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The structures of four compounds are reported, having been 
determined by single crystal X-ray crystallography. The 
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Protonated antifolates with anions 
Substituted antifolates. 
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orbital calculations on protonated and unprotonated :- 
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energy position. 
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Chapter One 

1. Introduction 

Crystallography today is one of the most widely used 

disciplines across the whole spectrum of natural and applied 

science. It is not only confined to its historical origin 

of geology but it is an accepted part of chemistry, physics, 

metallurgy, materials science, molecular biology and electronic 

engineering. 

Single crystal X-ray crystallography was pioneered by 

W.H.Bragg and W.L.Bragg, whose technique enabled basic information 

of the crystals to be obtained from X-ray analysis. The 

distances between the various crystal planes and the angles at 

which the planes intersect are determined, from which the 

arrangement of the particles and the distances between them 

can be ascertained. From the X-ray diffraction patterns the 

electron density in different parts of a crystal can be deduced. 

As X-ray scattering is caused not by atomic or ionic nuclei 

but by the electrons round the nuclei, the scattering is greater 

where the electron density is larger, i.e. in the immediate 

neighbourhood of the nuclei. 

From electron density maps of this kind, shapes of molecules 

and ions can be found, as well as their structural formulae 

and the bond lengths between the nuclei. Bond lengths in turn 

give information about the nature of the bond, for example the 

amount of ionic character present and whether the bonds are



single or multiple. 

X-ray crystallography is not a means to an end by itself, 

it must be used in parallel with the more standard and routine 

chemical techniques such as infra-red and nuclear magnetic 

resonance spectra, as well as using subjective judgement and 

experience to interpret its results.



1.1 Selection of a Crystal 

Crystals are built up from simple structural units composed 

of a few atoms, ions or molecules. The crystal is merely a 

repetition of the basic unit, just as the pattern woven into a 

piece of cloth consists of the same design repeated over and 

over again. For a crystal to be satisfactory for collection of 

X-ray diffraction data, two main requirements must be met :- 

1. It must possess uniform internal structure 

and 2. it must be of proper size and shape. 

To fulfil the first requirement, the crystal must be pure 

at the molecular, ionic or atomic level. It must be a single 

crystal in the usual sense, i.e. not twinned, which is the 

existence of two differenct orientations of a lattice in what 

is apparently one crystal, nor composed of microscopic 

suberystals. The crystal need not have particularly well-formed 

or uniform external faces but should not be physically distorted. 

All single crystals are in a sense, imperfect as they are 

composed of slightly misaligned, not more than 0.2° to 0.5° for 

most crystalg,minute crystal blocks. These crystals with a 

mosaic structure are desirable as the diffracted intensities 

are much greater than from perfect crystals. 

Crystals are easily screened by examination between crossed 

polaroid sheets, by rotation about an axis normal to the 

polarizing material, in which the crystals should appear bright 

and extinguish once every 90°.



The preferred crystal size is of 0.1 to 0.3mm because of 

the difficulties in aligning the crystal precisely with a 

plateau of uniform intensity in the primary X-ray beam. The 

size of crystal is also determined by the absorption of X-rays 

by the crystal (1).



1-2 Limitations and scope of X-ray Crystallography 

Apart from the obvious difficulty of growing a suitable 

crystal which will diffract X-rays to the desired extent, the 

collection of X-ray diffraction data has been facilitated in 

recent years by the development of computer software and hardware. 

Analysis of the data has also been made easier by computer 

integration. 

For simple crystals, knowledge of the symmetry and unit cell 

dimensions enables the exact structure to be determined. Each 

measured observed intensity of X-rays must be related to the 

distribution of atoms within a known set of planes (hkl). 

Theory shows that the measured intensity Th after suitable 

correction is equal to the square of the structure factor Fy))- 

The significance of Fuki is that it can also be calculated once 

the positions and scattering power of the atoms within the unit 

cell are known. An obvious approach, therefore, would be to 

guess the position of all the atoms and then calculate the Fy) 

values. Good agreement between calculation and experimental 

data would confirm the correct structure. Unfortunately this 

trial and error method is not practical because there are many 

possible positions for each atom in the unit cell, even though 

some intelligent guesses can be made. 

In practice, the reverse procedure is adopted in which the 

atomic positions are determined from the measured intensities, 

by the use of a mathematical technique, Fourier synthesis, which



Maps out the electron density distribution within a unit cell. 

The positions of atoms can be determined by noting where the 

electron density rises to peak values. 

A major obstacle in the use of Fourier synthesis is the 

phase problem, in that in order to construct the electron 

density map both the phases and magnitudes of Fhkl must be known. 

Experimentally, only the magnitudes of Fhe) are measured as 

intensity I is proportional to Se 

In 1955 it was thought that the limit of complexity in 

structural determination by X-rays had been reached when Hodgkin 

determined the structure of vitamin B,> which consists of 181 

atoms. However Perutz in 1953 realised that the isomorphous 

replacement technique was equally applicable to protein molecules 

which contain thousands or even tens of thousands of atoms. To 

determine the structure of such an enormously complex system, 

some 500,000 intensities must be accurately measured and perhaps 

one million calculations performed. Largely as a result of the 

recent rapid development in high speed digital computers and 

the improvement in instrumentation for recording and measuring 

intensities, the task is not as hopeless as it may seem at first. 

Computers have then allowed data to be collected for hours 

on end by complete automation, correcting for any absorption of 

X-rays by the crystal and for any degeneration of the crystal 

while it is subjected to the X-rays or unfavourable atmospheric 

conditions. 

To overcome this phase problem either direct or indirect



methods may be used. Direct methods are the more objective in 

that they depend upon mathematical relationships to determine 

the phases of the structure factors. Indirect methods are more 

subjective in that they depend upon the interpretation of the 

data by the investigator. 

DIRECT METHODS 

Direct method computer programs require that the structure 

factors be placed on an absolute basis. The magnitude of a 

structure factor depends not only on the degree to which atoms 

scatter co-operatively but also on the scattering angles, since 

atoms scatter less strongly at high angles. From a theoretical 

point of view there is an advantage in producing a structure 

factor which is corrected for fall off in scattering angle such 

that the numerical value of the structure factor is independent 

of its position in reciprocal space. 

The computer programs which have been used in the 

structure determinations are :- 

Ca) MULTAN 78 - which is used to calculate normalised 

structure factors and carries out direct methods for 

the largely automatic solution of crystal structures 

with up to about 150 atoms in the asymmetric unit; 

it is applicable to both centrosymmetric and non- 

centrosymmetric structures (2). 

(ii) EEES (SHELX) - an alternative centrosymmetric 

direct methods approach. This approach is to start 

with a very large number of permutations of signs



(of the order of 210 220 ) and to eliminate early on during 

sign expansion those sets which are giving poor agreement. If, 

at any stage, the agreement fails to reach a prescribed level 

then the expansion is discontinued and the set rejected. For 

the surviving sets electron density maps are computed and figures 

of merit are calculated (3). 

The choice of which direct methods package to use can be 

largely determined by whether the structure was centrosymmetric 

or not. For centrosymmetric structures SHELX was favoured, 

whilst for the non-centrosymmetric structures MULTAN became the 

standard choice. 

REFINEMENT AND WEIGHTING 

A refinement program based on the least squares procedure 

calculates structure factors and accummulates least squares 

totals which are then solved for the parameter changes. The 

parameters which are then refined are :- 

C5, either the individual atomic isotropic vibration 

parameters or the six components of the individual 

atomic anisotropic vibration tensors. 

( ii) the 1 F, 1 scale factor. calc 

(iii) the atomic co-ordinates. 

The parameters are treated as functions of 1 Fuajc¢ 1 and the 

least squares procedure minimises the funtion : 

2 
wi IFoke 2 ar 1) calc 

where 'w ' is a weight allocated to each structure factor. 

Small variations are made to these parameters to produce



the test agreement between observed and calculated structure 

factors. A cyclic process is carried out and after each cycle 

an improved value for each parameter is obtained. The procedure 

is repeated until no further improvement takes place, as shown 

by the discrepancy index, R. 

The actual weighting system used reflects the reliability 

of the particular measurement and the weight parameter is 

determined by the reciprocal of the square of the standard 

deviation of the measurement. 

In the initial stages of refinement a weight of unity may 

be used for all reflections, but in later stages a weighting 

scheme is introduced which is dependent on F.}.- 

THE ' R_' VALUE — DISCREPANCY INDEX OR RESIDUAL 

This is defined as :- 

es Teepe wee hears 

= 1ops 1 

"s must include temperature factors for the 

R 

The Fealc 

structure factors to be comparable. 

The lower the value of R the greater the confidence that 

can be placed in the calculated structure. At present R values 

in the range 0.03 to 0.08 i.e. 3% to 8% are being quoted for 

the most reliable determined structures. 

The R value is by no means a perfect guide to the 

correctness of fit of the structure and much subjective judgment



and the further steps needed in the refinement. 
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1.2.1 Scattering factors and Thermal motion 

A further limitation of X-ray diffraction is that as the 

scattering factors increase steadily with increasing atomic 

number Z, it becomes more difficult to distinguish between 

atoms of close atomic number and also that the scatter from 

the lighter elements is low by comparison. This is particularly 

the case for hydrogen and causes difficulty in locating these 

atoms in a structure. 

The scattering factor falls off with increasing angle of 

scatter since the wavelength of the radiation is of comparable 

size with the scattering centre. 

The normal scattering factor curves are calculated on the 

basis of the electron distribution in a stationary atom, but 

in fact, the atoms in crystals are always vibrating about their 

rest points. The magnitude of the vibration depends on the 

temperature, the mass of the atom and the firmness with which 

it is held in place by covalent bonds or other forces. In 

general though, the higher the temperature the greater the 

vibration. 

The effect of such thermal motion is to spread the electron 

cloud over a larger volume and thus to cause the scattering power 

of the real atom to fall off more rapidly than that of the ideal 

stationary model. An approximation of the corrected structure 

factor for thermal motion can be made mathematically by the use 

of the Wilson plot (4). 

ne



The correction for thermal motion may be applied to 

structure factor calculations at several levels of approximation. 

The simplest of these is that of over-all isotropic vibrations 

which assumes that all the atoms are vibrating with the same 

amplitude and that their motions, like their shapes, are 

spherically symmetric. This approximation makes for faster 

computation as the thermal factor need only be evaluated once 

per reflection and the result used to multiply the calculated 

structure factor. 

This approximation of equal amplitudes is not a very good 

one because, for example an atom at the end of a long aliphatic 

chain can reasonably be expected to be less firmly braced by its 

neighbours than say a quaternary carbon in a rigid ring 

structure. The individual isotropic assumption permits the 

assignment of temperature factors to each atom but retains the 

idea of spherical symmetry and can improve the fit between the 

observed and calculated data markedly as the individual 

temperature factors have physical significance. This assumption 

can then be utilized in the early stages of a structural analysis 

to identify significant incorrectly placed atoms by their 

abnormally high temperature factors. 

This added computation must then be evaluated for each atom 

contributing to each reflection and must be used to modify the 

scattering factor for that atom. 

A different approximation can be made, the individual 

anisotropic, in which the assumption of spherical symmetry is 

12



abandoned and the single atomic thermal parameter is replaced 

by six parameters which describe the size and orientation of 

the vibration ellipsoid. Each atom must then be treated 

individually, again increasing computation time significantly. 

13



1.2.2 Electron and Neutron Diffraction as a complement 

to X-ray methods 

Initially it was thought that X-rays were the only 

radiation which would give the desired diffraction effect. 

However, it was found that if electrons and neutrons were 

given the required velocity then from the de Broglie theory, 

diffraction effects would result at the molecular level,i.e. 

wavelengths in the region of 0.1 to 2.0 R. 

Using X-ray radiation it is difficult to detect the 

hydrogen atom as it has a relatively low scattering factor, 

whereas both electron and neutron diffraction methods are 

suitable for positioning the hydrogens in a structure and this 

could be done after the heavier atoms have been positioned 

using X-ray methods. Practical difficulties involved with 

both electron and neutron diffraction however make it very 

unlikely that either of them will replace X-ray diffraction as 

the most convenient and useful method of structure 

determination. 

14



1.2.3 Solid state versus Natural state structure 
  

X-ray crystallography looks at the structure of compounds, 

particularly with reference to enzyme substrates and inhibitors, 

out of their biological environment. There is then the 

question of how similar the structure so determined is to that 

in biological systems. Are the atoms in the active site of the 

crystalline enzyme in the same position as they are in the 

biological system? This question is of great importance 

pharmaceutically as the development of drugs may rely on 

X-ray determined structures of the enzyme which the drug is 

intended to inhibit. 

The folding, structural stability and dynamics of globular 

proteins are thought extensively controlled by solvent 

interactions, stress being generally placed on the poorly 

understood so-called "hydrophobic" or “apolar" interactions. 

Similar driving forces are invoked to explain the energetics 

of enzyme-substrate binding, the binding of a hormone to its 

receptor and protein-protein interactions in general. 

Crystalline proteins contain upward of about 25% solvent, 

a typical value being 45%, and at the molecular level solvent- 

protein interactions would be expected. Thus, provided the 

structure of the crystal can be solved by X-ray diffraction 

techniques to a sufficiently high resolution, it is possible to 

extract significant information concerning the results of 

solvent interactions especially at the protein-solvent interface. 

15



This information can then be used to test the predictions of 

any protein-solvent interaction model (5). 

The reduced number of solvent interactions that may occur 

in the X-ray structure must then be borne in mind in analysing 

the structure. The development of such techniques as interactive 

computer graphics has greatly aided the study of drug design. 

Such apparatus as the Evans and Sutherland Picture System is 

capable of rapid transformation of three dimensional data with 

combinations of rotation, translation, scaling and perspective. 

This system is extremely efficient for the display and 

manipulation of complex biological molecular structures. The 

electron density based on the method of isormorphous replacement 

or calculated on the basis of the refined atomic positions is 

displayed in the form of a "chicken wire" and the model is 

manipulated into the density. 

The existence of highly refined models of enzymes together 

with the ability of manipulation of these molecular structures 

offers the attractive possibility of a rational approach to drug 

design. This method has already been used on the detailed 

structure of an enzyme and a complex with a substrate analogue to 

aid investigation concerning the design of a good inhibitor. 

Dihydrofolate reductase inhibitors ( which form the theme of this 

thesis) have already been investigated by this technique. 

The enzyme active sites can be displayed in various ways : 

van der Waals surfaces or accessible surfaces, highlighting 

hydrophobic or charged groups or specific residues. Complementary 

16



surfaces can be generated; models of putative inhibitors 

placed in the active site while the energy, change of surface 

accessibility and other parameters are continuously monitored 

(6). 

17



1.3 Molecular Geometry Calculations 

Conformation is the molecular property which is of most 

interest to researchers interested in small biologically active 

molecules. As the majority of "interesting" molecules are 

conformationally flexible, molecular models can be used to 

answer questions about the molecular geometry of a molecule which 

may have a whole range of possible conformations because of free 

rotation about single bonds. Computer programs are available 

which calculate the ab initio molecular wave function and then 

optimize the geometry using a gradient of the energy with 

respect to the nuclear coordinates. The computer program used 

in this thesis was a version of the Gaussian 70 package and 

is further detailed in a later chapter. 

Some twenty years ago molecular wave functions were 

calculated by using semi-empirical methods which were only 

approximations to the true value and the advent of computers 

aided such calculations. 

Since modern quantum theory began nearly 60 years ago the 

basic idea of quantum theory has been applied to all kinds of 

chemical problems. However the major difficulty is that of 

obtaining reasonably good wave functions for any but the 

smallest molecules. Crystal data in molecular orbital 

calculations must be used with caution as molecules may not 

have precisely similar shapes in a crystal and in solution or in 

an active environment. Crystal structures of ions may vary 

18



depending on the nature of the counter-ions. 

Similarly the active conformation of a drug may not be 

that stable in the solid or in solution and indeed may not be 

stable at all except in the receptor environment. It has also 

been proposed that several local minima may exist on the energy 

hypersurface besides the one corresponding to the experimental 

configuration (7). 

In principle the Schrodinger equation does contain all the 

answers and in time it will no doubt be possible to run 

calculations for huge systems which will include solvent, 

receptor, counter-ions and all the particles involved in 

biological recognition and activity. 

19



tesed Charge Distribution and Mulliken Population Analysis 
  

Apart from nuclear conformation, of interest are details 

of the electronic charge distributions which can be revealed 

by calculation. Such calculations are of particular 

pharmaceutical interest; where a pharmacological receptor 

experiences the influences of a drug or transmitter molecule, 

it must do so by the interaction of electron densities on the 

two partners. Charge distribution is unobtainable from 

experiment and hence the application of quantum mechanics to 

pharmacology is of central importance. 

A conveniently programmed method of gaining an idea of 

charge distribution in molecules comes from the so called 

Mulliken Population Analysis. This produces the number of 

electrons associated with a particular atom, even though they 

may not spend much time very close to the particular nucleus. 

In this way all the electrons in the molecule are assigned to 

nuclei. The limitation of this approach is that all the charge 

is associated with nuclei i.e. the charge between two nuclei is 

divided equally between the two, even if the atoms have very 

different electronegativities. The use of the information on the 

distribution of electrons derives from the fact that the 

chemistry, the affinity, the efficacy and the reactivity of a 

molecule are properties of electrons. When molecules encounter 

each other it is the electrons which interact and such 

calculations of charge distribution on similar molecules indicate 

N s
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1.3.2 Quantitative Structure-Analysis Relationships 

(QSAR) 

This mathematical technique uses computerized 

statistical studies of the relationship between chemical 

structure and biological activity. The QSAR model assumes 

that in varying substituents on a parent structure one 

changes its hydrophobic, steric and electronic characteristics 

and these perturbations which are reflected in the biological 

response of a standard system can be more or less accounted 

for in the physicochemical properties of the substituents. 

The research using QSAR on dihydrofolate reductase 

inhibitors which is the subject of this thesis is reviewed in 

a later chapter. 
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Chapter Two 

Zoe The importance of Folic Acid 

(Folacin or Pteroyl-Glutamic Acid) 

Folic acid is broadly distributed in plants and its 

deficiency in mammals results in failure to grow and in various 

forms of anaemia. It contains three characteristic building 

blocks: (1) a substituted pteridine, (2) p-aminobenzoic acid 

and (3) glutamic acid (see Fig. 1). 

Pteridine is the bicyclic nitrogenous parent compound of 

the pterins which are derivatives of 2-amino-4-hydroxypteridine. 

The pterin present in folic acid is 6-methyl pterin. In some 

species folic acid is attached by the x =-carboxyl group of the 

glutamic acid to one or more additional glutamic acid residues 

joined in peptide linkages involving the X -carboxy1 groups of 

the glutamic residues. Some organisms require only the 

p-aminobenzoic acid portion of folic acid; they can synthesize 

folic acid if p-aminobenzoic acid is available (8). 

The most conspicuous biochemical symptom of folic acid 

deficiency is impaired biosynthesis of purines and the 

pyrimidine, thymine. Recent studies have shown a relationship 

in mammals between folate deficiency, heme content and microsomal 

drug metabolism (9). 

23



FIGURE 1. 

STRUCTURE OF FOLIC ACID 
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2s2ek The Metabolism of Folic Acid, simplified 

biological mechanism 

For mammals : For some micro-organisms : 

Folic Acid p-aminobenzoic acid 

(from diet) + 

glutamic acid 

+ 

dihydropteridine 

dihydropteroate 
synthetase 

dihydrofolic acid (DHF) 

tetrahydrofolic acid 

purine synthesis 

DNA 

Animal cells are incapable Unicellular organisms are 

of synthesizing folate and wholly dependent on the 

it must then be obtained synthesis of DHF de novo. 

from exogenous sources. 

The folic acid is 

transferred into the cells 

by an active transport 

mechanism. 

For both animal and micro-organism, although folic acid 

is the vitamin, its reduction products are the actual coenzyme 

forms.



2.2.2 The metabolism of Folic Acid 

The B vitamin, folic acid I is reduced enzymatically in 

the cell to tetrahydrofolic acid ( FAH, or 5,6,7,8 tetrahydrolate) 

III (see Fig.2) via 7,8 dihydrofolic acid ( FAH.) II. Any one 

of five enzymes can then be used by a cell to catalyze the 

attachment of a one carbon fragment at the formaldehyde or 

formic acid oxidation level by FAH, on either Ww or yw? or 

both (see Fig. 3). 

The one carbon fragment may be either hydroxymethyl (CH,0H) , 

formyl (CHO), or methyl (CH3) groups in a large number of 

enzymatic reactions in which such groups are transferred from 

one metabolite to another or are interconverted (see Fig.4 ). 

These complex one-carbon transfer reactions are involved in 

the intermediary metabolism of amino acids, purines and 

pyrimidines. The former are used in the formation of proteins 

and the latter in DNA synthesis. 

The function of folic acid is then to insert a single 

carbon unit wherever required in the biosynthesis. For example, 

a sequence of enzymatic reactions in which the hydroxymethyl 

group of the amino acid, serine is enzymatically removed to form 

the Ae, yt? methylene derivative of tetrahydrofolate (FAH, , 

which is reduced to the nw? methyl derivative. The latter then 

donates its methyl group to homocysteine to yield methionine. 

Tetrahydrofolate thus serves as a shuttle to which the one carbon 

group is covalently but transiently attached :- 
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FIGURE 2. 

STRUCTURE OF TETRAHYDROFOLIC ACID 
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participate in the transfer of one-carbon groups. 
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THE REDUCTION OF FOLIC ACID 
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Figure 4. Biosynthetic Functions of Folic Acid Coenzymes 
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Another enzyme vital to the folic acid reduction is 

thymidylate synthetase which is uniquely involved in the 

internal oxidation reduction of an intermediate which takes 

place when deoxyuridylate (dUMP-2'-deoxyuridylate) is 

converted to thymidylate (dTMP). 

