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ABSTRACT 
The Carbutamide substituted Fe(II) phthalocyanine (CBTAFePc) and Co(II) phthalocyanine (CBTACoPc) complex 
was synthesized from tetra carboxylic acid Fe(II) phthalocyanine (FeTcPc) and tetra carboxylic acid Co(II) 
phthalocyanine (CoTcPc) with Carbutamide (CBTA) by linkage of amide has been developed. The macrocyclic 
molecules have high molecular weight and the molecule is completely soluble in Dimethylformamide and 
Dimethylsulfoxide. The synthesized complexes were confirmed by FTIR, Ultraviolet-Visible, PXRD, Mass, C,H,N 
and Thermo-gravimetric techniques. The catalytic activity of CBTAFePc and CBTAFePc were analyzed in the 
oxidation of Cyclohexene with various parameters like temperature, types of oxidants, oxidant/cat ratio, and 
subs/catalyst ratio affect the oxidation reactions were investigate the optimum conditions of catalysts. CBTAFePc 
shows excellent catalytic results on oxidation of Cyclohexene with the highest yield with good selectivity. The 
overall results show that the CBTAFePc complex exhibits an excellent catalyst compared with the CBTACoPc 
complex for investigation of the oxidation of Cyclohexene. 
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INTRODUCTION 
The industries and atmospheric pre-occupations need a common and more effective and low-cost catalyst. 
The degradation of pollutants was carried out by using an effective catalyst and the catalyst is a very 
important role in the synthesis of organic compounds and their derivatives. The oxidation of various 
molecules like alkenes, aromatics and alcohols are very important starting materials for the synthesis of 
bulk compounds for the production of chemicals in pharmaceuticals, cosmetics and polymerization of 
organic compounds. In the chemical reaction system, the selectivity of the catalyst was very important.1 
In recent years the researcher mainly concentrates on the catalytic oxidation of Cyclohexene and its 
derivatives by using transition metal complexes as a catalyst.2 
Carbutamide under the brand name glucidoral was used as the anti-diabetic drug to treat diabetes in 
France. Carbutamide belongs to the family of sulphonyl ureas and reduces the excess sugar in the blood 
by promoting the secretion of insulin. carbutamide promotes increased insulin secretion or it may 
potentiate the action of insulin. The carbutamide was useful for both acute and chronic treatments on both 
obese-hyperglycemic and their normal littermates. Metallo phthalocyanine (MPc) molecules exhibit good 
chemical and physical properties. They show high resistance to thermal and light radiations3, most of the 
phthalocyanine is insoluble in organic solvents.4 The macrocyclic compound of MPc formed by four iso-
indole groups connected with azomethine bridges was reported by Kadish K.M. et al.5-6 Physical, 
chemical and optical properties of MPc changes with central metal ions have been used in biomedical and 
industry7-10. MPcs are important excellent materials used in scientific areas such as sensors,11-14 
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semiconductor15, dye-based solar cells, molecular electronics16-17, liquid crystals18, laser dyes19, nonlinear 
optics materials20, electro chromic21, photosensitizers for photodynamic therapy of cancer22-24, electro-
catalytic25and catalytic activities.26  
In this present work, CBTAFePc and CBTACoPc complex was synthesized from tetracarboxylic acid 
Fe(II) and Co(II) phthalocyanines with carbutamide (CBTA). The CBTACoPc has been characterized by 
FTIR, Ultraviolet-Visible, PXRD, Mass, C,H,N and Thermo-gravimetric techniques. A new method used 
for catalytic oxidation of Cyclohexene is reported for the first time. The catalytic activity (CA) of 
CBTAFePc and CBTACoPc were performed in the oxidation of Cyclohexene with various oxidants and 
parameters like temperature, oxidant/cat ratio, and subs/catalyst ratio affect the oxidation reactions were 
investigate the optimum conditions of catalysts. CBTAFePc shows excellent catalytic results on oxidation 
of Cyclohexene with the highest yield with good selectivity. The overall result shows that the CBTAFePc 
complex exhibits an excellent catalyst compared with the CBTACoPc complex for investigation of the 
oxidation of Cyclohexene. 

