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ABSTRACT

The amino acids, alanine (Ala) and phenyl alanine (Phe) and their Schiff bases (Ala-Sal),
(Phe-Sal) were complexed with iron [lll] metal. The complexes (Fe-Ala), (Fe-Phe), and Schiff
bases complexes (Fe-Ala-Sal) and (Fe-Phe-Sal) were characterized by the UV, IR, NMR
and SEM. The catalytic performance of prepared complexes were investigated by using
various reaction conditions, such as temperature, pressure, amount of catalyst, time, oxidant
to substrate ratio in order to find out the optimum conditions for the oxidation reaction of
cyclohexane. The selective oxidation of cyclohexane to cyclohexanone and cyclohexanol
(KA-oil) by various oxidants such as aqueous H,0,, Na,O,, KIO4 and TBHP in presence of
acetonitrile and without solvent system was investigated. Also, the amino acid Schiff base
iron complexes were supported on zeolite “Y” and intercalated on montmorillonite clay to
enhance their catalytic activity. The supported catalysts were also characterized by IR and
Powder X-Ray diffraction XRD studies before their application to cyclohexane oxidation. The
conversion of cyclohexane was up to 13% with the selectivity of cyclohexanone.

Keywords: Schiff base; iron complexes; L-alanine; L-phenylalanine; cyclohexane oxidation;
zeolite; montmorillonite.

1. INTRODUCTION

Saturated hydrocarbons are plentiful in nature; they are the major constituents of crude oil
and natural gases. They are essential feedstocks for chemical manufacture [1-3].
Cycloalkanes are the main chemical class of hydrocarbons [4] and have an important
presence in traditional fuels [5].

Oxidation of cycloalkanes, particularly cyclohexane is one of the important bulk processes in
the chemical industry. More than 10° tons per year of cyclohexanone and cyclohexanol, (KA
oil) are produced worldwide by this process as a chemical intermediates in production of
adipic acid and capolactum [6-9]. They are also used in the manufacture of polyamides and
plastics [10]. Yet, this process seems to be one of the least efficient of all major industrial
chemical processes. The desired products (i.e., cyclohexanol and cyclohexanone) are
intermediates in a sequence of complicated, multiple, free-radical chain reactions [11].

The finding of efficient catalysts for the selective insertion of one oxygen atom from oxygen
donors, like dioxygen, hydrogen peroxide, alkylhydroperoxide, sodium periodate into various
organic molecules, under mild conditions, remains a difficult task in the fields of chemical
and biological catalysis [12].

During the last two decades, considerable attention has been paid to the chemistry of metal
complexes of Schiff bases containing nitrogen and other donors. This may be attributed to
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their stability, biochemical, analytical and potential applications in many fields such as
oxidation catalysis [13]. Schiff bases have been used extensively as ligands in the field of
coordination chemistry; some of the reasons are that the intramolecular hydrogen bonds
between the (O) and the (N) atoms which play an important role in the formation of metal
complexes and that Schiff base compounds [14-26]. In recent years great interest has been
focused on Fe-Schiff base amino acid complexes for their application in cytotoxic and anti-
tumor drugs.

In this paper, we have synthesized and characterized different amino acid Schiff bases and
their complexes and applied as a biomimetic catalyst for the oxidation of cyclohexane using
different oxidants (H,O,, Na,O,, KIO, and TBHP) under acetonitrile as solvent, without
solvent and in autoclave system. Further, these amino acid Schiff base complexes were
coated on zeolites and clays and successfully applied for the oxidation reaction. During
these studies we have used different amounts of catalysts and oxidants.

2. EXERIMENTAL

2.1 Materials

The iron [lll] chloride hydrate, salicylaldehyde, L-alanine, L-phenylalanine were purchased
from Sigma Aldrich and used as received without further purification. Ethanol, chloroform,
acetonitrile, cyclohexane, cyclohexanol, cyclohexanone were obtained from Fluka
chemicals. H,O,, Na,O,, KIO,, TBHP were purchased from Merck Co. Zeolite and
montmorillonite clay were purchased by Sigma Aldrich. All chemicals and reagents used in
the present study were of analytical grade.

