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CHAPTER-VI 

Synthesis, characterization and reactivities of the complexes compounds of Fe(II), Cu(II), 

and Zn(II) with  2-pivaloylamino-6-acetonylisoxanthopterin (H2L
2)  
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Abstract 

 2-Pivaloylamino-6-acetonylisoxanthopterin (H2L
2) has been  reacted with  Fe(II),Cu(II) 

and Zn(II) salts  under  suitable conditions (e.g., dinitrogen atmoshphere, darkness, controlled 

heating) for synthesizing the three new compounds. They have been  characterized  by  elemental  

analysis, ESIMS data,  IR, fluorescence spectra, UV-VIS spectra, magnetic susceptibility  

measurement and  cyclic voltammetry. EPR spectral data of the Cu(II) compound (1) indicate an 

axially symmetric environment around the metal center. Molecular mechanics (MM2) method 

provided with their optimized geometries (CHEM3D models with lowest steric energy), 

consistent with the above data. The  optimized  bond  lengths  and bond  angles  data  tally  with  

the  literature  x-ray  structural  data of related complex compounds. These models have been 

utilized for obtaining the related frontier orbital energies (extended Huckel surfaces). Reactivities 

of compounds (1) and (2) towards phenylalanine in CH3OH saturated with O2 have been studied. 

Reaction stiochiometry has been established in case of compound (1) through the isolation of 

tyrosine as a product of the above reaction. The negative entropy of activation value (∆S≠ = -

270.0 J mol-1 deg-1) for the above process indicates an associative pathway. Cyclic voltammetric 

data throw light on their electrochemical reactivity, indicating a possible correlation with the 

frontier orbital energies in one case. 

 

Introduction 

 Exploration of the coordination chemistry of pterin ligands with first transition metal 

ions, is the theme of this chapter. Relevance of such an endavour is underlined by the fact that 

both the ligand and metal centers are biologically relevant. Among the different metalloenzymes 

containing pterin, iron is the only first transition metal present in such system like phenylalanine 

hydroxylases (PAH). PAH performs the energetically difficult task of hydroxylating inactivated 

aromatic ring in presence of biopterin (BPH4) and an iron center [27e,59-61,66,67]. 

 Phenylalanine  +  O2  +  BPH4  →  Tyrosine  +  H2O  +  BPH2 

The following pterin ligand has been utilized for synthesizing new complex compounds of 

Fe(II), Cu(II) and Zn(II) ions. Reactivities of some of them towards the enzyme substrate (e.g., 

phenylalanine in the presence of O2) have been studied. 
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Scheme (VI-1): Structural formulae of the two tautomeric forms of the free of 
pterin ligand (H2L

2) 
 

Experimental 

 

Materials  

 Pivalic  anhydride,   and  phenylalanine  were  purchased  from  Lancaster,  U.K.,  S.D.  

and  Loba  Chemie,  Mumbai,  respectively. CuCl2.2H2O, anhydrous FeCl3 and ZnCl2 were 

purchased from SRL, Mumbai and used as such. Silica  gel  (230-400  mesh)  for  flash  

chromatography  (SRL,  Mumbai)  was  dried  at  453  K  for 6 h  before  use.  TLC  was  

performed  (UV  lamp)  using  silica  gel  GF254  (SRL,  Mumbai). 

Method 

 Most  of  the  methods   have  been  described  elsewhere [3, 4, 24,76]  Purity  of  (H2L
2)  

has  been  checked  through  TLC,  elemental  analysis. Positive  ESIMS  data  of  (1, 2 and 3)  

was recorded  in  methanolic  solution.  FTIR  spectra  (KBr)  were  recorded  on  a  Shimadzu  

FTIR-8300  spectrophotometer.  Fluorescence  spectra  were  recorded  on  Elico  (SL-174)  

spectrofluorometer.  EPR  spectrum  with  TCNE  as  a  marker  was  obtained  at  77 K  using a 

Varian  (E-112)  EPR  spectrometer (IIT, Bombay).  Magnetic  susceptibility  was  measured  by  

the  Gouy  method  using  HgCo(SCN)4  is  the  calibrant. 

