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Abstract—Some new monomethine cyanine dyes derived from quinoline and benzothiazole have been prepared and characterized by
'H and '*C NMR, FTIR, FABHRMS, and visible spectroscopy. The dyes containing amino and acetamido groups were conve-
niently synthesized by the condensation of two p-toluenesulfonate heterocyclic quaternary salts and were obtained in the forms
of iodide, bromide, and tosylate counteranions. These dyes were compared to ethidium bromide as stains for DNA in electropho-
retic gels. The overall results obtained for the sensitivity of these dyes suggest the suitability of acetamido moiety over the amine one
and bromide as the counteranion when compared with iodide and tosylate, with a similar capacity of DNA detection in relation to

the ethidium bromide stain over the concentration range of 1-3 ng.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Cyanine dyes consist of two heterocyclic nuclei contain-
ing nitrogen centers linked through an odd number of
methine bonds, which are normally in the frans configu-
ration, in such a way that resonance occurs through the
conjugated system between the tertiary and quaternary
nitrogen atoms. The carbon atoms of the methine
groups may be attached to groups other than hydrogen,
or may be part of carbocyclic or heterocyclic ring sys-
tems. Due to their excellent staining properties, cyanine
dyes have been utilized in biological applications such as
flow cytometry,! DNA fragment sizing,? reporter groups
in hybridization probes,*= single DNA molecule fluo-
rescence microscopy,® gel staining,” and in real-time
PCR.3'° Thus, monomethine cyanine dyes are widely
used as fluorescent probes for the detection of nucleic
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acids in fluorescent microscopy, gel electrophoresis,
11,12
etc.'t:

The main advantage of these dyes is that they do not
show fluorescence of their own, but become strongly
fluorescent after complexing with DNA. Two possible
types of interaction with nucleic acids, intercalation
and electrostatic binding, have been proposed.” The
huge enhancement in fluorescence upon binding to
DNA is believed to originate from the loss of mobility
around the methine bridge between the two heterocyclic
moieties. '

DNA is commonly detected, in agarose gel electropho-
resis with ethidium bromide (EtBr) staining, as fluores-
cent bands detected using UV irradiation.'* However,
this method has some disadvantages due to the strong
mutagenic effects of EtBr that complicate handling and
disposal of both the chemical and the stained gels and
electrophoresis buffers.!>"!7 These undesirable proper-
ties of EtBr stimulated many scientists to search for
new more safe fluorescent monomethine cyanine probes
envisioning the visualization of nucleic acids.'®??> The
purpose of the present research was the preparation of
some new monomethine cyanine dyes and to explore
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their possible use for DNA visualization in agarose elec-
trophoretic gels.

2. Results and discussion
2.1. Synthesis

It has been reported that the exocyclic amines of EtBr are
suitable for DNA binding, since the partial positive
charges carried by the amino groups are effective for medi-
ating electrostatic attraction and hydrogen bonding inter-
actions with DNA’s phosphate groups.?*2° In addition to
the reported mutagenicity of EtBr,'>~!7 it is worth noting
that the structure of EtBr (Fig. 1) reveals the presence of a
benzidine group that renders the dye some carcinogenic-
ity.?®27 Therefore, new monomethine cyanine dyes con-
taining amino and acetamido in different forms of

R=NH,, NHCOMe

X=I, Br, Tos

Figure 1. Ethidium bromide and monomethine cyanine dyes used.

A(,ZO
Reﬂux

NHCOMe

1

Conc HCI., KX 14% | Reflux

Scheme 1. Synthesis of monomethine cyanine dyes 1-5.

counterions (Fig. 1) were prepared envisioning their use
for DNA visualization in agarose electrophoretic gels as
an alternative to the classical EtBr stain.

