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Abstract Various zirconia content in ZrO2–TiO2 mixed

oxide catalysts (x = 5, 10, 20 ZrO2 wt%) were synthesized

by cost-effective sol–gel process and characterized by

different techniques, i.e. XRD diffraction patterns, TG–

DTA analyses, FTIR spectroscopy, N2 adsorption/desorp-

tion measurements, and TEM microscope. The investiga-

tion of the acidic/basic properties was studied by means of

FTIR spectroscopy using pyridine as an adsorbed mole-

cule. Characterization estimates exhibit that the deposition

by ZrO2 improves the surface properties of TiO2 structures

and increase the TiO2 surface area up to 92 m2/g. TEM

results affirmed the homogeneous distribution of ZrO2

particles on the surface of TiO2 of particle size in the range

of 12–17 nm. The performance of the prepared zirconia–

titania catalysts with different concentration ratios in

acridine derivates synthesis from hydroxyl-benzaldehyde

was studied. The results of catalytic test reveal that, the

activity of ZrO2–TiO2 catalysts was significantly enhanced

by depositing an optimum amount ratio of ZrO2 reach to

10 % to raise the yield to 95, 97 and 99 %. This can be

attributed to the higher its surface area and its performance

as basic site catalyst in the studied test.
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1 Introduction

Acridine derivatives have a wide spectrum of biological

activities as antibacterial, antimalarial, anticancer and

mutagenic properties, acridine systems have attracted
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considerable attention due to their potential pharmacolog-

ical activity [1, 2]. There are many industrial applications

for acridine and its derivatives which are well known

compounds since the 19th century when they were first

used as pigments and dyes. Acridinium cations with an

endo cyclic N atom substituent find numerous applications

in immunological assays as well as in chemical, bio-

chemical and environmental [3, 4]. In the past years acri-

dine systems have attracted considerable attention due to

their potential pharmacological activity; these findings

prompted us to introduce an accelerated synthetic method

in the preparation of potentially biologically active

derivatives of hydroacridine compounds [5]. The devel-

opment of simple, efficient, high-yielding and environment

friendly methods and use of simple, readily available,

recyclable, new heterogeneous catalysts for the preparation

of acridines under mild conditions is in demand. Hetero-

geneous catalytic aldol and crossed-aldol condensation is a

powerful tool for formation of carbon–carbon bond in

many kinds of carbonyl compounds [6]. Previously, Self

and crossed-aldol condensations of ketones and aldehydes

have been reported over solid base catalysts [7–10].

Recently, modified calcium oxide has been used as

stable solid base catalyst for aldol condensation reaction

[11].

The development of heterogeneous catalysts that are

both green and efficient remains a challenge and focus of

attention. Therefore, it is recently that the utilization of

TiO2 nanocrystals in optical, electrical, photocatalytic and

pigment has received considerable attention. Due to its

unique properties, Superior physicochemical behaviour,

relatively low-cost and easy handling are some of their

advantages nano-sized titanium dioxide represents a

promising research subject for various modern fields of

science and technology, including the degradation of toxic

organic pollutants [12, 13], in organic synthesis [14, 15]

and in energy conversion and storage [16, 17]. An impor-

tant requirement for improving the TiO2 catalytic activity

is to increase its specific surface area, which is certainly

dependent on the crystal size.

