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Abstract

A three-step synthesis of (2Z), (4E)-polyenic acids6 is described. Condensation of aldehydes1 with potassium
prenal enolate led to dihydropyranols3 which were oxidized into dihydropyrones5, precursors of (2Z), (4E)-
polyenic acids6. The procedure was applied to a synthesis of 13-cis-retinoic acids from�-ionylidene acetalde-
hydes. © 2000 Elsevier Science Ltd. All rights reserved.
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We reported that lithium or potassium prenal enolates2 react with aldehydes1 yielding to cyclic
adducts3 by a; 1,4-addition and a subsequent intramolecular attack of the alkoxide on the carbonyl
group.1–3 Hydroxydihydropyranes3 were easily transformed into polyenals4 with a predominant (2Z)
(kinetic product)4 or (2E) (thermodynamic product)1–3 configuration, according to the experimental con-
ditions. In this note, we report a synthesis of (2Z), (4E)-dienic acids6 via oxidation of dihydropyranols
3 followed by ring-opening of the resulting dihydropyrones5 (Scheme 1).

We prepared dihydropyranols3 by condensation of aldehydes1 with potassium dienolate2 easily
obtained by reaction of potassiumtert-butoxide with the trimethylsilyl enol ether of prenal.2–5

The oxidation of dihydropyranols3 was performed using two procedures, either Jones’ reagent6 (CrO3

in acidic medium, method A) or Corey’s reagent7 (PCC, method B).8 Finally, dihydropyrones5 were
transformed into (2Z), (4E)-dienic acids6 by means oft-BuOK according to the procedure described
by Cainelli and Cardillo.9,10 Acids 6a–j were isolated as single stereoisomers as evidenced by NMR
analyses. Results are reported in Table 1.

We applied this method to a synthesis of 13-cis-retinoic acids6k (Scheme 2) used in dermatology and
for the treatment of some cancers.11 As the starting�-ionylidene acetaldehyde1k was constituted by
(2E) and (2Z) isomers ((2E)/(2Z)=70/30), a mixture of 9-trans, 13-cis-and 9-cis, 13-cis-retinoic acids6k
was obtained.12,13
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Scheme 1.

Table 1
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Scheme 2.

In the literature, dihydropyrones5 are classically obtained by condensation of aldehydes with lithium
or potassium dienolates prepared from senecioic acid and LDA ort-BuOK/nBuLi9,13d–f,14or from lithium
enolate of methylsenecioate in controlled conditions15 or from the zinc derivative of-bromosenecioic
acid.16 In some cases, the desired lactones5 are contaminated by by-products.

In summary, our three-step procedure to (2Z)-dienic acids6 presents the advantages to give good
yields, high regio-, and stereoselectivities as well as to use very cheap reagents and mild conditions.

Acknowledgements

We are very grateful to the Ministère de la Recherche et de l’Espace for supporting this research.

References

1. Duhamel, L.; Guillemont, J.; Poirier, J. M.; Chabardes, P.Tetrahedron Lett.1991, 32, 4495–4498.
2. Duhamel, P.; Cahard, D.; Poirier, J. M.J. Chem. Soc., Perkin Trans. 11993, 2509–2511.
3. Cahard, D.; Poirier, J. M.; Duhamel, P.Tetrahedron Lett.1998, 39, 7093–7096.
4. Cahard, D.; Duhamel, L.; Lecomte, S.; Poirier, J. M.Synlett1998, 1399–1401.
5. Compound3 was obtained as a singlecis diastereomer. In the synthesis of3 from 1 and prenal trimethylsilyl enol ether, it

is to be noted that a catalytic quantity oft-BuOK can be used.4

6. Wiberg, K. B.Oxidation in Organic Chemistry, Part A; Academic press: New York and London, 1965; 145.
7. Corey, E. J.; Suggs, N.Tetrahedron Lett.1975, 31, 2647–2650.
8. Method A: To3 (1.4 mmol) in acetone (5 mL) was added at room temperature a solution of CrO3 (0.4 g, 4 mmol) in water

(3 mL) and concentrated H2SO4 (1 mL) until fading. After adding saturated solution of NaHCO3 (25 mL), the mixture was
extracted with ether. Method B: A solution of3 (5 mmol) and PCC (12.5 mmol) in 1,2-dichloroethane (10 mL) was stirred
at room temperature for 1.5 to 5 h (3c–e,k) or at reflux for 30 min (3a,b,h). After adding 1,2-dichloroethane (100 mL), the
mixture was filtered on florisil. Dihydropyrones5b,d andj were chromatographed on silica gel.

