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ABSTRACT

A series of monomeric and dimeric cyanine dyes belonging to the thiazole orange family have been
prepared via an improved synthetic procedure, by the reaction of the monomethine dye containing
an iodoalkyl group with tertiary diamine linkers under microwave irradiation. The effects of
microwave power and irradiation time on yield were examined. The electronic absorption and
steady-state fluorescence spectra of prepared dyes have been investigated. Fluorescence
properties indicate significance in singlet oxygen sensitization and make the present compounds

potential candidates in the area of photodynamic therapy.
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1. Introduction

Interest in nonradioactive DNA stains that are stable under
gel electrophoretic conditions has led to the synthesis and
characterization of a family of homo- and heterodimeric
DNA-binding dyes (7-3). Organic fluorescent probes (FPs)
are, as a rule, polycyclic aromatic cations with the planar
structure capable of incorporating (intercalating) between
the planes of the DNA bases, pulling apart these planes
and changing the structure of nucleic acids. Binding with
nitrogen bases enhances the fluorescence intensity of the
probe compared to the free molecule (in solution), and
this property of FP is widely used in various fields of
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molecular biology and biochemistry. Tetra cationic
bis-intercalators cyanine dyes; 1-(3-((3-(dimethyl(3-(4-((2)-
(3-methylbenzold]thiazol-2(3H)-ylidene)methyl)quinolin-1-
ium-1-yl)propyl)-ammonio)propyl)(metheyliumyl)(methyl)-
l4-azanyl)-propyl)-4-((Z)-(3-methylbenzo[d]thiazol-2(3H)-yli-
dene)methyl)quinolin-1-ium TOTO-1 (Figure 1) and their
analogues occupy the most important class among bis-
intercalating dyes (4, 5). They have a higher affinity to
DNA than mono-intercalators dicationic thiazole orange
(TO) (6, 7), since these bis-intercalators contain two interca-
lating groups. Bis-intercalating TOTO-1 dyes have a weak
fluorescence in the free state, but they sharply (more
than 1000 times) increase fluorescence due to binding
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Figure 1. TOTO dye.

with DNA (4) and, therefore, they are widely used in biologi-
cal, medical and drug development areas as fluorescent
labels and probes (8-15). They found also applications in
genetic studies and modern diagnostic methods (7-3), for
examples, in the case of the polymerase chain reaction
for cancer diagnostics at early stages of the disease; for
diagnostics of infection diseases (7-4), including AIDS; for
the identification of DNA samples in criminal law (76, 17);
flow cytometry (78), DNA sequencing (79, 20) and quantifi-
cation of nucleic acids in capillary and gel electrophoresis
(21-23). Besides, they are commonly applied to lasers (24),
electronics (25), nonlinear optics (26) and solar cells (27).

According to the classical method, bis-intercalating
TOTO families were synthesized by the reaction of the
monomethine dye containing a haloalkyl group with ter-
tiary diamine linkers in DMF for 12 h as minimum (5, 28—
33). In some cases, the reaction required long time and
may exceed 3 days followed by the addition of methanol
and keeping of the reaction mixture at 0°C and in this
case, the yield of the product does not exceed 25% (3).
Thus, the problem of improvement of methods for
their synthesis seems to be urgent. Therefore, we
report a rapid and more efficient method to synthesize
these types of very important dyes by using microwave
irradiation. The reported method achieves the Greenness
approach in the manuscript in addition to the approach
that it does not require additional recrystallization/purifi-
cation steps, which are often necessary and can be
demanding for these types of reactions. Microwave
irradiation presents a powerful tool toward organic reac-
tions and is known as environmentally benign method,
which offers several advantages, including shorter reac-
tion times, cleaner reaction profiles and simple exper-
imental/product isolation procedures (34-36).

In addition to this developed synthetic method, the
electronic absorption and steady-state fluorescence
spectra were also reported.

2. Experimental
2.1. Measurements

Melting points were taken on a XT-4 micromelting appar-
atus and are uncorrected. IR spectra were recorded with
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PERKIN ELMER MODEL 1720 FTIR spectrometer. '"HNMR
and ">C-NMR spectra were measured with a Varian EM
390 and Bruker AC-250 spectrometers respectively. The
chemical shifts in ppm are expressed in the & scale
using tetramethylsilane (Me,Si) as internal standard.
Coupling constants are given in Hz. Fast Atom Bombard-
ment Mass Spectrometry [FAB-MS] were recorded in a
Micromass Autospec M, operating at 70 eV, using a
matrix of 3-nitrobenzyl alcohol. UV-VIS absorption
spectra were recorded on a Shimadzu UV-1700 UV-VIS
spectrometer. Fluorescence spectra were recorded on a
Hitachi F-4500 Spectrofluorimeter. TLC was performed
on Merck silica gel 60-F 254 precoated plastic plates.

2.2. Synthetic procedure

Monomethine cyanine dyes 1,_¢ were prepared in good
yields via microwave-assisted solvent-free method
according to our previously reported method (37).

A series of mono-intercalators dicationic thiazole orange
(TO) 2,.¢ and bis-intercalating tetra cationic (TOTO) 3,_,
dyes were successfully synthesized with high yields of
75-90% within 78-110 min using modified microwave
irradiation at 70-120 watts in the presence of DMF and
few drops of triethyl amine as a base (Schemes 1, 2).

