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I.INTRODUCTION

                 “How can I determine the structure of the molecule?”  The synthetic chemist asks    this question after completing any chemical reaction .It is also foremost in the mind of the natural product chemist extracting molecules from plants or animals in hopes of developing new medicinal materials.  And the forensic chemist isolating drugs or toxins from a suspect or victim.  And the environmental chemist examining the effects of materials contaminating soil, bodies of water, or the atmosphere.  And the archaeological chemist tracing dietary information from food residues in pottery.  And the biological chemist examining enzymatic mechanisms in the body.  The quest for structural information on solids, liquids, or gases, on crystalline, powdered, or glassy materials, on mixtures or pure compounds is a continuing challenge to chemists of every type. 

                  Various forms of spectroscopy can provide a wide array of structural information in the most rapid fashion possible, for all phases of matter, and on mixtures as well as on pure compounds.  The most common and useful forms of organic structural spectroscopy include Nuclear Magnetic Resonance spectroscopy, Vibrational spectroscopy and Mass spectroscopy.

      Nuclear Magnetic Resonance Spectroscopy

                  Nuclear magnetic resonance (NMR) spectroscopy provides information about the types, numbers, and connectivity of particular atoms.  Thus, it can show that ethanol (CH3CH2OH) has two types of carbons in the ratio1/1 and three types of hydrogen in the ratio 3/2/1, and that the methyl and methylene groups are bonded together rather than separated by oxygen.  Thus, for this simple molecule, the entire structure is deducted.  The NMR experiment applies only to nuclei that have the quantum mechanical property of spin, through excitation of transitions between different quantized spin states.  The most commonly examined nuclei are hydrogen often referred to as the proton (1H), and carbon-13 (13C). Most elements in the periodic table have NMR active isotopes.

                  Examination of the spin properties of hydrogens, carbons, and other nuclei organic, biological, organomatallic, and inorganic molecules characterizes each nucleus according to a physical parameter called the chemical shift.  Partial or even complete structures may be derived from analysis of chemical shifts alone. Because coupling and relaxation depend on the distance between nuclei within a molecule, stereo chemical information also is obtainable.  Furthermore, because chemical reactions move nuclei from one position to another within a molecule or even to new molecule, NMR is used to follow course of many kinds of reactions.

                 The NMR experiment may be applied to molecules in any state of matter, but routine applications are carried out on liquids.  When analyzing protons, the NMR experiment may be applied to microgram quantities, and, when analyzing carbons, to milligram quantities.  The samples may be mixtures.  Thus, NMR comprises a very general approach to structural elucidation.

   

Major application of NMR spectroscopy lies in the area of synthetic organic chemistry, inorganic chemistry, bioorganic chemistry, bioinorganic chemistry, polymer chemistry and organometallic chemistry. One of the main advantages of FT-NMR spectroscopy is that a number of FIDs can be accumulated and Fourier transformed, enhancing S/N ratio of the spectrum. This in turn facilitates the analysis of samples with low abundant nuclei and smaller gyro-magnetic ratios, e.g., 13C, 29Si, 15N etc. Another major advantage of pulse NMR is that by suitably programming, a variety of pulse sequences can be generated and applied to obtain diverse information like relaxation times, connectivity through bond and through space etc. Thus, by using FT-NMR it is not only possible to get the information about chemical shift and spin-spin coupling but also possible to deduce the conformational structural information of a particular molecule.

     Vibrational Spectroscopy

                  Infrared (IR) and Raman spectra result from vibrations that occur naturally but predictably within molecules.  The spectra provide a variety of information about molecule’s structure, particularly its symmetry and the identity of functional group.  The high sensitivity of IR spectroscopy and the ease of sample preparation contribute to its widespread use.  Grating infrared spectrometers are inexpensive, compact, and simple to use that an undergraduate student can obtain a spectrum after just a few minutes of instruction.  Although Raman spectrometers are more complex and expensive they can provide important information for structural analysis.

          The infrared and Raman spectra of any compound are unique and can be used fingerprints for purposes of identification.  Most importantly, vibrations of many functional groups always give rise to features within well-defined ranges in spectrum regardless of the overall structure of the molecule containing the group.  Consequently vibrational spectroscopy is particularly useful in the identification of functionalities such as carbonyl or nitrile.

