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STELLINGEN

1 Bushelev en Stepanov onderbouwen de QSAR vergelijking voor de
antitumor werking van enkele anthracyclines slechts met de correlatie
coéfficiént r. Om de betrouwbaarheid van de QSAR vergelijking te

~onderbouwen zijn bovendien de F waarde, de t waarde, de standaard
deviatie s en de intercorrelatie coéfficiénten gewenst.

S.N. Bushelev en N.F. Stepanov (1989). Z. Naturforsch., 44C, p. 212-216
Dit proefschrift, hoofdstuk 1.4.

2 Om de interacties van verschillende heterocyclische stoffen met xanthine
oxidase te kunnen vergelijken moet men eerst zekerheid hebben over de
manier waarcp deze stoffen aan het actieve centrum van xanthine oxidase
binden.

Dit proefschrift, hoofdstuk 6.2.

3 Het bijprodukt van de reactie van 38,178-diacetoxy-63-chloro-5-methyl-
19-nor-5%-androst-9-ene met lithium aluminium hydride is waar-
schijnlijk niet 4a-methyl-A-homo-B,19-dinor-5%-androst-9-ene-3£8,178-
diol, zoals Kasal beweert, maar de gedehalogencerde uitgangsstof.

A, Kasal (1989). Collect. Czech. Chem. Comunun., 54, p. 1318-1326.
J.B.P.A. Wijnberg, L.H.D. Jenniskens, G.A.Brunekreef, /E. de Groot (1990).
J. Org. Chem., 55, p. 941-948.

4 De conclusie van Patel en Fernandes, dat enkele door hen
gesynthetiseerde 5-arylazo-4-thiazolylacetaten en 5-aryl-1,5-dihydro-6-
nitropyrazolo[4,3-c]pyrazoles een antibacteriéle werking hebben, wordt
onvoldoende aangetoond met experimentele gegevens.

H.V. Patel en P.S. Fernandes (1989). Indian J. Chem., 28B, p. 56-60,
H.V. Patel en P.S. Fernandes (1989). J.Indian Chem. Soc., 66, p. 327-329.

5 De kanttekening van Lewis e.a. bij de depolymerisatie van lignine door
mierikswortel peroxidase in een organisch medium had Deordick in zijn
overzichtsartikel behoren te bespreken.

J.5. Dordick (1989). Enzyme Microb. Technol., 11, p. 194-211,

N.G. Lewis, R.A. Razab en E. Yamamoto (1987). Proc. Natl. Acad. Sci., 84,
p. 7925-7927.

J.S. Dordick, M.A. Marletta, A.M. Klibanov (1986). Proc. Natl. Acad.. Sci.,
B3, p. 6255-6257.



6 Het is onwaarschijnlijk, dat bij de nitrering van 2-amino-5-
fenylpyrimidine alleen maar 2-amino-5-{p-nitrofenyl)pyrimidine ontstaat.

D.J. Brown en B.T. England (1971). J. Chem. Soc. (C}, p.425-431.

7 De verklaring, die Maruyama en Kawabata geven voor de verschuiving van
de Soret band in de ortho gesubstitueerde polyyne porfyrines bij een
toename van het aantal geconjugeerde acetyleen-eenheden, is uitermate
speculatief,

K. Maruyama en S. Kawabata (1990). Bull. Chem. Soc. Jpn., 63, p.170-175.

8 De grote hoeveelheid softwarepakketten, die beschikbaar zijn om
chemische structuren te tekenen, moelecuul modellen te maken en
interacties tussen chemische stoffen te bestuderen op een beeldscherm
leiden langzamerhand tot "door de bomen het bos niet meer kunnen
zien".

N.C. Cohen, J.M. Blaney, C. Humblet, P. Gund en D.C. Barry (1990). J.
Med. Chem., 33, p. 883-894.

D.E. Meyer (1988). in W.A, Warr (edit.) Chemical Structures, the
International Language of Chemistry, Springer Verlag, Berlijn, p. 251-
259.

9 De overtreders van het rookverbod in openbare ruimten van
rijksgebouwen behoren waarschijnlijk tot dezelfde groep hardleerse en
weinig met de omgeving rekening houdende mensen als de overtreders
van het verbod om harder te rijden dan 120 km per uur op de
rijkswegen.

Han Naeff Wageningen, 15 mei 1990

Studies of the quantitative structure-activity relationship of the inhibition of
xanthine oxidase by azaheterocyclic compounds
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1. INTRODUCTION

1.1 GENERAL

The wuse of enzymes in organic chemistry has become accepted
practice during the last fifteen years, and many laboratories are now using
them to introduce functional groups into organic molecules, Enzymes have
the unique ability to catalyze reactions that would otherwise be difficult (if
not impossible) to perform with conventional chemical methods. Moreover,
these reactions have a high rate, a high specificity, and can be performed
under mild conditions.

Enzymatic capabilities have been a major topic of research in this
University's Department of Organic Chemistry since 1975. Experiments
have, for example, used enzymes in regio-specific conversions of
azaheterocyclic compounds. These reactions involved studying the
biocatalysts bovine milk xanthine oxidase [1], bacterial xanthine oxidase [2],
chicken liver xanthine dehydrogenase [3], rabbit liver aldehyde oxidase [4],
and haloperoxidases [B). Experiments with the xanthine oxidase used the
azaheteracycles 6-aryl-substituted pterldin-4-one, 7-aryl-substituted
pteridin-4-one, 7-aryl-substituted linear-benzo derivative of pteridin-4-one,
and l-aryl-substituted nicotinamide [8].

In the Department's work, if enzymes are used as catalysts, the
organic molecules act as enzyme substrates. In other types of research, the
organic molecules act as inhibitors of an enzymatic reaction. Inhibitors have
become important research tools in biochemistry, biophysics, medicine,
and pharmaceutics. They are used to study specific intracellular functions
and elucidate the mechanism of ligand binding, the process of enzymatic
catalysis, and the structure of the enzymatic active site. A favored goal of
anti-parasite and anti-cancer chemotherapy is the inhibition of an enzyme
essential to bacterial growth or tumor-like cell division. Partial or total
inhibition of a mammalian enzyme to control the functioning of specialized
cells (e.g. of the brain and nervous system) is a specific goal of medicinal
chemistry.

The first step in designing therapeutic or pharmaceutical compounds
is to identify a target enzyme that, when inhibited, will produce the desired
effect without toxic side effects. After the target enzyme has been identified,
a strategy to find and synthesize an effective inhibitor must be planned.



Even though many of the enzyme inhibitors now widely used as medicines
were found by trial and error, it is estimated that this method produces only
one useful drug for every three to five thousand compounds synthesized [7].
Recent discoveries, however, have provided a more rational basis for
designing enzyme inhibitors.

Biological activity is no longer considered solely a function of chemical
structure. Nowadays, it is a recognized function of physicochemical
properties. This has led the way to the development of a relationship
between the structure and biological activity of a compound. The ultimate
goal in the study of that relationship is the realization of a "tailor-made"
bioactive molecule.

