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Abstract

Twenty transition metal complexes with Schiff bases were evaluated for their inhibitory activities on xanthine oxidase (XO), of which 11
were newly synthesized and characterized by X-ray single crystal diffraction. It was found that 9 of the 20 complexes showed potent inhibitory
activities against XO near to the standard inhibitor allopurinol. The cadmium(II) complex (8) had the most potent inhibitory activity with the
1Csp value of 2.16 uM. Relationships between the structures and the activities showed that the ligands and the metal ions influenced the inhib-
itory activities. The XO inhibition of the Schiff base metal complexes most probably resulted from their direct interactions with the enzymes “in
the whole complex form”. These results demonstrated that the Schiff base transition metal complexes could be potential selective XO inhibitors.

© 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Schiff base transition metal complexes have been of great in-
terest for many years since they are becoming increasingly im-
portant as biochemical, analytical and antimicrobial reagents
[1]. Many Schiff base transition metal complexes are reported
to have anticancer and antimicrobial activities [2—4]. It was re-
ported that some drugs have greater activity when administered
as metal complexes than that as free organic compounds [5]. So,
Schiff base transition metal complexes may be an untapped
reservoir for drugs.

Xanthine oxidase (XO) (EC 1.1.3.22) catalyzes the hydrox-
ylation of hypoxanthine and xanthine to yield uric acid and su-
peroxide anions. The enzyme is responsible for the medical
condition known as gout which is caused by the deposition
of uric acid in the joints leading to painful inflammation. On
the other hand, superoxide anions formed by the enzyme has
been linked to postischaemic tissue injury and oedema [6] as
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well as to vascular permeability [7]. XO can also oxidize syn-
thetic purine drugs, such as antileukaemic 6-mercaptopurine,
with loss of their pharmacological properties [8]. Then, the
control of the action of XO may help the therapy of some dis-
eases. Allopurinol, a potent inhibitor of XO has been used for
the therapy of gout for a long time [9]. However, considering
its side effects and its inability to prevent the formation of free
radicals by the enzyme [10], the screening of new XO inhibi-
tors is required.

As a follow-up to our previous characterization of a Schiff
base zinc(Il) complex as XO inhibitor [11], 20 Schiff base
transition metal complexes were evaluated for their inhibitory
activities against XO, of which 11 were newly synthesized.
The results showed that the Schiff base metal complexes could
be the potential selective XO inhibitors. The structure—
activity relationship was discussed.

2. Chemistry

Eleven transition metal complexes (1—11) derived from
Schiff bases were obtained from cheap, eco-friendly and
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commercially affordable reagents. Complexes 1—7 were
synthesized under the solvolthermal conditions. Complexes
8—11 were synthesized through the traditional synthetic
procedures at room temperature.

3. Results and discussion
3.1. Structure description of the complexes

Figs. 1—11 are the thermal ellipsoid plots of the complexes
1—11 together with the atomic labeling systems. The com-
plexes from 1 to 7 are structurally similar trinuclear com-
pounds. Each complex consists of two ML units (M; = Ni
for 1 and 7, Mn for 2, 4 and 5, Co for 3 and 6; L = SALPD
for 1, 2 and 3, NAPTPD for 4, 5 and 6) connected to each
other by a completely encapsulated third metal ion M,
(M, =Ni for 1 and 7, Mn for 2 and 4, Co for 3 and 5, Cd
for 6) which is located on a crystallographic inversion center.
The cage of each central metal ion is formed by two phenolate
oxygen bridges from each ML moiety and by two acetato
functions that furthermore connect the central with the two
outer metal ions resulting in an octahedral environment for
M,. The coordination configuration around each central metal
ion displays only slight distortions. The coordination polyhe-
dra around the terminal M, ions are slightly distorted square
pyramids for 1—6, whose basal planes are built by two bridg-
ing O atoms and two imine N atoms of the Schiff base ligand,
and the apical positions of the terminal metal ions are occu-
pied by the O atom of the acetate groups. While for 7, each
terminal Ni ion has a slightly distorted octahedral geometry,
an oxygen atom of a methanol molecule occupying the other
axial position.

The smallest repeating unit of 8 contains one
Cd(C,H¢N,) cation and two bridging thiocyanate anions.
The Cd(II) ion is in an octahedral coordination environment

Fig. 2. Molecular structure of 2. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.

and is six-coordinated by two N atoms of one Schiff base
ligand and two S atoms of two thiocyanate anions defining
the basal plane, and by two N atoms of two different but
symmetry-related thiocyanate anions occupying the axial
positions. In the crystal of 8, the Cd(C;,H¢N,) cations are
linked by the bridging thiocyanate anions, forming polymeric
chains.

In complex 9, the Zn(Il) ion is in a tetrahedral geometry,
and is four-coordinated by two N atoms of a Schiff base li-
gand, and by two chloride anions. The ZnN,Cl, coordination
forms a distorted tetrahedral geometry, with angles subtended
at the Zn ion in the range 80.9(2)—115.92(7)°. The N1—Zn1—
N2 bond angle of 80.9(2)° is much smaller than the ideal value
of 109.5°, which is due to the strain created by the five-mem-
bered chelate ring Zn1/N1/C1/C6/N2.