2.2 Instruments

The FTIR spectra were recorded on a JASCO FTIR-460 plus spectrometer

H NMR spectra of ligands and
complexes were measured on a Bruker 500-DRX Avance spectrometer at 500 MHz using
TMS as internal standard. The elemental analysis of the complexes were recorded by using
Perkin-Elmer CHN-2400 analyzer. Their

2.3 Synthesis of metal complexes

2.3.1 General procedure for the preparation of iron [11I] metal amino acid complex.

In separate experiments, the iron [lll] complex of L-Alanine and L-Phenylalanine were
prepared in (2:1) (ligand: metal) molar ratios. To a 50 mL ethanol solution of iron [lll] chloride
(2.7 g), 0.01 M Na,CO; solution was added to adjust P" till 7.4. The ligands solution of L-
alanine (1.8 g), and L-Phenylalanine (3.3 g) in ethanol was added to obtain 1:2 ratios. The
resulting mixture was stirred under reflux at 80 °C for 3 hrs.
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Complex (Fe-Ala): IR (KBr, v.cm™): 3087 (V nH2), 1595 (V c=0), 1113 (V re.0); 543 (V Fen)-
Elemental analysis: Anal. Calcd. for CgH;,C3FeN,O,: C 21.30, H 3.57, N 8.28, Cl 31.43;
Found: C: 21.12, H 3.43, N 8.12, Cl 31.29.
Complex (Fe-Phe): IR (KBr, v.cm™): 3032 (V ni2), 1598 (V c=0), 1086 (V re.0), 563 (V ren).
Elemental analysis: Anal. Calcd. for CigH;6ClsFeN,O4: C 41.55, H 3.49, N 6.06, Cl 23.01;
Found: C 41.39, H 3.25, N 5.96, Cl 22.95.

2.4 Synthesis of Schiff bases

2.4.1 General procedure for the preparation of amino acid Schiff bases:

In separate experiments, the Schiff bases of amino acids, L-Alanine (4.5 g) and L-
Phenylalanine (8.5 g) were subjected to condensation with 6.2 mL of salicylaldehyde at 80 0
C. When the Alanine and Phenylalanine solutions in ethanol were added dropwise into the
round bottom containing salicylaldehyde solution, the color of solution changed to deep
yellow. At this juncture catalytic amount of piperidine was added and the heating continued
under reflux for 1 hr. Ten milliliter of CHCI; was slowly and dropwisely added. The reaction
mixture was left for 4 hrs. The mixture was finally evaporated by rotatory evaporator. The
product was precipitated as yellow solid and dried under vacuum..

Ala-Sal: IR (KBr, v cm™): 3408 (Voy), 1604 (Ve-y). ‘*H NMR: (DMSO-ds, 8, ppm) 2.5 (d, 3H, -
CHs3), 3.6 (g, 1H, -N-CH-}, 6.3-6.8 (br, m, 5H, phenyl), 7.98 (s, 1H, Ph-CH=N-).

Phe-Sal: IR (KBr, vem ): 3031 (V OH),1618 (V C=N):1587 (V as COO)11414 (V Scoo), 1210 (V Ph-
o). "H NMR: (DMSO-ds, 8, ppm) 3.8 (d, 2H, -CH»-Ph), 4.7 (t, 1H, -N-CH-), 7.1-7.3 (br, m, 9H,
Phenyl), 7.99 (S, 1H, Ph-CH=N-).

CHs
AN N)\’(OH AN \ OH
o o]
OH OH
Ala-Sal Phe-Sal

2.4.1.1 General procedure for synthesis of iron [lll] Schiff base complex (Fe-Ala-
Sal and Fe-Phe-Sal).

In separate experiments, the iron [lll] was complexed with Schiff bases of L-Alanine
and L-Phenylalanine. To a 40 mL ethanol solution of iron [Ill] chloride (1.62 g). The
Schiff base ligands of Ala-Sal (2.12 g), and Phe-Sal (2.87 g) was dissolved in 50 mL
ethanol was added dropwise. The resulting mixture was stirred under reflux at 80 °C
for 3 hrs.

