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A complex of copper(Il) with o-vanillin-taurine Schiff base and
1,10-phenanthroline (1,10-phen) (CyH,sCuN30gS, Mr = 555.05),
has been synthesized and characterized by IR, elemental analysis
and X-ray diffraction single crystal analysis. The crystal belongs to
monoclinic, space group P2(1)/c with a=14.8310(16) A,
o =90.00°, b=26.580(3) A, B=112.890(2)°, o= 12.8486(14) A,
¥ =90.00°, V=4666.2(9) A3, Z=8, F(000)=2296, Dc=1.580
glems, p=1.080 mm™". In the molecule, the Schiff base and 1,10-
phen act as tridentate and bidentate ligands, respectively, to form a
distorted triangle bipyramid geometry. The prominent feature of the
complex is that taurine in the Schiff base offers SO3 as a donor.
The thermal decomposition kinetics of the complex have been
investigated under non-isothermal - condition using the Achar
differential method and the Coats-Redfern integral method. The
kinetic equation (of step (3)) may be expressed as follows:
da/dt=A - “ERT) [l -a) -1, E=7242 Kkimol, In

"A=14.70. - R R

Key ‘Words: Crystal structure, Copper(Il) ternary complex,
Thermodecomposition kinetics.

INTRODUCTION

Transitional metal complexes of sulphur-containing amino acid Schiff bases
attracted considerable attention in view of their physico-chemical properties and
potentially therapeutic properties'. Some Schiff-bases containing sulphur and
their copper(Il) comp]!excs have been shown to display antifungal and antibacte-
rial p]_roperti@s4, During the past few years, researches mainly focussed on the
complexes of o-amino acid Schiff bases, whereas those of B-amino ‘acid were
less reported, especially the CompleXes of taurmejs . The sulphonic acid analogue
of B-alanine (NH,CH,CH,COOH), taurine (NHzCHZCH2803H)» plays a role in a

TCCDC-273720 contains the supplementary crystallographic data for this paper. These
'data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif or by emailing:
data_request@ccdc.cam.ac.uk or by contacting: The Cambridge Crystallographic Data Centre,
12, Union Road, Cambridge CB2 1EZ, UK, Fax: (44)(1223)336033.
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lot of physiological and pathological conditions ‘and pharmacological actions
including cardiovascular, céntra} “and membrane stabilization, as well as
- osmoregulation, antioxidant and anti-inflammatory effects®2, Although taurine is
a simple compound, there are only a few studies on its behaviour as a ligand to
metals. This is probably due to the the smaller affinity to metals and poor stability
of its complexes® !, From values of the stability constants for complexes formed
by taurine, it is confirmed that taurine is not able to form chelates'. This is in
agreement with Ahrland who asserted that the SO; group has few possibilities to
be an electron donor and therefore the formation of chelate is most improbable!?,

The aim of this research is to investigate the complex of taurine as a ligand
chemically modified by the formation of Schiff base, followed by the studies of
its stuctures and bioactivities. Consequently, the title complex was synthesized;
its crystal structure and thermodecomposition kinetics are reported.

EXPERIMENTAL \

Elemental analyses were performed on Perkin-Elmer 240C elemental analyzer.
IR spectra were recorded in the 4000-400 cm™ region, using KBr pellets on an
Avatar 360 FT-IR spectrometer and crystal structures were determined on Smart
CCD diffractometer. The thermogravimetric measurements were made using a

Perkin-Elmer TGA7 thermogmvimeter.f The heating rate was programmed to kse
* 10°C/min with the protecting stream of N, flowing at 40mL/min.

Preparation of the complex: All chemicals were of analytical reagent grade
and used directly without further purification.

