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PREFACE

Interactions can be broadly classified as covalent and noncovalent. Noncovalent interactions
are those interactions which does not involve sharing of electrons. Noncovalent interactions
form a very wide domain of weak interactions such as ion-ion, ion—dipole, dipole—dipole,
classical and non-classical hydrogen bonds, arene—arene (n—n interaction), CH...7w interaction,
O...arene interaction, S...arene interaction, van der Waals interactions, hydrophobic
interactions etc. Molecular organization and molecular interactions are based on noncovalent
interactions. Noncovalent interactions are critical in maintaining the three-dimensional
structure of large molecules, such as proteins and nucleic acids and are involved in many
biological processes. Though noncovalent interactions are weak by nature, combined strength
of several noncovalent interactions is sufficient to have a significant effect.

Among noncovalent interactions, arene—arene interactions play vital role in stabilizing
DNA/RNA structures, protein folding, protein—protein interaction, drug-receptor interaction,
asymmetric synthesis, molecular tweezers, supramolecular assemblies etc. Despite their
importance, the nature of arene—arene interactions is not well understood because of their
weakness and complex nature of mechanism. There are a large number of noncovalent
interactions in biological recognition systems; therefore, it is very difficult to find out the
contribution of an individual arene—arene interaction from the myriad of other noncovalent
interactions. To overcome this difficulty, a number of small molecule model systems have been
developed for studying arene—arene interactions in simpler and more controlled environments.

One of the strategies adopted for making models is to link two arene moieties with
trimethylene linker as it provides suitable distance (3.4 A) required for the arene-arene
interaction. In order to study stacking interactions of nucleic acid bases Browne et al. (1968)
synthesized nucleotide analogues in which the bases were connected by a trimethylene linker.
The research group at CDRI, Lucknow, following Browne et al. strategy has been engaged
since 1995 for studying the arene—arene interactions in pyrazolo[3,4-d]pyrimidine (PP) core
(which is isomeric with the biologically important purine) based symmetric and dissymmetric
trimethylene compounds. These studies have shown that PP core has strong arene—arene
interaction propensity. In addition, proper positioning of the linker and substituent are also

important for intramolecular n—r stacking interactions.



Present work involves the study of effect of increasing and decreasing the number of ring
nitrogen in Pyrazolo[3,4-d]pyrimidine (PP) nucleus on intramolecular and intermolecular m—n
interactions. Also investigation of role of arene interactions in controlling the conformation of
1,2 diaryl ethanes has been done. Finally, the interplay of weak hydrogen bonding such as C-
H...N, C-H...O etc. and arene interactions in controlling the conformation of the molecule has
been studied. The thesis consists of four chapters which are summarized below.

The first chapter of the present work deals with the synthesis of Triazolo[4,5-d]pyrimidine (TP)
core based flexible symmetric polymethylene linker compounds for studying the effect of
increasing the number of ring nitrogen in PP core on intramolecular and intermolecular n—n
interactions.

The second chapter of the present work deals with the synthesis of Pyrrolo[2,3-d]pyrimidine
(PyP) core based flexible symmetric polymethylene linker compounds for studying the effect
of decreasing the number of ring nitrogen in PP core on intramolecular and intermolecular n—n

interactions.

The third chapter of the present work deals with the synthesis of PP core based dissymmetrical
ethylene linker compounds having Phthalazinone/Quinazolinone/ Benzotriazinone on the other
end for studying the role of arene interactions in controlling the conformation of 1,2 diaryl
ethanes.

The fourth chapter of the present work deals with the synthesis of PP core based
dissymmetrical polymethylene and butylidine linker compounds having
Phthalazinone/Quinazolinone/ Benzotriazinone on the other end for studying the conformation

directing role of arene interactions in such molecules.



CHAPTER-1

Synthesis, 'H NMR and X-ray crystallographic
studies of triazolo[4,5-d]pyrimidine core based
flexible symmetric polymethylene linker
compounds




1.1 Introduction

Atoms and molecules can interact together leading to the formation of a molecule, by covalent
interactions, or a molecular cluster, by noncovalent interactions. A covalent bond is formed
when partially occupied orbitals of the interacting atoms overlap and a pair of electrons are
shared by these atoms. Covalent bonds are shorter than 2 A. In case of noncovalent interactions
no such sharing of electrons takes place and these interactions act at distances of several
angstroms. Non-covalent interactions were first recognized by J. D. van der Waals in the
nineteenth century.! Since then it has now been recognized that non-covalent interactions are
involved in a vast number of phenomena related to the whole realm of molecular and
macromolecular science such as molecular recognition, drug receptor interactions, solvent
effect in reactions and the ability of geckos to climb rapidly up smooth vertical surfaces, even
flat glass.? Weak noncovalent interactions like stacking interactions (arene/n—r interactions), C-
H....w, etc., unlike their stronger counterparts (for e.g. classical hydrogen bonding which are
well characterized) are not well understood. Due to their weak nature they are difficult to
observe in presence of stronger forces such as classical hydrogen bonding (involving two
hetero atoms like O, N/S) and thus they are difficult to study both theoretically and
experimentally.” ® These forces often work together and their collective effect brings a change
in molecular structure as well as in supramolecular structure. In nature where functions of
biomacromolecules like proteins, enzymes, DNA, etc., which are directly related to their
structure these weak forces play a very important role since easy formation as well as easy
decomposition of molecular structures are required. These forces are sensitive to the
environmental conditions and a slight change of conditions like temperature, pH etc., can bring

about a significant change in conformation and hence function.

Interactions involving two or more aromatic groups are known as n—x interactions. These are
among the most important but least understood of the noncovalent interactions. Recent studies
have provided new insight into the driving forces, stability and selectivity of these interactions.
These interactions, though modest in energy, play a crucial role in such diverse areas as protein
folding, base-to-base stacking in DNA/RNA, host-guest binding in supramolecular assemblies,
crystal engineering, drug-receptor interactions and other molecular recognition processes.



1.1.1 The Nature and Geometry of Aromatic Interaction

The attraction between two aromatic residues present in the same or different molecules is
known as arene—arene interaction or m—m interaction. The n—n interactions are weak in strength
with the energy ranging from 0-50 kj/mol.> There are four types of n—n interaction geometries,
face-to-face, edge-to-face, parallel displaced and Y-shaped (Fig. 1a).° Edge-to-face and
parallel-displaced geometries are the most common geometries found in structural chemistry.’

Face-to-face Edge-to-face Parallel-displaced Y-Shaped

Figure la. Four types of m—m interaction geometries.

Computational studies on benzene dimer showed that the edge-to-face and parallel-displaced
geometries are nearly iso-energetic with binding energy of about 2 kcal/mol.®*® Face-to-face
stacked geometry is commonly observed with donor-acceptor pairs. The benzene-
perfluorobenzene interaction is an excellent example of this type of aromatic interaction, and
has been calculated to provide -15.5 ki/mol stability.® In addition, there are also continuums of
intermediate geometries.®**° Different computational techniques used for studying non-covalent

interactions, including 7 interactions have been reviewed recently.'®

There are four basic packing types for aromatic compounds reported in literature (Fig. 1b).*® In

simple herringbone structure, the nearest neighbours are non parallel. In sandwich-herringbone
packing, the herringbone motif is made up of sandwich-like diads. In the third type, called B, the
main interactions are between parallel translated molecules. The fourth type, called y is

characterised by “graphitic’ planes.
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Figure 1b. Four basic packing types for aromatic compounds.

The nature of arene—arene interaction is still not well understood.” ** Arene interactions have
been proposed to consist of van der Waals, hydrophobic and electrostatic forces, however, and
contribution and magnitude of each of these components may vary from case to case and is a
matter of many investigations. Hunter and Sanders (1990) proposed an electrostatic model to
explain the strong geometrical requirements for interactions between aromatic molecules.*?
They considered the o-framework and the m-electrons separately and demonstrated that net
favorable n—n interactions are actually the result of 6—n attractions that overcome m—repulsions.
By using an idealized n—system, some general rules for predicting the geometry of favorable n—
n interactions were derived. The electrostatic component has been proposed to arise from the
interactions of the quadrupole moments of the aromatic rings. Though, benzene has no net
dipole, it has an unequal distribution of charge, with greater electron-density on above and
below the faces of the ring and reduced electron-density on the edge, which gives rise to the
quadrupole moment. The edge-to-face and parallel-displaced geometries are stabilized due to
electrostatic o—n attraction while the face-to-face geometry is destabilized due to n—mn repulsion
(Fig. 2). Generally, electron withdrawing groups in aromatic rings reinforce while electron
donating groups weaken m—m interactions. Presence of heteroatom in aromatic ring also

reinforces the n—m interactions.
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Figure 2. Electrostatic interaction between ¢ and z-Systems of aromatic molecules.

For example, highly accurate quantum chemical computations revealed that benzene—pyridine
and pyridine dimer bind more strongly than the benzene dimer in several configurations, and in
contrast to the benzene dimer, parallel-displaced configurations can be significantly preferred
over T-shaped configurations.*®

Recently, it has been found from the survey of crystallographic data stored in Cambridge
crystallographic database that the stacking interactions in crystals of simple aromatic
hydrocarbons become important only for molecules with more than three rings. ** Whereas for
crystals of nitrogen substituted heterocyclic aromatic molecule, the stacking interactions
become important for doubly substituted single ring molecules itself. Generally speaking, the
stacking is reinforced with the increasing number of nitrogen in the ring.** Substitution of the
hydrogen atom of an aromatic hydrocarbon by an electron withdrawing atom like F, Cl etc. or

an electron withdrawing group like NO; reinforces the stacking interactions.™
1.1.2 Importance of Aromatic Interactions

1.1.2.1 Aromatic Interactions in Biological Systems

Aromatic interactions are ubiquitous in nature. They are believed to provide stability to duplex

DNA,™ they have been proposed to contribute to the unique properties of thermophilic



proteins,'® they may play a role in aggregation of amyloid B in Alzheimer’s disease,’ and they

are common motifs in bio-molecular recognition.

In DNA, aromatic interactions occur between adjacent nucleotides and increases the stability of
the molecular structure. The nitrogenous bases of the nucleotides are made from
either purine or pyrimidine rings, consisting of aromatic rings. Within the DNA molecule, the
aromatic rings are positioned nearly perpendicular to the length of the DNA strands. Thus, the
faces of the aromatic rings are arranged parallel to each other, allowing the bases to participate

in aromatic interaction.

B-DNA Z-DNA

Figure 3. Base pair stacking in B and Z forms of DNA.

In their original X-ray crystallographic study involving 34 high-resolution protein structures,
Burley and Petsko analyzed the frequency of aromatic pairs and their interaction geometry
(distance and dihedral angle) and concluded that around 60 % of aromatic side chains of
phenylalanine, tyrosine, and tryptophan were involved in arene interactions.’® Aromatic rings
separated by distances ranging from 4.5 to 7 A and dihedral angles near 90° were found to be
the most common. Pair-wise nonbonded potential energy calculations indicated that 54 % of
the aromatic interactions are attractive by 1-2 kcal/mol. In a study of a larger database of 52
proteins, Hunter, et al. examined the orientational preferences of phenylalanine side chains in
proteins using crytallographically derived atomic coordinates.® They observed that these



interacting pairs are found in a wide range of T-shaped (edge-to-face) and parallel-displaced
(offset-stacked) arrangements, but they are scattered over a wide variety of conformational
space with no strongly preferred single orientation. McGaughey, et al. extended the analysis to
a larger sample of proteins and suggested that the parallel-displaced geometry was a preferred
orientation.”” Remarkably, none of these two studies described the face-to-face geometry.

Aromatic-aromatic interactions between phenylalanine side chains in peptides have been
probed by the structure determination in crystals of three peptides: Boc-Val-Ala-Phe-Aib- Val-
Ala-Phe-Aib-OMe, I; Boc-Val-Ala-Phe-Aib-Val-Ala-Phe-Aib-Val-Ala-Phe-Aib-OMe, 11; Boc-
Aib-Ala-Phe-Aib-Phe-Ala-Val-Aib-OMe, 111 (Fig. 23).2! X-ray diffraction studies reveal that
all three peptides adopt helical conformations in the solid state with the Phe side chains
projecting outward. Interhelix association in the crystals is promoted by Phe-Phe interactions.
A total of 15 unique aromatic pairs have been characterized in the three independent crystal
structures. The distances between the centroids of aromatic pair ranges from 5.11 to 6.86 A,
while the distance of closest approach of ring carbon atoms ranges from 3.27 to 4.59 A. T-
shaped and parallel-displaced arrangements of aromatic pairs were observed, in addition to

several examples of inclined arrangements.

Aromatic m—n interactions not only determine biological structures but also modulate the
physical properties of residues at enzyme active sites. In Cull-containing redox
metalloproteins, the stacking of a Cull-coordinated His imidazole with a Phe side chain in the
second coordination sphere affects the properties of the imidazole ring, such as its pKa value,
the reduction potential En, of the metal center, and the electron-transfer (ET) properties of the
protein.?? Intramolecular stacking between a phenyl ring and the pyridine ring of a
nicotinamide derivative increases the basicity of the pyridine N atom by about 0.5 pKa units.?®

1.1.2.2 Aromatic Interactions in Organic Synthesis

Arene—arene interactions can play a significant role in organic synthesis.** These interactions

have been proposed to influence the yield and/or selectivity of different reaction types: intra-

25 26

and intermolecular photochemical reactions, allylic oxidations, ruthenium-catalyzed

transfer hydrogenations,’ titanium-catalyzed oxidations of sulfides,?® and others.?



Asymmetric di-hydroxylation of styrene (1) with optically active diamine (2) gave
corresponding R diol (3) in 83% vield and 96% ee (Fig. 4).*° The reason for enantioselectivity
was favorable n—= interaction between the substrate and naphthyl group; exposing the si face to

hydroxylation and shielding the re face for the attack.

Figure 4. Enatioselective dihydroxylation of styrene.*

Mclintosh et al. found that the benzylation of naphthyl cyclohexane (8) gave corresponding
benzylated (9) product with >98% de. The de was attributed to the n—mr interactions which in
turn established an anti-gauche orientation for the enolate dianion (Fig. 5).%
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Figure 5. Diestereoselective benzylation.

Metal free Friedel-Crafts alkylation of substituted pyrrole (7) with cinnamaldehyde (8) in the
presence of imidazolidinone catalyst (9) gave alkylated product 10 (Fig. 6) in 97% ee. It was
suggested that n—shielding of the cinnamaldehyde derived iminium ion (11) contributed to
facial selectivity.*
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Figure 6. Enantioselective metal free Friedel-Crafts alkylation of substituted pyrrole.



The exo/endo ratio in epoxidation of compound 12 (Fig. 7) was significantly affected by the
nature of the substituent present in phenyl ring. The proportion of endo product (14) increased

with the increasing electron withdrawing tendency of the substituent. This result was
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Figure 7. Stereoselective epoxidation.

rationalized by considering that the transition state (15) for endo product was stabilized by n—n
interaction between phenyl ring of m-CPBA and substrate, and the stability of the transition
state (15) was further enhanced by increasing electron withdrawing substituents.*®

In asymmetric allylation of aromatic and heteroaromatic aldehydes (16) reaction rates were
enhanced and enantioselectivity were observed for electron-deficient benzaldehydes, in
comparison to phenyl or electron-donor-substituted aldehydes, when performing the reaction
with a methoxynaphthalene bearing isoquinoline N-oxide catalyst (18).3 This points to a role
of arene-arene interactions between the reacting aldehyde and the catalyst. Additionally, the
loss of selectivity when exchanging the solvent from dichloromethane to acetonitrile supports
the role of aromatic interactions in the transformation. Enantioselectivity was further enhanced

using an electron-rich trimethoxyphenyl N-oxide catalyst (Fig. 8a).
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Figure 8. (a) Allylation of aromatic aldehydes with chiral pyridine- type N-oxides
(b) For the three-component synthesis of propargylamines.

Aromatic interactions have also been proposed to influence the stereo chemical outcome in the
synthesis of aromatic propargylamines (24, Fig. 8b).* A chiral Cul complex with a pyridine
bis(oxazoline) ligand (23) was found to catalyze the reaction of aromatic aldehydes (20) with
amines (21) and alkynes (22) to give propargylamines with high yield and enantioselectivity. In
the postulated transition state, the ligand complexes the substrate in a manner which enables
two edge-to-face and one aromatic stacking interaction, thus blocking one face from the attack
of the copper acetylide.

1.1.2.3 Aromatic Interactions in Structure Based Drug Design

Aromatic interactions are one of the most important non-covalent interactions involved in
binding of drug with receptor as majority of the drugs are aromatic and the concentration of
aromatic amino acid residue is particularly high in the cavity of receptor. Thus, proper
understanding of aromatic interaction is needed for structure based drug design. Aricept
(E2020, 25) is a drug developed to treat symptoms of Alzheimer's disease. The X-ray
crystallographic analysis of the complex of Aricept (E2020) with the enzyme acetyl
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cholinesterase revealed n—m, OH...7w, and cation—r interactions as major forces that stabilize the

association (Fig. 9).%
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Figure 9. Binding mode of the anti-Alzheimer drug E2020 within the active
site of acetyl cholinesterase from Torpedo californica.

Aromatic interaction plays a pivotal role in intercalation of drugs into DNA.*" The intercalation
prevents DNA replication by inhibiting topoisomerase enzyme. The DNA intercalators contain
aromatic residue which intercalate between DNA base pairs and the intercalator-DNA complex
is stabilized by n—= interaction between aromatic residue of intercalator and nitrogenous bases
of DNA. For example, daunomycin (26, Fig. 10) is a chemotherapeutic of anthracycline family

which has been used since 40 years for the treatment of specific type of leukemia (acute
myeloid

26

Figure 10. Daunomycin (26) and Daunomycin-DNA complex d (CGATGC).
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leukemia and acute lymphocytic leukemia). Structural study showed that it bound to the DNA
preferentially via intercalation between GC base pairs in triplet sequences composed of two
adjacent GC and CG followed by AT base pairs (Fig. 7).>”* DFT calculation showed that the
complex gained 2/3 of its overall stability from n—=n stacking interactions.>”

The anti cancer drug 1843U89 (3) binds the active site of thymidylatesynthase and inhibits
the transformation of dUMP to dTMP which is essential for the production of DNA. X-Ray
structure of ternary complex revealed that the drug interacted with active site and dUMP

through aromatic interactions (Fig. 11).%

COOH

HOOC! o

Figure 11. Aromatic Interaction between dUMP and the anticancer drug 1843U89
bound at the active site of thymidylate synthase.

1.1.3 Models used for studying aromatic interactions

Due to the weak nature of aromatic interactions it is very difficult to study these types of
interactions both experimentally and theoretically. In biological systems where other stronger
interactions like classical hydrogen bonding coexists with these weak interactions it is not
possible to study the role played by these interactions. Thus, small molecule model systems
have been developed to study arene—arene interactions in simpler and more controlled

environments. This has been documented in several reviews.**® The following section
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highlights some of the flexible models used in the literature for the study of aromatic
interactions.

One of the major advantages using the flexible models is that flexible systems can relax into the
optimum geometry for aromatic m—n interaction and therefore provide a better opportunity to
characterize the geometrical preferences caused by these interactions. In this regard, Browne et.
al. pioneered the use of polymethylene linker, especially a trimethylene linker for studying

stacking interactions among nucleic acid bases. (Fig. 12).

Ar .
Ar/v\Ar < 34 A
Open Conformation Closed conformation

Where Ar and Ar’ are 9-substituted adenine or guanine or
1-substituted cytosine, thymine or uracil residues

Figure 12. Browne et al. model.

Nucleic acid bases containing purines and pyrimidines are stacked one above the other in
nucleic acids with a distance of 3.4 A between adjacent bases. The use of “trimethylene linker”
is based on the fact that it gives a desired distance of 3.4 A if two aromatic systems are stacked
when connected by it. This linker at the same time does not dictate stacking, as in the absence
of stacking interactions the molecule may remain open. They synthesized a series of twelve di-
nucleotide analogs in which the bases are connected by a trimethylene chain, B-(CH,)s-B’,
where B and B’ are 9-substituted adenine or guanine or 1-substituted cytosine, thymine or
uracil residues (Fig. 13). These compounds were studied optically at concentrations low
enough to preclude formation of intermolecular complexes so that the perturbations associated
with the 1:1 interaction of a pair of bases could be characterized, namely by UV spectra in
aqueous solution at r.t. and by emission spectra in 1:1 ethylene-glycol-waterglass in the vicinity
of 77°K. In the series of B-(CH,)s-B’ the order of interaction in neutral aqueous solution is
purine-purine > purine-pyrimidine > pyrimidine-pyrimidine as judged by hypochromism
(decrease in integrated UV absorption intensity of B-C,-B’ compared with equimolar B-(CH,),-
CHs and B’-(CH,),-CHjs). The length of polymethylene chain was also changed to C, and Cs. In
a series of 9,9-polymethylene-bis(adenines) the order of interaction deduced from
hypochromism and emission studies was n = 3 > 2 & 6. Reduced interaction at n = 2 reflected

12



the impossibility of this molecule assuming folded, parallel-plane conformation which would
allow maximal interaction as in Ad-Cs-Ad. An entropy effect was probably responsible for

decreased interaction in the n = 6 compound relative to n = 3.
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Figure 13. Dinucleotide analogs connected by polymeyhylene linker.

The orientation effect studies were done by Leonard and Ito by synthesizing six different
trimethylene-bis(adenine) isomers having different positions of attachment to the terminal
adenines and therefore having differently oriented ring-axis permissible in their stacked
conformations, in order to determine stacking interactions between two parallel adenine rings
oriented at different axis angles toward each other (Fig. 14).*® The percent hypochromism ‘H’
for the long wavelength UV absorption band for each of these compounds has been determined
by comparison of the UV spectrum of trimethylene-bis-adenine in aqueous solution with the
composite spectrum of the two half molecules, the appropriate propyl-adenines. The ‘% H’
follows a dependence upon the folded conformations available to the individual trimethylene-

bis(adenines).
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Figure 14. Dimers of adenine linked through different positions to study
orientation effect on stacking.

Later on, Leonard (1979) reviewed trimethylene bridged flexible diaryl compounds showing
stacking interactions in solution, however, no single X-ray structure of such compounds was

reported in this review.**

Since these initial reports, various studies have been directed towards modeling aromatic
interactions using this methodology. In this context, compounds having polymethylene chains
or other linkers between two adenine rings or between adenine and aromatic molecules such as
other nucleic acid bases, indole, flavin, DNA intercalating molecules and naphthalene have
been studied as model compounds for the stacking interactions. Bis(theophyllin-8-yl)propane
(32, Fig. 15) is considered as the first trimethylene linker compound to show intramolecular
APPI in solid state with extensive hydrogen bonding.** Here it is important to mention that this
compound belongs to biologically important xanthine class which is well known for face-to-
face intermolecular stacking by X-ray crystallography.*?
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Figure 15. Different trimethylene linker compounds in the literature.

Bis-thymine (33, Fig. 15) is another related compound which shows intramolecular APPI in X-
ray structure though with extensive H-bonding.** Compound 34 (Fig. 15) shows intramolecular
APPI by UV studies,* however, 34 (Fig. 15) and its methyl iodide salt failed to show any
intramolecular APPI when studied by X-ray crystallography.*>*® Avasthi et al. have reported
Xray crystal structure of 1,3-bis(8-chlorotheophyllin-7-yl)propane (35, Fig. 15) which is
closely related to 32 but does not have ionizable protons like 32, without any intramolecular
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\,.- “_“ \%’ \\y“
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Figure 16. ORTEP diagram of 35 showing open conformation.
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folding (Fig. 16).*" It is important to mention that in compounds 31, 33 and 35 the propylene
linker is between two N atoms while in 32 it is positioned between two C atoms and finally in
34 it is between one N and one C atom.

Similar linear polymethylene linkers have been utilized by Itahara to investigate stacking
interactions between various purine, pyrimidine and xanthine bases in solution by *H NMR.
Some of the systems (36-40, Fig. 17) studied by Itahara are shown below.*® *°° The N°-
methylation was found to increase the population of intermolecular aggregates in the buffer
solution at pD 7.0 and had an additive effect on aggregation which was interpreted due to
hydrophobic effect of the N°®-methyl groups. The aggregation of 36a and 36b (Fig. 17) was
found to depend on the length of the polymethylene chains.”® A relationship between the
chemical shifts of adenine and xanthine ring protons of 7-[-(6-aminopurin-9-yl)alkyl]-1,3-
dimethylxanthines (39) and the number of carbons (n = 2-10) in their polymethylene chains has
been compared with that of 1-[-(6-aminopurin-9-yl)alkyl]-3,7-dimethylxanthines (40) in the
NRR; NRR;
NN NN

LAy S

A

36a: R1 = R2 = Me
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j;(\f (CHz)nYTQ: ;>H3 H3CYT(\[N\(CH )/N:I;(’V/
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Figure 17. Polymethylene linker compounds of purine and
xanthine bases used by Itahara.

buffer solutions at pD 7.0, 1.0 and 13.0 and in organic solvents. The relationship of 39 is
clearly distinct from that of 40. The concentration dependence and the effects of temperature on
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the chemical shifts of 39 and 40 have also been investigated. While the upfield shifts of the ring
protons of 39 and 40 in the buffer solutions at pD 7.0 and 13.0 are explained in terms of
stacking interactions between adenine and xanthine rings, the results in the buffer solution at

pD 1.0 may be due to cation—= interactions.

Zachariasse et al. reported synthesis of a large series of a,w-bis(2-pyrenylcarboxy)alkanes
(41a-p, Fig. 18).>' Evidence for intramolecular pyrene dimers was obtained by *H NMR
spectra showing shielding of all the aromatic protons with respect to model; 2-substituted
pyrenes. The dimer (41g-p, Fig. 18) showed a symmetrical sandwich structure, whereas, the
dimers (41a-f, Fig. 17) attributed geometry in which the pyrenyl moieties were shifted along
their long axis. Intramolecular aromatic n—m stacking was also reported in closely related

compound 42 (Fig. 17).%
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ng

Figure 18. Polymethylene linked pyrenyl compounds.

A number of models containing quinolines (model for antimalarial drug chloroquine),
proflavin,>* and acridine (model for quinacrine),® have been synthesized in which the aromatic
part of the drug is linked to the base by polymethylene chains of varying length. The degree of
stacking in water and geometries of intramolecular complexes were determined by using UV,
'H NMR and fluorescence spectroscopy. Among all the synthesized models, strongest
interactions were observed in acridine series. The model compound 43a (Fig. 19) in which
acridine ring of quinacrine is linked to adenine by a “trimethylene bridge” exists totally as a
folded conformation in water.>® Constant et al. synthesized related compounds (43d-i) and
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Figure 19. Polymethylene linked quinacrine compounds.

found that all molecules exist mainly in folded conformations in water in the temperature range
0-90°C.*°

PUVA therapy, a photochemotherapy employing psoralen and UVA, has been used for a long
time in the treatment of a number of skin disorders, such as psoriases, vitiligo, mycosis
fungicides, chronic leukemia, and so on. In this, formation of an intercalated complex between
psoralens and DNA is an important step, which markedly affects the successive covalent
photobinding to the macromolecule. In order to investigate these processes, some of synthetic
models related to DNA-intercalating molecules were prepared. Decout et al. prepared a series
of psoralen-O-(CH,)s-adenine (44, Fig. 19) and 8-methoxypsoralenadenine (45, Fig. 19) and
showed that polymethylene bridges allow intermolecular ring-ring stacking between the two

aromatic units.”” The model 44 showed the highest value of hypochromism indicating most
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Figure 20. Polymethylene linked quinacrine compounds.
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efficient ring-ring stacking between the two aromatic units linked by four atoms 45a showed
much stronger fluorescence than all other compounds 45b-d indicating that the complexes
adopt different preferred geometries according to chain length.

Hydrophobic effect has a significant influence on aromatic interactions since water molecules
prefer to interact with itself rather than with aromatic surfaces. Newcomb and Gellman carried
out a series of experiments to investigate this effect for two covalently tethered aromatic
groups. A comparison of the stacking tendencies of hydrocarbon (phenyl and naphthyl) and
heterocyclic (adenine) rings in aqueous solution was carried out using *H NMR spectroscopy to
study the conformational properties of carboxylate derivatives 46-50 (Fig. 21).*® Large
negative shifts of the adenine protons of 46 were observed compared with the control 49. This
is indicative of an intramolecular aromatic interaction in 46. In contrast, 47 and 50 have similar
spectra which indicate that there is no intramolecular interaction for the di-naphthyl derivative.
An X-ray structure of a phenyl derivative 51 showed the phenyl rings splayed far apart. In 48,
negative shifts on both rings indicate significant stacking. DMSO destroyed the interaction. If
the
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Figure 21. Compounds used to probe intramolecular aromatic interactions in water.
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intramolecular stacking was due solely to the hydrophobic effect, then 47 would exhibit a
stacking interaction. The results are most consistent with the alignment of partial positive and
negative charges on neighbouring groups as the main force influencing the stacking
interactions.

Naphthyl units connected by a flexible linker were prepared to further probe hydrophobic
collapse.”® The three atom linker previously used forced a near parallel arrangement, but the
four atom linker in 52 allowed different approaches of the aromatic moieties. An X-ray crystal
structure of 52 showed an edge-to-face arrangement of the naphthyl rings and ‘*H NMR
experiments showed that the naphthyl rings are in close proximity in aqueous solution. The
chemical shift differences between 52 and 53 in benzene were very similar to those in water,
which suggests that the hydrophobic effect have little influence on the folding of this molecule.

Herrandon et al. investigated intramolecular interactions between different aromatic groups in a
series of di-esters consisting of two aromatic groups linked by a 2-methyl-1,3-propanedioxy
spacer by *H NMR study (Fig. 22).%° This spacer permitted U-shaped conformations which
placed the two terminal aromatic groups close together, parallel in a face-to-face arrangement.
For the symmetrical di-esters 54 and 55 neither the chemical shifts of the aromatic group
protons nor the vicinal coupling constants measured in the spacer provided any evidence for a
high fraction of U-shaped conformers. In both the cases, the conformational distribution of the
spacer was similar to that found for 59, indicating that the planar aromatic groups in 54 and 55

experienced no significant mutual attractive interactions.

In contrast, substantial up-field shifts were observed in the resonance frequencies of all
aromatic protons in the anthracenyl and 3,5-dinitrophenyl groups of the unsymmetrical di-ester
56 relative to those for the aromatic protons of the respective monoesters 57, 58 and
symmetrical di-esters 54 and 55. Analysis of the temperature dependence of the vicinal
coupling constants indicated highly populated gauche states of the two central C-C bonds of the
spacer chain, consistent with a total fraction of U-shaped conformers of about 80% at ambient
temperature. From the analysis of NOE experiments dinitrophenyl ring in 56 was found to be
centered almost directly above the central ring of the anthracenyl group with a distance of 3.1
A between the central point of the dinitrophenyl ring and the anthracenyl plane, and an angle of
about 20° between the para axes of the two aromatic groups. The stabilization of the U-shaped
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conformers in 56 was rationalized in terms of quadrupole interactions between the two
aromatic groups. The quadrupole moments associated with the two aromatic groups in 56 had
opposite sign, resulting in a significant attractive interaction when the groups were oriented
face-to-face. For the symmetrical diesters, 54 and 55, the interacting aromatic groups had

identical quadrupole moments and the interaction was repulsive in the face-to-face

arrangement.
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Figure 22. 2-Methyl-1,3-propanedioxy spacer based diesters and monoesters.

To understand the driving forces of aromatic stacking interactions in water, Pang et al. (1999)
performed conformational searches, molecular dynamics simulations, potential of mean force
(PMF) and free energy perturbation (FEP) calculations, syntheses and *H NMR studies on
sodium 2,2-bis(indol-1-yl-methyl)acetate (60).* The conformational searches on 60 revealed
that the isobutyric acid linker allowed the molecule to adopt the tilted T-shaped stacked, off-
center stacked, face-to-face stacked, and non-stacked conformations in a vacuum (Fig. 18). The
PMF and FEP calculations suggested that the most thermodynamically stable conformers in
water were the tilted T-shaped stacked and non-stacked conformers. The *H NMR result of 60
in D,O and DMSO-dg at 22 °C revealed that both the tilted T-shaped stacked and nonstacked
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conformers were populated in DO and DMSO-ds. Furthermore, population of the tilted T-
shaped stacked conformation was greater in D,O than in DMSO-ds. These results, therefore,
suggested that the hydrophobic effect played an important role in the stacking interaction of 60
in water. On the basis of the above study it was concluded that indole was not a good moiety

for studying arene interaction.
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Figure 23. Conformations of 60 identified from the conformational search.

The research group at CSIR-CDRI, Lucknow has been working on pyrazolo[3,4-d]pyrimidine
(PP) core based polymethylene, especially, trimethylene linker compounds for investigating the
conformation directing roles of arene—arene interactions. In 1995, Avasthi et al. reported, for
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the first time, the use of PP ring system (61) which is isomeric with biologically significant

purine (62) system for studying aromatic n—m interaction (Fig. 24).
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66 R=jso-Pr, n=3
Figure 24. Pyrazolo[3,4-d]pyrimidine based trimethylene compounds.

The most important feature of these new fully flexible models is that they do not contain any
strong ionizing groups such as OH, NH, NH,, SH etc., capable of forming classical H-bonding.
This strategy was devised so that contribution of weaker arene—arene interactions towards
conformation control, if any, could be determined without interference of stronger conventional
H-bonding. Synthesis of the 1,3-bis(4,6-dimethylsulfanyl-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propane (63, Fig. 24) was reported as the first example based on PP core which showed
unusual intramolecular arene-arene stacking interactions in solution by 'H NMR data
analysis.®
This unusual folding was due to intramolecular stacking as confirmed by X-ray
crystallographic studies. The X-ray crystal structure revealed that 63 was folded at the centre of
the trimethylene
bridge to form an unusual U-motif and the two PP rings were nearly planar with an angle
between the least-squares planes of 13.2° (ORTEP diagram shown in Fig. 25).%® The centroids
of these two interacting moieties are represented as X1A and X1B. The X1A to X1B distance is
3.71 A which confirms that the two aromatic moieties are stacked due to intramolecular n—n

interaction.
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Figure 25. ORTEP diagram of 63 with atomic numbering scheme.

Robustness of the unusual U-motif formed due to intra-molecular stacking in 63 was further
confirmed in ethyl- (65)* and iso-propyl analogs (66)°° as shown in Fig. 26 and 27
respectively. Interestingly, while all the three compounds showed unusual U-motif, only 63 and

65 showed comparable intermolecular stacking.

Figure 26. ORTEP diagram of 65 with atomic numbering scheme.
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Figure 27. ORTEP diagram of 66 with the atomic labeling scheme.

The most striking effect of the bulky iso-Pr group in 66 was the disappearance of
intermolecular 7—m interaction and appearance of an intermolecular CH...7 interaction between

methyl of an iso-Pr group and the PP ring of the adjacent molecule (CH...n = 3.12 A) (Fig. 28).
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Figure 28. (a) Packing diagram of 63 showing intermolecular stacking between pyrazolo and
pyrimidino rings. (b) Crystal-packing diagram of 66 showing the intermolecular
CH...= stacking interactions (dashed lines).
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Surprisingly, compound 67, which was positional isomer of compound 63, did not show
intramolecular stacking by X-ray crystallography (Fig. 29).°® Thus, indicating that proper

Figure 29. ORTEP diagram of 67 showing open conformation.**

positioning of the trimethylene linker to achieve proper orientation of two involved arenes was
crucial and mere presence of a trimethylene linker was not enough to show intramolecular
stacking in dissymmetrical arene system.

Avasthi et al. later on reported synthesis®” and X-ray structures of 69° derived from 63 via
intermediate 68 (Fig. 30). Proton NMR data analysis of this compound like earlier compounds
(63, 64 and 65) indicated intramolecular stacking.®® Formation of the unusual U-motif due to

O o)

68:R=H,

69: R = Me,
70: R = Me,
71: R = CH,Ph,

whoww

33 33

Figure 30. Homolog of 63 and compounds derived from 63.

intramolecular stacking was also confirmed by X-ray crystallography. Intramolecular folding
and dimerization of the molecule due to CH...O interaction are shown in Fig. 31. Significance

of trimethylene linker for facilitating intramolecular stacking, from crystal engineering point
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Figure 31. Dimerization of the molecule 69 due to CH...O interaction.

of view was further highlighted by the fact that 70, a higher homolog of 64, did not show any
intramolecular stacking by *H NMR data analysis®” and in fact a fully extended, normally

expected, conformation was observed by X-ray crystallography®® (Fig. 32).

Figure 32. Displacement ellipsoid plot (50% probability), showing the molecular
structure of 70 with the atomic labeling scheme.

Later on the first pair of two isomeric, dissymmetric trimethylene compounds 72 and 73
(Fig. 33) based on PP was reported by Avasthi et al. (2006).” Compound 72 showed folded
conformation in solution as well as in solid state due to m—m interaction while 73 was open in

solution. The same group synthesized dissymmetrical trimethylene compound 74 by replacing
one PP core of the first compound 63 by triazolo[4,5-d]pyrimidine based residue for NMR and
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Figure 33. ORTEP Diagram of 72 (at 30% probability level) with atomic labeling scheme.

X-ray crystallographic study.” The compound was folded both in solution and solid state due

to intramolecular n—m stacking interaction (Fig. 34).
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Figure 34. ORTEP diagram of 74 showing intramolecular arene—arene interaction.

To expand the generality and scope of the truly flexible models for studying arene interactions

substituent effect were studied by the same group”?
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Recently, 'H NMR, CD and X-ray crystallographic study on related PP core based
polymethylene compounds (75-76, Fig. 35) have been reported by research group from BHU,
India. These were folded in solution by *H NMR and CD studies, however, X-ray

crystallography of 76a showed an open conformation (Fig. 35).”
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Figure 35. 4-Methylsulfanylpyrazolo[3,4-d]pyrimidine based ethylene and propylene compounds.”

Brief review of the literature work on arene interaction shows that nature of such interaction
is not well understood yet and more experimental and theoretical research needs to be done for

their successful application to areas like stereochemistry,?**? 539

supramolecular chemistry,
crystal engineering’® and drug-development.*

In continuation of our work on PP core based polymethylene compounds for investigating the
conformation directing roles of arene—arene interactions we wanted to see the effect of
increasing the number of ring nitrogen in the pyrazole portion of pyrazolo[3,4-d]pyrimidine
nucleus. In this chapter synthesis and characterization of triazolo[4,5-d]pyrimidine core based
dissymmetric polymethylene compounds are reported. The results obtained by these studies can
be applied for the purine related systems as this system can also be considered as 8-azaanalog

of purine.
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Due to its structural resemblance with the biological important purine nucleus triazolo[4,5-d]-
pyrimidines (8-azapurines) are important molecules from biological point of view and are
perceived to have useful properties as antimetabolites in purine biochemical reactions. In
literature several triazolo[4,5-d]pyrimidine and triazolo[4,5-d]pyrimidine nucleosides have
been synthesized and studied for its biological activities.”” Thus these compounds have been
studied as adenosine deaminase inhibitors.” In vitro and in vivo studies of nickel complexes
with triazolo[4,5-d]pyrimidine derivatives have been found active against Trypanosoma cruzi
which causes Chagas’ disease.” Triazolo[4,5-d]pyrimidine derivatives have also been shown
to inhibit phosphoinositide 3-kinases (PI3K) as well as mTOR (mammalian target of
rapamycin).”*® Studies have shown that these type of compounds can act as antagonists of the
human A,a adenosine receptor.” In vivo studies in rats and dogs have shown affinity of
triazolo[4,5-d]pyrimidine derivatives to bind to corticotropin-releasing factor receptor.”® Also
nucleosides of triazolo[4,5-d]pyrimidine derivatives have been known to possess antiviral

activity,”"® and antitumor activity.”

1.2 Objective

1. Synthesis, '"H NMR and X-ray crystallographic study of triazolo[4,5-d]pyrimidines core
based symmetric polymethylene compounds for studying arene interaction in solution and

solid state.

2. To submit the compounds for biological activity.

1.3 Synthesis and characterization

[1,2,3]Triazolo[4,5-d]pyrimidines can in principle be synthesized by either a triazole-first
approach (assembly of a suitably substituted triazole followed by cyclization) or the
pyrimidine-first approach (assembly of a suitable substituted pyrimidine followed by
cyclization). Both approaches have been described in the literature,’® with the triazole-first
approach particularly described in the published literature’” and the pyrimidine-first approach
described in the patent literature’ (Scheme 1).
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(i) Triazole-first approach:
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Scheme 1: Literature methods for the synthesis of triazolo[4,5-d]pyrimidine system.

1.3.1 Synthesis and characterization of 1,n-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-3-yl)alkane (82a-e, Scheme 2) and 3-butyl-5,7-bis(methylthio)-3H-[1,2,3]-
triazolo[4,5-d]pyrimidine (87, Scheme 3).

For the preparation of dimers of triazolo[4,5-d]pyrimidines required for our study we first
synthesized the triazolopyrimidine base using the procedures described in the literature.”® The
reaction of triazolo[4,5-d]pyrimidine with 1,3-dibromopropane gave very complex reaction
mixture which was very difficult to separate through column chromatography. Moreover, the
yield of the most important compound in our study 1,3-bis(5,7-bis(methylthio)-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)propane (82b) which we were able to separate by repeated
coloum chromatography and crystallization was very low (< 5%). So we decided to approach
this problem through triazole first approach. This method has two advantage (i) only one
isomer is obtained as product and that too the required compounds 1,n-bis(5,7-bis(methylthio)-
3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)alkane (82a-e) in good yields (ii) purification of
compounds, for synthetic purpose, column chromatography was not required. General
Procedure for synthesis of 1,n-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-

yl)alkane is shown in the following Scheme 2 and described in experimental section.
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Scheme 2: General Procedure for synthesis of 1,n-bis(5,7-bis(methylthio)-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)alkanes (82a-¢)

The respective monomer 3-butyl-5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidine (87),
required as reference compound in the *H NMR study was synthesized using the same
approach as in Scheme 2 and is shown in Scheme 3.
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Scheme 3: General Procedure for synthesis of 3-butyl-5,7-bis(methylthio)-3H-
[1,2,3]triazolo[4,5-d]pyrimidine (87).

The first step in this synthetic Scheme 2 and 3 is preparation of azide from halides and is well
reported in literature.®® Since azides are potentially explosive compounds so they were not
stored and were used as soon as they were prepared for next step.

The next step consists of condensation reaction of these azides with malononitrile to obtain
the aminocyano triazole ring which was characterized by the help of mass and *H NMR data.
The reaction of azides with active methylene compounds such as malononitrile,
ethylacetoacetate, etc. are well reported in literature.®
Aminocyano triazole ring thus formed is condensed with carbon disulfide to generate the
pyrimidine ring. This type of reaction is also well reported in literature for the preparation of

pyrazolo[3,4-d]pyrimidine ring.*

in which pyridine is used as a base and as a solvent.
However a variation in the reaction condition had to be made in case of triazolo pyrimidine
case. The above reaction is dependent both upon basicity of the amino group and upon the
ability of the o-situated nitrile group to act as a site for nucleophillic addition. In case of
reaction of aminobenzonitriles with carbon disulfide in pyridine it has been reported that 2-
amino-5-methoxybenzonitrile reacts rapidly with carbon disulfide in pyridine to give the
corresponding quinazoline-2,4(1H,3H)-dithione in quantitative yield while on the other hand,
2-amino-5-nitrobenzonitrile failed to react even after prolonged heating with carbon disulfide
in pyridine.®

Since triazolo ring (80 and 85) is more electron deficient than the corresponding pyrazole ring
the basicity of the amino group attached to the ring is less and hence the lone pair of the amino

group is not readily available for reacting with carbon disulfide and reaction does not proceed
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smoothly. However the reaction proceeds smoothly and at r.t. when cesium carbonate is used as
a base and DMF as a solvent. The use of a stronger base like cesium carbonate in DMF is that it
abstracts the proton of the amino group and thus the attack on the carbon of carbon disulfide
takes place and the reaction proceeds smoothly as before. This reaction also proceeds with ease
in case of NaH/ DMF condition at low temperature (5° C - 10° C) and in K,COs/ DMF
condition at 40° C. Therefore a base which is strong enough to abstract the proton from the
amino group is required to initiate the reaction and hence cesium carbonate as a base and DMF
as a solvent is used for the reaction of compounds 80 and 85 with CS,. These compounds were
characterized mainly by analyzing the mass spectra.

Finally, methylation of the thiol groups yielded the required compound (82 sand 87). The
characterization of these compounds was done by analyzing the Mass and *HNMR data and is
described in the experimental section. In the ‘HNMR spectra of compound 87 the two SMe
protons appears at 2.75 and 2.64 ppm.

Proton NMR of compound 82a shows two singlets at & 2.40 and 2.72 for two SMe groups and a
singlet at § 5.12 for NCH,. Mass spectrum shows base peak corresponding to [M+H]" at m/z
453.

Proton NMR of compound 82b shows two singlets at 6 2.50 and 2.75 for two SMe groups, a
quintet at 6 2.89 for CH; protons and a triplet at 6 4.60 for NCH,. Mass spectrum shows base
peak corresponding to [M+H]" at m/z 467.

Proton NMR of compound 82c shows a broad singlet at 6 2.05 for CH; protons, two singlets at
8 2.60 and 2.75 for SMe, a broad singlet at 6 4.64 for NCH; protons. Mass spectrum shows
base peak corresponding to [M+H]" at m/z 481.

Proton NMR of compound 82d shows two multiplets between & 1.36-1.44 and 2.02-2.15 for
CH, protons, two singlets at 6 2.61 and 2.75 for SMe, a broad singlet at 6 4.56 for NCH,
protons. Mass spectrum shows base peak corresponding to [M+H]" at m/z 495.

Proton NMR of compound 82e shows two broad singlets at 6 1.40 and 2.00 for CH, protons,
two singlets at & 2.63 and 2.75 for SMe, a broad singlet at 6 4.56 for NCH; protons. Mass
spectrum shows base peak corresponding to [M+H]" at m/z 509.
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Proton NMR of compound 87 shows multiplets between & 0.92-1.00 for CHs, between 6 1.30-
1.40 and 1.94-2.04 for CHy, between 6 4.54-4.60 for NCH; and two singlets at 6 2.64 and 2.75
for SMe,. Mass spectrum shows base peak corresponding to [M+H]" at m/z 270.

To study the effects of substitution on arene interactions 5- SMe and 7-SMe group were
substituted by various electron withdrawing and electron donating groups as described in

following sections.

1.3.2 Nucleophilic substitution reactions at 5 and 7 positions

The SMe group at 7-position of compounds (82a-e) can be easily substituted by various
nucleophiles like pyrrolidine, methoxide ion, hydroxide ion etc. to give 7-substituted
pyrrolidino, methoxy and hydroxyl substituted products. The SMe group at 5-positions has to
be first converted to SO,Me, a better leaving group, for substitution reaction by a nucleophile

like methoxide ion.

1.3.2.1 Nucleophilic substitution of 7-methylsulfanyl group by pyrrolidino group.

1.3.2.1.1 Synthesis and characterization of 1,2-bis(5-methylthio-7-pyrrolidin-1-yl-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)ethane (88a, Scheme 4), 1,3-bis(5-methylthio-7-
pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)propane  (88b,  Scheme 4),
Synthesis of 1,4-bis(5-methylthio-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
yl)butane  (88c, Scheme 4) and  3-butyl-5-methylthio-7-pyrrolidin-1-yl-3H-
[1,2,3]triazolo[4,5-d]pyri-midine (89, Scheme 4).

The reaction of compound 82a-c and 87 with pyrrolidine under refluxing conditions yielded
compound 88a-c and 97 respectively in which 7 SMe group is replaced by pyrrolidino group
(Scheme 4) and was purified by column chromatography. The corresponding monomer (89)
was synthesized from compound 87 under similar conditions (Scheme 4). Compound was

characterized by NMR and mass spectrometric techniques.
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Scheme 4: General Procedure for synthesis of pyrrolidine derivatives.

Proton NMR of compound 88a shows a multiplet between & 1.94-2.16 for pyrrodinyl CH,, a
singlet at 6 2.41 for SMe, two multiplets between & 3.70-3.80 and 4.10-4.20 for pyrrodinyl
NCH, and & 5.01 for NCH,. Mass spectrum shows base peak corresponding to [M+H] * at m/z
499.

Proton NMR of compound 88b shows a multiplet between 6 1.94-2.20 for pyrrodinyl CH,, a
singlet at & 2.49 for SMe, a quintet at 6 2.75 for CHy, two triplets at & 3.79 and 4.21 for
pyrrodinyl NCH,, and a triplet at & 4.57 for NCH,. Mass spectrum shows base peak
corresponding to [M+H]" at m/z 513.

Proton NMR of compound 88c shows a multiplet between & 1.94-2.10 for pyrrodinyl CH,, a
multiplet between 6 2.11-2.18 for CHjy, a singlet at & 2.54 for SMe, two multiplets between &
3.77-3.83 and 4.17-4.23 for pyrrodinyl NCH3, and a multiplet between o 4.55-4.58 for NCH,.
Mass spectrum shows base peak corresponding to [M+H]" at m/z 527.

Proton NMR of compound 89 shows a multiplet between 6 0.90-0.99 for CHs, a multiplet
between & 1.30-1.44 for CH,, a multiplet between 6 1.90-2.20 for pyrrodinyl and linker CH; a
singlet at 6 2.58 for SMe,  two triplets at 6 3.80 and 4.22 for pyrrodinyl NCHp, and a triplet at &
4.49 for NCH,. Mass spectrum shows base peak corresponding to [M+H]" at m/z 293.
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1.3.2.2 Nucleophilic substitution of 7-methylsulfanyl group by methoxy group

1.3.2.2.1 Synthesis and characterization of 1,2-bis(7-methoxy-5-(methylthio)-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)ethane (90a, Scheme 5), 1,3-bis(7-methoxy-5-
(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)propane (90b, Scheme 5), 1,4-bis(7-
methoxy-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)butane (90c, Scheme 5) and
3-butyl-7-methoxy-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidine (91, Scheme 5).

Reaction of compound 82a-c with NaOMe in methanol under refluxing conditions yielded 90a-
c respectively in which 7-SMe is replaced by 7-OMe group (Scheme 5) and was purified by
column chromatography. The corresponding monomer (91) was synthesized from compound
87 under similar conditions (Scheme 5). Compounds were characterized by NMR and mass

spectrometric techniques.
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Scheme 5: General Procedure for synthesis of methoxy derivatives.

Proton NMR of compound 90a shows , a singlet at 6 2.40 for SMe,, a singlet at 6 4.20 for OMe,
and & 5.13 for NCH,. Mass spectrum shows base peak corresponding to [M+H] " at m/z 421.

Proton NMR of compound 90b shows a singlet at 6 2.49 for SMe, a quintet at & 2.90 for CHy, a
singlet at & 4.24 for OMe and a triplet at 6 4.60 for NCH,. Mass spectrum shows base peak
corresponding to [M+H] " at m/z 435.

Proton NMR of compound 90c shows a broad singlet at 6 2.05 for CHy, a singlet at 6 2.60 for
SMe, a singlet at & 4.24 for OMe and a broad singlet at 6 4.65 for NCH, . Mass spectrum shows
base peak corresponding to [M+H]" at m/z 449.
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Proton NMR of compound 91 shows a multiplet between & 0.90-1.00 for CHs, two multiplet
between 6 1.31-1.40 and 1.94-2.02 for CH,, a singlet at 6 2.64 for SMe, a singlet at & 4.24 for
OMe and a multiplet between 6 4.52-4.60 for NCH,. Mass spectrum shows base peak
corresponding to [M+H]" at m/z 254.

1.3.2.3 Nucleophilic substitution of 7-methylsulfanyl group by hydroxy group

1.3.2.3.1 Synthesis and characterization of 3,3'-(ethane-1,2-diyl)bis(5-methylthio-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one) (92a, Scheme 6), 3,3'-(propane-1,3-diyl)bis(5-
(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one) (92b, Scheme 6), 3,3'-(butane-
1,4-diyl)bis(5-(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one) (92c, Scheme 6)
and 3-butyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one (93, Scheme 6).

Reaction of Compound 82a-c with ag. NaOH in methanol under refluxing conditions yielded
compound 92a-c respectively (Scheme 6) and was purified using the procedure described in
the experimental section. The corresponding monomer (93) was synthesized from compound
87 under similar conditions (Scheme 6). Compound was characterized by NMR and mass

spectrometric techniques.
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Scheme 6: General Procedure for synthesis of hydroxy derivatives.

Proton NMR in DMSO-dg of compound 92a shows, a singlet at 6 2.28 for SMe, a singlet at &
4,97 for NCH;, and a broad singlet at 6 14.10 for NH. Mass spectrum shows base peak
corresponding to [M+H] " at m/z 393.
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Proton NMR in DMSO-dg of compound 92b shows, a singlet at & 2.40 for SMe,, a broad singlet
at singlet 6 2.72, a singlet at at & 4.43 for NCHp, and a broad singlet at 6 12.81 for NH. Mass
spectrum shows base peak corresponding to [M+H] " at m/z 393.

Proton NMR in DMSO-ds of compound 92c¢ shows a broad singlet at 6 1.90 for CH,, a singlet
at 6 2.52 for SMe, a singlet at & 4.53 for NCH; and a broad singlet at 6 12.81 for NH. Mass
spectrum shows base peak corresponding to [M+H]" at m/z 421.

Proton NMR in DMSO-dg of compound 93 shows a multiplet between & 0.85-0.95 for CHa,
two multiplet between ¢ 1.22-1.29 and 1.82-1.94 for CH,, a singlet at 6 2.59 for SMe, and a
multiplet between 6 4.46-4.50 for NCH,. Mass spectrum shows base peak corresponding to
[M+H]" at m/z 240.

1.3.2.4 Conversion of 7-hydroxy group to 7-chloro group®'

1.3.2.4.1 Synthesis and characterization of 1,2-bis(7-chloro-5-methylthio-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)ethane (94a, Scheme 7), 1,3-bis(7-chloro-5-methylthio-
3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)propane (94b, Scheme 7), 1,4-bis(7-chloro-5-
methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)butane (94c, Scheme 7) and 3-butyl-7-
chloro-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidine (95, Scheme 7).

Reaction of compound 92a-c with a mixture of SOCI, and DMF in boiling CHCI; yielded 94a-
c respectively which has a chloro group at 7 position (Scheme 7). Reaction of compound 92a-c
with POCIs under refluxing conditions or at heating condition (70° C) gave a resin like product
which could not identified. The chloro group at 7-position is very reactive and chances of
polymerization under POCI; condition are high. Therefore a milder condition of SOCI, + DMF
is required to convert the hydroxyl group to chloro group.2!® The corresponding monomer (95)
was synthesized from compound 93 under similar conditions (Scheme 7). The compound was
purified using column chromatography and was characterized by NMR and mass spectrometric
techniques.
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Scheme 7: General Procedure for synthesis of chloro derivatives.

Proton NMR of compound 94a shows, a singlet at 3 2.46 for SMe, and & 5.21 for NCH,. Mass
spectrum shows base peak corresponding to [M+H] " at m/z 429.

Proton NMR of compound 94b shows a singlet at 6 2.55 for SMe, a quintet at 6 2.95 for CH>
and a triplet at § 4.69 for NCH,. Mass spectrum shows base peak corresponding to [M+H] * at
m/z 444,

Proton NMR of compound 94c shows a broad singlet at 5 2.12 for CHa, a singlet at & 2.62 for
SMe, and a a broad singlet at 5 4.70 for NCH,. Mass spectrum shows base peak corresponding
to [M+H]" at m/z 458.

Proton NMR of compound 95 shows a triplet at 6 0.99 for CHs, two multiplet between 6 1.30-
1.44 and 2.00-2.10 for CHy, a singlet at & 2.66 for SMe, and a triplet at 6 4.64 for NCH,. Mass
spectrum shows base peak corresponding to [M+H]" at m/z 258.

1.3.2.5 Methylation of 3,3'-(alkane-1,n-diyl)bis(5-(methylthio)-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-7(6H)-one).

1.3.25.1 Synthesis and characterization of 3,3'-(ethane-1,2-diyl)bis(6-methyl-5-
methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one) (96a, Scheme 8), 3,3'-(propane-
1,3-diyl)bis(6-methyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one) (96b,
Scheme 8), 3,3'-(butane-1,4-diyl)bis(6-methyl-5-methylthio-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-7(6H)-one) (96c, Scheme 8), and 3-butyl-6-methyl-5-methylthio-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one (97, Scheme 8).
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Reaction of compound 92a-c with methyl iodide using sodium hydroxide in water at r.t. yielded
96a-c as a major product (> 95% of total product) and compound 90a-c as a minor product (<
5% of total product) respectively (Scheme 8). The corresponding monomer (97) was
synthesized from compound 93 under similar conditions (Scheme 8). The compounds were
separated by column chromatography and were characterized by NMR and mass spectrometric

techniques.
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Scheme 8: General Procedure for synthesis of 6-N-methyl derivatives.

Proton NMR of compound 96a shows, a singlet at & 2.33 for SMe, a singlet at & 2.65 for NMe,
and & 5.02 for NCH,. Mass spectrum shows base peak corresponding to [M+H] " at m/z 421.

Proton NMR of compound 96b shows a singlet at 6 2.44 for SMe, a quintet at & 2.97 for CHy, a
singlet at 6 3.58 for NMe and a triplet at 6 4.40 for NCH,. Mass spectrum shows base peak
corresponding to [M+H] " at m/z 435.

Proton NMR of compound 96¢ shows a broad singlet at 6 2.06 for CH,, a singlet at 6 2.59 for
SMe, | a singlet at 6 3.60 for NMe and a broad singlet at 6 4.52 for NCH, . Mass spectrum
shows base peak corresponding to [M+H]" at m/z 449.

Proton NMR of compound 97 shows a triplet at 6 0.97 for CHs, a multiplet between & 1.28-
1.44, a quintet at  1.99 for CHy, a singlet at 8 2.67 for SMe, a singlet at & 3.62 for NMe and a
triplet at § 4.50 for NCH,. Mass spectrum shows base peak corresponding to [M+H] * at m/z
254,

41



1.3.2.6 Nucleophilic substitution of 7-chloro group by dimethylamino group.

1.3.2.6.1 Synthesis and characterization of 3,3'-(propane-1,3-diyl)bis(N,N-dimethyl-5-
methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7-amine) (98, Scheme 9), 3-butyl-N,N-
dimethyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7-amine (99, Scheme 9).

Reaction of compound 94b with 50% aqueous dimethylamine solution at 80°C in a steel bomb
yielded compound 98 and was purified by column chromatography (Scheme 9). The
corresponding monomer (99) was synthesized from compound 95 under similar conditions

(Scheme 9). Compounds were characterized by NMR and mass spectrometric techniques.

cl cl NMe, NMe,
A JON NI PN N N
~ . N > N . . p7
Mes” N~ N—">—N""N" "SMe sgo°c, 6h MeS” N7 N—">—N""N" “sMme
94b 98
cl NMe,

N 50% dimethylamine
/’\I‘\;I N solution NZ | N‘N
N reflux, 4h s ‘

Scheme 9: General Procedure for synthesis of dimethylamino derivatives

Proton NMR of compound 98 shows a singlet at 6 2.49 for SMe, a quintet at & 2.75 for CHy,
two singlets at & 3.33 and 3.83 for NMe and a triplet at & 4.57 for NCH,. Mass spectrum shows
base peak corresponding to [M+H] " at m/z 461.

Proton NMR of compound 99 shows a multiplet between & 0.92-0.99 for CHs, two multiplet
between 6 1.30-1.40, a quintet at 3 1.96 for CHy, a singlet at & 2.58 for SMe, two singlets at o
3.34 and 3.83 for NMe and a triplet at 6 4.49 for NCH,. Mass spectrum shows base peak
corresponding to [M+H] " at m/z 267.

1.3.2.7 Oxidation of 5-methylsulfanyl group to 5-methylsulfonyl group.

1.3.2.7.1 Synthesis and characterization of 1,3-bis(5-methylsulfonyl-7-pyrrolidin-1-yl-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)propane (100, Scheme 10), 1,2-bis(7-methoxy-5-
methylsulfonyl-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)ethane (10la, Scheme 10), 1,3-
bis(7-methoxy-5-methylsulfonyl-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)propane  (101b,
Scheme 10), 3-butyl-5-methylsulfonyl-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-d]pyri-
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midine (102, Scheme 10) and 3-butyl-7-methoxy-5-methylsulfonyl-3H-[1,2,3]triazolo[4,5-
d]pyrimidine (103, Scheme 10).

Reaction of compound 88b in acetone with oxone dissolved in minimum amount of water at 0°
C yielded compound 100 respectively in which 5-SMe is oxidized to 5-SO,Me group (Scheme
10). Similarly reaction of compound 90a-b with oxone yielded compound 10la-b (Scheme
10). The compounds were purified by column chromatography and were characterized by
NMR and mass spectrometric techniques.

/5: f\ Oxone, Acetone /5: f\
)\ e MeOZS)\ N~ )\SOZMe

Me 0°C/8h
OMe OMe OMe OMe
N7 N N SN Oxone, Acetone N7 N N SN
AN N T NN
MeS™ “N” "N—cp=N" "N” “SMe 0°C, 8h Me0,S™ "N™ "N—cH,i~N" "N” "SO,Me
90a; n=2 101a; n=2
%0b;n=3 101b; n=3
N N
_ N Oxone, acetone
N | N O~ 1 an N~ N,
s ) 0°C-r.t./8h s I N
N X ’
Mes™ "N” N~ Me0,8~ "N~ N~~~
89 102
OMe OMe
N7 N, Oxone, acetone N7 N
MeS)\\N | N'N 0°C-r.t /gh MeO S/k\N | ’\}N
2
N N 103

Scheme 10: General Procedure for synthesis of methylsulfonyl derivatives.

