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Abstract: Diastereoselective construction of four contiguous asymmeaic centers assembled in a trisubstituted 
cyclopentane ring has been achieved vin a doubly A(lT3)-strain - controlled intramolecular Michael addition, and 
the resulting compound has been converted into (+)-iridomyrmecin in two steps. 

Recently we have reported the effectiveness of the allylic strain - controlled cyclic hydrobnration to prepare 

polyketide segments with three contiguous asymmetric centers. 1 Encouraged by the successful results, we 

proceeded to apply the same conception to other reactions. We here report a diastereoselective intramolecular 

Michael addition directed by the allylic 1,3-strain, 2 and a convenient synthesis of (+)-iridomyrmecin (1).3 

Methyl (?)-citronellate (2) was converted into the ester amide 3 in 33% yield in two steps. An a$- 

unsaturated amide was chosen as the Michael acceptor and an ester as the donor because (i) the two carbonyl 

functionalities should be differentiated for further processing, and (ii) an enolate, not a dienolate, should be 

generated by the base treatment. 

The intramolecular Michael donor - acceptor precursor 3 was treated with 1.1 mole equivalent of lithium 

diisopropylamide (LDA) in THF at -78 *C for 30 min. After quenching the reaction by addition of aqueous 

saturated sodium chloride followed by workup and purification, an intramolecular Michael adduct 4 was obtained 

in 68% yield as a single stereoisomer. 4 The structure of 4 was assumed based on ‘H and l3C NMR, IR and 

mass spectra, and confirmed by converting 4 into (+)-iridomyrmecin (1) as shown below. 

The cyclopentanecarboxylate 4 was reduced with lithium borohydtide in refluxing TIIE to give a hydroxy 

amide 5 in 58% yield. Treatment of 5 with Amberlyst @ 15 ion exchange resin in refluxing acetones for 2 h 

afforded a lactone in 54% yield, whose spectral data were identical with those of (*)-iridomyrmecin (1).6 

1) Se02, EtOH (64%) 

2) activated Mn9, 
M&W, NaCN, 

2 i-PrOH (51%) 3 
HI 5) Amberlyst 15, 

4) LiBH4, THF CONMe, acetone (54%) 

OH 

1 (f)-Iridomyrmecin 

Although a number of papers dealing with the intramolecular Michael addition has been published,’ little 

work has been reported on the diastereoselective reactions controlled by the allylic snain.819 The reasonable 
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pathway of the intramolecular Michael addition mentioned above is shown in Scheme. Through avoiding the 

allylic 1,3-strain between the methoxyl group and the allylic substituents, 10 the conformation around the enolate 

should be as given in A. The most favorable conformation of the enolate to give rise to the cyclization (i.e., 

substantial overlap of the orbitals is possible) is therefore B, since C suffers another allylic strain between the 

olefmic methyl and one of the methylene groups. l1 Coordination of the bidentate Michael product to the lithium 

cation fixed its conformation as D until the addition of water, so that the configuration of the newly formed 

secondary methyl group on the side chain was thus controlled. 

Scheme 

3 

Thus, an allylic strain-controlled intramolecular Michael addition has been shown to proceed with high 

stereoselectivity to afford only one diastereomer of a trisubstituted cyclopentane with four contiguous asymmetric 

centers, and culminated in a synthesis of (f)-iridomyrmecin from methyl (&)-citronellate. 

References and Notes 
a) Y. Yokoyama, H. Kawashima, and H. Masaki, Chem. Len., 1989, 453. b) Y. Yokoyama, H. 
Kawashima, M. Kohno, Y. Ogawa, and S. Uchida, Terruhedron L&t., 32, 1479 (1991). c) Y. Yokoyama, 
Y. Terada, and H. Kawashima, Bull. Chem. Sot. Jpn., 64, 2563 (1991). 
a) F. Johnson, Chem. Rev., 68, 375 (1968). b) R. W. Hoffmann, ibid., 89, 1841 (1989). 
M. Pavan, Ricerca Sci., 19, 1011 (1949). 
4: IR (neat) 1722, 1630 cm-*. tH NMR (CDC13); 6 1.07 (3H, d, J=6.60 Hz), 1.08 (3H, d, J=7.59 Hz), 
2.95 and 3.06 (each 3H, s, NMe$, 3.68 (3H, s, OMe). 13C NMR (CDC13); 6 17.07, 22.03, 30.66, 33.60, 
35.58, 36.44, 37.52, 39.21, 47.01, 51.28, 52.60, 176.33, 176.58. MS m/z 241 (Mf, 2%), 109 (CgH13, 
45%), 101 (CgHttON, 100%). Found: m/z 241.1732. Calcd for Cl3H2303N: 241.1678. 
W. Sucrow and U. Klein, Chem. Ber., 108, 48 (1975). 
P. A. Grieco and C. V. Srinivasan, J. Org. Chem., 46, 2591 (1981): K. J. Clark, G. I. Fray, R. H. Jaeger, 
and R. Robinson, Terruhedron, 6, 217 (1959). We are grateful to Professor P. A. Grieco for providing us 
with the IR, lH NMR, and 13C NMR spectra of synthetic (&)-irldomyrmecin. NMR data of our synthetic 
sample: ‘H NMR (CDC13); 6 1.06 (d, 3H, J=5.94 Hz), 1.15 (d, 3H, J=6.59 Hz), 0.9 - 1.3 (2H, m), 1.7 - 
1.95 (4H, m), 2.5 - 2.8 (2H, m), 4.18 (lH, d,5=11.87 Hz), 4.28 (lH, dd, J=11.88, 2.64 Hz). 13C NMR 
(CDC13); S 12.67, 18.30, 29.74, 34.07, 37.20, 37.81, 41.06, 45.36, 67.85, 176.29. M.p.: 57.5 - 58 OC. 
E. g., a) G. Stork and N. A. Saccomano, Tetrahedron Lert., 28,2087 (1987). b) Y. Hirai, T. Terada, and 
T. Yamazaki, J. Am. Chem. Sot., 110, 958 (1988). c) S. -E. Yoo, S. -H. Lee, and N. -J. Kim, 
Tetrahedron Left., 29, 2195 (1988). d) T. Uyehara, N. Shida, and Y. Yamamoto, J. Chem. Sot., Chem. 
f’;r8mun., 1989, 113. e) M. Ihara, S. Suzuki, N. Taniguchi, K. Fukumoto, and C. Kabuto, ibid., 1991, 

J. P. Marino and J. K. Long, J. Am. Chem. Sot., 110, 7916 (1988). 
Closely related syntheses of optically active nepetalactone via hetero-Diels-Alder reaction have been reported. 
a) S. L. Schreiber, H. V. Meyers, and K. B. Wiberg, J. Am. Chem. Sot., 108, 8274 (1986). b) S. E. 
Denmark and J. A. Sternberg, ibid., 108, 8277 (1986). 

10 The configuration of ester enolates generated with LDA in THF are known to be mostly E. D. A. Oare and 
C. H. Heathcock, J. Org. Chem., 55, 157 (1990), and references cited therein. 

11 The conformation of (E)-2,3-dialkyl-Nfl-dimethyl-2-propenamides is known to be s-rrms (i.e. as depicted). 
C. Kruk and K. Spaargaren, Specrrochim. Acra, 27A, 77 (1971). 

(Received in Japan 22 January 1992) 