The smaller the catalyst, the larger will be its specific

surface area. Binary metal oxide semiconductors are

essential compounds enormously employed in the hetero-

geneous catalysis and solar energy conversion [18, 19]. For

instance, mesoporous SiO2–TiO2 and ZrO2–TiO2 are

comprehensively researched materials due to their effec-

tiveness Typically, ZrO2–TiO2 composites with appealing

properties can exquisitely be fabricated through coprecip-

itation, sol–gel process, evaporation-induced self-assem-

bly, and microwave-assisted solution combustion method

[20–22]. The sol–gel method is an attractive method and

widely adopted for the synthesis of titania. Since this

method is carried out in solution, allows the facile pro-

duction of metal oxides with appreciable properties (purity

and homogeneity) at ambient conditions tailoring of certain

desired structural characteristics such as compositional

homogeneity, grain size, particle morphology and porosity

is possible [23, 24]. A uniform distribution of the particles

is important for optimal control of grain size and micro

structure to maintain high reliability

Recent research showed that the catalytic activity of

catalyst can be obviously tuned by changing morphologies

and active sites of catalysts [25–28] are interesting and

necessary to explore the possible morphology effect of

catalysts as well as catalyst active sites in the organic

synthesis. However, little is known about mixed oxide

ZrO2–TiO2 nanocrystalline and its performance in cataly-

sis. To the best of our knowledge, there is no available

information about handling with ZrO2–TiO2 mixed oxide

for the acridine synthesis. For this work, the aim of the

current study was to synthesize the ZrO2–TiO2 mixed

oxide catalyst with different zirconia content by sol–gel

method and to characterize by thermogravimetric/differ-

ential thermal analysis (TG–DTA), X-ray diffraction

(XRD), transmission electron microscopy (TEM) as well as

nitrogen gas adsorption BET analyzer. Moreover, the

adsorption study of pyridine on zirconium oxide doped

titania is necessary for an assimilation of how these

materials can act as catalyst in the investigated catalytic

test of acridine synthesis. The work includes investigating

the potential of the prepared catalyst as heterogeneous

catalyst for the acridine derivatives compounds. The syn-

thetic products are confirmed by IR–NMR analyses.

2 Experimental

2.1 Materials for Preparation of Catalysts

Titanium (IV) isopropoxide, (Sigma-Aldrich Co.) was used

as the source of titanium, isopropyl alcohol as solvent and

Zirconyl choloride (ZrOCl2) as raw material of Zr ion were

purchased from Merck. Nitric acid as catalyst and acetyl

acetone (ACAC) as chelating agent was also from Sigma-

Aldrich Co. All chemicals used in this study were analyt-

ical grade and used directly without further purification.

2.2 Catalyst Synthesis and Characterization

In a typical preparation method using sol gel process was

carried out following the procedure described earlier by the

author [29]. 7 g titanium (IV) isopropoxide was dissolved

in 67 ml isopropanol with vigorous stirring to get the sol,

and then followed by further addition of nitric acid and
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ACAC. Thereafter ZrOCl2 in their stoichiometric ratios

were added to achieve the Zr4? loading ratio of 5, 10, and

20 % and finally the resultant mixture was stirred for

around 2 h then dried overnight at 90 �C in an oven and

calcined at 550 �C for 3 h in air. The prepared catalysts

were codenamed as x % ZTO where x % is loading ratio

(x = 5, 10, 20 %), letter Z for ZrO2, and TO letterers are

for TiO2.

Several characterizations were conducted over all pre-

pared catalysts. The crystallographic information was

established with X-ray powder diffraction (XRD) using

TD-3500 diffractometer with Ni-filtered Cu Ka radiation

(k = 1.54056 Å) in the range of 2h from 10� to 70� in

which the crystallite size was calculated from line broad-

ening according to the Scherrer equation (D = kk/B cos h).

The surface functional groups were identified by Fourier

transforms infrared (FTIR) spectroscopy using BRUKER-

FTIR spectrometer in the range 400–4000 cm-1 for the as

synthesized and calcined catalysts. Furthermore (FT-IR)

spectra analysis was also carried out to investigate the

nature of the acid/basic sites with pyridine adsorbed on the

samples. The samples were heated in air at 100 �C for 2 h.

Afterwards samples were covered by pyridine vapor at

50 �C for 24 h and the FTIR measurements were per-

formed before and after pyridine adsorption. Thermo-

gravimetric–differential thermal analysis (TG–DTA) was

carried out on a (Netzsch equipment Model ‘‘STA 449 F3

Jupiter’’) in air atmosphere with a constant heating rate of

10 �C/min up to 750 �C using platinum crucibles. BET

measurements was carried out by N2 physisorption tech-

nique using Micromeritics ASAP 2020 surface area and

porosity analyzer to determine the specific surface area,

cumulative pore volume and average pore diameter of

material. The morphology and surface properties of pre-

pared catalysts were identified by transmission electron

microscopy (TEM) (model: Jeol TEM-1230 working

voltage of 120 kV).

The synthetic products were identified by comparison of

their melting points and spectral data with those reported in

the literature. Melting points of products were recorded on

Melt-Temp II melting point apparatus (gallen Kamp).

Progress of the reactions was monitored by TLC using

prepared catalysts. NMR spectra were measured using FT-

IR-ALPHA-BRUKER-Platinum-ATR, 1H-NMR

(300 MHz) and 13C-NMR (75 MHz) spectra in Acetone-

d6. The 1H and 13C chemical shifts d are given in ppm. The

FT-IR spectra were recorded in KBr on a thermo nicolet

iS10 FTIR spectrophotometer. X-ray single crystal of

investigated acridine derivatives suitable for X-ray

diffraction was determined on ‘Bruker APEX-II CCD’

diffract meter and supplied earlier by the author [30, 31].

