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ABSTRACT: The purpose of the present study was to develop an optimized formula for microwave assisted synthesis
of Schiff’s bases by using specific optimization techniques. A 23 factorial design was employed in microwave synthesis
of Schiff’s base with power (X1), time (X2) and molar ratio (X3) as independent variables and yield (Y) as dependent
variable. The main effect and interaction of effects were qualitatively and quantitatively evaluated using a mathematical
model. The result indicate that X1 and X3 significantly affected the yield of reaction which was calculated in percentage,
but effect of time on yield  of reaction was non-significant. From result obtained of Yates analysis and contour plot, we
determined predicted values of X1, X2 and X3 and Y. These predicted values were validated by actual experimental set
up.
KEYWORDS: Schiff’s bases, Plackett-Burman Design, 23 factorial design, N’-(chlorobenzylidene) nicotinohydrazide.

INTRODUCTION
Schiff’s bases of various heterocyclic scaffolds exhibit
variety of biological activities like anti-HIV1-2, anti-
ancer3, antibacterial4, fungicidal5 and anti-
inflammatory6. Earlier reports reveal that hydrazones
of substituted aroylhydrazine exhibit bacteriostatic,
antiparasite7, psychotropic8 and antifungal activities9. It
has been shown that the biological activities10-16

associated with these hydrazones were attributed to
presence of –CONHN=C- moiety in the molecule.
Optimization techniques are generally performed to
reduce the number of experiments required to be
performed and to achieve optimum results for a set of
experiments.
The main objective of the present study was to develop
an optimized reaction formula for microwave assisted
synthesis of Schiff’s base. To achieve this objective,
independent variables such as microwave power, time

and molar ratio were examined. The dependent
variable include yield of reaction in percentage can be
obtained by Yates analysis and contour plot .We could
determine the predicted values of microwave power
(X1) ,time (X2) and molar ratio (X3) and yield of
reaction (Y). These predicted values were validated by
using actual experimental set up.

MATERIALS AND METHODS
MATERIALS
All the chemicals viz. nicotinic acid, hydrazine
hydrate, various aromatic aldehydes, and solvents were
purchased from s.d. Fine Chem. India Ltd. Mumbai.
Solvents were used only after distillation for the
synthesis. Microwave assisted synthesis was carried
out using Catalyst Microwave type oven, ranging from
power levels 1-9 at 140-700 watt.
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METHODS
Experimental design:
Factorial designs are the designs of choice for
simultaneous determination of the effects of several
factors and their interaction. The general notation for
factorial  design  is  N  =  nk where  N  is  the  number  of
experiments, n is the number of levels and k is the
number of the factors17-20. Factorial designs are said to
be orthogonal and all estimated effects and interactions
are independent of effects of other factors. Plackett-
Burman Design (PBD) is a special two level fractional
factorial design with k = m*4 experiments, where
m=1, 2….25 for the screening of (K-1) variables. The
advantage of orthogonal design is that the effect can be
estimated independently and the estimated effects have
good statistical properties.
For experimental design of optimization of microwave
assisted reaction, both quantitative and qualitatively
optimization techniques were used. Once the
experimental design is applied and the observations are
obtained then the analysis of the data obtained is
carried out by one of the methods mentioned below:
1. Yates algorithm: This method was devised by
Yates for systematically analyzing data from 2n

factorial  experiments  (n  factors  at  2  levels).  It  can  be
used  for  2k and 3k factorial  design  and  also  for  2k-p

fractional factorial design. The data is added first in
pairs, followed by taking differences in pairs. The
addition and subtraction is repeated sequentially on the
nth column (here n is the number of factors). Then the
average effect is calculated by dividing nth column by
2n-1. The mean squares for the Analysis of Variance
(ANOVA) are obtained by dividing the square of
column  (n)  by  2n.  Then  the  F-test  is  applied  to
determine the significant factors. For this purpose the
F-  value,  i.e.  the  ratio  between  mean  squares  and  the
residual  squares (also known as error  mean square)  is
calculated. If the calculated F-value is greater than the
tabulated F-value then the factor is significant21-25.
2. Regression: Regression is the most widely used
method for estimation of quantitative factors. It cannot
be used for identifying qualitative factors, because
interpolation between the discrete factor values is
meaningless. The first step in regression analysis is to
transform the real values i.e. to obtain the coded
values26-29. The regression equation is carried out using
transformed values and equation is given by:
Y= β0 + β1 X1 + β2 X2 +β3 X3 + β12X1 X2 + β13 X1 X3 +
β23 X2 X3 + β123 X1 X2 X3.
Where β0,  β1, etc are the coefficients of the various
terms in the equation and X1,  X2 and  X3 are  the
transformed values for the respective factors.

