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CARBOCYANINES – DERIVATIVES 

OF NITROGEN–CONTAINING 

 HETEROCYCLES WITH BRIDGING 

GROUPS IN THE CHROMOPHORE 

 
E. I. Mayboroda1, Yu. L. Slominsky1, A. V. Turov2, and A. I. Tolmachev1

 
Tetramethylene-2,2'-bis(1,3,3-trimethyl-(3H)-indolium), -3-ethylbenzothiazolium, -1-methyl- quinolinium, 
and -1-methyl- and -1-butylbenz[c,d]indolium salts were synthesized starting from them 
trimethinecyanines containing an ethylene bridging group in the α,α'-positions of the chromophore have 
been prepared. These compounds are converted to their analogs containing a vinylene group by the 
action of benzoquinones. In the case of thiacarbocyanines the effect of the indicated bridging groups on 
the conformation and protonation route of the carbocyanines has been studied. The chromaticity of the 
dyes has been investigated. 
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 Efficient sensitizers of silver halide light-sensitive materials [1] and dyes for the detection of 
biopolymers [2] have been discovered amongst carbocyanines with ethylene and vinylene bridging groups in the 
α,α'-position of the chromophore. In the case of benzothiazole [3] and benzoxazole [4] derivatives it has been 
shown that this type of dye can be synthesized from polymethylene-substituted bisquaternary nitrogen 
heterocycle salts by general methods used in the preparation of trimethinecyanines. However a general 
procedure for similar bisquaternary salts has not been reported to this time. 
 We have shown that such salts can be synthesized by treating oxo derivatives of the corresponding 
nitrogen heterocycles with the Grignard reagents prepared from α,ω-dibromoalkanes by analogy with the 
preparation of polymethylene bispyrilium salts [5, 6]. 
 

Alk

Br Mg(CH2)4MgBr
HZ

N

X
O

N

X
(CH2)4

X

N
+

2Z

2

1.
2.

1-3

Alk Alk

+

–

 
1 Х = СMe2, Alk = Me, Z  = BF4; 2 X= S, Alk = Et, Z = Br; 

3 Х = −СН=CH−, Alk = Me, Z = Br 
__________________________________________________________________________________________ 
 
 1Institute of Organic Chemistry, National Academy of Sciences of Ukraine, Kiev 94; e-mail: 
bvn1967@rambler.ru. 2Taras Shevchenko National University, Kiev 01033, Ukraine; e-mail: 
atver@mail.univ.kiev.ua. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 1, pp. 94-102, January, 
2008. Original article submitted April 4, 2003; revision submitted October 13, 2007. 
 
78 0009-3122/08/4401-0078©2008 Springer Science+Business Media, Inc.  



 The reaction in the cases discussed is similar to that with mono magnesium bromide-substituted alkanes 
[7-9] but it occurs at two reactive centers. In this way the reaction of 1,3,3-trimethyloxyindole, 3-ethyl-
benzothiazol-2-one, 1-methylquinolin-2-one, and N-methylnaphthostyril with the Grignard reagent obtained 
from 1,4-dibromobutane gave the 2,2'-tetramethylenebis(3H-indolium) 1, benzothiazolium 2, quinolinium 3, and 
benz[c,d]indolium (4) salts. 
 Use of the Grignard reagent prepared from 1,5-dibromopentane gave the bis-salt 5 in the same way. 
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 In organic solvents the dibromide 4a has a low solubility and it was therefore converted to the di-
p-tolylsulfonate 4b by fusion with excess methyl p-tolylsulfonate. In this way the 6-butoxy-1-butylnaphthostyril 
gave the bis quaternary salt 6. 
 In the electronic spectra of the synthesized bis quaternary salts 1-6 the absorption bands were close in 
position and double the intensity when compared with the absorption bands of the corresponding 2-methyl-
substituted monocations (Table 1). The 1H NMR spectra of these salts (Table 2) showed both the signals for the 
aromatic protons and the characteristic signals for the protons of the polymethylene chains, the signals for the 
protons of the methylene groups in the α,α'-positions being to low field of those in the β,β'-positions. The 
accuracy of such an assignment was confirmed by determining the spectrum of compound 4 in CD3OD solution 
where the signal for the α,α'-CH2 groups disappears due to deuterium exchange. In the bis(N-methyl-
benz[c,d]indolium) salt of structure 5, which contains a pentamethylene bridge, the signals for the γ-group 
protons occur at highest field (α-CH2 3.40, β-CH2 1.98, and γ-CH2 1.79 ppm respectively). 
 The carbocyanines with a bridging ethylene in the chromophore 7-11 (Table 3) were prepared from the 
salts 1-6. Indocarbocyanine 7 was synthesized by condensation of salt 1 with di(ethoxymethyl)acetate in a 
mixture of acetic anhydride and pyridine. In the preparation of the carbocyanines 8, 9 (derivatives of 
benz[c,d]indole) N-phenylethoxymethaneimine or DMF in acetic anhydride were used as electrophilic agents 
and for the quinocyanine 10 and thiacyanine 11, obtained as in [4], the N-phenylethoxymethaneimine was 
employed in pyridine medium. 
 

