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The Absolute Stereochemistry of Salvinorins
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The absolute stereostructures of the hallucinogenic diterpenes salvinorin A
and B have been unambiguously determined by the use of the non-empirical
exciton chirality circular dichroism method on their 10,2a-diol dibenzoate derivative.

Recent investigations!-2) of the hallucinogenic Mexican mint Salvia divinorum3) have resulted in the
isolation of the pharmacologically active diterpene salvinorin (divinorin) A (1) and its desacetyl analog
salvinorin B (2). Extensive !H and 13C NMR studies on these trans-clerodanes!:2) and their derivatives,2) as
well as single-crystal X-ray analysis,1-2) have led to the formulation of the structures of these compounds.
The absolute stereochemistry of the salvinorins was postulated based on the observed negative n — n* Cotton
effect of the 1-ketone around 295 nm in their circular dichroism (CD) spectra.l2) While this assignment had
appeared to be corroborated by the negative n — n* Cotton effect of isofructicolone,4) the ambiguous nature
of the approach associated with this empirical CD method necessitated an independent, unequivocal
verification of the absolute stereochemistry. In the following, we delineate the unambiguous assignment of
the absolute stereochemistry of these physiologically important diterpenes through the use of the non-empirical
exciton chirality CD method.5)

1 R1=AC, R2 =R3=O
2 R1=H,R2=R3=O
3 Ry;=R,=H,Ry=OH

In an effort to obtain a salvinorin derivative possessing an a-diol system which can be transformed into
the dibenzoate ester required for the exciton chirality CD method, salvinorin A (1) or B (2) was treated with

sodium borohydride in various protic solvents. The products having the 1o,2a-diol group were obtained in
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high yield. However, this reduction was accompanied by extensive isomerization at C-8. While mechanistic
details for this unexpected observation remain to be established at this time, the isomerization at C-8 appears to
be the result of the base-promoted cleavage of the C-8/9 bond under the reaction conditions followed by the
reclosure to provide the 8-epimer prior to the reduction of the 1-ketone. Furthermore, attempts to obtain the
1,2-dibenzoate derivative of the major reduction product 3 under various benzoylating conditions invariably
produced only the 2-monobenzoate.

Since it was deemed desirable to remove possible interaction between the benzoate and the furan
chromophores for the unambiguous CD analysis, salvinorin A (1) was reduced under catalytic hydrogenation
conditions, providing the hexahydro derivative 4 (a 2:1 epimeric mixture at C-13) after esterification with
diazomethane and desacetylation with KCN/MeOH.6) Interestingly, ester 4 was found to be relatively stable
towards configurational isomerization at C-8. Thus, reduction of 4 with NaBH4 in EtOH produced cleanly
the cis-1a,2a-diol 5 in 81% yield. The benzoylation of the la-hydroxyl group in S, which is surrounded by
the two 1,3-diaxially juxtaposed methyl groups, proved to be quite difficult under the standard benzoylation
conditions. However, treatment of 5 with trimethyl orthobenzoate at 100 °C in the presence of a catalytic
amount of benzoic acid followed by acid-catalysed hydrolysis of the resulting 1,2-cyclic orthobenzoate
provided the 1-monobenzoate derivative of 5.7-8) Benzoylation of this monobenzoate under
standard conditions afforded the desired 1,2-dibenzoate 69 in 95% yield. Alternatively, treatment of diol §

with benzoyl trifluoromethanesulfonate (BzOTf)10) resulted in the direct formation of 6 in 50% yield.

Fig. 1. The negative chirality between the two benzoate electric transition
dipoles of the 1,2-dibenzoate derivative 6.
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Scheme 1. Reagents and conditions: i, Hy, 5% Pd/C/MeOH, 14 h; ii, CH2N2/MeOH, 0 °C, 2 h; iii, KCN (3.0
equiv.)/MeOH, reflux, 15 min [74% yield for 1 — 4]; iv, NaBHy4 (5.0 molar equiv.)/abs. EtOH, 0 °C —»
room temperature, 12 h (81%); v, PAC(OMe)s (excess), PhCOOH (catalytic), 100 °C, 1 h; vi,
THF/water/AcOH (15/5/1), conc. HCI (2 drops) (65% yield for v and vi); vii, BzCl (excess)/pyridine, room
temperature, 2 h (95%); viii, BzOTf (5.0 equiv.), pyridine (7.5 equiv.)/CH2Cly, -78 °C - room temperature,
1 h at room temperature (50%).

The CD spectrum of the 1,2-dibenzoate 6 in 9:1 MeOH/dioxane showed a pair of typical exciton-split
Cotton effects with opposite signs centred upon the UV absorption (227 nm) of the benzoate chromophore:
Ae2355-15.9 and Agpp) 5 +6.66. The negative longer wavelength Cotton effect clearly defines the negative
chirality between the two electric transition dipoles of the benzoate chromophores assignable to the long axis 1t

— n* transitions (Fig. 1), thus unequivocally assigning the absolute stereostructures of salvinorin A and B

as given in 1 and 2, respectively.
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