Fig. 1. Molecular structure of 1. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.

Fig. 3. Molecular structure of 3. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.
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Fig. 4. Molecular structure of 4. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.

The asymmetric unit of 10 contains two molecules. In both
of the molecules, the Co(Il) ions are in an octahedral geometry
and are six-coordinated by three O and three N atoms from
three Schiff base ligands.

X

4 Iy
=,

Fig. 5. Molecular structure of 5. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.

Fig. 6. Molecular structure of 6. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.

Complex 11 consists of a mononuclear [CuL(H,O)]"
cation and an uncoordinated perchlorate anion. The Cu atom
is in a square-planar geometry and is four-coordinated by one
O and two N atoms from the Schiff base ligand, and by one O
atom from the coordinated water molecule.

3.2. Inhibition of xanthine oxidase

In this study, 20 Schiff base transition metal complexes,
including nickel(II), manganese(Il), copper(Il), cobalt(Il),
zinc(II) and cadmium(Il) complexes, were evaluated for their
inhibitory activity against XO. The results are summarized in
Table 1. Among the 20 Schiff base complexes tested for XO in-
hibitory activities, 9 (4, 8, 9, 12, 13, 15, 16, 17 and 18) showed

Fig. 7. Molecular structure of 7. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.
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Fig. 8. Molecular structure of 8. Displacement ellipsoids are drawn at the 30% probability level. H atoms have been omitted for clarity.

potent XO inhibitory activities near to the standard inhibitor al-
lopurinol which had ICs( value of 10.30 uM. The complex 8 had
the best inhibitory activity with ICs, value of 2.16 uM. Along
with the complexes, the central metal ions involved in these com-
plexes were also tested for the presumable XO inhibitory activ-
ities. The data was incorporated as well in Table 1. Cu(Il), Cd(II)
and Zn(II) possesses XO inhibitory activities with ICs of 1.40,
3.67 and 46.12 uM, respectively. Ni(II), Mn(II) and Co(II)
inhibit XO less than 50% at the concentration of 100 uM.
Though all of the Schiff base Cu(Il) complexes had good
XO inhibitory activities with ICsq less than 100 uM, their in-
hibitory activities were all lower than that of the central metal
ion Cu(Il). This accords to the point that Cu(II) had good in-
hibitory activity [12]. Schiff base Cd(II) complex 8 showed the
best inhibitory action on XO with ICsq value of 2.16 uM. Its
inhibitory activity was better than that of the central metal
ion Cd(II). The XO inhibition of another Schiff base Cd(II)
complexes 6 was lower than that of Cd(I[). Two Zn(Il) com-
plexes possess better inhibitory activities than their central
metal ions. The Schiff base Mn(II) complexes 4, 13 and the
Schiff base Co(II) complexes 15 also possess XO inhibitory
activities though their central metal ions had no inhibitory

Fig. 9. Molecular structure of 9. Displacement ellipsoids are drawn at the 30%
probability level and H atoms are shown as small spheres of arbitrary radii.

activities against XO. This indicates that the XO inhibition
of Schiff base metal complexes depend not only on the central
ions but also on the organic ligands. Their inhibitory activities
could be better or worse than their central ions. Schiff base
complexes 4 and 5 had very similar structures only with the
difference of M,. Compound 4 inhibits XO with ICs, of
25.44 uM while the XO inhibitory activity of complex 5 was
less than 50% at the concentration of 100 uM. So, the central
metal ions play an important role in the XO inhibition of the
Schiff base metal complexes. In summary, Schiff base metal
complexes could be the inhibitors of XO and their inhibitory
activities depend not only on the central mental ions but
also on the ligands. It could be presumed that the discerned

Fig. 10. Molecular structure of 10. Displacement ellipsoids are drawn at the
30% probability level and H atoms are shown as small spheres of arbitrary
radii.
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Fig. 11. Molecular structure of 11. Displacement ellipsoids are drawn at the
30% probability level and H atoms are shown as small spheres of arbitrary
radii.

inhibitions of the Schiff base metal complexes on XO most
probably resulted from their direct interactions with the en-
zymes ‘‘in the whole complex form”, not from the metal
ions or Schiff base ligands themselves. The XO inhibition
mechanisms of the Schiff base metal complexes are required
to be investigated further.

Considering XO inhibitory activities of the 20 Schiff base
complexes and their central metal ions, Schiff base Zn(II)
and Mn(II) complexes possess better inhibitory activities
than those of their central metal ions. Along with our previous
work [11], Schiff base Zn(I) and Mn(II) complexes may be
designed as potent XO inhibitors.

