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ABSTRACT

L-tyrosine has been utilized as an efficient catalyst for the Knoevenagel condensation of arylaldehydes with active
methylene compounds such as malononitrile, ethylcyanoacetate and cyanoacetamide in solvent free condition under
grindstone method at room temperatur e to afford cyanoacrylonitriles, cyanoacrylates and cyanoacrylamides.
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INTRODUCTION

Toda introduced a method called the grindstone akeff-3]. In this method, solids are ground togeth&ng a
pestle and mortar to get the produtkese reactions is more efficient and selectiven ttheose carry out in the
corresponding solutions.

Carbon—carbon bond formation reaction is the mugiortant reaction in organic synthesis [4%je Knoevenagel
condensation is one such reaction which facilita®e€ double bond formation and has been widely ugsed
synthesis of olefins, cosmetic, perfume and phaeutécal industry. These reactions are usually gatal by bases
[8-16] such as primary and secondary amines and theiesmonding ammonium salts, piperidine, pyridine,
ethylene diamine and sodium ethoxide in organiovesdk. Lewis acids[17-22] zeolite, [23] heterogeneous
catalysts, [24microwave irradiation, [25] ionic liquids,[2&ind grinding techniques have also been added to the
existing list of substances that assisted Knoevanamndensation in organic synthesis. The grindéutpniques are
very useful green methodology from both the ecomaimand synthetic points of view. It not only redacthe
problem of disposal of organic solvents, but alstinaes enhances the progress of many organicioeact

Tyrosine is an known to be an efficient, bi-funotd, zwitterionic and eco-friendly catalyst. Itasailable in both
the enantiomeric, (S)-Tyrosine and (R)-Tyrosinen® The two functional groups of Tyrosine enable iatd both
as an acid as well as a base catalyst in chermocalensation reactions.

In this report, we highlight our findings on thetyrosine catalyzed condensation of arylaldehydeth attive
methylene compounds such as malononitrile, ethylogeetate, and cyanoacetamide in solvent free ttondinder
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grind stone method at room temperature to affordnogcrylonitriles, cyanoacrylates and cyanoacryd@siin
solvent free condition under grindstone methodatr temperature.

MATERIALS AND METHODS

Experimental Section:

Melting points were measured in open capillary tubaed are uncorrected. TLC was done on plates c¢aeitd
silica gel-G and spotting was done using iodin&Jgrlamp. IR-spectra were recorded using FT-IR<Br phase.
'H-NMR spectra were recorded on a gemini-200 andiGiv-operating at 200 and 400 MHz, respectively.
Compounds are known, and products were identifiedpgectral and melting-point comparison with théhaatic
samples.

General Procedure for the preparation of 3(a-e) frm 1 (a-e) and malononitrile.

A mixture of 1 (10 mmol), malononitril€ (10 mmol) and L-tyrosine (2 mmol) was physicahged in solvent free
condition under grindstone method at room tempegdior a specified period of tim@able 1). After completion
of reaction ( as shown by TLC checking), the migtuwras poured into ice-cold water(50 mL).The sepdrablid
was filtered, washed with water(100 mL) and driedbtain crude3(a-e). The latter were then recrystallised from
methanol to afford pur8(a-e). Compounds are known, and products were identliiedpectral and melting-point
comparison with the authentic samples.

General Procedure for the preparation of 3(f- j) from 1(a-e) and ethylcyanoacetate.

A mixture of1 (10 mmol), ethylcyanoacetaPy(10 mmol) and L-tyrosine (2 mmol) was physicahged in solvent
free condition under grindstone method at room tenapire for a specified period of tim@able 1). After
completion of reaction ( as shown by TLC checkintgp mixture was poured into ice-cold water(50 rihge
separated solid was filtered, washed with water(kl) and dried to obtain crudd. The latter were then
recrystallised from methanol to afford p8ré-j). Compounds are known, and products were identifieddectral
and melting-point comparison with the authentic gk

General Procedure for the preparation of 3(k-0) fran 1(a-e) and cyanoacetamide.

A mixture of 1 (10 mmol), cyanoacetamide(10 mmol) and L-tyrosine (2 mmol) was physical geddat room
temperature for a specified period of tifiable 1). After completion of reaction ( as shown by TLC ckieg), the
mixture was poured into ice-cold water(50 mL).Tleparated solid was filtered, washed with water(&QQ and
dried to obtain crud&. The latter were then recrystallised from methaoohfford pure3(k-o). Compounds are
known, and products were identified by spectral medting-point comparison with the authentic saraple

Table-1. Synthesis of alkenes with Knoevenagel cogwkation in solvent free condition under grindstne method at room temperature

Time | Yield mp mp.(Lit. r.f)

