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IMPROVED METHODS OF SYNTHESIS FOR 9-SUBSTITUTED
HYPOXANTHINE DERIVATIVES

FIELD OF THE INVENTION

This invention is directed to improved synthetic methods for 9-substituted
hypoxanthine compounds, particularly the 9-substituted hypoxanthine derivative N-4-
carboxyphenyl-3-(6-oxohydropurin-9-yl) propanamide.

BACKGROUND OF THE INVENTION

The modification of pharmaceutical and biologically active compounds to alter or
enhance their functional properties is known in the art. Typically, prior art efforts have been
directed to the production of carrier-bound drugs in which carrier molecules having selective
physical properties, such as enhanced water solubility, are chemically attached to biologically
active compounds. For example, Jacobson and colleagues have developed what is referred to
as the “functional congener” approach to the design of carrier-bound drugs (K.A. Jacobson, in
Adenosine Receptors (D.M.F. Cooper & C. Londos, eds., Receptor Biochemistry and
Methodology, J.C. Venter, L.C. Harrison, eds., Alan R. Liss: New York, 1988), pp. 11:1-26).

This approach involved the modification of well defined drug molecules at non-sensitive
positions in a manner that retained the drug’s ability to bind at its specific receptor site. In
order to produce a chemically functionalized drug congener, they modified the drug molecule
through the introduction of a chemical functional group which could then covalently attached
to a carrier molecule. This produced a bifunctional molecule in which one portion (the
“pharmacophore”) contributed its biological activity, and the second portion, or carrier,
imparted its selective physical properties such as enhanced receptor attachment or water
solubility. Using this approach, functional congener compounds were prepared utilizing
catecholamines, adenosine receptor agonists and antagonists, and muscarinic agents.
However, recent developments in the understanding of biological mechanisms such as
the binding of selective ligands to receptors and their related functions in such seemingly
diverse physiological systems as the cardiovascular system, the central nervous system, and the
immune system have stimulated efforts to discover alternative methods for designing
biologically active compounds exhibiting properties which will selectively treat or regulate
such seemingly diverse chemical systems without serious or disabling side effects. For
example, adenosine receptors have been found in the cardiovascular system, in the central
nervous system, and in the immune system. Accordingly, it was originally believed that the

development of adenosine analogues would be effective at regulating or modifying the
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biological activities associated therewith. However, the ubiquitous distribution of adenosine
receptors has resulted in the production of serious and disabling side effects in what were
originally believed to be unrelated biological systems, thereby significantly reducing the
therapeutic usefulness of adenosine analogues.

Similar interrelationships have also been discovered to exist in the mammalian immune
system and in the mammalian nervous system. Over the past several decades numerous
researchers have added considerable detail to the overall understanding of the mammalian
immune system and its importance in maintaining overall physical health. In more recent
years, similar detail has evolved in the study of the mammalian nervous system. As more and
more information was developed in these seemingly independent fields of study, a number of
close functional parallels began to appear between the two physiological systems. For
example, both systems are concerned with the storage of information and use soluble chemicals
to transmit signals between cells. Additionally, natural endogenous substances, such as
hormones and transmitters, are active on the cells of both systems. Even more significantly,
some common functions between the two systems are based upon similar chemical structures
or markers on the surfaces of both nerve cells and immune cells. The recent discovery that the
CD4 receptors targeted by the AIDS virus are present on both the T4 lymphocytes and on
neurons is one of the more dramatic examples of the close relationship between the nervous
system and the immune system.

Further crossing the classically imposed barriers between the fields of immunology and
neurology, recent developments in the understanding of Alzheimer’s disease have implicated
an immunological component that may be present in this neurological disorder. It has been
proposed that both the anatomical and biochemical specificity of the defects seen in
Alzheimer’s disease could be explained by an immunological attack on the brain blood vessels
themselves with secondary involvement of neuronal, glial, or synaptic constituents contributing
to the formation of senile plaques, or an immune-mediated compromise of vessels associated
with an immune attack on specific neuronal, glial, or synaptic constituents (S.H. Appel,
Neurobiol. Aging 7:512 (1986)).

Additionally, circumstantial evidence for an immunological component in neurological
disorders is also provided by the altered suppressor cell function in aging populations, and
more specifically in Alzheimer’s disease (MacDonald et al., Clin. Exp. Immunol. 49:123-128
(1982); A.E. Miller, Ann. Neurol. 10:506-510 (1981); K. Stefansson in Clinical Neurology of
Aging (M.L. Albert, ed., Oxford University Press, Oxford, (1984), pp. 76-94) the implication

of the existence of HLA regions of chromosome 6 and the GM locus of chromosome 14 in a
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large kindred with Alzheimer’s disease (L.R. Weitkamp, Am. J. Hum. Genet. 35:443-53
(1983)), and by the altered immunological parameters in Down’s syndrome, a disease whose
symptoms are similar to senile dementia of the Alzheimer’s type (SDAT).

Scientists in the nascent field of neuroimmunology have hypothesized that the defects
in the function of brain cells (neurons) may be observed concomitantly as parallel defects or
deficiencies in receptors on the cells of the immune system (such as peripheral blood immune
cells). The validity of this hypothesis was recently brought to light with the aforementioned
discovery of HIV infection in neurons. This neuroimmunologic theory has had significant
impact because formerly almost all neuropsychiatric disorders were thought to be primarily due
to factors such as genetic predisposition, mental attitudes, and/or resistance to natural
environment rather than defects or deficiencies in cell function. Similarly, though the immune
system has been implicated in numerous diseases ranging from infection to cancer to
degenerative diseases such as Alzheimer’s disease, arthritis, and aging, its relationship to
cognitive function was previously unrealized.