1.2 A SHORT HISTCRY OF QUANTITATIVE STRUCTURE-ACTIVITY
RELATIONSHIP (QSAR) STUDIES

Researchers have been using physicochemical properties to study the
biological activity of organic compounds since the 1880's. Even at that early
date, the researchers realized that, because of its reliance on structural
formulas, the language of synthetic organic chemistry was not the most
suitable one for understanding structure-activity relationships (SAR's}) [8].
Accordingly, those first studies, which compared only one molecular
property with the biclogical activity, were often unsuccessful.

Over the last thirty years, it has become clear that the biological
activity of a compound may depend on more than one physicochemical
property (or other process) of the biclogical object. These include
permeation and transport, drug metabolism, and interaction with the
biological organism. This thesis limits discussion of the SAR to the physical
and physicochemical properties of an organic compound; permeation and
transport, and drug metabolism in the SAR fall cutside of its scope.

An SAR study has two purposes, namely prediction and diagnosis.
Prediction, as the word implies, is the extrapolation and interpolation of a
correlation study. In a correlation study, one tries to optimize the bioactivity
of a compound by varying the substitution pattern in a congeneric group of
compounds. Research in physical organic chemistry has added significantly
to the understanding of substituent properties. Diagnosis is an attempt to
answer questions about the interaction between drugs and receptors. New



tools (e.g. X-ray analysis, high-resolution nuclear magnetic-resonance
spectroscopy, electron spin-resonance spectroscopy, and computer-aided
molecular graphics) have greatly facilitated the study of the interaction
between small organic compounds and biological macromolecules like
enzymes and DNA [9]. The ultimate objective of diagnosis is the rational
development and designing of entirely new classes of compounds for
specific biological activities.

The SAR study came into its own in the 1960's, as computers were
becoming widely available. For the first time, it was possible to use more
than one parameter in an SAR study and calculate a quantitative relationship
between a biological activity and the parameters describing a congeneric
group of compounds. Since then, numerous methods for studying
guantitative structure-activity relationships (QSAR's}) have been developed
and commonly applied. These include the nonparametric methods of Free
and Wilson {10] and Fujita and Ban [11], the parametric method of Hansch
and co-workers [12], discriminant analysis [13], and pattern recognition
[14].

The choice of a method depends on several factors {(e.g. the quality of
biological data, the number of compounds tested, the degree of variance in
the results, and the ratio of the time required for synthesis and biclogical
testing]. The most widely used method is the linear [ree-energy approach,
also known as the Hansch approach [12]. It attributes variation in a
biclogical activity (BA) to the different substituents whose different
physicochemical properties modify a BA relative to the parent compound.
These properties can be translated into parameters and then added and
combined. The parameters are adopted from physical chemistry and are
assumed to be electronic, steric, hydrophobic, and dispersive (sce Table
1.1), A more detailed discussion follows in the next section.

The most widely used substituent parameters are the Hammett
constant (o), the Taft steric constant (Eg), the hydrophobic constant (n),
and the molar refractivity (MR]. Although Hansch and Leo [15] have
tabulated the values of many substitution constants, the data base is far from
complete. The Hansch approach results in the following equation:

BA=a+bn+co+ dEg + eMR (1.1}




Table 1.1  Linear Free-Energy-Related Parameters

Parameter Name

Description Ref.

HYDROPHORBIC PROPERTIES

P Partition
coefficignt

n Hydrophobic
constant

Rm Hydrephabic
constant from
chromatography

k' Hydrophobic
constant from
HPLC

ELECTRONIC PRCPERTIES

o(om, op) Hammett
constant

o Taft constant
R F Resonance and
Field constants

pKa lonization
. constant
DISPERSION PROPERTIES
MR Molar
refractivity

STERIC PROPERTIES

Log P, taken as a measure of the hydrophebicity of the molecule; 16,17
to measure P, it is best to use an oclanol-water system.

T = log Py - log Py, where Py is the partition coefficient of the 17
substituted compound, and Py the partition coefficient of the
unsubstituted reference compound.

Log P is linearly related 1o Ry, as expressed by log P =Ry +a. 18

Log P is linearly related to log k' (for reversed-phase systems), 19
as expressed by log P = I + a.

Defined only for meta and para substituents in aromatic rings to 5
represaent electronic character; a positive value for ¢ denotes an
glectron-withdrawing character, a negative value for g denotes an
efectron-denating character.

Measure of the electronic effect produced by aliphatic substituents. 21
o involves the resonance efiect (R) and field (inductive) effect {7 22
of a substituent. In other words, 6 = a®+ b¥, where a and b are

constants, depending upon the type of 6 (o, 6p); R and ¥ are more
indicative of the intrinsic resonance and field effects of a substituent;

the sign of % and ¥indicates the sign of the charge that the substituent
would place on the ring.

pKg = log K, where K is the ionization constant of an acid.

MR = [(n2-1)4n2+2)]MWip, where 7| is the refractive index forthe 23,24
sodium D line, MW is the molecular weight, and p is the density of

the compound; MR can be used as a steric parameter in the

absence of Eg; MR also measures the electronic effect and can

reflect the dipole-dipole interaction at the active site.

Eg Taft steric Related to the acid-catalyzed hydrolysis of c-substituted acetates 21
constant (XCH,COOR); it represents the steric effect influencing intramoelecular
and intermolecular hindrance o the reaction or binding.
MV Molar volume General steric bulk parameter. 25
Vi v.d.Waals Steric bulk parameter based on Bondi radii. 26
volume
r v.d.Waals radius 27
R Interatomic distance 28
L, By, Bg Sterimol Directional steric parameters, where L is a measure of the length 29
parameters of the substituent, B4 a measure of its smallest width, and Bs a
measure of its largest width.
X Molecular Topolegical parameter defined to account for the effects of atoms, 30
connectivity bonding types, adjacent spaces, branching patterns, unsaturation,
index and heteroatomic content in a molecule on the reactivity or activily

MTD Minimum
topclogical
difference

of that molecule.
Deviation from an optimum standard molecule. 31




where BA is the concentration (C), that is required to produce some
standard biological response. BA is often expressed as the inverse of C, or as
the logarithm of the inverse of C. The values of the coefficients a, b, ¢, d,
and e in Equation 1.1 are fit by least-squares multiple-regression analysis.
This method also provides a measure of:
- The t value, which gives an indication of the significance of the
coefficient of each parameter;
- The value of the 2 statistic, which is that fraction of the variance in
the BA data that is explained by the equation;
- The s value, which is the standard deviation of the observed BA values;
- The F value, which is the ratio between the variances of the observed
and the calculated BA values, and which indicates the significance of
the total equation.

After performing the multiple regression analysis, one examines the
data set for interesting equations (i.e. those that contain statistically
significant terms, make mechanistic sense, and do not overfit the data).
This last quality means that. in general, only one parameter is used for a
minimum of three observed BA values.

