Xumus, ron. XVIII, xu. 2 (2009) Chemistry Vol. 18, Iss. 2 (2009)

* B uzcaedosamenckume aabopamopuu ®
e From the Research Laboratories ®

PREPARATION, COORDINATION

AND STRUCTURE OF MIXED LIGAND
COBALT (Il) COMPLEXES OF HISTIDINE
AND HIPPURIC ACID
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Abstract. Mixed ligand cobalt(ll) complexes, N&o(CH.CONHCHCOO)
(CHN.0,).H,0].9H,0 and NgCo(CH,CONHCH,COO0)(GH,N.0,).H,0]. 5H,0
formed with histidine and hippuric acid have been synthesized. The mode of coordina-
tion and their structure have been determined by elemental analysis, spectral (Infra
red and electronic spectra) studies and magneto-chemical measurements. Histidine
shows a tridentate behaviour with coordinating through the carboxylate oxygen atom
and the two nitrogen atoms of the imidazole and ;gibtip. Hippuric acid acts as a
bidentate ligand and the coordination occurs through the carboxylate oxygen and the
nitrogen of the amido group. The remaining sixth coordination position is satisfied by a
water molecule and hence the complexes have been suggested to show an octahedr:

structure.
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Introduction

Mixed ligand complexes are well known to play a significant role in biologi-
cal systems [1]. Synthesis, structural studies and some other properties of mixed
ligand transition metal complexes formed with histidine and adenine or guanine
[2] and other amino acids have been reported [3-6]. The determination of acid
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dissociation constant and binding formation constant of nickel(II) and cobalt(II)
complexes of histidine and phosphonoformic acid [7] and the potentiometric
studies, synthesis and characterization of mixed complexes of Cu(II), Ni(II)
and Mn(IT) formed with histidine and N-(2-acetamidoiminodiacetic)acid have
also been studied [8]. In earlier publications, the synthesis and characterization
of some bivalent simple and mixed ligand transition metal complexes of hippu-
ric acid and nitrilotriacetic acid and iminodiacetic acid have been reported [9-
11]. Literature survey shows that no studies on the synthesis and characteriza-
tion of mixed ligand complexes of histidine and hippuric acid have been re-
ported. Hence the present paper reports the preparation, coordination and struc-
ture of new mixed ligand cobalt(Il) complexes formed with histidine and hippu-
ric acid.

Experimental

Solutions of histidine (Fluka) and hippuric acid (Fluka) were prepared by
dissolving them in one equivalent of sodium hydroxide. The solution of cobalt(II)
chloride (Fluka) was prepared in one equivalent of hydrochloric acid. To pre-
pare the metal complex, the two ligands were mixed with 0.1M metal ion solu-
tion in 1:1:1 molar ration at room temperature. At first histidine solution was
mixed with metal ion solution followed by the hippuric acid solution and the pH
of the resulting mixture was adjusted to [15.43 by adding sodium hydroxide
solution. On the addition of histidine to the metal ion solution followed by the
hippuric acid solution, a clear pink solution was obtained with the pH [13.6. The
pH of this resulting solution was adjusted to [15.43 by the addition of sodium
hydroxide. The clear pink solution was then concentrated over a steam bath and
allowed to crystallize. The product was then filtered and washed with 50% etha-
nol-water mixture followed by acetone and dried in a vacuum desicator. On
heating the pink crystalline product in an air oven at 100-110°C for about two
hours, the colour of the complex changes to deep violet, indicating the lose of
the water molecule from the complex.

The infra-red spectra of the ligands and the metal complexes were recorded
on a Perkin-Elmer FT-IR 2000 spectrophotometer in 4000 — 400 cm! range in
KBr disc. Shimiadzu UV-vis 2501 PC spectrophotometer model TCC-240A was
used to record the electronic spectra of the complexes in methanol in 190-1100
nm range. The magnetic susceptibility of the complexes was measured at room
temperature using Johnson Matthew Alfa Product magnetic susceptibility bal-
ance. The VarioEL CHNO/S elemental analyzer was used to determine the el-
emental (CHN) analysis. The content of the metal present in the complexes was
determined using Atomic Absorption Spectrophotometer 220FS.
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Results and Discussion

Elemental Analysis:

Analytical data are as follows:

1. Disodium(hippurato)(histidino)(monoaqua)cobalt(II)nonahydrate. Pink
crystalline. Anal.

Calcd for Na,[Co(C,H,CONHCH,COO)(C,H,N,0,).H,0].9H,0:
Co = 9.54%, C = 29.17%,

H = 5.88%, N = 9.06%; Found: Co = 9.22%, C = 29.34%, H = 5.69%,
N = 9.10%.