Because the chemical interrelationship between these diverse physiological systems has
been recognized only recently, prior art and medical treatments and pharmaceutical agents
have focused almost exclusively on treating the individual systems alone. Thus,
pharmaceutical compounds have been developed for treating or regulating the cardiovascular
system or the immune system or the central nervous system with the idea of avoiding
undesirable interactions in what are now known to be related physiological systems. By far the
greatest amount of recent effort in the pharmaceutical and medical fields has been devoted to
the treatment or regulation of the immune system alone. Numerous immunomodulating and
antiviral agents have been disclosed in the art such as those described in European Patent
Application Publication No. 0126813 by Simon et al., U.S. Patent No. 4,221,909 to Simon et
al., U.S. Patent No. 4,211,794 to Kraska, and U.S. Patent No. 4,221,910 to Giner-Sorolla.
Unlike antibiotics which directly attack or destroy invading organisms such as bacteria,
immunomodulating agents and more specifically immune enhancing agents are compounds
which help to bolster the body’s own defense mechanisms against the effects of infections.
Immunomodulators either restore depressed immune function, or suppress hyperactive immune
function.

Accordingly, there is a need for compounds that are bifunctional and that can interact
with multiple receptors on the surface of different cell types. There is also a particular need for
compounds that bypass the blood-brain barrier so that the activities of such compounds can be

exerted in the central nervous system, such as for the treatment of diseases such as Alzheimer’s
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disease, amyotrophic lateral sclerosis (Lou Gehrig’s disease), and other neurodegenerative
diseases.

A number of such compounds and methods for synthesizing them are disclosed in U.S.
Patent No. 5,091,432 to Glasky, incorporated herein by this reference. This includes a number
of bifunctional compounds that bypass the blood-brain barrier, particularly 4-carboxyphenyl-3-
(6-oxohydropurin-9-yl) propanamide. Other synthetic methods for analogous compounds are
those described in G. Shaw et al., “Purines, Pyrimidines, and Glyoxalines. Part XIII. Some
New Unambiguous Syntheses of 5-Aminoglyoxalines and 5-Aminoglyoxaline-4-
carboxamides, and a Synthesis of 5-Amino-1-B-D-ribofuranosylglyoxaline-4-carboxyamide,”
J. Chem. Soc. 1959: 1648 (1959), incorporated herein by this reference, and in P.R. Birkett et

al., “Synthesis and Intramolecular Cyclisation of 5-Aminoimidazolealkanoates and Their

Conversion to Purine Derivatives, “Synthesis 1991 157-159 (1991), also incorporated herein
by this reference, which describes the synthesis of ethyl (9-hypoxanthinyl)alkanoates. The
biosynthetic pathways for purines are also known and are described, for example, G.M.
Blackburn & M.J. Gait, Nucleic Acids in Chemistry and Biology (2d ed., Oxford University
Press, 1996), pp. 148-152, also incorporated herein by this reference.

Although synthetic methods for these bifunctional compounds, particularly N-4-
carboxyphenyl-3-(6-oxohydropurin-9-yl) propanamide, are known, there is a need for an
improved synthetic method for these compounds. There is a particular need for a more
efficient synthesis that provides higher yields and fewer side reactions as well as providing a

pure product.

SUMMARY

An improved method of synthesizing such bifunctional compounds comprises:

(1) reacting aminocyanacetamide with triethyl orthoformate to form an imidoester
derivative of aminocyanacetamide;

(2) forming a compound having a reactive amino group on a hydrocarbyl moiety, the
hydrocarbyl moiety being linked through an amide group to a physiologically active moiety or
an esterified derivative of a physiologically active moiety including therein an esterified
benzoyl group;

(3) reacting the imidoester with the compound having the reactive amino group on the

hydrocarbyl moiety to form a derivative of 5-aminoimidazole-4-carboxamide substituted at the
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1-position with a hydrocarbyl moiety linked through an amide group to a physiologically active
moiety including therein an optionally esterified benzoyl group;

(4) forming the six-membered heterocyclic ring of the purine moiety of the
hypoxanthine by reacting the derivative of 5-aminoimidazole-4-carboxamide formed in step (3)
with triethyl orthoformate to form a 9-substituted hypoxanthine compound substituted at the 9-
position with a hydrocarbyl moiety linked through an amide group to a physiologically active
moiety including therein an optionally esterified benzoyl group; and

(5) hydrolyzing the ester of the optionally esterified benzoyl group if present.

Typically, the hydrocarbyl moiety has the structure (CHy),, wherein n is an integer from
1 to 6; preferably, n is 2.

In one preferred embodiment, the physiologically active moiety is p-aminobenzoic acid.
In this embodiment, the esterified benzoyl is typically esterified with a linear or branched alkyl
group of from 1 to 7 carbon atoms. Preferably, the esterified benzoyl is esterified with a group
with the structure CH3-(CHy),, where z is an integer from 0 to 6. More preferably, z is 1.

The compound having the reactive amino group linked to the hydrocarbyl moiety can
be formed by a process comprising the steps of:

(1) activating an @-aminocarboxylic acid with thionyl chloride; and

(2) reacting the activated m-aminocarboxylic acid with a p-aminobenzoic acid ester in
the presence of a tertiary amine selected from the group consisting of triethylamine and
ethyldiisopropylamine, wherein the p-aminobenzoic acid ester is esterified with a linear or
branched alkyl group of from 1 to 7 carbons.

Typically, the alkyl group is ethyl. In one preferred embodiment, the w-
aminocarboxylic acid is 3-aminopropionic acid. Preferably, the tertiary amine is triethylamine.

