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High-yielding endo-selective intramolecular nitrone  —alkene cycloaddition (INAC) reactions of hept-6-enoses controlled by a trans -acetonide to
give bridged bicyclo[4.2.1]isoxazolidines exclusively are realized for the first time. The cycloadducts were readily transformed into calystegine,
tropane, and hydroxylated aminocycloheptane frameworks.

Intramolecular nitronealkene cycloaddition (INAC) is a  a cyclohexane skeleton. However, the regio- and diastereo-
versatile and important synthetic method for the preparation selectivity of these INAC reactions have not been rational-

of polyhydroxylated carbocycles from sugar$he exo or ized.
the endomode of INAC cyclization leads to a fused or a  The bridged bicyclo[4.2.1]isoxazoliding is a versatile
bridged isoxazolidine, respectively (Schemé 1). synthetic intermediate because, upon hydrogenolysis of the

_There are only two exampfésf the formation of a bridged  N—0 bond, it provides the skeleton of aminocycloheptanol
bicyclo[4.2.1] system, i.e., a cycloheptane skeleton from

branched sugars, but many examplesunbranched hept-
6-enose derivatives give a fused bicyclo[4.3.0] system, i.e.,

Scheme 1. The Two Modes of INAC Cyclization
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2, proven to be a new class of glycosidase inhibitor. | NG

Synthetic manipulation o2 could lead to alkaloid tropane
3® and calystegine4® that exhibits specific glycosidase
inhibition” (Scheme 2). Optically active tropanes are still in

Scheme 2. Catalytic Hydrogenolysis of the NO Bond in
Isoxazolidinel and Subsequent Transformation
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demand for neuroscience resedrahd the chemotherapeutic
use of glycosidase inhibitors as antitumor, antiviral, and
antidiabetic agents has been recognizddhus stereocon-
trolled endo-selective INAC reactions of hept-6-enoses to
give bridged bicyclo[4.2.1]isoxazolidines are highly desir-
able. The present letter reports the usé¢rafis-acetonide to
effect such regioselectivity for the first time and the facile
conversion of the cycloadducts into two calystegih8sind
20, one tropang2, and one hydroxylated aminocycloheptane
24,

Recently, we reportéfl that exo-INAC cyclization was
the preferred pathway for hept-6-enoses containingsa
acetonide to give fused isoxazolidine exclusively whereas
hept-6-enoses with a 2@3-trans-diacetal gave a mixture of

fused (cyclohexane) and bridged (cycloheptane) isoxazo-

lidines. We reasoned that a more rigid diol blocking group
such as dransacetonide would favor thendomode of
cyclization. Computational studies of INAC of debenzyl
D-lyxo-hept-6-enosé containing a 3,4-trans-acetonide show
that theendo-TSba (leading to a cycloheptane) is about 4.2
kcal mol* more stable thamxo-TS5b (leading to a cis-
fused cyclohexané}.To our delight, treatment &, readily
available fronmp-ribose (vide infra), witiN-methylhydroxyl-
amine in acetonitrile indeed afforded exclusively bridged
bicyclo[4.2.1]isoxazolidine7 in excellent yield (Table 1).
The INAC should proceed through a chairlike TS with the
3,4-trans-diequatorial acetonide. We believed that efficient
overlap of bonding orbitals could only be feasible with
cycloheptane-endo-TSa that experiences less torsional
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Table 1. endo-Selective INAC Reactions of Hept-6-enoses

entry® aldehyde” cycloadduct yield®
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a For experimental details and X-ray crystallographic structures, see the
Supporting Information? With N-methylhydroxylamine¢ With N-benzyl-
hydroxylamine @ Not charaterized® Overall isolated yield from the cor-
responding diol or alcohol.

