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A Concise Enantioselective Synthesis of (+)-Muscarine from (R)-O-Benzylglycidol

[(R)-Benzyloxymethyloxirane]

Seiichi Takano,* Yoshiharu lwabuchi, and Kunio Ogasawara
Pharmaceutical Institute, Tohoku University, Aobayama, Sendai 980, Japan

A concise enantioselective synthesis of (+)-muscarine has been established via the novel formation of a

3,4-dihydrofuran starting from (R)-O-benzylglycidol.

Although there are some precedents,! the synthesis of
2,3-dihydrofurans from non-cyclic precursors is rather diffi-
cult. We report here the simple formation of a chiral
2,5-disubstituted-2,3-dihydrofuran from both acetylenic and
allenic precursors which led to a highly efficient synthesis of

(+)-muscarine, a cholinomimetic alkaloid isolated from
several species of poisonous mushrooms.2-3

Alkylation of the acetylene alcohol (2) obtained* in an
excellent yield from (R)-O-benzylglycidol’ (1), with methyl
iodide in the presence of n-butyl-lithium afforded the internal
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Scheme 1. Reagents and conditions: a, lithium acetylide—ethylene-
diamine complex, Me,SO; b, BurLi, hexamethylphosphoric triamide,
Mel, tetrahydrofuran (THF), —78 °C to room temp.; ¢, CuBr (2
equiv.), (CH;0),, (2 equiv.), di-isopropylamine, dioxane, reflux; d,
KOBut (2 equiv.), Me,SO, 60 °C; e, dicyclohexylborane, THF,
25 °C, then H,0,, NaOH, EtOH; f, H,, Pd(OH),-C, MeOH, g,
p-MeCgH,SO,Cl, pyridine, CH,Cly; h, Nal, butan-2-one; i, excess of
Me;N/EtOH.

acetylenet (3), [¢]p24 + 12.2° (¢ 2.04, CHCl3) in 88% yield.
On the other hand, treatment of (1) with paraformaldehyde
and di-isopropylamine in the presence of copper(1) bromide

+ Satisfactory analytical and spectral data were obtained for all new
compounds.
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furnished the allenic alcohol (4), [a]p20 + 4.6° (¢ 1.03, CHCl;)
in 70% yield. Upon exposure to potassium t-butoxide (2
equiv.) in dimethylsulphoxide (DMSO) at 60 °C, both the
acetylene (3) and the allene’? (4) furnished the same 2,3-
dihydrofuran (5) within 10 min. The product was very unstable
in the presence of acids;i however, it could be handled
without serious deterioration under basic and neutral condi-
tions. Hydroboration® of (5) using dicyclohexylborane fol-
lowed by oxidation with alkaline hydrogen peroxide brought
about stereoselective introduction of the 4-hydroxy group on
the opposite face of the 2-substituent to furnish the trisubsti-
tuted tetrahydrofuran (6), [«]p?3 —13.0° (¢ 1.0, CHCl3) with
the (25,3R,5S) configuration in overall yields of 65 and 76%
from (3) and (4), respectively.§ Catalytic debenzylation of (6)
gave the known diol* (7), [¢]p22 —6.2° (¢ 0.5, CHCls), lit.3¢
[¢]p?® —6.0° (c 0.5, CHCl3), in 88% yield, which could be
converted into L-(+)-muscarine iodide (10), m.p. 150—151
°C, [«]p?” + 7.55° (c 0.98, H,0), lit.3b m.p. 147—148 °C,
[a)p?! +6.2° (¢ 2.1, H,0), via the tosylate (8) and the iodide
(9) in 38% overall yield.

Received, 5th June 1989; Com. 9/02352F

References

1 For pertinent review: K. Utimoto, Pure Appl. Chem., 1983, 55,
1845.

2 For pertinent review: P.-C. Wang and M. M. Joullie, in ‘The

Alkaloids,” ed. A. Brossi, Academic Press, New York, 1984, vol.

23, pp. 327—380.

Recent syntheses: (a) M. Chmielewski and P. Guzik, Heterocycles,

1984, 22, 7; (b) R. Amouroux, B. Gerin, and M. Chastrette,

Tetrahedron, 1985, 41, 5321; (c) A. Bandzouzi and Y. Chapleur,

J. Chem. Soc., Perkin Trans. 1, 1987, 661; (d) J. Mulzer, A.

Angermann, W. Miinch, G. Schlichthorl, and A. Hentzschel,

Liebigs Ann. Chem., 1987, 7; (¢) M. C. Pirrung and C. V.

DeAmicis, Tetrahedron Lett.; 1988, 29, 159; (f) J. Adams, M. A.

Poupart, and L. Grenier, ibid., 1989, 30, 1753.

4 S. Takano, Y. Sekiguchi, N. Sato, and K. Ogasawara, Synthesis,

1987, 139.

Cf. S. Takano, K. Seya, E. Goto, M. Hirama, and K. Ogasawara,

Synthesis, 1983, 116; S. Takano, M. Akiyama, and K. Ogasawara,

ibid., 1985, 503; for review of the use of chiral O-benzylglycidol in

natural product synthesis, see: S. Takano and K. Ogasawara,

J. Syn. Org. Chem. Jpn., 1989, 47, 813.

6 P. Crabbé, H. Fillion, D. Andre, and J.-L. Luche, J. Chem. Soc.,
Chem. Commun., 1979, 859.

7 Cf. R. Gaertner, J. Am. Chem. Soc., 1951, 73, 4400.

8 Cf. H. C. Brown, J. V. N. V. Prasad, and S. -H. Zee, J. Org.
Chem., 1985, 50, 1582.

(98]

9]

$ Compound (5) decomposed with dilute aqueous acids as well ason a
silica-gel plate.

§ A minor amount of an epimer (<5% ) was also obtained as a readily
separable by-product (SiO; column).