Monomethine cyanine dyes are generally synthesized by
the reaction of two heterocyclic quaternary salts, one
bearing a methyl group and the other a thioalkyl as a
good nucleofugic leaving group, both in the 2-position
in relation to the heteroaromatic ammonium salt.
Deprotonation of the first quaternary salt by a tertiary
aliphatic amine gives the methylene derivative base,
which acts as the nucleophilic reagent.”® The synthetic
route of monomethine cyanines 1-5 is shown in Scheme
1. Aminoquinaldine was refluxed with acetic anhydride
for 2h to afford 4-acetamido-2-methylquinoline in
87% yield. N-alkylation of a mixture (1:1 molar ratio)
of  4-acetamido-2-methylquinoline and  2-meth-
ylthiobenzothiazole with ethyl p-toluenesulfonate at
130 °C afforded the corresponding tosylate salts as a vis-
cous material, which was further used in the synthesis of
dye 1 without purification. Treatment of the tosylate
salts with a pyridine/triethylamine mixture (3:1 by vol-
ume) at 100-105 °C gave dye 1 as orange crystals in
39% yield. Generally, amino dyes like 2 and 3 are usu-
ally obtained from their corresponding acetyl derivative
(dye 1) in two-step processes, that is, acid hydrolysis fol-
lowed by counteranion exchange. In the present work,
dye 1 afforded dyes 2 and 3 quantitatively in one-pot
process by undergoing acid hydrolysis in the presence
of an excess of 14% potassium iodide and potassium
bromide aqueous solutions, respectively. Counteranion

NHCOMe
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Figure 2. Agarose gel electrophoresis of DNA (10-40 ng) stained with
monomethine cyanine dyes 1-5 and EtBr. Gels were exposed to UV
light at 365 nm for 520 ms.

exchange of dye 1 was made with an excess of 14%
potassium iodide and potassium bromide aqueous solu-
tions to give the dyes 4 and 5, respectively. The struc-
tures of the new dyes 1-5 were evidenced by their 'H
NMR, C"* NMR, FTIR, Vis, and FABHRMS data.

2.2. DNA visualization

The five asymmetric monomethine cyanine dyes pre-
sented in this work were assessed as DNA stains in com-
parison to EtBr. A direct comparison of the sensitivities
between cyanine dyes’ staining and EtBr staining was
performed using serial dilutions of a commercial DNA
marker as shown in Figure 2. The visualization of
DNA patterns indicates that the relative sensitivity of
cyanine dyes’ staining compared with EtBr staining is
decreasing with increasing the concentrations of DNA
from 10 to 40 ng. The behavior of these dyes was differ-
ent in relation to the size of DNA fragment analyzed.
For the 2.0 kb DNA fragment, EtBr showed higher sen-
sitivity than any of the other dyes (p < 0.001) at all DNA
concentrations. For the 1.2 kb fragment, dyes 3 and 4
showed higher sensitivity than that of EtBr (p <0.001)
at 10 ng, and at 20 ng the sensitivity of dye 2 approached
that of EtBr. For the 0.8 kb fragment, dye 2 sensitivity
was higher than that of EtBr at 10 ng and the sensitivity
of dye 4 was similar, whereas in the case of fragment
0.4 kb, only dye 2 approached the sensitivity of EtBr
at 20 and 30 ng DNA concentrations.

In order to further explore the potential sensitivity of the
dyes at lower concentrations of DNA, agarose gels were
additionally run using 1 and 3 ng of DNA. Figure 3
shows the selected images of dyes 2 and 4 in comparison
with the image of EtBr using 1 and 3 ng DNA at differ-
ent illumination times. UV illumination of the gels of
EtBr and dyes 2 and 4 at these low concentrations of
DNA for 80 ms reveals the detection of 3 ng DNA
bands using EtBr and dye 4 but not dye 2. Nevertheless,
the 1 ng bands are not visible with any of them. At
120 ms of exposure, EtBr staining allows the observa-
tion of a very faint band in the 1 ng lane which is not vis-
ible with any other dye, but too faint for further analysis
(e.g., expression analysis by semi-quantitative reverse
transcriptase-polymerase chain reaction (RT-PCR)).
However if the exposure time is increased to 520 ms to
allow a better visualization of DNA fragments, EtBr
gel becomes photobleached due to over exposure of
UV illumination, whereas dye 4 allows a fine view of
the bands without photobleaching and dye 2 also allows
the visualization of the DNA though with a weaker sig-
nal than dye 4. These observations indicate a relative
higher photostability of the monomethine cyanine dyes
over EtBr.

