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In this study, 6,9-bis(carboxymethyl)-3-(2-((4-hydroxyphenethyl)amino)-2-oxoethyl)-14-(4-hydroxyphenyl)-11-oxo-3,6,9,12-tetraazatetra-

decanoic acid (DTPATY) was synthesized through the condensation of DTPA bisanhydride with tyramine in DMF under a nitrogen 

atmosphere. The corresponding metal complexes, [M(DTPATY)Cl2] (M = Fe2+, Cu2+, Co2+, Ni2+, Mg2+ and Mn2+), were prepared using 

NaHCO3 under similar condensation conditions. The synthesized ligand and metal complexes were characterized by ESI-MS, elemental 

(CHN) analysis, FT-IR, UV-Vis and photoluminescence spectroscopy, while the ligand was further characterized by 1H and 13C NMR 

spectroscopy and the metal complexes by ESR spectroscopy. The spectroscopic and analytical data confirmed the formation of the 

DTPATY ligand and its coordination with the respective metal ions. Frontier molecular orbital (FMO) parameters were evaluated using 

density functional theory (DFT) at the B3LYP/6-31G level. The DTPATY ligand and its metal complexes exhibited favourable water 

solubility, distinct optical properties and low cytotoxicity, with the PL studies providing evidence of their fluorescence characteristics. 
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INTRODUCTION 

 Fluorescence-based techniques are widely used in the 

chemical and medicinal research owing to their high sensi-

tivity, selectivity and suitability for real-time analysis. Among 

the molecular systems explored for fluorescence-related 

applications, diethylenetriaminepentaacetic acid (DTPA) has 

attracted considerable interest due to its strong and versatile 

coordination ability toward a range of metal ions [1-5]. DTPA 

contains multiple nitrogen and oxygen donor atoms that faci-

litate the formation of stable metal complexes with diverse 

coordination environments. DTPA incorporation into fluore-

scent systems can modulate their optical and physico-chemical 

properties, enabling the conjugation of fluorescent labels to 

biomolecules for targeted imaging and detection of organs, 

tissues and cells. DTPA-metal complexes have likewise been 

explored as contrast-enhancing agents for medical imaging 

by altering the properties of surrounding water protons and 

consequently, imaging signals [6-11]. 

 The biological and physico-chemical properties of metal 

complexes are governed by the ligand framework, donor atoms 
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and metal-ion characteristics. Transition-metal complexes are 

particularly relevant to sensing, analytical and optical applica-

tions owing to their diverse coordination geometries, acces-

sible oxidation states and distinctive electronic structures 

[12,13]. DTPA is a multidentate aminopolycarboxylate ligand 

containing nitrogen and oxygen donor atoms that can form 

stable metal chelates, with the coordination environment and 

ligand architecture influencing the thermodynamic and kinetic 

properties of the resulting complexes [14,15]. 

 Tyramine is a biologically relevant monoamine contain-

ing a phenolic hydroxyl group and an ethylamine side chain. 

It is structurally related to dopamine and noradrenaline and 

has been investigated in relation to a possible independent 

neurotransmitter system [16,17]. Tyramine is a trace biogenic 

amine found in peripheral tissues and the human brain and is 

also present in a range of raw and fermented foods, such as 

fish, meat, fruits, cheese, soybean-derived products and wine 

[18-20]. Its phenolic and amine functionalities provide suit-

able coordination and functionalization sites for the develop-

ment of biologically relevant molecular systems. 
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 In the present study, tyramine was conjugated with DTPA 