EXPERIMENTAL 
Materials and Methods 
The high-grade solvents, reagents and chemicals are used without refinement (Sigma Aldrich CGmbH, 
Sternheim, Germany). The reaction was performed in presence of an oxygen environment. All the 
chemicals were prepared by using distilled water. Iron and cobalt phthalocyanine prepared by literature.27-

29 
FTIR spectra have been recorded by Perkin Elmmer 1600 FT-IR spectrophotometer using KBr pellets. 
Micromass Quatro LC/MSD was used to measure the mass spectra. A Perkin Elmer Lambda 25 
spectrophotometer in DMF was used to measure UV-Vis spectra. C, H and N analysis was done by Vario 
EL (III) CHNS analyzer. GC Agilent technologies 7820A equipment was used as GC measurement. 
Thermogravimetric analysis of the synthesized complexes was studied by the STA6000 system in the 
temperature range of 25 to 900 ᴏC under the blowing rate of 20 mL.min-1 oxygen. 
 
Synthesis of Carbutamide Substituted Fe(II) phthalocyanine (CBTAFePc) Complex 
A mixture of carbutamide (0.05 mmol), tetra carboxy-Fe(II)-phthalocyanine (0.015 mmol), Potassium 
carbonate (0.05  mmol) and DCC (catalytic quantities,  in Dimethylformamide 40 mL) was agitated under 
N2atm for 30 h at 28 ᴏC. The greenish color compound formed. It was soaking with warm water after 
washing with methanol followed by NaOH, HCl and double-distilled water. The obtained compound was 
dehydrated in an oven for nearly 45 min at 40-50 ᴏC (Scheme-1). Yield=60%30. Anal. For CBTAFePc 
with molecular weight and molecular formula 1759.70 (Experimental): C80H78FeN20O16S4 calc. (%) C-
54.60, H-4.432, N-15.91, O-14.53, S-7.28, Fe; 3.17 found: C-54.51, H-4.32, N-15.80, O-14.61, S-7.20, 
Fe; 3.15. 

 
Scheme-1: Carbutamide Substituted-Fe(II)- phthalocyanine Complex Synthesis 
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Synthesis of Carbutamide Substituted Co(II) phthalocyanine (ODACoPc) Complex 
A mixture of carbutamide (0.05 mmol), tetra carboxy-Co(II)-phthalocyanine (0.015 mmol), Potassium 
carbonate (0.05  mmol) and DCC (catalytic quantities,  in Dimethylformamide 40 mL) was agitated under 
N2atmosphere for 30 h at 28 ᴏC. The greenish color compound formed. It was soaking with warm water 
after washing with methanol followed by NaOH, HCl and double-distilled water. The obtained compound 
was dehydrated in an oven for nearly 45 min at 40-50 ᴏC (Scheme-2).  Yield=65%30. Anal. For 
CBTACoPc with molecular weight and molecular formula 1762.79 (Experimental): C80H78CoN20O16S4 

calc. (%) C-54.60, H-4.432, N-15.91, O-14.53, S-7.28, Co; 3.34 found: C-54.49, H-4.38, N-15.86, O-
14.63, S-7.22, Co; 3.30. 

 
Scheme-2: Carbutamide Substituted-Co(II)- phthalocyanine Complex Synthesis 

 

Mechanism of Cyclohexene Oxidation 
The experiment was performed by a thermostated schlenk vessel fixed with a stirrer and condenser. The 
mixture of Cyclohexene, catalyst and desirable solvent were refining by passing N2 gas to the removal of 
oxygen. The mixture of Cyclohexene (0.71×10-3 mol), catalyst (3.57×10-6 mol) and solvent (0.01 L) was 
agitated in a vessel for 20 min at 28 ᴏC, and then add m-CPBA oxidant (1.78×10-3 mol) into the vessel. 
The whole mixture was agitated for the proper time. For each interval of time, the sample (0.006 L) was 
taken and each 1 µL sample was injected into the GC at least two times. The formation of desired 
products was monitored by GC.   

