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The first successful catalytic oxidation procedure for the chemoselective conversion of imines to nitrones is reported. The reaction is general,
high yielding, and user and environmentally friendly, and furnishes a solution to the yet unanswered issue of regioselective access to nitrones

by oxidation of nitrogen derivatives.

Nitronesl are useful and versatile intermediates for organic

amines compared to hydroxylamines. However, the general

syntheses. They behave as electrophiles toward organoviability of oxidation methods has been hampered by

metallics and as 1,3-dipoles in cycloadditidnRecently,
novel modes of reaction promoted by metal derivatives have
been discoveretiMoreover, nitrones have relevant applica-
tions as spin traps in biological studiemnd as therapeutics

in age-related diseasé§he most common procedures for
the preparation of nitrones consist of condensation of
aldehydes withN-monosubstituted hydroxylamines and
oxidation of secondary amines NiN-disubstituted hydroxyl-
aminest® The direct catalytic oxidation of aminfess
particularly convenient, due to the greater availability of
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unresolved regioselectivity issues when unsymmetrical sub-
strates are involve®® In this paper, we report the first
successful catalytic oxidation procedure for the chemo-
selective conversion of imines to nitrones. It represents a
breakthrough in the chemistry of these compounds, which
become accessible regioselectively with a simple and straight-
forward oxidative approach. The reaction is general and
simple, being performed with urea hydrogen peroxide (UHP)
and a catalytic amount (2 mol %) of methyltrioxorhenium
(MTO, CH3;Re(;) in MeOH at room temperature. Oxidation
of imines 2, readily available in a regiospecific manner by
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condensation of aldehydes with primary amibspbviously
an attractive way for accessing nitrones. Unfortunately,
oxidation of imines to nitrones (Scheme 1, path A) is not an

Scheme 1. Oxidation of Imines2 to Nitrones1 or
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optimized MTO-catalyzed oxidation of imin€a—v to the
corresponding nitroneka—v are shown in Table 1. Imines
2a—r have been prepared by condensation of aldehydes with
primary amines and pyrrolineds—v by HCI elimination
from the correspondinfl-chloroamines. Remarkably, pyr-
roline (and tetrahydropyridine) ketimines and aldimines, e.g.,
2u and2v, are both accessible regioselectively from the same
2-substituted\-chloroamines by elimination with different
bases? Oxidations have been performed with 2 mol % of
MTO and urea hydrogen peroxide (UHP) as the stoichio-
metric oxidant. UHP is a solid complex used as a practical
and safe source of .. It conveniently replaces hydrogen
peroxide aqueous solutions when compounds sensitive to

easy task. Only one procedure, employing excess permany, qo\vsis, such as and, are involved. All of the substrates

ganate under phase-transfer conditittis,quite general and
affords reasonable yields. However, serious drawbacks
concerning selectivity:!* and failure to afford the desired
nitrones from cyclic imine's were reported. Imines may yield
several products by oxidation and control of selectivity is
challengingt® Oxaziridines3 are the most common oxidation
products with a variety of reagents (path B}* In some

reached complete conversion, apart from imRee This
suggested that bulky substituents have detrimental effects
on reactivity, as proved by the low yields in entries 17 and
18. N-Arylnitrones are known to suffer from low stability
under a variety of condition®. This may account for the
moderate yield obtained for nitrorie (Table 1, entry 3).
The oxidation was highly selective; the crude reaction

instances, they may rearrange to nitrones under acid catalysig,;.1res showed no trace of oxaziridines or other oxidation

(path C)!® Other oxidants gave amides or rearranged
compound$-16 Only a few of these procedures employed
environmentally benign oxidants with metal cataly<tsi

It is noteworthy that no catalytic procedure for the oxidation
of imines to nitrones has been reported so far. Recently,
methyltrioxorhenium (MTO) became popular as a catalyst
for alkene epoxidatio®’ Hydrogen peroxide is the usual
stoichiometric oxidant, responsible for formation of the
catalytically active peroxorhenium speciésSeveral other
functional groups have been oxidized by MT@@4. During

our studies in this area, we noticed thHdtoxidation of
nitrogenated compounds by MTO occurs reaifi 8 There-
fore, we envisaged that MTO might serve as a suitable
catalyst for oxidizing imines to nitrones. The results of
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products, but only minor amounts of hydrolysis compounds
in few cases. Variations in peroxometal catalytic species,
H,0, source, and solvent used resulted in poorer conversion
and/or yield. MTO was much more effective than other
related catalysts: for example, N8O,/UHP in MeOH did
oxidize 2a to nitrone 1a, but only 35% conversion was
achieved after 21 h. We were surprised at the different
chemoselectivity reported for the oxidation of imines with
Na,WO4/H,0; in acetonitrile, which were claimed to afford
oxaziridines only* However, in our hands, this reaction gave
no detectable amount of any oxidation product from imine
2e. Similarly, MTO/H,0O, in acetonitrile gave only 20%
conversion of2e after 16 h, producing a complex mixture
containing only trace amount of nitrorde and oxaziridine

