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A pair of stereoisomers of magnesium Schiff base complexes, [Mg(C18H16N3O2)2·2CH3OH]n (1)
(C18H16N3O2: 2-acetylpyridine-L-tryptophan) and [Mg(C18H16N3O2)2·2CH3OH]n (2) (C18H16N3O2:
2-acetylpyridine-D-tryptophan), was synthesized and characterized by IR, UV, elemental analysis,
1H NMR, and X-ray diffraction single crystal analysis. The analyses of the structures indicate that
they all crystallize in the tetragonal crystal system, space group P43212 and P41212, respectively.
The two magnesium complexes have similar crystal structures. Mg(II) is six-coordinate with two
nitrogens from C=N, two nitrogens from pyridine, and two carboxylic oxygens in different ligands
forming a distorted octahedral geometry. Through N–H···O intermolecular hydrogen bonds a 2-D
layer structure was formed. The interaction between 1 and calf thymus DNA was also investigated
by UV absorption spectra, fluorescence emission spectra and viscometry. The results indicate that 1
interacts with DNA very strongly (Kb = 2.01�107 Lmol�1 and Ksq = 0.195). The nature of the bind-
ing seems to be mainly an electrostatic interaction between DNA and the magnesium complex.
Other binding modes, such as hydrogen bonds, may also exist.

Keywords: Tryptophan; 2-Acetylpyridine; Schiff base; Crystal structure; DNA interaction

1. Introduction

Amino acids contain an amine, a carboxylic acid, and a side chain that varies with differ-
ent amino acids. They are critical to life and have many functions in metabolism. One par-
ticularly important function is to serve as building blocks of proteins [1]. Amino acids
often act as the essential ingredients of coenzymes and the precursors of heme, which play
key roles in biochemistry [2, 3].

Amino acids react with carbonyl compounds to form Schiff bases [4–6]. There has been
considerable interest in metal complexes with Schiff bases. Schiff base complexes have a
variety of applications including biology [7–9], magnetism [10, 11], medical imaging [12,
13], and catalysis [14–16]. DNA is an important genetic material, playing an important
role in storage, copying and transmission of genetic messages. Serving as a target mole-
cule, recognition of DNA for natural and artificial molecules in the inhibition of cellular
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disorders and in therapy of certain diseases is of paramount importance in inorganic
biochemistry. Many transition metal complexes have been synthesized and the interactions
between complexes and DNA are studied [17–20]. However, the structures of alkaline
earth complexes and their interactions with DNA have been rarely reported. In the present
study, we describe the preparations and crystal structures of two magnesium complexes
with Schiff bases [Mg(C18H16N3O2)2·2CH3OH]n (1), which was derived from 2-acetylpyri-
dine-L-tryptophan, and [Mg(C18H16N3O2)2·2CH3OH]n (2), which was derived from 2-ace-
tylpyridine-D-tryptophan. Finally, the interaction of 1 with DNA was studied by UV
absorption spectra, fluorescence emission spectra, and viscometry.

2. Experimental

2.1. Materials and measurements

Calf thymus DNA (CT-DNA) and ethidium bromide (EB) were obtained from Sigma-
Aldrich Co.(USA). The other reagents used in this work were of analytical grade and all
chemicals were used without purification. The 2-acetylpyridine was purchased from Acros
and the L- and D-tryptophan were purchased from Aladdin. The other chemicals were pro-
duced in China. The experiments involving interaction of the magnesium complex with
CT-DNA were carried out in Milli-Q water buffer containing 5mML�1 Tris and
50mML�1 NaCl, and adjusted to pH 7.2 with hydrochloric acid. A solution of CT-DNA
gave a ratio of UV absorbance at 260 and 280 nm of about 1.8–1.9, indicating that the CT-
DNA was sufficiently free of protein [21]. The CT-DNA concentration per nucleotide was
determined spectrophotometrically by employing an extinction coefficient of
6600 LM�1 cm–1 at 260 nm [22].

