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Neutral fluorescent active di-pyrene modified c-cyclodextrin (1) was synthesized in order to discriminate
with single and double strand DNA (ssDNA and dsDNA, respectively) with high selectivity. The binding
and selectivity of 1 for dsDNA was indicated by increase of the fluorescent intensity in an addition of
dsDNA. On the other hand, an increase of fluorescent intensity of 1 was not recognized in an addition
of ssDNA.

� 2010 Elsevier Ltd. All rights reserved.
Figure 1. Structure of di-6A-deoxy-6A-[{8-(1-pyrene methoxy)-3,6-(dioxa)octa-1-
amino}-(thioacetyl)]-b-CyD (b-1).
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Recently, the genetic diagnosis has attracted significant atten-
tion as key of preventive medicine where the fluorescence reagent
has been used for DNA detection.1 However, there are some prob-
lems such as ‘the distinction between ssDNA and dsDNA is difficult’
and ‘the longevity of the fluorescence reagent is short and the han-
dling is not easy’ in detection with the fluorescence reagent.2 To
get solution of the problem, our strategy is using of cyclodextrin
(CyD) because CyD has many advantages such as protection or in-
crease of water solubility of organic molecules. We synthesized
fluorescence active modified CyD in order to study intercalative
capability into ssDNA and dsDNA. CyD is tours shaped cyclic oligo-
saccharides composed of six, seven and eight D-glucopyranose
units (a, b, c-CyD, respectively). A variety of organic compounds
can be included in their center cavities in aqueous media. There-
fore, fluorescence reagent can be stable by interaction with CyD
cavity. In previous Letter, we reported synthesis of pyrene modi-
fied b-CyD that was linked between pyrene unit and CyD with
polyethylene amine chain. Unfortunately, this compound showed
no selective discrimination for ssDNA and dsDNA.3 Because it
might be supposed that secondary amine moiety of the linker
can interact with the phosphoric acid part of dsDNA and dsDNA
through electrostatic interaction. To get solution this problem,
we synthesized the pyrene modified b-CyD with an ether chain
(b-1) (Fig. 1) because ether chain was hydrophilic and no interac-
tive with the phosphoric acid residue of DNA. Unfortunately, the
compound showed no interaction with both of ssDNA and dsDNA.
All rights reserved.

: +81 18 837 0404.
ada).
We planed synthesis of another type of pyrenes modified CyD,
where bis pyrene units were introduced into CyD, because partic-
ular excimer fluorescence of pyrene can work as unique recogni-
tion for DNA. In the synthesis, c-CyD was used because water
Figure 2. Structure of di-6A,6E-deoxy-6A,6E-[{8-(1-pyrene methoxy)-3,6-(dioxa)-
octa-1-amino}-(thioacetyl)]-c-CyD (1).

http://dx.doi.org/10.1016/j.bmcl.2010.04.066
mailto:hamada@ipc.akita-u.ac.jp
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


Fl
uo

re
sc

en
ce

 in
te

ns
ity

1

10
1

10

Fl
uo

re
sc

en
ce

 in
te

ns
ity

1

10

Wavelength [nm]
350 400 450 500 550 600

Wavelength [nm]
350 400 450 500 550 600

Figure 3. Fluorescence spectra of 1 in a 10 vol % DMSO aqueous solution (3.0 � 10�7 M) at various concentration of dsDNA or ssDNA. (A) dsDNA (1:0, 2:9.38 � 10�11,
3:1.88 � 10�10, 4:3.75 � 10�10, 5:7.50 � 10�10, 6:1.50 � 10�9, 7:3.00 � 10�9, 8:6.00 � 10�9, 9:1.20 � 10�8, 10:2.50 � 10�8 M), (B) ssDNA (1:0, 2:4.69 � 10�10, 3:9.38 � 10�10,
4:1.88 � 10�9, 5:3.75 � 10�9, 6:7.50 � 10�9, 7:1.50 � 10�8, 8:3.00 � 10�8, 9:6.00 � 10�8, 10:1.20 � 10�7 M).
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solubility of di-pyrenes modified c-CyD can be increased in com-
parison with those of a- and b-CyD derivatives.4 The c-CyD has
four isomers when it was modified with double functional groups5
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Figure 4. UV–Vis spectra of 1 in a 10 vol % DMSO aqueous solution (3.0 � 10�5 M) at vario
4:3.75 � 10�8, 5:7.50 � 10�8, 6:1.50 � 10�7, 7:3.00 � 10�7 M), B) ssDNA (1:0, 2:4.69 � 1

Scheme 1. Energy-minimized complex structure of 1 with dsDNA.
as shown in Figure 2. In this study, we synthesized the di-pyrene
modified c-CyD (di-6A, 6E-deoxy-6A, 6E-[{8-(1-pyrenemethoxy)-3,
6-(dioxa)octa-1-amino}-(thioacetyl)]-c-CyD (1) by using the AE
form of c-CyD where the substitution sites were away most, and
examined intercalative capability into ssDNA and dsDNA by using
a spectroscopy technique.

The four isomers of di-(p-tosyl)c-CyD (c-1, c-2, c-3, and c-4) as
precursor for 6A, 6E-di(thioacetic acid) c-CyD (2) were prepared as
previously reported.6 Compound 2 was prepared from 6A, 6E-di(p-
tosyl) c-CyD and mercaptoacetic acid in the presence of sodium
carbonate as same procedure as previously reported.6 Compound
1 was synthesized from 2 and 8-(1-pyrenemethoxy)3,6-(diox-
a)octa-1-amine7–9 in a yield of 6.14%.

