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Abstract: The acid promoted rearrangement of syn-1 with HCl led
to bicyclic acetal 2 from which enantiopure furan derivative 4 was
obtained by hydrogenolysis. The same sequence was applied to
anti-1 leading to bicyclus 3 and diastereomeric tetrahydrofuran 5.
Treatment of syn-6 with pyridinium hydrogen fluoride provided
either semiacetal 7 or bicyclic acetal 8, depending on the ratio of HF
and pyridine. Lewis acid mediated intramolecular aldol reaction of
syn-6 afforded bicyclic 1,2-oxazine 9. Protection and subsequent
stereoselective reduction of 9 led to 10, which was hydrogenated to
yield enantiopure amino substituted pyran derivative 11.
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We recently reported1 that the addition of lithiated
methoxyallene to D-glyceraldehyde derived nitrone2 and
subsequent cyclisation of the primary allene adduct fur-
nish new enantiopure 3,6-dihydro-2H-1,2-oxazines 1 in
high diastereoselectivity.3 The stereochemistry of this for-
mal [3+3] cyclization is controlled by the reaction condi-
tions: use of THF as solvent leads to syn-1,
precomplexation of the nitrone with Et2AlCl in diethyl
ether furnishes anti-1. We have also demonstrated that
enantiopure 3-methoxypyrrolidine derivatives are easily
available in a stereodivergent manner by hydrogenolysis
of 1,2-oxazines 1 followed by cyclisation of the inter-
mediate 1,4-amino alcohols.4 Herein, we wish to present
the acid catalysed reactions of these highly functionalised
C6 building blocks syn-1 and anti-1 which afford novel
enantiopure amino sugar derivatives.

Treatment of syn-1 with 0.5 equivalents of p-toluenesulfo-
nyl chloride in methanol led to bicyclic compound 2.5 Un-
der HCl catalysis, the dioxolane ring is cleaved and the
primary hydroxyl group attacks the enol ether moiety to
form acetal 2 as a single diastereomer. Reaction of anti-1
under the same conditions provided diastereomeric bicy-
clic 1,2-oxazine 3 in good yield (Scheme 1). In both cases
the cis fusion of the two rings was proved by NOESY ex-
periments. For this reaction the use of p-toluenesulfonyl
chloride is advisable since treatment of syn-1 with p-tolu-
enesulfonic acid in acetone provided a rather complex
mixture of two diastereomers of semiacetal 7 (see below)
and other products.6

Scheme 1

One valuable property of 1,2-oxazines is the smooth
cleavage of the relatively weak N-O bond leading to inter-
esting cyclic and acyclic amino alcohols.4 Thus, the hy-
drogenation of 2 using palladium on charcoal as catalyst
produced highly functionalised tetrahydrofuran 4 in quan-
titative yield.5 Similar treatment of 3 with hydrogen pro-
vided the expected enantiopure tetrahydrofuran derivative
5.7 Furan derivatives 4 and 5 correspond to diastereomeric
acyclic 4-amino 3-keto-hexoses (Scheme 2).

Scheme 2

Bicyclic compounds can also be prepared starting from
(trimethylsilyl)ethoxy (TMSE) substituted 2H-1,2-ox-
azine syn-6. Stereoselective synthesis of syn-6 was
smoothly achieved in 76% yield by addition of lithiated
(trimethylsilyl)ethoxyallene8 to the D-glyceraldehyde de-
rived nitrone using our standard procedure.1,9 Treatment
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of syn-6 with pyridinium hydrogen fluoride (30% pyri-
dine, 70% HF) in dichloromethane led to semiacetal 7 as
a single isomer. Using the same reagent and adding an ex-
cess of pyridine (85% pyridine, 15% HF) to reduce the
acidity of the solution afforded bicyclic acetal 8 in similar
yield (Scheme 3). The mechanism of this reaction is not
exactly known, however, it is well known that HF·py
cleaves silyl ethers10 as well as the dioxolane group.11

Thus, acetal 8 is likely to be an intermediate during the
formation of 7.

Scheme 3

Interestingly, the reaction of syn-6 with boron trifluoride
etherate led to a novel bicyclic compound 9 where the 1,2-
oxazine ring is bridged by a newly formed pyran ring
(Scheme 4). This reaction can be understood as an aldol
type reaction between the dioxolane acetal and the enol
ether.12 Related intramolecular reactions between enol
ethers and acetals are described in literature.13 BF3 proba-
bly coordinates to the less hindered oxygen of the diox-
olane group and provides an intermediate carbenium ion
which attacks the enol ether double bond to form 9 as sin-
gle diastereomer. However, there must also be a crucial
influence of the TMSE group because the treatment of
syn-1 with BF3�OEt2 under identical conditions afforded
only acetal 2 in low yields. Subsequent protection of the
primary hydroxy group of 9 with TBSOTf followed by
stereoselective reduction of the carbonyl group with sodi-
um borohydride led to bicyclic alcohol 10, whose struc-
ture was proved by NOE experiments. Debenzylation and
N–O bond cleavage with hydrogen in the presence of pal-
ladium on charcoal produced pyran derivative 11. This se-
quence opens a new entry to unnatural and highly
functionalised amino sugar derivatives.

In summary, we have shown a new short route to highly
functionalised enantiopure amino sugar derivatives, like
furan derivatives 4 and 5 and pyran 11. They are all acces-
sible in a few straightforward steps from 1,2-oxazines 1
and 6. As these 1,2-oxazines are easy prepared from chiral
nitrones and alkoxyallenes, this again demonstrates the

versatility of these allenes as valuable C3 building blocks
in stereoselective organic synthesis.14
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