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Abstract: The preparation of novel cy-
clic 1,4-butanediol-linked oligoamino-
deoxysugars 3 ± 5 and 7 is described
which are potential binders to polynu-
cleotides. Neooligosaccharides 3 ± 5 are
assembled by two consecutive metathe-
sis protocols. In the first phase meta-
thesis-mediated dimerization of an ami-
nodeoxymonosaccharide which was ei-
ther allylated at the anomeric center or
at C4 led to E/Z mixtures of C2-sym-
metric homodimers which were trans-
formed into the corresponding 1,4-buta-
nediol linked disaccharides by catalytic
hydrogenation of the central olefinic
double bond. Double O-allylation of

the head-to-head dimer set the stage
for macrocyclization by means of ring-
closing metathesis. This ring-closing
process was highly dependent of the
configuration in the carbohydrate moi-
eties. arabino-Configured homodimer
15 directly yielded the macrocycle 32
which contains two sugar units while
under the same metathesis conditions
the corresponding ribo-configured start-
ing homodimer 19 afforded cyclic neo-

tetra- and neohexasaccharides 34 and 35
after a preceding dimerization and tri-
merization step, respectively. In addi-
tion, homodimer 23 was coupled with
silylglycoside 14a under Lewis-acid pro-
moted glycosidation conditions to fur-
nish the doubly glycosylated homodimer
31. Ring-closing metathesis afforded the
macrocyclic neoaminodeoxyoligosac-
charide 36 with alternating 1,4-butane-
diol linkage and glycosidic bond. The
primary cyclization products were final-
ly transformed into the respective cyclic
neoaminodeoxyoligosaccharides 3 ± 5
and 7 by catalytic hydrogenation and
standard deprotection conditions.

Keywords: antibiotics ¥ carbohy-
drates ¥ glycosidation ¥ macrocycles
¥ metathesis

Introduction

Oligocationic compounds such as protonable polyamines can
play a key role in biological processes. Their pharmacological
activity is associated with their ability to specifically bind to
polynucleotides, thus giving rise to the possibility of inhibiting
DNA duplication[1] or RNA catalysis, or the forcing of RNA
into an alternate conformation.[2, 3] Indeed, nature has utilized
aminodeoxy sugars present in glycoconjugates such as the
anthracycline antibiotic daunomycin (1) as well as amino
glycoside antibiotics such as neomycin B (2) to target poly-
nucleotides. In this context, the interactions between amino-
glycosides and various RNA targets have been investigated
(group I intron and Rev-response element,[4] the TAR-
RNA,[5] ribosomal ™A-site∫,[6] hammerhead ribozyme[7] and
other polynucleotide targets[8]). The results of most of these
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studies suggest that RNA regions containing either asymmet-
ric internal loops or hairpin loop-stem junctions are prefer-
ential binding sites for aminoglycosides. The major drawback
of aminoglycosides in medicinal applications, however, is their
significant toxicity. Nevertheless, their basic scaffold together
with a variety of different techniques for joining monomeric
subunits make them ideal for the synthesis of new selective
and potentially less toxic structures that can be used for
studying RNA binding.

This scenario was the starting point of our synthetic efforts
in this field with the intention to design and construct novel
linear and cyclic ™artificial∫ aminoglycosides. Thus, we
recently initiated a project on the preparation of new 1,4-
butanediol-linked oligomeric aminodeoxysugars.[9] These
novel structures consist of aminodeoxysugar-based pyran
rings which are linked to each other by a flexible element
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hence yielding linear spacer-linked neooligosaccharides.[9, 10]

Their oligomeric character in association with the larger
number of amino groups which are essential for efficient
binding should lead to cooperative effects[11] and hence tighter
binding.

As an extention to these linear neooligoaminodeoxysac-
charides[9] we now report the first preparation of novel cyclic
1,4-butanediol-linked neooligoaminodeoxysaccharides 3 ± 5
as well as 7 and disclose a synthetic route that leads to
macrocyclic hexasaccharide 6. The 1,4-butane diol linkage
between two adjacent aminodeoxysugar moieties in the
macrocycle is efficiently constructed by metathesis-based
alkene dimerization[12] of appropriately allylated glycosides
using the Grubbs precatalyst 8 (see Scheme 1).

Results and Discussion

In the first phase of the project we had to develop synthetic
access to various homodimeric spacer-linked aminodeoxysac-
charides containing two terminal double bonds. These func-
tionalities served as reactive groups for the ring closing
metathesis macrocyclization.

Glycal 9 served as the starting carbohydrate-based building
block for the synthesis of all macrocyclic oligoaminodeoxy-
saccharides described in this report. Thus, arabino-configured
pyranose 10a was isolated as the major product out of four
isomeric products 10a ± 10d by employing the protocol
developed by Monneret and co-workers (Scheme 1).[13] The
synthesis towards homodimeric 1,4-butanediol-linked �-aco-
samine derivative 15 was further elaborated by O-silyla-
tion[14, 15] of the anomeric centers in 10a ± 10d to yield a
mixture of silylglycosides �-arabino 11a, �-ribo 11b, �-
arabino 11c, and �-ribo 11d from which only the �-ribo-
configured isomer 11d was separated by chromatography
(3.4% yield from �-rhamnal 9). The remaining mixture of silyl
glycosides 11a ± 11c was subjected to hydrolysis thereby
removing the 4-O-acyl groups furnishing silyl glycosides
12a ± 12c of which only the major isomer 12a is depicted in
Scheme 1. These isomers were also conveniently separated by
column chromatography on a larger scale. The arabino-
configured alcohol 12a was obtained in 61% yield (from �-
rhamnal 9). In addition the the remaining �-ribo 12b (28%)
and �-arabino 12c (1.0%) isomers were collected in pure
form.[16] O-Allylation was achieved by sodium hydride-
mediated deprotonation and addition of allyl bromide.
Subsequently, the azido group in allyl ether 13a was reduced
to the corresponding amino group[17] which then was directly

protected as the corresponding trifluoroacetamide 14a. Now
the stage was set for the first metathesis dimerization using
precatalyst 8. Under the conventional conditions tail-to-tail
dimerization proceeded in satisfactory yield (70%) leading to
an E/Z mixture (6:1) of stereoisomers. The classical Grubbs
catalyst 8 turned out to be insensitive towards the various
polar functionalities such as the trifluoroacetamido group and
the anomeric silyl ether present in glycoside 14a. As expected,
the 1H NMR and 13C NMR spectra of C2-symmetric homo-
dimeric reaction product 17 showed only half the set of signals
for all protons as well as carbon atoms.[18] Further structural
support was gained from proton integration and mass
spectrometry. Careful chromatographic purification revealed
two additional by-products. Thus, monosaccharide 16 (11%;

E/Z ratio about 1:1) only differs
from starting allyl glycoside 14a
in that it contained a shifted
alkenic double bond and hence
an enol ether functionality. It is
obvious that the catalyst is not
only able to promote dimeriza-
tion but also shows some activ-
ity in terms of double bond
migration. The 1,2-disubstitut-
ed enol ether double bond is
not reactive enough to get in-
volved in a metathesis process

so we were unable to isolate a dimer originated from glycoside
16. This view is further supported by the isolation of minor
amounts of unsymmetric dimer 18 (8%). Again, the forma-
tion of the enol ether double bond very likely originated from
a double bond migration in homodimer 17 and was catalyzed
by the Grubbs catalyst 8. The formation of these unexpected
enol ethers preferentially occurs at elevated reaction temper-
atures. This property of catalyst 8 is closely related to the
prototropic rearrangement of allyl ethers to the correspond-
ing 1-propenyl analogues, which was described for various
transition metal complexes such as the Tebbe reagent,[19]

rhodium catalysts[20] and PdCl2, RuCl3 and IrCl3.[21]

The synthesis was terminated by catalytic hydrogenation of
the alkenic double bond which can be performed with both
dimers 17 and 18. This was followed by a silyl triflate-
mediated double glycosidation of the two anomeric centers
using an excess of allyl alcohol as glycosyl acceptor. Both
glycosidation steps proceeded in a highly �-selective fashion
(even traces of the �,�- and �,� diastereomers could not be
isolated). The experiment yielded the bisallyl acosamide 15 in
a remarkably high yield (89%).

In analogy to Scheme 1, the corresponding homodimeric
ribo-configured analogue 19 was prepared (Scheme 2). In this
case, silyl glycoside 12b was the starting material, which was
the second most abundant isomer isolated from the reaction
mixture of the three-step sequence (see Scheme 1). Silver
oxide-promoted allylation of the hydroxy group at C-4
afforded silyl glycoside �-ribo 13b which was reduced to the
amine and finally protected as trifluoroacetamide 14b.
Dimerization to homodimer 20 proceeded in 62% yield
(E/Z ratio �20:1). The sequence was terminated by catalytic
hydrogenation of the double bond followed by Lewis
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Scheme 1. Preparation of 1,4-butanediol linked C2-symmetric arabino-
configured allyl glycoside 15. a) TBSCl, imidazole, CH2Cl2, 0 �C, 6 h;
b) MeOH, MeONa, RT, 5 h (61% from 9)[16] ; c) allyl bromide, NaH, THF
(99%); d) LiAlH4, Et2O; e) (Tfa)2O, Et3N, CH2Cl2, 0 �C (56% for two
steps); f) 8 (9.8 mol%), C6H6, 45 �C, 20 h (78% for 17 and 18); g) H2, PtO2,
ethyl acetate, RT, 14 h (95%); h) allyl alcohol (excess), TMSOTf
(0.6 equiv), MS, CH2Cl2, �60 to �30 �C, 16 h (89%).

acid-promoteddouble glycosidation with allyl alcohol to
furnish homodimeric spacer-linked bis-ristosamide 19.[22]

The yield for the key dimerization step was lower in
comparison to the arabino-configured silyl glycoside 14a.
This fact has to be ascribed to the axially oriented trifluor-
oacetamido substituent an observation that we also noted for
related systems (see above).

In a third synthesis towards the spacer-linked ristosamine-
based dimer 23, �-rhamnal 9 again served as the starting point
(Scheme 3). Azidation was achieved as described before (see
Scheme 1 and ref. [13]). The four isomeric 3-azido pyranoses
10a ±d were transformed into the corresponding allyl glyco-
sides either by direct acid-catalyzed allylation[23] (40% from
�-rhamnal 9) using ion-exchange resins or alternatively by
1-O-acylation under standard conditions followed by allyla-
tion using montmorillonite K 10 (65% from �-rhamnal 9).[24]

At this point, three isomeric allyl glycosides were separated
by column chromatography (�-arabino 21a : 49%; �-arabino
21b : 9%, and �-ribo 21c : 7%) (in Scheme 3 only 21c is
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Scheme 2. Preparation of 1,4-butanediol linked C2-symmetric ribo-con-
figured allyl glycoside 19. a) allyl iodide, Ag2O, CH3CN, 50 �C, 20 h (24% of
13b); b) LiAlH4, THF, RT, 2 h; c) (Tfa)2O, Et3N, CH2Cl2, 0 �C (78% for
two steps); d) 8 (13.1 mol%), C6H6, 40� 50 �C, 20 h (62% of 20); e) H2,
PtO2, ethyl acetate, RT, 14 h (87%); f) allyl alcohol, TMSOTf (0.6 equiv),
MS, CH2Cl2, �60 to �40 �C, 15 h (88%).

depicted). The second most abundant isomer, the �-ribo-
configured ristosaminide 21c, was used subsequently. This
was possible because the reaction sequence could easily be
scaled up to 20 g without reduced efficacy. Then, the azido
group was reduced first and the intermediate amino group
was immediately blocked as trifluoroacetamide. Saponifica-
tion of the trifluoroacetyl ester was achieved in methanol[25] to
yield allyl glycoside 22c. The moderate yields of this three-
step sequence was due to difficulties after workup of the
reduction step. Complete removal of all traces of aluminium
salts was essential for best results. Notably the modification of
the nitrogen functionality was necessary at this point because

the azido functionality was not
tolerated under the metathesis
olefination condition that was
going to follow. In the presence
of precatalyst 8, dimerization of
allyl glycoside 22c proceeded
with low yield for homodimer
25 but with high stereoselectiv-
ity (20%; only E isomer).
Again, rearranged starting py-
ranoside 24 (55%) and rear-

ranged dimeric enol ether 26 (traces) were formed as addi-
tional products. Due to the inefficiency of this process we
investigated metathesis olefination of the allyl glycoside 27
which can simply be obtained from alcohol 22c in 92% yield
after acylation under standard conditions (Ac2O, Et3N, cat.
4-DMAP, CH2Cl2, RT, 1 h). Indeed, under the usual meta-
thesis conditions [8 (9.1 mol%), benzene, 50 �C, 10 h] dime-
rization proceeded more smoothly compared with allyl glyco-
side 22c yielding homodimer 28 (46%, E/Z ratio 2.5:1) along
with traces of enol ether 29. The alkenic double bonds in
dimer 25 as well as in enol ether 26 were hydrogenated to
afford target homodimer 23. Likewise, the 4-O-acylated
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analogues 28 and 29 can also be transformed into 1,4-
butanediol-linked bis-�-ristosaminide 23 by means of catalytic
hydrogenation (PtO2, H2, ethyl acetate, rt, 16 h; 89%) and
mild ester hydrolysis [0.1� NaOH/THF (3:1), RT, 0.5 h;
94%]. The dimerization of the arabino-configured
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analogue of allylglycoside 27 with an all equatorial substitu-
tion pattern proceeds in 90% yield using only 5.5 mol% of the
catalyst 8[25] clearly indicating that the efficacy of the coupling
is highly dependent on both the configuration of the
substituent at C-3 as well as the number of functional groups
with hydrogen bonding properties (4-OH versus 4-OAc). The
presence of a polar hydroxy group seems to deactivate the

ruthenium benzylidene com-
plex. This observation contrasts
some of the work published in
this field. For example, the
immunosuppressive natural
product FK506[26] was success-
fully homodimerized. Also the
ring-closing metathesis of the
disaccharide subunit of trico-
lorin A described by F¸rstner
and co-workers was achieved in
the presence of free alcohol
groups.[27] Therefore, we reck-
oned that it is the combination
of the free hydroxy group and
trifluoroacetamido group which
is able to deactivate the Ru-

carbene complex 3 by chelation thus effectively shutting down
the catalytic cycle.[28]

In order to enhance structural variations in the macrocyclic
neooligosaccharides we planned to incorporate ™true∫ glyco-
sidic bonds into the ring-closing precursor. This structural
element is typically present in natural carbohydrate-derived
macrocycles, the cyclodextrins. Thus, we envisaged the
preparation of a macrocyclic oligoaminodeoxysaccharide
containing a disaccharide unit with two different sugar
components based on �-�-ristosamine and �-�-acosamine.
The linear heterogeneous precursor for this macrocycle was
prepared from the head-to-head homodimer 23. This com-
pound served as glycosyl acceptor in the Lewis acid promoted
glycosidation with silyl glycoside 14a (Scheme 4). Under the
common glycosidation conditions developed for silyl glyco-
sides[14, 15] the C2-symmetric acceptor was glycosylated twice
to yield homodimer 31 which we reckoned to be another
suitable starting material for the ring-closing metathesis
reaction. The process was highly �-selective with respect to
both glycosidation reactions.
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Scheme 4. Preparation of 1,4-butanediol linked C2-symmetric tetrasac-
charide 31. a) TMSOTf (two portions: 0.72 equiv and 0.36 equiv), MS,
CH2Cl2, �60 to �40 �C, 20 h (78%).
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Scheme 3. Preparation of head-to-head linked C2-symmetric glycoside 23. a) H2O, 80 �C; b) NaN3, HOAc, H2O,
80 �C then c) either allyl alcohol, 90 �C, 1 h, Dowex-50 (H� form), (40%) or Ac2O, py, CH2Cl2, 10 h; d) allyl
alcohol, C6H6, �, K 10 montmorillonite, 12 h (53%); e) LiAlH4, THF, 0 �C, 2 h; f) (CF3CO)2O, Et3N, CH2Cl2, 1 h,
then allyl acohol, RT, 2 h (29%); g) 8 (8.3 mol%), C6H6, 50 �C, 10 h [25 (20%) only E isomer, 26 (traces), 24
(55%)]; h) PtO2, H2, ethyl acetate, RT, 16 h (73%).
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Now, three different types of neooligosaccharides 15, 19,
and 31 were at hand each containing two terminal alkenes, but
differing in configuration and mode of connectivity. Thus,
homodimers 15 and 19 are tail-to-tail dimers with the terminal
olefinic double bonds located close to the anomeric center. In
contrast, linear neotetrasaccharide 31 contains a typical
glycosidic bond as part of a disaccharide subunit which is
dimerized in the head-to-head mode while the olefinic double
bonds are attached via an ether linkage at C-4 of the terminal
hexoses.