One particularly preferred embodiment of the present invention is a process of
synthesizing the 9-substituted hypoxanthine derivative N-4-carboxyphenyl-3-(6-
oxohydropurin-9-yl) propanamide. This process comprises the steps of:

(1) forming ethyl 4-(B-alanyl) aminobenzoate by a process including the steps of:

(a) activating 3-aminopropionic acid with thionyl chloride; and
(b) reacting the activated 3-aminopropionic acid with ethyl p-aminobenzoic
acid in the presence of triethylamine in a solvent comprising toluene and dichloromethane;

(2) reacting aminocyanacetamide with triethyl orthoformate in acetonitrile to form an

imidoester derivative of aminocyanacetamide;



10

15

20

25

30

WO 02/00659 PCT/US01/40908

(3) reacting the imidoester with ethyl 4-(B-alanyl) aminobenzoate in
acetonitrile/methanol,

(4) forming the six-membered ring of the purine moiety of the hypoxanthine by
reacting the ester formed in step (3) with triethyl orthoformate in acetic acid; and

(5) hydrolyzing the ester group of the compound formed in step (4) to yield N-4-
carboxyphenyl-3-(6-oxo-hydropurin-9-yl) propanamide.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention will become
better understood with reference to the following description, appended claims, and
accompanying drawings where:

Figure 1 is a reaction scheme (Scheme 1) for conversion of an @-aminocarboxylic acid
such as B-alanine to its hydrochloride;

Figure 2 is a reaction scheme (Scheme 2) for conversion of the hydrochloride of ®-
aminocarboxylic acid such as $-alanine to its acyl chloride hydrochloride;

Figure 3 is a reaction scheme (Scheme 3) for reaction of the acyl chloride hydrochloride
formed in Scheme 2 (Figure 2) with a lower alkyl ester of an aminobenzoic acid,

Figure 4 is a reaction scheme (Scheme 4) for neutralization of the quaternary
ammonium with a base to yield an ester containing a reactive amino group;

Figure 5 is a reaction scheme (Scheme 5) for the formation of an imidoester from
aminocyanacetamide and the reaction of the imidoester with the ester containing the reactive
amino group from Scheme 4;

Figure 6 is a reaction scheme (Scheme 6) for cyclization of the ester or 1-substituted 5-
aminoimidazole-4-carboxamide with triethyl orthoformate to produce the six-membered ring
of a purine moiety;

Figure 7 is a reaction scheme (Scheme 7) for hydrolysis of the ester moiety bound to
the benzoyl group to produce the final product, a 9-substituted hypoxanthine derivative; and

Figure 8 is a reaction scheme (Scheme 8) showing the relationship between the
two branches of the pathway, one utilizing intermediates in which the benzoyl group linked to
the hydrocarbyl moiety is esterified, and the other utilizing intermediates in which the benzoyl
group linked to the hydrocarbyl moiety is not esterified, as well as routes of interconversion

between the branches.
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DESCRIPTION

An improved method of synthesis of the compound N-4-carboxyphenyl-3-(6-
oxohydropurin-9-yl) propanamide involves:

(1) reaction of aminocyanacetamide with triethyl orthoformate to form an imidoester
derivative of aminocyanacetamide;

(2) formation of a compound having a reactive amino group on a hydrocarbyl moiety,
the hydrocarbyl moiety being linked through an amide group to a physiologically active moiety
or an esterified derivative of a physiologically active moiety including therein an esterified
benzoyl group;

(3) reaction of the imidoester with the compound having the reactive amino group on
the hydrocarbyl moiety to form a derivative of 5-aminoimidazole-4-carboxamide substituted at
the 1-position with a hydrocarbyl moiety linked through an amide group to a physiologically
active moiety including therein an optionally esterified benzoyl group;

(4) formation of the six-membered heterocyclic ring of the purine moiety of the
hypoxanthine by reacting the derivative of 5-aminoimidazole-4-carboxamide formed in step (3)
with triethyl orthoformate to form a 9-substituted hypoxanthine compound substituted at the 9-
position with a hydrocarbyl moiety linked through an amide group to a physiologically active
moiety including therein an optionally esterified benzoyl group; and

(5) hydrolysis of the ester group if present.

Each of these steps will be discussed below in detail, with particular reference to the
synthesis of N-4-carboxyphenyl-3-(6-oxohydropurin-9-yl) propanamide. However, other
bifunctional compounds that are 9-substituted hypoxanthine derivatives can be prepared by
analogous methods. These other hypoxanthine derivatives can use linkers of different lengths
between the hypoxanthine moiety and the physiologically active moiety that contains an
aromatic ring such as a benzoyl group; the aromatic ring can also be substituted. Some of these
alternatives are discussed below with respect to intermediates used in particular steps of the
synthesis.

There are several alternative routes for this synthesis. In the first route, the benzoyl
group of the physiologically active moiety remains esterified until the last step of the synthesis.
At that stage, the ester group is removed by hydrolysis to produce the final product. Ina
second route, the ester group is removed earlier by hydrolysis to yield a free benzoic acid
moiety. Typically, in this second route, the amino group of the compound having a reactive

amino group on a hydrocarbyl moiety linked through an amide group to a physiologically
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active moiety is protected by a protecting group such as benzyloxycarbonyl (Z). Alternatively,
other protecting groups of the types generally used to protect amino termini in peptide
chemistry can be used, such as #-butyloxycarbonyl (Boc), the biphenylyl analogue of Boc
(Bpoc), or 9-fluorenylmethyloxycarbony! (Fmoc). Other suitable protecting groups are also
known in the art. The general principle for choosing the protecting group is to protect the
amino group during activation of the carboxyl group with ethyl chloroformate and formation of
the carboxamide with ethyl 4-aminobenzoate and to eliminate the protecting group afterwards
without cleaving the B-alanine-aminobenzoic acid bond. The routes are interconnected by the

hydrolysis of the ester group at several points, as shown below.