It is necessary to emphasize that the dyes 2, 2y, 2¢
and 3, were previously synthesized by classical
methods according to literatures (28, 29) and were
used for other purposes.

The chemical structures of prepared (TOTO) 3,_y, dyes
and their corresponding starting materials are listed
(Table 1).

All microwave reactions were conducted using Start S
Milestone S/N 129802 microwave apparatus.

2.2.1. General procedure for preparation of
dicationic cyanine diamino derivatives dyes (2,_¢)

A mixture of equivalent amount of monomethine
cyanine dyes 1 (1 mmol) and corresponding diamino
linker L (1 mmol) in the presence of DMF (20 mL) and
few drops of triethylamine is subjected to microwave
irradiation with stirring for proper time and power. The
reaction progress was monitored by TLC (eluent, Pet.
ether : ethyl acetate, 3 : 1). The precipitates that
formed were filtered off, washed with CH5Cl, and dried
at 60°C. The details of reaction conditions and yields
are provided in Table 2 and the optimizing process for
experimental conditions of dye 24 is listed in Table 3.

2.2.1.1.  1-[3-[[3-(dimethylamino)propylldimethylam-
monio]propyl]-4-[(3-methyl-2(3H)-benzothiazolylide-

ne)methyl]-quinolinium, iodide (2,). Reddish orange
crystals, m.p.: 230-231°C; IR (KBr): v=1519, 1612 cm™!
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Scheme 1. Microwave synthesis of monomeric thiazole orange (TO) 2,.

(C=C, C=N); "HNMR (DMSO-d): & (ppm) = 1.80-187 (m,
2H, CH,), 2.14 (s, 6H, N(CH3),), 2.23-2.32 (m, 4H, 2CH,),
3.07 (s, 6H, 2CHs), 3.28-3.36 (m, 2H, CH,), 3.50-3.61 (m,
2H, CH,), 4.06 (s, 3H, NCHs), 4.62-4.71 (m, 2H, NCH,),
6.97 (s, 1H, =CH), 7.42-7.58 (m, 4H, Ar-H), 7.72-7.85 (m,
3H, Ar-H), 8.72-8.85 (m, 3H, Ar-H); ">*CNMR: & (ppm) =
19.9, 224 (2CH,), 33.9 (NCHs), 449 (N(CHs),), 503
(N*(CH5),), 50.7 (NCH,), 55.5 (NCH,), 59.7 (CH,), 62.3
(NCH,), 884 (=CH), 107.8, 113.1, 117.8, 1228, 123.9,

124.1, 124.6, 125.5, 126.71, 128.2, 133.3, 136.9, 1404,
144.1, 148.5 (Ar-C), 160.4 (NCS).

2.2.1.2.  1-(4,4-bipyridyl)-4-[(3-methyl-3H-benzothia-
zol-2-ylidene)methyl(] quinolinium diiodide (2,).
Reddish brown crystals, m.p.: 223-224°C; FAB =615(742-
127), 488(615-127); "HNMR (DMSO-dg): & (ppm) = 2.66-
2.73 (m, 2H, CH,), 4.00 (s, 3H, NCHa), 4.79 (t, J=6.8 Hz,
2H, CH,), 4.88 (t, J=6.8 Hz, 2H, CH,), 6.88 (s, 1H, =CH),
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Scheme 2. Microwave synthesis of homo-and hetero-dimmeric TOTO's dyes 3,_.

7.26-7 44 (m, 5H, Ar-H), 7.59-7.75 (m, 3H, Ar-H), 7.95-8.14
(m, 4H, Ar-H), 8.39-8.57 (m, 2H, Ar-H), 8.97-9.26 (m, 4H, Ar-
H); 3CNMR: 6 (ppm) =29.7 (CH,), 33.9 (NCH3), 51.0, 57.7
(2NCH,), 88.5 (=CH), 107.7, 113.1, 118.0, 121.6, 122.8,
123.8, 1240, 124.6, 125.2, 126.7, 128.1, 133.2, 136.8,
140.3, 140.5, 142.0, 145.2, 1484, 150.8, 152.2 (Ar-C),
160.3 (NCS); C31H25N4SI,+H50 (760); C, 48.96; H, 3.98, N,
7.37; Found: C, 48.77; H, 4.06, N, 6.99.

2.2.1.3.  1-(N,N-dimethylcyclohexanamine)-4-[(3-me-
thyl-3H-benzothiazol-2-ylidene)methyl(] quinolinium
diiodide (2.). Reddish orange crystals, m.p.: 210-211°C;
FAB =586 (713-127), 459 (586-127); "HNMR (DMSO-dg):
5 (ppm)=1.88-242 (m, 12H, 6CH,), 3.01 (s, 6H,
N*(Me),), 3.37 (t, J=6.6 Hz, 2H, NCH,), 3.54 (m, 1H,
NCH), 4.04 (s, 3H, NCH5), 4.65 (t, J=6.6 Hz, 2H, NCH,),
6.94 (s, 1H, =CH), 7.39-7.55 (m, 4H, Ar-H), 7.70-7.85
(m, 3H, Ar-H), 8.71-8.83 (m, 3H, Ar-H); CyoHs,NsSl;

(713.51); C, 48.82; H, 5.23, N, 5.89; Found: C, 49.48; H,
5.31, N, 5.86.

