
Mendeleev Commun., 2022, 32, 606–608

Mendeleev
Communications

© 2022 Mendeleev C
on behalf of the N. D
Russian Academy of

Although bis-py
biocides are kno
quaternary amm
became actual.2-

tative of BPCs, 
manufactured in
Gram+ and Gram
as antiseptic. H
emerging bacter
has become sev
Moreover, in lig
has become mor
for antiseptics 
expanding the Q
an important cha
about bis-pyridin
elsewhere.12-16

The presente
biologically acti
biological evalu
2,7-dioxynaphth
bacterial propert
due to problem
broadened the r
substituted salts.

The synthesi
2,7-dihydroxyna
platform 2 by th
The reaction wa
for 72 h. This me
to be reliable f
platform 2 was 

Niki
a 	N

R
b 	D
c 	S

M

Novel para-s
containing 2,7-
in two simple 
naphthalene. T
(E. coli ATCC 2
ATCC 43300, P
ATCC 15308)
K.  pneumoniae 
B-2099/18 and 
showed promisi
biocides, compa

Keywords: quate
Novel naphthalene-based bis-pyridinium compounds 
with pronounced antibacterial activity
–  606  –ommunications. Published by ELSEVIER B.V.  
. Zelinsky Institute of Organic Chemistry of the  
 Sciences.

ridinium compounds (BPCs) as broad-spectrum 
wn since 1980,1 interest to this subgroup of 
onium compounds (QACs) in recent years 
6 However, at the moment only one represen
namely, octenidine dihydrochloride (OCT), is 
 industry.7 This compound is active against 
- bacteria, biofilms,8-10 and mainly applicable 

owever, over the past ten years, the issue of 
ial resistance to biologically active compounds 
ere, and OCT has not been an exception.11 
ht of the still ongoing pandemic, this problem 
e relevant than ever due to the increased demand 
and disinfectants. For the above reasons, 

AC class as broad-spectrum cationic biocides is 
llenge for modern chemistry. More information 
ium compounds and other QACs can be found 

d study is a continuation of our work on the 
ve BPCs.17-23 Recently, we conducted a micro
ation of new ortho-substituted BPCs having 
alene spacer.20 These salts possessed good anti
ies, however, they were difficult to synthesize 
s in alkylation process. Herein, we have 
ange of naphthalene-based BPCs with para-

s route consists of two simple stages. First, 
phthalene 1 was converted into para-bipyridine 
e Ulman-type condensation (Scheme 1, step i). 
s carried out under argon atmosphere at 140 °C 
thod was used in our previous works and proved 
or different scaffolds. Second, the resulting 
quaternized with alkyl halides in acetonitrile 

(step ii). Unlike ortho-BPCs, full conversion was observed in 
24 h (4 times faster) with slightly better yields. n-Alkyl bromides 
C7-C12 and n-alkyl iodide C8 were used to obtain the desired 
products 3a-g (for details, see Online Supplementary Materials).

The obtained compounds 3a-g were tested for microbiological 
activity against ten bacterial strains (Escherichia coli ATCC 
25922, Klebsiella pneumoniae ATCC 700603, Staphylococcus 
aureus ATCC 43300, Acinobacter Baumannii ATCC 15308, 
Pseudomonas aeruginosa ATCC 27853, E. coli B-3421/19, 
K.  pneumoniae B-2523/18, S. aureus B-8648, P. aeruginosa 
B-2099/18 and A. baumannii B-2926/18). Clinical strains used 
in the study cause healthcare-associated infections (HAIS). 
More than 1.4 million people suffer from HAIS all over the 
world at any given moment, and 5‑10% from several infections 
at the same time.24 Table 1 shows the values of the minimum 
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Scheme  1  Reagents and conditions: i, 4-chloropyridine hydrochloride 
(2 equiv.), CuI (1 equiv.), K3PO4 (8 equiv.), picolinic acid (0.2 equiv.), DMSO, 
inert atmosphere, 140 °C, 72 h; ii, alkyl halides (4 equiv.), MeCN, 81 °C, 24 h.
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inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) of compounds 3a-g and the references 
such as cetylpyridinium chloride (CPC), benzalkonium chloride 
(BAC) and octenidine dihydrochloride (OCT). Detailed 
biological assay is represented in Online Supplementary 
Materials. Compound CPC was synthesized by simple alkylation 
of pyridine with cetyl chloride while BAC was from Acros 
Organics and OCT was synthesized in four stages by known 
method.1

Based on microbiological study we can highlight a couple of 
trends and dependencies. Compounds 3a-f possessed activity 
against both reference and clinical Gram+ S. aureus. Activity 
remains approximately the same in C7-C9 range, and then 
decreases sharply with alkyl lengthening. For Gram- E. coli and 
K. pneumoniae, the scope of active compounds was less, namely, 
for salts 3b-e, with C8-C9 alkyl length optimum. Surprisingly 
uncommon picture was noticed for A. baumannii strain. Biocidal 
properties were better for more long-tailed BPCs 3e-g. 
Unfortunately, all synthesized compounds showed poor activity 
against reference P. aeruginosa, and failed to compete with 
OCT. However, compound 3a had the lowest MIC and MBC on 
clinical P. aeruginosa. Nevertheless, no clear correlation was 
observed between biological effect on reference and clinical 
bacterial strains. Overall, compounds 3b-d possessed relatively 
the same activity, and were better than the others in this series. 
Concerning reference compounds, synthesized BPCs were more 
active than mono-QACs BAC and CPC, and comparable to OCT 
on most strains. 

In conclusion, seven new naphthalene-based bis-pyridinium 
compounds with 2,7-dioxynaphthalene spacer have been 
synthesized. Their MICs and MBCs  were measured on both 
reference and clinical bacterial strains pathogenic for humans. 
Hit-compounds 3b-d with C8-C9 alkyl chain showed overall 
best antibacterial activity among all synthesized BPCs and 
reference mono-QACs (BAC and CPC), and comparable activity 

to OCT. We will continue further study and development of this 
class of cationic biocides, adapting the constructed methodology 
to new scaffolds.

This study was supported by the Russian Foundation for 
Basic Research (grant no. 19-33-90066). The antimicrobial 
screening was performed by the State Research Center for 
Applied Microbiology & Biotechnology (Obolensk, Russia).
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Supplementary data associated with this article can be found 

in the online version at doi: 10.1016/j.mencom.2022.09.012.
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