1.3 PARAMETERS USED IN QSAR ANALYSIS
1.3.1 Hydrophebic Parameters

Interest focused on the hydrophobic property of a compound when
Meyer [32] and Overton [33) showed that the narcotic activity of many
simple organic compounds paralleled their oil-water partition coefficient
(P). In QSAR analysis, the logarithm of the partition coefficient (log P) is
commonly used as a hydrophobic parameter. Octanol-water solutes are now
the standard reference system for measuring P [17].

Although log P is a measure of the hydrophobicity of a whole molecule,
it is not unusual to work with a congeneric group of compounds, in which a
large portion of the structure remains constant. In that case, one need not
know the hydrophobicity of the entire compound; knowing only the relative
hydrophobicity of the substituents can be enough to perform the QSAR
analysis. To find the relative hydrophobicity of substituents, Leo et al, [17]



and Fujita et al. [34] defined the hydrophobic constant (n) analogous to the
Hammett constant (o), in which:

nx = log Py - log Py (1.2)

where Py is the partition ceefficient of the substituted compound and Py is
the partition coefficient of the parent compound. A positive value for =
means that, relative to H, the substituent favors the octanol phase. A
negative value indicates the substituent’s hydrophilic character relative to H.

1.3.2 Electronic Parameters

Physical organic chemists are studying many electronic parameters
that are based on linear free-energy relaticnships. In QSAR analysis, an
important parameter is the Hammett constant [15], which is defined as:

c = log Kx - log Ky (1.3)

where Ky is the ionization constant for benzoic acid in water at 25°C and
Kx is the ionization constant for both meta and para derivatives under the
same experimental conditions. If ¢ is positive, the substituent withdraws
electrons from the aromatic ring. If it is negative, electrons are released to
the ring. Presumahly, the electronic effect has two components: a through-
bond electrostatic effect of the substituent on a reaction center {inductive
effect) and a direct through-space electrostatic effect of the substituent on a
reaction center (field effect). Taft [21] has defined the inductive constant
¢*, which is valid for aliphatic systems, and Swain and Lupton [22] have
defined the resonance constant (%) and the new field constant ().

1.3.3 Dispersion Parameters
Nonspecific interactions (e.g. the hydrophobic effect and dispersion

forces) can be very important in biological activities. It is likely that
nonspecific interactions are crucial in the early stages of substrate and




receptor interaction, when the more specific stereoelectronic factors have
not yet come into play.

In their classic study of the interaction of small organic compounds
with macromolecules, Pauling and Pressman [35] reported that dispersion
forces are related to molar refractivity (MR). This relationship is expressed
as:

~ 3 g oy . Tl

E =
6 I, +1
MR = ArNo
3 (1.4b)

where E is the cohesive energy between two atoms (& and b), « is the
polarizability of those atoms, r is the distance between a and b, and I is the
ionization potential. Equation 1.4b shows the relationship between MR and
a and, by extension, that between MR and E. In experiments, MR is
obtained with the Lorentz-Lorentz equation;

2 P
nt+2 (1 4c)

where 7 is the refractivity index, p is the density, and MW is the molecular
weight of a compound. Its relationship to MW makes MR a steric bulk
parameter. Because MR is an additive-constitutive molecular property, it is
possible to calculate fragment values for many common groups of atoms.
Hansch et al. [23] have compiled an extensijve listing of MR values.

MR has not always been practical for QSAR analysis. If the set of
congeners to be studied is not designed carefully, = and MR often tum out
to be s0 highly collinear that they yield approximately the same correlation.

1.3.4 Steric Parameters
Researchers have been using the steric effects of substituents to study

crganic reaction rates since the latter half of the nineteenth century [36].
The first generally accepted numerical definition of steric effects was



formuiated by Taft [21]. It reads:
Eg = log (kx / kpa (1.5a)

where Eg is the steric constant and k refers to the rate constant for the acid
hydrolysis (A) of type I esters:

X = CH,COOR
1

The acid hydrolysis method cannot be used with some substituents
because the esters are not stable under experimental conditions. For those
substituents, Kutter and Hansch [27] calculated Eg with the following
correlation equation:

Eg =-1.839 ry{av]) + 3.484 (1.5b)

where r,{av) is the average of the maximum and minimum van der Waals
radii of the substituent, as estimated according to Charton [28].

Other descriptors of steric effects are the van der Waals volume (V)
[26]. the van der Waals radii [27], and the Molar volume [25a], all of which
are based on the atomic radii calculated by Bondi [25b]. Also in this group is
the molecular connectivity index (x) [30], which gives a quantitative
description of molecule branching. Comparison of X with various steric
parameters has, in some cases, revealed a strong intercorrelation [37],
suggesting that X is also a measure of the substituent steric bulk,

Despite the many descriptors, it is very difficult to obtain a complete
and accurate description of the steric interaction between a complex
substituent and a macromolecular surface. The descriptors named above
generally apply very well to spherically symmetric substituents. To obtain a
description of asymmetric substituents., Verloop, Hoogenstraaten, and
Tipker [29] developed a multiparameter method called Sterimol
(Figure 1.1}

Sterimol uses five parameters: B, Bg. B3, B4, and L. The first four
parameters are the widths of a substituent measured in four rectangular
directions, The fifth parameter, L, is the length of the substituent along the
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Figure 1.1 Selection of Sterimol parameters for a substituent.

axis of the bond between the first atom of the substituent and the parent
molecule. For calculating the steric dimensions, Sterimol includes a
computer program that uses van der Waals radii, standard bend lengths and
angles, and logical conformations.



A detailed QSAR study requires five Sterimol parameters to account
for steric effects. A statistically justified investigation requires fifteen
congeners to analyze steric factors. A biological activity, however, rarely
depends on steric factors only, so electronic, hydrophobic, and dispersion
factors must also be considered. More congeners are required to obtain a
meaningful QSAR, which is especially true when two or more substituent
positions are present in the congeneric compound group. To accommodate
the extra congeners, Verloop [38] reduced the number of parameters to
three when updating Sterimol. These are L, B,. and Bg., with L still
representing the length of the substituent, B; the smallest width, and By
the largest width. By is often equal to parameter By of the original Sterimol
[24].

1.3.5 Minimum Topological Difference (MTD) Calculations

Another parameter for describing steric substituent effects is the
minimum topological difference (MTD). Simon et al. [39] defined the
minimum steric difference (MSD) between a compound and the natural
substrate of a biological system as the non-overlapping volume of the lowest
energy conformation of the two molecules. In practice, this means that the
planar structural formulas of the molecules are superimposed and that the
non-superimposable atoms are counted {Figure 1.2). One method of
estimating the deviation from the ideal bulk as represented by the natural
substrate is to characterize the MSD parameters, There are, however,
certain problems inherent in this method. These are:

- The subjectivity in superimposing the molecules;

- The difficulty of defining the natural substrate, which is often
unknown in QSAR studies. Simon et al. adopted the most active
molecule of a congeneric group as the standard, assuming that its
shape would be most like that of the "natural" substrate;

- The lack of discrimination between differences in the shape of the
molecule directed towards the binding site of the receptor (which
would be relevant) and differences in the shape towards other
directions (which would be irrelevant).

