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Abstract: A set of four new benzo[a]phenoxazinium chlorides possessing ethyl, propyl, decyl
and tetradecyl groups at the 9-amino function of the heterocycle along with a propyl group at
the 5-amino position was efficiently synthesised. These compounds displayed fluorescence with
maximum emission wavelengths of 673 and 685 nm, in anhydrous ethanol and water. All the
benzo[a]phenoxazines were evaluated against the yeast Saccharomyces cerevisiae in a broth
microdilution assay. It was found that their antifungal activity depended on the variation in the
lengths of the aliphatic chains. The highest MIC activity of 1.56 pM was obtained for
compound 7 comprising a di-alkylated propyl substituent at 9-amino position and a propyl

chain at the 5-amino position of the heterocycle core.

Keywords: benzo[a]phenoxazinium chloride; antimicrobial drugs; Saccharomyces cerevisiae; Nile

Blue derivatives; NIR probes.

Introduction

Small organic molecules function as fluorescent probes for monitoring and quantification in
chemical and bioanalytical sciences,? being chromophores with emission in red or NIR possessing
good photochemical stability and water solubility of special interest for in vivo and in vitro
studies.** Benzo[a]phenoxazine dyes display good photostability, high molar absorption, strong
fluorescence in the NIR region and modest Stokes shifts (20-60 nm) indicating the potential choice
of these dyes as fluorophores for biological applications.” Furthermore, non-covalent bonding is a
common feature of benzo[a]phenoxazinium dyes that enables their use for staining purposes in gel

electrophoresis and study of their interactions (intercalative and/or groove binding) with DNA.°



These heterocycles has also been reported as lysosome trackers,” sensors for reversible pH
measurements and NIR live bioimaging purposes.®

In addition, benzo[a]phenoxazine derivatives are important as antifungals,® antimalarials™
and also function as photosensitizers in photodynamic therapy (PDT) for treatment of Candida
albicans biofilms.** Compounds possessing amino groups as their ring substituents can also be
functionalized according to various target analytes.™ In our earlier communication, it was reported
that naphtho[2,3-a]phenoxazinium and benzo[a]phenoxazinium chlorides exhibited antifungal
activity that depended on the substituents of the heterocycle.>* In continuation of our research

towards fluorescent heterocycles,'*

the present communication describes the synthesis,
characterization, and preliminary biological studies of a new class of benzo[a]phenoxazinium
chlorides which possess different length of aliphatic alkyl chains.

Photophysical studies were carried out in anhydrous ethanol and aqueous medium. The
antifungal activity of these compounds was determined by using the yeast Saccharomyces
cerevisiae as a model organism. Comparing the MIC values of all the analogues revealed that the
compounds with a di-substitution at 9-amino position and a propyl group at 5-amino position of the

benzo[a]phenoxazines exhibited the best activities.

Results and discussion

The 3-(alkylamino)phenols were obtained by the reaction of 3-aminophenol (S-1) with
appropriate iodo or bromo alkyl halides such as iodoethane, 1-bromopropane, 1-bromododecane
and 1-bromotetradecane in ethanol under reflux conditions (Scheme S1). The reaction afforded two
products, among which the mono N-alklyated product was isolated as the major fraction, namely 3-
(ethylamino)phenol (S-2a), 3-(diethylamino)phenol (S-2b), 3-(propylamino)phenol (S-3a), 3-
(dipropylamino)phenol (S-3b), 3-(decylamino)phenol (S-4a), 3-(didecylamino)phenol (S-4b), 3-
(tetradecylamino)phenol  (S-5a) and 3-(ditetradecylamino)phenol (S-5b) in good vyields.?
Nitrosophenol precursors la-e were obtained by the nitrosation of the required N-alkylated
derivative (S-3a, S-4a, S-5a, S-2b and S-3b, respectively) in an acidic solution of sodium nitrite
under ice cold conditions (Scheme S2).2%?! The other reactant N-propylnaphthalen-1-amine 2 was
prepared by the N-alkylation of naphthalen-1-amine with bromopropane.?? Benzo[a]phenoxazinium
chlorides 3-7 were synthesised by the condensation of N-alkylated nitroso derivatives 1la-e with N-

propylnaphthalen-1-amine 2 in the presence of hydrochloric acid, refluxed in ethanol.?®
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After column chromatography purification pure compounds were acquired as blue solids

Scheme 1. Synthesis of benzo[a]phenoxazinium chlorides 3-7.