3.3. Status of 8 in aqueous solution

The UV—vis spectrum of 8 (see Fig. 12) indicates that the
complex is stable at the concentration of 107> mol/L in

Table 1

The inhibition of XO by the complexes and metal ions

Complexes ICso (UM)
Ni[Ni(CH3;COO)(C;7H;6N20,)]> >100
Mn[Mn(CH3COO)(C,7H;4N,0,)]» >100
Co[Co(CH3CO0)(C17H4N>0,)]» >100
Mn[Mn(CH3COO)(C,5Hz0N20,)]> 25.44
Co[Mn(CH3CO0)(C,5H20N20,)]2 >100
Cd[Co(CH3CO0)(C,5H20N20,)]» >100
Ni[Ni(ONO,)(C;7H;6N,0,)(CH30H)],-2CH;OH >100
[Cd(C2H;N2)(1-NCS),] 2.16
[Zn(CoH,oN2)(Cl),] 19.47
[Co(CoH,oNO)3] >100
[Cu(C3H;;N,0)(H,0)]-ClO,4 96.24
Cu[Cu(CH3CO0)(C7H6N202)]» 12.99
[Mn(C,;7H,6N>0,)N3] 53.88
[Ni(C6H23N;0),(NCS),] >100
[Co(C6H23N20),]C104 47.01
[Cuy(C6H24N20),Cly] 10.38
[Cu(C14H2N»0),](Cl0y), 23.36
Zn[{Zn(C3H4N)(C17HgN205) }(NO3)[(NO3) 23.20
[Cu(C,3H;N,0)(H>0)](NO3)-H,O 81.25
[Co(CyoH25N,0),]C10, >100
Ni(II) >100
Mn(II) >100
Co(II) >100
Cu(I) 1.40
Cddn 3.67
Zn(II) 46.12
Allopurinol 10.34

aqueous solution. The strong absorption at 217 nm and middle
absorption at 266 nm are assigned to the pyridine ring of the
complex, and the absorption at 295 nm assigned to the
C=N group of the ligand in the complex, all of which are
more red-shifted than those of the free ligand. The weak but
characteristic absorption at 406 nm is assigned to the L - M
charge transfer.

The molar conductance value of the complex measured in
distilled water at the concentration of 107> mol/L is
23.8 Q' cm? mol_l, indicating the non-electrolytic nature of
the complex [13].

From the above determinations, we can conclude that
complex 8 is very stable in aqueous solution.

4. Conclusion

Twenty Schiff base transition metal complexes were evalu-
ated for their effect on XO, of which 11 were newly synthesized
and characterized by X-ray diffraction. Most of the complexes
showed potent inhibitory activity against XO, of which the cad-
mium(Il) complex (8) was the best. The metal ions and ligands
were all important for the inhibitory activities against the en-
zyme. The XO inhibition of the Schiff base metal complexes
most probably result from their direct interactions with XO
“in the whole complex form”. Schiff base Zn(II) and Mn(I)
complexes may be designed as more potent XO inhibitors by
changing the ligands. Further investigation on Schiff base tran-
sition metal complexes may help to find effective XO inhibitors
used in medicine and other fields with optimizing the combina-
tions of the central metal ions and ligands.

5. Experimental protocols
5.1. Chemistry

All chemicals (reagent grade) used were commercially
available. Elemental analyses for C, H and N were performed
on a Perkin—Elmer 240C elemental analyzer. Complexes 12—
20 were synthesized according to the literatures (12: an ace-
tate-bridged trinuclear copper(Il) complex derived from
N,N'-bis(salicylidene)-1,3-propanediamine; 18: a nitrate salt
of trinuclear zinc(Il) complex derived from N,N'-bis(salicyli-
dene)-1,3-propanediamine [14]; 13: an azide bridged one-di-
mensional manganese(Il) complex derived from N,N'-bis
(salicylidene)-1,3-propanediamine [15]; 14: a mononuclear
nickel(II) complex derived from 2-[3-(cyclohexylamino)pro-
pyliminomethyl]phenol [16]; 15: a perchlorate salt of a cobal-
t(IIT) complex derived from 2-[3-(cyclohexylamino)propylimi
nomethyl]phenol [17]; 16: a phenolate O-bridged dinuclear
copper(II) complex derived from 2-[3-(cyclohexylamino)pro-
pyliminomethyl]phenol [18]; 17: a perchlorate salt of a mono-
nuclear copper(Il) complex derived from 2-[3-(diethylamino)
propyliminomethyl]phenol [19]; 19: a mononuclear copper(II)
complex derived from 2-(pyridine-2-ylmethyliminomethyl)-
phenol with a nitrate anion [20]; 20: a perchlorate salt of
a mononuclear copper(Il) complex derived from 3-[(3-(cyclo-
hexylaminopropylimino)methyl]naphthalen-2-ol [21]).
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Fig. 12. UV—vis spectrum of 8.

