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Chapter VI 

 

 

Internal redox process in metal-pterin complexes: 

synthesis, characterization, physico-chemical and DFT 

studies on new pterin complexes of d7 – d10 bivalent 

transition metal ions. 

 

 

 

 

 



 
 

344 
 

 

Abstract 

Four new mononuclear mixed ligand complexes [M(L)(B)(H2O)]. xH2O [M = Co(II), 

Ni(II), Cu(II) and Zn(II); B = bipy, phen; x = 2 or 3 ] have been synthesized using 7 – 

methylpterin-6-carboxylic acid (H2L). They have been characterized by elemental analysis, 

electrospray ionization mass spectrometry, different spectroscopic techniques and cyclic 

voltammetry. For the Zn(II) complex (1) x-ray structural data could be recorded. The DFT 

optimized molecular structures and related  geometric parameters of all these complexes are 

consistent with the x-ray structural data of 1. The EPR spectral data for 2 and 4 are of the axial 

type, indicating elongation along the z-axis. Most of the UV-Vis MLCT bands in the longer 

wavelength region, could be assigned to pterin → phen/bipy charge transfer across the metal 

centre, on the basis of their electronic structures. 1H NMR spectrum of 1 verify such charge 

transfer in terms of shielding of the phen proton signals. Redox reactivities with NaBH4 and 

K3[Fe(CN)6] further highlight the redox non-innocent property of the pterin ligand residue here.   

Introduction 

 This chapter is concerned mainly with further exploration of the coordination property of 

the pterin ligand 7-methylpterin – 6 – carboxylic acid (H2L, Scheme VI-1) using the Zn(II)d10 

ion, possessing a fixed oxidation state of +2. 1, 10-phenanthroline (phen, Scheme VI-2) and 2, 2�-

bipyridyl (bipy, Scheme VI-3) play the role of suitable π-acid ligands.  

 



 
 

345 
 

N

N N

N

H2N CH3

COOH

OH

1

2

3

4
5

6

7

8

The pterin ligand (1,H2L)
 

Scheme VI-1 

N N

1, 10 - phenanthroline   

N N

2, 2' - bipyridine

 

  Scheme VI-2     Scheme VI-3 

An important purpose of this work is to examine the result of 1H NMR spectral study for a 

mononuclear/ diamagnetic M(II) – pterin complex; the related compounds presented in earlier 

chapters are all paramagnetic, except for a binuclear diamagnetic Cu(I)d10 complex stated in 

chapter II. Just like phen, 2, - 2�-bipyridyl acts here as a good ancillary ligand as well. 

Rationalizing physico-chemical properties in the light of electronic structures is an important 

aspect of this study.Few related Co(II), Ni(II) and Cu(II) complexes assists in bringing this work 

to a satisfactory level. 
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Experimental 

Materials and Methods: Reagent grade chemicals were used as received. Solvents were 

purified, prior to use, following literature procedure 20. ZnSO4. 7H2O, NiSO4.7H2O,  CoSO4. 

7H2O and CuSO4. 3H2O were obtained from E. Merck, Mumbai. NaOH was obtained from 

SRL, Mumbai and 1, 10-phenanthroline and 2, 2�- bipyridine were procured from E. Merck, 

Mumbai. Kinetic and electrochemical measurements were performed in spectroscopic grade 

CH3OH and DMSO (SRL, Mumbai) respectively . Bu4NClO4 (TBAP) for CV measurements 

was obtained by published methods 72.  

Methods. Most of the physico-chemical methods of characterization were the same as those 

discussed in Chapters II and III. IR spectra (KBr) were recorded on a Perkin Elmayer FTIR RX1.  

Magnetic susceptibilities were checked with a Sherwood magnetic susceptibity balance (MSB 

Mk1), using Hg[Co(SCN)4] as the calibrant.  

Synthesis of the complex 

[Zn(C 8H5N5O3)(C12H8N2)(H2O)]. 3H2O/ [Zn(L)(phen)(H 2O)]. 3H2O (1) 

The title complex was prepared by the dropwise addition of a solution (15 ml) of ZnSO4. 7H2O 

(35.9 mg, 0.125 mmol) containing 1, 10 – phenanthroline monohydrate (25 mg, 0.125 mmol) to 

a warm (312K) aqueous alkaline solution (NaOH : 11 mg, 0.275 mmol) of the pterin ligand H2L 

(31 mg, 0.125 mmol). The pH value was maintained around 9.9 – 10.0 and the final volume was 

60 ml. The reaction mixture was transferred to a 100 ml beaker and allowed to stand at room 

temperature. Light brown shining crystals suitable for single crystal x-ray diffraction appeared 

after 10 days (yield: 30%). UV-VIS absorption bands [CH3OH, λmaxnm (logε)]: 326s(4.835), 

376br(5.057), 733(4.086). 

 [Co(C8H5N5O3)(C10H8N2)(H2O)]. CH3OH/[Co(L)(bipy)(H 2O)],CH3OH (2)  
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A solution of CoSO4,7H2O (0.1405gm, 0.5mmol) in CH3OH (50ml) was mixed with bipy 

(0.1015gm, 0.65mmol); to this solution of H2L (0.115gm, 0.5mmol) dissolved in methanolic 

Bu4NOH (1.1mmol) was added dropwise. Total volume of the mixture was 155ml and pH was 

ca.7.5. The mixture was warmed on a paraffin oil bath (500 – 550C) for 3h maintaining darkness. 

The orange coloured solution was evaporated to minimize the volume and the deep orange 

solution was kept in a silica gel desiccator for crystallization. After few days orange coloured 

microcrystals separated from the reaction mixture. Yield 35%. Its purity was checked through 

TLC ( UV lamp ) and characterized by CHN and ESIMS data. Analytically pure compound for 

this purpose could be obtained by filtration, repeated washing with small quantities of   CH3OH 

and drying in vacuo over silica gel. Analysis, calculated for C19H19N7O5Co: C 47.11, H 3.93,      

N 20.25 %; found: C 46.67, H 2.56, N 20.99 %. UV-VIS absorption bands [CH3OH, λmaxnm 

(logε)]: 280(4.23), 307sh (3.686), 380br(3.156), 460sh(2.48), 894(2.35). 

