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1.1 ADENOSINE  AND ADENOSINE RECEPTORS 
1.1.1 ADENOSINE 

Adenosine belongs to the group of nucleosides, consisting of an adenine molecule 

connected with a ribose. Adenosine and its analogues play a vital role in a variety of 

biochemical processes, like energy transfer in the body via adenosine triphosphate (ATP), 

signal transduction via cyclic adenosine mono phosphate (cAMP) or as a neurotransmitter. 

Adenine is a building block in DNA, as it readily forms complexes via hydrogen bonding 

with thymine. Since DNA of living organisms can be compared with a blue print code for cell 

expression and protein formation, adenines and its analogues are highly important in 

biochemical processes.  

 

 
    

Year over year adenosine and its derivatives have been associated with biological reactions. 

Since Drury and Szent-György reported the action of adenosine compounds on mammalian 

heart in the early 1920’s, it is well known that adenosine influences circulation, respiration 

and gastrointestinal motility.1 Later, important roles of adenosine were reported in brain 

tissue. Exposure to adenosine was found to increase accumulation of adenosine 3',5'-cyclic 

monophosphate (cAMP) in brain slices.2 This effect was also observed after electrical 

stimulation. Both processes were blocked by methylxanthines. The presence of 

methylxanthine-sensitive adenosine receptors on nerve and glial cells from several species 

was widely established. Later it was  found that adenosine was able to block the release of 

neurotransmitters like dopamine, acetylcholine, serotonin and noradrenalin, indicative for an 

important regulatory role for adenosine.   
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Under normal conditions there is continuous generation of adenosine both intracellularly 

and extracellularly. The intracellular production is mediated either by a 5'-nucleotidase, that 

dephosphorylates AMP, or by hydrolysis of S-adenosyl-homocysteine. Intracellular generated 

adenosine can be transported into the extracellular space via specific bidirectional transporters 

that efficiently control the intra- and extracellular levels of adenosine. In striatum, stimulation 

of dopamine D1 receptors is found to enhance the NMDA (N-methyl d-aspartate) receptor-

dependent increase of extracellular adenosine levels via ion channels. Adenosine can be 

converted into AMP through phosphorylation by adenosine kinase or degraded to inosine by 

adenosine deaminase. The normal levels of adenosine in rodent and cat brain have been 

determined by different techniques and have been estimated to be ca 30-300 nM. 

 

1.1.2 ADENOSINE RECEPTORS 
In 1980 it was found that different adenosine derivatives were able to either increase or 

decrease the concentration of intracellular cAMP, which indicated a mechanism via different 

receptors. The receptors that inhibited the cAMP generating adenylyl cyclase were initially 

classified as A1 receptors and those that stimulated adenylyl cyclase as A2 receptors. Up to 

this moment four distinct adenosine receptors have been identified: A1, A2A, A2B, and A3.  

Adenosine receptors are present in a broad variety of tissues. The four subtypes however, 

do not have equal tissue distribution. In this way, adenosine is proposed as a homeostatic 

modulator with a global rather than a specific role. In general, each class of adenosine 

receptors demonstrates high overall homology for the same receptor subtype in different 

species (82-93%). Only the A3 subtype has less homology between different species (rat-

human 74%). Within species the different adenosine subtypes also share relatively high 

homology. As result of that, it is a challenge to design and develop subtype selective ligands. 

Since various therapeutic options have been linked to specific adenosine receptor subtype 

manipulations, research focuses on finding adenosine derivatives with high affinity and 

selectivity for only one of the receptor subtypes.  Therapeutically A1 and A2A receptors are 

correlated with heart action and oxygen regulation, while in the brain these receptors play a 

pivotal role in neurotransmitter release like dopamine.3 Well known example of the wide 

application of adenosine receptors is the use of the endogenous agonist adenosine in hospitals 

as treatment for severe tachycardia4 (rapid heartbeat), directly slowing down the heart beat 
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through action on all four adenosine receptors in heart tissue, as well as producing a sedative 

effect through action on A1 and A2A receptors in the brain. 5 The A2B, A3 are located mainly 

peripherally and are involved in processes such as inflammation and immune responses 

(asthma) or cell signalling pathways (axon elongation, human melanoma cells). 
 

 
1.2.1 ADENOSINE RECEPTOR (ANT-)AGONISTS 

As described above, adenosine is the endogenous ligand for the adenosine receptors. It acts 

as a general activator of adenosine receptors, which is by definition called an agonist. For 

many years, derivatives have been synthesised to mimic the activating action of adenosine 

with similar structures. This research produced a variety of compounds with different affinity, 

agonistic potency and subtype selectivity, useful for various therapeutic applications. 

Compounds that have a sub maximal response after complexing with the receptor are called 

partial agonists. In special cases such a sub maximal response may be beneficial e.g. for a 

subtle efficacy versus side effect balance. 

Alternatively, blockade of adenosine receptors can be achieved with compounds that bind 

to the receptor, but cannot activate it. These antagonists are important for regulating 

adenosine mediated cell processes and can also have very promising therapeutic value. 

It has been shown that three of four adenosine receptors can be blocked by naturally occurring 

methylxanthines. From cohort studies with methylxanthines and caffeine it became clear  that 

caffeine is correlated to a lower risk of developing Parkinson’s disease.6 Biological 

interactions with the A2A receptor may be responsible for these findings while dopamine 

release is triggered.7   As a result of those studies, more evidence was found that subtype 

selective antagonists need to be developed to decrease side effects during treatments.  

 

1.2.2 LIGAND BINDING ON A2A RECEPTORS 

Developing new selective molecular structures to complex with the receptor requires 

knowledge about the receptor properties. Year over year, molecular models have been 

proposed for rat and human A2A receptors to describe its properties and mechanism of action8. 

It is generally accepted that A2A receptors consist of seven trans membrane polypeptide 

alpha-helices, forming a hydrophilic cavity in the cell and a hydrophobic receptor surface 

(Figure 1.1). The region of ligand binding is focused around transmembrane domains TM5-
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TM7. In rat and human A2A receptors two histidines were found to be crucial for ligand 

binding. The fact that one histidine (His278) at TM7 is located in the putative ribose-binding 

region suggests that this residue may also be involved in the retention of the receptor 

conformation. The hydroxy group of a serine (Ser277) was thought to be essential for high 

affinity binding of the agonist, but not for antagonists. A probably existing disulfide bridge 

between Cys166 and a cysteine near the N-terminus of TM3 is important for attaching the E2-

(extracellular)-loop in physical proximity to the ligand binding regions. Within these loop 

other residues may be contributing too for both agonist and antagonist binding.  

 
 
Figure 1.1 Model of the A2A receptor. The critical regions and residues possibly involved 

in ligand binding are indicated.  

 

For a long time, these model predictions were setup in analogy with the other adenosine 

receptors, using model compounds and model calculations on affinity data. Often the model 

predictions did not result in the anticipated A2A receptor affinity, as will follow from the 

biological evaluation of compounds in this thesis too. Recently, the exact structure of the 

adenosine A2A receptor was determined via crystallisation of the protein in complex with a 
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high affinity antagonist.9 Surprisingly, that revealed that the antagonist was twisted 

perpendicular  in contrast to what was envisaged for years. The extracellular loops (four 

disulfide bridges in the extracellular domain) and the helical cores showed distinct changes 

from the other GPCR’s.  

 

 

 
 

Figure 1.2 Crystal structure of A2A receptor. 9 A. Showing transmembrane helices I - VIII 

(brown), the four extracellular disulfide bonds (yellow), antagonist ZM241385 (light blue) and 

intracellular loops. B. Idem, rotated 180° around the x-axis.  

 

It is suggested that the restriction of the movement of a tryptophan residue, important in the 

activation of these class A receptors is key in the efficacy of adenosine A2A receptor 

modulation. Revealing the change of (putative) position of the binding pockets, stimulated 

research towards generating new compounds, in depth study of (allosteric)10 modulators and 

other processes related to the receptor.11 The effect of this structural information resulted in 
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new insights and perspectives and had large implications for drug screening and structure-

based drug design.12 

 

1.2.3 THERAPEUTIC POTENTIAL OF A2A RECEPTOR ANTAGONISTS 

A2A antagonists were studied for a wide set of possible therapeutic applications. For example: 

for neuroprotection, sleeping disorders, analgesia13, anti inflammatory effects, anti depressant 

effects and cognitive effects. Most important application of adenosine receptor antagonists 

may be found in locomotor disorders such as Parkinson’s disease, and will be discussed in 

this thesis.  

 
 
NEUROPROTECTIVE  EFFECTS 
Endogenous adenosine plays an important role in protecting tissues from damage when 

subjected to increased metabolic demand and reduced energy levels14. Adenosine 

concentration in brain rapidly increases when patients suffer from ischemia or other forms of 

hypoxia. Acute treatment of patients with A2A receptor antagonists resulted in significant 

protection of hippocampal neurons and can be of therapeutic value for the treatment of brain 

injuries.15 It was found that A1 receptor activation in combination with A2A receptor 

antagonists presynaptically reduces the excessive amino acid release through inhibition of 

Ca2+ influx and release of K+  by opening K+ ion channels. It is suggested that A2A receptor 

antagonists  via such pathways can prevent neuronal damage and cell death in the central 

nervous system.16 

 
 
ANTIDEPRESSANT EFFECTS 

In animal models, some adenosine analogues have been shown to produce depressant 

effects which may be related to human depressive disorders17. Adenosine receptor antagonists 

have shown to reverse this effect.18 It was found that A2A receptor antagonists reduce the 

immobility time of mice in the tail suspension test and forced swim test.  In the tail 

suspension test19 anti psychotics and anxiolytics increase immobility time, whereas A2A 

receptor antagonists decrease it. 
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PSYCHIATRIC DISORDERS 

There is currently a major interest in the ability of A2A receptors to control synaptic plasticity 

at glutamatergic synapses. This makes A2A receptors a particularly attractive target to manage 

psychiatric disorders since adenosine may act as go-between glutamate and dopamine, two of 

the key players in mood processing.20 

 
MOTOR DYSFUNCTION, PARKINSON’S DISEASE 
Many studies describe a decrease of  locomotor activity, when adenosine and its agonistic 

derivatives, are targeted to A2 receptors. Actual reduction of motor activity is observed after 

stimulation of the A1 or the A2A receptor.  

 

As A2A receptors are co localised with dopamine D2 receptors, adenosine and dopamine tend 

to influence each other’s functions.  Stimulation of the A2A receptor in the basal ganglia 

decreases affinity of D2 dopamine agonists for the D2 dopamine receptor.  Therefore 

adenosine agonists have the same overall effect as dopamine antagonists. On the other hand, 

this implicates a potential role for adenosine antagonists reversing this effect.  Indeed, while 

A2A receptor agonists dose dependently suppressed basal locomotor activity, A2A receptor 

blocking with selective antagonists increased locomotor activity. While many of the potential 

drugs for treatment of Parkinson's disease have shown benefit in the treatment of the resulting 

movement disorders, an advantage of adenosine A2A antagonist therapy was envisaged that its 

putative neuroprotective effects might beneficially influence the underlying 

neurodegenerative disorder.21  

In clinical trials, the (non selective) adenosine antagonist theophylline (a dimethylxanthine, 

naturally occurring in tea and cocoa) showed significant improvements in Parkinson patients. 

In this respect also the most consumed, also non selective, adenosine antagonist, caffeine 

should be mentioned.6 As for other methylxanthines most of its central effects, seem to be 

related to its adenosine receptor blocking effect22. A relation was described between coffee 

intake and genetic coding, via genetically scanning of over 4000 patients with Parkinson’s 

disease and mapping it with their caffeine intake. They identified a gene called GRIN2A that 

appeared to protect people who drink coffee from developing Parkinson's disease, which may 

help identifying and selection of patients for future therapy, as about 25 percent of the 

population seem to have the variant that boosts the protective effect of coffee. 
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1.3 PARKINSON’S DISEASE AND ADENOSINE ANTAGONISTS  

A full description of the symptoms of Parkinson's disease was first published in 1817 by 

James Parkinson.23 By the end of the 19th century, the clinical features of Parkinson's disease 

had been defined, but its etiology or pathology was still not understood. Since 1919, it was 

recognised that the substantia nigra was the affected region of the brain. It was not until 1925 

that it became widely accepted that the rigidity and tremor, characteristic of Parkinson's 

disease, were due to a loss of inhibition in the pathway that uses the axon cells of the 

substantia nigra which end primarily in the striatum (Figure 1.2).The loss of inhibition is 

caused by depletion of dopamine in the basal ganglia. 

 

 

Figure 1.2 Brain regions affected by Parkinson’s disease. 

 

 Degeneration of dopaminergic nigrostriatal neurons of the basal ganglia and progressive 

loss of dopamine producing cells cause a decrease in dopamine production. Absence of 

dopamine results in changes in the expression of mRNA encoding neuropeptides. This creates 

an increase in activity of the indirect output pathway and a decrease in activity of the direct 
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output pathway from the basal ganglia. The balance between these two output pathways is 

important for smooth and well-coordinated movement. It is thought that the imbalance in the 

activity of the two output pathways, as a result of dopamine depletion, is the neuronal cause 

of motor dysfunction in Parkinson’s disease symptoms (involuntary shaking, slow movement, 

stiffened muscle tone, and impaired balance). A controversy still exists about the reasons 

whether Parkinson’s disease is caused by genetic or environmental factors, a virus24 or 

otherwise.  

 

The genetic claim is that there is a mutation on the alpha-synnuclein protein which may 

play a role in the disease25. Studies show that a mutation in PINK1 (PTEN-Induced Kinase 1) 

plays an important role in the hereditary early onset of Parkinson’s disease. Mutations in the 

PINK1 gene cause PARK6 familial Parkinsonism. Cell culture studies suggest that PINK1 is 

mitochondrially located and may exert a protective effect on the cell that is altered by the 

mutations, resulting in increased susceptibility to cellular stress. This study provides a direct 

molecular link between mitochondria and the pathogenesis of Parkinson’s disease.26 Other 

studies suggest that, in addition, PINK1 interacts with other signaling proteins implicated in 

Parkinson’s disease pathogenesis and mitochondrial dysfunction.27 Strong relations between 

PINK1 and parkin genes and mitochondrial damage are recently confirmed, leading to 

Parkinson’s disease over time.28, 29 

Another theory is, that exposure to environmental toxins may be the key player. The 

pesticides paraquat and rotenone can induce Parkinson-like symptoms in animal models, and 

are known to injure mitochondria.30  A chemical resemblance of some pesticides and 

herbicides with the proneurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) has 

been suggested.31 MPTP, which structure is shown in Scheme 1.1, is commonly used to 

induce dopamine depletion in mice models resulting in Parkinson’s disease. In the brain, 

MPTP is then converted to 1-methyl-4-phenylpyridine (MPP) by the enzyme monoamine 

oxidase B.  



Introduction 

 19 

 

Scheme 1.1 Transformation of MPTP to neurotoxin MPP+ by the enzyme Mono Amino 

Oxidase B 

 

MPP+ is produced by the catabolic machinery in substantia nigra cells. MPP+ can cause 

cellular death by disrupting mitochondrial metabolism. Moreover, MPP+ can induce lipid 

membrane destruction by the formation of free radicals. Free radicals are also formed by 

monoamine oxidase B during dopamine catabolism. Normally there are large concentrations 

of protective enzymes, such as superoxide dismutase and glutathione peroxidase, and free 

radical scavengers which neutralize these effects. In Parkinson's patients however, there is a 

reduced concentration of glutathione peroxidase, the enzyme responsible for cell protection 

against oxidative damage by reducing the levels of hydrogen peroxide and therefore 

decreasing the production of very reactive hydroxyl radicals. Other "protectors" are also 

reduced along with the aging process and consequently, more neurons die and the chance of 

acquiring the physical symptoms of Parkinson’s disease increases. Replication-defective 

lentiviruses have been shown to allow the sustained and long-lasting expression of transgenes 

in both rodent and primate central nervous system and to be powerful tools for gene delivery 

in the nervous system.32 Recently, this concept was used to demonstrate that a lentiviral vector 

carrying the human gluthathione peroxidase GPX1 gene can exert neuroprotective effects in 

both in vitro and in vivo models of Parkinson’s disease.33  

 

Dopamine exerts regulatory control on pathways, mainly via the dopamine D1 (direct 

pathway) and D2 (indirect pathway) receptors. Progressive decrease of dopamine (due to the 

degeneration of nigrostriatal neurons), results in changes in the expression of the mRNA 

encoding for several neuropeptides, such as preproenkephalin increase and substance P 
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decrease and a loss of D1 receptor-stimulated GABA release. This causes increasing activity 

of the indirect pathway and decreasing activity of the direct pathway. As mentioned, this 

imbalance in the activity of the two pathways is the eventual cause of motor dysfunction. 

 

Parkinson’s disease, L-dopa treatment 

The most effective and commonly used drug to substitute the decreasing level of dopamine, 

is L-dopa (3,4-dihydroxy-L-phenylalanine, Figure 1.3). L-dopa acts a zwitter ion and is 

neutral in physiological conditions, which assists in membrane passage. L-dopa, usually given 

in combination with a peripheral aromatic amino acid decarboxylase inhibitor to avoid total 

decarboxylation before reaching its target, is converted in the brain to dopamine. In 

Parkinson’s patients, L-dopa is initially effective in reducing the symptoms, but it does not 

treat the underlying problem of progressive cell loss. Therefore, steadily increasing doses 

become necessary to compensate for the degeneration of dopaminergic terminals.  

 

Figure 1.3 Endogenous dopamine and the structurally related prodrug L-Dopa 

The requirement to apply increasing doses during longer periods of time makes that the 

brain becomes supersensitive and may lead to other side effects like hallucinations, and even 

psychosis.  

The loss of dopamine producing cells on the one hand, and the super sensitivity of the brain 

on the other, makes it more difficult to control motor movements. Tics, spasms, and muscle 

clenching may appear in addition to the usual Parkinsonian tremors and bradykinesia 

(unusually slow movements). This is termed L-Dopa-Induced Dyskinesia (LID) and is an 

almost inevitable result of chronic L-dopa treatment.  

Currently, still large studies are carried out to find out the optimal conditions to use A2A 

antagonists in Parkinson’s disease treatment. Recent data in MitoPark mice with A2A 

antagonist MSX-3 prevented the reduction of spontaneous locomotor activity observed in 



Introduction 

 21 

saline or L-Dopa treated animals.34  Unfortunately, the characteristic decline of dopamine 

levels was not reversed, indicating only effectiveness in mono therapy in early onset of 

Parkinson’s disease. One of the potential options for human treatment may be to use 

adenosine A2A receptor antagonists as new agents to improve the mode of action of L-dopa 

and increase susceptibility in neurons, alone or in combination with existing therapies to 

dopamine. 

 

MECHANISM OF ACTION OF ADENOSINE ANTAGONISTS IN PARKINSON DISEASE 
 
Adenosine A2A antagonists can stimulate the signal transduction by dopamine in striatum. 

In the GABAergic striatopallidal neurons, A2A receptors are co localised with dopamine D2 

receptors on the same cell surface, where they can influence each other’s functions. A major 

mechanism for a direct interaction at the intramembrane level may involve formation of 

heterodimers between the two receptors. 

 

 
 

Figure 1.4 Signal transduction by dopamine receptors. The arrows indicate signal 

transduction by dopamine receptors. A: Depletion of dopamine causes low signal 

transduction, increased by the absence of A2A antagonists. B: Adenosine A2A receptor 
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deactivation by adenosine antagonists restores the functioning of the dopamine receptors 

and partly compensates for the lower amounts of dopamine  

 

In Figure 1.4 scenarios for dopamine signalling output are described with a combination of 

dopamine, adenosine agonists (A) and with additional adenosine antagonists (B) in Parkinson 

patients. Stimulation of the A2A receptor may lead to allosteric changes, influencing the 

affinity as well as the G protein coupling thereby negatively influencing the efficacy of 

neurons. Blocking the A2A receptor (B) may change protein structure orientation and leads to 

higher success rate for signal transduction.  

 

 

1.4 DEVELOPMENT OF A2A SELECTIVE ADENOSINE RECEPTOR ANTAGONISTS 
 
Despite the fact that a large amount of ligands has been synthesised and evaluated for their 

adenosine A2A receptor affinity, the versatility of organic synthons creates many possibilities 

for designing novel heterocyclic compounds with potentially improved properties. Two major 

strategies are used in the search for new compounds.  

The first one is to screen compounds for their receptor affinity and selectivity with high 

throughput screening techniques (HTS).  

In the past, screening ligands for receptor affinity was an expensive and specialized process. 

With fast progress in technology (automation, miniaturisation, and computerized analysis) it 

has become a fast reliable technique. An advantage of high throughput screening of large and 

diverse libraries (e.g. 100.000 compounds) is the option to find new classes of compounds or 

lead compounds. These may be further explored by synthesizing analogues using follow up 

libraries or classical synthetic techniques. Whenever relevant information is available on 

potentially favourable structural features of the ligands pursued (endogenous ligand, synthetic 

ligands, receptor information), this may be used to bias (part of) the compounds to be 

screened. In that case millions of compounds in databases can be evaluated in silico for the 

required properties. The resulting selection may be further filtered for potentially adverse 

structural features (toxic or unfavourable ADME motives (absorption, distribution, 

metabolism, and excretion)) or their predicted (in-)capability to pass blood-brain barrier (if 
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medication into the brain is necessary). The final biased selection (e.g. ~10.000 compounds) 

may optionally be combined with a diverse set and screened experimentally. 

The second strategy is to find possible new drugs by rational design and synthesis. Ligand 

based molecular modelling studies of active structures and extensive comparison of structural 

elements with putative receptor interaction; give detailed insight in the mechanism of action. 

By replacing moieties with new pharmacophoric groups new insight in biological activity 

may be found. Usually, analogues of endogenous ligands or prototype drugs which have 

already shown the desired biological activity are synthesized and modified. Alternatively, 

pharmacophoric groups of different drugs may be combined in a novel lead structure using 

rational design.  

At Solvay Pharmaceuticals, since February 16, 2010 Abbot Healthcare Products B.V., an 

HTS campaign was performed to give interesting proprietary lead compounds. In parallel, 

based on modelling by Solvay, combined with synthetic expertise of our research group, an 

effort was made to rationally design new classes of adenosine antagonists. 

 

A2A ANTAGONISTS IN (PATENT-) LITERATURE 
Xanthine derivatives have been disclosed as adenosine A2 receptor antagonists, useful for 

treating various diseases caused by hyper functioning of adenosine A2 receptors, such as in 

Parkinson's disease. Theophylline (1,3-dimethylxanthine), as mentioned in paragraph 1.2.3, a 

bronchodilator drug which is a mixed antagonist of adenosine A1 and A2A receptors, has been 

studied clinically. To determine whether this adenosine receptor antagonist would be of value 

in Parkinson's disease an open trial was conducted on 15 Parkinsonian patients. They were 

treated for up to 12 weeks with a slow release oral theophylline preparation (150 mg/day), 

yielding serum theophylline levels of 4.44 mg/L after one week. The patients exhibited 

significant improvements in mean objective disability scores and 11 reported moderate or 

marked subjective improvement35.  Another prominent xanthine-derived adenosine A2A 

selective antagonist is CSC [8-(3-chlorostyryl)caffeine], see Figure 1.5.36 Its effect on the 

signalling pathway of levodopa induced motor fluctuation was reviewed recently.37 

  

KF17837 [(E)-8-(3,4-dimethoxystyryl)-1,3-dipropyl-7-methylxanthine] is a selective 

adenosine A2A receptor antagonist extensively used in preclinical studies, which on oral 

administration significantly ameliorated the cataleptic responses in rats induced by 
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intracerebro ventricular administration of an adenosine A2A receptor agonist, CGS 21680.38. 

The structure activity relationship of KF 17837 and analogues have been published39. Recent 

clinical data have also been provided on the A2A receptor antagonist KW-6002/Istradefylline  

[(E)-1,3-diethyl-8-(3,4-dimethoxystyryl)-7-methylxanthine].40 Phase II studies started in 1999 

and continued to phase III studies in the end of 2004. Early 2007 an NDA (new drug 

application) was filed, however in 2008 it was not approved by the FDA (effectivity was not 

proven in the optimal way) and thus discontinued.41  Xanthine derivatives continue to be 

developed. 42 

 

 
Figure 1.5 Some A2A receptor antagonists from (patent) literature 

 

New non-xanthine structures with pharmacological effect include SCH 58261 and its 

analogs.43 SCH 58261 (7-(2-phenylethyl)-5-amino-2-(2-furyl)-pyrazolo-[4,3-e]-1,2,4-
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triazolo[1,5-c]pyrimidine) is reported as being effective in the treatment of movement 

disorders44 and has been followed up later by several series of compounds45, 46. 

  

Another antagonist structurally related to SCH 58261 is ZM 241385 having even almost 

tenfold higher affinity for the A2A receptor. Cadus describes a series of 7-deazapurines with 

N-6 substitutions.47 

 

Mefloquine 

The most intriguing compound with effect on adenosine receptors is Mefloquine (Lariam). 

Mefloquine (R,S)-(±)-α-2-piperidinyl-2,8-bis(trifluoromethyl)-4-quinolinemethanol) is an 

antimalarial drug, chemically related to quinine, that is effective against multidrug resistant 

strains of Plasmodium falciparum, the protozoan parasite causing malaria.  

 

 

Figure 1.6 Mefloquine, anti-malarial agent and A2A receptor antagonist 
 

Although generally well tolerated, a number of clinical reports have emerged, suggesting that 

mefloquine is associated with infrequent but severe neuropsychiatric side effects, which 

include disturbed sleep, increased anxiety, panic attacks, depression, psychosis, and seizures. 

The mechanisms responsible for these effects were not known until recently.  

Mefloquine is an asymmetric molecule that is marketed as a racemic mixture consisting of 

equal parts of (-)-(R,S)-mefloquine and (+)-(S,R)-mefloquine enantiomers. Both enantiomers 

are reported to possess antimalarial potency against P. falciparum in vitro and have been 

shown to penetrate the brain. Therefore, either one or both of the enantiomers might in 

principle account for the adverse CNS effects of the racemate. Preceding any literature 

reports, a potential relation between observed side effects and adenosine receptor affinity was 
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already considered in our research group. Mefloquine was included as a unique model 

compound in the search for novel adenosine antagonists, described in paragraph 1.5. Later, 

literature evidence was found.48 In an attempt to identify the mechanism responsible for the 

neuropsychiatric side effects of mefloquine, researchers from Vernalis company assessed both 

enantiomers in a series of receptor binding, enzyme, and functional assays. In addition, 

mefloquine enantiomers were assessed for in vivo behavioural effects in rats after short- and 

long-term dosing.  

The results of these studies confirmed our initial hypothesis and showed that the (-)-(R,S)-

enantiomer of mefloquine is a potent and moderately selective A2A antagonist. In an initial 

examination of the effects of mefloquine on 81 receptors and enzymes, the only significant 

interaction identified was displacement of high-affinity binding to bovine striatal adenosine 

receptors. In subsequent binding studies using membranes from cells expressing human 

adenosine receptor subtypes, (-)-(R,S)-mefloquine was found to possess high affinity for A1 

and A2A receptors, with Ki values of 255 and 61 nM, respectively, and absence of relevant 

affinity for either the A2B or A3 receptor subtypes (Ki ~7 µM). The binding profile of racemic 

mefloquine was comparable with that of (-)-(R,S)-mefloquine, whereas (+)-(S,R)-mefloquine 

was found to have low affinity for adenosine receptors. (-)-(R,S)-mefloquine and racemic 

mefloquine were demonstrated to show competitive antagonism in functional assays. Schild 

analysis revealed pA2 values at the A2A receptor of 6.96 for (-)-(R,S)-mefloquine and 6.61 for 

racemic mefloquine, whereas at the A1 receptor, these compounds were found to possess pA2 

values of 6.40 and 6.21, respectively.  

 

Table 1.1 Comparison of the binding affinities (nM)  selected compounds from literature on 
human adenosine receptors  
Receptor hA1 hA2A hA2B hA3 
Compound     
KW-6002 2830 ± 663  35.9 ± 4.76 1801 ± 451  >3000 (>84) 
SCH-58261 725 ± 525  4.98 ± 1.29 1115 ± 186  1205 ± 313  
ZM-241385 774 ± 68.3  1.56 ± 0.10 75.3 ± 4.17  743 ± 43.8  
VER-6947 17 ± 3  1.1 ± 0.2 112 ± 22  1472 ± 142  
racemic mefloquine 675 ± 167  104 ± 19 8219 ± 4079  6377 ± 1794  
(+)-(S,R)-mefloquine 1404± 35 6553 ± 1122 2699 ± 1462 5883 ± 1618  
(-)-(R,S)-mefloquine 255 ± 19  61 ± 6 7072 ± 3409  6941 ± 215 
Radioligands A1: [3H]-DPCPX, A2A:[3H]-CGS21680, A2B:[3H]-ZM241385, A3:[125I]-ABMECA 
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1.5 STRATEGY FOR NEW ADENOSINE RECEPTOR ANTAGONISTS 

Using adenosine A2A antagonist structures from literature, a ligand based design was 

conducted together with Solvay Pharmaceuticals to observe essential elements for binding 

affinity and selectivity. The special structure of mefloquine/Lariam with its trifluoromethyl 

groups was also evaluated in this study. Also 7-deazapurine ligands of Cadus were  examined. 

An A2A receptor model was built from a large set of antagonists, followed by fitting the four 

structures in the model receptor. 

 

 
 

Figure 1.7  Adenosine receptor antagonists fitted in a ligand based  A2A receptor model 

 



Chapter 1 

 28 

 
Figure 1.8  Overlay structures of the four compounds presented in Figure 1.7 

 

Based on the overlay results of these studies we tried to formulate key structural features for 

future candidate ligands for the adenosine A2A receptor. As a starting point the compounds 

should have a flat core structure: an aromatic or pi-electron rich system is well tolerated. Like 

in the xanthine series, ring structures with heteroatoms are preferred. We focused on the 

development of 1-deazapurine substrates and trifluoromethylated purines. As Cadus and 

Vernalis already looked into (deaza-)purine substrates as a potential drug class, new synthetic 

pathways were necessary to realize new structures that are still patent free.  

 

 Given the basic starting points described above, we defined structural requirements as 

depicted in Figure 1.9. At C-6 an H bond donor/acceptor is good for affinity. At C-8 a 

lipophilic moiety is required. Substitution at N-9 with small alkyl groups [R] is tolerated. At 

C-2 alkoxy or amino substituents are well tolerated. A spacer is required linked to lipophilic 

or aromatic groups for effective interaction with a hydrophobic pocket. Finally, the indicated 

heteroatom [X] in the purine ring will optionally be replaced by a carbon atom and the 

potential change in interaction with the receptors studied. 
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Figure 1.9 Structural requirements for the A2A receptor. 

 

Given these requirements we selected and devised synthetic routes toward two series of 

potential new adenosine antagonists, as shown in Figure 1.10. In the first series, we introduce 

a trifluoromethyl group at the purine ring. This might give information on the intriguing 

activity of mefloquine. Moreover it is a new synthetic challenge to introduce the 

trifluoromethyl group on the purine skeleton in combination with substituents at C-2 and C-8. 

 

 
Figure 1.10  6-trifluoromethyl purines and 2-substituted 1-deazapurines 

 

In the second series, we focus on the synthesis and biological evaluation of a new class of 1-

deazapurines. Since the synthesis of 2-substituted 1-deazapurines is unknown, this is also a 

clear synthetic challenge. The biological data might give further insight in the specific 

interaction of 1-deazapurines with adenosine receptors. 

 

 

1.6 OUTLINE OF THE THESIS 
 

In this thesis, the development of new synthetic methods is described for the synthesis of 6-

trifluoromethyl substituted purines and 2-substituted 1-deazapurines to obtain new adenosine 

analogues as possible selective adenosine antagonists based on directed ligand based design. 

In chapter 2, attention is focused on the development of trifluoromethylated purines. It is 

discussed that via purine nitration the molecules are enhanced in reactivity, resulting in mild 

and efficient introduction of trifluoromethyl groups at C-6 (at 0°C and room temperature). 
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The effect of protective groups  at N-9 is discussed and a new protective group, Bocom, for 

purine nitration is presented with excellent stability. Also the elucidation of the purine 

nitration mechanism using NMR techniques is presented. With 15N-NMR CIDNP 

experiments, the involvement of radicals was proven.  The advantage of increased reactivity 

of nitrated purines towards C-2 substitution is presented in Chapter 3. Several series of 

amino substituted and alkoxy substituted 6-trifluoromethylpurines are reported.  The effect 

and elegance of two electronegative substituents, i.e. the trifluoromethyl group in combination 

with the nitro group is shown via substitution at temperatures between -20°C and 0°C . 

Chapter 4 deals with the introduction of substituents at C-8. Using standard amination 

procedures, amino groups are introduced at C-8. Using modern palladium coupling 

techniques (Suzuki, Stille and Sonogashira) a complete series of C-8 substituted 6-

trifluoromethyl purines is constructed. In Chapter 5, the synthetic efforts towards the 

synthesis of 2-substituted 1-deazapurines are discussed. The synthesis of 1-deazapurines was 

highly optimised followed by efficient introduction of substituents using the electron 

withdrawing properties of the nitro group at C-2. This nitro group was converted to the highly 

reactive nitroso species, giving access to new series of compounds via condensation reactions 

with the nitroso group. The mechanism of 1-deazapurine nitration is studied and compared 

with pyridine nitration 

In Chapter 6 the compounds from the previous chapters are evaluated for their interaction 

with the adenosine receptors. An attempt is made to rationalize unexpected results with a 

further modelling study. 
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Synthesis of C6-Trifluoromethyl  

substituted Purines via C-2 Nitration  
ABSTRACT 

A series of 6-trifluoromethylated purine and adenosine analogs has been prepared. The 

TBAN/TFAA nitration of N-9 protected 6-chloropurine and of the N-9 tri-acetyl riboside of 6-

chloropurine furnished highly reactive 2-nitro-6-chloropurine derivatives. The activating 

properties of the nitro group facilitated the subsequent introduction of a trifluoromethyl 

moiety at low temperatures (-20°C → room temperature).  The Boc group was recognised as 

an excellent protective group in purine nitration. Using N-9 Boc protected 6-chloropurine, we 

elucidated the mechanism of purine nitration using NMR spectroscopy and different isotope 

labels. During the further search for optimal protective groups, the BocOM group was 

serendipitously found as a new promising, stable protecting group for purines, which could 

be used for large scale synthesis of the substituted 6-trifluoromethyl purines. 
 
The studies towards the elucidation of the mechanism of purine nitration were performed in 
cooperation with Boris Rodenko, and are also discussed in his thesis. The information in this chapter is 
partly published as a patent application and in three papers:  
 

Koch M., den Hartog, J.A.J., Koomen G.J.,Wanner M.J. Feenstra R.W.  
2-Substituted-6-trifluoromethyl purine derivatives with adenosine-A3 antagonistic activity  

WO 06/027365 (priority date Sept. 9, 2004) Europe pending, US granted:  US 7,371,737 (May 13, 2008) 
 

Rodenko, B., Koch, M., Van Der Burg, A.M., Wanner, M.J., Koomen, G.-J.  
The mechanism of selective purine C-nitration revealed: NMR studies demonstrate formation and radical 

rearrangement of an N7-nitramine intermediate  
Journal of the American Chemical Society 2005  127 (16)  5957-5963 

 
Wanner, M.J.; Koch, M., Koomen, G.J.  

Synthesis and Antitumor Activity of Methyltriazene Prodrugs Simultaneously Releasing DNA-Methylating 
Agents and the Antiresistance Drug O6-Benzylguanine  

J. Med. Chem., 2004 47 (27)  6875 – 6883 
 

Wanner, M.J., Rodenko, B., Koch, M., Koomen, G.J.  
New (1-deaza)purine derivatives via efficient C-2 nitration of the (1-deaza)purine ring  

Nucleosides, Nucleotides and Nucleic Acids 2004  23 (8-9) 1313-1320 



Chapter 2 

 34 

2.1 INTRODUCTION 
Purine bases play central roles in many biological processes. Structural modification of the 

purine bases, and their nucleosides and nucleotides has resulted in the discovery of thousands 

of biologically active compounds, including many clinically used drugs. Purine analogs are 

used as central nervous system (CNS) drugs, as antivirals  (Zovirax, penciclovir), as 

cytostatics (5-fluorouracil) etc. Substitutions at position 2,6,8 and 9 lead to a variety of 

products. Several procedures describe the introduction of substituents via nucleophilic 

displacement of halogenated purines. Usually, elevated temperatures (25-80°C) are applied 

for substitution at position C-6. Classical aromatic substitution at the 2-position is even more 

challenging and requires harsh conditions (120-150°C).1  

 In our search for new ligands for adenosine receptors, we wanted to exploit the recently 

developed TBAN/TFAA purine nitration reaction.2, 36 A nitro group at C-2 was expected to 

greatly enhance the electrophilicity of the purine C-6, and at the same time allowed 

subsequent substitution at C-2.  Recently, with nitro-chemistry, nucleoside libraries have been 

developed for biological evaluation as adenosine receptor agonists, as inhibitors of adenosine 

deaminase (ADA),3  and as therapeutics against malaria via inhibition of Trypanasoma brucei 

phosphoglycerate kinase.4  

 

As discussed in the previous chapter, among others,  we aim to synthesize substituted 

adenine and adenosine analogs where the 6-amino group has been replaced by a 

trifluoromethyl group. 

 It is known that substitutions with fluorine can have great influence on biological activity 

and for instance, has also effect on bioavailability and passage of drugs through the blood-

brain barrier. Fluorinated analogues of well known drugs exert interesting biological activities 

(Figure 2.1).5   
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Figure 2.1 Selected drugs containing fluorine substitutions 

 

Several fluoropyrimidines such as 5-deoxy-5-fluorouridine and trifluorothymidine can act 

as substrates for thymidine phosphorylase,6 which is an enzyme correlated with angiogenic 

properties. The first series were originally applied in cancer chemotherapy.7 Later, the 

synthesis of prodrugs of 5-fluorouracil resulted in potent and less toxic analogues. Also in 

anti-inflammatory agents, fluorinated compounds are available as prostaglandin synthesis 

inhibitors, like flurbiprofen. Mefloquine and halofantrine, which are common medicines used 

against malaria, bear aromatic trifluoromethyl groups. One of the most serious side effects of 

halofantrine is that it can cause severe cardiac arrhythmias at normal doses.8 The effect of 

enantiomers of mefloquine/Lariam in adenosine receptor research was discussed in Chapter 1. 