2. Disodium(hippurato)(histidino)(monoaqua)cobalt(IT)pentahydrate. Deep
violet crystalline. Anal. Calcd for Na [Co(C.H.CONHCH,COO)(C.H,N.O,).
H,0].5H,0: Co = 10.80%, C = 33.03%, H = 5.19%, N = 10.27%; Found: Co=
10.92%, C = 33.23%, H = 5.34%, N = 10.21%.

NOTE: In further discussion in the text for convenience the two complexes
are referred to as decahydrate and hexahydrate respectively.

IR Studies

In amino acid vNH," appears in 3130-3030 cm™ region [12]. In the ir spec-
trum of histidine it appears at [13082 cm™ but overlaps with other vibrations
such as VNH (imidazole group), and vCH (heterocyclic + vCH, group 13016
cm™). Theoretically VNH,* should vanish on coordination. In metal complexes,
however, some broad band appears at [13300 cm™, which must be arising from
other vibrations appearing in this region. In histidine SNH,* appears at 1560 cm’
which vanishes in the metal complexes. The v,,COO- and v,COO- absorptions
appear in histidine at 1633 and 1418 cm! respectively [13]. In imidazole [14], the
vNH absorption appears at 3125 cm’l. In histidine, it gets mixed with other
absorptions in this region and a broad band at 3082-2866 cm is visible. In case
of the complexes it is absent since no band is observed in this region. Hippuric
acid shows characteristic v(C = 0) absorption bands for the COOH group at
1750 cm! which vanishes in case of cobalt(Il) complexes. Instead, asymmetric
and symmetric COO" stretching frequencies are obtained. The decahydrate com-
plex shows v. COO" and v.COO" frequencies at 1634 and 1428 cm™ respectively
whereas in hexahydrate complex these frequencies are observed at 1607 and
1413 cm! respectively. The v(NH) absorptions in hippuric acid are observed at
3343 cm’! which in the complexes is mixed with v(OH) and is observed at 3333
cm’l, Hippuric acid shows amide I v(C = 0) band at 1608 cm!, amide II [6(NH)
+ v(CN)] with benzene ring vibrations in the range 1559 — 1412 cm! range,
amide IIT [v(CN) + 3(NH)] band at 1310 cm™!. In decahydrate and hexahydrate
complexes, amide I band together with v,,COO" is obtained at 1634 and 1607
cm’! respectively. Amide IT band along with benzene ring and v,COO" vibrations
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are obtained at 1428 and 1413 cm™ in decahydrate and hexahydrate complexes
respectively. In decahydrate complex amide III band is observed at 1318 cm
whereas in hexahydrate complex it is obtained at 1297 cm™. Besides, both the
complexes show additional band at [13333 cm™ attributable to water molecules
[13]. The appearance of rocking p, (HOH) frequency [15] at 716 and 706 cm™ in
case of decahydrate and hexahydrate complexes respectively shows that the water
molecules are also coordinated. The ir frequencies of the ligands and the metal
complexes are listed in Table 1. Thus the ir studies suggest that in cobalt(II) com-
plexes, histidine coordinates through the carboxylate oxygen atom and two nitro-
gen atoms of imidazole and —NH, group, hence acts as a tridentate ligand. Hip-
puric acid shows bidentate behaviour and the coordination occurs through the
carboxylate oxygen atom and the nitrogen of the amido group.

Table 1 IR Frequencies (ci) of Histidine, Hippuric Acid and Their
Mixed Cobalt(Il) Complexes

Histidine Band Hippuric Band Ne[{Co(Il)- Na[{Co(ll) - Band
Assignment|  Acid Assignment | His—HA}.  His- HA}. Assignment
H20] H,O]
.9H: 0] . 5H0
3082-2864 v(NH)(imida-| 1750 v (C=0) 3333 3333 v (OH) water
zole) +v CH Carboxylic molecules
(Heterocyclic group mixed with
+v NH3" + V(NH)
v CH(-CH)
vaCOO 3085 v (CH) 3010 3059  |v(NH)+Vv(CH)
1633
1418 vsCOO 3343 v(NH) 1634 1607 VaCOO +v
(C=0) amide
1560 SNH3" 1608 |v(C=0) amide 1428 1413 vsCOO +
benzene ring +
(SNH+VCN)
amide I
1457 Ring Structurd 559,1487,Benzenering + 1318 1297 VCN+UCN+38
(imidazole) 1412 (SNH+VCN) NH) amide 11l
amide I
1336 vCN 1310 (VCN + 716 706 P:(HOH)
5 N H) amide Coordinated
I water molecule

* His and HA stand for anion of Histidine and hippuric acid respectively.

