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INTRODUCTION 
1. INTRODUCTION

The field of organic chemistry is very broad encompassing structures and reactions of several million molecules.  It is an important area for study and research.  Because the structure of organic molecules are now very well understood, and new types of molecules are readily prepared by rational approaches.  This ability to make new substances with predictable structures and properties is one of the most important aspect that separates organic chemistry from many other fields. New drugs and materials for industrials and biomedical applications continue to require trained chemists who are interested in chemical synthesis.  

A majority of the compounds produced by nature have heterocyclic rings as part of their structures.  Many heterocyclic rings are found as key compounds in biological systems.  Significant numbers of compounds synthesized in the industrial sector each year are heterocyclic in nature.

1.1 Nitrogen heterocycles

Nitrogen heterocycles of different ring sizes, with different substitution patterns are embedded in various molecular frameworks constitutes extremely important structure classes in the search for bioactivity.  Despite the large availability of methods to construct nitrogen heterocycles, there is still a strong need to further explore synthetic methods to efficiently synthesize novel heterocyclic structures, either in racemic, but preferentially in enantiomerically pure form.

 The bridged nitrogen heterocycles are an important class of heterocyclic compounds because of their wide use in medicinal and agro chemistry as scaffolds for generation of pharmacologically active agents, as antiviral, antiulcer, antimicrobial, antifungal, herbicidal, antileprotic, and immunosuppressive agents.

The amino pyridines have served as useful starting materials for the synthesis of condensed – ring heterocycles.  The two reactive nitrogen centers in the tautomeric form of 2-aminopyridine make possible the formation of compounds containing bridge head nitrogen.  Examples of these are the pyridopyrimidines and the pyridoimidazoles.  Other types of heterocycles are formed by more conventional types of closures, either on the pyridine ring or a substituent on the ring.
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A number of other condensed heterocyclic systems have been prepared from amino pyridine intermediates.  Among these are pyridioxazines, pyridoxazole, azaacridines pyridoquinoxalines, triaza fluorine, a 1- aza phenothiazine Napthyridines and Pyridopyrimidines.

1.2 Naphthyridines 

The naphthyridines are among the best known heterocyclic condensed – ring systems which are based on amino pyridines. 
Naphthyridines represent a group of six isomeric heterocyclic system containing two fused pyridine rings with different mutual arrangement of nitrogen atoms.  These naphthyridine derivatives have exceptionally broad spectrum of biological activities.  They are used for the diagnostics and therapy of diseases of humans including AIDS, for combating exo and endo parasites in agriculture and in cattle breeding, as preservatives and ingredients of cutting fluids, as ligands in analytical chemistry etc.,
1,8-Naphthyridine derivatives have proved to inhibit type IV phosphodiesterase and are useful in the treatment of respiratory, inflammatory systemic organ transplantation, diseases associated with urination and those involving tumour necrosis factors and other cytokines.  Numerous 1,8-naphthyridine derivatives are useful as modulators of cytokine synthesis immunomodulatory and anti – inflammatory agents (Vassiliki Oelieza et al., 1997).

1.3 Pyrido pyrimidines

The intense progress in the chemistry and pharmacology of pyrido [1,2-a] pyrimidines revealed a broad spectrum of biological activities of this class of compounds.
2-phenyl – pyrido [1,2-a] pyrimidine 4 - one derivative, exhibited activity levels in the micromolar/submicromolar range when tested for aldols reductase (ALR2) inhibitor (Concettina La Motta et al., 2007).  

3,4 - dihydro – 2H – pyrimido  [2,1-a] isoquinolines inhibited the FcεRI – mediated activation of most cells.  3-piperazino-1H-pyrimido [1,2-a] quinoline -1- one and 2– piperazino - 4H - pyrimido [2,1-a] isoquinolin-4-one inhibited platelet aggregation in a concentration dependent manner.  4H-pyrido [2,1-b] quinazolin-11-one was screened for anticancer activity, 6-(2-methoxy phenyl) –3,4-dihydro – 2H- pyrimido  [2,1-a] isoquinoline exhibited good inhibition of melanocortin – 4 receptors.  2H – pyrimido [2,1-a] isoquinoline – 7 - ols were patented as multi-functional fuel and lube additives. 

1.4 Microwave synthesis


In the past few years chemistry under microwave heating has been under intense study with significant benefit in the area of organic synthesis, because this technology could make industrially important organic synthesis more eco-friendly than conventional methods.  The growing concern about the effect of organic solvents and chemical wastes on the environment is attracting attention to non-traditional synthetic approaches that might ‘reduce pollution at the source’.  In this context more chemistry techniques are potentially valuable as they reduce the need for organic solvents and also increase ‘atom economy’ by improving product selectivity and chemical yield. (Ajay K Bose et al., 2002).  Therefore research units are established in order to study and develop the application of domestic microwave ovens in organic chemistry reactions.   


