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(57) Abstract: A method of synthesizing and isolating N-(bromoacetyl)-3,3-dinitroazetidine (ABDNAZ) by reacting DNAZ with
bromoacetyl bromide and boron trifluoride etherate in a solvent to produce a mixture comprising ABDNAZ and a salt of DNAZ.
Water and an additional volume of the solvent are added to the mixture to form an organic phase comprising the ABDNAZ and an
aqueous phase comprising the salt of DNAZ. The organic phase and the aqueous phase are separated to produce an ABDNAZ/sol-
vent solution comprising the ABDNAZ and the aqueous phase comprising the salt of DNAZ. A nonsolvent is added to the ABD-
NAZ/solvent solution to produce an ABDNAZ/solvent/nonsolvent mixture. The ABDNAZ is subsequently recovered. A composi-
tion comprising ABDNAZ is also disclosed.
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METHODS OF SYNTHESIZING AND ISOLATING
N-(BROMOACETYL)-3,3-DINITROAZETIDINE AND A COMPOSITION
INCLUDING THE SAME

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial Number 12/702, 782, filed February 9, 2010, for “METHODS OF
SYNTHESIZING AND ISOLATING N-(BROMOACETYL)-3,3-DINITRO-
AZETIDINE AND A COMPOSITION INCLUDING THE SAME.”

TECHNICAL FIELD
Embodiments of the present invention relate to a method of synthesizing and
isolating N-(bromoacetyl)-3,3-dinitroazetidine (ABDNAZ). More specifically,
embodiments of the present invention relate to a method of synthesizing and isolating
ABDNAZ that produces a higher purity and higher yield of ABDNAZ relative to
conventional methods. Embodiments of the present invention also relate to a

composition including the ABDNAZ.

BACKGROUND

Cyclic nitro compounds, such as ABDNAZ, are being investigated for their
potential use in treating cancer. Methods of synthesizing ABDNAZ have been
described, such as in United States Patent No. 7,507,842 to Bednarski et al.
(“Bednarski”). In Bednarski, ABDNAZ is synthesized by reacting
1-tert-butyl-3,3-dinitroazetidine (DNAZ) with bromoacetyl bromide and boron
trifluoride etherate. For every mole of ABDNAZ produced, a mole of a hydrogen
bromide salt of DNAZ (DNAZ HBr) is also produced as a coproduct. The ABDNAZ
1s isolated from the DNAZ HBr by cooling the reaction mixture, adding
dichloromethane, and filtering the DNAZ HBr. Solid DNAZ HBr is sensitive to
impact, friction, and other external stimuli and, therefore, must be handled carefully.
The dichloromethane filtrate is washed with water, dried, and then the dichloromethane
1s evaporated, producing a crude ABDNAZ mixture. The product is washed
sequentially with diethyl ether and dried under vacuum, yielding ABDNAZ that is
approximately 98% pure and at a yield of approximately 75% (based on bromoacetyl
bromide). The 2% of impurities remaining in the ABDNAZ are believed to include
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bromoacetic acid, unreacted DNAZ, and DNAZ HBt. This method of producing ABDNAZ is
referred to herein as the Bednarski process. While the Bednarski process provides ABDNAZ at a
reasonable purity and yield, the purity is not sufficient for pharmaceutical uses. In addition, solid
DNAZ HBr produced during the Bednarski process is an explosive compound, which adds to the
complexity of producing ABDNAZ.

It would be desirable to synthesize and 1solate ABDNAZ by a process that minimizes or
reduces hazards associated with handling explosive intermediates, such as DNAZ HBr. The
resulting ABDNAZ would have a comparable or higher yield and purity relative to that produced
by the Bednarski process.

The discussion of documents, acts, materials, devices, articles and the like is included in
this specification solely for the purpose of providing a context for the present invention. It is not
suggested or represented that any or all of these matters formed part of the prior art base or were
common general knowledge in the field relevant to the present invention as it existed before the
priority date of each claim of this application.

Where the terms "comprise", "comprises”, "comprised"” or "comprising" are used in this
specification (including the claims) they are to be interpreted as specifying the presence of the
stated features, integers, steps or components, but not precluding the presence of one or more

other features, integers, steps or components, ot group thereof.

DISCLOSURE

An embodiment of the invention comprises a method of producing ABDNAZ. The
method includes reacting DNAZ with bromoacetyl bromide and boron trifluoride etherate in a
solvent to produce a reaction mixture comprising ABDNAZ and a salt of DNAZ. Water and an
additional volume of the solvent are added to the reaction mixture to form an organic phase
comprising the ABDNAZ and an aqueous phase comptising the salt of DNAZ. The organic
phase and the aqueous phase are separated to produce an ABDNAZ/solvent solution comprising
the ABDNAZ and the aqueous phase comprising the salt of DNAZ. A nonsolvent is added to
the ABDNAZ/solvent solution to produce an ABDNAZ/solvent/nonsolvent mixture. The
ABDNAZ is subsequently recovered.

Another embodiment of the invention comptises another method of producing
ABDNAZ. The method includes reacting DNAZ with bromoacetyl bromide and boron
trifluoride etherate in dichloromethane to produce a reaction mixture comprising ABDNAZ and
a hydrogen bromide salt of DNAZ. Water and an additional volume of dichloromethane are

added to the reaction mixture to form an organic phase comprising the dichloromethane and the
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ABDNAZ and an aqueous phase comprising the water and the hydrogen bromide salt of DNAZ.
The organic phase is separated from the aqueous phase and ethanol is added to the organic phase
comprising the dichloromethane and the ABDNAZ. The dichloromethane is evaporated under
reduced pressure to form an ABDNAZ/ethanol suspension. The ethanol is then filtered from
the ABDNAZ/ethanol suspension.

A further embodiment of the invention comprises a composition comprising N-
ABDNAZ at a purity of greater than approximately 99.5% and a pharmaceutically effective
vehicle.