2.3 Reaction Testing

2.3.1 General Procedure for the Synthesis of 9-(3-bromo-

5-chloro-2-hydroxyphenyl)-10-(2-hydroxyethyl)-

3,3,6,6-tetra-methyl-3,4,6,7,9,10-hexahydroacridine-

1,8(2H,5H)-dione (Entry A)

Each investigated catalyst (50 mg of x % ZTO whereas

x = 5, 10, 20 %) was tested individually in a round

bottom flask connected to a reflux condenser with a solution

of 1 mmol (235 mg) 3-bromo-5-chloro-2-hy-droxyben-

zaldehyde, 2 mmol (280 mg) of 5, 5-dimethylcyclo-hexane-

1, 3-dione, and 1 mmol (61 mg) ethanolamine in 10 ml

ethanol was refluxed with stirring for 15 min. The reaction

was monitored by TLC until completion. Excess solvent was

evaporated under vacuum and the crude product was re-

crystallized from a mixture of ethanol/acetone (10:1) (v/v) to

afford the pure yellow needles of the product.

2.3.2 General Procedure for the Synthesis of 9-(3-Bromo-

5-chloro-2-hydroxyphenyl)-10-(2-hydroxyethyl)-3,6-

di-phenyl-3,4,9,10-tetrahydroacridine-1,8(2H,5H)-

dione (Entry B)

In a method comparable to the previous preparation

method, the previous mixture of three-component con-

densation of dimedone, benzalaldehyde and ethanolamine

solution feeding with 50 mg of x % ZTO catalyst was

stirred and refluxed for 10 min at 350 K. After completion

of the reaction, as monitored by TLC, the reaction mixture

was cooled at ambient temperature and the precipitated

product was filtered off, washed with cold ethanol and re-

crystallized from ethanol. Suitable crystals for X-ray

measurements were obtained by slow evaporation process

of an ethanolic solution of (B) at room temperature over

2 days.

2.3.3 General Procedure for the Synthesis of 9-(5-chloro-

2-hydroxyphenyl)-10-(2-hydroxypropyl)-3,3,6,6-

tetra-methyl-3,4,6,7,9,10-hexahydroacridine-

1,8(2H,5H)-dione (Entry C)

A solution of 1 mmol (155.5 mg) 5-chloro-2-hy-droxy-

benzaldehyde, 2 mmol (280 mg) 5, 5-dimethylcyclo-hex-

ane-1,3-dione, 1 mmol (75 mg) 1-amino-2-propanol and

(50 mg) of ZTO catalyst in 10 ml ethanol was refluxed

with stirring. The reaction was monitored by TLC until

completion and the same steps were achieved as mentioned

earlier in above sections.
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3 Results and Discussion

3.1 X-ray Diffraction (XRD)

Figure 1 demonstrates the XRD diffraction patterns of the

Zr supported TiO2 catalysts. The catalysts appear to be

slightly crystalline, which is obvious from the width of

diffraction peaks. It is noted that the diffraction peaks at

2h = 25.3, 37.4, 38.5, 47.9, 53.7, 54.8, 62.2, and

68.3�(JCPDS Card No-21-1272) are essentially appointed

to the formed anatase phase of TiO2 and the preservation of

anatase even after the calcinations at 550 �C without any

remarkable diffraction peaks of rutile phase. ZrO2 phases

are not also identified in the XRD patterns, which in turn

confirmed that the zirconium oxides are present in amor-

phous phase and/or greatly dispersed in TiO2 support as

will be indicated by TEM results. Logically, the intensity

of diffraction peaks are greatly increased upon increase the

addition of Zr4? ions but this event was only observed for

20 % ZTO and consecontly increasing in crystallite size to

12 nm as were evaluated from XRD line broadening. On

the other side intensity of diffraction peaks decrease with

increasing the zirconia up to 10 % accompanied by

reduction in crystallite size from 16 (5 % ZTO) to 10 nm

(10 % ZTO) (Table 1). These results are in harmony with

BET and TEM outcomes.

3.2 Thermal Gravimetric and Differential Thermal

Analysis (TG/DTA)

TG–DTA results represented in Fig. 2 elucidate a weight

loss of *17, 12 % below 200 �C of as synthesized 10 %

ZTO and 20 % ZTO samples, respectively. This loss

associated with a weak endothermic peak appeared in the

DTA curve at *120 �C, leading to the loss of physical or

chemical desorption water and alcohol [32]. At the tem-

perature ranges from 200 to 400 �C, a weight loss of about

30, 38 % is recorded for 10, and 20 % ZTO, respectively.

