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a b s t r a c t

Two novel general experimental procedures for preparation of neutral monomethine cyanine dyes
without using a basic agent have been developed. The procedures allow synthesis of cyanine dyes by
reaction of substituted methylthio aromatic heterocycles with different quaternized nitrogen containing
heterocycles by simple melting or by their reaction in acetic anhydride for short reaction times. The
proposed method is very versatile as a variety of different starting materials can be used.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Recently, cyanine dyes have found applications in numerous
diverse areas e biological, medical and drug development, imaging
of bio-targets emolecules, cells and organelles and conformational
studies by fluorescence energy transfer [1e4]. Their excellent
staining properties make them useful fluorescent probes in such
methods as flow cytometry, for the detection of nucleic acids in
solution, gel electrophoresis and in fluorescence microscopy [5].
The wide spectrum of their biological applications (one of the
“high-tech” fields) prompted researchers to investigate new
methods for the synthesis.

Monomethine cyanine dyes are among the most important
organic functional dyes. They are generally synthesized by the
reaction of two heterocyclic quaternary salts, one bearing a reactive
methyl group and the other a quaternized heterocycle containing
a thioalkyl which is a good leaving group, in the presence of base
[6]. In our earlier investigations we presented environmentally
friendly novel procedures to synthesize monomethine cyanine
dyes, avoiding some of the drawbacks of the alkylthio-method [7,8].
The continued interest in the development of the novel and the
improvement of known synthetic procedures with reduced envi-
ronmental impact has influenced our research program. In this
study we present a novel method to prepare neutral monomethine
cyanine dyes.
: þ359 2 8625438.
georgiev).
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2. Experimental

1H NMR spectra were recorded on a Bruker Avance DRX
250 MHz and AV 600 MHz instruments in DMSO-d6. Elemental
analyses were performed on a Vario 3 instrument. Absorption
spectra were scanned on a Cecil Aurius CE 3021 UVeVIS spectro-
photometer (1.10�5 mol/l in CH3OH). Melting points were deter-
mined on a Kofler apparatus and are uncorrected. The progress of
the reactions was monitored by TLC (Merck F 254 silica gel;
CH2Cl2:CH3OH:CH3COOH 86:13:1). All starting materials and
solvents were commercial products from SigmaeAldrich, except for
compounds 2b, 8, which were synthesized by known procedures
[9,10].
2.1. Method A

Quaternary heterocyclic 2-methylthio 1, 5a e 5d (1 mmol) and
the heterocyclic compounds bearing a reactive methyl group 2a e

2e (1.1 mmol) or the quaternary heterocyclic 2-methyl salt 7a e 7c
(1 mmol) and 4-methylthio heterocyclic compound 8 (1 mmol)
were melted together and the reaction mixture was heated and
stirred at the appropriate temperature and time (Table 1). The melt
was diluted with 10 ml ethanol and cooled. The dyes, which
precipitate in the alcoholic solution, were directly isolated by
filtration. Where the products precipitated as oils, the isolationwas
carried out by adding a saturated aqueous solution of potassium
iodide or sodium perchlorate (anion exchange). The precipitated
dye was filtered and air dried.

mailto:toddel@chem.uni-sofia.bg
www.sciencedirect.com/science/journal/01437208
http://www.elsevier.com/locate/dyepig
http://dx.doi.org/10.1016/j.dyepig.2010.10.012
http://dx.doi.org/10.1016/j.dyepig.2010.10.012
http://dx.doi.org/10.1016/j.dyepig.2010.10.012


Table 1
Structures of dyes 3a e 3d, 6ae6f, 9ae9c, 12 and 13 reaction times and isolated yields by Method A and Method B.