Comparative sensitivity of monomethine cyanine dyes
1-5 in relation to EtBr for the detection of 1 and 3 ng
DNA after UV illumination at 520 and 120 ms for the
gels of dyes 1-5 and EtBr, respectively, is shown in Fig-
ure 4. At 3 ng DNA, the fragments were detected with a
similar sensitivity for dyes 3-5 and EtBr, with a better
sensitivity observed for the dye 4 when compared with
EtBr at 0.8 DNA fragment. Dye 1 revealed a compara-
ble sensitivity in relation to dyes 3-5 and EtBr at 1.2 and
2.0 kb DNA fragments but not at 0.8 kb. However, dye
2 showed a high sensitivity only for 2.0 kb DNA frag-
ment when compared with all dyes. Further dilution of
DNA concentration to 1 ng in the gels of the dyes
including EtBr resulted in the detection of 2.0 and
1.2 kb DNA fragments using dyes 4, 5 and EtBr in the
following sensitivity order dye 5>dye 4 > EtBr,
whereas dyes 1-3 were not able to detect DNA at this
concentration.

The overall results of dye 1-5 sensitivity suggest the
suitability of amide moiety over the amine one as well
as the bromide counteranion over the iodide and tosyl-
ate ones. This structural sensitivity difference might be
explained by the DNA binding ability to the different
dyes, being higher in the dyes which have amide
groups than in those dyes containing amine ones,
due to the increased hydrogen bonding between
DNA with the former. Compared to EtBr, it appears
that dyes 4 and 5 are promising tools for DNA anal-
ysis under UV light when its concentration is low over-
coming the undesirable use of radioactivity normally
applied in such limiting cases.

3. Conclusion

Some new monomethine cyanine dyes have been synthe-
sized and fully spectroscopically characterized. A
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Figure 3. Agarose gel electrophoresis of DNA stained with monomethine cyanine dyes 2, 4 and EtBr at 80, 120, and 520 ms exposure times. Images

were acquired under UV light at 365 nm.

comparative study for DNA visualization between these
dyes and the conventionally used EtBr stain was made
using agarose gel electrophoresis. The acetamido dyes
4 and 5 are promising tools for DNA analysis at low lev-
els of concentration when UV light is required for visu-
alization. These new dyes may help overcome the use of
the mutagenic EtBr stain or radioactivity for detecting
low levels of DNA.

4. Experimental
4.1. General

Ethidium bromide and other reagents were of the high-
est purity available, purchased from Sigma-Aldrich
Company and used as received. Solvents were of analyt-
ical grade. Agarose and DNA marker (low DNA mass
ladder) were supplied by Eurobio and Invitrogen,
respectively. All reactions were monitored by TLC on
aluminum plates precoated with Merck silica gel 60
F3s54 (0.25 mm) using dichloromethane or dichlorometh-
ane/methanol (5-10%) and the spots examined under
254, 312, and 365 nm UV light. 'H and '*C NMR spec-
tra were recorded in DMSO-d, solutions on a Briicker

ACP 250 (250.13 and 62.90 MHz) spectrometer. Chem-
ical shifts are reported in parts per million relative to
residual solvent signals or Me,Si and coupling constants
(J) are given in Hertz. Infrared spectra were performed
on a Mattson 5000-FTS FTIR spectrometer. All sam-
ples were prepared by mixing FTIR-grade KBr with
1% (w/w) compound and grinding to a fine powder.
Spectra were recorded over the 400-4000 cm™' range
without baseline corrections. More intensive bands are
given in cm~'. FABHRMS were recorded in a Micro-
mass AutoSpec M, operating at 70 eV, using a matrix
of 3-nitrobenzyl alcohol (3-NBA). All new dyes were
determined to be >95% pure by 'H NMR. Melting
points were determined in open capillary tubes in a Bii-
chi 530 melting point apparatus and are uncorrected.