5.2. Preparation of the complexes

5.2.1. Ni[Ni(CH3;COO)(C;7H 16N>0,)]> (1)

To a MeOH solution (3 cm®) of NN -bis(salicylidene)-1,3-
propanediaminate (SALPD) (28.2 mg, 0.1 mmol) was added
a MeOH solution (3mL) of Ni(OAc),-4H,O (24.9 mg,
0.1 mmol), with stirring for 10 min. Then the mixture was
transferred to a stainless steel bomb, which was sealed, heated
at 423 K for 12 h, and cooled gradually to room temperature.
Green block-shaped crystals of 1 were collected, washed three

times with MeOH and dried in a vacuum desiccator using an-
hydrous CaCl,. Yield: 54.3%. Analysis: Calcd. for
C3gH3gNisN,Og: C, 53.4; H, 4.5; N, 6.6%. Found: C, 53.2;
H, 4.6; N, 6.7%.

5.2.2. Mn[Mn(CH;COO)(C;,H;sN»05)]> (2) and
Co[Co(CH3COO0)(C7H 16N202)]> (3)

Complexes 2 and 3 were prepared by the similar procedure
as described for 1, with Ni(OAc),-4H,O replaced by
Mn(OAc),-2H,0 (20.9 mg, 0.1 mmol) and Co(OAc),-4H,0

Table 2

Crystallographical and experimental data for 1—5

Compound 1 2 3 4 5

CCDC 250089 227247 251815 256329 256331
Formula C53gH3gNisN4Og C5gH33Mn3N4Og C53H33Co3N4O4 Cs54H46Mn3N4Og Cs4H46CoMn,N,Og
M, 854.85 843.54 855.51 1043.77 1047.76
T/K 298(2) 298(2) 298(2) 298(2) 298(2)
Radiation (Mo Ka), VA 0.71073 0.71073 0.71073 0.71073 0.71073
Crystal shape/color Block/green Block/brown Block/red Block/brown Block/brown
Crystal size/mm? 0.28 x 0.25 x 0.12 0.35 x 0.30 x 0.28 0.35 x 0.28 x 0.20 0.43 x 0.35 x 0.21 0.32 x 0.28 x 0.25
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2/c P2,/c P2,/c P2y/n P2y/n

alA 9.418(5) 10.554(4) 9.449(2) 11.847(5) 11.720(2)
biA 10.412(5) 20.716(8) 10.369(2) 11.788(3) 11.882(2)
/A 17.995(9) 8.408(3) 18.295(4) 16.421(4) 16.257(3)
6r° 94.513(7) 93.034(6) 94.36(3) 91.490(8) 90.66(3)
VIA3 1759.2(15) 1835.8(13) 1787.3(6) 2293(4) 2263.8(7)

V4 2 2 2 2 2

D /(g/lem™) 1.614 1.526 1.590 1.512 1.537
wmm™! 1.649 1.074 1.436 0.877 0.975
F(000) 884 866 878 1074 1078

6 range/° 2.17/25.03 2.17/25.02 2.26/25.02 2.09/25.03 2.12/25.03
Measured reflections 9102 3235 3145 4041 3984
Observed reflections 1 > 20(1) 1927 2379 2436 2792 2437
Absorption correction Multi-scan Multi-scan Multi-scan Multi-scan Multi-scan

T min/Tmax 0.655/0.827 0.705/0.753 0.628/0.758 0.704/0.837 0.746/0.793
Data/restraints/parameters 3109/0/241 3235/0/241 3145/0/241 4041/0/313 3984/0/313
Goodness-of-fit on F> 0.935 0.970 1.052 0.943 0.902

Ry, wRy [I >20(1)]* 0.045, 0.097 0.036, 0.090 0.039, 0.102 0.035, 0.079 0.049, 0.110
R}, wR; (all data)® 0.083, 0.107 0.055, 0.097 0.054, 0.108 0.058, 0.086 0.086, 0.123

* Ry = |IFol=IFell/3CIF,

s WRy =[S w(Fa—F2) IS w(Fa)*1".



Table 3

Crystallographical and experimental data for 6—11

Compound 6 7 8 9 10 11

CCDC 257646 250090 270827 270826 231112 244242
Formula Cs4Hy6Cd Co,N4Og C3gH4gNizNO 14 CpgH3,Cd,NgS, CoH(Cl NoZn C30H30CoN;05 C;3H,;3Cl CuN,O4
M, 1109.21 988.95 833.66 282.46 539.50 392.24

T/K 298(2) 298(2) 298(2) 298(2) 298(2) 298(2)
Radiation (Mo Kar), VA 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
Shape/color Block/red Block/green Block/colorless Block/yellow Block/brown Block/blue
Crystal size/mm’ 0.42 x 0.31 x 0.15 0.28 x 0.17 x 0.12 0.32 x 0.28 x 0.25 0.35 % 0.12 x 0.12 0.43 x 0.14 x 0.06 0.23 x 0.20 x 0.18
Crystal system Monoclinic Triclinic Triclinic Triclinic Orthorhombic Orthorhombic
Space group P2,/n P-1 P-1 P-1 Pbcn Pbca

alA 11.772(3) 10.344(2) 9.061(2) 7.694(2) 19.330(8) 8.558(2)
bIA 12.059(4) 10.355(2) 10.330(2) 8.725(2) 15.046(6) 15.595(2)
/A 16.45(2) 11.134(2) 11.072(2) 8.962(2) 36.485(15) 22.556(2)
af° 81.97(3) 113.80(3) 98.69(3)