RESULTS AND DISCUSSION 
FTIR-Spectra 
The infrared spectroscopy was used for studying functional groups. The expected bands assignable to 
CBTAFePc and CBTACoPc complexes are found at 670-700, 750-790, 840-850, 940-945, 1090-1120, 
1140-1147,1200-1210, 1240-1290, 1305-1320, 1400-1430, 1490-1540 and 1600-1625 cm-1. The IR bands 
of CBTAFePc (KBr pellet), υ/cm-1: 1622-1644 (C=C), 2812-3013 (C=N), 3212-3424 (amide peak), 1492-
1575 (-C=C-N=), 1318, 1336, 1258, 1282, 1232, 1252, 1152, 1148 (C-O), 1062, 922, 846, 766, 735 Fig.-
1(A). The IR of CBTACoPc (KBr pellet), υ/cm-1: 1624-1648 (C=C), 2814-3016 (C=N), 3216-3433 
(amide peak), 1494-1578 (-C=C-N=), 1319, 1336, 1258, 1296, 1234, 1255, 1152, 1144 (C-O), 1062, 924, 
847, 769, 731 Fig.-1(B).31 
 
UV-Vis Spectroscopy 
The electronic spectra of CBTAFePc and CBTACoPc complex solutions are shown in Fig.-2. The 
absorption shows two intense peaks. The intense absorption peak at 650-750 nm was assigned for Q-Band 
[a1u→ eg(*)] for the π-π* transitions from the HUMO to the LUMO and 300-500 nm is B-band of 
CBTAFePc and CBTACoPc complexes32. The UV spectra of MPc (M=Fe and Co) are observed in the 
range of 650-750 nm. This indicates the formation of CBTAFePc and CBTACoPc complexes. 
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Fig.-1: IR Absorption Spectra of (A) CBTAFePc with FeTcPc (B) CBTACoPc with CoTcPc 

 

 
Fig.-2: UV-Vis Spectrum of CBTAFePc with FeTcPc and CBTACoPc with CoTcPc Complexes 

 
Thermogravimetric Analysis 
The Thermogram of CBTAFePc and CBTACoPc complexes Fig.-3 shows the stability of the molecule. 
The CBTAFePc and CBTACoPc show two-step degradation, one at 200 ᴏC and the other at 300 ᴏC. 
Degradation at 200 ᴏC corresponds to a loss of carbutamide and at 300 ᴏC loss of phthalocyanine ring and 
weight loss at 550 ᴏC is due to complete degradation to form metal oxide. The presence of the substituted 
group improves the thermal stability of the CBTAFePc and CBTACoPc complexes. The melting point of 
the molecule is very high ≥ 550 ᴏC33. Therefore, the CBTAFePc and CBTACoPc complexes are used in 
the determination of oxidation of Cyclohexene. 
 

 
Fig.-3: Thermogravimetric Analysis of CBTAFePc with FeTcPc and CBTACoPc with CoTcPc Complexes 
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XRD Analysis 
The powder XRD of CBTAFePc and CBTACoPc complexes are attained by Co-kα radiation (λ= 1.540 
Aᴏ). It denotes that the CBTAFePc and CBTACoPc complexes are amorphous. The diffraction pattern of 
these complexes exhibits broad peaks with various diffused intensities. The peak intensity slowly 
increased by an increase in carbutamide groups. XRD patterns for the synthesized complexes were noted 
in the 2θ angle range of 0-60 °C as shown in Fig.-4. The less intensity peaks were observed at 2θ values 
of less intensity peaks at 11.50ᴏ, 12.65ᴏ, 23.12ᴏ, 24.40ᴏ, 32.04ᴏ, 46.55ᴏ, 47.42ᴏ, 58.02ᴏ and 59.85ᴏ for 
CBTAFePc complex and 07.06ᴏ, 11.20ᴏ, 17.52ᴏ, 18.39ᴏ, 19.20ᴏ, 20.00ᴏ, 30.39ᴏ, 31.20ᴏ and 40.39ᴏ for 
CBTACoPc complex, at 2θ values of high intensity peaks at 6.50ᴏ, 21.65ᴏ, 39.12ᴏ, 40.39ᴏ, and 55.85ᴏ for 
CBTAFePc complex and 07.08ᴏ, 8.00ᴏ, 09.12ᴏ, 10.39ᴏ, 11.50ᴏ, 15.65ᴏ, 21.12ᴏ, 25.39ᴏ and 41.39ᴏ for 
CBTACoPc complex. This indicates CBTAFePc and CBTACoPc complexes are amorphous.34 

