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practical and
aesthetically and
intellectually appealing

The above figure shows the b—b and L—L category of C-glycosides as projection
formulae and as three-dimensional structure models (and their mirror images).
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The Total Synthesis of C-Glycosides with Completely Resolved Seven-Carbon
Backbone Polyol Stereochemistry: Stereochemical Correlations and Access to
L-Configured and Other Rare Carbohydrates
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Christian B. W. Stark!?!

Abstract: The de novo synthesis of a full set of hydroxymethyl C-glycosides from
only two precursors is described. The seven-carbon target molecules contain five

stereocentres and bridge the stereochemical gap between natural p-configured and
non-natural L-configured series of hexoses. Key steps include hydroxylation, differ-
ential protection, stereoselective reduction and desymmetrization of 8-oxabicy-
clo[3.2.1]oct-6-enes. C-Terminus differentiation and C-terminus excision of the seven-
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carbon polyol backbone lead to hexoses, including those of the L-series. A
stereochemical and genetic classification of C-glycosides is presented.

Introduction

Carbohydrates are essential molecules of biological systems.!]
They contribute to the structural framework of cells and
tissues and play an important role as an energy storage
system.l. A high number of glycoconjugates,®l such as
glycoproteins and glycolipids, are involved in coding infor-
mation and in cell—cell recognition.! They are built of
oligosaccharide structures and a protein or lipid moiety and
are located on the cell surface. The phantastic structural and
stereochemical diversity of carbohydrates, also called the
glycocode, exceeds that of polypeptides by far. While five
different difunctional amino acids furnish 120 different
pentamers of typ ABCDE, the number of corresponding
pentameric structures of five different monosaccharides has
been calculated to be 2144 640.55 Because of the essential role
in cell—cell and cell - pathogen communication the develop-
ment of new carbohydrate mimics for drug discovery or
mechanistic explorations of cellular interactions and metab-
olism is promising. In recent years C-glycosides!’! have been
the focus of attention because of their more stable C-glyco-
sidic linkage.®! The most obvious application is to utilize them
as inhibitors of glycosidases and transferases,”’ which are
known to be involved in cancer, viral infections and metab-
olism defects.'” So far C-glycosides of rare and non-natural
sugars have been studied much less presumably because of
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lack of access. The eight L-configured open-chain aldohexoses
(six-carbon atoms, four stereocentres) have been synthesized
by Masamune and Sharpless, using the Sharpless AE reaction
as key step.'] Vogel and his colleagues have prepared a wide
variety of sugars (and “naked sugars”) starting from Diels—
Alder adducts of furan.'’l Non-natural six-carbon sugars have
also been synthesized more recently by Ogasawara from
furfuraldehyde.["’]

Concept—Correlations—Classification

We report the de novo synthesis of a full set of hybrid p- and
L-C-glycosides starting with the unsaturated [3.2.1]oxabicyclic
framework. The target molecules contain a fifth stereocentre
in the six-membered oxacycle.

It occurred to us that a hybrid series of C-glycosides can be
constructed consisting of the naturally occurring set of D-
hexoses and the non-natural L-enantiomers: Such a series
(with a progression from six to seven carbon atoms and five
stereocentres) has structural and stereochemical features of
both D- and L-configured pyranosides. Moreover in our case,
the series is created from non-carbohydrate starting materials.
We illustrate our plan with a gedanken experiment involving
meso-configured C-glycosides 1—-4 (Scheme 1).

Consider C-glycoside 1 which can be derived from D-talose,
by f-selective hydroxymethylation of the D-talopyranose
anomeric centre. Alternatively and completely independently,
pB-hydroxymethylation of the anomeric centre of non-natural
L-talopyranose furnishes the identical seven-carbon D-L
hybrid 1. Hybrids 1-4 are achiral and correlate 242=38
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Scheme 1. S-Anomeric homologation of four pyranoside b and L pairs (first series): Symmetrization to meso-polyols.

stereoisomeric aldohexoses (D-allo-, b-gluco-, D-ido-, D-talo-
pyranose with their respective L-enantiomer). In meso-3 the
five substituents attached to the tetrahydropyran ring are all-
equatorial, just as in the -D- and S-L-glucopyranose pair. The
meso relationship is a powerful stereoconnector and allows
further interrelations, namely by desymmetrization.
Furthermore, the carbon
C4 is  pseudo-asymmetric

rently because of the high oxygen atom density clustered
around C4 and steric hindrance from various protecting
groups. Eventually, conversion into the very reactive triflate
and S\2 inversion with tetra(n-butyl)ammonium nitrite
(nBu,NONO) was successful for a number of less hindered
systems.

syn-2,6
(Scheme 2) and is flanked by 7 X
two substituents having identi- OH OH OH
cal constitution, but opposite HO_5 ™ OH  meso-1*
configuration. According to g i Ho~EOLA o, OH OH
the CIP rulel'¥) C4 has pseudo- /;\Ar(\j\/ [a] il Olloc-t
asymmetry descriptor 4r in H oH d HO™ Y" "OH
. . . OH OH OH OH OH
meso-1. A selective inversion meso-1 meso-2 i ?\ - 1
(H, OH ligand interchange) Chy g meso-2
transforms meso-1 into its 4s- Lol
epimer meso-2, and meso-3 into
OH OH OH
meso-4 (Scheme 2). In theory, HO : OH
. . Fr i meso-3"
an inversion at central carbon B
C4 is a simple operation, but a Ho B0~y c4 HG/\TORM\OH )
number of experimental pitfalls O™ o _—g—‘ HO "~ on Olo C4
had to be overcome. An at- OH OH OH OH OH
tempted Mitsunobu inversion mesg - HO et mespa’

and a selective oxidation/reduc-
tion in a similar case (see be-
low) were not successful, appa-  with syn-2,6 stereochemistry.

OH OH

Scheme 2. Pseudo-asymmetry in meso-configured seven-carbon D-L hybrids and their open-chain equivalents
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Scheme 3. -Anomeric homologation of four further D and L pairs: Generation of two racemic pairs 5 and ent-5; 6 and ent-6 (second series). C4

epimerization transforms 5 into 6 (ent-5 into ent-6).

In our second series the remaining eight hexoses (D- and L-
configured altro-, galacto-, gulo-, mannopyranose) are hy-
droxymethylated at the anomeric centre, again with exclusive
p-stereoselection, generating two pairs of enantiomeric
C-pyranosides, that is, 5 and ent-5; 6 and ent-6 (Scheme 3).
Thus, the stereochemical degeneracy and o-symmetric struc-
ture of 1-4 (see Scheme 1) have disappeared.

Each C-glycoside in Scheme 3 can be regarded as a D-L
hybrid of a D-hexose and a different single appropriate L-
hexose. To exemplify, C-glycoside § is a f-hydroxymethylated
C-p-mannoside and alternatively, a p-hydroxymethylated
C-L-galactoside: The anomeric reference atom (= configura-
tion defining atom) is D-configured in the mannoside core of §
and L-configured in the galactoside core. C-Glycoside 6 and
its enantiomer ent-6 have been constructed accordingly
(Scheme 3). The generation of four p-L hybrids (5 and ent-5;
6 and ent-6) and the potential of further interconversions
simplify organic syntheses substantially. In fact, the fully
developed synthetic methodology for the second series
comprises at most two non-enantiomeric stereoisomers.

In order to complete the series of seven-carbon hybrids,
homo-chiral instead of hetero-chiral hexoses are paired,
homologated and coalesced. In this case anomeric hydroxy-
methylation of eight pD-aldopyranoses has to proceed stereo-
selectively from the a side, providing four b-p hybrids 7 to 10
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Scheme 4. Open-chain polyol equivalents of second series with syn-2,6
relationship.

with trans-configured hydroxymethyl groups. The correspond-
ing set of four L-L hybrids is enantiomeric and consists of ent-7
to ent-10 (Scheme 5). The zig-zag chain seven-carbon equiv-
alent polyols are listed in Scheme 6.5 Schemes 1, 3 and 5
complete our D-L, D-D and L-L classification of C-glycosides,
which focuses on the two key chiral centres C2 and C6. An
assignment to any of these three classes can be made
immediately on inspection of projection formulae. The
notation allows us to spot genetic relationships with carbohy-
drates, while defining relative and absolute configuration at
the penultimate positions C2 and C6.
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Total synthesis: A number of C-glycosides of Scheme 1, 3 and
5 have been reported in the past, although the polyhydroxy
chain was not differentiated. Stereoisomer meso-3115°! (de-
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rived from D-glucose), b-D hybrid 852 (from meso-3 by L —
D change), 5,7 ! ent-51- 2 and ent-6!"! have been accessible.
In each case a carbohydrate from the chiral pool was modified
to provide the desired target.

Our retrosynthetic analysis starts from two simple bicyclic
compounds, parent 11 and chiral a-oxygenated (—)-12
(Scheme 7). Both 11 and (—)-12 are conformationally con-
strained, but not entirely rigid, and they are to be elaborated
by three key transformations: A, B, C. We planned to
synthesize the C-glycosides in parallel fashion and with an
orthogonal set of protecting groups.

Our first goal was to establish the oxygenation pattern and
required stereochemistry around the carbonyl group which
was to serve as fulcrum of these efforts. a-Hydroxylation
(Step C) followed by stereoselective reduction (Step B) of the
carbonyl moiety was considered as most practical approach.
Ozonolysis (Step A) of the etheno bridge of a completely
elaborated oxabicyclic precursor and subsequent reduction
should allow anomeric control and provide the target
molecules: cis-2,6-Configured hydroxymethyl groups are
generated with relaxation of conformational constraint.

In practice [3.2.1]oxabicyclic ketone 11 was assembled via
[4 + 3]-cycloaddition of furan with an allyl cation.??l The
recently developed asymmetric version of the cycloaddition,
involving chiral carbocations as reactive intermediates, gave
(—)-12 in high enantiomeric purity.?®! Syntheses of both
systems in multigram amounts have been described.

0947-6539/01/0722-4775 $ 17.50+.50/0
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Scheme 7. Retrosynthetic plan. A: ozonolysis and differential protection (or alternative procedure), B:

diastereoselective reduction, C: a-hydroxylation.

a-Hydroxylation of bicyclic ketones (Step C): We aimed at
the preparation of all possible tris-hydroxylated oxabicyclic
olefins, that is with a,a,a, a.e,a, aae, aee, eae and ee.e
stereochemistry (Scheme 7). To our surprise, formation of
syn-diaxial hydroxyketones (+)-13 and (—)-14 was straight-
forward, once a reliable hydroxylation procedure had been
worked out. The silylenol ether®! was prepared by in situ
quench with chloro triethylsilane (TES-Cl)/lithium diisopro-
pylamide (LDA) and oxidized with meta-chloroperbenzoic
acid (mCPBA).»! Equatorial epimers were not detected as
oxidation products. A mixture of tetrahydrofuran and water
1:1 was essential to minimize side reactions. Under the
optimized conditions regeneration of ketones by protonation
of enolate intermediates was not observed. Tuning the silyl
group (steric hindrance, steric stabilization and lipophilicity)
showed that the triethylsilyl group (TES) is advantageous.*!
Excess of mCPBA may lead to epoxidation of the C6—C7
etheno bridge but was not detected when using 1.2 equiv
mCPBA. TES-protected hydroxy ketone was the only major
by-product. Simple addition of trifluoroacetic acid allowed
desilylation. Applying this protocol to (—)-12 as starting
material gave, after acylation, the desired (—)-15 in good
yield. Efforts to establish the new hydroxy group (also
equatorial) directly from (—)-12 were unsatisfactory.?®! Even-
tually, basic epimerization of pivaloyl-protected (—)-15 (but
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not acetyl protected analogue)
and ultrasonication gave (—)-16
in good yield.

At this point all possible a,a’'-
bis-hydroxylated ketones, that
1 is (+)-13 (a,a), doubly protect-

ed (—)-14 (a,a) as well as (—)-15
(a,e) and (—)-16 (e,e) were
available.’”l All hydroxylated
ketones were obtained in high
enantiomeric excess. All fur-
ther transformations were
equally stereoselective and car-
ried out on enantio-enriched
and also racemic materials,
without loss of generality and

T with installation of the desired
5 /Lph absolute and also relative ster-
c G“'T"ES eochemistry (cf. also synthetic
"0 tree in Scheme 14)
L .
< =12
& iﬁ;ﬁf’[gﬁ? Stereoselective reduction of

carbonyl group (Step B): Usu-
ally [3.2.1]-bicyclic ketones
such as (+)-13, (-)-14 and
(—)-16 are selectively reduced
by sterically demanding hy-
dride donors from the more
accessible side, furnishing the
axial epimer at least predomi-
nantly.”8! For the 2,4-bis axial
system reduction with L-Selec-
tride or DIBAH gave mixtures
of axial and equatorial alcohols.
Intramolecular hydride transfer with NaBH(OAc); provided
the axially configured alcohol exclusively and in high yield.?]
Because of the high oxygen density on the upper side of the
molecule a chelation-controlled reduction was envisioned as a
route to equatorial epimer with hydride attack from the
bottom face. In fact, reduction of (—)-14 in presence of MgBr,
proceeded under total stereocontrol: even NaBH, attacked
from the bottom face.*! Selective removal of the TES group
provided (—)-18 in excellent yield.?!

RaOTBS
—_—
%o / o
11 (+)-13 R=H, 62%

(-)-14 R=TES, 60%

0 o)\ P O\rop'vo)\ Ph iy Q o>\ Ph
— —
VKO 73% V&o 85 % %o
(-)-12 (-)-15 (-)-16

Scheme 8. i) nBuLi, (+)-bis[(R)-1-phenylethyl]amine, TES-CVEt;N (in
situ quench), THF 88%; mCPBA, THF/H,0, 83 %; TBS-Cl, imidazole,
CH,Cl, 99%; LDA, TES-CI/Et;N (in situ quench), THF, 94 %; for R=H:
1) mCPBA, THF/H,0, 2) TES-Cl/imidazole, CH,Cl,, 91 % (two steps); for
R=TES: 1) mCPBA, THF/H,O, 2) TFA, THF/H,O, 88% (two steps);
ii) LDA, TES-CI/Et;N, THF, 98 % ; mCPBA, THF/H,0, 78 %; PivCl, Et;N,
DMAP, CH,Cl,, 95 %; iii) DBU, CH;CN, ultrasound, 85%.

0947-6539/01/0722-4776 $ 17.50+.50/0 Chem. Eur. J. 2001, 7, No. 22



C-Glycosides

4771-4789

Attempts to obtain the a,e,e alcohol rac-20 in one step from
rac-15 (cf. rac-14 — rac-18) furnished exclusively the axial
epimer rac-19 in moderate yield, hydride ion attacking from
the top. Adding CeCl; as chelation agent improved the yield
to 90% with the same stereochemical result.?? Numerous
efforts to establish the equatorial stereochemistry at C3
through direct stereoselective reduction of ketone 15 failed.
Finally it was found that the reaction of sensitive axially
configured triflate with the sterically unhindered tetrabuty-
lammonium nitrite (Buy,NONO) as an effective nucleophile
gave rac-20 with complete inversion (Sy2).l*?!

The same sequence succeeded for synthesizing both
alcohols (—)-21 and equatorial (—)-22 from ketone (—)-16
as starting material. Again, attempts at a stereoselective
reduction of ketone (—)-16 to e,e,e-configured (—)-22 in one
step failed.

As an alternative access to the a,e,e-stereochemistry of rac-
20 a stereoselective reduction of ketone (—)-14 to the
equatorial alcohol was carried out under chelation control
giving (—)-18. Inversion of configuration at C2 (rac-23 — rac-
24) proceeded by the triflate/Bu,NONO procedure as out-
lined in Scheme 10. The structure of rac-20 and of (—)-22
(both with equatorial C3-OH groups) was proven by X-ray
crystal diffraction.” In an ancillary study the crystal structure
of syn-diaxial 13 has also been determined.s! The synthesis
and essential chemistry of six key unsaturated oxabicyclic
triols were now worked out. A masked meso-1 equivalent (cf.
(—)-21) had also been converted directly into a meso-2
equivalent (cf. (—)-22) (Scheme 9). These and other secon-
dary interconversions further reduce the number of essential
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Scheme 9. Six key unsaturated triols from hydroxylated 11 and (—)-12 in
short synthetic order. i) NaBH(OAc);, THF/AcOH, 87 %; ii) NaBH,,
MgBr,, MeOH, 99 %; TFA, THF/H,0, 77 %; iii) NaBH,, CeCl;, THF/
EtOH, 90 %; iv) 1) T£,0, py, DMAP, CH,Cl,; 2) BuyNONO, CH,Cl,, 75 %
(two steps); v) NaBH,, CeCl;, THF/EtOH, 99 %; vi) 1) Tf,O, py, DMAP,
CH,Cl,, 2) BuyNONO, DMSO, 60 % (two steps).
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intermediates en route to the target C-glycosides. In fact, since
(—)-12 has, in principle been transformed into 11 and vice
versa the number of starting materials could be reduced to
one single oxabicycle.

TBS aTB CITES
E'E'ioj)\ - D"':'O OB 0B
e TE % Z L'a S Iz
T g 67 D-‘ 55 ’”\‘“
rac-14 rac-23 ra&24
aee

Scheme 10. Alternative route to a,ee-triol. i) NaBH,, MgBr,, MeOH,
99 %; BzCl, py, DMAP, 86 %; TFA, THF/H,O0, 89 %; ii) Tf,0O, py, DMAP,
CH,Cl,, 80 %; Bu,NONO, DMF, 69 %.