TABLE 1. Electronic Absorption Spectra of Compounds 1-6 in Acetonitrile 
 

Compound λmax, nm (log ε) λmax, nm (log ε) 
of monocation 

 
1 

 
281 (4.58) 

 
280 (3.85) 

2 280 (4.29) 275 (3.91) 
3 323 (4.33) 320 (3.94) 
4 330 (4.30), 374 (4.34) 330 (3.97), 371 (3.94) 
5 330 (4.24), 371 (4.23) 330 (3.97), 371 (3.94) 
6 268 (4.47), 324 (4.40), 

385 (4.24), 449 (4.29) 
271 (3.08), 324 (3.02), 
384 (2.82), 441 (2.85) 
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TABLE 2. 1H NMR Spectroscopic Characteristics for Compounds 1-10, 
12-14, 16, 17 
 

Com- 
pound Chemical shifts δ, ppm (J, Hz) 

 
1 

 
1.65 (12Н, s, С(СН3)2); 1.97 (4Н, br. s, β-СН2); 3.24 (4Н, br. s, α-СН2); 
4.12 (6Н, s, N–CH3); 7.69 (4Н, m, H-5,5' + H-6,6'); 7.88 (2H, m, H-7,7'); 
7.97 (2Н, m, H-4,4') 

2 1.41 (6Н, t, J = 7.2, N–CH2CH3); 2.03 (4Н, br. s, β-СН2); 3.57 (4Н, br. s, α-СН2); 
4.72 (4Н, q, J = 7.2, N–CH2); 7.76 (2H, t, J = 7.5, H-5,5'); 7.86 (2Н, t, J = 7.5, H-6,6'); 
8.27 (2H, d, J = 8.1, H-7,7'); 8.40 (2H, d, J = 8.1, H-4,4')  

3 2.01 (4Н, br. s, β-СН2); 3.57 (4Н, br. s, α-СН2); 4.60 (6Н, s, N–CH3); 
8.07 (2Н, t, J = 6.8, H-6,6'); 8.24 (2Н, d, J = 8.7, H-5,5'); 8.31 (2H, t, J = 6.8, H-7,7'); 
8.47 (2H, d, J = 8.7, H-8,8'); 8.67 (2H, d, J = 9.5, H-3,3'); 9.21 (2H, d, J = 9.5, H-4,4') 

4*  2.25 (4Н, br. s, β-СН2); 3.52 (4Н, br. s, α-СН2); 4.12 (6Н, s, N–CH3); 
7.73 (2Н, t, J = 6.6, H-7,7'); 7.87 (2Н, t, J = 7.2, H-4,4'); 7.95 (2H, d, J = 6.6, H-6,6'); 
8.11 (2H, d, J = 7.2, H-8,8'); 8.41 (2H, d, J = 7.8, H-5,5'); 8.57 (2H, d, J = 7.8, H-3,3') 