In yet another aspect, the present invention provides a method of producing N-
(bromoacetyl)-3,3-dinitroazetidine (ABDNAZ), comprising: reacting 1-fert-butyl-3,3-
dinitroazetidine (DNAZ) with bromoacetyl bromide and boron trifluoride etherate in a solvent to
produce a reaction mixture comprising ABDNAZ and a salt of DNAZ; adding water and an
additional volume of the solvent to the reaction mixture to form an organic phase comprising the
ABDNAZ and an aqueous phase comprising the salt of DNAZ; separating the organic phase and
the aqueous phase to produce an ABDNAZ/solvent solution comprising the ABDNAZ and the
aqueous phase comprising the salt of DNAZ; adding a nonsolvent to the ABDNAZ/solvent
solution to produce an ABDNAZ/solvent/nonsolvent mixtute; and recovering the ABDNAZ.

In yet a further aspect, the present invention provides a method of producing N-
(bromoacety1)-3,3 -dinitroazetidine (ABDNAZ), comptising: reacting 1-zr7-butyl-3,3-
dinitroazetidine (DNAZ) with bromoacetyl bromide and boron trifluoride etherate in
dichloromethane to produce a reaction mixture comprising ABDNAZ and a hydrogen bromide
salt of DNAZ; adding water and an additional volume of dichloromethane to the reaction mixture
to form an organic phase comptising the dichloromethane and the ABDNAZ and an aqueous
phase comprising the water and the hydrogen bromide salt of DNAZ; separating the organic
phase from the aqueous phase; adding ethanol to the organic phase comprising the
dichloromethane and the ABDNAZ; evaporating the dichloromethane under reduced pressure to
form an ABDNAZ/ethanol suspension; and filtering the ethanol from the ABDNAZ/ethanol
suspension.

In another further aspect, the present invention provides a composition comprising N-
(bromoacetyl)-3,3- dinitroazetidine (ABDNAZ) at a purity of greater than approximately 99.5%

and a pharmaceutically effective vehicle.
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BRIEF DESCRIPTION OF THE DRAWING

While the specification concludes with claims particulatly pointing out and distinctly
claiming that which is regarded as the present invention, the advantages of this invention may be
more readily ascertained from the following desctiption of the invention when read in
conjunction with the accompanying drawing in which:

FIG. 1 illustrates the reaction of 1-erz-butyl-3-hydroxymethyl-3-nitroazetidine (HMNAZ)
to produce DNAZ;

FIG. 2 illustrates the reaction of DNAZ to produce ABDNAZ; and

FIG. 3 illustrates the reaction of DNAZ with aqueous hydrogen bromide (HBx) to
produce an HBr salt of DNAZ (DNAZ HBy).

MODE(S) FOR CARRYING OUT THE INVENTION
A method of synthesizing and isolating ABDNAZ is disclosed. The ABDNAZ is
produced at a higher yield than in the Bednarski process. The ABDNAZ produced also has a
higher purity than that produced in the Bednarski process. In addition, the method of the present
invention eliminates the handling of solid explosive intermediates that are impact and friction
sensitive. The method of the present invention also reduces the total number of acts in the

process.

As used herein, the terms "comprising,” "including," "containing," "characterized by," and
grammatical equivalents thereof are inclusive or open-ended terms that do not exclude additional,
unrecited elements or method steps, but also include the more restrictive terms "consisting of"
and "consisting essentially of" and grammatical equivalents thereof. As used herein, the term
"may" with respect to a material, structure, feature or method act indicates that such is
contemplated for use in implementation of an embodiment of the invention and such term is
used in preference to the more restrictive term "is" so as to avoid any implication that other,

compatible materials, structures, features and methods usable in combination therewith should, or

must be, excluded.
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ABDNAZ may be synthesized by an oxidative nitration of
1-tert-butyl-3-hydroxymethyl-3-nitroazetidine (HMNAZ), producing
1-tert-butyl-3,3-dinitroazetidine (DNAZ), as shown in FIG. 1. The oxidative nitration
reaction may be conducted for from approximately three hours to approximately
seventy-four hours at a temperature of less than or equal to approximately 30°C. The
DNAZ may then be reacted with bromoacetyl bromide in the presence of boron
trifluoride etherate in a solvent, producing ABDNAZ and DNAZ HBr, as shown in
FIG. 2. For every one half molar equivalent of DNAZ that is converted to ABDNAZ,
another one half molar equivalent of the DNAZ functions as an acid scavenger and
forms DNAZ HBr. As used herein, the term “solvent™ means and includes an organic
solvent in which the DNAZ and ABDNAZ are substantially soluble and which is
substantially miscible with a nonsolvent used to crystallize the ABDNAZ. The solvent
and nonsolvent may have sufficiently different boiling points such that the solvent is
easily removed at a subsequent point in the synthesis. While embodiments herein
describe the solvent as dichloromethane, other organic solvents having the desired
properties may be used including, but not limited to, ethyl acetate, tetrahydrofuran,
acetonitrile, or methyl zert-butyl ether.

The DNAZ HBr may be separated from the ABDNAZ by an aqueous
extraction. The ABDNAZ may then be crystallized directly from the solvent by adding
the nonsolvent and removing the solvent. As used herein, the term “nonsolvent” means
and includes an organic solvent in which the ABDNAZ is substantially insoluble. The
nonsolvent and the solvent may be substantially miscible with one another. While
embodiments herein describe the nonsolvent as ethanol, other organic solvents having
the desired properties may be used, such as methanol, isopropanol, or an alkane, such
as heptane. Coproducts or impurities produced by the reaction may be more soluble in
the nonsolvent than the ABDNAZ. As such, the coproducts are removed with
subsequent washes of nonsolvent. Recovery of the ABDNAZ in this manner may
reduce the number of recrystallization and washing acts utilized in the overall method
of synthesizing and isolating ABDNAZ.