bisanhydride to obtain the ligand DTPATY, which was sub-

sequently coordinated with the selected biologically relevant 

metal ions Fe2+, Mg2+, Co2+, Mn2+, Ni2+ and Cu2+ to obtain 

six new DTPATY-derived metal complexes. Although DTPA 

based metal complexes have been extensively investigated, 

systematic studies of DTPATY and its corresponding metal 

complexes remain limited. The ligand and metal complexes 

were characterized using FT-IR, 1H NMR, 13C NMR, ESR, 

UV-Vis and photoluminescence spectroscopy. Density func-

tional theory (DFT) calculations were performed to examine 

their electronic structures and frontier molecular orbital chara-

cteristics, while in vitro cytotoxicity studies were conducted to 

assess their biological response. The combined experimental 

and computational approach established relationships among 

metal coordination, molecular structure, electronic properties, 

fluorescence behaviour and cytotoxicity. A tyramine-function-

alized DTPA-bisanhydride ligand and six metal complexes 

were investigated to assess the influence of metal ions on their 

photophysical and biological properties, providing a basis for 

further fluorescence and bioanalytical studies. 

EXPERIMENTAL 

 All chemicals were purchased from Sigma-Aldrich and 

TCI in analytical grade. The melting point of the ligand was 

determined by using melting point Apparatus (SAFIRE) 

using substance packed melting point tube with the heating 

rate of 10 ºC/min. the CHN elemental analysis was performed 

using CHN Elemental Analyzer-Perkin Elmer-2400. FTIR 

spectra were recorded in Shimadzu Prestige 20 IR spectro-

meter. 1H (700 MHz) NMR spectra were recorded on Aligent 

DD2-700 MHz and 13C NMR spectra were recorded on a Bruker 

Advance-III HD. ESR spectra of synthesized metal complexes 

were observed in JES-FA series spectrometer. Gaussian-16 

and Gauss view software were used to calculate the mole-

cular property of the ligand and B3LYP/6-31G’ basic set was 

used. MTT assay for against cancer cells using colorectal cancer 

cell line and fibroblast mouse normal call line. Fluorescence 

and UV spectroscopy were analyzed on Perkin-Elmer Lambda-

35for ligand and all corresponding complexes. 

 Synthesis of 6,9-bis(carboxymethyl)-3-(2-((4-hydroxy- 

phenethyl)amino)-2-oxoethyl)-14-(4-hydroxyphenyl)-11-

oxo-3,6,9,12-tetraazatetradecanoic acid: The DMF solution 

of DTPA-bis anhydride (2 mmol, 0.7147 g) was refluxed with 

tyramine (4 mmol, 0.5487 g) and a small amount of triethyl-

amine (2 mL) was added in a mixture to maintain the pH (pH 

8.2) of a solution. The mixture was refluxed for 8 h at 70 ºC 

under the nitrogen atmosphere to obtain honey brown colour 

solution (Scheme-I). The resulting ligand was separated and 

dried under vacuum. m.p.: 110 ºC, CHN analysis: calcd. 

(found) %: C, 57.04 (57.16); H, 6.54 (6.62); N, 11.09 (10.98); 

FTIR (KBr, max, cm–1): 3718.76 (OH), 3016.67 (arom.), 

2314.58 (OH, acid), 1510.26 (C=O-NH), 1384.89 (C-N, 

amine), 1319.31 (C-O, acid), 1240.23 (C-N, DTPA); 1H NMR 

(700 MHz, D2O,  ppm): 2.57 (d, 4H, N-CH2-CH2-N), 2.6 

(d, 4H, N-CH2-CH2-N), 2.5 (S, 2H benzylic peak), 2.8 (d, 2H, 

NH-CH2-CH2-Ar), 2.9 (d, 2H, NH-CH2-CH2-Ar), 3.2 , 8H (t, 

 

Scheme-I: Synthetic route of 6,9-bis(carboxymethyl)-3-(2-((4-hydroxyphenethyl)amino)-2-oxoethyl)-14-(4-hydroxyphenyl)-11-oxo-3,6, 

9,12-tetraazatetradecanoic acid (M = Cu, Fe, Mg, Ni, Mn and Co) 
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N-CH2-COOH), 3.3 (S, 4H, N-CH2-C=O-NH), 3.6 (S, 2H, 

N-CH2-COOH), 6.6-6.7 (m, 8H, Ar-H), 7.02 (S, 2H, NH-

C=O-CH2), 7.03 (S, 2H, NH-C=O-CH2); 13C NMR (100 

MHz, D2O,  ppm), 32.8-33.9  (C-N), 40.7, 58.1  (CH2, C-H), 

118.2-130.0  (Ar-C), 158, 163 (C=O acid), 174  (C=O amide); 

ESI-MS obtained (calcd.) = 630.7 + m/z ([M+H]+), (631.6 m/z). 