 

 
Fig.-4: XRD Analysis of (A) CBTAFePc with FeTcPc (B) CBTACoPc with CoTcPc Complexes 

 
Elemental Analysis of CBTAFePc and CBTACoPc Complexes 
Elemental analysis for C, H and N was done by Vario EL (III) C.H.N.S analyzer. The CBTAFePc and 
CBTACoPc were examined by a known quantity of the complexes with H2SO4 and HNO3 mixture, 
followed by careful evaporation and calcinations.31-32 Anal. For CBTAFePc with molecular weight and 
molecular formula 1759.7026 (Experimental): C80H78FeN20O16S4 calc. (%) C-54.60, H-4.432, N-15.91, O-
14.53, S-7.28, Fe; 3.17 found: C-54.51, H-4.32, N-15.80, O-14.61, S-7.20, Fe; 3.15. Anal. For 
CBTACoPc with molecular weight and molecular formula 1762.79 (Experimental): C80H78CoN20O16S4 

calc. (%) C-54.60, H-4.432, N-15.91, O-14.53, S-7.28, Co; 3.34 found: C-54.49, H-4.38, N-15.86, O-
14.63, S-7.22, Co; 3.30. 
 
Mass Spectrum 
Mass spectroscopy (MS) is used to measure the mass to charge ratio [M+2] of compounds. The 
theoretical observation of mass spectra of the CBTAFePc complex is 1759.7026 and the experimental 
mass of the CBTAFePc exhibits a molecular ion peak at 1761.63 Fig.-5. It indicates the conformation of 
the formation of proposed complex.  
 
Aggregation Behavior of CBTAFePc Complex 
The aggregation property of CBTAFePc was analyzed by the UV-Vis method. The synthesized complex 
has 18 π-electron systems so that it shows aggregation behavior. The aggregation mainly depends on 
temperature, substituents, concentration and solubility. The CBTAFePc complex shows H-type and J-type 
aggregation that depends on the position of the substituents. Majorly the Fe-Pc showed H-type 
aggregation more in solvents and rarely observing J-type aggregation30. For measurement of aggregation 
behavior, we used Beer-Lambert law in the concentration range from 30×10-5 to 5× 10-5 mol dm-3. 
In the present work aggregation property of the CBTAFePc complex was performed by different solvents 
such as DMF, DMSO, CCL4 and CHCl3 Fig.-6A. it shows that more aggregation takes place in DMF and 
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DMSO solvent due to the high solubility of the compound and less aggregation in CCL4 and CHCl3. The 
aggregation property of the CBTAFePc complex was also studied by using various concentrations of 
DMF solvent Fig.-6B, as the concentration of the DMF solvent increases the absorption peak intensity 
(Q-band) also increases. All the above results show that the aggregation behavior of the CBTAFePc was 
high in DMF solvent with high concentration. 
 

 
Fig.-5: Mass Spectra of CBTAFePc Complex 

 
Fig.-6: Aggregation Property of CBTAFePc (A) Different Solvents of DMF, DMSO, CCL4 and CHCl3, (B) 

Different Concentrations of DMF Solvents 
Catalytic Investigation 
Cyclohexene Oxidation with CBTAFePc and CBTACoPc 
The selectivity and catalytic activity (CA) of CBTAFePc and CBTACoPc complexes were studied by 
simple Cyclohexene oxidation method with m-CPBA as the model compound in experimental parameters 
in DMF (Tables-1 to 4), the oxidation of Cyclohexene was carried out by Cyclohexene (0.71×10-4 mol), 
CBTAFePc (3.58×10-7 mol) or CBTACoPc (3.57×10-7 mol) and m-CPBA (1.78×10-4 mol) and DMF (001 
L) in a vessel and refluxed at 90 ᴏC with stirring 800 rpm. The experiment was also performed by various 
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oxidants like TBHP, H2O2 and m-CPBA in absence of catalyst, the results give evidence for the oxidation 
of Cyclohexene, the catalyst is very important for the completion of the reaction. Therefore the catalyst is 
playing an important role in the oxidation of Cyclohexene seen in Tables-1 to 4. The comparative studies 
of CBTAFePc and CBTACoPc for Cyclohexene oxidation exhibits both the compounds are active 
catalysts in DMF solvents, which gives Cyclohexenol as the major product and Cyclohexene epoxide and 
2-cyclohexen-1-one is a minor product, these are analyzed by GC for both penetrate and comparison with 
standards Scheme-3. The reaction rate increased by varying the oxidants, sub/cat. ratio and temperature. 
 

