
Tetrahemon Letters. Vol32, No 40, pp 5481-5484.1991 
Pmted in Great Brmm 

0040.4039f91 $3 00 + 
Pergamon Press plc 

INTRAMOLECULAR DIELS-ALDER REACTIONS OF ISOQUINOLINE-1 -CARBOXAMIDES 

Mark A Wuonola’, Joanne M. Smallheer, J M Read, and J C Calabresel 

The Du Pont Merck Pharmaceuhcal Company 
Wllmlngton, Delaware 19880-0353 

Abstract N-methyl-N-propargyl and N-methyl-N-allylisoquinolrne-1 -carboxamrdes undergo 

facile mtramolecular Diels-Alder reactions to give fused N-methyl-y-lactams. 

Inverse electron demand Diels-Alder reactions between electron deficient heterocyclic 

azadienes and electron-rich drenophrles are well known. 2 The ease with which these reactions 

occur is further enhanced when carned out in an intramolecular fashion.Qf Numerous examples 

of reactions of unactivated dienophiles tethered vra an ether, throether or amine linkage to 

tetrazmes,s triazines,sP4,6 pyridazmes,7 pyraziness and pyrimldlnes9 have shown the versatility of 

this reaction for the synthesis of novel bicyclic fused ring heterocycles More recently, examples of 

alkyl tethers to pynmidinesloa, nitropyridlnes9b and pyrazinestl have also been reported. 

In the course of an investigation of the scope of the intramolecular Diets-Alder reaction with 

various nitrogen heterocycles linked to alkynes or olefins wa an amide, we have explored the 

thermal cyclrzations of N-alkyl-N-propargyl or N-alkyl-Kallylrsoquinoline-1-carboxamldes. 

Conversion of isoquinoline-1-carboxylic acid into the corresponding amide by treatment of its acid 

chloride with N-methylpropargyl amine gives 1 12 which undergoes cycloaddition in refluxing 

anhydrous xylene to give the lactam, 3l3 as shown in Scheme 1. In analogy to a prevrous 

proposal,9a this product undoubtedly arises from elimination of hydrogen cyanide from the 

intermediate adduct, 2, via a retrograde Diels-Alder reaction, although we were also unable to 

isolate 2 

Scheme 1 

(a) (i) oxalyl chloride, (II) N-methylallylamme, TEA, (b) reflux (xylenes) 
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Table 1 13C-NMR and ‘H-NMR Data on Cycloackiucl5 

If, however, the N-methyl-N-allylamrde, 4,14 IS substrtuted for 1 in the above sequence, the 

resulting cycloadditton in refluxrng xylene yrelds adduct 5 (see Scheme 2) whtch cannot aromatrze 

via retrograde Drels-Alder reaction and can therefore be Isolated and characterized Lactam 5 is 

obtained as a crystallme solid15 on cooling of the reaction mixture. The proposed structure was 

confirmed by proton and carbon-l 3 NMR as shown in Table 1 The only diastereomer that could 

be detected in this reaction was shown by single crystal X-ray analysisls to have the relative 

stereochemistry depicted below 

Scheme 2 

CWH 

4 5 

a (1) CDI, DMF, (2) N-methylallylamme, b reflux (xylenes) 

It IS well established that the relattve ease of mtramolecular aza-Drels-Alder reactions IS 

dependent on the presence of a suitably electron-deficient azadrene component,5ePsa7bP teb and IS 
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also sensitive to steric and conformational effects which affect orbital overlap.9 The only previous 

report of intramolecular Diels-Alder cyclizatrons involving an isoquinolme nng system IS a report by 

Gisby et al.17 in which 3-methyl-2-pent-4-enylisoquinolinium bromide and 2,3-drmethyl-4-pent-4- 

enylisoquinolinium iodide were thermolyzed to give cycloadducts similar in structure to 5. 

Although these cyclizations occurred at comparable temperature (145°C In CHsCN), the more 

closely analogous 2-methyl-1-pent-4-enylrsoqumolinium iodide could not be cyclized. In the 

present example, the combmation of delocalization of electron density over the extended 

isoquinoline aromatic system and the use of an amide linkage as the point of attachment for the 

dienophile side chain to the azadiene gives a sufficiently electron deficient diene to allow 

cycloaddition to occur at moderate temperature. The N-methylamide tether provides adequate 

conformational constraint to eliminate the need for the gemmal substitution at the a-carbon. 

Hence, the starting materials are more readrly accessrble, and the potential synthetic utilrty of the 

products obtained is greater. The N-methyl group of the amide has also been replaced with other 

alkyl groups (i.e., benzyl or phenethyl) without any deleterious effect on the rate or yield of 

cycloadduct. 

Previously reported intramolecular cycloaddition reactions of 2-(alkynyl)pyndmes occur at 

higher temperature and have required at least one nitro substituent on the pyridme nucleus,9 and 

in addition have utilized the Thorpe-lngold (gem-dimethyl) 18 effect to facilitate the reaction. 

Another recent example of cyclization of an Kbenzyl-Kacyl-3-ammopyndine system has also 

been reported.19 We have also examined the cycloaddition in the pyridine series, and have 

successfully cyclized N-methyl-N-propargylpyridine-3-carboxamide (toluene, sealed tube, 200°C) 

to the expected 1,2-drhydro-2-methylrsoindol-3-one (Scheme 3) 

Scheme 3 

- 6 
6 

The corresponding pyridine-4-carboxamide analog, however, gave no intramolecular Diels-Alder 

products under similar reaction conditions. 
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