Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(12):143-161

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Microwave-assisted solvent-free synthesis and fluor escence spectral
characteristics of some monomethine cyanine dyes

"Hussein H. Alganzory', M. M. H. Arief*, M. S. Amine*and El-Zeiny M. Ebeid*®

'Chemistry Department, Faculty of Science, Benha University, Benha, Egypt
“Chemistry Department, Faculty of Science, Tanta University, Tanta, Egypt
3Misr University for Science and Technology (MUST), Egypt

ABSTRACT

A series of mono- and dicationic monomethine cyanine dyes belonging to the thiazole orange family have been
prepared via an improved synthetic procedure, by the condensation of benzothiazolium salts with quaternary salt of
quinolines having reactive methyl group in the presence of triethylamine under solvent-free microwave irradiation.
The effects of microwave power and irradiation time on yield were examined. The products were identified using
elemental analysis, "H-NMR, *C-NMR, FTIR, FAB-MS, UV-vis spectra. The electronic absorption and steady state
fluorescence spectra of prepared dyes have been investigated. Fluorescence properties indicate significance in
singlet oxygen sensitization and makes the present compounds as potential candidates in the area of photodynamic
therapy (PDT).
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INTRODUCTION

Methine cyanine dyes are among the most importaganic functional dyes They have found use in gdarumber

of diverse fields .and are used extensively in dgaal, medical and drug development areas [1-BlyTare
extensively used as fluorescent labels and prgb&4] in detection of proteind2, 13], flow cytometry [14, 15],
DNA sequencing16-18], quantification of nucleic acids in capilfaand gel electrophoresis [19-22]. Besides, they
are commonly applied to photographic sensitig23s26] optical recording media in laser di§k3], laser dyef28]
electronic429], nonlinear opticE30], CD recording materia[81-33], and solar cel[84].

The classical synthesis of hemicyanine dyes withaline nucleus is often carried out by refluxidg tmixture of
benzothiazolium salts with quaternary salt of glime having reactive methyl group and catalyst imaaganic
medium[35-38]. This preparation has substantial drawbaslsh as relatively strenuous reaction conditiamely
refluxing reactants for several hours in organiwesats not friendly to environment, and complexfyisolation of
products.

Microwave irradiation presents a powerful tool te@vaorganic reactions [39, 40]. Solvent-free microwa
irradiation is well known as environmentally benigrethod, which offers several advantages includihgrter

reaction times, cleaner reaction profiles and stmpkperimental/product isolation procedures [41]. this

communication, microwave—assisted synthesis of depidinium, monomethine and cyanine dyes withalvents

are described.
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EXPERIMENTAL SECTION

2.1. Measurements.

Melting points were taken on a XT-4 micromeltingpapatus and are uncorrected. IR spectra were redonith
PERKIN ELMER MODEL 1720 FTIR spectrometéd NMR and**C NMR spectra were measured with a Varian
EM 390 and Bruker AC-250 spectrometers respectivEhe chemical shifts in ppm are expressed indtseale
using tetramethylsilane (M8i) as internal standard. Coupling constants arengin Hz. Fast Atom Bombardment
Mass Spectra [FAB-MS] were recorded in a Micromasgospec M, operating at 70 eV, using a matrix of 3
nitrobenzyl alcohol. UV-Vis absorption spectra weesorded on a Shemadzu UV-1700 UV-Vis spectrometer
Fluorescence spectra were recorded on Hitachi B-8g@ctrofluorimeter. TLC was performed on Merdicaigel
60-F 254 precoated plastic plates.

2.2. Synthetic procedure:
Quaternary benzothiazolium salts were prepared Hey donventional methods [scheme 1], according ® th
literatureq36, 37]

All microwave reactiongSchemes 2- 4] were conducted using Start S Milestone S/N 1298@2Powave apparatus.
2.2.1. General procedure for synthesis of benzothiazoles 2, 3, .

A mixture of 1,, (5 mmol) and the corresponding alkylating ager& (il) was heated at 10C for 6h. After
cooling, the residue was washed with diethyletimet @ir-dried.

1,4-Dimethylenephenyl-[3,3-bis(3H-benzothiazol-2-thione)] (2)
Yield: 55%, m.p.: > 326C; FAB = 434;"HNMR (DMSO-d;): 5 = 5.70 (s, 4H, 2CH), 7.27 (s, 4H, Ar-H), 7.30-7.80
(m, 8H, Ar-H); G,H1sN> S, (434); C, 59.29; H, 3.85, N, 6.29; found: C, 59.673.62, N, 6.07.

4-(4-Chloromethyl-benzyl)-3H-benzothiazole-2-thione (3,)

Yield 58%, m.p.: 162-162C; FAB = 306;'"HNMR (DMSO-d;): & = 4.70 (s, 2H, Ch), 5.76 (s, 2H, Ch), 7.31-7.80
(m, 8H, Ar-H); ®*CNMR: & = 45.6 (CH), 48.1 (CH), 113.5, 121.9, 125.0, 126.4, 127.2, 128.9, 12884,8, 137.0,
140.9 (Ar-C), 189.0 (C=S); £H1,CIN S, (305.5); C, 58.91; H, 3.95, N, 4.58; found: C,888.H, 4.00, N, 4.71.

3-Benzyl-3H-benzothiazole-2-thione (3,)

Yield 59%, m.p.: 150-152C; '"HNMR (DMSO-d): & = 5.75 (s, 2H, Ch), 7.28-7.81 (m, 9H, Ar-H)**CNMR: & =
48.4 (CH), 113.6, 121.9, 125.0, 126.4, 126.9, 127.2, 12128,6, 134.7, 141.0 (Ar-C), 189.0 (C=S),,8,:N S,
(257.4); C, 64.21; H, 4.43, N, 5.35; found: C, ®4 8, 4.23, N, 5.24.

2.2.2. General procedure for preparation of benzothiazolium salts 4, 4

A solution of triethyloxonium tetrafluoroborate (@mol) in 5 ml CHCI, was added to a solution of benzothiazole
derivative (2 mmol) in 15 ml C}€l, at -20°C. The reaction mixture temperature was raisecomnrtemp. in the
course of 30 min. and stirring was continued forDiopwise addition of diethylether afforded fingstals.

2-Benzylsulfanyl-3-ethylbenzothiazol -3-ium tetrafluoroborate (4,)

Yield 68%, m.p.: 160-16C; FAB = 286(373-87)'HNMR (DMSO-d;): & = 1.44 (t,j=7.2 Hz, 3H, CH;), 4.68 (q,
j=7.3Hz 2H, CH,), 5.00 (s, 2H, Ch), 7.30-7.97 (m, 7H, Ar-H), 8.26 (§57.3 Hz, 1H, CH), 8.38 (dj=7.3 Hz, 1H);

B¥CNMR: & = 12.1 (CH), 36.6 (CH), 45.6 (CH), 115.6, 124.2, 127.3, 128.5, 128.6, 128.9, 12928.4, 133.0,
140.8 (Ar-C), 177.8 (NCS); &H1sN S; BF, (373.3); C, 51.49; H, 4.32, N, 3.74; found: C,A%.H, 4.34, N, 3.81.

