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                                                                                               INTRODUCTION 
1. INTRODUCTION

The Diels-Alder reaction is an organic chemical reacion beween a conjugated diene and a substituted alkene, commonly termed the dienophile, to form a substituted cyclohexene sysem. The reaction can proceed even if some of the atoms in the newly formed ring are not carbon. Some of the Diels-Alder reactions are reversible; the decomposition reaction of the cyclic system is then called the Retro-Diels-Alder reaction.

The Diels-Alder reacion is generally considered the “Mona Lisa” of reactions in organic chemistry since it requires very little energy to create a cyclohexene ring, which is useful in many other organic reactions.

1.1 THE DIENE


The diene component in Diels-Alder reaction can be open-chain or cyclic and it can have many different kinds of substituents. There is only one limitation: it must be able to exist in the S-cis conformation. Butadiene itself normally prefers the S-trans conformation, with the two double bonds as far away from each other as possible. If there are substituents larger than hydrogen then steric hindrance may influence the relative stabilities of the conformations. Cyclic dienes that are permanently in the S-cis conformation are exceptionally reactive in Diels-Alder reactions, while cyclic diene that are permanently in the S-trans conformation and cannot adopt the S-cis conformaion will not undergo the Diels-Alder reaction at all. An example for a reactive diene is Danishefsky’s diene.
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                                                                      (1)
1.2 THE DIENOPHILE


In a typical Diels-Alder reaction, the dienophile has an electron-withdrawing group conjugated to the alkene. Though common, this feature is not exclusive of Diels Alder dienophiles. There must be some extra conjugation, at least a phenyl group or chlorine atom. The dienophile can be activated by a Lewis acid such as niobium pentachloride.
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Cyclopentadiene does not react with cyclohexenone in ethyl acetate unless the Lewis acid is present. The yield improves when reaction temperature is lowered to 78°C because polymerization side reactions are prevented. Niobium pentachloride catalysis gives only the endoconformer. The same reaction with aluminium chloride results in an endo and exo mixture. Many of these Lewis acids are not good catalysts for the reaction of α,β-unsaturated carbonyls, this is because the carbonyl oxygen binds too tightly to the metal centre. A far better catalyst for such a system is a combination of silver perchlorate and Lawesson's reagent in cold dichloromethane.  

Heteroatom containing dienophiles are also used for Diels-Alder reactions, for instance Lawesson’s reagent (and diferrocenyl dithiadiphosphetane disulfide) can react with 1, 3-dienes to form six membered ring adducts. Also selenoketones and thioketones are able to react in the same way with 1, 3-dienes. Imines are reactants in the Aza-Diels Alder reacion and carboyl groups the reactant in Oxo Diels-Alder reactions. These reactions are collectively called hetero Diels–Alder reactions.

Aza-Diels –Alder reactions rank among the most efficient method for the construction of nitrogen-containing six-membered ring compounds. All Aza–Diels –Alder reactions were performed under argon at room temperature without either a Lewis acid catalyst or organic solvent (Bruce Pegot et al., 2006).
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The hetero-Diels-Alder reaction is one of the most useful reactions in organic chemistry because multi functionalized compounds can be constructed in a single step.The catalytic enantioselective version of the process has attracted much attention in modern organic chemistry (Masanori Kawasaki  et al., 2006).
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The nitroso- Diels-Alder reaction has long been a valuable synthetic operation for multistep syntheses given that the resulting adducts servers as 1-amino-4 hydroxy-2 ene derivatives after a single step (Yuhei Yamamoto et al., 2005).
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Electron-deficient heterocyclic aza dienes are useful reagents that often participate in well defined inverse electron demand Diels-Alder reactions with electron-rich dienophiles providing rapid access to a range of highly substituted heterocyclic systems (Akiyuki Hamasaki et al., 2006).
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1.3 DIELS-ALDER REACTIONS IN WATER:

Nowadays research efforts are directed towards a more environmentally friendly, green chemistry approaches, which mainly aims at a reduction of the use of organic solvents. Usually, organic solvents are used in much larger quantities than the solutes they carry and have a tendency to escape into the environment through evaporation and leakage. A lot of research is currently devoted to the replacement of organic solvents by a less environmentally hazardous one. Nature’s own solvent, water, is ideally suited for this purpose owing to its non-toxic character. Its enormous abundance on this planet makes water a cheap and readily accessible alternative.

The increased focus on water in synthetic organic chemistry during the past few decades has resulted in a large number of reactions that can now be performed successfully in an aqueous medium. Among these reactions are allylation reactions, the aldol condensation, the Michael addition, the Mannich reaction, indium-mediated allylation and Grignard-type additions and the benzoin condensation. Surprisingly, also notoriously solvent-insensitive reactions such as the Claisen rearrangement and the 1, 3-dipolar cycloaddition can benefit dramatically from an aqueous medium. Perhaps the most striking and unexpected example of a reaction that benefits from the use of an aqueous solvent system is the Diels–Alder reaction.
1.4 SPECIAL EFFECTS OF WATER ON DIELS–ALDER REACTIONS:

For long time water was not a popular solvent for the Diels–Alder reaction. Before 1980 its use had been reported only incidentally. Diels and Alder themselves performed the reaction between furan and maleic acid in an aqueous medium in 1931, an experiment which was repeated by Woodward and Baer in 1948. These authors noticed a change in endo–exo selectivity when comparing the reaction in water with that in ether. Also, in two patents the Diels–Alder reaction is mentioned in connection with water. In 1973 Eggelte, de Koning, and Huisman studied the reaction of maleic acid with furan inseveral solvents. These authors noticed, for the first time, a beneficial rate effect of water on the Diels–Alder reaction.

