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ABSTRACT

EtO,C

Rapid access to the ABCE ring system of the Cy diterpene alkaloids was achieved by silver(l)-promoted intramolecular Friedel—Crafts arylation
of a functional group-specific 5-bromo-3-azabicyclo[3.3.1]nonane derivative.

Diterpene alkaloids are distributed widely throughout the extraordinary series of biogenetically modeled total syntheses
plant world and have been isolated from a variety of genera of the more complex ¢ derivatives as well as a number of
(Aconitum, Delphinium, Consolida, Thalictrum, andSpi- related Go analogues.Equally creative endeavors leading
raea)? Although these alkaloids display a range of biologi- to the simpler G, alkaloids have been described by Masam-
cal activity? it is their structurally congested skeletons that une® Fukumoto? and Nagata® The highly bridged structure
have attracted and continue to command considerable interesbf the kobusin& (1)—hetisiné? (2) family*® of alkaloids
from natural produé® and synthetitchemists. Over a period  (Figure 1) also poses an alluring target for synthetic chemists,
of two to three decades, the Wiesner group reported anprompting the development of ingenious strategies and new
methodology**~'6 These recent reports prompted us to
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To address the problem of the intramolecular arylation that
had eluded Shimizu et al.,, we elected to begin with the
bromo-3-azabicyclo[3.3.1]Jnonanorte (the N-methyl ana-
logue of an intermediate that had been prepared previously
by Kraus and SHf) with the knowledge that intermolecular
bridgehead arylation had been achieved with 1-bromoada-
mantane using palladium (Pd/C) at high temperature (de

Kobusine (1) Hetisine (2) Meijere’®) and with 1-bromobicyclo[2.2.2]octane using sil-
_ _ N ver(l) salts at room temperature (Kraf)s Thus, we arrived
Figure 1. Kobusine and Hetisine. at the synthetic plan outlined in Scheme 2 and now describe

its successful execution as far as the tetracgcle

disclose our own endeavors in the field, which have been

undertaken with due regard to the logistical challenges that_

were likely to develop in pursuing a target possessing such Scheme 2
a complex skeleton. MeN—— MeN——
We were attracted to the bridgehead arylation-based B 3B
approach attempted by Shimizu et dl.who prepared ° o . ° _ O OMe
3-methyl-9-(4-methoxyphenylethyl)-3-azabicyclo[3.3.1]nonan- EtO,C EtO,C OH OR!

9-ol 3 but were unable to convert it into the target
phenanthrene derivativd (Scheme 1). (Equivalent, but

Scheme 1

MeN\ -
(:\LO -
[ OMe The arylacetylen&?® was synthesized in three steps from

ortho-vanillin in good overall yield, using Corey—Fuchs
methodology?® Masking by the robust isopropyl ether
function as developed by Banw&lvas chosen so as to allow
for selective dealkylation at the appropriate juncture without
4 OH 3 the risk of premature deprotection. Deprotonation of aryl-
acetylener with methylmagnesium bromide and subsequent
reaction with bicycles dissolved in toluene afforded a 3:2
simpler arene carbinols have been cyclized to give hydro- mixture of diastereomer8 and9 in 94% yield. With THF
phenanthrenes, presumably via alkene formation or a 1,2-as a solvent, however, mainly the desired ep#@i(64%
hydride shift to give the isomeric catidh.In this case,  yield) was obtained, accompanied this time by the byproduct
however, the formation of the necessary bridgehead alkene10 from rearrangement o® (Scheme 3). This kind of
or cation violates Bredt's rulé) rearrangement had also been observed by Kraus and put to
The rapid assembly of 3-azabicyclo[3.3.1]Jnonan-7-ones by good effect in the synthesis epi-modhephen#

means of a double Mannich reaction on cyclohexanone-based Reqyction of the alkyne bond with retention of the bridge-
starting materiaf8 nevertheless provides a particularly direct nead bromo substitutent was always going to be a concern,
and efficient method for establishing a platform for further p \+ reaction oB with diimide, generated in situ from 1,3,5-
elaboration. A further major element in our planned approach triisopropylbenzene-sulfonylhydrazid® afforded thecis-
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froctively by Wi o1 |t d bine th | (22) Kraus, G. A.; Shi, 3J. Org. Chem1990,55, 54235424,
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Figure 2. First attempt at bridgehead arylation.

alkenell in 74% yield as the sole product (Figure 2). It
was hoped that theis stereochemistry of the alkene bond
in 11 would reduce the degrees of freedom relative to the
saturated analogue and maximize the chances of the planned
cyclization. Treatment o1 with silver trifluoroacetate at
various temperatures or with palladium (Pd/C), however,
resulted in rearrangeméfito ketonel2 (Figure 2). s

Although, acylation of the hydroxyl group could be
expected to retard the rearrangement, this simple step proved
to be surprisingly difficult.

Nevertheless, wheB was treated with acetic anhydride
and trimethylsilyl triflate, the desired acylation was achieved.
While replacement of the isopropyloxy function by acetate
also occurred (Scheme 4), it was considered to be of no
significance. Nevertheless, partial hydrogenation (this time
over Pd/BaS¢g) and treatment of the produt8 with silver
trifluoroacetate still led to rearrangement, affording the
ketone corresponding tb0. AcO

Further modification of the functionality in these inter-
mediates by routine procedures to afford substratesl?7
(Figure 3) and subsequent treatment with silver trifluoroac-
etate still failed to result in cyclization, affording only
rearranged products.

However, when both the ester and isopropyl functionalities
were modified, i.e., as in diacetaté8, intramolecular
arylation induced by treatment with silver trifluoroacetate
was at last observed, producid®, albeit it in only 18%
yield, the remainder consisting of the rearranged pro@Qct

aReagents: (a) TMSOT/A©/CH:CN; (b) Pd/BaSQH,.

Figure 3. Substrates (14—17) probed for bridgehead arylation.

(Scheme 5). Then, after extensive experimentation with
different solvents and silver salts [e.g., AQOCQCAgBF,,
AgB(CgFs)4 %Y, we found that the yield of cyclization could
be increased to 53% using silver 2,4,6-trinitrobenzene-
sulfonaté? in nitromethane.
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s and investigating the surprising sensitivity of the cyclization

Scheme 5 to what would appear to be peripheral fact&r#vhile the
kobusine family of alkaloidsX 100 in numbe¥®) remain our
main objective, we note thd and its analogues may also
have the potential to serve as intermediates for the synthesis
of denudatine* and dictysine-typ® alkaloids.
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