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Host (nano cage NaY)/guest Mn(ll), Co(ll), Ni(ll) and Cu(ll) Complexes of
N,N-bis(3,5-di-tert-butylsalicyidene)-2,2-dimethyle-1,3-diaminopropane:
Synthesis and Catalyst Activity
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Department of Chemistry, College of Science, Arak University, Arak, Iran

Mn(II), Co(II), Ni(II) and Cu(II) and N,N-bis(3,5-di-tert-butylsalicyidene)-2,2-dimethyle-1,3-diami-
nopropane complexes have been synthesized in Y zeolite cavity by the reaction of ion-exchanged metal
ions with the flexible ligand molecules. The host-guest materials obtained have been characterized by ele-
mental analysis, XRD, surface area, pore volume, TGA, FT-IR and UV-Vis techniques. Analysis of data
indicates that formation of complexes in the pores Y zeolite without affecting the zeolite framework struc-
ture. Also, we report the oxidation of cyclohexanol catalyzed by host-guest catalyst with tert-buthyl hy-
drogen peroxide as oxygen donor. The activity of benzyl alcohol oxidation decreases in the series-
[Co(L)]/NaY > [Cu(L)]/NaY > [Mn(L)]/NaY > [Ni(L)]/NaY and the percent of product completely de-
pend to catalyst. Zeolite complexes are stable enough to be reused and are suitable to be utilized as partial

oxidation catalysts.
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INTRODUCTION

The zeolites are a crystalline aluminosilicates with
well defined channel and cavity that these cavities contain
metal cations and removable water. One of the good pores
structure is Y zeolite consist almost spherical 12 A cavi-
ties.' Recently one of the most subject of the heterogeneous
catalyst research are nanocomposite materials that inclu-
sive Host (nano pores zeolite or others molecular sieves)
and Gust (transition metal complexes). There are many of
complexes and metal Schiff-base complexes incorporated
onto zeolite that such of complexes are synthesized in the
super cage of zeolite just like building a ship in bottle.
There have been three main approaches to preparation of
these ship in bottle chelate complexes, namely I) a flexible
ligand method (synthesized of metal complex in situ in the
zeolite cavity by reaction of the ligand with the exchanged
metal cations) that the ligand must be able to diffuse freely
through the zeolite pores. The shaped complex becomes
too large and rigid to escape from the cage.*” IT) The tem-
plate synthesis method (condensation of ligand inside a ze-
olite modified with the metal ion to be complexes). The
template synthesis method is exemplified by preparation of
intra zeolite mettallocyanines in this case because of the

ligand size.®” I1I) a zeolite synthesised methods (synthesis
of the zeolite in the presence of the performed metal com-
plex). The newest zeolite synthesis method has the obvious
advantage that the nature of the intra zeolite species is well
defined and no free ligand need to be removed."

Recenly, we can see in the many work that encapsu-
lated of transition metal complexes (especially Schiff-base
complexes) using in many of work. For example, this com-
plex/zeolite has been used for degradation of dye pollution
from waste water with using oxidation reaction.'’ In other
works, these incorporated metal complexes onto zeolite
can be used for preparation electrode in many of character-
ization."? Also in the several of recent work, many authors
synthesised complexes of transition metal with polydentate
ligand, and have characterized structure and investigated
about redox properties of these materials in the soluw-
tion."*""® In this work, we report the synthesis and charac-
terized Mn(II), Co(II), Ni(IT) and Cu(Il) complexes of
N,N-bis(3,5-di-tert-butylsalicyidene)-2,2-dimethyle-1,3-
diaminopropane that incorporated onto nano dimensional
pores of NaY zeolite. Hence, we report the oxidation of
cyclohexanol catalyzed by host-guest nano composite with
tert-buthyl hydrogen peroxide as oxygen donor.