9. Cainelli, G.; Cardillo, G.; Contento, M.; Trapani, G.; Ronchi, U.J. Chem. Soc., Perkin Trans. 11973, 400–404.
10. To a solution of dihydropyrone5 (5 mmol) in THF (5 mL) was added potassiumtert-butoxide (5 mmol) in THF (5 mL)

at 0°C. The solution was stirred for 30 min and then diethyl ether (10 mL) and HCl 3N (10 mL) was added. The mixture
was extracted with diethyl ether, washed with water and dried over MgSO4. Compounds6a,b and h were purified by
crystallization in ethanol,6c,f,g and j by washing with pentane,6d,e and i after treatment with a basic then an acidic
solution. The (2Z) configuration of6 was established by NOE experiments.

11. (a) Boutwell, R. K. InOncology Overview: Selected Abstracts on Vitamin A in Cancer Biology; U.S. Department of Health,
Education and Welfare, National Cancer Institute: Washington, DC, Sept 1979. (b) Dowling, J. E.; Wald, G.Proc. Natl.
Acad. Sci. 1960, 46, 587–595.

12. HPLC analysis of6k showed three signals (area ratios: 47:46:7). The first and third signals were identified to 9-trans, 13-
cis-and alltransretinoic acids (commercial samples). Thus, the second signal was attributed to 9-cis, 13-cis-retinoic acid.
We were unable to determine the 9-trans, 13-cis/9-cis, 13-cis ratio by NMR and we do not know the molecular extinction
coefficient of the three detected stereoisomers. Moreover, we observed a slight isomerization of commercial 9-trans, 13-cis
acid into the alltrans isomer in MeOH, solvent used for HPLC analyses.

13. For other syntheses of 13-cis-retinoic acid see: (a) Pattenden, G.; Weedon, B. C. L.; Garbers, C. F.; Schneider, D. F.; Van
der Merwe, J. P.Chem. Commun.1965, 347–348. (b) Magnone, A. G.Eur. Pat. Appl. EP 742,204;Chem. Abstr. 1997,



3622

126, 19070q. (c) Matsui, M.; Okano, S.; Yamashita, K.; Kitamura, S.; Kobayashi, A.; Sato, T.; Mikami, R. J. Vitaminol.
(Kyoto) 1958, 4, 178–179. (d) Cainelli, G.; Cardillo, G.; Contento, M.; Grasselli, M.; Ronchi, U.Gazz. Chem. Italia1973,
103, 117–121. (e) Cainelli, G.; Cardillo, G.; Orena, M.J. Chem. Soc., Perkin Trans. 11979, 1597–1599. (f) Cainelli, G.;
Cardillo, G.Acc. Chem. Res.1981, 14, 89–94. (g) Bestman, H. J.; Ermann, P.Ger. Offen.(BASF AG). 1983, 3,200,231;
Chem. Abstr. 1983, 99, 1589683d. (h) Solladie, G.; Girardin, A.; Lang, G.J. Org. Chem. 1989, 54, 2620–2628. (i) Korver, P.
K.; Kruk, C.; Van der Haak, P. J.; Baas, J. L.; Huisman, H. O.Tetrahedron1966, 22, 277–284. (j) Valla, A.; Andriamialisoa,
Z.; Giraud, M.; Prat, V.; Laurent, A.; Potier, P.Tetrahedron Lett.1999, 40, 9235–9237.

14. Cardillo, G.; Orena, M.; Sandri, S.Tetrahedron1976, 32, 107–108.
15. Dugger, R. W.; Heathcock, C. H.J. Org. Chem. 1980, 43, 1181–1185.
16. Bellassoued, M.; Habbachi, F.; Gaudemar, H.Tetrahedron1987, 43, 1785–1792.