Also tolrestat, an aldose reductase inhibitor useful in prophylaxis of diabetic neuropathy and 

fluoxetin (Prozac), approved for major depressive disorders, contain trifluoromethyl groups.  

The substitution of hydrogen with fluorine has proven to be an effective modification in 

drug research. Its atomic properties explain its characteristic substituent effects. It is the 

smallest halogen with a van der Waals radius of 1.47 Angstrom versus 1.20 for a hydrogen 

atom. Fluorine has a high ionization potential (401.8 kcal/mol versus 313.6 for hydrogen) and 

low polarizability, which implies weak inter- and intramolecular interactions. Its strong 
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electronegativity (3.98 for F and 2.2 for hydrogen) however, ensures strong inductive electron 

withdrawal properties and polarized bonds. 

The strength of the C-F and C-CF3 dipoles has strong consequences for lipophilicity. 

Fluorination, and especially aromatic fluorination, usually increases lipophilicity, compared to 

the corresponding hydrogen compounds. However, monofluorination or trifluoromethylation 

of saturated alkyl groups decreases lipophilicity. A quantitative hydrophobic substituent 

parameter is π, (Hansch-Leo parameter)  derived from octanol-water partition coefficients. 

For example πCF3 = 0.88 in aromatic systems and increases lipophilicity substantially, 

compared to πCH3 = 0.56 or πNO2 = -0.27 and πF = 0.14.9 

Electronically, fluorine has always inductively electron withdrawing properties, but it can 

be electron donating via resonance, whereas perfluoroalkyl groups are always withdrawing. 

The Hammet inductive and resonance substituent parameters for trifluoromethyl are σI = 0.42  

and σR = 0.10 

Controversy is found for the effect of fluorine on hydrogen bonding. Hydrogen bond to F-C 

are much weaker than the conventional type with hetero atoms (O,N), but are unambiguously 

observed in structures which lack other heteroatoms that would compete for the hydrogen 

bond.10  Also, the trifluoromethyl group  has been observed to accept hydrogen bonds.  

For steric effects it was for a long time incorrectly claimed, that fluorine has nearly the 

same size as hydrogen (Pauling van der Waals radius). Data of Bondi11 and Williams and 

Houpt12 in Table 2.1 show that the size of fluorine is probably closer to oxygen than to 

hydrogen. Fluorination thus increases the steric size of alkyl groups. The trifluoromethyl 

group is indeed considerably larger than the methyl group and the trifluoromethyl group is 

sterically at least as large as the isopropyl group. The steric van der Waals radius rv for CH3, 

(CH3)2CH and CF3 are 1.80, 2.2 and 2.2, respectively. 

 

Table 2.1 Van der Waals radii (Ångström) 

 Pauling Bondi Williams and Houpt 

H 1.20 1.20 1.15 

F 1.35 1.47 1.44 

Cl 1.80 1.75 - 

O 1.40 1.52 1.44 
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2.2 INTRODUCTION OF TRIFLUOROMETHYL GROUPS AT C-6 

2-trifluoromethyl- and 8-trifluoromethyl purine derivatives were prepared before by 

skeleton synthesis via heterocyclization of 5,6-diaminopyrimidines or 4-aminoimidazole-5-

carboxylic acid derivatives and trifluoroacetates.13 2-(Trifluoromethyl)-adenosine analogues 

were also prepared by substitution of 2-iodoadenosines with trifluoromethylzinc bromide and 

CuBr in DMF/HMPA.14, 15  

 

However, 6-fluoroalkylated purines are quite rare in literature. 6-Trifluoromethyl-purine 

and 2-amino-6-trifluoromethylpurine were prepared long ago in low overall yields (3 and 6% 

respectively) by multistep cyclization procedures, starting from ethyl 4,4,4-trifluoro-3-

oxobutanoate.16 Direct introduction of the trifluoromethyl group in protected 6-iodopurine 

riboside with trifluoromethyl iodide and Cu(I) in HMPA gave moderate yields. Recently, 

Hocek and Holy  reported the introduction of trifluoromethyl groups via a copper mediated 

reaction with trimethyl(trifluoromethyl)silane (CF3-TMS, Rupperts reagent) and mono and 6-

di-fluoro-alkylpurines.17,18  They describe that a series of chloropurine derivatives (6-

chloropurine, 6-chloro-9-(tetrahydropyran-2’-yl)purine, triacetyl-ribofuranosyl-6-

chloropurine), and the corresponding  2-amino derivatives and both 6-iodopurine and 2-

amino-6-iodopurine were completely unreactive in this reaction. In contrast, the THP 

protected 6-iodopurine afforded the 6-trifluoromethyl derivative in 85 % yield. The 6-

trifluoromethyl, 6-fluoroalkyl and 6-difluoroalkyl purines, obtained via these route showed 

very low cytostatic activity.19 

During our investigation, 6-bromopurines were described as starting material for 

trifluoromethylation using  methylfluorosulfonyldifluoroacetate (FSO2CF2CO2Me, 

MFSDA)/CuI/HMPA/DMF20,22 and CF3I/Zn/CuI/DMF.21 The first use of FSO2CF2CO2Me 

for trifluoromethylation of nucleosides was described by Beal and co-workers.22 They 

reported the synthesis of a protected phosphoramidite of 6-trifluoromethylpurine 

ribonucleoside for its use in site-specific incorporation of 6-trifluoromethylpurine into RNA, 

to study RNA structure and RNA- modifying enzymes, particularly the RNA-editing 

adenosine deaminases. The elegance of  liquid MFSDA or CF3-TMS compared to the gaseous 

and  toxic CF3I makes the first reagents more appropriate for synthesis of these type of 

compounds. 
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Holy did not describe reactions with 6-bromopurines, which prompted us to include in our 

investigation the reaction on 6-bromo-9-tetrahydropyran-2’-yl purine. In addition, we applied 

the conditions to 6-halopurines with  small alkyl group at position N-9. As substrates for the 

intended trifluoromethylation we required molecules as depicted in scheme 2.2..  

 

Alkylation of 6-chloropurine and 6-bromopurine was accomplished with sodium hydride 

and methyl iodide or ethyl iodide in DMF. As expected from literature, the N-7/N-9 ratio in 

the product is about 40/60. Extensive column chromatography yielded the N-9 compound in 

good purity.  

 

 

Scheme 2.1. Alkylation of 6-halopurines a) NaH, alkyl iodide, DMF, 0°C 

 

Using Holy’s conditions (CF3TMS) we were not able to isolate the 6-trifluoromethylated 

products, only trace amounts of possible trifluoromethylated products were found. Many 

unidentified degradative side reactions seemed to occur.  In SNAr reactions an approximate 

order of leaving group ability is F ≥NO2>Cl≥Br≥I. However, during our experiments with 

bromo, iodo and chloro substituents  we  were not able to get high yields of the 

trifluoromethyl substituted purines(around 10-20% conversion). Even the reported successful 

combination (X=I, R=THP) did not work in our hands. The use of MFSDA, CuI in HMPA 

and DMF was also not successful for our set of substrates.  
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Scheme 2.2.  Unsuccessful trifluoromethylation of 6-halopurines a) CF3-TMS, KF, CuI, 

DMF/NMP, 60°C, 20h (Holy)  or FSO2CF2CO2Me, CuI, HMPA, DMF, 70°C (Veliz/Beal) 

 

Therefore we considered alternative strategies based on potentially more activated 

substrates bearing 2-NO2 substitution. 

2.3 NITRATION OF PURINE BASES 

Purine nitration chemistry was studied in our group during several years. As we discovered 

that the introduction of the nitro substituent at the 2-position resulted in activation of the C-6 

substituents, allowing that nucleophilic substitutions proceed at lower temperatures, this 

strategy was an intriguing option for trifluoroalkylation. Therefore, purine nitration was 

investigated for N-9-alkyl and N-9-THP-6-chloropurines and the corresponding  N-9 

triacetate protected riboside of  6-chloropurine (Scheme 2.3). 

 

 
Scheme 2.3.  Nitration of protected 6-chloropurine analogs a) TBAN/TFAA, DCM 

 

 

Nitration of purines with tetrabutylammonium nitrate/ trifluoroacetic anhydride (TBAN/ 

TFAA) works well with the slightly electron withdrawing triacetylribose moiety at N-9. 6-
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Chloropurine riboside triacetate was  nitrated in good yield. In contrast, the nitration of 

tetrahydropyranyl protected purines gave moderate yields, despite the analogies between the 

electronic properties of ribosides and the THP group . The nitration of N-9 methyl, ethyl 

substituted purines also proceeds in moderate yields (46 and 30%).  

 

2.4 TRIFLUOROMETHYLATION OF NITRATED PURINES 

New conditions were developed to introduce the trifluoromethyl group in 2-nitropurines. The 

original conditions applying CF3TMS at high temperature with addition of CuI and KF 

described by Holy did not work for these compounds. The compounds degraded very rapidly, 

probably as a result of the high reactivity of the nitro activated system. This prompted us to 

critically evaluate the reagents and lower the temperature.  

CuI is often used as an accelerator in substitution reactions on halogenated aromatic systems. 

Via a tetrahedral transition state between the copper, the halogen atoms and the purine 

system, substitution is facilitated.  Since we found degradative side products, which indicated  

too high reactivity, we abolished copper iodide for activation. Omitting CuI and lowering the 

temperature we found small amounts of trifluoromethylated product (Scheme 2.4). However, 

the reaction results were variable until we further changed parameters and looked further into 

the properties of the reagents.  We used other fluoride donors (KF, CsF and 

tetramethylammonium fluoride (TMAF)) and varied the stoichiometry of reagents used, the 

solvent (THF, DMF, acetonitril) and the reaction temperature  (-70°C->20°C). It is envisaged 

that an attack of the fluoride at the Si atom generates the CF3
- nucleophile in situ. The driving 

force is the high bond strength of the SiF bond formed. 

 

 
Scheme 2.4.  Trifluoromethylation a) CF3-TMS, CsF, THF, 0°C 
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We observed that it was critical to pre-dry the fluoride donor in vacuo at 300°C and that all 

other reaction components should be extremely dry. Reactions should be performed under 

pre-dried nitrogen or an argon atmosphere. The optimal reaction temperature is 0°C! At 

higher temperatures we observe degradation of the product. The activating fluoride donor 

obviously plays a role in this, for instance via stimulation of nucleophilic attack at C-8. 

 

In this way we were able to optimise the yield of trifluoroalkylation up to 40% for the best 

performing triacetylfuranosyl protected purines.  

 

After we published our novel routes to 6-trifluoromethyl substituted purines, very recently the 

laboratory of Iaroshenko described several  alternative routes of preparing mono- or 2,6-di-

substituted trifluoromethylpurines or fused pyridines.23 One method describes the reaction of 

2-(dialkylamino)-1,3-thiazol-4-amines and 1,2-dimethyl-1H-imidazol-5-amine with aryl 

isocyanates and 2,4,6-tris(trifluoromethyl)-1,3,5-triazine leading to thiapurines and purines 

containing trifluoromethyl groups in the 2- and 6-positions of the pyrimidine ring.24 The other 

route acts via inverse electron-demand Diels-Alder reaction between trifluoromethyltriazines 

and electron-enriched amino heterocycles, finally coupled to a ribose moiety to yield a 2,6-di-

trifluoromethyl substituted adenosine analog.25 

 

2.5 BOC PROTECTION OF  PURINES AND PURINE NITRATION 

However,  meanwhile we were looking at ways to optimise synthetic routes towards 

nitrated purine bases. Recently, the tert-butoxycarbonyl group (Boc) was published as a 

protective group for purines by Dey and Garner.26  They used it as an acid-labile group to 

protect exocyclic amines in purine-containing α-helical peptide nucleic acids (αPNAs). In our 

opinion, the Boc group could also have interesting properties for purine core nitration: after 

nitration and/or substitution, the Boc group can be cleaved off via mild acidolysis an replaced 

by other functional groups. An overview of the reactions  of amines and alcohols with  di-tert-

butyl dicarbonate and 4-(dimethylamino)pyridine, including mechanistic details was reported 

by Hassner and Basel.27   
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While Garner focused on the synthetic aspects of di-amino adenines and guanines, we were 

also interested in the mechanistic aspects. Therefore a number of 6-substituted purines such as 

adenine and 6-chloropurine were protected with Boc2O and DMAP to give, after equilibration 

of the initially formed mixtures of N-7 and N-9 isomers, good yields of the 

thermodynamically favoured N-9 Boc-substituted products (Scheme 2.5 and Table 2.2). For 

the unsubstituted purine (R=H) the thermodynamically favoured isomers turned out to be N-7. 
 

 

Scheme 2.5. Boc protection of purines 
 

Table 2.2  Boc protection of purine derivatives 

Starting 

compound R 

Product 

 R  

equiv.  

Boc2O time 

ratio 

N-9/N-7 

isolated 

yield (%) 

NH2 NBoc2
 4 1 h 68 / 32 79 

NH2 NBoc2
  4 18 h 73 / 27 78 

NH2 NBoc2 4 96 h 92 / 8 82 

Cl Cl 3 3h 100 /0 90 

Cl Cl 3 6h 100/0 95 

OH OBoc 3 5 h 100 / 0 81 

OBn OBn 1.5 1 h 80 / 20 87 

OBn OBn 1.5 18 h 98 / 2 89 

H H 1.5 1 h 14 / 86 96 

H H 1.5 18 h 4/96  

H H 1.5 44 h 0/ 100  

  

We found that the Boc group at N-9 is not only acid labile, but is in particular sensitive for 

nucleophilic attack. Reflux in methanol or in aqueous acetonitril is sufficient to remove the 
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Boc group. A further example of this sensitivity is observed during the DMAP-catalyzed 

formation of the Boc purines: the kinetically controlled mixture of N7 / N9 isomers  that is 

initially formed, equilibrates in favour of the more stable N-9 isomer after prolonged reaction 

times (see Table 2.2). Obviously  DMAP reacts reversibly with the Boc substituent in the 

product via an intermediate salt, depicted  in Scheme 2.5 (R = H).  

 

Recently, in a similar way, N-6 Boc carbamate protection of purines was described for N6 

alkylation via Mitsunobu conditions offering a milder alternative to the traditional 

nucleophilic aromatic substitution of the corresponding 6-chloropurines.28 

 

The electron withdrawing and hydrolytically cleavable Boc substituent displayed excellent 

properties during nitration of the purine C-2 position by TBAN/TFAA. The nitration of Boc 

protected purines showed to be superior to the reaction with N9-alkyl and THP protected 

purines.  

 

As can be seen in Scheme 2.6, nitration of N-9 Boc analogs of 6-chloropurine, 6-N-diboc-

aminopurine and 6-O-benzylpurine with tetrabutylammonium nitrate/ trifluoroacetic 

anhydride (TBAN/ TFAA) at 0 °C was fast and high yielding. On the other hand, N-9 Boc-

protected hypoxanthine (R = OH) and both N-7 an N-9 Boc purine derivatives (R = H in 

scheme 2.6) gave no 2-nitro product, similarly to earlier findings in purine nitration. 

Interestingly, in contrast to the N-9 isomer, the N-7 isomer  of Boc protected adenine could 

not be nitrated under these conditions.  
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Scheme 2.6. nitration of Boc protected purines, followed by deprotection a) TBAN/TFAA, 

DCM b) TFA, rt c) MeOH, reflux 

 

Removal of the Boc-group from the N-9 position of 6-chloro-2-nitropurine was readily 

accomplished under acidic conditions (TFA, room temperature) or neutral conditions 

(methanol, room temperature) to give 2-nitroadenine, 2-nitrohypoxanthine and 6-chloro-2-

nitropurine (Scheme 2.6).  

With neat TFA, tri-Boc-2-nitro-adenine was completely deprotected to 2-nitroadenine.  

Under the same conditions, 6-O-benzyl-2-nitro-purine directly produced 2-nitrohypoxantine. 

Reflux  of the tri-Boc protected adenine in methanol was sufficient to remove the Boc 

substituent from N9 and one of the N6-Boc substituents. Treatment of the C-6 O-benzyl 

substituted purine with methanol left the O-benzyl group intact.  

 

Apart from general interest in the reaction mechanism, our mechanistic studies were also 

aimed at elucidating the cause for the observed general pattern of substrate properties of 

nitration. All non 6-non- substituted (R=H) purine analogs and N7 and N-9 Boc protected 

derivatives (nebularine) failed to give the expected nitration. Non- or partly protected 6-NH2 

and 6-OH purine analogs (adenosine triacetate, mono-N-acylated, 6-OH, N9 Boc-purine) 

were likewise unsuccessful as substrates in substitution. 

 This may be explained in the next paragraphs and Chapter 5, where focus is on the 

mechanism of (deaza-)purine nitration. 
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Anti tumour drug development using nitro and Boc chemistry 

In parallel to our efforts in synthesizing adenosine receptor ligands, the Boc group and 

nitration chemistry could be successfully applied to the synthesis of antitumor drugs: We 

described the synthesis of methyltriazene prodrugs simultaneously releasing DNA-

methylating agents diazomethane, methylhydrazine and the inhibitor of the DNA repair 

protein alkylguanine-DNA alkyltransferase (AGT), antiresistance drug O6-benzylguanine.29 

AGT is a suicide enzyme that is degraded after transferring a single methyl group. 

 

 

 
Figure 2.2 Antitumor agent temozolomide (left) and the methyltriazene pro drug and its 

conversion to cytostatic compound diazomethane  and the AGT enzyme inhibitor 

 

Hydrolytic pathways of several substrates were studied, revealing that the p-nitrophenyl 

substituted triazene had an optimal hydrolysis rate with a half life of 23 minutes, closely 

resembling that of existing antitumor agent temozolomide and has a 100% selectivity for the 

desired fragmentation route yielding O6-benzylguanine and diazomethane. In vitro anti 

tumour studies in the 60 human tumour cell line panel of the National Cancer Institute show a 

tenfold higher activity (IC50 value of 10 µM) compared to temozolomide (IC50 value of 

100µM). 

Our proposed hydrolytic routes and active methylating species were acknowledged in a 

recent report from the Food and Drug administration on the drug approval of temozolomide in 

combination with radiotherapy30 and in several studies on carbamate hydrolysis31 and 

antitumor drug reviews32, 33. 
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2.6 MECHANISM OF PURINE NITRATION 

2.6.1 INTRODUCTION 

The Boc protected purines could not be used for subsequent  trifluoromethylation 

experiments, because the protective group is too labile under the reaction conditions. 

However, the good nitrating properties and high yields prompted us to use this purine 

derivative for further studies towards the mechanism of purine nitration. In addition, in the 1H 

NMR spectrum the N9-Boc group gives only one singlet in the alkyl region, while ribose 

protected purines give a range of NMR signals and interactions. The methyl protected purine 

also fulfils this prerequisite, but is hampered by low nitration yields.   To unravel the reaction 

mechanism, the 6-Cl-N9-Boc purine seemed  to have the optimal properties to start our quest. 

We also observed surprising properties of the nitration reaction: Purines and 1-deazapurines 

with 6-chloro, 6-nitro, protected 6-hydroxyl, and doubly protected 6-amino functionalities are 

readily nitrated. Unprotected purines (mono-N6-acylated), adenosine triacetate, and 

nebularine (6-H-purine-riboside) triacetate did not give any of the expected nitration. 34,35 We 

observed the same trend in the nitration of Boc protected purines. 

The mechanistic studies have been published and are presented in paragraphs2.6.2 2.6.636. 

 

2.6.2 TRIFLUORACETYL NITRATE AS NITRATING SPECIES 

The use of the TBAN-TFAA mixture for electrophilic aromatic nitration was reported by 

Masci as an adaptation of Crivello’s nitration system, consisting of TFAA and heterogeneous 

metal or ammonium nitrates in inert solvents37. The active species in both methods is 

trifluoroacetyl nitrate, TFAN, formed in situ, as shown in Scheme 2.7. Generally nitronium 

ions formed from the heterolysis of TFAN, are predicted to be the nitrating species. However, 

mechanisms involving covalent TFAN38
 and radical pathways via homolysis are also viable.39
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Scheme 2.7. Trifluoroacetyl nitrate in solution 

 

The selective introduction of the nitro group in the deactivated purine system at the highly 

electron-deficient C-2 position and not at the C-8 position is remarkable; it makes both direct 

electrophilic nitration and the alternative mechanism via electron transfer unlikely, taking the 

high oxidation potential of purines into account. Moreover, upon TBAN-TFAA nitration of 

solid-supported purine nucleosides, no substantial nitration of phenyl rings in the polystyrene 

matrix was detected, indicating the presence of negligible amounts of strongly electrophilic 

nitronium ions. Therefore, in an earlier publication from our group, a radical nitration pathway 

was proposed (Scheme 2.8).  

 

 

 
 

Scheme 2.8. Previously  proposed radical addition mechanism 

 

Homolytic cleavage of trifluoroacetyl nitrate generates the trifluoroacetoxyl and nitrogen 

dioxide radicals, presented in scheme 2.7. Addition of the reactive trifluoroacetoxyl radical to 

the purine C-8 (Scheme 2.8) gives a highly delocalized radical that is stabilized by the lone 

pair of the substituent at C-6. Subsequent combination of this intermediate with NO2˙ at C-2  

and elimination of trifluoroacetic acid, yields the 2-nitro product. A weak point in the 

mechanism proposed in Scheme 2.8 is the putative generation of the very unstable 

trifluoroacetoxyl radical, which is known to rapidly decompose to CO2  and the 

trifluoromethyl radical with a reported dissociation constant of k > 5∙104s-1.40
 During TBAN-

TFAA purine nitrations, we did not observe formation of species such as CO2 or CF3H that 
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might indicate homolytic cleavage of trifluoroacetyl nitrate as the initiating step. These 

findings urged us to take a deeper look into the nitration mechanism. 

 

2.6.3 DETECTING A 7-NITRAMINO PURINE INTERMEDIATE 

In our search to clarify the mechanism of purine nitration we tried to extensively follow a 

nitration reaction with NMR. As discussed in paragraph 2.6.1 the Boc protected 6-

chloropurine seemed to be an excellent candidate for in situ  NMR research, with good 

substrate properties for nitration. 

  
Scheme 2.9. TBAN/TFAA nitration in NMR tube  a) TBAN / TFAA 1.6 equiv., -10°C, 1h 

 

 When we monitored the nitration reaction mixture at -10°C, we were able to detect signals 

for an intermediate with increasing concentration in time, followed by a decrease and 

complete product formation in five hours as depicted in  Figure 2.3.  
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Figure 2.3 Aromatic region of 1H-NMR spectra of the nitration of 6-chloro-9-Boc-purine  at -

10 °C in CD2Cl2.    

The progress of the nitration is represented graphically in Figure 2.4 as a plot of the 

normalized integral values against time.  
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Figure 2.4. Progress of the nitration by plotting the 1H-integral values against time (T = -10 

°C). Triangles: starting material 1; closed circles: purine intermediate 3;   open circles: 

product 2 

 A successful attempt to “freeze” the nitration reaction in the intermediate stage allowed 

extensive spectroscopic characterization of the intermediate. The progress of intermediate 

formation was monitored at -50 °C, and complete conversion of 6-chloropurine 1 into 

intermediate 3 over an 8 h period was observed, while formation of 2-nitro product 2 was 

suppressed to less than 3%. By using 98%  15N-labelled TBAN, prepared from TBACl and 
15N-NaNO3, we were able to identify a doublet at 339.6 ppm with JNH = 2.7 Hz (table 2.3). In 

the corresponding  1H-spectrum a doublet at 8.82 ppm with JNH = 2.7 Hz was found instead of 

a singlet. A 1H decoupling experiment confirmed 1H -15N coupling. The value of the coupling 

constant points toward a 3JNH coupling. Also, the 15N NMR spectrum revealed that 

intermediate 3 contains an N-nitro group and no C-nitro or -nitrato moiety. The 15N chemical 

shift of the doublet of intermediate 3 typically lies within the range of N-nitro compounds, 

which is generally shifted about 20 ppm upfield relative to that of C-nitro compounds.41
 Peaks 

derived from covalently bound nitrates, which appear at even higher field values relative to N-

nitro derivatives, were not detected.42
 The 15N signal of the nitro group in product 2, a singlet 

at 365.0 ppm, displays a chemical shift value characteristic for aromatic C-NO2 compounds. 
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In the 13C spectrum of starting material 1, C2 was found at 153.5 ppm with 1JCH  = 211 Hz and 

C8 at 144.3 ppm with 1JCH  = 222 Hz.  In the spectrum of intermediate 3, the values for C2 (δ 

= 157.7 ppm, 1J CH = 212 Hz) were similar to those of the starting material, but C8 showed a 

remarkable upfield shift to 93.0 ppm and a decreased 1JCH  value of 194 Hz. Moreover, C-N 

coupling with 2JCN  = 1.8 Hz was observed for C8 in experiments with 15N -labelled TBAN. 

 

Table 2.3. NMR data from the nitration of 6-Cl-9-Boc-purine with 15N-labelled TBANa 

 6-Cl-9-Boc-purine 1 intermediate 3 2-NO2-6-Cl-9-Boc-purine 2 

 δ (ppm) J (Hz) δ (ppm) J (Hz) δ (ppm) J (Hz) 
1H-2 8.86 (s)  8.78 (s)    
1H-8 8.63 (s)  8.82 (d) 3JHN = 2.7   
13C-2 153.5 (d) 1JCH = 211 157.7 (d) 1JCH = 212 154.2 (d) 1JCN = 29.4 
13C-8 144.3 (d) 1JCH = 222 93.0 (dd) 1JCH = 194 148.3 (d) 1JCH = 223 
13CF3    2JCN = 1.8   
15NO2   339.6 (d) 3JNH = 2.7 365.0 (s)  

C-19F   
-75.86 
(s)    

a Recorded in CD2Cl2 at –50 °C. 

 These results indicated that aromaticity was retained in the pyrimidine part, but not in the 

imidazole ring. In addition, the presence of a trifluoroacetoxy group in intermediate 3 was 

observed with 13C NMR, as indicated by a quartet at 114.2 ppm (1JCF = 290 Hz) and a double 

quartet at 153.8 ppm (2JCF = 44 Hz, 3JCH  = 2.9 Hz). The 19F NMR spectrum established the 

presence of the trifluoroacetoxy group, which appeared as a singlet at -75.86 ppm. With the 

help of CH correlation spectra and the observed long-range couplings, the intermediary 

singlet in 1H NMR at 8.78 ppm could be assigned to H2 and the doublet at 8.82 ppm to H8. 

The extremely high chemical shift of 8.82 ppm for H8, a proton attached to an sp3
 carbon 

atom, can be explained by the combination of three heteroatoms attached to C8, the electron-

withdrawing effect of the nitro, Boc, and trifluoroacetoxy groups and the anisotropic effect of 

the carbonyl and nitrosyl moieties. During the reaction, the concentration of TFA increases 
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and H8 of 3 showed a gradual upfield shift of about 0.2 ppm as a consequence of partial 

protonation, which disturbs the anisotropic effect. These combined NMR data led us to the 

structure assignment for the N-nitro intermediate 3, as shown in Figure 2.4.  

 

2.6.4 NITRAMINE REARRANGEMENT OF PURINES 

The previously proposed radical addition mechanism in Scheme 2.8 appeared to be 

inconsistent with the obtained NMR results and a new three step nitration pathway was 

suggested as depicted in Scheme 2.10. The purine ring system is N-nitrated at nitrogen atom 7 

in the imidazole ring by electrophilic attack of TFAN. The highly electrophilic imidazolium 

cation is rapidly trapped by a nucleophile present, in this case trifluoroacetate, furnishing the 

observed nitramine intermediate. Some nitramine rearrangements refer to the migration of the 

nitro group of N-nitroaniline to the ortho and para positions to yield a mixture of o- and p-

nitroaniline.43 If this would go similar, then in the case of the purine nitramine intermediate, 

both ortho positions C4 and C6 are blocked, leaving para carbon atom 2 as the only available 

position for migration of the nitro group. Which makes aromatization to 2 via elimination of 

trifluoacetic acid possible. 
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 Scheme 2.10 TBAN/TFAA formation of intermediate 3 followed by a nitramine 

rearrangement 
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To validate that formation of 2-nitropurine 2 takes place via a monophasic process of 

rearrangement of the N7-nitro intermediate and not via other routes, we preformed nitramine 

intermediate 3 at -50 °C in CDCl3 and monitored its conversion into 2-nitro purine 2 with 1H 

NMR at -10 °C. In Figure 2.5, the progress of the normalized integral values of H8 of 

nitramine intermediate 3 and 2-nitro purine 2 is represented graphically. 
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Figure 2.5. Progress Conversion of N-nitro intermediate 3 to C2-nitro product 2 followed with 
1H NMR at -10 °C. Closed circles, nitramine intermediate 3; open circles, product 2. kN, 
nitramine decrease; kP, product formation 

 

The excellent first-order kinetics confirms the expected unimolecular process. First-order 

rate coefficients, kN = 1.5 ∙10-3 s-1 (nitramine 3 decrease) and kP = 1.9 ∙ 10-3 s-1 (product 2 

increase), were determined over about 4 half-lives with a high R2
 value and good 

reproducibility. The minor difference in the values of kN and kP is explained by the occurrence 

of side reactions; a subsequent reaction of the product would decrease the magnitude of its 

signal at the end of the reaction and thus cause the extent of reaction at earlier times to be 

overestimated. 

As both thermal44
 and acid-catalyzed45,43

 nitramine rearrangements of nitroanilines have 

been reported, we also allowed the rearrangement to proceed in the presence of the base 

DIPEA, and identical reaction rates were found. This proved that the rearrangement was 

thermal and not acid catalyzed. Moreover, if the rearrangement would have been acid 

catalyzed, the reaction rate would be expected to increase during the course of the reaction, as 
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TFA is generated upon product formation. Deviation from first-order correlation was not 

observed. 

 

2.6.5 15N CIDNP NMR IN PURINE NITRATION 

With the unimolecularity of the reaction now being established, we chose to further study 

the mechanism of the rearrangement with 15N NMR, which has been a valuable tool in 

elucidating reaction pathways in nitration reactions.46
 Several mechanisms have been put 

forward for the nitramine rearrangement, both heterolytic and homolytic pathways. The 

observation of CIDNP effects in 15N NMR spectra during the rearrangement of nitroaniline 

derivatives would offer convincing evidence that radicals were involved, thus supporting a 

homolytic rearrangement mechanism.47
 Chemically Induced Dynamic Nuclear Polarization 

refers to the perturbation of the nuclear spins away from the expected Boltzmann 

distribution.48
 The effect is observed in NMR spectra as an abnormal intensity of the NMR 

signals; the signals display either enhanced absorption or emission. 

From the phase of the polarized NMR signals, one can then conclude whether the 

rearrangement occurs intra- or intermolecularly. If the product is formed in an intramolecular 

fashion, enhanced absorption is observed. If the product is formed in an intermolecular 

fashion, it is the result of recombination of the radicals after separation of the original pair and 

emission is observed. Conclusions are less obvious if the rearrangement has both an intra- and 

an intermolecular component. Since the observed NMR signal matches the sum of the 

unpolarized and polarized (positive and/or negative) material formed, even no net polarization 

at all can be the consequence. When we followed the rearrangement of nitramine 3 at 0°C 

with 15N NMR, indeed, clean CIDNP effects were observed (Figure 2.6).  
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Figure 2.6 15N CIDNP NMR spectra of the rearrangement of 0.45 M nitramine intermediate 

3. S: nitrobenzene standard; N: nitramine intermediate 3; P: 2-nitro product 2. 

 

 

During several half-lives of the rearrangement, the doublet of nitramine intermediate 3 at 

339.6 ppm showed enhanced absorption. In the early stage of the reaction at t = 2 min, the 

singlet of C2-NO2 product 2 at 365.0 ppm showed a short emission signal. During the 

remainder of the rearrangement, a reduced absorption signal was observed until, after about 4 

half-lives (reaction nearly complete) no CIDNP effects were observed any longer. These 

results can be explained with the radical mechanism shown in Scheme 2.11. 
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 Scheme 2.11 Purine nitration mechanism obtained from NMR studies 

 

 The enhanced absorption of nitramine intermediate 3 indicates the reverse reaction of the 

radical pair to re-form nitramine 3 by immediate collapse of the primary radical pair. The 

initial emission signal for product 2 points to an intermolecular process in which the paired 

radicals separate and become free radicals. The latter re-encounter to re-form the radical pair 

and, subsequently, the secondary recombination C-2 nitro intermediate, which immediately 

eliminates trifluoroacetic acid to render product 2. In the early stage of the reaction, this 

contribution to the NMR signal is larger since the concentration of the escaped (i.e., free) 

radicals is higher as is the chance of random free-radical encounters. 
 

In a radical trapping experiment with hydroquinone, which only reacts with free radicals 

and not with paired radicals, we examined the exact contributions of the inter- and 

intramolecular components of the rearrangement.  

 

1 3 
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Scheme 2.12 Free radical trapping experiment with hydroquinone 

 

Using this method, White has shown that the nitramine rearrangement of, for example, N-

methyl-N-nitroaniline, has both an intra- and intermolecular component.49
 Monitoring the 

rearrangement of nitramine intermediate 3 in the presence of 3 equiv of hydroquinone with 
15N NMR revealed that only 30-35% of 2-nitro product 2 was still generated. This indicated 

that 65-70% of the purine nitramine rearrangement occurred intermolecularly and led to 

reformation of 1. As expected, a greatly enhanced absorption was observed for product 2 due 

to the absence of the emittive contribution to the NMR signal (Figure 2.7). 

 

1 
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Figure 2.7 CIDNP effects using hydroquinone as free radical scavenger. S: nitromethane 

standard; N=nitramine intermediate; P = 2-nitro product 

 

 In agreement with this, the signal of nitramine intermediate 3 still displayed enhanced 

absorption. When this experiment was repeated with the radical scavenger TEMPO, only 10% 

of product formation was observed. Probably TEMPO intervenes with both free and paired 

radicals, thus almost completely inhibiting the rearrangement. 

 

2.6.6 MECHANISM SUMMARY 

By monitoring the purine nitration with NMR, we found the nitration reaction being a three 

step process. Electrophilic attack by TFAN (trifluoroacetyl nitrate) on N-7 results in nitramino 

intermediate 3. Nitramine rearrangement (Scheme 2.11 ) leads to a C-2 nitrated species that 

eliminates trifluoroacetic acid to yield the 2-nitro-6-chloropurine 2. The involvement of 

radicals has unequivocally been established via CIDNP experiments. 
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2.7 SERENDIPITOUS FINDING OF A NEW PROTECTIVE GROUP FOR 

PURINES: BOCOM  

In our search for new protective groups for efficient purine nitration, it was surprisingly 

found that when 6-chloro-9-Boc-purine was stirred in dichloromethane solution containing 

para-formaldehyde this results in a very stable analog  substituted on N9 with –CH2-O-Boc 

(Boc-O-Me-, Bocom). 

 

 
Scheme 2.13 Synthesis of N9 Bocom-protected 6-chloropurine, followed by nitration: a) 

para-formaldehyde, DMAP, DCM, reflux 65%, b) TBAN/TFAA, DCM, 1,5 h. 65% 
 

The Bocom protective group proved to be very stable and not very sensitive to nucleophilic 

attack, but can be efficiently removed via sodium methoxide treatment. Nitration with 

TBAN/TFAA furnished the nitrated derivative in reasonably good yield, 65%, (scheme 2.13).  

 

The excellent stability of this group was shown in the presence of the reagents of the  

trifluoroalkylation reaction. We were able to isolate 31% of the trifluoromethylated product. 

This new method, gives a fast route to 2-nitro-6-trifluoromethyl substituted purines. 

 

 

 
Scheme 2.14 Introduction of CF3 at Bocom protected purines a) CF3-TMS, CsF, THF, 

  -20 - 0ºC, 31% 
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2.8 CONCLUDING REMARKS 

We reported the introduction of the C-2 nitro group via the TBAN/TFAA purine nitration 

on protected 6-chloropurine bases. Nitration was initially performed with medium yields on 

alkyl, THP and triacetyl-ribose analogs. Boc and Bocom protected derivatives proved to be 

particular suited substrates.  The Boc group appeared to be very suitable for investigating the 

mechanism of purine nitration. With NMR we were able to disclose that the mechanism of 

purine nitration proceeds via electrophilic addition of TFAN followed by a radical 

rearrangement of the nitramine formed.  

In summary, it was clearly shown that we developed new procedures to introduce a 

trifluoromethyl group at the C-6 position of purines. Literature procedures require high 

temperatures and metal ions,  while the presently described trifluoromethylation reaction is 

performed at -20°C or in an ice bath using only cesium fluoride and trifluoromethyl silane 

reagent, starting from C-2 nitrated purines.  The nitro group clearly enhances substitution of 

the halogen by the trifluoromethyl group. The newly found and stable Bocom group proved to 

be efficient in purine nitration and trifluoroalkylation.  Several trifluoromethylated purine 

bases and ribosides have been made with a nitro group at C-2, to serve as a handle for further 

functionalization at the C-2 position. 
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2.10 EXPERIMENTAL 
 
General 

All reagents and solvents were used as commercially available, unless indicated otherwise. 

Flash chromatography refers to purification using the indicated eluents and Janssen Chimica 
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silica gel 60 (0.030–0.075 mm). Melting points were measured with a Leitz melting point 

microscope. Infrared (IR) spectra were obtained from CHCl3 solutions unless indicated 

otherwise, using a Bruker IFS 28 FT-spectrophotometer and wavelengths are reported in  

cm–1. Proton nuclear magnetic resonance (1H NMR) spectra and carbon nuclear magnetic 

resonance (13C NMR; APT) spectra were determined in CDCl3 at 300 K using a Bruker ARX 

400 spectrometer, unless indicated otherwise. All nitration monitoring experiments 

(1H,13C,15N,19F) were carried out on a Varian Inova 500 spectrometer operating at 11.74 T 

(499.9 MHz for 1H; 125.7 MHz for13C; 50.7 MHz for 15N, 470.4 MHz for 19F using a 5 mm 

SW probe or a 10 mm broadband tunable probe. The spectra were determined in deuterated 

chloroform or dichloromethane obtained from Cambridge Isotope Laboratories Ltd. Chemical 

shifts (δ) are given in ppm downfield from tetramethylsilane (1H,13C) or liquid NH3 (15N) or 

CCl3F(19F). Coupling constants J are given in Hz. For the nitration experiments the solvents 

were run over a neutral alumina plug prior to use. Na15NO3 (98 %15N) was purchased from 

Aldrich.15N-nitrobenzene was obtained according to Shackelford’s method for the nitration of 

benzene by replacing tetramethylammoniumnitrate with 15N-labelled TBAN. 

