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HYDROFORMYLATION AS A SIMPLE AND EFFICIENT ONE CARBON HOMOLOGATION OF
HOMOALLYLIC ALCOHOLS. SYNTHESIS OF PRELOG-DJERASSI LACTONE.

P. G. M. Wuts*, M. L. Obrzut and P. A. Thompson
Department of Chemistry, University of Michigan, Ann Arbor, Michigan 48109

Summary: A hydroformylation oxidation sequence is described for the
efficient conversion of homoallylic alcohols to 8-lactones. The methodology
is applied to the synthesis of Prelog~Djerassi lactone.

During the course of some synthetic studies in our laboratory, we re-
quired a simple procedure for the conversion of homoallylic alcohols such as
1l to lactones 2. Although numerous methods to affect this transformation
exist, these generally tend to be multi-step sequences and thus rather in-
efficient. As a result, we examined an alternative procedure based on the
hydroformylation reaction which has seen extensive industrial importance in
the conversion of alkenes to their homologous aldehydes1 but has rarely
been used for laboratory scale preparations.

1 2
We now describe a simple and efficient procedure for the conversion of
alcohols 1 to lactones 2 based on a rhodium catalyzed hydroformylation and
2,3 -
Rhodium
was chosen as the catalyst as opposed to cobalt, the other common catalyst,

its application to the synthesis of Prelog-Djerassi lactone 7.

because it was known to result in higher selectivity for terminal olefin
carbonylation versus branched chain carbonylation.1 Furthermore, the use
of rhodium allows the use of lower temperatures and pressures. Rhodium
catalysts also tend to be air stable whereas C02(C0)8, the common form of
cobalt, is not.

4051



4052

Thus, each of the alcohols in Table I was subjected to hydroformyla-
tion in ethyl acetate with rhodium acetate dimer and the resulting hemi-
acetals directly oxidized with pyridinium chlorochromate4 to give §-lactones
in excellent overall yield after purification by flash chromatography.

Table I

Entry Alcohol Lactone % Yield

1 86
2 80
3 85
4 865
5 81

The application of this methodology to the synthesis of Prelog-Djerassi
lactone is illustrated in Scheme 1. The lactone 3 (Table I, entry 4) was
alkylated with LDA and methyl iodide to give a 1:1 mixture of lactones 4
and 5 in 97% yield.2j Isomerization using the Grieco procedure, chromato-
graphic separation of the isomers and hydrogenolysis of the benzyl group over
Pd/C (97%) gave the known alcohol 6. Conversion to Prelog-Djerassi lactone
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7 was readily accomplished by oxidation with RuC13/NaIO4 under the
Sharpless conditions.6 The melting point (112-113°C) and spectral data

7,

were in accord with values reported in the literature.

Scheme 1

—9_, Hoc
-
3 4, R'=Bn, R%=CH,, R3=H 7
-1 2 . 33 -
5, R-=Bn, R®=H, R’=CH,
6, R'=H, R=H, R3=CH3

(a) LDA, HMPA, MeI, TFH, -78°C. (b) LDA, THF; H'. (c) H,, Pd/C.

(d) RuCl,, NalO,, CH,CN, ccl,.

4 3

Sample Experimental Procedure. A steel bomb was charged with 3.0 g
(12.8 mmol) of the alcohol (entry 4, Table I), 2.0 g (7.55 mmol) of tri-
phenylphosphine and 40 mg RhZ(OAc)4 and 10 mL of ethyl acetate. The bomb was
pressurized with a 1:1 mixture of CO/H, to 350 psi and heated to 100° for 6 h.
After cooling, the contents were removed from the bomb, the ethyl acetate
was removed under reduced pressure and the crude hemiacetal was dissolved
in CH2C12 and treated with 5.40 g (25.0 mmol) of PCC. The mixture was
stirred for 3 h and the product was isolated by filtration through silica

gel with ether. Flash chromatography on silica with 20% EtOAc/hexane gave

the pure lactone in 86% yield.

In conclusion, the methodology described herein for the conversion of
homoallylic alcohols to §-lactones coupled with the numberous methodolo-
gies for the synthesis of stereochemically defined homoallylic alcohols?®
should find broad application in the synthesis of a variety of propionate

derived natural products.10

References

1. (a) M. Siegel and W. Himmeke, Angew. Chem. Int. Ed., 19, 178 (1980);
(b) Transition Metal Intermediates in Organic Synthesis," C. W. Bird,
Ed., Academic Press, New York, 1967, p. 117; (c) R. L. Pruett, Adv.
Organometal. Chem., 17, 1 (1979).

