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Abstract

The stereocontrolled synthesis ofY2S5R)-5-[(1R)-1-hydroxy-9-decenyl]-2-pentyltetrahydro-3-furanol and
(25,35,59-5-[(19)-1-hydroxy-9-decenyl]-2-pentyltetrahydro-3-furanol, both isolated from the browrNdfzeia
anomalahas been achieved. The requisite configurations of the stereogenic centres were established by Sharpless
asymmetric dihydroxylation and Katsuki—Sharpless asymmetric epoxidation. © 2000 Elsevier Science Ltd. All
rights reserved.
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(2S,3S,5R)-5-[(1R)-1-Hydroxy-9-decenyl]-2-pentyltetrahydro-3-furand){ and (%5,3S59-5-[(19)-
1-hydroxy-9-decenyl]-2-pentyltetrahydro-3-furan@),f which have a characteristic substitution pat-
tern in their tetrahydrofuran ring system, argg@liols isolated fromNotheia anomalaa member
of the Notheiaceae family, a taxonomically unique brown alga found along the southern Australian
coasts. These tetrahydrofurans have been considered to be biosynthesized via a cyclization of a natu-
ral methylene-interrupted bisepoxide and, within this context, a biomimetic synthesis of the racemic
compounds has been reporfe®n the other hand, bothand?2 are potent and selective inhibitors of the
larval development of parasitic nematodes.
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Considerable efforts have been directed to the synthesid bit, to the best of our knowledge,
no enantiomeric synthesis @fhas hitherto been reported. Within our general program directed at the
enantiomeric synthesis of bioactive substances of marine drigifocused our attention on the above-
mentioned compounds as examples of metabolites containing a highly functionalized tetrahydrofuran
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ring. In this communication, we describe our approach to the enantiomeric synthesis of these compounds,
based on the retrosynthetic analysis outlined in Scheme 1. We considered a general methodology that
would permit the selection of the stereochemistry in the ring formation in a simple manner. Thus, we
first disconnected the unsaturated chain to the terminal ep@®citbearing in mind the possibility of
introducing such a chain by a nucleophilic opening of the terminal ring. This epoxide with the correct
stereochemistry would be built from suitable 2,3-epoxy alcahdhvailable by a Katsuki—Sharpless
asymmetric epoxidation (AE)of the corresponding allylic alcohol obtained by homologation from a
-lactone such a5, which should be easily synthesized by Sharpless asymmetric dinydroxylatior (AD)
of the corresponding, -unsaturated esté®
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Scheme 1.

Our synthesis ofl and 2 started with the unsaturated es€ravailable by a modified Knoevenagel
condensation of malonic acid aneheptanal (Scheme 2)The application t® of the AD reaction using
AD-mix- provided the -lactoneb in 96% ee, in accordance with the NMR analysis of the correspon-
ding Mosher’s ester¥) With these steps we simultaneously achieved two important goals: firstly, we
introduced the correct stereochemistry in two stereocentres of the final molecules, and secondly, by the
lactonization we performed the chemical differentiation between the two hydroxy groups. The protection
of the free secondary hydroxy group led to the silyl ethérat was converted to tHe-unsaturated ester
8 by selective reduction to the corresponding lactol followed by a Horner—Wadsworth—Emmons reaction.
The reduction o8 provided the allylic alcohd®, useful to introduce the remaining stereocentres.
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Scheme 2. Reagents and conditions: (a) (i) malonic acid, piperidine (cat.), xylene, reflux, 3 h; (iij) TMSCI, MeOH, rt, 2 h, 80%
overall; (b) AD-mix- , CH3SO;NH,, t-BuOH:H,O (1:1), 0°C, 20 h, 82%; (c) TBDPSCI, imidazole, &1, rt, overnight,
96%; (d) (i) DIBAL-H (1 equiv.), ether, 78 °C, 5 min; (ii) PRP=CHCQO,Et, benzene, 50°C, 2 h, 89% overall; () DIBAL-H,
ether, 0°C, 5 min, 77%

At this step of the synthesis we pondered a divergent strategy to accesdattiisimply choosing
the suitable reagent in the next stereoselective reaction. Thus, the asymmetric epoxidatiasingf
(RR)-(+)-DET provided by concomitant epoxide openihdhe anti-tetrahydrofuranl0 as the sole
detected stereoisomer, while the use of the enantiomeric chiral auxiliary provided the corresponding
syndiastereoisomet1.12 In both cases, we constructed the desired tetrahydrofurans having controlled
three of the required stereocentres (Scheme 3).
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Scheme 3. Reagents and conditions: (a) Ti(QRr{RR)-(+)-DET, TBHP, CHCI,, 20°C, 2 h, 82%; (b) Ti(OPi},
(S9-( )-DET, TBHP, CHCl,, 20°C, 2 h, 82%

