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CONTROLLED INTRODUCTION OF OXYGENATED AROKATICS: BENZENE, PHENOL, 

CATECHOL, RESORCINOL, PYROGALLOL ANNULATION. 
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Sumnary: Implementation of one of four inverse electron demand Diels-Alder reactions of 3- 
carhomethoxy-Z-pyrones with N-vinyl-2-pyrrolidinone. vinylene carbonate. l,l-dimethoxy- 
ethylene or 1,1,2-trimethoxyethylene followed by choice of two standard reaction sequen- 
ces: (1) removal of the carbomethoxy group (NaOH: copper powder, quinoline, A) or (2) its 
conversion to an acetate [NaOH: (CO),Cl,: (CH3)2CuLi: m-CPBA] allows the preparation of a 

full range of oxygen substituted aromatics from a single intermediate and represent 
methods of benzene, l-, 2- or 3-phenol. symmetrical or unsymmetrical catechol. resorcinol 
and pyrogallol annulation. 

We have described an investigation of the Diels-Alder reaction of 3-carbomethoxy-2- 

pyrones with l,l-dimethoxyethylene for salicylate2a preparation and reported the imple- 

mentation of this work in a regiospecific, total synthesis of juncuso12' and preparation 

of racemic 6,7-henzomorphans. *’ Herein we describe a select survey of the inverse elec- 

tron demand Diels-Alder reactions of 3-carhomethoxy-2-pyrones, including this salicylate 

preparation. designed to allow the utilization of a single intermediate for the introduc- 

tion of a full range of oxygen substituted aromatics, equation 1. The results suggest 

considerable synthetic potential for these and related inverse electron demand Diels-Alder 

reactions.3d 

(OR)O_3 eqn. 1 

The aryl introduction, illustrated with the 3-carbomethoxy-2-pyrone 1 prepared 

directly from cyclohexanone,2a relies on the cycloaddition reaction of 1 with one of 

four electron-rich dienophiles4: N-vinyl-2-pyrrolidinone4a (2a), vinylene carbo- 

nate4' (2b), l,I-dimethoxyethylene4C (2c), and 1,1,2-trimethoxyethylene4d (2d), 

scheme I. In each instance, cycloaddition was found to occur under relatively mild con- 

ditions and was followed by thermal elimination of carbon dioxide. In the Diels-Alder 

4939 



4940 

reactions of 2a-c with 1 aromatization occurs competitively with cycloaddition and 3a-c 

are the isolated products. Exclusive formation of 3b can be attributed to loss of the 

more acidic proton with elimination of carbon dioxide. In contrast, the principle product 

of the Diels-Alder reaction of 1 with 2d is i containing trace amounts of 3d. Aromatiza- 

tion of i, which is stable to chromatography on silica gel, required acid treatment (cat. 

CHsSOsH, benzene, 25"C, 5 h) of the i/3d mixture. Choice of two standard reaction 

sequences: (1) removal of the carbomethoxy group (NaOH; copper powder, quinoline, 5 4) 

or (2) its conversion to an acetate (NaOH; (CO),C1z6; (CH3)zCuLi7: m-CPBAB) com- 

pletes the preparation of a full range of oxygenated aromatics from a single precursor. 

The ability to prepare the selectively protected symmetrical and unsymmetrical c-catechols 

4f and 4g 5, the differentially protected resorcinol 4d and the selectively protected 

pyrogallol 4h is of considerable interest. Such differentiation in di- and tri-oxygenated 

aromatics is otherwise difficult. 

The dienophiles 2a-2d serve as functional equivalents of ii-v in their Diels-Alder 

reactions with 3-carbomethoxy-2-pyrones. The use of 2b versus 2c serves the purpose of 

controlling, or reversing, the regiospecificity of the addition of the identical equiva- 

lents iii versus iv. 

The ease with which 3-carbomethoxy-2-pyrones may be prepared,2 the facility with 

which they participate in inverse electron demand Diels-Alder reactions, and the addi- 

tional capability of this approach to accommodate the preparation of selectively protected 

di- and tri-oxygenated aromatics indicate that this methodology should prove to he 

value in the preparation of natural or synthetic materials in which the concurrent 

systematic variation of an aryl oxygenation substitution pattern is required. 
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Scheme I 

*CO$H3 e,g 
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(a) 3 Equiv Za, mesitylene, 16O"C, 42 h, 98%. (b) 5-10 Equiv Zb, mesitylene, 18O"C, 40 h, 

79-83%. (c) 5 Equiv Zc, toluene, llO°C, 15 h, 86%. (d) 5 Equiv Zd, neat, 150°C, 78 h; 

0.1 equiv CHsSOsH, benzene, 25'C, 5 h, 57%. (e) 2.0 Equiv aq. NaOH, THF, 25-6O"C, 12-25 

h; 10 equiv copper, quinoline,5 210-26O"C, l-7 h; 4a (68%), 4c (88%), 4e (92%), 4g (90%). 

(f) 2.0 Equiv aq. NaOH, THF, 25-6O"C, 12-25 h; Excess (CO),C1z6; THF or CbHs, 25"C, 

0.5-2 h; 3-4 equiv (CHs)zCuLi,7 THF, -78"C, 0.25 to 1.0 h; 1.3 - 3.0 equiv IJ-CPBA, 

CH,Cl,/CHCl,,* 25-6O"C, 24-84 h; 4b (59%), 4d (40%), 4f (40%), 4h (56%). (g) 2-2.4 

Equiv CHsI, 1.6-2.0 equiv NaH, THF, 25"C, 4.5-20 h: 4d (75%), 4e (92%).9 
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