and characterized by high resolution mass spectrometry, IR and NMR (*H and *3C) spectroscopies.
'H NMR spectra of compounds 3-7 showed triplets (J 0.87-1.38 ppm) for the terminal methyl
groups of aliphatic chains at 5- and 9-positions. The methylene group adjacent to methyl exhibits
quartet, multiplet or broad singlet (0 1.75-1.98 ppm) and the methylene group directly attached to
the nitrogen atom shows triplet, multiplet or broad singlet (¢ 3.06-3.79 ppm). The aromatic protons
11-H (0 7.34-7.84 ppm), 4-H (¢ 8.31-8.65 ppm) and 1-H (6 8.79-8.89 ppm) appeared as doublets or
multiplets. *C NMR spectra of these compounds showed signals of the aliphatic carbons from the
methyl group (6 11.45-14.08 ppm) and methylene carbons (¢ 21.81-54.56 ppm) of the substituents
of 5- and 9-postions. The aromatic signals such as C-11 (¢ 131.75-134.10 ppm), C-4 (0 123.34-
123.86 ppm) and C-1 (¢ 125.29-125.59 ppm) were shown in the spectra.



Electronic absorption and emission spectra of 4x10° m solutions in acidic anhydrous ethanol
and water were measured for the synthesised benzo[a]phenoxazinium chlorides (Table 1). The
relative fluorescence quantum vyields (@¢) were determined using Oxazine 1 as a standard (®f =
0.11 in ethanol)*** at 575 nm excitation. In acidified ethanol and water, the absorption maxima
(Aaps) for compounds 3-7 lie in the range of 568-645 nm, and molar extinction coefficients ()
between 24225 and 96350 M™cm™. The emission maxima (Aem) Was found to be in the range of 633-

685 nm at excitation of 575 nm with moderate to high Stokes shifts (Ax, 10-65 nm).

Table 1. Photophysical data of compounds 3-7 in anhydrous ethanol and aqueous solution (C = 4x10°
M) acidified with trifluoroacetic acid (TFA).

Anhydrous ethanol acidified with TFA Water acidified with TFA
Cpd xabsa &b xema AN? Dr }babsa éb Xema AN? De

3 623 69250 645 22 0.28 617 35600 652 35 0.17
4 624 37025 647 23 0.53 625 31650 635 10 0.003
5 627 74350 649 22 0.51 568 24225 633 65 0.007
6 637 96350 670 33 0.11 642 36325 681 39 0.05
7 639 93125 673 34 0.28 645 40075 685 40 0.04

aUnit: nm; PUnit: mcm®

It can be seen that compounds 4 and 5 upon elongation of the lateral chain at 9-amino
position almost do not alter the wavelengths of absorption and fluorescence maxima in anhydrous
ethanol and water media. However, comparing the fluorophore 3 with 6, the latter shows greatest
values of Aem (670 nm) in anhydrous ethanol and Aem (681 nm) in water which could be mainly due
to the di-alkylation at 9-amino position of the benzo[a]phenoxazinium dye.*** The same behaviour
was observed for compound 7. Similarly, compounds 4 and 5 possessing decyl and tetradecyl
groups at 9-amino position showed the highest fluorescence efficiency in ethanolic media, while in
water the compound 3 with an ethyl group at 9-amino position is the one with highest quantum

yield. This was expected to be related to the higher hydrophobicity of compounds 4 and 5.
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Figure 1. Normalised absorption and emission spectra of compounds 3-7 in anhydrous ethanol.

Figure 1 shows the absorption and emission spectra at 470 nm excitation of the compounds

3-7 in anhydrous ethanol. It can be seen in the absorption spectra (panel A) that
benzo[a]phenoxazinium chlorides exhibited both the acidic (BzH") and neutral form (Bz) in ethanol
media, corresponding to the second and first bands of the absorption spectrum, as previously
observed with similar type of compounds.'®?*%" With an exception of compound 4, the studied
dyes show a higher fraction of acidic form in ethanolic solution. It has been shown previously that
the fluorescence maximum of neutral form occurs near 600 nm while the acid form occurs in the
range 640-680 nm and the quantum vyield of the neutral form is 10-fold lower than the one
corresponding to the acid form.?®?” In dry ethanol medium, at 470 nm excitation, the basic form is
mostly excited with a small fraction of acidic form depending on the 9-amino position.
Nevertheless, the acid form emission has comparable fluorescence intensity due to its higher
quantum yield. The neutral form emission is slightly blue shifted for compounds 4 and 5 appearing

at 580 nm. In addition, another band appears at 540 nm for compounds 4 and 5 as seen in Figure 1



(B). This band has been proposed and supported by ab initio calculations as arising from tautomers
with localized positive charge and a slight loss of resonance among the n-electron system.*

