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Abstract: Six new products of Knoevenagel condensation betwisephthalaldehyde and some active
methylene compounds were prepared under thermalmaawave irradiation conditions. The used active
methylene compounds are malononitrile, methyle oyacetate, ethyle cyano acetate, methyl acetotaceta
acetyl acetone and dichloro methane. The obtainadlupts were purified by recrystalization from etbband
identified by IR, U.V!H- NMR ,*C -NMR spectroscopy and elemental analysis.

The yield of the reaction and the related paramdtemperature, time) are controlled by the electro
withdrawing ability of the functional groups in theethylene component.

Keywords: Isophthalaldehyde, Active methylene compounds, Kenagel condensation.

1. Introduction:

Knoevenagel condensation is a widely used readtioarganic chemistry, known for its utility in
carbon-carbon double bond C=C formalibrk.C. has found a growing interest since it wasied out, for the
first time, by Emil Knoevenagel in 1894 between zsdehyde and ethyl cyano acetate in presenceetiydli
amine as a catalyst in ethafil

Knoevenagel condensation usually proceeds betwiekyales or ketones which do not contain
hydrogens with active methylene compounds EWG-EWG, where EWG: Electron Withdrawing Group
such as N@ COR, CN and Sgpl, as a catalyzed, uncatalyzed or microwave enlthresction, in different
solvents, in aqueous medium or in solvent free itiomg®*°.

Knoevenagel condensation products, because ofdiggiificant properties, have found more and more
increasing applications in different fields, andifid employment in industrial, agricultural, medadirand
biological uses. They are important intermediatesrganic synthesis and in the preparation of apsensors,
cosmetics, perfumes and pharmaceutitats

2. Purpose of Resear ch:

This research aims to study Knoevenagel condemsptiaducts between isophthalaldehyde and some
active methylene compounds due to their importamcemodern organic chemistry as well as their
implementations in several pharmaceutical and imidi$ields.
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3. Experimental Part:
3.1. Materials:

Isophthalaldehyde (97%), malononitrile (99%), mé&thgyano acetate (99%), methyle aceto acetate
(99%) and acetyl acetone ( > 99.5 %) from sigmaiglg ethyle cyano acetate ( for synthesis) frore[REL,
dichloromethane (99%) from GPR, piperidine (98%gnir RECTAPUR, absolute ethanol (99.5 %) from
panreac.

3.2. Used apparatus:

1. Electric heater with magnetic stirrer (AREC c@myp) .

2."H and®C nuclear magnetic resonance (NMR) Bruker DPX400.
3. IR spectrometer (Midac 300 Midac 1700).

4. UV-VIS spectrometer (U.V Perkin- Elenie20) .

5. Mass spectrometer (KRATOS MS50TC).

6. Elemental analyzer (Carlo — Erba 1106).

7. Melting point apparatus (Stuart SMP30).

3.3. Synthesis:

The condensation products were synthesized aceptdithe following procedure: a 100 ml two necks
round bottom flask was connected to a reflux cordeand filled with 0.005 mole of the correspondacgve
methylene compound in 10 ml absolute ethanol. Breplets of piperidine were added as a catalyststine:d
by a magnetic stirrer. Then a solution of 0.002Benisophthalaldehyde in 10 ml absolute ethanol aduked to
the stirred mixture at room temperature, heates@ or refluxed, for the time given in table (1). Th®gress
of the reaction was controlled by the use of thaget chromatography (TLC). When the reaction was
completed, the mixture was left to cool down tomotemperature and a precipitated brown, white oyelbr
orange compound was observed. The precipitate itasefl and washed by cold absolute ethanol and the
purified by recrystallization from ethanol. The aipied precipitant is slightly soluble in water, heatol or
ethanol at room temperature but is soluble in dfitom, acetone and benzene.

4. Results and Discussion:

Equation (1) shows the reaction between isophttieligide and an active methylene compounds (R
CH»-Ry) in ethanol in the presence of piperidine as algst.