Proton NMR of compound 100 shows a multiplet between & 2.00-2.30 for pyrrodinyl CH,, a
quintet at & 2.90 for CH,, a singlet at & 3.28 for SO,Me, two triplets at & 3.88 and 4.29 for
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pyrrodinyl NCH,, and a triplet at & 4.64 for NCH,. Mass spectrum shows base peak
corresponding to [M+H]* at m/z 577.

Proton NMR of compound 101a shows, a singlet at 6 3.27 for SO;Me, a singlet at & 4.37 for
OMe, and § 5.36 for NCH,. Mass spectrum shows base peak corresponding to [M+H] * at m/z
484.

Proton NMR of compound 101b shows a quintet at & 3.02 for CH; a singlet at 6 3.38 for
SO;Me, a singlet at 6 4.41 for OMe and a triplet at 6 4.80 for NCH,. Mass spectrum shows base
peak corresponding to [M+H] " at m/z 499.

Proton NMR of compound 102 shows a triplet at 6 0.97 for CHs, a multiplet between & 1.28-
1.42 for CH,, a multiplet between & 1.90-2.20 for pyrrodinyl and linker CH, a singlet at 6
3.35for SO;Me, two triplets at 8 3.90 and 4.30 for pyrrodinyl NCH>, and a triplet at 6 4.61 for

NCH,. Mass spectrum shows base peak corresponding to [M+H]" at m/z 325.

Proton NMR of compound 103 shows a multiplet between & 0.94-1.04 for CHs, two multiplet
between & 1.36-1.44 and 1.98-2.06 for CH,, a singlet at & 3.42 for SO;Me, a singlet at 6 4.26 for
OMe and a multiplet between 6 4.58-4.64 for NCH,. Mass spectrum shows base peak
corresponding to [M+H]" at m/z 286.

1.3.2.8 Nucleophilic substitution of 5-methylsulfonyl group by methoxy group.

1.3.2.8.1 Synthesis and characterization of 1,3-bis(5,7-dimethoxy-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-3-yl)propane (104, Scheme 11) and 3-butyl-5, 7-dimethoxy-3H-
[1,2,3]triazolo[4,5-d]pyrimidine (105, Scheme 11).

Reaction of compounds 101b with sodium methoxide under refluxing conditions yielded
compound 104 (Scheme 11). The corresponding monomer (105) was synthesized from
compound 103 under similar conditions (Scheme 11). The compounds were purified by

column chromatography and were characterized by NMR and mass spectrometric techniques.
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Scheme 11: General procedure for synthesis of 5, 7-dimethoxy derivatives.

Proton NMR of compound 96 shows a quintet at 6 2.84 for CH, protons, two singlets at 6 4.01
and 4.24 for OMe, and a triplet at 6 4.63 for NCH,. Mass spectrum shows base peak
corresponding to [M+H] " at m/z 403.

Proton NMR of compound 105 shows multiplets between 6 0.88-0.94 for CHs, between 6 1.28-
1.38 and 1.92-2.01 for CH,, two singlets at 6 4.20 and 4.24for OMe and a multiplet between &
4.54-4.60 for NCH,. Mass spectrum shows base peak corresponding to [M+H]" at m/z 238.

1.4 Result and discussion

The present study was undertaken to determine the effect of increasing number of ring nitrogen
on the robustness of the U-motif seen in 4,6-disubstituted-1H-pyrazolo[3,4-d]pyrimidine
compounds from molecular recognition and crystal engineering point of view. Generally,
electronic effects are considered to play significant role in stacking interactions. Earlier studies
on pyrazolo[3,4-d]pyrimidine based symmetrical and dissymmetrical polymethylene especially
trimethylene compounds revealed that 4,6-dialkylsulfanyl-1H-pyrazolo[3,4-d]pyrimidine had
strong stacking tendency.®*"? Thus, we decided to synthesize symmetrical polymethylene 5,7-
disubstituted-triazolo[4,5-d]pyrimidine compounds in which CH of the pyrazolo part of
pyrazolo[3,4-d]pyrimidine nucleus is replaced by nitrogen. This introduction of nitrogen in ring
was expected to bring a profound change in the electronic distribution of the nucleus and thus
might have significant change in the solution and solid state conformation of the molecule and
thus on the stacking behavior of the molecule. Moreover 3,5,7-trisubstituted[1,2,3]triazolo[4,5-
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d]pyrimidines can be considered as 8-aza analogues of more important biologically relevant
purine molecules. Thus the information obtained through such studies can also be useful in the
better understanding of the functioning of such molecules in various processes like molecular

recognition and drug receptor interactions.

1.4.1 *H NMR study.

Magnetic anisotropy induced by the aromatic n—electrons which is manifested as an
upfield shift in & values of the affected protons has been used to probe the
intramolecular proximity by *H NMR spectroscopy. One of the most useful strategies
employed to study arene interactions include connecting two aromatic moieties with
polymethylene linker so that arene interactions could be studied by *H NMR spectroscopy at
molecular level. *°*3-° This is because *H NMR is normally done in solution phase at very low
concentration so no intermolecular interactions can be seen as the molecules are away from
each other and surrounded by excess solvent molecules. Therefore, to convert intermolecular
(supramolecular) problem into intramolecular one, flexible models consisting of two arene
residues and a polymethylene linker, are used. This way a properly placed linker, especially a
trimethylene linker, between two arene residues helps detection of the APPI (aromatic n—=n

interaction) by *H NMR in solution.

This present study was carried out to investigate the effect of varying the separation between
the rings on the magnitude of stacking interaction in the series Ar-(CH,),-Ar where Ar = 5,7-
bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidine and n = 2-6. The effect of substituents on
APPI of triazolo[4,5-d]pyrimidine compounds was also investigated.

As in case of 4,6-dimethylsulfanyl-1H-pyrazolo[3,4-d]pyrimidine where the 6-SMe protons
shows considerable upfield shift in the *"H NMR study,®” the corresponding 5-SMe protons in
dimers of 5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidine (82a-e) show upfield shift in
the *H NMR study as compared to the monomer compound 3-butyl-5,7-bis(methylthio)-3H-
[1,2,3]triazolo[4,5-d]pyrimidine (87). Also the upfield shifts decreases gradually as we move
from n = 2 to n = 6. (Tablel). This shows that the aromatic moieties spend less time near to
each other as the length of the linker increases i.e. longer linker leads to greater time-average
separation of the two rings connected by the longer chain. For n = 2 the difference in the
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chemical shifts of the methylsulfanyl protons as compared to the monomer methylsulfanyl
proton is 0.24 ppm; for n = 3 it is 0.14 ppm; for n =4 it is 0.04; for n =5 it is 0.03 ppm; and for
n =6 it is 0.01 ppm. Thus, significant upfield shift for the methylsulfanyl protons takes place

only when n = 2/3. This trend is quite similar to the trend seen in corresponding PP compounds.

Table 1: Important *H NMR shifts

R1
NﬁN‘\ t f
| N
Rz)\ N/ N< CHgj )\ /k
“(CHy)3 (CHz)n
87, 89, 91, 95, 99, 102, 103, 105 82, 88, 90, 94, 98, 100, 104
O

Y H Ji Ik g

(CH23 “cHY
93, 97 92,96
S. No. | Comp. n R1 R, 6 5-SMe/ | Ad =8 5- SCH5/SO,Me/OMe
no. SO;Me/ (monomer)
OMe — 05- SCH3/SO,Me/OMe

(dimeric comp.)
1 87 - SMe SMe 2.64 -
2 89 - Pyrrolidine SMe 2.58 -
3 91 - OMe SMe 2.64 -
4 93 - H SMe 2.59 -
5 95 - Cl SMe 2.66 -
6 97 - Me SMe 2.67 -
7 99 - NMe;, SMe 2.58 -
8 102 - pyrrolidine SO;Me 3.35 -
9 103 - OMe SO,Me 3.42 -
10 105 - OMe OMe 4.20
11 82a 2 SMe SMe 2.40 0.24
12 82b 3 SMe SMe 2.50 0.16
13 82¢c 4 SMe SMe 2.60 0.04
14 82d 5 SMe SMe 2.61 0.03
15 82e 6 SMe SMe 2.63 0.01
16 88a 2 Pyrrolidine SMe 241 0.17
17 88b 3 Pyrrolidine SMe 2.49 0.09
18 88c 4 Pyrrolidine SMe 2.54 0.04
19 90a 2 OMe SMe 2.40 0.24
20 90b 3 OMe SMe 2.49 0.15
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21 90c 4 OMe SMe 2.60 0.04
22 92a 2 H SMe 2.28 0.31
23 92b 3 H SMe 2.40 0.18
24 92¢ 4 H SMe 2.52 0.07
25 94a 2 Cl SMe 2.46 0.20
26 94b 3 Cl SMe 2.55 0.11
27 94c 4 Cl SMe 2.62 0.04
28 96a 2 Me SMe 2.33 0.34
29 96b 3 Me SMe 2.44 0.24
30 96¢ 4 Me SMe 2.59 0.08
31 98 3 NMe;, SMe 2.49 0.09
32 100 3 pyrrolidine SO;Me 3.28 0.07
33 101a 2 OMe SO,Me 3.27 0.13
34 101b 3 OMe SO,Me 3.35 0.07
35 104 3 OMe OMe 4.01 0.19

Thus, for n = 4-6 upfield shift for the methylsulfanyl protons is not significant indicating
products stay most of the time in open/extended conformation. However, in case of ethylene
linker i.e., n = 2 the aromatic moieties cannot attain parallel plane conformation mainly due to
steric reasons. In this case there are two extreme possibilities; (i) the aromatic moieties can be
near to each other attaining syn or gauche conformation in which case we get an upfield shift in
the protons or (ii) the aromatic moieties can be far away from each other attaining anti
conformation in which case we do not get any upfield shift in the protons (Fig. 36). In between
these two extreme conformations infinite number of other conformations are also possible.
Similar results were seen in the dimers of 5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-
7(6H)-one (92a) and 6- methyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one

(96a) which can be considered as aza analogs of important guanine moieties.

~N Ry
NWN\A QN
N ’/“ _
R> (@) Ny R,

Figure 36. (a) Anti conformation (b) syn conformation
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To study the effect of substituents on APPI we substituted the methylsulfanyl groups at 5 and 7
positions with various electron donating substituents like methoxy, dimethylamino etc. and
various electron withdrawing substituents like chloro and sulfonyl groups. In case of ethylene
and trimethylene linker compounds on moving from weakly electron withdrawing
methylsulfanyl group (82a-b, Table 1) to weakly electron donating group methoxy group (90a-
b, Table 1) did not have any significant effect on the chemical shift of the 5-SMe protons but
on moving to the pyrrolidine group (88a-b, Table 1) which is strong electron donating in
nature, the change in the upfield shifts is reduced (from 0.24 ppm to 0.17 ppm for n =2 and
from 0.16 ppm to 0.09 ppm for n =3) which indicates to the less interaction between the
aromatic moieties. This holds for the trimethylene linker compound 98 (Table 1) which has
dimethylamino group as substituent. This decrease in interaction on increasing the electron
density follows rule of Hunter and Sanders suggested for stacking.*? In case of chloro
substituent (94) again we see a slight decrease in the difference of chemical shift (0.20 ppm,
Table 1). Chloro group is well known for having electron withdrawing effect as well as
mesomeric effect. These two effects acts in opposite direction and if mesomeric effect
outweighs the electron withdrawing effect of the chloro group the electron density of the
triazolo pyrimidine nucleus will increase and thus the stacking tendency of the triazolo
pyrimidine nucleus may decrease as suggested by the Hunters and Sanders rule.** However
when 5-SMe of the triazolo ring is oxidized to SO,Me, there is a significant decrease in the
difference of the chemical shift (0.15 ppm in 95a, n=2; 0.07 ppm in 95b, n =3 and 0.07 ppm in
94b, n =3, Table 1). In case of SO,Me group, the methyl protons are relatively far from the
nucleus as compared to the methyl protons in the SMe group. Therefore the chances of methyl
protons of sulfonyl group coming in the anisotropic region of the second ring are less and hence
the lower difference in the upfield shifts. Analogous results were seen in the case of
pyrazolo[3,4-d]pyrimidine compounds.®®* Again when SO,Me group at 5 position in compound
101 is replaced by OMe group in compound 104 the difference in the upfield shift between
compound 104 and the reference compound 105 is 0.19 (Table 1). The methyl protons in 5
OMe group is more close to the ring as compared to the methyl of the 5-SO,Me and therefore
has more chance to come in the anisotropic region of the other triazolo pyrimidine ring and
hence the increased difference (Table 1). The compounds 92a-c and 96a-c contain a

pyrimidone ring instead of pyrimidine ring and can be considered as analogues of biologically
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important guanine nucleus. The pyrimidone ring is more electron deficient than the pyrimidine
ring and thus it was expected to show more stacking propensity. The difference in the chemical
shifts between the compounds 92a-c and the reference compound 93 is 0.31, 0.18 and 0.07
respectively, which is more than the corresponding pyrimidine ring compounds (Table 1).
Also, the solvent used in recording the spectra of compounds 92a-c and 93 is DMSO-dgs which
is more polar than CDCls. It is reported in literature that polar solvents increases stacking
propensity between aromatic moieties®® and this may also be one of the reason for greater
difference in the upfield shifts in the *H NMR analysis of triazolo pyrimidone moieties 92a-c as
compared to the triazolo pyrimidine moieties (Table 1). In case of compounds 96a-c the
difference in the upfield shifts as compared to the reference compound 97 is 0.29, 0.24 and 0.08
respectively (Table 1). The *H NMR spectra of 96a-c and 97 were recorded in CDCl; and the
upfield shifts are greater than the triazolo pyrimidine ring compounds connected with the same
linker (Tablel).

This *H NMR study of the effect of changing the substituents at 5- and 7-positions of the
triazolo[4,5-d]pyrimidine and triazolo[4,5-d]pyrimidone nucleus clearly shows that the there is
little effect of changing the substituent at these positions on the conformation of the molecule
in the solution state. These results are analogous to the results earlier obtained from the study
on pyrazolo[3,4-d]pyrimidine nucleus where also we see little effect on changing the
substituent (from strong electron withdrawing cyano’? and sulfonyl®® group to electron donating
methoxy’?) on the overall conformation of the molecule. Similarly, as in case of pyrazolo[3,4-
d]pyrimidine nucleus the effect of changing the length of linker has a profound effect on the
stacking interaction. The above study shows that the stacking behavior of the triazolo[4,5-d]-
pyrimidine nucleus is quite similar to the pyrazolo[3,4-d]pyrimidine nucleus in the solution

state thus enhancing the scope of trimethylene linker for studying intramolecular interaction.
1.4.2 X-Ray crystallographic study

In this present study we were able to prepare and study crystals of 1,3-bis(7-methoxy-5-
methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)propane (90b) and 3,3'-(propane-1,3-
diyl)bis(6-methyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one) (96b). Crystal
structure of compound 90b shows folded conformation and two molecules of quite similar
conformation were present in the asymmetric unit (Fig. 37). Different intramolecular distances

and angle between the least squares planes are in the following Table 2.
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(b) Molecule 1

(c) Molecule 2

Figure 37: Crystal structure of compound 90b showing folded conformation. (a) asymmetric unit
showing two molecules (b) and (c) enlarged view of the two molecules
showing different intramolecular distances

51



Table 2: Different intramolecular distances and angle between the least squares planes of crystal

structure of 90b.

S.No. | Type of intramolecular property Molecule 1 Molecule 2
Distance in (A% Distance in (A%
and angle in (°) and angle in (°)

1. Distance between two N atoms in the two | 3.162 3.173

molecules connecting the trimethylene
linker

2. The distance between centroids of two six- | 3.507 3.471

member pyrimidine ring

3. The distance between centroids of two | 4.296 4.304

five-member triazol ring

4. The distance between centroids of two | 3.712 3.696

nine-member  triazolo[4,5-d]pyrimidine
ring

5. The distance between centroids of one | 3.615and 3.714 3.600 and 3.682

nine-member  triazolo[4,5-d]pyrimidine
ring and one six-member pyrimidine ring

6. The distance between centroids of one | 4.077 and 4.275 4.090 and 4.252

five-member triazolo ring and one six-
member pyrimidine ring

7. The distance between centroids of one | 4.039 and 4.152 4.049 and 4.141

five-member triazolo ring and nine-
member triazolo[4,5-d]pyrimidine ring
8. Angle between the least squares planes 13.37 11.46

The above distance between the two six- member pyrimidine ring is very close to the sum of
the van der waals radii of the rings which is approximately equal to 3.5 A°. This shows that
there is a strong = — = interaction between these two pyrimidine rings. The triazolo rings
are far apart from each other which show that there is no intramolecular = — =
interaction between them. The angle between the least squares planes of these triazolo[4,5-
d]pyrimidine rings shows near parallel orientation of these molecules. These results are
very similar to results obtained in the studies of similar pyrazolo[3,4-d]pyrimidine
rings.”® In fact the intramolecular distance between the two six membered pyrimidine

ring is better than the similar pyrazolo[3,4-d]pyrimidine compounds.

Crystal structure of compound 96b (Fig. 38) shows folded conformation. Various
crystallographic parameters of this molecule are shown in the table below (Table 3). This table
also shows the various crystallographic parameters for the corresponding pyrazolo[3,4-
d]pyrimidone compound 69 (Fig. 30). From this table it is clear the distances in compound
96b is shorter than the corresponding pyrazolo[3,4-d]pyrimidone compound 69 which clearly

indicates stronger n—m interaction between the two triazolo pyrimidone rings.
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Table 3: Comparision of various crystallographic parameters of
corresponding pyrazolo[3,4-d]pyrimidinone compound 69 (Fig. 30).

compound 96b and

S.No.

Type of intramolecular property

96b
Distance in (A°)
and angle in (°)

69
Distance in (A°)
and angle in (°)

Distance between two N atoms in the two
molecules connecting the trimethylene
linker

3.264

3.350

The distance between centroids of two six-
member pyrimidone ring

3.584

3.771

The distance between centroids of two
five-member triazole and pyrazole ring

4.473

4.621

The distance between centroids of two
nine-member  triazolo[4,5-d]pyrimidone
and pyrazolo[3,4-d] pyrimidone ring

3.871

4.034

The distance between centroids of one
nine-member  respective  triazolo[4,5-
d]pyrimidone and pyrazolo[3,4-d]
pyrimidone ring and one Ssix-member
pyrimidone ring

3.750 and 3.833

3.989 and 3.948

The distance between centroids of one
five-member  respective triazole and
pyrazole ring and one six-member
pyrimidone ring

4.258 and 4.426

4.557 and 4.469

The distance between centroids of one
five-member  respective triazole and
pyrazole ring and nine-member respective
triazolo[4,5-d]pyrimidone and
pyrazolo[3,4-d] pyrimidone ring

4.226 and 4.322

4.456 and 4.404

Angle between the least squares planes

10.71

12.48

Figure 38. Crystal structure of compound 96b showing folded conformation
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1.4.3 Biological activity

Compounds 82b-e, 88b, 90b, 92b, 96b, and 101b were screened for antithrombotic activity in
collaboration with Dr. Madhu Dixit, Fermentation Technology Division, CDRI, Lucknow.

None of the compounds showed significant activity.

1.5 Conclusion

In conclusion present work shows that the stacking propensity of triazolo[4,5-d]pyrimidine
moiety is comparable to the pyrazolo[3,4-d]pyrimidine moiety both in solution and solid state

and important results are summarized below.

(i) In the solution state studies (*H NMR analysis) of triazolo[4,5-d]pyrimidine and
triazolo[4,5-d]pyrimidone moieties the groups at the 5-position clearly shows an upfield shift in
case of ethylene and propylene linker compounds and this upfield shift decreases with the
increase of the length of the linker. Similar results are seen in the pyrazolo[3,4-d]pyrimidine
and pyrazolo[3,4-d]pyrimidone based polymethylene linker compounds where the groups
substituted at 6-position (corresponding to the 5-position of triazolo[4,5-d]pyrimidine ring)
shows an upfield shift in case of ethylene and propylene linker compounds and this upfield shift

decreases with the increase of the length of the linker.

(i1) The effect of change of substituents does not significantly affect the stacking propensity of
the triazolo[4,5-d]pyrimidine nucleus in the solution state as seen in case of pyrazolo[3,4-

d]pyrimidine based polymethylene linker compounds.

(i) In the solid state studies, in case of the propylene linker compounds (89b and 96b) the
intramolecular orientation of the two rings with respect to each other is similar to the results
obtained earlier with corresponding propylene linker compounds of pyrazolo[3,4-d]pyrimidine
nucleus. The six member pyrimidine part of the triazolo[4,5-d]pyrimidine rings partially
overlap each other while the five member triazolo part of the triazolo[4,5-d]pyrimidine rings
are far away which is again quite similar to the corresponding pyrazolo[3,4-d]pyrimidine

compounds.
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1.6 Experimental Section
1.6.1 Synthesis of 3-butyl-5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidine (87).
1.6.1.1 Synthesis of 1-azidobutane (84).

To a 500 ml round bottom flask containing 250 ml DMSO (250 ml) added NaNs3 (9.75g, 0.15
mol) and the mixture was stirred for 12-24 h at r.t. until no solid was observed. 1-iodobutane
(83) (18.4 g, 0.10 mol) was added and the reaction mixture stirred at 50° C for another 12 -24 h.
water was added in portions (5 x 20ml) while allowing the reaction mixture to cool to r.t.
between portions. The mixture was extracted with ether (4 x 50 ml). The extracts were
combined and washed with water (2 x100 ml) and dried over sodium sulphate. The solvent was
removed under vacuum to yield 1-azidobutane (84) as clear oil. The yield of this reaction is
reported to be nearly 100% in literature.”

Caution 1: Azides are explosive in nature. Hence further purification and storage of azides
was avoided and the synthesized compound was immediately consumed in the next step

assuming a yield of about 95%.

Caution 2: Azides are known to form explosive mixtures with halogenated solvents like
dichloromethane, chloroform etc., hence as a precaution halogenated solvents should not be

used for extraction.
1.6.1.2 Synthesis of 5-amino-1-butyl-1H-1,2,3-triazole-4-carbonitrile (85).

To a suspension of potassium carbonate (1.65g. 0.012mol) in dimethyl sulfoxide (50 mL) was
added 1g (0.01 mol) of 1-azidobutane (84) and 0.72g of malononitrile (0.011 mol) at r.t., the
mixture was stirred at same temperature for 36 hours. After dilution of the mixture with water
(100 ml) the reaction mixture was kept overnight so that complete precipitation could take
place which was filtered and air dried. This compound (85) had sufficient purity and was used
as such in the next step. A small amount of this compound was further purified by column
chromatography (ethyl acetate + hexane) for analytical purpose. The characterization of the

compound was done on the basis of *H NMR and MS.
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85: Yield: 50- 65%; mp: 154-156 °C; MS (ESI) m/z 166 [M+H]"; *H NMR (300 MHz, CDCl)
& (ppm): 0.94-0.98 (m, 3H, CHa), 1.32-1.46 (m, 3H, CH,), 1.82-190 (m, 2H, CH;), 4.10-4.18
(M, 2H, NCH,), 4.67 (s, 4H, NH).

1.6.1.3 Synthesis of 3-butyl-3H-[1,2,3]triazolo[4,5-d]pyrimidine-5,7-dithiol (86).

To a round bottom flask containing 50 ml DMF added 85 (1.66g, 0.010 mol) and cesium
carbonate (3.91g, 0.012 mol) and stirred for about 15 minutes. Then CS, (0.81g, 0.012 mol)
was added and the reaction mixture was further stirred at r.t. for about 8 h. DMF was removed
under reduced pressure and ice-cold water was added to the reaction mixture and the solution
acidified with ag. solution of HCI till the pH of the solution becomes = 2. To this ag. solution of
NaOH was added till the pH becomes around 9. This solution is passed through a G3 sintered
funnel to remove un-dissolved material. The filtrate is again acidified with ag. HCI to make the
pH of the solution just acidic (= 6.5 to 7). This was kept overnight so that complete
precipitation takes place. The precipitate is filtered and air dried to yield compound 86. The
characterization of the compound was done on the basis of *H NMR and MS.

86: Yield: 50- 65%; mp: > 250 °C; MS (ESI) m/z 242 [M+H]*; *H NMR (300 MHz, DMSO-
ds) & (ppm): 0.92-0.98 (m, 3H, CHs), 1.30-1.35 (m, 2H, CH,), 1.74-1.82 (m, 2H, CH,), 4.42-
4.48 (m, 2H, NCH,), 8.36 (s, 4H, SH).

1.6.1.4 Synthesis of 3-butyl-5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidine (87).

To a round bottom flask containing 50 ml water added NaOH pellets (0.8 g, 0.020 mol), 86
(2.419g, 0.010 mol) and methyl iodide (2.84g, 0.02 mol). The reaction was stirred for about 12h
and the precipitate is filtered and air dried. This precipitate is further purified by column
chromatography using a mixture of ethyl acetate and hexane in increasing polarity yielding
compound 87. The characterization of the compound was done on the basis of *H NMR and
MS.

87: Yield: 50- 60%; mp: 110-112 °C; MS (ESI) m/z 270 [M+H]"; *H NMR (300 MHz, CDCl5)
d (ppm): 0.92-1.00 (m, 3H, CHs), 1.30-1.40 (m, 2H, CH,), 1.94-2.04 (m, 2H, CHy), 2.64 (s, 6H,
SCHj3), 2.75 (s, 6H, SCH3), 4.54-4.6 (m, 2H, NCH,).

1.6.2 General Procedure for synthesis of 1,n-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo-
[4,5- d]pyrimidin-3-yl)alkane.
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The compounds in Scheme 2 were synthesized using the procedures used in the synthesis of
analogous compounds in Scheme 3 described in Section 1.6.1 with adjustment in the molar

quantities of reactants.

1.6.2.1 Synthesis of 1,n-diazidoalkane (79a-e).

Synthesis of azides (79a-e) was done according to the literature procedure "° and azides were
consumed as soon as prepared.

1.6.2.2 Synthesis of 1,1’-(alkane-1,n-diyl)bis(5-amino-1H-1,2,3-triazole-4-carbonitrile)
(80a-e).

Compounds 80a-e were synthesized using the procedure described in section 1.6.1.2 with
adjustments in the molar quantities.

1.6.2.2.1 Synthesis of 1,1'-(ethane-1,2-diyl)bis(5-amino-1H-1,2,3-triazole-4-carbonitrile)
(80a).
80a: Yield: 30%; mp: > 250 °C; MS (ESI) m/z 245 [M+H]".

1.6.2.2.2 Synthesis of 1,1'-(propane-1,3-diyl)bis(5-amino-1H-1,2,3-triazole-4-carbonitrile)
(80D).

80b: Yield: 45%; mp: > 250 °C; MS (ESI) m/z 245 [M+H]*; *H NMR (300 MHz, DMSO-ds) &
(ppm): 2.16 (quintet, J = 7.0 Hz, 2H, CH,), 4.16 (t, J = 7.0 Hz, 4H, NCH,), 7.08 (s, 4H, NH,).

1.6.2.2.3 Synthesis of 1,1'-(butane-1,4-diyl)bis(5-amino-1H-1,2,3-triazole-4-carbonitrile)
(80c).

80c: Yield: 45%; mp: 210-212 °C; MS (ESI) m/z 245 [M+H]"; *H NMR (300 MHz, DMSO-ds)
& (ppm): 1.69 (bs, 4H, CH,), 4.15 (bs, 4H, NCH,), 7.02 (s, 4H, NH,).

1.6.2.2.4 Synthesis of 1,1'-(pentane-1,5-diyl)bis(5-amino-1H-1,2,3-triazole-4-carbonitrile)
(80d).

80d: Yield: 45%; mp: 194-196 °C; MS (ESI) m/z 245 [M+H]*; *H NMR (300 MHz, DMSO-d)
8 (ppm): 1.69 (bs, 4H, CH,), 4.15 (bs, 4H, NCH,), 7.02 (s, 4H, NH,).

1.6.2.2.5 Synthesis of 1,1’-(hexane-1,6-diyl)bis(5-amino-1H-1,2,3-triazole-4-carbonitrile)
(80e).
80e: Yield: 45%; mp: 200-202 °C; MS (ESI) m/z 245 [M+H]"; *H NMR (300 MHz, DMSO-ds)

8 (ppm): 1.22-1.28 (M, 2H, CHy), 1.68-1.76 (M, 4H, CH,), 4.10 (t, J = 6.8 Hz, 4H, NCH,), 7.0
(s, 4H, NCHy),
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1.6.2.3 Synthesis of 3,3’-(alkane-1,n-diyl)bis(3H-[1,2,3]triazolo[4,5-d]pyrimidine-5,7-
dithiol) (81a-e).

Compounds 80a-e was synthesized using the procedure described in Section 1.6.1.3 with
adjustments in the molar quantities of the reactants.

1.6.2.3.1 Synthesis of 3,3'-(ethane-1,2-diyl)bis(3H-[1,2,3]triazolo[4,5-d]pyrimidine-5,7-
dithiol) (81a).
81a: Yield: 40-45%; mp: > 250 °C; MS (ESI) m/z 397 [M+H]".

1.6.2.3.2 Synthesis of 3,3'-(propane-1,3-diyl)bis(3H-[1,2,3]triazolo[4,5-d]pyrimidine-5,7-
dithiol) (81b).

81b: Yield: 45-50%; mp: > 250 °C; MS (ESI) m/z 411 [M+H]".

1.6.2.3.3 Synthesis of 3,3'-(butane-1,4-diyl)bis(3H-[1,2,3]triazolo[4,5-d]pyrimidine-5,7-
dithiol) (81c).

81c: Yield: 45-50%; mp: > 250 °C; MS (ESI) m/z 425 [M+H]"; *H NMR (300 MHz, DMSO-
ds) 0 (ppm): 1.81 (bs, 4H, CH,), 4.30 (bs, 4H, NCH), 11.38 (bs, 4H, SH).

1.6.2.3.4 Synthesis of 3,3'-(pentane-1,5-diyl)bis(3H-[1,2,3]triazolo[4,5-d]pyrimidine-5,7-
dithiol) (81d).

81d: Yield: 45-50%; mp:> 250 °C; MS (ESI) m/z 439 [M+H]".

1.6.2.3.5 Synthesis of 3,3'-(hexane-1,6-diyl)bis(3H-[1,2,3]triazolo[4,5-d]pyrimidine-5,7-
dithiol) (81e).

81e: Yield: 45%; mp: > 250 °C; MS (ESI) m/z 453 [M+H]".

1.6.24 Synthesis of 1,n-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
yl)alkane (82a-e).
Compounds 82a-e was synthesized using the procedure described in Section 1.6.1.4 with

adjustments in the molar quantities of the reactants.

1.6.2.4.1 Synthesis of 1,2-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
ylethane (82a).

82a: Yield: 75%; mp: 190-192 °C; MS (ESI) m/z 453 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.40 (s, 6H, SCHs), 2.72 (s, 6H, SCHs), 5.12 (s, 4H, NCH,); *C NMR (75 MHz,
CDCl3) 6 (ppm): 12.30, 14.70, 46.30, 131.90, 148.14, 164.94, 170.06; Anal. Calcd. for
C14H16N10S4: C, 37.15; H, 3.56; N, 30.95; Found: C, 37.55; H, 3.75; N, 31.09.
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1.6.2.4.2 Synthesis of 1,3-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
yDpropane (82b).

82b: Yield: 70%; mp: 140-142 °C; MS (ESI) m/z 467 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.50 (s, 6H, SCHs), 2.75 (s, 6H, SCH3), 2.89 (g, 2H, J = 6.6 Hz, CH,), 4.60 (t, 4H, J =
6.6 Hz, NCH,); **C NMR (75 MHz, CDCls) & (ppm): 12.10, 14.61, 28.03, 43.30, 131.95,
148.04, 164.90, 170.00; Anal. Calcd. for C15H18N10S4: C, 38.61; H, 3.89; N, 30.02; Found: C,
38.59; H, 4.05; N, 38.79.

1.6.2.4.3 Synthesis of 1,4-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
ylbutane (82c).

82c: Yield: 72%; mp: 164-166 °C; MS (ESI) m/z 467 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.05 (bs, 4H, CH,), 2.60 (s, 6H, SCHs), 2.75 (s, 6H, SCH3), 4.64 (bs, 4H, NCH,); *C
NMR (75 MHz, CDCls) & (ppm): 12.10, 14.67, 26.03, 45.81, 131.93, 148.06, 164.88, 170.02;
Anal. Calcd. for C;gH20N10S4: C, 39.98; H, 4.19; N, 29.14; Found: C, 39.95; H, 4.21; N, 29.29.

1.6.2.4.4 Synthesis of 1,5-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
yl)pentane (82d).

82d: Yield: 72%; mp: 136-138 °C; MS (ESI) m/z 495 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 1.36-1.44(m, 2H, CH,), 2.02-2.15 (m, 4H, CH,), 2.61 (s, 6H, SCHs), 2.75 (s, 6H,
SCHs), 4.56 (bs, 4H, NCH,); *C NMR (75 MHz, CDCls) & (ppm): 12.10, 14.67, 26.03, 28.90,
45.81, 132.01, 148.04, 164.80, 170.05; Anal. Calcd. for Ci7H22N10Ss: C, 41.28; H, 4.48; N,
28.31; Found: C, 41.38; H, 4.71; N, 28.29.

1.6.2.4.5 Synthesis of 1,6-bis(5,7-bis(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
yl)hexane (82e).

82e: Yield: 72%; mp: 124-126 °C; MS (ESI) m/z 509 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 1.40 (bs, 4H, CHy), 2.00 (bs, 4H, CH,), 2.63 (s, 6H, SCHs), 2.75 (s, 6H, SCH3), 4.56
(bs, 4H, NCH,); **C NMR (75 MHz, CDCls) & (ppm): 11.97, 14.63, 25.85, 29.03, 46.52,
132.11, 148.01, 164.83, 170.09; Anal. Calcd. for CigH2sN1oSs: C, 41.28; H, 4.48; N, 28.31;
Found: C, 41.38; H, 4.71; N, 28.29.

1.6.3 Synthesis of various 3-butyl-5,7-disubstituted-3H-[1,2,3]triazolo[4,5-d]pyrimidine
and 1,n-disubstituted-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)alkane.
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The dimeric compounds 88a-c, 90a-c, 92a-c, 94a-c, 96a-c, 98, 100, 10la-b, 104 were
synthesized using the procedure described for the synthesis of corresponding monomeric
compounds 89, 91, 93, 95, 97, 99, 102, 103 and 105 respectively with adjustments in the molar
quantities of the reactants.

1.6.3.1 Synthesis of 3-butyl-5-methylthio-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-d]pyri-
midine (89).

The compound 87 (0.53g, 0.002 mole) and pyrrolidine (5ml) was refluxed for 6h. Excess of
pyrrolidine was removed under reduced pressure. Ice cold water (50 ml) was added to the
reaction mixture and neutralized it with a dilute solution of acetic acid. The reaction mixture
extracted with 150 ml of chloroform (50 ml x 3) and was dried over sodium sulfate. The
residue obtained by the removal of chloroform under reduced pressure was purified by column
chromatography on silica gel using mixture of ethyl acetate-hexane in increasing polarity to
give pure compound 89.

89: Yield: 50- 65%; mp: 78-80 °C; MS (ESI) m/z 240 [M+H]": *H NMR (300 MHz, CDCls) &
(ppm): 0.90-0.99 (m, 3H, CH), 1.30-1.44 (m, 2H, CH,), 1.90-2.20 (m, 6H, CH,), 2.58 (s, 3H,
SCHs), 3.80 (t, 2H, J = 6 Hz, NCH,), 4.22 (t, 2H, J = 6 Hz, NCH,), 4.49 (t, 2H, J = 6 Hz,
NCH;).

1.6.3.2.1 Synthesis of 1,2-bis(5-methylthio-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-3-yl)ethane (88a).

88a:Yield: 90%; mp: 210-212 °C; MS (ESI) m/z 499 [M+H]"; *"H NMR (300 MHz, CDCls) §
(ppm): 1.94-2.16 (m, 8H, pyrrolidine-H), 2.41(s, 6H, SCHs), 3.70-3.80 (m, 4H, pyrrolidine-H),
4.10-4.20 (m, 4H, pyrrolidine-H), 5.01 (s, 4H, NCH,); *C NMR (75 MHz, CDCls) & (ppm):
14.26, 24.24, 26.04, 45.76, 47.42, 49.27, 124.11, 150.44, 151.56, 170.20; Anal. Calcd. for
Ca0H26N12S2: C, 48.17; H, 5.26; N, 33.71; Found: C, 48.20; H, 5.35; N, 33.81.

1.6.3.2.2 Synthesis of 1,3-bis(5-methylthio-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-d]pyri-
midin-3-yl)propane (88b).

88b:Yield: 90%; mp: 182-184 °C; MS (ESI) m/z 513 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 1.94-2.20 (m, 8H, pyrrolidine-H), 2.49(s, 6H, SCHs), 2.75 (q, 2H, J = 10.2 Hz, CHy),
3.79 (t, 4H, J = 10 Hz, pyrrolidine-H), 4.21 (t, 4H, J = 10 Hz, pyrrolidine-H), 4.57 (t, 2H, J =
10.2 Hz, NCH,); *C NMR (75 MHz, CDCls) & (ppm): 14.40, 24.24, 26.04, 28.47, 43.46,
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47.42, 49.27, 124.09, 150.46, 151.54, 170.21. Anal. Calcd. for C,1H»sN15S,: C, 49.20; H, 5.51;
N, 32.79; Found: C, 49.10; H, 5.45; N, 32.89.

1.6.3.2.3 Synthesis of 1,4-bis(5-methylthio-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-d]-
pyrimidin-3-yl)butane (88c).

88c: Yield: 90%; mp: 160-162 °C; MS (ESI) m/z 527 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 1.94-2.10 (m, 8H, pyrrolidine-H), 2.11-2.18 (m, 4H, CH,), 2.54 (s, 6H, SCH3), 3.77-
3.83 (m, 4H, pyrrolidine-H), 4.17-4.23 (m, 4H, pyrrolidine-H), 4.55-4.58 (m, 2H, NCH,); **C
NMR (75 MHz, CDCls) & (ppm): 14.46, 24.23, 25.93, 45.38, 47.43, 49.27, 124.09, 150.41,
151.57, 170.12; Anal. Calcd. for C22HzoN12S2: C, 50.17; H, 5.74: N, 31.91; Found: C, 50.27; H,
5.85; N, 31.90.

1.6.3.3 Synthesis of 3-butyl-7-methoxy-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidine
(91).

To a 250 ml round bottom flask containing 100 ml of anhydrous methanol added the compound
87 (0.53 g, 0.002 mole) and kept on refluxing with stirring for 30 minutes. Sodium methoxide
(0.28 g, 0.0052 moles) was added and the mixture was further refluxed for 6h. Methanol was
removed under reduced pressure and ice cold water was added to round bottom flask and the
solution was neutralized with dilute acidic acid. The solution was kept for 8-10h so that
complete precipitation occurred. The solid precipitate was filtered, washed with water and air
dried at 80 'C. This was purified by column chromatography on silica gel using mixture of
ethyl acetate-hexane in increasing polarity to give pure compound 91.

91: Yield: 70- 75%; mp: 108-110 °C; MS (ESI) m/z 254 [M+H]"; *H NMR (300 MHz, CDCls)
d (ppm): 0.90-1.00 (m, 3H, CHs), 1.31-1.40 (m, 2H, CH,), 1.94-2.02 (m, 2H, CHy), 2.64 (s, 3H,
SCHs), 4.24 (s, 3H, OCH3), 4.52-4.6 (m, 2H, NCH,).

1.6.3.4.1 Synthesis of 1,2-bis(7-methoxy-5-(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimi-
din-3-yl)ethane (90a).

90a:Yield: 85%; mp: 152-154 °C; MS (ESI) m/z 421 [M+H]"; *"H NMR (300 MHz, CDCls) §
(ppm): 2.40 (s, 6H, SCHs), 4.20 (s, 6H, OCHs), 5.13 (s, 4H, NCH,); *C NMR (75 MHz,
CDCl3) 6 (ppm): 14.22, 46.24, 55.08, 123.76, 152.00, 160.37, 171.63; Anal. Calcd. for
C14H16N100,S;: C, 39.99; H, 3.84; N, 33.31; Found: C, 40.09; H, 3.95; N, 33.29.
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1.6.3.4.2 Synthesis of  1,3-bis(7-methoxy-5-(methylthio)-3H-[1,2,3]triazolo[4,5-d]-
pyrimidin-3-yl)propane (90b).

90b:Yield: 80%; mp: 128-130 °C; MS (ESI) m/z 435 [M+H]"; *H NMR (300 MHz, CDCl;) &
(ppm): 2.49 (s, 6H, SCH3), 2.90 (g, 2H, J = 6.6 Hz, CH,), 4.24 (s, 6H, OCHs), 4.60 (t, 4H, J =
6.6 Hz, NCH,); **C NMR (75 MHz, CDCls) & (ppm): 14.39, 27.95, 43.22, 55.04, 123.76,
151.63, 160.40, 171.76; Anal. Calcd. for C;5Hi1sN1p O,S,: C, 41.46; H, 4.18; N, 32.24; Found:
C,41.60; H, 4.25; N, 32.79.

1.6.3.4.3 Synthesis of 1,4-bis(7-methoxy-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-
3-yl)butane (90c).

90c:Yield: 80%; mp: 142-144 °C; MS (ESI) m/z 449 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.05 (bs, 4H, CH,), 2.60 (s, 6H, SCHs), 4.24 (s, 6H, OCHs), 4.65 (bs, 4H, NCH,); **C
NMR (75 MHz, CDCls) & (ppm): 14.43, 26.15, 45.32, 55.06, 123.74, 151.65, 160.42, 171.74;
Anal. Calcd. for CigHz0N100,S,: C, 42.85; H, 4.49; N, 31.23; Found: C, 42.89; H, 4.55; N,
31.39.

1.6.3.5 Synthesis of 3-butyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-7(6H)-one
(93).

The compound 87 (2.69g, 0.010 mole) was added to a round bottom flask containing 200 ml of
methanol and kept on refluxing with stirring for about 30 minutes, Aqueous NaOH (1.6g
dissolved in 20ml of water, 0.040 mol) was added drop wise to it over 30 minutes. The reaction
mixture was further refluxed for 4h and then it was cooled in ice bath and acidified with acetic
acid till the pH of the solution is around 6 and kept for another 8-10h so that complete
precipitation has occurred. The solid precipitate is filtered, washed with water and air dried at
80 "C. The resulting product was heated with a mixture of chloroform and hexane (40:60) and

filtered hot. The compound 93 was obtained as solid precipitate.

93: Yield: 50- 65%; mp: 144-146 °C; MS (ESI) m/z 240 [M+H]"; *H NMR (300 MHz,
DMSO-de) 5 (ppm): 0.85-0.95 (M, 3H, CHs), 1.22-1.29 (m, 2H, CH,), 1.82-1.94 (m, 2H, CHy),
2.59 (s, 3H, SCHs), 4.46-4.50 (M, 2H, NCH;), 12.88 (bs, 1H, NH).

1.6.3.6.1 Synthesis of 3,3'-(ethane-1,2-diyl)bis(5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyri-
midin-7(6H)-one) (92a).
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92a: Yield: 82%; mp: > 250 °C; MS (ESI) m/z 393 [M+H]*; *H NMR (300 MHz, DMSO-ds) &
(ppm): 2.28(s, 6H, SCHs), 4.97 (s, 4H, NCH,); 14.10 (bs,2H, NH) *C NMR (75 MHz, DMSO-
ds) 6 (ppm): 12.95, 43.96, 127.07, 148.68, 155.46, 162.41; Anal. Calcd. for C;12H12N100,S,: C,
36.73; H, 3.08; N, 35.69; Found: C, 36.88; H, 3.18; N, 35.79.

1.6.3.6.2 Synthesis of 3,3'-(propane-1,3-diyl)bis(5-(methylthio)-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-7(6H)-one) (92b).

92b:Yield: 80%; mp: 220-222 °C; MS (ESI) m/z 407 [M+H]"; *H NMR (300 MHz, DMSO-ds)
8 (ppm): 2.40(s, 6H, SCHs3), 2.72 (bs, 2H, CH,), 4.43 (s, 4H, NCH,); 12.81 (bs,2H, NH) **C
NMR (75 MHz, DMSO-dg) & (ppm): 12.90, 27.16, 42.96, 126.97, 148.49, 155.29, 162.51;
Anal. Calcd. for C13H14N100,S;: C, 38.42; H, 3.47; N, 34.46; Found: C, 38.52; H, 3.68; N,
35.01.

1.6.3.6.3 Synthesis of 3,3'-(butane-1,4-diyl)bis(5-(methylthio)-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-7(6H)-one) (92c).

92c: Yield: 80%; mp: 194-196 °C; MS (ESI) m/z 421 [M+H]*; *H NMR (300 MHz, DMSO-ds)
8 (ppm): 1.90 (bs, 4H, CH,), 2.52(s, 6H, SCHs), 4.53 (s, 4H, NCH,); 12.91 (bs,2H, NH) **C
NMR (75 MHz, DMSO-dg) & (ppm): 13.13, 25.32, 45.60, 127.10, 148.50, 155.37, 162.52;
Anal. Calcd. for C14H16N1002S,: C, 39.99; H, 3.84; N, 33.31; Found: C, 40.05; H, 3.98; N,
33.51.

1.6.3.7 Synthesis of 3-butyl-7-chloro-5-(methylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidine
(95).

To a 250 ml round bottom flask containing 100 ml of chloroform added compound 93 (0.47g,
0.002 mole) and kept on stirring at around 60°C for 10 minutes. A mixture of SOCI, (4.5 ml)
and DMF (0.8 ml) was added drop wise for about 30 minutes. This reaction mixture was further
refluxed for 5 h. Excess chloroform was removed under reduced pressure and crushed ice was
added. This was neutralized with a dilute solution of NaHCO3 under ice cold condition and
extracted with chloroform. The residue obtained by the removal of chloroform under reduced
pressure was purified by column chromatography on silica gel using mixture of ethyl acetate-
hexane in increasing polarity to give pure compound 95.

95: Yield: 50- 65%; mp: 94-96 °C; MS (ESI) m/z 258 [M+H]*; *H NMR (300 MHz, CDCl5) &
(ppm): 0.99 (t, 3H, J = 6 Hz, CHs), 1.30-1.44 (m, 2H, CHy), 2.00-2.10 (m, 2H, CH,), 2.66 (s,
3H, SCHs), 4.64 (t, 2H, J = 6 Hz, NCH,).
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1.6.3.8.1 Synthesis of 1,2-bis(7-chloro-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
yl)ethane (94a).

94a: Yield: 85%; mp 184-186 °C; MS (ESI) m/z 429 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.46(s, 6H, SCH3), 5.21 (s, NCH,); **C NMR (75 MHz, CDCls) & (ppm): 14.55, 46.44,
131.60, 150.96, 153.20, 172.60; Anal. Calcd. for C12H10CloN10S2: C, 33.57; H, 2.35; N, 32.63;
Found: C, 33.67; H, 2.42; N, 32.79.

1.6.3.8.2 Synthesis of 1,3-bis(7-chloro-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
yDpropane (94b).

94b:Yield: 95%; mp: 162-164 °C; MS (ESI) m/z 444 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.55(s, 6H, SCHs), 2.95 (q, 2H, J = 6.6 Hz, CH,), 4.69 (t, 4H, J = 6.6 Hz, NCH,); **C
NMR (75 MHz, CDCls): & (ppm): 14.75, 27.91, 43.77, 131.60, 150.62, 153.14, 172.26; Anal.
Calcd. for C13H12CIoN1oS5: C, 35.22; H, 2.73; N, 31.59; Found: C, 35.20; H, 2.92; N, 31.49.

1.6.3.8.3 Synthesis of 1,4-bis(7-chloro-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-
ylDbutane (94c).

94c: Yield: 92%; mp: 168-170 °C; MS (ESI) m/z 458 [M+H]"; *H NMR (300 MHz, CDCl5) &
(ppm): 2.12 (bs, 4H, CH,), 2.62 (s, 6H, SCHs), 4.70 (bs, 4H, NCH,); **C NMR (75 MHz,
CDCl3) o (ppm): 14.84, 25.98, 46.27, 131.60, 150.72, 153.11, 172.16; Anal. Calcd. for
C14H14CIN10S: C, 36.76; H, 3.09; N, 30.62; Found: C, 36.86; H, 3.11; N, 30.69.

1.6.3.9 Synthesis of 3-butyl-6-methyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyrimidin-
7(6H)-one (97).

Compound 93 (0.24g, 0.001 mol) was added to a flask containing 5 ml of DMF and
K2C03(0.15g, 0.0011 mol) and stirred for 15 min. Methyl iodide (0.15g, 0.0011 mol) was
added to the reaction mixture and stirring was continued for another 6 h. Excess DMF was
removed under reduced pressure. The reaction mixure extracted with 60 ml of chloroform (20
ml x 3) and was dried over sodium sulfate. The residue obtained by the removal of chloroform
under reduced pressure was purified by column chromatography on silica gel using mixture of
ethyl acetate-hexane in increasing polarity to give pure compound 97,

97: Yield: 50- 65%; mp: 134-136 °C; MS (ESI) m/z 254 [M+H]"; *H NMR (300 MHz, CDCl5)
o (ppm): 0.97 (t, 3H, J = 6 Hz, CH3), 1.28-1.44 (m, 2H, CHy, 1.99 (quintet, 2H, J = 6 Hz,
CHy), 2.67 (s, 3H, SCHa), 3.62 (s, 3H, NCHj3), 3.83 (s, 3H, CHjs), 4.50 (t, 2H, J = 6 Hz, NCH,).
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1.6.3.10.1 Synthesis of 3,3’-(ethane-1,2-diyl)bis(6-methyl-5-methylthio-3H-[1,2,3]triazolo-
[4,5-d]pyrimidin-7(6H)-one) (96a).

96a: Yield: 70%; mp: > 250 °C; MS (ESI) m/z 421 [M+H]"; *H NMR (300 MHz, CDCl5) §
(ppm): 2.38 (s, 6H, SCH3), 2.65 (s, 6H, NCH3), 5.02 (s, 4H, NCH,). *C NMR (75 MHz, CDCl;
+ DMSO-ds) & (ppm): 14.13, 39.32, 44.30, 126.10, 149.50, 154.37, 170.52; Anal. Calcd. for
C14H16N1006S;: C, 39.99; H, 3.84; N, 33.31; Found: C, 40.36; H, 4.16; N, 33.50.

1.6.3.10.2 Synthesis of 3,3’-(propane-1,3-diyl)bis(6-methyl-5-methylthio-3H-[1,2,3]-
triazolo[4,5-d]pyrimidin-7(6H)-one) (96b).

96b: Yield: 80%; mp: > 250 °C; MS (ESI) m/z 435 [M+H]"; 'H NMR (300 MHz, CDCls) &
(ppm): 2.44 (s, 6H, SCH3), 2.97 (g, 2H, J = 6.39 Hz, CH,), 3.58 (s, 6H, NCHs), 4.40 (t, 4H, J =
6.39 Hz, NCH,). ®*C NMR (75 MHz, CDCls) § (ppm): 14.40, 28.41, 37.38, 43.45, 124.05,
150.80, 153.56, 169.95 Anal. Calcd. for C15H18N100,S;: C, 41.46.14; H, 4.18; N, 32.24; Found:
C, 41.36; H, 4.20; N, 32.30.

1.6.3.10.3 Synthesis of 3,3'-(butane-1,4-diyl)bis(6-methyl-5-methylthio-3H-[1,2,3]triazolo-
[4,5-d]pyrimidin-7(6H)-one) (96¢).

96¢: Yield: 78%; mp: > 250 °C; MS (ESI) m/z 449 [M+H]"; *H NMR (300 MHz, CDCl5) §
(ppm): 2.06 (bs, 4H, CH,), 2.59 (s, 6H, SCHs), 3.60(s, 6H, NCH3), 4.52 (bs, 4H, NCH,). **C
NMR (75 MHz, CDCl3): 6 (ppm): 14.36, 28.01, 37.32, 43.47, 123.95, 150.70, 153.60, 169.90;
Anal. Calcd. for Ci6Hz0N100,S2: C, 42.85; H, 4.49; N, 31.23; Found: C, 42.90; H, 4.60; N,
31.28.

1.6.3.11 Synthesis of 3-butyl-N,N-dimethyl-5-methylthio-3H-[1,2,3]triazolo[4,5-d]pyri-
midin-7-amine (99).

Compound 95 (0.25g, 0.001 mole) and dimethyl amine (50% water solution, 10ml) was
refluxed for 4h. Excess of dimethyl amine solution was removed under reduced pressure. Ice
cold water (50 ml) was added to the reaction mixture and neutralized it with a dilute solution of
acetic acid. The reaction mixture was extracted with 60 ml of chloroform (20 ml x 3) and dried
over sodium sulfate. The residue obtained by the removal of chloroform under reduced pressure
was purified by column chromatography on silica gel using mixture of ethyl acetate-hexane in
increasing polarity to give pure compound 99.

65



99: Yield: 80-85%: mp: 80-82 °C; MS (ESI) m/z 267 [M+H]*: 'H NMR (300 MHz, CDCls) 5
(ppm): 0.92-0.99 (M, 3H, CHs), 1.30-1.40 (M, 2H, CH,), 1.96 (t, 2H, J = 6 Hz, CHy), 2.58 (s,
3H, SCH3), 3.34 (s, 3H, CHs), 3.83 (s, 3H, CHs), 4.49 (t, 2H, J = 6 Hz, NCHy,

1.6.3.12 Synthesis of 3,3'-(propane-1,3-diyl)bis(N,N-dimethyl-5-methylthio-3H-
[1,2,3]triazolo[4,5-d]pyrimidin-7-amine) (98).

98: Yield: 90%; 146-148 °C; MS (ESI) m/z 461 [M+H]"; *H NMR (300 MHz, CDCls) & (ppm):
2.49 (s, 6H, SCH3), 2.75 (q , 2H, J = 6.0 Hz, CH,), 3.33 (s, 6H, NCH3), 3.83 (s, 6H, NCHy),
457 (t, 4H, J = 6.0 Hz, NCH,); **C NMR (75 MHz, CDCls) & (ppm): 14.39, 28.41, 37.37,
39.77, 43.44, 14.04, 150.79, 153.55, 169.94; Anal. Calcd. for Ci7H2sN1,S,: C, 44.33; H, 5.25;
N, 36.49; Found: C, 44.53; H, 5.35; N, 36.52.

1.6.3.13 Synthesis of 3-butyl-5-methylsulfonyl-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-
d]pyrimidine (102).

To a stirred solution of Compound 89 (0.29¢g, 0.001 mol) in acetone (50 ml) placed in ice bath
added oxone (2.5g, 0.004mol , 2.5g dissolved in 5 ml of water) dropwise for 15 minutes and
stirred for 8h. Excess acetone was removed under reduced pressure and 50 ml of water was
added. The reaction mixure extracted with 60 ml of chloroform (20 ml x 3) and was dried over
sodium sulfate. The residue obtained by the removal of chloroform under reduced pressure was
purified by column chromatography on silica gel using mixture of ethyl acetate-hexane in
increasing polarity to give pure 3- Compound 102.

102: Yield: 78- 80%; mp 128-130 °C; MS (ESI) m/z 325 [M+H]"; *H NMR (300 MHz, CDCls)
5 (ppm): 0.94-1.04 (m, 3H, CH3), 1.32-1.46 (m, 2H, CHy), 1.90-2.30 (m, 6H, CH,), 3.35 (s, 3H,
SO,CHs), 3.90 (t, 2H, J = 6 Hz, NCH,), 4.32 (t, 2H, J = 6 Hz, NCH,), 4.59 (t, 2H, J = 6 Hz,
NCH,).

1.6.3.14 Synthesis of 1,3-bis(5-methylsulfonyl-7-pyrrolidin-1-yl-3H-[1,2,3]triazolo[4,5-
d]pyrimidin-3-yl)propane (100).

100: Yield: 90%; mp: > 220 °C; MS (ESI) m/z 577 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.00-2.30 (m, 8H, CHy), 2.90 (t, 2H, J = 6.0 Hz, CH,), 3.28 (s, 6H, SCH3), 3.88 (t, 4H,
J = 6.0 Hz, NCH,), 4.29 (t, 4H, J = 6.0 Hz, NCH,), 4.64 (t, 4H, J = 6.0 Hz, NCH,); *C NMR
(75 MHz, CDCls) & (ppm): 28.30, 43.63, 55.03, 55.56, 123.25, 152.55, 162.88, 164.40; Anal.
Calcd. for C15sH1gN1004: C, 43.74; H, 4.89; N, 29.15; Found: C, 43.88; H, 4.92; N, 29.25.
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1.6.3.15 Synthesis of 3-butyl-7-methoxy-5-methylsulfonyl-3H-[1,2,3]triazolo[4,5-d]pyri-
midine (103).

To a stirred solution of Compound 91 (0.25g, 0.001 mol) in acetone (50 ml) placed in ice bath
added oxone (2.5g, 0.004 mol , 2.5g dissolved in 5 ml of water) dropwise for 15 minutes and
stirred for 8h. Excess acetone was removed under reduced pressure and 50 ml of water was
added. The reaction mixure extracted with 60 ml of chloroform (20 ml x 3) and was dried over
sodium sulfate. The residue obtained by the removal of chloroform under reduced pressure was
purified by column chromatography on silica gel using mixture of ethyl acetate-hexane in
increasing polarity to give pure Compound 103.

103: Yield: 50- 65%; mp: 134-136 °C; MS (ESI) m/z 286 [M+H]": 'H NMR (300 MHz,
CDCls) & (ppm): 0.94-1.04 (m, 3H, CHs), 1.36-1.44 (m, 2H, CH,), 1.98-2.06 (m, 2H, CHy),
3.42 (s, 3H, SO,CHs), 4.26 (s, 3H, OCH3), 4.58-4.64 (m, 2H, NCH.).

1.6.3.16.1 Synthesis of 1,2-bis(7-methoxy-5-methylsulfonyl-3H-[1,2,3]triazolo[4,5-d]-
pyrimidin-3-yl)ethane (101a).

101a: Yield: 90%; mp: 190-192 °C; MS (ESI) m/z 484 [M+H]";: *H NMR (300 MHz, CDCls) &
(ppm): 3.27(s, 6H, SO,CHs), 4.37 (s, 6H, OCHs), 5.36 (s, 4H, NCH,); *C NMR (75 MHz,
CDCl3) 6 (ppm): 39.19, 46.67, 56.45, 126.19, 150.70, 162.81, 163.15; Anal. Calcd. for
C14H16N1006S2: C, 34.71; H, 3.33; N, 28.91; Found: C, 34.80; H, 3.41; N, 28.99.

1.6.3.16.2 Synthesis of 1,3-bis(7-methoxy-5-methylsulfonyl-3H-[1,2,3]triazolo[4,5-d]-
pyrimidin-3-yl)propane (101b).

101b: Yield: 90%; mp: 182-184 °C; MS (ESI) m/z 499 [M+H]*; *H NMR (300 MHz, CDCls)
8 (ppm): 3.02 (q , 2H, J = 6.0 Hz, CHy), 3.38 (s, 6H, SO,CH3), 4.41 (s, 6H, OCH3), 4.80 (t, 4H,
J = 6.0 Hz, NCH,); *C NMR (75 MHz, CDCls) & (ppm): 28.02, 39.39, 44.30, 56.50, 126.14,
150.74, 162.80, 163.14; Anal. Calcd. for Ci5H18N1006S;: C, 36.14; H, 3.64; N, 28.10; Found:
C, 36.18; H, 3.66; N, 28.19.

1.6.3.17 Synthesis of 3-butyl-5, 7-dimethoxy-3H-[1,2,3]triazolo[4,5-d]pyrimidine (105).

To a 100 ml round bottom flask containing 20 ml of anhydrous methanol added
compound 103 (0.28 g, 0.001 mole) and kept on refluxing with stirring for 10 minutes. Sodium
methoxide (0.10 g, 0.002 moles) was added and the mixture was further refluxed for 4h.

Methanol was removed under reduced pressure and ice cold water was added to round bottom
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flask and the solution was neutralized with dilute acidic acid. The solution was kept for 8-10h
so that complete precipitation occurred. The solid precipitate was filtered, washed with water
and air dried at 80 "C. This was purified by column chromatography on silica gel using mixture

of ethyl acetate-hexane in increasing polarity to give pure compound 105.

105: Yield: 60- 65%; mp: 102-104 °C; MS (ESI) m/z: 238 [M+H]"; ‘*H NMR (300 MHz,
CDCl3): & (ppm): 0.88-0.94 (m, 3H, CHa), 1.28-1.38 (m, 2H, CH,), 1.92-2.01 (m, 2H, CH),
4.20 (s, 3H, SCHy), 4.24 (s, 3H, OCHa), 4.52-4.60 (m, 2H, NCHy).

1.6.3.18 Synthesis of 1,3-bis(5,7-dimethoxy-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)-
propane (104).

104: Yield: 90%; mp: 128-130 °C; MS (ESI) m/z 403 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.84 (q , 2H, J = 6.0 Hz, CHy), 4.01 (s, 6H, OCHj), 4.24 (s, 6H, OCHs), 4.63 (t, 4H, J =
6.0 Hz, NCH,); **C NMR (75 MHz, CDCls) & (ppm): 28.30, 43.63, 55.03, 55.56, 123.25,
152.55, 162.88, 164.40; Anal. Calcd. for CisH1sN1004: C, 44.78; H, 4.51; N, 34.81; Found: C,
44.88: H, 4.52; N, 34.80.
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CHAPTER-2

Synthesis, 'H NMR and X-ray crystallographic
studies of pyrrolo[2,3-d]pyrimidine core based
flexible symmetric polymethylene linker
compounds




2.1 Introduction

Purine (1) is one of the most important heterocycle present in nature consisting of a pyrimidine
ring fused to an imidazole ring.* Two of the four bases in nucleic acids, adenine (2) and guanine
(3), are purines. Other notable purines are hypoxanthine (4), xanthine (5), theobromine (6),
caffeine (7), uric acid (8) and isoguanine (9) (1-9, Fig. 1).