Molecular weight and molecular formula:

                  Determining the molecular weight and the molecular formula are important steps in structural analysis.  The traditional, nonspectroscopic procedures for obtaining both include lowering the freezing or melting point, elevating the boiling point, and measuring vapour pressure changes. Today molecular weight is obtained more reliably and easily by mass spectrometry.  But high-resolution mass spectrometry also can provide the molecular formula, that is, the identity and number of each atom in the molecule.

      Mass Spectrometry:

                  Mass spectrometry, after several decades of vigorous development, impressive innovation, and creative application, includes a large family of related techniques. Collectively, they constitute perhaps the most powerful and widely applicable tool for study of the structure of matter. It was early recognized that three properties are often encountered in substances for which mass spectrometric analysis is desirable high mass, low volatility, and thermal instability. These properties present special analytical challenges and, despite many technical advances, still frequently preclude satisfactory analysis.

                 Mass spectrometry (MS) examines ions in the gas phase that are produced by techniques such as the collision of molecules with electrons.  The routine use and the principal contribution of MS are to determine molecular weights, both nominal (nearest integer) and exact (five or more significant figures).  In addition to intact ionic versions of the molecular, fragment ions often are generated, and their structures can prove helpful in deducting the complete molecular structure.  The MS experiment involves generating ions in the gas phase and measuring their mass-to-charge ratio and relative abundances.  Because isotopes differ in mass, they can be recognized by MS, thus allowing compounds to be analyzed according to their isotopic makeup.

                       Mass spectra can be taken on samples in any state of matter, including fragile, thermally labile solids.  Mixtures are examined by MS with instruments that combine mass analysis with separations based on gas chromatography (GC-MS), liquid chromatography (LC-MS), or a second stage of mass spectroscopic techniques.  Work is carried out routinely at the sub microgram level (<10-6g), and quantities as small as femtomoles (10-12 mol) are detectable.

                 Chemical reactions invariably occur during the MS experiment.  It is possible to follow their kinetics, to measure their thermodynamic parameters, and to prepare new compounds in the mass spectrometer.  The use of MS is to obtain molecular weights, to analyze fragment ions, and to follow gas phase reactions.

                 Nuclear magnetic resonance (NMR) spectroscopy is unique among the methods available for three-dimensional structure determination of proteins and nucleic acids at atomic resolution, since the NMR data can be recorded in solution. Considering that body fluids such as blood, stomach liquid and saliva are protein solutions where these molecules perform their physiological functions, knowledge of the molecular structures in solution is highly relevant. In the NMR experiments, solution conditions such as the temperature, pH and salt concentration can be adjusted so as to closely mimic a given physiological fluid. Conversely, the solutions may also be changed to quite extreme no physiological conditions, for example, for studies of protein denaturation.

 Furthermore, in addition to protein structure determination, NMR applications include investigations of dynamic features of the molecular structures, as well as studies of structural, thermodynamic and kinetic aspects of interactions between proteins and other solution components, which may either be other macromolecules or low molecular weight ligands. Again, for these supplementary data it is of keen interest that they can be measured directly in solution.

                 Partially folded polypeptide chains are usually difficult to crystallize. Furthermore, if crystals can be obtained, the chain segments that are disordered in solution will either be ordered by intermolecular contacts in the crystal lattice, or they will not be visible by diffraction methods. As a consequence, NMR has in many cases been the only method capable of providing structural information on partially folded polypeptides. Although a standard protocol for NMR structure determination provides a static picture of the unstructured chain segments. Additional NMR experiments can provide information on the frequencies of the rate processes that mediate transitions between discrete states of the molecule within the conformation space spanned by the static bundle of NMR-conformers. (Kurt Wüthrich, 2002)
                  In the past, three-dimensional protein structures at atomic resolution could be determined exclusively by diffraction techniques with protein single crysta1s. Now a second method for protein structure determination is available, which makes use of data collection by nuclear magnetic resonance (NMR) spectroscopy of proteins in solution.   X-ray diffraction and NMR can both be used independently to determine the complete three-dimensional structure of proteins. The complementarities of the two methods results from the facts that the time scales of the two measurements are widely different, in contrast to the need of single crystals for diffraction studies, the NMR measurements use proteins in solution. 

