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ABSTRACT 

The methodology of lithiation-halogenation of purines have been previously studied in our 

group
1-3 

and others.
4-12

 

The present thesis is focused on the methodology of lithiation-halogenation of 6-chloro-9-

substituted purines and 9-substituted adenines via 8-purinyl anions (Scheme A, step 2). As an 

extension of this work, lithiation-halogenation of 7-allyl-6-chloro-7H-purine was also 

investigated. 

Various methods for the step prior to lithiation-halogenation, N-alkylations were also studied 

(Scheme A, step 1). 

 

Scheme A. Reaction route  
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ABBREVIATIONS  

Ac  Acetyl 

Ar   Aryl  

BuLi   Buyllithium 

DCM  Dichloromethane 

DEAD  Diethyl azodicarboxylate 

DMA   Dimethylacetamide 

DMF  N,N-dimethylformamide 

DNA  Deoxyribonucleic acid  

EI   Electron impact (MS) 

EDG  Electron donating group 

ESI  Electronsprayionisation (MS) 

EtOAc  Ethyl acetate 

EtOH  Ethanol 

EWG  Electron withdrawing group 

HMBC  Heteronuclear Multiple Bond Coherence 

HMQC  Heteronuclear Multiple Quantum Coherence 

HRMS High Resolution Mass Spectra 

J  Coupling constant (NMR) 

LC-MS Liquid chromatographyïmass spectrometry 

LDA   Lithium diisopropylamide 

MS  Mass Spectrometry 

n.d.  Not determined 

NOE  Nuclear Overhauser Effect (NMR) 

NOESY Nuclear Overhauser Effect Spectroscopy (NMR) 

ppm  Parts per million 

R-X  Alkyl halide 

RNA  Ribonucleic acid 

SNAr   Nucleophillic Aromatic Substitution 
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TBAF  Tetra-n-butylammonium fluoride 

THF  Tetrahydrofuran 

THP  Tetrahydropyran 

TOCSY TOtal Correlation SpectroscopY 
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1. Aim of the project 

The lithiation-halogenation methodology for the functionalization of purine 8-position has 

been explored by our group
1-3

 and others
4-12

 (Scheme 1).  

 

Scheme 1. Overview of previous work done.
1,2

  

Studies have shown successful results in synthezising 8-halopurines 2a-b from 6-chloro-9-

substituted purines 1a-b by employing LDA as a base followed by trapping with an 

electrophillic agent giving excellent yields (Scheme 1). 
1
          

Also, studies done on the 9-benzylpurines 1c have shown that excellent yields of compound 

2c can be obtained when the benzyl group carried an alkoxy or alkyl group in the ortho or 

para position (Scheme 1). 
2
 

In continuation with this, the present work is mainly aimed towards the investigation of the 

scope and limitations of C-8 functionalization of various 9-alkyl purines 4. Additionally, N-

alkylation of purines 3 under different conditions has also been studied in an attempt to 

identify the most efficient method(s) for the synthesis of each particular substrate (Scheme 2).  
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Scheme 2. Reagents and conditions: (a) Base, alkylhalide, r.t., 1.5 h- 20 h; (b) LDA, 

Electrophillic halogen source, -78ºC, various length of time. 

 

2. Intro duction 

2.1 General 

Purines are heterocyclic aromatic compounds, consisting of a pyrimidine ring (7) fused to an 

imidazole ring (8) (Figure 1).
13

 The name purine originates from the Latin word purum (pure) 

and uricum (urine). The name of this heterocycle was given by Emil Fischer as it was first 

synthesized from uric acid.
14

  

 

Figure 1. The purine ring (6) and the accepted numbering system, pyrimidine (7) and 

imidazole (8)  

Owing to their large abundance in natural products and biomolecules, the purine scaffold has 

received an enormous interest among biologists and chemists. The most important purine 

containing biomacromolecules are DNA and RNA. 

