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Chapter 2

CHAPTER 2

THE REACTION OF DIMETHOXYCARBENE AND DIMETHYL ACETYLENEDICARBOXYLATE WITH CARBONYL COMPOUNDS: SYNTHESIS OF DIHYDROFURAN DERIVATIVES

2.1
Introduction

The 1,3-dipolar cycloaddition reactions offer one of the most versatile and convergent approaches for the synthesis of five membered heterocyclic compounds.1 The monumental work of Huisgen has established this general concept and over the years many structurally diverse groups of heterocyclic compounds have been synthesized by this methodology.2 Apart from the conventional dipoles which have been studied in detail, there is another class of reactive species called zwitterionic intermediates which also react with various dipolarophiles to afford heterocyclic compounds. Zwitterionic species are neutral compounds having formal electrical charges of opposite sign delocalized on nonadjacent atoms and it is not possible to represent these species by uncharged canonical forms. Nucleophilic addition of donors that contain no active hydrogen atoms are generally initiated via zwitterionic intermediates, which can undergo stabilization by rearrangement, cyclization or addition reaction (Scheme 1).3
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Scheme 1


The reaction of these intermediates with electrophiles provides direct access to a wide range of heterocyclic compounds, a concise historical account of such reactions is presented in the following sections.

2.1.1
Addition of Aromatic Tertiary Amines


As early as 1932, Diels and Alder showed that aromatic amines such as pyridine react readily with dimethyl acetylenedicarboxylate (DMAD) to form stable adducts.4 However, the structure of the adducts was conclusively established only after many years by Acheson and coworkers (Scheme 2).5
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Later, mechanistic studies by the same group have proved that the zwitterionic intermediate 3 could be trapped by CO2 to form cis and trans isomeric betaines (Scheme 3).6
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Scheme 3


Huisgen has demonstrated the use of imines as donors in the reaction with DMAD leading to the dihydropyridine derivative 11 (Scheme 4). He has classified the second step in this reaction as a 1,4 dipolar cycloaddition.7 
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Scheme 4


The 1,4-dipole thus formed can be intercepted with a suitable excess of imine; in the case of dihydroisoquinoline, the reaction afforded the pentacyclic compound 13 (Scheme 5).8
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Scheme 5


Another study by Winterfeldt has shown that aromatic tertiary amines substituted with suitable receptors react with DMAD to afford various heterocyclic derivatives; a typical example involving ethyl pyridyl acetate is shown in Scheme 6.9 
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Scheme 6


Heteroaromatic compounds such as thiazoles and imidazoles also participate in reactions with DMAD affording products as illustrated in      Scheme 7.10
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Scheme 7

2.1.2
Addition of Aliphatic Tertiary Amines


The reaction of trialkyl amines with DMAD afforded pyrrole derivative 21 (Scheme 8).11
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Aziridines have also been known to react with DMAD to give products, which arise through either a C-N or C-C bond cleavage. N-benzyl aziridine on reaction with DMAD in t-BuOH afforded the ether derivative by a C-N bond cleavage (Scheme 9).12
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Scheme 9


The reactivity of enamines towards acetylenic esters was investigated by several groups and these studies have revealed that the reaction generally proceeds via a cyclic four membered adduct which undergoes further rearrangement to give the dienamine derivative 25.13 Cyclic enamines undergo ring expansion via a similar intermediate affording ring enlarged products and this methodology has been successfully employed in the synthesis of some biologically active compounds (Scheme 10).14
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Scheme 10


Alkynyl amines undergo facile addition to DMAD to form benzene derivatives (Scheme 11).15
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Scheme 11

2.1.3
Addition of Sulfur Compounds


The reactivity of elemental sulfur towards acetylenic esters was studied by Michael in 1895, and this afforded 2,3,4,5-thiophene tetracarboxylate (Scheme 12).16
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Scheme 12

The reaction of acetylenic esters with carbon disulfide afforded an array of products depending on the conditions employed. Thus at 100 °C, DMAD reacts with CS2 to form a 2:3 adduct 34 and a 2:2 adduct 35 in presence of acetic acid, presumably through a dithiocarbene intermediate (Scheme 13).17
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However, in the presence of aromatic aldehydes and tributyl phosphine, the reaction afforded 2-benzylidene-1,3-dithioles (Scheme 14).18
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Scheme 14


Winterfeldt has reported the reaction of dimethyl sulfoxide with DMAD leading to tetramethylfuran tetracarboxylate 41 as depicted in Scheme 15.19
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Acetylenic esters react with thiourea to afford thiazolin-4-one 43 (Scheme 16).20
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Scheme 16


The reaction of sulfoxonium ylide with acetylenic esters resulted in the formation of stable, open chain ylides (Scheme 17).21
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Scheme 17

2.1.4
Addition of Phosphines


The reactivity of various phosphine derivatives towards acetylenic esters was studied by Tebby and coworkers and they have shown that triphenyl phosphine (TPP) reacts with DMAD to form a 2:1 adduct, i.e. a dialkylidene diphosphorane 49. In the absence of excess of phosphine the product 50 was isolated (Scheme 18).22
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Attempts have been made to intercept the 1:1 zwitterion of DMAD and TPP with CO2, in which case a betaine is formed, which on subsequent decarboxylation afforded the product 50 (Scheme 19).23
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Scheme 19


Winterfeldt has shown that the 1:1 zwitterion of TPP and DMAD could be trapped by benzaldehyde to afford two products 53 and 54 (Scheme 20).24
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Scheme 20


In a modification of the Winterfeldt protocol, Nozaki and coworkers have established the catalytic use of TPP in this reaction and have extended it to activated carbonyl compounds such as (-keto esters and (-keto nitriles affording lactones in good yields (Scheme 21).25
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Scheme 21


Studies in our laboratory have shown that the 1:1 intermediate formed by the addition of triphenylphosphine to DMAD undergoes facile reaction with quinonoid compounds to afford highly functionalized γ-spiro lactones in high yields. A typical example involving p-benzoquinone is shown in Scheme 22.26
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Scheme 22


Triphenyl alkylidene phosphorane was also reported to react with acetylenic esters, and the reaction was found to be sensitive to the nature of the solvent employed. Thus the reaction of triphenyl phosphorylidene acetophenone with DMAD in an aprotic solvent such as ether gave the phosphorane 60 while the reaction in methanol afforded 61 as the product (Scheme 23).27
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Scheme 23
2.1.5
Addition of Isocyanides


Several groups have explored the addition of isocyanides to acetylenic esters in detail and these reactions are of particular interest, in view of the variety of products that are formed. Winterfeldt has reported the formation of pyrrole derivatives by the reaction of t-butyl isocyanide with DMAD. The reaction at 0 °C afforded the dihydrofuran derivative 63 while at -20 °C gave the bicyclobutane derivative 64 which on thermal isomerization furnished the bicyclic compound 65 (Scheme 24).28
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Scheme 24

When the reaction was carried out in a protic solvent such as water, a symmetrical bis amide 68 was isolated (Scheme 25).28
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Scheme 25

Suzuki and coworkers have shown that complex mixtures of products were formed in the reaction of 2,6-dimethyl phenyl isocyanide and 4-bromo-2,6,-dimethyl phenyl isocyanide with DMAD. 29a The products include the 2:1 adduct 71 and a 3:1 adduct 72. In addition, a 2:3 adduct 74 was obtained by the reaction of the zwitterion with the intermediate compound 73 (Scheme 26). Subsequently, George and coworkers have investigated the reaction of cyclohexyl isocyanide with DMAD and studied the thermal isomerization of the different cycloadducts formed.29b
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Scheme 26
2.1.6
Addition of Dialkoxycarbenes

The reactivity of dialkoxycarbenes towards DMAD was studied by Hoffmann who has shown that the dihydrofuran derivative 76 was formed in low yield (Scheme 27).30
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Scheme 27

A brief account of the reactivity of dialkoxycarbenes is presented in Chapter 1 (see Chapter 1, Section 1.1.3 e.).
2.2
Interception of the Zwitterionic Intermediate with a Third 
Component