This decrease in the weight can be attributed to removal of

the combustion decomposition of some organic species like

unhydrolyzed isopropoxide ligands bond to titanium [33]

as discussed from FTIR results. This stage exhibits two

releasing thermal DTA peaks which reach a maximum

value at *285, 360 �C for 10 % ZTO and 280, 370 �C for

20 % ZTO catalyst samples. Small weight losses (6.7, 5 %)

were remarked for examined 10, and 20 % ZTO catalysts,

respectively. These latter thermal events were followed by

DTA releasing thermal peak at *510 for 10 % ZTO cat-

alyst which lower shifted and became sharper at *480 �C
for 20 % ZTO catalyst did, possibly resulting from the

higher loading percent of Zr4? ions. These exothermic

peaks can be strengthened to the phase transition of TiO2

gel from amorphous to anatase phase which affirmed by

XRD studies. There is not any remarkable weight changes

were recorded on raising the heating temperature above

600 �C, indicating the higher thermal stability of the pre-

pared catalysts.

3.3 Fourier Transform Infra Red spectra (FTIR)

FTIR spectra of the as-synthesized 10, 20 % ZTO doped

titania samples and its corresponding sample (10 % ZTO)

calcined at 550 �C is as described in Fig. 3. A broad band

at 3145 cm-1 and the band at 1710 cm-1 are assignable to

the stretching and bending vibrations of O–H bond of OH

Fig. 1 XRD patterns of 5 %, 10, and 20 % ZTO catalysts calcined at

550 �C

Table 1 Texural properties, crystallite and average pore size of various synthesized catalysts calcined at 550 �C

Pore width Wp/nm

Sample ID SBET (m2/g) Vp (cm3/g) BJH 4 V/SBET Crystallite size (nm)a Average pore size (nm)b

5 % ZTO 92 0.323 11.4 11.3 16.0 17

10 % ZTO 90 0.219 7.7 8.3 10.0 12

20 % ZTO 86 0.173 8.4 7.2 12.3 14

a Calculated by XRD characterization method
b Calculated by TEM characterization method
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groups and/or H2O molecules adsorbed on the sample

surface [19, 34]. Besides that, other bands are displayed at

2930, 1575, and 1518 cm-1, respectively which are char-

acteristic of the C–H stretching and bending vibrations.

Consequently, bands at 1421, 1348 cm-1 are assignable for

C–O stretch vibrations followed by another band at

1022 cm-1 of alkyl-substituted ether as a result of using

acetyl acetone in preparation method.

Noticeable differences of IR absorption bands can be

seen (Fig. 4a) in the calcined 5, 10, 20 % ZTO sample at

550 �C in terms of evanescence of the characteristic bands

shown before calcinations. Meanwhile very sharp bands at

1423, and 876 cm-1 were pronounced assignable for free

–OH bending vibrations on the surface. The absorbance of

these bands disappeared completely with the increasing of

ZrO2 content. This can be interpreted that, the higher ratio

of ZrO2 simplified the condensation of –OH groups from

Zr–OH and Ti–OH to form Zr–O and Ti–O bonds. The

stretching vibrations of Ti–O and Zr–O were obviously

observed at 707 and 447 cm-1 [35] for 10, and 20 % ZTO

catalysts. According to literature data, the bands of

Brønsted acid sites (1538 cm-1) and Lewis acid sites

(1448 cm-1) are corresponding to pyridine adsorption on

catalysts surface [36, 37]. As depicted from Fig. 4b, it is of

relevance to note that the presence of pyridine on the zir-

conia–titania catalysts surfaces was never revealed by

FTIR technique, underscoring the absence or lack of Lewis

and Brønsted acidity for the investigated catalysts.

3.4 Textural Characterization

Generally, the surface area of the catalyst is the most

important factor influencing the catalytic activity. At the

focus of that the textural properties of synthesized Zr doped

TiO2 catalysts calcined at 550 �C were studied by N2 gas

adsorption/desorption and pore size distribution plots

(Fig. 5), It can be seen that the hysteresis loop established

in these isotherms is of type IV according to IUPAC

classification [38] which can be clearly demonstrated the

mesoporosity nature of the synthesized samples. The

identified textural properties of all investigated Zr doped

TiO2 catalysts from nitrogen physisorption are outlined in

Table 1. It is not surprising that the specific surface area

(SBET) decreases from 92 and 90 to 86 m2/g with an

increase in with the increase of zirconia content up to 20 %

loading and consequently lessening in the total pore vol-

ume (Vp) from 0.323 and 0.219 to 0.173 cm3/g. Taking into

account the effect of ZrO2 doping, it can be said that while

ZrO2 dispersed in TiO2 structure led to the slight reduction

of the measured surface area and the pore volume of the

prepared catalysts. It can be stated that the decreasing in

specific surface area values was attributed to the formation

of agglomerates with further addition of zirconia. As the

specific surface area decreases, the active sites on catalyst

available for the adsorption of reactants also decrease may

be due to blocking of the pores by metal oxide species.

