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ENANTIOSELECTIVE SYNTHESES OF (+)-a-SKYTANTHINE, (+)-6-SKYTANTHINE AND (+)-IRIDOMYRMECIN BY
AN INTRAMOLECULAR MAGNESIUM-ENE REACTION.!

Wolfgang Oppolzer * and E. Jon Jacobsen

Département de Chimie Organique, Université de Genéve, CH-1211 Genéve, Switzerland.

Abstract: Starting from (S)-3-methyl-l-penten-5-o0l 3a enantiomerically pure (+)-a-skytanthine
9, (4)-6-skytanthine 11 and (+)-iridomyrmecin 12 were synthesized via the magnesium-ene
reaction 2 =+ 1.

In extension of previous work on intramolecular Mg-ene reactions ? we considered the

prospect of synthesizing monoterpene alkaloids and iridoids A via the key step 2 - 1 (Scheme

1).It was hoped that the preexisting chiral center in 2 would induce the desired

configuration at the newly formed centers.
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We report here the application of this concept to the total syntheses of enantiomerically
pure (+)-a-skytanthine 9, 3 (4)-§-skytanthine 11 3 and (+)-iridomyrmecin 12 * (Scheme 2).

Alcohol 3a, easily accessible in high enantiomeric purity via an asymmetric
vinylcopper/enoate 1,4-addition %, was converted into the bromide 3b by successive treatment
with mesyl chloride and LiBr ®. Metalation of 3b with Mg turnings in ether and addition of
the resulting Grignard reagent to methacrolein afforded dienol 4 7 (67%, l:1-diastereomer
mixture). Heating 4 with thionyl chloride in boiling Et,0 gave rearranged allyl chloride 5 7
(79%) .

We then proceeded to the crucial metalation/cyclization/trapping sequence. Slow addition
(over 2h) of chloride 5 to a stirred suspension of magnesium powder (Merck, 0.1-0.3 mm) in
ether at r.t., heating of the resulting solution of 2 at reflux for 14h followed by
oxidative trapping of 1 with MoOPh ® at -78° yielded cyclized alcohols (88.4/5.9/3.0/1.4
isomer mixture, 58%). The major isomer 7, isolated by flash chromatography (49% from 3) was

assigned structure § based on its conversion into the natural products 9, 11 and 12.
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Hydroboration/oxidation [l)BH3 (4eq), THF, 0°;2) H202/NaOH, 50°) of 6 gave a 4.2:1-C(4)-
epimer mixture ® from which (+)-a-iridodiol 8 7'!° (m.p. 81-81°) was separated by flash
chromatography. Following the procedure described by Casinovi 80 successive treatment of 8
with tosyl chloride/pyridine and methylamine furnished pure (+)-a skytanthine 9 in 67% yield.

Aiming at the stereoconvergent synthesis of §-skytanthine 1l it was interesting to note
that, after benzoylation of 6, hydroboration of 17 7 with 9-BBN (5eq 0° to r.t.) proceeded
with reversed topicity to give 10 (6:1-C(4)-epimer mixture) !'!, Saponification of crude 10
and flash chromatography yielded pure §-iridodiol (oil) which was converted into

enantiomerically pure (+)-8-skytanthine 11 as described earlier 3b
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For the synthesis of (+)-iridomyrmecin 12, the non-protected primary alcohol grotp in 10
was oxidized with Jones’ reagent to give the corresponding carboxylic acid. Saponification of
the benzoate group and spontaneous lactonization of the non-isolated hydroxy acid furnished
crude 12 (5:1-C(4)-epimer mixture) from which enantiomerically pure (+)-iridomyrmecin 12
(39% from 10) was obtained by crystallization. Synthetic skytanthines 9 and 11 and (+)-

iridomyrmecin 12 were identified by comparison ([e], IR,lH-NMR' MS) with naturally occurring
compounds .

Scheme 3
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To rationalize the observed diastereoselectivity in the Mg-ene process 2 + 1 we assume
1) that 2,3-substituted 2-alkenylmagnesium halides react in their Z-form 2?2, and 2) that 2,6-
dienylmagnesium halides cyclize under kinetic control preferentially to give five-membered
rings with cis-disposed Mg - donor and - acceptor sites !2. Accounting for these premises,
comparison of transition states TS; and TS, shows less steric crowding in transition state
TS, which leads to the desired topicity of 1 (Scheme 3).

In summary, we believe that the above described stereoselective syntheses exemplify the

potential of the Mg-ene process in combination with asymmetric 1,4-additions 13,

Acknowledgements: Financial support of this work by the Swiss National Science Foundation,
Sandoz Ltd, Basel, and Givaudan SA, Vernier is gratefully acknowledged. We are grateful to
Professors E.J. Eisenbraun, and T. Sakai for kindly providing authentic samples and reference

spectra. We thank Mr. J.P. Saulnier, Mr. A. Pinto and Mrs. C. Clément for NMR and MS
measurements.