10



"Natural" Substrate Without Hydrogens

HO H o
’CHZ— NH; ,G_N
CH, — o ¢
H H MSD = 0
. o
C—N C—N
O,
* : missing +:extra
MSD =1 MSD =1
c+
Y c—N y N
o, o,
MSD =2 MSD =3

Figure 1.2 Calculation of the MSD parameters (Reference 40).

Recently, Balaban et al. [31] described a method that overcomes these
problems to a certain extent. Called the minimum topological difference
(MTD} method, it is based on the development of an optimal standard
molecule by systematic analysis of the shapes of the members of a
congeneric group in relation to their biological activities. The method
consists of the following steps:

- Develop a so-called "hypermolecule” (i.e. a molecule that is the
assemblage of all atomic positions of all molecules in the congeneric
group). Figures 1.3 and 1.4 illustrate this for some substituted
benzonitriles;

- Choose an initial standard molecule (e.g. the most active member) and
calculate the MTD values of all the members using the MSD method. All
the positions in the hypermolecule will now change, one by one, until
they have been accounted for, favorable, unfavorable, and indifferent
{(l.e. not adding to the MTD value at all). After each change, correlate
the MTD values with the biological activity and optimize the correlation

11



coefficient using the steepest ascent method, If no single change in the
final standard can produce MTD values that correlate better with the
biological activity, derive an optimum standard;

- Repeat the first two sleps several times, starting from different initial
standards (e.g. the entire hypermolecule or initial standards that have
been randomly generated) until most optimizations have led to the
same standard. This will avoid the results indicating only a local
optimum of the standard.

Compound
CN CN

H4C. CH
3 ‘O/Q\O’ 3 *\*/Q\‘/*

CN

*

~ /@\

*

/CHa

A /@

*
Hz?‘,CH o -~

CH.

3 cl "~ <
[
CN
*

Hypermolecule

*

CN
-~
:‘\
CN
' .
-~
T\
CN
"

*
*
*
./
*
*
*
I'e

*

'

*

Figure 1.3 Construction of the hypermolecule of some substituted
benzonitriles (Reference 40).
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Balaban et al. accounted for the additional influence of electronic,
hydrophobic, and dispersion effects by adding o, ®, and MR to the
regression after developing an optimum standard. In contrast, Tipker and
Verloop [40] preferred to add those parameters sooner, while developing
the optimum standard. They called the resulting values MTD* parameters.

~9 8~ 11
1|2 1|0
7~ ~4
3 2
/g
CN

All of the compounds can be covered by the
hypermolecule. None of the positions is superfluous.

Compound Positions
H 1
2-Cl 12
2,6-F5; 2,6-Cly; 2,6-Bry; 2,6-I, 123
2-F,B6-Cl; 2-CI,6-0OH; 2,6-(CHa)» 123
2-Cl,6-Br; 2-C1,6-CHjz 123
3-Cl 18
2-OCHj4 124
2-CF3,6-Cl 1234586
2-OC,Hs,6-Cl 123410
2,6-(0OCH3)o 12347
2,6-Cly,3-OCHg 123810
2,6-Cl5,3-OCOCH, 123481011
2,3,6-Cls 1238
2,3,5,6-Cly 12389
2,5-(0C5Hs)o 124791012

Figure 1.4 Atomic positions in the hypermolecule of some substituted
benzgnitriles {Reference 40).

1.4 REGRESSION ANALYSIS
Multiple regression analysis is statistical calculation based on the

method of least squares. It is best done with a computer. The validity of the
equations and the relative importance of the different parameters are
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judged by statistical criteria. These are the multiple correlation coefficient
{r2), the F value, the t value, and the standard deviation {s). A brief
description of the criteria follows. For more information, refer to the
literature [41].

The multiple correlation coefficient (r2) is the degree of
correspondence between the biological data that were obtained in
experiments and those that were calculated by regression analysis, where
r2 = 1.0 is a perfect fit. This coefficient, which is often used without the
other criteria, is, in fact, the least reliable estimate of "goodness of fit". Its
value is that fraction of the sum of the squares of the deviations of observed
responses from mean responses (in other words, the ‘variance in the data)
that is attributable to the regression equation.

The F value is the decision statistic of the F test of significance. It
indicates whether the correlation of the equation found is significant. When
n = number of data and k = number of independent variables, the F value
must be checked in a table of distribution values under k and n - k - 1
degrees of freedom [42]. If the F value from the regression equation is
greater than the critical F value in the table, the correlation is significant.

The t value of the regression coefficients a, b, ¢, d, and e {Equation
1.1) is a measure of how much the corresponding parameters add to the
correlation. A specific parameter adds significantly to the correlation only
when the t value of the corresponding parameter is greater than the critical
t value associated with n - k - 1 degrees of freedom: confidence intervals of
90 or 95 % can be calculated instead of t values.

The standard deviation (s) indicates how closely the biological data
obtained in experiments correspond with those calculated by regression
analysis.

As a rule, a stepwise method is best in regression analysis. Such a
method allows one to add the parameters while observing the change in the
statistical criteria. Moreover, as it is important {¢ check for intercorrela-
tions between supposedly independent variables, a matrix of the coefficients
of all possible intercorrelations will have to be made. Intercorrelated
parameters are permissible only if a significant decrease in the standard
deviation has been obtained. Despite this, checks for possible inter-
correlations are not always done in QSAR studies.
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1.5 EXAMPLES

Numerous QSAR studies have focused on the inhibition of certain
enzymes. Two of these enzymes are of interest here, namely xanthine
oxidase and dihydrofolate reductase. A more detailed treatment of xanthine
oxidase follows in the remaining chapters of this thesis.

1.5.1 Xanthine Oxidase

Xanthine oxidase converts hypoxanthine (1.1a) to xanthine (1.2) and
then to uric acid (1.3a). A high production of uric acid leads to a high
concentration of sodium urate in the extracellular fluids. Because of its
relative insolubility, sodium urate builds up in subcutaneous sites such as
joints, ultimately causing gout.

N HN N
S ‘> ;\JfD =

1.1 1.2 1.3

O O
S S

a X
b: X

ax
b: X

Xanthine oxidase also converts 6-mercaptopurine (1.1bj), an
antileukemic drug, to thiouric acid (1.3b). The selective action of
6-mercaptopurine on tumor cells has been linked to the absence or low
concentration of xanthine oxidase in those cells. Accordingly, one can
assume that tumor cell lines, which are unresponsive to ¢-mercaptopurine,
contain high levels of xanthine oxidase and that selective inhibition of
xanthine oxidase is useful in 6-mercaptopurine therapy.

