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The neoclerodane diterpene salvinorin)\yas isolated in 1982  Scheme 1. Synthesis Plan for Salvinorin A (1)
from the rare mintSabia dizinorum, indigenous to Oaxaca, 0
Mexicol Recent efforts established salvinorin A as a potent and
selectivex opioid receptor agonist, the only non-alkaloid psycho-
active substance, and the most potent naturally occurring hal-
lucinogen? As a result of its therapeutic potential, renewed isolation 2
efforts have discovered a number of related salvinorin congéners,
and a number of analogues afhave been prepared by semi-
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Construction of the tricyclic salvinorin core is predicated on the
proposed transannufaMichael reaction cascatleof bisenone —
macrocycle3 (Scheme 1). Conformational analysif 3 leads to BOMO., CHO.  otes Bovo,
a prediction wherein the resident stereocenters,al’q; and G ’ u\/'\/cozm
should mutually reinforce the desired stereochemical course of the 42 2T
reaction. This plan permits the convergent assembly of vinyl iodide
4 and aldehydeb, which can be prepared through established Scheme 2. Aldehyde Fragment Synthesisa
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The synthesis of aldehydebegan with the Ni(ll}-(R)-BINAP- \ S \/\)j\ X coga
catalyzed orthoester alkylatibiof thiazolidinethione, followed 8% MeO)HG 65% (MeO)zHC
by a subsequent Claisen condensation with ethyl hydrogen mal- 94% ee eh J 56%
onaté to give -ketoester7 (Scheme 2). Selective formation of R Me OTBS Me OTBSO 8
the ©)-enol phosphate permitted an Fe-catalyzed cross-coupling A S coMe _ K X )]\
with methylmagnesium chlorid®to furnish trisubstituted olefin 2z (ESH(SOMe) "1 90% GHOMe), 10 \_/
8. Reduction to the unsaturated aldehyde then allowed a selective p_ ., o, o ? dr=6:1 dr=9:1 P
aldol addition of acetate-derived chiral auxilig@y>12The derived Me OTBS o s
allylic alcohol was protected as thert-butyldimethylsilyl (TBS) kn /”\/\/K/\/COZMe MQJKN)LS 9
ether10. After revealing the terminal aldehyde, an)¢N-methyl- 70% BOMO  CH(OMe), -,
ephedrine-mediated zinc acetylide additfyprovided propargylic 5 HPr

alcohol 11 in good diastereoselectivity. Alcohol protection as the ~ #Conditions: (a) Ni-R-BINAP(OTf),, 2,6-lutidine, BsOEt, HC(OMe};
BOM ether was uniquely effected using NaHMDS and BOMCl at (P) HO:CCH.CO:EL, i-PrMgCl, 65 °C; (c) LIHMDS; CIPO(OEY; (d)
low temperature under Barbier conditiol{sSemi-hydrogenation Fe(acaq) MeMgCl, ~20 *C; (€) DIBAL-H, —78 °C; () MO (g)

8 . i . ! Sn(OTfy, N-ethylpiperdine9, —78°C; (h) TBSOTT, 2,6-lutidine; (i) KCOs,
dihydroxylation!® and oxidative cleavage furnished fragmént MeOH: (j) OsQ, NMO: NalOy; (k) Zn(OTf), (—)-N-Me-ephedrine, BN,

The synthesis of vinyl iodide4 employed an asymmetric  4-phenyl-1-butyne; (I) BOMCI, NaHMDS:-78 °C; (m) Lindlar catalyst,
reduction of ketond 2 using R)-B-Me-oxazaborolidene as catafifst ~ Hzi (n) K20sQy, NMO, citric acid, 50°C; Pb(OAc), KoCOs.
to afford alcoholl3 (Scheme 3). Alkyne isomerizatidhof 13 to
14 preceded carboaluminatitrand TES-silyl ether protection.

In the coupling event, chelate-controlled addition of the Grignard
reagent derived frord to aldehyde5 afforded allylic alcoholl5 4 85% /\QO 77% \/\Co 68%
(Scheme 4). A series of protecting group manipulations provided Me ! 13
seco-acid16, subsequent macrolactonization using the Shiina . (Z%;_;_Me_CBS catalyst, BEMesS, ~30°C: (b) KH
proceduré? desilylation, and_OX|dat|on afforded macrocyc_?»e HaN(CHo)sNHs, 0 °C: () MesAl, Cp-ZZrCiz; Iy, i °C: (d)’ TESCL
Treatment of3-ketolactoned with TBAF at —78 °C and warming imidazole.
to 5°C induced the selective transannular reaction cascade to afford
tricycle 2 as a single diastereomer. The reaction delivers two o )
quaternary methyl stereocenters ai &hd G in a 1,3-diaxial appears to be under kinetic as well as thermodynamic control, as
alignment from the correspondifig3-disubstituted enones, moieties ~ €Pimerization studies conducted @an(DBU, 110°C in toluene)
known to possess poor reactivity toward conjugate addition. result in a mixture of @epimers biased toward &si-salvinorin A

To complete the synthesis, we employed a deoxygenation 19.23 Deprotection of both the £and G acetals inl7 followed by
sequence involving enol triflate formatidhpalladium-catalyzed  oxidation and esterification gaveepisalvinorin B (L8). Epimer-
triflate reductior?! and subsequent conjugate reductido yield ization using KCQO; in oxygen-free methanol followed by acylation
17, epimeric at @. Protonation from thei-face byt-BuOH in situ produced salvinorin AX), spectroscopically identical to previous

Scheme 3. Vinyliodide Fragment Synthesis?
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Scheme 4. Fragment Coupling and Salvinorin A Synthesis?@
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aReaction conditions: (ap-BuLi, MgBrye(OEt), —78 °C, then5,
MgBreOEt, CH,Clp, —78 to 0°C; (b) TBSOTf, 2,6-lutidine; (c) PPTS,
MeOH; (d) LiOH, i-PrOH, HO; (e) MNBA, DMAP, [0.0015 M]; (f) TBAF;
(g) Dess-Martin periodinane; (h) TBAF;-78 to 5°C; (i) NaH, Comins
reagent; (j) Pd(OAg) dppf, EtSiH; (k) L-selectride,t-BuOH, —78 to
=55 °C; (I) LiBF4, MeCN/HO; (m) NaClQ; TMSCHN,; (n) KoCOs,
MeOH, quant. mass recovery; (0) Az, py., DMAP.

Scheme 5. Transannular Cyclization Analysis
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reports and having an identical optical rotation (synthtjo]25
—40.7 € = 0.12, CHC}); naturall, [a]2% —41 (€ = 1, CHCE)).1
As a prelude to the pivotal cyclization casca@e-) featured

reinforce the desired diastereoselectivity, a fact borne out by the
experiments. This analysis also suggests that enolization favors the
Z-enolate. While this analysis presumes a stepwise process, a
concerted mechanism involvirexoselective Diels-Alder cyclo-
additior?* via the derived dipole-minimized enolate ®tannot be
excluded.

In conclusion, we completed the first synthesis of salvinorin A
and demonstrated the utility of a transannular reaction cascade in
the construction of polycyclic architectures. Current efforts are di-
rected toward finding epimerization conditions that favor the natural
Cg stereochemistry, probing the mechanism of the cascade reaction,
and synthesizing analogueslothat bear modified G functionality.
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