3-Ethyl- 2-methylsulfanyl-benzothiazol-3-ium tetrafluoroborate (4y,)

Yield 75%, m.p.: 209-2°C; *HNMR (DMSO-d): & = 1.45 (t,j=7.2 Hz, 3H, CHy), 4.67 (q,j=7.2 Hz, 2H, CHp),
3.14 (s, 3H, SCh), 7.73 (1,j=6.3 Hz, 1H), 7.84 (t,j=6.3 Hz, 1H), 8.21 (t,j=8.4 Hz, 1H), 8.38 (dj=8.1 Hz, 1H),
¥CNMR: & = 12.0 (CH), 18.0 (SCH), 45.4 (NCH), 115.4, 121.7, 124.1, 127.1, 129.3, 141.4 (ArX8).8 (NCS).

3-(4-Chloromethyl-benzyl)-2-ethyl sulfanyl-benzothiazol-3-ium tetrafluoroborate (4.)

Yield 70%, m.p.: 182-18€; FAB = 334(421-87)'HNMR (DMSO-d): & = 1.56 (1,j=7.0 Hz, 3H, CHy), 3.66 (q,
j=7.3Hz 2H, CH,), 4.75 (s, 2H, Ch) 5.95 (s, 2H, NCH), 7.33 (dj=8.1 Hz, 2H), 7.47 (dj=8.2 Hz, 2H, CH,), 7.80
(m, 2H, Ar-H), 8.20 (dj=8.0 Hz, 1H), 8.44 (dj=9.1 Hz, 1H); **CNMR: & = 13.0 (CH), 31.1 (CH), 45.4 (CH),
52.3 (CH), 115.7, 124.2, 127.3, 127.5, 127.8, 128.6, 12832,1, 138.1, 141.8 (Ar-C), 181.0 (NCS);;8,,CI N
S,BF, (421.7); C, 48.42; H, 4.06, N, 3.32; found: C,68.H, 4.01, N, 3.33.
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3-Benzyl-2-ethylsulfanyl-benzothiazol-3-ium tetrafluoroborate (4)

Yield 74%, m.p.: 165-16€; FAB = 286(373-87)'HNMR (DMSO-d;): 5 = 1.56 (1,j=7.3 Hz, 3H, CHy), 3.67 (q,
j=7.3Hz, 2H, CH), 5.95 (s, 2H, CH), 7.32-7.46 (m, 5H, Ar-H), 7.72-7.86 (m, 2H, Ar;H.21 (d,j=8.0 Hz, 1H),
8.43 (d,j=8.0 Hz, 1H); ®°CNMR: 8 = 115.8, 124.2, 127.2, 127.3, 128.6, 129.1, 12832.0, 141.8 (Ar-C), 180.9
(NCS); GsH1sNS,BF, (373.3); C, 51.49; H, 4.32, N, 3.74; found: C,&&t.H, 4.09, N, 3.81.

3-methyl-2-methylsulfanyl-benzothiazol-3-ium tetrafluoroborate (5)

A mixture of 2-methylthiobenzothiazolg, (5 mmol) and methyltosylate (10 mmol) in 15 mlxdae was boiled
under reflux for 8h. Evaporation of the solvent avakhing the residue with diethylether affordedepadllow solid.
(yield 70%). m.p.: 109-119C; '"HNMR (DMSO-d;): & = 2.27 (s, 3H, Ch),3.08 (s, 3H, SCH), 4.07 (s, 3H, NCh
7.11 (d,j=7.9 Hz, 2H), 7.51 (d,j=7.9 Hz, 2H), 7.69 (tj=7.4 Hz, 1H), 7.80 (tj=7.4 Hz, 1H), 8.15 (dj=8.3Hz 1H),
8.36 (d,j=8.0 Hz, 1H); ">CNMR: & = 18.0 (CH), 20.8 (SCH), 36.4 (NCH), 15.7, 123.9, 125.5, 126.9, 128.2, 128.3,
129.1, 138.0, 142.4, 145.1 (Ar-C), 181.3 (NCS).

5,6,7,8-tetrahydro-benzo[ d] thiazol o[ 2,3-b]thiazol-4-ylium tosyl ate (6)

A mixture of 2-methylthiobenzothiazold,j and 2-chloroethyl tosylate (10 mmol) was heatétth wtirring at 90C
for 6h. After cooling, 20 ml of diethylether wasdadl, where colorless fine crystala was precipi(gitld, 45%).
m.p.: 218-229C; FAB = 194(365-171)'HNMR (DMSO-d): & = 2.28 (s, 3H, Ch), 4.24 (t,j=7.0 Hz, 2H, CH)
4.96 (t,j=7.0 Hz, 2H, CH,), 7.11 (dj=8.2 Hz, 2H) Cl), 7.46 (dj=8.1 Hz, 2H), 7.64 (tj=7.2 Hz, 1H), 7.75 (tj=7.1
Hz 1H), 7.95 (dj=8.1 Hz 2H), 8.27 (dj=8.2 Hz, 2H); C;¢H15NOsS; (365.5); C, 51.32; H, 4.31, N, 3.74; found: C,
51.10; H, 4.24, N, 3.59.

2.2.3. General procedure for preparation of quinolinium iodide salts (7,.c & 8..¢)

A mixture of lepidine (10 mmol) and diiodoalkanéd(Bimol) was subjected to microwave irradiation fiooper
time and temperature as given[ihable 1]. Filtration and washing with ether afforded yell@necipitate of two
compounds. Extraction with hot acetone affordeceplark yellow precipitate of monomeg., and the residue of
yellow dimmer8,..in the ratio of 1 : 4 continuously.

1-(3-1odo-propyl)-4-methylquinolinium iodide (7.)
Yellow crystals, m.p.: 175-17C; *HNMR (DMSO-d): d = 2.52 (m, 2H, Ch), 3.02 (s, 3H, CH), 3.38 (t,j=7.2 Hz,
2H, CH,), 5.06 (t,j=7.4 Hz, 2H, CH,), 8.04-8.64 (m, 5H, Ar-H), 9.42 (§56.1 Hz, 1H, Ar-H).