Baker and co-workers [43] synthesized an extensive series of xanthine
oxidase inhibitors and measured the biological activity. Silipo and Hansch
[44] compiled Baker's data and made a QSAR study of derivatives of
9-(R-phenyljguanines (1.4-1.69, Table 1.2).

The QSAR study by Silipo and Hansch revealed a correlation between
the inhibitory activity of the compounds, the molar refractivity, and the Taft
steric parameters:
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Table 1.2 Inhibitors of Xanthine Oxidase and Their Inhibition Activity
0
HIN %
N
HoN™ N
=~ 1
——R
N
Compound  R%) -Loglgg?) Compound R -Log I5g?

1.4 2-Cl 5.09 1.37  4-O(CHp)oX-4-SOF 6.48
1.5 2-Br 5.11 1.38  4Y-3-8S0,F 6.55
1.6 3-X-3-S0,F, 4-OCH4 5.25 1.39 3¢l 6.57
1.7 3-Y-3-S0,F, 4-OCHy 5.31 1.40  CH{CHg)p 6.60
1.8 3-X-4-SO4F, 4-OCHy 5.35 1.41  4-CgHg 6.60
1.9 2,3-CH=CHCH=CH 5.38 1.42  3-CHy 6.62
1.10  3-Y-4-SO,F, 4-OCHg 5.39 1.43  3NHCHO 6.64
1.11 4-Z-4-SO,F 5.60 1.44  3-4-OCHj 6.66
1.12  4-NH{CHz), 5.68 1.45  4-OH 6.68
1.13  4-NHCOCH,Br 5.72 1.46  4-O(CHp)sX-3-80,F 6.74
1.14  4-Cl 5.74 1.47  3-CFy 6.82
1.15  4-C(CHg)g 5.74 1.48  4-O(CHy)pX-4-CHg, 3-SOF  6.92
1.16  4-CHy 5.80 1.49  3-Y-3-S0oF 6.96
1.17  4-CFg 5.89 1.50  4-0C,Hg 6.96
1.18  3,4Cl 596 1.5t  3-NHCOCH,OCgH,4'SO,F  7.00
1.19 4-0{CHp)aX-4'-SOoF 6.00 1.52 4-OQ(CHa)pX-2-Cl, 5-8S0oF 7.04
1.20  4-Z-3-SO,F 6.02 1.53  3-Y-4-CHjy, 3-SO,F 7.04
1.21  3,4-(OCHg), 6.14 1.54  4-O(CHy)3CeHs 7.08
1.22  4-Y-4-80.F 6.15 1.85  3-CgHg 7.09
1.23  4-Q(CHy)pY-4-S0.F 6.16 1.56  3-NHCOCgHs 7.14
1.24  4-O(CHp)3X-4-SO,F 6.16 1.57  3-NHCOGH,Br 7.15
1.25  4-CoHg 617 1.58  3-Y-2-Cl,5-SO,F 7.15
1.26  4-O(CHy)aY-3-S0oF 8.20 1.59  4-O{CHp)p-X-2-OCH3,5-S0F 7.16
1.27  2F 8.21 1.60  3-X-2-Cl,5-SO,F 7.28
1.28  4-(CHy)3CH3 6.21 1.61  3-Y-4-SOsF 7.29
1.29  3-NHp .22 1.62  3-X-3-Cl, 4-805F 7.48
1.30  4-O(CHy)oY-3-SO,F 6.28 1.64  4-NHCO(CHg)aCgHa-4-SOpF  7.58
1.31 4-OCHa 6.30 1.65  3-X-4-SO.F 7.62
1.32  4-O(CHy)pY-4"-CHg, 3-SO,F 6.31 1.66  3-X-4-CHg, 3-S05F 7.74
1.33 4-CONH» £8.38 1.67 3-X-2-OCHj4, 5-80,F 7.80
1.34  3,4-CH=CHCH=CH 539  1.68  3-NHCOCH,CgH,-4-SOoF 7.82
1.35 H 6.39 1.69  3-NHCO(CHa}4CgHy-4-SOsF  8.00
1.36  4-O(CHy)3X-3-SOyF 6.40

a) X = NHCONHCgH;, ¥ = NHCOCgHy, 7 = NHSC,CgH,, X = NHCONHCgHg, ¥' = NHCOCgH3.

b) -Log 5, values were taken from Reference 42.
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log 1/I50 = 0.267{=0.06)MR3 - 0.647(x0.12H{MR3*MR4} +
1.291(x0.39)Eg2 + 0.101(+0.04)MR4% +
0.252(+0.11)Eg% + 4.552(£0.45) (1.6a)

n =65 r = 0,910 s = 0.308

The superscript of the parameters shows the position of the
substituent (R). The positive coefficient of MR3 indicates a positive
interaction for bulky substituents at positicn 3. The negative coefficient of
the cross-product term, MR3*MR#%, shows that bulky substituents at
positions 3 and 4 substantially reduce the inhibitory activity, suggesting
that the substituent space near these positions is limited. This is caused
primarily by the substituent at position 4. The coefficient of MR% is small
and the positive coefficient of Eg4 indicates a steric hindrance at that
position {the bulkier the substituent, the more negative the value of Eg).
Moreover, the high coefficient for ES2 indicates a strong steric
hindrance at position 2.

Recently, Folkers [45] used computer-aided molecular graphics to
model the interaction of some derivatives of 7-phenylpyrolo-
[2.3-d]pyrimidine with some model receptors of the active site in
xanthine oxidase. His results were disappointing and further research is
needed.

1.5.2 Dihydrofolate Reductase

Dihydrofolate reductase (DHFR) catalyzes the reduction of
dihydrofolate to tetrahydrofolate. a substance only one step short of the
coenzyme for thymine synthesis. The design of DHFR inhibitors is an
important goa! of research on antibacterial and antitumor drugs. A recent
exhaustive review of the QSAR of DHFR inhibitors {46] showed that a
wide variety of compounds had been tested and that, consequently, an
equal number of QSAR's had been generated. Depending on the source of
the enzyme and the type of the inhibitor, several parameters (steric,
electronic, and hydrophobic) had produced a relevant correlation, but
hydrophobic parameters were dorminant.
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Inhibitors of Chicken Liver Dihydrofolate Reductase and Their

Table 1.3
Inhibition Activity
NH»
cHoed, 7S "
N/k | SN/
-
Hal N
Compound R -Log K# Compound R Log K@

