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An Alternative Enantioselective Synthesis of

(+)-TricycIodecadienone

J o oK na nB eL F e n

Departmentof Organic rtndMolscular InorganicChemistry,GroningenCenter for Catalysis end Synthesis

Universityof Groningen,Nijenborgh4, 9747 AG Groningeo,The Netherlands.

Abstract: The enantiomericallypore endo-cycloedductz, obtainedfrom the the~al DieIs-Alderreaction of
5R-(f-menthyloxy)-2(5H)-ftcraoonewithcyclopentadieneisconvertedinto(+)-tricyclo[5.2.1.02,’]decadi-4,8-en-
3-one ((+)-~ in a one-potpmeedurevia rbtg-opertingwith lithium methyldimethylphosphonatefollowedby
an intramolecularWittig-Homer-Emmonsreactionin THF. The use of LiBr as additive in this step is highly
beneficialto the formation of L.@ 1997Publishedby Elsevier Science Ltd.
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1. For reeent applicationsof errentiomericallypure tricyclodeeadicnone~: (a) Garland, R.B.; Miyano, M.; Pirch, D.;
Clam, M.; Finnegan, P.M.; Swenton, L. .J Org. Chem. 1990, 55, 5854. (b) Klunder, A.J.H. ; Zwsnenburg, B.; Liu,
Z.-Y. Tetrahe&on Left. 1991, .32,3131. (c) Ogesaw~ K. Pure ,4ppf.Chem. 1994, 66, 2119 and referencescited.
(d) Zhu, J.; Yang, J.-Y.; Klunder, A.J.H.; Liu, Z.-Y.; Zweoenburg,B. Tetrahedron 1995, 51, 5847 and references
cited. (e) Trmak~ K.; Ogaasw~ K. $vnthesis, 1996, 219.
Synthesesof trieycladceadienone~ via enzymaticresolutions:(a) Klunder,A.J.H.; Huizing~ W.B.; Hulshof, A.J.M.;
Zwenenburg,B. Tetrahedronhtt. 1986, 27, 2543. (b) Takano, S.; hromat~ K.; Ogaaaw~ K. J Chern.Sac., Chem.
Commun.1989, 271. (c) Takano, S.; Moriy~ M.; Tanakz K.; Ogaaaww K. $@resis 1994, 687. (d) Tanakz K.;
Ogaaawaq K. $mtheris 1995, 1237.(e) Sugeh% T.; Kuroyanagi,Y.; Ogasawar%K. Syn/hesi,r1996, 1101.
Gthcr methodologies:(t) Childs, B.J.; Edwards,G.L. TetrahedronLeft 1993, 34, 5341. (g) Bakkeren,F.J.A.D.;
Ramesh,N.G.; De Groot, D.; Klunder,A.J.H.; Zwanenburg,B. TetrahedronLert. 1996, 37, 8003.
(a) De Jong, J.C.; Feringq B.L. J Org. Chem, 1988, 53, 1125.(b) De Jong, J.C.; Van Bolhuis, F.; Fering%B.L.
Tetrahedron:Asymmetry1991, 2, 1247.
Martel,J.; Tcssier, J.; Demoute,J.P. Eur. Pat. App/. 23454, 1981;Ckem.Absrr. 1981, 95, 24788. For tbe synthesis
of 5R- and 5.S-(merrthyloxy)-2(5H)-tisranoneinvolvinga secondorder asymmetrictransformationsee: Fering~ B.L.;
De Lange, B.; De Jong, J.C. J Org. Chem. 1989, 54, 2471.
Recentepplieationaof 5R-(f-menthyloxy)-2(5H)-furanone:(a) Fering%B.L.; De Jong, J.C. Buff.Chem..SOC.C/rim.
&/g. 1992, 101, 627. (b) Fering&B.L.; de Lange, B.; Jansen,J.F.G.A.; De Jong, J.C.; Lubben, M.; Faber, W.;
Schudde,E.P. Pure Appl. C/rem.1992, 64, 1865.(c) Van Ocveren,A.; Jansen, J.F.G.A.; Fering~ B.L. J Org.
Chem.1994, 59, 5999. (d) Van Oeveren,A.; FeringA B.L. J Org. Chem.1996, 61, 2920.
Other examplesof WHE cyclizations:(a) Henrick, C.A.; Bt$hme,E.; Edwards, J.A.; Fried, J.H. J Am. Chem..SOC.
1968,90, 5926. (b) Borcherding,D.R.; ScholtL S.A.; Borchardt,R.T. J Org. Chem. 1987, 52, 5457. (c)
Mikolajczyk,M.; MikinajM. J Org. Chem. 1994, 59, 6760 and referencescited. (d) Sundermsum,B.; Scharf, H.-D.
Tetrahedron:Asymmetry1996, 7, 1995.(e) Mikolajczyk,M.; Mikinz M.; Wieczorek, M.W.; Bksszczyk,J. Angew.
Chem.M. Ed. Engl. 1996, 35, 1560.
Spectroscopicdata of@ “P-NMR (80.95 MHz CDC13)5 +12.28; ‘H-NMR(200 MHz CDC1,)~ 1.63
(d, J= 8.8 HZ IH), 1.76 (d, J= 8.8 HA IH), 2.97 (t, J= 5.1 HG IH), 3.07 (br. s, IH), 3.27 (br. s, IH), 3.51 (m,
IH),3.68 (d, & = 11.4HA 3H), 3.74 (d, &P = 11.4 H%3H), 5.82 (old,J = 5.3, 2.9 HG IH), 5.98 (d~ J = 5.3,
2.9Hq IH), 8.06 (old,& = 10.6 Hz; & = 2.6 HZ IH); HRMScalcd for CIZH,,O,P:254.071. Found:
254.071.
The amount of fioevenagel product was increasedwhen reactionmixtures were left at room temperaturefor
prolongedperiods.This illustrates that the dehydrationprocessleadingto Q is a relatively SIOWprocess.
Typical procedure:A solution of Q(300 mg, 1.18 mmol) in methanol(2 mL) and Water(2 mL) conaining LiOH or
NaOH (1.77 mmol) was stirred at room temperaturefor 24 h. Methanolwas evaporatedand the resulting aqueous
mixture was neutralizedwith dilute HCI sod extractedwith ethyl acetate.The combined extroctswere dried
i.N~S04), filtered and evaporatedto yield a -75/25 mixtore of (+)-l and 6 according to ‘H-NMR.Filtration over
silica gel (diethyl ether) affordedpure (+)-~ (57 - 62%, basedon recovered@ as a white solid.
(a) Purificationwas performedby chromatographyon silica gel (hexane,30% diethyl ether) which readily separated
~ (R, = 0.7), /-menthol (R,= 0.5) and (+)-~ (Rl= 0.35). Isolatedyields are based on recoveryof ~.
(b) Purified (+).1 showedthe followingdata: mp: 76.7-78.2 .C (lit.x mp: 76-76.5 .C); [a]~RT+136.7 . (C = I.1,

