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7) ABSTRACT

Nitrone derivatives are efficiently prepared by increasing
reagent concentrations in reaction solutions. Aldehydes and
amines may be condensed to prepare an imine intermediate.
Elimination of the solution media generally renders the
imine formation more efficient. The imine is then reacted
with a peroxysulfate oxidizing agent in a solution having at
least about 0.1M concentration of the imine. The oxaziridine
is rearranged to produce the nitrone derivative in high yield
and good purity.
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PREPARATION OF NITRONE DERIVATIVES

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention is directed toward a method
of preparing nitrone derivatives, and in particular, for pre-
paring nitrone derivatives from a imine intermediate.

[0003] 2. Description of the Related Art

[0004] Nitrones are useful intermediates in a wide variety
of applications. For example, nitrones are important as
intermediates in organic synthesis, particularly in [3+2]
cyclo addition reactions. Nitrones are excellent 1,3-dipoles
and capable of reacting with double and triple bonds to form
5-membered heterocyclic ring structures. For example, isox-
azolines and isoxazoles are formed by reacting nitrones with
carbon-carbon double and triple bonds respectively. Accord-
ingly, nitrones have been utilized for synthesizing various
nitrogen containing biologically active compounds, for
example, antibiotics, alkyloids, amino sugars, and beta-
lactams.

[0005] In addition, nitrones are also known for their ability
to act as efficient free radical “spin traps”. Nitrones behave
as spin trapping agents when a diamagnetic nitrone (the spin
trap) reacts with a transient free radical (having a spin) to
provide a more stable free radical (referred to as the spin
adduct). More specifically, a very reactive oxygen-centered
or carbon-centered free radical reacts with the nitrone to
generate a new and very stable nitroxide radical adduct. The
radical adduct generated may be detectable by electron
para-magnetic resonance (EPR) spectroscopy if the stabi-
lized free radical has a reasonable lifetime. Further, infor-
mation about a spin of a radical can be gleaned from a study
of the structure and spectroscopic characteristics of the new
radical adduct due to the increased radical stability and
lifetime. Thus, techniques utilizing nitrone spin trapping
agents are an important method for garnering information on
free radicals otherwise difficult or impossible to detect by
direct spectroscopic observation due to their exceedingly
short lifetimes and low concentrations.

[0006] Techniques utilizing nitrone spin trapping agents
are also useful for studying free radical responses in bio-
logical systems. For example, the toxicity of a synthetic beta
amyloid peptide preparation towards glutamine synthesis
could be correlated with the characteristics of an EPR signal
generated by the spin adduct formed from each batch of
synthetic beta amyloid peptide and spin trap. U.S. Pat. No.
6,107,315, issued to Carney, discloses the use of a spin
trapping reagent, such as a-phenyl-N-tert-butyl nitrone
(PBN), in a suitable pharmaceutical carrier for administra-
tion to a patient for the treatment of symptoms associated
with aging or other conditions associated with oxidative
tissue damage. U.S. Pat. No. 5,723,502, issued to Proctor,
discloses a method for ameliorating a cellular dysfunction of
a tissue, such as the cosmetic treatment of hair loss and
stimulation of hair growth, by administering a nitrone spin
trap, such as PBN, to the affected tissue.

[0007] More recently, the usefulness of free radical/ni-
trone reactions has been exploited outside the biological
field in the areas of rubber antioxidant protection, controlled
radical polymerizations, and polymer/filler interactions.
Nitrone derivatives as spin trapping agents are useful in
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controlling or regulating the rate of polymerization in a
polymerization reaction. More specifically, the presence of a
stable nitrone free radical during the polymerization or
copolymerization of monomers provides for control of poly-
merization and results in polymers having a relatively nar-
row polydispersity, relative to polymers formed in the
absence of a stable nitrone free radical. For example, U.S.
Pat. No. 6,333,381 issued to Asada discloses the use of PBN
to control the polymerization of various types of rubbers.

[0008] There are many proposed methods for the synthesis
of nitrone derivatives. One proposed method prepares
nitrones directly by condensing an aldehyde and a hydroxy-
lamine. Comprehensive Organic Chemistry, vol. 2, pp 196-
201, Pergamon Press, (1979). This reference specifically
teaches the condensation of benzaldehyde and N-t-butyl
hydroxylamine to produce PBN and water. However, many
hydroxylamines are either unstable, unavailable and/or
expensive. N-t-butyl hydroxylamine, in particular, can be
prepared by the reduction of 2-methyl 2-nitropropane, a
relatively expensive starting material, with zinc-amalgam or
aluminum-amalgam, both of which are heavy metal salt
catalysts which present environmental hazards and other
problems related to disposal. Another proposed method
involves a one-pot generation of PBN from benzaldehyde
and 2-methyl 2-nitropropane. Journal of Organic Chemistry,
vol. 50, pg. 1531 (1985). This method, while simple to
conduct on a small scale is costly to scale-up due to the use
of expensive 2-methyl 2-nitropropane and zinc as a catalyst.
The zinc presents the disposal drawbacks discussed above.

[0009] Exotic catalysts have been developed and utilized
in an effort to efficiently prepare nitrone derivatives directly
from starting materials. In one method, nitrones have been
prepared by oxidizing alkyl-alpha-amino acids with a tung-
state catalyst in dichloromethane. Journal of Organic Chem-
istry, vol. 59, pg. 6170 (1994). Similarly, methyl trioxorhe-
nium (MTO) has been used as a catalyst to oxidize
secondary amines directly to nitrones. Journal of Organic
Chemistry, vol. 61, pg. 8099 (1996). Still further, perman-
ganate oxidizing agents have been proposed for producing
nitrones by directly oxidizing an amine to a nitrone. Journal
of Organic Chemistry, vol. 54, pg. 126 (1989). However,
these methods suffer from the use of expensive heavy-metal
catalysts, chlorinated and toxic solvents, strongly acidic and
dangerous oxidizing agents, and/or commercially unavail-
able starting materials, all of which adds to the time and
effort involved in preparing the nitrone derivatives. Further,
the use of heavy-metal catalysts limits the utility of these
methods on a large scale because of the large amounts of
catalyst required and costs involved.