 All  synthetic  steps  were  carried  out  under  a  dinitrogen  atmosphere  using  the  

Schlenk  procedure  [Fig. (III-1)]; flash  chromatography  was  performed  under  a  dinitrogen  

flow [Fig. (III-2)] [42,43].  A  paraffin  oil  bath  afforded  controlled  heating  conditions. 

Synthesis of complexes 

[Cu II (HL 2)Cl(CH 3OH)] (1) 
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To a methanolic solution (100 mL) of 2-pivaloylamino-6-acetonyl isoxanthopterin (H2L
2, 

0.25 g, 0.78 mmol), 10 mL methanolic solution of CuCl2.2H2O (0.266 g, 1.56 mmol) was added 

and the resulting solution was refluxed (paraffin oil bath, dinitrogen atmosphere and darkness) in 

CH3OH at 387.15K for 6h. The reaction mixture was allowed to cool overnight and its final pH 

was raised from 2.73 to 5.12 by the addition of a methanol solution of anhydrous sodium acetate. 

After stirring the final solution at 342.15K for 1h, the  reaction  mixture was evaporated in a 

rotary evaporator and the dark coloured residue was purified through flash chromatography using 

CH2Cl2:CH3OH (85:15 v/v) as eluant; finally the bottle-green elute was evaporated in vacuo over 

P4O10 to yield the desired compound. The purity was checked by TLC (UV lamp). Yield was 

60%.  (Found: C, 40.2; H, 4.4; N, 15.3%; CuClC15H20N5O5 (449.35) calcd C, 40.1; H, 4.5; N, 

15.6%). UV-VIS (CH3OH) [λmax/nm (log ε): 220.5 (4.32), 258 sh (4.23), 349 (4.05), 427 (3.93) 

and 450 sh (3.88)][µeff = 1.63 BM at 301K][Scheme (VI-2)]. 

Cu

N

HOCH3O

Cl

L2

II

 

Scheme (VI-2) 

[FeII (HL 2)2] (2) 

A methanolic solution (100 mL) of 2-pivaloylamino-6-acetonylisoxanthopterin (H2L
2, 

0.20 g, 0.62 mmol) was added to a 10 mL methanolic solution of anhydrous FeCl3 (0.204 g, 1.24 

mmol) and the resulting solution was refluxed (paraffin oil bath, dinitrogen atmosphere and 

darkness) in CH3OH at 387.15K for 6h. Then it was allowed to cool at room temperature. The 

pH of the solution was adjusted from 2.54 to 3.906 by adding a methanolic ammonia solution 

and stirred for 2h at 342.15K. The final product was purified by flash chromatography and the 

eluant was CH2Cl2:CH3OH (9:1 v/v). The solvent was evaporated in a rotary evaporator and the 

reddish brown final product was dried in vacuo over P4O10. The purity was checked through TLC 

(UV Lamp). Yield was 65%. (Found: C, 48.9; H, 4.9; N, 19.7%; FeC28H32N10O8 (692.47) calcd 

C, 48.57; H, 4.66; N, 20.23%). The absence of chlorine was checked by Beilstein test. UV-VIS 

(CH3OH) [λmax/nm (log ε):215.5 (4.52), 244 sh (4.33), 293 (4.22), 346(4.23) and 431 sh (3.82)], 

[Scheme (VI-3)]. 
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Scheme (VI-3) 

[Zn II (HL 2)Cl2(CH3O)(CH3OH)3]  (3) 

A methanolic solution (10 mL) of ZnCl2 (0.169 g, 1.24 mmol) was added in a methanolic 

solution (100 mL) of 2-pivaloylamino-6-acetonylisoxanthopterin (H2L
2, 0.20 g, 0.62 mmol) in a 

three neck round bottom flask and refluxed under boiling at  387.15K for 6h (paraffin oil bath, 

dinitrogen atmosphere and darkness). The solvent was removed in a rotary evaporator. Finally 

the pure reddish brown coloured compound was isolated through flash chromatography using 

CH2Cl2:CH3OH (9:1 v/v) as an eluant. The purity was checked through TLC (UV Lamp). Yield 

was 60%. (Found: C, 33.45; H, 4.9; N, 10.72%; Zn2C18H31N5O8Cl2 (647.14) calcd C, 33.41; H, 