The organic reactions under microwave irradiation are more advantageous over the conventional methods, owing to shortening of reaction time, mild temperature conditions, and good-to-high yield.  (Sudhakar Reddy et al., 1998), eco-friendliness and non-use of expensive reagents (Caddick, 1995).
1.5 OBJECTIVES

The Pyrido [1,2-a] pyrimidine core is a successful motif for the development of biologically interesting molecules, including tranquilizer pirenperone, the anti allergic agent barmastine, anti asthematic agent etc.,

These pyrido pyrimidines are synthesized from 2-amino pyridines by various methods.  One of the methods to synthesis pyrido pyrimidines is the reaction of 2-amino pyridine with unsaturated acids, 

The reaction proceeds via two steps, 

· Addition of 2-amino pyridine to unsaturated acids,

· Cyclisation of the adduct formed by using cyclising agent.

The present study is undertaken with the objective for the developing a convenient route for synthesizing 2-amino pyridine – α-methyl succinic acid adducts, because they are the intermediates for the synthesis of pyrido pyrimidine, valued in pharmaceutical industry.

The present work is aimed to 

· Synthesis 2-amino pyridine, α-methyl succinic acid adducts.

· Carry out the reaction at cold conditions and at room temperature.

· Carry out the reaction under microwave irradiation to improve the product yield and minimizing the reaction time.

· Suggest a plausible mechanism of the reaction.

· Characterize the synthesized compounds by Infrared spectra and Nuclear Magnetic Resonance spectroscopy.

Books are the carriers of civilization. Without books, history is silent, literature dumb, science crippled, thought and speculation at a standstill.”

Barbara W. Tuchman quotes




RIVIEW OF LITERATURE 
2. REVIEW OF LITERATURE


A research work is a gradual process and systematic unfoldment of important existing concepts, which have already dealt with the experimental upon by other experts and science scholars.  The literature of past finding and studies is essential indispensable for further experimentation and research work where the discovery of new concepts is an extension of existing concepts.  So the present work is reviewed under the following headings.

(i) Synthesis of pyrido pyrimidines.

(ii) Microwave assisted synthesis

· Hector Salgado-Zamora reported that the reaction of 2-aminopyridine with 1,3-dimethyl barbiturates and barbituric acid yielded an unexpected condensation product whose formation resembles a Mannich-type reaction.  While the reaction with 5,5-dibromo barbituric acid yielded the corresponding 5-bromo 2-aminopyridine(2004). 
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· Okram Mukherjee Singh reported that cyano ketene dithioacetal on treatment with 2-aminopyridine gives 2-ethoxy/2-methylthio/3-cyano-4-oxo-4H-pyrido [1,2-a] pyrimidines 3 and 4 in good yields (2004).
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· Geraldine C.B.Hariman reported the biologically relavant, 4 trifluoromethyl [1,2-a] pyrimidin-2-one (7).  Addition of substituted 2-aminopyridines (5) to activated alkynoates leads to the facile formation of a series of metabolically stable trifluoromethyl substituted pyrido [1,2-a] pyrimidines under mild conditions. (2003).
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· The various methods to synthesise  pyrido[1,2-a]pyrimidin-2-ones include:

i) Cyclization of 2-aminopyridine (8) with ethyl cyanoacetate (9) at 80-100(C (Dorokhov, V, A, et al., 1991).

ii) The cyclization of 2-aminopyridine with the Vilsmeier-Haack reagent prepared in situ from N-alkyl-N-arylethoxycarbonylacetamide and phosphorus oxychloride, which always afforded a mixture of the pyrido [1,2-a] pyrididine-2-ones and pyrido [1,2-a] pyrimidin-4-ones; (Roma, G, et al, 1987).

iii) Reaction of phenylpropiolic ester with 2-aminopyridine, formed significant amount of undesired side products:  (A1 Jallohn, et al., 1978, Harriman, G.C.B, et al., 2003).

iv) Reaction of dimethyl hex-2-en-4yne-1,6-dioate(12) with 2-aminopyridines;  (Acheson,R.M, et al., 1982) or allene –1,3-dicarboxylic esters with 2-aminopyridines; (Doad,G.J.S. et al., 1988),

 
[image: image10.wmf]C

2

H

5

O

C

N

O

(

i

)

N

N

R

O

R

=

N

H

2

N

N

H

2

(i)

+

(9)

(8)

Cl

N

P

h

R1

O

M

e

(

i

i

)

N

N

O

R

N

N

H

2

(ii)

+

(10)

(8)

(11) R=N(R1)Ph



[image: image11.wmf]P

h

C

O

O

E

t

(

i

i

i

)

R

=

P

h

N

N

H

2

N

N

R

O

(iii)

+

(8)



[image: image12.wmf]C

O

2

M

e

M

e

2

C

(

i

v

)

N

N

H

2

N

N

R

O

R

=

C

O

O

M

e

(iv)

+

(12)

(8)

R=


· Ravina reported the formation of 4-oxo-4H pyrido [1,2-a] pyrimidines from (13) 2-pyridylaminoethyleneisopropylidenemalonates and 2-aminopyridines. (2002).