1-(4-1 odo-butyl)-4-methylquinolinium iodide (7,)

Yellow crystals, m.p.: 158-16%C; '"HNMR (DMSO-d): 5 = 1.92 (m, 2H, NCh), 2.09 (m, 2H, CH), 3.02 (s, 3H,
CH;), 3.34 (t,j=6.6 Hz 2H, CH,), 5.08 (t, j=7.3 Hz 2H, CH,), 8.04-8.66 (m, 5H, Ar-H), 9.44 (§56.0 Hz, 1H, Ar-
H); ¥®CNMR: 8 = 7.2 (CH), 19.7 (CH), 29.6 (CH), 30.4 (CH), 55.7 (CH), 119.2, 122.6, 127.1, 128.9, 129.5,
135.0, 136.6, 148.2 (Ar-C), 158.6 (CON

1-(5-1 odo-pentyl)-4-methylquinolinium iodide (7.)

Yellow crystals, m.p.: 118-12%C; '"HNMR (DMSO-d;): & = 1.52 (m, 2H, Ch), 1.83 (m, 2H, Ch), 2.01 (m, 2H,
CH,), 3.03 (s, 3H, CH), 3.31 (m, 2H, Ch), 5.02 (m, 2H, Ch), 8.04-8.5 (m, 6H, Ar-H)**CNMR: 5 = 8.3, 19.6,
26.5, 28.1, 56.5, (5CHl 32.0 (CH), 119.2, 122.5, 127.0, 128.8, 129.4, 135.0, 13K18,1, 158.4 (Ar-C).

Propane-1,3-big4-methylquinolinieeum]diiodide (8,)
Dark yellow crystals, m.p.: 288-24%; ‘HNMR (DMSO-d): & = 2.52 (m, 2H, Ch), 3.02 (s, 6H, 2C¥), 5.06 (t,
j=7.1Hz, 4H, 2CH), 8.02-8.66 (m, 5H, Ar-H), 9.48 (§56.1 Hz, 2H, Ar-H).

Butane-1,4-big4-methylquinolinium]diiodide (8y)

Dark yellow crystals, m.p.: 258-280; '"HNMR (DMSO-d;): & = 2.10 (bm, 4H, 2C}J, 3.01 (s, 6H, 2C¥), 5.08
(bm, 4H, 2CH), 8.05-8.67 (m, 10H, Ar-H), 9.41 (d, 26.0 Hz 2H, Ar-H); ®*CNMR: & = 19.7 (2CH), 26.2
(2CH,), 56.2 (2NCH), 119.3, 122.6, 127.1, 128.9, 129.5, 135.1, 13648,3, (Ar-C), 158.6 (C=N.

pentane-1,5-big4-methylquinolinium]diiodide (8;)

Dark yellow crystals, m.p.: 226-228; *HNMR (DMSO-d): & = 1.57 (m, 2H, Ch), 2.06 (m, 4H, 2Ch), 3.04 (s,
6H, 2CHy), 5.05 (t,j=7.3 Hz, 4H, 2CH), 8.04-8.64 (m, 5H, Ar-H), 9.48 (§6.0 Hz, 2H, Ar-H); *CNMR: 5 = 19.7
(2CH), 22.6 (CH), 28.7 (2CH), 56.5 (2CH), 119.3, 122.5, 127.0, 128.8, 129.5, 135.0, 13648,2, 158.4 (Ar-C).
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1,4-Dimethylenephenyl[ 1,1-bis(4-methyl quinolinium)]dibromide (9)

A mixture of lepidine (20 mmol), 4-(bromomethyl)rimylbromide (10 mmol) and few drops of triethyl amiwas
subjected to microwave irradiation for proper tiemed temperature as given[ihable 1], the residue was washed
with diethylether afforded dark yellow crystals.pm.285-288C; FAB = 469(550-80), 390 (469-80HNMR
(DMSO-dy): & = 2.77 (s, 6H, 2Ck), 6.16 (s, 4H, 2C}), 7.31 (s, 4H, Ar-H), 7.50-8.17 (m, 10H, Ar-H),28. (d,
j=6.0 Hz 2H, Ar-H); *CNMR: & = 20.4 (2CHj), 60.9 (2CH), 119.7, 123.6, 127.6, 128.9, 129.1, 130.4, 13185,2,
136.2, 148.8, 161.5 (Ar-C);6H.6Br, N, (550.4); C, 58.25; H, 5.06, N, 4.85; found: C,5%8.H, 4.85, N, 4.76.

1, 4-Dimethyl-quinolinium iodide (10,)

A mixture of lepidine (5 mmol) and methyl iodideO(Inmol) was subjected to microwave irradiation fiooper
time and temperature as given(ifable 1). Filtration and washing with ether afforded yellfiwe crystals, m.p.:
185-186C; '"HNMR (DMSO-d): & = 3.02 (s, 3H, CH), 4.61 (s, 3H, Ch), 8.04-8.56 (m, 5H, Ar-H), 9.40 (d, 1H,
j=6.1H2); ECNMR: 0 = 19.5 (CH), 45.0 (CH), 119.4, 122.3, 126.7, 128.3, 129.5, 134.8, 13¥48.8 (Ar-C),
158.0 (C=N).

1-[(4-chloromethyl)benzyl-4-methylquinolinium chloride (10)

A mixture of lepidine (10 mmol) and 4-(chloromethilenzylchloride (30 mmol) was was subjected toraviave
irradiation for proper time and temperature as mive[Table 1], the residue was washed with diethylether and air-
dried. m.p.: 222-22€; FAB = 282(318-36'HNMR (DMSO-d;): 5 = 3.05 (s, 3H, Ch), 4.73 (s, 2H, Ch), 6.45 (s,
2H, CH,), 7.42 (s, 4H, Ar-H), 9.87 (d=5.4 Hz 1H, Ar-H); ®*CNMR: & = 19.8 (CH), 45.4 (CH), 58.0 (CH),
119.7, 123.0, 127.3, 127.4, 127.8, 129.1, 129.8.6,2134.3, 134.7, 135.2, 136.7, 138.1, 149.3, GAr159.6
(C="N); Ci;gH,7Cl, N(282); C, 67.93, H, 5.38, N, 4.40; found: C, 67086.H, 5.54, N, 4.38.

2.2.4. General procedure for preparation of monocyanine dyes (11,;)

Benzothiazolium salt (2 mmol), 4-methylquinoliniugalt (2mmol) and few drops of triethylamine werexedi in
glass conical flask. The mixture was subjected icrowave irradiation for a proper time and powefteA cooling
and washing with diethyl ether orange to yellowishnge precipitate (1§ was obtained. The details of reaction
conditions and yield are provided[ifiable 2] and the optimizing process for experimental coods of dye(18,) is
listed in[Table 3].

1-(3-1 odopropyl)-4-[ (3-methyl-3H -benzothiazol 2-ylidene)methyl )] quinolinium iodide (11,)

Orange crystals, m.p.: 233-235; IR(KBr): v = 1469 (SH), 1500, 1608 ¢h{C=C, C=N);"HNMR (DMSO-d;): 5 =
2.36 (m, 2H, CH), 3.39 (t,j=7.0 Hz, 2H, CH), 3.97 (s, 3H, Ch), 4.56 (t,j=7.3 Hz, 2H, CH,), 6.76 (s, 1H, =CH),
7.15-8.72 (m, 10H, Ar-H)!*CNMR: & = 2.3 (CH), 32.4 (CH), 33.9 (CH), 54.3 (CH), 88.5 (=CH), 107.5, 112.7,
117.4, 122.6, 123.7, 123.8, 124.2, 125.6, 126.3,8,2.33.0, 136.6, 140.0, 143.9, 148.0 (Ar-C), IF8ICS).