In general, the use of an aqueous medium increases the rate of Diels–Alder reactions significantly as compared to all organic solvents. In extreme cases accelerations can exceed a factor of 10000. In addition, aqueous solvents tend to enhance the selectivity of the reaction. More specifically, the generally observed preference for the formation of the endo cycloadduct is even more pronounced in water. Also, the regioselectivity and diastereofacial selectivity tends to increase in aqueous media.

1.5 SYNTHETIC APPLICATIONS:

Grieco et al. (1990) was the first to demonstrate that the astonishing rate and selectivity enhancements of Diels–Alder reactions in water. He extensively studied the reactivity of dienes containing hydrophilic carboxylate, or ammonium groups, as well as hetero Diels–Alder reactions of iminium ions. These processes can be successfully employed in natural product synthesis.

The extensive work of Lubineau et al. (1987) and coworkers further demonstrates the merits of water with respect to the rates and selectivities of the Diels–Alder reaction. Since 1985 the Lubineau group has published a large number of articles dealing mainly with dienes that were rendered water soluble through the temporary introduction of a sugar moiety. The efficiency of Diels–Alder reactions between these compounds and standard dienophiles was still significantly enhanced in aqueous solutions, despite the presence of the hydrophilic sugar group in the diene. The sugar moiety can be removed after completion of the Diels–Alder reaction. 

Waldmann et al. studied the possible influence of α-amino-acid derivatives as chiral auxiliaries on the diastereoselectivity of several Diels–Alder reactions in aqueous media. In contrast to the advantageous influence of the medium on rate and endo–exo selectivity, Waldmann did not observe an increase in diastereofacial selectivity.

Many other authors successfully employed aqueous Diels–Alder reactions in natural product synthesis.Interestingly, also photochemical [4+2] cycloadditions benefit from aqueous media.The rate of the addition of singlet oxygen to an aromatic compound, for example, is significantly enhanced by water. Recently, the scaling up of water-based Diels–Alder reactions had been studied (B.Cazin et al., 1986).
The Diels-Alder reaction mechanism still remains the topic of much debate because of the uncertainty in whether the mechanism is synchronous, asynchronous, concerted, or non-concerted. Over the past decade or so, theoretical chemists have taken an interest in studying the transition states and energies of activation and entropies and there has been a rapid growth in the synthetic applications of the Diels-Alder reaction.
1.6 OBJECTIVES

The present study is undertaken with the objective for the developing a convenient route for the developing a convenient route for synthesizing diels alder adducts.

The objectives of the present work

· Preparation of Pyrido pyrimidineylidene acetic acid.

· 1,3 cyclo addition of Maleic anhydride with 9Me, 7Me, and unsubstituted
Pyrido pyrimidineylidene acetic acid,

· Characterization of synthesized compounds by Infrared and NMR techniques.
“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
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REVIEW 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.  

· Platinum and palladium chiral bisphosphine complexes and their counterion 

effects in asymmetric Diels-Alder reactions have been investigated. The reaction of cyclopentadiene and various bidentate dienophiles in the presence of a catalytic amount of Pt (II)- or Pd (II) –BINAP complex proceeds with excellent endo/exo selectivity as well as endo enantioselectivity (up to 99% ee) (Arun K.Ghosh et al., 1999).
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· A novel binaphthyl – based diamine (R) –2 (18a) was designed and synthesized. A protonic acid – (R) – 2 (18a) salt catalyst has the advantage of exhibiting unprecedented high exo selectivity in the asymmetric Diels – Alder reaction of α, β-unsaturated aldehydes. For instance, the reaction between cinnamaldehyde and cyclopentadiene in the presence of 12 mol % of p –TsOH H2O in α, α, α- trifluorotoluene at –20oC gave the corresponding exo cycloadduct with 92% ee as a major diastereomer (exo/endo=13/1) (Taichi Kano et al., 2006).
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     (17)              (18)




   (19)           