[image: image13.wmf]O

O

O

O

C

-

O

E

t

H

N

N

H

2

O

O

O

O

H

C

N

H

N

H

R

4

R

3

R

2

R

1

(14)

(13)

R

1

R

2

R

4

(15)

R

3



[image: image14.wmf]N

N

O

-

C

O

2

,

 

-

M

e

2

C

O

R

1

=R

2

=R

4

=H, R

3

=Cl;

R

1

=R

2

=R

4

=H, R

3

=Br;

R

1

=R

2

=R

4

=H, R

3

=NO

2

;

R

2

=R

4

=H, R

1

=R

3

=Cl;

R

2

=R

3

=H, R

1

=Et, R

4

=Me

R

2

R

1

R

3

R

4

(16)

R

2

=R

4

=H, R

1

=R

3

=Br;

R

2

=R

3

=R

4

=H, R

1

=Me;

R

1

=R

3

=R

4

=H, R

2

=Et;

R

1

=R

2

=R

3

=H, R

4

=Me;

R

1

=R

3

=R

4

=H, R

2

=Et;


· Reaction of 2-aminopyridines and 3-(N, N-dimethylamino)-2-(2-pyridyl) acrylate (17) yielded 3-(2-pyridyl)-4H-pyrido [1, 2-a] pyrimindine-4-ones (17a). (P.Kolar, et al., 1993).


Cyclocondensation of 2-aminopyridines and 3-(N, N-dimethyl amino)- 2-(substituted amino) acylates (18) yielded 3- (substituted amino) 4H-pyrido-[1,2-a] pyrimidine-4-ones (18a). (G.Sorsak, et al., 1998).
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· Dipolar cyclo additions of dihydropyrimidine fused mesomeric betaines (19), (21) and (22) with different dipolarophiles afforded 6-oxo-6H-pyrido [1,2,a] pyrimidine-3-carboxylates (21), (22), (23), and (26).  Pyrido [1.2-a] pyrimidine-3, 7-dicarboxylate (26) was obtained in the reaction of diazo compound (25) and methyl vinyl ketone in boiling benzene in the presence of catalytic amount of ruthenium acetate. (C.O.Kappe, et al., 1997).
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· Reaction of 2 aminopyridine and methyl 3-(N,N-dimethyl amino)-2- acetyl aminoacrylate(27) in boiling AcOH yielded 3-acetylamino-4H- pyrido[1,2-a] pyrimidine-4-ones(28). (L.Kralj et at., 1997).  From 2-amino-5-nitropyridine only a condensation product (29) was obtained.
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· Reaction of 2-(aryl methyl amino) pyridines (30) and styrenes in the presence of hydroquinone afforded 2,4-diaryl –3,4-dihydro-2H-pyrido [1,2-a] pyrimidines (31) by means of an inverse electron demand Diels- Alder reaction. (M.A.Abdul-Rahman, et al., 1996).
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· Cyclocondensation of 2 (nitro ethylene) perhydropyrimidine (32) and dimethyl acetylene dicarboxylate yielded a mixture of 9-nitro1, 2,3,4 - tetrahydro-6-oxo-6H-pyrido [1,2-a] pyrimidin-8-carboxylate (33) and a pyrrolo [1,2-a] 
Pyrimidine –7- ylidenoacetate (34). Their ratio depends on the reaction circumstances. (T.Tokumitsu, et al., 1993).
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· The synthesis of pyrido-[1,2-a] pyrimidinium salts (36) which are aromatic in character, were reported by various authors.

(i) From 2-amino pyridines and 1,3-dioxo compounds. (W.K.Franke, et al., 1980). 

(ii) From the acetal and ketal equivalents of the 1, 3, dioxo compounds in acidic media  (perchloric acid and concentrated hydrobromic acid).  The reaction of (-oxo acetals and 2-amino pyridine unsubstituted in position 6 leads to 4-substituted pyrido [1,2a] pyrimidinium salts (36:R’=H) (J.R.H. Sawyer, et al., 1973).
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· Tkachenko et al., prepared 4-phenyl –2-oxo- 2H-pyrido [1,2-a] pyrimidine (41) starting from 2-aminopyridine and the acid chloride (37) & (38) and associated intermediates (39), (40) (1978).
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· Reaction of 3-aminoacrylates with 2-aminopyridines in presence of copper bronze at 180-270(C or in the presence of diethyl benzene at refluxed temperature gave 4-oxo–4H-pyrido[1,2-a]-pyrimidine (44) in good yields.  At lower temperature the intermediate (43) could be isolated in refluxing toluene (H.L.Yale et al., 1977).