2.2.1.4. 1-(N,N-dimethyl-4-pyridinamine)-4-[(3-meth-
yl-3H-benzothiazol-2-ylidene)methyl(]quinolinium
diiodide (2,). Reddish orange crystals, m.p.: 287-288°C;
FAB =581(708-127), 454 (581-127); IR (KBr): v=1512,
1612 cm™" (C=C, C=N); 'HNMR (DMSO-dg): & (ppm) =
242-251 (m, 2H, CH,), 3.17 (s, 6H, 2CHs), 4.04 (s, 3H,
CHs), 4.41 (t, J=6.8 Hz, 2H, CH,), 4.69 (t, J=6.8 Hz, CH,),
6.92 (s, 1H, =CH), 7.02-7.18 (m, 4H, Ar-H), 7.49-7.65 (m,
3H, Ar-H), 7.98-8.35 (m, 5H, Ar-H), 8.68-8.81 (m, 2H, Ar-
H); ">CNMR: & (ppm)=29.6, 51.1, 53.9 (3CH,), 33.9
(CHs), 39.7 (2CH5), 88.2 (=CH), 107.6, 107.8, 113.0, 117.9,
122.8, 123.8, 124.1, 124.5, 125.8, 126.7, 128.1, 133.2,
136.9, 1403, 141.7, 1440, 1484, 155.7 (Ar-C), 160.2
(NCS); CugH30laN4S (708.4); C, 46.29; H, 4.44, N, 7.71;
Found: C, 46.02; H, 4.50, N, 7.45.
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Table 1. Structures and starting compounds of dimmeric thiazole orange (TOTO) cyanine dyes (3,_g).

Dye Structures Stirting
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2.2.1.5. 1-(N,N"- tetramethyl-1,3-propane diamino)-4- 603 (730-127), 476 (603-127); 'HNMR (DMSO-de): &
[(3-ethyl-3H-benzothiazol-2-ylidene)methyl(]quinoli- (ppm) =140 (t, J =7.1 Hz, 3H, CHs), 1.83-1.91 (m, 2H,
nium diiodide (2,). Red crystals, m.p.: 235-236°C; FAB = CH,), 2.14 (s, 6H, 2CH;3), 2.25-2.39 (m, 4H, 2CH,), 3.08



Table 2. The reaction conditions and yields for dicationic cyanine
derivatives dyes (2,_).
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Table 4. The reaction conditions and yields for homo- and
heterodimeric TOTO's analogues dyes (3,_g).

Dyes Power (W) Time (min) Yield (%) Dyes Power (W) Time (min) Yield (%)
2, 100 90 90 3, 80 110 89
2 120 110 80 3 90 110 87
2. 100 100 87 3 80 90 85
24 100 90 85 34 85 90 80
2. 100 90 81 3e 85 100 80
2 110 100 85 3¢ 80 78 78
34 70 80 85

Table 3. The effect of microwave power and irradiation time on
dye 2.

Power (W) Time (min) Yield (%)
80 50 45
80 55 48
80 60 58
80 63 57
90 60 65
90 70 73
90 75 68
100 75 75
100 85 87
100 90 91
100 93 88

(s, 6H, 2CHs), 3.30-3.42 (m, 2H, CH,), 3.53-3.64 (m, 2H,
CH,), 4.65-4.82 (m, 4H, 2CH,), 6.96 (s, 1H, =CH), 7.38-
7.55 (m, 4H, Ar-H), 7.70-7.86 (m, 3H, Ar-H), 8.69-8.84
(m, 3H, Ar-H); *CNMR: & (ppm) = 12.3 (CH3), 19.9 (CH,),
224 (CH,), 41.2 (CH,), 449 (2CH5), 50.3 (CHs), 50.7
(CH,), 87.7 (=CH), 107.8, 1128, 117.8, 123.0, 124.1,
1246, 1259, 1268, 1283, 1333, 136.9, 139.4, 144.0,
148.7 (Ar-C), 159.4 (NCS).

2.2.1.6. 1-(N,N’- tetramethyl-1,3-propanediamino)-4-
[(3-benzyl-3H-benzothiazol-2-ylidene)methyl(] quinoli-
niumdiiodide (2¢). Reddish orange crystals, m.p.: 219-
220°C; FAB=665 (792-127); 'HNMR (DMSO-dg): &
(ppm)= 1.83-1.92 (m, 2H, CH,), 2.01 (s, 6H, 2CHs), 2.23-
2.46 (m, 4H, 2CH,), 3.03 (s, 6H, 2CHs), 3.32 (t, J=6.8 Hz,
2H, CH,), 3.50 (t, J=6.4 Hz, 2H, CH,), 4.55-4.58 (m, 2H,
CH,), 6.00 (s, 2H, CH,), 7.02 (s, TH, =CH), 7.29-7.44 (m,
4H, Ar-H), 7.71-7.85 (m, 3H, Ar-H), 7.98-8.28 (m, 5H,
Ar-H), 8.52-8.68 (m, 3H, Ar-H); ">*CNMR: & (ppm)=19.9
(CH,), 22.2 (CH.), 40.7 (2CH5), 44.9 (2CHs), 50.3, 50.9,
55.5, 59.6, 62.1, (5CH,), 88.6 (=CH), 108.1, 113.1, 118.0,
123.1, 1238, 124.2, 1248, 125.5, 126.6, 126.9, 127.8,
1284, 1289, 1334, 1350, 137.0, 140.3, 144.5, 1488
(Ar-C), 159.9 (NCS); C34H42N,SI,+3H,0 (846.8); C, 48.23;
H, 5.71, N, 6.62; found: C, 48.56; H, 4.86, N, 6.12.