These three neooligosaccharides were then subjected to
metathesis-based macrocyclization conditions. In the first
attempt, �-acosamine-based bisallyl glycoside 15 was cyclized
to yield a single stereoisomer 32 with remarkable yield (67%)
(Scheme 5). In addition, homodimer 15 was recovered in 20%
yield. Hydrolysis of the amide groups in the macrocycle 32
under basic conditions gave the first unsaturated cyclic spacer-
linked aminodeoxydisaccharide 3. Alternatively, catalytic
hydrogenation of the olefinic double bond in macrocycle 32
led to compound 33 which was further transformed to the
corresponding saturated cyclic neodisaccharide 4 under the
standard hydrolytic conditions (aq. NaOH).
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Scheme 5. Macrocyclization of C2-symmetric arabino-configured allyl
glycoside 15 by ring closing metathesis. a) 8 (20 mol%), dry C6H6, 47 �C,
24 h (67%); b) aq. NaOH (0.1�)/THF (3:1), RT, 5 h (94%); c) PtO2, H2,
CH2Cl2/MeOH (10:1), RT, 16 h (87%); d) aq. NaOH (0.1�)/THF (3:1),
RT, 5 h (85%).

The next macrocyclization revealed that subtle structural
alterations in the aminodeoxyhexose moiety, such as the
relative configuration of the substituents on the pyran ring
and the mode of connectivity, profoundly govern the outcome
this process. Hence, when the �-ristosamine-derived, tail-to-
tail dimer 19 was subjected to the metathesis protocol the
corresponding cyclic neotetra- and hexasaccharides became
the major products which were separated by column chro-
matography (Scheme 6). Their structures were unequivocally
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Scheme 6. Macrocyclization of C2-symmetric ribo-configured allyl glyco-
side 19 by ring closing metathesis. a) 8 (20 mol%), dry C6H6, 50 �C, 20 h
(64% for cyclic tetrasaccharide; 16% for cyclic hexasaccharide); b) PtO2,
H2, ethyl acetate, RT, 24 h (99%); c) aq. NaOH (1.0�)/THF (2:1), RT, 24 h
(99%).

confirmed after hydrogenation of the olefinic double bonds by
NMR spectroscopy and mass spectrometry. The highly
symmetric character of these spacer-linked macrocycles 34
and 35 is responsible for the fact that only one set of signals for
all pyran rings as well as the 1,4-butandiol moieties in the 1H
and 13C NMR spectra is detectable. In addition, the dimeric
and trimeric character (based if one assumes that the starting
compound 19 is defined as a monomer) and the cyclic
structure of aminoglycosides 34 and 35 were confirmed by
mass spectrometry (ESI mode). Formation of these macro-
cycles can be rationalized by assuming that the axial amino
substituent at C-3 prevents direct macrocyclization of linear
diene 19. Instead, dimerization and trimerization to linear
neotetra- and hexasaccharides occurs prior to macrocycliza-
tion.[29] Finally, the target macrocyclic tetrasaccharide 5 was
prepared after hydrolytic removal of the four N-protecting
groups.

Next, the complex neotetrasaccharide 30 was subjected to
the ring-closing metathesis conditions (Scheme 7). This time
the reaction proceeded only sluggishly and a complex mixture
of products were formed from which the desired cyclization
product 36 was isolated after hydrogenation of the olefinic
double bond in 22% yield. The sequence was terminated after
removal of the trifluoroacetyl groups under basic conditions
which yielded target cyclic aminoglycoside 7. Noteworthy
carbohydrate-based macrocycle 7 contains two special struc-
tural features: a) two glycosidic linkages, and b) two linker-
based connections, one in the head-to-head, the second one in
the tail-to-tail mode. This array of substructures creates a rich
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Scheme 7. Macrocyclization of C2-symmetric tetrasaccharide 30 by ring-
closing metathesis. a) 8 (20 mol%, dry C6H6, 50 �C, 24 h; b) PtO2, H2, ethyl
acetate, RT, 18 h (22% for two steps); c) aq. NaOH (0.4�)/THF (3:1), RT,
18 h (78%).

diversity of novel carbohydrate-based macrocycles that will
play a crucial role in studying their affinity to bind to
polynucleotides.

In summary, we have described an efficient synthetic route
towards novel macrocyclic 1,4-butanediol-linked neooligo-
aminodeoxysaccharides using two variants of the metathesis
olefination. Studies on the biological properties, particularly
their affinity to HIV-1 TAR-RNA, of these new neooligosac-
charides will reported in due course.

Experimental Section

General techniques : All temperatures quoted are uncorrected. Optical
rotations were recorded on a Perkin ±Elmer 141 polarimeter and are given
in 10�1 degcm2g�1. 1H NMR, 13C NMR, 1H/1H-, 1H/13C-COSY and HMQC
spectra were recorded on a Bruker DPX 200 and a Bruker ARX 400-NMR
spectrometer for solutions in CDCl3 using residual CHCl3 as internal
standard (� 7.26) unless otherwise stated. Multiplicities are described using
the following abbreviations: s� singlet, d� doublet, t� triplet, q� quartet,
m�multiplet, br� broad. Coupling constants (J) are quoted in Hz.
Chemical shift values of 13C NMR spectra are reported as values in ppm
relative to residual CHCl3 (� 77.0) as internal standard. The multiplicities
refer to the resonances in the off-resonance spectra and were elucidated
using the distortionless enhancement by polarisation transfer (DEPT)
spectral editing technique, with secondary pulses at 90� and 135�. Multi-
plicities are reported using the following abbreviations: s� singlet (due to
quaternary carbon), d� doublet (methine), t� triplet (methylene), and
q� quartet (methyl). Mass spectra were obtained using either a LCQ
Finnigan instrument using electrospray ionization (ESI) mode or MAT 95
Finnigan (DCI). Ion mass (m/z) signals are reported as values in atomic
mass units followed, in parentheses, by the peak intensities relative to the
base peak (100%). Combustion analyses were performed by the Institut f¸r
Pharmazeutische Chemie, Technische Universit‰t Braunschweig and
Institut f¸r Chemie, Humboldt Universit‰t zu Berlin (Germany). All
solvents used were of reagent grade and were further dried. Reactions were
monitored by TLC on silica gel coated aluminium 60 F254 (E. Merck,
Darmstadt) and spots were detected either by UV absorption or by
charring with H2SO4/4-methoxybenzaldehyde in methanol. Flash column
chromatography was performed on silica gel 60 (E. Merck, Darmstadt;

35 ± 70 mesh). Sephadex LH-20 (Pharmacia) was employed for preparative
column chromatography of final neooligosaccharides. Petroleum ether with
a b.p. range of 40 ± 60 was used. Analytical data for 3-azidoglycals 10a ± d
can be found in ref. [13].

tert-Butyldimethylsilyl 3-azido-2,3,6-trideoxy-�-�-arabino-hexopyranoside
(12a), tert-butyldimethylsilyl-3-azido-2,3,6-trideoxy-�-�-ribo-hexopyrano-
side (12b), tert-butyldimethylsilyl 3-azido-2,3,6-trideoxy-�-�-arabino-hexo-
pyranoside (12c), and tert-butyldimethylsilyl 4-O-acetyl-3-azido-2,3,6-
trideoxy-�-�-ribo-hexopyranoside (11d): A suspension of glycal 9 (4.62 g,
21.6 mmol) in water (40 mL) was heated to 95 �C and stirred for 1 h. After
cooling to room temperature sodium azide (2.1 g, 32.4 mmol) and acetic
acid (4.3 mL, 3.5 equiv) were added to the resulting solution and the
stirring was maintained for 3 h, whereupon TLC (petroleum ether/ethyl
acetate 4:1) indicated that the reaction was complete. After the reaction
mixture was poured onto a saturated aqueous solution of NaHCO3 the
solution was extracted with ethyl acetate. The combined organic layers
were dried (MgSO4) and the solvent was removed in vacuo to afford an
isomeric mixture of 3-azido pyranoses (4.76 g). This crude material was
dissolved in anhydrous 1,2-dichloroethane (40 mL) and imidazole (2.95 g,
43.4 mmol) was added at 0 �C. After 10 min tBuMe2SiCl (5.80 g, 38.5 mmol)
was added and the reaction mixture was stirred overnight at room
temperature. The solution was extracted with water (2� 20 mL) and the
organic extracts were dried (MgSO4) and concentrated in vacuo to yield an
oil (7.44 g). This material was purified by column chromatography
(petroleum ether/ethyl acetate 12:1). At this point, only the ribo-
configured �-silyl isomer of 11d could be separated from the other three
isomers, which were used directly in the next step. Selected analytical data
for hexopyranoside 11d (239 mg, 0.73 mmol, 3.4%): [�]22D ��195.3 (c�
1.10 in CHCl3); 1H NMR (200 MHz, CDCl3, 25 �C): �� 5.18 (dd, J� 3.6,
1.5 Hz, 1H; 1-H), 4.57 (dd, J� 9.6, 3.6 Hz, 1H; 4-H), 4.30 (dq, J� 9.6,
6.3 Hz, 1H; 5-H), 4.16 (q, J� 3.6 Hz, 1H; 3-H), 2.11 (s, CH3CO, 3H), 2.10
(ddd, J� 14.8, 3.6, 1.8 Hz, 1H; 2-Heq), 2.01 (dt, J� 14.8, 3.6 Hz, 1H; 2-Hax),
1.13 (d, J� 6.3 Hz, 3H; 6-H), 0.92 {s, 9H; Si(CH3)2[C(CH3)3]}, 0.11, 0.09 {2s,
6H; Si(CH3)2[C(CH3)3]}; 13C NMR (50 MHz; CDCl3, 25 �C): �� 170.2 (s,
COCH3), 90.2 (d, C-1), 73.6 (d, C-4), 61.7 (d, C-5), 55.2 (d, C-3), 34.0 (t,
C-2), 25.5 (q, Si(CH3)2[C(CH3)3]), 20.9 (q, CH3CO), 17.9 {s,
Si(CH3)2[C(CH3)3]}, 17.2 (q, C-6), �4.6, �5.8 {2q, Si(CH3)2[C(CH3)3]};
elemental analysis calcd (%) for C14H27N3O4Si (329.5): C 51.04, H 8.26, N
12.75; found C 51.13, H 8.31, N 12.49.

The main fraction including the three isomers (5.8 g, 17.6 mmol) was
dissolved in dry methanol (30 mL), and sodium methylate (478 mg,
8.85 mmol) was added. The reaction mixture was stirred at room temper-
ature for 5 h, whereupon TLC (petroleum ether/ethyl acetate 10:1)
revealed that the ester hydrolysis was complete. Concentration in vacuo
gave a crude material which was purified by column chromatography
(petroleum ether/ethyl acetate 10:1).

1st Fraction 12a (3.06 g, 10.64 mmol, 60.5%); Rf� 0.23 (petroleum ether/
ethyl acetate 10:1); 1H NMR (200 MHz, CDCl3, 25 �C): �� 4.80 (dd, J�
9.2, 2.0 Hz, 1H; 1-H), 3.39 (ddd, J� 12.6, 9.0, 4.8 Hz, 1H; 3-H), 3.32 (dq,
J� 9.0, 6.0 Hz, 1H; 5-H), 3.14 (dt, J� 9.0, 3.6 Hz, 1H; 4-H), 2.23 (d, J�
3.6 Hz, 1H; OH), 2.18 (ddd, J� 13.0, 4.8, 2.2 Hz, 1H; 2-Heq), 1.66 (dt, J�
12.6, 9.2 Hz, 1H; 2-Hax), 1.32 (d, J� 6.6 Hz, 3H; 6-H), 0.89 {s, 9H;
Si(CH3)2[C(CH3)3]}, 0.12, 0.10 {2s, 6H; Si(CH3)2[C(CH3)3]}; elemental
analysis calcd (%) for C12H25N3O3Si (287.4): 50.14, H 8.77, N 14.62; found C
50.22, H 8.55, N 14.43.

2nd Fraction 12b (1.40 g, 4.87 mmol, 28%); Rf� 0.14 (petroleum ether/
ethyl acetate 10:1); 1H NMR (200 MHz, CDCl3, 25 �C): �� 4.99 (dd, J�
9.0, 2.0 Hz, 1H; 1-H), 4.05 (q, J� 3.6 Hz, 1H; 3-H), 3.62 (dq, J� 9.4, 6.3 Hz,
1H; 5-H), 3.38 (dt, J� 8.8, 3.6 Hz, 1H; 4-H), 2.10 (ddd, J� 14.0, 3.6, 2.2 Hz,
1H; 2-Heq), 1.98 (d, J� 8.5 Hz, 1H; OH), 1.80 (ddd, J� 14.0, 9.0, 3.2 Hz,
1H; 2-Hax), 1.27 (d, J� 6.3 Hz, 3H; 6-H), 0.89 {s, 9H; Si(CH3)2[C(CH3)3]},
0.10 {2s, 6H; Si(CH3)2[C(CH3)3]}; elemental analysis calcd (%) for
C12H25N3O3Si (287.4): C 50.14, H 8.77, N 14.62; found C 50.16, H 8.69, N
14.73.

3rd Fraction 12c (56 mg, 0.195 mmol, 1.1%); Rf� 0.26 (petroleum ether/
ethyl acetate 10:1); [�]22D ��68.24 (c� 1.65 in CHCl3); 1H NMR
(200 MHz, CDCl3, 25 �C): �� 5.24 (dd,J� 2.4, 1.2 Hz, 1H; 1-H), 3.82 (dq,
J� 9.4, 6.2 Hz, 1H; 5-H), 3.77 (ddd, J� 12.6, 9.0, 4.8 Hz, 1H; 3-H), 3.13 (t,
J� 9.2 Hz, 1H; 4-H), 2.41 (s, OH, 1H), 2.05 (ddd, J� 12.8, 4.8, 1.6 Hz, 1H;
2-Heq), 1.70 (dt, J� 12.6, 3.0 Hz, 1H; 2-Hax), 1.25 (d, J� 6.4 Hz, 3H; 6-H),
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0.90 {s, 9H; Si(CH3)2[C(CH3)3]}, 0.10 {2s, 6H; Si(CH3)2[C(CH3)3]}; ele-
mental analysis calcd (%) for C12H25N3O3Si (287.4): C 50.14, H 8.77, N
14.62; found C 50.02, H 8.58, N 14.83.

