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Abstract 

Novel p-nitrophenyl maleanilic acid bidentate free ligand (PNMA) was synthesized eco-friendly by solvent free reaction 

between 4-nitroaniline and maleic anhydride. Some novel mixed ligand organometallic chelates of formulae [M(CO)4L] (M = 

Cr , Mo , or W  and L = PNMA) were carefully prepared under nitrogen inert gas atmosphere by condensation between ligand 

PNMA and hexacarbonyl of metal cations Cr , Mo , or W  in 1:1 molar ratio. The chemical structures of PNMA free ligand 

and its novel chelates had been evaluated by elemental analyses, FTIR spectroscopy, 1H-NMR, mass spectroscopy, and 

thermal analyses (TGA and DTG). The chemical structures of both PNMA free ligand and its chelates were investigated also 

by XRD technique. The free ligand and its chromium chelate had been evaluated for their anticancer activities against 

MCF‐ 7 cells (breast cancer cell line), HCT116 cells (colon cancer cell line) and HepG2 cells (human liver cancer cell line).   

Keywords: P-Nitrophenyl Maleanilic Acid, Organometallic Carbonyl Chelates, Antitumor Activity, 
Spectroscopic Analysis, XRD and Thermal Analysis.  

1. Introduction                                                                                                                         
     The synthesis of the novel complexes and 

metal chelates; in addition to the development of 

methodologies, particularly for the formation of both 

of C-M, O-M and N-M bonds are important fields for 

the synthetic inorganic chemistry. The independent 

species; which are consisted of a central metal atom 

or ion bonded with other ions or molecules are 

known as a coordination complexes or compounds. 

The formation of these complexes can be identified 

as Lewis acid / base reactions; in which the central 

metal atom or ion behaves as a Lewis acid but the 

surrounding ions or molecules act as Lewis bases. 

The metal centers can be conveniently assorted using 

the theory of Pearson Hard-Soft Acid-Base (HSAB) 

[1]. According to HSAB theory, metal centers with 

high polarizing potentials are considered hard acids. 

This theory is not an absolute measure, but it can be 

considered as a relative scale. It is used to justify 

experimentally observed tendencies for certain 

cations to form stable complexes with specific ligand 

atoms. In our study, according to HSAB theory and 

ligands denticity [2, 3],  p-nitrophenyl maleanilic acid 

ligand is referred to as bidentate ligand and acts as 

Lewis base; which coordinated with the Lewis acid 

metal atom. In this work the Lewis acid metal atom is 

represented in the form of metal hexa carbonyl. The 

metal chelates exhibit an enhanced the stability due to 

presence of chelate rings; when compared with 

complexes; which containing only monodentate 

ligands [4]. The conceptual framework of the 

transition metal carbonyls chemical bonding had been 

discussed in recent books of both inorganic and 

organometallic chemistry [5, 6]. It is based on the 

classic form of the combination of σ and π-back 

donation between the central metal atom or ion and 

the ligand according to the model of Dewar-Chatt-

Duncanson [7]. The power of Dewar-Chatt-

Duncanson model interpreted and prophesied the 

structure and reactivity of numerous transition metal 

complexes using both of σ and π-back donation 

pattern and semiempirical calculations [8, 9]. 
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Transition metal carbonyl complexes have great 

attention for the academic research syntheses, 

because they were serving as precursors for the 

organometallic complexes preparations. They have 

significant role in organic syntheses such as 

hydroformylation and Reppe chemistry [10-14]. Also 

they were used for industrial purposes as essential 

homogeneous and heterogeneous catalysts [15]. On 

the other hand p-nitrophenyl maleanilic acid is an 

anilic acid because it containing a carboxy group and 

carboxyanilide (-CO-NH-C6H5) group [16- 21]. 

Maleanilic acid derivatives are of a senior 

importance, they can be served as anti-tubercular 

agents [22] and potential inhibitors [23]. They can act 

as preventive and therapeutic fungicides [24]. Also 

they can be used to synthesize the maleimides; which 

are essential substrates for synthesis the chemical 

probes for protein structures [18]. They were served 

as photoinitiators for free-radical polymerization in 

polymer chemistry and as monomers in the synthesis 

of both of polymaleimides and copolymers [25, 26].   

     

The objective of this study involved is the 

synthesis of p-nitrophenyl maleanilic acid ligand 

(PNMA) using solvent free procedure. The prepared 

ligand act as the Lewis base donor used to prepare 

chelates with some hexa carbonyls of group VI 

transition metals. The instrumental protocols such as 

elemental analyses, FT-IR spectroscopy, 1H-NMR 

spectroscopy, mass spectra and finally thermal 

analyses were applied to characterize the free ligand 

and its novel metal chelates. Also XRD was studied 

to test the crystalline structures of the free ligand and 

its novel chelates. In addition to the study of the 

thermal stability of the newly synthesized chelates. 

Finally, PNMA ligand and its chromium complex 

were screened for their anti-tumor activities versus 

MCF‐ 7 cells (breast cancer cell line), HCT116 cells 

(colon cancer cell line) and HepG2 cells (liver cancer 

cell line). 

2. Experimental                                                                                                                                                                
 
2.1. Materials and Reagents 

  All the chemicals in this study were of both 
analytical grade and highest purity available. They 
included Cr(CO)6, Mo(CO)6, W(CO)6, maleic 
anhydride and 4-nitroaniline. All the chemicals were 

obtained from sigma Aldrich (Germany). Organic 
solvents were absolute ethanol, DMSO and DMF and 
they were purchased from Alpha Aesar and using 
them without further purification. 

