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Intramolecular nitrile oxide

—alkene cycloaddition (INOC) of sugar derivatives with one to four free hydroxyl group(s) is reported. The INOC

reaction, using chloramine-T, in the presence of silica gel, to generate nitrile oxides from oximes, proceeded smoothly to afford five- or
six-membered carbocycles in good to excellent yields. This new methodology alleviates protection/deprotection steps and makes the synthetic

route shorter and more efficient.

Intramolecular nitrile oxide-alkene cycloaddition (INOC)
and intramolecular nitronealkene cycloaddition (INAC) are
versatile synthetic tools for the fabrication of fully func-
tionalized carbocycles of different ring sizes from sudars.

The heavily oxygenated carbocycles prepared via the
INOC reaction are valuable precursors for the syntheses

of cyclopentanoid and cyclohexanoid natural products
and analogues. Examples are cyclophelfitdiehazolint®
(+)-gabosines C and Eglycosidase inhibitors aminocyclo-
pentitolst9 and carbocyclic nucleosides noraristeromycin and
neplanocin A"
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Scheme 1. Formation of Oximolacton (an Undesired

Reaction)
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Magnesium ion mediated intermolecular cycloaddition of
nitrile oxides with allyl alcohols is knowH;* but the alco-
hol in nitrile oxide is protected. Most INOC reactions of
sugar derivatives proceed with masked hydroxyl grdtips?
Only two examples have been realized in the presence of a
free hydroxyl group at thé position® INOC of sugar deriv-
atives with free hydroxyl group(s) present in other positions
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Table 1. INOC of Substrates8, 5, 7, and9 under Different Conditions

entry reaction entry reaction
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W NaOCl (ag) m 1) NH,0H N NN
1 0.0 CHLCI, 0°C o o 2)Chloram|neT
< < 9 SIS
3 4(38%
HO'N | 7 2 (33° 8 (53%)
Chloramine-T_ ChloramlneT HO"..
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MeO" MeO"} OH
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has not been reported. This paper describes, using chloramthe electrophilic carbon of nitrile oxidg, forming oximo-

ine-T/silica gel to generate nitrile oxide from oxime, success- lactone2* as the side product (Scheme 1 and entry 3 in

ful INOC of sugar derivatives with free hydroxyl groups that Table 1).

alleviate protection/deprotection steps which, in turn, renders Common reagents for the conversion of oxime into nitrile

the various synthetic schemes shorter and more efficient. oxide include NaOCI, NaOCI with NEtandN-chlorosuc-
The nitrile oxides derived from sugars are highly oxygen- cinimide with NEg° Such reaction conditions are basic

ated, and the free hydroxyl group, when present, could attackenough to deprotonate the hydroxyl function and increase

Table 2. INOC Using Chloramine-T and Silica Gel

entry reaction entry reaction
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its nucleophilicity. Hence, the formation of the undesired |G

oximolactone product is enhanced. A new nonbasic method
for the transformation of oximes derived from sugars into
nitrile oxides is therefore warranted. Reaction of oxife
with aqueous NaOCI| gave an oximolactone that was
hydrolyzed immediately to afford lactor® in 38% yield
(entry 1). Stirring oxime$ or 9 with aqueous NaOCI resulted

in decomposition of the starting material and provided no
cycloadducts. Condensation of lactalith NH,OH afforded

an oxime that was oxidized with aqueous NaOCI to give
the unwanted oximolactor#* exclusively (entry 3).

Chloramine-T has been reported for the generation of
nitrile oxides from oximes, and by applying such conditions
to oxime5, the oxime derived from lactdl, and oxime9,
the corresponding isoxazolinés8,2 and1(° were obtained,
respectively, but in moderate yields (entries 2, 4, and 5).
The formation of the undesired oximolactahenight be the
major reason for the moderate yields (entry 4).

Silica gel was therefore added together with chloramine-T
to attain a slightly acidic environment for the INOC reactions
of substrates having one to four free hydroxyl group(s), and
the results are summarized in Table 2. With this new
methodology, isoxazolinekl and12 were obtained for the
first time from oxime3 in a combined yield of 79% (entry
6). Oxime 5 now gave a much improved 94% vyield of
isoxazoline6 (entry 7, cf. entry 2). Similar improvements
in reaction yields were also observed with substratasd
9 (entries 8 and 9). Applying the silica gel mediated reaction
conditions to other substrates afforded the desired five-

membered or six-membered carbocycles in good to excellent

yields (entries 16-17). For substrat@7, two isoxazolines
were obtained after the INOC reaction which were insepa-
rable by column chromatography; these were converted into
the acetate28 and29to allow chromatographic separation.
The combined overall yield for the four-step transformation
was a respectable 73%.

All the substrates employed for the INOC reactions were

synthesized from carbohydrates, and their preparations are

shown in Scheme 2.
Diacetonide 329 readily available fromp-mannose,
reacted with excess allylmagnesium bromide to give alkene
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Scheme 2. Preparation of Substrates
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33 with 5:1 diastereoselectivity. Selective hydrolysis of the
terminal isopropylidene group iB83, followed by glycol
oxidative cleavage, was performed with periodic &tid
one pot to furnish lactd4in 79% yield. Oximation of lactol
34 then gave substratgin quantitative yield. Benzyp-L-
arabinopyranoside35,'?> prepared from glycosidation of
L-arabinose, was protected withrans-diacetal ring to give
acetal36. Upon hydrogenolysis and allylation, alkengs
and 23 were harvested from36 in equal amounts. Alkene
37 was then converted into substrd&dy glycol oxidative
cleavage and oximation. Alken88 and40, prepared from

(11) Wu, W. L.; Wu, Y. L.J. Org. Chem1993 58, 3586-3588.
(12) Kawasaki, M.; Matsuda, F.; Terashima,T&trahedron1988 44,

5695-5711.
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p-mannose according to the literatdfayere readily trans-
formed into substrated and 13 with periodic acid.

lodide41, constructed from methyl-p-glucopyranosidé?
was reacted with ziri€ to give lactol42 that was converted
into substrated after oximation. Substrateks,'® 17,6 and
20 were prepared from-ribose according to the literature.
Diol 43was obtained from»-mannose in three stepsGlycol
oxidative cleavage of diod3, followed by vinylation,
afforded substratezb and27in equal amounts. Starting from
p-galactose, alkend4 was prepared in three steffsAcid
hydrolysis of alkenel4 with TFA furnished substratg0in
92% vyield.

To conclude, INOC reactions that use chloramine-T and
silica gel in ethanol to generate the nitrile oxide from the
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122, 8444-8452.
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Chem.2006 71, 3253-3263.
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3536.
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oxime proceed smoothly with unmasked hydroxyl group(s)

to give the desired isoxazolines in good to excellent yields.
A general method for the construction of highly function-

alized five- and six-membered carbocycles from sugar
derivatives via the INOC strategy is now revealed. This new
methodology alleviates protection/deprotection steps and
makes the entire synthetic avenue shorter and more efficient.
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