L FIRST ROUTE IN WHICH BENZOYL GROUP REMAINS ESTERIFIED

Formation of Compounds Having a Reactive Amino Group on a Hydrocarbyl Moiety
Linked to
Esterified Benzovl Group

The first step of the reaction is formation of a compound having a reactive amino group
on a hydrocarbyl moiety. The hydrocarbyl moiety is linked through an amide group to a
physiologically active moiety or an esterified derivative of a physiologically active moiety
including therein an esterified benzoyl group. This portion of the synthesis contributes the
linker portion and the physiologically active compound.

The hydrocarbyl moiety has the structure (CHy),, wherein n is an integer from 1 to 6. In
one particularly preferred embodiment of a process according to the present invention, n is 2.
The length of the hydrocarbyl moiety determines the distance between the hypoxanthine
moiety and the physiologically active moiety.

In one particularly preferred embodiment of a process according to the present
invention, the physiologically active moiety is p-aminobenzoic acid. Typically, the benzoyl
moiety is esterified with a linear or branched alkyl group of from 1 to 7 carbon atoms. In this
embodiment, the benzoyl moiety is preferably esterified with a group with the structure CH;-
(CHz),, where z is an integer from 0 to 6. Most preferably, z is 1.

The first step in this process is the conversion of an @-aminocarboxylic acid such as -
alanine to its hydrochloride. This is shown in Scheme 1 below (Figure 1) with respect to -
alanine being converted into B-alanine hydrochloride, but, as detailed below, the steps can be

performed with other m-carboxylic acids. Step 1 is preferably performed in toluene with a
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small proportion of water. The hydrochloric acid is typically present in molar excess (i.e.
typically at least about 150% with respect to the amount of B-alanine). Water is preferably
present at about 0.5% (v/v). The reaction preferably runs in a slurry. The B-alanine is
preferably milled or micronized. The reaction can be run at room temperature or at an elevated
temperature of 30-35° C. The reaction is preferably run for at least about 8 hours; it can be run
for as long as 24 hours. Although the reaction has been described with $-alanine, it can be
performed with other m-aminocarboxylic acids. The w-aminocarboxylic acid B-alanine is 3-
aminopropionic acid. Changing the @-aminocarboxylic acid used changes the length of the
linker in the final product. For example, if 4-aminobutanoic acid is used instead of 3-
aminopropionic acid, the length of the linker increases by 1 carbon atom.

The second step is the conversion of the hydrochloride of w-aminocarboxylic acid such
as B-alanine to its acyl chloride hydrochloride. This is shown in Scheme 2 (Figure 2), below.
This step is preferably performed in toluene. Preferably, a molar excess of thionyl chloride is
used of at least 200%. Preferably, the thionyl chloride is present at about 600% molar ratio.
The reaction is typically performed at a temperature of about 40-50° C, preferably at about 45-
50° C, most preferably at about 50° C. The reaction time used for this step varies to some
extent with the temperature, but is at least 8 hours and can be as long as 39 hours. A preferred
set of reaction conditions is 50° C for 38 hours. Unreacted thionyl chloride and toluene are
then removed by distillation at reduced pressure, such as at 50°C, 100 mbar.

The next step is the reaction of the acyl chloride hydrochloride formed in Scheme 2 with
a lower alkyl ester of an aminobenzoic acid. Preferably, the aminobenzoic acid is p-
aminobenzoic acid. The lower alkyl ester is typically an ethyl ester. As used herein, the term
“lower alkyl” refers to a branched or unbranched alkyl group of from 1 to 7 carbon atoms.
Preferably, the alkyl group has the structure CHs;-(CHy),, where z is an integer from 0 to 6. A
particularly preferred lower alkyl group for the ester is ethyl and therefore a particularly
preferred ester is ethyl p-aminobenzoate. This is related to the physiologically active
compound p-aminobenzoic acid. However, other benzoic acid derivatives can be used at this
stage. For example, the aromatic ring can have other substituents.

With ethyl p-aminobenzoate, the reaction occurs as is shown below in Scheme 3 (Figure
3).

Typically, the reaction is performed in the presence of triethylamine at a molar ratio of
about 1:1 with the ester. The reaction is preferably performed in dichloromethane. In one
preferred mode of performing the reaction, a solution containing the ester and triethylamine in
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dichloromethane is slowly added to a suspension of the acyl chloride in toluene from step 2.
Typically, addition of the ester and triethylamine to the acyl chloride occurs slowly at a
temperature of about 45-55° C. The reaction is then allowed to proceed for about 16-20 hours
at a temperature of about 40° C. In general, it is preferred to add the ester in a solution in
which triethylamine is already present.

Other possible variables for the reaction conditions are described below.

Preferably, the product is isolated by filtration at 40°C, washed three times with
dichloromethane and dried under vacuum at 40° C overnight. However, other purification
procedures, such as extraction, can be used. In general, the use of the direct filtration step is
preferred.