· A series of pyrano [2,3-b-]- and pyrido [2,3-b-] quinolines were synthesized from simple acetanilides via intramolecular domino hetero Diels – Alder reactions of 1-oxa- 1,3-butadienes using water as solvent (Biswajita Baruah et al., 2009).
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· (R, R) – 3 –Aza – 3 – benzyl 1-, 5 –dihydroxy-1, 5-diphenylpentane (1) ligated  Ti (IV)complex (1-TiCl2) was used as a chiral Lewis acid catalyst for promoting asymmetric IED Diels – Alder reaction between electron – rich dienophiles and  electron -poor dienes by G.Sundararajan et al. (2001). The also introduced a facile route for the synthesis of asymmetric tetrahydroquinoline derivatives using the above – mentioned chiral catalyst reagent in the presence of 4Å molecular sieves. The reactions proceeded with moderate yields and at times high enantioselectivity.
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· Hiroaki Gotoh et al. (2007) studied the combined use with CF3CO2H, 2- [bis (3,5-bis-trifluoromethylphenyl) triethylsiloxymethyl] pyrrolidine was found to be an effective organocatalyst of an exo- selective, enantioselective Diels – Alder reaction of α, β-unsaturated aldehydes.
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· Acylation of substituted 4 – (furyl - 2)- 4- arylaminobut –1 –enes with maleic anhydride provided 2 –allyl- 6- carboxy-4-oxo-3-aza-10-oxatricyclo [5.2.1.0 1,5] dec –8-enes in high yield under mild reaction conditions. The Diels – Alder adducts were formed via an initial amide formation followed by a stereo selective intramolecular [4+2] exo-cycloaddition reaction. Treatment of the tricyclic compounds with phosphoric acid at high temperatures (70-120oC) promoted cyclic ether opening, intramolecular cyclization and aromatization to yield the corresponding tetra cyclic compounds, 5,6,6a, 11-tetrahydro-10-carboxyisoindolo [2,1-a] quinolines, in moderate yields (Fedor I.Zubkov et al., 2005).
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· Baolu Shi et al., (2009) had developed a new three-stop sequence for the conversion of hydrazides into pyridines in which the key steps were N-H insertion by a copper carbene intermediate derived from α-diazo-β-ketoesters into the hydrazide, reaction with ammonium acetate to give 1,2,4-triazines, followed by Diels – Alder reaction with norbornadiene.

[image: image18.wmf]N

H

N

H

2

O

R

1

R

O

N

2

C

O

2

M

e

2

N

N

N

C

O

2

M

e

R

R

1

2

P

h

C

l

,

N

R

R

C

O

2

M

e

1

2

N

H

4

O

A

c

,

A

c

O

H

C

u

(

O

A

c

)

2

,

 

C

H

2

C

l

2

reflux,

24 h

2.

MW,110  C,5 min

o

1.

MW,

80   C,10 min

o

(30)

(31)