Fe-Ala-Sal : IR (KBr, vcem™): 3434 (V o), 1604 (V c=n), 1153 (V Fe0), 544 (V Fen)-
Fe-Phe-Sal: IR (KBr): 3413 (Vv o), 1621 (V c=n), 1036 (V re-0), 523 (V Fe-n)-

Geometry optimization of the Fe-Schiff base amino acid complexes showed that all
the complexes had octahedral co-ordination [27].
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2.5 Encapsulation of amino acid Schiff base iron [I [I] complexes in various

matrixes.

Insertion of organic or organometallic species into inorganic solids offers an attractive route
to nanohybrids in which complementary properties of the two components are expressed in
a single material.

Iron [lll] amino acid Schiff base complexes were supported on Montmorillonite Clay,
Molecular Sieves powder with Zeolite Y. Prior to coating, the materials were dried under
vacuum at 200 °C.

In a typical procedure, encapsulation of metal complex was performed with the Flexible
Ligand Method (FLM). First, the materials to be coated i.e., Montmorillonite Clay (2 g),
Molecular Sieves powder with Zeolite Y (2 g) were taken in the specially designed catalyst
coating reactor and heated at 200 °C under nitrogen atmosphere for 1 hr.

the flask was brought suddenly to 0 °C and the contents were kept at this temperature
for another 1 hr. Finally, the contents were filtered and washed successfully with n-pentane.
Thus, the coated material was dried and taken for the application of oxidation reaction. The
coated catalyst was analyzed by IR data. The IR of the coated material was in good
agreement with the parent complex. No major change was observed in the coated catalyst.

2.6 Cyclohexane oxidation reactions.

All the catalytic reactions were performed either in 50 mL glass flask or in autoclave, where
the glass flask was sealed with teflon faced silicon septa. Reactions were performed under
magnetic stirring, at 80 °C, for 2 hr and 4 hr. Cyclohexane oxidation was carried out using
various oxidants H,O,, Na,O,, KIO, and TBHP as oxygen donor in presence of acetonitrile
as solvent and without solvent system. The reaction mixtures, after dressing were directly
analyzed by packed chromosorb column gas chromatography, and the retention times of the
products were confirmed by comparison with that of authentic product samples. Each
reaction was accomplished at least three times, and the reported data represent the average
of the results of these reactions. The errors in yields and selectivity were calculated based
on the reproducibility of the reactions. Control reactions were conducted in the absence of
the catalyst, under the same conditions no product formation was observed (Scheme 1) [282
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Scheme 1.

3. RESULTS AND DISCUSSION

3.1 Characterization of complexes.
3.1.1 FTIR spectra

The products, obtained at different steps, were characterized by FTIR. The assignments of
the prominent absorption peaks are shown in Figure 1. The vibrational for alanine modes
due to carboxylate and amino groups Was found to exist at 1680-1540 cm’ (COO ), 3150—-
3000 cm’ (—NHZ) Further to this 1410 cm’ (weak) for symmetrlc stretching of COO and 660
cm’ for COO™ (deformation). Moreover, 1660-1610 cm' and 1550-1480 cm™ were also
assigned for (-NH,) vibrations for bending. Changes were observed in the IR bands of
(-NH,) and (COO™). New bands were exhibited in the range of 400-660 cm™, which are
tentatively assigned for the M—N coordination and M—O

The IR spectra of the prepared Schn‘f base gives stretchlng vibration absorption bands for
COO at 1621 cm™ and 1410 cm™, while C=N" at 1632 cm™ and in case of ph—-O at 1250
cm™. The synthesized iron amino aC|d salen complexes IR spectra were compared with the
parent ligand, shifts in the COO™ and C=N" bands are observed along with the Fe-O and Fe-
N bands, which are newly shown in the IR spectra.

w\i”*”*"‘ww‘ﬂNVWﬂ”*uW
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Figure 1. FT-IR specira of (a) pure Alanine, (b) Fe-Alanine complex,
(c) Alanin Schiff base ligand, (d) Fe-Ala-Sal complex
The IR spectral analysis for the Fe—phenylalanine metal complex, Phenylalanine Schiff base
and Fe-Phe-Sal have shown in Figure 2. The widening of bands between 3360-3040 and
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Figure 2. FT-IR spectra of (a) pure Phenvlalanine, (b) Fe-Phenylalanine complex,

{c) Phenylalanine Schiff base ligand. (d) Fe-Phe ala-Sal Complex

198
199  3.1.2 SEM RESULTS

200 The SEM images of the complexes suggested the morphology of the complexes. Further,
201 the macroscopic inter spaces clearly reveals that the complexes molecules are well
202 dispersed and not present in a coagulated form or bunch.