 
2.2. The Used Instruments  

The measurements of weights were performed 

using sensitive analytical balance [0.0001g, 
SCALTEC (Germany)]. Melting points were 
measured using (GallenKamp, Germany) apparatus. 
Stirring and heating were performed using (VELP) 
magnetic stirrer theromostated hot plate (Europe). 
The elemental microanalysis of the purified solid 

compounds for C, H and N were performed in Cairo 
University microanalytical Centre. FT-IR 
measurements were done using Perkin Elmer 1650 
spectrophotometer at the wave number region 4000–
400 cm

-1
 as KBr disks. 

1
H-NMR spectroscopy 

measurements were investigated using Bruker DPX 

400 spectrometer (300.06 MHZ) with DMSO as a 
reference solvent. EI-MS measurements were 
performed by mass spectrometer of the type 
Shimadzu Qp-2010 Plus. The measurements of EI-
MS were obtained at 70 eV ionizing energy, with 60 
µA ionization current and with vacuum being better 

than 10
-6

 torr. XRD patterns of free ligand and its 
identical complexes were measured using a 
diffractometer of the type HZG–4 (Carl Zeiss, Jena) 
with Ni filtered CuKα radiation. All the XRD 
measurements were performed at 2θ range of 4º–60º 
by means of the method of Bragg Brentano and 
Dicvol 06 program was used for the interpretation of 

diffractograms. Thermal analyses (TA) of the 
prepared compounds were performed using 
Shimadzu system of 30 series TG-50. Mass losses of 
(1-5 mg) samples and heat response of the change of 
the samples were measured from 25 up to 700 ºC. 
The rate of heating in an inert nitrogen atmosphere 

was 10ºC/ min. The TA instrument was calibrated by 
indium as a thermally stable material. The 
reproducibility of the instruments readings were 
measured using by running each experiment more 
than twice. 

  

2.3. Procedures 
2.3.1. Synthesis of p-nitrophenyl maleanilic acid 
ligand 

P-nitroaniline (0.10 mol, 13.8 g) was mixed with 
maleic anhydride (0.10 mol, 9.8 g) and grinded in an 
agate mortar for 52 min at room temperature [27]. 
During grinding, a nice green powder produced. The 
solid product was purified and recrystallized from 

ethanol; then it was dried under vacuum over P2O5. 
The yield was 89 %. This practical work was 
performed according to the procedures in Scheme (1).  
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Scheme 1: Synthesis of p-nitrophenyl maleanilic 
acid (PNMA) 

 

2.3.2. Synthesis of metal carbonyl chelates 
Novel metal carbonyl mixed ligand chelates of 

the type of [M(CO)4L] [M = Cr, Mo or W and L = 
PNMA = p-nitrophenyl maleanilic acid] were 

synthesized by dissolving PNMA ligand (0.5 m mol, 
0.118 g) in least amount of DMF and then M(CO)6 
(0.5 m mol) in the same solvent was added. The 

solution volume was completed to 20 mL with DMF 
solvent. The obtained reaction mixture was stirring 
for 60 minutes at 90-100 ºC under reflux in an inert 
nitrogen atmosphere. Then the obtained product was 
separated and washed thoroughly with ethanol 
several times. After that it was recrystallized from the 

mixture solvent of DMF / ethanol. Finally it was 
dried using a desiccator containing P2O5. The 
proposed procedures are presented in scheme (2) in 
accordance with Cooper et al methods modification 
[28, 29].  
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 Scheme 2: Synthesis of [M(CO)4L] chelates (L = 
PNMA). 
  
2.4. Cytotoxicity 

 
2.4.1 Materials and Reagents 

Mammalian cell lines: breast cancer cell line 
(MCF-7), liver cancer cell line (HepG-2) and colon 
cancer cell line (HCT-116) were gained from Tissue 
Culture Unit (VACSERA) in El-Azhar University. 

DMSO solvent, trypan blue and crystal violet dye 
were obtained from Sigma (USA). DMEM, Fetal 
Bovine serum, L-glutamine, 0.25% Trypsin-EDTA, 
gentamycin, RPMI-1640, and (HEPES) buffer were 
obtained from Lonza. Crystal violet stain (1%) 
consisted of crystal violet 0.5% (w/v) and methanol 

50% then made up to volume by ddH2O and filtered 
through a Whatmann filter paper No.1. 

 
 

2.4.2 Cytotoxicity estimation by viability assay  
For the cytotoxicity assay, the tested cells were 

cultivated in a clean and dry 96-well plate at a cell 
concentration about 1×10

4
 cells for each well in a 

growth medium of 100 µL. After 24 h of cultivation a 
fresh medium including distinct concentrations of the 
sample under investigation was inserted. Serial 

 
 

Compound 

 
 

Mol. 
Formula 

 
 

m/z 

 
 

Color 

 
 

M.P ºC 

 
%C 

Calc. 
(found) 

 
%H 

Calc. 
(found) 

 
%N  
Calc. 

(found) 
         

L = NPMA 

 

C10H7O5N2 

 

235.18 

 

Green 

 

210-212 

51.07 

(50.45) 

3.39 

(3.71) 

11.86 

(10.6) 

 
[Cr(CO)4L]  

 

CrC14H7O9N2 

 

398.21 

 

Dark 

yellow 

 

193 

 

42.21 

(42.88) 

 

2.96 

(3.03) 

 

8.89 

(9.02) 

 
[Mo(CO)4L]  

 

MoC14H7O9N2 

 

444 

 

Yellow 

 

181 

39.55 

(38.97) 

2.72 

(3.5) 

8.13 

(9.05) 

 
[W(CO)4L]  

 

WC14H7O9N2 

 

532.1 

 

Orange 

 

190 

31.74 

(32.08) 

2.31 

(2.9) 

7.00 

(8.02) 
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doubled dilutions of the sample under investigation 
were added to cell mono layers distributed into 96-
well, flat micro titer plates by a multichannel pipette. 