· Prashanth K. Amancha et al., (2010) investigated the Diels – Alder reactions of a variety of acyclic α-cyano α, β-unsaturated ketones. With the assistance of boron trichloride, these compounds were found to undergo the cycloaddition readily with dienes to yield the corresponding adducts in good to high yields. In addition, some of them could be further subjected to the reductive alkylation reactions using lithium naphthalenide (LN) and an appropriate alkylating agent, thus allowing for the generation of highly substituted cyclohexenes with the replacement of the cyano group with an alkyl substituent.
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· A highly efficient Aza Diels – Alder reaction of Danishefsky’s diene with imines was found to occur in methanol in the absence of any acids at room temperature to give corresponding 2-substituted dihydro-4- pyridone derivatives in high yields. The reaction was also carried out in a three-component one-pot reaction manner. The reaction was found to proceed through a Mannich-type condensation mechanism (Yu Yuan et al., 2002). 
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    (34)                                                                                  (35)
· A hetero- Diels – Alder reaction of vinyl sulfoxides with o-quinone methides precursor constructs highly functionalized [5, 6] aromatic spiroketal skeletons in moderate to good yields with high regioselectivity. The two functional groups (ketone and olefin) can be further subjected to many synthetic transformations (Guanglian Zhou et al., 2008).
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· Cobalt (I)-catalyzed Diels – Alder reaction of a 1-boran- functionalized 1, 3- diene was the key step in a one-pot reaction interconnecting three simple starting materials to obtain a multifunctionalized product. This product incorporates a stereogenic quaternary center next to a stereogenic secondary alcohol functionality generated with a very high degree of regio-and diastereoselectivity and good enantioselectivity in the presence of a chiral ligand such as (S, S)-Norphos (Gerhard Hilt et al., 2006).
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· The diastereoselective hetero- Diels – Alder reaction between Danishefsky’s diene and chiral aldehydes was catalyzed by chiral chromium-schiff base complexes. High levels of catalyst control were obtained in several cases, allowing access to all four stereo isomeric products through appropriate choice of aldehyde and catalyst enantiomers (Guy D.Joly et al., 2002).
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· Hetero- Diels – Alder reactions of Brassard diene with aromatic aldehydes were carried out smoothly in the presence of titanium (IV) tridentate Schiff base complexes to yield the corresponding chiral δ- lactones in high enantioselectivities (up to 99% ee) under mild conditions(Qian Fan et al., 2004).
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· Santiago Barroso et al., (2007) introduced  2-Alkenyl pyridine N-oxides as a new kind of efficient dienophiles for the Cu(II)-bis(oxazoline) (BOX) catalyzed enantioselective Diels-Alder reaction affording higher reactivity and enantioselectivity (ee’s up to 96%) than the corresponding nonoxidized 2-alkenoyl pyridines.
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· Catalytic and highly enantioselective Diels – Alder reaction of cyclic and acyclic dienes with α-phthalimidoacroleins provides cyclic α-quaternary α-amino acid precursors. The conformationally flexible chiral ammonium salt of H-L-Phe-L-Leu-N(CH2CH2)2- reduced triamine with pentafluorobenzenesulfonic acid was effective as an asymmetric catalyst for the Diels – Alder reaction (Kazuaki Ishihara et al., 2008).
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· An imino Diels – Alder reaction of 2-siloxydienes with aldimines catalyzed by triflic imide (Tf2NH; 0.1˜10 mol % amount) had been developed leading to substituted piperidin-4-ones. Tf2NH catalyst was compatible with basic functions, such as pyridine and indole rings in the imino Diels – Alder reaction. Furthermore, X-ray crystallographic analysis indicated that trans –2, 6-diphenyl-4-piperidinone obtained by this reaction had a unique confirmation in the solid state (Kiyosei Takasu et al., 2006).
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· Some novel prolinal dithioacetal derivatives were studied as catalysts for the inverse-electron-demand hetero- Diels – Alder reaction of enolizable aldehydes and β, γ-unsaturated α-ketophosphonates. The corresponding 5,6- dihydro-4H-pyran-2-ylphosphonates were obtained in good ee values (up to 94%ee) (Sampak Samanta et al., 2007).
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· Diganta sarma et al., (2008) reported rare earth metal triflates used with ionic liquids can promote Diels-Alder reactions carried out with different dienes and dienophiles suggesting an enhancement in the catalytic power of the triflates in ionic liquids. It is possible to recover and reuse the ionic liquid phase with triflates to yield comparable yields and stereoselectivites in ionic liquids.
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· The methylenecyclopropananes can react with various imines to yield the aza-Diels-Alder adducts in good yields in the presence of lewis acids (Min Shi et al., 2003).
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· Yibin Zeng et al., (2004) studied the combination of the intramolecular Schmidt reaction with the Diels-Alder reaction which provided expedient access to a variety of heterocycles. Two different modes of reaction planning were presented. In one, the azide and ketone moieties necessary for the intramolecular Schmidt reaction originate on different molecules that are reacted and subsequently undergo a ring-adjustment step. Alternatively, an azido ketone can be used provided the ketone is deactivated by its presence in an enone.
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· The stereoselectivity ratios for a Diels-Alder reaction between cyclopentadiene with methyl trans-crotonate carried out in salt solutions demonstrated the dominance of hydrophobic effects over secondary orbital interactions (Diganta Sarma et al., 2006).
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· Dai Cheng et al., (2002) investigated the first successful use of ketene dithioacetals as dienophiles in the aza-Diels-Alder reaction with N-arylimines. Among the ketene dithioacetals tested, 1, 4-benzodithiafulvenes were most effective in assembling the tetrahydroquinoline core. Subsequent chemical manipulations provide a concise and divergent approach to the synthesis of 2, 3-tetrahydroquinolines, 2, 3-dihydro-4-quinolones, and 4-quinolones.
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· A diammonium salt of chrial 1, 1’-binaphthyl-2, 2’-diamine and trifluoromethanesulfonimide (Tf2NH) showed excellent catalytic activity and enantioselectivity for the Diels-Alder reaction of α-acyloxyacroleins with cyclic dienes. For example, in the presence of 5 mol % of the ammonium catalyst, the Diels-Alder reaction of α-(cyclohexanecarbonyloxy)acrolein with cyclopentadiene proceeded in EtCN at -75oC to yield the adducts in 88% yield with 92% exo and 91%ee. This catalyst can be easily prepared in situ by mixing the commercially available chrial diamine and Tf2NH (Akira Sakakura et al., 2006).
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· Hiroyuki Usuda et al., (2004) reported a new method for the catalytic enantioselective Diels-Alder reaction using polysubstituted silyl enol ethers as diene.High enantioselectivity (up to 92% ee) was produced using a catalyst generated from FeBr3 and AgSbF6 in a 1:2 ratio and aryl-pybox (aryl = Ph or p-ethoxyphenyl). This reaction facilitated the enantioselective synthesis of polycyclic acylphloroglucinols such as hyperforin or garsubellin A, which were currently of interest from synyhetic and medicinal points of view.
     
[image: image35.wmf]F

e

B

r

3

(2-10 mol%)

A

g

S

b

F

6

(4-20 mol%)

C

H

2

C

l

2

,

 

M

S

5A

N

O

O

O

O

S

i

R

2

R

4

R

3

N

O

O

O

R

4

R

2

R

3

O

S

i

R

R

1

+

(R,R)-aryl-pybox

 (2.4-12 mol%)

up to 92% ee

1

(74)

(75)

(76)