5* 1.79 (2Н, m, γ-CН2); 1.98 (4Н, m, β-СН2); 3.40 (4Н, m, α-СН2); 4.02 (6Н, s, N–CH3); 
7.71 (2Н, t, J = 6.6, H-7,7'); 7.86 (2Н, t, J = 7.5, H-4,4'); 7.93 (2H, d, J = 6.6, H-6,6'); 
8.09 (2H, d, J = 7.5, H-5,5'); 8.39 (2H, d, J = 7.5, H-8,8'); 8.51 (2H, d, J = 7.5, H-3,3') 

6 0.88 (6Н, t, J = 7.5, N–C3H6–CH3); 1.00 (6Н, t, J = 7.8, OC3H6CH3); 
1.41 (4Н, hex, J = 7.5, N–C2H4–CH2); 1.55 (4Н, hex, J = 7.5, N–CH2–CH2); 
1.88 (8Н, m, О–CH2–(CH2)2); 2.16 (4Н, br. s, β-СН2); 3.61 (4Н, br. s, α-СН2); 
4.41 (4Н, t, J = 6.0, N–CH2); 4.66 (4Н, t, J = 7.5, O–CH2); 7.37 (2Н, d, J = 8.4, H-8,8'); 
8.07 (2Н, t, J = 8.1, H-4,4'); 8.49 (2Н, d, J = 8.1, H-5,5'); 8.75 (2Н, d, J = 7.8, H-7,7'); 
8.95 (2Н, d, J = 6.9, H-3,3') 

7 1.69 (12Н, s, С(СН3)2); 3.33 (4Н, s, СН2); 3.90 (6Н, s, N–CH3); 7.32 (2Н, m, H-5,5'); 
7.36-7.50 (4Н, m, H-6,6' + H-7,7'); 7.62 (2Н, m, H-4,4'); 8.34 (1Н, s, meso-Н) 

8 2.22 (3Н, s, Tоs-CH3); 3.22 (4H, s, CH2); 4.01 (6H, s, N–CH3); 
7.05 (2Н, d, J = 7. 0, β-Tоs-Н); 7.45 (2Н, d, J = 7.0, α-Tоs-Н); 
7.52 (6Н, m, H-8,8' + H-7,7' + H-6,6'); 7.83–8.27 (6Н, m, H-3,3' + H-4,4' + H-5,5'); 
8.52 (1Н, s, meso-Н) 

9 0.98 (12Н, m, N–C3H6–CH3, O–C3H6CH3); 1.48 (8Н, m, J = 7.5, N–CH2–(CH2)2); 
1.81 (8Н, m, О–CH2–(CH2)2); 3.22 (4H, s, CH2); 4.16 (4H, t, J = 6.0, N–CH2); 
4.48 (4H, t, J = 7.5 , О–CH2); 7.09 (2Н, m, H-8,8'); 7.63 (2Н, m, H-7,7'); 
7.88 (2Н, t, J = 8.1 , H-4,4'); 8.25 (4Н, m, H-5,5' + H-3,3'); 8.31 (1Н, s, meso-Н) 

10 2.28 (3Н, s, Tоs-CH3); 3.15 (4H, s, CH2–СН2); 4.07 (6H, s, N–CH3); 
7.16 (2Н, d, J = 8.0, β-Tоs-Н); 7.50 (2Н, m, H-3,3′ + 2Н, α-Tоs-Н); 
7.65 (2Н, d, J = 9.0, H-5,5'); 7.78–7.90 (6Н, m, H-6,6' + H-7,7' + H-8,8'); 
7.94 (2Н, d, J = 9.0, H-4,4'); 8.15 (1Н, s, meso-Н) 

12 1.70 (12Н, s, С(CH3)2); 4.04 (6Н, s, N–CH3); 7.18 (2H, s, CH=CH); 
7.36-7.43 (2Н, m, H-5,5'); 7.46–7.54 (2Н, m, H-6,6'); 7.65–7.73 (4Н, m, H-7,7'+ H-4,4'); 
7.95 (1Н, s, meso-Н) 

13 4.41 (6Н, s, N–CH3); 6.88 (2H, s, CH=CH); 7.66 (2Н, d, J = 8.5, H-3,3'); 
7.85-8.31 (8Н, m, Аr–H); 8.45 (2Н, d, J = 8.5, H-4,4'); 8.50 (1Н, s, meso-Н) 

