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Abstract: The objective of this study is the Synthesis of (2E,
6E)-2, 6-bis(4-nitrobenzylidene) cyclohexanone a drug
against dormant version of the Mycobacterium tuberculo-
sis H37Ra. The Cross-aldol condensation between
4-nitrobenzaldehyde and cyclopentanone catalyzed by
modified fluorapatite Na/FAP catalyst in aqueous media is
an important protocol for the synthesis of this product and
the reaction conditions were optimized by the response
surface methodology. The work-up procedure is simplified
by simple filtration with high yield and by-products of
usual undesirable reaction are not observed.
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. INTRODUCTION

Tuberculosis (TB) remains a significant health problem with
high morbidity and mortality [1]. The main cause of TB is
Mycobacterium tuberculosis [2]. According to the World
Health Organization (WHO), in 2014, 9.6 million people fell
ill with TB and 1.5 million died from the disease. Over 95%
of TB deaths occur in low- and middle-income countries, and
it is among the top 5 causes of death for women aged 15 to 44.
An estimated one million children (0-14 years) fell ill with TB,
and 140 000 children died from the disease in 2014 [3].
However, about one-third of the world's population do not
develop the disease immediately upon infection with the My-
cobacterium tuberculosis. Instead, the bug remains dormant in
the body, enclosed in a capsule, which the host organism
creates to protect itself. It may remain in this state for years,
or even decades, before becoming active and triggering the
development of the disease. This often happens when poor
nutrition or a disease of the immune system weakens the
host’s immune system [4].

The scientists from the Max Planck Society in Germany and
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Yonsei University in South Korea investigated the dormant
state of the Mycobacterium tuberculosis and the mechanisms,
which cause it to wake up and become active again [5]. They
focused their efforts on two variants of the tuberculosis dis-
ease that differ in one crucial aspect; while strain H37Rv
causes the development of the disease, strain H37Ra is harm-
less, remaining dormant in the host's cells. These scientists
discovered that the different behavior of the two strains is
caused by minute genetic differences and that these differenc-
es could be traced back to a single mutation in a gene which
codes for the protein PhoP in the harmless H37Ra strain. An
intact PhoP is therefore clearly necessary for the bacteria to be
able to cause tuberculosis. PhoP is a transcription factor,
which binds to the DNA and so controls the activity of other
genes. The mutated version of the gene lacked the ability to
bind to the DNA correctly. These studies led to the so-called
dormancy regulon, a group of genes that creates the proteins
responsible for initiating and maintaining the dormant state. In
the harmless H37Ra strain, these genes were far more active
than in the virulent H37Rv strain. Probably the intact PhoP
suppresses the genes of the dormancy regulon and so causes
the bacteria to wake up. A defective version of the protein
makes the bacteria less dangerous because it prevents it from
waking up.

In any case, we urgently need medicines, which attack the
dormant bacteria. Only in this way can we significantly re-
duce the unusually long treatment time of six months. A more
precise understanding of the survival strategies of the tuber-
culosis bacteria offer the first starting point for the develop-
ment of new medicines, which are more urgently needed than
ever, as antibiotic-resistant tuberculosis bacteria are becoming
more and more widespread [6].

In this context, the Indian authors [7] are showed that the (2E,
6E)-2, 6-bis (4-nitrobenzylidene) cyclohexanone presented an
activity against Mycobacterium tuberculosis H37Ra. They
found that sensitivity testing of the product by the minimum
inhibitory concentration method (MIC) indicate a value of
3.12 pg/mL.
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Cross-aldol condensation [8] is an important protocol for the
synthesis of various bis-(arylmethylidene) cycloalkanones.
This reaction is classically carried out using strong acid or
base [9]. Indeed, different organometallic complexes, Lewis
acid are found to be able to catalyze this reaction [10].
However, most of the above-mentioned process generated a
large amount of toxic waste and involved tedious separation
procedures since the reactions were homogeneous and the
catalysts were destroyed or discarded on the work-up proce-
dure [11].