Oxidative opening of bicyclic framework to C-glycosides and
carbohydrate mimics (Step A): For the alcohols (—)-17, rac-18
and rac-24 simple ozonolysis followed by reduction (NaBH,)
and formation of benzylidene acetal provided the target
C-glycosides (+)-25, rac-26, rac-27 with completely differ-
entiated polyol backbone (see Scheme 11).5¢

Ho/'fj:"\OH HO O~ oH
HO” > NoTBS — TBSO™ Y “OH
OH 17a OH

. | 64% over
T ')lZSteps
Undifferentiated
Parent Polyol
HOY TBS HO © (o]
O Lo
TBSO' ‘0" “Ph
OH OH
(-)-17 (+)-25 meso-3
oTBS HO 0 o
HO ii)
o — L
- OH 279 TBSO" ™y~ 07 “Ph
OH
(-)-18 rac-26 meso-4
and rac-18
0 .
%OBZ TBSO™ ™ O/kPh
OH OBz
rac-24 rac-27 6 (and ent-6)
l 18% over
e O i) | 2 steps
HO™ ™ " “OH
HO™ OTBS
OH

Scheme 11. i) O;, NaBH,, CH,Cl,/MeOH, 98 %; pTsOH, PhCH(OMe),,
CH;CN, 36 % ii) O;, NaBH,, CH,Cl,/MeOH, 99 %; PPTS, PhCH(OMe),,
CH,Cl,, 64%; iii)O;, NaBH,, CH,ClL/MeOH, 47%; pTsOH,
PhCH(OMe),, CH;CN, 39%. Solid and dashed wedges denote absolute
stereochemistry, solid and broken joists give relative stereochemistry.

Similarly, the four oxabicyclic systems rac-19, rac-20, rac-21
and (—)-22 were opened by ozonolysis after protection as
TBS-ethers. Removal of the 1-phenylethyl protecting group
by Pd-mediated hydrogenolysis led to the triols rac-29, rac-30
and (—)-31. With rac-20 as starting material the final
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protection as benzylidene acetal afforded rac-28 as shown
(Scheme 12). There was no re-symmetrization. Because of the
orthogonally protected hydroxy groups the seven-carbon

[°]

backbone remains chiral and non-racemic.

OPiv >\Ph i)
OH

o
Ph)\o ““OPiv

undifferentiated
parent polyol

o
?@ 66 % H
/ OTBS
rac-20 rac-28 6 (and ent-6)
o}
o OPv )\Ph i HO/Ilj/\OH
T X0 —_— .
g 81 % HO ‘OPiv
OH OTBS
rac-19 rac-29 5 (and ent-5)

cf. also ref. [27]
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HO OH
B-C-L-Galactoside B-C-D-Galactoside
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e Lo S
HO CH,0OH HOH,C OH
5 ent-5
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ring inversion ring inversion
OH HO.
CH,0H HOH,C
OZoH HOX S
OH HO
in traditional carbohydrate
chemistry the 1,2-cis link of
steps the type formed in B-manno- steps

pyranosides is especially
difficult to establish.

B T

o
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o) 70 % HO OPiv
OH OTBS
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)\ . HO © OH
o) o Ph V)
DQOH 74% HO” > “OPiv
7PivO OTBS
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Scheme 12. i) TBS-Cl, imidazole, DMF, 93%; O;, NaBH,, CH,Cly/
MeOH, 90%; Pd(OH),/C, EtOH, H,, 93%; PhCH(OMe),, pTsOH
(cat.), CH;CN, 85%; ii) TBS-Cl, imidazole, DMF, 95%; O;, NaBH,,
CH,ClL,/MeOH, 91 %; Pd(OH),/C, EtOH, H,, 94 % iii) TBS-Cl, imidazole,
DMEF, 84%; O;, NaBH,, CH,Cl,/MeOH, 89 %; Pd(OH),/C, EtOH, H,,
94 %; iv) TBS-Cl, imidazole, DMF, 85%; O;, NaBH,, CH,Cl,/MeOH,
92%; Pd(OH),/C, EtOH, H,, 95%.

Although the three-dimensional perspective is subdued, we
have frequently used the Mills projection formulae to
illustrate configurational relationships. With puckered rings
three-dimensional features are more apparent (Scheme 13).
In conventional carbohydrate chemistry the construction of
the 12-cis link of S-mannopyranosides is especially diffi-
cult.?”] In our approach ring-strain of the oxabicyclic pre-
cursor is released upon cleavage of the etheno double bond
with uni-directional ring inversion. The usual anomeric effect
is irrelevant and the §,cis-mannoside problem is solved almost
en passant: both 5§ and also ent-5, are obtained with “clean”
stereochemistry (Scheme 13).

Perspectives—Conclusion—Modus Operandi

We have shown previously that [3.2.1]oxabicycles are multiple
aldol addition equivalents for a wide range of complex
tetrahydropyrans characteristic of marine natural products.
Furthermore, parallel chemistry has created high-quality
polyketide segments which are individually separable.’®

The present strategy is concise and yet can be relied on to
fashion a wide range of C-glycosides. Only two oxabicyclics

4778
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Scheme 13. Synthesis of the f-C-mannopyranosides 5 and ent-5: To help
locating the embedded mannosyl (and galactosyl) moiety and the
alternating anomeric centres of the seven-carbon polyols, the “unnatural
hydroxymethyl group” has been drawn as CH,OH (see also Scheme 3).

have been used as seven-carbon polyol building blocks.
Sequential oxygenation of the three-carbon bridge provides
densely functionalized molecules with completely resolved
oxygen functions (Scheme 14). The pro-stereogenic two-
carbon unsaturated bridge is synthetically versatile and
has been modified and elaborated in various ways. Ozono-
lysis “through the middle” and subsequent reduction
(Schemes 11-14) furnish two cis-configured hydroxymethyl
groups. The end groups have been differentiated by intra-
molecular acetalization.

Earlier, enantiotopic cis-2,6-bishydroxymethyl groups were
recognized enzymatically as described for a ring B bryostatin
synthesis.*’]

A further option has been developed in the synthesis of the
Southern segment of lasonolide A C1—C16 and is adumbrated
in Scheme 15. After oxidative cleavage either one silylated
hydroxy ester [stepv(1)] or the constitutional isomer
[step v(2)] with interchanged ester and hydroxy functionality
have been prepared.B 40

The synthesis of pD-D and of the much less common L-L
configured C-glycosides of the third series requires a single
inversion at C6 or C2. We have shown previously that
[3.3.1]lactone acetals as a new class of compounds are
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Scheme 14. Linear and parallel steps en route to hybrid C-glycosides. In the later stages of the synthesis racemic
but diastereomerically pure substrates and achiral reagents were used, without loss of relative stereochemistry.
Furthermore, both (—)-12 and its enantiomer (+)-12 have been synthesized previously (ref. [23]). i) nBuLi, (+)-
bis[(R)-1-phenylethyllJamine, TES-CVEt;N (in situ quench), THF 88%; mCPBA, THF/H,0, 83 %; TBS-Cl,
imidazole, CH,Cl, 99 %; LDA, TES-CI/Et;N (in situ quench), THF, 94%; for R=H: 1) mCPBA, THF/H,0,
2) TES-Cl/imidazole, CH,Cl, 91 % over two steps; for R =TES: 1) mCPBA, THF/H,0, 2) TFA, THF/H,0, 88 %
over two steps; ii) NaBH(OAc);, THF/AcOH, 87 %; iii) O;, NaBH,, CH,Cl,/MeOH, 99 %; PPTS, PhCH(OMe),,
CH,Cl,, 64 %; iv) NaBH,, MgBr,, MeOH, 99 %; TFA, THF/H,0, 77 %; v) O;, NaBH,, CH,Cl,/MeOH, 98 %;
pTsOH, PhCH(OMe),, CH;CN, 36 %; vi) NaBH,, MgBr,, MeOH, 99 %; BzCl, py, DMAP, 86 %; TFA, THF/H,0,
89 %; vii) T1,0, py, DMAP, CH,Cl,, 80%; Bu,NONO, DMF, 69 %; viii) O;, NaBH,, CH,Cl,/MeOH, 47 %;
pTsOH, PhCH(OMe),, CH;CN, 39 %; ix) LDA, TES-CVEt;N (in situ quench), THF, 98 %; mCPBA, THF/H,0,
78%; PivCl, Et;N, DMAP, CH,Cl,, 95%; x) NaBH,, CeCl;, THF/EtOH, 90 %; xi) TBS-CI, imidazole, DMF,
95%; O;, NaBH,, CH,Cl,/MeOH, 91%; Pd(OH),/C, EtOH, H,, 94 %; xii) 1) Tf,O, py, DMAP, CH,Cl,;
2) nBuyNONO, CH,Cl,, 75% over two steps; xiii) TBS-Cl, imidazole, DMF, 93 %; O;, NaBH,, CH,Cl,/MeOH,
90 %; Pd(OH),/C, EtOH, H,, 93 %, PhCH(OMe),, pTsOH (cat.), CH;CN, 85 %; xiv) DBU, CH;CN, ultrasound,
85 %; xv) NaBH,, CeCl;, THF/EtOH, 99 %; xvi) TBS-Cl, imidazole, DMF, 84 %; O;, NaBH,, CH,Cl,/MeOH,
89 %; Pd(OH),/C, EtOH, H,, 94 %; xvii) 1) Tf,0, py, DMAP, CH,Cl,, 2) Bu,NONO, DMSO, 60 % over two steps;
xviii) TBS-Cl, imidazole, DMF, 85 %; O;, NaBH,, CH,Cl,/MeOH, 92 %; Pd(OH),/C, EtOH, H,, 95 %.
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excellent glycosyl donors. One bridgehead carbon is anomeric
(either D or L) in the conventional sense with uniformly high
yields in the C-glycosidation reaction (ca. 95%) (Scheme 16).
Consequently, both D-D type and L-L type C-glycosides are
also readily accessible, the nucleophile being introduced trans
to the glycosidic linkage with excellent stereoselectivity.
Moreover, glycosyl cyanides (D-D) have been prepared. The
change from D-D back to D-L hybrid occurs on base-induced
epimerization. 1 Various transitions within the general D-L,

Chem. Eur. J. 2001, 7, No. 22
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D-D and L-L frame have been
effected experimentally. An
activated leaving group is not
necessarily required for glyco-
sylation: Even tetrahydropyr-
an acetals with methoxide ion
as supposedly poor leaving
group serve as glycosyl do-
nors in acetonitrile. It is of
biogenetic and general interest
that naturally occurring C-
linked glycosides belonging to
the L-L category, but outside
the conventional carbohydrate
area, are also rare. An example
is the marine metabolite phorb-
oxazole!™*l with its C4-C10
substructure which we pre-
pared from universal 8-oxa-
bicyclo[3.2.1]oct-6-en-3-one
(11)8>410] and also halichon-
drin B (C5-C11 and C28-C34
segment).*”] More recently api-
cularen™ has been isolated
from myxobacteria.*’! Phorb-
oxazole, the halichondrins and
apicularen are potent anti-
cancer agents suggesting that
fine-tuning of L-L tetrahydro-
pyran stereochemistry and
shape contribute to bioactivity.

Reversion from seven car-
bon atoms to six carbon atoms
yields traditional D-configured
carbohydrates and their L-
enantiomers via directed C-ter-
minus excision, by known free
radical and ionic methodology
(Schemes 16, 17). In each case,
four of the original five stereo-
centres of the carbon backbone
remain untouched.

In summary, multiple stereo-
chemical coalescence by pair-
wise stereoselective homologa-
tion is a powerful principle for
organic synthesis. Exceedingly
simple solutions for stereocon-
trolled syntheses of complex
polyfunctionalized materials,

C-glycosides and carbohydrates including rare and non-
natural species are within experimental reach.

Experimental Section

Note: For reasons of readability the numbering of bicyclic systems follows
the order of hydroxylation instead of the usual priority rules. The
numbering of the tetrahydropyrans follows IUPAC rules.

0947-6539/01/0722-4779 $ 17.50+.50/0
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Scheme 15. p- and L-Configured glycosyl donors from 8-oxabicy-
clo[3.2.1]oct-6-en-3-ones. i) (—)-Ipc,BH; oxidation; ii) (+)-Ipc,BH; oxida-
tion; iii) LDA, TES-CI/NEt; (in situ quench), THF, —78°C, 1 h; iv) mCP-
BA; v(1) and v(2): ozonolysis, NaBH,.

General methods: Infrared spectra were recorded on a Perkin—Elmer 1710
IR spectrometer. 'H NMR and BC NMR spectra were recorded on a
Bruker AM 400 spectrometer in deuterated chloroform unless otherwise
stated, with tetramethylsilane as internal standard. Mass spectra were
recorded on a Finnigan MAT 312 (70 eV) or a VG Autospec spectrometer
at RT unless otherwise stated. Preparative column chromatography was
performed on J. T. Baker silica gel (particle size 30-60 um). Analytical
TLC was carried out on aluminium-backed 0.2 mm silica gel 60 Fys, plates
(E. Merck). THF was distilled over sodium/benzophenone before use.
CH,CI, was distilled over CaH, before use. DMF was dried over BaO and
distilled over CaH, before use. Methyl fert-butyl ether (MTBE), diethyl
ether (E), ethyl acetate (EA), cyclohexane (CH) and light petroleum ether
(PE, b.p. 40-60°C) were distilled before use.
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R! : RZ
OBn

x o 3
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o-oXyanion reactivity MeQ.C 0 D""'\“G()zl'\.l'lre
X = 5Ph, S0;Ph,CN, 1 ~Re
PPh.BF R™
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Scheme 16. Stereoselective synthesis of C-glycosides with D-D type configuration. A: All reactions were run with
TMSOTY (ca. 1equiv) in CH;CN, —40— 0°C; then addition of MeOH, RT —in situ esterification. Yields
uniformly ca. 95%. L-L type C-glycosides are accessible from L-anomeric [3.3.1]lactone acetal (cf. Scheme 15 and

refs. [41], [42]).
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Scheme 17. C-Terminus differentiation and C-terminus excision in seven-
carbon D-L configured glycosyl donors. For simplicity the stereochemistry
at C3, C4, C5 and all protecting groups are omitted. In the most simple case
CH,X = CH,Y = CH,OH. C-Terminus differentiation may be simpler for
other combinations of end groups, e.g. CH,OH and CO,H/CO,R/CN/
CONH,/CHO (see also Schemes 15, 16).

o] (1R,5R)-3-Triethylsilanyloxy-8-oxabi-
cyclo[3.2.1]octa-2,6-diene [(+)-11a]:
(4)-Bis[(R)-1-phenylethyl]amine
(20.88 g, 92.74 mmol) was added to a
suspension of LiCl(2.06 g, 42.5 mmol) in THF (300 mL). nBuLi (55.4 mL,
88.7 mmol, 1.6M in hexane) was added slowly at —100°C. After 5 min the
reaction mixture was allowed to warm to RT and was stirred for 20 min at
RT. A previously prepared solution of 8-oxabicyclo[3.2.1]oct-6-en-8-one
(11; 10 g, 81 mmol) in THF (100 mL) was added dropwise at —100°C over
a period of 1 h followed by a mixture of triethylamine (28.0 mL, 202 mmol)
and TES-CI (16.2 mL, 96.8 mmol). Af-
ter being stirred at —100°C for 30 min
the reaction mixture was allowed to
warm to RT and was poured into an ice-
cold sat. NaHCO; solution. After ex-
traction with MTBE the combined or-
ganic layers were dried (MgSO,), the
solvent was removed and the resulting
oil was purified by flash chromatogra-
D_0.0 phy (CH/MTBE) giving (+)-11a
(16.92 g, 88%)as a colourless oil. The
: enantiomeric excess was determined
OBn after preparation of (—)-11b by NMR-
shift measurement and was found to be
83% ee. [a]d) =+44.6 (c=1, CHCL);
'H NMR (CDCL): 6 =6.47 (dd, J=5.9,
1.7Hz, 1H; H-6), 592 (dd, J=5.9,
19Hz, 1H; H-7), 522 (dt, J=4.38,
13Hz, 1H; H-2), 492 (dd, /J=6.3,
1.8 Hz, 1H; H-5), 479 (m, 1H; H-1),
2.63 (ddt, /=173, 6.1, 1.2Hz, 1H;

OTES

Ncicj: TCOsMe H-4,), 1.68 (dd, /=173, 0.7 Hz, 1H;
= ; A2 H4.), 095 (t, J=80Hz, 9H;
6N Si(CH,CH.,),), 0.64 (q, J=8.0 Hz, 6H;
Si(CH,CH,),); ®C NMR (CDCL): 6 =

14729 (C,, C-3), 137.95 (CH, C-6), 126

(CH, C-7), 107 (CH, C-2), 76.87 (CH,

C-5),75.06 (CH, C-1), 32.70 (CH,, C-4),

0.0O_L.CN 6.57 (CH,, Si(CH,CH,),), 4.95 (CH,,
Si(CH,CHs;);); IR (neat): 7=2956,

R? A 2912, 2876, 1640, 1460, 1416, 1352,
QBn 1308, 1256, 1240, 1200, 1056, 1016, 968,

944, 914, 868, 744 cm™'; MS (rt): ml/z
(%): 238 (9) [M]*, 223 (1), 209 (100),
195 (2), 179 (16), 151 (24), 116 (26), 103
(10), 87 (58).
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| OH (1R,2R,5R)-2-Hydroxy-8-oxabicyclo- HOOTBS (1R,2R 4S,55)-2-(tert-butyldimethyl-
Q 3 [3.2.1]oct-6-en-3-one [(—)-11b]: O~ \ 3 silanyloxy)-4-triethylsilanyloxy-8-oxa-
5T, . Yo mCPBA (70%) (5.50 g, 37.7 mmol) 517 o bicyclo[3.2.1]oct-6-en-3-one [(—)-14]:
6 was added at 0°C to a solution of 6 mCPBA (70%) (274 mg, 1.10 mmol)
(+)-11a (5.19 g, 22.0 mmol) in THF/H,O (1:1, 66 mL). The mixture was oTBS was added at 0°C to a solution of (—)-
stirred vigorously for 10 min, allowed to warm to RT and kept stirring for 5E§O 11d (368 g, 1.00 mmol) in THF/H,O
2.5h. After cooling to 0°C trifluoroacetic acid (1.7 mL, 22 mmol) was 5\|’ 3 (1:1, 3mL). After being stirred vigo-
added. After complete reaction the resulting mixture was quenched by 6 /7 0 rously for 10 min the mixture was

adding sat. NaHCO; solution and neutralized. The aqueous layer was
saturated with solid NaCl and was extracted (EA). The combined organic
layers were dried (Na,SO,) and the solvent was removed under reduced
pressure. Flash chromatography (CH/EA) provided (—)-11b (2.6 g, 83%)
as a white solid. [a]d =—-93.2 (c=1, CHCL); m.p. 46-48°C; '"H NMR
(CDCL): 6=6.40 (ddd, J=6.3, 1.8, 0.7Hz, 1H; H-6), 6.21 (dd, J=6.1,
1.8 Hz, 1H; H-7), 5.03 (m, 1H; H-5), 494 (s, 1H; H-1), 3.70 (s, 1H; H-2),
3.05 (dd, /=16.6, 5.0 Hz, 1H; H-4,,), 2.32 (d, /=164 Hz, 1H; H-4,);
BC NMR (CDClLy): 6 =204.87 (C,, C-3), 137 (CH, C-6), 133.56 (CH, C-7),
82.30 (CH, C-1), 7732 (CH, C-5), 75.32 (CH, C-2), 44.47 (CH,, C-4); IR
(CHCL,): 7 =3556, 3040, 2968, 1728, 1376, 1332, 1228, 1032, 976, 844 cm™;
MS: miz (%): 140 (50) [M]", 122 (5), 111 (6), 98 (27), 97 (37), 81 (100).