5,10-CH>-FAH, FAH, 

ek ay at 

a 
dUMP daTMP 

= Thymidylate synthetase 

As a result a blockade of dihydrofolic reductase prevents 

the coupled thymidylate synthetase from operating, leading to 

a cellular deficiency of dTMP. Therefore blockade of either 

dihydrofolic reductase or thymidylate synthetase in a ceil will 

lead to 'thymine-less death', if the cell is unable to use the 

alternate pathway via thymidine with thymidine kinase (11).



2.3 Dihydrofolate Reductase (DHFR) - An Introduction 

DHFR is classified into structural class No. 4, i.e. 

sf-helix and f-sheet tend to alternate along the amino acid 

chain. The whole of the protein is defined as the structural 

domain in relation to the globular protein with 160 - 180 

residues (depending on species) in the domain, with one 

domain per globular protein. There are two structurally known 

enzymes with NADP as cofactor, one of which is dihydrofolate 

reductase. In DHFR, NADP is bound to the domain containing a 

A-sheet andX-helices (12). The polypeptide backbone is folded 

into an eight-stranded f-sheet consisting of seven parallel 

strands and ending with a single anti-parallel strand at the 

carboxyl end, with approximately 35% of the backbone being in 

the f-sheet (13). 

The other enzyme, glutathione reductase, binds the NADP 

in a domain with a central pleated sheet. This sheet contains 

a Rossmann fold which binds the adenosine moiety of NADP in 

a position corresponding to the equivalent site in dehydrogenases. 

DHFR and TS appear to be ubiquitous having been found in 

bacteria, plants, certain phages as well as in animal tissues 

and cell lines. It has been found that high levels of these 

enzymes are present in cells that are actively dividing. Since 

rapid cell proliferation and therefore DNA synthesis is one 

characteristic of most malignant tissue, inhibition of the 

thymidylate cycle at the level of either DHFR or TS should cause 
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the cessation of malignant tissue growth. 

To date only a few amino acid sequences of DHFR from both 

prokaryotes and eukaryotes have been determined and there are 

no crystallographic studies to date on folate or dihydrofolate 

bound to DHFR. However structural studies have been carried 

out, to 1.7 Rg resolution, on the binary complex (inhibitor 

only bound to the enzyme) of Methotrexate (MTX)-resistant 

E.Coli DHFR with MTX (13), the ternary complex (inhibitor and 

coenzyme bound to the enzyme) of MTX-resistant Lactobacillus 

casei DHFR with MTX and NADPH (13) and to 2.9 & resolution on 

the avian DHFR ternary complex with phenyltriazine and NADPH(14). 

These structures are considered in further detail in Chapter 

Four. 

These studies have defined the overall shape of the enzyme 

molecule, identified regions of secondary structure and binding 

areas for inhibitor and cofactor. As there are indications of 

differences between the protein conformational structures in 

the enzyme-MTX and enzyme-substrate complexes, direct analogy 

from the X-ray results to a description of enzyme-substrate 

binding is not easy. 

It appears that although there are considerable changes in 

the primary structure of the enzyme (i.e. amino acid sequence) 

between species the tertiary structure and hence function of the 

enzyme remains comparatively unchanged. For example, the 

backbone of Lactobacillus casei DHFR is structurally similar 

to that of E.Coli although there is only an amino acid sequence 

homology of approximately 27% (14). There is also considerable 
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s variability in sensitivity towards different 

inhibitors in this group of enzymes. 
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2-3-1 Bacterial and Animal DHFR - Physical and Chemical 

Differences 

All mammalian and avian, but only a few bacterial DHFR's 

can utilize folic acid as a substrate, as previously stated; 

however the PApasct mam th folic acid is between 4 - 5.5 and 

reduction is near zero at pH 7. The enzymes utilizing folate 

as a substrate with dihydrofolate usually show a double 

maximum, one at pH 4- 5.5 and the other near pH 7.4; at 

pH 7.4 folate is a good inhibitor of DHFR, being complexed 

to the enzyme better than the dihydrofolate. Those bacterial 

enzymes which cannot utilize folic acid as a substrate have 

only one PHraximum Near PH Mets 

An inhibitor profile for each enzyme from inhibitor 

binding analysis could be prepared. It was found that 

intergroup differences could be very large. For example 50% 

inhibition of mammalian enzymes required concentrations of 

one inhibitor, trimethoprim, of the order of 107M while 

for bacterial enzymes less than 10° eu was required. In contrast 

a dihydrotriazine inhibited mammalian enzymes at 10? M. 

Intragroup differences were found more so among bacterial than 

among mammalian enzymes (15). 

The majority of the enzymes had molecular weights of the 

order of 20,000. Bacterial enzymes have molecular weights 

nearer 18,000 whilst mammalian enzymes are about 21,000. 
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Chapter Three 

3.1 General Considerations of the Enzyme - Substrate - 

Inhibitor Relationship 

Enzymes are a billion times more efficient than man-made 

catalysts although they operate within the limits of biological 

conditions. A fascinating property of enzymes is their 

catalytic power. Enzyme - catalyzed reactions proceed at 

rates that are from 108 to 102° times faster than the 

corresponding uncatalyzed reaction. Traditionally, enzymes 

are compared with man - made catalysts which as a rule 

are 108 to 10? times less effective in accelerating a given 

reaction than the corresponding enzyme. 

Another attribute of an enzyme, which a chemical catalyst 

possesses only in rare cases, is specificity of action. Only 

one or a few compounds, the substrate(s), are acted upon and 

only a single type of reaction takes place. Side - reactions 

or by - products do not occur, a reflection of the fact that 

uncontrolled pollution cannot be tolerated in a living cell (12). 

The characteristic of enzyme catalysis is then that the 

enzyme specifically binds its substrates and the reactions take 

place in the confines of the enzyme-substrate complex. To 

understand then how an enzyme works, not only must the structure 

of the native enzyme be known but also that of the complexes 

of enzyme with substrate intermediates and products. Once these 

are determined, how the substrate is bound, what catalytic 
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groups are close to the substrate and what structural changes 

occur in the substrate and enzyme on binding will be known. 

In these determinations there is one major difficulty: 

enzyme-substrate complexes react to give products in fractions 

of a second whilst the acquisition of X-ray data usually 

takes several hours. It is therefore necessary to determine 

the structures of the complexes of enzymes with the reaction 

products, inhibitors or substrate analogues (16). 
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3.2 Enzyme Inhibition 

In simple terms an enzyme E complexes with a substrate S 

and converts S to the product P :- 

E + Se=2E - - Ses7E - - Pes2E + P I 

An inhibitor of the enzyme I must have an affinity for the 

enzyme :- 

Bt te==E --— 1 II 

Since the inhibitor can complex reversibly in this case with 

the enzyme to form an E - - I complex, less free enzyme E 

is then available for conversion of S to P; hence the 

resultant conversion is inhibited to an extent depending 

upon the relative concentrations of S and I and their relative 

equilibrium constants with E, namely K, and Kj respectively. 

The study of the inhibition of dihydrofolate reductases 

involved both reversible and irreversible mechanism, including 

for the irreversible type: an inhibitor I bearing a properly 

positioned leaving group X which can form a reversible complex 

with the enzyme E - - I-X and then react further irreversibly:- 

ky ky 

ery = 
E + I-X]e=2E - - I-X—pE--1+X TUL 

u 

sO 
The kinetics of such reactions are described in reference (16). 

In contrast to the reversible E - - I complex in II which 

can dissociate to free inhibitor and active enzyme E, the 

irreversibly inhibited enzyme E - - I in III can vary from 
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inoperative to poorly operative. The rate of formation of 

such a covalently linked enzyme-inhibitor complex is 

dependent upon the concentrations of the E - - I-X complex, 

the nucleophilicity of the enzymic group being alkylated, the 

relative reactivity of the leaving group X and the ease of 

formation of the trasition state E - - I-xX is in turn 

dependent upon the concentration of the inhibitor I-X and 

upon the reversible dissociation constant of the enzyme- 

inhibitor complex. 

Irreversible inhibitors then have an extra dimension 

of specificity dependent on the equilibrium constant k 

in III that does not exist with reversible inhibitors. 

Also, the affinity of the enzyme for the inhibitor is most 

usually due to the complexing ability of the enzymic active- 

site for a substrate and its mimic, the inhibitor. Such a 

neighbouring group reaction within an enzyme-inhibitor complex 

to give an irreversibly inhibited enzyme is called active- 

site directed irreversible inhibition (17). 
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353, Considerations of binding between the enzyme 

protein and substrate or inhibitor 
  

As an intermediate complex is formed in an irreversible 

inhibition reaction, much research has been done on the 

binding forces that cause an affinity of the enzyme for the 

inhibitor. On the enzyme itself, the binding groups can 

only arise from the nature of the twenty different amino 

acids which may occur in the enzyme plus any metal ions 

associated with the enzyme and cofactor; on the inhibitors 

much greater variation may be incorporated into the types 

of groups. 

There are only four major types of interaction between 

enzyme and inhibitor and the strength of the complex is 

dependent upon the nature and strength of each bonding :- 

1. anionic-cationic(electrostatic) interactions 

2. hydrogen bonds 

3. charge-transfer complexes 

4. hydrophobic bonding and the accompanying 

van der Waals forces (17). 

It is possible therefore for a multi-atom functional group, 

such as an amide or a phosphate, to have several modes of 

binding simultaneously, for example, with the -CONH group, 

the hydrogen can be an acceptor and the oxygen a donor - the 

type of bonding responsible for the helical portions of 

proteins. 
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For the design of active-site-directed irreversible 

inhibitors it is then necessary to know which groups on the 

substrate or inhibitor complex with the enzyme. Although 

the type of bonding present may not be able to be 

differentiated, for example, between hydrogen bonding and 

charge transfer, X-ray crystallographic studies of 

inhibitors complexed with the enzyme will give an indication 

of which amino acid on the protein is adjacent to an 

inhibitor functional group. 
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3.4 Specificity :- How much difference in protein 

structure must there be for an active-site inhibitor 

to inhibit the tumorigenic cell and not the original 

normal cell? 
  

When a tumorigenic virus invades a normal cell the viral 

coding information becomes an integral part of the original 

cell. This produces a cancer cell which contains the genetic 

information of both the virus and the original cell. In order 

for the cell to reproduce more rapidly, DNA must be 

synthesized more rapidly which requires more dihydrofolate 

reductase and more thymidylate synthetase. As the new 

enzymes are coded by the nucleic acid present originally in 

the virus, they could presumably be subtly different from the 

- original two enzymes. 

Active-site directed irreversible inhibitors use the 

similarity in the active site, used by reversible inhibitors 

but also use the specificity of less functional parts of the 

enzyme for irreversible covalent bond formation. The area of 

the enzyme outside the active-site is one in which structural 

differences of the substrate-identical enzyme in different 

tissues are likely to occur, as little structural change can 

be tolerated in the active-site before the enzyme ceases 

to be functional.



Chapter Four 

4, Inhibitors of Dihydrofolate Reductase 

Folate and dihydrofolate have quite complex structures 

compared to most monomeric substrates in that they have 

eleven different polar groups and two 11 - electron systems 

that can complex with dihydrofolate reductase: it has been 

estimated that in the order of three to six of these groups 

would be sufficient for binding to give the observed binding 

constants (18). 

The mode of binding of inhibitors to dihydrofolate 

reductase is still not completely understood even after much 

research. Complications arise when the binding of individual 

groups on inhibitors are assigned, as strongly hydrophobic 

bonding occurs with the dihydrofolate reductases. As a result 

of this extreme hydrophobic bonding, it is likely that an 

inhibitor can complex to DHFR in one of several possible 

rotomeric conformations, depending upon the one giving maximum 

hydrophobic bonding. Hence conclusions on a single type of 

inhibitor are not general but relate to the binding of specific 

groups on an inhibitor. 

Inhibitors of DHFR have commonly been termed "antifolates". 

The earliest reported small molecule antifolates were the 

2,4 diaminopteridines, by Daniel et al (19,20), which were 

synthesized to simulate the pteridine portion of the folate 

molecule and the authors concluded that the 2,4 diamino 
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derivatives were much more potent inhibitors of lactic acid 

bacteria than the chemically more nearly related 2-amino-4- 

hydroxypteridines. It was also noted that there were 

differences in responses between Lactobacillus casei and 

Streptococcus faecalis and it was concluded that these 

micro-organisms had multiple systems dealing with folates 

which existed in different proportions in the two. 

In 1945, Hitchings et al (21) studied 2,4 diamino-5- 

methyl pyrimidine and then used the elaboration of the 

5-methyl group to develop a family of inhibitors. By 1948, 

(22) evidence was gathered that all derivatives of 2,4 diamino 

pyrimidines were antagonists of folic acid and in 1951 (23) 

a variety of substances were developed primarily toward 

antimalarials. This latter study queried the association 

between antifolate and antimalarial activity. 

Antimalarial activity had been postulated for the 

antifolates on the basis of a formal resemblance between 

2,4 diamino-5-p-chlorophenoxypyrimidine and the antimalarial 

chlorguanide (24), but chlorguanide was the more potent 

antimalarial and relatively weak as an antifolate. However 

this discrepancy was resolved when the biologically active 

chlorguanide metabolite was found (25) to be a dihydrotriazine 

derivative with an appropriate degree of antimalarial activity. 
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4.1 Known Inhibitors of DHFR 

In Table 1. are listed some inhibitors of DHFR that 

are close analogs of folic acid except pyrimethamine. Folic 

acid is an excellent inhibitor of the vertebrate DHFR, being 

complexed two to ten times better than the substrate, 

dihydrofolate. Replacement of the 4-hydroxy group of folates 

by a 4-amino group as in aminopterin gives a tremendous 

enhancement in binding. 

Pyrimethamine has a considerably abbreviated structure 

compared to the others. Methotrexate and aminopterin bind 

10,000 to 50,000 times more tightly to DHFR's than does folate. 

The binding of trimethoprim TMP has been found to be 

sufficiently different to chicken and E.Coli dihydrofolate 

reductases perhaps to explain TMP's much weaker binding to 

the chicken enzyme. This has been reported to be due to the 

residues on opposite sides of the active site cleft being 

1.5 - 2.0 ® further apart in the chicken dihydrofolate 

reductase than the structurally equivalent residues in the 

E.Coli enzyme and other factors notably : 

1. differences in exact positioning of the 

2,4 diaminopyrimidine ring, 

2. differences in the benzyl group binding sites 

as well as other stereochemical factors (26). 
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Table 1. 

INHIBITORS OF DIHYDROFOLATE REDUCTASE 

oa"*o- 

    

Name R, Ry R, 

Folic Acid OE Ez <HECHOOOH 

CH,CH,COOR 

10-Formyl Folic Acid OH ° -NHCHCOOH 

-CEH CH,CH,COOE 

Aminopterin opter: NE, Ez =REPBOOOH 

8 CH,CH,COOH 
NH 2 ee 

Pyrimethamine 2 

tO : 
N A He ae N 3H 5 

4methopterin NE, CE, ~NEPECOOH 

(Methotrexate - MTX) CH,CH,COOH 

Aspartate analog of 

Amethopterin NE, CH, ae EeOor 

CH,COOH 

Trimethoprim OCH 
3 

H.O on 

CH 
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4.2 Structural Studies of Antifolate Drugs 

The natural substrates for DHFR contain a 2-amino-4-oxo 

pteridine moiety whereas the most effective inhibitors are 

2,4 diamino derivatives of pyrimidine, triazine, pteridine or 

quinazoline. The enhanced affinity of these antifolates 

can be explained by the modified pattern of hydrogen bond 

donors and acceptors or on an increased basicity of the 

heterocycle (27,28). By analysing the hydrogen bonding and 

molecular packing of these compounds in the crystal lattice, 

molecular details can be obtained of the hydrogen bond 

strength and directionality of drug binding to the enzyme 

active site. 

The antifolate diamino groups can act as hydrogen bond 

donors, while N1 and N3 can act as hydrogen bond acceptors or 

be protonated. This is in contrast to those of the natural 

substrates in which only the 2-amino group can be a proton 

donor, when N3 has a proton and where the enzymatic protonation 

site is N5, although N1 or N8 can be protonated. 

Although antifolate drugs differ in their chemical nature 

they contain a common structural unit (I) replacing a portion 

(II) of the pteridine ring of folates :- 

i HN — C= N==C (NH J===N 

4 3 2 1 

Ey O=C—N (H)==C (NH, )==N 

4 3 Zz 1 
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One factor which would be expected to be inimical to an 

inhibitor binding is that of the increased size of C(4)NH> 

in the inhibitors relative to C(4)0; however it is thought 

that there is a great stereochemical adaptability of the 

NHg group which helps structure (I) to fit the enzyme well 

(29). The amino group of the inhibitor may act as both a 

proton donor and acceptor, to enable it to form two 

hydrogen bonds to the E.Coli enzyme, compared with just one 

for the carbony] oxygen atom of the substrate. Also, the 

enzyme itself may be "floppy". 

The formally single exocyclic C-NH> bonds in the 

2,4 diaminopyrimidine unit are similar in length to the 

formally multiple endocyclic C - N, suggesting electron 

donation by the amino groups. An almost universal phenomenon 

in the antifolates is that of base-paired dimerization about 

a centre or pseudo-centre of symmetry involving NHp as @ proton 

donor and ring N as acceptor. The hydrogen bonding system 

involves 2- and 4- amino groups and pyrimidine nitrogen atoms 

1 and 3. The protonation of Nl of the pteridines can be drawn 

as three reasonable tautomers, of which (ii) is generally 

accepted. However (iii)- like tautomers occur in pyrimidines, 

and maybe pteridines too. 

OH 

(i) ane SS 

HN SS te



‘eae =. 
(ii) | 

S~ x H.N 1 N 

N 
N YY 

(444) Ne Z 

AN Si 
H 

Spectroscopic studies have shown that only one-third 

of the difference in binding energy between folate and 

methotrexate could be attributed to protonation (30) indicating 

that as well as the protonation difference the two substrates 

are bound somewhat differently. It has been shown that the 

pteridine ring of the substrates is bound upside down compared 

with the inhibitor, methotrexate (31). 

The mode of binding to the enzyme active-site is still not 

completely understood. It had been previously found that 

when the pteridine ring was bound in the hydrophobic pocket 

on the enzyme the carboxylate side-chain of the aspartate 

residue (Asp-27) of DHFR from the MTX-resistant strain of 

E.Coli (32) was in close proximity to N1 of methotrexate. 

However it is now known that Asp-27 is only conserved in 

some enzymes, to date bacterial only, being replaced by 

asparagine or glutamic acid depending on the method of aligning 
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the sequences in mammals (33), but both of these still 

have polar groups in the area. 

Further evidence of a protonated Nl atom in methotrexate 

when bound to DHFR and that a charge interaction exists 

between as aspartate (bacterial) or a glutamate (vertebrate) 

in the enzyme and the protonated N1 has been obtained from 

X-ray diffraction and 5 nuclear magnetic resonance studies 

(32,34). Details of the MTX and DHFR interaction (35) revealed 

that since methotrexate binds with pteridine ring ina 

flipped orientation as compared with the substrate, dihydrofolate, 

an additional hydrogen bond forms at the 4-amino which cannot 

form for dihydrofolate, see Fig.5. This indicates that the 

charge-interaction is probably not responsible for the entire 

f to 10° higher affinity DHFR as for methotrexate versus 10 

dihydrofolate (36). 

Directed mutagenesis of dihydrofolate reductase has been 

done which involved residue 27, aspartate replaced by an 

asparagine and at residue 95, glycine replaced with alanine 

in the mutant E.Coli DHFR (37). It was found that for the 

asparagine 27 mutant the enzyme does net protonate methotrexate 

in the binary complex although the binding constant is lowered 

by only one hundred fold. Surprisingly, the asparagine 27 

enzyme retains one thousandth of the enzymatic activity but 

the pH optimum has apparently shifted to pH 3.5 verses pH 7.0 

for the wild type DHFR. However, it was found that gly 95 

to ala mutation shows no detectable enzymatic activity. The 
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Fig. 5 

Conformation of MIX (left) and DHF (right) as it would be 

after rotation of the Cee, bond through 180° with appropriate 

adjustments of adjacent bonds (|S) 
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alanine substitution for glycine at this position appears to 

have distorted the conserved backbone cis-dipeptide 

conformation and presumably has eliminated the enzyme's 

ability to activate NADPH by shifting a carbonyl oxygen 

(Ile 94) away from the nicotinamide C4 in the active-site. 

The enzyme is not grossly unfolded since it still binds to 

NADPH and to methotrexate (38). 

Much research in this area of mutagenesis is still to 

be undertaken, as well as research into the expression and 

amplification of engineered dihydrofolate reductase 

Minigenes (39). 
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4.2.1 Dihydrofolate Reductase Binding 

The known crystal binary and ternary structures of DHFR 

from Escherichia Coli (13,32) and the other from 

Lactobacillus Casei complexed with NADPH (13,40) both show 

considerable hydrogen bonding between enzyme and inhibitor. 

The enzymes supply a carboxylate anion near the protonated 

Nl, a proton acceptor for the 2-amino group and another proton 

acceptor near the 4-substituent. The protonated Nl atom 

indicates the importance of protonation at that atom and 

basicity. 