1-(3-1 odobutyl)-4-[ (3-methyl-3H-benzothiazol-2-ylidene)methyl JJquinolinium iodide (11,)

Orange crystals, m.p.: 206-2@ FAB = 473(600-127); IR(KBr)v = 1473 (SH), 1516, 1612 ¢h{C=C, C=N);
'HNMR (DMSO-dy): = 1.91 (bm, 4H, 2CH), 3.56 (t, 2H, ICH), 4.00 (s, 3H, NCH), 4.62 (t, 2H, NCH,), 6.88 (s,
1H, =CH); 7.09-8.79 (m, 10H, Ar-H*CNMR: & = 7.5 (ICH), 29.8 (2CH), 33.8 (NCH), 67.9 (NCH), 88.0
(=CH), 107.6, 112.8, 117.8, 122.7, 123.7, 124.3.42125.7, 126.6, 127.9, 133.0, 136.7, 137.4,1,4143.9 (Ar-
C), 148.2, 159.8 (NCS, C=N).

1-(3-1odopropyl)-4-[ (3-benzyl-3H-benzothiazol -2-ylidene)methyl )| quinolinium tetrafluoroborate (11)

Orange fine crystals, m.p.: 236-2%8; FAB = 535(622-87); IR(KBr)v = 1465 (SH), 1492, 1612 ¢hfC=C, C=N);
'HNMR (DMSO-d): & = 2.38 (m, 2H, CH), 3.34 (t, 2H, ICH), 4.64 (t, 2H, NCH), 5.96 (s, 2H, NCH), 6.98 (s,
1H, =CH), 7.30-8.64 (m, 15H, Ar-H);£H,4N,1 S (535.5); C, 51.37; H, 3.99, N, 4.44; found:5¢,56; H, 3.91, N,
4.44.

1-(3-1 odopentyl)-4-[ (3-methyl-3H-benzothiazol -2-ylidene)methyl )] quinolinium iodide (11)

Yellowish orange crystals, m.p.: 206-2W8 FAB = 487(614-127); IR(KBr)v = 1469 (SH), 1504, 1608 c¢h{C=C,
C=N); "HNMR (DMSO-d): & = 1.46 (1,j=6.7 Hz, 2H, CH,), 1.83 (m, 4H, 2CH), 3.28 (m, 2H, Ch), 3.99 (s, 3H,
CHs), 4.58 (m, 2H, CH), 6.85 (s, 1H, =CH), 7.27-8.77 (m, 10H, Ar-HJCNMR: & = 8.5 (CH), 26.7, 27.6, 32.1,
53.7 (4CH), 33.8 (CH), 87.9 (=CH), 107.6, 112.8, 17.9, 122.7, 123.74.02124.3, 125.7, 126.6, 127.9, 133.1,
136.8, 140.2, 144.1, 148.2 (Ar-C), 159.8 (NCS);3[8,4N, S1,] (614.3); C, 44.97; H, 3.94, N, 4.56; found: C,
44.72; H, 4.01, N, 4.51.
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1-(3-1 odobutyl)-4-[ (3-ethyl-3H-benzothiazol -2-ylidene)methyl Jjquinolinium tetrafluoroborate (11¢)

Orange fine crystals, m.p.: 220-221 FAB = 487(574-87); IR(KBr)v = 1473 (SH), 1512, 1612 ¢h{C=C, C=N);;
HNMR (DMSO-d): 5 = 1.40 (t, 3H, CH), 1.92 (m, 4H, 2C}h), 3.33 (t, 3H, ICH), 4.66 (m, 4H, 2NC}h), 6.93 (s,
1H, =CH); 7.37-8.81 (m, 10H, Ar-H)gH,, N, S1 (487.4); C, 46.65; H, 4.43, N, 4.73; found: C,48 H, 4.04, N,
4.64.

1-(3-1 odopropyl)-4-[ (3-ethyl-3H-benzothiazol-2-ylidene)methyl Jjquinolinium tetrafluoroborate (11;)

Orange fine crystals, m.p.: 249-281 FAB = 473 (560-87); IR(KBr)v = 1465 (SH), 1512, 1612 ¢hfC=C, C=N);
'HNMR (DMSO-d): & = 1.40 (t, 3H, CH), 2.40 (m, 2H, Ch), 3.33 (t, 2H, ICH), 4.67 (m, 4H, 2NCH), 6.95 (s,
1H, =CH); 7.37-8.81 (m, 10H, Ar-H); £H,o N, | S (473.4); C, 46.42; H, 4.07, N, 4.92; found46,65; H, 3.91, N,
4.89.

1-methyl-4-[(3-ethyl-3H-benzothiazol-2-ylidene)methyl JJquinolinium tetrafluoroborate (115)

Yellowish orange crystals, m.p.: 272-2%3 FAB = 319 (406-87); IR(KBr)v = 1465 (SH), 1519, 1616 ch{C=C,
C=N); 'HNMR (DMSO-d): & = 1.39 (tj=7.0 Hz, 3H, CHy), 4.15 (s, 3H, CH), 4.62 (qj=6.8 Hz, 2H, CH), 6.89 (s,
1H, =CH), 7.32-8.76 (m, 10H, Ar-HJ?*CNMR: & = 12.2 (CH), 40.9 (CH), 42.3 (CH), 87.1 (=CH), 107.8, 112.6,
118.1,122.8, 123.9, 124.4, 125.4, 126.9, 128.3,113.37.9, 139.4, 144.8, 148.6 (Ar-C), 158.8, (NCS

1-methyl-4-[ (3-methyl-3H-benzothiazol -2-ylidene)methyl Jiquinolinium iodide (11)

Orange fine crystals, m.p.: 285-286 FAB = 305(432-127)y = 1481 (SH), 1523, 1612 ¢h{C=C, C=N);'"HNMR
(DMSO-dy): 8 = 3.91 (s, 3H, Ch), 4.10 (s, 3H, Ch), 6.75 (s, 1H, =CH), 7.14-8.71 (m, 10H, Ar-HJCNMR: & =
33.7 (CH), 42.2 (CH), 87.6 (=CH), 107.4, 112.6, 117.9, 122.5, 12323.6, 124.1, 125.3, 126.7, 127.8, 132.9,
137.6, 140.0, 144.6, 148.0, (Ar-C), 159.3 (NCS) ;1 N, S (429); C, 51.71, H, 4.11, N, 6.35; found: C, 81.2
H, 3.87, N, 6.15.