NH, Q Q
N No HNTN
i k)I > gLy AL
NN H NTR oTNT
purine adenlne uanine hypoxanthine xanthine
g
1 2 3 4 5
Ho
HN N
L JT H“JI =o HN%»
theogromlne ca;flne ur|(;a0|d isoguanine

9

Figure 1. Important purines, including substituted purines and related compounds found in nature

Interest in purines has been considerably reinforced by analysis of the human genome. It is
estimated that approximately 4-7% of all proteins encoded by the genome, including in
particular, GPCRs (G-protein-coupled receptors), depend on purine nucleotides (ATP, GTP,
CAMP, cGMP, NAD, FAD, PAPS. . .) as co-factors or co-substrates for their function, making
these proteins a large family of potential therapeutic targets (Fig. 2).2

The screening of purine libraries against a wide variety of biological targets has contributed to
opening new horizons for the development of purines as chemical-biology tools and hopefully as

new therapeutic agents. A number of major purine-based drugs exist (Fig. 3) which find current

application for the treatment of cancer (6-mercaptopurine,10, thioguanine, 11),**

3,5-7

systemic
mastocytosis (2- chloro-20-deoxy adenosine 12),

(acyclovir, 13a),® ganciclovir (13b),” carbovir (14),”° abacavir (15),* ddA(16),* ddI (17)°),**2
13-16

viral infections such as Herpes and AIDS

and organ rejection (18, azathioprine).
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Figure 3. Major purine-based drugs
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These and other developments based on the purine scaffold have largely inspired parallel
developments in the chemistry and biology of related heterocyclic systems, including pyrrolo-
pyrimidines (19)*"?! and (20),%* pyrazolopyrimidines (21),>% (22),%° and (23),%"*® imidazo-
pyridines (24),2% (25),* and (26),** triazolopyrimidines (27),%® triazolotriazines (28),3**°
triazolopyrazines (29),* pyrazolopyrazine (30),%" imidazopyrazine (31),*™** (19-31, Fig. 4).

v L e NN SN 2 K NN
2 N/ N L Lz Lo N > N
N R N 6 NN N
- P lo[3,2-d 7
Pyr_rol_c()j[_2,3 d] p))l/l[':'r% i(()j[in’e ] Pyrazolo[3,4-d] Pyrazolo[1,5-
pyrimidine pyrimidine alpyrimidine
19 20 22
H SN N
N NN PN NI S
KN/ Y N H AN NN
) H )
Pyrazolo[4,3-d] 'mr'%ﬁ%[“ﬁ'b] Imidazo[4 5-c] Imidazo[1,2-a]
pyrimidine py pyridine pyridine
23 24 25 26
7 1
I I N NN NN ) N
. Triazolo[1,5-a] Triazolol1.5- Pyrazolo[1,5-a] Imidazo[1,2-a]
Triazolo[4,5-d] - yjazine rlrzzzci)n%[ Sl pyrazine pyrazine
pyrimidine py 30
27 28 29

Figure 4. Various bicyclic heterocyclic systems related to purine

As mentioned earlier two of the four bases in nucleic acids, adenine (2) and guanine (3), are
purines. The DNA double helix owes the intricate features of its structure to a collection of non
covalent forces, the most notable being the hydrogen bonds between paired bases and stacking
forces between neighboring pairs.*? The factors contributing to the thermodynamic stability of
the DNA double helix have been the source of scientific inquiry since the original discovery of
this structure.*® The understanding of contributing factors in DNA base pairing is important from
at least two standpoints. First, it is such a basic part of biological function that its importance is
almost implicit. Second, such knowledge can aid in the design of new biologically functional
structures, which may be useful in biochemical study and potentially as therapeutic agents as
well.* In order to generate new data to test the relative importance of H-bonding and base
stacking in the structure, stability and functions of DNA, non-polar isosteric analogs of the
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natural DNA nucleosides have been designed.* The substituted benzenes were chosen as close
steric analogs of pyrimidines and indoles as purine analogs and incorporated in to the synthetic
oligonucleotides to measure their base pairing properties when placed opposite the natural DNA
bases as well as each other. A study of the thermodynamic stacking affinities of the natural
DNA bases and simple aromatic hydrocarbons (like benzene, naphthalene, anthracene and
pyrene, (32-40) showed that hydrophobicity in addition to surface area is an important factor for

enhancement in stacking.*®

POt ey
Q

e fi e k_%

Figure 5. DNA base replacement studies by simple heterocycle/hydrocarbons

>_2:o

Nucleic acid bases are heteroaromatic with varied structures and electronic properties; hence it is
likely that the electronic properties of the aromatic ring as well as its structural context play a
significant role in directing the preferred geometries of intermolecular interactions. In this
context various studies have been undertaken where within a series of base-modified nucleotides,

a number of heterocyclic systems have been synthesized and incorporated in DNA and RNA.**4/

48,49

Pyrazolo[3,4-d]pyrimidines, indazoles,®®  benzimidazoles,”® benzofurans,®* benzothio-

phenes™? etc. have been used for such studies. Increasing the surface area of DNA bases (by
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introducing aromatic heterocycles like pyridine, imidazole, thiazole, phenothiazine, phenoxazine
etc. at 5-position or addition of extra rings fused to pyrimidines) has been found to stabilize
significantly the helices, again possibly by enhancing stacking.’*** Recently, it has been shown
that helices can be stabilized significantly by the addition of strongly stacking bases at the end of
the helix, even when the bases in question do not undergo pairing. >

Variations in the orientation of base dipoles, sensitive to functional groups and to the distribution
of charges on the neighbors, result in variation in stacking energies for the neighboring pairs.
Variations in stacking energies are also reflected in a sequence dependence of the local structure.
This relationship between sequence structure and stacking energy has important biological
consequences e.g. for sequence specific interactions with proteins, drugs and water. Of further
importance is the effect of local sequence environment on the efficiency of mismatch repair and
mutation frequencies that bias the evolution of DNA sequences.”® An evaluation of precise
stacking is therefore needed to provide a more thorough explanation of many properties and
functional interaction of DNA.

Browne et al. synthesized a series of 12 di-nucleotide analogs in which the bases were connected
by a trimethylene linker (41-52, Fig. 6). These compounds were studied optically at

concentrations low enough to preclude formation of intermolecular complexes so that the

NH, o
N N NH HN f
eI f) 'y er, )
NN
42
NH NH; NH,
NH; 2 O = N O
= N N
kt a4 CIy 7 Yy
NWNTN N7 TN~ AN AN NT TN AN A
© s 0 46 ©
o) o)
N NH N o o o
HN 2 HN
ﬁI» o Kﬁ» Y N OY
N N\/\/N\H/N N N\/\/N\H/NH HN N\/\/NTNH

47 @) 48 O

Ne
O O
T T
O O

HN._N._~_N.__NH HN._N.__~_N__NH
bl T T T
O 50 O O 52 O

Figure 1. Nucleic acid bases based flexible trimethylene linker compounds
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perturbations associated with the 1:1 interaction of a pair of bases could be characterized,
namely, by ultraviolet spectra in agueous solution at r.t. and by emission spectra in 1:1 ethylene
glycol-water glass at 77 K. In the series of B-C3-B’, the order of interaction inneutral aqueous
solution was purine-purine > purine-pyrimidine > pyrimidine-pyrimidine, as judged by

hypochromism.>’

Gellman et al. used isobutyric acid linker for studying stacking interaction in adenine in agqueous
solution. The UV spectroscopic study showed nearly the same extent of stacking as observed for
41, which indicated that the carboxylate substituent did not disrupt stacking. Stacking was also
detectable via up-field shifts of the adenine ring from *H NMR study of 53 (Fig. 7).>®

NH, Na NH,
N)IN\ _O 0 /NfN
Sy N>\)</<N v

53

Figure 2. Sodium 3-(6-amino-9H-purin-9-yl)-2-((6-amino-9H-purin-9-yl)methyl)propanoate

Garcia-Raso et al. reported, for the first time, in 1999 the crystal structure 41 and its HCI salt 54.
The compound 41 adopted folded conformation in solid state as shown in Fig 8a. The
conformation of 54 was quite different from 41 probably due to repulsive interaction between

two protonated nitrogens (Fig. 8b).>

Figure 3. (a) ORTEP diagram of 41°%; (b) ORTEP diagram of 54°°
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Since 1995 research group at CSIR-CDRI has been engaged in studying conformation directing
role of arene—arene interactions on pyrazolo[3,4-d]pyrimidine (PP, 21, Fig. 4) core, based
flexible propylene linker models.®®®* PP core is isomeric with purine and its derivatives show a

wide range of biological activity.?*®

In continuation of this work on purine related molecules we wanted to study the effect of
increasing and decreasing the number of ring nitrogen atoms with reference to PP core on
stacking interactions. Thus, we synthesized triazolo[4,5-d]pyrimidine (TP, 27, Fig. 4) core based
polymethylene linker compounds and both solution and solid state studies were done and
discussed in  the previous chapter. In present chapter, we report the synthesis and
characterization of pyrrolo[2,3-d]pyrimidine core (19, Fig. 4) based polymethylene linker
compounds for studying their conformation directing role, if any, due to arene—arene
interactions. The results obtained by these studies together with our earlier studies on PP core
and TP core studies (described in previous chapter) may be helpful for better understanding of

arene interactions in purine and related systems.

Pyrrolo[2,3-d]pyrimidine may be regarded as an analog of purine in which its N’ has been
replaced by a CH group. They have received much attention from chemical and biological view

points since they show useful properties as antimetabolite in purine biochemical reactions. They

act as antifolate inhibitors of dihydrofolate reductases,®”®®

69,70

tyrosine Kinase c-Src or Lck

inhibitors, 7Lr2

cyclin  dependent kinase (CDK) inhibitors or adenosine receptor
antagonists.”™* Also, these molecules show  antitumor and radioprotective activity.”
Pyrrolo[2,3-d]pyrimidine nucleus also occurs in nature as antibiotics (Fig. 9a) like tubercidin

(55), toyocomycin (56) and sangivamycin (57).°"® These molecules exhibits antitumor

properties.’® %2

NH,
N=" |
NP

HO
© 55. R = H, Tubercidin
56. R = CN, Toyocamycin
O O 57. R = CONH2, Sangivamycin

Figure 9a. Pyrrolo[2,3-d]pyrimidine core based some important molecules found in nature
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Cadeguomycin (58, Fig. 9b)®%* was isolated as a minor component together with tubercidin
(55) and shows macrophage activity.?® Rigidins (59-62, Fig. 9b) are pyrrolo pyrimidine core
based alkaloids isolated from marine tunicates.®” These molecules are reported to inhibit
calmodulin-activated brain phosphodiesterase.?’

OH R 59. R =R' =H, Rigidin

RPN . 60. R = OCH, R’ — H, Rigidin B
58. R = OH; R' = H, Cad » R =1L
: - adegtomyen 61. R =, R'= OCH,, Rigidin C

62. R =R' = OCH,, Rigidin D
Figure 9b. Pyrrolo[2,3-d]pyrimidine core based some important molecules

Nucleoside Q, or queuosine, %8 (63, Fig. 9c) and its galactosylated, (64, Fig. 9c) mannosylated,
(65, Fig. 9c) or amino acid modified derivatives (66, Fig. 9¢)* are important hypermodified
RNA bases present in the anticodon stem loop of various tRNAs.*® Studies have shown that
nucleoside Q is widely distributed in tRNA’s of both plants and animals.” Nucleoside Q and its
biosynthetic precursors have potential as biologically active compounds since deficiency of
nucleoside Q is related to tumor growth.*'® The aglycone of nucleoside Q and is known as
queuine. Interestingly, the tRNA isolated from various tumors was found to be deficient in

queuine.??%
OR
63. R =R'=H, Queuosine
OR OHOH OH
: 64.R=H, R' :H HO galactosylquenosine
0 J HO H
NH o~ OH
H OH N
HJ\I\ ‘ N\ 65.R=H,R'= H OH Mannosylqueuosine 0 l\]:H
X
H,N™ N7 N HO_O
HO HN | A\
HO HOAZ"H /k\
) H OH HN™ N H
’ d ‘OH 66. Glu- (condensed to either R orR") glutamylqueuosine 67. Queuine

Figure 9c. Pyrrolo[2,3-d]pyrimidine core based some important molecules

81



Due to their close structural resemblance to the important purine molecule and also as an
important structural unit of several natural products, pyrrolo[2,3-d]pyrimidine nucleus have been
studied extensively and many such molecules have been synthesized as inhibitors of folate
metabolism and biosynthesis,®® as protein kinase inhibitors,® as antivirals,”” in combating

multidrug resistance,”® in controlling gastric secretion®® and as receptor antagonists.**

Premetrexed (68, Fig. 10a) inhibits enzymes that are required for purine and pyrimidine
synthesis.'®* SLV320, (69, Fig. 10a) is a selective adenosine Al receptor antagonist.'* PNU-
101033E (70, Fig. 10a) 1 and PNU-104067F (71, Fig. 10a) *** are two brain-penetrating lipid-
peroxidation-inhibiting pyrrolo pyrimidines and are found to possess neuroprotective activity in
brain injury and Ischemia. PKI 166 (72, Fig. 10a) **® and AEE-788 (77, Fig. 10b)'® are tyrosine

17 is a non-

kinase inhibitors and are under clinical development. Antalarmin (73, Fig. 10a)
peptide drug that blocks the CRF-1 (corticotropin releasing factor-1) receptor, and, as a

consequence, reduces the release of corticotropin in response to chronic stress.

COOH _OH

(0]
NH HN / \
N
COOH NZ M y
N N \
0 N |
@ : C/\IJ\\N N
HN | \\\
s
H2N N

68. Pemetrexed 69. SLV 320 70. PNU-101033E N/}

IZz_

N N
N ’
N)I@ NS | \ N%/
N
C/\IJ\\N N\\\ ©/kN H /k\N \
N/w 72 66 ,
71. PNU-104067F K/o -PKIL 73. Antalarmin

Figure 10a. Pyrrolo[2,3-d]pyrimidine core based some important drugs
and drug candidate molecules

Another molecule CP-154526, (74, Fig. 10b) *® is a potent and selective nonpeptide antagonist
of CRF receptors. NVP-ADW742 (75, Fig. 10b) *° is an ATP-competitive inhibitor that inhibits
IGF-IR autophosphorylation with a cellular IC50 of 0.1 to 0.2 umol/L, which is approximately
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16-fold lower than that of the insulin receptor. NVP-AEW541 (76, Fig. 10b)™° is another
molecule in this class and was found to inhibit the in vitro kinase activity of the recombinant
IGF-IR kinase domain with an 1IC50 value of 0.15 pmol/L.

Tofacitinib (78, Fig. 10b)*** (formerly tasocitinib, CP-690550) is a drug being investigated
by Pfizer for the treatment of rheumatoid arthritis (RA), psoriasis, inflammatory bowel disease,
and other immunological diseases, as well as for the prevention of organ transplant rejection.
Ruxolitinib (79, Fig. 10b) *'? is being investigated for the treatment of myeloproliferative

diseases, plaque psoriasis, and various types of cancer.

J
N o’ N = N o’
Aﬁf\é ge g
N~ N N Nb
74. CP 154526 < 75 NVP-ADW742 NQ 76.NVP-AEW541 N\j

N
/ c’

ey DA v S

N ’
@3 I
77. AEE-788 .

78. Tofacitinib 79. Ruxolitinib

D/Z/

IZ/

Figure 10. Pyrrolo[2,3-d]pyrimidine core based some important drugs molecules
and drug candidate molecules

The affinity of a drug depends on how tightly it can bind to its receptor through a set of non-
covalent interactions. Arene—arene interactions are one of the important non-covalent
interactions involved in binding of a drug to its receptor. Thus, proper understanding of arene-
arene interaction is essential for rational drug-design. A brief review on nature and geometry of

arene interactions has been presented in chapter one.

In the context of above discussion it is very important to study the role of arene interactions in

purines and related systems. In this regard the use of flexible linkers to connect two aromatic
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moiety has been very helpful in the study of arene interactions and a brief discussion of such
flexible linkers has been described in the previous chapter.

2.2 Objective

1. Synthesis, solution and solid state conformational studies of pyrrolo[2,3-d]pyrimidine (19,
Fig. 4) core based polymethylene linker compounds for the study of conformation directing
roles of arene—arene interactions of this nucleus.

2. To study the effect of decreasing the number of ring nitrogen on the stacking behavior as
compared to the analogous pyrazolo[3,4-d]pyrimidine (PP) and triazolo[4,5-d]pyrimidine
(TP) core based flexible molecules.

3. To study the effect of substituents on intramolecular and intermolecular stacking behavior of
the molecule.

2.3 Synthesis and characterization

2.3.1 Synthesis and characterization of various monomeric pyrrolo[2,3-d]pyrimidine
compounds (Scheme 1, 2 and 3).

The compound 82, 83, 87 and 88 (Scheme 1) are important intermediates in the synthesis of
various pyrrolo[2,3-d]pyrimidine as well as purine nucleus and were synthesized according to
the literature procedures.**® The NMR spectra of compounds were recorded in CDCls unless
otherwise stated.

2.3.1.1 Synthesis and characterization of 2-methylthio-3H-pyrrolo[2,3-d]pyrimidin-4(7H)-
one (82, Scheme 1),***  4-chloro-2-methylthio-7H-pyrrolo[2,3-d]pyri-midine (83, Scheme

1),""*  2-methylthio-7H-pyrrolo[2,3-d]pyrimidine-4-thiol (84, Scheme 1)!*° and 24-
bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (85, Scheme 1).

The compound 82,* 83,* and 84 (Scheme 1) were synthesized following the procedures
described in the literature. The required 85 (Scheme 1) was synthesized by reaction of

compound 84 with methyl iodide and is described in the experimental section.

Proton NMR (DMSO-ds) of the compound 82 shows a singlet at 6 2.50 for SMe, two multiplets
for two aromatic protons at & 6.34-6.36 and 6 6.89-6.91 and two NH protons at & 11.74 and &
12.03. Mass spectrum shows base peak corresponding to [M+H] ™ at m/z 182.
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Scheme 1: Synthesis of various pyrrolo[2,3-d]pyrimidine compounds

Proton NMR of the compound 83 shows a singlet at & 2.65 for SMe, two multiplets for two
aromatic protons at 6 6.54-6.56 and & 7.21-7.24 and one NH protons at & 9.93. Mass spectrum
shows base peak corresponding to [M+H]" at m/z 200.

Proton NMR (CDClI; + DMSO-ds) of the compound 84 shows a singlet at 6 2.48 for SMe, two
singlets for two aromatic protons at 6 6.59 and & 6.88 and one NH or SH proton at 6 11.35. Mass
spectrum shows base peak corresponding to [M+H] * at m/z 198.

Proton NMR of the compound 85 shows two singlet at 6 2.70 and 6 2.72 for two SMe, two
multiplets for two aromatic protons at & 6.46-6.48 and 6 7.13-7.15 and one NH proton at 6
10.76. Mass spectrum shows base peak corresponding to [M+H]" at m/z 212.

2.3.1.2 Synthesis and characterization of 3-methyl-2-methylthio-3H-pyrrolo[2,3-d]-
pyrimidin-4(7H)-one (87, Scheme 2).1°

The compound 87 (Scheme 2) was synthesized following the procedures described in the

literature.*®

0
CICH,CHO/  Me-
ey S
R -
Mes™ N NH, A

Mes” N7 “NH, H2O. MeS~ "N H

81 86 87

Scheme 2: Synthesis of compound 87
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Proton NMR of compound 87 shows a singlet at & 2.59 for SMe, a singlet at 6 3.60 for NMe,
two multiplets for two aromatic protons at & 6.64-6.66 and 6 6.79-6.81 and one NH proton at &
8.35. Mass spectrum shows base peak corresponding to [M+H] ™ at m/z 196.

2.3.1.3 Synthesis of various reference monomeric pyrrolo[2,3-d]pyrimidine compounds.

2.3.1.3.1 Synthesis and characterization of 4-chloro-7-methyl-2-methylthio-7H-pyrrolo[2,3-
d]pyri-midine (88, Scheme 3), 4-methoxy-7-methyl-2-methylthio-7H-pyrrolo[2,3-
d]pyrimidine (89, Scheme 3), 7-methyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine
(90, Scheme 3), 7-methyl-2-methylthio-4-pyrrolidin-1-yl-7H-pyrrolo[2,3-d]- pyrimidine (91,
Scheme 1a) and 3,7-dimethyl-2-methylthio-3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one (92,
Scheme 3).

Methylation of compounds 83, 85 and 87 with methyl iodide in DMF using cesium carbonate as
a base gave compounds 88, 90 and 92 respectively. Reaction of compound 88 with NaOMe in
methanol under refluxing conditions yielded compound 89 and reaction of compound 90 with
pyrrolidine under refluxing conditions gave compound 91.

cl o OMe
’
NT TN Mel N” ) Naome N\
BN — PN — <
MeS N H MeS N N MeOH MeS N
83 88 39 \
SMe SMe [ \
_ N
N | N\ Mel N | \\ Pyrrolidine
LAy = LI 2R A
MeS N MeS N s
\ MeS~ N r\{
85
90 91
0O O
N Me <
SO RCHES Sy
\ N\
MeS N N MeS N N
H \
87 92

Scheme 3: Synthesis of various reference compounds with pyrrolo[2,3-d]pyrimidine core
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Proton NMR of the compound 88 shows a singlet at 6 2.64 for SMe, two doublets for two
aromatic protons at & 6.48 and 6 7.02 and one NMe proton at & 3.81. Mass spectrum shows base
peak corresponding to [M+H]" at m/z 214.

Proton NMR of the compound 89 shows three singlets at 6 2.64, & 3.79 and 6 4.10 for SMe,
NMe and OMe protons respectively and two singlet for two aromatic protons at 6 6.42 and o
6.84. Mass spectrum shows base peak corresponding to [M+H]" at m/z 210.

Proton NMR of the compound 90 shows two singlet at 6 2.65 and 6 2.68 for two SMe, two
doublets for two aromatic protons at & 6.38 and ¢ 6.88 and one NMe proton at & 3.76. Mass
spectrum shows base peak corresponding to [M+H]" at m/z 226.

Proton NMR of the compound 91 shows a singlet at & 2.59, two doublets for two aromatic
protons at & 6.44 and 6 6.70, one singlet for NMe proton at 63.73 and two broad singlets, one at &
3.81 for pyrrolidinyl NCH, protons and other at & 2.02 for pyrrolidinyl CH, protons. Mass
spectrum shows base peak corresponding to [M+H]" at m/z 249.

Proton NMR of compound 92 shows a singlet at 6 2.63 for SMe, a singlet at 6 3.59 for NMe, a
singlet at 6 3.72 and two doublets for two aromatic protons at 6 6.59 and ¢ 6.69. Mass spectrum
shows base peak corresponding to [M+H] " at m/z 210.

2.3.1.4 Synthesis and characterization of 5,6-dimethyl-2,4-disubstituted-7H-pyrrolo[2,3-d]-
pyrimidine (Scheme 4).

2.3.1.4.1 Synthesis and characterization of 2-amino-4,5-dimethyl-1H-pyrrole-3-carbonitrile
(95, Scheme 4), 5,6-dimethyl-7H-pyrrolo[2,3-d]pyrimidine-2,4-dithiol (96, Scheme 4),
5,6-dimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (97, Scheme 4) and 5,6,7-
trimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (98, Scheme 4).

The compound 95 was prepared following the literature procedure using alanine (93) as a
starting material.**”* The compound 96 was synthesized by the reaction of carbon disulfide in

pyridine using the literature procedure™ "

(Scheme 4). The compound 97 was synthesized by the
reaction of compound 96 with methyl iodide in water using sodium hydroxide as a base (Scheme
4). The compound 98 was synthesized by the reaction of compound 97 with methyl iodide in
DMF using sodium hydride as a base (Scheme 4). These compounds were characterized by

analysis of mass and NMR spectra.
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Scheme 4: Synthesis of monomeric 5, 6-dimethyl-pyrrolo[2,3-d]pyrimidine compounds

Proton NMR (DMSO-ds) of the compound 95 shows peaks at ¢ 9.83 for NH, at 6 5.36 for
NH,, and at 6 1.92 and 6 1.83 for two methyl protons. Mass spectrum shows base peak
corresponding to [M+H] " at m/z 136.

Proton NMR (DMSO-dg) of the compound 96 shows four singlets at ¢ 2.11, & 2.27 for two
Me, and at 6 11.25 and 6 12.41 for SH and NH protons. Mass spectrum shows base peak
corresponding to [M+H] " at m/z 212.

Proton NMR in CDCl; of compound 97 shows two singlet at 6 2.33 and ¢ 2.34 for two Me, two
singlet at & 2.63 and ¢ 2.66 for two SMe and one singlet for one NH proton at 6 9.13. Mass
spectrum shows base peak corresponding to [M+H]" at m/z 240.

Proton NMR in CDCl; of compound 98 shows two singlet at & 2.07 and & 2.09 for two Me, one
singlet at & 2.56 SMe protons and one singlet for one NCH; proton at 6 3.26. Mass spectrum
shows base peak corresponding to [M+H]" at m/z 254.

2.3.1.5 Synthesis and characterization of 5-methyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]-

pyrimidine (100, Scheme 5)*" and 5,7-dimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]-
pyrimidine (101, Scheme 5).

The compound 100 was synthesized by following the literature procedure using glycine (104) as
the starting material™® (Scheme 5). Compound 101 was synthesized by the reaction of
compound 105 with methyl iodide in DMF using sodium hydride as a base (Scheme 5). These

compounds were characterized by analysis of mass and NMR spectra.
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Scheme 5: Synthesis of 5-methyl-pyrrolo[2,3-d]pyrimidine compounds

Proton NMR of the compound 100 shows one singlet at & 2.43 for 5-Me protons, two singlets at
5 2.66 and o 2.68 for two SMe, one singlet at & 6.78 for aromatic proton and one singlet at &
9.44 for one NH proton. Mass spectrum shows base peak corresponding to [M+H]" at m/z 226.

Proton NMR of the compound 101 shows a singlet at 6 2.42 for 5-Me protons, two singlets at o
2.64 and 6 2.67 for two SMe and one singlet 6 3.69 for NCH; protons and a singlet at 6 6.61 for
aromatic proton. Mass spectrum shows base peak corresponding to [M+H]" at m/z 240.

2.3.2 Synthesis and characterization of various dimeric pyrrolo[2,3-d]pyrimidine
compounds.

2.3.2.1 Synthesis and characterization of 1,n-bis(4-chloro-2-(methylthio)-1H-pyrrolo[2,3-d]-
pyrimidin-1-yl)alkane (105-107, Scheme 6).

The compound 83 on reaction with 1,n-dibromopropane (102-104) in acetone using cesium
carbonate as base gives compounds (105-107) as shown in Scheme 6. These compounds were

characterized by analysis of mass and NMR spectra.

cl = _— ol
Cs,CO,/ - N
)\)j\/> —(CHz)n Br = N>\// (CH T Q\\(

102: 1 = acetone N N\(
103 n :3 MeS 105:n=2 SMe
104: n = 106;n=3

107:n=4

Scheme 6: Synthesis of compounds 105-107

Proton NMR of the compound 105 shows a singlet at & 2.51 for SMe, a singlet at & 4.61 for
NCH, and two doublets at 6 6.35 and & 6.55 for two aromatic protons. Mass spectrum shows

base peak corresponding to [M+H]" at m/z 426.
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Proton NMR of the compound 106 shows a quintet at & 2.49 for CH, a singlet at & 2.58 for
SMe, one triplet at & 4.22 for NCH; and two doublets at 6 6.52 and & 7.07 for two aromatic
protons. Mass spectrum shows base peak corresponding to [M+H]" at m/z 440.

Proton NMR of the compound 107 shows a broad singlet at 6 1.84 for CH, protons, a singlet at
0 2.62 for SMe, a broad singlet at 6 4.26 for NCH; and two doublets at & 6.51 and & 7.01 for
two aromatic protons. Mass spectrum shows base peak corresponding to [M+H]" at m/z 453.
2.3.2.2 Synthesis and characterization 1,n-bis(2,4-bis(methylthio)-7H-pyrrolo[2,3-d]-
pyrimidin-7-yl)alkane (108-110, Scheme 7).

The compound 90 on reaction with 1,n-dibromopropane (107-109) in DMF using cesium
carbonate as base gives compound (108-110) as shown in Scheme 7. These compounds were
characterized by analysis of mass and NMR spectra.

SMe

MeS = — SMe
N7 Cs,CO4 / DMF O Naen /I\Q\\(
P + Br—(CH,7Br —— > NI \
Mes” NT N N=(

102:n =2 ‘n=

85 MeS 108:n=2 SMe
103,n =3 109;n=3
104:n =4 110:n=4

Scheme 7: Synthesis of compounds 108-110

Proton NMR of the compound 108 shows two singlet at 6 2.58 and at 6 2.68 for SMe, one triplet
at 6 4.57 for NCH; and two doublets at ¢ 6.24 and 6 6.36 for two aromatic protons. spectrum
shows base peak corresponding to [M+H] " at m/z 449.

Proton NMR of the compound 109 shows a quintet at 6 2.41 for CH, protons, two singlets at o
2.59 and at 6 2.69 for SMe, one triplet at & 4.10 for NCH; and two doublets at 6 6.41 and &
6.95 for two aromatic protons. Mass spectrum shows base peak corresponding to [M+H]" at m/z
463.

Proton NMR of the compound 110 shows a broad singlet at 6 1.77 for CH, protons, two singlets
at 6 2.62 and at 6 2.68 for SMe, a broad singlet at 6 4.19 for NCH; and two doublets at 6 6.38
and & 6.85 for two aromatic protons. Mass spectrum shows base peak corresponding to [M+H]"
at m/z 477.

2.3.2.3 Synthesis and characterization of 7,7'-(alkane-1,n-diyl)bis(3-methyl-2-methylthio)-
3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one) (111-113, Scheme 8).
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The compound 87 on reaction with 1,n-dibromopropane (102-104) in DMF using cesium
carbonate as base gives compound (111-113) as shown in Scheme 8. These compounds were

characterized by analysis of mass and NMR spectra.
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Scheme 8: Synthesis of compounds 111-113

Proton NMR of the compound 111 shows, two singlets at & 2.48 and at 6 3.56 for SMe and NMe
protons respectively, a singlet at 6 4.46 for NCH, and two doublets at 6 6.35 and 6 6.49 for two
aromatic protons. Mass spectrum shows base peak corresponding to [M+H] ™ at m/z 417.

Proton NMR of the compound 112 shows a singlet at 6 2.32 for SMe proton, a quintet at 6 2.39
for CH, protons, a singlet at 6 2.32 for NMe proton, a triplet at 6 4.03 for NCH; and two
doublets at & 6.64 and & 6.74 for two aromatic protons. Mass spectrum shows base peak
corresponding to [M+H]" at m/z 431.

Proton NMR of the compound 113 shows a broad singlet at 6 1.79 for CH, protons, two singlets
at 6 2.51 and at & 3.57 for SMe and NMe protons respectively, a broad singlet at 6 4.09 for
NCH, and two doublets at 6 6.56 and o 6.62 for two aromatic protons. Mass spectrum shows
base peak corresponding to [M+H]" at m/z 445.

2.3.2.4 Synthesis and characterization of 1,3-bis(2-methylthio-4-pyrrolidin-1-yl-7H-

pyrrolo[2,3-d]pyrimidin-7-yl)propane (114, Scheme 9) and 1,3-bis(4-methoxy-2-methylthio-
7H-pyrrolo[2,3-d]pyrimidin-7-yl)propane (115, Scheme 9).

The compound 114 was synthesized by refluxing compound 106 with pyrrolidine and compound
115 was synthesized by refluxing compound 106 with sodium methoxide in methanol (Scheme
9). These compounds were characterized by analysis of Massand NMR spectra.
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Scheme 9: Synthesis of compounds 114-115

Proton NMR of the compound 114 shows a broad singlet at 6 2.01 for pyrrodinyl CH,, a quintet
& 2.36 for CHy, one singlet at 6 2.55 for SMe, a broad singlet at & 3.80 for pyrrodinyl NCH, one
triplet at 6 4.12 for NCH; and two doublets at ¢ 6.43 and & 6.81 for two aromatic protons. Mass
spectrum shows base peak corresponding to [M+H]" at m/z 509.

Proton NMR of the compound 115, a quintet & 2.44 for CHa, one singlet at & 2.56 for SMe,, one
singlet at & 4.09 for OMe, one triplet at 6 4.17 for NCH; and two doublets at ¢ 6.43 and 6 6.88
for two aromatic protons. Mass spectrum shows base peak corresponding to [M+H] * at m/z 432.
2.3.25 Synthesis and characterization of 1,n-bis(5,6-dimethyl-2,4-bis(methylthio)-7H-
pyrrolo[2,3-d]pyrimidin-7-yl)alkane (116-118, Scheme 10).

The compound 102 on reaction with 1,n-dibromopropane (107-109) in DMF using sodium
hydride as base gives compound (116-118) as shown in Scheme 10. These compounds were
characterized by analysis of mass and NMR spectra.

SMe
SMe
Br NaH/DMF \
)'\1\ L + Br—(CHy)— C_\
MeS N} 102:n =2 =
107 103; n =3 SMe
104:n =4

Scheme 10: Synthesis of compounds 116-118
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Proton NMR spectra of the compound 116 shows two singlet at 6 1.92 and 6 2.30 for CHs
protons, two singlet at 6 2.58 and 6 2.64 for SMe protons and one singlet for NCH; protons at 6
4.37. Mass spectrum shows base peak corresponding to [M+H]" at m/z 505.

Proton NMR of the compound 117 , a multiplet in the range of 6 2.09-2.18 for CH, protons, two
singlet at 6 2.18 and 6 2.33 for CHjs protons, two singlet at & 2.55 and ¢ 2.64 for SMe protons and
one triplet at o 4.17 for NCH, protons. Mass spectrum shows base peak corresponding to
[M+H]" at m/z 519.

Proton NMR spectra of compound 118 shows a broad singlet at 5 1.58 for CH, protons, two
singlets at & 2.07 and & 2.11 for CHs; protons, two singlets at & 2.57 for SMe protons and one
triplet for NCH, protons at & 3.71. Mass spectrum shows base peak corresponding to [M+H]" at
m/z 533.

2.3.2.6 Synthesis and characterization of 1,n-bis(5-methyl-2,4-bis(methylthio)-7H-
pyrrolo[2,3-d]pyrimidin-7-yl)propane (119-121, Scheme 11).

The compound 105 on reaction with 1,n-dibromopropane (102-104) in DMF using sodium
hydride as base gives compound (119-121) as shown in Scheme 7. These compounds were

characterized by analysis of mass and NMR spectra.

SMe
X Br
)N|\ N Br—(CHzJn~ NaH / DMF
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H 103;n =3
100 104:n =4

Scheme 11: Synthesis of compounds 119-121

Proton NMR spectra of compound 119 shows one singlet at 6 2.29 for CH3 protons, two singlet
at 6 2.55 and 6 2.65 for SMe protons, one singlet for NCH, protons at 6 4.42 and one singlet at &
6.18 for aromatic proton. Mass spectrum shows base peak corresponding to [M+H]" at m/z 477.

Proton NMR of the compound 120, a multiplet in the range of & 2.30-2.39 for CH, protons, one
singlet at & 2.39 for CHs protons, two singlet at 6 2.59 and 6 2.66 for SMe protons, one triplet at
& 4.06 for NCH, protons and one singlet at 6 6.62 for aromatic proton. Mass spectrum shows
base peak corresponding to [M+H]" at m/z 491.
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Proton NMR of the compound 121, shows a broad singlet at 6 1.76 for CH; protons, a singlet at
& 2.40 for CHs protons, two singlets at 6 2.62 and ¢ 2.68 for SMe protons, one broad singlet for
NCHj; protons at & 4.16 and a singlet at 6 6.60 for aromatic proton. Mass spectrum shows base
peak corresponding to [M+H]" at m/z 505.

2.4 Result and discussion

The present study was undertaken to determine the effect of decreasing number of ring nitrogen
on the robustness of the U-motif seen in 4,6-disubstituted-1H-pyrazolo[3,4-d]pyrimidine
compounds from molecular recognition and crystal engineering point of view. Generally,
electronic effects are considered to play significant role in stacking interactions. Thus we decided
to synthesize symmetrical polymethylene especially trimethylene linked 2,4-disubstituted-7H-
pyrrolo[2,3-d]pyrimidine compounds in which one N atom of the pyrazolo part of pyrazolo[3,4-
d]pyrimidine nucleus is replaced by CH. This introduction of CH in ring was expected to bring a
profound change in the electronic distribution of the nucleus and thus would have significant
change in the solution and solid state conformation of the molecule and thus on the stacking
behavior of the molecule. The information obtained through such studies can also be used in the
studies of more important purine nucleus since pyrrolo[2,3-d]pyrimidine can be considered as an
analogue of purine. These studies may also help in better understanding of the processes in
which these molecules take part.

2.4.1 'H NMR study

In earlier studies on polymethylene linked, especially in case of ethylene and trimethylene
linked, 4,6-disubstituted-1H-pyrazolo[3,4-d]pyrimidine compounds (126-128, 132-134, Fig. 11
and Table 1) we observed an upfield shift of protons of groups attached at 6-position as
compared to the respective reference compounds.**®

polymethylene linked 5,7-disubstituted-triazolo[4,5-d]pyrimidine compounds (129-131, 135-137,

Analogous results were obtained in case of

Fig. 11 and Table 1) and has been discussed in the Chapter 1. Perusal of data in Table 1 shows
that while trend is same in both series magnitude of upfield shift is more for triazolo[4,5-d]-
pyrimidine series. Proton NMR data of Table 1 will be used with corresponding data on similar
pyrrolo[2,3-d]pyrimidine compounds (Fig. 12 and Table 2 and 3) for conformational analysis.
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Table 1: *H NMR shifts of various monomeric and dimeric pyrazolo[3,4-d]pyrimidine (PP) and
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Figure 11. Pyrazolo[3,4-d]pyrimidine (PP) and triazolo[4,5-d]pyrimidine
compounds (TP)

Triazolo[4,5-d]pyrimidines (TP).
(Color code: Blue = ethylene linker; Red = trimethylene linker and Green = butylene linker).

S.No. | Comp. No. 6 6-SMe of PP/ 6 4-SMe of PP/ | Ad = 6-SMe/5-SMe
n 5-SMe of TP 7-SMe of TP/ (monomer)
5-Me(PP)/6- — 0 6-SMe/5-SMe (dimer)
Me(TP)

1. 122 (PP) - 2.66 2.62 -

2. 123 (TP) - 2.75 2.64 -

3. 124 (PP) - 2.65 3.57 -

4. 125 (TP) - 2.67 3.62 -

5. 126 (PP) 2 2.44 2.66 0.22
6. 127 (PP) 3 2.45 2.67 0.21
7. 128 (PP) 4 2.53 2.62 0.13
8. 129 (TP) 2 2.40 2.72 0.35
9. 130 (TP) 3 2.50 2.75 0.25
10. 131 (TP) 4 2.60 2.75 0.15
11. 132 (PP) 2 2.48 3.48 0.17
12. 133 (PP) 3 2.29 3.51 0.36
13. 134 (PP) 4 2.58 3.55 0.07
14. 135 (TP) 2 2.38 3.60 0.29
15. 136 (TP) 3 2.44 3.58 0.23
16. 137 (TP) 4 2.59 3.60 0.08
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Table 2: *H NMR shifts of various monomeric and dimeric pyrrolo[2,3-d]pyrimidines.
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Figure 12: General structure of pyrrolo[2,3-d]pyrimidine and pyrrolo[2,3-d]pyrimidone
compounds synthesized in the present study

(Color code: Blue = ethylene linker; Red = trimethylene linker and Green = butylene linker).

S. | Comp. | n| Ry R2 R3 Ra 0 2- 6 3-NMe/ 0 5- 0 6-
No. | No. SMe 4-SMe/ H/CH; | H/CH3
OMe/pyrr.
1. 88 - | SMe | CI H H 2.64 - 6.48 7.02
2. 92 - | SMe | Me H H 2.63 3.59 6.59 6.69
3. 90 - | SMe | SMe H H 2.68 2.65 6.38 6.88
4. 91 - | SMe | Pyrr. H H 2.59 3.81 6.44 6.70
5. 89 - |SMe | OMe | H H 2.64 4.10 6.42 6.84
6. 98 - | SMe | SMe | CH; | CH; | 2.56 2.56 2.07 2.09
7. 101 - | SMe | SMe | CHs; H 2.67 2.64 241 6.61
8. 105 2 | SMe | CI H H 2.52 - 6.36 6.54
9. 106 3| SMe| CI H H 2.56 - 6.50 7.05
10. 107 4 | SMe | CI H H 2.62 6.51 7.01
11. 108 2 | SMe | SMe H H 2.58 2.68 6.24 6.36
12. 109 3 | SMe | SMe H H 2.59 2.68 6.42 6.96
13. 110 4 | SMe | SMe H H 2.62 2.68 6.38 6.85
14. 111 2 | SMe | Me H H 2.47 3.56 6.34 6.49
15. 112 3 | SMe | Me H H 2.31 3.53 6.63 6.73
16. 113 4 | SMe | Me H H 2.50 3.56 6.55 6.61
17. 114 3 | SMe | Pyrr. | H H 2.55 3.80 6.43 6.80
18. 115 3| SMe| OMe | H H 2.57 4.09 6.43 6.88
19. 116 2 |SMe | SMe | CH; | CH; | 2.58 2.64 1.92 2.30
20. 117 3 | SMe | SMe | CH; | CH;3 | 2.64 2.55 2.19 2.33
21. 118 4 | SMe | SMe | CH; | CH3 | 257 2.57 2.07 2.11
22, 119 2 |SMe| SMe | CH; | H 2.65 2.55 2.29 6.18
23. 120 3|SMe| SMe | CH; | H 2.66 2.58 2.38 6.62
24. 121 4 |SMe| SMe | CH; | H 2.68 2.62 2.40 6.60
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In case of polymethylene linked 2,4-disubstituted-7H-pyrrolo[2,3-d]pyrimidine compounds the
upfield shift of protons observed in groups attached to the 2-position as compared to the
respective monomeric compounds is very less (Fig. 12 and Table 2 and 3) as compared to the
shifts observed in case of corresponding 4,6-disubstituted-1H-pyrazolo[3,4-d]pyrimidine
compounds or 5,7-disubstituted-triazolo[4,5-d]pyrimidine compounds (Fig. 11 and Table 1).
This shows that the conformational arrangement of dimeric  pyrrolo[2,3-d]pyrimidine
compounds (105-110 and 114-115, Fig. 12) is different from the corresponding pyrazolo[3,4-
d]pyrimidine or triazolo[4,5-d]pyrimidine compounds (126-131, Fig. 11).

Table 3: Difference in *H NMR shifts of protons in dimeric pyrrolo[2,3-d]pyrimidines compared

to their respective monomeric compounds.
(Color code: Blue = ethylene linker; Red = trimethylene linker and Green = butylene linker).

S.No. | Comp.| n |Ad=02-SMe A8 =96 5-H/CH;3 Ad =6 6-H/CH3
No. (monomer) — & 2- | (monomer) — d (monomer) — o
SMe (compound) | 5-H/CH3; (compound) | 6-H/CH3; (compound)
1. 105 2 0.12 0.12 0.48
2. 106 3 0.08 -0.02 -0.03
3. 107 4 0.02 -0.03 0.01
4, 108 2 0.10 0.14 0.52
5. 109 3 0.09 -0.04 -0.08
6. 110 4 0.06 0.00 0.03
7. 111 2 0.16 0.25 0.20
8. 112 3 0.32 -0.04 -0.04
9. 113 4 0.13 0.04 0.08
10. 114 3 0.04 0.01 -0.10
11. 115 3 0.07 -0.01 -0.04
12. 116 2 -0.08 -0.23 0.17
13. 117 3 0.01 -0.12 -0.24
14, 118 4 -0.01 -0.04 0.02
15. 119 2 0.02 -0.14 0.43
16. 120 3 0.01 -0.17 -0.01
17. 121 4 -0.01 0.01 0.01

However, a comparison can be drawn in case of pyrrolo[2,3-d]pyrimidone compounds (111-
113, Fig. 12 and Table 2 and 3) with
triazolo[4,5-d]pyrimidone compounds (132-137) (Table 1, Fig. 11). In this case the upfield shifts

the corresponding pyrazolo[3,4-d]pyrimidone or

of 2-SMe pyrrolo[2,3-d]pyrimidone protons are comparable to 6-SMe protons of pyrazolo[3,4-
d]pyrimidone as seen from the analysis of Table 1 and 3.
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One more possible reason for this smaller upfield shits seen in the case of pyrrolo[2,3-
d]pyrimidine is that the molecules may have a different conformational arrangement in which the
groups attached at the 2-position may be far from the anisotropic region of the other ring and
some other region may be close to the anisotropic region. To confirm this we synthesized
compounds 115-121 (Fig. 12) and checked for the upfield shifts in the protons of 5-methyl and
6-methyl groups as well as in 2-methylsulfanyl and 4-methylsulfanyl protons (Table 2 and 3).

In case of ethylene linker compounds 105, 108, 111, 116 and 119 (Fig. 12 and Table 2 and 3)
we observe a significant downfield shift in the 6-H/CHs proton shift in the ‘HNMR spectra as
compared to their respective monomeric compounds 88, 90, 92, 98 and 101 (Fig. 12 and Table 2
and 3). The 5-H proton in case of 105, 108 and 111 shows an upfield shift while the 5-Me
protons in case of 116 and 119 shows a downfield shift as compared to their respective
monomeric compounds (Fig. 12 and Table 2 and 3). The 2-SMe protons in case of compounds
of 105, 108 and 111 shows an upfield shift while there is no significant change in the shifts in
SMe protons in case of compounds 116 and 119 as compared to their respective monomeric
compounds (Fig. 12 and Table 2 and 3). These values indicates that the five membered pyrrole
rings are more close to each other than the six membered pyrimidine/pyrimidone rings and the
two pyrrolo pyrimidine rings are not in anti conformation. The probable solution state
conformation in case of compounds 116 and 119 is shown in Fig. 13.

MeS

SMe

116: R, = CHg; R, = CH,
119:R, = CH,; R, =H

Figure 13: Probable solution state conformation of compounds 116 and 119

The corresponding upfield shift of 6-SMe in case of ethylene linked pyrazolo[3,4-d]pyrimidine
compound 126, 132 (Fig. 11 and Table 1) and 5-SMe in case of ethylene linked triazolo[4,5-
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d]pyrimidine 129, 135 (Fig. 11 and Table 1) is larger as compared to their respective
monomeric compounds 122, 124 and 123, 125 (Fig. 11 and Table 1). In these cases the NMR
shifts indicate towards a conformation where the six-member pyrimidine rings are close to each
other (Fig. 11 and Table 1).

In case of trimethylene linker compounds 117 and 120 (Fig. 12 and Table 2 and 3) there is no
significant change in the proton NMR shift values of 2-SMe protons as compared with the
respective monomeric compounds 98 and 101 (Fig. 12 and Table 2 and 3). However we observe
a downfield shift in the proton NMR shift values of 5-Me and 6-Me protons as compared with
respective monomeric compounds. This indicates that the methyl protons are near to the
periphery of the rings and are desheilded. This also indicates that the rings are not fully stretched
but are close to each other, though not in a stacked conformation as seen in case of
pyrazolo[3,4-d]pyrimidine compound 127°% (Fig. 14). A similar but not so significant
downfield shift is observed in case of compounds 106, 109, 114 and 115 (Fig. 12 and Table 2
and 3).

Figure 14: Crystal Structure of compound 127 showing stacked conformation

However, the pyrrolo pyrimidone compound 112 shows a significant upfield shift in the 2-SMe
protons as compared to the monomeric compound 92 (Fig. 12 and Table 2 and 3) and
comparable to the corresponding upfield shifts in 6-SMe protons in pyrazolo pyrimidone
compound 133 and 5-SMe protons in triazolo pyrimidone compound 136 (Fig. 11 and Table 1).

This indicates towards a similar conformational arrangement of these three molecules.

In case of butylene linked pyrrolo pyrimidine compounds 107, 110, 118 and 121 (Fig. 12 and
Table 2 and 3), there is no significant shifts in any of the protons as compared to the respective
monomeric compounds 88, 90, 98 and 101 (Fig. 12 and Table 2 and 3) indicating that there is no
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intramolecular interaction between the two rings. The corresponding pyrazolo[3,4-d]-pyrimidine
compound 128 and triazolo[4,5-d]pyrimidine compound 131 show upfield shift in the 6-SMe and
5-SMe protons indicating that there is some interaction between the two rings (Fig. 11 and
Table 1).

In case of compound 113 there is an upfield shift in the 2-SMe protons as compared with the
monomeric compound 92 which is indicative of some interaction between the two pyrrolo
pyrimidone rings (Fig. 12 and Table 2 and 3). Moreover the corresponding pyrazolo pyrimidone
compound 134 and triazolo pyrimidone compound 137 shows comparable shift in 6-SMe and 5-
SMe protons respectively as compared to their respective monomeric compounds 124 and 125
(Fig. 11 and Table 1).

To summarize, the above *H NMR study indicates that the pyrrolo[2,3-d]pyrimidine compounds
have a different conformational arrangement than the pyrazolo[3,4-d]pyrimidine or triazolo[4,5-
d]pyrimidine compounds while the conformational arrangement of pyrrolo[2,3-d]pyrimidone
compounds is similar to that of pyrazolo[3,4-d]pyrimidone or triazolo[4,5-d]pyrimidone
compounds.

2.4.2 X-Ray crystallographic study

In this present study we were able to prepare and study the crystal structure of 1,3-bis(4-chloro-
2-(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)propane (106) and 7,7'-(propane-1,3-diyl)bis(3-
methyl-2-(methylthio)-3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one) (112).

The crystal structure of 106 shows open conformation (Fig. 15). There is no intramolecular ©- ©
interaction between the rings as shown from the intramolecular distances between the centroids
of rings (Table 4a). However the distance between the two N atoms connecting the linker is
3.45 A which shows that the rings are not fully stretched as in case of truly open structure. On
careful analysis of the crystal structure we observe that the structure is stabilized by
intramolecular C-H...N interactions (Table 4b) as shown in the Fig. 15.
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Figure 15: Crystal structure of 106 showing various intramolecular distances

Table 4a: Different intramolecular distances and angle between the least squares planes of 111
and 138.

S. No. | Type of intramolecular property Compound No.
106 138

1. The distance between two N atoms in the two molecules 3.54 A 3.80 A
connecting the trimethylene linker.

2. The distance between centroids of two six-member 8.13 A 5.26 A
pyrimidine ring.

3. The distance between centroids of two five-member pyrrole 4,98 A 5.26 A
ring.

4. The distance between centroids of two nine-member 6.72 A 5.35 A
pyrrolo[2,3-d]pyrimidine ring.

5. Angle between the least squares planes. 1.31° 18.03°

Table 4b: Hydrogen bonding distances and angles:

S. | Comp. | Distance of hydrogen and | Distance of carbon | C-H...N L (°)

No. | No. nitrogen (6) and nitrogen (6)
1. 106 C9-H9A....N3 = 2.745 C9....N3=3.309 117.71
C9-H9B....N5 = 2.692 C9....N5=3.273 118.93

C13-H13A....N1=2774 C13....N1=3.038 96.30
C10-H10A....N2 = 2.723 C10....N2 = 3.006 97.43
2. |138 C9-H9A....N2A = 2.783 C9....N2A=3.086 | 98.90
C9-H9B....N2 = 2.606 C9....N2=2.935 100.03
C8A-HBAA...N1=2752 | C8A....N1=3.083 | 100.71
C8-HBA....N1A = 2.717 C8....N1IA=3.059 | 101.35
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The crystal structure of corresponding pyrazolo[3,4-d]pyrimidine compound i.e., 138 (Fig. 16)
also has no intramolecular 7—m interactions but is folded due to weak intramolecular S...S

6of (Fig 16, Table 4a) Also, the distance between the two N atoms connecting the

interaction.
linker is 3.80 A. On careful analysis of the crystal structure we observe that the structure is
stabilized by intramolecular C-H...N interactions (Table 4b) as shown in the figure in addition
to the intramolecular S...S interaction and similar to the hydrogen bonding seen in the crystal

structure of compound 106.

Figure 16: Crystal structure of 1,3-bis(4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-
1-yl)propane (138) showing various intramolecular distances.

The unit cell of 106 consists of two molecules having similar conformation without any
intermolecular interactions between the two molecules. In order to find the intermolecular n—n
interactions between the two rings, the extension of this unit cell arrangement of molecules
showed that there is considerable amount of intermolecular stacking propensity as shown in the
Fig. 17 and Table 5. The values in the table are compared with the corresponding values of

intermolecular distances of 138 reported in the literature.®
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Figure 17: Extended unit cell arrangement of molecules of Compound 106 showing
intermolecular m—r interactions.

Table 5: Intermolecular 7 -7 interactions in 106 and 138%""

S.No. Type of intermolecular property 106 138

1. The distance between centroids of two six-member pyrimidine ring 3.86 3.56

2. The distance between centroids of two five-member pyrrole ring 4.04 4.67

3. The distance between centroids of two nine-member pyrrolo[2,3-d]- 3.55 3.50
pyrimidine ring

4. The distance between centroid of one nine member pyrrolo[2,3-d]- 3.75,3.59 341
pyrimidine ring and one six-member pyrimidine ring

5. The distance between centroid of one nine member pyrrolo[2,3-d]- 3.63, 3.85 3.95
pyrimidine ring and one five-member pyrrole ring

6. The distance between centroid of one six-member pyrimidine ring 3.94, 3.57 3.58
and one five-member pyrrole ring

The above values in the Table 4 and Table 5 show that there is no intramolecular stacking
between the rings in both compound 106 and 138. However in case of intermolecular stacking
interactions the stacking propensity in compound 106 seems to be less than that of compound
138 as shown from the distances between the rings.

The crystal structure of 7,7'-(propane-1,3-diyl)bis(3-methyl-2-(methylthio)-3H-pyrrolo[2,3-
d]pyrimidin-4(7H)-one) (112) shows folded conformation (Fig. 19) . The distance between the
two centroids of six member pyrimidone rings is 4.07 A. This distance is well within values seen
in case of stacked pyrazolo[3,4-d]compounds 139 (4.14 A), 140 (4.13 A), and 141 (4.23 A)
(Fig. 18).60f The distance between the two N atoms connecting the linker is 3.46 A which is less

than the distance between the two N atoms connecting the linker in compound 141 (3.50 A).
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Figure 19. Crystal structure of 112 showing various intramolecular distances

Various crystallographic parameters of compound 112 are shown in the table below. This table

also shows the various crystallographic parameters for the corresponding pyrazolo[3,4-
and triazolo[4,5-d]pyrimidone 136 (Fig. 11 and

d]pyrimidone compound 133%°" ©' (Fig. 11)

previous chapter).

Table 6: Various crystallographic parameters for compounds 117, 133 and 136.

S.No. | Type of intramolecular property 117 ] 133 ] 136 ]
Distance in () | Distancein( ) | Distancein( )
and angle in (°) | and anglein (°) | and anglein (%)

1. The distance between two N atoms in 3.457 3.350 3.264

the two molecules connecting the
trimethylene linker

2. The distance between centroids of two 4.066 3.771 3.584

six-member pyrimidone ring

3. The distance between centroids of two 4.848 4.621 4.473
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five-member triazole and pyrazole ring

4. The distance between centroids of two 4.309 4.034 3.871
nine-member triazolo[4,5-d]pyrimidone
and pyrazolo[3,4-d] pyrimidone ring

5. The distance between centroids of one 4.205and 4.295 | 3.989and 3.948 | 3.750 and 3.833
nine-member respective triazolo[4,5-
d]pyrimidone and pyrazolo[3,4-d]
pyrimidone ring and one six-member
pyrimidone ring

6. The distance between centroids of one 4.667 and 4.853 | 4.557 and 4.469 | 4.258 and 4.426
five-member respective triazole and
pyrazole ring and one six-member
pyrimidone ring

7. The distance between centroids of one 4.623 and 4.730 | 4.456 and 4.404 | 4.226 and 4.322
five-member respective triazole and
pyrazole ring and nine-member
respective triazolo[4,5-d]pyrimidone
and pyrazolo[3,4-d] pyrimidone ring

8. Angle between the least squares planes 16.27 12.48 10.71

Analysis of the various distances between the two rings attached with the trimethylene linker in
Table 6 shows that the intramolecular stacking propensity increases as the number of ring
nitrogen increases. Moreover the angle between the two least square planes of the rings
decreases with the increase of ring nitrogen indicating that the two rings tends to take a more

parallel orientation which may further facilitate the intramolecular stacking interaction.

2.5 Conclusions

In conclusion present work shows that the stacking propensity of polymethylene linked
pyrrolo[2,3-d]pyrimidine compounds is less than the corresponding pyrazolo[3,4-d]pyrimidine
compounds both in solution and solid state while the stacking propensity of polymethylene
linked pyrrolo[2,3-d]pyrimidone compounds is comparable to the corresponding pyrazolol[3,4-

d]pyrimidone compounds in solution and solid state. Important results are summarized below.

Q) In the solution state studies (*H NMR analysis) of ethylene linked pyrrolo pyrimidine
and pyrrolo pyrimidone compounds there is significant upfield shift in 6-H/CH3 protons
indicating that the two pyrrole rings are close to each other while the shift in case of SMe
protons of pyrimidine rings is not significant. This shows that the pyrimidine rings are
not close to each other especially in case of compounds 116 and 119 (Fig 12 and Table 2
and 3). This result is in contrast to the conformations suggested by the ethylene linked
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(i)

(iii)

pyrazolo pyrimidine or triazolo pyrimidine compounds in which pyrimidine rings
appears to be close to each other (Fig. 11 and Table 1).

In the solution state studies (*H NMR analysis) of propylene linked pyrrolo pyrimidine
compounds the upfield shifts in the 2-SMe protons is very less (Table 2 and 3) compared
to the corresponding 6-SMe shifts in pyrazolo pyrimidine compounds (Table 1). Also a
small downfield shift is observed in the 5-H/CH3 and 6-H/CHj3 protons (Table 2 and 3).
These values suggest an open conformation in which the two rings are not fully stretched
as in case of truly open structure. The downfield shifts in the 5-H/CH3; and 6-H/CHs
suggest that these protons are near to the periphery of the other ring and thus experience
a deshielding effect.

The X-ray structure of compound 106 also shows similar type of conformation. In this
case the structure is open but not fully stretched and is stabilized by intramolecular C-
H...N interactions.

In case of propylene linked pyrrolo pyrimidone compound 112 there is a significant
upfield shift in the 2-SMe protons (Fig. 12 and Table 2 and 3) comparable to the
corresponding upfield shift observed in case of 6-SMe protons of pyrazolo pyrimidone
compound (133) and 5-SMe protons of triazolo pyrimidone (136) compound suggesting
folded conformation (Fig. 11 and Table 1). The solid state structutre of this compound
also shows a folded conformation similar to the corresponding pyrazolopyrimidone and
triazolopyrimidone compound. Analysis of the various distances between the two rings
shows that the intramolecular stacking propensity increases as the number of ring
nitrogen increases. Thus distances are maximum in 112 (No. of ring nitrogen = 3),
decreases in case of 133 (No. of ring nitrogen = 4) and is least in 136 (No. of ring
nitrogen = 5).

In the solution state studies (*H NMR analysis) of butylene linked pyrrolo pyrimidine
compounds the upfield shifts in the SMe protons or 5-H/CHs; and 6-H/CHjs is very less
suggesting that there is almost no interactions between the rings (Fig. 12 and Table 2
and 3). In case of pyrrolo pyrimidone compound 113 there is a detectable upfield shift in
the 2-SMe protons but is significantly less than the corresponding propylene linker
compound 112 indicating decrease in the stacking interaction on increasing the length of
the linker (Fig. 12 and Table 2 and 3). These results were also observed in case of
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pyrazolo pyrimidone compounds and triazolo pyrimidone compounds (Fig. 11 and
Table 1).

2.6 Experimental Section

2.6.1 Synthesis of 2-methylthio-3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one (82).

To a 500 ml round bottom flask containing 250 ml water added the compound 81 (15.7g, 0.1
mol) and anhydrous sodium acetate (8.2g, 0.01 mole) and the mixture was stirred for 1h at 80-85
°C. To this stirred mixture 50% aqueous chloroacetaldehyde solution (14ml, 0.11mole) was
added at once. The reaction mixture was carefully observed for a change of color from light
yellow to light brown. After that the reaction mixture was continuously monitored by TLC
analysis every 5 minutes for almost 20-30 minutes. The solid from the reaction mixture is filtered
hot and washed rapidly with water, methanol and then with chloroform. The product 82 obtained
(light brown to grey in color) (7-8g) is very sparingly soluble in cold methanol or cold
chloroform and is sufficiently pure to be used in the next step as such. A small amount of the
product was further purified by column chromatography for analytical purpose.

82: Yield: 40- 45%; mp: > 250 °C; MS (ESI) m/z 183 [M+H]*; *H NMR (300 MHz, DMSO-ds)
& (ppm): 2.51(s, 3H, SCHs), 6.34-6.36 (m, 1H, Ar-H), 6.90-6.92 (m, 1H, Ar-H), 11.74 (s, 1H,
NH), 12.03 (s, 1H, NH).

2.6.2 Synthesis of 4-chloro-2-methylthio-7H-pyrrolo[2,3-d]pyrimidine (83).

To a 100 ml round bottom flask containing the compound 82 (9.1g, 0.05 mol) added POCI;
(18.6ml, 0.20 mol) and refluxed the reaction mixture for 6 hr. POCl; was removed under reduced
pressure and crushed ice was added to the reaction mixture to quench the the remaining POCI;,
The reaction mixture was extracted with Chloroform, washed with a dilute solution of sodium
bicarbonate and dried over sodium sulphate The residue obtained by the removal of chloroform
under reduced pressure was purified by column chromatography on silica gel using mixture of
ethyl acetate-hexane in increasing polarity to give pure compound 83.