There have been attempts to intercept the 1:1 zwitterion of isocyanides and DMAD with a third component but these were essentially unsuccessful.31 Recent studies in our laboratory have shown that the 1:1 intermediate formed by the addition of isocyanides to DMAD could be intercepted with various electrophiles, ranging from aldehydes to quinones, affording a variety of heterocyclic compounds, thereby constituting novel multicomponent reactions (MCRs). Thus, the reaction of cyclohexyl isocyanide, DMAD and 3-nitro benzaldehyde afforded the 2-aminofuran derivative in good yield.32 The use of N-tosylimines as the third component afforded novel pyrrole derivatives (Scheme 28).33
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Scheme 28

The reaction of the zwitterionic intermediate with quinonoid compounds furnished novel imino lactones; a typical example involving p-benzoquinone is shown in Scheme 29.34
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Scheme 29

p-Quinoneimines also displayed analogous reactivity affording the spiro dihydropyrrole derivative 84 (Scheme 30).
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Scheme 30

When N-isocyanides were employed in the above described multicomponent reactions, the initially formed dihydrofuran derivative 86 underwent a Dimroth rearrangement to afford the pyrrolinone derivative 87 (Scheme 31).35
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Scheme 31

The use of pyridine as the nucleophile in these reactions constituted a novel two component reaction affording 2-benzoyl but-2-enoates in good yields (Scheme 32).36 In this reaction pyridine acts as a catalyst and on completion of the reaction, it gets eliminated. 
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Scheme 32

However, under similar conditions, isoquinoline took part in a multicomponent reaction, in the sense that the initially formed 1:1 intermediate underwent 1,4-dipolar cycloaddition with the electrophiles employed. The dipolar cycloaddition of the zwitterion with N-tosylimines is shown in            Scheme 33.37
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Scheme 33
2.3
The Present Work


It is clear from the literature survey presented above that, a range of nucleophiles can add to DMAD forming 1:1 zwitterionic intermediates. Results from our laboratory have established novel protocols for the interception of the 1:1 zwitterions formed by the addition of isocyanides and various aromatic tertiary amines to DMAD with a number of electrophiles. However, no efforts have been made to study the reactivity profile of the 1:1 zwitterionic intermediate formed by the addition of nucleophilic carbenes such as dialkoxycarbenes to DMAD. Against this literature scenario, and in the context of our general interest in devising novel multicomponent reactions, it was of interest to study the reactivity profile of the zwitterionic intermediate of dialkoxycarbene and DMAD with various electrophiles, following the lines of a multicomponent reaction. The electrophiles which have been selected for our study include aldehydes, ketones, and (,(-unsaturated carbonyl compounds, and dimethoxycarbene was employed as the nucleophilic carbene. The results of our explorations in this avenue and the usefulness of the process leading to novel dihydrofuran derivatives are presented here.

2.4
Results and Discussion


The aldehydes selected for our studies are listed below (Table 1).
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In our initial experiment, we exposed p-tolualdehyde to the zwitterionic species resulting from the reaction of DMAD and dimethoxycarbene, the latter being generated in situ by the thermolysis of 2,2-dimethoxy-∆3-1,3,4-oxadiazoline in refluxing toluene following the Warkentin prescription.38 A facile reaction leading to the formation of dihydrofuran derivative 104 in 81% yield occurred (Scheme 34).
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Scheme 34

The structure of the product 104 was elucidated by spectroscopic analysis. The IR spectrum showed characteristic peaks at 1735 and 1725 cm-1 corresponding to the two carbomethoxy groups. In the 1H NMR spectrum, the signal due to the p-methyl group was seen at ( 2.34 as a singlet, and the sharp singlets at ( 3.40 and ( 3.46 were attributed to the protons of the two methoxy groups. The peaks corresponding to protons of the two carbomethoxy groups were seen at ( 3.65 and ( 3.87. The benzylic proton resonated as a sharp singlet at ( 5.84. The aromatic protons afforded two separate doublets at ( 7.14 (J = 7.9 Hz) and ( 7.24 (J = 7.9 Hz). In the 13C NMR spectrum, signal due to the p-methyl carbon was discernible at ( 21.2 while signals at ( 50.9 and ( 51.4 were assigned to the carbons of the methoxy groups. The carbomethoxy carbon signals were seen at ( 52.3 and ( 52.6. The resonance signal corresponding to the benzylic carbon was present at ( 83.9 while the resonance peaks corresponding to C-2, C-3 and C-4 were visible at ( 123.9, 141.1 and 138.7 respectively. The peaks at ( 161.6 and ( 162.4 were attributed to the ester carbonyls. All the other signals were also in good agreement with the proposed structure.
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Figure 1  1H NMR of 104
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Figure 2  13C NMR of 104

Mechanistically, the reaction is considered to involve the initial formation of a 1:1 zwitterionic intermediate by the reaction of dimethoxycarbene with DMAD. The zwitterion 106 adds to the carbonyl group to afford a dipolar species, which undergoes cyclization to furnish the product. In another perspective, the reaction may be considered to involve the 1,3 dipolar cycloaddition of 106 with the carbonyl group (Scheme 35).
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Scheme 35

The reaction was found to be applicable to a number of aromatic aldehydes containing both electron donating and electron withdrawing groups; the dihydrofuran derivatives were obtained in moderate to excellent yields         (Table 2). In all cases, the structure of the product was established by spectroscopic analysis; IR, 1H NMR and 13C NMR data were completely consistent with the assigned structure.
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The reaction was found to be applicable to aliphatic aldehydes also. Paraformaldehyde on reaction with DMAD and dimethoxy carbene, generated from the oxadiazoline 103, afforded the dihydrofuran derivative 115 in 50% yield (Scheme 36).
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Scheme 36

The IR spectrum of 115 showed characteristic carbonyl absorption peak at 1735 cm-1. The 1H NMR spectrum showed sharp singlets at ( 3.34, ( 3.72,        ( 3.75, and ( 4.02, corresponding to four methoxy protons. In the 13C NMR spectrum, the characteristic peaks corresponding to two ester carbonyls were discernible at ( 164.2 and ( 162.1 while the peak corresponding to the orthoester carbon was seen at ( 123.6. All the other signals were also in good agreement with the proposed structure.

When diphenylacetaldehyde was employed as the aldehyde component in the multicomponent reaction with DMAD and dimethoxycarbene, the corresponding dihydrofuran derivative was obtained in excellent yield   (Scheme 37).
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Scheme 37

As in the case of other dihydrofuran derivatives, the structure of the product was established by spectroscopic analysis. The IR spectrum of 116 showed characteristic peak at 1735 cm-1 corresponding to two carbomethoxy groups. In the 1H NMR spectrum, the methoxy groups showed sharp singlets at ( 3.05, ( 3.33, ( 3.49, and ( 3.58. The two doublets at ( 5.69 (J = 6.4 Hz) and    ( 4.43 (J = 6.4 Hz) were attributed to the two methine protons. In the 13C NMR spectrum, the ester carbonyls resonated at ( 163.4 and ( 162.3. All the other signals were also in good agreement with the assigned structure.

It was observed that the dihydrofuran derivatives obtained by the above mentioned multicomponent reactions lost methanol slowly on standing at room temperature for several hours, to afford the corresponding furan derivatives. Subsequently, it was found that either microwave irradiation or the addition of a Lewis acid catalyst accelerated this transformation. A typical example involving the dihydrofuran 104 is shown in Scheme 38.
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Scheme 38

The IR spectrum of 117 showed strong carbonyl absorption peaks at 1732 and 1707 cm-1. In the 1H NMR spectrum, the peaks at ( 4.19 and ( 3.88 were assigned to the protons corresponding to the two carbomethoxy groups while the sharp singlet at ( 3.81 was assigned to the protons of the methoxy group. In the 13C NMR spectrum, the peaks corresponding to the two ester carbonyls were discernible at ( 164.9 and ( 162.2, while the carbon bearing the methoxy group in the furan ring resonated at ( 160.6. All other signals were in good agreement with the proposed structure and the compound gave satisfactory micro analysis data. 