1-methyl-4-[ (3-benzyl-3H-benzothiazol -2-ylidene)methyl JJquinolinium tetrafluoroborate (11;)

Orange crystals, m.p.: 295-28@8 IR(KBr): v = 1469 (SH), 1504, 1616 ¢h{C=C, C=N);"HNMR (DMSO-d): d =
6.17 (s, 3H, Ch), 5.93 (s, 2H, Ch), 6.95 (s, 1H, =Ch), 7.30-8.64 (m, 15H, Ar-H)**CNMR: 3 = 42.4 (CH), 48.5
(CHyp), 88.0 (=CH), 108.3, 112.8, 118.3, 122.9, 12324.Q, 124.5, 125.0, 126.6, 127.0, 127.8, 128.2,9.283.2,
135.1, 137.9, 140.2, 145.1, 148.7, (Ar-C), 159.Z8). [GsH,1 N, S B F] (486.3); C, 61.74; H, 4.77, N, 5.76;
found: C, 61.42; H, 4.11, N, 5.66.

1-methyl-4-[3-(4-chloromethyl)benzyl-3H-benzothiazol-2-ylidene)methyl )] quinolinium iodide (11;)

Reddish orange crystals, m.p.: 209-Z1:1FAB = 429 (556-127)!HNMR (DMSO-d;): & = 4.17 (s, 3H, NCh),
4.70 (s, 2H, CKCI), 5.91 (s, 2H, NCH), 6.92 (s, 1H, =CH), 7.34-8.60 (m, 14H, Ar-HJCNMR: & = 42.6 (CHCI),
45.7 (NCH), 48.6 (NCH), 88.2 (=CH), 108.7, 113.0, 118.4, 123.1, 12401.3, 124.8, 125.2, 127.2, 127.3, 128.5,
129.7,133.5, 135.5, 137.7, 138.2, 140.5, 145.4GAr149.1, 159.5 (SCN, C=N).

1-(4-(chloromethyl)benzyl) -4-[ (3-methyl-3H-benzothiazol-2-ylidene)methyl )] quinolinium tosylate (11y)

Orange crystals, m.p.: 225-227 FAB = 429(601-171); IR(KBr)v = 1504, 1612 cfh (C=C, C=N);'HNMR
(DMSO-d): 8 = 2.27 (s, 3H, CH), 4.05 (s, 3H, NCH), 4.73 (s, 2H, CICH), 5.88 (s, 2H, NCH), 6.96 (s, 1H, =CH),
7.07-8.82 (m, 14H, Ar-H)!**CNMR: & = 20.7 (CH), 33.9 (NCH), 45.5 (CICH), 59.1 (NCH), 88.6 (=CH), 107.6,
113.1, 118.3, 122.8, 124.0, 124.6, 124.9, 125.8,712126.6, 126.9, 127.1, 127.9, 128.1, 129.3,0,3386.5, 137.0,
137.4, 137.5, 140.3, 144.7 (Ar-C), 148.5, 160.5QNS=N); GsHxsN,Cl S, O; (610.2); C, 64.96; H, 4.96, N, 4.59;
found: C, 64.67; H, 4.94, N, 4.63.

2.2.5. General procedure for preparation of cyanine dyesdimer 12,

Benzothiazolium salt (4 mmol), lepidinium dimmen{&ol) and 5 ml of triethylamine were mixed in glassical
flask. The mixture was subjected to microwave iiadn for a proper time and power. Cooling anditoid of
diethyl ether afforded reddish orange crystals. détails of reaction conditions and yield are pded in[Table 4]
1,3-big[4-(3-methyl-3H -benzothiazol -2-ylidene)methyl] quinolinyl-propane iodide tosylate (12,)

Reddish orange crystals, m.p.: 219-220FAB = 749(876-127); IR(KBr)v = 1473 (SH), 1512, 1608 ch{C=C,
C=N); '"HNMR (DMSO-d): & = 2.28 (s, 2H, Ch), 3.92 (s, 6H, 2NCH), 4.81 (s, 4H, 2NCH), 6.80 (s, 2H, 2=CH),
7.10-8.71 (m, 20H, Ar-H); &Has412 N4 S, (876.7); C, 53.43; H, 3.91, N, 6.39; found: C,£8.H, 3.94, N, 6.30.

1,5-big[4-(3-methyl-3H-benzothiazol-2-ylidene)methyl | quinolinyl-pentane diiodide (12,)

Reddish orange, m.p.: 216-2208 FAB = 777 (904-127), 650 (777-127HNMR (DMSO-d): & = 1.45 (bm, 2H,
CH,), 1.93 (bm, 4H, 2C}}, 3.94 (s, 6H, 2CH}, 4.59 (bm, 4H, 2C}}, 6.84 (s, 2H, 2=CH), (s, 2H, 2=CH), 7.08-8.78
(m, 20H, Ar-H); ®CNMR: & = 22.6 (CH), 28.1 (2CH), 33.8 (2CH), 53.6 (2CH), 88.0 (2=CH), 107.5, 112.8,
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117.9, 122.7, 123.6, 125.7, 126.6, 127.9, 128.8,113136.8, 140.2, 144.1, 148.3 (Ar-C), 159.5 (NJS);1 Hsgl>
N4 S;] (904.7); C, 52.85; H, 4.44, N, 6.01; found: C,@3 H, 4.58, N, 5.57. The details of reaction dbads and
yield are provided in Table (5)

1,4-big4-(3-methyl-3H-benzothiazol-2-ylidene)methyl | quinolinyl-butane iodide tosylate (12,)

Dark red crystals, m.p.: 209-201; FAB = 429(556-127); IR(KBr)v = 1477 (SH), 1512, 1608 ¢h{C=C, C=N);
'HNMR (DMSO-d;): & = 2.00 (s, 4H, 2CH), 2.26 (s, 3H, CH), 4.01 (s, 6H, 2NCH), 4.64 (s, 4H, 2NCH), 6.90 (s,
2H, 2=CH), 7.07-8.78 (m, 24H, Ar-H).

1,4-big 4-(3-ethyl-3H-benzothiazol-2-ylidene)methyl | quinolinyl-butane di-tetrafluroborate (124)

Reddish orange crystals, m.p.: 325-328 FAB = 751 (838-87), 664 (751-87HNMR (DMSO-d;): & = 1.41 (bt,
6H, 2CHy), 2.21 (bm, 4H, 2CH), 4.55 (bm, 4H, 2C}), 4.65 (bm, 4H, 2C}}, 6.92 (s, 2H, 2=CH), 7.35-8.77 (m,
20H, Ar-H); ®*CNMR: & = 12.2 (2CH), 25.7 (2CH), 41.4 (2CH), 53.5 (2CH), 87.4 (2=CH), 107.8, 112.8, 118.0,
122.9,124.0, 124.1, 124.5, 125.8, 126.8, 128.3,11336.9, 139.5, 144.1, 148.7 (Ar-C), 159.1, (NGSs2Hao N4
S, B, Fg] (838.6); C, 57.68; H, 5.07, N, 6.41; found: C,%% H, 4.65, N, 6.16.