Taurine and potassium hydroxide (0.01 mol) were added (with stirring) to
anhydrous ethanol (20 mL) to make a pellucid solution. Then, it was slowly
dripped into the anhydrous ethanol solution (15 mlL) containing 0.01 mol

o-vanillin at 40°C. The mixture was stirred for 0.5 h to give a golden clear
~ solution. When cooled down to room temperature, a mass of golden grains

sepa‘ratéd out. The product, namely, o-vanillin taurine Schiff base, was collected
by filtration and washed several times with anhydrous ethanol and dried under
vacuum for later use. Yield 91.2%. Anal. (%), Calcd. for C,oH;,NSO;K-H,0: C,
42.38; H, 4.98; N, 4.94; S, ~M.32; Found: C, 42.01: H, 4.49; N, 5.15; S, 11.85.
IR (KBr, cm™): 1639.2 V(C=N), 1252.0, 12089, 1054.3 and 966.0 v(SO3).
Cupric acetate (0.5 mmol) in 15 mL of methanol was added dropwise into the
- solution of Schiff-base (the same molar ratio with the anterior) in 15 mL of
~methanol and was stired at 50°C. After 2 h, 10 mL of anhydrous ethanol
containing 0.5 mmol 1,10-phen was dripped into the mixture, continuously to be
stired at the same temperature for 8 h. The dark green solution obtained was
filtered and the filtrate was left for slow evaporation at room temperature. The
dark green slantwise prism crystals formed after 10 days. Anal. (%), Calcd. for
CpuH,sCuN;04S: C, 47.60; H, 4.54; N, 7.57; S, 5.78; Found: C, 47.21; H, 4.39;
N, 7.71; S, 5.84. IR (KBr, cm™): 3452.1 v(O—H), 1620.2 w(C=N), 1248.0,
- 1181.7, 1039.4 and 975.4 V(SOg),7456.6 v(Cu—0), 406.7 v(C—N).
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X-Ray crystallographic determination: The selected crystal of dimensions
0.43 x 0.38 x 0.34 mm was mounted on a Bruker Smart CCD X-ray single-crystal
diffractometer. Reflection data were at 293(2) K using graphite monochromated
MoK, radiation (A =0.71073), @-26 scan mode. A total of 7574 independent
reflections were collected in the range,;of 12.88° €6 <25.10°, of which 5395
reflections with I>26(I) were considered to be observed and used in - the
subsequent refinement. Intensities were corrected for Lorentz and polarization
effects and empirical absorptlon and the data reduction using SADABS pro-
gram'®, ;

The structure was solved by direct methods using SHELXS- 973, Positional
and thermal parameters were refined by full-matrix least—squarcs method using
the SHELXTL software package!®. The final least-square cycle of refinement

~gave R =0.0782, wR = 0.1710, the weighting scheme w = 1/c*(F2) + (0.1083P)?
+ 0.0000P], where P=(F2+ ZFZ)/& A summary of the key crystallographic
information is given in Table-1. '

TABLE 1
SUMMARY OF CRYSTALLOGRAPHIC DATA FOR THE COMPLEX
Empirical formula CypHpsCulN3OgS | Crystal size (mmg) 0.43 x0.38 x0.34
Formula weight 555.05 | Range for data collection (°) 1.88-25.10
‘Temperature (K) 293(2) | Limiting indices -17<h<17,
Wavelength (A)  0.71073 , , —31sk=<3l1
Crystal system Monoclinic | -losi<10
Space group P2(1)/c | Reflections collected/unique 21988/7574
a(A) '14.8310(16) - [Rins = 0.0653]
b (&) 26.580(3) ' Refinement meéthod Full-matrix least
“ch) 12.8486(14) | | | squares on F*
o) 90.00 Data / rest,rain‘ts‘/ parameters 7574/ 84 / 699
B () 112.890(2) | Goodness-of-fit on F? 1.034
v(*) 90.00 | Final R indices {I > 26(D)] Ry =0.0782,
Volume (A%) 4666.2(9) [ wRy =0.1710
F(000) 2296 R indices (all data) Ry =0.1106,
wRy =0.1494
‘ ]Largest diff. peak and hole (e- A_3) 0.656 and ~(0.472

