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Abstract

Total synthesis of ()-muricatacin, a natural acetogenin, has been achieved using as a key step a regio- and
stereospecific ring-opening of a substituted vinyl epoxide under Lewis acid catalysis. © 2000 Elsevier Science Ltd.
All rights reserved.
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In the preceding article we presented the Lewis acid-catalyzed ring-opening of vinyl epoxides to
hydroxy allyl-ethers. To study the stereoselectivity of this reaction we have developed a new route to
( )-muricatacinl using the epoxide ring-opening reaction as a key step (Scheme 1).
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Scheme 1.

Acetogenins are natural products isolated from a worldwide family of tropical plants called
Annonaceaé. Their antitumoral, immunosuppressive, pesticidal and antimicrobial bioactivities have
attracted increasing interest. X-Muricatacin 1 is the simplest of the known native Annonaceous
acetogenins related tolactone and was isolated from the seeddmfiona muricats Since its isolation
in 1991, several syntheses of muricatdand its analogshave been described in the literature.

In this paper we report an asymmetric synthesis gfifiuricatacinl using our new methodology
based on the opening of alkenyl epoxides. This reaction is shown to be stereospecific.

The strategy involves the preparation of the key compobificom functionalized vinyl epoxide
(Scheme 2).
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Scheme 2. (i): (a) SPpyridine, NEg, CH,Cl,, DMSO; (b) (EtO}P(O)CHCO,Et, NaH, THF; (ii): DMPMOH, BR Et,0,
CH,Cly; (iii): (a) NaH, BnBr, DMF; (b) DDQ, CHCI,/H,O

(2S,3R)-2,3-Epoxypentadecan@f was prepared in three steps from propargylic alcohol as previously
described in the literatur® Oxidation of epoxyalcoha? using SQ pyridine in CHCl,:DMSO (5:1)
afforded the corresponding epoxyaldehyde, which was immediately subjected to olefination with trie-
thylphosphonoacetate giving, -unsaturated ested in 91% yield. Treatment oB with one molar
equivalent of 3,4-dimethoxybenzylalcohol (DMPMOH) following the previously reported procédure,
allowed access to alcohdl in 52% yield! This yield is slightly lower than those obtained using
nonsubstituted vinyl epoxidésbut is still good considering the five consecutive electrophilic centers
(C1 to C5) present in compour®l In order to study the stereoselectivity of the ring-opening reaction,
alcohol4 was treated with NaH and benzylbromide followed by selective deprotection with DDQ to lead
to allylic alcohol5 in 65% yield. Compound was then esterified by bofR andS Mosher’s reagent.

The 1%F NMR of the MTPA-esters showed that the enantiomeric excess was >98%. Measurements of
the  taken from'H NMR spectroscopy usingH-'H COSY allowed the assignment of the absolute
configuratiod of stereocenter C4. The values of obtained are in accordance withRgonfigurationt©

With respect to these experimental results, the reaction appears to be stereospecific and to proceed with
an inversion of configuration in the reaction center. The reaction mechanism therefore followg an S
pathway as expected. Using enantio-assigned alégltok synthesis of ()-muricatacinl was achieved

as reported in Scheme 3.
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Scheme 3. (i): (a) Ni(OAg) NaBH,, EtOH; (b)p-TSOH, GHg; (ii): H», Pd/C, EtOH

Compounds was hydrogenated in the presence of a P-2 nickel catalyst using a known profedure.
Lactonization to6 was completed by treatment of the crude product vptoluenesulfonic acid in
benzene. Finally, benzyl ethérwas deprotected to give the desiredR@R)-muricatacinl. The spec-
troscopic datalH and13C NMR, IR, MS) and the optical rotation df were in close agreement with
reported values (obs. [p?'= 22,¢=0.5, CHCE; lit. [ ]p2°>= 23.3,c=0.5, CHC}).* More convenien-
tly, hydrogenation o followed by treatment with trifluoroacetic acid afforded muricatacir.

In summary, a novel and enantiospecific synthesis 85R)-muricatacin has been accomplished
using a regio- and stereospecific opening of substituted ep@xidéh one molar equivalent of DMP-

MOH. Our strategy allows the synthesis of all possible stereocisomers of muricatdcideed all the
stereoisomers d@ can be easily prepared by Sharpless epoxidatiod onE allylic alcohol using (+)-
DET or ( )-DET.

Condensation of alcohol on vinyl epoxide using equal amounts of both partners has not previously been
reported in the literature. Our investigations permitted this regio- and stereospecific ring-opening reaction
using catalytic amounts of BFEt;O. This methodology allows the preparation of useful asymmetric
intermediates as illustrated by the synthesis gfhuricatacin.



3835

Acknowledgements

G.

Financial support was provided in part by the Commissariat a 'Energie Atomique (fellowships for
P.and C.B.).

References

1

2.

8
9

. See the preceding paper in this issue. Prestat, G.; Baylon, C.; Heck, M.-P.; Mioskow3kirghedron Lett200Q 41,

3829-3831.

(a) Figadere, BAcc. Chem. Red4.995 28, 359-365. (b) Cavé, A.; Figadére, B.; Laurens, A.; Cortes, D. Acetogenins from

Annonaceae IProgress in the Chemistry of Organic Natural Produdt#erz, W.; Kirby, G. W.; Moore, R. E.; Steglich,

W.; Tamm, Ch., Eds.; Springer: Wein, NewYork, Austria. 1997; pp. 81-288. (c) Alali, F. Q.; Liu, X.-X.; McLaughlin J. L.