Infrared spectra were recorded as KBr pellets on the Nicolet 170SX spectrophotometer
from 4000 to 400 cm�1. UV spectra were performed on a Unicam UV2 spectrometer.
Elemental analysis was carried out on a Carlo Erba 1106 full-automatic trace organic ele-
mental analyzer and 1H NMR spectra were obtained on a Bruker DRX-600 spectrometer.
X-ray diffraction data were collected on an Enraf-Nonius CAD-4 diffractometer. Fluores-
cence spectra were measured with a Hitachi F-4500 spectrophotometer. Viscosity measure-
ments were conducted using an Ubbelodhe viscometer.

2.2. Synthesis of 1 and 2

2.2.1. [Mg(C18H16N3O2)2·2CH3OH]n (1). L-tryptophan (0.408 g, 2.0mM) and potas-
sium hydroxide (0.112 g, 2.0mM) were dissolved in 50mL of methanol with magnetic stir-
ring, and then 2.0mM (0.242 g) of 2-acetylpyridine was added dropwise to the solution.
The reaction mixture was heated to 50 °C with stirring and then refluxed for 6 h to give a
bright orange solution. After that, 10mL of methanol solution of MgCl2·6H2O (0.203 g,
1.0mM) was added to 50mL of methanol solution of the ligand (0.691 g, 2.0mM), and
the mixture was stirred and refluxed at 50 °C for 6 h. The resulting solution was cooled at
room temperature and then filtered. The filtrate was left for slow evaporation at room
temperature. Yellow block-shaped crystals were formed two days later with 69% yield on
L-tryptophan. Elemental Anal. Calcd (%) for [Mg(C18H16N3O2)2·2CH3OH]n (1): C, 65.10;

1934 N. Zhang et al.
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H, 5.75; N, 11.99. Found: C, 64.97; H, 5.83; N, 12.14. IR (KBr, cm�1): 1646 (vs), 1610
(vs), 1438 (s), 1373 (vs), 1311 (s), 1250 (s), 1160 (w), 1136 (vw), 1103 (w), 1042 (vw),
1009 (m), 976 (vw), 919 (w), 874 (w), 784 (s), 751 (vs), 698 (s), 670 (w), 641 (vw), 580
(m), 506 (w), 465 (vw), 412 (m). 1H NMR (DMSO-d6 600MHz) δ (ppm): 1.42 (s, 3H),
3.15 (t, 1H, J= 12.0Hz), 3.53 (d, 1H, J = 13.2Hz), 4.49 (d, 1H, J = 8.4Hz), 6.80 (t, 1H,
J= 7.2Hz), 7.02 (t, 1H, J= 7.8Hz), 7.06 (s, 1H), 7.34 (d, 1H, J= 7.8Hz), 7.38 (s, 1H),
7.63 (d, 2H, J = 7.2Hz), 7.92 (s, 1H), 8.02 (s, 1H), 10.91 (s, 1H).

2.2.2. [Mg(C18H16N3O2)2·2CH3OH]n (2). Complex 2 was synthesized in a procedure
similar to that of 1, but using D-tryptophan instead of L-tryptophan. Yellow block crystals
of 2 were obtained one day later (yield 64% based on D-tryptophan). The synthesis of 1
and 2 is shown in Scheme 1. Elemental Anal. Calcd (%) for [Mg(C18H16N3O2)2·2-
CH3OH]n (2): C, 65.10; H, 5.75; N, 11.99. Found: C, 64.86; H, 5.94; N, 12.07. IR (KBr,
cm�1): 1646 (vs), 1610 (vs), 1434 (s), 1373 (vs), 1311 (s), 1250 (s), 1160 (w), 1136 (w),
1099 (w), 1042 (w), 1005 (m), 976 (vw), 919 (w), 870 (w), 784 (s), 751 (vs), 694 (s), 637
(w), 612 (w), 580 (m), 510 (w), 457 (vw), 416 (m). 1H NMR (DMSO-d6 600MHz) δ
(ppm): 1.42 (s, 3H), 3.15 (t, 1H, J = 11.4Hz), 3.54 (d, 1H, J= 13.2Hz), 4.49 (d, 1H,
J= 8.4Hz), 6.80 (t, 1H, J= 7.2Hz), 7.02 (t, 1H, J = 7.8Hz), 7.06 (s, 1H), 7.34 (d, 1H,
J= 8.2Hz), 7.38 (s, 1H), 7.63 (d, 2H, J = 7.2Hz), 7.92 (s, 1H), 8.01 (s, 1H), 10.91 (s, 1H).

