
RESEARCH IN THE FIELD OF FUROPYRIDINES. 

2.t SYNTHESIS AND STERIC STRUCTURE OF 6-METHYL-1- 

HETARYLIDENE-3,4-DIOXO[3,4-c]PYRIDINES 

I. S. Arustamova, E. A. Kaigorodova, V. G. Kul'nevich, 
and B. I. Ugrak 

By condensation of 6-methyl-3, 4-dioxo-lH-furo[3, 4-c]pyridine with heteroaromatic aldehydes, furfurylidene- 
and thenylidenefuropyridineaiones have been obtained. By means of I H NMR spectrometry using the nuclear 
Overhauser effect, it has been established that these compounds have the cis-s-cis and cis-s-trans 
conformations, respectively. 

The reactivity of the simplest five-membered heterocycle - 2-butenolide - in reactions of condensation with aldehydes 
has been studied quite thoroughly [2-4]. The annelation of 2-butenolide with 2-pyridone leads to a new condensed bicyclic 

heterosystem that had received very little previous attention [5]. Along with this, furopyridinediones are attracting attention 
not only as synthetic intermediates [5], but also as convenient objects for study of the mutual influence of the simplest 
heterosystems. Interest has increased in dioxofuropyridines as biological agents because of the presence of the natural 
biological fragment butenolide in the structure [6, 7]. 

We have investigated the properties of 6-methyl-3,4-dioxo-lH-furo[3,4-c]pyridine in the reaction of condensation with 

heteroaromatic aldehydes. The reaction time was controlled by means of UV spectroscopy and thin-layer chromatography. 

The condensation products I-XII were obtained from the cooled reaction medium in accordance with a method given 
in [8], in the form of high-melting colored crystals (Table 1), insoluble in organic solvents and in water.~+ 

R ~ ' C H  + M e m O  O 
II H 
O 

R ~ C H  2 

j  .NH 
O 

I-XII 

I--VII X = O ,  I R = H ,  II R = M e ,  III  R = Br, IV R = I ,  V R = 4-CIC6H4, VI R = 2-NO2C6H4, 
VII R = 4-NO2C6H4, Vln--xII  X = S, VIII R = H, IX R = Me, X R = Br, XI R = I, XII I~ = NO2 

The electronic spectra of the hetarylidenefuropyridinediones I-XII exhibit three or four absorption maxima (Table 1). 

The short-wave band corresponds to a 7r-Tr* transition of electrons from an ethylene orbital to a carbonyl orbital of the pyridone 
[9]. The middle bands may pertain to a 7r-rr* transition in the vinylheteroaromatic fragment [2] and also to an n-re* transition 

Wor Communication 1, see [1]. 

~As in Russian original; the data indicate solubility in ethanol and other solvents -- Translator. 
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1993. Original article submitted June 14, 1992. 
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Fig. 1. 
protons: 

IV. 

A 
A_ 

b 

1 

5 ZO~ 

- I I , , /  ] I _ _  

7,0 6.5 2,5 2,0 6, ppm 

NOE difference spectra. Successive irradiation of 

a) of CH 3 group; b) l-H; c) 2-H in compound 

of the carbonyl group [9]. The long-wave bands, which have a maximum in the 382-435 nm interval, pertain to a 7r-Tr* 

transition of the main chromophore of the molecule, as evidenced by their bathochromic shift when the polarity of the solvent 

is increased. The influence of the substituent R on the position of the K-band of the synthesized compounds indicates 

conjugation, i.e., coplanarity or a very nearly copolanar position of the heterocycles. 

In the IR spectra of compounds I-XII we observe stretching vibration bands of the carbonyl group of the pyridone 

(1655-1675 cm -1) and a doublet of the carbonyl group of the lactone (1740-1800 cm-1). In all of the spectra of the ylidene 

derivatives I-XII, an intense band appears at 1270-1280 cm -1, assigned to a stretching vibration of the unsaturated ester [10]. 

The TLC and PMR data (individuality of the compounds and the absence of any signal of the CH 2 group), analogous 

to [8], are evidence of the regiospecificity and regioselectivity of condensation through the methylene group. 

Compounds I-XII may have any one of four theoretically possible stereostructures: E, Z, s-cis, and s-trans. In order 

to arrive at an unambiguous determination of the structure of these compounds, we used the nuclear Overhauser effect (NOE) 

[11] and the stereospecificity of the SSC constants 5j and 4j between the protons of the heteroring and H 2 of the olefinic proton 

[12, 13] (Table 2). In the NOE resonance spectrum, upon irradiation of the CH 3 group in compounds I-XII, the 1-H proton 

responds; and upon irradiation of H, both the protons of the CH group and 2-H respond, with intensities of 2-14% (Fig. 1). 

