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Macrocycle Formation by Ring-Closing-Metathesis. 2.1
An Efficient Synthesis of Enantiomerically Pure (R)-(+)-Lasiodiplodin

Alois Fiirstner* and Nicole Kindler

Max- Planck-Institut fiir Kohlenforschung,
Kaiser-Wilhelm-Platz 1, D-45470 Miilheim/Ruhr, Germany

Abstract: A highly efficient and flexible route to the macrolide (R)-(+)-lasiodiplodin 1 and its de-O-
methyl congener 2 is outlined, which is based on the formation of the 12-membered ring by ring-
closing metathesis (RCM) as the key step. Copyright © 1996 Elsevier Science Ltd

The 12-membered ring lactones lasiodiplodin (1) and de-O-methyl lasiodiplodin (2) isolated from a cuiture
broth of the fungus Botrysdiplodia theobromae (formerly Lasiodiplodia theobromae) exhibit plant growth
regulating properties.2 Macrolide 2 has also been found in the roots of Arnebia euchroma, which is used in
traditional Chinese medicine.3 This metabolite may well be responsible, at least in part, for the pharmacological
properties of the plant extracts, because it efficiently inhibits the prostaglandin biosynthesis.> The structural
relationship of 1 and 2 with other orsellinic acid type macrolides such as zearalenone (3), curvularin (4),
resorcylide (5) and monocillin I (6) is obvious.4-6
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In the following we describe an efficient entry into this class of physiologically active natural products
which is based on ring-closing-metathesis (RCM) (Scheme 1) as the key step to form the macrocyclic ring. RCM
is presently evolving into a mature preparative method since well defined transition metal complexes have been
launched as catalysts, which tolerate a wide spectrum of functional groups.” Among them, the ruthenium
carbene (PCy3),Cl;Ru=CHCH=CPh; (7 introduced by Grubbs et al. is particularly noteworthy, as it is rather
insensitive towards oxygen and moisture, yet highly reactive in metathetic reactions of monosubstituted olefins.

PCya Ph This propensity has been elegantly used for the
C"%-.F! u=/=<Ph synthesis of a fairly large number of function-
c” | 7 alized 5-, 6- and 7-membered carbo- and

PCys heterocycles from 1,o-diene precursors.”? In

contrast, macrocyclization reactions by RCM are
still largely unexplored and were supposed to be

ﬂ H,C [Ru] %Hz successful  with  conformationally  biased
HC CH, % i CH:  ubstrates only.1011 This is, however, not the
case. As we have recently shown by the

[RuF=Ch, formation of odoriferous macrolides, RCM is

ch/ A Ry amongst the most efficient entries into macro-
cyclic systems even if the diene precursor is
Q devoid of any conformational constraints,
9 provided that the site of ring closure is
Ru]

adequately chosen.! The versatility of this
concept is now further substantiated by the total
Scheme 1. synthesis of lasiodiplodin outlined below.

Our synthesis (Scheme 2) starts with the cheap 3,5-dimethoxyphenol 11, which was converted into the
salicylic acid derivative 12 on a multigram scale via a Kolbe-Schmitt reaction of its sodium salt with pressurized
C02.12 Esterification of 12 under Mitsunobu conditions'® with the enantiomerically pure (S)-alcohol 10
(obtained upon CuCl(COD)-catalyzed reaction of 4-pentenylmagnesium bromide 9 with commercially available
(S)-propenoxide 8)!3 proceeds with inversion of the configuration affording ester (R)-13. Its treatment with
(F3CS0,)70 in pyridine led to the corresponding aryltriflate 14, which was subjected to a Stille reaction with
allyltributylstannane using Pdy(dba)s/tris(2-furyl)phosphane as catalyst in the presence of LiCL!5 Thus, a slow
but clean reaction gave the cross-coupling product 15 in excellent yield which serves as the cyclization
precursor. Gratifyingly, the crucial macrocycle formation by RCM was smoothly achieved by slowly combining
the solutions of this diene and of the ruthenium carbene 7 (6 mol%), both in CH,Cly, via two dropping funnels,
while argon was bubbled through the resulting reaction mixture in order to ensure complete evaporative loss of
the ethene formed as the by-product and hence to drive the conversion. This set-up resulted reproducibly (4
runs) in an essentially quantitative formation of the 12-membered alkene (R)-16 as a mixture of the (E) and (Z)
isomers ((E):(Z)=2.3:1), which can be separated by flash chromatography for analytical purposes.16 In order to
complete the synthesis, however, the mixture of geometrical isomers was hydrogenated to the known
dimethylether (R)-17,52:17 which can be deprotected either to lasiodiplodin 1 or to de-O-methyl lasiodiplodin 2,
respectively, according to the protocols described in the literature. 539 The unnatural enantiomer (5)-17 has been
prepared analogeously from (R)-propenoxide as the starting material.
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Scheme 2. Syntheses of (R)-(+)-lasiodiplodin (1) and of de-O-methyl lasiodiplodin (2): [a] CuCI(COD) (10
mol%), THF, -78°C—r.t., 81%; [b] (i) NaOMe in MeOH; (ii) CO, (40 atm), 120°C, 80%; [c] EtOOC-N=N-
COOEt, PPh;, E;0, r.t., 83%; [d] (CF380,);0, pyridine, 0°C—r.t., 91%; [e] allyltributylstannane, LiCl (3
eq.), Pdy(dba); (3 mol%), tris(2-furyl)phosphane (12 mol%), N-methyl-2-pyrrolidinone, 40°C, 93%; [f]
(PCy3),ClhRu=CHCH=CPh; (7) (6 mol%), CHyCl,, r.t., 94%, (E):(2)=2.3:1 (GC); [g] Hy (latm), Pd/C,
EtOH, r.t., 94%.