4.83; N, 10.82%). The presence of chlorine was checked by Beilstein test. UV-VIS (CH3OH) 

[λmax/nm (log ε):220 (4.51) 282 sh (4.13), 346 (4.05), 405 (4.13) 427 (4.26) and 452 (4.23)], 

[Scheme (VI-4)]. 
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Scheme (VI-4) 

 

Results and Discussion 

ESIMS data 
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The   ESIMS  data  of the pterin ligand (H2L
2) [where  the  isotopic  distribution  patterns  of  a  

few  well-defined  fragments  at  m/z  =  292.2,  250.1 and  180.1  (base  peak)  show their 

agreements  with  the  corresponding  theoretically  predicted  patterns] [Fig. (III-3) – (III-6)] 

[11,18]. 

In case of compound (1) a distinct peak was obtained at m/z=423, which can be assigned 

to [(M+H) – HCN]+ or [CuClC14H20N4O5]
+ as represented in the Fig. (VI-1a); the calculated 

isotopic distribution pattern is shown in Fig. (VI-1b). The slight difference between theoretical 

and practical data is may be due to ion-molecular interaction [11]. 

 

 

Fig. (VI-1):  (a) ESIMS data of the compound (1) at the m/z(=423) region 
corresponding to the fragment [(M+H) – HCN]+ or [CuClC14H20N4O5]

+and (b) the 
calculated isotope distribution pattern. 
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Fig. (VI-2):  (a) ESIMS data of the compound (2) at the m/z(=691) region 
corresponding to the fragment [M-H]+ or [FeC28H32N10O8]

+and (b) the calculated 
isotope distribution pattern. 

 

Fig. (VI-3):  (a) ESIMS data of the compound (3) at the m/z(=644) region 
corresponding to the fragment [M – 3H]+ or [Zn2C18H28N5O8Cl2]

+and (b) the 
calculated isotope distribution pattern. 
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Table (VI-1):   The  prominent  ESIMS  peaks  (m/z)  observed  for  compounds  
(1)  to  (3)  along  with  their  assignments,  Fig.s (VI-1)  to  (VI-3). 

Compound m/z Assigned  fragmentation  peak 
observed  in  the  ESIMS  data* 

(H2L
2) 292.2 [M - HCN]+; 

(1) 423 [(M+H) – HCN]+ 

(2) 691 [M-H]+ 

(3) 644 [M – 3H]+ 

 

 

 

 

For the compound (2) molecular ion peak was obtained at m/z=691which may be 

assigned as [M-H]+ or [FeC28H32N10O8]
+. It is represented in Fig. (VI-2a) and the calculated 

isotopic distribution pattern is shown in Fig. (VI-2b). This proves the architectural stability of the 

compound. 

In case of compound (3) the ESIMS data is shown in the Fig. (VI-3a). The peak at m/z 

(=644) assigned as [M – 3H]+ or [Zn2C18H28N5O8Cl2]
+. The corresponding calculated isotopic 

distribution pattern is shown in the Fig. (VI-3b), attesting the stability of the parent compound. 

Thus the above data have proved that the ESIMS method in valuable for characterizing metal-

pterin complex compounds 

 

IR Spectra 

 The foregoing discussion is further supported by IR spectra of the compounds. In the IR 

spectra of free ligand (H2L
2), it is observed that the in plane δ(O-H) and δ(O-H) + ν(C-O) modes 

of vibrations are obtained at 1363.6 and 1329 cm-1 respectively; most of them are absent in these 

complexes. A new band appears at 1259.4, 1261.4 and 1249.6 cm-1 for compound (1), (2) and (3) 

respectively due to ν(C-O) mode of vibration. The ν(C=C) and ν(C=N) ring stretching vibrations 

of the free ligand, undergo changes in these complexes due to electronic redistribution. 
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Scheme (VI-5) (HL2)1- 

 