2.2.2. General procedure for preparation of homo-
dimeric TOTO’s analogue dyes (3,_.)

A mixture of monomethine cyanine dyes 1 (1 mmol) and
corresponding diamino linker L (T mmol) in the presence
of DMSO (10 mL) and few drops of triethylamine was

subjected to microwave irradiation with stirring for
proper time and power. The precipitates that formed
were filtered off, washed with hot acetone and dried at
60°C. The details of reaction conditions and yields are
provided in Table 4.

2.2.2.1. 1,17-(1,2-di(4-pyridyl)-ethane)-bis-4-[(3-
methyl-2,3-dihydro-2(3H)-benzo-1,3-thiazole)methyl]
quinolinium tetraiodide 3, Reddish brown crystals,
m.p.: 269-270°C; "HNMR (DMSO-dg): & (ppm) = 2.63-2.77
(M, 4H, 2CH,), 3.29-3.42 (m, 4H, 2CH,), 3.98 (s, 6H, 2CHs),
4.76-4.85 (m, 8H, 4CH,), 6.89 (s, 2H, 2=CH), 7.19-7.30 (m,
5H, Ar-H), 7.42-7.59 (m, 4H, Ar-H), 7.78-8.02 (m, 4H, Ar-
H), 8.26-8.42 (m, 5H, Ar-H), 8.55-8.69 (m, 4H, Ar-H), 8.82—
9.05 (m, 6H, Ar-H); *CNMR: & (ppm)=294, 33.9, 51.1,
57.8, (8CH,), 34.0 (2CHs), 88.6 (2C=H), 107.6, 112.9, 118.0,
121.5, 1229, 123.8, 1240, 124.5, 125.1, 1258, 126.7,
128.1, 133.2, 1334, 136.7, 140.1, 1439, 1448, 148.2,
150.0 (Ar-C), 160.2, (2NCS); Cs4HsNgSols (1356.8); C,
47.80; H, 3.86, N, 6.19; Found: C, 47.67; H, 3.97, N, 6.28.

2.2.2.2. 1,1-(5,5,9,9-tetramethyl-5,9-diazatrideca-
meth-ylene)-bis[4-[3-methyl-2,3-dihydro(benzo-1,3-

thiazole)-2-methylidene]lquinolinium tetraiodide 3,.
Reddish brown crystals, m.p.. 259-260°C; FAB=1203
(1330-127), 1076 (1203-127); IR (KBr): v=1519,
1612cm™" (C=C, C=N); 'HNMR (DMSO-dg): & (ppm)=
1.93-2.12 (m, 8H, 4CH,), 2.30-2.41 (m, 2H, CH,), 3.34 (s,
12H, 4CHs), 3.69 (t, J=6.8 Hz, 4H, 2CH,), 3.57-3.64 (bt,
4H, 2CH,), 3.95 (s, 6H, 2CH3), 4.62-4.69 (bt, 4H, 2CH,),
6.77 (s, 2H, 2=CH), 7.15-7.27 (m, 5H, Ar-H), 7.40-7.55 (m,
4H, Ar-H), 7.77-7.92 (m, 4H, Ar-H), 8.22-8.38 (m, 3H, Ar-
H), 8.56-8.70 (m, 4H, Ar-H); Cs;HgaNgS,l4+2H,0 (1366.88);
C, 44.82; H, 4.87, N, 6.15; Found: C, 44.73; H, 4.90; N, 5.78.

2.2.2.3. 1,1-(6,6,10,10-tetramethyl-6,10-diazapenta
dca- methylene)-bis[4-[3-methyl-2,3-dihydro(benzo-
1,3- thiazole)-2-methylidene]]quinoliniumtetraiodide
3. Red crystals, m.p.: 254-255°C; FAB=1231(1358-
127), 1104 (1231-127); IR (KBr): v=1469 (SH), 1519,
1612 cm™" (C=C, C=N); '"HNMR (DMSO-dg): 6 (ppm) =
1.43-1.52 (m, 4H, 2CH,), 1.83-1.93 (m, 4H, 2CH,), 5.88-
5.87 (m, 4H, 2CH,), 2.22-2.29 (m, 2H, CH,), 3.13 (s, 12H,
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4CH;), 3.36-3.42 (m, 8H, 4CH,), 3.98 (s, 6H, 2CHs), 4.58-
4.70 (m, 4H, 2CH,), 6.82 (s, 2H, 2=CH), 7.23-7.38 (m, 5H,
Ar-H), 7.52-7.68 (m, 4H, Ar-H), 7.84-7.96 (m, 4H, Ar-H),
8.28-839 (m, 3H, Ar-H), 858-876 (m, 4H, Ar-H);
3CNMR: 6 (ppm) = 16.8, 21.5, 22.6, 28.3, 53.5, 59.4, 63.2,
(13CH,), 33.9 (2CH;), 50.4 (4CHs), 88.0 (2=CH), 107.6,
112.8, 117.9, 122.7, 123.7, 1240, 1243, 125.7, 126.6,
128.0, 133.1, 136.8, 140.2, 144.0, 148.2 (Ar-C), 159.8
(2NCS); Cs3HeeNeS2la+3H,0 (1413); C, 45.04; H, 5.18, N,
5.95; Found: C, 44.67; H, 5.14, N, 5.69.