The micro titer plates were reserved at 37 ºC in a 
dampened incubator with 5% carbon dioxide for two 
days. For each sample concentration three wells were 
utilized. The control cells were incubated without the 
sample under investigation and with or without 
dimethyl sulfoxide solvent. After the cells incubation 

at 37 °C, several sample concentrations were 
inserted, then the incubation was preceded to 
additional 24 h and the yield of the viable cells was 
estimated using MTT assay [30, 31].Text graphics 
may be embedded in the text at the appropriate 
position. 

 
3. Results and Discussion                                                                                                   

 
3.1. Elemental analyses and physical properties  

Both of the elemental analyses and physical 
properties of the free ligand and its corresponding 

metal carbonyl chelates are presented in Table (1). 
 
 

Table (1): Properties of PNMA and its novel metal 
carbonyl mixed ligand chelates of ratio (1:1). 

 
The resulted analytical data emphasize the 

suggested general formulae [M(CO)4L] of the newly 
synthesized chelates. 

 
3.2. FT-IR spectroscopy 
 

FT-IR results of PNMA ligand and its chelates 

are presented in Figures (1-4) and they are compared 
in Table (2).  

 

        
   Fig. 1: FT-IR of p-nitrophenyl maleanilic acid 
ligand (PNMA)     

 
     Fig. 2: FTIR of [Cr(CO)4L] complex. 

    

Fig. 3: FTIR of [Mo(CO)4L] complex.                                    

 
   Fig. 4: FTIR of [W(CO)4L] complex. 

 
Some data of selected characteristic functional 
groups of the free ligand and its novel chelates 

coming from the above figure are presented in 
Table (2). 
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In KBr discs, band property: (s) strong, (m) medium, 

(w) weak, (as) asymmetric.  

According to the free ligand FT-IR spectra and 
the data in Table (2); a broad band at 3292   cm

-1
 may 

imputed to the free ligand carboxylic group υ(OH) 
[32]. This band is shifted to (3401, 3432 and 3418) 
cm

-1
 in its chelates spectra. The υ(C=O) stretching 

band of free ligand carboxylic group observed at 

1706 cm
-1

, and the υ(C-O) stretching band appeared 
at 1306 cm

-1
 [32] and shifted to 1261, 1223 and 1257 

cm
-1

 in FT-IR spectra of chromium, molybdenum and 
tungsten complexes respectively. These results 
indicating the participation of the carbonyl oxygen 
atom of the carboxylic group in coordination process 

between the free ligand and the metal carbonyls [33-
35]. The free ligand showed a weak band at 3212 cm

-

1
; which may attributed to υ(N-H) amide group. This 

band moved to a higher frequency (3401-3436 cm
-1

) 
in the metal complexes spectra. This shift indicated to 
the coordination process by the amide group nitrogen 

atom [34]. The metal carbonyl complexes spectra 
offer three stretching bands. The first stretching band 
observed at (2075, 2050 and 2285) cm

-1
 for 

[Cr(CO)4L], [Mo(CO)4L] and [W(CO)4L] 
respectively. This band may attribute to the two 
carbonyl groups in Trans position. The other two 

carbonyl groups observed as symmetrical and 
asymmetrical stretching bands at (1875, 1850 and 
1840) cm

-1
 and (1912, 1950 and 1914) cm

-1
 for 

[Cr(CO)4L], [Mo(CO)4L] and [W(CO)4L] 
respectively [36, 37]. FT-IR spectra of the metal 
carbonyl chelates exhibit a stretching frequency 

bands at (503, 500 and 584) and (549, 410 and 469) 
cm

-1
. These bands may related to υ(M-O) and  υ(M-

CO), in addition to the bands which may referred to 

υ(M-N) [36, 38].  
The resulted FT-IR data for (L) ligand and its 

metal carbonyl complexes prove that; the suggested 
structure of the novel chelates may be as assigned as 
in Figure (5).  

 
Fig. (5): The predicted structure of the novel 
complexes [M = Cr, Mo or W].  
 
3.3. 1H-NMR measurements 

The 
1
H-NMR spectra of PNMA ligand and its 

metal carbonyls complexes of the type [M(CO)4L], 

(M = Cr, Mo or W and L = PNMA = p-nitrophenyl 
maleanilic acid) are studied and investigated. The 
results are tabulated in Table (3).  
a-In DMSO,

 
chemical shifts, δ, to high frequency of 

TMS. 

 The 
1
H-NMR spectrum of PNMA free ligand shows 

two singlets. The first singlet of relative intensity 1H 

observed at δ 12.98 ppm and it may assign to OH 
proton of the carboxylic acid. This singlet is moved 
to δ 12.12 and δ 11.047 ppm in spectra of 

Table (2): FT-IR data of PNMA ligand and its metal carbonyls complexes 
 

Compound 
 

ʋ(C=O) 
COOH 

cm-1 

ʋ(C=O) 
amide(I) 
(N-C=O) 

cm-1 

 
ʋ(O-H) 

cm-1 

 
ʋ(NH) 
amide 
cm-1 

 
ʋ(C=O) 
carbonyl 

cm-1 

 
ʋ(M-O) 

cm-1 

 
ʋ(M-

C) 
cm-1 

 
ʋ (NO2) 
cm-1 

 
L = PNMA 

 

1706 s 

 