[image: image29.wmf]N

N

H

2

R

C

N

H

2

C

H

C

O

O

E

t

N

N

H

C

=

C

H

C

O

O

E

t

R

N

N

R

O

+

(42)

(43)

(44)

R

1

R

1

R

1


· (i) Chulguk and Oksanich reported that the reaction of 2-amino pyrimidinium perchlorates and (-chlorovinyl aldehydes led exclusively to the 4-substituted products (47) where as from 2-amino –6 –-methyl pyridine no cyclic product was obtained (1973)

(ii) (-Chloro vinyl ketones with 2-amino pyridines gave both the 2 and 

4 – substituted pyrido [1,2-a] pyrimidiniunm salts where as 2-amino –6 –-methyl pyridine gave only the 2-substituted isomer (48) (V.A.Chuiguk, et al., 1976)

(iii) Reaction of 2-aminopyridines with (-chloro vinyl ketones were surveyed by Fischer.  He established that in a non acidic medium (acetone-methanol mixture) the pyridinium salts (45) were formed, which can then be cyclized by acids (acetic acid and 70% perchloric acid) to the 2- substituted pyrido [1,2-a] pyrimidinium salts (48) (1976).

(iv) Reaction of 2-aminopyridine with (-chloro vinyl ketones in acidic media, gave 4-substituted pyrido [1,2-a] pyrimidium salts (47) formed via., the enamine(46)  (A.N.Nesmeyanov, et al., 1976).
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· Methylphenylcyclopropenone (50) undergoes a cycloaddition reaction across the PhC-CO bond with 2-aminopyridine in ether to produce the insoluble cis-3,4-dihydro-3-methyl-4-phenyl-2H-pyrido [1,2-a]pyrimidin-2-one. Rearrangement of cis-3, 4-dihydro-3-methyl-4-phenyl-2H-pyrido [1,2-a] pyrimidin-2-one to 
α- methyl-trans-cinnamamide occurs slowly in refluxing chloroform. 2-Amino-3- methyl- and 2-amino-4-methylpyridine reacted similarly, while 2-amino-5-methylpyridine eventually afforded, in addition, the α-(2-pyridylamino) acid. 2-Amino-6-methylpyridine reacted very slowly to give α-(2-pyridylamino) acid exclusively. A lack of reactivity shown by aniline suggested that both products arise by way of initial nucleophilic attack of the amino pyridine ring nitrogen on the cyclopropenone ring, with steric hindrance at this nitrogen favoring subsequent formation of an intermediate of apparent reaction at the oxo nitrogen (Albert. Kascheres, et al., 1976).
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· Reaction of 2-aminopyridine and the enamine (52) led to the 3-phenyl derivative (53), which is presumably formed by an addition elimination mechanism (A.Halleux, et al., 1970).
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· Lappin showed that 2-amino pyridine reacts with acrylic esters at both the ring and α-amino nitrogen atoms to form 3, 4-dihydro-2H-pyrido [1, 2-a] pyrimidin-2-one (54) and esters of N-(2-pyridyl) β-alanine (55) (1958).
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· The formation of a pyrido- [1,2-a] –pyimidone from ethyl acetoacetate and 

2-aminopyridine was studied by several workers under different conditions. The product was first formulated as 4-methyl –2H-pyrido-[1,2a]-pyrimidin-2-one (56) and latter as 2-methyl –4H-pyrido-[1,2a] –pyrimidin-4-one.  The latter structure was confirmed by Adams et al by the studies of ultraviolet absorption curves of several pyrido–[1,2a]-pyrimidones and by providing unequivocal chemical evidence. The synthesis of the isomer (56) has not yet been affected.

          Krishnan, M synthesised the compound (56) or its 3,4-dihydro derivative by the reaction of homologues of acrylic ester or (-bromo-propionic ester with 

2-amino pyridine and other methyl substituted 2-amino pyridines. The condensation of 2-amino pyridine or methyl-2-amino pyridine with ethyl β-bromo butyrate or β-bromo butyric acid was attempted according to the method of Adams.  Addition of ethyl crotonate (crotonic acid) to 2-aminopyridine (methyl 2-aminopyridine) to form the cyclized base (56) was also attempted by Adams method.  In each case no reaction took place and most of the reactants were recovered unchanged  (1958).
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· Adams reported that 2-amino pyridine reacts with β-bromo lactic acid at both the ring and α-amino nitrogen atoms to form pyridopyrimidone.  He also reported that 2-aminopyridine and β-bromo propionic acid gave the hydrobromide of (59) identical with that prepared by treatment of on ethereal solution of (60) with hydrogen bromide (1952).
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· The ring nitrogen of 2-aminopyridine adds to acrylic acid, ethyl acrylate and 
α-bromo acrylic acid; on the other hand, the amino nitrogen adds to ethoxymethylenemalonicester.  These facts were established by determination of the structure of the addition product.  Pyrido [1,2-a] pyrimidin-4-one was synthesized and its ultraviolet absorption spectrum was compared with that of pyrido [1,2-a] pyrimidin-2-one. (Roger Adams, et al., 1952).
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· Studies on the addition of 2-aminopyridine with propiolic acid was investigated. Two colorless compounds were obtained, one of which is 2H-pyrido [1,2-a] pyrimidin-2-one (65a).  The second product an amino acid, fails to cyclize when heated and must therefore be a trans adduct.  It is the ring nitrogen derivative, trans-2-imino-1-2H-pyridine acrylic acid (65b)on treatment with alkali resulted in evolution of ammonia and formation of trans 2-oxo-1 (2H) pyridine acrylic acid (65c) (Irwin Pachter., 1961).
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2.1 MICROWAVE ASSISTED SYNTHESIS