RESULTS AND DISCUSSION

Description of crystal struture Non-hydrogen fractional atomic coordi-
nates and equivalent isotropic dlsplacement parameters, selected bond lengths and
angles and hydrogen bond distances of the complex are listed in Tables 24,
respectively. An ORTEP drawing of the structure around copper(I) with the atom
numbering scheme is shown in Fig. 1 and the packing drawing of the complex
in Fig. 2.
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: TABLE-2
NON-HYDROGEN FRACTIONAL ATOMIC COORDINATES (x 104) AND
EQUIVALENT ISOTROPIC DISPLACEMENT PARAMETERS (A% x 10%)

Atom X y z  Uleq) | Atom x y z Uleq)
Cu(l) 8520(1) 5392(1) 2324(1) 57(1) | N(5) 3377(3) 6856(2) 6388(4) 36(1)
Cu(2) 4265(1) 6401(1) 5803(1) 37(1) | N(6) 2991(3) 6377(2) 4443(4) 39(1)
N(1)  7141(4) 5585(2) 1851(5) 51(1) {O(1) 8174(3) 4817(2) 1361(5) 68(1)
N(@2)  9067(4) 5693(2) 3933(5) 61(2) | O(3) 8723(4) 6056(2) 1332(6) 104(2)
N(3) ~ 9947(4) 5211(2) 2828(6) 63(2) | O(6) 4366(3) 5684(1) 5757(3) 43(1)
N@4)  5542(3) 6484(2) 7011(4) 34(1) | O(8) 4729(3) 6913(2) 4749(4) 56(1)
Ueq = (1/3) I; ZUjatafaa;. ' ‘

| TABLE-3
SELECTED BOND LENGTHS (A) AND ANGLES (°)

Bond Dist. Bond Dist. |  Bond Dist.
Cuh-0(1)  19075) | Cu(1)-N() 2066(7) | Cu(2)-N(6) 2.014(4)
Cu(1)-0(3) 22656) | Cu()-N@)  2016(5) | 0G3)-S(1) 1.454(6)
Cu(2)-0(6) 1.914(3) | Cu(2)-N@4) 1.9394) | 0@)-s(1) 1.461(8)
Cu(2)-0(8) 2.210(4) | Cu(2)-N(5) 2.129(4) | O(5)-S(1y 1.332)

Cu(D)-N(1) 1.961(5)

O)-Cu(1}N(1)  91.3(2) | N(1)-Cu(1)}-0(3) 884(2) | N(4)}-Cu2}-N(5) 101.41(18)
O()-Cu(1}-NB3) 90.12) | N(3)-Cu(1)-0(3) 90.8(2) | N(6)-Cu2)}-NG5) 79.86(19)
N(1)-Cu(1)-N@3) 178.6(2) | N@)-Cu(1}-0(3) 100.12) | O(6)-Cu(2)-0@8) 123.21(18)
O()-Cu(1)}-N@2) 149.5(2) | O(6)-Cu(2)N@) 9423(17) | N(4)-Cu(2)-0() 88.89(17)
N(D)-Cu(1)N@)  99.52) | O(6)-Cu(2)-N(6) 90.06(17) | N(6)-Cu(2)-0(8) 84.17(17)
“NG)-Cu(1)N@)  79.4(3) | N@)-Cu@)N6)  173.03(19)| N(5)-Cu2)-0(8) 104.42(17)
O()-Cu(1)-0(3)  108.7(3) | O(6)-Cu(2)-N(5)  130.03(17)

~ TABLE4
HYDROGEN BOND DISTANCES (&) OF THE COMPLEX
D H A  symm, D—H HeA  DevA DeH-A
O(ID-H(45)0(107 X, —y+3/2, z+12 0832 2639 3206 12666
O(12)-H(48)--0(10") x, -y+3/2, z+1/2 0.834 2288 2738 11425
O(13)-H(49)--0(16)  x, —y+3/2, z-1/2 0.837 2416 2965 123.92
O(14)-H(51)--0(1)  x, z+1 0861  2.087 2889  154.80
O(14)-H(51)--0Q2) %, z+1 0.861 2224 2868 13145
O(14)-H(52)--0(15) 0856 2133 2977 16833
O(15)-H(53)--0(16) : ‘ 0.852 2310 2980  135.69
OU6)-H(55)-0(13)  x, -~y +3/2, z+1/2 0861 2436 2965 12034