OPTIMIZATION STUDIES:
OPTIMIZATION STUDIES FOR MICROWAVE
ASSISTED SYNTHESIS OF N’-(2-
CHLOROBENZYLIDENE)
NICOTINOHYDRAZIDE:
Qualitative optimization and evaluation of N’-(2-
chlorobenzylidene) nicotinohydrazide: Plackett–
Burman design was used for qualitative optimization.
In this different factors of reaction condition were
studied for the yield of reaction in percentage. Four
factors were chosen for the present study of effect viz.
microwave  power,  time,  molar  ratio  and  type  of
solvent. The factors and there respective levels were
chosen as shown in the Table 1.

In Plackett–Burman design each factor was studied at
2 levels and numbers of experiments were performed
in the multiple of four. Experimental domain was set
up and it was constructed as per the Table 2, the first
row mentioned in the table was given in the literature
and the remaining rows were obtained by permutation
except last line which entirely consists of minus sign.
Each row in the design described an experimental run
and each column described one of the four variables,
corresponding to a factor tested at two levels viz. (+
and -). X1,  X2, X3, and X4 were considered as the real
factors where as X5, X6, and X7 were considered as the
dummy factors. To choose the influential variables,
Plackett–Burman design was applied and the
experimentation was performed as discussed in the
experimental. Eight reactions were performed and
evaluated for yield of reaction (Y). The results
obtained are tabulated in Table 3

It was observed that even if we increase the power
level we need to increase the time of reaction. So it
was not clear from Plackett–Burman that which power
level  needed  to  be  selected.  So  it  was  thought  to  use
another experimental design for further and more
realistic optimization of the reaction. The reaction
containing DMF as solvent resulted good yield of
reaction as compared to ethanol, so DMF was used for
further study. According to reaction condition, time
required for microwave assisted reaction can be varied
so  time  for  microwave  reactions  couldn’t  be  fixed  by
using Plackett–Burman design. Time for microwave
assisted reaction can be varied from 30 min to 90 min.
It was same with molar ratio, so it was also varied
according to reaction condition.
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Quantitative optimization and evaluation N’-(2-
chlorobenzylidene) nicotinohydrazide:
Quantitative Optimization was performed to study the
effect of different levels of the independent variables
X1, X2 and X3 on the dependent variable Y. A 23

factorial design was used to study the effects of three
factors at two levels on the yield of reaction in
percentage.  In  23 factorial design three independent
variables viz. microwave power (X1), time (X2), and
molar ratio (X3) were studied at two levels viz. high
level and low level and their effect on yield of reaction
(Y) was evaluated.
Procedure: All the chemicals were weighed
accurately according to each reaction condition and
were placed in microwave oven at power range 490-
560 watt. Accordingly, eight experiments were carried
out and evaluated for yield of reaction in percentage.
The summary of quantities of each reaction is
explained in Table 4 and Table 5.

Calculations of 23 factorial designs:
Step 1: It included transformation of the values i.e. to
code the levels of the   factors so that the high level of
each factor was +1 and the low level was -1.
Table  6 showed transformed values and these
“transformed values” for the interactions were
represented by +1 and -1. The interaction values were
obtained by multiplying the appropriate columns. The
‘Total’ column contains only the value +1 and was
used to calculate the intercept, β0.

Step 2: In this step the coefficients for the polynomial
equation were calculated. The coefficients (β1)  for the
polynomial equation were calculated as:

n
YX

2

11
1

å
=b

Where, X1 is the value of the column X1 and Y is yield
of microwave assisted reaction in percentage. All other
coefficients were calculated in the similar manner and
the equation obtained was,

  Y = 65.095 + 6.42 X1 + 30.92   X2+ 42.62  X3 - 18.14
X1  X2-  8.56  X1 X3-  7.5  X2X3 - 22.28 X1 X2
X3…………….Eq.1

Step 3: This step involves determination of significant
factors which are responsible for high yield of
reaction.  The  test  for  significance  for  the  factors  X1,
X2,  X3 with respect to responses Y were assessed by
Yates Treatment. Yates analysis was used as shown in
Table 7.
In any factorial form of 2n each effect and interaction

has one degree of freedom.

squaresmeanleastofAverage
SquareMeanF =

Assuming that factor b and interaction bc does not
exist, since they have low mean squares compared to
other their values were averaged for error estimation.