The reaction was found to be applicable to almost all dihydrofuran derivatives prepared, and the results are summarized in Table 3. The structure of the products was established by spectroscopic analysis; the compounds gave satisfactory microanalysis data also.
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It is worthy of note that either thermolysis or the use of an acid catalyst such as p-TSA did not transform the dihydrofurans to the furan derivatives. As illustrated in Scheme 39, when p-TSA was employed the reaction afforded the ring opened product 125 in 90% yield, while attempted thermolysis left the dihydrofuran 107 unchanged.
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Scheme 39
2.4.1
Reaction with Ketones 

In view of the encouraging results obtained in the case of aldehydes, it was of interest to extend the present reaction to ketones also. When p-nitro acetophenone was treated with DMAD and the carbene precursor 103, in refluxing toluene under argon atmosphere for 16 h, a facile reaction leading to the formation of the dihydrofuran derivative 127 in 81% yield occurred (Scheme 40).
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Scheme 40

The IR spectrum of 127 showed strong and broad carbonyl absorption peaks at around 1735 cm-1 corresponding to two carbomethoxy groups. In the 1H NMR spectrum, the peaks due to the four methoxy groups were discernible at ( 3.81, ( 3.73, ( 3.46 and ( 3.43, while the peak at ( 2.01 was assigned to the methyl group. 13C NMR spectrum showed characteristic peaks at ( 161.9 and   ( 161.6 due to the resonance of two ester carbonyls. The peaks at ( 122.8 and  ( 86.6 were assigned to C-2 and C-4 carbons of the dihydrofuran ring. All the other signals were in good agreement with the proposed structure.

The dihydrofuran derivative 127 on reaction with Lewis acid catalyst afforded the furanone derivative 128 in high yield (Scheme 41).
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Scheme 41

In this case also, the structure of the product was established by spectroscopic analysis. IR spectrum of 128 showed peaks corresponding to both the lactone and ester moieties at 1796 and 1748 cm-1. In the 1H NMR spectrum, the protons corresponding to two carbomethoxy groups were seen as singlets at ( 3.93 and ( 4.07, while the resonance of the methyl group was visible at ( 2.15. In the 13C NMR spectrum, the peaks corresponding to the lactone and ester carbonyls were discernible at ( 165.1, ( 160.4 and ( 160.1. All other signals were also in good agreement with the assigned structure. 

When fluorenone was employed in the multicomponent reaction with DMAD and dimethoxycarbene, the corresponding dihydrofuran derivative was obtained in moderate yield (Scheme 42).
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Scheme 42

Inexplicably, acetophenone and p-chloro acetophenone did not furnish any dihydrofuran derivatives when treated with DMAD and dimethoxycarbene; the ketones and DMAD were recovered quantitatively.

2.4.2
Reaction with (,(-unsaturated carbonyl compounds


In the next phase of our studies we turned our attention to                          (,(-unsaturated carbonyl compounds to examine the chemoselectivity in the multicomponent reaction of these compounds with DMAD and dimethoxycarbene. The (,(-unsaturated carbonyl compounds selected for our studies include various substituted cinnamaldehydes and chalcones. 
2.4.3
Reaction with (,(-unsaturated aldehydes 


We initiated our experiments by treating cinnamaldehyde with DMAD and 2,2-dimethoxy oxadiazoline in refluxing toluene under argon atmosphere for 15 hours and the reaction afforded the corresponding dihydrofuran derivative 132 in about 70% yield (Scheme 43). No product resulting from the addition of the zwitterion to the conjugated double bond was observed. 
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Scheme 43

The structure of the product was confirmed by spectroscopic methods. The IR spectrum of 132 showed strong carbonyl absorption peak at 1746 cm-1. The 1H NMR spectrum was in good agreement with the assigned structure. Signals due to the methoxy and carbomethoxy protons were discernible at         ( 3.44, ( 3.51, ( 3.71 and ( 3.74. The methine proton in the dihydrofuran ring showed its resonance peak as a singlet at ( 4.83. The 13C NMR spectrum was also in good agreement with the assigned structure. The peaks at ( 163.9 and   ( 161.7 were typical of the two ester carbonyls. The peaks at ( 103.7 and            ( 122.0 were assigned to the methine carbon and the carbon attached to two methoxy groups. All other signals were in good agreement with the proposed structure. The reaction was extended to a number of other substituted cinnamaldehydes; moderate yields of dihydrofuran derivatives were obtained and the results are summarized in Table-4.
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2.4.4
Reaction with Chalcones

Prompted by the successful participation of cinnamaldehydes in the multicomponent reaction with DMAD and dimethoxycarbene, it was reasonable to extend the reaction to (,(-unsaturated ketones such as chalcones also. In a typical reaction, benzylidene acetophenone was treated with DMAD and 2,2-dimethoxy oxadiazoline in refluxing toluene under argon for 24 hours and this resulted in the formation of the corresponding dihydrofuran derivative 144 in 70% yield (Scheme 44).
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Scheme 44

Characterization of the product is based on conventional spectroscopic data. The IR spectrum of 144 showed carbonyl absorption peaks at 1728 and 1740 cm-1, corresponding to two carbomethoxy groups. In the 1H NMR spectrum, the signals corresponding to two methoxy groups were seen as singlets at ( 3.33 and ( 3.49, while the peaks corresponding to the carbomethoxy protons were discernible at ( 3.75 and ( 3.86. In the 13C NMR spectrum, typical ester carbonyl peaks were visible at ( 162.4 and ( 162.1. The two quaternary carbons ( to the ring oxygen were seen at ( 89.8 and ( 123.1. All other signals were also in good agreement with the proposed structure; the compound gave satisfactory HRMS data also. The reaction was found to be applicable to a number of substituted chalcones, and the dihydrofuran derivatives were obtained in good yields. As usual, the products were characterized on the basis of spectroscopic analysis. The results are summarized in Table 5.
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2.4.5
Reaction with 1,4-Dienones


1,4-Dienones are a group of organic compounds whose participation in many organic reactions has been studied in detail; the most important is the cationic electrocyclization reaction termed Nazarov reaction. The multicomponent reaction of 1,4-dienone 155, DMAD and dimethoxycarbene, generated in situ from 103, afforded the distyrenyl dihydrofuran derivative 156 in good yield (Scheme 45). As usual, the structure of the product 156 was established by spectroscopic methods.
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Scheme 45

The dihydrofuran derivatives thus formed appeared to be suitable substrates for cationic electrocyclic reactions such as the interrupted Nazarov reaction. A literature survey has shown that such a reaction involving dihydrofuran derivatives has not been reported so far. In this context, we undertook an investigation of the reactivity of divinyl dihydrofurans in interrupted Nazarov reaction and the results of our studies are presented in Chapter 3 (see Chapter 3, Section 3.4.2).
2.5
Conclusion


In conclusion, it has been shown that the one pot reactions of carbonyl compounds, DMAD and dimethoxycarbene offer an easy route for the synthesis of highly functionalized dihydrofuran derivatives in good yields, thereby constituting novel multicomponent reactions. It is interesting to note that furan and dihydrofuran motifs are present in a number of biologically active natural products and other heterocyclic compounds. It is conceivable that the novel multicomponent reactions described herein will find application in the synthesis of a variety of heterocyclic compounds, and in natural product synthesis.
2.6
Experimental

General: Melting points were recorded on a Büchi melting point apparatus and are uncorrected. NMR spectra were recorded at 300 (1H) and 75 (13C) MHz respectively on a Bruker DPX-300 MHz NMR spectrometer. Chemical shifts (() are reported relative to TMS (1H) and CDCl3 (13C) as the internal standards. Coupling constant (J) is reported in Hertz (Hz). Mass spectra were recorded under EI/HRMS (at 5000 resolution) using JEOL JMS 600H mass spectrometer. IR spectra were recorded on a Nicolet Impact 400D FT-IR spectrophotometer. Elemental analyses were performed on a Perkin Elmer-2400 Elemental Analyzer. Dimethyl acetylenedicarboxylate (DMAD) was purchased from Aldrich Chemical Co. and was used without further purification. The dimethoxycarbene precursor, 2,2-dimethoxy-∆3-1,3,4-oxadiazoline was prepared according to a known literature procedure.38 Commercial grade solvents were distilled prior to use. Analytical thin layer chromatography was performed on glass plates coated with silica gel containing calcium sulfate binder. Gravity column chromatography was performed using 100-200 mesh silica gel and mixtures of hexane-ethyl acetate were used for elution.