1.70 3,4,5-(CHsCHg)g 5.25 1.97  3-CHy 4.72
1.71 3,5-{0CH3),, 4-{OCH,CHo0CHg) 3.64 1.98  3<Cl 5.01
1.72 3,4,5-{OCHg}s 3.88 1.99  3-Br 5.03
1.73 3,5-(0CHg)p, 4-N(CHg)o 415 1.100 3CFq4 4.92
1.74  3,5{OCHg),, 4-Br 454 1.101  3-CHy0(CH,)5CH; 517
1.78 3,5-{CCHz)2, 4-5CHg 4.29 1.102 3 4.79
1.76 3,5-(OCHg)p, 4-C(CHg)=CH, 417 1.103  3-O(CHy)3CHg 5.22
1.77 3,5-{0CH,CHg)p, 4-C4HN 433 1.104 3-OCHyCgHs 5.63
1.78 3,5-(CHz0H)» 3.23 1.105 3-O(CHp)sCH3 5.67
1.79 3,5-(OCHg)y 412 1.106  3-O(CHg)gCHs 4.79
1.80  35-(OCH,CHalp 4.14 1.107  3-0(CHy)7CHg 5.08
1.81 3,5-(CHa}s 4.16 1.108 4-NH, 3.73
1.82 3,4-(CH)» 3.59 1.109 4-NHCOCHg 4.26
1.83  3-NOp, 4-NHCOCHy 4.34 1.110  4-0CH,CH,OCH; 4.26
1.84 3,4-(OCHoCHpOCHg)o 3.91 1.111  4-NGs 437
1.85 3,4-OCH50- 4.68 1.112  4-CCHj 4.29
1.86  3,4-(0CHy), 4.46 1.113  4F 4.79
1.87 3-CFg, 4-OCHz 4.99 1.114  4-CHj 456
1.88  3-O{CHy);CHs, 4-OCH, 4.71 1.115  4Ci 4.83
1.89 3-OCH,CONH, 4.27 1.116 4-Br 4.7%
1.90 3-CHyOH 4.31 1.117  4-OCHy 4.32
1.91 3-0S0,CH3 4.33 1.118  4-O{CH}sCH3 4.67
1.92 3-CHy0OCH; 4.37 1.119  4-OCH,CgHs 4.83
1.93 3-OH 3.87 1.120  4-O(CHp)5CH3 4.71
1.94  3-OCH,CHyOCH, 4.83 1.121  4-O(CHp)gCH, 4.73
1.95 S-OCHS 4.45 1.122 H 4.71
1.96 3-F 4.70

a) -Log K; values were taken from Reference 45.
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Fortunately, the X-ray structure of DHFR is known, which made it
possible for Selassie et al. [47] to correlate a QSAR of several
benzylpyrimidine analogues (1.70-1,122, Table 1.3) with molecular-graphics
models constructed from X-ray crystallographic coordinates of
trimethoprim {(1.72) and 5-{3,5-dimethoxy,4-isopropenylbenzyl)-2,4-
diamino-pyrimidine (1.76) bound to DHFR (Table 1.3). This QSAR indicates
that bulky substituents have a favorable effect at position 3, as shown below
by the positive coefficient for MR3 and n3:

Log 1/K; = 0.43(0.11) 3 - 1.13(0.35(log{33*10% + 1)
- 0.66(x0.19)MR? + 0.59(x0.22)n4 + 0.48(z0.30)n5
- 0.63(x0.33)log{B4*107% + 1) +

0.14(x0.09)MR3 + 4.64(+0.14) {1.6D)
n =53 r = 0.921 s = 0.208 F = 8.07
logR3 = -2.21 log 5% = -0.07

For the meta-substituted compounds, a single substituent is called 3.
When two substituents are present, they are called 3 and 5. At position 5,
there seems to be a strong steric hindrance to binding, which offsets the
smaller positive hydrophobic effect indicated by #5. Thus the binding at
position 5 seems to occur in a sterically limited hydrophobic space. At
positions 3 and 4, the substituents seem to have an optimum hydrophobicity
value,

After calculating Equation 1.6b, Selassie et al. viewed the possible
interactions of the inhibitors with DHFR using molecular graphics based on
X-ray crystallographic data of DHFR and molecular models of the
compounds. The agreement was remarkable, At position 4, for example, it
appears that, in the aqueous phase, substituents larger than 4-n-butoxy will
meet a polar area and eventually protrude beyond the enzyme space.
Similarly, a long hydrophobic substituent at position 3 can bind very well up
to a value of & = 2.00. Beyond this point, steric hindrance occurs owing to
blockage of the substituent by a proline residue from the enzyme.

Selassie et al. show very clearly how QSAR (which indicates possible
interactions and at which positions) and molecular graphics (which give a
more detailed picture of the interactions} can complement each other.
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1.6 OUTLINE OF THIS THESIS

Xanthine oxidase is one of the first enzymes for which a highly
purified preparation was obtained [48]. Because it is easy to isolate, well-
documented, and commercially available, it has become a common subject
of research for biochemists and medicinal chemists.

The goal of this thesis is to shed more light on the structural
requirements for binding organic compounds with xanthine oxidase.
Chapter 2 contains a description of the synthesis of the organic
compounds used for this thesis.

Chapters 3 and 5 contain the results of inhibition studies of two
different congeneric compound groups and a discussion of a structure-
activity relationship for both.

Chapter 4 contains a discussion of the oxidation of hypoxanthine
analogues by xanthine oxidase.

Chapter 6 contains general results and a general discussion of the
structure of the active site. The results and the discussion are based on
research that was done for this thesis and on previous work of this
University's Department of Organic Chemistry.
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2 SYNTHESIS OF THE STARTING COMPOUNDS

2.1 INTRODUCTION

Tramper et al. [1] have established that immobilized xanthine oxidase
is an effective reagent for oxidizing the pteridin-4-ones (2.1a) and their 7-
alkyl {2.1b) and 7-aryl (2.1c) derivatives into the corresponding lumazines
(2.2). The 7-arylpteridin-4-ones (2.1¢) are especially good substrates. Their
K value is lower than that of xanthine (2.3a), the pteridin-4-ones, and the
alkylpteridin-4-cnes, indicating that the 7-aryl compounds are bound more
strongly to the enzyme [1b]. This is probably due to an interaction of the aryl
group with a hydrophobic region at the active site of xanthine oxidase.
Researchers have observed such an interaction with 9-arylpurines [2], 3-
aryl-5,7-dihydroxypyrazolo[1,5-alpyrimidines [3a], and 2-aryl-4-trifluoro-
methylimidazoles [3bl].

The 6-phenylpteridin-4-ones behave quite differently. They are very
paor substrates for xanthine oxidase, effectively inhibiting it in the oxidation
of xanthine and 7-arylpteridin-4-ones [1b).

o] [¢]
HN = HN > HN W
| | S
kﬁ AL AL
H
2.1 2.0 2.3
aR=H aRB=H
b: R = Alkyl b: R = Alkyl
cF|=AryI CH:ATyl

Continuing interest in new, more effective, and more specific
xanthine oxidase inhibitors [3] has prompted more detailed investigations of
the inhibitory properties of the B6-arylpteridin-4-ones (2.6) and the 8-
arylhypoxanthines (2.9). A description of some synthetic methods of
obtaining these compounds follows.
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There are two synthetic methods of obtaining 6-substituted
pteridines, namely the Taylor method [4] and the Gabriél-Isay method [6].
The Taylor method is the most recent. De Meester et al. [5] have used it to
synthesize several 6-arylpteridin-4-ones (Scheme 2.1).