This is evidence that the 2-H and 1-H protons are in the cis position relative to each other; i.e., the results point to the Z- 

isomer of the reaction products. 

The high degree of stereospecificity of the long-range interproton SSCCs 4j and 5j is decisive in predicting the 

conformation of 2-vinylheteroaromatic rings [6, 1 I, 12]. For the furfurylidenefuropyridinediones I-VII, we observe long-range 

SSC between the 2-H and 4-H protons, which is characteristic for the W-shaped position of bonds that is realized only in the 

s-cis-rotamer. 

The absence of SSCC 5JH2,H 4 in the PMR spectra of the thenylidene derivatives VIII-X is an indication of their s-trans- 

conformation. This view is supported by the presence of long-range SSC between the H 5 and H 4 protons (sj = 0.8 Hz) for 

the unsubstituted thenylidenefuropyridinedione VIII. The long-range interproton interactions in the molecules of I-X are 

evidence of a coplanar position of the heteroaromatic ring and the exocyclic C~---C bond. 

According to Dreiding molecular models, in the planar structure of the s-cis-furfurylidenefuropyridines I-VII (Fig. 2), 

we should observe a downfield shift of the signals of the 3-H and 2-H protons as a result of the deshielding effect of the 

oxygens of the lactone ring and the heteroaromatic ring in the cis-conformation [3, 4]. But on the contrary, in the PMR spectra 

of these compounds, we observe the usual order in the positions of the furan protons H 5 > H 3 > H 4 that is characteristic for 

a heteroring with an electron-acceptor substituent in position 2 [3, 4, 6]; not only does the olefinic proton fail to undergo a 
downfield shift relative to the 2-H proton of the thio analogs VIII-X that exist in the s-trans-conformation, but it actually 

resonates in the stronger field zX6 = 0.20-0.44 ppm. 
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Fig. 2. Dreiding model of compound II. 

On the basis of these data, together with UV spectroscopic data and the long-range SSC constants, we can assume that 

the plane of the furan ring deviates from the plane of the furopyridinedione; and with this deviation, the above-indicated 

oxygens no longer have any influence on the hydrogens as they would in the planar structure (H...O distances 2.37 and 2.43 

A, respectively), but the planarity of the heterocycles is preserved. It should be noted that the UV data and the 1H NMR 

spectra, in accordance with the Dreiding models, correspond more closely to the E-s-cis-conformation of compounds I-VII, 

thus confirming the need for special studies to establish the structure of the ylidene furopyridinediones by the NOE method. 

An analogous deviation of the thiophene ring from the plane of the furopyridinedione is apparently observed for the thenylidene 

derivatives VIII-X as well; when the olefinic proton 2-H is irradiated, there is no response of 3-H in the resonance spectrum 

(distance 2.5 ,~ with complete planarity of the system). 

Thus, on the basis of the 1H chemical shifts and the 1H-1H SSCCs, with the further application of the NOE method, 

we have established the Z-configuration of the hetarylidenefuropyridenediones I-XII: s-cis for the furfurylidene derivaties (I- 

VII), cis-trans for the thenylidene derivatives (VIII-X). 

EXPERIMENTAL 

The electronic spectra were recorded in a Specord UV-Vis instrument. The IR spectra were taken in a UR-20 

instrument. The 1H NMR spectra were obtained in Bruker WM-250 and AM-300 instruments with working frequencies of 

250.13 and 300.13 MHz, relative to TMS. The solvent was DMSO-d 6. The accuracy of measurement of chemical shifts was 

+0.003 ppm, SSCCs +0.05 Hz. The signals in the 1H NMR spectrum were assigned by means of selective double 

homonuclear resonance 1H-{1H}. The nuclear Overhauser effect spectra were obtained by means of the Bruker NOEMULT 

method, preirradiation time of signal 1 sec, The spectra were taken at 50~ The purity of the substances was monitored by 

UV spectroscopy or chromatography on Silufol UV-254 plates in a 20:1 ethanol-benzene system. 

The elemental analyses matched the calculated compositions. 

6-Methyl-3,4-dioxo-l-(2-furfurylidene)furo[3,4-clpyridene (I). To 0.33 g (0.002 mole) of furopyridenedione in 15 

ml of ethanol, heated to 60~ 1-2 drops of piperidine, 0.29 g (0.003 mole) of furfural, and 5 ml of ethanol were added. The 

mixture was stirred for 5 h, while it was held at 85~ by means of a water bath. The reaction mixture was cooled, and the 

yellow crystals were filtered off and washed with ethanol. The filtrate was evaporated down. The residue was triturated in 

hot water, filtered, and washed several times with hot water. The crystals were identified as I. 

Compounds II-XII were obtained analogously. 
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