Dimethyl-2,2-dimethoxy-5-(4-methylphenyl)-2,5-dihydro-3,4 furandicarboxylate 104

A mixture of p-tolualdehyde 95 (100 mg, 0.83 mmol), DMAD 2 (177 mg, 1.24 mmol) and oxadiazoline 103 (265 mg, 1.66 mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 104 as a colorless viscous liquid (226 mg, 80%).
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	IR (neat) νmax: 3015, 2944, 2843, 1735, 1725, 1607, 1513, 1445, 1251, 1102, 983, 808, 750 cm-1.
1H NMR: δ 7.24 (d, J = 7.9, 2H), 7.14 (d, J = 7.9, 2H), 5.84 (s, 1H), 3.87 (s, 3H), 3.65 (s, 3H), 3.46 (s, 3H), 3.40 (s, 3H), 2.34 (s, 3H).
13C NMR: δ 162.4, 161.6, 141.1, 138.7, 133.8, 129.3, 127.6, 125.4, 123.9, 83.9, 52.6, 52.3, 51.4, 50.9, 21.2.


Dimethyl-2, 2-dimethoxy-5-phenyl-2,5-dihydro-3,4-furandicarboxylate 107

A mixture of benzaldehyde 52 (100 mg, 0.94 mmol), DMAD 2 (200 mg, 1.40 mmol) and oxadiazoline 103 (448 mg, 2.88 mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to 107 as a colorless viscous liquid (265 mg, 80%).
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	IR (neat) νmax: 3016, 2962, 2847, 1742, 1728, 1694, 1445, 1351, 1283, 1249, 1115, 1081, 1027, 980, 919, 798, 703 cm-1.

1H NMR: δ 7.35-7.28 (m, 5H), 5.87 (s, 1H), 3.86 (s, 3H), 3.63 (s, 3H), 3.36 (s, 3H), 3.26 (s, 3H).

13C NMR: δ 162.2, 161.4, 140.5, 136.7, 135.3, 128.8, 128.5, 127.5, 123.9, 83.9, 52.5, 52.2, 50.9, 50.8.


Dimethyl-2,2-dimethoxy-5-(3-nitrophenyl)-2,5-dihydro-3,4 furandicarboxylate 108

A mixture of 3-nitrobenzaldehyde 77 (100 mg, 0.66 mmol), DMAD 2 (141 mg, 0.99 mmol) and oxadiazoline 103 (211 mg, 1.32 mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 108 as a pale yellow viscous liquid (186 mg, 77%).
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	IR (neat) νmax: 3090, 3001, 2955, 2854, 1748, 1728, 1640, 1539, 1445, 1351, 1263, 1202, 1162, 1115, 1047, 1013, 987, 912, 818, 744 cm-1.
1H NMR: δ 8.78 (s, 1H), 8.33-8.27 (m, 2H), 7.62 (t, J = 8, 1H), 4.27 (s, 1H) 3.78 (s, 3H), 3.70 (s, 3H), 3.51 (s, 6H). 

13C NMR: δ 163.2, 160.6, 147.7, 135.3, 130.1, 129.7, 128.7, 125.4, 124.6, 121.7, 119.9, 104.6, 55.5, 52.8, 52.4, 51.5, 50.8.


Dimethyl-2,2-dimethoxy-5-(3-chlorophenyl)-2,5-dihydro-3,4-furandicarboxylate 109

A mixture of 3-chlorobenzaldehyde 94 (100 mg, 0.71 mmol), DMAD 2 (151 mg, 1.1 mmol) and oxadiazoline 103 (227 mg, 1.42 mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford analytically pure 109 as a colorless viscous liquid (189 mg, 75%).
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	IR (neat) νmax: 3070, 2996, 2948, 2840, 1742, 1730, 1647, 1566, 1438, 1330, 1290, 1196, 1094, 987, 784, 724 cm-1.

1H NMR: δ 7.37-7.27 (m, 4H), 5.83 (s, 1H), 3.88 (s, 3H), 3.68 (s, 3H), 3.49 (s, 3H), 3.41 (s, 3H).

13C NMR: δ 162.3, 161.2, 139.8, 139.0, 136.0, 134.5, 129.8, 129.1, 128.4, 125.7, 124.2, 83.3, 52.8, 52.4, 51.2, 50.9.


Dimethyl-2,2-dimethoxy-5-(4-chlorophenyl)-2,5-dihydro-3,4- furandicarboxylate 110

A mixture of 4-chlorobenzaldehyde 96 (100 mg, 0.71 mmol), DMAD 2 (151 mg, 1.1 mmol) and oxadiazoline 103 (227 mg, 1.42 mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixtures to afford 110 as a colorless viscous liquid (167 mg, 66%).
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	IR (neat) νmax: 3002, 2962, 2847, 1755, 1721, 1634, 1600, 1492, 1438, 1337, 1256, 1196, 1115, 1054, 1027, 899, 784, 690 cm-1. 
1H NMR: δ 7.87 (d, J = 8.6, 2H), 7.38 (d, J = 8.6,  2H), 5.83 (s, 1H), 3.76 (s, 3H), 3.66 (s, 3H), 3.40 (s, 6H).

13C NMR: δ 164.8, 161.9, 160.7, 141.8, 132.8, 128.2, 125.8, 124.5, 122.6, 115.3, 58.4, 52.7, 52.5, 51.4.


Dimethyl-2,2-dimethoxy-5-(4-benzyloxyphenyl)-2,5-dihydro-3,4- furandicarboxylate 111

A mixture of 4-benzyloxy benzaldehyde 97 (100 mg, 0.47 mmol), DMAD 2 (100 mg, 0.70 mmol) and oxadiazoline 103 (150 mg, 0.94 mmol) was refluxed in dry toluene under argon for 15 h. the solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 111 as a colorless viscous liquid (138 mg, 69%).
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	IR (neat) νmax: 3009, 2948, 2845, 1755, 1721, 1681, 1627, 1519, 1431, 1283, 1243, 1189, 1121, 987, 933, 852, 751, 697 cm-1.

1H NMR: δ 7.14-6.92 (m, 9H), 5.83 (s, 1H), 5.03 (s, 2H), 3.87 (s, 3H), 3.65 (s, 3H), 3.46 (s, 3H), 3.40 (s, 3H).

13C NMR: δ 162.4, 161.7, 159.3, 141.1, 136.7, 135.2, 129.1, 129.0, 128.5, 128.2, 127.9, 127.4, 125.3, 123.9, 83.7, 69.9, 52.6, 52.3, 51.1, 51.0.


Dimethyl-2,2-dimethoxy-5-(4-methoxyphenyl)-2,5-dihydro-3,4- furandicarboxylate 112

A mixture of 4-methoxy benzaldehyde 98 (100 mg, 0.73 mmol), DMAD 2 (156 mg, 1.1 mmol) and oxadiazoline 103 (233 mg, 1.46mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 112 as a colorless viscous liquid (102 mg, 43%).
	
[image: image61.wmf]O

C

O

2

M

e

M

e

O

2

C

O

M

e

O

M

e

M

e

O

1

1

2



	IR (neat) νmax: 2999, 2948, 2854, 1748, 1729, 1607, 1519, 1465, 1256, 1189, 1232, 1108, 976, 782 cm-1.

1H NMR: δ 7.98 (d, J = 8.8, 2H), 7.46 (d, J = 8.8, 2H), 4.09 (s, 1H), 3.80 (s, 3H), 3.74 (s, 3H), 3.72 (s, 3H), 3.58 (s, 3H), 3.36 (s, 3H).
13C NMR: δ 164.8, 162.2, 160.4, 159.8, 142.8, 128.6, 127.3, 121.3, 114.6, 113.8, 68.5, 55.1, 52.3, 51.5, 51.4.


