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1. Introduction

Squarylium dyes are 1,3-disubstituted derivatives of squaric acid
(3,4-dihydroxy-1,2-dioxocyclobut-3-ene) whose synthesis was first
reported about 40 years ago [1]. Since then, they have been gaining
increasing technological usefulness due to their unique properties,
namely, photochemical stability, high photoconductivity and sharp
and intense absorption in the red and near-infrared (NIR) regions
[2]. Particularly in the last two decades, squarylium dyes have
found extensive application in the domain of photonics, mainly as
substrates for optical recording media [3], xerographic photore-
ceptors [4] and organic solar cells [5,6]. Lately, there is an emerging
interest in this class of dyes as sensors for determination of metals
[7-9], sensitizers for Photodynamic Therapy (PDT) [10-12] and
noncovalent labels for biomolecules [13-15].

As a consequence of the continuously expanding range of
applications as functional materials, the structural variation of
squarylium dyes has become an active area of research. Notwith-
standing, amongst the large family of compounds hitherto syn-
thesised, those of the cyanine type have holding comparatively
much less attention. Especially in what concerns the development
of new sensitizers for PDT, cationic squarylium cyanine dyes are of
great interest once cationic cyanines started to be regarded as
promising sensitizing agents [16,17].
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The structural modification of squarylium cyanines has been
concentrated chiefly on the variation of the ending groups of the
polymethinic chain. The functionalization of the squaric ring, on
the other hand, has been considerably less explored, most of the
approaches having been performed via derivatization of an inter-
mediate monosubstituted monoalkylsquarate ester [18-21]. We
have recently reported the synthesis of several new amino-
squarylium cyanine dyes by an expeditious methodology involving
the methylation of one of the central oxygen atoms with methyl
triflate, followed by the nucleophilic substitution of the so formed
methoxy group by an aliphatic amine [22].

Following our interest in the development of new potential
sensitizers for PDT [23-25], we now have synthesised several new
representative squarylium cyanine dyes bearing benzylamino,
anilino, 3-iodoanilino, N,N-dimethylhydrazo and 2-amino-
ethylsulfonic groups at the central four member ring.

This functionalization of the squaric ring is thought to increase
structural complexity and, inherently, the diversity of possible
intermolecular interactions which may conveniently influence the
solubility of the dye and its interaction with cellular components.
The possible increase of intramolecular hydrogen bonding may
induce additional rigidification of the dye and, therefore, a decrease
of the non-radiative decay by photoisomerization and a rise of the
efficiency of the dye’s singlet-to-triplet interconversion. The latter
is directly related to the ability of the dye to generate singlet
oxygen, commonly accepted as the primary agent responsible for
cell photodamage [26]. Moreover, the substitution with arylamines
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also constitutes a straightforward way of incorporating heavy
halogen atoms into the compound, which potentially enhances the
singlet oxygen generation efficiency of the dye, through the
internal heavy atom effect.

All the aza-substituted dyes display strong absorption within
the phototherapeutic window (600-1000 nm), which is one of the
basic multidisciplinary requirements for any potential candidate as
sensitizer for PDT [27].

2. Results and discussion

The synthesis of the starting squarylium dyes 3a-c was carried
out by condensation of squaric acid and 2 molar equivalents of the
appropriate N-hexylbenzoazolium iodide 2, prepared through
alkylation of the corresponding benzoazole 1 with 1-iodohexane, in
arefluxing mixture of n-BuOH/pyridine. Methylation of dyes 3 with
methyl triflate, in dry dichloromethane, yielded the requisite O-
methyl ethers 4 in good yields, from which the different derivatives
5-9 could be easily achieved by nucleophilic substitution
(Scheme 1).

Benzylamine, N,N-dimethylhydrazine and 2-aminoethylsulfonic
acid reacted smoothly with O-methyl derivatives 4 to furnish the
corresponding aza-substituted squarylium cyanines 5, 8 and 9,
respectively, in moderate to good yields. Similar reaction with the
weaker nucleophiles aniline and 3-iodoaniline to give compounds
6a and 7a shown previously [25] to require catalysis with
a combination of triethylamine and 4-(N,N-dimethylamino)pyr-
idine (4-DMAP) or triethylamine and 4-pyrrolidinopyridine,
respectively. Compounds 6b,c and 7b,c were then synthesised as
they benzothiazole analogues.

Each of the final substituted squarylium dyes 5-8 underwent
counter-ion exchange upon treatment with 14% aqueous KI. The
replacement of the triflate ion by iodide, apart from facilitating
crystallization, is also intentioned to take advantage of the so-called
external heavy atom effect and potentially enhance the dye’s effi-
ciency to convert ground-state triplet oxygen to cytotoxic singlet
oxygen.

Cl —— Ch-

1a-c 2a-c

CHy(CH,),CH;
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CF3S0;  CH,(CH,),CH,
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a:X=S;b:X=Se;c:X=CH=CH
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I" CH,(CH,),CH,

Dyes 9 apparently exist in the zwitterionic form, as suggested by
the absence of the peak of the sulfonic acid labile proton in the NMR
spectrum. They were, in general, less soluble in common organic
solvents than the remaining substituted squarylium compounds 5-
8. For that reason, although the assumed selenium analogue of 9a
could be obtained as a deep-blue solid, displaying UV/vis, IR and
HRFABMS spectra consistent with the proposed structure, we were
unable to achieve a suitable NMR spectrum even in polar solvents
such as DMSO-dg or MeOD.

The nonexistence of counter-ion triflate in dyes 5-9 was
promptly confirmed by the absence of both the characteristic S=0
band and the downfield CF; signal in their IR and '3C NMR spectra,
respectively.

All the synthesised squarylium dyes 3-9 displayed sharp and
intense absorption (¢ >10°> cm~! M) in the red end of the visible
region (Amax 651-709 nm) (Table 1). For each group of parent dyes
the wavelength of maximum absorption rises in the order benzo-
thiazole < benzoselenazole < quinoline, as a consequence of the
higher electronegativity of sulphur in relation to selenium, and, in
the case of the quinoline nucleus, of the extension of the -
conjugated system.

In general, the aza-substituted dyes derived from benzothiazole
and benzoselenazole display absorption at longer wavelengths
than their non-substituted analogues 3a and 3b. On the contrary, all
the dyes based on quinoline exhibited Anax inferior to that of 3c.
Higher steric hindrance, with consequent loss of planarity and
diminishing orbital overlapping in more or less extent, could be the
main reason for it.