14 1.56 (6Н, t, J = 7.0, N–CH2CH3); 4.73 (4Н, q, J = 7.0, N–CH2); 6.85 (2H, s, CH=CH); 
7.39 (1Н, s, meso-Н); 7.55 (2Н, t, J = 8.0, H-6,6'); 7.68 (2Н, t, J = 8.0, H-5,5'); 
8.06 (2Н, d, J = 8.0, H-7,7'); 8.16 (2Н, d, J = 8.0, H-4,4') 

16 4.20 (6Н, s, N–CH3); 6,86 (2H, s, CH=CH); 7.39 (1Н, s, meso-Н); 
7.55 (2Н, t, J = 8.0, H-6,6'); 7.66 (2Н, t, J = 8.0, H-5,5'); 8.02 (2Н, d, J = 8.0, H-7,7'); 
8.13 (2Н, d, J = 8.0, H-4,4') 

17* 4.32 (6Н, s, N–CH3); 4.55 (2H,s, meso-H); 7.81 (2Н, t, J = 9.0, H-6,6'); 
7.88-7.97 (2Н, m, H-5,5' + 2Н, СН=СН); 8.13 (2Н, d, J = 9.0, H-7,7'); 
8.26 (2Н, d, J = 9.0, H-4,4') 

  
_______ 
* Spectra recorded in DMSO-d6 (compounds 1-3, 6-14, 16), deutero-
trifluoroacetic acid (compounds 4, 5) or in deuteroacetonitrile 
(compound 17). 

 
 
 
 
80 



NN
(CH2)4

NN

N N
Me

MeMe

N

R

N

S

Et
N

Me

2 An
1–4, 6

++

–

 An
7–11

+

–

+ =   + +

Alk

++

7 8, 9 10 11

, , ,

7  An –= BF4 – ,  8, 10  An– = TosO – ,  9  An  – = ClO4
– ,  11 An– = Br–

 
 
 We have recently reported the possible dehydrogenation of the ethylene bridging group in 
thiacarbocyanine chromophores to vinylene in the presence of quinones [10]. It was found that this reaction is 
general to trimethinecyanines of this type containing different heterocyclic residues. The strongly basic 
quinocarbocyanine 10 and medium basicity thiacarbocyanine 11 were dehydrogenated using chloranil in 
acetonitrile to give the dyes 13 and 14 respectively. In the case of the low basicity indocarbocyanine 7 only the 
use of the more powerful oxidant 2,3-dichloro-5,6-dicyanobenzoquinone led to the preparation of the 
carbocyanine 12. 
 Previously a series of carbocyanines, the trimethylene chromophore of which hides a 1,2-vinylene 
group, was obtained by treatment of cyclopentadiene with alkylthio- or bromo-substituted quaternary salts of 
nitrogen heterocycles [3, 11]. 
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 With the aim of clarifying the spatial structure of the thiacarbocyanines with ethylene and vinylene 
bridging groups in the chromophore we have used the nuclear Overhauser effect (NOE). Because the 1H NMR 
spectra of these compounds show signals which are well resolved and virtually nonoverlapped the interpretation 
of the results proved unambiguous. In the spectra of the thiacarbocyanine 15 (prepared according to [4]) a cross 
peak is observed corresponding to an NOE between the N-alkyl group protons and the proton in 
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the meso position of the chromophore. On the other hand, in the dye with the vinylene bridge 16 a cross peak is 
observed between the signals for the N–CH3 groups and the protons of the vinylene bridge. An interaction 
between the bridging group protons and the N-ethyl substituents is observed for thiacarbocyanines containing 
both ethylene and vinylene bridges and a chlorine atom or nitrile group in the meso position of the chromophore 
[10]. Hence it was shown that the introduction of only an ethylene bridge in the thiacarbocyanine is accompanied 
by a change in the conformation of the chromophore from all-trans-E,E,E,E (as found in the analog 
unsubstituted in the chromophore) to Z,E,E,Z whereas the introduction of the vinylene bridge does not change 
the conformation. 
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 In the case of the thiacarbocyanine 16 it has been shown by 1H NMR that, by contrast with the saturated 
bridging group 15, the addition of a proton to the carbocyanines with a vinylene bridge occurs not at the usual α-
position [12] but at the β-position of the chromophore to form the dications with the symmetrical type structure 
17 (compound not separated). Protonation was carried out by trifluoromethane-sulfonic acid in CD3CN 
solution. As a result, the signal for the vinylene bridge protons (δ = 6.85 ppm) are shifted to low field (δ = 7.40) 
and the signal for the CH group in the meso position of the chromophore (δ = 7.38 ppm) disappears. In place a 
signal appears at δ = 4.55 pm for the methylene group. Protonation is accompanied by a 64 nm hypsochromic 
shift of the electron spectrum absorption maximum. The addition of the proton to the β-position is associated 
with the fact that, in the dye with a vinylene bridge in this position, there is localized a partial negative π-charge 
equal to -0.059 (value calculated by PPP type quantum-chemical calculation). The addition of a proton to the 
β-position of the chromophore also preserves the chain of conjugation. 
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 The spectroscopic data for the dyes synthesized (Table 4) confirms the phenomenon observed previously 
of a depression of the color of trimethinecyanines under the influence of an ethylene and its increase with a 
vinylene bridge and also the more powerful effect of the latter [10]. 
 