 Synthesis of metal complexes: The 1:1 ratio of MCl2 

{where M = Cu(II), Fe(II), Co(II), Ni(II), Mg(II), Mn(II)} 

and DTPATY in NaHCO3 and ligand mixture, refluxed over a 

water bath at 6 h. After completion of the reaction, the resul-

ting solution was dried under vacuum (Scheme-I).  

RESULTS AND DISCUSSION 

 The metal(II) complexes were obtained as coloured solids 

with varying yields and their physical characteristics are sum-

marized in Table-1. 

 FT-IR studies: The FT-IR spectra of DTPATY and its 

metal(II) complexes were recorded to examine the functional 

groups and coordination behaviour of the synthesized comp-

lexes. The spectrum of DTPATY (Fig. 1a) exhibited strong 

bands at 1242 and 1388 cm–1, attributed to C–N stretching 

vibrations associated with the DTPA bis-anhydride backbone 

[21-23]. A broad absorption band in the 3300-2500 cm–1 region 

arises from the overlapping O–H stretching vibrations of the 

phenolic and carboxylic acid groups [24,25]. The absorption 

at 1604 cm–1 is associated with the amide-I carbonyl (C=O) 

stretching vibration, while the band at 1510.26 cm–1 corres-

ponds predominantly to the amide-II vibration arising from 

N–H bending coupled with C–N stretching. The presence of 

these bands supports the formation of amide linkages between 

DTPA bis-anhydride and tyramine [26]. The bands at 1442 

and 1319 cm–1 are attributed to O–H bending and C–O stret-

ching vibrations of the carboxylic acid groups, respectively 

[27]. 

 The FT-IR spectra of the metal(II) complexes (Fig. 1b) 

exhibited distinct changes in the carboxylate and carbonyl 

regions rela-tive to the DTPATY ligand. A strong band in the 

1620-1568 cm–1 region was assigned to the asymmetric stret-

ching vibration of the carboxylate group, asym(COO–). This 

band overlaps with the amide-I carbonyl stretching vibration, 

preventing clear resolution of the two contributions. The sym-

metric carboxy-late stretching vibration, sym(COO–), appeared 

at 1402-1400 cm–1. Owing to the overlap of asym (COO–) with 

the amide-I carbonyl band, a reliable  value [asym(COO–) 

− sym(COO–)] could not be determined [28]. The shifts obser-

ved in the carboxylate and carbonyl regions support the 

involvement of oxygen donor sites in metal coordination. 

 Weak absorptions in the 650-590, 416-349 and 402-389 

cm–1 regions were observed for the metal(II) complexes and 

were assigned to M–O, M–N and M–Cl vibrations, respect-

ively [29]. The spectral data are consistent with coordination 

of the metal centre through two nitrogen atoms of the DTPA 

backbone, two amide carbonyl oxygen atoms, one deproto-

nated carboxylate oxygen atom and one chloride ligand, 

giving a six-coordinate environment around the central metal 

ion [30]. 

 1H NMR studies: The structure of ligand DTPATY was 

examined by 1H NMR spectroscopy in D2O to confirm the 

 

TABLE-1 

PHYSICO-CHEMICAL DATA OF THE SYNTHESIZED METAL COMPLEXES 

Complex Colour of product Yield (%) 
CHN analysis 

Calculated Obtained 

DTPATY-Cu Ash green 40 C - 63.92%, H - 4.98%, N - 10.99% C - 63.98%, H - 4.90%, N - 10.93% 

DTPATY-Fe Red brown 52 C - 64.90%, H - 5.18%, N - 10.96 C - 65.94%, H - 5.12%, N - 11.02% 