OTBS (1R,2R,5R)-2-(tert-Butyldimethylsila-
O 3 nyloxy)-8-oxabicyclo[3.2.1]oct-6-en-3-
5T 7 0 one [(—)-11c]: Imidazole (1.21g,
6 179 mmol) was added at 0°C to a

solution of (—)-11b (1.67 g, 11.9 mmol) in CH,Cl, (25 mL) followed by
TBS-Cl (2.16 g, 14.3 mmol). After being stirred for 30 min at 0°C the
mixture was allowed to warm to RT and stirring was continued overnight.
The reaction mixture was poured into a mixture of H,O and E and was
extracted with E. The combined organic layers were dried (MgSO,) and the
solvent was removed. Flash chromatography (CH/EA) gave (—)-11¢
(3.02 g, 99%) as a colourless oil. [a]¥ =—36.3 (c=1, CHCL;); '"H NMR
(CDCL): 6=6.37 (dd, J=6.2, 1.8 Hz, 1H; H-6), 6.14 (dd, /=6.0, 1.8 Hz,
1H;H-7),4.97 (brd,/=4.9 Hz, 1H; H-5), 4.78 (brs, 1H; H-1), 3.64 (s, 1 H;
H-2),3.03 (dd, /=15.9, 4.8 Hz, 1H; H-4), 2.25 (d, / =15.9 Hz, 1 H; H-4,,),
0.89 (s, 9H; SiC(CH,;);), 0.12 (s, 3H; SiCHj;), 0.05 (s, 3H; SiCHj);
BCNMR(CDCly): 6 =203.96 (C,, C-3),136.93 (CH, C-6), 129.52 (CH,C-7),
83.04 (CH, C-1), 7722 (CH, C-5), 75.69 (CH,C-2), 45.00 (CH,, C-4), 25.62
(CHj;, SiC(CHs);), 1821 (C,, SiC(CHs);), —4.86 (CH;, SiCH;), —5.01
(CHj, SiCHa); IR (neat): 7 = 2956, 2928, 2888, 2856, 1724, 1472, 1404, 1360,
1332, 1252, 1180, 1136, 1100, 1060, 1008, 988, 940, 916, 856, 836, 780 cm™;
MS: m/z (%): 254 (5) [M]*+, 197 (4), 171 (4), 147 (7), 129 (100), 101 (3), 81
(4), 73 (15); HRMS: caled for Cj3H,,05Si: 254.1338, found: 254.1338.

OTBS (1R,2R,5S)-2-(tert-Butyldimethylsila-
O~—\ 3 nyloxy)-3-triethylsilanyloxy-8-oxabi-
°I), oTES cyclo[3.2.1]octa-3,6-diene [(—)-11d]:
6 nBuLi (12.24 mL, 19.58 mmol, 1.6m

in hexane) was added at —78°C to a solution of diisoproylamine
(2.71 mL, 19.3 mmol) in THF (20 mL). The reaction mixture was stirred
at RT for 20 min. A previously prepared mixture of triethylamine (4.99 mL,
35.8 mmol) and TES-CI (3.81 mL, 22.7 mmol) was added slowly followed
by a solution of (—)-11¢ (3.50 g, 13.8 mmol) in THF (21 mL). After 10 min
the reaction was quenched by addition of sat. NH,ClI solution at —78°C.
After being warmed to RT the mixture was extracted (EA) and the
combined organic layers were washed with brine, dried (MgSO,) and the
solvent was removed. Flash chromatography (CH/EA) provided (—)-11d
(4.78 g, 94 % )as a colourless oil. 'H NMR (CDCl;): 6 =6.68 (dd, J=5.9,
1.1 Hz, 1H; H-6), 6.03 (dd, /=59, 2.0 Hz, 1H; H-7), 527 (d, J=4.8 Hz,
1H; H-4),4.81 (dd, J=4.6, 1.8 Hz, 1H; H-5), 4.74 (d, J=2.0 Hz,1H; H-1),
3.52 (s, 1H; H-2), 0.94 (t, /=78 Hz, 9H; Si(CH,CH,);), 0.93 (s, 9H;
SiC(CHs);), 0.69 (q,J =7.8 Hz, 6 H; Si(CH,CH3);), 0.13 (s, 3H; SiCH3), 0.12
(s, 3H; SiCH5;); BC NMR (CDCL): 6 =147.67 (C,, C-3), 143.09 (CH, C-7),
125.98 (CH, C-6), 108.63 (CH, C-4), 84.93 (CH, C-5), 75.47 (CH, C-1), 69.74
(CH, C-2), 25.90 (CH;, SiC(CH,)s), 18.34 (C,, SiC(CH,);), 6.55 (CH;,
Si(CH,CHs;);), 4.86 (CH,, Si(CH,CH,);), —4.29 (CH;, SiCH;), —4.90
(CHs, SiCHs;); IR (neat): 7 =2956, 2936, 2876, 2856, 1636, 1460, 1412, 1360,
1316, 1248, 1212, 1108, 1060, 1004, 984, 960, 944, 916, 876, 860, 836,
744 cm~'; MS: m/z (%): 368 (30) [M]*, 339 (14), 311 (35), 253 (6), 243 (29),
207 (6), 189 (17), 179 (24), 161 (23), 151 (17), 133 (9), 115 (93), 105 (9), 87
(100), 73 (73).

(1R,2R 48,5S)-2-(tert-Butyldimethylsilanyloxy)-4-hydroxy-8-oxabicyclo-
[3.2.1]oct-6-en-3-one [(+)-13] and
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allowed to reach RT and kept stirring
for a further 6 h. After the reaction was completed, the resulting mixture
was quenched by adding sat. K,CO; solution. After washing with sat.
K,CO; solution the organic layer was extracted (EA), dried (Na,SO,) and
then the solvent was removed under reduced pressure. Flash chromatog-
raphy (CH/EA) provided (—)-14 (116 mg, 30 % ) as a white solid and (+)-13
(184 mg, 68 %) as the polar product (for the X-ray crystal structure see
ref. [34]). The product distribution can vary slightly. Alternatively (+)-13
was prepared by deprotection of (—)-14: Trifluoroacetic acid (0.12 mL,
1.6 mmol) was added at 0°C to a solution of (—)-14 (306 mg, 0.800 mmol) in
THF (7 mL) and H,O (1.4 mL). After stirring for 1 h at 0°C the ice bath
was removed. The reaction was stirred at RT for 2 h. The reaction was
quenched by addition of a sat. NaHCO; solution. After neutralization
(NaHCO:s) the aqueous layer was extracted (EA). The combined organic
layers were dried (MgSO,) and the solvent was removed. Flash chroma-
tography (CH/EA) provided (+)-13 (168 mg, 78 %) as a colourless solid.
M.p. 48-50°C; [a]f =+24.4 (c=1, CHCL); 'H NMR (CDCl;): 6 =6.05
(ddd,J=6.2,1.9,0.6 Hz, 1H; H-6), 6.00 (ddd, J = 6.2, 1.8,0.6 Hz, 1 H; H-7),
4.64 (m, 1H; H-5), 4.54 (m, 1H; H-1), 3.54 (m, 1H; H-2), 3.50 (m, 1H;
H-4), 1.15 (s, 1H; OH), 0.64 (s, 9H; SiC(CHs;);), —0.14 (s, 3H; SiCH,),
—0.16 (s,3H; SiCH;); "CNMR (CDCl,): 6 =202.53 (C,, C-3),132.77 (CH,
C-6),132.13 (CH, C-7), 83.74 (CH, C-1), 83.03 (CH, C-5), 77.34 (CH, C-2),
7123 (CH, C-4), 25.59 (CH;, SiC(CHs);), 18.13 (C,, SiC(CH;);), —4.95
(CHs, SiCH;), —5.24 (CHj;, SiCHj;); IR (KBr): 7=3404, 2956, 2924, 2908,
2852, 1728, 1468, 1408, 1356, 1340, 1320, 1260, 1164, 1096, 1044, 1004, 952,
864, 836, 812, 780, 744,708 cm~'; MS (80°C): m/z (%): 213 (2) [M — C,H,]",
195 (10), 177 (7), 158 (34), 156 (100), 145 (92), 139 (70), 111 (31), 75 (44).

Alternatively (—)-14 was prepared by protection of (+)-13: TES-CI
(2.00 mL, 11.9 mmol) was added at 0°C to a solution of imidazole
(820 mg, 11.9 mmol) in CH,Cl, (10 mL). The mixture was stirred for
10 min, then (+)-13 (2.14 g 7.95 mmol) was added. After being stirred for
30 min at 0°C the mixture was allowed to reach RT and stirring was
continued for 2 h. At this point another portion of TES-Cl (0.5 mL,
3 mmol) was added. After being stirred for 1 h the reaction mixture was
quenched by addition of sat. NH,CI solution and extracted (EA). The
combined organic layers were dried (MgSO,) and the solvent was removed.
Flash chromatography (CH/EA) gave (—)-14 (2.63 g, 87 %) as a colourless
solid. M.p. 34-35°C; [a]® = —1.8 (c=1, CHCL;); '"H NMR (CDCL): 6 =
6.24 (s,2H; H-6, H-7),4.79 (m, 2H; H-1, H-5), 3.65 (t,/ = 0.9 Hz, 1 H; H-2),
3.63 (t, J=0.9 Hz, 1H; H-4), 0.94 (t, J=, 9H; Si(CH,CH,)5), 0.90 (s, 9H;
SiC(CHs;);), 0.64 (m, 6 H; Si(CH,CHj);), 0.12 (s, 3H; SiCH3), 0.08 (s, 3H;
SiCH;); *C NMR (CDCl,): 6 =208.83 (C,, C-3), 132.62 (CH, C-6), 132.59
(CH, C-7), 83.42 (CH, C-5), 83.36 (CH, C-1), 75.92 (CH, C-4), 75.71 (CH,
C-2), 2579 (CH;, SiC(CHj);), 18.36 (C,, SiC(CH,);), 6.65 (CHs,
Si(CH,CH,);), 4.60 (CH,, Si(CH,CH,);), —4.71 (CH,;, SiCH;), —5.09

(CH;, SiCH,); IR (neat): 7 =2956, 2912, 2876, 1728, 1460, 1412, 1252, 1124,
103 (24), 87 (28), 73 (42).

en-3,4-diol [(—)-17]: A solution of
of NaBH(OAc); (800 mg, 4.0 mmol) in THF (5mL) and acetic acid
quenched by addition of sat. NaHCO; solution. After neutralization (solid
(CH/EA) provided (—)-17 (480 mg, 87 %) as a white solid. M.p. 102°C;

1104, 1068, 1016, 956, 836, 780, 740 cm~'; MS: m/z (%): 327 (5) [M —
C,H,]*, 301 (6), 287 (88), 259 (100), 223 (12), 195 (11), 173 (5), 139 (9),
oTBS (1R,28,3R 4R,5S)-2-(tert-Butyldimeth-

OTE//O‘# ylsilanyloxy)-8-oxabicyclo[3.2.1]oct-6-

3
50)7

s OH (+)-13 (540 mg, 2.0 mmol) in THF
(5 mL) was added at 0°C to a solution
(10 mL). After stirring for 2 h at 0°C NaBH(OAc); (400 mg, 2.0 mmol) was
added. The reaction mixture was stirred for another hour and then
NaCOj;) the mixture was extracted (EA) and the combined organic layers
were dried (Na,SO,). Removal of the solvent and flash chromatography
[a]® =—0.2 (¢c=1, CHCL); 'HNMR (CDCl;): 6 =6.38 (dd,/ =6.3,1.9 Hz,
1H; H-6), 6.33 (dd, J=6.2, 1.8 Hz, 1H; H-7), 4.73 (m, 1H; H-5), 4.62 (m,
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1H; H-1), 3.75 (m, 1H; H-3), 3.49 (m, 1H; H-2), 3.43 (m, 1H; H-4), 1.99
(brs, 1H; 4-OH), 1.89 (d, J=9.3 Hz, 1H; 3-OH), 0.91 (s, 9H; SiC(CHs);),
0.11 (s, 6H; Si(CHs;),); °C NMR (CDCly): 0 =132.62 (CH, C-6), 132.19
(CH, C-7), 82.92 (CH, C-1), 82.15 (CH, C-5), 77 (CH, C-3), 71.05 (CH, C-2),
70.75 (CH, C-4), 25.71 (CHj;, SiC(CHj;);), 18.00 (C,, SiC(-CH,);), —4.95
(CHj;, SiCH;); IR (CHCL,): 7=3592, 3548, 3000, 2956, 2932, 2884, 2856,
1472, 1388, 1360, 1320, 1300, 1260, 1092, 1040, 988, 940; FAB-MS: m/z (% ):
273 (54) [M+H]", 259 (12), 215 (20), 187 (9), 176 (8), 167 (9), 154 (18), 136
(23), 129 (22); MS (160°C): m/z (%): 215 (26) [M — C,Hy]*, 197 (16), 179
(6), 171 (17), 169 (28), 167 (32), 147 (26), 129 (87), 123 (26), 117 (25), 105
(6), 95 (19), 81 (95), 75 (100); HRMS: calcd for CyH,50,Si: 215.0740, found:
215.0741.

TESCTBS 2f3-(tert-Butyldimethylsilanyloxy)-4f-
(; OH triethylsilanyloxy-8-oxabicyclo[3.2.1]-
77 3 oct-6-en-3-o0l [rac-14 a]: A solution of

rac-14 (1.76 g, 4.50 mmol) in MeOH
(5 mL) was added at 0°C to a suspension of MgBr, (1.65 g, 9.00 mmol) in
MeOH (20 mL). NaBH, was added in small portions until the reaction was
complete. After stirring for 1 h the reaction was quenched by addition of
sat. NH,CI solution. After extraction (EA) the combined organic layers
were dried (Na,SO,) and the solvent was removed. Flash chromatography
(CH/EA) provided rac-14a (1.73 g, >99%) as a colourless oil. 'H NMR
(CDCL,): 6 =6.23 (s,2H; H-6, H-7), 4.66 (m, 1H; H-1), 4.64 (m, 1H; H-5),
3.83 (dt, /=123, 5.0 Hz, 1H; H-3), 3.69 (m, 2H; H-2, H-4), 2.70 (d, /=
12.3 Hz, 1H; OH), 0.99 (t, /=79 Hz, 9H; Si(CH,CH;);), 0.93 (s, 9H;
SiC(CHs);), 0.65 (q, /=8.2 Hz, 6H; Si(CH,CHs);), 0.10 (s, 3H; SiCHj;),
0.09 (s, 3H; SiCH;); *C NMR (CDCl,): 0 =132.51 (CH, C-6), 132. 47 (CH,
C-7), 82.69 (CH, C-1), 82.61 (CH, C-5), 68.19 (CH, C-2), 68.01 (CH, C-4),
64.45 (CH, C-3),25.83 (CH;, SiC(CHj;);), 18.21 (C,, SiC(CH;);), 6.81 (CH;,
Si(CH,CHs;);), 4.92 (CH,, Si(CH,CH;);), —4.58 (CH;, SiCH;), —4.80
(CHs, SiCH3;); IR (neat): 7 =3556, 3080, 2952, 2876, 1460, 1412, 1360, 1312,
1288, 1252, 1132, 1076, 1040, 1004, 972, 944, 892, 860, 836, 776, 740,
708 cm~!; MS: m/z (%): 329 (34) [M — C,H,]+, 301 (4), 261 (9), 237 (8), 211
(18), 197 (13), 169 (6), 157 (9), 129 (30), 116 (16), 81 (100), 73 (27); HRMS:
caled for C;gH330,Si,: 386.2309, found: 386.2313.
HOOTBS 2-(tert-Butyldimethylsilanyloxy)-8-oxa-
O%OH bicyclo[3.2.1]oct-6-en-3,4-diol  (rac-
57)7 3 18): Trifluoroacetic acid (0.23 mL,
6 3.00 mmol) was added slowly at 0°C
to a stirred solution of rac-14a (580 mg, 1.50 mmol) in THF(13 mL) and
H,0 (2.5mL). After 10 min at 0°C the ice bath was removed and the
reaction mixture was stirred for 2.5 h. Addition of NaHCOj; terminated the
reaction. The organic layer was neutralized with NaHCO;, extracted (EA)
and dried (MgSO,). After removing the solvent flash chromatography
provided rac-18 (312 mg, 77 %) as a colourless oil. 'H NMR (CDCl,): 6 =
6.26 (dd, J=6.3,1.6 Hz, 1H; H-6), 6.23 (dd, J=6.3, 1.8 Hz, 1H; H-7), 4.77
(t, J=19 Hz, 1H; H-5), 4.63 (t, /=19 Hz, 1H; H-1), 3.83 (m, 1H; H-3),
3.76 (m, 1H; H-2),3.59 (brs, 1 H; H-4), 0.93 (s, 9H; SiC(CH,)53), 0.12 (s, 6 H;
Si(CHj;),); *C NMR (CDCly): 6=132.30 (CH, C-6), 131.65 (CH, C-7),
82.42 (CH, C-1), 82.21 (CH, C-5), 69.08 (CH, C-3), 68.53 (CH, C-2), 64.57
(CH, C-4), 25.74 (CHj;, SiC(CHs,);), 18.00 (C,, SiC(CH3);), —4.79 (CH;,
SiCH,), —4.84 (CH;, SiCH;); IR (CHCL,): #=3671, 3530, 2999, 2956,
2931, 2885, 2858, 1617, 1471, 1464, 1416, 1362, 1319, 1304, 1258, 1234, 1126,
1113, 1093, 1067, 1002, 986, 955, 939, 865, 850 cm~'; MS: m/z (%): 215 (14)
[M — CH,]", 197 (8), 169 (8), 151 (8), 129 (53), 117 (14), 103 (7), 81 (100),
75 (66).
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(2R,35,4R,5R,65)-3-(tert-Butyldimethylsilanyloxy)-2,6-bis-hydroxymeth-

