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+)-cis-trikentrin A and B in 10 and 12 steps, respectively, from

commercially available N-BOC-2-pyrrolidinone is described. The key step in each of the total syntheses is the construction of the central
benzene ring via a facile 6 sr-electrocyclic ring closure of an appropriately substituted 2,3-divinylpyrroline, in turn, readily available by a Stille

coupling reaction.

The trikentrin series of polyalkylated indoles (Figure 1) were activity against the gram positive bacteBacillus subtillus.
isolated by Capon and co-workers from the marine spongeUnlike most other indole alkaloids, the trikentrins lack
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Figure 1. The trikentrin indole natural products.

Trikentrion flabelliforme, collected from coastal waters off
Darwin, Australiat They were shown to exhibit antimicrobial
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substituents at either C(2) or C(3), suggesting a nontryp-
tophan based biosynthesis.

The unusual cyclopentannelated ring system of the triken-
trins, combined with their biological activity, has attracted
the interest of a number of synthetic groups, culminating in
several racemicand enantioselectivesyntheses. The syn-
thetic challenge posed by the complexly substituted indole
rings of the trikentrins is reflected in the variety of strategies
that have been undertaken for their construction and without
exception do not make use of more classical methods for
the preparation of indoles.
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We were intrigued by the possibility that we could develop
a concise, diastereoselective route to the trikentrin natural Scheme 2
products through an extension of methodology we recently
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developed for the synthesis of polysubstituted indélElsis
methodology made use of the Stille coupling reactions of

l
stannaned for the synthesis of trienecarbamatgswhich —
were shown to undergo facile thermal electrocyclic ring N‘Boo
closure (typically in refluxing toluene for 13 h) and
7

concomitant oxidation to anilin€s The anilines were then cistrikentrin B

readily converted into indoled4. The facility of these 6-
electrocyclic ring closures was ascribed to a push/pull type
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mechanism of the hydrogen bonded enecarbamate function- ) M | N
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resonance stabilized vinylogous imide product. However, the 9
ketone carbonyl group of triene carbam2is not absolutely 12 11 \Q/:’[T;
essential for smooth rearrangement since it was found for a
single example (coupling with 1-cyclohexenyltriflate) that
the cyclization still took place under relatively mild condi-
tions (120°C, 12 h). This result suggested that the electro- the natural product could be obtained by oxidation of
cyclic ring closures of divinylpyrroline$ to tetrahydroin- tetrahydroindoler followed by removal of the BOC protect-
doles6 might proceed more smoothly than the previously ing group. On the basis of the previous discussion, we
reported divinylpyrrolecounterpart§,thereby affording an  believed that this triene would be readily accessible by an
alternative strategy for the construction of indofesviore- electrocyclic ring closure of tetraeein turn, available via
over, the divinylpyrroliness could be easily prepared via Stille coupling of stannan® and enol triflate10. The
Stille coupling reactions analogous to those used to assembl&tannane could be derived from trienecarbamdte via a
trienecarbamate®. We report herein the validation of this  standard metalation/stannylation sequence, which could in
approach in the total synthesesai-trikentrin A and B. turn be obtained by olefination of aldehydé.

Aldehydel2 was readily prepared from-BOC-pyrroline
13 via Vilsmeier—Haack formylation (Scheme 3). Unfor-
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6 5 of aldehydel12 to arrive at the desired triengél were

unsuccessful and gave only intractable mixtures of products.
However, Horner—Wadsworth—Emmons olefination with

Our retrosynthetic analysis for the synthesis @$- trimethyl phosphonoacetate proceeded uneventfully to afford
trikentrin B is outlined in Scheme 2. Thus, it was hoped that

(6) Prepared in one step from commercially availatleBOC-2-
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esterl4 that was adequately functionalized for introduction

of the butenyl side chain at a later stage in the synthesis. To

that end, reduction of the ester functionality and protection
of the resulting hydroxyl group as the TIPS ether gave diene
15. The synthesis of one of the reactants for the projected
Stille coupling reaction, stannarié, was then completed
by directed metalation of the dierib followed by stan-
nylation with trimethyltin chloride.