Dichloromethane was distilled freshly prior to use subsequently from phosphorous pentaoxide 

and calciumhydride. All other commercially available chemicals were used without further 

purification. Elemental analyses were performed by Kolbe, Mülheim a.d.Ruhr, Germany. 

 

6-chloro-9-methylpurine 

A solution of 20 g of 6-chloropurine (0.13 mol) in 75 ml dry DMF was cooled in an ice-

bath. 6.72 g (0.168 mol, 60% disp. in oil) of NaH was added in portions and the solution was 

stirred for ten minutes. 10.45 ml (0.168 mol) of MeI was added slowly. The reaction was 

followed via TLC. After 5 hours the reaction was quenched by adding water (200 ml). The 

solvent mixture was removed on a rotary evaporator under reduced pressure in a water bath of 

60˚C. The crude residue was dissolved in water and extracted with  DCM + 5% MeOH. The 

organic fractions were collected and concentrated under reduced pressure (24 g, 9-Me/7-Me 

3:2). Column chromatography (DCM+ 1% MeOH) yielded 12.49 g (0.074 mol) pure product 

(57%) and some mixture(7/9) fractions. 'H NMR (DMSO-d6):  9-Me δ 8.79 (s, H8), 8.66 

(s, H2), 3.88 (s, 9-Me)  7-Me δ 8.79 (s, H8), 8.74 (s, H2), 4.10 (s, 7-Me) 
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6-chloro-9-methyl-2-nitro-purine  

TFAA (3.95 ml; 28 mmol) was added dropwise to a solution of 6-chloro-9-Me-purine  (3 g; 

17 mmol) and TBAN (8.65 g; 28 mmol) in dry DCM (50 ml) at 0 °C under a nitrogen 

atmosphere. After stirring for 1.5 h the solution was poured into 100 ml of sat. aqueous 

NaHCO3-ice (1:1) and Et2O (100 ml) was added. The aqueous layer was extracted with 3 

portions of 60 ml Et2O-CH2Cl2 (3:1). The collected organic layers were washed with H2O 

(2x50 ml) and brine (1x50 ml) and dried with Na2SO4. Evaporation to dryness afforded the 

crude product (2 g). Stirring in MeOH and filtration yielded the pure product (1.66 g; 46%).  
1H NMR (CDCl3) δ 8.37 (s, 1H, H-8), 4.06 (s, 3H, Me) 

 

9-methyl-2-nitro-6-trifluoromethyl-purine   

To a suspension of CsF (0.144 g, 0.95 mmol) and 2-NO2-6-Cl-9-Me-purine (0.100 g, 0.468 

mmol) in dry THF (5 ml) CF3TMS (1.87 mmol) was added at 0oC. After 5 minutes of stirring 

the ice/water bath was removed and the mixture was stirred vigorously at room temperature. 

After 6 h the reaction was diluted with ether and water. The waterlayer was extracted 3 times 

with ether. The combined organic layers were dried with a saturated NaCl solution and treated 

with sodiumsulphate.The solution was concentrated to dryness under reduced pressure. The 

resulting oil was purified by flash chromatography (eluens EA) and concentrated under 

reduced pressure. The resulting pure product (0.35 g, 30%) was obtained as a white foam.  
1H-NMR (400MHz, CDCl3), δ [ppm]: 8.27 (s, 1H, H-8), 4.01 (s, 3H, N-Me) 
19F-NMR (500MHz, CDCl3), δ [ppm]: -69.01 (6-CF3). 

 

9-Boc-6-chloro purine 1 

A suspension of 6-chloropurine (15.5 g; 0.10 mol), Boc2O (31 g; 0.14 mol) and DMAP (0.3 

g; 2 mmol) in dry CH2Cl2 (150 ml) was stirred for 3 h until a clear solution was obtained. 

Light petroleum (25 ml) and silica gel (10 g) were added, the mixture was filtered over 

highflow and the solids were rinsed with EtOAc.  Evaporating the solvent yielded the crude 

product (24.4 g; 96%). Recrystallisation from a mixture of EtOAc-light petroleum afforded a 

first batch of white needles (12.1 g; 48%). A second batch was obtained by recrystallising the 

concentrated filtrate (10.5 g; 41%). decomp. > 111 °C; 1H NMR (CDCl3) δ 8.90 (s, 1H, H-2), 

8.55 (s, 1H, H-8), 1.71 (s, 9H, CCH3). 13C NMR (CDCl3) δ 153.46 (d, J 211.2, C-2), 151.06 
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(d, J 13.2, C-6) 150.84 (dd, J 12.6, J 4.7, C-4), 144.83 (CO), 144.26 (d, J 221.6, C-8), 132.02 

(dd, J 12.7, J 1.2, C-5), 87.49 (-CCH3), 27.22 (q, J 127.6, -CCH3). H-8 was identified by a 

NOE-experiment (400 MHz, CDCl3):  saturation (4.5 s) of the t-Bu protons led to 0.29 % 

NOE on H-8 and 0 % on H-2. 

Calculated     Found 
formula   %C   %H  %N   %C  %H  %N 
C10H11ClN4O  47.16   4.35  22.00   47.13  4.39  22.16 

 

9-Boc-6-chloro-2-nitro-purine 2 

TFAA (2.25 mL; 16 mmol) was added dropwise to a solution of 6-chloro-9-Boc-purine  

(2.55 g; 10 mmol) and TBAN (4.87 g; 16 mmol) in dry CH2Cl2(25 ml) at 0 °C under a 

nitrogen atmosphere. After stirring for 1 h the solution was poured into 75 mL of sat. aqueous 

NaHCO3-ice (1:1) and Et2O (75 ml) was added. The aqueous layer was extracted with 3 

portions of 50 mL Et2O-CH2Cl2 (3:1). The collected organic layers were washed with H2O 

(2x50 mL) and brine (1x50 mL) and dried with Na2SO4. Evaporation to dryness afforded the 

crude product (2.82 g; 94%). Trituration with cold MeOH furnished 2-nitro-6-chloro-9-

Bocpurine 2 as a light yellow solid (2.58 g; 86%). decomp. > 117 °C;1H NMR 

(CD2Cl2)δ8.92 (s, 1H, H-8), 1.72 (s, 9H, CCH3).13C NMR (CD2Cl2)δ154.15 (C-2), 152.97 

(C-6) 151.40 (d, J=4.5,C-4), 148.33 (d,J= 223.4, C-8), 144.47 (CO), 135.49 (d, J=12.1, C-5), 

89.49 (-CCH3), 27.55 (q, J 127.6, - CCH3). 

Calculated    Found 

formula   %C  %H  %N   %C  %H  %N 

C10H10ClN5O4 40.08  3.36  23.37   40.12  3.32  23.48 

 

2-nitro-6-trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)- purine   

To a suspension of CsF (5.3 g, 35 mmol) and 6-chloro-9-(2,3,5-Tri-O-acetyl-β-D-

ribofuranosyl)-2-nitropurine (10.0 g, 21.8 mmol) in dry THF (40 ml) CF3TMS (5.2 ml, 35 

mmol) was added at 0oC. After 5 minutes of stirring the ice/water bath was removed and the 

mixture was stirred vigorously at room temperature. The reaction was followed by HPLC 

(Rt,product = 3.7 and  Rt,reactant = 3.3). After 19 h the reaction was quenched by adding silica gel. 

The suspension was  was concentrated to dryness under reduced pressure. The resulting 

powder was purified by column chromatography using a gradient mixture of MTBE/MeOH 
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(MTBE with 1% MeOH – MTBE with 4% MeOH) and concentrated under reduced pressure. 

The resulting pure product (2.7 g, 25%) was obtained as a light yellow foam.  
1H-NMR (400MHz, CDCl3), δ [ppm]: 8.45 (s, 1H, H-8’), 6.27 (d, J = 5.3 Hz, 1H, H-1’), 

5.81 (t, J = 5.5 Hz, 1H, H-2’), 5.62 (t, J = 5.1 Hz, 1H, H-3’), 4.52 (m, 1H, H-4’), 4.43 (m, 2H, 

5’-CH2), 2.18 (s, 3H, acetyl), 2.11 (s, 3H, acetyl), 2.09 (s, 3H, acetyl). 19F-NMR (500MHz, 

CDCl3), δ [ppm]: -69.06 (6-CF3). 

 

9-BocOM-6-chloropurine  

To a solution of 6-chloro-9-Boc-purine (5.65 g, 22mmol) in dichloromethane was added 

para-formaldehyde (1 g, 33 mmol) and dimethylaminopyridine (0.27 g; 2.2 mmol). The 

mixture was refluxed for 4h until the conversion was complete according to HPLC. Silica was 

added and the solvent was evaporated. Flashchromatography (EA/PE 2:3) furnished the 

product in 65% yield as a colorless oil, which solidified after extensive evaporation in vacuo. 
1H NMR (CDCl3) δ 8.82 (s, 1H, H-8), 8.43 (s, 1H), 6.18 (s, 2H, CH2-O) 1.49 (s, 9H, 

CCH3). 

 

 

9-BocOM-6-chloro-2-nitropurine  

TFAA (2.25 ml; 13 mmol) was added dropwise to a solution of 6-chloro-9-BocOM-purine  

(2.84 g; 10 mmol) and TBAN (4.87 g; 13 mmol) in dry CH2Cl2 (25 ml) at 0 °C under a 

nitrogen atmosphere. After stirring for 1.5 h the solution was poured into 75 ml of sat. 

aqueous NaHCO3-ice (1:1) and Et2O (75 ml) was added. The aqueous layer was extracted 

with 3 portions of 50 ml Et2O-CH2Cl2 (3:1). The collected organic layers were washed with 

H2O (2x50 ml) and brine (1x50 ml) and dried with Na2SO4. Evaporation to dryness afforded 

the crude product (2.0 g; 70%). Crystallisation from ethylacetate furnished 2-nitro-6-chloro-9-

BocOM-purine  as a white solid (1.85 g; 65%). 1H NMR (CDCl3) δ 8.70 (s, 1H, H-8), 6.23 (s, 

2H, CH2-O) 1.50 (s, 9H, CCH3). IR ν 1750 

 

9-BocOM-2-nitro-6-trifluoromethylpurine   

To a suspension of CsF (1.38 g, 9 mmol) and 6-chloro-9-BocOM-2-nitropurine (2.0 g, 6 

mmol) in dry THF (10 ml), CF3TMS (2.7 ml, 18 mmol) was added at 0oC. After 5 minutes of 
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stirring the ice/water bath was removed and the mixture was stirred vigorously at room 

temperature. After 5 h the reaction was quenched by adding silica gel. The suspension was 

concentrated to dryness under reduced pressure. The resulting powder was purified by column 

chromatography (EA/PE 1:1)) and concentrated under reduced pressure. The resulting pure 

product (0.8 g, 31%) was obtained as a light yellow solid.  
1H-NMR (400MHz, CDCl3), δ [ppm]: 8.59 (s, 1H, H-8), 6.20 (s,  2H, CH2O),1.48 (s, 9H). 

19F-NMR (500MHz, CDCl3), δ [ppm]: -69.08 (6-CF3). 

 

Synthesis of 15N-labelled TBAN. 

Tetrabutylammonium chloride (2.0 g; 8.4 mmol) was added to a stirred solution of 
15N-labelled sodium nitrate (1.1 g; 12.6 mmol) in water (4 mL). When a white solid 

precipitated from the solution,CH2Cl2 (5 mL) was added and the biphasic system was stirred 

vigorously for 1 h. The layers were separated and the aqueous layer was extracted with 

CH2Cl2 (3x5mL). The combined organic layers were washed with water (1x4ml) and dried 

with a large amount of Na2SO4. After filtration and washing the remaining Na2SO4 

thoroughly, the solvent was evaporated and drying in vacuo at 50 °C gave 15N lab  NMR δ 

381.3 (s). 

 

Monitoring the nitration of 6-chloro-9-Boc-purine 1 

A 5 mm NMR tube containing a solution of 6-chloro-9-Boc purine 9 (20 mg; 0.10 mmol) 

and (15N labelled) TBAN (61 mg; 0.20 mmol) in CD2Cl2 (0.7 ml) was placed in an acetone-

ice bath of –10 °C.The reaction was started by the addition of TFAA (28 μL; 0.20 mmol). The 

contents were mixed and the tube was transferred into the spectrometer probe set to -10 °C 

and locked and shimmed within 2 minutes. 1H spectra were then recorded every 30 seconds 

during several half lives using single pulses. 

 

Formation of 6-chloro-7-15N-nitro-8-trifluoroacetoxy purine intermediate 3 

A 5 mm NMR tube containing a solution of 6-chloro-9-Boc purine 9 (20 mg; 0.10 mmol) 

and 15N labelled TBAN (61 mg; 0.20 mmol) in CD2Cl2 (0.7 ml) was placed in an acetonitrile-

dry ice bath of –50 °C and pre-cooled TFAA (28 μL; 0.20 mmol) was added. Complete 

conversion of the starting material to 7-nitro-8-trifluoroacetoxy purine intermediate  was 
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observed within 8 hrs as monitored by 1H NMR at –50 °C. NMR data were recorded at -50 

°C; 1H NMR δ 8.82 variable (d, JHN 2.7, 1H, H-8), 8.78 (s, 1H, H-2), 1.48 (s, 9H, CCH3); 
13C NMR δ 159.77 (bs, C-4), 157.69 (d, J 212.4, C-2), 153.75 (dq, JCF 44, JCH 2.9, 

CHO2CCF3) 151.09 (d, J 13.1, C-6), 144.92 (bs, CO), 117.99 (C-5), 114.2 (q, JCF 290, 

CHO2CCF3), 93.01 (dd, JCH 194, JCN 1.8, C-8), 86.73 (CCH3), 27.18 (q, J 127.0, CCH3); 15N 

NMR δ 339.55 (d, JNH 2.7); 19F NMR δ -75.86 (s). CH-correlation data: cross peaks were 

found for (H-8) 8.82 - (C-8) 93.01 and (H-2) 8.78 - (C-2) 157.69. 

 

NMR data for 2-15N-nitro-6-chloro-9-Boc purine 2 
1H NMR (CD2Cl2) 8.92 (s, 1H, H-8), 1.72 (s, 9H, CCH3). 13C NMR (CD2Cl2) δ  154.15 (d, 

JCN 29.4, C-2), 152.97 (d, JCN 4.6, C-6) 151.40 (dd, JCN 4.0, J 4.5, C-4), 148.33 (d, J 223.4, 

C-8), 144.47 (CO), 135.49 (d, J 12.1, C-5), 89.49 (CCH3), 27.55 (q, J 127.6, CCH3). 15N 

δ  365.02 (s). 

 

 

 

 

Kinetic and CIDNP studies 

All kinetic and 15N CIDNP NMR studies were carried out using CDCl3 as a solvent in 10 

mm NMR tubes fitted with a coaxial insert containing a 0.15 M external reference solution of 
15N labelled nitrobenzene (370.4 ppm) or nitromethane (379.4 ppm) in CDCl3. 

 

Purine nitramine rearrangement 

A 10 mm NMR tube containing a 0.15 M solution of nitramine intermediate 3 in CDCl3 

(2.0 ml) preformed by the method described above and stored at –50 °C was placed in a bath 

of the appropriate temperature for 30 seconds with occasional  shaking, and was subsequently 

transferred into the spectrometer probe set to the appropriate temperature and locked and 

shimmed within 2 minutes. The rearrangement was followed with 1H and 15N NMR. 1H 

spectra were recorded every 30 seconds or every minute; for the 15N CIDNP NMR 

experiments spectra were recorded every 3 minutes using single pulses with a pulse angle of 

90° or every 45 seconds using single pulses with a pulse angle of 45°. Complete relaxation 
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was ensured. 15N NMR relaxation times T1 were determined applying π-π/2 pulse sequences. 

Nitrobenzene: (T1 )0 °C = 94 ± 4.7 s. Nitromethane: (T1)-10 °C = 98.9 ± 18.1 s. 2-nitro 

purine 6: (T1)0 °C = 23.4 ± 0.8 s, (T1)-10 °C = 19.8 ± 0.7 s. For the runs followed by 1H 

NMR, the first order rate coefficients (kN) obtained from the decrease of the nitramine 

intermediate 3 were calculated over 3-4 half-lives from the plots of ln(NH2/IS) against time 

or ln(NH8/IS) against time, where NH2 and NH8 are the integral values of the nitramine H-2 

and H-8 respectively and IS the integral value of the tetrabutylammonium signal at 3.18 ppm 

used as an internal standard. The rate coefficients (kP) obtained from the increase of 2-nitro 

product were calculated from a plot of ln[(PH8/IS)t=∞ - (PH8/IS)t] against time, where PH8 are 

the integral values of the product H-8. Regression coefficients were 0.998 ± 0.002. The rate 

coefficients mentioned were measured in duplo 

 

Rearrangement in the presence of DIPEA 

DIPEA (3 equiv; 153 μL; 0.90 mmol) was  added to a solution of the 7-nitro-8- 

trifluoroacetoxy purine intermediate 3 (0.15 M) in CDCl3 (2.0 ml) preformed by the method 

described above and stored at – 50 °C. The sample was placed in an acetone-ice bath of –10 

˚C for 30 seconds with occasional shaking, and was subsequently transferred into the 

spectrometer probe set to -10 °C and locked and shimmed within 2 minutes. The 

rearrangement was followed with 1H NMR and first order rate coefficients were determined 

as described above 

 

Rearrangement in the presence of hydroquinone. 

A 10 mm NMR tube containing a solution of 6-chloro-9-Boc purine 1 (59 mg; 0.30 mmol) 

and a substoichiometric amount of 15N labelled TBAN (85 mg; 0.28 mmol) in CDCl3 (2.0 ml) 

was placed in an acetonitrile-dry ice bath of –50 ˚C and pre-cooled TFAA (40 μL; 0.28 mmol) 

was added. Purine intermediate 3 was allowed to be formed during 2 days at –50 ˚C in order 

to remove all TFAN present. Hydroquinone (99 mg; 0.90 mmol) was added to this solution 

and the sample was placed in a bath of –10 ˚C for 30 seconds with occasional shaking, and 

was subsequently transferred into the spectrometer probe set to –10 ˚C and locked and 

shimmed within 2 minutes. As an external standard 15N-nitromethane (T1 = 113 ± 12 s) was 

used instead of 15N-nitrobenzene. The rearrangement was followed with 15N-NMR, 1x45˚ 
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pulse, 40 sec. delay. After completion of the reaction the amount of product was more 

accurately determined with 1H-NMR: 35 % of nitramine intermediate 3 had been converted 

into product 6 (T1 = 19.8 ± 0.7 s). 
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 Synthesis of 2-substituted-6-
trifluoromethyl purines 

ABSTRACT 

A series of C-2-substituted-6-trifluoromethyl-adenosine derivatives I was prepared efficiently 

from OH-protected 2-nitro-6-trifluoromethyl adenosine analogues.  Reactions with 

nucleophiles were efficiently performed at 0°C to 40°C. Removal of the ribosyl group under 

mildly acidic conditions yielded 2-substituted-6-trifluoromethylpurines II, which could be 

selectively alkylated to furnish 9-methylated-trisubstituted purines III. Bocom protected 

purines IV proved to perform excellently in nucleophilic substitution reactions and allowed 

new efficient alternative routes to biologically interesting compounds. 
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3.1 INTRODUCTION 

In adenosine research, the introduction of substituents at the 2-position is very important to 

obtain biologically active compounds. By influencing the electrochemical and sterical 

properties of the molecule via C-2 substituents, the affinity for various receptor subtypes is 

changed. As discussed earlier, our goal is to introduce C-2 substituents on 6-

trifluoromethylated adenosine derivatives. While very limited literature was available for the 

synthesis of 6-trifluoromethylpurines at all, the introduction of substituents at C-2 of these 

compounds was completely terra incognita.  

Classically, the introduction of C-2 substituents in purines proceeds via diazotation of an 

amine function followed by nucleophilic aromatic displacement of the thus created 

halogenated purines with amines and alcohols1,2. Other techniques like the aromatic 

substitution of 2-fluoro or 2-chloro substituted purine compounds often proceeds sluggishly 

when used for  the introduction of sterically hindered amines or aromatics.3
 In the 1990’s, 

examples have been described where lithiation and stannylation techniques are used.4  A more 

recent powerful technique used for functionalization of the purine skeleton is palladium 

catalyzed reaction with amines or boronic acids, which was applied in the synthesis of Cyclin 

Dependent Kinase (CDK) inhibitors e.g.. 5,6,7  

 

Recently, members of  our group published successful attempts to make use of the 

enhanced electrophilicity of the 2-nitro group for C-6 substitution. The nitro group itself also 

has excellent properties as a leaving group. Rodenko et al. synthesized several very interesting 

compounds via  the introduction of amines at C-2 via nitro group displacement at 80-90°C. 

Examples are di-substituted adenosine derivatives and conformationally restricted analogues 

prepared with diamines.8 Wanner et al. synthesised adenosine analogues with interesting 

adenosine A1 receptor affinity.9 These findings stimulated us to study nucleophilic 

substitution reactions of the nitro group in the newly synthesised 2-nitro-6-

trifluoromethylpurines. 

 
3.2 AMINATION AT THE 2-POSITION  
 

Guided by the results of the docking studies from chapter 1 at the adenosine A2A receptor,  

our interest was focused on the introduction of large amino substituents at C-2 of 6-
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trifluoromethylpurines. Thus, we investigated the coupling of primary amines and cyclic 

secondary amines  via nucleophilic aromatic substitution (SNAr). As a model reaction, 2-

nitro-6-trifluoromethyl purine riboside triacetate 1 in scheme 3.1 was subjected to 

phenethylamine substitution in tetrahydrofuran. Using HPLC, the reactions were monitored at 

different temperatures and it turned out that  substitution takes place easily already  in the 

range of  -10°C to room temperature. With the initially used base diisopropylethylamine, 

nucleophilic deprotection of hydroxyl groups of the ribose was detected according to HPLC 

analysis. When triethylamine was used instead, the acetate groups remained untouched. 

Moreover, the yield increased for phenethylamine (DiPEA: 75%, Et3N: 90%) at the same 

reaction time. The chemistry of aminolysis of the related pyrido purines was extensively 

studied in our group by Odijk and Koomen.10 Pyridopurines were reacted with morpholine, 

diisopropylamine, diethylamine or n-butylamine as nucleophiles and the kinetics of 

aminolysis were analyzed with help of fluorescence studies. A pseudo first order constant k1 

was calculated and a k3 term found.  The second order reaction term k2, however, was 

negligible. A clear correlation was found between basicity and reaction velocity and general 

base catalysis was  proposed. 

 

Comparing these findings with the literature procedures for C-2 substitution of halogenated 

purines, which require elevated temperatures, it is striking that the 2-nitro-6-trifluoromethyl 

purines give  fast and clean conversions already at room temperatures. 

 

Having established suitable reaction conditions,  a diverse set of primary and secondary 

amines was selected to test the scope and limitations of the reaction and to set up a small 

library for biological screening. The amines were chosen with the structure activity relations 

(SAR) for adenosine receptors in mind, as described in chapter 1. We selected  benzyl and 

phenethyl amines, bearing a spacer  and a  hydrophobic aromatic system. They reacted in high 

yields of 82 and 92% after deprotection respectively, as shown in table 3.1. The influence of a 

polar group on substitution is investigated with para hydroxy phenethyl amine which led to 

the product in 40 % yield.  In addition, a series of cyclic secondary amines with diverse 

substituents was selected. The hydroxyl substituted piperazines and piperidines reacted 

reasonably well. Also, the product of the reaction with 4-hydroxyl substituted piperidine 3f 
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was isolated in good yield (65%). The morpholine substituted product 3g was isolated in 37% 

yield (table 3.1). 

 

 
Scheme 3.1 Nucleophilic attack of amines at the purine 2-position of 2-nitro-6-

trifluoromethyl-9-(triacetyl-ribofuranosyl)-purine) amine. a) amine (R-NH2), DIPEA or Et3N, 

THF, 0 - 20°C b) excess amine or NH3/MeOH treatment, rt 

 

Table 3.1: Nucleophilic amination of 2-nitro-6-trifluoromethylpurines 

Product R 

Isolated yield  

over 2 steps (%) 

3a  82% 

3b  90% 

3c  40% 

3d  60% 

3e  40% 

3f  65% 

3g  37% 
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3.3 2-ALKOXYGROUPS AT THE 2-POSITION  

Alkoxy groups are well known to contribute to pharmacophoric interactions in adenosine 

receptor research. In the early 1990’s Ueeda and Olsson recognised the alkoxy substituent as a 

valuable substituent to synthesise potent and selective agonists for the coronary artery( now 

A2 receptor).11 More recently, Cristalli and coworkers described alkoxygroups at C-2 in their 

study on adenosine receptor antagonists.12 Analyzing the different substituents of large series 

of compounds, it appeared that phenethoxy groups at the 2-position gave products with higher 

affinity than the corresponding phenethylamino compounds. In addition the highest A2A 

versus A2B selectivity (near 400-fold) was found for the phenethoxy substituted system. 

 In analogy to the amination, the introduction of alkoxygroups at C-2 was initially 

performed with phenethylalcohol and triethylamine. However this attempt was not successful. 

In addition, raising the temperature to reflux temperature and adding excess of reagent did not 

lead to the desired product either. Literature reports describe the requirement for preactivation 

of alcohols to start the substitution reaction. Marumoto et al. described the preparation of 2-

alkoxy adenosines by displacing the chloro group of 2’,3’-O-(ethoxymethylidine)-2-

chloroadenosine with an alkoxide.13 “Metallic Na” was reacted with an excess of an alcohol to 

generate the alkoxide. The chloro nucleoside was added  and the excess of alcohol served as a 

solvent for the subsequent reaction. Because of the costs involved with expensive alcohols 

using them as solvents is unpractical. Olsson et al. developed a more general route, generating 

the alkoxides by adding n-buthyllithium to a solution of a 5% molar excess of the alcohol in 

dry 1,2-diethoxyethane.14 Refluxing the reaction mixture with the protected 2-chloroadenosine 

for 5 -7 days, generated the 2-alkoxyadenosines in reasonable yields. This method was also 

successfully applied to arylalkoxyadenosines. 

 

We decided to follow a more practical protocol described by Cristalli, which was used to 

functionalise 9-ethyladenines via the corresponding 2-iodides.12 Starting from 2-amino-6-

chloropurines, the purine system was alkylated  on N9 and the 2-amino group was converted 

into an iodide. This was done by the classical diazotization using iso-pentyl nitrite as the 

nitrosating agent, followed by a halogenation procedure. The alkoxy derivatives were 

subsequently obtained by reaction of the synthon with 2-phenethyl alcohol in dry acetonitrile 

in the presence of K2CO3 or NaOH at 85°C for 18 h. We choose to perform the reaction 
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starting from the available iodide in an excess of alcohol by using the phenethylalcohol as a 

solvent too. By adding potassium carbonate, elevating the temperature to only 40°C and 

stirring for 18 h we succeeded in introducing the phenethoxy group in a rather mild way in  

satisfactory  yield (4, 40%). 

 

 

 

3.4 CONVERSION TO 2-AMINOSUBSTITUTED 6-TRIFLUOROMETHYL-

PURINE BASES 

One of our biological objectives is the search for new antagonists for the adenosine 

receptors. Until now, most agonists for the adenosine receptors are mimics of adenosine. The 

ribose moiety at N-9 usually leads to agonistic activity on the adenosine receptors via ribose 

interactions. As discussed in chapter 1, substituted adenine derivatives are generally 

correlated with antagonistic activity. 

Now, having in hand a series of 2-substituted 6-trifluoromethyladenosine derivatives, ways 

could be explored to convert these to the corresponding purine bases. Usually, cleavage of the 

ribose from the purine occurs as a side-reaction during deprotection steps of OH-protected 

ribosides.  Mostly, acid labile groups like isopropylidene or acetate groups are chosen to 

protect the ribose hydroxyl groups. Refluxing in 50% acetic acid or solutions with formic acid 

2% and/or trifluoroacetic acid is used  to deblock the hydroxyl groups. As a side-reaction, 

often cleavage of the N-9 - C-1’glycosidic bond is observed. We observed in our reactions, 

that when pure trifluoroacetic acid was used, this side reaction is promoted to be the main 

reaction.  

When compounds 3a and 3b, obtained after mild deprotection of ribose protective groups, 

were stirred in pure trifluoroacetic acid at 45oC, the ribose moiety was cleaved off selectively 
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(Scheme 3.2). Other parts of the purine system (amine function, or trifluoromethyl groups) 

were not affected and satisfactory yields of 5a and 5b were obtained (79-84%). 

 

 
 

Scheme 3.2 Deribosylation  a) TFA, 45oC, 18h 

 

Nevertheless, better yields could be realised by performing the TFA treatment directly after 

amination. So, after substitution by amines, the solution was evaporated to dryness and the 

residue was instantaneously dissolved in TFA and stirred at 45oC. After total deribosylation, 

normal workup procedures gave  compounds 5a and 5b in high yield (2 steps: 89%).   

In this strategy, the ribose group is in fact used as an effective protective group for purine 

bases. Since the starting material 6-chloropurine riboside is  synthesized from the relatively 

cheap inosine in high overall yield, this route was readily scaled up in our laboratory to 

multiple grams of material, thus giving access to a range of functionalised purine bases.  

 

 

3.5 METHYLATION AT THE PURINE N9-POSITION  
For biological studies, the synthesis of a 2,6,9-trisubstituted purine derivatives was an 

interesting objective. The synthesis of N-9 alkylated purine substrates is of great interest in 

many areas of biological research (antivirals like penciclovir,15,16 anti cytostatic drugs,17 

Cyclin Dependant Kinase inhibitors18 and receptor research).  Classically, introduction of 

alkyl groups is carried out via strong base treatment (sodium hydride or potassium carbonate) 

to deprotonate N-9, followed by the addition of a variety of alkyl and arylalkyl halides.19 This 

method was used for the N9 alkylation of 6-chloropurine with methyl iodide as described in 
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chapter 2. However, because of the presence of an additional amine function at C2, milder 

conditions were evaluated to avoid regioselectivity problems. Very recently, it was reported 

that tetrabutylammonium fluoride (TBAF) remarkably accelerates the N9-alkylation of the 

purine ring with a variety of organic halides at room temperature. TBAF acts as an activator 

of the halide which, in combination with its basic properties, gives excellent yields. This was 

easily adapted to multi titer plate synthesis.20 Another very mild and effective method is the 

Mitsunobu reaction.21 In the early 1990’s it was also adapted to purines for the synthesis of 

carbocyclic guanosine analogs. Successful application has led to carba analogs of 

nucleosides,22 nucleosides with furanyl scaffolds for antiviral application23 and for use as 

Cyclin Dependent Kinase inhibitors. 

 

We applied Mitsunobu conditions for our substrates. Condensation of methanol and the 

purine N-9 proton upon treatment with triphenylphosphine and diisopropyl azodicarboxylate 

resulted in the formation of 6a and 6b via attack of the N-9 anion on the methyl 

oxyphosphonium salt (Scheme 3.3). 

 

 
Scheme 3.3 Methylation of N-9: (a) PPh3, diisopropyl azodicarboxylate (DIAD), MeOH, 

30min or b) potassium carbonate and MeI in DMF, 30 min. 

 

The product was obtained in high yield. However, silica gel column chromatography did 

not totally separate the product from the triphenylphosphine oxide formed during the reaction. 

This was successfully  circumvented by using solid phase/polymer bound triphenylphosphine, 

giving pure product. 

 

Another option was to perform the reaction with methyl iodide in the presence of  

potassium carbonate. With this procedure, products 6a and 6b were obtained in high yield and 
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more importantly, in higher purity after simpler purification. The reaction time was the same 

for both reactions (0.5 h). 

As a side reaction, methylation of the N-7-position occurred in both reactions. The 

formation of the purine N-7-methyl derivative was detected with both HPLC  and 1H-NMR 

(N7-CH3/N9-CH3 = 1:10). However, crystallisation from water gave the pure N9-methyl 

purines 6a and b in good yield. So, initially crude mixtures of  6a and 6b with 10% N7-CH3 

product were isolated in 96% yield.  After crystallisation  pure N9-CH3  was isolated in 80% 

yield. 

 

3.6 BOCOM PROTECTIVE GROUPS AND C-2 AMINATION  

In the preceding chapter, the excellent stability of the Bocom protective group was 

successfully used for the introduction of the trifluoromethyl moiety and the reaction could be 

scaled up easily. Therefore we studied its behaviour in further reaction sequences. We could 

demonstrate that the Bocom group is also stable when subjected to mild nucleophilic 

conditions. Thus, when 2-nitro-6-trifluoromethyl-9-Bocom purine was stirred in 

dichloromethane at reflux temperature with selected amines, the  Bocom protected 2-

substituted products were obtained. The reaction mixture could be easily purified using flash 

chromatography and trituration with petroleum ether. This produced 7a and 7b in 80- 85% 

yield (Scheme 3.4).  

 

 
Scheme 3.4 Amination of Bocom purines a) amine, dipea, DCM, 5h b)  NaOMe 

 

The unmasked purine bases were easily prepared by adding 7a and 7b to a sodium 

methoxide solution in MeOH at room temperature. After 45 minutes, solid CO2 was added 
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followed by slow addition of water. The resulting solid was filtered and washed with water. 

After drying at 50 oC in vacuo, products 5a and 5b were collected as pure solids in >90% 

yield. Overall it is observed that the N9-Bocom route is more efficient than the  preparation 

via the ribosylated or methylated purines. 

3.7 6-AMINO-2-PHENETHYL-SUBSTITUTED PURINES AND BOC 

CHEMISTRY  

To allow direct biological comparison of CF3 and NH2 moieties in purines, we searched for 

data on the direct 6-NH2 analog. of 6b. Although the compound was known from literature, 

no biological data for the adenosine A2A receptor were available. So we had to synthesize the 

compound ourselves.  In addition, we could check the scope of our developed 2-nitropurine 

chemistry. A synthetic route was envisaged using the excellent selective substitution 

properties of the 6-chloro and 2-NO2 groups. In a first step, 2-Nitro-6-chloro-9-methylpurine 

8 (Scheme 3.5) was selectively substituted at C-6 with benzyl amine at room temperature, 

followed by reaction with phenethylamine at 40 oC to yield 10. Selective debenzylation with 

H2 /Pd-C should yield the 6-amino derivative. Unfortunately, this step failed in our hands. 

 
Scheme 3.5 di-amino substituted purines of Bocom purines a) benzylamine, dipea b) 

phenethylamine, dipea 
 

 In the previous chapter, we  showed the very interesting properties of the Boc group in 

purine nitration. Challenged by the disappointing reduction step of 10 to 15, we tried to use 

Boc chemistry to obtain the desired deprotected amine.  Starting from 2-nitro-N6-N6-N9-tri-

Boc protected adenine 11 (see Scheme 3.6) , the N-9 Boc group was selectively removed 

under nucleophilic conditions in acetonitrile. Exactly 1 equivalent of piperidine was added 

dropwise at 0 oC to obtain 12. Compound 13 was prepared via methylation with potassium 

carbonate and methyl iode. The N-9 / N-7 Me isomer ratio was less favourable than in 
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previous cases: 64 / 36. After chromatography, the yield over two steps is 51%  13 (and 29% 

of the corresponding N-7 isomer.) 

 

 
Scheme 3.6 Boc route to 6-amino variant, methylation a) piperidine (1 eq.), acetonitrile b) 

potassium carbonate, MeI, acetonitrile 

 

This  methylated compound was treated with 1.8 equivalents of phenethylamine in DMF 

and stirred at room temperature overnight to yield 80% of 14 (Scheme 3.7). This is another 

example of the very mild and efficient introduction of nucleophiles at C-2. Subsequent 

treatment with trifluoroacetic acid removed the final Boc protective group and furnished the 

target product 15 in 81% yield. Biological data of the compounds are discussed in chapter 6. 

 

 
Scheme 3.7 Boc route to 6-amino variant, amination a) phenethylamine, DMF, rt b) TFA, 
DCM 
 

To study the order of reaction steps in the conversion from 13 to 14, the reaction was 

monitored with proton NMR. Two potential intermediate products 16 and 17, as depicted in 

Scheme 3.8 were both observed. Initially, a fast reaction of the first amine occurs, giving two 

options: C-2 substitution or Boc mono-deprotection. When the 6-diBoc is intact, C2 

substitution proceeds fast, leading to intermediate 16. Probably, the second Boc group further 

lowers the electron density at C2, thus enhancing aromatic nucleophilic substitution. The 

alternative option, initial Boc deprotection to 17, takes place via activation by the C-2 nitro 

group, which we also use for our 6-trifluoromethylpurine syntheses and deprotection at N6. 

After the first substitution, the next step to 14 appears to be very slow. The C-2 amine 
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substituent does not accelerate attack at C-6 the same way as the nitro group. On the other 

hand, in intermediate 17 with one of the N protecting Boc groups removed, the C-2 position is 

also less activated, resulting in slow conversion of 17 to product 14. 

 

 
Scheme 3.8 Proposed routes for amine substitution and mono Boc deprotection of di-Boc 
protected N9-methylpurines 
 

 

3.8 CONCLUDING REMARKS  

We successfully introduced substituents at the C-2 position of 6 trifluoromethylpurine 

derivatives via amination with a diverse set of amines and ether formation with 2-

phenylethanol. After removal of the N-9 protecting ribose group, methylation produced 2-

substituted-6-trifluoromethyl-9-methylpurines.  The Bocom group proved to be stable in 

nucleophilic environment and was applied to generate a new alternative route to our target 

molecules. Boc protected 2-nitro-9-methyladenines were successfully used to synthesize the 

natural amino bioisosteres of our target molecules. NMR analysis of the formed products gave 

insight in the different steps of the deprotection/substitution mechanism intermediates. 
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3.10 Experimental  
 
 

General information. 