Hydrogen bonding studies of pyrimidine and related 

compounds, show that base-paired dimerization about a centre 

or pseudo centre of symmetry in the crystal lattice involving 

NH> as @ proton donor and a ring nitrogen as an acceptor, 

is an almost universal phenomenon. Unsolvated neutral 

molecules of trimethoprim for example (41) form two such base 

pairs, each utilizing only one of the amine hydrogens. However 

when oxygen functions are available from solvents, N-H ... O 

hydrogen bonds are formed, usually at the expense of a base 

pair (42). In most cases, the N(4)-H ... H(3) hydrogen bond 

links the base pair dimers, with the other protons hydrogen 

bonded to the counter ion or solvent oxygens. In those 

structures which have other NH, functions present on the 

antifolate, additional hydrogen bonds of the type X-H ... NHy 

are formed. 
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From the earlier studies (32,40) the E.Coli but not 

the L.Casei DHFR appeared to furnish a proton donor in the 

vicinity of the 4-substituent. If the 4-amino group is 

capable of rehybridisation it would be possible for it to 

act as both proton donor and acceptor and form two hydrogen 

bonds to the E.Coli enzyme as compared with just one for the 

carbonyl oxygen of the substrate (29). If it acted purely 

as a proton donor it could form one hydrogen bond to the 

L.Casei DHFR as compared with none for the carbonyl oxygen 

of the substrate. This reasoning would still hold for the 

flipped orientation in bound methotrexate. In the latest 

studies it is now evident that two hydrogen bonds are formed 

by the 4-amino group of methotrexate. 

In the other known ternary complex of avian DHFR 

containing phenyltriazine and NADPH (14) the triazine ring 

of the phenyltriazine inhibitor is in a position analogous: 

to that occupied by the pyrimidine portion of methotrexate 

when the latter binds to bacterial dihydrofolate reductase. 

A hydrogen-bonded charge-charge interaction occurs between 

the carboxylate side chain Glu-30 and the inhibitor's Nl and 

2-amino group. This interaction closely resembles a similar 

one between Asp-27, E.Coli and pteridine ring of methotrexate. 

The inhibitor's phenyl ring occupies a space analogous to that 

utilized for binding the pyrazine and C9-N10 portion of 

methotrexate. NADPH lies in a long shallow groove winding 

across one face of the enzyme molecule. As in L.Casei DHFR 
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the cofactor is held in an extended conformation by numerous 

hydrophobic, hydrogen-bonded, and ionic interactions. 

The overall backbone chain folding in the avian DHFR 

is very similar to that observed in E.Coli and L.Casei with 

about 70% of the additional residues present in the avian 

enzyme which occur in three loops far removed from the substrate 

and cofactor binding sites. 

The conformation of the inhibitor methotrexate and 

its interactions with the enzyme are very similar in the 

E.Coli binary and L.Casei ternary complex (32,40). Also 

amino acid comparisons among the known dihydrofolate 

reductases (14) show that most of the residues involved in 

methotrexate binding are highly conserved. 

Certain generalizations have been proposed as a result 

of studies of the binding of inhibitors to bacterial and 

vertebrate DHFR (26). These proposals include that for each 

species of DHFR there are two potential binding sites, 

the upper and lower clefts for inhibitor side chains. 

Effective inhibitors in both classes of DHFR for example 

MTX, overlap both sites. 
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4.3 Membrane Transport of Antifolates 

The glutamate side chain in folate and in MTX is 

thought to be involved in the active transport processes 

for these analogs. Mammals have two separate transport 

systems with varying specificities towards folate compounds. 

Some folate antagonists have extracellular and intracellular 

target enzymes, which suggest that possible folate-binding 

proteins could be used. (Ref. 43 - A general explanation 

of the binding interactions of substrates and inhibitors, as 

well as catalytic mechanism is given in this reference.) 

Much evidence for a critical role of membrane transport 

in the cytotoxic action of folate analogs has been provided 

by studies with a variety of mammalian cell types. The 

question of selectivity of anti-tumour action of this general 

category of agents has been studied using tumour models and 

erythrocytes (44,45). 
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4.4 timalarials 

Malaria is caused by an infection with protozoan 

parasites which are carried by the anopheles mosquito 

(the insect vector). Antimalarial drugs act at various 

points in the life cycle of the parasite. The centuries 

old treatment with quinine in the form of chinchona bark 

has been superseded by less toxic aminoquinoline 

derivatives, Fig. 6. 

The problem with all these drugs is that they have 

many side effects which are sometimes fatally toxic. But 

the biggest drawback is that there are very few places left 

in the world where the malaria parasites have not developed 

resistance to them. 

Quinine, chloroquine and pyrimethamine kill parasites 

by blocking their ability to synthesize nucleic acids and 

primaquine disrupts the energy metabolism of parasite cells. 

A new strategy for developing novel antimalarials is 

one which mimics the simplest mechanism the body has for 

combating infection, the so-called non-specific immunity (46). 
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4.4.1 Cycloguanil - common features with other 

antifolates 

The antimalarial drug 4,6 diamino-1-p-chlorphenyl- 

1,2 dihydro 2,2 dimethyl s triazine, (cycloguanil) is 

shown in Fig. 7. It is an active metabolite of proguanil 

B.P. (47). It is believed to act by blocking the 

interconversion of dihydrofolate and tetrahydrofolate. 

The drug, cycloguanil has been shown to share the 

following features with other antifolate agents studied 

crystallographically :- 

1. protonation at N3 

2. a phenyl ring nearly perpendicular to 

the heterocycle. 

A comparison of cycloguanil and the complex DHFR-MTX 

(32) was made (48) and it was concluded that the same :- 

+HN === C (NH>) +==N ===C (NH>) 

unit is present as in the protonated drugs MTX (32), 

pyrimethamine (49) and others. The acidic hydrogen of 

protonated cycloguanil participates in N - H---Cl_ hydrogen 

bonding. The C - N bonds to the amino groups appear to 

match acceptor groups in DHFR. Bond distances indicate 

extensive delocalization within the heterocyclic ring which 

could be advantageous for -7) interaction with DHFR (32,49). 
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Figure 7. 

CYCLOGUANIL 
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4.5 Sulphonamides 

There is a close structural relationship between 

sulphonamides and p-aminobenzoic acid, the latter being 

a necessary metabolic factor for dihydrofolic acid synthesis, 

which explains the antimetabolic character of sulphonamides. 

As shown in Fig. 8 the sulphonamide and carboxyl groups have 

similar dimensions and are isosteric. Also both molecules 

are relatively planar, where the exception is that the 

R group of the sulphonamides is out of the plane. The 

sulphonamides in clinical use differ only in the nature of 

this R group, which modifies some of the physicochemical 

properties but not the fundamental antibacterial effect. 

The sulphonamide could then compete as an analog of 

p-aminobenzoic acid. It is known that the addition then 

of p-aminobenzoic acid, gives a reversal of the sulphonamide 

action (50). 
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Figure 8. 
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Chapter Five 

Structures of Antifolate Carboxylates 

Sei PYRIMETHAMINE ACETATE HYDRATE 

5.1.1 Abstract 

2,4-diamino-5- (4-chloropheny1)-6-ethyl pyrimidine 

acetate hydrate 

Pyrimethamine acetate hydrate (Cy gHy 3C1N 4 -CH3COOH.H,0) 

crystallises in the monoclinic space group C 2/c with unit 

cell dimensions of a = 26.246(5) 8; b = 10.254(5) &; 

= 14.562(5) 8; of c 90.066(4)° ; & = 120.694(2)° + 

¥ = 89.992(3)°. 

The unit cell has a volume of 3370(2) % > and there 

are eight molecules per unit cell. The relative molar mass 

is 326.78(4) gmol? giving a calculated density D, of 

1.288(6) gem. 

Using M—! radiation of wavelength 0.71069 K, the 
Oe 

linear absorption coefficient pris 2.01 cm, a F(000) of 

1376.0 and the final value of R was 0.059 using 2294 unique 

reflections. 
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5.1.2 Experimental 

Crystal Preparation 

The crystals were prepared by Dr. R.Griffin by the 

addition of 1.0g of pyrimethamine (Wellcome A.5) to 10ml of 

acetic acid glacial. The suspension was then gently boiled 

until all the solid had dissolved. The solution was allowed 

to stand overnight and crystals collected. The crystals were 

recrystallised from ethyl acetate to give the crystallographic 

sample. 

Data Collection 

The data were collected from a spear shaped crystal of 

size 0.06mm x 0.18mm x 0.15mm by 0.11mm thick mounted along 

its long axis on an Enraf-Nonius CAD4 diffractometer using 

anw-26 scan with graphite monochromated Mo-Ky radiation 

(\= 0.71069 R). The scan range in terms of 6 was (0.96 

ad iT + 0.35 tan e°) at a scan rate of 3 1/3°min ~ to 0.95°min” 

depending upon the individual intensities. Intensity monitor 

reflections were measured every two hours and subsequently 

fitted to a linear function of intensity against time that 

was used to rescale the data. 

The monitor reflections used were 8,4,-8 and -8,2,-2 

being h,k and 1 respectively and the intensity of these 

reflections declined by 18.6% and 26.9% during the data 

collection. Orientation controls were used every 160 
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reflections on these monitor reflections. 

Initially the unit cell dimensions were determined by 

least squares analysis from the setting angles of 25 reflections 

which were :- 

EES (7 98S 37 f 88 4 8 Teor T EO 2 <6 iF aS Lee |p 

=O ae pero 6 F822 8 4-422 eG 33 1 5 

AS ie ot mld eS ec=3 LAG 4 eve 6s Opa 5: ' x » ' nN
 

so =a ead 2s 3s 388 5 peor 5 7 a6n 6 6 BP w 1 EN
 

The data were collected using 6 limits of 2 and 24° for 

= h,k,1 with h... = 30 ; ky = 11 and 13, = 16 and 2762 

reflections collected of which 2294 were unique and 1268 

unobserved with an F value of greater than 30{F) as the 

criterion for recognizing unobserved reflections. The value 

of Ripe was 0.0626. The maximum value of (sin 6 )/A reached 

in intensity measurements was 0.5947. 
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5.1.3 Structure Analysis 

The structure was solved by direct methods, SHELX (3), 

and F magnitudes were used in the least squares refinement. 

The hydrogen atoms identified in the difference Fourier were 

refined and by using an option in the program the bonds from 

hydrogen atoms to the atoms N2, N4, C3P and C5P were set at 

lengths of 1.01 g with maximum deviation of 0.05 &. The 

parameters which were refined were scale, co-ordinates, 

anisotropic temperature factors for non-hydrogen atoms and 

isotropic temperature factors for hydrogen atoms. 

The final value of R from the last refinement was 0.0559 

and wR = 0.0591. The parameter, w was calculated by :- 

1.000/ (Sigma**2(F) + weight*F*F) 

where the weight was initially set to 0.01. 

The ratio of maximum least squares shift to error in the 

final refinement cycle, (4 Tires was 0.699 for hydrogen 

atoms (HW1) and 0.346 for non-hydrogen atoms (03). The 

maximum positive and negative electron density in the final 

difference Fourier synthesis were (Ae \max 90-3381 and 

(AQ nin -0.2396 respectively. 

The results of the final refinement cycle are to be found 

in Tables 5.1 and 5.2 and also results of the co-ordinate data 

being processed by GEOM and the computer graphics program 

PLUTO (51) to calculate torsion angles and least squares planes 

are given in Tables 5.3 to 5.6 (inclusive) and which also used 
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to produce the following crystal structure diagrams 

Figs. 10 = 12. 

The angle calculated by GEOM between the two rings in 

pyrimethamine acetate hydrate was found to be 75° 42 

‘\ 
‘ 
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PYRIMETHAMINE ACETATE HYDRATE 

Fig. 10 Molecular Diagram 
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ce Filling Diagram 

PYRIMETHAMINE ACETATE HYDRATE 

Fig. 11 Spa 

 
 

 
 

  
  

 



PYRIMETHAMINE ACETATE HYDRATE 

Fig. 12 Packing Diagram 
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Fyrimethamine Acetate Hydrate 

Table 

Atom 

Ni 

NG 

cél 

Cé2 

cir 

62P 

  

oO
 Se D 

0 > 

5 =a 

Positional parameters (fractional 

2 

With estimated 

1985 (2) 

  

634 (2) 

S192 

  

-414(2) 

  

764 

685 (4) 

-385 (2) 

  

-368 

-826 (4) 

    

standard deviati 

161004) 

18375) 

2265 (4) 

2516(4) 

2414 (4) 

1966(5) 

2891 (4) 

L777) 

452 (8) 

2842 (5) 

3989 (6) 

  

S747) 

3682 (8) 

2485 (8) 

28886) 

4145 (2) 

4822 (6) 

5661 (8) 

1E 

co-ordinates 

ons in parentheses 

7493) 

285 ¢ ) 

1054 (3) 

921 (4) 

884) 

9184) 

-268 (4) 

-1785 (3) 

2038 (5) 

2196(6) 

  

847 (6) 

469 (5) 

=26(5) 

-161(4) 

64@(2) 

-2766(4) 

=i: 

  

2)  



Hé 

H7 

HS 

  

S.i (contd. ) 

Xa 

    

191525) 

1543(17) 

439 (15) 

57 (17) 

  

34 (27) 

1226(17) 

173 (28) 

858 (37) 

@@8@ (22) 

  

=7 94 (2 

  

1649 (28) 

=F iA ts) 

1752¢ 

  

1949 (28) 

=2187 (S32) 

2876 (36) 

-178@(24) 

Y/b 

4991 (4) 

4G24 (4) 

2229 (4) 

1881 (47) 

141157) 

1764(43) 

2779 (37) 

2981 (47) 

2338 (68) 

1867 (38) 

2489 (7S) 

315(67) 

7708(B3) 

45976 (49) 

S191 (42) 

1896(45) 

1286 (46) 

1418(57) 

2886 (47) 

5988 (76) 

4S (94) 

  

S327 (55) 

    

i751 (S86) 

2289 (S2) 

Z7TPAS1) 

1939 (65) 

1691 (54) 

3129 (88) 

1815(39) 

1266(41) 

317 (42) 

472 (36) 

-2588 (45) 

  

S891 (37) 

-1383 (65) 

2762(7@8) 

-1892 (44)



Pyrimethamine Acetate Hydrate 

Table 

Atom 

Ni 

NZ 

SS. 

Anisotropic temperature factors 

Isotropic temperature factors 

Wi 

- 8459 (28) 

» 8481 (19) 

-@457 (25) 

- 8584 (26) 

- 588 (28) 

~@477 (21) 

«8596 (21) 

- 8882 (48) 

-1145(48) 

- @564 (26) 

- O952(58) 

~1414(54) 

-@935 (41) 

  

(34) 

» 8691 (32) 

  

+ th standard deviations 

uz2 

- 8675 (38? 

  - 8555 (32) 

-@619(28) 

8446 (38) 

- 8469 (51) 

-» 8629 (35) 

- 8947 (35) 

» 8785 (34) 

- 8884 (58) 

- 8889 (S5 

28562 (35) 

» 8599 (59) 

» 8653 (45) 

- 8924 (52) 

» 1095 (55) 

- 8720 (42) 

» 175823) 

» 8674 (37) 

    

~@4682(25) .8885(21) 

» 8424 (26) -. 8818 (25) 

28423 (21) -. 8804 (19) 

. 8427 (26) -. B@82 (22) 

- 2449 (25) -. O848(22) 

- 8458 (27)-. 6815 (25) 

( non-hydrogen 

(hydrogen atoms) 

in parentheses 

»@268(19) .@821 (28) 

.8245(22)—. 8B91 (25) 

-@247 (18)-. OG31 (18) 

- 8258 (22) -. B@B2(21) 

- 8382 (25)-. 8858 (22) 

-O324 (24) -. 8255 (25) 

«9564 (26) 

- 8404 (25) 

» 8645 (35) 

-@818(25) 

-@813 (22) 

- 8875 

  

) 

  

sae (28) 

  

-@229 (19) 

- 8499 

  

- 9088 (22) 

-. 6804 (21) 

»BB61 (36) 

-1986(53)-. B25 (43) 

85 

  

26)-. 8837 (25) 

-@257 (S8)-. 0187 

  

-@678 (45) —-. 8187 (44) 

-O359(23) .@@811(25) 

+ O66: -.@8S8 (S31) 

  

- 1889(46) 

2 8999 (45) 

+8242 (37) 

  

»B193 (59) 

~ 8892 (42)-. 8189648) 

   
~O811(5 

» 1885 (28) 

- O54 

  

73 

}—-. 0220 

- 8458617) 

)-. 8007 (28) 

  

- 8979 (43) 

«8771 (37) 

  S17 (29) 

-1489(17) 

» 0259 (24) 

  

- 828242) 

- 8208 (38) 

- 8859 (35) 

—.@188(31) 

-8714(15) 

- 927 (25)



  

H4 

HS 

H6é 

H7 

Hg 

He 

his 

H2P 

HBF 

Hor 

HiWt 

  

- 0491 (18) 

- 8467 (17) 

Uiso 

-@901 (118) 

   . 11s 

- 6616 (187) 

- @325 (89) 

- 9823 (118) 

- 11951144) 

- 8494 (92) 

- 19350155) 

- 1431 (145) 

  

- 8886 (117) 

~ 1074 (131) 

- 9984 (1 

  

5) 

- 8686(112) 

-1@75(131) 

- 89311154) 

  

«8957 (29) 

» 8846 (28) 

- 0845 (29) 

  

-@874 (45) 

- @B38 (25) 

»G769(25) 

»G751¢ 

74 

  

-O216(41) 

78271 (2 

  

  

~8171(21) 

-.@122 

  

(22) 

u1s 

- 8360617) 

ui 

  

-8322(17)-. 8324 (18) 

a7 Ly) @109¢(19)



FPyrimethamine Acetate Hydrate 

      

     

   

    

Table 5.3 

B in Anmestroms with estimated 

standard deviation in parentheses 

Bond Interatomic Interatomic 

Distance Distance 

Ni-C2 1.356 (5) NiI-Cé 167565) 

Ni-Hi 1.098 (53 C2-Nz 

C2-N2 1. 2 (Sy) NS-C4 T46(5) 

c4-cs 1.427 (6) C4-N4 1.522 (5) 

c5-Cé 2.357 (6) Coscir 1.489 (6) 

cé-Cét 1.4987) N2-H2 1.187 (60) 

N2-HS @.9O1 (34) N4-H4 @.879(31) 

N4-HS @.876(35) C61-Cé2 1.47309) 

Céi-Hé @.911 (62) Cé1-H7 1.243 (38) 

C62-HE @.973 (78) Cé6é2-H9 @. 997 (61) 

C42-H18 1 (273 CLlP-Cer 1.366(7) 

CiP=CéP 1.57807) cere om 1.384(8) 

ee Hee 1.825 (52) CSF-C4F 1.35809) 

CSP-HSP @. 96657) C4P-CSP 1.35298) 

CSF -CéPr 1.387 (7) CSP-HSr @. 904 (36) 

C&P—-H6P @.925 (46) C1a-C2 1.498(8) 

CiAa-O1 1,259 (3) ci4é-02 1.2354(5) 

75



  

HW i-HW2 

76 

Interatomic 

  

@.973 (48) 

as7%37 (5)



(©) with estimated 

  

in parentheses (for 

non-hydrogen atoms and those hydrogens 

attached to primary amine groups) 

Atoms Bond Angle Atoms Bond Angie 

.S9 Co: 

C2-N1-Cé6 120.7(.4) C2-N1-H1i 12%.2(2.6) 

Cé-N1-H1 LiSs7(2.6) Ni-C2-NS 121.9(.4) 

N1-C2-N2 T¥6. 954) N3-C2-N2 121.1¢.4) 

C2-N3-C4 117.60.4) NS-C4-CS 122594) 

N3-C4-N4 115.6¢.4) CS-C4-N4 121.5(.4) 

C4-CS-Cé 116.7(.4) C4-CS-CiP 121.8(.4) 

€6-CS-CiP 122.2¢.4) N1-C6-CS 119.6(.4) 

N1-C6-Cé& 114.9(.4) CS-€é-CSi 125.4(.4) 

C€2-N2-H2 112.0(3. 1) C2=N24HS5 1235.02.73 

HZ-N2 

  

122.6(4.1) C4-N4-H4 117.8(2.3) 

    

C4-N4-H5 1) H4—-N4-HS 119.8(4.@) 

o-Cot—boeo "ii to or. 6) Cé-Cé1-Hd 118.@(4.3) 

C6-C61-H7 124.8(2.@) C62-Céi-H6 106.5(4.3) 

C6é2-C61-H7 108.1(2.1) Hé-Cé1—-H7 94.1(4.5) 

115.1(5.0) C61-C62-Ho =188.7(4,2) 

83.7(4,.2) H8-C62-H9 97.6(6.2) 

122.1 (6.1) H9-Cé62-H1B 129.8(5.6) 

  ee



  

5.4 contd.) 