4.2. Synthesis

4.2.1. N-(2-Methylquinolin-4-yl)acetamide. A solution of
4-aminoquinaldine (11.38 g, 72 mmol) in acetic anhy-
dride (40 ml) was refluxed for 2 h. After cooling to room
temperature the reaction mixture was treated with brine
to precipitate the product, which was filtered off and
re-dissolved in water. The aqueous layer was neutralized
with sodium hydroxide (26 g) and extracted with ethyl
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Figure 4. Agarose gel electrophoresis of DNA at 1 and 3 ng concen-
trations stained with monomethine cyanine dyes 1-5 and EtBr. Gels
stained with dyes 1-5 and EtBr were exposed at 365 nm for 520 and
120 ms, respectively.

acetate and the combined extracts were dried with anhy-
drous sodium sulfate and evaporated to afford the prod-
uct as a lemon yellow crystal (13.0 g, 90%). Mp 163—
164 °C; "H NMR (250.13 MHz, DMSO-de): & (ppm)
2.25 (3H, s, NHCOCH3), 2.59 (3H, s, ArCH3), 7.54
(1H, t, J=7.6 Hz, ArH), 7.70 (1H, t, J = 7.6 Hz, ArH),
7.89 (1H, d, J = 8.4 Hz, ArH), 8.00 (1H, s, ArH), 8,29
(1H, d, J=8.5Hz, ArH), 10.14 (1H, s, NHCOCHj;);
3C NMR (62.90 MHz, DMSO-dg): & (ppm) 24.27
(CH3), 24.30 (CH3), 112.04 (CH), 119.08 (C), 122.11
(CH), 124.96 (CH), 128.75 (CH), 129.38 (CH), 141.55
(0), 148.27 (C), 159.03 (C), 169.89 (C=0). IR (KBr) v
(em™"): 3274, 1669, 1621, 1563, 1535, 1381, 1348, 1277,
1256, 756. FABHRMS (3-NBA): (M+H"); found:
201.1028, C{,H3N,0 requires 201.1061.

4.2.2. 1-Ethyl-4-acetamido-2-[(2,3-dihydro-3-ethylbenzo-
thiazol-2-ylidene)methyl]quinolinium tosylate (1). A mix-
ture of N-(2-methylquinolin-4-yl)acetamide (4.00 g,
20 mmol), 2-methylthiobenzothiazole (3.6 g, 20 mmol),
and ethyl p-toluenesulfonate (8.4g, 42 mmol) was
heated at 130 °C for 6 h until practically total conver-
sion into the corresponding quaternary ammonium salts
was achieved. The resulting mixture of solid salts was
heated at 100-105°C in dry pyridine/triethyl amine
solvent mixture (80 ml, 3:1 v/v) for 12 h. After cooling,
the precipitate formed was collected by filtration,
washed with acetone, and air-dried to afford 1 as an
orange crystal (4.4 g, 39%). Mp 269.5-271.0°C; 'H
NMR (250.13 MHz, DMSO-dg): 6 (ppm) 1.36 (3H, t,
J=68Hz, CH,CH3), 147 (3H, t, J=6.6Hz
CH,CH3), 2.27 (3H, s, Tos-CHj3), 2.38 (3H, s,
NHCOCH3;), 4.51 (2H, q, J=7.3Hz, CH,CHy),
4.67 (2H, q, J=7.5Hz, CH,CH;), 6.02 (1H, s,
=CH-), 7.09 (2H, d, J=7.7 Hz, Tos-H), 7.35 (1H, t,
J=178Hz, ArH), 7.50 (2H, d, J=7.7Hz, Tos-H)