Magnetic measurements and Electronic Spectra.

The magnetic moment of cobalt(Il) complexes,
Na,[Co(CH,CONHCH,COO) (CH,N,0,).H,O].9HO : p , = 4.94 BM
and Na,[Co(CH,CONHCH,COO) (CH,N,0,).H,0].5H,0 : u , = 4.52 BM
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suggest a six fold octahedral structure [16] for both the complexes. These values
are higher than required for a free spin d’ state (three unpaired electrons) and it
can be ascribed to orbital contribution. The magnetic measurements are given
in Table 2. The octahedral cobalt(II) is known to have the following three spin
allowed transitions.

1 (V1)4T19(F) —'4T2g(F)

(vV2) Ty (F) = Ay (F)
(V3)4Tlg(|:) -4 ng(P)

Table 2 Magnetic Measurements of Cobalt(ll) Complexes

Compound Temp (K) | XgXx10° [ Xu X 10° [ Xu' X 210° | Her
cg.s c.g0.s c.0.s BM)
Nad{Co(I)-His-HA}.H 20]. 9H.O 296.5 16.5149 10197.45 10305.04 4.94
Nad{Co(ll)-His-HALH -0].5H.O | 292.0 | 865507 8762.66  9019.6  4.52

* His and HA stand for anion of Histidine and hippuric acid respectively.

Out of these, the first transition § usually occurs at lower frequencies and is
expected to appear beyond 1000 nm in the near infrared region. Raj treniition,
since the'A,, state is derived mainly from %, %, configuration, this transition
would involve a two electron process and hence should be weaker by about a factor
of 10%than other transition [17]. The positiomgftransition in cobalt(ll) complexes
may, however be ambiguous and is rather difficult to locate with certainty [18]. Some-
times it appears as a shoulder on either side of the main absorption eans(tion)
or in some cases it may not be observed at all. Thus in the present study of cobalt(Il)
complexes, the transition obtained at 1081 nm in both the complexes can be assignec
asv, transition. The main absorption band observed at 516 nm and 522 nm in
decahydrate and hexahydrate complexes respectively can safely be assigned as tran
sition (v,). The position ofv, transition in both the complexes is however not clear.
The other bands observed at 231 nm (decahydrate) and 230 nm (hexahydrate) can b
regarded as charge transfer bands.

Conclusion

Thus the evidences obtained from IR spectra, electronic spectra and magneto
chemical measurements suggest an octahedral structure (Fig. 1) for cobalt(ll) com-
plexes in which histidine acts as a tridentate ligand and hippuric acid behaves as a
bidentate ligand. The sixth coordination position is satisfied by a water molecule.
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Figure 1: Structure of Cobalt(ll) Complexes (x =9 or 5)

Acknowledgement

The author is grateful to Prof. RRT Majinda, Head, Chemistry Department,
University of Botswana, Gaborone, Botswana for providing research facilities in the
department and the Faculty of Science Research and Publications committee for its
financial support to the project.

REFERENCES

1. Martin, R.P., M.M. Petit-Ramel, J.P. Scarff Mixed Ligand Metal lon Complexes in
Amino Acids and peptides. In.: Sigel, H.(Ed) Metal lons in Biological Systems. Volume 2. Mixed
Ligand Complexes. M. Dekker, New York, 1973, p.3.

2. Singh, N.P., M.N. Srivastava, G. KumarSynthesis and Structural Studies of some
Mixed Ligand Transition Metal Complexes of Histidine and Adenine or Guanine., Orient. J.
Chem., 16, 223-227 (2000).

3. Reddy, P.R., M. Radhika, P. ManjulaSynthesis and Characterization of Mixed Ligand
Complexes of Zn(ll) and Co(ll) with Amino Acids: relevance to Zinc Binding Sites in Zinc
Fingers. J. Chem. Sci. 117, 239-246 (2005).

4. Adkhiss, A., O. Bendi-Baitich, A.M. Khan, G. BouetSynthesis, Characterization and
Thermal Behavior of Mixed Ligand Complexes of Cobalt(ll) with Dimethylglyoxime and Some
Amino Acids. Synth. React. Inorg. Met.-Org. Chem., 30, 1849-1858 (2000).

5. Soliman, A.A., GG MohamedStudy of Ternary Complexes of Copper with Salicylidene-
2-aminothiophenol and Some Amino Acida in the Solid State . Thermo chimica Acta, 421, 151-
159 (2004).

6. Sakiyan, I., N. Gunduz, T. Gunduz Synthesis and Characterization of Manganese
(Il Complexes of Schiff Bases Derived from Amino Acids and 2-hydroxy-1-naphthaldehyde.
Synth. React. Inorg. Met.-Org. Chem. 31,1175-1187 (2001).