Dimethyl-2,2-dimethoxy-5-(3,4-dichlorophenyl)-2,5-dihydro-3,4- furandicarboxylate 113

A mixture of 3,4-dichlorobenzaldehyde 99 (100 mg, 0.57 mmol), DMAD 2 (121 mg, 0.85 mmol) and oxadiazoline 103 (182 mg, 1.14mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 113 as a colorless viscous liquid (156 mg, 70%).
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	IR (neat) νmax: 2998, 2952, 2839, 1732, 1672, 1606, 1560, 1474, 1434, 1401, 1334, 1281, 1241, 1202, 1175, 1109, 1036, 983, 917, 811, 764, 665 cm-1.

1H NMR: δ 7.49-7.42 (m, 2H), 7.27-7.22 (m, 1H), 5.81 (s, 1H), 3.89 (s, 3H), 3.70 (s, 3H), 3.49            (s, 3H), 3.40 (s, 3H).

13C NMR: δ 162.2, 161.1, 139.2, 137.4, 136.8, 133.1, 132.8, 130.6, 129.7, 126.8, 124.3, 82.8, 52.8, 52.5, 51.3, 50.9.


Dimethyl-2,2-dimethoxy-5-(1-naphthyl)-2,5-dihydro-3,4-furandicarboxylate 114

A mixture of 1-naphthaldehyde 100 (100 mg, 0.60 mmol), DMAD 2 (129 mg, 0.90 mmol) and oxadiazoline 103 (192 mg, 1.20 mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 114 as a colorless viscous liquid (214 mg, 90%).
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	IR (neat) νmax: 2999, 2942, 2843, 1740, 1731, 1681, 1432, 1332, 1276, 1232, 1113, 976, 782 cm-1.

1H NMR: δ 8.22 (d, J = 8.2, 1H), 7.87-7.82        (m, 2H), 7.58-7.41 (m, 4H), 6.75 (s, 1H), 3.91 (s, 3H), 3.61 (s, 3H), 3.51 (s, 3H), 3.27(s, 3H).
13C NMR: δ 162.3, 161.9, 141.5, 136.1, 133.8, 132.7, 131.7, 129.6, 128.7, 126.6, 126.2, 125.9, 125.2, 124.2, 123.2, 79.7, 52.7, 52.4, 51.3, 50.9. 


Dimethyl-2,2-dimethoxy-2,5-dihydro-3,4-furandicarboxylate 115

A mixture of paraformaldehyde 101 (100 mg, 3.3 mmol), DMAD 2 (710 mg, 5.00 mmol) and oxadiazoline 103 (1.05 g, 6.60 mmol) was refluxed in dry toluene under argon for 15 h. the solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 115 as a colorless viscous liquid (406 mg, 50%).

	
[image: image64.wmf]O

C

O

2

M

e

O

M

e

O

M

e

M

e

O

2

C

H

H

1

1

5



	IR (neat) νmax: 3002, 2955, 2054, 1735, 1613, 1445, 1330, 1256, 1074, 960, 804, 757, 703 cm-1.
1H NMR: δ 4.73 (d, J = 9, 1H), 4.49 (d, J = 9, 1H), 4.02 (s, 3H), 3.75 (s, 3H), 3.72 (s, 3H), 3.34 (s, 3H)

13C NMR: δ 164.2, 162.1, 146.7, 144.6, 124.5, 123.6, 58.5, 51.7, 51.4. 


Dimethyl-2,2-dimethoxy-5-(diphenylmethyl)-2,5-dihydro-3,4-furandicarboxylate 116

A mixture of diphenyl acetaldehyde 102 (100 mg, 0.50 mmol), DMAD 2 (108 mg, 0.76 mmol) and oxadiazoline 103 (160 mg, 1.00 mmol) was refluxed in dry toluene under argon for 15 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture 116 as a colorless viscous liquid (164 mg, 80%).
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	IR (neat) νmax: 3012, 2984, 2857, 1735, 1685, 1625, 1515, 1438, 1261, 1086, 973, 910, 850, 790, 670 cm-1.
1H NMR: δ 7.38-7.20 (m, 10H), 5.69 (d, J = 6.4, 1H), 4.43 (d, J = 6.4, 1H), 3.58 (s, 3H), 3.49 (s, 3H), 3.33 (s, 3H), 3.05 (s, 3H).
13C NMR: δ 163.4, 162.3, 145.5, 142.2, 138.0, 128.2, 126.8, 127.7, 123.8, 91.2, 58.4, 52.7, 52.2, 51.7, 48.4.


Dimethyl-2-(methoxy)-5-(4-methylphenyl)-3,4-furandicarboxylate 117

SnCl4 (58 mg, 0.22 mmol) was added to a solution of the dihydrofuran 104 (150 mg, 0.44 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 117 as a colorless crystalline solid (127 mg, 95%), m.p. 112-113 °C (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3012, 2956, 1732, 1707, 1601, 1457, 1264, 1095, 952, 814, 750 cm-1.
1H NMR: δ 7.46 (d, J = 8, 2H), 7.17 (d, J = 8, 2H), 4.19 (s, 3H), 3.88 (s, 3H), 3.81 (s, 3H), 2.36 (s, 3H)

13C NMR: 164.9, 162.2, 160.6, 142.5, 138.6, 129.6, 129.4, 125.8, 125.5, 58.4, 52.5, 51.5, 21.4.


Analysis calculated for C16H16O6: C, 63.15, H, 5.90; Found: C, 63.0, H, 5.21.
Dimethyl-2-(methoxy)-5-(3-nitrophenyl)-3, 4- furandicarboxylate 118

SnCl4 (52 mg, 0.20 mmol) was added to a solution of the dihydrofuran 108 (150 mg, 0.40 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 118 as a yellow crystalline solid (114 mg, 85%), m.p. 184-185 °C (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3007, 2952, 2840, 1738, 1703, 1600, 1524, 1469, 1441, 1345, 1221, 1103, 1048, 985, 820, 763 cm-1.
1H NMR: δ 8.44 (s, 1H), 8.15 (d, J = 7.4, 1H), 7.92 (d, J = 7.1, 1H), 7.57 (t, J = 7.8, 1H), 4.25           (s, 3H), 3.94 (s, 3H), 3.83 (s, 3H).
13C NMR: δ 164.2, 161.7, 148.6, 146.9, 139.3, 130.6, 130.2, 129.8, 122.8, 120.1, 55.8, 52.9, 51.7.


Analysis calculated for C15H13NO8: C, 53.74, H, 3.91, N, 4.18; Found: C, 54.02, H, 3.93, N, 4.31.
Dimethyl-2-(methoxy)-5-(3-chlorophenyl)-3,4-furandicarboxylate 119

SnCl4 (55 mg, 0.21 mmol) was added to a solution of the dihydrofuran 109 (150 mg, 0.42 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 119 as a colorless crystalline solid (120 mg, 88%). m.p. 100-101 °C (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3009, 2962, 2840, 1735, 1721, 1600, 1573, 1485, 1438, 1357, 1243, 1108, 1054, 966, 885, 784, 724 cm-1.

1H NMR: δ 7.55 (s, 1H), 7.47-7.44 (m, 1H), 7.33-7.26 (m, 2H) 4.21 (s, 3H), 3.91 (s, 3H), 3.81 (s, 3H).
13C NMR: δ 164.4, 161.9, 160.8, 140.3, 134.8, 130.2, 130.0, 128.4, 125.3, 125.2, 116.2, 58.5, 52.72, 51.6.