Br° 90.00(2) 78.72(3) 109.17(3) 99.18(3)

y/° 65.30(3) 98.43(3) 91.19(3)

VIA3 2335(5) 1060.3(3) 847.7(3) 586.5(2) 10611(7) 3010.3(3)

VA 2 1 1 2 16 8

D /(g/em™>) 1.578 1.549 1.633 1.600 1.351 1.731
w/mm™" 1.215 1.391 1.532 2.512 0.683 1.661
F(000) 1128 514 416 284 4512 1592

6 range/° 2.09/25.02 1.87/25.02 2.22/27.50 2.33/27.47 2.05/25.03 2.76/27.00
Measured reflections 4112 3716 3822 1109 9217 3176
Observed reflections 1 > 2a(1 ) 2960 2487 3564 1086 3146 2781
Absorption correction Multi-scan Multi-scan Multi-scan Multi-scan Multi-scan Multi-scan
Timin/Tmax 0.629/0.839 0.697/0.851 0.640/0.701 0.474/0.753 0.758/0.960 0.701/0.754
Data/restraints/parameters 4112/0/313 3716/0/277 3822/0/190 1109/0/127 9217/0/667 3176/0/216
Goodness-of-fit on F? 0.992 0.949 0.744 1.243 0.798 1.367

Ry, wRy [1 >20(D)]* 0.036, 0.094 0.047, 0.112 0.023, 0.063 0.033, 0.091 0.064, 0.115 0.103, 0.199
R\, wR; (all data)® 0.057, 0.103 0.077, 0.135 0.025, 0.065 0.033, 0.091 0.205, 0.149 0.115, 0.205

LRy = || Fol—|Fl/SIFo), wRy = [ w(Fa—F2) /S w(F2)"1">.
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Table 4

Selected bond lengths/;\ and angles/° for 1—-11

1

Nil—01
Nil—03
Nil—N2
Ni2—02
03—Nil-01
O1—Nil—02
O1—Nil—N2
03—Nil—N1
02—Nil—N1
02—-Ni2—-01
04—Ni2—01

2

Mnl—01
Mnl1—-03
Mnl—N2
Mn2—-02
03—Mn1-01
O1-Mn1-02
0O1—Mnl—N2
O3—Mnl1—NI1
02—Mnl1—NI1
02—Mn2—-01
04—Mn2—-01

3

Col-0l1
Col—03
Col—N2
Co2—02
01—-Col1—03
03—Col—N2
03—Col—02
O1—Col—NI1
N2—Col—N1
02—Co02—-01
04—Co02—01

4
Mn1-01
Mnl1—-03
Mn1—N2
Mn2—02
03—Mn1-02
02—Mn1-01
0O2—Mnl1—N1
03—Mnl1—N2
O1—Mnl1—N2
01—Mn2—-02
04—Mn2—-02

5

Col-01
Col—03
Mn1-02
Mnl—NI1
03—Col1—-01
01—Col1—02
02—Mnl1—N1
02—Mn1-01
N1-Mnl1-01
04—Mn1—N2
O1—Mnl1—N2

6
Cd1-01
Cd1-04

1.991(3)
1.983(3)
1.997(4)
2.035(3)
99.2(1)
80.8(1)
163.4(2)
93.7(2)
166.1(2)
78.0(1)
89.7(1)

2.092(2)
2.062(2)
2.154(3)
2.196(2)
104.2(1)

82.5(1)
150.3(1)
106.4(1)
146.6(1)
77.67(7)
86.10(8)

1.991(2)
1.996(3)
2.029(3)
2.063(2)
102.4(1)
100.8(1)
99.6(1)
89.3(1)
94.9(1)
77.0(1)
89.9(1)

2.111(2)
2.081(3)
2.160(3)
2.227(2)
100.4(1)

82.6(1)
148.6(1)
100.6(1)
153.4(1)

77.6(1)

89.9(1)

2.177(3)
2.176(3)
2.005(3)
2.028(4)
86.4(1)
74.6(1)
157.2(1)
82.5(1)
87.0(1)
95.2(1)
162.2(1)

2.267(4)
2.304(4)

Nil—02
Nil—N1
Ni2—01
Ni2—04
03—Nil-02
0O3—Nil—N2
02—Nil—N2
O1-Nil—-N1
N2—Nil—N1
02—-Ni2—-04

Mn1-02
Mnl—N1
Mn2—-01
Mn2—04
03—Mn1-02
0O3—Mnl1—N2
02—Mnl1—N2
O1—Mnl1—NI1
N2—Mnl—N1
04—Mn2—02

Col—-02
Col—NI1
Co2—01
Co2—04
01—Col—N2
01—Col1—02
N2—Col—02
03—Col—N1
02—Col—N1
02—Co02—-04

Mn1—02
Mnl—N1
Mn2—01
Mn2—-04
03—Mn1-01
03—Mnl1—N1
O1—Mnl1—NI1
02—Mnl1—-N2
NI1—Mnl—N2
04—Mn2-01

