376, 1217, 1076,
872cm™'; '"H NMR (500 MHz. CDCl,): 6 = 5.76 (ddd., J =7.6, 4.9, 2.1 Hz, 1H.
C=CH), 5.04 (dd, J =13.7, 1.4 Hz, 1 H, CHH’ -lactone ring), 4.90 (dd, J =13.7.
2.1 Hz. tH, CHH' -lactone ring). 4.61 (ABq, J,s = 6.7 Hz, Av,g = 8.4 Hz, 2H,
OCH,0), 4.51 (dd, J = 8.1, 5.6 Hz. 1 H, H-6), 4.20-4.24 (m, 2H, CH,0H). 3.72
(dd.J =9.6,5.6 Hz. 1H,.H-7), 3.62-3.58 (m, 3H, OCH,CH,0CH, and H"-7), 3.51
(app.t. J = 4.4 Hz, 2H, CH,OCH,), 3.34 (s, 3H, OCH,). 2.94 (brdd, J = 5.4,
5.2 Hz, 1H, OH), 1.58 (s, 3H., CH,), 1.52 (s, 3H, CH,); '3C NMR (125 MHz,
CDCl,): 6 =176.4, 133.3, 128.8, 112.2, 96.3, 81.8, 80.7, 72.0. 69.5, 67.6, 66.7. 60.2,
59.4, 27.4. 25.7: FAB HRMS calcd for C, H,,0,Cs (M + Cs)"* : 465.0526: found
mjz = 465.0539.

(4R,SR,8R.95)-9-Hydroxy-8,9-bis(hydroxymethyl)-2,2-dimethyl-4-{|[2-(trimethylsi-
lyl)ethoxylmethoxy]methyl)-1,3,7-trioxaspiro{4.4|nonan-6-one (30a). A solution of
lactone 29a (2.24 g, 5.98 mmol) in THF (35 mL) and z-butanol (35 mL) was treated
with NMO (2.10 g. 17.9 mmol). The reaction mixture was cooled to 0 °C and treated
with osmium tetroxide (1.54 mL, 0.299 mmol, 4.76 wt % in H,0), stirred at 0 “C for
24 h, quenched with solid Na,SO, (3.01 g, 23.9 mmol), stirred for 15 min. treated
with Florisil (3.45 g). and again stirred for 15 min. It was then filtered through
Celite and the fiitrate was concentrated in vacuo to give a crude oil, which was
diluted with ethyl acetate (100 mL) and washed with a mixture of aqueous HCl (1 m,
30 mL) and brine (90 mL). The aqueous phase was separated and extracted with
ethyl acetate (3 x 75 mL). The combined organic extracts were washed with a mix-
ture of NaHCO, (40 mL) and brine (30 mL). This aqueous phase was likewise
separated and extracted with ethyl acetate (3 x 75 mL). The combined organic ex-
tracts were dried (MgSO,), filtered, and concentrated in vacuo to give a crude oil.
The crude oil (2.42 g. 99%) was used in the next step without any further purifica-
tion. Pure compound could be obtained, however, by flash column chromatography
(silica. ethy! acetate:petroleum ether 2:3 —1:1) to yield the triol 30a (2.04 g, 83 %)
as a white solid. [a]3? = + 38.9 (¢ 1.50 in CHCl;. 83% ee): R, = 0.33 (silica, ethyl
acetate:petroleum ether 2:3); IR (thin film): ¥,,,, = 3388, 2952, 2895, 1788, 1384,
1250, 1217. 1059, 838 cm ™ !; 'H NMR (500 MHz, CDCl,): § = 4.97 (brs, 1H, C4-
OH), 4.85 (dd, J =7.0, 3.4 Hz, 1H, H-6), 4.75 (s, 2H, OCH,0), 4.48 (dd. / = 5.9,
3.9 Hz. tH, H-3).4.13(dd, J =11.6, 3.4 Hz, 1 H, H-7), 4.08 (dd, / =11.9, 3.9 Hz,
1H. CHCHH'OH), 4.05 (dd, J =119, 59 Hz, 1H, CHCHH'OH), 3.89 (ABq,
Jan = 29.6 Hz, Av,y = 26.9 Hz, 2H, C(OH)CH,0H). 3.86 (dd, J =11.6, 7.0 Hz,
1H, H'-7), 3.69-3.61 (m, 2H, OCH,CH,Si(CH,),). 1.47 (s, 3H. CH,). 1.42(s, 3H,
CH,). 0.95-0.92 (m, 2H, CH,Si{CH,),). 0.01 (s. 9H, Si(CH,),); '3C NMR
(125 MHz, CDCl,): 6 =174.1, 111.2, 95.6, 84.5, 83.3, 80.0, 78.0, 66.3, 65.5, 62.6,
59.7. 27.0, 25.4. 18.5. —1.0: FAB HRMS calcd for C,,H,;,0,SiNa (M + Na)*:
431.1713; found m/z = 431.1720.

(4R,5R.8R,9S5)-9-Hydroxy-8,9-bis(hydroxymethyl)-4-}}|2-(methoxy)ethoxy]metho-
xyjmethyl}-2,2-dimethyl-1,3,7-trioxaspiro|4.4Jnonan-6-one (30b). A solution of al-
lylic alcohol 29b (11 g, 33.0 mmol) and NMO (11.6 g, 0.10 mol) in ¢-butanol
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(193 mL), THF (193 mL) and water (3.8 mL) at 0C was treated with osmium
tetroxide (2.5 wt% in 1-butanol, 16.8 mL, 1.34 mmol). The reaction mixture was
stirred at 0°C for 6 h, quenched with Na,SO, (16.7 g}, stirred for 15 minutes,
treated with Florisil (20 g), again stirred for 15 min, warmed to room temperature,
and filtered, and the filtrate was concentrated in vacuo to give a crude oil. A solution
of the crude lactone in ethyl acetate (300 mL) was treated with triethylamine (5 mL).
The reaction mixture was stirred at room temperature for S min and washed with
aqueous HCI (1 M, 100 mL), NaHCO, (300 mL), and brine (300 mL). The aqueous
phases were sequentially extracted with more ethyl acetate (3 x 300 mL). The com-
bined organic extracts were dried (MgSO,), filtered, and concentrated in vacuo to
give the triol 30b (12.5 g, 100%) as a red oil. The triol was usually used in the next
step without any further purification. Pure compound could be obtained. however,
by flash column chromatography (silica, ethyl acetate: petroleum ether 1:1 — 3:1).
{2)5’ = + 43.3(c 1.36 in CHCl,, 75% ee); R, = 0.19 (silica, ethyl acetate); IR (thin
film): ¥, = 3395, 2940, 2893, 1784, 1457, 1377, 1114, 1058, 862 cm ™ !; *H NMR
(500 MHz, CDCl,): 6 = 4.93 (s, 1 H, C4-OH), 4.85 (dd, J =7.1, 3.5 Hz, 1 H, H-6),
4.80 (ABq. J, = 6.8 Hz, Av,p = 5.4 Hz, 2H, OCH,0), 4.48 (dd, J = 5.8, 4.1 Hz,
1H, H-3), 4.16 (dd. J =114, 3.5Hz, 1H, H-7), 4.11-4.07 (m, 1H, CH,0H),
4.06-4.03 (m, 2H, CHCH,0H), 3.95 (dd, J =11.7, 5.9 Hz. 1 H, C(OH)CHH'OH),
3.89 (dd, /=114, 7.t Hz, 1H, H"-7), 3.87-3.81 (m. 3H, C(OH)CHH'OH and
CH,0H), 3.77-3.70 (m, 2H, OCH,CH,OCH,), 3.58 (app.t, J = 4.5 Hz, 2H.
CH,0CH;), 3.39 (s, 3H, OCH,), 1 .46, (s, 3H, CH,), 1.42 (s, 3H, CH,); '3C NMR
(125 MHz, CDCly): 6 =174.1, 111.2, 96.5, 84.6, 83.6, 79.9, 78.0, 72.2, 67.8, 65.8,
62.5, 59.5, 59.4, 27.0, 25.4; FAB HRMS calcd for C,;H,,0,,Na (M + Na)*:
389.1424; found m/z = 389.1429.

(4R.5R,8R,9S)—9—Hydroxy-9—llydroxymethyl—l,l—dimethyl-s-ln(l,l-di.meﬂlylethyl)—
diphenylsilylioxylmethyl]4-||2-(trimethylsilyl)ethoxylmethoxy|methy)}-1,3,7-triox-
aspirojd.4nonan-6-one (31). A solution of the triol 30a (641 mg, 1.60 mmol) in
DMF (7 mL) was treated with imidazole (218 mg, 3.20 mmol), DMAP (10.0 mg.
81.9 umol), and TPSCI (428 pL., 1.65 mmol). The reaction mixture was stirred at
room temperature for 12 h, poured into a mixture of aqueous HCI (1 M)/brine (1:3,
20 mL), and extracted with ethyl acetate (3 x 25 mL). The combined organic ex-
tracts were washed with a mixture of NaHCO,/brine (1:1, 20 mL) and brine
(20 mL). They were then dried (MgSO,). filtered, and concentrated in vacuo to give
a crude oil. Purification by flash column chromatography (silica, ether: petroleum
ether 3:7 — 2:3) gave diol 31 (930 mg, 89%) as a clear oil. [2]22 = + 35.4(c 0.88 in
CHCI,, 83% ee); R, =0.33 (silica, ether:petroleum ether 1:1); IR (thin film):
Vma = 3415, 2953, 2893, 2859, 1789, 1463, 1428, 1376, 1249, 1218, 1119, 1061,
859 cm™': '*H NMR (500 MHz, CDCl,): 6 =7.69-7.65(m, 4H, Ph), 7.47-7.39 (m,
6H, Ph), 4.93 (s, 1H, C4-OH), 4.89 (dd. J =7.2. 3.3 Hz. 1 H, H-6). 4.76 (ABq,
Jas = 6.9 Hz, Av,y = 4.7Hz, 2H, OCH,0) 4.45 (dd. J = 5.3, 3.8 Hz, 1H. H-3),
4.18 (dd, J =11.6, 3.3 Hz, 1 H, H-7), 4.13 (dd, J =11.5. 5.3 Hz, 1 H, CHH'OSi).
4.08 (dd, J=11.5 38Hz, 1H. CHHOSi), 395 (dd. J=12.0, 6.3Hz, 1H.
CHH'OH), 3.89 (dd, / =11.6, 7.2 Hz, 1H, H-7), 3.88 (dd, / =12.0, 6.1 Hz, 1 H,
CHH'OH). 3.70-3.61 (m, 2H, OCH,CH,Si(CH,);), 2.98 (dd, J = 6.3, 6.1 Hz, 1 H,
CH,0H). 1.49 (s, 3H, CH,), 1.44 (s, 3H, CH,). 1.05 (s, 9H, SiC(CH,),). 0.94
(app.t, J=84Hz, 2H, CH,Si{(CH,);), 0.01 (s, 9H. Si(CH,),); *C NMR
(125 MHz, CDCl,): 6 =173.8, 136.0, 135.9, 132.2, 131.9, 130.7, 128.5, 128.4, 111.1,
95.5,84.5, 82.8, 80.0, 78.2, 66.0, 65.3, 62.6, 61.9, 27.1, 27.0, 254, 19.5. 18.4, —1.0;
FAB HRMS caled for C,;;H;,0.Si,Cs (M + Cs)*: 779.2048; found
mjz =779.2060.

(4R,5R,8R,95)-9-}{ (— )-Camphanyloxy]methyl|-9-hydroxy-2,2-dimethyl-4-{[[2-(tri-
methylsilyl)ethoxylmethoxyjmethyl}-8-(3,5-dinitrobenzoyl)methyi}-1,3,7-trioxas-

piro|4.4jnonan-6-one (32). A solution of 31 (233 mg, 0.36 mmol) in pyridine (2.5 mL)
was treated with DMAP (4.4 mg, 36 umol) and (- )-camphanic acid chioride
(234 mg, 1.08 mmol). The reaction mixture was stirred at room temperature for 6 h
and then diluted with dichloromethane (10 mL) and water (10 mL). The aqueous
phase was separated and extracted with dichloromethane (3 x 10 mL). The com-
bined organic extracts were dried (MgSO,), filtered, and concentrated in vacuo to
give a crude oil. Purification by flash column chromatography (silica, petroleum
ether:ethyl acetate 9:1 — 5:1) gave the camphate ester (173 mg, 73 %). A solution
of the camphate ester (216 mg, 0.26 mmo!l) in THF (3.4 mL) at 0°C was treated with
acetic acid (30 pL, 0.53 mmol) and TBAF (1.0min THF, 0.31 mL, 0.31 mmol). The
reaction mixture was stirrred at 0°C for 1 h, warmed to room temperature, and
diluted with water (10 mL) and ethyi acetate (10 mL). The aqueous phase was
separated and extracted with ethyl acetate. The combined organic extracts were
dried (MgSO,), filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography (silica, ethyl acetate: petroleum ether 1:1) gave the
diol (129 mg, 84 %). A solution of the diol (129 mg, 0.22 mmol) in pyridine (1.5 mL)
was treated with DMAP (2.7mg, 22 pmol) and 3,5-dinitrobenzoyl chloride
(151 mg. 0.66 mmol). The reaction mixture was stirred at room temperature for 1 h
and then diluted with water (10 mL) and dichloromethane (10 mL). The aqueous
phase was separated and extracted with dichloromethane (3 x 20 mL). The com-
bined organic extracts were dried (MgSQ,). filtered, and concentrated in vacuo to
give a crude oil. Purification by flash column chromatography (silica. ethyl ac-
etate:petroleum ether 1:5 —+1:3) gave the diester 32 (128 mg, 75%) as a white
crystalline solid. Diester 32 was recrystallized three times from hot heptane/ethyl
acetate. Single crystals of 32 were grown by allowing a solution of 32 in hot heptane/
ethyl acetate to partially evaporate siowly overnight. M.p. {46 147 °C (heptane/
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ethyl acetate); [a]3? =+ 50.2 (c 0.84 in CHCl,); R, = 0.89 (silica, ethyl ac-
etate: petroleum ether 1:1); IR (thin film): v, = 3352, 3104, 2957, 2894, 1792,
1741, 1629, 1548, 1459, 1381, 1346, 1312, 1274, 1219, 1164, 1104, 1058 cm ™ !;
'H NMR (500 MHz, CDCl,): § = 9.25-9.24 (m, 1 K, Ar), 9.19-9.18 (m, 2 H, Ar),
5.20(d.J =12.2 Hz, 1 H. C(OH)CHH'0), 5.11 (brd, J = 12.5 Hz, 1 H, CHCHH'O),
5.00-4.96 (m, 2H, C4-OH and CHCHH'O), 4.89 (d, J = 6.5 Hz, 1H, OCHH'0),
4.85-4.82 (m. 2H, OCHH'O and H-6), 4.75 (dd, J =12.6, 8.7 Hz. 1H, H-3), 4.41
(d,J =12.1 Hz, 1 H, C(OH)CHH'0),4.19(dd, J =11.4,4.3 Hz, 1 H, H-7), 4.06 (dd,
J=11.4,20Hz, 1 H, H'-7), 3.68 (d, J = 8.6 Hz, 1 H, OCHH'CH,Si(CH,),), 3.66
(d, J = 8.6 Hz, t H, OCHH CH,Si(CH,),), 2.46 (ddd, J =13.2, 10.9, 4.2 Hz, 1 H,
CH,}, 2.10(ddd, / =13.4,9.4,4.4 Hz, 1 H, CH,), 1.96 (ddd, J =13.1, 10.9, 4.4 Hz,
tH, CH,), 1.72 (ddd, J =13.2, 9.4, 4.0 Hz, 1H, CH,), 1.52 (s. 3H, CH,), 1.45 (s,
3H, CH,), 1.10 (s, 6H, CH; and CH,), 0.98 (s, 3H, CHj;), 0.99-0.96 (m, 2H,
CH,Si(CH,),), 0.03 (s, 9H, Si(CH,),); '*C NMR (125 MHz, CDCl,): 6 =177.4,
172.5,167.3,162.1, 148.5,133.1, 129.5, 122.4, 110.5, 95.1, 90.6, 83.9, 82.4, 77.7, 76.8,
66.2, 65.4, 65.0, 62.9, 54.6, 54.3, 30.8, 28.7, 26.5, 24.7, 17.8, 16.7. 16.6, 9.5, —1.5;
FAB HRMS caled for C,,H,N,0,,8iCs (M + Cs)*: 915.1620; found
mfz = 915.1640.

(4R,5R B8R 9S5)-9-Formy|-9-hydroxy-2,2-dimethyt-8-f{[ (1,I-dimethylethyl)diphenyi-
silyljoxy]methyl}-4-[[2~(trimethylsilyl)ethoxy]methoxyJmethyl}-1,3,7-trioxaspiro-
[4.4|nonan-6-one (33). A solution of the diol 3F (1.47g, 2.27 mmol) in
dichloromethane (50 mL) was treated with Dess—Martin periodinane (2.88 g,
6.81 mmol). The reaction mixture was stirred at room temperature for 12 h, diluted
with cther (50 mL), quenched with 25% Na,$,0, in aqueous NaHCO, (25 mL),
and stirred vigorously for 15 min. The aqueous phase was separated and extracted
with ether (3 x 50 mL). The combined organic extracts were dried (MgSO,), fil-
tered, and concentrated in vacuo to give a crude oil. Purification by flash column
chromatography (silica, ether:petroleum ether 2:8 — 3:7) gave the aldehyde 33
(1.41 g, 96 %) as a colorless oil. [@)3? = + 63.9(c 0.82in CHCl,, 83 % ee); R, = 0.33
(silica, ether:petroleum ether 3:7); IR (thin film): v, = 3361, 3072, 2953, 2891,
1796, 1731, 1463, 1428, 1384, 1249, 1112, 1057, 836 cm~'; 'HNMR (500 MHz,
CDCly): 6 = 993 (s, 1H, CHO), 7.66-7.63 (m, 4H, Ph), 7.47-7.40 (m, 6 H, Ph),
$.06(dd.J =7.1, 5.1 Hz, 1 H, H-3),4.94 (s, 1 H, C4-OH), 4.85(dd. J = 4.3, 3.6 Hz,
1H, H-6), 4.71 (s, 2H, OCH,0), 4.00 (dd, J =11.7, 3.6 Hz, 1H, H-7), 3.96 (dd,
J=10.7, 7.1 Hz, 1 H, CHH'0Si), 3.92 (dd, J =10.7, 5.1 Hz, 1 H, CHH'0Si), 3.83
(dd, J =117, 43 Hz, 1 H, H'-7), 3.67-3.64 (m, 2H, OCH,CH,Si(CH,),). 1.49 (s,
3H, CH;), 1.46 (s, 3H, CH,), 1.02 (s, 9H. SiC(CH,),). 0.99-0.96 (m, 2H,
CH,54(CH,),), 0.04 (s, 9H, Si(CH,),); '*C NMR (125 MHz, CDCl,): 6 =197.2,
172.5,136.0, 135.9, 132.6, 132.5, 130.5, 128.33, 128.30, 111.9, 95.3, 86.2, 82.1, 80.3,
717, 66.2, 64.4, 60.2, 27.2, 27.0, 25.7, 19.4, 18.4, —1.0; FAB HRMS calcd for
Ci3H450,481,Cs (M + Cs)*: 777.1891; found m/z =777.1862.

(4R,5R8R.95)-9-Hydroxy-2,2-dimethyl-8-[| (1,1-dimethylethyldiphenylsilylloxy]-
methyll-4-{l[2-(trimethylsityl)ethoxylmethoxylmethyl]-6-oxo-1,3,7-trioxaspiro{d.4}-
nonan-9-carboxylic acid (34). A solution of the aldehyde 33 (3.39 g, 5.25 mmol) in
t-butanol (30 mL) and water (7.5 mL) was treated with 2-methyl-2-butene (2.0M in
THE, 11.0 mL, 22.0 mmo}) and NaH,PO,-H,0 (761 mg, 5.51 mmol). The reaction
mixture was stirred at room temperature for 15 min, treated with NaCIO, (1.42 g,
15.8 mmol), and stirred for 3 h. The reaction mixture was cooled to 0 °C, quenched
with aqueous HCI (1 M, 100 mL), and extracted with dichloromethane (4 x 300 mL).
The combined organic extracts were dried (Na,SO,), filtered, and concentrated in
vacuo to provide the acid 34 (3.47 g, 100%) as a colorless oil. The crude acid was
usually used in the next step without any further purification. R, = 0.55 (silica,
CH,Cl,:MeOH:[H,0:AcOH (3:1)] 90:10:1.5); IR (thin film): ¥, = 3332, 2957,
2894, 1790, 1731, 1472, 1428, 1384, 1251, 1113, 1059, 836cm~'; 'H NMR
(500 MHz, CDCl,): 6 =7.69-7.62 (m, 4H. Ph), 7.49-7.41 (m, 6H, Ph), 6.20 (s.
tH, C4-OH), 4.95-493 (m, 2H, H-6 and H-3), 4.84 (ABq. J,, = 6.8 Hz,
Avy, =114 Hz, 2H, OCH,0). 4.34 (dd, J =124, 2.5 Hz, 1H, H-7), 4.23 (dd,
J =124, 3.5Hz, 1H, H-7), 4.21-4.17 (m. 2H, CH,08i), 3.77-3.66 (m, 2H,
OCH,CH,Si(CH,),), 148 (s. 3H, CH,), 1.44 (s, 3H, CH,), 1.02 (s, 9H,
SiC(CH,),), 0.95 (app.t, J = 8.3 Hz, 2H, CH,Si(CH,),), 0.02 (s, 9H, Si(CH,),);
*3C NMR (125 MHz, CDCL): § =172.8, 170.2, 136.1. 135.9, 132.1, 131.6, 130.7,
128.5,128.4.112.0,95.7, 84.6, 82.0, 80.2, 77.8, 66.6, 64.2, 62.2, 27.1, 27.0, 25.5, 19.5,
18.3. —1.0; FAB HRMS calcd for C33H 40,,5i,Cs (M + Cs)*: 793.1840; found
mfz =793.1852.

(4R,5R 8R.9S5)-9-Hydroxy-2,2-dimethyl-8-{{{ (1,1-dimethylethyl)dipbenylsityljoxy}-

methyll—4—Illz-(tﬂmelhylsﬂyl)e(hoxylmelhoxylmethyl|-6-oxo-1,3,7-triompiro|4.4}-

nonan-9-carboxylic acid pheaylmethyl ester (35). A solution of the acid 34 (3.47 g,
5.25 mmol) in toluene (90 mL) was treated with DCBI (3.30 g, 10.5 mmol). The
reaction mixture was heated at 100 °C for 1.5 h, cooled to room temperature, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ether:petroleum ether 1:9 — 2:8) gave benzy! ester 35 (3.77 g, 96%
from 33) as a colorless oil. [a}3? = + 31.3 (¢ 3.35 in CHCl,. 83% ee); R, = 0.55
(silica, ether:petroleum ether 3:7); IR (thin film): 5, = 3331, 3070, 2953, 2882,
1797, 1741, 1472, 1428, 1376, 1275, 1111, 939, 837cm~'; 'HNMR (500 MHz,
CDCl,): 6 =7.67-7.63 (m, 4H, Ph), 7.45-7.43 (m, 2H, Ph), 7.40-7.36 (m. OH,
Ph).5.54 (s, 1H, C4-OH), 5.20 (ABq, Joa =12.3 Hz, Av,, = 32.1 Hz, 2H, CH,Ph),
5.15 (. J = 5.2 Hz, 1H, H-3), 495 (dd. J = 6.3, 5.3 Hz, 1H, H-6), 4.71 (ABq,
Jan = 6.8 Hz, Av,y = 24.8 Hz, 2H, OCH,0), 4.14 (dd, J =11.3, 5.3 Hz, 1H, H-7),
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4.08 (d,J = 5.2 Hz, 2H, CH,08Si), 3.98 (dd, J =11.3, 6.3 Hz, 1 H, H'-7), 3.67-3.63
(m, 2H, OCH,CH,Si(CH,;),), 1.44 (s, 3H, CH,), 1.28 (s, 3H, CH,), 1.05 (s, 9H,
SiC(CH,),), 0.98 -0.95 (m, 2H, CH,Si(CH,),), 0.04 (s. 9H, Si(CH,),); **C NMR
(125 MHz, CDCl,): 6 =172.3, 168.4, 135.5, 135.4, 134.4, 132.2, 131.9, 130.0, 129.9,
128.6,128.4, 127.82, 128.80, 111.6, 95.0, 85.4, 81.0, 80.2, 77.8, 67.9, 65.6,64.7,61.1,
27.1, 26.6, 25.2, 19.0, 179, —1.5; FAB HRMS caled for C4oH;3,0,,5i,Cs
(M + Cs)*: 883.2310; found mfz = 883.2351.