X X
o Q
CGHSCHZQ)EE = Hzr\)if X
P -
HN NG HN N
L &

HC(OCsz)a

1. N8.28204 HN
k 2. KO,

Schema 2.1

The Taylor method is very elegant, for the pteridines obtained with it
are not contaminated by isomeric substituted pteridines, as are those
obtained with the Gabriél-Isay method. Nevertheless, the Taylor method
involves four reaction steps, and its final yield is relatively low. Moreover,
using this method, De Meester et al. [Gb] were able to synthesize 2.6 with
only five different aryl groups.

A more general way to obtain pteridines is with the Gabriél-Isay
method, in which a 4,5-diaminopyrimydine reacts with a 1.,2-dicarbonyl
compound (Scheme 2.2).

o X
)HA, Ethanol HN | =
pH =2.7 = P
Reflux k
2.6

+ 7-phenyl isomer {2.1¢)
Scheme 2.2
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For pteridin-4-ones, when an aryl group substitutes for the hydrogen
at position 6, this reaction requires 4,5-diaminopyrimydin-6-one (2.4) and
an arylglyoxal (2.5). The reaction, however, usually produces a mixture of 6-
aryl and 7-aryl substituted pteridin-4-ones [7]. The acidity of the reaction
medium influences the ratio of the two products, so that the 7-arylpteridin-
4-ones (2.1¢) thus obtained are almost pure when the reaction is done at pH
7.5. The 6-arylpteridin-4-ones (2.6) are obtained with a more acidic
medium [7a-b].

For this thesis, the Gabriél-Isay method was preferable, as it involves
only one step, and the problem of separating the isomeric 6-arylpteridin-4-
ones and 7-arylpteridin-4-ones was solved in the course of the research.

The 8-arylhypoxanthines (2.9) were synthesized with starting
compounds similar to those that were used to synthesize the pteridines.
These synthetic procedures are outlined in Scheme 2.3. The first series of
8-arylhypoxanthines was synthesized according to a method developed by
Garmaise and Komlossy [8] [method A). Later series were synthesized
according to a method proposed by Fu et al. [9] (method B), which extends
the congeneric series.
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Scheme 2.3
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2.2 MATERIALS AND METHODS
2.2.1 Materials

The para-substituted benzoic acids and several of the para-substituted
acetophenones used for the research presented in this thesis were bought
from Aldrich. The acetophenone derivatives with X = iodo, ethyl, n-propyl,
i-propyl, t-butyl, and n-butyl were easily synthesized with a Friedel-Crafts
acetylation of the appropriate benzene derivatives. The substituted
phenylglyoxals were obtained with published procedures [10]. Melting
points were measured on a Kofler hot plate. They are presented here
uncorrected.

The 'H-NMR spectra were recorded in deuterated dimethylsulfoxide
(DMSQ-dg) on either a Hitachi Perkin-Elmer R24B spectrometer, a Varian
EM-390 spectrometer, or a Bruker CXP-300 spectrometer operating in the
Fourier transform mode, with tetramethylsilane as an internal standard
(3 =0 ppm). The 13C-NMR spectra were recorded in the same solution
(DMSO-dg) on either a Varian XL-100 spectrometer or a Bruker CXP-300
spectrometer operating in the Fourier transform mode and employing the
solvent peak as a standard (8 = 39.6 ppm).

2.2.2 Synthesis of the 6-(pX-Phenyl}Pteridin-4-Ones(2.6a-m)

A solution of 3.5 g (22.7 mmole) of 4,5-diaminopyrimidin-6-one (2.4)
in 50 ml of 96% ethanol was acidified with diluted sulphuric acid to pH 2.7
at 600C. Subsequently, 27 mmole of compound (2.58), dissolved in 20 ml of
969% ethanol, was stirred into the solution. This reaction mixture was then
refluxed. The pH was kept at 2.7 with the addition of 0.5 N NaOH. When the
pH had remained constant for approximately two hours, the mixture was
allowed to cool.

The crystals obtained from the reaction were then filtrated and
washed with ethanol and ether. The crude product (yield 70 to 90%), which
contained bhoth the 6-aryl and 7-aryl isomers of pteridin-4-one, was
fractionated by recrystallization from DMSOQ. The 7-isomer crystallized first.
Finally, an equal volume of water was added to the filtrate to precipitate the
6-isomer and residual 7-isomer. This procedure was repeated until the 6-
isomer was free from any 7-isomer, as judged by 1H-NMR.
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An alternative recrystallization method was possible for compounds
2.6g-] (Table 2.1). In this method, the crude product of the reaction
mixture was washed extensively with hot methanol. The residue was the
7-aryl isomer. The methanol filtrates were then combined, concentrated by
vacuum-evaporation, and cooled until they crystallized. This fraction
contained mainly the 6-isomer. Recrystallization from methanol yielded the
pure compounds, as judged by 1H-NMR.

2.2.3 Synthesis of the 8-(pX-Phenyl)Hypoxanthines(2.9a-k)

With Method A [9]

Equal molar amounts (30 mmole) of 4,5-diaminopyrimidin-8-one and
the appropriate benzoic acid were mixed in 30 ml of freshly prepared
polyphosphoric acid. The reaction mixture was heated to 190°C, stirred
continuously at that temperature for two hours, and allowed to cool, The
resulting dark-brown solution was diluted with 200 mli of water and
filtrated.

The filtrate was then neutralized with a solution of 25% NaOH and the
resulting precipitate was filtrated. The crude product was dissolved in 1 N
NaOH, nerit was added, and the solution was refluxed for ten minutes. The
hot solution was filtrated and the filtrate was acidified with acetic acid.

The filtrate was then cooled to 4°C and the resulting precipitate was
collected by filtration. The crude product was purified by an additional base-
acid precipitation and washed with alcohol and ether. The final product was
dried in vacuo with phosphorus pentoxide.

With Method B [10]

To prepare the substituted benzoyl chloride, 15 g of the appropriately
substituted benzoic acid were dissolved in 100 ml of SOCly. The resulting
mixture was refluxed for one hour and the excess SOCly, was evaporated in
vacuc. The remaining liquid was used for the next step without being
purified further.