 
 

Scheme-3: Mechanism of Oxidation of Cyclohexene 
 

The results of Cyclohexene oxidation by m-CPBA in presence of CBTAFePc and CBTACoPc as seen in 
Fig.-7A and Fig.-7B, indicates that the product yield is varied with reaction time. High yield was formed 
that is 2-cyclohexen-1-ol as the major product and Cyclohexene epoxide and 2-cyclohexen-1-one is a 
minor product for both catalysts. The yields for Cyclohexeneepoxide and Cyclohexenone were nearly 
similar to the catalysts CBTAFePc and CBTACoPc. The three product yields increased by the same level 
of time. This level off is most likely due to degradation of the Fe-Pc and Co-Pc catalyst by oxidant with 
time. 
The substrate to catalytic molar ratio effect was examined in the range of 200-1200 and kept other 
parameters constants. The experimental conditions were 90 ᴏC, 1.78×10-4 mol m-CPBA, 0.01 L DMF for 
3h. the results are seen in Table-1. It gives clear evidence, as the substrate catalytic ratio decreases the 
increase of conversion. For each various substrate/catalyst ratio the Cyclohexene oxidation gives the same 
a2-Cyclohexene-1-ol as the major product and cCyclohexene epoxide and b2-cyclohexen-1-one is a minor 
product. The major product gives a good selectivity of 60% and 57% for CBTAFePc and CBTACoPc. 
 

 
Fig.-7: Cyclohexene Oxidation (Time dependent) with (A) CBTAFePc (B) CBTACoPc 

 

The oxygen source effect on the oxidation of Cyclohexene reaction was scrutinized for m-CPBA, aerobic 
oxygen, TBHP and H2O2, remaining all the experimental parameters kept constant. The obtained results 
are as shown in Table-2 and Fig.-8. In aerobic oxygen conditions, both complexes are not converted. In 
this experiment, the Cyclohexene oxidation is more effective in the m-CPBA oxidant with CBTAFePc 
and CBTACoPc. The same experiment was performed without m-CPBA oxidant; the oxidation reaction 
of Cyclohexene does not take place. Therefore m-CPBA shows a good oxidant effect on the oxidation of 
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Cyclohexene. The other oxidants like TBHP and H2O2 are not suitable oxidants for the catalytic system. 
The main reason we observed in the process is that the lower conversion of H2O2 undergoes degradized 
the CBTAFePc and CBTACoPc ring. 
 

Table-1: Effect of Substrate to Catalytic Ratio on Cyclohexene Oxidation with CBTAFePc and CBTACoPc 

 
Then the color of the solution immediately turns colorless from blue-green color. Therefore the 
CBTAFePc and CBTACoPc do not involve effectively as a catalyst in the oxidation process. The same 
experiment is performed by TBHP. It shows more degradation compared with H2O2. All the above results 
show that the highest activity of CBTAFePc and CBTACoPc takes place in the presence of m-CPBA 
(TOF: 98 and 90) and other oxidant activity as shown in Table-2. 
 

Table-2: Oxygen Source Effect on Cyclohexene Oxidation with CBTAFePc and CBTACoPc 
Catalyst Subs/Cat aAlcohol bKetone cEpoxide Tot. 

