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Synthetic chemistry of nucleoside, nucleotide and
nucleobase analogues is a constantly developing
research field since the discovery of antiviral and
anticancer agents in this compound group in the
1960s. Later the medicinal chemistry achievements
were complemented by luminescent nucleobase
analogues which have found their application in biological chemistry and very recently in materials
science. The development of novel synthetic methods for substitution of purine and pyrimidine systems provides access to hitherto unknown derivatives that will allow medical chemists and materials
scientists design new types of molecules and their
applications.
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The team of researchers lead by Māris Turks, Ērika
Bizdēna and Irina Novosjolova from the Faculty of
Materials Science and Applied Chemistry, Rīga Technical University (RTU), was awarded the Diploma of
the President of the Latvian Academy of Sciences for
Achievements in Science 2020 for their work on
“New synthetic methods in purine chemistry and
their application in materials science”. Since the
2010s, many Bachelor, Master and PhD students
have contributed their passion of science and synthetic skills to the development of the methodologies described below. Their names can be found in
the references and we are grateful to them for their
valuable contributions. We thank also our external
collaboration partners whose names are both in the
references and on the manuscripts still in preparation: Kaspars Traskovskis and Valdis Kokars (Institute
of Applied Chemistry, RTU), Aivars Vembris (Latvian
Institute of Solid State Physics), Anatoly Mishnev,
Sergey Belyakov, Reinis Vilšķērsts (Latvian Institute
of Organic Synthesis), Sigitas Tumkevičius and Saulius Juršėnas (Vilnius University), Huan-Tsung Chang
(National Taiwan University), Kathrin H. Hopmann
(The Arctic University of Norway), Andrey A. Fokin
(Igor Sikorsky Kiev Polytechnic Institute).
The Institute of Technology of Organic Chemistry at
the Faculty of Materials Science and Applied Chemistry, RTU, was involved in nucleoside and nucleotide
research since the late 1980s, and the first focus
back then under the leadership of Professor Ērika
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Bizdēna was on the synthesis of oligoribonucleotides by the H-phosphonate approach using base
labile 2’-O-protecting groups [1]. The development
of 2’-(2-chlorobenzoyl) protection and its application in synthesis of ribo- and arabinonucleotides
was the PhD thesis topic of Ēriks Rozners, who presently is Professor and Chair of Department of Chemistry, State University of New York at Binghamton. In
the late 1990s, Ēriks Rozners initiated research on
amide-linked ribonucleic acids [2, 3], which required
sugar amino acids as building blocks – a Master’s
thesis topic of Māris Turks [4]. Then, in the first decade of the new millennium, the Institute of Technology of Organic Chemistry started fruitful collaboration with JSC “Grindeks”, a Latvian pharmaceutical
company. And who would have thought so – the first
contracts were on the development of synthetic
technologies for production of generic nucleos(t)ide
drugs cytarabine and fludarabine. Working around
the purine scaffold of fludarabine initiated the idea

about the novel substitution patterns and reactivity
modes of purine ring. Synthesis and applications of
triazolylpurine nucleosides became the PhD thesis
topic of Irina Novosjolova [5] with professors Ērika
Bizdēna and Māris Turks in the roles of the scientific
supervisors. With the above described historic overview, we are ready to discuss the novelties of synthetic chemistry of azidopurines, triazolylpurines
and their materials science applications.
Azolyl purines constitute a distinct class of substituted purine derivatives containing azole rings at
either of the possible positions of the purine ring:
C(2), C(6), N(7), C(8), and N(9). They are investigated
as adenosine receptor agonists and antagonists and
also as antivirals [6]. We have developed a synthesis
of 2,6-bis-triazolyl-purine derivatives and studied
their chemical and photophysical properties (Fig. 1).
The key starting material was 2,6-dichloropurine,
the anion of which can be alkylated with alkyl halides, including the glycosyl bromides [7]. Yet a more

Fig. 1.
Synthesis of starting materia
Fig. 2.
Metal complexation mode with
2,6-bis-triazolylpurines purine
derivatives
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convenient and N(9)-selective method appeared to
be Mitsunobu alkylation [8]. Next, the N(9)-substituted 2,6-dichloropurine was treated with NaN3
and 2,6-diazidopurines 2a-e were obtained up to
quantitative yields. Alternatively, commercial 2,6-dichloropurine can be transformed into 2,6-diazido-9H-purine 3, which is submitted to the Vorbrüggen glycosylation [7].