 
EXPERIMENTAL 
 
 1H NMR spectra were recorded on a Varian-300 instrument (300 MHz) using HMDS (δ 0.055) as 
internal standard. Electronic absorption spectra were taken on a Shimadzu UV-3100 spectrophotometer. The 
purity of the products was monitored by TLC on Silufol UV-254 plates with chloroform as eluent. Compounds 
11 and 15 were prepared by a known method [4]. 
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TABLE 3. Characteristics of Compounds 1, 3-10, 12-14, 16 
 

Found, % —————— 
Calculated, % 

Com- 
pound 

Empirical 
formula 

С H Hal N (S) 
mp, °С Yield, % 

 
1 

 
С26H34B2F8N2 

 
57.20 
56.96 

 
6.45 
6.25 

 
 

 
5.16 
5.11 

 
227-228 

 
56 

3 С24H26Br2N2 57.29 
57.38 

5.36 
5.22 

 5.43 
5.58 

187-188 29 

4 С28H26Br2N2  
 

 28.74 
29.03 

4.92 
5.06 

220-221 47 

5 С29H28B2F8N2 59.94 
60.24 

4.77 
4.88 

 4.80 
4.85 

201-203 30 

6 С42H54Cl2N2O10  — 7.97 
8.15 

3.34 
3.22 

199-201 39 

7 С27H31BF4N2 68.89 
68.94 

6.60 
6.64 

 6.04 
5.96 

217-218 66 

8 С36H30N2O3S 75.77 
75.90 

5.30 
4.97 

 4.91 
5.08 

218-220 81 

9 С43H51ClN2O6 71.01 
71.00 

7.07 
7.08 

 3.85 
3.83 

211-213 38 

10 С32H30N2O3S 73.54 
73.60 

5.79 
6.03 

 5.36 
5.26 

175-176 47 

12 С27H29ClN2O4 67.42 
67.27 

6.08 
6.04 

7.37 
7.22 

— 190-192 82 

13 С25H23ClN2O4 66.59 
66.46 

— 7.86 
7.85 

— 212-214 78 

14 С23Н21BrN2S2  — 17.02 
16.94 

(13.66) 
(13.49) 

153-154 87 

16 С21Н17BrN2S2  — 18.11 
17.90 

(14.53) 
(14.84) 

247-249 89 
  

 
TABLE 4. Characteristics of the Long Wavelength Absorption Bands of 
the Dyes 7-14, 16 in Methanol 
 

Compound 
λmax, nm 
(log ε) 

λmax, nm 
(log ε)* 

∆λmax, nm ∆ν, cm-1 

 
7 

 
592 (5.00) 

 
545 (5.08) 