 

2.2 Biological significance / role / importance of naturally occurring purines 

2.2.1 Genetic material 

Purines and pyrimidines are two of the building blocks of nucleic acids. Only two purines and 

three pyrimidines occur widely in nucleic acids. The purine bases consist of adenine (9) and 

http://en.wikipedia.org/wiki/Pyrimidine
http://en.wikipedia.org/wiki/Imidazole
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guanine (10). The pyrimidine bases consist of cytosine (11), thymine (12) and uracil (13). 

(Figure 2)  

 

Figure 2. Structure of purines and pyrimidines in DNA/RNA 

Two nucleotides on opposite complementary DNA or RNA strands that are connected 

via hydrogen bonds (hashed bonds) are called a base pair. The wavy bonds indicate the 

attachments on the nucleic acid chain. In DNA base pairing, adenine (A) forms a base pair 

with thymine (T) and guanine (G) forms a base pair with cytosine (C). In RNA, thymine (T) is 

replaced by uracil (U) (Figure 3).
15

  

 

 

Figure 3. A-T (14) and G-C (15)base pairing.
15

  

 

2.2.2 Hormones and Neurotransmitters 

Cytokinines are a class of plant growth substances (plant hormones) that promote cell 

division, or cytokinesis, in plant roots and shoots. Zeatin (16) was the first cytokinine isolated 

from corn (zea mays) (Figure 4).
16

 Cytokinines are normally adenine derivatives substituted 

on the N6 position. Zeatin (16) has also been reported to have anti cancer properties both in 

vitro and in vivo. Additionally, it is also reported to have  several in vitro anti-aging effects on 

human skin fibroblasts.
17

  

http://en.wikipedia.org/wiki/Nucleotide
http://en.wikipedia.org/wiki/Complementarity_(molecular_biology)
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/RNA
http://en.wikipedia.org/wiki/Hydrogen_bond
http://en.wikipedia.org/wiki/Adenine
http://en.wikipedia.org/wiki/Thymine
http://en.wikipedia.org/wiki/Guanine
http://en.wikipedia.org/wiki/Cytosine
http://en.wikipedia.org/wiki/Uracil
http://en.wikipedia.org/wiki/Plant_growth_substance
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Hormone
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/Cytokinesis
http://en.wikipedia.org/wiki/In_vitro
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Neurotransmitters are endogenous chemicals which transmit signals from a neuron to a target 

cell across a synapse. Adenosine 17 (Figure 4)is an inhibitory neurotransmitter, believed to 

play a role in promoting sleep and suppressing arousal, with levels increasing with each hour 

an organism is awake. Adenosine is a nucleoside composed of a molecule of adenine attached 

to a ribose sugar molecule. Adenosine also plays an important role in biochemical processes, 

such as energy transferðas adenosine triphosphate (ATP) and adenosine diphosphate (ADP) 

(Figure 4)ðas well as in signal transduction as cyclic adenosine monophosphate, cAMP.
18

 

 

Figure 4. Structures of zeatin (16) and adenosine (17) 

 

2.2.3 Energy transfer 

ATP (18) is among the most important biomolecules next to DNA/RNA. As far as known, all 

organisms from the simplest bacteria to humans use ATP (Figure 5) as its primary energy 

currency. ATP also plays a critical role in the transport of macromolecules across cell 

membranes, e.g. exocytosis and endocytosis. ATP consists of adenosine and three phosphate 

groups (triphosphate). Energy is liberated from the ATP molecule to do work in the cell by a 

reaction that removes one of the phosphate-oxygen groups, leaving adenosine diphosphate 

(ADP). When the ATP is hydrolyzed to ADP, the ATP is said to be spent. Then the ADP is 

immediately recycled in the mitochondria where it is recharged and comes out again as 

ATP.
19

  

http://en.wikipedia.org/wiki/Endogenous
http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Neuron
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Synapse
http://en.wikipedia.org/wiki/Nucleoside
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Adenine
http://en.wikipedia.org/wiki/Ribose
http://en.wikipedia.org/wiki/Biochemistry
http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Adenosine_diphosphate
http://en.wikipedia.org/wiki/Signal_transduction
http://en.wikipedia.org/wiki/Cyclic_adenosine_monophosphate
http://en.wikipedia.org/wiki/Active_transport
http://en.wikipedia.org/wiki/Exocytosis
http://en.wikipedia.org/wiki/Endocytosis
http://en.wikipedia.org/wiki/Adenosine
http://en.wikipedia.org/wiki/Phosphate
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Figure 5. Structures of ATP (18) and ADP (19) 

 

This central biological importance together with medicinal chemistsô search for anti-tumour 

and anti-viral (particularly anti-AIDS) agents has resulted in a rapid expansion of purine 

chemistry in recent years.  