The benzoyl chloride was then cooled to 0°C and mixed with 10 g of
4. 5-diaminopyrimidin-6-one that had been dissolved in 100 ml of 1 N
NaOH. The mixture was stirred at 0°C for forty-eight hours. The resulting
turbid solution was made more alkaline with the addition of some solid
NaOH. The solution was extracted with ether, whereupon the agueous layer
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became clear. This basic solution was acidified to pH 5 with 6 N HCl. The
resulting precipitate was collected by filtration and washed with water and
ether,

The 4-amino-5-arylamidopyrimidin-6-one (2.11) was then purified.
This was done by dissolving it in 0.5 N NaOH and refluxing it with norit for
ten minutes. The norit was filtered off and the filtrate was acidified to pH &
with 4 N HCl. The resulting precipitate was filtered, washed with water and
ether, and dried in vacuo with phosphorus pentoxide.

The ring closure of 4-amino-5-arylamidopyrimidin-6-one (2.11) was
then accomplished. This was done by mixing in a flask 15 mmole of the
compound with 25 g of phosphorus pentoxide. The flask was cooled in ice
and 18 ml of 85% polyphosphoric acid were added. The reaction mixture
was heated to 180°C and kept at that temperature for four hours, after
which the hot solution was poured over crushed ice. This solution was
neutralized to pH 5 with 6 N NaOH and the resulting precipitate was
filtered off.

The crude product was then dissolved in 1 N NaOH and refluxed with
norit for ten minutes, The norit was removed and the filtrate was acidified
to pH 6. The resulting precipitate was collected by filtration, washed with
water and ether, and dried in vacuo with phosphorus pentoxide.

2.3 RESULTS AND DISCUSSION
2.3.1 Synthesis of the 6-Arylpteridin-4-Ones

The 6-arylpteridin-4-ones (2.6a-m) used for this thesis were
synthesized by condensing 4.5-diaminopyrimidin-6-one (2.4) with an
arylglyoxal derivative (2.5) according to published procedure [7a]. The
results are shown in Table 2.1. The product is usually a mixture of 6-
arylpteridin-4-one and the 7-substituted isomer {2.1¢). Nevertheless, the
composition of the reaction mixture depends on the pH at which the
reaction is carried out. At pH 2.7, the main product is 2.6 (Table 2.2),

To obtain pure 2.6, the reaction products were recrystallized from
dimethylsulfoxide {DMSO)] or from methanol, as described in the section on
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Table 2.1 Synthesis of the 6-Arylpteridin-4-Ones
o)
HN =
s
N

No. X M.Pt. Yield  Formula Analysis® TH-NMRDP) 13¢C-NMRC)

(°c) % H2 H7 C-6 c7
2.6a H 304°) 35% CqoHgN4O.H,O  CH 8.35 9.58 149.9  148.7
2.6b F 3228) 6% CqoH7N4FO CH 8.35 9.60 149.4 1475
2.6¢ Cl 313%) 6% CqoH7N4010.H0 CH 8.30 9.55 149.4 147.8
2.6d Br 3159 17% CypH7N4BrOH,O CH 8.30 9.55 149.1 1475
2.6e | 3328) 22%  CypH7N4I0 CH 835 9.60 149.2 1472
2.6f Me 2869 23% Cy3HigN4O.HO CH 8.30 9.50 1495  146.2
2.6g Et  253-5 25% Cq4H12N40 CH 8.30 9.56 150.3 147.5
2.6h nPr 2558 25% Cq5H14N40 CH 8.30 9.55 149.4  147.3
2.61 iPr 2339 20% CqgHi4N40 C.H §.30 9.52 150.3  147.4
2.6] tBu 265% 15% CygHy1gN40 CH §.33 9.53 150.2  147.4
2.6k OCH3 280% 15%  Cq3H{gN4O2.H20 CH 8.30 9.55 149.1  145.9
2.61 nBu 260° 5% Cygt1gN40 CH §.33 9.60 150.6 147.3
2.6m OH 340 10% CyoHgN4Os C.H 8.30 9.50 149.3 1468
Pteridine-4-oned) CpH4N40 1442 150.2
7-Phenyl- 345  75%  Cq2HgN40O CH 830 9409 1419 1557

Pteriding-4-one

a) Micro-analyses for C and H were within 0.4% of the calculated theoretical value.

b) Chemical shifts in .8 {ppm).

¢} Chemical shifls in ppm.
d) A. Nagel, unpublished results.
e) Decomposes upon melting.

f) Analytical calculation for C12HgN4O2.1/2H20: C, 57.83; H, 3.64; Found: C, 58.48; H, 3.33.
g) Chemical shift for H-6.

Table 2.2 Effect of pH on Iscmer Formation in
the Reaction of 2.4 and 2.5

pH 6-lsomer 7-lsomer
2.6a 2.1¢
7.5 <5% >95%
4.5 70% 30%
35 70% 30%
2.7 75% 25%
2.0 60% 40%
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materials and methods. The purity of 2.6 was established by 1H-NMR
spectroscopy, which revealed the absence of the H-6 absorbance at
8 =9.4 ppm of the 7-arylpteridin-4-one. With the Varian EM-390
spectrometer, it was possible to detect impurities as slight as 5% in the 6-
arylpteridin-4-one samples.

Both 1H-NMR and 13C-NMR spectroscopy provided solid evidence that
the aryl group is indeed in position 6. The structure assignment given in
this thesis is based mainly on 13C-NMR spectroscopy.

While the aryl group shifts the absorption of the carbon atom to which
it is attached 5 to 6 ppm downfield. it shifts its neighboring carbon atom 4
to 5 ppm upfield [11]. Consequently, relative to the C-6 and C-7 signals of
pteridin-4-one, the separation between the corresponding 13C-NMR signals
in the 6-arylpteridin-4-ones (3 to 4 ppm) is much smaller than the
separation between the signals in the 7-phenylpteridin-4-one (13 to 14
ppmj}.

Thirteen 6-arylpteridin-4-ones were synthesized for this thesis with
the Gabriél-Isay method. In these syntheses, the method showed one minor
disadvantage, namely the occasional presence in the final product of minute
amounts of the isomeric 7-arylpteridin-4-ones. One way to avoid this is to
synthesgize the 6-arylpteridin-4-ones from the correspending pyrazine
derivatives. The key intermediate in this synthesis is then 2-amine-3-
benzyloxycarbonyl-5-arylpyrazine-1-oxide, as De Meester et al. [5b] showed
{Scheme 2.1). Although they were able to synthesize many different 2-
amino-3-benzyloxycarbonyl-5-arylpyrazine-1-oxides, De Meester et al. were
not able to effect subsequent closure of the pyrimidine ring.

2.3.2 Synthesis of the 8-Ary1hypoxénthines

The 8-arylhypoxanthines used for this thesis were synthesized with
either method A or method B (Table 2.3). With method A, an initial series of
seven compounds was synthesized(2.9a and b, and g-k). Fortunately, when
no more compoeunds could be obtained with method A, it was still possible
to synthesize four more compounds (29¢-f) with method B.

With method B, the 4,5-diaminopyrimidin-6-one (2.7) reacted first
with a para-substituted benzoylchloride (2.9) to form 4-amino-5-
arylamidopyrimidin-6-one (2.11). The ring closure of 2.11 to purine (2.9)
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