In the oxidative nitration reaction, HMNAZ may be used as a starting material
to produce DNAZ. HMNAZ is commercially available from Parish Chemical
Company (Vineyard, UT). The HMNAZ may initially be reacted with sodium
hydroxide in water. The ratio of sodium hydroxide to HMNAZ used in the oxidative
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nitration reaction may be at least 1:1. However, to ensure dissolution of the HMNAZ,
an excess of sodium hydroxide may be used relative to the HMNAZ. By way of
non-limiting example, up to approximately 3.5 mole equivalents of sodium hydroxide
may be used per one mole equivalent of HMNAZ. The HMNAZ, sodium hydroxide,
and water may form an aqueous nitronate solution. The aqueous nitronate solution
may be dilute to minimize and control exotherms that occur during the oxidative
nitration reaction. Excess sodium hydroxide may also be present to ensure complete
formation of the nitronate salt and to maintain basic conditions during the oxidative
nitration reaction. The sodium hydroxide may be added to the water with stirring,
producing a sodium hydroxide solution. For all stirring acts described herein, the
reagents may be stirred using overhead stirrers or magnetic stir bars, depending on the
volume of reagents being added. The stirring rate may be sufficient to dissolve or
suspend the reagents in the medium to which they are added. Since the addition of
sodium hydroxide to water is exothermic, the sodium hydroxide solution may be
cooled to approximately 25°C before additional acts are conducted. Within four hours
of producing the sodium hydroxide solution, the HMNAZ may be added to the sodium
hydroxide solution, which is maintained at a temperature of between approximately
20°C and approximately 27°C during the addition. The HMNAZ may be stirred with
the sodium hydroxide solution for from approximately one hour to approximately two
hours, forming the nitronate solution. The nitronate solution may be prepared and
stored for up to approximately two hours or longer before adding additional reagents
used in the oxidative nitration reaction. At least one hour after the addition of the
HMNAZ, the nitronate solution may be cooled to less than or equal to approximately
10°C.

An aqueous solution of sodium nitrite and potassium ferricyanide may be
prepared by dissolving the sodium nitrite and potassium ferricyanide in water. The
sodium nitrite/potassium ferricyanide solution may be stirred for up to approximately
three hours. Excess water may be utilized to produce a dilute solution so that
exotherms that subsequently occur during the oxidative nitration reaction may be easily
controlled using an ice bath. The potassium ferricyanide may be utilized in the
oxidative nitration reaction at a catalytic concentration, such as from approximately 5
mole % to approximately 15 mole % with respect to HMNAZ. The sodium nitrite may

be used at from approximately 1 mole equivalent to approximately 4 mole equivalents
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per mole equivalent of HMNAZ to ensure complete conversion of the HMNAZ to
DNAZ. The sodium nitrite and potassium ferricyanide are stable in aqueous solution
and do not significantly react with each other, so the aqueous solution of sodium nitrite
and potassium ferricyanide may be prepared and stored for up to approximately three
hours.

The sodium nitrite/potassium ferricyanide solution may be added to the cooled
(less than or equal to approximately 10°C) nitronate solution. Since an increase in
temperature (from approximately 0°C to approximately 15°C) is expected upon
addition, the nitronate solution is cooled so that the resulting maximum exotherm does
not exceed approximately 30°C. However, due to the dilute nature of both solutions,
the maximum exotherm expected when the two solutions are combined is
approximately 20°C, even if the solutions are rapidly combined. After the addition, the
combination of the sodium nitrite/potassium ferricyanide solution and the nitronate
solution may be cooled to less than or equal to approximately 15°C, such as from
approximately 10°C to approximately 15°C. Sodium persulfate may then be added.
The sodium persulfate may be used at from approximately 1 mole equivalent to
approximately 2 mole equivalents per mole equivalent of HMNAZ. The addition of
the sodium persulfate may be completed within approximately thirty minutes after
combining the sodium nitrite/potassium ferricyanide solution with the nitronate
solution to ensure minimal decomposition of the nitronate. After the addition of the
sodium persulfate, the temperature of the reaction mixture may be maintained at less
than or equal to approximately 15°C to prevent the resulting exotherm from increasing
the temperature of the reaction mixture above approximately 30°C. The temperature of
the reaction mixture may initially drop approximately 5°C before the exotherm of
between approximately 5°C and approximately 20°C occurs. The temperature of the
reaction mixture may be maintained using a cold bath. The cold bath may be removed
once the temperature of the reaction mixture stops increasing. After removing the cold
bath, the oxidative nitration reaction may proceed with stirring for at least
approximately one hour. If the surrounding environment in which the oxidation
nitration reaction is conducted is subject to temperature fluctuations, the temperature of
the surrounding environment may be monitored to ensure that the temperature of the
oxidative nitration reaction does not increase to a temperature of greater than

approximately 30°C.
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The oxidative nitration reaction produces DNAZ and water-soluble byproducts.
The DNAZ may be extracted from the biphasic oxidative nitration reaction solution
using multiple washes of a solvent. The volume of solvent used may be sufficient to
effectively extract the DNAZ. The solvent may be an organic solvent in which DNAZ
is substantially soluble but in which the byproducts of the oxidative nitration reaction
are substantially insoluble. For simplicity and convenience, the solvent used to extract
the DNAZ from the oxidative nitration reaction solution may be the same solvent in
which the DNAZ, bromoacetyl bromide, and boron trifluoride etherate are reacted.
The aqueous phases from the extraction, which include the byproducts of the oxidative
nitration reaction, may be discarded, while the organic (solvent) phases are collected
and combined. The aqueous phases from the extraction may include sodium
hydroxide, potassium ferricyanide, sodium nitrite, or sodium sulfate dissolved in the
water. The organic phase includes the DNAZ and may be dried with a drying agent,
such as anhydrous sodium sulfate or anhydrous magnesium sulfate. The organic phase
is referred to herein as the DNAZ/solvent solution. To ensure that the DNAZ/solvent
solution is dry (i.e., substantially free of water), a sufficient amount of the drying agent
may be added to the DNAZ/solvent solution until solid drying agent is free flowing in
solution. The drying agent may be removed from the DNAZ/ solvent solution by
vacuum filtration. By way of non-limiting example, when dichloromethane is used as
the solvent, DNAZ/dichloromethane solutions have been determined to include
0.142% water prior to drying with the drying agent, compared to 0.091% water after
drying. The oxidative nitration reaction may produce the DNAZ at a yield of from
approximately 80% to approximately 100% (based on HMNAZ). The purity of the
DNAZ, as determined by high performance liquid chromatography (HPLC), is greater
than approximately 97%.