Recently, because of increased environmental concerns and
strong economic driver in chemical research and industry,
great efforts have been made on heterogeneous catalysis,
which allows the catalyst for easy isolation and recycling.
Thus, solid catalysts have drawn considerable attention in
organic synthesis due to their advantages such as environ-
mental compatibility, reusability, high selectivity, simple op-
eration, non-corrosiveness and low cost [12].

In spite of global research efforts, we describe in this paper,
an efficient friendly process for modeling and synthesis of (2E,
6E)-2,6-bis(4-nitrobenzylidene) cyclohexanone a drug against
dormant version of the Mycobacterium tuberculosis H37Ra
using Response Surface Methodology (RSM).

Il. MATERIALS AND METHODS

2.1. Preparation and characterization of catalysts

The fluorapatite (FAP) have been prepared by reaction between
diammonium phosphate, calcium nitrate and ammonium fluo-
ride in presence of ammonia [12]. The FAP obtained was cal-
cined at 900°C before use. The structure of this catalyst was
confirmed by X-ray diffraction, infrared spectra and chemical
analysis. The surface area of calcined FAP was determined by
the BET method and found to be S=15.4 m? g"'. The total pore
volume was calculated by the BJH method (V1=0.058 cm®g ).
The modified fluorapatite (Na/FAP) has been prepared by
impregnation of the FAP with a solution of sodium nitrate
followed by calcination at 900°C [13]. The surface area of the
new catalyst Na/FAP was determined by the BET method as

5.4 m* g ' and the total pore volume obtained by the BJH
method is 0.0032 cm®g .

2.2. General procedure

The general procedure for synthesis of (2E, 6E)-2, 6-bis
(4-nitrobenzylidene) cyclohexanone is reported in Figure 1, as
follows: To a flask containing a mixture by taking 2:1 mole
ratios of 4-nitrobenzaldehyde 1 and cyclopentanone 2 in
aqueous media, the Na/FAP catalyst was added and the mixture
was stirred at reflux. Hot water (2x20 mL) was added, fol-
lowed by simple filtration.
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Figure 1. Synthesis of

(2E,6E)-2,6-bis(4-nitrobenzylidene)cyclohexanone.
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Hot After filtration and extraction with hot water, the solution
was concentrated and purified by silica gel chromatography.
Na/FAP was reactivated by drying at 150 °C or, alternatively
washed with acetone and calcined at 600 °C for 1 h. The crude
product 3 was identified by melting point, IR, IHNMR, 13C
NMR and fluorescence emission spectrum. The spectral
analysis of this product is shown in Figure 2.

2.3. Statistical analysis

The synthesis of anti-tuberculosis drug (2E, 6E)-2, 6-bis
(4-nitrobenzylidene) cyclohexanone by Cross-aldol condensa-
tion between 4-nitrobenzaldehyde and cyclopentanone cata-
lyzed using Na/FAP in aqueous media was carried out and
optimized using the Central Composite Design (CCD) and
Response Surface Methodology [15].

CCD helps in investigating linear, quadratic, cubic and
cross-product effects of the three reaction condition variables
on the reaction yield. The two independent variables studied
were reaction time (X1) and catalyst weight (X2). Table 1 lists
the range and levels of the four independent variables studied.

Table 1. Study field and coded factors
Coded variables X; and X,

Natural variable Unit

-1 0 +1
Reaction time h 3 4 5
Catalyst weight mg 200 400 600
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Figure 2. Spectral analysis of (2E,6E)-2,6-bis(4-nitrobenzylidene)cyclohexanone.
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The experimental data obtained by following the above pro-
cedure were analyzed by the response surface methodology
using the following second-order polynomial equation 1:

Y = Bo +B1X1 ‘Z"Bzxz , 1)
+PB11X1" +P2aXo” +B12X1 X

Where Y is the response (reaction yield); Xi and Xj are the
coded independent variables and 0, i, Bii and Bij are intercept,
linear, quadratic and interaction constant coefficients, respec-
tively.

The software STATGRAPHICS-Plus was used for regression
analysis and analysis of variance (ANOVA). The Response
surfaces and the contour plots were developed using the fitted
quadratic polynomial equation obtained from regression anal-
ysis, holding two of the independent variables at a constant

value corresponding to the stationary point and changing the
other two variables.