7. Radha, K., M.S. Mohan, Y L. Kumari, K.B.S. Sudha, P.J. LaxmiStudy of Binary and
Mixed Ligand Ni(ll) and Cd(Il) Complexes Containing Phosphonoformic Acid-An Antiviral
Agent. Int. J. Chem. Sci., 4, 635-648 (2006).

8. Hamrit, H., S. Djebbar-Sid., O. Benali-Baitich., M.A. Khan., G. BouetPotentiometric
Studies, Synthesis and Characterization of Mixed Ligand N-(2-acetamidoiminodiacetic)Acid
as the primary Ligand and Histidine as the Secondary One. Synth. React. Inorg. Met.-Org.
Chem. 30, 1835-1848 (2000).

9. Kumar, G., M.N. Srivastava Spectral and Magnetochemical Studies of Nickel(ll) and
Cobalt(ll) Complexes of Hippuric Acid. Revue de Chimie Minerale, 16, 14-18 (1979).

135



10. (a) Kumar, G., M.N. Srivastava Synthesis and Characterization of Mixed Ligand
Copper(Il) Complexes of Hippuric Acid and Nitrilotriacetic Acid. Asian J. Chem.,18, 2237-2241
(2006); (b) Kumar, G., M.N. Srivastava. Synthesis and Characterization of Mixed Ligand Nickel(Il)
Complexes of Hippuric Acid and Nitrilotriacetic Acid. Res .J. Chem.Environ. 9, 43-45(2005); (c)
Kumar, G., E. M. R. Kiremire, M.N. Srivastava. Synthesis and Characterization of Mixed Ligand
Cobalt (II) Complexes of Nitrilotriacetic Acid and Hippuric Acid. Chemistry 15, 378-384 (2006).

11. (a) Kumar, G. Synthesis and Characterization of Mixed Ligand Cobalt(ll) Complexes
of Iminodiacetic Acid and Hippuric Acid. Res. J. Chem. Environ. 11, 87-88 (2007); (b) Kumar, G.,
E.M.R. Kiremire . Synthesis, Coordination and Structure of Mixed Ligand Copper(ll) Com-
plexes of Iminodiacetic Acid and Hippuric Acid. Chemistry 16, 387-393(2007); (c) Kumar, G.
Synthesis and Characterization of Mixed Ligand Nickel(ll) Complexes of Iminodiacetic Acid
and Hippuric Acid. Asian. J. Chem., 20, 1143-1147 (2008).

12. Bellamy, L.J, The Infra Red Spectra of Complex Molecules, Vol.1, 3rd Edition,
Chapmann and Hall, London, 1978.

13. Nakamoto, K Infra Red Spectra of Inorganic and Coordination Compounds. 2nd
Edition, Wiley, New York, 1966.

14. Garfinkal, D., J.T. Edsall Raman Spectra of Amino Acids and Related Compounds.
VIIl. Raman and Infra red Spectra of Imidazole, 4-methylimidazole and Histidine. J. Am. Chem.
Soc. 80, 3807-3812.(1958).

15. Nakagawa, I., T Shimanouchi. Infrared Adsorption Spectra of Aquo Complexes and
the Nature of Coordination Bonds. Spectrochimica Acta 20, 429-439 (1964).

16. Figgis, B.N., J. LewisThe Magnetochemistry of Complex Compounds. In.: Lewis, J.,
R.G.Wilkins (Eds.) Modern Coordination Chemistry. John Wiley & Sons, New York, Chapter 6.
17. Cotton, FA., G. Wilkinson, C.A. Murilo, M. Bochmann Advanced Inorganic Chem-

istry (6th Edition). John Wiley & Sons, New York, 1999, p. 820.
18. Lever, A.B.P. Inorganic Electronic Spectroscopy. 2nd Edition. Elsevier, New York, 1986.

CMECEHHU KOBAJIT (II) KOMIIJIEKCH
HA XUCTUJAVH U XUITYPOBA KUCEJIMHA

Pe3ome. CuHTE3MpaHN Ca KOMILIEKCUTE

Na,[Co(C,H,CONHCH,COO)(CH,N,0,).H,0].9H,0

Na,[Co(C.H,CONHCH,COO)(CH,N.,0,).H,0].5H, 0.

TsaxXHATA CTPYKTYpa € OIpeIesieHa Upe3 eJIEMEHTEH aHAJIU3 U CIIEKTPAJTHA
(uH(dpavepBeHU U €JIEKTPOHHM CIIEKTPU) M MArHUTO-XUMHUYHH M3MEPBAHMSI.
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