The next step is the neutralization of the quaternary ammonium formed by the preceding
steps with a base to yield the ester with an uncharged amino group. This is shown in Scheme 4
(Figure 4). Preferably, this reaction is performed in water:ethanol (9:1; w/w). The
neutralization reaction is typically performed at pH 10.0 by addition of an aqueous base. The
aqueous base is typically used in a molar excess, preferably about 1.6 moles per mole of ester
hydrochloride. Preferably, the base used is sodium hydroxide, but another alkali metal
hydroxide such as potassium hydroxide or lithium hydroxide or an alkaline earth hydroxide
such as calcium hydroxide or barium hydroxide can be used. As another alfernative, an
organic alkoxide such as sodium ethoxide, potassium ethoxide, sodium methoxide, or
potassium methoxide can be used. However, it is generally preferred to use sodium hydroxide.

When sodium hydroxide is used, the crystallization process starts spontaneously at pH
9.7 and a thick and hardly stirrable slurry is obtained. The slurry is diluted with a mixture of
water/ethanol (90:10, w/w) and the suspension is stirred. The ethyl ester is isolated by
filtration, washed with water:ethanol, and dried under vacuum. As an alternative, the
neutralization can be performed by crystallization of the free amino form from an alkaline
aqueous solution after the solution of the ester hydrochloride in water (pH 2.0) and adjustment
of pH with a base as discussed above, preferably sodium hydroxide, to a pH of 12.3. In this
alternative, the final product contains some 4-aminobenzoic acid ethyl ester (i.e., cleavage of
the amide link) but the formation of this impurity can be reduced by using an ethanol/water
mixture (5% w/w) in the neutralization step.

As an alternative to the synthesis of the ester containing the reactive amino group,
beginning with $-alanine or an analogous compound, the ester containing the reactive amino

group can be supplied in protected form, such as protected with a benzyloxycarbonyl (Z)

10



10

15

20

25

30

WO 02/00659 PCT/US01/40908

group, deprotected, and then added in methanol solution. Alternatively, other protecting
groups can be used.

The next step is the formation of an imidoester from aminocyanacetamide and the
reaction of the imidoester with the ester containing the reactive amino group.
Aminocyanacetamide is commercially available or can be synthesized by a number of routes.
One route for the synthesis of aminocyanacetamide is described in EPO Patent Publication No.
0924195, by Miiller et al. (EPROVA Aktiengesellschaft), published December 7, 1998, and
incorporated herein in its entirety by this reference. The imidoester is typically formed iz situ
and is not separately isolated. Typically, the imidoester formation occurs in acetonitrile and a
slight molar excess of triethyl orthoformate is used. This step is referred to as a
cyclocondensation. A preferable molar ratio of triethyl orthoformate to aminocyanacetamide is
about 1.08. The concentration of aminocyanacetamide in the acetonitrile is preferably about 1
gram of aminocyanacetamide per 13 ml of acetonitrile, although the reaction can be performed
at higher or lower concentrations of aminocyanacetamide in acetonitrile. The reaction can be
performed at a temperature from about 35°C to about 65°C; preferably at about 40° C to about
54° C. However, it is generally preferred to begin the reaction at a temperature in the higher
portion of this range, from about 50° C to about 54° C. The reaction of the imidoester with the
ester containing the reactive amino group can be performed in tetrahydrofuran under reflux or
in other solvents such as methanol, ethanol, or ethyl acetate. However, to avoid the necessity
of isolation of the unstable imidoester, it is generally preferred to perform this step in
acetonitrile, as the imidoester can be formed and is relatively stable in this solvent. The result
of this step is the formation of the derivative of 5-aminoimidazole-4-carboxamide (“ATCA”)
substituted at the 1-position with the hydrocarbyl moiety linked through the amide group to the
physiologically active moiety including therein the esterified benzoyl group. It is also
préferred to dose the compound having the reactive amino group to the imidoester. This
reaction is outlined below in Scheme 5 (Figure 5). It is strongly preferred to perform the
reaction at at least 35° C to prevent the formation of undesired contaminants and side reactions.

Preferably, the ester containing the reactive amino group is used at about 0.9 equivalents
per mole of aminocyanacetamide.

After the cyclocondensation, the product is typically isolated by suction filtration or
centrifugation. 'It is preferred to wash the product thoroughly with methanol until the effluent

is colorless.
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Preferably, the product is then dried at 45-50°C in vacuo. It is preferred to use a drying
temperature of no higher than about 50°C to prevent the generation of HCN.

The next step in the reaction is the cyclization of the derivative of 5-aminoimidazole-4-
carboxamide with triethyl orthoformate to produce the six-membered ring of the purine moiety.
The cyclization reaction is performed in an organic acid. This reaction is shown in Scheme 6
(Figure 6). Typically, the organic acid is formic acid or acetic acid. Preferably, the organic
acid is acetic acid. In acetic acid, the cyclization reaction is preferably performed at boiling
temperature. In acetic acid, triethyl orthoformate is preferably present at about 3 moles per
mole of derivative of 5-aminoimidazole-4-carboxamide. In acetic acid, the reaction goes
substantially to completion after about 2 hours and goes to completion at about 4.5 hours. A
preferred temperature is about 97-106° C. The ratio of acetic acid solvent to derivative of 5-
aminoimidazole-4-carboxamide typically varies from about 3 ml acetic acid per gram of
derivative to about 7.2 ml of acetic acid per gram of derivative. In acetic acid, the desired
product is virtually insoluble and the contaminants are soluble.

Alternatively, the reaction can be performed in a mixture of acetic acid and formic acid.

Preferably, the reaction product is isolated by suction filtration or centrifugation and
washed thoroughly with acetic acid and then with ethanol.