2.2.2.4. 1,1'-(4,4,8,8-tetramethyl-4,8-diazaundeca-
methyl ene)-bis-4-[(3-ethyl-2,3-dihydro-2(3H)-benzo-
1,3-thiazole) methyliquinolinium tetraiodide 3, Red
crystals, m.p.. 249-250°C; FAB=1203 (1330-127);
'"HNMR (DMSO-de): & (ppm) = 1.37-1.45 (bt, 6H, 2CH;),
2.33-2.46 (m, 6H, 3CH,), 3.19 (bs, 12H, 4CHs), 3.34-3.45
(m, 4H, 2CH,), 3.68-3.79 (m, 4H, 2CH,), 4.65-4.75 (m,
8H, 4CH,), 6.93 (bs, 2H, 2=CH), 7.34-7.58 (m, 5H, Ar-H),
7.70-7.86 (m, 4H, Ar-H), 7.95-8.12 (m, 4H, Ar-H), 8.38-
8.49 (m, 3H, Ar-H), 8.68-8.82 (m, 4H, Ar-H); > CNMR: &
(ppm) = 12.3 (2CHs), 16.9 (CH,), 22.5 (2CH,), 38.5 (2CH,),
41.2 (2CH,), 50.7 (4CH5), 59.9 (2CH,), 60.4 (2CH,), 87.7
(2=CH), 107.8, 112.9, 117.9, 1229, 123.9, 124.0, 124.6,
125.9, 126.8, 128.3, 133.3, 136.9, 1394, 143.9, 148.6, (Ar-
(), 159.4 (NCS); C51HgaNgS514 (1330.9); C, 46.03; H, 4.70,
N, 6.31; Found: C, 46.28; H, 4.85; N, 6.10.

2.2.2.5. 1,17-(5,5,9,9-tetramethyl-5,9-diazatrideca-
meth-ylene)-bis[4-[3-ethyl-2,3-dihydro(benzo-1,3-thia-
zole)-2-methylidene]lquinolinium  tetraiodide  3..
Reddish brown crystals, m.p.: 252-253°C; FAB=1231
(1258-127); "THNMR (DMSO-dg): & (ppm) = 1.38 (t, 6H, J
=5.3, 2CHs), 1.90-2.04 (m, 8H, 4CH,), 2.23-2.39 (m, 2H,
2CH,), 3.16 (s, 12H, 4CHs), 3.38-3.40 (m, 4H, 2CH,),
3.47-3.59 (m, 4H, 2CH,), 4.64-4.79 (m, 8H, 4CH,), 6.88-
6.93 (s, 2H, 2=CH), 7.32-7.46 (m, 5H, Ar-H), 7.63-7.78
(m, 4H, Ar-H), 7.96-8.11 (m, 4H, Ar-H), 8.37-8.45 (m, 3H,
Ar-H), 8.66-8.79 (m, 4H, Ar-H); >*CNMR: & (ppm)=12.3
(2CHs), 19.3 (4CH,), 25.7 (CH,), 41.1 (2CH,), 43.4 (2CH,),
50.4 (4CH5), 53.3 (2CH,), 59.7 (2CH,), 87.5 (2=CH), 107.9,
112.8, 118.0, 1229, 124.0, 124.5, 1249, 1258, 126.8,
128.3, 133.2, 136.8, 139.4, 144.0, 148.6, (Ar-C), 159.1
(NCS); Cs3HeeNsS2ls (1358.9); C, 46.85; H, 4.90, N, 6.18;
Found: C, 46.67; H, 5.25; N, 5.91.

2.2.3. Synthesis of 1,1'-(4,4,8,8-tetramethyl-4,8-
diazadodecamethylene)-bis[4-[3-methyl-2,3-

dihydro (benzo-1,3-thiazole)-2-
methylidene]lquinolinium tetraiodide 3;¢

A mixture of equimolar (N,N’-tetramethyl-1,3-propanedia-
mino) propyelthiazole orange 2, (1 mmol) and 1-(3-lodo-
butyl)-4-[(3-methyl-3H-benzothiazol-2-ylidene)methyl

(Iquinolinium iodide 1, (1 mmol) in presence of DMSO
(10 mL) and few drops of triethylamine is subjected to
microwave irradiation with stirring for 70 min at 80
W. The solid product was filtered off, washed with hot
acetone and dried at 60°C to afford reddish brown precipi-
tate yield 88%., m.p.: 239-240°C; FAB=1189 (1316-127),
1062 (1189-127); IR (KBr):: v=1512, 1612cm™" (C=C,
C=N); '"HNMR (DMSO-dg): & (ppm)=1.91-199 (m, 4H,
2CH,), 2.35-2.46 (m, 4H, 2CH,), 3.20 (bs, 12H, 4CH,),
3.38-4.48 (m, 4H, 2CH,), 3.40-3.46 (m, 2H, CH,), 3.68-
3.73 (bm, 2H, CH,), 4.00 (bs, 6H, 2CHs), 4.64-4.75 (m, 4H,
2CH,), 6.86 (bs, 2H, 2=CH), 7.28-7.42 (m, 5H, Ar-H), 7.68-
7.82 (m, 4H, Ar-H), 7.96-8.14 (m, 4H, Ar-H), 8.37-8.48 (m,
3H, Ar-H), 8.64-8.76 (m, 4H, Ar-H); CsoHgoNeS;l4+4H,0
(1388.9); C, 43.24; H, 4.94, N, 6.05; Found: C, 42.80; H,
4.86; N, 5.70.