If the DNAZ is to be stored before subsequent acts are conducted, at least a
portion of the solvent may be removed, such as by evaporation under reduced pressure,
forming a concentrated DNAZ/solvent solution. If substantially all of the solvent is
removed, the resulting DNAZ may be in a liquid state at ambient conditions. As
described herein, acts that involve evaporation under reduced pressure may be
conducted at vacuum levels and for an amount of time sufficient that the respective
solution or suspension is not exposed to a temperature of greater than or equal to

approximately 30°C for greater than or equal to approximately ten hours. The
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concentrated DNAZ/solvent solution or DNAZ may be stored at a temperature ranging
from approximately 0°C to approximately 30°C for up to approximately ninety-six
hours or greater. Since decomposition of the DNAZ is known to occur at a
temperature greater than approximately 75°C, the DNAZ/solvent solution may be
maintained at a temperature below approximately 30°C to ensure little or no
decomposition.

If the DNAZ has been stored neat, an additional volume of solvent may be
added to the DNAZ. Before converting the DNAZ to ABDNAZ, the DNAZ/solvent
solution may be purged with an anhydrous inert gas, such as nitrogen, to minimize the
presence of water. Water may be present as moisture in air from the relative humidity
of the surrounding environment. Water, if present, may affect the activity of the boron
trifluoride etherate or may react with bromoacetyl bromide, which is sensitive to
hydrolysis reactions. The DNAZ/solvent solution may be reacted with bromoacetyl
bromide in the presence of the boron trifluoride etherate, producing the ABDNAZ, as
shown in FIG 2. As the reaction occurs, the majority of ABDNAZ remains in solution
in the solvent, while the majority of DNAZ HBr precipitates as a solid. Therefore, the
ABDNAZ reaction mixture is heterogeneous. The boron trifluoride etherate and
bromoacetyl bromide may be added to the DNAZ/solvent solution within a time period
of approximately fifteen minutes. Two molar equivalents of the DNAZ may be reacted
with 1.5 molar equivalents of bromoacetyl bromide in the solvent. In contrast, in the
Bednarski process, a stoichiometric amount of bromoacetyl bromide (one half molar
equivalent) was used per molar equivalent of DNAZ. A catalytic amount of the boron
trifluoride etherate may be used in the method of the present invention, such as from
approximately 5 mole % to approximately 15 mole % with respect to DNAZ. While
embodiments herein describe adding the boron trifluoride etherate and then the
bromoacetyl bromide, the reagents may be added in any order. Since the addition of
boron trifluoride etherate and bromoacetyl bromide is not significantly exothermic, and
because this reaction is heated to reflux, the rate of addition of these reagents does not
substantially affect the yield or purity of the ABDNAZ obtained. The ABDNAZ
reaction mixture may be heated to a mild reflux and stirred for from approximately four
hours to approximately seven hours until the majority of the DNAZ has been converted
to ABDNAZ, at which point the heat is removed. In contrast, in the Bednarski process,

the reflux was conducted for two hours. In an embodiment of the invention, the
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temperature to which the ABDNAZ reaction mixture is heated is below the boiling
point of the solvent. By way of non-limiting example, if dichloromethane is used as
the solvent, the ABDNAZ reaction mixture may be heated to less than approximately
40°C during the course of the reaction. The ABDNAZ reaction mixture may also
include DNAZ HBr, which, in dry solid form, is sensitive to impact, friction, and other
external stimuli. One stoichiometric equivalent of DNAZ HBr is generated per
mole-equivalent of ABDNAZ. The DNAZ HBr may be a white/yellow solid. The
ABDNAZ reaction mixture may also include HBr and up to approximately 20% of
unreacted DNAZ, which is removed as explained below.

After completion of the reaction, an additional volume of the solvent and water
may be added to the ABDNAZ reaction mixture and stirred for from approximately
one hour to approximately twenty-four hours. The volume of solvent and water added
may be sufficient to dissolve the DNAZ HBr in the water and any precipitated
ABDNAZ in the solvent. Since DNAZ HBr is water soluble, the DNAZ HBr may
partition into the aqueous phase while the ABDNAZ remains in the organic (solvent)
phase. The organic and aqueous phases may then be separated, such as by
conventional liquid-liquid separation techniques, and the aqueous phase discarded.
The organic phase including the ABDNAZ is referred to herein as an
ABDNAZ/solvent solution. Since the DNAZ HBr remains in aqueous solution during
the separation, the DNAZ HBr may be easily disposed of. By eliminating handling of
the DNAZ HBr in solid form, ABDNAZ may be synthesized and isolated by a
non-energetic process. As a consequence, manufacturers of ABDNAZ do not need to
be certified or qualified to handle explosive compounds. In addition, conventional
equipment and facilities may be used to produce the ABDNAZ, which reduces the cost
and complexity of its synthesis and isolation. In contrast, in the Bednarski process,
solid DNAZ HBr is removed by filtration.