                 Protein structure determinations by NMR or by X-ray diffraction provide the basis for meaningful comparisons of corresponding structures in single crystals and in no crystalline states. This is highly relevant, since the solution conditions for NMR studies may coincide closely with the natural, physiological environment of the protein, or they may be varied over a wide range for studies of structural transitions with pH, temperature, or ionic strength. (Kurt Wuthrich, 1989)

1.5. OBJECTIVES


            Addition is one of the most important bond forming strategies available to the   synthetic organic chemistry.  This is mainly due to the broad spectrum of donor and acceptors that can be employed in this reaction. The nucleophile can be carbon or heteroatom based (H, N, O, S, Si, P, Se, Sn, I).  The diversity acceptor arises due to the many activating groups possible (ketones, aldehydes, esters, amido nitroles, nitro sulfonates, etc).  Spectroscopy is the most important experimental technique to determine the structure of organic compounds.  Hence the present work aimed to, 

·   Synthesize 2-imino 1,2(H) pyridine itaconic acid adducts,

· To elucidate the structure using,

· Elemental analysis, 

· 1H NMR, and 

· 13C NMR spectral   studies,

· To confirm the proposed structure by mass spectral studies,

· To propose a mass fragmentation pattern for the synthesized compounds.

II. 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.

· Synthesis of pyrido pyrimidines.

· NMR spectral studies

· Mass spectral studies

·  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),
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· Ravina reported the formation of 4-oxo-4H pyrido [1,2-a] pyrimidines from     (16) 2-pyridylaminoethyleneisopropylidenemalonates and 2-aminopyridines. (2002).


[image: image8.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: image9.wmf]N

N

O

-

C

O

2

,

 

-

M

e

2

C

O

R1=R2=R4=H, R3=Cl;

R1=R2=R4=H, R3=Br;

R1=R2=R4=H, R3=NO2;

R2=R4=H, R1=R3=Cl;

R2=R3=H, R1=Et, R4=Me

R

2

R

1

R

3

R

4

(16)

R2=R4=H, R1=R3=Br;

R2=R3=R4=H, R1=Me;

R1=R3=R4=H, R2=Et;

R1=R2=R3=H, R4=Me;

R1=R3=R4=H, R2=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). (Kolar,P. 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). (Sorsak,G., 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. (Kappe, C.O.,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). (Kralj,L,et al., 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. (Abdel-Rahman,M.A,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. (TokumitsuT., 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. (Franke W.K. 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) .( Sawyer, J.R.H. ,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) and (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. (Yale,H.L.et al., 1977).
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· (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). (Chuiguk, V.A., 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).  (Nesmeyanov, A.N.,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. (Halleux,A., 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 synthesised 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)


[image: image36.wmf]N

N

H

2

C

H

 

 

 

 

 

C

C

O

O

H

N

N

O

+

(63)

(64)

(65a)



[image: image37.wmf]N

N

H

2

C

H

 

 

 

 

 

C

C

O

O

H

N

N

H

H

-

C

=

C

H

C

O

O

H

N

O

H

-

C

=

C

H

C

O

O

H

KOH

(65b)

(65C)

+

(63)

(64)