1635 m 

 

3292 s 

 

3212 m 

 

______ 

 

______ 

 

____ 

 

1512  

st.as 

 
[Cr(CO)4L] 

 

1705 s 

 

1629 m 

 

3401 

 

3436 w 

 

2062-

1912-

1875 

 

    503 

 

549 

m 

 

1506  

st,as 

 
[Mo(CO)4L] 

 

1703 s 

 

1607 m 

 

3432 

 

3401 w 

 

2050-

1975-

1850 

 

500 

 

410 

m 

   1503  

    st,as 

 
[W(CO)4L] 

 

1706 s 

 

1608 m 

 

3418 

 

 

3430 w 

 

2285-

1915-

1840 

 

584 

 

469 

w 

 

1507 

st,as 
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[Mo(CO)4L] and [W(CO)4L] respectively, this 
indicate to the possibility of sharing the carboxylic 
group in the coordination with the metal atoms. The 

second singlet of relative intensity 1H appeared at δ 
10.84 ppm and may imputed to the amide proton 
HNCO. This signal is slightly shifted to δ 11.04 ppm 
in spectra of Mo(0) and W(0) complexes, this shift 
may attribute to the possibility of amide group 
participation in the coordination process. The 

1
H-

NMR of PNMA ligand and its complexes show 
distinguished doublets of the aromatic protons ortho 
to nitro group (H

e
, H

d
). Doublets of free ligand are a 

little shifted to δ 7.89-7.83 ppm and δ 7.17-6.74 ppm 
for Mo(0) and W(0) complexes respectively. The 
other doublets manifested at δ 8.23-8.20 ppm for the 

ligand aromatic protons ortho to amide group (H
c
, H

f
) 

are slightly shifted to δ 7.86-7.80 ppm and δ 7.14-
6.71 ppm for Mo(0) and W(0) complexes 
respectively. These signals pointed to the existence of 
four protons of two couples; which they are only 
chemically not magnetically equivalent [39]. The free 

ligand vinylic proton H
a
 observed as doublets at δ 

6.34-6.36 ppm and it is noticed slightly shifted to δ 
6.70-7.13 ppm and δ 6.70-6.73 ppm for Mo and W 
complexes respectively. The other vinylic proton H

b
; 

which resonates at δ 6.32-6.35 ppm is shifted to δ 
6.74-7.17 ppm and δ 6.72-6.75 ppm for Mo and W 

complexes respectively. Finally, eight lines were 
observed consistent with the pattern expected for an 
AA' XX' spin system [40] JAX and JAX' were 
calculated in Table (3). These shifts are confirming 
the tolerance of chelation between the ligand and the 
metal carbonyls through the carboxylic and amide 

groups of the free ligand (Figure 5b).  
 
3.4. Mass spectra of ligand chelates   
 The mass spectra of [Cr(CO)4L] present the main 
molecular ion and many fragment ions are presented 
in Figure (6). 

 
   Fig. (6): Mass Spectra of [Cr(CO)4L] complex. 

 
The major fragmentation pathways of 

[Cr(CO)4L] chelate show the major molecular ion 
[C14H6N2O9Cr]

+
 of m/z = 398 (RI = 19 %) as 

represented by Scheme (3). The low relative intensity 
of the main molecular ion of [Cr(CO)4L] at 70 eV 

may be attributed to its gaining of high energy which 
leads to its parallel fragmentation pathways.  

The proposed fragmentation of [Cr(CO)4L] 
reveals three fragmentation pathways that can be 
rationalized in Scheme (3). Path way I reveals the 
signal of the fragment ion C8H3O7NCr 

+ 
at m/z = 277 

by the rupture of   4-nitrobenzene from the entity of 
the molecular ion. The fragment ion at m/z = 221 
(mole mass = 221, RI = 14 %) may assigned to the 
loss of two CO groups. This is followed by the 
fragment ion at m/z = 108; which may indicated to 
the loss of 4-amino-4-oxobut-2-enoic acid. The 

second path way presents fragment ions at m/z = 343, 
235 and 116 (mole mass = 343, 236 and 114 with RI 
= 55, 45 and 10 %). These signals may imputed to the 
rupture of 2CO groups from the molecular ion 
followed by Cr(CO)2 loss, then the loss of 4-
nitrobenzene. Path way III shows that the molecular 

ion loosed Cr(CO)2 at first with a signal at m/z = 235 
(mole mass = 236, RI = 45 %) followed by the loss of 
4-nitrobenze. 

Table (3): 1H-NMR data for PNMA ligand and its metal chelates of the type [M(CO)4L]. 
 
Compound 

 
δO-H 

 
δN-H 

 
δH

a 
 
δH

b 
 
δH

c 
 
δH

d 
 
δH

e 
 
δH

f 
 
3
J(Ha-Hb) 

 
3
J(Hc-Hd) 

 
3
J(He-Hf) 

L = PNMA 12.98 10.84 6.34 

6.36 

6.32 

6.35 

8.23 

8.20 

7.93 

7.88 

7.93 

7.88 

8.23 

8.20 

5.7 6.6 12.3 

Mo(CO)4L 12.12 10.62 6.70 

7.13 

6.74 

7.17 

7.86 

7.80 

7.89 

7.83 

7.89 

7.83 

7.86 

7.80 

12 9 9 

W(CO)4L 11.05 10.61 6.70 

6.73 

6.72 

6.75 

7.14 

6.71 

7.17 

6.74 

7.17 

6.74 

7.14 

6.71 

6 9 9 
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                         Scheme 3: The pathways mass 

fragmentation of [Cr(CO)4L]  
 

The mass spectrum of [Mo(CO)4L] chelate at 70 eV 
is presented in Figure (7). 