The final step in this route is the hydrolysis of the ester moiety bound to the benzoyl
group. This is shown in Scheme 7 (Figure 7). Hydrolysis is preferably performed in an
aqueous solution. It is preferred to use a hydroxide of an alkali metal such potassium
hydroxide or sodium hydroxide; potassium hydroxide is particularly preferred. Typically, a
slight molar excess of base is used. This can range from about 1.037 to about 1.153
equivalents of base. The reaction can be performed overnight at room temperature. The
product to be hydrolyzed dissolves exothermically, so that the temperature of the reaction
begins at about 31° C.

After hydrolysis is complete or substantially complete, the preparation is neutralized
with an aqueous strong acid. A particularly preferred strong acid is HC1. A preferred
concentration of HC] is between about 1.0 N and 37% aqueous HCl. The optimal amount of
HCl is approximately an equivalent amount based on the amount of KOH when the base is
KOH and the acid is HCL

Alternatively, the hydrolysis can be performed with an alkali metal hydroxide without
subsequent neutralization with an acid.

The crude product can be treated in an alkaline aqueous ethanolic solution to obtain a

crystal structure with maximum solubility.
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It is strongly preferred to monitor the course of hydrolysis by HPLC. During the course
of hydrolysis, hydrolysis of the amide group is to be avoided.
Preferably, the hydrolysis is performed at a temperature of at least about 25°C but not
higher than about 50°C. Preferably, hydrolysis is carried out by adding the ester to be
hydrolyzed to the aqueous solution of the alkali metal hydroxide over a period of from about

15 minutes but not longer than about 30 minutes.

IL SECOND ROUTE WITH FREE BENZOIC ACID GROUP

As an alternative, the 9-substituted hypoxanthine derivative can be synthesized by an
alternative route in which the ester moiety of the benzoyl ester is hydrolyzed prior to reaction
with the imidoester. Typically, in this route, the amino group of the compound that includes
the reactive amino group on the hydrocarbyl moiety is initially blocked or protected with a
protecting group such as benzyloxycarbonyl (Z) or other protecting groups of the types
generally used to protect amino termini in peptide chemistry, such as #-butyloxycarbonyl (Boc),
the biphenylyl analogue of Boc (Bpoc), or 9-fluorenylmethyloxycarbony! (Fmoc). Other
suitable protecting groups are also known in the art.

In general, this route is shown in Scheme 8 (Figure 8).

First, the benzyloxycarbonyl derivative of B-alanine is reacted with the ethyl ester of p-
aminobenzoic acid to form benzyloxycarbonyl-f-alanyl aminobenzoic acid ethyl ester.
Typically, this reaction is performed in dichloromethane in the presence of triethylamine and
ethyl chloroformate. A preferred molar ratio of the benzyloxycarbonyl derivative of B-alanine
to the ethyl ester of p-aminobenzoic acid is about 1:1.

The second step is the hydrolysis of the ester group of benzyloxycarbonyl-B-alanyl
aminobenzoic acid ethyl ester to produce benzyloxycarbony!l-f-alanyl aminobenzoic acid. One
method of performing this hydrolysis step is basic hydrolysis, such as in sodium hydroxide at
40°-60° C for about 10 hours in a solution or a slurry. The resulting hydrolyzed product is then
acidified under relatively mild conditions, such as at about pH 3.5 to about 4.0, preferably
about pH 3.6, to precipitate the product. This hydrolysis is the entry point for the carboxylic
acid branch of the pathway.

The third step is the deblocking or removal of the benzyloxycarbonyl group by
hydrogenolysis. This is preferably performed in tetrahydrofuran in the presence of a palladium
catalyst slurried in methanol or ethanol; preferably the palladium catalyst is slurried in

methanol. The catalytic hydrogenolysis can be performed at room temperature.
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The fourth step is the condensation of the deblocked intermediate with the imidoester to
form a 1-substituted-5-aminoimidazole-4-carboxamide as described above. This can be
performed under conditions substantially similar to those described above for the
corresponding reaction forming the 1-substituted aminoimidazole-4-carboxamide in Route I,
above.

The fifth and final step in this route is the condensation of the 1-substituted-5-
aminoimidazole-4-carboxamide with triethyl orthoformate to produce the six-membered ring
of the purine moiety. This step is performed substantially as in Route I, above. This step
directly produces the 9-substituted hypoxanthine derivative, as no final hydrolysis step is
required.

The first and second routes are interconnected by the possible hydrolysis of the ester
group of intermediates of the first route to convert the intermediates into intermediates that are
in the second route. For example, the B-alanyl-p-aminobenzoic acid ethyl ester that is the
intermediate that reacts with the imidoester in the first route can be hydrolyzed to f3-alanyl p-
aminobenzoic acid by treatment with 0.1 N NaOH in methanol such as at 40°C for 30 minutes.
The resulting 3-alanyl p-aminobenzoic acid can then be reacted with the imidoester in the
second route. Similarly, the 1-substituted 5-aminoimidazole-4-carboxamide intermediate
containing the esterified benzoyl moiety of the first route that can undergo condensation with
triethyl orthoformate to complete the six-membered purine ring can be hydrolyzed to the 1-
substituted S-aminoimidazole-4-carboxamide intermediate of the second route. This hydrolysis
can be performed by a basic hydrolysis step, such as in 0.5 N NaOH at a temperature of 70-
80°C for 10 hours. Other basic hydrolysis conditions can alternatively be used. The resulting
intermediates can undergd the remaining reactions of the second branch as described above.

The invention is illustrated by the following Examples. These Examples are presented
for illustration only and are not intended to limit the invention. The Examples are presented in

terms of the final synthesis of N-4-carboxyphenyl-3-(6-oxohydropurin-9-yl) propanamide.