(4R,5R,8R.95)-9-Hydroxy-8-hydroxymethyl-2,2-dimethyl-4-|[[2(trimethylsilyl)-
ethoxymethoxylmethyl}-6-0xo-1,3,7-trioxaspiro|4.4[nonan-9-carboxylic acid phenyl-
methyl ester (36). A solution of benzyl ester 35 (3.77 g, 5.03 mmol) in THF (50 mL)
at 0 °C was treated with acetic acid (0.578 mL, 10.1 mmol) and TBAF (1.0min THF,
6.03 mL, 6.03 mmol). The reaction mixture was stirred at 0°C for 2 h, quenched
with water (50 mL), and extracted with ethyl acetate (3 x 160 mL). The combined
organic extracts were dried (MgSO,), filtered, and concentrated in vacuo to give a
crude oil. Purification by flash column chromatography (silica, ethyl ac-
etate:petroleum ether 2:8 — 4:6) gave diol 36 (2.49 g, 97%) as a colorless oil.
[o18? = + 45.2(c 0.84in CHCI,.83% ee); R, = 0.42 (silica, ethyl acetate: petroleum
ether 1:4); IR (thin film): ¥_,, = 3451, 3301, 2952, 2895, 1789, 1740, 1458, 1377.
1277, 1192, 1057, 837 cm ™' ; "H NMR (500 MHz, CDCl,): § =7.40-7.33 (m, SH,
Ph).5.88(s, 1H, C4-OH), 5.23(s,2H, CH,Ph). 5.03(dd, J = 4.7,4.6 Hz. 1 H, H-3),
4.88 (dd, J = 5.9, 5.6 Hz, 1 H, H-6), 4.67 (ABq, J,5 = 6.8 Hz, Av,, = 28.6 Hz, 2H,
OCH,0). 4.10 (dd, J =114, 5.6 Hz, 1H. H-7), 4.07 (dd, J =12.6, 4.6 Hz, 1H,
CHH'OH), 4.02 (dd, J =12.6, 4.7 Hz, 1H, CHH'OH), 3.94 (dd, J =11.4, 5.9 Hz,
1H, H'-7), 3.64-3.56 (m, 2H, OCH,CH,Si(CH,),), 2.89 (brs, 1H, CH,0H), 1.40
(s, 3H, CH;), 1.25 (s. 3H, CH,), 0.93-0.90 (m, 2H, CH,Si(CH,);), 0.00 (s, 9H,
Si(CH,)3); °C NMR (125 MHz, CDCly): 6 =173.0, 169.0, 134.9, 129.2, 129.1,
129.0,112.2,95.5,85.9, 81.4,81.3, 78.3, 68.5, 66.3, 65.0, 60.3, 27.5,25.7, 18.4, —1.0;
FAB HRMS caled for C;,H,0,08iCs (M + Cs)*: 645.1132; found
mjz = 645.1148.

(4R,5R 85.,95)-8-Formyl-2,2-dimethyl-4-[[|2-(trimethylsilyl)ethoxy}methoxy}-
methyl]-6-0x0-9-| (trimethylsilyloxy]-1,3,7-trioxaspiro|4.4|nonan-9-carboxylic acid
phenylmethyl ester (39). A solution of diol 36 (432 mg, 0.843 mmol) in N-methyl-N-
(trimethylsilyl)-trifluoroacetamide (0.55 mL, 2.95 mmol) was heated at 160°C for
2 h. The reaction mixture was cooled to room temperature and concentrated in
vacuo to give a crude oil. A solution of the crude bissilyl ether 37 [R, = 0.73 (silica,
ether: petroleum ether 1:1)] in dichioromethane (28 mL) and methanol (2.8 mL)
was treated with PPTS (30.7 mg, 0.122 mmol). The reaction mixture was stirred at
room temperature for 5min, quenched with phosphate buffer solution (pH 7,
20 mL), and extracted with dichloromethane (3 x 15 mL). The combined organic
extracts were dried (MgSO,), filtered and concentrated in vacuo to give the alcohol
38 (0.49 g. 100%) as a colorless oil [R, = 0.36 (silica, ether:petroleum ether 1:1)].
A solution of the crude alcohol 38 (490 mg, 0.843 mmol) in dichloromethane
(50 mL) was treated with Dess—Martin periodinane (429 mg, 1.01 mmol). The reac-
tion mixture was stirred at room temperature for 2 h, diluted with ether (100 mL),
and filtered through Celite. The filtrate was washed with 25% Na,S,0; in aqueous
NaHCO, (30 mL). The aqueous phase was separated and extracted with ether
(3 x50 mL). The combined organic extracts were dried (MgSO,}, filtered, and con-
centrated in vacuo to give a crude oil. Purification by flash colemn chromatography
(silica, ether:petroleum ether 3:7 — 4:6) gave aldehyde 39 (0.48 g, 97 % from 36) as
a colorless oil. [a]22 = +18.9 (¢ 1.60 in CHCl,, 83% ee); R, =0.48 (silica,
cther:petroleum ether 2:3); IR (thin film): ¥,,, = 3361, 3072, 2953, 2891, 1796,
1731, 1463, 1428, 1384, 1249, 1112, 1057, 836 cm~!; 'H NMR (500 MHz, CDCly):
d =9.67 (s, 1H, CHO), 7.44-7.34 (m, SH, Ph), 5.31 (s, 1H, H-3), 5.25 (ABq,
Jan =12.0 He, Av,, = 40.6 Hz, 2H, CH,Ph), 4.87 (dd. J = 6.3, 6.3 Hz, 1H, H-6),
4.66 (ABQq, J,; = 6.8 Hz, Av,, = 49.7 Hz, 2H, OCH,0). 4.00 (d, J = 6.3 Hz. 2H,
H-7, H'-7, coincident peaks), 3.67-3.53 (m, 2H, OCH,CH,Si(CH,),), 1.43 (s, 3H.
CH,), 1.33 (s, 3H, CH;), 0.93-0.90 (m, 2H, CH,Si(CH,),), 0.05 (s. 9H,
OSi(CH,);). 0.01 (s, 9H, CH,Si(CH,),); '*C NMR (125 MHz, CDCl,): 6 =195.5,
172.0, 167.5, 134.5, 129.63, 129.60, 129.2, 112.1, 95.3, 85.5, 85.1, 84.8, 79.4, 69.3,
65.7. 65.5, 27.0, 25.2, 18.5, 1.9, —0.9; FAB HRMS calcd for C,,H,,0,,5i,Na
(M + Na)*: 605.2214; found m/z = 605.2239.

(4R,5R.85,95)-2,2-Dimethyl-4-{|[2-(trimethylsilyl)ethoxyjmethoxy|methyl}-6-0x0-9-
[(trimethylsilyl)oxyl-1,3,7-trioxaspiro{4.4|nonan-8,9-dicarboxyfic acid bis(phenyl-
methyl) ester (41a) and (4R,5R,85,95)-9-hydroxy-2,2-dimethyl-4-[[[2-(trimethylsi-
Iylethoxyjmethoxy|methyl}-6-0xo-1,3,7-trioxaspiro[4.4jnonan-8,9-dicarboxylic acid
bis(phenylmethyl) ester (41b). A stirred solution of the aldehyde 39 (250 mg,
0.429 mmol) in r-butanol (3.6 mL) and water (0.9 mL) was treated with 2-methyl-
2-butene (2.0m in THF, 0.50mL, 1.80 mmol) and NaH,PO,-H,0 (62.0 mg,
0.450 mmol). The reaction mixture was stirred at room temperature for 15 min,
treated with NaClO, (116 mg, 1.29 mmol), and stirred for 3 h. The reaction mixture
was cooled to 0°C, quenched with aqueous HCI (t M, 10 mL), and extracted with
dichloromethane (4 x 20 mL). The combined organic extracts were dried (MgSO,),
filtered. and concentrated in vacuo to give acid 40 (257 mg, 100%) [R, = 0.48 (silica,
CH,Cl,:MeOH:[H,0:AcOH (3:1)]90:10:1.5)] which was used in the next step
without any further purification. A solution of the crude acid 40 (257 mg,
0.429 mmol) in toluene (17 mL) was treated with DCBI (175 mg, 0.558 mmol). The
reaction mixture was heated to 60°C for 3 h, cooled to room temperature, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
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raphy (silica, ether:petroleum cther 2:8 — 3:7) gave dibenzyl ester 41a (178 mg,
60% over 2 steps) and the desilylated dibenzyl ester 41b(41.0 mg, 16 % over 2 steps)
as colorless oils.

Data for 41a: [aJ32 = + 28.1 (c 2.76 in CHCl,, 83% ee); R, =0.25 (silica,
ether:petroleum ether 1:4); IR (thin film): v_,, = 2953, 2896, 1804, 1763, 1456,
1383, 1252, 1191, 1060, 849 cm~*; 'H NMR (400 MHz, CDCl,): 6 =7.36-7.33 (m.
10H, Ph), 542 (s, 1H, H-3), 522 (ABq, J s =12.2 Hz, Av,, = 86.2 Hz, 2H,
CH,Ph),5.19(ABq, J,5 =12.0 Hz, Av,y = 25.5 Hz, 2H, CH,Ph), 4.81 (dd, J = 9.1,
2.4 Hz, 1H, H-6), 4.68 (ABq, J,5 = 6.8 Hz, Av,, = 26.0 Hz, 2H, OCH,0), 4.04
(dd,J =11.2,2.4 Hz, 1H, H-7),3.98 (dd,J =11.2,9.1 Hz, 1H, H'-7),3.69-3.55 (m,
2H, OCH,CH,Si(CH,),), 1.44 (s, 3H, CH,), 1.32 (s, 3H, CH,), 0.94 (app.t,
J=85Hz, 2H, CH,S{(CH,),), 0.13 (s, 9H, OSi(CH,);), 0.02 (s, 9H,
CH,Si(CH;),); *C NMR (125 MHz, CDCl,): 6 =172.0, 167.8, 166.1, 134.7, 134.5,
129.4, 1293, 129.25, 129.20, 129.1, 129.0, 112.1, 95.2, 85.8, 85.4, 80.8, 80.5, 69.0,
68.3,65.9, 65.5,27.1, 25.5, 18.5, 2.4, —0.9; FAB HRMS calcd for Cy H,40,,Si,Cs
(M + Cs)* : 821.1790; found m/- = §21.1821.

Data for 41b: [¢]3> = + 60.7 (¢ 0.70 in CHCl,, 83% ee); R, =0.20 (silica,
ether:petroleum ether 3:7); IR (thin film): ¥, = 3302, 2951, 1801, 1774, 1745,
1455, 1384, 1273, 1216, 1178, 1063, 837cm™'; 'HNMR (500 MHz, CDCl,):
& =7.35-7.28 (m, 8H, Ph), 7.26-7.23 (m, 2H, Ph), 5.62(d, J =1.5 Hz, 1 H, H-3),
5.57(d,J =1.5 Hz, 1H, C4-OH), 5.18 (s, 2H, CH,Ph), 5.11 (ABq, J,, = 24.1 Hz,
Av,y =27.0Hz, 2H, CH,Ph), 484 (dd, J = 6.1, 4.4 Hz, 1 H, H-6), 4.69 (ABq,
Jas = 6.8 Hz, Av,s =11.3 Hz, 2H, OCH,0), 4.02 (dd, J =11.5, 6.1 Hz, 1 H, H-7),
3.86(dd,J =11.5,4.4 Hz, 1H, H"-7), 3.65-3.55 (m, 2H, OCH,CH,Si(CH,),), 1.40
(s, 3H. CH,), 1.26 (s, 3H, CH,), 0.95-0.91 (m, 2H, CH,Si(CH,),), 0.02 (s, 9H,
Si(CH,),); '*C NMR (125 MHz, CDCl,): § =172.3, 168.2, 165.2, 135.2, 134.5,
129.3,129.2, 129.11, 129.07, 128.9, 112.1, 95.6, 86.0, 80.75, 80.73, 78.4, 69.0, 68.2,
66.5, 64.2, 27.8, 25.8, 18.5, —0.9; FAB HRMS caled for C,; H,,0,,SiCs
(M + Cs)*: 749.1394; found m/z =749.1429.

(4R,5R 85.,95)-9-Hydroxy-4-hydroxymethyl-2,2-dimethyl-6-0xo-1,3,7-trioxaspiro-
14.4)joonan-8,9-dicarboxylic acid bis(phenylmethyl) ester (42) and (4R,5R,85,95)-4-
hydroxymethyl-2,2-dimethyl-6-0x0-9- (trimethylsilyl)oxy}-1,3,7-trioxaspiro|4.4)-
nonan-8,9-dicarboxylic acid bis(phenylmethyl) ester (44) from silyl ether 41a. A solu-
tion of benzy! ester 41a (178 mg, 0.258 mmol) in dichloromethane (25 mL) at 0°C
was treated with trifluoroacetic acid (0.994 mL, 12.9 mmol). The reaction mixture
was warmed to room temperature, stirred for 1 h, diluted with toluene (25 mL), and
concentrated in vacuo until approximately 2 mL of solution remained. The reaction
mixture was azeotropically distilled with toluene (2 x 10 mL) to give a crude oil.
Purification by flash column chromatography (silica, ether:petroleum ether 1:1)
gave alcohol 44 (60.0 mg, 42%) and diol 42 (31 mg, 25%}) as colorless oils.

Data for 44: [a)3> = + 52.5 (¢ 0.99 in CHCl,, 83% ee); R, =047 (silica,
ether:petroleum ether 3:1); IR (thin film): ,,, = 3535, 2957, 1802, 1763, 1747,
1254, 1178, 1068, 849 cm™'; 'H NMR (500 MHz, CDCl,): 6 =7.37-7.30(m, 10H,
Ph), 5.35 (d, J=119Hz, 1H, CHH'Ph), 534 (s, 1H, H-3), 519 (ABq,
Jas =12.0 Hz, Av,5 =17.2 Hz, 2H, CH,Ph), 5.07 (d, J =11.9 Hz, 1H, CHH'Ph),
4.69(t,J = 5.8 Hz,1H,H-6),4.01 (d,J = 5.8 Hz,2H, CH,0H), 1.44 (s, 3H,CH,),
1.30(s.3H, CH,), 0.13(s,9H, Si(CH,),); ! *C NMR (125 MHz, CDCl,): § =172.0,
168.0, 166.5, 134.22, 134.20, 129.41, 129.40, 129.3, 129.23, 129.20, 129.1, 112.0, 85.5,
85.1, 829, 80.3, 69.1, 68.5, 61.0, 27.3, 25.8, 2.4; FAB HRMS caled for
C1eH,,0,08iCs (M + Cs)* : 691.0976; found m/z = 691.0951.

Diol 42 from alcohol 41b. A solution of compound 41b (104 mg, 0.169 mmol) in
dichloromethane (15 mL) at 0°C was treated with trifluoroacetic acid (0.651 mL,
8.45 mmol). The reaction mixture was warmed to room temperature, stirred for 2 h,
diluted with toluene (10 mL), and concentrated in vacuo until approximately 2 mL
of solution remained. The reaction mixture was azeotropically distilled with toluene
(2x 10 mL) to give a crude oil. Purification by flash column chromatography (silica,
ether:petroleum ether 1:1 — 3:2) gave diol 42 (72.0 mg, 88%) as a colorless oil.
[o}3? = + 81.8 (¢ 1.20 in CHCl;, 83% ee); R; = 0.33 (silica, ether :petroleum ether
3:1); IR (thin film); §_,, = 3473, 3229, 2991, 2943, 1799, 1771, 1745, 1456, 1385,
1274, 1217, 1177, 1069 cm™!; *HNMR (500 MHz, CDCl,): 6 =7.37-7.20 (m,
10H, Ph). 6.46 (s, 1H, C4-OH), 5.62 (s, 1H, H-3), 5.19 (ABq, J,, =12.1 Hz,
Avap = 25.7Hz, 2H, CH,Ph), 5.10 (ABq, J,z =12.1 Hz, Av,, = 44.3 Hz, 2H,
CH,Ph), 4,77 (dd, J = 3.6, 2.4 Hz, 1H, H-6), 4.20 (dd, J =13.3, 3.6 Hz, 1H,
CHH'OH), 3.97 (brdd, J=13.3, 24 Hz, 1H, CH#'OH), 3.07-2.97 (brs, 1 H,
CH,0H), 1.42 (s, 3H, CH}), 1.30 (s, 3H, CH,); '*C NMR (125 MHz, CDCl,):
5 =171.6, 169.1, 165.3, 135.2, 134.5, 129.3, 129.2, 129.04, 129.0, 128.9, 111.9, 84.6,
81.1, 80.5, 79.9, 69.1, 68.2, 59.0, 27.0, 25.5; FAB HRMS calcd for C,H,40,,Cs
(M + Cs)*: 619.0580; found m/z = 619.0596.

(4S.5R.SS,9S)-4-Fomyl-Z,Z—dimethyl-6-0x0-9-|(trimethylsilyl)oxyl-l,3,7-(rioxns-

piro|4.4|vonan-8,9-dicarboxylic acid bis(phenylmethyl) ester (5). A solution of diol 42
(0.614 g, 1.26 mmol) in N-methyl-N-(trimethylsilyl)trifluoroacetamide (2.2 mL)
was heated at 80°C for 1 h. The reaction mixture was concentrated in vacuo and
dituted with dichloromethane (44 mL) and methanol (4 mL). The reaction mixture
was treated with PPTS (47 mg, 0.19 mmol), stirred at room temperature for S min,
and poured into phosphate buffer solution (pH 7, 120 mL). The aqueous phase was
separated and extracted with dichloromethane (3 x 50 mL). The combined organic
extracts were dried (MgS0,). filtered, and concentrated in vacuo to give the primary
alcohol 43 (0.705 g, 100 %) as a colorless oil. A solution of the crude primary alcohol
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43 in dichloromethane (70 mL) was treated with Dess—Martin periodinane (1.13 g,
2.67 mmol). The reaction mixture was stirred at room temperature for 30 min.
diluted with ether (150 mL), and poured into a 25% Na,S,0,/NaHCO, solution
(150 mL). The aqueous phase was separated and extracted with ether (2 x 50 mL).
The combined organic extracts were dried (MgSO,), filtered, and concentrated in
vacuo to give the aldehyde § (0.655g, 93% for 3 steps) as a colorless oil. The
aldehyde was unstable to silica gel chromatography and usually used in the next step
without any further purification. [x]3? = + 29.6 (¢ 1.51 in CHCI,, 83% ee);
R; = 0.20 (silica, ethyl acetate:petroleum ether 1:6); IR (thin film): v,,, = 2936,
2857, 1806, 1764, 1738, 1456, 1384, 1351, 1254, 1222, 1191, 1144, 1085cm~!;
'HNMR (500 MHz, CDCl,): 6 =9.53(d, J = 0.7 Hz, 1 H, CHO), 7.36-7.34 (m,
10H, Ph), 5.34 (d, J =12.1 Hz, 1 H, CHH'Ph), 5.23 (s, 2H, CH,Ph), 5.21 (s, 1H,
H-3), 515 (d. J =12.1 Hz. 1H, CHH'Ph), 4.80 (d. J = 0.7 Hz, 1 H, H-6). 1.51 (s,
3H,CH,).1.37(s, 3H, CH,). 0.14 (s, 9 H, Si(CH,)); '*C NMR (125 MHz, CDCl,):
6 =192.0, 171.6, 168.5, 166.4, 133.9, 128.9, 128.8, 128.7, 128.6, 128.5, 114.1, 88.4,
85.3. 84.0, 79.5, 68.7, 68.5, 26.7, 25.8. 1.6; FAB HRMS calcd for C,4H,,0,,5iNa
(M + Na)": 579.1662; found m/z = 579.1669.

[4R4-(1R),5R 8S,95]4-|Hydroxy(2-methyl-1,3-dithian-2-yl)methyl}-2,2-dimethy}-
6-oxo-9-|(trimethylsilyl)oxy]-l,3,7-trioxaspiro|4.4]nonnn—8,9-dicarboxylic acid Dbis-
(phenylmethyl) ester (45a) and [4R,4<(15),5R,8S,95]-9-hydroxy-4-|hydroxy(2-me-
thyl-1,3-dithian-2-yl)methyl]-2,2-dimethyl-6-0xo0-1,3,7-trioxaspiro|4.4]nonan-8,9-di-
carboxylic acid bis(phenylmethyl) ester (45b). A solution of 2-methyl-1,3-dithiane
(81 uL, 0.68 mmol) at —40°C in THF (20 mL) was treated with n-butyllithium
(1.60M in hexane, 0.42 mL, 0.67 mmol). The reaction mixture was warmed to
—25°C, stirred for 1.5 h, and then cooled to — 78 °C. A solution of the aldehyde 3
(249 mg, 0.45 mmol) in THF (2 mL) was cooled to — 78 °C and cannulated rapidly
into the solution of the lithiated dithiane. The reaction mixture was stirred at
—78°C for Smin, quenched with a solution of acetic acid in THF (0.5M in
THF, 1.5mL, 0.75 mmol), and warmed to room temperature. The reaction
mixture was diluted with NH,Cl (20 mL) and ether (20 mL). The aqueous phase
was separated and extracted with ether (2 x 30 mL). The combined organic phases
were dried (MgSO,), filtered. and concentrated in vacuo to give a crude oil. Purifi-
cation by flash column chromatography (silica, ethyl acetate:petroleum ether
1:8 —1:5) gave dithiane 45a (94 mg, 30%) and dithiane 45b (94 mg, 34%) as
colorless oils.

Data for 45a: [«]3? = + 30.3 ( 0.30 in CHCl,, 83% ee); R, = 0.58 (silica, ethyl
acetate:petroleum ether 1:3); IR (thin film): ¥_,, = 3476, 2940, 1798, 1748, 1454,
1383, 1264, 1216, 1169, 1142, 1095 cm~'; 'H NMR (500 MHz, CDCl,): 6 =7.35-
7.31 (m, 10H, Ph), 5.56 (d, J =1.5Hz, 1H, H-7). 548 (s. 1H, H-3), 5.26 (d,
J=12.0Hz, 1H, CHH'Ph), 524 (d, J=120Hz. 1H. CHH'Ph), 520 (d,
J=120Hz, 1H, CHH'Ph), 514 (d, J=12.0Hz 1H, CHH'Ph), 4.86 (d,
J=1.5Hz, 1 H, H-6), 4.83 (s, 1H, C7-OH), 3.15(ddd, J =13.5, 11.5, 3.0 Hz, 1 H,
CH,),2.98(ddd, J =13.5,11.5, 3.0 Hz, 1 H, CH,), 2.65-2.55 (m. 2H, CH,), 2.10-
2.05(m.1H,CH,).1.91-1.82(m, 1H, CH,), 1.53 (s, 3H. CH,), 1.47 (s, 3H, CH,),
1.30(s,3H,CH,), 0.26 (s, 9H, Si(CH,),); 3C NMR (125 MHz, CDCl,):6 =171.7,
168.8, 165.8, 134.5, 134.1, 128.5, 128.4. 128.3, 126.9, 110.9, 84.7, 81.4, 80.6, 79.4,
70.7. 68.4, 67.6, 53.2, 26.8, 26.3, 25.8, 25.1, 23.8, 23.3, 2.2;: FAB HRMS calcd for
C33H4,0,08,8iCs (M + Cs)* : 823.1043; found m/z = 823.1030.

Data for 45b: [a]22 = +11.3 (¢ 0.15 in CHCl,, 83% ee); R, = 0.30 (silica, ethyl
acetate: petroleum ether 1:3); IR (thin film): 3, = 3225, 3064. 1800, 1770, 1743,
1498, 1456, 1424, 1375, 1349, 1271, 1216, 1172, 1060, 1003 cm™~}; 'H NMR
(500 MHz, CDCl,): 6 =7.34-7.26 (m, 10H, Ph), 7.06 (br s, 1 H, C4-OH), 5.63 (brs,
1H. H-3). 522 (s, 2H, CH,Ph), 5.15 (d, J=12.0 Hz, 1H, CHH'Ph), 5.10 (d,
J=12.0Hz, 1 H, CHH'Ph), 4.85(d,J = 9.0 Hz2, 1H,H-7),4.58 (d.J = 9.0 Hz, 1 H.
H-6).,4.32 (brs, 1H, C7-OH), 2.98-2.86 (m, 2H, CH,), 2.63-2.54 (m. 2 H, CH,),
1.99-1.94 (m, 1H, CH,), 1.85-1.78 (m. 1 H, CH,), 1.51 (s, 3H, CH,), 1.39 (5. 3H,
CH;), 1.30 (s, 3H, CH,); '*C NMR (125 MHz, CDCl,): 6 =170.6, 168.3, 165.1,
134.7,134.3, 128.5, 128.4, 128.3,128.2, 1§1.8, 85.9, 81.1, 80.6, 78.5, 69.8, 68.2, 67.4,
529, 26.8, 26.6, 25.9, 24.6, 23.6, 22.8; FAB HRMS calcd for C,,H,,0,,S,Cs
(M + Cs)*: 751.0648; found m/z =751.0660.