2.3. Crystallographic data collection and structure determination

Single crystals were mounted on an Enraf-Nonius CAD-4 X-ray single-crystal diffractome-
ter. All data were collected at 293(2) K with graphite monochromated MoKα radiation
(λ= 0.71073Å) in ω-2h scan mode. The structures were solved by direct methods using
SHELXS-97 [23]. Nonhydrogen atoms were defined by the Fourier synthesis method.
Positional and thermal parameters were refined by full matrix least-squares (on F2) to con-
vergence. A summary of the key crystallographic information is given in table 1, selected
bond lengths and angles are listed in table 2, and hydrogen bonds can be found in table 3.
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Scheme 1. The synthesis of 1 and 2.
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The molecular structures and crystal packing diagrams of the two magnesium complexes
are shown in figure 1 and figures S1–S3 (in Supplementary material).

2.4. DNA-binding studies

2.4.1. Ultraviolet spectral measurements. Complex 1 was dissolved in a mixture of
DMSO and Tris–HCl buffer. Absorption titration experiments were carried out by gradu-
ally increasing the DNA concentration and maintaining the complex concentration at
5� 10�8ML�1. Absorbances were recorded after each successive addition of DNA solu-
tion and equilibration.

2.4.2. Fluorescence spectral measurements. Fluorescence spectral measurements was
carried out by successive additions of 1 (0.5–3.5� 10�6ML�1) to DNA (2.5� 10�6ML�1)
containing EB (2.5� 10�6ML�1) in Tris–HCl buffer. The scanner speed was
1200 nmmin�1 and the slit width was 5 nm. These samples were excited at 268 nm.

2.4.3. Viscosity measurements. Viscosity measurements were conducted using an
Ubbelodhe viscometer, which was immersed in a thermostated water bath maintained to
298 (±0.1) K. Titrations were performed for the complex which can be introduced into a

Table 1. Crystallographic data and X-ray experiment details for 1 and 2.

Parameter 1 2

Identification code [Mg(C18H16N3O2)2·2CH3OH]n [Mg(C18H16N3O2)2·2CH3OH]n
Empirical formula C38H40N6O6Mg C38H40N6O6Mg
Formula weight 701.07 701.07
Crystal system Tetragonal Tetragonal
Space group P43212 P41212
a/Å 11.6532(14) 11.8234(11)
b/Å 11.6532(14) 11.8234(11)
c/Å 29.025(3) 28.817(3)
α/deg 90 90
β/deg 90 90
γ/deg 90 90
Volume/Å3 3941.5(8) 4028.5(6)
F(0 0 0) 1480 1480
Crystal size/mm 0.40� 0.37� 0.32 0.45� 0.40� 0.37
h range for data collection/deg 2.24–25.01 2.54–25.02
Limiting indices �126 h6 13 �146 h6 11

�136 k6 13 �136 k6 14
�346 l6 27 �346 l6 34

Reflections collected/unique 19,606/3476 (Rint = 0.0978) 20,583/3530 (Rint = 0.0517)
ρcalcd/g cm

�3 1.181 1.156
Data/restraints/parameters 3476/0/252 3530/0/253
Goodness of fit on F2 1.054 1.080
Final R indices (I > 2σ(I)) R1 = 0.0670, wR2 = 0.1763 R1 = 0.0565, wR2 = 0.1481
R indices (all data) R1 = 0.1443, wR2 = 0.2076 R1 = 0.1104, wR2 = 0.1992
Largest diff. peak and hole/e Å�3 0.285 and �0.158 0.284 and �0.231

Notes: (1) w= 1/[σ2 (F2
0 ) + (0.0918)2], with P= (F2

0 þ 2F2
c )/3. (2) w= 1/[σ2 ((F2

0 ) + (0.1091P)2 + 0.4903P], with
P= (F2

0 þ 2F2
c )/3.