Conv. 
(%) 

TON 
mole of 

product/mole of 
catalyst 

TOF (h-1) 
mole of 

product/mole of 
catalyst×time 

1c m-CPBA 69 16 12 98 354 118 
2c  64 15 11 90 312 101 
1c H2O2 27 16 07 50 184 60 
2c  24 13 09 46 170 55 
1c TBHP 50 17 11 78 295 98 
2c  46 10 07 63 241 81 
1c Free 

oxidant 
 - - - - - 

2c  - - - - - 

 
Fig.-8: The Oxidant Effect on the Oxidation of Cyclohexene 

Catalyst Subs/Cat aAlcohol bKetone cEpoxide Tot. 
Conv. 
(%) 

TON 
mole of 

product/mole 
of catalyst 

TOF (h-1) 
mole of 

product/mole of 
catalyst×time 

1c 200/1 60 20 19 99 195 64 
2c  57 17 12 85 168 55 
1c 400/1 58 18 14 90 355 118 
2c  54 15 09 78 310 102 
1c 600/1 53 14 12 79 369 155 
2c  50 10 05 65 386 128 
1c 800/1 48 12 07 67 530 176 
2c  44 06 03 53 420 139 
1c 1000/1 39 10 07 56 554 184 
2c  36 05 04 45 446 148 
1c 1200/1 33 10 06 49 582 193 
2c  28 06 04 38 452 150 
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The other important parameter involving the oxidation reaction is a substrate to oxidant ratio, the reaction 
was performed in the range of 300/1-900/1 as seen in Table-3. The rate of oxidation reaction enhances 
with increasing oxidant/cat. ratio up to 500/1. Further increasing the ratio, the catalytic conversion 
decreases. It is very difficult to conclude the effect of oxidant at the present stage, but it is possible that 
the coordination around the iron and cobalt, iron may change and produce in-active intermediate species. 
 

Table-3: Effect of Substrate to Oxidant Ratio on Cyclohexene Oxidation with CBTAFePc and CBTACoPc 
 

Catalyst Subs/Cat aAlcohol bKetone cEpoxide Tot. 
Conv. 
(%) 

TON 
mole of 

product/mole of 
catalyst 

TOF (h-1) 
mole of 

product/mole of 
catalyst×time 

1c 300/1 34 18 15 66 258 87 
2c  30 15 10 55 215 73 
1c 400/1 43 21 16 80 314 106 
2c  40 18 14 70 279 94 
1c 500/1 64 16 10 90 357 120 
2c  58 12 08 78 311 105 
1c 600/1 36 18 15 69 370 90 
2c  32 18 11 59 228 76 
1c 900/1 26 11 05 42 168 57 
2c  21 08 06 35 140 47 

 
The temperature is also one of the critical parameters for catalytic oxidation of Cyclohexene with 
CBTAFePc and CBTACoPc. The CA increases by increasing the temperature. The experiment was 
performed in the range of 20-90 ᴏC with ox./subst./cat=500/200/1 and m-CPBA in DMF for 3 h as seen in 
Table-4. The overall conversion was increased 61% for CBTAFePc and 53% for CBTACoPc, when the 
temperature was increased from 20 to 90 ᴏC. The highest conversion (99%) was obtained with TOF=65 
for complex CBTAFePc and (85%) was obtained with TOF=56 for complex CBTACoPc at 90 ᴏC.  
 

Table-4: Effect of Temperature on Cyclohexene Oxidation with CBTAFePc and CBTACoPc 
 

Catalyst Subs/Cat aAlcohol bKetone cEpoxide Tot. 
Conv. 
(%) 

TON 
mole of 

product/mole 
of catalyst 

TOF (h-1) 
mole of 

product/mole of 
catalyst×time 

1c 25 26 14 09 49 95 31 
2c  23 12 09 44 83 27 
1c 50 42 16 10 68 134 44 
2c  39 12 09 60 117 39 
1c 70 53 18 12 83 164 54 
2c  50 13 10 73 141 47 
1c 90 69 23 19 99 196 65 
2c  60 19 16 85 169 56 

 
The performance of CBTAFePc and CBTACoPc catalytic activity on oxidation of Cyclohexene was 
compared with other M-porphyrin and MPc catalysts (like Fe, Mn and Co). We get the best results in the 
form of TOF in Cyclohexene oxidation. We have also noted that the CBTAFePc was acting as the best 
catalyst compared with CBTACoPc. 
The oxidation reaction system was monitoring by absorption spectroscopy in the 300 to 800 nm range of 
CBTAFePc and CBTACoPc, shows two strong absorptions bands assigned to the transition n- p* and p-
p*. The intense absorption peak observed at 650-750 nm is assigned for Q-Band and one more absorption 
peak at 300-450 nm is assigned for B-band.30-32 These bands are also found in the CBTAFePc and 
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CBTACoPc. But they shift and broadens due to m-oxo dimeric species of Fe(II)-Pc to Fe(III)-Pc and 
Co(II)-Pc to Co(III)-Pc.33-35 