* Corresponding author. E-mail: m-Zendehdel@araku.ac.ir; mojganzendehdel@yahoo.com
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EXPERIMENTAL
1. Material and physical measurement

All of materials and solvent were purchased from
Merck. NaY zeolite' and 3,5-di-tert-butyl-2-hydroxybenz-
aldehyde has been prepared according to the method re-
ported in the literature.”” All newly prepared zeolites were
characterized using X-Ray diffract meter (Philips 8440)
with radiation Cu-Ka'® at room temperature, with X-Ray
diffract meter (Philips 8440), FT-IR (Galaxy series FT-IR
5000 spectrometer) TGA-DSC (Rheometric scientific
STA-1500 thermo gravimetric analyzer), BET (SIBATA,
App. 1100-SA with adsorption of nitrogen at 77 K), 'H and
BC {'H}NMR spectra were obtained with a Bruker Avance
300 MHz spectrometer and Diffuse reflectance spectra re-
corded by a UV-2100 Shimadzu Spectrophotometer.

2. Preparation of N,N-bis(3,5-di-tert-butylsalicyli-
dene)-2,2-dimethyle-1,3-diaminopropan

A solution of 2,2-dimethyle-1,3-diaminopropan (1
mmol) in absolute EtOH (10 mL) was added to a stirring
solution of 3,5-di-tert-butyl-2-hydroxybenzaldehyde (2
mmol) in absolute EtOH at 50 °C over a period of 15 min.
The solution was heated in water bath over a period of 2 h at
70 °C, then cooled and let to stand at 0 °C. The obtained
yellow solid was filtered off, washed with cooled n-hex-
ane:methanol (4:1) and dried in air. The characterization
data of synthesized compounds are given below. Yield
90%. m.p. = 190-192 °C. IR (KBr) Vpe/cm™: 1632, 1600,
1464,1275. "HNMR, ppm, 8y: 13.98 (br, 2H), 8.44 (s, 2H),
7.44 (d, 2H), 7.19 (br, 2H), 3.50 (s, 4H), 1.50 (s, 18H), 1.34
(s, 18H), 1.14 (s, 6H). *C{'H} NMR, ppm, 83¢: 166.9,
158.2, 140.1, 136.8, 127.1, 126.0, 117.9, 68.2, 36.4, 35.1,
34.2,31.6,29.5, 24.6. hmax (nm) (¢ (M 'cm™)) in CHCl5:
270 (12650), 326 (11970), 431 (430). Anal. Calc. for
Cs35Hs4N,0,: C, 78.60; H, 10.18; N, 5.24%. Found: C, 78.5;
H, 10.3; N, 5.4%.

3. Preparation of M(II) NaY (M = Mn, Co, Ni and
Cu)

Metal ions incorporated onto the zeolite using ion-ex-
change in aqueous solution as reported previously.”! Typi-
cally, 2 mmol of metal chloride was dissolved in 200 mL
deionized water. The 2 g of NaY zeolite was added to it and
stirred for 24 h at room temperature. Solid product was fil-
tered and washed with deionized water until the product
was free from metal ion on the surface of the zeolite, and
dried at 100 °C.

4. Preparation of [M complex]-NaY
For preparation of [M complex]-NaY to 100 mL of
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stirred methanol 4 g of M(II) NaY and 0.37 g of H,L were
added and then refluxed for 8 h. The solid consisting of M
(Schiff-base) dented as M (Schiff-base)-NaY was col-
lected by filtration washed with ethanol until unreacted
ligand removed. The uncomplexed M(II) ions present in
the zeolite were removed by exchanging with aqueous 0.01
M sodium nitrate solution. The resulting solid were dried,
characterized and use for oxidation.
5. Oxidation of alcohol, general procedure

A mixture of catalysts (0.05 g) and 1 mL of Benzyl al-
cohol in acetonitril (15 mL) were stirred. Then 2 mL of
TBHP (tert-buthyl, hydrogen peroxide) was added to it.
The resulting mixture was then reflux for 8 hours. After fil-
tration the solid was washed with solvent. The product sub-
jected to GC analysing using a GC gas chromatograph
Perkin-Elmer 1800 that equipped with a packed column
OV-17 (1.5 m in length) and a flame ionization detector
(FID).

RESULT AND DISCUSSION

X-ray Diffraction

XRD patterns indicated that the metal-exchange zeo-
lites and zeolite complexes almost alike that of the parent
NaY zeolite. Also no crystalline pattern was seen for the
encapsulated complex, this might be because of their fine
distribution in the lattice. It appears that the metal exchange
and encapsulation condition have little effect on the crys-
talline of zeolite host.”