yl-4,5-bis-hydroxy-tetrahydropyran [ (+)-17 a]: Oxabicycle (—)-17 (470 mg,
1.68 mmol) was dissolved in CH,Cl, (15 mL) and MeOH (2 mL) and the
mixture was cooled to —78°C. Ozone (100 L per h) was bubbled through
the reaction flask. When a slight blue colour persisted the ozone was
removed by a slight oxygen stream at —78°C. NaBH, (166 mg, 4.36 mmol)
was added at —78°C before the cooling bath was removed and the
temperature was allowed to reach RT. Stirring was continued for 30 min at
RT, and the reaction was quenched by adding 10 % citric acid. The mixture
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was worked up by extraction (EA). The combined organic layers were
dried (MgSO,). Removal of the solvent under reduced pressure and
purification (CH/EA) afforded (+)-17a (513 mg, 99%) as a white solid.
M.p.45°C; [a]¥ = +13.9 (c=1, CHCl;). NMR signals were assigned by 2D
techniques: '"H NMR (CD;0D): 6 =3.76 (m, 1 H; H-2), 3.73 (m, 1H; H-6),
3.50 (dd, J=11.5, 6.2 Hz, 1H; H-7,), 3.47 (dd, J=11.3, 6.4 Hz, 1H; H-7,),
3.25 (m, 1H; H- H-8,), 3.20 (qt, J=1.6 Hz, 1H; H-4), 3.14 (m, 2H; H-5,
H-3),3.07 (dd, J=9.4, 8.6 Hz, 1 H; H-8,), 0.79 (s, 9H; SiC(CH,)5), 0.05 (s,
3H; SiCHj;), 0.00 (s, 3H; SiCHj;); *C NMR (CD;0D): 6 =81.02 (CH, C-2),
80.40 (CH, C-6), 78.00 (CH, C-4), 72.13 (CH, C-3), 71.15 (CH, C-5), 62.30
(CH, C-7), 62.29 (CH, C-8), 25.55 (CH3, SiC(CHs;)s), 18.13 (C, SiC(CHs)s),
— 434 (CH,, SiCH,), —5.79 (CH,, SiCH,); IR (KBr): 7= 3384, 2952, 2928,
2884, 2856, 1472, 1408, 1388, 1360, 1252, 1188, 1132, 1096, 1044, 988, 936,
856, 836, 780 cm~!; MS (150°C): m/z (%): 251 (1) [M — C,H,]*, 233 (2), 215
(27),185 (5), 173 (8), 159 (18), 147 (30), 143 (18), 129 (23), 117 (69), 99 (26),
85 (4), 75 (100); HRMS: calcd for CyH,90¢Si: 251.0950, found: 251.0950.

7 8
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3a-(tert-Butyldimethylsilanyloxy)-2£,6-bis-hydroxymethyl-4¢,5a-bis-hy-

droxy-tetrahydropyran (rac-18a): Oxabicycle rac-18 (240 mg, 0.90 mmol)
in CH,Cl, (14 mL) and MeOH (2 mL) was allowed to react as described
above to afford rac-18a (271 mg, 98 %) after purification (CH/EA) as a
white solid. M.p. 46°C. NMR signals were assigned by 2D techniques:
'H NMR (CD;OD): 6 =3.92 (t, /=25 Hz, 1H; H-4), 3.74 (m, 1H; H-7,),
3.70 (dd, J=114, 1.9 Hz, 1H; H-8,), 3.58-3.48 (m, 4H, H-2, H-6, H-5,
H-7,), 3.46 (dd, J=11.2, 5.5 Hz, 1H; H-8,), 3.32 (dd, /=94, 2.6 Hz, 1H;
H-3), 0.84 (s, 9H; SiC(CHs);), 0.05 (s, 3H; SiCHjs), 0.03 (s, 3H; SiCH;);
BCNMR (CD;0D): 6 =76.86 (CH, C-6), 76.71 (CH, C-2), 73.29 (CH, C-4),
70.86 (CH, C-5), 69.31 (CH, C-3), 63.70 (CH,, C-8), 63.55 (CH,, C-7), 26.62
(CHj;, SiC(CHs);), 19.21 (C,, SiC(CH3)5), —3.82 (CH;, SiCHy), —4.47
(CH;, SiCH;); IR (ATR): 7 = 3365, 2929, 2885, 2857, 1463, 1410, 1360, 1336,
1252, 1092, 1041, 963, 939, 776 cm~'; MS (190°C): m/z (%): 251 (5) [M —
C,Hy]*, 233 (2), 215 (9), 197 (8), 171 (10), 159 (13), 147 (37), 123 (9), 117
(64), 111 (15), 75 (100); HRMS: cald for CoH,;yO4Si: 251.0950, found:
251.0951.
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(2R,3S,4R,5R,65)-(3-(tert-Butyldimethylsilanyloxy)-4-hydroxy-2-hydroxy-
methyl-(5,6-methyl)-O-benzylidene-tetrahydropyran [(+)-25]: Benzalde-
hyde dimethylacetal (50.0 pl, 0.325 mmol) was added at 0 °C to a solution of
(4+)-17a (98 mg, 0.31 mmol) in CH,Cl, (2 mL). After addition of a catalytic
amount of pyridinium toluene-4-sulfonate the reaction mixture was stirred
for 48 h at RT. The reaction mixture was poured into sat. NaHCO; solution
and the aqueous layer was extracted (CH,ClL,) and dried (MgSO,). After
removal of the solvent flash chromatography (CH — CH/EA) afforded
(+)-25 (78 mg, 64 %) as a colourless solid. M.p. 97°C; [a]d =+11.3 (c=1,
CHCl;). NMR signals were assigned by 2D techniques: 'H NMR
(CD;OD): 6=748 (m, 2H; Ar-H), 7.37 (m, 3H; Ar-H), 551 (s, 1H;
OCH(Ph)O), 4.34 (dd,/=10.3,4.4 Hz, 1H; H-8,), 3.88 (dd,/=11.8,2.6 Hz
1H; H-7,),3.72 (m, 1H; H-4),3.70 (m, 1 H; H-7,), 3.68 (m, 1 H; H-8,), 3.63
(m, 1H; H-5),3.48 (dt,J=9.5,4.8 Hz, H-2), 3.42 (m, 2H; H-6, H-3), 0.89 (s,
9H; SiC(CH,);), 0.16 (s, 3H; SiCH,), 0.13 (s, 3H; SiCH;); “C NMR
(CDCly): 6 =137.07 (C, Ar-C), 129.23 (CH, Ar-C), 128.33 (CH, Ar-C), 126
(CH,Ar-C), 101.80 (CH, OCH(Ph)O), 81.16 (CH, C-3), 80.95 (CH, C-6),
75.42 (CH, C-4), 71.62 (CH, C-5), 70.00 (CH, C-2), 68.80 (CH,, C-8), 62.14
(CH,, C-7), 25.90 (CHj;, SiC(CHs;);), 18.24 (C,, SiC(CHs;);), —3.91 (CHs;,
SiCHj;), —4.98 (CH;, SiCH;); IR (CHCL,): 7 = 3602, 3478, 2957, 2931, 2886,
2858, 1725, 1603, 1471, 1463, 1406, 1387, 1362, 1333, 1315, 1255, 1181, 1099,
1061, 1028, 1008, 988, 976, 916, 872, 855, 839 cm~'; MS (140°C): m/z (%):
396 (1) [M]*, 339 (11), 288 (1), 257 (1), 233 (10), 215 (47), 197 (2), 171 (6),
147 (33), 129 (11), 122 (12), 117 (26), 103 (65), 91 (6), 75 (100).
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3a-(tert-Butyldimethylsilanyloxy)-4a-hydroxy-2f-hydroxymethyl-(5,6f-
methyl)-O-benzylidene-tetrahydropyran (rac-26): Benzaldehyde dimethyl-
acetal (0.09 mL, 0.6 mmol) was added at 0°C to a solution of rac-18a
(146 mg, 0.05 mmol) in acetonitrile (1.5 mL). After addition of a catalytic
amount of p-toluenesulfonic acid the reaction mixture was stirred for 6 h at
65°C. Another portion of benzaldehyde dimethylacetal (0.05mL,
0.3 mmol) was added and stirring continued for 12 h at RT. The reaction
mixture was worked up by dilution with EA and then a sat. K,COj; solution
was added. After stirring for 1 h the organic layer was washed with K,CO;
and dried (MgSO,). Removal of the solvent and flash chromatography
(CH — CH/EA) afforded rac-26 (69 mg, 36 %) as a colourless solid. M.p.
106°C. NMR signals were assigned by 2D techniques: 'H NMR (CD;0D):
0="739 (m, 2H, Ar-H), 722 (m, 3H, Ar-H), 5.48 (s, 1H; OCH(Ph)O), 4.18
(dd,/=10.2,5.3 Hz, 1H; H-7,), 4.09 (t,/ =2.5Hz, 1H; H-4), 3.81 (m, 1 H;
H-5), 3.7 (dd, /=114, 2.0 Hz, 1H; H-8,), 3.68 (m, 1H, H-2), 3.59 (m, 2H;
H-7,,H-3),3.48 (dd,J=11.4,5.1 Hz, 1 H; H-8,), 3.45 (m, 1H; H-6), 0.83 (s,
9H; SiC(CH,);), 0.05 (s, 3H; SiCHj;), 0.03 (s, 3H; SiCH;); *C NMR
(CD,0D): 6 =139.55 (CH, Ar-C), 130.14 (C,, Ar-C), 129.29 (CH, Ar-C),
127.83 (CH, Ar-C), 103.25 (CH, OCH(Ph)O), 80.94 (CH, C-6), 78.24 (CH,
C-3),70.76 (CH, C-4), 70.62 (CH,, C-7), 70.54 (CH, C-2), 66.78 (CH, C-5),
62.94 (CH,, C-8), 26.63 (CHj;, SiC(CHs);), 19.23 (C,, SiC(CHs;);), —3.76
(CHj, SiCH;), —4.46 (CH;, SiCHs;); IR (ATR): 7= 3468, 2929, 2857, 1462,
1388, 1252, 1091, 1038, 1005, 918, 868, 838, 779, 700, 672 cm~!; MS (140 °C):
mlz (%): 396 (2) [M]+, 370 (3), 340 (79), 292 (1), 264 (3), 231 (16), 197 (51),
171 (69), 143 (66), 117 (84), 91 (83), 75 (100); HRMS: calcd for C, H3,O4Si:
396.68, found: 396.69.

TESOPTBS (2f-(tert-Butyldimethylsilanyloxy)-
o1 OB» 4f3-triethylsilanyloxy-8-oxa-bicyclo-
510, 5 [3.2.1]oct-6-en-36-yl) benzoate (rac-
6 14b): Benzoyl chloride (44 pl,

0.42 mmol) was added at 0°C to a solution of equatorial alcohol rac-14a
(110 mg, 0.28 mmol) in acetonitrile (1.4 mL) (Schemes 9, 10). After
addition of a catalytic amount of DMAP the reaction mixture was stirred
for 12 h at RT and then poured into a mixture of EA and NH,CI. The
organic layer was washed with brine and dried (MgSO,). After removal of
the solvent purification by flash chromatography (EA/CH) afforded rac-
14b (116 mg, 86 %) as a colourless oil. [a]} = —2.7 (¢ =1, CHCl;); 'HNMR
(CDCL,): 6 =8.13 (m, 2H; 0-Bz-H), 7.67 (m, 1 H; p-Bz-H), 743 (m, 2H; m-
Bz-H), 6.35 (s, 2H; H-6, H-7), 5.36 (t, J=4.8 Hz; 1H; H-3), 4.68 (m, 2H;
H-1, H-5), 4.01 (m, 2H; H-2, H-4), 0.93 (t, /=77 Hz, 9H; Si(CH,CH,);),
0.92 (s, 9H; SiC(CHs);), 0.60 (q, J =7.8 Hz, 6 H; Si(CH,CH,);; 0.02 (s, 3H;
SiCH;), —0.07 (s, 3H; SiCH;); "CNMR (CDCL): 6 =166 (C,, C=0),135.0
(CH, C-6), 133.08 (CH, C-7), 132.94 (CH, p-Bz-C), 130.55 (CH, 0-Bz-C),
128.88 (C,, Bz-C), 128.86 (CH, m-Bz-C), 83.56 (CH, C-1), 83.43 (CH, C-5),
68.99 (CH, C-3), 66.61 (CH, C-4), 66.49 (CH, C-2),25.78 (CHj;, SiC(CH,);),
18.07 (C,, SiCH;), 6.83 (CHj;, Si(CH,CHs);), 4.98 (CH,, Si(CH,CHs);),
—4.68 (CHj;, SiCHj;), —4.84 (CH;, SiCH;); IR (CHCLy): v=2958, 2936,
2911, 2877, 1796, 1711, 1601, 1452, 1366, 1343, 1315, 1281, 1240, 1174, 1148,
1113, 1070, 1040, 1014, 999, 864, 837, 810 cm~!; MS (60°C): m/z (%): 433 (1)
[M - CH,]T, 226 (4), 198 (3), 179 (2), 129 (1), 105 (100), 86 (24), 78 (21).

HOQTBS (2f-(tert-Butyldimethylsilanyloxy)-

O~ oBs 4f3-hydroxy-8-oxa-bicyclo[3.2.1]oct-6-

517 5 en-3f-yl) benzoate (rac-23): Trifluoro-

6 acetic acid (0.28 mL, 3.8 mmol) was

added slowly at 0°C to a stirred

solution of rac-14b (921 mg, 1.90 mmol) in THF (22mL) and H,O
(3.8 mL). After 10 min the ice bath was removed and the reaction mixture
was stirred for 1.5 h at RT. By adding NaHCO; the reaction was terminated
and the organic layer was neutralized (Na,CO;). The combined organic
layers were extracted (EA) and dried (MgSO,). Removal of the solvent and
flash chromatography provided rac-23 (638 mg, 89 %) as a white solid. M.p.
87°C; '"HNMR (CDCl,): 6 =8.12 (m, 2H; 0-Bz-H), 7.56 (m, 1H; p-Bz-H),
743 (m, 2H; m-Bz-H), 6.39 (dd, J=6.3, 1.8 Hz, 1H; H-7), 6.35 (dd, J = 6.3,
1.8 Hz, 1H; H-6), 5.34 (t, J=4.1Hz; 1H; H-3), 4.83 (t, /J=2.0Hz, 1H;
H-5), 4.68 (t,J=2.0Hz, 1H; H-1), 4.14 (m, 1H; H-2), 3.87 (m, 1H; H-4),
0.91 (s, 9H; SiC(CH,);), 0.06 (s, 3H; SiCH;), —0.07 (s, 3H; SiCH,);
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13C NMR (CDCLy): 6=166.01 (C,, C=0), 133.22 (CH,C-6), 133.13 (CH,
C-7), 13221 (CH, p-Bz-C), 129.92 (CH, 0-Bz-C), 128.28 (CH, m-Bz-C),
128.19 (C,, Bz-C), 83.11 (CH, C-1), 82.75 (CH, C-5), 68.69 (CH, C-3), 67.49
(CH, C-2), 67.12 (CH, C-4), 25.65 (CHj, SiC(CHs)s), 17.83 (C,, SiC(CH)s),
—4.84 (CH,, SiCH,), —5.05 (CH,, SiCH;); IR (CHCL,): #=23534, 1957,
1932, 1878, 1859, 1712, 1602, 1471, 1452, 1416, 1363, 1341, 1316, 1280, 1261,
1238, 1177, 1122, 1095, 1069, 1006, 959, 858, 840, 818 cm'; MS (90°C): m/z
(%): 319 (37) [M — C,H,]*, 221 (3), 197 (5), 179 (29), 155 (2), 129 (61), 105
(100), 82 (18), 78 (14), 74 (18).