Dye Structure Method Time [min] Temperature [�C] Yield [%]

3a
N

S
CH

CH3CH3SO4

NH
A 10 100 91
B 20 90 79

3b
N

O
CH

CH3ClO4

NH
A 40 55e60 63
B 20 60 79

3c N

S

CH3

NH
N

I

N

CH3

A 10 100 57

B 25 70 45

3d N

S
CH

CH3I

NH
N

B 25 80 41

3e
N

S
CH

CH3CH3SO4

NH
Cl A no reaction

B 15 70 95

3f N

S
CH

CH3CH3SO4

NH
Cl A no reaction

B 20 90 93

6a N N

S
CH

CH3

H3C
NH

N

CH3SO4
A 10 100 52

6b N N

S
CH

CH3

Cl

I

NH

B 25 70 21

6c N N

O
CH NH

N

C2H5
ClO4

A no reaction
B 60 110 43

6d N N

S
CH

CH3

Cl

I

NH
A no reaction
B 20 90 49

6e N N

O
CH

CH3 CH3SO4

NH

B 60 90 37

(continued on next page)
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Table 1 (continued )

Dye Structure Method Time [min] Temperature [�C] Yield [%]

6f N N

O
CH

CH3 ClO4

NH

B 60 80 33

9a
N

S

CH3

CH NH
N

CH3SO4

A 5 100 59
B 30 80 53

9b
N

S

C2H5

CH NH
N

I

A 10 110 62
B 30 100 50

9c
N

O

CH3

CH NH
N

I

A 15 100 45
B 25 70 35

12 N N

S
CH N CH3

Cl

A 25 120 64

13 N N

S
CH N CH3

Cl

A 15 90 57
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2.2. Method B

Quaternary heterocyclic 2-methylthio 1, 5a e 5d (1 mmol) and
the heterocyclic compound bearing a reactive methyl group 2ae 2e
(1.1 mmol) or the quaternary heterocyclic 2-methyl salt 7a e 7c
(1 mmol) and 4-methylthio heterocyclic compounds 8 (1 mmol)
were stirred and heated together in 2e4 ml acetic anhydride at the
appropriate temperature and time (Table 1). The reaction mixture
was cooled, dilutedwith 15ml diethyl ether and the precipitatewas
filtered and air dried. Products, which precipitate as oils were
N

N

CH3

+
N

X
SCH3

CH3A

100 

10-1

1a, 1b

H3C

N

CH3

N

2a

2b

1a : X = S   1b : X = O

Scheme 1. Synthesis of monomethine cyanine dyes in solven
dissolved in 10e15 ml ethanol and were worked-up as in Method A
by anion exchange.
2.3. Preparation of the neutral forms of the synthesized dyes

The neutral forms of the dyes in Method A and Method B were
obtained before the anion exchange procedure, by dissolving the
precipitate or the oil in water and adding NH3. The unprotonated
dyes were filtered and air dried.
N

X
CH

CH3

NH

A

-1100 C

R

5 min

3a, 3b

3a: 1a, 2a; X = S, R = H, A = CH3SO4

3b: 1b, 2a; X = O, R = H, A = ClO4

3c: 1a, 2b; X = S, R = pyrrolidyl, A = I

N

X
CH

CH3
A

NH
N

CH3

N

3c

t-free conditions without using basic agent (Method A).



N
Z

CH3

+
N N

X
SCH3

A

N N

X
CH NH

Z

A

 method B
(CH3CO)2O, 70-900

20-60 min

method A
100-1100 C,
10-15 min

R4

R5 R4

R5

5a - 5d

6a, 6d, 6e

N

Y

CH3

2a,2e

2c, 2d

5a: X = S, R4, R5 = CH3, A = CH3SO4
5b: X = S, R4 = CH3, R5 = Cl, A = CH3SO4
5c: X = O, R4 = C2H5, R5 = H, A = ClO4
5d: X = O, R4 = CH3, R5 = H, A = CH3SO4

2a: Z = CH
2c: Y = N
2d: Y = CH
2e: Z = N

6a: 5a, 2e, X=S, Z=N, R4, R5=CH3, A=CH3SO4
6b: 5b, 2d, X=S, Y=CH, R4=CH3, R5=Cl, A=I
6c: 5c, 2c, X=O, Y=N, R4=C2H5, R5=H, A=ClO4
6d: 5b, 2a, X=S, Z=CH, R4=CH3, R5=Cl, A=I
6e: 5d, 2a, X=O, Z=CH, R4=CH3, R5=H, A=CH3SO4
6f: 5d, 2d, X=O, Y=CH, R4=CH3, R5=H, A=ClO4

N N

X
CH NH

Y

AR4

R5

6b, 6c, 6f

Scheme 3. Synthesis of dyes 6ae6f by Method A or Method B.