[4R,4-(1R),5R 8S5,95)-9-Hydroxy-4-Jhydroxy(2-methyl-1,3-dithian-2-yl)methyl}-2,2-
dimethyl-6-0xo0-1,3,7-trioxaspirol4.4|nonan-8,9-dicarboxylic acid bis(phenylmethyl)
ester (45¢). A solution of dithiane 45a (56 mg, 0.081 mmol) in dichloromethane
(4 mL) was treated with 2% HC1/MeOH (1 mL). The reaction mixture was stirred
at room temperature for 5min and concentrated in vacuo to give a crude oil.
Purification by flash column chromatography (silica, ethyl acetate:petroleum ether
1:4) gave the dithiane 45¢ (38 mg, 76 %) as a colorless oil. [a}3? = + 35.0 (¢ 0.04 in
CHCI,, 83% ee); R, = 0.24 (silica, ethy] acetate:petroleum ether 1:4); IR (thin
film): ¥,,, = 3263, 2982, 2936, 1798, 1771, 1743, 1498, 1456, 1423, 1384, 1351, 1275,
1216, 1176, 1147, 1066 cm~'; 'HNMR (500 MHz, CDCl,): 6 =7.35-7.23 (m.
10H, Ph), 6.24 (brs. 1 H, C4-OH), 5.62 (brs, 1 H, H-3), 5.60 (brs, 1 H, H-7), 5.22
(d, /=121 Hz, 1H, CHH'Ph). 5.18 (d. /=12.2 Hz, 1H, CHH'Ph), 5.12 (d,
J=12.1Hz, 1H, CHH'Ph), 5.01 (d, J =12.2 Hz, 1H. CHH'Ph), 4.49 (brs, 1H,
H-6), 3.52 (brs, 1H, C7-OH), 2.96-2.91 (m, 2H. CH,), 2.63-2.59 (m. 2H, CH,),
2.10-2.05(m. 1H, CH,), 1.87-1.77 (m, 1H, CH,). 1.52 (s. 3H, CH,), 1.43 (s, 3H,
CH,), 1.33 (s, 3H. CH,); '*C NMR (125 MHz, CDCl,): § =171.0, 168.0, 164.9,
134.5,134.1,128.6, 128.5, 128.4, 128.3, 111.7, 84.4, 80.8, 80.2, 76.9, 68.3, 67.6, 65.9,
52.3, 26.3, 26.1, 25.6, 25.1, 23.6, 23.4: FAB HRMS caled for C3,H,,0,,5,Cs
(M + Cs)™: 751.0648; found m/z =751.0661.
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(3aR,4R,5R,6aS8,75,9a R)-Dihydro4,5-dihydroxy-2,2,5-trimethyl-9-oxo-SH,9H-1,3-
dioxolo}4,5-clfuro|3,4-blpyran-6a,7(7H )-dicarboxylic acid bis(phenyimethyl) ester
(468). A solution of the dithiane 45a (38 mg, 0.061 mmol) in THF (2.4 mL) was
treated with CaCO, (10.6 mg, 0.106 mmol) and aqueous Hg(Cl0,), (0.20m in H,0,
0.485 mL, 0.097 mmol). The reaction mixture was stirred at room temperature for
2 h, treated with ether (10 mL), and stirred for 10 min. The precipitate was removed
by filtration and the filtrate was dried (MgSO,), filtered, and concentrated in vacuo
to give a crude oil. Purification by flash column chromatography (silica, ethyl
acetate:petroleum ether 1:2) gave lactol 46a (23.5 mg, 72%) as a white foam.
[a]22 = +10.9(c0.11 in CHCl,, 83 % ee); R, = 0.20 (silica, ethyl acetate : petroleum
ether 1:3); IR (thin film): %,,, = 3470, 3065, 3033, 2991, 2941, 1805, 1748, 1658,
1498, 1455, 1384, 1356, 1304, 1271, 1246, 1181, 1141, 1126, 1088, 1056 cm ™~ !;
'HNMR (500 MHz, CDCl,):  =7.38-7.26 (m, 10H, Ph), 5.85 (s, 1 H. H-3), 5.29
(d, J=12.0Hz, 1H, CHH'’Ph), 522 (d, J=12.0 Hz, 1H, CHH'Ph), 5.14 (d,
J=12.0Hz, 1H, CHH'Ph), 513 (d, J=12.0Hz, 1H, CHHPh), 4.67 (d,
J=6.0Hz, 1H, H-6), 4.06 (brdd, J = 6.0, 6.0 Hz, 1 H, H-7), 3.52 (brs, 1H, C1-
OH), 2.15 (brd, J = 6.0 Hz, 1 H, C7-OH), 1.52 (s. 3H. CH}), 1.35 (5, 3H, CH,),
1.29 (s, 3H, CH,); '*C NMR (125 MHz, CDCl,): 5§ =171.2, 166.3, 166.1, 134.5,
134.4,128.5, 128.3, 128.0, 126.9, 113.7, 98.4, 82.9, 81.3, 80.5, 80.1, 73.9, 68.2, 67.6,
26.0. 24.8, 23.7; FAB HRMS calcd for C,,H,30,,Cs (M + Cs)*: 661.0686; found
mfz = 661.0655.

(3aR,45,5R,6a.5,7S5,9aR)-Dibydro-4,5-dibydrox y-2,2,5-trimethyl-9-oxo-5H,9H-1,3-
dioxolo[4,5-c|furo|3,4-5|pyran-6a,7(7H)-dicarboxylic acid bis(phenylmethyl)ester
(46b). The procedure described for lactol 46 a gave lactol 46b from 45b in 76 % yield
as a white foam. [«]3? = + 86.5 (¢ 0.20 in CHCl,, 83 % ee); R, = 0.18 (silica, ethyl
acetate: petroleum ether 1:3); IR (thin film): ¥,,, = 3424, 1804, 1761, 1728, 1595,
1453, 1382, 1285, 1215, 1078 cm™'; "H NMR (500 MHz, CDCl,): 6 =7.38-7.26
(m, 10H, Ph), 5.87 (s, 1H, H-3), 5.29 (d, J =12.1 Hz, 1H, CHH'Ph), 5.24 (d,
J=12.5Hz, 1H, CHH'Ph), 521 (d, J=12.1 Hz, 1H, CHH'Ph), 5.20 (d,
J=12.5Hz, 1 H,CHH'Ph),4.92(d, / =7.4 Hz, | H, H-6),4.44(d, / = 12.7 Hz, 1 H,
7-OH), 4.08 (dd, J =12.7, 7.4 Hz, 1 H, H-7), 3.80 (brs, 1H, C1-OH), 1.56 (s, 3H,
CH,), 1.38 (s, 3H, CH;). 1.33 (s, 3H, CH,); '>*C NMR (125 MHz, CDCl,):
0 =171.6,168.4,166.7,134.2,133.9, 128.6, 128.4, 128.3, 114.0, 99.1, 83.1, 79.7, 77.6.
749, 69.2, 67.9, 66.5, 25.8, 25.1, 24.2; FAB HRMS caled for C,,H,;0,,Cs
(M + Cs)*: 661.0686; found m/z = 661.0672.

(7S)-2,7-Anhydm-8—deoxy-4-C-(methoxycarbonyl)-B—C—l(phenyhnethoxy)carbonyl]—
L-glycero-D-altro-T-octulo~7,4-furanosonic acid methyl ester (47a).

Method A: from lactol 46a. A solution of lactol 46a (6.5 mg, 12 pmol) in 2%
HCI/MeOH (1.4 mL) was heated in a sealed tube at 68 °C for 18 h. The reaction
mixture was concentrated in vacuo to give a crude oil. Purification by preparative
TLC (ethyl acetate) gave 47a (2.1 mg, 40%) as a white solid.

Method B: from lactol 107. A solution of benzyl ester 107 (6.3 mg, 11.6 umol) in 2%
HC1/MeOH (1.5 mL) was heated at 80 °C for 19 h. The reaction mixture was con-
centrated in vacuo to give a crude oil. Purification by preparative TLC (ethyl
acetate: petroleum ether 5:1) gave the bicycle 47a (3.2 mg, 64%), identical to a
sample prepared from 46a. [¢]3> = —10.0 (¢ 0.08 in CHC),, 83% e¢); R, = 0.25
(silica, ethyl acetate); IR (thin film): ¥, = 3466, 2919, 2851, 1748, 1444, 1266, 1169,
1045cm™"; "H NMR (500 MHz, CDCl,): § =7.48-7.35 (m. SH, Ph), 5.39 (d,
J=120Hz, 1H, CHH'Ph), 528 (d, J=12.0Hz, 1H, CHHPh), 5.16 (d,
J =23 Hz, 1H,H-6),515(s,1H, H-3),4.16 (d, J = 2.3 Hz, 1 H, H-7), 3.72 (s, 3H,
CO,CH;). 3.59 (s, 3H, CO,CH,), 1.72 (s, 3H. C1-CH,); '*C NMR (125 MHz,
CDCl,): 5 =169.1, 166.9, 166.7, 134.6, 129.0, 128.7, 128.5, 105.1, 91.5, 83.4, 78.2,
75.2,74.4, 68.6, 52.9, 52.4, 22.0; FAB HRMS calcd for C,oH,,0,,Na (M + Na)*:
449.1060; found m/z = 449.1072.

(78)-2,7-Anhydro-8-deoxy-4-C-{methoxycarbonyl)-3-C-{(phenylmethoxy)carbonyl}-
D-glycero-D-altro-T-octulo-7,4-furanosonic acid methyl ester (47b). The same proce-
dure as described for 47a gave bicycle 47b. from 46b, in 54 % yield as a white foam.
[#)3% = — 8.3 (¢ 0.35 in CHCl,, 83% ee); R, = 0.20 (silica, ethyl acetate: petroleum
ether 1:5); IR (thin film): §,,, = 3429, 2924, 2854, 1749, 1445, 1382, 1270, 1234,
1171, 1107 cm™*; 'H NMR (500 MHz, CDCl,): § =7.47-7.38 (m, SH, Ph), 5.39
(d, /=119 Hz, 1H, CHH'Ph), 532 (dd. J = 6.3, 6.3 Hz. 1H, H-6), 5.28 (d,
J=11.9 Hz, 1 H, CHH'Ph), 4.69 (s, 1 H, H-3),4.32 (dd, J = 6.3, 6.3 Hz. 1 H. H-7),
3.75 (s, 1H, C4-OH), 3.72 (5, 3H, C5-CO,CH,), 3.57 (s, 3H, C3-CO,CH,), 3.08
(d./=6.3 Hz, 1H, C6-OH), 3.03 (d, J = 6.3 Hz, 1H, C7-OH), 1.72 (s, 3H, C1-
CH,); '*C NMR (125 MHz, CDCl,): & =169.1, 166.5, 166.4, 134.5, 129.1, 128.7,
128.6, 109.0, 92.4, 74.6, 73.9, 71.0, 68.7, 52.8, 52.5, 19.3; FAB HRMS calcd for
C,4H,,0,,Na (M + Na)*: 449.1060; found m/z = 449.1065.

Data for (33R,4S,6aS,7S,9aR)—Dihydro-4-hydroxy-5—methoxy-2,2,5-trimethyl-9—
oxo-5H.9H-1,3-dioxolo|4,5-c|furo|3,4-b]pyran-6a,7(7H )-dicarboxylic acid bis(phe-
nylmethyDester (50): R, = 0.30 (silica, ethyl acetate:petroleum ether 3:7); IR (thin
film): ¥,,, = 3404, 2953, 2926, 1807, 1770, 1728, 1272, 1084, 1033 cm~*; 'H NMR
(500 MHz, CDCl,): 5 =7.35-7.25 (m. 10H, Ph), 5.73 (s. 1H, H-3), 5.26 (d,
J=125Hz, 1H, CHH'Ph), 525 (d, J=125Hz, 1H, C7-OH), 522 (d,
J =12.5Hz, CHH'Ph), 5.12 (d, J =12.5Hz, 1H, CHH'Ph), 5.09 (d. J =12.5 Hz,
1H, CHH'Ph),4.92(d,J =7.5Hz, 1 H, H-6), 4.04 (dd, J =12.5, 7.5 Hz, 1 H, H-7),
3.11 (s, 3H, OCH;), 1.53 (s, 3H. C1-CH},), 1.37 (s, 3H, CH,), 1.36 (s. 3H, CH,):
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13C NMR (125 MHz, CDCI,): 6 =170.3, 169.9, 164.3, 134.5, 133.7, 128.8, 128.6,
128.4,113.5,103.3,82.7, 79.6, 78.9, 74.2, 69.3, 67.6, 67.4, 48.5, 26.0, 24.9, 18 4; FAB
HRMS caled for CoH,0,,Cs (M + Cs)* : 675.0842; found mjz = 675.0854.

Data for (7S5)-2,7-Anhydro-8-deoxy-4-C-(methoxycarbonyl)4,5-O<(1-methylethyli-
dene)-3-C-{ (phenylmethoxy)carbonyl|-D-glycero-pD-altro-7-octulo-7,3-pyranosonic
acid methyl ester (51): [a]32 = — 21.3 (¢ 0.08 in CHCl;, 83% ee); R, = 0.80 (silica,
ethyl acetate:petroleum ether 5:1); IR (thin film): ¥_,, = 3466, 3063, 3031, 2991,
2954, 1771, 1740, 1438, 1385, 1376, 1322, 1299, 1269, 1232, 1176, 1164, 1125, 1082,
1063, 1024 cm™!; 'H NMR (500 MHz, CDCI; + one drop of C;D,): § =7.48-7.27
(m, SH, Ph), 5.70 (d, / = 5.5 Hz, tH, H-6), 5.39 (d, / =12.0 Hz, | H, CHH'Ph),
5.31(d,s =12.0 Hz, 1 H, CHH'Ph), 4.73 (s, 1 H, H-3 or C7-OH), 4.72 (s, 1 H, H-3
or C7-OH), 4.62 (d, J = 5.5Hz, 1H, H-7), 3.72 (s, 3H, CO,CHj,), 3.58 (s, 3H,
CO,CH,), 1.73 (s. 3H, CH,), 1.47 (s, 3H, CH,), 1.34 (s, 3H, CH,); '*C NMR
(125 MHz, CDCl,): 6 =168.8, 166.3, 165.4, 134.5, 129.1, 128.7, 128.6, 128.5, 127.5,
126.9, 113.8, 107.8, 25.8, 25.3, 18.9; FAB HRMS calcd for C,,H,c0,,Cs
(M + Cs)*: 559.0529; found m/z = 559.0540.

(Z)4-Phenyl-2-butenoic acid methyl ester (57). A solution of bis(2.2,2-trifluoro-
ethyl) (methoxycarbonylmethyl)phosphonate 55 (1.32 g. 4.2 mmol) and 18-crown-6
(5.5 g, 20.8 mmol) in THF (60 mL) at — 78 °C was treated dropwise with potassium
bis(trimethylsilyl)amide (1.0M in THF, 8.3 mL, 4.2 mmol). The reaction mixture
was stirred at —78 °C for S min and then treated slowly with phenylacetaldehyde 56
(500 mg, 4.2 mmol) over a period of 15 min. The reaction mixture was stirred at
—78°C for 30 min and then quenched with NH,Cl (50 mL), warmed to room
temperature and extracted with ether (3 x 50 mL). The combined organic extracts
were dried (MgSO,). filtered. and concentrated in vacuo to give a crude yellow oil.
Purification by flash column chromatography (silica, ethyl acetate:petroleum ether
1:19) gave the cis a.f-unsaturated ester 57 (634 mg, 87 %) as a yellow oil. R, = 0.17
(silica, ethyl acetate:petroleum ether 1:19); IR (thin film): 3_,, = 3028, 2950, 1722,
1645, 1602, 1496, 1437, 1407, 1207, 1168 cm™!; 'HNMR (500 MHz, CDC},):
6 =17.32-7.29 (m, 2H, Ph), 7.24~-7.21 (m, 3H, Ph), 6.37 (dt, J =11.4, 7.5 Hz. 1H,
CH=CHCH,), 5.87 (dt, /=114, 1.8 Hz, 1H, CH=CHCH),), 4.03 (dd, J =7.6,
1.6 Hz,2H, CH,Ph),3.76 (s, 3H,OCH,); *>C NMR (125 MHz, CDCl;): § = 166.8,
148.3, 139.3, 128.6, 126.3, 119.4, 51.2, 35.1; EI HRMS caled for C,,H,,0;:
176.0837, found m/z =176.0829.

(Z)-11(1,1-Dimethylethyl)dimethylsilyljoxy|-4-phenyl-2-butene (60). A solution of
(2-bromoethyl)benzene (27.5 mL, 200 mmol) in benzene (44 mL) was treated with
triphenylphosphine (58.1 g, 220 mmol). The reaction mixture was refluxed for 24 h
and then cooled to room temperature. The upper phase of the two phase mixture
containing excess triphenylphosphine and benzene was decanted and the reaction
mixture was diluted with more benzene (S0 mL). The reaction mixture was refluxed
for 20 min and the decantation procedure was repeated with benzene (50 mL). The
remaining lower phase was concentrated in vacuo to give, after drying in vacuo at
140 °C for 12 h, the yellow phosphonium salt 58 (87.6 g, 92%). A solution of the
phosphonium salt 58 (124.3 g, 278 mmol) in dichioromethane (500 mL) and THF
(600 mL) at 0°C was treated with sodium bis(trimethylsilyl)amide (1.0M in THF,
278 mL, 278 mmol). The red suspension was cooled to — 78 °C and a solution of
(tert-butyldimethylsilyloxy)acetaldehyde 59 [45] (48.4g, 278 mmol) in THF
(300 mL) was added slowly over a period of 20 min. The reaction mixture was
warmed to room temperature, stirred for 1 h, and diluted with water (200 mL). The
reaction mixture was concentrated in vacuo and rediluted with water (300 mL) and
ether (500 mL). The organic phase was separated and washed with water (400 mL),
dried (MgSO,), filtered. and concentrated in vacuo to give a crude orange solid. The
solid was dried in vacuo at room temperature for 24 h and then diluted with
ether:petroleum ether (1:1) (400 mL). The insoluble triphenylphosphine oxide was
filtered and this extraction procedure was repeated with ether: petroleum ether (1:1)
(2x400 mL). Purification by flash column chromatography (silica, ether:
petroleum ether 1:99) gave silyl ether 60 (72.9 g, 99%) as a yellow oil. R, = 0.48
(silica, ethyl acetate:petroleum ether 1:19); IR (thin film): ¥_,, = 3026, 2955, 2928,
2856, 1494, 1472, 1462, 1254, 1100, 1081 cm™'; '"HNMR (500 MHz, CDCl,):
8 =7.31-7.28 (m, 2H, Ph}), 7.21 -7.18 (m, 3H, Ph), 5.68-5.62 (m, 2H, CH=CH),
4.34(d, J = 5.5 Hz, 2H, CH,08i), 3.41 (d, J = 6.7 Hz, 2H, CH,Ph), 0.92 (s, 9H,
SiC(CH,);), 0.09 (s, 6H, Si(CH,),); **C NMR (125 MHz, CDCl,): 6 =140.4,
130.5, 129.1, 128.4, 128.3, 126.0, 59.3, 33.8, 26.0, 18.4, —5.1: FAB HRMS calcd for
C,,H,,08i (M—H)*: 261.1675; found m/z = 261.1682.

(Z)-4-Phenyl-2-buten-1-ol (54).

Method A: from ester 57. A solution of cis a,f-unsaturated ester 57 (120.0 mg,
0.68 mmol) in dichloromethane (1 mL) at — 78 °C was treated with DIBALH (1.0m
in CH,Cl,, 3.0 mL, 3.0 mmol). The reaction mixture was stirred at —78°C for
15 min and then quenched with ethyl acetate (5 mL) and sodium potassium tartrate
(5 mL). The reaction mixture was warmed to room temperature and stirred for 1 h.
The aqueous phase was separated and extracted with ethyl acetate (5mL). The
combined organic extracts were washed with sodium potassium tartrate (3 x S mL),
water (5mL), and brine (10 mL), dried (MgSO,), filtered, and concentrated in
vacuo to give a crude yellow oil. Purification by flash column chromatography
(silica, ethyl acetate: petroleum ether 1:4) gave allylic alcohol 54 (100 mg. 99%) as
a yellow oil.

Method B: from silyl ether 60. A solution of silyl ether 60 (72.9 g, 0.28 mol) in THF
(550 mL) at 0°C was treated slowly with TBAF (1.0m in THF, 292 mL, 0.29 mol)
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over a period of 30 min. The reaction mixture was stirred at 0 °C for 30 min and then
quenched with NH,C1 (300 mL). The reaction mixture was concentrated in vacuo
and diluted with ether (300 mL). The aqueous phase was separated and extracted
with ether (400 mL). The combined organic extracts were washed with water
(500 mL), dried (MgSO,), filtered, and concentrated in vacuo to yield a crude black
oil. Purification by flash column chromatography (silica, ethyl acetate:petroleum
ether 1:9) gave allylic alcoho!l 54 (37.8 g, 90 %) as a yellow oil. R, = 0.38 (silica, ethyl
acetate: petroleum ether 1:4); IR (thin film): v,,, = 3329, 3025, 2921, 1654, 1602,
1495, 1453, 1029 cm ™ ’; 'H NMR (500 MHz, CDCl,): 6 =7.31-7.28 (m, 2H, Ph),
7.22-7.18 (m, 3H, Ph), 5.76-5.74 (m, 2H, CH=CH), 4.32 (d, J = 4.9 Hz, 2H,
CH,0OH), 3.45 (d, J = 5.5 Hz, 2H, CH,Ph), 1.55-1.4 (brs, 1 H, OH); !3C NMR
(125 MHz, CDCl;): 6 =140.1, 131.0, 129.3, 128.5, 128.3, 126.1, 58.5, 33.6; EI
HRMS caled for C,oH,, (M—H,0)*: 130.0783; found m/z =130.0786.

(2R,35)-2-Hydroxymethyl-3-phenylmethyloxirane (53). A suspension of 4 A activat-
ed molecular sieves (27.0 g, 67 wt%) in dichloromethane (800 mL) at —20°C was
treated with a solution (—)-diisopropyl-D-tartrate (8.9 g, 38.1 mmol) in
dichloromethane (10 mL) and titanium(iv) isopropoxide (7.7 g, 27.2 mmol). The
reaction mixture was then treated slowly with a solution of ¢-butylhydroperoxide
{5.5M in decane, 98.9 mL, 0.55 mol) (which had been prestirred over activated 4 A
molecular sieves (40 g)) over a period of 10 min. The reaction mixture was stirred at
—20°C for 30 min and then treated slowly with a solution of allylic alcohol 54
(40.3 g, 0.27 mol) in dichloromethane (200 mL) (which had also been prestirred with
activated 4 A molecular sieves (20 g)) over a period of 20 min. The reaction mixture
was keptin a —20°C freezer for 20 h without stirring, and then warmed to 0°C and
diluted with water (150 mL). After stirring at room temperature for 45 min, it was
treated with 30% aqueous NaOH saturated with NaCl (30 mL). After stirring the
reaction mixture for 30 min, a phase separation occurred and the lower organic
phase was separated. The aqueous phase was separated and extracted with
dichloromethane (2 x 180 mL). The combined organic extracts were dried (Mg-
SO,), filtered, and concentrated in vacuo to give a crude oil. Purification by flash
column chromatography (silica, ethyl acetate: petroleum ether 1:4 — 3:7) gave the
epoxy alcohol 53 (37.0 g, 83%, 81% ee according to 'H and '°’F NMR analysis of
the Mosher’s ester) as a yellow oil. [¢]3? = +12.1 (¢ 0.45 in CHCl,, 81% ee);
R, = 0.15 (silica, ether:petroleum ether 1:4); IR (thin film): ¥_,, = 3412, 2983,
2926, 1603, 1495, 1451, 1035cm™!; 'H NMR (500 MHz, CDCl,): § =7.35-7.32
(m, 2H, Ph), 7.27-7.25 (m, 3H, Ph), 3.97 (m, 1H, CHH'OH), 3.85 (m, 1H,
CHH'OH), 3.30(m, 1 H, CHCH,0H), 3.24 (m, 1 H, CHCH ,Ph), 3.01(dd, J = 14.8,
6.5 Hz, 1H, CHH'Ph). 2.85(dd, J =14.8,6.3 Hz, 1 H, CHH'Ph), 1.69 (m, 1 H, OH);
!3C NMR (125 MHz, CDCl,): § =137.3, 128.7, 128.6, 126.7, 60.7, 57.4, 56.9, 34.2;
FAB HRMS calcd for C,,H,,0,Na (M + Na)*: 187.0735; found m/z =187.0740.