The ABDNAZ/solvent solution may be washed with multiple portions of water
to remove any trace amounts of the DNAZ HBr. During the water washes, additional
solvent may be added to the ABDNAZ/solvent solution to prevent the ABDNAZ from
crystallizing. The volume of water or solvent added may be sufficient to remove or
extract the desired compounds. The purity of the ABDNAZ/solvent solution may be
monitored by proton nuclear magnetic resonance (‘"H NMR) to verify that substantially

all of the DNAZ HBr has been removed. If DNAZ HBr remains in the
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ABDNAZ/solvent solution, additional water washes may be conducted until the
ABDNAZ/solvent solution is determined to be substantially free of DNAZ HBr. The
volume of water used may be sufficient to extract the desired compounds. By way of
non-limiting example, the ABDNAZ/solvent solution may include less than
approximately 0.4% DNAZ HBr after washing with the water. The ABDNAZ/solvent
solution may be dried with a drying agent, such as with sodium sulfate, until the solid
is free flowing in solution. The drying agent may be removed by vacuum filtration.
The ABDNAZ/solvent solution may be concentrated, such as by evaporation under
reduced pressure, to remove approximately half of the volume of the
ABDNAZ/solvent solution.

To crystallize the ABDNAZ, a sufficient volume of the nonsolvent may be
added to the ABDNAZ/solvent solution, forming an ABDNAZ/solvent/nonsolvent
mixture. Addition of the nonsolvent to the ABDNAZ/solvent solution enables the
ABDNAZ to be crystallized at a high purity in the nonsolvent. Any impurities
remaining in the ABDNAZ/solvent/nonsolvent mixture may be soluble in the
nonsolvent. The impurities include, but are not limited to, DNAZ, DNAZ HBr,
bromoacetic acid, and sodium sulfate. The nonsolvent may be an organic solvent in
which ABDNAZ is substantially insoluble and having a boiling point sufficiently
higher than that of the solvent such that removal of the solvent is readily achieved. The
ABDNAZ may also be substantially unreactive with the nonsolvent at the temperature
used to crystallize the ABDNAZ. The nonsolvent may be a relatively non-toxic
organic material since the ABDNAZ will be administered to humans or other
mammals.

The addition of the nonsolvent to the ABDNAZ/solvent solution may alter the
solubility of the ABDNAZ. Specifically, the solubility of the ABDNAZ may be
reduced when the nonsolvent is added to the ABDNAZ/solvent solution. The
solubility of the ABDNAZ in the ABDNAZ/solvent/nonsolvent mixture may be further
altered by removing the solvent, such as by evaporating the solvent under reduced
pressure (i.e., using a rotary evaporator). The rate at which the solvent is removed may
affect the crystallization of the ABDNAZ. If the solvent is removed quickly, the
ABDNAZ may form as an amorphous solid material having impurities trapped therein.
In contrast, if the solvent is removed slowly, the ABDNAZ may crystallize in a more

pure form. As the solvent is removed, the volume of the ABDNAZ/solvent/nonsolvent
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mixture decreases, enabling the ABDNAZ to precipitate and form an
ABDNAZ/nonsolvent suspension. The removal of the solvent may be stopped when
the volume of liquid remaining in the ABDNAZ/nonsolvent suspension is just
sufficient to cover the surface of the ABDNAZ during rotation of the rotary evaporator.
The ABDNAZ/nonsolvent suspension may be cooled to approximately 0°C for
approximately thirty minutes and the crystals of ABDNAZ recovered, such as by
vacuum filtration. The ABDNAZ may be obtained as clear, colorless or white crystals.
The ABDNAZ may be rinsed with additional volumes of chilled nonsolvent to ensure
that substantially all impurities are removed from the ABDNAZ. The nonsolvent
filtrate may then be discarded. The ABDNAZ may be stored under vacuum, and or air
may be pulled through the ABDNAZ on a filter for from approximately one hour to
approximately sixteen hours to ensure that substantially no residual solvent,
nonsolvent, or water remains. In contrast, in the Bednarski process, crude ABDNAZ is
isolated by the evaporation of dichloromethane. The crude ABDNAZ is then washed
with a biphasic diethyl ether rinse, providing ABDNAZ of approximately 98% purity.

The ABDNAZ synthesized and isolated by the method of the present invention
may have a purity of greater than approximately 99.5% (as determined by HPLC). In
contrast, the ABDNAZ synthesized and isolated by the Bednarski process is
approximately 98% pure, with the remaining 2% including bromoacetic acid, unreacted
DNAZ, and DNAZ HBr. The ABDNAZ produced by the method of the present
invention is also whiter in color compared to the yellowish color of the ABDNAZ
produced by the Bednarski process. The yield of the ABDNAZ produced by the
method of the present invention may be from approximately 80% to approximately
100% (based on an assumed 100% yield of DNAZ from HMNAZ).

In one embodiment of the present invention, dichloromethane is used as the
solvent and ethanol is used as the nonsolvent. Without being bound to a particular
theory, it is believed that using dichloromethane and ethanol provides effective
isolation of the ABDNAZ because the difference in their boiling points enables the
dichloromethane to be removed by evaporation at low temperature while the ethanol
remains for crystallizing the ABDNAZ. In addition, the temperature during the
crystallization is sufficiently low that substantially no reaction occurs between the
ABDNAZ and ethanol. The use of ethanol to successfully crystallize the ABDNAZ in

the method of the present invention was unexpected because previous attempts to
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recrystallize ABDNAZ using ethanol at elevated temperatures (refluxing ethanol)
resulted in the formation of two new impurities. However, the temperature during the
crystallization of the method of the present invention is sufficiently high to remove the
dichloromethane. Even with the potential reactivity between the ABDNAZ and
ethanol, ethanol was found to be a good nonsolvent for recrystallization because the
ABDNAZ was produced at a high yield and purity. Furthermore, ethanol is
substantially less toxic to humans and animals relative to dichloromethane.