 

2.3 Physicochemical properties of purines 

2.3.1 Tautomerism 

Purine can exist in four NH-tautomeric forms depending on the site of attachment of the 

proton at the ring nitrogens (Scheme 3).  The 1H- and 3H-tautomers (6a) and (6b) are much 

less stable than the 7H- and 9H- tautomers (6c) and (6). Only the latter are known to exist in 

concentrated aqueous solution.
20,21

 In the solid state, purines exist as the 7H-tautomer (6c).
20,21

  

 

 

Scheme 3. Purine tautomers 
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2.3.2 Acidity  

The NH proton in purine is acidic and can easily be abstracted by a base, although this 

property is useful in N-alkylation of purines, it is necessary to protect the N9- or N7- positions 

before other acidic protons e.g. H-8 and H-2 can be removed/abstracted (Scheme 4).
22

  

 

 

Scheme 4. Purinyl anion 

Electron-withdrawing groups decrease basicity while electron-donating groups increase 

basicity of purines.
13

 Some pKa values are shown in Table 1.
23,24

 

 Table 1. pKa values of amino- and chloro-substituted purines.
23,24

 

Purine pKa 

Purine-6-amine 2.39 

Purine-2,6-diamine 5.09 

Purine-2,6,8-triamine 6.23 

6-Chloropurine 0.45 

2,6-Dichloropurine -1.16 

2,6,8-Trichloropurine -3.1 

 

2.4 Purine Synthesis 

Purine (6) itself does not occur naturally. The first synthesis of purine was demonstrated by 

Emil Fischer in 1899 from uric acid (Scheme 5). Uric acid (20) was reacted with PCl5 giving 
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2,6,8-trichloropurine (21), which then was converted with HI and PH4I giving 2,6-

diiodopurine (22). The product was reduced to purine (6) using zinc.
14

 

 

Scheme 5. Synthesis of purine (6) from uric acid (20). Reagents and conditions: (a) PCl5 (b) 

HI/PH4I (c) Zn.
14

 

Since then, a variety of routes towards purine 6 have been published in the literature (Scheme 

6).
25,26

  Purine (6) can be formed in one-step by heating formamide (23) for 28 hours, this 

gave a yield of 71%.
25

  Purine (6) can also be formed in two-steps via reduction of the 

hydrazine 26 and 27 that gave a yield of 95% (Scheme 6).
26

 

 

Scheme 6. Synthesis of purine. Reagents and conditions: (a) heated at 170-190 ºC for 28 h
25

; 

(b) NH2NH2ĀH2O, EtOH, reflux, 30 min; (c) NaOH, H2O, reflux, 12 h.
26

   

 

With the discovery of purine scaffolds in diverse biomolecules, substantial efforts have been 

made towards functionalization of purines and its analogs. 

One of the most widely explored reactions of functionalization of purines is the N-alkylation. 
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2.5 N-alkylation of purines 

N-alkylpurines are not only important from the biological point of view, but they also offer an 

additional advantage of masking or removing the acidic N-H proton in the synthetic 

sequences. 

A variety of methods have been developed for the N-alkylation of purines. The reactions are 

strongly dependant on the substituent in the C-6 position,
27

 the choice of base
22

 and the 

concentration of the reaction mixture.
13

 The ratio of N9- to N7-alkylation product increases 

with the size of the substituent in the C-6 position.
27

 N3-alkylated products are formed under 

neutral conditions,
28 

but N9- and N7-alkylated products are observed under basic 

conditions.
22,28

 As a result of the alkylation of purines, the N9-alkylated products are 

predominant in most of the cases.  