In order to fulfil the synthesis of natural compounds, first we addressed our efforts to the synthesis of
Thus, the diollOwas monoprotected as the benzoyl ester and the secondary free alcohol was transformed
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into the corresponding mesylat@. Basic hydrolysis of the ester then provided the terminal epok&le
by intramolecular displacement of the secondary mesylate group with the primary alkoxide. Opening of
the terminal epoxide with the Grignard reagent derived from commercially available 8-bromo-1-octene,
in the presence of Cul, furnished compourthat after cleavage of the silyl protecting group provided
(253S5R)-5-[(1R)-1-hydroxy-9-decenyl]-2-pentyltetrahydro-3-furand),(mp 50-52°C, 2°=+15.2
(c0.8, CHC}).13

With these satisfactory results in our hands, the synthesis of the diastereoiompr35-37°C,

25—+20 5 € 0.4, CHCb),* was performed in a straightforward and similar manner fidniScheme

4).
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Scheme 4. Reagents and conditions: (a) (i) BzClI (1.2 equiv.), TEAGGHO°C, 2 h, (ii) MsClI, TEA, 0°C, 15 min, 75%; (b)
NaH, MeOH, CHCI,, 0°C, 30 min, 80%; (¢) HC=CH—-(CH,);MgBr, Cul, THF, =30°C; (d) TBAF, THF, rt, 1 h, 78%

In summary, we have developed a divergent route anti- or syn2-hydroxy-2,5-
dialkyltetrahydrofurans from a common precursor. The application of two consecutive enantioselective
reactions ensures very high enantiomeric purity in the final products. Moreover, the described
methodology can be applied to other natural products with a similar structure.

Acknowledgements

This research was supported by the DGES (PB95-0751) of Spain, FEDER-1FD97-0747-C04-01 and
the Consejeria de Educacién, Cultura y Deportes del Gobierno de Canarias. C.G. thanks the Spanish
MEC for an FPI fellowship. Special thanks are given to Professor Robert J. Capon for helpful discussions
related to compoung.

References

1. Warren, R. G.; Wells, R. J.; Blount, J. Aust. J. Chem198(Q 33, 891.

. Capon, R. J.; Barrow, R. A.; Rochfort, S.; Jobling, M.; SkeneTé&rahedronl998 54, 2227.

3. (a) Capon, R. J.; Barrow, R. A.; Skene, C.; Rochforff&rahedron Lett1997, 38, 7609. (b) Capon, R. J.; Barrow, R.JA

Org. Chem1998 63, 75.

4. (a) Williams, D. R.; Harigaya, Y.; Moore, J. L.; D'sa, A. Am. Chem. S0d984 106, 2641. (b) Hatakeyama, S.; Sakurai,
K.; Saijo, K.; Takano, STetrahedron Lett1985 26, 1333. (¢) Gurjar, M. K.; Mainkar, P. $eterocycles99Q 31, 407.
(d) Chikashita, H.; Nakamura, Y.; Uemura, H.; Itoh, ®hem. Lett1993 477. (e) Wang, Z.-M.; Shen, M. Org. Chem.
1998 63,1414. (f) Mori, Y.; Sawada, T.; Furukawa, fletrahedron Lett1999 40, 731.

. Martin, T.; Soler, M. A.; Betancort, J. M.; Martin, V. $.Org. Chem1997 62, 1570, and references cited therein.

6. Katsuki, T.; Martin, V. SOrganic ReactionsPaquette, L. A., et al., Eds.; Wiley & Sons: New York, 1996; \Vol. 48, pp.

1-299.
7. Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. Bhem. Revi994 94, 2483.

N

o



4130

8. Harcken, C.; Brickner, RAngew. Chem., Int. Ed. Endl997, 36, 2750.
9. Ragoussis, NTetrahedron Lett1987 28, 93.

10. Dale, J. A.; Dull, D. L.; Mosher, H. S1. Org. Chem1969 34, 2543.

11.(a) Rusell, S. T.; Robinson, J. A.; Williams, D.J.Chem. Soc., Chem. Commu®87, 351; Hashimoto, M.; Kan, T.;
Nozaki, K.; Yanagiya, M.; Shirahama, H.; Matsumoto,JTOrg. Chem199Q 55, 5088.

12. Although the enantiomeric excess®fvas 96% ee, we did not observe any other diastereoisomer. We also checked the
Mosher's diesters af0 and found no traces of the enantiomer. We concluded that at this stage of the synthesis our product
could be considered as a pure enantiomer, at least within of the limits of accuracy of NMR analysis.

13. The reported data for naturaRef. 1) are mp 54.5-55.0°C, [p=+15 (c 1, CHCA).

14. (2S,3S59-5-[(19-1-Hydroxy-9-decenyl]-2-pentyltetrahydro-3-furand) (was reported (Ref. 2) upon isolation as a
colorless oil [ ]p=+75.5 € 0.4, CHC}). Although the spectroscopic data coincide with those reported, the discrepancy
with our specific rotation value suggests the necessity to reisolate the natural compound in order to perform a comparative
study.