[0010] In addition to the proposals for the direct prepara-
tion of nitrone derivatives from aldehyde starting-materials,
multi-step procedures have been proposed. See, for
example, European Patent No. WO 0002848. However,
these processes suffer from drawbacks. Each reaction inter-
mediate must generally be purified. Additionally, azeotropic
solvents, such as toluene, are used to remove water in a
lengthy and time-consuming reaction. Further, expensive
oxidizing agents are used. For example, one method uses
meta-chloroperbenzoic acid (m-CPBA) as an oxidizing
agent, which is converted to its sodium salt during the
oxidation reaction. This by-product must be separated and
discarded prior to performing the next step.
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[0011] Thus, there is a need to provide a method for the
preparation of nitrone derivatives, such as PBN, which omits
the use of heavy-metal catalysts and oxidizing agents that
are hazardous and expensive. Further, it is desirable to
provide a method which utilizes inexpensive starting mate-
rials. Still further, it is desirable to provide a method which
is efficient and cost-effective on a commercial scale.

SUMMARY OF THE INVENTION

[0012] The present invention overcomes the above-men-
tioned drawbacks by providing an efficient method for the
preparation of nitrone derivatives. To this end, and in
accordance with the principles of the present invention, one
aspect of the invention is directed to a method of preparing
nitrone derivatives having a general formula (I)

o

R!—HC=N*—R?

[0013] wherein R' and R?, are independently selected
from the group consisting of substituted or unsubstituted
straight, branched, or cyclic alkyl, alkenyl, alkynyl, aryl,
heteroaryl, alkaryl, alkoxyl, halo-alkyl, and combinations
thereof. Alternatively, R' and R* taken together with the
carbon and nitrogen to which they are attached form a 5-8
membered ring. The method includes the steps of:

[0014] reacting an imine compound having a general
formula (II)

R!—C=N—R?

H

[0015] wherein R! and R? are as defined above, with an
oxidizing agent having a general formula (IIT)

(R*0—S(0),00 R%),

[0016] wherein R*® and R®, independently, are selected
from the group consisting of NH,, Na, K, Li, and a substi-
tuted or unsubstituted straight, branched or cyclic C,-C,,
alkyl, and n is an integer selected from 1, 2, and 3, in an inert
solution to form an oxaziridine compound having a general
formula (IV)

Rl—g—N—Rz

[0017] wherein R' and R? are as defined above and the
imine compound of formula (IT) is present in a concentration
of at least about 0.1M in the solution; and

[0018] rearranging the oxaziridine compound of for-
mula (IV) to form a nitrone compound of formula (I).
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[0019] Another aspect of the invention is directed to a
method of preparing nitrone derivatives having a general
formula (VII)

RE

RS

[0020] wherein R®, R®, R7, R® and R® are independently
selected from the group consisting of H, substituted or
unsubstituted straight, branched, or cyclic alkyl, alkenyl,
alkynyl, aryl, heteroaryl, alkaryl, alkoxyl, halo, cyano, nitro,
and combinations thereof, alternatively any two adjacent R,
R® R7, R® and R® groups taken together with the carbons to
which they are attached form a 5-8 membered ring including
0-2 heteroatoms selected from the group consisting of O, N,
and S, and

[0021] R is a substituted or unsubstituted straight,
branched, or cyclic alkyl, the method comprising the steps
of:

[0022] (a) reacting an aldehyde compound having a
general formula (VIII)

RE

RS

[0023] wherein R®, R®, R, R® and R® are as defined in
general formula (VII), with an amine compound having a
general formula (IX)

NH,—R*°,

[0024] wherein R' is as defined in general formula (VII),
to form an imine compound having a general formula (X)

R6
R R’
R® N\Rm
R’ H
[0025] wherein R®, R%, R7, R®, R® and R are as defined

in general formula (VID);

[0026] (b) reacting the imine compound of formula
(X) with an oxidizing agent having a general formula
(XD)

(R"'0—sS(0),00 R,
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[0027] wherein R™ and R'?, independently, are selected
from the group consisting of NH,, Na, K, Li, and straight,
branched or cyclic C;-C,, alkyl, and n is an integer selected
from 1, 2, and 3, in an inert solution having at least about
0.1M concentration of the imine compound in the solution,
to form an oxaziridine compound having a general formula
(XIn)

RE

R’ R®

o—z—=
5

R® H

[0028] wherein R®, R®, R7, R®, R? and R*° are as defined
in general formula (VII); and

[0029] (c) rearranging the oxaziridine compound of
formula (XII) to form the nitrone compound of
formula (VII).

[0030] Surprisingly and unexpectedly, an imine may be
efficiently and effectively converted to a corresponding
oxaziridine at high concentrations in solution. Particularly,
imine concentrations of at least about 0.1M (molar concen-
tration) or higher in the reaction solution enhance the rate of
the oxaziridine formation. Advantageously, the imine con-
centration may be in a range of from about 0.1M to about
1.0M, and more advantageously from about 0.5M to about
1.0M. High imine concentrations provide a savings in terms
of reagent costs and time. These savings generally magnify
as the scale of the nitrone preparation increases.

[0031] The imine is oxidized with a peroxysulfate oxidiz-
ing agent to form an oxaziridine. Advantageously, the oxi-
dizing agent is a mono-peroxy sulfate compound. In one
embodiment of the present invention, the oxidizing agent is
a potassium monoperoxysulfate compound commercially
available from the Aldrich Chemical Co., Milwaukee, WI,
and sold under the brand name of Oxone®. Oxone® is
inexpensive relative to the prior art catalysts and forms the
oxaziridine quickly depending on the concentration of the
reagents in solution. Oxone® readily lends itself to large-
scale preparations.