 

2.5.1 Base-induced coupling 

Base-induced coupling is the most known general method of the alkylation reactions. It 

consist of generating a purinyl anion in the presence of a base such as alkali metal carbonates 

(K2CO3, Cs2CO3), or hydride (NaH) in a polar solvent.  

Zhang L. et al have previously reported the alkylation reactions (Scheme 7) in high yield (79-

95%). 

 

Scheme 7. Base-induced coupling reaction. Reactants and conditions: Cs2CO3, alkyl halide, 

r.t. or 50 ęC, 16h. 
28
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2.5.2 Mitsunobu Reaction 

A brief desciption of the Mitsunobu reaction is decribed here for the purpose of making a 

comparison with the alkylation method described in Section 2.5.3. 

The Mitsunobu reaction
29

 is a versatile reaction for the functionalization of a range of 

alcohols.
30-38

 A general N-alkylation procedure for 6-chloropurines have been developed 

using various alcohols and diethylazodicarboxylate (DEAD) (Scheme 8).
31,34

 The N9- 

alkylated products are formed in high yields compared to the N7-alkylated product. However, 

this procedure is limited by the removal of triphenylphosphine oxide by-product, making it 

unsuitable for large scale syntheses.
32

 

 

Scheme 8. Mitsunobu reaction gave yields of compounds 30 and 31.
34

 

 

2.5.3 Phase-transfer catalysis 

N-alkylation of 6-substituted purines employing various types of phase-transfer catalyst has 

proven to be a convenient and efficient method due to its short reaction time, simple work up 

and high yields. These reactions are mainly run in aqueous media and favor substitution in the 

N9-position. Aliquat 336 and TBAF are  quaternary ammonium salts typically employed in 

phase transfer catalyzed alkylations.
39

   

Previously, this kind of alkylation relied on methods done under Mitsunobu condition 

(Scheme 8) with a variety of alcohols
36

 or a strong basic condition (NaH, K2CO3) with a 

variety of alkyl and benzyl halides.
40,41

  These reactions require long reaction times (10-48 h), 

low temperatures for Mitsunobu or elevated temperatures for basic conditions, and an inert 

atmosphere due to the sensitivity of the reagents in order to obtain higher yields and a better 

N9-  to N7-ratio of the products. Thus, phase transfer catalysis offers several advantages over 

Mitsunobu conditions in the N-alkylation of purines. 
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A study has been done employing TBAF facilitated alkylation of purines and  pyrimidines.
42

 

The reactions were conducted in 1 hour and gave excellent yields of 85-99%.
42

 The N9-

methylation of adenine (9) gave an excellent yield of compound 32 95%. (Scheme 9) 

 

 

Scheme 9. TBAF facilitated methylation.
42

 

 

Another study was done and examined the effect of TBAF in the N9-purine scaffolds. It was 

reported that TBAF at room temperature remarkably accelerates the N9-alkylation of the 

purine ring with a variety of alkyl halides.
43

 An alkylation method that could run without dry 

conditions was crucial in this study for applications on microtiter plates.  (Figure 6) 

 

 

Figure 6. Microtiterplate (http://www.gtsci.com/) 

2,6-dichloropurine (33a) was treated with TBAF followed by addition of R-X using THF as 

the solvent (Scheme 10). The ratio of N9/N7 was determined by LC-MS, which showed that 

the N9-isomer was the major isomer formed. The isolated yields were excellent (90-95%). 