The chromophore shows typical donor-acceptor characteristics
with increasing bathochromic shift (or diminishing hypsochromic
shift) as the electron donating properties of the auxochrome
increases. Consistently, the Apax of azo dyes possessing the 3-
iodoanilino group, the less electron withdrawing auxochrome, is
invariably blue-shifted, whatever the terminal nuclei of the dye.

Some N-alkylaminosquarylium dyes derived from 3,3-dime-
thylindolenine were referred to show sensible differences in
comparison to their neutral precursors, namely, lower molar
extinction coefficients and a C=O stretching band around

CIZHZ(CHZ)‘tCH3

|
CH,(CH,),CH,
3a-c

CIIHZ(CH2)4CH3

IN
™ CH,(CH,),CH,

5a-c R =CH,C¢H;
6a-c R =CgHy

7a-c R=3--C¢H,
8a-c R=N(CH,),
9a,c R=CH,CH,SO;

Scheme 1. Reagents and conditions. (i) ICH(CH,)4CHs, MeCN, reflux; (ii) squaric acid, n-BuOH/pyridine, reflux; (iii) CF3SO3CHs3, CH,Cl,, Ny, r.t.; (iv) 5 and 8: CgHsCH,NH; or
Me,NHNH,, CH,Cly, Ny, rit.; 6: CgHsNHa, EtsN, 4-DMAP, CH,Cly, N, r.t.; 7: 3-1-CgH4NHa, 4-pyrrolidinopyridine, CH,Cl,, Ny, reflux; 9: H,NCH,CH,SOsH, EtsN, CH,Cly, Ny, rit.; (v) 5-8:

14% aq. KI, r.t.
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Table 1
The yield and vis spectral data for squarylium cyanine dyes 3-9.

Dye X R Yield (%) Amax” (nm) (log ¢)
3a S = 76 650 (5.41)
3b Se = 74 668 (5.41)
3c CH=CH = 42 710 (5.37)
4a S = 87 632 (5.23)
4b Se = 76 650 (5.32)
4c CH=CH = 86 674 (5.47)
5a S CH,CeHs 65 657 (5.45)
5b Se CH,CeHs 39 675 (5.47)
5¢ CH=CH CH,CeHs 37 708 (4.93)
6a S CgHs 60° 651 (5.28)
6b Se CeHs 35 669 (5.42)
6¢c CH—=CH CeHs 55 699 (5.39)
7a S 3-1-CgHy4 65" 648 (5.39)
7b Se 3-1-CgHy 40 666 (5.26)
7c CH=CH 3-1-CgHy 55 696 (5.27)
8a S N(CHs), 52 657 (5.42)
8b Se N(CHs), 47 675 (5.33)
8c CH=CH N(CHs), 56 708 (5.34)
9%a S CH,CH,S03 84 658 (5.29)
9c CH=CH CH,CH,S03 65 709 (5.76)

2 Measured in MeOH/CH,Cl, (99/1).
b synthesis and characterization described in Ref. [25].

1730 cm™! in the IR spectrum [19]. However, we were not able to
observe neither an IR band attributable to the carbonyl group, nor
a significant and systematic decrease of the molar extinction
coefficient of the substituted dyes.

As previously observed for several N-methylamino- [22] and
phenylaminosquarylium cyanine dyes [25], the substituted dyes
synthesised revealed hindered rotation around the C-N bond of the
amine group, as indicated by the separation of the signals of the
methine protons in the 'H NMR spectra. The consequent local
magnetic field inhomogeneity is also extensible to other protons,
being particularly noticeable for the NCH; groups of the pendent
N-hexyl chains, whose signals frequently appeared separated by as
much as 0.5 ppm.

The afore mentioned restriction to free rotation is a possible
advantage, considering the potential sensitizing usefulness of the
dyes for PDT, since it may inhibit non-radiative decay by photo-
isomerization and, consequently, lead to an increase of the effi-
ciencies of singlet oxygen production. The evaluation of the singlet
oxygen generation ability of the dyes synthesised is currently the
subject of a separate study, the results of which shall be published
elsewhere.

3. Experimental
3.1. General

All reagents were purchased from Sigma-Aldrich and used as
received. Solvents were of analytical grade. Anhydrous solvents were
dried [28] and freshly distilled. N-hexyl-2-methylbenzothiazolium,
N-hexyl-2-methylbenzoselenazolium, and N-hexyl-2-methyl-
quinolinium iodides (2a-c) were prepared as described [29]. All
reactions were monitored by TLC using 0.25 mm aluminium-backed
silica-gel plates (Merck 60 Fy54). Melting points were measured in
open capillary tubes in a Biichi 530 melting point apparatus and are
uncorrected. IR spectra were recorded on a Mattson 5000 FT IR
spectrophotometer; ymax in cm™ . Vis spectra were performed on
a Perkin-Elmer Lambda 6 instrument; Amax in nm. 'H and 3C NMR
spectra were recorded on Briicker ACP 250, Briicker ARX 300 and
Briicker ARX 400 spectrometers; ¢ in ppm relative to SiMe4 or to
residual solvent signals, J in Hz. High resolution Fast Atom
Bombardment mass spectra (HRFABMS) were determined on
a Micromass AutoSpec M and AutoSpec Q spectrometers, operating
at 70 eV, using a matrix of 3-nitrobenzyl alcohol (3-NBA).

3.2. Synthesis of squarylium dyes 3: general procedure

A solution of the appropriate quaternary salt 2 (1.0 mmol) and
squaric acid (0.5 mmol) in n-BuOH/pyridine [9/1 (v/v)] (50 mL) was
heated under reflux for 24-36 h. To the cooled reaction mixture
was then added Et,0 and the precipitated solid was collected by
filtration under reduced pressure and washed with water and Et;0
to afford chromatographically pure compounds.

