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Abstract: Antimicrobial activity in vitro of a series of novel azaphenothiazine derivatives containing a quino-
line moiety was investigated using Gram-positive (Staphylococcus aureus, Enterococcus faecalis) and Gram-
negative (Escherichia coli, Pseudomonas aeruginosa) strains as well as in Candida albicans yeast. The exam-
ined compounds showed the highest activity against Enterococcus faecalis and Escherichia coli whereas activ-
ity against Pseudomonas aeruginosa was the lowest. Compound 1d demonstrates the highest activity against
all tested bacterial strains. Compounds 1¢, 1h and 1k with various substituents (CH;, OH, NH,) at C11 position
of the quinobenzothiazine ring, did not exhibit activity against any tested bacterial strain. Only compounds 1m
and In with long aliphatic chains at the quinoline nitrogen atom showed antifungal activity. Correlations
between antimicrobial activity and chemical structure of the tested compounds were observed.
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From medicinal chemistry perspective, phe-
nothiazines are an important group of condensed
three-ring heterocycles (1). Phenothiazine deriva-
tives and their analogues containing 1,4-thiazine
structural fragment show diverse biological activi-
ties, including antimalarial (2), antipsychotropic (3),
antimicrobial (4), antitubercular (5, 6), antitumor (7)
and anti-inflammatory (8). Phenothiazine deriva-
tives that contain aminoalkyl substituents at the thi-
azine nitrogen atom are used as antipsychotropic
and antihistamine drugs (9). Extensive search has
been conducted regarding new methods of synthe-
sizing potentially useful phenothiazine derivatives
having pharmacological activity. In our earlier stud-
ies, we described synthesis, structure, physical and
chemical properties and antiproliferative activity of
novel tetracyclic azaphenothiazine derivatives, con-
taining a quinoline structural fragment (10).

One of the most important issues in current
medical practice are antibiotic-resistant bacterial
infections (11-13). Their pervasiveness justifies the
search for innovative antimicrobial agents featuring
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novel chemical structures and mechanisms of
action, helpful in combating infections (14—17). In
this report we describe novel tetracyclic azaphe-
nothiazine derivatives and the results of antimicro-
bial tests based on their use.

MATERIALS AND METODS

Chemistry

All of the analyzed azaphenothiazine deriva-
tives were obtained with methods previously devel-
oped in our laboratory. 5-Alkyl-12(H)-quino[3,4-
b][1,4]benzothiazinium chloride 1(a-l) was obtained
via cyclization of 1-alkyl-4-arylaminoquinolinium-
3-thiolates (18, 19); derivatives 1(m, n) were
obtained by alkylating 12(H)-quino[3,4-b][1,4]ben-
zothiazine using appropriate alkyl bromides (10).

Microbiology

The following strains, obtained from American
Type Culture Collection (ATCC), were used to test
antibacterial and antifungal activities of azaphenothi-
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azine derivatives 1(a—n) in vitro: Staphylococcus
aureus ATCC 25923, Enterococcus faecalis ATCC
29212, Pseudomonas aeruginosa ATCC 27853,
Escherichia coli ATCC 25922 and Candida albi-
cans ATCC 10231. Minimal inhibitory concentra-
tions (MIC) were determined using a modified broth
macrodilution method, as described by Clinical and
Laboratory Standards Institute (20, 21). The final
concentration of microorganisms in each broth
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macrodilution tube was approximately 5x10°
CFU/mL of Mueller-Hinton broth (MHB). Aqueous
solutions of compounds 1(a—n) were added to the
medium at varying final concentrations (1-512
ng/mL). The test was performed using 96-well
microplates. The MIC was defined as the lowest
concentration of compounds 1(a—n) that resulted in
no visible growth after 18-h incubation at 35°C in
ambient air. The intensities of the bacterial and fun-
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Figure 1. Modifications of the structure of 5-alkyl-12(H)-quino[3,4-b][1,4]benzothiazinium salts 1.

Table 1. Minimal inhibitory concentration (MIC, in €g/mL) for 5-alkyl-12(H)-quino[3,4-b][1,4]benzothiazine salts 1(a—n), ceftazidime and

clotrimazole.