Therefore, we have concluded that, the higher Zr loading is

not beneficial for the catalytic activity of Zr4? doped TiO2

nanoparticles and an identical behavior was discussed

previously [39]. These estimates were also reinforced by

TEM data which have been translated in increasing the

Fig. 2 TG–DTA profiles of as prepared a 10 % ZTO and b 20 %

ZTO samples dried at 90 �C

Fig. 3 FTIR spectra of the as-synthesized samples of 10, 20 % ZTO
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particle size for the higher loading zirconia sample (20 %

ZTO).

3.5 Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) was used to

investigate the particle size as shown in Fig. 6. The mor-

phology of Zr doped titania catalysts can be depicted in the

form of roughly spherical particles and the average size

was nearly 20 nm. In addition, more uniform and homo-

geneous distribution of nanoparticles was obtained The

TEM results also proposed that the incorporation of ZrO2

prevents the growth of crystallites that leads to the smaller

particle size with an increase in the ion concentration of

ZrO2 up to 10 % Zr loading. It has been observed from the

TEM micrographs that the examined 5 % ZTO (17 nm),

and 10 % ZTO (12 nm) catalysts performed no aggregation

with the other and showed good dispersity as revealed by

XRD measurements (Table 1). Nevertheless, a significant

observation was noted that some particles form larger

clusters on the surface, which can be ascribed to the

agglomeration of TiO2 particles by the increasing of Zr

loading to 20 % (20 % ZTO) with a mean size of about

14 nm.

3.6 Catalytic Activity

After complete characterization of zirconia–titania with

various loading percent, its catalytic performance was

evaluated in the reaction of benzilaldehydes with ethano-

lamine and dimedone to provide acridine derivatives A, B

and C (Scheme 1).

As it is introduced in Table 2, All the investigated catalysts

revealed very clear differences in the reaction path of acridine

derivatives synthesis, Especially for 10 % ZTO catalyst,

50 mg of it was adequate to progress the reaction effectively,

and give the crude product with excellent yield reaches 95 %

and in short reaction time of 10 min for entry B (Table 2),

Fig. 4 FTIR spectra of 5, 10, 20 % ZTO catalysts calcined at 550 �C,

before (a) and after (b) the adsorption with pyridine

Fig. 5 I N2 gas adsorption–desorption isotherms and II Pore width

distribution of 5 % ZTO, 10 % ZTO, and 20 % ZTO
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Fig. 6 TEM photographs of 5 % ZTO (a) 10 % ZTO (b) and 20 % ZTO calcined at 550 �C at magnification 960000, 9100000

Scheme 1 General

representative of the reaction of

dimedone, benzalaldehyde and

ethanolamine catalyzed by

x = 10, 20, 30 % ZrO2–TiO2

mixed oxide (ZTO)
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despite of obtained low yields 33 % of the product even after

elongated reaction times reaches to 2 h. On the other side,

10 % ZTO catalyst showed also a super isolated yield reaches

maxima of 97 % after 82 % without using catalyst and 15 min

of spent time after 12 h in the case of entry A, and also 10 min

for complete reaction with yield of 99 % after 10 h with lower

yield of 2 % in the case of entry C (Fig. 7).

A probable interpretation of the performance of catalysts

under consideration can be discussed as follow. In tracing

the performance of 5 % ZTO catalyst in acridine synthesis,

Table 2 Optimization of the catalysts condition in the acridine derivatives

Type of catalyst Time (min)a/yieldb (%) Time (min)a/yieldb (%) Time (min)a/yieldb (%)

Entry A

R = CH3, R0 = CH3, R0 0 = Cl,

R0 0 0 = Br, R0 0 0 0 = H

M.p. K (observed) = 513

Entry B

R = Ph, R0 = H, R0 0

= Cl, R0 0 0 = Br, R0 0 0 0 = H

M.p. K (observed) = 507

Entry C

R = CH3, R0 = CH3, R0 0

= Cl, R0 0 0 = H, R0 0 0 0 = CH3

M.p. K (observed) = 528

Non catalyst 720/82 120/33 600/2

5 % ZTO 30/93 35/90 30/87

10 % ZTO 15/97 10/95 10/99

20 % ZTO 120/93 45/91 120/85

a Time of complete conversion of reactant
b Isolated yield
c TON and TOF was obtained 2.43 and 14 h-1, respectively
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Fig. 7 Isolated yield and expended time of acridine I Entry A, II Entry B and III Entry C in case of (1) non catalyst (2) 5 % ZTO (3)10 % ZTO

(4) 20 % ZTO
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it can be seen that it probe interacts with reactants exclu-

sively through H-bonding with surface titanium hydroxide

groups (Ti–OH) as detected from FTIR due to low ZrO2 %

loading, that may be slightly retarded the path of products

formation accompanied by reduction in yield that need

basic sites to accomplish the reaction.