For experimental details see Chapter 2.  

 

2-phenethylamino-6-trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)-purine 2b 

A THF (10 ml) solution containing 6-Trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-

ribofuranosyl)-2-nitropurine (2.6 g, 5.3 mmol), Et3N (0.97 ml, 6.9 mmol) and 

phenylethylamine (0.66 ml, 5.3 mmol) was stirred at 0oC for 22 h followed by warming up till 

room temperature. The reaction was followed by HPLC. After completion the reaction was 

quenced  by adding silica gel. The suspension was  concentrated to dryness. The resulting 

powder was purified by column chromatography using a gradient mixture of MTBE - MTBE 

with 1% MeOH – MTBE with 4% MeOH and concentrated under reduced pressure. The 

resulting pure product was obtained as a yellow/white foam in 90 % yield. 

 1H-NMR (400MHz, CDCl3), δ [ppm]: 7.96 (s, 1H, H-8), 7.34-7.21 (m, 5H, Har), 6.15 (d, J 

= 4.9 Hz, 1H, H-1’), 6.13 (br s, 1H, NH), 5.83 (t, J = 5.3 Hz, 1H, H-2’), 5.71 (t, J = 5.1 Hz, 

1H, H-3’), 4.45 (m, 2H, 5’-CH2), 4.38 (m, 1H, H-4’), 3.93 (br m, 2H, NHCH2), 3.00 (t, J = 

7.1 Hz, 2H, CH2), 2.16 (s, 3H, acetyl), 2.10 (s, 3H, acetyl), 2.09 (s, 3H, acetyl). 

 

2-benzylamino-6-trifluoromethyl-adenosine 3a 

2-benzylamino-6-trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl) purine was 

prepared according to the procedure for 2b. This product (0.090 g, 0.16 mmol) was stirred in 

a 1:1 solution of NH3 in MeOH for 4 h.  Solvent evaporation and sublimation afforded 

compound 3a (0.057g, 82%). 
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1H-NMR (400MHz, DMSO), δ [ppm]: 8.55 (s, 1H, H-8), 7.37-7.23 (m, 5H, Har), 6.5 (br s, 

1H, NH), 5.94 (d, 1H, H-1’), 5.49 (d,1H, OH), 5.27 (bs,1H, OH), 5.25 (bs, 1H, OH), 4.72 (t,  

1H, H-2’), 4.61 (t, 1H, H-3’), , 4.38 (m, 1H, H-4’), 4.13 (br m, 2H, NHCH2), 3.97 (2H, H5’) 
19F-NMR (500MHz, DMSO), δ [ppm]: -68.64 (6-CF3). 

 

 

2-phenethylamino-6-trifluoromethyl-adenosine 3b 

2-phenethylamino-6-CF3-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)-purine 2b was stirred in 

a 1:1 solution w/w of NH3 in methanol for 18 h. The product was purified by flash 

chromatography (MTBE with 5% MeOH) to yield, after sublimation,  compound 3b (0.033g, 

60%) 
1H-NMR (400MHz, DMSO, D2O), δ [ppm]: 7.99 (s, 1H, H-8), 7.34-7.21 (m, 5H, Har), 6.12 

(br s, 1H, NH), 5.93 (bs, 1H, H-1’), 4.64 (m, 1H, H-2’), 4.27(m, 1H, H-3’), 4.19 (m, 1H, H-

4’), 4.16 (m, 2H, 5’), , 3.27 (br m, 2H, NHCH2), 2.7 (br m, 2H, CH2). 
19F-NMR (500MHz, DMSO), δ [ppm]: -63.95 (6-CF3). 

 

2-(4-hydroxy-phenethylamino)-6-trifluoromethyl-adenosine 3c 

2-nitro-6-CF3-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)-purine (0.125g, 0.25 mmol,) was  

treated with 5 equivalents of tyramine in 5 ml THF. The product was purified by 

flashchromatography (EA) to yield compound 3c (0.046g, 40%). 
1H-NMR (400MHz, DMSO, D2O), δ [ppm]: 8.52 (s, 1H, H-8), 7.39-7.0 (m, 5H, Har), 5.92 

(bs, 1H, H-1’), 4.59 (m, 1H, H-2’), 4.16(m, 1H, H-3’), 3.93 (m, 1H, H-4’), 3.43 (br m, 2H, 

NHCH2), 2.81 (br m, 2H, CH2). 

 

2-(N-hydroxy-ethyl-piperazinyl)-6-trifluoromethyl-adenosine 3d 

A THF (5 ml) solution containing 6-Trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-

ribofuranosyl)-2-nitropurine (0.374 g, 0.8 mmol) and hydroxy-ethylpiperazine (1.0 ml, 8.1 

mmol) was stirred at room temperature for 18 h. The reaction was followed by HPLC. After 

completion the reaction was quenched  by adding silica gel. The suspension was concentrated 

to dryness. The resulting powder was purified by column chromatography using a gradient 
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mixture of MTBE: MTBE with 1% MeOH – MTBE with 4% MeOH and concentrated under 

reduced pressure. The resulting pure product was obtained in 60 % yield. 
1H-NMR (400MHz, DMSO, D2O), δ [ppm]: 8.57 (s, 1H, H-8), 5.99 (d, 1H, H-1’), 4.6 (t, 

1H, H-2’), 4.4 (d, 1H, H-3’), 4.29 (m, 1H, 4’), 4.1 (d, 2H, H5’), 3.56 (t, 2H), 2.59 (m, 8H), 

2.48 (t, 2H) 

 

2-piperidinyl-6-trifluoromethyl-adenosine 3e 

2-piperidinyl-6-trifluoromethyl-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl) purine was prepared 

following the procedure for 3b. This product (0.038 g) was treated with 1:1 NH3 solution and 

MeOH. Flash chromatography (MTBE +2.5% MeOH) yields 3e (0.030 g, 40%)  
1H-NMR (400MHz, CDCl3), δ [ppm]: 7.89 (s, 1H, H-8), 5.82 (d, 1H, H-1’), 5.0 (t, 1H, H-

2’), 4.44 (d, 1H, H-3’), 4.32 (m, 1H, 4’), 4.1 (bs, 4H), 3.93 and 3.76 (d, 2H, H5’), 1.72 (m, 

6H). 

 

2-(4-OH-piperidinyl)-6-trifluoromethyl-adenosine 3f 

2-(4-OH-piperidinyl)-6-trifluoromethyl-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl) purine was 

prepared following the procedure for 3b. This product (0.040 g, 0.07 mmol) was treated with 

1:1 NH3 solution and MeOH. Flash chromatography (MTBE +2.5% MeOH) yields 3f (0.020 

g, 65%)  
1H-NMR (400MHz, DMSO, D2O), δ [ppm]: 7.86 (s, 1H, H-8), 5.80 (d, 1H, H-1’), 5.2 (t, 

1H, H-2’), 4.6 (d, 1H, H-3’), 4.29 (m, 1H, 4’), 4.1 (bs, 4H), 3.80 and 3.74 (d, 2H, H5’), 1.90 

(m, 4H). 

 

2-morpholinyl-6-trifluoromethyl-adenosine 3g 

6-Trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)-2-nitropurine 1  (0.100 g, 0.2 

mmol) was treated with morpholine (0.175 ml, 2 mmol) and triethylamine (0.2 ml) in 1ml 

THF.  After the reaction was complete, the product was purified bij flash chromatography 

(EA) to yield 3g (30 mg, 37%). 
1H-NMR (400MHz, DMSO), δ [ppm]: 8.6 (s, 1H, H-8), 6.00 (d, 1H, H-1’), 5.64 (d, 1H, H-

2’), 5.47(d, 1H, H-3’), 4.66 (m, 2H, 5’), 4.34- 4.13 (m, 8H). 
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2-phenethyloxy-6-trifluoromethyl-adenosine 4 

6-Trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)-2-nitropurine 1 (0.150g, 0.4 

mmol) was dissolved in phenethylalcohol (3 ml) and K2CO3 (0.084 g, 0.8 mmol) was added. 

The reaction was warmed to 40ºC for 18h. After cooling to room temperature, the mixture 

was extracted three times with DCM/water. The organic layers were concentrated and purified 

by flash chromatography (gradient MTBE - MTBE+10% MeOH) to give compound 4 (0.068 

g, 40%). 
1H-NMR (400MHz, CDCl3, D2O), δ [ppm]: 8.13 (s, 1H, H-8), 7.32-7.19 (m, 5H, Har), 5.92 

(bs, 1H, H-1’), 5.0 (bs, 1H, H-2’), 4.51(m, 1H, H-3’), 4.32 (br m, 2H, NHCH2), 3.96 (m, 1H, 

H-4’), 3.88 (m, 2H, 5’), 3.19 (br m, 2H, CH2). 

 

2-benzylamino- 6-trifluoromethylpurine  5a 

(2 available methods, see also 5b) A solution of 6-trifluoromethyl-2-benzylamino-9-

BocOM purine (0.100 g, 0.23 mmol) in MeONa/MeOH (2.3 mmol) was stirred at room 

temperature. After 45 minutes solid CO2 was added. Water was added slowly to the 

suspension. The solid was filtered and washed with water. After drying at 50 oC in vacuo, it 

was collected as a pure solid (0.060 g, 89%) 

 1H-NMR (400MHz, DMSO-d6), δ [ppm]: 13.0 (br s, 1H, 9-NH), 8.34 (br s, 1H, NH), 8.33 

(s, 1H, H-8), 7.38-7.23 (m, 5H, Har), 4.71 (br s, 2H, NHCH2) 

 

2-phenethylamino -6-trifluoromethylpurine 5b 

A solution of 6-Trifluoromethyl-9-(2,3,5-tri-O-acetyl-β-D-ribofuranosyl)-2-phenethyl-

aminopurine (2.65 g, 4.7 mmol) in trifluoroacetic acid (15 ml) was stirred at 40 oC. The 

reaction progress was followed by HPLC (Rt,product = 3.7). After 24 h the mixture was 

coevaporated with toluene and methanol. Trituration with ether furnished the product as a 

light grey  solid (1.15 g, 80%). 1H-NMR (400MHz, DMSO-d6), δ [ppm]: 13.4 (br s, 1H, 9-

NH), 8.32 (s, 1H, H-8), 8.32 (br s, 1H, NH), 7.31-7.21 (m, 5H, Har), 4.16 & 3.72 (br m, 2H, 

NHCH2), 2.96 (t, J = 7.5 Hz, 2H, CH2). 
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2-benzylamino-9-methyl-6-trifluoromethylpurine  6a 

6a was made via Mitsunobu conditions with polymer bound triphenylphosphine to facilitate 

purification. To a solution of 2-benzylamino-6-trifluoromethylpurine 5a (0.047 g, 0.16 mmol) 

in DCM (2 ml), was added triphenylphosphine polymer bound (0.133 g, 3 mmol/g, 0.4 

mmol), MeOH (0.016 ml, 0.4 mmol) and diisopropylazodicarboxylate (DIAD) (0.078 ml, 0.4 

mmol). The mixture was stirred slowly at room temperature and after 1 h the reaction was 

complete. Flash chromatography (EA) afforded 6a  (0.035 g, 71%) 

 1H-NMR (400MHz, CDCl3), δ [ppm]: 7.80 (s, 1H, H-8), 7.34-7.22 (m, 5H, Har), 6.15 (br s, 

1H, NH), 4.01(s, 3H), 3.95 (br s, 2H, NHCH2) 

 

9-methyl-2-phenethylamino-6-trifluoromethylpurine  6b 

To a solution of 6-Trifluoromethyl-2-phenethylaminopurine 5b (0.600 g, 1.95 mmol) in 

DMF (14 ml) K2CO3 (0.351 g, 2.54 mmol) and MeI (0.158 ml, 2.54 mmol) were added. The 

mixture was stirred at room temperature and after 0.5 h the reaction was complete (HPLC: 

Rt,product = 4.1). Crystallization occurred after the slow addition of water (17 ml). After stirring 

for 0.5 h the mixture was filtrated and the residue was washed with four 10-ml portions of 

water. The filtrate was again filtrated after 1 h and the residue was washed with three 5-ml 

portions of water. The residue was dried in vacuo at 60oC obtaining the product as a white 

solid (503 mg, 80%). 

 1H-NMR (400MHz, CDCl3), δ [ppm]: 7.83 (s, 1H, H-8), 7.33-7.21 (m, 5H, Har), 6.17 (br s, 

1H, NH), 3.95 (br m, 2H, NHCH2), 3.87 (s, 3H, CH3), 3.01 (t, J = 7.1 Hz, 2H, CH2) 

 

2-benzylamino-9-BocOM-6-trifluoromethylpurine 7a 

A THF (5 ml) solution containing 6-trifluoromethyl-2-nitro-9-BocOM-purine (0.4 g, 9 

mmol, chapter 2), diisopropylethylamine (0.174 ml, 10 mmol) and benzylamine (0.66 ml, 10 

mmol) was stirred at room temperature for 5 h. The reaction was followed with HPLC. After 

completion the reaction was quenched by adding silica gel. The suspension was concentrated 

to dryness. The resulting powder was purified by flash chromatography (EA/PE 1:1) and 

concentrated under reduced pressure. The resulting product was obtained in 81 % yield (0.37 

g). 
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 1H-NMR (400MHz, CDCl3), δ [ppm]: 8.12 (s, 1H, H-8), 7.40-7.28 (m, 5H, Har), 6.30 (bs, 

1H, NH), 6.10 (s, 2H, CH2O), 4.86 (bs, 2H, CH2NH), 1.47 (s, 9H) 

 

9-BocOM-2-phenetylamino-6-trifluoromethylpurine 7b 

A DCM (5 ml) solution containing 6-trifluoromethyl-2-nitro-9-BocOM-purine (0.365 

mmol, see chapter 2), diisopropylethylamine (0.4 mmol) and phenyl-ethylamine (0.4 mmol) 

was stirred at reflux temperature for 4 h. After completion the reaction was purified by 

flashchromatography (EA/PE 1:1). The resulting solid was triturated with PE to give 

compound 28 in 80% yield (0.129 g). 

 1H-NMR (400MHz, CDCl3), δ [ppm]: 8.10 (s, 1H, H-8), 7.31-7.19 (m, 5H, Har), 6.23 (bs, 

1H, NH), 6.09 (s, 2H, CH2O), 3.92 (bs, 2H, CH2NH), 2.99 (t, 2H), 1.48 (s, 9H) 
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4 
 

Synthesis of 8-substituted  
9-methyl-2-phenethylamino- 

6-trifluoromethylpurines 
 

 

ABSTRACT 

In this chapter the successful synthesis of tetra substituted purines is presented, including one 

of the target compounds with selected substituents at C-2, C-6, C-8 and N-9. 

 

 
 

2-Phenethylamino-substituted 9-methyl-6-trifluoromethylpurine was converted into the 

corresponding 8-halopurine. The 8-halopurine reacted via nucleophilic aromatic substitution 

with amines to give 8-alkylamino-substituted analogs. In addition, the use of palladium 

catalysed reactions was very successful to introduce carbon-carbon bonds at C-8. (Hetero)-

aryl groups and styryl derivatives were introduced using palladium chemistry via Suzuki and 

Stille coupling reactions. Sonogashira coupling procedures were applied to introduce alkynes 

at C-8.  
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4.1 INTRODUCTION 
The introduction of substituents at position C-8 of adenosine derivatives and purines is 

commonly used to influence base pairing properties in DNA/ DNA recognition, or for 

improvement of compounds as building blocks for synthetic oligonucleotides. Other 

applications are found in cytostatic or antiviral agents. Gudmundsson published a series of 8 

substituted carbocyclic analogs with activity against hepatitis B virus.1 C-8 substituted 

adenosine derivatives are used to enhance affinity for specific adenosine receptors. Depending 

on the purpose, clear focus should be on activity and selectivity for subtypes. Big differences 

in affinity for receptor subtypes will increase selectivity, and thus functional 

agonism/antagonism. This paradox leads to the idea that to design highly selective and active 

ligands on a specific subtype, in general the activity on other receptor subtypes should be low. 

A large amount of research was allocated to adenosine receptors. Previously Bruns2, 

Jacobson3 and Olsson4 concluded that substitution at C8 carbon often leads to inactive 

compounds on adenosine receptor subtypes. It was suggested that such substituents force the 

nucleoside into the syn conformation, whereas the anti conformation is thought to be essential 

for receptor binding. Van der Wenden et al. described the synthesis of some C-8 substituted 

adenosines with modest activity on adenosine receptors5. Later, IJzerman et al. reported the 

synthesis of N-6 - C-8-disubstituted adenosines, in anti conformation, with enhanced affinity 

for the A1 receptor as exemplified in figure 4.1.6 Recently Cristalli reported a new class of 8-

substituted 9-ethyladenines with high activity on the adenosine A2A receptor.7 Starting from 8-

bromo-9-ethyladenine8 the A2A binding affinity and selectivity against other adenosine 

subtypes was improved by replacing the 8-bromine atom by an ethoxy or a furyl substituent, 

to form the compounds 8-ethoxy-9-ethyladenine and 8-furyl-9-ethyladenine III.9 These two 

compounds showed higher selectivity and affinity for the adenosine A2A receptor than the 

original 8-bromo-compound II.  
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 Figure 4.1 8-substituted adenosines and adenines  

 

  The classical synthetic schemes to achieve preparation of 8-substituted purines are based 

on heterocyclisation, where 5,6-diaminopyrimidines are reacted with carboxylic acid 

derivatives (see Scheme 4.1).10, 11 

 

 
Scheme 4.1. Classical retro synthetic synthesis of 8-substituted purines   

 

The cyclisation strategies usually involve multistep procedures, resulting in moderate 

overall yields. When multiple functionalisations (C2/ C-6 /C-8) are desired, the introduction 

of new substituents often requires changes in the whole reaction scheme from the start,.  

Barton et al. reported the alkylation on 8-lithiated adenosines via hydrogen-lithium 

exchange,12 a procedure which was later improved by Miyasaka.13 

Recent approaches are based on reactions with halopurines. In this way several aminoalkyl, 

aryl, or alkyl substituted purines have been prepared. The advances in organometallic 

chemistry and its applications in organic synthesis are enormous. Low temperature lithiation 

(LDA or BuLi) of purines is a general approach to 8-substituted purines. 8-lithiopurines 

nucleosides can be transformed into 8-carbon-substituted nucleosides on treatment with 

electrophiles.14   Cross coupling reactions are also widely used for the construction of C-C 

bonds. Treatment of purines bearing suitable leaving groups like halogens or tosylates with 

diverse types of organometallic compounds based on Mg, Cu, Al, Zn, Sn and B are 
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extensively examined for purine functionalization. Palladium catalyzed cross-coupling are 

powerful methods for modifications of nucleosides and will be applied in the next 

paragraphs.15 Several efficient approaches are described for the substitution of C-2 and C-6 

halopurines. However, a limited number of examples of palladium-catalyzed syntheses for 

obtaining 8-aryl purine nucleosides are reported.16 

This chapter describes the introduction of halogens at C-8 on selected substrates and 

strategies towards various  8-functionalised 2-amino-6-trifluoromethylpurines according to 

Scheme 4.2. 

 

 
Scheme 4.2  Retro synthetic scheme for 8-substituted 6-trifluoromethyl-purines via 

halogenation 

 

4.2 8-HALOPURINE VARIANTS OF 6-TRIFLUOROMETHYLPURINES 
 

8-Iodo- and 8-bromopurines and adenosines can be prepared in various ways. Several 

procedures have been reported. However, the results strongly depend on the substituents 

present at the purine skeleton. The 8-bromo adenine compound in Figure 4.1 was prepared via 

bromination with  N-bromosuccinimide. This reagent is commonly used for free-radical 

bromination by slowly releasing Br2. In analogy,  N-iodosuccinimide is used in iodination 

reactions. 

Another classical method is subjecting the nucleoside to molecular bromine with sodium 

acetate dissolved in glacial acetic acid as described by Holmes and Robins in 196317. 

Optimization of this procedure resulted in procedures using aqueous bromine. 

Miyasaka et al. reported the use of lithium bases to introduce carbon electrophiles. By 

generating an anion at C-8 of protected 6-chloropurine ribosides, electrophiles could be 

introduced in the purine ring. They used lithium diisopropylamide (LDA) to lithiate 
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exclusively the 8-position by carrying out the reaction at -70°C. Quenching the anion with 

iodine yielded the 8-iodo derivative in excellent yields.18  

We employed these procedures to attempt introduction of halogens in trisubstituted purine 

1. The results are presented in Table 4.1 and 4.2. 

 

 

 
Scheme 4.3 Halogenation of C-8  a) conditions: see Table 4.1 and 4.2 

 

 

Table 4.1: Halogenating procedures to obtain 8-bromopurine 2 

Conditions Temperature (oC) Yield (%) 

NBS (1.6 equiv.) DCE, 19h 80 No reaction 

NBS (1.6 equiv.) THF, 60h 20 No reaction 

NaOOCCH3 (32), Br2 (1.2 equiv.), acetic acid19h 25 No reaction 

1) BuLi , THF 30min 2) CBr4 (2.0 equiv.) 30m -72 36 

1) BuLi , THF 20 m 2) Br2 (1.6 equiv.) 20 m -72 88 

 

 

Table 4.2: Halogenating procedures to obtain 8-iodopurine 3 

Conditions Temperature (oC) Yield (%) 

NIS (1.6) DCE, 19h 80 No reaction 

1) LiHMDS THF 30 m, 2) I2 (1.2 equiv.) 10 m -72 No reaction 

1) LDA THF 45 m, 2) I2 (1.2 equiv.) 1h -72 43 

1) BuLi  THF 30 m 2) I2 (1.2 equiv.) 10 m -72 72 

1) BuLi  THF 10 m 2) I2 (1.6 equiv.) 10 m -72 91 
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In our compound, no reaction took place when treating purine 1 with NBS or NIS at 

elevated temperatures. It was not clear whether the reaction was not initiated by NBS or the 8-

position of the substituted purine was not available for a radical reaction or the lifetime of the 

purinyl radical was too short. Also the treatment of 1 with bromine in acetic acid did not 

result in product formation. Only starting material was recovered. Inspired by the results of 

Miyasaka, we tried to generate the di-anion  at N-H and C-8 of 1 with LDA to induce a 

nucleophilic attack of the purine anion on bromine. However, again no reaction was observed. 

It is well known that this type of reaction is very moist sensitive. Purine 1 was previously 

purified by crystallisation from water and thoroughly dried at 60oC in vacuo. To check if  

formation of the di-anion was still obstructed by traces of moist we applied a quenching 

experiment using NMR. After lithiation we quenced the compound by adding CH3OD as a 

deuterium source to deuterate the purine di-anion at the 8-position. NMR experiments 

demonstrated that no C-8 deuterium was incorporated. This implied that the desired di-anion 

was not formed. The drying step was clearly insufficient, so we dried the flask and the 

compound  1 thoroughly at 100oC in vacuo for at least 2.5 hours prior to lithiation. Indeed, 

now halogenation was successful. We studied the effect of butyllithium on the formation of 

the di anion. A clear change in colour (colourless→green→yellow) indicated that the 

formation of the di-anion proceeded within one minute. Quenching the di-anion with bromine 

or iodine gave product 2  and 3 respectively in high yields (91% and  88%). The deprotonated 

amine NH was re-protonated during workup procedures. To avoid the use of bromine we tried 

to quench the lithiated purine with CBr4. Tetrabromomethane is reported by Boga and co-

workers to be a useful “positive halogen ion” donor for performing simple, efficient and 

regiospecific bromination of heterocycles19. Product 2 was actually formed, but the yield 

(36%) was significantly lower than in the procedure via bromine quenching.  

Finally, we prepared 2 and 3 in good yield (88-91%) and high purity as fluffy white 

powders after lyophilisation. These compounds were easy to handle and good starting 

material for various substitution reactions at the 8-position. 

 

 4.3 8-ALKYLAMINO PURINES VIA NUCLEOPHILIC SUBSTITUTION 

The 8-iodo derivative 3 gives access to a variety of 8-alkylaminopurines, which can be 

synthesised by nucleophilic displacement of the halogen with amines (Scheme 4.4). We chose 
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a small set of secondary cyclic (hetero-)alkyl amines and one primary amine. The aromatic 

nucleophilic substitution was performed by heating the substrates with (liquid) amines at 

90°C without other solvents. The results are given in Table 4.3. 

 

 
Scheme 4.4  Synthesis of 8-aminoalkylpurines via direct SNAr. a) conditions: see 

Table 4.3 

 

Table 4.3:  Conditions to obtain 8-amino substituted trifluoromethylpurine derivatives  

Product Amine Time (h) Temperature (oC) Purity (%) Yield (%) 

4 
 17 90 99 56 

5 
 17 90 >95 90 

6 
 17 90 99 99 

7 
 42 90 95 75 

 

As expected, the more nucleophilic secondary cyclic amines reacted fast compared to the 

primary cyclopentylamine. The yield of the amination with pyrrolidine was lower because 

problems arose during work-up. We observed that the product was contaminated with the 

starting amine applied and with impurities in the amine which were eluted along with the 

product. Since we experienced some difficulties in separating the amines from the product, all 

the products were eluted over a solid phase extraction (SPE) column resulting in higher 

purity.  
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4.4 8-ALKYLPURINES VIA PALLADIUM CATALYSIS 

As discussed earlier, palladium catalysis is one of the most powerful methods to form C-C 

bonds. We applied several types of palladium catalysed reactions to form new 8-

alkylsubstituted products: Sonogashira, Stille and Suzuki-Miyaura coupling reactions. 

 

4.4.1 SONOGASHIRA REACTION 

The Sonogashira reaction is extensively used to prepare 2, 6 or 8-alkynyladenosines. 

Haloadenosines react with terminal alkynes under Pd catalysis  to give the corresponding 

alkynyl derivatives in good yields and high functional group tolerance.20 

 

 
Scheme 4.5 Sonogashira coupling a) phenylacetylene, Pd(PPh3)4, CuI, DMF, Et3N 

 

We prepared compound 8 in excellent yield (96%) by stirring the starting material with 

phenylacetylene, CuI  and triethylamine as a base under an argon atmosphere at room 

temperature for 2 hours. Recently, acetylene moieties are getting attention in click chemistry 

via functionalized azides to yield adenosine A3 receptor ligands.21 

 

4.4.2 STILLE COUPLING 

The Stille coupling is a very efficient C-C bond forming reaction between organostannanes 

and halogenated substrates. This reaction has been widely applied to purines. Mostly used is 

the tributyl stannane derivative in combination with tetrakis(triphenylphosphine)palladium(0) 

and /or an inorganic salt like CuI for better conversions. A general drawback of this reaction 

is the toxicity and environmental pollution of the organostannanes, which is however not a 

serious problem on laboratory scale.  Our conversions to compounds 9, 10 and 11 as shown in 

Scheme 4.6 were achieved in 95%, 95%, 98% yields, respectively. 
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Scheme 4.6 Stille coupling a) aryl-SnBu3,  Pd(PPh3)4, CuI, 90°C, dry DMF 

 

4.4.3 SUZUKI-MIYAURA CROSS COUPLING 

Unlike the Stille reaction, the Suzuki-Miyaura reaction has found very limited application 

to substitute purines, until, in the late 90’s, Cristalli and coworkers presented the synthesis of 

2-alkenyladenosines from alkenylboronates.22  Then Hocek showed the cross coupling 

between boronic acids and 6-halopurines using potassiumcarbonate and 

tetrakis(triphenylphosphine)palladium(0) as a catalyst.23 Later Lakshman reported a modified 

procedure using palladium acetate and the ligand 2-(dicylcohexylphosphanyl)biphenyl, which 

broadened the scope even further.24 Boronic acids present several advantages over all the 

other organometallic derivatives. First of all, they have low toxicity, especially compared to 

stannous-containing compounds, and tolerate the presence of some unprotected functional 

groups. Moreover,  boronic derivatives are easy to handle and nowadays a variety of boronic 

acids with different substituents is commercially available and inexpensive. Recently, we 

published a RuPhos-ligand-mediated Suzuki cross-coupling between (hetero)aryl bromides 

and secondary alkyltrifluoroborates which may be used in production of secondary-alkylated 

(hetero)aryl derivatives.25 

 

The mechanism of the Suzuki-Miyaura reaction is commonly depicted as a general catalytic 

cycle involving oxidative addition-transmetalation-reductive elimination sequences (Scheme 
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4.7). The oxidative addition is often the rate-limiting step and the relative reactivity of aryl-

halides decreases in the order I > Br > Cl. 

 

 

 
 

Scheme 4.7  Catalytic cycle of the Suzuki-Miyaura cross-coupling reaction 

 

In Scheme 4.7 the boronic acid is depicted as a neutral compound. However, it is assumed 

that not the neutral boronic acid, but the hydroxylated anion RB(OH)3
- is the reactive species. 

The neutral boronic acid is apparently activated by water and base. 

 

Literature showed that Pd(PPh3)4 was a superior catalyst compared to Pd(dba)2/P(o-tol)3, 

Pd(dba)2/AsPh3 or PdCl2(PPh3)2. (dba = dibenzylidene acetone). Furthermore, K2CO3 turned 

out to be superior to other bases; Na2CO3, Cs2CO3. DiPEA and NaOMe did not give any 

reaction at all.  
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Scheme 4.8  Literature example of a selective Suzuki-Miyaura cross-coupling 

reaction with a dihalopurine derivative a) PhB(OH)2, 1 equiv., Pd(PPh3)4, K2CO3, toluene 

100°C, 81% 

 

If the oxidative addition is the rate limiting step, the 8-iodo purine 3 is probably the most 

reactive halopurine, as the relative reactivity of aryl-halides in insertion reactions decreases in 

the order I > Br > Cl. Therefore we examined different reaction conditions with compound 3 

and 2-furanboronic acid as reactant aiming at biological interesting molecules. Using the 

optimal conditions from literature (with potassium carbonate in toluene), disappointing results 

were obtained. We studied effects of solvents (THF, DME/water, toluene), bases (potassium 

carbonate, dipea, potassium fluoride and sodium carbonate) and we varied the reaction 

temperature. 2-Furanboronic acid appeared to be quite unreactive and even if treated with 

K2CO3 in DME/H2O at 90oC no product was formed. This is probably due to the fact that the 

leaving iodide anion is strongly complexed to palladium, thus activation of the 2-furanboronic 

acid is really necessary to induce transmetallation. 

Formation of a purine dimer during the reaction(see Figure 4.2), proved that oxidative 

insertion took place, but transmetallation failed. This suggests a competition between the 

iodopurine 3 (Scheme 4.3) and the boronic acid towards the iodo-Pd-purine complex. The 

purine dimer is formed when the boronic acid is not sufficiently activated to compete with the 

8-iodo-6-trifluoromethylpurine.  
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Figure 4.2 Purine C8-dimer formation during catalysis 

 

In Scheme 4.9, a very preliminary formation mechanism is proposed. Two oxidative 

additions are followed by elimination of the two purines resulting in the formation of the 

dimer and the remaining PdI2. By the elimination of the iodide ligands the catalytic cycle is 

completed and the Pd is ready for another cycle. This is an assumption based on a comparable 

mechanism, described by Moreno-Mañas et al26. 

 

 
 

Scheme 4.9  Proposed mechanism for the formation of a 6-trifluoromethylpurine 
dimer in Figure 4.2 

 

Because of the problems observed in attempts to introduce the 2-furanyl moiety at the C8 

position, we examined analogous reaction conditions with other boronic acids, like 

phenylboronic acid. Fortunately, we could isolate 8-phenyl substituted purine after treating 

the purine 3 with phenylboronic acid and Na2CO3 in THF. After some optimisation we 

obtained 11 in high yield (Scheme 4.10 and Table 4.4). It proved to be necessary to add at 

least 3 equivalents of  base and 1.5 equivalents of boronic acid and to carry out the reaction 

under completely oxygen-free atmosphere. DME/H2O (8:1) was used as solvent. These 
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conditions were successful to obtain compounds 9 - 14 in high yields. Both aryl-substituted 

and vinylogous (E) styryl products were synthesized. The 8-furyl derivative was eventually 

obtained similarly with double amounts of boronic acid in a twice diluted solution to prevent 

dimerisation. 

 

 

 
Scheme 4.10 Suzuki coupling a) boronic acid, Pd(PPh3)4, Na2CO3, DME/water, 

90°C 

 
Table 4.4: Optimised reaction conditions to introduce C8-substituents at 6-

trifluoromethylpurines 

Product Substituent R =  
Na2CO3 

(equiv.) 

Time 

(h) 

T  

(oC) 
Solvent Yield (%) 

9 
 10.0 20 90 DME/H2O (8:1) 87 

10 
 4.0 22 90 DME/H2O (8:1) 55 

11 
 4.0 17 90 DME/H2O (8:1) 93 

12 
 4.0 17 90 DME/H2O (8:1) 88 

13 
 3.0 17 90 DME/H2O (8:1) 100 

14 
  3.0 17 90 DME/H2O (8:1) 100 
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LIGHT INDUCED ISOMERISATION OF STYRYL DERIVATIVES 

Some styryl derivatives are known to be light sensitive. This makes them also interesting 

for use in photovoltaic cells. The two synthesised purine E styryl derivatives 13 and 14 

likewise proved to be photo-labile. After 6 hours, 13 was isomerised to its Z isomer 15 by TL-

light in the hood >80%, as calculated by 1H-NMR measurements. Finally, all E-isomer was 

converted to Z-isomer  (Scheme 4.11).  The 4-CF3 analogue 14 isomerised even faster to its Z 

isomer 16 (~1 h), probably enhanced by trifluoromethyl electron resonance modulating effect.  

Scheme 4.11 Photo-isomerisation of purine 8-styryl derivatives 13 and 14 

 

This isomerisation process may cause problems in tests for biological activity. Without 

specific precautions compounds are subjected to light and therefore partial isomerisation of E-

styryl derivatives takes place. In this way the activity of a mixture of Z and E isomers may be 

observed. The thermodynamic stable Z-isomers can be tested as such. 

 

4.5 CONCLUDING REMARKS 

In summary, it was possible to introduce various substituents at C-8. Iodination and 

bromination were achieved via lithiation. Further functionalization was efficiently achieved 

with amines by nucleophilic substitution. Palladium catalysis proved to be very efficient in C-

C bond formation. A small series of C-8 substituted 6-trifluoroalkyl-2-phenethylamino 

purines was prepared.  We demonstrated that the synthesis of the 8-furyl target compound 

could be realised. Overall, new classes of tetrasubstituted purine compounds are formed with 

a trifluoromethyl group at C-6 and freely chosen substituents at C-2, C-8 and N-9. 
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4.7 EXPERIMENTAL  

General information.  

For experimental details see Chapter 2.  

 

8-Bromo-9-methyl-2-phenethylamino-6-trifluoromethylpurine 2  

The procedure similar described for the preparation of 3 (HPLC: Rf,product = 4.6). After 

workup of the reaction mixture, silica gel column chromatography (eluent: 30 mL MTBE, 20 

mL 2% MeOH in MTBE) gave, after evaporation, compound 2 (110 mg, 88%) as a white 

solid (after freeze-drying: fluffy white crystals), mp 131-139oC. 1H-NMR (400MHz, CDCl3), 

δ [ppm]: 7.33-7.21 (m, 5H, Har), 5.91 (br s, 1H, NH), 3.93 (br m, 2H, NHCH2), 3.80 (s, 3H, 

CH3), 2.98 (t, J = 7.1 Hz, 2H, CH2). 19F-NMR (500MHz, CDCl3), δ [ppm]: -70.18 (6-CF3). 

 

8-Iodo-9-methyl-2-phenethylamino-6-trifluoromethylpurine 3  

Compound 1 (0.500 g, 1.56 mmol) was dried in vacuo at 100oC for 2.5 h. After cooling 

under a positive pressure of dry N2, dry THF (18 mL) was added at room temperature and the 

solution was cooled further to –72oC (ethanol/dry ice). After addition of n-BuLi (2.4 mL of a 

1.6 M solution in hexane, 3.9 mmol), while stirring at –72oC, the colourless solution turned 

yellow. After 15 minutes I2 (0.633 g, 2.49 mmol) was added and after 5 minutes the reaction 

was completed (HPLC: Rf,product = 4.7). To the red solution silica gel (~4 g) was added and the 

whole was evaporated to dryness. Silica gel column chromatography (Ø = 4 cm, eluent: 200 

mL MTBE, 200 mL 1% MeOH in MTBE) gave, after freeze-drying (CH3CN/H2O 6:1), 

product 3 (0.637 g, 91%) as fluffy white crystals, mp 139-142oC. 1H-NMR (400MHz, 

CDCl3), δ [ppm]: 7.33-7.21 (m, 5H, Har), 5.96 (br s, 1H, NH), 3.93 (br m, 2H, NHCH2), 3.77 

(s, 3H, CH3), 2.98 (t, J = 7.1 Hz, 2H, CH2). 19F-NMR (500MHz, CDCl3), δ [ppm]: -70.12 (6-

CF3).  
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9-methyl-2-phenethylamino-8-N-pyrrolidinyl-6-trifluoromethylpurine  4 

 

Compound 3 (10 mg, 0.022 mmol) was dissolved in pyrrolidine (2 ml, 24 mmol) and stirred 

at 90oC under dry N2. The progress of the reaction was followed with HPLC (Rt,product = 4.3) 

and TLC (Rf,product = 0.55 in MTBE with 2% MeOH). After 17 hours the solution was diluted 

with DCM (4 ml) and evaporated to dryness with silica gel. Flash chromatography (Ø = 1.2 

cm, EA/PE 1:2, gradient  EA) gave, after evaporation, compound 4 (4.8 mg, 56%) as a white 

solid. 1H-NMR (400MHz, CDCl3), δ [ppm]: 7.32-7.19 (m, 5H, Har), ~5.6 (br s, 1H, NH), 3.90 

(q, J = 6.9 Hz, 2H, NHCH2), 3.77 (s, 3H, CH3), 3.69 (br m, 4H), 2.99 (t, J = 7.4 Hz, 2H, 

CH2), 2.04 (br m, 4H). 