 
 47 

 
1456 

8 814 (5.21) 755 (5.10)  59  960 
9 892 (5.10) 821 (5.13)  71  969 

10 716 (4.90) 605 (5.25)            111 2562 
11 601 (5.20) 558  43 1282 
12 482 (4.76)             –63 2398 
13 533 (4.87)  -72            2232 
14 472 (4.91)  -76 2885 
16 469 (4.99) 554 -85 3271 

  
_______ 
* Characteristics of the analogs unsubstituted in the chain. 

 
 Preparation of bis-quaternary salts 1-6 (General Method). 
 2,2'-Tetramethylenebis(1,3,3-trimethyl-3H-indolium) Ditetrafluoroborate (1). The Grignard reagent 
prepared from metallic magnesium (0.5 g, 20 mmol), 1,4-dibromobutane (2.16 g, 10 mmol), and absolute ether 
(10 ml) was added with stirring to a solution of 1,3,3-trimethyloxyindole (3.2 g, 20 mmol) in anhydrous ether 
(20 ml). After addition of the solution the reaction mixture was heated for 2 h at 40ºC. Solvent was evaporated at 
0ºC under reduced pressure and HBF4 (22%, 12 ml) was added. The precipitate was filtered off and washed with 
ether. Compound 1 was recrystallized from acetonitrile. 
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 Salts 2-4 were prepared similarly but 20% HBr was added with crystallization from ethanol. In the case 
of salt 6 perchloric acid was used with crystallization from methanol. The Grignard reagent in the synthesis of 
salt 5 was prepared from 1,5-dibromopentane. 
 1,3,3-Trimethyl-2-[3-(1,3,3-trimethyl-1,3-dihydroindol-2-ylidene)cyclopent-1-enyl]-3H-indolium 
Tetrafluoroborate (7). A mixture of salt 1 (0.23 g, 0.42 mmol), di(ethoxymethyl)acetate (0.13 g, 0.84 mmol), 
pyridine (0.03 g, 0.42 mmol), and acetic anhydride (2 ml) were refluxed for 7 min. The reaction mixture was 
cooled and treated with ether and water. The precipitate was filtered off, washed with ether, and recrystallized 
from 2-propanol. 
 1-Methyl-2-[3-(1-methyl-1,2-dihydrobenzo[c,d]indolylidene-2)-1-cyclopentenyl]benz[c,d]indolium 
p-tolylsulfonate (8). Salt 4 (0.28 g, 0.50 mmol) and methyl tosylate (1.25 g, 6.71 mmol) were fused for 1 h at 
100-110ºC. The melt was treated with ether and acetone. The ditosylate salt, di(ethoxymethyl)acetate (0.15 g, 
1 mmol), pyridine (0.04 g, 0.5 mmol), and acetic anhydride (2.5 ml) were refluxed for 7 min. The reaction 
mixture was cooled and treated with ether and water. The precipitate was filtered, washed with ether, and 
recrystallized from methanol. 
 6-Butoxy-1-butyl-2-[3-(1-butyl-6-butoxybenzo[c,d]indolylidene-2)-1-cyclopentenyl]benz[c,d]indolium 
Perchlorate (9). A mixture of the bis salt 6 (0.215 g, 0.25 mmol), N-phenylethoxymethaneimine (0.075 g, 
0.50 mmol), pyridine (0.025 g, 0.25 mmol), and acetic anhydride (1 ml) was refluxed for 2 min in a gas flame. 
The product was cooled and the precipitate formed was washed with water and ether and then recrystallized from 
acetonitrile. 
 1-Methyl-2-[3-(1-methylquinolinylidene-2)-1-cyclopentenyl]quinolinium p-Tolylsulfonate (10) was 
obtained from salt 3 similarly to compound 8 but refluxed with N-phenylethoxymethaneimine in pyridine for 
3 min. The carbocyanine was recrystallized from acetonitrile. 
 1,3,3-Trimethyl-2-[3-(1,3,3-trimethyl-1,3-dihydroindol-2-ylidene)cyclopenta-1,4-dienyl]-3H-indolium 
Perchlorate (12). The carbocyanine 7 (0.20 g, 0.43 mmol) was dissolved in acetonitrile (3 ml), 2,6-dichloro-
3,5-dicyanobenzoquinone (0.195 g, 0.86 mmol) added, and the product was refluxed for 3 min. The product was 
washed with ether, filtered, washed with toluene and ether, and chromatographed on Al2O3 using chloroform as 
eluent. The dye was converted to the perchlorate by dissolving in acetonitrile and addition of an aqueous, 
saturated solution of sodium perchlorate and was recrystallized from a mixture of ethanol and 2-propanol (1:1). 
 1-Methyl 2-[3-(1-methyl-1,2-dihydro-2-quinolinylidene)-1,4-cyclopentadienyl]quinolinium Perchlorate 
(13). The carbocyanine 10 (0.20 g, 0.38 mmol) was dissolved in acetonitrile (10 ml) and chloranil (0.177 g, 0.72 
mmol) was added. After 30 min the precipitate was filtered off, washed with warm benzene, ether, and 
recrystallized from acetonitrile. The dye was converted to the perchlorate using aqueous NaClO4 solution. 
 3-Ethyl-2-[3-(3-ethyl-2,3-dihydro-1,3-benzothiazol-2-yliden)-1,4-cyclopentadienyl]-1,3-
benzothiazolium Bromide (14) was prepared similarly to cyanine 11 but heated at 100ºC for 30 min and 
recrystallized from acetonitrile. 
 3-Methyl-2-[3-(3-methyl-2,3-dihydro-1,3-benzothiazol-2-ylidene)-1,4-cyclopentadienyl]-1,3-benzothia-
zolium Bromide (16) was prepared similarly to compound 14 from 15. 
 