It was found that addition of ZrO2 in a higher ratio to TiO2

for 20 % ZTO catalyst may reduced the density of surface

basic sites because of a significant Zr4? surface enrichment.

Therefore, it is reasonable to consider that the metal cations

adjacent to the basic site of surface O atom participate in the

base-catalyzed reaction [40, 41] this type of bidenate inter-

action is classified as medium basic strength. This means

that, not only O2- basic sites but also adjacent Ti4?, Zr4?

sites participate in acridine synthesis. The basic character-

istics can therefore be led back to the available metal atoms

and not alone to the surface oxygen atoms. Formation of

TiO2 structures in samples with limited ZrO2 content (10 %

ZTO), the basic site density increased because of the Zr4?

cation within the TiO2 lattice created a defect in order to

compensate the positive charge generated, and the adjacent

oxygen anions became coordinatively unsaturated, which is

of high basic strength. This result is in line with those

reported in the literature of TiO2–ZrO2 mixed oxide modi-

fied CuO–ZnO catalyst that has the maximum amounts of

basic sites [42, 43] .

The suggested reaction mechanism of acridine compounds

(Scheme 2) can be provided by the formation of the acridine

derivatives that may be activated by formation of salt between

ZTO which have basic character and active ethylene of the

CH2 active of dimedone formation of salt of dimedone which

might have been initiated by Aldol condensation between

dimedone and aromatic aldehyde in the presence of ZTO as

Lewis base catalyst to form the corresponding arylidines 2

(see Scheme 1). Micheal addition of the nucleophile 1 onto 2

could have afforded the tetracarbonyl compound 4 via inter-

medium 3. An intermolecular arrangement of the enol form

could have resulted in formation of the hydroxy hydroxan-

thenone 5, the amino group of the RNH2 attach the hdroxy

group followed be elimination of water molecules formation

of compound 6, the NH group attach carbonyl group to form

intermediate 7 which could have undergone an elimination of

water molecule to reveal the final stable form of the corre-

sponding hydroxacridine derivatives 8. The structures of

products were confirmed by IR and NMR analysis.

3.6.1 9-(3-bromo-5chloro-2-hydroxyphenyl)-10-(2-

hydroxyethyl)-3,3,6,6-tetra-methyl-3,4,6,7,9,10-

hexahydroacridine-1,8(2H,5H)-dione (Entry A)

IR cm-1: OH phenolic 3400, OH alcoholic 3335, Ar 3001,

CH-aliphatic 2882, C=O 1694, C–C 1591, C–Br 605, C–Cl

Scheme 2 A proposed mechanism for the aldol condensation reaction of acridine derivatives catalyzed by ZTO catalyst
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738;1HNMR: 10.01 (s, 1H, OH phenolic), 7.3 (d, 2H, Ar),

6.7 (d, 1H, C9), 5.00 (s, 1H, OH alcoholic), 4.02 (t, 2H,

C2), 3.75 (t, 2H, C7), 2.95 (d, 2H, C4), 2.7(d, 2H, C5), 2.2

(m, 4H, ethyl group), 1–1.2 (m, 12H, 4 methyl groups);
13CNMR: 199, 200 (C O, C1, C8), 145, 132 and 130 (C–C

Ar), 110, 112 (C C, in acridine fused rings), 122 (C–N), 62

(C–Br), 73 (C–Cl), 50 (C–OH), 20, 28, 30 and 32 (C–C of

CH2CH2 and 4CH3). Comparable results have been also

gained for Entry B.