 

 

9-methyl-8-N-morpholinyl-2-phenethylamino-6-trifluoromethylpurine 5 

This compound was prepared from compound 3 (10 mg, 0.022 mmol) and morpholine (2 

mL, 23 mmol) by the procedure described for the preparation of compound 6. HPLC: Rf,product 

= 4.4 and TLC: Rf,product = 0.49 (MTBE with 2% MeOH). Flash chromatography (Ø = 1.2 cm, 

EA/PE 2:1) gave, after evaporation, compound 17 (8.3 mg, 90%) as a orange solid. 1H-NMR 

(400MHz, CDCl3), δ [ppm]: 7.33-7.21 (m, 5H, Har), ~5.8 (br s, 1H, NH), 3.94 (br m, 2H, 

NHCH2), 3.88 (t, J = 4.7 Hz, 4H, H-11 and H-15), 3.67 (s, 3H, CH3), 3.30 (t, J = 4.7 Hz, 4H), 

2.99 (t, J = 7.3 Hz, 2H, CH2). 

 

9-methyl-2-phenethylamino-8-N-piperidinyl-6-trifluoromethylpurine 6 

Compound 3 (10 mg, 0.022 mmol) was dissolved in piperidine (2 ml, 24 mmol) and stirred 

at 90oC under dry N2. The progress of the reaction was followed by HPLC (Rt,product = 5.1). 

After 17 hours the solution was diluted with DCM (4 ml) and evaporated with silica gel to 

dryness. Silica gel column chromatography (Ø = 1.2 cm, EA/PE 1:1) gave, after evaporation, 

compound 6  (9 mg, 99%) as a yellow white solid. 1H-NMR (400MHz, CDCl3), δ [ppm]: 

7.33-7.20 (m, 5H, Har), ~5.8 (br s, 1H, NH), 3.92 (q, J = 6.2 Hz, 2H, NHCH2), 3.64 (s, 3H, 

CH3), 3.26 (br m, 4H), 2.99 (t, J = 7.4 Hz, 2H, CH2), 1.79-1.73 (br m, 4H), 1.69-1.67 (br m, 

2H). 
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8-cyclopentylamino-9-methyl-2-phenethylamino-6-trifluoromethylpurine 7 

Compound 3 (10 mg, 0.022 mmol) was dissolved in cyclopentylamine (2 ml, 24 mmol) and 

stirred at 90oC under dry N2. HPLC: Rt,product = 4.5 and TLC: Rf,product = 0.29 (EA/PE 1:2). 

After 42 hours the reaction mixture was purified via flash chromatography (Ø = 1.2 cm, 

EA/PE 1:2) and SPE (Supelco, packed with 1 g silica gel) (eluent: DCM with 2% MeOH, 15 

ml) to afford compound 7 (6.7 mg, 75%).  1H-NMR (400MHz, CDCl3), δ [ppm]: 7.32-7.20 

(m, 5H, Har), ~5.7 (br s, 1H, NH), 4.30-4.25 (m, 1H), ~4.2 (br s, 1H), 3.91 (m, 2H, NHCH2), 

3.53 (s, 3H, CH3), 2.99 (t, J = 7.4 Hz, 2H, CH2), 2.16-2.12 (m, 2H, cyclopentyl), 1.79-1.65 

(m, 4H, cyclopentyl), 1.57-1.54 (m, 2H, cyclopentyl). 

 

2-phenethylamino-8-phenylethynylene-9-methyl-6-trifluoromethylpurine 8 

Compound 3 (60 mg, 0.134 mmol), Pd(PPh3)4 (15 mg, 0.013 mmol), Cu (I) (6 mg, 0.033 

mmol) and phenylacetylene (0.026 ml, 0.234 mmol) were stirred in dry DMF (2 ml). Et3N 

(0.023 ml, 0.168 mmol) was added and the mixture was stirred under Ar. After 2 hours the 

reaction mixture was diluted with ether  (10 ml) and water (10 ml). The water layer was 

extracted three times with ether (10 ml). The organic layers were washed with water (10 ml) 

and a saturated NaCl solution in water (10 ml). The organic layer was dried with Na2SO4. 

Flash chromatography (Ø = 1.2 cm, EA/PE 1:3) afforded compound 8 (54 mg, 96%) as a 

solid. 1H-NMR (400MHz, CDCl3), δ [ppm]: 7.65 (d,  2H), 7.47-7.40 (m, 3H), 7.33-7.22 (m, 

5H, Har), 6.12 (br s, 1H, NH), 3.94 (br m, 2H, NHCH2), 3.92 (s, 3H, CH3), 3.01 (t, 2H, CH2). 

MS: m/z 422.1581 (M+ + H. C23H18N5F3 requires 422.1514). 

 

 

8-(2’-furyl)-9-methyl-2-phenethylamino 6-trifluoromethylpurine 9 

This compound was prepared from compound 3 (20 mg, 0.045 mmol), 2-furanboronic acid 

(25 mg, 0.224 mmol), Pd(PPh3)4 (13 μg, 0.011 mmol) and Na2CO3 (aq, 0.447 mmol) in 

DME/H2O (8:1) (4.5 ml) by the procedure described for the preparation of compound 11. 

After completion (HPLC: Rt,product = 4.8; TLC (EA/PE 1:3): Rf,product = 0.09) the workup of the 
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reaction mixture followed. Silica gel column chromatography (PE/EA (2:1), 120 ml) gave  

compound 9 (15 mg, 87%) after evaporation as a white solid. 1H-NMR (500MHz, CDCl3), δ 

[ppm]: 7.68 (s, 1H), 7.35-7.25 (m, 5H, Har), 7.16 (s, 1H), 6.65 (s, 1H), 6.12 (br s, 1H, NH), 

4.08 (s, 3H, CH3), 3.98 (br m, 2H, NHCH2), 3.03 (t, J = 7.0 Hz, 2H, CH2). 19F-NMR 

(500MHz, CDCl3), δ [ppm]: -69.96 (6-CF3). 13C-NMR (500MHz, CDCl3) δ [ppm]: 154.19, 

150.64 (q, J = 38 Hz), 150.12, 144.75, 144.2, 143.13, 138.67, 128.83 (2C), 128.59 (2C), 

126.50, 120.05 (q, J = 275 Hz, CF3), 119.72 , 113.06 , 112.16 , 42.15  35.73 , 30.81. MS: m/z 

388.1381 (M+ + H. C19H17ON5F3 requires 388.1385). 

 

9-methyl-2-phenethylamino-8-thienyl-6-trifluoromethylpurine 10 

This compound was prepared from compound 3 (20 mg, 0.045 mmol), 2-thiopheneboronic 

acid (12 mg, 0.089 mmol), Pd(PPh3)4 (13 mg, 0.011 mmol)  and Na2CO3 (51 mg, 0.179 

mmol) in DME/H2O (6:1) (2.0 mL) by the procedure described for the preparation of 11 to 

give compound 10 (11 mg, 55%) as a yellow solid. 

 1H-NMR (400MHz, CDCl3, δ [ppm]: 7.62 (d, 1H), 7.55 (d, J = 0.7 Hz, 1H), 7.31-7.20 (m, 

5Har ), 6.13 (br s, 1H, NH), 4.02 (s, 3H, CH3), 3.94 (br m, 2H, NHCH2), 3.02 (t, J = 7.3 Hz, 

2H, CH2). 

 

 

9-methyl-2-phenethylamino-8-phenyl-6-trifluoromethylpurine 11 

8-Iodo-6-trifluoromethyl-9-methyl-2-phenethylaminopurine (compound 3, 40 mg, 0.089 

mmol), Pd(PPh3)4 (26 mg, 0.022 mmol) and phenylboronic acid (22 mg, 0.179 mmol) were 

dissolved in DME (4 ml) and after addition of Na2CO3·10H2O (102 mg, 0.358 mmol) in H2O 

(0.5 ml) the solution was stirred at 90oC under Ar. The progress of the reaction was followed 

by HPLC (Rt,product = 5.0). After 17 hours the mixture was diluted with EA (10 ml) and water 

(5 ml). The water layer was extracted two times with EA (7 ml). The organic layers were 

washed with water (10 ml) and a saturated NaCl solution in water (10 ml). The organic layer 

was dried with Na2SO4. Flash chromatography (Ø = 1.2 cm, EA/PE 1:3) afforded compound 

11 (33 mg, 93%) as a light brown solid. UV (EA) λmax = 304 nm (ε = 1.5x104). 1H-NMR 

(400MHz, CDCl3), δ [ppm]: 7.75 (d, J = 3.1 Hz, 2H), 7.56-7.53 (m, 3H), 7.32-7.22 (m, 5H, 
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Har), 6.12 (br s, 1H, NH), 3.93 (br m, 2H, NHCH2), 3.92 (s, 3H, CH3), 3.01 (t, J = 7.2 Hz, 2H, 

CH2). MS: m/z 398.1601 (M+ + H. C21H19N5F3 requires 398.1593). 

 

 

8-(3-fluorophenyl)-9-methyl-2-phenethylamino-6-trifluoromethylpurine 12 

This compound was prepared from compound 3 (40 mg, 0.089 mmol) and 3-

fluorophenylboronic acid (25 mg, 0.179 mmol) by the procedure described for the preparation 

of compound 11. The reaction was monitored by TLC and HPLC (HPLC: Rt,product = 5.0; TLC 

(EA/PE 1:3): Rf,product = 0.22, Rf,reactant = 0.15). After the conversion was complete, the 

mixture was diluted with EA (10 ml) and water (5 ml). The water layer was extracted two 

times with EA (7 ml). The organic layers were washed with water (10 ml) and a saturated 

NaCl solution in water (10 ml). The organic layer was dried with Na2SO4. Flash 

chromatography (gradient: PE/EA (4:1) - PE/EA (2:1), 120 mL) afforded, after evaporation,  

compound 12 (33 mg, 88%) as a white solid.  

UV (EA) λmax = 308 nm (ε = 1.7x104).  
1H-NMR (400MHz, CDCl3), δ [ppm]: 7.54-7.48 (m, 3H, F-phenyl), 7.33-7.22 (m, 6H, 5Har 

+ 1H F-phenyl), 6.07 (br s, 1H, NH), 3.94 (br m, 2H, NHCH2), 3.93 (s, 3H, CH3), 3.02 (t, J = 

7.2 Hz, 2H, CH2).  
19F-NMR (500MHz, CDCl3), δ [ppm]: -69.97 (3F, 6-CF3), –111.36 (1F, 18-F).  
13C-NMR (500MHz, CDCl3) δ [ppm]: 162.81 (d, J = 248 Hz), 154.52, 150.73 (2), 138.66, 

131.15, 130.74 (d, J = 8 Hz), 128.85 (2), 128.63 (2), 126.54 , 124.60 (d, J = 3 Hz), 120.05 (q, 

J = 275 Hz), 119.86 , 117.52 (d, J = 21 Hz), 116.15 (d, J = 23 Hz), 42.15, 35.72 , 31.05  

 MS: m/z 416.1489 (M+ + H. C21H18N5F4 requires 416.1498). 

 

9-methyl-2-phenethylamino-8-E-styryl-6-trifluoromethylpurine 13 

This compound was prepared from compound 3 (40 mg, 0.089 mmol) and E-2-

phenylvinylboronic acid (26 mg, 0.179 mmol) by the procedure described for the preparation 

of compound 11. The reaction was monitored by HPLC (Rt,product = 5.2) and TLC (EA/PE 1:3) 

(Rf,product = 0.24). Workup of the reaction mixture and flash chromatography (gradient: EA/PE 

(1:5) – EA/PE (1:2), 150 mL) gave, after evaporation, compound 13 (38 mg, 100%) as a 

red/orange oil. Yellow crystals (24 mg) were obtained after crystallization from methanol. 1H-
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NMR (400MHz, CDCl3), δ [ppm]: 7.85 (d, J = 15.9 Hz, 1H), 7.60 (d, J = 7.0 Hz, 2H), 7.44-

7.37 (m, 3H), 7.34-7.24 (m, 5H, Har), 7.05 (d, J = 15.9 Hz, 1H), 6.08 (br s, 1H, NH), 3.97 (br 

m, 2H, NHCH2), 3.90 (s, 3H, CH3), 3.03 (t, J = 7.2 Hz, 2H, CH2). 

 13C-NMR (500MHz, CDCl3) δ [ppm]: 153.32 , 151 , 149.41 , 140, 138.69  134.96 , 130.12, 

129.03 (2C), 128.90 (2C), 128.61 (2C), 127.68 (2C), 126.52, 119.95 (q, J = 275 Hz), 118.2, 

110.70, 42.39, 35.69, 29.16.  

MS: m/z 424.1742 (M+ + H. C23H21N5F3 requires 424.1749).  

 

 

 

9-methyl-2-phenethylamino-8-E-(4-trifluoromethylstyryl)-6-trifluoromethylpurine 14 

This compound was prepared from compound 3 (40 mg, 0.089 mmol) and E-2-(4-

trifluoromethylphenyl)vinylboronic acid (39 mg, 0.179 mmol) by the procedure described for 

the preparation of compound 11. The reaction was monitored by HPLC (Rt,product = 5.4) and 

TLC (EA/PE 1:3) (Rf,product = 0.22). After workup of the reaction mixture, flash 

chromatography (gradient: EA/PE (1:5) – EA/PE (1:2), 150 mL) furnished, after evaporation, 

compound 14 (44 mg, 100%) as a red/orange oil. Yellow crystals (29 mg) were obtained after 

crystallization from methanol. UV (EA) λmax = 354 nm (ε = 2.1x104). 1H-NMR (400MHz, 

CDCl3), δ [ppm]: 7.87 (d, J = 16.0 Hz, 1H), 7.71-7.66 (m, 4H), 7.35-7.23 (m, 5H, Har), 7.14 

(d, J = 15.9 Hz, 1H, H-11), 6.1 (br s, 1H, NH), 3.96 (br m, 2H, NHCH2), 3.92 (s, 3H, CH3), 

3.04 (t, J = 7.2 Hz, 2H, CH2).  
19F-NMR (500MHz, CDCl3), δ [ppm]: -63.20 (15-CF3), -70.16 (6-CF3).  
13C-NMR (500MHz, CDCl3) δ [ppm]: 154.03, 150.11, 149.21, 141.43, 138.68, 136.15, 

131.12 (q, J = 32 Hz, C-21), 128.87 (2C), 128.64 (2C), 127.54 (2C), 126.55, 125.95 (q, J = 

3.7 Hz, 2C), 123.89 (q, J = 272 Hz), 120.05 (q, J = 275 Hz), 120.1, 114.54, 42.11, 35.74, 

29.04. 

MS: m/z 492.1627 (M+ + H. C24H20N5F6 requires 492.1623).  

 

9-methyl-2-phenethylamino-8-Z-styryl-6-trifluoromethylpurine 15 

Compound 13 was converted into 8-Z-styryl-6-trifluoromethyl-9-methyl-2-phenethyl-

aminopurine by exposure to daylight for 1-2 h in dichloromethane. 
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 1H-NMR (400MHz, CDCl3), δ [ppm]: characteristic doublet from 7.05 (d, E-form, J = 15.9 

Hz, H-11) to 6.53 (d, Z-form, J = 12.3 Hz, 1H). 

 

9-methyl-2-phenethylamino 8-Z-(4-trifluoromethylstyryl)-6-trifluoromethylpurine 16 

Compound 14 was completely converted into 9-methyl-2-phenethylamino 8-Z-(4-

trifluoromethylstyryl)-6-trifluoromethylpurine 16 by exposure to daylight for 6 – 8 h in 

dichloromethane.   1H-NMR (400MHz, CDCl3), δ [ppm]: characteristic doublet from 7.14 (E-

form, J = 15.9 Hz, H-11) to 6.65 (d, Z-form, J = 12.4 Hz, 1H). 
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5 

Synthesis of  

C-2 Substituted 1-deazapurines   

via nitro- and nitroso chemistry  
 

ABSTRACT 

This chapter describes new routes to 2-substituted-1-deaza purine derivatives as adenosine 

receptor modulating agents. The synthesis of the 1-deazapurine skeleton was optimised.  The 

introduction of N-9 protecting groups is discussed in relation to the C-2-nitration. Nitration 

of 1-deazapurines furnished 2-nitro-1-deazapurines, which are converted to highly reactive 

nitroso species. Methods are presented towards the introduction of functional groups via 

nitroso condensation reactions, ene reactions, addition reactions, Mills coupling and Diels 

Alder reactions at low temperatures. 

 

 

Contents of this chapter are partly based upon: 

 

Koch M., den Hartog J. A. J., Wanner, M. J., Koomen G. J. 
2-Substituted-1-deaza purine derivatives with adenosine receptor modulating activity 
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US granted: US 7,338,964 (March 4, 2008)   

 
Wanner, M. J., Rodenko, B., Koch, M. and Koomen, G. J.  

New(1-Deaza)Purine Derivatives via Efficient C-2 Nitration of the (1-Deaza)Purine Ring 
Nucleosides, Nucleotides and Nucleic Acids, 2004 23:8, 1313 - 1320 
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5.1 INTRODUCTION 

 

As mentioned in Chapter 1, removing nitrogen atoms from the purine ring system 

influences affinity for adenosine receptors. The removal of a nitrogen atom potentially 

involved in electrostatic interactions and/or H-bonding, significantly changes the interaction 

with biological targets. In addition, replacement of nitrogen by carbon atoms in the purine 

ring increases electron density in the remaining part of the aromatic system which may 

influence stacking interactions.  

 

Upon removal of nitrogen atoms from the purine skeleton, IUPAC dictates a change in 

nomenclature and numbering. For example, 1-deazaadenosine (purine numbering), depicted 

in Figure 5.1, corresponds to 7-amino-3-β-D-ribofuranosyl-3H-imidazo[4,5-b]-pyridine 

following to IUPAC nomenclature. Throughout this chapter the commonly used purine 

numbering is applied for simplicity and easy comparison with the purine derivatives described 

in previous chapters. 

 

 
Figure 5.1 Purine numbering for 1-deazaadenosine and IUPAC systematic numbering  for 

the same structure (7-amino-3-β-D-ribofuranosyl-3H-imidazo[4,5-b]-pyridine 

 

Several examples of purine systems with N to C modifications in the five membered ring 

have been reported to have biological activity. For example, Imai reported in the early 1960’s 

that 2,6-diamino-9-deazapurines show antibacterial and antiprotozoal activity.1 In the 1980’s 

a series of 9-phenyl-7-deazapurines and 9-deazaxanthines was reported to have antagonistic 

activity on the A1 and A2 adenosine receptors. Several 2,6-diamino-9-arylmethyl-9-
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deazapurines were prepared in the Holy laboratory in search for new cytostatics, however 

having low activity. 

Other deazapurines have been modified in the 6-membered pyrimidine ring. The Koomen 

group has ample experience with the synthesis of deazaadenosine derivatives: 1- and 3-

deazaadenosine derivatives have been developed as inhibitors of adenosine deaminase2. 

Particularly, the 1-deazaadenosine skeleton was under more recent investigation for its 

adenosine receptor modulating activity not only by our group3 but also by the laboratory of 

Cristalli.4  In our search for A2A receptor antagonists the class of 1-deazapurines appeared to 

be free from patent restrictions. Combined with our group’s synthetic experience with 1-

deazaadenosines and functionalization of the purine skeleton by purine nitration, we set out to 

generate a new class of functionalised 1-deaza purine bases as adenosine A2A receptor 

antagonists.  

 

 

 

 
 Figure 5.2 Structures of 1-deazapurine 1, 2-nitro-1-deazapurine 2 and 2-nitroso-1-

deazapurine 3 

 

Previous work in this compound class was focussing on A1 receptor ligands. During a quest 

for potent and selective adenosine receptor agonists by our laboratory, it became apparent that 

the introduction of a small nitro-substituent at the C-2 position in 1-deazaadenosine resulted 

in a minor reduction in A1 receptor affinity, but in a considerably increased selectivity for this 

receptor subtype compared to 2-nitroadenosine.3 Until the years 2000-2004  no further reports 

were published about the effect of 1-deazapurine bases on adenosine receptors. After we had 

finished our 1-deazapurine work, Chang and IJzerman described trisubstituted-1-deazapurines 

in the search for new A1 receptor antagonists which they designed by modelling structural 



Chapter 5 

 118 

similarities between various A1 receptor antagonists.5 Incorporation of aromatic substituents 

on the purine 2, 6 and 8 positions led to A1 receptor affinities in the nanomolar range.   

 

Lately, our achievements on nitration and functionalization of 1-deazapurines and their 

therapeutic applications, which are discussed in the next paragraphs, are getting attention in 

(patent-)literature and  pharmaceutical applications. Meijer et al. describe the use of our 

regioselective TBAN/TFAA nitration procedure in the development of 1-deazapurine CDK-

inhibitors.6 Pharmacopeia Drug Discovery, in line with our strategy, targets the A2A 

adenosine receptor with functionalized 1-deazapurines. Their 2- and 8-substituted compounds 

show low affinity (Ki 10µM) for the A2A adenosine receptor.7  

 

Approach 

The ligand based studies with a set of relevant A2A ligands, described in Chapter 1, reveal 

that the introduction of bulky aromatic substituents at C2 leads to enhanced  selectivity and 

antagonist activity on the adenosine A2A receptor. Therefore, our final goal was to introduce 

such bulky moieties at the 2 position in 1-deazapurines to obtain A2A selective antagonists, as 

illustrated in Figure 5.3. As schematically shown, an aromatic moiety is attached at C2, via an 

alkyl spacer group. The hypothesis is that the aromatic group can interact with a hydrophobic 

cavity in the adenosine receptor, while the spacer could give enough flexibility. 

 

 
Figure 5.3 Model 1-deazapurine compounds fitting in a hydrophobic pocket (X = Cn) 

 

Synthetically however, deazapurines represent deactivated aromatic systems as compared to 

the original purine structures and preparation of derivates with substituents at the 2-position 

are difficult to realise. Especially, our target molecules with large substituents at C-2 had no 

precedence. 
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In the following paragraphs, an optimized synthesis of the 1-deazapurine skeleton is 

described. The use of various N9-protecting groups is studied in a regioselective C2-

nitration.8 The reduction of the nitro group at the 2-position and subsequent conversion to 2-

nitroso-1-deazapurine systems is discussed, followed by further functionalization and 

transformation of the versatile nitroso group.  

 

 

5.2 SYNTHESIS OF THE 1-DEAZAPURINE SYSTEM 

Until now, two main routes towards 1-deazapurines  are known: one via ring closure of 

(optionally substituted) 2,3-diaminopyridines with orthoesters or carboxylic acids ( route A in 

Scheme 5.1) and the other via aromatic nucleophilic displacement of halogens (C-2 or C-6 

substitution, route B, Scheme 5.1). The most straight forward example of the first route, is the 

formation of the 1-deazapurine core via ring closure by refluxing 2,3-diaminopyridine in 

pyridine with triethylorthoformate.9 In this way, functionality at the deazapurine 8-position 

can be easily introduced using other carboxylic acid derivatives at elevated temperatures.10 

However, the introduction of desired substituents at the 1-deazapurine C-2 and C-6 position is 

synthetically more laborious. Following route A, those functionalities must already be present 

as substituents 4 and/or 6 in 2,3-diaminopyridines. The required pyridine functionalization 

has historically been proven difficult. The electronegative nature of the nitrogen atom in the 

pyridine ring changes the electron density by inductive and resonance effects, resulting in an 

electron poor ring system. Electrophilic substitution is therefore hampered, requiring harsh 

conditions. Several substituted aminopyridines were presented in the 1970’s by Schelling and 

Salemink, who used stannous chloride for the subsequent synthesis of 1-deazapurines, 

yielding small amounts of the desired diamino derivative.11 Recently, Oguchi et al. explored a 

route to introduce aromatic substituents at the C-2 deazapurine position starting from 2,6-

dichloro-3-nitropyridine under Suzuki conditions. These convergent methodologies do not 

leave room for flexible functionalization of the 1-deazapurine skeleton as substituents are 

already introduced early in the synthetic route. A more divergent approach consists of route B 

in Scheme 5.1, where desired substituents are introduced not in the pyridine building blocks, 

but directly in the 1-deazapurine system. This route allows for decoration of the purine 

skeleton in a combinatorial fashion.  
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Scheme 5.1  Synthesis routes to substituted 1-deazapurines 

 

However, most of the known 2-substituted 1-deazapurines and all of the known 2-nitro 

substituted 1-deazapurines have a ribose moiety at the nitrogen atom at position 9. For several 

reasons this feature was felt to be undesirable. Firstly, purine ribosides are generally known as 

agonists for adenosine receptors. A notable and unique exception is the 2-substituted 6-CF3 

adenosine analogs which were found to be A3 receptor antagonists in the course of our work. 

With the intended focus on antagonistic ligands, small N-alkyl substituents were preferred. 

An additional argument was the negative impact on pharmacokinetic properties of highly 

hydrophilic moieties like ribose. Impaired uptake in the colon and inability to pass the blood-

brain barrier contribute to this issue. 

 

Therefore, in analogy with the 6-CF3 purines described in previous chapters, we focused on 

1-deazapurines with small alkyl groups at N9. With the final aim to generate a class of A2A 

selective antagonistic ligands, we chose to explore a strategy based on route B combined with 

small N-alkyl substitution on N9. 

 

The best entry to such structures was a route described by Cristalli et al. Our synthetic 

approach to the 1-deazapurine skeleton is depicted in Scheme 5.2 and involves an 

optimization of the procedure reported by Cristalli12. We started the synthesis of the 1-

deazapurine via the condensation of  2,3 diaminopyridine with triethyl orthoformate followed 

by oxidation to the N-oxide with hydrogen peroxide9, 2. Subsequent nitration with nitric acid 

of the imidazo[4,5-b]pyridine-4-oxide and deoxygenation with phosphorous trichloride yields 

6-nitro-1-deazapurine 8. This procedure was optimised by us to give a synthetic scheme with 
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high overall yield. The replacement of 2 or 3 equivalents of hydrogen peroxide by meta-

chloroperbenzoic acid (1.3 equivalents) resulted in an improvement to over 91% of  a 

previously moderate step. The nitration step could be optimized by using less acid (6 

equivalents instead of over 14 equivalents). In the original protocol, neutralizing the large 

amount of acid with ammonium hydroxide solution led to diluted solutions, which hampered 

precipitation of N-oxide 7. Because the modified conditions require less base for acid 

neutralization, the yield was significantly improved to 75%. Reduction of the N-oxide was 

performed by stirring the solid residue with PCl3 in chloroform instead of dry acetonitrile, as 

reported. Compounds 7 and 8 seem to have a low solubility in chloroform, which required 

longer reaction times (reflux, 20h). Nevertheless, this change of solvent improved the yield 

from 50% to 91%. Overall, we have improved the yield from 4 to 9 from 15% to 62 % over 

five steps. 

 

 
Scheme 5.2 Conditions: a) triethyl orthoformate, reflux 100%, b) m-Chloroperbenzoic acid, 

acetic acid, 91% c)  HNO3, TFA, 75% d) PCl3, CHCl3 , 90% e) idem, longer reaction time 

 

Having an optimised route to the desired backbone, next steps are to protect N9 with a 

small alkyl group followed by C2 –nitration. The 2-nitro group should serve as a reactive 

handle for further modifications. 
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5.3 DIRECT ALKYLATION OF 1-DEAZAPURINES 

 The first idea was to directly methylate the N-9 group of 6-nitro-1-deazapurine 8 

(Scheme 5.2) with methyl iodide under influence of sodium hydride, often applied in purine 

methylation. We found these conditions to be too harsh and it led to several side products. 

Camaioni et al. used the milder base potassium carbonate in combination with alkyl iodides 

for the alkylation of 2-amino-6-chloropurines.13 Using these conditions on compound 8, we 

were able to isolate methylated products: NMR studies identified 67% of the desired N-9 

methylated, 25 % N-7 methylated product 11 and 12 respectively, and 8% of the N-3 

methylated product 10, depicted in Figure 5.4.  

 

 
Figure 5.4  N-3 methylated 10 , N-9 methylated 11 and N-7 methylated 1-deazapurine 12 

 

When we followed the reaction in time with HPLC, we found interesting information about 

the mechanism of methylation. During the first minutes of the reaction, 6-nitro-1-deazapurine 

was converted into 6-nitro-3-methyl-1-deazapurine 10 for more than 50%. This 3-substituted 

product is converted into the 9- and 7- substituted products over time. The kinetically 

controlled 6-nitro-3-methyl-1-deazapurine 10 thus probably acts as an intermediate in the 

reaction, resulting in a thermodynamically favourable distribution of methylated products. 

Similar results have been observed in ribosylation experiments of imidazo[4,5]pyridine by 

Itoh and Mizuno14. They found that after short reaction times the 3-substituted product  was 

formed and after prolonged reaction times a mixture of N-9 and N-7 substituted products was 

gradually obtained. Apparently, the N-3 substituted product is kinetically controlled and the 

formation of N-7 and N-9 is thermodynamically driven. 
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Figure 5.5  Methylation of 6-nitro-1-deazapurine 8 

 
Table 5.1: HPLC data  showing conversion to N3/N7/N9 in time 

Compound t  = 5 min t = 45 min t  = 2h t = 3h 

6-nitro-1-deazapurine 8 11% 4% 1% 0% 

9-methyl-6-nitro-1-deazapurine 11 26% 47% 60% 62% 

7-methyl-6-nitro-1-deazapurine 12 13% 24% 27% 29% 

3-methyl-6-nitro-1-deazapurine 10 50% 25% 12% 9% 

 

Very recently, a computational study was performed on isomers and tautomers referring to 

our work, indicating that the N3-H tautomers are indeed relatively instable in the gas and 

water phase which is due to significant decrease in aromaticity of the N3-H forms.15  In the 

gas phase, the equilibrium between the N7-H and N9-H tautomers was studied, showing a 

preference of the N9-H tautomer over the N7-H by ca. 3.5 kcal/mol. The increase in dipole 

moment in a water media is the crucial effect influencing the N7H/N9H tautomeric 

equilibrium of nitro-1-deazapurines.  For the three isomers dissolved in water, the two 

tautomers, N7-H and N9-H, are predicted to be observed and the former should dominate 

slightly for the 2-nitro isomer whereas the latter for the 6-nitro and 1-nitro isomers, 

confirming our laboratory observations.  They revealed also that the NO2 group destabilizes 

the N3-H-1-deazapurine system, whereas it stabilizes the N7-H- and N9-H-1-deazapurine 

systems. 
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5.4 NITRATION OF ALKYLATED 1-DEAZAPURINES 

Nitration of the both N7 and N9 alkylated 1-deazapurines was carried out with the method 

described for purines in chapter 2 with TBAN/TFAA in dichloromethane16. However, the 

yields were disappointing. Only 25 – 30% formation of product could be achieved. Mostly 

starting material was collected, some minor side products were partly identified as 8-oxo 

compounds. 

 

 
Scheme 5.3 Nitration of N-9 alkylated 6-nitro-1-deazapurine  a) TBAN, TFAA, DCM, 30% 

  

This is in agreement with what we observed for the TBAN/TFAA nitration for methylated 

purines. The electron donating  methyl group is not favourable for the nitration. In addition 

and in accordance with the nitration mechanism presented in Chapter 2 (i.e. electrophilic 

addition, followed by a nitramine rearrangement), it can be envisaged that the absence of one 

nitrogen atom in the ring further influences  the stability of the radicals during the 

rearrangement and product forming step. 

 

5.5 BOC PROTECTION OF 1-DEAZAPURINES 

We therefore chose for an additional strategy to nitrated N9-alkyl-1-deazapurines and 

selected Boc as temporary protective group. Boc protection of adenine  and adenosine bases 

proved to be useful.17 In Chapter 2, the positive effect of Boc protection on the yield of purine 

nitration is shown. The desired N-alkyl substitution will be attempted in a later stage. In 

Scheme 5.4, the synthesis of Boc-protected 1-deazapurines is described. 4-

(Dimethylamino)pyridine (DMAP) en di-tert-butyl dicarbonate (BOC2O) are used to protect 

N-9 in compound 8 and 9 in analogy to the purine derivatives in Chapter 2.  
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Scheme 5.4  Boc protection of 1-deazapurines a) (Boc)2O, DMAP, dcm,  rt, 30 minutes 

 

A slight excess of (Boc)2O (1.4 equiv.) and a catalytic amount of DMAP (5%) was used (to 

protect compound 8 and 9). Via stirring in petroleum ether, the compounds were isolated. The 

use of methanol in combination with heating had to be avoided, because the Boc group easily 

splits off at reflux temperature by nucleophilic attack of MeOH. The thermodynamically most 

favourable N-9 isomer is formed in nice excess. The N-7 Boc product was found only in an 

amount of 10 %. 

 

5.6  TBAN/TFAA NITRATION OF BOC PROTECTED 1-DEAZAPURINES 

 

Nitration of the N9 Boc protected deazapurine is performed in the range of 0 to -18 ºC 

leading to far better yields than starting from the N9 alkylated 1-deazapurines. The general 

yield was good, resulting in about 78% yield of 6-chloro-2-nitro derivative 16 and 70% of 

2,6-dinitro-1-deazapurine 15. Starting a nitration from di-nitro  product 15, some formation of 

8-oxo side product 17 is observed which is confirmed via NMR studies. Following to the 

mechanism of purine nitration, 8-oxo formation can take place when the nitrated product 15 

forms again a N7-nitramino-8-trifluoroacetoxy intermediate. Since nitramine rearrangement is 

not possible anymore, a 8-trifluoroacetoxy dinitro-1-deazapurine compound will form. During 

aqueous work-up, hydrolysis occurs, leading to 8-oxo product 17.  
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Scheme 5.5 TBAN/TFAA nitration of Boc protected 1-deazapurines  a) TBAN, TFAA, DCM 

        

Nitration at the C-1 position on the 1-deazapurine system has never been observed. The 

introduction of the nitro group on the 2-position is electronically favoured. Probably, the 

electronic properties of the 1-deazapurine system force the radical pairs to combine at the 2-

position in the product forming step of the nitramine rearrangement. These o,p 

rearrangements are in agreement with the observed pattern in Bamberger nitramine 

rearrangements.18 In paragraph 5.13 the mechanistic aspects of 1-deazapurine and pyridine 

nitration are further studied. 

Similar results have been recently found in our lab in the nitration of region isomeric Boc 

protected 3-deazapurines (Scheme 5.6). These nitrations also led to 2-NO2-substituted 

nitrated products, which were confirmed by NMR experiments using nuclear Overhauser 

effects (NOE).19 The methyl protons of the Boc group show clear NOE effects with H8 and 

H3, confirming C-2 nitration. 

 

 
 

Scheme 5.6 C2-Nitration of Boc protected 6-chloro-3-deazapurine  a) TBAN, TFAA, DCM 
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5.7 BOC DEPROTECTION OF NITRATED 1-DEAZAPURINES 

 

 
 
Scheme 5.7 Boc deprotection of nitrated 1-deazapurines  a) MeOH, reflux 15h 

 

The Boc groups were removed via solvolysis at reflux temperature in methanol for 15 

hours. After cooling, the resulting products slowly precipitated and could be filtered off and 

washed with cold methanol. The products were obtained in excellent yields, as indicated in 

Scheme 5.7. When the 2,6-dinitro-9-Boc-1-deazapurine 15  was deprotected,  a minor side 

product 22 was found, which was not observed during deprotection of the 6-chloro-2-nitro 

analog 16. A possible explanation is, that the nitro group has stronger electron withdrawing 

properties than the chloro-substituent, thus making the C-8 position more sensitive to 

nucleophilic addition of methanol.  

After completion of the nitration reaction, it is also possible to add MeOH directly and 

reflux the mixture. In this way the product is easily prepared in a one pot procedure without 

an extra purification step and in higher overall yield. 

 

 

5.8 AZIDE INTRODUCTION  AT NITRATED 1-DEAZAPURINES 

A generally used way to introduce the amino moiety in adenine analogs is via the 

introduction of an azide group, which can be readily reduced with hydrogen to the desired 

amine substituent. In an analogous way we envisaged to get the 2-nitro-6-amino-1-

deazapurine in hands.  The 2-nitro group would then provide us a new synthetic handle for 

further functionalization.   
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Scheme 5.8 Azide introduction on nitrated 1-deazapurines Route A) NaN3 (3 eq.) , dry 

DMF, rt, 3h,  Route B) NaN3 (3 eq.) , dry DMF, 60 °C, 70h 

 

An excess of NaN3 (3 equivalents)  in dry DMF was used to convert derivatives 20 and  21 

into the identical corresponding azide 23. The reaction was monitored with HPLC. After 

completion,  water was added dropwise (over 4 times the volume of DMF) with gentle stirring 

to precipitate the product and facilitate workup.  

 

Route A  has advantages over route B. Azide 23 obtained from  dinitro compound 20 had a 

white colour, while compound 23 formed from the 6-chloro-2-nitro derivative 21 had a red 

colour, due to a minor contamination. The reaction with 6-chloro-2-nitro-1-deazapurine 21 

was also very slow compared to the dinitro analog (70 hours at 60 °C versus 3 hours at room 

temperature!).  

This seems to be in contrast with the general observation that in a SnAr mechanism the 

chlorine atom is a better leaving group than a NO2 group.  This is further evidence that 

changes occur in the electronic property of the nitro group in the 1-deazapurine system, and 

that breaking the carbon-halogen bond  is not the rate determining step in this reaction, which 

is also observed in  the high reactivity of a fluorine moiety in a nucleophilic aromatic 

substitution (leaving group order F>NO2>OTs>Cl).  

 

5.9 N-9 METHYLATION OF 6-AZIDO-2-NITRO-1-DEAZAPURINES 

The introduction of the azide substituent allowed very selective N9 methylation over N7 

methylation. With the regularly used excess of 4 equivalents of methyl iodide a good yield 

(79%) of the desired region isomer 24 was obtained. A smaller excess (2 equiv.) further raised 

the yield to 88%. 

 



Synthesis of C2-substituted 1-deaza-9-alkylpurines 

 129 

 
Scheme 5.9 Alkylation of C2 nitrated 6-azido-1-deazapurine a) potassium carbonate, MeI, 

DMF, 1h 

 

We observed great differences in methylation of 6-nitro or 6-azido substituted 1-deazapurines, 

using different reagents and conditions, as depicted in Table 5.2. The azide is a narrow but 

straight substituent and can rotate around the C6-N bond (sp hybridised) of the  1-deazapurine 

system. The length of the azide substituent may sterically hinder attack on the N-7-position, 

thus favouring  the  N-9-position. Another option for the regioselectivity is mesomeric 

interaction of the azide group (R-N=N+=N-)  in 1-deazapurines. The electron donating 

properties of the azide substituent (R-N=N+=N-  R-=N-N≡N) on the deazapurine system 

may additionally contribute to N9 regioselectivity. 