REFERENCES AND NOTES

Presented at the Autumn Meeting of the Swiss Chemical Society, October 1984, Abstr. A4,
p.26

a) W. Oppolzer, R. Pitteloud, H.F. Strauss, J.Am.Chem.Soc. 1982, 104, 6476; b) W.
Oppolzer, R. Pitteloud, ibid. 1982, 104 , 6478; c) W. Oppolzer, K. Battig, Tetrahedron
Lett. 1982, 23, 4669; d) W. Oppolzer, H.F. Strauss, D.P. Simmons, ibid. 1982, 23, 4673;
e) W. Oppolzer, T. Begley, A. Ashcroft, ibid. 1984, 25, 825; f) W. Oppolzer, in
"Selectivity - a Goal for Synthetic Efficiency”, Ed. W. Bartmann and B.M. Trost, Verlag

Chemie, Weinheim, 1984, p.137. Review on intermolecular Mg-ene reactions : H. Lehmkuhl,
Bull.Soc.Chim.Fr. 1981, part II, 87.



1144

10

Structures of (+)-a-skytanthine and (+)-6-skytanthine, isolated first from dried

branches of Skytanthus acutus Meyen : a) their constitutions were assigned based on

degradation and spectroscopic studies : C. Djerassi, J.P. Kutney, M. Shamma, J.N.
Shoolery, L.F. Johnson, Chem. Ind. (London) 1961, 210; C.G. Casinovi, J.A. Garbarino,
G.B. Marini-Bettolo, ibid. 1961, 253; H.H. Appel, B. Miller, Scientia (Valparaiso) 1961,
28, 5; C.Djerassi, J.P. Kutney, M. Shamma Tetrahedron 1962, 18, 183; b) their relative

and absolute configurations as depicted in formulas 9 and 11 have been established by

partial syntheses from (+)-iridomyrmecin, nepetalinic acids and nepetalic acid : C.G.
Casinovi, F.D. Monache, G.B. Marini-Bettolo, E. Bianchi, J.A. Garbarino, Gazz.Chim.Ital.
1962, 92, 479; E.J. Eisenbraun, A. Bright, H.H. Appel, Chem.Ind. (London) 1962, 1242;:
the absolute configuration of nepetalic acid was determined by an X-ray structure
analysis : E.J. Eisenbraun, C.E. Browne, E.L. Eliel, D.L. Harris, A. Rahmann, D. Helm,
J.Org.Chem. 1981, 46, 3302,

Isolation and structure of (+)-iridomyrmecin : M. Pavan, Chim.Ind. 1955, 37, 625; R.
Fusco, R. Trave, A. Vercellone, ibid. 1955, 37, 958; T. Sakan, S. Isoe, S.B. Hyeon, R.
Katsumura, T. Maeda, J. Wolinsky, D. Dickerson, M. Slabagh, D. Nelson, Tetrahedron Lett.
1965, 4097; T.Sakai, K.Nakajima, T. Sakan, Bull.Chem.Soc.Jpn. 1980, 53, 3683. Review on
iridomyrmecin : G.W.K. Cavill in “"Cyclopentanoid Terpene Derivatives " Ed. W.I. Taylor,
A.R. Battersby, 1969, Marcel Dekker p.214.

W. Oppolzer, T. Stevenson, Tetrahedron Lett. 1986, 27, preceding communication.
(R) -Enantiomer : R.E. Ireland, R.C. Anderson, R. Badoud, B.J. Fitzsimmons, G.J.
McGarvey, S. Thaisrivongs, C.S. Wilcox, J.Am.Chem.Soc. 1983, 105, 1988.

All new compounds were characterized by IR, 1H-NMR (360 MHz) and MS.

N.J. Lewis, S.Y. Gabhe, Aust.J.Chem. 1978, 31, 2091.

=z 2 Moleq. of BHj were required. For the similar influence of an internal hydroxy group

directing the n-faciality of olefin hydroborations see : K.H. Schulte-Elte, G. Ohloff,
Helv.Chim.Acta 1967, 50, 153.

a-iridodiol 8 has been isolated from Actinidia polygama Miq : T. Sakan, S. Isoe, S.B.
Hyeon, T. Ono, I. Takagi, Bull.Chem.Soc.Jpn. 1964, 37, 1888; absolute configuration : T.
Sakai, K. Nakajima, K. Yoshihara, T. Sakan, S. Isoe, Tetrahedron 1980, 36, 3115.

For the hydroboration of the corresponding, but enantiomeric acetate see refl 13

H. Felkin, L.D. Kwart, G. Swierczewski, J.D. Umpleby, J.Chem.Soc.Chem.Commun. 1975, 242.

To our knowledge neither (+)-c- and (+)-6-skytanthines nor pure (+)-iridomyrmecin have
yet been prepared by total synthesis. Partial syntheses of skytanthines : ref. 3b;
syntheses of iridomyrmecin : a) (-)-enantiomer : J. Wolinsky, T. Gibson, D. Chan, H.
Wolf, Tetrahedron 1965, 21, 1247; b) racemate : K.J. Clark, G.I. Fray, R. H. Jaeger, R.
Robinson, Tetrahedron 1959, 6, 217; K. Sisido, K. Utimoto, T. Isida, J.Org.Chem. 1964,
29, 3361; G.W.K. Cavill, F.B. Whitfield, Austral. J. Chem. 1964, 17, 1245; R.S.
Matthews, J. K. Whitesell, J.Org.Chem. 1975, 40, 3312; Y. Yamada, H. Sanjoh, K. Iguchi,
Chem. Lett. 1978, 1405; P.A. Grieco, C.V. Srinivasan, J.Org.Chem. 1981 46, 2591.

(Received in Germany 2 January 1986)