    

C1P-C2P-H2F 

  

C2P-C3P-C4P 

  

C4P-C3F-HZE 

C4P-CSF-C4éP 128.1(.6) 

COFP—-CSP-HSP 118.4(3.7) 

CiP-CéP-HSP 1280.4(2.7) 

C2Aa-CiA-O1l 116.8%.5) 

01-C1A-O2 @(.4) 

  

N2-H3-HW1 158.9 

HWi-H3—-HW2 

  

DS-HW1-HW2 34.6 

  

O3-HW2-HZ 46.4 

HI—-HW2-HW1 65. Mt
 

CL-C4P-CSP 121.5(.6) 

  

Atoms 

Ca-CiP-cer 

C1iF-C2P-C3P 

C3P-C2P-H2P 

C2P-CTP-H3F 

CBP-C4P-CSF 

C4P-CSP-HSF 

CiP-CoP-CSF 

CSP—-C4P—H6P 

C2A-C14-02 

Hwi-O3-HW2 

N2-H3—-HW2 

  

H3—-HW1-HW2 

OS-HW2-HW 1 

CU-C4P-C3P 

78 

Bond Angie 

ce) 

128.5(.5) 

128.7(.6) 

117.4(2.7) 

129. 63.7) 

128.3(.6) 

119.1(2.7) 

128.2(.5) 

110.1(¢4.2) 

155.4 

  

117.2(.6)



Fyrimethamine Acetate Hydrate 

Table 5.5 

Torsion Angles(>) 

Atoms Angle (e) 

      

  

  

Cé-N1-C2 -8.2 

Cé-N1=E2=N2 173.1 

H1i-N1-C2-NS 167.4 

Hi-Ni—-C2—-N2 11.4 

C2-N1i-C6-CS 7.4 

C2-N1-Cé6-Cél 174.35 

Hi-N1-C6-CS -168.4 

H1i-N1i-Cé-Cé1 9.8 

N1-C2-N3-C4 2.6 

N2-C2-N3S-C4 178.7 

Ni—C2-N2-H2 -10.9 

Ni-C2—-N2-H3S =—175.7 

NS-C2-N2-H2 178.3 

NS-C2-N2-HS 2.5 

S 3.6 

C2-N3-C4-N4 “177.7 

N2-C4-CS-C6 -4.0 

NS-C4-CS-C1iP 173.1 

N4-C4—-CS-C6& 177.2 

N4-C4-CS-CiP 

  

NI-C4-N4-H4 14.1 

NZ-C4-N4—-HS 167.6 
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Atoms Angie(?} 

    
C4-C5-Cé6-Cé1 =172.6 

C1iF-CS-Cé-N1 

  

CiP=-eSs-Ce-Ce2 

€4-CS-ClP-C2P -104.@ 

C4-C5-C1iP-CéP 75.6 

G6-C5-61P—-C2e 7209 

Cé-CS-C1iP-CéP 107.4 

N1-Cé-Cé61-Cé2 =37.2 

Ni-Cé-Cé1-Hé 148.6 

N1-C6-C61—-H7 31.6 

C5-C46-C41-C42 98.5 

CS-Cé-Cé1—Hé 

  

CS-Cé6é-C61—-H7 -158.5 

C2-NZ-HS—-HwW 1 -132. 

C2-N2-HS-HWE 116.6 

H2-N2-H3—-HW1 64.2 

H2-N2-HS—-HW2 -46.6 

C6-C61-Cé62-Hs 48.4 

C6-C61-C42-H9 =S57.9 

C6-C61-C42-H18 178.9 

Hé-Cé61—-Cé62-HS 178.2 

H6-C61-Co2-H? 69.9 
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Table 5.Stcontd.) 

Atoms 

H6é-C61-C62-H1i8 

H7-C61—-C62-H9 

H7-C61-Cé2-H18 

CS-6iP—-C2P-CSP 

CS-C1P-C2F-H2F 

CoP-C1F-C2P-CaP 

CéF-C1P-C2P-H2F 

CS-CiP-CeP-CSF 

CS-C1P-CéP—-HoP 

C2P-C1P-Cér-CSP 

2P-C1P-C4P-HEP 

CiP—C2P-CSF-C4F 

CiP-C2P-C3P-H3F 

H2P—C2P-CSP-C4P 

H2P-C2P-C3P-HSF 

C2P-CIP-C4F—-CSF 

HP-CSP-C4F-CSF 

CSP-C4P-CSP-C4P 

CSF-C4F-CSP-HSP 

C4P-CSP-Car-C1P 

C4P-CSP-COP—HOP 

  81 

Angle(e) 

-188.0 

-4.8 

122.8



4 o or me 0 

  

HW1I-HW2 

  

HW2-HS 

HW1-OS-HW2-HW1 

  

N= HW1i-O3 

N2-H3—-HW1-HW2 

HW2-H2—-HW1-G5 

HW2-| HW1-HWS 

    

N2— HW2-03 

N2-H3-HW2-HW1 

HW1-HS—-HW2-05 

HWi-HE—-HW2—-HW1 

OZ-HW1-HW2-O05 

fS—HW 1 -HW2-HS 

  HS-HW1-Hw2-03 

H3—HW 1 -HW2-HS 
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@.2 

179.3 

146.4 

 



Fyrimethamine Acetate Eydrate 

Table 5.6 
1 we a 0 ee 

  

D = 2.39718 

Deviations: -@.8458 

8.8294 

@.8129 

-8.@327 

@.815e 

@.0231 

Flane 2: L ~4131 

M —.4815 

Nee J7731 

BD =-1217165 

Deviations: 8.8046 

-8. 8825 

-8. 9812 

@.0@22 

@. 9@e2 

—9. 8836 

if © = Angle between Planes Fy, and Fo 

Then Cos & = Liles + MiaM> + NiNo 

Provided that Li2 + mMi2 + Niz= = es 

end Le* + M2= + No2 " ” 

on



5.2 PYRIMETHAMINE SALICYLATE ISOPROPANOL SOLVATE 

5.2.1 Abstract 

2,4-diamino-5- (4-chloropheny1)-6-ethyl pyrimidine 

salicylate isopropanol solvate 

Pyrimethamine salicylate isopropanol solvate (Cy 9H, 3C1N,- 

0.3 - (CH) 2CHOH) crystallises in the triclinic space group 

  

with unit cell cimensions of a = 9.101(2) % ; b = 9.538(8)8; Pi 

14.979(2) Rs w= 84.05(7)° ; A= 74.81(5)°; = 74.45(4)°. a " 

The unit cell has a volume of 1208.2(9) & : and there 

are two molecules per unit cell. The relative molar mass is 

446.93 (5) gmol > giving a calculated density D, of 1.229 gem >, 

Using Mo-K Me radiation of wavelength 0.71069 &, the 

linear absorption Scena 1.52 om, F(000) of 472.00 

and the final value of R was 0.0931 using 1546 unique 

reflections. 
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Figure 13 

STRUCTURE OF PYF 

  

‘E ISOPROPANOL SCLVATE 
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56252 Experimental 

Crystal Preparation 

The crystals were prepared by Dr. R.Griffin by the 

following method. A mixture of pyrimethamine (Wellcome A.5) 

(2.0g) and salicylic acid (1.29) was suspended in propan-2-ol 

(10ml-isopropanol) and gently boiled. Water was added 

dropwise until all the solids had just dissolved whereupon 

the solution was cooled rapidly to afford a microcrystalline 

crop. Recrystallisation was from propan-2-ol/water in equal 

proportions twice to give the requisite crystals. 

Data Collection 

The data were collected from a spear shaped crystal of 

size 0.11mm x 0.05mm x 0.31mm mounted along its long axis 

on an Enraf-Nonius CAD4 Diffractometer using anw-26 scan 

with graphite monochromated Mo“Ky radiation (\= 0.71069 & ie 

the scan range in terms of 6 was (1.00 + 0.35 tan e°) ata 

1 to 0.69°min + depending upon the scan rate of 2.5°min 

individual intensities. Intensity monitor reflections were 

measured every two hours and subsequently fitted to a linear 

function of intensity against time that was used to rescale 

the data. 

The monitor reflections were 4,0,2 and 3,5,0 being 

h,k, and 1 respectively and the intensity of these reflections 

declined by 24.3% and 26.6% during the data collection. 
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Orientation controls were used every 160 reflections on 

these monitor reflections. 

Initially the unit cell dimensions 

least squares analysis from the setting 

reflections which were : 

5 Shak Gee: Siar 

6 1S) 74 0-557 

2-477 40 LG 

6.2.0 23.1 547 

5-3 7 

40 

S12 =2 

6 252 

aie 

7 

3 

1 

0 

3-3 

a 

The data were collected using 

for h, *k, “1 with bya, = 107 Kmay 

5) 

8 

0; 

Se 2 

od 

32-4 

Saas 

; 

i 

were determined by 

angles of 24 

Gf Pleat 

4 0-4; 

4 4 0; 

4-3 3 

Limits of 2° and 22.5° 

34; and lia, = 16 and 

1776 reflections collected of which 1546 were unique and 

591 unobserved with an F value of greater than 3G(F) as the 

criterion for recognizing unobserved reflections. The value 

Of Rint from merging equivalent reflections was 0.0281. 

the maximum value of (sin 6 YA reached in intensity 

measurements was 0.5385. 
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Bades Structure Analysis 

The structure was solved by direct methods, SHELX (3), 

and F magnitudes were used in the least squares refinement. 

The hydrogen atoms were identified in the difference Fourier 

and refined. The parameters which were refined were scale, 

co-ordinates, anisotropic temperature factors for the 

chlorine atoms only and isotropic temperature factors for all 

other atoms. 

The final value of R from the last refinement was 0.0931 

and wR = 0.1073. The parameter, w was calculated by :- 

1.000/ (Sigma**2(F) + weight*F*F) 

where the weight was initially set to 0.001. 

The ratio of maximum least squares shift to error in the 

final refinement cycle, (A/T )ma, was 3.883 for hydrogen 

atoms (H5S) and 0.068 for non-hydrogen atoms (C1I). All 

other values of (A/T) max were less than one for hydrogen 

atoms except the atom H10 which had a value of 1.038. 

These values indicate the uncertainty of the atoms' positions. 

The maximum positive and negative electron density in the 

final difference Fourier synthesis was (4€),,, 0-2913 

and (A@) pin 70-2404 respectively. 

The results of the final refinement cycle are to be found 

in Tables 5.7 and 5.8 and also results of the co-ordinate 

data being processed by GEOM and the computer graphics program 

PLUTO (51) to calculate torsion angles and least squares 
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Planes are given in Tables 5.9 to 5.12 (inclusive). The 

program PLUTO was also used to give the crystal structure 

diagrams Figs. 14 - 16. 

The angle calculated by GEOM between the pyrimidine 

and chlorophenyl rings in pyrimethamine salicylate 

' 
isopropanol solvate was found to be 80° 10 < 
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PYRIMETHAMINE SALICYLATE ISOPROPANOL SOLVATE 

Fig. 14 Molecular Diagram 
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PYRIMETHAMINE SALICYLATE ISOPROPANOL SOLVATE 

Fig. 15 Space Filling Diagram 

  

  

   



PYRIMETHAMINE SALICYLATE ISOPROPANOL SOLVATE 

Fig. 16 Packing Diagram 

 
     

   



Fyrimethamine Salicylete Isopropanol Solvate 

Table 5.7 

Positional Parameters (fractional co-ordinates) 

18¢) 

With estimated standard deviations in 

  

    

  

Atom X/a LD: Z7¢ 

N1 9869 (9) 3148(15) 7874(6) 

C2 8553 (11) 2455 (19) 8684 (7) 

NZ 9463 (9) 1423(15) 9@91(5) 

c4 11021 (11) 1080(19) 8623(7) 

cs 11642¢11) 1758(18) 7812(7) 

C& 18664 (11) 2852 (19) 7443(7) 

Cé1 11@29(12) 3736(28) 6567°(8) 

Cé2 186 16) 2950(23) 5767(1@) 

NS 6986 (9) 2937(16) 9896(6) 

N4 LIB7207) —TE OLS) 9853 (6) 

Cir $5(13) 1261(22) 

CZF 14289(14) 2149(2@) 

CSF 1597115) 1789 (23) 

Cc4F 16498 (14) 

CSP 15692(18) -3e5 (25) 6414(10) 

£3929 (17) 6836 (11) 

CL 18546 (4) 6885 (3) 

isis S584 (16) 

C2s     
3866(26) 4534(11)



Atom x/a Y/b Z/c 

    Css 8293 (15) 

  

7218615) S4i2(2s) 262 (1B) 

    

    

cic 4471(21) 2516(9) 

O1 4885 (9) 4661 (14) 1643(5) 

02 297752) 4934013) 2957 (35) 

O34 B655(19) 4835(¢(S1) 445511) 

7731015) 3675(324) 1797 (18) 

04 4985 (8) 2145(13) 18812¢5) 

Cil 2756(28) 3389(28) 10164(12) 

E21 $465 (22) 1964(31) 10694(14) 

CsI 2652 (27) 1226(35) 11541(17) 

Hi 9O27(1352) 3648167) B121(77) 

H2 6472(118) 3893(157) 8724(73) 

HS 7@75(85) 35876154) 9519 (52) 

H4 11496(76) -481(113) 9789(47) 

HS 12681(1@G) -TSS(i35) &668(S6) 

hé 12089(88) S6l2(i58) 6421 (S52) 

H7 10464 (198) 6268(115 

He 1@893(128) 34871189) 5@1e¢74) 

Ho 11433(128) 2444(169) 5668(69) 

    

Hi@ 19826 S) 3881(456) Sés5: 

  

13839(1@5)     3O37(149) 79@1(64) 

  

15987 (116)-1449(157) 6652(64) 

HéF 14177679) =-119(119) 7894 (46)



Table 5.7(contd 

Atom 

- 

  

e2 

K/ a 

55468 (58) 

1921 (46) 

3371 (89) 

223189) 

1674(188) 

4693 (73) 

3762 (83) 

2194 (85) 

95 

Y/b Z/c 

  

2767(102) 4822¢ 

SSSB(626) 4342056) 

(126) 9657 (S2) 

  

4042 (148) 18656 (55) 

BO@29 (217) 183208 (186) 

91¢(111)11444 (44) 

  

1@22 (136) 18178(S5@) 

2786 (125) 1158551)



  

‘vrimethamine Salicylate Isopropanol Solvate 

Table 5.65 

Isotropic temperature factors 

  

11 atome other than chlorine) 

D> 2) -. n 0 rt 7 QO pic temperature factors 

(chlorine atom only) 

Atom Uiso 

    

C2 

NS -@482 (26) 

c4 8497 (35 

cs -@465 (32) 

cé - 8508 

C4i - 9641 (38) 

C42 -1114(56) 

NS 8634 (31) 

N4& ~ 8569 (29) 

Cir 8579 (37) 

C2r » 8661 (39) 

C3P - 8769 (45) 

C4r - 8786 (42) 

CSP -1077(57) 

CéF - 8959 (S35) 

cis - 8704 (41) 

  

. 8890 (47) 

cas 21249 (63) 
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Table 5.8(contd.) 

  

Atom Uiso 

c4s ~1@15(52) 

CSS - B8959 651) 

cés ~6811(44) 

cic -@731(41) 

oi + O82 7) 

(aj -@721 (27) 

O2A 8639 (79) 

O38 » 8855 (65) 

04 «8729 (27) 

cil -1463(73) 

C2t »1424(74) 

Cr + 2888 (185) 

Hl » 1884 (558) 

H2 ~ 1135 (456) 

- @573 (286) 

  

  

H4 -@510(254) 

HS - 9986 (350) 

H& - 8622 (286) 

H7 . 2543 (850) 

He . 1041 (483) 

H9 - 8449 (348) 

Hig - 2693 (1573) 

HEP - 1036 (379) 

HEP - 8995 (423) 

HOF . 8417 (257) 

HES .@151 (188) 
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Atom 

cL 

uit 

-8414(17) 

Table 5.8(contd.) 

Atom 

  

H2I 

H31 

HAI 

HSI 

H6éI 

uz2 

sd ee 

  

Uiso 

~ 8259 (1567 

- 86358 (276) 

2 8599 (299) 

22513 (722) 

» 8427 (246) 

- 8628 (390) 

- 8628 (290) 

     US 

-1748(39) 

98 

> 

uzs 

«9206 (46) 

  

u1lsS 

F (28) 

Ute 

+ 8084 (38)



    

Bond 

Ni-C2 

Ni-Hi 

C2-N2 

c4-Cs 

CS-Cé 

Cé-Céi 

Cé1—-Hé 

Cé2-He 

Cé2-His 

N2-H3 

N4-HS 

CiFf-CaF 

        

@.621 (155) 

1.368(12) 

1.36917) 

1.356 (18) 

1, 49418) 

@.988(82) 

1.187(121) 

@.87@(446) 

@.988(114) 

@.818(77) 

  

1.878(138) 

- 387 (17) 

1.586(19) 

1.254 (20) 

@.4680(59g) 

1.418¢¢ 

  

»278(14) 
99 

in Angstrom with est 

Salicylate Isopropanol solvate 

Ni-Cé 

C2-NS 

  

5-04 

C4-Na 

CS-Cir 

Cé6é1i-Cé2 

Cé1-H7 

C&2-H9 

NZ-H2 

N4-Ha 

CiP-C2F 

C2F-C3F 

CSP-CaP 

imated 

Interatomic 

Distance 

1.389(12) 

1.315 (167 

1.373 (12) 

1.34117) 

1.499 (14) 

1.643 (25) 

6.751 (181) 

1.078(124) 

1.@16(72) 

S97 (27) 

  

-452(16) 

1.285 (28) 

1.S21 (28) 

@.491(76) 

1.431(16) 

1.526 (23) 

  

1.283 (20) 

@@ (28) 

  

1.25813)



Table 5.9(contd.) 

C2Z1-HS1 

CL-C4P 

Interatomic 

Distance 

1.495 (26) 

@.855 (78) 

1,282(193) 

1.185 ¢112) 

1.782 (12) 

100 

Bond 

C21-C31 

CSI-Hé1 

Interatomic 

Distance 

  

@.946(1G2) 

1.307 (34) 

1.136(115)



Fyrimethamine Séslicylate Isopropanol Solvate 

Table 5.18 

interatomic angles(°) with estimated standard o 

deviations in parentheses 

        

atoms Bond Angle Atoms Bond Angle 

coo ce 

C2-Ni-C6o 120.4(1.8) C2-NI-Hi 64.9¢(11.6) 

Cé-N1i-Hi 99.0(18.7) N1-C2-NS 124. 2(0.8) 

N1i-C2-N2 115.4(1.1) =C2—-N2 128.3(1.@) 

€2-N3-C4 114.4(1.9) N3-C4-€5 124.91. 1) 

NI-C4-N4 111.5(1.@) CS-C4-N4 

C4-C5-Cé 118.3(0.9) C4-CS-CiP Rif. 71.47 

Cé6-CS-CirF 122.8(1.1) Ni-Cé6-CS 117.4¢1.1) 

Ni-Cé6-Cél 113.3¢1.@8) €S-Cé6-Cat 129.0(8.9) 

Ce-Coi-Cé62 1@6.2(1.4) C6-C41i-Hé 105.4(5.8) 

Cé-C61-H7 136.5 (6. 5? Cé2-C61-H6 = 167.8(6.5) 

C62-€61-H7 91.9(1@.3) H6-Cé61-H7 1@6.4(11.4) 

C61-C62-H8 115.5(8.8) C61—-Cé62-H7 91.8¢(1@.8) 

C61-Cé2-H1i@ $9. 8(26.8) H8-Cé2-H? 98.5(18.8) 

HE-Cé462-H18 57.@(27.3) H9-C62-H10 102.224. 1) 

C2-N2-H2 189.8(5.2) €2-N2-HS 97.8(4.6) 

H2-N2-HS 98.3(9.9) C4-N4-H4 1235.0(4,1) 

C4-N4-H5S 1905.1(6.97)) H4-N4-H5 129.6(8. 3) 

cS-CiP-C2p 115.8¢1.5) Ea-CiP=Cor  f2ae oti. 6) 

CPF-C1P-CeF 124.@(1.2) CiP-C2P-CSF 117.9(1.5) 

CiP-C2r Har 122.0(6.3) &) 

C2F-CSP—C4F 117.3(1.8) c ) 

C4P-CSF-CéF 113.3(1.7) C4P=-CSP-HSP f2951(7. 12



able 5.1@ conta.) 

Atoms Bond Angle Atoms Bond Angle 

(2) (2) 

    

  

8@.5(11.9) 

121..6¢1.2) CSS-Cis-Cic 118.3¢1.0) 

119.6(1.1) ©18-C28-C38 115.5(1.1) 

123.8¢1.5) CES-C2S-O5A 128.4(1.4) 

117.8(1.4) C2S-C3S-HSS 

C4S-C3S-HIS 154.2(8.1) SS-C4S-CSS 126.461.) 

c4s-css-cés 128.8¢1.2) C1IS-CéS-O58 114.9¢1.2) 

cis-Cés-OsE 124.2(1.4) CSS-CéS-OFB 118.6(1.3) 

cis-cic-o1 117.6(1.0) C1S-C1C--O02 117.7(1.8) 

o1i-C1ic-o2 124.34. 2) CZI-CLI-H1I 99.7(7.@) 

CI-CLI-H2I 105.1(6.2) C2I-CLI-H3I 

HiI-C1I-H2I 146.2(11.4) HLI-CLI-HBI 115.7(11.7) 

H@I-CLI-HZI 87.8(11.1) O4-C2I-Cil 1@5.0(2.@) 

117.7(2.@) O4-C2ZI-HSI 167.9¢4.@) 

    
CU-O42-C3P 119.1(1.5) CL-C4P=CSP 111.0(1.3) 
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Fyrimethamine Salicylate Isopropanol Solvate 

Table 5.11 

Torsion Angles 

atoms Angle (*) 

  

C6é=Nt<—C2—'   

    

Cé-N1i-C2-N2 

H1-N1-C2 101.4 

Ri-Ni-C2-N2 76.4 

C2-Ni-Cé6-CS 6.6 

C2-Ni-Cé-Cé41 SIGs 

    

H1-N1-C4-C5 95.9 

Hi-N1-C6-Cé1 -89.4 

N1-C2-N3-C4 -8.2 

N2-C2-N3-C4 -177.5 

Ni-C2-N2-H2 -6.8 

N1-C2-N2 Te 

172.7 

77.6 

C2-N3-C4-C5 7 

C2-N3-C4-N4 -177.4 

N3-C4-C5-Cé ied 

N3-C4-C5-C1iF 0 -179.5 

N4-C4-C5-C6 -179.9 

N4-C4-C5-C1F -2.5 

NE-C4—-N4—-H4 

  

N3-C4-N4-HS 161.2 
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mot
 

Atoms 

CS-C4-N4-H4 

CiP-CS—-CS-Ni 

CiP-CS-Cé-Cél 

c4-CS-C1iP-C2F 

€4-C5-CiP-Cép 

€6-CS-CiP-C2pP 

Cé-C5-CiP-CSP 

Ni-Cé-Cé1-Cé2 

Ni-C6-C41—-HS 

N1-C6-C61-H7 

C5-C6-C41-Cé2 

CS-C6-C61-H6 

CS5-C4-Cé1-H7 

C46-Céi-Cé2-Hs 

C6-C61-Cé2-H? 