3e This finding confirmed the paramount importance of
using alcoholic solvents in MTO-catalyzed oxidations of
nitrogenated compounds. Our experimental data suggest that
nitrones are formed by diredt-oxidation!® i.e., attack of

the lone pair of the imine nitrogen atom to the peroxo moiety
of the active Re catalyst. Accordingly, the reaction is only
barely sensitive to electronic substituent effects. Intermediate
formation of an oxaziridine rearranging to a nitrone was ruled
out. Indeed, oxaziridin8b, synthesized according to a known
proceduréd? was unaffected by treatment with MTO or
MTO/UHP in MeOH. Concerning the fundamental issue of
regioselective formation of nitrones, entries 9, 15, 21, and
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Table 1. Catalytic Oxidation of ImineRa—v?

entry imine 2 nitrone 1 time  yield entry imine 2 nitrone 1 time yield
() (%) (%)’
1 A SR AR 6 78 15 20 60
' o Ph SN ph Ph SNTPh
2a: Ar=Ph, R=PhCH, o~
1a 20
1o
2 2b: Ar=Ph, R=n-Bu 1b 4 85
16 g R o 1 50
|
3 2c: Ar=Ph, R=Ph 1c 0.5 50 2p: R=n-Pr, o]
R'=PhCH 1
4 2d: Ar=4-O,NC¢H,, 1d 6 74 2 P
R=PhCH,
17 2q: R=r-Bu, 1q 5 32°
1
5 2e: Ar4-O.NCeH,., le 308 R'=PhCH,
R=n-Bu
18 ors ORe 72 29
6 2f Ar=2-Naphthyl,  1f B3 7 Ag\g&\w;\c A;@Dé/’\\\/om
_ N= N=
R=PhCH, — %
o Ir
7  2g: Ar=2-Naphthyl, 1g 6 76 2r: R=4-MeOCeH,
R=n-Bu
9 [ O .
8 2h: Ar=3-MecOC4H,, 1h 4.5 71 N N+
R=PhCH, 25 o~
1s
9  2i: Ar=3-MeOCgH,, 1i 3 88
R=4-MeOC¢H,CH, 20 RO? OR RO," OR 1.5 50
10 2j: Ar=3-MeOCeH,,  1j 3 80 N N
=n-B L
Bl 2t: R=TBDMS ©
1t
11 2k: Ar=4-MeOC¢H,, 1k 3.5 81
R=PhCH,
21 Q\/OTBDMS (:/X/OTBDMS 2 95
12 2I: A=4-MeOCgH;, 11 2 80 o
R=4-MCOC6H4CH2 2u
1u
13 2m: Ar=4-MeOCgH,;, 1m 1.5 68
R=n-Bu
22 Q\,OTBDMS Q\/OTBDMS 0.5 97
14 prr xSy -CHaPh P XY CH2Ph 1 76 61
o- 2v
2n 1n 1v

aReaction conditions: imin2 (1 mmol), CHReG; (2 mol %), HOxurea (3 equiv), MeOH (2 mL), rt. All reactions reached complete conversion, unless
otherwise stated Yields of isolated pure nitrone§50% conversiond 4 mol % of MTO.

22 nicely illustrate the tremendous advantage of this method Methyl)benzylnitrones (such ago) have been widely
compared to oxidation of amines or hydroxylamines. Ni- employed in enantioselective syntheses, happendage
trones1i, 1o, 1u, and 1v were produced selectively. In  serving as a chiral auxiliars? Their synthesis relies on a
contrast, oxidation with MTO/UHPd of the aminest and lengthy procedure for preparing the chiral hydroxylamine
5 gave inseparable equimolar mixtures of regioisomeric to be reacted with the desired aldehy#&®Vith this method,
nitrones 1i/1i" and 1u/lv, respectively (Scheme 2). This (a-methyl)benzylamine, inexpensive and available in both
method allowed easy access to chiral nitrones (&a.1r,

1t, 1v), useful synthetic intermediatéSwithout any loss of (23) Comparison of the specific rotation of the known nitrdrewith
optical purity?® Particularly meaningful are the syntheses the value reported in the literature (Goti, A.; Cardona, F.; Brandi, A.; Picasso,
of nitronesl_o apd 1v. Preparation of nitrones related 1o ;;L’;gp‘;'g,,fﬁ 'T(ﬁtzrzihid;gg é Sly.[)nsn,1 eé?igcgégi [Ti‘t-lﬁz?lz’;eﬂz%Pgo(\éef-?tglys
via other oxidation procedures was troublesome and occurredcHcl)].

with low vields and an absence of selectiVifyN-(a- (24) Closa, M.; de March, P.; Figueredo, M.; Font, Tetrahedron:
y fyN-( Asymmetryl997 8, 1031-1037.
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Scheme 2. Oxidation of Secondary Amine$and5 to
Nitrones
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enantiomeric forms, can be condensed directly with alde-
hydes to afford imines such &, which are oxidized to

nitrones. In conclusion, we have developed the first catalytic
version of the troublesome oxidation of imines to nitrones,
which offers a solution to the yet unanswered issue of

derivatives by oxidative means. This new reaction is user
and environmentally friendly, being simple to perform,
occurring under mild conditions and with high atom economy,
and releasing only water as coproduct. The scope and
application of this catalytic procedure is currently being
investigated in our laboratories.
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