3.2.1. 4-[(3-Hexylbenzothiazol-3-ium-2-yl)methylidene]-2-
[(3-hexyl-3H-benzothiazol-2-ylidene )methyl]-3-oxocyclobut-
1-en-1-olate (3a)

Yield 76%. Blue crystals. M.p. 270 °C (dec.). UV/vis (MeOH/
CHyCly, 99/1) Amax (log €): 650 (5.41). IR (KBr) vmax: 2923w, 1643w,
1581m, 1448s, 1411s, 1347m, 1290w, 1222s, 1186m, 1085m, 1068m,
952w, 823w, 740w. 'H NMR (250.13 MHz, CDCl3) é: 7.50 (2H, d,
J=176, ArH), 7.34 (2H, t, ] = 8.0, ArH), 7.20-7.08 (4H, m, ArH), 5.85
(2H, s, CH=C), 4.04 (4H, t, ] = 7.7, NCH»(CH3)4CH3), 1.78-1.72 (4H,
m, NCHzCHz(CH2)3CH3), 1.06-1.03 (12H, m, N(CHz)z(CHz)gCHg),
0.91-0.86 (6H, br t, J=6.9, N(CH;)sCHs). 3C NMR (62.90 MHz,
CDCl3) 6: 175.0,159.5,141.2,128.7,127.1,123.9,122.1,111.4, 85.3,46.3
(NCHy), 31.5 (CHy), 27.4 (CHy), 26.6 (CH3), 22.6 (CHy), 14.1 (CH3).
HRFABMS (3-NBA) m/z: 545.231156 ([M + H]", C33H37N20,53; calc.
545.229647).

3.2.2. 4-[(3-Hexylbenzoselenazol-3-ium-2-yl)methylidene]-2-
[(3-hexyl-3H-benzoselenazol-2-ylidene )methyl]-3-oxocyclobut-
1-en-1-olate (3b)

Yield 74%. Blue crystals. M.p. 262 °C (dec.). UV/vis (MeOH/
CH,Cly, 99/1) Amax (log ¢): 668 (5.41). IR (KBr) rmax: 2921w, 1617w,
1573m, 1519w, 1446m, 1413s, 1342 m, 1222s, 1180m, 1076s, 944w,
809w. "H NMR (250.13 MHz, CDCl3) é: 7.55 (2H, d, ] = 7.6, ArH), 7.34
(2H, t,J = 7.8, ArH), 7.16-7.05 (4H, m, ArH), 6.02 (2H, s, CH=C), 4.02
(4H, t, J=7.6, NCHo(CHp)4CH3), 1.77-171 (4H, m, NCH,CH,
(CH3)3CH3), 1.42-1.31 (12H, m, N(CH3)2(CH>)3CH3), 0.92-0.87 (6H,
br t, J=6.7, N(CH;)sCH3). >C NMR (62.90 MHz, CDCl3) é: 175.9,
161.7, 142.7, 129.0, 1271, 125.2, 124.0, 113.0, 89.5, 47.1 (NCHy), 31.6
(CHy), 27.2 (CHy), 26.7 (CHy), 22.7 (CHy), 14.1 (CH3). HRFABMS
(3-NBA) m/z: 637123196 ([M + H]", C3H37N2033Se3 ; calc. 637.1201
12), 639.117077 ([M + HJ*, C33H37N20385e8%Se*: calc. 639.119328),
641.118468 ([M + H]*, C3H37N,08%e3; calc. 641.118545).

3.2.3. 4-[(3-Hexylquinolin-3-ium-2-yl)methylidene|-2-[(3-hexyl-
1H-quinolinylidene)methyl]-3-oxocyclobut-1-en-1-olate (3c)

Yield 42%. Green-bluish crystals. M.p. 287 °C (dec.). UV/vis
(MeOH/CH2Cly, 99/1) Amax (log ¢): 710 (5.37). IR (KBr) vmax: 2927w,
1614w, 1581m, 1473m, 1428s, 1319s, 1290m, 1238s, 1159s, 1076s,
983m), 858w, 815w, 746w. 'H NMR (400.13 MHz, CDCl3) 6: 9.32 (2H,
d, J=9.5, CH=CH), 7.52-7.40 (6H, m, CH=CH + ArH), 7.31-7.20
(4H, m, ArH), 576 (2H, s, CH=C), 415 (4H, t, J=82,
NCH,(CH3)4CH3), 1.86 (4H, br s, NCH,CH»(CH;)3CH3), 1.56-1.51 (4H,
m, N(CH3),CH»(CH3)>2CH3), 1.45-1.34 (8H, m, N(CH;)3(CH>),CH3),
0.93 (6H, br t, ] = 6.9, N(CH3)5CHs). 3C NMR (100.62 MHz, CDCl3) 6:
174.8,150.3,139.6, 132.7,131.0, 128.7, 126.8, 125.1, 123.6, 114.3, 92.5,
479 (NCHy), 31.5 (CHy), 26.5 (CH3), 26.3 (CHy), 22.6 (CHy), 14.0
(CHs3). HRFABMS (3-NBA) m/z: 533.314815 ([M + H]*, C36H41N203;
calc. 533.316804).

3.3. Synthesis of O-methylsquarylium dyes 4: general procedure

To a solution of the appropriate squarylium dye 3 (0.5 mmol) in
anhydrous CH,Cl, (50 mL), stirred under N, atmosphere at room
temperature, was added an excess of CF3SO3CH3 (2.0 mmol). Once
the reaction was complete (3-5 h), the mixture was quenched with
cold 5% aqueous NaHCOs. The organic layer, after separation by
decantation, was dried over anhydrous Na;SO4, the solvent
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removed under reduced pressure and the resulting solid recrys-
tallized from CHCl3/MeOH/Et,0.

3.3.1. 3-Hexyl-2-[3-(3-hexyl-3H-benzothiazol-2-ylidenemethyl)-2-
methoxy-4-oxocyclobut-2-enylidenemethyl]benzothiazol-3-ium
trifluoromethanesulfonate (4a)

Yield 87%. Blue crystals. M.p. 234 °C (dec.). UV/vis (MeOH/
CH,Cly, 99/1) Amax (log €): 632 (5.23). IR (KBr) vmax: 2929w, 1648w,
1504w, 1457s, 1425s, 1357w, 1251s, 1209m, 1151m, 1126s, 1029w,
831w, 750w. 'H NMR (400.13 MHz, CDCl3) é: 7.64 (2H, d, J=7.6,
ArH), 7.50-7.31 (6H, m, ArH), 6.00 (2H, s, CH=C), 4.74 (3H, s, OCH3),
447 (4H, br s, NCH,(CH;)4CH3), 1.86-1.79 (4H, m, NCH,CH,
(CH3)3CH3), 1.45-1.30 (12H, m, N(CH>)>(CH3)3CH3), 0.85 (6H, br t,
J=6.8, N(CH,)sCHs). HRFABMS (3-NBA) mjz: 559.247467
([M — CF3SO3]+, C33H39N2025§r: calc. 559.245297).