tert-Butyldimethylsilyl 4-O-allyl-3-azido-2,3,6-trideoxy-�-�-arabino-hexo-
pyranoside (13a): NaH (55 ± 65% in oil, 2.5 equiv, 0.73 g) and allyl bromide
(1.56 mL, 18.25 mmol) were added to a solution of pyranoside (12a)
(2.10 g, 7.3 mmol) in anhydrous THF (50 mL). The mixture was stirred at
room temperature overnight. Methanol (35 mL) was added and stirring for
additional 3 h was continued. The reaction mixture was concentrated under
reduced pressure. The residual oil obtained was taken up in water (120 mL)
and extraction was carried out with dichloromethane (4� 20 mL). The
combined organic extracts were washed with water and dried (MgSO4).
After removal of the solvent under reduced pressure a crude material
(2.36 g, 7.21 mmol, 99%) was obtained, which was directly used for the next
step without additional purification. 13a : Rf� 0.68 (petroleum ether/ethyl
acetate 10:1); 1H NMR (200 MHz, CDCl3, 25 �C): �� 5.95 (ddt, J� 17.2,
10.2, 5.8 Hz, 1H; CH�), 5.29 (dq, J� 17.2, 1.7 Hz, 1H; CHH��CH-), 5.20
(dq, J� 10.2, 1.6 Hz, 1H; CHH��CH-), 4.76 (dd, J� 9.4, 2.0 Hz, 1H; 1-H),
4.16 ± 4.10 (m, 1H; 3-H), 4.29 (ddt, J� 12.1, 5.6, 1.3 Hz, 1H; OCHH�), 4.14
(ddt, J� 12.1, 6.0, 1.2 Hz, 1H; OCHH�), 3.32 (dq, J� 9.2, 6.4 Hz, 1H; 5-H),
2.89 (t, J� 9.2 Hz, 1H; 4-H), 2.13 (ddd, J� 12.8, 5.0, 2.0 Hz, 1H; 2-Heq),
1.57 (dt, J� 12.8, 9.2 Hz, 1H; 2-Hax), 1.31 (d, J� 6.2 Hz, 3H; 6-H), 0.89 {s,
9H; Si(CH3)2[C(CH3)3]}, 0.11, 0.09 {2 s, 6H; Si(CH3)2[C(CH3)3]}; 13C NMR
(50 MHz; CDCl3, 25 �C): �� 134.2 (d,�CH), 117.7 (t, CH2�), 94.3 (d, C-1),
80.9 (d, C-4), 74.0 (t, OCH2), 72.2 (d, C-5), 62.0 (d, C-3), 39.2 (t, C-2), 25.7
{q, Si(CH3)2[C(CH3)3]}, 18.2 (q, C-6), 18.0 {s, Si(CH3)2[C(CH3)3]}, �4.2,
�5.2 {q, Si(CH3)2[C(CH3)3]}.

tert-Butyldimethylsilyl 4-O-allyl-3-trifluoroacetamido-2,3,6-trideoxy-�-�-
arabino-hexopyranoside (14a): The azide 13a (1.14 g, 3.49 mmol) was
dissolved in anhydrous diethyl ether (25 mL). To this solution was added
lithium aluminium hydride (0.9 g, 23.7 mmol) at 0 �C and stirring was
continued for 2.5 h at this temperature. Excess of lithium aluminium
hydride was destroyed by dropwise addition of water (1 mL) and 10%
NaOH (2 mL). The suspension was filtered with suction and the filter cake
was thoroughly washed with diethyl ether. The combined filtrates were
concentrated under reduced pressure to afford a syrup which was dried by
being taken up in toluene followed by concentration in vacuo. The crude
material obtained can be used for the next step without further purification
by dissolving it in anhydrous dichloromethane (15 mL) at 0 �C. Triethyl
amine (0.7 mL) and trifluoroacetic anhydride (0.73 mL) were added to this
solution. The mixture was stirred at room temperature for 0.5 h. The
solvent was removed under reduced pressure and the crude product was
purified by flash chromatography (petroleum ether/ethyl acetate 15:1) to
afford the title compound 14a (784 mg, 1.97 mmol; 56.4%) as colourless
crystals. Rf� 0.26 (petroleum ether/ethyl acetate 15:1); m.p. 97 ± 99 �C;
[�]22D ��8.55 (c� 1.14 in CHCl3); 1H NMR (200 MHz, CDCl3, 25 �C): ��
6.54 (d, J� 7.2 Hz, 1H; NH), 5.85 (ddt, J� 17.2, 10.4, 5.8 Hz, 1H; CH�),
5.25 (dq, J� 17.2, 1.6 Hz, 1H; CHH��CH-), 5.22 (dq, J� 10.4, 1.6 Hz, 1H;
CHH��CH-), 4.92 (dd, J� 7.6, 2.4 Hz, 1H; 1-H), 4.18 (dd, J� 12.4, 5.8 Hz,
1H; OCHH�), 4.12 ± 4.02 (m, 1H; 3-H), 3.97 (dd, J� 12.4, 5.8 Hz, 1H;
OCHH�), 3.44 (dq, J� 8.4, 6.2 Hz, 1H; 5-H), 2.99 (t, J� 8.4 Hz, 1H; 4-H),
2.25 (ddd, J� 12.8, 4.4, 2.4 Hz, 1H; 2-Heq), 1.62 (ddd, J� 12.8, 9.8, 7.6 Hz,
1H; 2-Hax), 1.33 (d, J� 6.0 Hz, 3H; 6-H), 0.88 {s, 9H; Si(CH3)2[C(CH3)3]},
0.11, 0.10 {2s, 6H; Si(CH3)2[C(CH3)3]}; 13C NMR (50 MHz, CDCl3, 25 �C):
�� 156.7 (q, COCF3), 134.2 (d, �CH), 118.5 (t, CH2�), 116.0 (q, COCF3),
94.1 (d, C-1), 81.5 (d, C-4), 72.9 (t, OCH2), 72.1 (d, C-5), 50.2 (d, C-3), 38.0
(t, C-2), 25.6 {q, Si(CH3)2[C(CH3)3]}, 18.6 (q, C-6), 18.0 {s,
Si(CH3)2[C(CH3)3]}, �4.3, �5.4 {q, Si(CH3)2[C(CH3)3]}; elemental analysis
calcd (%) for C17H30F3NO4Si (397.5): C 51.37, H 7.61, N 3.52; found C 51.45,
H 7.62, N 3.61.

tert-Butyldimethlysilyl 4-O-allyl-3-azido-2,3,6-trideoxy-�-�-ribo-hexopyr-
anoside (13b): Freshly prepared dry silver oxide (2.62 g) and allyl iodide
(0.5 mL) were added to a solution of pyranoside (12b) (992 mg, 3.45 mmol)
in dry acetonitrile (20 mL). The mixture was stirred at 50 �C for 20 h under
nitrogen. The suspension was filtered through a pad of Celite with suction
and the filter cake was washed with ethyl acetate. The combined filtrates
were concentrated under reduced pressure to afford a crude oil which was
purified by column chromatography (petroleum ether/ethyl acetate 15:1)
to give the title compound 13b (271 mg, 0.83 mmol; 24%). 1H NMR
(200 MHz, CDCl3, 25 �C): �� 5.91 (ddt, J� 17.0, 10.4, 5.8 Hz, 1H; CH�),
5.29 (dq, J� 17.0, 1.8 Hz, 1H; CHH��CH-), 5.22 (dq, J� 10.4, 1.6 Hz, 1H;

CHH��CH-), 4.96 (dd, J� 9.0, 1.8 Hz, 1H; 1-H), 4.16 ± 4.10 (m, 1H; 3-H),
4.14 (ddt, J� 12.4, 6.0, 1.4 Hz, 1H; OCHH�), 4.01 (ddt, J� 12.4, 6.0, 1.4 Hz,
1H; OCHH�), 3.83 (dq, J� 9.2, 6.2 Hz, 1H; 5-H), 3.20 (dd, J� 9.2, 3.2 Hz,
1H; 4-H), 1.98 (ddd, J� 13.8, 4.5, 2.2 Hz, 1H; 2-Heq), 1.66 (ddd, J� 13.5,
9.0, 3.6 Hz, 1H; 2-Hax), 1.27 (d, J� 6.2 Hz, 3H; 6-H), 0.88 {s, 9H;
Si(CH3)2[C(CH3)3]}, 0.10, 0.09 {2s, 6H; Si(CH3)2[C(CH3)3]}; 13C NMR
(50 MHz, CDCl3, 25 �C): �� 134.2 (d,�CH), 117.9 (t, CH2�), 92.3 (d, C-1),
80.2 (d, C-4), 70.9 (t, OCH2), 69.2 (d, C-5), 57.4 (d, C-3), 38.1 (t, C-2), 25.8
{3q, Si(CH3)2[C(CH3)3]}, 18.2 (q, C-6), 18.2 {s, Si(CH3)2[C(CH3)3]}, �4.3,
�5.3 {2q, Si(CH3)2[C(CH3)3]}; elemental analysis calcd (%) for
C15H29N3O3Si (327.5): C 55.01, H 8.93, N 12.83; found C 55.11, H 9.02, N
12.74.

tert-Butyldimethylsilyl 4-O-allyl-3-trifluoroacetamido-2,3,6-trideoxy-�-�-
ribo-hexopyranoside (14b): Azide 13b (429 mg, 1.31 mmol) was dissolved
in anhydrous THF (18 mL). To this solution was added lithium aluminium
hydride (250 mg, 6.59 mmol) at 0 �C and stirring was continued for 2 h at
room temperature. Excess of lithium aluminium hydride was destroyed by
dropwise addition of water (1 mL) and 10% NaOH (2 mL). The suspension
was filtered with suction and the filter cake was thoroughly washed with
diethyl ether. The combined filtrates were concentrated under reduced
pressure to afford a syrup which was dried by being taken up in toluene
followed by concentration in vacuo. The crude material obtained can be
used for the next step without further purification by dissolving it in
anhydrous dichloromethane (20 mL) at 0 �C. Triethylamine (0.3 mL) and
trifluoroacetic anhydride (0.3 mL) were added to the solution. The mixture
was stirred at room temperature for 0.5 h. The solvent was removed under
reduced pressure and the crude product was purified by flash chromatog-
raphy (petroleum ether/ethyl acetate 15:1) to afford the title compound
14b (404 mg, 1.02 mmol; 78%). Rf� 0.28 (petroleum ether/ethyl acetate
15:1); [�]22D ��15.0 (c� 1.22 in CHCl3); 1H NMR (200 MHz, CDCl3,
25 �C): �� 6.60 (d, J� 4.8 Hz, 1H; NH), 5.85 (ddt, J� 17.0, 10.4, 5.8 Hz,
1H; CH�), 5.26 (dq, J� 17.0, 1.6 Hz, 1H; CHH��CH-), 5.22 (dq, J� 10.4,
1.6 Hz, 1H; CHH��CH-), 4.98 (dd, J� 7.3, 2.5 Hz, 1H; 1-H), 4.45 (m, 1H;
3-H), 3.99 (dt, J� 5.8, 1.4 Hz, 2H; OCH2), 3.76 (pent., J� 6.8 Hz, 1H;
5-H), 3.29 (dd, J� 7.4, 4.2 Hz, 1H; 4-H), 2.37 (ddd, J� 13.8, 5.8, 2.2 Hz, 1H;
2-Heq), 1.71 (ddd, J� 13.8, 7.2, 4.0 Hz, 1H; 2-Hax), 1.34 (d, J� 6.6 Hz, 3H;
6-H), 0.88 {s, 9H; Si(CH3)2[C(CH3)3]}, 0.10, 0.09 {2s, 6H;
Si(CH3)2[C(CH3)3]}; 13C NMR (100 MHz, CDCl3, 25 �C): �� 156.8 (q,
COCF3), 133.6 (d,�CH), 118.3 (t, CH2�), 116.0 (q, COCF3), 92.6 (d, C-1),
76.4 (d, C-4), 70.2 (t, OCH2), 69.7 (d, C-5), 45.1 (d, C-3), 35.2 (t, C-2), 25.7
{q, Si(CH3)2[C(CH3)3]}, 19.3 (q, C-6), 18.0 {s, Si(CH3)2[C(CH3)3]}, �4.3,
�5.3 {2q, Si(CH3)2[C(CH3)3]}; elemental analysis calcd (%) for
C17H30F3NO4Si (397.5): C 51.37, H 7.61, N 3.52; found C 51.36, H 7.56,
N 3.50.

(E,Z)-1,4-Bis[tert-butyldimethylsilyl 3�-trifluoroacetamido-2�,3�,6�-tri-
deoxy-�-�-arabino-hexopyranos-4�-yl]-2-butene-1,4-diol (17), (E,Z)-1,4-
bis[tert-butyldimethylsilyl 3�-trifluoroacetamido-2�,3�,6�-trideoxy-�-�-ara-
bino-hexopyranos-4�-yl]-1-butene-1,4-diol (18), and tert-butyldimethylsilyl
(E,Z)-4-O-(1�-propenyl)-3-trifluoroacetamido-2,3,6-trideoxy-�-�-arabino-
hexopyranoside (16): Allyl ether 14a (216 mg, 0.544 mmol) was dissolved
in dry benzene (10 mL) under nitrogen and the Grubbs catalyst 8 was
added in two portions (30 mg, 6.7 mol%; 14 mg, 3.1 mol%). The purple
solution was stirred at room temperature for 5 h and after addition of the
second portion at 45 �C for 20 h. After removal of the solvent in vacuo the
crude material obtained was dissolved in diethyl ethyl (30 mL) and triethyl-
amine (1 mL) and stirred under air for 2 h at room temperature.
Concentration of the solution under reduced pressure yielded an oil which
was purified by column chromatography (petroleum ether/ethyl acetate
5:1) to yield three fractions.

1st Fraction 17 (150 mg, 0.19 mmol, 70%; E/Z 6:1, inseparable mixture);
Rf� 0.36 (petroleum ether/ethyl acetate 4:1); 1H NMR (200 MHz, CDCl3,
25 �C) forE isomer: �� 6.97 (d, J� 8.4 Hz, 2H; 2�NH), 5.68 (t, J� 2.9 Hz,
2H; 2�CH�), 4.93 (dd, J� 7.2, 2.4 Hz, 2H; 2� 1-H), 4.14 (brd, J�
12.0 Hz, 2H; 2�OCHH�-CH�), 4.12 ± 4.01 (m, 2H; 2� 3-H), 3.99 (brd,
J� 12.0 Hz, 2H; 2�OCHH�-CH�), 3.41 (dq, J� 8.4, 6.0 Hz, 2H; 2� 5-H),
3.03 (t, J� 8.4 Hz, 2H; 2� 4-H), 2.19 (ddd, J� 13.0, 4.6, 2.4 Hz, 2H; 2� 2-
Heq), 1.67 (ddd, J� 13.0, 10.2, 7.2 Hz, 2H; 2� 2-Hax), 1.30 (d, J� 6.0 Hz,
6H; 2� 6-H), 0.88 {s, 18H; 2� Si(CH3)2[C(CH3)3]}, 0.11, 0.10 {2 s, 12H; 2�
Si(CH3)2[C(CH3)3]}; 13C NMR (50 MHz, CDCl3, 25 �C): �� 156.9 (q, 2�
COCF3), 129.5 (d, 2��CH), 115.8 (q, 2�COCF3), 94.1 (d, 2�C-1), 81.6
(d, 2�C-4), 72.0 (d, 2�C-5), 71.6 (t, 2� -OCH2), 50.1 (d, 2�C-3), 37.4 (t,
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2�C-2), 25.6 {q, 2� Si(CH3)2[C(CH3)3]}, 18.7 (q, 2�C-6), 17.9 {s, 2�
Si(CH3)2[C(CH3)3]}, �4.3, �5.4 {q, 2� Si(CH3)2[C(CH3)3]}; elemental
analysis calcd (%) for C32H56F6N2O8Si2 (766.96): C 50.11, H 7.36, N 3.65;
found C 50.19, H 7.27, N 3.64.

Selected NMR data for Z isomer: 1H NMR (200 MHz, CDCl3, 25 �C): ��
7.53 (d, J� 8.4 Hz, 2H; 2�NH), 5.60 (t, J� 4.0 Hz, 2H; 2�CH�), 4.98
(dd, J� 6.8, 2.8 Hz, 2H; 2� 1-H), 3.08 (t, J� 8.0 Hz, 2H; 2� 4-H);
13C NMR (50 MHz, CDCl3, 25 �C): �� 156.7 (q, 2�COCF3), 129.2 (d, 2�
�CH), 115.8 (q, 2�COCF3), 82.1 (d, 2�C-4), 66.8 (t, 2�OCH2), 49.9 (d,
2�C-3).