M~H) (Iit.zd [a]DZ8 +13s.4 . (C = 0.81, M@ H); e.e. > 99°Aaccordingto HPLC analysis (Daicel OB, eluent
hexarre/iPrOH9/1).
Additionally, lithium salts might also fimctionas weak Lewisacids for the activation of 2.
Typical experimentalprocedure:To a stirred sod cooled (-78 .C) solution of dimethyl methylphosphonate(595 mg,
4.8 mmol) and anhydrouslithium bromide (417 mg, 4.8 mmol) in dry THF (20 mL) was added n-butyilithium(3
mL of a 1.6 M solution in hexenes,4.8 mmol) over a period of i 2 min. The resulting clear
solution wss stirred at -78 .C for 30 min after which a solutionof 2 (1.45 g, 4.8 mmol) in d~ THF (5
mL) was added at once. Stirring was continuedfor an additionalperiodof 2 h at -78 T and the mixture was
allowedto reach room temperaturein 31%h. ARer addition of water (10 mL) and evaporationof THF in vacuothe
resultingaqueousresiduewas continuouslyextractedwith hexsne (100 mL) for 20 h. Evaporationof the solvent in
vaeuoyielded a slightly yellow oil which was purified by columnchromatography(see ref. 10) to yield pure L(-)-
menthol(661 mg, 93~0) end (+)-~ (459 mg, 690%).
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