 [Ni(C8H5N5O3)(C10H8N2)(H2O)].2H2O / [Ni(L)(bipy)(H 2O)]. 4H2O (3) 

A solution of NiSO4,7H2O (0.035gm, 0.125mmol) in CH3OH (50ml) was mixed with bipy 

(0.0195gm, 0.125mmol); to this solution of H2L (0.029gm, 0.125mmol) dissolved in methanolic 

Bu4NOH (0.28mmol) was added dropwise. Total volume of the mixture was 50ml and pH was 

ca. 8.5. The mixture was warmed on a paraffin oil bath (500 – 550C) for 3h under subdued light. 

Upon standing the reaction mixture deposited light green micro crystals after 24 hours. It was 

then separated by suction filter and washed with methanol and dried on vacuo over silica gel. 

Yield 38%. Its purity was checked through TLC ( UV lamp ) and characterized by CHN and 

ESIMS data. Analysis, calculated for C18H19N7O6Ni: C 44.29, H 3.89, N 20.09 %; found: C 

43.94, H 4.15, N 19.86 %. UV-VIS absorption bands [CH3OH, λmaxnm (logε)]: 285(4.083), 

309sh(3.818), 391br(3.576). 
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[Cu(C8H5N5O3)(C10H8N2)(H2O)]. 4H2O/[Cu(L)(bipy)(H 2O)]. 4H2O (4) 

A solution of CuSO4,3H2O (0.030gm, 0.125mmol) in CH3OH (50ml) was mixed with bipy 

(0.0195gm, 0.125mmol); to this solution of H2L (0.029gm, 0.125mmol) dissolved in methanolic 

Bu4NOH (0.28mmol) was added dropwise. Total volume of the mixture was 65ml and pH was 

ca. 7.5. The mixture was warmed on a paraffin oil bath (500 – 550C) for 2.5h, maintaining O2 

flow and darkness. The greenish yellow coloured solution was filtrated (Whatman – 42) and the 

clear solution was kept for crystallization. After seven days green coloured crystals appeared at 

the bottom of the beaker. They were separated by suction filter, washed with methanol and dried 

in vacuo over silica gel. Yield 32%. Its purity was checked through TLC( UV lamp ) and 

characterized by CHN and ESIMS data. Analysis, calculated for C18H23N7O8Cu: C40.84, H4.35, 

N 18.53%; found: C41.79, H3.50, N 18.28%. UV-VIS absorption bands [CH3OH, λmaxnm 

(logε)]: 250sh(4.48), 276(4.498), 303sh(4.43), 

375(4.09),692(2.4),744(2.36),779(2.35),808(2.35),919(2.13), 1069(2.10). 

 

 

Scheme VI-4 
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Scheme VI-7 

 

Results and discussion 

 The Zn(II), Co(II),Ni(II) and Cu(II)  mixed ligand complexes (1 – 4; Schemes VI-4 to 

VI-7) of the pterin ligand  (Scheme: VI-1) could be synthesized and crystallized out of the 



 
 

350 
 

aqueous or methanolic medium. The reaction conditions were carefully controlled, including 

heating on a paraffin oil bath and pH. In one case, x-ray quality crystals were deposited from the 

reaction medium (1). After proper washing and drying such crystals, analytically pure samples 

could be obtained, giving correct microanalytical data as well as electrospray ionization mass 

spectral data (ESIMS). Compounds 2, 3 and 4 were synthesized in methanolic Bu4OH medium 

and microcrystals deposited from the reaction medium.   

 

 

Figure VI-1. ORTEP diagram of the complex 1 with atom numbering scheme (40% probability  

           factor for the thermal ellipsoids); lattice water molecules are omitted for clarity. 
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Table VI-1. Crystallographic data and structure refinement for 1 

Identification code 1 

Empirical formula C20H21N7O7Zn 

Formula weight 536.81 

Temperature/K 293 

Crystal system Triclinic 

Space group P-1 

a/Å 8.4819(7) 

b/Å 9.9573(9) 

c/Å 13.7257(12) 

α/° 97.6670(10) 

β/° 95.2430(10) 

γ/° 110.7160(10) 

Volume/Å3 1062.51(9) 

Z 2 

ρcalcg/cm3 1.678 

µ/mm-1 1.217 

F(000) 552.0 
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Crystal size/mm3 0.240 × 0.190 × 0.040 

Radiation Mo Kα (λ = 0.71073) 

2Θ range for data collection/° 3.028 to 56.518 

Index ranges -11 ≤ h ≤ 11, -13 ≤ k ≤ 13, -17 ≤ l ≤ 18 

Reflections collected 9149 

Independent reflections 4794 [Rint = 0.018, Rsigma = N/A] 

Data/restraints/parameters 4794/12/346 

Goodness-of-fit on F2 0.942 

Final R indexes [I>=2σ (I)] R1 = 0.0393, wR2 = 0.0882 

Final R indexes [all data] R1 = 0.0421, wR2 = 0.0894 

Largest diff. peak/hole / e Å-3 0.64/-0.33 

 

 

 

 

 

Table VI-2. Selected geometric parameters for 1(Å, °)  

Atom Atom Length/Å   
   

Zn1 O2 2.1373(15)   
   

Zn1 N6 2.0303(17)   
   

Zn1 O16 2.3727(15)   
   

Zn1 O18 2.1128(16)   
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Zn1 N19 2.0684(17)   
   

Zn1 N26 2.1627(18)   
   

 

Atom Atom Atom Angle/˚   
    

O2 Zn1 N6 76.37(6)   
    

O2 Zn1 O16 150.97(6)   
    

N6 Zn1 O16 74.60(6)   
    

O2 Zn1 O18 90.05(6)   
    