DTPATY-Co Russet brown 48 C - 49.68%, H - 5.57%, N - 9.68% C - 49.70%, H - 5.56%, N - 9.66% 

DTPATY-Ni Chocolate brown 54 C - 49.73%, H - 5.53%, N - 9.68% C - 49.71%, H - 5.56%, N - 9.66% 

DTPATY-Mg Wood brown 60 C - 65.95%, H - 5.19%, N - 11.01% C - 65.94%, H - 5.11%, N - 10.95% 

DTPATY-Mn Honey brown 57 C - 65.99%, H - 5.13% N - 11.01% C - 66.03%, H - 5.10%, N - 10.95% 

 

 

Fig. 1. (a) IR spectrum of 6,9-bis(carboxymethyl)-3-(2-((4-hydroxyphenethyl)amino)-2-oxoethyl)-14-(4-hydroxy phenyl)-11-oxo-3,6,9,12-

tetraazatetradecanoic acid and (b) IR spectra of synthesized metal(II) complexes 
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formation of the synthesized ligand. The methylene protons 

adjacent to the nitrogen atoms of the DTPA backbone appe-

ared as triplet signals at  2.5 and 2.7 ppm (t, 4H, N–CH2). 

The CH2 protons of the ethylene linker connecting the DTPA 

moiety to the tyramine unit resonated at  2.8 ppm (t, 4H, CH2–

CH2–Ar). The methylene protons adjacent to the amide groups 

appeared as a singlet at  3.3 ppm (s, 4H, N–CH2–C=O–NH), 

with the downfield position arising from the deshielding effect 

of the neighbouring carbonyl group (Fig. 2). 

 

 
Fig. 2. 1H NMR spectrum of 6,9-bis(carboxymethyl)-3-(2-((4-hydroxy-

phenethyl)amino)-2-oxoethyl)-14-(4-hydroxy phenyl)-11-oxo-3,6, 

9,12-tetraazatetradecanoic acid 

 

 A singlet at  3.6 ppm (s, 2H, N–CH2–COOH) was assi-

gned to the methylene protons adjacent to the carboxylic acid 

group. The electron-withdrawing nature of the –COOH group 

accounts for the relatively downfield position of this signal. 

Since the spectrum was recorded in D2O, the exchangeable 

amide N–H proton was not observed owing to proton–deuter-

ium exchange. The aromatic protons of the para-substituted 

tyramine ring appeared as overlapping signals in the  6.6-6.7 

ppm region, assigned to the ortho- and meta-positioned arom-

atic protons (d, 4H and d, 4H, Ar–H). The observed splitting 

pattern is consistent with a para-substituted aromatic ring [31]. 

 13C NMR studies: The 13C NMR spectrum of DTPATY 

(Fig. 3) exhibited multiple resonances in the  32.85-33.90 

ppm, assigned to the methylene carbons of the DTPA bis-

anhydride-derived framework (C–N). The relatively upfield 

chemical shifts are consistent with the shielding of these 

methylene carbons within the nitrogen-containing backbone. 

Signals at  158 and 163 ppm were assigned to the carboxy-

late/carboxylic acid carbon atoms. The amide carbonyl carbon 

(C=O) resonated at  174 ppm, supporting the formation of 

the amide linkage between the DTPA bis-anhydride moiety 

and tyramine. The methylene carbons of the tyramine linker, 

–CH2–CH2–Ar, appeared at  40.7 and 58.1 ppm. The aromatic 

carbon resonances occurred within the  118.2-130.2 ppm 

range, consistent with the para-substituted tyramine ring. The 

observed chemical-shift distribution arises from the different 

electronic environments of the aromatic carbons and the effects 

of the phenolic OH and ethylene substituents on the aromatic 

ring [27]. 