2nd Fraction 18 (17.5 mg, 23 �mol, 8.4%; E/Z 1.24:1, inseparable mixture);
Rf� 0.52 (petroleum ether/ethyl acetate 4:1); 1H NMR of Z isomer
(400 MHz, CDCl3, 25 �C): �� 6.85 (d, J� 8.6 Hz, 1H; NH), 6.67 (d, J�
8.8 Hz, 1H; NH�), 5.96 (d, J� 6.2 Hz, 1H; CH�), 4.92 (dd, J� 6.3, 3.6 Hz,
1H; 1-H), 4.89 (dd, J� 5.7, 3.6 Hz, 1H; 1-H�), 4.32 (dt, J� 7.8, 6.4 Hz, 1H;
�CHCH2), 4.15 ± 4.06 (m, 2H; 3-H, 3-H�), 3.56 ± 3.51 (m, 1H; OCHH�), 3.48
(dq, J� 8.8, 6.4 Hz, 1H; 5-H), 3.44 ± 3.39 (m, 1H, OCHH�), 3.40 (dq, J�
8.8, 5.8 Hz, 1H; 5-H�), 3.27 (t, J� 9.0 Hz, 1H; 4-H), 3.00 (t, J� 8.6 Hz, 1H;
4-H�), 2.32 ± 2.24 (m, 1H; C4-OCH2CHH�), 2.19 (ddd, J� 12.8, 4.4, 2.4 Hz,
1H; 2-H�eq), 2.19 ± 2.14 (m, 1H; 2-Heq), 2.16 ± 2.07 (m, 1H; OCH2CHH�),
1.78 (dt, J� 12.6, 8.2 Hz, 1H; 2-Hax), 1.67 (ddd, J� 12.8, 11.2, 8.0 Hz, 1H;
2-H�ax), 1.31 (d, J� 6.2 Hz, 3H; 6-H�), 1.28 (d, J� 6.2 Hz, 3H; 6-H), 0.89,
0.88 {2 s, 18H; 2�Si(CH3)2[C(CH3)3]}, 0.12, 0.12, 0.11, 0.10 {4s, 12H; 2�
Si(CH3)2[C(CH3)3]}; 13C NMR of Z isomer (100 MHz, CDCl3, 25 �C): ��
156.9 (q, 2�COCF3), 146.3 (d, �CH), 115.7 (q, 2�COCF3), 102.8 (d,
�CHCH2), 94.3, 94.3 (d, C-1, C-1�), 83.9 (d, C-4), 82.0 (d, C-4�), 72.1 (d,
C-5�), 71.7 (d, C-5), 71.0 (t, OCH2), 50.7, 50.2 (d, C-3, C-3�), 38.5 (t, C-2), 38.3
(t, C-2�), 25.7 {q, 2� Si(CH3)2[C(CH3)3]}, 18.7 (q, C-6�), 18.1 (q, C-6), 18.0 {s,
2� Si(CH3)2[C(CH3)3]}, �4.3, �5.3 {q, 2�Si(CH3)2[C(CH3)3]}; elemental
analysis calcd (%) for C32H56F6N2O8Si2 (766.96): C 50.11, H 7.36, N 3.65;
found C 50.39, H 7.13, N 3.41.

Selected NMR data for E isomer: 1H NMR (200 MHz, CDCl3, 25 �C): ��
6.99 (d, J� 8.4 Hz, 1H; NH), 6.85 (d, J� 8.2 Hz, 1H; NH�), 6.14 (d, J�
12.4 Hz, 1H; CH�), 4.93 ± 4.87 (m, 1H; �CHCH2); 13C NMR (50 MHz,
CDCl3, 25 �C): �� 147.3 (d,�CHO), 103.0 (d,�CHCH2), 94.3, 94.0 (d, C-1,
C-1�), 82.4 (d, C-4), 81.7 (d, C-4�), 71.6 (d, C-5� or C-5), 71.0 (t, OCH2), 50.5,
50.2 (d, C-3, C-3�), 37.9 (t, C-2), 37.3 (t, C-2�), 25.7 (q, 2�
Si(CH3)2[C(CH3)3]), 18.8 (q, C-6�), 18.4 (q, C-6), 18.0 {s, 2�
Si(CH3)2[C(CH3)3]}, �4.3, �5.3 {q, 2� Si(CH3)2[C(CH3)3]}.

3rd Fraction 16 (E/Z� 1:1, inseparable mixture, 23.8 mg, 60 �mol; 11%);
1H NMR (200 MHz, CDCl3, 25 �C): �� 6.62, 6.58 (2d, J� 9.2 Hz, 1H; NH,
NH�), 6.04 (dq, J� 12.0, 1.6 Hz, 1H; OCH�), 5.93 (dq, J� 6.2, 1.6 Hz, 1H;
OCH��), 4.94 (dq, J� 12.4, 7.0 Hz, 1H;�CHCH3), 4.92 ± 4.84 (m, 2H; 1-H,
1-H�), 4.40 (dq, J� 6.8, 6.2 Hz, 1H; �CH�CH3), 4.24 ± 4.05 (m, 2H; 3-H,
3-H�), 3.52, 3.47 (2dq, J� 8.8, 6.2 Hz, 1H; 5-H, 5-H�), 3.24, 3.19 (2 t, J�
9.0 Hz, 2H; 4-H, 4-H�), 2.24 (2dt, J� 12.8, 4.4 Hz, 2H; 2-Heq, 2-H�eq), 1.69,
1.63 (2ddd, J� 11.6, 8.4, 1.2 Hz, 2H; 2-Hax and 2-H�ax), 1.51, 1.47 (2dd, J�
7.0, 1.8 Hz, 6H;�CHCH3), 1.29, 1.28 (2d, J� 6.3 Hz, 6H; 6-H, 6-H�), 0.89,
0.87 {2s, 18H; 2� Si(CH3)2[C(CH3)3]}, 0.12, 0.11, 0.11, 0.10 {4s, 12H; 2�
Si(CH3)2[C(CH3)3]}; 13C NMR (50 MHz, CDCl3, 25 �C): �� 157.1, 156.8
(2q, COCF3, C�OCF3), 146.0, 145.1 (2d, �CH, �C�H), 115.7 (q, COCF3,
COC�F3), 102.7, 102.6 (2d,�C�HCH3,�CHCH3), 94.3, 94.2 (2d, C�-1, C-1),
83.5, 82.2 (2d, C�-4, C-4), 71.8, 71.6 (2d, C�-5, C-5), 50.5, 50.5 (2d, C�-3, C-3),
38.7, 38.4 (t, C-2, C�-2), 25.6 (q, Si(CH3)2[C(CH3)3], Si(CH3)2[C(C�H3)3]),
18.3, 18.1 (2q, C-6, C-6�), 18.0 {s, Si(CH3)2[C(CH3)3], Si(CH3)2[C�(CH3)3]},
11.9 (q, CH3CH�), 9.0 (q, C�H3CH�), �4.3, �5.4 {2q, Si(CH3)2[C(CH3)3],
Si(C�H3)2[C(CH3)3]}; elemental analysis calcd (%) for C17H30F3NO4Si
(397.5): C 51.37, H 7.61, N 3.52; found C 51.50, H 7.53, N 3.47.

1,4-Bis[allyl 3�-trifluoroacetamido-2�,3�,6�-trideoxy-�-�-arabino-hexopyra-
nos-4�-yl]-1,4-butanediol (15)

Method A : A solution of 10% Pd/C (16 mg) in methanol (8 mL) was
stirred under an atmosphere of hydrogen for 30 minutes. To this suspension
a solution of the homodimer 17 (64 mg, 82 �mol) in methanol and
dichloromethane (1:2, 12 mL) was added. After addition of triethylamine
(0.2 mL) the mixture was stirred at room temperature for 10 h, after which
time another portion of Pd/C (14 mg) was added to the reaction mixture.
Stirring was continued for additional 2 h, whereupon TLC analysis
(petroleum ether/ethyl acetate 5:1) indicated that the conversion was
complete. The catalyst was removed by filtration and washed (dichloro-
methane/methanol 10:1). The combined filtrates were concentrated in

vacuo and the oil obtained was further purified by flash column
chromatography (petroleum ether/ethyl acetate 5:1) to furnish the product
(64 mg, 63.9 �mol; 99%) which was used directly for the next reaction.
Alternatively, reduction of the olefinic double bond proceeds smoothly
using the catalytic system Pd/C (method B).

Method B : PtO2 (2 mg) was added to a solution of 17 (36 mg, 46 �mol), in
ethyl acetate (6 mL). The suspension was stirred under H2 atmosphere at
room temperature for 16 h. The hydrogenation was terminated by addition
of Et3N (1 mL), followed by filtration and removal of the solvents in vacuo.
The crude material obtained was purified as described above to yield the
reduced product (34 mg, 44 �mol; 95%) as a colorless oil. Rf� 0.4
(petroleum ether/ethyl acetate 5:1); [�]24D ��3.66 (c� 0.76 in CHCl3);
1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 6.89 (d, J� 8.8 Hz, 2H; 2�
NH), 4.92 (dd, J� 7.4, 2.3 Hz, 2H; 2� 1-H), 4.17 ± 4.00 (m, 2H; 2� 3-H),
3.54 (m, 4H; 2�OCH2), 3.40 (dq, J� 8.7, 6.4 Hz, 2H; 2� 5-H), 2.96 (t, J�
8.4 Hz, 2H; 2� 4-H), 2.17 (ddd, J� 13.1, 4.5, 2.4 Hz, 2H; 2� 2-Heq), 1.66
(ddd, J� 13.2, 10.8, 7.2 Hz, 2H; 2� 2-Hax), 1.54 (m, 4H; CH2CH2), 1.30 (d,
J� 6.6 Hz, 6H; 2� 6-H), 0.89 {s, 18H; 2� Si(CH3)2[C(CH3)3]}, 0.11, 0.10
{2s, 12H; 2� Si(CH3)2[C(CH3)3]}; 13C NMR (50 MHz, CDCl3, 25 �C, TMS):
�� 156.8 (q, 2�COCF3), 115.8 (q, 2�COCF3), 94.1 (d, 2�C-1), 82.4 (d,
2�C-4), 71.9 (d, 2�C-5), 71.6 (t, 2�OCH2), 50.2 (d, 2�C-3), 37.8 (t, 2�
C-2), 26.7 (t, 2�CH2CH2O), 25.7 {q, 2� Si(CH3)2[C(CH3)3]}, 18.7 (q, 2�
C-6), 18.0 {s, 2� Si(CH3)2[C(CH3)3]}, �4.3, �5.4 {2q, 2�
Si(CH3)2[C(CH3)3]}; LRMS (ES) (�c): m/z (%): 791.4 (100) [M�Na]� ,
1559.9 (52) [2M�Na]� .

To a suspension of silyl pyranoside described above (86 mg, 0.11 mmol),
powdered molecular sieves in 3 ä in dry dichloromethane (25 mL) at
�70 �C under nitrogen was added a catalytic amount of TMSOTf (8.2 �L,
44 �mol). After 15 minutes, freshly distilled allyl alcohol (18 �L,
0.25 mmol) was added and stirring was continued at �60 �C for 0.5 h and
�40 �C for 16 h. The reaction mixture was filtered and the filter cake was
thoroughly washed with dichloromethane. The combined extracts were
washed with an aqueous bicarbonate solution. After extraction of the
aqueous phase with ethyl acetate, the combined organic extracts were dried
(MgSO4) and concentrated under reduced pressure. The crude material
obtained was purified by column chromatography (petroleum ether/ethyl
acetate 4:1) to yield the desired product 15 (62 mg, 0.10 mmol, 89.3%) as
colorless crystals. Rf� 0.26 (petroleum ether/ethyl acetate 3:1); m.p. 212 ±
214 �C; [�]23D ��111.0 (c� 0.77 in CHCl3/MeOH 2:1); 1H NMR (200 MHz,
CDCl3/CD3OD, 25 �C): �� 5.82 (dddd, J� 17.0, 10.2, 6.0, 5.0 Hz, 2H; 2�
CH�), 5.27 (dq, J� 17.0, 1.8 Hz, 2H; 2�CHH��CH-), 5.22 (dq, J� 10.2,
1.6 Hz, 2H; 2�CHH��CH-), 4.89 (d, J� 2.6 Hz, 2H; 2� 1-H), 4.24 (ddd,
J� 12.0, 8.2, 4.8 Hz, 2H; 2� 3-H), 4.06 (ddt, J� 12.8, 5.0, 1.6 Hz, 2H; 2�
OCHH�), 3.86 (ddt, J� 12.8, 6.0, 1.4 Hz, 2H; 2�OCHH�), 3.69 (dq, J� 9.2,
6.3 Hz, 2H; 2� 5-H), 3.55 ± 3.44 (m, 2H; 2�OCHH�), 3.44 ± 3.34 (m, 2H;
2�OCHH�), 2.89 (t, J� 9.6 Hz, 2H; 2� 4-H), 1.95 (ddd, J� 12.8, 4.9,
1.2 Hz, 2H; 2� 2-Heq), 1.78 (dt, J� 12.8, 3.4 Hz, 2H; 2� 2-Hax), 1.44 (m,
4H; CH2CH2), 1.19 (d, J� 6.0 Hz, 6H; 2� 6-H); 13C NMR (50 MHz,
CDCl3, 25 �C): �� 156.8 (q, 2�COCF3), 133.8 (d, �CH), 117.0 (t, CH2�),
116.0 (q, 2�COCF3), 95.2 (d, 2�C-1), 82.3 (d, 2�C-4), 72.2 (t, 2�OCH2),
67.6 (d, 2�C-5), 67.6 (t, 2�OCH2), 48.1 (d, 2�C-3), 35.1 (t, 2�C-2), 26.8
(t, 2�CH2CH2O), 17.9 (q, 2�C-6); elemental analysis calcd (%) for
C26H38F6N2O8 (620.6) C 50.32, H 6.17, N 4.51; found C 50.55, H 6.01, N 4.72.

1,4-Bis[tert-butyldimethylsilyl 3�-trifluoroacetamido-2�,3�,6�-trideoxy-�-�-
ribo-hexopyranos-4�-yl]-2-butene-1,4-diol (20): Allyl ether 14b (105 mg,
0.264 mmol) was dissolved in dry benzene (20 mL) under nitrogen and the
Grubbs catalyst 8 was added in two portions (19 mg, 8.7 mol%; 10 mg,
4.4 mol%). The purple solution was stirred at room temperature for 2 h
and after addition of the second portion at 40 �C for 20 h. After removal of
the solvent in vacuo the crude material obtained was dissolved in diethyl
ethyl (30 mL) and triethylamine (1 mL) and stirred under air for 2 h at
room temperature. Concentration of the solution under reduced pressure
yielded an oil which was purified by column chromatography (petroleum
ether/ethyl acetate 7:1 to 4:1) to yield the desired dimer 20 (63 mg, 82 �mol,
62%; E/Z �20:1) as a colourless oil. Rf� 0.30 (petroleum ether/ethyl
acetate 10:1); [�]22D ��8.4 (c� 0.81 in CHCl3); 1H NMR (200 MHz,
CDCl3, 25 �C): �� 6.54 (d, J� 5.8 Hz, 2H; 2�NH), 5.72 (m, 2H; 2�
CH�), 4.98 (dd, J� 7.2, 2.2 Hz, 2H; 2� 1-H), 4.46 (m, 2H; 2� 3-H),
3.99 ± 3.97 (m, 4H; 2�OCH2), 3.74 (pent, J� 6.6 Hz, 2H; 2� 5-H), 3.26
(dd, J� 7.0, 4.2 Hz, 2H; 2� 4-H), 2.33 (ddd, J� 13.8, 5.8, 2.4 Hz, 2H; 2� 2-
Heq), 1.71 (ddd, J� 13.6, 7.2, 4.2 Hz, 2H; 2� 2-Hax), 1.34 (d, J� 6.6 Hz, 6H;
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2� 6-H), 0.88 {s, 18H; 2� Si(CH3)2[C(CH3)3]{, 0.10, 0.09 {2 s, 12H; 2�
Si(CH3)2[C(CH3)3]}; 13C NMR (50 MHz, CDCl3, 25 �C): �� 156.8 (q, 2�
COCF3), 129.1 (d, 2��CH), 116.0 (q, 2�COCF3), 92.5 (d, 2�C-1), 77.0
(d, 2�C-4), 69.6 (d, 2�C-5), 69.0 (t, 2�OCH2), 45.0 (d, 2�C-3), 35.3 (t,
2�C-2), 25.6 {q, 2� Si(CH3)2[C(CH3)3]}, 19.2 (q, 2�C-6), 18.0 {s, 2�
Si(CH3)2[C(CH3)3]}, �4.3, �5.3 {q, 2� Si(CH3)2[C(CH3)3]}; elemental
analysis calcd (%) for C26H38F6N2O8 (620.6): C 50.32, H 6.17, N 4.51; found
C 50.44, H 6.10, N 4.69.