[0032] The oxaziridine intermediate is then rearranged to
open the oxaziridine ring and form the desired nitrone
derivative. Rearrangement may be accomplished in a variety
of conventional methods, such as for example, by the use of
heat in the presence of a high-boiling solvent, such as
toluene or xylene. In one embodiment of the present inven-
tion, thermal rearrangement occurs in a temperature range of
from about 110° C. to about 150° C. In another embodiment,
thermal rearrangement occurs absent a diluent or solvent-
medium, thereby providing a crude, reasonably pure nitrone
derivative in high yield. The rearrangement generally occurs
rather quickly and may be complete in as little as 15 minutes
or it may require a few hours. Omission of a solvent
generally reduces reaction time.
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[0033] The imine starting material may be commercially
purchased or synthetically prepared. If desired, the imine
may be prepared by a condensation reaction between an
aldehyde and a primary amine. In one embodiment of the
present invention, the imine precursor for a-phenyl-N-tert-
butyl nitrone (PBN) is prepared by combining benzaldehyde
and t-butyl amine at room temperature, in the absence of a
solvent, to form the corresponding benzylidene-t-butyl
amine (imine) and water. It was found that the resulting
imine was sufficiently pure for use in the next step without
the need for purification or removal of water by-product
contained therein. Thus, the present method reduces time
and cost, and improves efficiency, in comparison with tra-
ditional transformations.

[0034] By virtue of the foregoing, there is provided an
efficient method for the preparation of nitrone derivatives
that does not suffer from the drawbacks and weaknesses of
traditional methods. In addition, the imine and oxaziridine
formation may be performed in a single reaction vessel. By
utilizing high concentrations of materials in each reaction,
and in particular, by increasing the concentration of the
imine in the solution, the present method provides advan-
tages over traditional methods. Particularly, the nitrone
derivatives may be prepared in high yields without costly
side-products warranting removal. In many cases, the imine
and oxaziridine intermediates and nitrone derivative need
not be purified. By eliminating the need for a solvent
medium, the rearrangement reaction may be carried out in a
cost-effective and time-effective manner. Still further, the
present method may be scaled up to prepare large, industrial
volumes. These and other benefits and advantages of the
present invention shall be made apparent by the accompa-
nying description of the preferred embodiments of the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

[0035] The present invention provides an efficient method
of preparing nitrone derivatives. In accordance with one
aspect of the invention, nitrone derivatives having a general
formula (I)

o

R!—HC=N*—R?

[0036] wherein R* and R?, independently, may be substi-
tuted or unsubstituted straight, branched, or cyclic alkyl,
alkenyl, alkynyl, aryl, heteroaryl, alkaryl, alkoxyl, halo-
alkyl, or combinations thereof, or alternatively, R* and R*
taken together with the carbon and nitrogen to which they
are attached form a 5-8 membered ring, may be prepared by
the present method including the steps of:

[0037] reacting an imine compound having a general
formula (II)

R!—C=N—R?

H
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[0038] wherein R' and R? are as defined above, with an

oxidizing agent having a general formula (IIT)
(R*0—S(0),00 RY),

[0039] wherein R and R*, independently, are selected

from the group consisting of NH,, Na, K, Li, and a substi-

tuted or unsubstituted straight, branched, or cyclic C,-C,,

alkyl, and n is an integer selected from 1, 2, and 3, in a

solution to form an oxaziridine compound having a general
formula (IV)

/\

Rl—g—N—Rz

[0040] wherein R' and R? are as defined above, and the
imine compound is in a concentration of at least about 0.1M
in the solution; and

[0041] rearranging the oxaziridine compound of for-
mula (IV) to form the nitrone compound in formula

®.

[0042] In accordance with another aspect of the invention,
nitrone derivatives having a general formula (VII)

RE

R8

[0043] wherein R®, R, R7, R® and R® are independently
selected from the group consisting of H, substituted or
unsubstituted straight, branched, or cyclic alkyl, alkenyl,
alkynyl, aryl, heteroaryl, alkaryl, alkoxyl, halo, cyano, nitro,
and combinations thereof, alternatively any two adjacent R>,
R®,R7, R® and R® groups taken together with the carbons to
which they are attached form a 5-8 membered ring including
0-2 heteroatoms selected from the group consisting of O, N,
and S, and

[0044] R'° is a substituted or unsubstituted straight,
branched, or cyclic alkyl, may be prepared by a method
including the steps of:

[0045] (a) reacting an aldehyde compound having a
general formula (VIII)

RE

R8
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[0046] wherein R®, R®, R7, R® and R® are as defined in
general formula (VII), with an amine compound having a
general formula (IX)

NH,—R?®,

[0047] wherein R is as defined in general formula (VII),
to form an imine compound having a general formula (X)

RE

R’ R’

RS RIO

R’ H

[0048] wherein R®, R®, R7, R®, R? and R'° are as defined
in general formula (VID);

[0049] (b) reacting the imine compound of formula
(X) with an oxidizing agent having a general formula
(XD)

(R™0—S(0),00 R*?),

[0050] wherein R and R*?, independently, are selected
from the group consisting of NH,, Na, K, Li, and straight,
branched or cyclic C,-C,, alkyl, and n is an integer selected
from 1, 2, and 3, in a solution having at least about 0.1M
concentration of the imine compound in the solution, to form
an oxaziridine compound having a general formula (XII)

RE

R’ R’

RIO

l

N
R® |
0

R® H

[0051] wherein R®, R% R7, R®, R® and R are as defined
in general formula (VII); and

[0052] (c) rearranging the oxaziridine compound of
formula (XII) to form the nitrone compound of
formula (VII).