1936 N. Zhang et al.
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DNA solution in the viscometer. Data were presented as (η/η0)
1/3 versus the ratio of the

concentration of the complex and DNA, where η is the viscosity of DNA in the presence
of the complex and η0 is the viscosity of DNA alone.

3. Results and discussion

3.1. Structural descriptions of 1 and 2

Since the two magnesium complexes were a pair of stereoisomers and derived from two
similar ligands of 2-acetylpyridine-L-tryptophan and 2-acetylpyridine-D-tryptophan, they

Table 2. Bond lengths (Å) and angles (°) for 1 and 2.

[Mg(C18H16N3O2)2·2CH3OH]n (1)
Mg(1)–O(1) 2.026(4) Mg(1)–N(3) 2.180(5)
Mg(1)–O(1) #1 2.026(4) Mg(1)–N(3) #1 2.180(5)
Mg(1)–N(1) 2.145(4) N(1)–C(13) 1.293(6)
Mg(1)–N(1A) 2.145(4)
O(1A)–Mg(1)–O(1) 94.2(2) N(1)–Mg(1)–N(3A) 73.93(17)
O(1A)–Mg(1)–N(1) 99.28(17) N(1A)–Mg(1)–N(3A) 111.03(17)
O(1)–Mg(1)–N(1) 76.04(18) O(1A)–Mg(1)–N(3) 149.62(17)
O(1A)–Mg(1)–N(1A) 76.04(18) O(1)–Mg(1)–N(3) 94.97(15)
O(1)–Mg(1)–N(1A) 99.28(17) N(1)–Mg(1)–N(3) 111.03(18)
N(1)–Mg(1)–N(1A) 173.3(3) N(1A)–Mg(1)–N(3) 73.93(17)
O(1A)–Mg(1)–N(3A) 94.97(15) N(3A)–Mg(1)–N(3) 91.5(2)
O(1)–Mg(1)–N(3A) 149.62(17)

[Mg(C18H16N3O2)2·2CH3OH]n (2)
Mg(1)–O(1) 2.034(3) Mg(1)–N(3) 2.209(4)
Mg(1)–O(1A) 2.034(3) Mg(1)–N(3A) 2.209(4)
Mg(1)–N(1) 2.156(3) N(1)–C(13) 1.277(5)
Mg(1)–N(1A) 2.156(3)
O(1)–Mg(1)–O(1A) 94.04(19) N(1)–Mg(1)–N(3A) 73.74(13)
O(1)–Mg(1)–N(1) 76.56(13) N(1A)–Mg(1)–N(3A) 111.49(13)
O(1A)–Mg(1)–N(1) 98.50(13) O(1)–Mg(1)–N(3) 94.81(13)
O(1)–Mg(1)–N(1A) 98.50(13) O(1A)–Mg(1)–N(3) 149.94(12)
O(1A)–Mg(1)–N(1A) 76.56(13) N(1)–Mg(1)–N(3) 111.49(13)
N(1)–Mg(1)–N(1A) 172.9(2) N(1A)–Mg(1)–N(3) 73.74(13)
O(1)–Mg(1)–N(3A) 149.94(12) N(3A)–Mg(1)–N(3) 91.7(2)
O(1A)–Mg(1)–N(3A) 94.81(13)

Symmetry transformations used to generate equivalent atoms: A: y, x, �z.

Table 3. Hydrogen bonds for 1 and 2 (Å or °).

D–H···A d(D–H) d(H···A) d(D···A) \DHA
[Mg(C18H16N3O2)2·2CH3OH]n (1)
N(2)–H(2)···O(1) 0.860 2.074 2.822 144.97
O(3)–H(3)···O(2) 0.820 2.069 2.834 154.99
O(3)–H(3)···O(4) 0.820 2.558 3.167 132.20
O(4)–H(4)···O(2) 0.820 1.945 2.754 168.89

Symmetry transformations used to generate equivalent atoms: x+ 1/2, �y+ 3/2, �z + 1=4

[Mg(C18H16N3O2)2·2CH3OH]n (2)
N(2)–H(2)···O(1) 0.860 2.059 2.809 145.28
O(3)–H(3a)···O(2) 0.820 1.892 2.711 176.79
O(3′)–H(3′b)···O(2) 0.820 1.944 2.751 167.68