N

CH3

2a

1a: X = S, R1 = H

+
N

X
SCH3

CH3A

N

X
CH

CH3

NH

A

2b-2d

R1
(CH3CO)2O, 70-100o

15-30 min

1b: X = O, R1 = H
1c: X = S, R1 = Cl

N

Y

CH3

R3 R2

R1

2b: R2 = pyrrolidyl, R3 = CH3, Y = N
2c: R2, R3 = H, Y = N
2d: R2, R3 = H, Y = CH

3a: 1a, 2a;  X = S, R1 = H, A = CH3SO4

3b: 1b, 2a; X = O, R1 = H, A = ClO4
3c: 1a, 2b; X = S, Y = N, R1= H, R2 = pyrrolidyl, R3 = CH3, A = I
3d: 1a, 2c, X = S, Y = N, R1, R2, R3 = H, A = I
3e: 1c, 2a, X = S, R1 = Cl, A = CH3SO4

3f: 1c, 2d, X = S, Y = CH, R1 = Cl, R2, R3 = H, A = CH3SO4

N

X
CH

CH3A

3c, 3d, 3f

3a, 3b, 3e

R1

NH
Y

R3

R2

Scheme 2. Synthesis of monomethine cyanine dyes in acetic anhydride without using of a basic agent (Method B).
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Analytical samples of the dyes were obtained by recrystalliza-
tion from ethanol.

3. Results and discussion

The synthesis of photostable dyes is very important from prac-
tical points of view e the analytical applications of the some
cyanine dyes requires long fluorescence lifetimes and good fluo-
rescence quantum yields. These features could be achieved by
alteration of the molecular structure of the dyes; therefore diverse
and improved synthetic approaches are of significant importance to
progress this area.

As a part of our investigations into monomethine cyanine dyes,
we developed syntheses for dye structures using a mixture of
a quaternary heterocyclic methylthio salt (1) and a heterocyclic
N

X

R6

CH3

A

+
N

N

SCH3

meth
(CH3CO)2O

25 - 3

meth
100 - 

5 -15

7a - 7c 8

7a: X = S, R6 = CH3, A = CH3SO4
7b: X = S, R6 = C2H5, A = I
7c: X = O, R6 = CH3, A = I

Scheme 4. Synthesis
compound bearing a reactive methyl group (2) in solvent-free
conditions and without the presence of a basic agent, which is
obligatory in all other reported methods thus far [11]. We aim to
simplify the known alkylthio-method by avoiding the use of two
quaternary compounds, which will reduce the synthetic steps by
obtaining derivatives as starting materials for the monomethine
cyanine dyes synthesis (Scheme 1).

Direct heating of the starting materials allows shorter reaction
times and, furthermore, avoids one of the main drawbacks of the
alkylthio-methode the possibility of interchange of the alkyl
groups at the sulphur and nitrogen atoms in the quaternized
starting materials in the presence of a strong base, which gives
unexpected reaction products [12e14]. The products were only
isolated upon dilution with small amounts of ethanol followed by
filtration.
od B
, 80-90 oC

0 min

od A
110 oC
 min

N

X

R6

CH

A

NH
N

9a - 9c

9a: 7a, 8, X = S, R6 = CH3, A = CH3SO4
9b: 7b, 8, X = S, R6 = C2H5, A = I
9c: 7c, 8, X = O, R6 = CH3, A = I

of dyes 9ae9c.



N N

S
CH N CH3

N N

SCl
SCH3 +

N CH3H3C

CH3SO4

Cl

10 N CH3H3C

CH3SO4

11a

11b

12

N N

S
CH N CH3

Cl
13

Scheme 5. Synthesis of neutral dyes 12 and 13.
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A detailed study on these syntheses showed that this approach
works well only if one of the starting materials is a liquid, or if both
have similar melting points. If the melting points of the starting
materials vary widely, the method either does not proceed at all, or
proceeds only partially, since decomposition of the starting deriv-
ative with the lower melting point is faster than dye formation. For
this reason, we performed the same reaction using acetic anhydride
as solvent in the temperature range 70e100 �C (Scheme 2). In all
cases the reaction progress was monitored by TLC.
Table 2
Melting points, elemental analysis and 1H NMR data of the synthesized dyes.