TiPTBS (2f3-(tert-Butyldimethylsilanyloxy)-
O-1- oB» 4f-trifluoromethanesulfonyloxy-8-oxa-
5107 5 bicyclo[3.2.1]oct-6-en-36-yl) benzoate
6

(rac-23a): Pyridine (2.7 mL,
27 mmol), DMAP (20 mg, 0.16 mmol) and trifluoromethanesulfonic anhy-
dride (0.275 mL, 1.65 mmol) were added at —1°C to a solution of rac-23
(412 mg, 1.10 mmol) in CH,Cl, (8 mL). The reaction mixture was stirred for
3h at —1°C and worked up by being poured into ice-cold 1N HCL. The
organic layer was washed with 1N HCI (3 x ). The combined aqueous layer
was reextracted (CH,Cl,) and dried (MgSO,). After removal of the solvent
flash chromatography (CH — CH/EA) afforded rac-23a (445 mg, 80 %) as
a colourless solid. M.p. 134-136°C (decomp); 'H NMR (CDCl;): 6 =8.14
(m, 2H; 0-Bz-H), 7.59 (m, 1H; p-Bz-H), 745 (m, 2H; m-Bz-H), 6.52 (dd,
J=6.2,1.7Hz, 1H; H-6), 6.38 (dd, /=6.4, 1.8 Hz, 1H; H-7), 5.60 (t, J=
4.5Hz; 1H; H-3), 5.04 (dd, J=4.5, 2.1 Hz, 1H; H-4), 499 (t, J=1.9 Hz,
1H; H-5),4.78 (t,J = 1.9 Hz, 1H; H-1), 4.12 (dd, J = 4.5, 2.4 Hz, 1 H; H-2),
0.90 (s, 9H; SiC(CH,);), 0.04 (s, 3H; SiCH,;), —0.12 (s, 3H; SiCH,);
C NMR (CDCly): 6 =165.51 (Cy, C=0), 135.41 (CH,C-6), 133.57 (CH,
C-7), 131.41 (CH, p-Bz-C), 130.11 (CH, 0-Bz-C), 129.01 (C,, Bz-C), 128.41
(CH, m-Bz-C), 116.90 (q, / =318.9 Hz, CF;), 83.58 (CH, C-1), 80.72 (CH,
C-5), 79.95 (CH, C-3), 65.98 (CH, C-2), 64.87 (CH, C-4), 25.44 (CH,,
SiC(CHy);), 17.85 (C,, SiC(CH;);), —4.68 (CH;, SiCH;), —5.13 (CH;,
SiCH;); IR (ATR): 7 =3084, 2962, 2928, 2882, 2855, 1726, 1578, 1587, 1493,
1457, 1401, 1338, 1273, 1250, 1202, 1176, 1145, 1109, 1068, 1013, 978, 939,
900, 870, 845, 832, 816, 783, 719, 700 cm~'; MS (100°C): m/z (%): 493 (1)
[M — CH,]*, 451 (100), 423 (1), 359 (3), 319 (3), 291 (1), 237 (2), 179 (26),
136 (12), 129 (10), 105 (82), 81 (11), 77 (11), 73 (12); HRMS: calcd for
C,,H,,F;0,SSi: 508.1198, found: 508.1200.

oTBS (2f-(tert-Butyldimethylsilanyloxy)-
o-! 3 0Bz 4a-hydroxy-8-oxabicyclo[3.2.1]oct-6-
517 0n en-3$-yl) benzoate (rac-24): Tetrabu-
6

tylammonium nitrite (1.0 g, 3.5 mmol)
was added to a solution of triflate rac-23a (445 mg, 0.875 mmol) in DMF.
After complete conversion the reaction was quenched by adding 1N HCIL.
After 1 h the mixture was extracted (CH,Cl,) and dried (MgSO,). Removal
of the solvent and flash chromatography (CH/EA) provided rac-24
(228 mg, 76 %) as a colourless solid. M.p. 144-146°C; '"H NMR (CDCl;):
6=8.06 (m, 2H; 0-Bz-H), 7.56 (m, 1H; p-Bz-H), 743 (m, 2H; m-Bz-H),
6.41 (ddd,/=6.2,1.6,0.5 Hz, 1H; H-6), 6.36 (dd, /= 6.2, 1.8 Hz, 1H; H-7),
5.08 (dd,J=8.2,4.8 Hz, 1H; H-3),4.82 (dd, J=4.4, 1.9 Hz, 1 H; H-5), 4.66
(t,J=19Hz,1H;H-1),4.19 (dd,/ =8.3,4.4 Hz,1H; H-4),4.18 (dd,/ = 4.8,
2.1 Hz, 1H; H-2), 2.2 (brs, 1H; OH), 0.85 (s, 9H; SiC(CH,);), 0.01 (s, 3H;
SiCH;), —0.13 (s, 3H; SiCH;); *C NMR (CDCly): 6 =166.79 (C,, C=0),
133.20 (CH, C-6), 132.57 (CH, C-7), 131.78 (CH, p-Bz-C), 129.88 (C,, Bz-
C), 129.80 (CH, 0-Bz-C), 128.30 (CH, m-Bz-C), 83.59 (CH, C-1), 80.13
(CH, C-5),76.36 (CH, C-3), 6747 (CH, C-2), 66.23 (CH, C-4), 25.66 (CH,,
SiC(CHjy);), 18.00 (C,, SiC(CH3);), —4.77 (CH;, SiCH;), —4.89 (CH;,
SiCH,); IR (ATR): 7= 3473, 2951, 2930, 2857, 1688, 1454, 1361, 1346, 1319,
1292, 1248, 1216, 1183, 1132, 1111, 1065, 1027, 988, 909, 884, 862, 836, 808,
775, 714 cm~!; MS (130°C): m/z (%): 361 (0.4) [M — CH5]*, 319 (54), 279
(1),239 (0.3),221 (3), 197 (8), 179 (64), 151 (3), 129 (49), 105 (100), 77 (23),
73 (29); caled for HRMS C,H50;Si: 376.06, found: 376.07.

(3a-(tert-Butyldimethylsilanyloxy)-2/3,6-bis-hydroxymethyl-53-hydroxy-
tetrahydropyran-4a-yl) benzoate (rac-24a): Compound rac-24 (228 mg,
0.600 mmol) in CH,Cl, (5.5 mL) and MeOH (0.75 mL) were allowed to
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react as described for (+)-17a. Purification (MeOH/EA) afforded rac-24a
(115 mg, 47 %) as a white solid. M.p. 129 °C. NMR signals were assigned by
2D techniques: 'H NMR (CD;0D): 6 =7.94 (m, 2H; 0-Bz-H), 7.50 (m, 1 H;
p-Bz-H), 738 (m, 2H; m-Bz-H), 5.25 (t,J = 3.5 Hz, 1 H; H-4), 3.99 (dd, J =
9.9,3.1 Hz, 1H; H-3), 3.73 (m, 4H, H-5, H-8,, H-6, H-2), 3.65 (dd, /=113,
77 Hz; 1H; H-7,),3.52 (m, 2H; H-7,, H-8,), 0.63 (s, 9 H; SiC(CH,)5), — 0.01
(s, 3H; SiCH;), —0.02 (s, 3H; SiCH;); *C NMR (CD;0D): 6 =167.28 (C,,
C=0), 134.74 (CH, p-Bz-C), 131.69 (C,, Bz-C), 130.93 (CH, 0-Bz-C),
129.94 (CH, m-Bz-C), 79.25 (CH, C-2), 77.70 (CH, C-6), 74.61 (CH, C-4),
69.54 (CH, C-5), 66.60 (CH, C-3), 63.79 (CH,, C-8), 63.22 (CH,, C-7), 26.38
(CHs, SiC(CHs)y), 18.89 (C,, SiC(CHs);), —4.06 (CH,, SiCHs), —4.64
(CHs, SiCHs); IR (ATR): 7=3368,2930, 2885, 2858, 1722, 1602, 1585, 1452,
1389, 1361, 1315, 1266, 1177, 1102, 1068, 1026, 971, 939, 919, 867, 837, 777,
709 em~'; MS (160°C): mfz (%): 355 (30) [M — C,H,]*, 337 (4), 233 (11),
215 (17), 197 (9), 179 (74), 143 (20.0), 124 (9), 105 (100), 89 (1), 75 (29).

P
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h
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O 6
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(3a-(tert-Butyldimethylsilanyloxy)-2/-hydroxymethyl-(54-,6-methyl)-O-

benzylidene-tetrahydropyran-4a-yl) benzoate (rac-27): Benzaldehyde di-
methylacetal (50 pl, 0.34 mmol) was added at 0°C to a solution of rac-24a
(115 mg, 0.280 mmol) in acetonitrile (0.5 mL). After addition of a catalytic
amount of p-toluenesulfonic acid the reaction mixture was stirred for 3 h at
65°C. After being cooled down to RT the reaction mixture was diluted with
EA and after addition of sat. K,CO; solution was stirred for 1 h. The
organic layer was washed with sat. K,COj; solution and dried (MgSO,).
Removal of the solvent and flash chromatography (CH— CH/EA)
afforded rac-27 (55mg, 39%) as a colourless solid. M.p. 54°C. NMR
signals were assigned by 2D techniques: '"H NMR (CD;0D): 6 =7.99 (m,
2H; 0-Bz-H), 754 (m, 1H; p-Bz-H), 742 (m, 4H, m-Bz-H, 0-Ph-H), 7.29
(m, 3H; p-Ph-H, m-Ph-H), 5.57 (s, 1H; OCH(Ph)O), 5.37 (t, J=3.4 Hz,
1H;H-4),4.19 (m, 1H; H-5), 4.17 (dd,J=12.6, 1.0 Hz, 1H; H-7,), 4.12 (dd,
J=9.7,3.3 Hz, 1H; H-3), 4.05 (dd, J=12.6, 1.8 Hz, 1H; H-7,), 3.85 (ddd,
J=9.7,54,2.1Hz, 1H; H-2),3.79 (dd, J=11.8, 2.1 Hz, 1H; H-8,), 3.69 (d,
J=12Hz, 1H; H-6), 3.61 (dd, J=11.8, 5.4 Hz, 1H; H-8,), 0.67 (s, 9H;
SiC(CHs);), 0.01 (s, 3H; SiCH3), 0.00 (s, 3H; SiCH;); *C NMR (CD;0D):
0=167.18 (C,, C=0), 139.62 (C,, Bz-C), 134.86 (CH, p-Bz-C), 131.51 (C,,
Ph-C), 131.04 (CH, 0-Bz-C), 130.35 (CH, p-Ph-C), 129.98 (CH, m-Bz-C),
129.49 (CH, o-Ph-C), 127.55 (CH, m-Ph-C), 102.41 (CH, OCH(Ph)O),
78.60 (CH, C-2), 76.44 (CH, C-5), 72.68 (CH, C-4), 70.99 (CH,, C-7), 68.75
(CH, C-6), 68.34 (CH, C-3), 63.20 (CH,, C-8), 26.40 (CH;, SiC(CHs);),
1891 (C,, SiC(CHj;);), —4.13 (CHj;, SiCH;), —4.65 (CH;, SiCH;); IR
(ATR): 7=3494, 2954, 2929, 2857, 1722, 1602, 1585, 1493, 1452, 1401, 1360,
1314, 1266, 1218, 1155, 1102, 1011, 970, 937,917, 870, 836, 778, 753, 708 cm™";
MS (160°C): m/z (%): 485 (1) [M — CH,]*, 443 (49), 379 (2), 337 (30), 321
(8), 291 (1), 261 (2), 215 (23), 197 (10), 179 (88), 155 (5), 129 (7), 117 (12),
105 (100), 77 (16), 75 (12).

) /L (1'S,1R,25,55)-2-(1'-Phenylethoxy)-3-
O~ 1~Ph triethylsilanyloxy-8-oxabicyclo[3.2.1]-
6

octa-3,6-diene [(—)-12a]: Lithium di-

isopropylamide (1.3 equiv) [freshly

prepared from diisopropylamine (2.66 mL, 18.8 mmol) and nBuLi
(11.8 mL, 18.8 mmol, 1.6 M solution in hexane)] in THF (11 mL) was added
—78°C to a solution of bicyclic ketone (—)-12 (3.53 g, 14.5 mmol) and
TES-Cl (3.88 mL, 23.1 mmol) in THF (33 mL). After complete addition
triethylamine(8.43 mL, 65.1 mmol) was added. The reaction mixture was
poured into saturated NaHCO; solution and extracted (MTBE, 3 x ). The
combined organic layers were dried (Na,SO,), concentrated and purified
by column chromatography (CH/EA/triethylamine) yielding (—)-12
(4.852,98%) as a colourless oil. [a]f = —36.0 (c=1.0, CHCl;); 'H NMR
(CDCL,): 6=1738-7.23 (m, 5H; Ar-H), 6.64 (dd, J=6.0, 1.7 Hz, 1H; H-6),
6.04 (dd, J=6.0, 1.9 Hz, 1H; H-7), 529 (d, J=4.6 Hz, 1H; H-4), 472 (q,
J=6.5Hz, 1H; H-1'), 4.63 (dd, J=4.6, 1.7 Hz, 1H; H-5), 4.55 (dd, /=6.2,
19Hz, 1H; H-1), 3.97 (d, J=6.2Hz, 1H; H-2"), 1.41 (d, J=6.5 Hz, 3H;
H-2"), 101 (t, J=79Hz, 9H; Si(CH,CH;);), 0.71 (q, /=79 Hz, 6H;
Si(CH,CH,;);); *C NMR (CDCL): 6 =149.46 (C,, C-3), 144.39 (C,, Ar-C),
141.03 (CH, C-7), 128.49 (CH, Ar-CH), 127.53 (CH, Ar-CH), 127.27 (CH,
C-0), 126.48 (CH, Ar-CH), 108.42 (CH, C-4), 79.95 (CH, C-5/C-1), 76.49
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(CH, C-1'), 73.35 (CH, C-2), 24.06 (CHj;, C-2'), 6.68 (CH;, Si(CH,CHs);),
5.04 (CH,, Si(CH,CHj;);); IR (CHCLy): 7=3064, 2960, 2912, 2876, 1636,
1492, 1452, 1412, 1352, 1312, 1280, 1240, 1224, 1088, 1052, 1008, 976, 924,
872, 848, 820 cm™!; MS: m/z (%): 358 (3) [M]*, 285 (2), 254 (14), 225 (12),
223 (17), 195 (6), 157 (4), 125 (1), 115 (10), 105 (100), 91 (2), 87 (17), 77 (5);
HRMS: calcd for C,;H;,0,Si: 358.1964, found: 358.1965.
HO J\ (1'S,1R,25,4S,55)-4-Hydroxy-2-(1'-
ODE&O 1 Ph phenylethoxy)-8-oxabicyclo[3.2.1]oct-
577 30 6-en-3-one [(—)-12b]: Rubottom-oxi-
6 dation:®! mCPBA (70%) (293¢,
17.0 mmol) was added at 0°C to a solution of triethylsilyl enol ether (—)-
12a (5.28 g, 15.5 mmol) in THF/H,O (1:1, 45.5 mL). After 1 h at 0°C the
reaction mixture was stirred at RT for 1.5 h (TLC control), until trifluoro-
acetic acid (1.18 mL, 15.5 mmol) was added dropwise at 0°C. The cooling
bath was removed and the reaction was stirred for a further 4 h at RT. The
mixture was washed with 2N aqueous NaOH (2 x ), the combined aqueous
layers were extracted (MTBE, 5 x ) and dried (Na,SO,). Concentration
under reduced pressure and purification (CH/EA) yielded (—)-12b (3.14 g,
78%) as a white crystalline solid. M.p. 84-86°C; [a]¥ = —28.3 (¢=1.0,
CHCl;). NMR signals were assigned by 2D techniques: '"H NMR (CDCl,):
0=742-724 (m, 5H; Ar-H), 6.48 (ddd, J=6.1, 1.8, 0.6 Hz, 1 H; H-7), 6.20
(dd, J=6.1, 1.8 Hz, 1H; H-7), 4.82 (m, 1H; H-5), 4.79 (q, /=6.4 Hz, 1H;
H-1),4.65 (dd,/=5.0,1.8 Hz, 1H; H-1),4.25 (d,/=5.0 Hz, 1H; H-2), 3.78
(d,J=1.6 Hz, 1H; H-4),2.75 (brs, 1H; OH), 2.23 (d,/ = 6.4 Hz,3H; H-2');
3C NMR (CDClL): 6 =204.79 (C,, C-3), 142.98 (C,, Ar-C), 135.12 (CH,
C-7), 130.30 (CH, C-6), 128.64 (CH, Ar-CH), 128.00 (CH, Ar-CH), 126.34
(CH, Ar-CH), 82.90 (CH, C-5), 80.80 (CH, C-2), 80.37 (CH, C-1), 79.19
(CH, C-1'), 76.01 (CH, C-4), 24.02 (CH;, C-2), IR (CHCl,): 7 = 3552, 3064,
2980, 2932, 2876, 1732, 1600, 1492, 1452, 1376, 1336, 1320, 1280, 1228, 1156,
1108, 1076, 1036, 984, 968, 916, 876, 860, 824 cm~'; MS (60 °C): m/z (% ): 258
(1) [M —2H]*", 240 (1), 225 (1), 164 (1), 156 (3), 150 (6), 138 (10), 106 (13),
105 (100), 91 (4), 81 (2), 77 (6), 69 (5); HRMS: calcd for C;HgO,: 156.0422,
found: 156.04232.

(1'S,1R,25,4S,55)-(2-(1'-Phenyleth-
o > oxy)-8-oxabicyclo[3.2.1]oct-6-en-3-
sﬁ one-4-yl) pivaloate [(—)-15]: A mix-
6 /7 %70 ture of hydroxyketone (—)-12b
(2.47 g, 9.57 mmol), DMAP (152 mg,
1.24 mmol) and triethylamine (1.75 mL, 12.5 mmol) in CH,Cl, (40 mL) was
vigorously stirred for 10 min and pivaloyl chloride (1.41 mL) was added
dropwise at 0°C. After an additional 10 min at 0°C the cooling bath was
removed and the reaction mixture was stirred for 1.5 h at RT. The reaction
was terminated by pouring the mixture into sat. NaHCO; solution. The
organic layer was washed with sat. NH,Cl solution and the combined
aqueous layers were extracted (CH,Cl,, 3 x ). Finally the collected organic
layers were dried (MgSO,), evaporated in vacuo and purified (CH/EA) to
afford (—)-15 (3.13 g, 95%) as a white crystalline solid. M.p. 98-101°C;
[a] =-312 (¢=1.0, CHCl;). NMR signals were assigned by 2D
techniques: 'H NMR (CDCl,): 6 =740-7.28 (m, 5H; Ar-H), 6.53 (ddd,
J=6.1,1.6, 0.7 Hz, 1H; H-6), 6.24 (dd, J=6.1, 1.8 Hz, 1H; H-7), 4.89 (m,
1H; H-5),4.82 (q,J=6.5Hz, 1H; H-1"),4.76 (d, = 1.1 Hz, 1 H; H-4), 4.66
(dd,J=5.0 Hz, 1.8 Hz, 1H; H-1), 4.15 (d,/=5.0 Hz, 1 H; H-2), 1.50 (d, / =
6.5 Hz, 3H; H-2'), 1.17 (s, 9H; C(CH,;);); *C NMR (CDCl;): 6 =202.03
(Cq» C-3), 177.06 (C,, C=0), 142.88 (C,, Ar-C), 135.94 (CH, C-6), 130.49
(CH, C-7), 128.64 (CH, Ar-CH), 128.04 (CH, Ar-CH), 126.40 (CH, Ar-
CH), 81.59 (CH, C-2), 80.81 (CH, C-5), 80.24 (CH, C-1), 79.23 (CH, C-1’),
75.28 (CH, C-4), 38.85 (C,, C(CHjs);), 26.93 (CH;, C(CH,)s), 23.89 (CH,,
C-2'); IR (ATR): 7=2973, 2968, 2932, 2918, 2874, 1731, 1494, 1479, 1453,
1397, 1369, 1340, 1317, 1307, 1277, 1510, 1133, 1105, 1070, 1032, 1006, 982,
928, 896, 861, 828, 759, 736, 702 cm~'; MS (80°C): m/z (%): 344 (2) [M]",
213 (1), 138 (25), 109 (7), 105 (100), 94 (2), 85 (9), 79 (5), 77(5); HRMS:
caled for C,)H,,O5: 344.1623, found: 344.1618.