N6 Zn1 O18 91.77(7)   
    

O16 Zn1 O18 91.21(6)   
    

O2 Zn1 N19 121.85(6)   
    

N6 Zn1 N19 160.68(7)   
    

O16 Zn1 N19 86.96(6)   
    

O18 Zn1 N19 94.39(7)   
    

O2 Zn1 N26 92.53(6)   
    

N6 Zn1 N26 94.76(7)   
    

O16 Zn1 N26 89.49(6)   
    

O18 Zn1 N26 173.38(6)   
    

N19 Zn1 N26 79.07(7)   
    

Zn1 O2 C3 115.97(13)   
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Molecular structure of [Zn(L)(phen)(H 2O)]. 3H2O (1) 

Figure VI-1 represents the molecular structure of the above complex compound 1. Its 

crystallographic data and structure refinements are shown in Table VI-1. The selected geometric 

parameters of 1 are presented in Table VI-2. For complex 1 the six – coordinated Zn(II) atom 

shows departure from a regular octahedral geometry with respect to both bond lengths and bond 

angles (Figure VI-1, Table VI-2 ). The complex possesses both a tridentate pterin ligand and  a π 

– acceptor ancillary ligand like 1, 10 – phenanthroline (phen). The equatorial plane is formed by 

the two N atoms (N19, N26) of phen, the pyrazine ring N atom (N6) of the pterin ligand and the 

aqua O atom (O18). The axial positions are occupied by the two pterin O atoms (O2 and O16), 

with the latter one forming the longest axial bond [2.3724(16) Å]. One important reason causing 

distortion from regular octahedral geometry is that this pterin ligand forms two five-membered 

chelate rings with small bite angles 76.28(7) and 74.66(6)°, instead of only one per pterin ligand 

for an earlier case (Mitsumi et al., 1995).154 A consideration of the charge balance of this 

complex indicates that this pterin ligands acts as a binegative tridentate ONO  donor. A near 

orthogonal disposition of the phen ligand and pterin chelate ring is observed, which affords 

minimum steric repulsion. Of the three axes, least deviation from linearity is observed in the O18 

– Zn1 – N26 direction [173.36(7)°]. 

 The exocyclic bond length data of the pyrimidine ring,e.g., C15 – O16 [1.257(3)Å] and 

C13 – N17 [1.335(3)Å] merit attention. Participation of the pterin unit in the electron – shuffling 

process, from the pyrazin ring N9 to the C15 – carbonyl group is indicated, as suggested in the 

literature (Baisya & Roy, 2014; Beddoes et al., 1993; Kohzuma et al., 1988; Miyazaki et al., 

2008; Russell et al., 1992).17,18,22,23,115 Formation of the Zn1 – O16 bond assists this process. 
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Figure VI-2. Unit cell packing diagram of 1 viewed along plane 1 0 0. 

 

 In the crystal, the complex molecules and lattice water molecules are linked by 

intermolecular N – H ….O, O – H ….N and O – H ….O hydrogen bonds into a three-

dimensional network. The lattice water molecules play a decisive role in the crystal packing 

process .Figure VI-2  indicates π-π stacking interactions involving two parallel, inversion-related 

pterin rings within the same unit cell and showing face – to – face distance of 3.442Å. Besides 

this, the nearly parallel phen rings of adjacent molecules also display π – π stacking interactions 

with centroid distance of 3.568, 3.701 and 3.664 Å. 

DFT optimized molecular structures of 1 – 4 
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The DFT calculations have been utilized for the present pterin complexes for getting the DFT 

optimized molecular structures of 1 to 4 (Figure VI-3 to VI-6). For this purpose Gaussian 09 

software package was used with the B3LYP hybrid functional and 6-31g basic set.155,156 In 

selected cases, the bulk solvent effects were considered through the polarization continnum 

model (PCM), e.g., compound 2 in CH3OH.157-159 The atom numbering scheme of the above 

figures is obtained from the DFT calculations. 

   

 

Figure VI-3. DFT optimized molecular structure of the compound 1 
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As per the above figures each of these compounds consists of octahedrally coordinated 

mononuclear metal centers, with tridentate ONO pterin coordination and bidentate NN 

coordination from bipy/phen; the H2O ligand completes the coordination octahedron. The 

relevant optimized geometric parameters are presented in Table VI-3 to VI-6; they are in good 

agreement with the x-ray structural data of related metal complexes of the same pterin ligand.17 

These optimized molecular structures provides with reliable frame works for interpreting the 
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spectroscopic and physico-chemical data. 

 

Figure VI-4. DFT optimized molecular structure of the compound 2 
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Figure VI-5. DFT optimized molecular structure of the compound 3 
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Figure VI-6. DFT optimized molecular structure of the compound 4 
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Table VI-3. Selected optimized geometric parameters (Å,0 ) of 1155-160 and their comparison 

with the related x-ray structural data (Table VI-2)17a 

Bond lengths (Å) x-ray data of 117a DFT 

Optimized data of 1 155-

160* 

Zn(1) – O(2)  2.1373(15) 2.3135 

Zn(1) – N(9) 2.0303(17) 2.0492 

Zn(1) – O(4) 2.3727(15) 2.1386 

Zn(1) – O(5) 2.1128(16) 2.2083 

Zn(1) – N(11) 2.0684(17) 2.1045 

Zn(1) – N(12) 2.1627(18) 2.1876 

  

Bond Angles ( 0 ) x-ray data of 1 17a DFT Optimized data of 

1155-160 

O(2) – Zn(1) – N(9) 76.37(6) 72.2569 

O(2) – Zn(1) – O(4) 150.97(6) 150.3077 

N(9) – Zn(1) – O(4) 74.60(6) 79.4508 

O(2) – Zn(1) – O(5) 90.05(6) 67.1668 

N(9) – Zn(1) – O(5) 91.77(7) 96.9843 

O(4)– Zn(1) – O(5) 91.21(6) 108.501 

O(2) – Zn(1) – N(11) 121.85(6) 108.4855 

N(9) – Zn(1) – N(11) 160.68(7) 177.0695 

O(4) – Zn(1) – N(11) 86.96(6) 100.2285 
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O(5) – Zn(1) – N(11) 94.39(7) 85.8868 