 
 Fig. (7): Mass Spectra of [Mo(CO)4L] complex   

 
EI-MS of [Mo(CO)4L] complex presents the 

formation of many fragment ions; which are given in 

Scheme (4). The signal manifested at m/z = 444 (RI = 
42 %) may imputed to the molecular ion.   

  

 
Scheme 4: The mass fragmentation pathways of 
[Mo(CO)4L]. 

 
The mass fragmentation pathways of 

[Mo(CO)4L] complex are floated in Scheme (4) in 
two parallel pathways. The first path way shows two 

fragment ions appeared at m/z = 236 and 115 (mole 
mass = 236 and 114, RI = 40 and 46 %); which may 
referred to the liberated of Mo(CO)4 from the parent 
ion followed by the loss of 4-nitrobenzene. The 
second path way gives a signal at m/z = 321 (mole 
mass = 321, RI = 51 %); which may imputed to the 

rupture of    4-nitrobenzene. This fragment can be 
rupture through two different bond positions, firstly 
it can loosed 4-amino-4-oxobut-2-enoic acid and 
give signal at m/z = 207 (RI = 48 %); then the 
liberation of pair of CO molecules (m/z = 153, RI = 
10 %).The second possible position through the 

liberation of two CO gas molecules and give a signal 
at m/z = 263, RI = 30 %; followed by the liberation 
of Mo(CO)2 (m/z = 115, RI = 46 %).  

 
Mass spectrum of [W(CO)4L]  complex at 70 

eV is shown in Figure (8).  
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Fig. (8): Mass Spectrum of [W(CO)4L] complex. 
The main fragments were obtained and identified 

in Scheme (5). 

 
Scheme 5: The mass fragmentation pathways of 
the principle fragmentations of [W(CO)4L]. 

Mass spectra of [W(CO)4L] complex present 
the main molecular ion at m/z = 532.  Scheme (5) 
shows two possible parallel pathways of the 
fragmentation. The base peak at m/z = 476 (mole 
mass = 476, RI = 100 %) in pathway I may refers to 
the loss of two carbonyl groups as two CO gas 

molecules from the entity of the molecular ion 
followed by the fragment ion at m/z = 352 (mole 
mass = 353, RI = 43 %) due to the breakage of 
C6H6NO2. The signal appears at m/z = 115 (mole 
mass = 115, RI = 30 %) may attribute to the breakage 
of W (CO)4. Pathway II (Scheme 5) shows a peak at 

m/z = 408 (mole masses = 408, RI = 70 %); which 

may imputed to the cleavage of C6H6NO2 from the 
entity of the molecular ion. There is a signal appears 
at m/z = 352 (mole mass = 353, RI = 43 %) may refer 

to the loss of two carbonyl groups as two molecules 
of CO gas. Then the appearance of a signal at m/z = 
115 (mole mass =115, RI = 30 %); may assigned to 
the break of (Z)-4-amino-4-oxobut-2-enoic acid.  
 
3.5 Thermal Analyses (TA) 

TGA curves of the prepared compounds are 
shown in Figures (9a, 9b, 9c), and the data are sorted 
in Table (4).  

 
Fig.(9a): TGA and DTG curve of [Cr(CO)4L] 
 

 
Fig.(9b): TGA and DTG curve of [Mo(CO)4L] 
 

 
Fig.(9c): TGA and DTG curve of [W(CO)4L] 



 NOVEL P-NITROPHENYL MALEANILIC ACID AND ITS ORGANOMETALLIC CHELATES..... 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 63, No. 11 (2020) 

 

4335 

 
The thermodynamic activation parameters of the 
metal chelates decomposition processes included 

activation energy (E*), entropy (∆S*), enthalpy 
(∆H*) and Gibb

'
s free energy change (∆G*) are 

calculated from TGA and DTGA data and they are 
tabulated in Table (5) using Coats-Redfern equation 
[41].  

 
The TGA results refer to the decomposition of 
[Cr(CO)4L] complex took place in two main steps. 
The first step occurred in temperature range 150-182 
º
C,  DTG peak at 182.87 

º
C and the estimated mass 

loss of 47.94 (calcd. 49.80 %). This peak may 
attribute to the removal of PNMA ligand from the 
moiety of the complex. The other step took place 
within the temperature range 182-213 

º
C, DTG peak 

at 213.74 
º
C and with estimated loss of 10.04 % 

(calcd. 11.86 %). This step may attribute to the 

separation of two CO groups from the entity of the 
complex. These steps of decomposition required 
activation energy values of 259.698 and 152.713 
kJ.mol

-1
 respectively. ΔS

* 
negative values (-226.81 

and -231.77 J K
-1 

mol
-1

) may assigned to the 
constancy of the released fragments. Values of 

obtained thermodynamic parameters of [Cr(CO)4L] 
complex are given in Table (5).  The practical mass 
loss is about 57.98 % (calcd. 61.66 %) and the 
residual product may be Cr(CO)2 of practical mass 
42.02 % (calcd. 38.34 %).  

 

 

According to the TGA data of [Mo(CO)4L] complex, 
the thermal decomposition of this complex happened 
through two essential steps. The initial one began at 

120 
º
C and it extended to 190 

º
C with evaluated mass 

loss of 43.35 % (calcd. 45.55 %) and DTG peak at 
177.33 

º
C. This peak may attribute to the separation 

of the free ligand (L) from the entity of complex. The 
other decomposition step occurred through the 

temperature range 190-340 
º
C and DTG peak at 

314.34 
º
C with evaluated mass loss of 12.99 % 

(calcd. 12.64 %). This step may relate to the 
separation of 2CO groups from the skeleton of the 

complex. These mass losses observed as two 
endothermic peaks at 165 and 496 

º
C respectively. 