Acknowledgement. We would like to thank the Volkswagen-Stiftung, Hannover, and the Fonds der
Chemischen Industrie, Frankfurt, for generous financial support.

REFERENCES AND NOTES

This paper is dedicated to the memory of Wolfgang Oppolzer

For the first paper of this series see: Fiirstner, A.; Langemann, K. J. Org. Chem., 1996, 61, 3942-3943.
. Aldridge, D. C.; Galt, S.; Giles, D.; Tumner, W. B. J. Chem. Soc. (C) 1971, 1623-1627.
3. Xin-Seng, Y.; Ebizuka, Y.; Noguchi, H.; Kiuchi, F.; litaka, Y.; Sankawa, U.; Seto, H. Tetrahedron Lett.
1983, 2407-2410.
4.  Previous syntheses of racemic lasiodiplodin: (a) Gerlach, H.; Thalmann, A. Helv. Chim. Acta 19717, 60,
2866-2871. (b) Danishefsky, S.; Etheredge, S. J. J. Org. Chem. 1979, 44, 4716-4717. (c) Takahashi, T.;
Kasuga, K.; Tsuji, J. Tetrahedron Lett. 1978, 4917-4920.



7008

10.

11.

12.
13.

14.

15.

16.

17.

Previous syntheses of (R)-(+)-lasiodiplodin: (a) Braun, M.; Mahler, U.; Houben, S. Liebigs Ann. 1990,
513-517. (b) Jones, G. B.; Huber, R. S. Synletz 1993, 367-368. (c) Fink, M.; Gaier, H.; Gerlach, H. Helv.
Chim. Acta 1982, 65, 2563-2569. (d) Solladié, G.; Rubio, A.; Carrefio, M. C.; Garcia Ruano, J. L. Tetra-
hedron: Asymmetry 1990, 1, 187-198.

Leading references on other orsellinic acid type macrolides: (a) Monocillin: Lett, R.; Lampilas, M.;
Tischkowsky, 1. in Recent Progress in the Chemical Synthesis of Antibiotics and Related Microbial
Products (Lukacs, G., Ed.), Springer, Berlin, Vol. 2, 1993, p. 99-120. (b) Curvularin: Gerlach, H. Helv.
Chim. Acta 1977, 60, 3039-3044. (c) Resorcylide: Oyama, H.; Sassa, T.; Ikeda, M. Agric. Biol. Chem.
1978, 42, 2407-2409. (d) Zearalenone: Stob, M.; Baldwin, R. S.; Tuite, J.; Andrews, F. N.; Gillette, K. G.
Nature 1962, 196, 1318. (e) For a comprehensive compilation of previous synthethic approaches to
zearalenone see: Keinan, E.; Sinha, S. C.; Sinha-Bagchi, A. J. Chem. Soc. Perkin 1 1991, 3333-3339.
Reviews: (a) Grubbs, R. H.; Miller, S. J.; Fu, G. C. Acc. Chem. Res. 1995, 28, 446-452. (b) Schmalz, H.
G. Angew. Chem. 1995, 107, 1981-1984. (c) Koert, U. Nachr, Chem. Techn. Lab. 1995, 43, 809-814.
Nguyen, S. T.; Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc. 1993, 115, 9858-9859.