1,3-big 4-(3-ethyl-3H-benzothiazol-2-ylidene)methyl | quinolinyl-propane diiodide (12,)

Orange crystals, m.p.: 239-Z& FAB = 777 (904-127), 650 (777-1271NMR (DMSO-d): & = 1.32 (t, 6H,
j=7.2 Hz, 2CH), 2.55 (bm, 2H, Ch), 4.61 (bq, 4H, 2C}), 4.75 (bt, 4H, 2Ch), 6.88 (s, 2H, 2=CH), 7.30-8.73 (m,
20H, Ar-H); ®*CNMR: & = 12.1 (2CH), 27.8 (CH), 41.0 (2CH), 51.6 (2CH), 87.5 (2=CH), 108.0, 112.7, 117.8,
122.8, 123.9, 124.0, 124.5, 125.7, 126.7, 128.3,,3136.8, 139.3, 144.0, 148.5 (Ar-C), 159.2, (64 Hssl>
N> S;] (904.7); C, 54.43; H, 4.23, N, 6.19; found: C,3&t H, 4.40, N, 6.00.

CHs HZC@CHZ
+l | |
(iv) ; N N
C[ \>*SCH3 - (i) > C[ >=S S=< D
S _ S 2 S

Rl
|

iy - =t L
Q )= DalNs
3a,b

S —
s OT. . Lab a | CH,CgH,CH,CI
1
] (iii) b| CH,Ph
a| cH,Ph -
b| CH, _ +’L
(iii) | \>SR2
\ \S —
4ad BFa
4] R R?
Reagents and condition: a | CHCHg CH;Ph
i) BrCH,CgH,CH,Br, 100C, 6h (neat)ii) R'CI,100°C, 6h: b| CH,CH; CH,
iii) ( Et OBF,4, CH,Cl,, -20 :-23C, 1h;iv) TSOCH;, dioxan,A, 8h; C | CH,CqH,CH,CI | CH,CH,
v) P-CH;-CgH,4SO;CH,CH,CI, 9C°C, 6h.
) P-CH;-CgH,SO;CH,CHy d| cHPh CH,CH

Scheme 1. Synthesis of benzothiazolium salts
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RESULTSAND DISCUSSION

3.1. Synthesis

Quaternary benzothiazolium sa{s- 6) were prepared by the conventional methi@theme 1], according to the
literatureq36, 37]. The structure proposal of the preparethmounds was derived from the analytical data (*H
NMR, 13C NMR, IR) and satisfactory elemental anafys

CH (CHz)nCHz CHZ(CHZ)nCHz
N
ICH,(CH,),CHJl
(Et)sN/ Mlcrowave
fae sa-c 18 n
ajli
b2
N BrCH2C6H4CHzBr H2 2 Br c| 3
= (Et)3N/M|crowave
CHj;
R
+
N
X > h X 10 R X
(Et)sN/ Microwave s 2| o |
CHs b| CH,CgH,CH,CI| CI
10, p

Scheme 2. Microwave Synthesis of Quinolinium Salts

Table 1.

The reaction conditions and vields for quinolinium iodide salts

Compounds Temp (C) Time (min) Yield (%)
Ta. 84 120 2 85
Ths Sb 120 1 a0
Te. 8c 120 1 83
9 130 3 86
10, 120 2 a2
10y, 130 4 a7
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A series of quinolinium salt& - 10) were synthesized by the reaction of lepidine asted alkyl halidg Scheme
2]. The mixture was subjected to microwave irradiatior proper time and temperature. The detailseafction
conditions and yields are provided[ihable 1]. The reactions proceeded well even when bothtdréirg reactants
were solids and the reaction temperature was magddelow the melting points of both components.

Mono methinecyanine dyegl1l,,) were synthesized by theeaction of benzothiazolium salts with 4-
methylquinolinium salts in the presence of trietligine. The mixture was subjected to microwave iatamh for a
proper time and powdiScheme 2]. The details of reaction conditions and yield previded in[Table 2], the
optimizing process for experimental conditions gé 11,) is listed in[Table 3]. It is necessary to emphasize that
some of listed dyes were previously synthesizedlagsical methods e.g. monomethine cyanine dyesi(1]11,
11yandll;) were prepared according to literatures [36, 3id] ased for other purposes.

R
+
N
_ N -
X2 X3
\}SRZ (Et)sN g F
Microwave
S =F
7an10ab Aad S N
AN
Rl
114
Dye 11 R R? R? X1 X, X3
a (CH2)3| CH3 CH3 | OTS |
b (CHy)4l CH, CHg | OT, |
C (CH2)3| CH2Ph CH3CH2 | BF4 BF4
d (CHy)sl CHj3 CHj | OTg |
e (CH2)4| CH3CH2 CH3 | BF4 BF4
f (CHy)sl CH3CH, CHj I BF, BF,
g CHs CH5CH, CH, | BF, BF,
h CH,4 CHs CH, | OT; |
i CHj CH,Ph CH3;CH, | BF, BF,
i CHg CICH,CgH,CH,  CH3CH, | BF, |
k CICH,CgH4CH, CHgj CH, Cl OTg OT

Scheme 3. Microwave Synthesis of Monomethine Cyanine Dyes.
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Table 2.

The reaction conditions and vields for cyanine dyes (11,5).

Dyes Power (W) Time (min) Yield (%)
11, 320 8 90
11 252 6 85
11, 280 5 93
114 320 8 77
11. 280 6 87
11¢ 260 7 82
11, 260 5 87
11, 320 3 80
11; 280 6 80
11; 280 7 75
11 320 7 85
Table 3.