[0053] The present method is inexpensive relative to tra-
ditional methods by eliminating the use of costly and
hazardous metal catalysts, such as tungsten, rhenium, and
manganese. The present method is also more efficient than
traditional methods by reducing or eliminating time and
labor related to separating and purifying individual interme-
diates after each step in the method. The present method is
useful for the preparation of a-aryl-N-alkyl nitrone deriva-
tives, such as phenyl tert-butyl nitrone (PBN). PBN has a
multitude of uses as previously disclosed herein. Moreover,
PBN is the only nitrone listed on the U.S. government’s
TSCA list, a list which includes compounds that have been
federally approved in terms of safety and industrial scale
preparations for further use.
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[0054] The term “derivative”, as used herein, is intended
to refer to a compound resulting when one or more desirable
substitutions are attached to a core functional group. To this
end, the term “nitrone derivative”, as used herein, is
intended to refer to compounds having a nitrone functional
core, as illustrated in the general formula (I) and (VII)
above. Accordingly, the term “nitrone derivatives” encom-
pass all compounds formed where the R group substitutions
of the general formulae (I) and (II) are independently
selected from substituted or unsubstituted straight,
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alkaryl, alkoxyl, haloalkyl, and combinations thereof, while
the R group substitutions of formulae (VII) and (X) above
may further include cyano and nitro substitutions. The term
“alkyl”, as used herein, is intended to refer to monovalent,
saturated groups that are straight, branched or cyclic in
structure and may comprise only carbon atoms, such as from
1 to about 10 carbon atoms, or may also include heteroat-
oms, such as for example, nitrogen (N), oxygen (0), and
sulfur (S). For example, the alkyl substitution of c.-phenyl-
N-tert-butyl nitrone (PBN) is a tert-butyl group (a branched
alkyl) attached to the nitrogen atom of the nitrone functional
core. Examples of other alkyl groups include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, n-hexyl, n-octyl, tert-
octyl and the like. The alkyl substitution may further include
generally non-reactive functional groups, such as a ketone,
an ether, an ester, and an amide. The term “alkenyl”, as used
herein, is intended to refer to unsaturated organic substitu-
tions having one or more double bonds in the structure.
Examples of alkenyl groups include, without limitation,
ethenyl (—CH=CH,,), n-propenyl (—CH,CH=CH,), and
isopropenyl (—C(CH;)=CH,). The term “alkynyl”, as used
herein, is intended to refer to unsaturated organic substitu-
tion having one or more triple bonds in the structure.
Examples of alkynyl groups include, without limitation,
ethynyl, propargyl, and the like. The term “aryl”, as used
herein, is intended to refer to an unsaturated aromatic
carbocyclic group from 6 to 14 carbon atoms having a single
ring (e.g. phenyl) or multiple rings (e.g., naphthyl and
anthryl). Unless otherwise constrained by the definition for
the individual substituent, such aryl groups can be optionally
be substituted with from 1 to 3 substituents selected from the
group consisting of alkyl, alkoxy, alkaryloxy, alkenyl, alky-
nyl, amino, aminoacyl, amincarbonyl, alkoxycarbonyl, aryl,
carboxyl, cycloalkoxy, cyano, halo, hydroxy, nitro, triha-
lomethyl, thioalkoxy, and the like. The term “heteroaryl”, as
used herein, is intended to refer to an aryl group containing
one or more heteroatoms selected from O, N, and S.
Examples of heteroaryl groups include thiazoles, oxazoles
and pyridines. The term “heteroaryl” further includes mul-
tiple rings, such as fused ring structures (e.g., quinoline).
The term “alkaryl”, as used herein, is intended to refer to
-alkylene-aryl groups having 1 to 20 carbon atoms in the
alkylene moiety and from 6 to 14 carbon atoms in the aryl
moiety. Examples of alkaryl groups include, without limi-
tation, benzyl, phenethyl, and the like. The term “alkoxyl”,
as used herein, is intended to refer to the group “alkyl-O—".
An ether group would constitute an alkoxyl substitution.
Examples of alkoxy groups include, without limitation,
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, tert-
butoxy, sec-butoxy, n-pentyloxy, n-hexyloxy and the like.
The term “alkaryloxy” refers to —O-alkylene-aryl groups,
such as benzyloxy, phenethyloxy, and the like. The term
“cyano”, as used herein, is intended to refer to the group
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—CN. The term “halo” or “halogen”, as used herein, is
intended to refer to fluoro, chloro, bromo and iodo groups.
The term “nitro” refers to the group —NO,. It is also
contemplated that one or more halogens may be substituents
on the alkenyl, aklynyl, aryl and heteroaryl groups as well.
Accordingly, examples of nitrone derivatives include linear
nitrone compounds such as N-alkyl-a.-alkyl nitrones (e.g.,
N-methyl-a-methyl nitrone or N-methyl-c-ethyl nitrone),
N-alkyl-a-aryl nitrones (e.g., N-methyl-c-phenylnitrone,
N-ethyl-a-phenylnitrone, N-isopropyl-a.-phenylnitrone,
N-isobutyl-a-phenylnitrone,  N-s-butyl-a-phenylnitrone,
N-t-butyl-a-phenylnitrone (PBN), N-t-pentyl-c-phenylni-
trone), N-alkyl-a-cycloalkylnitrones (e.g., compounds cor-
responding to the N-alkyl-a-arylnitrone listed above such as
N-isopropyl-a.-cyclohexylnitrone,  N-t-butyl-a-cyclohex-
ynitrone, N-t-penyl-a-cyclohexylnitrone), and N-aryl-a-
arylnitrone (e.g., N-phenyl-a-phenylnitrone).

[0055] Alternatively, R* and R* of formula (I) may be
joined together to form a ring structure containing the
nitrone core therein. For example, the R' and R* substitu-
tions may be joined together to form a 5-membered pyrro-
line-nitrone or a 6-membered piperidinyl-nitrone derivative.
The ring structure including the carbon and nitrogen atoms
to which the R* and R* are attached, respectively, may be as
small as a 5-membered ring or as large as an 8-membered
ring. Further, it is contemplated herein that where R and R?
are joined to form a ring structure, the ring may be one of
aromatic, non-aromatic and condensed rings (e.g., quiniline,
isoquinoline, indoline, and naphthyl-type nitrone deriva-
tives) and further, the same or different carbon atoms each
constituting the ring may be substituted with one or a
plurality of substituents such as an alkyl group(s). Accord-
ingly, examples of cyclic nitrone compounds include pyr-
roline N-oxides (e.g., 1-pyrroline-N-oxide, 5,5-dimethyl-1-
pyrroline-N-oxide (DMPO), 5,5-diethyl-1-pyrroline-N-
oxide, 4,4-diethyl-1-pyrroline-N-oxide, 3,3-dimethyl-1-
pyrroline-N-oxide), pyrrole-N-oxide, and piperazine-N-
oxide.