Fig. 3.
Showcasing of nucleophilic
aromatic substitution reactions of
2,6-bis-triazolylpurines
Fig. 4.
Azide-tetrazole equilibria and their
influence on purine reactivity
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When electronic properties of substituents R2 were
adjusted (e.g., R2 = 4-MeO-C6H4), photophysical
properties of compounds of type 4 were exploited
to create a new concept of a ratiometric chemical
fluorescence sensor harnessing photoinduced electron transfer due to the metal ion complexation
(Fig. 2) [9]. It is interesting to note that depending
on the intrinsic properties of the metal ion, its com-
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Fig. 5.
Fluorescent properties of push-pull purines 5 and 12s

plexation site can be switched between both triazolyl substituents or between N(7) and the triazole
at C(6).
On the other hand, 2,6-bis-triazolylpurines 4 appeared to be quite reactive towards various nucleophiles in SNAr reactions. Thus, over several years reactions with various N- [7, 8, 10, 11], S- [11, 12, 13],
O- [14], P- [15] and C-nucleophiles [14] were developed (Fig. 3). Reactions with selenol and hydrazine
nucleophiles are currently underway. The diversity
of nucleophiles demonstrates the generality of this
methodology towards numerous 6-substituted 2-triazolyl-purine derivatives. The C(6)-selectivity of this
SNAr process has been proven both by X-ray analysis
and controlled synthesis of the opposite regioisomers. The methodology is transferable also to other
purine congeners such as 7-deaza-purines [16].
Nucleophilic aromatic substitution reactions at the
purine ring were investigated also with 2,6-diazido-9H-purine (3) and its 9-substituted congeners 2.
It was discovered that depending on N(9)-substituent two reactivity rules can be observed due to
azide-tetrazole tautomeric equilibrium [17], which
acts as a regioselectivity switch. Thus, 2,6-diazido-9H-purine (3, R = H) provides traditional C(6)selectivity, but quite surprisingly, 9-alkylated/
glycosylated-2,6-diazidopurines 2 (R = alkyl, monosaccharide) exhibited unprecedented C(2)-selectivity in SNAr reactions and provided products of type
10 (Fig. 4) [8, 12, 18]. Indeed, azide-tetrazole tautomeric equilibrium at C(6)-position (2,6-DAP-6T)
masks C(6) for nucleophile attack and activates the
ring system for C(2)-nucleophilic attack due to the
electron withdrawing properties of the fused
tetrazolo ring. Also, quantum chemical calculations

conform to the diminished activation energy for the
pathway leading to products of type 10, when R =
alkyl, monosaccharide. Similar substitution rules
were observed also for 7-deazapurines [16].
Such a regioselectivity switch gave a possibility to
prepare 2-amino-6-triazolyl-purine derivatives 12
and to compare them with 6-amino-2-triazolyl-purines 5. Compounds of type 12 possess mostly blue
fluorescence with higher quantum yields than compounds of type 5 (Fig. 5) [7, 8, 10, 11]. It is interesting
to note that fluorescence spectra of some of the
compounds (e.g. 12a) possessed a strong positive
solvatochromic effect, which was studied in solvents such as THF, CHCl3, DMSO, MeCN and MeOH.
In this case also a good linear correlation between
the fluorescence quantum yields and the Dimroth–
Reichardt polarity parameter ET(30) was found.
When bulky substituents are attached at N(9) or at
the triazole moiety, the obtained products form
good quality thin films and exhibit excellent fluorescence quantum yields in solid state. This sets a
stage for their further investigation in organic optoelectronic devices, such as organic light-emitting
devices (OLEDs) [19].
During the development of synthetic procedures,
we have observed other notable features of azidopurines. It was found that their azide-tetrazole equilibrium is responsible for functional group swap
around the purine cycle, a phenomenon, which
we named a functional group dance (Fig. 6) [20].
It is particularly pronounced in the case of
2-chloro-6-sulfonylpurines 13. Sulfonyl group at
C(6) of the purine ring is suitable for SNAr reaction
with azide as a nucleophile. Next, the intermediate
14 exists in tautomeric equilibrium, in which the
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Fig. 6.
Sulfonyl group dance in purine systems

tetrazole form 14T is more reactive, yet at C(2) position. The sulfinate anion, which was nucleofuge in
the step 13g14, becomes a nucleophile and forms
product 16. Intermediate Meisenheimer complex
15 characteristic for the nucleophilic aromatic substitution reactions and featuring azide-tetrazole
tautomerism was observed by NMR and FTIR spectra. These findings provided a simple one-pot procedure for selective functionalisation of purine
core with substituents that are suitable for further
chemical transformations. A similar functional group
dance of arylthio groups (arylsulfanyl group dance)
was developed by us also for quinazoline congeners
[21].
In summary, azido group was used as both a reaction centre and a regioselectivity switch and novel
purine ring substitution reactions were developed.
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This allowed reversing the traditional purine substitution style and forming C-N and C-S bonds. The
use of 1,2,3-triazoles as leaving groups in purine
SNAr reactions has also been discovered and new
C-N, C-S, C-C, C-O and C-P bond formation reactions
were developed. The developed methodology is
general and can be applied also for synthetic modifications of quinazolines, 7-deazapurines and other
heterocycles used in medicinal chemistry. The new
purine derivatives have strong luminescent properties and they have been used to develop new metal
ion sensors and organic light emitting diodes.
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