         2.1 MASS SPECTROSCOPY
· The synthesis and mass spectra of three 3-aroyl-5-hydroxy flavones have been reported by Ana M. Cardoso, et al., A mechanism for the loss of neutral molecule of anisole from the molecular ion of the 3-aroyl-5-hydroxy flavone with a methoxyl group in the  4 'and 4" position was also suggested.  For the flavone with hydrogen or chlorine substituents at these positions loss of a phenyl radical occurs instead. (1997).
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Mass Fragmentation
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· E.Vander Heeft reported that the electron impact mass spectra of the acridine –9-carboxylic acid derivatives.  Direct cleavage of the bond α to the carbonyl group leaves an ion at (m/e=206) and radical R·.  The dependence of the molecular ion abundance on the nature of the subsistuent is attributed to the stability of the radical R·. Ion at 206 exhibit successive loss of CO, HCN and C2H2, leading to ions (m/e=178), (m/e =151) and (m/e=125) respectively. Ions of significant relative abundance stemming from the substituent was present in the mass spectra only if very stable fragment ions, such as the tropylium ion (m/e =91), can be formed. (1990).
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· A mass spectrometric identification and differentiation of pyrimidin-4 (3H) and 4(1H)-ones was carried out.  A substitution at position 1 or 3 made the distinction of the two sets of compounds very easy because of their characteristic fragmentation pathways.  Most interesting were the spectra of the N-unsubstituted derivatives, which illustrated a predominance of the two possible NH tautomers in relationtothe4-hydroxystructure.(Kalveipihlaja,etal.,1989). 
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· The mass spectral fragmentation patterns of pyrrlo [3, 2, 1-kl] phenothiazine (70) and its dideuterio derivative were reported.  The size of deuterium substitution in (70) was established by examination of its C13 nuclear magnetic resonance spectrum.  The hetero aromatic stability of (69) to electron impact is exemplified by the occurrence of the molecular ion as the base peak and formation of a reasonably intense M2+ ion.  An intense M-1 ion is also observed.  The more abundant fragment ion appears to result from sulfur ionization.  Fragment ions arising from ionization of nitrogen constitute only a small fraction of the total ion content.  Proposed fragmentation pathways of (69) were supported by the detection of appropriate metastable ions, exact mass measurements and electron impact spectrum of (70). (L.C.Vishwakarma, et al., 1983).
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2.2 1H and 13C NMR SPECTRAL STUDIES
· D. Devanathan reported the synthesis and 1H and 13C NMR spectral studies four 2r-aryl-6c- phenylthian-4-ones   and their 1-oxides   and 1,1-dioxides.  1H and 13C NMR spectra had been recorded for all these compounds and 2r,6c diphenylthian- 4-one 1-oxide.  13C NMR spectrum had been recorded for the sulfone.  For selected compounds 1H-1H COSY, HSQC, HMBC, and NOESY spectra had also been recorded (2009)  
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· A quinoxaline-2, 3-dione derivative was synthesized, and its chemical structure was determined through spectral analysis. The full characterizations of the synthesized compounds were studied by concerted use of NMR and MS techniques. Assignments of proton and carbon atoms were achieved through analysis of the 1D 1H and 13C NMR spectra combined with homo- and hetero-nuclear 2D NMR experiments. Determination of the alkylation site was achieved through long-range proton–carbon coupling correlations spectroscopy. (Nathan Tene Ghomsi, et al., 2007).
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· One of the major product from the photodimerization of 2-[2-(2-methylphenyl)ethenyl)]naphtho[2.1.b] –furan was a new fused cyclobutane-naphthofran derivative, 6-(2-methylphenyl)-1-[2-(2-methylphenyl)ethenyl]-7-(2-naphtho-[2,1-b]furyl)-3-  [2,1]naphtho-2-oxabicyclo[3.2.O]hept-3-ene.  Its 'H and 13C NMR spectra were fully assigned by the application of COSY, NOESY, DEPT and HETCOR experiments in deuterated chloroform, acetone and benzene solutions. (Irena Vujkovi Cvijin, et al., 1998).
· Elucidation of the structure and conformation of a hitherto unknown novel derivative of chromanone, 8-(3'-Mcthyl -but - 2 - en - 1' - oyl) - 7 - hydroxy - 2,2,5 - trimethyl-2H chromanone, obtained as a byproduct in the Friedel-Crafts acylation of active phenolic compounds by NMR methods were reported by C.S. Vijayalakshmi (1991).
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· The structure of products of the reactions of some 1-/4-R-phenyl/-3-/3,5,5-trimethyl-2-pyrazoline-l- -carbonimidoyl/guacidines with benzoyl chloride, propionoyl chloride and ethyl orthoformate on the basis of their 1H-NMR and UV spectra had been reported by Jerzy Ukasiak, et al (1983).
III. 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 shifts 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.

        Mass experiments were performed on GC (T 8000 TOP CE) combined with mass spectrometer (Md 800 FIS ONS). Sample was dissolved in methanol and introduced into the column by splitles injection system.  Ultra high purity helium was introduced as the buffered collision gas.  The source temperature for ionization was set at 200˚C.  All the experiments were performed in the positive ion mode.

3.2. 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.  At room temperature one reactant was added to another drop wise, and stirred well.  The completion of the reaction was monitored by TLC. Recrystallisation from ethanol gave pure white crystals.