· The Sc(OTf)3 / FERRODIOL complex was prepared at -78oC in CH2Cl2  in the presence of 2,6-lutidine and MS 4A.The chrial scandium Lewis acid-catalyzed asymmetric Diels-Alder reaction of cyclopentadiene with 3-acyloxazolidin-2-ones effectively produced the adduct in a high yield with good selectivity, endo / exo = 90:10 up to 91% ee(endo) (Shin-ichi Fukuzawa et al., 2002).
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· A BINOLate-zinc complex prepared in situ from Et2Zn and 3,3’-dibromo-1,1’-bi-2-naphthol (3,3’-Br2-BINOL) was found to be a highly efficient catalyst for the enentioselective hetero-Diels-Alder reaction of  Danishefsky’s diene and aldehydes to give 2-substituted 2,3-dihydro-4H-pyran-4-one in up to quantitative yield and 98% ee (Haifeng Du et al., 2002).
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· Masashige YAMAUCHI et al., (2002) examined the enantioselective Lewis acid-catalyzed Diels-Alder reaction of 3-(2-propenoyl)-1,3-oxazolidin-2-one with cyclopentadiene using a series of chrial mox ligands, deffering in the side chain at 2-position of the chrial oxazoline and in the nature of the substituent at the chrial center (4-position) of the oxazoline ring, and a combination of N-[(1R)-2-chloro-1-phenylethyl]-2-[(4R)-4-phenyl-4,5-dihydrooxazol-2-yl] butyramide 2-MgI2-I2 was the most efficient catalyst.
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· Michael T.Crimmins et al., (2006) studied the conversion of a substituted dioxinone to a pyrone which was used in an improved synthesis of the AB spiroketal subunit of the spongistatins. This transformation occurred via a hetero-Diels-Alder reaction of an acyl ketene with butyl vinyl ether.
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· A direct synthesis of the α-hydroxyaldehyde exo-5, was achieved through an 
      exo-selective Lewis acid-catalyzed Diels-Alder reaction of dienophile and trisubstituted diene (Jun Qi et al., 2006).
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· Bruce Pegot et al., (2006) reported the synthesis of 2-substituted-2, 3-dihydro-4-pyridone derivatives through the Aza-Diels-Alder reaction of Danishefsky’s diene with imines under ‘green chemistry’ conditions. The reaction had been found to perform well at room temperature in ionic liquids using no Lewis acid catalyst or organic solvent.
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· The imino Diels-Alder reaction of 2-azadienes was another easy access to the synthesis of pyrroloquinolines. Aryl amines reacted with endo cyclic ene-carbamates such as tert-butyl-2,3-dihydro-1H-1pyrrolocarbaxylate on the surface of montonorillonite KSF-clay under conditions to yield a product 3-aminopropylhexahydropyrrolo[3,2-c]quinoline (Yadav et al., 2004).
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· The alcohol-catalysed Diels-Alder reactions of acrolein and benzaldehyde with Rawal’s diene were evaluated with density functional theory. Several potential modes of catalysis with two methanol molecules were used to model catalysis by TADDOLs. In agreement with crystallographic data, cooperative catalysis with TADDOLs was predicted to be favorable (Ruth Gordillo et al., 2007).

[image: image43.wmf]N

T

B

S

O

O

H

P

h

O

O

P

h

C

H

2

C

l

2

 

/

 

P

h

M

e

+

1) 0.1 equiv 2, PhMe

-78

o

C

-78

o

C

2) AcCl,

(70%, >99% ee) 


                             (95)                (96)                                                                   (97)


[image: image44.wmf]N

T

B

S

O

H

H

C

H

O

H

O

O

H

O

H

Ar

Ar

Ar

Ar

O

H

L

i

A

l

H

4

,

 

E

t

2

O

,

H

F

 

/

 

C

H

3

C

N

,

+

1) 0.1 equiv 2, PhMe

- 80

o

C

2) 

3) 

(83%, 91% ee)

2 Ar = 1-napthyl

-78

o

C to rt

0

o

C to rt

(98)

(99)

(100)