Analytical data

Analytical data for NaY, M(II)Y and M(Schiff base)/
NaY show in Table 1. Result show that percent of C, N, H,
Si and Al are almost similar to alone ligand and NaY zeo-
lite. The parent NaY zeolite has Si/Al molar ratio of 2.30
which corresponds to a unit cell formula Nass[(A10;)s6-
(Si0,)36. The analytical data for C, H, N and M(II) show
that the complexes have mononuclear structure. In all of
samples ratio of Si/Al has remained unchanged, indicat-
ing the absence of dealumination during ion exchange.
The unit cell formulae of metal-exchanged zeolites show
a metal dispersion of around 9~12 moles per unit cell,
Naszz sMn; 2[(AlO2)s6(Si05)136]-nH,0; Naz; Cops
[(AlO2)s6(Si02)136]-nH20; Nasg gNiis 6[ (AlO2)s56(SiO2)136]"
nH,0; Na 37.4Cug 7[(A10,)56(S10,)136]-nH,0). The analyti-
cal data of each complex indicate M:C:H molar ratios al-
most close to those calculated for the mononuclear struc-
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Table 1. Analytical data for NaY, M(II) Y and M (Schiff base)/NaY

Catalyst Colour %M %C %N  %H C/N  %Si %Al %Na Si/Al
NaY White - - - - - 2055 894 722 230
Mn-NaY Bright pink 2.96 - - - - 2078 9.03 3.62 230
[MnL]-NaY  Bright brown pinkish 2.88 2.24 0.11 0.20 1496 20.60 895 5.12 2.30
Co-NaY Pink 3.28 - - - - 2080 9.04 333 230
[CoL]-NaY  Orange 320 2.10 0.14 044 1500 2057 896 4.83 2.30
Ni-NaY Bright green 3.33 - - - - 20.83 9.07 3.29 2.30
Ni(L)/NaY  Pale yellow 324 225 0.15 030 1498 2037 8.80 4.74 2.30
Cu-NaY Bright blue 2.53 - - - - 2073 9.01 373 230
Cu(L)/NaY  Green blue 245 2.10 0.14 022 1500 2041 8.85 525 230

ture. However, the presence of minute traces of free metal
ions in the lattice could be assumed as the metal content is
slightly higher than the stoichiometric requirement. Only a
portion of metal ions in metal-exchanged zeolite has under-
gone complexation and the rest is expected to be removed
on re-exchange with sodium nitrate solution. The results
show that there are free metals ions in the lattice. These free
metal ions which could not be re-exchanged due to the bar-
rier by the molecules are not expected to cause any serious
interference in the behaviour of encapsulated complexes.

Surface area (BET)

Table 2 shows BET of the catalysts are investigated.
In comparison to the host material, a decrease in the BET
surface area and the nanoporous volumes can be detected
with all catalysts. The lowering surface area indicates the
presence of M (Schiff-base) complex within the cavity of
zeolites and not on the external zeolite.

FT-IR and DRS
Table 3 shows results for FT-IR and DRS from M

Table 2. Surface area and pore volume data of complexes
encapsulated in nanoporous of zeolite Y

Sample Surface area (m*/g) Pore volume (mL/g)
NaY 560 0.33
Mn(IT)-NaY 546 0.31
[MnL]-NaY 417 0.23
Co(IT)-NaY 542 0.31
[CoL]-NaYy 412 0.21
Ni(Il)-NaY 540 0.31
[NiL]-NaY 416 0.23
Cu(IT)-NaY 543 0.31
[CuL]-NaY 413 0.21

(Schiff base)/zeolite. Although, the FT-IR bands for M
(Schiff-base) complex due to their low concentration in the
zeolite are weak. But IR spectra of all the hybrid materials
showed an intense band at ca. 1009 cm™ attributable to the
asymmetric stretching of Al-O—Si chain of zeolite. The
symmetric stretching and bending frequency bands of
Al-O-Si framework of zeolite appear at ca. 745 and 440
cm’, respectively23 that transition metal/complexes encap-