Dye M.p. [�C] Elemental analyses 1H NMR (250, 600 M

C % calc.
found

H % calc.
found

N % calc.
found

S % calc.
found

3a 140e145 56.70 4.51 6.96 15.93 3.65 s (3H, eNCH3);
7.53e7.75 m (3H, Ar56.23 4.12 7.08 15.57

3b 128e132 56.69 4.03 7.47 e 3.91 s (3H, eNCH3);
(2H, ArH); 8.46e8.5556.32 4.28 7.09

3c 192e196 47.49 4.68 12.39 7.09 2.02 s (3H, eCH3)2.1
(1H, eCH]); 7.32 s47.13 4.09 11.98 6.77

3d 210
(decomposed)

42.29 3.28 12.38 8.68 3.96 s (3H, eNCH3);
(3H, ArH); 7.85 d (1H41.93 3.19 11.98 8.77

3e 270e272 52.23 3.92 6.41 14.68 3.97 s (3H, eNCH3);
7.89e7.96 m (2H, Ar51.85 3.72 6.07 14.27

3f 160e165 46.57 3.91 7.24 16.58 3.95 t (3H, eNCH3);
7.70 d (1H, ArH); 8.046.15 3.77 6.87 16.37

6a >300 51.66 4.34 13.39 15.32 3.50 s (3H, eCH3); 3
7.86e7.95 m (2H, Ar51.15 2.92 12.97 14.86

6b 142e146 38.68 2.75 10.41 7.94 3.72 s (3H, eNCH3);
8. 91 m (2H, ArH), 938.25 2.37 11.99 7.56

6c 194e198 45.83 3.85 16.44 e 1.47 t (3H, eNCH2eC
6.71 d (1H, ArH); 7.545.35 3.28 16.07

6d 210e214 45.00 2.89 9.26 7.07 4.13 s (3H, eNCH3);
(1H, ArH); 8.40e8.4344.75 2.47 9.19 6.86

6e 140e144 55.80 4.42 10.85 8.28 4.16 s (3H, eNCH3);
(1H, ArH); 8.42e8.4455.22 4.12 10.39 7.94

6f 192e198 47.94 3.71 12.90 e 3.71 s (3H, eNCH3);
8.45e8.57 m (3H, Ar47.42 3.18 12.43

9a 272 46.69 3.69 9.61 7.33 3.86 s (3H, eNCH3),
(1H, ArH), 7.75 d (1H46.92 3.58 9.20 6.96

9b >300 48.88 3.87 9.50 7.25 1.42 t (3H, eNCH2eC
7.66e7.73 m (3H, Ar48.53 3.85 9.37 6.90

9c 280e282 48.47 3.83 9.98 e 3.96 s (3H, eNCH3);
(1H, ArH); 7.86 d (1H48.24 3.50 9.60

12 126e128 62.67 3.71 12.90 9.84 2.85 s (3H, eCH3); 6
8.29e8.34 m (2H, Ar62.23 3.25 12.67 9.52

13 122e126 56.62 3.60 15.24 11.63 2.85 s (3H, eCH3); 6
8.74 d (1H, ArH);56.29 3.25 15.17 11.12

The underlined protons from the NMR spectra data give the protons, which are assigned
Supplementary experiments were carried out to find the
optimal reaction temperature in acetic anhydride (Table 1). An
exact temperature value, valid for all of the synthesized struc-
tures, cannot be specified, but best yields under these conditions
were obtained in the temperature range 70e100 �C. Heating
some of the dyes to higher temperatures, or boiling them in
acetic anhydride, produced undesired side products e we
believe this results from an autocondensation process, which
was monitored by TLC.
Hz, DMSO-d6) d(ppm)

6.46 s (1H, eCH]); 7.07 t (1H, ArH); 7.27e7.35 m (2H, ArH); 7.41 d (1H, ArH);
H); 7.95 d (1H, ArH); 8.42 d (1H, ArH); 8.74 d (1H, ArH); 14.01 brs (1H, NH);

6.29 s (1H, eCH]); 7.28e7.36 m (3H, ArH); 7.40 d (2H, ArH); 8.21e8.33 m
m (2H, ArH); 8.76 d (1H, ArH); 13.70 brs (1H, NH);