          
[image: image52.wmf]2-Amino pyridine  +  Itaconic acid                  2-imino -1,2 (H) pyridine itaconic acid
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Melting point =117˚C,

Yield – 2.36g (94.4%),

Elemental Analysis:

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

3.2.1. 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.  At room temperature one reactant was added to another drop wise, and stirred well.  The completion of the reaction was monitored by TLC.  Recrystallisation from ethanol gave pure white crystals.


[image: image54.wmf]2- Amino 4-methyl pyridine + Itaconic acid

4- methyl -2-imino 1,2 (H) pyridine itaconic acid
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Melting point =141˚C,

Yield = 2.41g (96.4%),

Elemental Analysis:

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

3.2.2. 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.  At room temperature one reactant is added to another drop wise, and stirred well.  The completion of the reaction was monitored by TLC.  Recrystallisation from ethanol gave pure white crystals.


[image: image56.wmf]2-amino 6-methyl pyridine + Itaconic acid

 6-methyl 2-imino 1,2 (H) pyridine itaconic acid
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Melting point =35˚C,

Yield = 2.37g (94.8%),

Elemental Analysis:

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

4. RESULTS AND DISCUSSION

The synthesis of 2-imino 1, 2 (H) pyridine itaconic acid adducts have been synthesized contemporarily in our laboratory.  In this present work, the elucidation of structure by 13C analysis, Mass spectra analysis and elemental analysis has been carried out and the result are discussed below.

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


The structure of the compound is,
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The proton NMR in D2O (500 MHz), δ max 7.8-6.8 ppm (m, 4H, aromatic), δ max 5.9-5.5 ppm (d, 2H, C8H) δ max 3.2 (s, 2H, C9H).

            The elemental analysis of the compound revealed the presence of ten carbon atoms, twelve hydrogen atoms, two nitrogen and four oxygen atoms. Hence the formula is found to be C10H12N2O4.  Figure (1) gives the 13C NMR of compound (74).

 Assignment of 13C NMR (D2O) (300MHz):

The 13C NMR spectrum showed, totally ten carbon atoms,

· The peak at 178 δ and 175 δ corresponds to two carboxyl groups.

· The peak at 4.7 δ is assigned the C9 methine carbon atom.

· The peak at 45 δ corresponds to C11 methylene carbon.

· The peak at 130 δ corresponds to C8 methylene carbon.

· The C=N (C2) carbon appears at 161 δ.

· The aromatic carbon in the region of 141-145 δ.

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


The structure of the compound is,
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The proton NMR in D2O (500MHz) δ 2-1 ppm, δ 6.57-7.66 (m, 3H aromatic). (s,3H, CH3 group) δ 5.4 ppm (d, 2H-C9H). 

            The elemental analysis of the compound revealed the presence of eleven carbon atoms, fourteen hydrogen atoms, two nitrogen and four oxygen atoms. Hence the formula is found to be C11H14N2O4.  Figure (3) shows the 13C NMR spectrum of compound (75).

Assignment of 13C NMR (D2O) (300MHz):

·     The  13C NMR spectrum showed, totally eleven carbon atoms.

· The δ values 176-178 are due to the presence of the two-carboxyl groups.

· The peak at 4.7 δ is assigned to C10 methine carbon.

· The peak at 45 δ corresponds to C12 methylene carbon atom.

· The peak at 26 δ reveals the presence of methyl group in aromatic ring (C6).

· The peak at 130 δ is assigned to C9 methylene carbon. 

· The aromatic carbons lie in the range of 142-161 δ.

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

The structure of the compound is, 
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The proton NMR in D2O (500MHz), δ 2.3 ppm (s, 3H, CH3 group) δ 3.2 (s, 2H, C12H); δ 5.6 ppm (d, 2H, C9H); δ 6.5-7.66 (m, 3H, aromatic).
The elemental analysis of the compound revealed the presence of eleven carbon atoms, fourteen hydrogen atoms, two nitrogen and four oxygen atoms. Hence the formula is found to be C11H14N2O4 .Figure (5) shows the 13C NMR of compound (76). 


Assignment of 13C NMR (D2O) (300MHz):

· The δ value 169 and 178 due to the presence of the two-carboxyl groups.