2, Racemic PD lactone syntheses: (a) K. Maruyama, Y. Ishihara and Y.
Yamamoto, Tetrahedron Lett., 22, 4235 (1981); (b) P. A. Bartlett and




4054

J. L. Adams, J. Am. Chem. Soc., 102, 337 (1980); (c) P. M. Wovkulich
and M. R. Uskokovic, J. Org. Chem., 47, 1602 (1982); (d) D. J. Mor-
gans, Jr., Tetrahedron Lett., 22, 3721 (1981); (e) S. .Danishefsky,

N. Kato, D. Askin and J. F. Kerwin, Jr., J. Am. Chem. Soc., 104, 360
(1982); (f) W. C. Still and K. R. Shaw, Tetrahedron Lett., 22, 3725
(1981); (g) S. Masamune, C. U. Kim, K. E. Wilson, G. O. Spessard, P. E.
Georghioll and G. S. Bates, J. Am. Chem. Soc., 97, 3512 (1975); (h)

J. D. White and Y. Fukuyama, J. Am. Chem. Soc., 101, 228 (1979}); (i)
G. Sbork and V. Nair, J. Am. Chem. Soc., 101, 1315 (1979); (j) P. A.
Grieco, Y. Ohfune, Y. Yokoyama and W. Owens, J. Am. Chem. Soc., 101,
4749 (1979); (k) S. Masamune, Aldrichimica Acta, 11, 23 (1978); (1)

R. H. Schlessinger and M. A. Ross, J. Am. Chem. Soc., 104, 356 (1982).

3. Chiral PD lactone syntheses: (a) R. W. Hoffmann, H.-J. Zeiss, W.

Ladner and S. Tabche, Chem. Ber., 115, 2357 (1982); (b) M. Iscbe, Y.
Ichikawa and T. Goto, Tetrahedron Lett., 22, 4287 (1981); (c) S.
Masamune, A. Ali, D. L. Snitman and D. S. Garvey, Angew. Chem. Int.
Eg., 19, 557 (1980); (d) D. A. Evans and J. Bartroli, Tetrahedron
Lett., 23, 807 (1982); (e) R. E. Ireland and J. P. Daub, J. Org. Chem.,
46, 479 (1981); (f) S. Masamune, M. HIrama, S. Mori, S. A. Ali and

D. S. Garvey, J. Am. Chem. Soc., 103, 1568 (198l); (g) S. Jarosz and
B. Fraser-Reid, Tetrahedron Lett., 22, 2533 (1981); (h) P. A. Grieco,
Y. Ohfune, Y. Yokoyama and W. Owens, J. Am. Chem. Soc., 101, 4749
(1979); (i) A. Nakano, S. Takimoto, J. Inanaga, T. Katsuki, S.
Ouchida, K. Inoue, M. Aiga, D. Okakado and M. Yamaguchi, Chem. Lett.,
1019 (1979).

4. E. J. Corey and J. W. Suggs, Tetrahedron Lett., 2647 (1975).
5. For an efficient synthesis of this alcohol see: G. E. Keck and D. E.

Abbott, Tetrahedron Lett., 1883 (1984).

6. P. H. J. Carlsen, T. Katsuki, V. S. Martin and K. B. Sharpless, J. Org.

Chem., 46, 3936 (1981).

7, The following melting point ranges have been reported for (¢) PD lactone

110-113", 111-113%9, 112-123F, 113-11413, 114-114%, 136-1171€
116.5—117.51a, 119-12019. Comparison spectral data were obtained from

R. E. Ireland and J. P. Daub, J. Org. Chem., 46, 479 (1981).

8. All new compounds gave satisfactory C,H analyses, 360 MHz NMR spectra

and IR spectra.

9. For reviews see: R. W. Hoffmann, Angew. Chem. Int. Ed., 21, 555 (1%82);

10.

Y. Yamamoto and K. Maruyama, Heterocycles, 18, 357 (1982).
Acknowledgment is made to the NIH and NSF for much appreciated support.

(Received in USA 5 March 1984)