 ESR spectral studies: The ESR spectra observed corres-

ponding metal(II) complexes of [Cu(DTPATY)Cl2] and  

 
Fig. 3. 13C NMR spectrum of 6,9-bis(carboxymethyl)-3-(2-((4-hydroxy-

phenethyl)amino)-2-oxoethyl)-14-(4-hydroxy phenyl)-11-oxo-3,6, 

9,12-tetraazatetradecanoic acid 

 

[Mn(DTPATY)Cl2] in X-band frequency (Fig. 4). In [Cu-

(DTPATY)Cl2] complex shows, well resolved anisotropic 

signal and it (Cu2+ ion) have d9 configuration. The g-value of 

this spectra, g|| ≈ 2.23 and g⊥ ≈ 2.08, it indicates g|| > g⊥ > ge 

(ge – 2.0023 free electron value) in ground state of dx-y orbital 

with elongated octahedral geometry. The deviation of g|| ≈ 

2.23 and constant free electron value ge – 2.0023 indicates 

covalent character as the Cu complex’s g|| value is good agree-

ment with standard value of covalent bond g|| ≈ 2.3. So, [Cu-

(DTPATY)Cl2] complex may have ligand-metal coordination 

through covalent bond to the oxygen and nitrogen atoms. 

 In contrast, [Mn(DTPATY)Cl2] complex exhibits six-well 

resolved hyperfine lines from the interaction between the Mn 

nucleus and unpaired electrons. Using the hyperfine multi-

plicity rule 2I + 1 Mn-indicates (2I + 1 = 6) six-hyperfine 

lines, which is characteristic of the high spin 3d5-orbital in 

electronic configuration S = 5/2). The nearly isotropic g value 

and hyperfine splitting exhibits symmetrical ligand field around 

the Mn2+ ion environment. These characteristics are consistent 

with the octahedral coordination geometry. Therefore, observed 

ESR results proposed octahedral geometry of [Cu(DTPATY)-

Cl2] and [Mn(DTPATY)Cl2] complexes. 

 Frontier molecular orbital (FMO) analysis: The FMO 

energies provide insight into the electronic structure and reac-

tivity of DTPATY (Fig. 5). The HOMO and LUMO energies 

were calculated as -0.19789 and -0.03068 a.u., respectively, 

giving an energy gap of 0.16721 a.u. The relatively small 

HOMO–LUMO gap is associated with lower kinetic stability 

and enhanced chemical reactivity. The comparatively high 

HOMO energy suggests favourable electron-donating ability, 

which may facilitate metal-ion coordination through the 

nitrogen and oxygen donor sites. The small energy gap may 

further favour intramolecular charge transfer and electronic 

excitation, contributing to the optical response of DTPATY 

and its metal complexes [32]. 

 UV-Visible and photoluminescence studies: The optical 

properties of DTPATY and its metal(II) complexes were 

investigated by UV-Visible absorption and photoluminescence 
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spectroscopy. Metal coordination can alter the electronic 

environment of the ligand and produce changes in absorption 

bands that provide information on the coordination process 

and electronic transitions [33]. DTPATY exhibited an absorp-

tion band at 270 nm, which can be associated with an (n→*) 

transition involving the carbonyl-containing groups. The aro-

matic tyramine moiety gave a strong absorption in the 200-220 

nm region, characteristic of a → transition. A weak feature 

near 260 nm was associated with the amide group, while a 

weak shoulder near 350 nm can be assigned to an (n→*) 

transition involving the carboxylate/carbonyl groups of the 

DTPA-derived moiety. Following metal(II) coordination, no 

pronounced absorption bands were observed above approxi-

mately 350 nm. The changes in the absorption profile are 

consistent with modification of the ligand electronic environ-

ment upon complex formation. 

 The fluorescence behaviour of DTPATY and its metal(II) 

complexes was examined under UV irradiation at 365 nm 

(Fig. 6). DTPATY, Fe-DTPATY and Cu-DTPATY exhibited 

readily visible fluorescence, while Co-DTPATY and Mg-

DTPATY showed moderate emission. Ni-DTPATY and Mn-

DTPATY complexes displayed the strongest fluorescence 

responses among the investigated complexes. The emission 

spectra (Fig. 7b) further confirmed differences in fluore-

scence intensity and emission wavelength across the series. 

DTPATY exhibited an emission maximum near 300 nm with 

a fluorescence intensity of approximately 230 nm (Fig. 7a). 