83: Yield: 65- 75%; mp: 204-206 °C; MS (ESI) m/z 200[M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.58(s, 3H, SCH3), 6.48-6.50 (m, 1H, Ar-H), 7.14-7.16 (m, 1H, Ar-H), 9.50 (s, 1H, NH).
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2.6.3 Synthesis of 2-methylthio-7H-pyrrolo[2,3-d]pyrimidine-4-thiol (84).

To a 100 ml round bottom flask containing 95% ethanol (50ml) added the compound 83 (1.9g,
0.01 mol) and thiourea (0.83g, 0.011mol) and refluxed the reaction mixture for 12 hr. The light
yellow precipitate which appeared were collected by filtration and washed with water and

dried in vacuum. This residue obtained was sufficiently pure to be used in the next step.

84: Yield: 55- 65%; mp: > 250 °C; MS (ESI) m/z 198 [M+H]*; *"H NMR (300 MHz, CDCl; +
DMSO-dg) & (ppm): 2.48(s, 3H, SCH3), 6.59 (s, 1H, Ar-H), 6.88 (s, 1H, Ar-H), 11.35 (s, 1H,
NH or SH).

2.6.4 Synthesis of 6-amino-3-methyl-2-methylthio-pyrimidin-4(3H)-one (86)

To a 500 ml round bottom flask containing 200 ml water added the compound 81 (15.7g, 0.1
mol) and KOH (5.6g, 0.1mol) and stirred for 10 minutes. Dimethyl sulfate (13.8g, 0.11 mol) is
then added to the mixture and the reaction mixture was stirred for 2 hr. The precipitate obtained
was collected by filtration and dried to give compound 86.

86: Yield: 90%; mp: > 250 °C; MS (ESI) m/z 172.

2.6.5 Synthesis of 2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (85).

To a 100 ml round bottom flask containing 20 ml water added the compound 84 (0.19¢g, 0.001
mol) and NaOH (0.04g, 0.001mol) and then methyl iodide (142mg, 0.001 mol) .The reaction
mixture was stirred for 12 hr and was monitored by TLC. The precipitate obtained was collected
by filtration and purified by column chromatography on silica gel using mixture of ethyl acetate-
hexane in increasing polarity to give pure compound 85.

85: Yield: 75- 85%; mp: 210-212 °C; MS (ESI) m/z 212 [M+H] *; *H NMR (300 MHz, CDCls)
8 (ppm): 2.70 (s, 3H, SCHs), 2.73 (s, 3H, SCH3), 6.46-6.48 (m, 1H, Ar-H), 7.13-7.15 (m, 1H,
Ar-H), 10.765 (s, 1H, NH).

2.6.6 Synthesis of 3-methyl-2-methylthio-3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one (87).

To a 100 ml round bottom flask containing 20 ml water added compound 86 (0.85g, 5 mmol)
and anhydrous sodium acetate (0.4g, 5 mmol) and the mixture was refluxed for 1h. To this
refluxing mixture 50% aqueous chloroacetaldehyde solution (1.4ml, 10 mmol) was added at
once. The reaction mixture was further refluxed for 1 hr and then allowed to attain r.t. The solid
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from the reaction mixture is filtered and washed rapidly with water and dried. The product
compound 87 obtained sufficiently pure to be used in the next step as such. A small amount of
the product was further purified by column chromatography on silica gel using mixture of ethyl
acetate-chloroform in increasing polarity.

87: Yield: 75%; mp: > 250 °C; MS (ESI) m/z 196 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.59 (s, 3H, SCH;3), 3.60 (s, 3H, NCHj3), 6.64-6.66 (m, 1H, Ar-H), 6.79-6.81 (m, 1H, Ar-
H), 8.35 (s, 1H, NH).

2.6.7 Synthesis of 4-chloro-7-methyl-2-methylthio-7H-pyrrolo[2,3-d]pyrimidine (88).

To a 100 ml round bottom flask containing acetone (10 ml) and DMF (0.5 ml) added compound
83 (0.19g, 1mmol) and Cesium carbonate (0.39g, 1.2 mmol) and then methyl iodide (142 mg, 1
mmol) .The reaction mixture was stirred for 8 hr. The reaction was monitored by TLC and after
the completition of reaction water (15ml) was added to the reaction mixture and stirred for 10
minutes. The residue obtained was collected by filtration and purified by column
chromatography on silica gel using mixture of ethyl acetate-hexane in increasing polarity to give
pure compound 88.

88: Yield: 75- 85%; mp: 134-136 °C; MS (ESI) m/z 214 [M+H] *; *H NMR (300 MHz, CDCl5)
8 (ppm): 2.57 (s, 3H, SCHa), 3.74 (s, 3H, NCH;), 6.41 (d, J = 3Hz, 1H, Ar-H), 6.95 (d, J = 3Hz,
1H, Ar-H).

2.6.8 Synthesis of 3,7-dimethyl-2-methylthio-3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one (92).

To a 100 ml round bottom flask containing DMF (5 ml) added compound 87 (0.19g, 1mmol) and
Cesium carbonate (0.39g, 1.2 mmol) and then methyl iodide (142 mg, 1 mmol) .The reaction
mixture was stirred for 8 hr. The reaction was monitored by TLC and after the competition of
reaction water (15ml) was added to the reaction mixture and stirred for 10 minutes. The residue
obtained was collected by filtration and purified by column chromatography on silica gel using
mixture of ethyl acetate-hexane in increasing polarity to give pure compound 92.

92: Yield: 75%; mp: 148-150 °C; MS (ESI) m/z 210 [M+H] *; *H NMR (300 MHz, CDCl;) &
(ppm): 2.63 (s, 3H, SCH3), 3.59 (s, 3H, NCH3), 3.72 (s, 3H, NCH3), 6.59 (d, J = 3Hz, 1H, Ar-
H), 6.69 (d, J = 3Hz, 1H, Ar-H).
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2.6.9 Synthesis of 7-methyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (90).

To a 100 ml round bottom flask containing DMF (5 ml) added compound 85 (0.21g, 1mmol) and
Cesium carbonate (0.39g, 1.2 mmol) and then methyl iodide (142 mg, 1 mmol) .The reaction
mixture was stirred for 8 hr. The reaction was monitored by TLC and after the completition of
reaction water (15ml) was added to the reaction mixture and stirred for 10 minutes. The residue
obtained was collected by filtration and purified by column chromatography on silica gel using
mixture of ethyl acetate-hexane in increasing polarity to give pure compound 90.

90: Yield: 75- 85%; mp: 102-104 °C; MS (ESI) m/z 227 [M+H] *; *H NMR (300 MHz, CDCl5)
d (ppm): 2.65 (s, 3H, SCHs), 2.68 (s, 3H, SCH3), 3.76 (s, 3H, NCH3), 6.39 (d, J = 3.52Hz, 1H,
Ar-H), 6.89 (d, J = 3.52Hz, 1H, Ar-H). *C NMR (75 MHz, CDCls) § (ppm): 11.74, 14.35,
30.98, 98.63, 112.81, 126.41, 149.53, 161.14, 163.26.

2.6.10 Synthesis of 7-methyl-2-methylthio-4-pyrrolidin-1-yl-7H-pyrrolo[2,3-d]pyrimidine
(92).
To a 100 ml round bottom flask containing compound 90 (110mg, 0.5 mmol) added pyrrolidine

(Iml) and refluxed the reaction mixture for 36 hr. Excess pyrrolidine was removed under
reduced pressure and ice cold water was added to the reaction mixture and neutralized with a
dilute solution of acetic acid. The reaction mixture was extracted with Chloroform and dried over
sodium sulphate The residue obtained by the removal of chloroform under reduced pressure was
purified by column chromatography on silica gel using mixture of ethyl acetate-hexane in
increasing polarity to give pure compound 91.

91: Yield: 85%; mp: 114-116 °C; MS (ESI) m/z 249 [M+H] *; *H NMR (300 MHz, CDCl5) &
(ppm): 2.02 (bs, 4H, CH, pyrrolidinyl), 2.59 (s, 3H, SCHjs), 3.73 (s, 3H, NCHs), 3.81(bs, 4H,
NCH; pyrrolidinyl), 6.44 (d, J = 3.5Hz, 1H, Ar-H), 6.70 (d, J = 3.5Hz, 1H, Ar-H).

2.6.11 Synthesis of 4-methoxy-7-methyl-2-methylthio-7H-pyrrolo[2,3-d]pyrimidine (89).

To a 100 ml round bottom flask containing anhydrous methanol added compound 88 (110mg,
0.5 mmol) and sodium methoxide (540mg, 10mmol) and refluxed the reaction mixture for 36 hr.
Methanol was removed under reduced pressure and ice cold water was added to the reaction
mixture and neutralized with a dilute solution of acetic acid.. The reaction mixture was extracted
with chloroform and dried over sodium sulphate The residue obtained by the removal of
chloroform under reduced pressure was purified by column chromatography on silica gel using
mixture of ethyl acetate-hexane in increasing polarity to give pure compound 89.
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89: Yield: 75%; mp: 104-106 °C; MS (ESI) m/z 210 [M+H] *; *H NMR (300 MHz, CDCl5) &
(ppm): 2.64 (s, 3H, SCH3), 3.79 (s, 3H, NCH3), 4.10 (s, 3H, SCHg), 6.42 (s. 1H, Ar-H), 6.84 (s,
1H, Ar-H).

2.6.12 Synthesis of 2-amino-4,5-dimethyl-1H-pyrrole-3-carbonitrile (95).

Acetic anhydride (33.8.5 g, 0.33 mol), acetic acid (4.5 g, 0.075 mol), triethylamine (37.95 g,
0.375 mol) and 4-(dimethylamino)pyridine (0.18 g, 0.0015 mol) were charged into a reaction
vessel and heated to 50 °C. Racemic alanine (13.5 g, .15 mol) was added as a solid over 2 h
thereby maintaining reaction temperature at 45 to 55 °C. After completion of alanine addition,
the reaction mixture was stirred at 50 °C for an additional 8 h. Acetic anhydride, triethylamine,
and acetic acid were distilled off by vacuum distillation (10-15 mbar), gradually raising the
jacket temperature to a maximum of 100 °C. The residue was cooled to r.t. and diluted with
water (100 ml). Malonodinitrile (9.45 g, 0.14mol) was added, and this mixture was slowly added
to 50 g of aqueous sodium hydroxide solution (30%). The speed of addition was adjusted so that
the reaction temperature did not exceed 60 °C. The resulting suspension was cooled to 0 °C,
filtered, washed with water, and dried in vacuum at 55 °C to yield 16.8 g (83% calculated from
alanine) of compound 95.

95: Yield: 85%; mp: 170-172 °C; MS (ESI) m/z 136 [M+H]*; *H NMR (300 MHz, DMSO-d¢) &
(ppm): 1.83 (s, 3H, CH3), 1.92 (s, 3H, CHj3), 5.36 (s, 3H, NH2), 9.83 (s, 1H, NH).

2.6.13 Synthesis of 5,6-dimethyl-7H-pyrrolo[2,3-d]pyrimidine-2,4-dithiol (96).

To a 500 ml round bottom flask added pyridine (100 ml), compound 95 (13.5g, 0.1 mol) and
carbon disulfide (11.4g, 0.15 mol) and stirred at 40°C for 2 h. The reaction mixture was
transferred to a 2 lit. conical flask and kept on ice bath. Added 50% HCI solution slowly to get
pH around 2-3 and then added sodium hydroxide solution to obtain pH around 7. The precipitate
thus obtained is filtered, washed with water and dried to yield compound 96.

96: Yield: 74%; mp: > 220 °C; MS (ESI) m/z 212 [M+H] *; *H NMR (300 MHz, DMSO-ds) &
(ppm): 2.11 (s, 3H, CH3), 2.27 (s, 3H, CH3), 11.25(s, 1H, SH or NH), 12.41 (s, 1H, SH or NH).

2.6.14 Synthesis of 5,6-dimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (97).
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To a 100 ml round bottom flask containing 20 ml water added compound 96 (0.21g, 0.001 mol)
and NaOH (0.08g, 0.002mol) and then methyl iodide (284mg, 0.002 mol) .The reaction mixture
was stirred for 12 hr and was monitored by TLC. The precipitate obtained was collected by
filtration and purified by column chromatography on silica gel using mixture of ethyl acetate-
hexane in increasing polarity to give pure compound 97.

97: Yield: 84%; mp: 180-182 °C; MS (ESI) m/z 240 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.33 (s, 3H, CHg), 2.34 (s, 3H, CHg), 2.63 (s, 3H, SCH3), 2.66 (s, 3H, SCH3), 9.13 (s, 1H,
NH).

2.6.15 Synthesis of 5,6,7-trimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (98).

To a 100 ml round bottom flask containing 10 ml anhydrous DMF added compound 97 (0.24qg,
0.001 mol) and NaH (3mg, 0.0012 mol) and then methyl iodide (142 mg, 0.001 mol) .The
reaction mixture was stirred for 8 hr and was monitored by TLC. DMF was removed under
reduced pressure and ice cold water was added to the reaction mixture. The reaction mixture was
extracted with Chloroform and dried over sodium sulphate. The residue obtained by the removal
of chloroform under reduced pressure was purified by column chromatography on silica gel
using mixture of ethyl acetate-hexane in increasing polarity to give pure compound 98.

98: Yield: 80%; mp: 70-72 °C; MS (ESI) m/z 254 [M+H] *; *H NMR (300 MHz, CDCls) §
(ppm): 2.07 (s, 3H, CHj3), 2.09 (s, 3H, CHj3), 2.56 (s, 6H, SCH3), 3.26 (s, 3H, NCHj3).

2.6.16 Synthesis of 5,7-dimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidine (101).

Compound 101 was synthesized from compound 105 following the procedure used in the
synthesis of compound 98.

101: Yield: 80%; mp: 66-68 °C; MS (ESI) m/z 240 [M+H] *; *H NMR (300 MHz, CDCl5) &
(ppm): 2.41 (s, 3H, CH3), 2.64 (s, 3H, SCH3), 2.67 (s, 6H, SCH3), 3.69 (s, 3H, NCH3), 6.61 (s,
1H, Ar-H).

2.6.17 Synthesis of 1,2-bis(4-chloro-2-methylthio-7H-pyrrolo[2,3-d]pyrimidin-7-yl)ethane
(105).
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To a 100 ml round bottom flask containing 10 ml acetone added compound 83 (0.20g, 0.001
mol) and Cs,CO3 (390 mg, 0.0012 mol) and then 1, 2-dibromoethane (94 mg, 0.001 mol). The
reaction mixture was stirred for 12 hr and was monitored by TLC. Acetone was removed under
reduced pressure and ice cold water was added to the reaction mixture. The reaction mixture was
extracted with chloroform and dried over sodium sulphate. The residue obtained by the removal
of chloroform under reduced pressure was purified by column chromatography on silica gel
using mixture of ethyl acetate-hexane in increasing polarity to give pure compound 105.

105: Yield: 80%; mp: 170-172 °C; MS (ESI) m/z 426 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.51 (s, 6H, SCH;3), 4.61 (s, 4H, NCHy,), 6.35 (d, J = 3 Hz, 2H, Ar-H), 6.55 (d, J = 3 Hz,
2H, Ar-H). Anal. Calcd. for CisH14CI2NgS,: C, 45.18; H, 3.32; N, 19.76; Found: C, 45.28; H,
3.36; N, 19.82.

2.6.18 Synthesis of 1,3-bis(4-chloro-2-methylthio-7H-pyrrolo[2,3-d]pyrimidin-7-yl)propane
(106).
Compound 106 was synthesized from compound 83 following the procedure used in the

synthesis of compound 105.

106: Yield: 82%:; mp: 140-142 °C; MS (ESI) m/z 440 [M+H]*; *H NMR (300 MHz, CDCl;) &
(ppm): 2.49 (quint, 2H, CH,), 2.58 (s, 6H, SCH3), 4.22 (s, 4H, NCH,), 6.52 (d, J = 3 Hz, 2H,
Ar-H), 7.07 (d, J = 3Hz, 2H, Ar-H). *C NMR (75 MHz, CDCls) & (ppm): 14.39, 30.04, 42.04,
100.10, 114.05, 127.21, 151.96, 152.14,164.48 Anal. Calcd. for C17H16CI:NgS,: C, 46.47; H,
3.67; N, 19.13; Found: C, 46.53; H, 3.75; N, 19.22.

2.6.19 Synthesis of 1,4-bis(4-chloro-2-methylthio-7H-pyrrolo[2,3-d]pyrimidin-7-yl)propane
(207).

Compound 107 was synthesized from compound 83 following the procedure used in the
synthesis of compound 105.

107: Yield: 80%; mp: 134-136 °C; MS (ESI) m/z 454 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 1.84 (bs, 4H, CH,), 2.62 (s, 6H, SCHs), 4.26 (s, 4H, NCH,), 6.51 (d, J = 3 Hz, 2H, Ar-
H), 7.01 (d, J = 3 Hz, 2H, Ar-H). **C NMR (75 MHz, CDCls) & (ppm): 14.49, 26.95, 43.98,
99.94, 113.95, 127.26, 151.98, 152.24,164.30 Anal. Calcd. for CigH18CI2NgS2: C, 47.68; H,
4.00; N, 18.54; Found: C, 47.73; H, 4.05; N, 18.62.
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2.6.20 Synthesis of 1,2-bis(2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)ethane
(108).

To a 100 ml round bottom flask containing 10 ml anhydrous DMF added compound 85 (0.21g,
0.001 mol) and Cs,CO3 (390 mg, 0.0012 mol) and then 1, 2-dibromoethane (94 mg, 0.001 mol).
The reaction mixture was stirred for 12 hr and was monitored by TLC. DMF was removed under
reduced pressure and ice cold water was added to the reaction mixture. The reaction mixture was
extracted with chloroform and dried over sodium sulphate. The residue obtained by the removal
of chloroform under reduced pressure was purified by column chromatography on silica gel
using mixture of ethyl acetate-hexane in increasing polarity to give pure compound 108.

108: Yield: 81%:; mp: 182-184 °C; MS (ESI) m/z 449 [M+H]*; *H NMR (300 MHz, CDCl;) &
(ppm): 2.58 (s, 6H, SCH3), 2.68 (s, 6H, SCH3), 4.57 (s, 4H, NCH,), 6.24 (s, 2H, Ar-H), 6.36 (s,
2H, Ar-H). 3C NMR (75 MHz, CDCl5) & (ppm): 11.81, 14.30, 44.56, 99.10, 125.58, 144.85,
149.19, 161.61, 181.54. Anal. Calcd. for C1gH20NgS4: C, 48.19; H, 4.49; N, 18.73; Found: C,
48.23; H, 4.55; N, 18.82.

2.6.21 Synthesis of 1,3-bis(2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)propane
(109).

Compound 109 was synthesized from compound 83 following the procedure used in the
synthesis of compound 108.

109: Yield: 80%; mp: 110-112 °C; MS (ESI) m/z 463 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.41 (quint, 4H, CH,), 2.59 (s, 6H, SCH3), 2.69 (s, 6H, SCH3), 4.10 (s, 4H, NCH,), 6.41
(d, J=3Hz, 2H, Ar-H), 6.95 (d, J =3 Hz, 2H, Ar-H). **C NMR (75 MHz, CDCl5) & (ppm):
11.77, 14.28, 29.62, 30.36, 41.65, 99.03, 112.86, 125.30, 149.18, 161.40, 163.30. Anal. Calcd.
for C19H22NeS4: C, 49.32; H, 4.79; N, 18.16; Found: C, 49.43; H, 4.81; N, 18.22.

2.6.22 Synthesis of 1,4-bis(2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)butane
(110).

Compound 110 was synthesized from compound 83 following the procedure used in the
synthesis of compound 108.

110: Yield: 80%; mp: 106-108 °C; MS (ESI) m/z 477[M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 1.77 (bs, 6H, CH,), 2.62 (s, 6H, SCHs), 2.68 (s, 6H, SCH3), 4.19 (s, 4H, NCH,), 6.38 (d,
J=3Hz, 2H, Ar-H), 6.95 (d, J =3 Hz, 2H, Ar-H). *C NMR (75 MHz, CDCls) & (ppm): 11.80,
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14.36, 27.50, 42.25, 99.05, 112.05, 125.40, 149.28, 161.52, 163.55; Anal. Calcd. for
C17H24N1282: C, 4433, H, 525, N, 3649, Found: C, 4453, H, 535, N, 36.52.

2.6.23 Synthesis of 7,7'-(ethane-1,2-diyl)bis(3-methyl-2-methylthio-3H-pyrrolo[2,3-d]-
pyrimidin-4(7H)-one) (111).

To a 100 ml round bottom flask containing 10 ml anhydrous DMF added compound 87 (195mg,
0.001 mol) and Cs,CO3 (390 mg, 0.0012 mol) and then 1, 2-dibromoethane (94 mg, 0.001 mol).
The reaction mixture was stirred for 12 hr and was monitored by TLC. DMF was removed under
reduced pressure and ice cold water was added to the reaction mixture. The reaction mixture was
extracted with chloroform and dried over sodium sulphate. The residue obtained by the removal
of chloroform under reduced pressure was purified by column chromatography on silica gel
using mixture of ethyl acetate-hexane in increasing polarity to give pure compound 111.

111: Yield: 80%; mp: 190-192 °C; MS (ESI) m/z 417 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.48 (s, 6H, SCHs), 3.56 (s, 4H, NCHj), 4.46 (s, 4H, NCH,), 6.35 (d, J =3 Hz, 2H, Ar-
H), 6.49 (d, J =3 Hz, 2H, Ar-H). *C NMR (75 MHz, CDCls) & (ppm): 14.93, 29.82, 45.01,
102.93, 104.07, 121.74, 146.63, 156.73, 159.07. Anal. Calcd. for C1gH20Ns02S;: C, 51.90; H,
4.84; N, 20.18; Found: C, 51.98; H, 4.90; N, 20.32.

2.6.24 Synthesis of 7,7'-(propane-1,3-diyl)bis(3-methyl-2-methylthio-3H-pyrrolo[2,3-d]-
pyrimidin-4(7H)-one) (112).

Compound 112 was synthesized from compound 83 following the procedure used in the
synthesis of compound 111.

112: Yield: 80%; mp: 142-144 °C; MS (ESI) m/z 431 [M+H] *; *H NMR (300 MHz, CDCl;) &
(ppm): 2.32 (s, 6H, SCH;3), 2.41(quint, J = 6Hz, 2H, CH,), 3.54 (s, 4H, NCHj3), 4.03 (t, J = 6Hz,
4H, NCH,), 6.64 (d, J =3 Hz, 2H, Ar-H), 6.74 (d, J =3 Hz, 2H, Ar-H). *C NMR (75 MHz,
CDCls) § (ppm): 14.74, 29.80, 40.06, 103.06, 103.77, 120.57, 146.75, 156.34, 159.07 Anal.
Calcd. for Ci9H22Ng02S;: C, 53.00; H, 5.15; N, 19.52; Found: C, 53.08; H, 5.19; N, 19.62.

2.6.25 Synthesis of 7,7'-(butane-1,4-diyl)bis(3-methyl-2-methylthio-3H-pyrrolo[2,3-d]-
pyrimidin-4(7H)-one) (113).

115



Compound 118 was synthesized from compound 81 following the procedure used in the
synthesis of compound 111.

113: Yield: 80%; mp: 132-134 °C; MS (ESI) m/z 445 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 1.79(bs, 4H, CHy), 2.51 (s, 6H, SCH3), 3.57 (s, 4H, NCHj3), 4.09 (bs, 4H, NCH,), 6.56
(d, J=3Hz, 2H, Ar-H), 6.62 (d, J =3 Hz, 2H, Ar-H). **C NMR (75 MHz, CDCl5) & (ppm):
14.70, 28.80, 41.06, 102.90, 103.97, 120.47, 146.25, 155.84, 158.90 Anal. Calcd. for
C20H24N60,S;: C, 54.03; H, 5.44; N, 18.90; Found: C, 54.08; H, 5.59; N, 19.02.

2.6.26 Synthesis of 1,3-bis(2-methylthio-4-pyrrolidin-1-yl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-
propane (114).

To a 50 ml round bottom flask containing compound 106 (100mg, 0.23 mmol) added pyrrolidine
(Aml) and refluxed the reaction mixture for 10 hr. Excess pyrrolidine was removed under
reduced pressure and ice cold water was added to the reaction mixture and neutralized with a
dilute solution of acetic acid. The reaction mixture was extracted with Chloroform and dried
over sodium sulphate The residue obtained by the removal of chloroform under reduced pressure
was purified by column chromatography on silica gel using mixture of ethyl acetate-hexane in
increasing polarity to give pure compound 114.

114: Yield: 80%; mp: 122-124 °C; MS (ESI) m/z 509 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.01 (bs, 8H, pyrrolidinyl CH,), 2.36 (quint, J = 6 Hz, 2H, CH,), 2.55 (s, 6H, SCHs),
3.80(bs, 8H, pyrrolidinyl CH,), 4.12 (t, J=6 Hz, 4H, NCH), 6.43 (d, J =3 Hz, 2H, Ar-H), 6.81
(d, J = 3 Hz, 2H, Ar-H). *C NMR (75 MHz, CDCls) & (ppm): 14.16, 29.66, 30.60, 41.72,
47.73, 100.48, 100.96, 121.73, 151.07, 154.72, 163.18. Anal. Calcd. for C35H32NgS;,: C, 59.03;
H, 6.34; N, 22.03; Found: C, 59.09; H, 6.38; N, 22.05.

2.6.27 Synthesis of 1,3-bis(4-methoxy-2-methylthio-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-
propane (115).

To a 100 ml round bottom flask containing anhydrous methanol was added compound 106
(100mg, 0.23 mmol) and sodium methoxide (270mg, 5Smmol) and the reaction mixture refluxed
for 10 hr. Methanol was removed under reduced pressure and ice cold water was added to the
reaction mixture and neutralized with a dilute solution of acetic acid. The reaction mixture was

extracted with chloroform and dried over sodium sulphate The residue obtained by the removal
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of chloroform under reduced pressure was purified by column chromatography on silica gel
using mixture of ethyl acetate-hexane in increasing polarity to give pure compound 115.

115: Yield: 80%; mp: 110-112 °C; MS (ESI) m/z 431 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.44 (quint, J = 6 Hz, 2H, CH,), 2.56 (s, 6H, SCH3), 4.09 (s, 6H, OCHj3), 4.17 (t, J =6
Hz, 4H, NCH,), 6.43 (d, J = 3 Hz, 2H, Ar-H), 6.88 (d, J = 3 Hz, 2H, Ar-H). *C NMR (75
MHz, CDCI3) & (ppm): 14.22, 30.56, 41.89, 53.64, 98.68, 102.22, 124.15, 152.84, 162.46,
163.41. Anal. Calcd. for C19H22Ng O2S4: C, 53.00; H, 5.15; N, 19.52; Found: C, 53.05; H, 5.19;
N, 19.62.

2.6.28 Synthesis of 1,2-bis(5,6-dimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)ethane (116).

To a 100 ml round bottom flask containing 10 ml anhydrous DMF was added compound 97
(100mg, 0.42 mmol) and NaH (12 mg, 0.5 mmol) and then 1, 2-dibromoethane (40 mg, 0.21
mmol). The reaction mixture was stirred for 12 hr and was monitored by TLC. DMF was
removed under reduced pressure and ice cold water was added to the reaction mixture. The
reaction mixture was extracted with chloroform and dried over sodium sulphate. The residue
obtained by the removal of chloroform under reduced pressure was purified by column
chromatography on silica gel using mixture of ethyl acetate-hexane in increasing polarity to give
pure compound 116.

116: Yield: 80%; mp: 130-132 °C; MS (ESI) m/z 505 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 1.92 (s, 6H, CHj3), 2.30 (s, 6H, CHz3), 2.58 (s, 6H, SCH3), 2.64 (s, 6H, SCHz), 4.37 (s, 4H,
NCH,). Anal. Calcd. for C2,H2sNgS4: C, 52.35; H, 5.59; N, 16.65; Found: C, 52.45; H, 5.61; N,
16.68.

2.6.29 Synthesis of 1,3-bis(5,6-dimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)propane (117).

Compound 117 was synthesized from compound 97 following the procedure used in the
synthesis of compound 111.

117: Yield: 80%; mp: 98-100 °C; MS (ESI) m/z 519 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.09-2.18 (m, 2H, CH,), 2.18 (s, 6H, CH3), 2.33 (s, 6H, CH3), 2.55 (s, 6H, SCH;3), 2.64
(s, 6H, SCHs3), 4.17 (s, 4H, NCH,). *C NMR (75 MHz, CDCls) & (ppm): 9.56, 9.91, 15.28,
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31.20, 40.32, 81.14, 116.09, 116.86, 121.67, 141.30, 170.42; Anal. Calcd. for Cy3H3NgSas: C,
53.25; H, 5.83; N, 16.20; Found: C, 53.28; H, 5.81; N, 16.24.

2.6.30 Synthesis of 1,4-bis(5,6-dimethyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)butane (118).

Compound 118 was synthesized from compound 97 following the procedure used in the
synthesis of compound 116.

118: Yield: 80%; mp: 90-92 °C; MS (ESI) m/z 533 [M+H] *; *H NMR (300 MHz, CDCl5) &
(ppm): 1.58 (m, 2H, CH,), 2.07 (s, 6H, CH3), 2.11 (s, 6H, CH3), 2.57 (s, 12H, SCH3), 3.71 (t, J =
6 Hz, 4H, NCH,). Anal. Calcd. for C,4H3,NgS4: C, 54.10; H, 6.05; N, 15.77; Found: C, 54.15; H,
6.10; N, 15.80.

2.6.31 Synthesis of 1,2-bis(5-methyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)ethane (119).

To a 100 ml round bottom flask containing 10 ml anhydrous DMF added compound 100
(100mg, 0.44 mmol) and NaH (12 mg, 0.5 mmol) and then 1, 2-dibromoethane (42 mg, 0.22
mmol). The reaction mixture was stirred for 12 hr and was monitored by TLC. DMF was
removed under reduced pressure and ice cold water was added to the reaction mixture. The
reaction mixture was extracted with chloroform and dried over sodium sulphate. The residue
obtained by the removal of chloroform under reduced pressure was purified by column
chromatography on silica gel using mixture of ethyl acetate-hexane in increasing polarity to give
pure compound 119.

119: Yield: 80%; mp: 142144 °C; MS (ESI) m/z 477 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 2.29 (s, 6H, CH3), 2.55 (s, 6H, SCH3), 2.65 (s, 6H, SCH3), 4.42 (s, 4H, NCHy), 6.18 (s,
2H, Ar-H). Anal. Calcd. for CoH24NeS4: C, 50.39; H, 5.07; N, 17.63; Found: C, 50.42; H, 5.05;
N, 17.70.

2.6.32 Synthesis of 1,3-bis(5-methyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)propane (120).

Compound 120 was synthesized from compound 100 following the procedure used in the
synthesis of compound 119.

120: Yield: 80%:; mp: 102-104 °C; MS (ESI) m/z 491 [M+H]*; *H NMR (300 MHz, CDCl3) &
(ppm): 2.30-2.39 (s, 2H, CH,), 2.39 (s, 6H, CHs), 2.59 (s, 6H, SCH3), 2.66 (s, 6H, SCH3), 4.06
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(s, 4H, NCHy), 6.62 (s, 2H, Ar-H). **C NMR (75 MHz, CDCls) & (ppm): 11.98, 12.32, 14.46,
29.20, 43.22, 110.65, 113.20, 122.28, 149.82, 162.05, 163.08; Anal. Calcd. for C21H26NeS4: C,
51.40; H, 5.34; N, 17.13; Found: C, 51.43; H, 5.38; N, 17.16.

2.6.33 Synthesis of 1,4-bis(5-methyl-2,4-bis(methylthio)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl)butane (121).

Compound 121 was synthesized from compound 100 following the procedure used in the
synthesis of compound 119.

121: Yield: 80%; mp: 110-112 °C; MS (ESI) m/z 505 [M+H] *; *H NMR (300 MHz, CDCls) &
(ppm): 1.76 (s, 4H, CH,), 2.40 (s, 6H, CHs), 2.62 (s, 6H, SCHs), 2.68 (s, 6H, SCHs), 4.16 (s,
4H, NCHy), 6.60 (s, 2H, Ar-H). *C NMR (75 MHz, CDCls) & (ppm): 11.88,12.28, 14.36, 27.04,
43.11, 110.60, 113.05, 122.77, 149.61, 161.79, 162.74; Anal. Calcd. for C7H24N12S;: C, 52.35;
H, 5.59; N, 16.65; Found: C, 52.38; H, 5.64; N, 16.68.
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CHAPTER-3

Synthesis, 'H NMR and X-ray crystallographic
studies of pyrazolo[3,4-d]pyrimidine
and Phthalazinone/Quinazolinone/
Benzotriazinone based flexible dissymmetric
ethylene linker compounds




3.1 INTRODUCTION

In nature structure and functions are intimately related. Biopolymers adopt distinct
conformations in order to express functions that are important for the existence of life. Some
examples are the sheet, helix, and turn motifs of proteins (Fig. 1), the double and triple helix,
quadruplex, or hairpin motifs of nucleic acids, or the helical structures of carbohydrates such as
starch. Without these preferred structures, important processes like expression and translation,
recognition, catalysis, and transport in living systems could not be achieved. This conformational
control is achieved largely through a complex and subtle interplay of noncovalent forces.

Like beads on a
e rani et et ta e (e Srgaa, ot -
sourdiecsle - Pree < necklace amino

acids are hooked
1 end to end in
a protein

To become active \

proteins must twist c 'Q)
and fold into their % ;

final or “native” -——>
conformation

beta sheet

Often, short sections of
proteins form
recognizable shapes.
Where a protein chain
curves into a
corkscrew, that
section is called b ,
an alpha helix.

Where it

forms a flattened /
strip, it is a beta sheet.

alpha helix

Figure 1. Protein folding

Knowledge of noncovalent forces that control conformation in flexible compounds is thus, of
fundamental importance. However, these forces, especially the weak ones, remain poorly
understood and still remain a challenge to the scientific community.® The simplest of structure
that one can envisage of such molecules is the ethane like molecules in which two groups are
attached to its termini. In absence of any strong forces of attraction such as classical hydrogen
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bonding or metal ligand interaction, the intuitively satisfying explanation of steric interactions
largely dominates the mindset of organic chemists when conformation of compounds are
considered.! Steric effects arise from the fact that each atom within a molecule occupies a certain
amount of space. If atoms are brought too close together compared with the sum of van der
Waals distances, they repel each other as a result of exchange repulsion and this affects the
molecule's preferred shape (conformation) and reactivity. Explanation of conformation of such
structures are largely been dominated by the bulk of the groups attached to the termini which is
known as “steric hindrance”. However if they are at an appropriate distance, they attract each
other by the London Dispersion force as illustrated in Fig. 2.2

0
S 041 !
Tl repulsive | attractive
o |
— 02 — — | — —
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Figure 2. Van der Waals energy plot for the H/H interaction 2

Examples for attractive steric effect has been shown by Carter,® Streitwieser,” and their co-
workers in the conformational equilibrium of 1,3,5-trineopentylbenzene (1) and di-t-
butylcyclooctatetraene (2) (Fig. 3) In these cases, the attractive dispersion force outweighs the

repulsive van der Waals force.?

(a)
I-Bu
HY \H t-Bu
oy =
H H H
-Bu

Figure 3. Attractive steric effect as exemplified by the conformational equilibrium of (a) 1,3,5-
trineopentylbenzene (1) and (b) di-t butyl- cyclooctatetraene’ (2)

128



Despite of these examples available in the literature steric effects are usually considered as
“repulsive” forces. The success of the Cram rule® (Fig. 4)* and the Prelog rule,® according to
which the allegedly bulkier groups are presumed to be in the anti relationship might have

contributed to this trend of thinking.

M 0 M oHO Nu M no OH
}I:I ..-"{ ML = \H 'I__-‘“ _ :H !_.‘"
"l". T
L g L’f I k H

Figure 4. Cram open-chain model (L, largest; M, medium; Nu-, nucleophile)

Furthermore, success of this bulk repulsive approach in the steroid chemistry by Barton might
have intensified this trend. In 1950, Barton explained the thermodynamic and reaction selectivity
data of many steroidal compounds, which had remained unexplained to that date and thus
founded the firm basis of conformational analysis in organic chemistry.” The anti conformation
is favored in many cases, where “bulky” groups are in the vicinal relationship or in the axial
position in a cyclohexane system. This is illustrated for n-butane (3) and methylcyclohexane (4)
in Fig. 5.2

HiG H CHg He H i CH; HH H
i W T HI%_{:HE iﬂﬁ'H N L;;JTTCHE‘
H H
I I: I !
{H%%I“q — IHQC;EH: lillHE-iwp H*'Iw._I
A L P L ors
gauche (a) anti axial (b) equitorial

Figure 5. The anti conformation is favored in (a) n-butane (3) and (b) methylcyclohexane (4). Curved
arrows indicate unfavorable vicinal H/H interactions

The complexity of this problem can be understood by the fact that the exact reason for the

staggered nature of ethane (Fig. 6), the simplest of these structures, remains debatable.®
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eclipsed conformers
HH HH HH HH

2.9 kcal/mol
or 12 kJ/mol

Potential energy

staggered conformers

| | | | | | |
0° 60° 120° 180° 240° 300° 360°

Degrees of rotation

Figure 6. Spectroscopy shows that the preferred conformations of ethane (H;C-CHs) conformations are
staggered and eclipsed conformations are simply transient states of the molecule (or energy barriers)
between the staggered conformations; height of the rotational barrier is = 3 kcal/mol

This picture becomes more complex as we move higher in the series i.e. in the case of 1, 2- di-
substituted ethane. The barrier of rotation around the C-C single bond increases as the size of the
substitution increases, for example, if H is replaced by halogens; steric interactions are expected
to dominate with the result that anti conformation should be expected to be the preferred
conformation of the molecule. But it is a well known fact that 1,2-difluoro ethane (5) adopts
preferentially a gauche conformation.®'%** This preference of 1,2-difluoroethane (DFE) for the
gauche conformation (Fig. 7a)™® over the eclipsed or trans structures (Fig. 7b-d)* is usually

identified as the gauche effect. This preference extends to 2, 3-difluorobutane (6).'*

a) FS b) FS
Ha F6 H7 H8
H4 H3 H4 H3
H7 F6

gauche trans
C) H4 Ha d) H4 F5
He H7  H7 Hs
F5 H3
F6 F6
F-F eclipsed H-F eclipsed

Figure 7. Conformers of Difluoroethane (5)
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Electron diffraction, infrared and microwave experiments,*?* dipole moment analyses,*® and
diverse theoretical calculations®’ have securely established a £~ FCCF dihedral angle near 71-72°
(taking the F-F eclipsed position as 0°) for the stable equilibrium conformer.'® Examples of the
gauche effect are found in many molecules (e.g., the hydrogen positions in hydrazine®® and in
hydrogen peroxide?).

Moreover this gauche effect of fluorine has been utilized as a tool for influencing peptide
conformation.?’ Also in threo- 1,2-diphenyl-1,2-difluoroethane (7) the steric repulsion of the
phenyl rings has been overwhelmed by the fluorine gauche effect and as a result the phenyl

groups are gauche to each other.”* (Fig. 8).

Figure 8. X-ray structure of threo- 1,2-diphenyl-1,2-difluoroethane (7)

Evidence has also accumulated for the preferred gauche conformation of 1-propyl chloride® (8)
and 1- propyl fluoride? (9) (Fig. 9)%

H:._C\ HB{;\ X
HQG' G\HE == HEC ¥ CHE
X
l Il
CH CH:
ol =
H>"H H
X H H
anti gauche

Figure 9. Preference of CHs/X-gauche conformation in CH3CH,CH,-X 2
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Preference of gauche conformation was also found for 1-butanol®* (10), 1, 2-dimethoxyethane®
(11) and 1-methoxy-2-(dimethylamino)-ethane? (12) in the studies done by Yoshida et. al. They
found that the CH/O- interacted geometry is favored leading to the preference of the gauche

conformation (Fig. 10).

H
H H. H Ho
e T ™ '?'.C‘N CHs
H” O  ©O-CHj 2
>_) —/ HQC’O\)
HsC
(a) (b) (c)

Figure 10. CH/O-interacted geometry of (a) 1-butanol (10), (b) 1,2-dimethoxyethane(11)
and (c) 1-methoxy-2-(dimethylamino)-ethane (12) leading to
the preferred gauche conformation’

Coexistence of gauche and anti conformation in the conformation equilibrium of n-butyl cyanide
(13) was found by Bohn et al.?’ Similar conclusion was obtained for 1-hexyne? (14). The gauche

structures were due to the weak CH/z interaction as shown in Fig. 11.2

/ N H CHs
/3

b
/?//\/\CH:. — 1 ‘gC/\/\CHm, -— H
H r; ‘ C’
H N*

- Acvani
1-Hexyne n-butyvlovanide

Figure 11. Coexistence of gauche and anti conformation of 1- hexyne (14) and n —butyl cyanide® (13)

In the case of alkyl benzenes, Hopkins, Powers and Smalley suggested that both anti and syn
conformers coexist when the alkyl group is n-propyl or n-butyl.? Breen et al. demonstrated that,
in 3-propyltoluene (15), the syn conformer is at least equally stable, compared to the anti

conformer® (Fig. 12).2

H,C
HaC /_CH3 HaC >
- = sl

anti syn
Figure 12. Conformers of 3-propyltoluene® (15)
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The above examples in the literature clearly shows that the concept of steric interactions is not
understood properly and are rather used loosely while dealing with conformation analysis. One
of the main reasons of this is the lack of proper knowledge of weak noncovalent interactions
which in many cases has energy range close to the barrier of rotation of ethane like molecules.

Arene interactions constitute one of such forces, and in spite of its established importance in
chemistry,®* biology®* and drug development®® its application as a tool in molecular recognition
or crystal engineering remains a problem. For example, to answer which arene residue at the
termini of polymethylene (e.g. ethylene, propylene etc.) linker will show intramolecular folding
due to arene (especially off-stack face-to-face mode) interaction in solution is not easy even
today. Furthermore when present in solution determining in which case it is strong enough to

survive in solid state is even more difficult.

In the literature, various models based on different scaffolds to facilitate arene interactions have
been proposed for their understanding.>* These studies can be divided into two main types, first

intermolecular® which is important from drug—receptor, protein-DNA, protein—-protein
interaction etc. and second intramolecular®® which is important especially from DNA/RNA
structures, where in single strand it is intramolecular while in double it is both inter- and
intramolecular. Intramolecular arene interaction is also important at the molecular level for
developing models for a better understanding of arene interactions in general and exploration of

the newly emerging concept of conformational control in flexible compounds having at least two

360-36g, 360,37 36d, 36h—

arene moieties connected by polymethylene linker (e.g. propylene, and ethylene

%)) Electronic effects of the substituents are also widely believed to have a significant effect on

3134738 however, currently there is a lot of debate going on over this and new

arene interaction,
developments are emerging while older concepts are being challenged.*°

1,2-Diarylethanes are the simplest unbiased flexible model to understand how two arene moieties
(similar/different) interact with each other intramolecularly for controlling observed folded
conformation of the molecule both in solution and more importantly in the crystal state.
Interestingly, 1,2-diphenylethane, 1,3-di-phenylpropane and 1,4-diphenylbutane are open in the
solid state indicating that the phenyl moiety is not a good system for studying intramolecular
arene interactions in such unbiased flexible models. In the absence of arene interactions,
conformations of such 1,2-diphenylethanes due to the steric effect of the bulky arene residues,

are normally expected to be anti and this is supported by the crystal structures of many 1,2-
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diphenylethanes having a wide variety of electron donating and withdrawing substituents in the
literature.® Even when the ethylene linker is between two N atoms the conformation remains
anti, clearly indicating that a smaller van der Waals radii of the N atom in comparison to the C

atom alone is not enough reason to show syn conformation in crystals.**~>"

On the other hand, a few studies have shown that such structures are capable of existing in folded
conformation in solution. A study, as early as 1968, by Leonard et al. on nucleic acid bases
connected by ethylene and propylene linkers clearly showed, that intramolecular interactions

between arene residues were responsible for observed folding in solution.*

A relatively large
hypochromism (11.3%) was observed for 9,9'- dimethylenebisadenine (Ad-(CH),-Ad) (17a,
Fig. 13). Maximum hypochromism value (16.5%) was observed for the 9,9 '-
trimethylenebisadenine (Ad-(CH2)s-Ad) (17b, Fig. 13) which suggested that maximal interaction
may be associated with parallel plane conformation. For the n = 2 case, however, the dihedral
angle formed by the planes of the heterocycles can be about 39° at the lower limit. % The

authors have also reported that

NH2H NH- NH, N
N N
: - oo
ooy B
k\ k/ //’ N
N~ N N~ N .., NN H
16 (CHa), 18
17a:n=2
17b:n=3
Figure 13

substantial hypochromisms were also observed at n = 2 level in model systems related to flavin-

adenine dinucleotide and nicotinamide-adenine dinucleotide. ¢

Later Itahara studied 9,9'-Diethylenebisadenine (17a, Fig. 13) by NMR. In his studies he also
found that there is significant interaction between the adenine rings as shown by the upfield
shifts of the protons of the adenine (16, Fig. 13) nucleus.**™*% The shifts in the H2 proton
(pyrimidine part of the adenine) is more than the H8 proton (imidazole part of the adenine)
suggesting close proximity of the six membered pyrimidine rings. Significant interaction
between adenine and xanthine nucleus joined by ethylene linker (1-[2-(6-aminopurin-9-yl)ethyl]-
3,7-dimethylxanthine (18, Fig. 14) has also been shown by the same author in another study

using the results obtained by the NMR shift values of the aromatic protons. Based on the results
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obtained, author has proposed the structure shown in Fig.14. The H-8 proton of the adenine
comes into close proximity of the six membered ring of the xanthine (19, Fig. 15) nucleus as a

result of which the shift of the H-8 proton moves upfield.

_.N
Me | [’ ;

,
M
|
HoN. ?’
“'“n-_T/ T |

Figure 14. Proposed Solution state structure of 1-[2-(6-Aminopurin-9-yl)ethyl]-3,7-
dimethylxanthine (18)

Studies in our lab on PP core based ethylene linker compounds (by *H NMR) showed similar
results.®® Here also, the upfeild shifts in 6-SMe protons of 20a and 20b indicate the close
proximity of the pyrimidine ring. However the solid state structure of 20b shows an open

conformation.

R! R!
[N\ 7" >N
N
A AN N R
RZ°N” N N™ N7 "R2

HN
A M -
o7 N N (CHy)3
.pl=p2-

xanthine (19) 20a: R' = R”=SMe

20b: R'= R?= SEt

Figure 15

Recently, Dubey et al. described that ethylene linker compounds with PP cores at their termini
show folded conformation in solution both by circular dichroism (CD) and variable temperature
'H NMR studies, however, no solid state evidence for syn conformation due to arene interactions
was provided.*® One case, 1,2-bis[5-0x0-3-(n-propyl)-4,5-dihydro-3H- 1,2,4-triazol-4-yl]ethane
(21) is known to have a syn conformation in the solid state** but it is not mentioned whether the
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extensive hydrogen bonding due to the water present in the molecule or the arene/O/ arene
interactions is actually responsible for the observed syn conformation (Fig.16a and 16b).

Figure 16. (a) Crystal structure of 1,2-Bis[5-0x0-3-(n-propyl)-4,5-dihydro-3H-
1,2,4-triazol-4-yl]ethane (21) with water molecule.
(b) Extensive hydrogen bonded network with the water molecule

Since 1995, our work on PP core based flexible propylene/Leonard linker compounds has shown
that intramolecular folding is possible due to arene interactions both in solution and more
importantly in the solid state, from crystal engineering angle, as shown by more than a dozen
truly flexible symmetrical ( 22a-k and 23a-c Fig. 17) and two related dissymmetrical compounds
(24 and 25, Fig. 17)*"* The main difference between 22 and 23 is that the pyrimidine of 22 is
replaced by pyrimidone system in 23. Very recently, the scope of the PP core for studying arene
interaction in flexible symmetrical and dissymmetrical compounds has been considerably
increased by replacing a truly flexible propylene/Leonard linker with a less mobile butylidene
linker (26, Fig. 17)** Interestingly, Vogtle refers to singly linked molecules that adopt p-stacked

conformations as “‘protophanes””.*?
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Figure 17: Pyrazolo[3,4-d]pyrimidine core based flexible linker compounds

These results have prompted us to apply PP core to common 1,2-n diarylethanes. Our initial
efforts in getting syn conformation in the solid state due to intramolecular n—m interactions in the
ethylene linker symmetrical compound based on PP core were not successful.** A careful
analysis of the crystal structures (22a-k; n = 3, 23a—c, Fig. 17) revealed that except for 22b (Fig.
17) having bulky groups at both 4- and 6-positions, five membered pyrazolo moieties are at a
maximum distance from each other (e.g. 4.48 and 4.62 A between centroids in 22a and 23a

137



22k

>~ 26 -‘{ 22b ’.

Figure 18. Crystal Structure” of 22a,'% 22f, 229, 22k and 26, showing that five member
pyrazolo moieties are at maximum distance from each other while six member
pyrimidine/pyrimidone residues are partially overlapped. In case of 22b,'*
however, pyrazolo moieties are partially overlapped
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Table 1. Important geometrical data obtained from X-ray crystallographic studies

Compound Distance Intramolecular | Intermolecular Angle Ref. No.
No. between two | m-m stacking® | m—m stacking®® between
N atoms distance distance the least-
connecting (A) (A) squares
linker (A) planes (°)
22a 3.28 3.71° 3.67%, 3.59", 13.2(1) 37a
3.54°
22b 3.09(4) 4.145% 3.775", 4.10°, 3.96" 21.54(1) 37e
3.605° 4.30°, 4.36" 21.3(1)
22¢ 3.80 No (5.26) 3.56°, 3.58" 18.03 37f
3.50°, 3.87°
22d 3.33(2) 3.8° 3.7 13.2(1) 39c
22e 3.26(2) 4.0° not observed 21.96(4) 37f
22f 3.35(2) 3.82° 4.05° 3.72°,3.81° 13.13(7) 37f
229 3.24(3) 3.69° 3.84° 3.54°4.19° 14.99(2) 3rf
22h 3.15 3.993° 3.99°, 3.66" 26.11 3rf
22i 3.20 3.969° 3.97%, 3.94° 23.49 37f
22j 3.26(3) 4.136° 3.96°, 3.42° 21.3(1) 37f
22k 3.41 3.76° 3.66°, 3.76" 6.72 37f
3.93c
25 3.25(4) 3.77° 3.80°% 3.72 15.5(1) 37f
23a 3.35 3.77° 3.65°, 3.61" 12.43(5) 37f
23b 3.54 4,23 3.765° 10.90 37f
23¢C 3.33 3.86° 3.63° 14.51 37f

# Distance between centroids of six membered rings.

® Distance between centroids of five and six membered rings.

‘Distance between centroids of nine membered rings.

9 Distance between centroids of five membered rings.

respectively) while six membered pyrimidine/pyrimidone residues are partially overlapped (e.g. 3.71 and
3.77 A between centroids in 22a and 23a respectively).

Since for the ethylene linker homolog 20a (Fig. 15) of the symmetrical propylene linker
compound 22a (Fig. 17) both PP moieties have to come close to each other in order to achieve a
syn conformation and this situation may not be sterically/electronically favorable especially in
the solid state where competing intermolecular interactions are present to give a more favorable
anti conformation.

Therefore, it was decided to replace one pyrazolo[3,4-d]pyrimidinyl moiety in 20a with another
heteroaromatic nucleus which should satisfy two criteria. Firstly, it should be bicyclic and
secondly it should have a pyrimidine ring. The simplest such structure is quinazoline which
incidentally also has a structural isomer phthalazine. Thus 4(3H)-quinazolinone (27, Fig. 19),
1(2H)-phthalazinone (28, Fig. 19) and 4(3H)-benzotriazinone (29, Fig. 19) were chosen to
replace one pyrazolo[3,4-d]pyrimidinyl moiety in 20a. Another reason for choosing the
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quinazoline and phthalazine ring system was that it is the aza analog of quinoline nucleus which

is known to show stacking interactions.*4*

O O O
NH @iiNH @fj\NH
' N
N/) _N N
27 28 2
4(3H)-quinazolinone 1(2H)-phthalazinone 4(3H)-benzotriazinone

Figure 19

Survey of literature revealed that stacking interaction between the aminoquinoline ring of the
antimalarial chloroquine and the purine bases has been extensively studied by preparing and
examining models in which the quinoline is linked to the base by a trimethylene chain. Bolte et
al. synthesized compounds 30a and 30b (Fig. 20) and showed that % hypochromism value rose
to a maximum of about 25% with decreasing temperature and both models were practically
entirely in stacked conformation at 25°C.***

i i
N~ [1 N\ HN~ N\
E} N __...L:;-v_ J | "rl
NT R HN™ NT N
(Clﬂy)z
NH

Figure 20

The pyrimidine nucleus is embedded in a large number of alkaloids, drugs, antibiotics,
agrochemicals, and antimicrobial agents.*> Many fused pyrimidines, such as purines, pteridines,
or quinazolines, belong to the most important and bioactive heterocyclic systems. Isolation of an
antimalarial alkaloid from the Chinese plant Chang Shan in1946* gave a great impetus to the
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synthesis and investigation of biological activity of quinazolone derivatives, when it was found
that “febrifugine’ 31 (Fig. 21), the antimalarial alkaloid isolated from these plants was a 4-

quinazolone derivative substituted at the N-atom in the 3-position of the 4-quinazolone

46.47

moiety. Quinazolones have since been found to be biologically versatile compounds having

50 51
’ I

antituberculars,”®  thromboxane A2 synthetase inhibitors,*® antifunga antivira

anticonvulsant,® and blood platelet anti-aggregating activity.>® Though extensive work has been
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Figure 21. Important molecules containing quinazolinone nucleus

done on synthesis and investigation of biological activity of these compounds, only two of them
have till now found a firm place in the therapeutic practice namely methaqualone 32 (Fig. 20),
which was introduced as an anxiolytic (Quaalude, Sopor) in 1965 as safe barbiturate substitutes
and quinethazone 33 (Fig. 21) which is a diuretic.>

Phthalazin-1(2H)-ones bearing a substituent at C-4 represent key intermediates in the synthesis
of various compounds with highly interesting pharmacological properties, such as the blood
platelet aggregation inhibitor MY-54452 [1-(3-chloroanilino)-4-phenylphthalazine] (34, Fig. 22)
which has been found to be also a selective phosphodiesterase VA inhibitor or the thromboxane
A2 synthetase inhibitor and bronchodilator, 2-[2-(1-imidazolyl)ethyl]-4-(3-pyridyl)phthalazin-
1(2H)-one (34).> Moreover, a number of established drug molecules like Hydralazine (35),>
Budralazine (36),>® Azelastine (37),>° Ponalrestat (38),°° or Zopolrestat (39)®* (Fig. 22) are

accessible starting from the corresponding phthalazinones. Benzotriazinone derivatives have
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been demonstrated as potent positive allosteric AMPA receptor modulators.®? Benzotriazinone

derivatives have also been evaluated for local anaesthetic activity.®
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Figure 22. Important molecules containing phthalazinone nucleus
Therefore, in order to extend pyrazolo[3,4-d]pyrimidine work to other aromatic/heteroaromatic
systems we decided to employ three related nucleus 4(3H)-quinazolinone, 1(2H)-phthalazinone
and 4(3H)-benzotriazinone all of which retain a pyrimidine/pyrimidone framework and are also

commercially available.

3.2 Objective

To study the effect of replacing one pyrazolo[3,4-d]pyrimidinyl moiety in 20a with
heteroaromatics  like  4(3H)-quinazolinone,  1(2H)-phthalazinone and 4(3H)-
benzotriazinone on inter/intramolecular stacking in context of change in position and

number of heteroatom i.e. nitrogen in the heterodimers.

1) Nucleophilic substitution in a nucleus affects the electronic and steric properties of
the molecule which can alter inter/intramolecular interaction pattern of the resulting

molecule. Therefore, it was considered to replace methylsulfanyl group in 4,6-bis
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methylsulfanyl-1H-pyrazolo[3,4-d]pyrimidinyl moiety of the heterodimers by
substituents like amines, hydroxyl, alkoxy etc. to study its overall effect on the
conformation of the molecule.

Synthesis and characterization

3.3.1 Synthesis and characterization of 2-(2-(4,6-bis(methylthio)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (41), 3-(2-(4,6-bis(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)quinazolin-4(3H)-one (42), 3-(2-(4,6-bis(methylthio)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)benzo[d][1,2,3]triazin-4(3H)-one (43) and 2-(2-(4,6-
bis(methylthio)-2H-pyrazolo[3,4-d]pyrimidin-2-yl)ethyl)phthalazin-1(2H)-one (45).

Synthesis of compounds 41-45 was carried out following the procedures described in the
literature® and is shown in Scheme 1. These compounds were characterized by NMR and Mass

spectrometric techniques and were compared with the values reported in the thesis.
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Scheme 1. Synthesis of compounds 41-43 and 45

3.3.2 Regioselective nucleophilic substitution of 4-SMe group of different compounds.

3.3.2.1 Synthesis and characterization of 2-(2-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one  (46), 3-(2-(6-(methylthio)-4-
(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)quinazolin-4(3H)-one (47), 3-(2-
(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)benzo[d][1,2,3]
triazin-4(3H)-one (48), 2-(2-(6-(methylthio)-4-(piperidin-1-yl)-1H-pyrazolo[3,4-d]-
pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (49) and 2-(2-(6-(methylthio)-4-morpholino-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (50).
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Synthesis of starting materials (46-47) was carried out following general methodology described
earlier.®* Synthesis of new compounds 48-50 is described below.

Reaction of compound 41 with piperidine and morpholine under reflux conditions gave
compound 49 and compound 50 respectively. Reaction of 43 with pyrrolidine, under reflux
conditions gave compound 48 (Scheme 2). These compounds were characterized by NMR and
Mass spectrometric techniques.
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Scheme 2. Synthesis of compounds 46-50

Proton NMR of 48 showed multiplets between 6 1.91 -1.96 and between & 2.07 -2.12 for two
pyrrolidinyl CH,, one singlet at 6 2.20 for SMe protons, a multiplet between & 3.65-3.73 for two
pyrrolidinyl NCH,, one singlet at 6 4.86 for two NCH,, four multiplets between ¢ 7.73-7.78,
between & 7.86 -7.91, between 6 8.00-8.03 and between & 8.30 -8.33, a singlet at 6 7.74 for five
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 409.

Proton NMR of 49 showed a multiplet between 6 1.64 -1.72 for three piperidinyl CH, one
singlet at 6 2.21 for SMe protons, a multiplet between 6 3.82-3.87 for two piperidinyl CH,, two
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multiplets between 6 4.65-4.68 and between ¢ 4.80 -4.84 for two NCH>, three multiplets between
& 7.59-7.63, between ¢ 7.71 -7.80 and between ¢ 8.38 -8.41 two singlets at 6 7.81 and 6 7.87 for
six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 422.

Proton NMR of 50 showed one singlet at 6 2.21 for SMe protons, two multiplets between &
3.80-3.83 for two morpholinyl NCH2 and between 6 3.88-3.91 for two morpholinyl OCH,, two
multiplets between & 4.65-4.69 and between 6 4.82-4.86 for two NCH,, three multiplets between
0 7.60-7.63, between ¢ 7.71 -7.79 and between ¢ 8.37 -8.40 two singlets at 6 7.80 and 6 7.87 for
six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 424.

3.3.2.2 Synthesis and characterization of 2-(2-(6-(methylthio)-4-oxo0-4,5-dihydro-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (51) and 3-(2-(6-(methylthio)-4-
0x0-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)quinazolin-4(3H)-one (52).

Reaction of compound 41 with ag. NaOH in methanol under reflux conditions gave compound
51 and reaction of compound 42 under similar conditions gave compound 52. These compounds

were characterized by NMR and Mass spectrometric techniques.
MeS, \N'\\I * o =N 0
NN NaOH , / MeOH NN~
N\ I | aq—» N
N X HN v
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Scheme 3. Synthesis of compounds 51-52

Proton NMR of 51 showed a singlet at 6 2.26 for SMe protons, two multiplets between 6 4.66-
4.69 and between 6 4.80-4.83 for two NCH,, three multiplets between & 7.61 —7.64, between &
7.74 -7.84 and between 6 8.39 -8.42 two singlets at 6 7.87 and & 7.99 for six aromatic protons.
Mass spectrum showed base peak corresponding to [M+H]" at m/z 355.

Proton NMR of 52 in DMSO-ds showed a singlet at 6 2.16 for SMe protons, two multiplets
between 6 4.32-4.41 and between 6 4.61-4.71 for two NCH>, three multiplets between & 7.46 —
7.58, between ¢ 7.76 -7.84 and between 6 8.11 -8.15 two singlets at 6 7.58 and & 8.00 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 355.

3.3.2.3 Synthesis and characterization of 2-(2-(4-methoxy-6-(methylthio)-1H-pyrazolo-
[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (53), 3-(2-(4-methoxy-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)quinazolin-4(3H)-one (54), 2-(2-(4-methoxy-6-
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(methylthio)2H-pyrazolo[3,4-d]pyrimidin-2-yl)ethyl)phthalazin-1(2H)-one (55), 3-(2-
bromoethyl)benzo[d][1,2,3]triazin-4(3H)-one  (57)  3-(2-(4-methoxy-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)benzo[d][1,2,3]triazin-4(3H)-one (59) and 3-(2-(4-
methoxy-6-(methylthio)-2H-pyrazolo[3,4-d]pyrimidin-2-yl)ethyl)benzo[d][1,2,3]triazin-
4(3H)-one(60).