The effect of microwave power and irradiation time on dve (11,),

Power (W) Time (min) Yield (%)
180 2 33
180 3 37
180 5 39
180 6 35
280 3 43
280 5 45
280 7 50
280 g 33
280 9 61
280 10 59
320 4 66
320 5 79
320 7 83
320 g 20
320 9 87

Finally a series of cyanine dyes dimm@g,.) were prepared by the reaction of Benzothiazolilepjdinium
dimmer and triethylamingScheme 3] The mixture was subjected to microwave irradiationa proper time and
power. The details of reaction conditions and yid provided ifTable 4]. The optimized reaction conditions of
(12,) dye are presented jiable 5].
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CH,(CH,),CH, - R? _
21 + X
+ +
N N N\
AN
X | N 2 | >—sc:H3
P 7 S
5,4,
CH3 CHB
Microwave
8a-c (Et)N
x1 CH,(CH,),,CH, X2
+||\j | +
A /N
R
S =ZF =~ _S
> | n R X Xt x2 R R
a | 1 CH, oT, | OT, Lace
b | 3 CH oT, | |
c | 2 CHs oT, | OT,
d 2 CHCH; BF, BF, BF,
e | 1 CHCH; BF, I |

Scheme 4. Microwave Synthesis of Cyanine Dyes Dimmer

Table 4. The reaction conditions and vields for cvanine dve dimmers (12;.5)

Dves Power (W) Time (min) Yield (%)
12, 200 10 88
12y, 240 10 20
12, 220 10 87
1245 240 12 79
12, 200 10 81

Compared with the solvent refluxing method, thermiave radiation technique has a better yield arsthater

reaction time. It could be found that the yieldremsed obviously with prolonging irradiation tim@&hin a certain

power until achieving optimized reaction time. ¢ttutd also be found that the reaction yield decreaseler lower
power and the reaction time becomes shorter withirtbrease of microwave power. This indicates thatgreater
the microwave radiation power, the faster the ieaatate as shown in tabl¢3 and5] which explain the effect of
microwave power and irradiation time on dy&%a) and(12,) respectively.

During the last decades, most asymmetric monon®thyanine dyes have been prepared by the convahtion
method involving the reaction of 2-methylmercaptmhiazolium salts with 1-alkyl-4-methylquinolimiu salts
[24, 42]. This encounters a substantial drawbatited to the evolution of methyl mercaptan as dupent that
possesses unpleasant odor. Another drawback isatkglt groups at sulphur and nitrogen in the quaked
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alkylmercapto starting materials may exchange thesitions leading to unexpected reaction byprald&, 44].
By using microwave radiation, we avoid all theserafmentioned disadvantages.

3.2. Spectroscopic study
The constitution of the prepared compounds wasrsdchy their elemental analysis, UV.-Vis absorptspectra,
IR, H' NMR, *C NMR; FAB-MS data (see experimental part).

3.3. Fluor escence spectral study for some synthesized dyes.

The electronic absorption spectra of the studiezhitye dyes are shown in Figur@s9). The dyes are generally
characterized by very small values of Stoke's slifittween absorption and emission spectral baulitsating that
the absorption and emission photons exhibit closgquiencies. Other emission broad bands in the IReapectral
range are also obtained that are attributed togitaescence and are good indication of tripleedt@tmation. This
becomes of great significance in singlet oxygensisieation and makes the present compounds as titen
candidates in the area of photodynamic therapy {P4BT- 47].

At higher energies, a second excited electronite sihsorption occurs at around 290 nm. This se&bectronic
state gives its characteristic fluorescence atrat@90 nmThis is yet a peculiar behavior of these compotsiaise
fluorescence dominates the internal conversionpfioto physical process.

The electronic absorption spectra of some composhds/ two- split absorption peaks which are assigioethe
first singlet state absorption of monomeric arabdregates of the dye which is a common phenomehomany
cyanine dyes [48, 49].

3.3.1. Compound [11,]

The electronic absorption spectrum of compoung shbws single absorption peak at 510 nm. This sirgflate
absorption gives fluorescence peak of emission maxi at 546 nm. The spectral pattern does not alpen
excitation at 480 nm or 510 nm. Like other cyanilyes, the compound is characterized by very snalles of
Stoke's shifts where absorption and emission plsatahibit close frequencies.

Another emission broad band in the spectral ra@§e3®0 nm is also obtained that is attributed tospiorescence
(Fig.1). This becomes of great significance in singletgety sensitization by this compound.

1.2

ra
o

1 & =430 nm -4
1o L =846 nm -_ ps
| L zo
L1z
0.8 L
i - e
o 14 =
D& - L =
<, [,
10—
0.4 o - o
-5 C
0.2 [
i -z
0.0 . 0
200 100 400 8O0 500

Wavelength (nm)

Fig. 1. Absorption and emission spectra of dve 115

3.3.2. Compound [11]

The electronic absorption spectrum of compoungdshbws absorption peak at 505 nm. This single¢ sthsorption
gives a symmetrical fluorescence peak of emissiarimum at 544 nm upon excitation using 480 nm.tlidtne
compound is characterized by very small valuestokeés shifts where absorption and emission phoxisbit
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close frequencies. Another emission broad bantfiérspectral range 680-900 nm is also obtainedighatributed
to phosphorescence and is a good indication detrgiate formation. This becomes of great sigaifae in singlet
oxygen sensitization.

At higher energies, a second excited electronie sthsorption occurs at 288 nm. This second elgictisiate gives
its characteristic fluorescence at 388 (#ig.2). This is yet a peculiar behavior of this compoumte fluorescence
dominates the internal conversion (ic) photo plalgizocess.
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Fig. 2. Absorption and emission spectra of dve 11,
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Fig. 3. Absorption and emission spectra of dve 11¢
3.3.3. Compound [11{]

The electronic absorption spectrum of compoundshiws absorption peak at 509 nm, this singleé sthtorption
gives a symmetrical fluorescence peak of emissiarimum at 488 nm upon excitation wavelength 480 nm.
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Like cyanine dyes, the compound is characterizedsdoy small values of Stoke's shifts where absonptnd
emission photons exhibit close frequencies.

Another emission broad band in the spectral ra@§e9®0 nm is also obtained that is attributed tospiorescence
and is a good indication of triplet state formati®his becomes of great significance in singletgety sensitization.
At higher energies, a second excited electronie sthsorption occurs at 288 nm. This second elgictisiate gives

its characteristic fluorescence at 385 fig.3). This is yet a peculiar behavior of this compoumte fluorescence
dominates the internal conversion (ic) photo plalgizocess.

3.3.4. Compound [114]

The electronic absorption spectrum of compoungishbws absorption peak at 505 nm, this single¢ stasorption

gives a symmetrical fluorescence peak of emissiarinmmum at 549 nm. The spectral pattern does net alpon
excitation at 480 nm or 505 nm.

Another emission broad band in the spectral raf§e900 nm is also obtained that is attributed togpihorescence
and is a good indication of triplet state formati®his becomes of great significance in singletgety sensitization.

Like cyanine dyes, the compound is characterizedsdry small values of Stoke's shifts where absomp@nd
emission photons exhibit close frequencies.

At higher energies, a second excited electronie sthsorption occurs at 288 nm. This second elgictisiate gives

its characteristic fluorescence at 385 (fig.4). This is yet a peculiar behavior of this composimte fluorescence
dominates the internal conversion (ic) photo plalgitocess.
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Fig. 4. Absorption and emission spectra of dye 11,

3.3.5. Compound [11;]

The electronic absorption spectrum of compoung skbws absorption peak at 500 nm, a first excitedt®nic
state absorption occurs at 480 nm. This first eb@it state gives its characteristic fluoresceneakpof emission
maximum at 552 nm. Another emission broad bandh& gpectral range 675-900 nm is also obtained ithat

attributed to phosphorescence and is a good indicaf triplet state formation. This becomes ofajrsignificance
in singlet oxygen sensitization.