€6-Cé6i-Cé2-H1i8 

H5-C61—-Cé62-H8 

H6-C61-C62-H9 

Hé6-CS1—-C62-H1D 

able S.1i1(cont d.?) 

Angle(s) 

  

—102.3 

81.8 

77.3 

-99.4 

=72.5 

31.6 

94.6 

-18.8 

-154.5 

Se Pet 
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Table S.11i(contd.) 

Atoms Angle(>) 

CS=CiP-CerP-CoP 179.8 

  

    CLP-O2F-H! 

CS-C1P-Cer-CSF -179.1 

CS-CIP-COP-HSF -115.5 

C2P-CIP-CeP-CSF 4.5 

CEP-C1P-CeP-HSF 7.5 

CIP-C2F-CzP-C4F 0 BL 

H2P-C2P-CSF-C4P 177.6 

C2P-CFP-CAP-CEP | -2.4 

CSP-C4P-CSP-CaP 

CSP-C4P-CSP-HSF 

C4P-CSP-C4P-C1P 

  

C4P-CSP-C4P-HaF 

HSF'-CSP-Cor-CirP 126.8 

HSP-CSP-C4P-HEF = «56.5 

CéS-CiS-C2S-C3S -5.2 

€£S-CiS—CZ5-O5A -179-4 

ClC-CiS-C2ZS-ClS -176.7 

C1C-C1iS-C2s-03A Pao 

c2S-C1S-CéS-CSs 5.3 
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Table 5.11 contd.) 

Atoms Angle() 

  

OSA-C2S-C3S-HSS ig-2 

C2S-C3S-C4S-CSS te a 

HSS-CSS-C4S-CSS 119. th
 

35-C4S-CSS-CéS 7 tH
 

C4S-CSS-CéS-Cis O.6 

C4S-CSS-Cé6S-O5h 174. nH 

Hil-Cii-C2i-04 das “I 

H1iI-Cil-C2I-CSi -144.5 

Hit-Cii-62I—-HSi = —41. ia
 

H2t-CiI-C21-04 84.5 ‘ 

Hei-€i t-E21-CSI Se.6 

H2I-CPi-O2t Hoi Sie? 

HSI-Cifl-C21-04 -171.5 

HSI-CiI-C2I-CSI -28.7 

  

Cii-—C2I-HSi 74.5 

 



Pyrimethamine Salicylate Isopropanol solvate 

  

culation of & Angle between planes 

Flane i L= 9.1492 

M= @.7415 

N= @.6544 

Di = 14.2729 

Deviations: -9. 9286 

@.8855 

@.@161 

—@.9107 

—@. 0148 

  

Flane 2: a 8.1448 

M = -@.5348 

N= 8.82329 

oO
 u 11.3610 

Deviations: @.0199 

-8.0147 

@. 8875 

—-@. 8846 

@. 0077 

-@.0156 

between planes F, and Fe 

  

= Lale + MiMe + NiN2 

Frovided that Li? + Mi2 ~ Ni? = 1 

and Le= + M12 + No? " a 
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5.3 PYRIMETHAMINE SALICYLATE 

5.3.1 Abstract 

2,4-diamino-5- (4-chloropheny1)-6-ethyl pyrimidine 

salicylate 

Pyrimethamine salicylate (Cy aHy CIN, -C7Hg03) crystallises 

in the triclinic space group P I with unit cell dimensions 

of a = 11.723(4) R ; b = 13.186(7) Rs c = 13.899(7) R; 

= 79-4515) B= 66.29(4)” ; X= 86.34(4)°. 

The unit cell has a volume of 1933.1(9) g : and there 

are four molecules per unit cell. The relative molar mass is 

386.83 (9) mol > giving a calculated density D, of 1.329gem">, 

Using Mo-Ky radiation of wavelength 0.71069 R the 

Linear absorption coefficient pais 1.82 cm", F(000) of 

808.00 and the final value of R was 0.069 using 5373 unique 

reflections. 
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Figure 17 

STRUCTURE OF PYRIMETHAMINE SALICYLATE 

CL 
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5.362 Experimental 

Crystal Preparation 

The crystals were prepared as for pyrimethamine 

salicylate isopropanol solvate but the second recrystallisation 

from propan-2-ol/water in equal proportions was not carried 

out. 

Data Collection 

The data were collected from a spear shaped crystal of 

size 0.15mm x 0.05mm x 0.40mm mounted along its long axis on 

an Enraf-Nonius CAD4 diffractometer using anw-28 scan with 

graphite monochromated Mo“Ky radiation (r = 0.71069 &) e 

The scan range in terms of 6 was (1.00 + 0.35 tan e°) ata 

- to 0.53°min + depending upon the scan rate of 3 1/3 °min” 

individual intensities. Intensity monitor reflections were 

measured every two hours and subsequently fitted to a linear 

funcion of intensity against time that was used to rescale 

the data. 

The monitor reflections were -5,0,-4 ; -2,7,1 ; and 

4,9,4 being h,k and 1 respectively and the intensities of 

these reflections declined by 5.3% ; 8.2% and 8.1% 

respectively during the data collection. Orientation controls 

were used every 100 reflections on these monitor reflections. 

Initially the unit cell dimensions were determined by 

least squares analysis from the setting angles of 25 
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reflections which were :- 

SA OP tb Sag) oe Oat 42 4s 7 dem 2 

A325) 3.2) PEO ae 6 (06 Aie 5 6 2: 

$35 i 7-49 47 5-3 —4 7 =3 6-3 5 -7-1 —4 > 

2 eS hoor oy eo On an m1 <5 0a a 

=@ el=2 30-25 “457-4 2b Og -4 1 4; =3 AT 

The data were collected using © limits of 2° and 3g 

for *h, =k, * 1 with hyy = 12 7 Kya, = 14 and 1 = 15 

and 5682 reflections collected of which 5373 were unique 

and 2557 unobserved with an F value of greater than 30 (F) 

as the criterion for recognizing unobserved reflections. 

The value of Rint from merging equivalent reflections was 

0.0237. The maximum value of ( sin 6 )/) reached in 

intensity measurements was 0.5498. 
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BadeS Structure Analysis 

The structure was solved by direct methods using both 

MULTAN (2) and SHELX (3) and F magnitudes were used in 

the least squares refinement. The hydrogen atoms were 

identified from the difference Fourier and were refined. 

The parameters which were refined were scale, co-ordinates 

and anisotropic temperature factors for non-hydrogen atoms. 

The final value of R from the last refinement was 

0.0690 and wR = 0.0963. The parameter w was calculated by :- 

1.000/(Sigma**2(F) + weight*F*F) 

where the weight was initially set at 0.004272. 

The ratio of maximum least squares shift to error in 

the final refinement cycle (A LS eres was 0.123 for atom 

Cé1'. The maximum positive and maximum negative electron 

density in the final difference Fourier synthesis was 

(A@ ) max 90-4307 and (Ae ).3, -0.3697 respectively. 

The results of the final refinement cycle are to be 

found in Tables 5.13 and 5.14 and also results of the 

co-ordinate data being processed by GEOM and the computer 

graphics program PLUTO (51) to calculate torsion angles and 

least squares given in Tables 5.13 to 5.17 (inclusive). 

PLUTO was also used to produce the crystal structure diagrams 

Figs. 18 - 20. 

The angles calculated by GEOM between the two rings in the 

structures of pyrimethamine salicylate were found to be 

Lee
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PYRIMETHAMINE SALICYLATE 

Fig. 18 Molecular Diagram 
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PYRIMETHAMINE SALICYLATE 

Pig. 20 Packing Diagram 
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Fyrimethamine Salicylate 

  

Fositional parameters (fractional co-ordinates 

1e*) 

With estimated standard deviations in parentheses 

  

   

    

    

Atom ¥/b 276 

Ni 8047 (4) 

C2 74765) 6176(4) 369 (4) 

NS 6467 (4) S559 (3) -35 (3) 

C4 6678(5) SO54 (4) 983 (4) 

CS 6675 (5) 3111 (4) 16794) 

Ccé 7689 (5) 5734 (4) 1269 (4) 

N2 7876S) 671203) 8647 (3) 

N4 S@71 (4) 4438(4) 13@1(3) 

Céi 8498 (6) 3884 (4) 1835 (4) 

Cé2 97@5 (46) Ss2stS) 1478(5) 

CiP 6217(5) 4491(4) ~ 2760(4) 

C2P 6885 (6) 3673 (4) 3@20(5) 

6442(9) 3G66 (5) 431 (6) 

CaF Sai? 6B) 4778(5) 

CSF 4641 (6) 4117(6) 4556 (5) 

CéF S@92 (6) 4787 (5) 3S36 (4) 

cL 4784 (3) a5oa(2) 6841 (2) 

Cir 11885 (6) B459 (4) 1991 (5) 

T2E2ZSt73 -1446(5) 

CSR 13778 (8) 8408 (7) -1861(7) 
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C4F 

  

   

  

873 (4) 

c4° 1134 (5) 

cS” 1717(6) 

cé’ 19096) 

NZ 787 (S) 

Nq 812(5) 

Cél 2577 (18) 

  

3787 (14) 

    

CSF 1688 (16) 

C4F 2734 (28) 

CSP 3448 (16) 

   
cis 
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7417 ¢ 

  

73525 (4) 

729 

  

777354) 

8781 (3) 

F2Q7 (4) 

8843 (4) 

7816(4) 

7287 (3) 

1G2L2IP6 CS) 

71566) 

7985 (18) 

9498 (5) 

9522 (7) 

1B19209) 

1Be@2(9) 

18822 (9) 

1B1SS5(7) 

11608(2) 

3568 (4) 

-2825 (8) 

=SSl6t7)   

—2766(5) 

-1682(4) 

  

-2199 

~672 035) 

—S11(4) 

  

4783 (4) 

4687 (3) 

36i7(4) 

2694 (4) 

2847 (4) 

  

3528 (3) 

£99305) 

1596 (9? 

4992 (4)



      

4887 

8261 

8854 
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Atom Y/b Z/c 

Hi 6447 

H2 649 5762 

F636 6288 

H4 776 18796 2828 

HS iss 18663 

Hé 1982 6492 1859 

H7 2483 7524 1448 

He’ 6712 eizs 

H&P’ 2401 19166 1783 

H2S 2564 4592 

HSS 2957 1763 S357 

H4S 2656 704 4957 

HSS 1491 13ié6é 6785 

HéS 867 6766 

RSF 4398 5@87 

HéF' 4545 S248 3456 

HER 11826 Page SSIS 
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stom 

2 i 

C2 

    

- @555 (Sa) 

8594 (39) 

8665 ( 

  

- 8625 (48) 

»8659 (48) 

.@E55 

~@685 (24) 

- 881146) 

- 8618644) 

-G547 (36) 

«8941 (49) 

- 1282 (78) 

+ @913 (54) 

- 8742 (48) 

        

» 8961 (52) 

» 1269 (68) 

  

+8419 (25) 

~O391 (28) 

  

22) 

+8356 (287 

-@F29(24) 

«S95 (25) 

- 2586 ¢ 

- 876264 

» 8342 (28) 

- 8596 (35) 

      

» 8778 (46) 
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in parentheses 

uss UIs 

    

-.90@1(21) -.@227¢ 

~O88G0(26) -. 8211 (29) . 

- 0824 (28) «@149(22) —. 

—.9€54(25) -.@8@93(28) -.@98@5 (31) 

  

—. 8814 (25) 20209 (26) —.007° (27) 

' 

  

—. 8858 (24) - 8205 (28) ~ 8864 (28) 

»@161(22) -.@195(24) —. 8192 (28) 

      

-@102¢ =. 8250 (24) —. 8275 (29: 

-0@86(28) —. 8388 —.@144 (34 

~8@54(28) -. —. 0814 (48 

-@@52(24) -.8164(28) —.0@84(29 

  

~O@855 (29) -. 82496356) - 880 

—-.@487(52) —.@207 (46) 

- 0482 (45 

-@115(37) 

  

—.@827 (32) 

@B697(14) =. 

     

og g ts = ‘ tr | » 8522042) -.



  

cé° 

Nz’ 

N4* 

      

-@582 (37) 

~ 8742 ¢ 

  

- 8789139) 

. 8928 (47) 

» 1@86 (58) 

» 8915 (38) 

» 0971 (39) 

1622 (84) 

21349 (67) 

- 2068 (142) 

  

- 2461 (217) 

  

710196) 

5.14 contd.) 

U22 

- 1372 (43) 

~@382 (24) 

  

- 2405 (25) 

- 8417 (31) 

» 8438 (32) 

- @504 (36) 

  

-1356(91) 

2871761) 

    

«8376 (253 

- 8245 (28) 

- GIB4 (24) 

-@576 (58) 

»@275 (28) 

- 8384 (29) 

-@415(25) 

»@475 (27) 

+8346 (54) 

  

+8524 (45) 

+0467 (S53) 
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«9645 (37) 

~@142(19) 

+ @256 (22) 

» 8240 (38) 

- 9085 (20) 

~ 9814 (26) 

» 8821119) 

-.@@19(25) 

- 846 (25) 

. 0011 (25) 

-@842(21) 

-.@819(21) 

» 8866 (55) 

-.@143(74) 

- 8172049) 

    

—.0341 (58) 

-.8264 (53) 

—.@176(41) 

—.@286 

=. 82 

=. 8277 (22) 

=. 857565 

  

   
—. 8218(2 

—.@146(28) 

—. 8088 (28) 

—. 8858 (30) 

=, 9281 (25) 

-.@191 (27) 

—.@@@5 (44) 

—. 0449 (87) 

~ G85 (42) 

  

Uis 

          

-. 8808 (28 

~ 0032123 

—,. 0811 (27 

-@217 (3 

      

+8 

- 8181 (59)



cés 

Cie 

gis 

025 

O3S 

-1124(57) 

~1136 (56) 

- 9788 (45) 

»6718(41) 

  

~1169 ? 

~ 1858 (34) 

+ 8937 (38) 

  
H18 

Hor 

HIF 

+8975 (635) 

~ 8973 (74) 

- 89735 (74) 

28973 (74) 

-O@973 (74) 

~B975 (74) 

- 2189 (288) 

»2180 (288) 

    

   
~@5. (a) 

+ 8524 (34) 

-8518(23) 

- 8461 (21) 

+0554 (22) 

-G416(31) 

» BE97 (38) 

«@531 (35> 

~ 8675 (43) 

»86123(48) 

» 8407 (31) 

  

- 0482 (24) 

-8496(25) 

- 8245 (19) 
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UZS 

- 9168 (30) 

- 9884 (26) 

-.8@018(37) 

—. 6854 (19) 

-G188 (18) 

- BGs! =) (17) 
1 - 9161 (29) 

~ 8167 

- 8183 (24) 

~@182¢ 

eOl7O(19) 

    

Wiz 

  

-.0016 

  

-O816i5é 

      

+ 8877 (2% 

—. G@@G2 €2: 

—. 8188 (20



    

HSR .2188(184) 

H4R .2188(184) 

HSER .2188(184) 

HéR .2188(184) 

Hi’ 8975 (63) 

2" 3897563) 

HS’ = .@975 (63) 

H4° .8975 (65) 

HS; . @975 (oS) 

Hé° .8973(74) 

H7°  .8973(74) 

HE‘ .8972(74)    

H6P° .4978(747) 

H2S° .1875¢99) 

HSS s1875097) 

H4S .1875(99) 

HSS .1875(99) 

HéS . 1875699) 
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PYRIMETHAMINE SALICYLATE 

Table 5.15 Bond distances in Angstroms with estimated 

standard deviation in parentheses 

     

    

      

       

      

    

BOND LENGTHS 
Na C2 1.304 i 62 NQ 1.325 
c4 cs 1.123 (9 cé cét 1.496 
N2 Ha 6963 (5 cét HS .25z (6) 
62 HE 1.042 (7) CiP  6CéP 1.380 (7) 

C2P HOP i138 406) car CL We G0) 
CSF HSF .2e8 (6) ciR ciA 1.158 (9) 

OZR i.ase (8 C4R HAR 1.007 
Hem itis is Nir ga? 1.338 

Ni’ HA? +873 (4 c4° cs’ 1.421 
cs’ C4" 1.250 3 No’ HB’ 1.126 
N4’ HS! dios \4 cé2” He’ +917 
cip’ csr’ 1.419 (13) care cLi’ 1.738 
Cor’ HER’ 1948 (3) c2s 3s P,Ss 
c3s cas 1.392 (8) css ces LySe2 
cas HSS 1.202 (5) oc, cap 1.742 (7) 

62 NZ 1.342 {@ NZ c4 1,358 
CS cip 1,472 16 N2 H2 1,005 
céi cé2 10494 (9 C41 H? 1. P2507, 
ciPp Cer 1.372 (9 CoP CaF 1,390 ie 
CAP — CSP 1.354 (11) cSP céP eee (8 

cik CéR 1.419 (8) c2R C3R 13340 (1 
C4k CSR 1.300 i) csr CSR 1,408 {1 
o2R  H2R 1.256 (5 Nie C6? 1.360 (6 
Woe) GA" 1,342 G C4* NA’ i oced i 
N2" He” +927 (4 Na’ Ha’ 1.103 (5 
céi’ H7’ .820 (7) cip’ cop’ 1.341 (4 
ClpT cor” = 16366 (29) -core Moar’ 1ha92 (4 
cis ciB 1.490 £23 c2s zs 1,268 (6 
c4s H4S 1,116 (6 css HSS 1.162 (6 
ozs H2s 1,076 (4) 

Na HL 1968 (5 Na cé ine 7e 
ce 1.349 (8 o4 N4 1.229 
NA 1.027 i) NA HA 1998 
C42 17098 (6) S62 He <95e 
CaF ress (A0)8 (Ger | ar 1.2464 
Cir 1.434 bi} CéF HOP 1.098 
CSR 4.140 (412 CAR 1.390 
c14 1.2 5 O1R 1,255 
eo’ 1 (6) Nz’ 1.326 
C6? cé 1.503 (9) CLR? 1.498 
cé1’ He’ 4.448 (40 cae? 1.408 
egP* gap? 1,381 26) CZF’ 1,419 
cis cés 1.291 1 E26 1 s 
cas ess 1.37) (9 HZS 1 3 
Cik 02s 1.284 (6) o1 i 9    
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PYRIMETHAMINE SALICYLATE 

Table 5.16 Interatomic angles ) with estimated standard 

deviations in parentheses 
CES 

  

      

   

    

cé 123.1 (§) oe Ni Hi 
N2 21864 (6). 2 Nz c4 
ce 116.1 (4) ca co cir 
cél 125.2 (8) co N2 H2 
HS 112.9 i) cé céi. 82 
Hé to2.4 §6) He cét =H? 
H10 1os.¢ (6) ye cé2 10 
Csr 120.8 {3} Cie) c2R) car 
CaP 119.4 (7) cC4F CZF 
Cet 117.8) (5) CP) CSF 
HEP 125.4 £2k CIR "céR 
CaR 121.0 fi) C3R  C2R  O3R 
HER 125.5 (10) cap car Har 
CSR £12 Go:(6) CSR) C&R a Her 
O2R 122.0 (8 eo”) ade cee 
Nz’ 422.7 (4) ae, C240 Nae 
NAC 114.5 (4) ea. 68° cee 

i LL ie Ca cae ercths 
He’ £32 4 { } C62’ Céi’ Hé* 
He’ 102.0 ki cS’ Cif’ car’ 
Cire wits 5 (15) Csr G4pe. Chay 
CSF’ 119.2 (12). CSP’ CéP’ HéP’ 
ciz 120.3 Gis Scgs ozs 
HzS 25.8 3 cs c4s css 
ces 119.5 (5) css css HSS 
Hés 120.¢ (4) €i5' Gin = p25 

Ni c2 NZ tao, i ce Ni 14 
NZ ca N4 15.1°(6) Hs C4 cs 
Ni cé co 118.9 : cé Cs GiP 
H2 N2 H3 106.8. (3) c2 N2 HS 

cé Cal ue 123.9 (6) Ha NA HS 
cél cé2 48 96.2 (5 cé2 cét 
He 62. H10 103.1 (5) He cé2 
Cif C2P H2P 110.5 §5) | cor ciP 
CSP oC4F 06 OCS 122.2 ,\0) | cop 2 csp 
CSF CSP HSF 114.9 R caf CSP 
eek SiR “se1A 121.9 (5) csr cap 
C2R C3R CAR 119.4 i cin c2R 
CER CAR HAR 121.3 a CR 8 C4R 
Cir Gia “OIR it9.a 89) cir eér 
eo Nie Hae 124.4 (5) CiA O2R 
Co) Nao cae 117,004) Hie = Ge" 
C47 feS ons CLP My ite Oere im CS ee cle 
est Ne? uae 120.0 (5) N17 C6” 
HAS NAS OHS 10457 (ay 640 Nar 
062° C41’ HZ? $357 (8) .eé? Cbd? 
Cae Cip’ ” Capos) 124.8 {83 cS’ cir’ 
G5p/PC4Pe clae  You,2 a3) CaP’ CaP’ 
e268 9 Cis cés 118.1 cip’ cCéP’ 
c3s c2s o3s 127.2. (5) crs G25 
c38 c4s H4S 112.6 (5) 64S . cas 
cis cés css 124449 (5)— C45 Gas 
gis. cin) 026 123.8 (8) Cis  CiR 
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Table 5.16 (contd.) 