Symmetry transformations used to generate equivalent atoms: �x+ 1/2, y�1/2, �z+ 1=4

Magnesium(II) Schiff base 1937
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have similar structures. Crystallographic structural analysis reveals that both magnesium
crystals crystallize in the tetragonal crystal system, space groups P43212 and P41212,
respectively. Each magnesium coordinates with two Schiff base ligands, two nitrogens
from C=N, two nitrogens from pyridine, and two carboxylic oxygens in different ligands,
forming a 4N+ 2O neutral complex. There are two solvent methanols in the crystalline lat-
tice which are not bound to metal.

The crystal structure of 1 is shown in figure 1. The corresponding bond angles of O(1A)
Mg(1)N(3) (149.62°) and O(1)Mg(1)N(3A) (149.62°) (table 2) are less than 180°, and the
bond angles N(1A)Mg(1)O(1) (99.28°), N(1A)Mg(1)N(3) (73.93°), N(1A)Mg(1)O(1A)
(76.04°), and N(1A)Mg(1)N(3A) (111.03°) indicate that Mg(II) adopts a distorted
octahedral geometry. N(3), O(1), O(1A), and N(3A) occupy each vertex of the basal site,
while N(1) and N(1A) locate in apical positions of the octahedral structure. The bond length
of C(13)–N(1) is 1.293Å, which is close to normal C=N 1.306Å [24], indicating a double
bond between C(13) and N(1) in the complex. The bond lengths of Mg(1)–O(1) and Mg
(1)–O(1A) are both 2.026Å, in agreement with the relative values of Mg–O in the literature
[25]. Mg–N, Mg(1)–N(1) (2.145Å), Mg(1)–N(1A) (2.145Å), are shorter than Mg(1)–N(3)
(2.180Å) and Mg(1)–N(3A) (2.180Å), suggesting that coordination ability of N(1) and N
(1A) in imines is stronger than that of N(3) and N(3A) in pyridine rings. Each ligand serves
as a bridge linking Mg(II) ions through N–H···O intermolecular hydrogen bonds, leading to
a 1-D coordination polymer (figure 2). Two adjacent chains are bridged by N–H···O
hydrogen bonds. The N(2)–O(1) distance is 2.822Å and the angle is 144.97° (symmetry
code: x+ 1/2, �y + 3/2, �z+ 1/4). As a result of the alternate arrangement of chains through
inter-chained hydrogen bonding interactions, a 2-D layer is formed (figure 3).

Bond lengths of Mg(1)–O(1) (2.034Å), Mg(1)–N(1) (2.156Å), and Mg(1)–N(3)
(2.209Å) in [Mg(C18H16N3O2)2·2CH3OH]n (2) are a little longer than those of
[Mg(C18H16N3O2)2·2CH3OH]n (1), showing that the coordination ability of Mg–O and
Mg–N in 1 is weaker than that of 2.

Magnesium complexes with NNO Schiff-base ligands consistently yield distorted octa-
hedral coordination geometry [26]. In those structures, the Mg–O bonds (2.0055–2.246Å)
were shorter than the ones reported here, and Mg–N bonds (2.1169–2.3284Å, both the
imine and quinoline donor) were shorter or longer than those of our magnesium

Figure 1. Crystal structure of [Mg(C18H16N3O2)2·2CH3OH]n (1). All hydrogens were omitted for clarity.

1938 N. Zhang et al.
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complexes, likely resulting from flexibility derived from the two bridging ligands. Simi-
larly, small bite angles for the O–Mg–N(imine) 84–87° and N(quinoline)–Mg–N(imine)
73–76° were reported. These bond angles compare favorably to those reported here.

3.2. Spectroscopy description of 1 and 2

Figure S4 in supplementary material shows the UV spectra of the ligands and their com-
plexes in methanol. There are two absorptions at 221, 221 and 273, and 272 nm from 210
to 300 nm in the spectra of the ligands of 2-acetylpyridine-L-tryptophan (L1) and 2-acetyl-
pyridine-D-tryptophan (L2), respectively. The counterparts of 1 and 2 appear at 221, 221
and 280, and 279 nm, respectively. The first peaks are assigned to the π–π⁄ transition of
the pyridyl or indol. The second peaks are assigned to the n–π⁄ transition and the conjuga-
tion between a lone pair electron of the N in the C=N group and delocalized π bond of
the aromatic ring. The shifts of 7 nm are caused by coordination of N to magnesium, pro-
viding evidence for coordination [27].