· Muriel COMPAIN-BATISSOU et al., (2004) studied the oxidation of 2-and 3-hydroxycarbazoles with Fremy’s salt which gave the corresponding ortho-carbazolequinones. These molecules reacted as carbodienophiles in Diels-Alder reaction with 1-acetoxy-1, 3-butadiene and1, 3-cyclopetadiene to provide the novel benzocarbazolequinone structures.
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· A novel Diels-Alder reaction with 4-nitro-1(2H)-isoquinolones acting as the dienophile afforded 5(6H)-phenanthridone derivatives. The Diels-Alder reaction of 4-nitro-1(2H)-isoquinolone with 1-methoxy-1, 3-butadiene gave biologically active 5(6H)- phenanthridone possessing in a high yield (Reiko FUJITA et al., 2005).
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· Masanori Kawasaki et al., (2006) had developed highly regio-, diastereo-, and enantioselective azo hetero-Diels-Alder reaction using 2-azo-pyridine and silver (I)-BINAP 2:1-catalyst. The catalytic process could be one of the effective synthetic routes to a number of chrial 1, 4-diamines which were pharmaceutically important compounds.
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· The bis-aluminated triflic amides such as TfN[Al(Me)Cl]2 and TfN[Al(iBu)2]2, which were derived from trifilic amide (1 mol) and aluminum reagent (2 mol), can efficiently promote the Diels-Alder reaction of α,β-unsaturated lactone derivatives as dienophiles. Selection of the ligand on aluminum of these Lewis acids should be important depending on the combination of dienophile and 1,3-diene (Akio Saito et al., 2004).
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· The first chrial Bronsted acid-catalyzed asymmetric direct aza hetero-Diels-Alder reaction had been described (Hua Liu et al., 2006). The phosphoric acids, prepared from binol and H8-binol derivatives, have shown catalytic ability for the reaction of cyclohexanone with N-PMP-benzaldimine. A chrial phosphoric acid, derived from 3,3-di(4-chloropheneyl)-H8-binol, exhibited superior enantioselectivity, affording fairly good yields and enantioselectivities for the reaction of a range of aromatic aldimines with cyclohexenone 
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· [1,4,2]Diazaphospholo[4,5-a]pyridines undergo diastereoselective Diels-Alder reaction at the >C=P- functionality with 2,3-dimethylbutadiene and isoprene in the presence of sulfur or selenium. The reaction with isoprene occurs regioselectively. On carrying out the reaction with diene in the presence of methyl iodide, the initially formed [2+4] cycloadduct was methylated regioselectively at the σ2, λ3-nitrogen.The results of the DFT calculations of the Diels-Alder reaction with isoprene were in accord with the observed regioselectivity. The relative stabilites of the two transition structures had been explained on the basis of NBO analysis (Raj K.Bansal et al., 2005).
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· Thermal Diels-Alder reaction of 2, 4-hexadienol with methyl acrylate was unselective. By simultaneous coordination of diene and dienophile to a chrial bimetallic Lewis acid catalyst, a LACASA-DA reaction occured with complete control of regio-, diastereo-, and enantioselectivity to yield a single adduct (Dale E.Ward et al., 2005).
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· A tandem enyne, diene-ene matathesis reaction followed by Diels-Alder reaction accomplished a stereoselective three-component reaction protocol with four stereocenters (Hee-Yoon Lee et al., 2003.
·      
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· α,β-Unsaturated 2-acyl imidazoles were a novel and practical class of dienophiles for the DNA-based catalytic asymmetric Diels-Alder reaction in water. The Diels-Alder products were obtained with very high diastereoselectivities and enantioselectivities in the range of 83-98%. The catalytic reaction was performed on a 1.0 mmol scale, and the imidazole auxiliary was removed readily (Arnold J. Boersma et al., 2007).
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· Trygve Andreassen et al., (2009) studied diastereoselective aza-Diels-Alder (aza-DA) reactions of ethyl (S)-N-(tert-butanesulfinyl)iminoacetate and ethyl (S)-N-(p-toluenesulfinyl)iminoacetate with different dienes including activated, non-activated, cyclic, and acyclic dienes in the presence of lewis acids.
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· Dawid A.Powell et al., (2003) studied the Ln(Otf)3- catalyzed formal aza-Diels-Alder(or Povarov)  reaction of cyclopentadiene with in situ generated N-arylimines containing enolizable protons. This three-component Povarov reaction generated highly functionalized C-2 aliphatic substituted tetrahydroquinolines. Heterocycles that were previously inaccessible using the Povarov reaction because of the instability of the intermediate aliphatic N-arylaldimine.
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· Malihe Javan Khoshkholgh et al., (2008) developed a new method for the preparation of tetracyclic uracils (oxa-helicene). The intramolecular hetero-Diels-Alder reaction of 1-oxa-1, 3-butadiene and an unactivated alkyne in the presence of Cul led to tetracyclic uracils in aqueous media with good yields. The 1-oxa-1, 3-butadiene was prepared through Knovenagel reaction of O- propargylated salicylaldehyde derivatives and barbituric acid or 1, 3-dimethylbarbituric acid.
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“Action may not always bring happiness but there is no happiness without action”
Disraeli
                                                                  [image: image59.jpg]



                          

                          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 300MHz NMR instrument in dueterated ethanol 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.

The HOMO-LUMO interactions were calculated using Cambridge Chemdraw 2010.
3.2 Preparation of 9-me Pyrido[1,2-a] Pyrimidine-2-one-ylidene Aceticacid:

The Pyrido [1, 2-a] Pyrimidine-2-one ylidene acetic acids was prepared according to the reported method (Bhargavi-2002).

3.3 Diels Alder Reaction

3.3.1 Reaction of 9-me pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride


9-me pyrido[1,2-a] pyrimidine2-one ylidene acetic acid (100 mg) and maleic anhydride (90 mg) was taken in a round bottomed flask. 4ml of water is added to it and the mixture was refluxed in a water bath for one hour. The reaction was monitored by TLC. After the completion of the reaction the mixture was cooled and extracted with ethyl acetate. The crude product obtained was recrystallised form chloroform. 

3.3.2 Reaction of Preparation of 7-me pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride


7-me pyrido[1,2-a] pyrimidine2-one ylidene acetic acid (100 mg) and maleic anhydride (90 mg) was taken in a round bottomed flask. 4ml of water is added to it and the mixture was refluxed in a water bath for one hour. The reaction was monitored by TLC. After the completion of the reaction the mixture was cooled and extracted with ethyl acetate. The crude product obtained was recrystallised form chloroform. 

3.3.3 Reaction of Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid (100 mg) and maleic anhydride (90 mg) was taken in a round bottomed flask. 4ml of water is added to it and the mixture was refluxed in a water bath for one hour. The reaction was monitored by TLC. After the completion of the reaction the mixture was cooled and extracted with ethyl acetate. The crude product obtained was recrystallised form chloroform. 

