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Characteristics of pyrimidine bases are demonstrated on the
crystals of the ternary copper(Il) complexes consisting of bpy
and pyrimidine-amino acid. Hemiprotonated CH*:C pair is im-
portant for the formation of intermolecular triple hydrogen bond-
ing interaction, mimicking i-motif of DNA. The electron-donat-
ing effect in thymine ring among pyrimidine bases also promotes
intermolecular 77— stacking interaction.

Hydrogen bond in heteroaromatic compound is one of the
most versatile interactions for self-assembly systems.! Three-di-
mensional structure of DNA formed through association of two
different polynucleotide chains is well known to be stabilized by
complementary hydrogen- bond between purine and pyrimidine
bases and by 77 stacking interactions.? The triple hydrogen-
bonding system of the G:C pair in DNA is essential for recogni-
tion of each other. As a transition-metal complex is a useful tool
for proving interactions of biological compounds,® the -7
stacking interactions of nucleobases have been demonstrated
on the ternary copper(Il) or palladium(Il) complexes.* In this
viewpoint, the ternary complexes containing nucleobase amino
acid with purine ring demonstrated intramolecular 77— stacking
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Figure 1. (a) Crystal structure of 1. Selected bond lengths A
and angles (deg) are as follows: Cul--N1B = 2.020(4),
Cul--NI12B = 1.988(3), Cul--N8 = 2.000(3), Cul--091 =
1.949(3), Cul--Cll = 2.5090(8). <NIB--Cul--091
151.7(2), <NIB--Cul--N8 = 98.7(1), <N8--Cul--Cll
95.5(1). (b) Intermolecular triple hydrogen-bonding interaction
of 1.

interaction both in solution and solid state, while those with py-
rimidine ring did not show such interaction.’ In order to clarify
the characteristic of the hydrogen-bonding interaction mediated
upon nucleobase as well as the 77—77 interaction, we have carried
out the X-ray structural analysis of the ternary copper(Il) com-
plexes consisting of bipyridine and pyrimidine bases. Here,
two kinds of pyrimidine-amino acid, such as 1-(2-amino-2-car-
boxyethyl)cytosine (ACEC) and 1-(2-amino-2-carboxyethyl)thy-
mine (ACET), were employed.®

The ternary copper(ll) complexes, [{[Cu(acec)(bpy)]},-
HCI>** (1) and [Cu(acet)(bpy)]* (2), were obtained through
the complexation with Cu(ClQOy),, bipyridine (bpy), and ACEC-
HCl or ACET in aqueous solution.’ The crystal structure of 1, as
shown in Figure 1a,” reveals formation of the copper complex
with square pyramidal geometry containing apical chloride li-
gand. The chloro-bridged structure of 1 was confirmed by ele-
mental analysis.® The bond lengths and angles around copper(II)

(b)

Figure 2. (a) Crystal structure of 2. Selected bond lengths A)
and angles (deg) are as follows: Cul--NIB = 2.000(2),
Cul--NI12B = 1.987(4), Cul--N8 = 1.982(3), Cul--091 =
1.922(2). <NIB:--Cul--091 = 169.3(1), <NIB---Cul--N8 =
99.5(1). (b) Intermolecular 77— stacking interaction of 2.
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ion were very similar to those in the ternary complexes previous-
ly reported.> Notably, the interatomic distances between cyto-
sine rings (2.812(6) A in O(2)--N(4’) and 2.803(8) A in N(3)-
N(3), respectively) in the crystal of 1 were within the hydrogen
bonding one, clearly indicating formation of intermolecular tri-
ple hydrogen bond (Figure 1b). It is well known that cytosine
(C) is easily protonated at N3-position to give CH":C base pair
under weakly acidic condition, although formation of triple hy-
drogen bond system seems to be hard in the case of nonprotonat-
ed cytosine—cytosine base pair.'? In the complex 1, the hemipro-
tonated CH™:C pair might be generated in moderate acidic con-
dition and the bridged chloride ligand is an evidence for the hemi-
protonation in the cytosine pair. The interatomic distances in 1
above mentioned were very similar to those in the crystal of cy-
tosine hemitrichloroacetate, 2.805(8) A in O(2)--N(4), 2.755(8)
and 2.858(8) A in N(3)--N(3'), and 2.866(9) A in O(4)--N(2),
respectively,!! and in the crystal of 2’-deoxycytidene hemiper-
chlorate, 2.801(6) A in O(2)--N(4') and 2.800(6) A in N(3)--
N(3).'2 When the complexation was carried out at more acidic
condition (pH < 2), triple hydrogen-bonding system, such as
CH™:C pair, was not formed because the electrostatic repulsion
might operate between the both protonated N-3 nitrogen atoms.
For the formation of triple hydrogen-bonding system in cyto-
sine—cytosine pair, hemiprotonated CH":C formula at N3-posi-
tion is important. We consider that the complex 1, involving the
CH™:C pair, is a simple model for binding mode of the i-motif,
which is a cytosine quadruplex of telomer of DNA involving
CH™:C pair."® The crystal structure of the thymine complex, 2
(Figure 2a),'* with square planar geometry did not show such
an intermolecular hydrogen-bonding interaction, which is inter-
preted by the proton receptivity of cytosine at N3-position
(pKa = 4.4).13

In the crystals of thymine complex 2, notably, two kinds of
intermolecular stacking interactions were demonstrated as
shown in Figure 2b. The thymine ring of ACET was located ap-
proximately parallel to the neighboring bpy ring with the mean
separation of 3.46 A and to the neighboring thymine ring with
that of 3.35 A, respectively. On the other hand, such an intermo-
lecular interaction was not observed in the crystal of uracil-ami-
no acid complex, [Cu(aceu)(phen)]™ (ACEU, 1-(2-amino-2-car-
boxyethyl)uracil), even though the larger phenanthroline ligand
was used instead of bpy.’> The electron-donative methyl group
attached at 5-position of pyrimidine ring in ACET can promote
the 77—7r stacking interaction,* but uracil without such group is
unable to stack each other. Although the stacking interaction
caused by pyrimidine nucleobase is known to be weaker
than that of purine one,'® we can find that thymine show the
interaction.

In summary, characteristics of pyrimidine nucleobases are
demonstrated on the crystals of the ternary copper complexes
consisting of bpy and pyrimidine-amino acid. Formation of tri-
ple hydrogen-bonding interaction upon [{[Cu(acec)(bpy)]},-
HCI]?* (1) mimicked i-motif of DNA. The intermolecular hemi-
protonated CH™:C pair is important for the nucleobase pairing.
Intermolecular -7 stacking interactions are also explained by
the electron-donating effect in thymine ring among pyrimidine
nucleobases.
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