The ability of the aqueous extraction to effectively remove DNAZ HBr from
the ABDNAZ reaction mixture was unexpected because DNAZ HBr was expected to
be substantially insoluble in water. However, in qualitative experiments, the DNAZ
HBr was determined to be more soluble in water than the ABDNAZ. ABDNAZ has a
solubility in water of from approximately 0.3 mg/ml to approximately 1.3 mg/ml, and a
solubility of approximately 30 mg/ml in dichloromethane. The appreciable solubility
of DNAZ HBr in water was surprising since a significant portion of DNAZ HBr
includes non-polar, carbon and hydrogen moieties, which, conventionally, are not
soluble in water. Based on the structural similarity between DNAZ HBr and
ABDNAZ (see FIG. 2), DNAZ HBr and ABDNAZ were expected to have similar
solubilities in the solvent. Furthermore, DNAZ HBr was not expected to be
sufficiently soluble in water to enable aqueous extraction. Although it is a salt, a
greater percentage of the molecular weight of DNAZ HBEr is attributable to carbon and
hydrogen atoms than ABDNAZ, suggesting the two compounds would have similar
solubilities in water. Therefore, the significantly different solubilities of ABDNAZ and
DNAZ HBr in the solvent versus the water were not expected.

The aqueous extraction also, unexpectedly, improved the yield and purity of the
ABDNAZ produced. Without being bound by any particular theory, it is believed that
the aqueous extraction conducted on the ABDNAZ reaction mixture forces the
ABDNAZ and DNAZ HBr to dissolve separately in the organic phase (solvent) and the
aqueous phase (water), respectively. Since ABDNAZ is significantly more soluble in
the solvent than in water, ABDNAZ remains in the organic phase. Conversely, since
DNAZ HBr is significantly more soluble in water than in the solvent, the DNAZ HBr
partitions into the aqueous phase. Since the solubilities of the ABDNAZ and DNAZ
HBr in solvent and in water are sufficiently different, a minimal amount of ABDNAZ

may become trapped in the aqueous phase and a minimal amount of DNAZ HBr may
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become dissolved in the solvent. Thus, the ABDNAZ ultimately recovered from the
ABDNAZ/solvent solution may be relatively pure and may be isolated at a relatively
high yield.

In addition, using an aqueous extraction to effectively separate the ABDNAZ
and DNAZ HBr was unexpected because ABDNAZ is slightly reactive toward water.
It was expected that exposing the ABDNAZ to water would produce undesirable
hydrolysis byproducts. However, the water was observed to dissolve the DNAZ HBr
without substantially reacting with the ABDNAZ under these conditions.

An additional advantage to using the aqueous extraction and aqueous washes to
separate the ABDNAZ and the DNAZ HBEr is the potential to remove unreacted DNAZ
from the ABDNAZ reaction mixture. The unreacted DNAZ may be present in the
ABDNAZ reaction mixture at up to approximately 20%. The unreacted DNAZ may
react with aqueous HBr to form additional DNAZ HBr, as shown in FIG. 3. The HBr
may be present in the ABDNAZ reaction mixture as a byproduct of the conversion of
DNAZ to ABDNAZ. Alternatively, the aqueous HBr that reacts with the DNAZ may
be provided as a solution of HBr in water. The aqueous HBr solution may include
from approximately 1% HBr to approximately 48% HBr. By way of non-limiting
example, one of the water washes conducted on the ABDNAZ reaction mixture or on
the ABDNAZ/solvent solution may be replaced with a wash including the aqueous
HBr solution. Since the additional DNAZ HBr produced is water soluble, the DNAZ
HBr may be easily removed from the ABDNAZ reaction mixture or the
ABDNAZ/solvent solution by subsequent aqueous extractions or aqueous washes.
Removing the unreacted DNAZ at an early stage in the synthesis and isolation of
ABDNAZ, as in the method of the present invention, enables the ABDNAZ to be
produced at a higher purity and yield compared to the Bednarski process. In the
Bednarski process, the unreacted DNAZ remains in the dichloromethane and gets
trapped in the ABDNAZ as the solvent is removed under vacuum. The DNAZ is then
only partially removed by diphasic ether washes. Ultimately, the total number of
crystallization and wash acts utilized to synthesize and isolate the ABDNAZ from
HMNAZ by the method of the present invention may be reduced compared to those of
the Bednarski process.

A therapeutically effective amount of the ABDNAZ produced by the method of

the present invention may be formulated into a pharmaceutical composition, as
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described in Bednarski. The pharmaceutical composition may include a
pharmaceutically acceptable vehicle, the ABDNAZ, and optionally, at least one of a
wetting or emulsifying agent, a pH buffering agent, an auxiliary agent, a stabilizing
agent, a suspending agent, a dispersing agent, a solubilizing agent, a thickening agent, a
lubricating agent, a coloring agent, a sweetening agent, a flavoring agent, or a
preserving agent. The pharmaceutical composition may include a pharmaceutically
active agent or therapeutic agent in addition to the ABDNAZ. The pharmaceutical
composition may be administered to a patient, such as a human or other mammal, for
the treatment or prevention of a disease or disorder characterized by abnormal cell
proliferation, as described in Bednarski.

The following examples serve to explain embodiments of the present invention
in more detail. These examples are not to be construed as being exhaustive, exclusive,

or otherwise limiting as to the scope of this invention.

Examples

Solvents and reagents used in the synthesis and isolation of ABDNAZ were
purchased from commercial sources, such as from Sigma-Aldrich Co. (St Louis, MO)
or Parish Chemical Company (Vineyard, UT). The sodium hydroxide, potassium
ferricyanide, sodium nitrite, sodium persulfate, dichloromethane, sodium sulfate, and
ethanol were of reagent grade. Boron trifluoride etherate was of redistilled grade.
Bromoacetyl bromide was 98" % purity. Distilled water was used in the synthesis and
isolation of ABDNAZ. The HMNAZ was greater than or equal to 98% purity.