3.6.2 9-(5-chloro-2-hydroxyphenyl)-10-(2-

hydroxypropyl)-3,3,6,6-tetra-methyl-3,4,6,7,9,10-

hexahydroacridine-1,8(2H,5H)-dione (Entry C)

IR cm-1: OH phenolic and alcoholic 3361, Ar 3077, CH-

aliphatic 2955-2871, C=O 1652, 1632 C=N, C–C 1580,

C–Cl 712; 1HNMR: 9.90 (s, 1H, OH phenolic), 6.60–7.30

(m, 3H, Ar), 5.10 (s, 1H, OH alcoholic), 4.8 (s, H, CH

cyclic), 3.80–3.30 (m, 6H, 2CH2 cyclic ? CH2 isopropyl

alcohol), 3.10 (m, 1H, CH isopropyl alcohol), 2.95–2.30 (s,

4H, 2CH2 cyclic), 0.90–1.2 (m, 15H, 5 methyl groups);
13CNMR:197, 196 (C=O), 155, 143 and 135 (C–C Ar),

131, 130 (CH Ar) 113, 112, 110 (C–C, in acridine fused

rings ? C–N), 67 (CH Cyclic), 48, 49, 50 (3CH2, 2CH2

cyclic ?CH2 isopropyl), 40 (2CH2 cyclic) 33 (2C–CH3), 30

(CH–OH), 28, 25, 20 (5 CH3)

4 Conclusions

Finally, we have demonstrate a sol gel process to synthe-

size zirconia – tiania mixed oxide with different x % ZrO2

loading (x = 5, 10, 20 %). The catalysts were fully char-

acterized by several techniques including XRD, FTIR, TG/

DTA, BET specific surface areas, and TEM. The effect of

ZrO2 loading was studied in the catalytic efficiency for

synthesis of one-pot three-component condensation of

dimedone, aromatic aldehyde and ethanolamine. It was

deduced that by increasing x % ZrO2 loading surface area

values decrease and the basic character increases up to

loading 10 % loading. Therefore 10 % ZTO catalyst give a

maximum acridine first derivative (A) yield of 97 % while

saving time from 12 h to 15 min. As for acridine second

and third derivatives (B), (C), 10 % ZTO catalyst gives

also significant yields up to 95 %, 99 % after yield of

33 %, 2 % without using catalyst, respectively.
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Gérard T, Pierre GP (2005) Synthesis and antileishmanial activ-

ities of 4,5-di-substituted acridines as compared to their 4-mono-

substituted homologues. Bioorg Med Chem 13:5560–5568

3. Shaikh BM, Konda SG, Mehare AV, Mandawad GG, Chobe SS,

Dawan BS (2010) One-pot multicomponent synthesis and

antibacterial evaluation of some novel acridine derivatives. Der

Pharma Chem 2:25–29

4. Ramamurthy SPN, Shanmugasundaram P, Ramakrishana VT

(1996) Synthesis, characterization, and electrochemistry of some

acridine-1,8-dione dyes. J Org Chem 61:5083–5089

5. Ramamurthy SPN, Shanmugasundaram P, Ramakrishana VT

(1998) Photophysical studies of acridine(1,8)dione dyes: a new

class of laser dyes. Acta Specttrochem 54:245–253

6. Thirunarayanan G, Vanangamudi G (2006) Photophysical studies

of acridine(1,8)dione dyes: a new class of laser dyes. Arkivoc

12:58–64

7. Zhang G, Hattori H, Tanabe K (1988) Aldol addition of acetone,

catalyzed by solid base catalysts: magnesium oxide, calcium

oxide, strontium oxide, barium oxide, lanthanum (III) oxide and

zirconium oxide. Appl Catal 36:189–197

8. Mazumder NA, Rano R (2015) An efficient solid base catalyst

from coal combustion fly ash for green synthesis of dibenzyli-

deneacetone. J Ind Eng Chem 29:359–365

9. Tsuji H, Yagi F, Hattori H, Kita H (1994) Self-condensation of

n-butiraldehyde over solid base catalysts. J Catal 148:759–770

10. Hamilton CA, Jackson SD, Kelly GJ (2004) Solid base catalysts

and combined solid base hydrogenation catalysts for the aldol

condensation of branched and linear aldehydes. Appl Catal A

Gen 263:63–70

11. Tang Y, Xu J, Gu X (2013) Solid base catalysts and combined

solid base hydrogenation catalysts for the aldol condensation of

branched and linear aldehydes. J Chem Sci 125:313–320

12. Wang X, Hu H, Yang Z, Kong Yee, Fei B, Xin JH (2015) Visible

light-active sub-5 nm anatase TiO2 for photocatalytic organic

pollutant degradation in water and air, and for bacterial disin-

fection. Catal Commun 72:81–85

13. Hoffmann MR, Martin ST, Choi W, Bahnemann DW (1995)

Environmental applications of semiconductor photocatalysis.