O(2) – Zn(1) – N(12) 92.53(6) 94.3437 

N(9) – Zn(1) –N(12) 94.76(7) 99.0196 

O(4) – Zn(1) – N(12) 89.49(6) 98.8631 

O(5) – Zn(1) – N(12) 173.38(6) 150.3723 

N(11) – Zn(1) –N(12) 79.07(7) 78.1308 

Zn(1) – O(2) – C(13) 115.97(13) 115.2433  

*Vacume 

 

 

Table VI-4. Selected optimized geometric parameters (Å,0 ) of 2155-160 and their comparison 

with the related x-ray structural data (Table III-2 )17e 

Bond lengths (Å) DFT optimized data 

of 2* 

Related x-ray data 

From Table III-2 17e 

Co(45) – N(28) 1.9217 2.079(3) 

Co(45) – N(22) 1.9322 2.016(3) 

Co(45) – N10) 1.8344 2.123(3) 

Co(45) – O(16) 1.8918 2.140(2) 

Co(45) – O(14) 1.918 2.270(2) 

Co(45) – O(29) 1.8555 2.120(2) 

 

Bond angles ( 0 ) DFT optimized 

data of 2* 

Related x-ray data 

From Table III-2 17e 
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O(16) –Co(45)– N(10) 86.2948 75.10(10) 

N(10) – Co(45) – O(14) 88.5126 76.26(9) 

O(14) – Co(45) – N(22) 92.2199 89.46(9) 

N(22) – Co(45) – O(16) 90.5287 90.99(10) 

N(28) – Co(45) – N10) 92.5645 164.48(10) 

N(10) – Co(45) – O(29) 88.2612 90.23(10) 

O(29) – Co(45) – N(22) 93.793 173.29(10) 

N(22) – Co(45) – N(28) 85.3814 79.12(10) 

N(10) – Co(45) – N(22) 177.8243 96.45(10) 

O(14) – Co(45) – O(16) 174.739 151.22(8) 

O(14) – Co(45) – N(28) 90.5423 88.76(9) 

O(14) – Co(45) – O(29) 89.4652 92.74(9) 

O(29) – Co(45) – O(16) 89.5331 93.13(9) 

*PCM (methanol) 

 

 

 

 

 

Table VI-5. Selected optimized geometric parameters (Å,0 ) of 3 and their comparison with 

the x-ray structural data of a related compound (Table IV-2)17d 

Bond lengths (Å ) DFT optimized data 

of 3* 

Related x-ray 

data (Table IV- 

MM2 optimized data          

( Chem 3D Ultra 2004) 
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2) 

O(14)-Ni(17) 1.8483 2.325(2) 1.848 

O(16)-Ni(17) 1.8035 2.120(2) 1.804 

Ni(17)-N(23) 1.9194 2.065(3) 1.919 

Ni(17)-N(29) 1.9447 2.074(3) 1.945 

Ni(17)-O(30) 1.8481 2.125(2) 1.848 

N(10)-Ni(17) 1.7884 1.977(3) 1.788 

 

Bond angles ( 0 ) DFT optimized data 

of 3* 

Related x-ray 

data (Table IV- 

2) 

MM2 optimized data          

( Chem 3D Ultra 2004) 

N(10)-Ni(17)-O(14) 85.7925 76.31(9) 85.793 

N(10)-Ni(17)-O(16) 85.5661 77.20(10) 85.566 

N(10)-Ni(17)-N(23) 172.4891 177.56(11) 172.489 

N(10)-Ni(17)-N(29) 96.625 94.14(11) 96.625 

N(10)-Ni(17)-O(30) 85.950 93.13(10) 85.950 

O(14)-Ni(17)-O(16) 171.358 153.50(8) 171.358 

O(14)-Ni(17)-N(23) 101.189 103.02(10) 101.189 

O(14)-Ni(17)-N(29) 92.898 87.16(10) 92.898 

O(14)-Ni(17)-O(30) 87.700 92.06(9) 87.700 

O(16)-Ni(17)-N(23) 87.439 103.49(11) 87.439 

O(16)-Ni(17)-N(29) 88.177 95.49(11) 88.177 

O(16)-Ni(17)-O(30) 91.612 88.63(9) 91.612 
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N(23)-Ni(17)-N(29) 85.870 83.47(11) 85.870 

N(23)-Ni(17)-O(30) 91.522 89.23(10) 91.522 

N(29)-Ni(17)-O(30) 177.390 172.29(10) 177.390 

*calculated at the DFT/B3LYP level in PCM (methanol) 

 

 

 

 

Table VI-6. Selected optimized geometric parameters (Å,0 ) of 4 and their comparison with 

the x-ray structural data of a related compound (Table II-2)17b 

 

Bond lengths ( Å ) DFT optimized data 

of 4* 

Related x-ray 

data (Table II-

2)17b 

MM2 optimized data          

( Chem 3D Ultra 2004) 

Cu(17) – O(14) 1.8484 2.384(3) 1.848 

Cu(17) – O(16) 2.0509 2.304(3) 1.804 

Cu(17) – O(30) 1.8483 2.019(3) 1.848 

Cu(17) – N(10) 1.9334 1.999(3) 1.788 

Cu(17) – N(23) 1.991 2.002(3) 1.919 

Cu(17) – N(29) 1.9849 2.037(3) 1.945 

 

Bond angles( 0 ) DFT optimized data 

of 4* 

Related x-ray 

data (Table II-

MM2 optimized data          

( Chem 3D Ultra 2004) 
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2)17b 

