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Abstract: Methyl 5-aminofuroate undergoes a facile [4+2]-cycloaddition with a variety of dienophiles 
to afford ring opened cycloadducts which are readily dehydrated using BF3.0Et2 to give polysubstituted 
anilines. Copyright © |996 Elsevier Science Ltd 

Substituted anilines are important starting materials for the preparation of heterocyclic compounds 

and pharmaceuticals. 1-3 Notable examples of biologically active molecules containing derivatized 

anilines in their structure include antibiotics, 4 analgesics 5 and 13-adrenergic blockers. 6 Anilines are also 

key intermediates in the synthesis of a variety of aromatic compounds via diazotization 7 and nucleophilic 

substitution reactions. 8 Conventional methods for the synthesis of anilines include the reduction of 

nitroaromatics, 9 nucleophilic aromatic substitution 10 and the rearrangement of aryl carboxylic acid 

derivatives.11 These methods suffer from the drawback that a benzene dng that contains most of the 

requisite functionality must be used as the starting material for the reaction. A more practical route to 

anilines involves the condensation of two acyclic precursors to form the polysubstituted aromatic ring. 12 

From our recent work dealing with the Pummerer-promoted formation of c~-amino isobenzo-furans, 13 we 

have become interested in the Diels-Alder reaction of 2-aminofurans as a method for preparing 

substituted aniline derivatives. The details of this new cycloaddition reaction are the subject of this 

communication. 
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There are only a few cases in the literature where [4+2]-cycloadditions of 2-aminofurans have been 

investigated. 14 The paucity of examples is undoubtedly due to the inaccessibility and inherent instability 

of the 2-aminofuran ring system. 15 Several groups have attempted to synthesize 2-aminofuran but have 

failed to isolate the parent compound due to its lability.16 Addition of electron withdrawing groups to the 
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furanamine nucleus is known to enhance its stability. 15 These stable furanamines participate in [4+2]- 

cycloaddition chemistry but the examples reported to date produce products that do not contain useful 

substitution pattems. 14 The furanamine ester 5, first reported by Freure and Johnson, 17 is known to 

exhibit typical enamine behavior, 18 but there have been no reports dealing with its cycloaddition 

chemistry. The Diels-Alder reaction of 5 with various dipolarophiles should afford amino-substituted 7- 

oxabicyclo[2.2.1]heptenes (3) which are expected to spontaneously ring-open to produce substituted 

anilines of type 4. This reaction would constitute a general mute into polysubstituted anilines. Further- 

more, the product contains an ester group which can be removed via hydrolysis and decarboxylation, 

which allows for a wide range of target molecules. 

Methyl 5-nitmfuroate was synthesized by a slight modification of the literature procedure. 17 

Catalytic reduction using palladium on calcium carbonate afforded furanamine 5 in 63% overall yield. 

Heating a sample of 5 with various dienophiles in refluxing benzene for 12 h afforded the rearranged 

cycloadduct 7 in high yield. 19 In each case, the cycloaddition proceeded with high regioselectivity, 
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6 7a; RI=CO2Me; R2=H; 92% 
7b; RI=CN; R2=H; 99% 
7c; RI=SO2Ph; R2=H; 78% 
7d; RI=COMe; R2=H; 74% 
7e; RI=R2---CO2Me; 80% 
7f; RI=CO2Me; R2=Me; 68% 

(3:2-mixture of diastereomers) 

7g; R I = R 2 - - O ~ N ~  

Ph 

with the electron-withdrawing group R1 being located orthoto the amino functionality. The regiochemical 

results are perfectly consistent with FMO theory. The most favorable FMO interaction is between the 

HOMO of the furanamine and the LUMO of the dienophile. The atomic coefficient at the ester carbon of 

the furan is larger than at the amino center and this nicely accommodates the observed regio- 

selectivity.20, 21 

Subjection of the initially formed cycloadducts 7 to an equivalent of BF3-OEt2 in benzene at 80oc 

for ca I h resulted in smooth dehydration to give the polysubstituted aniline system 8a-8d in excellent yield. 

When 7 was exposed to an aqueous THF solution containing a trace of p-TsOH at 25oc for 30 min, it was 
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lOa (94%) 9a (84%) 7 8=z (96%) 
10c (84%) 9c (74%) 8b (99%) 
10d (92%) 9d (82%) 8c (84%) 

8d (74%) 

smoothly converted to the corresponding cyclohexenones 9. Further treatment of 9 with BF3-OEt2 afford- 

ed the related phenols 10 in ca 80% yield 

The reaction of 5 with dimethyl acetylenedicarboxylate did not give the expected cycloadduct 11 

but instead afforded the ring-opened product 12. Thus, heating a sample of 5 with DMAD in benzene 

afforded imine 12 in 58% isolated yield. The structure of 12 was assigned on the basis of its characteristic 

spectral data [1H-NMR (CDCI3, 300 MHz) ~ 3.74 (s, 3H), 3.83 (s, 3H), 3.87 (s, 3H), 4.27 (s, 1H), 5.27 (s, 

1H), 6.37 (d, 1H, J=10.2 Hz), 6.78 (d, 1H, J=10.2 Hz)]. 19 
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In summary, the [4+2]-cycloaddition of methyl 5-aminofuroate proceeds with a variety of dieno- 

philes to afford ring-opened cycloadducts which can readily be converted to polysubstituted anilines. 