3.3.2. 3-Hexyl-2-[3-(3-hexyl-3H-benzoselenazol-2-ylidenemethyl)-
2-methoxy-4-oxocyclobut-2-enylidenemethyl]benzoselenazol-3-
ium trifluoromethanesulfonate (4b)

Yield 76%. Blue crystals. M.p. 249 °C (dec.). UV/vis (MeOH/
CH4Cly, 99/1) Amax (10g €): 650 (5.32). IR (KBr) vmax: 2927w, 1644w,
1508w, 1417s, 1351m, 1251s, 1207m, 1153m, 1114s, 1029w, 968w,
825w, 757w. 'H NMR (400.13 MHz, DMSO-dg) 6: 8.10 (2H, d, ] = 8.0,
ArH), 7.72 (2H, d, J = 8.0, ArH), 7.55-7.35 (4H, m, ArH), 6.21 (2H, s,
CH=C), 4.54 (3H, s, OCH3) 4.42 (4H, br t, ] = 7.4, NCH,(CH,)4CH3),
191-1.64 (4H, m, NCH,CHy(CH;);CH3), 1.41-130 (12H, m,
N(CH2)(CH2)3CH3), 0.86 (6H, br s, N(CH.)sCHs). HRFABMS (3-NBA)
mjz: 651135288  ([M — CF3SO3]*,  C33H3gN,0%%Se3; calc.
651.135762), 653.132332 ([M — CF3S03]*, C33H30N,0%85e30Se;
calc. 653.134978), 655.131430 ([M — CF3S0s]", C33H39N208%Sed:
calc. 655.134195).

3.3.3. 1-Hexyl-2-[3-(1-hexyl-1H-quinolin-2-ylidenemethyl)-2-
methoxy-4-oxocyclobut-2-enylidenemethyl]quinolinium
trifluoromethanesulfonate (4c)

Yield 86%. Green-bluish crystals. M.p. 259 °C (dec.). UV/vis
(MeOH/CH,Cly, 99/1) Amax (log €): 674 (5.47). IR (KBr) vmax: 2954w,
1643w, 1616w, 1563w, 1482s, 1434m, 1351m, 1261s, 1141s, 1118m,
1052w, 1029w, 744w. 'H NMR (400.13 MHz, CDCl3) é: 8.68 (2H, d,
J=28.6, CH=CH), 7.77 (2H, d, J=8.6, CH=CH), 7.67-7.58 (6H, m,
ArH), 7.38 (2H, t,] = 6.7, ArH), 5.74 (2H, s, CH=C), 4.64 (3H, s, OCH3),
4.38 (4H, br s, NCH,(CH;)4CH3), 1.85 (4H, br s, NCH,CH,(CH3)3CH3),
1.56-1.38 (12H, m, N(CH;)(CH3)3CH3), 0.91 (6H, br t, J=64,
N(CH3)sCH3). HRFABMS (3-NBA) m/z: 547.332054 ([M — CF3SO3]™,
C37H43N,03; calc. 547.332454).

3.4. Synthesis of N-benzylaminosquarylium dyes 5:
general procedure

To a solution of the appropriate O-methylsquarylium dye 4
(0.5 mmol) in anhydrous CH,Cl, (40 mL), under N, atmosphere,
was added an excess of benzylamine (2.5 mmol). The reaction
mixture was stirred at r.t. for 3-4 h and then washed with cold
water. The organic layer was dried over anhydrous Na;SO4 and the
solvent was removed under reduced pressure. The resulting residue
was dissolved in MeOH and to this solution was added an
approximately equal volume of 14% aqueous KI. After about 2 h, the
precipitated dye was collected by filtration, washed with water and
recrystallized from CHCl3/MeOH/Et;0.

3.4.1. 2-[2-Benzylamino-3-(3-hexyl-3H-benzothiazol-2-
ylidenemethyl)-4-oxocyclobut-2-enylidenemethyl]-3-
hexylbenzothiazol-3-ium iodide (5a)

Yield: 65%. Blue crystals. M.p. 226-227 °C. UV/vis (MeOH/
CHCly, 99/1) Amax (log €): 657 (5.45). IR (KBr) vmax: 3451w, 2926w,
1628w, 1552m, 1452s, 1430s, 1353m, 1250s, 1174m, 1156m, 1137m,

980w, 744w. 'H NMR (250.13, CDCl3) é: 9.67 (1H, t, J=6.4, NH,
exchanging with D,0), 7.61 (1H, d, ] = 7.8, ArH), 7.48-7.10 (13H, m,
CH=C + ArH), 5.40 (1H, s, CH=C), 4.93 (2H, d, J=6.4, NHCH,
collapses to s with D,0), 4.44 (2H, br t, ] = 7.5, NCH»(CH>)4CH3), 3.81
(2H, br t, J=75, NCH, (CH»)4CH3), 1.33-124 (16H, m,
NCH,(CH5)4CH3), 0.90-0.87 (6H, m, N(CH2)sCH3). C NMR
(62.90 MHz, CDCl3) ¢: 174.8, 165.2, 163.1, 159.4, 159.2, 154.9, 140.9,
138.6, 129.0, 128.2, 127.8, 127.6, 127.3, 126.3, 125.3, 1242, 122.5,
122.1,113.1, 111.6, 91.5, 86.5, 47.7 (NCH3), 46,6 (NCH3), 46.4 (NCH,),
31.7 (CHy), 31.6 (CHy), 28.2 (CHa), 27.3 (CH>), 26.6 (CH,), 26.5 (CH>),
22.6 (2CH,), 14.2 (CH3), 141 (CHs). HRFABMS (3-NBA) m/z:
634.2947 ([M — 1]*, C3H44N3053; calc. 634.2926).

