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Summary: The reaction of lithium enolates derived from S-keto esters with 

complex cation 4 provides a facile route to 3,4-disubstituted a-methylene-y- - 

lactones. 

We have recently shown1 that the readily accessible, storable organoiron 

saltL2 [Fp = C5H5Fe(C0)21 f unctions effectively as a vinyl cation equivalent 

in the a-vinylation of ketones (eq. 1). 
3 

- 

OLi 0 OEt 0 

OEt 
+ 

# 
a 

b,c l + 

+Fp BF,- 

I 

a. THF, -78" b. HBF4, THF, -78 
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c . NaI, acetone, 25" 

The salt 1 may be regarded as the parent of a potentially large family of 

complexes derived by skeletal elaboration of the cation, either by further sub- 

stitution of groups on the olefin or by the introduction of additional function- 

ality. Thus, cation 2, carried through the sequence shown in equation 1, in- 

troduces a trans-propenyl group a to a ketone, 
1 

while 3 serves as an effective - 

isopropenylating reagent. 
4 - 

Finally, cation 4 has been shown to function as an - 

a-acrylic ester and has been put to use in the stereocontrolled synthesis of the - 

cis- or trans-a-methylene-y-lactones 5 from cyclohexanone. 
5 

- 

695 



696 

OEt 

Y 
OEt - 

+FP 

1 

OEt 

+$OOEt 

0 

(9 
s 

We now report that the use of p-ketoester enolates as reaction partners 

with 4 provides a novel and efficient stereoselective route to protolichester- - 

inic ester 
6 

and members of this class of disubstituted a-methylene-y-lactone. 

The synthesis of 2 (R=Me) illustrates the general methodology. A sus- 

pension of complex 4 (BF4 salt) in THF solution at -78' is treated with an - 

equivalent of the lithium enolate of methyl acetoacetate. After 0.5 h, two 

molar equivalents of L-selectride were added and the reaction was allowed to 

continue for an additional two hours. Quenching with alcohol, workup and 

chromatography on silica gel gave 7 (R=Me) as the only product in 85% yield: - 

IR (CH2C12) 2010, 1950 (M-CEO), 1770 (lactone GO), 1735 (ester C=O) cm-'; 

