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Abstract: This research presents a study of the Taguchi design application to synthesis of a
terpenoid, Mikanecic acid diester using different catalyst. The present study includes catalyst,
temperature and reaction time as control factors. An orthogonal array of L9 was used and the
ANOVA analyses were carried out to identify the significant factors affecting the synthesis of
a, Mikanecic acid diester. The yield of synthesis of mikanecic acid diester can be significantly
enhanced by optimization of the synthetic process factors. The Taguchi method provided a
systematic and efficient methodology for this optimization, with less effort then would be
required for most other optimization techniques.
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1. Introduction

An innovative experimental design methodology based on Taguchi method is employed to synthesize
good yield Mikanecic acid diester through Diels Alder type reaction. The Taguchi method is enormously
helpful in data analysis and sampling when more than three experimental parameters are to be varied'. This
Technique is based upon a set of orthogonal array methods with optimum settings of each experimental
parameter. The purpose of Taguchi analysis®® is to reduce this variability thereby helping to set optimum
control or experimental parameters.

Synthetic organic chemistry is the developing, expanding and booming branches of Science. During the
past years, synthetic organic research has seen massive growth.”'> Development of latest methods for the
synthesis of heterocyclic compound, novel reagents, catalysts, strategies, and transformations is used. In
synthetic organic chemistry, the constructions of quaternary carbon center have been one of the demanding and
most attractive field due to a number of biologically active natural compounds consisting structural sub-units.
B 15T erpenoid dicarboxylic acid and Mikanecic acid have involved our attention due to its special feature of
having vinylic quaternary carbon center. In 1936, Manske'’ isolated Mikanecic acid from the alkaloid
Mikanoidine obtained by base hydrolysis of Senecio mikakioides otto. In literature'® many research papers have
been published based on the synthesis and characterization of Mikanecic acid." Inorganic catalyzed organic
reactions are obtaining importance owing to their low-cost nature and special catalytic attributes in various
reactions. In this view, our research is focused to develop environmentally benign protocols. Herein, we report,
K,CO;*** KI**® and Kaolin clay’®** catalyzed synthesis of Mikanecic acid diesters results in fairly good
yields.
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In past years, many researchers developed the Baylis-Hillman reaction. In literature, DABCO ** was
used to perform this reaction and it resulted with the slow reaction rates. A Lewis acid (TiCly) reaction of
acetaldehyde with appropriate acrylates successfully resulted with Baylis-Hillman adducts®®** (1a-1¢). Then
these adducts on treatment with suitable catalysts yielded with Mikanecic acid diesters (2a-2¢) by Diels-Alder
type (i.e. self-dimerization of 1,3-butadiene-2-carboxylate) (Scheme I Table 3). Mikanecic acid diesters on
hydrolysis gave Mikanecic acid. (3) Furthermore, a large number of experiments have to be accepted out when
the number of process factors is large. To explain this problem, the Taguchi method was proposed in the late
1960s.The method, which is one of the partial factorial designs allows one statistically and ideally to obtain
similar information to a full-factorial experimental design, but with lessexperiments. It uses a special design of
orthogonal arrays to study the full parameter space. Furthermore, a statistical analysis of variance is performed
to see which process factors are statistically significant. Finally, a confirmation testing is conducted to verify
the optimal process factors obtained from the Taguchi method.

The Taguchi method has been shown to be a great success in industry for improving the quality of
products and processes. The fast growth of interest in the Taguchi method has led to several applications of the
method in various fields in a world-wide range of industries and nations. In this work, the Taguchi method was
used to optimize the synthetic route factors to improve the yield of Mikanecic acid diester. An Ly orthogonal
array was selected for the experimental layout.

2. Experimental
2.1 Materials and Methods

For this research, the use of chemical, reagents and solvent were bought from the real scientific
company, India and used as such. Melting points were found out in an open capillary tube with a Buchi melting
point apparatus. Elemental analyses were done by using Perkin-Elmer 240C CHN-analyzer. Perkin Elmer IR
spectrophotometer records the 'H-NMR spectra .This was run in (CDCl;) solvent at 200 MHz NMR
spectrophotometer. In the same way *CNMR Spectra records the spectrum at 50 MHz.

2.2 Synthesis of Mikanecic Acid
2.2a. K;CO; Catalyst/ KI catalyst/ Kaolin clay catalyst.

The synthetic procedure is very simple method. As shown in Scheme I. 0.01 Mole Baylis-Hillman
adducts with the presence of catalyst (K,CO;/ KI / Kaolin clay) were refluxed for (1 hr /1.5 hr /2 hr) In the
presence of (70 C / 80 'C / 90 C) temperatures respectively. Then completion of their action (monitored by
TLC), common workup and column chromatographic purification (hex/ether, 5:1) gave products, which were
characterized by IR, NMR spectral data. The outcomes obtained are very much consistent with literature report.
The spectral and analytical data of the compound 2a-c.

IR (neat): 1713, 1641 cm-"; 'H-NMR (200 MHz, CDCls): 8 1.70-1.91 (1H, m), 2.08-2.15 (1H, m), 2.29-2.a43
(3H, m), 2.73-2.91 (1H, m), 3.70 (3H, s), 3.71 (3H,s), 5.11-5.21 (2H, m), 5.79-5.98 (1H, m), 6.98 (1H, m);
Anal. Caled for C1,H 404: C, 64.26; H, 7.15 %.Found: C, 63.33; H, 6.91%.