2.2.4. Synthesis of 1,1'-(4,4,8,8-tetramethyl-4,8-
diazaundecamethylene)-[4-[3-(benzyl-2,3-dihydro-
2-(3h)-benzothiazolylidene)methyllquinolinium]-[4-
[3-(methyl-2,3-dihydro-2-(3h)-benzothiazolylidene)
methyl]quinolinium]tetraiodide 3,

A mixture of equivalent amounts of (N,N-tetramethyl-1,3-
propane diamino) propyelthiazole orange 2, (1 mmol), 1-
(3-lodopropyl)-4-[(3-benzyl-3H-benzothiazol-2-ylidene)-
methyl] quinolinium tetrafluoroborate 1. (1 mmol), DMSO
(10 ml) and few drops of triethylamine is subjected to
microwave irradiation with stirring for 70 min at 80
W. The solid product was filtered off, washed with hot
acetone and dried at 60°C to afford dark red crystals pre-
cipitate yield 90%, m.p. 229-230°C; FAB=1251(1378-
127); IR (KBr): v=1512, 1612cm™" (C=C, C=N); 'HNMR
(DMSO-dg): 6 (ppm) =2.35-2.46 (m, 6H, 3CH,), 3.18-3.22
(bs, 12H, 4CHs), 3.36-3.48 (m, 4H, 2CH,), 3.68-3.80 (m,
4H, 2CH,), 4.01 (s, 3H, CHs), 4.66-4.79 (m, 4H, 2CH,), 6.00
(s, 2H, NCH,Ph), 6.90, 6.97 (2s, 2H, 2=CH), 7.33-7.47 (m,
4H, Ar-H), 7.55-7.69 (m, 5H, Ar-H), 7.88-8.01 (m, 3H, Ar-
H), 8.27-8.40 (m, 6H, Ar-H), 8.48-8.59 (m, 3H, Ar-H), 8.68-
8.82 (m, 4H, Ar-H); >CNMR: & (ppm)=17.1 (CH,), 22.5
(2CH,), 34.0 (NCHs), 48.6, 50.3, 50.4, (5CH,), 50.7 (4CH5),
59.9, 60.3 (2CH,), 884, 88.5 (2=CH), 107.6, 108.1, 112.9,
117.9, 118.1, 122.7, 123.0, 123.8, 123.9, 124.0, 124.5, 124.6,
125.4, 125.8, 126.6, 126.7, 126.8, 127.8, 128.0, 128.3, 128.9,
133.3, 1334, 135.0, 136.8, 140.1, 140.2, 143.9, 144.2, 148.3,
148.5, (Ar-C), 159.8, 160.2 (2NCS); Cs5HgoNgS5l4 (1378.8); C,
45.53; H, 4.86, N, 5.79; Found: C, 45.49; H, 4.81, N, 5.81.

3. Results and discussion
3.1. Synthetic procedures

There are two main routes to modify molecular biology,
especially fluorescence properties and intercalating



activity of this class of dyes with DNA. The first is via
modification of the tertiary di-amino linkers, and the
second by changing the alkyl substituent of benzothia-
zole nucleus. In this communication, we applied these
two improvement strategies. N,N,N’,N-tetramethyl-1,3-
propanediamine (TMPDA) Lp; 1,2-di(4-pyridyl)- ethane
Lg; 4,4-bipyridyl Lc; N,N-dimethylcyclohexanamine Lp
and N,N-dimethyl-4-pyridinamine Lg are five tertiary di-
amino linkers, which were used to modify new series of
monomeric and dimeric thiazole orange (TO & TOTO)
improved dyes. In addition, changing the methyl group
of benzothiazole nucleus with ethyl and benzyl groups
(34, 3er 3g) improved the fluorescence properties of
this class of dyes.

Dyes 3¢4 were synthesized by equimolar reaction of
monomeric thiazole orange 2, and monomethine
cyanine dyes (1, & 1,). The details of reaction conditions
and yields are provided in Tables 2 and 4 and the opti-
mizing process for experimental conditions for dye 24
is listed in Table 3.

In all investigated cases, we found that (TO) and
(TOTO) dyes formation reactions preceded efficiently

Figure 2. "H-NMR spectrum of 3, in DMSO-ds.
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with high to excellent yield in short reaction time, com-
pared with the classical refluxing method. It could be
found that the yield increased obviously with prolonging
irradiation time within a certain power until achieving
optimized reaction time. It could also be found that the
reaction yield decreases under lower power and the
reaction time becomes shorter with the increase of
microwave power. This indicates that the greater the
microwave radiation power, the faster the reaction rate.

The constitution of the prepared compounds was
secured by their elemental analysis, UV-VIS absorption
spectra, IR, "THNMR, ">*CNMR; FAB-MS data. The most
characteristic bands of FTIR spectra in KBr appeared at
the range 1512-1612 cm™' for (C=C, C=N).