These endothermic peaks followed by two 
exothermic peaks; which may assigned to the 
chemical rearrangement of the fragments during the 
decomposition. These mass losses required energy 

values of 259.698 and 152.713 kJ. mol
-1

 respectively. 
The ΔS

*
 negative values (-234.97 and -244.13 J K

-1 

mol
-1

) may refer to the steadiness of the liberal 
fragments. The obtained values of thermodynamic 
parameters of [Mo(CO)4L] complex are presented in 
Table (5). The total mass loss = 56.34 % (calcd. 58 

%) and the remainder was proposed as Mo(CO)2 of 
the practical mass of 43.66 % (calcd. 42.6 %). 

Thermal decomposition of [W(CO)4L] metal 
complex took place in three sequential steps. The first 
step happened at the temperature range 182-298 

º
C of 

evaluated mass loss of 38.8 % (calcd. 37.86 %). First 

step involved the loss of PNMA ligand molecule 
from the moiety of complex and the maximum rate of 

Table (4): Data of thermal analyses of the newly synthesized complexes. 
Compound 

 

TGA temp. 
range  ( ºC) 

DTG 
temp ( ºC) 

Mass loss 
(calcd.) % 

TGA description 

[Cr(CO)4L] 150-190 

191-240 

182.87 

213.74 

47.94 (49.80) 

10.04 (11.86) 

-The loss of PNMA ligand 

-The loss of 2CO groups 

[Mo(CO)4L] 120-190 

190-340 

177.33 

314.34 

43.35 (45.82) 

12.99 (12.64) 

-The loss of PNMA ligand 

-The loss of  2CO groups 

[W(CO)4L] 

 
 

182.7-299.1 

299.1-445.6 

445.6-598 

201.2 

300.8 

459 

37.86 (38.8) 

4.66 (4.62) 

4.73 (4.62) 

-The loss of PNMA ligand 

-The loss of CO group 

-The loss of CO group 

Table (5): Activation thermodynamic parameters of the metal chelates 
 

Compound 
 

 
Step 

 
Temperature 

range ( ͦC) 

 
E* 

kJ.mol -1 

 
A 
S-1 

 
∆S* 

JK-1mol -1 

 
∆H* 

kJ.mol -1 

 
∆G* 

kJ.mol -1 

[Cr(CO)4L] 1 

2 

150-190 

191-240 

259.698 

152.713 

3.99439E+29 

5.20582E+15 

-226.81 

-231.77 

255.905 

148.664 

359.302 

261.476 

[Mo(CO)4L] 1 

2 

120-190 

190-340 

96.125 

41.679 

40080013025 

3228413.259 

-234.97 

-244.13 

92.3785 

36.796 

198.194 

180.097 

[W(CO)4 L] 1 

2 

3 

182.7-298 

299.1-445.6 

445.6-598. 

69.6 

71.35 

152.55 

8.896E+05 

1.600E+05 

5.552E+08 

-134.90 

-150.75 

-84.993 

65.6 

66.58 

146.46 

129.6 

153.08 

208.67 
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mass loss is obtained by DTG curve at 201.20 
º
C. The 

other step took place in the temperature range 298-
446 

º
C and DTG peak at 300.80 

º
C, in which CO 

group is separated with mass loss of 4.62 % (calcd. 
4.66 %). The last step began at 446 

º
C and continued 

to 598 
º
C and the peak of DTG occurred exactly at 

459 
º
C with estimated mass loss = 4.62 % (calcd. 

4.73 %). This step corresponded to the breaking of 
another CO group. The observed overall mass loss = 

47.25 %; which it is in a good harmonization with the 
theoretical estimated value of 47.04 %. The 
remainder end product may be W(CO)2. The practical 
and the theoretical data are presented in Table (5). 
The thermodynamic parameters obtained from TG 
and DTG data of [W(CO)4L] are calculated and 

presented in Table (5). The obtained ∆S
* 

negative 
values of 134.9, 150.75 and 84.99 J K

-1
 mol 

-1 
may 

impute to the distinction of disorder degree of the 
system during the diverse steps of weight losses. The 
descending of ∆S

* 
negative values may refer to the 

increasing of disorder through the decomposition 

steps of [W(CO)4L] metal complex. 
 

3.6. The correlation of the mass spectra and the 
thermal analyses of the novel complexes 
3.6.1. [Cr(CO)4L] chelate 
 

EI-MS data of [Cr(CO)4L] is presented in 
Figure (6) and the possible pathways are shown in 
Scheme (3). The first pathway of the cleavage started 
with the formation of the fragment ion C8H3O7NCr 

+ 

at m/z = 277 due to the rupture of 4-nitrobenzene 
from the entity of molecular ion. This step followed 

by the observation of fragment ion at m/z = 221 
(mole mass = 221, RI = 14 %); which may imputed 
to the liberation of 2CO molecules. The resulted 
fragment from the above step loosed 4-amino-4-
oxobut-2-enoic acid and the final residual product 
may be Cr(CO)2. This conclusion is rationalized by 

the TGA and DTG analyses; in which the complex 
thermally decomposed through two steps at 
temperature ranges 150-182 and 182-213 

º
C 

respectively. The metal chelate loosed PNMA ligand 
at the first step then it loosed two CO gas molecules. 
The residual product was as the same as those of EI-

MS with actual mass of 42.02 % (calcd. 38.34 %). 
 