 

Table-5: The Homogeneous Catalytic Oxidation of Cyclohexene by the previously reported Catalysts 
Catalyst Reaction time (h) Reaction Temp. (0C) Oxidant Conv. (%) Ref. 

CoPc 8 60 TBHP 45.3 [37] 

[Co(Me2salpnMe2)] 8 75 H2O2 27.6 [38] 

CoPc 3 90 m-CPBA 61 [39] 

[Mn(Me2salpnMe2)] 8 40 TBHP 50.9 [40] 

Fe(TMP)Cl 10 min 25 m-CPBA 89 [41] 

Co[NO]2 Cu[NO]2 8 75 H2O2 27.6 [42] 

CBTAFePc 3 90 m-CPBA 99 Present 
work CBTACoPc 3 90 m-CPBA 85 

 

 
Fig.-9: Time Dependent Variation in the Visible Spectrum of the Oxidized Complex (A) CBTAFePc (B) 

CBTACoPc 
 

Figures-9A and 9B show changes in the spectrum of CBTAFePc and CBTACoPc during the oxidation 
reaction with m-CPBA. The monomeric form of MPc is shown in Fig.-2 before the start of the catalytic 
reactions. The Q-band was observed at 670 nm for both the complexes CBTAFePc and CBTACoPc 
respectively. With oxidants (TBHP, m-CPBA, or H2O2), the decrease of intensity and broadens Q-band 
peaks at 657 and 665 nm. In the B-band region, there is no peak observed. Thus the addition of m-CPBA 
to the solutions of Fe (II) and Co(II) complexes resulted in only metal and not ring oxidation of Fe-Pc and 
Co-Pc. As the process of catalytic activity increases there is a decrease in the intensity of Q-band of the 
CBTAFePc and CBTACoPc, suggesting catalyst degradation is typical of MPc catalysts in homogeneous 
catalysis.36 The m-CPBA produces alkylperoxide and alkoxy radicals, these radicals degradized the MPc 
ring and were observed by the change in the color of the solution from blue to green by continuing the 
catalytic reaction. If the reaction is continued the catalyst is turned to yellow color, which gives the 
formation of intermediate in the reaction. The process is continued and the MPcs undergo degradized by 
the oxidant. The UV Vis method is used for the determination of the degradation of the compounds. The 
overall results suggest that the CBTAFePc and CBTACoPc exists a long durable reaction time with 
effective catalytic activity without degradation of oxidation of Cyclohexene. 
   

CONCLUSION 
The Carbutamide substituted Fe(II) phthalocyanine (CBTAFePc) and Co(II) phthalocyanine 
(CBTACoPc) complex was synthesized from tetracarboxylic acid Fe(II) phthalocyanine (FeTcPc) and 
tetracarboxylic acid Co(II) phthalocyanine (CoTcPc) with Carbutamide (CBTA) by linkage of an amide 
has been developed. The macrocyclic molecules have high molecular weight and the molecule is 
completely soluble in Dimethylformamide and Dimethylsulfoxide. The CBTAFePc and CBTACoPc were 
confirmed by FTIR, Ultraviolet-Visible, PXRD and Thermo-gravimetric techniques. The catalytic activity 
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of CBTAFePc and CBTACoPc complexes were analyzed in the oxidation of Cyclohexene with various 
parameters like temperature, types of oxidants, oxidant/cat ratio, and subs/catalyst ratio affect the 
oxidation reactions were investigate the optimum conditions of catalysts. CBTAFePc shows excellent 
catalytic results on oxidation of Cyclohexene with the highest yield with good selectivity. The overall 
results show that the CBTAFePc complex exhibits an excellent catalyst compared with the CBTACoPc 
complex for investigation of the oxidation of Cyclohexene. 
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