[0056] Alternatively, any two adjacent R, R°, R”, R® and
R? groups of formula (VII) taken together with the carbons
to which they are attached may be joined together form ring
including 0-2 heteroatoms selected from the group consist-
ing of O, N, and S. The ring structure including the carbon
atoms to which the two R substitutions are attached may be
as small as a 5-membered ring or as large as an 8-membered
ring, fused to the phenyl. Further, it is contemplated herein
that where two R groups are joined to form a ring structure,
the ring may be one of aromatic, non-aromatic and con-
densed rings. For example, adjacent R substitutions may be
joined together to form an indole or a quinoline heteroaryl
as the “aryl” group of the nitrone. Further examples include,
without limitation, isoquinoline, indoline, and naphthyl
fused ring systems. In addition, any of the atoms constituting
the ring may be substituted with one or more substituents,
such as an alkyl group(s). It should be understood by persons
of ordinary skill in the art that the R*, R%, R>, R°, R”, R¥, R®
and R substitutions will not contain groups that are more
reactive to the oxidizing agent than the imine targeted for
conversion to the oxaziridine ring.

[0057] The oxidizing agent is a peroxysulfate compound
having a general formula (III) (R?0—S(0),00 R"), or
general formula (X) (R0—S(0),00 R'?), wherein R>,
R*, R* and R*?, independently, are selected from the group
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consisting of NH,, Na, K, Li, and substituted or unsubsti-
tuted straight, branched, or cyclic C,-C,, alkyl, wherein n is
an integer selected from 1, 2, and 3. The peroxysulfate group
oxidizes the unsaturated imine group to the corresponding
oxaziridine ring. Advantageously, the peroxysulfate com-
pound is a monoperoxysulfate compound wherein n is 1.
More advantageously, the peroxysulfate compound is a
potassium monoperoxysulfate compound, such as Oxone®,
commercially available from Aldrich Chemical Co., Mil-
waukee, WI. Oxone® is a mixture of potassium monoper-
oxysulfate and two other sulfate groups associated therewith
to stabilize the sulfate-peroxide. To this end, other suitable
peroxysulfate compounds may be stabilized with one or
more stabilizing groups. It should be understood that such
stabilizing groups in the peroxysulfate compound should not
be reactive with the imine or detrimental to the formation of
the oxaziridine ring. Peroxysulfates in general, and Oxone®
in particular, are less expensive than the metal catalysts of
the prior art. In addition, they do not present environmental
problems associated with disposal, and sulfate by-products
are water soluble and easily separated from the oxaziridine
intermediate by simply washing the reaction mixture with
water.

[0058] The oxaziridine is formed by reacting the imine
with the oxidizing agent. Oxaziridine formation generally
occurs in a solution media. However, in one aspect of the
present invention, the solution contains the imine in a
solution concentration of at least about 0.1 M (molar con-
centration; moles of the imine per liter of the solution).
Surprisingly and unexpectedly, it has been found that a high
concentration of the imine in the solution allows the oxaziri-
dine to form more quickly than prior art methods and at
ambient conditions in the presence of the oxidizing agent.
Moreover, higher concentrations allow for less solvent, less
work-up and faster reaction times. To this end, the imine will
advantageously be present in the solution in a concentration
range of from about 0.1M to about 1.0M, and more advan-
tageously, from about 0.5M to about 1.0M. Such high imine
concentrations in solution render the present preparation of
nitrone derivatives more efficient than prior art methods.
Generally, reaction times are short and the oxaziridines are
easily isolated. Further, high solution concentrations con-
taining prior art metal catalysts and oxidizing agents often
presented problems associated with the control and yields of
the reactions. The benefits of the high imine concentrations
of the present invention are particularly useful for large-
scale preparations, especially where time is of the essence.

[0059] The solution or medium of reaction for forming the
oxaziridine may vary, as may the precise reaction reagents
and conditions. Advantageously, the solution comprises a
1:1 volume ratio of water and acetone with excess bicar-
bonate to render the solution slightly basic. By way of
example, sodium or potassium bicarbonate may be used.
The imine is dissolved into an amount of the solution
sufficient to have a concentration of at least about 0.1M in
the solution, and more advantageously to a concentration in
the range of from about 0.5M to about 1.0M. A slight molar
excess amount of peroxysulfate oxidizing agent, such as
Oxone®, may then be added to the solution at or below room
temperature over a period of time. Upon addition, the
reaction is generally exothermic. Therefore, the oxidizing
agent should be added in small portions at desired time
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intervals until the addition is complete. Portion-wise addi-
tion allows control of the reaction temperature preventing
high-temperature decomposition of the imine and any
oxaziridine in the solution. The formation of the oxaziridine
at such highly concentrated solutions is almost instanta-
neous, requiring as little as 15 minutes to about an hour to
go to completion. The present method is useful for the
preparation of a-aryl-N-alkyl nitrones, such as PBN.

[0060] The oxaziridine intermediate formed above is then
rearranged to form the corresponding nitrone derivative.
This rearrangement may be brought about by a number of
conditions and methods commonly used in the art. For
example, the rearrangement may be effected by the addition
of heat, so as to thermally rearrange the oxaziridine ring to
the corresponding nitrone. In one embodiment of the present
invention, the oxaziridine is subjected to heat in the range of
from about 110° C. to about 150° C. for a short period of
time, such as from 1 to 10 hours, to effect rearrangement.
The rearrangement is also generally exothermic and, there-
fore, contributes to the total heat supplied to the reaction. It
will be understood that different oxaziridine derivatives will
require different time periods and different amounts of heat
to rearrange. Particularly, it is noted that the more sterically
hindered, strained, or generally unstable the oxaziridine ring
intermediate is, the less heat and energy is required to
rearrange the ring to the corresponding nitrone. Also, ground
state kinetics of the resulting nitrone derivative will influ-
ence the kinetics of the rearrangement and determine the
heat and times necessary for completion of the reaction, as
well as formation of by-products.