 3.6.2. [Mo(CO)4L] complex  
Mass spectrum of [Mo(CO)4L] offers several 

fragmentation pathways as shown in Scheme (4). The 
second pathway presents a signal at m/z = 444, RI = 

42 % may assigned to the molecular ion fragment; 
which it started to loose p-nitrobenzene and give 
C8H3O7NMo fragment ion of m/z = 321, RI = 51 %. 
This followed by the observation of Mo(CO)4

+ 

fragment ion (m/z = 207, RI = 40 %); which it may 
attributed to the loss of 4-amino-4-oxobut-2-enoic 

acid. Finally the liberation of two molecules of CO 
gas from the above fragment and the remainder 
product may be Mo(CO)2 (m/z = 153, RI = 18 %). 

This conclusion is in agreement with the TGA and 
DTG results; which show the thermal decomposition 
of the metal chelate through two main steps. The first 
one began at 120 

º
C and extended to 177 

º
C, DTG 

peak at 177.33 
º
C with evaluated mass loss of 43.35 

% (calcd. 45.55 %). This peak may imputed to the 

cleavage of PNMA ligand; while the other step 
occurred in the temperature range from 177 

º
C  to 314 

º
C and the DTG peak observed at 314.34 

º
C with 

evaluated mass loss of 12.99 % (calcd. 12.64 %). 
This step may impute to the liberation of two CO 
molecules. The overall mass loss was 56.34 % (calcd. 

58 %) and the final residual product was as the same 
as that shown in EI-MS with actual mass of 43.66 % 
(calcd. 42.6 %).  

 
3.6.3. [W(CO)4L] complex 

The mass spectra of [W(CO)4L] (Figure 8) 

show the possible fragmentation pathways (Scheme 
5); in which the main molecular ion observed at m/z 
= 532, RI = 37 %. Pathway II presented a peak at m/z 
= 408 (mole masses = 408, RI = 70 %), this peak may 
assigned to the cleavage of C6H6NO2 from the entity 
of the molecular ion. Another signal appeared at m/z 

= 352 (mole mass = 353, RI = 43 %); which may 
referred to the loss of two molecules of CO and the 
signal appeared at m/z = 115 (mole mass =115, RI = 
30 %) may imputed to the cleavage of (Z)-4-amino-4-
oxobut-2-enoic acid. As mention before in TGA and 
DTG data of [W(CO)4L] resulted in this complex is 

thermally decomposed in three sequential steps. The 
first one occurred in temperature range 182-298

 º
C; in 

which 4-nitrophenyl maleanilic acid ligand is 
decomposed. Secondly, at the temperature range of 
298-446 

º
C one molecule of CO gas liberated from 

the entity of the complex, followed by removal of a 

another CO gas molecule in temperature range from 
446 to 598 

º
C. The remainder end product may be 

W(CO)2 this remainder part appeared in mass at m/z 
= 239 (RI = 32.5 %). According to the EI-MS results 
of [W(CO)4L] complex, the conclusion is both the 
EI-MS data and thermal analyses of the complex are 

in harmony with each other. 
 

3.7 X-ray powder diffraction (XRD) 
The XRD pattern of PNMA ligand and its 

metal carbonyl mixed ligand complexes is presented 
in Figure (10).  
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Fig. (10): X-ray diffraction peak list of (a) PNMA 
free ligand, (b) Cr(0), (c) Mo(0) and (d) W(0) 
complexes. 
 

Comparing the XRD spectrum of PNMA free 
ligand with that previously published [42], patterns 
with matching peaks are obtained pointing the 

presence of the free ligand molecule in a monoclinic 
form. The XRD data for complexes show that, the 
chelation of the free ligand to the Chromium, 
Molybdenum, and Tungsten changed the XRD 
pattern of the free ligand. This indicates that the 
synthesized complexes are not fitted in the same 

phase of free ligand. Subsequently, the non-similarity 
of the free ligand XRD pattern and its metal carbonyl 
complexes propose that these complexes have a 
distinct phase structure than the PNMA free ligand. 
The appearance of various lines at different 2Ɵ 
values in XRD of distinct chelates may refer to 

different shapes of these chelates as confirmed by 
different mass and TGA fragmentation pathways. The 
variation of peaks of PNMA complexes may related 
to differences in modes of chelation of the ligand to 
the corresponding metals (Cr, Mo, and W) as given in 
their forms (Figure 5).  

 
3.8 Anticancer Activity   

Cytotoxic activity of PNMA free ligand and its 
chromium complex versus three human cancer cell 

lines included MCF‐7 (breast cancer cell), HCT-116 

(colon cancer cell), and finally HepG-2 (liver cancer 
cell). These cells are estimated by viability assay 
[43], as shown in Figures (11, 12). The 
concentrations of them ranged from 3.9 to 500 µg 
mL

-1
.   

   

Fig. (11): Cell viability of PNMA versus three 
tested human cell lines 
 

 
Fig. (12): Cell viability of [Cr(CO)4L] complex 
versus three tested human cell lines. 

                                                           
Cytotoxicity in vitro of PNMA ligand and its 

chromium complex are estimated by MTT assay 
against three typical human tumor cell lines involving 
HCT-116, MCF-7, and finally HepG-2 cell lines. The 

obtained curves are presented in Figures (11, 12) and 
the results are scheduled in Table (6).  