Example 1

Synthesis of B~Alanine Hydrochloride

Micronized fine powder of B-alanine (1.000 kg, 11.22 mol) was suspended in toluene
(9.78 kg) containing water (0.056 kg). The white suspension was treated with HCI gas under
vigorous stirring at room temperature (slightly exothermic reaction). After 8 h the salification

reaction with the HCI gas (total amount used 654 g) was almost complete (97.4% chloride).
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Example 2

Conversion of B-Alanine Hydrochloride to Its Acyl Chloride Hydrochloride
Thionyl chloride (8.026 kg, 67.41 mol) was slowly added to the thick white suspension

of Example 1 under vigorous stirring (strong gas formation). After 1 h the reaction mixture
was heated up to a jacket temperature of 50° C (gentle gas formation) for 38 h. Unreacted
thionyl chloride and toluene (weight reduction 8.905 kg) were distilled off under vacuum (50°
C, 100 mbar) to yield the acyl chloride hydrochloride.

Example 3

Condensation of Acyl Chloride Hydrochloride With p-Aminobenzoic Acid Ethyl Ester

A solution containing p-aminobenzoic acid ethyl ester (1.850 kg, 11.22 mol) and
triethylamine (1.14 kg, 11.22 mol) in dichloromethane (11.87 kg) was slowly added (47 min)
to the slightly yellow suspension of the acyl chloride hydrochloride from Example 2 at a
temperature of 45-55° C and the reaction mixture was stirred overnight (17 h) at a jacket
temperature of 40° C (reaction control by HPLC). The product was isolated by filtration (40°
C), washed 3 times with dichloromethane (3 x 2.64 kg) and dried under vacuum at 40° C
overnight. The yield was 3.937 kg of -alanyl-p-aminobenzoic acid ethyl ester hydrochloride
(80.37% of theoretical corrected) HPLC yielded 62.5% w/w, 98.22% area. Some triethylamine
hydrochloride precipitates together with the product and causes a crude weight of greater than
100% of theoretical. The triethylamine hydrochloride does not interfere and is eliminated in

the next step (Example 4).

Example 4

Conversion of Ester Hydrochloride to Ester by Neutralization
The ester hydrochloride from Example 3 (2.000 kg, 4.58 mol) was dissolved in water
(18.0 kg) and ethanol (2.0 kg). The acidic pH of the solution (pH 0.54) was adjusted to pH
10.0 by addition of sodium hydroxide (30% NaOH, 1059.2 g, 7.94 mol). The crystallization
process starts spontaneously at pH 9.7 and a thick and hardly stirrable slurry was obtained.
After dilution (500 g) with a mixture of water/ethanol (9:1, w/w) the thick suspension was
stirred for 2 h at room temperature. The -alanyl-p-aminobenzoic acid ethyl ester was isolated

by filtration, washed twice (2 x 1.0 kg) with water/ethanol (9:1 w/w) and dried under vacuum
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at 40° C overnight. The yield was 1.100 kg of ethyl ester, 106.9% of theoretical corrected.
HPLC yielded 105.20% (w/w), 99.34% area. The assay corrected yield was greater than 100%

of theory probably due to non-homogeneous hydrochloride.

Example 5

Cyclocondensation of Imidoester and B-Alanyl-p-Aminobenzoic Acid Ethyl Ester

To the solution of imidoester, formed in situ by the reaction of aminocyanacetamide (30
g; 0.30 mol) in acetonitrile (500 ml) and triethyl orthoformate (55 ml; 0.33 mol) at boiling
temperature, there was added at 30°C a solution of §-alanyl p-aminobenzoic acid ethyl ester
(71 g; 0.30 mol) in methanol (300 ml) and the soon precipitating AICA-p-ABA ethyl ester
(“AlIP-ester”) was isolated after 2 h. The yield was 77.5 g.

Example 6

Cyclization and Formation of Purine Ring with Triethyl Orthoformate

The product from the cyclocondensation of the imidoester and -alanyl p-aminobenzoic
acid ethyl ester (“AIP-ester”) was cyclized with triethyl orthoformate in acetic acid. The AIP-
ester (200 g; 0.58 mol) was dissolved in glacial acetic acid (1440 ml) after the addition of
triethyl orthoformate (258 g; 1.74 mol), the yellow solution was kept at boiling temperature for
4.5 h. The reaction product was isolated by filtration. The yield was 218 g.

Example 7

Hydrolysis of Ester Group to Produce N-4-Carboxyphenyl-3-(6-Oxohydropurin-9-y1)
Propanamide

The cyclized ester from Example 6 (3.5 g) was slurried in aqueous KOH (40 ml water,
1.96 g; 0.03 mol KOH 85%). The solid dissolved exothermically (up to 31° C). The solution
was left overnight at room temperature and afterwards neutralized until the pH reached 6.7 (21
ml 1.0 N HCl; 0.02 mol). Below pH 7.9 a very fine precipitate started to be formed which was

isolated, washed with water and ethanol and dried at 40° C under vacuum. The yield was 2.40

g.
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ADVANTAGES OF THE INVENTION

The synthetic methods of the present invention provide an efficient and economical
method of synthesizing 9-substituted hypoxanthine derivatives, particularly N-4-
carboxyphenyl-3-(6-oxohydropurin-9-yl) propanamide. This method uses available starting
materials, requires a minimum number of steps, and provides a product of high purity with a
minimum of purification. The procedure avoids side reactions that complicate isolation and
purification of the final product.