· An efficient one-pot synthesis of 4-amino-3,4-dihydroquinolin-2-ones from 
1,3-disubstituted-4-(2-nitrophenyl)azetidin-2-ones had been reported via reduction of the nitro group followed by the intra-molecular nucleophilic opening of the azetidin-2-one ring in the presence of microwave (Nilesh M.Shirode et al., 2005).


[image: image42.wmf]N

O

2

C

H

O

R

-

N

H

2

N

O

2

N

-

R

N

N

O

2

O

R

H

H

+

a)

b)

a)CH

2

Cl, Anhyd.MgSO

4

, r.t,15 h

b) R

1

CH

2

COCl

(66)

(67)

(68)


· The Skraup synthesis had a bad ruptation as it involves very messy conditions and gave only low yields of quinoline when carried out conventionally.  Recently, it had been reported that microwave enhancement reduces the reaction time to a few minutes and allows high yields to be isolated (Alan Katritzky and Sandeep Singh., 2005). 
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· An efficient method for the exclusive one pot synthesis of novel pyrazolo [4,3-c] [1,5] benzothazepines possessing a sprio-3H-indoline nucleus was obtained by the reaction between substituted o-aminothiophenols with 3-pyrazolidinky-2H-indol-  2-one in presence of MW (Anshu Dandia et al., 2005).
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· In the nucleophilic substitution involving heterocyclic N-alkylation, the nucleophilic substitution on the nitrogen atom of saccharin was significantly speeded-up by microwave irradiation (Alan Katritzky and Sandeep Singh., 2005).   
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· The Friedlander condensation of 2-aminonicotinaldehyde (79) with active methylene compounds (80) in methanol in the presence of a catalytic amount of piperidine under microwave irradiation afforded 2,3-disubstituted 
–1,8-naphthyridines in good yields (81) (Mogilaiah et al., 2002).
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· New fungicidal organomercurials of benzoquinone, barbituric acid, and thiobarbituric acid with substituted aryl mercuric chloride had been synthesized on basic alumina using microwave irradiation (MWI) in a minute with improved yields (Kidwai., 2001).
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· Reaction of 7-ACA with carboxylic acids by adsorption on basic alumina under microwave irradiation for 90-120 seconds afforded the 7-substituted ephalosporanic acid derivatives with amidic bond (Kidwai, 2001).
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· Condensation of 2-aminonicotinaldehyde (90) with various acetophenones (91) in the presence of KOH without any solvent under microwave irradiation furnished 
            2-aryl –1,8-naphthyridines (92) in excellent yields.  The reaction was completed within 5 min. (Mogilaiah et al., 2001).


[image: image50.wmf]N

C

H

O

N

H

2

A

r

-

C

-

C

H

3

O

N

N

Ar

+

KOH

MWI

(90)

(91)

(92)


· Two unprecedented adducts were formed by the Diels-Alder reaction of the natural alkaloids, Camptothein and Mappicine ketone with maleic anhydride under microwave irradiation (Biswanath Das et al., 2000)
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· Enzymatic one-pot synthesis of 2-substituted naphtha [2,3-6] pyron-3-one was done by the reaction of 2-hydroxy-1-naphthaldehyde and substituted acetic acid using microwave (Mazaahir kidwai et al., 1998).
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“Action may not always bring happiness But there is no happiness without action”

        Disraeli





MATERIALS AND METHODS

3. MATERIALS AND METHODS

3.1. GENERAL

 
Melting points were determined using Biochem melting point apparatus, and were uncorrected.

The infrared (IR) spectra were recorded in KBr pellet technique on a Perkin-Elmer spectrophotometer.  Absorption frequencies were quoted in reciprocal centimeter.


Nuclear Magnetic Resonance (1H-NMR) spectra were determined by Bruker modern 500 MHz NMR instrument in D2O with tetra methyl silicane as the internal reference.  Chemical shift were quoted in parts per million (ppm) (s =singlet; d = doublet; t = triplet and m = multiplet).