Fig.(VI-4):   FTIR  spectrum  (KBr)  of compound (1) 
A:  the  broad  O-H  stretching  vibration,  hydrogen  bonded  (CH3OH), 3381 cm-1. 
B:  the  broad  N-H  stretching  vibration,  hydrogen  bonded,  3273  cm-1. 
C:  the  C-H  stretching  vibrations  2966, 2873  cm-1. 
D:  the  C=O  stretching  vibrations  of  the  (C=O) (1˝)  and  (C=O) (2′)  groups,    
     1600 cm-1. 
E:  the  C C  and  C N  ring  stretching  vibrations  of  the  pterin, 1417cm-1. 
 F:  the  ν (C-O)  mode  of  the  O(4)  phenoxide  group,  1259.4 cm-1. 
H:  the  out-of-plane  C-H  (aromatic)  bending  vibrations,  796  cm-1. 
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Fig.(VI-5):   FTIR  spectrum  (KBr)  of compound (2) 

A:  the  broad  O-H  stretching  vibration,  hydrogen  bonded  (CH3OH), 3450 cm-1. 
B:  the  broad  N-H  stretching  vibration,  hydrogen  bonded,  3186  cm-1. 
C:  the  C-H  stretching  vibrations  2966, 2875  cm-1. 
D:  the  C=O  stretching  vibrations  of  the  (C=O) (1˝)  and  (C=O) (2′)  groups,    
     1674  cm-1. 
E:the  C C  and  C N  ring  stretching  vibrations  of  the  pterin, 1633,1568cm-1. 
 F:  the  ν (C-O)  mode  of  the  O(4)  phenoxide  group,  1261.4 cm-1. 
G:  the  out-of-plane  C-H  (aromatic)  bending  vibrations,  802  cm-1. 

 
 

Fluorescence spectroscopy 

 The free pterin ligand (H2L
2) has found to be non-fluoresent, whereas the compounds (1), 

(2) and (3)  found to be fluorescent [Fig. (VI-7) to Fig. (VI-9)]. Fig. (VI-7) represents the 

fluorescent spectra of compound (1). λmax is observed at 442.75 nm along with the peaks at 

471.33 and 479.5 nm.  
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Fig.(VI-6):   FTIR  spectrum  (nujol)  of compound (3) 

A:  the  broad  O-H  stretching  vibration,  hydrogen  bonded  (CH3OH), 3404 cm-1. 
B:the  C C  and  C N  ring  stretching  vibrations  of  the  pterin, 1633 cm-1. 
C:  the  ν (C-O)  mode  of  the  O(4)  phenoxide  group,  1249.6 cm-1. 

                     D:  the  out-of-plane  C-H  (aromatic)  bending  vibrations,  725  cm-1. 

 

For the compound (2) the λmax of the fluorescence spectrum is obtained at 430.5 nm. It is 

represented in the Fig. (VI-8). 

In case of compound (3) the fluorescence spectrum is represented in the Fig. (VI-9). Here 

the λmax is observed at 489.3 nm along with a at 410.7 nm and shoulders at 430.6 and 406 nm 

respectively.The above observed fluorescence property of compounds (1) to (3) may be 

correlated with the aromatic pyrimidine ring of the coordinated pterin ligand, shown in Scheme 

(VI-5). 
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Fig. (VI-7): Fluorescence spectra in methanol of compound (1) (1.31 x 10
-6

 mol dm-3). 

 

Fig. (VI-8): Fluorescence spectra in methanol of compound (2) (0.85 x 10
-6

 mol dm-3). 
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Fig. (VI-9): Fluorescence spectra in methanol of compound (3) (1.35 x 10
-6

 mol dm-3). 

 

EPR data 

Fig. (VI-10) shows the EPR spectrum of compound (1), indicating the presence of the 

Cu(II), d9 ion in an axially symmetric environment [ g|| = 2.32 > g┴= 2.14 and A|| = 155 x 10-4 cm-

1]. This result indicates the copper ion is in a dx2-y2 ground state.  
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Fig. (VI-10): X-band EPR spectrum of compound (1) in CH3OH and C2H5OH at 
77 K versus TCNE marker 

 

Fig. (VI-11). The optimized geometry (CHEM3D model optimized through MM2 
calculations) of compound (1) with a steric energy of 10.3 kcal/mol. 
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CHEM3D model and frontier orbital energies 

The schematic structure of compound (1) was optimized by molecular mechanics 

calculation (MM2) [19(a)] giving the lowest steric energy (10.3 kcal/mol) CHEM3D model [Fig. 