Table 3. The DRS and FT-IR data of the free H,L, ligand, NaY and M(L)/NaY

Internal vibrations Exterr}al
vibration vC=N
Sample -1 d-d (nm)
vasym  vsym T-O DR Vsym (em™)
T-O T-O bend T-O
H,L, - - - - 1650 -
NaY 1009 677 440 610 745 - -
Mn(L2)/NaY 1009 678 442 611 745 1630 -
Co(L2)/NaYy 1009 678 440 609 745 1628 405-455, 550-580,
600-625
Ni(L2)/NaY 1009 677 440 610 745 1626 430-465, 600-620
Cu(L2)/NaY 1009 678 442 611 745 1625 360-395, 600-620
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sulated in the zeolite nano cage did not show any signifi-
cant shift in functional groups stretching bond of zeolite.
Hence, in the free ligands, the band at 1650 arise from
v(C=N)* see Fig. 1. These latter stretching vibrations are
shifted to lower frequencies about 1624-1630 cm™ upon
27 through azomethine nitrogen.

The diffuse reflectance of complexes when incorpo-

coordination

rated on to zeolite are almost similar to alone complex indi-
cating that maintain their geometry even after encapsula-
tion without significant distortion. The electronic spectra
of ligand showed a n — n* transition at the 270-290 nm re-
gion assignable to the phenyl rings;*® this energy is raised
by ca. 10 nm in the complexes.” The spectrum of the Co(II)
complexes exhibits two bands at 555-660 nm which are as-
signed to d-d transitions. In addition, lower energy absorp-
tion at 425 nm has been observed such low energy bands
which have recently been shown to be characteristic of
square-planar cobalt(II) chelates.’®** The electronic spec-
trum of the Co (Schiff-base) incorporated onto zeolite ex-
hibit three peaks at 405-445, 550-580 and 600-625 nm. We
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Fig. 1. FT-IR for (a) NaY, (b) [Co(II)]/NaY and (c)
[Co(L)]/NaY.
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have seen three peaks for Ni (Schiff-base) in nujol related
'Aig—'Ayg (v1), 'Ajg—'Byg (v2) and 'A g — 'Eg (v3) at
915, 605, 475 cm™' respectively, corresponding to square-
planar geometry. When Ni (Schiff-base) introduced to zeo-
lite cage, DRS show two peaks at 430-465 and 600-620
nm. The electronic spectra of Cu(Il) complexes show two
bands near 650 nm (broad) and 400 nm (shoulder), attrib-
uted to ’B,g — *A,g, °B;g — “B,g and *B,g — “Eg transi-
tions for the former one and charge transfer for the latter
one, indicating tetragonal configuration.’> When these com-
plexes incorporated onto zeolite, we have seen two peaks at
360-395 and 600-620 nm. The electronic spectrum of the
Mn (Schiff-base) is indicated tetrahedral geometry similar
visible spectra of known tetrahedral complexes containing
oxygen-nitrogen donor atoms.’® All of Metal (Schiff-base)
show that the d—d transition band of complex are blue-
shifted. It seems, the shifting of d—d band to the higher en-
ergy region clearly demonstrates that the in-plane ligand
field around the metal ion is becoming stronger upon im-
mobilization of the complex in NaY matrix than in its un-
immobilized state®” (Fig. 2).

Thermal analysis

Thermal behavior of pure zeolite, metal/zeolite and
catalysts have been investigated by TGA and DTA (Fig. 3).
The TGA curve of NaY zeolite shows 2 steps from 25-200
(4%) and 220-550 (12.5%) that these weight loss steps cor-
respond to adsorption of physically and chemical water
molecules and decomposition of zeolite or assigned to
some sort of phase change, respectively which is a typical
behavior for this compound. The endothermic peaks at 110
and 150 °C in DTA curve are assigned to desorption of
physical and chemical water in NaY. The TGA and DTA
curve of Mn(II)/Y shows two peak at 102 °C and 148 °C
with about 5.8% weight loss, which are associated to dehy-
dration of physically and chemically bonded water in sam-
ple, respectively. The TGA curves of Mn(L)/NaY shows
four stage from 25 to 750 °C, two stages with 8.495%
weight loss related to desorption of water accompanied
with endothermic peaks at DTA and third step with 8.733%
weight loss is accompanied by exothermic effect in the
DTA curve indicating the decomposition of the encapsu-
lated complex onto zeolite. The TGA curve of activated
Co(II)/Y zeolite shows about 6.1% weight loss upon heat-
ing to 200 °C. This weight loss is accompanied by a broad
endothermic peak in the DTA curve in the same tempera-
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Fig. 2. TGA and DTA for Mn(L)/NaY, [Co(L)]/NaY, [Ni(L)]/NaY and [Cu(L)]/NaY.

