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Abstract: The fused heterocycles with pyridine ring are synthesized in two steps from the appropriate 
isobenzofuran. The dienes 2 and 3 undergo Diels-Alder reaction with 3,4-pyridyne, generated in situ from 3-
bromopyridine, to give the expected adducts in good yields. Reduction of these adducts with L1AIH4 in ether 
gives the aromatic compounds. The intermediates obtained are versatile building blocks for synthesis in organic 
chemistry. 

Introduction 

The heterocycles with fused pyridine ring are of particular interest due to its properties as a pharmacophore of 

several biologically active polycyclic aromatic compounds (1-2). The synthesis of numerous and diversified 

polycyclic systems may be easily performed by cyclo-addition reactions (3). 

A large variety of dienes and dienophiles, bearing a variety of functional groups, can be used, and several 

different types of ring structures build up. For the preparation of pyridine analogues the protected δ-

valerolactam (4) or the 3,4-dehydropyridine (3,4-pyridyne) are the best intermediates used as dienophiles. In 

this way, the 3,4-pyridyne could be generated: a) from dihalopyridines [3-chloro-4-iodopyridine (5-7)] and 

trapped in ä Diels-Alder reaction; b) from a monohalopyridine [3-chloro or 3-bromopyridine (8-9)] by a strong 

base; or c) from pyridine derivatives: many of these products are not available and must be synthesized [1-

aminotriazolo[4,5-c]pyridine (10), 3-(3,3-dimethyltriazen-l-yl)pyridine-4-carboxylic acid (11), 3-diazopyridine-

4-carboxylic acid (12) or 4-trialkylsilyl-3-pyridyl triflates (13)]. 

In general, the cycloadduct of the Diels-Alder condensation with 3,4-pyridyne is obtained in low yield (6-13) in 

comparison with the benzene analogues. The results could be attributable to diene, to pyridyne formation or to 

reaction conditions. From the viewpoint of availability of starting materials the most interesting procedure for 

generating pyridyne is the base-induced dehydrohalogenation of 3-halopyridines. In this case, according to the 

bibliography, the best yield of a cycloaddition reaction is lower than 40% (14). 
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Chemistry and discussion 

We now report new conditions for the dehydrohalogenation of 3-bromopyridine and condensation with the 

appropriate isobenzofuran; our approach is indicated in scheme 1. 
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The 3,4-pyridyne was generated from 3-bromopyridine by treatment with lithium bis(trimethylsilyl)amide 

[(Me3Si)2NLi] in THF at a temperature below -15°C, and it was captured by the isobenzofuran 2 affording the 

desired compound 4 in 64% yield, after 20h at reflux of THF and purification by chromatography on silica gel. 

As a result, the adduct of the cycloaddition was obtained in good yield in comparison with the results described 

thus far. The methodology was applied to the diene 3, obtained from the 1,4-benzodioxin-2-carboxylic acid in 

four steps (15). We were surprised to find that treatment of 3 gave only 20% yield of the adduct 5; the low 

yield is due in particular to the formation of the dimer 6 (14%) containing the pyridine subunit (Scheme 2). The 

optimisation of this yield is in progress, and we have detected now the unstability of the adduct 5 

CH3 

CH3 CH3 

Scheme 2 

Our initial goal was the synthesis of aromatic compounds. For this reason we attempted the deoxygenation of 4 

with several methods (Scheme 3). 
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The initial attempts of reduction of 4 (entries 1-5 in table 1) with Fe2(CO)9 in benzene (16), NaJBR» / NaOH 

(5), NaBH» / CF3COOH (17) or Ph3P (18) gave the desired compound 7 in less than 5% yield, and starting 

material was recovered inalterated in 80-90%. Whereas the reduction of 4 with the complex hydride LiEt3BH 

(19) (entry 5) gave only traces of 7, the reduction with L1AIH4 furnished the best results. The use of a large 

excess of L1AIH4 (entries 6 and 7) induced the formation of degradation products and difficulties in the 

isolation of the reduced product. The best conditions were obtained when 6 equivalents of L1AIH4 in ether at 

room temperature were used (entry 10). 

Table 1. Reduction of compound 4 

Entry Reducing agent (equivalents) Solvent Temperature 
(°C) 

Yield Starting 
material2 

1 Fe2(CO)9 (1,2) benzene 50-100 <5% > 90% 

2 NaBHi / NaOH (10,6) THF reflux <5% > 90% 

3 NaBH, / CF3COOH (4,5) THF 0-5 — ~ 80% 

4 Ph ,P( l , l ) CH3CN reflux <5% ~ 86% 

5 Li(Et)jBH (2,2) THF 0-5 <5% 
* 

6 LiAlHL) (13) THF r.t. 15%b * 

7 L1AIH4 (9) THF r.t. 37%b • 

8 LiAIR, (4) THF r.t. 28%b * 

9 LiAIRt (4) ether r.t. 52%b 14% 

10 LiAlH, (6) ether r.t. 59%b * 

Calculated by H' NMR. *Degradation products "Purified compound by chromatography on silica gel, 

using a mixture of ethyl acetate / hexane as the eluent. 

The preparation of 7 in the literature involves a multi-steps synthesis (20). In this work we have demonstrated 

that a Diels-Alder cycloaddition using the commercially available 3-bromopyridine is a short and a good way 

for the synthesis of heterocyclic systems with a pyridine ring. 

Conversion of other dienes to the polycyclic systems is now under investigation and will be the subject of a 

future report. 
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Purity of the products was checked by TLC, H1 NMR and C13 NMR, and these compounds gave satisfactory 

spectral data and MS spectra (21). 

Experimental Procedure for the Preparation of Diene-Aryne Cycloadducts: To a stirred solution of 3-

bromopyridine (0.43 mL, 4.4 mmol) in dry THF (1 mL), under argon and cooled at a temperature below -15°C, 

was added dropwise a 1M solution of (Me3Si)2NLi in THF (3.3 mL, 3.3 mmol), followed by a solution of 1,3-

diphenylisobenzofuran (600 mg, 2.2 mmol) in dry THF (6 mL). The mixture was allowed to warm to room 

temperature and then was heated to reflux of THF for 20h. It was then added 0.1N HCl (8 mL) and water (10 

mL); the layers were separated and the aqueous phase was extracted with ether (3 χ 40 mL) and CH2CI2 (2 χ 

40 mL). The combined organic layers were dried over Na2S04, and vacuum evaporated to give a dark oil. 

Purification by chromatography (silica gel, 25:75 EtOAc / hexane) afforded 496 mg (64%) of pure 4 as a white 

solid, mp 188-190°C (ether / EtOAc). 
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