 

 

 

Table 5.2 Methylation of 6-N3- or 6-NO2-1-deazapurines 

Substituent at C-6 position Conditions N-7 : N-9 

N3 K2CO3, MeI 1 : 9 

NO2 PPh3, MeOH 1:2 

NO2 K2CO3, MeI 1 : 1.5 

NO2 PBu3, MeOH 1:1.5 

 

 

Methylation of the 1-deazapurine system with the NO2 substituent at the C-6-position 

results in a less selective  methylation 1:1.5 / N-7:N-9.  The application of Mitsunobu 

conditions for the introduction of the methyl group gives comparable(1:1.5) or slightly (1:2) 

better ratios. However, afterwards, phosphineoxide side products have to be removed or 

polymer supported reagents have to be used. From the results it can be observed that the role 
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of the azide substituent is far more important than variation of conditions applied in the 

methylation of the 6-nitro derivative. The highly favourable influence of the 6-azido moiety 

on regioselective N-9 alkylation, made intermediate 23 an ideal stage to perform this desired 

step in the overall route to the target functionalized deazapurines. 

 

5.10 ATTEMPTED DIRECT NUCLEOPHILIC SUBSTITUTION WITH AMINES 

To obtain amino substituted 1-deazapurines, direct aminations on the 1-deazapurine system 

in the di nitro stage were attempted. In Chapter 3 the efficient introduction of amines in 2-

nitro-6-CF3 compounds was described. Unfortunately, the analogous introduction of amino 

substituents on 2,6-dinitro-1-deazapurines was unsuccessful in reactions with benzylamine, or 

phenethylamine, due to the absence of the ring nitrogen atom. When compound  20 was 

warmed to 50°C or at reflux temperature in THF (Scheme 5.10), ring opening occurred and 

product 25 was isolated according to NMR studies. The reaction apparently occurs via an 

addition reaction of the amine to the N7-C8 double bond. Amination of azide intermediates 23 

or 24 also did not lead to amino substituted 1-deazapurines. In this case formation of addition 

products was not observed, most likely due to lower electron withdrawing properties of the 

azide substituent, compared to the nitro group. 

 

 
Scheme 5.10 Direct amination of dinitro-1-deazapurine a) benzylamine, THF, reflux 60% 

 

While this route using direct substitution on the nitro group was not successful, an 

alternative route was explored using nitroso chemistry. 

   

5.11  REDUCTION AND OXIDATION OF THE 6-AZIDO-2-NITRO 1-DEAZAPURINE SYSTEM 

Aromatic nitroso compounds are useful as reactive organic species. The introduction of 

nitroso functions may provide new handles to introduce functional groups.20,3  Recently, 

members of our group presented the synthesis of the hitherto unknown, but stable, 2-
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nitrosoadenosine from the corresponding 2-nitropurine ribosides. Several examples of 

functional group introductions were given. This challenged us to investigate the possibilities 

of nitroso chemistry for the more deactivated 1-deazapurines. In Scheme 5.11 the introduction 

of the nitroso function in the deazapurine skeleton is presented. It appeared that side reactions 

can occur easily in our 1-deazapurine system.  

 

 
 

Scheme 5.11 Formation of 2-nitroso-1-deazapurine 28 and accompanying side reactions 

a) H2/Pt (20 mol%), EtOAc, for 26 1h / for 27 18h / for 29 >18h (condition a*)  b) NaIO4(aq.) 

0°C  

 

During hydrogenation, compound 26 is formed first in 1 hour. This compound could be 

isolated in a purified yield of 88%. By extending the reaction time, further conversion to 

hydroxyl-amino derivative 27 was observed. By exceeding reactions times (condition a*), 

diamino compound 29 was formed. The reaction was carefully monitored with TLC and 

HPLC until compounds 26 : 27 : 29 were present in a ratio of  5 : 90 : 5. Then, hydrogenation 

was stopped and the mixture was oxidised in situ to nitroso compound 28. The synthesis of 

nitroso compound 28 was accomplished in an overall yield of 65% (based on intermediate 

26).  

Aromatic nitroso compounds like 28 show a strong tendency to form azooxy-dimers in a 

reversible process under influence of oxidation with sodium periodate.21 22 This was also 
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observed for compound 28. Another side reaction that may occur is dimerisation of nitroso-

products to  azodioxy compound 30. The amount of dimerisation in solution is dependent on 

the presence of substituents at the aromatic system, but probably also on concentration, 

temperature and solvent. As to the double bond geometry, nitrosobenzene exists only as the 

cis dimer, whereas 2,6-dimethylnitrosobenzene is exclusively in the trans-azodioxy form.  In 

analogy with the data on nitroso benzene we assume that our observed 2-nitroso-1-

deazapurine dimer is in the cis form, too. Although, there is a lot of information about C-

nitroso compounds in general,23 little information is yet available for nitroso-purines or 

deazapurines. Our group published the first introduction of nitroso moieties at adenosine 

analogs. This is the first example of nitroso group introduction at 1-deazapurines.8,   

 

 
 

Scheme 5.12  First introduction of the nitroso function in 1-deazapurines a) H2/Pt (20 

mol%), EtOAc, b) NaIO4 (aq.) 0°C 

 

5.12  FUNCTIONALISATION OF THE  2-NITROSO SYSTEM   

As indicated in the introduction of this chapter, it was envisaged to introduce substituents at 

C-2 to enhance selectivity for the A2A receptor. With the nitroso moiety as a handle, it would 

be possible to try cycloadditions and condensations reactions to obtain new classes of 

compounds in the 1-deazapurine series. Wanner et al. described that Diels-Alder 

condensations were successful with purine nitroso species, to yield new substituted purine 

structures. In the next paragraphs our efforts to new C-2-substituted 1-deazapurines starting 

from nitroso-1-deazapurines are presented. 

 

 

 

 



Synthesis of C2-substituted 1-deaza-9-alkylpurines 

 133 

5.13 DIELS-ALDER REACTIONS WITH  DIENES  

Compound 28 was reacted with dienes in MeOH at reflux temperature. With 

cyclohexadiene, compound 31 is formed easily within one hour, according to TLC. However, 

the first attempts to isolate and purify the product resulted in low yields, (35%). The 

properties of 31 gave difficulties upon flash chromatography. The slightly acidic silica 

resulted in extreme tailing from the column. A pre-treated basic column (slurry method), 

eluens EA/ MeOH (15%)/  NH4OH (1.5%),  gave better results(~50%). Highest isolated yield 

was obtained by concentrating the reaction mixture in vacuo followed by stirring in cold 

methanol at 0 ºC. Filtration gave 75% of pure 31.  

 

 
 

Scheme 5.13 Diels Alder reactions with 2-nitroso-1-deazapurine 28 a) methanol,  reflux 

 

Product 31 is presumed to be a mixture of endo and exo stereo isomers. The endo product 

will probably be formed in  majority, because syn addition is energetically favoured.  

It was difficult to isolate the cyclopentadiene addition product 32. In this case easy reversal 

of the equilibrium type addition reaction, which is not uncommon in Diels Alder type 

reactions, hampers product isolation. This could be shown via  NMR studies. The crude 

product was concentrated  in vacuo in a NMR tube and an NMR spectrum was recorded, 

which showed starting compound 28, 5% of product 32 and no cyclopentadiene(probably 

removed during concentration in vacuo). When an excess of  freshly distilled cyclopentadiene 
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was added, in five minutes the reaction changed colour from red to yellow and NMR showed 

the equilibrium to be forced to the desired product 32.  

 

5.14 HYDROGENATION OF DIELS ALDER PRODUCTS 

By hydrogenation of 31, the cis amino-cyclohexanol derivative 33 is formed.  The 

compound was obtained  in pure form by stirring in cold methanol and filtration (47%). 

 

 
Scheme 5.14 Ring opening of Diels Alder products 31 and 32: a) H2,/Pd/C (10%), MeOH 

reflux, 1,5 h 

 

Reduction and ring opening of compound 32 was attempted in a similar way. Because the 

Diels Alder reaction (Scheme 5.13) was quite sensitive and work up was complicated, direct 

hydrogenation of the in situ formed bicycle [2.2.1.]hept-5-en-3-yl derivative 32 was tried. 

Unfortunately, isolation of product 34 remained difficult and we decided to explore other 

coupling reactions. 

 

5.15 ATTEMPTED MILLS COUPLING WITH AMINES 

Mills coupling between nitrosoaromatics and anilines is a method for the preparation of 

diazo compounds. The resulting diazo compounds are usually sensitive to light. The kinetic E 

isomer can be converted to a thermodynamic mixture of Z and E isomers. Recently, the 

nucleophilic reactivity of aniline derivatives towards nitroso phenyl compounds was studied.24 

Acetic acid-catalyzed condensation of 28 with 2 eq. of aniline at 70°C should have produced 
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the desired diazo compounds 35. However this was not observed. Also the more activated 

amine p-anisidine, with the 4-OCH3 moiety activating the amino group for nucleophilic 

attack, did not lead to formation of the desired product 36.  

 

.  

Scheme 5.15 Attempted Mills coupling using 2-nitroso-1-deazapurine and anilines a) amine 

(5 equiv.), CH3COOH (2 equiv.), MeOH, 3h 

    

Raising the temperature or addition of trifluoroacetic acid did not improve the reaction. For 

adenosine derivatives successful Mills couplings have been reported. Apparently, this is 

another example of the deactivated character of the 1-deazapurine system and new alternative 

approaches would be necessary to obtain the target molecules. 

 

5.16 AMINE CONDENSATIONS WITH 2-NITROSO-1-DEAZAPURINES 

Condensation on non aromatic amines with nitrosoaromatic systems form interesting 

approaches for the synthesis of another new class of compounds: hydrazones. In this 

paragraph we describe successful amine condensations in analogy to the Mills coupling 

between anilines en nitroso aromatic systems. Key differences in the reaction are the higher 

nucleophilicity of the amines and the possibility of the system to rearrange to (more) stable 

products. To illustrate the scope, we used a series of substituted benzyl amines, 

phenethylamine and cyclohexylmethylamine. 
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Scheme 5.16 Amine condensations with 2-nitroso-1-deazapurine a) amine (5 equiv.), 

CH3COOH (2 equiv.), MeOH, 3h 

 

Several conditions were explored. It was found that under basic conditions a side reaction 

occurs whereby dimers of the nitroso species are formed, as follows: The 6-amino group of 

the 1-deazapurine 28 reacts with a nitroso moiety of another molecule of 1-deazapurine in 

Mills-coupling manner to yield an azo compound. To circumvent this side reaction, an excess 

of amine (5 – 10 equiv.) has to be used, with 2 equiv. of acetic acid. The use of trifluoroacetic 

acid did not make a difference. In this way, it was possible to perform the amine 
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condensations at room temperature. Because of the high amounts of amine used, the work up 

was complicated. By using a basic slurry method it was possible to obtain the benzyl- and 

phenetylamine product in 35 – 50 % yield. 

Special attention was given to compound 41, an interesting azo compound which was 

isolated without rearrangement to the hydrazone in 48% yield. When this compound was 

subjected to triethylamine conditions, and refluxed in methanol overnight, the corresponding 

hydrazone 42 was formed in a yield of 27%.  

 

In this way a series of new substituted 1-deazapurines was prepared with interesting activity 

on different adenosine receptors which will be discussed in the next chapter.25 

 

 
Scheme 5.17 Hydrazone formation from azo compound 41 a) EtOH, cat. Et3N, reflux, 

overnight 

 

5.17 STUDY ON THE MECHANISTIC ASPECTS OF 1-DEAZAPURINE AND 

PYRIDINE NITRATION 

1-deazapurines were often considered as a special class of substituted pyridine derivatives. 

However, in chemical reactions pyridines and 1-deazapurine differ in reactivity and 

properties. In this chapter available mechanistic data on pyridine nitration are summarized and 

extrapolated to the related 1-deazapurine system. Pyridines are deactivated towards 

electrophilic aromatic substitution, so harsh conditions are usually required. 

 Literature describes nitration with HNO3/H2SO4 with only 3 % yield of 3-nitropyridine. 

Better conversions were only reported when pyridine-N-oxides were subjected to this reagent. 

Deghati et al. compared the nitration of pyridine-N-oxide using HNO3/H2SO4 and 

TBAN/TFAA (see Scheme 5.18).They found 69% conversion to para-nitropyridine-N-oxide 

43 with HNO3/H2SO4. When a little excess of TBAN/TFAA was used as the reagents, the 

3,5-dinitropyridine-N-oxide product 45 was isolated in reasonable amounts together with a 
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very small amount of 3-nitropyridine-N-oxide 46. Pyridines produced no C-nitrated products 

using the TBAN/TFAA reagent, when not converted to the N-oxide26, 27. 

 

  
Scheme 5.18 Nitration of pyridine-N-oxides 

 

These findings and our recent efforts in revealing the mechanism of purine nitration (see 

Chapter 2) prompted us to study the relations between pyridine nitration and 1-deazapurine 

nitration. We hoped to get more insight in the mechanisms involved in pyridine and 1-

deazapurine nitration with TBAN/TFAA. Are electron poor pyridines nitrated and is it 

possible to steer regioselectivity? To start this study several electron deficient pyridines were 

selected with electron poor substituents at 2-,3- or 4-position. 

 

 

 
Scheme 5.19 Regioselectivity in TBAN/TFAA nitration of 2-and 3-substituted pyridines 

TBAN/TFAA(2 equiv.) , dichloromethane, 0ºC 
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We did observe nitration at position 3 for the 2-substituted pyridine as well for the 3-

substituted pyridine in Scheme 5.19. Nitration of 2-cyano-pyridine, surprisingly only yielded 

starting material. 

We also selected broader series of 4-substituted pyridines as these might be most comparable 

to 6-substituted 1-deazapurines (see Scheme 5.20). These experiments with different 4-

substituents show a trend towards 3-substitution where mono nitration occurs in 20-40% 

consequently at the 3-position. Also considerable amounts of dinitration is observed, mainly 

at 6-position. Surprisingly, it was found that when, in separate experiments, pure 3-nitro-4-

acetylpyridine was subjected to TBAN/TFAA reaction conditions, no di-nitro products are 

formed. 

 

 
Scheme 5.20 Regioselectivity in TBAN/TFAA nitration of 4-substituted pyridines 

TBAN/TFAA(2 equiv.) , dichloromethane, 0ºC 
 

An alternative approach to nitration of pyridines is described by Bakke et al. using liquid SO2 

as solvent and excess NO2 (N2O4) and ozone as initiator (Scheme 5.21).26,27 
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Scheme 5.21 Bakke nitration of pyridines 
 

Later, this procedure was improved by preformation the N2O5, and alternative workup with 

aqueous sulphuric acid. We followed this reaction and work up procedure to get more 

information about the mechanisms involved. It appeared from a 1H-NMR study that a N-nitro 

1,2-dihydro- and 1,4-dihydropyridine intermediates were formed with the sulphuric acid. 

These intermediates were capable of, intramolecularly, rearranging via a 1,3 or 1,5 

sigmatropic shift. After releasing dihydrogensulphite, the 3-nitropyridine as depicted in 

Scheme 5.22 is released.  

 

 
Scheme 5.22 Mechanism study of Bakke type nitration reaction 
 

Starting from these observations an analogous mechanism could be described for the 

TBAN/TFAA nitration of pyridines. It is well known from our purine nitration work that 

trifluoroacetyl nitrate is the active species. When we apply the TBAN/TFAA nitration 

conditions to 4-CN pyridine,  we first observed the formation of a precipitate, which could be 

in equilibrium with the addition product of trifluoroacetate anion as depicted in Scheme 5.23. 
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Scheme 5.23  formation of a nitramine pyridine intermediate 
 

This intermediate could lead to product formation via the Bakke type mechanism, although a 

radical pathway as discussed for purine nitramino TFAN intermediates can not be excluded. 

The trifluoroacetate could have radical directing and stabilizing features resulting in the 

observed conversions.  

If we compare 1-deazapurine nitration with pyridine nitration, it is clear that the 1-

deazapurine system cannot be considered a simple 2,3-disubstituted pyridine. While in 4-

substituted pyridine nitration, we observe reaction at the 3-position, the corresponding 6-

substituted 1-deazapurines are nitrated at the 2-position with TFAN (see Scheme 5.24). 

 

 
 Scheme 5.24  Comparing 1-deazapurine (2 and 3 substituted pyridine) and pyridine nitration 
 

The key difference is that the nitramino intermediate formed in 1-deazapurines can be at N-7 

in the imidazole part, in the other part of the bicyclic ring system. The radical mechanism for 

purine nitration of Chapter 2 that has been proven with NMR studies, could eventually be 

applied to 1-deazapurines and pyridines as well. In Scheme 5.25 it is described that after 

addition of trifluoroacetyl nitrate and the formation of the nitramino intermediate at N7, a 

radical rearrangement can take place. Via homolytic bond cleavages, the nitro group can 

rearrange to position 2, leading to the end product under release of TFA.  This mechanism 

explains that nitro substitution  at C1 is not observed. Rearranging to C2 clearly is the 

favoured radical pathway for an intermediate with a 7-nitro group as depicted in Scheme 5.25. 
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Scheme 5.25  1-Deazapurine nitration mechanism via a radical pathway 
 

In analogy, for the nitroamino intermediates of pyridines, a possible radical addition via the 

N-nitro intermediate should give mainly 3-substituted nitro-pyridines. This gives more 

evidence that a radical pathway could be involved and agrees well with our current 

experimental observations for the nitration of 1-deazapurines and pyridines. 

 

 
Scheme 5.26  TBAN/TFAA pyridine nitration mechanism via a radical pathway 
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5.18 CONCLUDING REMARKS 

 

The synthesis of the skeleton of 1-deazapurine bases is highly optimised. A new protecting 

group for 1-deazapurines is presented (Boc), which allowed selective nitration in very good 

yields. The application of nitroso chemistry for the introduction of functional groups in 1-

deazapurines was hitherto unknown. Amine condensation  reactions and cyclo-additions on 

the 2-nitroso-1-deazapurine core yield new classes of C-2-substituted 1-deazapurines. Finally, 

nitration of pyridines was studied to give more insight in the nitration mechanism. It was 

suggested that a nitramino intermediate is present for both deazapurine and pyridine nitration. 

Radical nitramino rearrangement pathways fit our observations for the mechanism of 1-

deazapurine and pyridine nitration. 
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5.20 EXPERIMENTAL SECTION 

General information.  

For experimental details see Chapter 2.  

Imidazo[4.5-b]pyridine 5  

A mixture of 25.2 g (0.231 mol) of 2,3-diaminopyridine, 500 ml  of triethylorthoformate and 

some crystals of para-toluenesulfonic acid was heated at reflux for 3 h. The solution was 

evaporated to dryness in vacuo and the residue was heated at reflux with 250 ml of 

concentrated hydrochloric acid for 1 h. The mixture was allowed to cool, neutralized with 

solid Na2CO3 and extracted with ethyl acetate. The combined extracts were dried and the 

solvent was removed at reduced pressure. The residue was dissolved in absolute ethanol, 

treated with activated charcoal, filtered and then solvent was evaporated to give 23.1 g of 

product as salmon colored crystals (84% yield). Mp 152-153 °C; 'H NMR (DMSO-d6): δ 8.44 

(s, H8), 8.37 (d, J = 4.7 Hz, H2), 8.03 (d, J = 8.0 Hz, H6), 7.25 (q, HI). 

Imidazo [4,5-b] pyridine-4-oxide 6  
 

To 8.5 g (0.071 mol) of imidazo[4.5-b]pyridine was added 18 ml (0.315 mol) of 100% acetic 

acid and 4.5 ml (0.051 mol) of 35% H2O2. The mixture was heated at 75 °C for 3 h after 

which acetic acid and water were evaporated in vacuo. To the resulting red-brown solution 

again 18 ml (0.315 mol) acetic acid (100) and 4.5 ml (0.051 mol) 35% H2O2 were added. 

After heating for 3 h at 75 °C, the mixture was cooled to rt and the white precipitate was 

filtered and washed with acetic acid and ether. The resulting white crystals were dried to 

obtain 9.86 g (70.8 yield) of the product. (acetic acid salt (1:1)). 'H NMR (DMSO-d6): δ 8.43 

(s, H8), 8.21 (d, J = 6.3 Hz, H2), 7.62 (d, J = 8.2 Hz, H6), 7.23 (q, HI), 1.93 (s, acetic acid). 

7-Nitro-imidazo[4,5-b]pyridine-4-oxide 7  

To a cold (0 °C) solution of 9.78 g ( 0.050 mol) of imidazo [4,5-b] pyridine-4-oxide in 50 ml 

of trifluoroacetic acid was added, drop wise, 33.5 ml of 90 fuming nitric acid. The mixture 

was heated at 90 °C for 3 h, cooled and poured into crushed ice. Neutralization was carried 

out with concentrated ammonium hydroxide to pH 8-9, while maintaining the temperature 

below 30 °C. The resulting yellow solid was filtered, washed with ice water and dried to give 
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6.26 g of the product as light yellow needles (70% yield). 'H NMR (DMSO-d6): δ 8.11 (s, 

H8), 7.98 (d, J = 7.1 Hz, H2), 7.78 (d, J = 7.1 Hz, HI). 

 

7-Nitroimidazo[4,5-b]pyridine 8  

To a solution of 5.0 g (0.028 mol) of 7-Nitro-imidazo[4,5-b]pyridine-4-oxide in 90 ml of dry 

acetonitrile was added drop wise 20.7 ml of phosphorustrichloride and the mixture was heated 

at 80 °C for 2 h. After cooling, a white solid precipitated, which was collected by filtration 

and washed with ether and sat. sodium carbonate solution. Recrystallization from water 

provided 2.21 g of the product as yellow needles (49% yield). 

Alternative route: To a solution of 5.0 g (0.028 mol) of 7-Nitro-imidazo[4,5-b]pyridine-4-

oxide in 50 ml of dry chloroform was added drop wise 12 ml of phosphorustrichloride and the 

mixture was heated at refluc for 16h. Cooling on ice, filtering and neutralising the suspension 

with saturated sodium carbonate followed by filtering and drying over P2O5 in vacuo yields 

4,02 gram of 8 (88%) mp: 237-240°C 

 'H NMR (DMSO-d6): δ 8.78 (s, H8), 8.70 (d, J = 5.4 Hz, HI), 8.02 (d, J = 5.4 Hz, H2) 

IR: 3108, 1541, 1504, 1383, 1336 

 

6-chloro-1-deazapurine 9  

The compound 9 is formed when reaction times to form 6-nitro-1-deazapurine are prolonged. 

mp: 186°C 'H NMR (6-Cl) (d6-DMSO) δH  8.54 (1H, s, 8-H), 8.31 (1H, br m, 2-H), 7.42-7.41 

(1H, d, J = 5.12 Hz, 1-H); (6-NO2):  13.71 (1H, br, NH), 8.78 ( 1H, s, 8-H), 8.70-8.69 (1H, d, 

J = 5.4 Hz, 2-H), 8.02-8.01 (1H, d, J = 5.4 Hz, 1-H). 

 

9-Boc 6-nitro-1-deazapurine 13  

To a solution of 6-nitro-1-deazapurine 8 (5 g, 30 mmol,) and BOC2O (10 g, 46 mmol) in dry 

dichloromethane (100 ml) was added dimethylaminopyridine (0.250 g, 5 mass%) and the 

mixture was stirred at room temperature for 1.5 h. The reaction was diluted with PE and 

quenched by adding silica and the mixture was filtered over hyflo. Evaporating the solvent 

yielded the crude product. Crystallization with EA/PE afforded the product (5.47 g, 80 %) as 

light yellow needles. mp: 223-226°C 
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1H NMR  (d6-DMSO) δ 9.11 (s, 1H, H-8), 8.81 (d, J 5.3 , 1H, H-2), 8.10 (d J  5.3, 1H, H-

1), 1.67 ( s, 9H t-Bu). 

IR: 2986, 1777, 1752, 1530, 1492 

 

9-Boc-6-Chloro-1-deazapurine 14    

To a solution of 6-chloro-1-deazapurine 9 (10 g, 65.1 mmol,) and BOC2O (19.8 g, 91.2 

mmol) in dry dichloromethane (100 ml) was added dimethylaminopyridine (0.5 g, 5 mass%) 

and the mixture was stirred at room temperature for 30 minutes. The reaction was quenched 

by adding silica and the mixture was filtered over hyflo. Evaporating the solvent yielded the 

crude product. Trituration with petroleum ether followed by treatment with ether yielded the 

product as a white solid (6.29 g, 76%), mp: 183.5°C decomposition  
1H NMR  (d6-DMSO) δ 8.89 (s, 1H, H-8), 8.47-8.46 (d, J 5.3 , 1H, H-2), 7.62-7.61 (1H, d, 

J  5.3, H-1), 1.66 ( s, 9H t-Bu). 

 

9-Boc-6-chloro-2-nitro-1-deazapurine 16  

A solution of 6-chloro-9-Boc-1-deazapurine (1 g, 3.94 mmol) and tetrabutyl-

ammoniumnitrate (1.8 g, 5.91 mmol) in dry dichloromethane (12 ml) was stirred in an ice 

bath. TFAA (835 µL, 5.91 mmol) was added dropwise. After 1.5 h the reaction was complete 

and MeOH (20 ml) was added.The mixture was concentrated and cooled to give yellow 

crystals. The crude product was washed with 3x3ml cold MeOH. Drying in vacuo at 50 °C 

afforded the product (0.916 g, 78%) as yellow needles. mp: 288.2-290°C decomposition 

 1H NMR  (d6-DMSO) δ  9.22 (s, 1H, H-8), 8.58 (s, 1H, H-1),  1.68 (s, 9H, t-Bu). 

 

 

 

2,6-dinitro-1-deazapurine  20  

A solution of 6-nitro-9-Boc-1-deazapurine (4 g,  15 mmol) and tetrabutylammoniumnitrate 

(0.92 g, 23 mmol) in dry dichloromethane (5 ml) was stirred at -18°C. TFAA (430 µL, 18 

mmol) was added dropwise. After 1.5 h the nitration reaction was complete and MeOH (20 

ml) was added.The solution was refluxed  for 15h while the product precipitates. Cooling and 
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filtering and drying the suspension furnished the pure product (2.28g, 72%) as light yellow 

crystals. mp: 294°C 
1H NMR  (d6-DMSO) δ  14.45(bs, 1H,  H-9), 9.16(s, 1H, H-8), 8.81 (d, 1H, H-1). 

 

6-chloro-2-nitro-1-deazapurine 21  

2-nitro-6-chloro-9-Boc-1-deazapurine (1.0 g, 3.35 mmol, intermediate B) in MeOH (20 ml) 

was stirred at 70°C. After 2 h the product started to precipitate. After 15 h the suspension was 

cooled at 0°C for 30 min and filtered. The precipitate was washed with cold MeOH and dried 

in vacuo at 50°C to furnish the product (0.5 g, 76%) as a yellow solid. mp: 294.5°C 
1H NMR(d6-DMSO) δ  14.20 (bs, 1H,  H-9), 8.92 (s, 1H, H-8), 8.41 (d, 1H, H-1). 

 

 

 

6-azido-2-nitro-1-deazapurine 23  

First possible route: a suspension of 2-nitro-6-chloro-1-deazapurine 21 (12 mmol,) and NaN3 

(2.5 g, 37 mmol) in dry DMF (25 ml) was stirred and warmed to 60°C.  After 60 h the 

reaction was cooled to room temperature and water was added slowly (100 ml). The product 

precipitated and was filtered. Washing with water and ether, followed by drying in vacuo at 

50°C furnished the product (2.12g, 82%) as a solid.  

Alternative route: a suspension of 2,6-dinitro-1-deazapurine 20 (2.5 g, 12 mmol,) and NaN3 

(2.4 g, 37 mmol) in dry DMF (20 ml) was stirred at room temperature for 3h. After 

completion, water was added slowly (100 ml). The product precipitated and was filtered. 

Washing with water and ether, followed by drying in vacuo at 50°C furnished the product 

(2.22g, 90%) as a off white solid. mp: 220-224 °C decomposition 
1H NMR(d6-DMSO) δ 14.02 (bs, 1H, H-9), 8.78 (s, 1H,  H-8), 7.81 (s, 1H,  1-H). 

 

6-azido-9-methyl-2-nitro-1-deazapurine 24  

To a suspension of 2-nitro-6-azido-1-deazapurine 23  (6 g, 29.2 mmol) and K2CO3 (8.09 g, 

58.5 mmol) in dry DMF (150 ml) was added MeI (3.65 ml, 58.5 mmol). After 1 h the reaction 

was complete and water (300 ml) was added slowly. The product precipitated and the 

suspension was cooled in an ice-bath. The crude product was washed with water and ether 
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and dried in vacuo at 50°C to yield 5.61g (88%) of the desired product as a white solid. mp: 

172°C decomposition 
1H NMR  (d6-DMSO) δ   8.77  (s, 1H H-8), 7.80 (s, 1H, H-1), 3.92 (s, 3H, CH3). 

 

6-amino-9-Me-2-nitro-1-deazapurine 26   

To a solution of 2-nitro-6-azido-9-methyl-1-deazapurine (1 g, 4.5 mmol, Intermediate G)  was 

added Pd/C 10 % (0.200 g, 20 mol%). The solution was stirred at room temperature under a 

H2 atmosphere. After 1h the reaction was complete. Flash chromatography (EA) of the crude 

reaction mixture afforded the pure product as a red solid (0.775 g. 88 %). mp: 260 - 264°C  
1H NMR  (d6-DMSO) δ   8.35  (s, 1H H-8), 7.36 (s, 1H, H-1), 7.15 (bs, 2H, NH2), 3.79 (s, 

3H, CH3). 

 

6-amino-2-hydroxylamino-9-methyl-1-deazapurine 27   

A suspension of 2-nitro-6-azido-9-methyl-1-deazapurine 26 (1 g, 45.6 mmol) and 10% Pt/C 

(0.2 g, 20% m) in EA (200 ml) was refluxed under a H2 athmosphere. After 18h the reaction 

was filtered over Hyflo (EA/MeOH). The filtrate was used immediately in the oxidation 

reaction to the nitroso derivative. 

 1H NMR  (d6-DMSO) δ   8.34 (s, 1H, H-8), 7.36 (s, 1H, H-1), 7.14 (bs, 2H,  NH2), 3.80 (s, 

3H, CH3). 

 

6-amino-9-methyl-2-nitroso-1-deazapurine 28  

The crude mixture of 2-hydroxylamino-6-amino-9-methyl-1-deazapurine (intermediate I) was 

cooled to 0°C. An ice-cold solution of NaIO4 (1.95 g, 9.13 mmol) in H2O (50 ml) was added 

slowly. After 1h the reaction was complete and the organic layer was separated from the 

water layer. The aqueous layer was extracted with EA + 5% MeOH and dried with Na2SO4. 

The yellow solution was concentrated and triturated with cold MeOH to yield 0.53 g (65%) of 

the desired product as a red solid. mp: 220°C. 
1H NMR  (d6-DMSO) δ   8.46 (s,1H, H-8), 7.37 (s,1H, H-1), 7.00 (bs, 2H, NH2), 3.92 (s, 

3H, CH3) 

 

2-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-6-amino-9-methyl-1-deazapurine 31  
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To a suspension of 2-nitroso-6-amino-9-methyl-1-deazapurine 28 (0.1 g, 0.56 mmol,) in 

MeOH (15 ml) was added slowly 1,3-cyclohexadiene (105 µl , 1.13 mmol). After 30 m the 

reaction was complete and the mixture was concentrated and  triturated in cold MeOH. The 

product was washed with cold MeOH and dried at 50°C in vacuo to yield 101.9 mg (75 %) of 

the desired product as a white solid.  mp: 169.9°C.  
1H NMR  (d6-DMSO) δ   7.82 (s, 1H, H-8), 6.52 (t, 1H,  CH), 6.30 (t, 1H, CH) , 6.12 (bs, 

2H, NH2), 5.99 (s, 1H, H-1), 5.21 (t, 1H, CH), 4.70 (t, 1H, CH), 3.63 (s, 3H, CH3), 2.08 (q, 

2H, CH2), 1.55 (q, 2H, CH2), 1.33 (q, 2H, CH2); 

 m/z 258.1355 (M+ + H.) C13H16N5O requires m/z 258.1277 

 

6-amino-2-(cis-4-hydroxycyclohexylamino)- 9-methyl-1-deazapurine  33  

A suspension of 2-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-6-amino-9-methyl-1-deazapurine 

(50 mg, 0.194 mmol, compound 1) and 10% Pd/C in MeOH (4 ml) was stirred under 1 atm 

hydrogen for 1.5 h at 70 °C. Filtration, evaporation and stirring in cold MeOH afforded the 

pure 2-(cis-4-hydroxycyclohexylamino)-6-amino-9-methyl-1-deazapurine (23,8 mg, 47 %) as 

white solid.  
1H NMR  (d6-DMSO) δ   7.62 (s, 1H, 8-H), 5.72 (s, 2H, NH2), 5.69-5.67 (m, 1H, NH),  

5.57 (s, 1h, 1-H), 4.34 (s, 1H, OH), 3.69 (s, 2H), 3.57 (s, 3H, CH3), 1.63 (m, 6H, cyclo), 1.53-

151 (m, 2H, cyclo) 

m/z 262.1668 (M+ + H.) C13H19N5O requires m/z 262.1590 

 

6-amino-2-benzylhydrazone-9-methyl-1-deazapurine 37 

Condensation of 2-nitroso-6-amino-9-methyl-1-deazapurine (0.1 g, 0.565 mmol), 

benzylamine (740 µl , 6.77 mmol) and acetic acid CH3COOH (64.6 µl, 1.13 mmol) was 

performed as described for compound 3. Flash chromatography (EA/MeOH/NH4OH 

88.5:10:1.5). The product was triturated with cold methanol and dried in vacuo to yield 52.6 

mg (35%) of the desired product as a yellow solid. mp: 231.7-232.8°C;  
1H NMR  (d6-DMSO) δ   10.68 (s, 1H,  NH), 7.95 (s, 1H, 8-H), 7.77 (s, 1H,  CH), 7.64-

7.62 (d, 2H,  o-Ph), 7.41 (t, 2H, m-Ph), 7.31 (t, 1H,  p-Ph), 6.46 (s, 1H, 1-H), 6.17 (bs, 2H,  

NH2) 

 m/z 267.1358 (M+ + H.) C13H19N5O requires m/z 267.1280 
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6-amino-2-(4-methoxy-2-benzylhydrazon)-9-methyl-1-deazapurine 38 

Condensation of 2-nitroso-6-amino-9-methyl-1-deazapurine (0.1 g, 0.565 mmol), 4-methoxy-

benzylamine (369 µl, 2.82 mmol) and acetic acid CH3COOH (64.6 µl, 1.13 mmol) was 

performed as described for compound 3. Flash chromatography (EA/MeOH/NH4OH 

94.5:5:0.5). The product was triturated with cold methanol and dried in vacuo to yield 58.5 

mg (35%) of the desired product as a yellow solid.  
1H NMR  (d6-DMSO) δ  10.39 (s, 1H,  NH), 7.91 (s, 1H, 8-H), 7.75 (s, 1H,  CH), 7.56 (d, J 

8.53 Hz, 2H,   m-Ph), 6.98 (d, J 8.52 Hz, 2H,  o-Ph),  6.42 (s, 1H,  1-H), 6.13 (bs, 2H,  NH2), 

3.80 (s, 3H,  OCH3), 3.64 (s, 3H, CH3) 

m/z 297.1464. (M+ + H.) C13H19N5O requires m/z 297.3271  

 

6-amino-2-(2,4-dimethoxy-2-benzylhydrazon)-9-methyl-1-deazapurine 39 

Condensation of 2-nitroso-6-amino-9-methyl-1-deazapurine (0.075 g, 0.423 mmol), 2,4-

dimethoxy-benzylamine (318 µl , 2.12 mmol) and acetic acid CH3COOH (48.4 µl, 0.847 

mmol) was performed as described for compound 3. Flash chromatography 

(EA/MeOH/NH4OH 94.5:5:0.5). The product was triturated with cold methanol and ether and 

dried in vacuo to yield 48.3 mg (35%) of the desired product as a off white solid.  