[0061] Thermal rearrangement conditions including a sol-
vent-medium are suitable. For example, thermal rearrange-
ment may be accomplished in a suitable high-boiling sol-
vent, such as toluene, with or without the aid of a boiling
chip. In addition, the oxaziridine is advantageously present
in a high concentration, such as from about 1.0M to about
5.0M in the solvent, so as to effectively rearrange and form
the nitrone in a time-efficient manner. Alternatively, the
rearrangement may be conducted without the use of a
solvent medium. It has been found that rearranging the
oxaziridine in the absence of a diluent, such as the toluene
used above, enhances the rate of the rearrangement, relative
to methods utilizing a diluting solvent. Furthermore, elimi-
nation of the solvent also eliminates the risk of the solvent
participating in the reaction to contribute an undesirable
by-product. Conversion of the oxaziridine to the correspond-
ing nitrone in a highly concentrated solvent or without a
diluent provides good yields of a crude nitrone product that
is reasonably pure even without purification.

[0062] The imine starting material used for preparation of
the nitrone may be commercially purchased or synthetically
prepared. For example, one method of preparing imine
derivatives involves the condensation of an aldehyde with a
primary amine in the presence of a suitable solvent. In one
embodiment of the invention, an imine of general formula
(I) is prepared by condensing an aldehyde compound
having a general formula (V)

R'—CHO,

[0063] wherein R* is as defined herein, with an amine
compound having a general formula (VI)

NH,—R?,
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[0064] wherein R? is as defined herein. Further, the imine
may be formed from an aldehyde and an amine on a single
organic structure. For example, R' may be attached to R?
with a linker between the aldehyde and the amine such that
a condensation reaction may occur between the aldehyde
and the amine to form a cyclic imine. For example, a
substituted or unsubstituted 1-amino-butyl carboxaldehyde
may self-condense to form the corresponding 5-membered
cyclic imine. Accordingly, the linker between R* and R* may
be as small as a single atom (forming a cyclic imine of five
atoms) or as large as 4 atoms (forming a cyclic imine of eight
atoms) and may comprise only carbon atoms or include 0-1
heteroatoms selected from N, O, and S.

[0065] In another embodiment of the invention, an imine
of general formula (X) is prepared by condensing an alde-
hyde compound having a general formula (VIII)

RE

[0066] wherein R®, R®, R7, R® and R® are independently
selected from the group consisting of H, substituted or
unsubstituted straight, branched, or cyclic alkyl, alkenyl,
alkynyl, aryl, heteroaryl, alkaryl, alkoxyl, halo, cyano, nitro,
and combinations thereof, and alternatively any two adja-
cent R, R, R, R® and R® groups taken together with the
carbons to which they are attached form a 5-8 membered
ring including 0-2 heteroatoms selected from the group
consisting of O, N, and S,

[0067]
(IX)

with an amine compound having a general formula

NH,—R*°,

[0068] wherein R*® is a substituted or unsubstituted
straight, branched, or cyclic alkyl.

[0069] It has been found that certain aldehydes readily and
spontaneously condense with amines, particularly primary
amines, to form an imine. Spontaneous condensation can
occur without the input of a form of energy, such as heat,
solvent or a catalyst to bring about the imine formation. For
example, in the formation of PBN, benzaldehyde spontane-
ously condenses with t-butylamine to form the correspond-
ing imine. Traditional methods of forming the imine inter-
mediate for PBN have involved condensation techniques
involving the removal of the “water of formation” during the
condensation, such as the use of a dean stark trap in
conjunction with a high-boiling solvent, such as toluene,
capable of azeotropically removing water. The present
method, however, improves upon the traditional methods in
terms of time and costs. For example, in one aspect of the
present invention, benzaldehyde and t-butylamine are con-
densed in the absence of a solvent to efficiently and effec-
tively form the imine without the need to remove the water
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formed during condensation. Removal of the water by-
product has proven to kinetically drive condensation reac-
tions to completion. However, the ‘neat’ condensations of
the present methods can result in spontaneous imine forma-
tion at ambient conditions, such as room temperature, to
produce imine derivatives in very high yields and in some
cases, completely, despite the presence of the water by-
product.

[0070] Thus, there is provided an efficient method of
preparing nitrone derivatives. The following examples are
provided to further illustrate, and not limit, the method
described herein.

EXAMPLE 1
[0071] Preparation of N-Benzylidene-t-Butylamine

[0072] To a nitrogen charged 1 liter, 3-necked round
bottom flask equipped with a mechanical paddle stirrer, pot
thermometer, nitrogen gas flow, and condenser was added
174 gm (167 ml; 1.64 moles) of benzaldehyde followed by
126 gm (181 ml; 1.72 moles) of t-butylamine with vigorous
stirring. The temperature of the reaction mixture slowly
increased from 22° C. to about 39° C. After about 1 hour, the
clear, pale yellow solution became cloudy as the water
formed during the reaction separated and the temperature
slowly decreased. After a total of 4 hours, the two-phased
reaction mixture was poured into a separatory funnel from
which the lower aqueous phase (about 29 gm) was separated
and removed while the yellow upper organic phase was
evacuated under vacuum (aspirator; about 24" Hg) to pro-
duce a crude product of 259.2 gm (98.2% yield). Gas
chromatographic analysis of the crude product (GC analysis
using a 30 meter DB-1 column with a programmed tem-
perature range increasing from 100° C. to 250° C. at 15° C.
per minute increments) indicated it to be very pure N-ben-
zylidene-t-butylamine product as reflected by a single spec-
tral peak having a retention time of 3.72 minutes.