“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
 [image: image60.jpg]




                       RESULTS AND DISCUSSION
4. RESULTS AND DICUSSION

The Diels-Alder reaction has long been a valuable synthetic operation for multistep syntheses. The results of our investigation of our investigation of Diels-Alder reaction of pyrido pyrimidinone in water is given below

The pyrido[1,2-a] pyrimidine-2-one ylidine acetic acid  were prepared according to the reported method (Bhargavi – 2002). The products formed were confirmed by melting points and IR that have been already reported. The IR spectrum of this compound was given in figure-I.

Diels-alder reaction of Maleic anhydride (137) with three dienes viz, 9Me, (142) 7Me (140), and unsubstituted(138) pyrido[1,2-a] pyrimidine2-one ylidene acetic acid (scheme 1, 2, 3) were carried out by refluxing the two substrate in water in steam bath for three hours. The reaction was monitored by TLC at regular intervals .The mixture of benzene, ethyl acetate and alcohol were used as developing solvents. After the completion of the reaction the compound was obtained by extraction of the aqueous mixture by ethylacetate. The spots were visualized under iodine chamber. In all cases single product was produced in good yield. The reaction was found to be homogeneous and the formation of only one product was observed.

HOMO-LUMO energies of the dienes and the dienophile calculated using 
Chem DrawUltra 2010 and were presented in the following table
HOMO-LUMO ENERGIES OF THE DIENES AND THE DIENOPHILE CALCULATED USING CHEMDRAWULTRA 2010

	COMPOUND
	HOMO (eV)
	LUMO (eV)

	Maleic anhydride (137) (Dienophile)
	12.638
	6.620

	(Z)-2-(2-oxo-2H-pyrido [1,2-a] pyrimidim-3(4H)-ylidene)acetic acid (138)
	9.708
	5.363

	3Me-(Z)-2-(2-oxo-2H-pyrido[1,2-a]

pyrimidim-3(4H)-ylidene)acetic acid (140)
	9.670
	5.361

	5Me-(Z)-2-(2-oxo-2H-pyrido[1,2-a] pyrimidim-3(4H)-ylidene)acetic acid (142)
	9.701
	5.298


The acceleration and high yield of the products may be attributed to two important effects viz hydrogen bonding and enforced hydrpphobic interaction. In terms of transitionstate theory: hydrophobic hydration raises the initial state more than the transition state and hydrogen-bonding interactions stabilize the transition state more than the initial state. The highly polarizable activated complex plays a key role in both of these effects.

Grieco et al. (1990) studying compounds of obvious amphiphilic character, suggested that micellar catalysis might underline the high efficiency of the reactions in aqueous solution compared to organic solvents. Also Breslow et al. (1991) through the occasional use of terms such as “hydrophobic packing” and aggregation” suggested that hydrophobic interations induce pre-association of the reactants. Although it is likely that the lifetime of encounter complexes of nonpolar molecules in water exceeds that in organic solvents, this pre-association is definitely not extensive enough to be held responsible for the observed rate effects.

A more applicable solvent parameter viz the cohesive energy density (ced) is a measure of the energy required for evaporation of the solvent per unit volume. In contrast to the internal pressure, the ced of water is extremely high, due to the large number of hydrogen bonds per unit volume. When describing dissolution processes, the ced of the solvent is much impotant than its internal pressure, since the creation of a cavity to accommodate the solute normally leads to the rupture of solvent-solvent distances. The ced essentially quantifies solvophobicity, and as such, it has been successfully used by Gajewski et al. (1992) in a multi parameter equation describing the solvent effect on a Diels-Alder reaction where one of the solvents was water”. The importance of the ced (alongside the hydrogen-bond donating capacity) in this study underlines the importance of hydrophobic interactions in rationalizing the effect of water on Diels-Alder reactions. 

Blokzijl et al. (1991) introduced the “enforced hydrophobic interactions” to describe the activation of Diels-Alder reaction in water. The term “enforced” is used to stress the fact that the association of the non polar reagents is driven by the reaction and only enhanced by water”.Studies of solvent effects on type A Diels-Alder reactions by a large number of authors, revealed that reactivity was primarily determined by two solvent parameters the hydrogen-bond donationg capacity and the solvophobicity. This pattern strongly suggests that in water, a hydrogen bond donating solvent par excellence, and the Diels-Alder benefits not only from hydrophobic interactions but also from hydrogen-bonding interactions. The small size of water molecules allows efficient interaction with hydrogen-bond acceptors by forming more hydrogen bonds than protic organic solvents.  

The activation parameters for Diels–Alder reactions in water and in a number of organic solvents had been studied by Sijbren Otto et al. (2000). For the reaction of methyl vinyl ketone with cyclopentadiene the acceleration on going from 1, 4-dioxane to water is mainly enthalpic in origin. Comparing water with 1-propanol the enthalpy and entropy of activation contribute about equally]. When the rate of the reaction in water is compared to that in methanol, the entropy term dominates the rate enhancement. One may conclude that hydrogen-bonding interactions mainly affect the enthalpy of activation. In contrast, under the typical reaction conditions, the hydrophobic part of the acceleration in water is most likely mainly an entropy effect. The Diels–Alder reaction in water benefits from both a reduced enthalpy of activation as well as a reduced entropy of activation. This pattern is rather unusual and can be interpreted as another indication for the simultaneous operation of two mechanisms of activation.