(2R,35)-2-[[ (4-Methoxyphenyl)methoxy|methyl}-3-phenylmethyloxirane (61). A sus-
pension of washed NaH (60 % in mineral oil, 5.6 g, 0.14 mol) in THF (120 mL) was
treated with a solution of epoxyalcohol 85 (19.2 g. 0.12 mol) in THF (30 mL). The
reaction mixture was stirred at room temperature for 2 min and then treated with
PMBCI (19.8 mL, 0.15 mol) and tetrabutylammonium iodide (1.7 g. 4.7 mmol).
The reaction mixture was refluxed for 30 min, cooled to room temperature, and
quenched with NH,Cl (150 mL) and water (40 mL). The reaction mixture was
extracted with ether (2 x 300 mL). The combined organic extracts were dried (Mg-
S0,), filtered, and concentrated in vacuo to give a crude oil. Purification by flash
column chromatography (silica. ether: petroleum ether 1:4) gave epoxide 61 (33.2 g,
73%) a white solid. M.p. 36-44°C; [«)3? = + 4.5 (c 0.82 in CHCl,, 81% ee):
R, = 0.19 (silica, ethyl acetate:petroleum ether 1:9); IR (thin film): ¥_,, = 2910,
2858, 1612, 1512, 1457, 1301, 1248, 1176, 1091, 1034 cm™'; 'H NMR (500 MHz,
CDCl,): 6 =7.32-7.25(m. TH, Ar), 6.89 (d, J = 8.6 Hz, 2H, CH,OCH,), 4.60 (d,
J =11.4 Hz, 1 H, CH,OC H,CHH'), 4.50 (d. J = 11.4 Hz, 1 H, CH,OC,H ,CHH),
3.81 (s, 3H, OCH,), 3.78 (dd, J =11.0, 4.6 Hz, 1 H, CHH'Ph), 3.67 (dd. J =10.9,
6.1 Hz, 1 H, CHH'Ph), 3.28-3.21 (m, 2H, CHOH), 2.89 (dd, J =14.7,6.5 Hz, 1 H,
OCHH'), 2.80 (dd, J =14.8. 6.0 Hz, 1 H, OCH#'); '*C NMR (125 MHz, CDC},):
0 =159.2,137.4,129.8,129.4, 128.7, 128.6. 126.6, 113.7, 73.0, 67.7, 56.3, 55.3, 55.2,
34.3; FAB HRMS calcd for C,,H,,0,Cs (M + Cs)*: 417.0467; found m/z =
417.0478.

(2S,3R)-1-(4-Methoxyphenyl)methoxy|-3-methyl-4-phenylbutan-2-ol (62). A solu-
tion of trimethylaluminum (2.0Mm in hexane, 85.0 mL, 0.17 mol) in toluene (80 mL)
at 0°C was treated with a-butyllithium (2.5 in hexane, 10.2 mL, 25.5 mmol). The
reaction mixture was cooled to —20°C and treated with epoxide 61 (24.4 g,
85.8 mmol). The reaction mixture was stirred at —20 °C for 20 h and acidified with
aqueous HCI (1m) at 0°C to pH 7. The reaction mixture was extracted with ethyl
acetate (2 x 200 mL). The combined organic extracts were washed with NaHCO,
(200 mL) and water (200 mL), dried (MgSO,), filtered, and concentrated in vacuo
to give a crude oil. Purification by flash column chromatography (silica,
ether:petroleum ether 1:4) gave secondary alcohol 62 (22.9 g, 89 %) as a yellow oil.
[¢}32 = +1.1 (c 0.45 in CHCI,, 81% ee); R, = 0.72 (silica, ethyl acetate: petroleumn
ether 2:3); IR (thin film): ¥_,, = 3463, 3026, 2909, 2864, 1611, 1512, 1457, 1368,
1301, 1248, 1176, 1094, 1036 cm~*; 'H NMR (500 MHz, CDCl,): 6 =7.27-7.24
(m,4H, Ar), 7.18-7.16 (m, 3H, Ar), 6.88 (d, J = 8.4 Hz, 2H, CH,0OC,H,),4.48 (d,
J =114 Hz, 1 H, CH,OC,H,CHH'),4.45(d,J =11.4 Hz, 1 H, CH,OC,H ,CHH"),
3.81 (s, 3H, OCH,), 3.74-3.72 (m, 1H, CHOH), 3.47 (dd, J =154, 9.5 Hz, 1H,
OCHH'C(OH)), 3.45(dd, J = 20.0,9.1 Hz, 1 H, OCHH'C(OH)), 2.82(dd, J =13.3,
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6.5Hz, 1H, CHH'Ph), 243 (dd, J =133, 8.6Hz, 1H, CHH'Ph), 226 (d,
J=32Hz, 1H, OH), 1.89-1.84 (m, 1H, CH(CH,)). 0.88 (d, J = 6.8 Hz, 3H,
CH,); '*C NMR (125 MHz, CDCl,): 6 =159.2, 140.8, 129.9, 129.4, 129.1, 128.2.
1258, 1138, 73.0, 72.8, 72.2, 552, 39.6, 37.6, 14.0; FAB HRMS caled for
C1,H,;,0,Cs (M + Cs)* : 433.0780; found m/z = 433.0796.

(2S5,3R)-2-[ (4-Methoxyphenyl)methoxy|-3-methyl-4-phenylbutan-1-0l (64). A solu-
tion of alcoho] 62 (30.0 g, 100 mmol) in dichloromethane (900 mL) was treated with
activated 4 A molecular sieves (6.0 g, 20 wt %). The reaction mixture was stirred at
room temperature for 20 min and then treated with a solution of DDQ (28.4 g,
0.13 mol) in dichloromethane (which had been prestirred with activated 4 A molec-
ular sieves (1.0 g)). The resultant green slurry was stirred at room temperature for
5 h, diluted with ether (500 mL), and filtered. The filtrate was washed with NaH-
CO, (2 x 500 mL), fiitered through Celite, dried (MgS0,). filtered. and concentrat-
ed in vacuo to give a crude oil. Purification by flash column chromatography (silica,
ether:petroleum ether 1:9) gave acetal 63 (15.8 g, 53%) as an oil. Pure acetal could
not be obtained owing to decomposition and this material was usually used directly
in the next step. A solution of the acetal 63 (15.8 g, 53.0 mmol) in dichloromethane
(250 mL) at —78°C was treated with DIBALH (1.0m in CH,Cl,, 63.6 mL,
63.6 mmol). The reaction mixture was warmed to room temperature over a period
2 h. The reaction mixture was then cooled to —78 °C and quenched with methanol
(15mL), NH,Cl1 (140 mL), and water (20 mL). The reaction mixture was warmed
to room temperature and extracted with ethyl acetate (2 x 200 mL). The combined
organic extracts were dried (MgSO,). filtered, and concentrated in vacuo to give a
crude oil. Purification by flash column chromatography (silica, ether:petroleum
ether 3:2) gave primary alcohol 64 (12.9 g, 81 %) as a yellow oil. {@]3? = — 1.4 (¢ 0.35
in CHCl,. 81% ee); R, = 0.58 (silica, ethyl acetate:petroleum ether 2:3); IR (thin
film): v, = 3430, 3025, 2932, 1611, 1512, 1458, 1301, 1247, 1176, 1037 cm™!;
'H NMR (500 MHz, CDCl,): 6 =7.32-7.26 (m, 4H, Ph), 7.21~7.18 (m, 1 H, Ph),
7.13(d, J =7.2 Hz, 2H, CH,OCH,), 6.91 (d, J = 8.5 Hz. 2H, CH,0CH,), 4.63
(d, J=11.1Hz, 1H, CH,OC,H,CHH’), 4.53 (d, J=11.1 Hz, 1H, CH,0C¢
H,CHH'), 3.82 (s, 3H, OCH,), 3.72-3.67 (m, 2H, CH,0H), 3.47-3.44 (m, 1 H.
CH(OCH,Ar)), 2.93 (dd, J =13.3, 4.7 Hz, 1H, CHH'Ph), 2.30 (dd, /=133,
9.9 Hz, 1H, CHH'Ph), 2.13-2.08 (m, 1 H, CH(CH,)), 1.87(dd,J =7.2,5.2 Hz, 1 H,
OH), 0.89 (d, J = 6.9 Hz, 3H, CH;); !3C NMR (125 MHz, CDCl,): § =159.2,
141.0, 130.6, 129.3,129.0, 128.2, 125.8, 113.8, 82.8, 72.1, 62.2. 55.2, 38.7, 36.5, 14.8;
FAB HRMS calcd for C,,H,,0,Cs (M + Cs)*: 433.0780; found m/z = 433.0780.

(25,3R)-2-| (4-Methoxyphenyl)methoxy]-3-methyl-4-phenylbutanal (52). A solution
of oxalyl chloride (8.4 L, 96.5 umol) in dichloromethane (0.8 mL) at —78 °C was
treated with dimethylsulfoxide (9.1 uL, 0.13 mmol). After stirring at — 78 °C for
20 min, the reaction mixture was treated with a solution of alcohol 64 (19.3 mg,
64.3 ymol) in dichloromethane (0.5 mL). After stirring at — 78 °C for 1 h, the reac-
tion mixture was treated with triethylamine (35.8 uL, 0.26 mmol), stirred at — 78 °C
for 1 h, and warmed to room temperature. The reaction mixture was diluted with
water (5 mL) and extracted with ether (10 mL). The organic phase was washed with
NH,(CI (5mL), water (2 x5S mL) and brine (5 mL), dried (MgSO,), filtered, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ethyl acetate: petroleum ether 1:19) gave aldehyde 52 (19 mg, 98 %) as
a yellow oil. [a]32 = — 28.3 (¢ 0.78 in CHCl,. 81% ee); R, = 0.30 (silica, ethyl
acetate:petroleum ether 1:9); IR (thin film): ¥_,, = 2935, 1731, 1611, 1513, 1458,
1376. 1302, 1249, 1176, 1070, 1037 cm™'; '"H NMR (500 MHz, CDCL;): = 9.66
(d, J =1.6 Hz, 1H, CHO), 7.31-7.25(m, 4H, Ph). 7.21 -7.20 (m, 1 H, Ph), 7.09 (d,
J=7.0Hz, 2H, CH,0C.H,), 690 (d, J = 8.6 Hz, 2H, CH,0C.H,), 4.63 (d,
J=11.4Hz 1H, CH,;0C,H,CHH'). 441 (d,J =11.4 Hz, 1 H, CH,0C,H,CHH"),
3.82 (s, 3H. OCH,;), 3.61 (dd, J = 3.4, 1.7 Hz, 1H, CH(OCH,Ar)), 2.76 (dd,
J=13.5, 78 Hz, 1 H, CHH'Ph), 2.56 (dd, J =13.5, 7.4 Hz, 1H, CHH'Ph), 2.30-
2.25 (m, 1H, CH(CH,)), 0.95 (d, J = 6.9 Hz, 3H, CH,); '*C NMR (125 MHz,
CDCl,): 6 = 205.2,159.4, 139.9, 129.7, 129.5, 129.1, 128.3, 126.1, 113.8, 84.8, 72.4,
55.2. 39.4, 37.3, 14.3; FAB HRMS calcd for C,,H,,0,Cs (M + Cs)*: 431.0623;
found m/z = 431.0626.

{2(45,5R)}-2-3-Hydroxy-4-{ (4-methoxyphenyl)methoxy]-5-methyl-6-phenylhexyl}-

1,3-dioxolane (65). A solution of freshly prepared 2-(1,3-dioxolan-2-ylethy!-
magnesium bromide (1.0M in THF, 20 mL, 20 mmol) in THF (20 mL) at room
temperature was treated dropwise with a solution of aldehyde 52 (2.0 g, 6.7 mmol)
in THF (10 mL). The reaction mixture was stitred at 35°C for 6 h and then
quenched with NH,CI (20 mL) and water (3.0 mL). The reaction mixture was con-
centrated in vacuo and extracted with ethyl acetate (2 x 30 mL). The combined
organic extracts were washed with water (40 mL), dried (MgSO,), filtered, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ether:petroleum ether 1:1) gave the alcohol 65 (1.96 g, 73%) as an
inseparable mixture of diastereoisomeric oils. [«]3? = — 4.8 (¢ 0.45 in CHCl,. 81%
ee): R, = 0.48 (silica. ethyl acetate: petroleum ether 2:3); IR (thin film): ¥, = 3479,
2957, 2881, 1611, 1513, 1456, 1403, 1301, 1248, 1035cm~'; 'HNMR (500 MHz,
CDCl,) (multiple peaks due to mixture of diastereoisomers): é =7.31-7.27 (m,4H,
Ar), 7.21-7.13 (m, 3H, Ar), 690 (d, /=84Hz, 2H, CH,0C(H,), 4.89
(t. J=4.6Hz, 1H, CH(O),). 4.67 (d, J=10.9Hz, 0.7H, CH,0C,H,CH,),
4.57 (d, J=11.1 Hz, 0.94H, CH,0C,HCH,), 452 (d, J=11.1 Hz, 0.36H,
CH,O0C H,CH,), 399-396 (m. 2H, OCH,C'H,0), 3.88-3.85 (m, 2H,
OCH,C'#,0). 3.81 (s, 3H, OCH,;), 3.73-3.69 (m. 1 H, CH(OCH,Ar)), 3.24-3.20

Chem. Eur. J. 1995, 1, No. 7

© VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1995

(m, 1H, CH(OH)), 2.89 (dd, J =13.6. 5.5 Hz, 0.67H, CH,Ph), 2.75 (dd, J =13.3,
6.4 Hz, 0.33H, CH,Ph), 2.56-2.49 (m, 1H, CH,Ph), 2.37 (s, 1H, OH), 2.23-2.17
(m. 0.3H, CH(CH,)), 2.13-2.05 (m, 0.7H, CH(CH,)), 1.92-1.83 (m, 1H,
CHH'CH(OH)), 1.80-1.70 (m, 1H, CHH'CH(OH)), 1.70-1.52 (m, 2H,
CH,CH,CH(OH)), 0.98 (4, J = 6.8 Hz, 0.81 H, CH,), 0.90 (d. J = 6.8 Hz, 2.19H,
CH,); 1*C NMR (125 MHz, CDCl,) (multiple peaks due to mixture of diastereoiso-
mers): 6 =159.2, 141.0, 130.6, 129.3, 129.2, 129.1, 128.2, 128.2, 125.8, 125.8, 113.8,
113.8, 85.1, 84.0, 74.4, 73.2, 71.5, 71.4, 64.9, 64.9, 64.8, 55.2, 40.9, 40.2, 37.2, 36.2,
30.4, 30.0, 28.8, 26.9. 14.5, 14.3; FAB HRMS caled for C,,H,,0,Cs (M + Cs)*:
533.1304; found m/z = 533.1293.

[2(45,5R)]-2-]4-{ (4-Methoxyphenyl)methoxy]-5-methyl-3-oxo-6-phenylhexyl]-1,3-
dioxolane (66). A solution of the alcohol 65 (1.8 g, 4.5 mmol) in dichloromethane
(5 mL) was treated with Dess—Martin periodinane (2.2 g, 5.2 mmol). The reaction
mixture was stirred at room temperature for 20 min, diluted with ether (25 mL),
poured into a solution of NaHCOj, (25 mL) containing Na,S,0, (6.5 g), and stirred
vigorously for S min. The organic phase was separated and washed with NaHCO,
(25 mL) and water (25 mL), dried (MgSO,). filtered, and concentrated in vacuo
to give a crude oil. Purification by flash column chromatography (silica,
ether:petroleum ether 3:7) gave ketone 66 (1.65 g, 92%) as a yellow oil. [a]32 =
—29.5 (¢ 0.32 in CHCl,, 81 % ee); R, = 0.31 (silica, ethyl acetate:petroleum ether
1:4); IR (thin film): ¥, = 2882, 1716, 1612, 1513, 1457, 1249, 1138, 1035cm ™",
'HNMR (500 MHz, CDCl,): § =7.31-7.25 (m, 4H, Ph), 7.20-7.18 (m, 1 H, Ph),
7.10(d, J =7.6 Hz, 2H, CH,0C¢H,), 6.90 (d, J = 8.4 Hz, 2H, CH,OC¢H,), 4.89
(t.J =4.2Hz, 1 H, CH(O),), 4.56 (d, J =11.2 Hz, 1H, CH,0C,H,CHH’), 4.23 (d,
J =112 Hz, 1H, CH,0C,H,CHH'), 3.92-3.89 (m, 2H, OCH,C'H,0). 3.83-3.81
(m, 2H, OCH,C'H,0), 3.82 (s, 3JH, OCH,), 368 (4. J=38Hz, 1H,
CH(OCH,Ar)), 2.69 (dd, J=13.5, 7.5 Hz, 1H, CHH'Ph), 2.57-2.51 (m, 3H,
CH,CO, CHHPh), 2.24-2.22 (m, 1H, CH(CH;)), 1.98-194 (m, 2H,
CH,CH,C=0), 0.88 (d, J = 6.8 Hz, 3H, CH,); '*C NMR (125 MHz, CDCl,):
6 =212.0, 159.2, 140.2, 129.9, 129.5, 129.0, 128.3, 126.0, 113.7, 103.1, 86.1, 72.3,
64.8, 64.8, 55.2, 39.6, 38.1, 32.7, 27.0, 14.3; FAB HRMS calcd for C,,H,,0,Cs
(M + Cs)*: 531.1148: found m/z = 531.1162.

[2(4S,5R)]-2-{4-1(4-Methoxyphenyl)methoxy]-5-methyl-3-methylene-6-phenylhexyl]-
1,3-dioxolane (67). A solution of ketone 66 (1.5 g, 3.8 mmo}) in THF (8.5 mL) at
0°C was treated with Tebbe reagent (0.5M in toluene, 10.6 mL, 5.3 mmol). The
reaction mixture was warmed to room temperature, stirred for 1 h, quenched with
NaOH (0.1 M, 1 mL), and stirred vigorously. The deep red solution was dried (Mg-
S0,), filtered through Celite, and concentrated in vacuo to give a crude oil. Purifi-
cation by flash column chromatography (silica, ether:petroleum ether 1:3) gave
olefin 67 (1.27 g, 85%) as a white solid. The solid was recrystallized from cyclohex-
ane (0°C, 24 h) to give enantiomerically enriched product 67 (0.96 g, 76 %, 98 % ee
according to 'H and '°F NMR analysis of the Mosher’s ester of 67). M.p. 4648 °C
(cyclohexane); jaj2? = — 36.4 (c 0.35 in CHCl;, 98% ee); R, = 0.53 (silica, ethyl
acetate: petroleum ether 1:4); IR (thin film): ¥,,, = 2932, 2875, 1611, 1513, 1454,
1247, 1137, 1065, 1038 cm™'; 'H NMR (500 MHz, CDCl,): § = 7.28-7.23 (m, 4H,
Ph), 7.18-7.14 (m. 1H, Ph), 7.09 (d, J=7.3 Hz, 2H, CH,0OC¢H,), 6.88 (d,
J=8.4Hz, 2H, CH,;0C.H,), 5.08 (s, 2H, C=CH,), 491 (t, J =4.7Hz, 1H,
CH(0),), 4.47 (d, J =11.4 Hz, 1 H, CH,OC,H,CHH'), 414 (d, / =11.4 Hz, 1 H,
CH,0C,H,CHH’), 3.99-396 (m, 2H, OCH,C'H,0), 3.88-3.85 (m, 2H,
OCH,C'H,0), 3.81 (s, 3H, OCH,), 3.49 (d, J = 6.3 Hz, 1 H, CH(OCH,Ar)), 2.69
(dd, J =13.5, 5.2 Hz, 1H, CHH'Ph), 2.25 (dd, J =13.5, 9.5 Hz, 1H, CHH'Ph),
2.21-2.16 (m, 1H, CHH'C(=CH,)), 2.08-2.02 (m, 1H, CHH'C(=CH,)), 1.97-
1.94 (m, 1H, CH(CH,)), 1.89-1.85 (m, 2H, CH,CH,C(=CH,)), 0.86 (d,
J =6.6 Hz, 3H, CH,); '*C NMR (125 MHz, CDCly): 6 =158.9, 146.4, 141.1,
130.9,129.3,129.0,128.1, 125.6, 113.6, 112.4, 104.1, 85.8, 69.9, 64.8, 55.2, 39.9, 37.6,
31.9, 25.1, 14.8; FAB HRMS calcd for C, H;,0,Cs (M + Cs)*: 529.1355: found
mjz = 529.1355.

[2(4S,5R)]-2-{4-| (4-Methoxyphenyl)methoxy|-5-methyl-3-methylene-6-phenylhexyl]-
1,3-dithiane (6). A solution of DIBALH (1.0m in CH,Cl,, 28.3 mL, 28.3 mmol) in
benzene (21 mL) at 0°C was treated with 1,3-propanedithiol (1.4 mL, 14.1 mmol).
The reaction mixture was stirred at 0 °C for 10 min and then treated with a solution
of acetal 67 (3.5 g. 8.8 mmol) in benzene (5 mL). The reaction mixture was stirred
at room temperature for 20 h, cooled to 0°C, quenched with methanol (4.3 mL,
0.12 mol), water (2.15 mL, 0.11 mol), and ether (55 mL), and stirred for 10 min.
The reaction mixture was dried (MgSO,). filtered through Celite, and washed with
NaOH (3M, 10 mL) and brine (10 mL), dried (MgSO,), filtered, and concentrated
in vacuo to give a crude oil. Purification by flash column chromatography (silica,
ether:petroleum ether 1:9) gave dithiane 6 (24g, 64%) as a yellow oil.
[2)3? = - 33.6 (¢ 0.17in CHCI,, 98 % ee); R, = 0.64 (silica, ethyl acetate: petroleum
cther 1:4); IR (thin film): ¥, = 2904, 1611, 1512, 1454, 1247, 1176, 1065,
1038 cm~'; "H NMR (500 MHz, CDCl,): 6 =7.28-7.23 (m, 4H, Ph), 7.18-7.15
(m, 1H, Ph), 7.10 (d, J =7.3 Hz, 2H, CH,0C.H,), 6.88 (d, J = 8.4 Hz, 2H,
CH,0C4H,). 5.09 (d, J=6.4Hz, 2H, C=CH,), 447 (d, J=11.4Hz 1H,
CH,OC,H,CHH’), 4.14, (d, J =113 Hz, 1H, CH,OC,H,CHH"), 4.06 (1, J =
6.8 Hz, 1H, SCHS), 3.81 (s, 3H, OCH,), 3.48 (d, J/ = 6.5 Hz, 1 H, CH(OCH,Ar)),
2.87-2.84 (m, 4H, SCH,CH,CH,S), 2.68 (dd, J =13.4, 5.3 Hz, 1H, CHH'Ph),
2.30-2.15(m,4H, CHH'Ph, CH,C(=CH,), SCH,CHH'CH,S),1.98-1.86 (m,4H,
CH(CH,), CH,CH,C(=CH,), SCH,CHH'CH,S), 0.85(d, J = 6.5 Hz, 3H, CH,);
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13C NMR (125 MHz, CDCl,): 6 =158.9, 146.0, 141.1, 130.9, 129.3, 129.1, 128.1,
125.7,113.6, 113.0,85.8, 70.0, 5.2, 47.1, 40.0, 37.6, 33.5, 30.3, 27.8, 26.0, 14.8: FAB
HRMS caled for CyH40,8,Cs (M + Cs)* : 575.1055; found m/z = 575.1061.

(E,45,65)-4,6-Dimethyl-2-octenoic acid methyl ester (71). A solution of diisopropyl-
amine (45 pL, 0.32 mmol) in THF (0.6 mL) at 0 °C was treated with a-butyllithium
(1.6 M in hexane, 0.19 mL, 0.31 mmol). The reaction mixture was stirred at 0 °C for
15 min and then treated dropwise with hydrazone 68 (50 mg, 0.29 mmol). The
reaction mixture was stirred at 0°C for 4 h, cooled to —20°C, and treated again
with n-butyilithium (1.6 M in hexane, 0.19 mL, 0.31 mmol). The reaction mixture
was stirred at — 20 °C for 2 h, cooled to —100°C, and treated with (5)-1-iodo-2-
methylbutane (46 uL, 0.35 mmol). The reaction mixture was slowly warmed to
—78°C, stirred for 45 min, warmed to — 50 °C, and stirred for 30 min. The reaction
mixture was quenched with NH,Cl (4 mL) and diluted with ether (SmL). The
aqueous phase was separated and extracted with ether (5 mL). The combined or-
ganic extracts were washed with brine (5 mL), dried (MgSO,), filtered, and concen-
trated in vacuo to give hydrazone 69 as a crude oil. The crude hydrazone 69 was
immediately dissolved in dichloromethane (3 mL) and treated with ozone at —78 °C
until the hydrazone was consumed, ~ 30 s (time varies with scale). Oxygen was
passed through the reaction mixture for ~ 30 s (time varies with scale), warmed to
room temperature, dried (MgS0O,), filtered, and concentrated in vacuo to give
aldehyde 70 as a crude oil. The crude aldehyde 70 was immediately dissolved in
dichloromethane (3mL) and treated with methyl (triphenylphosphoranyli-
dene)acetate (118.0 mg, 0.35 mmol). The reaction mixture was stirred at room tem-
perature for 3 h, filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography (silica, ether:pentane 1:49) gave a,f-unsaturated
ester 71 (16 mg, 30% for 3 steps, 92% de according to ‘HNMR analysis) as a
yellow oil. [a]3? = + 349 (¢ 0.32 in CHCl,, 92% de); R, = 0.55 (silica, ethyl
acetate:petroleum ether 1:4); IR (thin film): ¥,,, = 2960, 2924, 1728, 1656, 1459,
1272, 1182 cm™'; '"H NMR (500 MHz,CDCl,): 3 = 6.82(dd,J =15.7,8.5 Hz, 1 H,
CH=CH(CO,CH;)), 5.78 (d. 4=15.7Hz, tH, CH=CH(CO,CH,)}, 3.73 (s.
3H, OCH,), 242-238 (m, 1H, CH(CH,)CH=CH). 1.39-1.26 (m, 3H.
CH,CHH'CH(CH,)CHH’), 1.13-1.09 (m, 2H, CH;CHH'CH(CH,)CHH"), 1.03
(d. J = 6.6 Hz. 3H, CH(CH,)CH=CH), 0.86-0.82 (m, 6H, CH,CH,CH(CH,));
!3C NMR (125 MHz, CDCl,): 6 =167.5, 155.1, 119.2, 51.4, 43.4, 34.3, 31.9, 29.8,
20.4, 18.8,11.2; FAB HRMS culed for C,,H,,0,Na (M + Na)*: 207.1361; found
mfz = 207.1367.