( ) 42.0
2

42.00.42squaresmeanleastofAverage =
+

=

The Table  7 was constructed by the following steps
explained below:
Experimental data was first tabulated in standard
order.  Then  the  first  two  numbers  relating  to
experiment (1) and (a) were added and the results were
put into first row of the column headed ‘A’. The next
two were added (b and ab) and the results were put in
second row of column A. The same steps were
repeated for next two pairs (c and ac, ab and abc).Then
the difference between the adjacent pairs was
calculated (a-1, ab-b, ac-c, abc-bc) and were placed
into fifth to eighth row of column A respectively. The
same treatment  was given to column A to  get  column
B and to column B to get column C. Numerator has 1
degree of freedom and denominator has 2 degree of
freedom. The effect and the mean squares were
calculated as per the method discussed earlier and the
F value was calculated as the ratio between mean
squares and the residual squares (also known as error
mean square). The predicted F-values were compared
with the tabulated F- values from the F-distribution
Table  at  numerator  degree  of  freedom  at  1  and
denominator at 2. The predicted F-value was required
to exceed the tabulated F-value i.e. 98.49 for p<0.01.
The values of a, ab, ac and abc were found above
98.49 which indicated that the power and in
combination of all three parameter has a significant
effect on yield of microwave assisted reaction. Hence
the use of these factors for determination of yield of
microwave assisted reaction in percentage in the
optimization design was justified.

Step 4: It  was  found  that  the  level  of  power  and  in
combination of all three parameter has significant
effect on yield of microwave assisted reaction.
Observations suggested (from the equation 1) that
level of power and molar ratio that X1 and  X3 had a
positive effect i.e. if these were decreased then there
would be increase in the (%) yield of microwave
assisted reaction. To obtain optimum molar ratio
contour plots were plotted for the factors X2 and X3, as
X1 has no significant effect microwave assisted
reaction thus it was considered as 0, and molar ratio
showed linear effect on the yield of microwave
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assisted reaction. Thus by substituting X1 =  0  in
equation 1 new equation was obtained (Eq 2.)

Y =65.95 +30.92 X2 + 42.62 X3 –7.5 X2 X3………..Eq.2

Equation 3 was rearranged as:

Eq.3
X5.762.42

X92.3095.65-YX ..........
2

21
3

-
-

=

 Y (% yield) values were assumed to be 70,80,90.100
%, thus the values for X3 at various levels of X2 such
as X2= -1, -0.75, -0.5, -0.25, 0, 0.25, 0.5, 0.75, and 1
were calculated and placed in the Table 8, based on
which the contour plot was plotted.
Result obtain from Yates analysis and contour plot, we
can interpreted the optimize formula as shown in
following Table 9.

RESULT AND DISCUSSION
The optimization of any organic reaction with regard
to one or more attributes has always been subject of
importance and attention for those engaged in
synthetic research. The pharmaceutical chemist has the
responsibility to choose and combine ingredients that
will result in a synthesis whose attributes conform to
certain prerequisite requirements. The objective of
using optimization technique is to produce a
mathematical model that describes the responses.
Optimization techniques are the analytical tools, which
are  used  to  obtain  the  best  results.  Reports  on  use  of
optimization technique for Microwave assisted organic
synthesis, so far have not been reported. This
prompted us to develop the optimized reaction
condition for microwave assisted organic reaction
using various optimization techniques.
1. Plackett–Burman design is the best screening
method used for qualitative optimization.
2. After qualitatively choosing the influential variables
viz. power, time, molar ratio further factorial design is
applied for quantitative optimization.
3.  Factorial design is one of the simplest optimization
technique used for optimization of synthetic reactions.
4. Data was further analyzed using Yates analysis
treatment, so as to check the statistical significance of
the results obtained.
5. Multiple regression analysis was carried out, to
obtain the polynomial equation and further contour
plots were constructed to obtain the experimental

condition.

The optimized formula was evaluated for yield of
reaction in percentage and it was observed that there
was no significant difference in the predicted response
and experimental responses .It can be conclude that
statistical optimization allows the chemist to study
wide range of independent and dependent variables.
This optimization was carried out in two steps viz.
Qualitative optimization and Quantitative
optimization. For qualitative optimization, Plackett-
Burman design was applied where the effects of the
four independent variables viz. grades of power, time,
molar  ratio  and  type  of  solvents  were  studied  at  two
different levels viz. high level and low level on the
yield of reaction. The levels were chosen as per shown
in Table 1.
Eight experiments were performed and power, time,
molar ratio and type of solvent were considered for
quantitative optimization. The microwave assisted
reaction further was optimized by varying the
quantities of the independent variables. The three
independent variables viz. power, time and molar ratio
were varied at high and low level respectively. The
experimental design was set up and experiments were
conducted as per the design and then the response
(yield of reaction in percentage) was obtained. The
value of the response was further used for calculation
of polynomial equation for both the responses and the
response surface plots were plotted so that the
optimum formulation was obtained.
From Yates analysis and contour plot, we can interpret
the optimized formula as shown in Table 9.