STRUCTURE DETERMINATION OF THE ADDUCT

Adduct of Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
Scheme 1:
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Mechanism
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Melting point of the compound (138) is 180o
The yield of the compound (138) is 70%
The product is found to be homogeneous in TLC giving a dark brown spot in iodine 
and no side products were detected.

An IR and NMR study confirms the formation of the product. Figure II is the IR spectrum of compound (138).
The IR values are given as IR (KBr)

               γ max : 2922cm-1 , 1705cm-1
The absorption at 2922cm-1 is characteristic of NH and the absorption at 1705cm-1 indicates the presence of carbonyl group.

The 500 MHz FTNMR-spectrum of the compound (138) is recorded in EtOD, and is

given in figure-V. Analysis of the data revealed the following.

· The three ring protons resonated at δ9.3, 8.3, and 7.8 and at 7.1ppm respectively.

· The two protons integrating as singlet at δ 5.0ppm were due to the CH2 protons at the fourth position.

· The other protons of the third and fourth ring resonated at δ 3.4 ppm multiplet for three protons. 

Adduct of 7-Me Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
Scheme 2:
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(140)


Melting point of the compound (140) is 194oC
The yield of the compound (140) is 71.2%
The product is found to be homogeneous in TLC giving a dark brown spot in iodine and no side products were detected.

An IR and NMR study confirms the formation of the product. Figure III is the IR spectrum of compound (140)

The IR values are given as IR (KBr)

               γ max : 2922cm-1 , 1705cm-1
 The absorption at 2922cm-1 is characteristic of NH, and the absorption at1705cm-1 indicates the presence of carbonyl group.

The 500 MHz FTNMR-spectrum of the compound (140) is recorded in EtOD, and is   given in figure VI. Analysis of the data revealed the following.

· The three ring protons resonated at δ9.3, 8.3, and at 7.8 ppm respectively.

· The two protons integrating as singlet at δ 5.0ppm were due to the CH2 protons at the fourth position.

· The other protons of the third and fourth ring resonated at δ 3.4 ppm multiplet for three protons. 

· The singlet at δ-2 integrating for three protons indicates the presence of methyl group.

Adduct of 9-Me Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
Scheme 3:
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   (142)
Melting point of the compound (142) is 192oC.
The yield of the compound (142) is 72.8%.
The product is found to be homogeneous in TLC giving a dark brown spot in iodine and no side products were detected.

An IR and NMR study confirms the formation of the product. Figure IV is the IR spectrum of compound (142).

 The IR values are given as IR (KBr)

               γ max : 2918cm-1 , 1674cm-1
The absorption at 2918cm-1 is characteristic of NH and the absorption at   1674cm-1 indicates the presence of carbonyl group.

The 500 MHz FTNMR-spectrum of the compound (142) is recorded in EtOD, and is given in figure VII. Analysis of the data revealed the following.

· The three ring protons resonated at δ9.3, 8.3, and at 7.8ppm respectively.

· The two protons integrating as singlet at δ 5.0ppm were due to the CH2 protons at the fourth position.

· The other protons of the third and fourth ring resonated at δ 3.5 ppm multiplet for three protons. 

· The singlet at δ2.2 integrating for three protons indicates the presence of methyl group.

Fig 1: IR Spectrum of 2 imino 1, 2(H) Pyridine Itaconic acid
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Fig 2: NMR spectrum of Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
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Fig3: NMR spectrum of 7-Me Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
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Fig4: NMR spectrum of 9-Me Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
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Fig 5: IR spectrum of Pyrido[1,2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
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Fig 6: IR spectrum of 7-Me Pyrido [1, 2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
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Fig 7: NMR spectrum of 9-Me Pyrido [1, 2-a] pyrimidine2-one ylidene acetic acid with Maleic anhydride
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“You always succeed in producing a result”
 Robbins,Anthony
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                 SUMMARY AND CONCLUSION

5. SUMMARY AND CONCLUSION

The summary of the present work on Diels-Alder reaction of 1, 3 diene in water is summarized below

· The Diels-Alder reaction of Pyrido [1, 2-a] pyrimidine-2-one acetic acid with a highly reactive dienophile maleic anhydride were carried out successfully in water.

· The reaction proceeded smoothy in water, yielding selectively the endo product with good yields.

· The structure of the prodccts were characterised by IR and NMR technique, the data was found to be fit very well with the proposed structure.

· The HOMO-LUMO interaction of the diene and dienophile has been calculated using Cambridge Chemdraw, Pro (10.0) software.
· As a result of the growing need for clean chemistry, the use of water as solvent in reactions is increasingly popular and alternatives for organic solvents being sought. Hence the present work clearly demonstrated that Diels alder reaction in water is clean feasible fast and hence can be utilized for straight forward synthesis of larger molecules.
“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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