Reaction of compound 41 with NaOMe in methanol under reflux conditions compound 53,
reaction of compound 42 under similar conditions gave compound 54 and reaction of compound

45 under similar conditions gave compound 55.

ves. /=N o MeO Vil\\lil o)
\/\r}l)jij NaOMe / MeOH N  / N
%

N7\/l<l X

MeS  41:x=N; Y =cH

53: X =N; Y = CH
42: X =CH; Y =N 54:X=CH; Y =N
SMe O OMe 0O
’
N)\/IT\N/\/’}'5© NaOMe / MeOH N)\/f\N/\/’\.'ﬁQ
)\\ ~ 7 N =~ R N < N
Mes~ °N N MeS~ N N
45 55

Scheme 4a. Synthesis of compounds 53-55

Synthesis of compound 59 cannot be carried out under similar conditions since benzotriazinone
ring is unstable under strong basic conditions, therefore this compound was synthesized by first
synthesizing compound 57 by reacting compound 29 (Scheme 1) with 1,2 dibromoethane (56) in
DMF using K;COs; as base. Reaction of compound 57 with 4-methoxy-6-methylthio-1H-
pyrazolo[3,4-d]pyrimidine (58) in DMF using K,COs3 as base gave a mixture of compound 59
and compound 60 which was separated by column chromatography. These compounds were
characterized by NMR and Mass spectrometric techniques.
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Scheme 4b. Synthesis of compounds 59-60

Proton NMR of 53 showed two singlets at 6 2.25 for SMe and 6 4.06 for OMe group, two
multiplets between ¢ 4.66—4.70 and between & 4.85-4.89 for two NCHy, three multiplets between
0 7.59-7.62, between ¢ 7.71 -7.81 and between ¢ 8.37 -8.40 two singlets at 6 7.82 and 6 7.86 for
six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 369.
Proton NMR of 54 showed two singlets 6 2.24 for SMe and & 4.06 for OMe group, two
multiplets between ¢ 4.46-4.48 and between & 4.80-4.82 for two NCHy, three multiplets between
0 7.57-7.60, between ¢ 7.71 -7.76 and between ¢ 8.30 -8.33 two singlets at 6 7.26 and 6 7.92 for
six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 369.
Proton NMR of 55 showed two singlets at 6 2.59 for SMe and & 4.02 for OMe group, a singlet at
& 4.80 for two NCH>, three multiplets between & 7.63-7.66, between 6 7.73 -7.79 and between o
8.37 -8.40 two singlets at 6 7.79 and 6 8.02 for six aromatic protons. Mass spectrum showed base
peak corresponding to [M+H]" at m/z 369.

Proton NMR of 57 showed two triplets at 6 3.82 for CH2Br and & 4.87 for one NCH>, two
multiplets between & 7.80-7.86 and between 6 7.95-8.00, two doublets at & 8.18 and 8.37 for four
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 252.

Proton NMR of 59 showed two singlets at 6 2.26 for SMe and 6 4.04 for OMe group, a singlet at
0 4.91 for two NCH, two multiplets between & 7.75-7.80, between 6 7.89 -7.94, two doublets at
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6 8.04 and 8.31, a singlet at & 7.84 for five aromatic protons. Mass spectrum showed base peak
corresponding to [M+H]" at m/z 370.

Proton NMR of 60 showed two singlets at 6 2.61 for SMe and 6 4.05 for OMe group, two
multiplets between & 4.85-4.89 and between ¢ 5.04-5.08 for two NCH, two multiplets between o
7.80-7.84, between 6 7.94 -7.99, two doublets at 6 8.12 and 8.34, a singlet at & 7.83 for five
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 370.

3.3.3 Synthesis of chloro analogs.

3.3.3.1 Synthesis and characterization of 2-(2-(4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]-
pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (61) and 3-(2-(4-chloro-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)quinazolin-4(3H)-one (62).

Reaction of 51 with POCI; under reflux conditions gave compound 61, reaction of 52 under

similar conditions gave compound 62.
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Scheme 5. Synthesis of compounds 61-62

Proton NMR of 61 showed a singlet at & 2.23 for SMe, two multiplets between ¢ 4.67-4.70 and
between 6 4.91-4.93 for two NCHy, three multiplets between & 7.59-7.62, between 6 7.73 -7.82
and between & 8.36 -8.39, two singlets at & 7.79 and & 7.98 for six aromatic protons. Mass
spectrum showed base peak corresponding to [M+H]" at m/z 373.

Proton NMR of 62 showed a singlet at 6 2.25 for SMe, two multiplets between 6 4.46-4.50 and
between o 4.82-4.86 for two NCH,, three multiplets between ¢ 7.46-7.57, between & 7.69-7.74
and between & 8.26-8.29, two singlets at 6 7.31 and & 8.01 for six aromatic protons. Mass
spectrum showed base peak corresponding to [M+H]" at m/z 373.
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3.3.4 Oxidation of 6- SMe group of compounds 53, 54, 55, 59 and 61 to SO,Me group.

3.1.4.1 Synthesis and characterization of 2-(2-(4-methoxy-6-methylsulfonyl-1H-pyrazolo
[3,4-d]pyrimidin-1-ylethyl)phthalazin-1(2H)-one (63), 2-(2-(4-chloro-6-methylsulfonyl-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (64), 3-(2-(4-methoxy-6-
methylsulfonyl-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)quinazolin-4(3H)-one (65), 3-(2-(4-
methoxy-6-methylsulfonyl-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)benzo[d][1,2,3]triazin-
4(3H)-one (66) and 2-(2-(4-methoxy-6-(methylsulfonyl)-2H-pyrazolo[3,4-d]pyrimidin-2-
yl)ethyl)phthalazin-1(2H)-one (67).

Reaction of 53 with oxone in acetone at 0°C gave compound 63. Similar reactions with 61, 54,

59 and 55 gave compound 64, compound 65, compound 66 and compound 67 respectively.
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Scheme 6. Synthesis of compounds 63-67

These compounds were characterized by NMR and Mass spectrometric techniques.

Proton NMR of 63 showed two singlets at 6 3.04 for SO,Me and & 4.23 for OMe, two multiplets
between 6 4.70-4.73 and between 6 4.98-5.02 for two NCH,, three multiplets between 6 7.63—
7.66, between 6 7.73-7.86 and between 8.33-8.36, two singlets at 6 7.87 and 6 8.09 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 401.

Proton NMR of 64 showed a singlet at 6 3.11 for SO,Me, two multiplets between & 4.72-4.75
and between 6 5.06-5.09 for two NCH,, three multiplets between 6 7.64-7.66, between 6 7.73—
7.84 and between 8.30-8.32, two singlets at & 7.90 and ¢ 8.24 for six aromatic protons. Mass

spectrum showed base peak corresponding to [M+H]" at m/z 405.
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Proton NMR of 65 showed two singlets at 6 3.04 for SO,Me and & 4.24 for OMe, two multiplets
between 6 4.52-4.55 and between 6 4.94-4.97 for two NCH,, three multiplets between 6 7.49-
7.60, between 6 7.72-7.77 and between 8.29-8.31, two singlets at 6 7.35 and 6 8.15 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 401.

Proton NMR of 66 showed two singlets at 6 3.12 for SO;Me and & 4.22 for OMe, two multiplets
between & 4.93-4.96 and between & 5.04-5.07 for two NCH>, four multiplets between & 7.77-
7.84, between 6 7.91-7.97 between 6 8.04—8.08 and between 6 8.28-8.33, a singlet at 6 8.06 for
five aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 402.
Proton NMR of 67 showed two singlets at 6 3.43 for SO,Me and & 4.21 for OMe, two multiplets
between 6 4.82-4.86 and between 6 4.93-4.97 for two NCH,, three multiplets between 6 7.66—
7.69, between & 7.77-7.86 and between 8.38-8.40, two singlets at 6 8.01 and & 8.04 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 401.

3.3.5 Synthesis and characterization of 2-(2-(4,6-dimethoxy-1H-pyrazolo[3,4-d]pyrimidin-
1-ylethyl)phthalazin-1(2H)-one (68).

Reaction of 63 with sodium methoxide in methanol under reflux conditions gave compound 68.

This compound was characterized by NMR and Mass spectrometric techniques.
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Scheme 7. Synthesis of compounds 68

Proton NMR of 68 showed two singlets at & 3.60 and ¢ 4.05 for two OMe groups, two multiplets
between 6 4.66—4.70 and between & 4.81 -4.84 for two NCH, three multiplets between & 7.57-
7.60, between 6 7.71 -7.79 and between & 8.37 -8.39 two singlets at & 7.83 and 6 7.85 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 353.

3.3.6 Synthesis and characterization of 2-(2-(4-(dimethylamino)-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (69).

Reaction of 61 with 50% ag. dimethylamine solution under reflux conditions gave compound 69.
This compound was characterized by NMR and Mass spectrometric techniques.
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Scheme 8. Synthesis of compounds 69

Proton NMR of 69 showed two singlets at 6 2.22 for SMe, and ¢ 3.31 for NMe, two multiplets
between 6 4.64-4.68 and between & 4.79 -4.83 for two NCH>, three multiplets between 6 7.58—
7.62, between ¢ 7.70 -7.79 and between 6 8.37 -8.40 two singlets at 6 7.81 and & 7.86 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 382.

3.3.7 Synthesis and characterization of 2-(2-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]-
pyrimidin-1-yl)ethyl)phthalazine-1(2H)-thione (70).

Reaction of 41 with P,Ss in pyridine under reflux conditions gave compound 70. This compound

was characterized by NMR and Mass spectrometric techniques.
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Scheme 9. Synthesis of compounds 70

Proton NMR of 70 showed two singlets at 6 2.24 and 6 2.64 for two SMe groups, two multiplets
between 6 5.04-5.07 and between & 5.26 -5.29 for two NCH,, three multiplets between 6 7.59-
7.62, between ¢ 7.79 -7.84 and between 6 8.96 -8.99 two singlets at 6 7.90 and & 8.01 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 401.

3.3.8 Synthesis and characterization of 2-(2-(5-methyl-6-(methylthio)-4-oxo-4,5-dihydro-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (71).

Reaction of 51 with methyl iodide in DMF using K,COg3 as base gave of compound 71. This
compound was characterized by NMR and Mass spectrometric techniques.
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Scheme 10. Synthesis of compounds 71

Proton NMR of 71 showed two singlets at 6 2.33 for SMe, and ¢ 3.42 for NMe, two multiplets
between 6 4.64-4.68 and between & 4.76 -4.79 for two NCH>, three multiplets between 6 7.58—
7.61, between & 7.71 -7.80 and between 6 8.36 -8.39 two singlets at 6 7.86 and o6 7.95 for six
aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 369.

3.3.9 Synthesis and characterization of 2-(2-(5-methyl-6-(methylsulfonyl)-4-oxo-4,5-
dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (72).

Reaction of 71 with oxone in acetone gave compound 72. This compound was characterized by

NMR and Mass spectrometric techniques.
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Scheme 11. Synthesis of compounds 72

Proton NMR of 72 showed two singlets at 6 3.22 for SO,Me and & 3.77 for NMe, two multiplets
between 6 4.69-4.71 and between & 4.83 -4.87 for two NCH>, three multiplets between 6 7.63—
7.66, between ¢ 7.79 -7.84 and between 6 8.38 -8.41 two singlets at 6 7.88 and & 8.13 for six

aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 401.

3.3.10 Synthesis and characterization of reference compounds

Compound 73, 77, 78, 79, 81, 82, 83, 84, 85 and 89 were synthesized by literature procedures.
Other reference compounds 74, 75, 76, 80, 86, 87, 88, 90 and 91 were synthesized by using the
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same procedures utilized in the synthesis of their respective dimeric compounds. These

compounds were characterized by NMR and Mass spectrometric techniques.
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Figure 22. Reference compounds

3.4 Result and discussion

In our earlier studies on ethylene linker based symmetrical pyrazolo[3,4-d]pyrimidine (PP)
compounds we found that there was a large upfield shift in protons of groups attached at 6-
position indicating folded or syn conformation due to intramolecular n—= interactions but our
attempts in getting syn conformation in the solid state due to intramolecular n—r interactions in

1.3 The present

the ethylene linker symmetrical compound based on PP core were not successfu
study was undertaken to study the effect of replacing one side of ethylene linker based

symmetrical pyrazolo[3,4-d]pyrimidine compound by quinazilinone, phthalazinone and
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benzotriazinone nucleus on conformation of the molecule both in solution and more importantly

on solid state.

3.4.1 'H NMR study

In the present study of ethylene linker based dissymmetrical pyrazolo[3,4-d]pyrimidine
compounds we observed an upfield shift in the protons of groups attached to the 6-position
compared to their respective monomeric compounds and similar to the ethylene linker based
symmetrical pyrazolo[3,4-d]pyrimidine compounds when the linker was attached to the N*
position of the pyrazolo[3,4-d]pyrimidine ring indicating the presence of folded conformation.*

Upfield shift in the proton at 4-position in case of phthalazinone (Pht.) and proton at 2-position

in case of quinazolinone (Q) is also observed (Fig. 23 and Table 2)

R 0] @) ©)
4 3, 1 8 4 5 4 5 ]
NEE 7 HN 6 HN
A L Np .
N1 X 2 2 7

4,6-disubstituted . ) . .
pyrazolo[3,4-d]pyrimidine ~ Phthalazin-1(2H)-one quinazolin-4(3H)-one  benzo[d][1,2,3]triazin-4(3H)-one

Figure 23. Numbering scheme for the heterocyclic nuclei used in the present study

However the N? isomer (compound 45, 55, 67 and 60, Table 2) did not show any significant
upfield shift in any proton indicating open or anti conformation. This shows that there is a
profound effect of attachment of linker on intramolecular n—r interactions and it is important that
the linker is attached at the right position to show intramolecular stacking interactions. These
results are similar to the results obtained in case of symmetrical trimethylene linker based
symmetrical pyrazolo[3,4-d]pyrimidine compounds where the N' isomer (compound 22a)
showed intramolecular stacking both in solution and solid state while the N® isomer (compound

92, Fig. 24) was devoid of intramolecular stacking both in solution and solid state.®
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Figure 24. Crystal structure of compound 92 showing open conformation

Also there is no significant change in upfield shifts on changing the substituents from SMe group
to pyrrolidine, methoxy, chloro etc. at 4-position or 6-position on intramolecular m—n
interactions. This shows that the change of substituents does not change the intramolecular
stacking behavior of the pyrazolo[3,4-d]pyrimidine nucleus. These results are also similar to the
studies on ethylene and trimethylene linker based symmetrical pyrazolo[3,4-d]pyrimidine
compounds (20a-b, 22a-k and 23a-c) where no significant change in the upfield shifts were

observed®’3®

on changing the substituents at 4/6-position.

Also the change in the number of nitrogen atom or changing the position of nitrogen atom in the
heteroaromatic nucleus (quinazolinone, phthalazinone and benzotriazinone) does not have
significant effect on intramolecular m—r interactions as evident from the similar upfield shift of
compounds 41, 42 and 43 (Scheme 1 and Table 2). This shows that these three nucleus have
similar intramolecular stacking behavior with pyrazolo[3,4-d]pyrimidine nucleus. The change of
oxygen atom in compound 41 to sulfur atom in compound 70 is also well tolerated (Table 2).
Compounds 51, 52, 71 and 72 which have pyrazolo[3,4-d]pyrimidone nucleus show similar
intramolecular n—7mt interactions as seen in the compounds having pyrazolo[3,4-d]pyrimidine
nucleus. This result is again similar to the results obtained in the study of trimethylene linker
based symmetrical pyrazolo[3,4-d]pyrimidine/pyrimidone compounds (22a and 23a, Fig. 17 and
18). The above results are summarized in Table 2 and illustrated in the following stack plots in
Fig. 25 for compounds 41, 61, 69, 53, and 63 which shows the upfield shifts of affected protons
due to the intramolecular stacking interactions as compared to their respective monomeric
compounds 73, 78, 82, 77 and 79 for pyrazolo[3,4-d]pyrimidine protons along with the
compound 89 for comparison of proton shifts of phthalazinone protons
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Table 2: *H NMR shifts of compounds used in the present study

RL /=N 0 o. /=N Mes>/€’\‘ N
\ \
— - N
) N\/\N N N\/\N N / ~N |

N ) Rt | N '

N—N X =N N s \?/ Nx
R2 Y R2 MeS 70
41, 46, 49, 50, 53, 61, 63, 64, 51,71, 72: X=N; Y=CH.
68, 69: X=N; Y=CH. 52: X=CH: Y=N.

42, 47, 54, 62, 65: X=CH; Y=N.
43, 48, 59, 66: X=N; Y=N.

1 o} R1 o) R
Njf /\/Nb N')TN RO N/l = i
T | RZ)\N/ \ RZ/k\N N Rz/l\\ N @&E
45,55,67: X=N; Y=CH. 73-82 83-85 86-88 89-91
60:X=N; Y=N.
Comp. R1 R, A 6-SMe/ 6 2-H/4-H Ad = 6-SMe/ Ad =2-H/4-
No. SO,Me/ (Q/Pht.) | SO,Me/ OMe (PP, H(Q/Pht.,
OMe (PP) mono)- 6-SMe/ monomer) - 2-
SO,Me/ OMe (PP, | H/4-H (Q/Pht.,
dimer) dimer)
73 SMe SMe 2.68 - - -
86 SMe SMe 2.67 - - -
74 pyrrolidine SMe 2.58 - - -
75 piperidine SMe 2.58 - - -
76 morpholine SMe 2.58
77 OMe SMe 2.63
78 Cl SMe 2.64
82 NMe;, SMe 2.58
79 OMe SO,Me 3.42
80 Cl SO,Me 3.45
81 OMe OMe 4.07
83 H SMe 2.54°
84 Me SMe 2.64
85 Me SO,Me 3.57
87 OMe SMe 2.64
88 OMe SO,Me 3.45
89 - - - 8.14
90 - - - 8.10
41 SMe SMe 2.25 7.82 0.43 0.32
42 SMe SMe 2.28 7.26 0.40 0.84
43 SMe SMe 2.29 - 0.39
45 SMe SMe 2.63 8.03 0.04 0.11
46 pyrrolidine SMe 2.22 7.87 0.36 0.27
47 pyrrolidine SMe 2.25 7.25 0.33 0.85
48 pyrrolidine SMe 2.20 - 0.38
49 piperidine SMe 2.21 7.87 0.37 0.27
50 morpholine SMe 2.21 7.87 0.37 0.27
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51 H SMe 2.26 7.87 - 0.27
52 H SMe 2.16° 7.58" 0.38 -
53 OMe SMe 2.25 7.82 0.38 0.32
54 OMe SMe 2.24 7.26 0.39 0.84
55 OMe SMe 2.59 8.02 0.05 0.12
59 OMe SMe 2.26 - 0.37
60 OMe SMe 2.61 - 0.03 -
61 Cl SMe 2.23 7.79 0.41 0.31
62 Cl SMe 2.25 7.31 0.39 0.79
63 OMe SO,Me 3.04 7.87 0.38 0.27
64 Cl SO,Me 3.11 7.90 0.34 0.24
65 OMe SO,Me 3.04 7.35 0.38 0.75
66 OMe SO,Me 3.12 - 0.30 -
67 OMe SO,Me 3.43 8.04 0.02 0.10
68 OMe OMe 3.60 7.83 0.47 0.31
69 NMe, SMe 2.23 7.87 0.35 0.27
70 SMe SMe 2.24 7.90 0.44 -
71 Me SMe 2.33 7.86 0.31 0.28
72 Me SO,Me 3.22 7.88 0.35 0.26
* data collected in DMSO-ds
|

79 i )ll//l

53 Jl' = /Jlk_

77 _ A -

69 _/F\ 7]*;

82 N N X

61 7J‘|k_

| |
78 . T
41 | le ff"’”!g__
‘ b
73 | JUL
(a)

157



63 AN |
53 AnL A
69 L AN
61  AM )t
I
a1 o
89
EVAVAN A
8‘1' 81 BI7 SI 813 I.9 7.IE! J' IEv 'JI_, 7 ! DD"’1

(b)

Figure 25. Stack plots showing upfield shifts in (a) pyrazolo[3,4-d]pyrimidine protons
(b) upfield shifts in phthalazinone protons for compounds 41, 61, 69, 53
and 63 compared with their respective reference compounds

On the basis of above *H NMR study the conformation of compounds in which ethylene linker is
attached at the N* position of pyrazolo[3,4-d]pyrimidine appears to be folded or syn. The
probable conformation of compounds 41 and 42 are shown in Fig. 26.
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Figure 26. Proposed conformation of (a) compound 41 (b) compound 42 on the basis of ‘*H NMR study
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3.4.2 X-Ray crystallographic study

In this present study we were able to prepare and study crystals of 2-(2-(4,6-bis(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one(41),** 2-(2-(4-methoxy-6-methylthio-
-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (53), 2-(2-(4-chloro-6-methylthio
-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (61),%" 2-(2-(4-(dimethylamino)-
6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one(69), 2-(2-(4-
methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)one
(63),"  2-(2-(4-chloro-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-phthalazin-
1(2H)-one(64)*®  and  3-(2-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)quinazolin-4(3H)-one (65).%*

The solid state structure of 41 shows a syn conformation®® (Fig. 27). The torsion angle formed
by NCCN atoms involving ethylene linker and two N atoms connecting it is 60.58°, confirming
syn conformation. The distance between two N atoms linking two arene moieties is 2.95 A which
is less than sum of van der Waals radii of two N atoms (3.10 A i.e. 2x1.55 A for N) and less than
3.09 seen in 22b with extra C in its linker. The distance between centroids of five member
pyrazole ring of PP core and six member pyrimidone ring of phthalazinone system is 4.28 A
which is similar to distance of 4.28 A between centroids of six member pyrimidine and six
member heterocyclic ring of phthalazinone system (Fig.27). It is important to mention that 4.23
A is the maximum distance seen in folded compounds (22a, 22b, 22d-22g and 23a-23c, Fig. 17,
Table 1) that show such distance in the range of 3.69-4.23 A. The distance between centroids of
nine member PP core and six membered pyrimidone ring of phthalazinone system is 4.15 A.
Some close distances between two six member pyrimidine and pyrimidone ring of phthalazinone
are C7A...N11= 3.42, N7...N10 = 3.42 and N7...C17 = 3.50 A confirming intramolecular

33a

stacking. Finally, there is no intra-molecular S...arene (4.96 and 5.07 A)**? or significant CH—n

interactions® confirming that syn conformation is due to intramolecular n—x interactions.
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Figure 27. Crystal structure of 41 showing syn conformation with intramolecular 7—n interactions®*

To test the robustness of syn conformation in 41 formed due to intramolecular arene interaction
substituents effects were studied. The crystal structure of 2-(2-(4-methoxy-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (53) shows an anti conformation (Fig.
28). The torsion angle formed by NCCN atoms involving ethylene linker and two N atoms
connecting it is 179.15° confirming anti conformation. The distance between two N atoms
linking two arene moieties is 3.75 A which is more than sum of van der Waals radii of two N
atoms (3.10 A i.e. 2x1.55 A for N). A comparable distance of 3.70 A was also shown our earlier
symmetrical ethylene compound 20b (Fig. 15) with anti conformation.**

This change of conformation from syn to anti on changing the substituent from weak electron
withdrawing SMe group to weak electron donating OMe group was a bit surprising since this
type of change was well tolerated in compounds 22f (ethoxy) and 229 (isopropoxy).
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Figure 28. Crystal structure of 53 showing anti conformation with no intramolecular n—n
interactions and strong C-H...O interactions between two molecules

One reason for this change of conformation may be that intermolecular interactions between the
molecules in the solid state have overcome the intramolecular interactions. On careful analysis
we observe that the structure is stabilized by strong C-H...O interactions®® between two
molecules as shown in the figure 26. The C-H...O distance being 2.51 A which is shorter than
the sum of van der Waals radii of hydrogen atom (1.2 A) and oxygen atom (1.5 A). The distance
between carbon and oxygen is 3.39 A and the C-H...O angle is 151.10° Also in the packing
structure we observe intermolecular n—n interactions (Fig. 29). The distance between centroids of
the six membered pyrimidine and six membered heterocyclic ring of the phthalazinone system
3.67 A, the distance between centroids of nine membered pyrazolopyrimidine ring and ten
membered phthalazinone ring is 3.64 A, the distance between centroids of the five membered
pyrazolo ring and six membered benzene ring if phthalazinone is 3.69 A, the distance between
centroids of the six membered pyrimidine and ten membered phthalazinone ring is 3.57 A and
the distance between centroids of six membered benzene and nine membered
pyrazolopyrimidine is 3.63 A. These distances are well within the limits of distances observed
for intramolecular/ intermolecular n—= interactions (Table 1). In addition to these interactions we
also observe a C-H...S interaction®” (Fig. 29) The C-H...S distance being 2.80 A which is
shorter than the sum of van der Waals radii of hydrogen atom (1.2 A) and sulphur atom (1.8 A).

161



Figure 29. Packing structure of 53 showing intermolecular n—r interactions and C-H...S interactions

The C-H...S angle is 158.32° and the distance between carbon and sulphur (H-C...S) is 3.72 A.
The crystal structure of 2-(2-(4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)phthalazin-1(2H)-one (61) in which 4-SMe group of compound 41 is replaced by Cl
group shows an anti conformation®® (Fig. 30). The torsion angle formed by NCCN atoms
involving ethylene linker and two N atoms connecting it is 172.38° confirming anti
conformation. The distance between two N atoms linking two arene moieties is 3.72 A which is
more than sum of van der Waals radii of two N atoms (3.10 A i.e. 2x1.55 A for N). Here also we
observe strong intermolecular interactions which might be one of the reasons for the anti
conformation. A careful analysis of the crystal structure of compound 61 shows strong
O...arene®” dimerization (distance of oxygen atom and centroid of nine membered
pyrazolopyrimidine ring = 3.25 A) with the closest distance between O...C of 3.19 A which is
less than the van der Waals radii of O and C atoms. Additional C-H...O (C-H..O = 2.83 A , H-
C...0=3.61 A and £ C-H..0 =138.1° Cl...arene® (distance of chlorine atom and centroid of
six membered benzene ring = 3.83 A) and n—n interactions (distance of centroids of six
membered pyrimidine and centroid of six membered benzene ring = 3.83 A) are also present in
this dimer.
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Figure 30. Crystal structure of compound 61 showing anti conformation with intermolecular C-H...O,
O...arene, Cl...arene and n—x interactions **°

The crystal structure of 69 in which 4-SMe of compound 61 is replaced by electron donating
dimethylamino group shows a syn conformation (Fig. 31). The torsion angle formed by NCCN
atoms involving ethylene linker and two N atoms connecting it is 61.78° confirming syn
conformation. The distance between two N atoms linking two arene moieties is 2.96 A which is
less than sum of van der Waals radii of two N atoms (3.10 A i.e. 2x1.55 A for N). The distance
between centroids of five member pyrazole ring of PP core and six member pyrimidone ring of
phthalazinone system is 4.30 A and distance between centroids of six member pyrimidine and
six member heterocyclic ring of phthalazinone system is 4.35 A (Fig. 31). The distance between
centroids of nine member PP core and six membered pyrimidone ring of phthalazinone system is
4.19 A. These distances and the torsional angle are very close to the distances and torsional angle
observed in the crystal structure of compound 41 having SMe group at the 4-position which is
slightly electron withdrawing in nature, in place of strongly electron donating NMe; group in 69.
The striking similarity of torsional angle (60.58° in 41 and 61.78° in 69) and distance between
the two N atoms connecting the linker (2.95 A in 41 and 2.96 A in 69) along with other
intramolecular distances is noteworthy. (Table 3)
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Figure 31. Crystal structure of 69 showing syn conformation with intramolecular m—r interactions

The crystal structure of 63 in which 6-SMe of compound 53 is replaced by 6-SO,Me group
shows a syn conformation®® (Fig. 32). The torsion angle formed by NCCN atoms involving
ethylene linker and two N atoms connecting it is 62.52° confirming syn conformation. The
distance between two N atoms linking two arene moieties is 2.93 A which is less than sum of
van der Waals radii of two N atoms (3.10 A i.e. 2x1.55 A for N). The distance between centroids
of five member pyrazole ring of PP core and six member pyrimidone ring of phthalazinone
system is 4.18 A and distance between centroids of six member pyrimidine and six member
heterocyclic ring of phthalazinone system is 4.15 A (Fig. 32). The distance between centroids of
nine member PP core and six membered pyrimidone ring of phthalazinone system is 4.02 A.
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Figure 32. Crystal structure of compound 63 showing syn conformation with intramolecular n—n
interactions and O...arene interactions °*°

In addition to the intramolecular m—n interactions the structure is stabilized by intramolecular
O...arene interaction with distance between oxygen atom and centroid of benzene ring being
3.57 A

The crystal structure of 2-(2-(4-chloro-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)phthalazin-1(2H)-one (64) in which 6-SMe group of compound 61 is replaced by 6-
SO,Me group shows an anti conformation®® (Fig. 33). The torsion angle formed by NCCN
atoms involving ethylene linker and two N atoms connecting it is 173.81° confirming anti
conformation. The distance between two N atoms linking two arene moieties is 3.71 A which is
more than sum of van der Waals radii of two N atoms (3.10 A i.e. 2x1.55 A for N). Here again

we observe strong intermolecular interactions. All the three oxygen atoms are involved in strong
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Figure 33. Crystal structure of compound 64 showing open conformation with
intermolecular C-H...O interaction *®

intermolecular C-H...O interactions as represented by the sub van der waals distances and very
favourable C-H...O angle as shown in the Fig. 33 and listed below.

(i) 2.25 A (C-H...0), 3.20 A (H-C...0) and 171.77 (£ C-H..0);

(i) 2.58 A (C-H...0), 3.25 A (H-C...0) and 129.61 (~ C-H..0) and

(i) 2.67 A (C-H...0), 3.30 A (H-C...0) and 122.98 (£ C-H..0).
In addition to the C-H...O interactions there is intermolecular m—m interactions, Cl...0%
interaction and C-H...Cl interaction as shown in Fig. 33. The distance between centroids of five
member pyrazole ring of PP core and six member benzene ring of phthalazinone system is 3.59
A and distance between centroids of six member pyrimidine and six member heterocyclic ring of
phthalazinone system is 3.59 A (Fig. 34). The distance between centroids of nine member PP
core and ten membered phthalazinone ring is 3.43 A and is very close to the sum of the van der
radii of two carbon atoms which is 3.4 A. The distance of CI...O interaction is 2.99 A which is
less than sum of van der waals radii of these atoms which is 3.25 A (for Cl atom van der waals
radii is 1.75 A and for O atom it is 1.5 A) and the C-H...Cl distance is 2.94 A which is again less
than sum of van der waals radii of these atoms which is 2.95 A (for H atom van der waals radius
is 1.2 A). The H-C...Cl distance is 3.78 A and £ C-H..Cl is 149.99°.
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Figure 34. Crystal structure of 64 showing intermolecular 7—x, Cl...O and C-H...Cl interaction®*

The crystal structure of 3-(2-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
ylethyl)quinazolin-4(3H)-one (65) shows a syn conformation.®® The torsion angle formed by
NCCN atoms involving ethylene linker and two N atoms connecting it is 59.97°, confirming syn
conformation. The distance between two N atoms linking two arene moieties is 2.93 A which is
less than sum of van der Waals radii of two N atoms (3.10 A i.e. 2x1.55 A for N). The distance
between centroids of five member pyrazole ring of PP core and six member pyrimidone ring of
quinazilinone system is 4.23 A and distance between centroids of six member pyrimidine and six
member heterocyclic ring of phthalazinone system is 4.06 A (Fig. 35). The distance between
centroids of nine member PP core and six membered pyrimidone ring of phthalazinone system is
3.99 A,

In addition to the intramolecular n—r interaction a weak C-H... & interaction is also present in the
molecule. The closest H contacts with the six membered phenyl ring of quinazolinone are 2.85
and 2.94 A. These distances and the torosional angle are very close to the distances and
torosional angle observed in the crystal structure of compound 63 which has phthalzinone

nucleus in place of quinazolinone. This similarity in the two structures is noteworthy.
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Figure 35. Crystal structure of compound 65 showing syn conformation with
intramolecular n—r interactions °*°

In the analysis of above crystal structures of compounds we observe that out of seven four
compounds namely 41, 69, 63 and 65 are having syn conformation and rest three are having anti
conformation. The folded compounds 41, 69, 63 and 65 have similar conformation as shown by
the torsional angles and distances which is noteworthy. A summary of the important results

obtained in the analysis of the above crystal structures is presented in the following Table 3.
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Table 3: Important angle and distances obtained from the crystallographic study of compounds
41, 53, 61, 69, 63, 64 and 65.

Comp. | Torsional Distance between | Intramolecu I*ar Intramolecujgr Intramolecu* !&r
No. angle (°) two N atoms Distance 1 Distance 2 Distance 3
linking two arene (A) (A) (A)
moieties (A)

41 60.58 2.95 4.28 4.28 4.15

53 179.15 3.75

61 172.38 3.72

69 61.78 2.96 4.30 4.35 4.19

63 62.52 2.93 4.18 4.15 4.02

64 173.81 3.71

65 59.97 2.93 4.23 4.06 3.99
" Distance between centroids of six membered heterocyclic ring of pht./ Q and five membered pyrazolo
ring of PP.
” I%istance between centroids of six membered heterocyclic ring of pht./ Q and six membered pyrimidine
ring of PP.

" Distance between centroids of six membered heterocyclic ring of pht./ Q and nine membered PP ring

Important results obtained in this study are as under:

(i)

In the *H NMR studies a significant upfield shift is seen in protons of compounds
connected to the N'-position of pyrazolo[3,4-d]pyrimidine nucleus indicating folded
conformation while the compounds attached to the N2-position of pyrazolo[3,4-d]-
pyrimidine nucleus did not show any significant upfield shifts indicating open
conformation. This shows the importance of position of attachment of linker to show

intramolecular n—r interactions.

(i) The change in the number of nitrogen or position of nitrogen in the ring in case of

quinazolinone/phtalazinone/benzotriazinone nucleus does not have significant effect on
the intramolecular n—n interactions as shown by the upfield shifts as compared to their
respective monomeric compounds. This shows that these nucleus have similar stacking

behavior with the pyrazolo[3,4-d]pyrimidine nucleus.

(iif) The change of substituent at the 4- or 6- position from electron withdrawing SMe/ CI/

SO;Me group to electron donating OMe/pyrrolidine/NMe; etc. did not have significant
effect on intramolecular ©—7 interactions in solution state as determined by the '"H NMR
studies. However dramatic substituent effect was seen in solid state. Thus four

compounds namely 41, 63, 69 and 65 show folded conformation due to intramolecular
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n—7 interactions while three other compounds 53, 61 and 64 showed open or anti
conformation. This shows the subtle nature of these interactions and their sensitivity
towards environmental conditions as a small change in the substituent or changes the
conformation of the molecule from syn to anti (as in compound 41 and 53) and again
from anti to syn (as in compound 53 and 63). In the solution state studies ("H NMR) the
concentration of compound (5-10 mg in 0.5ml of CDCls) in the solution is low and it
can be safely assumed that the molecules are surrounded by solvent molecules only and
no intermolecular interactions between the molecules is present. In case of solid state,
however, the situation is different. Here the molecule is surrounded by similar molecules
and the two arene moieties not only have to come close enough (<3 A, as in 41, 63, 65
and 69) at the point of contact (which is less than the sum of van der waal radii of two N
atoms , thus causing severe steric hindrance), intramolecular n—=n interactions have also
to compete with other strong intermolecular interactions to show a syn conformation in
1,2-diarylethanes.

(iv) The folded compounds 41, 69, 63 and 65 show striking similarity in the solid state
structure as shown by the torsional angles which has values in the range of 59-63° and
the distance between the two N atoms linking the two arene moieties which has values
in the range of 2.93-2.96 A. This close range of values in compounds having different
substituents and different arene moieties suggest that the conformation control due to
intramolecular m—r interactions observed in these molecules is robust from crystal

engineering point of view.

3.5 Biological activity

Compounds 41, 42, 43, 45, 48, 51, 53, 63, 64, 67, 68, 70 and 71 were tested for antithrombotic
activity in mice at 30 uM concentrations in collaboration with Dr. Madhu Dikshit, Pharmacology
Division, CDRI, Lucknow. The results are shown below (Table 4).
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Table 4: Biological activity

Compound Dose % Protection
41 30 uM/kg, po 20%
42 30 uM/kg, po 40%
45 30 uM/kg, po 40%
51 30 uM/Kg, po 30%
53 30 uM/kg, po 0%
63 30 uM/kg, po 0%
64 30 uM/kg, po 45%
67 30 uM/kg, po 0%
68 30 uM/kg, po 40%
70 30 uM/kg, po 50%
71 30 uM/kg, po 0%

3.6 Conclusion

In conclusion, this study shows that the intramolecular stacking propensity of ethylene linker
based dissymmetrical pyrazolo[3,4-d]pyrimidine  compounds having quinazolinone/
phtalazinone/benzotriazinone nucleus at the other end have similar stacking propensity to the
ethylene linker based symmetrical pyrazolo[3,4-d]pyrimidine compounds in solution state. More
importantly, we have successfully demonstrated, for the first time, that conformation control due
to arene interactions can be achieved inl,2-diaryl ethylene linker compounds in solid state.
Apparently, two arene systems not only have to come close enough (<3 A, asin 41, 63 and 65) at
the point of contact (which is much less than 3.4 A, for two benzenoid systems thus causing
severe steric hindrance), intramolecular n—r interactions have also to compete with other strong
intermolecular interactions to show a syn conformation in 1,2-diarylethanes.

This work together with our earlier work on trimethylene, butylidene linkers for 1,3-diaryl-
propanes, opens a new window for conformation control in flexible 1,2-diaryethanes. In addition,
the worthiness of the pyrazolo[3,4-d]pyrimidine core as a novel system for studying arene
interactions, both in solution and solid state, is demonstrated once again.

171



3.7 Experimental Section
3.7.1 Synthesis of 3-(2-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)- benzo[d][1,2,3]triazin-4(3H)-one (48).
48: Yield: 93.5%; mp: 140-142 °C; MS (ESI) m/z 409 [M+H]*; *H NMR (300 MHz, CDCls): &
(ppm): 1.91-1.96 (m, 2H, CH, pyrrolidino), 2.07-2.12 (m, 2H, CH, pyrrolidino), 2.20 (s, 3H,
SCHs), 3.65-3.73 (m, 4H, NCH, pyrrolidino), 4.86 (s, 4H, NCH,), 7.74 (s, 1H, Ar-H), 7.73-7.78
(m, 1H, Ar); 7.86-7.91 (m, 1H, Ar); 8.00-8.03 (m, 1H, Ar); 8.30-8.33 (m, 1H, Ar); *C NMR (50
MHz, CDCl3) 6 (ppm): 13.70, 24.30, 25.85, 44.97, 47.34, 47.99, 49.63, 98.86, 119.65, 124.92,
128.20, 132.13, 133.52, 134.66, 144.08, 154.07, 155.06, 155.72, 169.00; Anal. Calcd. for
C19H20NsOS: C, 55.87; H, 4.94; N, 27.43; Found: C, 55.94; H, 5.04; N, 23.56.
3.7.2 Synthesis of 2-(2-(6-(methylthio)-4-(piperidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)- phthalazin-1(2H)-one (49).
49: Yield: 92%; mp: 116-118 °C; MS (ESI) m/z 422 [M+H]"; *H NMR (300 MHz, CDCls): &
(ppm): 1.64-1.72 (m, 6H, CH; piperidinyl), 2.21 (s, 3H, SCHj3), 3.82-3.87 (m, 4H, NCH,
piperidinyl), 4.65-4.68 (m, 2H, NCH,), 4.80 -4.84 (m, 2H, NCH,), 7.59-7.63 (m, 1H, Ar), 7.71-
7.80 (m, 2H, Ar), 7.81 (s, 1H, Ar-H), 7.87 (s, 1H, Ar-H), 8.38-8.41 (m, 1H, Ar). Anal. Calcd. for
Ca1H23N70S: C, 59.84; H, 5.50; N, 23.26; Found: C, 59.94; H, 5.74; N, 23.56.

3.7.3 Synthesis of 2-(2-(6-(methylthio)-4-morpholino-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)phthalazin-1(2H)-one (50).

50: Yield: 90%; mp: 110-112 °C; MS (ESI) m/z 424 [M+H]"; *H NMR (300 MHz, CDCls): &
(ppm): 2.21 (s, 3H, SCH3), 3.80-3.83 (m, 6H, NCH, morpholinyl), 3.88-3.91 (m, 4H, OCH,
morpholinyl), 4.65-4.69 (m, 2H, NCH,), 4.82 -4.86 (m, 2H, NCH_), 7.60-7.63 (m, 1H, Ar), 7.71-
7.79 (m, 2H, Ar), 7.80 (s, 1H, Ar-H), 7.87 (s, 1H, Ar-H), 8.37-8.40 (m, 1H, Ar); **C NMR (50
MHz, CDCl3) & (ppm): 13.68, 45.32, 50.88, 66.48, 98.04, 126.05, 126.58, 127.73, 129.67,
131.50, 132.79, 133.04, 137.48, 155.70, 156.07, 159.56, 168.58. Anal. Calcd. for C19H2oNgOS:
C, 56.72; H, 5.00; N, 23.15; Found: C, 56.89; H, 5.04; N, 23.56.

3.7.4 Synthesis of 2-(2-(6-(methylthio)-4-ox0-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl phthalazin-1(2H)-one (51).

51: Yield: 80%; mp: > 250 °C; MS (ESI) m/z 355 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.26 (s, 3H, SMe), 4.66-4.69 (m, 2H, NCH; ), 4.80-4.83 (m, 2H, NCH, ), 7.61-7.64 (m,
1H, Ar-H), 7.74-7.84 (m, 2H, Ar-H), 7.87 (s, 1H, Ar-H), 7.99 (s, 1H, Ar-H), 8.39-8.42 (m. 1H,
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Ar-H) C NMR (75 MHz, DMSO-ds) & (ppm): 13.19, 46.05, 51.69, 103.59, 126.53, 127.63,
127.76, 130.26, 132.87, 134.47, 135.68, 138.48, 153.34, 159.58. Anal. Calcd. for C16H14NsOS;:
C, 54.23; H, 3.98; N, 23.71; Found: C, 54.21; H, 3.84; N, 23.75.

3.7.5 Synthesis of 3-(2-(6-(methylthio)-4-o0x0-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl) quinazolin-4(3H)-one (52).

52: Yield: 80%; mp: > 250 °C; MS (ESI) m/z 355 [M+H]*; *"H NMR (300 MHz, DMSO-ds) &
(ppm): 2.16 (s, 3H, SMe), 4.32-4.41 (m, 2H, NCH ), 4.61-4.71 (m, 2H, NCH, ), 7.46 —7.58 (m,
1H, Ar-H), 7.58 (s, 1H, Ar-H), 7.76 -7.84 (m, 2H, Ar-H), 8.00 (s, 1H, Ar-H), 8.11-8.15 (m. 1H,
Ar-H). Anal. Calcd. for C16H14NgOS;: C, 54.23; H, 3.98; N, 23.71; Found: C, 54.25; H, 3.88; N,
23.79.

3.7.6 Synthesis of 2-(2-(4-methoxy-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-
phthalazin-1(2H)-one (53).

53: Yield: 88%; mp: 158-160 °C; MS (ESI) m/z 369 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.25 (s, 3H, SMe), 4.06 (s, 3H, OMe), 4.66-4.70 (m, 2H, NCH; ), 4.84-4.89 (m, 2H,
NCH, ), 7.59-7.61 (m, 1H, Ar-H), 7.71-7.81 (m, 2H, Ar-4H), 7.82 (s, 1H, Ar-H), 7.86 (s, 1H,
Ar-H), 8.37-8.40 (m. 1H, Ar-H) *C NMR(75 MHz, CDCls) & (ppm): 13.57, 45.32, 50.75, 53.84,
99.69, 125.80, 126.34, 127.47, 129.40, 131.31, 131.64, 132.87, 137.22, 155.88, 159.32, 162.45,
169.16. Anal. Calcd. for C17H16NsO,S: C, 55.42; H, 4.38; N, 22.81; Found: C, 55.30; H, 4.79; N,
22.95.

3.7.7 Synthesis of 3-(2-(4-Methoxy-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-
quinazolin-4(3H)-one (54).

54: Yield: 84%; mp: 156-158 °C; MS (ESI) m/z 369 [M+H]"; *"H NMR (300 MHz, CDCls) &
(ppm): 2.24 (s, 3H, SMe), 4.06 (s, 3H, OMe), 4.46-4.48 (m, 2H, NCH; ), 4.80-4.82 (m, 2H,
NCH, ), 7.26 (s, 1H, Ar-H), 7.48-7.53 (m, 1H, Ar-H), 7.57-7.60 (m, 1H, Ar-H), 7.71-7.76 (m,
1H, Ar-H), 7.92 (s, 1H, Ar-H), 8.30-8.33 (m. 1H, Ar-H) *C NMR(75 MHz, CDCls) & (ppm):
13.79, 45.20, 46.74, 54.20, 99.85, 121.75, 126.47, 127.23, 127.41, 132.68, 134.29, 145.66,
147.87, 156.27, 161.09, 162.67, 170.35. Anal. Calcd. for C17H16N6O,S: C, 55.42; H, 4.38; N,
22.81; Found: C, 55.28; H, 4.76; N, 22.99.

3.7.8 Synthesis of 2-(2-(4-methoxy-6-(methylthio)-2H-pyrazolo[3,4-d]pyrimidin-2-yl)ethyl)-
phthalazin-1(2H)-one (55).
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55: Yield: 84%; mp: 112-114 °C; MS (ESI) m/z 369 [M+H]"; *"H NMR (300 MHz, CDCls) &
(ppm): 2.59 (s, 3H, SMe), 4.02 (s, 3H, OMe), 4.80 (s, 4H, NCH;), 7.63-7.66 (m, 1H, Ar-H),7.79
(s, 1H, Ar-H), 7.73 -7.79 (m, 2H, Ar-H), 8.02 (s, 1H, Ar-H), 8.37 -8.40 (m. 1H, Ar-H). Anal.
Calcd. for C17H16N6O,S: C, 55.42; H, 4.38; N, 22.81; Found: C, 55.38; H, 4.66; N, 22.809.

3.7.9 Synthesis of 3-(2-bromoethyl)benzo[d][1,2,3]triazin-4(3H)-one (57).

57: Yield: 80%; mp: 90-92 °C; MS (ESI) m/z 252 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 3.82 (t, J = 2.4 Hz, 2H, CH,Br), 4.80 (t, J = 2.4 Hz, 2H, NCH ), 7.80-7.86 (m, 1H, Ar-
H), 7.95-8.00 (m, 1H, Ar-H), 8.18 (d, J = 8.1 Hz, 1H, Ar-H), 8.37 (d, J = 8.1 Hz, 1H, Ar-H).
3.7.10 Synthesis of  3-(2-(4-methoxy-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)benzo[d]- [1,2,3]triazin-4(3H)-one (59).

59: Yield: 58%; mp: 154-156 °C; MS (ESI) m/z 370 [M+H]"; *"H NMR (300 MHz, CDCls) &
(ppm): 2.26 (s, 3H, SMe), 4.04 (s, 3H, OMe), 4.91 (s, 4H, NCH; ), 7.75-7.80 (m, 1H, Ar-H),
7.84 (s, 1H, Ar-H), 7.89-7.94 (m, 1H, Ar-H), 8.04 (d, J = 6 Hz, 1H, Ar-H), 8.31 (s, J = 6 Hz, 1H,
Ar-H). Anal. Calcd. for C16H15N70,S: C, 52.02; H, 4.09; N, 26.54; Found: C, 52.38; H, 4.46; N,
26.89.

3.7.11. Synthesis of 3-(2-(4-methoxy-6-(methylthio)-2H-pyrazolo[3,4-d]pyrimidin-2-
yl)ethyl)benzo[d] [1,2,3]triazin-4(3H)-one (60).

60: Yield: 88%; mp: 158-160 °C; MS (ESI) m/z 370 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.61 (s, 3H, SMe), 4.05 (s, 3H, OMe), 4.85-4.89 (m, 2H, NCH,), 5.04-5.08 (m, 2H,
NCH,), 7.80-7.84 (m, 1H, Ar-H), 7.83 (s, 1H, Ar-H), 7.94-7.99 (m, 1H, Ar-H), 8.12 (d, J = 6
Hz, 1H, Ar-H), 8.34 (s, J = 6 Hz, 1H, Ar-H). Anal. Calcd. for C16H15N;O,S: C, 52.02; H, 4.09;
N, 26.54; Found C, 52.37; H, 4.42; N, 26.82.

3.7.12 Synthesis of 2-(2-(4-chloro-6-methylthio-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-
phthalazin-1(2H)-one (61).

61: Yield: 85%; mp: 210-212 °C (Chloroform + Ethyl acetate); MS (ESI) m/z 373 [M+H]": *H
NMR (300 MHz, CDCls) 6 (ppm): 2.23 (s, 3H, SMe), 4.67-4.70 (m, 2H, NCH; ), 4.91-4.93 (m,
2H, NCH_ ), 7.59-7.62 (m, 1H, Ar-H), 7.73-7.82 (m, 3H, Ar-4H), 7.98 (s, 1H, Ar-H), 8.36-8.39
(m. 1H, Ar-H) *C NMR(75 MHz, CDCls) & (ppm): 13.84, 45.76, 50.67, 110.26, 126.01, 126.34,
127.40, 129.38, 131.59, 132.70, 133.15, 137.44, 153.57, 154.50, 159.37, 169.84. Anal. Calcd. for
C16H13CINgOS: C, 51.54; H, 3.51; N, 22.54; Found: C, 51.65; H, 3.59; N, 22.65.
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3.7.13 Synthesis of  3-(2-(4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl)quinazolin-4(3H)-one (62).

62: Yield: 86%; mp: 220-222 °C; MS (ESI) m/z 373 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.25 (s, 3H, SMe), 4.46-4.50 (m, 2H, NCH; ), 4.82-4.86 (m, 2H, NCH; ), 7.31 (s, 1H,
Ar-H), 7.46-7.57 (m, 2H, Ar-H), 7.69-7.74 (m, 1H, Ar-4H), 8.01 (s, 1H, Ar-H), 8.26 -8.29 (m.
1H, Ar-H). Anal. Calcd. for C16H13CINGOS: C, 51.54; H, 3.51; N, 22.54; Found: C, 51.68; H,
3.69; N, 22.64.

3.7.14 Synthesis of 2-(2-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl) phthalazin-1(2H)-one (63).

63: Yield: 85%; mp: 198-200 °C: (Chloroform + Ethyl acetate); MS (ESI) m/z 401 [M+H]": *H
NMR (300 MHz, CDCls) & (ppm): 3.04 (s, 3H, SO;Me), 4.23 (s, 3H, OMe), 4.70-4.73 (m, 2H,
NCH, ), 4.98-5.02 (m, 2H, NCH ), 7.63-7.66 (m, 1H, Ar-H), 7.73-7.86 (m, 2H, Ar-H), 7.87 (s,
1H, Ar-H), 8.09 (s, 1H, Ar-H), 8.33-8.36 (m. 1H, Ar-H) *C NMR(75 MHz, CDCls) & (ppm):
38.52, 46.38, 50.72, 55.37, 103.44, 126.36, 127.39, 129.50, 131.80, 132.30, 133.34, 137.88,
154.05, 159.45, 161.89, 165.00. Anal. Calcd. for C17H16NgO4S: C, 50.99; H, 4.03; N, 20.99;
Found: C, 51.25; H, 4.29; N, 20.95.

3.7.15 Synthesis of 2-(2-(4-chloro-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl) phthalazin-1(2H)-one (64).

64: Yield: 87%; mp: 218-220 °C; (Chloroform + Ethyl acetate) MS (ESI) m/z 405 [M+H]*; *H
NMR (300 MHz, CDCls) & (ppm): 3.11 (s, 3H, SO;Me), 4.72-4.75 (m, 2H, NCH, ), 5.06-5.09
(m, 2H, NCH ), 7.64-7.66 (m, 1H, Ar-H), 7.73-7.84 (m, 2H, Ar-H), 7.90 (s, 1H, Ar-H), 8.24 (s,
1H, Ar-H), 8.30-8.32 (m. 1H, Ar-H) **C NMR(75 MHz, CDCl3) & (ppm): 39.01, 47.01, 50.4,
114.72, 126.10, 126.51, 127.50, 129.40, 131.80, 133.20, 138.10, 152.40, 156.30, 159.30, 161.40.
Anal. Calcd. for C1H13ciNsO3S: C, 47.47; H, 3.24; N, 20.76; Found: C, 47.57; H, 3.29; N, 20.95

3.7.16 Synthesis of 3-(2-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl) quinazolin-4(3H)-one (65).

65: Yield: 86%; mp: 208-210 °C; (Chloroform + Ethyl acetate) MS (ESI) m/z 401 [M+H]*; *H
NMR (300 MHz, CDCls) & (ppm): 3.04 (s, 3H, SO.Me), 4.24 (s, 3H, OMe), 4.52-4.55 (m, 2H,
NCH, ), 4.94-4.97 (m, 2H, NCH>), 7.35 (s, 1H, Ar-H), 7.49-7.60 (m, 2H, Ar-H), 7.72-7.77 (m,
1H, Ar-H), 8.15 (s, 1H, Ar-H), 8.29-8.31 (m. 1H, Ar-H) *C NMR(75 MHz, CDCls) & (ppm):
38.63, 45.98, 46.83, 55.67, 103.56, 121.59, 126.56, 127.45, 127.71, 133.14, 134.71, 145.79,
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147.46, 154.42, 160.94, 162.52, 165.28. Anal. Calcd. for C17H15NsO4S: C, 50.99; H, 4.03; N,
20.99; Found C, 51.05; H, 4.01; N, 21.10.

3.7.17 Synthesis of 3-(2-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl) benzo[d][1,2,3] triazin-4(3H)-one (66).

66: Yield: 80%; mp: 230-232 °C; MS (ESI) m/z 401 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 3.12 (s, 3H, SO,Me), 4.22 (s, 3H, OMe), 4.93-4.96 (m, 2H, NCH, ), 5.04-5.07 (m, 2H,
NCH,), 7.77-7.84 (m, 1H, Ar-H), 7.91-7.97 (m, 1H, Ar-H), 8.06 (s, 1H, Ar-H), 8.04-8.08 (m,
1H, Ar-H), 8.28-8.33 (m. 1H, Ar-H). Anal. Calcd. for C16H15sN70,S: C, 47.88; H, 3.77; N, 24.43,;
Found C, 47.99; H, 3.87; N, 24.50.

3.7.18 Synthesis of 2-(2-(4-methoxy-6-(methylsulfonyl)-2H-pyrazolo[3,4-d]pyrimidin-2-
yl)ethyl) phthalazin-1(2H)-one (67).

67: Yield: 86%; mp: 218-220 °C; MS (ESI) m/z 401 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 3.43 (s, 3H, SO,Me), 4.21 (s, 3H, OMe), 4.82-4.86 (m, 2H, NCH, ), 4.93-4.97 (m, 2H,
NCH, ), 7.66-7.69 (m, 1H, Ar-H), 7.77-7.86 (m, 2H, Ar-H), 8.01 (s, 1H, Ar-H), 8.04 (s, 1H, Ar-
H), 8.38-8.40 (m, 1H, Ar-H).

3.7.19 Synthesis of 2-(2-(4,6-dimethoxy-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)phthalazin-
1(2H)-one (68).

68: Yield: 82%; mp: 168-170 °C; MS (ESI) m/z 353 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 3.60 (s, 3H, OMe), 4.05 (s, 3H, OMe), 4.66-4.70 (m, 2H, NCH, ), 4.81-4.84 (m, 2H,
NCH, ), 7.57-7.60 (m, 1H, Ar-H), 7.71-7.79 (m, 2H, Ar-H), 7.83 (s, 1H, Ar-H), 7.85 (s, 1H, Ar-
H), 8.37-8.39 (m, 1H, Ar-H). ) **C NMR(75 MHz, CDCls) & (ppm) 29.60, 45.34, 50.92, 54.07,
54.43, 99.01, 125.96, 126.49, 127.65, 129.54, 131.53, 131.96, 133.09, 137.36, 156.94, 159.48,
164.14, 165.04; Anal. Calcd. for C17H1sNgO3: C, 57.95; H, 4.58; N, 23.85; Found: C, 58.05; H,
4.61; N, 24.10.

3.7.20 Synthesis of 2-(2-(4-(dimethylamino)-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethyl) phthalazin -1(2H)-one (69).

69:Yield: 85%; mp: 118-120 °C; MS (ESI) m/z 382 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.22 (s, 3H, SMe), 3.31 (s, 6H, NMe,), 4.64 — 4.68 (m, 2H, NCH ), 4.79 — 4.83 (m, 2H,
NCH, ), 7.58 — 7.62 (m, 1H, Ar-H), 7.70 - 7.79 (m, 2H, Ar-H), 7.81b (s, 1H, Ar-H), 7.86 (s, 1H,
Ar-H), 8.37 — 8.40 (m. 1H, Ar-H) *C NMR (75 MHz, CDCls) & (ppm): 13.65, 38.58, 45.17,
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50.90, 98.57, 125.99, 126.55, 127.71, 129.65, 131.41, 132.95, 133.62, 137.41, 155.37, 156.51,
159.55, 168.49.

3.7.21 Synthesis of 2-(2-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)ethyl)-
phthalazine-1(2H)-thione (70).

70: Yield: 85%; mp: 136-138 °C (Ethyl acetate); MS (ESI) m/z 385 [M+H]"; *H NMR (300
MHz, CDCls3) & (ppm): 2.24 (s, 3H, SCH3), 2.64 (s, 3H, SCHjs), 5.04-5.07 (m, 2H, NCHy), 5.26 -
5.29 (m, 2H, NCHy), 7.59-7.62 (m, 1H, Ar-H), 7.79 -7.84 (m, 2H, Ar-H), 7.90 (s, 1H, Ar-H),
8.01 (s, 1H, Ar-H), 8.96 -8.99 (m, 1H, Ar-H).

3.7.22 Synthesis of 2-(2-(5-methyl-6-(methylthio)-4-oxo0-4,5-dihydro-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (71).

71: Yield: 85%; mp: 190-192 °C; MS (ESI) m/z 369 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.33 (s, 3H, SMe), 3.42 (s, 6H, NMe), 4.64 — 4.68 (m, 2H, NCH; ), 4.76 -4.79 (m, 2H,
NCH, ), 7.58-7.61 (m, 1H, Ar-H), 7.71 -7.80 (m, 2H, Ar-H), 7.86 (s, 1H, Ar-H), 7.95 (s, 1H, Ar-
H), 8.36 -8.39 (m. 1H, Ar-H) *C NMR(75 MHz, CDCls) & (ppm): 15.02, 29.54, 45.16, 50.99,
102.17, 125.97, 126.47, 127.60, 129.56, 131.58, 133.18, 135.48, 137.42, 151.22, 157.66, 159.46,
161.81.

3.7.23 Synthesis of 2-(2-(5-methyl-6-(methylsulfonyl)-4-oxo0-4,5-dihydro-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)ethyl)phthalazin-1(2H)-one (72).

72: Yield: 85%; mp: 210-212 °C; MS (ESI) m/z 401 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 3.22 (s, 3H, SO,Me), 3.77 (s, 6H, NMe), 4.69-4.71 (m, 2H, NCH ), 4.83 -4.87 (m, 2H,
NCH ), 7.63-7.66 (m, 1H, Ar-H), 7.79 -7.84 (m, 2H, Ar-H), 7.88 (s, 1H, Ar-H), 7.99 (s, 1H, Ar-
H), 8.38 -8.41 (m. 1H, Ar-H).

3.7.24 Synthesis of 1-methyl-6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyri-
midine (74).

74: Yield: 85%; mp: 130-132 °C; MS (ESI) m/z 250 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 1.96-2.00 (m, 2H, CH,), 2.12-2.16 (m, 2H, CH,), 2.58 (s, 3H, SMe), 3.77 (t, J = 6 Hz,
4H, NCHy) 3.94 (m, 3H, NMe ), 7.78 (s, 1H, Ar-H).

3.7.25 Synthesis of 1-methyl-6-(methylthio)-4-(piperidin-1-yl)-1H-pyrazolo[3,4-d]pyri-
midine (75).
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75: Yield: 85%; mp: 124-126°C; MS (ESI) m/z 264 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 1.73 (brs, 6H, 3CH>), 2.58 (s, 3H, SMe), 3.90-3.95 (m, 4H, 2NCH), 3.95 (s, 3H, NMe),
7.82 (s, 1H, Ar-H).

3.7.26  Synthesis of  1-methyl-6-(methylthio)-4-(morpholin-4-yl)-1H-pyrazolo[3,4-d]-
pyrimidine (76).

76: Yield: 85%; mp: 128-130 °C; MS (ESI) m/z 264 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.58 (s, 3H, SMe), 3.82-3.86 (m, 4H, NCH,), 3.92-3.96 (m, 4H, OCH,), 3.96 (s, 3H,
NMe), 7.81 (s, 1H, Ar-H).

3.7.27 Synthesis of 4-chloro-1-methyl-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidine
(80).

80: Yield: 75%: mp 168-170°C; MS (ESI) m/z 247 [M+H]*; *"H NMR (300 MHz, CDCls) §
(ppm): 3.45 (s, 3H, SO,Me), 4.24 (s, 3H, NMe), 8.30 (s, 1H, Ar-H).

3.7.28 Synthesis of 2-methyl-4,6-bis(methylthio)-2H-pyrazolo[3,4-d]pyrimidine (86).
86: Yield: 75%; mp: 230-232°C; MS (ESI) m/z 227 [M+H]*; *"H NMR (300 MHz, CDCls) §
(ppm): 2.63 (s, 3H, SMe), 2.67 (s, 6H, SMe), 4.12 (m, 3H, NMe ), 7.88 (s, 1H, Ar-H).

3.7.29 Synthesis of 4-methoxy-2-methyl-6-(methylthio)-2H-pyrazolo[3,4-d]pyrimidine (87).
87: Yield: 75%; mp: 110-112 °C; MS (ESI) m/z 212 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.64 (s, 3H, SMe), 4.02 (s, 6H, SMe), 4.10 (m, 3H, NMe ), 7.89 (s, 1H, Ar-H).