1,4-Bis(allyl 3�-trifluoroacetamido-2�,3�,6�-trideoxy-�-�-ribo-hexopyranos-
4�-yl)-1,4-butanediol (19): To a solution of homodimer 20 (101 mg,
0.13 �mol), in dichloromethane/methanol (3:1, 8 mL) was added PtO2

(4 mg). The suspension was stirred under H2 atmosphere at room temper-
ature for 22 h. The hydrogenation was terminated by addition of Et3N
(1 mL), followed by filtration and removal of the solvents in vacuo. The
crude material obtained was purified by flash column chromatography
(petroleum ether/ethyl acetate 6:1) to furnish the desired product [88 mg,
0.11 mmol; 87%; Rf� 0.26 (petroleum ether/ethyl acetate 10:1)] which
could directly subjected for the next reaction. Selected analytical data for
the product: [�]23D ��6.7 (c� 0.47 in CHCl3); 1H NMR (200 MHz, CDCl3,
25 �C, TMS): �� 6.54 (d, J� 5.8 Hz, 2H; 2�NH), 4.95 (dd, J� 7.6, 2.0 Hz,
2H; 2� 1-H), 4.45 (pent., J� 4.8 Hz, 2H; 2� 3-H), 3.70 (dq, J� 7.4, 6.4 Hz,
2H; 2� 5-H), 3.48 ± 3.38 (m, 4H; 2�OCH2), 3.17 (dd, J� 7.4, 4.2 Hz, 2H;
2� 4-H), 2.34 (ddd, J� 13.8, 5.4, 2.2 Hz, 2H; 2� 2-Heq), 1.70 (ddd, J� 13.8,
7.8, 4.0 Hz, 2H; 2� 2-Hax), 1.57 (m, 4H; CH2CH2), 1.32 (d, J� 6.6 Hz, 6H;
2� 6-H), 0.88 {s, 18H; 2� Si(CH3)2[C(CH3)3]}, 0.08, 0.09 {2 s, 12H; 2�
Si(CH3)2[C(CH3)3]}; 13C NMR (50 MHz, CDCl3, 25 �C, TMS): �� 157.3 (q,
2�COCF3), 115.7 (q, 2�COCF3), 92.6 (d, 2�C-1), 77.5 (d, 2�C-4), 69.6
(d, 2�C-5), 68.9 (t, 2�OCH2), 45.2 (d, 2�C-3), 35.3 (t, 2�C-2), 26.4 (t,
2�CH2CH2O), 25.7 {q, 2�Si(CH3)2[C(CH3)3]}, 19.1 (q, C-6), 18.0 {s, 2�
Si(CH3)2[C(CH3)3]}, �4.3, �5.3 {2q, 2� Si(CH3)2[C(CH3)3]}.

To a suspension of silyl pyranoside described above (97 mg, 0.12 mmol),
and powdered molecular sieves (3 ä) in dry dichloromethane (14 mL) at
�70 �C under nitrogen was added a catalytic amount of TMSOTf (8.2 �L,
44 �mol). After 15 minutes, freshly distilled allyl alcohol (21 �L,
0.29 mmol) was added and stirring was continued at �60 �C for 0.5 h and
�40 �C for 16 h. The reaction mixture was filtered and the filter cake was
thoroughly washed with dichloromethane. The combined extracts were
washed with an aqueous bicarbonate solution. After extraction of the
aqueous phase with ethyl acetate, the combined organic extracts were dried
(MgSO4) and concentrated under reduced pressure. The crude material
obtained was purified by column chromatography (petroleum ether/ethyl
acetate 5:1) to yield the desired product 19 (69 mg, 0.11 mmol,
88.1%).Rf� 0.18 (petroleum ether/ethyl acetate 4:1); [�]22D ��103.1 (c�
1.54 in CHCl3); 1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 7.87 (d, J�
8.8 Hz, 2H; 2�NH), 5.89 (ddt, J� 17.0, 10.4, 5.8 Hz, 2H; 2�CH�), 5.27
(dq, J� 17.0, 1.8 Hz, 2H; 2�CHH��CH-), 5.22 (dq, J� 10.4, 1.6 Hz, 2H;
2�CHH��CH-), 4.89 (t, J� 2.2 Hz, 2H; 2� 1-H), 4.61 (m, 2H; 2� 3-H),
4.20 (ddt, J� 12.4, 5.4, 1.3 Hz, 2H; 2�OCHOCHH�), 3.94 (ddt, J� 12.4,
6.0, 1.3 Hz, 2H; 2�OCHOCHH�), 3.84 ± 3.72 (m, 2H; 2�OCHH�), 3.72
(dq, J� 9.6, 6.0 Hz, 2H; 2� 5-H), 3.34 ± 3.22 (m, 2H; 2�OCHH�), 3.04
(dd, J� 9.6, 4.0 Hz, 2H; 2� 4-H), 1.99 ± 1.96 (m, 4H; 2� 2-Heq, 2� 2-Hax),
1.51 (m, 4H; CH2CH2), 1.26 (d, J� 6.0 Hz, 6H; 2� 6-H); 13C NMR
(50 MHz, CDCl3, 25 �C, TMS): �� 156.8 (q, 2�COCF3), 133.2 (d, �CH),
117.8 (t, CH2�), 116.0 (q, 2�COCF3), 96.0 (d, 2�C-1), 78.8 (d, 2�C-4),
69.4 (t, 2�OCH2), 68.3 (t, 2�OCHOCH2), 63.4 (d, 2�C-5), 43.5 (d, 2�C-
3), 32.8 (t, 2�C-2), 26.1 (t, 2�CH2CH2O), 17.9 (q, 2�C-6); elemental
analysis calcd (%) for C26H38F6N2O8 (620.6): C 50.32, H 6.17, N 4.51; found
C 50.44, H 6.10, N 4.69.

Allyl 4-O-acetyl-3-azido-2,3,6-trideoxy-�,�-�-arabino-hexopyranoside
(21a, 21b), and allyl 4-O-acetyl-3-azido-2,3,6-trideoxy-�,�-�-ribo-hexopyr-
anoside (21c, 21d)

Method A (using Dowex 50, H� form): A suspension of Dowex 50 (H�)
(1 g) in freshly distilled allyl alcohol (10 mL) was heated under reflux for
30 minutes, filtered and the resin was washed with absolute allyl alcohol
(5 mL). This resin was added to a solution of the crude material (10a ± d)
(1.17 g, 5.4 mmol) in absolute allyl alcohol (10 mL). The suspension was
stirred at 90 �C for 1 h. The mixture was filtered with suction while hot and
washed with dichloromethane. After concentration of the combined
filtrates in vacuo the crude product was subsequently purified by column
chromatography (petroleum ether/ethyl acetate 10:1) to afford the title

compounds 21a ± d with slightly lower yield (0.55 g, 2.16 mmol, 40%)
compared to method B.

Method B (using catalyst montmorillonite K 10): Dry pyridine (12 mL) and
acetic anhydride (16.8 mL) were added to a solution of the crude mixture of
3-azido pyranoses 10a ± d (17.1 g, 79.5 mmol) in anhydrous dichlorome-
thane (100 mL). The reaction mixture was stirred at room temperature for
10 h. Ice water was added and the aqueous phase was extracted with
dichloromethane (2� 30 mL). The combined organic phases were dried
(MgSO4) and concentrated under reduced pressure to yield an oil (19.2 g)
which was directly used for the next step. To a solution of a portion of this
material (9.54 g, 37.1 mmol) in anhydrous benzene (80 mL) was added
freshly distilled allyl alcohol (6 mL) and montmorillonite K 10 (18 g). The
suspension was vigorously stirred at 110 �C overnight. The clay was
removed by filtration and washed with dichloromethane (2� 20 mL). The
combined organic filtrates were concentrated under reduced pressure to
afford an oil which was purified by column chromatography (petroleum
ether/ethyl acetate 10:1) to yield four fractions of allyl glycosides 21a ± c
(6.16 g, 24.1 mmol, 65%).

1st Fraction : Allyl 4-O-acetyl-3-azido-2,3,6-trideoxy-�-�-arabino-hexopyr-
anoside (21a) (4.64 g, 18.2 mmol, 49%). Rf� 0.55 (petroleum ether/ethyl
acetate 10:1); 1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 5.89 (ddt, J�
17.2, 10.4, 5.4 Hz, 1H; CH�), 5.28 (dq, J� 17.2, 1.6 Hz, 2H; CHH��CH-),
5.23 (dq, J� 10.4, 1.2 Hz, 1H; CHH��CH-), 4.83 (d, J� 2.8 Hz, 1H; 1-H),
4.60 (t, J� 9.6 Hz, 1H; 4-H), 4.07 (ddt, J� 12.8, 5.2, 1.5 Hz, 1H; OCHH�),
3.88 (ddt, J� 12.8, 5.2, 1.5 Hz, 1H; OCHH�), 3.90 ± 3.74 (m, 1H; 3-H), 3.74
(dq, J� 9.6, 6.2 Hz, 1H; 5-H), 2.10 (ddd, J� 13.2, 5.2, 1.2 Hz, 1H; 2-Heq),
2.06 (s, 3H; CH3CO), 1.67 (ddd, J� 13.2, 12.4, 3.6 Hz, 1H; 2-Hax), 1.09 (d,
J� 6.2 Hz, 3H; 6-H); 13C NMR (50 MHz, CDCl3, 25 �C, TMS): �� 170.0 (s,
CH3CO), 133.7 (d,�CH), 117.4 (t, CH2�), 95.4 (d, C-1), 74.5 (d, C-4), 67.9 (t,
OCH2), 65.9 (d, C-5), 57.6 (d, C-3), 35.1 (t, C-2), 20.8 (q, CH3CO), 17.4 (q,
C-6); elemental analysis calcd (%) for C11H17N3O4 (255.3): C 51.76, H 6.71,
N 16.46; found C 51.69, H 6.80, N 16.52.

2nd Fraction : Allyl 4-O-acetyl-3-azido-2,3,6-trideoxy-�-�-ribo-hexopyra-
noside (21c) (0.85 g, 3.34 mmol, 9%). Rf� 0.33 (petroleum ether/ethyl
acetate 10:1); 1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 5.89 (ddt, J�
17.2, 10.2, 6.0 Hz, 1H; CH�), 5.31 (dq, J� 17.2, 1.6 Hz, 2H; CHH��CH-),
5.17 (dq, J� 10.2, 1.5 Hz, 1H; CHH��CH-), 4.81 (dd, J� 3.6, 1.5 Hz, 1H;
1-H), 4.64 (dd, J� 9.6, 3.6 Hz, 1H; 4-H), 4.20 (dq, J� 9.4, 6.4 Hz, 1H; 5-H),
4.17 (ddt, J� 13.4, 6.0, 1.2 Hz, 1H; OCHH�), 4.15 ± 4.07 (m, 1H; 3-H), 3.96
(ddt, J� 13.4, 6.0, 1.2 Hz, 1H; OCHH�), 2.13 (m, 1H; 2-Heq), 2.11 (s, 3H;
CH3CO), 2.08 (m, 1H; 2-Hax), 1.16 (d, J� 6.2 Hz, 3H; 6-H); 13C NMR
(50 MHz, CDCl3, 25 �C, TMS): �� 170.1 (s, CH3CO), 134.0 (d,�CH), 117.0
(t, CH2�), 94.4 (d, C-1), 73.9 (d, C-4), 68.1 (t, OCH2), 61.8 (d, C-5), 55.6 (d,
C-3), 32.7 (t, C-2), 20.7 (q, CH3CO), 17.2 (q, C-6); elemental analysis calcd
(%) for C11H17N3O4 (255.3): C 51.76, H 6.71, N 16.46; found C 51.79, H 6.54,
N 16.57.

3rd Fraction : Allyl 4-O-acetyl-3-azido-2,3,6-trideoxy-�-�-ribo-hexopyrano-
side (21b) (0.66 g, 2.6 mmol, 7%). Rf� 0.47 (petroleum ether/ethyl acetate
10:1); 1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 5.89 (ddt, J� 17.2,
10.2, 6.0 Hz, 1H; CH�), 5.27 (dq, J� 17.2, 1.6 Hz, 2H; CHH��CH-), 5.18
(dq, J� 10.2, 1.5 Hz, 1H; CHH��CH-), 4.74 (dd, J� 8.8, 2.2 Hz, 1H; 1-H),
4.64 (dd, J� 9.4, 3.6 Hz, 1H; 4-H), 4.32 (ddt, J� 12.8, 5.2, 1.5 Hz, 1H;
OCHH�), 4.17 (q, J� 3.6, 1H; 3-H), 4.02 (ddt, J� 12.8, 5.2, 1.5 Hz, 1H;
OCHH�), 3.94 (dq, J� 9.4, 6.4 Hz, 1H; 5-H), 2.12 (s, 3H; CH3CO), 2.05
(ddd, J� 14.0, 3.6, 2.2 Hz, 1H; 2-Heq), 1.83 (ddd, J� 14.0, 8.8, 3.6 Hz, 1H;
2-Hax), 1.23 (d, J� 6.4 Hz, 3H; 6-H); 13C NMR (50 MHz, CDCl3, 25 �C,
TMS): �� 170.5 (s, CH3CO), 134.3 (d,�CH), 118.0 (t, CH2�), 97.0 (d, C-1),
74.7 (d, C-4), 70.1 (t, OCH2), 68.5 (d, C-5), 58.1 (d, C-3), 35.7 (t, C-2), 21.1
(q, CH3CO), 18.2 (q, C-6); elemental analysis calcd (%) for C11H17N3O4

(255.3): C 51.76, H 6.71, N 16.46; found C 51.58, H 6.91, N 16.66.

Allyl 3-trifluoroacetamido-2,3,6-trideoxy-�-�-ribo-hexopyranoside (22c):
Allyl pyranoside (21c) (421 mg, 1.65 mmol) was dissolved in anhydrous
diethyl ether (20 mL) and after cooling to 0 �C, lithium aluminium hydride
(250 mg, 4 equiv) was added. After stirring for 2 h the reduction of the
azide as well as the acyl moieties were completed. Excess of the hydride
was destroyed by dropwise addition of water (1 mL), 10% aqueous NaOH
(2 mL) and again water (3 mL). The suspension was filtered through a pad
of Celite with suction and the filtrate was concentrated in vacuo. The crude
material obtained was taken up in ethyl acetate and filtered again. The
filtrate was concentrated under reduced pressure. The crude oil obtained



FULL PAPER A. Kirschning and G.-w. Chen

¹ WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002 0947-6539/02/0812-2726 $ 20.00+.50/0 Chem. Eur. J. 2002, 8, No. 122726

was dissolved in anhydrous dichloromethane (20 mL) at 0 �C and dry
triethylamine (0.5 mL), and subsequently trifluoroacetic anhydride
(0.5 mL) were added. The reaction mixture was stirred at room temper-
ature for 1 h. Removal of the solvent in vacuo afforded a crude product,
which was dissolved in allyl alcohol (8 mL). The mixture was stirred at
room temperature for 2 h and concentrated under reduced pressure.
Purification of the crude oil by flash chromatography (petroleum ether/
ethyl acetate 5:1) to afford the title compound 22c (136 mg, 0.48 mmol,
29% for two steps). Rf� 0.34 (petroleum ether/ethyl acetate 5:1); [�]23D � -
44.2 (c� 1.2 in CHCl3); 1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 8.15
(d, J� 6.8 Hz, 1H; NH), 5.89 (ddt, J� 17.0, 10.2, 5.8 Hz, 1H; CH�), 5.28
(dq, J� 17.0, 1.6 Hz, 2H; CHH��CH-), 5.23 (dq, J� 10.2, 1.2 Hz, 1H;
CHH��CH-), 4.91 (d, J� 1.7 Hz, 1H; 1-H), 4.45 (m, 1H; 3-H), 4.21 (ddt,
J� 12.2, 5.6, 1.3 Hz, 1H; OCHH�), 3.96 (ddt, J� 12.4, 5.8, 1.2 Hz, 1H;
OCHH�), 3.73 (dq, J� 9.6, 6.0 Hz, 1H; 5-H), 3.52 (dd, J� 9.6, 3.8 Hz, 1H;
4-H), 2.66 (br s, 1H; OH), 2.10 (dt, J� 14.8, 3.7 Hz, 1H; 2-Heq), 1.95 (ddd,
J� 14.8, 3.2, 1.6 Hz, 1H; 2-Hax), 1.28 (d, J� 6.0 Hz, 3H; 6-H); 13C NMR
(50 MHz, CDCl3, 25 �C, TMS): �� 158.5 (q, COCF3), 133.1 (d,�CH), 118.0
(t, CH2�), 115.9 (q, COCF3), 95.8 (d, C-1), 72.7 (d, C-4), 68.3 (t, OCH2), 64.3
(d, C-5), 48.0 (d, C-3), 32.6 (t, C-2), 17.5 (q, C-6); elemental analysis calcd
(%) for C11H16F3NO4 (283.2): C 46.64, H 5.69, N 4.95; found C 46.51, H 5.71,
N 4.88.