(VI-11)], whereas for the ligand (H2L
2) the steric energy is -0.051 kcal/mol [Fig. (III-51)] a 

stable coordination geometry is indicated for compound (1)(intermediate between a square 

planar and tetrahedral geometry) [19(b), (c)]. Apart from the CHEM3D model, the MM2 method 

provided with two basic parameters e.g., optimized bond lengths and angles, the most important 

of which are compared with the literature x-ray structural data of relevant compounds in Table 

(VI-2) [63]. It is evident that the optimized bond length data tally with the available literature x-

ray structural data. Scheme (VI-1) shows the atom numbering system; Table (VI-3) represents 

the comparison of optimized bond length (Å) data obtained through MM2 calculations of 

compound (1) to those of the free pterin ligand (H2L
2). 

 

Table (VI-2). Comparison of selected computed bond lengths (Å) and bond angles 
(deg) in compound (1) from the optimized geometry [Fig. (VI-11), MM2 
calculations] with the available literature data (in parentheses) from x-ray structural 
studies*. 

Bond Distance (Å) 

Cu(42) – O(10)  1.828 

(1.968 – 2.305)  

Cu(42) – N(7)  1.851 

(1.986 – 2.218)  

*X-ray structural data have been collected from the reference [63]. 
+ Here O(10) and N(7) correspond to O(4) and N(5) donor atoms respectively, of the 
pterin ring as per Scheme (VI-1). 
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Table (VI-3). Comparison of selected optimized bond lengths (Å) in the pterin 
ligand (H2L

2) and the compound (1) from the respective optimized geometries 
(MM2 calculations).   

Bond+                             H2L
2                        Compound (1) 

N(3)-C(4) 1.446 1.334 

C(4)-O(4) 1.234 1.576 

N(5)-C(6) 1.282 1.583 

C(6)-C(1') 1.512 1.326 

C(6)-C(7) 1.707 1.709 

C(7)-O(7) 1.219 1.212 

C(7)-N(8) 1.551 1.451 

C(2')-O(2') 1.214 1.215 

 + Scheme (VI-1) indicates the atom numbering system. 

Table (VI-4). Comparison of selected computed bond lengths (Å) and bond angles 
(deg) in compound (2) from the optimized geometry [Fig. (VI-12), MM2 
calculations] with the available literature data (in parentheses) from x-ray 
structural studies*. 

Bond distances (Å) + bond angles (deg) +,# 

 Fe(59) – O(59) 1.837 N(7) – Fe(59) – O(10) 

 Fe(59) – O(57) 1.845 N(59) – Fe(59) – O(93) 

 Fe(59) – O(10) 1.846 79.6 

 Fe(59) – O(93) 1.852 

 (2.064) 

 Fe(59) – N(7) 1.867 

 Fe(59) – N(55) 1.863 

 (2.187) 

*X-ray structural data have been collected from the reference [87]. 
+ Here O(10), N(7) and O(93), N(55) correspond to O(4) and N(5) donor atoms 
respectively, of the pterin ring as per Scheme (VI-1). 
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Fig. (VI-12). The optimized geometry (CHEM3D model optimized through MM2 
calculations) of compound (2) with a steric energy of 31.98 kcal/mol. 
 

In case of compound (2) the optimized structure (distorted octahedron) with steric energy 

31.98 kcal/mol is shown by the Fig. (VI-12). The comparison of selected bond length (Å) and 

bond angle (deg) data obtained from optimized geometry and available x-structural data of Fe-

pterin complex is represented in Table (VI-4) [87] a comparison of optimized bond length (Å) 

data of the free pterin ligand and in compound (2) is in Table (VI-5). 
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Table (VI-5). Comparison of selected optimized bond lengths (Å) in the pterin 
ligand (H2L

2) and the compound (2) from the respective optimized geometries 
(MM2 calculations).   

Bond+                             H2L
2                        Compound (2)* 

 N(3)-C(4) 1.446 1.334, 1.336 

 C(4)-O(4) 1.234 1.567, 1.560 

 N(5)-C(6) 1.282 1.575, 1.567 

 C(6)-C(1') 1.512 1.324, 1.324 

 C(6)-C(7) 1.707 1.702, 1.714 

 C(7)-O(7) 1.219 1.212, 1.213 

 C(7)-N(8) 1.551 1.452, 1.576 

C(2')-O(2') 1.214 1.429, 1.428 

 + Scheme (VI-1) indicates the atom numbering system. 