When 2-amino-6-chloropurine (33b) and 1-bromodecane (Table 2, entry 5) was reacted under 

the same conditions, a longer conversion time was needed. This reaction gave a lower yield 

but good selectivity.
43

 

http://www.gtsci.com/
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Scheme 10. Reagents and conditions: TBAF (2 eq), R-X (2 eq), THF, time given in Table 2 

(entries 1-5).
43

 

 

2-chloro-6-naphthylpurine (36) was treated with TBAF and addition of R-X, using THF as the 

solvent (Table 2, entries 6-8). In entries 9 and 10 (Table 2) were heated to 60ęC. The 

selectivity was excellent even though some of yields were lower (Scheme 11).
43

 

 

 

Scheme 11. TBAF (2 eq), R-X (2 eq), THF, time given in Table 2.
43
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Table 2. TBAF assisted N9-alkylation  of 33a-b and 36.
43

 

entry s.m. R-X N9/N7 ratio  t Yield (%)  

1 33a 

 

70/30 10 min 95 

2 33a  70/30 10 min 96 

3 33a 

 

86/16 10 min 98 

4 33b 

 

70/30 10 min 90 

5 33b  95/5 2 h 85 

6 36 

 

98/2 10min  97 

7 36 

 

99/1 10min 95 

8 36 

 

98/2 10min 95 

9 36 

 

98/2 3h 70 

10 36 

 

98/2 12h 50 
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2.6 8-Halopurines 

8-Halopurines and N9-substituted 8-halopurines are versatile intermediates that provide 

access to diversely substituted 8-susbstituted purine derivatives.
44

 Some of the interesting 

bioactive 8-susbtituted purines synthesized by Zhang et al via 8-halopurines are exemplified 

in Scheme 12.  

 

Scheme 12. Bioactive purine (43) synthesized from 8-halopurine (39).
28

 Reagents and 

conditions: (a) t-BuOK, DMF, 130ºC; (b) NH3ĀMeOH, r.t., overnight; (c) MsCl, Et3N, DMF, 

0ºC to r.t., 10 min; (d) NH3, MeOH, r.t., overnight. 
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2.7 Synthetic utility of 8 -halopurines 

2.7.1 Hydrolysis 

 

8-Bromopurines can be hydrolysed into its oxo-analogs (Scheme 13). It was reported that 

compound  45 was formed in 58% from the hydrolysis of 8-halopurine 44.
45

 

 

Scheme 13. Reagents and conditions: 0.1M aq NaOH in THF (2 eq), 0ęC.
45

 

 

2.7.2 Coupling in the C-8 position examples 

8-Halopurines are generally suitable for undergoing coupling reactions, namely C-N and C-C 

coupling. Some examples are given below (Section 2.7.2.1 and section 2.7.2.2). 

 

2.7.2.1 Hsp90 inhibitors 

Heat shock protein 90 (Hsp90) maintains proper folding conformation of proteins. The 

inhibition of Hsp90 results in misfolded proteins that are rapidly degraded by the proteasome. 

In this manner, Hsp90 has potententially theraputic utility in treating a multitude of diseases 

including cancer.
46

 

Compound 47 is a general structure for the 23 differently coupled analogues synthesized 

reported by Zhang et al. in good yields, 65-86% (Scheme 14).
28
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Scheme 14. Hsp90 inhibitors (47)
28

 

 

2.7.2.2 AA2AR antagonists 

Adenosine A2A Receptor (AA2AR) is linked to the stimulation of the enzyme adenylyl cylase. 

47
 AA2AR are potential alternative approach for the treatment of Parkinsonôs disease.

48-50
 

 

Scheme 15 illustrates the most interesting AA2AR antagonists synthesized by Volpini et al.
51

 

AA2AR antagonistsô affinity and selectivity may provide a new option suitable for in vivo 

studies in rat models of Parkinsonôs disease. Compound 49 and 50 was obtained in excellent 

yields of 77-80 %. Compound 51 gave 13 % yield (Scheme 15). 
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Scheme 15. AA2AR antagonists synthesized from compound 48. (a) HCOOH or NaOH, ROH, 

80ºC, 3 h; (b) (nBu)3Sn-furan, (PPh3)PdCl2, THF, reflux, 24 h; (c)CF3COONa, NMP, 80ºC, 2 

h.
51
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2.8 Synthesis of 9-substituted 8-halopurines: 

8-Halopurines can be synthesised in a variety of routes from compound 3.  Two routes are 

illustrated in Scheme 16. 