7 t (4H, CH2NCH2); 2.19e2.33 m (4H, CH2CH2); 4.12 s (3H, eNCH3); 6.71 s
(1H, ArH); 7.71e7.73 m (2H, ArH); 7.79e7.66 m (2H, ArH); 13.91 brs (1H, NH);

6.51 s (1H, eCH]); 6.64 d (1H, ArH); 6.71 d (1H, ArH); 7.52e7.71 m
, ArH); 8.61 s (1H, ArH)

6.87 s (1H, eCH]); 7.38 d (1H, ArH); 7.63 dd (1H, ArH); 7.73e7.75 m (2H, ArH);
H); 8.17 d (1H, ArH); 8.63 d (1H, ArH); 8.73 d (1H, ArH); 14.01 brs (1H, NH);

6.85 s (1H, eCH]); 7.21 d (2H, ArH); 7.30 d (1H, ArH); 7.60 dd (1H, ArH);
0e8.06 m (2H, ArH); 14.05 brs (1H, NH);

.73 s (3H, NþeCH3); 6.85 s (1H, eCH]); 7.12 s (1H, ArH); 7.64 t (1H, ArH);
H); 8.28 d (1H, ArH); 8.73 d (1H, ArH); 8.86 s (1H, ArH); 14.01 brs (1H, NH);

6.34 s (1H,]CHe); 7.52 d (1H, ArH), 7.57 d (1H, ArH), 8.36 d (1H, ArH),
.48 d (1H, ArH); 13.97 brs (1H, NH);

H3); 4.80 q (2H, eNCH2eCH3); 6.61 s (1H, eCH]); 6.64 d (1H, ArH);
2 s (1H, ArH); 7.83e7.95 m (3H, ArH); 13.92 brs (1H, NH);

6.91 s (1H, eCH]); 7.55 d (1H, ArH); 7.67e7.75 m (2H, ArH); 8.25 d
m (2H, ArH); 8.51e8.60 m (2H, ArH); 13.31 brs (1H, NH);

6.95 s (1H, eCH]); 7.57 d (1H, ArH); 7.70e7.77 m (2H, ArH); 8.29 d
m (2H, ArH); 8.54e8.62 m (3H, ArH); 13.35 brs (1H, NH);

6.37 s (1H,]CHe); 7.54 d (1H, ArH), 7.59d (1H, ArH), 8.38 d (1H, ArH),
H), 8.78 d (1H, ArH); 13.99 brs (1H, NH);

6.57 s (1H, eCH]), 7.52 t (1H, ArH), 7.59e7.64 m (2H, ArH), 7.69 t
, ArH), 7.81 d (1H, ArH), 7.91 t (1H, ArH), 8.60 s (1H, ArH), 8.65 d (1H, ArH);

H3); 4.84 q (2H, eNCH2eCH3); 7.33 t (1H, eCH]); 7.54 t (1H, ArH);
H); 7.92e7.96 m (2H, ArH); 8.16 d (1H, ArH), 8.74 d (1H, ArH); 8.88 s (1H, ArH);

6.51 s (1H, eCH]); 7.53 t (1H, ArH); 7.59 t (1H, ArH); 7.72 t (2H, ArH); 7.80 d
, ArH); 7.96 t (1H, ArH); 8.63 s (1H, ArH); 8.66 d (1H, ArH);

.81 s (1H, eCH]); 7.15 d (1H, ArH); 7.62 t (1H, ArH); 7.76e7.85 m (2H, ArH);
H); 8.75 d (1H, ArH); 8.89 s (1H, ArH);

.89 s (1H, eCH]); 6.92 d (2H, ArH); 7.05 d (2H, ArH); 7.92 d (1H, ArH);

as triplet or quartet.



Table 3
Absorption maxima and molar absorptivities of the protonated and neutral forms of dyes 3a e 13.