203 The SEM images of (Fe-Ala), (Fe-Phe.ala) and (Fe-Ala-Sal) have shown in Figure 3, Figure
204 4, and Figure 5. As can be seen, the morphology of the Fe-Ala complex showed the rods
205  with inter spaces and clean surfaces. The morphology of Fe-Phe.ala complex showed the
206  spherical structure as beads with spongy surfaces with soft macroscopic separations.
207  Whereas, Fe-Ala-Sal morphology showed crinkly and layered structure. Its EDX image has
208  shown in Figure 5a.

209
210 Figure 3. SEM micrograph of Fe-alanine complex; a) General view of the complex; b)

211  showing the structure possessing rods with inter spaces and clean surfaces.
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Figure 4. SEM micrograph of Fe-phenyalanine complex; a) general view; b) showing the
structure possessing spherical structure as beads with spongy surfaces with soft
macroscopic separations.

83 48 SEI

Figure 5. SEM micrograph of Fe-alanine Schiff base complex; a) general view; b) showing
the structure possessing crinky and layered structure.
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Figure 5a. SEM and EDX images for the Fe-alanine Schiff base complex.

3.1.3 NMR RESULTS

The NMR spectra of the Schiff bases were recorded. Ala-Sal showed peaks at § 2.5 (d, 3H, -
CHj3), 6 3.6 (g, 1H, -N-CH-), and 7.98 (s, 1H, Ph-CH=N-) gives along with the phenolic
protons at & 6.8-7.2 (m, 4H) and 8.9 (1H, OH). Whereas the phenolic protons of Phe-Sal
appeared at & 6.3-6.8 (br, m, 4H) and the intensity of Phe-Sal protons are more in the range
of & 6.4-6.8 and also at & 7.1-7.3 as (br, m, 5H, phenyl). The other protons at 3.8 (d, 2H, -
CH,-Ph) and 4.7 (t, 1H, -N-CH-). Thus, the NMR results have proved the purity of the
synthesized Schiff bases and their suggested structures.

After authenticating the ligands, FeCl; was complexed with these ligands giving resulted
complex in good yield.

Most informative spectroscopic data to support the covalent anchoring of the complexes on
the matrixes were obtained from the comparison of the set of IR corresponding to the
complex and catalyst and by XRD.

The photoluminence emission spectra showed an interesting evidence for the complex
formation. The emission Ay.x 556-566 and 660-730 nm provide evidence that the metal
atoms are transferring energy to the ligand (alanine) and to the benzene ring (Phe) and
hence promoting the photoluminescence to the organic ligand.

The well characterized synthesized complexes were applied for cyclohexane

different oxidants in solvent

Oxidation of cyclohexane using metal complexes with
system:

In a general procedure, fgfcyclohexane oxidation was'conducted Using acetonitrile as



247 solvent and H,0,, Na,O,, KIO, and TBHP as oxidants.
248
249
250
251
252
253
254
255
256
257 Table 1. Results of Cyclohexane Oxidation with Met al Complexes and Different
258 Oxidants in Acetonitrile at 80 <C.
Compound Oxidant with product i. e., cyclohexanone formation
H,O, Na,O, KIO4 TBHP
2 hr 4 hr 2 hr 4 hr 2 hr 4 hr 2 hr 4 hr
Ala Nil Nil Nil Nil Nil Nil Nil Nil
Phe Nil Nil Nil Nil Nil Nil Nil Nil
Fe-Ala 2-3% 5-8% | Traces | 2-3% | 2-3% | 2-3% 8-10% | 8-10%
Fe-Phe 10-12% 10- Nil 5-7% Nil Nil 8-10% | 8-10%
12%
Fe-Ala-Sal 6-7% 6-7% Nil 2-3% Nil Nil 7-8% 7-8%
Fe-Phe-Sal 8-10% | 8-10% Nil 2-3% Nil Nil 8-10% | 8-10%
259
260  Oxidation of cyclohexane using metal complexes with different oxidants under
261  solvent free system:
262 In a modified solvent free method the oxidants H,O,, Na,O,, KIO, and
263
264
265
266
267  Table 2. Oxidation of Cyclohexane using Metal Comp  lexes with Different Oxidants
268  under solvent free system at 80 C.