(E,48,65)-4,6-Dimethyi-2-octenoic acid (4). A solution of ester 71 (6 mg, 32.6 umol)
in methanol (0.2 mL) and water (0.1 mL) was treated with LIOH-H,0O (4.1 mg,
97.8 umol). The reaction mixture was stirred at room temperature for 3 h, diluted
with water (1 mL), and acidified with aqueous HCl (1M, 1 mL) to pH 3. The reac-
tion mixture was extracted with ethyl acetate (3 x 5 mL). The combined organic
extracts were washed with brine (5 mL), dried (MgSO,), filtered, and concentrated
in vacuo to give a crude oil. Purification by flash column chromatography (silica,
ethyl acetate:petroleum ether 1:4) gave a.f-unsaturated acid 4 (S mg, 90%) as a
yellow oil. [a]3? = + 46.4 (¢ 0.06 in CHCl;. 92% de); R, = 0.62 (silica, ethyl ac-
etate: petroleum ether 2:3); IR (thin film): ¥_,, = 2962, 2919, 2681, 1696, 1694,
1459, 1418, 1288cm™'; 'HNMR (500 MHz, CDCl,): 6 = 6.93 (dd, J =15.6,
8.5 Hz, 1 H, CH=CH(CO,H)), 5.79 (d, J =15.6 Hz, 1H, CH=CH(CO,H), 2.46—
2.42 (m, 1H. CH(CH,)CH=CH), 1.43-1.27 (m, 3H. CH,CHH'CH(CH,)CHH"),
1.16-1.10 (m, 2H, CH,CHH'CH(CH,)CHH’). 105 (d, J=67Hz 3H,
CH(CH,;)CH=CH).0.87-0.84 (m, 6 H. CH,CH,CH(CH,)): *3C NMR (125 MHz,
CDCl,): 6 =171.2,157.6, 118.6,43.1, 34.3, 31.8.29.7, 20.1, 18.7. 11.1; FAB HRMS
caled for C,oH,,0, (M + H)*: 171.1385; found m/z = 171.1391.

[2(4S,5R))-2-[4-Hydroxy-5-methyl-3-methylene-6-phenylhexyl|-1,3-dithiane (76). A
solution of ether 6 (0.55g. 1.2 mmol) in dichloromethane (SmL) and water
(0.25 mL) was treated with DDQ (0.34 g, 1.5 mmol). The reaction mixture was
stirred at room temperature for 30 min and then diluted with water (5 mL) and ether
(5 mL). The aqueous phase was separated and extracted with ether (10 mL). The
combined organic extracts were washed with NaHCO, (4 x 10 mL) until the yellow
color disappeared, and then with brine (10 mL), dried (MgSO,). filtered, and con-
centrated in vacuo to give a crude oil. Purification by flash column chromatography
(silica, ethyl acetate:petroleum ether 1:9) gave allylic alcohol 76 (280 mg, 70%) as
a yellow oil. [a]3? = ~ 9.0 (¢ 0.54 in CHCl,, 98% ee); R, = 0.13 (silica, ethyl ac-
etate: petroleum ether 1:9); IR (thin film): ¥,,, = 3462, 2928, 1450, 1423 cm™?;
'HNMR (500 MHz, CDCl,): § =7.30-7.27 (m, 2H. Ph), 7.23-7.18 (m, 3H, Ph),
5.12 (s, 1H, C=CHH"), 497 (s, 1 H, C=CHH"), 4.03 (t, J = 6.8 Hz, 1 H, SCHS),
3.94 (d, J = 4.6 Hz, 1H, CHOH), 2.89-2.80 (m, 4H, SCH,CH,CH,S), 2.76 (dd,
J =134, 6.3Hz, 1H, CHHPh), 2.46 (dd. /=134, 8.7Hz, 1H, CHH'Ph),
229-2.23 (m, 1H, CHH'C(=CH,)), 2.16-2.09 (m. 2H, CHH'C(=CH,),
SCH,CHH'CH,S), 1.99-194 (m, 1H, CH(CH,)), 1.93-185 (m. 3H,
CH,CH,C(=CH,), SCH,CHH'CH,S), 0.83 (d, J = 6.7 Hz, 3H, CH,;); !3C NMR
(125 MHz, CDCl,): 6 =149.5, 140.9, 129.1, 128.2, 125.8, 110.4, 77.0, 46.9, 40.2,
37.8, 33.6, 30.3, 30.2, 28.6, 25.9. 13.1; FAB HRMS calcd for C,,H,,0S,Na
(M + Na)*: 345.1323; found m/z = 345.1319.

[2(4S,5R)]-2-[S-Methyi-4-[[(1,1-dimethylethyl)diphenylsilyljoxy}-3-methylene-6-phe-
nylhexyl]-1,3-dithiane (77). A solution of allylic alcohol 76 (94 mg, 0.29 mmol) in
DMF (0.2 mlL) was treated with imidazole (40 mg, 0.59 mol), TPSC! (91 uL,
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0.35 mmol), and DMAP (1.7 mg, 13.9 umol). The reaction mixture was heated at
60°C for 12 h, cooled to room temperature, and diluted with ether (5 mL). The
organic phase was washed with water (4 x 5mL), dried (MgSO,). filtered, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ethyl acetate: petroleum ether 0:1 —1:20) gave silyl ether 77 (160 mg,
98%) as a yellow oil. {2]3* = + 21.6 (c 1.5 in CHCl,, 98% ee); R, = 0.26 (silica,
cthyl acetate: petroleum ether 1:19); IR (thin film): 5_,, = 3070, 2931, 2856, 1428,
1112, 1061 cm~*; 'HNMR (500 MHz, CDCl,): § =7.73-7.71 (m, 2H, Ph), 7.67-
7.65 (m, 2H, Ph), 7.45-7.34 (m, 6 H, Ph), 7.23~7.20 (m, 2H, Ph), 7.15-7.12 (m,
1H, Ph), 7.02-7.00 (m, 2H, Ph), 4.99 (s, 1H, C=CHH'), 4.82 (d, J =1.3 Hz, 1H,
C=CHH'), 404 (d, J = 5.4 Hz, 1H, CH(OS})), 4.00-3.96 (m, 1H. SCHS), 2.83
(brs, 4H, SCH,CH,CH,8), 2.63 (dd, J =13.3, 3.5 Hz, 1H, CHH'Ph), 2.35-2.28
(m, 1 H, CHH'C(=CH,)), 2.13-2.08 (m, 2H, CHH'C(=CH,), SCH,CHH'CH,S),
2.04 (dd, J=132, 11.0Hz, 1H, CHH'Ph), 1.89-1.84 (m, 2H, CH(CH,).
SCH,CHH'CH,S), 1.81-1.73 (m, 2H, CH,CH,C(=CH,)), 1.10 (s, 9H,
SiC(CH,),), 0.73 (d, J = 6.7 Hz, 3H, CH,); '3C NMR (125 MHz, CDCl,):
6 =148.2, 141.5,136.3, 136.2, 134.2, 133.9, 129.5, 129.0, 128.1, 127.4, 127.3, 125.5,
111.9,81.3,47.3, 39.8, 39.6, 33.1, 30.3, 28.4, 27.2, 26.0, 19.6, 14.4; FAB HRMS calcd
for C; H,,08,SiNa (M + Na)*: 583.2501; found m/z = 583.2488.

12(4S8,5R)]-2-|5-Methyl-4-{[bis(1,1-dimethylethyl)methylsilyljoxy]-3-methylene-6-
phenylhexyl]-1,3-dithiane (78). A solution of allylic alcohol 76 (150 mg. 0.47 mmol)
in 2,6-lutidine (0.65 mL} was treated with DMAP (114.2 mg, 0.93 mmol) and
DTBMSOTf (1.43 g, 4.67 mmot). The reaction mixture was heated at 70 °C for 8 h,
cooled to room temperature, and diluted with water (20 mL) and ether (20 mL). The
aqueous phase was separated and extracted with ether (2 x 10 mL). The combined
organic extracts were dried (MgSO,), filtered, and concentrated in vacuo to give a
crude oil. Purification by flash column chromatography (silica, ether:petroleum
ether 1:99) gave silyl ether 78 (194 mg, 87%) as a yellow oil. [a]2? = + 2.3 (¢ 0.84
in CHCl;, 98 % ee); R, = 0.36 (silica, ethyl acetate:petroleum ether 1:19); IR (thin
filmy: v, = 2933, 2858, 1467, 1385, 1253, 1076 cm~'; 'H NMR (500 MHz, CD-
Cl,): 6 =7.28-7.25 (m, 2H, Ph), 7.18-7.13 (m, 3H, Ph), 5.10 (s, 1 H, C=CHH"),
4.96 (s, 1H,C=CHH"),4.12(d.J = 5.4 Hz, 1 H, CH(OSi)), 4.09 (1, J = 6.7 Hz, 1 H,
SCHS), 2.90-2.80 (m. 4H, SCH,CH,CH,S}), 2.42-2.34 (m, 1H, CHH'Ph), 2.24—
2.10 (m, 4H, CHH'Ph, CH,C(=CH,), SCH,CHH'CH,S), 2.04-1.85 (m, 4H,
CH(CH,), CH,CH,C(=CH,), SCH,CHH'CH,S$), 1.04 (s, 9H, SiC(CH,),), 0.97
(s, 9H.SiC(CH,);), 0.78 (d, J = 6.7 Hz, 3H, CH},), 0.07 (s, 3H, SiCH,); }*C NMR
(125 MHz, CDCl,): § =148.8, 141.5, 129.1, 128.1, 125.6, 111.6, 81.7, 47.3, 40.2,
39.8, 33.3, 304, 28.2, 27.9, 26.0, 21.0, 143, —7.7; FAB HRMS caled for
C,,H,,08,8i (M + H)*: 479.2838; found m/z = 479.2829.

|4R,4[1R,2(4S,5R)| ,5R,8S,9.5)-4-|[Hydroxy|2-|5-methyl-3-methylene-4-{| (1,1-di-
methylethyl)diphenylsilyljoxy|-6-phenylhexyl]- 1,3-dithian-2-yljmethyl]-2,2-dimethyl-
6-ox0-9-f(trimethylsilyl)oxy]-1,3,7-trioxaspiro|4.4]nonan-8,9-dicarboxylic acid bis-
(phenylmethyl) ester (79a) and [4R,4[15,2(4S5.5R)},5R,85,95]-9-hydroxy-d-{hydroxy-
|2-{5-methyl-3-methylene-4-{[ (1,1-dimethylethyl)diphenylsilyljoxy]-6-phenylhexyl}-
1,3-dithian-2-ylimethyl|-2,2-dimethyl-6-0x0-1,3,7-trioxaspiro|4.4)nonan-8,9-dicar-
boxylic acid bis(phenylmethyl) ester (79b). A solution of dithiane 77 (324 mg,
0.58 mmol) in THF (12 mL) at —40°C in a Schlenk tube was treated with n-butyl-
lithium (1.60M in hexane, 0.36 mL, 0.58 mmol). The reaction mixture was warmed
to —25°C, stirred for 1.5 h, and then cooled to — 78 °C. A solution of the aldehyde
5(195 mg, 0.35 mmol) in THF (2 mL) was cooled to — 78 °C and cannulated rapidly
into the solution of the lithiated dithiane. The reaction mixture was stirred at
—78 °C for $ min and quenched with a solution of acetic acid in THF (0.5m in THF,
1.2 mL, 0.60 mmol) and warmed to room temperature. The reaction mixture was
diluted with NH,C1 (40 mL) and ether (20 mL). The aqueous phase was separated
and extracted with ether (2 x 30 mL). The combined organic extracts were dried
(MgSO0,), filtered, and concentrated in vacuo to give a crude oil. Purification by
flash column chromatography (silica, ethyl acetate: petroleum ether 1:8 —1:4) gave
dithiane 79a (91 mg, 23%) and dithiane 79b (106 mg, 29%) as colorless oils.
Data for 79a: [a]3* = + 3.5 (¢ 0.85 in CHCl,); R, = 0.41 (silica. ethyl ac-
etate:petroleumn ether 1:4); IR (thin film): ¥,,, = 3070, 2958, 2933, 2898, 2857,
1801, 1750, 1456, 1265, 1068 cm~*; '"H NMR (500 MHz, CDCl,): 8 =7.76-7.66
(m, 4H, Ph), 7.43-7.00 (m, 21 H, Ph), 5.58 (d, J =1.5 Hz, 1H, H-7), 5.51 (s, 1H,
H-3). 5.26 (d, J =12.5Hz, 1H, OCHH'Ph), 5.23 (s, 2H, OCH,Ph), 5.16 (d,
J=12.5Hz, 1H, OCHH'Ph), 5.01 (d, J=1.5Hz, 1H, H-6). 499 (brs, 1H,
C=CHH’), 4.89 (brs, 1 H, C7-OH), 4.87 (brs, 1H, C=CHH'), 403 (d J = 5.5 Hz,
1H, CH(OSi)), 3.17-3.12 (m, 1H, CH,). 3.02-2.94 (m, 1H, CH,), 2.64-2.51 (m,
4H, CH,), 2.38-2.30 (m, 1H, CH,), 2.22-2.16 (m, 1 H, CH,), 2.06-1.82 (m. 5H,
CH, and OH), 1.40 (s, 3H, CH,), 1.26 (s, 3H, CH,), 1.11 (s, 9 H, SiC(CH,),), 0.70
(d.J = 6.5 Hz, 3H. CH(CH,)), 0.25 (s, 9H, Si(CH,),); *C NMR (125 MHz, CD-
Cly): 6 =171.7, 168.9, 165.9, 149.4, 141.5, 136.2, 136.0, 134.5, 134.4, 134.2, 133.8,
129.4, 129.0, 128.5, 128.4, 128.3, 127.9, 127.3, 125.3, 111.2, 110.7, 84.8, 81.6, 81.4,
80.3, 79.5, 71.1, 68.4, 61.6, 58.7, 39.6, 32.7, 27.2, 26.6, 26.2, 25.5, 25.0, 23.7, 19.6,
14.1, 2.33; FAB HRMS calcd for C,H,40,,8,5i,Cs (M + Cs)*: 1249.3422; found
mfz =1249.3481.

Data for 79b: [¢]3> =+ 40.8 (c 0.62 in CHCIl,): R, =0.22 (silica. ethyl ac-
etate:petroleum ether 1:4); IR (thin film): ., = 3226, 3069, 2959, 2932, 2857,
1803, 1770, 1745, 1455, 1376, 1270, 1217, 1172 cm =} ; '"H NMR (500 MHz, CDC),):
6 =17.73-7.66 (m, 4H, Ph). 7.44-7.06 (m, 21H, Ph), 5.62 (s, 1 H, H-3), 5.23 d,
J=120Hz, 1H, OCHH'Ph), 5.21 (d, J =120 Hz, 1H, OCHH'Ph), 5.12 (d,
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J=12.5Hz, 1H, OCHH'Ph), 5.06 (d, J=12.5Hz, 1H, OCHHPh), 4.96 (d,
J = 9.5 Hz, 1H, H-7),4.94 (brs, 1 H, C=CHH'), 4.80 (brs, 1 H, C=CHH'), 4.72 (d,
J =9.5Hz, 1H, H-6), 4.43 (brs, 1H, OH), 4.07 (d. J = 5.5 Hz, 1H, CH(OSi)),
2.97-291 (m, 2H, CH,), 2.72-2.61 (m, 3H, CH,), 2.46-2.39 (m, 1H, CH,),
2.28-2.22(m, 1H, CH,), 2.05-1.86 (m, 6 H, CH, and OH), 1.37(s, 3H, CH,), 1.26
(s. 3H, CH,), 1.12 (s. 9H. SiC(CH,),), 0.74 (d, J = 6.5 Hz, 3H, CH(CH,)); **C
NMR (125 MHz, CDCl,): 6 =170.5, 168.5, 165.2, 148.5, 141.4, 136.2, 136.1, 134.8,
134.3, 134.2, 133.8, 129.5, 129.0, 128.5, 128.4, 128.2. 128.0, 127.3, 125.4, 112.0,
111.7, 85.9, 81,6, 81.1, 80.6, 78.5, 70.2, 68.1, 67.4, 58.6, 39.8, 39.3, 33.7, 27.2, 26.7,
26.5. 25.9, 25.5, 24.5, 23.7, 19.5, 14.6; FAB HRMS calcd for C,,Hg,0,,S,SiCs
(M + Cs)*: 1177.3027: found mjz = 1177.2963.

4R 4{1R,2(45,5R)],5R,8S,951-9-Hydroxy-4-{hydroxy|2-|5-methyl-3-methylene-4-
[1(1,1-dimethylethyl)diphenylsilyljoxy]-6-phenylhexyl]-1,3-dithian-2-yl]methyl|-2,2-
dimethyl-6-0x0-1,3,7-trioxaspiro{4.4lnonan-8,9-dicarboxylic acid bis(phenylmethyl)
ester (79¢). A solution of dithiane 79a (10.3 mg, 9.22 umol) in dichloromethane
(1.5 mL) was treated with 2% HCI/MeOH (0.5 mL). The reaction mixture was
stirred at room temperature for 5 min and concentrated in vacuo to give a crude oil.
Purification by flash column chromatography (silica, ethyl acetate:petroleum ether
2:7) gave the dithiane 79¢ (9.1 mg, 95%) as a colorless oil. [«]22 = + 43.3 (¢ 0.82in
CHCI,;, 78% ee); R, = 0.18 (silica, ethyl acetate:petroleum ether 1:5); IR (thin
film): ¥, = 3444, 3070, 2932, 2855, 1800, 1770, 1747, 1652, 1496, 1472, 1456, 1427,
1385, 1274, 1216, 1175, 1145, 1112, 1068 cm™'; 'HNMR (500 MHz, CDCl,):
6 =7.73-7.65 (m, 4H, Ph), 7.43-7.01 (m, 21 H, Ph), 6.21 (brs, 1 H. C7-OH), 5.60
(s, 1H, H-3), 5.59 (s, 1H, H-7), 5.23 (d, / =12.5 Hz. 1H, OCHH'Ph), 5.19 (d,
J =120 Hz, 1H, OCHH'Ph), 5.14 (d, J =12.0 Hz. 1H, OCH#'Ph), 5.00 (d,
J =12.5 Hz, 1H, OCHH'Ph), 4.92 (brs, 1 H, C=CHH'), 4.76 (brs, t H, C=CHH’),
4.53 (brs, 1H, H-6), 4.01 (d, J = 5.5 Hz, 1 H, CH(OS1i)), 2.96-2.89 (m, 2H, CH,),
2.63-2.59 (m, 3H, CH, and OH), 2.52-2.44 (m, 1H, CH,), 2.28-2.20 (m, 1H,
CH,;), 2.12-2.08 (m, 1 H, CH,). 2.05-1.83 (m, SH, CH,), 1.37 (s, 3H, CH,), 1.28
(s, 3H, CH,;), 1.10 (s, 9H, SiC(CH,),), 0.72 (d, J =7.0 Hz, 3H, CH(CH,)); '3C
NMR (125 MHz, CDCl;): 6 =171.0, 168.0, 164.9, 149.0, 141.4, 136.2, 136.1, 134.5,
134.2, 134.1, 133.8, 129.4, 129.0, 128.5, 128.4, 128.0, 127.3, 127.2, 1254, 111.7.
111.4, 84.5, 81.6, 80.8, 80.2, 68.3, 67.7, 66.4. 57.7, 39.7, 39.4, 33.8, 29.6, 27.1, 26.3,
26.2, 254, 25.1, 23.7, 19.5, 144; FAB HRMS caled for CygH¢y0,,S,SiCs
(M + Cs)*: 1177.3027; found m/z =1177.3080.

|3aR,45,5R,5(4S,5R),6a5,75,9a R|-Dihydro-4,5-dihydroxy-2,2-dimethyl-5-|5-
methyl-3-methylene-4-|[ (1,1-dimethylethyl)diphenylsilyljoxy]|-6-phenylhexyl]-9-0xo-
SH,9H-1,3-dioxolo|4,5-c|furo[3,4-b]pyran-6a,7(7 H )-dicarboxylic acid bis(phenyl-
methyl)ester (80b). A solution of dithiane 79b (10.0 mg, 9.56 umol) in THF
(0.38 mL) was treated with CaCO, (1.6 mg. 0.016 mmol) and aqueous Hg(ClO,),
(0.20M in H,0, 0.076 mL, 0.015 mmol). The reaction mixture was stirred at room
temperature for 2.5 h. diluted with ether (4 mL), and stirred for 10 min. The precip-
itate was removed by filtration, and the filtrate was dried (MgSO,), filtered, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ethyl acetate:petroleum ether 1:5) gave lactol 80b (8.5 mg, 93%) as a
white foam. [«}3? =+ 52.7 (¢ 1.83 in CHCl,); R, =0.36 (silica, ethyl ac-
etate: petroleum ether 1:4): IR (thin film): ¥,,, = 3436, 3068, 2959. 2931, 2856,
1807, 1756, 1732, 1455, 1385, 1278, 1216, 1176, 1082, 1048 cm™'; 'H NMR
(500 MHz, CDCl,): 6 =7.69-7.62(m.4H, Ph),7.42-7.14(m, 19H, Ph), 6.99-6.97
(m, 2H, Ph), 5.86 (s, 1H, H-3), 529 (d. J =12.0 Hz, 1 H, OCHH'Ph), 5.24 (d,
J=12.0Hz, 1H, OCHH'Ph), 5.20 (d. J =12.0 Hz. 1H, OCHH'Ph), 5.09 (d,
J =120 Hz,1H, OCHH'Ph),4.92-4.88 (m,2H, C7-OH and C=CHH’), 4.70 (brs,
1H,C=CHH'),4.55(d.J =7.0 Hz, 1 H, H-6),4.10 (dd.J = 12.5, 7.0 Hz, 1H, H-7),
3.98 (d, J = 5.5 Hz, 1H, CH(OSi)), 3.45 (brs. 1H, C1-OH), 2.66 (dd, J =13.5,
3.0 Hz,1H,CH,), 2.14-2.00(m, 2H, CH,), 1.88-1.75 (m, 3H, CH, and OH), 1.57
(s.3H,CH,),1.56-1.53 (m, 1H, CH,). 1.40 (s. 3H. CH,), 1.09 (s, 9H, SiC(CH,),).
0.73 (d, J=7.0Hz, 3H, CH(CH,)): '*C NMR (125 MHz, CDCl,): 6 =171.6,
168.5, 166.5, 147.8. 141.2, 136.1, 134.1, 133.8, 133.6, 129.4, 128.9, 128.8, 128.7,
128.6, 128.3, 128.1, 128.0, 127.3, 125.5, 114.0. 112.0, 100.5. 82.9, 81.6, 79.5, 77.9,
74.7.69.3, 67.8, 64.8, 39.9, 39.4, 33.7, 27.1, 25.8, 25.1, 23.8, 19.5, 14.8; FAB HRMS
caled for Cy¢Hg,0,,SiCs (M + Cs)*: 1087.3065: found m/z = 1087.3090.