Thin layer chromatography (TLC) was performed using glass plates coated with silica gel G to monitor and check the completion of each reaction.


Petroleum ether (60-80◦C); benzene; ethyl acetate; ethyl alcohol were used as the developing solvents.  Spots were detected with iodine.


The solvents and reagents used for the synthesis were of reagent grade and were purified by standard methods.


Microwave experiments were performed in domestic microwave oven LG model MS-1947C output 750 power watts.  A reactions were conducted in a specially adapted cylindrical vensil vessel.

3.2. At Cold Condition

3.2.1. Preparation of 2- imino 1,2(H) pyridine itaconic acid:

Dried itaconic acid (0.02mole) and 2-aminopyridine (0.01mole) were dissolved in ethyl alcohol separately.  In cold condition one reactant was added to another drop wise and stirred well.  The completion of the reaction was monitored by TLC.  Recrystallisation with alcohol yielded pure compound.


[image: image54.wmf]2-Amino pyridine  +  Itaconic acid                  2-imino -1,2 (H) pyridine itaconic acid


Melting point =117˚C;

Yield – 2.36g (94.4%).

CHN Analysis:

Found: C, 53.27%; H, 5.57%; N, 12.07%.

3.2.2. Preparation of 4-methyl 2-imino 1,2(H) pyridine itaconic acid

Dried itaconic acid (0.02mole) and 2-amino 4-methylpyridine (0.01mole) were dissolved in ethyl alcohol separately.  In cold condition one reactant was added to another drop wise and stirred well. The completion of the reaction was monitored by TLC.  Recrystallisation with alcohol yielded pure compound.


[image: image55.wmf]2- Amino 4-methyl pyridine + Itaconic acid

4- methyl -2-imino 1,2 (H) pyridine itaconic acid


Melting point =141˚C

Yield = 2.41g (96.4%).

CHN Analysis

Found: C, 56.23%; H, 5.74%; N, 11.49%

3.2.3. Preparation of 6-methyl 2-imino 1, 2 (H) pyridine itaconic acid

Dried itaconic acid (0.02mole) and 2-amino 6-methyl pyridine (0.01mole) were dissolved in ethyl alcohol separately.  In cold condition one reactant was added to another drop wise and stirred well. The completion of the reaction was monitored by TLC.  Recrystallisation with alcohol yielded pure compound.
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 6-methyl 2-imino 1,2 (H) pyridine itaconic acid


Melting point =35˚C

Yield = 2.37g (94.8%).

CHN Analysis

Found: C, 59.24%; H, 5.98%; N, 10.37%

3.3. At Room Temperature

3.3.1. Preparation of 2- imino 1, 2 (H) pyridine itaconic acid


Itaconic acid (0.02 mole) and (0.01 mole) of 2-amino pyridine was dissolved in ethyl alcohol separately.  At room temperature one reactant was added to another drop wise and stirred well.  The completion of the reaction was monitored by TLC.  

Yield = 2.42g (96.8%).

3.3.2. Preparation of 4-methyl 2-imino 1, 2 (H) pyridine itaconic acid


Itaconic acid (0.02 mole) and (0.01 mole) of 2-amino –4-methyl pyridine was dissolved in ethyl alcohol separately.  At room temperature one reactant was added to another drop wise stirred well.  The completion of the reaction was monitored by TLC.  

Yield = 2.44g (97.6%).

3.3.3. Preparation of 6-methyl 2-imino 1, 2 (H) pyridine itaconic acid

Itaconic acid (0.02 mole) was dissolved in ethyl alcohol and (0.01 mole) of 

2-amino-6-methyl pyridine was dissolved in ethyl alcohol separately.  At room temperature one reactant was added to another drop wise stirred well.  The completion of the reaction was monitored by TLC.  

 Yield = 2.42g (96.8%).

3.4. With Microwave Oven

3.4.1. Preparation of 2- imino 1, 2 (H) pyridine itaconic acid


Itaconic acid (0.02 mole) and (0.01 mole) of 2-amino pyridine were dissolved in ethyl alcohol and then irradiated at 800 watts in domestic microwave oven.  The completion of the reaction was monitored by TLC.  

Yield = 728mg (97.2%).

3.4.2. Preparation of 4-methyl - 2-imino 1,2(H) pyridine itaconic acid


Itaconic acid (0.02 mole) and (0.01 mole) of 2-amino-4-methyl pyridine were dissolved in ethyl alcohol and then irradiated at 800 watts in domestic microwave oven.  The completion of the reaction is monitored by TLC.  

Yield = 737mg (98.2%).

3.4.3. Preparation of 6-methyl - 2-imino 1, 2 (H) pyridine itaconic acid

Itaconic acid (0.02 mole) and (0.01 mole) of 2-amino-6-methyl pyridine were dissolved in ethyl alcohol and then irradiated at 800 watts in domestic microwave oven.  The completion of the reaction was monitored by TLC.  