Metal(II) coordination altered both the emission intensity and 

spectral profile, with Ni-DTPATY giving the highest emission 

intensity. The Ni(II) and Mn(II) complexes exhibited emis- 

 
Fig. 6. DTPATY and its metal complexes were treated under UV light at 

365 nm 

 

sion maxima near 295 and 300 nm, respectively. The position 

and intensity of these bands can be influenced by the aqueous 

polar environment in which the measurements were performed 

[34]. 

 The enhanced fluorescence observed for Ni-DTPATY 

may be associated with coordination-induced restriction of 

intramolecular rotation and vibration within the multidentate 

ligand framework. Such structural rigidification can reduce 

non-radiative relaxation and favour ligand-centred radiative 

decay, consistent with a chelation-enhanced fluorescence 

mechanism [35]. The observed emission is assigned predo-

minantly to the DTPATY ligand rather than to a metal-centred 

excited state. Although Ni(II) complexes can undergo non-

radiative processes associated with metal-centred states, the 

comparatively strong emission of Ni-DTPATY suggests that 

ligand-centred fluorescence remains significant in this system 

[35]. The differences in emission intensity among the comp-

lexes can be related to the influence of the coordinated metal 

ion on the excited-state dynamics of the DTPATY frame-

work. 

 

Fig. 4. ESR spectra of [Cu(DTPATY)Cl2] and [Mn(DTPATY)Cl2] complexes 

 

 

Fig. 5. HOMO-LUMO property of DTPATY 
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 Cytotoxicity assay: The cytotoxicity of DTPATY and 

its metal(II) complexes was evaluated by the MTT assay using 

the human HT29 colorectal cancer cell line and the L-929 

mouse fibroblast cell line as a normal-cell model. The cells 

were treated with each compound at concentrations of 50, 100 

and 150 g/mL. Among the tested compounds, Ni- DTPATY 

exhibited the highest reduction in HT29 cell viability, with 

viability decreasing to 58.87% at 150 g/mL. The IC50 value 

of 195.38 g/mL indicates a relatively weak cytotoxic resp-

onse under the experimental conditions. The observed activity 

places the Ni(II) complex within the moderate-to-low cyto-

toxic range relative to the other synthesized complexes [36,37]. 

The cell-viability profiles of DTPATY and its metal(II) 

complexes are shown in Fig. 8. 

 

 

Fig. 8. Cell viability of DTPATY and its metal complexes 

 

 The cell viability was calculated using the following 

equation:  

  
Control OD Sample

Viabilit
 OD

100
Control

y ( )
 OD

%
−

=   

 The cytotoxicity of DTPATY and its metal(II) complexes 

against the human HT29 colorectal cancer cell line and L-929 

mouse fibroblast cell line, as evaluated by the MTT assay, is 

shown in Fig. 9. 

Conclusion 

 DTPA-bis-anhydride was successfully conjugated with 

tyramine to obtain DTPATY, followed by the synthesis of its 

metal complexes. Spectroscopic characterization supported 

coordination of the metal ions through nitrogen and oxygen 

donor sites of the ligand, consistent with a six-coordinate 

environment around the metal centres. FMO analysis gave a 

HOMO-LUMO energy gap of 0.16721 a.u., placing DTPATY 

in a relatively reactive electronic regime with favourable 

electron-donating characteristics. Photoluminescence studies 

showed the highest emission intensity for the Ni-DTPATY 

complex among the investigated complexes, which may arise 

predominantly from ligand-centred emission influenced by 

metal coordination. In the MTT assay, Ni-DTPATY produced 

the highest reduction in HT29 cell viability, with 58.87% 

viability at 150 g/mL and an IC50 value of 195.38 g/mL. The 

fluorescence response and cytotoxic activity of Ni-DTPATY 

complex provide a basis for further investigation of its photo-

physical properties and biological behaviour. 
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Fig. 7. UV spectra (a) and fluorescence spectra (b) of synthesized ligand and their metal(II) complexes 
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