1,4-Di-(3�-trifluoroacetamido-2�,3�,6�-trideoxy-�-�-ribo-hexopyranosyl)-2-
butene-1,4-diol (25), and 1-propenyl (3�-trifluoroacetamido-2�,3�,6�-tri-
deoxy-�-�-ribo-hexopyranoside) (24): Allyl ether 22c (162 mg, 0.57 mmol)
was dissolved in dry benzene (16 mL) under nitrogen and the Grubbs
catalyst 8 (39 mg, 8.3 mol%) was added in one portion. The purple solution
was stirred at 50 �C for 10 h. After removal of the solvent in vacuo the crude
material obtained was dissolved in diethyl ethyl (30 mL) and triethylamine
(1 mL) and stirred under air for 2 h at room temperature. Concentration of
the solution under reduced pressure yielded an oil which was purified by
column chromatography (petroleum ether/ethyl acetate 2:1) to yield the
desired homodimer 25 (30 mg, 56 �mol, 20%; only E isomer), rearranged
starting allyl glycoside 24 (89 mg, 0.31 mmol, 55%; E/Z 1:3.8) and traces of
rearranged dimer 26.

1st Fraction : Compound 25 as a colourless oil. Rf� 0.10 (petroleum ether/
ethyl acetate 1:1); [�]23D ��33.4 (c� 1.34, CHCl3); 1H NMR (200 MHz,
CDCl3, 25 �C, TMS): �� 8.11 (d, J� 7.6 Hz, 2H; 2�NH), 5.83 (t, J�
3.1 Hz, 2H; 2�CH�), 4.92 (d, J� 2.2 Hz, 2H; 2� 1-H), 4.80 (m, 2H;
2� 3-H), 4.29 ± 4.19 (2m, J� 12.2 Hz, 2H; 2�OCHH�), 4.05 ± 3.93 (2d, J�
12.2 Hz, 2H; 2�OCHH�), 3.72 (dq, J� 9.6, 6.2 Hz, 2H; 2� 5-H), 3.54
(ddd, J� 9.6, 3.4, 2.6 Hz, 2H; 2� 4-H), 2.59 (d, J� 2.5 Hz, 2H; 2�OH),
2.10 (dt, J� 14.8, 3.8 Hz, 2H; 2� 2-Heq), 1.98 (ddd, J� 14.8, 3.2, 1.4 Hz,
2H; 2� 2-Hax), 1.30 (d, J� 6.4 Hz, 6H; 2� 6-H); 13C NMR (50 MHz,
CDCl3, 25 �C, TMS): �� 158.5 (q, 2�CF3CO), 128.7 (d, 2�CH�), 116.0
(q, 2�CF3CO), 95.8 (d, 2�C-1), 72.9 (d, 2�C-4), 66.9 (t, 2�OCH2), 64.4
(d, 2�C-5), 48.0 (d, 2�C-3), 32.5 (t, 2�C-2), 17.5 (q, 2�C-6); elemental
analysis calcd (%) for C20H28F6N2O8 (538.4): C 44.61, H 5.24, N 5.20; found
C 44.53, H 5.29, N 5.08.

2nd Fraction : Compound 24 (inseparable mixture of E/Z isomers).
1H NMR of Z isomer (200 MHz, CDCl3, 25 �C, TMS): �� 7.87 (d, J�
6.8 Hz, 1H; NH), 6.13 (dq, J� 6.2, 1.8 Hz, 1H; OCH�), 5.12 ± 5.08 (m, 1H;
1-H), 4.65 (pent, J� 6.8 Hz, 1H; �CHCH3), 4.52 (m, 1H; 3-H), 3.75 (dq,
J� 9.8, 6.0 Hz, 1H; 5-H), 3.57 (dd, J� 9.6, 4.0 Hz, 1H; 4-H), 2.53 (br s, 1H;
OH), 2.10 (dt, J� 12.0, 4.0 Hz, 1H; 2-Heq), 2.09 (ddd, J� 12.0, 3.4, 1.8 Hz,
1H; 2-Hax), 1.60 (dd, J� 7.0, 1.8 Hz, 3H;�CHCH3), 1.29 (d, J� 6.0 Hz, 3H;
6-H); 13C NMR of Z isomer (50 MHz, CDCl3, 25 �C, TMS): �� 158.5 (q,
COCF3), 141.3 (d,�CHO), 115.9 (q, COCF3), 104.0 (d,�CHCH3), 96.8 (d,
C-1), 72.8 (d, C-4), 64.6 (d, C-5), 47.8 (d, C-3), 32.2 (t, C-2), 17.5 (q, C-6), 9.0
(q, CH3CH�); selected NMR data for E isomer: 1H NMR (200 MHz,
CDCl3, 25 �C, TMS): �� 8.00 (d, J� 6.8 Hz, 1H; NH), 6.18 (dq, J� 14.0,
1.6 Hz, 1H; �CHO), 1.58 (dd, J� 6.8, 1.6 Hz, 3H; �CHCH3); 13C NMR
(50 MHz, CDCl3, 25 �C, TMS): �� 105.5 (d, �CHCH3), 96.3 (d, C-1), 12.3
(q, CH3CH�); elemental analysis calcd (%) for C11H16F3NO4 (283.2): C
46.64, H 5.69, N 4.95; found C 46.44, H 5.81, N 4.82.

Allyl 4-O-acetyl-3-trifluoroacetamido-2,3,6-trideoxy-�-�-ribo-hexopyra-
noside (27): Triethylamine (0.34 mL, 2 equiv), acetic anhydride (0.23 mL,
2 equiv), and a catalytic amount of 4-DMAP (5 mg) were added under
nitrogen to a solution of alcohol 22 (344 mg, 1.22 mmol) in dichloro-
methane (12 mL). The reaction mixture was stirred at room temperature
for 1 h and concentrated under reduced pressure. The crude material was

purified by column chromatography (petroleum ether/ethyl acetate 4:1) to
yield the desired acetate 27 (366 mg, 1.13 mmol, 92%). Rf� 0.28 (petro-
leum ether/ethyl acetate 4:1); 1H NMR (200 MHz, CDCl3, 25 �C, TMS):
�� 8.04 (d, J� 7.0 Hz, 1H; NH), 5.89 (ddt, J� 17.0, 10.2, 5.8 Hz, 1H; CH�),
5.28 (dq, J� 17.0, 1.6 Hz, 2H; CHH��CH-), 5.23 (dq, J� 10.2, 1.2 Hz, 1H;
CHH��CH-), 4.92 (t, J� 3.0 Hz, 1H; 1-H), 4.58 (m, 1H; 3-H), 4.56 (dq, J�
10.0, 3.8 Hz, 1H; 4-H), 4.21 (ddt, J� 12.6, 5.4, 1.2 Hz, 1H; OCHH�), 3.96
(ddt, J� 12.6, 5.8, 1.2 Hz, 1H; OCHH�), 3.89 (dq, J� 10.0, 6.2 Hz, 1H;
5-H), 2.10 (dt, J� 14.8, 3.7 Hz, 1H; 2-Heq), 1.96 (s, 3H; CH3CO), 1.95 (dq,
J� 14.8, 1.3 Hz, 1H; 2-Hax), 1.18 (d, J� 6.0 Hz, 3H; 6-H); 13C NMR
(50 MHz, CDCl3, 25 �C, TMS): �� 170.1 (s, COCH3), 157.1 (q, COCF3),
132.9 (d, �CH), 118.1 (t, CH2�), 115.9 (q, COCF3), 96.0 (d, C-1), 72.3 (d,
C-4), 68.4 (t, OCH2), 61.8 (d, C-5), 44.6 (d, C-3), 32.4 (t, C-2), 20.5 (q,
COCH3), 17.4 (q, C-6); elemental analysis calcd (%) for C13H18F3NO5

(325.3): C 48.00, H 5.58, N 4.31; found C 48.03, H 5.60, N 4.27.

1,4-Di-(3�-trifluoroacetamido-4�-O-acetyl-2�,3�,6�-trideoxy-�-�-ribo-hexo-
pyranosyl)-2-butene-1,4-diol (28): Allyl ether 27 (96 mg, 0.30 mmol) was
dissolved in dry benzene (18 mL) under nitrogen and the Grubbs catalyst 8
was added in two portions (13 mg, 5.4 mol% and 9 mg, 3.7 mol%). The
purple solution was stirred at room temperature for 2 h and after addition
of the second portion of catalyst 50 �C for 10 h. After removal of the solvent
in vacuo the crude material obtained was dissolved in diethyl ether (30 mL)
and triethylamine (1 mL) and stirred under air for 2 h at room temperature.
Concentration of the solution under reduced pressure yielded an oil which
was purified by column chromatography (petroleum ether/ethyl acetate 5:1
then switched to petroleum ether/ethyl acetate 2:1) to yield the desired
homodimer 28 as a colorless oil (43 mg, 0.69 mmol, 46%; E/Z ratio 2.5:1)
and traces of rearranged dimer 29. Compound 28 : Rf� 0.12 (petroleum
ether/ethyl acetate 5:1); inseparable mixture of E/Z isomers); 1H NMR of
E isomer (200 MHz, CDCl3, 25 �C, TMS): �� 8.02 (d, J� 8.0 Hz, 2H; 2�
NH), 5.86 (t, J� 3.1 Hz, 2H; 2�CH�), 4.95 (d, J� 2.4 Hz, 2H; 2� 1-H),
4.62 (m, 2H; 2� 3-H), 4.56 (dd, J� 9.8, 4.0 Hz, 2H; 2� 4-H), 4.33 ± 4.20 (m,
2H; 2�OCHH�), 4.05 ± 3.93 (m, 2H; 2�OCHH�), 3.92 (dq, J� 9.6, 6.0 Hz,
2H; 2� 5-H), 2.14 (dt, J� 14.8, 3.4 Hz, 2H; 2� 2-Heq), 1.99 (s, 6H; 2�
CH3CO), 1.96 (ddd, J� 14.6, 2.4, 1.2 Hz, 2H; 2� 2-Hax), 1.22 (d, J� 6.2 Hz,
6H; 2� 6-H); 13C NMR (50 MHz, CDCl3, 25 �C, TMS): �� 170.2 (s, 2�
CH3CO), 156.9 (q, 2�CF3CO), 128.7 (d, 2�CH�), 116.0 (q, 2�CF3CO),
96.1 (d, 2�C-1), 72.2 (d, 2�C-4), 67.1 (t, 2�OCH2), 61.9 (d, 2�C-5), 44.7
(d, 2�C-3), 32.5 (t, 2�C-2), 20.6 (q, 2�CH3CO), 17.3 (q, 2�C-6);
selected NMR data of Z isomer: 1H NMR (200 MHz, CDCl3, 25 �C, TMS):
�� 5.79 (t, J� 4.2 Hz, 2H; 2�CH�), 1.21 (d, J� 6.0 Hz, 6H; 2� 6-H);
13C NMR (50 MHz, CDCl3, 25 �C, TMS): �� 170.1 (s, 2�CH3CO), 157.0
(q, 2�CF3CO), 128.9 (d, 2�CH�), 116.0 (q, 2�CF3CO), 96.0 (d, 2�C-1),
72.2 (d, 2�C-4), 62.5 (t, 2�OCH2), 62.0 (d, 2�C-5), 44.6 (d, 2�C-3), 32.4
(t, 2�C-2), 20.6 (q, 2�CH3CO), 17.5 (q, 2�C-6); elemental analysis calcd
(%) for C24H32F6N2O10 (622.5): C 46.31, H 5.18, N 4.50; found C 46.00, H
5.63, N 4.37.

1,4-Di-(3�-trifluoroacetamido-2�,3�,6�-trideoxy-�-�-ribo-hexopyranosyl)-
1,4-butanediol (23): PtO2 (4 mg) was added to a solution of homodimer 25
(36 mg, 67 �mol) in ethyl acetate (6 mL). The suspension was stirred under
H2 atmosphere at room temperature for 16 h. The hydrogenation was
terminated by addition of Et3N (1 mL), followed by filtration and removal
of the solvents in vacuo. The crude material obtained was purified by flash
column chromatography (petroleum ether/ethyl acetate 1:1) to furnish the
desired reduction product 23 as a colorless oil (26.2 mg, 49 �mol, 73%).
Rf� 0.11 (petroleum ether/ethyl acetate 1:1); [�]21D ��34.3 (c� 1.31 in
CHCl3); 1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 8.13 (d, J� 7.8 Hz,
2H; 2�NH), 4.88 (d, J� 2.4 Hz, 2H; 2� 1-H), 4.51 ± 4.42 (m, 2H; 2� 3-
H), 3.81 ± 3.74 (m, 2H; 2�OCHH�), 3.71 (dq, J� 9.8, 6.0 Hz, 2H; 2� 5-H),
3.54 (dd, J� 9.6, 3.8 Hz, 2H; 2� 4-H), 3.48 ± 3.40 (m, 2H; 2�OCHH�),
2.09 (dt, J� 14.8, 3.8 Hz, 2H; 2� 2-Heq), 1.97 (ddd, J� 14.8, 3.0, 1.4 Hz,
2H; 2� 2-Hax), 1.70 (m, 4H; CH2CH2), 1.30 (d, J� 6.0 Hz, 6H; 2� 6-H);
13C NMR (50 MHz, CDCl3, 25 �C, TMS): �� 159.5 (q, 2�CF3CO), 116.0
(q, 2�CF3CO), 96.6 (d, 2�C-1), 73.0 (d, 2�C-4), 67.4 (t, 2�OCH2), 64.3
(d, 2�C-5), 48.1 (d, 2�C-3), 32.6 (t, 2�C-2), 26.4 (t, 2�CH2CH2O), 17.6
(q, 2�C-6); elemental analysis calcd (%) for C20H30F6N2O8 (540.5): C
44.45, H 5.59, N 5.18; found C 44.47, H 5.49, N 5.28.

Preparation of homodimer 23 via the 4�-O-acetyl protected dimer 30 : PtO2

(4 mg) was added to a solution of homodimer 28 containing traces of
rearranged dimer 29 (48 mg, 77 �mol) in ethyl acetate (15 mL). The
suspension was stirred under H2 atmosphere at room temperature for 16 h.
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The hydrogenation was terminated by addition of Et3N (1 mL), followed by
filtration and removal of the solvents in vacuo. The crude material obtained
was purified by flash column chromatography (petroleum ether/ethyl
acetate 2:1) to furnish the desired reduction product 30 as a colorless oil
(43 mg, 69 �mol, 89%). Rf� 0.12 (petroleum ether/ethyl acetate 2:1);
[�]22D ��70.5 (c� 1.7 in CHCl3); 1H NMR (200 MHz, CDCl3, 25 �C, TMS):
�� 8.03 (d, J� 8.0 Hz, 2H; 2�NH), 4.90 (d, J� 2.8 Hz, 2H; 2� 1-H),
4.64 ± 4.59 (m, 2H; 2� 3-H), 4.58 (dd, J� 9.8, 4.0 Hz, 2H; 2� 4-H), 3.91
(dq, J� 9.8, 6.2 Hz, 2H; 2� 5-H), 3.84 ± 3.74 (m, 2H; 2�OCHH�), 3.51 ±
3.40 (m, 2H; 2�OCHH�), 2.12 (dt, J� 14.6, 3.8 Hz, 2H; 2� 2-Heq), 1.99 (s,
6H; 2�CH3CO), 1.94 (ddd, J� 14.6, 2.6, 1.2 Hz, 2H; 2� 2-Hax), 1.71 (m,
4H; CH2CH2), 1.21 (d, J� 6.0 Hz, 6H; 2� 6-H); 13C NMR (50 MHz,
CDCl3, 25 �C, TMS): �� 170.2 (s, 2�CH3CO), 156.8 (q, 2�CF3CO), 116.0
(q, 2�CF3CO), 96.8 (d, 2�C-1), 72.3 (d, 2�C-4), 67.6 (t, 2�OCH2), 61.8
(d, 2�C-5), 44.7 (d, 2�C-3), 32.5 (t, 2�C-2), 26.5 (t, 2�CH2CH2O), 20.6
(q, 2�CH3CO), 17.4 (q, 2�C-6).