 

Scheme 16. Two general routes for synthesizing 9-substituted 8-halopurines 5 from 

compound 3 

Route 1: (a) Base, R-X in DMF or THF; (b) i. LDA in THF ii. Electrophile in THF or NBS or 

NCS or Br2 or I2 in DMF 

 

Route 2: (c) Br2 in buffered aquoeus media or NBS/FeCl3 in CHCl3; (d) Base, R-X in DMF 

 

2.8.1 Route 1, N-Alkylation followed by Lithiation/Halogenation  

The first route (Scheme 16) is a generalized route for the synthesis of 8-halo-N9-alkyl purines, 

from N9-alkylated purines. Essentially N9-alkylated purines can be halogenated at C-8 

position by trapping a purinyl anion (derived by a reaction with LDA) with an electrophilic 

halogen source in excellent yields. 
1,2,4-12

 Alternatively, N9-alkyl purines can be subjected to 

halogenations using bromine or N-halosuccinimides. The use of NBS as a bromine source for 
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the bromination of compound 4 often result in low and poorly reproducible yield of the 

desired compound 5.
52

 

 

2.8.2 Route 2, The Bromination followed by N-Alkylation Reaction 

The alkylation ï halogenation sequence is reversed in this route. The N-unsubstituted purines 

can be brominated using molecular bromine or NBS and resulting bromide 43 can be 

subjected to N-alkylation. The direct bromination of the C-8 position of adenine (9) using Br2 

is common, giving 8-bromoadenine (53) in a yield of 70% (Scheme 17).
53,54

  

 

Scheme 17. Reagents and conditions: (a) Br2, DMF, r.t., overnight;
53

 (b) Br2, DMF, 70 ºC, 2 

h.
54

 

The bromination of adenine (9) may be convienient, however, the N-alkylation of 8-

bromoadenine (53) lead to the formation of N3 and N9-alkylated products.
54-58

  A reported 

example of the alkylation of 8-bromoadenine (53) is shown below (Scheme 18).
54

 The 

reaction gave a 1 : 1.3 ratio of the N9 : N3-alkylated products; formed majorly N3-alkylated 

product.  

 

Scheme 18. Reagents and conditions: NaH, 4-fluorobenzyl bromide, DMF, 70ºC, 2 h.
54
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2.8.3 The Project Route 

Route 1 employing LDA has been a method of choice for the synthesis of N9-alkyl 8- 

halopurines in our group as the desired products are the N9-alkylated analogs.
1-3

  

A variety of electrophiles were used. 1,2-dibromo-1,1,2,2-tetrachloroethane (56) and 

cyanogenbromide (57) were employed as electrophilic bromine source. 
1-3

 Perchloroethane 

(58) was employed as electrophilic chlorine source.
1,3

 (Figure 7) 

 

Figure 7. Electrophile sources. 
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3. Overview of Lithiation Reactions 

3.1 LDA  

Lithium diisopropylamide, LDA (62) in THF is the most frequently used base for 

deprotonating weakly acidic protons. LDA is a non-nucleophillic base. LDA is formed by 

adding n-BuLi (59) dropwise to diisopropylamine (60) in THF at -78ęC under inert 

conditions
59

(Scheme 19). 

 

Scheme 19. Formation of LDA. 

 

LDA was used beacause commonly used strong bases such as hydroxides e.g. KOH, NaOH 

will  lead to nucleophillic substitution reactions instead of deprotonation. The OH
-
 of the 

hydroxides are highly nucleophillic and will displace halides and other leaving groups giving 

the hydrolysed compound. An example of a reported reaction using NaOH as a base is shown 

below (Scheme 20).
60

 

 

Scheme 20. Reagents and conditions: NaOH, dioxane/H2O, reflux.
60

 

 

3.2 LDA vs. Alk yllithiums  

LDA act only by deprotonation. Alkyllithiums such as n-butyllithium and t-butyllithium can 

act as bases or take part in halogen exchange. When using alkyllithiums, exchange is favoured 

over deprotonation by the use of lower temperatures (Scheme 21).
61
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Scheme 21. Lithiation employing LDA and t-BuLi.
61

 

 

3.3 Electrophiles  

A variety of electrophiles can be used to trap 8-purinyl anions. It was demonstrated by 

Gudmundsson et al that compound 68 can be isolated in moderate yields for the methylated 

compound (69a) and excellent yields for the halogenated compounds (69b-d)
52

 (Scheme 22). 