Confirmatory experiment was carried out to validate the equa-
tion, using combinations of independent variables which were
not part of the original experimental design but within the ex-
perimental region.

I1. RESULTS AND DISCUSSION

By using a central composite design (CCD) a correlation be-
tween the reaction condition variables to the reaction yield was
developed. Table 2 shows the complete design matrix and
reaction yield at various reaction condition variables. Selection
of the levels was based on our preliminary study. The value of a
for this CCD was fixed at +1.41421.

Table 2. Experimental design and results

Coded units of variable

Order R_eaction
Xy X, yield
01 +1 +1 96
02 +1 -1 53
03 -1 +1 73
04 -1 -1 33
05 +1.41421 0 85
06 -1.41421 0 54
07 0 +1.4142 87
08 0 -1.4142 28
09 0 0 77
10 0 0 76

The complete design matrix of the experiments conducted and
results are given in Table 2. All variables at zero level constitute
to the center points and the combination of each of the variables
at either it's lowest (- 1.41421) level or highest (+ 1.41421)
level with the order variables at zero level constitute the axial
points. The experiment sequence was randomized in order to
minimize the effects of the uncontrolled factors.

In table 2 we can show, the reaction yield obtained was in the
range from 28 to 96%. Experimental error was determined
from run 9 to 10 at the center point of the design.

Aregression analysis was performed to fit the response function
and predict the outcome of reaction yield with a simple equation.
The model is expressed by equation 2 which takes their coded
value.

Y =76.5 + 10.8551.X; + 20.8049:X,
- 3.4375.X,° - 9.4375.X,° + 0.75:X1 X, (2)

The summary of the analysis of variance (ANOVA) result is
shown in Table 3. The regressors or term incorporated in the
model are those statistically tested to be significant. The
‘Prob > F’ value indicates the probability equals the proportion
of the area under the curve of the F-distribution that lies beyond
the observed F value.

The small probability values called for the rejection of the null
hypothesis, in other words, the particular term significantly
affected the measured response of the system.

In this case, the linear terms (X1 and X2), the squared terms
(X12 and X22) and the interaction term (X1X2) have P-values
less than 0, 05, indicating that they are significantly different
from zero at the 95,0% confidence level. On the other hand,
from this ANOVA the model F-value of 5225.16 implied that
the model was significant. Values of Prob.> F0.01(5, 4)=15.52
less than 0.01 indicated that the model terms was significant.
The coefficient of determination, R2 for the model was 99.98%.
This indicates that only 0.02% of the total variability was not



explained by the regressors in this model. The high R2 value
specifies that the model obtained will be able to give a convin-
cingly good estimate of response of the system in the range
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The influence of each independent variable on the response is
shown in Figure 3. By looking at this figure, we see that the
reaction time and the catalyst weight have a positive effect on

studied. the reaction yield.
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Fig. 3. Influence of each independent variable on the reaction yield
Table 3. Regression variance analysis of the model
Sou_rce_: of Coefficient Sum of v Mean Feo Significance
variation Squares square test
Regression - 4816.8625 05 0963.3725 05224.36 Fhx
Bo 76.5000 - 01 - - -
By 10.8551 0942.6620 01 0942.6620 05112.83 FAx
B2 20.8049 3462.7300 01 3462.7300 18781.21 kel
B - 03.4375 0054.0175 01 0054.0175 00292.98 Fkk
B12 00.7500 0002.2500 01 0002.2500 00012.20 **
B2z -09.4375 0407.1610 01 0407.1610 02208.37 il
Residue - 0000.7375 04 0000.1844 - -
Total - 4817.6000 09 - - -
**op< 0,01;**:p< 0,025;*:p< 0,05;NS :Nosignificant; Foo;(5, 4)=15.52.

Figure 4 show the interaction between independent variables in three-dimensional surface plots.