7.54 (1H, t, J = 7.8 Hz, ArH), 7.64 (1H, t, J =7.0 Hz,
ArH), 771 (1H, d, J=7.1Hz, ArH), 7.94 (1H, t,
J=8.4Hz, ArH), 7.99 (1H, d, J=7.9 Hz, ArH), 8.12
(1H, d, J=9.0Hz, ArH), 848 (1H, d, J=8.0Hz,
ArH), 891 (IH, s, ArH), 10.55 (1H, s, NHCOCH,);
13C NMR (62.90 MHz, DMSO-dy): & (ppm) 11.72
(CH,CH3), 12.48 (CH,CHj3), 20.82 (Tos-CHj), 24.75
(NHCOCH;), 41.04 (CH,CH;), 43.78 (CH,CHs),
84.27 (=CH-), 105.60 (CH), 112.43 (CH), 117.37 (C),
117.56 (CH), 122.79 (CH), 123.58 (C), 123.70 (CH),
124.43 (CH), 125.07 (CH), 125.52 (CH-Tos), 128.08
(CH, CH-Tos), 133.72 (CH), 137.62 (C-Tos), 139.38
(C), 139.90 (C), 144.05 (C), 145.78 (C-Tos), 152.32
(C), 159.36 (C),>171.03 (C=0). IR (KBr) v (cm™'):
3286, 1712, 1626, 1567, 1524, 1383, 1332, 1210, 751.
UV/visible (MeOH): /. =480nm and &g, =
51135 M 'em™!. FABHRMS (3-NBA): M™; found:
390.1632, C»3H»4N;0S requires 390.1640.

4.2.3. 1-Ethyl-4-amino-2-|(2,3-dihydro-3-ethylbenzothiazol-
2-ylidene)methyl]quinolinium iodide (2) and bromide (3). A
mixture of dye 1 (0.562 g, 1 mmol), hydrochloric acid
(37%, 3.4 ml), and 32.3% potassium iodide or potassium
bromide aqueous solution (2.6 ml) was boiled for 1 h.
The resulting solution was allowed to cool to room temper-
ature and neutralized with sodium hydroxide aqueous solu-
tion (8%, 20 ml). The resulting precipitated dye was filtered
off, washed several times with cold water, and air-dried to
afford 2 or 3, respectively.

Dye 2 as a yellow solid (0.45 g, 95%). Mp > 300 °C; 'H
NMR (250.13 MHz, DMSO-dg): 6 (ppm) 1.32 (3H, t,
J=68Hz, CH,CH;), 142 (@3H, t, J=69Hz
CH,CH3), 432 (2H, q, J=7.1Hz, CH,CH;), 4.54
(2H, q, J=7.1 Hz, CH,CH3), 5.79 (1H, s, =CH-),
7.05 (1H, s, ArH), 7.21 (1H, t, J = 7.0 Hz, ArH), 7.49-
7.40 2H, m, J=7.7 Hz, ArH), 7.59 (1H, t, J = 7.5 Hz,
ArH), 7.77 (1H, d, J=7.8Hz, ArH), 791 (1H, t,
J=17.7 Hz, ArH), 8.03 (1H, d, J=28.7 Hz, ArH), 8.31
(1H, d, J=8.4 Hz, ArH), 8.38 (2H, broad s, exchange
with D,O, NH>); '*C NMR (62.90 MHz, DMSO-dg): 6
(ppm) 11.27 (CH,CH3), 13.27 (CH,CHj3), 38.69
(CH,CH3), 42.83 (CH,CH;), 82.17 (=CH-), 97.04
(CH), 110.92 (CH), 116.15 (C), 117.71 (CH), 122.19
(CH), 122.58 (C), 123.03 (CH), 123.88 (CH), 124.70
(CH), 127.51 (CH), 133.90 (CH), 139.37 (C), 140.47
(0), 152.37 (C), 154.89 (C), 155.15 (C). IR (KBr) v
(cm™'): 3298, 3163, 1641, 1535, 1395, 1219, 746. UV/vis-
ible (MeOH): Apnax =440 nm and ¢=29770 M 'cm ™.
FABHRMS (3-NBA): M"; found: 348.1532,
C,1H,,N3S requires 348.1534.

Dye 3 as a yellow solid (0.41 g, 95%). Mp 275.3-
269.8 °C; 'H NMR, *C NMR, IR (KBr), and HRMS
(FAB, 3-NBA) are the same as for dye 2. UV/visible
(MeOH): Amax = 440 nm and ep,, = 37954 M~ em ™.