 *Data for two pterin ligand (L2)
2- residues 

 

Fig. (VI-13). The optimized geometry (CHEM3D model optimized through MM2 
calculations) of compound (3) with a steric energy of 38.50 kcal/mol. 
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Table (VI-6). Comparison of selected optimized bond lengths (Å) in the pterin 
ligand (H2L

2) and the compound (3) from the respective optimized geometries 
(MM2 calculations).   

Bond+                             H2L
2                        Compound (3) 

 N(3)-C(4) 1.446 1.564 

 C(4)-O(4) 1.234 1.555 

 N(5)-C(6) 1.282 1.603 

 C(6)-C(1') 1.512 1.326 

 C(6)-C(7) 1.707 1.726 

 C(7)-O(7) 1.219 1.213 

 C(7)-N(8) 1.551 1.595 

C(2')-O(2') 1.214 1.214 

C(2”) – O(2”) 1.214 1.427 

 + Scheme (VI-1) indicates the atom numbering system. 

  

For compound (3) the optimized structure [trigonal bipyramidal geometry around each of 

the Zn(II) atom] with steric energy 38.50 kcal/mol is shown in Fig. (VI-13). The comparison of 

selected bond length (Å) and bond angle (deg) data obtained from the optimized geometry and 

available x-structural data of a Zn-pterin complex [Table (II-5) and Table (II-6) respectively] are 

in agreement. In the Table (VI-6) a comparison of bond length (Å) data of free pterin ligand and 

that of obtained from optimized geometry of compound (3) is presented. 

The above discussion based on CHEM3D models are able to rationalize the different 

spectral data (EPR, IR, fluorescence etc.). 

The  visualized  frontier  orbitals  with  energies  (eV)  of  the  complexes 

The visualized frontier orbitals with corresponding energies are presented in Fig. (VI-14 ); the 

band gaps are also indicated. 
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Compound (1) Compound (2) Compound (3) 

           

E4(LUMO+1)= 13.716                       E4(LUMO+1)= -1.494 E4(LUMO+1)= 9.372 

   

E3(LUMO)= 5.134 E3(LUMO)= -2.037 E3(LUMO)= 2.746 

   

E2(HOMO)= 1.724 E2(HOMO)= -2.356 E2(HOMO)= 1.127 

    

E1(HOMO-1)= 0.254 E1(HOMO-1)= -8.755 E1(HOMO-1)= -1.472 

∆(E2-E1) =  1.47 eV ∆(E2-E1) =  6.399eV ∆(E2-E1) =  2.599eV  

∆(E3-E2) =  3.41 eV ∆(E3-E2) =  0.319 eV ∆(E3-E2) =  1.619 eV 

∆(E4-E3) =  8.582 eV ∆(E4-E3) =  0.543 eV ∆(E4-E3) =  6.626 eV 

Fig.(VI-14):  The visualized frontier orbitals with energies (E, eV) of (1), (2) and 
(3) (using Chem Office 2004, version 8.0). 
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Reactivity in CH3OH: UV-VIS spectroscopy 

Fig. (VI-14) represents the absorption spectral changes associated with the reaction of 

compound (1) with phenylalanine in CH3OH saturated with O2 at 324 K. The lack of any 

isosbestic point here is comparable with the observations of Tolman and coworkers on a 

synthetic dicopper system involving the reductive cleavage of the dioxygen O–O bond [30]. The 

growth kinetics for this reaction was followed at 341 nm under pseudo first order conditions 

(maintaining ca. 106 times excess of phenylalanine and saturation level of O2). Observed rate 

constants were determined by least square method from the plots of log(A∞-A t) vs. time. Pseudo-

first order rate constants (k; s-1) were measured at five different temperatures (299–312 K) for 

evaluating the activation parameters (∆H# = 38.0 kJ mol-1; ∆S# = - 270.0 J mol-1 deg-1; ∆G# = 

110.0 kJ mol-1) by means of an Eyring plot (ln k/T vs. 1/T). The negative ∆S# value supports the 

formation of a reaction intermediate [31]. A blank experiment was performed to check whether 

the ligand (H2L
2) itself is responsible for the monooxygenase type activity (phenylalanine → 

tyrosine conversion), as discussed here for compound (1). Absorption spectra were recorded 