Ni c2 N2 119.5 {3} 
es C4 N4 121.3 (4 

Ni cé céi 115.9 (5) 

c4 N4 H4 119.0 (4) 

cé C41 H? 125.1 (3 

cét Cé2 H9 135.2 (8 

cs ip cap 121.044 

C3P  cC2P 4H2F 127.4 (6 
cap  ¢4F Li 146.4 8 
CiP C4 CSP. 121.3 (6 
céR CiR CiA 120.0(7 
C2R C3R H3R 107.7¢7 

C4aR CSR  CéR 122.747 
Cin. cif “G2R 1is.2(7 
cee (Ni? Ha? 113.844 
NBi G4’ cS? 122.469 
C6! 5 cipe 123.69) 
ep). Na” OMB? 110.9 (4) 
tei Cet" ee aoa 
Héé Cél” Hz? 91.8 (9) 
Cip* CoP’ CaP? 119.8 (14 
CAP’ CSP’ CéP’ 118.344} 
c2s cis Cik 121.5(4) 
626) sess 5c4s 120.1(5 
css cas Has 124-53 
cis  €6s -Hé¢ 118.46 
28 038  H2S 1og.7 (4) 

ch c4P CBP 118.1 (6) 

cL c4p CSP 119.6 (5) 
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PYRIMETHAMINE SALICYLATE 
Table 5.17 ‘Torsion angles (°) 

m 

t 
10

 
po
 

     

TORSION ANGLES 
06 Na c2 NZ 
C2 Ni ce cs 
Na c2 NS C4 
NZ €2 N2 H2 
NZ cA cs cé 

c4 NA HA 
cs cé Ni 
cs Cip  C2F 

& Eeim. 640 
cé cét HS 
Cé1 cé2 Hio 
cé cé2.soH8 
Cif CaF H2P 
CiPp CéP  HéF 
Corl. Cz HoP 
C3P CaF CL 
CAR OCSP 0 OHSP 
CSP oCéP HGF 
CIR  (02R 03R 
CikR cék Hee 
Cik CiA . 03k 
C2R ck HBR 
CSR CtR H4R 
c4R CSR CéR 
CiA OR HOR 
ti 68" Tee 
Nie ce Cat 
Co: vena a! 
NB’ C4’ Nar 
ono Cse ete 
fae Nee HS* 

Sos Cem Cot 
ts" (6p “car 
ter = cS cé2 
c4i" céz* He” 
iP 6p CSE 
C2p* cir’ car 
C4P* CSF’ car 
cig c2s ozs 
cigs ces Hes 
fis Cie 625 
c2s  c3s 4H3s 
cos ogs H2s 
czs casas 
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Table 5.17 (contd. ) 
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Table 5.17 (contd.) 

Hi 

Ni 
C2 
N4 
cs 
cir 

N1 

Hé 

CéF 
Car 
H2F 
HoPF 
cli 
HSF 
cia 
cia 
CéR 
O3R 
H3R 
C4R 
Cé’ 
c2° 
N2’ 

NS’ 
N3¢ 
No? 

ca’ 
C4’ 

NAS 
cs’ 
cs’ 
CoP 
c2P 
car 
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Ni 

c2 
NS 
c4 

cs 
cé 
Ccét 
céi 
cé1 
cir 
CLF 

CoF 
CSF 
CAF 
CSF 
Cir 
c1ik 
Cir 
C2Rk 
C2R 
CSR 
N1° 
Nat 
c2° 
C2’ 
C4? 
c4¢ 
cs’ 
CS’ 
Cé’ 
Cé’ 
CIF 
cir 
cor 
CSF 
cis 
cis 
cis 
c2s 
czs 
c4s 
SS 

C2 
cé 
N2 

cs 
N4 
cé 
ciF 
céi 
cé2 
cé2 
eae 
c2F 
cer 
CaF 
cap 
CSF 
cor 
C2R 
céR 
cia 
car 
C4k 
CéR 
624 
cé’ 
NB’ 
N2’ 
C5” 
N4’ 
ce” 
cir 
cé1 
cé 
CoP 
cér 
CAP 
CSF 
c2s 
cas 
Cis 
cas 
c4s 
css 
cés 

NS 
cs 
H2 
cs 
cé 
H4 

ber 
H7 
Hg 
He 
H1O 
H2F 
HSP 
H3F 
cli 
H5P 
H6F 
O3R 
HéR 
02 
H3R 
Hak 
H6R 
N2° 
cai’ 
cA’ 
H3/ 
cir’ 
HS 
e617 
CaP’ 
Hs 
H7’ 

eCSP! 
GSP? 
CLs 
HSP’ 
038 
Hés 
028 
H3S 
HAS 

Hés 
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Table 5.17 (contd.) 

ciP 

C4F 

C3k 

NA‘ 

Ni 
Ni 
c2 
N3 

c4 
cs 
cs 
c 
Cél 

CipP 
CIF 
c2r 

CSF 

SP 

C2° 
N3’ 
cA’ 
CM 

cs’ 
cs’ 

cé’ 
cél 
CIF 

CLP 

CaP 
cis 
cis 
cis 
c2s 
c2s 
3s 

cas 
css 

62 
cé 
N2 
c4 
cs 
N4 

4 
ci 
cé1 
cé2 
C62 
Cor 
CSP 
CaP 
car 
car 
CéF 
C2R 
CSR 
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C3R 
C4R 
CSR 
2s 
o2" 
C6’ 
N2’ 
ca’ 
ie 
Na’ 
ce’ 
ciP’ 
cei! 
C62’ 
c2P’ 
CéP’ 
esr” 
c2s 
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CiB 
3s 
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CAS 
css 
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cél 
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cél 
CSP 
Cé2 

H1io 
C3F 
CSF 
C4P 
CSP 

céPr 
cir 
C3R 
CSR 
O1R 
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Chapter Six 

Structure of Substituted Antifolate 

6.1 AZIDOPYRIMETHAMINE ETHANESULPHONATE 

Abstract 

2,4-diamino-5- (3-azido-4-chloropheny1) -6-ethy1 

pyrimidine ethanesulphonate 

Azidopyrimethamine ethanesulphonate (Cy oH, 9C1N7-EtSO3H) 

crystallises in the monoclinic space group P 2,/¢ with unit 

cell dimensions of a = 9.199(5) g 7 b = 26.176(4) Rg i 

© = 18.944(8) R > & = 90.0(3)°; B= 125.44(3)°s 8 = 90.0(3)°. 

The unit cell has a volume of 3716.4(6) & 2 and there 

are eight molecules per unit cell. The relative molar mass 

is 399.85 (6) gmol giving a calculated density D, of 

1.215 (2) gem, The measured density D,, was 1.252 gem >. 

Using M,-Ky radiation of wavelength 0.71069 &, the 

linear absorption coefficient is = 2.98 ome, F(000) of 

1664.0 and the final value of R was 0.0918 using 5825 unique 

reflections. 

Se



Figure 21 

STRUCTURE OF AZIDOPYRIMETHAMINE ETHANESULPHONATE 
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One Experimental 

Crystal Preparation 

The crystals were prepared by Dr. R.Griffin by the 

following method. Pyrimethamine (100g) was added in portions 

over one hour to a stirred mixture of nitric acid (300ml) 

and sulphuric acid (300ml) at a temperature maintained below 

5°. The mixture was stirred for a further twelve hours at 

room temperature, poured onto ice and basified with 

concentrated aqueous ammonia. The yellow solid was collected 

and washed with water. 

A suspension of the nitro analogue, so prepared above, 

(20g) in ethanol (250ml) was stirred at 60°-65°C and Raney 

nickel (c.a. 20g) was added. Hydrazine hydrate (75ml) was 

added dropwise over two hours as a solution in ethanol (75ml) at 

a rate such that the temperature did not exceed 70°C. When 

effervescence had subsided the solution was filtered hot 

through a Kieselguhr pad and on evaporation of the solvent a 

cream solid remained which was triturated with water and 

collected. Crystallisation from 50% ethanol afforded pale 

yellow needles of the amine monhydrate. 

A solution of the amine (8g) in 5M-hydrochloric acid 

(150ml) was diazotised at 0° by the addition of sodium 

nitrite (2.1g) as a solution in water (10ml) over thirty 

minutes. After stirring for a further thirty minutes, 

sodium azide (7.2g) was added in portions over one hour the 
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agitation being maintained. The mixture was stirred for a 

further one hour, diluted with water (200ml) and basified 

with concentrated aqueous ammonia, whereupon the product 

precipitated and was collected. A sample crystallised from 

aqueous ethanol as photosensitive microprisms of the azide 

monohydrate. 

To a stirred suspension of the azide base (6.0g) in 

water (60ml) ethanesulphonic acid (2.5g) was added over five 

minutes and the mixture was boiled until all solids dissolved. 

Following filtration the pale yellow solution was allowed to 

cool and the product collected. Slow recrystallisation from 

water furnished pale yellow prisms of the azidopyrimethamine 

ethanesulphonate. 

The density was measured using the flotation method 

using cyclohexand and carbon tetrachloride of densities 

0.778 gem > and 1.6gom > respectively. 

Data Collection 

The data were collected from a spear point shaped crystal 

of size 0.11mm x 0.075mm x 0.41mm mounted along its long 

axis on an Enraf-Nonius CAD4 diffractometer using anw-28 scan 

with graphite monochromated Mo-Ky radiation (W = 0.71069 R) . 

The scan range in terms of 6 was (1.00 + 0.35tane°) at a 

- to 0.74%min > depending upon the scan rate of 2.5°min 

individual intensities. Intensity monitor reflections were 

Measured every two hours and subsequently fitted to a linear 
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function of intensity against time that was used to rescale 

the data. 

The monitor reflections used were 2,11,0 and 0,9,3 

being h,k and 1 respectively and the intensity of these 

reflections declined by 4.8% and 3.8% respectively during 

the data collection. Orientation controls were used every 

100 reflections on these monitor reflections. 

Initially the unit cell dimensions were determined by 

least squares analysis from the setting angles of 25 

reflections which were :- 

EES 2 PO NLS 6 ee re ONL en 2st 20) 7) = oe 

Cy lO” Levees iO tee 1a ie Oats e132 OS? eo 

OS 9 8 fee eee eel) 7 air Biel 7 0 36) 39 

ORES eo or ean ie bere OP GaSe ey 

LG $47 ie ee Ae See iaima ie LO pee 2 

The data were collected using @ limits of 2° ana 25° for 

h,k,~ 1 with hyay = 10 ¢ kya, = 31 and lo, = 22 and 7234 

reflections collected of which 5825 were unique and 4102 

unobserved with an F value of greater than 4¢({F) as the 

criterion for recognizing unobserved reflections. The value 

Of Rpt from merging equivalent reflections was 0.0623. The 

maximum value of (sin 6 ) /X reached in intensity measurements 

was 0.5723. 
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6.3 Structure Analysis 

The structure was solved by direct methods, SHELX (3), 

and F magnitudes were used in the least squares refinement. 

The hydrogen atoms were identified in the difference Fourier 

and were refined by using an option in the SHELX program 

called AFIX. The parameters which were refined were scale, 

co-ordinates, anisotropic temperature factors for non-hydrogen 

atoms and isotropic temperature factors for hydrogen atoms. 

The final value of R from the last refinement was 0.0918 

and wR = 0.0853. The parameter, w was calculated by :- 

1.000/ (Sigma**2(F) + weight*F*F) 

where the weight was initially set to 0.001. 

The ratio of maximum least squares shift to error in the 

final refinement cycle, (4/0) max was 1.667 for hydrogen 

atoms (H7') on the C5 atom and 0.624 for non-hydrogen atoms 

(N3P). The position of the hydrogen atom was in fact 

identified in a slightly different position in the final 

refinement explaining the high ratio. 

The maximum positive and maximum negative electron 

density in the final difference Fourier synthesis were 

(AQ) max 0-4034 and (AQ) yin -0-4226 respectively. 

The results of the final refinement cycle are to be found 

in Tables 6.1 and 6.2 and also results of the co-ordinate 

data being processed by GEOM and the computer graphics program 

PLUTO (51) used to calculate torsion angles and least squares 
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planes given in Tables 6.3 to 6.6 (inclusive). PLUTO 

was also used to produce the crystal structure diagrams 

Figs. 22 - 24. 

The angles calculated by GEOM between the two rings 

in the two azidopyrimethamine ethanesulphonate molecules 

ow ove 
were found to be 70 8 and 84 51. 
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AZIDOPYRIMETHAMINE ETHANESULPHONATE 

Fig. 22 Molecular Diagram 
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AZIDOPYRIMETHAMINE ETHANESULPHONATE 

Fig. 24 Packing Diagram 
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Azido pyrimethamine esthanesulphonate 

Fositional parameter 

184) 

With estimated stand 

    

Kla 

3576 (16) 

  

S228(22) 

4@98<18) 

1812(2@) 

  

3809 (24) 

2556 ( 

        
142 

437935) 

4340 (4) 

4871 (6) 

3784 (6) 

4680 (7) 

4645 (5) 

  

36 (6) 

  

S415(6) 

F613¢6) 

2928 (8) 

4124 (6) 

S918 (6) 

=975¢ 

4431 (7) 

  

ZES 

6464 (7) 

6297 (11) 

5604 (9) 

S987 (it) 

6878(18) 

434319) 

  

6071 (15) 

S1iS1¢15) 

6882¢15) 

4620 (11) 

 



O1 

oO
 

tH
 

o Oo 

Cie 

Hie 

H2E 

HSE 

H4eE 

HSE 

  

1347 (39) 

131 (25) 

276 (6) 

111813) 

se7S (14) 

1487 (12) 

-1268 (18) 

-1876(18) 

—458 (18) 

2538 (21) 

S584 (21) 

=1869(21) 

  

8 (21) 

4867 (114) 

1594 (184) 

1967116) 

1213 (128) 

  

2(14@) 

FOIL 

    

SESS (6) 

soe (7) 

  

1¢9) 

1@i (2) 

  

221 (3) 

51i7(4) 

4945 (4) 

S314 (6) 

4959 (6) 

4499 (7) 

4569 (7) 

4141(7) 

4483 (7) 

3459 (3B) 

4548 (66) 

S773 (36) 

4876(45) 

Z/fc 

SG@1(12) 

2979 (4) 

2:    3¢1@) 

BLS7 (12) 

1618(12) 

2e4E (3) 

2O74 (7) 

T9S206) 

  

BG (6) 

8894 (18) 

7835 (18> 

8793 (12) 

777S(18) 

7912 (iQ) 

88597 (18) 

7@28 (18) 

7BIF(6B) 

6877 (96) 

7878 (58) 

SB52(73) 

4482 (69) 
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Table 6.i(contd.) 

Atom 

  

Ha’ 

ae 

Cé2” 

HE’ 

Hig’ 

cir’ 

  

x/a 

  

4591 (24) 

4797617) 

Gath) 

5922 (28) 

52708 (26) 

6908 (2G) 

6824 (22) 

7768 (22) 

  

22) 

7525 (22) 

208319) 

1414(28) 

639 (25) 

  78(22) 7B(22) 

    

4279 (6) 

3611 (6) 

  

3292 (6) 

3778 (6) 

3441(7) 

S145(7) 

3294 (7) 

S761 (7) 

S415 (6) 

32568 (6) 

2751(8) 

26087) 

SO9S (7) 

    1843 (2 

2554 (8) 

2963 (8) 

2845 (2 

1695 (2) 

1364 (4) 

7@é (18) 

P2oks) 

s22t7) 

989 (18) 

474 (18) 

824 (18) 

183811) 

196911) 

1947 (11) 

2264(41) 

  

—88E (i> 

—1041(14) 

495 (16) 

B42 ¢ 

  

646(16) 

=B12(4) 

-1928(15) 

   



Table 6.1 (contd.) 

Atom X/a Y/b Z/c 

     

   

      

1529 (4) 3465 (7) 

ie 6171¢ 22972 (6) 4199011) 

HIE’ 7488(22) 2489(6) 448311) 

H2E° 6151(22) 2247(é6) 4768(11) 

C2E. 2694 (8) 3658 (14) 

HS B49 (8) 401814) 

H4E" 3668(27) 2628(8) S516(14) 

HSE’ 4849(27) 2728(8) 3@6G (14) 

td 4934 (154) 4664(52) S57 (68) 

HS° 5794(145) 44@9(48) e975(74) 

H4° -932(147) 4787(49) -108(7@) 

HS* =677 013. 4217 (46) 64(68) 

HOF’ 1388(136) 3298 (5@) 475 (76) 

HSP’ 982(106) 2744(36) S755(51) 
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Azidopyrimethamine ethanesuiphonate 

Table é.   

aa Anisotropic temperature factor mn 

{non-hydrogen atoms) 

Isotropic temperature factors 

(hydregen atoms) 

With standard deviations in 

parentheses 

Atom uii U22 

  

USS UisS ul2 

Ni .@388(8@) .@6355(96) .@372(8@) .@171(73) .@227(72) . 

  

236 (72) 

Co .@441(108).0521 (114) .@488(118).8129(95) .@298(96)-.a@988 (92) 

NS .@281(77) .@647(97) .8579(89)-.@873(82) .@250(74) .62@99(7@) 

   
C4 .8373(183). 

  

7 (285). @592 (112)—-. @BG6 (95) .@278 (95) -. 8885 (84) 

CS .@327(97) .0511(1G7).@279(92) .8167(84) .@877(82) .8158°84) 

C& .@S85(92) .0484(187).0555(103)-. 82135 

  

).@254 (89) -. @132(82) 

N2 .9782(188).@783(118) .G748(107).@482(99) .@444(9@) .81197696) 

N4 .8492(89) .@529(95) .8617¢ 

  

-2146(88) .@320(78) .@262¢75) 

    C61 .8768(124).8546(119). 3 (124)-.@138(98) .@374(164).@111 (185) 

C62 .O551 (140) .1491 (193). 2071 (199) -. @314(176) .O371 (146). 88286140) 

CiP .@679(122).84@3 (186) .8@58(116)-.@222(94) .837(182)-. 0821196) 

CSP .8661 (115) .8250(182).076(128) .8864(92) .0536(196).0558(88) 

CSF .@756 (124) .8747(13@).8385(1@5).@820(92) .@424(1094).8218(184) 

  

(149) .@122(11 

  

-@767(115).8175(95) 

  

105) -.0119( 

CoP .8866 (144) .8510(121).8866(13@).@395 (185) .@575 (11 

    

0 o ae a hb ; b
 a -1209(44)-.8848(42) .86864(48) .G885 (4a) 
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Uu23 U1S 

. 1207 (145).86716114).G511(188)-.0115 

  

» 8228 (185) 

.8977 (142)-.8F18(i16) 

    33.8544 (148). 86706 

83571 (24) -O855(38) .B272(25) 

~OS9167G) .O927(95) .1872(91) -@124(79) .@311(67) 

-@676(8@) .1349(185).0427(72) -.Oi20(71) .839665) 

~@374(68) .@717(77) .8746(75) (68) .@191 (62) 

  

-255(83) .@675(116).0785(110)-.9834(94) .@2 

  

~ 8541 (121). 1485(169).G627 (12 »@821(121).8281 (165) 

  

-@582 (95) .@372(96) .B497(92)  . 

  

274(73) .@261 (88) 

-@362(697) .@708(127).@8161 (81) -@@13(89) .8156(77) 

-@417(82) .@193(74) .@621 (85) ~@821(68) .@317(71) 

.@617(114). 8321199) .@228(83) -.8838(76) .8243(84) 

-0444(98) .@280(192).0458(94) -.@1@5(77) .8289(85) 

6718 (122).8301(104).@538(183) .B855(86) .8485(95) 

.8585(86) .8245(95) .@893(105)-.@112(82) .@265(78) 

- 8166 

  

~@BS5(1i12).8716(98) .8169(8@) .8215(7e) 

   -O425 (99) . 97) .@722(116)-.8848(96) .O129(91) 

  

~86235(119).1839(151).i1248(1S1) .8564(138).8476(115) 

  

~@288(92) .O3524(118).1112(148) .@239(189).0448(98) 

-@596(186).0479(115).8546 (18: 

  

+8194(94) . 8265698) 

2(156)-. 8436 ¢ 

    . 9988 (145) -. 8553 (128).0264 184) 

  

-@478(128). 8825 (128) 

  

@204(121).1717¢61 

147 

      

—. @8@1 (28) 

- 8288 (68) 

—.81435 (74) 

-.6 

  

—. 8152 ( co
 Ss) 

~. 8204 (i122) 

- 8247 (79) 

88966181) 

- 8242 (87) 

  

—. 8826 (99) 

-@O81(73) 

- 8122179) 

87) 

  

~ 8545 (115) 

- @124 (81) 

~@171 (93) 

+8197 (109) 

-—.@177 (Fi) 

 



    

Si +561 (20) 

Oi’ .8727(86) 

G2 S214 1 4) 

OS’ .8344(69) 

Cie’ .@669(125) 

C2E° .09798(164) 

Uiso 

HI -@208 (225) 

H2 TiBZ? C272) 

HS - 9@01 (224) 

H4 + @555 (244) 

fo - 8584 (258) 

HSF .@883 (288) 

H2F 71118264) 

Hé - 1825 (277) 

  

2 6518(292). 

  

   

  

5844 (285). 