Dye (protonated form)a lmax [nm] (protonated form) 3 [l mol�1 cm�1] (protonated form) lmax [nm] (neutral form)b 3 [l mol�1 cm�1] (pH ¼ 8, neutral form)

3a 492 58 100 427 33 500
3b 466 17 200 408 9500
3c 420 33 500 397 30 200
3d 436 20 900 398 15 800
3e 492 20 000 423 9800
3f 498 28 800 419 19 900
6a 556 79 900 548 58 400
6b 502 23 000 484 21 200
6c 455 22 500 decomposition
6d 548 96 800 decomposition
6e 461 27 600 decomposition
6f 465 21 300 decomposition
9a 443 49 800 442 59 000

471 45 300
9b 446 64 600 443 71 100

471 61 800
9c 413 43 500 423 52 900

436 42 900
12 543 10 500 548 73 500
13 498 12 000 505 37 900

a 1 drop HCl was added to the dye solution.
b 1 drop NH3 was added to the dye solution.
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The use of acetic anhydride as solvent did not significantly
change the yields of the dyes obtained by either method. In all
cases, the heating times for Method B were greater than, for
Method A.

The structures 3ae3f obtained by this procedure could be used
as starting materials for further quaternization reactions with alkyl,
substituted alkyl, aralkyl, substituted aralkyl halides or with other
quaternization agents. They could also be isolated as neutral forms
by dissolving in water/NH3 solution followed by filtration of the
deprotonated compounds.

A literature survey has revealed only two patented synthetic
procedures for obtaining of neutral monomethine cyanine dyes
using quaternary 3-methyl-2-methylthiobenzoxa(thia)zolium salts
and heterocyclic compounds with a reactive methyl group (2- or 4-
methylquinoline and its derivatives or 4-methylpyridine) as start-
ing materials [15,16]. In one of the procedures described [15] acetic
anhydride is used as solvent and the reaction mixture is heated for
4 h in the presence of DMF. Larive and co-workers described in
a patent [16] method for synthesizing of neutral monomethine
cyanine dyes, which requires use of sulfones as starting materials,
as well as the presence of triethylamine as base. All other reported
procedures to obtain asymmetric monomethine cyanine dyes,
including thia(oxa)zolopyridinum and quinazolinium moieties, are
based on the alkylthio-method [12,17e22]. The method described
in a patent [21] requires an additional step of dequaternization to
prepare the neutral cyanine dyes. We successfully synthesized
dyes by a simpler method, reacting 4-methyl-2-(methylthio)thia-
zolopyridinium and 4-methyl-2-(methylthio)oxazolopyridinium
moieties by the new Methods A or B (Scheme 3).

These initial results prompted us to carry out additional exper-
iments. We found that the monomethine cyanine dye structure can
also be obtained by melting together 2-methyl-3-alkylbenzothia
(oxa)zolium salt (7ae7c) and 4-methylthio heterocyclic compound
(8) without using a basic agent (Scheme 4).

The neutral forms of the dyes 9ae9c could be obtained by dis-
solving them in water/NH3 and filtration of the deprotonated
compounds.

By melting together the 2-methylthiothiazolopyridinium
compoundwith thequaternary4-methylthioheterocyclic compound
without the use of solvent, a neutral monomethine cyanine dye was
obtained (Scheme 5).
The reaction times and yields of dyes 3ae3f, 6ae6f, 9ae9c, 12
and 13 are summarized in Table 1.

The synthesized monomethine cyanine dyes 3a e 3f, 6a e 6f,
9a e 9c could be used in their neutral forms after workup in H2O/
NH3 or directly as derivatives to synthesize novel dyes. The struc-
tures 3a and 3b were previously reported as fluorescent stains for
nucleic acids or oligonucleotides in cells, gels and solutions [15,23].
The quaternized analogs of 9ae9c were recently patented as dyes
more sensitive to dsDNA and useful for real time PCR [24].

The analytical samples of the synthesized dyes were obtained by
recrystallization in ethanol and their structures were evaluated by
1H NMR spectra and elemental analysis (Table 2).

The spectral characteristics of the synthesized dyes e proton-
ated and neutral forms, were investigated in CH3OH at room
temperature (Table 3).

In summary, we report two simple novel experimental proce-
dures to prepare neutral monomethine cyanine dyes without using
a basic agent. These approaches require shorter reaction times,
have an easy workup procedure and reduce the synthetic steps to
obtain neutral monomethine cyanine dyes. The method gives
products with good to high yields and with a high purity. This novel
general method, according to us, is superior in comparisonwith the
known procedures and methods by simplicity and versatility.
Moreover the novel method provides numerous possibilities to
prepare classical cyanine dyes by quaternization with different
alkylation agents.
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