(2a-(1'-Phenylethoxy)-3a-hydroxy-8-
oxabicyclo[3.2.1]oct-6-en-4f-yl) piva-
1 loate (rac-19): Ce''Cl;-5H,O (699 mg,
e/ 'HO 1.88 mmol) was added at —55°C to a
solution of ketone rac-15 (646 mg,
1.88 mmol) in THF/EtOH (2:1, 37.5 mL). After 10 min at —55°C NaBH,
(150 mg, 3.44 mmol) was added with vigorous stirring. The temperature
was allowed to reach —25°C within 2 h. The reaction mixture was diluted
with sat. NH,Cl solution and extracted (MTBE, 4 x). The combined

PivO
1
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organic layers were dried (MgSO,), the solvent was removed under
reduced pressure and the residue was purified by column chromatography
(CH/EA) giving rac-19 (584 mg, 90 %) as a white solid. M.p. 77.5°C. NMR
signals were assigned by 2D techniques: 'H NMR (CDCl;): 6 =7.41-7.28
(m, 5H; Ar-H), 6.40 (ddd, 7=6.1, 1.8, 0.5 Hz, 1H; H-7), 6.25 (dd, J=6.1,
1.6 Hz, 1H; H-6), 4.68 (m, 2H; H-4, H-5), 4.59 (q, /J=6.4 Hz, 1H; H-1"),
4.36 (brd,J=4.4 Hz, 1H; H-1),4.00 (m, 1H; H-3),3.78 (dd, /=5.9,4.4 Hz,
1H; H-2),2.71 (d, ] =3Hz, 1H; OH), 1.46 (d, J = 6.4 Hz, 3H; H-2'), 1.19 (s,
9H; C(CH;);); *C NMR (CDCly): 6 =178.49 (C,, C=0), 142.72 (C,, Ar-
C), 133.81 (CH, C-7), 132.22 (CH, C-6), 128.65 (CH, Ar-CH), 128.08 (CH,
Ar-CH), 126 (CH, Ar-CH), 80.49 (CH, C-5), 78.64 (CH, C-1), 77.06 (CH,
C-1'), 7147 (CH, C-2), 70.35 (CH, C-4), 68.78 (CH, C-3), 38.85 (C,,
C(CHs);), 26.98 (CH;, C(CHs;)5), 24.10 (CH3, C-2'); IR (CHCLy): 7 =3539,
3087, 2977, 2932, 2908, 1722, 1602, 1493, 1479, 1454, 1397, 1369, 1338, 1284,
1233, 1159, 1085, 1053, 1034, 1000, 979, 943, 900, 885, 831 cm~'; MS (80°C):
mlz (%): 346 (0.4) [M]",244 (0.3),226 (1),215 (2), 181 (4), 139 (55), 112 (5),
111 (68), 106 (10), 105 (100), 103 (23), 93 (5), 85 (11), 83 (12), 81 (10), 79 (6),
77 (5), 69 (4).

OPi¥ 0 J\ (2a-(1'-Phenylethoxy)-36-hydroxy-8-
S\T' OO1H Ph oxabicyclo[3.2.1]oct-6-en-4f3-yl) piva-
77 3 loate (rac-20): Triflate inversion:
DMAP (14 mg, 0.028 mmol) and pyr-
idine (0.95 mL) were added successively at — 13 °C (ice/NaCl) to a solution
of alcohol rac-19(197 mg, 0.569 mmol) in CH,Cl, (4.75 mL). After 10 min
trifluoromethanesulfonic acid anhydride(240 pL, 1.42 mmol) was added by
syringe within 15 min. The mixture was stirred for another 50 min at
—13°C. Stirring was continued for 40 min at 0°C to complete the reaction
(TLC control). The dark red mother liquour was used immediately for the
next step without further purification or isolation. To the crude triflate
solution was added nBu,NNO, (903 mg, 3.13 mmol) in CH,Cl, (1 mL)
dropwise under permanent stirring at — 13 °C. The mixture was allowed to
slowly reach RT and was stirred for a further 16 h (TLC control) at RT. The
mixture was worked up by dilution with CH,Cl, (50 mL) and washed with
1~ aqueous HCI (12 mL). The organic layer was separated and the aqueous
layer was extracted (CH,Cl,, 3 x ). The organic layers were neutralized
(sat. NaHCO; solution) and dried (Na,SO,). After removal of the solvent
under reduced pressure purification of the residue (CH/EA) afforded rac-
20 (311 mg, 75%) as a white solid. M.p. 93-94°C. NMR signals were
assigned by 2D techniques (additionally the X-ray structure was deter-
mined): '"H NMR (CD,Cl,): 6 =7.39-7.24 (m, SH; Ar-H), 6.21 (dd, J = 6.2,
1.4 Hz, 1H; H-7), 6.18 (dd, /=62, 1.6 Hz, 1H; H-6), 4.89 (dd, /=523,
1.8 Hz, 1H; H-4), 4.75 (q, J=6.5 Hz, 1H; H-1"), 4.63 (m, 1H; H-5), 4.32
(dd,J=4.3,1.4 Hz, 1H; H-1), 3.95 (ddd, J=7.8, 7.6, 5.3 Hz, 1 H; H-3), 3.42
(dd, /=78, 43 Hz, 1H; H-2), 1.98 (d, /=76 Hz, 1H; OH), 143 (d, J=
6.5 Hz, 3H; H-2'), 1.22 (s, 9H; C(CH;);); *C NMR (CD,Cl,): 6 =178.64
(C,, C=0), 145.10 (C,, Ar-C), 133.79 (CH, C-7), 130.52 (CH, C-6), 128.8.3
(CH, Ar-CH), 127.97 (CH, Ar-CH), 127 (CH, Ar-CH), 80.79 (CH, C-5),
79.46 (CH, C-1"), 79.30 (CH, C-1), 77.20 (CH, C-2), 70.91 (CH, C-3), 69.81
(CH, C-4),39.40 (C,, C(CHj3);, 27.31 (CH;, C(CHj;);), 24.40 (CH;, C-2); IR
(ATR): v=23437, 2975, 2931, 2908, 1720, 1492, 1476, 1456, 1395, 1365,
1344, 1322, 1286, 1250, 1229, 1209, 1173, 1111, 1091, 1067, 1028, 992,
944, 903, 860, 830, 762, 735, 700 cm~'; MS (80°C): m/z (%): 346 (1)
[M]+,240 (1),223 (4),215(2), 181 (4), 149 (1), 140 (4), 139 (55), 112 (5), 111
(65), 106 (11), 105 (100), 103 (20), 93 (4), 85 (17), 83 (11), 81 (5), 79 (7), 77
(7), 69 (4).

PivO J\ (3f-(tert-Butyldimethylsilanyloxy)-
O+ 0011-_ BPSh 2a-(1'-phenylethoxy)-8-oxabicyclo-
57 3 [3.2.1]oct-6-en-4f-yl) pivaloate [rac-
6 20a]:  Alcohol  rac-20 (916 mg,
2.65 mmol) in DMF (1 mL) was added at 0°C to a solution of TBS-Cl
(998 mg, 6.62 mmol) and imidazole (901 mg, 13.2 mmol) in DMF (1 mL).
The ice bath was removed and the reaction mixture was stirred for 24 h at
RT. After quenching the reaction with sat. KHSO, solution (3 mL) the
mixture was diluted with water and MTBE. The aqueous layer was
extracted (MTBE, 3 x) and the combined organic layers were dried
(MgSO,). Evaporation of the solvent and column chromatography (CH/
EA) yielded rac-20a (1.14 g, 93%) as a white solid. M.p. 97°C. NMR
signals were assigned by 2D techniques: 'H NMR (CD,Cl,): d =7.38-7.25
(m, 5SH; Ar-H), 6.18 (dd, J=6.1, 1.4 Hz, 1H; H-7), 6.16 (dd, J=6.1, 1.6 Hz,
1H; H-6), 4.84 (dd, J=5.1,2 Hz, 1H; H-4), 4.62 (q, /=6.5 Hz, 1H; H-1'),
4.51 (m, 1H; H-5), 421 (dd, /=42, 1.4Hz, 1H; H-1), 3.97 (dd, /=177,
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5.1 Hz,1H;H-3),3.47 (dd,J=77,42 Hz, 1H; H-2), 1.41 (d,/ = 6.5 Hz, 3H;
H-2'), 1.21 (s, 9H; C(CH,);), 0.90 (s, 9H; SiC(CH,)5), 0.11 (s, 3H; SiCH3),
0.04 (s, 3H; SiCH;); *C NMR (CD,Cl,): 6 =178.22 (C,, C=0), 145.44 (C,,
Ar-C), 133.90 (CH, C-7), 130.68 (CH, C-6), 128.83 (CH, Ar-CH), 128.00
(CH, Ar-CH), 126.70 (CH, Ar-CH), 81.00 (CH, C-5),79.43 (CH, C-1), 79.41
(CH, C-1"), 76.81 (CH, C-2), 70.81 (CH, C-3), 69.73 (CH, C-4), 39.22 (C,,
C(CHa;);), 27.39 (CH;, C(CH,)3), 26.07 (CHj;, SiC(CHs);), 24.23 (CHs,
C-2'), 18.26 (C,, SiC(CH;);), —4.28 (CH;, SiCH;), —4.61 (CH;, SiCH;);
IR (ATR): 7=3033, 2972, 2930, 2856, 1723, 1493, 1477, 1454, 1394, 1388,
1348, 1283, 1249, 1223, 1207, 1164, 1110, 1087, 1063, 1029, 998, 970, 946, 928,
906, 880, 841, 788, 761, 721, 703 cm~'; MS (70°C): m/z (%): 460 (1) [M]",
404 (11), 329 (1), 299 (7), 253 (16), 226 (11), 225 (58), 197 (3), 187 (1), 169
(1), 149 (26), 129 (6), 117 (3), 115 (6), 106 (12), 105 (100), 97 (2), 85 (7), 83
(27), 77 (5), 73 (21); HRMS: caled for C,H,OsSi: 460.2645, found:
460.2644.

OH 4a-(tert-Butyldimethylsilanyloxy)-
2f3,6(3-bis-hydroxymethyl-54-(1'-phe-
nylethoxy)-tetrahydropyran-3a-yl)
pivaloate (rac-20b): Alkene rac-20a

oTBS (560 mg, 122mmol) in CH,Cl,
(15mL) and MeOH (1.5mL) was allowed to react as described for
compound (+)-17 a to afford after chromatography rac-20b (543 mg, 90 %)
as a white solid. M.p. 53°C. NMR signals were assigned by 2D techniques:
'H NMR (CD;OD): 6=739-727 (m, 5H; Ar-H), 4.96 (dd, /=10.3 Hz,
J=25Hz, 1H; H-3), 467 (q, /J=64Hz, 1H; H-1'), 448 (dd, /=228,
2.5Hz, 1H; H-4), 3.93 (ddd, J=10.5 Hz, 6.9, 2.1 Hz, 1H; H-2), 3.84 (ddd,
J=85,3.0,15Hz, 1H; H-6), 3.76 (dd, /=115 Hz, J=8.5Hz, 1H; H-7,),
3.66 (dd, J=11.8,2.1 Hz, 1H; H-8,), 3.54 (dd, /=11.8, 6.9 Hz, 1H; H-8,),
3.25-3.19 (m, 2H; H-5, H-7,), 1.45 (d, J=6.4 Hz, 3H; H-2'), 1.24 (s, 9H;
C(CHs);), 0.86 (s, 9H; SiC(CHs;);), 0.04 (s, 3H; SiCH;), —0.14 (s, 3H;
SiCH;); *C NMR (CD;0D): 6=178.45 (C,, C=0), 142.76 (C,, Ar-C),
128.67 (CH, Ar-CH), 128.19 (CH, Ar-CH), 126.90 (CH, Ar-CH), 76.42
(CH, C-1"), 75.50 (CH, C-6), 75.15 (CH, C-5), 74.13 (CH, C-2), 70.03 (CH,
C-3), 66.20 (CH, C4), 62.82 (CH,, C-7), 62.35 (CH,, C-8), 39.01 (C,,
C(CH;);), 26.74 (CH;3, C(CH,);), 25.24 (CHj;, SiC(CHs);), 23.58 (CH;,
C-2),17.75 (C,, SiC(CHy);), —5.12 (CH;, SiCHj;), —5.60 (CH;, SiCH3); IR
(ATR): 7=3391, 2956, 2931, 2884, 2858, 1726, 1467, 1396, 1382, 1282, 1252,
1209, 1152, 1099, 1066, 1047, 1008, 995, 958, 939, 877, 834, 768, 701 cm~'; MS
(130°C): mlz (%): 441 (1), 440 (3), 439 (8) [M — C,H,]*, 336 (2), 335 (7),
233 (4), 215 (3), 197 (1), 185 (2), 177 (1), 160 (2), 159 (14), 143 (4), 141 (2),
117 (3), 106 (9), 105 (100), 85 (3), 79 (2), 77 (2), 75 (7), 73 (9), 69 (2);
HRMS: calcd for C,,H350,Si: 439.2152, found: 439.2153.

OH 4a-(tert-Butyldimethylsilanoxy)-
HO™ o 2f3,6p-bis-hydroxymethyl-54-hydroxy-
5 tetrahydropyran-3a-yl) pivaloate (rac-
PivO “OH

20c¢): Pearlman-catalyst (Pd(OH),/C,

OTBS 20% Pd, 50 % moisture) (122 mg) was
added under N, to a solution of diol rac-20b (402 mg, 0.810 mmol) in EtOH
(8.5 mL). The reaction mixture was flushed several times with hydrogen
and stirred at RT under a stable hydrogen atmosphere for 16 h. After
complete reaction (TLC control) the mixture was filtered, evaporated
under reduced pressure and purified by column chromatography (CH/EA)
giving rac-20¢ (295 mg, 93%) as a white solid. M.p. 133°C. NMR signals
were assigned by 2D techniques: 'H NMR (CD;0D): 6 =4.98 (dd, J=
10.3 Hz, 2.8 Hz, 1H; H-3), 4.16 (dd, J=3.9, 2.8 Hz, 1H; H-4), 3.94-3.88
(m, 2H; H-2, H-6), 3.75 (dd, J=11.6, 7.7 Hz, 1H; H-7,), 3.66 (dd, J=4.1,
1.1 Hz, 1H; H-5), 3.64-3.58 (m, 2H; H-7,, H-8,, 3.53 (dd, /=11.8, 6.7 Hz,
1H; H-8,), 1.21 (s, 9H; C(CHjs);), 0.95 (s, 9H; SiC(CHj;)s), 0.10 (s, 3H;
SiCH3;), 0.08 (s, 3H; SiCH;); *C NMR (CD;0D): 6 =179.23 (C,, C=0),
76.42 (CH, C-6), 75.49 (CH, C-2), 71.93 (CH, C-5), 71.50 (CH, C-4), 70.16
(CH, C-3), 63.31 (CH,, C-8), 63.11 (CH,, C-7), 39.96 (C,, C(CH,)s), 27.73
(CH;, C(CH,)s), 26.34 (CH;, SiC(CHy),), 18.84 (C,, SiC(CHj)5), —4.13
(CHj;, SiCH3;), —4.58 (CH;, SiCH;); IR (ATR): 7= 3370, 2955, 2929, 2885,
2857, 1730, 1472, 1462, 1397, 1362, 1282, 1253, 1151, 1098, 1040, 992, 954,
879, 861, 835, 776 cm™1; MS (130°C): m/z (%): 337 (4), 336 (11), 335 (52)
[M — C,H,]*, 317 (3), 259 (7), 233 (18), 216 (3), 215 (22), 197 (13), 189 (2),
187 (5), 185 (22), 173 (8), 171 (7), 167 (2), 160 (13), 159 (100), 155 (11), 147
(7), 143 (20), 141 (17), 131 (14), 129 (23), 123 (10), 117 (23), 111 (8), 95 (5),
85 (19), 81 (11), 77 (5), 75 (48), 73 (47), 69 (11); HRMS: calcd for
C,H,,0,8i: 335.1526, found: 335.1526.
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s o o (4a-(tert-Butyldimethylsilanyloxy)-
] 2f3-hydroxymethyl-(54,6-methyl)-O-

PivO “0”""Ph benzylidene-tetrahydropyran-3a-yl)
OTBS pivaloate (rac-28): p-Toluenesulfonic

acid (2.0 mg, 0.012 mmol) was added
to the triol rac-20¢ (168 mg, 0.428 mmol) in acetonitrile (2mL) and the
reaction mixture was heated to 65 °C. Benzaldehyde dimethylacetal (80 pl,
0.6 mmol) was added dropwise in three portions at 65 °C. The reaction flask
was flushed several times with N, and progress of the reaction while the
reaction was monitored by TLC. Addition of sat. K,COj; solution (5 mL)
terminated the reaction after 2h. The mixture was stirred vigorously
stirring for 15 min, diluted with MTBE and further sat. K,COj; solution.
The aqueous layer was extracted (MTBE, 5 x ) and the combined organic
layers were dried (Na,SO,). Evaporation of the solvent afforded an oily
residue which was purified by chromatography (CH/EA) giving rac-28
(176 mg, 85%) as a white solid. M.p. 134-135°C. NMR signals were
assigned by 2D techniques: 'H NMR (CD;0D): 6 =7.44-7.39 (m, 2H; m-
Ar-H), 7.30-724 (m, 3H; o-/p-Ar-H), 5.55 (s, 1 H; CHPh), 5.00 (dd, J=
10.2Hz, J=2.6 Hz, 1H; H-3), 423 (brdd, J=2.6, 1.0 Hz, 1H; H-4), 4.13
(dd,J=12.4,12 Hz, 1H; H-7,),4.03 (dd, J=12.4,1.6 Hz, 1H; H-7,), 3.98 -
3.92 (m, 2H; H-2, H-6), 3.67 (brd, J=1.0 Hz, 1H; H-5), 3.60 (dd, J=12.2,
2.0Hz, 1H; H-8,), 3.50 (dd, /=122, 53 Hz, 1H; H-8,), 113 (s, 9H;
C(CHs);), 0.87 (s, 9H; SiC(CHs,)5), 0.06 (s, 3H; SiCHj;), 0.01 (s, 3H; SiCH,);
BCNMR (CD;0D): 6 =179.27 (C,, C=0), 139.40 (C,, Ar-C), 129.98 (CH,
p-Ar-CH), 129.11 (CH, o-Ar-CH), 12738 (CH, m-Ar-CH), 101.93 (CH,
CHPh), 78.69 (CH, C-6), 74.75 (CH, C-2), 70.89 (CH, C-7), 70.10 (CH,
C-3), 69.56 (CH, C-4), 67.68, (CH,, C-5), 62.87 (CH,, C-8), 39.97 (C,,
C(CHy);), 2773 (CH;, C(CHs);), 26.32 (CH;, SiC(CHs),), 18.87 (C,,
SiC(CHs;);), —4.17 (CH;, SiCH;), —4.70 (CH;, SiCH;); IR (ATR): 7=
3415, 2957, 2928, 2884, 2856, 1721, 1472, 1458, 1404, 1362, 1284, 1252, 1216,
1153, 1105, 1078, 1045, 996, 966, 940, 926, 908, 887, 862, 832, 816, 777, 758,
728, 698 cm~!; MS (150°C): m/z (%): 480 (1) [M]*, 424 (12), 423 (42), 347
(7), 321 (13), 281 (3), 269 (4), 233 (4), 216 (8), 215 (52), 197 (26), 185 (25),
171 (11), 169 (9), 160 (17), 159 (100), 155 (14), 149 (16), 143 (16), 141 (20),
136 (16), 131 (15), 129 (19), 123 (20), 117 (20), 111 (13), 108 (13), 105 (33),
91 (21), 85 (27), 75 (50), 73 (60), 69 (12); HRMS: calcd for C,sH,OSi:
480.2543, found: 480.2538.