3.3. DNA-binding studies

3.3.1. Ultraviolet spectral measurements. Electronic absorption spectra are employed
to study the binding of 1 with CT-DNA. In the UV region, the absorption bands at
206 nm for 1 can be attributed to π–π⁄ transition of the coordinated ligands. Addition of
increasing amounts of CT-DNA results in hyperchromism and slight blue shift of the

Figure 2. 1-D chain structure of 1 linked by N–H···O hydrogen bonds.

Figure 3. 2-D layer structure of 1.

Magnesium(II) Schiff base 1939
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absorption bands (figure 4). An electrostatic interaction between CT-DNA and 1 can be
predicted based on the hyperchromism exhibited and shift in absorbance. Since each com-
plex has two pyridine and two indoline rings, located at different planes, the magnesium
complex is nonplanar and classical intercalation is precluded [28]. As the DNA double
helix possesses many hydrogen bonding sites which are accessible both in the minor and
major grooves, it is likely that N–H in indoline ring of the complex forms hydrogen
bonds with N of adenine or O of thymine in the DNA [29]. Because, so many pyridine
and indoline rings exist in the magnesium complex, it could form hydrogen bonds
between aromatic rings of the complex and DNA, contributing to the hyperchromism
observed in absorption spectra [30, 31].

The intrinsic binding constant of 1 with DNA was determined by the equation
½DNA�=ðea � ef Þ ¼ ½DNA�=ðeb � ef Þ þ 1=Kbðeb � ef Þ [32], where [DNA] is the concentra-
tion of DNA in base pairs, Kb is the intrinsic binding constant, ɛa corresponds to the appar-
ent extinction coefficient, and ɛb and ɛf correspond to the extinction coefficient of the
bound form of complex and the extinction coefficient of free complex, respectively. A
summary of the data from the equation for the interaction between 1 and DNA is given in
table 4. The ratio of slope to intercept in the plot of [DNA]/(ɛa�ɛf) versus [DNA] gives

Figure 4. Absorption spectra of 1 in the absence and presence of increasing amounts of DNA. [Complex]
= 5� 10�8ML�1, [DNA] = 1.25–8.75� 10�6ML�1. Arrow shows the absorbance change upon increasing DNA
concentration. Inset: plot of [DNA]/(ɛa�ɛf) vs. [DNA].

Table 4. Data from the equation for the interaction between 1 and DNA.

[DNA]/(10�6ML�1) Wavelength/nm Absorption ɛa/(10
4 LM�1 cm�1) [DNA]/(|ɛa-ɛf|)/(10

�12 cmM2L�2)

0 206 0.18188 – –
1.25 207 0.19744 15.7952 0.3592
2.5 207 0.21035 8.4140 0.7035
3.75 207 0.22857 6.0952 1.0485
5 207 0.24607 4.9214 1.3934
6.25 206 0.26683 4.2693 1.7386
7.5 206 0.28727 3.8303 2.0837
8.75 207 0.30923 3.5340 2.4290
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the value of Kb as 2.01�107 LM�1. This Kb value for 1 is much higher than that for other
complexes like Mg(II)L(H2O)·2H2O (Kb, 2.9� 105 LM�1) [33], showing that our magne-
sium complex binds very strongly with CT-DNA.