The 'H-NMR data are in accordance with the structure
of synthesized dyes 2, ¢ and 3,_g. The "HNMR spectrum
of 3, measured in DMSO-dg as a representative
example can be seen in Figure 2.

All 52 protons are displayed. Multiplet peak at 6 =
1.32 ppm suggested for the most shielded 4 protons
corresponding to 2 CH, groups of 1,2-di(4-pyridyl)-
ethane (linker B), as it is the furthest from any

2CH,
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electronegative atoms. The two middle —CH, groups in
propyl chain displayed as broad multiplet signal at 6 =
3.32 ppm. The singlet signal at 6= 3.98 ppm for 6
protons corresponding to 2 N-CHs; groups, these
protons appeared at downfield region as they are
deshielded with more electronegative nitrogen atom.
The broad multiplet peak at 6=4.81ppm for 8
protons corresponding to 4 N*-CH,- groups, as they
deshielded with nitrogen atoms. The meso-protons of
the methine (2=CH) groups displayed as singlet peak
at higher chemical shift 6.86 as they are close to nitro-
gen atom and also to sulfur. Besides, 28 aromatic
protons for phenyl and pyridyl rings displayed at rang
6=7.19 to 9.05 ppm, depending on the deshielding
effect by the neighboring electronegative atoms. All
"H-NMR spectra of all other synthesized dyes 2, and
3p_g could be interpreted as described for 3,.

2, ¢and 3,,_g could be interpreted as described for 3,.

The "*C-NMR spectrum of 3, measured in DMSO-dg
shows all 45 carbons as seen in Figure 3.

Four carbons corresponding to 4 CH, groups of
pyridyl and two middle for propyl appeared below 6 =

50 ppm, at §=29.4 and 33.9 ppm respectively. Four
carbon atoms correspond to 4 -N-CH, groups displayed
at higher chemical shift (§>50ppm) at 51.1 and
57.8 ppm as they are under the influence of nitrogen
atom. The two carbons of methyl (2 CHs) groups
showed signal at 6= 34 ppm, while the two carbons cor-
responding to methine (2 =CH) groups resonate at § =
88.6 ppm. Besides, 40 aromatic carbons show twenty
signals at the regions 107.6, 112.9, 118.0, 121.5, 122.9,
123.8, 124.0, 124.5, 125.1, 1258, 126.7, 128.1, 133.2,
133.4, 136.7, 140.1, 143.9, 144.8, 148.2, 150.0 ppm, the
last two remaining two carbon atoms resonate at
160.2 ppm corresponding to (2 NCS) groups. All
expected peaks of carbon atoms are seen.

All "*C-NMR spectra of all synthesized 2,_¢ (TO) and
3p-g (TOTO) dyes could be interpreted using the same
rules as described for 3, dye.

The structures of all synthesized dyes were confirmed
by "H-NMR, "*C-NMR, FTIR spectra, besides the correct
elemental analysis and mass spectrum data, the elemen-
tal analysis of synthesized dyes showed correct analytical
data.
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Figure 3. > C-NMR spectrum of 3, in DMSO-d.




3.2. Fluorescence spectral study for some
synthesized dyes

The electronic absorption spectra of the studied cyanine
dyes are shown in Figures 4-9. The dyes are generally
characterized by very small values of Stoke's shifts
between absorption and emission spectral bands indi-
cating that the absorption and emission photons
exhibit close frequencies. Other emission broad bands
in the near IR spectral range are also obtained that are
attributed to phosphorescence and are good indication
of triplet state formation. This becomes of great signifi-
cance in singlet oxygen sensitization and makes the
present compounds as potential candidates in the area
of photodynamic therapy (PDT) (38-40).

At higher energies, a second excited electronic state
absorption occurs around 290 nm. This second electronic
state gives its characteristic fluorescence at around
390 nm. This is yet a peculiar behavior of these com-
pounds since fluorescence dominates the internal con-
version (ic) photophysical process.

The electronic absorption spectra of some com-
pounds show two-split absorption peaks which are
assigned to the first singlet-state absorption of mono-
meric and J-aggregates of the dye, which is a common
phenomenon of many cyanine dyes (41, 42). Cyanine
molecules can form aggregates. Depending on the mol-
ecular orientation in these aggregate, J- and H-aggre-
gates are formed. In J-aggregate, the molecules are
aligned in a head to tail arrangement. In H-aggregate,
molecular alignment is side — by - side. J-aggregates
are characterized by sharp spectral bands that are red
shifted with respect to the monomer and by a
strong photoluminescence with almost zero stokes
shift (43).
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Figure 4. Monomer J- and H-aggregates. Adapted from ref. 43.
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Figure 5. Full absorption and emission spectra of 1.2x 107> M
ethanolic solution of dye 2,.

3.2.1. Compound [2,]
The electronic absorption spectrum of compound 2,
(Figure 5) shows two-split absorption peaks at 490 and
505 nm, which are assigned to the first singlet-state
absorption of monomeric and J-aggregates of the dye
(41, 42). These lower energy J-aggregates give a sym-
metrical fluorescence peak of emission maximum at
548 nm (Figure 5). The symmetry of this peak, together
with the fact that its spectral pattern does not alter
upon excitation at 480 nm (absorption of monomeric
species) or 510 nm (absorption of J-aggregates), indi-
cates an energy transfer from higher energy monomeric
species to lower energy aggregates during excited state
lifetime. Like cyanine dyes, the compound is character-
ized by very small values of Stoke’s shifts where absorp-
tion and emission photons exhibit close frequencies.
Another emission broad band in the spectral range
700-900 nm is also obtained that is attributed to
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Figure 6. Full absorption and emission spectra of 7.6 x 107 M
ethanolic solution of dye 2.
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Figure 7. Full absorption and emission spectra of 1.1x 107> M
ethanolic solution of dye 2.

phosphorescence and is a good indication of triplet state
formation. This becomes of great significance in singlet
oxygen sensitization.