(overlay mode) at 10 min interval for a period of 100 min at 324 K of a mixture of (H2L
2) (3.5 x 

10-5 mol dm-3) and phenylalanine (1.93 x 10-3 mol dm-3) in CH3OH saturated with O2 [Fig. (VI-

15)]. No change in absorbance occurred near 341 nm here [Fig. (VI-15)], as observed in case of 

compound (1) [Fig. (VI-14)].  
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Fig. (VI-14): Absorption spectral changes recorded at 10 min interval during the 
reaction of compound (1) (6.67 x 10-5 mol dm-3) with phenylalanine (1.93 x 10-3 

mol dm-3) in CH3OH at 324 K.  
 
 

For establishing reaction stoichiometry, a methanolic solution of phenylalanine was 

saturated with O2 and was then reacted with compound (1) in equimolar proportions in the dark 

for 30 h at 303 K; the reaction mixture was allowed to settle for 24 h and finally filtered. The 

white residue was identified to be tyrosine through Pauly’s test; estimation using ninhydrin 

method indicated that ca. 0.70 mol of tyrosine was recovered per mol of phenylalanine added 

[32]. Scheme (VI-6) summarizes the above reactions. The reducing equivalents, [2H] needed for 

this electrophilic oxygen addition to the  substrate, RH, is most likely supplied by the partly 

neutralized pterin ligand residue [Scheme (VI-5)]. Redox non-innocent behavior of the pterin 

ring makes this reduction possible.  

Phenylalanine
      (RH)

compound (1), O2

CH3OH

Tyrosine
 (ROH)

i)
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RH ROH  +  H2O
O2 + [2H]

ii)
 

Scheme (VI-6) 

 

Fig. (VI-15): Spectrophotometric monitoring of the reaction between ligand 
(H2L

2) (3.5 x 10-5 mol dm-3) and phenylalanine (1.93 x 10-3 mol dm-3) at 324K. 
 

Compound (2) also shows reactivity towards phenylalanine. The reaction takes place at 

324 K in CH3OH saturated with O2 and is shown by Fig. (VI-16).  Here a nearly approach 

isosbestic point is observed at 305 nm. 
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Most the combination of a redox active metal center (Fe/Cu) with the redox non-innocent 

pterin ligand in compound (1) and (2), help to achieve the above reactions, i.e., activate the 

aromatic ring towards hydroxylation.   

 

Fig. (VI-16): Absorption spectral changes recorded at 10 min interval during the 
reaction of compound (2) (2.35 x 10-5 mol dm-3) with phenylalanine (1.93 x 10-3 

mol dm-3) in CH3OH at 324 K. 
 

Cyclic voltammetric data in DMF 

The electrochemical behavior of compound (1), (2) and (3) were followed by cyclic 

voltametric (CV) data in DMF solution using tetrabutylammonium perchlorate (TBAP) as a 

supporting electrolyte. For the compound (1) the CV data is shown in the Fig. (VI-17). The 

ligand reduction peaks appear at -0.66V and -1.16V respectively. The metal centered reduction 

[Cu(II) → Cu(I)] is observed at -0.33V. A reoxidation peak could be detected at -0.50V. 

The cyclic voltammetric data of compound (2) is shown in Fig. (VII-18). Although the 

ligand reduction peak at -1.56V can be assigned with certainty. The reduction peak at -0.72V 

needs careful consideration in view of the frontier orbital energies of compound (2) and the 

associated band gaps (eV) [Fig. (VI-14)]. The short band gaps between (HOMO) – (LUMO) and 
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(HOMO) – (HOMO-1) respectively helps to from an orbital / couple of orbitals covering the 

metal center as well as the donor atoms (pterin) in the immediate vicinity. The reduction at -

0.72V most likely reflects the reduction of such a moiety. A reoxidation peak becomes more 

prominent at higher scan rate at -0.44V.  

Cyclic voltammetric data of compound (3) is shown in Fig (VI-19). The peak at -0.7V 

corresponds to a ligand reduction process, as the metal center [Zn(II), d10 core] is not redox 

active. A solvent attack decomposes the reduced complex completely, since no reoxidation peak 

could be detected here.  