EXAMPLE 2
[0073] Preparation of 2-t-Butyl-3-Phenyloxaziridine

[0074] 13.2 gm (0.082 moles) of the N-benzylidene-t-
butylamine prepared as in Example 1 was added to a 600 ml
beaker containing 28.8 gm of sodium bicarbonate (0.3428
moles) in a solution consisting of 50 ml water and 50 ml
acetone. The mixture was stirred vigorously with a mechani-
cal paddle stirrer. While stirring, 60 gm (0.098 moles) of
Oxone® was added portion wise over a 3 to 5 minute period.
The resulting three-phase mixture was initially bluish in
color and eventually faded to a pale yellow color as the
reaction proceeded. The reaction was stirred at ambient
temperature for one hour and followed by GC analysis as
described in Example 1. The GC analysis revealed only a
trace of the starting material (very tiny peak at 3.72 minutes)
and predominant conversion to the oxaziridine, a peak
having a retention time of 4.45 minutes. The mixture was
diluted with 300 ml of water to dissolve any salts therein.
The 2-phase mixture was extracted with 100 ml of hexane.
The hexane layer was separated and concentrated under
vacuum to remove all solvent. The resulting, almost clear
liquid, 2-t-butyl-3-phenyl oxaziridine product weighed
13.74 gm (94.7% crude yield).
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EXAMPLE 3

[0075] Preparation of N-t-butylphenylnitrone

[0076] To a nitrogen charged 250 ml, 3-necked, round
bottom flask equipped with a magnetic stir bar, nitrogen gas
flow, pot thermometer, and condenser was added 119.3 gm
(0.674 moles) of the 2-t-butyl-3-phenyloxaziridine as pre-
pared in Example 2 and several silicon carbide boiling chips.
The system was continuously flushed with nitrogen while
gradually heated to 120° C. Upon reaching 120°, the heat
was removed as the exothermic rearrangement brought the
reaction temperature to about 134° C. before slowly sub-
siding. The pale yellow 2-t-butyl-3-phenyloxaziridine
gradually turned to a clear, dark brown color. The reaction
was cooled after a total reaction time of about 1 hour and a
GC analysis, as described in Example 1, of the crude product
indicated a complete conversion to the corresponding
nitrone (a peak having a retention time of 6.45 minutes).
Upon cooling, the liquid N-t-butylphenylnitrone crystallized
to form a solid having a crude yield of 109.4 gm (91.7% of
theoretical yield).

EXAMPLE 4

[0077] Preparation of N-t-butylphenylnitrone Without Iso-
lation of Reaction Intermediates

[0078] To a dry 3 liter, 3-necked, round bottom flask
equipped with a mechanical paddle stirrer, a nitrogen gas
flow, and a condenser was added 87 gm (83.5 ml; 0.82
moles) of benzaldehyde and 63 gm (90.5 ml; 0.86 moles) of
t-butylamine. The mixture was stirred for about 4 hours at
room temperature to allow complete formation of N-ben-
zylidene-t-butylamine. After removal of the nitrogen gas
flow and the condenser, the reaction flask was evacuated
under an aspirator (about 24" Hg vacuum) for about 15
minutes. The aspirator was detached and 288 gm (3.428
moles) of sodium bicarbonate followed by 500 ml of water
and 500 ml of acetone were added to the 3-liter flask. The
condenser was reattached to the flask and carefully about
600 gm (0.98 moles) of Oxone® was added portion-wise
through a powder-addition funnel to the stirring reaction
over a period of about 10 minutes. The reaction began to
slowly foam from the evolution of carbon dioxide and turn
to a bluish tinge as the temperature rose to about 35° C. The
reaction was stirred for one hour after the Oxone® addition,
and a GC analysis revealed a trace amount of starting imine
(3.72 minutes) and a large peak representing 2-t-butyl-3-
phenyl oxaziridine (4.45 minutes). The reaction was poured
into a beaker containing a 2-phase solution of 3000 ml water
and 300 ml toluene. Insoluble salts were filtered out and the
aqueous layer separated in a separatory funnel. The upper
toluene layer was placed in a 1-liter single-neck, round
bottom flask and concentrated over a 30-minute period on a
rotary evaporator at 50° C. under vacuum (about 24" Hg) to
remove traces of acetone and water. Several silicon carbide
boiling chips were added to the concentrated oxaziridine and
the oxaziridine/toluene solution was refluxed at 115°
C.-125° C. for 2-3 hours to form the desired N-t-butylphe-
nylnitrone product. The excess toluene was removed under
vacuum and the resulting clear brown liquid N-t-butylphe-
nylnitrone was poured into a crystallizing dish and placed in
a fume hood. Crystallization was almost immediate, afford-
ing 113.1 gm of crude crystalline N-t-butylphenylnitrone
(78% theoretical yield).
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[0079] By virtue of the foregoing, there is provided an
efficient method for the preparation of nitrone derivatives,
and in particular the preparation of PBN, without the draw-
backs of traditional methods. The present method, as
described in the detailed description and in the examples
above, provide for crystalline-pure PBN to be prepared in
high yields from readily available benzylaldehyde and t-bu-
tylamine without isolation and purification of intermediates
(ie., the N-benzylidene-t-butylamine and the 2-t-butyl-
3phenyloxaziridine), and without purification of the nitrone
product. Further, removal of water from the mixture during
formation of the imine is unnecessary, and the imine is
essentially formed to completion in less than four hours
under ambient conditions. In addition, oxidation of the imine
to the corresponding oxaziridine takes place readily in an
aqueous acetone solution with a commercial grade of an
oxidizing agent, such as Oxone®. Further, the present
method is beneficial in that nitrone derivatives are prepared
without use of metal catalysts, large amounts of chlorinated
and toxic solvents, and expensive or commercially unavail-
able starting materials. While efficient in cost, the present
method is also efficient from the perspective of time required
for preparing the nitrone derivatives, and amenability to
scaling the reaction to commercial volumes.

[0080] While the present invention has been illustrated by
the description of embodiments thereof, and while the
embodiments have been described in considerable detail, the
description is not intended to restrict or in any way limit the
scope of the appended claims to such detail. Additional
advantages and modifications will be readily apparent to
those of ordinary skill in the art. The invention in its broader
aspects is therefore not limited to the specific details, rep-
resentative structures, method, and examples shown and
described. For example, while the structures of formulae
(VII) and (X) are illustrated as the trans configuration
around the exocyclic double bond, the present invention is
not so limited and these formulae are intended to generally
include nitrones having a cis configuration as well. Accord-
ingly, departures may be made from such details without
departing from the scope or spirit of the general inventive
concept.