strain than cyclohexane-exo-T&h, leading to exclusive
formation of 7. Furthermore, INAC ofb-xylo-8, L-gluco-
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11, and p-ido-14 hept-6-enoses all gave cycloheptanes
exclusively in excellent yields (Table 1). The stereochemistry
of the only or major heterocycle appears to be controlled by
the OR group at C-2. The new-\ bond is anti to the axial
OR-2 (entry 1) and syn to the equatorial OR-2 (entriedR—
With [4.2.1]isoxazolidines readily in hand, transformation

into the target molecules is straightforward (Scheme 3). For
example, deacetonation @fgave diol 16 that underwent
regioselective oxidation to give ketord&. Hydrogenolysis

of the N—O bond and the benzylic €O bond in 17
produced a calystegine B analogli®. Debenzoylation of
12 or 15 followed by oxidation afforded keton&9 that
yielded (S)-3-hydroxycalystegines 20 upon deprotection.
Toward tropane synthesis, cycloaddui8twvas debenzoylated
and then mesylated to give mesyl&&. Sequential acid
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Scheme 3. Transformation of Cycloadduct® 12 or 15, and Scheme 4. Syntheses of INAC Precursors
13
OH OH
HQ
meN~8 MeN "] Ne HOW 1) acetone, H", _)J—.1 aq AcOH. 87% , ¢
aq TFA Acz0, DMSO Pd/IC.H> o 25 éH OH 2) BnBr, NaH ﬂx’ 2) NalOy4, silica gel
7 "o0% Bno" N 8% o 87% Ho 70% from D-ribose
: ; OAc
HO 150H ) 18 HO \x/\/\/
7 _1)aq AcOH, 86%
. 1) acetone, H',
Bn N/Q oH Ho oH 2):?28”:&3 Q 2) NalOs, silica gel 8
12.or2K2C0s MeOH o aMTFA O — N 27 OH OH 55%from D'arabinose x 28
15 b IBX1%£1)‘Z; o o b. Pd/C, H, .

Bro 4 ot HO oH
o P ° uo  NH2 OH 0o
19 7{ 20 o~
0\/X_/CHO ZMgBy 0 _1)Bzcl HO o,
B~ - L THF "— 2) aq AcOH
3 a. K2COs, MeOH oMs 2-39TFA H%o C><0 x
o msc,omap o/ b_Raney Ni, NaHCOs » » 30 SOH.28% 32 sosz 96%
100% 5 o. PAIC. Hy 86% oH 31 ROH. 18% 33 ROBz, 91%

I .
2 O 2 Bn OBz
B OH 1) TBSCI, imidazole H / __IBX "
" K2COs3, MeOH wop 224 TFA HzN wOH 2) BnO(CCl3)C=NH, H* z or
100% I / b. PdIC, H2 9% HO" N, 3) TBAF, THF x 14
07£ 24 HO 34 S-OBz,80%
2 35 R-OBz, 80%

hydrolysis, N—O bond cleavage with concomitant nucleo- tg give bridged bicyclo[4.2.1]isoxazolidines are realized for
philic displacement, and debenzylation @i produced  {ne first time. This opens a facile synthetic avenue to optically

tropane22. Synthesis of a hydroxylated aminocycloheptane active calystegines, tropanes, and hydroxylated aminocyclo-
is also shown in Scheme 3 in whidl8 was debenzoylated heptanes for biological evaluation.

to alcohol23 that was hydrolyzed and then hydrogenolyzed
to give 24.

Preparation of INAC precursors is shown in Scheme 4.
Indium mediated aqueous allylatittnof p-ribose andp-
arabinose gave alkenezb and 27 which were readily
converted into aldehydesand8, respectively. Acetonation
of p-xylose afforded aldehyd®9® which immediately
underwent vinylation to give epimeric alcohd@® and 31
in 28% and 18% respective overall yields. Both alcol&fls
and 31 were transformed readily into aldehyd&$ or 14,
respectively. ) ) ] - )

In conclusion, high-yielding and exclusivendo-INAC Supporting Information Available: Additional informa-

reactions of hept-6-enoses controlled byrans-acetonide tion, experimental procedures, and product characterization.
This material is available free of charge via the Internet at
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