3.4.2. 2-[2-Benzylamino-3-(3-hexyl-3H-benzoselenazol-2-
ylidenemethyl)-4-oxocyclobut-2-enylidenemethyl]-3-
hexylbenzoselenazol-3-ium iodide (5b)

Yield: 39%. Blue crystals. M.p. 229-230°C. UV/vis (MeOH/
CHCly, 99/1) Amax (log €): 675 (5.47). IR (KBr) vmax: 3440w, 2920w,
1622w, 1557w, 1450s, 1430s, 1347m, 1247s, 1172m, 1130m, 982w,
746w. 'H NMR (250.13 MHz, CDCl3) é: 9.77 (1H, t, J=6.1, NH,
exchanging with D,0), 7.65 (1H, d, = 7.8, ArH), 7.46-7.02 (13H, m,
CH=C + ArH), 5.62 (1H, s, CH=C), 4.93 (2H, d, J=6.1, NHCH,,
collapses to s with D,0), 4.39 (2H, br t, J=6.8, NCHy(CH;)4CH3),
3.81 (2H, br t, J=6.8, NCHy(CH,)4CH3), 1.31-124 (16H, m,
NCH,(CH,)4CH3), 0.90-0.87 (6H, m, N(CH2)5CH3). “C NMR
(62.90 MHz, CDCl3) ¢: 175.9, 166.5, 165.6, 161.3, 159.4, 154.9, 142.4,
142.3, 138.4, 129.9, 129.0, 128.6, 127.7, 127.6, 127.4, 126.3, 1254,
125.2,125.1,124.2,114.8,113.3, 95.6, 90.9, 48.5 (NCH;), 47.4 (NCH;),
46.4 (NCHy), 31.7 (CHa), 31.6 (CHy), 28.0 (CH>), 27.1 (CH>), 26.6
(CHy), 26.5 (CH,), 22.6 (2CH>), 14.2 (CH3), 14.1 (CH3). HRFABMS (3-
NBA) m/z: 7261822 ([M —1]*, C39H44N3078Se3; calc. 726.1830),
7281814 ([M — I]*, C39H44N30785e8%Se; calc. 728.1823), 730.1802
(IM —1]*, C39H44N308%Se3; calc. 730.1815).

3.4.3. 2-[2-Benzylamino-3-(1-hexyl-1H-quinolin-2-
ylidenemethyl)-4-oxocyclobut-2-enylidenemethyl]-1-
hexylquinolinium iodide (5c)

Yield: 37%. Blue crystals. M.p. 197-198 °C. UV/vis (MeOH/CH,Cl,,
99/1) Amax (log €): 708 (4.93). IR (KBr) vmax: 3442w, 2925w, 1623w,
1562w, 1473s, 1433m, 1330s, 1259s, 1157s, 1145s, 1054w, 984w,
745w. 'H NMR (250.13 MHz, CDCl3) 6: 9.74 (1H, t, J=6.5, NH,
exchanging with D,0), 9.22 (1H, d, J=9.4, CH=CH), 8.85 (1H, d,
J=9.6, CH=CH), 7.79-7.19 (15H, m, CH=CH + ArH), 6.75 (1H, s,
CH=C), 5.30 (1H, s, CH=C), 4.99 (2H, d, ] = 6.5, NHCH>, collapses to
s with D,0), 470 (2H, br s, NCHy(CH;)4CH3), 3.71 (2H, br s,
NCH,(CH3)4CH3), 1.94-1.23 (16H, m, NCH,(CH,)4CH3), 0.92-0.89
(6H, m, N(CH3)5CH3). 3C NMR (62.90 MHz, CDCl3) é: 175.6, 167.5,
158.7, 154.0, 152.7, 150.2, 139.5, 139.3, 138.4, 136.1, 1334, 132.4,
131.6, 129.4, 129.0, 127.5, 126.4, 125.8, 125.7, 125.6, 125.5, 124.8,
124.1,116.1,114.5, 97.6, 92.6, 49.2 (NCH>), 48.3 (NCH>), 46.1 (NCH>),
31.8 (CHy), 31.6 (CHy), 27.9 (CHy), 26.8 (CH3), 26.7 (CH>), 26.5 (CHy),
22.7 (2CH,), 14.3 (CH3), 14.2 (CH3). HRFABMS (3-NBA): 622.3807
([M — I]+, C43H43N30+: calc. 622.3797).

3.5. Synthesis of N-phenylaminosquarylium dyes 6:
general procedure

To a solution of the appropriate O-methylsquarylium dye 4
(0.5 mmol), triethylamine (0.25 mmol) and 4-DMAP (0.25 mmol) in
anhydrous CH,Cl, (30 mL), under N, atmosphere, was added excess
aniline (2.5 mmol). After being stirred at r.t. for 20-24 h, the reac-
tion mixture was worked-up as above for N-benzylaminosquary-
lium dyes 5 and the resulting solids recrystallized from CH,Cly/
MeOH/Et,O0.
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3.5.1. 3-Hexyl-2-[3-(3-hexyl-3H-benzoselenazol-2-ylidenemethyl)-
4-0x0-2-phenylamino-cyclobut-2-enylidenemethyl]benzoselenazol-
3-ium iodide (6b)

Yield: 35%. Blue crystals. M.p. 258-260°C. UV/vis (MeOH/
CHaCly, 99/1) Amax (log €): 669 (5.42). IR (KBr) rmax: 3438m, 2925w,
1625w, 1540w, 1492m, 1434s, 1346m, 1251s, 1172m, 1157m, 1132m,
983w, 750w. 'H NMR (300.13 MHz, DMSO-dg/CDCl3) 6: 10.70 (1H, s,
NH, exchanging with D,0), 7.87 (2H, br s, ArH), 7.55-7.30 (11H, m,
ArH), 6.64 (1H, br s, CH=C), 5.16 (1H, br s, CH=C), 4.31 (2H, br s,
NCH2(CH>)4CHs), 3.75 (2H, br s, NCHo(CH,)4CHs), 1.83-1.33 (16H,
m, NCHy(CH»)4CH3), 091 (6H, br s, N(CH»)sCHs). C NMR
(75.47 MHz, DMSO-dg/CDCl3) 6: 176.2, 160.8, 141.6, 135.9, 128.7,
127.3,126.4, 125.4, 124.1, 113.9, 91.2, 47.1 (NCHy), 47.0 (NCH3), 30.8
(2CH,), 26.0 (CHy), 25.7 (CHa), 21.9 (2CH>), 13.6 (2CH3). HRFABMS
(3-NBA): 712.170521 ([M — I]*, C35H42N3078Se3; calc. 712.167396),
714169840 ([M —1I]*, C3gHaoN30 78Se3%Se™; calc. 714.166613),
716.169035 ([M — I]*, CagH4aN30%9Se3; calc. 716.165829).