4.24. 1-Ethyl-4-acetamido-2-[(2,3-dihydro-3-ethylbenzo-
thiazol-2-ylidene)methyl]quinolinium iodide (4) and bro-
mide (5). A solution of dye 1 (0.562 g, 1 mmol) in metha-
nol (3 ml) was heated at the boil while excess of 14%
potassium iodide or potassium bromide aqueous solution



5542 R. M. El-Shishtawy et al. | Bioorg. Med. Chem. 15 (2007) 5537-5542

(12 ml) was dropwisely added. After cooling, the result-
ing precipitated dye was filtered off, washed with water,
acetone, and air-dried to afford 4 or 5, respectively.

Dye 4 as an orange crystal (0.49 g, 95%). Mp 278.0—
279.7°C; 'TH NMR (250.13 MHz, DMSO-dg): 6 (ppm)
1.37 (3H, t, J=69Hz, CH,CH;), 148 (3H, t,
J=17.1Hz, CH,CH;), 2.38 (3H, s, NHCOCH3), 4.52
(2H, q, J=7.1 Hz, CH,CH;), 4.67 (2H, q, J = 7.6 Hz,
CH,CH,;), 6.03 (1H, s, =CH-), 7.37 (1H, t, J = 7.6 Hz,
ArH), 7.56 (1H, t, J=7.8 Hz, ArH), 7.67 (1H, t,
J=178Hz, ArH), 7.72 (1H, d, J=8.4 Hz, ArH), 7.95
(1H, t, J = 8.4 Hz, ArH), 8.00 (1H, d, J = 7.9 Hz, ArH),
8.14 (1H, d, J=8.9 Hz, ArH), 8.48 (1H, d, J = 8.0 Hz,
ArH), 8.92 (1H, s, ArH), 10.54 (1H, s, NHCOCH,); '*C
NMR (62.90 MHz, DMSO-dy): 6 (ppm) 11.73 (CH,CH3),
12.49 (CH,CH3), 24.77 (NHCOCH3), 41.08 (CH,CH3),
43.81 (CH,CHs;), 84.29 (=CH-), 105.68 (CH), 112.44
(CH), 117.42 (C), 117.58 (CH), 122.80 (CH), 123.58 (C),
123.69 (CH), 124.46 (CH), 125.09 (CH), 128.10 (CH),
133.74 (CH), 139.41 (C), 139.92 (C), 144.10 (C), 152.39
(C), 159.40 (C), 171.03 (C=0). IR (KBr) v (cm™'): 3244,
1692, 1623, 1517, 1378, 1326, 1212, 751. UV/visible
(MeOH): Amax = 480 nm and ¢ = 48218 M~ cm~'. FAB-
HRMS (3-NBA) M+, found: 3901632, C23H24N3OS re-
quires 390.1640.

Dye 5 as an orange crystal (0.45 g, 95%). Mp 282.5—
284.5°C; 'H NMR, '°C NMR, IR (KBr), and FAB-
HRMS (3-NBA) are the same as for dye 4. UV/visible
(MeOH): Jpax = 480 nm and &, = 43408 M~ cm ™.

4.3. Agarose gel electrophoresis

Dyes were dissolved in 50% aqueous dimethylformamide
to a final concentration of 500 pg/ml. Ethidium bromide
was diluted to the same concentration in distilled water.
Agarose gels (1%) containing 0.5 pg/ml of each dye or
ethidium bromide were prepared in Tris—Acetate-EDTA
buffer (TAE). Six different dilutions of the DNA marker
(corresponding to 1, 3, 10, 20, 30, and 40 ng for the detec-
tion of 2.0, 1.2, 0.8, and 0.4 kb fragments of DNA) were
run in triplicate in each gel. Electrophoresis was carried
out at constant voltage (100 V) until the front has mi-
grated 8 cm. Gel Images were acquired under UV-illumi-
nation (Viber Lourmat) at wavelength of 365 nm.
Exposure time (520 ms) was kept constant for each gel, ex-
cept for DNA concentrations of 1 and 3 ng where 80 and
120 ms of exposure times were additionally tested. The
volume of each of the observed bands was determined
using BioID (Vilber Loumat). Statistical analysis was
made for the volumes of the detected bands in each gel
for all dyes in comparison with those detected in the ethi-
dium bromide stained gel using the paired z-test analysis
for all DNA concentrations. Significant differences were
considered when p < 0.05.
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