Spectral data for Mikanecic acid: IR (KBr): 1690, 1640 cm-'; '"H-NMR (200 MHz, CDCL;): & 1.68-
2.81(6H, m), 5.01-5.30 (1H, m), 5.76-6.03 (1H, m), 6.86(1H, m), 12.43 (2H, s, br); "C-NMR (50 MHz,CDCL;):
8 21.59, 29.10, 31.72, 46.52, 114.56, 129.30, 136.78, 140.28, 167.65, 175.22; EI-MS: m/z 196 (M-); Anal.
Calcd for CigH1,04: C, 61.23; H, 6.13 %. Found: C, 57.49; H, 6.51 %.

Taguchi experimental design

Three process parameters, i.e. catalyst, reflux time and reflux temperature, were selected as controllable
factors. Their ranges were chosen based on the conditions often used in industry and reported in the literature.
For each process factor, three levels were selected in this study, as shown in Table 1.

Three factors, each at three levels, were considered; therefore, an Ly orthogonal array with four columns
and nine rows was employed. This array has eight degrees of freedom and can handle three-level process
factors. Each process factor is assigned to a column, nine process factor combinations being available. Only
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nine experiments are required to study the entire parameter space. The experimental layout for the three factors
using the Ly orthogonal array is shown in Table 2.

Tabale.1 Factors and their values investigation

Symbol Factore Level 1 Level 2 Level 3
A Reflux time (hr) 1 1.5 2
B Catalyst K,CO;s KI Kaolin
C Reflux 70 80 90
temperature(’ C)

Tabale.2 Experimental Layout using an L9 (3) Orthogonal array

Trail no Level 1 Level 2 Level 3
1 1 1 1

O |0 |A|N|[n|~|Ww

W[ WI N[N = —
W N — W[ —|W( b
N[ W] — W[ |W( N

Tabale.3 Experimental result for the yield of Mikanecic acid diesters

Trail no Level 1 Level 1 Level 1 Yield(%)
1 1 1 1 55
2 1 2 2 56
3 1 3 3 59
4 2 1 2 50
5 2 2 3 52
6 2 3 1 54
7 3 1 3 52
8 3 2 1 54
9 3 3 2 57

Tabale.4 Mean values for the yield (%) of Mikanecic acid diesters

Factor Level 1 Level 2 Level 3 Max-Min
A 1.7 -3 0.7 4.7

B 2.7 -1 1.7 2.7

C -0.3 -1 -0.7 -04

Table.5 Analysis of Variance (ANOVA) of the yield of Mikanecic acid diester

Sources Some of Degree of Mean F-test Table Value
squares freedom squares 1% level
Factors SSC=7.5 2 MSC=3.75 MSC/MSE=1.44 (2,6)=10.92
Error SSE=15.3 6 MSE=2.6 - -
Total 22.8 8 - - -
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Determination of quality characteristics

A balance with a precision of 0.0001 g was used to measure the weight of the Mikanecic acid diestere
sample obtained for each experiment, according to which the yield of Mikanecic acid diestere based on Ring
formation was determined as the quality characteristic of the Mikanecic acid diestere syntheses in the Taguchi
method. In addition, the IR spectra of the Mikanecic acid diestere samples obtained were recorded on a
PerkinElmer Specrum-1000 Fourier transform infrared (FTIR) spectrometer. Samples were prepared as thin
films on KBr plates. The melting points of the Mikanecic acid diestere samples were measured by a capillary
method. The temperature at which a sample began to melt was recorded as the sample melting point.

Scheme: Synthesis of Mikanecic acid diester using different catalysts.

OH |o COOR COOH
e —0oR 1.K,CO, OR 2.KI - MeOH
s T HaCx HoCxo
CH, 3.Kaolin clay ‘ KOH
| COOR COOH
|
Baylis-Hillman Adducts . . S I
Mikanecic acid diester Mikanecic acid

Me,Et and t-Bu

3. Result and Discussion

3.1. Synthesis and Characterization

The synthesis of Mikanecic acid diester from Baylis Hillman adducts using three different catalysts that
is two chemical catalysts, K,COj; and KI. Another one is kaolin. In this study first we prepared different Baylis
Hillman adducts (1 a-c) by using acetaldehyde with different acrylates (Me, Et and t-Bu) in the presence of
TiCly. Chloroform is used as solvent. Further these different Baylis Hillman adducts react with K,CO;, KI and
Kaolin to give Mikanecic acid diesters (2a-c¢) and which on hydrolysis gives Mikanecic acid (3). (Scheme I).

All the synthesized compounds were characterized by IR, NMR and mass spectral analysis. In general all the
three catalysts were resulted with good yields.

The purpose of the analysis of variance (ANOVA) is to determine which process factors significantly
affect the quality characteristic.

57 - )
|
56 1
E 55 1
= 54 1
:: 53 H levall
= 4
§ 52 1 M leval 2
51 ¢
50 - leval 3
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variables

Figure.1 Mean values of synthesis of Mikanecic acid diester.

4. Conclusions

This paper has discussed an application of the Taguchi method for improving the yield of Mikanecic
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acid diester. As shown in this study, the Taguchi method provides a systematic and efficient methodology for
the optimization of the process factors in Mikanecic acid diester synthesis with far less effort than would be
required for most other optimization techniques.

Optimum control parameters were fixed and Synthesis of Diels Alder type reaction was carried out by
varying various control factors to obtain good yielding Mikanecic acid diester. Organic chemists working with
conducting Mikanecic acid diester synthesis may find this method more useful should they have more than
three experimental parameters to vary. Synthesis of Mikanecic acid diester through this innovative method and
applying the principles of Taguchi method would ensure less error experimentation and would help to set up
optimum control parameters by reducing variation.
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