3.5.2. 1-Hexyl-2-[3-(1-hexyl-1H-quinolin-2-ylidenemethyl)-
4-0x0-2-phenylamino-cyclobut-2-enylidenemethyl]quinolinium
iodide (6c)

Yield 55%. Green-bluish crystals. M.p. 267-269 °C. UV/vis
(MeOH/CHCly, 99/1) Amax (log €): 699 (5.39). IR (KBr) vmax: 3436w,
2948w, 1619m, 1562w, 1535m, 1454s, 1430m, 1328m, 1257m, 1130s,
1051w, 987w, 755w. 'H NMR (300.13 MHz, DMSO-ds/CDCl3) 6:
10.72 (1H, s, NH, exchanging with D,0), 9.01 (2H, br s, CH=CH),
7.84-7.72 (7H, m, CH=CH + ArH), 7.57-7.52 (3H, m, ArH), 7.42-7.36
(5H, m, ArH), 6.16 (1H, br s, CH=C), 4.88 (1H, br s, CH=C), 4.42 (2H,
br s, NCH,(CH;)4CH3), 3.89 (2H, br s, NCH,(CH3)4CH3), 1.33-1.14
(16H, m, NCHy(CH3)4CH3), 0.95-0.91 (6H, m, N(CH,)sCH3). >C NMR
(75.47 MHz, DMSO0-dg/CDCl3) ¢: 175.9, 162.8, 138.5, 136.1, 132.0,
128.8,128.7,126.2, 124.7, 124.2, 124.1, 115.1, 93.6, 48.1 (NCH;), 48.0
(NCH,), 30.8 (2CH>), 26.3 (CH3), 25.6 (CH3), 22.0 (2CH;), 13.6 (2CH3).
HRFABMS (3-NBA): 608.366138 ([M —I]", C42H46N30"; calc.
608.364089).

3.6. Synthesis of N-(iodophenyl)aminosquarylium dyes 7:
general procedure

To a solution of the appropriate O-methylsquarylium cyanine
dye 4 (0.5 mmol), triethylamine (0.25 mmol) and 4-pyrrolidino-
pyridine (0.25 mmol) in anhydrous CH,Cl, (20 mL), under N
atmosphere, was added an excess of 3-iodophenylamine
(2.5 mmol). After being stirred under reflux for 40-48 h, the reac-
tion mixture was cooled to r.t. and worked-up as described for the
synthesis of dyes 5.

3.6.1. 3-Hexyl-2-[3-(3-hexyl-3H-benzoselenazol-2-ylidenemethyl)-
2-(3-iodophenylamino )-4-oxocyclobut-2-enylidenemethyl]
benzoselenazol-3-ium iodide (7b)

Yield 40%. Blue crystals. M.p. 261-263 °C. UV/vis (MeOH/CH,Cl,,
99/1) Amax (l0g €): 666 (5.26). IR (KBr) rmax: 3456w, 2924w, 1627w,
1537w, 1440s, 1347w, 12535, 1175m, 1158m, 1133m, 984m, 746w. H
NMR (300.13 MHz, DMSO-dg/CDCl3) é6: 7.98 (2H, br d, ] = 6.2, ArH),
7.70-7.67 (2H, m, ArH), 7.47-7.29 (8H, m, ArH), 6.49 (1H, br s,
CH=C), 5.20 (1H, br s, CH=C), 4.21 (2H, br s, NCH,(CH;)4CH3), 3.95
(2H, br s, NCHy(CH3)4CH3), 1.70-1.20 (16H, m, NCHa(CH,)4CHs),
0.89 (6H, br s, N(CH;)5CH3). 13C NMR (75.47 MHz, DMSO-dg/CDCl3)
0: 176.5, 160.1, 141.7, 134.7, 1321, 130.4, 128.4, 127.4, 125.8, 124.6,
1229, 114.1, 94.2, 47.1 (2NCH,), 30.8 (2CHa), 26.9 (2CH,), 25.7
(2CHy), 22.0 (2CHy), 13.7 (2CH3). HRFABMS (3-NBA): 838.0652
(M —1]*, CagHa1N3078Se,I™; calc. 838.0640), 840.0662 ([M —I]7,
C3gHs1N30  785e89Sel™; calc. 840.0633), 842.0658 ([M—I],
C3gH41N308%Se,1™; calc. 842.0625).

3.6.2. 1-Hexyl-2-[3-(1-hexyl-1H-quinolin-2-ylidenemethyl)-2-
(3-iodophenylamino )-4-oxocyclobut-2-
enylidenemethyl]quinolinium iodide (7c)

Yield 55%. Green-bluish crystals. M.p. 267-269 °C. UV/vis
(MeOH/CH2Cly, 99/1) Amax (log ¢): 696 (5.27). IV (KBr) vmax: 3426w,
2935w, 1619w, 1563w, 1531w, 1470s, 1434s, 1332m, 1261m, 1146s,
1055w, 989w, 747w. 'H NMR (250.13 MHz, CDCl3) 6: 11.00 (1H, br s,
NH, exchanging with D,0), 9.04 (2H, br s, CH=CH), 7.81-7.26 (12H,
m, CH=CH + ArH), 7.13 (2H, t, ] = 8.0, ArH), 6.00 (1H, br s, CH=C),
4.80 (1H, br s, CH=C), 4.15 (4H, br s, NCH»(CH;)4CH3), 1.90-1.21
(16H, m, NCH,(CH>)4CH3), 0.91-0.86 (6H, m, N(CH,)sCH3). >°C NMR
(62.90 MHz, CDCl3) 6 (ppm): 177.2,163.1, 139.3, 138.1, 134.5, 132.4,
132.1, 1304, 129.2, 125.2, 123.6, 115.4, 93.3, 49.2 (2NCH), 315
(2CHy), 27.4 (2CHy), 26.4 (2CH3), 22.6 (2CH3), 14.1 (2CH3). HRFABMS
(3-NBA): 734.2623 ([M — I|*, C42H4s5N301™; calc. 734.2607).