Chem Rev 95:69–96

14. Kisch H, Prakt J (1994) Preparative photoreactions catalyzed by

semiconductor powders. J Prak Chem Ztg 336:635–648

15. Fox MA, Dulay MT (1993) Heterogeneous photocatalysis. Chem

Rev 93:341–357

16. Liu D, Wei Z, Hsu C-J, Shen Y, Liu F (2014) Efficient solar

energy storage using A TiO2/WO3 tandem photoelectrode in An

all-vanadium photoelectrochemical cell. Electrochim Acta

136:435–441

17. Bard AJ (1982) Design of semiconductor photoelectrochemical

systems for solar energy conversion. J Phys Chem 86:172–177

18. Shao GN, Hilonga A, Jeon SJ, Lee JE, Elineema G, Quang DV,

Kim J-K, Kim HT (2013) Influence of titania content on the

mesostructure of titania–silica composites and their photocat-

alytic activity. Powder Technol 233:123–130

19. Benjume MLG, Cabrera MIE, Garcia MEC (2012) Enhanced

photocatalytic activity of hierarchical macro-mesoporous anatase

by ZrO2 incorporation. Int J Photoenergy 2012:10

20. Yuan Q, Liu Y, Li L-L, Li Z-X, Fang C-J, Duan W-T, Li X-G,

Yan C-H (2009) Highly ordered mesoporous titania–zirconia

photocatalyst for applications in degradation of rhodamine-B and

hydrogen evolution. Microporous Mesoporous Mater

124:169–178

21. Verma A, Dwivedi R, Prasad R, Bartwal KS (2013) Microwave-

assisted synthesis of mixed metal-oxide nanoparticles. J Nanopart

2013:11

654 M. M. Khalaf, A. A. Abdelhamid

123



22. Fan M, Hu S, Ren B, Wang J, Jing X (2013) Synthesis of

nanocomposite TiO2/ZrO2 prepared by different templates and

photocatalytic properties for the photodegradation of Rhodamine

B. Powder Technol 235:27–32

23. Shao GN, Elineema G, Quang DV, Kim YN, Shim YH, Hilonga

A, Kim J-K, Kim HT (2012) Two step synthesis of a mesoporous

titania–silica composite from titanium oxychloride and sodium

silicate. Powder Technol 217:489–496

24. Morosanova EI (2012) Silica and silica–titania sol–gel materials:

synthesis and analytical application. Talanta 102:114–122

25. Pawelec B, Castano P, Zepeda TA (2008) Morphological inves-

tigation of nanostructured CoMo catalysts. Appl Surf Sci

254:4092–4102

26. Xia YN, Yang PD, Sun YG, Wu YY, Mayers B, Gates B, Yin

YD, Kim F, Yan YQ (2003) One-dimensional nanostructures:

synthesis, characterization, and applications. Adv Mater

15:353–389

27. Yan HW, Hou JB, Fu ZP, Yang BF, Yang PH, Liu KP, Wen MW,

Chen YJ, Fu SQ, Li FQ (2009) Growth and photocatalytic

properties of one-dimensional ZnO nanostructures prepared by

thermal evaporation. Mater Res Bull 44:1954–1958

28. Su DS, Schlogl R (2010) Nanostructured carbon and carbon

nanocomposites for electrochemical energy storage applications.

Chemsuschem 3:136–168

29. El-Lateef HMA, Khalaf MM (2015) Corrosion resistance of

ZrO2–TiO2 nanocomposite multilayer thin films coated on carbon

steel in hydrochloric acid solution. Mater Charact 108:29–41

30. Abdelhamid AA, Mohamed SK, Simpson J (2014) Crystal

structure of 9-(3-bromo-5-chloro-2-hydroxyphenyl)-10-(2-hy-

droxyethyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine-

1,8(2H,5H)-dione. Acta Crystallogr E70:44–47

31. Akkurt M, Mohamed SK, Abdelhamid AA, Gaber A-AM,

Albayati MR (2014) 9-(3-Bromo-5-chloro-2-hydroxyphenyl)-10-

(2-hydroxyethyl)-3,6-diphenyl-3,4,9,10-tetrahydroacridine-

1,8(2H,5H)-dione. Acta Crystallogr E70:o663–o664

32. Yanqing Z, Erwei S, Suxian C, Wenjun L, Xingfang H (2000)

Hydrothermal preparation and characterization of brookite-type

TiO2 nanocrystallites. J Mater Sci Lett 19:1445–1448

33. Hafizah N, Sopyan I (2009) Nanosized TiO2 photocatalyst pow-

der via sol-gel method: effect of hydrolysis degree on powder

properties. Int J Photoenergy 2009:962783
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