R4 i
CHO + 2 H2C< L»
R, EtOH

OHC

H R
c=c ' +2H,0
R

Ri ~—
/C—CH
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Table (1) gives a list of the performed reactiortsew six different active methylene compounds are
used.Different reaction times, temperatures anldlyi@ere adopted depending on the easiness oiifftoeilty
of the reaction. It is obvious from Table (1) thhe reaction times under the microwave irradiatioa
significantly shorter than those required to getsame results in the reactions done in the tosditi(thermal)
means. Moreover, the yields in the case of reasthh and 6 were clearly higher under microwa\aiation.
The melting points of the obtained products are bdsed in Table (1).

Tablel: The reaction parameters and some characterizdaianof the prepared compounds

Thermal conditions Microwave
Product R, R, T irradiation Color M.P
0, 0,
(C) Time Yield Time Yeild (C)
(h) (%) (min) (%)

1 CN CN 50 Yo 91.07 3 85.71 Brown 147
2 CN COOCH 50 Yo 83.33 3 76.38 | Yellow 171
3 CN COOCHCH; 50 s 82.92 3 79.01 White 128
4 COCH COOCH 80 4 30.30 6 46.06 | Orange| 210
5 COCH COCH; 80 2 44.29 4 65.77 Brown 180
6 Cl Cl 80 6 26.86 10 34.32 | Yellow 81

Although vyield differences exist between the cleasthermal and the microwave methods, there is a
correlation between the thermal and the microwagthods. We mention for example reaction (1), winak a
high yield in both methods. Reaction (6) has loelds in both methods.

Scheme (1) shows the structural formulas of thelyects obtained from reactions 1-6. This Scheme
intends to facilitate interpretation of the ideiettf IR absorption bands of the obtained products.

E—C/CN (H;—C/COOCH3
“CN “CN
NG~ _ HsCOOC~ _
~C=CH 3 ~C=CH
Nogd NC”
1 2
E—C/COOCHZCHS (I-‘,|=C/COOCH3
TUNeN “COCH,
HCH,COOC~ ~_ H3CO0C—~-
C=CH C=CH
N H,COC”
3 4
E_C/COCHg H Cl
“COCH, o C_C\C|
H3COC\ = NA—
C=CH c=C
H,coc” c” H
5 6

Schemel: Schematic representation of the obtained comp®tnadh reactions 1-6.
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Tables 2-5 show IR, U.V.!H- NMR, *C -NMR spectroscopy data for the obtained produstsile the
APPENDEX brings the spectra. Table (6) brings #wmults of the elemental analysis.

Table2: Infrared data of prepared compounds {Em

Product (C-H)ar c=C C=0 C-O C=N CH, CH;
1 2924 1685 - - 2500 - -
2 2924 1597 1735 1275 2217 - 1365
3 2984 1602 1715 1206 2226 1419 1394
4 2940 1680 1669 1206 - - 1387
5 2929 1604 1698 - - - 1358
6 2925 1693 - - - - -

As can be clearly seen in IR spectra of compounréisthe absorption band of the aldehyde group in
the range (2700-2800 ¢thwas disappeared and a doublet absorption camsened in the frequency range
(1597-1735) cil which is characteristic for the presence of bothtCCand C=0 stretching vibrations in

compound®- 5.

Table3: 'H-NMR data of prepared compounds (ppm)

Product Ar-H C=CH CH, COOCH COCH CHs;
1 7.50 - 7.60 7.75 - - - -
2 7.72-8.21 8.34 - 4.32 - -
3 8.07-8.27 8.28 4.42 - - 1.44
4 7.52-7.71 7.85 - 2.09 1.26 -
5 7.81-7.85 8.32 - - 1.35 -
6 8.15-8.17 8.38 - - - -

The absorption NMR signal for the aldehydic proiothe range (10-11) ppm has disappeared'ind

NMR signals in the chemical shift range (7.75-8.iB8cating formation of C=CH have appeared.