 1H NMR  (d6-DMSO) δ   10.38 (s, 1H,  NH), 8.17 (s, 1H, 8-H), 7.78-7.75 (s, 2H, CH and 

1-H), 6.61-6.6 (m, 2H,  Ph), 6.40 (s, 1H,  Ph),  6.11 (bs, 2H, NH2), 3.85 (s, 3H,  OCH3), 3.82 

(s, 3H,  OCH3), 3.63 (s, 3H,  CH3)  

m/z 327.1569 (M+ + H.) C13H19N5O requires m/z 327.3531   

 

6-amino-9-methyl-2-((2-phenylethylidene)hydrazinyl)-1-deazapurine 40 

A mixture of 2-nitroso-6-amino-9-methyl-1-deazapurine (0.1 g, 0.565 mmol), 2-

phenylethylamine (858 µl, 0.677 mmol)  and acetic acid CH3COOH (64.6 µl, 1.13 mmol) was 

stirred in MeOH. After 3 h the suspension had dissolved. The yellow solution was 

concentrated and diluted with PE and purified by flash chromatography (EA/MeOH/NH4OH 

88.5:10:1.5). The product was triturated with cold methanol and dried in vacuo to yield 55.4 

mg (35%) of the desired product as a yellow solid. mp: 182.1°C 
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1H NMR  (d6-DMSO) δ   10.07  (s, 1H,  NH), 7.73 (s, 1H,  8-H), 7.37-7.32 (3H, m,  

CH/Ph), 7.27-7.25-7.23 (m, 3H, Ph), 6.28 (s, 1H,  1-H), 6.1 (bs, 2H,  NH2), 3.60 (s, 3H,  

CH3), 3.56-3.54 (d, 2H,  CH2) 

m/z 281.1515 (M+ + H.) C13H19N5O requires m/z 281.1436 

 

6-amino-2-cyclohexylmethylazo-9-methyl-1-deazapurine 41  

Condensation of 2-nitroso-6-amino-9-methyl-1-deazapurine (0.1 g, 0.565 mmol), 

cyclohexylmethylamine (367 µl , 2.82 mmol) and acetic acid CH3COOH (64.6 µl, 1.13 

mmol) was performed as described for compound 39. Flash chromatography 

(EA/MeOH/NH4OH 94.5:5:0.5). The product was triturated with ether and dried in vacuo to 

yield 72.6 mg (48%) of the desired product as a bright yellow solid.  
1H NMR  (d6-DMSO) δ   9.81 (s, 1H,  NH), 7.71 (1H, s,  8-H), 7.17 (d J 5.31 Hz, 1H,  CH), 

6.22 (s, 1H,  1-H), 6.04 (s, 2H,  NH2), 3.6 (s, 3H,  CH3), 2.18-2.17 (m, 1H, cyclohexyl), 1.8-

1.76-1.71 (m, 5H, 5x CH) 1.29-1.18 (m, 5H, CH) 

m/z 273.1828 (M+ + H.) C13H19N5O requires m/z 273.1749  

 

6-amino-2-((cyclohexylmethyl)hydrazinyl)- 9-methyl-1-deazapurine 42  

2-cyclohexylmethylazo-6-amino-9-methyl-1-deazapurine (0.03 g , 0.111 mmol, compound 

41) was dissolved in EtOH (5 ml) and a catalytic amount of N(Et)3. The mixture was refluxed 

overnight. The mixture was concentrated in vacuo, triturated with cold ether and MeOH and 

filtered producing 8 mg (27%) of the desired product as a yellow solid.  
1H NMR  (d6-DMSO) δ   9.81 (s, 1H,  NH), 7.71 (s, 1H,  8-H), 7.16 (d, J 4.91 Hz, 1H,  

CH), 6.22 (s, 1H,  1-H), 6.04 (s, 2H,  NH2), 3.6 (s, 3H,  CH3)  
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 Biological evaluation of substituted 

 6-trifluoromethylpurines  

and 1-deazapurines on  

adenosine receptors 
ABSTRACT 

The purine and 1-deazapurine analogues that were synthesized and discussed in chapters 2, 

3, 4 and 5 were evaluated for their affinity for the human adenosine receptor family. The 6-

trifluoromethyl substituted analogues I – III show significant affinity for the adenosine A3 

receptor; functional tests revealed strong antagonistic activity. The 2-substituted 1-

deazapurines IV showed moderate affinity and antagonistic properties for the adenosine A2A 

receptor. 
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6.1 INTRODUCTION 

Adenosine receptors are distributed in variable levels of expression in many different tissue 

types in the human body. This has led to intensive research towards the therapeutic potential 

of controlling the activity of the adenosine receptors. Purine derivatives have been widely 

explored as adenosine receptor ago- and antagonists.1
 However, work on purine ligands has 

mainly focused on straightforward analogues of adenine. The N-6 amino function has usually 

been preserved and substituted with a group to improve affinity for the adenosine receptor. In 

our purine series, we introduced the trifluoromethyl group at C-6 as a replacement of the 6-

amino group. As described in the previous chapters, because of the synthetic difficulties, only 

a very limited set of 6-trifluoromethyl analogues has been published before2, 3: A limited set 

of small substituents (NH2, S-Et, Cl) has been introduced at C-2. N-9 is usually substituted 

with ribose, THP or a small alkyl group. The introduction of substituents at C-8 has not been 

described in combination with 6-trifluoromethyl substitution in purines. Two C8-

trifluoromethyl substituted purine analogs (2-Cl, 2-NH2) were described. No adenosine 

receptor interaction data were reported for these 8-trifluoromethyl compounds.  

 

For the 6-perfluoroalkyl purines described by Hocek and Hockova, cytostatic activity was 

found for only one adenosine analogue: 6-trifluoromethyl-9-β-D-ribofuranosyl purine.3 Even 

close structural analogs were all inactive, and no mention was made of possible interaction 

with adenosine receptors. Abbott Japan describes 9H-purine derivatives as possible TNFα 

(tumor necrosis factor) antagonists.4 Two of the examples described in this patent application 

have a 6-trifluoromethyl group, but there is no information as to the interactions with 

adenosine receptors. Nagano et al. describe yet another group of trifluoromethylpurines as 

potential anti-tumor agents.5 None of these compounds showed the desired activity, and the 

paper does not mention interactions with adenosine receptors. The closest analogs with 

published adenosine receptor affinity data are two C2-CF3 substituted adenosines published 

by Ohno et al.6  

Also for 1-deazapurines, only limited information is available about affinity as ligands for 

adenosine receptors. 1-Deaza adenosines are known from a patent from Ciba Geigy AG ,7 and 

were also described by J. E. Francis et al.,8 The 1-deaza adenosines described in the 



Biological evaluation of substituted 1-deazapurines and 6-trifluoromethylpurines 

 155 

documents all contain the 9-β-D-ribofuranosyl substituent, characteristic for the natural ligand 

adenosine. These compounds were shown to have affinity for adenosine receptors, notably for 

the adenosine A2 receptor subtype, for which they are agonists. Since the A2B receptor was 

not known at that time, no information about A2A or A2B specificity is described. Also our 

laboratory published data on adenosine receptors for 1-deazaadenosines, showing selective 

affinity for A1 subtype receptors.9 The compounds described in Chapter 5 of this thesis are 

novel and do not contain the ribose moiety. Especially the 1-deazapurine bases substituted at 

C-2 are completely different from previously reported analogues. Therefore the action of the 

the new classes of compounds obtained was tested on adenosine receptors. The studies will 

give insight in the structural requirements for receptor interaction and may have potential in 

the search for new selective therapeutics. 

 

6.2 Adenosine receptor screening  
 

The compounds were screened for activity at Solvay Pharmaceuticals, partly outsourced to 

Cerep, France, on adenosine receptors in the following ways.  

Affinity tests 

Affinity of the compounds for the different human adenosine receptors was determined 

using the following methods: 

- Human adenosine-A1 receptors: receptor binding assay described by Townsend, using 

human recombinant receptors expressed in CHO cells10, and [3H]DPCPX as radioligand. 

- human adenosine-A2A receptors: receptor binding assay described by D. R. Luthin et 

al., using human recombinant receptors expressed in HEK-293 cells, and [3H]CGS 

21680 as radioligand.11  

- human adenosine-A2B receptors: receptor binding assay described by J. H. Stehle et al. 

using human recombinant receptors expressed in HEK-293 cells, and [3H]MRS 1754 as 

radioligand.12  

- Human adenosine-A3 receptors: receptor binding assay described by C. A. Salvatore et 

al. expressed in HEK-293 cells, and [125I]-AB-MECA as radioligand.13 

The Ki values of the compounds were calculated by the formula: 

Ki = EC50/[1 + (concentration radioligand/Km
 radioligand)], Where Ki is the binding affinity 

of the inhibitor, the EC50 is the concentration of the ligand under investigation required to 
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displace 50% of specific binding of the radioligand. The pKi is defined as the negative 

logarithm of the Ki 

 

 

Functional tests 

Functional tests for the A3 receptor subtype are performed with a dual mode Aequorin 

screen, which measures both agonism and antagonism. A screen is used where the G protein-

coupled receptor (GPCR) is expressed in an apoaequorine containing cell line. Aequorin is an 

alternative assay methodology for luminescent measurement of calcium and can be adapted to 

high throughput screens14. The advantage of this screen is the fast screening of antagonists 

and agonists with the same technical setup. Aequorin is a calcium-sensitive photoprotein 

isolated from the jellyfish Aequorea victoria that has been used as a calcium indicator for 

more than three decades.15
 Its low affinity for Ca makes aequorin a good sensor in the range of 

biological calcium ion concentrations, with a large dynamic range.16The active protein is 

formed from apoaequorin and its cofactor, coelenterazine.17
 In the presence of molecular 

oxygen, the binding of calcium ions to aequorin induce a conformational change resulting in 

the oxidation of coelenterazine and subsequent emission of a blue light flash. Upon addition 

of an agonist, aequorin and calcium are released resulting in light emission during 20 -30 

seconds. By luminometry fast and secure detection can be obtained. For subsequent 

antagonist testing a reference agonist is injected at fixed concentrations after pretreatment 

with test compound and light emission is recorded. The antagonistic efficacy of the test 

compound will be proportional to the inhibition of intensity of emitted light. 

Both pEC50 and pA2 values have been determined for selected test compounds. The pEC50 

describes the agonist properties of the compound. The term EC50 relates to the half maximal 

effective concentration of a drug which induces a response halfway between baseline and 

maximum. It is commonly used as a measure of drug agonistic potency. The pEC50 is defined 

as the negative logarithm of the EC50. 

 

The value pA2 refers to the antagonistic action of the compounds and this value can be 

derived from a Schild plot. The Schild plot is a pharmacological method to study ligand-

receptor interaction. To construct a Schild plot, the dose-response curve for a reference 
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agonist is determined in the presence of various concentrations of a competitive antagonist. 

From this experiment the pA2 is determined which reflects the efficacy with which the 

agonistic interaction with the receptor is antagonized by the test compound (i.e., the 

equilibrium dissociation constant). The x-intercept of the fitted regression line is an estimate 

of pA2 which is the estimated equilibrium dissociation constant for the antagonist (pA2 

corresponds to the dose of antagonist that requires a 2-fold increase in agonist 

concentration.18) 

 

6.2.1 EVALUATION OF SUBSTITUTED 6-TRIFLUOROMETHYLPURINE 
DERIVATIVES 

 

The compounds that were described in this thesis were selected for affinity studies on the 

adenosine receptors. Affinity tests were performed on human adenosine receptors. A selection 

of active compounds was further tested for functional activity. The in vitro screening results 

of the 6-trifluoromethylpurine analogues are given in Table 6.1.  
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Table 6.1: Affinity of 6-trifluoromethyl substituted purines 

Entry N

N

N

N

CF3

R2

R1

R3

 

hA1 hA2A hA2B hA3 

 R1 R2 R3 pKi pKi pKi pKi pEC50 pA2 
1 NO2 CH3 H <5.0 <5.0  5.4   
2 

 
Ribose1 H <5.0 <5.0  <5.0   

3 

 
Ribose1 H <5.0 <5.0  5.4   

4 

 
Ribose1 H <5.0 <5.0  4.8 <5 6.7 

5 
 

Ribose1 H <5.0 <5.0  <5.0   

6 

 
H H 5.4 4.7 <5.0 7.7 <5.0 6.8 

7 

 
CH3 H <5.0 <5.0 <5.0 5.5 <5.0 5.8 

8 

 
Ribose1 H 5.1 4.9 <5.0 6.5 <5.0 7.4 

9 

 
H H 6.0 4.9 <5.0 7.9 <5.0 8.7 

10 
 

CH3 H 5.2 4.8 4.9 5.8 <5.0 5.5 

11 

 
CH3 Br <5.0 <5.0  6.0   

12 
 

CH3 I <5.0 <5.0  5.6 <5.0 5.7 

13 

 
CH3  O

 
<5.0 5.1  5.9 <5.0 6.8 

14 
 

CH3 
S

 
5.2 <5.0  5.8 <5.0 5.8 

15 

 
CH3 N

 
<5.0 <5.0  5.5   

16 
 

CH3 N
 

<5.0 4.8  5.4   

17 

 
CH3 ON

 
<5.0 <5.0  5.8   

18 

 
CH3 HN  5.5 5.9  6.2   
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Entry N

N

N

N

CF3

R2

R1

R3

 

hA1 hA2A hA2B hA3 

 R1 R2 R3 pKi pKi pKi pKi pEC50 pA2 

19 
 

CH3  <5.0 5.1  5.7   

20 

 
CH3 

F  
5.1 <5.0  6.0   

21 

 
CH3  <5.0 <5.0  5.4   

22 
 

CH3 
 

<5.0 <5.0  5.7 <5.0 6.0 

23 

 
CH3  <5.0 <5.0  6.3   

24 
 

CH3 C  <5.0 <5.0  5.4   

25 

 
CH3 CF3  <5.0 <5.0  5.3   

26 
 

Ribose1 H <5.0 <5.0 <5.0 7.5 <5.0 9.8 

27 
 

Ribose1 H 5.3 5.5  8.0   
28 

 
Bocom H 5.6 <5.0  7.6   

29 

 
Bocom H 5.6 4.7  7.1 <5.0 5.1 

30 O

 
ribose H 5.8 5.5 -.- 6.8   

1Ribose = β-D-ribofuranosyl 

n= 1-3 

hA1 Receptor Binding on Human Adenosine A1 Receptor; CEREP 801-1h 
  Receptor Binding Assay 
  Townsend-Nicholson and Schofield (1994) J Biol Chem 269: 2373-2376 
hA2A Receptor Binding on Human Adenosine A2A Receptor; CEREP 801-2ah 
  Receptor Binding Assay 
  Luthin et al. (1995) Mol. Pharmacol. 47: 307-313 
hA2b Receptor Binding on Human Adenosine A2b Receptor; CEREP 801-2bh 
  Receptor Binding Assay 
  Stehle et al. (1992) Mol. Endocrinol. 6: 384-393 
hA3 Receptor Binding on Human Adenosine A3 Receptor; CEREP 801-3h 
  Receptor Binding Assay 
  Salvatore et al. (1993) Proc Natl Acad Sci USA 90: 10365-10369 
hA3 Functional Screen Human Adenosine A3 Receptor, Aequorin dual mode (Solvay Pharmaceuticals 

Weesp)  
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Chapter 1 describes why it is important to search for new ligands for the A2A receptor and 

which synthetic strategies were viable. However, as shown in Table 6.1 these ligands show a 

complete lack of affinity for the adenosine A2A receptor, which was not expected from the 

models described in Chapter 1. On the other hand, some compounds show high affinity for 

the adenosine A3 receptor. Especially compounds 6, 9, 26, 27 and 28 show high affinity with 

pKi values around 8 (Ki around 10 nM). The selectivity for the A3 receptor over the A1 and 

A2A receptor is excellent. For many ligands described in literature a higher overlap is seen 

with A1 receptor affinity, which is apparently less in these compounds.  

 

Influence of C-2 substituents 

Entries 2 - 5 show that the introduction of cycloalkyl amines at C-2 does not result in good 

affinity for any of the adenosine receptors. The introduction, however, of substituents 

containing aromatic residues at C-2 immediately raises affinity for the adenosine A3 receptor 

as shown for the benzyl and phenethyl amino substituted entries. The introduction of a 4- 

hydroxyl moiety at the phenethyl group (conversion of compound 26 to compound 27) leads 

to a further increase of affinity with a pKi of 8.0 (Ki = 10 nM). Combining this optimal R1 

substitution with the best observed R2 (H) and R3(H) may lead to even better affinity. 

 

 

Influence of N-9 substitutents: H, Methyl, Ribose and Bocom 

Interestingly, substituents at N-9 have strong influence on affinity for the A3 receptor as 

seen for the phenethyl compounds 9, 10 and 26: pKi, methyl 5.8; H 7.9 and ribose 7.5 

respectively. This change in activity is very interesting. The results show that changing the 

ribose group for hydrogen (the unprotected base N9) is not detrimental for activity at all. This 

may have consequences for pharmacokinetics. A big problem in drug research is targeting 

drugs to the central nervous system. For many compounds the blood brain barrier is often 

difficult to pass. With the benzylamino substitution at C-2 (compounds 6, 7, 8) we observe the 

same trend for the N-9-methyl (pKi 5.5) the N9-H (pKi 7.7) and the N-9-ribose system (pKi 

6.5). Methyl substituents at N-9 lower the affinity for the A3 receptor while the free purine 

base is equally or more active than the corresponding riboside. It may be that N-9 H leads to a 

stronger complex via H-bond formation in the active site of the receptor. 
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It is also quite interesting to observe entries 28 and 29 where N-9 is protected with the 

newly developed Bocom group. Both the 2-phenethyl and the 2-benzyl substituted systems 

show high affinity with very good selectivity for the A3 receptor, pKi being 7.6 and 7.1, 

respectively.  

Compound 29, with Bocom protection at N-9, does not show strong agonistic activity, or 

antagonistic activity. In view of the low affinity of the N-9 alkylated compounds, it is not 

likely to be a spatial effect. It is more likely to be the result of an electronic effect of H-

bonding with N-H or interaction with the carbonyl group of the Bocom protecting group.  

 

Results of functional tests pA2 and pEC50 

A selection of the compounds was tested for functional agonistic or antagonistic activity on 

the A3 receptor after observing affinity for this receptor subtypes (Table 6.1). From the 

functional tests it can be seen that all compounds act as moderate to strong antagonists on the 

A3 receptor (pA2’s ranging from 5 – 9.8). No agonistic activity was observed. The relation 

between affinity and antagonistic potency seems to be highly dependent on substitution 

pattern. On the one hand the nucleoside analogues containing a ribose moiety were 

demonstrated to be potent. This is quite remarkable for adenosine nucleoside analogs, which 

are usually known to act as agonists. Recently Volpini et al. presented a series of 8-substituted 

alkynylpurines which were the first examples of adenosine receptor antagonists with an intact 

ribose moiety.19 On the other hand the Bocom-protected compound 29 shows hardly any 

antagonistic activity (nor agonistic activity). This might possibly reflect a different (allosteric) 

interaction mode. 

 

Literature comparison of selected compounds: influence of C6 substituents: CF3, NH2 

The laboratory of Cristalli described a series of 9-alkyl (ethyl) purines as adenosine receptor 

ligands.20 All compounds disclosed, show adenosine A2A receptor antagonism, with less A3 

affinity. Our synthesized C6 amino variant 31 (with a methyl group at N-9 instead of the ethyl 

group) behaves according to the findings of Cristalli and shows A2A affinity. With the 

conversion of 6-amino to CF3 however (compounds 9, 10 and 26), the selectivity is strongly 

shifted to the A3 receptor. IJzerman and Cristalli published the results of a functional 

screening for the A2B receptor where also compound 33 and the 6-amino variant of 8 are 
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published with a reduced potency21. 1-deazapurine is published as the only deazapurine with a 

low functional activity. In our study no functional tests have been performed for the A2B 

receptor, but affinity for this receptor is low. 

 

Table 6.2: Comparison of 6-trifluoromethylpurines with 6-amino variants 

Entry N

N

N

N

R1

R2

N
H  

hA1 hA2A hA2B hA3 

 R1 R2 pKi pKi pKi pKi 
9 CF3 H 6.0 4.9 <5 7.9 
       

10 CF3 CH3 5.2 4.8 4.9 5.8 
26 CF3 ribose <5.0 <5.0 <5.0 7.5 
31 NH2 CH3 6.3 6.8  5.7 
32a NH2 -CH2-CH3 6.5 6.8 5.5 5.6 
33a NH2 ribose 6 7.2   

a literature values Cristalli 

 

Literature comparison: C2- Alkoxy substituents 

When the conversion of the amino group to trifluoromethyl was combined with a 2-alkoxy 

moiety, the same effect on selectivity was observed as for the 2-phenethylamino analogs. 

Compound 30 showed moderately selective A3 affinity. All 2-alkoxyadenosines described for 

example by Ueeda et al.22 are adenosine A2 selective. It has to be noted that the A3 receptor 

was not known at that time. Adenosine analogs disclosed in WO 2004/069185 are all 

presented as selective adenosine A1 (partial) agonists.23  

 

Effect of trifluoromethyl group on adenosine receptor affinity 

The effect of the trifluoromethyl group at the C-6 position on the affinity and selectivity is 

dramatic. Apparently the trifluoromethyl function has the interesting capacity of changing the 

binding mode of the purines in such a way that they do not fit in the A2A receptor, but become 

effective ligands for the A3 receptor. We speculate that H bonding differences via fluorine 

may be at the basis of these findings. 
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Effect of 8-substitution 

The introduction of substituents at C-8, which proved to be useful in enhancing A2A activity 

in adenosine analogues in literature, does not give the anticipated effect on A2A affinity. On 

the other hand, also the A3 affinity becomes much less prominent after C8 substitution and 

values are all in the same ball park. The highest affinity is found for the 8-substituted phenyl 

acetylene derivative 23 with a pKi of 6.3. Remarkably, also the 8-cyclopentyl amine 

substituted derivative shows a pKi of 6.2 and a moderate affinity for the A2A receptor with a 

pKi of 5.9. Morelli et al. published data for 8-substituted 9-ethyl adenines.24 They report that 

8-bromo-9-ethyladenine, 8-ethoxy-9-ethyladenine and 8-furyl-9-ethyladenine have been 

characterized in vitro as efficient adenosine receptor antagonists with A2A affinity. 

Derivatives with aromatic systems at the 8-position seem to be well tolerated and the hetero 

aryl substituted systems like 2-furyl compound 13 and 2-thienyl compound 14 are equipotent. 

 

6.2.2 LIPOPHILICITY 

Most of the current potent and selective non nucleoside A3 adenosine receptor antagonists, 

including substituted pyridines, dihydropyridines, triazoloquinazolines, and 

pyrazolotriazolopyrimidines, have a relatively high lipophilicity (logP >3.7). This may 

contribute to their observed very low degree of water-solubility. Better water-soluble A3 

adenosine receptor antagonists are considered to be more effective pharmacological tools for 

in vitro and in vivo studies. For bioavailability and distribution through the body, 

lipophilicity of the compounds may be important. Usually, therapeutic drugs acting on the 

central nervous system have an optimal logP between 2 and 4. For selected compounds the 

logP was measured with a specially designated HPLC system which gives fast results and are 

generally in line with results of the more laborious octanol-water distribution measurements. 

This system is used as a standard in pharmaceutical industries to test lipophilicity. Table 6.3 

shows that the furyl compound has a rather high logP. In a pharmaco-dynamic system higher 

logP’s should not be problematic: The in vitro logP value is not a predictor for the in vivo 

efficacy of the compound, since in this process many other factors and transport mechanism 

of drugs through the body will play a role.  
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Table 6.3: lipophilicity of selected compounds at pH 11 

Entry HPLC-logP 

9 2 

10 4.3 

31 2.4 

13 6.1 

 

6.2.3 MODELING STUDIES  

As mentioned before, the results show that replacement of the amino group of the adenine 

by the trifluoromethyl group shifts the affinity for the adenosine receptors towards the A3 

receptor. In first instance, in analogy with reports from the literature, we expected to generate 

A2A receptor ligands. One of the major changes from previously reported analogs was the 

introduction of – CF3 at the C6 which normally is substituted with -NH2. So, the question is: 

why is the affinity towards the A2A receptor lost?  

 

To look further into that, a more specific pharmacophore modeling study was re-initiated at 

Solvay Pharmaceuticals. Pharmacophore modeling was performed with the GASP (Genetic 

Algorithm Similarity Program) module as implemented in Sybyl 7.0, running on a Silicon 

Graphics Octane2. GASP automatically assigns features to atoms and moieties of the 

antagonists (e.g. donor and acceptor atoms, hydrophobic centers and normals on aromatic 

planes). For donor and acceptor atoms corresponding acceptor and donor sites are additionally 

assigned. These site-points represent interaction points on the receptor and are placed in the 

direction of the lone pair or hydrogen atom of the acceptor and donor atom, respectively. 

During the derivation of a pharmacophoric model, all possible combinations of common 

features are superimposed. The solution possessing the lowest rmsd value (root mean square 

deviation), combined with good volume overlap and low energy conformers of the ligands, 

constitute the resulting pharmacophore. 

In Scheme 6.1 the very strong antagonists SCH-63390 and the xanthine derivative MSX-2 

were selected for direct comparison with our designed candidate for the A2A receptor 13. 
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Scheme 6.1 Target compound 13 and two selective A2A antagonists were selected for a 

pharmacophore modelling study 

 

Figure 6.1 shows that GASP produced a 4-point pharmacophore with good spatial overlap 

of the compounds. The pharmacophore consists of three acceptor atoms, which lie in one 

plane, and a hydrophobic area, which is represented by the centroid of the fitted aromatic 

phenyl rings of MSX-2 (shown in green) and SCH63390 (shown in purple). The donor sites 

interacting with the ligand acceptor atoms are also shown and are colored purple. Although 

GASP attempts to fit low energy conformers, the conformations of MSX-2 and SCH-63390 

were somewhat strained. A minimization was therefore carried out, after which the 

compounds were re-aligned. This did not have a significant effect on the pharmacophore 

model. 

 
Figure 6.1 A2A Pharmacophore model analysis show inverted position for compound 13. 

SCH-63390 (purple color), the xanthine derivative MSX-2 (green color) and designed 

compound 13 (orange color) 
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It is observed that the A2A antagonists SCH-63390 (purple color) and the xanthine 

derivative MSX-2 (green color) overlap very well. However, when compound 13 was 

modeled in this study, a surprising fact was observed: Compared with its putative bioisosteric 

NH2 group our substrate 13 fits in the pocket exactly in the opposite inverted position with its 

trifluoromethyl group. The 6-amino group of SCH-63390 is rather in the same direction as the 

N-methyl group of 13, while the CF3 group of 13 points in exactly the opposite way. In 

addition, the overlap in the aromatic part with the phenethyl group at C-2 is somewhat 

distorted, while the phenyl moieties of the MSX-2 and SCH-63390 fit very well in the 

hydrophobic area. 

 

It was then attempted to force superposition of 13 with the A2A ligands to explore new 

possibilities for manipulation. If the furyl moieties of SCH-63390 and 13 are superimposed, it 

is clear that the phenethyl part does not fit well and is not stabilised via pi-pi interactions. 

Possibly, when benzylamine would have been chosen at C2 or some substituents were added 

to the aromatic ring, the fit in the A2A receptor pocket might be better. Likewise the N-9 

methyl group does not fit well in the model (Figure 6.2). As discussed in chapter 2, the 

trifluoromethyl group can be considered sterically as large as an isopropyl group. An isosteric 

replacement of the NH2 with a perfluoroalkyl group (-CH2-F, or –CF2-H), introducing the 

electronic properties of fluorine and at the same time preserving a hydrogen donor/acceptor 

moiety, may possibly an option for future research.  
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Figure 6.2 A2A Pharmacophore model analysis, compound set fixed at the 8-furyl position. 

SCH-63390 (magenta color), the xanthine derivative MSX-2 (green color) and designed 

compound 13 (orange color) 

  

Some information can be found in the literature regarding the observed adenosine A3 

receptor affinity of the compounds synthesized by us. 

Recently, Volpini and coworkers reported a receptor homology modelling/receptor 

modelling study for the A3 receptor and found interesting structural relations for the A3 

agonists25. The agonist 2-phenylethynyladenosine was docked in its anti conformation. The 

alkynyl chain is accommodated in a hydrophobic region between helices 3, 4 and 5, see 

Figure 6.3. The ribose moiety, which is crucial for agonist activity, is in close contact with 

helices 3 and 7. In particular the 5’-hydroxyl group is within hydrogen-bond distance to 

Asn274 (TM7), while the 3’-hydroxy group, which has been widely demonstrated to be 

essential for full agonistic activity, is closely linked to the crucial His272 (TM7). The adenine 

region is found between helices 3 and 6, with Asn250 (TM6) hydrogen-bonded to the amine 

in 6 position of the purine ring and Thr94 very close to N-3. The receptor/ligand complex is 

more stable than its individual separated molecules by about 60 kcal/mol.  
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Figure 6.3 The agonist 2-phenylethynyladenosine docked into the seven trans-membrane 

domain of the human A3 receptor. View from outside the active site (left) and details of the 

active site (right). Picture adapted from Volpini et al. 

 

In contrast, 8-phenylethynyladenosine cannot bind to the A3 receptor in the same way 

because the alkynyl chain in C-8 position would overlap with helix 6. So the binding mode of 

this molecule should be different. Volpini et al. propose that the purine moieties of 2- 

phenylethynyladenosine and 8- phenylethynyladenosine can be superimposed in such a way 

that the C-2 of a molecule matches the C8 of the other one as shown in Figure 6.4.  

 

This leads to a very good steric and electrostatic correspondence at the level of the purine 

moieties and the phenylethynyl chains, but there is no overlap of the ribose moieties. As a 

consequence, 8- phenylethynyladenosine would be not able to stimulate the receptor response 

anymore. Recently, the A3 receptor morphology was further studied using molecular 

modelling via agonist screening.26 
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Figure 6.4 Superimposition of 2- and 8- phenylethynyladenosine (left) with the C-2 of a 

molecule matching the C-8 of the other one and vice versa, and relative docking of 8- 

phenylethynyladenosine into the seven trans-membrane domain of the human A3 receptor 

(right). Picture adapted from Volpini et al. 
 

  

Latest information on the crystal structure of the adenosine A2A receptor indicates structural 

changes towards originally used ligand models. Our model database set-up using A2A 

adenosine receptor antagonists, did not describe the actual (dynamic) modes of the receptor. 

Very recently, the structural basis of ligand subtype selectivity within the family of adenosine 

receptors was checked and confirmed by generating 3D models of all four subtypes using the 

recently determined crystal structure of the adenosine A2 receptor as a template, and 

employing the methodology of ligand-guided receptor optimization for refinement. This 

approach produced 3D conformational models of adenosine receptor subtypes that effectively 

explain binding modes and subtype selectivity for a diverse set of known adenosine receptor 

antagonists.27 

 

Earlier research of the group of Baraldi indicated that there may be a structural relation 

between A2A antagonists and ligands with A3 receptor affinity.28 Via a rational approach they 

were able to convert strong A2A antagonists to molecules with A3 receptor affinity via simple 



Chapter 6 

 170 

exchange of structural moieties. Over 100 pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c] pyrimidine 

derivatives that are potent A2A antagonists and a set of N-6-substituted phenyl carbamoyl 

adenosine-5’-uronamides with strong A3 agonistic activity were selected. They linked and 

exchanged the amino group of the receptor antagonists with the phenyl-carbamoyl moiety that 

is typical of A3 receptor agonists in an attempt to modulate the affinity and selectivity of these 

compounds at human A3 receptor subtypes. A series of new synthesized hybrid molecules (5-

N-(substitutedphenylcarbamoyl)amino-8-substituted-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-

triazolo[1,5-c]pyrimidines) was prepared with superior antagonistic activity on the human A3 

receptor.  

In the series of compounds we have studied the introduction of the trifluoromethyl group 

possibly interacts in such a way that structurally the compounds fit in the A3 receptor, but, the 

ribose moieties are unable to stimulate the receptor, leading to antagonistic activity. In our 

latest modelling studies of the A2A pharmacophores in Figure 6.1 we observe that our target 

molecules fit upside down in the model. In addition, with the findings of Volpini and co 

workers this may explain the observed A3 antagonistic activity. An option for future research 

would be introduction of -CH2F or CHF2 functionality at C6 as previously described for some 

analogs of Hocek, favouring H-bond donor acceptor functions, described in chapter 2. 

Our work on the adenosine receptors was described in a review article describing recent 

activities in the research and patent field on adenosine agonists and antagonists. The authors 

compared a large set of publications and shared their hope that the large volume of new 

adenosine compounds would lead to a new wave of compounds entering the market for new 

unmet medical needs.29  

 

Combining these separate pieces of information might lead to the following considerations 

on our series: 

- Introduction of the trifluoromethyl group changes (and obviously decreases) the 

interaction with the A2A receptor. 

- As is the case in the reported series, this results apparently in a concomitant  

increase in A3 receptor affinity. 
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- In analogy with a reported example, the ribose moiety, when present, might be in a 

position unable to stimulate the receptor. Although generally linked to agonistic effects, 

in our case clear A3 antagonism is observed. 

 

6.2.4 PHARMACOLOGICAL FUNCTION OF A3 RECEPTOR ANTAGONISTS 
 

 The ligands synthesised by us that have surprising A3 antagonist activity have many 

potential therapeutic applications. There are many reports that the A3 adenosine receptor 

plays a role in a diverse range of diseases by regulating the cell cycle and apoptotic cell death 

via activating mast cells, eosinophils, neutrophils, and natural killer cells.37,39,38 These reports 

suggest that A3 adenosine receptor-selective agents might be therapeutically useful for 

treatment of human diseases. Indeed, recent studies using mast cell lines and A3 adenosine 

receptor-deficient mice have shown that the A3 adenosine receptor antagonists have potential 

as anti-asthmatic and anti-inflammatory drugs.33,34 Highly potent and selective antagonists for 

the human A3 adenosine receptor have been screened and identified (Ki values in the 0.1 nM 

range). However, due to low interspecies homology between human and rodent A3 adenosine 

receptor, 1000 fold lower affinities for the rodent A3 adenosine receptor (Ki values in the 0.1 

mM range) was observed than for the human A3 adenosine receptor. This discrepancy in 

activity makes it difficult to relate animal studies to future therapy in human. Recently, A3 

adenosine-humanized mice were reported, in which the mouse A3 adenosine gene was 

replaced by its human counterpart. This may open new options for pharmacological 

testing.30,31 Antagonists for A3 receptor promise to be useful for the treatment of 

inflammation and in regulation of cell growth. 

 
THERAPEUTIC POTENTIAL OF A3 ADENOSINE RECEPTOR ANTAGONISTS  
GLAUCOMA 

Glaucoma, characterized by elevated intraocular pressure, is a leading cause of irreversible 

blindness in the world. Patients with glaucoma may require long-term administration of 

intraocular pressure-lowering medications. These medications belong to several classes of 

molecules including beta-adrenergic blockers, cholinesterase inhibitors, alpha-adrenergic 

agonists, carbonic anhydrase inhibitors, and ocular hypotensive lipids. Most intraocular 

pressure-lowering medications are associated with mild adverse effects, however several of 
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them are associated with systemic risks as well as serious ocular effects, especially following 

chronic use. It was found that A3 adenosine receptors regulate Cl- channels of non pigmented 

ciliary epithelial cells. In addition, selective A3 antagonists lowered intraocular pressure in 

mouse and monkeys. These results suggest that reducing Cl--channel activity with A3 

antagonists may provide a novel approach for treating glaucoma. A recent study across 

several animal species concludes that antagonist derivatives derived from A3 agonist Cl-IB-

MECA (2-Chloro-N6-(3-iodobenzyl)adenosine-5’-N-methylcarboxamide) lower intraocular 

pressure and is further investigated.32 

 

ASTHMA AND COPD 

Asthma and chronic obstructive pulmonary disease (COPD) are lung diseases that afflict 

many people. It has been shown that adenosine is generated at sites of tissue damage and 

hypoxia. Accordingly, adenosine levels are elevated in the bronchoalveolar lavage fluid and 

in exhaled breath condensate of asthmatic patients where significant lung inflammation and 

hypoxia exist.33 Recent studies demonstrate that elevations in adenosine evoke signalling 

pathways that lead to chronic lung disease. Additional evidence linking adenosine to asthma 

and COPD include the observations that exposing patients to exogenous adenosine can elicit 

bronchoconstriction, whereas adenosine has little effect on control subjects. In addition in 

mice research, the A3 receptor was found to be expressed in eosinophils and mucus-producing 

cells in the airways of adenosine deaminase-deficient mice. Treatment of adenosine 

deaminase-deficient mice with MRS 1523, a selective A3 receptor antagonist, prevented 

airway eosinophilia and mucus production.34 The A3 adenosine receptors may serve important 

regulatory roles in the inflamed lung and selective A3 receptor antagonists may be 

therapeutically useful.35 A recent review describes the options for use of adenosine 

modulating therapeutics, including the A3 receptor.36 

 

 

Cancer and cell growth inhibition 

Human A3 adenosine receptors play an essential role in several physiopathological processes 

and selective ligands (agonists and antagonists) have been evaluated as anticancer therapeutic 

agents. Among these ligands, derived from agonist Cl-IB-MECA, truncated D-4'-
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thioadenosine derivatives lacking the 4'-hydroxymethylene moiety were reported, changing 

the functionality for the A3 receptor to antagonists.37 This truncated thio-Cl-IB-MECA was 

reported for use in leukaemia, bladder cancer38 and thyroid cancer. 39 

 

6.3 BIOLOGICAL EVALUATION OF SUBSTITUTED 1-DEAZAPURINES  

In Table 6.4 the results of the receptor study for the 1-deazapurine series from Chapter 5 are 

presented. In general, it can be seen that there is moderate activity on adenosine receptors. It 

is interesting to see that introducing a methyl group at N-9 in compound 32 results in slight 

affinity for the A3 receptor (entry 33). When the nitro group of compound 34 is converted into 

a nitroso moiety (entry 35) slightly enhanced affinity for the A1 (pKi <5 to 5.5) and A3 (pKi 

<5 to 5.9) receptor is observed.  

 

The introduction of a cyclic alkyl structure at C-2 does not enhance affinity for one of the 

receptors, see entry 37. When aromatic substituents are introduced as in compound 39, 

enhanced affinity is observed for the A2A receptor. The introduction of one or two methoxy 

groups (entries 40 and 41 respectively), does not change selectivity for the A2A receptor 

dramatically.  

 

Surprisingly, compounds 42 and 43 exhibit some affinity for the A2A receptor. In addition 

these are the only examples that show higher affinity for the A1 receptor too. The cyclohexyl 

substituent in being more flexible than the phenyl group in compound 39, is apparently 

capable of accommodating the binding pocket of the A1 receptor somewhat better. 
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Table 6.4: Biological evaluation of substituted 1-deazapurines 

Entry 
N

N

N

R2

R1
R3  

hA1 hA2A hA3 

 R1 R2 R3 pKi pKi pKi 
32 

-NO2 -N3 H <5.0 5.1 <5.0 

33 
-NO2 -N3 -CH3 <5.0 <5.0 5.7 

34 
-NO2 -NH2 -CH3 <5.0 5.4 <5.0 

35 
-N=O -NH2 -CH3 5.5 5.1 5.9 

36 
N

O  

-NH2 -CH3 

<5.0 4.8 <5.0 

37 

N
H

HO

 
-NH2 -CH3 

<5.0 5.1 <5.0 

38 
N
H

N

 
-NH2 -CH3 

5.6 5.5 <5.0 

39 

N
H

N

 

-NH2 -CH3 
5.4 5.9 5.6 

40 

N
H

N

MeO

 
-NH2 -CH3 

<5.0 6.0 <5.0 

41 
N
H

N

MeO

OMe  
-NH2 -CH3 

5.2 5.7 <5.0 

42 

N
N

 
-NH2 -CH3 

6.0 6.1 <5.0 

43 

N
H

N

 
-NH2 -CH3 

5.5 5.7 <5.0 
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In previous work on 1-deazapurine ribosides, high affinity of the 6-N-iodobenzyl-2-nitro-1-

deazapurine riboside for the A3 receptor (9.8 nM) was observed40. The unsubstituted 6-amino 

variant also showed some affinity for the A3 receptor (216 nM = pKi 6.6). The 1-deazapurine 

N9-H and N-9-Me synthesized in this thesis (compounds 32 - 35) are much less potent than 

the corresponding ribosides. It is noted that the affinity is decreased when a nitrogen atom is 

missing in the purine system. The introduction of substituents on C-2 directs affinity towards 

the A2A receptor (Ki around 790 nM), which was not seen before for these 1-deazapurines. As 

mentioned in chapter 5, Pharmacopeia Drug Discovery a biopharmaceutical company, also 

recently targeted the A2A adenosine receptor with functionalized 1-deazapurines. Their 2- and 

8-substituted compounds showed affinity of around Ki 10µM (10.000 nM) for the A2A 

adenosine receptor, a more than tenfold lower activity compared to our substrates.41 No 

affinity data on the other adenosine receptors were given. 