[3aR,4R,5R,5(45,5R),6aS,7S,9aR}-Dihydro-4,5-dihydroxy-2,2-dimethyl-5-|5-me-
thyl-3-methylene-4-{[ (1,1-dimethylethyl)diphenylsilyljoxy|-6-phenylhexyl]-9-0xo0-
5H,9H-1,3-dioxolo|4,5-c|furo|3,4-5]pyran-6a,7(7H )-dicarboxylic acid bis(phenyl-
methyl)ester (80a). The procedure described for lactol 80 b gave lactol 80a from 79¢
in 80% yield as a white foam. [a]22 = +16.7 (¢ 0.30 in CHCl,): R, = 0.10 (silica,
ethyl acetate: petroleumn ether 1:5); IR (thin film): ¥, = 3478, 3069, 3031, 2958,
2931, 2856, 1807, 1750, 1455, 1386, 1270, 1216, 1082, 1058 cm~'; 'H NMR
(500 MHz, CDCl,): 6 =7.67(d, J =7.0 Hz, 2H, Ph), 7.62 (d, / =7.0 Hz, 2H, Ph),
7.41-7.14 (m, 19H, Ph), 6.94 (d, J =7.0, 2H, Ph), 5.84 (s, 1 H, H-3), 5.25 (d,
J =120 Hz, 1H, OCHH'Ph), 5.17 (d, / =12.0 Hz, 1H, OCHH'Ph), 5.12 (d,
J =12.0 Hz, 1 H, OCHH'Ph), 5.00 (brs, 1H, C=CHH'), 495 (d, / =12.0 Hz, 1 H,
OCHH'Ph), 4.73 (brs, 1H. C=CHH’), 4.70 (d, J = 6.5 Hz, 1H. H-7), 4.09 (d,
J = 6.5 Hz, 1H, H-6), 3.99 (d, J = 5.0 Hz, 1 H, CH(OSi)), 3.5 (brs, 1 H, C1-OH),
2.61 (dd, J =13.5,4.0 Hz, 1H, CH,), 2.09-2.04 (m, 2H, CH,), 1.80-1.72 (m, 4H,
CH, and OH), 1.54 (s, 3H, CH,), 1.36 (s, 3H, CH,), 1.07 (s, 9H, SiC(CH,),), 0.69
(d, J = 6.5 Hz, 3H, CH(CH,)); '3C NMR (125 MHz, CDCl,): 6 =171.1, 166.0,
165.9, 148.2, 141.2, 136.2, 136.1, 134.3, 134.1, 134.0, 133.8, 129.5, 128.9, 128.6,
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128.5,128.1,128.0,127.9, 127.3,125.5,113.7,112.2,99.4, 82.9, 81.3, 80.4, 80.2, 80.0,
72.1, 68.4, 67.6, 39.7, 39.5, 34.5, 27.1, 26.0, 25.3, 24.9, 19.5, 14.2; FAB HRMS calcd
for Cs6Hg,0,,SiCs (M + Cs)* : 1087.3065; found m/z =1087.3118.

Data for [35,45,5R,7R,95,%1R),13S,14R]|4,13,14-Trihydroxy-10-methylene-9-
(1-methyl-2-phenylethyl)-2,6,8-trioxadispiro}4.1.5.2jtetradecane-3,4-dicarboxylic
acid 3-methyl 4(phenylmethyl) ester (82a). R, = 0.29 (silica, ethyl acetate:petro-
leum ether 1:1); IR (thin film): ¥_,, = 3494, 2926, 2853, 1806, 1756, 1438, 1365,
1264, 1170, 1113, 1030 cm™'; 'HNMR (500 MHz, CDCl,): 6 =7.36-7.23 (m,
10H, Ph), 542 (d, J=12.0 Hz, 1H, OCHH'Ph), 5.29 (d, /=120 Hz, 1H,
OCHH'Ph),4.97 (s, 1 H, H-3),4.91 (brs, 1 H,C=CHH’), 4.90 (brs, 1H, C=CHH"),
4.58 (brd, J = 3.8 Hz, 1H, H-6 or H-7), 4.54 (brs, 1H, H-6 or H-7). 3.89 (s, 1 H,
C4-OH), 3.86 (s, 3H, CO,CH,), 3.75 (d, J = 5.1 Hz, 1 H, H-4'), 3.20 (brs, 1H,
OH), 3.12(dd, J =13.5,3.9 Hz, 1H, CH,), 2.40 (dd, J =13.5, 10.0 Hz, 1 H, CH};),
2.32-2.28 (m, 1H, CH,), 2.18-2.13 (m, 2H, CH, and H-5), 2.00-1.91 (m, 2H,
CH,Ph), 0.92 (d, J = 6.7 Hz, 3H, CH;); FAB HRMS calcd for C;,H,,0,,Cs
(M + Cs)*: 715.1155; found mjz = 715.1184,

[4R 4[1R,2(4S,5R)],5R,85,95]-4-[Hydroxy|2-[S-methyl-3-methylene-4-[[bis(1,1-di-
methylethyl)methylsilyljoxy]-6-phenylhexyl}-1,3-dithian-2-yl|methyl}-2,2-dimethyl-6-
oxo-9-| (trimethylsilyl)oxy|-1,3,7-trioxaspiro[4.4]nonan-8,9-dicarboxylic acid bis-
(phenylmethyl) ester (84 a) and |[4R,4]15,2(4S,5R)|,5R,85,95]1-9-hydroxy-4-jhydroxy-
[2-{S-methyl-3-methylene-4-[[bis(1,1-dimethylethyl)methylsilyljoxy]-6-phenylhexyl]-
1,3-dithian-2-yl|methyl|-2,2-dimethyl-6-0x0-1,3,7-trioxaspiro{4.4|nonan-8,9-dicar-
boxylic acid bis(phenylmethyl) ester (84b). A solution of DTBMS-dithiane 78
(131 mg, 0.27 mmol) in THF (6 mL) at —40°C in a Schlenk tube was treated with
n-butyllithium (1.60M in hexane, 0.18 mL, 0.29 mmol). The reaction mixture was
warmed to — 25 °C, stirred for 1.5 h, and then cooled to — 78 °C. A solution of the
aldehyde § (127 mg, 0.23 mmol) in THF (2 mL) was cooled to — 78 °C and cannu-
lated rapidly into the solution of the lithiated dithiane. The reaction mixture was
stirred at — 78 °C for 5 min, quenched with a solution of acetic acid in THF (0.5M
in THF, 0.6 mL, 0.3 mmol), and warmed to room temperature. The reaction mix-
ture was diluted with NH,CI (20 mL) and ether (20 mL). The aqueous phase was
separated and extracted with ether (2 x 30 mL). The combined organic extracts were
dried (MgSO,), filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography (silica, ethyl acetate: petroleum ether 1:8 —+1:5)
gave dithiane 84a (96 mg, 40%) and dithiane 84b (70 mg, 32%) as colorless oils.
Data for 84a: [«]32 =+ 30.9 (¢ 0.89 in CHCl,); R, =0.37 (silica, ethyl ac-
etate: petroleum ether 1:4); IR (thin film): ¥, = 3396, 2931, 2856, 1799, 1752,
1456, 1374, 1253, 1069 cm™!; '"HNMR (500 MHz, CDCl,): § =7.36-7.16 (m,
15H, Ph), 5.56 (d, J = 2.0 Hz, 1H, H-7). 5.49 (s, 1 H. H-3), 5.24 (d, J =12.5 Hz,
1H, OCHH'Ph), 5.22 (s, 2H, OCH,Ph), 5.14(d, J =12.5 Hz, 1 H, OCHH'Ph), 5.08
(brs, 1H, C=CHH’), 5.00 (d, J/ = 2.0 Hz, 1 H, H-6), 4.96 (brs, 1H, C7-OH), 4.88
(brs, 1H,C=CHH"),4.14 (d. J = 5.5 Hz, 1 H. CH(OSi)), 3.18-3.10 (m, 1 H, CH,),
3.02-2.96 (m, 1H, CH,), 2.84 (dd, / =13.0, 3.4 Hz, 1 H, CH,), 2.64-2.61 (m, 2H,
CH,). 2.53-2.17(m, 4H, CH,), 2.06-2.02 (m, 1H, CH,). 1.91-1.87 (m, 3H, CH,
and OH), 1.40 (s, 3H, CH,), 1.24 (s, 3H, CH,), 1.05 (s, 9H, SiC(CH,),), 0.98 (s,
9H, SiC(CH,),). 0.78 (d, J = 6.5 Hz, 3H, CH(CH,)), 0.26 (s, 9H, Si(CH,),). 0.07
(s, 3H, SiCH,); '*C NMR (125 MHz, CDCl,): 6 =171.7.168.8. 165.9, 149.9, 141.6,
134.5, 134.1, 129.1, 128.5, 128.4, 128.3, 128.0, 125.5, 111.0, 110.7, 84.8, 81.7, 81.5,
80.3, 79.5, 71.1, 68.4, 67.6, 58.7, 40.1, 40.0, 28.2, 27.9, 26.3, 26.2, 25.5, 24.9, 23.6,
21.0, 13.9, 2.3. -17.7; FAB HRMS caled for C,;H,,0,,8,8i,Cs (M + Cs)*:
1167.3578. found m/z =1167.3502.

Data for 84b: [¢]32 = +18.8 (¢ 2.03 in CHCl,), R,=0.10 (silica, ethyl ac-
etate: petroleum ether 1:4); IR (thin film): ¥_,, = 3239, 2932, 2857, 1802, 1770,
1742, 1497, 1457, 1381, 1269, 1216, 1170, 1063 cm ™ ! ; 'H NMR (500 MHz, CDCl,):
6 =7.35-7.17 (m, 15H, Ph), 5.56 (d, J = 2.0 Hz, 1 H, H-3), 5.50 (brs, 1H, H-7),
5.24(d, J =12.5 Hz, 1 H, OCHH'Ph), 5.23 (s. 2H, OCH,Ph), 5.14 (d, J =12.5 Hz,
1H, OCHH'Ph). 5.08 (brs, 1H, C=CHH’), 5.00 (d, J = 2.0 Hz, t H, C4-OH), 4.96
(brs, 1H, H-6), 4.88 (brs, 1H, C=CHH"), 4.15 (d. J = 5.0 Hz, 1H, CH(OSi)).
3.16-3.12 (m, 1H, CH,), 3.02-2.97 (m, 1 H, CH,), 2.84 (dd, J =13.5, 3.5, 1 H,
CH,),2.66-2.61 (m,2H,CH,), 2.53-2.34(m,3H, CH,),2.26-2.17(m,2H,CH,),
2.08-2.00 (m, 1 H, OH), 1.91-1.83 (m, 2H, CH,), 1.40 (s, 3H, CH,), 1.24 (s, 3H.
CH,;). 1.05 (s, 9H, SiC(CH,),), 0.98 (s. 9H, SiC(CH,),), 0.79 (d, J = 6.5 Hz. 3H,
CH(CH,)). 0.08 (s, 3H, SiCH,): '>C NMR (125 MHz, CDCl,): 6 =170.5, 168.5,
165.2, 149.1, 141.5. 134.7, 134.3, 129.1. 128.5. 128.4, 128.2, 128.0, 125.5, 111.8,
111.7, 85.9. 81.5, 81.1, 80.5, 78.6, 70.3, 68.1, 67.5, 58.5, 40.2, 39.6, 33.9, 28.2, 27.9,
26.7. 26.6, 259, 25.6, 24.5, 23.7, 209, —7.8; FAB HRMS caled for
Cs;H700,,8,8iCs (M + Cs)* : 1095.3183; found m/z =1095.3154.

[4R.4{1R,2(45,5R)],5R,85,951-9-Hydroxy-4-[hydroxy|2-{S-methyl-3-methylene-4-

|bis(1,1-dimethylethyl)methylsilyljoxy]-6-phenylhexyl]-1,3-dithian-2-yljmethyl]-2,2-
dimethyl-6-oxo-1,3,7-trioxaspiro|4.4]nonan-8,9-dicarboxylic acid bis(phenylmethyl)
ester (84¢). A solution of dithiane 84a (48 mg, 0.046 mmol) in dichloromethane
(3 mL) was treated with 2% HCI/MeOH (2 mL). The reaction mixture was stirred
at room temperature for Smin and concentrated in vacuo to give a crude oil.
Purification by flash column chromatography gave the dithiane 84¢ (44 mg, 99 %)
as a colorless oil. []32 = + 33.2 (¢ 0.73 in CHCl,); R, = 0.38 (silica, ethyl ac-
etate: petroleum ether 1:2); IR (thin film): ¥_,, = 3446, 3299, 2956, 2931, 2856,
1800, 1770, 1746, 1456, 1387, 1275, 1216, 1175, 1145, 1068, 1029 cm ~!; 'H NMR
(500 MHz, CDCl,): 6 =7.34-7.27 (m, 15H, Ph). 6.22 (s, 1 H, C4-OH), 5.63 (s, 1H,
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H-3).5.59(s, 1H, H-7), 5.22(d. J =12.0 Hz, 1 H, OCHH'Ph). 5.17(d. J = 12.0 Hz.
1H. OCHH'Ph), 5.13 (d, J =12.0 Hz, 1H, OCHH'Ph), 5.07 (brs, 1 H, C=CHH’),
5.00(d,J =12.0 Hz, 1 H, OCHH'Ph) 491 (s, | H, C=CHH'), 4.56 (s, 1 H, H-6), 4.12
(dJ = 5.5 Hz, 1 H, CH(OSi)), 2.97-2.90 (m, 2H, CH,). 2.84 (dd, J = 13.5, 3.5 Hz.
1H, CH,), 2.67-2.62 (m. 2H, CH,), 2.50-2.45 (m. 1 H, CH,), 2.38~2.28 (m, 1 H,
CH,),2.20-1.80 (m, 6H, CH, and OH). 1.38 (s, 3H, CH), 1.29 (s, 3H, CH,). 1.05
(s, 9H, SiC(CH,),), 0.98 (s, 9H, SiC(CHy),), 0.79 (d, J = 7.0 Hz, 3H, CH(CH,)),
0.07 (s, 3H, SiCH,); 13C NMR (125 MHz, CDCl,): § =170.9, 168.0, 164.9, 149.6,
141.5,134.5, 134.1, 129.0, 128.5, 128.4, 128.0, 125.5, 111.7, 111.2, 84.5, 81.8, 808,
80.2, 76.6, 77.0, 68.3, 67.7, 66.3, 57.7, 40.0, 39.8, 33.9, 28.2. 27.9. 26.3, 26.0. 25.4.
25.1,23.7,21.0, 14.2, —7.7; FAB HRMS caled for Cs;H40,,5,8iCs (M + Cs}* :
1095.3183; found m/z = 1095.3133.

[3aR,4R,5R,5(4S,5R) ,6a5,75,9aR|-Dihydro-4,5-dihydroxy-2,2-dimethyl-5-{S-me-
thyl-3-methylene-4—|[bis(l,l-dimethylethyl)methylsilylloxy|-6-phenylhexyl|-9—oxo—
5”,9”—1,3-dioxolo|4,5—c|furol3,4-blpyran—6¢,7(7l-l)-dicarboxylic acid  bis(phenyl-
methyl)ester (85 a). A solution of the dithiane 84c¢ (42.6 mg, 0.044 mmol) in THF
(1.4 mL) was treated with CaCO; (5.9 mg, 0.059 mmol) and aqueous Hg(ClO,),
(0.20m in H,0, 0.265 mL, 0.053 mmol). The reaction mixture was stirred at room
temperature for 2.5 h, treated with ether (4 mL), and stirred for 10 min. The precip-
itate was removed by filtration and the filtrate dried (MgSO,), filtered, and concen-
trated in vacuo to give a crude oil. Purification by flash column chromatography
gave lactol 85a (32 mg, 83%) as a white foam. [2]22 = +19.1 (¢ 0.43 in CHCQl,):
R; = 0.43 (silica. ethyl acetate:petroleum ether 1:2); IR (thin film): ¥_, = 3474,
2931, 2855, 1807, 1752, 1454, 1385, 1270, 1215, 1082 cm~*; 'HNMR (500 MHz,
CDCly): 6 =7.40~7.10 (m, 15H, Ph), 5.87 (s. t H, H-3), 5.30 (d, J =12.5 Hz, 1 H,
CHH'Ph), 5.20-5.14 (m, 3H, CH,Ph and OH), 5.08 (brs, 1 H, C=CHH"), 4.9 (d.
J =125Hz, 1 H CHH'Ph), 4.87 (brs, 1H, C=CHH"), 4.74 (d, J = 6.5 Hz, 1H,
H-6),4.22(d, J = 6.0 Hz, 1 H, H-7), 4.06 (d. J = 5.5 Hz, 1 H, CH(OSi)), 2.74 (dd.
J=13.5,3.5Hz, 1H, CH,), 2.20-1.67 (m, 6 H, CH, and OH), 1.61 (s, 3H, CH,),
1.37 (s, 3H, CHy), 1.02 (s, 9H, SiC(CH,),), 0.92 (s, 9H, SiC(CH},),). 0.75 (d,
J=65Hz, 3H, CH(CH,)). 0.03 (s, 3H, SiCH,); FAB HRMS caled for
CaoHgO,,8iCs (M + Cs)*: 1005.3221; found m/z = 1005.3291.

[3aR,4S,5R,5(45,5R) ,6a5,75,9aR}-Dihydro-4,5-dibydroxy-2,2-dimethy}-5-|S-me-
thyl-3-methylene~4-{[bis(1, {-dimethylethyl)methylsilylloxy}-6-phenylbexyl]-9-oxo-
5H,9H-lJ—dioxolo|4,5-c|furo|3,4-blpyran—6a,7(711)-dknrboxylic acid bis(phenyl-
_methyl)ester (85b). The procedure described for lactol 85a gave lactol 88 b from 84b
in 80% yield as a white foam. [a]32 = + 43.3 (¢ 1.22 in CHCL,): R, = 0.42 (silica,
ethyl acetate:petroleum ether 1:4); IR (thin film): 3., = 3438, 2961, 2932, 2856,
1808, 1755, 1737, 1456, 1386, 1278, 1217, 1081, 1031 cm™!; '"H NMR (500 MHz,
CDCly):  =7.33-7.11 (m, 15H, Ph), 5.87 (s, 18, H-3). 529 (d, J =12.0 Hz, 1 H,
OC#H'Ph), 5.24 (d, J=12.0Hz. 1H, OCHHPh), 520 (d, J=12.0 Hz, tH.
OCHH'Ph), 5.16 (d, J =12.0 Hz, t H, OCHH'Ph}, 5.08 (brs. 1 H, C=CHH'), 4.93
(d, J=60Hz 1H, C7-OH), 491 (s, 1H, C=CHH"), 4.47 (d, J =13.0 Hz, 1 H,
H-6),4.19(dd, J =13.0, 6.0 Hz, 1 H, H-7), 4.10(d, J = 5.5 Hz, 1 H, CH(OS1)). 3.63
(brs, 1 H, C1-OH), 2.80 (dd, J =13.5, 3.5 Hz, 1H, CH,), 2.26-1.66 (m, 6H, CH,
and OH), 1.57 (s. 3H, CHj,), 1.40 (s, 3H, CH,), 1.04 (s, 9H. SiC(CH,),), 0.96 (s,
9H, SiC(CH,),), 0.80 (d, J =7.0 Hz, 3H, CH(CH,)), 0.07 (s, 3H, SiCH,); '*C
NMR (125 MHz, CDCl,): § =171.6, 168.5, 166.6, 148.5, 141.3, 134.1, 129.0, 128.8,
128.7,128.6,128.3,128.1,125.6, 114.0, 111.7, 100.6, 82.9, 81.9, 79.6, 77.9, 74.8, 69.3,
67.9, 64.7, 40.2, 39.6, 34.0, 28.1, 27.8, 26.3. 25.8, 25.1, 23.4, 20.9, 14.7, —7.9; FAB
HRMS calcd for C,,H,,0,,SiNa (M + Na)*: 895.4065; found m/z = 895.4043.

(75)-2,7-Anhydro-8,9,10,12,13-pentadeoxy-4-C-(methoxycarbonyl)-10-methylene-
11-0-|bis(1,1-dimethylethyl)methylsilyl]-3-C-| (phenylmethoxy)carbonyl}-12-(phenyl-
methyl)-L-erythro-L-glycero-D-aitro-7-trideculo-7,4-furanosonic acid methyl ester
(86). A solution of lactol 85a (19 mg, 0.022 mmol) in methanol (0.3 mL) and 2%
HCl/MeOH (2.5 mL) was heated in a sealed tube at 78°C for 21 h. The reaction
mixture was concentrated in vacuo to give a crude oil. Purification by preparative
TLC (ether) gave the bicycle 86 (7.6 mg, 45 %) as a white foam. [«]22 = ~ 6.9 (¢ 0.29
in CHCl,); R, = 0.42 (silica, ether); IR (thin film): ¥,,, = 3449, 2931, 2856, 1747,
1455, 1253, 1118, 1081 cm~!; 'HNMR (500 MHz, CDCl,): 6 =7.46-7.15 (m,
10H, Ph), 5.38 (d. J=12.0Hz, tH. OCHH'Ph), 529 (d, /=120Hz, 1H,
OCHH'Ph), 5.19 (s, 1H, H-3). 5.15 (d, J=2.5Hz, 1H, H-6), 5.11 (s, 1H,
C=CHH'), 4.96 (s, 1H, C=CHH"), 4.18 (d. J=2.5Hz, 1H. H-7), 4.15 (d,
J = 5.0 Hz, 1 H, CH(0S1)), 3.71 (s, 3H, CO,CH,), 3.58 (s, 3H, CO,CH,), 2.83 (dd,
J =140, 40 Hz, 1H, CH,), 2.51-2.42 (m, 1H. CH,), 2.30-2.19 (m, 3H, CH,),
2.15-2.10 (m, tH, CH,), 1.93-1.87 (m. 1 H. CH(CH,)}, 1.04 (s. 9H, SiC(CH,),).
0.96 (s. 9H, SiC(CH,),), 0.79 (d, J = 6.5 Hz, 3H, CH,}, 0.07 (s, 3H, $iCH,); '*C
NMR (125 MHz, CDCl,): & =169.0, 166.8, 148.8, 141.5, 134.6, 129.0, 128.9, 128.6,
128.5, 128.0, 125.5, 111.1. 105.8, 91.4, 82.4, 81.2, 78.6, 75.3, 74.5, 68.6, 52.9, 52.3,
40.0, 39.8, 33.4, 28.1, 27.8, 24.0, 21.0, 20.9, 14.1, —7.8; FAB HRMS calcd for
C1Hg30,,8iCs (M + Cs)*: 903.2752; found m/z = 903.2775.

(75)-2,7-Anhydro-8,9,10,12,13-pentadeoxy-4-C-(methoxycarbonyl)-3-C-j (phenyl-
methoxy)carbonyl]-10-methylene-12-(phenylmethyl)-L-erythro-L-glycero~n-altro-1-
trideculo-7,4-furanosonic acid methyl ester (87). A solution of bicycle 86 (3.0 mg,
0.004 mmol) in nitromethane (0.5 mL) was treated with 49 % aqueous HF solution
(0.05 mL). The reaction mixture was stirred at 0°C for 24 h, quenched with NaH-
CO; (2ml), and extracted with ethyl acetate (3 x t mL). The organic extracts were
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dried (Mg80,), filtered, and concentrated in vacuo to give a crude oil. Parification
by preparative TLC (ethyl acetate:petroleum ether 4:1) gave the tetrao] 87 (1 mg,
30%) as a yellow oil. [a]3? = — 9 (¢ 0.83 in CHCl,); R, = 0.32 (silica, ethyl ac-
etate:petroleum ether 3:1); IR (thin film): ¥,,, = 3607, 3484, 3084, 3064, 3027,
2956, 2931, 2854, 1749, 1645, 1604, 1558, 1453, 1439, 1375, 1265, 1241, 1187, 1146,
1122, 1101, 1030 cm™*; '"H NMR (500 MHz, CDCl,): § =7.45-7.42 (m, 2H, Ph),
7.38-7.33 (m. 3H, Ph), 7.28-7.23 (m, 2H, Ph), 7.17-7.13 (m, 3H, Ph), 5.33 (d.
J =12.0Hz, 1H, OCHH'Ph), 5.23 (d. J =12.0 Hz, 1H, OCHH'Ph), 5.17 (s, 1 H,
H-3), 5.11 (d, J=1.6 Hz, 1H, H-6), 5.09 (brs, 1H, C=CHH"), 5.03 (brs, 1H,
C=CHH),4.17(d,J =1.6 Hz, 1H, H-7), 3.99 (d, J = 6.5 Hz, 1 H, H-4), 3.95 (brs,
1H.OH), 3.63 (s, 3H, CO,CH,), 3.48 (s. 3H, CO,CH,), 2.72 (dd. J =13.4,4.7 Hz,
1H, CH,), 2.53-2.47 (m, 1H, CH,), 2.33-2.15 (m, 4H, CH,), 1.95-1.89 (m, 1H,
CH(CH,)), 0.84 (d, J=6.6Hz, 3H, CH,); '*C NMR (125 MHz, CDCl,):
5 =169.0, 167.3, 166.8, 150.3, 140.9, 134.8, 129.2, 128.7, 128.6, 128.2, 125.7, 112.5,
106.2, 91.5,82.9. 79.1, 78.5, 75.4, 74.7, 68.4, 52.9, 52.4, 39.9, 38.3, 33.6, 25.1, 14.3;
FAB HRMS calcd for Cy,H;40,,Cs (M + Cs)*: 747.1418; found m/z = 747.1435.