J. Nat. Prod 1999 62, 504-540.

. (@) Rupprecht, J. K.; Hui, Y. H.; McLaughlin, J. L. Nat. Prod 199Q 53, 237-278 (b) Rieser, M. J.; Kozlowski, J. F.;
Wood, K. V.; McLaughlin J. LTetrahedron Lett1991, 32, 1137-1140.

. (a) Figadeére, B.; Harmange, J.-C.; Laurens, A.; Cavdeiahedron Lett1991, 32, 7539-7542. (b) Wang, Z.-M.; Zhang,
X.-L.; Sharpless, K. B.; Sinha, S. C.; Sinha-Bagchi, A.; KeinanT&rahedron Lett1992 32, 6407—6410. (c) Kang,
S.K.; Cho, H. S.; Sim, H. S.; Beon, K. Carbohydr. Chem1992 11, 807-812. (d) Makabe, H.; Tanaka, A.; Oritani,
T. Biosci. Biotech. Biochenml993 57, 1028-1029. (e) Saiah, M.; Bessodes, M.; AntonakisTéfrahedron Lett1993
34, 1597-1598. (f) Marshall, J. A.; Welmaker, G. & Org. Chem 1994 59, 4122-4125. (g) Quayle, P.; Rahman,
S. Tetrahedron Lett1995 36, 8087—8088. (h) Bonini, C.; Federici, C.; Rossi, L.; Righi, I3.0rg. Chem 1995 60,
4803-4812. (i) Saniere, M.; Charvet, I.; Le Merrer, Y.; Depezay, Jiglrahedron1995 51, 1653-1662. (j) van Aar,
M. P. M.; Thijs, L.; Zwanenburg, BTetrahedron1995 51, 11223-11234. (k) Gypser, A.; Peterek, M.; Scharf, H3D.
Chem. Soc., Perkin Tran&.1997 1013-1016. (I) Szlosek, M.; Franck, X.; Figadére, B.; Cavé).A0rg. Chem1998
63, 5169-5172. (m) Chang, S.-W.; Hung, C.-Y,; Liu, H.-H.; Uang, BTetrahedron: Asymmetr}998 9, 521-529. (n)
Solladié, G.; Hanquet G.; Izzo, |.; Crumbie, Retrahedron Lett1999 40, 3071-3074. (0) Couladouros, E. A.; Mihou, A.
P. Tetrahedron Lett1999 40, 4861-4862.

. (a) Yoon, S.-H.; Moon, H.-S.; Hwang, S.-K.; Choi, S. R.; Kang, SBitorg. Med. Cheml998 6, 1043-1049. (b) Tsai, S.
H.; Hsieh, P.-C.; Wei, L.-L.; Chiu, H.-F.; Wu, Y.-C., Wu, M.-TJetrahedron Lett1999 40, 1975-1976. (c) Baussanne, I.;
Schwardt, O.; Royer, J.; Pichon, M.; Figadére, B.; Cavé[etrahedron Lett1997 38, 2259-2262. (d) Rassu, G.; Pinna,
L.; Spanu, P.; Zanardi, F.; Battistini, L.; Casiraghi,J50rg. Chem1997, 62, 4513-4517.

. (253R)-2,3-Epoxypentadecan-1-Blwas recrystallized from hexane:GEl, (4:1). *°F NMR of Mosher’s esters showed
ee’s >98%.

. Spectroscopic data df [ ]p?°= 19 (c=1.58, CHC}); *H NMR (300 MHz, ref. CHC}, ppm): 6.87—6.77 (m, 4H), 6.06
(dd, J=0.9, 15.8 Hz, 1H), 4.57 (dI=11.2 Hz, 1H), 4.28 (dJ=11.2 Hz, 1H), 4.21 (qJ=5.4 Hz, 2H), 3.87 (s, 3H), 3.86 (s,
3H), 3.80-3.74 (m, 1H), 3.56-3.51 (m, 1H), 2.51 d3.7 Hz, 1H), 1.30 (t)=7.1 Hz, 3H), 1.25-1.21 (m, 22H), 0.86 (t,
J=6.7 Hz, 3H); 13C NMR (75 MHz, ref. CDg] ppm): 165.8, 149.1, 148.9, 144.6, 130.0, 124.5, 120.6, 111.3, 111.0,
81.7,73.3,71.4,60.6, 55.9, 32.7, 31.9, 29.6, 29.3, 25.5, 22.6, 22.3, 14.2, 14.0; IR (Na&l,3522, 2925, 2854, 1720,
1516, 1265, 1031; HRMS (LSIM$: (M*) calcd for GgH4s0s: 478.3294, found 478.3280.

. Dale, J. A; Dull, D. L.; Mosher, H. Sl. Org. Chem1969 34, 2543-2549.

. Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, 5. Am. Chem. S0d.991, 113 4092-4096.

10. (ppm, 500 MHz) values for thB andSMTPA esters o6 shown in Fig. 1

+0.06
\_¢ H  CO,CoHs
-004 —'—0 tl S
e Hi— H ~— +0.09
-0.06 OMTPA
CiHag™ ™

-0.01

Fig. 1.