Table4: *C-NMR data of prepared compounds (ppm)

Product] A-C | CH=| C= | COO | CO | coocH, | coocH, | cochs | CHs | c=N
1| 2218 157.3) 1009| - i i i i - | 1135
2 | 2011531 1057 | 1625 | - 14.18 i - | 1148
3 | 204 1531 1053 | 1618 | - 63.1 i - | 141] 1149
4 | 5% 1645|1261 | 167.3 | 1916 6451 | 3456 | - i
5 | 2881 1605| 1235| - | 1916 i 344 | - i
6 | 2% | 147.2| 1260 - i i i i i i
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The absorption signal which indicated CHO grouphi@ range (190-200) ppm disappeared in°alt
NMR spectra of the formed products and new NMR a@igappeared in the range ( 147.2-164.5 ppm) which
indicate CH= and a signal in the range (105.3-12pin indicating the existence of C= appeared.

Table5: U.V data of prepared compounds ( n.m)

Product 1 2 3 4 5 6

Amax 297 301 312 248 293 295

AmaxWas changed in the UV-VIS spectra of all formeddorcts relative to the raw organic reactants due
to their ability to act as chromophores becausdaiftronic conjugations in the UV-Vis range.

Table 6: Elemental Analysis of prepared compounds (%)

Calculated Found
Product
C H N C H N
1 73.04 2.60 24.34 73.23 2.82 23.57
2 64.86 4.05 9.45 65.17 4.26 9.40
3 66.66 4.93 8.64 66.65 4.88 8.60
4 65.45 5.45 0.00 65.92 5.68 0.00
5 72.48 6.04 0.00 71.91 5.83 0.00
6 4511 2.25 0.00 45.92 2.67 0.00
Conclusions:

Six new organic products (1-6) were produced assalt of Knoevenagel condensation starting from
isophthalaldehyde and some active methylene congsoupiperidine was used as a catalyst in ethanol (a
solvent) at room temperature, heating alG@r reflux of the reactant mixture with yields gamg from 26.8 to
94.6 %.

The same six products (1-6) were also preparedhdgitmulation of microwaving with reaction times
in the range (3-10)min and vyields ranging from 3th393.3 %. Although the microwave technique was
relatively quick, the classical “thermal” methodu@achieve better results, especially for thoselpcts which
contain CN group. This is due to decompositionhafse products at higher temperatures in the micrewa
technique. Those reactions which required refludenrmicrowave irradiation could achieve higher tigac
yields with less time.

Therefore, it was deduced from this study thatrtierowave technique has its pros and cons. The
advantages can be summarized in running the reactiess time and effort in addition to its alyilib get out
better results especially for those reactions wingzfuire heating to relatively high temperatures.tfe other
hand, the microwave technique has the disadvamifigebility to control the reaction temperatureigfhmay
lead to compound decomposition due to the high ézatpre. Moreover, the inability to mix the reacsawell
during the progress of the reaction represents alstsawback for the microwave technique because les
collisions between reactants are occur.

Comparing the methylene compounds we concludeatbatould obtain high reaction yields with those
compounds which contain CN groups (nitrile malopat@no methyl acetate and cyano ethyl acetates. i$h
to their ability to better draw electrons when camngal to keto and ester groups. The nitrile malonate the
most active reactant in this study. The cyano meathgtate was less active due to the replacemeneiCN
by the ester group, which is less capable to dia@atrens that the CN group. Cyano ethyl acetats &l the
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third position along reactivity because of methyldihyl replacement. It is well known that ethykhagher
ability to deliver electrons than methyl moiety.

For those reactants which contain keto and esmupgr (acetyl acetone and methyl aceto acetate),
acetyl acetone is considered to be the most reacompound when compared to methyl aceto aceta&eadu
the fact that acetyl acetone contains two keto ggowhich are more capable to draw electrons veldt the
ester group. The reaction with acetyl acetone twadk two hours in the reflux condenser with a resacyield
of 44.2%.

For dichloromethane, the condensation reaction toager time (six hours) when compared to the
reactions of the cyano, keto or acetate methylariveareactants. The condensation reaction yielth wi
dichloromethane was the less among all performadtians in this study (26.8%). This is becauseheftivo
electron donating chlorine atoms which exist inhthcomethane and can moderately suppress the tgatifvi
this reactant toward condensation reactions.
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