Thus combination of a redox active metal center with the redox non-innoent pterin ligand 

confers some unique redox properties on the relevant complexes [compounds (1) and (2)] 

0.0 E/V vs. SCE -1.7

-0.66V

-1.16V

 

Fig. (VI-17): Cyclic voltammograms of the compound (1) (0.92 x 10
-3 

mol) in 
DMF (0.1 mol TBAP) at (i) 50 mVs-1, (ii) 100 mVs-1, (iii) 150 mVs-1, (iv) 200 
mVs-1 and (v) 250 mVs-1. 
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0.0 E/V vs. SCE -1.7

-0.72V

-1.56V

 

Fig. (VI-18): Cyclic voltammograms of the compound (2) (0.89 x 10
-3 

mol) in 
DMF (0.1 mol TBAP) at (i) 50 mVs-1, (ii) 100 mVs-1, (iii) 150 mVs-1, (iv) 200 mVs-
1 and (v) 250 mVs-1. 
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0.0 E/V vs. SCE -1.7

-0.7V

 

 

Fig. (VI-19): Cyclic voltammograms of the compound (3) (1.03 x 10
-3 

mol) in 
DMF (0.1 mol TBAP) at (i) 50 mVs-1, (ii) 100 mVs-1, (iii) 150 mVs-1, (iv) 200 mVs-
1 and (v) 250 mVs-1. 

 

 

Conclusion 

Important physico-chemical/ characterization data of the new complex compounds of 

Fe(II), Cu(II) and Zn(II) of 2-pivaloylamino-6-acetonylisoxanthopterin (H2L
2) are summarized in 

Table (VI-7). IR spectral data indicate the utilization of the O(4) and N(5) atoms of the pterin 

ligands for coordination purpose [Scheme (VI-5)]. CHEM3D data help to visualize the change 

over, H2L
2 → (HL2)1- during the pterin ligand coordination process. The development of 

fluorescene properties in these complexes is also significant, as compared to the non-fluorescent 

nature of the pterin ligand (H2L
2). The CHEM3D model for the compound (1) can be correlated 

with its EPR spectral data, each pertaining to a coordination number of four. Reactivity of 

compound (1) towards phenylalanine in presence of O2 is an important feature of this study. 

Isolation and characterization of tyrosine from the reaction medium establishes the activation of 

the aromatic ring as indicated below: 

RH ROH  +  H2O
O2 + [2H]

(phenylalanine)
CH3OH

Tyrosine  
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Here reducing equivalence, [2H] are most likely supplied by the partly neutralized 

pterin ligand residue [Scheme (VI-5)]. For compound (2) the cyclic voltammetric data 

can be correlated with the band gaps of the frontier orbitals.  

The above valuable data will serve as benchmark information for future purpose. 

 

Table (VI-7): Comparison of different parameters of Cu(II), Fe(II) and Zn(II) 
compounds of pterin (H2L

2) ligand  

Compounds→ 
 

Parameters 
↓ 

Compound (1) Compound (2) Compound (3) 

1.  Colour bottle-green reddish brown reddish brown 

2. UV-VIS data 

220.5 (4.32), 
258 sh (4.23), 
349 (4.05), 427 
(3.93) , 450 sh 
(3.88) 

215.5 (4.52), 
244 sh (4.33), 
293 (4.22), 
346(4.23) , 
431 sh (3.82) 
 

282 sh (4.13), 
346 (4.05), 
405 (4.13) 
427 (4.26) and 
452 (4.23) 

3.Flourescense 
data        (λmax/ 

nm) 

442.75, 471.33 
(sh), 479.5 (sh) 

430.5 

489.3, 
430.6(sh), 
410.7 (sh), 
406(sh), 
391.3(sh) 

4.Steric energy 
(Kcal/mol) 

 
10.3 31.98 38.50 

5. Cyclic 
Voltammetric 
data (metal 

centered peak) 

0.33 0.72* –  

6. Substrate for 
reactivity study 

 
phenylalanine phenylalanine  –  

7.∆E (HOMO- 
LUMO) eV 

3.41 0.319 1.619 

  
*most likely metal along with ligand moiety is involved in the reduction  

 

 

 