3.7.30 Synthesis of 4-methoxy-2-methyl-6-(methylsulfonyl)-2H-pyrazolo[3,4-d]pyrimidine
(88).

88: Yield: 75%; mp: 150-152°C; MS (ESI) m/z 243 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 3.45 (s, 3H, SO,Me), 4.21 (s, 3H, OMe), 4.28 (m, 3H, NMe ), 8.02 (s, 1H, Ar-H).

3.7.31 Synthesis of 2-methylphthalazin-1(2H)-one (89).

89: Yield: 75%; mp: 112-114 °C; MS (ESI) m/z 161 [M+H]*; *H NMR (300 MHz, CDCls) §
(ppm): 3.86 (s, 3H, NMe), 7.67-7.70 (m, 1H, Ar-H), 7.71-7.81 (m, 2H, Ar-H), 8.14 (s, 1H, Ar-
H), 8.42-8.45 (m, 1H, Ar-H).

3.7.32 Synthesis of 3-methylquinazolin-4(3H)-one (90).
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90:

Yield: 75%; mp: 104-106°C; MS (ESI) m/z 161 [M+H]*; *H NMR (400 MHz, CDCls) §

(ppm): 3.62 (s, 3H, NMe), 7.52 (ddd, J = 8.2, 6.9, 1.6 Hz, 1H), 7.80-7.70 (m, 2H, Ar-H), 8.10 (s,
1H, Ar-H), 8.33 (dd, J = 8.0, 1.0 Hz, 1H, Ar-H).
3.7.33 Synthesis of 3-methylbenzo[d][1,2,3]triazin-4(3H)-one (91).

91:

Yield: 75%; mp: 110-112 °C; MS (ESI) m/z 162 [M+H]"; *H NMR (300 MHz, CDCl;) &

(ppm): 4.06 (s, 3H, NMe), 7.77- 7.82 (m, 1H, Ar-H), 7.91- 7.96 (m, 1H, Ar-H), 8.17 (d, J = 6.0,
1H, Ar-H), 8.36 (d, J = 6.0, 1H, Ar-H).
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CHAPTER-4

Synthesis, 'H NMR and X-ray crystallographic
studies of pyrazolo[3,4-d]pyrimidine and
Phthalazinone/Quinazolinone/ Benzotriazinone
based flexible dissymmetric polymethylene and
butylidine linker compounds




4.1 Introduction

Heterocyclic chemistry is a key to the understanding of life processes and to our efforts to
improve the quality of life for humankind."? Heterocycles play a major role in biochemical
processes.! Most of the typical and essential constituents of living cells, DNA and RNA, are
based on purine [adenine (1) and guanine (2)] and pyrimidine [cytosine (3), thymine (4) and

uracil (5)] bases (Fig. 1), which are all aromatic heterocycles.

NH, 0 NH, 0 0
N)IN\> HNT N\> ﬁN \fj\NH e
k\N N HoN )\\N N N/go N/go Nko
) H H H H

2 3 4 5
Figure 1. Purine and pyrimidine bases
Two of the twenty amino acids namely tryptophan (6) and histidine (7) (Fig. 2) contain
aromatic heterocycles. They participate along with other amino acids in protein constitution
through amide linkages.
HoN H5N

HO HO

=N

Figure 2. Heteroaromatic amino acids

Most of the coenzymes have aromatic heterocycles as major constituents. Coenzymes are
essential for the biochemical redox reactions, e.g., nicotinamide adenine dinucleotide (NAD, 8)
and flavin adenine dinucleotide (FAD, 9) (Fig. 3). Both are hydrogen transporters through their
tautomeric forms that allow hydrogen uptake at the termini of the quinonoid chain. Thiamine
pyrophosphate (10) is a coenzyme that assists the decarboxylation of pyruvic acid, a very

important biological reaction.?
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Figure 3. Important coenzymes

Some important vitamins, 11-13, are constructed on an aromatic heterocyclic scaffold (Fig. 4).

O COOH
COOH HO
SR T i
HN |N\ N X OH HO i N OH
s J H » -
NT N7 N N Me”~ "N
11 12 13

Figure 4. A few heterocyclic vitamins

Porphyrin (14) is a heterocyclic macrocycle composed of four pyrrole subunits interconnected
at their carbon atoms via methine bridges (Fig. 5). Porphyrin is present at the active site of
hemoglobin (15), cytochrome (16), chlorophyll (17) etc. (Fig. 5) and thus plays a vital role in
oxygen transport, biological electron transfer reactions and photosynthesis. Porphyrin
derivatives are used in photodynamic therapy for dermatological diseases such as psoriasis, and
for skin or subcutaneous cancer.®®

A majority of drug molecules are heterocycles. Antibiotics such as penicillins and
cephalosporins, alkaloids such as vinblastine, ellipticine, morphine, and reserpine, and cardiac
glycosides such as the class of digitalis are heterocyclic compounds.? Given the huge
importance of heterocycles in our lives it is of great importance to know how these

heterocycles interact with each other and with their environment to produce a biological effect.
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Figure 5. Porphyrin and porphyrin containing pigments

The biological activity of a chemical relies mostly on its capability to bind reversibly to an
active site, such as a receptor, and this is usually determined by various non-covalent
interactions.® Non-covalent interactions are considerably weaker than covalent interactions,
which can range between ca. 150 kJ/mol to 450 kJ/mol. Non-covalent interactions range from 2
kd/mol to 300 kJ/mol.” The term ‘non-covalent interactions’ includes a wide range of
attractions and repulsions. These interactions include electrostatic interactions (e. g., ion-ion,
ion-dipole, dipole-dipole), hydrogen bonding, metal-to-ligand bonding, m—m interactions,
cation—r interactions, van der Waals forces, hydrophobic effects etc. A summary of energy
range of important noncovalent interactions is presented in Table 1. A brief discussion on
hydrogen bonding and lone pair- pi interactions is done in the following section of this chapter
since these interactions play an important role in our studies. The other important weak
noncovalent interaction, the n—m= interaction in our study is already been reviewed in chapter

one.
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Table 1: Important non-covalent interactions’

Interaction Strength (kJ/mol) Example
lon-ion 200-300 Tetrabutylammonium chloride
lon-dipole 50-200 Potassium[18]crown-6
Dipole-dipole 5-50 Chloroform-Acetone
Hydrogen bonding 4-120 Water
Cation—n 5-80 K" in benzene
T—T 0-50 Benzene and graphite
Van der Waals < 5 kd/mol but variable Argon; packing in molecular crystals
depending on surface

4.1.1 Hydrogen Bonding **3

Hydrogen bonding is one of the most important non-covalent interactions.®*® Fundamentally,
H-bonding plays an important role in molecular association. In supramolecular chemistry, the
hydrogen bond is able to control and direct the structures of molecular assemblies because it is
sufficiently strong and sufficiently directional. Similarly, in biological systems it is of vital
importance because it lies in an energy range intermediate between van der Waals interactions
and covalent bonds. The energy range is one that permits hydrogen bonds to both associate and
dissociate quickly at ambient temperatures. This twin ability renders the interaction well suited
to achieving specificity of recognition within short time spans, a necessary condition for
biological recognition that must take place around room temperature.

Hydrogen bonding phenomenon occurs when two chemical entities X and Y incorporates
hydrogen atom H to form a pattern X-H...Y where the three dots denote the bond. X-H
represents the hydrogen bond donor. The acceptor may be an atom or an anion Y, or a fragment
or a molecule Y-Z, where Y is bonded to Z. In some cases, X and Y are the same. In more
specific cases, X and Y are the same and X-H and Y-H distances are the same as well leading
to symmetric hydrogen bonds. In any event, the acceptor is an electron rich region such as, but
not limited to, a lone pair of Y or n-bonded pair of Y-Z.

It was Linus Pauling” who first drew the attention of people toward the hydrogen bond.
According to him under certain conditions an atom of hydrogen is attracted by rather strong
forces to two atoms instead of one, so that it may be considered to be acting as a bond between
them and that they are purely electrostatic in nature. Steiner and Saenger™® consider a hydrogen
bond as any cohesive interaction X-H...Y where H carries a positive and Y a negative (partial

or full) charge and the charge on X is more negative than on H. This definition, however, is
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incomplete as it suits only for the conventional hydrogen bonds (X and Y are strong electron
withdrawing atoms such as O, N or F) wherein the forces are electrostatic in nature and is
restrictive for the borderline cases as non-conventional hydrogen bonds or weak hydrogen
bonds (WHB). The WHB, or non-conventional hydrogen bond, takes place when X or Y or
both atoms are of moderate electronegativity and it has been a subject of thorough study in
recent years. The book by Desiraju and Steiner is pioneering in this respect and presents a
substantial body of evidence for the existence of weak hydrogen bonds such as the C-H...O
and the C—H...N hydrogen bond.™

Hydrogen bond may be described in terms of the d, D, 8 and r as shown below in the Fig. 6.

Figure 6. Definition of the geometrical parameters d, D, r, 6 and ¢ for a hydrogen bond

If the hydrogen bond is extended on the acceptor side as X-H...A-Y, an acceptor angle ¢ may
also be defined.

According to the latest IUPAC recommendations,*? “Hydrogen bond is an attractive interaction
between a hydrogen atom from a molecule or a molecular fragment X-H in which X is more
electronegative than H, and an atom or a group of atoms in the same or a different molecule, in
which there is evidence of bond formation.”

Since hydrogen bonds are long-range interactions, a group X-H can be bonded to more than
one acceptor A at the same time. For example, in case of bifurcated hydrogen bond the donor
can bond with two acceptors X-H...(A:1, Az). Similarly if three acceptors are involved a
trifurcated hydrogen bond forms. Bifurcated hydrogen bonds can be either due to bifurcation of

donors or acceptors (Fig. 7).
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Bifurcated donor

The hydrogen bond covers a wide range of energies: from 2 kJ mol™ to nearly 120 kJ mol™
(Table 1). This means that the weakest hydrogen bonds are close in energy to van der Waals
interactions and the strongest hydrogen bonds are stronger than some covalent bonds.
Hydrogen bond can be classified as very strong, strong and weak on the basis of energetic and

Figure 7. Bifurcated hydrogen bonds

Bifurcated Acceptor

geometric properties and has been tabulated in the Table 2.

Table 2: Some properties of very strong, strong and weak hydrogen bonds™

Very strong Strong Weak
Bond energy 15-40 4-15 <4
(-kcal/mol)

[F...H...F] O—H...0=C C—H...O
Examples [N...H...NT" N—H...0=C O—H...n

P—OH...O=P O—H...0—H Os—H...O
IR v, relative shift >25% 5-25% < 5%
Bond lengths H—A ~ X—H H...A>X—H H...A>>X—H
Lengthening of
X—H (A) 0.05-0.2 0.01-0.05 <0.01
D (X...A) range (A) 2.2-25 2.5-3.2 3.0-4.0
d(H...A) range (A) 1.2-15 1.5-2.2 2.0-3.0
Bonds  shorter than | ; 549, Almost 100% 30-80%
vdw
O(X—H...A) range(*) | 175-180 130-180 90-180
Eﬁegt on  crystal Strong Distinctive Variable
packing

4.1.1.1 The Weak Hydrogen bonds (WHB)*2

Evidence has gradually accumulated in the previous five decades to show that weaker hydrogen

bonds!!*?

lone pair electrons). Many examples of WHB can be found in supramolecular chemistry where
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these interactions can be exploited to design molecules in crystal structures or in solution to
obtain the desired results and properties. WHB also govern the shape and the association of
biological molecules and macromolecules. According to Desiraju and Steiner the weak
hydrogen bond is characterized by energy less than 16 kJ/mol, a moderate electrostatic nature, a
variable effect on crystal packing, a relative shift in the IR spectrum of less than 5% and a
hydrogen bond length much greater than the molecular bond length. The criterion that can help
distinguish between van der Waals and hydrogen bonded interactions, which is also
recommended by the ITUPAC task group, is directionality.*® The three atoms involved in the
hydrogen bond interaction tend toward linearity, although deviations up to 110° have been
observed, and this is different from van der Waals interactions which do not show any
directional preference. The directionality of the hydrogen bond is connected to the fact that it is

due mainly to electrostatic forces and less to dispersion forces.

The C-H bond is the archetypical weak hydrogen bond donor.***? The hydrogen donor
propensity of the C-H bond is C(sp)-H > C(sp2)-H > C(sp3)-H and increases with the number
of adjacent electron withdrawing groups. The C—H group in order to act as hydrogen bond
donor must be bound to some electron withdrawing group; in other words the C—H hydrogen
atom must be *‘activated’’. For example consider the case of dimethyl ether. The role of
oxygen is double since it is an electron withdrawing group capable of activating aliphatic C—-H
bonds and a possible acceptor group for the WHB. The presence of the oxygen atom adjacent
to the methylic group on the one hand increases the acidity of the methylenic hydrogen atoms
and on the other hand the oxygen atom itself can accept WHB from the methylenic hydrogens
of the second dimethylether moiety. In fact the two monomers are bound together by three
CH...O linkages where one of the oxygen atoms acts as a bifurcated acceptor to two
methylenic hydrogens of the other monomer the distances H...O being 2.53 and 2.65 A’ with a
angle of 143° (see Fig. 8).
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Figure 8. Structural parameter of the dimethylether dimer **

The earliest indication that an H atom attached to carbon can form hydrogen bonds is found in
the paper of Kumler™ who noted that the HCN behaves similarly to the other simple hydrogen
bonded substances like HF, glycol, aliphatic carboxylic acids and their amides. It was
specifically suggested that HCN molecules are associated with hydrogen bonds as H-C=N...H-
C=N...H-C=N, an arrangement that was found later in the crystal. Another evidence for the
hydrogen bonded CH3 group comes from the crystal study of dimethyl oxalate by Dougill and
Jeffery®® in 1953 wherein dense network of C-H...O contacts was actually demonstrated.
Sutor'” also demonstrated the existence of the C-H...O hydrogen bond in structures of
theophylline, caffeine, uracil and few other compounds that contains C(sp?)-H groups. Taylor
and Kennard®® properly revived these weak interactions in 1982 and it was after this paper the
occurrence of these hydrogen bonding was accepted.

A wave of interest in weak hydrogen bonding has emerged in recent times in the different fields
of structural chemistry and biology. It is now well documented that C-H...O and other types of
weak hydrogen bonds are important as secondary interactions, and in many instances even play
dominant role in crystal packing and molecular conformations, in molecular recognition
processes, in stabilization of inclusion complexes and in stability and possibly even in the

activity of biological macromolecules.™**°

Important electron withdrawing groups that “activate” the C-H bond are the halogen atoms,
nitrogen and sulfur. The fluoroform molecule (CF3;H) has been investigated in many studies as
a possible hydrogen bond donor with various partners.?’ The three fluorine atoms are able to
activate the methylic hydrogen atom and the fluoroform molecule forms stable hydrogen

bonded adducts. One of them is dioxane....trifluoromethane which is stabilized by one C-
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H...O bond and two C-H...F bonds with similar bond distances and dissociation energies
(rO...H, 2.315(85) A’ , rF...H, 2.92(1) A" and Ep = 6.8 kJ/mol) and forming a cage like
structure.?’ The hydrogen bond capabilities of the C—H bond towards the nitrogen atom have
been assessed by a series of pioneering studies performed by Klemperer and coworkers on
various molecular adducts of hydrocarbons with ammonia. Among their studies there are three
cases where the coupling partners of ammonia are HCCH, ?* HCN? and CFsH.%

While Oxygen, nitrogen, sulfur and the halogen atoms are the strong acceptors for the C-H
bond donor, w systems such as aromatic rings are among the weak acceptors. The C-H...x is
another more frequently occurring weak non-conventional hydrogen bond.'* *?*> Here the
electron rich =- system acts as an acceptor. This w-system can be C=C double, C=C triple
bonds, Cs and Cs aromatic rings, heteroaromatics, convex surfaces of fullerenes or nanotubes.

In context of the Pearson’s HSAB concept, 2%’

these are hydrogen bonds between soft acid
donors and hard base acceptors. Stabilization of the CH/z hydrogen bond comes mostly from
the dispersion force. Contribution from the electrostatic energy is unimportant except for

several special cases involving strong carbon acids such as chloroform or acetylenic C-H. 2

The geometrical parameters required to describe C-H...n bond are the same as used for other
conventional H-bondings.?* However, in the present case it is the centre of the m-system
(centroid in case of aromatic system and the centre of electron cloud in case of double or triple

bond) from where the distances are measured (Fig. 9).

Figure 9. Definition of the geometrical parameters of the CH...n hydrogen bonds

The C-H...n interactions play an important role in conformation of molecules, in crystal
packing, in host-guest complexes and in clatherates, which are well documented in
literature.?®?° Crystallographic database analyses provide firm evidence for the hydrogen bond

192



nature of the C-H...m interaction. Braga®® examined C-H...n interactions (n; C=C,

cyclopentadienyl and phenyl) in transition metal compounds. Umezawa et al.®

reported
statistical results on organic crystals. Combined database and MO studies were reported for
C=CH/n(C=C) and CH/r (arene) interactions. Database surveys on transition metal complexes
gave evidence of the CH/r hydrogen bond being an important factor in controlling the crystal
packing and molecular structure of coordination and organometallic compounds. Such contact
has also been observed in crystals of proteins and the importance of this interaction in

molecular recognition has been realized. %
4.1.2 Lone pair — m interactions *

The interaction between a lone pair of electrons and the face of m systems is known as lone
pair...n interactions.’® The geometrical parameters required for a lone pair...n interaction is

shown in the following (Fig. 10).

electron-rich atom
(atom LP)
S !
[
&, ]
1]
H
d " .;D
]
. o d

Figure 10. Schematic representation of the structural parameters used to characterize
a lone pair...m contact *

These interactions were largely ignored by the scientific community for long and only in the
past two decades interest in these types of interactions has considerably increased. This was
because the arene moieties were considered electron rich and interaction between a lone pair of

electrons and the = system of electrons were not thought to be feasible.

If we consider the case of interaction of water with benzene and hexafluorobenzene.*® Benzene

has a large, permanent quadrupole moment,* such that there is substantial negative
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electrostatic potential above and below the plane of the ring, and a belt of positive potential
around the edge. lonic and polar species interact with this moment as anticipated by purely
electrostatic arguments. A prototype system is water...benzene. Water binds to benzene with a
calculated 1.8 kcal/mol of binding energy in the geometry (1) expected from electrostatic
arguments® (Fig. 11).

0 H_ _H
H” H o
H H F F
H H F F
1 2

Figure 11. Interaction of water with (a) benzene and (b) hexafluorobenzene

Hexafluorobenzene has a quadrupole moment that is comparable in magnitude but opposite in
sign to that of benzenes positive regions become negative and negative positive.** This leads,
for example, to the very favorable stacking interaction between aryl and perfluoroaryl rings.
Similar reasoning suggests that water should also bind to hexafluorobenzene but in the
geometry of 2 with the water dipole moment reversed relative to the water...benzene
interaction (Fig. 11). While quite reasonable from an electrostatic viewpoint, from another
perspective this interaction is somewhat counterintuitive. It suggests that a = electron system
should be attracted to a set of lone pair electrons. One might expect significant electron-

electron repulsions that are not present for water...benzene.

Lone pair...w interactions appears to be of great importance for the stabilization of biological
macromolecules,* as well as for the binding of inhibitors in the binding pocket of biochemical
receptors. Egli and co-workers in 1995, reported an interesting case of lone-pair-n interactions
observed in an biomacromolecule, i.e. Z-DNA.*® It was shown that the stability of the left
handed Z-DNA duplex (A-DNA and B-DNA are right-handed double stranded helices), despite
poor base-pair stacking, is attributable to an unusual bonding interaction between the lone pair

of an oxygen atom belonging to a cytidine 2’-deoxyribose unit and the guanidinium moiety of a
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guanosine (Fig. 12; interaction between O1 and the electron-deficient n-ring defined by the
atoms C16 C17 N6 C18 N8 C19).

Figure 12. Lone pair...n interactions stabilizing the left-handed supramolecular structure of Z-DNA
(Protein Data Bank refcode: 131D). Contact distances: 3.270 A (O1...N6), 2.975 A (01...C18), 3.105
A (01...N8), 3.353 A (01...C19), 3.641 A (01...C16), 3.611 A (01...C17)*

Egli and co-workers in 2003 reported a remarkable example of H,O---m interactions within a
ribosomal frame-shifting RNA pseudoknot. Indeed, the crystal structure of this RNA
pseudoknot has revealed lone pair nucleobase interactions characterized by a short contact
distance of 2.93 A between a carbon atom of a cytosine moiety and the oxygen atom of a water
molecule.?’

An examination protein database by Sankararamakrishnan and co-workers was done for
carbony! (Ip)-= interactions.®® Over 250 protein structures from the databank were found where
carbonyl oxygen atoms are within 3.5 A of the centroid of aromatic rings.

Recently, lone pair...w bonding contacts has been evidenced in small molecular host guest

3946 and a number of computational studies have demonstrated that such interactions

systems,
between a Ip donor and an aromatic acceptor can be energetically favourable.*” In a recent
study of Crystallographic Structural Database (CSD) the lone pair — 7 interactions appears to be

directional.*®
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4.2 Objective

1) To study the effect of increasing the length of linker on intramolecular n—r interactions
in comparison to seen in ethylene linker based dissymmetric pyrazolo[3,4-d]pyrimidine
compounds (Chapter 3) having phthalazinone/quinazilinone and benzotriazinone
moieties on the other side on intramolecular n—= interactions, both in solution and more
importantly on solid state.

2) To study the effect of replacing trimethylene linker with butylidine linker in
trimethylene linker based dissymmetric pyrazolo[3,4-d]pyrimidine compounds having
phthalazinone/quinazilinone and benzotriazinone moieties on the other side on

intramolecular n—r interactions, both in solution and solid state.

4.3 Synthesis and characterization

4.3.1 Synthesis and characterization of 2-(n-(4,6-bis(methylthio)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)alkyl)phthalazin-1(2H)-one (25-28), 3-(3-(4,6-bis(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)propyl)quinazolin-4(3H)-one (29) and 3-(3-(4,6-
bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)benzo[d][1,2,3]triazin-4(3H)-
one (30).

Synthesis of compounds 25-30 was carried out following the procedures described in the thesis

51
|

of Sangeeta Aswal’" and is shown in Scheme 1. These compounds were characterized by NMR

and mass spectrometric techniques and were compared with the values reported in the thesis.

N X A\ HN DMF/ K2C03 N X N
/m N + )I< | —_— )|\ N (@]
— ’ N Z
Mes” N~ N, Y MeS™ "N~ N{
(CH2)nBr (CHZ)n"—l}I |
X

18:'n =3 22: X=N; Y = CH Y
19°'n=4 23: X=CH; Y=N 25:n=3; X=N; Y=CH
200n=5 24: X=N;Y=N 26:n=4; X=N;Y=CH
21:n=6 27:n=5;X=N; Y=CH
28:n=6; X=N;Y=CH
29:n=3; X=CH; Y=N
30:n=3; X=N; Y=N

Scheme 1. Synthesis of compounds 25-30
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Proton NMR of compound 25 showed a multiplet between ¢ 2.46-2.58 for CH,, two singlets at
6 2.52 and 6 2.66 for two SMe groups, two triplets at & 4.31 and 6 4.50 for two NCH,, two
multiplets between ¢ 7.62—7.83 and between 6 8.37 -8.42, two singlets at 6 7.90 and & 8.09 for

six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 399.

Proton NMR of compound 26 showed a multiplet between 6 1.81-2.04 for two CH, two
singlets at 6 2.60 and & 2.68 for two SMe groups, two triplets at 6 4.28 and ¢ 4.44 for two
NCHa, two multiplets between & 7.65-7.83 and between & 8.40-8.43, two singlets at 6 7.89 and
at & 8.13 for six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]"
at m/z 413.

Proton NMR of compound 27 showed multiplets between 6 1.35-1.44 and between & 1.90-
2.02, for three CH,, two singlets at 6 2.61 and 6 2.68 for two SMe groups, two triplets at & 4.28
and 6 4.38 for two NCH,, two multiplets between & 7.65-7.84 and between & 8.40-8.43, two
singlets at & 7.88 and at 6 8.14 for six aromatic protons. Mass spectrum showed base peak
corresponding to [M+H]" at m/z 427.

Proton NMR of compound 28 showed multiplets between 6 1.32-1.44 and between & 1.88-
2.00, for four CH,, two singlets at 6 2.62 and 6 2.68 for two SMe groups, two triplets at 6 4.26
and 6 4.37 for two NCH,, two multiplets between & 7.65-7.84 and between 6 8.40- 8.43, two
singlets at 6 7.86 and 6 8.13 for six aromatic protons. Mass spectrum showed base peak
corresponding to [M+H]" at m/z 441.

Proton NMR of compound 29 showed a multiplet between ¢ 2.44-2.53 for CH,, two singlets at
6 2.58 and & 2.67 for two SMe groups, two triplets at 6 4.02 and 6 4.46 for two NCH,, three
multiplets between & 7.46-7.52, between & 7.67—7.77 and between & 8.26-8.29, two singlets at
& 7.92 and ¢ 8.08 for six aromatic protons. Mass spectrum showed base peak corresponding to
[M+H]" at m/z 399.

Proton NMR of compound 30 showed a multiplet between 6 2.55-2.64 for CH, two singlet at
6 2.52 and 6 2.66 for two SMe groups, a multiplet between 6 4.51-4.56 for two NCH,, four
multiplets between & 7.76-7.81, between & 7.88-7.96, between 6 8.11-8.14 and between &
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8.29-8.32, one singlet at & 7.89 for five aromatic protons. Mass spectrum showed base peak
corresponding to [M+H] " at m/z 400.

4.3.2 Regioselective nucleophilic substitution of 4-SMe group of different compounds.

4.3.2.1 Synthesis and characterization of 2-(3-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one (31), 2-(4-(6-(methylthio)-4-
(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)phthalazin-1(2H)-one (32), 2-(6-
(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)hexyl)phthalazin-
1(2H)-one (33), 3-(3-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpropyl)quinazolin-4(3H)-one (34), and 3-(3-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)propyl)benzo[d][1,2,3] triazin-4(3H)-one (35).

Reaction of compounds 25, 26, 28, 29 and 30 with pyrrolidine under refluxing conditions gave
compounds 31, 32, 33, 34, and 35 respectively as shown in Scheme 2. These compounds were

characterized by NMR and mass spectrometric techniques.

SMe N
N A \) N X N
)l\ VZ N 2 pyrrolidine )l\ = N’N i
MeS~ N N_ - . MeS~ N N
(CHy),—N | (CHz)n/'}l)D
X: Xt
Y Y
25:n=3; X=N;Y =CH 31:n=3; X=N; Y =CH
26:n=4; X=N;Y =CH 32:n=4; X=N;Y =CH
28:n=6; X=N;Y =CH 33:n=6; X=N;Y =CH
29:n=3; X=CH; Y =N 34:n=3; X=CH; Y =N
30:n=3; X=N;Y=N 35:n=3; X=N; Y=N

Scheme 2. Synthesis of compounds 31-35

Proton NMR of compound 31 showed multiplets between 6 1.96-2.02, between & 2.09-2.15,
for two pyrrolidinyl CH; and between 6 2.44-2.54 for one linker CH,, one singlet at & 2.47 for
SMe group, a triplet at 6 3.76 for two pyrrolidinyl NCH,, two triplets at & 4.30 and & 4.45 for
two NCH,, two multiplets between & 7.64—7.82 and between 6 8.38-8.42, two singlets at 6 7.81
and 6 8.11 for six aromatic protons. Mass spectrum showed base peak corresponding to
[M+H]" at m/z 422.

Proton NMR of compound 32 showed a multiplet between 6 1.80-2.17 for two, for two
pyrrolidinyl CH; and two linker CH,, one singlet at 6 2.54 for one SMe, a triplet at & 3.76 for
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two pyrrolidinyl NCHa, two triplets at 6 4.28 and & 4.39 for two NCH, two multiplets between
d 7.65-7.83 and between o6 8.37-8.42, two singlets at 6 7.78 and & 8.14 for six aromatic
protons.. Mass spectrum showed base peak corresponding to [M+H]" at m/z 436.

Proton NMR compound 33 showed multiplets between 6 1.22-1.42 and between 6 1.74-2.14,
two pyrrolidinyl CH, and two linker CH>, one singlet at 6 2.54 for one SMe a triplet at 6 3.73
for two pyrrolidinyl NCH>, two triplets at 6 4.19 and 6 4.28 for two NCH,, two multiplets
between ¢ 7.64—7.78 and between 6 8.38-8.41, two singlets at 6 7.76 and ¢ 8.12 for six aromatic

protons. Mass spectrum showed base peak corresponding to [M+H] " at m/z 464.

Proton NMR of compound 34 showed multiplets between & 1.94-2.06 and between & 2.08-2.20
for two pyrrolidinyl CH; and a quintet at 6 2.46 for one linker CH2, one singlet at 6 2.55 for
SMe group, a broad singlet at 6 3.77 for two pyrrolidinyl NCH,, two triplets at 6 4.01 and o
4.42 for two NCHy, three multiplets between & 7.49-7.54, between & 7.68-7.76 and between o
8.28-8.31, two singlets at 6 7.82 and 6 8.13 for six aromatic protons. Mass spectrum showed
base peak corresponding to [M+H]" at m/z 422.

Proton NMR of compound 35 showed multiplets between & 1.94-2.00 and between & 2.08-2.16
for two pyrrolidinyl CH; and a quintet at 6 2.56 for one linker CH2, one singlet at 6 2.45 for
SMe group, a triplet at 6 3.75 for two pyrrolidinyl NCH,, a multiplet between 6 4.46-4.56 for
two NCH,, four multiplets between & 7.73-7.78, between & 7.88-7.93, between 6 8.08-8.11
and between & 8.28-8.31, one singlet at 6 7.79 for five aromatic protons. Mass spectrum

showed base peak corresponding to [M+H]" at m/z 423.

4.3.2.2 Synthesis and characterization of 2-(3-(6-(methylthio)-4-oxo-4,5-dihydro-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one (36) and 2-(4-(6-(methylthio)-
4-0xo0-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)phthalazin-1(2H)-one (37).

Reaction of the compound (25-26) with NaOH(aq.) in MeOH under reflux for 5 h followed by
acidification with glacial acetic acid under cold condition gave desired products 36 and 37
respectively (Scheme 3). These compounds were characterized by NMR and mass
spectrometric techniques.
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Scheme 3. Synthesis of compounds 36-37

Proton NMR of compound 36 showed a quintet at 6 2.53 for CHy, one singlet at 6 2.45 for one
SMe, two triplets at & 4.32 and & 4.44 for two NCH., two multiplets between 6 7.75-7.93 and
between & 8.35-8.38, two singlets at 6 7.96 and 6 8.20 for six aromatic protons. Mass spectrum
showed base peak corresponding to [M+H]" at m/z 369.

Proton NMR of compound 37 showed a multiplet between 1.86 - 2.06 for four CH,, one singlet
at 6 2.63 for one SMe, two triplets at 6 4.30 and & 4.37 for two NCH,, two multiplets between 6
7.66—7.82 for three aromatic proton and between & 8.40-8.46 for one aromatic proton, two
singlets at 6 8.00 and & 8.14 for two aromatic protons. Mass spectrum showed base peak
corresponding to [M+H]" at m/z 383.

4.3.2.3 Synthesis and characterization of 2-(3-(4-methoxy-6-(methylthio)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one (38), 2-(4-(4-methoxy-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)butyl)phthalazin-1(2H)-one (39) and 3-(3-(4-methoxy-6-
(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)quinazolin-4(3H)-one (40).

Reaction of the compound 25, 26 and 29 with NaOMe in MeOH under reflux for 5 h followed
by acidification with glacial acetic acid under cold condition gave desired products 38, 39 and
40 respectively (Scheme 4). These compounds were characterized by NMR and mass
spectrometric techniques.
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Scheme 4. Synthesis of compounds 38-40

Proton NMR of compound 38 showed a multiplet between & 2.48-2.57 for CHy, a singlet at 6
2.48 for one SMe, a singlet at 6 4.09 for one OMe, two triplets at 6 4.31 and & 4.50 for two
NCHa, two multiplets between & 7.64—7.83 and between & 8.38-8.41, two singlets at 6 7.89 and
5 8.10 for six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at
m/z 383.

Proton NMR compound 39 showed a multiplet between ¢ 1.82-2.04 for two CH, one singlet
at 6 2.59 for one SMe, a singlet at 5 4.10 for one OMe, two triplets at 6 4.29 and & 4.45 for two
NCHz, two multiplets between & 7.66—7.82 and between & 8.40-8.42, two singlets at 6 7.88 and
5 8.13 for six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at
m/z 397.

Proton NMR of compound 40 showed a multiplet between & 2.45-2.53 for CH, one singlet at 6
2.58 for one SMe, a singlet at 6 4.12 for one OMe, two triplets at 6 4.03 and ¢ 4.47 for two
NCHy,, three multiplets between 6 7.48-7.53, between & 7.68-7.78, and between 6 8.28-8.31,
two singlets at 6 7.92 and & 8.08 for six aromatic protons. Mass spectrum showed base peak
corresponding to [M+H]" at m/z 383.

4.3.3 Synthesis of chloro analogs of compounds 25-26.
4.3.3.1 Synthesis and characterization of 2-(3-(4-chloro-6-(methylthio)-1H-pyrazolo[3,4-

d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one (41) and 2-(4-(4-chloro-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)butyl)phthalazin-1(2H)-one (42).
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Reaction of the compound 36 and 37 with POCI; under reflux for 5 h gave desired products 41
and 42 respectively (Scheme 5). These compounds were characterized by NMR and mass

spectrometric techniques.

o cl
HN N N™ N
S T
MeS” "N~ "N POCls Mes” >N~ TN
“(CHp)—N © NCHy)—N
2/n | ‘ (CHo)n | ‘
N N

36: n=3 41: n=3
37:n=4 42: n=4

Scheme 5. Synthesis of compounds 41-42

Proton NMR of compound 41 showed a quintet at 6 2.57 for CHy, one singlet at 6 2.48 for one
SMe, two triplets at & 4.31 and & 4.52 for two NCH., two multiplets between 6 7.66-7.84 and
between & 8.36-8.39, two singlets at 6 7.98 and 6 8.08 for six aromatic protons. Mass spectrum

showed base peak corresponding to [M+H]" at m/z 387.

Proton NMR compound 42 showed a multiplet between & 1.81-2.08 for two CH,, one singlet at
6 2.60 for one SMe, two triplets at 6 4.11 and & 4.49 for two NCH,, two multiplets between 6
7.68-7.84 and between 6 8.40-8.43, two singlets at 6 7.98 and & 8.13 for six aromatic protons.

Mass spectrum showed base peak corresponding to [M+H]" at m/z 401.
4.3.4 Methylation of compound 36

4.3.4.1 Synthesis and characterization of 2-(3-(5-methyl-6-(methylthio)-4-oxo-4,5-dihydro-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one (43).

Reaction of compound 36 with methyl iodide in DMF using K,COj3 at room temperature gave
43 (Scheme 6). This compound was characterized by NMR and mass spectrometric techniques.

202



o)
M ~
s i N o
MeS”™ N Mel / K,CO3 / DMF - ,
Y(CHp);—N | ——  Mes” N7 N,
N (CHp);—N |
NS

N
43
Scheme 6. Synthesis of compounds 43

Proton NMR of compound 43 showed a multiplet at 6 2.46-2.56 for CH,, a singlet at 6 2.48 for
one SMe, a singlet at 4.09 for one NMe, two triplets at 6 4.30 and 6 4.49 for two NCH, two
multiplets between & 7.66—7.84 and between 6 8.38-8.42, two singlets at 6 7.89 and ¢ 8.10 for
six aromatic protons. Mass spectrum showed base peak corresponding to [M+H] " at m/z 383.

4.3.5 Oxidation of 6- SMe group of compounds 38, 39 and 41 to SO,Me group.

4.3.5.1 Synthesis and characterization of 2-(3-(4-methoxy-6-(methylsulfonyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one  (44),  2-(4-(4-methoxy-6-
(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)phthalazin-1(2H)-one (45) and2-
(3-(4-chloro-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)phthalazin-
1(2H)-one (46).

Reaction of the compound 38, 39 and 41 with oxone in acetone at 0°C for 6 h gave desired
products 44, 45 and 46 respectively (Scheme 7). These compounds were characterized by
NMR and mass spectrometric techniques.

OMe
N X N\ o OMe
/“\ = N'N Oxone / Acetone N o
MeS~ N . N
\(CHZ)n/N)\j/kj Meozs/tN/ N/
AN
Ns ©HI—N" )
. Nx
son=s 44:n=3; X=N; Y = CH
nT 45n=2; X=N:Y=CH
Cl cl
N X N7
/Q Z N'N o Oxone / Acetone A)I\N )
MeS™ N™ "N cHy),—N - . Me0,s~ N7 N
N N
41 46

Scheme 7. Synthesis of compounds 46
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Proton NMR of compound 44 showed a quintet at 6 2.59 for CH,, one singlet at 6 3.33 for one
SO;Me, one singlet at 6 4.25 for one OMe, two triplets at 6 4.31 and 6 4.61 for two NCH,, two
multiplets between 6 7.68—-7.89 and between ¢ 8.37-8.39, one singlet at 6 8.12 (two protons) for

six aromatic protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 415.

Proton NMR of compound 45 showed a multiplet between & 1.81-2.11 for two CH,, one
singlet at 6 3.40 for one SO,Me, one singlet at & 4.26 for one OMe, two triplets at & 4.29 and o
4.57 for two NCH_, two multiplets between 6 7.68—7.83 and between & 8.38-8.41, two singlets
at 6 8.11 and & 8.15 for six aromatic protons. Mass spectrum showed base peak corresponding
to [M+H] " at m/z 429.

Proton NMR of compound 46 showed a quintet at 6 2.64 for CHy, one singlet at 6 3.38 for one
SO;Me, two triplets at 6 4.31 and & 4.68 for two NCH,, two multiplets between & 7.68-7.85
and between & 8.33-8.36, two singlets at 6 8.12 and 6 8.27 for six aromatic protons. Mass
spectrum showed base peak corresponding to [M+H]" at m/z 419.

4.3.6 Synthesis and characterization of 2-(3-(4,6-bis(methylthio)-2H-pyrazolo[3,4-
d]pyrimidin-2-yl)propyl)phthalazin-1(2H)-one (48).

Reaction of 22 in DMF using K;CO3 at room temperature gave 48. This compound was
characterized by NMR and mass spectrometric techniques.

MeS o MeS
o}
NP . HN | DMF / K,CO5 NN N
)\\ — ,N\/\/Br N ~ /k\ \N/ l}l ’
Mes” N~ N MeS™ "N N
47 22 48

Scheme 8. Synthesis of compounds 48

Proton NMR of compound 48 showed two singlets at & 2.61 and & 2.65 for two SMe groups
(the signals for linker CH, protons are in between these two singlets as shown by the
integration values of the protons which is for 8 protons), two triplets at 6 4.31 and & 4.42 for
two NCH,, two multiplets between & 7.68—7.82 and between ¢ 8.40-8.42, two singlets at 6 8.07
and 6 8.16 for six aromatic protons. Mass spectrum showed base peak corresponding to
[M+H]" at m/z 399.
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4.3.7 Synthesis and characterization of 2-(3-(4,6-bis(methylthio)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)propyl)phthalazine-1(2H)-thione (49).

Reaction of compound 25 with P,Ss in B-picoline under refluxing conditions gave 49 (Scheme
9). This compound was characterized by NMR and Mass spectrometric techniques.

SMe
SMe
N™ XN P2Ss N| A \N S
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Scheme 9. Synthesis of compounds 49

Proton NMR of compound 49 showed a multiplet between ¢ 2.61-2.71 for CH,, two singlets at
6 2.55 and & 2.71 for two SMe groups, two triplets at 6 4.53 and 6 4.88 for two NCH,, three
multiplets between & 7.66—7.70, between & 7.78-7.84 and between & 8.94-8.97, two singlets at
& 7.92 and 6 8.34 for six aromatic protons. Mass spectrum showed base peak corresponding to
[M+H]" at m/z 415.

4.3.8 Synthesis and characterization of 1-(2-(chloromethyl)allyl)-4,6-bis(methylthio)-1H-
pyrazolo[3,4-d]pyrimidine (52) and 2-(2-(chloromethyl)allyl)-4,6-bis(methylthio)-2H-
pyrazolo[3,4-d]pyrimidine (53).

Reaction of 50 with 51 in DMF using K,COj3 at room temperature gave 52 and 53 (Scheme
10). These compounds were characterized by NMR and mass spectrometric techniques.

x% JL e x% " */TJ@

Scheme 10. Synthesis of compounds 52-53

Proton NMR of compound 52 showed two singlets at 6 2.63 and 6 2.69 for two SMe groups,
one singlet at 6 4.01 for CH,CI protons, one singlet at 6 5.12 for NCH, groups, two singlets at &
5.14 and 5.36 for exomethylene CH and one singlet at 6 7.96 for one aromatic proton. Mass
spectrum showed base peak corresponding to [M+H]" at m/z 301.
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Proton NMR of compound 53 showed two singlets at 6 2.61 and 6 2.68 for two SMe groups,
one singlet at 6 3.98 for CH,CI protons, one singlet at 6 5.06 for NCH; protons, two singlets at
6 5.27 and 5.44 for exomethylene CH and one singlet at 6 7.99 for one aromatic proton. Mass

spectrum showed base peak corresponding to [M+H]" at m/z 301.

4.3.9 Synthesis and characterization of 2-(2-((4,6-bis(methylthio)-1H-pyrazolo|[3,4-
d]pyrimidin-1-yl)methyl)allyl)phthalazin-1(2H)-one (54), 3-(2-((4,6-bis(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)allyl)quinazolin-4(3H)-one (55) and 3-(2-((4,6-
bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)allyl)benzo[d][1,2,3]triazin-
4(3H)-one (56).

Reaction of compound 52 with 22 in DMF using K,COs at room temperature gave 54. Reaction
of compound 52 with 23 gave 55 and reaction of compound 52 with 24 gave 56 (Scheme 11).

These compounds were characterized by NMR and mass spectrometric techniques.

SMe

X
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52
22.X N; Y=CH 54: X=N;Y =
23: X=CH;Y=N 55:x HY
24: X=N;Y=N 56: X =N:Y=

Scheme 11. Synthesis of compounds 54-56

Proton NMR of compound 54 showed two singlets at 6 2.38 and ¢ 2.65 for two SMe groups,
two singlets at o 4.84 and 5.04 for NCH, groups, two singlets at ¢ 5.17 and 5.23 for
exomethylene CH, three multiplets between & 7.65-7.67, between & 7.75-7.80 and between 6
8.34-8.37, two singlets at 6 7.92 and 6 8.05 for six aromatic protons. Mass spectrum showed

base peak corresponding to [M+H]" at m/z 411.

Proton NMR of compound 55 showed two singlets at 6 2.48 and ¢ 2.67 for two SMe groups,
two singlets at 6 4.61 and 5.03 for NCH, groups, two singlets at 6 5.23 and 5.32 for
exomethylene CH, three multiplets between & 7.48-7.52, between & 7.67—7.78 and between 6
8.24-8.27, two singlets at 6 7.91 and 6 7.94 for six aromatic protons. Mass spectrum showed
base peak corresponding to [M+H]" at m/z 411.

Proton NMR of compound 56 showed two singlets at 6 2.42 and ¢ 2.66 for two SMe groups,
two singlets at 6 5.05 and 5.08 for NCH, groups, two singlets at 6 5.24 and 5.28 for
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exomethylene CH, four multiplets between ¢ 7.78-7.82, between 6 7.91-7.97 between ¢ 8.12-
8.15 and between 6 8.27-8.30, one singlet at 6 7.91 for five aromatic protons. Mass spectrum

showed base peak corresponding to [M+H]" at m/z 412.

4.3.10 Synthesis and characterization of 2-(2-((4,6-bis(methylthio)-2H-pyrazolo[3,4-
d]pyrimidin-2-yl)methyl)allyl)phthalazin-1(2H)-one (57).

Reaction of compound 53 with 22 in DMF using K,CO3 at room temperature gave 57 (Scheme
12).

O MeS
MeS o
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Scheme 12. Synthesis of compounds 57

Proton NMR of compound 57 showed two singlets at 6 2.59 and & 2.65 for two SMe groups,
two singlets at 6 4.84 and 5.01 for NCH, groups, two singlets at 6 5.31 and 5.41 for
exomethylene CH, three multiplets between & 7.65-7.68, between & 7.74—7.83 and between 6
8.37-8.40, two singlets at 6 8.06 and 6 8.13 for six aromatic protons. Mass spectrum showed

base peak corresponding to [M+H] " at m/z 411.

4.3.11 Regioselective nucleophilic substitution of 4-SMe group of compounds 54 and 57.

4.3.11.1 Synthesis and characterization of 2-(2-((6-(methylthio)-4-(pyrrolidin-1-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)allyl)phthalazin-1(2H)-one  (58) and 2-(2-((6-
(methylthio)-4-(pyrrolidin-1-yl)-2H-pyrazolo[3,4-d]pyrimidin-2-yl)methyl)allyl)-
phthalazin-1(2H)-one (59).

Reaction of compounds 54 and 57 with pyrrolidine under refluxing conditions gave compounds
58 and 59 respectively as shown in Scheme 13. These compounds were characterized by NMR

and mass spectrometric techniques.
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Scheme 13. Synthesis of compounds 58-59

Proton NMR of compound 58 showed multiplets between 6 1.97-2.01 and between & 2.10-
2.14 for two pyrrolidinyl CH2, one singlet at 6 2.33 for SMe group, a triplet at & 3.75 for two
pyrrolidinyl NCH,, two singlets at 6 4.30 and & 4.45 for two NCH>, two singlets at ¢ 5.13 and
5.17 for exomethylene CH, two multiplets between & 7.66—7.80 and between 6 8.35-8.38, two
singlets at 6 7.82 and & 8.09 for six aromatic protons. Mass spectrum showed base peak
corresponding to [M+H]" at m/z 434.

Proton NMR of compound 59 showed multiplet between 6 1.97-2.13 for two pyrrolidinyl CHo,
one singlet at 6 2.55 for SMe group, a multiplet between ¢ 3.68-3.72 for two pyrrolidinyl
NCHa, two singlets at 6 4.83 and 6 4.95 for two NCH,, two singlets at ¢ 5.31 and 5.34 for
exomethylene CH, two multiplets between & 7.66-7.82 and between 6 8.34-8.37, two singlets
at 6 7.95 and & 8.13 for six aromatic protons. Mass spectrum showed base peak corresponding
to [M+H] " at m/z 434.

4.3.11.2 Synthesis and characterization of 2-(2-((4-methoxy-6-(methylthio)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)allyl)phthalazin-1(2H)-one (60).

Reaction of the compound 54 with NaOMe in MeOH under reflux for 5 h followed by
acidification with glacial acetic acid under cold condition gave 60 (Scheme 14). This
compound was characterized by NMR and mass spectrometric techniques.
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Scheme 14. Synthesis of compounds 60

Proton NMR of compound 60 showed two singlets at ¢ 2.35 for SMe protons and ¢ 4.08 for
OMe protons, two singlets at 6 4.84 and 5.04 for NCH; groups, two singlets at ¢ 5.17 and 5.23
for exomethylene CH, two multiplets between & 7.66—7.83 and between & 8.34-8.37, two
singlets at 6 7.92 and 6 8.07 for six aromatic protons. Mass spectrum showed base peak

corresponding to [M+H] " at m/z 395.

4.3.11.3 Synthesis and characterization of 2-(2-((6-(methylthio)-4-oxo-4,5-dihydro-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)allyl)phthalazin-1(2H)-one (61).

Reaction of the compound 54 with NaOH(aqg.) in MeOH under reflux for 5 h followed by
acidification with glacial acetic acid under cold condition gave 61 (Scheme 15). This

compound was characterized by NMR and mass spectrometric techniques.
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Scheme 15. Synthesis of compounds 61

Proton NMR of compound 61 showed one singlet at 6 2.39 for one SMe, two singlets at ¢ 4.88
and 4.99 for NCH, groups, two singlets at ¢ 5.20 and 5.28 for exomethylene CH, two multiplets
between ¢ 7.66—7.81 and between 6 8.38-8.41, two singlets at 6 8.01 and ¢ 8.06 for six aromatic
protons and a broad singlet at 6 9.54 for one NH proton. Mass spectrum showed base peak

corresponding to [M+H] " at m/z 381.
4.3.12 Synthesis of chloro analog of compounds 54.

4.3.12.1 Synthesis and characterization of 2-(2-((4-chloro-6-(methylthio)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)allyl)phthalazin-1(2H)-one (62).
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Reaction of the compound 61 with POCI; under reflux for 5 h gave 62 (Scheme 16). This

compound was characterized by NMR and mass spectrometric techniques.
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Scheme 16. Synthesis of compounds 62

Proton NMR of compound 62 showed one singlet at 6 2.31 for one SMe, two singlets at ¢ 4.84
and 5.07 for NCH; groups, two singlets at ¢ 5.26 and 5.33 for exomethylene CH, two multiplets
between 6 7.66—7.85 and between 6 8.31-8.33, two singlets at 6 8.02 and 6 8.04 for six aromatic

protons. Mass spectrum showed base peak corresponding to [M+H]" at m/z 399.

4.3.13 Synthesis and characterization of 2-(2-((4-methoxy-6-(methylsulfonyl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)allyl)phthalazin-1(2H)-one (63).

Reaction of the compound 60 with oxone in acetone at 0°C for 6 h gave 63 (Scheme 17). These

compounds were characterized by NMR and mass spectrometric techniques.
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Scheme 17. Synthesis of compounds 63

Proton NMR of compound 63 showed two singlets at & 3.24 for one SO,Me and ¢ 4.25 for
OMe protons, two singlets at 6 4.83 and 5.16 for NCH; groups, two singlets at ¢ 5.20 and 5.33
for exomethylene CH, two multiplets between & 7.70-7.85 and between & 8.33-8.36, two
singlets at 6 8.12 and 6 8.15 for six aromatic protons. Mass spectrum showed base peak

corresponding to [M+H]" at m/z 427.
4.3.14 Synthesis and characterization of reference compounds.

Synthesis and characterization of reference compounds 64-75 (Fig. 13) has been discussed in
Chapter 3.
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The present study was undertaken to study the effect of increasing the length of linker on
intramolecular n—r interactions seen in comparison to ethylene linker based dissymmetric
pyrazolo[3,4-d]pyrimidine compounds (Chapter 3) having phthalazinone/quinazilinone and
benzotriazinone moieties on the other side both in solution and more importantly on solid state.
The effect of replacing butylidine linker in place of trimethylene linker on intramolecular n—n

interactions was also studied. The selection of butylidine linker is based on following

observations:

Q) This new linker is quite similar to trimethylene linker as far as carbon atom in the
linker is concerned but has an extra methylene carbon attached to central C of
earlier trimethylene linker through a double bond. Net result of this additional

methylene moiety at central C of trimethylene linker is a theoretical increase in

Figure 13. Reference compounds

4.4 Result and discussion

earlier angle of 109° (tetrahedral) to 120° (planar).

(i) Both 1,3-dibromo propane for trimethylene linker and methallyl dichloride for

butylidene linker, are commercially available.

4.4.1 Proton NMR studies:

Important *H NMR shifts of monomeric reference compounds and dimeric compounds

synthesized for the present study is shown in the following Table 3.
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Important results obtained from this *H NMR studies are as follows:

(i)

(ii)

In contrast to the large upfield shifts seen in case of ethylene linker homologs
connected to the N* position of pyrazolopyrimidine nucleus (Chapter 3), in case of
trimethylene linker compounds we see a small upfield shift, in protons of groups
substituted at 6-position of pyrazolopyrimidine nucleus. The corresponding shifts in
phthalazinone 4-H and quinazolinone 2-H are also very small (Table 3). When
compared to the magnitude of upfield shifts of trimethylene linker based
symmetrical pyrazolo[3,4-d]pyrimidine compounds (Table 4), we find that the
magnitude of upfield shifts are smaller. This indicates that there is some
intramolecular interaction between the two arene moieties but these are much
weaker as compared to the corresponding ethylene linker compounds and also
weaker as compared to the similar substituted trimethylene linker based symmetrical
pyrazolo[3,4-d]pyrimidine compounds. The exact nature of intramolecular
interaction (e.g. C-H...w or n—n etc.) in these compounds based on the *H NMR
shifts is difficult to predict. In an earlier study on 4,6-bis(methylsulfanyl)-1-
phthalimido-propyl-1-H-pyrazolo[3,4-d]pyrimi- dine upfield shifts in 6-SMe
protons in the *H NMR spectra were observed but X-ray crystallography revealed
that the compound was folded due to intramolecular C-H...x interaction and not due
to intramolecular n—n interaction.®> Also based on these *H NMR shift values and
on comparing with our results obtained in the study of trimethylene linker based
symmetrical and dissymmetrical pyrazolo[3,4-d]pyrimidine compounds done
previously in our lab, the conformation of the molecule cannot be assigned as folded
or open and it is more likely that the molecule either exists in a conformation that is
somewhere in between these two conformations or is in rapid equilibrium between
these two conformation.

This drastic effect on intramolecular arene interactions between the two arene
moieties on increasing one methylene unit in the linker was a bit surprising since in
case of ethylene linker compound corresponding to compound 25 arene interactions
were strong enough to overcome the repulsive steric forces and crystal lattice forces
to show folded conformation in the solution as well as in solid state. This is also in
contrast to the results seen in case of ethylene and trimethylene linker based
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Table 3: Important *H NMR shifts of compounds used in the present study.
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29,34,40. X=CH;Y=N
30,35:X=N;Y=N
N T 8 N)r,’\‘ N?ﬁf\
Mes/kN (CH2)3/’;1\\‘® RQ)QN N\/U\/,\ﬁ‘(:Y\ Rz/k\N \N,N/YEi@
49 54, 58, 60-63: X=N;Y = CH;
55 X=CH;Y=N 57,60
56: X=N;Y =N
R4 o R o)
NS F€1\N)T\\N )ijf\/’\‘_ ©\)J\l}l/
Rz)\ P N\' Rz)\\N N\/ R;” N” N v X
64-66, 68-70 67,72 n 78,74
Comp. | n R1 R, 6 6-SMe/ | 6 2-H/4- | Ad = 6-SMe/ Ad =2-H/4-
No. SO,Me/ H SO,Me/ OMe H(Q/Pht.,
OMe (PP) | (Q/Pht.) | (PP, mono)- 6- | monomer) -
SMe/ SO,Me/ 2-H/4-H
OMe (PP, (Q/Pht.,
dimer) dimer)
64 - SMe SMe 2.68 - - -
71 - SMe SMe 2.67 - - -
65 - | pyrrolidine SMe 2.58 - - -
66 - OMe SMe 2.63
68 - Cl SMe 2.64
69 - OMe SO,Me 3.42
70 - Cl SO,Me 3.45
71 - H SMe 2.54"
72 - Me SMe 2.64
73 - - - - 8.14
74 - - - - 8.10
25 3 SMe SMe 2.52 8.09 0.16 0.05
26 4 SMe SMe 2.60 8.13 0.08 0.01
27 5 SMe SMe 2.61 8.14 0.07 0.00
28 6 SMe SMe 2.62 8.13 0.06 0.01
29 3 SMe SMe 2.58 8.08 0.10 0.02
30 3 SMe SMe 2.52 - 0.16 -
31 3 | pyrrolidine | SMe 2.47 8.11 0.11 0.03
32 4 | pyrrolidine SMe 2.54 8.14 0.04 0.00
33 6 | pyrrolidine SMe 2.54 8.12 0.04 0.02
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34 3 | pyrrolidine SMe 2.55 8.13 0.03 -0.03
35 3 | pyrrolidine SMe 2.45 - 0.13 -

36 3 H SMe 2.53 8.20 - -0.06
37 4 H SMe 2.63 8.14 - 0.00
38 3 OMe SMe 2.48 8.10 0.15 0.04
39 4 OMe SMe 2.59 8.13 0.04 0.01
40 3 OMe SMe 2.58 8.08 0.05 0.02
41 3 Cl SMe 2.48 8.08 0.16 0.06
42 4 Cl SMe 2.60 8.13 0.04 0.01
43 3 Me SMe 2.48 8.10 0.16 0.04
44 3 OMe SO;Me 3.33 8.12 0.11 0.02
45 4 OMe SO,Me 3.40 8.15 0.02 -0.01
46 3 Cl SO,Me 3.38 8.12 0.07 0.02
48 3 SMe SMe 2.61 8.16 0.06 -0.02
49 3 SMe SMe 2.55 8.34 0.13 -

o4 - SMe SMe 2.38 8.05 0.30 0.09
95 - SMe SMe 2.48 7.94 0.20 0.16
56 - SMe SMe 2.42 - 0.26 -

o7 - SMe SMe 2.59 8.13 0.08 0.01
58 - | pyrrolidine | SMe 2.33 8.09 0.25 0.05
59 - | pyrrolidine | SMe 2.55 8.13 0.03 0.01
60 - OMe SMe 2.35 8.07 0.28 0.07
61 - H SMe 2.39 8.06 - 0.08
62 - Cl SMe 2.31 8.04 0.33 0.10
63 - OMe SO,Me 3.24 8.12 0.18 0.02

* data collected in DMSO-dg

(i)

(iv)

symmetric pyrazolo[3,4-d]pyrimidine compounds where in both cases similar shifts
were observed. This once again demonstrates the subtle nature of these interactions.
In case of higher linker homologs the shifts are still smaller and in these cases it can
be safely assumed that the two arene moieties do not have any intramolecular arene
interactions and the compounds have open conformation.

In case of trimethylene linker compounds connected to the N-position of pyrazolo
pyrimidine nucleus no significant upfield shifts are observed in either protons of
groups substituted at 6-position of pyrazolo pyrimidine nucleus or phthalazinone 4-
H. This is similar to the results observed in case of corresponding ethylene linker
compounds and also to the trimethylene linker based symmetrical pyrazolo
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(v)

(Vi)

Table 4:'H
compounds.

pyrimidine compounds. This indicates absence of intramolecular n—=n interaction
between the two arene moieties and suggests open conformation for this compound.

In case of butylidine linker compounds connected to the N*-position of
pyrazolopyrimidine nucleus we observe a significant upfield shifts in the protons of
groups substituted at 6-position of pyrazolopyrimidine nucleus which is greater than
the upfield shifts of corresponding trimethylene linker compounds but smaller than
the corresponding ethylene linker compounds. The upfield shifts in the
phthalazinone 4-H and quinazolinone 2-H are also greater than the corresponding
trimethylene linker compounds. When compared to the upfield shifts of trimethylene
linker based symmetrical pyrazolo[3,4-d]pyrimidine compounds (Table 3), we find
that the upfield shifts are significantly greater. This indicates that there is significant
intramolecular n—m interactions between the two arene moieties and the compounds
have folded conformation as seen in case of trimethylene linker based symmetrical
pyrazolo[3,4-d]pyrimidine compounds.

As in earlier cases of ethylene or trimethylene linker, in case of butylidine linker
compounds connected to the N%-position of pyrazolopyrimidine nucleus there is no
significant upfield shift in protons and suggest open conformation for the molecule.

NMR shifts in some trimethylene linker symmetrical pyrazolo[3,4-d]pyrimidine

Ry

N™ X N~
/m “ N'N ’\\I%N
Ry~ "N N N=(

R,

Comp.
No.

R1 R, & 6-SMe/ Ad = 6-SMe/ SO,Me/ OMe (PP, Reference
SO;Me (PP) mono)- 6-SMe/ SO,Me/ OMe (PP,
dimer)

76

SMe | SMe 2.42 0.26 53a

77

OMe | SMe 242 0.21 53b

78

Cl SMe 2.47 0.17 53c

79

OMe | SO;Me 3.30 0.12 53b
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4.4.2 X-Ray crystallographic study

In this present study we were able to prepare and study crystals of 2-(3-(4,6-bis(methylthio)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one (25), 2-(3-(6-(methylthio)-4-
0x0-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)phthalazin-1(2H)-one  (36), 3-(3-
(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)quinazolin-4(3H)-one (29), 3-
(3-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)benzo[d]
[1,2,3]triazin-4(3H)-one (35) and 2-(2-((4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-
1-yl)methyl)allyl)phthalazin-1(2H)-one (62).

The crystal structure of compound 25 shows open conformation (Fig. 14). There is no
intramolecular n—= interaction between the rings as shown in the figure. Although the structure
is open but is not fully stretched. The distance between the two N atoms (N6 and N3)
connecting the linker is 4.33 A. On careful analysis of the crystal structure we observe that the
structure is stabilized by intramolecular C-H...N and C-H...O interactions (Table 5) as shown
in the Fig. 14.

H7B H7A

Hm(ﬂg

Figure 14: Crystal structure of compound 25 showing open conformation
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Table 5: Important characteristic features of hydrogen bonds present in compound 25

Intramolecular d(A) D (A) 0 (%
hydrogen bond

C10-H10B...N2 2.69 3.42 132.40

C10-H10B...N6 2.74 3.10 102.68
C9-H9A...01 2.90 3.33 107.70
C9-HI9B...N5 2.94 3.22 98.06
C9-H9B...N4 2.96 3.22 96.22

The crystal structure of compound 36 also shows open conformation (Fig. 15). There is also no
intramolecular —r interaction between the rings as shown in the Fig. 15. The distance between
the two N atoms (N5 and N2) connecting the linker is 4.39 A which is very close to the
distance (4.33 A) seen in the crystal structure of compound 25. On careful analysis of the
crystal structure we observe that the structure is stabilized by intramolecular C-H...N
interactions (Table 6) as shown in the Fig. 15.

2. m&im

~2.864

Figure 15: Crystal structure of compound 36 showing open conformation
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Table 6: Important characteristic features of hydrogen bonds present in compound 36.