Col—-02
Mnl1-01
Mn1—04
Mnl1—-N2
03—Col—02
02—Mn1-04
04—Mn1—NI1
04—Mn1-01
02—Mnl1—N2
N1—Mnl—-N2

Cd1-03
Col—02

1.997(3)
2.016(4)
2.071(3)
2.051(3)
98.1(1)
95.7(2)
90.1(1)
90.2(2)
96.0(2)
88.2(1)

2.103(2)
2.173(3)
2.213(2)
2.193(2)
106.8(1)
105.3(1)

85.8(1)

86.7(1)

88.3(1)
85.51(8)

2.045(2)
2.062(3)
2.140(2)
2.091(3)
155.8(1)
80.9(1)
88.7(1)
96.2(1)
162.8(1)
87.6(1)

2.088(2)
2.126(3)
2.197(2)
2.156(3)
104.9(1)
110.6(1)
85.0(1)
85.5(1)
93.1(1)
87.0(1)

2.2303)
2.048(3)
2.026(3)
2.059(3)
90.0(1)
99.1(1)
102.8(1)
101.2(1)
88.3(1)
96.1(1)

2.260(4)
2.040(4)

Table 4 (continued)
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Col—03
Col—NI1
03—Cd1-01
04—Col—NI1
04—Col1-03
N1—Col—03
02-Col—N2
03—Col—N2
N1—Col—N2

7

Nil—O1
Nil—04
Nil—N1
Ni2—01
Ni2—05
N1-Nil-02
02—Nil—N2
N1—Nil—01
0O1-Nil-07
N2—Nil—07
0O1-Nil-04
N2—Nil—04
01-Ni2—-02
O1—Ni2—05

8

CdI—NI1
Cd1—N3
Cd1-S2
N3—Cd1—N4B
N4B—Cd1—N1
N4B—Cd1—N2
N3—-Cd1-S2
N1-Cd1-S2
N3—-Cdl-S1A
N1-Cdl1-S1A
S2—Cd1-S1A

9

Znl1—N1
Zn1—Cll1
N1—Zn1—N2
N2—Zn1—CI1
N2—Zn1—CI2

10

Col—-01
Col—-03
Col—N2
Co2—04
Co2—06
Co2—N5
01—Col—03
03—Col1—-02
03—Col—NI1
01—Col—N2
02—Col—N2
01—Col—N3
02—Col—N3
N2—Col—N3
06—Co02—-04
06—Co02—N6
04—Co2—N6
05—Co02—N5
N6—Co02—N5
05—Co2—N4
N6—Co2—N4

2.068(4)
2.045(4)
85.6(1)
155.4(1)
82.9(1)
86.4(1)
94.7(1)
162.5(1)
96.4(1)

2.003(3)
2.148(4)
2.002(4)
2.023(3)
2.122(3)
90.8(1)
172.9(1)
171.3(1)
89.3(1)
87.6(2)
90.8(1)
90.0(2)
79.8(1)
89.4(1)

2.371(2)
2.324(2)
2.646(2)
177.5(1)
89.3(1)
85.1(1)
84.7(1)
175.8(1)
96.6(1)
88.0(1)
91.5(1)

2.067(5)
2.200(2)

80.9(2)
115.6(1)
110.4(1)

1.904(4)
1.906(4)
1.943(5)
1.909(4)
1.871(4)
1.957(5)
173.4(2)
87.0(2)
91.6(2)
84.6(2)
90.6(2)
93.2(2)
176.3(2)
91.8(2)
173.2(2)
91.6(2)
93.0(2)
90.1(2)
92.5(2)
86.7(2)
90.8(2)

Col—04

Col—N2

03—Cd1—04
01-Cd1—-04
04—Col—-02
02—Col—NI1
02—Col1—03
04—Col—N2

Nil—-02
Nil—07
Nil—N2
Ni2—02

N1-Nil—-N2
01-Nil-02
O1—Nil—N2
N1-Nil-07
02—Nil—-07
N1-Nil-04
02—Nil—04
07-Nil-04
02—Ni2—05

CdI—N2
Cd1—N4B
Cd1-S1A
N3—Cdl1—N1
N3—Cdl—N2
N1—-Cdl—N2
N4B—Cd1—-S2
N2—-Cd1-S2
N4B—Cd1—SI1A
N2—Cdl1—S1A

Zn1—N2
Zn1—CI2
N1—Zn1—Cl1
N1-Zn1-CI2
Cl1-Zn1—-CI2

Col—02

Col—NI1

Col—N3

Co2—-05

Co2—N4

Co2—N6

01—Col1—02
O1—Col—NI1
02—Col—NI1
03—Col—N2
N1—Col—N2
03—Col—N3
N1—Col—N3
06—Co02—-05
05—Co02—-04
05—Co02—N6
06—Co02—N5
04—Co02—N5
06—Co2—N4
04—Co2—N4
N5—Co2—N4

2.032(3)
2.070(4)
73.0(1)
89.7(1)
100.0(1)
103.8(1)
101.4(1)
87.7(1)

