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A. Introduction.

Mono- and bicyclic iminopolyols like deoxynojirimycin
or castanospermine represent classic examples of strong
and selective glycosidase inhibitors. Likewise, many
pyrrolidine derivatives (1,4-iminopolyols) with these or
other interesting bio-activities are known (Scheme 1) [1].

the enzymatic protein part of the respective active site [5].
Thus, as depicted in Scheme 2, N-oxy compounds like
cyclic hydroxylamines, N-oxides, nitrones, or bicyclic isox-
azolidines were considered as interesting candidates, as
well as the hydrazine derivatives shown. Incidentally,
another type of structure, that of the tetrahydro-1,2-oxazine,
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We have developed several approaches to this group of
compounds earlier [2-4], and now report on facile routes
to a variety of "non-classical” structures (Scheme 2),
based on cyclization of unsaturated oximes and the like
(Scheme 3). The new structures were all designed with
the simple view of imitating the main features of exo-pro-
tonated glycosidases: (i) Several hydroxy groups, whose
configuration would be responsible for selectivity toward
the corresponding series of glycosidases; (ii) A basic
nitrogen function in or at the ring which would readily be
protonated, or nitrogen already positively charged, and
(iii) An additional heteroatom, nitrogen or oxygen, which
might form additional hydrogen bonds on interaction with

was obtained also in the course of these studies (vide infra).
The new structures were derived from unsaturated nitro-
gen derivatives of unsaturated polyols, in turn accessible
from divinylcarbinol, D-ribose and D-hexoses. The cycli-
zations would mostly generate a terminal halomethyl or
methyl group, so mainly o-L-fucosidases would be the
enzymes to be assayed with the new structures.

B. Halocyclization of Pentenose Oximes.

The cyclization of unsaturated oximes upon action of
electrophiles was first reported by Grigg et al., (Scheme 4).
The substrate we have worked with mostly, the erythro-
pentenose oxime derived from D-ribose, was chosen also
by Wightman et al. very recently, and cyclization was
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Scheme 2
New Heterocyclic Structures for Glycosidase Inhibition
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Scheme 4
Cyclization of Alkenyl Oximes
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induced with phenylseleninyl bromide. With iodine some
cyclization was reported to occur also. In our hands, ca.
60% of a 2:1 mixture of stereoisomeric nitrones (pyrroline
N-oxides) was obtained, but separation proved tedious
and subsequent reactions not as clean as desired.

The project became more enjoyable when we suc-
ceeded to effect bromocyclization. The route started with
D-ribose, which was smoothly transformed to the pro-
tected pentenose, with highly effective formation of the 5-iodo
compound and reductive elimination with butyllithium at
low temperature (Scheme 5). The oxime underwent
cyclization with the simplest reagent on the shelf, with
bromine [6]. The major isomer, the L-/yxo compound,
was formed with better diastereoselectivity than seen in

the iodo case, and, after separation, turned out crystalline
and stable. And it became a marvellous source for plenty
of different structures with the L-lyxo configuration at the
last three stereocenters, identical with those of L-fucose!
The bromomethyl-L-lyxo-nitrone could be reduced in
three different ways (Scheme 6): (1) With sodium borohy-
dride only the C=N bond was reduced, to furnish the bro-
momethyl hydroxylamine; (2) Lithium aluminium
hydride additionally removed the bromide, but let intact
the N-OH moiety; (3) All of these then were reduced by
catalytic hydrogenation, to provide 1,4-iminopentiol as
the third member of the series. Equally well C-C forma-
tion at the nitrone carbon occurred, with Grignard
reagents 4, but also cyanide when employed in the form

Scheme 5
Bromocyclization of erythro-Pentenose Oxime
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of trimethylsilyl derivative 6. 1,3-Dipolar cycloaddition,
well-known with other nitrones, led to the bicyclic isoxa-
zolidines. All of these C-C-forming reactions proceeded
with high diastereoselectivity, the acetonide clamp serving
as an effective shield for the o-diastereoface. Applying
one or both of the reduction methods seen above, the
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methyl compounds were obtained from all three types of
products, with a carbon substituent at C2 of the pyrroli-
dine [6].