3.7. Synthesis of N',N’-dimethylhidrazinosquarylium dyes 8:
general procedure

To a solution of the appropriate O-methylsquarylium cyanine
dye 4 (0.5 mmol) in anhydrous CH,Cl, (30 mL), under N, atmo-
sphere, was added excess N,N-dimethylhydrazine (2.5 mmol). After
being stirred at r.t. for 20-24 h, the reaction mixture was worked-
up as for dyes 5.

3.7.1. 2-[2-(N',N'-Dimethylhydrazino )-3-(3-hexyl-3H-
benzothiazol-2-ylidenemethyl)-4-oxocyclobut-2-enylidenemethy!l]-
3-hexylbenzothiazol-3-ium iodide (8a)

Yield: 52%. Blue crystals. M.p. 274 °C (dec.). UV/vis (MeOH/
CH,Clp, 99/1) Amax (log €): 657 (5.42). IR (KBr) vmax: 3428s, 2925w,
1631m, 1562w, 1434s, 1353w, 1255m, 1241m, 1180m, 1155m, 1135w,
979w, 744w. TH NMR (250.13 MHz, CDCl3) ¢: 10.32 (1H, s, NH,
exchanging with D,0), 7.61 (1H, d, = 8.0, ArH), 7.53-7.30 (5H, m,
ArH), 7.23-7.17 (2H, m, ArH), 7.09 (1H, s, CH=C), 6.34 (1H, s, CH=C),
451 (2H, t, J=7.3, NCHy(CHy)4sCH3), 4.07 (2H, t, J=73,
NCH,(CHp)4CH3), 2.97 (6H, s, N(CHs3);), 1.92-1.84 (4H, m,
NCH2CH,(CHz)3CH3), 1.46-1.32 (12H, m, N(CH,)2(CH,)3CH3), 0.94-
0.88 (6H, m, N(CH5)sCH3). 13C NMR (62.9 MHz, CDCl3) é: 174.2,
163.0, 162.4, 159.2, 157.0, 154.7, 141.0, 140.9, 128.9, 128.2, 127.8,
127.3, 125.2, 124.2, 122.4, 122.2, 113.0, 111.5, 91.8, 86.9, 48.4
(N(CHs3),), 47.8 (NCHy), 46.5 (NCH>), 31.6 (CHy), 31.4 (CHy), 28.2
(CHy), 27.2 (CHy), 26.8 (CH3), 26.5 (CH3), 22.5 (2CH3), 14.1 (CH3),14.0
(CH3). HRFABMS (3-NBA): 587.290010 ([M — I]*, C34H43N40S3; calc.
587.287831).

3.7.2. 2-[2-(N',N’-Dimethylhydrazino)-3-(3-hexyl-3H-
benzoselenazol-2-ylidenemethyl)-4-oxocyclobut-2-
enylidenemethyl]-3-hexylbenzoselenazol-3-ium iodide (8b)

Yield 47%. Blue crystals. M.p. 222 °C (dec.). UV/vis (MeOH/
CHyCly, 99/1) Amax (10g ¢): 675 (5.33). IR (KBF) rpmax: 3450m, 2926w,
1627w, 1563w, 1429s, 1349m, 1292w, 1251s, 1181m, 1157m, 1134w,
979w, 750w. 'H NMR (250 MHz, CDCl3) 6: 10.44 (1H, s, NH,
exchanging with D,0), 7.74 (1H, d, = 7.5, ArH), 7.67 (1H, d, J=7.5,
ArH), 7.60-7.14 (7H, m, CH=C + ArH), 6.53 (1H, s, CH=C), 4.51 (2H,
t,] = 7.3, NCH»(CH,)4CH3), 4.05 (2H, t, ] = 7.3, NCH»(CH,)4CH3), 2.97
(6H, s, N(CH3)), 1.86-1.84 (4H, m, NCH,CHy(CH>)3CH), 1.38-1.36
(12H, m, N(CH;)2(CH)3CH3), 0.95-0.89 (6H, m, N(CH;)sCHs). 3C
NMR (62.9 MHz, CDCl3) é: 175.2, 166.0, 162.8, 161.4, 156.8, 154.8,
142.4,142.3,129.7,128.5,127.7,127.4,125.3,125.2,124.2,114.7,113 .4,
95.6, 91.5, 48.5 (N(CH3)2), 47.5 (2CH3), 31.7 (CHy), 31.4 (CH,), 28.0
(CH,), 27.1 (CHy), 26.8 (CHa), 26.5 (CHy), 22.6 (CHy), 22.5 (CH>), 14.2
(CHs), 141 (CHs). HRFABMS (3-NBA): 679.180359 ([M —IJ*,
C34H43N4078Sed;  calc.  679.178295), 681180049 ([M—1I]T,
C34H43N4078880Se*:  cale. 681.177512), 683.177552 ([M —1I]7,
C34H43N40%9Se3; calc. 683.176728).
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3.7.3. 2-[2-(N',N'-Dimethylhydrazino)-3-(1-hexyl-1H-quinolin-2-
ylidenemethyl)-4-oxocyclobut-2-enylidenemethyl]-1-
hexylquinolinium iodide (8c)

Yield 56%. Green-bluish crystals. M.p. 224 °C (dec.). UV/vis
(MeOH/CH,Cly, 99/1) Amax (log €): 708 (5.34). IR (KBr) rmax: 3432w,
2927w, 1625w, 1562w, 1470s, 1434m, 1334m, 1262m, 1159s, 1145s,
1056w, 982w, 749w. 'H NMR (250.13 MHz, CDCl3) é: 10.53 (1H, s,
NH, exchanging with D-0), 9,20 (1H, d, ] = 9.5, CH=CH), 9.01 (1H, d,
J=9.5, CH=CH), 7.73-7.33 (10H, m, ArH), 6.62 (1H, s, CH=C), 6.43
(1H, s, CH=C), 4.70 (2H, br s, NCH,(CH;)4CHs), 4.11 (2H, br s,
NCHy(CH)4CHs), 3.06 (6H, s, N(CHs3)), 1.89-1.38 (16H, m,
NCH,(CH,)4CH3), 0.99-0.90 (6H, m, N(CH,)sCHs). 3C NMR
(62.90 MHz, CDCls) é: 175.1, 165.1, 156.3, 153.7, 152.8, 150.2, 139.7,
1394, 135.8, 133.5, 132.3, 131.6, 129.3, 129.0, 125.8, 125.7, 125.3,
124.9, 1241, 116.1, 114.5, 98.1, 94.4, 49.2 (NCH;), 49.0 (NCH;), 48.4
(N(CHs),), 31.8 (CH3), 31.7 (CHy), 27.9 (2CH3), 26.9 (CH3), 26.8 (CH>),
22.9 (CHy), 22.7 (CHy), 14.3 (CH3), 14.2 (CH3). HRFABMS (3-NBA):
575.375490 ([M — I]*, C3gHa7N4O™: calc. 575.374988).