Figure 2 shows the absorption spectra of compounds 3-7 under acidic and basic conditions
in anhydrous ethanol. It can be seen that displacement of acid-base equilibrium can be done by the
addition of small amounts of acid (TFA) or base (triethylammonium hydroxide, TEAH) to the
benzo[a]phenoxazine solutions. Upon addition of acid to the ethanolic solution of the fluorophore,
except for compound 4, it was possible to completely shift the equilibrium towards the acidic form
as shown in Figure 2 (A). Similarly, compound 4 shows an additional absorption band around 500
nm indicating a high percentage of tautomerization. The emission spectra at 470 nm excitation
show bands around 645-673 nm that correspond to the acidic form emission and correspond to the
higher quantum vyields as observed for similar type of compounds.*®?®?” The peaks around 540 nm
observed for compounds 4 and 5 significantly increased indicating a higher fraction of tautomeric

form, which was obtained upon acidification.
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Figure 2. Normalised absorption and emission spectra of compounds 3-7 in anhydrous ethanol

under acidic and basic conditions.



Figure 3 shows the absorption and emission spectra at 470 nm excitation of the compounds
3-7 in aqueous media. Compound 5 shows an enormous hypsochromic shift of ~100 nm in Agps IN
the comparison with other dyes. Comparing with Figure 2, it seems that a long chain in the 9-amino
position promotes the presence of the neutral form in aqueous media. In the emission spectra,
except compound 3, all the other fluorophores exhibited a small bump around 560 nm showing
small amounts of tautomer emission Figure 3(B). When excited at 470 nm, compounds 3, 6 and 7
only show emission on the acid form while compounds 4 and 5 mainly show neutral form emission

red-shifted in comparison to ethanol media (see Figures 1B and 2B).
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Figure 3. Normalised absorption and emission spectra of compounds 3-7 in water.

The potential antifungal activity of the synthesised fluorophores 3-7 was investigated using
the yeast Saccharomyces cerevisiae PYCC 4072 as a model organism and a broth microdilution
method for antifungal activity testing.?>® The minimum inhibitory concentration of growth (MIC)
and log P values, which are theoretically predicted® are shown in Table 2. Compounds with lower
log P values are hydrophilic, showing higher tendency towards the intracellular environment which

IS aqueous in nature. In contrast, these molecules possess lower affinity for the cell membranes. As
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it can be seen from the data presented (Table 2), there is a general correlation between the
hydrophilicity of the compounds and their antifungal properties. However, this relation is not strict
since compound 6 has the lowest log P value (1.446) and MIC value of 6.25 uM, which is two-fold
higher than that of compound 3 with a log P of 1.888. Compound 5 with the highest log P value and
being highly lipophilic showed virtually no activity.

The antifungal activity of the benzo[a]phenoxazinium dyes was evaluated with a propylamino
group as substituent at 5-position and varying the length and number of alkyl chain at the amine
function of the 9-position. The study showed that the inhibitory properties of the compounds are
dependent on both these changes at the 9-amino position. For instance, compounds 4 and 5, with
one alkyl chain of 10 and 14 carbon atoms, respectively, showed reduced antifungal activities
probably due to their low water solubility. The introduction of a second ethyl group at 9-amino
position in compound 3 resulted in 6 with a better antifungal activity and, moreover, the presence of
N-propyl groups instead of N-ethyl resulted in a 4-times increase of activity, 1.56 uM being the
lowest MIC value observed. The increase in activity with increase of the alkyl chain size of the
substituents at 9-amino position was also observed by replacing a di-methyl by a di-ethyl groups in
benzo[a]phenoxazines with different substituents or even no substituent at 5-amino position.? In
the present communication we obtained one benzo[a]phenoxazine with even higher activity by
further increasing the length of the 9-amino substituents by one carbon. Hence, the results indicate
there is an optimal medium length for these substituents and that compound 7 possessing a di-
propyl group at 9-amino position and the propylamino at the 5-position of the polycyclic ring is the
best candidate for antifungal activity and for further development of compounds with improved

activity.



Table 2. Activity against Saccharomyces cerevisiae PYCC 4072 and log P values of the

benzo[a]phenoxazinium chlorides 3-7.

N
|
R.® O
NZ 370 NH™ >

“ncl
Compound b
MIC? log P
R n

3 H 1 12.5 1.888
4 H 9 25 6.484
5 H 13 >200° 8.408
6 CH,CHj3 1 6.25 1.446
7 (CH,),CHs 2 1.56 2.954

®Minimal inhibitory concentration of growth. "Experiments were performed in triplicate and and at
least two independent experiments were conducted. “Insoluble at the highest concentration tested —
400 uM (1% DMSO).
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