 

 

Scheme 22. Reagents and conditions: i. LDA in THF, -78ęC, 30 min, ii. electrophile (See 

Table 3), THF, -78 ºC, 3-4 h.
52
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Table 3. Electrophiles used and isolated yields.
52

 

Entry  Electrophile, eq X Yield, % 

1 CH3I, 2.5 CH3 69a, 48 

2 C2Cl6, 3.0 Cl 69b, 86 

3 Br2, 2.6 Br 69c, 81 

4 I2, 2.6 I 69d, 73 

 

 

3.4 Earlier Reports on Formation of Dimers and Aldehyde by-products  

By-products may form in lithiation-bromination reactions such as symmetrical- (72), 

assymetrical dimers (74) (Figure 8)  and aldehydes (73) (Scheme 23)
2
.  

 

Scheme 23. Lithiation/Bromination of 8-bromo-N-benzylpurines. Reactants and conditions: i. 

LDA in THF, ii. Br2C2Cl4.
2
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Figure 8. Asymmetrical dimer.
2
 

 

It is unusual for dimers to form in using the method depicted in Scheme 24 . Dimers have 

been reported formed by employing Negishi cross-coupling reaction with a Pd-catalyst
62

 

(Scheme 24). 

 

Scheme 24. Dimerization formed from 6,8-dihalopurines by Negishi cross-coupling.
62

 

 

3.4.1 Mechanism for Purine Dimerization 

Two mechanisms have been proposed for the formation of purine dimers (Scheme 24).
2
 

The lithiation (step a) in Scheme 25 is common for both routes of dimer (82) formation. 

In route 1, the lithiated species (79) reacts with the starting material (78) forming compound 

80. The ionic species (80) formed is oxidised into compound 82 during work up. 
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In route 2, the lithiated species (79) is trapped with bromine electrophile forming the C-8 

brominated compound 81 (Scheme 25). The untrapped lithiated species (79) continues to react 

with the formed compound 81, which now has a better leaving group in the C-8 position 

forming a dimer. 

 Route 2 is proposed to be the most likely pathway of the two routes for the dimerization as 

when the bromine electrophile was added over 1 minute, only product was observed. 

However, when the bromine electrophile was added over 10 minutes, the ratio of compounds 

82:78 observed were 5:1.  

 

Scheme 25. Proposed mechanism of purine dimerization.
2
 Reagents and conditions: (a) LDA, 

(b) Br2C2Cl4, (c) oxidation or oxidation/protonation during work up. 

 

3.4.2 Mechanism for Aldehyde Formation 

There are various possibilities of the formation of the aldehyde by-product 88. In compound 

78, the two aromatic rings which bond to the NCH2 pulls the electron density away from the 

carbon on this position causing this position to be electron deficient enough for deprotonation 

using strong base LDA. This forms the carbanion (83). The carbanion (83) can react with 

oxygen forming the hydroxylated compound 84. Alternatively, the carbanion (83) is trapped 

with bromine electrophile forming compound 86. The bromide is now a good leaving group 

and may undergo nucleophillic substitution with water forming a hemiaminal (84) that readily 

oxidises into a ketone (87). Finally, debenzylation of compound 87 or 84 giving the 

debenzylated compound (85) and aldehyde by-product (89)
2
 (Scheme 26). 



33 

 

 

Scheme 26. Proposed mechanism of the formation of the aldehyde by-products.
2
 

 

3.5 Formation of other by-products 

3.5.1 Halogen-exchange by-products 

Organolithiums can react by halogen-metal exchange as mentioned in section 3.2
61

. n-BuLi 

can therefore form a halogen-metal complex (90) from the desired compound 89, followed by 

trapping with an electrophile (E
+
) giving by-product 92 (Scheme 27).  

 

Scheme 27. Possible mechanism for the formation of halogen-exchange compound 92. 




















































































































































































































