N(10) – Cu(17) – O(30) 73.68 91.01(12) 85.950 

O(14) – Cu(17) – O(30) 87.6997 93.07(12) 87.700 

O(16) – Cu(17) – O(30) 98.35 88.62(13) 92.261 

N(23) – Cu(17) – O(30) 75.36 93.79(13) 91.522 

N(10) - Cu(17) – N(23) 148.16 165.66(13) 172.489 

N(29) –Cu(17) – N(23) 83.16 82.20(13) 85.870 

N(29) – Cu(17) – O(16) 122.24 89.98(12) 87.531 

N(29) – Cu(17) – O(14) 91.14 90.74(12) 92.898 

N(10) – Cu(17) – N(29) 116.18 93.79(13) 96.625 

*Calculated at the DFT/B3LYP level in PCM (methanol) 

 

 

 

 

 

ESIMS Data 

  Figure VI-7 (a) shows the ESIMS data of 2 where the peak at m/z 435 corresponds to the 

dehydrated species [Co(L)(bipy)]+ ; the simulated m/z value (most abandoned isotopic mass) and 

the isotope distribution profile in FigureVI-7(b)  agreed well with the corresponding 

experimental value, thereby supporting the chemical composition of 2, in conjunction with the 

elemental  analysis data.24 Figure VI-7(a) shows another fragment peak at m/z = 391 

corresponding to the species [Co(L)(bipy) – CO2]
+, obtained through the loss of CO2 from the 
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carboxylate  group of pterin ligand as well as the intra/extra spheric water/methanol molecules; 

Figure VI-7(c) shows the corresponding calculated isotope distribution profile.24 

 

 

(a)       

         

  (b)      (c) 
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Figure VI-7.  (a) ESIMS data of 2; (b) the calculated isotope pattern for the base peak at m/z  

                   = 435 corresponding to the fragment [Co(L)(bipy)]+ and (c) for the peak m/z = 

         391 corresponding to the fragment [Co(L)(bipy) – CO2]
+. 

 

Figure VI-8 (a) and (b) shows the ESIMS data of 3 where the peak at m/z 434 

corresponds to the dehydrated species [Ni(L)(bipy)]+  and that at m/z = 390 represents the 

species [Ni(L)(bipy) – CO2]
+. The simulated isotope distribution profile are shown in Figure VI-

8(c) and (d) respectively. Again, good agreements between the experimental and simulated data 

verify the assigned chemical composition, in conjunction with these mass spectral data. 

 

Figure VI-9(a) shows the ESIMS data of 4 where the peak at m/z 438.9 corresponds to 

the dehydrated species [Cu(L)(bipy)]+; its isotope distribution profile agreed with the 

corresponding calculated spectrum [Figure VI-9 (b)], thereby verifying the assigned chemical 

composition of 4.24 
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(a)     (b) 

              

 ( c )       (d) 

Figure VI-8.  (a) and (b) ESIMS data of 3; (c) the calculated isotope pattern for the base  

  peak  at m/z = 434 corresponds to the fragment [Ni(L)(bipy)] + and (d) for the  

  calculated peak m/z  = 390 corresponding to the fragment [Ni(L)(bipy) – CO2]
+. 
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(a)        (b) 

Figure VI-9.  (a) ESIMS data of 4; (b) the calculated isotope pattern for the base peak   

      at m/z = 438.9 corresponding to the fragment [Cu(L)(bipy)]+ . 
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IR spectroscopy 

Figure VI-10 to VI-13 represent the IR spectral data of compounds 1 – 4 along with the 

assignments of the major IR bands. IR spectrum of the free pterin ligand is shown in Figures II-

9(a) and II-10; its broad IR bands centered around 1684 cm-1, 1383 cm-1 and 1294 cm-1 are 

absent in the above- mentioned spectra, 

 

Figure VI-10. IR spectrum of compound 1 (KBr pellet). 

A:  Hydrogen bonded ν(OH) vibration; 

B: ν(NH) vibration of NH2(2) of the  pterin  ligands; 

C,D: ν(CH) vibrations (pterin / phen); 

E : ν(C=O)  of the coordinated C = O group; 

F: νas(CO2׳) along with the (N – H) bending vibration; 
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G :  ν(C=C) and ν(C=N) vibrations (pterin / phen);  

H: νs(CO2׳); 

I, J: out- of- plane C – H bending vibrations of the phen ligand. 

 

Figure VI-11. IR spectrum of compound 2 (KBr pellet). 

A:  Hydrogen bonded ν(OH) vibration; 

B: ν(NH) vibration of NH2(2) of the pterin  ligands; 

C: ν(CH) vibrations (phen/pterin); 

D: ν(C=O)(4)  vibrations; 

E: νas(CO2׳) along (N – H) bending vibration; 

F :  ν(C = C) and ν(C = N) vibration (pterin/phen); 

G: νs(CO2׳); 
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H,I : out- of- plane C – H bending vibrations of the bipy ligand. 

 

  

 

Figure VI-12. IR spectrum of compound 3 (KBr pellet). 

A:  Hydrogen bonded ν(OH) vibration (3412 cm-1); 

B: ν(NH) vibration of NH2(2) of pterin ligands (3373.3 cm-1); 

C: ν(CH) vibrations (pterin/bipy) (3232.5 cm-1); 

D: ν(C=O)(4) of the coordinated C=O(4) group (1645 cm-1);  

E: νas(CO2׳) along with the (N – H) bending vibration (1585 cm-1); 

F:  ν(C=C) and ν(C=N) of pterin/bipy (1521.7 cm-1); 



 
 

374 
 

G: νs(CO2׳) (1442.7 cm-1); 

H,I: out- of- plane C – H bending vibrations of bipy(825 cm-1 and 767.6 cm-1).  

 

 

Figure VI-13. IR spectrum of compound 4 (KBr pellet). 