This fact is nicely seen from the respective crystal
structures determined by X-ray diffraction. In Scheme 7,
the nitrone and the respective 2-phenyl addition product

Scheme 6
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are shown. In the latter, the formerly near-flat ring of the
pyrroline N-oxide now is a distinct envelope, with phenyl
quasi-axial, and bromomethyl and N-hydroxy groups ori-
ented in pseudo-equatorial positions.

Similarly, the products from 1,3-dipolar cycloadditions
could safely be assigned the respective relative configura-
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tions. The cases of the allyl acetate and N-methyl-
maleimide products are shown in Scheme 8, with like
arrangements of the three substituents at C-N-C [6].

The N-oxy products from the various additions to the
bromomethyl-L-lyxo-nitrone were all transformed into the
free pyrrolidine diols or N-hydroxy compounds, in order

Scheme 8
XCSD of Cycloadducts with L-/yxo Nitrone
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to have samples suitable for the test of enzyme inhibition.
Examples are given for the parent compounds, i.e., the
structures obtained by direct reduction of the parent
nitrone. Thus, the bromomethyl-N-hydroxy compound
was obtained in the form of the hydrobromide (Scheme 9).
The other new structure to examine the hypothesis
advanced at the outset, the N-hydroxy-1,4-imino-L-lyxitol
or, correctly: -2,5-imino-L-arabinitol), was obtained as the
free base from ion exchange purification after acid-cat-
alyzed hydrolysis of the respective acetonide. Finally,
from catalytic reduction, acetal hydrolysis and hydrobro-
mide formation the pyrrolidine diol was produced, a
known compound prepared earlier in Wong's group. The
virtues of the approach elaborated now are clearly seen
with this Scheme and comparison: Diversity and effi-
ciency.

C. Halocyclization of Pentenose Hydrazones.

Hydrazones had not yet been taken as the nucleophilic
component in additions induced by electrophiles such as
halogen, as far as we are aware. If proceeding in analogy
with the oxime cases, then cyclic azomethine imines
should result. Indeed, with several hydrazones of the
erythro-pentenose a reaction occurred on treatment with
bromine or iodine, as had been successful above. How-
ever, mixtures of products formed which were difficult to
analyze. Again, crystallization and ensuing analyses by
X-ray diffraction shed light on what was going on. From
iodine treatment of the phenylhydrazone a hydrazide was
isolated in low yield, the structure of which is depicted in
Scheme 10. This is rationalized by a reaction proceeding
as hoped for, but the azomethine ylide had reacted with water.
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With the Boc-hydrazone, another type of products was
obtained: a cleaner reaction gave 61% of a mixture of two
stereoisomers in a ratio of ca. 3:2. From the nmr data we
first were led to believe that this would be the 1,3-dipoles,
but the ir data did not fit, and from the literature reports it
seemed probable that any azomethine imine formed
would rather combine and settle as a dimer. Again, X-ray
diffraction gave the answer for one of the products: a pen-
tacyclic dimer with a central perhydrotetrazine ring of C,
symmetry had been built! And the reaction then must
have been as given in Scheme 11. The intriguing structure
of the product is seen in Scheme 12. Reactions of this
dimer, which may be induced to split, will be reported
separately.

With unsaturated hydrazones, in principle, intramolecu-
lar 1,3-dipolar cycloadditions might occur, if prototropy
to the N-H azomethine imine were possible and the chain
length suitable. This idea was tested with several hexa-
nose products obtained on treatment with mono- and
N,N'-disubstituted hydrazines. On heating, all of them led
to bicyclic pyrazolidines from which a number of promising
candidates for glycosidase inhibition will be derived.
Some of these cycloaddition products are gathered in
Scheme 13.

D. Cope Cyclization (Retro-Cope Elimination, House
Reaction).

Another, promising and versatile possibility to secure
cyclic N-oxy structures of interest for glycosidase inhibi-
tion might take advantage of the cyclization of alkenyl-
substituted hydroxylamines. This would nicely comple-
ment and extend the structure variations opened by bro-