The compound obtained from above was dissolved in a mixture of 0.1�
NaOH/THF (3:1) and stirred at room temperature for 0.5 h. The crude
material obtained was purified by flash column chromatography (petro-
leum ether/ethyl acetate 1:1) to furnish the desired reduction product 23
(35 mg, 65 �mol, 94%).

Preparation of linear neotetrasaccharide 31: TMSOTf (10 �L, 54 �mol)
was added under nitrogen to a suspension of head-to-head linked
disaccharide 23 (36 mg, 67 �mol), silyl glycoside 14a (62 mg, 0.16 mmol)
in dry dichloromethane (16 mL), and powdered molecular sieves 3 ä. The
reaction mixture was stirred for 1 d thereby raising the temperature from
�60 to �40 �C after the first 0.5 h. After filtration and addition of aqueous
bicarbonate solution to the organic layer, the filter cake was thoroughly
washed with dichloromethane. The aqueous layer was washed with ethyl
acetate (3� 7 mL). The combined organic extracts were dried (MgSO4)
and concentrated under reduced pressure. The crude oil was purified by
column chromatography (petroleum ether/ethyl acetate 3:2) to yield the
target homodimer 31 (56 mg, 52 �mol, 78%). Rf� 0.56 (petroleum ether/
ethyl acetate 2:3); [�]22D ��75.8 (c� 2.06 in CHCl3); 1H NMR (400 MHz,
CDCl3, 25 �C, TMS): �� 8.06 (d, J� 9.0 Hz, 2H; 2�NH), 6.32 (d, J�
8.4 Hz, 2H; 2�NH�), 5.83 (ddt, J� 17.2, 10.2, 5.8 Hz, 2H; 2�CH�), 5.24
(dq, J� 17.2, 1.4 Hz, 2H; 2�CH�H�CH-), 5.23 (dd, J� 3.8, 1.1 Hz, 2H; 2�
1-H�), 5.20 (dq, J� 10.2, 1.0 Hz, 2H; 2�CHH��CH), 4.89 (t, J� 2.2 Hz,
2H; 2� 1-H), 4.58 ± 4.53 (m, 2H; 2� 3-H), 4.18 ± 4.13 (m, 2H; 2� 3-H�),
4.16 (ddt, J� 12.3, 6.5, 1.0 Hz, 2H; 2�OCH�H), 3.95 (ddt, J� 12.3, 6.6,
1.0 Hz, 2H; OCHH�), 3.83 ± 3.73 (m, 6H; 2� 5-H, 2� 5-H�and 2�
OCHH�), 3.50 (dd, J� 9.7, 3.6 Hz, 2H; 2� 4-H), 3.47 ± 3.43 (m, 2H; 2�
OCHH�), 3.01 (t, J� 9.2 Hz, 2H; 2� 4-H�), 2.12 (dt, J� 14.6, 3.8 Hz, 2H;
2� 2-Heq), 1.94 (ddd, J� 14.6, 2.6, 1.2 Hz, 2H; 2� 2-Hax), 1.94 (ddd, J�
13.0, 4.8, 1.6 Hz, 2H; 2� 2-H�eq), 1.82 (dt, J� 12.8, 4.2 Hz, 2H; 2� 2-H�ax),
1.71 (m, 4H; CH2CH2), 1.30 (d, J� 5.8 Hz, 6H; 2� 6-H�), 1.29 (d, J�
6.2 Hz, 6H; 2� 6-H); 13C NMR (100 MHz, CDCl3, 25 �C, TMS): ��
156.8 (q, 2�COCF3), 156.6 (q, 2�C�OCF3), 134.1 (d, 2��CH), 118.3 (t,
2�CH2�, 115.9, 115.8 (2q, 2�CF3CO and 2�C�F3CO), 96.7 (d, 2�C-1),
92.2 (d, 2�C-1�), 82.0 (d, 2�C-4�), 73.4 (t, 2�OC�H2), 73.3 (d, 2�C-4),
68.4 (d, 2�C-5�), 67.4 (t, 2�OCH2), 62.8 (d, 2�C-5), 48.5 (d, 2�C-3�),
43.0 (d, 2�C-3), 34.6, 34.5 (2t, 2�C-2�), 32.6 (t, 2�C-2), 26.5 (t, 2�
CH2CH2O), 18.6 (q, 2�C-6�), 18.1 (q, 2�C-6); LRMS (ES) (�c):
m/z (%): 1069.9 (100) [M�H]� , 1071 (55) [M]� ; (�c): 1093.5 (100)
[M�Na]� .

Preparation of macrocyclic disaccharide 32 by ring-closing metathesis :
Diene 15 (30 mg, 48 �mol) was dried under reduced pressure (10�2 Torr)
for 2.5 h and was dissolved under nitrogen in absolute benzene (40 mL). To
this solution was added catalyst 8 (10 mg, 13 mol%) and the purple
solution was stirred at 47 �C for 24 h, at which time the reaction was
terminated by concentration under reduced pressure. After addition of
diethyl ether (20 mL) and triethylamine (1 mL) stirring was continued
under air for 2 h. The solvents were removed under reduced pressure to
afford an oil, which was purified by column chromatography (silica gel;
petroleum ether/ethyl acetate 4:1) to yield macrocyclic disaccharide 32 as
colorless crystals (19.1 mg, 32 �mol; 67%) as well as recovered starting
material 15 (6 mg, 9.7 �mol, 20%). Compound 32 : m.p. 218 ± 220�C;
[�]22D ��111.2 (c� 0.96 in CHCl3/MeOH 5:1); 1H NMR (200 MHz, CDCl3,
25 �C, TMS): �� 7.97 (d, J� 9.0 Hz, 2H; 2�NH), 5.82 (t, J� 3.2 Hz, 2H;
2�CH�), 4.78 (d, J� 2.4 Hz, 2H; 2� 1-H), 4.54 ± 4.37 (m, 2H; 2� 3-H),
4.06 (ddd, J� 12.0, 3.0, 1.5 Hz, 2H; 2�OCHH�), 3.96 (ddd, J� 12.0, 3.0,

1.5 Hz, 2H; 2�OCHH�), 3.87 (dq, J� 9.6, 6.0 Hz, 2H; 2� 5-H), 3.55 ± 3.38
(m, 4H; 2�OCH2), 2.93 (t, J� 9.8 Hz, 2H; 2� 4-H), 2.05 (ddd, J� 12.8,
4.8, 1.1 Hz, 2H; 2� 2-Heq), 1.65 (dt, J� 12.6, 3.4 Hz, 2H; 2� 2-Hax), 1.47
(m, 4H; 2�OCH2CH2), 1.30 (d, J� 6.3 Hz, 6H; 2� 6-H); 13C NMR
(50 MHz, CDCl3, 25 �C, TMS): �� 157.2 (q, 2�COCF3), 129.0 (d, 2�
CH�), 115.9 (q, 2�COCF3), 96.0 (d, 2�C-1), 81.0 (d, 2�C-4), 68.5 (t,
2�OCH2), 66.7 (t, 2�OCH2), 66.3 (d, 2�C-5), 45.7 (d, 2�C-3), 35.4 (t,
2�C-2), 28.0 (t, 2�CH2CH2O), 18.0 (q, 2�C-6). The material was
directly used for the next step.

Preparation of macrocyclic disaccharide 3 : Macrocyclic disaccharide 32
(19 mg, 32 �mol) was stirred in a mixture of THF/0.1� aqueous NaOH (1:3,
12 mL) at room temperature for 5 h. After addition of dry ice (pH 7 ± 8) the
solution was concentrated to 0.5 mL under reduced pressure and the
resulting material was subjected to a small column (reversed phase; C-18;
gradient H2O�MeOH) to yield the target neosaccharide 3 (single E
isomer: 12 mg, 30 �mol, 94%). [�]23D ��25.9 (c� 0.61 in CHCl3/MeOH
3:1); 1H NMR (400 MHz, CDCl3, 25 �C, TMS): �� 5.84 (t, J� 2.6 Hz,
2H; 2�CH�), 4.84 (d, J� 2.5 Hz, 2H; 2� 1-H), 4.15 (ddd, J� 12.0, 3.0,
1.5 Hz, 2H; 2�OCHH�), 4.02 (ddd, J� 12.0, 3.0, 1.5 Hz, 2H; 2�OCHH�),
3.84 (dq, J� 9.7, 6.3 Hz, 2H; 2� 5-H), 3.73 ± 3.65 (m, 2H; 2�OCHH�),
3.62 ± 3.55 (m, 2H; 2�OCHH�), 3.34 (ddd, J� 12.0, 9.8, 4.6 Hz, 2H;
2� 3-H), 2.74 (t, J� 9.6 Hz, 2H; 2� 4-H), 2.04 (ddd, J� 13.2, 4.8,
1.0 Hz, 2H; 2� 2-Heq), 1.73 ± 1.69 (m, 4H; 2�OCH2CH2), 1.55 (br s,
4H; 2�NH2), 1.53 (dt, J� 12.4, 3.4 Hz, 2H; 2� 2-Hax), 1.29 (d, J� 6.1 Hz,
6H; 2� 6-H); 13C NMR (100 MHz, CDCl3, 25 �C, TMS): �� 128.6
(d, 2�CH�), 97.2 (d, 2�C-1), 86.0 (d, 2�C-4), 68.7 (t, 2�OCH2), 68.0
(t, 2�OCH2), 66.1 (d, 2�C-5), 46.4 (d, 2�C-3), 38.4 (t, 2�C-2), 28.4 (t,
2�CH2CH2O), 18.5 (q, 2�C-6); DCI-MS: m/z (%): 401.5 (100) [M�H]� ,
801.9 (3) [2M�H]� .

Preparation of macrocyclic tetrasaccharide 33 : A suspension of macro-
cyclic alkene 32 (16 mg, 27 �mol) and PtO2 (4 mg) in dichloromethane/
methanol (10:1, 10 mL) was stirred under an H2 atmosphere at room
temperature for 16 h. After removal of the catalyst by filtration the mixture
was concentrated under reduced pressure to afford a crude product which
was purified by flash column chromatography (petroleum ether/ethyl
acetate 2:1). The title compound was obtained as colorless crystals (14 mg,
24 �mol, 87%). M.p. 118 ± 220 �C; [�]22D ��62.5 (c� 0.78 in CHCl3);
1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 6.20 (d, J� 7.4 Hz, 2H; 2�
NH), 4.81 (dd, J� 3.0, 1.2 Hz, 2H; 2� 1-H), 4.54 ± 4.38 (m, 2H; 2� 3-H),
3.96 (dq, J� 9.2, 6.2 Hz, 2H; 2� 5-H), 3.71 (dt, J� 9.2, 6.2 Hz, 2H; 2�
OCHH�), 3.59 ± 3.49 (m, 4H; 2�OCH2), 3.49 (dt, J� 9.2, 6.2 Hz, 2H; 2�
OCHOCHH�), 3.01 (t, J� 9.6 Hz, 2H; 2� 4-H), 2.26 (ddd, J� 12.8, 4.8,
1.5 Hz, 2H; 2� 2-Heq), 1.69 (dt, J� 12.4, 3.5 Hz, 2H; 2� 2-Hax), 1.69 ± 1.53
(m, 8H; 2�OCHOCH2CH2 and 2�OCH2CH2), 1.35 (d, J� 6.3 Hz, 6H;
2� 6-H); 13C NMR (50 MHz, CDCl3, 25 �C, TMS): �� 157.1 (q, 2�
COCF3), 115.9 (q, 2�COCF3), 95.9 (d, 2�C-1), 81.4 (d, 2�C-4), 68.7 (t,
2�C4-OCH2), 67.2 (t, 2�OCHOCH2), 66.0 (d, 2�C-5), 46.6 (d, 2�C-3),
35.7 (t, 2�C-2), 27.9 (t, 2�CH2CH2O), 27.3 (t, 2�CH2CH2O), 18.5 (q, 2�
C-6); LRMS (ES) (�c): m/z (%): 617.6 (100) [M�Na]� , 1211.3 (60)
[2M�Na]� ; (�c) 594.6 (54) [M]� , 593.7 (72) [M�H]� .

Preparation of macrocyclic disaccharide 4 : Macrocyclic disaccharide 33
(26 mg, 44 �mol) was stirred in a mixture of THF/0.1� aqueous NaOH (1:3,
12 mL) at room temperature for 5 h. After addition of dry ice (pH 7 ± 8) the
solution was concentrated (to 0.5 mL) under reduced pressure and the
resulting material was subjected to a small column (reversed phase; C-18;
gradient H2O�MeOH) to yield the target neosaccharide 4 as a semisolid
(15 mg, 37 �mol; 85%). [�]23D ��57 (c� 0.51 in CHCl3/MeOH 3:1);
1H NMR (400 MHz, CDCl3, 25 �C, TMS): �� 4.73 (d, J� 2.8 Hz, 2H;
2� 1-H), 3.81 (dq, J� 9.2, 6.2 Hz, 2H; 2� 5-H), 3.73 ± 3.66 (m, 2H; 2�
OCHH�), 3.68 (dt, J� 9.1, 6.0 Hz, 2H; 2�OCHOCHH�), 3.61 ± 3.55 (m,
2H; 2�OCHH�), 3.38 (dt, J� 9.1, 6.0 Hz, 2H; 2�OCHOCHH�), 3.28
(ddd, J� 12.0, 9.8, 4.6 Hz, 2H; 2� 3-H), 2.72 (t, J� 9.6 Hz, 2H; 2� 4-H),
2.22 (br s, 4H; 2�NH2), 1.96 (ddd, J� 13.0, 4.6, 0.8 Hz, 2H; 2� 2-Heq),
1.75 ± 1.70 (m, 2H; 2�OCHOCH2CHH�), 1.69 (m, 4H; CH2CH2), 1.53 ±
1.48 (m, 2H; 2�OCHOCH2CHH�), 1.49 (dt, J� 12.4, 3.4 Hz, 2H; 2� 2-
Hax), 1.26 (d, J� 6.2 Hz, 6H; 2� 6-H); 13C NMR (50 MHz, CDCl3, 25 �C,
TMS): �� 96.7 (d, 2�C-1), 85.6 (d, 2�C-4), 68.7 (t, 2�OCH2), 67.9 (t, 2�
OCHOCH2), 65.6 (d, 2�C-5), 46.0 (d, 2�C-3), 38.0 (t, 2�C-2), 27.9 (t,
2�CH2CH2O), 27.2 (t, 2�CH2CH2OCHO), 18.6 (q, 2�C-6); DCI-MS:
m/z (%): 403.4 (100) [M�H]� .
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Preparation of macrocyclic tetrasaccharide 34 and macrocyclic hexasac-
charide 35 by ring-closing metathesis and catalytic hydrogenation : Diene
19 (32 mg, 52 �mol) was dried under reduced pressure (10�2 Torr) for 2.5 h
and then was dissolved under nitrogen in absolute benzene (40 mL). To this
solution was added catalyst 8 (8.5 mg, 9.9 mol%) and the purple solution
was stirred at 50 �C for 14 h, at which time the reaction was terminated by
concentration under reduced pressure. After addition of diethyl ether
(20 mL) and triethylamine (1 mL) stirring was continued under air for 2 h.
The solvents were removed under reduced pressure to afford an oil, which
was purified by column chromatography (petroleum ether/ethyl acetate
2:1) to yield macrocyclic tetrasaccharide (20 mg, 17 �mol, 64%; two
isomers 3:1) and hexasaccharide (5 mg, 2.8 �mol, 16.2%; two isomers 3:1).