A:  Hydrogen bonded ν(OH) vibration; 

B,C: ν(NH) vibration of NH2(2) of pterin ligands; 

D: ν(CH) vibrations (pterin/bipy); 

E: ν(C=O)(4) of the coordinated C=O(4) group;  

F: νas(CO2׳) along with the (N – H) bending vibration of NH2(2) group; 

G: ν(C=C) and ν(C=N) vibration (pterin/bipy); 
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H: νs(CO2׳); 

       I,J: out- of- plane C – H bending vibrations of bipy. 

signifying deprotonation of the COOH(6) and NH(3) groups. The ∆ν value (νas – νs) for the 

carboxylate group, CO2
′ (6) varies around 219 -290 cm-1 for 1 to 4, indicating unidentate carboxylate 

coordination.87,88 The ν(C=O) mode of the coordinated C=O(4) phenoxide group is assigned at 1655 

cm-1 for compound 1 (Figure VI-10); this is in agreement with the multiple bond character of the 

C15 – O16 bond with a bond length of 1.257(3)Å (Figure VI-1).17a In other cases (Figure VI-11 to 

VI-13), this ν(C=O) mode is observed around 1648 – 1665 cm-1. From the above, tridentate pterin 

coordination involving O(4), N(5) and O(6) donor atoms is inferred which is consistent with the x-

ray structural data of 1 (Figure VI-1). The C-H out of plane bending vibrations of bipy/phen ligands 

are also observed (850-727 cm-1)21. 

 

UV-VIS spectroscopy 

 The electronic spectra of the compounds 1 – 4 are shown in Figure VI-14 to VI-17; the 

relevant data are summarized in Table VI-7. In some of these cases, the intraligand π→π*  

transitions are observed in the region 250 nm to 309 nm. Besides these, a LMCT transition is 

observed around 375 nm – 391 nm. For 1- 4 (Table VI-7) at least one or numerous bands are also 

observed in the visible region; their ε values are much higher than those which could be assigned 

to‘d – d’ transitions.31 Such electronic transitions could be assigned to MLCT bands from metal 

eg* level to ligand π* levels (phen/bipy/pterin). According to Scheme II-9 this is quite feasible 

for these M2+ ions with 7-10 electrons in the 3d levels [Co(II)d7, Ni(II)d8, Cu(II)d9 and 

Zn(II)d10]. The best exponent of such MLCT bands is observed for the Zn(II)d10 complex 1, with 

a log ε value of 4.086 at 733 nm; this is responsible for its light brown color.  
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Table VI-7. Electronic spectral data of 1, 2, 3 and 4 in CH3OH 

Compound λ(logε) 

1 326s(4.835), 376br(5.057), 733(4.086) 

2 280(4.23), 307sh(3.686), 380br(3.156), 460sh(2.48), 894(2.35) 

3 285(4.083), 309sh(3.818), 391br(3.576) 

4 250sh(4.48), 276(4.498), 303sh(4.43), 

375(4.09),692(2.4),744(2.36),779(2.35),808(2.35),919(2.13), 1069(2.10) 

 

 

Figure VI-14. Electronic spectra of 1 in H2O (1.58 x 10 -5 mol dm-3). 
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Figure VI-15. Electronic spectra of 2 in DMSO (0.62 x 10 -4 mol dm-3). 
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Figure VI-16. Electronic spectra of 3 in DMSO (3.6 x 10 -5 mol dm-3). 
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Figure VI-17. Electronic spectra of 4 in H2O (2.78 x 10 -5 mol dm-3). 

 

 

Fluorescence Spectra 

 Fluorescence spectral data of 2, 3 and 4 are shown in Figure VI-18, VI-19 and VI-20 

respectively. Their emission maxima appear around 450-453 nm. Additional transitions are also 
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observed in the longer wavelength region 550-600 nm. As observed in earlier chapters, reduction 

with NaBH4 of such complexes is associated with considerable increase in fluorescence. For 4R 

[Figure VI-20] there is considerable fluorescence intensity increase at 453 nm over 4 [4 treated 

with NaBH4 in H2O → 4R] for this reason. The 4→4R conversion is associated with two 

simultaneous reduction steps, e.g., oxidized/aromatic pterin → 7, 8-dihydro pterin and Cu(II) → 

Cu(I) conversion. The increased electron density in 4R causes such fluorescence intensity 

increase and also due to greater electronic circulation in this Cu(I) d10 complex (Scheme II-9). 

 

 

Figure VI-18. Fluorescence emission spectra of 2 in DMSO. 
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Figure VI-19. Fluorescence emission spectra of 3 in DMSO. 

 

Figure VI-20. Fluorescence emission spectra of 4 and 4R in H2O. 

 

EPR spectroscopy  
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 EPR spectra of 2 and 4 are presented in Figure VI-21 and VI-22 respectively. For 3 

unusual line broadening prevented its EPR spectral study. The two above Figures represent axial 

type of EPR spectra, indicating elongation along the z axis for both 2 and 4. Such an inference is 

consistent with the x-ray structural data of related Co(II) and Cu(II) complexes of the same 

pterin ligand(H2L).17 

 Figure VI-21 yields the characteristic EPR spectral parameters for 2, e. g., g║ = 2.30 and 

g┴ = 2.05. Here the basic signal is split (hyperfine interaction) by the Co(II) atom (I = 7/2) into 

eight bands, out of which four could be identified on g║. Each of such bands is further split 

(superfine splitting) by the three nitrogen atoms (I = 1) of 2 with the CoN3O3 coordination 

environment. Few equispaced lines could be assigned: A║
Co(152x10-4cm-1) and A║

N(11x10-4 cm-

1).37,38 

 From Figure VI-22, the g║ = 2.24 and g┴ = 2.05 values for 4 can be evaluated. Here the 

hyperfine/superfine lines due to splitting by the Cu(II) atom (I = 3/2) and the three nitrogen atom 

(I = 1) from the CuH3O3 coordination geometry, are absent. 
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Figure VI-21. X-band EPR spectrum of 2 in DMSO at 77K versus TCNE marker. The lower  

  curve is a repetition of the upper one, showing the scan result on the higher field  

  (H) side. This spectrum has been recorded by SAIF, IIT Bombay, using a Varian  

  E-112 ESR spectrometer. 
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Figure VI-22. X-band EPR spectrum of 4 in DMSO at 77K. This spectrum has been recorded by 

SAIF, IIT Bombay using a Jeol JES-FA200 ESR spectrometer. 
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NMR spectroscopy 

 Here 1, a Zn(II)d10 diamagnetic complex provides with the opportunity of recording the 

1H NMR spectral data in DMSO-d6 and ascertaining the electronic environments of its pterin and 

the ancillary (phen) ligands. No other complex of this affords such NMR data because they are 

all paramagnetic substances;  in chapter II the 1H NMR data of a binuclear Cu(I) complex has 

been reported. 