Intramolecular d (A) D (A) 0 (%
hydrogen bond
C11-H11A...N1 2.74 3.51 136.41
C11-H11A...N2 2.86 3.19 100.98
C7-H7B...N3 2.95 3.25 99.18
C7-H7A...N6 2.97 3.14 91.01

The crystal structure of compound 29 shows open conformation (Fig. 16). There is no
intramolecular m—r interaction between the rings as shown in Fig 16. The distance between the
two N atoms (N3 and N1) connecting the linker is 3.94 A On careful analysis of the crystal

structure we observe that the structure is stabilized by intramolecular C-H...N and C-H...O

interactions (Table 7) as shown in the Fig. 16.

_Hig

H17C

H18C
F

V4
_/
Figure 16: Crystal structure of compound 29 showing open conformation
Table 7: Important characteristic features of hydrogen bonds present in compound 29.
Intramolecular d (A) D (A) 0 (%
hydrogen bond
C7-H7B...01 2.63 3.17 115.04
C7-H7A...N4 2.68 3.02 101.37
C8-H8B...N3 2.78 3.13 101.71
C6-H6B...N1 2.78 3.12 101.43
C9-H9...N6 3.09 3.76 130.72
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The crystal structure of compound 35 shows open conformation (Fig. 17). There is no
intramolecular m—r interaction between the rings as shown from the Fig. 17. The distance
between the two N atoms (N3 and N8) connecting the linker is 4.45 A. On careful analysis of
the crystal structure we observe that the structure is stabilized by intramolecular C-H...N and
C-H...O interactions (Table 8) as shown in the Fig. 17.

Figure 17: Crystal structure of 3compound 35 showing open conformation

Table 8: Important characteristic features of hydrogen bonds present in compound 35

Intramolecular d (A) D (A) 0 (%
hydrogen bond
C29-H29A...N6 2.70 3.20 112.72
C6-H6B...01 2.86 3.31 109.95

The crystal structure of compound 62 shows folded conformation (Fig. 18). The distance
between the two N atoms (N1 and N3) connecting the linker is 3.35A. This distance is similar
to the distances (3.09-3.54 A) observed in case of trimethylene linker based symmetrical
pyrazolo[3,4-d]pyrimidine compounds (Table 1, Chapter 3) which are folded due to
intramolecular n—= interactions. However in the present case the structure is folded due to
intramolecular O...arene interactions as shown in the Fig. 18 and not due to intramolecular m—=
interactions. The closest distance between the centroids of two rings is 4.63 A as shown in the

Fig. 18, which is much larger than the earlier observed intramolecular n—m interactions
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distances (3.69-4.23 A) observed in trimethylene linker based symmetrical pyrazolo[3,4-
d]pyrimidine compounds (Table 1, Chapter 3). On the other hand the distance between
oxygen atom and the centroid of nine member pyrazolo[3,4-d]pyrimidine ring is 3.13 A which
is smaller than the sum of van der Waals radii of oxygen and carbon (1.5 Ar17A=32 A).
The distance between oxygen atom and centroid of five member pyrazolo ring is 3.23 A and
that of six member pyrimidine ring is 3.35 A. These distances indicate towards presence of

strong O...arene interactions in the molecule.

(H10 o

S HE

3 . _H14B

/ 114

: .3:353,-%.125":
gH1ac il 5 - IR A P28

H118

i1

14
“j‘18El WH17B

y
&

Figure 18: Crystal structure of compound 62 showing folded conformation due to
intramolecular O...arene interactions

4.5 Biological activity

Compounds 27, 28, 30, 31, 36, 37, 39, 41, 42, 44 and 45 were tested for antithrombotic activity
in mice at 30 pM concentrations in collaboration with Dr. Madhu Dikshit, Pharmacology

Division, CDRI, Lucknow. The results are shown in table given below.
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Table 9: Biological activity

Compound Dose % Protection
27 30 uM/kg, po 0%
28 30 uM/kg, po 40%
30 30 uM/kg, po 50%
31 30 uM/kg, po 40%
36 30 uM/kg, po 40%
37 30 uM/kg, po 0%
39 30 uM/kg, po 40%
41 30 uM/Kg, po 30%
42 30 uM/kg, po 0%
44 30 uM/kg, po 40%
45 30 uM/kg, po 40%

4.6 Conclusion

In conclusion this study shows the subtle and competitive nature of weak noncovalent forces
such as arene interactions and weak hydrogen bonding in controlling the conformation of the
molecule where a small change in the structure of the molecule or in the environment of the
molecule can change the overall conformation of the molecule. Thus in case of ethylene linker
based dissymmetrical pyrazolo[3,4-d]pyrimidine compounds having quinazolinone/
phtalazinone/ benzotriazinone nucleus at the other end the conformation of structure is folded
and is controlled mainly by intramolecular arene interactions (Chapter 3). When the linker is
changed from ethylene to propylene the conformation is now open and is controlled mainly by
intramolecular weak hydrogen bonding and finally when the linker is changed from propylene
to butylidine the conformation of the molecule is again folded and controlled by intramolecular

arene interactions.

This work together with our earlier work on trimethylene, butylidene linkers for 1,3-diaryl-
propanes, opens a new window for studying factors responsible for conformation control in
flexible molecules. These models may also provide an important experimental basis for further
development of computational/theoretical models for a better understanding of arene

interactions in flexible compounds both at the molecular and supramolecular level.
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4.7 Experimental section

4.7.1 Synthesis of 2-(3-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)-
phthalazin-1(2H)-one (25).

25: Yield: 75%; mp: 94-96 °C; MS (ESI) m/z 399 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.52 (s, 3H, SCH3), 2.46-2.58 (m, 2H, CHy), 2.66 (s, 3H, SCH3), 4.31 (t, 2H, J = 6.8 Hz,
NCH,), 4.50 (t, 2H, J = 6.8 Hz, NCH,), 7.62-7.83 (m, 3H, Ar), 7.90 (s, 1H, pyrazolo[3,4-d]-
pyrimidinyl), 8.09 (s, 1H, phthalazinyl) 8.37-8.42 (m, 1H, Ar); *C NMR (50 MHz, CDCly):
11.71, 14.10, 28.05, 44.52, 48.51, 109.31, 125.82, 126.59, 127.74, 129.44, 131.52, 132.91,
137.62, 151.72, 159.20, 164.655, 168.44; Anal. Calcd. for CigH20NgS4: C, 45.36; H, 4.23; N,
23.51; Found: C, 45.09; H, 4.52; N, 23.72.

4.7.2 Synthesis of 2-(4-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)-
phthalazin-1(2H)-one (26).

26: Yield: 82%; mp: 126-128 °C; MS (ESI) m/z 413 [M+H]*; *H NMR (300 MHz, CDCls)
1.81-2.04 (m, 4H, CHy), & (ppm): 2.60 (s, 3H, SCH3), 2.68 (s, 3H, SCH3), 4.28 (t, 2H, J = 6.8
Hz, NCH,), 4.38 (t, 2H, J = 6.8 Hz, NCH,), 7.65-7.83 (m, 3H, Ar), 7.89 (s, 1H, pyrazolo[3,4-
d]-pyrimidinyl), 8.13 (s, 1H, phthalazinyl) 8.40-8.43 (m, 1H, Ar); *C NMR (50 MHz, CDCly):
11.82, 13.34, 13.77, 45.75, 50.85, 108.61, 126.98, 126.51, 127.64, 129.57, 131.47, 131.98,
133.02, 137.39, 152.44, 159.47, 164.62, 168.58;); Anal. Calcd. for C19H2NsOS,: C, 55.32; H,
4.89; N, 20.37; Found: C, 55.40; H, 4.92; N, 20.39.

4.7.3 Synthesis of 2-(5-(4,6-dimethylsulfanyl-1H-pyrazolo[3,4-d]pyrimidin-1-yl)-pentyl)-
2H-phthalazin-1-one (27).

27: Yield: 84%; mp: 104-106 °C; MS (ESI) m/z 427 [M+H]"; *H NMR (300 MHz, CDCls)
1.35-1.44 (m, 2H, CH,), 1.90-2.02 (m, 4H, CHy), & (ppm): 2.61 (s, 3H, SCH3), 2.68 (s, 3H,
SCHs), 4.28 (t, 2H, J = 6.8 Hz, NCH,), 4.38 (t, 2H, J = 6.8 Hz, NCH,), 7.65-7.84 (m, 3H, Ar),
7.88 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.14 (s, 1H, phthalazinyl) 8.40-8.43 (m, 1H, Ar);
Anal. Calcd. for CyH2NgOS; : C, 56.32; H, 4.19; N, 21.86; Found: C, 56.34; H, 4.24; N,
21.88.

4.7.4 Synthesis of 2-(6-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)hexyl)-
phthalazin-1(2H)-one (28).
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28: Yield: 80%; mp: 102-104 °C; MS (ESI) m/z 441 [M+H]"; *H NMR (300 MHz, CDCls)
1.32-1.44 (m, 4H, CH,), 1.88-2.00 (m, 4H, CHy), & (ppm): 2.62 (s, 3H, SCH3), 2.68 (s, 3H,
SCHs3), 4.26 (t, 2H, J = 6.8 Hz, NCH,), 4.37 (t, 2H, J = 6.8 Hz, NCH,), 7.65-7.84 (m, 3H, Ar),
7.86 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.13 (s, 1H, phthalazinyl) 8.40-8.43 (m, 1H, Ar).

4.7.5 Synthesis of 3-(3-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)-
quinazolin-4(3H)-one (29).

29: Yield: 80%; mp: 136-138 °C; MS (ESI) m/z 399 [M+H]"; *H NMR (300 MHz, CDCls)
2.44-2.53 (m, 2H, CH,), & (ppm): 2.58 (s, 3H, SCH3), 2.67 (s, 3H, SCH3), 4.02 (t, 2H, J = 6.8
Hz, NCHy), 4.46 (t, 2H, J = 6.8 Hz, NCH,), 7.46-7.52 (m, 1H, Ar), 7.67-7.77 (m, 2H, Ar),
7.92 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.08 (s, 1H, quinazolinyl) 8.26-8.29 (m, 1H, Ar). **C
NMR (50 MHz, CDCls): 11.74, 14.20, 28.37, 43.76, 44.52, 109.33, 121.06, 126.47, 127.12,
127.37, 131.86, 134.06, 146.61, 148.02, 151.88, 160.97, 165.08, 168.96; Anal. Calcd. for
Ci1sH1sNsOS; : C, 54.25; H, 4.55; N, 21.08; Found: C, 53.85; H, 4.40; N, 20.85.

4.7.6 Synthesis of 3-(3-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)propyl)-
benzo[d][1,2,3]triazin-4(3H)-one (30).

30: Yield: 84%; mp: 108-110 °C; MS (ESI) m/z 400 [M+H]"; *H NMR (300 MHz, CDCls)
2.55-2.64 (m, 2H, CH,), ¢ (ppm): 2.52 (s, 3H, SCH3), 2.66 (s, 3H, SCH3), 4.51-4.56 (m, 4H,
NCH,), 7.76-7.81 (m, 1H, Ar), 7.88-7.96 (m, 1H, Ar), 7.89 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl) 8.11-8.14 (m, 1H, Ar). 8.29-8.32 (m, 1H, Ar). *C NMR (50 MHz, CDCly):
11.76, 14.16, 28.24, 44.35, 47.34, 109.34, 119.62, 124.97, 128.18, 131.77, 132.28, 134.69,
144.08, 151.81, 155.35, 164.83, 168.67; Anal. Calcd. for C;7H17N7OS;,: C, 51.11; H, 4.29; N,
24.54; Found: C, 51.05; H, 4.30; N, 24.85.

4.7.7 Synthesis of 2-(3-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)- phthalazin-1(2H)-one (31).

31: Yield: 92%; mp: 96-98 °C; MS (ESI) m/z 422 [M+H]*; *H NMR (300 MHz, CDCl): §
(ppm): 1.96-2.02 (m, 2H, CH; pyrrolidino), 2.09-2.15 (m, 2H, CH; pyrrolidino), 2.44-2.54 (m,
2H, CHy), 2.47 (s, 3H, SCH3), 3.76 (t, 4H, J = 5.05, 2 x NCH_pyrrolidino), 4.30 (t, 2H, J=7.0
Hz, NCH,), 4.45 (t, 2H, J = 6.9 Hz, NCH,), 7.64-7.82 (m, 3H, Ar), 7.81 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.11 (s, 1H, phthalazinyl) 8.38-8.42 (m, 1H, Ar). **C NMR (50 MHz, CDCly):
13.96, 24.32, 25.87, 44.22, 47.33, 47.96, 48.67, 98.95, 125.80, 126.59, 127.83, 129.52, 131.42,
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132.76, 132.84, 137.56, 154.20, 154.37, 159.17, 168.66; Anal. Calcd. for C,1H23N;OS: C,
59.84; H, 5.50; N, 23.26; Found C, 59.86; H, 5.48; N, 23.20.

4.7.8 Synthesis of 2-(4-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)- phthalazin-1(2H)-one (32).

32: Yield: 92%; mp: 96-98 °C; MS (ESI) m/z 436 [M+H]*; *H NMR (300 MHz, CDCl): §
(ppm): 1.80-2.17 (m, 8H, CH, pyrrolidino and CH;, linker), 2.54 (s, 3H, SCH3), 3.76 (t, 4H, J =
6.6 Hz, 2 x NCH,pyrrolidino), 4.28 (t, 2H, J = 6.6 Hz, NCH,), 4.39 (t, 2H, J = 6.6 Hz, NCH,),
7.65-7.83 (m, 3H, Ar), 7.78 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.14 (s, 1H, phthalazinyl)
8.37-8.42 (m, 1H, Ar). *C NMR (50 MHz, CDCls): 14.57, 24.81, 26.07, 27.03, 46.63, 47.84,
48.49, 50.85, 99.39, 126.32, 127.08, 128.33, 130.02, 131.91, 133.09, 133.34, 138.06, 154.73,
159.74, 169.16; Anal. Calcd. for C5,H5N70S: C, 60.67; H, 5.79; N, 22.51; Found C, 60.58; H,
5.70; N, 22.46.

4.7.9 Synthesis of 2-(6-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)hexyl)- phthalazin-1(2H)-one (33).

33: Yield: 92%; mp: 90-92 °C; MS (ESI) m/z 464 [M+H]*; 'H NMR (300 MHz, CDCls): &
(ppm): 1.22-1.42 (m, 4H, CH, linker), 1.74-2.14 (m, 8H, CH; pyrrolidino and CH; linker), 2.54
(s, 3H, SCHg), 3.73 (t, 4H, J = 7.5 Hz, NCH_; pyrrolidino), 4.19 (t, 2H, J = 7.5 Hz, NCH,), 4.28
(t, 2H, J = 7.5 Hz, NCHy), 7.64-7.78 (m, 3H, Ar), 7.76 (s, 1H, pyrazolo[3,4-d]pyrimidinyl),
8.12 (s, 1H, phthalazinyl) 8.38-8.41 (m, 1H, Ar).

4.7.10 Synthesis of 3-(3-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-
1-yl)propyl)-quinazolin-4(3H)-one (34).

34: Yield: 92%; mp 140-142 °C; MS (ESI) m/z 422 [M+H]"; § (ppm): 1.94-2.06 (m, 2H, CH,
pyrrolidino), 2.08-2.20 (m, 2H, CH; pyrrolidino), 2.46 (quint, 2H, J = 6.0 Hz, CHy), 2.55 (s,
3H, SCHs), 3.77 (brs, 4H, NCH,pyrrolidino), 4.01 (t, 2H, J = 6.7 Hz, NCH,), 4.42 (t, 2H, J =
6.0 Hz, NCH,), 7.49-7.54 (m, 1H, Ar), 7.68-7.76 (m, 2H, Ar), 7.82 (s, 1H, Ar, pyrazolo[3,4-
d]pyrimidinyl), 8.13 (s, 1H, H-3 quinazolinyl), 8.28-8.31 (m, 1H, Ar); **C NMR (50 MHz,
CDCl3): 13.96, 24.32, 25.87, 44.22, 47.33, 47.96, 48.67, 98.95, 125.80, 126.59, 127.83, 129.52,
131.42, 132.76, 132.84, 137.56, 154.20, 154.37, 159.17, 168.66; Anal. Calcd. for C,;H»3N-OS :
C, 59.84; H, 5.50; N, 23.26; Found C, 59.86; H, 5.53; N, 23.23.
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4.7.11 Synthesis of 3-(3-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-
1-yl)propyl)benzo[d][1,2,3]triazin-4(3H)-one (35).

35: Yield: 90%; mp 128-130 °C; MS (ESI) m/z 423 [M+H]"; & (ppm): 1.94-2.00 (m, 2H, CH,
pyrrolidino), 2.08-2.16 (m, 2H, CH; pyrrolidino), 2.56 (quint, 2H, J = 6.6 Hz, CHy), 2.45 (s,
3H, SCHs), 3.75 (t, 4H, NCH, pyrrolidino), 4.46-4.56 (m, 4H, NCH,), 7.73-7.78 (m, 1H, Ar),
7.82 (s, 1H, Ar, pyrazolo[3,4-d]pyrimidinyl), 7.88-7.93 (m, 1H, Ar), 8.08-8.11 (m, 1H, Ar),
8.28-8.31 (m, 1H, Ar); **C NMR (50 MHz, CDCls): 14.08, 24.41, 25.98, 28.43, 44.11, 47.44,
47.53, 48.09, 99.01, 119.79, 125.04, 128.18, 132.24, 133.04, 134.66, 144.18, 154.22, 154.48,
155.38, 168.92; Anal. Calcd. for CH22NgOS: C, 56.85; H, 5.25; N, 26.52; Found C, 57.05; H,
5.30; N, 26.82.

4.7.12 Synthesis of 2-(3-(6-(methylthio)-4-oxo-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)phthalazin-1(2H)-one (36).

36: Yield: 90%; mp 220-222 °C; MS (ESI) m/z 369 [M+H]"; & (ppm): 2.53 (quint, 2H, J = 6.6
Hz, CH,), 2.45 (s, 3H, SCHs), 4.32 (t, 2H, J = 6.6 Hz, NCH,), 4.39 (t, 2H, J = 6.6 Hz, NCH,),
7.75-7.93 (m, 3H, Ar), 7.96 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.20 (s, 1H, phthalazinyl)
8.35-8.38 (m, 1H, Ar); *C NMR (50 MHz, CDCls+ DMSO-dg): 14.59, 29.64, 46.44, 104.65,
127.94, 129.14, 133.70, 135.18, 136.59, 140.18, 154.03, 160.80, 161.48, 162.27; Anal. calcd.
for C17H16N6O,S : calcd. C, 55.42; H, 4.38; N, 22.81; found C, 55.65; H, 4.40; N, 23.02.

4.7.13 Synthesis of 2-(4-(6-(methylthio)-4-oxo-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)phthalazin-1(2H)-one (37).

37: Yield: 90%; mp 190-192 °C; MS (ESI) m/z 383 [M+H]"; & (ppm): 1.86-2.06 (m, 4H, CH)),
2.63 (s, 3H, SCH3), 4.30 (t, 2H, J = 6 Hz, NCH,), 4.37 (t, 2H, J = 6 Hz, NCH,), 7.66-7.82 (m,
3H, Ar), 8.00 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.14 (s, 1H, phthalazinyl) 8.40-8.46 (m, 1H,
Ar); Anal. Calcd. for CigH1sNg O,S: C, 56.53; H, 4.74; N, 21.97; Found: C, 56.63; H, 4.80; N,
22.05.

4.7.14 Synthesis of 2-(3-(4-methoxy-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)phthalazin-1(2H)-one (38).

38: Yield: 75%; mp 124-126 °C; MS (ESI) m/z 399 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.48 (s, 3H, SCHy), 2.48-2.57 (m, 2H, CH,), 4.09 (s, 3H, OCH3), 4.31 (t, 2H, J = 6.8
Hz, NCH,), 4.50 (t, 2H, J = 6.8 Hz, NCH,), 7.64-7.83 (m, 3H, Ar), 7.89 (s, 1H, pyrazolo[3,4-
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d]pyrimidinyl), 8.10 (s, 1H, phthalazinyl) 8.38-8.41 (m, 1H, Ar); Anal. Calcd. for CigH1sNs
0,S: C, 56.53; H, 4.74; N, 21.97; Found: C, 56.66; H, 4.81; N, 22.03.

4.7.15 Synthesis of 2-(4-(4-methoxy-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)phthalazin-1(2H)-one (39).

39: Yield: 82%; mp: 116-118 °C; MS (ESI) m/z 397 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 1.82-2.04 (m, 4H, CHy), 2.59 (s, 3H, SCHj3), 4.10 (s, 3H, OCHj3), 4.29 (t, 2H, J = 6.9
Hz, NCH,), 4.45 (t, 2H, J = 6.9 Hz, NCH,), 7.66-7.82 (m, 3H, Ar), 7.88 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.13 (s, 1H, phthalazinyl) 8.40-8.42 (m, 1H, Ar); Anal. calcd. for
Ci9H20N60O2S: C, 57.56; H, 5.08; N, 21.20; found: C, 57.64; H, 5.12; N, 21.29.

4.7.16 Synthesis of 3-(3-(4-methoxy-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)quinazolin-4(3H)-one (40).

40: Yield: 92%; mp: 130-132°C; MS (ESI) m/z 383 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.45-2.53 (m, 2H, CHy), 2.58 (s, 3H, SCHj3), 4.12 (s, 3H, OCHj3), 4.03 (t, 2H, J = 6.8
Hz, NCH,), 4.47 (t, 2H, J = 6.8 Hz, NCHy), 7.48-7.53 (m, 1H, Ar), 7.68-7.78 (m, 2H, Ar),
7.92 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.08 (s, 1H, quinazolinyl) 8.28-8.31 (m, 1H, Ar). **C
NMR (50 MHz, CDCls): 14.26, 28.48, 43.92, 44.60, 54.20, 100.04, 122.07, 126.58, 127.22,
127.47,131.82, 134.17, 146.73, 148.13, 155.62, 161.10, 162.82; Anal. calcd. for C1gH13NsO,S:
C, 56.53; H, 4.74; N, 21.97; Found: C, 56.25; H, 4.90; N, 22.05.

4.7.17  Synthesis of  2-(3-(4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)phthalazin-1(2H)-one (41).

41: Yield: 80%; mp: 140-142°C; MS (ESI) m/z 387 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.48 (s, 3H, SCHs), 2.57 (quint, J = 6.9 Hz, 2H, CH,), 4.31 (t, 2H, J = 6.9 Hz, NCH>),
452 (t, 2H, J = 6.9 Hz, NCH,), 7.66-7.84 (m, 3H, Ar), 7.98 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.08 (s, 1H, phthalazinyl) 8.36-8.39 (m, 1H, Ar); *C NMR (50 MHz, CDCly):
14.27, 27.86, 29.65, 44.95, 48.34, 110.43, 125.92, 126.66, 127.75, 129.45, 131.73, 132.42,
133.14, 137.79, 153.80, 153.90, 159.30, 169.88;. Anal. calcd. for C17H15CINgOS: C, 52.78; H,
3.91; N, 21.72; Found: C, 52.90; H, 3.92; N, 21.95.

4.7.18 Synthesis of  2-(4-(4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)phthalazin-1(2H)-one (42).
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42: Yield: 80%; mp: 126-128 °C; MS (ESI) m/z 401 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 1.81-2.08 (m, 4H, CHy), 2.60 (s, 3H, SCHs), 4.11 (t, 2H, J = 6.9 Hz, NCH,), 4.49 (t, 2H,
J = 6.9 Hz, NCH,), 7.68-7.84 (m, 3H, Ar), 7.98 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.13 (s,
1H, phthalazinyl) 8.40-8.43 (m, 1H, Ar); Anal. calcd. for C1gH17CINgOS: C, 53.93; H, 4.27; N,
8.84; Found: C, 54.05; H, 4.29; N, 8.90.

4.7.19 Synthesis of 2-(3-(5-methyl-6-(methylthio)-4-oxo-4,5-dihydro-1H-pyrazolo[3,4-d]-
pyrimidin-1-yl)propyl)phthalazin-1(2H)-one (43).

43: Yield: 85%; mp: 160-162°C; MS (ESI) m/z 383 [M+H]*: *H NMR (300 MHz, CDCls) &
(ppm): 2.48 (s, 3H, SCH3), 2.48-2.57 (m, 2H, CHy), 4.09 (s, 3H, NCH3), 4.31 (t, 2H, J = 6.8
Hz, NCH,), 4.50 (t, 2H, J = 6.8 Hz, NCH,), 7.64-7.83 (m, 3H, Ar), 7.89 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.10 (s, 1H, phthalazinyl) 8.38-8.41 (m, 1H, Ar); *C NMR (50 MHz, CDCly):
14.17, 28.22, 44.70, 48.58, 54.13, 99.97, 125.93, 126.73, 129.57, 131.51, 133.05, 137.77,
155.46, 159.34, 162.78, 169.33 Anal. Calcd. for CigHisNg O,S: C, 56.53; H, 4.74; N, 21.97,
Found: C, 56.73; H, 4.82; N, 22.02.

4.7.20 Synthesis of 2-(3-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)phthalazin-1(2H)-one (44).

44: Yield: 85%; mp: 148-150°C; MS (ESI) m/z 415 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.57 (quint, J = 6.9 Hz, 2H, CH,), 3.33 (s, 3H, SO,CHj3), 4.25 (s, 3H, OCHj3), 4.31 (t,
2H, J = 6.9 Hz, NCH,), 4.61 (t, 2H, J = 6.9 Hz, NCH,), 7.68-7.89 (m, 3H, Ar), 8.12 (s, 2H,
pyrazolo[3,4-d]pyrimidinyl and phthalazinyl) 8.37-8.39 (m, 1H, Ar); Anal. calcd. for
Ci1sH1sNsO4S: C, 52.17; H, 4.38; N, 20.28; Found: C, 52.27; H, 4.42; N, 20.32.

4.7.21 Synthesis of 2-(4-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)phthalazin-1(2H)-one (45).

45: Yield: 85%; mp: 136-138°C; MS (ESI) m/z 429 [M+H]*: *H NMR (300 MHz, CDCls) &
(ppm): 1.81-2.11 (m, 4H, CH,), 3.40 (s, 3H, SO,CHj3), 4.26 (s, 3H, OCHj3), 4.29 (t, 2H, J = 6.9
Hz, NCH,), 4.57 (t, 2H, J = 6.9 Hz, NCH,), 7.68-7.83 (m, 3H, Ar), 8.11 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.15 (s, 1H, phthalazinyl) 8.38-8.41 (m, 1H, Ar); Anal. calcd. for
C19H20Ns0S;,: C, 53.26; H, 4.70; N, 19.61; Found: C, 53.36; H, 4.80; N, 19.71.
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4.7.22 Synthesis of 2-(3-(4-chloro-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)phthalazin-1(2H)-one (46).

46: Yield: 85%; mp: 140-142 °C; MS (ESI) m/z 419 [M+H]*; *H NMR (300 MHz, CDCls) §
(ppm): 2.64 (quint, J = 6.9 Hz, 2H, CH,), 3.38 (s, 3H, SO,CHj3), 4.25 (s, 3H, OCHj3), 4.31 (t,
2H, J = 6.9 Hz, NCH,), 4.68 (t, 2H, J = 6.9 Hz, NCH,), 7.68-7.85 (m, 3H, Ar), 8.12 (s, 1H,
pyrazolo[3,4-d]pyrimidinyl) 8.27 (s, 2H, phthalazinyl) 8.33-8.36 (m, 1H, Ar); **C NMR (50
MHz, CDCls): 27.64, 39.41, 45.64, 48.01, 95.39, 114.66, 126.10, 126.47, 127.53, 129.40,
131.80, 132.94, 133.22, 138.12, 152.35, 156.31, 159.24, 161.38.. Anal. calcd. for
C17H15CINgOsS: C, 48.75; H, 3.61; N, 20.06; Found: C, 48.90; H, 3.72; N, 20.35.

4.7.23 Synthesis of 2-(3-(4,6-bis(methylthio)-2H-pyrazolo[3,4-d]pyrimidin-2-yl)propyl)-
phthalazin-1(2H)-one (48).

48: Yield: 75%; mp: 100-102 °C; MS (ESI) m/z 399 [M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.61 (s, 3H, SCH;3), 2.61-2.65 (m, 2H, CHy), 2.65 (s, 3H, SCH3), 4.31 (t, 2H, J = 6.0 Hz,
NCH,), 4.42 (t, 2H, J = 6.0 Hz, NCH,), 7.67-7.82 (m, 3H, Ar), 8.07 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.16 (s, 1H, phthalazinyl) 8.40-8.42 (m, 1H, Ar); Anal. Calcd. for C1gH20NgS4:
C, 45.36; H, 4.23; N, 23.51; Found: C, 45.29; H, 4.42; N, 23.78.

4.7.24 Synthesis of 2-(3-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)propyl)phthalazine-1(2H)-thione (49).

49: Yield: 75%; mp: 112-114 °C; MS (ESI) m/z 415[M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.55 (s, 3H, SCH3), 2.61-2.71 (m, 2H, CH,), 2.71 (s, 3H, SCHs), 4.53 (t, 2H, J = 6.9 Hz,
NCH,), 4.88 (t, 2H, J = 6.9 Hz, NCH,), 7.66-7.70 (m, 1H, Ar), 7.78-7.84 (m, 2H, Ar), 7.92 (s,
1H, pyrazolo[3,4-d]pyrimidinyl), 8.34 (s, 1H, phthalazinyl) 8.94-8.97 (m, 1H, Ar); Anal.
Calcd. for C1gH1gNgSs: C, 52.15; H, 4.38; N, 20.27; Found: C, 51.95; H, 4.20; N, 20.78.

4.7.25 Synthesis of 1-(2-(chloromethyl)allyl)-4,6-bis(methylthio)-1H-pyrazolo[3,4-d]-
pyrimidine (52):

52: Yield: 60%; mp: oily; MS (ESI) m/z 301[M+H]*; *H NMR (300 MHz, CDCls) & (ppm):
2.63 (s, 3H, SCHj3), 2.69 (s, 3H, SCH3), 4.01 (s, 2H, CH.CI), 5.12 (s, 2H, NCH), 5.14 (s, 1H,
exomethylene CH), 5.36 (s, 2H, exomethylene CH), 7.96 (s, 1H, Ar).
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4.7.26 Synthesis of 2-(2-(chloromethyl)allyl)-4,6-bis(methylthio)-2H-pyrazolo[3,4-d]-
pyrimidine (53).

53: Yield: 20%:; oily; MS (ESI) m/z 301[M+H]*; *H NMR (300 MHz, CDCls) & (ppm): 2.61 (s,
3H, SCHs), 2.68 (s, 3H, SCHs), 3.98 (s, 2H, CH,CI), 5.06 (s, 2H, NCHy), 5.27 (s, 1H,
exomethylene CH), 5.44 (s, 2H, exomethylene CH), 7.99 (s, 1H, Ar).

4.7.27 Synthesis of 2-(2-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)allyl)phthalazin-1(2H)-one (54).

54: Yield: 80%; mp: 106-108 °C; MS (ESI) m/z 411[M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.38 (s, 3H, SCH3), 2.65 (s, 3H, SCHs), 4.84 (s, 2H, NCH,), 5.04 (s, 2H, NCH,), 5.17
(s, 1H, exomethylene CH), 5.23 (s, 2H, exomethylene CH), 7.65-7.67 (m, 1H, Ar), 7.75-7.80
(m, 2H, Ar), 7.92 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.05 (s, 1H, phthalazinyl) 8.34-8.37 (m,
1H, Ar); *C NMR (50 MHz, CDCls): 11.76, 13.97, 49.54, 53.31, 109.27, 117.20, 125.93,
126.75, 127.78, 129.45, 131.66, 132.10, 133.05, 137.90, 139.25, 143.42, 151.98, 159.18,
164.73, 168.69; Anal. Calcd. for C19H1sNsOS,: C, 55.59; H, 4.42; N, 20.47; Found: C, 55.95;
H, 4.45; N, 20.78.

4.7.28 Synthesis of 3-(2-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
I)methyl)allyl)-quinazolin-4(3H)-one (55).

55: Yield: 85%; mp: 116-118 °C; MS (ESI) m/z 411[M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.48 (s, 3H, SCHg), 2.67 (s, 3H, SCH3), 4.61 (s, 2H, NCHy), 5.03 (s, 2H, NCH,), 5.23
(s, 1H, exomethylene CH), 5.32 (s, 2H, exomethylene CH), 7.48-7.52 (m, 1H, Ar), 7.67-7.78
(m, 2H, Ar), 7.91 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 7.94 (s, 1H, quinazolinyl) 8.24-8.27 (m,
1H, Ar); C NMR (50 MHz, CDCls): 11.83, 14.13, 48.08, 49.38, 109.26, 118.43, 121.89,
126.76, 127.33, 127.45, 132.47, 134.23, 138.42, 146.03, 147.81, 152.02, 160.71, 165.06,
169.25; Anal. Calcd. for C19H1sNsOS;: C, 55.59; H, 4.42; N, 20.47; Found: C, 55.85; H, 4.49;
N, 20.88.

4.7.29 Synthesis of 3-(2-(4,6-bis(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)allyl)benzo[d][1,2,3]triazin-4(3H)-one (56).

56: Yield: 82%; mp: 118-120 °C MS (ESI) m/z 412[M+H]*; *"H NMR (300 MHz, CDCl;) &
(ppm): 2.42 (s, 3H, SCH3), 2.66 (s, 3H, SCH3), 5.05 (s, 2H, NCH), 5.08 (s, 2H, NCH,), 5.24
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(s, 1H, exomethylene CH), 5.28 (s, 2H, exomethylene CH), 7.78-7.82 (m, 1H, Ar), 7.91-7.97
(m, 1H, Ar), 7.91 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.12-8.15 (m, 1H, Ar), 8.27-8.30 (m,
1H, Ar); Anal. Calcd. for C1gH17N;OS;: C, 52.54; H, 4.16; N, 23.83; Found: C, 52.64; H, 4.19;
N, 23.88.

4.7. 30Synthesisof2-(2-(4,6-bis(methylthio)-2H-pyrazolo[3,4-d]pyrimidin-2-I)methyl)allyl)-
phthalazin-1(2H)-one (57).

57: Yield: 80%; mp: 112-114 °C; MS (ESI) m/z 411[M+H]"; *H NMR (300 MHz, CDCls) &
(ppm): 2.59 (s, 3H, SCHg), 2.65 (s, 3H, SCH3), 4.84 (s, 2H, NCHy), 5.01 (s, 2H, NCH,), 5.31
(s, 1H, exomethylene CH), 5.41 (s, 2H, exomethylene CH), 7.65-7.68 (m, 1H, Ar), 7.74-7.83
(m, 2H, Ar), 8.06 (s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.13 (s, 1H, phthalazinyl) 8.37-8.40 (m,
1H, Ar); *C NMR (50 MHz, CDCls): 11.81, 14.15, 53.27, 57.12, 109.05, 120.13, 124.25,
126.01, 126.59, 127.57, 129.47, 131.74, 133.20, 138.01, 138.25, 158.52, 159.27, 166.20,
168.35; Anal. Calcd. for C19H15NsOS;: C, 55.59; H, 4.42; N, 20.47; Found: C, 55.85; H, 4.48;
N, 20.86.

4.7.31 Synthesis of 2-(2-(6-(methylthio)-4-(pyrrolidin-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-
1-yl)methyl)allyl)-phthalazin-1(2H)-one (58).

58: Yield: 84%; mp: 130-132 °C; MS (ESI) m/z 434 [M+H]": *H NMR (300 MHz, CDCls) &
(ppm): 1.97-2.01 (m, 2H, pyrrolidinyl CH;) 2.10-2.14 (m, 1H, pyrrolidinyl CH,) 2.33 (s, 3H,
SCHs), 3.75 (t, J = 6.9 Hz, 1H, pyrrolidinyl NCH>), 4.30 (s, 2H, NCH), 4.45 (s, 2H, NCH,),
5.13 (s, 1H, exomethylene CH), 5.17 (s, 2H, exomethylene CH), 7.66-7.80 (m, 3H, Ar), 7.82
(s, 1H, pyrazolo[3,4-d]pyrimidinyl), 8.09 (s, 1H, phthalazinyl) 8.35-8.38 (m, 1H, Ar); **C
NMR (50 MHz, CDCls): 13.83, 24.37, 25.94, 47.42, 48.07, 49.28, 53.34, 98.92, 116.38,
125.95, 126.79, 127.92, 129.59, 131.58, 132.99, 133.41, 137.92, 139.79, 154.25, 154.70,
159.21, 168.93; Anal. Calcd. for C,2H23N7OS: C, 60.95; H, 5.35; N, 22.62; Found: C, 61.05; H,
5.48; N, 22.86.

4.7.32 Synthesis of 2-(2-(6-(methylthio)-4-(pyrrolidin-1-yl)-2H-pyrazolo[3,4-d]pyrimidin-
2-yl)methyl)allyl)-phthalazin-1(2H)-one (59).

59: Yield: 84%; mp: 126-128 °C; MS (ESI) m/z 434 [M+H]*; *H NMR (300 MHz, CDCl5) &
(ppm): 1.97-2.13 (m, 4H, pyrrolidinyl CH,), 2.55 (s, 3H, SCH3), 3.68-3.72 (m, 4H,
pyrrolidinyl NCH,), 4.83 (s, 2H, NCHy), 4.95 (s, 2H, NCHy), 5.31 (s, 1H, exomethylene CH),

230



5.34 (s, 2H, exomethylene CH), 7.66-7.82 (m, 3H, Ar), 7.95 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.13 (s, 1H, phthalazinyl) 8.34-8.37 (m, 1H, Ar); Anal. Calcd. for C2H23N7OS:
C, 60.95; H, 5.35; N, 22.62; Found: C, 61.05; H, 5.40; N, 22.86.

4.7.33 Synthesis of 2-(2-((4-methoxy-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)allyl) phthalazin-1(2H)-one (60).

60: Yield: 84%; mp: 120-122 °C; MS (ESI) m/z 395 [M+H]": *H NMR (300 MHz, CDCls) &
(ppm): 2.35 (s, 3H, SCH3), 4.08 (s, 3H, OCH3), 4.84 (s, 2H, NCH>), 5.04 (s, 2H, NCH,), 5.17
(s, 1H, exomethylene CH), 5.23 (s, 2H, exomethylene CH), 7.66-7.83 (m, 3H, Ar), 7.92 (s, 1H,
pyrazolo[3,4-d]pyrimidinyl), 8.07 (s, 1H, phthalazinyl) 8.34-8.37 (m, 1H, Ar); Anal. Calcd. for
Ci19H18NsO2S: C, 57.85; H, 4.60; N, 21.31; Found: C, 57.95; H, 4.65; N, 21.66.

4.7.34 Synthesis of 2-(2-((6-(methylthio)-4-oxo-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-
1-yl)methyl)allyl)- phthalazin-1(2H)-one (61).

61: Yield: 84%; mp: 216-220 °C; MS (ESI) m/z 381 [M+H]": *H NMR (300 MHz, CDCls) &
(ppm): 2.39 (s, 3H, SCHy), 4.88 (s, 2H, NCHy), 4.99 (s, 2H, NCH,), 5.20 (s, 1H, exomethylene
CH), 5.28 (s, 2H, exomethylene CH), 7.66-7.81 (m, 3H, Ar), 8.01 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.06 (s, 1H, phthalazinyl) 8.38-8.41 (m, 1H, Ar), 9.54 (bs, 1H, NH); Anal.
Calcd. for C19H18N6O,S: C, 56.83; H, 4.24; N, 22.09; Found: C, 56.95; H, 4.35; N, 22.26.

4.7.35 Synthesis of  2-(2-((4-chloro-6-(methylthio)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)allyl)phthalazin-1(2H)-one (62).

62: Yield: 84%; mp: 138-140 °C; MS (ESI) m/z 399 [M+H]*; *H NMR (300 MHz, CDCls) &
(ppm): 2.39 (s, 3H, SCHy), 4.88 (s, 2H, NCHy), 4.99 (s, 2H, NCH,), 5.20 (s, 1H, exomethylene
CH), 5.28 (s, 2H, exomethylene CH), 7.66-7.81 (m, 3H, Ar), 8.01 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.06 (s, 1H, phthalazinyl) 8.38-8.41 (m, 1H, Ar), 9.54 (bs, 1H, NH); **C NMR
(50 MHz, CDCls): 14.05, 49.92, 53.13, 110.35, 117.99, 125.95, 126.69, 127.68, 129.35,
131.81, 132.84, 133.20, 137.94, 138.84, 153.73, 154.04, 159.11, 170.00; Anal. Calcd. for
C1sH15CINgOS: C, 54.20; H, 3.79; N, 21.07; Found: C, 54.35; H, 3.95; N, 21.26.

4.7.36 Synthesis of 2-(2-(4-methoxy-6-(methylsulfonyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)allyl)- phthalazin-1(2H)-one (63).

231



63: Yield: 82%; mp: 120-122 °C; MS (ESI) m/z 427 [M+H]": *H NMR (300 MHz, CDCls) &
(ppm): 2.39 (s, 3H, SCHy), 4.88 (s, 2H, NCHy), 4.99 (s, 2H, NCH,), 5.20 (s, 1H, exomethylene
CH), 5.28 (s, 2H, exomethylene CH), 7.66-7.81 (m, 3H, Ar), 8.01 (s, 1H, pyrazolo[3,4-
d]pyrimidinyl), 8.06 (s, 1H, phthalazinyl) 8.38-8.41 (m, 1H, Ar), 9.54 (bs, 1H, NH); Anal.
Calcd. for C19H18N604S: C, 53.51; H, 4.25; N, 19.71; Found: C, 53.61; H, 4.35; N, 19.80.

4.7.37 Synthesis of 2-methylphthalazin-1(2H)-one (73).

73: Yield: 92%; MS (ESI) m/z 161 [M+H]*; *H NMR (300 MHz, CDCl3) § (ppm): 3.85 (s, 3H,
NCHs), 7.66-7.80 (m, 3H, Ar), 8.14 (s, 1H, Ar) 8.41-8.44 (m, 1H, Ar).

4.7.38 Synthesis of 3-methylquinazolin-4(3H)-one (74).

74: Yield: 92%; MS (ESI) m/z 161 [M+H]*; *H NMR (300 MHz, CDCl3) § (ppm): 3.62 (s, 3H,
NCH), 7.52 (ddd, J = 8.2, 6.9, 1.6 Hz, 1H), 7.70-7.80 (m, 2H, Ar), 8.10 (s, 1H, Ar), 8.33 (dd,
J=8.0, 1.0 Hz, 1H, Ar).

4.7.39 Synthesis of 3-methylbenzo[d][1,2,3]triazin-4(3H)-one (75).

75: Yield: 92%; MS (ESI) m/z 162 [M+H]*; *H NMR (300 MHz, CDCl3) § (ppm): 4.06 (s, 3H,
NCH), 7.77-7.82 (m, 1H, Ar), 7.91-7.96 (m, 1H, Ar), 8.15 (d, J = 6 Hz, 1H, Ar) 8.36 (d, J = 6
Hz, 1H, Ar).
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Role of arene interactions and substituent effects in conformational (synlanti)

control of 1,2-diarylethanest
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Conformational analysis of nine designed flexible 1,2-diarylethanes
with different substituents show syn conformation due to m—
interactions by '"H NMR in solution, this carries over to the solid
state for three compounds while two show anti conformation in the
solid state by X-ray crystallography and the remaining compounds
do not give diffraction quality crystals.

A knowledge of weak noncovalent forces that control conformation
in flexible compounds is of fundamental importance since these are
the most important factors controlling the shape and the dynamics of
complex polymeric molecules like DNA and proteins. However,
these forces are still not well understood and remain a challenge to the
chemical community, mainly due to the fact that many of these forces
are present simultaneously in drug-receptor complexes. Arene
interactions constitute one of these forces and in spite of its estab-
lished importance in chemistry,' biology? and drug development,? its
application as a tool in molecular recognition or crystal engineering
remains a problem. For example, to answer which molecule having
an arene residue at the termini of polymethylene (e.g. ethylene,
propylene etc.) linker will show intramolecular folding due to arene
(especially offset face-to-face mode) interaction in solution, is not easy
even today. Furthermore, when present in solution, determining in
which case it is strong enough to survive in the solid state is even more
difficult.

In the literature, various models based on different scaffolds to
facilitate arene interactions have been proposed for their under-
standing.* These studies can be divided into two main types, first
intermolecular® which is important from drug-receptor, protein—
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DNA, protein—protein interaction etc. and second intramolecular®
which is important especially from DNA/RNA structures, where in
single strand it is intramolecular while in double it is both inter- and
intramolecular. Intramolecular arene interaction is also important at
the molecular level for developing models for a better understanding
of arene interactions in general and exploration of the newly
emerging concept of conformational control in flexible compounds
having at least two arene moieties connected by polymethylene linker
(e.g. propylene,®& ¢ 7 and ethylene®**¥) Electronic effects of the
substituents are also widely believed to have a significant effect on
arene interaction,** however, currently there is a lot of debate going
on over this and new developments are emerging while older concepts
are being challenged."

1,2-Diarylethanes are the simplest unbiased flexible model to
understand how two arene moieties (similar/different) interact with
each other intramolecularly for controlling observed folded confor-
mation of the molecule both in solution and more importantly in the
crystal state. Interestingly, 1,2-diphenylethane, 1,3-di-phenylpropane
and 1,4-diphenylbutane are open in the solid state indicating that the
phenyl moiety is not a good system for studying intramolecular arene
interactions in such unbiased flexible models. In the absence of arene
interactions, conformations of such 1,2-diphenylethanes due to the
steric effect of the bulky arene residues, are normally expected to be
anti and this is supported by the crystal structures of many
1,2-diphenylethanes having a wide variety of electron donating and
withdrawing substituents in the literature.® Even when the ethylene
linker is between two N atoms the conformation remains anti, clearly
indicating that a smaller van der Waals radii of the N atom in
comparison to the C atom alone is not enough reason to show syn
conformation in crystals. ¥

On the other hand, a few studies have shown that such structures
are capable of existing in folded conformation in solution. A study, as
early as 1968, by Leonard et al on nucleic acid bases connected by
ethylene and propylene linkers clearly showed, that intramolecular
interactions between arene residues were responsible for observed
folding in solution.* Later by Itahara on adenine (by '"H NMR)*¢
and by us on pyrazolo[3,4-dpyrimidine (PP) core based ethylene
linker compounds (by '"H NMR) showed that 1,2-diarylethanes are
capable of existing in syn conformation in solution.” Recently, Dubey
et al. described that ethylene linker compounds with PP cores at their
termini show folded conformation in solution both by circular
dichroism (CD) and variable temperature 'H NMR studies, however,

This journal is © The Royal Society of Chemistry 2012
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no solid state evidence for syn conformation due to arene interactions
was provided.' One case, 1,2-bis[5-0x0-3-(n-propyl)-4,5-dihydro-3 H-
1,2,4-triazol-4-yllethane is known to have a syn conformation in the
solid state! but it is not mentioned whether the extensive hydrogen
bonding due to the water present in the molecule or the arene/O---
arene interactions is actually responsible for the observed syn
conformation.

Since 1995, our work on PP core based flexible propylenel Leonard
linker compounds has shown that intramolecular folding is possible
due to arene interactions both in solution and more importantly in
the solid state, from a crystal engineering angle, as shown by more
than a dozen truly flexible symmetrical (1a, 1b, le-1g and 2a-2c,
Fig. 1 and Fig. S1, ESI¥) and two related dissymmetrical compounds
(Fig. S1, ESI}).” The main difference between 1 and 2 is that the
pyrimidine of 1 is replaced by pyrimidone system in 2. Very recently,
the scope of the PP core for studying arene interaction in flexible
symmetrical and dissymmetrical compounds has been considerably
increased by replacing a truly flexible propylene/ Leonard linker with
a less mobile butylidene linker (1o, Fig. S1, ESIT).”? Interestingly,
Vogtle refers to singly linked molecules that adopt m-stacked
conformations as “protophanes”.'®

These results have prompted us to apply PP core to common 1,2-
diarylethanes. Our initial efforts in getting syn conformation in the
solid state due to intramolecular 77t interactions in the ethylene
linker symmetrical compound based on PP core were not successful. *
A careful analysis of the crystal structures (1; » = 3, 2a-2¢, Fig. 1 and
Fig. S3, ESI¥) revealed that except for 1b (Fig. 1 and Fig. S3, ESIt)
having bulky groups at both 4- and 6-positions, five membered
pyrazolo moieties are at a maximum distance from each other (e.g.
4.48 and 4.62 A between centroids in 1a and 2a respectively) while six
membered pyrimidine/pyrimidone residues are partially overlapped
(e.g 3.71 and 3.77 A between centroids in 1a and 2a respectively).
Since for the ethylene linker homolog 1c¢ (Fig. 1) of the symmetrical
propylene linker compound 1a (Fig. 1) both PP moieties have to come
close to each other in order to achieve a syn conformation and this
situation may not be sterically/electronically favourable especially in
the solid state where competing intermolecular interactions are
present to give a more favourable anti conformation. Therefore, it
was decided to replace the pyrazolo residue by the pyrimidone type of
moiety, as it was well tolerated in compounds of the series 2 and is
also present in nucleic acid bases. Thus, a commercially available
quinazolinone containing pyrimidone residue was selected for the
study. The reaction product from the reaction of 1-(2-bromoethyl)-
4,6- dimethylsulfany-1H-pyrazolo[3,4-d]pyrimidine, (3a)* with qui-
nazolinone (4a) gives 5a (Fig. 2) which by '"H NMR (CDCl;) analysis

R4 \';'\\] N?\('ﬁ OY\CN ’,\‘?\(O

- N N

Ne A (CHR & R-N__ Ner Y N-

> v v
R, MeS

1a:R; =R,=SMe; n=3

1b: R = O-iso-Pr, R,=SO,Me; n=3

1e:R;=R,=SMe; n=2

1d: R1:R2=SEt; n=2

le:R;=Cl, R,=SMe; n=3

1f: R, =OMe,R, =SMe; n=3

1g: R, =O-iso-Pr, R,= SMe; n=3

© SMe
2a: R=Me;n=3
2b:R=Et;n=3

2¢: R=CH,Ph;n=3

Fig. 1 Pyrazolo[3,4-d]pyrimidine core based propylene and ethylene
linker compounds.
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Fig. 2 Ethylene linker compounds (5) derived from PP core (3) and
quinazolinone/phthalazinone (4) and reference compounds.

shows intramolecular folding when compared to the reference
compounds (3b and 4b, Fig. 2 and Table S4, ESIt). However, all
attempts to get single crystals of 5a for X-ray crystallography failed
forcing us not to pursue this study for the time being. Next, phtha-
lazinone (4c) which is isomeric with quinazolinone and also
commercially available was selected to replace one PP core of 1a
(Fig. 1 and ESIft). Thus, reaction of phthalazinone (4c) with 3a in
DMF in the presence of anhydrous potassium carbonate gave the
desired ethylene product 5b in good yield (ESIT). To our satisfaction
the new ethylene linker compound 5b also shows significant up-field
shift in "H NMR (CDCl;) as compared to the reference compounds,
3b and 4d (Fig. 2 and Table S4, ESIt) thus, indicating a folded
conformation. More importantly, Sb gives good crystals and the solid
state structure of Sb shows a syn conformation (Fig. 3). The torsion
angle formed by NCCN atoms involving the ethylene linker and two
N atoms connecting it is 60.58°, confirming syn conformation. The

P
160.58 ™,

0

Fig. 3 ORTEP diagram of 5b (at 30% probability level) showing syn
conformation with intramolecular w7 interactions.
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Fig. 4 Crystal structure of 5d showing open conformation with inter-
molecular C-H---O, O---arene, Cl-arene and 7—t interactions.

distance between two N atoms linking two arene moieties is 2.95 A
which is less than the sum of van der Waals radii of two N atoms
(3.10 Aie 2 x 1.55A for N) and less than 3.09 seen in 1b with extra
C in its linker. The distance between centroids of the five membered
pyrazole ring of the PP core and six membered pyrimidone ring of the
phthalazinone system is 4.28 A which is similar to the distance of
4.28 A between centroids of the six membered pyrimidine and six
membered heterocyclic ring of the phthalazinone system (Fig. 3). It is
important to mention that 4.23 A is the maximum distance seen in
folded compounds (1a, 1b, le-1g and 2a-2¢, Fig. 1 and Table S2,
ESIY) that shows such a distance in the range of 3.69-4.23 A. The
distance between centroids of nine membered PP core and six
membered pyrimidone ring of the phthalazinone system is 4.15 A.
Some close distances between two six membered pyrimidine and
pyrimidone rings of phthalazinone are C7A---N11 = 3.42, N7---N10
=342 and N7---C17 = 3.50 A confirming intramolecular stacking.
Finally, there is no intramolecular S---arene (4.96 and 5.07 A)Z"‘ or
significant CH-t interactions™ confirming that the syn conformation
is due to intramolecular 7t interactions. The variable temperature
(=50 to 50 °C) '"H NMR study on 5b shows an increase in the
magnitude of up-field shift (difference of two SMe protons) with
decrease in temperature indicating that the molecule exists in folded
and unfolded states at room temperature in CDCls. Surprisingly, the
N?- isomer (6, ESIt) of 5b prepared similarly from 2-(2-bromoethyl)-
4,6-dimethylsulfany-1H-pyrazolo[3,4-d]pyrimidine (7a)* and phtha-
lazinone does not show much up-field shift in its 'H NMR (Table S4,
ESIt) indicating the absence of intramolecular folding due to
different positions of linker. It is important to mention here that such
a drastic change in the conformation due to different positions of
linker in two isomeric compounds was also observed in the propylene
linker compound 1a and its N*isomer."® The variable temperature
(=50 to 50 °C) 'TH NMR study on the N*-isomer, 6 does not show
a comparable change in the chemical shift (difference of two SMe
protons) in its "H NMR further confirming the presence of only the
open form (Table S3, ESIT). To test the robustness of the syn
conformation in 5b formed due to intramolecular arene interaction,
substituents effects, were studied. The compound 5¢ prepared from
5b (ESIT) also shows up-field shift for the methylsulfanyl group in 'H
NMR indicating a folded conformation, however, crystals of Sc
suitable for crystallography could not be prepared, presumably due
to the presence of ionisable H (from lactam) capable of forming
stronger H-bonding. Replacement of the 4-SMe group in 5b by
a common electron withdrawing ClI group via Sc gives 5d (ESIY)
which also shows significant up-field shifts in its '"H NMR in

comparison to 4d and 3d (Fig. 2, 3a and 3b, Table S4, ESI}) indi-
cating folded conformation in solution. The solid state structure of
5d, however, shows an anti conformation (torsion angle = 172.38°,
Fig. 4) with a distance between two N atoms linking two arene
moieties of 3.72 A.

Furthermore, a comparable distance of 3.70 A was also shown by
our earlier symmetrical ethylene compound 1d (Fig. 1) with anti
conformation.* A careful analysis of the crystal structure of 5d shows
strong O---arene dimerization (3.25 A) with the closest distance
between O---C of 3.19 A which is less than the van der Waals radii of
O and C atoms and intermolecular O---Ar interactions are of current
interest.’ Additional C-H---O (2.83, 3.61 A and 138.1°)1” Cl---arene
(3.83 A)‘* and T interactions (3.83 A) are also present in this
dimer. It is interesting to mention here that symmetrical 1e with the CI
group at a similar 4-position is also devoid of intramolecular 77t
interactions.”

Next, the electron withdrawing Cl group is replaced by the
common electron donating methoxy group. The new compound Se
obtained by the reaction of 5b with sodium methoxide (ESI}) again
shows an up-field shift in its "H NMR like compounds 5b-5d, (Table
S4, ESIt) indicating intramolecular folding, however, crystals of 5e
suitable for crystallography could not be prepared.

Following this, the 6-SMe group of Se, which defied our attempts
to give diffraction quality crystals, is replaced by the strong electron
withdrawing SO,Me group by oxidation to give a new compound 5f.
Once again 5f shows an up-field shift in its 'H NMR like compounds
S5b-Se, (Table S4, ESIY) indicating folded conformation. The solid
state structure of 5f shows a syn conformation (torsion angle =
62.52°, Fig. 5). The distance between two N atoms linking two arene
moieties is 2.93 A which is very comparable to 2.95 as seen in Sb. It is
important to mention here that symmetrical 1j (Fig. S1, ESIt) with an

Fig. 5 ORTEP diagram of 5f (at 30% probability level) showing syn
conformation with intramolecular m—m interactions and O---arene
interactions.
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OMe group at a similar 4-position and an SO,Me group at the
6-position is also folded due to intramolecular 7c-7 interactions.™

Encouraged by this result on 5f it was decided to convert 5d in to
sulfone (5g) and see its effect on conformation. New sulfone 5g shows
an up-field shift in its '"H NMR like compounds 5b-5e, (Table S4,
ESI+) indicating folded conformation. The solid state structure of 5g,
however, shows anti conformation (torsion angle = 173.81°, N1---
N10=3.71 A, Fig. 6). This result is quite interesting in showing that
the strong electron withdrawing SO,Me group alone is not respon-
sible for the syn conformation seen earlier in 5f. Presumably, the
involvement of the Cl group at the 4-position in many intermolecular
noncovalent interactions in both compounds (5d and 5f) is a possible
reason for the existence of the open conformation.

Finally, the third sulfone 5i was prepared from 5h following
a similar method as described for 5f and 5g. The sulfone 5i shows an
up-field shift in its "H NMR like compounds 5b-5e, (Table S4, ESIT)
indicating a folded conformation in solution. The solid state structure
of 5i shows syn conformation (torsion angle = 59.97°, Fig. 7). This
result is very comparable to that of 5f (and 5b) except for the fact that
5i has the smallest value of torsion angle out of the three folded
structures (5b, 5f and 5i). Furthermore, other intermolecular
distances in 5i, in general, are also smaller in comparison to the other
two folded compounds (5b and 5f). A careful analysis of compound
5i revealed the presence of a much weaker CH-- -7 interaction. The
closest H contacts with the six membered phenyl ring of quinazoli-
none are 2.85 and 2.95 A. Earlier, we reported an unusual folded
conformation of a dissymmetrical propylene linker compound (8a,
Fig. S1, ESI) with a PP core and a phthalimido moiety solely due to
CH:- -7 interaction (Table 1).” Similar comparison of two other
compounds (5b and 5f) showed much less acceptable distances for the
presence of CH:--7 interaction (Table 1). It is important to mention
that while all four different compounds (Table 1) with one PP moiety
show unusual intramolecular folding they have different reasons for
folding. The first three compounds belong to the ethylene series while
the last one is a propylene linker compound. In 5b intramolecular
folding is almost solely due to arene interaction while in 8a it is solely
due to CH:--m interaction. Though compound 5i shows two very
good distances (2.85 and 2.95 A) for CH- - -7 interaction of which the
first is sub-van der Waal, the distance of 4.20 A between C(19) and
involved centroid is beyond 4.0 A, generally considered the upper

Fig. 6 ORTEP diagram of 5g (at 30% probability level) showing syn
conformation with intramolecular m—m interactions and O---arene
interactions.

Fig. 7 ORTEP diagram of 5i (at 30% probability level) showing syn
conformation with intramolecular 77 interactions and O---arene
interactions.

limit. This may be explained by the fact that the main conformation
controlling factor in 5i is intramolecular 7t---7 interaction and not
CH: -t interaction. In view of this explanation a contribution from
CH- - - interaction seems much less for 5f and 5b (Table 1). Finally,
another compound (8b, Fig. S1, ESIY) in which the 4-SMe group of
8a was replaced by a pyrrolidino moiety, intramolecular folding due
to CH- -1 interaction disappeared resulting in a normal extended/
open structure. Out of three sulfones, two with 4-OMe groups are
folded and one with the 4-Cl in place of OMe is open. Two folded
isomeric sulfones differ in having either phthalazinone or quinazoli-
none residues. Striking, similarity of the three solid state syn
conformations of 5b, 5f and 5i having different substituents and
different arenes (phthalazinone or quinazolinone) is noteworthy and
shows that the folded motif mainly due to intramolecular 7
interactions is robust from a crystal engineering point of view.

In conclusion, all nine compounds (5a-5i) are folded due to
intramolecular 7t—t interaction in solution as shown by their 'H
NMR data. This PP core based dissymmetric ethylene model shows
very good tolerance for various substituents (SMe, OMe, OH, Cl and
SO,Me) in solution. A similar trend was followed by our propylene/
Leonard compounds in solution. For the three compounds (5b, 5f
and 5i) with limited variation in substituents (SMe, OMe and
SO,Me) these interactions are strong enough for the syn conforma-
tion to carry over to the solid state, while for the two chloro
compounds (5d and 5g) it changes to an anti conformation in the
solid state due to strong intermolecular interactions. Apparently, two
arene systems not only have to come close enough (<3 A, as in 5b, 5
and 5i) at the point of contact (which is much less than 3.4 A for two
benzenoid systems thus causing severe steric hindrance), intra-
molecular 7 interactions have also to compete with other strong
intermolecular interactions to show a syn conformation in 1,2-dia-
rylethanes. A careful consideration of these factors may help in
designing new 1,2-diarylethanes capable of existing in the syn
conformation in the solid state. In our view, this study is the first in
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Table 1 Important CH---7 interaction data obtained from X-ray crystallographic studies on 5b,5f, 5i and 8a

Distance between

Compound Distance between C(19)H & C16A

Distance between C(19) Distance between
and C16 (C(18)H &

Distance between centroids of phenyl
ring of phthalazinone/quinazolinone/

C(19)H & C16 ’
phthalimide & C(19) (C(18) in 5f)/A

(C(18)H & C16 in 5f/A

no. C(19) & C16A/A (C(18)H & C16A in 5f/A C16 in 5f)/A
5h 4.106 3.168 3.992

5f 4.240 3.379 4.073

5i 3.720 2.852 3.64

8a 3.579 2.985 3.611

3.049 4.563
3.248 4.387
2.945 4.201
3.274 3.602

the literature where a systematic study for the ability of arene inter-
actions to control the conformation both in solution and solid state
together with the dramatic substituents effect on the solid state
conformation has been demonstrated. Interestingly, 4-SMe, 4-OMe
and 6-SO,Me groups were also tolerated in symmetrical propylenel
Leonard compounds for showing folded conformation in the solid
state. This work together with our earlier work on propylenel Leonard
and butylidene linkers for 1,3-diaryl-propanes, opens a new window
for conformation control in flexible 1,2-diaryethanes. In addition, the
worthiness of the PP core as a novel system for studying arene
interactions, both in solution and solid state, is demonstrated once
again. Above all the conformational control due to different common
substituents of organic/medicinal chemistry, in the solid state is
demonstrated which is very important from molecular recognition
and crystal engineering angles. These models may provide an
important experimental basis for further development of computa-
tional/theoretical models for a better understanding of arene inter-
actions in flexible compounds both at the molecular and
supramolecular level.
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Abstract: Interactions involving arene moieties are ubiquitous in nature and play an important role in
variety of processes such as molecular recognition, crystal engineering, drug-receptor interactions, drug
development etc. Understanding the nature of this weak but important noncovalent interaction will not
only help us to get an insight of working of bio-macromolecules like DNA and proteins, but also help us
to understand functioning of drug molecules inside the body since a majority of drug molecules contain
one or another arene moiety. In addition to these it will also help in the development of new technologies
such as organic semiconducting materials. One major problem in the understanding of these weak
interactions is that these are easily overwhelmed by the presence of other much stronger interactions such
as classical hydrogen bonding (involving two hetero atoms) etc. which makes it very difficult to decipher
their exact contribution. Therefore, to overcome this problem several molecular models have been
developed in the literature where these interactions can be studied in simpler and more controlled
environment usually in the absence of stronger noncovalent interactions. The purpose of this review is to
present the reader an overview of arene interactions and to focus on the different strategies used to
develop new models for studying arene interactions especially the uni-molecular flexible models. Proper
understanding of these interaction should be of immense value to chemist, medicinal chemist, biologist
and supramolecular chemist and to all those interested in interface areas of chemistry and biology.