»8486(29) .B¢ 

~-O562(79) .1042(95 

-1@62(185) .8696(78) 

6O927(92) .111S¢91> 

» 8483 (118) .@949¢(151) 

»8973(165).1758(186) 

148 

» 8875 (75) 

=.0356(77) .@525(78) 

=, 0162(77) 

  

- 88235 (18 

  

~@151 (153) .@3358(149) .8122(142 

ui2 

  

~ 8163 (746) -8138(78) 

- 8505 (81) 

(68) —-.@189(65) 

-@395(18@7) -.8016(98) 

 



  

a 488 (251) 

  

2 (286) 

- 10321279) 

71557 (292) 

- 8585 (254) 

  

. 8244 (260) 

» 8439 (265) 

. 8686 (251) 

- 8226 (246) 

” , @258 (259) 

- 8881 (282) 

- @636 (267) 

-@591 (255) 

» 8946 (277) 

«1749 (295) 

- @879 (275) 

~1126(288) 

-@437 (255) 

- 8628 (258) 

2 1628(292) 

298) 
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Azidopyrimethamine ethan lahonete 

Table 6.3 

Bond distances in Angstroms with estimated 

standard deviation in parentheses 

    

  

  

  

Bond Interatomic Bond Interatomic 

Distance Distance 

Ni=E2 1. $2625) N1i-Cé 1.394 (38) 

N1-H1 1.186(182) C2-NS 1.352 (21) 

C2-N2 1.352(34) ie 

c4-c5 1.43@(27) C4-N4 1.354(21) 

CS-Cé 1.368(22) CS-C1e 1.438(35) 

Cé-Céi 1.587(25) N2-H2 1.266(177) 

N2-HS @.869(97) N4-H5 @. 983 (144) 

C61-Cé2 1.439 (27) Cé1-H& 1.088 (24) 

C61-H7 1.879 (34) C462-H8 1.881 (S32) 

C62-H? 1.880(32) Cé2-H18 1.879 (43) 

fiP-Cer 1.589 (26) CiP-CéoF 1.419 (28) 

C2P-CsP as (38) C2P Hae 1.@12(187) 

CaF-C4F 1.416(28) CS P-NiP 1.427 (25) 

C4F-CSP 1,355 (28) CSP-Cér 1.480(43) 

CSP-HSP’ @.824 (111) NiP-N2F 1.261 (38) 

N2P-NiP “4.171(29) Si=Gi 1.448(15) 

Si-O02 1.454 (12) Si-05 1.463(1@) 

CIE=-C2E 1.587 (24) CLE-oiE 1.079(21) 

CLE-H2E 1.87921) 1.878(34) 

C2E-H4E 1.676(25) C2E-HSE 1.@88(25; 

CL - c4P 1.777 (31) Si =sCib 1.736



  

Bond interatomic Bond Interatomic 

  

    

  

   

      

    

Distance Distance 

Ni°-C2 1.488 (24) N1°-Cé L.sa2 (21) 

Ni’-Hi @.775 (129) C2°SNz 1 

C2 -N2* 1.51723) Caer 1.197 (162) 

SS7 612) 4° =—CS 1.419124) 

C4°-N4 ES Ses, 1.395 (27) 

Commo lr 1.4465(21) CopeOst” 1.475 (25) 

N4°-HS‘ @.846(151) C61°-Cé62° 1.5135(25) 

C61 °—-h6" 1.876 (20) C6 H75 1.879 (368) 

C462°-HS”* 1.87928) B620—no~ 1.879 (34) 

€62°-H1B" 1,879 (24) Cire -t2r , 1.427 (29) 

Cie Car 1.432 (37) C2P > CSP 1.42925) 

58 (48) CIP ’-NiP* 1.586(37) 

C4P°-CSP°’ 1.3587(36) CSP°—-GaP° 1.429 (26) 

GSR SHOP” Bl729Ci2i) NIP °-N2P* 1. 700(48) 

1.443(11) 1.442419) 

1.486(14) S12 SG7E. 1.745(17) 

GlE’-C2E* 1,440(24) 1.88828) 

Cie —H2e 1.880(25) C2E SHSEy 1.079 (297 

C2E'-H4E° 1.879 (37) C2E =Hor- 1.679 (41) 

Col 2C4P! 1.777 (18) N2P' - N3P' 2.094 

a51



Azidopyrimethamine ethanesulphonate 

Table 6.4 

Interatomic 

deviations 

Atoms 

-N1—-Cé 

  

Cé-Ni-H1 

N1-C2-N2 

C2-NS-G4 

NZ-C4-N4 

C4-C5-Cé 

€6-CS-Cir 

Ni-C46-C41 

C2-N2-H 

H2-N2-H3 

Cé-C6é1-Cé2 

Cé-Cé1i-H7 

C62-Cé1-H7 

Céi-Cé2-He 

C61-Cé2-Hid 

H8-Cé2-H1ie 

CS-Cip- 

  

C2P-CiP-CeF 

CiP-C2P-H2P 

-CSP-C4P 

  

C4F-CSP-NiF 

C4F-c —CoP    

angles (©) with estimated 

in parantheses 

Bond Angle 

116.6(1.4) 

124.6(6.4) 

TYS. 91 5) 

12307016) 

LiS.601.7) 

112.1(2.8) 

  

1235.7(1.7) 

114.0(1.4) 

1@5.5(9.8) 

147.7(13.2 

111.8(1.4) 

188.7(1.6) 

189.8(2. 4) 

108.5¢(1.9) 

189.8(2.8) 

189. 4(2.7) 

123.1(1.8) 

  

128.7(2.4) 

89.1(8.4) 

    

) 

152 

Atoms 

C2-Ni-Hi 

Ni-C2-NS 

N3-C2-N2 

N3-C4-CS 

C5-C4-nN4 

C4-CS-CiP 

Ni-Cé-CS 

CS-Csé-C4i 

C2-N2-HS 

C4-N4-H5 

Cé-C61-Hd 

Cé2-C61—-Hé 

H6-CS1-H7 

C61-C462-H9 

H8-Cé2-H9 

H9-Cé2-H18 

CS-CiP-CéP 

C1P-C2P-CSF 

  

~C2P-H2F 

C2P-C3P-NIF 

  

standard 

  

116.2(1.8) 

  

~7(1.4) 

115.8¢2.1) 

4(1.6) 

6(2.8) 

  

166.8(8.9) 

104.9(7.1) 

107.8(2.2) 

189. 2(1.8) 

10%.5(1..9) 

111.1 (2.2) 

  

199.5(2.4) 

115.9(¢1.6) 

P2heGh. 8) 

148.6(7.8) 

128.6(1.8)



Table 6.4 (contd.) 

    

      

  

    

    

Bond Angle Atoms Eond Angle 

90.9 (13.9) C1P-C46P-CSP 117.8(1.8) 

112.5(2.4) N1IP-N2P-NSP 178.3 

113.3(@.8) 01-S1-05 

110.6(8.7) 115.9(1. 

Li@.1 (2.8) HIE-C1E-H2E 

EiE-C2E—-Hse 189.0(1.9) CLE-C2E-H4E 112.8¢41.5) 

EiE—C2E=H5— 186.4(2.1) H3E-C2E-H4E 1B9.56(2.5) 

109.4(1.8) H4E-C2E—HSe i189.5( 

G27 Shiv be 121.9(1.5) C27 -Ni "=H * 58.2(11.9) 

Cé°-N1‘-Hi’ 112.8(8.9) DUG OC. oy 

Ni ~-C2" he“ 119.4(1.6) Ni —G2 Hi 33.4(6.2) 

NS °-C2 $28.7 007) NS -C2 1 125,-645.5) 

N27 -C2 =i: 186.5(6.9) C2°=N3°=64" 118.6(1.5) 

NS 0 4--05"° 122.7(1.6) N3‘-C4°-N4" 148.241 .6) 

CS '-C4'-N4" 119.6(1.5) C4°-C5"°—cs" 117.7(1.4) 

B4 o-oo oP 121.5¢1.5) 66°=CS -Cir 120.6(1.6) 

NPo=Co =CS 116.6(1.7) Ni~-C6°-Cé61° 115.3(1.6) 

65-66 —Cés * 125.9¢1.4) C4°-N4°-H5’ 152.4(6.5) 

Beyeeo th —Cee, 1@8.8(1.8) Cé°-Cét ’=H6.” 129.6(1.4) 

Cé°-C61 °-H7° Cé2°-Céi ’-Ha’ 

  

C62°—-C61 *=H7.' 86” C61 —H7 * 

Céi‘-C4é2°-H8" Goi (662 °=H9° 11 Gl, 5) 

  

He, Oger Ho" 1@9.5¢1.8) 

109.4(2.7) 

C5 °*-61P-=ceP 115.7(1.8)    
153



    

OS oi oie 

Si SCE sik 

Ole Cin Hic” 

Hilf’ -Cie —H2e” 

CiE -O2ZE re © 

HSE*-C2E°=HSE 

H4e —-G25 —HSe 

Cine CaP ieG3e 

Cli 1 C4 Peer Coe 

1806.5(1.8) 

187,.241.9) 

107.0(1.9) 

189.5(1.9) 

109.5(2.4) 

189.5¢(3.1) 

1869.5(2.3) 

117.1 (1.6) 

120.9 (1.9) 

154 

QF —Si —CiE™ 

O2 =51 —CiE 

Si’ Glee =b2e 

Sig Sete Hees 

C2E°=-Gie HSE” 

Cle --C2e- Hse 

Cif -Ceze —HSoE* 

  HEE '-C2E'-HSE’ 

Ni‘-Hi‘-C2’ 

CL' -C4p' - C3P' 

CLiS= Care CSP! 

106.8(1.8) 

115.8(1.2) 

187.8(1.5) 

109.4(2.3 

107.9(1.7) 

11@.8(2.6) 

1@9.5(2.9) 

68.5(14.5) 

119.5 (1.9) 

115.5 (1.9)



Azi 

a a 

d 

re 

opyrimeth 

e oe s 

  

Torsion Angles (2) 

D i+ o a ww 
C6é-N1—-C2-NS 

Cé6é-N1-C2-N2 

Hi-N1-C2-NS 

Hi-N1i-C2-N2 

C2-Ni-Cé-CS 

C2-N1-C46-Cé1 

Hi-N1i-Cé-CS 

Hi-Ni-Cé6-Céi 

Ni-C2-N3-C4 

N2-C2-N3S-C4 

Ni-C2-N2-H2 

Ni-C2-N2-HS 

NS-C2-N2-H2 

N3-C2-N2-HS 

C2-N3-C4-CS 

  

N3-C4-C5-C1F 

N4-04-CE-Cé 

N4-C4-CS-CiP 

NB-C4-N4-HS 

CS-C4-N4-H5S 

155 

e ethanesulphonate 

Angle(=) 

io. 

142.8 

—36.8 

—34.5 

146.7 

18.0 

179.6



Table 6.5 (contd 

GiP-C5-cé-Ni 

CiP-CS-Cé-C41i 

04-CS-CiF-c2F 

C4-CS-CiF-CoF 

Cé-CS-CiP-CoP 

Cé-CS-CiF—-C4P 

Ni-Cé-C5i-Cé2 

Ni-C€é-CS1-HSd 

Ni-C6é-C61—-H7 

€5-Cé6-C61-Cé2 

C5-C6-C61-HS 

CS-Cé-C61-H7 

Cé-Céi-Cé2-H8 

Cé6-C61-C462-H9 

Cé—-C61-Cé63-Hi®@ 

  

H6-C61-C62-H? 

H6-Cé61-C62-HiG 

H7-C61-C62—-HE 

  

=) 
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Angle(e?) 

    

-61.@ 

178.8 

58.1 

178.1 

-179.7 

9.2



Table 6.5(contd.) 

Atom uv 

  

CiP-C2P-CSF-C4F 

CiP-C2P-C3P-N1P 

HOP-C2P-CSP-C4F 

H2P-C2P-c: 

  

C2P-CSP-C4F-CSP 

NiP'-CSP-C4P-CSP 

C2P-CEF-N1IP-N2P 

C4P-CSP-NiP-N2F 

CBP-C4F-CSP-CéP 

CS 

  

*—-C4P-CSF'-HSP 

C4P-CSP-CéP-CiP 

HSP-CSP-C46P-CipP 

  

P-NSE 

HiE-CLE-S2E HS 

HiE-CiE-C2e—-H4e 

  

mil -CLESC2ZE—-hoe 

H2E-CIE-C2E—-HSE 

H2E-CiE-C2E-H4E 

H2E-C 

    NY SI 

Cé’-Ni’-C2'°-N2° 
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Table 6.5(contd.) 

        

    

    

Atoms Aanglet>) 

~95.6 

Hi‘-Ni‘-C2°-N 1il.s 
on -74.6 

Hi‘-Ni‘-C2‘-H1i eae 

C2‘-N1‘-Cé‘-c5 78-7 

2°-Ni¢=C4"-Cer* 176.1 

Hi‘-Ni‘-C6’-c5° 77405 
Hi’-Ni‘-C6°-C41° 

118.5 

C2‘-N1‘-H1‘-C2° 8.0 
Cé’-N1 ‘-H1 '-C2’ 114.5 

-9.4 

N2°-C2/-N°-04" 
ifOus 

29.8 

eee oe 2.2 

NS“ -C2-oHi NT -98.6 

N2‘-C2’-H1‘<N1 
$15.9 

C2‘-N5'-C4‘-Na tO 

N3‘-04‘-C5‘-Cé 8.4 

N3‘-C4‘-C5‘-C1ir’ 76 

N4‘-04‘-C5'°-Ce -175.2 

N@'-04°-C5'-CiF 18.7 

-86.7 

C5‘-C4'°-N4‘-H5’ &7.2 
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Table 6.5(co 

Atoms 

ntd.? 

  

CaP CS) 5 

biP —Cs, -c6 

€4/—C5- 6 ir 

C4’°-CS"-CiP 

Eo 2-bay -CiP 

CS -65 Cre 

Nise) set 

Ni‘°-C6°-Céi 

NI Co) —C 51” 

CS -C6 —Cet” 

CS" -C6" -G61~ 

cS’-Cé'-Cé1" 

Co-—C6l —Co2 

Gé°—Céi “-C62 

CS *—-Cs5i —Cé2 

Hé*-C61 °-Cé2 

Ha” —Coéi “C62 

eC RY 

1Car: 

7—Car 

‘=Car’ 

bee * 

He’ 

-H7° 

C62" 

ho. 

it, 

‘He’ 

  

Angle(*) 

~ th
 

  

be MI a + 

  

plea 

29.5 

149.6 
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6.5(contd.) 

  

Angle(e) 

  

CS-<etP Coe Cor 176.1 

cs 76.0 

CaP o-Olr °=C6P “SeSP Ox} 

  

-C4F°-C5P -2.3 

‘-C4P'-CSF° 175.7 

C2P'-CSP/-NIP’-NZF° | -7.5 

C4P°-CSF/-NIF UNF | 174. a 

  

*“=GEP*-CSP" 

  

C4P*-Car Cor —cir” 5.4 

G4F--COP COP <—Hor ~ ea.2 

Oi" SI SCTE =C2E* 179.9 

Oli Soto weet ee 68.6 

Gi —Sia=Cir “Hee” SOT we 

G2 S16 0 if (So2e 58.5 

-62.8 

7178.6 

63.1 

SOS. 

59.7 

-172.8 

68.9 

-52.8   160



Atoms Angle(>) 

  

H2E'-CiE’-C2E°-HSE° 66.8 

  

-CiE’-C2E'-H4E° -S5.1 

HZE‘-CiE‘-C2ZE‘-H5E° -174.8 
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Azidopyrimethamine ethanesulphonate 

Table 6.6 

Calculation of & Angle between planes 

M= 6.7574 

N= 8.1737 

D 18.9782 

Deviations: -6. 8297 

@.@015 

@.0397 

-@. 8585 

@.0182 

@.8289 

Plane 2: L = -@.4863 

M= 6.8704 

N = -@.8768 

D = 7.4552 

Deviations: @.G37 

—@. @is2 

-@. 8848 

-8. 8240 

@.@279 

-8. 0437 
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Table 6.6(contd.) 

  

Flane 3: tage 

M = 

N= 

D =)=1.2922 

Deviations: @. 6825 

@. 8349 

-®. 0122 

-@. 82597 

  

-@. @228 

Flane 4: r " @.8941 

M = -@.4025 

4 w -8.1965 

0 W =1.9953 

Deviations: -@.G526 

-@. 8286 

-@. 8289 

-®.@835 

8.0418 

@.8446 

Let 6, be the angle between planes 1 and 2, 

and &2 be the angle between planes = and 4. 

Then Cos @: = Lila + MaMa + NaNe 

and Cos 62 = Lsle + MsMa + NoNe 
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‘Table 6.é6(contd.) 

Frovided that:- 
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Chapter Seven 

Conformational Analysis 

Dod: The Theoretical Calculations of possible drug 

conformations and electron distribution 

Theoretical calculations should be capable of providing 

two information types in addition to experimental studies :- 

1. the range of non-equilibrium conformations 

which must include the unique conformation 

essential for the binding of the drug, 

and 2. the electron distribution in that conformation. 
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Sele The Schroedinger Equation 

This was proposed by Erwin Schroedinger in 1926, as 

the wave-mechanical theory of the hydrogen atom. Prior to 

this Bohr's theory of 1913 was used to explain the observed 

spectra of elements by a quantitative treatment based on 

Planck's hypothesis. Planck's theory supposed that a solid 

contained a very large number of oscillators (atoms or 

molecules) having a fundamental frequency of Y. The energy 

of such an oscillator being given by :- 

E = nh» 

where n is a positive integer 

h is the Planck constant. 

Bohr's theory was unable to account for the emission spectra 

of complex atoms as well as for the behaviour of atoms in a 

magnetic field, unlike the Schroedinger equation. 

In its barest form, the Schroedinger equation is given 

by r= Hy = ef 

where H is an operator i.e. operates on a mathematical function 

Y is an atomic wave function which represents the wave 

properties of the particle 

E is the energy of the system. 

The equation can only be solved exactly for the case of a 

simple hydrogen atom system provided that the wave function 

obeys a set of reasonable restrictions on its behaviour, 
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is 1. b mast be single-valued at any particular point 

2. y must be finite at any point 

3. ¢ must be a smooth or continuous function of 

its co-ordinates. 

In molecular quantum mechanics, as the problems concern 

three dimensional molecular systems then the wave function 

also varies in these co-ordinates. 
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Te2 Atomic Orbitals and Orbital Approximation 
  

The wave functions which satisfy the Schroedinger 

equation for the hydrogen atom are sometimes called orbitals. 

Thus a hydrogenic atomic orbital is merely a three 

dimensional function from which one can calculate the energy 

or other properties of the single electron system. 

In the study of polyelectron atomic structures 

researchers adopt the "orbital approximation" i.e. each 

electron is treated separately, each with its own one electron 

wave function or orbital. This mathematical approximation 

is nothing more than the fundamental basis of the universal 

procedure of describing atoms by means of orbital configurations 

for example, the atomic electron configuration of carbon is :- 

1s* 25° 2p* 

and treats each electron separately. In carbon then : 

2 electrons have functions associated with them 

which are of the 1s shape; 

2 electrons have functions associated with them 

which are of the 2s shape; 

2 electrons have functions associated with them 

which are of the 2p shape. 

An orbital is therefore merely a synonym for a one electron 

wave function, each a three dimensional mathematical function 

which describes the behaviour of a single electron. 

Generally, then for a polyelectronic atom system the total 
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wave function for an atom, is a product of one electron 

atomic wave functions (X4) one for each electron, i.e. 
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13 Molecular Orbitals 

The wave function for a molecule is then not in principle 

any different from that of an atom. 1 represents the 

molecular wave function, the orbital approximation can be 

used as in the atomic case : 

WP = 010).---+.0, 
where ® is a three dimensional function which determines the 

properties of an individual electron in the molecule. 

Molecular orbitals can then be calculated, most 

frequently using atomic orbitals of the "Slater-type". 

The Slater type of atomic orbitals are the set of atomic 

orbitals found by fitting analytical exponential functions 

to numerical atomic wave functions, Gaussian shape functions, 

of three or four in number being then fitted to the exponential. 

However, all molecular wave functions are approximate 

but some will be more approximate than others, and the 

preparation of small Gaussian basis sets for such molecular 

calculations is currently being researched (52). 

"Ab initio" methods of calculation the orbital wave 

functions use the technique introduced by Hartree and Fock. 

This is known as the self-consistent field (SCF) method and 

reduces the many electron Schroedinger equation. This method 

choses an apporximate set of atomic orbitals and from these the 

average potential acting on each electron is calculated. These 

potentials are then used to calculate new orbitals from which 
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better approximations to the average potentials are obtained. 

The process is repeated until a set of orbitals reproduces 

the potentials which gave these orbitals (53). 

When running an ab initio calculation the starting 

point is a particular molecular geometry, the nature and 

co-ordinates of each atom being defined. However there are 

two sources of error in the starting equation :- 

i. The whole theory based on the Schroedinger equation 

is not realistically correct i.e. the fast moving inner 

electrons may move with speeds which are not negligible by 

comparison with the velocity of light. As a result 

relativistic effects may contribute so the mass involved may 

not be constant. This error however can usually be ignored 

as it will be a constant as calculations do not involve the 

core electrons. The Gaussian 70 package actually includes 

the 1s electrons, however they are unlikely to be significantly 

affected by changes in molecular geometry; 

2. Correlation Energy 

Any defect in the wave functions results in the calculated 

energy being less in magnitude than the true energy and results 

from electron-pair effects. 

Molecular orbitals can then lead to an understanding of 

the electron organisation within the molecule and attributable 

energy values,;the eigenvalues, to the molecular orbital. 

This energy value is then an approximation to the ionisation 

potential of the electron in the closed shell area (Koopmans 

Theorem) . 
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7.4 The Gaussian 70 Package (54) 

To use the package the only input needed is the 

specification of the geometry of the molecule, using bond 

lengths, bond angles and torsion angles as the main 

geometrical information. 

The information which the package returns to the user 

is as follows :- 

1. The total energy of the apiece) 

The absolute value of this is not directly useful; 

however, the comparison of two absolute energies, for example 

at different bond lengths is directly useful. 

Ze The energies of the molecular orbitals, which are 

expected roughly to correspond to the observable ionisation 

energies of the molecule. 

3. The forms of the molecular orbitals as linear 

combinations of atomic orbitals, which are generally useful 

in understanding the electron organisation within the molecule. 

4. The Mulliken populations, which give some insight 

into the charge distribution within the molecule. 

5. The electric dipole moment within the molecule, 

which can be used in the calculation of electrostatic 

interaction energies between two molecules. 