3.3.2. Fluorescence spectral measurements. EB is a well-known cationic dye com-
monly used as a fluorescent probe for native DNA [34]. The fluorescence intensity of EB is
very weak, but greatly increases when EB is intercalated into the base pairs of double-
stranded DNA. Intercalative binding between a complex and DNA could cause replacement
of EB, leading to a fluorescence quenching. Classical electrostatic interaction may make
contract DNA by neutralizing negative charges of phosphate groups in DNA, squeezing EB
out of DNA and also resulting in fluorescence quenching [35, 36]. Figure 5 shows that with
the increase of concentration of magnesium complex, there is an obvious hypochromic
effect on the fluorescence spectra and quenching of fluorescence intensity of the DNA-EB
system. We calculated the quenching constant Ksq according to the classical Stern–Volmer
equation [37], I0/I= 1 +Ksq·r, where I0 is the emission intensity in the absence of quencher,
I is the emission intensity in the present of quencher, and r corresponds to [Complex]/
[DNA]. The data from the Stern–Volmer equation for the interaction between 1 and DNA-
EB system are given in table 5. The quenching plot illustrates that the quenching of EB
bound to DNA by 1 is in agreement with the linear Stern–Volmer equation, which also
indicates that the complex binds to DNA. The Ksq value (0.195) given by the ratio of the
slope to intercept is higher than that for other magnesium complexes [38], suggesting that
our magnesium complex binds strongly with DNA, consistent with our electronic
absorption spectral results.

Figure 5. Relative fluorescence intensity of EB bound to DNA in the absence and presence of 1. [EB]
= 2.5� 10�6ML�1, [DNA] = 2.5� 10�6ML�1, [Complex] = 0–3.5� 10�6ML�1. Inset: plot of I0/I vs.
[Complex]/[DNA].
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3.3.3. Viscosity measurements. Viscosity, sensitive to volume increases, is regarded as
one of the least ambiguous and most critical tests of binding interactions with DNA in
solution in the absence of crystallographic structural data [39]. To further confirm the inter-
action mode between 1 and DNA, a viscosity study was carried out. Classical intercalation
is known to cause a significant increase in the viscosity of a DNA solution, as base pairs
are separated to accommodate the binding ligand. In contrast, a partial intercalation mode
could bend (or kink) the DNA helix, resulting in decrease of the effective length and vis-
cosity. Other binding causes no obvious increase of DNA viscosity [21, 40].

As shown in figure 6, the specific viscosity of DNA can be considered to remain invari-
able with increased concentration of 1, which supports the studies suggesting that the com-
plexes interact with DNA via electrostatic interaction mode.

4. Conclusion

We synthesized and characterized two magnesium complexes, [Mg(C18H16N3O2)2·
2CH3OH]n (1) (C18H16N3O2: 2-acetylpyridine-L-tryptophan) and [Mg(C18H16N3O2)2·2-

Table 5. Data from the Stern–Volmer equation for interaction between 1 and DNA–EB system.

[Complex]/(10�6ML�1) Wavelength/nm Intensity/au r I0/I

0 595.0 1224 – –
0.5 592.8 1153 0.2 1.062
1.0 594.6 1116 0.4 1.097
1.5 592.8 1080 0.6 1.133
2.0 594.8 1049 0.8 1.167
2.5 594.8 1012 1.0 1.209
3.0 592.8 982 1.2 1.246
3.5 594.6 954 1.4 1.283

Figure 6. Effects of increasing amounts of 1 on the relative viscosities of DNA. [DNA] = 5� 10�6ML�1,
[Complex] = 1–7� 10�6ML�1.
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CH3OH]n (2) (C18H16N3O2: 2-acetylpyridine-D-tryptophan), which are a pair of stereoiso-
mers. They crystallize in the tetragonal crystal system, space groups P43212 and P41212,
respectively. Both are six-coordinate by two nitrogens from C=N, two nitrogens from pyri-
dine and two carboxylic oxygens in different ligands, forming a distorted octahedron. The
complexes display a 2-D coordination polymer through N–H···O intermolecular hydrogen
bonds. The interaction between 1 and CT-DNA was also investigated by UV absorption
spectra, fluorescence emission spectra and viscometry. The results indicate that 1 binds to
DNA in an electrostatic mode; hydrogen bonds may also exist in this system.

Supplementary material

Crystallographic information of the Schiff base coordination complexes have been depos-
ited with the Cambridge Crystallographic Data Center as supplementary publication num-
bers (CCDC 828384 and 830565). Copies of the data may be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB2 1 EB, UK (Fax: +44-1223-336–
033; E-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).
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