 
Table (6): Influence of PNMA ligand and its 
chromium complex on the viability of HCT-116, 
MCF-7, and HepG-2 cells 
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Compound 

Cytotoxicity in vitro IC50 (µg 
mL-1) 

HepG-2 MCF-7 HCT-
116 

 
p-nitrophenyl 
maleanilic acid 

(L = PNMA) 

 

 

15.1 

       

 

25.9 

 

 

26.7 

 
[Cr(CO)4L]  

 

27.3 

      

 30.1 

 

29.6 

 

Figure (11) illustrates the inhibitory rate of 
PNMA free ligand and it is remarkable, the free 
ligand exhibited high cytotoxicity against the selected 
human cancer cells. Also it shows the highest 
inhibitory influence against HepG-2 with IC50 = 15.1 
µg mL

-1
 than MCF-7 of IC50 = 25.9 µg mL

-1
 and 

HCT-116 of IC50 = 26.7 µg mL
-1

. Treatment of HCT-
116, HepG-2, and MCF-7 cell line with [Cr(CO)4L] 
complex led to a significant decrease in the cell 
viability of the three human tested cell lines with 
increasing the concentration of it, as shown in Figure 
(12). The IC50 values are 30.1, 27.3 and 29.6 µg mL

-1
 

for the hepatocellular, the breast, and the colon 
cancer cell lines respectively, these values of IC50 of 
[Cr(CO)4L] complex are slightly less than that of the 
corresponding PNMA free ligand, as presented in 
Table (6). IC50 values were evaluated according to the 
curves of the respective dose response and are 

abstracted in Table (6). The results of the MTT assay 
of [Cr(CO)4L] complex clarified that the free ligand 
inhibitory potency was slightly decreased by the 
complexation with Cr(CO)6.  These results were 
explained in the same way like that previously 
published [44-46] in research our group. 

 
4. Conclusion                                                                                                                                                                        

 
The ligand (PNMA) had been synthesized and 

characterized. Also novel tetra carbonyl p-nitrophenyl 

maleanilic acid organometallic complexes of Cr, Mo 

and W metal atoms are successfully synthesized and 

structurally characterized.  These complexes are 

confirmed to have 1:1 (L: M) stoichiometric ratio and 

they have been found they are mononuclear 

complexes. The structure of both of PNMA free 

ligand and its identical novel complexes are 

characterized by distinct tools involved elemental 

analyses, spectroscopic measurements (FT-IR, 
1
H-

NMR, and EI-MS) and they are supported by thermal 

analyses. Also from the XRD data it was cleared that 

the novel metal complexes of PNMA ligand have 

structures as revealed by sharp lines that differ from 

those of the free ligand itself. The anticancer efficacy 

of PNMA ligand and its novel chromium complex are 

examined. PNMA ligand presents slightly higher 

inhibitory efficacy than those of its chromium 

complex against the detected cancer cell lines under 

investigation (HCT-116, MCF-7, and HepG-2 cell 

lines). 

. 
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الكيميائي و فعالية التسمم لحمض ائي والتوصيف الفيسيو تحضيرال

 البارا نيترو فينيل مالينيليك و متراكباته 

 الكربونيلية رات الليجانذات المختلطة

محمذ عبذ الجواد زايذ
1*
خلود رمضان محمذ عرابي،  

2 
فاطمة ، 

صذيق محمذ
2 

 انشقى انبشيذي-جايعت انقاْشة-كهيت انعهٕو-قسى انكيًياء -1

 شيص – انجيزة-11611

انشقى انبشيذي -جايعت أسٕاٌ-كهيت انعهٕو-قسى انكيًياء . -1

 يصش.-أسٕاٌ-81518

                 

 ,PNMAحى ححضيش يشخق جذيذ نحًض انًانيُيهيك ) انبحث في ْزا

p-nitrophenyl maleanilic acidٍطشيق حفاعم انخكثيف بي ٍ  ( ع
بطشيقت جذيذة نيك أَٓيذسيذ يع انًا )َخشَٔيهيٍ-4)يشخق الأَيهيٍ  

يخشاكباث  . كًا حى ححضيش بعضلاححخٕي عهي يزيباث عضٕيت

يع بخفاعهّ انفهزاث الاَخقانيت نًشخق حًض انًانيُيهيك انًحضشعٍ 

سذاسي كشبَٕيلاث فهزاث يجًٕعت انكشٔو الاَخقانيت ٔقذ ٔضعج 

 , W, (حيث  [M(CO) 4L]انًخشاكباث انصيغت انكيًيائيت الاحيّ نٓزِ

M o L = PNMA, M = Cr( بُسبت )كًا حًج دساست 1: 1 .)

ٔيخشاكباحّ انجذيذة يٍ  PNMAانخشكيباث انكيًيائيت نهيجاَذ انحش 

,  FTIR, انخحهيم انطيفي  انًيكشٔئيخلال انخحهيم ا
1
H-NMR  ,

. حى TGA  ٔDTGAانخحهيم انطيفي انشايم , ٔانخحهيلاث انحشاسيت 

ٔيخشاكباحّ  PNMAم يٍ انهيجاَذانحش اخخباس انٓياكم انكيًيائيت نك

. حى دساست انُشاط انًضاد نهسشطاٌ نكلا يٍ انهيجاَذ XRDبٕاسطت 

)خلايا سشطاٌ انثذي( ,  MCF-7انحش ٔ يخشاكب انكشٔو  ضذ خلايا 

)سشطاٌ  HepG2)خلايا سشطاٌ انقٕنٌٕ( ٔخلايا  HCT116خلايا 

ٌ انهجُذ انجذيذة انًانكبذ انبششي(. حضشة ٔانًخشاكباث انعضٕ ٔٔجذ ا

ط انخلايا انسشطاَيت افهزيت نٓا راحخأثيش يهحٕظ في يعانجت ٔايقاف َش

 انًزكٕسة.

 