 

6.4 CONCLUDING REMARKS  

The in vitro screening of the synthesised purine compounds, identified structures with 

(very) high affinity and selectivity for A3 adenosine receptors. We have shown that a simple 

conversion from an amino to a trifluoromethyl group may lead to new types of selective 

adenosine receptor antagonists. The resulting 2,6,8-trisubstituted trifluoromethylpurines were 

shown to be both potent and selective human A3 receptor antagonists. Such compounds may 

have potential therapeutic applications in glaucoma or treatment of asthma. 

Nitrated 1-deazapurine bases have moderate affinity for adenosine receptors. The 

introduction of substituents at C-2 of 1-deazapurine systems results in somewhat higher 

affinity for the A2A receptor.  
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6.6 EXPERIMENTAL  
 
 

General information.  

In vitro affinity for human adenosine A3 receptors 

Briefly, membrane preparations were obtained from human recombinant (HEK 293) cells in 

which the human adenosine-A3 receptor was stably expressed. Membranes were incubated at 

22ºC for 90 minutes with [125I]-AB-MECA in the absence or presence of test compounds in a 

concentration range from 10 µM down to 0.1 nM, diluted in a suitable buffer. Separation of 

bound radioactivity from free was done by filtration through Packard GF/B glass fiber filters 

with several washings with ice-cold buffer using a Packard cell harvester. Bound radioactivity 

was measured with a scintillation counter (Topcount, Packard) using a liquid scintillation 

cocktail (Microscint 0, Packard). Measured radioactivity was plotted against the concentration 

of the displacing test compound and displacement curves were calculated by four-parameter 

logistic regression, resulting in IC50 values, i.e. that concentration of displacing compound by 

which 50% of the radioligand is displaced. Affinity pKi values were calculated by correcting 

the IC50 values for radioligand concentration and its affinity for the human adenosine-A3 

receptor according to the Cheng-Prusoff equation:  

 

pKi = - log(IC50 / (1+S/Kd) ) 

 

 in which the IC50 is as described above, S is the concentration [125I]-AB-MECA used in the 

assay expressed in mol/l (typically 0.1 nM), and Kd is the equilibrium dissociation constant of 

[125I]-AB-MECA for human adenosine-A3 receptors (0.22 nM).  

 

Determination of In Vitro Functional Activity on Human Adenosine A3 Receptors 

Using an Aequorin-Based Assay 

A stable monoclonal hA3-Aequorin cell line was provided by Euroscreen. The coding 

region encoding the human Adenosine A3 receptor was amplified by polymerase chain 

reaction (PCR), using human lung cDNA as template. The PCR product was ligated in the 

expression vector pEFIN3 (Invitrogen), and the complete sequence of the insert was then 

established. Sequencing revealed a complete identity with the sequence published by 
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Salvatore, C. A. et al. (Acc. Number GenBank: L22607). The expression plasmid containing 

the coding sequence of the human Adenosine A3 receptor was transfected in CHO-K1 cells 

stably expressing mitochondrially targeted Aequorin and Gα16. Resistant clones were 

selected in the presence of 400 micro g/ml G418 and isolated by limiting dilution. The clone 

with the best response to 2-CI-IB-MECA was selected for further work. The hA3-Aequorin 

cells express mitochondrially targeted apo-Aequorin. Cells have to be loaded with 

coelenterazine, in order to reconstitute active Aequorin. After binding of agonists to the hA3 

receptor, the intracellular calcium concentration increases, this leads to a luminescent 

response. Binding of calcium to the apo-Aequorin/coelenterazine complex leads to an 

oxidation reaction of coelenterazine, which results in the production of apo-Aequorin, 

coelenteramide, CO2 and light (λmax 469 nm). This luminescent response is dependent on the 

agonist concentration.  

 

Assay-protocol:  

- The loaded cells were diluted 18 times in Dulbecco's medium without PhenolRed (Gibco 

BRL), pre-heated to 37° C., resulting in a concentration of 2.8*10 5 cells/ml and stirred for 1 

hour at room temperature. Per well 10 µl compound of control in white 96-well plates and 90 

µl of diluted cells (2.5*104 cells/well) was added. After that, chemoluminescence was 

measured immediately for 20 seconds. In antagonist mode 50 µl 10-6 N6-benzyl-NECA is 

added as the agonist, followed by measuring chemoluminescence immediately for 20 seconds 

using the MicroBetaJet (PerkinElmer). 
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LIST OF ABBREVIATIONS 
 
 

ACh   Acetylcholine 

ADA  Adenosine deaminase 

Asn  Asparagine 

Asp  Aspartic acid 

Boc  tert-butoxy carbonyl 

Bocom  Boc- O-methyl 

cAMP  Cyclic adenosine monophosphate 

CDK  Cyclin dependant kinase 

CHO  Chinese hamster ovary 

CIDNP Chemically induced dynamic nuclear polarization 

Cl-IB-MECA 2-Chloro-N6-(3-iodobenzyl)adenosine-5’-N-methylcarboxamide 

CNS  Central nervous system 

COPD  Chronic obstructive pulmonary disease  

Cys  Cysteine 

DCM  Dichloromethane 

DMAP  4-Dimethylaminopyridine 

DME  Dimethyl ether 

DMF  Dimethylformamide 

DNA  Desoxyribo nucleic acid 

E.. loop Extracellular loop .. 

GABA  γ-aminobutyric acid 

GASP  Genetic Algorithm Similarity Program 

GPCR  G protein-coupled receptor 

HEK  Human embryonic kidney 

His  Histidine 

HMPA  hexamethylphosphoramide 

IC50  Inhibitory concentration (50%) 

IUPAC International union of pure and applied chemistry 

Ki  Equilibrium inhibition constant 
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LDA  Lithium diisopropylamide 

L-dopa  3,4-dihydroxy-L-phenylalanine 

LID   L-dopa-induced dyskinesia  

MFSDA methylfluorosulfonyldifluoroacetate  

MPP   1-methyl-4-phenylpyridine  

MPTP   1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 

mRNA  messenger ribonucleic acid 

NMDA  N-methyl d-aspartate 

NMR  Nuclear magnetic resonance 

NMP  N-Methyl-2-pyrrolidon  

NOE  Nuclear Overhauser effect 

PARK6 Familial Parkinson disease type 6 

PINK   PTEN-Induced Kinase 

PTEN  Phosphatase and tensin 

REM   Rapid eye movement 

Ser  Serine 

SPE  Solid phase extraction 

TBAN  Tetrabutyl ammonium nitrate 

TEMPO 2,2,6,6-Tetramethyl-piperidin-1-oxyl 

TFA  Trifluoroacetic acid 

TFAA  Trifluoroacetic acic anhydride 

TFAN  Trifluoroacetyl nitrate 

THF  Tetrahydrofuran 

THP  Tetrahydropyranyl 

Thr  Threonine 

TM  Trans membrane 

TBAF  Tetrabutyl ammonium fluoride 

TMAF  Tetramethyl ammonium fluoride 

TMS  Trimethyl silane 
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Summary 

 
 

Novel antagonists for the human adenosine  
A2A and A3 receptor via purine nitration 

 
 

Synthesis and biological evaluation of C2-substituted 
6-trifluoromethylpurines and 1-deazapurines 

 

The development of novel medicines plays a crucial role in the health of people. Over many 

years, people tried to find bioactive compounds to cure people. Early historical records of the 

founder of modern medicine, Hippocrates,  already describe the use of a bitter powder from 

the bark of the willow tree to cure headaches or pains. Drug discovery was accelerated in the 

19th century by advances in chemistry and laboratory techniques. In these times, the active 

component of the above natural extract was discovered as salicylic acid and led to 

development of a more stable acetylated form (aspirin) that is still marketed these days as 

inhibitor of the enzyme cyclooxygenase. In the early 20th century, the discovery of protein 

structures (enzymes, ion channels, receptors) could explain the mechanism of action of drug 
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molecules. Later, the visualization and characterization of binding sites for drugs via 

advanced techniques and most recently, genome sequencing of the human proteome further 

boosted drug development. 

 

In the body, proteins are often molecular targets for drug molecules. Proteins can act as a 

receptor for endogenous ligands (agonists), which upon binding induce a chemical signal and 

give a physiological effect. Early drug development focused on the development of synthetic 

analogues of these endogenous ligands. Later, it was found that blocking receptors via 

(synthetic) ligands (antagonists) could also prevent the release of signalling molecules and 

sometimes also could have therapeutic value. 

 

The three dimensional and often dynamic protein structure is often visualized as a lock 

(receptor) that can be opened only with a precisely cut key (endogenous or synthetic agonist). 

Another key (ligand) may still fit the lock, but is not able to open it (initiate a cell response).  

By obstructing the lock, this imperfect key prevents the original key to open the lock and 

causes an antagonist action. In the development of new therapeutics, another factor is of 

crucial importance: drug receptor (subtype)  selectivity. A drug with activity on one receptor 

and also displaying activity on another receptor could cause unwanted side effects.  In modern 

drug development high receptor selectivity is important in the development of new agonists 

and antagonists.  

 

In this thesis we focused on the development of selective ligands for the adenosine receptor, 

of which four subtypes have been characterized: the A1, A2A, A2B and A3 receptors. In 

Chapter 1, therapeutic applications for antagonists for the A2A adenosine receptor are 

discussed. A2A receptor antagonists are thought to play a role in several neurotransmitter 

related disorders in brain. Most intriguing, is the observed effect that antagonizing the A2A 

adenosine receptor can increase dopamine release in brain via an alternative pathway. This 

opens an opportunity for the treatment of patients suffering from Parkinson’s disease, a 

neurodegenerative process that reduces the amount and efficiency of dopamine producing 

neurons.  
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Using a ligand based A2A adenosine receptor model, key structural features for future 

candidate ligands for the adenosine A2A receptor were selected, leading to two synthetically 

challenging classes of compounds. One series of compounds focused on highly substituted 

purines in which a trifluoromethyl group was introduced. In the other series we explored 

synthetic routes to substituted 1-deazapurines as novel A2A adenosine receptor antagonists. 

 

 
 

In Chapter 2, attention was focused on the development of novel trifluoromethyl purines. 

First, the use of N-9 protective groups was studied on the nitration of the purine ring.  This led 

to the finding of a new purine protective group, Bocom (-CH2-O-Boc), which proved to have 

excellent properties for purine functionalization. The highly activated difunctional chloro-

nitro purine was used for the insertion of a trifluoromethyl group in the purine ring at, not 

until that time reported, low temperature conditions (0°C and room temperature). The second 

part of the chapter describes the elucidation of the purine nitration mechanism using 

extraordinary physical organic techniques: low temperature NMR,  15N-labeled reagents and 

CIDNP experiments.  

 

 
 

The advantage of increased reactivity of the trifluoromethylated nitro purines towards C-2 

substitution is presented in Chapter 3. The effect and elegance of two electronegative 

substituents, i.e. the trifluoromethyl group in combination with the nitro group was shown via 
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unprecedented C-2 substitutions at temperatures between -20°C and 0°C. A diverse set of 

amino substituted and alkoxy substituted 6-trifluoromethylpurines was composed for 

biological evaluation and further functionalization. 

 

 
  

 Chapter 4 deals with the introduction of substituents at C-8, making use of lithiation and 

halogenations reactions at the C-2 substituted trifluoromethyl purines. A set of 8-aminoalkyl 

substituted analogs was synthesized via direct SNAr substitution. Using Suzuki, Stille and 

Sonogashira palladium coupling techniques a complete series of C-8 alkyl substituted 6-

trifluoromethyl purines was obtained. The thus developed unique sequence of techniques 

allowed the development of novel purine structures, with preferred substituents at C-2, C-6, 

C-8 and N-9. 

 

 
 

In Chapter 5, the synthetic efforts towards the synthesis of 2-substituted 1-deazapurines are 

discussed. Novel efficient routes were presented towards selective C-2 nitration and N-9 

alkylation of 1-deazapurines using Boc and azide chemistry. This nitro group was converted 

to the highly reactive nitroso species, giving access to new series of azo- and hydrazone 

compounds via amine condensation reactions with the nitroso group. Diels-Alder reactions 
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and eventual additional ring opening reactions yielded highly attractive compounds for 

biological study. In analogy of purine nitration, the mechanism of 1-deazapurine nitration was 

studied and compared with pyridine nitration. 

 

 
 

 

The receptor affinity, functionality and selectivity of the purine analogues that were 

synthesized as discussed in the preceding chapters are described in Chapter 6. Several 

compounds were identified with very high affinity and antagonistic functionality for the 

human adenosine receptors. Surprisingly, ligands were highly selective for the adenosine A3 

receptor, instead of the anticipated adenosine A2A receptor. The introduction of a single 

trifluoromethyl group  shifted, highly selective, the affinity from the adenosine A2A receptor 

to the adenosine A3 receptor.  This research led to a new class of adenosine receptor A3 

antagonists.  The regulation of the adenosine A3 receptor is currently being evaluated  for 
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several types of diseases like glaucoma, inflammation reactions (asthma and COPD) and 

regulation of cell growth in some types of cancer (bladder- and thyroid cancer, leukemia).  

The biological evaluation of substituted 1-deazapurines revealed that changing substituents 

from nitro to nitroso groups, can lead to selectivity differences on the A1 and A3 receptors. 

The C-2 functionalization of the 1-deazapurines led to moderately active antagonists for the 

adenosine A2A receptor. 
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Samenvatting 

 
 

Nieuwe antagonisten voor de humane adenosine  
A2A en A3 receptoren door purine nitrering 

 
 

Synthese en biologische evaluatie 
 van C2-gesubstitueerde 

6-trifluoromethylpurines en 1-deazapurines 
 

De voortdurende ontwikkeling van nieuwe geneesmiddelen is van groot belang voor de 

gezondheid van mensen. Al vele jaren is men op zoek naar biologisch actieve verbindingen 

om ziekten te kunnen genezen. Vroege geschiedkundige overleveringen van Hippocrates, de 

grondlegger van de huidige geneeskunde, beschreven al het gebruik van een bitter poeder uit 

wilgenschors om pijnen te verlichten. In de 19e eeuw werd de ontwikkeling van 

geneesmiddelen versneld door de vooruitgang in de chemische en laboratoriumtechnieken. In 

deze periode werd salicylzuur ontdekt als de actieve stof in het hiervoor genoemde 

wilgenextract. Verder onderzoek en chemische modificaties aan het molecuul hebben 
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uiteindelijk geleid tot het stabielere, geacetyleerde analogon (aspirine) wat nu nog dagelijks 

wordt verkocht als remmer van het enzym cyclooxygenase. De ontdekking en isolatie van 

eiwitstructuren (zoals enzymen, ionkanalen en receptoren) waren begin twintigste eeuw de 

eerste aanzet tot werkelijk begrip van de werking van geneesmiddelen. Nieuwe 

mogelijkheden om bindingsplaatsen voor geneesmiddelen te visualiseren, karakteriseren en 

modelleren met geavanceerde technieken en vrij recent het stap voor stap ophelderen van het 

menselijk genoom hebben de moderne geneesmiddelenontwikkeling in een stroomversnelling 

gebracht. 

 

Geneesmiddelmoleculen grijpen vaak aan op eiwitstructuren in het lichaam. Deze eiwitten 

kunnen dienst doen als receptor voor lichaamseigen signaalstoffen (agonisten) die, wanneer 

ze eenmaal zijn gebonden, een signaal opwekken waardoor een fysiologisch effect optreedt. 

Pioniers in het geneesmiddelenonderzoek zochten naar synthetische analoga van deze 

lichaamseigen stoffen. Later ontdekte men dat het blokkeren van sommige receptoren met 

(gesynthetiseerde) moleculen een celrespons door het vrijkomen van signaalmoleculen kan 

voorkomen. Het gebruik van deze antagonisten in therapieën is van belang gebleken in het 

beïnvloeden van diverse biologische processen in het lichaam. 

 

De werking van de drie dimensionale en dikwijls dynamische structuur van eiwitten wordt 

vaak gevisualiseerd met het slot-sleutel model. Het slot (receptor) kan alleen worden geopend 

met een exact geslepen sleutel (lichaamseigen of synthetische agonist). Een andere sleutel 

(ligand) mag dan misschien in het slot passen, het slot gaat echter niet open (er wordt geen 

signaalrespons in de cel geactiveerd). Door het slot te blokkeren met het ligand heeft de 

originele sleutel geen toegang (antagonistisch effect). Bij het ontwikkelen van nieuwe 

moleculaire therapieën is nóg een factor van cruciaal belang: het geneesmiddel moet hoge 

selectiviteit hebben voor een receptor(-subtype). Als een geneesmiddel op meerdere 

receptoren actief is, kan dat leiden tot bijwerkingen. In het huidige geneesmiddelenonderzoek 

is receptorselectiviteit van essentieel belang.  

 

In dit proefschrift wordt de ontwikkeling van hoog selectieve liganden voor de adenosine 

receptor beschreven. Tot op heden zijn de volgende vier adenosine receptor subtypes bekend:  
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de A1, A2A, A2B en A3 receptoren. In Hoofdstuk 1 worden therapeutische toepassingen en 

bijbehorende ziektebeelden beschreven voor stoffen die werken als antagonist op de 

adenosine A2A receptor. Toepassing van adenosine A2A receptor antagonisten is beschreven 

voor diverse neurotransmitter gerelateerde processen in de hersenen. Een bijzondere relatie is 

gevonden tussen de blokkade van de adenosine A2A receptor en dopamine gehaltes in 

sommige hersencellen. De dopamine concentratie ging omhoog wanneer de adenosine 

receptor selectief werd geblokkeerd. Deze observatie kan van groot belang zijn voor mensen 

die lijden aan de ziekte van Parkinson, een hersenziekte waarbij sommige dopamine 

producerende neuronen langzaam afsterven en de effectiviteit van de neuronen sterk wordt 

verminderd. 

  

Een adenosine A2A receptor model gebaseerd op selectieve liganden werd ontwikkeld om 

belangrijke structuurkenmerken af te leiden voor nieuw te ontwerpen liganden voor de 

adenosine A2A receptor. Twee synthetisch uitdagende groepen verbindingen zijn hieruit naar 

voren gekomen om nader te gaan onderzoeken. Eén serie was gebaseerd op een viermaal 

gesubstitueerde purine structuur, waarin een trifluoromethyl groep is verwerkt. In de andere 

serie werden de synthetische  mogelijkheden onderzocht om C-2 gesubstitueerde 1-

deazapurines te verkrijgen die kunnen dienen als adenosine A2A receptor antagonist. 

 

 
 

In Hoofdstuk 2 hebben we ons gericht op het ontwikkelen van nieuwe trifluoromethyl 

purines. Allereerst is onderzocht wat het effect is van N-9 beschermgroepen op de nitrering 

van de purine ring.  Dit heeft zelfs geleid tot de ontdekking van een nieuwe beschermgroep 

voor purines, de Bocom groep (-CH2-O-Boc), met uitstekende eigenschappen voor diverse 

purine functionalisatie reacties. Het zeer reactieve, tweevoudig gefunctionaliseerde chloor-

nitro purine  kan vervolgens worden gebruikt om een trifluoromethyl groep in te voeren op de 
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purine ring bij niet eerder beschreven, zeer milde condities (0°C of kamertemperatuur). Het 

vervolg van het hoofdstuk beschrijft het mechanisme van de purine nitrering, dat is 

opgehelderd met behulp van speciale fysisch organische technieken: lage temperatuur NMR, 
15N-gesubstitueerde reagentia en CIDNP experimenten.  

 

 

 
 

Het voordeel van verhoogde reactiviteit van trifluoromethyl gesubstitueerde nitropurines op 

C-2 substitutie wordt geïllustreerd in Hoofdstuk 3. Het nut van de combinatie van twee 

electronegatieve substituenten in een purine systeem, de trifluoromethyl groep en de nitro 

groep, wordt geïllustreerd voor niet eerder beschreven, C-2 substituties bij -20°C en 0°C. 

Hierdoor kon een groep nieuwe amino- en alkoxy- gesubstitueerde 6-trifluoromethylpurines 

worden samengesteld om te testen op biologische activiteit en voor verdere functionalisatie.  

 

 
  

In Hoofdstuk 4 is de introductie van substituenten op C-8 beschreven door gebruikmaking 

van lithiering en halogenerings reacties op C-2 gesubstitueerde trifluoromethylpurines. Een 

nieuwe klasse 8-aminoalkyl gesubstitueerde analoga is gesynthetiseerd door nucleofiele 

aromatische substitutie (SNAr). Door het gebruik van Suzuki, Stille en Sonogashira palladium 
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koppelingstechnieken is een complete serie  van C-8 alkyl gesubstitueerde 6-

trifluoromethylpurines verkregen. Alle van de in voorgaande hoofdstukken ontwikkelde 

unieke technieken hebben geleid tot de ontwikkeling van nieuwe purine structuren met 

diverse vrij te kiezen functionele groepen op C-2, C-6, C-8 en N-9. 

 

 
 

In Hoofdstuk 5 worden onze synthetische acties beschreven gericht op het verkrijgen van 

2-gesubstitueerde 1-deazapurines. Nieuwe efficiënte routes worden gepresenteerd om 

selectief te nitreren op positie C-2 en te alkyleren op positie  N-9 van 1-deazapurines. 

Hiervoor is gebruik gemaakt van de voor dit doel ontwikkelde Boc en azide chemie. De nitro 

groep is vervolgens omgezet tot een zeer reactieve nitroso verbinding, waardoor een compleet 

nieuwe serie van azo- en hydrazon verbindingen kon worden verkregen door het toepassen 

van amine condensatie reacties met de nitroso groep. Diels-Alder reacties en ring opening 

reacties hebben geleid tot zeer bijzondere verbindingen voor biologische evaluatie. Naar 

analogie met de purine nitrering is het mechanisme van de nitrering van 1-deazapurines 

bestudeerd en vergeleken met  nitrerings experimenten op pyridines. 
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De receptor affiniteit, functionaliteit en selectiviteit van de gesynthetiseerde purine analoga 

uit de vorige hoofdstukken wordt beschreven in Hoofdstuk 6. Diverse verbindingen zijn 

geïdentificeerd met een zeer hoge affiniteit en antagonistische functionaliteit op de menselijke 

adenosine receptor. Opvallend genoeg zijn deze verbindingen hoog selectief  op de adenosine 

A3 receptor in plaats van op de tevoren beredeneerde adenosine A2A receptor. Door de 

invoering van een enkele trifluoromethyl groep verschuift de affiniteit, heel selectief, van 

affiniteit op de adenosine A2A receptor naar de adenosine A3 receptor.  Het onderzoek 

beschreven in dit proefschrift heeft geleid tot een nieuwe klasse van verbindingen die sterk 

actief is op de adenosine A3 receptor. De regulatie van deze receptor wordt momenteel in 

verband gebracht met diverse ziektebeelden zoals glaucoom (verhoogde oogboldruk), 

ontstekingsreacties zoals asthma of COPD en celgroeiremming bij sommige kankertypen 

(leukemie, blaaskanker, schildklierkanker).  

De biologische evaluatie van de gesubstitueerde 1-deazapurines heeft aan het licht gebracht 

dat men door het vervangen van de nitro door een nitroso groep de selectiviteit voor de 
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adenosine receptor kan sturen naar de A1 en A3 receptor. Het invoeren van grote sterische 

groepen op C-2 van 1-deazapurines heeft geleid tot redelijk actieve antagonisten op de 

adenosine A2A receptor. 
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Nawoord 
 

Er is geruime tijd overheen gegaan voordat de resultaten van mijn promotieonderzoek zijn 

vastgelegd in dit proefschrift. Maar nu is het zover en dat geeft een goed gevoel. Daarmee zijn 

de slapeloze nachten, de vragen van promotores of collega’s, de twijfels over dit figuurlijke  

zwaard van Damocles misschien verdwenen.  Ik had het veel eerder moeten doen, althans… 

Het voltooien van mijn proefschrift sluit een boeiende periode af, waarin ik continu scherp 

bleef op de laatste ontwikkelingen in dit veld van geneesmiddelenonderzoek. Immers, de 

meeste promovendi beschrijven slechts eenmaal de stand van zaken in hun proefschrift. Ik 

heb, door de fantastische vooruitgang in dit onderzoeksgebied de laatste jaren, meerdere 

malen delen van mijn werk opnieuw geplaatst in het huidige academische kader. Het lijkt 

bijna een wonder te constateren dat de ontdekkingen die in dit promotietraject zijn gedaan, 

nog immer actueel zijn en inmiddels worden geciteerd door collega wetenschappers en 

worden aangehaald in octrooien van bedrijven.  

 

Wetenschappelijk onderzoek is naast individuele ontwikkeling ook een gezamenlijke 

activiteit. Iedere onderzoeker steunt immers op het werk van voorgangers en ontvangt hulp 

van collega’s. 

Aan Gerrit-Jan Koomen ben ik veel dank verschuldigd voor zijn continue steun en richting 

in het promotietraject. Zijn pragmatische visie op de genees- en heelkunde heeft de vlam voor 

chemie bij mij ontstoken. Al vanaf het eerste studiejaar scheikunde was ik gegrepen door zijn 

verhalende en aansprekende manier van het overdragen van kennis. Of hij nou vertelde over 
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electronenzuigers en stuwers, of over de ontwikkeling van het molecuul penciclovir, de uit 

zijn lab afkomstige koortslipcrème, die je nu bij de drogist op de hoek koopt, ik hing aan zijn 

lippen. Ook later, toen ik stage ging lopen in zijn onderzoeksgroep, leerde ik veel over de 

chemie van biologisch actieve stoffen en planten. Het blijft fascinerend dat sommige 

natuurstoffen, ondanks dat ze natuurlijk door de plant nooit zijn gemaakt voor humaan 

gebruik, wel als geneesmiddel kunnen worden ingezet. Dat de term natuurlijk of plantaardig 

niet altijd onschuldig hoeft te zijn in het menselijk lichaam, vatte Gerrit-Jan samen in de 

gevleugelde woorden: “Als ik van iedere plant in mijn tuin een stukje proef, dan haal ik het 

einde van de tuin niet. En ik heb geen grote tuin.”  Zijn contacten met Solvay Pharmaceuticals 

hebben ertoe geleid dat ik daar een extra bedrijfsstage kon gaan doen. Deze succesvolle, 

directe samenwerking met het bedrijfsleven heeft daarna geresulteerd in een unieke, volledig 

door de industrie (3e geldstroom) gefinancierde promotieplaats in zijn onderzoeksgroep. 

Daarmee heeft hij laten zien dat hij ook in onderzoeksfinanciering zijn tijd ver vooruit was. 

De term “proef-schrift” heeft voor mij een letterlijke betekenis gekregen vanaf het moment 

dat we geregeld afspraken bij Plancius om de hoofdstukken van het manuscript door te 

nemen. Gelukkig beëindigden we die avonden vaak met koffie (cafeïne) en bittere chocola 

(theobromine),  beiden methylxanthines en niet selectieve adenosine receptor antagonisten, 

zodat we wel bij het onderwerp bleven. 

 

Ik ben trots dat ik Jack den Hartog als co-promotor mag noemen. Hij is richtinggever 

geweest van dit promotieonderzoek. Iedere twee maanden ging ik, soms samen met Gerrit-

Jan, naar Weesp om mijn vorderingen in het onderzoek met hem te bespreken. Jack heeft 

ruimte gelaten voor academisch onderzoek en toch heel gericht een serie stoffen weten laten 

maken die gebruikt konden worden in het lopende Parkinson onderzoek. Dit interne 

programma, waar nooit teveel over gesproken kon worden, heeft mogelijk gemaakt dat bijna 

alle verbindingen uit dit proefschrift werkelijk zijn getest op humane receptoren. Zijn 

nieuwsgierigheid en interesse in de farmacochemie hebben wezenlijk bijgedragen aan nieuwe 

ontdekkingen: “Het kon eigenlijk niet, maar ik heb ook deze serie purines toch even 

meegestuurd met onze eigen verbindingen”, heb ik Jack meerdere malen horen zeggen. Als je 

niet zoekt, zul je ook niet vinden. Door zijn vasthoudendheid zijn we te weten gekomen dat 
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“onze stoffen” unieke effecten hebben op de adenosine receptor, en hebben we twee octrooien 

kunnen verkrijgen op deze moleculen.  

 

Ook Ron Wever heeft wezenlijk bijgedragen aan het tot stand komen van dit proefschrift. 

Gedurende het onderzoek was ik regelmatig te vinden op zijn kamer. Soms om over de 

chemie te praten, vaker om te praten over boten en zeilen waar hij ook een liefhebber van is. 

Jammer dus, dat de door hem bedachte biocide toepassing van vanadium haloperoxidase 

enzymen in antifouling voor schepen  nog niet is doorgebroken. Ik dank Ron ook voor zijn 

aandachtige blik op het manuscript en voor zijn steun bij het afronden van de dissertatie. 

 

Speciale dank aan Geb Visser, die mij als student in de groep van Gerrit-Jan na een kort 

gesprek toe liet tot zijn afdeling medicinal chemistry voor een bedrijfsstage. Ik vond het 

schitterend om op zo’n ultra modern laboratorium te werken aan vaste fase, parallelle 

synthese. In een gloednieuw synthese blok mocht ik zonder grenzen palladium chemie 

onderzoek doen, met 96 reacties tegelijk. Op dat moment kon ik niet bevroeden dat ik die 

kennis in dit proefschrift zou gaan toepassen en later aan de Wageningen Universiteit samen 

met hem en Adri van den Hoogenband deze chemie verder zou ontwikkelen. Hij is de 

grondlegger geweest van diverse succesvolle onderzoeksprojecten met de Universiteit van 

Amsterdam en stond aan de basis van dit promotieonderzoek. Toen het Geb niet lukte om mij 

binnen het bedrijf te behouden, bood hij me een industriële promotieplaats aan in de groep 

van Gerrit-Jan. Een goede keuze achteraf met een succesvol resultaat, wat hij van een afstand 

is blijven volgen door zijn vertrek naar de Wageningen Universiteit. Ik herinner me nog het 

moment dat Gerrit-Jan me in zijn kamer riep en zei: “Melle, Geb is hier aan de telefoon, hij 

vraagt wanneer je begint in Wageningen”. Niet lang daarna zat ik in het kantoor naast hem te 

werken aan dendrimeren, magnetische nanodeeltjes, suikers en toxines, begeleidde ik aio’s, 

studenten, scholieren, stagiaires van Solvay, en gaf ik samen met Geb de colleges organische 

chemie en farmacochemie. Een mooie groep heeft hij daar opgezet waarin, als je hierop terug 

kijkt, baanbrekend werk is verricht. Helaas werd Geb getroffen door het noodlot en werd het 

onderwerp van dit proefschrift zijn ziektebeeld. Zeer veel waardering heb ik voor de wijze 

waarop hij het manuscript heeft doorgenomen, als chemicus en als kenner van de laatste stand 

van zaken van de geneeskunde in dit werkveld.  
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Dank ook aan Martin Wanner. Het is toch wonderlijk hoe lang Martin promovendi bezig 

kan houden met slechts één simpele reactie, de nitreringsreactie voor purines. Hem is het 

zeker een decennium gelukt.  Prachtig om te zien dat de Wanner reactie kan worden toegepast 

op zoveel typen purines en ook dat deze nitro groep zo goed kan worden omgezet in andere 

groepen. Ondanks dat Martin altijd kritisch was over de samenwerking met een industriële 

partner als Solvay, heeft het onderzoek ook de nitro- en nitrosogroep chemie op de kaart gezet 

in de farmaceutische sector en is Martin nu ook officieel uitvinder van de purine 

nitreringschemie geworden. Blij was ik, toen Martin me vroeg mee te werken aan een anti-

kanker medicijn, werkend zoals temozolomide maar dan gebaseerd op de nitreringsreactie. 

Het resultaat is een mooie publicatie over een triazeen gesubstitueerd purinemolecuul, dat 

uiteenvalt in diazomethaan voor DNA interactie én in de enzymremmer van het DNA 

reparerend enzym. De testen bij het Amerikaanse National Cancer Institute waren 

veelbelovend. De vele referenties naar ons werk tot op de dag van vandaag, zelfs in een 

officiële Food and Drug Administration Drug Approval Summary van temozolomide in 

combinatie met radiotherapie voor de behandeling van hersentumoren, geven aan dat de 

moleculaire duale aanpak een goede keuze was. Laten we hopen dat dit werk zal leiden tot 

nieuwe carcinostatica en therapieën.  

 

Zoals al eerder gezegd kan een goede samenwerking tussen de academische wereld en de 

industrie leiden tot unieke resultaten. Fundamenteel onderzoek en kennisoverdracht is een 

essentiële taak van de universiteit, maar de toepassing van die academische vindingen in de 

“normale buitenwereld” is vaak een traag proces. Veel gemakkelijker gaat dat wanneer er een 

team van specialisten  de weg kent naar de markt en doelgericht meedenkt. Zo’n team vond ik 

bij Solvay. Rolf Feenstra was het die op reis zelf had ondervonden hoe de malaria profylaxe 

Lariam ons centraal zenuwstelsel kan verstoren. Dat hij, ver voordat anderen dit wisten, de 

link legde met de adenosine A2A receptor gaf ons een grote voorsprong in het onderzoek. Veel 

plezier heb ik gehad met Adri van den Hoogenband in de palladium chemie. Eerst als student, 

toen ik met hem een snelle route bedacht naar het DavePhos ligand omdat Buchwald zijn 

route nog niet wilde openbaren. Daarna natuurlijk de medley van diverse palladiumchemie 

technieken beschreven in hoofdstuk 4. En wat ik erg heb gewaardeerd, is onze gezamenlijke 
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begeleiderrol van palladium stages aan de WUR. Ik ben trots dat wij de scope van de Suzuki 

reactie hebben kunnen vergroten met de alkyltrifluoroboraten en dat hebben kunnen vatten in 

een publicatie. Mia Pras-Raves en Jennifer McCormack, wat moet het mooi zijn om vooraf 

het verloop der dingen te kunnen voorspellen. Zij hebben het onderzoek bij de start enorm 

geholpen door de selectie van de juiste functionele groepen. Maar ook achteraf hebben zij 

onze monsters in de adenosine receptor weten te modelleren, zodat wij nu beter begrijpen hoe 

de stoffen werken in de hersenen. Ook Martin Tulp, de octrooispecialist, wil ik danken. Het is 

niet eenvoudig om een octrooi in te dienen, zeker niet als je dat samen moet doen met een 

jonge wetenschapper die de mores van octrooien nog niet machtig is. Heel veel heb ik geleerd 

van het octrooitraject dat we hebben doorploegd en, surprisingly en not to restrict the scope of 

this compliment in any way, heb ik daar nog dagelijks plezier van.   

 

Het laboratorium is een boeiende plek. Het is de plaats waar ontstaat wat daarvoor nog niet 

bekend was. Het is de plek waar de ervaren geesten hun kennis delen met nieuwe generaties 

practicanten, leidend tot nieuwe vindingen. Lidy van der Burg, Hans Bieraugel en Louis 

Hartog zijn van die sterke krachten die de chemische wetten in hun voordeel weten te 

gebruiken. Remko Detz, Maarten Kok, Ingrid Beers, Sanne Schilder en Rana Taher al 

Hussainy hebben grote bijdragen geleverd aan de synthetische routes die in het proefschrift 

staan beschreven. Teunie, Vicky en Tilmann waren trouwe labbewoners van het 

Koomen/Wever lab. 

 

Boris en Arnold, mijn geduldige paranimfen, wachtend op het finale manuscript: Nu is het 

eindelijk de tijd om de panden van het pinguïnpak glad te strijken. Met beiden van jullie heb 

ik leren onderzoeken, doorzoeken en nog beter zoeken. Prachtig toch dat de “Koomen groep”  

uit losse onderdelen zelf een HPLC bouwde en het concept steeds verbeterde, tot er ook nog 

een extra preparatieve HPLC stond. Unieke ervaringen en ook uiterst belangrijk voor de 

resultaten van onze onderzoeken. Het ophelderen van het purine nitrerings mechanisme met 

Boris is een prachtige nalatenschap aan de chemie: Een compacte, maar volledige studie met 

synthese, labellingstechnieken en geavanceerde NMR resultaten. 

 



Nawoord 

 202 

Tot slot wil ik familie en vrienden bedanken voor hun interesse en aanmoedigende woorden 

de afgelopen jaren.  

 

Mijn ouders, Dory & Koen: van jullie heb ik van jongs af aan geleerd dat studeren leuk kan 

zijn. Of het nu gaat om school, piano spelen, opera, schaatsen, roeien of zeilen: als je oefent 

word je beter. Zo is dat ook met chemie: het blijft leuk en wordt nog steeds leuker. Met dit 

proefschrift lever ik een stukje kennis aan de wetenschap van het geneesmiddelonderzoek. Er 

blijft nog het één en ander uit te zoeken, helaas. 

 

Romke & Tjitske, wat is het fijn om jullie in de buurt te hebben. De mysteries van 

scheikunde, biologie en heelkunde zijn jullie bekend. Gelukkig is dit mysterie nu af.  

En tot slot het laatste woord aan mijn lieve neefje Joost en nichtje Nadine: Hier is weer een 

boek, speciaal voor jullie geschreven. Jullie raken er aan gewend na de mooie boeken van de 

opa’s. Deze is toch echt weer anders en de moeite van het bekijken waard. Hij zit boordevol 

tekeningen die zelfs nog kunnen worden ingekleurd.  

 

Melle Koch 
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