The upper limits of the size of the molecule which may 

be dealt with are :- 

maximum no. of atoms 35 (plus up to 15 dummy 

atoms) 

172



maximum no. of atomic 70 (inner shells must be 

orbitals included) 

maximum value of atomic 18 (argon) 

number 

The accuracy of the package has been shown to give a 

wave function which corresponds to greater than 98 per cent 

of the total energy of the molecule. 

The basic Gaussian package has been updated so that 

the forces on the nuclei in a molecule can be calculated and 

geometry optimisations carried out using the forces to 

minimise the total energy of the molecule. This amendment 

is based on force calculations on the nuclei made according 

to the method of Pulay (55). The resulting forces acting 

on the atoms are calculated in cartesian co-ordinates and 

allow the molecule, or parts of the molecule, to relax to its 

equilibrium geometry, i.e. where the forces vanish (56). 

The force calculations on the nuclei (being negative 

derivatives of the total energy with respect to the nuclear 

co-ordinates) are applied for Hartree Fock wave functions. 
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Chapter Eight 

Conformational Analysis and Quantitative Structure 

Analysis Relationships of Folates and Folate 

Analogues 

Sel. Conformation Analysis 

The compounds studied by M.J.Spark, D.A.Winkler & 

P.R.Andrews (57) include folic acid, dihydrofolate, 

tetrahydrofolate, methotrexate and aminopterin. The analysis 

shows that a large number of conformations are energetically 

accessible to these molecules and some are common to all. 

This work involved the parametrization method of Giglio (58) 

on a CYBER 73 computer at the Royal Melbourne Institute of 

Technology using the program COMOL (59). The program performs 

classical conformational calculations by pairwise summation 

of the van der Waals interactions between non-bonded atoms 

together with electrostatic and torsional potentials. 

Of particular interest are the conformations adopted 

by methotrexate when bound to dihydrofolate reductases from 

various sources. These conformations are found to be of 

surprisingly high energy relative to the global minimum and 

the proposition that the pteridine ring of dihydrofolate may 

bind upside down with respect to that of methotrexate was 

tested via conformational energy calculations. The 

superposition of the low energy conformations of dihydrofolate 

on the bound conformations of methotrexate demonstrates that 
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@ reasonable match may be achieved with the pteridine ring 

upside down. Electrostatic potential calculations show that 

these conformations fit into the binding cavity of DHFR 

in a way that permits non-bonded interactions (57). 
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8.2 QSAR of DHFR Inhibitors 

These relationships have been used to determine the 

basic dissociation constants of representative 5- and 6- 

substituted derivatives of 2,4 diaminopyrimidines in order 

to analyze electronic and steric effects upon the basicities 

of these molecules and possible relationships to enzyme 

binding (60). The conclusions of Roth & Strelitz are that 

the effect of substituents in either the 5- or 6= position 

is primarily inductive in character and that with the 

exception of alkyl or 5-amino groups, the consequence of all 

5- or 6- substitution is to lower the PK values of the 

pyrimidines. Also that compounds which have useful inhibitory 

action against DHFR (61) have pK, values above 6; the most 

active compounds have pK, values of 7 or over. 

Further research by Fukunaga (62) compares the QSAR 

for the quniazolines causing 50% inhibition of pigeon liver 

DHFR, with those for triazine and pyrimidine inhibitors. The 

three QSAR's suggest new possibilities for the design of 

inhibitors of mammalian DHFR. 
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Chapter Nine 

Molecular Orbital Calculations 

The Gaussian 70 package (54) was used to determine the 

total energy of the following structures :- 

Ae Pyrimidine Ring 

Co-ordinates taken from the last cycle of refinement 

of pyrimethamine acetate hydrate (5.1) 

26 Pyrimidine Ring with a Formate Ion 

Co-ordinates for the pyrimidine ring as in 1. above. 

The position of the formate ion was determined from the position 

of the acetate molecule in pyrimethamine acetate hydrate's 

last refinement cycle. The position of the formate ion was then 

recalculated to shift the formate as a rigid strucutre in three 

dimensions by approximately 0.18 along the hydrogen bonds 

between the formate and the protonated Nl atom and the NH group 

on the C2 atom, as shown below :- 

ie 
WN 
H H 

  

Joy 
ee 

ic 
| 

H 

3. Protonated and Unprotonated 2,4 diaminopyrimidines 

4. Protonated and Unprotonated 2-amino-4-oxo- 

Ly



pyrimidines 

5. Protonated and Unprotonated 1, 3, 5, Triazines 

6s Pyrimidine Ring 

Co-ordinates taken from the last cycle of refinement 

of pyrimethamine salicylate isopropanol solvate (5.2) 

es Pyrimidine Ring 

Co-ordinates taken from the last cycle of refinement 

of azidopyrimethamine ethanesulphonate (6). 

Results 

The total energy figures are the absolute magnitudes and 

are quoted in Atomic Units (1 A.U. = 2625 komol +). ‘the 

results are shown in Table 9. 
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Table 9 

RESULTS OF MOLECULAR ORBITAL CALCULATIONS 

Structure 

Pyrimidine Ring 

(pyrimethamine 

Pyrimidine Ring and 

(pyrimethamine 

Pyrimidine Ring and 

(pyrimethamine 

with hydrogen bond lengths altered by 0.18 

ni 

acetate hydrate) 

Formate Ion 

acetate hydrate) 

Formate Ion 

acetate hydrate) 

X-direction positive 

negative 

Y-direction positive 

negative 

Z-direction positive 

negative 

2,4 diaminopyrimidine (63 

protonated form 

unprotonated form 

2-amino-4-oxo-pyrimidine (64 

protonated form 

unprotonated form 

Triazine 

protonated form 

179 

Total Energy 

(A.U.) 

-368.402 

554.114 

-554.114 

-554.113 

-554.130 

-554.097 

-554.059 

-554.125 

~368.511 

-368.511 

-388.005 

-387.546 

-385.438



Table 9 (contd.) 

Structure 

Triazine 

unprotonated form 

Pyrimidine Ring 

(pyrimethamine salicylate isopropanol 

solvate) 

Pyrimidine Ring 

(azidopyrimethamine ethanesulphonate) 

180 

Total Energy 

(A.U.) 

-384.920 

-367.810 

368.282



Discussion of Results 

The values of the total energy of each of the structures 

in themselves are not very meaningful. However when compared 

against each other the values can give more information. 

For example, the pyrimidine ring values of the determined 

crystal structures of pyrimethamine acetate hydrate, 

pyrimethamine salicylate isopropanol solvate and 

azidopyrimethamine ethanesulphonate give total energies 

which vay by only 0.592 A.U.. Also, the values of the 

pyrimidine ring and formate ion, even with variation in the 

hydrogen bonds, only gives a range of 0.071 A.U.. 

The more accurate geometry of the pyrimidine ring from 

pyrimethamine acetate hydrate giving more stability than the 

pyrimidine rings of pyrimethamine salicylate isopropanol solvate 

and azidopyrimethamine ethanesulphonate. 

Obviously these results are far from conclusive and 

further research could be done so as to ascertain whether the 

co-ordinates of atoms from the pyrimethamine series of crystal 

structures are or are near energy minimal positions. The 

hydrogen bonding of the carboxylate group, which exists in 

the binding of the pyrimethamine derivative to dihydrofolate 

reductase, could be investigated either by greater shift of 

the formate ion or by using a different carboxylate molecule. 
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Chapter Ten 

Discussion and Conclusion of the Determined Crystal 

Structures 

In Table 10.1 is shown the pyrimidine ring geometry of 

the determined antifolate carboxylate and substituted 

structures with pyrimethamine hydrochloride given as a 

comparison. Pyrimethamine salicylate isopropanol solvate 

and azidopyrimethamine ethanesulphonate had determined bond 

distances with high standard deviations and so their bond 

distances and angles are reported to a lower degree of 

accuracy than the others. For pyrimethamine isopropanol 

solvate the data collected as compared to that of the others 

was less in number and less accurate as reflected by the 

decline in the monitor reflection intensities. This loss 

of diffracting power was possibly due to the loss of 

isopropanol from the irradiated crystal. For azidopyrimethamine 

ethanesulphonate the structure showed for the primed azide 

unit either large thermal motion or some undetected disorder, 

for which the standard method of full-matrix least-squares 

refinement did not yield an acceptable geometry. This spoilt 

the agreement between the structural model and the data. 

A high degree of consistency can be seen in the pyrimidine 

ring geometry if the averages of the two molecules for 

pyrimethamine salicylate and azidopyrimethamine ethanesulphonate 

are considered. The latter structure would have been expected 
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TABLE 10.1 

PYRIMIDINE RING GEOMETRY 

Compound 1 2 3 4 5 6 7 

Distances (2) 
N1-C2 1.369 1.356 1.306 1.339 1.35 1.33 1.40 

C2-N3 4.334 1.339 1.344 1.327 4355 1535 1.55 

N3-C4 1.344 1.346 1.3559 1.344 1.57 1055 4055 

C4-C5 1.431 1.427 1.423 1.422 1.36 1.43 1.41 

C5-C6 1.346 1.359 1-350 1.351 1.38 1.36 1.39 

C6=-N1 490 PN 315 ket) le s6l Bateo8 | 135911655 

C5-C1P =«s«41.486 «1.489 «1.473. «1.499 «1.48 1.43 1.46 
Interior Angles (5 

C2-N1-C6 121.9 120.7 123.1 121.4 120 119 121 

N3-C2-N1 120.9 121.9 122.1 122.7 124 124 119 

C4-N3=-C2 118.3 Wi7.6 196.2 11750 114 115 118 

C5-C4-N3Z 122.2 «122.9 123.6 4122.4 127 «127 «122 

C6-C5-C4 117.7 116.7 116.1 WTA 116 | 2) 117 

M1-C6-05 9119.0 119.6 118.9 118.9 119 122 118 

Exterior Angles (°) 

N2-C2-N1 116.9 116.9 119.5 117.9 115 118 119 

N2=C2-N3 122.3 121.1 418.4 119.4 121° 116° 120 

N4-C4-N3, 115.0 115.6 115.1 116.5 141 115 118 

N4-C4-C5 122.8 121.5 121.3 121.1 122 115 119 

C1P-C5-C4 120.7 121.0 120.2 119.0 122 124 121 

C1P-C5-C6 121.6 122.2 123.6 123.6 122 123 120 

Compound (1) Pyrimethamine Hydrochloride (65) 

(2) Pyrimethamine Acetate Hydrate 

(3) Pyrimethamine Salicylate - A 

(4) Pyrimethamine Salicylate - B 

(5) Pyrimethamine Salicylate Isopropanol Solvate 

(6) Azidopyrimethamine Ethanesulphonate - A 

(7) Azidopyrimethamine Ethanesulphonate - B 
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to vary from the others due to the azido group on the 

chlorophenyl ring. 

In all structures is found a consistent pattern of 

intermolecular interactions with the protonated ring N1 atom 

and the 2-amino group of the pyrimethamine cation acting as 

proton donors to the counter ion (carboxylate or 

ethanesulphonate). Adjacent pyrimethamines are linked into 

dimers via paired N-H ... N hydrogen bonds using the remaining 

proton donor and acceptor site, the N4 amino group and the 

ring N3 atom respectively. 

Several types of evidence suggest the site of protonation. 

To support the conclusion that the N1 atom is protonated in 

all structures the difference Fourier maps were reviewed 

to ensure all hydrogen atoms had been identified; however, 

this proved difficult due to the "bad" data in pyrimethamine 

salicylate isopropanol solvate and azidopyrimethamine 

ethanesulphonate. The interior angles of C2-N1-C6 are shown 

in Table 10.1 for the structures and all lie within the range 

119° to 123.1°. This interior angle has been shown to 

be * 117° for unprotonated Nl atoms and * ite for 

protonated (66) due to the effects of valence shell electron 

pair repulsion. The C2-N1-C6 angle in pyrimethamine 

hydrobromide (49) was reported as 121° with a protonated 

Nl atom. 

Also from Table 10.1 it can be seen that the bond distances 

N1-C2 fall in the range 1.3068 to 1.4008 and Cé-N1 in the range 
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1.358 to 1.398. These can be compared to those of 

pyrimethamine hydrobromide (49) of 1.358 and 1.388 respectively. 

In Table 10.2 are reported other geometry features of 

the determined structures which show that the distances from 

the ring carbon atoms, C2 and C4 to the amino groups,N2 and 

N4 respectively are generally short enough to suggest that 

the resonance structures of:- +H 
2 

2 

NZ ~R N ‘ el aia HNN Et HN N Et 

are important in describing the structure , as well as:- 
NH, . 

cr N7 SYR 

! a ae Et HN | Roane 
Ht H+ 

The first two resonance structures would be less favoured 

in the unprotonated molecule. 

Further, all bond lengths in the carboxyl group of 

the structures are relatively similar :- 

Oxygen atom Other oxygen 

closest to N1 

g R 

Pyrimethamine acetate hydrate C1A-O2 1.234 C1A-O1 1.259 

Pyrimethamine salicylate 

isopropanol solvate C1C-O2) > 15258 C1ic-01 1.278 

Pyrimethamine salicylate CIA-O2R 1.273 C1A-O1R 1.255 

C1B-02S 1.286 C1B-O1S 1.219 

185



TABLE 10.2 

OTHER GEOMETRY FEATURES OF THE PYRIMIDINE RING 

Compound 4 2 5 4 5 6 

Wipye0 (8) 2.670 62.708) 2,660) 2.720 2174 5 2.74 
N2...0 (2) 2.773 2.860 2.847 2.75 2.98 2.88 

N3...N (3) 3.054 2.980 2.964 3.06 3.25 3.03 

Ca-n2 (2) 1.322 1.325 1.337 1.38 1.35 1.32 
C4-N4 (2) 1.322 40540! 15331 1537 «41.35 «1.30 

AE) TG 7 80 18.) 7245 86 

6 (9) 88 75 87 79 90 84 
Compound (1) Pyrimethamine Acetate Hydrate 

(2) Pyrimethamine Salicylate - A 

(3) Pyrimethamine Salicylate - B 

(4) Pyrimethamine Salicylate Isopropanol Solvate 

(5) Azidopyrimethamine Ethanesulphonate - A 

(6) Azidopyrimethamine Ethanesulphonate - B 

T =  C4-+C5-C1P-C2P 

@ = N1-C6-C61-C62 
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It is known that the carboxyl C-O bonds in a carboxyl group 

are of different lengths whilst those of a carboxylate are of 

the same length. A C-O bond length is expected to be 1.448 

and that of a C=O bond is 1.22% (67). 

From the above observations it can be concluded that:- 

oa all samples studied contain salts rather than 

complexes of neutral molecules, and 

2's the N1 atom in all heterocycles is protonated. 

The angle C5-C6-C61 falls within the range 124° to 129° 

for the determined structures whereas the angle C6-C5-C1P 

is in the range 120° to 124°. This can be explained by the fact 

that the ethyl side chain is freer to move than the benzene 

ring and so the C61 atom will position itself to avoid as much 

steric hindrance as possible with the C2P atom and its 

associated hydrogen atom. 

The length of the C61-C62 bond in the ethyl side group 

in the determined structures varies from 1.4% in the 

pyrimethamine salicylate B molecule to 1.68 in the pyrimethamine 

salicylate isopropanol solvate molecule. This variation may 

demonstrate some distortion of the ethyl side chain position to 

avoid steric interference in the structures. Also there is 

the effect of thermal motion that causes the measured distances, 

which are a time-average, to appear somewhat shorter than the 

actual values. The particularly short C61'-C62' distance in 

pyrimethamine salicylate is associated with unusally large 

U,1 values of 0.162(8) and 0.201(13) & a 
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From Table 10.2 it can be seen that the hydrogen bond 

distances from the pyrimidine ring to the carboxylate ion 

in compounds (1) to (4) are consistent. However those of 

the substituted antifolate to the ethanesulphonate ion are 

comparable for N1 ... O and N2 ... O but as would have been 

expected the three oxygens on the sulphur atom have slightly 

affected the packing arrangements. The hydrogen bonds 

Nl... O and N2 ... O on average are shorter for the antifolate 

carboxylate structures than for the substituted antifolate 

emphasizing the strength of the interaction with the 

carboxylate ion. The N3 ... N bond distance for the interaction 

that links the bases into a dimer varies little between the 

six structures and has an average value of 3.068. 

The pyrimidine ring, carbon to nitrogen bonds of C2-N2 

and C4-N4 also show good consistency with both having an 

average value of 1.348 which might indicate the optimal 

geometrical arrangement of these atoms. 

The observed rotations about the bonds C5-C1P and 

C6-C61, being the torsion angles denoted %and ¢ are shown 

in Table 10.2. These results can be compared to the torsion 

angles of the independent molecules of pyrimethamine (65) 

which have angles ¥ of 74° and 81°; 4 of 79° and 80°. 

If the torsion angle Y were 0° there would be collision 

between the ring and the ethyl side chain whereas if it 

were 90° the rings would be perpendicular and there would be 

loss of all conjugation between them. 
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If the torsion angle ¢ were ae there could be some 

interference between the hydrogen atom on N1 and the methyl 

group on the end of the ethyl side chain. If it were = 60° 

a staggered configuration would result and if it were 180° 

the ethyl side chain would be zig-zag in the plane and would 

run into the benzene ring. 

The observed rotations for ¥ fall in the range oh to 

88° and those for @ in the range 75° to 90° which compare well 

with those of pyrimethamine and correspond to expected values. 

The chlorine atom in all the determined structures displays 

very anisotropic thermal motion because the atom in the 

structures is at the end of a "lever arm". The centre of mass 

of the pyrimethamine molecule falls approximately half way 

along the bond from C5 to C1P due to the high atomic mass of 

the chlorine atom. Motion of the chlorine atom along a line 

to this centre of mass is restricted, while motion of the 

chlorine atom perpendicular to this line is easy and may be 

augmented by rotation of the whole molecule. 

In Figure 25 is shown the model of the bonding between 

an antifolate drug and the carboxylate side chain of 

dihydrofolate reductase and the bond distances are noted in 

Table 10.3. These bond distances also show consistency 

between the determined antifolate carboxylate structures. 

The azide group is an interesting substituent for 

antifolate drugs because it is both lipophilic and degradable. 

It is these properties which may lead to a drug with a 
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Figure 25 

MODEL OF THE IONIC AND HYDROGEN BONDING LINK BETWEEN THE 

ANTIFOLATE DRUG AND A SIDE CHAIN CARBOXYLATE ION OF DHFR, 

WHICH IS BELIEVED TO HE OF MAJOR IMPORTANCE FOR DRUG BINDING 

(69) 

  

(1) Pyrimethamine Hydrochloride (65) 

(2) Pyrimethamine Acetate Hydrate 

(3) Pyximethamine Salicylate 

(4) Pyrimethamine Salicylate Isopropanol Solvate 

(1) - (4) R=i 
and R' = CL 
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TABLE 10.3 

DISTANCES ( g ) BETWEEN ATOMS CONNECTED BY HYDROGEN BONDS 

IN THE DETERMINED ANTIFOLATE CARBOXYLATE STRUCTURES 

(with reference to Fig. 25) 

Compound 

a (2) 

B (2) 

x (2) 

Compound (1) 

(2) 

(3) 
(4) 

2.670 2.708 

2.773 2.860 

3.054 2.980 

Pyrimethamine 

Pyrimethamine 

Pyrimethamine 

Pyrimethamine 

5 4 

2.668 2.72 

2.847 2.75 

2.964 3.06 

Acetate Hydrate 

Salicylate - A 

Salicylate - B 

Salicylate Isopropanol Solvate



usefully short biological half life. Azidopyrimethamine 

ethanesulphonate inhibits rat liver dihydrofolate reductase 

More strongly than pyrimethamine and is presently in 

Phase I clinical trial as an antitumour agent (68). 

The azidopyrimethamine ethanesulphonate crystals were 

highly sensitive to atmospheric conditions and the change 

in the crystals was observed by eye after approximately seven 

days. The difference in the density of the crystals as 

measured (1.252 gem >) and as calculated (1.215 gen) would 

suggest that not all the solvent molecules had been located 

in the crystal structure. However rechecking the difference 

Fourier map confirmed that all such molecules had been 

determined. Thus there are two possible explanations for 

the difference :- 

Ds there had been some change in the packing of the 

crystals in consequence of atmospheric exposure as 

the density was measured some seven days after the 

crystals had been made, and 

2s the rather crude method used for density 

determination had overestimated the density. 

While ethanesulphonate salts of antifolate drugs 

crystallise well and have been extensively studied, the 

carboxylate salts to date have not. From the determined 

structures it can be seen that the interaction of the 

protonated ring and the carboxylate ion is uniformly strong. 

Although it does not impose coplanarity the consistency in 
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distance should serve as a useful anchor point for model 

building. 

Explanations for the enhanced affinity of the 2,4 diamino 

derivatives of triazine, pteridine, quinazoline and pyrimidine 

have focused on the modified pattern of hydrogen bond donors 

and acceptors or on an increased basicity of the heterocycle. 

Therefore, an analysis of the hydrogen bonding and molecular 

packing of these compounds in their crystal lattice offers 

insight into the molecular details of hydrogen bond strength 

and directionality of drug binding to the enzyme active site. 

The antifolate diamino groups can act as hydrogen bond 

donors, while N1 and N3 can act as hydrogen bond acceptors, 

or be protonated. These patterns are in contrast to those of 

the natural substrates in which only the 2-amino group can 

be a proton donor, where N3 has a proton, and where the 

enzymatic protonation site is N5, although Nl or N8 can 

be protonated. 

In the determined crystal structures the N1 atom is 

protonated and the hydrogen atoms on N2 are tightly bound. 

These results are consistent with those hydrogen bonding 

preferences found in the protein crystal structures of 

DHFR-drug complexes (14 & 40). 
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