NMR (CDCIS) 6 4.90, 4.86, 4.80 (3s, 5H, 3Cp), 4.8-4.5 (m, lH, OCHO), 3.76, - 

3.74, 3.72 (3s, 3H, 0CH3) 3.7-3.0 (m, 3H, CH, OCH*), 2.1-1.0 (m, 8H, FpCHz, 

CH,). Treatment of this material in methylene chloride solution at -78" with 

an equivalent of HBF4.Etz0 for 0.5 h converts it smoothly to the olefin com- 

plex 8, which is readily decomposed by treatment with aqueous acetone at room 

temperature for 0.5 h, liberating the organic ligand as the sole product in 

77% yield, as a 9:l mixture of the trans- and cis-isomers respectively: IR 

(CH2C12) 1765 (lactone C=O), 1740 1H (ester C=O) cm-'; NMR (CDCl,) of trans- 

isomer 2-t (R=Me) 6 6.42 (d, lH, J = 3 Hz, CH2"), 5.95 (d, lH, J = 3 HZ, CHz'), 

4.90 (m, lH, J = 6 Hz, OCH), 3.80 (s, 3H, 0CH3), 3.55 (m, lH, J = 3 Hz, CH), 

1.50 (d, 3H, J = 6 Hz, CHx); NMFt (CDC13) of cis-isomer 2-c (R=Me) 2 6.42 (d, 

lH, J = 3 Hz, CH*=), 5.88 (d, lH, J = 3 Hz, CH2=),4.90 (s, lH, OCH), 3.98 (m, 

lH, CH), 3.76 (s, 3H, OCHJ), 1.37 (d, 3H, J = 6 Hz, CH3). Predominant forma- 

tion of trans.-9 is in accord with Cram's rule7 for hydride addition to the -- 

chiral ketone 5, followed by lactonization. Subsequent exposure of the pro- 

tected exo-methylene=group leaves the stereochemistry at C-3,4 in the Tactone 

unchanged. 
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8, 2-t 2-c 

Reaction of the more hindered enolate derived from methyl 3-oxohexadecan- 

oate 
8 

with 4 is complicated by the predominant formation of 0-alkylated product - 

In THF solution this is virtually the sole course of reaction, but a mixture of 

donor and acceptor salts as a suspension in toluene at -78" gave the adduct 6 - 

(R=CrsHz,) in 33% yield. The adduct resists reduction with L-selectride, but 

lithium aluminum hydride in ether at -78" followed by chromatography on silica 

gel, afforded 1 (R=C1sH2,, 47%) as a 2:l mixture of diastereomers (R and COOMe 

trans), and in addition, 50% of 2 was recovered unchanged. Finally, treatment 

of 6 in methylene chloride solution at -78" with 1.3 equivalents of tetrafluoro. - 

boric acid etherate, followed, without isolation, by exposure of the resulting 

cationic complex 8 to acetone and then water, g ave d,l-protolichesterinic acid - 
9 

methyl ester 9-t (R=Ci3H2,) as the sole product in 95% isolated yield. This - 

substance was identified by comparison of its IR and 'H NMR spectral data with 

that reported by Gelbard et al. 
6b 

Furtherelaborations and synthetic applications of the chemistry of iron 

stabilized vinyl cation equivalents are being examined. 

Acknowledgement. Support for this work was derived from a grant (CHE-8117510 _I_- 

from the National Science Foundation, which is gratefully acknowledged. 



698 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

T. C. T. Change, M. 

5930 (1980). 

A. Cutler, S. Raghu 

A limited number of 

Rosenblum and S. B. Samuels, J. Am. Chem. SOC. 102, 

and M. Rosenblum, J. Organometal. Chem. 77, 381 (1974). 

vinyl cation equivalents have recently been devised, but 

unlike 1 these are uncharged and consequently do not exhibit the very high - 

reactivity of 1 toward nucleophiles. - P. R. Hudrlik, A. K. Kulkarri, 

J. Am. Chem. Sot. 103, 6251 (1981). A. S. Kende and P. Fludzinski, 

Tetrahedron Lett. 2373 (1982). D. L. J. Clive, C. G. Russell and S. C. Suri, 

J. Org. Chem. 47, 1632 (1982). C. J. Kowalski and J.-S. Dung, J. Am. Chem. 

Sot. 102, 7950 (1980). P. F. Hudrlik, D. Peterson and R. J. Rona, 

J. Org. Chem. 40, 2263. P. F. Hudrlik, A. M. Hudrilik, R. J. Rona, R. N. 

Misra and G. P. Withers, J. Am. Chem. Sot. 99, 1993 (1977). J. J. Eisch and 

J. E. Galle Ibid. 41, 2615 (1976). T. Oishi, H. Takechi and Y. Ban, 

Tetrahedron Lett. 3757 (1974). B. W. Metcalf and E. Bonilavri, J. Chem. Sot. 

Chem. Commun. 914 (1978). A. A. Millard and M. W. Rathke, J. Am. Chem. Sot. 

99, 4833 (1977). 

T. C. T. Chang and M. Rosenblum, J. Org. Chem. 45, 4103 (1981). 

T. C. T. Chang and M. Rosenblum, J. Org. Chem. 46, 4626 (1981). 

Three earlier syntheses of this compound or the carboxylic acid have been 

reported. a. E. E. van Tamelen and S. R. Bach, J. Am. Chem. SOC. so, 3079 

(1958). b. A. Loffler, R. D. Pratt, J. Pucknat, G. Gelbard and A. S. 

Dreiding, Chimia 23, 413 (1969). c. J. Martin, P. C. Watts and F. Johnson, 

J. Org. Chem. 39, 1676 (1974). 

D. J. Cram, and F. A. Abd Elhafez, J. Am. Chem. SOC. 74, 5828 (1952). An 

excellent overview of the applications of Cram's rule is given by J. D. 

Morrison and H. S. Mosher "Asymmetric Organic 

New York, 1971, chapter 3. 

S. Stallberg-Stenhagen, Arkiv Kemi, Mineral., 

The higher stereoselectivity of this reaction 

Reactions", Prentice-Hall, 

Geol. 19 A20 (1945). - 
sequence, compared to that in 

which R=Me, would appear to be better accomodated by Felkin's modification 

of Cram's rule. M, Cherest, H. Felkin and N. Prudent, Tetrahedron Lett. 

2201 (1968). 

(Received in USA 23 November 1982) 