2.007(3)
2.119(3)
2.076(4)
2.025(3)

96.3(2)
80.7(1)
92.2(1)
92.5(2)
92.8(1)
87.8(2)
89.7(1)
177.5(1)
87.9(1)

2.380(2)
2.344(2)
2.722(2)
91.2(1)
92.7(1)
71.0(1)

94.896(1)

110.1(1)
85.8(1)
157.2(1)

2.073(4)
2.210(2)
114.4(1)
114.8(1)
115.9(1)

1.925(4)
1.927(5)
1.963(5)
1.880(4)
1.959(5)
1.948(5)
89.7(2)
93.9(2)
87.1(2)
89.7(2)
177.3(2)
90.3(2)
90.5(2)
86.9(2)
88.8(2)
177.0(2)
89.2(2)
85.6(2)
90.7(2)
94.2(2)
176.8(2)

(continued on next page)
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Table 4 (continued)

11

Cul—O0l1 1.901(4) Cul—NI1 1.921(5)
Cul—N2 1.981(5) Cul—02 1.982(4)
0O1—Cul—NI 94.0(2) O1—Cul—N2 174.7(2)
N1—Cul—N2 83.5(2) 01—Cul—02 89.2(2)
N1—Cul—02 174.9(2) N2—Cul—02 92.9(2)

(24.9 mg, 0.1 mmol) for 2 and 3, respectively. Brown block-
shaped crystals of 2 and red block-shaped crystals of 3 were
obtained. Yield: 81.2% for 2 and 73.7% for 3. Analysis: Calcd.
for C5gH35sMnsN,4Og: C, 54.1; H, 4.5; N, 6.6%. Found: C, 53.9;
H, 45, N, 65%, C38H38C03N40g: C, 533, H, 45, N, 6.5%.
Found: C, 53.5; H, 4.4; N, 6.7%.

The complex 4 was prepared by the similar procedure as
described for 2, with SALPD replaced by NAPTPD
(38.2 mg, 0.1 mmol) (NAPT PD = N,N’-bis(2-hydroxynaph-
thylmethenylimino)-1,3-propanediaminate). Brown block-
shaped crystals of 4 were obtained. Yield: 69.3%. Analysis:
Calcd. for C54H46Mn3N,Og: C, 62.1; H, 4.4; N, 5.4%. Found:
C, 62.0; H, 4.5; N, 5.5%.

5.24. Co[Mn(CH3COO)(C,5H>9N>05)]> (5)

To a MeOH solution (3mL) of NAPTPD (38.2 mg,
0.1 mmol) was added a MeOH solution (3mL) of
Mn(OAc),-2H,0 (20.9 mg, 0.1 mmol) and Co(OAc),-4H,0
(24.9 mg, 0.1 mmol), with stirring for 10 min. Then the mix-
ture was transferred to a stainless steel bomb, which was
sealed, heated at 423 K for 12 h, and cooled gradually to
room temperature. Brown block-shaped crystals of 5 were col-
lected, washed three times with MeOH and dried in a vacuum
desiccator using anhydrous CaCl,. Yield: 77.2%. Analysis:
Calcd. for CsyHyCoMn,N4Og: C, 61.9; H, 4.4; N, 5.3%.
Found: C, 62.0; H, 4.5; N, 5.5%.

5.2.5. Cd[Co(CH3;COO)(C55H50N>05)]> (6)

The complex 6 was prepared by the similar procedure as
described for 5, with Mn(OAc),-2H,O replaced by
Cd(OAc),-2H,O (26.6 mg, 0.1 mmol). Red block-shaped
crystals of 6 were obtained. Yield: 67.2%. Analysis: Calcd.
for Cs4H46CdCo,N4Og: C, 58.5; H, 4.2; N, 5.1%. Found: C,
58.3; H, 4.3; N, 4.9%.

5.2.6. Ni[Ni(ONO,)(C;7H ;sN,0,)(CH3;0H)],-2CH;0H (7)

The complex 7 was prepared by the similar procedure as de-
scribed for 1, with Ni(OAc),-4H,0 replaced by Ni(NO3),-6H,0
(29.1 mg, 0.1 mmol). Green block-shaped crystals of 7 were
obtained. Yield: 54.5%. Analysis: Caled. for CsgHyg
NizNgO4: C, 46.2; H, 4.9; N, 8.5%. Found: C, 46.0; H, 5.1; N,
8.7%.

5.2.7. [CA(Ci2H 16N2)(u-NCS),] (8)

Pyridine-2-carboxaldehyde (10.7 mg, 0.1 mmol) and cyclo-
hexylamine (9.9 mg, 0.1 mmol) were dissolved in MeOH
(8 mL). The mixture was stirred for 10 min to give a yellow
solution, which was added to a stirred aqueous solution
(3 mL) of NH4NCS (7.6 mg, 0.1 mmol) and a MeOH solution
(3 mL) of Cd(NO3),-4H,0 (30.8 mg, 0.1 mmol). The mixture
was stirred for another 10 min at room temperature and then
filtered. The filtrate was kept in air for 7 days, forming color-
less block-shaped crystals of 8. The crystals were isolated,
washed three times with MeOH and dried in a vacuum desic-
cator containing anhydrous CaCl,. Yield: 77.1%. Analysis:
Calcd. for C,gH3,Cd,NgSy4: C, 40.3; H, 3.9; N, 13.4%. Found:
C, 40.5; H, 4.1; N, 13.3%.