3.8. Synthesis of N'-(2-sulfoethyl)aminosquarylium dyes 9:
general procedure

To a solution of the appropriate O-methylsquarylium cyanine
dye 4 (0.3 mmol) and triethylamine (2.0 mmol) in anhydrous
CH,Cl, (70 mL), under N, atmosphere, was added a 5-fold excess of
2-aminoethylsulfonic acid. After being stirred at 40 °C for 24 h, the
reaction mixture was cooled to r.t. and washed with water. The
organic layer was dried over NaySOy, the solvent removed under
reduced pressure and the resulting residue recrystallized from
CHCl3/MeOH.

3.8.1. 3-Hexyl-2-[3-(3-hexyl-3H-benzothiazol-2-ylidenemethyl)-4-
0x0-2-(2-sulfo-ethylamino )cyclobut-2-
enylidenemethyl]benzothiazol-3-ium inner salt (9a)

Yield: 84%. Purple crystals. M.p. 300 °C (dec.). UV/vis (MeOH/
CHCly, 99/1) Amax (log ¢): 658 (5.29). IR (KBr) vmax: 3446w, 2929w,
1631w, 1570w, 1458s, 1433s, 1356m, 1240s, 1178s, 1157m, 1133m,
985w, 746w. 'H NMR (400.13 MHz, CDCl3) 6: 8.51 (1H, s, NH,
exchanging with D,0), 748 (1H, d, J=7.2, ArH), 730 (1H, t, ] = 7.5,
ArH), 7.06-6.94 (5H, m, ArH), 6.63 (1H, d, J=7.8, ArH), 6.47 (1H, s,
CH=C), 6.18 (1H, s, CH=C), 4.43 (2H, br s, NCH,(CH;)4CHs3),
4.23-417 (4H, m, N(CH,),S), 3.85 (2H, br s, NCH,(CH3)4CH3),
1.74-1.67 (4H, m, NCH,CH,(CH)3CH3), 1.44-121 (12H, m,
N(CH;)2(CH;)3CH3), 0.87 (3H, br s, N(CH;)sCH3). 0.80 (3H, br s,
N(CH3)5CH3). 13C NMR (100.62 MHz, CDCl3) 6: 174.9, 164.9, 162.8,
159.1,158.6, 155.4,140.7,140.6, 129.1,128.2,127.1,127.0, 124.4,123.7,
122.2,121.9, 111.9, 111.3, 88.5, 88.0, 65.6 (NCH,CH,S), 46.6 (NCH>),
46.1 (NCH3), 44.8 (NCH,CH,S), 31.5 (2CH>), 27.8 (CH3), 27.4 (CH>),
26.5 (CHy), 26.1 (CHy), 22.4 (2CHy), 14.0 (CH3), 13.9 (CH3). HRFABMS
(3-NBA): 668.230004 ([M + H]", C34H42N30557; calc. 668.228662).

3.8.2. 1-Hexyl-2-[3-(1-hexyl-1H-quinolin-2-ylidenemethyl)-4-oxo-
2-(2-sulfo-ethylamino )cyclobut-2-enylidenemethyl]quinolinium
inner salt (9c)

Yield: 65%. Purple crystals. M.p. 299 °C (dec.). UV/vis (MeOH/
CH,Cly, 99/1) Amax (log €): 709 (5.76). IR (KBr) vmax: 3444w, 2950w,
1621w, 1562w, 1473s, 1454s, 1415m, 1342m, 1257m, 1141s, 1052w,
987w, 746w. 'H NMR (400.13 MHz, CDCl3) 6: 9.09 (1H, d, J=8.9,
CH=CH), 9.00 (1H, s, NH, exchanging with D,0), 8.71 (1H, d,J=9.4,
CH=CH), 7.58 (1H, d, J=9.4, CH=CH), 7.46-739 (2H, m, ArH),
7.25-7.08 (6H, m, CH=CH + ArH), 6.89 (1H, d, J=8.5, ArH), 6.24
(1H, s, CH=C), 585 (1H, s, CH=C), 4.51-4.20 (6H, m,
NCHz(CH2)4CH3 + N(CHZ)ZS), 3.94 (ZH, br S, NCHz(CH2)4CH3), 1.71-
1.26 (16H, m, NCHy(CH>)4CH3), 0.90 (3H, br s, N(CH;)sCH3). 0.81

(3H, br s, N(CH3)5CHs). 3C NMR (100.62 MHz, CDCl3) é: 175.5,167.7,
158.4, 154.7, 152.2, 149.6, 139.3, 138.9, 135.2, 132.6, 131.5, 131.3,
128.7,126.3, 125.6, 125.2, 124.5, 123.6, 115.1, 114.4, 95.6, 94.5, 65.4
(NCHCH,;S), 48.0 (NCH3), 47.9 (NCHy), 44.6 (NCH>CH,S), 31.7 (CHy),
31.6 (CHy), 27.5 (CHy), 27.0 (CHy), 26.2 (CHy), 26.0 (CHy), 22.5
(2CH3), 14.1 (CH3). HRFABMS (3-NBA): 656.315586 ([M +H]",
C33H46N305S+; calc. 656.315819).

4. Conclusions

Several aza-substituted squarylium cyanines derived from
benzothiazole, benzoselenazole and quinoline could be prepared
from their readily accessible unsubstituted counterparts by an
expeditious method involving the methylation of one of the oxygen
atoms of the central squaric ring, followed by the nucleophilic
substitution by an appropriate amine or amine-like group. The
inclusion of benzylamino, anilino, 3-iodoanilino, N,N-dimethylhy-
drazino and 2-aminoethylsulfonic groups in the starting squary-
lium cyanines by this procedure, gives rise to substituted dyes with
strong absorption bands within the phototherapeutic window, in
general, closer to the near-infrared than their unsubstituted
analogues.
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