What is claimed is:

1. A method of preparing a nitrone compound having a
general formula (I):

o

R'—HC=N*—R?

wherein R; and R,, independently, are selected from the
group consisting of a substituted or unsubstituted straight,
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alkaryl, alkoxyl, halo-alkyl, and combinations thereof, alter-
natively, R, and R, taken together with the carbon and
nitrogen to which they are attached form a 5-8 membered
ring containing 0-1 additional heteroatoms selected from the
group consisting of N, O, and S, the method comprising the
steps of:
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reacting an imine compound having a general formula (IT)

R!—C=N—R?

H

wherein R; and R, are as defined above, with an oxidizing
agent having a general formula (III)

(R;0—S8(0),00 R,),

wherein R; and R, independently, are selected from the
group consisting of NH,,, Na, K, Li, and substituted or
unsubstituted straight, branched or cyclic C,-C,, alkyl,
and n is an integer selected from 1, 2, and 3, in a
solution to form an oxaziridine compound having a
general formula (IV)

Rl—g—N—Rz

wherein R; and R, are as defined above and the imine
compound is in a concentration of at least about 0.1M
in the solution; and

rearranging the oxaziridine compound of formula (IV) to
form a nitrone compound of formula (I).

2. The method of claim 1 wherein R; and R, indepen-
dently are selected from the group consisting of NH,,, Na, K,
Li, and C,-C; substituted or unsubstituted straight, branched
or cyclic alkyl, and n is an integer selected from 1, 2, and 3.

3. The method of claim 1 wherein the oxidizing agent is
a potassium monoperoxysulfate compound.

4. The method of claim 1 wherein the imine compound is
in a concentration range of from about 0.1M to about 1.0M
in the solution.

5. The method of claim 1 wherein the imine compound is
in a concentration range of from about 0.5M to about 1.0M
in the solution.

6. The method of claim 1 further comprising the step of:
reacting an aldehyde having a general formula (V)

R'—CHO,
with an amine compound having a general formula (VI)
NH,—R?,

to form the imine compound of formula (II), wherein R,
and R,, independently, are selected from the group
consisting of a substituted or unsubstituted straight,
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, het-
eroaryl, alkaryl, alkoxyl, halo-alkyl, and combinations
thereof, and alternatively, R, and R, are attached by a
linker containing 1-4 carbon atoms including 0-1 het-
eroatoms selected from the group consisting of N, O,
and S.

7. The method of claim 1 wherein the oxaziridine com-
pound of formula (IV) is rearranged in the absence of a
diluent.

8. The method of claim 1 wherein the step of rearranging
the oxaziridine compound of formula (IV) comprises heat-
ing the oxaziridine compound to form the nitrone compound
of formula (D).
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9. The method of claim 1 wherein the oxaziridine com-
pound of formula (IV) is heated to a temperature in the range
of from about 110° C. to about 150° C. to rearrange the
oxaziridine compound to form the nitrone compound.

10. The method of claim 1 wherein the oxaziridine
compound of formula (IV) is heated for a time period in the
range of from about 1 hour to about 10 hours.

11. The method of claim 1 wherein the nitrone compound
prepared is phenyl-tert-butyl nitrone.

12. The method of claim 1 wherein the imine compound
of formula (II) is formed in a reactor without removal of
water of reaction from the reactor.

13. A method of preparing a nitrone compound having a
general formula (VII)

RE

RS

wherein R, R®, R7, R® and R® are independently selected
from the group consisting of H, substituted or unsubstituted
straight, branched, or cyclic alkyl, alkenyl, alkynyl, aryl,
heteroaryl, alkaryl, alkoxyl, halo, cyano, nitro, and combi-
n%tions thereof, alternatively any two adjacent R®, R®, R7,
R and R® groups taken together with the carbons to which
they are attached form a 5-8 membered ring including 0-2
heteroatoms selected from the group consisting of O, N, and
S, R s a substituted or unsubstituted straight, branched, or
cyclic alkyl, the method comprising the steps of:

(a) reacting an aldehyde compound having a general
formula (VII)

RE

R’ R’

RS

R’ H

wherein R®, R®, R7, R® and R® are as defined in general
formula (VII), with an amine compound having a
general formula (IX)
NH,—R®,

wherein R is as defined in general formula (VII), to form
an imine compound having a general formula (X)

RE

R’ R’

RS
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wherein R%, R®, R7, R®, R® and R*° are as defined in
general formula (VII);

(b) reacting the imine compound of formula (X) with an
oxidizing agent having a general formula (XI)

(R**0—S(0),00 R*?),

wherein R** and R*#, independently, are selected from the
group consisting of NH,, Na, K, Li, and straight,
branched or cyclic C,-C,, alkyl, and n is an integer
selected from 1, 2, and 3, in a solution having at least
about 0.1M concentration of the imine compound in the
solution, to form an oxaziridine compound having a
general formula (XII)

R6
R’ R®
Rl 0
|
R® (|)
R® H

wherein R, R®, R7, R%, R® and R'° are as defined in
general formula (VII); and
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(¢) rearranging the oxaziridine compound of formula

(XII) to form the nitrone compound of formula (VII).

14. The method of claim 13 wherein the oxaziridine
compound is rearranged in the absence of a diluent.

15. The method of claim 13 wherein the oxaziridine
compound is heated to thermally rearrange the oxaziridine
compound to form the nitrone compound.

16. The method of claim 13 wherein the oxaziridine
compound is heated to a temperature in the range of from
about 110° C. to about 150° C. to form the nitrone com-
pound.

17. The method of claim 13 wherein the oxidizing agent
is a potassium monoperoxysulfate compound.

18. The method of claim 13 wherein the imine compound
is in a concentration range of from about 0.1M to about
1.0M in the solution.

19. The method of claim 13 wherein the imine compound
is in a concentration range of from about 0.5M to about
1.0M in the solution.

20. The method of claim 13 wherein the nitrone com-
pound prepared is phenyl-tert-butyl nitrone.