Further application of the method to intramolecular cycloadditions is currently under investigation and will 

be reported on at a later date. 

Acknowledgments: We gratefully acknowledge support of this work by the National Science Foundation 

and the U. S. Army ERDEC (DAAA15-94-K-0004). Use of the high-field NMR spectrometer used in these 

studies was made possible through equipment grants from the NIH and NSF. 
References 

1. Lindsay, R. J. Comprehensive Organic Chemistry, Sutherland, I. O., Ed.; Pergamon Press: 
Oxford, 1979; part 6.3. 

2. Sugasawa, T.; Toyoda, T.; Adachi, M.; Sasakura, K. J. Am. Chem. Soc. 1978, 100, 4842. 



2906 

Adachi, M.; Sugasawa, T. Synth. Commun. 1990, 20, 71. 

3. Zenchoff, G. S.; Walser, A.; Fryer, R. I. J. Heterocycl. Chem. 1976, 13, 33. 

4. Thiericke, R., Jr.; Zeeck, A. J. Chem. Soc., Perkin Trans. 11988, 2123. 

5. Ameer, B.; Greenblatt, D. J. Ann. Intern. Med. 1977, 87, 202. 

6. Basil, B.; Jordan, R.; Lovelass, A. H.; Maxwell, D. R. Br. J. Pharrnacol. 1973, 48, 198. 

7. March, J. in Advanced Organic Chemistry, 4th Ed.; Wiley-lnterscience: New York, 1992; pp 635- 

637. 

8. Wulfman, D. S. in The Chemistry of Diazonium and Diazo Groups; Patai, S., Ed.; Wiley: NewYork; 

1978; part 1, pp 286-297. 

9. Augustine, R. L. Catalytic Hydrogenation; Marcel Dekker: New York; 1965, pp 91-102. 

10. Heaney, H. Chem. Rev. 1962, 62, 81. Hotsuki, H.; Kobayashi, S.; Suenaga, H.; Nishizawa, H. 

Synthesis 1990, 1145. 

11. Hauser, C. R.; Renfrow, W. B. J. Am. Chem. Soc. 1937, 59, 121. 

12. Ghosez, L.; Differding, E.; Vandevelde, O.; Roekens, B.; Van, T. T. Tetrahedron Lett. 1987, 28, 

397. 

13. Kappe, C. O.; Cochran, J. E.; Padwa, A. Tetrahedron Lett. 1995, 36, 9285. 

14. Gewald, K. Chem. Ber. 1966, 99, 1002. Boyd, G. V.; Heatherington, K. J. Chem. Soc., Perkin 

Trans. 11973, 2523. Nixon, W. J.; Garland, J. T.; DeWitt-Blanton, C. Synthesis1980, 56. Aran, 

V. J.; Soto, J. L. Synthesis1982, 513. Semmelhack, M. F.; Park, J. Organomet. 1986, 5, 2550. 

Chatani, N.; Hanafusa, T. J. Org. Chem. 1987, 52, 4408. Cutler, S. J.; EI-Kabbani, F.; Keane, C.; 

Fisher-Shore, S. L.; Dewitt-Blanton, C. Heterocycles 1980, 31, 651. 

15. Dunlop, A. P.; Peters, F. N. in The Furans; Reinhold: New York; 1953, pp 170-192. Dean, F. M. 

Adv. Heterocycl. Chem. 1982, 31, 237. 

16. Bite, P.; Ramonczai, J.; Vargha, L. Jo Am. Chem. Soc. 1948, 70, 371. Edwards, W. R., Jr.; 

Singleton, H. M. J. Am. Chem. Soc. 1938, 60, 540. Marquis, R. Ann. Chim. Phys. 1905, 4, 196. 

17. Freure, B. T.; Johnson, J. R. J. Am. Chem. Soc. 1931, 53, 1142. 

18. Bhupathy, M. J. Heterocycl. Chem. 1995, 32, 1283. Lythgoe, D. J.; McClenaghan, I.; Ramsden, 

C. A. J. Heterocycl. Chem. 1993, 30, 113. 

19. All new compounds were completely characterized by IR, 1H-NMR, 13C_NM R and analytical data. 

20. Fleming, I. Frontier Orbitals and Organic Chemical Reactions; Wiley-lnterscience: New York, 

1976. 

21. FMO coefficients were determined with MOPAC 6.0 using the PM3 Hamiltonian. Stewart, J. J. P. 

J. Comp. Aided MoL Des. 1990, 4, 1. We thank M. D. Weingarten for performing the FMO 

calculations. 

(Received in USA 15 February 1996; accepted 26 February 1996) 