(75)-2,7-Anhydro-8,9,10,12,13-pentadeoxy-10-methylene-3,4-bis-C-| (phenylme-
thoxy)carbonyl|-12-(phenylmethyl)-L-erythro-L-glycero-n-altro-T-trideculo-7,4-fura-
nosonic acid phenylmethyl ester (88). A solution of dimethyl ester 87 (3.8 mg,
6.2 pmol) in THF (0.3 mL) and water (0.15 mL) was treated with LiOH-H,0
(2.6 mg, 0.06 mmol). The reaction mixture was stirred at room temperature for { h
and quenched by adding aqueous HC1 (1M, 1 mL). The aqueous phase was separat-
ed and extracted with ethyl acetate (3 x 2 mL). The combined organic extracts were
dried (MgSO,), filtered, and concentrated in vacuo to give a crude oil. A solution
of the crude acid in THF (0.5 mL) was treated with DCBI (8.7 mg, 27 umol) and
heated at 55 °C for 1.5 h. The reaction mixture was concentrated in vacuo to give a
crude oil. Purification by preparative TLC (ethyl acetate: petroleum ether 3:1) gave
tribenzyl ester 88 (3.2 mg, 68%, 2 steps) as a yellow oil. [2]32 = — 8.8 (¢ 0.80 in
CHCl,); R, = 0.43 (silica, ethyl acetate:petroleum ether 3:1); IR (thin film):
Vemar = 3477, 3063, 3031, 2961, 2931, 2854, 1747, 1632, 1556, 1497, 1454, 1384, 1352,
1276, 1187, 1155, 1122, 1028 cm ~*; 'H NMR (500 MHz, CDCl,): é =7.29-7.09
(m, 20H, Ph), 5.23 (d, J =12.1 Hz, {H, OCHH'Ph), 5.18 (s, 1 H, H-3), 5.10 (d.
J =121 Hz, 1H, OCHH'Ph), 5.06 (brs, 1 H, C=CHH"), 505 (d, J = 2.3 Hz, 1H,
H-6), 5.02 (brs, 1H, C=CHH'), 4.95 (d, J =12.1 Hz, 1 H, OCHH'Ph), 4.92 (d,
J=12.1Hz, 1H, OCHH'Ph), 4.72 (d, J =122 Hz, 1H, OCHH'Ph), 4.68 (d,
J =122 Hz, 1H, OCHH'Ph),4.13(d, J = 2.3 Hz, 1 H, H-7), 3.95 (brd, J = 6.5 Hz,
1H, H-4),3.93(brs, 1H,OH}), 2.70 (dd, J =13.5,4.9 Hz, 1 H, CH,), 2.51 -2.45 (m,
LH, CH,), 2.32-2.27 (m, 1 H, CH,}, 2.24 (dd, J =13.5, 9.7 Hz, 1 H, CH,), 2.15-
211 (m, 2H, CH,), 1.90-1.88 (m. 1H, CH(CH,)). 0.82 (d, J = 6.6 Hz, 3H,
CH(CH,)); '3C NMR (125 MHz, CDCl,): & =168.6, 166.5, 166.0, 150.5, 141.0,
134.6, 129.2, 128.6, 128.5, 128.4, 128.2, 125.7, 112.6, 106.1, 91.3, 83.0, 78.8, 78.6,
75.3, 74.8, 68.1, 679, 67.7, 39.9, 38.2, 33.5, 25.4, 14.2; FAB HRMS caled for
CiuHi604:Cs (M + Cs)*: 899.2044; found m/z = 899.2065.

(4R,5R,8R,95)-9-Hydroxy-9-hydroxymethyi-4-[{[2<methoxy)ethoxy|methoxy}-
methyl]-2,2-dimethyl-8-]{ (1,1-dimethylethyl)diphenylsilyljoxylmethyl|-1,3,7-trioxas-
pirol4.4]nonan-6-one (91). A solution of crude triol 30b (12.5 g, 0.033 mmol) in
DMF was treated with DMAP (183 mg. 1.50 mmol), imidazole (4.09 g, 0.060 mol),
and TPSCI (9.3 mL, 0.036 mol). The reaction mixture was stirred at room temper-
ature for 3 h, poured into a mixture of aqueous HCI (1 m)/brine (1:3) (200 mL), and
extracted with ethyl acetate (3 x 200 mL). The combined organic extracts were
washed with aqueous NaHCO,/brine (1:1) (100 mL) and brine (100 mL), dried
(MgS0,). filtered, and concentrated in vacuo to give a crude oil. Purification by
flash column chromatography (silica, ethyl acetate:petroleum ether 3:1 —+1:1) gave
the diol 91 (15.1 g, 75%) as a yellow oil. [a]22 = + 41.6 (¢ 1.07 in CHCl;, 75% ee):
R, = 0.18 (silica, ether:petroleum ether 3:1); IR (thin film): ¥_,, = 3414, 2935,
2890, 1787, 1472, 1428, 1375, 1217, 1114, 1061, 856cm™*; '"H NMR (500 MHz,
CDCly): 8 =7.69-7.65 (m, 4H, Ph), 7.49-7.40 (m, 6H, Ph), 4.90 (dd, J =71,
3.4 Hz, 1H, H-6), 4.89 (s, 1 H, C4-OH), 4.82 (s, 2H, OCH,0}, 4.45 (dd, / = 5.2,
3.8 He, 1H, H-3), 4.21 (dd, J =11.5, 3.4 Hz. 1 H, H-7), 4.13 (dd, J = 11.5, 5.2 Hz,
1H, CHH'0Si), 4.09 (dd, J =11.5, 3.8 Hz, 1H, CHH'OSi), 3.96 (dd, J =12.2,
7.3 Hz, 1H, CHH'OH), 3.92 (dd, J =11.5, 7.1 Hz, tH, H'-7), 3.87 (dd, J =12.2,
6.6 Hz, 1H, CHH'OH), 3.79-3.71 (m, 2H, OCH,CH,OCH,), 3.57 (app.t,
J =4.6Hz, 2H, CH,0CH,), 3.38 (s, 3H, OCH,), 2.85 (dd. J =73, 6.6 Hz, 1H,
CH,0H),1.50(s,3H,CH,), 1.45 (s, 3H. CH,), 1.06 (s, 9 H, SiC(CH,),); ' 3*C NMR
(125 MHz, CDC),): 6 =173.9, 136.1, 136.0, 132.2, 131.9, 130.82, 130.80, 128.53,
128.50, 111.2,96.4, 84.6, 82.7, 80.1, 78.2, 72.2, 67.7, 65.7, 62.7. 62.0, 59.5, 27.2, 27.1,
25.4, 19.5: FAB HRMS calcd for Cy,H,,0,,SiNa (M + Na)*: 627.2601; found
mjz = 627.2571.

(4R,5R,8R,9S)-9—Fonnyl—9—hydroxy-4-llIZ—(methoxy)cthoxy]methoxy]methyll-2.2—
dimethy}-8-[[{ (1,1-dimethylethyl)diphenylsilyljoxylmethyl]-1,3,7-trioxaspiro|4.4]-
nonan-6-ope (92). A solution of compound 91 (1.14 g, 1.89 mmol) in dichioro-
methane (40 mL) was treated with Dess ~ Martin periodinane (878 mg, 2.08 mmol).
The reaction mixture was stirred at room temperature for 12 h, diluted with ether
(80 mL), quenched with 25% Na,S,0; in aqueous NaHCO, (20 mL), and stirred
for 15 min. The aqueous phase was extracted with ether (3 x 80 mL). The combined
organic extracts were dried (MgSO,), filtered, and concentrated in vacuo to give a
crude oil. Purification by flash column chromatography (silica, ether:petroieum
ether 1:1) gave aldehyde 92 (1.04 g, 91%) as a colorless oil. [a]2? = + 60.0 (c 0.54
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in CHCly, 75% ee); R, = 0.38 (silica, ether:petroleum ether 3:1); IR (thin film):
Voa = 3376, 2934, 2859, 1793, 1731, 1462, 1428, 1376, 1216, 1113, 825¢cm™};
'HNMR (400 MHz, CDCl,): 6 = 9.91 (s, 1H, CHO), 7.65-7.61 (m, 4H, Ph),
7.47-7.38 (m, 6H, Ph), 5.03 (dd, J = 6.8, 5.2 Hz, 1 H, H-3), 4.87 (brs, 1H, C4-
OH), 4.83 (dd, J = 4.5, 3.5 Hz, 1 H. H-6), 4.75 (ABq, J,5 = 6.8 Hz, Av,, = 9.0 Hz,
2H, OCH,0), 4.01 (dd, s =11.7, 3.5 Hz, 1 H, H-7), 3.95 (dd, J =10.7, 6.8 Hz, 1 H,
CHH'OSIi), 3.90 (dd, J =10.7, 5.2 Hz, 1 H, CH'HOSi), 3.84 (dd, J =11.7, 4.5 Hz.
1H, H'-7), 3.77-3.69 (m, 2H, OCH,CH,0OCHy,). 3.58-3.56 (m, 2H, CH,OCH,),
3.39(s, 3H, OCHy,), 1.48 (s, 3H, CH,), 1.45 (s, 3H, CH,), 1.01 (s, 9H, SiC(CH,),);
13C NMR (125 MHz, CDCl,): 6 =197.3, 172.6, 136.0. 135.9. 132.6, 132.5, 130.5,
128.4,128.3,111.9,96.2, 86.1, 82.2,80.3,77.7, 72.1, 67.9, 64.7, 60.2, 59.4, 27.2, 27.0,
25.7, 19.4: FAB HRMS calced for C,;,H,,0,,SiNa (M + Na)*: 625.2445; found
mfz = 625.2472.

(4R,5R,8R,95)-9-Hydroxy-4-{[|2-(methoxy)ethoxyjmethoxyjmethyl]-2,2-dimethyl-8-
Hl(1,1-dimethylethyl)diphenylsilyljoxyjmethyl]-6-0xo-1,3,7-trioxaspiro{4.4|nonan-9-

carboxylic acid phenylmethyl ester (94). A solution of the aldehyde 92 (2.50 g,
4.15 mmol) in ¢-butanol (25 mL) and water (7.5 mL) was treated with 2-methyl-2-
butene (2.0 in THF, 8.72mL, 174 mmol) and NaH,PO,-H,0 (0.602g,
4.36 mmol). The reaction mixture was stirred at room temperature for 15 min,
treated with NaClO, (1.13 g, 12.5 mmol), and stirred for S h. The reaction mixture
was cooled to 0°C, quenched with aqueous HCI (1M, 100 mL), and extracted
with dichloromethane (4 x 250 mL). The combined organic extracts were dried
(MgS0,), filtered, and concentrated in vacuo to provide the acid 93 in quantitative
yield as a colorless oil. The crude acid was used in the next step without any further
purification. A solution of the crude acid 93 in toluene (75 mL) was treated with
DCBI (1.96 g, 6.23 mmol). The reaction mixture was heated at 100°C for 2 h,
cooled to room temperature, and concentrated in vacuo to give a crude oil. Purifi-
cation by flash column chromatography (silica, ethyl acetate:petroleum ether
25:75 — 30:70) gave MEM ether 94 (2.77 g, 94% from 92) as a colorless oil.
[e]3? = + 26.3 (¢ 2.40 in CHCl,, 75% ee); R, = 0.31 (silica, ether: petroleum ether
1:1); IR (thin film): ¥, = 3335, 2934, 2890, 1790, 1742, 1457, 1376, 1275, 1192,
1119, 1056, 824 cm™~*; 'H NMR (500 MHz, CDCl,): 6 =7.65- 7.60 (m, 4H, Ph),
7.45-7.42 (m, 2H, Ph), 7.38-7.34 (m, 9H, Ph), 5.42 (s, 1 H, C4-OH), 5.17 (ABq.
Jas =12.3 Hz, Av, = 25.8 Hz, 2H, CH,Ph), 5.11 (dd, J = 5.3, 4.9 Hz, 1H, H-3),
4.92(dd,J = 6.7, 5.0 Hz, 1 H, H-6), 4.75 (ABq, J,s = 6.9 Hz, Av,, = 30.1 Hz. 2H,
OCH,0), 4.14 (dd, J =112, 5.0 Hz, tH, H-7), 4.07 (dd, J =11.4, 49 Hz. 1H,
CHH'OSi), 4.04 (dd, J =11.4, 5.3 Hz, 1 H, CHH'OSi), 3.97 (dd, J =11.2, 6.7 Hz,
tH, H'-7), 3.74-3.66 (m, 2H, OCH,CH,0OCH,), 3.54 (app.t, J = 4.6 Hz, 2H,
CH,0CH,), 3.38 (s, 3H, OCH,), 1.42 (s, 3H, CH;), 1.26 (s. 3H, CH},), 1.03 (s, 9H,
SiC(CH,),); '*C NMR (125 MHz, CDCl,); 8 =172.8, 169.0, 136.0, 135.9, 134.9,
132.7, 132.3, 130.53, 130.50, 129.1, 128.9, 128.4, 128.3, 112.1, 96.2, 85.8, 81.3, 80.9,
78.4, 72.1, 68.5, 67.7, 65.4, 61.7, 59.5, 27.5, 27.1, 25.7, 19.6: FAB HRMS calcd for
C3sH30,,SiCs (M + Cs)*: 841.2020; found m/z = 841.2039.

(4R,5R 8R,95)-9-Hydroxy~4-hydroxymethy}-2,2-dimethyi-8-[[|(1,1-dimethylethyl)-
diphenylsilyljoxyjmethyll-6-0xo-1,3,7-trioxaspiro|4.4jnonan-9-carboxylic acid phe-
nylmethyl ester (95). A solution of MEM ether 94 (16.2 g, 23.0 mmol) in acetonitrile
(300 mL) was treated with sodium iodide (3.43 g, 23.0 mmol). The reaction mixture
was cooled to —30°C and treated with TMSC! (2.92 mL, 23.0 mmol), stirred at
—30°C for 1h, treated with an additional amount of sodium iodide (3.43 g.
23.0 mmol) and TMSCI (2.92 mL, 23.0 mmol), and stirred for 30 min. The reaction
mixture was quenched with NaHCO, (500 mL) and ethy! acetate (300 mL) and
warmed to room temperature. The aqueous phase was separated and extracted with
ethyl acetate (3 x 100 mL). The combined organic extracts were dried (MgSO,),
filtered, and concentrated in vacuo to give a crude oil. Purification by flash column
chromatography (silica., ethyl acetate:petroleum ether 3:1 — 2:1) gave the diol 98
(10.1 g. 71 %) and unreacted MEM ether 94 (3.85 g, 24%).

Data for 95: [a]3” = + 37.7 (¢ 0.69 in CHCl,, 75% ee): R, = 0.47 (silica, ethyl
acetate:petroleum ether 1:2); IR (thin film): ¥_,, = 3511, 3231, 2932, 2891, 2858,
1789, 1742, 1461, 1428, 1375, 1276, 1217, 1186, 1113, 1055cm~'; 'HNMR
(500 MHz, CDCl,): 6 =7.66-7.63 (m. 4H, Ph), 7.43-7.26 (m, 11H, Ph), 6.30 (s,
1H,C4-OH), 5.22-5.14(m, 3H, CH,Ph and H-3 or H-6),4.84 (dd, J = 4.0,4.0 Hz,
1H, H-3 or H-6). 4.24 (ddd, J =13.0. 3.7, 3.7 Hz, 1 H, CHH'0), 4.10-4.05 (m, 2H,
CH,0), 3.97 (ddd. J =13.0, 5.6, 3.3 Hz, 1H, CHH'O), 3.13 (dd, J = 8.9, 4.0 Hz,
1H,C7-0H),1.27(s, 3H, CH,;), 1.04 (s, 3H, CH,); '3C NMR (125 MHz, CDCl,):
6 =172.2.169.0, 135.5, 135.4, 135.3, 134.3, 132.3. 132.1. 129.9, 128.6, 128.2, 127.7,
110.9, 84.6,81.4, 80.6,79.1, 68.0, 61.5, 59.1, 26.6, 26.3, 25.0, 19.1; FAB HRMS calcd
for C, Ho0sSiCs (M + Cs)*: 753.1496; found m/z =753.1465.

(4R,5R,8R,9S5)-9-Hydroxy-4,8-bis(hydroxymethyl)-2,2-dimethyl-6-0xc-1,3,7-triox-

aspiro[4.4jnonan-9-carboxylic acid phenylmethyl ester (96). A solution of silyl ether
95 (14.4g, 23.2 mmol) in THF (308 mL) at 0°C was treated with acetic acid
(2.64 mL, 46.2 mmol) and TBAF (1.0m in THF, 26.1 mL, 26 mmol). The reaction
mixture was stirred at 0°C for 30 min, warmed to room temperature, and poured
into brine (500 mL) and ethyl acetate (300 mL). The aqueous phase was separated
and extracted with ethyl acetate (4 x 50 mL). The combined organic extracts were
dried (MgSO0,), filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography (silica, ethyl acetate: petroleum ether 2: 1) gave the
triol 96 (7.73 g, 87%) as a white crystalline solid. Recrystallization from hot
dichloromethane gave enantiomerically enriched triol 96 (>98% ee). M.p. 118—

Chem. Eur. J. 1995, 1, No. 7 © VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1995

119 °C (dichloromethane); [«]3? = + 88.2 (¢ 1.14 in CHCl;, >98% ee); R, = 0.15
(silica, ethyl acetate:petroleum ether 1:1); IR (thin film): 3., = 3262, 1792, 1734,
1700, 1662, 1653, 1559, 1506, 1456, 1374, 1276, 1217, 1186, 1059 cm ™ !; *H NMR
(500 MHz, CDCl,): 6 =7.41-7.36 (m, SH, Ph), 6.80 (s, 1H, C4-OH), 5.28 (d,
J =122 Hz, 1H, CHH'Ph), 5.21 (d, J =12.2, 1H, CHH'Ph), 5.08 (dd, J = 4.8,
4.8 Hz, 1H, H-3 or H-6), 4.81 (dd, J = 4.2, 2.8 Hz, 1H, H-3 or H-6), 4.27 (ddd,
J =132, 4.2, 3.0 Hz, 1H, CHH'OH), 4.12-4.02 (m, 2H, CH,0H), 3.95 (ddd,
J=13.2, 10.0, 2.8 Hz, 1H, CHH'OH), 3.40 (dd, J =10.0, 2.8 Hz, 1 H, OH), 2.56
(dd. =179, 5.2 Hz, 1H, OH), 1.41 (s, 3H, CH,), 1.27 (s, 3H, CH,); '*C NMR
(125 MHz, CDCl;): 6 =172.1, 169.0, 134.1, 128.8, 128.7, 128.4, 128.3, 111.0, 84.4,
81.4, 80.9, 79.0, 68.1, 60.0, 58.7, 26.1, 24.9; FAB HRMS caled for C,;H,,0,Cs
(M + Cs)*: 515.0318; found m/z = 515.0336.

(4R,5R 8R,95)-9-Hydroxy-8-hydroxymethyl-4-{[|2-(methoxy ethoxy|methoxy|-
methylj-2,2-dimethyl-6-0x0-1,3,7-trioxaspiro/4.4Jnonan-9-carboxylic acid phenyl-
methyl ester (97). A solution of compound 94 (2.11 g, 2.98 mmol) in THF (40 mL)
at 0°C was treated with acetic acid (0.34 mL, 5.96 mmol) and TBAF (1.0M in THF,
3.57mL, 3.57 mmol). The reaction mixture was stirred at 0°C for 1.5 h, quenched
with water (40 mL) at 0°C, and extracted with ethyl acetate (3 x 80 mL). The com-
bined organic extracts were dried (MgSO,), filtered, and concentrated in vacuo to
give a crude oil. Purification by flash column chromatography (silica, ethyl ac-
etate:petroleum ether 1:1) gave diol 97 (1.36g, 97%) as a colorless oil.
[a]3? = + 47.4(c 1.80 in CHCl,, 75% ee); R, = 0.33 (silica, ethyl acetate: petroleum
ether 1:1); IR (thin film): 3,,, = 3332, 2939, 1790, 1741, 1455, 1377, 1185, 1020,
866 cm~'; 'HNMR (500 MHz, CDCl,): § =7.40-7.32 (m, 5H, Ph), 5.75 (s, 1 H,
C4-OH), 5.23(ABq, Jop =12.2 Hz, Av, = 9.7 Hz, 2H, CH,Ph), 5.01 (dd, J = 4.7,
4.4 Hz, 1H, H-3), 4.88 (dd, J = 6.2, 5.3 Hz, 1 H, H-6), 4.72 (ABq, J,\s = 6.8 Hz,
Av,s = 33.2 Hz, 2H, OCH,0), 4.13 (dd, J =114, 5.3 Hz, 1H, H-7). 4.08 (dd,
J=12.6,4.4 Hz, 1H, CHH'OH), 4.03 (dd, J =12.6, 4.7 Hz, 1H, CHH'OH), 3.96
(dd,J =11.4,6.2 Hz. 1 H, H'-7), 3.70-3.64 (m, 2H, OCH,CH,OCH,), 3.52 (app.t.
J =45 Hz, 2H,CH,0CH};), 3.36 (s, 3H, OCH,), 2.81 (brs, 2H, CH,0OH ), 1.40 (s,
3H, CH,), 1.25 (s. 3H, CH,;); '*C NMR (125 MHz, CDCl,): 6 =172.9, 169.0,
134.9,129.3, 129.2, 129.1, 112.2, 96.2, 85.8, 81.5, 81.2, 78.4, 72.0, 68.6, 67.8. 65.2,
60.3, 59.4, 27.5, 25.7; FAB HRMS calcd for C,,H300,,Na (M + Na)*: 493.1686:
found mi/z = 493.1665.

(5R,2'5,4’aR,7’ R, 7’aS)-Dihydro-5-{[[2«methoxy Jethoxy|methoxymethyl|-2,2-di-
methyl-6"-ox0-2"~phenyl-spiro[1,3-dioxolane-4,7'(6’ H)-{7a Hfuro{3,2-d][ 1,3]dioxin}-
7’a-carboxylic acid phenylmethyl ester (98). A solution of dio! 97 (770 mg,
1.64 mmol) in dichloromethane (35mL) was treated with CSA (95.0 mg,
0.410 mmol) and benzaldehyde dimethy! acetal (0.737 mL, 4.91 mmol). The reac-
tion mixture was stirred at room temperature for 12 h and treated with more CSA
(15.0 mg, 0.0646 mmol) and benzaldehyde dimethyl acetal (75.0 uL, 0.500 mmol).
After stirring for 2 h, the same portions of CSA and benzaldehyde dimethyl acetal
were added and this was repeated one more time. The reaction mixture was
quenched with triethylamine (150 pL), diluted with ethyl acetate (150 mL), and
washed with water (2 x 35 mL). The organic phase was dried (MgSO,), filtered, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ethyl acetate: petroleumn ether 2:8 — 3:7) gave compound 98 (783 mg,
85%) as a colorless oil. [2]32 = + 51.2(c 4.01 in CHCl;, 75% ee); R, = 0.26 (silica,
ethyl acetate:petroleum ether 2:8); IR (thin film): ¥,_,, = 2938, 2888, 1795, 1741,
1455, 1384, 1277, 1199, 1062, 909, 861 cm™~'; 'HNMR (500 MHz, CDCl,):
6=744-7.27 (m, 10H, Ph), 5.35 (ABq, J,53 =12.0 Hz, Av,y = 66.6 Hz, 2H,
OCH,Ph), 5.30 (s, tH, CHPh), 4.98 (dd, J=9.5, 2.6 Hz, 1H, H-6), 4.91 (d,
J=1.4Hz,1H,H-3),4.62(ABq, J,3 = 6.7 Hz, Av,, = 27.4 Hz,2H, OCH,0), 4.51
(d,J =13.7Hz, 1 H, CHCHH'0), 4.16 (dd, J =13.7, 1.4 Hz, 1H, CHCHH'0), 4.12
(dd,J =11.3,9.5 Hz, 1H,H-7),4.03(dd, J =11.3,2.6 Hz, 1 H,H'-7), 3.62-3.53 (m,
2H, OCH,CH,0CH,), 3.40 (app.t, J = 4.6 Hz, 2H, CH,OCH,), 3.32 (s, 3H,
OCHj;), 1.45 (s, 3H, CH,), 1.36 (5. 3H, CH,); !C NMR (125 MHz, CDCl,):
6 =172.0, 166.5, 136.3, 134.8, 129.9, 129.5, 129.3, 129.2, 128.7, 126.2, 112.2, 98.4,
96.0, 84.7, 83.2,78.9, 72.6, 72.0, 68.7, 67.1, 66.0, 65.2, 59.3, 27.1, 25.2; FAB HRMS
caled for C,gH,;,0,,Cs (M + Cs)*: 691.1156; found m/z = 691.1186.

(5R,2'S,4aR,7' R,7aS)-Dihydro-5-hydroxymethyl-2,2-dimethyl-6'-0x0-2’-phenyl-
spirof1,3-dioxolane-4,7/(6’ H)-[7a Hlfuro|3,2-d)|1,3]dioxin|-7’a-carboxylic acid phe-
nylmethyl ester (99).

Method A: from triol 96. A solution of triol 96 (406 mg, 1.06 mmol) in
dichloromethane (20 mL) was treated with CSA (60 mg, 0.26 mmol) and benzalde-
hyde dimethyl acetal (0.44 mL, 3.19 mmol). The reaction mixture was stirred at
room temperature for 18 h and then poured into NaHCO, (30 mL) and extracted
with ethyl acetate (4 x 40 mL). The combined organic extracts were dried (MgSO,),
filtered, and concentrated in vacuo to give a crude oil. Purification by flash column
chromatography (silica, ethyl acetate:petroleum ether 1:2 — 2:1) gave alcohol 99
(394 mg, 79 %} and unreacted triol 96 (25 mg, 6%) as colorless oils.