PivO (3a-(tert-Butyldimethylsilanyloxy)-
0\1]/ 0”1 Ph 2a-(1'-phenylethoxy)-8-oxabicyclo-
5/75803 [3.2.1]oct-6-en-4f-yl) pivaloate (rac-
6 19a):  Alcohol rac-19 (310 mg,

0.896 mmol), TBS-Cl (270 mg, 1.79 mmol), imidazole (244 mg, 3.58 mmol)
and a catalytic amount of DMAP were allowed to react for 36 h (as
described for compound rac-20a) to afford after chromatography (CH/EA)
rac-19a (399 mg, 95 %) as a colourless oil. NMR signals were assigned by
2D techniques: '"H NMR (CDCl;): 6 =7.35-722 (m, 5H; Ar-H), 6.28 (ddd,
J=6.1,18,0.8 Hz, 1H; H-7), 6.02 (ddd, J =6.1, 1.8, 0.5 Hz, 1 H; H-6), 4.56
(m, 1H; H-5), 449 (q, /=6.4 Hz, 1H; H-1'), 448 (t, /=18 Hz, 1H; H-4),
4.22 (m, 1H; H-1), 3.96 (m, 1H; H-3), 3.69 (dd, J=4.9, 3.9 Hz, 1H; H-2),
141 (d, J=64Hz, 3H; H-2'), 1.18 (s, 9H; C(CH,);), 0.92 (s, 9H;
SiC(CHs;);), 0.12 (s, 3H; SiCHj), 0.11 (s, 3H; SiCH;); ¥C NMR (CDCL):
0=177.69 (C,, C=0), 144.39 (C,, Ar-C), 135.06 (CH, C-7), 129.82 (CH,
C-6), 128.49 (CH, Ar-CH), 127.67 (CH, Ar-CH), 126 (CH, Ar-CH), 80.22
(CH, C-5), 79.36 (CH, C-1), 7737 (CH, C-1'), 74.72 (CH, C-2), 72.60 (CH,
C-4), 70.34 (CH, C-3), 38.73 (C,, C(CHs;);), 27.04 (CH;, C(CHy);), 25.75
(CH;, SiC(CHs;);), 24.44 (CH;, C-2'), 18.03 (C,, SiC(CHj;);), —4.75 (CH;,
SiCHj3), —5.04 (CHj3, SiCH3;); IR (CHCI,): 7 = 3086, 2956, 2930, 2886, 2857,
1720, 1602, 1472, 1465, 1397, 1371, 1318, 1302, 1284, 1253, 1155, 1129, 1102,
1087, 1070, 1033, 1006, 980, 964, 940, 916, 898, 874, 857, 839 cm~!; MS
(90°C): mlz (%): 404 (5), 403 (17) [M — C,H,]*, 329 (1), 299 (23), 253 (9),
226 (15),225 (81), 189 (7), 167 (3), 159 (4), 148 (4), 147 (25), 129 (2), 117 (5),
115 (8), 106 (9), 105 (100), 85 (7), 81 (30), 77 (2), 75 (6), 73 (25); HRMS:
caled for C,,H;3,O5Si: 403.1940, found: 403.1941.

?H (4B-(tert-Butyldimethylsilanyloxy)-

o 2087 o 2f3,6B-bis-hydroxymethyl-54-(1"-phe-
) @ J\ nylethoxy)-tetrahydropyran-3a-yl)
PivO™ ™" "0717Ph pivaloate (rac-19b): Alkene rac-19a

OTBS (316 mg, 0.687 mmol) in CH,C
(8.3mL) and MeOH (0.83 mL) were allowed to react as described for
compound (+)-17 to afford after chromatography (CH/EA) rac-19b
(313 mg, 91%) as a white solid. M.p. 148°C; '"H NMR (CDCl,): d =

4786 ——
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7.39-727 (m, 5H; Ar-H), 530 (t, J=9.5Hz, 1H; H-3), 489 (q, /=
6.5Hz, 1H; H-1'), 3.84 (dd, /=95, 25Hz, 1H; H-4), 3.84 (brd, /=
2.5Hz, 1H; H-5), 3.75-3.50 (m, 3H; H-2, H-8,, H-8;), 3.38-3.30 (m,
2H; H-6, H-7,), 3.02 (dd, J=11.5, 49 Hz, 1H; H-7,), 1.52 (d, J=6.5 Hz,
3H; H-2'), 1.23 (s, 9H; C(CHs);), 0.96 (s, 9H; SiC(CH,);), 0.22 (s, 3H;
SiCH;), 0.14 (s, 3H; SiCH;); *C NMR (CDCly): 6=178.15 (C,, C=0),
143.24 (C,, Ar-C), 128.57 (CH, Ar-CH), 128.07 (CH, Ar-CH), 126.88 (CH,
Ar-CH), 79.19 (CH, C-2), 79.03 (CH, C-6), 78.54 (CH, C-1'), 75.22 (CH,
C-3),74.98 (CH, C-5), 69.77 (CH, C-4), 62.17 (CH,, C-8), 62.10 (CH,, C-7),
39.01 (C,, C(CHy);), 2749 (CH;, C(CH,)s), 25.77 (CHj, SiC(CHsy),), 23.37
(CH;, C-2'), 1785 (C,, SiC(CHj;);), —3.09 (CHj, SiCH;), —4.99 (CH;,
SiCH;); IR (CHCL,): 7=3679, 3589, 2960, 2932, 2884, 2860, 1730, 1602,
1479, 1462, 1397, 1371, 1277, 1256, 1158, 1137, 1101, 1081, 1068, 1039, 948,
885, 862, 839 cm~'; MS (120°C): m/z (%): 496 (3) [M]*, 440 (4), 439 (11),
336 (7), 335 (22), 317 (4), 233 (5), 215 (5), 197 (4), 185 (4), 177 (3), 160 (4),
159 (16), 143 (6), 141 (6), 117 (3), 106 (11), 105 (100), 96 (3), 85 (4), 82 (4),
76 (7), 74 (8), 70 (5); HRMS: calcd for C,H,,0,Si: 496.2856, found:
496.2854.

(4f-(tert-Butyldimethylsilanyloxy)-
2f3,6p-bis-hydroxymethyl-54-hydroxy-
tetrahydropyran-3a-yl) pivaloate (rac-
oTBS 29): Diol rac-19b (149 mg, 0.300
mmol) and Pearlman’s catalyst
(45 mg) were allowed to react as described for compound rac-20c to
afford after chromatography (CH/EA) rac-29(156 mg, 94%) as a white
solid. M.p. 150°C. NMR signals were assigned by 2D techniques: 'H NMR
(CD;0D): 6 =5.05 (t, /] =9.5 Hz, 1H; H-3), 3.91 (dd, /=9.5, 3.4 Hz, 1H;
H-4), 3.86 (dd, /=34, 0.7 Hz, 1H; H-5), 3.79 (dd, /J=11.4, 77 Hz, 1H;
H-7,),3.64 (dd,J=11.4 Hz, 4.4 Hz, 1H; H-7,), 3.55 (ddd, J = 7.7,4.4,0.7 Hz,
1H; H-6), 3.52-3.46 (m, 2H; H-8,, H-8,), 3.45-3.38 (m, 1 H; H-2), 1.22 (s,
9H; C(CHj;);), 0.89 (s, 9H; SiC(CHs;);), 0.15 (s, 3H; SiCH3), 0.10 (s, 3H;
SiCH;); "C NMR (CD;OD): 6 =179.10 (C,, C=0), 80.30 (CH, C-6), 80.12
(CH, C-2),75.37 (CH, C-4), 71.35 (CH, C-5), 71.03 (CH, C-3), 63.16 (CH,,
C-8), 63.04 (CH,, C-7), 39.90 (C,, C(CHj,),), 27.80 (CH;, C(CHy);), 26.37
(CH;, SiC(CH,)3), 18.85 (C,, SiC(CH;);), —3.75 (CH;, SiCH;), —4.53
(CH;, SiCHj;); IR (ATR): #=3239, 2930, 2856, 1735, 1475, 1461, 1383,
1362, 1329, 1281, 1248, 1143, 1112, 1068, 1050, 1006, 989, 956, 924, 886,
862, 836, 777 cm™'; MS (160): m/z (%): 335 (52) [M — CH,]*, 317 (16),
259 (3), 233 (10), 216 (3), 215 (20), 197 (43), 189 (12), 186 (47), 173 (27), 171
(17),167 (11), 160 (18), 159 (100), 155 (13), 147 (12), 143 (27), 141 (43), 131
(17), 129 (28), 123 (36), 117 (40), 111 (29), 95 (11), 85 (16), 81 (25), 77 (8),
75 (77), 73 (50), 69 (17); HRMS: calcd for Cj,H,;0,Si: 335.1526, found:
335.1526.

. J{ (1'S,1R,25,4R,5S)-(2-(1'-Phenyleth-

Q O~ “Ph oxy)-8-oxabicyclo[3.2.1]octa-6-ene-3-
%O one-4-yl) pivaloate [(—)-16]: Ketone
© (—)-15 (240 g, 6.97 mmol) was dis-
solved in acetonitrile (24 mL) under
ultrasonication within 10 min.
DBU(2.08 mL, 14.0 mmol) was added to this solution and the reaction
mixture (TLC control) was ultrasonicated for 100 min at 16-18°C. After
complete reaction the mixture was poured into sat. NH,Cl solution and
extracted (MTBE, 4 x ). The combined organic layers were dried (MgSO,),
concentrated and purified by column chromatography (CH/EA) to afford
crystalline (—)-16 (2.04 g, 85%). M.p. 130-132°C; [a]® = —58.1 (c=1.0,
CHCl;). NMR signals were assigned by 2D techniques: 'H NMR (CDCl,):
0=740-727 (m, 5H; Ar-H), 6.46 (dd, J=6.1, 1.6 Hz, 1 H; H-6), 6.32 (dd,
J=6.1, 1.8 Hz, 1H; H-7), 5.30 (d, J=5.0 Hz, 1H; H-4), 5.02 (dd, /=5.0,
1.6 Hz, 1H; H-5), 476 (q, J=6.5 Hz, 1H; H-1'), 4.74 (dd, /=5.3, 1.8 Hz,
1H;H-1),4.04 (d,/=5.3 Hz, 1H; H-2), 1.48 (d, /= 6.5 Hz, 3H; H-2"), 1.26
(s, 9H; C(CH;);); *C NMR (CDCly): 6 =200.35 (C,, C-3), 177.08 (C,,
CO,), 142.87 (C,, Ar-C), 134.06 (CH, C-6), 132.25 (CH, C-7), 128.67 (CH,
Ar-CH), 128.01 (CH, Ar-CH), 126.33 (CH, Ar-CH), 81.40 (CH, C-2), 80.02
(CH, C-5), 79.41 (CH, C-1), 79.01 (CH, C-1"), 76.24 (CH, C-4), 38.85 (C,,
C(CH,);), 2714 (CH,;, C(CH;);), 24.07 (CH;, C-2); IR (ATR):
7=2973, 2930, 2917, 1741, 1728, 1482, 1454, 1398, 1372, 1341, 1286, 1273,
1231, 1208, 1145, 1097, 1076, 1054, 1028, 1009, 997, 982, 941, 905, 866, 836,
806, 759, 738, 702 cm~'; MS (110°C): m/z (%): 344 (0.4) [M]*, 239 (1), 213
(2),185(1),145 (1), 138 (50), 122 (1), 109 (13), 106 (15), 105 (100), 91 (1), 85
(14), 79 (8), 77 (8), 69 (2); HRMS: calcd for C,H,,O5: 344.1623, found:
344.1619.
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; J{ (I'S,1R,2R,35,4S,55)-(3-Hydroxy-2-

QO o0~ Ph (1'-phenylethoxy)-8-oxabicyclo[3.2.1]-
%@ oct-6-en-4-yl) pivaloate [(—)-21]: Ce'™"
6 Cl;-5H,0 (1.39g, 3.74mmol) was
added at 0°C to a solution of ketone
(—)-16 (1.29 g,3.74 mmol) in THF/EtOH (2:1, 75 mL). After 10 min at 0°C,
NaBH, (424 mg, 11.2 mmol) was added under vigorous stirring. The
temperature was allowed to reach 11°C within 3 h, then the mixture was
worked up as described for rac-19. Column chromatography (CH/EA)
yielded (—)-21 (1.28 g,99 %) as a white solid. M.p. 90-91°C; [a]¥ = —50.5
(¢=1.0, CHCl;). NMR signals were assigned by 2D techniques: 'H NMR
(CDCL,): 6=1727-724 (m, 5H; Ar-H), 6.44 (dd, J=6.3, 1.6 Hz, 1H; H-7),
6.40 (dd, J=6.3, 1.5 Hz, 1 H; H-6), 4.73 (dd, J=5.0 Hz, 4.6 Hz, 1H; H-4),
4.60 (q, /=6.4 Hz, 1H; H-1'), 4.59-4.54 (m, 2H; H-3, H-5), 442 (m, 1H;
H-1), 3.62 (dd, /=5.1, 4.4 Hz, 1H; H-2), 2.31 (brs, 1H; OH), 1.43 (d, /=
6.4 Hz, 5H; H-2'),1.24 (s, 9H; C(CH;);); ®*CNMR (CDCl;): 6 =177.52 (C,,
C=0), 142.72 (C,, Ar-C), 134.10 (CH, C-7), 133.96 (CH, C-6), 128.65 (CH,
Ar-CH), 128.00 (CH, Ar-CH), 128.20 (CH, Ar-CH), 79.42 (CH, C-1), 78.39
(CH, C-5),76.09 (CH, C-1'), 70.70 (C-2), 68.37 (CH, C-4), 65.43 (CH, C-3),
38.85 (C,, C(CH,)s), 27.14 (CH;, C(CHjy),), 24.24 (CH;, C-2'); IR (ATR):
7=3539, 3089, 2968, 2943, 2904, 2878, 1723, 1479, 1454, 1396, 1354, 1285,
1169, 1102, 1073, 1055, 1038, 1007, 968, 954, 887, 859, 839, 808, 762, 742,
699 cm~!; MS (90°C): m/z (%): 346 (1) [M]*, 226 (4), 215 (2), 181 (3), 149
(2),140 (5), 139 (42), 112 (5), 111 (72), 106 (9), 105 (100), 103 (15), 94 (5), 85
(9), 83 (17), 81 (9), 79 (9), 77 (8), 69 (5).

I (I'S;1R 2R 3R 4S,55)-(3-Hydroxy-2-(I'-

o OOH Ph phenylethoxy)-8-oxabicyclo[3.2.1]oct-6-

% en-4-yl) pivaloate [(—)-22]: Triflate

6 inversion: Alcohol (—)-21 (520 mg,
1.50 mmol), DMAP (37 mg, 0.30 mmol), pyridine (3.75 mL) and trifluor-
omethanesulfonic acid anhydride (646 pl, 3.76 mmol) were allowed to react
as described for compound rac-20 for 2 h at 0°C and 1 h at 40°C. A solution
of the crude triflate in DMSO (7 mL) was treated with nBu,NONO (2.17 g,
751 mmol) at 0°C. After 16 h at RT the mixture was worked up as
described for rac-20 to afford after purification (CH/EA) (—)-22 (311 mg,
60%) as a colourless crystals. M.p. 110°C; [a]} = —14.8 (¢ =0.5, CHCL).
NMR signals were assigned by 2D techniques (additonally the X-ray
structure was determined): '"H NMR (CD;0D): 6 =7.41-7.25 (m, 5H; Ar-
H), 6.23 (dd, /=6.3, 1.8 Hz, 1H; H-7), 6.14 (brdd, /=6.3, 1 Hz, 1 H; H-6),
4.77 (q, J=6.5Hz, 1H; H-1"), 4.61-4.56 (m, 2H; H-4, H-5), 4.19 (dd, J =
4.4,1.8 Hz,1H; H-1),3.66-3.59 (m, 1 H; H-3),3.34 (dd,/=74,44 Hz, 1H;
H-2), 142 (d, J=6.4Hz, 5H; H-2'), 1.20 (s, 9H; C(CH;);); “C NMR
(CD;0D): 6=179.49 (C,, C=0), 145.88 (C,, Ar-C), 133.24 (CH, C-7),
130.89 (CH, C-6), 129.58 (CH, Ar-CH), 128.81 (CH, Ar-CH), 127.46 (CH,
Ar-CH), 80.84 (CH, C-1), 80.67 (CH, C-1’), 79.30 (CH, C-2), 78.99 (CH,
C-4), 7497 (CH, C-3), 73.88 (CH, C-5), 39.79 (C,, C(CHj;);), 27.48 (CH;,
C(CH,);), 24.44 (CH;, C-2); IR (ATR): 7=3444, 3061, 3031, 2971, 2920,
2872, 1730, 1493, 1477, 1452, 1395, 1365, 1344, 1280, 1226, 1207, 1160, 1100,
1068, 1049, 1035, 1016, 997, 985, 910, 876, 806, 764, 733, 702 cm~'; MS
(90°C): miz (%): 346 (2) [M]+,280 (1), 244 (1), 226 (2), 215 (3), 185 (2), 181
(7), 140 (6), 139 (68), 111 (73), 106 (19), 105 (100), 103 (21), 85 (12), 83 (15),
81 (9), 79 (10), 77 (11), 69 (10).