1st Fraction : Tetrasaccharide;Rf� 0.30 (petroleum ether/ethyl acetate 1:1);
1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 7.80 (d, J� 9.2 Hz, 4H; 4�
NH), 5.82 (m, 4H; 4�CH�), 4.90 (t, J� 2.0 Hz, 4H; 4� 1-H), 4.62 (m, 4H;
4� 3-H), 4.22 (m, 4H; 4�OCHOCHH�), 3.94 (m, 4H; 4�OCHOCHH�),
3.84 ± 3.70 (m, 4H; 4�OCHH�), 3.70 (dq, J� 9.8, 6.2 Hz, 4H; 4� 5-H),
3.35 ± 3.22 (m, 4H; 4�OCHH�), 3.04 (dd, J� 9.8, 3.8 Hz, 4H; 4� 4-H),
1.99 ± 1.96 (m, 8H; 4� 2-Heq, 4� 2-Hax), 1.52 (m, 8H; 2�CH2CH2), 1.27 (d,
J� 6.4 Hz, 12H; 4� 6-H); 13C NMR (100 MHz, CDCl3, 25 �C, TMS): ��
156.8 (q, 4�COCF3), 128.9 (d, 4��CH), 116.0 (q, 4�COCF3), 95.8 (d,
4�C-1), 78.8 (d, 4�C-4), 69.6 (t, 4�OCH2), 67.1 (t, 4�OCHOCH2), 63.5
(d, 4�C-5), 43.6 (d, 4�C-3), 32.8 (t, 4�C-2), 26.4 (t, 4�CH2CH2O), 17.9
(q, 4�C-6); LRMS (ES) (�c): m/z (%): 1184.2 (100) [M]� ; (�c): 1207.8
(100) [M�Na]� ; selected NMR data for minor isomer: 1H NMR (200 MHz,
CDCl3, 25 �C, TMS): �� 5.77 (m, 4H, 4�CH�); 13C NMR (100 MHz,
CDCl3, 25 �C, TMS): �� 61.4 (t, 4�OCHOCH2).

2nd Fraction : Hexasaccharide; Rf� 0.20 (petroleum ether/ethyl acetate
1:1); 1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 7.82 (d, J� 8.4 Hz, 6H;
6�NH), 5.82 (m, 6H; 6�CH�), 4.89 (t, J� 2.0 Hz, 6H; 6� 1-H), 4.62 (m,
6H; 6� 3-H), 4.27 ± 4.15 (m, 6H; 6�OCHOCHH�), 4.02 ± 3.91 (m, 6H;
6�OCHOCHH�), 3.84 ± 3.70 (m, 6H; 6�OCHH�), 3.70 (dq, J� 9.8,
6.2 Hz, 6H; 6� 5-H), 3.35 ± 3.22 (m, 6H; 6�OCHH�), 3.05 (dd, J� 9.8,
3.8 Hz, 6H; 6� 4-H), 1.99 (m, 12H; 6� 2-Heq and 6� 2-Hax), 1.52 (m, 12H;
3�CH2CH2), 1.27 (d, J� 6.0 Hz, 18H; 6� 6-H); LRMS (ES) (�c): m/z
(%): 1776.3 (100) [M]� ; (�c): 1799.8 (100) [M�Na]� .

A suspension of the macrocyclic tetrasaccharide described above (20 mg,
17 �mol) and PtO2 (4 mg) in ethyl acetate (8 mL) was stirred under an
hydrogen atmosphere at room temperature for 16 h. After removal of the
catalyst by filtration the mixture was concentrated under reduced pressure
to afford a crude product which was purified by flash column chromatog-
raphy (petroleum ether/ethyl acetate 1:1) to yield macrocyclic tetramer 34
as colorless crystals (20 mg, 17 �mol, 99%). Rf� 0.36 (petroleum ether/
ethyl acetate 2:3); m.p. 133 ± 135 �C; [�]22D ��98.6 (c� 0.77 in CHCl3);
1H NMR (200 MHz, CDCl3, 25 �C, TMS): �� 7.80 (d, J� 9.2 Hz, 4H; 4�
NH), 4.85 (t, J� 2.0 Hz, 4H; 4� 1-H), 4.59 (m, 4H; 4� 3-H), 3.84 ± 3.70 (m,
4H; 4�OCHOCHH�), 3.82 ± 3.62 (m, 4H; 4�OCHOCHH�), 3.70 (dq, J�
9.8, 6.2 Hz, 4H; 4� 5-H), 3.44 ± 3.34 (m, 4H; 4�OCHOCHH�), 3.32 ± 3.22
(m, 4H; 4�OCHH�), 3.02 (dd, J� 9.4, 4.0 Hz, 4H; 4� 4-H), 1.97 (m, 8H;
4� 2-Heq, 4� 2-Hax), 1.74 ± 1.64 (m, 8H; 4�CH2CH2), 1.52 (m, 8H; 4�
CH2CH2), 1.27 (d, J� 6.4 Hz, 12H; 4� 6-H); 13C NMR (100 MHz, CDCl3,
25 �C, TMS): �� 156.8 (q, 4�COCF3), 116.0 (q, 4�COCF3), 96.6 (d, 4�
C-1), 78.7 (d, 4�C-4), 69.8 (t, 4�OCH2), 67.2 (t, 4�OCHOCH2), 63.4 (d,
4�C-5), 43.7 (d, 4�C-3), 32.7 (t, 4�C-2), 26.8 (t, 8�CH2CH2O), 17.8 (q,
4�C-6); LRMS (ES) (�c): m/z (%): 1211.7 (100) [M�Na]� .

Accordingly, a suspension of the macrocyclic hexasaccharide described
above (12 mg, 6.8 �mol) and PtO2 (3 mg) in ethyl acetate (8 mL) was
stirred under an hydrogen atmosphere at room temperature for 16 h. After
removal of the catalyst by filtration the mixture was concentrated under
reduced pressure to afford a crude product which was purified by flash
column chromatography (petroleum ether/ethyl acetate 1:2) to yield
macrocyclic hexamer 35 (12 mg, 6.7 �mol, 99%). Rf� 0.16 (petroleum
ether/ethyl acetate 2:3); [�]22D ��86.4 (c� 0.28 in CHCl3); 1H NMR
(400 MHz, CDCl3, 25 �C, TMS): �� 7.83 (d, J� 9.2 Hz, 6H; 6�NH), 4.85
(t, J� 2.0 Hz, 6H; 6� 1-H), 4.60 (m, 6H; 6� 3-H), 3.82 ± 3.73 (m, 12H;
12�OCHH�), 3.70 (dq, J� 9.6, 6.2 Hz, 6H; 6� 5-H), 3.41, 3.29 (m, 12H;
12�OCHH�), 3.04 (dd, J� 9.6, 3.8 Hz, 6H; 6� 4-H), 1.98 (m, 12H; 6� 2-
Heq, 6� 2-Hax), 1.68, 1.52 (m, 24H; 6�CH2CH2), 1.27 (d, J� 6.2 Hz, 18H;
6� 6-H); 13C NMR (100 MHz, CDCl3, 25 �C, TMS): �� 156.8 (q, 6�
COCF3), 116.0 (q, 6�COCF3), 96.7 (d, 6�C-1), 78.8 (d, 6�C-4), 69.5 (t,
6�OCH2), 67.4 (t, 6�OCHOCH2), 63.4 (d, 6�C-5), 43.6 (d, 6�C-3), 32.8

(t, 6�C-2), 26.4 (t, 12�CH2CH2O), 17.9 (q, 6�C-6); LRMS (ES) (�c):
m/z (%): 1806.0 (100) [M�Na]� .

Preparation of macrocyclic tetrasaccharide 5 : Macrocyclic disaccharide 34
(20 mg, 17 �mol) was stirred in a mixture of THF/1.0� aqueous NaOH (1:2,
12 mL) at 50 �C for 30 h. After addition of dry ice (pH 7 ± 8) the solution
was concentrated (to 0.5 mL) under reduced pressure and the resulting
material was subjected to a small column (reversed phase; C-18; gradient
H2O�MeOH) to yield the target neosaccharide 5 as a light green
semisolid (14 mg, 17 �mol, 99%). [�]22D ��127.9 (c� 0.77 in CHCl3/MeOH
3:1); 1H NMR (400 MHz, CDCl3, 25 �C, TMS): �� 4.75 (d, J� 3.6 Hz, 4H;
4� 1-H), 3.81 (dq, J� 9.6, 6.0 Hz, 4H; 4� 5-H), 3.70 ± 3.64 (m, 4H; 4�
OCHOCHH�), 3.64 ± 3.58 (m, 4H; 4�OCHH�), 3.38 ± 3.32 (m, 4H; 4�
OCHH�), 3.32 ± 3.27 (m, 4H; 4�OCHOCHH�), 3.26 (m, 4H; 4� 3-H), 3.29
(dd, J� 9.8, 3.8 Hz, 4H; 4� 4-H), 2.03 (dd, J� 14.4, 2.4 Hz, 4H; 4� 2-Heq),
1.99 (br s, 8H; 4�NH2), 1.84 (dt, J� 14.4, 4.4 Hz, 4H; 4� 2-Hax), 1.68 ± 1.61
(m, 16H; 4�CH2CH2), 1.26 (d, J� 6.2 Hz, 12H; 4� 6-H); 13C NMR
(100 MHz, CDCl3, 25 �C, TMS): �� 97.3 (d, 4�C-1), 81.7 (d, 4�C-4), 69.0
(t, 4�OCH2), 67.5 (t, 4�OCHOCH2), 61.5 (d, 4�C-5), 45.3 (d, 4�C-3),
34.1 (t, 4�C-2), 27.1 and 26.9 (t, 8�CH2CH2O), 18.0 (q, 4�C-6); DCI-
MS: m/z (%): 805.8 (100) [M�H]� .

Preparation of macrocyclic tetrasaccharide 36 from diene 31: Diene 31
(56 mg, 52 �mol) was dried under reduced pressure (10�2 Torr) for 2.5 h
and was dissolved under nitrogen in absolute benzene (30 mL). To this
solution was added catalyst 8 (9 mg, 20 mmol%) and the purple solution
was stirred at 50 �C for 24 h, at which time the reaction was terminated by
concentration under reduced pressure. After addition of diethyl ether
(20 mL) and triethylamine (1 mL) stirring was continued under air for 2 h.
The solvents were removed in vacuo to afford an oil, which was dissolved in
ethyl acetate (10 mL). After addition of PtO2 (4 mg), the suspension was
stirred under H2 at rt for 16 h. After removal of the catalyst by filtration the
mixture was evaporated under reduced pressure to afford a crude product
which was purified by flash column chromatography (petroleum ether/
ethyl acetate 1:1) yielding tetrasaccharide 36 (12 mg, 12 �mol, 22.1%).
Rf� 0.59 (petroleum ether/ethyl acetate 2:3); 1H NMR (400 MHz, CDCl3,
25 �C, TMS): �� 8.02 (d, J� 8.8 Hz, 2H; 2�NH), 6.09 (d, J� 8.3 Hz, 2H;
2�NH�), 5.25 (d, J� 3.1 Hz, 2H; 2� 1-H�), 4.89 (s, 2H; 2� 1-H), 4.61 ±
4.55 (m, 2H; 2� 3-H), 4.32 ± 4.22 (m, 2H; 2� 3-H�), 3.95 (dq, J� 9.6,
6.3 Hz, 2H; 2� 5-H�), 3.82 (dq, J� 9.6, 6.0 Hz, 2H; 2� 5-H), 3.84 ± 3.78 (m,
2H; 2�OCHH�), 3.71 ± 3.66 (m, 4H; 2�OCH2 at C4�), 3.56 (dd, J� 10.0,
3.8 Hz, 2H; 2� 4-H), 3.37 (m, 2H; 2�OCHH�), 2.92 (t, J� 9.8 Hz, 2H;
2� 4-H�), 2.06 ± 2.00 (m, 4H; 2� 2-Heq, 2� 2-Hax), 1.90 ± 1.70 (m, 10H; 2�
2-H�eq, CH2CH2, CH�2CH�2), 1.66 (ddd, J� 13.2, 12.0, 3.8 Hz, 2H; 2� 2-
H�ax), 1.42 (d, J� 6.0 Hz, 6H; 2� 6-H�), 1.25 (d, J� 6.0 Hz, 6H; 2� 6-H);
13C NMR (100 MHz, CDCl3, 25 �C, TMS): �� 156.8 (q, 2�COCF3), 156.6
(q, 2�C�OCF3), 116.0, 115.8 (2q, 2�CF3CO, 2�C�F3C�O), 97.7 (d, 2�C-
1), 92.1 (d, 2�C-1�), 81.5 (d, C-4�), 73.1 (d, 2�C-4), 69.1, 68.9 (2t, 4�
OCH2), 67.0 (d, 2�C-5�), 63.2 (d, 2�C-5), 46.1 (d, 2�C-3�), 43.0 (d, 2�C-
3), 35.7 (t, 2�C-2�), 32.7 (t, 2�C-2), 28.0, 27.0 (t, 4�CH2CH2O), 18.5 (q,
2�C-6�), 18.0 (q, 2�C-6); DCI-MS: m/z (%): 1062.8 (100) [M�NH4]� .

Preparation of cyclic neotetrasaccharide 7: Macrocyclic tetrasaccharide 36
(12 mg, 11.5 �mol) was stirred in a mixture of THF/0.4� aqueous NaOH
(1:3, 8 mL) at room temperature for 18 h. After addition of dry ice (pH 7 ±
8) the solution was concentrated (to 0.5 mL) under reduced pressure and
the resulting material was subjected to a small column (reversed phase;
C-18; gradient H2O�MeOH) to yield the target neosaccharide 7 (6 mg,
9 �mol, 78%). [�]22D ��99.5 (c� 0.195 in CHCl3/MeOH 2:1); 1H NMR
(400 MHz, CDCl3, 25 �C, TMS): �� 4.93 (d, J� 3.2 Hz, 2H; 2� 1-H�), 4.77
(d, J� 3.6 Hz, 2H; 2� 1-H), 3.93 (dq, J� 9.6, 6.2 Hz, 2H; 2� 5-H), 3.85
(dq, J� 9.2, 6.0 Hz, 2H; 2� 5-H�), 3.71 ± 3.55 (m, 6H; 3�OCH2), 3.48 (m,
2H; 2�OCH2), 3.37 (dd, J� 9.6, 3.4 Hz, 2H; 2� 4-H), 3.27 ± 3.22 (m, 4H;
2� 3-H and 2� 3-H�), 2.72 (t, J� 9.6 Hz, 2H; 2� 4-H�), 2.04 (ddd, J� 14.0,
2.8, 1.0 Hz, 2H; 2�Heq), 1.95 (ddd, J� 13.0, 4.6, 1.2 Hz, 2H; 2� 2-H�eq),
1.86 (dt, J� 14.0, 4.4 Hz, 2H; 2� 2-Hax), 1.76 ± 1.67 (m, 8H; 2�CH2CH2),
1.59 (dt, J� 12.2, 3.4 Hz, 2H; 2� 2-H�ax), 1.32 (d, J� 6.2 Hz, 2H; 2� 6-H�),
1.26 (d, J� 6.4 Hz, 6H; 2� 6-H); 13C NMR (100 MHz, HMQC, CDCl3,
25 �C, TMS): �� 97.8 (d, 2�C-1), 92.3 (d, 2�C-1�),
86.0 (d, C-4�), 76.6 (d, 2�C-4), 70.0, 69.6 (2t, 4�OCH2), 67.2 (d, 2�C-5�),
61.7 (d, 2�C-5), 46.9 (d, 2�C-3�), 44.4 (d, 2�C-3), 39.1 (t, 2�C-2�),
34.7 (t, 2�C-2), 28.4 (t, 4�CH2CH2O); DCI-MS: m/z (%): 661.7 (14)
[M�H]� .
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