Method B: from benzylidene acetal 98. A solution of benzylidene acetal 98 (845 mg,
1.51 mmol) in acetonitrile (18 mL) at —40°C was treated with sodium iodide
(273 mg, 1.82 mmol) and TMSC1(0.230 mL. 1.82 mmol). The reaction mixture was
stirred at —40°C for 1 h, quenched with water (20 mL), and concentrated in vacuo.
The reaction mixture was extracted with ethyl acetate (3 x 35 mL) and the combined
organic extracts were washed with sodium thiosulfate (30 mL) and brine (30 mL),
dried (MgSO,), filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography (silica, ethyl acetate: petroleum ether 3:7) gave
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desired alcohol 99 (471 mg, 66 %) and unreacted benzylidene 98 (221 mg, 26%) as
an inseparable mixture of white foams. [a)2? = + 82.5(c 2.52in CHCl,, >98% ee);
R, = 0.65 (silica, ethyl acetate:petroleum ether 1:1); IR (thin film): ., = 2927,
1794, 1741, 1384, 1276, 1189, 1061 cm~*; *H NMR (500 MHz, CDCl,): § =7.45-
7.28 (m, 10H, Ph), 5.45 (d, J =12.0 Hz, 1H, CHH'Ph), 5.31 (s, 1 H, CHPh), 5.29
(d.J =120 Hz, 1 H, CHH'Ph), 4.93 (brs, 1 H, H-3), 4.88 (dd, J = 5.5, 5.5 Hz, 1 H,
H-6). 4.54 (dd, / =14.0, 1.5 Hz, 1H, CHCHH'0), 4.15 (dd, J =13.5, 1.5 Hz, 1 H,
CHCHH'0), 4.12-4.02 (m, 2H, CH,OH), 1.44 (s, 3H, CH,), 1.33 (s, 3H, CH,);
*C NMR (125 MHz, CDCl,): & =171.5, 166.1, 135.4, 134.4, 129.7, 129.1, 128.8,
128.7, 128.5, 125.7, 111.3, 98.3, 84.4, 83.0, 79.8, 71.9, 68.3, 64.8, 60.1, 26.5, 24.7;
FAB HRMS calcd for C,5H,60,Cs (M + Cs)*: 603.0631; found m/z = 603.0631.

(55,2'S,4'aR,7’R,7'aS)-5-F: ormyldihydro-2,2-dimethyl-6-ox0-2'-phenyl-spiro| 1,3

dioxolane-4,7'(6’ H)-{7TaHfuro|3,2-d][1,3]dioxin|-7’a-carboxylic acid, phenylmethyl
ester (90). A solution of alcohol 99 (394 mg, 0.84 mmol) in dichloromethane
(50 mL) was treated with Dess—Martin periodinane (1.14 g, 2.69 mmol). The reac-
tion mixture was stirred at room temperature for 1 h, diluted with ether (100 mL),
and poured into 25% Na,$,0,/NaHCO, (100 mL). The aqueous phase was sepa-
rated and extracted with ether (2 x 100 mL). The combined organic extracts were
dried (MgSO0,). filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography (silica, ether: petroleum ether 3:7) gave the alde-
hyde 90 (355 mg, 90 %) as a white foam. [a]3? = + 81.4 (¢ 1.03 in CHCl,, >98%
ee); R, = 0.19 (silica, ether:petroleum ether 3:7); IR (thin film): ¥, = 2924, 1790,
1738, 1456, 1378, 1273, 1217, 1190, 1074cm™'; 'HNMR (500 MHz, CDCl,):
6 =9.64(d, J = 2.0 Hz, 1H, CHO), 7.44- 7.18 (m, 10 H, Ph), 5.48 (d, J =12.0 Hz,
1H, CHH'Ph), 5.27 (s, tH, CHPh), 5.23 (d, J =12.0 Hz, 1H, CHH'Ph), 5.04 (d,
J =20Hz, 1H, H-3),4.97 (brs, 1 H, H-6), 4.56 (d, J =13.5 Hz, 1 H, CHCHH'O),
4.18(dd, J =13.5,1.5 Hz, 1 H, CHCHH'0), 1.46 (s, 3H, CH,), 1.39 (s, 3H, CH,):
3C NMR (125 MHz, CDCl,): § =191.8, 171.1, 165.5, 135.1, 134.1, 129.6, 129.0,
128.9, 128.8, 128.3, 125.8, 114.1,98.5, 86.1, 82.4, 82.2, 72.1, 68.3, 64.8, 26.2, 25.0;
FAB HRMS caled for C,5H,,04Cs (M + Cs)*: 601.0475; found m/z = 601.0470.

Data for [3aR,7aS.8R,10aR]-8-[[[(1,1-Dimethylethyl)diphenylsilyljoxyjmethyl]dihy-
dro-2,2-dimethyl-10-0xo-10H-1,3-dioxolo}4,5-¢]furo|3,4-d)|1,3]dioxepin-Ta(8 H )-
carboxylic acid phenylmethyl ester (100): R, = 0.76 (silica, ethyl acetate: petroleum
ether 1:2); IR (thin film): ¥,,,, = 3229, 3040, 2930, 2856, 1791, 1745, 1588, 1460,
1428, 1379, 1271, 1214, 1175, 1106, 1058 cm™~'; 'HNMR (500 MHz, CDCl,):
6 =7.80-7.60 (m, 4H, Ph), 7.50-7.20 (m, 11 H, Ph), 5.32 (d, J = 6.0 Hz, 1H,
OCHH'0), 5.19-5.12 (m, 3H, CH,Ph and H-3 or H-6), 5.02 (dd, / = 5.0, 5.0 Hz.
1H, H-3 or H-6), 471 (d, J = 6.0 Hz, 1H, OCHH'0O). 4.31 (dd, J =13.5, 6.0 Hz,
1H. CH,), 4.06 (dd, J =11.5, 4.0 Hz, 1H, CH,), 4.02 (dd, J =13.5, 4.0 Hz, 1H,
CH,), 3.96 (dd, J =11.5, 7.0 Hz, 1 H, CH,). 1.44 (s, 3H. CH,), 1.35 (s, 3H. CH}),
1.03 (s, 9H, SiC(CH,),); '*C NMR (125 MHz, CDCl,): 6 =172.1, 165.1, 135.5,
135.4, 130.0, 129.6, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 127.5, 127.4,
112.6,94.4,86.0,83.9,83.7,79.2, 67.9, 67.5, 61.7, 29.6, 26.6. 26.0, 25.0; FAB HRMS
caled for C,,H,,0,SiNa (M + Na)*: 655.2339; found m/z = 655.2330.

ISR,5(1R),2'S,4'aR,7' R,7'25)-Dihydro-5-{hydroxy(2-methy}-1,3-djthian-2-yl)me-
thyl]2,2-dimethyl-6’-oxo-2'-phenyl-spiro{1,3-dioxolane—4,7'(6’ H )-|7a H]furo|3,2-
d)[1,3]dioxin]-7’a-carboxylic acid phenylmethyl ester (101 a) and [SR,5(15),2'S,4'aR,
7' R,7'aS]-dihydro-S-[bydroxy(2-methyl-1,3-dithian-2-yl)methyl|-2,2-dimethyl-6"-
oxo-2'-phenyl-spiro|1,3-dioxolane-4,7’(6’ H )-{ TaH]furo[3,2-d][1,3}dioxin]-7"a-car-
boxylic acid phenylmethyl ester (101b). A solution of 2-methyl-1,3-dithiane
(0.78 mL, 6.51 mmol) in THF (100 mL) at —40 °C was treated with n-butyllithium
(1.60M in hexane, 3.95mL, 6.32 mmol). The reaction mixture was warmed to
—25°C, stirred for 1.5 h, cooled to — 78 °C. treated with a solution of the aldehyde
90 (1.18 g, 2.54 mmol) in THF (20 mL), stirred at — 78 °C for 5 min, quenched with
a solution of acetic acid in THF (0.5m in THF, 14 mL, 7 mmol), and warmed to
room temperature. The reaction mixture was diluted with NH,Cl (100 mL) and
cther (150 mL). The aqueous phase was separated and extracted with ether
(2x150 mL). The combined organic extracts were dried (MgSO,), filtered, and
concentrated in vacuo to give a crude oil. Purification by flash column chromatog-
raphy (silica, ethyl acetate: petroleum ether 1:8 —1:5)) gave dithiane 101a (687 mg,
47%) and dithiane 101b (242 mg, 16%) as colorless oils.

Data for 101a: [¢]3* =+ 46.3 (¢ 0.37 in CHCl,, 75% ee); R, = 0.29 (silica,
ether:petroleum ether 1:1); IR (thin film): ¥, = 3556, 2928, 1796, 1742, 1453,
1383, 1219, 1051, 1033 cm™*; '"HNMR (500 MHz, CDCl,): § =7.43-7.32 (m,
10H, Ph), 5.65(s, 1 H, CHPh), 5.52 (s, 1 H, H-6), 5.36 (m, 2H, CH,Ph), 4.96 (s, t H,
H-3), 4.53-4.50 (m, 2H, OH and CHCHH'O), 4.51 (5, 1H, H-7), 4.04 (d,
J=13.0Hz, 1H, CHCHH'O), 2.32-1.85 (m, 6H, CH,). 1.44 (s. 6H, CH, and
CH,), 1.38 (s, 3H, CH,); '>C NMR (125 MHz, CDCl,): § =172.4, 166.0, 136.2,
134.2,129.7,129.0, 128.9, 128.7,128.4, 126.4,113.2, 98.8, 86.6, 82.5, 76.2, 72.7. 68.7,
65.1, 64.9, 52.8, 26.6, 26.3, 25.6, 24.9, 24.0, 22.5. FAB HRMS calcd for
C10H,,0,8,Cs (M + Cs)*: 735.0697; found m/z =735.0723,

Data for 101b: [a]3* = + 37.8 (¢ 1.49 in CHCl,, 75% ee); R, = 0.37 (silica.
ether:petroleum ether 1:1); IR (thin film): V,,, = 3556, 2928, 1797, 1740, 1455,
1383, 1254, 1219, 1064 cm~'; 'HNMR (500 MHz, CDC,): § =7.46-7.37 (m,
10H, Ph), 548 (d. J=12.0Hz, 1H, CHH'Ph). 5.39 (s. 1H, CHPh), 5.24 (d
J =120 Hz, 1 H, CHH'Ph), 5.07 (d, J = 9.0 Hz, 1 H, H-6), 4.91 (s, 1 H, H-3), 4.75
(dd, J = 9.0, 5.0 Hz, 1H, H-7), 4.59 (d, J =14.0 Hz, 1 H, CHCHH'O), 4.21 (dd,
J =140, 1.5 Hz, 1 H, CHCH#'0), 3.24 (m. 2H, CH,), 2.94 (d, J = 5.0 Hz, 1H,
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C7-OH), 2.45 (m, 2H, CH,), 1.97-1.73 (m, 2H, CH,), 1.44 (s. 3H, CH,), 1.42 (s,
3H, CH,). 1.32 (s. 3H, CH,); '*C NMR (125 MHz, CDCl,): 6 =170.3, 165.9,
135.3,134.1, 129.7, 125.1, 128.9, 128.7, 128.5, 126.5, 125.2, 111.3, 97.7, 85.1, 83.7,
81.0,79.1,71.7,68.2, 64.6, 50.7, 29.6, 28.9, 26.9, 26.4, 25.8, 24.3, 24.2; FAB HRMS
caled for C30H;,0,8,Cs (M + Cs)*: 735.0697; found m/z =735.0728.

[4R.4(1R),5R,8R,9S]-9-Hydroxy-8-hydroxymethyl-4-[hydroxy(2-methyl-1,3-dithi-
an-2-yl)methyl}-2,2-dimethyl-6-oxo-1,3,7-trioxaspiro{4.4jnonan-9-carboxylic  acid
phenylmethyl ester (102). A solution of dithiane 101a (82 mg, 6.14 mmol) in
dichloromethane (20 mL) was treated with ethanethiol (1.3 mL) and Zn(OTf )z
(200 mg, 0.55 mmo)). The reaction mixture was placed in an ultrasound bath for 8 h
and then diluted with dichloromethane (50 mL), washed with NH,CI (2 x 10 mL),
dried (MgSO,), filtered, and concentrated in vacuo to give a crude oil. Purification
by flash column chromatography gave the triol 102 (62.1 mg, 89 %) as a colorless
oil. [a]3?=+44.8 (¢ 0.67 in CHCl,, 75% ee); R, =0.45 (silica, ethyl ac-
etate: petroleum ether 2:3); IR (thin film): ¥,,, = 3456, 2934, 1787, 1738, 1383,
1278, 1218, 1186, 1081, 891 cm ™ *; '"H NMR (500 MHz, CDCl,): 6 =7.39-7.36 (m,
SH, Ph), 6.43 (s, 1H, C4-OH), 5.67 (s. 1H, H-6), 5.25 (ABq, J\s =12.2 Hz,
Ava,p =77.7Hz, 2H, CH,Ph), 5.12 (dd, J=4.7, 4.6Hz, 1H, H-3), 448 (d,
J =6.1Hz, 1H, H-7), 4.04 (ddd, / =12.6, 8.1, 4.7 Hz, 1 H, CHH'OH., 3.98 (ddd,
J=126,8.1,4.6 Hz, 1H, CHH'OH), 3.81 (d, J = 6.1 Hz, 1 H, C 7-OH), 2.98-2.91
(m, 2H, SCHH'CH,CHH’S), 2.67-2.63 (m, 2H, SCHH'CH,CHH'S). 2.21 (brdd,
J=281,81Hz tH,CH,0H), 2.12-2.09 (m, 1H, SCH,CHH'CH,S), 1.89-1.81
(m, 1H, SCH,CHH'CH,S), 1.55 (s, 3H, CH,;), 143 (s, 3H, CH,), 1.31 (s, 3H.
CH,); '>C NMR (125 MHz, CDCl,): 6 =173.5, 169.5, 134.8, 129.3, 129.2, 128.8,
112.2,85.1, 82.2, 81.8, 77.6, 68.8, 67.0, 60.5, 53.0, 26.9, 26.7, 26.3, 25.7, 24.4, 24.0;
FAB HRMS caled for C,3;H;,0,8,Cs (M + Cs)*: 647.0229; found myjz =
647.0257.

(3aR,4R,6aS,7R,9aR)-Dihydro-4,5-dihydroxy-7-hydroxymethyl-2,2,5-trimethyl-9-
oxc-5H,9H-1,3-dioxolof4,5-c|furo|3,4-b|pyran-6a,7(7H j-carboxylic  acid phenyl-
methyl ester (103). A sofution of the triol 102 (230 mg, 0.45 mmof) in THF (20 mL)
was treated with CaCO, (85 mg, 0.85 mmol) and aqueous Hg(ClO,), (0.20M in
H,0, 4.0 mL, 0.80 mmol). The reaction mixture was stirred at room temperature
for 0.5 h, diluted with ether (50 mL), and filtered through a short column of silica
to give the lactol 103 (160 mg, 81%) as a colorless oil. R, = 0.20 (silica. ethyl
acetate: petroleum ether 2:3); IR (thin film): V,,, = 3452, 2926, 1774, 1742, 1377,
1215, 1090, 1085 cm™'; "H NMR (500 MHz, CDCl,): § =7.42-7.30 (m, 5H, Ph),
5.30-5.10 (m, 3H, CH,Ph, H-3), 4.67 (d, J = 6.0 Hz, 1 H, H-6), 4.21 (dd, J =10.5,
6.0 Hz, 1H, H-7),4.19 (s, 1H, CH,0H), 4.09-3.98 (m, 2H, CHCH,0H), 2.35 (d,
J =10.5 Hz, 1 H, C7-OH) 1.57 (s, 3H, CH,), 1.51 (s, 3H, CH3;), 1.33 (s, 3H, CH,);
13C NMR (125 MHz. CDCly): 6 =173.5, 167.3, 134.4, 128.6, 128.5, 128.0, 113.4,
98.6, 86.4, 83.0, 82.2, 81.3, 80.4. 73.7, 68.1, 60.0, 25.9, 24.9, 23.8; FAB HRMS calcd
for C;0H,40,,Cs (M + Cs)*: 557.0424; found m/z = 557.0425.

(3aR,4R,645,7R,9aR)-Dihydro4-hydroxy-7-hydroxymethyl-5-methoxy-2,2,5-tri-
methyl-9-oxo-SH,9H-1,3-dioxolo[4,5-c|furo}3,4-B|pyran-6a,7(7H )-carboxylic  acid
phenylmethyl ester (104). A solution of lactol 103 (156 mg, 0.35 mmol) in 2% HCl/
MeOH (2 mL) was stirred at room temperature for 6 h. The reaction mixture was
quenched with triethylamine (0.1 mL) and the solvent was concentrated in vacuo to
give a crude oil. Purification by flash column chromatography gave the methyl
glycoside 104 (127 mg, 82%) and unreacted 103 (17 mg, 11%). R, = 0.20 (silica,
ethyl acetate: petroleum ether 3:2); IR (thin film): ¥_,, = 3508, 2946, 2874, 1790,
1748, 1456, 1379, 1215, 1035cm™*; "H NMR (500 MHz, CDCl,): 6 =7.42-7.30
(m, 5 H, Ph), 5.26 (d. J=12.0Hz, 1H, CHH'Ph), 5.18 (d, J =12.5Hz, 1H,
CHH'Ph), 5.17 (dd, J=7.0. 4.5Hz, 1H, H-3), 463 (d, J=6.5Hz, 1H, H-6),
4.35 (dd, J =10.5, 6.5 Hz, 1H, H-7), 4.09-3.97 (m, 2H, CH,0H), 3.20 (s, 3H,
OCH;,), 2.2 (d, /=10.5Hz, 1H, C7-OH), 1.50 (s, 3H, CH,), 1.49 (s, 3H,
CH,), 1.30 (s. 3H, CH,); '*C NMR (125 MHz, CDCl,): 6 =171.5. 167.2, 134.3,
128.7, 128.2, 113.3, 101.9, 82.5, 81.8, 81.3, 79.4, 74.4, 68.1, 48.7, 28.5, 26.0, 24.9,
19.1; FAB HRMS caled for C,,H,40,,Cs (M + Cs)*: 571.0580; found m/z =
571.0587.

(3aR 4R 6aS,7S,9aR)-T-Formyldihydro-4-hydroxy-S-methoxy-2,2,5-trimethy}-9-
oxo-5H,9H-1,3-dioxolof4,5-c|furo[3,d-b]pyran-6a,7(7H )-carboxylic acid phenylme-
thyl ester (105). A solution of methyl glycoside 104 (42mg, 93 pmol) in
dichloromethane (2.5 mL) was treated with activated 3 A molecular sieves (50 mg),
pre-dried Celite (40 mg), and PCC (199 mg, 0.93 mmol). The reaction mixture was
stirred at room temperature for 2.5 h and then filtered through a short column of
silica. Purification by preparative TLC gave the aldehyde 105 (27.2 mg, 65%). NB.
Aldehyde 105 exists partly in the hydrated form. R, = 0.8 (silica, ethyl ace-
tate:petroleum ether 4:1); IR (thin film): ¥_,, = 3486, 2993, 2945, 1805, 1747, 1380,
1271, 1186, 1086, 1038cm™'; 'H NMR (500 MHz, CDCl,): 6 = 9.65 (s, 1H,
CHO), 7.43-7.33 (m, SH, Ph), 5.58 (s, 0.5H, H-3), 5.33 (d, J =12.0 Hz, 1 H.
CHH'Ph), 5.23 (d, J=12.0 Hz, 1H, CHH'Ph). 5.21 (s, 0.2H, H-3), 4.92 (d,
J =70Hz, 0.3H, CH(OH),), 4.66 (d, J =7.0 Hz, 0.7H, H-6), 4.64 (d, J = 6.5 Hz,
0.3H,H-6),4.32(dd, J =10.0, 6.5 Hz,0.7H, H-7), 4.27 (dd. J =10.0, 7.0 Hz, 0.3 H,
H-7).3.20 (s, 1 H, OCH,), 3.12 (s, 2H, OCH,), 2.17 (d, J = 10.0 Hz, 1 H, C7-OH),
1.55 (s, 2H, CH,), 1.50 (s, 1 H, CH,;), 1.42 (s, 3H, CH,), 1.33 (s, 2H, CH,), 1.32
(s, 1H,CH,); FAB HRMS calcd for C,;H,,0,,(M + H)*:437.1448; found m/z =
437.1455.
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(3aR,4R,6aS5,7S,9aR)-Dihydro-4-hydroxy-5-methoxy-2,2,5-trimethyl-9-oxo-5H,9H-
1,3-dioxolo[4,5-c|furo|3,4-b]pyran-6a,7(7 H )-dicarboxylic acid bis(phenylmethyl) es-
ter (107). A solution of aldehyde 105 (15 mg, 0.033 mmol) in ¢-butanol (0.35 mL)
and water (75 uL) at 0°C was treated with a solution of 2-methyl-2-butene (2.0M in
THF, 0.15 mL, 0.30 mmol), NaClO, (9 mg, 0.10 mmol) and NaH,PO, (5.7 mg,
0.048 mmol). The reaction mixture was warmed to room temperature and stirred
for 3.5 h. The reaction mixture was poured into aqueous HCI (2.0N, 1 mL) and
extracted with ethyl acetate. The combined organic extracts were dried (MgSOy),
filtered, and concentrated in vacuo to give the acid 106 as a crude oil. The acid 106
was dissolved in toluene (3 mL), treated with DCBI (17 mg, 0.054 mmol) and heat-
ed at 110 °C for 35 min. The reaction mixture was concentrated in vacuo to give a
crude oil. Purification by preparative TLC gave benzyl ester 107 (17 mg. 92%.,
2 steps). R, = 0.50 (silica, ethyl acetate:petroleum ether 3:7); IR (thin film):
Ve = 3302, 2924, 2868, 1784, 1725, 1377, 1273, 1051 cm~!; 'H NMR (500 MHz,
CDCly): 6 =7.35-7.26 (m, 10H, Ph), 5.70 (s, 1H, H-3), 5.32(d, J =12.0Hz, 1H,
CHH'Ph),5.13(d,J =12.0 Hz, 1 H, CHH'Ph), 5.11 (d, / =12.0 Hz, 1 H, CHH'Ph),
5.08(d,J =12.0 Hz, 1 H, CHH'Ph),4.63 (d,J =7.0 Hz, 1 H, H-6),4.22(dd./ = 7.0,
5.5 Hz, 1H, H-7), 3.08 (s, 3H, OCH,), 2.12(d, J = 5.5 Hz, 1H, C7-OH), 1.49 (s,
3H, CH,). 1.33 (s, 3H, CH,), 1.30 (s, 3H, CH,); }*C NMR (125 MHz, CDCl,):
6 =170.1,166.4,164.4,134.7,134.2, 128.6, 128.4, 113.5, 101.8, 82.3. 81.1, 80.0, 79.6,
74.5, 48.6, 26.1, 24.8, 18.7; FAB HRMS caled for C,H;,0,,Cs (M + Cs)*:
675.0842; found m/z = 675.0844.

(3aR,5aR,85,9a5,12R,12aR)-Tetrahydro-2,2-dimethyl-12-(2-methyl-1,3-dithian-2-
yl)-8-phenyl-4H,10H-1,3-dioxolo{4’,5|pyrano|3’,4’: 3,4]furo|3,2-d]{1,3)dioxin-4,10-
dione (108). [¢]3 = 0.00 (¢ 0.79 in CHCl,); R, = 0.46 (silica, ethyl acetate:petro-
leum ether 1:2): IR (thin film): ¥,,, = 2992, 2934, 1805, 1770, 1457, 1377. 1189,
1107 cm™'; 'H NMR (500 MHz, CDCl,): 6 =7.43-7.31 (m, SH, Ph), 5.76(s. 1 H,
CHPh), 547 (d, J = 2.0 Hz, 1H, H-6), 540 (d, J = 2.0 Hz, 1 H, H-7),4.97 (s, 1 H.
H-3),4.57(d, J =14.0 Hz, { H, CHCHH'O), 4.47(d,J =14.0 Hz, 1 H, CHCHH'O),
2.57-2.41 (m, 4H, SCH,CH,CH,S). 1.80-1.76 (m. 2H. SCH,CH,CH,S), 1.70 (s.
3H, CH,), 1.46 (s, 6H, CH, and CH,); '*C NMR (125 MHz, CDCl,): & =169.3,
163.6, 135.3, 130.1. 128.4, 126.1, 114.7, 98.7, 97.5, 85.2, 79.5, 77.3, 73.3, 72.5, 67.8,
64.9, 26.7, 26.6, 26.4, 23.8, 23.4; FAB HRMS calcd for C,3H,40,S,Cs (M + Cs)*:
627.0123; found m/z = 627.0135.
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