 Figure VI-23 to VI-25 reports the NMR data of 1 along with assignments. Scheme VI-8 

shows the 1H NMR spectra of the pterin ligand (H2L) in NaOD/D2O (a) and 1, 10-phenanthroline 

monohydrate in CDCl3(b). It may be stated here that such spectra have already been discussed in 

chapter II. In DMSO solution 1 exist in three forms the major form is shown in Figure VI-23, 

while the pterin proton signals [CH3(7) and NH2(2)] of the two minor forms are shown in Figure 

VI-24. A coordinated DMSO signal is observed at δ2.27; its sharp quintuplet nature verifies the 

assignments.21 1H-1H COSY data of 1 (Figure VI-25) verified the proton signal assignments of  

Figure VI-23. The CH3(7) signal (pterin) appears at δ2.38 for the free pterin ligand (H2L) and at 

δ2.88 for 1, i.e., deshielded by δ0.5 through complex formation. This is in agreement with the x-

ray structural data 1 with the C15 – C16 bond showing multiple bond character [1.257(3)Å] 

(Figure VI-1)17; electron density withdrawn from the pyrazine and pyrimidine rings contributes 

to this observed bond length data. On the other hand, most of the 1H NMR signals of the ‘phen’ 

moiety are shielded to a significant extent (δ1.1 to δ0.5), indicating increase in electron density 

on coordination. A reasonable interpretation may be given to this observation in the light of the 

UV-Vis spectrum of 1 (Figure VI-14; Table VI-7) showing a MLCT band at 733 nm. Obviously 

a Zn(II)d10→phen transition (Scheme II-9) contributed to the observed electron density increase 

in the ‘phen’ moiety through coordination. 



 
 

386 
 

 For the free pterin ligand (H2L), the weak/ broad signal due to the NH2(2) group appears 

at δ2.418 (Scheme VI-8). In 1 , this signals is located around δ 9.2 – 8.3, along with the H2�, H9� 

signal (phen); the concerned protonic integration value of 1.0 supports this inference, taking a 

value of 0.25 per proton in terms of the protonic integration value of 0.75 for the CH3(7) signal 

(figure VI-23). This deshilding of the NH2(2) signal (by ca. δ 6.3) through complex formation, 

may be elucidated in the light of the x-ray structural data of 1, showing a multiple bond character 

[ a bond length value of 1.335(3)Å is observed for the C13 – N17 bond, Figure V-1] for the 

NH2(2) – C(2) bond.17 For a Lewis structure of the following type, the partial positive charge 

N

N N

N

O

H2N CH3

C

O

O

1 8

M

δ

 

on the nitrogen atom [NH2(2)] is responsible for the observed deshielding of the above protons. 

Redox non-innocent behavior of the pterin residue (L2-) in 1, is responsible for this observation. 
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Figure VI-23. 300 MHz 1H NMR spectrum of 1 in DMSO-d6. The expanded regions are shown  

  in the inset. Expansion of the region δ2.5-0.7 is shown in Figure VI-24. Figure  

  VI-25 shows the corresponding 2D NMR spectrum. 
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Figure VI-24.300 MHz 1H NMR spectrum of 1 in DMSO-d6. Expansion of the region δ2.5-0.7  

  of   Figure VI - 23 is shown here, indicating the presence of two minor forms of 

the   pterin ligand and a coordinated DMSO molecule. 
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Figure VI-25. 300 MHz 1H - 1H cosy spectrum of 1 in DMSO-d6. 
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Scheme VI-8 

 

 

 

 

Table VI-8. 1H NMR signals (δ, ppm) of  1, 10-phenanthroline monohydrate (ancillary ligand) 

and the ‘phen’ moiety in 1 , along with ∆(δcomplex – δligand) values (ppm) 
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Compound H2
′,H9

�� H4� , H7� H5� , H6� H3� ,H8� 

Free ancillary 

ligand, phen 

(DMSO)*+ 

9.15(q) 8.51(q) 8.02(s) 7.78(q) 

‘phen’ moiety in 

1 (DMSO – d6) 

8.65(br,d) 

∆ = -0.5 

7.8(s) 

∆ = -0.7 

8.09(s) 

∆ = 0.07 

6.68(s) 

∆ = -1.1 

*Miller, J.D.; Prince, R. H. J. Chem. Soc., 4706 (1965) 

+The corresponding spectraum in CDCl3 is shown in Scheme VI-8. 

 

 

 

 

 

Cyclic voltammetry 

 The cyclic voltammetry data of 1 and 2 are shown in Figure VI-26 and VI-27 

respectively. For 1, a Zn(II) (d10 ) species, no  metal-centred  reduction peak is observed; only a 

few ligand-centred reductions (-0.94 to -1.57v) and reoxidations (-0.56v and 0.25v) are observed. 

For 2, the cyclic voltammetric data is dominated by a metal-centred reduction (-0.82v) and a 

reoxidation (-0.67v) peak; the ∆Ep valu (-150 mv) indicates a close approach to quasi-reversible  

behavior  involving the redox couple: 

Co(II)  + e' Co(I) . 

 As par the Frost diagram of the first transition metals (Scheme IV-11), the Co(II) → 

Co(I) reduction involves little free energy change and is quite feasible here. Besides this, 
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feasibility of NaBH4 reduction of this and other compounds (e.g., 4) of this series is also 

indicated.  