The ABDNAZ was manufactured according to Good Laboratory Practices
(GLP). Dedicated glassware and processing aids were used in the synthesis and
isolation of ABDNAZ. All equipment used was cleaned by rinsing with an organic
solvent.

Except where otherwise indicated, the synthesis and isolation of ABDNAZ was
conducted with minimal down time between successive reactions or acts. As used
herein, the term “ambient” refers to atmospheric pressure and a temperature ranging
from approximately 20°C to approximately 30°C. To prevent decomposition during
the synthesis and isolation of ABDNAZ, the respective solution or suspension is not

exposed to a temperature of greater than 30°C for greater than approximately ten hours.
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The properties shown in Table 1 were measured or determined by conventional
techniques, which are not described in detail herein. The purity of ABDNAZ was
measured by infrared (IR), HPLC, or NMR. Thermal stability was measured by
differential scanning calorimetry (DSC) using a temperature ramp rate of 20°C/minute.
The thermal stability is reported as the temperature of the onset of melting and the
temperature of the onset of decomposition. The melting point is reported as the
temperature of the onset of melting. The elemental analysis was measured by

conventional techniques.

Example 1
Synthesis of DNAZ from HMNAZ

An Erlenmeyer flask equipped with a magnetic stir bar was charged with water
(400 mL), potassium ferricyanide (17.2 g, 52 mmol), and sodium nitrite (143.2 g,

2075 mmol). The solution (referred to herein as “Solution A”) was stirred until all
solids dissolved (approximately fifteen minutes).

A round bottom flask equipped with a magnetic stir bar and a thermocouple
was charged with distilled water (1470 mL) and, while stirring, sodium hydroxide
(71.2 g, 1780 mmol). Using a cold bath, the aqueous sodium hydroxide solution was
returned to ambient temperature (20°C to 30°C) and HMNAZ (97.6 g, 519 mmol) was
added. The nitronate solution was stirred at ambient conditions for from approximately
one hour to approximately two hours, during which time nearly all solids dissolved.
This solution is referred to herein as “Solution B”. Solution B was chilled to 10°C and
then Solution A was added. With the temperature at between approximately 10°C and
approximately 15°C, sodium persulfate (173.2 g, 727 mmol) was introduced to the
round bottom flask over a period of from approximately one minute to approximately
two minutes. After the exotherm began to subside, the cold bath was removed and the
reaction mixture was stirred at ambient conditions for approximately sixteen hours.
The resulting orange/brown liquid was added to a separatory funnel and extracted with
dichloromethane (3 x 450 mL). The combined organic extracts were dried with
sodium sulfate (approximately 100 g), added to a round bottom flask, and concentrated

to approximately 450 mL using a rotary evaporator.

Example 2
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Synthesis of ABDNAZ from DNAZ

A three neck round bottom flask (3 L) equipped with a magnetic stir bar and a
water jacketed reflux condenser was charged with the dichloromethane solution of
DNAZ (produced as described in Example 1). A nitrogen gas purge of the apparatus
was initiated and, after ten minutes, boron trifluoride diethyletherate (6.37 mL, 52
mmol) was added, followed by bromoacetyl bromide (33.77 mL, 388 mmol). The
flask was sealed, except for a small vent at the top of the condenser, and the solution
was heated to a mild reflux. After six hours (% 0.5 hour), heating was stopped and
dichloromethane (1000 mL) and distilled water (800 mL) were added, in that order, to
the heterogeneous mixture. The two-phase system was stirred vigorously for sixteen
hours, until all solids (DNAZ HBr) were dissolved. The two-phase system was then
transferred to a separatory funnel. The aqueous phase was removed and the organic
phase was washed with additional distilled water (4 x 500 mL). The organic phase was
dried with sodium sulfate (100 g - 150 g) and then transferred to a single neck, round
bottom flask. The solution was concentrated on a rotary evaporator to approximately
half of its initial volume and then ethanol (250 mL) was added. The remaining
dichloromethane was removed by a rotary evaporator, causing precipitation of clear,
colorless crystals. The flask was chilled in an ice bath for thirty minutes. The
precipitate was isolated by vacuum filtration, rinsed with additional cold ethanol (5 x
150 mL), and dried to afford pure ABDNAZ (56.04 g, 81% yield): 'H NMR
(dg-acetone) J 4.02 (s, 2H, -CH,Br ), 4.96 (br s, 2H, ring -CH,), 5.36 (br s, 2H, ring
-CH,); *C NMR (dg-acetone) & 25.58, 58.58, 60.53, 107.69, 167.48.

Example 3
Table 1 lists properties of two samples of ABDNAZ prepared by the method of
the present invention and ABDNAZ prepared by the Bednarski process.
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Table 1: Comparison of ABDNAZ prepared by the method of the present invention
and the Bednarski process.

Property Inventive Method | Inventive Method | Bednarski Process
Sample 1 Sample 2

Identification (IR) Positive match Positive match Positive match
Identification (HPLC) | Positive match Positive match Positive match
Assay 100.7% 100.1% 98.7%
Impurities

NaBr 0.015% 0.014% 0.41%

Bromoacetic acid ND ND 0.48%

DNAZ ND ND 0.48%
Total unspecified 0.033% 0.031% 0.31%
impurities
Total impurities 0.048% 0.045% 1.68%
Moisture 0.038% 0.009% 0.05%
Residual solvents

Dichloromethane 0.172% 0.139% <0.5% (Pass)

Ethanol 0.015% 0.006% <0.5% (Pass)
Residual on ignition 0.09% 0.05% 0.05%
Heavy metals Pass Pass Pass

ND=not detectable

As shown in Table 1, the ABDNAZ produced by the method of the present
invention had fewer impurities (higher purity) compared to the ABDNAZ prepared by
the Bednarski process. While even small improvements in purity may oftentimes be
difficult to achieve, these improvements may be especially important when a chemical
compound is to be used in a pharmaceutical composition. The method of the present
invention also reduces the number of processing acts utilized to obtain pure ABDNAZ
and also eliminates hazards associated with handling the dry solid explosive DNAZ
HBr.