S.NO. R X Condition| (min) (%) (°C) (°C)

a GHs CN rt. 5 97 84-85 83-84*

b CsHs COOEt rt. 6 94 47-49 49%

c CsHs CONH, rt. 8 91 | 197-199 197-1%9

d p-(MeN)-CsH,4 CN rt. 7 95 | 188-189 200-281

e p-(MeN)-CsH, | COOEt rt. 8 92 | 125-12% 140-1%41

f p-(Me:N)-CeHs | CONH, r.t. 10 90 | 197-198 198-189

g p-(OH)-GH, CN rt. 7 95 | 187-189 183

h p-(OH)-GH, | COOEt rt. 8 92 | 171-173 2¥g%*

i p-(OH)-GH, | CONH, rt. 10 90 | 244-245 245-246

] p-(NO2)-CsH, CN rt. 4 97 | 161-162 189

k p-(NO)-CsHs | COOEt rt. 6 95 | 170-173 168%

| p-(NO,)-CsHs | CONH, rt. 7 93 | 231-232] 233258

m p-(Cl)-GH, CN rt 5 96 | 161-163 162

n p-(C)-GH, | COOEt rt. 6 93 92-94 92-GA%

0 p-(C)-GH, | CONH, rt. 8 92 | 208-210 270

RESULTS AND DISCUSSION

Treatment of aromatic aldehyddga-o) with Active methylene compound®(a-c) i.e. malononitriles, ethyl
cyanoacetate and ethyl cyanoacetamide in the preskeryrosine in solvent free condition under gristbne
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method at room temperature for 5-10 min. resuitethe formation of cyanoacrylonitriles, cyanodates and
cyanoacrylamides3(a-o)in 90-97%yields(table-1) (schemel). This method is very facile and convenient for the
preparation of large amount of Knoevenagel produgth high yields in less time. L-tyrosine acts adase to
induce the reaction.

In the absence of L-tyrosine, the reaction doespnoteed the reactants in the solvent free comditioder grind
stone method at room temperature for 1 h. The uUsé-tgrosine as a catalyst helps to avoid the u$e o
environmentally unfavourable organic solvents astion medium. It is inexpensive, readily availadlel found to
retain its activity even in the presence of watet ather active functional groups such as CHO, -R0O;, and CN
present in the substrates. In all cases, the mraptioceeded smoothly with catalytic amount of tegine to give
products of good purity. In the above reaction, pheduct has been assigned E-configuration on #sstof the
assumption that the groups with maximum stereo aedrbulk would be more stable in a trasznfiguration.

The above reactions afrylaldehydesl(a-o0) with active methylene compoun@ga-c)i.e., Malononitriles, ethyl
cyanoacetate and ethyl cyanoacetamide were attdriptee presence of various bases like NaOH, KGewoo
strong bases to result in more by-productay lyield was obtained and long reaction time isdeeleusing
K,CO;, ammonium acetate, piperidine and triethylamineaalyst for condensation of arylaldehyd€a-o) with
active methylene compoun@ga-c) i.e. malononitriles, ethyl cyanoacetate and ettygnoacetamiden the
solvent free condition under the grind stone methiodom temperature.

FromTable-1, it was shown that the condensation of arylaldeBydith electron withdrawing group such as -NO
and Cl at para position withActive methylene compoundXa-c)i.e. malononitriles, ethyl cyanoacetate and ethyl
cyanoacetamide can be carried out in relativelytehdime and higher yield than with electron damgigroup such
as —OH and N, N-dimethyl arylaldehydesthe solvent free condition under the grind stonethod at room
temperature.

SCHEME-1
CN

0 ,
R_@_« L-tyrosine/r.t. \—CN
H + > + Hzo

> R
Physical grinding/5-10 min.

R= CgHs, X= CN, COOEt, CONH,
P-(Me&;N)-CeHa,

P-(OH)-CeH,,

P-(NO,)-CeH,,

P-(Cl)-CoHa

A plausible mechanism for the formation®from 1 and2 in the presence of L-tyrosine as catalyst is shiovthe

Scheme-2.

In the mechanism shown iScheme-2 L-tyrosine, in its zwitterionic form (Xb), abstracts a proton from
Activemethylene compound2 i.e. malononitriles, ethyl cyanoacetate and ethyl cgaetamideforming the
carbanion of Activemethylene compounds (28.which then attacks the protonated arylaldehyd8sforming the
corresponding intermedia2") that loses water to form the end prod8ict
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Scheme-2: possible mechanism for the formation offBfom 1 and 2 in the presence of L-tyrosine underavent free condition at room

temperature
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CONCLUSION

In summary, L-tyrosine has been employed as aniefi catalyst for the preparation of aryl olefismpounds by
a Knoevenagel reaction in the solvent free conditioder the grind stone method at room temperaiinie. method
is applicable to a wide range of arylaldehydb®-e) and active methylene compoun@ga-c). to afford

cyanoacrylonitriles, cyanoacrylates and cyanoaaoridas in solvent free condition under grindstonethoé at

room temperature.

The attractive features of this procedure are tild reaction conditions, high conversions, operadiosimplicity
and inexpensive and ready availability of the gatalall of which make it a useful and attractiveategy for the
preparation otyanoacrylonitriles, cyanoacrylates and cyanoanmdas in solvent free condition under grindstone
method at room temperature.
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