ture range, suggesting that the weight loss is due primarily
to the elimination of physically adsorbed and possibly
chemically bonded water. In the case of Co(L)/NaY, the TG
curve showed four stages of decomposition in the tempera-
ture range from 25 to 750 °C. The first two stages with
8.247% weight loss refer to the removal of the adsorbed
water from the zeolite while the third stage from 190-485
°C with 15% weight loss is accompanied by exothermic
effect in the DTA curve indicating the decomposition of
the encapsulated complex and the last stage related to de-
composition of zeolite. Thermal behavior of Ni(II)/Y and
Cu(II)/Y similar to other samples, show only endothermic
peaks with 3.5% and 4.1% weight loss, respectively, due
the dehydration samples. Also TG curves for Ni(L)/NaY
and Cu(L)/NaY have been shown four steps corresponds to
a substantial loss of weight from 25 to 750 °C. Two stages
until 200 °C with 8.35% and 9.860% weight loss for Ni(L)/

NaY and Cu(L)/NaY, respectively, accompanied with en-
dothermic peaks are associated to dehydration of physi-
cally and chemically bonded water in samples. The third
step of TGA in the temperature range from 190-490 °C
(6.19% weight loss) and 200-400 °C (10.640%) for Ni(L)/
NaY and Cu(L)/NaY, respectively, due the decomposition
of the encapsulated complex that is accompanied by exo-
thermic effect in the DTA curve. At least, the last steps with
7.939% and 6.567% weight loss until 750 °C for Ni(L)/
NaY and Cu(L)/NaY, respectively, related to decomposi-
tion of zeolite.

Catalytic activity

The effect of transition metal complexes encapsu-
lated in zeolite; [ML]-NaY was studied on the oxidation of
benzyl alcohol to benzaldehyde and benzoic acid with
TBHP in CH;CN and the results are shown in Table 4. The
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oxidation of benzyl alcohol is negligible in the absence of
transition metal catalyst confirming that under the condi-
tion of the experiments, the oxidation is indeed catalytic in
nature. The alone ligand were not catalytically activity.
When we used from alone complex for oxidation, results
show that we have decrease conversion about 5-10% with-
out any change in selectivity. Also, the using of metal/NaY
zeolite shows lower percent in conversation related to
[ML]-NaY that confirms Schiff complexes really played
the role. In agent test, the catalyst was filtered out after the
experiment and lake of further reaction showed the absence
of any catalytic active species in solution phase. The ab-
sence of complexes in solution was confirmed by testing
for metal ions using atomic absorption spectrophotometer
and we didn’t have any changes in FT-IR spectra of [ML]-
NaY zeolite. In order to investigate the catalytic activity of
[ML]-NaY, the catalyst was separated from the reaction
system by filtering and drying and followed by transfer to
the next reaction recycle. As Table 5 shows, a rather stable
conversion could be achieved after three reaction runs.

200 300 400 500 600
nm

Fig. 3. DRS for (a) Mn(L)/NaY, (b) [Co(L)}/NaY, (c)
[Ni(L)]/NaY and (d) [Cu(L)]/NaY.
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Table 4. Oxidation of benzylalcohol with TBHP catalyzed by
nanodimensional pores of zeolite-Y-encapsulated metal
complexes in CH3CN and reflux for 8 hours with 0.05 g

catalyst
Conversion Selectivity (%)
Catalyst o —
(%) Benzoic acid (%) Benzaldehyde (%)
NaY trace trace trace
H2L2 - - -
[Mn(L)]/NaY 90.25 92.50 7.50
Mn/NaY 35.00 60.20 39.80
[Co(L)]/NaY 98.39 96.01 3.99
Co/NaY 41.50 70.96 29.04
[Ni(L)]/NaY 25.80 - 100.00
Ni/NaY 5.00 10.23 89.77
[Cu(L)]/NaY 92.64 95.00 5.00
Cu/NaY 38.30 69.01 30.99