At higher energies, a second excited electronic state
absorption occurs at 290 nm. This second electronic
state gives its characteristic fluorescence at 390 nm.
This is yet a peculiar behavior of this compound since flu-
orescence dominates the internal conversion (ic) photo-
physical process.

3.2.2. Compound [2,]
The electronic absorption spectrum of compound 2,
shows absorption peaks at 510 nm; a first excited elec-
tronic state absorption occurs at 510 nm. This first elec-
tronic state gives its characteristic fluorescence peak of
emission maximum at 542 nm (upon excitation wave-
length 480 nm).

Another emission broad band in the spectral range
680-900 nm is also obtained.
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Figure 8. Full absorption and emission spectra of 1.6 x 107> M
ethanolic solution of dye 3..
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Figure 9. Full absorption and emission spectra of 1.5x 107> M
ethanolic solution of dye 3.

3.2.3. Compound [2.]

The electronic absorption spectrum of compound 2.
(Figure 7) shows absorption peak at 508 nm; this
singlet-state absorption gives a symmetrical fluor-
escence peak of emission maximum at 544 nm. The
spectral pattern does not alter upon excitation at 480
or 508 nm.

Another emission broad band in the spectral range
680-900 nm is also obtained that is attributed to
phosphorescence.

At higher energies, a second excited electronic state
absorption occurs at 288 nm. This second electronic
state gives its characteristic fluorescence at 388 nm
(Figure 7). This is yet a peculiar behavior of this com-
pound since fluorescence dominates the internal conver-
sion (ic) photophysical process.

3.2.4. Compound [3.]

The electronic absorption spectrum of compound 3,
(Figure 8) shows absorption peaks at 480 and 505 nm,
which are assigned to the first singlet-state absorption
of monomeric and J-aggregates of the dye (47-42).
These lower energy J-aggregates give a symmetrical flu-
orescence peak of emission maximum at 560 nm. The
symmetry of this peak together with the fact the its
spectral pattern does not alter upon excitation at
480 nm (absorption of H-aggregates) or 505nm
(absorption of monomeric species) indicates an
energy transfer from higher energy monomeric
species to lower energy aggregates during excited
state lifetime.

Another emission broad band in the spectral range
675-900 nm is also obtained that is attributed to
phosphorescence.

At higher energies, a second excited electronic state
absorption occurs at 289 nm (Figure 8). This second



electronic state gives its characteristic fluorescence at
385 nm. This is yet a peculiar behavior of this compound
since fluorescence dominates the internal conversion (ic)
photophysical process.

3.2.5. Compound [3]

The electronic absorption spectrum of compound 3¢
(Figure 9) shows absorption peak at 508 nm, a first
excited electronic state absorption occurs at 508 nm,
which gives its characteristic fluorescence peak of emis-
sion maximum at 552 nm upon excitation wavelength
480 nm. Another emission broad band in the spectral
range 680-900 nm is also obtained that is attributed to
phosphorescence.

At higher energies, a second excited electronic state
absorption occurs at 288 nm. This second electronic
state gives its characteristic fluorescence at 387 nm
(Figure 9). This is yet a peculiar behavior of this com-
pound since fluorescence dominates the internal conver-
sion (ic) photophysical process.

Another emission broad band in the spectral range
680-900 nm is also obtained that is attributed to
phosphorescence.

3.2.6. Compound [3,]
The electronic absorption spectrum of compound 34
(Figure 10) shows absorption peak at 509 nm, a first
excited electronic state absorption occurs at 509 nm.
This first electronic state gives its characteristic fluor-
escence peak of emission maximum at 560 nm upon
excitation wavelength 480 nm.

At higher energies, a second excited electronic state
absorption occurs at 288 nm. This second electronic
state gives its characteristic fluorescence at 385 nm.
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Figure 10. Full absorption and emission spectra of 2.2 x 107> M
ethanolic solution of dye 3.
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4. Conclusions

We have described a rapid and highly efficient method
for the synthesis of monomethine cyanine dyes with qui-
noline nucleus under microwave irradiation.

Both microwave-assisted reactions under solvent-free
conditions and microwave-assisted reactions using
(organic) solvents were used to synthesize a series of
monomeric, homo and hetrodimmeric monomethine
cyanine dyes. The Microwave technique showed
several advantages such as rapid reactions, high purity
of products, less side-products, improved yields and sim-
plified and improved synthetic procedure.

The electronic absorption and steady-state fluor-
escence spectra of prepared dyes revealed a potential
use of these dyes as singlet oxygen sensitizers. The
prepared dyes absorb in the region 477-516 nm and
their fluorescence emissions are located at 542-
900 nm. The dyes strong absorption peak around
500 nm coincides with green laser PDT that applies Ar*
laser of A=488 nm in PDT treatment (44).
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