5.2.8. [Zn(CoH 1oN2)(CL)2] (9)

Pyridine-2-carboxaldehyde (10.7 mg, 0.1 mmol) and cyclo-
propylamine (5.7 mg, 0.1 mmol) were dissolved in MeOH
(8 mL). The mixture was stirred for 10 min to give a yellow
solution, which was added to a stirred MeOH solution
(3 mL) of ZnCl,-6H,O (24.4 mg, 0.1 mmol). The mixture
was stirred for another 10 min at room temperature and then
filtered. The filtrate was kept in air for 5 days, forming yellow
block-shaped crystals of 9. The crystals were isolated, washed
three times with MeOH and dried in a vacuum desiccator con-
taining anhydrous CaCl,. Yield: 45.1%. Analysis: Calcd. for
CoH,oCI,N,Zn: C, 38.3; H, 3.6; N, 9.9%. Found: C, 38.0; H,
3.4; N, 10.0%.

5.2.9. [Co(C;oHoNO)s] (10)

Salicylaldehyde (12.1 mg, 0.1 mmol) and cyclopropyl-
amine (5.7 mg, 0.1 mmol) were dissolved in MeOH (8 mL).
The mixture was stirred for 10 min to give a yellow solution,
which was added to a stirred MeOH solution (5 mL) of
Co(OAc),-4H,0 (249 mg, 0.1 mmol). The mixture was
stirred for another 10 min at room temperature and then fil-
tered. The filtrate was kept in air for 7 days, forming brown
block-shaped crystals of 10. The crystals were isolated,
washed three times with MeOH and dried in a vacuum desic-
cator containing anhydrous CaCl,. Yield: 83.3%. Analysis:
Calcd. for C39H30CoN3O5: C, 66.8; H, 5.6; N, 7.8%. Found:
C, 66.6; H, 5.7; N, 7.7%.

5.2.10. [Cu(C;3H;;N,O)(H,0)].ClO4 (11)

Salicylaldehyde (12.1 mg, 0.1 mmol) and 2-aminomethyl-
pyridine (10.8 mg, 0.1 mmol) were dissolved in MeOH
(10 mL). The mixture was stirred for 10 min to give a yellow
solution, which was added to a stirred aqueous solution (5 mL)
of Cu(ClOy),-7H,O (38.9 mg, 0.1 mmol). The mixture was
stirred for another 10 min at room temperature and then fil-
tered. The filtrate was kept in air for 9 days, forming blue
block-shaped crystals of 11. The crystals were isolated,
washed three times with MeOH and dried in a vacuum desic-
cator containing anhydrous CaCl,. Yield: 59.8%. Analysis:
Calcd. for C;3H5CICuN,Oq: C, 39.8; H, 3.3; N, 7.1%. Found:
C, 399; H, 34; N, 7.3%.
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The final product yields were calculated with respect to the
amount of Schiff base ligands used.

5.3. Crystal structure determination

Diffraction intensities for the eleven complexes were col-
lected at 298(2) K using a Bruker SMART CCD area detector
with Mo Ko radiation (A=0.71073 A). The collected data
were reduced using the SAINT program [22], and empirical
absorption corrections were performed using the SADABS
program [23], the structures were solved by direct methods
and refined against F* by full-matrix least-squares methods us-
ing the SHELXTL program [24]. All of the non-hydrogen
atoms were refined anisotropically. The atoms H2A and
H2B of the water molecules of 11 were located in a difference
Fourier map and refined isotropically, with the O—H and H---H
distances restrained to 0.90(1) and 1.47(2) A, respectively. All
other hydrogen atoms were placed in geometrically ideal
positions and constrained to ride on their parent atoms. The
crystallographic data for the 11 complexes are summarized
in Table 2 and Table 3. Selected bond lengths and angles are
given in Table 4. Crystallographic data for 1—11 have been
deposited with the Cambridge Crystallographic Data Center.

5.4. Measurment of XO inhibitory activities

The XO activities with xanthine as the substrate were mea-
sured spectrophotometrically, based on the procedure reported
by Kong et al. [25], with modification. The activity of xanthine
oxidase is measured by uric acid formation monitored at
295 nm. The assay was performed in a final volume of 1 mL
50 mM K,HPO, pH 7.8 in quartz cuvette. The reaction mixture
contains 200 pL. of 84.8 ng/mL xanthine in 50 mM K,HPO,,
50 pL of the various concentrations tested compounds. The re-
action is started by addition of 66 pL 37.7 mU/mL xanthine ox-
idase. The reaction is monitored for 6 min at 295 nm and the
product is expressed as pmol uric acid per minute. The reaction
kinetics were linear during these 6 min of monitoring.
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