Fig. 1 shows that the gcometry of the complex [Cu(o-vanillin taurine) (1,10-
phen)]-3H,0 gives a triangle bipyramid with N(2) belonging to 1,10-phen- O(1)
(deprotonated phenolic oxygen) and O(3)(—SO3) belonging to Schiff base ligand
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Fig. 1. Crystal structure of the comﬁlex

occupymg each vertex of the equatorial site, while N(1) of Schiff base and N(3) of
1,10:phen located in the apical positions along the axis). The correspondmg band
~angles are: O(1)-Cu(1)-0(3) (108.7(3)°), O(1)-Cu(1)-N(2) (149.5(2)°), O(3)-
Cu(1)-N(2) (100.1(2)°) (Table-3); the sum of bond angles is 358.37° (nearly 360°),
which indicates that the three atoms (O(1), O(3), N(2)) are almost coplanar under
the experimental error. It can also be proved by the sum of the internal angles of the
equator triangle (O(1)-N(2)-0(3) (56.12°), O(3)-O(1)-N(2) (54.31°) and O(1)-
0(@3)- N(2) (69.57°), summation: 180.00°). The bond distance of Cu(1)-N(1) is
1.961(5) A (Table-3), which is significantly shorter than that of Cu( 1)-N(3)(
2.016(5) A). As can be seen from the bond -angles and bond distances listed above
(for example, O(1)-Cu(1)-N(2) (149.5(2)°) is observably larger than that of the
- ideal one of 120° in normal triangle bipyramid), the coordination geometry of the
. Cu(Il) atom is a slightly distorted triangle bipyramid. Another manifestation is the
slight departure of the axis from the beeline (N(1)-Cu(1)-N(3) (178.6 (2)°). Even
Jahn-Teller distortions may play the concomitant role in Cu(H) ion.

Some bond distances of Cu-N (Cu(2)-N@4) (1.939(4) A), Cu(2)-N(5) (2.129(4)
A) etc.) are in some sort different from those observed in the terahedral structures
with an average of 2.082(6)” and a range of 1.991(2)-2.105(2) A%, Steric
hindrance imposed by the conjugated aryl-ring of 1,10-phen in [Cu(o-vanillin
taurine) (1,10-phen)]-3H,0, leads to lengthening of the Cu(1)-N(2) (2.066(7) A).
Bond distances between 1,10-phen and Cu(IT) (Cu(1)-N(2), Cu(1)-N(3)) are mark-
edly longer than those between Schiff base and Cu(D (Cu(1)-N(1), Cu(1)-0O(1)),
with the exception of O(3)-Cu(1)(2.265(6) A)) suggesting that the coordination
ability of Schiff base is stronger than that of 1,10-phen; in addition, O(1)
(deprotonated phenolic oxygen) is stronger than O(3)(—S03). In the complex,
O@3)(—S03) acts as a new donor, owing to the change of steric hindrance and the
redistribution of charge mtemsmy of O atoms after the formation of o-vanillin
taurine Schiff base. :

Fig. 2 illustrates that hydrogen bOnds occur between water molecules (O(14)-
H(52)---0(15), O(15)-H(53)----O(16) etc. (see Tab}.e 4) and between water mole-
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cules and the complex molecules (O(14)-H(51)---O(1), O(14)-H(51)----O(2)) as
well, which stabilized the crystal structure. Some distances between O atoms in the
hydrogen bonds (O(15)----O(16) (2302 A), 09)--0(11) (2755 A) and
0(10)----0(14) (2.738 A) etc.) are shorter than that of ice (2.76 A) and pure water
(2.83 A)?°, which elucidates that water molecule‘s, are tightly connected among the
crystal lattice.