Compound E. coli P. aeruginosa S. aureus E. faecalis C. albicans
la 7 - 52 6 -
1b 24 - 31 11 -
1c - - - - _
1d 6 180 35 4 -
le 28 240 26 9 -
1f 14 - 34 108 -
1g 54 - 78 105 -
1h - - - — _
1i 39 - 78 — _
1j 78 - 79 - —
1k - - - — _
11 25 - 52 31 -
1m 52 - - - 108
In 285 - - - 42

Ceftazidime 1 8 8 2 _
Clotrimazole - - - — 4
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gal growth were evaluated by measuring sample
absorbance at 550 nm (Bio-Tek Instruments, Inc.,
Winooski, VT, USA) at the beginning and after 18 h
of the culture. The studies were conducted in dupli-
cate and were repeated at least once on a different
day.

RESULTS AND DISCUSSION

Antimicrobial activity

The present report lists the initial results of
antimicrobial activity tests conducted in vitro for the
5-alkyl-12(H)-quino[3,4-b][1,4]benzothiazinium
salts 1(a—n). X-ray analysis of compounds 1a (18)
and 11 (19) has shown that their structures are com-
pletely planar and that the greatest atomic deflection
from the plane, determined by the ring-forming
atoms, is 0.068 A. It could be assumed that, due to
the planar structure of tetracyclic quinobenzothi-
azine moiety present in the investigated compounds,
their mechanism of antibacterial action involves
DNA intercalation, as in the case of proflavine. The
structure of the examined quinobenzothiazine salts 1
was modified by introducing substituents (CH;, F,
Cl, OH or NH,) into various positions of the ben-
zene ring 1(a—k) and an additional nitrogen atom in
the 8-position of the quinobenzothiazine ring 11. The
presence of additional substituents in various posi-
tions of the aromatic or heteroaromatic rings of bio-
logically or pharmacologically active compounds
affects electron density distribution and spatial
structure of the molecules. Changes in these param-
eters may alter drug transport in the body and a
match between the drug and receptor, thereby alter-
ing the strength of drug action (22). In order to
increase lipophilic properties of the examined com-
pounds, butyl or decyl groups were introduced into
the 5-position of the quinobenzothiazine ring (com-
pounds 1(m—n)). The values of lipophilicity param-
eter LogPy,  for compounds 1(a—n) are within the
2.12-3.15 range. LogP; . parameters for com-
pounds 1m and 1n are 2.65 and 3.15, respectively
(23).

The investigated compounds demonstrated the
highest activity against S. aureus, E. faecalis and E.
coli. Concerning P. aeruginosa, only derivatives 1d
and le with chlorine or fluorine atom at the C9 atom
(MIC values: 180 and 240 pg/mL, respectively)
were active. In the case of E. faecalis it was deriva-
tive 1d, with chlorine atom at C9, which was the
most active (MIC 4 ug/mL), followed by compound
1a having no additional substituents (MIC 6 pg/mL)
and compound 1le with a fluorine atom at C9 of the
chinobenzothiazine ring (MIC 9 pg/mL).
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Compound 1d also demonstrates the highest activi-
ty against E. coli (MIC 6 pg/mL). Compounds 1c,
1h and 1k with various substituents (CH,, OH, NH,)
at C11 position did not exhibit activity against any
tested bacterial strain within the examined concen-
tration range. Such a result may suggest that the thi-
azine nitrogen atom exerts major impact on the anti-
bacterial activity of the examined compounds and
that the spatial hindrance of substituents at the 11-
position with respect to NH group may significantly
limit this activity. Concerning antifungal activity,
compounds 1m and In (MIC 108 and 42 pg/mL,
respectively) demonstrated such activity in the
examined concentration range. Only compounds
with long aliphatic chains at the N5 quinoline nitro-
gen atom and with highest lipophilicity parameters
(LogPr ) showed antifungal activity in the exam-
ined concentration range.

The results obtained herein show that search-
ing for improved antimicrobial agents with
quinobenzothiazine structural fragment is promis-
ing.
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