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Abstract: The first example of a carbon-carbon bond formation at C-9 in the abietane framework via a highly
practical y-alkylation of the enone 6 is reported. Attempted intra-molecular aldol reaction of the derived enone
aldehyde 13 gave exclusively the undesired product 14. However, the 12-methyl enone aldehyde 17 gave a trace of
the desired aldol 19, bond formation at C-7 still being the major pathway. Copyright © 1996 Elsevier Science Ltd

Scopadulcic acids A (1) and B (2) were isolated from the Paraguan plant Scoparia dulcis L by Hayashi
and co-workers in 1987.! The challenging structural complexity inherent in this family of tetracyclic diterpenes
coupled with their interesting biological effects? makes them worthy synthetic targets. Overman32 and Ziegler3b
have completed total syntheses of these compounds in their racemic form and Meyers3¢ has reported a non-
racemic approach to an A-ring aromatized model compound. The Overman group has also completed an
enantioselective synthesis of scopadulcic acid A recently.3d In this and in the following paper, we describe an
efficient protocol for a chiral, non-racemic synthesis of the tetracyclic framework typical of scopadulcic acids.

During a program directed towards discovering non-nucleoside anti-viral agents, we became interested in
scopadulcic acid-B (SA-B) due to its reported inhibitory effects at the early stages of herpes virus replication. We
set ourselves the goal of developing a medicinal chemistry approach to the tetracyclic framework of the natural
product that would allow us to study structure-activity relationships (SAR) enroute to the final target.# Struck by
the structural similarity between SA-B and abietic acid 3, especially at carbons 4, 5 and 10, we envisioned the
synthesis of SA-B as a problem in constructing a two carbon bridge from C-9 to C-12 in the abietane scaffold. An
account of successful carbon-carbon bond formation at the sterically conjested C-9 and our attempts to induce ring

closure at C-12 follows.
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The conversion of abietic acid to the tricyclic enones 6 and 7 has been reported previously.3 Although the
synthesis of the tricyclic diene 4 can be carried out on multi-gram scale, its ozonolysis is not as slow as originally
claimed. We found that the inclusion of methanol as a co-solvent is essential during the ozonolysis of the skipped
diene 4; under these conditions, the unstable ozonide is trapped as a stable methoxy hydroperoxide intermediate
(5) which upon reductive work-up with Me»S furnishes the skipped enone 6 in excellent yield. Treatment with

8459



8460

acid or base leads to the conjugated enone 7 which was converted to the 7o-hydroxy enone 8 by the method of
Kirk.6

Scheme 1: Large Scale Synthesis of Abietenones 6 and 7
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In early attempts, we anchored a number of electrophilic two-carbon pieces to the 7o-hydroxy group in 8,
but were unable to effect bond formation at the neopentyl C-9 center.” We then turned our attention to
intermolecular alkylation of the skipped enone 6. y-Alkylation of simple dienyl silyl ethers by carbocation species
has been described by Fleming.® We decided to explore the y-alkylation of homonuclear dienes 9, readily

accessible from 6, by various acetaldehyde carbocation synthons.

Scheme 2: Selective y-Alkylation of Skipped Enone 6
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Ethylene oxide, bromoacetaldehyde dimethyl acetal, dimethylallyl bromide etc.were found to lack the
reactivity needed to alkylate the neopentyl carbon in diene 9; we then chose diphenyl vinyl carbinol 10 as the
source of a stable carbocation.? Initially, the dienyl silyl ether 9a was used as the nucleophilic component, but it
was rapidly cleaved back to the conjugated enone 7 under the reaction conditions, giving only traces of alkylation
products. The more stable triphenylsilyl ether 9b gave modest amounts of C-9 alkylation, with a preponderence
of C-14 alkylation (oty = 3:1). To ensure the stability of the diene component under the reaction conditions and to
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simultaneously minimize o-alkylation, we turned to the slightly electron poor dienyls esters 9c-e and were
increasingly rewarded with success. While the dienyl acetate 9¢ showed slight improvement over the silyl ether
9b, the dieny! pivalate 9d gave ~1:1 o- and y-—alkylations in a combined 90% yield. Best of all, the dienyl
triphenylacetate 9e provided 60-65% yields of the y-alkylation product 11 along with 25-30% of the o-alkylation
product 12. Other diaryl vinyl carbinols did not offer any significant advantage over 10. Having screened a wide
variety of Lewis acids to generate the diphenyl allyl cation, we found ZnBr> to be optimal with CHCl,-CH3NO,

(3:1) as the solvent system of choice.

Scheme 3: Intramolecular Aldol Reactions

6]
O3/ CH,CI, /-78°C When R=H
B
l 80% Acid or Base
:H : H
MeO,C MeO,C
11.R=H LDA / Met / -78°C 13. R=H; 17. R = CH,
’> 80%
16. R=CHs
o~ When R = CH3| DBU
asss H
S H
MeOQC

: H
H
X418
19 (5%) 18 (75%)

With multiple-gram quantities of the y-alkylated enone 11 available, the stage was set to explore the key
bond construction to C-12. Ozonolysis of the side chain in enone 11 readily formed the enone aldehyde 13
which we hoped to cyclize to the desmethy] scopadulcic acid skeleton by an aldol reaction. While the compound
13 was decomposed by kinetic bases such as LHMDS and LDA, in the presence of bases such as NaOMe,
KOtBu and DBU, it showed a great propensity to form the extended enolate into ring-B resulting in the exclusive
Jformation of the undesired aldol product 14 in >85% yields.!0  The same product was obtained with p-TSA.
Attempted equilibration to the desired 15 was unrewarding.

Treatment of the enone 11 with LDA / THF at -78°C and excess CH3l gave the C-12 methylated
compound 16 (5:2 mixture) which was subjected to ozonolysis and Me,S work-up to obtain the C-12 methylated
enone aldehyde 17 in 65% yield for the two steps. Interestingly. the reaction of 17 with DBU again furnished the
C-7 aldol products 18 (1:1 at C-12, separable) by the major pathway along with a trace of the desired aldo]

product 19 (~7:1 at C-15) resulting from enolization at C-12.
The formation of 19 but not 15 was a subtle clue as to the importance of the C-12 subtituent in
intramolecular bond formation in abietane skeleta and along with other changes in synthetic design enabled us to

achieve our goal as described in the following paper.
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