“Fig. 2. Packmg drawing of the complex

Spectmscapnc studies: After the coordmanon the charactenstlc absorption

peaks of —SO3 (1252 0 1208.9, 1054.3 and 966.0 cm™) shift to 1248.0, 1181.7,
© 1039.4 and 975.4 cm™; which indicatethat —SO3 pamcnpated in the coordina-
tion. The band of V(C—N) shifts from 1639.2 to 1620.2 cm™, suggestingthat the
"N atom in Schiff base is a donor Vibrations of 1,10-phen at 1545.1 cm™ split
into 1552.1 and 1478.6 cm™, in- -plane bending vibrations shift from 845.1 and
- 741.6cm™ to 818.4 and 739.6 cm"l, respectively. A broad absorption band centres
around 3452.1 cm™ confirming the presence of crystalline water involved in
hydrogen bonds. The bands appearing at 456.6 and 406.7 cm™ attribute to
V(C—O0) and v(C—N) stretching vibrations are observed. These changes could
be diagnostic for coordinated [Cu(o-vanillin taurine) (1,10-phen)]-3H,0 complex.

Thermal decomposition kmetncs studies: The TG and DTG curves of the
complex are shown in Fig. 3, which indicate that the complex decomposes in
three steps. The first and the second ~weight loss stages have decomposition
temperature ranges of 25-110°C and 110-260°C, with weight losses of 6.76%
(caled. 6.49%) and 2.92% (calcd. 3. 06%), which corresponds to the losses of two
molecules and one molecule of water, respectively. The fact suggests that water
is close bound to the complex by hydrogen bonds which can be certified by the
crystal structure diffraction simultaneously. “The third weight loss stage has a
decomposition temperature range of 260-800°C, correspondmg to the losses of
one molecule of Schiff base and one molecu}e of 1 IO-phen (exothermic peaks
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Fig. 3. TG—DTG curves of the complex

located in 289.8°C and 349.6°C, respectively). The fact that o-vanillin-taurine
Schiff base was lost prior to 1,10-phen suggests that it is more sensitive to
temperature than the latter. The weight percentage of 14.30% (calcd. 14.33%) of
the original sample remained; CuO is the final residue. The process of thermal
decomposition of the title complex may be shown as follows:

: U s-t10°C
[Cufo-vanillin taurrne) (l,lO—phen)]-3H20 y
: , S e ~2H,0

o L - 110-260°C
[Cu(o-vanillin taurine) (1,10-phen)]-2H,0 e o 3

: , : s =Hy

L 260-800°C
[Cu(o-vanillin taurine) (1,10-phen)] - > CuO

1.-0-vanilline taurine
~ 2-1,10-phen, SO,

On the basis of 30 kinetic funcﬁons in both differential and integral forms
commonly used in recent reports®" 2, the non-isothermal kinetics of the step was.
investigated using the Achar drfferentral method23 and the Coats-Redfern integral
method?*.

The original kinetic data for step 3) obtamed from the TG and DTG curves
are listed in Table-5, in which T' is the temperature at any point i on the TG
and DTG curves, a; is the corresponding decomposition rate. (da/dt); =

[B/(Wq — W] x (dW/dT); in which: (d‘i)V/d’Jl‘)1 is the height of the peak in the DTG
curve, f is the heating rate, and WO and Wl are the initial and final weights at
the stage, respectively. S

The calculated kinetic parameters (E A) and correlatron coefficients (r) of step
3 are listed in Table-6. :
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RESULTS OF THE ANALYSIS OFTH[E DATA FOR STEP3 IN TABLE-5 BY THE ACHAR

TABLE-5

Asian J. Chem.