· The peak at 4.7 δ is assigned to C10 methine carbon.

· The peak at 45 δ corresponds to C12 methylene carbon atom.

· The peak at 23.5 δ reveals the presence of methyl group in aromatic ring (C7).

· The peak at 127 δ is assigned to C9 methylene carbon.

· The aromatic carbon lies at the range of 147-165 δ. 

Mass Spectral Studies

The mass spectrum of the three compounds were recorded in GC (T 8000 TOP CE) combined with mass spectrometer (Md 800 FIS ONS).  

 Mass spectrum of the compound 2-imino 1, 2 (H) pyridine [figure (2)] showed peaks  

at m/e 222.2 (5%), 180 (5%), 136 (5%), 122 (10%), 109 (10%), 86 (30%), 83 (~50%), 73 (65%), 69 (80%), 55 (98%), 54 (20%) and 53 (10%).

Mass spectrum of the compound 4-methyl 2-imino 1, 2 (H) - pyridine itaconic acid [figure (4)] showed peaks at m/e 222.2 (5%), 180 (5%), 136 (5%), 122 (10%), 111 (10%), 86 (30%), 83 (~50%), 73 (65%), 69 (80%), 55 (98%), 54 (20%).

Mass spectrum of the compound 6-methyl 2-imino 1, 2 (H) - pyridine itaconic acid [figure (6)] showed peaks at m/e 222.2 (5%), 180 (5%), 136 (5%), 122 (10%), 111 (10%), 86 (30%), 83 (~50%), 73 (65%), 69 (80%), 55 (98%), 54 (20%).

Analysis of the mass spectrum of the three compounds revealed the fragments formed are all very less stable.  In all the three compounds unsubstituted and two methyl derivatives the M+ peak is totally absent.  All the compounds show base peak at m/e 55 corresponding to the fragment ion [C3H4NH] +.

           The peaks at m/e 180 and m/e 136 in all the three are due to (M+ -44) ion corresponding to the presence of two carboxylic acid groups. (M+ -HCN) peaks are also observed confirming the presence of nitrogen heterocyclic ring.  The fragmentation patterns of the three compounds are given in scheme I, scheme II, and scheme III.

Scheme-I  Mass fragmentation pattern of  2-imino 1, 2 (H) pyridine itaconic acid
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Scheme- II Mass fragmentation pattern of 4-Methyl 2-imino 1, 2 (H) pyridine itaconic acid
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Scheme III  Mass fragmentation pattern of 6-Methyl 2-imino 1, 2 (H) pyridine itaconic acid
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[image: image64.jpg]Fig 1: C13NMR Spectrum of 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image65.jpg]Fig 2 : Mass Spectrum of 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image66.jpg]Fig 2 : Mass Spectrum of 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image67.jpg]13
Fig 3 : C NMR Spectrum of 4 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image68.jpg]Fig 4 : Mass Spectrum of 4 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image69.jpg]Fig 4 : Mass Spectrum of 4 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image70.jpg]Fig 5: C"”*NMR Spectrum of 6 methyl 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image71.jpg]Fig 6 : Mass Spectrum of 6 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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[image: image72.jpg]Fig 6 : Mass Spectrum of 6 methyl - 2 imino 1, 2(H) Pyridine itaconic acid
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V.SUMMARY AND CONCLUSION

Elucidation of the structure of the addition compounds obtained by the reaction of 

2 amino pyridine and itaconic acid has been carried out and the conclusions arrived are     summarized below,

· Analysis of 13C NMR spectrum of the compound showed the presence of ten carbon atoms for the unsubstituted derivative and eleven carbon atoms for the methyl substituted derivatives.

· Two carboxylic acid carbons are observed for all the derivatives indicating the presence of two carboxylic acid groups.

· 13C NMR also correlated well with the proton NMR data. The elemental analysis also supported the results obtained from the NMR studies.

· In Mass spectral data two (M+ – 44) peaks are observed, which is characteristic of carboxylic acids, (M+ - 27) peak which is due to the loss of HCN, indicating the presence of acid group and the presence of nitrogen heterocyclic rings respectively. 

· Hence, along with the spectral methods, the interesting mass fragmentation study has also helped to confirm the structure of the compounds.          
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