/h (I'S,1R,2S3R 4R,55)-(2-(1'-Phenyl-
o To) g’g ethoxy)-3-(fert-butyldimethylsilanyloxy)-
%;TOT 8-oxabicyclo[3.2.1]oct-6-en-4-yl) piva-

6 loate [(—)-22a]: Alcohol (—)-22
(214 mg, 0.618 mmol), TBS-Cl (233 mg, 1.55mmol) and imidazole
(210 mg, 3.09 mmol) were allowed to react for 18 h as described for rac-
20a to afford after column chromatography (CH/EA) (—)-22a (240 mg,
85%) as a white solid. M.p. 71°C; [a]® = —37.3 (c=1, CHCL;); '"H NMR
(CDCL,): 6=1738-7.27 (m, 5H; Ar-H), 6.10 (dd, J=6.2, 1.8 Hz, 1H; H-6),
6.01 (dd,/=6.2,1.8 Hz, 1H; H-7), 4.72 (dd, J=6.8, 4.6 Hz, 1 H; H-4), 4.61
(dd, J=4.6, 1.8 Hz, 1H; H-5), 4.56 (q, J=6.5 Hz, 1H; H-1'), 4.04 (dd, /=
4.4,18 Hz, 1H; H-1), 3.75 (dd, J=6.8, 6.7 Hz, 1 H; H-3), 3.46 (dd, /=6.7,
4.4 Hz, 1H; H-2),1.48 (d,/=6.5 Hz, 3H; H-2"), 1.20 (s, 9H; C(CHjs)3), 0.90
(s, 9H; SiC(CHj,)s), 0.15 (s, 3H; SiCH,), 0.04 (s, 3H; SiCH;); ¥C NMR
(CDCly): 6 =17174 (C,, C=0), 144.69 (C,, Ar-C), 132.54 (CH, C-6), 129.85
(CH, C-7),128.59 (CH, Ar-CH), 127.96 (CH, Ar-CH), 126.44 (CH, Ar-CH),
79.67 (CH, C-2), 79.50 (CH, C-1"), 78.95 (CH, C-1), 7715 (CH, C-5), 74.46
(CH, C-3), 74.20 (CH, C-4), 38.86 (C,, C(CHa3);), 2733 (CH;, C(CHy),),
25.84 (CHj;, SiC(CHs;)5), 23.86 (CH;, C-2'), 18.01 (C,, SiC(CHy);), —4.02
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(CHs, SiCH;), —4.34 (CH;, SiCH;); IR (ATR): #=3086, 3030, 2960, 2930,
2881, 2858, 1724, 1478, 1457, 1373, 1344, 1327, 1290, 1276, 1246, 1211, 1153,
1114, 1091, 1056, 1035, 1011, 997, 980, 947, 916, 873, 835, 799, 778, 767, 736,
702 cm™; MS (100°C): m/z (%): 403 (26) [M — C,H,]*, 329 (1), 300 (20),
253 (10), 226 (11), 225 (59), 197 (4), 159 (14), 129 (8), 115 (8), 106 (15), 105
(100), 85 (7), 81 (61), 75 (10), 74 (31); HRMS: caled for C,Hj; O5Si:
403.1940, found: 403.1940.

OH (1'S,28,3R 4R ,5S,6R)-(4-(tert-Butyldi-
HO™ 2 0] 6\\0»| 7 o methylsilanyloxy)-2,6-bis-hydroxy-
NEREIR methyl-5-(1"-phenylethoxy)-tetrahy-
PivO” “071TPh dropyran-3-yl) pivaloate [(—)-22b]:
OTBS Alkene (—)-22a (280 mg, 0.608 mmol)

in CH,Cl, (7 mL) and MeOH (0.7 mL) were allowed to react as described
for compound (+)-17a to yield after chromatography (CH/EA) (—)-22b
(278 mg, 92 %) as a white solid. M.p. 49°C; [a]¥ =—13.2 (c=1, MeOH).
NMR signals were assigned by 2D techniques: 'H NMR (CDClLy): 6 =
739-723 (m, SH; Ar-H), 455-4.51 (m, 1H; H-3), 443 (q, /=6.5 Hz,
1H; H-1"), 4.06 (brdd, J=2.5 Hz, 1H; H-5), 3.96 (ddd, /=82, 3.8, 1.6 Hz,
1H; H-2), 3.86 (dd, J=11.8, 7.1 Hz, 1H; H-7,), 3.82 (dd, /=11.8, 8.2 Hz,
1H; H-8,), 3.76-3.70 (m, 1H; H-6), 3.49 (dd, /=11.8, 3.8 Hz, 1H; H-8,),
3.38 (dd, J=11.8, 3.4 Hz, 1H; H-7;), 3.02-2.99 (m, 1H; H-4), 1.43 (d, J =
6.5 Hz, 3H; H-2'), 1.27 (s, 9H; C(CH,)5), 0.82 (s, 9H; SiC(CHj;)5), 0.14 (s,
3H; SiCH;), —0.01 (s, 3H; SiCH;); *C NMR (CDCly): 6=178.78 (C,,
C=0),142.13 (C,, Ar-C), 128.66 (CH, Ar-CH), 128.21 (CH, Ar-CH), 126.76
(CH, Ar-CH), 76.54 (CH, C-1'), 75.54 (CH, C-6), 75.25 (CH, C-2), 73.57
(CH, C-5),70.18 (CH, C-3), 64.76 (CH, C-4), 63.59(CH,, C-8), 62.37 (CH,,
C-7), 39.16 (C,, C(CHy),), 27.34 (CH;, C(CHj;)3), 25.56 (CH;, SiC(CH,)s),
24.11 (CH3, C-2'),17.70 (C,, SiC(CH,)s), —4.93 (CHj, SiCH;), —5.11 (CH;,
SiCH;); IR (CHCL): 7=3603, 3494, 2956, 2931, 2888, 2859, 1718, 1602,
1493, 1479, 1471, 1462, 1398, 1372, 1342, 1281, 1256, 1159, 1096, 1065, 938,
889, 841 cm~!; MS (120°C): m/z (% ): 439 (4) [M — C,H,]*, 363 (3), 259 (3),
215 (2),201 (1), 177 (2), 169 (1), 160 (2), 159 (19), 143 (2), 129 (2), 106 (10),
105 (100), 86 (2), 76 (5), 74 (8), 70 (5); HRMS: calcd for C,H;s0;Si:
439.2152, found: 439.2152.
8 7 (28,3R 4R ,5S,6R)- (4-(tert-Butyldimeth-
Ho™ & O8N ylsilanyloxy)-2,6-bis-hydroxymethyl-5-
PO g‘; o hydroxy-tetrahydropyran-3-yl)  piva-
S1es loate [(—)-31]: Diol (—)-22b (256 mg,
0.516 mmol) was selectively deprotect-
ed with Pearlman’s catalyst (77 mg) to afford after column chromatography
(CH/EA) (—)-31 (193 mg, 95 %) as a white solid. M.p. 115-117°C; [a]¥ =
—2.8 (c=1, MeOH). NMR signals were assigned by 2D techniques:
'H NMR (CD;0D): 6 =4.58 (m, 1H; H-3), 3.96 (ddd, J=7.6, 4.9, 1.6 Hz,
1H; H-2), 3.88 (m, 1H; H-5), 3.86-3.79 (m, 2H; H-6, H-7,), 3.71 (dd, J=
114 Hz, J=76 Hz, 1H; H-8,), 3.67-3.62 (m, 1H; H-7;), 3.51 (dd, /=
114 Hz, J=4.9 Hz, 1H; H-8,), 3.46 (m, 1 H; H-4), 1.21 (s, 9H; C(CHy)3),
0.93 (s, 9H; SiC(CHs;);), 0.18 (s, 3H; SiCHj;), 0.13 (s, 3H; SiCHj3); *C NMR
(CD,0D): 6=179.18 (C,, C=0), 77.72 (CH, C-6), 76.84 (CH, C-2), 71.40
(CH, C-3), 69.96 (CH, C-5), 69.79 (CH, C-4), 63 (CH,, C7), 62.64 (CH,,
C-8), 40.08 (C,, C(CHy);), 2743 (CH;, C(CHj)3), 26.20 (CH3, SiC(CH,)s),
1875 (C,, SiC(CH;);), —4.76 (CH;, SiCH;), —5.05 (CH;, SiCH;); IR
(ATR): 7=3374, 2954, 2930, 2885, 2858, 1731, 1462, 1397, 1363, 1334, 1254,
1141, 1096, 1061, 971, 925, 837, 777 cm~'; MS (120°C): m/z (%): 335 (41)
[M — C,H,]*,259 (27),233 (11), 216 (4), 215 (26), 197 (15), 185 (10), 177 (9),
173 (8), 171 (10), 160 (25), 159 (100), 155 (16), 147 (16), 143 (26), 141 (29),
131 (20), 129 (43), 117 (35), 85 (25), 81 (36), 77 (8), 75 (68), 73 (63), 69 (95);
HRMS: calcd for C,H,,0,Si: 335.1526, found: 335.1523.

J{ (2a-(1'-Phenylethoxy)-3a-(tert-butyl-
ol 0~ ~Ph dimethylsilanyloxy)-8-oxabicyclo-
%ﬁ; 3 [3.2.1]oct-6-en-4a-yl) pivaloate (rac-
6 0TBS 21a): Alcohol rac-21 (103 mg, 0.290
mmol), TBS-CI (253 mg, 1.68 mmol),
imidazole (145 mg, 2.13 mmol) and a catalytic amount of DMAP were
allowed to react for 7h at 90°C as described for compound rac-20a to
afford after chromatography (CH/EA) starting material rac-21(8 mg) and
rac-21a (115 mg, 84 %, 91% based on recovered starting material) as a
white solid. M.p. 58°C. NMR signals were assigned by 2D techniques:
'"H NMR (CDCly): 6 =737-724 (m, SH; Ar-H), 6.38 (dd, /=6.3, 1.5 Hz,
1H; H-7), 6.33 (dd, J=6.3, 1.7 Hz, 1H; H-6), 5.57 (m, 1H; H-4), 445 (q,
J=6.5Hz, 1H; H-1'), 439 (m, 1H; H-5), 4.35 (m, 1H; H-1), 3.93 (dd, /=
5.1,3.9 Hz,1H; H-3),3.55 (dd,/=4.8,3.9 Hz, 1H; H-2), 1.28 (d,/ = 6.5 Hz,
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3H; H-2)), 124 (s, 9H; C(CH,),), 0.85 (s, 9H; SiC(CH,),), 0.06 (s, 3H;
SiCH3), 0.02 (s, 3H; SiCH,); °C NMR (CDCly): 9 =17791 (C,, C=0),
143.36 (C,, Ar-C), 133.34 (CH, C-7), 133.03 (CH, C-6), 128.54 (CH, Ar-
CH), 12771 (CH, Ar-CH), 126.26 (CH, Ar-CH), 80.94 (CH, C-5), 79.60
(CH, C-1), 7621 (CH, C-1"), 71.65 (CH, C-2), 68.26 (CH, C-4), 67.92 (CH,
C-3), 38.92 (C,, C(CHj);), 27.41 (CHs, C(CHs)s), 25.70 (CHs, SiC(CHs)y),
2430 (CH;, C-2)),18.05 (C,, SiC(CHj);), —4.89 (CHj, SiCH;), — 5.24 (CH,,
SiCH,); IR (CHCL,): #=3085, 2956, 2931, 2836, 2858, 1718, 1601, 1492,
1479, 1462, 1397, 1362, 1328, 1287, 1257, 1230, 1174, 1123, 1091, 1053, 1039,
1007, 967, 940, 893, 870, 842, 815 cm™%; MS (110°C): m/z (% ): 403 (37) [M —
C,H,J*, 299 (9), 287 (13), 225 (4), 204 (3), 203 (20), 197 (4), 187 (10), 160 (4),
159 (31), 130 (2.72), 129 (22), 106 (15), 105 (100), 85 (18), 81 (7), 79 (4), 77
(3),75(7), 73 (17); HRMS: calcd for C,,H;, O;Si: 403.1940, found: 403.1940.

OH (4p-(tert-Butyldimethylsilanyloxy)-
2[3,6p-bis-hydroxymethyl-543-(1’-phe-
nylethoxy)-tetrahydropyran-3f-yl)
E pivaloate (rac-21b): Alkene rac-21a
oTBs (290 mg, 0.630 mmol) in CH,CI,
(77mL) and MeOH (0.75 mL) were allowed to react as described for
compound (+)-17a to yield after chromatography (CH/EA) rac-21b
(280 mg, 89 % ) as a white solid. M.p. 59-61°C. NMR signals were assigned
by 2D techniques: '"H NMR (CDCL,): 6 =7.37-722 (m, 5H; Ar-H), 4.90—
4.84 (m, 1H; H-3), 4.56 (q, J=6.5Hz, 1H; H-1"), 412 (m, 1H; H-4), 3.84
(dd, J=112 Hz, J=8.3 Hz, 1H; H-8,), 3.76 (m, 1H; H-5), 3.65 (dd, J=
11.5Hz,J=8.6 Hz, 1H; H-7,),3.60 (dd, J=11.2 Hz, J=3.9 Hz, 1H; H-8,),
3.54 (m, 1H; H-2), 3.46 (m, 1H; H-6),3.08-3.01 (m, 1H; H-7,), 1.42 (d,J =
6.5 Hz, 3H; H-2), 1.33 (s, 9H; C(CHy;)3), 0.98 (s, 9H; SiC(CH;);), 0.18 (s,
3H; SiCHj;), 0.11 (s, 3H; SiCH;); *C NMR (CDCl): 6 =5C NMR
(CDCly): 6=80.10 (C,, C=0), 144.53 (C,, Ar-C), 129.28 (CH, Ar-CH),
128.70 (CH, Ar-CH), 128.04 (CH, Ar-CH), 82.05 (CH, C-2), 81.44 (CH,
C-6),79.77 (CH, C-1'), 76.87 (CH, C-3), 73.97 (CH, C-5), 69.97 (CH, C-4),
64.10 (CH,, C-8), 63.83 (CH,, C-7), 40.13 (C,, C(CHj;);), 28.05 (CH;,
C(CH;);), 26.80 (CH;, SiC(CHj);), 24.05 (CH;, C-29), 19.39 (C,,
SiC(CHj;);), —3.04 (CHj;, SiCH;), —4.51 (CH;, SiCH;); IR (ATR): 7=
3371, 2931, 2856, 1723, 1456, 1367, 1280, 1248, 1208, 1156, 1123, 1099, 1034,
1011, 963, 943, 835, 773, 700 cm~'; MS (140°C): m/z (%): 359 (1) [M —
CyH,;0]%, 335 (12), 317 (8), 233 (3), 216 (4), 215 (29), 185 (5), 171 (2), 159
(8), 147 (6), 143 (4), 129 (3), 117 (5), 106 (17), 105 (100), 85 (5), 80 (3), 77
(3), 75 (10), 73 (9); HRMS: caled for Cj;H;O4Si: 359.1889, found:
359.1891.
/8 20 6~\*“7\0H (4f3-(tert-Butyldimethylsilanyloxy)-
HO O 2f3,6-bis-hydroxymethyl-54-hydroxy-
35 .
PVO™ > “OH tetrahydropyran-3f-yl) pivaloate (rac-
OTBS 30): Diol rac-21b (210 mg,
0.423 mmol) was deprotected with
Pearlman’s catalyst (64 mg) to afford after column chromatography (CH/
EA) rac-30 (156 mg, 94 %) as a colourless solid. M.p. 135°C. NMR signals
were assigned by 2D techniques: 'H NMR (CD;OD): 6 =4.77 (m, 1H;
H-3), 426 (m, 1H; H-5), 3.86 (m, 1H; H-4), 3.77 (dd, /=114 Hz, J=
7.5 Hz, 1H; H-8,), 3.73 (dd, J=13.05 Hz, 9.8 Hz, 1Hz, H-7,), 3.66 (dd, J=
11.4 Hz, 4.8 Hz, 1H; H-8,), 3.61 -3.53 (m, 3H; H-2, H-6, H-7,), 1.27 (s, 9H;
C(CHs;);), 0.95 (s, 9H; SiC(CHs);), 0.22 (s, 3H; SiCH3), 0.17 (s, 3H; SiCH3);
C NMR (CD;0D): 6 =179.68 (C,, C=0), 81.66 (CH, C-2), 81.56 (CH,
C-6), 74.86 (CH, C-3), 71.78 (CH, C-5), 70.28 (CH, C-4), 62.91 (CH,, C-8),
63 (CH,, C-7), 40.01 (C,, C(CHy),), 27.72 (CH;, C(CHs;);), 26.49 (CH;,
SiC(CHy);), 19.03 (C,, SiC(CH;);), —4.01 (CH;, SiCH;), —4.11 (CH;,
SiCH;); IR (ATR): 7= 3397, 2931, 2858, 1732, 1471, 1435, 1391, 1367, 1283,
1246, 1154, 1114, 1099, 1057, 999, 956, 919, 894, 859, 836, 779 cm~'; MS
(150°C): mlz (%): 335 (28) [M — C,H,|*, 317 (32),251 (14), 233 (15,216 (2),
215 (75), 197 (10), 185 (11), 173 (9), 171 (16), 159 (23), 155 (13), 147 (55),
143 (56), 141 (11), 131 (14), 129 (32), 117 (60), 85 (41), 81 (12), 77 (10), 75
(86), 73 (75), 69 (100); HRMS: calcd for C;,H,,O,Si: 335.1526, found:
335.1525.
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