 
REFERENCES 
 
  1. L. V. Rozhkova, B. I. Shapiro, Yu. L. Slominsky, and A. I. Tolmachev, Zh. Nauch. i Prikl. Foto- 

i Kinematograf., 46, No. 2, 10 (2001). 
  2. I. V. Valyukh, O. V. Slobodyanyuk, V. B. Kovalska, A. V. Granzhan, Yu. L. Slominsky, and 

S. M. Yarmolyuk, Zh. Fizychnykh Doslidzhen, 6, 236 (2002). 
  3. J. D. Kendall, UK Pat. 431187; Chem. Zbl., III, 4659 (1936). 
  4. I. K. Ushenko, Ukr. Khim. Zh., 14, 50 (1948). 
 
84 



  5. M. A. Kudinova, E. I. Mayboroda, Yu. L. Slominsky, and A. I. Tolmachev, Khim. Geterotsikl. Soedin. 
1186 (1994). [Chem. Heterocycl. Comp., 30, 1024 (1994)]. 

  6. M. A. Kudinova, E. I. Mayboroda, Yu. L. Slominsky, and A. I. Tolmachev, Khim. Geterotsikl. Soedin., 
1319 (1993). [Chem. Heterocycl. Comp., 29, 1129 (1993)]. 

  7. G. Jenisch, Monatsh. Chem., 27, 1223 (1906). 
  8. K. Brunner, Ber., 38, 1359 (1905). 
  9. H. Balli and R. Naef, Dyes Pigm., 1, 139 (1980). 
10. E. I. Mayboroda, Yu. L. Slominsky, and A. I. Tolmachev, Ukr. Khim. Zh., 68, No. 6, 106 (2002). 
11. H. L. Ammon and W. D. Erhardt, J. Org. Chem., 45, 1914 (1980). 
12. A. I. Tolmachev, M. Yu. Kornilov, and E. F. Karaban, Teor. i Exp. Khim., 12, 817 (1976). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

85 


	Chemistry of Heterocyclic Compounds, Vol. 44, No. 1, 2008
	CARBOCYANINES – DERIVATIVES
	OF NITROGEN–CONTAINING
	HETEROCYCLES WITH BRIDGING
	GROUPS IN THE CHROMOPHORE
	E. I. Mayboroda1, Yu. L. Slominsky1, A. V. Turov2, and A. I.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