 Yield = 734mg (97.8%).

“The discussion is a result of the boycott from last spring. [Students] didn't think that they were used for anything. Perfectly excellent professors were being replaced by tenure track professors.”

        Adam Marcoux quotes
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RESULTS AND DISCUSSION
4. RESULTS AND DISCUSSION

The result of the present study on synthesis of 2- amino pyridine and methyl succinic acid adducts are given below.

1. Results of the synthesis of 2-imino-1, 2 (H) –pyridine itaconic acid 

2-imino-1, 2 (H) –pyridine itaconic acid (101) was synthesized according to the general procedure I.
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Melting point of the compound (101) 117˚C

The yield of the compound (101) is 2.41g


The product is found to be homogeneous in TLC giving a dark brown spot in iodine, but no fluorescence under UV. The product gives brisk effervescence with sodium bi carbonate indicating the presence of carboxylic acid group. From elemental analysis the molecular formula is found to be C10H12N2O4.


IR and NMR studies confirms the formation of the product.  Figure 1 is the IR spectrum of compound (101).

IR (KBr)


γ max cm-1: 3382 (O-H stretch of acids)


       
    : 1662 (imines)


The absorption of at 3382 is characteristic of O-H stretch of carboxylic acid and the absorption near 1662 indicate the presence C=N group.

· 
The 500 MHz FT NMR –spectrum of the compound (101) is recorded in D2O is given in figure 2.  Analysis of NMR data indicated the presence of aromatic protons and aliphatic protons.  

· The singlet at δ 3.2 integrating to two protons is assigned to the C11 methylene protons.  

· The doublet integrating at (5.5 – 5.9) for two protons is assigned to C8 methylene protons.  

· The protons integrating at 6.8 – 7.8 is due to the aromatic ring. 

Since the spectrum was recorded in D2O.  The imino protons and carboxylic (COOH) protons are not observed in the spectrum.

2. Results of the synthesis for 4-methyl 2-imino 1, 2 (H) pyridine itaconic acid 

4-methyl 2-imino 1, 2 (H) pyridine itaconic acid (103) was synthesized according to the general procedure II.
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Melting of the compound (103) is 141˚C

The yield of the compound (103) is 2.44g.

The product is found to be homogeneous in TLC giving a dark brown spot in iodine, but no fluorescence under UV.  The product gives brisk effervescence with sodium bi carbonate indicating the presence of acids. From elemental analysis the molecular formula is found to be C11H15N2O4.   The formation of adduct is confirmed by IR and NMR studies. 

Figure 3. gives the IR spectrum of compound (103).

IR (KBr)

γ max cm-1: 3401 (carboxylic group)



: 1690 (imine)

The absorption of 3401 is characteristic of O-H stretch of carboxylic acid, and the absorption near 1662 indicate the presence C=N group.

The 500MHz FT- NMR spectrum of the compound (103) recorded in D2O is given in figure 4.


The NMR data revealed the presence of one methyl group, aromatic protons and aliphatic protons.  

· The singlet at 2.1δ integrating for the three protons is due to the C6 methyl group. 

· The singlet at 3.1 δ integrating for two protons is assigned to the C12 methylene protons.

· The protons integrating at 5.4 δ is due to the C9 methylene protons.  

· The three protons integrating at 6.57- 7.66 δ are because of aromatic ring protons.

3. Results of sysnthesis of 6-methyl 2-imino 1, 2 (H) pyridine itaconic acid

6-methyl 2-imino 1,2 (H) pyridine itaconic acid (105) was synthesized according to the general procedure III.
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 Melting of the compound (105) is 35˚C

The yield of the compound (105) is 2.42g.


The product is found to be homogeneous in TLC giving a dark brown spot in iodine, but no fluorescence under UV. The product gives brisk effervescence with sodium bi carbonate indicating the presence of acids. From elemental analysis the molecular formula is found to be C11H15N2O4.  The formation adduct is confirmed by IR and NMR studies.

Figure 5  gives the IR spectrum of compound (105).

IR (KBr)

γ max cm-1: 3401 (carboxylic group)



: 1690 (imine)

The absorption of 3401 is characteristic of O-H stretch of carboxylic acid, and the absorption near 1662 indicate the presence C=N group.

The 500MHz FT- NMR spectrum of the compound (105) recorded in D2O is given figure 6. 
The NMR data revealed the presence of one methyl group, aromatic protons and aliphatic protons.  

· The singlet at 2.3 δ integrating for the three protons is due to the C6 methyl group.  

· The singlet at 3.23 δ integrating for two protons is assigned to the C12 methylene protons.

· The protons integrating at 5.6 δ is due to the C9 methylene protons.  