Figure 3 shows the fluorescent spectra of 1 alone and with
ssDNA or dsDNA.10 The fluorescence spectra shows monomer (at
377 nm) and excimer (at 479 nm) emissions, where those of inten-
sities of the emission were increased upon an addition of dsDNA.
The fluorescence intensity of 1 was increased rapidly when the
concentration of dsDNA reached at 7.5 � 10�10 M and then the in-
crease of the intensity was not recognized. On the other hand, an
increase in the fluorescence intensity of 1 was not observed in an
addition of ssDNA. The addition of dsDNA to the solution of 1
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us concentrations of dsDNA or ssDNA. (A) dsDNA (1:0, 2:9.38 � 10�9, 3:1.88 � 10�8,
0�8, 3:9.38 � 10�8, 4:1.88 � 10�7, 5:3.75 � 10�7, 6:7.50 � 10�7, 7:1.50 � 10�6 M).
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caused an increase in fluorescence intensity, which indicates the
binding of 1 with dsDNA. It is not yet known that 1 is DNA-inter-
calating agent or groove binder. Based on the distance between
two neighboring bases that are perpendicular to the main axis of
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Figure 5. Fluorescence spectra of 3 in a 10 vol % DMSO aqueous solution at various co
4:3.75 � 10�10, 5:7.50 � 10�10, 6:1.50 � 10�9, 7:3.00 � 10�9 M), (B) ssDNA (1:0, 2:4.69 �
8:3.00 � 10�8, 9:6.00 � 10�8 M).
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Figure 6. Fluorescence spectra of 4 (A and B) and 5 (C and D) in a 10 vol % DMSO aqueous
(A) dsDNA (1:0, 2:1.88 � 10�10, 3:3.75 � 10�10, 4:7.50 � 10�10, 5:1.50 � 10�9, 6:3.00 � 1
2:9.38 � 10�10, 3:1.88 � 10�9, 4:3.75 � 10�9, 5:7.50 � 10�9, 6:1.50 � 10�8, 7:3.00 � 10�
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dsDNA is 3.4 Å, it is highly unlikely that two pyrenes were included
into the cavity. On the other hand, a major grove of the dsDNA
would be too large for excimer formation. The energy-minimized
structure of the complex between 1 and dsDNA obtained using
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solution (4:6.0 � 10�7, 5:1.0 � 10�7 M) at various concentration of dsDNA or ssDNA.
0�9, 7:6.00 � 10�9, 8:1.20 � 10�8, 9:2.50 � 10�8, 10:4.80 � 10�8 M), (B) ssDNA (1:0,
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�9, 9:4.00 � 10�9, 10:8.00 � 10�9 M), D) ssDNA (1:0 ,2:1.56 � 10�10, 3:3.13 � 10�10,
8, 10:4.0 � 10�8 M).
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molecular mechanics in CS Chem3D, which was illustrated as
shown in Scheme 1.

These results suggest that the two pyrene units assembled in a
minor grove of dsDNA with locating as face-to-face orientation be-
cause the intensity of excimer emission was increased with large
extent in addition of dsDNA. On the other hand, Figure 4 shows
the UV–Vis spectra of 1 alone and with ssDNA or dsDNA.11 The
absorbance of 1 was decreased by an addition of ssDNA or dsDNA,
where a decrease of an absorbance of the presence of dsDNA was
slightly larger than that of presence of ssDNA. It was suggested that
1 can interact with dsDNA with larger than that of ssDNA.

Figure 5 shows the fluorescent spectra of SYBER Green I (3)
alone and with ssDNA or dsDNA.12 The fluorescent intensity was
increased when dsDNA or ssDNA was added to 3. In addition of
ssDNA to 3, the increase of the fluorescent intensity was not seen
when the total DNA concentration reached at 7.5 � 10�10 M and
after that the fluorescence intensity was increased as well as
dsDNA. Thus, it has been understood that 3 can discriminate be-
tween ssDNA and dsDNA, but not completely such as that of 1.

We also studied binding capability of analogs of 1, which are
di-6A, 6C-deoxy-6A, 6C-[{8-(1-pyrenemethoxy)-3,6-(dioxa)octa-1-
amino}-(thioacetyl)]-c-CyD (4)13 and di-6A, 6D-deoxy-6A, 6D-[{8-
(1-pyrenemethoxy)-3,6-(dioxa)octa-1-amino}-(thioacetyl)]-b-CyD
(5).14 As shown in Figure 6, the intensities of fluorescent spectra
were not almost changed in an addition of both ssDNA and dsDNA,
which indicate that compounds 4 and 5 hardly can detect with
both of ssDNA and dsDNA.10 In a case of 4, the small excimer emis-
sion was recognized, which means both pyrene units of 4 were ori-
ented as face-to-face configuration than that of 5. It seems that
large binding formation with dsDNA by those analogs needs face-
to-face orientation of the pyrene units of the analogs.

In this study, we studied synthesis of di-pyrene modified c-CyD
(1) and binding capability with dsDNA and ssDNA was examined
by various spectrum measurements. It is shown that fluorescence
intensity of 1 was increased only for dsDNA in a fluorescent spec-
trum measurements and it was understood that there was an
interaction with DNA in the UV–Vis spectrum measurement. In
addition, the discrimination ability of dsDNA and ssDNA of 1 is bet-
ter than 3 when DNA concentration is high. Moreover, c-CyD
works as scaffold of the pyrene and facilitates binding more. From
these results, 1 can be effective new type of detection reagent to
discriminate with ssDNA and dsDNA completely.
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