Table 5. Catalytic activity after 3 run

Catalyst Run Conversion (%)
[Co(L)]/NaY 1 98.39
[Co(L)]/NaY 2 98.01
[Co(L)]/NaY 3 97.90
[Mn(L)]/NaY 1 90.25
[Mn(L)]/NaY 2 90.05
[Mn(L)]/NaY 3 88.95

Hence, results show that the increasing of catalyst (two
times) does not have a significant effect on the percent of
conversion under our study for reaction conditions. The
catalyst [Co(L)]/NaY showed a higher activity with CH;CN
solvent compared to other solvents (Table 6). It seems that
the formation of reactive catalyst complex-oxo intermedi-
ates in CH;CN solution is prepared.’® Literature review
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Fig. 4. Conversion and oxidation products of benzyl
alcohol distributed in the acetonitrile with
[M(L)]-NaY/TBHP.
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shows that solvent plays an important role in catalytic be-
havior because it can make different phases uniform, thus
promoting mass transportation, and could also change the
reaction mechanism by affecting the intermediate species,
the surface properties of catalysts and reaction path-
ways.'**? The activity of benzyl alcohol oxidation de-
creases in the series [Co(L)]/NaY > [Cu( L)]/NaY >
[Mn(L)]/NaY > [Ni(L)]/NaY. In several works, results for
other catalyst such as metal oxide metal complex and M
(Schiff base)/zeolite show that general production in oxi-
dation of benzyl alcohol is benzaldehyde.'**** In our work,
the percent of product completely depends on catalyst
when we used from Co(L)/NaY, Mn(L)/NaY and Cu(L)/
NaY percent of benzoic acid is further and using Ni (Schift-
base)/NaY products of oxidation is Aldehyde. We assume
that, the same as in Wang’s work, the key point in the con-
version of benzyl alcohol to benzoic acid is reduction of
L-M™D" to L-M™ (Scheme I). This reduction is simplified
with ligands available around the metals.* It seems that the
metals with stable L-M™"" show a higher selectivity for-
mation of benzoic acid. Hence, the preparation of benzoic
acid by the further oxidation of benzaldehyde could be ef-
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Table 6. The effect of different solvent in oxidation reaction,
reflux for 8 hours with 0.05 g catalyst [Co(L)]/NaY

Selectivity (%)

Different Conversion —
Solventes (%) Benzoic acid  Benzaldehyde

(%) (%)
Acetonitrile 98.39 96.01 3.99
Methanol 40.42 86.51 13.49
Chloroform 31.83 87.23 12.77
Dichloromethane 16.97 85.48 14.52

fectively avoided by using encapsulated system.

CONCLUSION

Y Zeolite-encapsulated, Mn(II), Co(II), Ni(II) and
Cu(II) complexes of the N,N-bis(3,5-di-tert-butylsalicyi-
dene)-2,2-dimethyle-1,3-diaminopropane ligands have
been synthesized using the flexible ligand method. These
encapsulated complexes exhibit fairly clear evidence in the
XRD, surface area, pore volume, TGA and IR spectral
characterization for the well-defined inclusion and distri-
bution of complexes in the Y zeolite matrix. In the second
section, we consider oxidation of cyclohexanol that cata-

Scheme I Mechanism conversion of benzyl alcohol to benzoic acid

1) ROOH + (Complex) M** — 5 (Complex) M>—0H + RO

R=—C(CHjy);

2) (Complex) M3*—0OH + ROOH ___, (Complex) M2* + ROO" + H,0

OH
H OH Hg=0
+ (Complex) M¥*—0OH—— + (Complex) M?" — + H,0

OH
] i Hes—OH
3) RO + —» ROH +
H o
+ ROO*'—> + ROOH

H~e—~OH
4)

H (o]
5) +

[of
H OH HO (0}
3+ ,+ RO
(Complex) M”" —OH ——> + (Complex) M*" —> + ROH



21

2 J. Chin. Chem. Soc., Vol. 57, No. 2, 2010

lyzed by host-guest catalyst with tert-buthyl hydrogen per-

oxide. Result shows that percent of product completely de-
pend to catalyst because with using Co(L)/NaY, Mn(L)/
NaY and Cu(L)/NaY percent of benzoic acid is further and

us

ing Ni (Schiff-base)/NaY products of oxidation are Al-

dehyde. At least, encapsulated complexes can be recovered
and reused without the loss of catalytic activity.

Received January 27, 2010.
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