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A b s t r a c t :  Cyclic 2-amidofurans were obtained using a Rh(II)-catalyzed reaction ofct-diazoketo substituted 
pyrrolidinone derivatives. Acylation followed by a Diels-Alder reaction of the resulting amidofuran furnished 
both inter and intramolecular cycloadducts. © 1999 Elsevier Science Ltd. All rights reserved. 

The lycorine alkaloids, a group of compounds isolated from Amarylidaceae plants, have attracted 

the attention of chemists and pharmacologists due to the interesting properties of some of its members. 1'2 

Consequently, considerable effort has been directed toward the synthesis of the oxygenated octahydroindole 

skeleton found in this class of alkaloids. 37 Among the many approaches to the lycorine family, 8 

intermolecular and intramolecular Diels-Alder reactions have played a key role in the synthesis of these 

natural products. 9 Our synthetic plan toward lycorine (1) is part of a general approach to the total synthesis 

of azapolycyclic natural products based upon the Rh(ll)-catalyzed cyclization of diazoimides.10 Prompted 

by our earlier work dealing with the internal dipolar-cycloaddition reaction of push-pullcarbonyl ylides for 

synthesis of the aspidosperma skeleton, 11 we became interested in determining whether a related 

process could be used to assemble the carbon framework of lycorine (1). We envisioned diazoamide 

4 functioning as a possible precursor for the generation of dipole 3. Intramolecular cycloaddition across 

the neighboring enol ether n-bond followed by reductive ring opening of the transient azabicyclic adduct 

2 would provide the lycorine skeleton with the correct relative stereochemistry (Scheme I). In this 

communication, we report that the Rh(ll)-catalyzed reaction of N-substituted diazo pyrrolidinones 

furnishes fused cyclic amidofuranones which can be further utilized for [4+2]-cycloaddition chemistry. 
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As a model system for exploring the cyclization-cycloaddition sequence, diazoamide 5 was first 

examined. Reaction of 5 with Rh2(OAc)4 led to the expected push-puff dipole 6. However, even in the 

presence of an excess of trapping agent such as DMAD, a rapid [1,4J-hydrogen shift 12 to form furanone 

7 occurred before bimolecular cycloaddition. With this transformation in mind, we decided to use the 

furanone ring to our advantage for an anticipated Diels-Alder cycloaddition. It was envisioned that 

acylation of the furanone would provide a fused amidofuran (i.e., 1 1) that could be subsequently utilized 

in a bimolecular cycloaddition reaction. 13 
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13; R 1 = t-BuCO; R 2 = CO2Et 11; R 1 = t-BuCO; R 2 = CO2Et 

Exploring this approach required that three key steps be tested. First, the diazoimide must be able 

to efficiently cyclize to form the furanone ring. Secondly, the furanone would need to readily react with 

an acylating agent to furnish the fused amidofuran I 1. Finally, the tetrasubstituted furan would need to 

undergo a facile Diels-Alder reaction with an electron rich ~-bond. 14 Diazoimide 8 was synthesized from 

N-pivalyl pyrrolidinone by deprotonation with NaN(TMS)2 followed by treatment with benzyl chloroformate. 

Hydrogenolysis of the benzyl ester to the carboxylic acid was followed by conversion to the acid chloride 

and reaction with ethyl diazoacetate. Decomposition of 8 using Rh2(OAc)4 gave furanone 1 0 which was 

transformed into amidofuran 1 1 by treatment with pivalyl chloride and NEt 3. Heating a sample of I 1 with 

N-phenyl maleimide afforded a 1:3-mixture of cycloadduct 1 2 together with indoline 1 3, derived by oxa- 

bicyclic ring opening followed by elimination of water, in 95% overall yield. 15 Indeed, treatment of 12 in 

the presence of acid afforded 1 3 in high yield. Interestingly, the reaction of 1 1 with DMAD afforded a 

mixture of cycloadduct 1 4 (15%), indole 1 5 (22%) and the rearranged cyclohexadienone 1 7 (35%). The 

structure of 1 7 was unequivocally established by a single crystal X-ray analysis, and its formation can be 

rationalized by a ring opening-rearrangement reaction analogous to that reported in the furo[3,4- 

dJoxazole series. 16 
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Having established the feasibility of the bimolecular cycloaddition sequence using activated =- 

bonds, we initiated a study of the intramolecular reaction related to that outlined in Scheme I. Specifically, 

we were interested in examining a case where an alkenyl group would be tethered to the imido nitrogen 

atom. Diazoimide 1 8 was synthesized in a manner similar to that used to prepare pyrrolidinone 8. As 

before, decomposition of the diazoimide using Rh2(OAc)4 provided the intermediate furanone 1 9 which 

was reacted with pivalyl chloride to furnish amidofuran 20. Heating a toluene solution of 20 at reflux 

provided cycloadduct 21 as the only detectable product in high overall yield for the three-step process 

(70%). A similar [4+2]-cycloaddition reaction occurred with the corresponding acetate 2 2, but with lower 

overall yield (25%), perhaps as a consequence of a competitive thermal deacetylation reaction. 
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In conclusion, we have shown that (;(-diazo keto pyrrolidinones undergo a ready Rh(ll)-catalyzed 

cyclization reaction to furnish amidofuranones. These compounds are derived by a [1,4]-hydrogen 

transfer from an initially formed carbonyl ylide dipole. Acylation of the resulting furanone system gives 

fused cyclic amidofurans which are reactive partners for both inter and intramolecular Diels-AIder 

reactions. Extension of the methodology toward the synthesis of lycorine and some related galanthan 

alkaloids is currently in progress. 
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