1. Introduction

electrons are shared by these atoms.
Atoms and molecules can interact together Covalent bonds are shorter than 2 A. In case
leading to the formation of another of noncovalent interactions no such sharing
molecule, by covalent interactions, or a of electrons takes place and these
molecular  cluster, by  noncovalent interactions act at distances of several
interactions. A covalent bond is formed angstroms. Noncovalent interactions were
when partially occupied orbitals of the first recognized by J. D. van der Waals in

interacting atoms overlap and a pair of
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the nineteenth century (1). Since then it has
now been recognized that noncovalent
interactions are involved in a vast number of
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phenomena related to the whole realm of
molecular and macromolecular science such
as molecular recognition, drug receptor
interactions, solvent effect in reactions and
the ability of geckos to climb rapidly up
smooth vertical surfaces, even flat glass (2).
Weak noncovalent interactions like stacking
interactions  (arene/  arene-arene/ mw—x
interactions) unlike their conventional
counterparts (e.g. classical hydrogen
bonding which are well characterized) or
other un-conventional counterparts where H
is attached to C atom instead of N/O or S
atoms, are not well understood. Due to their
weak nature they are usually difficult to
observe in presence of stronger forces such
as classical hydrogen bonding (involving
two hetero atoms like O/N/S) and thus they
are difficult to study both theoretically and
experimentally (2,3). These forces often
work together and their collective effect
brings a profound change in molecular
structure (conformation) as well as in
supramolecular structure. In nature, where
functions of bio-macromolecules like
proteins, enzymes, DNA, etc., which are
directly related to their structure, these weak
forces play a very important role since easy
formation as well as easy decomposition of
molecular structures are required. These
forces are sensitive to the environmental
conditions and a slight change of conditions
like temperature, pH etc., can bring about a
significant change in conformation and
hence function.

Interactions involving two or more aromatic
residues are known as m—m interactions.
These are among the most important but
least understood of the noncovalent
interactions. These interactions, though
modest in energy, play a crucial role in such
diverse areas as protein folding, base-to-base
stacking in DNA/RNA, host-guest binding
in  supramolecular assemblies, crystal
engineering, drug-receptor interactions and

other molecular recognition processes. Since
the seminal paper of Hunter on m—n
interactions in 1990 (4) this area has seen
increased activity and several reviews and
books have appeared in the literature (5)
which have highlighted different aspects of
arene interactions. Recent studies have
provided new insight into the driving forces,
stability and selectivity of these interactions
(6). The purpose of this review is to present
a general overview of m—x interactions, its
importance in biological and non-biological
processes and to focus on the different
strategies used to develop new models for
studying arene interactions. The main
emphasis is, however, on the uni-molecular
(molecular) systems especially, where solid
state structures are also known by X-ray
crystallography, since bimolecular systems
have been generally well covered in earlier
reviews by Hunter (5h) and others (5d, 5f).
C—H...m interactions involving at least one
arene system will also be not discussed here
as excellent reviews are available on this
relatively well developed theme (5k, 5I).
Main  advantages of  uni-molecular
(molecular)  systems are  convenient
synthesis, '"H NMR and crystallographic
studies. Another important advantage is that
these models can be studied both at
molecular and supramolecular level with
ease. For example if linker between two
arenes is positioned at proper place resulting
system may be studied at molecular level by
'H NMR spectroscopy. If a good crystal is
available same study could easily be
extended to  supramolecular level.
Intramolecular folding indicated by *H
NMR spectroscopy, if strong, may show up
in solid state by X-ray crystallography.
Such two studies together on any system
give formidable information about arene
interactions compared to any other
methodology. Once a good model is
developed it can be easily applied to variety
of other arene residues and substituents
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effect. Intramolecular arene interactions are
especially important for understanding of
DNA/RNA structures and protein folding.
Once they are understood in depth it should
be possible to apply them for drug
development where they are essentially
intermolecular.

2. The nature and geometry of arene—
arene interaction.

The attraction between two aromatic
residues present in the same or different
molecules is known as arene-arene
interaction or m—m interaction. The 7n—n
interactions are weak in strength with the
energy ranging from 0-50 kJ/mol (7). There
are four types of m—r interaction geometries,
face-to-face, edge-to-face, parallel displaced
and Y-shaped (Figure 1) (4, 5b, 5¢). Typical
centroid to centroid distance for two
interacting arenes in intermolecular mode is
more than 3.6 A (5h, and 5i). Another
criterion of minimum distance for parallel
offset arene interaction is that it is 0.4 A
longer than the sum of van der Waals radii
of involved atoms (5f). Edge-to-face and
parallel-displaced geometries are the most
common geometries found in structural
chemistry (8). Computational studies on
benzene dimer showed that the edge-to-face
and parallel-displaced geometries are nearly
iso-energetic with binding energy of about 2
kcal/mol (9a, 9b). Face-to-face stacked
geometry is commonly observed with
donor-acceptor  pairs. The  benzene-
perfluorobenzene interaction is an excellent
example of this type of aromatic interaction
and has been calculated to provide -15.5
kJ/mol stability (9c). In addition, there are
also continuums of intermediate geometries
(10a-c). Different computational techniques
used for studying non-covalent interactions,
including =m—m interactions have been
reviewed recently (9d).

There are four basic packing types for
aromatic compounds reported in literature
(Figure 2) (11). In simple herringbone
structure, the nearest neighbours are non
parallel. In sandwich-herringbone packing,
the herringbone motif is made up of
sandwich-like diads. In the third type, called
B, the main interactions are between parallel
translated molecules. The fourth type, called
v is characterised by ‘graphitic’ planes.

The nature of arene—arene interaction is still
not well understood (5g, 8). Arene
interactions have been proposed to consist of
van der Waals, hydrophobic and
electrostatic forces, however, contribution
and magnitude of each of these components
may vary from case to case and is a matter
of many investigations. Hunter and Sanders
(1990) proposed an electrostatic model to
explain the strong geometrical requirements
for interactions between aromatic molecules
(4). They considered the o-framework and
the m-electrons separately and demonstrated
that net favorable n—m interactions are
actually the result of o—m attractions that
overcome m—repulsions. By using an
idealized m—system, some general rules for
predicting the geometry of favorable n—n
interactions were derived. The electrostatic
component has been proposed to arise from
the interactions of the quadrupole moments
of the aromatic rings. Though, benzene has
no net dipole, it has an unequal distribution
of charge, with greater electron-density on
above and below the faces of the ring and
reduced electron-density on the edge, which
gives rise to the quadrupole moment. The
edge-to-face and parallel-displaced
geometries are stabilized due to electrostatic
o-n attraction while the face-to-face
geometry is destabilized due to w-m
repulsion (Figure 3). Generally, electron
withdrawing groups in aromatic rings
reinforce while electron donating groups
weaken m—m interactions. Presence of
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heteroatom in aromatic ring also reinforces
the n—r interactions.

For example, highly accurate quantum
chemical computations revealed that
benzene—pyridine and pyridine dimer bind
more strongly than the benzene dimer in
several configurations, and in contrast to the
benzene dimer, parallel-displaced
configurations can be significantly preferred
over T-shaped configurations (12).

Recently, it has been found from the survey
of crystallographic data stored in Cambridge
Crystallographic Database that the stacking
interactions in crystals of simple aromatic
hydrocarbons become important only for
molecules with more than three rings (13).
Whereas for crystals of nitrogen substituted
heterocyclic aromatic molecule, the stacking
interactions become important for doubly
substituted single ring molecules itself.
Generally speaking, the stacking is
reinforced with the increasing number of
nitrogen in the ring (13a, 13b). Substitution
of the hydrogen atom of an aromatic
hydrocarbon by an electron withdrawing
atom like F, Cl etc. or an electron
withdrawing group like NO, reinforces the
stacking interactions (13a). In a recent
article (2011) however, such view of
substituents effect on stacking interactions
has been challenged by Wheeler (6).
According to him the substituents effect can
be better described as arising from local,
direct interactions of the substituent with the
proximal vertex of the other ring. Thus
substituent effects in stacking interactions
are additive, regardless of whether the
substituents are on the same or opposite
rings. Moreover, according to him,
substituents effect are also insensitive to the
introduction of heteroatom on distant parts
of either stacked ring. Apparently all this
refers to intermolecular interactions.

3. Importance of arene-arene interactions

3.1 Arene-arene interactions in biological
systems

Arene—arene interactions are ubiquitous in
nature. They are believed to provide stability
to duplex DNA (14), they have been
proposed to contribute to the unique
properties of thermophilic proteins (15),
they may play a role in aggregation of
amyloid B in Alzheimer’s disease (16), and
they are common motifs in bio-molecular
recognition.

3.1.1 Stabilization of DNA structure

DNA is a polynucleotide. The nucleotides of
DNA are made from purine or pyrimidine
rings (aromatic nitrogenous bases). Within
the DNA molecule, the aromatic rings are
lying nearly perpendicular to the length of
the DNA strand (Figure 4). The faces of
these rings are arranged parallel to each
other with the distance of 3.4 A (B-DNA),
allowing the two adjacent bases to
participate in m—m interaction. Though a n—n
interaction is much weaker than a covalent
bond, the sum of all n—r interactions within
the double-stranded DNA molecule creates a
large net stabilizing energy (17).

3.1.2 Protein folding

Protein folding is a process by which a
polypeptide folds into its characteristic and
functional 3D-structure to from a random
coil. The m—m interactions, in addition to
hydrogen bond play important role in
protein folding. Burley and Petsko through a
X-ray crystallographic study involving 34
high-resolution protein structures, analyzed
the frequency of aromatic pairs and their
interaction geometry (distance and dihedral
angle) and concluded that around 60 % of
aromatic side chains of phenylalanine,
tyrosine, and tryptophan were involved in
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arene interactions (18). Aromatic rings
separated by distances ranging from 4.5 to 7
A and dihedral angles near 90° were found
to be the most common. Pair-wise non
bonded potential energy calculations
indicated that 54 % of the aromatic
interactions are attractive by 1-2 kcal/ mol.
McGaughey, et al. extended the analysis to a
larger sample of proteins and suggested that
the parallel-displaced geometry was a
preferred orientation (19). Remarkably, none
of these two studies described the face-to-
face geometry.

In another study of a larger database of 52
proteins, Hunter, et al. examined the
orientational preferences of phenylalanine
side chains in proteins using
crystallographically derived atomic
coordinates (20). They observed that these
interacting pairs are found in a wide range of
T-shaped (edge-to-face) and parallel-
displaced (offset-stacked) arrangements, but
they are scattered over a wide variety of
conformational space with no strongly
preferred single orientation.

Aromatic-aromatic  interactions  between
phenylalanine side chains in peptides have
been probed by the structure determination
in crystals of three peptides: Boc-Val-Ala-
Phe-Aib- Val-Ala-Phe-Aib-OMe, (1); Boc-
Val-Ala-Phe-Aib-Val-Ala-Phe-Aib-Val-Ala-
Phe-Aib-OMe, (I1); Boc-Aib-Ala-Phe-Aib-
Phe-Ala-Val-Aib-OMe, (111) (21). X-ray
diffraction studies reveal that all three
peptides adopt helical conformations in the
solid state with the Phe side chains
projecting outward. Inter-helix association
in the crystals is promoted by Phe-Phe
interactions. A total of 15 unique aromatic
pairs have been characterized in the three
independent crystal structures. The distances
between the centroids of aromatic pair
ranges from 5.11 to 6.86 A, while the
distance of closest approach of ring carbon

atoms ranges from 3.27 to 4.59 A. T-shaped
and parallel-displaced arrangements of
aromatic pairs were observed, in addition to
several examples of inclined arrangements.

Aromatic m—m interactions not only
determine biological structures but also
modulate the physical properties of residues
at enzyme active sites. In Cull-containing
redox metalloproteins, the stacking of a
Cull-coordinated His imidazole with a Phe
side chain in the second coordination sphere
affects the properties of the imidazole ring,
such as its pKa value, the reduction potential
Em of the metal center, and the electron-
transfer (ET) properties of the protein (22).
Intramolecular stacking between a phenyl
ring and the pyridine ring of a nicotinamide
derivative increases the basicity of the
pyridine N atom by about 0.5 pKa units
(23).

Amyloids are extracellular or intracellular
proteinaceous deposits exhibiting cross f-
sheet structure. The amyloid formation leads
to several neurodegenerative diseases like
Alzheimer’s disease, Parkinson’s disease
etc. The mechanism of amyloid formation is
not fully understood. Analyses of a variety
of short functional fragments from unrelated
amyloid-forming proteins, a remarkable
occurrence of aromatic residues was
observed. The finding of aromatic residues
in a diverse fragment raised the possibility
that 7—mr interactions might play a significant
role in the molecular recognition and self-
assembly processes that lead to amyloid
formation (16).

The X-ray structure of a 12-mer peptide
having polypeptide sequence
KFFEAAAKKFFE revealed that the
polypeptides formed anti-parallel B-sheets in
a cross-p arrangement. The anti-parallel B-
sheets were zipped together by means of n—n
interactions between adjacent phenylalanine
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rings and salt-bridges between charge pairs
(glutamic acid-lysine), thus controlling and
stabilizing the structure (Figure 5). These
interactions are likely to be important in the
formation and stability of other amyloid
fibrils (24a). Bradford et al. in 2008 reported
amyloid-like  behavior of amphiphilic
foldamers in aqueous solution (24b). These
amphiphilic foldamers exhibited spectral
characteristics consistent with folding in the
pleated, stacked geometry characteristic of
foldamers.

3.2 Arene-arene interactions in structure
based drug design

The drug design based on knowledge of the
three dimensional structure of the biological
target (receptor) obtained through methods
such as X-ray crystallography or NMR
spectroscopy is known as structure-based
drug design (or direct drug design). Most of
the drugs produce their effect only after
binding with its receptor. Most of the
receptors are proteins but sometimes it may
be a nucleic acid (particularly DNA). A drug
generally, binds to its receptor through non-
covalent interactions. The n—r interaction, in
addition to H-bonding, is one of the most
important non-covalent interactions
involved in binding of drug with receptor as
majority of the drugs are aromatic and the
concentration of aromatic amino acid
residue is particularly high in the cavity of
receptor. Thus, proper understanding of n—n
interaction is needed for structure based
drug design (5a, 5g). Aricept (E2020, 1) is a
drug developed to treat symptoms of
Alzheimer's disease. The X-ray
crystallographic analysis of the complex of
Aricept (E2020) with the enzyme acetyl
cholinesterase revealed n—m, OH...w, and
cation—-n interactions as major forces that
stabilize the association (Figure 6) (25).

DNA is a target for drug design to prevent
cell replication. The n—n interaction plays a
pivotal role in intercalation of drugs into
DNA. The intercalation prevents DNA
replication by inhibiting topoisomerase
enzyme. The DNA intercalators contain
aromatic residue which intercalate between
DNA base pairs and the intercalator-DNA
complex is stabilized by m—m interaction
between aromatic residue of intercalator and
nitrogenous bases of DNA. For example,
daunomycin (2, Figure 7) is a
chemotherapeutic of anthracycline family
which has been used since 40 years for the
treatment of specific type of leukemia (acute
myeloid leukemia and acute lymphocytic
leukemia). Structural study showed that it
bound to the DNA preferentially via
intercalation between GC base pairs in
triplet sequences composed of two adjacent
GC and CG followed by AT base pairs
(Figure 7) (26a). DFT calculation showed
that the complex gained 2/3 of its overall
stability from =n-m stacking interactions

(26b).

The anti cancer drug 1843U89 (3) binds the
active site of thymidylatesynthase and
inhibits the transformation of dUMP to
dTMP which is essential for the production
of DNA. X-Ray structure of ternary
complex revealed that the drug interacted
with active site and dUMP through n—=n
interactions (Figure 8) (27).

3.3 Arene-arene interactions in organic
synthesis

Arene interactions can play a significant role
in organic synthesis (28). These interactions
have been proposed to influence the yield
and/or selectivity of different reaction types:
intra- and intermolecular photochemical
reactions (29), allylic oxidations (30),
ruthenium-catalyzed transfer hydrogenations
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(31), titanium-catalyzed oxidations of
sulfides (32) and others (33).

Asymmetric di-hydroxylation of styrene (4)
with optically active diamine (5) gave
corresponding R diol (6) in 83% vyield and
96% ee (Figure 9) (34). The reason for
enantioselectivity ~was  favorable m—m
interaction between the substrate and
naphthyl group; exposing the si face to
hydroxylation and shielding the re face for
the attack.

Mclntosh et al. found that the benzylation of
naphthyl cyclohexane (8) gave
corresponding benzylated (9) product with
>98% de. The de was attributed to the m—=n
interactions which in turn established an
anti-gauche orientation for the enolate
dianion (Figure 10) (35).

Metal free Friedel-Crafts alkylation of
substituted pyrrole (10) with
cinnamaldehyde (11) in the presence of
imidazolidinone catalyst (12) gave alkylated
product 13 (Figure 11) in 97% ee. It was
suggested that m-shielding of the
cinnamaldehyde derived iminium ion (14)
contributed to facial selectivity (36).

The exo/endo ratio in epoxidation of
compound 15 (Figure 12) was significantly
affected by the nature of the substituent
present in phenyl ring. The proportion of
endo product (17) increased with the
increasing electron withdrawing tendency of
the substituent. This result was rationalized
by considering that the transition state (18)
for endo product was stabilized by n—=n
interaction between phenyl ring of m-CPBA
and substrate, and the stability of the
transition state (18) was further enhanced by
increasing electron withdrawing substituents
(37).

In asymmetric allylation of aromatic and
heteroaromatic aldehydes (19) reaction rates

were enhanced and enantioselectivity were
observed for electron-deficient
benzaldehydes, in comparison to phenyl or
electron-donor-substituted aldehydes, when
performing  the  reaction with a
methoxynaphthalene bearing isoquinoline
N-oxide catalyst, 21 (38). This suggests for a
role of arene—arene interactions between the
reacting aldehyde and the catalyst.
Additionally, the loss of selectivity when
exchanging the solvent from
dichloromethane to acetonitrile supports the
role of aromatic interactions in the
transformation.  Enantioselectivity — was
further enhanced using an electron-rich
trimethoxyphenyl N-oxide catalyst (Figure
13a).

Arene-arene interactions have also been
proposed to influence the stereo chemical
outcome in the synthesis of aromatic
propargylamines (27, Figure 13b) (39). A
chiral Cul complex with a pyridine
bis(oxazoline) ligand (26) was found to
catalyze the reaction of aromatic aldehydes
(23) with amines (24) and alkynes (25) to
give propargylamines with high yield and
enantio-selectivity. In  the  postulated
transition state, the ligand complexes the
substrate in a manner which enables two
edge-to-face and one aromatic stacking
interaction, thus blocking one face from the
attack of the copper acetylide.

4. Models used for studying arene-arene
interactions.

Due to the weak nature of aromatic
interactions it is very difficult to study these
types of interactions both experimentally
and theoretically. In biological systems
where other stronger interactions like
classical hydrogen bonding coexists with
these weak interactions it is not possible to
study the role played by these interactions.
Thus, small molecule model systems have
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been developed to study arene-arene
interactions in simpler and more controlled
environments. This has been documented in
several reviews (5a, 40). The model systems
are classified as either bi-molecular or uni-
molecular systems, where the arene
interactions are inter- or intramolecular.

4.1 Bimolecular model systems.

In these models, in order to study
interactions involving two aromatic rings, a
variety of structures have been designed
such as cyclophanes (40, 41), molecular
clefts (42), molecular tweezers (43-47),
molecular clips (48) etc. which acts as hosts
to different aromatic guests. In addition to
these structures simple spacers have also
been used connecting two aromatic residues
to act as molecular tweezers for complexing
aromatic chromophores. For example
bisfunctional derivatives 28 (Figure 14)
with an acetylenic linker based on caffeine
(or 7-methyl theophylline)  showed an
increase in association constant relative to
simple caffeine derivatives when complexed
with planar aromatic guests such as 2,6-
dihydroxy-benzoate and 1,3-dihydroxy-2-
naphthoate (43).

These model systems have proven to be
useful method of investigating the nature
and significance of aromatic interactions as
molecular recognition elements in biological
and non-biological systems. As stated earlier
such models (bimolecular) are well covered
in Hunter’s (5d) and other reviews (5e, 5h)
and will not be discussed further. It is
mentioned here due to its historical
importance and features like flexibility in
linker and a bicyclic arene core which is
related to purine/theophylline or caffeine
molecules of  significant  biological
importance and many uni-molecular models
which are discussed in next section are
based on such arenes.

4.2 Uni-molecular/molecular model
systems.

These models have both the interacting
arene residues in the same molecule. These
systems can, in principle, provide better
control over the arene—arene geometry and
can be studied in a wide range of solvent
environment. Survey of the literature shows
that various type of molecular models with
varying degree of flexibility have been
developed for the study of intramolecular n—
7 interactions. In this review we have tried
to classify them on the basis of number of
atoms between the arene moieties.

4.2.1 Models in which the two arene
moieties are separated by three atom
propylene linker.

The trimethylene linker and other linkers
related to it in which the two arene moieties
are separated by three atoms are perhaps the
most common linkers used in the study of
arene interactions. Here in this section and
its subsection we try to present some
examples from the literature where this
linker is used as such or modified to suit the
study of intramolecular n—r interactions. We
have not strictly restricted ourselves to
trimethylene linkers only as in some of these
studies other linkers (e.g. ethylene, butylene
etc.) are also used for the sake of
completeness of the studies.

4.2.1.1 Fully flexible models in which the
two arene moieties are separated by three
atoms.

4.2.1.1.1 Leonard/propylene linker models.

One of the earliest attempts to study
intramolecular arene-arene interactions in a
systematic way was reported by Browne et
al. in 1968. Browne et al. pioneered the use
of polymethylene linker, especially a
trimethylene linker for studying stacking
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interactions among nucleic acid bases. (29,
Figure 15) (49a). One of the major
advantages of using flexible models based
on polymethylene linker is that flexible
systems can relax into the optimum
geometry for aromatic m—n interaction and
therefore provide a better opportunity to
characterize the geometrical preferences
caused by these interactions.

Nucleic acid bases containing purines and
pyrimidines are stacked one above the other
in nucleic acids with a distance of about 3.4
A between adjacent bases. The use of
trimethylene linker is based on the fact that
it gives a desired distance of around 3.4 A if
two aromatic systems are stacked when
connected by it. This linker at the same time
does not dictate stacking, as in the absence
of stacking interactions the molecule may
remain open. They synthesized a series of
twelve di-nucleotide analogs in which the
bases are connected by a trimethylene chain,
B-(CH,)3;-B’, where B and B’ are 9-
substituted adenine or guanine or 1-
substituted cytosine, thymine or uracil
residues (Figure 16). These compounds
were studied optically at concentrations low
enough to  preclude formation of
intermolecular complexes so that the
perturbations associated with the 1:1
interaction of a pair of bases could be
characterized, namely by UV spectra in
aqueous solution at room temperature and
by emission spectra in 1:1 ethylene-glycol-
water glass in the vicinity of 77° K. In the
series of B-(CH)s-B' the order of interaction
in neutral aqueous solution is purine-purine
> purine-pyrimidine > pyrimidine-
pyrimidine as judged by hypochromism
(decrease in integrated UV absorption
intensity of B-C,-B’ compared with
equimolar B-(CH2),-CH3; and B’-(CH,).-
CHs;). The length of polymethylene chain
was also changed to C; and Ce. In a series of
9,9'-polymethylene-bis(adenines) the order

of interaction deduced from hypochromism
and emission studies was n = 3 > 2 & 6.
Reduced interaction at n = 2 reflected the
impossibility of this molecule assuming
folded, parallel-plane conformation which
would allow maximal interaction as in Ad-
Cs-Ad. An entropy effect was probably
responsible for decreased interaction in the n
= 6 compound relative to n = 3 (49a). The
orientation effect studies were done by
Leonard and Ito by synthesizing six different
trimethylene-bis(adenine) isomers having
different positions of attachment to the
terminal adenines and therefore having
differently oriented ring- axis permissible in
their stacked conformations, in order to
determine stacking interactions between two
parallel adenine rings oriented at different
axis angles toward each other (Figure 17)
(49b). The percent hypochromism ‘H’ for
the long wavelength UV absorption band for
each of these compounds has been
determined by comparison of the UV
spectrum of trimethylene-bis-adenine in
aqueous solution with the composite
spectrum of the two half molecules, the
appropriate propyl-adenines. The ‘% H’
follows a dependence upon the folded
conformations available to the individual
trimethylene-bis(adenines). Later on,
Leonard (1979) reviewed such work on
trimethylene  bridged  flexible  diaryl
compounds showing stacking interactions in
solution, however, no X-ray structure of any
compound with one trimethylene linker was
mentioned (49c).

4.2.1.1.2 Miscellaneous trimethylene linker
models.

Bis(theophyllin-8-yl)propane (33, Figure
18) is normally considered as the first
trimethylene linker compound to show
intramolecular folding in solid state though
with extensive hydrogen bonding (50). Here
it is important to mention that this
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compound belongs to biologically important
xanthine class which is well known for face-
to-face intermolecular interaction in solid by
X-ray crystallography (51). It is important to
mention that arene residue of this compound
is similar to one mentioned in bimolecular
model 28.

Bis-thymine (34, Figure 18) is another
compound which shows intramolecular
folding in solid by X-ray structure though
again with extensive H-bonding (52).
Compound 35 (Figure 18) shows
intramolecular interactions by UV studies
(53), however, 35 (Figure 18) and its
methyl iodide salt failed to show any
intramolecular folding when studied by X-
ray crystallography (54, 55). Avasthi et al.
reported X-ray crystal structure of 1,3-bis(8-
chlorotheophyllin-7-yl)propane (36) which
is closely related to 33, as far as arene core
and linker are concerned, but does not have
ionizable protons, without any
intramolecular folding (Figure 19) (56).
Moreover, 36 has no disorder in the
propylene linker unlike 33 which has
disorder in its linker. It is important to
mention that in compounds 32, 34 and 36
the propylene linker is between two N atoms
while in 33 it is positioned between two C
atoms and in 35 it is between one N and one
C atom.

It is interesting to mention that finally, after
about 30 years of Browne’s study,
compound 32 (Figure 20) was shown to
have a folded conformation in solid state by
X-ray crystallography (57).

4.2.1.1.3 Propylene/Leonard linker models
based on pyrazolo[3,4-d]pyrimidine core.

Since 1995, research group at CDRI,
Lucknow has been working on pyrazolo[3,4-
d]pyrimidine (PP) core based poly-
methylene, especially trimethylene linker
compounds, in a systematic way, for

investigating the conformation directing role
of arene—arene interactions. PP system (37),
which is isomeric with biologically
important purine system (38) of DNA, the
best known example of stacking interaction,
was selected due to our experience in its
chemistry and ease of handling (different
activity of two methanesulfanyl groups,
solubility, crystallization, isolation and
characterization of isomeric products etc.)
(58a-d). The first question we asked if PP
core based trimethylene linker compound
(39) can show intramolecular folding due to
intramolecular m—x interaction in solution by
'H NMR and second if yes, is it strong
enough to survive in solid state? Thus, in
1995 we reported, for the first time, the use
of PP ring system (37) which is isomeric
with biologically significant purine (38)
system for studying aromatic w-m
interaction. All the three expected isomeric
dimers (39-41, Figure 21) were easily
isolated by column chromatography and
characterized (59a). Formation of three
isomeric  compounds  raised  another
important question of the effect of position
of linker on intramolecular n—n interaction.
Interestingly, only one compound (39)
formed in about 50 % showed unusual up-
field shift for 6-methanesulfanyl protons in
its 'H NMR indicating intramolecular
folding (59a). The most important feature of
these new fully flexible models is that they
do not have any strong ionizing groups such
as OH, NH, NH;, SH etc., capable of
forming classical H-bonding. This strategy
was devised so that contribution of weaker
arene—arene interactions towards
conformation control, if any, could be
determined without interference of stronger
conventional H-bonding.

This unusual folding was indeed due to
intramolecular m—m interaction was easily
confirmed by X-ray crystallographic studies
(59b). The X-ray crystal structure revealed
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that 39 was folded at the centre of the
trimethylene bridge to form an unusual U-
motif and the two PP rings were nearly
planar with an angle between the least-
squares planes of 13.2° (ORTEP diagram
shown in Figure 22) (59b). The centroids of
two partially overlapping six member
pyrimidine rings are represented as X1A and
X1B and the distance between two centroids
X1A and X1B is 3.71 A which confirms that
the two aromatic moieties are stacked due to
intramolecular n—r interaction. The distance
between two N atoms bearing linker is 3.28
A which is much less than 4.9 A seen in
fully extended theophylline trimethylene
linker compound (36). Vogtle refers to
singly linked molecules that adopt n—stacked
conformations as ‘“protophanes’” (59c).

Robustness of the unusual U-motif formed
due to intramolecular stacking in 39 was
further confirmed in over a dozen
compounds having various substituents at 4
and 6 positions (60). For instance,
intramolecular stacking between the two
pyrazolo[3,4-d]pyrimidine moieties remain
intact when 4-methylsulfanyl groups are
replaced by bulky isopropxy groups (42, Fig
23), thus showing tolerance for bulkiness of
the substituents (60c).

Surprisingly, the symmetrical cyano
compound (43) is devoid of intramolecular
n—m  interactions and shows open
conformation (Figure 24) (60f). This is
surprising because literature studies indicate
that electron withdrawing substituents
increase the propensity of intramolecular
stacking interactions, however, more work is
needed before any conclusion can be drawn.

Surprisingly, positional isomer 40 isolated
as co-product with 39, did not show
intramolecular stacking either by *H NMR
data analysis in solution (59), or by X-ray
crystallography (Figure 25) in solid (61).

Thus, indicating that proper positioning of
the trimethylene linker to achieve proper
orientation of two involved arenes was
crucial and mere presence of a trimethylene
linker between two arene systems is not
enough to show intramolecular stacking.
Careful examination of structure of 40
revealed presence of weak intramolecular
CH...N interaction (61).

Avasthi et al. later on reported synthesis
(62) and X-ray structures of 45 (63) derived
from 39 via intermediate 44 (Figure 26).
Proton NMR data analysis of this compound
like earlier compound 39 indicated
intramolecular stacking (62). Formation of
the unusual U-motif due to intramolecular
stacking was also confirmed by X-ray
crystallography.

Significance of trimethylene linker for
facilitating intramolecular stacking, from
crystal engineering point of view was further
highlighted by the fact that 46, a higher
homolog of 45, did not show any
intramolecular stacking by 'H NMR data
analysis (64) and in fact an extended
conformation was observed by X-ray
crystallography (Figure 27).

To probe the generality of PP core to study
arene interactions, studies were undertaken
on dissymmetric PP  core based
polymethylene linker compounds. Thus,
compound 47 showed folded conformation
in solution as well as in solid state due to n—
7 interaction while its positional isomer 48
was open in solution (65).

Since use of the propylene linker for
studying intramolecular stacking
interactions between nucleic acid bases was
pioneered by Leonard in 1968 and our
success in utilizing it successfully in many
compounds with PP system has prompted us
to propose the name Leonard linker for
propylene linker in 2005 (60c). Importance
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of the propylene linker compounds
containing 4 bonds between two N atoms of
bases can be easily appreciated by realizing
that two adjacent bases in DNA with a
noncovalent separation of about 3.4 A
involves 11 bonds of covalent linker
(involving sugar and phosphate).

Recently, 'H NMR, CD and X-ray
crystallographic study on related PP core
based polymethylene compounds (49-50,
Figure 29) has been reported by another
research group. These compounds were
folded in solution by 'H NMR and CD
studies, however, X-ray crystallography of
one propylene linker compound, 49a
showed an open conformation (Figure 41)
(66). Interestingly, reasons for the absence
of intramolecular stacking in 49a were not
discussed. It is important to mention that
compound 49a does not have two
methanesulfanyl groups at 6-position present
in our PP based compound 39 (Figure 21).

Key data of some important compounds in
folded/open conformation are shown in
Table 1. This also gives an idea as how
conformation changes in response to
different substituents. The first compound
36 is based on purine system, which is
isomeric with PP system, and is used as
reference compound as it is in open
conformation and shows maximum distance
between two N atoms bearing propylene
linker. The Table 1 has three propylene
linker compounds based on PP core of
which two are symmetrical and one is
dissymmetrical. Important thing about these
three compounds is the fact that distance
between two N atoms connecting linker is <
4 A which is much less than 4.91 A of
reference compound 36.

Perusal of data in Table 1 reveals interesting
findings which are listed below.

1. Intramolecular distance between two
centroids of six member pyrimidine
rings of folded compounds (39, 42, 45
Ia&rjd 47) varies in the range of 3.69-4.10

2. The distance between two N atoms
bearing propylene linker in folded
compounds (39, 42, 45 and 47) varies in
narrow range of 3.24-350 A as
compared to 4.91 A in fully
extended/open compound 36.

3. The angle between the least square
planes of arenes in folded compounds
(39, 42, 45 and 47) is fairly constant
(11.62-14.99).

4. The angle at central C of propylene
linker also remains fairly constant in
both folded and open compounds
indicating absence of any strain due to
7—T interaction.

5. The dramatic effect of the position of
linker is demonstrated by unique pair of
two isomeric compounds (39 and 40),
symmetrical 39 is folded while
dissymmetrical 40 is open.

6. Dramatic effect due to displacement of
two methanesulfanyl groups at 4-
position in folded 39 by cyano groups
results in the formation of new
compound 43 which is open due to
absence  of intramolecular  arene
interaction. Interestingly, both
compounds (39 and 43) are folded in
solution by *H NMR analysis.

7. Finally, all folded compounds show
similar conformation in other words
unusual U-motif described earlier is
quite robust.

4.2.1.1.4 Butylidene linker model with three
atoms in linker.

In this section, now for the sake of
continuity with our PP core based propylene
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linker work, we will describe our work on
butylidene linker. Main similarity between
these two linkers is that both have three
atoms in linker. This linker also like
propylene  linker does not dictate
intramolecular  folding/stacking, thus in
absence of intramolecular arene interaction
molecule may remain in  extended
conformation. During the course of our
earlier work it was realized that in many
cases propylene linker compounds with
different arene systems (e.g. purine)
showing intramolecular folding by *H NMR
in solution failed to give X-ray diffraction
quality crystals. This forced us to look for
another linker closely related to propylene
linker and butylidene linker appeared to be a
reasonable choice. Enforcing rigidity by
putting one extra methylene unit at the
central carbon of propylene linker reduces
overall flexibility of butylidene linker. This
decrease in total number of conformations
(as compared to the fully flexible propylene
linker) will  hopefully facilitate the
crystallization process. Thus, the first
compound synthesized with butylidene
linker was butylidene linker analog (51,
Figure 30) of the first propylene linker
dimer (39) of PP. The solid state
conformation of the new butylidene linker
compound 50 shows that important features
such as orientation and distances between
the two rings are quite comparable with that
of compound 39 (67). Most significant
feature of this linker is the demonstration of
folded conformation for isomeric purine
butylidene linker compound (52). Our earlier
efforts in isolating corresponding purine
compound with propylene linker were not
successful (68).

In conclusion, the scope of PP core for
studying arene interactions in flexible linker
compounds has been considerably increased
by providing an alternative for truly flexible

propylene linker with less mobile butylidene
linker.

4.2.1.1.5 Itahara model.

Similar polymethylene linkers have been
utilized by Itahara to investigate stacking
interactions  between  various  purine,
pyrimidine and xanthine bases in solution by
'H NMR. Some of the systems (53-57,
Figure 31) studied by Itahara are shown
below (69, 70, 71). The N°-methylation was
found to increase the population of
intermolecular aggregates in the buffer
solution at pD 7.0 and had an additive effect
on aggregation which was interpreted due to
hydrophobic effect of the N°®-methy! groups.
The aggregation of 53a and 53b (Figure 31)
was found to depend on the length of the
polymethylene chains (71). A relationship
between the chemical shifts of adenine and
xanthine ring protons of 7-[-(6-aminopurin-
9-yl)alkyl]-1,3-dimethylxanthines (56) and
the number of carbons (n = 2-10) in their
polymethylene chains has been compared
with that of 1-[-(6-aminopurin-9-yl)alkyl]-
3,7-dimethylxanthines (57) in the buffer
solutions at pD 7.0, 1.0 and 13.0 and in
organic solvents. The relationship of 56 is
clearly distinct from that of 57. The
concentration dependence and the effects of
temperature on the chemical shifts of 56 and
57 have also been investigated. While the
upfield shifts of the ring protons of 56 and
57 in the buffer solutions at pD 7.0 and 13.0
are explained in terms of stacking
interactions between adenine and xanthine
rings.

4.2.1.1.6 Gellman model.

Hydrophobic effect has a significant
influence on aromatic interactions since
water molecules prefer to interact among
themselves rather than with aromatic
surfaces. Newcomb and Gellman carried out
a series of experiments to investigate this
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effect for two covalently tethered aromatic
groups. A comparison of the stacking
tendencies of phenyl, naphthyl and
heterocyclic (adenine) rings in aqueous
solution was carried out using 'H NMR
spectroscopy to study the conformational
properties of carboxylate derivatives 58-65
(Figure 32) (72). The results are most
consistent with the alignment of partial
positive and negative charges on
neighboring groups as the main force
influencing the stacking interactions.

Naphthyl units connected by a flexible
linker were prepared to further probe
hydrophobic collapse. The three atom linker
previously used forced a near parallel
arrangement, but the four atom linker in 64
allowed different approaches of the aromatic
moieties. An X-ray crystal structure of 64
showed an edge-to-face arrangement of the
naphthyl rings and ‘H NMR experiments
showed that the naphthyl rings are in close
proximity in aqueous solution. The chemical
shift differences between 64 and 65 in
benzene were very similar to those in water,
which suggests that the hydrophobic effect
have little influence on the folding of this
molecule. An excellent review has appeared
recently, where along with this some other
models are discussed in detail (72c).

4.2.1.1.7 Kollman model.

To understand the driving forces of aromatic
stacking interactions in water, Pang et al.
(1999) performed conformational searches,
molecular dynamics simulations, potential
of mean force (PMF) and free energy
perturbation (FEP) calculations, syntheses
and 'H NMR studies on sodium 2,2-
bis(indol-1-yl-methyl)acetate (66) (73). The
conformational searches on 66 revealed that
the isobutyric acid linker allowed the
molecule to adopt the tilted T-shaped
stacked, off-center stacked, face-to-face

stacked, and non-stacked conformations in a
vacuum (Figure 33). The PMF and FEP
calculations suggested that the most
thermodynamically stable conformers in
water were the tilted T-shaped stacked and
non-stacked conformers. The *H NMR result
of 65 in D,O and DMSO-dg at 22 °C
revealed that both the tilted T-shaped
stacked and nonstacked conformers were
populated in D,O and DMSO-d.
Furthermore, population of the tilted T-
shaped stacked conformation was greater in
D,O than in DMSO-ds. These results,
therefore, suggested that the hydrophobic
effect played an important role in the
stacking interaction of 66 in water. In this
study it was concluded that indole was not a
good system for studying intramolecular
arene interaction.

4.2.1.2 Semi-rigid models in which the two
arene moieties are separated by three atoms.

In addition to these flexible three carbon
(C3) linkers other models having semi rigid
scaffolds have been developed to study
interactions involving aromatic rings in
which the flexibility of linker has been
curtailed which significantly decreases the
total number of conformational structures
thereby facilitating the two aromatic units to
stay close to each other for a longer period
of time. In this context, two models have
been discussed i.e., the cyclohexane model
and the butylidene model. The cyclohexane
model developed by Williams et al., has the
trimethylene linker unit as a part of the
cyclohexane ring.

42.1.2.1 Williams model based on
cyclohexyl scaffold.

Williams et al. undertook a computational
study of the substituted cis-1,3-
diphenylcyclohexanes (67a-c) (Figure 34)
to suggest novel experimental models for the
investigation of arene—arene interactions
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(74). Energy minima were located for
diaxial conformers (a) in which aryl rings
are coplanar and n—stacked and (b) in which
aryl rings adopt an edge-to-face or
intermediate conformation. The average
distance (centre to centre) of 4.4 A, outside
the van der Waals contact distance of 3.4 A
and the minimum inter-ring distance of 3.5
A was obtained for all diaxial conformers
considered in this study. In all cases the
results (a) showed good agreement with
literature data on related experiments and (b)
demonstrated the dominance of arene-arene
electrostatic contributions to conformational
energy over the negligible orbital mixing
and charge transfer interactions.

4.2.1.3 Rigid models in which the two arene
moieties are separated by three atoms of
naphthyl scaffold.

In addition to these flexible and semi rigid
scaffolds, some rigid scaffolds have also
been developed to study interactions
involving aromatic rings in which the
trimethylene linker is a part of a rigid
structure such as an aromatic ring. The
following two model illustrates this point.

4.2.1.3.1 Cozzi model with mono cyclic
arenes.

Cozzi et al. in 1992 developed 1,8-diaryl
naphthalene based model 68 (Figure 35a)
for studying the nature of arene-arene
interaction (75a). Semi-empirical calculation
showed that the phenyl rings were
perpendicular to naphthalene. At room
temperature all the compounds showed
distinct signals in *H NMR for o/o’, m/m’
which was consistent with the restricted
rotation of the phenyl groups. From the line
shape analysis using different temperature
NMR technique the barrier to rotation for
the phenyl ring was determined. Barrier to
rotation was found to increase with the
increasing electron withdrawing tendency of

the substituents. From this study they
concluded that the nature of arene—arene
interaction between two phenyl rings was
electrostatic type and not charge-transfer
type. The main drawback of this model was
that the distance between point of
attachment of two phenyl rings to
naphthalene system was quite small (2.8 A)
that due to steric effect they have no option
but to adopt a stacked conformation. To
overcome this draw back the same group
after 16 years synthesized 1,8-diaryl
biphenylenes (69 and 70) in which the
distance between two aryl rings was in the
range of the distance required for arene
interaction (Figure 35b). Barrier to rotation
was found to increase with the increasing
electron withdrawing tendency of the
substituents in 69 while opposite result was
found in 70 (75b).

4.2.1.3.2 Tumambac model bi- and tricyclic
arenes.

Tumambac and Wolf have reported the
preparation of highly congested 1,8-
diacridylnaphthalene 71 for metal-ion-
selective and enantioselective sensing using
fluorescence spectroscopy (76). As a
consequence of the bulkiness of the co-facial
acridyl moieties, no sign of rotation about
the chiral acridylnaphthalene axis of 71, i.e.,
syn/anti-interconversion, has been observed
even at very high temperature. Incorporation
of significantly smaller substituents such as
pyridyl or quinolyl rings into the peri-
positions of naphthalene affords
diheteroarylnaphthalenes 72 exhibiting a
wide range of conformational stability.

4.2.2 Models in which the two arene
moieties are separated by flexible linker of
four atoms.

Chloroquine is a well known drug for
treatment of malaria and its mode of action
involves binding to the nucleic acids. It is
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believed that arene interaction between the
aromatic system of chloroquine and the
nucleotide bases plays an important role in
this process. Several models involving
quinoline nucleus for studying stacking
interactions between the aminoquinoline
ring of the antimalarial chloroquine and the
purine bases have been synthesized by Bolte
et al. (77) in which the quinoline linked to
the purine base (adenine and guanine) by a
trimethylene chain (Fig 37, 73-77). It is
reported in these studies that adenine and
guanine exhibit equal affinity for the
quinoline nucleus as reflected by very close
hypochromism values observed for the two
models at all temperatures studied. In
another study Bolte et al. showed that when
chloro is removed (74) or is substituted by
bromo (75) the stacking propensity with the
purine base decreases (77d). This indicates
towards the special role of chloro
substituent.  Nucleic acid base thymine
linked by a trimethylene chain have been
shown to interact with proflavine face-to-
face in dilute aqueous solution (Fig. 37, 78)
(78). PUVA therapy, a photochemotherapy
employing psoralen and UVA, has been
used for a long time in the treatment of a
number of skin disorders, such as psoriases,
vitiligo, mycosis  fungoides,  chronic
leukemia, and so on. In this, formation of an
intercalated complex between psoralens and
DNA is an important step, which markedly
affects the successive covalent photobinding
to the macromolecule. In order to investigate
these processes, some of synthetic models
related to DNA-intercalating molecules were
prepared. Decout et al. prepared a series of
psoralen-O-(CH;)s-adenine (79, Figure 38)
and 8-methoxy-psoralenadenine (80, Figure
38) and showed that polymethylene bridges
allow intramolecular ring-ring stacking
between the two aromatic units (79). The
model 75 showed the highest value of
hypochromism indicating most efficient
ring-ring stacking between the two aromatic

units linked by four atoms. Compound 80b
showed much stronger fluorescence than all
other compounds 80a, 80c-d indicating that
the complexes adopt different preferred
geometries according to chain length. No X-
ray crystallographic studies were reported
on these compounds.

4.2.3 Models in which the two arene
moieties are separated by semi rigid linker
having six/seven atoms.

4.2.3.1 Model based on triptycene.

Gung et al. prepared a series of triptycene-
derived compounds for studying arene—
arene interactions in the parallel-displaced
orientation (Figure 39a and 39b) (80a).
Here the two interacting arene moieties are
essentially separated by six atoms of which
three atoms are part of a special tetracyclic
scaffold (triptycene) which brings the
interacting arene moieties close to each
other facilitating the arene interaction. The
extent of arene-arene interaction was
determined by measuring syn/anti ratio
using low temperature *H NMR study. This
study revealed that the interactions between
the arenes bearing electron—-donating groups
(EDG) 81 (Figure 39a) were either
negligible or slightly repulsive, while the
interactions  between arenes  bearing
electron-withdrawing groups (EWG) were
attractive. Intermediate free energy values
were obtained for those compounds bearing
arenes with one EDG and one EWG. For
studying the stacking interactions between a
benzene ring and a heterocyclic ring
(pyridine or pyrimidine) Gung et al. used a
series of similar triptycene-derived scaffolds
82 (Figure 39b) (80b).

Compared to the corresponding control
compounds where a benzene ring was in the
position of the heterocycle, higher attractive
interactions were observed as indicated by
the higher syn/anti ratios. The greatest
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attractive  interactions were  observed
between a pyrimidine ring and N,N-
dimethylamino-benzene, consistent with a
predominant donor—acceptor interaction.

4.2.3.2 Molecular balance model.

Carroll et al. developed molecular balance
83-85 (Figure 40) to study the face-to-face
arene—arene interactions (81). In this model
the two arene moieties are -effectively
separated by seven atoms. These seven
atoms are part of a special scaffold which
allows limited flexibility to the interacting
arene moieties and thus allowing them to
interact more favorably. Thus arene
interactions could be observed for benzenoid
compounds which normally are known to
exist in open conformation in fully flexible
polymethylene linkers (82). The balance
adopted distinct folded and unfolded
conformations due to restricted rotation
about a Caryi-Nimice bond. Molecular
modeling studies predicted that the benzene
ring of the phenyl ether arm was perfectly
positioned in the folded-conformer to form
an effective offset face-to-face interaction
with the arene shelf and the phenyl ether
arm could not adopt an edge-to-face
geometry in the folded-conformer because it
was held too closely. The strength of the
face-to-face n—n interaction was assessed by
measuring the ratio of folded to unfolded
conformers by 'H NMR. The measured
folded/unfolded ratios of balances 83-85 in
CDClI; showed a strong correlation between
the size of the arene shelf, which is
consistent with the presence of an arene—
arene interaction. Balances 83 and 84 with
the arene of larger surface area displayed
higher  degrees of  folding  with
folded/unfolded ratios of 0.56 and 0.42
respectively. The smaller benzene shelf of
balance 85 is too small to form m—nx
interactions with the phenyl arm and thus

had a significantly lower folded/unfolded
ratio of 0.11.

4.2.3.3 Model based on pyrene with flexible
linkers of more than seven atoms.

Zachariasse et al. reported synthesis of a
large  series  of  a,m-bis(2-pyrenyl-
carboxy)alkanes (86a-p, Figure 41) (83).
Here, the two interacting arene moieties are
separated by seven or more atoms. These
atoms form a part of a flexible chain.
Evidence for intramolecular pyrene dimers
was obtained by '"H NMR spectra showing
shielding of all the aromatic protons with
respect to model; 2-substituted pyrene. The
dimers (86g-p, Figure 41) showed a
symmetrical sandwich structure, whereas,
the dimers (86a-f, Figure 41) attributed
geometry in which the pyrenyl moieties
were shifted along their long axis.
Intramolecular aromatic n—m stacking was
also reported in closely related compound,
87 (Figure 41) (84).

4.2.3.4 Model based on electron donor-—
acceptor concept with flexible linker of
seven atoms

Herrandon et al. investigated intramolecular
interactions between different aromatic
groups in a series of di-esters consisting of
two aromatic groups linked by a 2-methyl-
1,3-propanedioxy spacer by *H NMR study
(Figure 42) (85). This spacer permitted U-
shaped conformations which placed the two
terminal aromatic groups close together,
parallel in a face-to-face arrangement. For
the symmetrical di-esters 88 and 89 neither
the chemical shifts of the aromatic group
protons nor the vicinal coupling constants
measured in the spacer provided any
evidence for a high fraction of U-shaped
conformers. In both the cases, the
conformational distribution of the spacer
was similar to that found for 93, indicating
that the planar aromatic groups in 88 and 89
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experienced no significant mutual attractive
interactions.

In contrast, substantial up-field shifts were
observed in the resonance frequencies of all
aromatic protons in the anthracenyl and 3,5-
dinitrophenyl groups of the unsymmetrical
di-ester 90 relative to those for the aromatic
protons of the respective monoesters 91, 92
and symmetrical di-esters 88 and 89.
Analysis of the temperature dependence of
the wvicinal coupling constants indicated
highly populated gauche states of the two
central C-C bonds of the spacer chain,
consistent with a total fraction of U-shaped
conformers of about 80% at ambient
temperature. From the analysis of NOE
experiments dinitrophenyl ring in 90 was
found to be centered almost directly above
the central ring of the anthracenyl group
with a distance of 3.1 A between the central
point of the dinitrophenyl ring and the
anthracenyl plane, and an angle of about 20°
between the para axes of the two aromatic
groups. The stabilization of the U-shaped
conformers in 90 was rationalized in terms
of quadrupole interactions between the two
aromatic groups. The quadrupole moments
associated with the two aromatic groups in
90 had opposite sign, resulting in a
significant attractive interaction when the
groups were oriented face-to-face. For the
symmetrical di-esters (88 and 89) the
interacting aromatic groups had identical
quadrupole moments and the interaction was
repulsive in the face-to-face arrangement.

4.2.3.5 Chong model.

Recently, Chong et al. developed a
molecular balance for studying face-to-face
arene—arene interactions in solution and
solid state (Figure 43) (86). The balance had
a large central 1,4,5,8-naphthalene diimide
surface that formed intramolecular arene-
arene interactions with two pendent arms.

The molecular balance could exist in syn
and anti forms. In syn form only one arm
was involved in stacking with one surface of
1,4,5,8-naphthalene diimide while in anti
form both the arms were involved. Syn and
anti forms were not readily inter-convertible
in solution and their concentration can be
determined by *H NMR. Thus, anti/syn ratio
was taken as a criterion for measuring the
strength of arene-arene interactions.
Anti/syn ratio was found to increase with the
increasing surface area of Ar-group,
indicating that the strength of arene-arene
interactions increased with the increasing
surface area of the interacting aromatic
groups.

4.2.4 Ethylene linker models.

After demonstrating the potential of PP core
in propylene and butylidene linker models
we decided to apply PP system to ethylene
linker and to check if system is good enough
to show syn conformation in ethylene linker
models. In very recent communication, we
showed that weak arene interactions are
capable of controlling conformation even in
dissymmetrical 1,2-diarylethanes in which
one arene residue is based on PP core, both
in solution and in the solid state. Thus, first
ethylene linker compound (98) was prepared
by the reaction of 1-bromoethyl-4,6-
dimethylsulfanyl-pyrazolo[3,4-d]pyrimidine
with  commercial phthalazinone. The
compound, 98 was isolated as only product
and no O-alkylated product was obtained.
'H NMR of the compound, 98 showed
intramolecular folding which was also
confirmed by X-ray crystallography (Figure
44) (87). It is important to mention that
except presence of intramolecular m—n
interaction there is no other intramolecular
interaction like CH...t or S...arene
interaction. The distance between centroids
of two six member rings is 4.28 A which is
slightly more than uppermost value of the
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range (3.71-4.10 A, Table 1) seen in
propylene linker models. Furthermore, the
distance between two N atoms bearing
linker is 2.95 A which is less than sum of
the van der Waals radii of two involved N
atoms.

5. Conclusion and future developments:

Present review gives an account of what has
been done in the area of development of
molecular models for better understanding
of arene interaction during last two decades,
highlighting again that nature of the arene
interaction is indeed quite complex. The
major problem is that of transferability i.e.
understanding gained from one model
cannot be easily applied to new model.
While solution studies on different
conformations  (e.g. folded/open) by
spectroscopic  techniques give lot of
information from molecular recognition
point of view, solid state studies on different
conformations (e.g. folded/open) give
precise geometry and is important not only
from molecular recognition point of view
but must for crystal engineering point of
view. Even though large amount of research
has been done on arene interaction in last
two decades our ability to use them
effectively in a predictable way in a new
situation remains unsatisfactory. Predictable
use of arene interactions is highly desirable
for molecular recognition, crystal
engineering, drug-development and protein
folding studies. Current limitations in
understanding of arene interactions clearly
shows that much more research needs to be
done in future for their fruitful utilization in
times to come. Development of more
unbiased molecular models looks to be one
promising area for future research. Size and
electronic effects of different substituents on

intramolecular  interactions has  both
expected and un-expected outcome. When a
substituent is not involved in strong
intermolecular interaction its effect on
intramolecular conformation is easy to
predict, however, in other situations when
substituent can get involved in strong
intermolecular interactions, its effect on
intramolecular conformation due to arene
interaction becomes unpredictable. Since
1,2-diphenylethane, 1,3-diphenylpropane
and 1,4-diphenylbutane are open in the solid
state, in our opinion, the phenyl moiety is
not a good system for studying
intramolecular arene interactions in such
unbiased flexible models (87). Similarly,
models based on semi-rigid and rigid
scaffolds may give somewhat biased
information as compared to fully flexible
propylene linker models. Comparison of the
results on same arene core with propylene,
butylidene and ethylene linker models, as
exemplified in this review with PP core,
may give valuable insights for better
understanding of subtle effects of different
substituents on the arene interactions. Our
work with unbiased linkers also opens new
avenue for conformational control due to
arene interactions in flexible compounds
having two heterocycles (same/different).
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Figure 8. Arene—arene Interaction between dUMP and the anticancer drug 1843U89 bound at
the active site of thymidylate Synthase (27)

Sh

Figure 9. Enatioselective dihydroxylation of styrene (34)
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Figure 10. Diestereoselective benzylation (35)

Pyt
O’ L_{r‘\/’ @‘\?_)—-'”*‘
\ THF- H,O H
“/\:\0 14

Figure 11. Enantioselective metal free Friedel-Crafts alkylation of substituted pyrrole (36)
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Figure 12. Stereoselective epoxidation (37)
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Figure 13. (a) allylation of aromatic aldehydes with chiral pyridine- type N-oxides (38)
(b) for the three-component synthesis of propargylamines (39)

(CH2 nC=C—C=C(CHy), (0]

28
|

Figure 14. Whitlock’s molecular tweezers (43)

Ar .........
A /\/\Ar' . <

29 Arl .........

3.4 A

Open conformation Closed conformation

Where Ar and Ar’ are 9-substituted adenine or guanine or 1-substituted cytosine, thymine or
uracil residues

Figure 15. Browne et al. model
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Figure 16. Dinucleotide analogs connected by polymethylene/trimethylene linker

NH, NH: HN—(CH,)5~NH HoN NH,
AN N~ N
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2/3 " N)I NH5 N X \>
NE\I ? &N/ > (CHy) NH,
NN \(CH2)3_< ) EANY j\/l\
g

31d

Figure 17. Dimers of adenine linked through different positions to study orientation effect on

stacking.
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Figure 18. Different trimethylene linker compounds in the literature.
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Figure 19. ORTEP diagram of 36 showing open conformation (56)

Figure 20. ORTEP diagram of 32 (57)
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H 38 i
37 39.R Me, n=3
SR SR
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Figure 21. Pyrazolo[3,4-d]pyrimidine based trimethylene linker compounds

Figure 22.

Figure 23. ORTEP diagram of 42 (at 30% probability level) with atomic labeling scheme (60c)
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44: R =H, n=3
45: R = Me, n=3
46: R = Me, n=4

Figure 26. Pyrazolo[3,4-d]pyrimidone compounds derived from 39
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Figure 27. Displacement ellipsoid plot (50% probability), showing the molecular structure of 46
with the atomic labeling scheme (64)
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Figure 29. 4-Methylsulfany-lpyrazolo[3,4-d]pyrimidine based ethylene and propylene linker
compounds (66).
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Table 1. Important geometrical data obtained from X-ray crystallographic studies of propylene
linker compounds based on pyrazolo[3,4-d]pyrimidine and isomeric purine systems.

Compound | Distance Intramolecular Angle Angle at Folded | Reference
No. between n-7 stacking between | central C or

two N distance between | the least | of open

atoms two centroids of | square propylene

connecting | pyrimidine ring | planes (°) | linker (°)

linker (&) | (A)
36 491 8.60 78.51 112.3 Open 56
39 3.28 3.71 13.2 114.11 Folded | 59
40 3.96 7.29 9.3 114.87 Open 61
42 3.24 3.69 14.99 114.43 Folded | 60c
43 3.88 8.51 0.36 115.02 Open 60f
45 3.35 3.77 12.48 115.16 Folded | 63
47 3.50 4.10 11.62 114.87 Folded | 65
49a 3.69 8.32 3.78 115.60 Open 66

51
%Me
A,

e
A3 1
P
MeS™ N M-

(=)

She
Va 1.,%N
N N-:;L\SME

NS

X

M

Meas

|
M
S

M._.

(b)

=Me

Y
&
J'L_jw ”l‘m’;"“snne

Figure 30. (a) Pyrazolo[3,4-d]pyrimidine based butylidene linker compound, 51;
(b) Purine based butylidene linker compound 52 (67)
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Oy T O le
NT N (CHZ)n/N ! CHy NT Nenpy” CHa
56 57

Figure 31. Polymethylene linker compounds of purine and xanthine bases used by Itahara
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Figure 32. Compounds used to probe intramolecular aromatic interactions in water (72)
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Figure 33. Conformations of 66 identified from the conformational search (73)

i7a: R =H. X.Y = p-(H. NO,, NH,. etc.}
0Th: E=H. X.%W = m- (H. N, MH,, etc.)
0Tc: E=Me XY =p-(H. N0, NH;, etc¢.)

Figure 34. Cyclohexyl based models

X =H, Me, OMe, CI, NO,, COOMe

Figure 35a. Substituted 1,8-diarylnaphthalenes (75a)
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X=Cl, H,OMe

Figure. 35b. Substituted 1,8-diarylbiphenylene (75b)

T2: R = Me, i-Pr, Ph

Figure 36. Naphthyl based model having bi- and tricyclic arenes (76)
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H,N l N l N
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Figure 37. (a) Polymethylene linked quinoline compound (77) (b) polymethylene linked
proflavine compounds (78)

/ =
N
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N (@]
“(CHy)3
79
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Figure 38. Polymethylene linked psoralen compounds (79)
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Rato of synfent = 16:9 where X =CF,, ¥ =H0,
synfanti=1:3 where X =Y = Me

Figure 39a. Triptycene based models for studying arene interaction between (a) benzenoid
systems, 81 (80a); (b) between benezenoid and heterocycles 82 (80b)

e

Figure 40. Carroll et al. model (81)

HO-< (/P\ ~OH
o~ (CHZ)n\ B ?
' [ OH
OH N~ (CH2ey

(e T
86a-f : n=3-8 l

86g-p: n = 9-16, 22, 32 87

Figure 41. Polymethylene linked pyrenyl compounds (83, 84)
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Figure 42. 2-Methyl-1,3-propanedioxy spacer based diesters and monoesters (85)

Ar A
A b 4
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P, B P P
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Figure 43. Chong et al. molecular balance for studying face-to-face arene—arene interactions

(86)

Figure 44. Pyrazolo[3,4-d]pyrimidine based dissymmetric ethylene linker compound 98 (87)
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