Reaction yield

-0.7 0

-L4 Catalyst
Reaction time weight

Fig. 4. Response surface graphs for synthesis of anti-tuberculosis drug

The geometric representation of the reaction yield for this product according to the reaction time and the catalyst weight is shown in
Figure 5.
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Fig. 5. Contours of estimated response surface for synthesis of anti-tuberculosis drug

Analysis of the contour plot shows that when the reaction time
and the catalyst weight increase together or when the reaction
time increases and the catalyst weight remaining unchanged
and or when the catalyst weight increases and the reaction time
remaining unchanged, then the reaction yield increases up to
95% in the experimental field. The main objective of this re-
search is to determine the best reaction conditions for synthesis
of (2E, 6E)-2, 6-bis (4-nitrobenzylidene) cyclohexanone. Then,
using above-mentioned methodology for experimental design,
the ranges of the parameters required to obtain optimum con-
ditions were determined. In this optimization study, reaction
yield was chosen as the objective function. Furthermore, op-
timum conditions are often calculated in the presence of some
constraints, which ensure them to be more realistic. If the model
used in the optimization study is an empirical one, high and low
levels of the process parameters in the experimental design are

considered, inevitably, as explicit constraints, in order to avoid
extrapolation. Thus, the optimization problem for response is
defined by equations 3 and 4:

Maximize: Y = high reaction yield
—0i<Xj<+o; =1, 2

©)
(4)

The investigation of contour plot (Figure 5) and the equation 2
showed that, if X1=1 and X2=0.75; the value predict from the
results using response surface model is 95%. The experimental
checking in this point, i.e. under the optimum reaction condi-
tions such as: reaction time=5h and catalyst weight=550mg,
with high reaction yield 96%, confirms this result. To obtain
further evidence we studied the effects of different catalysts on
the condensation reaction of 4-nitrobenzaldehyde with cyclo-
hexanone. The results of this study are presented in Table 4.

Table 4. Comparative study for synthesis of product 3 using different catalysts

Entry Catalyst Reaction parameters Yield (%) | References
1 InCl3.4H,0 | 110°C/24h 93% [16]

2 KOH EtOH/12h 87% [07]

3 DBSA MeOH/H,0/Reflux/12h 80% [17]

4 KF/AIL,O; MeOH/Reflux/Ultrasound/2h3 | 60% [18]

Omin

5 Cu(OTf), Solvent free/80°C/8h 93% [19]

6 I, CHCl1x/9h30min 89% [20]

7 Na/FAP H,0 /Reflux/5h 96% Present work

From table 4, it can be seen for example in the presence of InCI3
catalyst, it is necessary that this condensation should be heated
to 110°C for 24 hours. In addition, we also note that the syn-
thesis of product 3 catalyzed by P-Dodecylbenzenesulfonic acid
DBSA under refluxing methanol-water mixture (1:1) for 12
hours give a yielding 80%. However, these methods have some
drawbacks such as use of costly catalysts and toxic reagents and
special catalyst preparation. Comparison of the results obtained
by our catalytic processes with some of those reported shows
the efficiency of this method because of shorter reaction times,
high yields. The high reactivity and specificity of our Na/FAP
coupled catalyst to their easy separation of the catalyst by sim-
ple filtration, which reduces the environmental problems makes
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it attractive alternatives to homogenous base reagents.

IV.  CONCLUSIONS
The optimization for synthesis of
(2E,6E)-2,6-bis(4-nitrobenzylidene)cyclohexanone a  drug

against dormant version of the Mycobacterium tuberculosis
H37Ra, catalyzed by modified Fluorapatite with sodium nitrate
Na/FAP catalyst in aqueous media has been studied using cen-
tral composite design. The model equation for the optimization
of the reaction conditions for this synthesis was established.
From this equation, it was possible to forecast the optimal
reaction conditions for synthesis of this Anti-Tuberculosis Drug
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in high yield. This process bring advantages, such as high cat-
alytic activity and easy separation of the catalyst by simple
filtration, use of non-toxic and inexpensive catalysts and espe-
cially, elimination of salts and by-product pollutants. This new
solid base catalyst becomes then a practical alternative to so-
luble bases.
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