While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and
have been described in detail herein. However, it should be understood that the
invention is not intended to be limited to the particular forms disclosed. Rather, the
invention encompasses all modifications, equivalents, and alternatives falling within
the scope of the invention as defined by the following appended claims and their legal

equivalents.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of producing N-(bromoacetyl)-3,3-dinitroazetidine (ABDNAZ),
comprising:

reacting 1-zerz-butyl-3,3-dinitroazetidine (DNAZ) with bromoacetyl bromide and boron
trifluoride etherate in a solvent to produce a reaction mixture comprising ABDNAZ and a salt of
DNAZ;

adding water and an additional volume of the solvent to the reaction mixture to form an
organic phase comprising the ABDNAZ and an aqueous phase comprising the salt of DNAZ;

separating the organic phase and the aqueous phase to produce an ABDNAZ/solvent
solution comprising the ABDNAZ and the aqueous phase comprising the salt of DNAZ;

adding a nonsolvent to the ABDNAZ/solvent solution to produce an
ABDNAZ/solvent/nonsolvent mixture; and

recovering the ABDNAZ.

2. The method of claim 1, wherein reacting DNAZ with bromoacetyl bromide and
boron trifluoride etherate in a solvent to produce a reaction mixture comprising ABDNAZ and a
salt of DNAZ comprises reacting the DNAZ, bromoacetyl bromide, and boron trifluoride
etherate at reflux and for a time period of from approximately four hours to approximately seven

hours.

3. The method of any one of claim 1 or claim 2, wherein reacting DNAZ with
bromoacetyl bromide and boron trifluoride etherate in a solvent to produce a reaction mixture
comprising ABDNAZ and a salt of DNAZ comprises reacting DNAZ with bromoacetyl bromide

and boron trifluoride etherate in dichloromethane.

4. The method of any one of claims 1 to 3, wherein reacting DNAZ with
bromoacetyl bromide and boron trifluoride etherate in a solvent comptises reacting two molar

equivalents of DNAZ with 1.5 molar equivalents of bromoacetyl bromide in dichloromethane.

5. The method of any one of claims 1 to 4, wherein adding water and an additional
volume of the solvent to the reaction mixture to form an organic phase and an aqueous phase

comptises adding dichloromethane and water to the reaction mixture.
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0. The method of any one of claims 1 to 5, further comprising washing the

ABDNAZ/solvent solution with water before adding the nonsolvent.

7. The method of any one of claims 1 to 6, further comprising adding a drying agent

to the ABDNZ /solvent solution to remove water and recovering the drying agent.

8. The method of any one of claims 1 to 7, further comprising removing at least a

portion of the solvent from the ABDNAZ/solvent solution.

9. The method of any one of claims 1 to 8, wherein adding a nonsolvent to the

ABDNAZ/solvent solution comptises adding ethanol to the ABDNAZ /solvent solution.

10. The method of any one of claims 1 to 9, wherein recovering the ABDNAZ

comprises removing the solvent from the ABDNAZ/solvent/nonsolvent mixture.

11. The method of claim 1, wherein recovering the ABDNAZ comprises removing

the nonsolvent to produce crystals of the ABDNAZ.

12. A method of producing N-(bromoacety1)-3,3 -dinitroazetidine (ABDNAZ),
comprising:

reacting 1-zerz-butyl-3,3-dinitroazetidine (DNAZ) with bromoacetyl bromide and boron
trifluoride etherate in dichloromethane to produce a reaction mixture comprising ABDNAZ and
a hydrogen bromide salt of DNAZ;

adding water and an additional volume of dichloromethane to the reaction mixture to
form an organic phase comprising the dichloromethane and the ABDNAZ and an aqueous phase
comprising the water and the hydrogen bromide salt of DNAZ;

separating the organic phase from the aqueous phase;

adding ethanol to the organic phase comprising the dichloromethane and the ABDNAZ;

evaporating the dichloromethane under reduced pressure to form an ABDNAZ/ethanol
suspension; and

filtering the ethanol from the ABDNAZ/ethanol suspension.
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13. The method of claim 12, wherein filtering the ethanol from the
ABDNAZ/ethanol suspension comprises producing ABDNAZ at a yield of from approximately
80% to approximately 100% based on an assumed 100% yield of DNAZ from HMNAZ.

14. The method of any one of claim 12 or claim 13, wherein filtering the ethanol from
the ABDNAZ/ethanol suspension comptises producing ABDNAZ having a purity of greater
than approximately 99.5%.

15. A composition comptising N-(bromoacetyl)-3,3- dinitroazetidine (ABDNAZ) at a

purity of greater than approximately 99.5% and a pharmaceutically effective vehicle.

16. The composition of claim 15, wherein the composition is substantially free of a

salt of 1-sert-butyl-3,3-dinitroazetidine.

17. The composition of claim 15, wherein the composition comprises less than

approximately 0.4% 1-zerz-butyl-3,3- dinitroazetidine.

18. The composition of any one of claims 15 to 17, wherein the composition is

substantially free of bromoacetic acid.

19. N-(bromoacetyl)-3,3-dinitroazetidine produced by the method according to any

one of claims 1 to 14.

20. The method according to claim 1, substantially as hereinbefore described with-

reference to any one of the Examples and/ot Figures.

21. The method according to claim 12, substantially as hereinbefore described with

reference to any one of the Examples and/or Figures.

22, The composition according to claim 15, substantially as hereinbefore described

with reference to any one of the Examples and/or Figures.
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