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Abstract — Two examples of new derivatives of 1-deazapyrimido[1,2,3-cd]purine were synthesized by
intramolecular cyclization of 7-substituted 7H-pyrrolo[2,3-d]pyrimidine-6-carboxylates. The results of
antimicrobial tests showed that 1-deazapyrimido[1,2,3-cd]purinium salts exhibited a pronounced effect
against gram-positive and gram-negative bacteria biofilm.
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Introduction

Quaternary ammonium salts are used in medicine and pharmacology as bactericides and
antiseptics [1]. Their wide application caused the development of microbial resistance to these
compounds. In recent years, much work has been devoted to the problem of preventing the
formation of biofilms by bacteria [2]. Therefore, there is a need to synthesize new quaternary
ammonium salts that can be used as effective disinfectants to combat both planktonic and
biofilm forms of microorganisms. In addition, the antimicrobial properties of quaternary
heterocyclic compounds, including 1-deazapyrimido[1,2,3-cd]purinium salts, remain poorly
understood to date. Taking this into account, we synthesized a series of 1-deazapyrimido[1,2,3-
cd]purinium salts and evaluated their antimicrobial effect against biofilms formed by
microorganisms.

Results and discussion

The synthesis of the target 5,6-dihydro-4H-1-deazapyrimido[1,2,3-cd]purine-7-ium salts 3,
6 was performed according to Scheme 1. For the synthesis of new derivatives of 1-
deazapyrimido[1,2,3-cd]purine, we used an approach based on the reaction of intramolecular
cyclization of 7-substituted pyrrolo[2,3-d]pyrimidines [3]. The bromination of methyl 7-allyl-4-
(dimethylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylate (1) produced 5-bromo-5,6-dihydro-
4H-1-deazapyrimido[1,2,3-cd]purine-7-ium bromide 3. The interaction of pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid 2 with iodine led to the formation of iodolactonization product 8-
(iodomethyl)pyrimido[5',4":4,5]pyrrolo[2,1-c][1,4]oxazine 4. Treatment of oxazine 4 with
sodium methylate resulted in the formation of methyl 7-(oxiran-2-ylmethyl)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylate (5). The heating of compound 4 in acetonitrile in the presence of
triethylammonium chloride gave 1-deazapyrimido[1,2,3-cd]purine-7-ium salt 6 after
intramolecular cyclization.

The ability of 1-deazapyrimido[1,2,3-cd]purine derivatives in subinhibitory concentrations
10 pg/mL and 50 pg/mL to prevent bacteria from biofilm formation has been tested on
polystyrene plates by gentianvioletum sorption on biofilm structures, followed by its desorption
with organic solvent [4]. Antibacterial activity was investigated against clinical bacterial strains of
gram-positive (Staphylococcus aureus 222 (MRSA)) and gram-negative (Escherichiacoli 311,
Pseudomonas aeruginosa 449) bacteria used in the study.
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Scheme 1. Synthesis of 5,6-dihydro-4H-1-deazapyrimido[1,2,3-cd]purin-7-ium salts 3, 6.

Our results demonstrated that compounds 3 and 6 prevented S. aureus biofilm formation in
a dose-dependent manner. The mass of MRSA 222 biofilm decreased by 81.2 — 85.0% at 50
ug/mL and by 18.8 - 33.6% at 10 ug/mL when compared with untreated culture. The compound 6
inhibited E. coli and P. aeruginosa biofilms formation: the biomass decreased by 24.9 % and
42.9 % at concentration of 50 pg/mL and by 49.6 % and 60.9 % at concentration of 10 pg/mL
respectively. Treatment of the gram-negative bacteria biofilm with compound 3 led to the
reduction of the biomass by 31.5 — 38.4 % (E. coli) and 12.9 — 18.7 % (P. aeruginosa).

Conclusion

The synthesis of the two 1-deazapyrimido[1,2,3-cd]purine derivatives was developed on
the basis of 7-substituted 7H-pyrrolo[2,3-d]pyrimidine-6-carboxylates. The results of
antibiofilm activity showed that compounds specifically reduced the biofilm formation of
S. aureus 222, E. coli 311 and P. aeruginosa 449.
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