 

 

Figure VI -26.  Cyclic voltammetry data of 1 in DMSO ( 1mM, 0.1M TBAP, GCE, 100 mVs-1) 
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Figure VI -27.  Cyclic voltammetry data of 2 in DMSO ( 1mM, 0.1M TBAP, GCE, 100 mVs-1) 

 

Reactivity studies of 4: UV-Vis spectroscopy 

 Reactivities of 4 with group transfer as well as electron transfer agents are shown in 

Figure VI-28 to VI-30. Figure VI-28 shows the reaction profile of 4 with imidazole (Im), 

signifying the replacement of its aquo group by imidazole; absence of any isosbestic point 

indicates a multistep reaction. Figure VI-29 is corresponds with the following reaction:- 

4 4R
NaBH4

CH3OH  

The NaBH4 reduction affects both the metal and pterin ligand centers: 
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(i) oxidized/aromatic pterin → 7, 8-dihydro pterin conversion; 

(ii)  Cu(II) → C(I) reduction. 

In view of the relevant discussions in earlier chapters, presence of such reduced metal and ligand 

centers in 4R is quite likely. Figure VI-30 reflects the reactivity of 4R  towards an oxidizing 

agent like K3[Fe(CN)6], indicating the presence of reduced centers in 4R, as above.94 
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Figure VI-28. Absorption spectral changes recorded at 2 min interval during the reaction of (4)     

  (2.76x10-5M) with Im (3.78x10-3M) in CH3OH at 300K 
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Figure VI-29: Absorption spectral changes recorded at 1.0 min interval during the reaction of 

 (4) (2.78x10-5M) with NaBH4 (3.56x10-3M) in CH3OH 
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Figure VI-30: Absorption spectral changes recorded at 20 second interval during the 

 reaction of (4R) (3.86x10-5M) with K3Fe(CN)6(4.68x10-3M) in CH3OH at 298K 

 

Electronic structures of 1 – 4 
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 The relevant electronic structures have been obtained by DFT methods and are shown in Figure 

VI-31 and VI-32.155-159 A noteworthy feature of the frontier orbitals of these complexes (1 – 4) is 

that in each case at least a couple of energy levels are present with energy band gaps less than 0.5 

eV. As detailed out in earlier chapters, such compounds possess unusual redox properties including 

redox amphoteric behavior.64-66 For example, in case of 1, the lowest energy transition can be 

assigned (Figure VI-31) as follows.  

HOMO LUMO
hν

(pterin, 100%; phen,0%;
 Zn, 0%)

(pterin,0%; phen,99%
Zn,1%)  

In UV-Vis spectroscopy, this transition could be detected above 700 nm as a MLCT band with large 

ε value. As par the above information about compositions (%) of the concerned energy levels, it is 

essentially a charge migration across the entire complex molecule from pterin to phen, through the 

Zn(II) centre. In other words, it represents an internal redox process involving the redox non-

innocent pterin ligand and the π-acidic phen ligand. Such high-intensity MLCT bands in the visible 

region are also observed for the other complexes (2 to 4) with d7 – d9 transition metal [M(II)] ions. 

Presence of energy levels with small band gaps (≤ 0.5 eV) in all these cases (Figure VI-31 and VI-

32) accounts for such observations.  

 Reactivities of 4 towards NaBH4 and that of 4R towards K3[Fe(CN)6], highlight the redox 

amphoteric behavior here.64-66 The redox non-innocent pterin ligand plays a definite role in this 

process.  
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Figure VI-31. Frontier molecular orbitals of 1 and 2, showing their energies (eV) and   

  compositions (%); the |∆E| (ev) values (≤0.5ev) are also indicated.64-66 
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Figure VI-32. Frontier molecular orbitals of 3 and 4, showing their energies (eV) and 

compositions (%); the |∆E |values (≤0.5 ev) are also indicated.64-66 
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Conclusion 

 This chapter is concerned with four new mixed ligand complexes of the pterin ligand    

(H2L, Scheme VI-1), along with phen and bipy (Scheme VI-2 and VI-3) acting as the ancillary 

ligands. The concerned metal ions [M(II) ions with d7 and d10 configurations] are all biologically 

relevant. The Zn(II) complex (1) has been characterized x-ray structurally. A vital outcome of 

this structural work is the multiple nature of the NH2(2) – C(2) bond of the pterin moiety [in 

Figure VI-1, the N17 – C17 bond possess a bond length of 1.335(3)Å]. This observation is 

consistent with similar data of earlier chapters, centred on d7-d9 M(II) ions like Co(II), Ni(II) and 

Cu(II), with redox capability. From the above, it can be inferred that the redox non-innocent 

nature of the pterin ligand is responsible for such electronic redistribution associated with the 

multiple nature of the above bond. For all these complexes (1 – 4) satisfactory elemental analysis 

(carbon-hydrogen-nitrogen) data and ESIMS data have been obtained. They have been 

synthesized from aqueous alkaline medium; in view of the poor solubility of pterins, the 

synthetic protocols are reliable. Their UV-Vis spectral data are remarkable in the sense that in 

the visible region they show high intensity bands (with large logε values). According to their 

electronic structures, such long wavelength bands can be assigned to MLCT transitions between 

energy levels with low energy band gaps. As par the compositions (%) of such energy level, the 

charge migration takes places across the entire molecule or an internal redox process. For 

complex 1, such a MLCT process from pterin → phen involves deshielding of the pterin protons 

and shielding of the phen protons. This is clearly reflected in the 1H NMR spectrum of this 

diamagnetic (d10) species. The EPR spectra of 2 and 4 are of the axial type and this inference is  

in line with the x-ray structural data of 1 showing an axially elongated octahedron. The DFT 

optimized molecular structures and associated electronic structures provide with a good frame 
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work for elucidation of physico-chemical properties, including redox reactivities. These 

compounds are all fluorescent, a property inherent in the pterin moiety. NaBH4 reduction 

enhances this attribute 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