CONCLUSION
Optimization techniques are thus representative
analytical  tools,  which  are  used  to  obtain  the  best
results. Optimization of the variables of microwave
used for the synthesis of the Schiff’s bases was done
using Plackett - Burman methodology for qualitative
and factorial design for the quantitative optimization.
Experiments performed using the optimum values for
the various parameters of microwave reduced the time
required for the reaction to 30-40 minutes as compared
to 6-8 hours required by conventional techniques and
also maximized the percentage yield of the product.
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Table 1: Factors and their respective levels.
Factors High level(+) Low level(-)
Power (watts) 560 490
Time (mins) 90 45
Molar ratio (mole) 1:2 1:1
Solvent DMF Ethanol

Table 2: Plackett–Burman Design for 8 experiments
Microwave  Assisted
Reaction No.

X1 X2 X3 X4 X5 X6 X7

R-1 + + + - + - -
R-2 - + + + - + -
R-3 - - + + + - +
R4 + - - + + + -
R5 - + - - + + +
R-6 + - + - - + +
R-7 + + - + - - +

R-8 - - - - - - -

Table 3: Results of qualitative optimization of microwave synthesis of N’-(2-
                             chlorobenzylidene) nicotinohydrazide.

Table 4: Factorial Design for 8 experiments.
           Factors ResponseReaction No.

X1 X2 X3 Y (%)

R-1 - - - 61.11
R-2 + - - 63.82
R-3 - + - 69.82
R-4 + + - 74.46
R-5 - - + 70.21
R-6 + - + 79.78
R-7 - + + 86.17

Reaction No. Yield of reaction (%)

R-1 67.45

R-2 80.45

R-3 76.14

R4 69.55

R5
53.04

R-6 61.15

R-7 85.40
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Table 5: Chosen factors and levels of the microwave assisted reaction variables.

Table 6: Transformed values for 23 factorial designs along with the responses

Table 7: Yates analysis for determination of significant factor for high yield of Microwave Assisted reaction.

Y= yield of microwave assisted reaction in percentage.
Where C is the column “C” and n=3 i.e. number of factors.
Where n=3 i.e. number of factors.
DF= degrees of freedom.

Reaction
No.

Y
(%) A B C Effect

Mean
Square DF F

1 (R-1) 61.11 124.93 269.07 600.67 150.16 - - -
a (R-2) 63.82 144.14 331.6 -89.14 -21.53 2818.12 1 6709.8
b (R-3) 69.82 149.9 7.49 7.41 1.85 0.42 1 1
ab (R-4) 74.46 161.7 -96.63 -113.7 -28.42 100.96 1 240.38
c  (R-5) 70.21 2.71 19.21 62.53 15.63 30.53 1 72.69
ac  (R-6) 79.78 4.78 11.8 104.12 26.03 84.69 1 201.64
bc  (R-7) 86.17 9.57 2.07 7.41 1.85 .042 1 1
abc (R-8) 75.53 -106.2 115.7 -117.84 29.46 108.48 1 258.28

Factors ResponseReaction
No.

X1 X2 X3 Y (%)

R-1 8 45 1 61.11

R-2 9 45 1 63.82

R-3 8 90 1 69.82

R-4 9 90 1 74.46

R-5 8 45 2.5 70.21

R-6 9 45 2.5 79.78

R-7 8 90 2.5 86.17

React-ion.
No. X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3 TOTAL Y (%)
R-1 -1 -1 -1 +1 +1 +1 -1 +1 61.11

R-2 +1 -1 -1 -1 -1 +1 +1 +1 63.82

R-3 -1 +1 -1 -1 +1 -1 +1 +1 69.82

R-4 +1 +1 -1 +1 -1 -1 -1 +1 74.46

R-5 -1 -1 +1 +1 -1 -1 +1 +1 70.21

R-6 +1 -1 +1 -1 +1 -1 -1 +1 79.78

R-7 -1 +1 +1 -1 -1 +1 -1 +1 86.17

R-8 +1 +1 +1 +1 +1 +1 +1 +1 75.53
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Table 8: Transformed values for contour plot of microwave assisted reaction for N’ (2-chlorobenzylidene)
nicotinohydrazide.

Table 9: Optimized formula with the comparison of predicted and experimental results of N’ (2-
chlorobenzylidene) nicotinohydrazide.

Experiment No. X1
(watt)

X2
(min)

X3
(mole)

Y (%)

Predicted
Values

Experimental Values
(Average)

1 525 35.75 1.7 90 88
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