Like cyanine dyes, the compound is characterizedsdry small values of Stoke's shifts where absonptnd
emission photons exhibit close frequencies.
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At higher energies, a second excited electronie stesorption occurs at 288 nm. This second eleictsiate gives
its characteristic fluorescence at 386 (fig.5). This is yet a peculiar behavior of this composimte fluorescence
dominates the internal conversion (ic) photo plalgitocess.
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Fig. 5. Absorption and emission spectra of dve 11y
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Fig. 6. Absorption and emission spectra of dve 11;
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3.3.6. Compound [11]

The electronic absorption spectrum of compoundshbws single absorption peak at 503 nm, thigleirstate
absorption gives a symmetrical fluorescence peasntfsion maximum at 546 nm. The spectral pattess dot
alter upon excitation at 480 nm or 546 nm. Anothetission broad band in the spectral range 680-80@sralso

obtained that is attributed to phosphorescenceisaadgood indication of triplet state formation.i§ bhecomes of
great significance in singlet oxygen sensitization.

Like cyanine dyes, the compound is characterizedsdry small values of Stoke's shifts where absonptnd
emission photons exhibit close frequencies.

At higher energies, a second excited electronie stesorption occurs at 290 nm. This second eleictsiate gives

its characteristic fluorescence at 390 (fig.6). This is yet a peculiar behavior of this composimte fluorescence
dominates the internal conversion (ic) photo plalgitocess.

3.3.7. Compound [11]

The electronic absorption spectrum of compoundshbws absorption peak at 500 nm, a first exciledt®nic
state absorption occurs at 480 nm. This first edmit state gives its characteristic fluoresceneakpof emission
maximum at 542 nm., another emission broad banthénspectral range 680-900 nm is also obtained ithat

attributed to phosphorescence and is a good indicaf triplet state formation. This becomes ofairsignificance
in singlet oxygen sensitization.

Like cyanine dyes, the compound is characterizedsdoy small values of Stoke's shifts where absonptnd
emission photons exhibit close frequencies.

At higher energies, a second excited electronie stesorption occurs at 290 nm. This second eleictsiate gives

its characteristic fluorescence at 386 ((fig.7). This is yet a peculiar behavior of this compoumte fluorescence
dominates the internal conversion (ic) photo plalgizocess.
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Fig. 7. Absorption and emission spectra of dye 11;
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3.3.8. Compound [12,]

The electronic absorption spectrum of compoungsh®ws two- split absorption peaks at 477 and Shewuhich
are assigned to the first singlet state absormtfomonomeric and J-aggregates of the &/&°. These lower energy
J- aggregates give a symmetrical fluorescence péa&knission maximum at 570 nm. The symmetry of gesak
together with the fact the its spectral patternsdpet alter upon excitation at 477 nm (absorptibmonomeric
species) or 516 nm (absorption of J-aggregatel}ates an energy transfer from higher energy memnanspecies
to lower energy aggregates during excited stag¢irtie. Another emission broad band in the spectirage 680-900
nm is also obtained that is attributed to phospdmerce and is a good indication of triplet staten&gion. This
becomes of great significance in singlet oxygersiseation.

Like cyanine dyes, the compound is characterizedsdoy small values of Stoke's shifts where absonptnd
emission photons exhibit close frequencies.

At higher energies, a second excited electronie stesorption occurs at 290 nm. This second eleictsiate gives
its characteristic fluorescence at 388 Iffig.8) this is yet a peculiar behavior of this compounttsifluorescence
dominates the internal conversion (ic) photo plalgizocess.

2.0 20
184 A, =480 nm - 18
1.6 4 An-o70 nm L 16
1.4 / L 14
] i Emission - L
s 12 ADbs. P -1z &
& | N ERLEEE TP LT - | —
v L
1.0 1 L 10 E-
0.8 - P L8
|I II ﬂ
1 ; i R
0.6 L . -6 &
i ; . _,“""-' 4 .'”\_ | -
0.4 ; ; B -4
0.2 _./\ ", Lz
v +—r—r—v_,t— 0

250 300 350 400 450 500 550 &00 &30 700 750 @00 350 900 950
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Fig. 8. Absorption and emission spectra of dve 12,

3.3.9. Compound [12]

The electronic absorption spectrum of compoligdshows absorption peak at 512 nm, this single¢ sthsorption
gives a symmetrical fluorescence peak of emissiarimum at 550 nm. The spectral pattern does net alpon
excitation at 480 nm or 515 nm. Another emissiasaldrband in the spectral range 680-900 nm is ditaired that
is attributed to phosphorescence and is a gooccatidn of triplet state formation. This becomes gréat
significance in singlet oxygen sensitization.

Like cyanine dyes, the compound is characterizedsdoy small values of Stoke's shifts where absonptnd
emission photons exhibit close frequencies.

At higher energies, a second excited electronie sthsorption occurs at 288 nm. This second elgictisiate gives
its characteristic fluorescence at 386 ((fig.9). This is yet a peculiar behavior of this compougirtte fluorescence
dominates the internal conversion (ic) photo plalgitocess.
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Fig. 10. Absorption and emission spectra of dve 12,

3.3.10. Compound [12¢]
The electronic absorption spectrum of compolBgdshows two- split absorption peaks at 475 and Shewuhich
are assigned to the first singlet state absorgtfomonomeric and J-aggregates of the!8y&. These lower energy
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J- aggregates give a symmetrical fluorescence péa&knission maximum at 535 nm. The symmetry of geak
together with the fact the its spectral patternsdoet alter upon excitation at 475 nm (absorptibmonomeric
species) or 516 nm (absorption of J-aggregate®}ates an energy transfer from higher energy momicnspecies
to lower energy aggregates during excited stagértike.

Another emission broad band in the spectral ra@§e3®0 nm is also obtained that is attributed tospiorescence
and is a good indication of triplet state formati®his becomes of great significance in singletgety sensitization.
Like cyanine dyes, the compound is characterizedsdry small values of Stoke's shifts where absonptnd
emission photons exhibit close frequencies.

At higher energies, a second excited electronie stesorption occurs at 290 nm. This second eleictsiate gives
its characteristic fluorescence at 388 nffig.10). This is yet a peculiar behavior of this compousidce
fluorescence dominates the internal conversionpfioto physical process.

CONCLUSION

We have described rapid and highly efficient metfmdhe synthesis of monomethine cyanine dyils quinoline

nucleus under solvent- free microwave irradiatibine electronic absorption and steady state fluerese spectra of
prepared dyes have been investigated revealingtentied use of these dyes as singlet oxygen seessti The
prepared dyes absorb in the region 500-618 nmteidftuorescence emissions are located at 448457.0
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