Analysis calculated for C15H13ClO6: C, 55.48, H, 4.04; Found: C, 55.69, H, 4.08.
Dimethyl-2-(methoxy)-5-(4-chlorophenyl)-3,4- furandicarboxylate 120

SnCl4 (55 mg, 0.21 mmol) was added to a solution of the dihydrofuran 110 (150 mg, 0.42 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 120 as a colorless crystalline solid (122 mg, 90%), m.p. 105-106 °C (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3015, 2999, 2949, 1734, 1729, 1607, 1470, 1426, 1338, 1245, 1089, 1039, 821,794, 689 cm-1.
1H NMR: δ 7.52 (d, J = 8.6, 2H), 7.34 (d, J = 8.5, 2H), 4.19 (s, 3H), 3.89 (s, 3H), 3.81 (s, 3H).

13C NMR: δ 163.9, 161.8, 160.6, 142.1, 134.4, 132.8, 128.9, 126.9, 126.6, 123.1, 58.4, 52.5, 51.5. 


Analysis calculated for C15H13ClO6: C, 55.48, H, 4.04; Found: C, 55.43, H, 4.12.
Dimethyl-2-(methoxy)-5-(4-benzyloxyphenyl)-3,4-furandicarboxylate 121

SnCl4 (45 mg, 0.17 mmol) was added to a solution of the dihydrofuran 111 (150 mg, 0.35 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 121 as a colorless crystalline solid (122 mg, 88%), m.p. 111-112 °C (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3030, 2943, 2854, 1738, 1688, 1607, 1482, 1413, 1351, 1219, 1176, 1107, 1051, 1013, 826, 780, 716, 698 cm-1.

1H NMR: δ 7.52-6.90 (m, 9H), 5.06 (s, 2H), 4.15 (s, 3H), 3.84 (s, 3H), 3.78 (s, 3H).

13C NMR: δ 167.2, 164.6, 159.1, 136.7, 128.6, 127.1, 127.4, 127.4, 121.7, 115.1, 104.9, 70.1, 58.4, 52.3, 49.6.


Analysis calculated for C22H20O7: C, 66.66, H, 5.09; Found: C, 66.83, H, 5.04.

Dimethyl-2-(methoxy)-5-(4-methoxyphenyl)-3,4-furandicarboxylate 122

SnCl4 (54 mg, 0.21 mmol) was added to a solution of the dihydrofuran 112 (150 mg, 0.42 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 122 as a colorless crystalline solid (114 mg, 85%), m.p. 121-122 °C. (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3002, 2955, 2840, 1735, 1681, 1512, 1431, 1256, 1101, 1034, 973, 790, 650 cm-1.
1H NMR: δ 7.54 (d, J = 8.7, 2H), 6.90 (d, J = 8.7, 2H), 4.17 (s, 3H), 3.87 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H).
13C NMR: δ 164.6, 162.1, 160.04, 143.0, 140.1, 127.3, 123.3, 121.4, 113.1, 55.7, 55.1, 52.1, 51.6


Analysis calculated for C16H16O7: C, 60.0, H, 5.05; Found: C, 60.4, H, 5.14.
Dimethyl-2-(methoxy)-5-(3,4-dichlorophenyl)-3,4- furandicarboxylate 123

SnCl4 (50 mg, 0.19 mmol) was added to a solution of the dihydrofuran 113 (150 mg, 0.38 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 123 as a colorless crystalline solid (122 mg, 90%), m.p. 124-125 °C (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3002, 2962, 2837, 1735, 1682, 1560, 1464, 1281, 1109, 1036, 983, 764, 665 cm-1.
1H NMR: δ 7.66 (s, 1H), 7.43 (s, 2H), 4.21 (s, 3H), 3.82 (s, 3H), 3.71 (s, 3H).

13C NMR: δ 164.2, 161.7, 160.8, 139.5, 133.1, 130.7, 126.9, 124.4, 122.6, 116.5, 58.6, 52.7, 51.6.


Analysis calculated for C15H12O6Cl2: C, 50.16, H, 3.37; Found: C, 50.20, H, 3.15.
Dimethyl-2-(methoxy)-5-(1-naphthyl)-3,4-furandicarboxylate 124

SnCl4 (52 mg, 0.20 mmol) was added to a solution of the dihydrofuran 114 (150 mg, 0.40 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford 124 as a colorless viscous liquid (125 mg, 92%).
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	IR (neat) νmax: 3012, 2840, 1726, 1607, 1451, 1345, 1239, 1095, 1052, 802, 777, 652 cm-1.

1H NMR: δ 7.91-7.85 (m, 3H), 7.63 (d, J = 6.6 1H), 7.51-7.48 (m, 3H), 4.13 (s, 3H), 3.84                  (s, 3H), 3.64 (s, 3H).
13C NMR: δ 163.6, 162.1, 161.2, 143.6, 133.5, 131.7, 130.2, 129.0, 128.4, 126.7, 126.1, 125.1, 124.9, 117.8, 79.7, 58.4, 52.0, 51.5.


Methyl 2,3-bis methoxycarbonyl-4-oxo-4-phenyl-butyrate 125

p-TsOH (26 mg, 0.15 mmol) was added to a solution of the dihydrofuran derivative 107 (50 mg, 0.15 mmol) in methanol and the resulting solution was stirred at r.t. for 3 h. After the removal of the solvent, the residue was extracted with dichloromethane and subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 125 (41 mg, 90%) as a colorless crystalline solid, m.p 86-87 °C.
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	IR (KBr) νmax: 2956, 2847, 1755, 1744, 1728 1590, 1432, 1301, 1258, 1117, 1002, 939, 889, 764, 696 cm-1.

1H NMR: δ 8.09-8.06 (m, 2H), 7.60-7.47 (m, 3H), 5.21 (d, J = 11, 1H), 4.50 (d, J = 11, 1H), 3.80 (s, 3H), 3.66 (s, 6H).
13C NMR: δ 192.4, 168.0, 167.6, 167.3, 135.7, 133.8, 129.2, 128.6, 53.0, 52.9, 52.8, 51.5. 


Dimethyl-2,2-dimethoxy-2-methyl-2-(4-nitrophenyl)-2,5-dihydro-3,4- furandicarboxylate 127

A mixture of 4-nitro acetophenone 126 (100 mg, 0.64 mmol), DMAD 2 (136 mg, 0.96 mmol) and oxadiazoline 103 (204 mg, 1.28 mmol) was refluxed in dry toluene under argon for 16 h. The solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 127 as a colorless viscous liquid (214 mg, 81%).
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	IR (neat) νmax: 2996, 2969, 2847, 1735, 1672, 1607, 1526, 1438, 1344, 1270, 1121, 980, 858, 789, 696 cm-1.

1H NMR: δ 8.19 (d, J = 8.7, 2H), 7.72 (d, J = 8.7, 2H), 3.81 (s, 3H), 3.73 (s, 3H), 3.46 (s, 3H), 3.43 (s, 3H), 2.01 (s, 3H).
13C NMR: δ 161.9, 161.6, 148.13, 147.6, 143.5, 135.5, 127.1, 123.2, 122.8, 86.6, 52.4, 51.2, 50.6, 24.2. 


Dimethyl-2oxo-2-methyl-2-(4-nitrophenyl)-2,5-dihydro-3,4-furandicarboxylate 128

SnCl4 (34 mg, 0.13 mmol) was added to a solution of the dihydrofuran 127 (100 mg, 0.26 mmol) in anhydrous dichloromethane. After stirring for 1 h at ambient temperature, water was added to the reaction mixture and it was extracted with dichloromethane. The combined organic extracts were washed with brine and dried over anhydrous sodium sulfate. After the removal of solvent, the residue was subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate mixture to afford analytically pure 128 as a colorless solid (78 mg, 90%), m.p 134-135 °C (recrystallized from CH2Cl2-hexane).
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	IR (KBr) νmax: 3097, 2955, 2861, 1796, 1748, 1667, 1607, 1533, 1452, 1364, 1283, 1047, 980, 789 cm-1.
1H NMR: δ 8.60 (d, J = 8.7, 2H), 8.60 (d, J = 8.7, 2H), 4.07 (s, 3H), 3.93 (s, 3H), 2.15 (s, 3H).
13C NMR: δ 165.1, 160.4, 160.1, 158.7, 148.2, 143.1, 127.3, 126.7, 123.9, 86.3, 53.3, 53.1, 24.3. 