Compound Oxidant with product i. e., cyclohexanone formation

H,0, Na,O, KIO,4 TBHP
2 hr 4 hr 2 hr 4 hr 2 hr 4 hr 2 hr 4 hr
Fe-Ala 3-5% 3-5% Traces | Traces | 3-5% 3-5% 5-7% 5-7%




Fe-Phe 2-3% 2-3% Traces | Traces | 3-5% 3-5% 5-7% 5-7%

Fe-Ala-Sal 5-6% 5-6% Nil Nil 3-5% | 3-5% 7-8% 7-8%
Fe-Phe-Sal 6-7% 6-7% Nil Nil 3-5% | 3-5% 9-10% | 9-10%
269
270
271
272

273
274 In different experiments the contents cyclohexane (20 mL) complex (100 mg and 200 m
275 and oxidants (1 mole and 2 moles) were taken and kept stirred at 80 °C and 100 °C
276
277
278
279
280  When similar reactions were carried out under same reaction conditions using ligands
281 (Alanine and Phenylalanine) no product formation was observed, this shows that amino
282 acids itself can't initiate the oxidation reaction.

283 Table 3. Oxidation of Cyclohexane using Metal Compl  exes with Different Oxidants in
284 autoclave under solvent free system.

Compound Oxidant with product i.e., cyclohexanone formation
H,0, Na,O, KIO4 TBHP
2 hr 4 hr 2 hr 4 hr 2 hr 4 hr 2 hr 4 hr
Fe-Ala 3-5% 3-5% Trace | Traces | 2-4% 2-4% 3-5% 3-5%
S
Fe-Phe 10-12% | 10-12% Nil Traces | Trace | Traces | 10-12% | 10-12%
S
Fe-Ala-Sal 7-9% 7-9% Nil 2-3% | Trace 2-3% 8-10% 8-10%
S
Fe-Phe-Sal 8-10% 9-10% | 2-3% 2-3% Nil 2-4% 10-13% | 10-13%
285

286 Oxidation of cyclohexane using oxidant (H  ,0, & TBHP) and Schiff base catalyst:

287  The Schiff base catalysts i.e., (Fe-Ala-Sal) and (Fe-Phe.ala-Sal) coated on Zeolite
288  (encapsulation) and on Montmorillonite clay (intercalation) were subjected for cyclohexane
289 oxidation using H,O, and TBHP in autoclave at 100 € with molar ratio of (1:2, oxidant :
290  substrate). The autogenous pressure was 1.5 to 2 bar. The reaction was kept at this
291  temperature well stirred for 2 hrs. After passing the time the contents were taken out and
292 analyzed by GC. The results are shown in Table 4.
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Table 4. Oxidation of cyclohexane using oxidant (H ,0, & TBHP) with Schiff bases
catalyst after two hours.

Compound Matrix Oxidant with product i.e.,
cyclohexanone formation
H,0, TBHP
Fe-Ala-Sal Zeolite 10% 12%
Fe-Phe-Sal Zeolite 8% 10%
Fe-Ala-Sal Montmorile clay 3% 5%
Fe-Phe-Sal Montmorile clay 5% 8%

From the above studies, it is clear that TBHP oxidant found good for this oxidation reactions
than the other oxidants interms of cyclohexanone yield.

4. CONCLUSION

In summary, we synthesized the complexes and their Schiff bases and immobilized them on
different inorganic substrates to create a nano reactor system for larger biomimetic activity.
The conducted experiments using different conditions to evaluate a better process to
enhance the product formation suggest that further studies in this direction is required.

Thus it is concluded that this preliminary studies, helps for further modifications in catalytic
system to enhance the activity.
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