· The three protons integrating at 6.57- 7.66 δ are because of aromatic ring protons.

MECHANISM OF THE REACTION 
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2-amino pyridine exists in two tautomeric forms.  The ring nitrogen of 2-amino pyridine adds to the double bond of the methyl succinic acid, to give a carbanion intermediate. This carbonion abstracts a proton from the amino group to give the product.  
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RESULTS OF THE SYNTHESIS OF THE ADDUCTS IN DIFFERENT METHODS:


The adducts are synthesized by different conditions, viz cold conditions, room temperature and by using domestic microwave oven.  The results are summarized in the following table.

	 Compounds 
	Cold condition
	Room temperature
	Microwave oven

	
	Yield (%) 
	Time (min)
	Yield (%) 
	Time (min)
	Yield  (mg)
	Time (sec)

	2-amino pyridine
	94.4
	45
	96.8
	45
	97.2
	60

	2-amino 4-methyl pyridine
	96.4
	30
	97.6
	30
	98.2
	120

	2-amino 6-methyl pyridine
	94.8
	30
	96.8
	30
	97.8
	50


       The reaction is completed at fourty five minutes for 2-amino pyridine and at thirty minutes for 2- amino 4-methyl pyridine and 2- amino 6-methyl pyridine in cold condition respectively.  There is not much difference between cold condition and room temperature for the formation of the products of in terms of yield as well as in time.

When the reaction is carried out in the presence of microwave drastic reduction in reaction time is observed (45min-1min).  The products are obtained with greater purity and the yields are also higher when compared to the other two conditions.

The acceleration of reactions by microwave exposure results from material-wave interactions leading to 

(i) Thermal effects,

(ii) Specific (i.e) non-purely thermal effects.

or a combination of these two contributions can be responsible for the observed effects.

· Thermal effects (dielectric heating) can result from dipolar polarization as a consequence of dipole-dipole interactions between polar molecules and the electromagnetic field.

· They originate in dissipaition of energy into heat as an outcome of agitation and intermolecular friction of molecules when dipoles change their mutual orientation at each alternation of the electric field at a very high frequency.

· This energy dissipation in the core of materials allows a much more reglar repartition in temperature when compared to classical heating.  Classical thermal phenomena (conduction, convection, radiation, etc) only play a secondary role in the a posteriori equilibration of temperature.

· Microwave frequency, the charge space polarization can also intervene and can be of prime importance with semiconductors since it concerns materials which contain free conduction electrons.  This phenomenon is essential in heating solid particles, more or less magnetic, such as a variety of mineral oxides or metallic species.

Comparison of reactivity of the three derivatives


From the above table it is also inferred that in all the methods the 4-methyl and 

6-methyl derivatives reacted faster and also the yields of the products are greater.  When compared to the unsubstituted derivative.  This is explained by considering the resonance structures of the three compounds.


The ring nitrogen of 2-amino pyridine is nucleophile because of the +I effect of amino group.  The methyl has both +I effect (inductive effect) and hyper conjugative effect.  The +I effect (inductive effect)  of both the CH3 and the NH2 group reinforce each other hence the presence of methyl group at fourth and sixth position makes the ring nitrogen more nucleophilic than the unsubstituted one.  Hence the reactivity of the methyl derivative is greater towards the addition reaction.
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[image: image70.jpg]Fig 4 : NMR Spectrum of 4 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image73.jpg]Fig 5 : IR Spectrum of 6 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image74.jpg]Fig 6 : NMR Spectrum of 6 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image75.jpg]Fig 6 : NMR Spectrum of 6 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image77.jpg]Fig : 6 The NMR Spectrum of 6 methyl 2 imino 1,2 (H). Pyridine itaconic acid
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“You always succeed in producing a result”
 
Robbins, Anthony





SUMMARY AND CONCLUSION 

5. SUMMARY AND CONCLUSION


The following is the summary of the experimental findings during the synthesis of the adducts.

· The synthesis of 2-aminopyridine itaconic acid adduct have been carried out under different condition (viz) cold condition, at room temperature and microwave irradiation. 

· Comparison of the yields of the adducts, prepared by various methods revealed, that the microwave irradiation results in higher yields with greater purity.

· Also there was a considerable reduction in time when the reaction is performed under microwave irradiation.

· The product is formed via the addition of ring nitrogen to the double bonded carbon atom, followed by the abstraction of proton from the ring nitrogen.

· The structure of the compound synthesized is confirmed by the IR and NMR spectral studies.

· Considering reactivities of the three derivatives, the methyl substituted amino pyridines (6-methyl and 4-methyl) and unsubstituted one, the methyl derivatives reached faster, because of the +I effect (Inductive effect) of methyl group, which enhances the nucleophilicity ring nitrogen.   


A categorical imperative would be one which represented an action as objectively necessary in itself, without reference to any other purpose.” 

        Immanuel Kant quotes
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