HRMS (EI) Calculated for C24H24O7 : 335.0641 Found: 335.0638.    
Dimethyl 5’,5’-dimethoxy spiro [9H-fluorene-9,2’(5’H)-furan]-3,4-dicarboxylate 130

A mixture of flourenone 129 (100 mg, 0.55 mmol), DMAD 2 (117 mg, 0.83 mmol) and oxadiazoline 103 (176 mg, 1.10 mmol) was refluxed in dry toluene under argon for 16 h. the solvent was removed under vacuum and the residue subjected to chromatography on a silica gel column using 80:20 hexane-ethyl acetate solvent mixture to afford 130 as a colorless viscous liquid. (109 mg, 50%).
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	IR (neat) νmax: 3009, 2948, 2847, 1735, 1674, 1452, 1337, 1290, 1175, 1135, 1034, 987, 939, 789, 764 cm-1.
1H NMR: δ 7.62 (d, J = 7.4, 2H), 7.49 (d, J = 7.4, 2H), 7.38 (t, J = 7.4, 2H), 7.26 (t, J = 7.4, 2H), 3.82 (s, 3H), 3.55 (s, 6H), 3.37(s, 3H).

13C NMR: δ 162.2, 160.9, 143.1, 143.0, 140.7, 136.9, 129.9, 128.1, 124.7, 123.3, 120.1, 91.8, 52.6, 52.1, 51.4. 


Dimethyl-2,2-dimethoxy-5-(phenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 132

A mixture of cinnamaldehyde 131 (100 mg, 0.76 mmol), DMAD 2 (161 mg, 1.1 mmol) and oxadiazoline 103 (243 mg, 1.5 mmol) was refluxed in dry toluene in a sealed tube for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 132 as a colorless viscous liquid (185 mg, 70%).
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	IR (neat) νmax: 3000, 2956, 2848, 1746, 1695, 1644, 1638, 1593, 1447, 1256, 1205, 1105, 1020, 766, 702 cm-1.
1H NMR: 7.39-7.27 (m, 5H), 6.77 (d, J = 15.7, 1H), 6.17-6.09 (m, 1H), 5.51 (d, J = 7.2, 1H), 3.99 (s, 3H), 3.78 (s, 3H), 3.48 (s, 3H), 3.41 (s, 3H).

13C NMR: 163.9, 161.7, 148.0, 144.5, 133.4, 132.4, 131.7, 130.6, 129.2, 126.6, 122.0, 102.4, 54.9, 52.0, 50.5. 


Dimethyl-2,2-dimethoxy-5-(2-nitrophenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 138

A mixture of 2-nitrocinnamaldehyde 133 (100 mg, 0.58 mmol), DMAD 2 (123 mg, 0.87 mmol) and oxadiazoline 103 (185 mg, 1.20 mmol) was refluxed in dry toluene in a sealed tube for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 138 as a colorless viscous liquid (121 mg, 60%).
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	IR (neat) νmax: 3056, 2867, 1735, 1647, 1600, 1512, 1472, 1404, 1351, 1216, 1061, 953, 778 cm-1.
1H NMR: δ 7.98-7.95 (m, 1H), 7.61-7.57 (m, 1H), 7.46-7.42 (m, 1H), 7.30-7.25 (m, 1H), 6.15 (dd, J = 6.7, 15.6, 1H), 5.56 (dd, J = 1.1, 6.7, 1H), 5.30        (s, 1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.52 (s, 3H), 3.40 (s, 3H).

13C NMR: δ 163.3, 162.2, 136.9, 135.5, 131.7, 130.8, 130.7, 128.7, 126.7, 121.2, 103.5, 55.4, 52.2, 51.1, 50.6, 50.5. 


Dimethyl-2,2-dimethoxy-5-(2-methoxyphenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 139

A mixture of 2-methoxycinnamaldehyde 134 (100 mg, 0.61 mmol) DMAD 2 (130 mg, 0.92 mmol) and oxadiazoline 103 (195 mg, 1.22 mmol) was refluxed in dry toluene in a sealed tube for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 139 as a colorless viscous liquid (92 mg, 40%).
	
[image: image80.wmf]O

C

O

2

M

e

M

e

O

2

C

O

M

e

O

M

e

H

O

M

e

1

3

9



	IR (neat) νmax: 3063, 2948, 2847, 1742, 1634, 1593, 1438, 1249, 1108, 1027, 784, 757 cm-1.
1H NMR: δ 7.60-7.53 (m, 1H), 7.27-7.22 (m, 2H), 7.02-6.76 (m, 3H), 4.15 (s, 1H), 3.84 (s, 3H), 3.76 (s, 3H), 3.73 (s, 3H), 3.70 (s, 3H), 3.41 (s, 3H).

13C NMR: δ 164.2, 162.5, 157.8, 148.2, 144.3, 132.3, 131.0, 129.8, 127.1, 126.4, 121.9, 115.0, 102.9, 54.8, 52.2, 51.1, 50.7, 50.6. 


HRMS (EI) Calculated for C19H22O8 : 378.1315 Found: 378.1292 
Dimethyl-2,2-dimethoxy-5-(4-nitrophenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 140

A mixture of 4-nitrocinnamaldehyde 135 (100 mg, 0.56 mmol), DMAD 2 (119 mg, 0.84 mmol) and oxadiazoline 103 (179 mg, 1.12 mmol) was refluxed in dry toluene in a sealed tube for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 140 as a colorless viscous liquid (110 mg, 50%).
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	IR (neat) νmax: 2956, 2848, 1740, 1600, 1542, 1447, 1256, 1020, 874, 746, 715 cm-1.
1H NMR: δ 8.18 (d, J = 8.6, 2H), 7.52 (d, J =8.6, 2H), 6.84 (d, J = 15.8, 1H), 6.37 (dd, J = 6.6, 15.8, 1H), 5.54 (d, J = 6, 1H), 3.88 (s, 3H), 3.78 (s, 3H), 3.52 (s, 3H), 3.47 (s, 3H).

13C NMR: δ 162.3, 161.3, 147.4, 142.2, 138.5, 136.4, 131.6, 128.2, 127.4, 123.7, 119.0, 81.6, 52.8, 52.6, 51.3, 51.2. 


Dimethyl-2,2-dimethoxy-5-(4-methylphenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 141

A mixture of 4-methyl cinnamaldehyde 136 (100 mg, 0.68 mmol), DMAD 2 (144 mg, 1.02 mmol) and oxadiazoline 103 (217 mg, 1.36 mmol) was refluxed in dry toluene in a sealed tube for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 141 as a colorless viscous liquid (93 mg, 38%).
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	IR (neat) νmax: 3012, 2948, 2834, 1735, 1675, 1445, 1270, 1128, 980, 798, 697 cm-1.
1H NMR: δ 7.35(d, J = 8, 2H), 7.08 (d, J = 8, 2H), 6.93 (d, J = 15.6, 1H), 6.48 (dd, J = 6.6, 15.8, 1H), 4.91 (d, J = 6, 1H), 3.78 (s, 3H), 3.74 (s, 3H), 3.59 (s, 3H), 3.39 (s, 3H), 2.29 (s, 3H).

13C NMR: δ 162.5, 162.1, 142.9, 137.8, 135.4, 133.6, 131.3, 128.4, 127.1, 123.0, 119.1, 89.9, 52.6, 52.5, 51.5, 51.1, 21.2.


Dimethyl-2,2-dimethoxy-5-(4-chlorophenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 142

A mixture of 4-chlorocinnamaldehyde 137 (100 mg, 0.60 mmol), DMAD 2 (127 mg, 0.9 mmol) and oxadiazoline 103 (192 mg, 1.20 mmol) was refluxed in dry toluene in a sealed tube for 15 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 142 as a colorless viscous liquid (118 mg, 60%).
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	IR (neat) νmax: 3012, 2955, 2840, 1742, 1708, 1640, 1485, 1438, 1317, 1249, 1108, 1013, 838, 744, 663cm-1.
1H NMR: δ 7.87 (d, J = 8.4, 2H), 7.37 (d, J = 8.4, 2H), 6.8 (m, 1H) 6.3(d, J = 15.6, 1H) 4.22 (d, J = 6, 1H), 3.74 (s, 3H), 3.65 (s, 3H), 3.36 (s, 6H).