Scheme 10
Halocyclization of erythro-4-Pentenose Hydrazones Il
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Scheme 11
Halocyclization of erythro-4-Pentenose Hydrazones I
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mocyclization of oximes. This, with most promising vari-
ants for access to and Cope cyclization of N-alkenyl
hydroxylamines are combined in Scheme 14. All of these
have been successful in our hands, and are presented at
this conference separately in poster form, so that only a
few points may be detailed here.
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carbinol occurs with high diastereo- and enantioselectivity,
to produce highly versatile, optically active building blocks
that we — also, independently, Takano's group, and many
others afterwards — have used for various transformations
since. For example, a large number of aminodiols was
prepared then from these epoxides by reaction with

Scheme 14

Routes to N-Oxyiminopolyols: Summary
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amines. Hydroxylamine was also employed then, but the
products could not be identified since a mixture had
resulted and the retro-Cope elimination at that time was
not common knowledge. This particular reaction then was
reconsidered in the last years, and the products could be

Scheme 15
N-Oxyiminopolyols: The Epoxypentenol Route |
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analyzed and separated, after acetylation (Scheme 15).
The cyclization preferably is performed by keeping the
initial hydroxylamine adduct in methanol at room temper-
ature.

While further results from this and other routes are pre-
sented separately, an unexpected result opening the access
to novel "azasugars" (correct naming) shall be detailed
here. The sequence we had devised is shown in Scheme 16
(a recent paper by Knight et al. presents the same approach
with the same starting material albeit a rather different
access to another nitrone substrate). Addition of a nucleo-
phile to a pentenal-derived nitrone could produce the Cope
substrate, and henceforth the cyclic N-oxide (Scheme 16).
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nor products of a subsequent cycloaddition. This reaction
took place only with heating as we could verify (Scheme 18).

One of the secondary products, "B-X", then could be
induced to form crystals suitable for structural analysis by
X-ray diffracton (once more!). The result is depicted in
Scheme 19: it turned out a 6-hydroxylamino-1,2-tetrahy-
drooxazine, with the N-oxy group positioned axially and
forming an intramolecular hydrogen bond with the ring
nitrogen atom.

A possible pathway to account for the formation of "X"
is given in Scheme 20; it is initiated by the (second) addi-
tion of hydroxylamine to the nitrone and Cope cyclization
of the bis(hydroxylamine). The N-oxide products may

Scheme 16
N-Oxyiminopolyols via Nitrones: Strategy
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the literature [12], was prepared in the usual way. Indeed,
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(58%), but two low yield by-products were observed also,
and subsequently isolated by chromatographic separation.
The structure of these —"o-X" and "B-X" (Scheme 17),
however, was difficult to deduce. From all data it was
clear that these were neither stereoisomers of the nitrone

"o
"o\
—

Cope cyclization

undergo elimination forming the nitrone moiety again, but
the former C=C-bond now bears the N-attached hydroxy-
amino group. Recyclization with the oxygen atom then
ends the cascade to afford the two 4-epimers of X. These
1,2-tetrahydrooxazines may be regarded as pyranose ana-
logues, with C5 replaced by nitrogen, therefore constituting
a new (the true) kind of azasugars. The above mechanistic
interpretation which involves a Meisenheimer-type rear-
rangement, was transformed into practicality, i.e., treat-

Scheme 17
Key Intermediates: Nitrones of D-erythro-Pentenose
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Scheme 18
erythro-Pentenose Nitrone: Intramolecular Cycloaddition
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ment of such nitrones with excess hydroxylamine, and,
satisfyingly, led to high yields of such azasugars, to be
detailed elsewhere. The development of the chemistry of
this new class of carbohydrate derivatives will be a future
adventure in itself.

E. Conclusion.

Following the concept outlined, the various cyclization
modes for unsaturated nitrogen derivatives were exam-
ined and given for the most part, products expected or
hoped for. Since optically active starting materials were
used —~ mostly derived from the erythro-pentenose avail-
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able from D-ribose, enantiomerically pure compounds
were obtained. The major objective here was to explore
new structures mimicking o-L-fucosides, and indeed very
active compounds with K; values down to 0.04 pM were
found (details will appear elsewhere). Besides this, the
various routes to prepare pyrrolidines and the like, with a
wide array of structures, will also be useful for syntheses
of related compounds active in other fields. Of the new
compounds seen, the unexpected, facile access to S-aza-
pyranoses may be of particular significance, permitting to
explore now the new field of azasugar chemistry.

Scheme 19
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Scheme 20
5-Azapyranoses II
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