Although the present invention has been described in considerable detail, with reference
to certain preferred versions thereof, other versions and embodiments are possible. Therefore,

the scope of the invention is determined by the following claims.
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We claim:

1. A process of synthesizing a 9-substituted hypoxanthine derivative, the derivative
comprising a hypoxanthine moiety substituted at the nitrogen-9 position with a hydrocarbyl
moiety linked through an amide group to a physiologically active moiety including therein a
benzoyl group, the process comprising the steps of:

(a) reacting aminocyanacetamide with triethyl orthoformate to form an imidoester
derivative of aminocyanacetamide;

(b) forming a compound having a reactive amino group on a hydrocarbyl moiety, the
hydrocarbyl moiety being linked through an amide group to a physiologically active moiety or
an esterified derivative of a physiologically active moiety including therein an esterified
benzoyl group;

(c) reacting the imidoester with the compound having the reactive amino group on the
hydrocarbyl moiety to form a derivative of S-aminoimidazole-4-carboxamide substituted at the
1-position with a hydrocarbyl moiety linked through an amide group to a physiologically active
moiety including therein an optionally esterified benzoyl group

(d) forming the six-membered heterocyclic ring of the purine moiety of the
hypoxanthine by reacting the derivative of 5-aminoimidazole-4-carboxamide formed in step (c)
with triethyl orthoformate to form a 9-substituted hypoxanthine compound substituted at the 9-
position with a hydrocarbyl moiety linked through an amide group to a physiologically active
moiety including therein an optionally esterified benzoyl group; and

(e) hydrolyzing the ester of the optionally esterified benzoyl group if present.

2. The process of claim 1 wherein the hydrocarbyl moiety has the structure (CHy),,

wherein n is an integer from 1 to 6.

3. The process of claim 2 wherein n is 2.

4. The process of claim 1 wherein the physiologically active moiety is p-aminobenzoic
acid.

5. The process of claim 1 wherein the hydrocarbyl moiety is linked through an amide

group to an esterified derivative of a physiologically active moiety including therein an

esterified benzoyl group.
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6. The process of claim 5 wherein the physiologically active moiety is p-aminobenzoic
acid.
7. The process of claim 6 wherein the esterified benzoyl group is esterified with a linear or

branched alkyl group of from 1 to 7 carbon atoms.

8. The process of claim 7 wherein the esterified benzoyl group is esterified with an alkyl

group with the structure CHz~(CH>),, where z is an integer from 0 to 6.
9. The process of claim 8 wherein z is 1.

10.  The process of claim 2 wherein the physiologically active moiety is p-aminobenzoic

acid.

11.  The process of claim 2 wherein the hydrocarbyl moiety is linked through an amide
group to an esterified derivative of a physiologically active moiety including therein an

esterified benzoyl group.

12.  The process of claim 11 wherein the physiologically active moiety is p-aminobenzoic

acid.

13.  The process of claim 12 wherein the esterified benzoyl group is esterified with a linear

or branched alkyl group of from 1 to 7 carbon atoms.

14.  The process of claim 12 wherein the esterified benzoyl group is esterified with a group

with the structure CH3-(CH,),, where z is an integer from 0 to 6.
15.  The process of claim 14 wherein zis 1.

16.  The process of claim 3 wherein the physiologically active moiety is p-aminobenzoic

acid.

17.  The process of claim 3 wherein the hydrocarbyl moiety is linked through an amide
group to an esterified derivative of a physiologically active moiety including therein an

esterified benzoyl group.

18.  The process of claim 17 wherein the physiologically active moiety is p-aminobenzoic

acid.
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19.  The process of claim 18 wherein the esterified benzoyl group is esterified with a linear

or branched alkyl group of from 1 to 7 carbon atoms.

20.  The process of claim 19 wherein the esterified benzoyl group is esterified with a group

with the structure CHz-(CHy),, where z is an integer from 0 to 6.
21.  The process of claim 20 wherein z is 1.

22.  The process of claim 1 wherein the compound having the reactive amino group on the
hydrocarbyl moiety is formed by a process comprising the steps of:

(i) activating a @-aminocarboxylic acid with thionyl chloride; and

(ii) reacting the activated @-aminocarboxylic acid with a p-aminobenzoic acid ester in
the presence of a tertiary amine selected from the group consisting of triethylamine and
ethyldiisopropylamine, wherein the p-aminobenzoic acid ester is esterified with an alkyl group

of from 1 to 6 carbons.

23.  The process of claim 22 wherein the alkyl group is ethyl.

24.  The process of claim 22 wherein the o-aminocarboxylic acid is 3-aminopropionic acid.
25.  The process of claim 24 wherein the alkyl group is ethyl.

26.  The process of claim 22 wherein the tertiary amine is triethylamine.

27. A process of synthesizing the 9-substituted hypoxanthine derivative N-4-
carboxyphenyl-3-(6-oxohydropurin-9-yl) propanamide comprising the steps of’
(a) forming ethyl 4-(3-alanyl) aminobenzoate by a process including the steps of:
(i) activating 3-aminopropionic acid with thionyl chloride; and
(i) reacting the activated 3-aminopropionic acid with ethyl p-aminobenzoate in
the presence of triethylamine in a solvent comprising toluene and chloroform;
(b) reacting aminocyanacetamide with triethyl orthoformate in the presence of
acetonitrile to form an imidoester derivative of aminocyanacetamide;
(c) reacting the imidoester with ethyl 4-(8-alanyl) aminobenzoate in methanol;
(d) forming the six-membered ring of the purine moiety of the hypoxanthine by
reacting the ester formed in step (c) with triethyl orthoformate in acetic acid; and
(e) hydrolyzing the ester group of the compound formed in step (d) to yield N-4-
carboxyphenyl-3-(6-oxohydropurin-9-yl) propanamide.
20
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