13C NMR: δ 163.3, 162.1, 146.9, 141.2, 135.6, 134.8, 132.6, 129.6, 128.7, 127.8, 126.8, 103.0, 55.4, 52.1, 51.1, 50.5. 


HRMS (EI) Calculated for C18H19O7Cl: 382.0819 Found: 382.0899.   
Dimethyl-2,2-dimethoxy-5-phenyl-5-(phenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 144

A mixture of chalcone 143 (100 mg, 0.48 mmol), DMAD 2 (102 mg, 0.72 mmol) and oxadiazoline 103 (243 mg, 0.96 mmol) was refluxed in dry toluene in a sealed tube for 24 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 144 as a colorless viscous liquid (142 mg, 70%).
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	IR (neat) νmax: 3002, 2955, 2847, 1740, 1728, 1452, 1431, 1283, 987, 933, 752, 703 cm-1.
1H NMR: δ 7.21-7.47 (m, 10H), 6.92 (d, J = 16, 1H), 6.76 (d, J = 16, 1H), 3.86 (s, 3H), 3.75 (s, 3H), 3.49 (s, 3H), 3.33 (s, 3H).

13C NMR: δ 162.4, 162.1, 142.9, 140.1, 136.4, 135.6, 134.4, 131.4, 128.6, 128.4, 128.3, 126.8, 123.7, 123.1, 89.8, 52.5, 52.4, 51.4, 50.0. 


HRMS (EI) Calculated for C24H24O7: 424.1522 Found: 424.1534   

Dimethyl-2,2-dimethoxy-5-phenyl-5-(4-methylphenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 150

A mixture of chalcone 145 (100 mg, 0.44 mmol), DMAD 2 (95 mg, 0.67 mmol) and oxadiazoline 103 (140 mg, 0.88 mmol) was refluxed in dry toluene in a sealed tube for 24 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 150 as a colorless viscous liquid (186 mg, 60%).
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	IR (neat) νmax: 3012, 2948, 2834, 1735, 1675, 1445, 1270, 1128, 980, 697 cm-1.
1H NMR: δ 7.46-7.44 (m, 2H), 7.33-7.31 (m, 5H), 7.12 (d, J = 7.9, 2H), 6.88 (d, J = 16, 1H), 6.70 (d, J = 16, 1H), 3.87 (s, 3H), 3.75 (s, 3H), 3.48 (s, 3H), 3.33 (s, 3H), 2.03 (s, 3H).

13C NMR: δ 162.5, 162.1, 142.9, 140.1, 137.8, 135.7, 134.6, 133.5, 131.3, 129.3, 129.2, 128.3, 127.1, 126.8, 123.0, 89.9, 52.6, 52.5, 51.5, 51.1, 21.2. 


HRMS (EI) Calculated for C25H26O7: 438.1679 Found: 438.1671  
Dimethyl-2,2-dimethoxy-5-phenyl-5-(4-chlorophenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 151

A mixture of chalcone 146 (100 mg, 0.41 mmol), DMAD 2 (87 mg, 0.61 mmol) and oxadiazoline 103 (153 mg, 0.96 mmol) was refluxed in dry toluene in a sealed tube for 24 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 151 as a colorless viscous liquid (122 mg, 65%).
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	IR (neat) νmax: 3015, 2948, 2840, 1735, 1667, 1492, 1324, 1263, 1175, 1020, 966, 845, 730 cm-1.
1H NMR: δ 7.45-7.26 (m, 9H), 6.88 (d, J = 16, 1H), 6.75 (d, J = 16, 1H), 3.87 (s, 3H), 3.76 (s, 3H), 3.49 (s, 3H), 3.32 (s, 3H).

13C NMR: δ 162.3, 162.1, 142.8, 140.1, 136.1, 135.7, 135.3, 134.6, 133.8, 128.4, 128.2, 127.0, 125.5, 123.1, 89.7, 52.7, 52.4, 51.2, 50.7. 



HRMS (EI) Calculated for C24H23ClO7: 458.1132, Found: 458.1109.  
Dimethyl-2,2-dimethoxy-5-phenyl-5-(4-methoxyphenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 152

A mixture of chalcone 147 (100 mg, 0.41 mmol), DMAD 2 (89mg, 0.62 mmol) and oxadiazoline 103 (131.2 mg, 0.96 mmol) was refluxed in dry toluene in a sealed tube for 24 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 152 as a colorless viscous liquid (70 mg, 38%).
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	IR (neat) νmax: 3009, 2955, 1742, 1613, 1512, 1276, 1182, 1034, 966, 912, 811, 703 cm-1.
1H NMR: δ 7.44-7.34 (m, 2H), 7.31-7.26 (m, 5H), 6.87-6.81 (m, 3H), 6.65 (d, J = 16, 1H), 3.86 (s, 3H), 3.79 (s, 3H), 3.72 (s, 3H), 3.48         (s, 3H), 3.33 (s, 3H).

13C NMR: δ 162.4, 162.2, 159.6, 143.3, 140.3, 135.3, 131.0, 129.2, 128.2, 128.0, 127.3, 127.1, 126.1, 123.0, 89.9, 55.1, 52.7, 52.4, 51.6. 51.1.


Dimethyl-2,2-dimethoxy-5-(4-methoxyphenyl)-5-(4-chlorophenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 153

A mixture of chalcone 148 (100 mg, 0.41 mmol), DMAD 2 (89mg, 0.62 mmol) and oxadiazoline 103 (131.2 mg, 0.96 mmol) was refluxed in dry toluene in a sealed tube for 24 h. The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 153 as a colorless viscous liquid (930 mg, 50%).
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	IR (neat) νmax: 3009, 2955, 1731, 1674, 1607, 1512, 1438, 1256, 1175, 1115, 1027, 906, 744 cm-1.
1H NMR: 7.44-7.22 (m, 7H), 6.94-6.83 (m, 3H), 6.74 (d, J = 16, 1H), 3.87 (s, 3H), 3.79 (s, 3H), 3.75 (s, 3H), 3.43 (s, 3H), 3.23 (s, 3H).

13C NMR: δ 162.5, 162.1, 159.6, 142.9, 140.3, 136.4, 135.3, 132.4, 131.1, 128.5, 128.3, 128.3, 128.0, 126.8, 122.9, 89.6, 55.1, 52.7, 52.6, 51.4, 51.1. 


Dimethyl-2,2-dimethoxy-5-(4-nitrophenyl)-5-(3-chlorophenylethenyl)-2,5-dihydro-3,4-furandicarboxylate 154

A mixture of chalcone 149 (100 mg, 0.34 mmol), DMAD 2 (74mg, 0.52 mmol) and oxadiazoline 103 (108 mg, 0.68 mmol) was refluxed in dry toluene in a sealed tube for 24 h The solvent was removed under vacuum and the residue was subjected to chromatography on a silica gel column using 90:10 hexane-ethyl acetate solvent mixture to afford 154 as a colorless viscous liquid (118 mg, 60%).
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	IR (neat) νmax: 2996, 2948, 1735, 1607, 1533, 1438, 1357, 1270, 1115, 973, 858, 757 cm-1.
1H NMR: δ 8.21 (d, J = 8.9, 2H), 7.69 (d, J = 8.9, 2H), 7.60-7.57 (m, 1H), 7.41-7.35 (m, 2H), 7.26-7.23 (m, 2H), 6.75 (d, J = 16, 1H), 3.89 (s, 3H), 3.76 (s, 3H), 3.54 (s, 3H), 3.38 (s, 3H).

13C NMR: δ 162.1, 161.6, 147.8, 147.0, 140.6, 137.2, 134.1, 133.7, 129.5, 129.4, 128.9, 128.7, 128.6, 128.1, 127.1, 123.5, 88.7, 52.8, 52.0, 51.0.
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