Leading references: (a) Overkleeft, H. S.; Pandit, U. K. Tetrahedron Letr. 1996, 547-550. (b) Maier, M.
E.; Langenbacher, D.; Rebien, F. Liebigs Ann. 1995, 1843-1848. (c) Schneider, M. F.; Junga, H.; Blechert,
S. Tetrahedron 1995, 51, 13003-13014. (d) Huwe, C. M.; Blechert, S. Tetrahedron Lett. 1995, 1621-
1624. (e) Fu, G. C.; Nguyen, S. T.; Grubbs, R. H. J. Am. Chem. Soc. 1993, 115, 9856-9857. (f) Kim, S.-
H.; Bowden, N.; Grubbs, R. H. J. Am. Chem. Soc. 1994, 116, 10801-10802. (g) Garro-Hélion, F.; Guibé,
F. J. Chem. Soc. Chem. Commun. 1996, 641-642. (h) Kinoshita, A.; Mori, M. Synlert 1994, 1020-1022.
For macrocyclizations with 7 as catalyst see: (a) Borer, B. C.; Deerenberg, S.; Bierdugel, H.; Pandit, U. K.
Tetrahedron Lett. 1994, 3191-3194. (b) Miller, S. J.; Grubbs, R. H. J. Am. Chem. Soc. 1995, 117, 5855-
5856.

For macrocyclizations with other RCM-catalysts see: (a) Houri, A. F.; Xu, Z.; Cogan, D. A.; Hoveyda, A.
H. J. Am. Chem. Soc. 1995, 117, 2943-2944. (b) Martin, S. F.; Liao, Y.; Chen, H.-J.; Pitzel, M.; Ramser,
M. N. Tetrahedron Lett. 1994, 6005-6008. (c) Villemin, D. Tetrahedron Lett. 1980, 1715-1718.

Maillard, J.; Vincent, M.; Delaunay, P; Fumeron, B. Bull. Soc. Chim. Fr. 1966, 2520-2524.

For the use of CuC(COD) (COD = cyclooctadiene) as catalyst for the ring opening of epoxides with
Grignard reagents see: (a) VoB, G.; Gerlach, H. Liebigs Ann. Chem. 1982, 1466-1477. (b) Quinkert, G.;
Fembholz, E.; Eckes, P.; Neumann, D.; Dimer, G. Helv. Chim. Acta 1989, 72, 1753-1786.

Mitsunobu, O. Synthesis 1981, 1-28.

(a) Farina, V.; Krishnan, B. J. Am. Chem. Soc. 1991, 113, 9585-9595. Reviews: (b) Stille, J. K. Angew.
Chem. 1986, 98, 504-519. (c) Ritter, K. Synthesis 1993, 735-762.

Selected data of (E)-16: [alp”® +72 (c 0.46, acetone); 'H NMR (300 MHz, CDCly): § 6.34 (d, 1H, J =
2.3), 6.32 (d, 1H, J = 2.3), 5.41 (dddd, 1H, J = 1.9, 4.5, 10.2, 14.9), 5.20 (dddd, 1H, J = 1.6, 3.2, 10.2,
14.9), 5.10 (gdd, 1H, J = 2.8, 6.3, 10.0), 3.80 (s, 3H), 3.78 (s, 3H), 3.36 (d, 1H, J = 6.3), 3.07 (ddd, 1H, J
=29, 5.0, 14.2), 2.22 (m, 1H), 1.21-1.71 (m, 6H), 1.31 (d, 3H, J = 6.2), 1.09 (m, 1H). 13C NMR (75
MHz, CDCl3): 8 168.1, 161.1, 158.3, 140.8, 132.7, 128.7, 117.6, 107.1, 96.9, 68.8, 56.0, 55.3, 38.3,
34.6, 32.8, 24.7, 20.1, 20.0. IR: 1714 cm’1. MS m/z (%): 304 (24, [M+]), 217 (10), 207 (100), 205 (15),
196 (32), 191 (11), 189 (10, 178 (12).

(R)-17: [0p™ +8.7 (c 1.63, CHCly); lit.: [alp +9 (¢ 1, CHCly)™; [ap?® +4.2 (¢ 0.18, EtOH).
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