DATA FOR STEP (3) OF THE THERMODECOMPOSITION OF

THE COMPLEX OBTAINED FROM THE TG AND DTG CURVES

Ti (K) a (da/dt);
596 0.1145 0.0445
606 0.2576 0.0552
611 03371 0.0618
616 03603 0.0672
619 04768 0.0687
621 0.5130 0.0689
622 05309 0.0693
623 0.5485 0.0696
624 0.5667 0.0692
625 - 0.5848 ©0.0688
627 06027 0.0684
630 06741 0.0661
635 0.7562 0.0554
640 0.7650 0.0450
650 09316 0.0328
660 0.9999 0.0129
TABLE-6

DIFFERENTIAL METHOD AND THE INTEGRAL METHOD (COATS-REDFERN)

E (kJ/mol) InA r E (kJ/mol) InA r
1. 15.98 256 04127 | 6013 748 09232
2 44.65 1219 09017 70.71 1067  0.9519
3. 65.83 1820 09553 7630 1119 09650
4. 100.98 30.69 09137 89.52 1595 09836
5. 575 358 0.1670 52.90 250 09093
6 206.44 68.19  0.8309 159.83 4095 09335
7. 83.43 2875 0.7580 55.80 720 09787
8. 67.87 2137 06818 35.24 022 09764
9. 57.59 1759 06287 24.96 -327 09378
10, 47.31 1370 0.5619 14.68 676 0.9669
1. 42.17 1166 0.5223 9.54 -850  0.9569
12 35.70 931 07716 3701 022 09671
13, 53.28 1515 07663 41.82 111 09810
14. ~17.03 -8.74  0.5871 2713 313 0.9069
is. -33.53 1474 08819 10.62 ~843  0.8570
16. -39.03 1691 09238 5.12 1020 0.7646
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E (kJ/mol) WA 1 E (kJ/mol) InA r
17. -41.78 ~18.09  0.9388 2.37 ~11.09  0.5858
18. 193.90 66.25  0.7488 132.59 3437 0.8340
19. 141.16 46.81  0.7519 46.85 501  0.6996
20. -28.03 ~12.68  0.8177 1613 666  0.8855
21, 150.11 50.38  0.8672 117.48 28.13  0.9806
2. 211.79 7172 0.9097 179.16 4907 0.9812
23. 27347 92.94 09308 240.84 7000  0.9815
24, 299.36 10443 0.7457 205.05 6125  0.7302
25. 62.07 1799 0.7633 44.70 1.85  0.9851
26. ~122.49 4554 07224 16.14 =654 07712
27. ~227.95 -82.63  0.7306 9.97 -851  0.6331
28. ~333.41 ~119.84  0.7335 6.06 978 04913
29. 29.43 7.04  0.5465 17.97 631 0.9737
30. 27.45 597 06655 15.95 -6.98  0.9530

The results obtained from the two different methods are approximately the
same when based on function No. 3 for step 3, which corresponds to the
mechanisms of the Ginstling-Brunshtein equation. The kinetic equation is
expressed as follows: :

da_, . -—E/R']l‘né;[

’mn 5 ( In A =14.70.

1—ayB 171l E=72.42k/mol,

The activation entropy AS and actwaﬂon free-energy AG™ are calculated by the
following equations®:

_KkTp_(As exr_KTp  (AS? AFF
A= hexp(R), Ae hexp R exp—RT,

AG? = AH” ~ T AS*

in which Tp is the temperature at the top of peak (3), k is Boltzmann constant, R
is gas constant, h is Planck’s constant. The activation entropy AS™ and activation
free-energy AG™ for the third thermal decomposition stage were obtained,

AS* =-128.82 T/mol - K, AG*=5.51 kl/mol.

Conclusions ;

This paper contributes to the investigations of the behaviour of taurine as a
ligand modified by Schiff base towards copper(Il). In our work, o-vanillin taurine
Schiff base has been synthesized, which changes the steric and electronic effects

~and the basicity of SO;-group; consequently, its coordination ability is enhanced
that favours the coordination with copper(Il). The prominant feature of the
complex is that taurine acts as a bidentate comparing to those reported in
literature. The thermal decomposition kinetics of the complex are obtained using
the Achar differential method and the Coats-Redfern integral method. The
decomposition kinetic equation for the third step is:
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a2, E=7242k0mol,  InA=1470.

dt
AS* =-128.82 J/mol - K,  AG” =5.51 kJ/mol.

Further researches on its binding to DNA by intercalation, antifungal and
~ antibacterial bioactivities are proceedmg recently.
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