With stannanel6 in hand, our attention turned to the
synthesis of triflatel0, which we felt could be prepared from
the less substituted enolate derivative cié-2,4-dimethyl
cyclopentanone. To that end, we examined the hydrosilyla-
tion of 3,5-dimethylcyclopentenonE?? under a variety of
conditions. We initially subjected cyclopentendbi&to tert-
butyldimethylsilane and platinum divinyltetramethyldisi-
loxane complex (Karstedt's catalyst) according to the
Johnson protocol (78C, neatj and obtained a disappointing
mixture of cis/trans isomers (2:1). However, the diastereo-
selectivity could be improved by using triethylsilane (6:1)
or dimethylethoxysilane at @C (10:1). The best results were
obtained using a modification of Mori’s conditidfAg§ HSiMe-
(OEt), [Rh(OH)(cod)}, —20 °C} and gave rise to dimeth-
ylethoxysilylenol etherl8 with greater than 20:1 cis/trans
selectivity by'H NMR spectroscopy (Scheme #)!2 This

Scheme 4
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enol ether was then directly converted into the desired enol
triflate 10 via a protocol recently reported by Corey and co-
workers??

We now directed our attention to the construction of the
central six-membered ring from the two five-membered ring
building blocks. Thus, Stille coupling of stannahé with
triflate 10 gave trienecarbamatkd in good yield (Scheme
5). We were pleased to discover that triek@underwent
an electrocyclic closure in refluxing xylenes to afford diene
20that, in the same pot, could be aromatized with concomi-
tant oxidative desilylation to indoline aldehy@4d simply
by lowering the reaction temperature t0°G and adding
DDQ (2.5 equiv). Moreover, compourd was a crystalline
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solid, and its structure and stereochemistry were confirmed
by X-ray crystallography.

To complete the total synthesis, indoliag&was oxidized
with MnO, to give indole22. Next, thetrans-butenyl side
chain was installed using the same protocol reported by
Natsuméthat was successful for ti-phenylsulfonylindole
analogous to carbamag®, namely, via dehydration of the
benzylic alcohol derived from Grignard addition to aldehyde
22. Finally, removal of the BOC protecting group with
TMSOTf* proceeded uneventfully to give-f-cis-trikentrin
B, whose spectra were very similar to the isolated natural
product and identical to previously synthesized matetidl.

The versatility of this particular approach to the trikentrins
was next examined in its straightforward application to the
total synthesis ofis-trikentrin A. Thus, our immediate goal
was the preparation of stannaR4é that now possesses the
eventual C(4) ethyl substituent of trikentrin A (Scheme 6).
To that end, addition of ethyllithium to aldehyd@ followed
by TPAP/NMO oxidation gave rise to ketorg8. Wittig
olefination followed by stannylation provided stannae
A subsequent Stille coupling of stanna®with triflate 10
gave rise to the labile trienecarbam&tethat decomposed
during several attempts to purify it via column chromatog-
raphy. Accordingly, the crude coupling product was heated
in toluene in order to effect an especially facile electrocyclic
ring closure (30 min, 80C) followed by in situ oxidation
with MnO; to deliver the desired indolin26. This electro-
cyclic closure is accelerated relative to the trieh®@
counterpart presumably because of the placement of the ethyl
substituent, that is, it is not on the terminal carbon of the
triene. Deprotection of the BOC protecting group with

11290.
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In conclusion, we have shown that 2,3-divinylpyrrolines

Scheme 6 undergo facile, electrocyclic ring closures in the context of
concise, diastereoselective synthesest)fdis-trikentrin A
EtLi,-78°C 1. PhPMeBr, and B (10 and 12 steps, respectively, from commercially
;2_)2 10 mars TPap, © ”6‘313/:‘ = availableN-BOC-2-pyrrolidinone). The convergency of this
7% 2 mBall . MesSn approach is noteworthy since the syntheses can be reduced
boc  (@sters) Mgﬁ/?c BOC to the preparat_ion of the appr_opriat_e five-membered ring
12 23 24 stannane and five-membered ring triflate coupling partners
ot and could be readily adapted to the total syntheses of related
\Q/ 10 indole natural products, for example, the herbind®kesr
(1.3 equiv), dilemmaoneg®®
LiCl, CuCl,
10 mol% Pd{PPhg),,
DMSO, rt, 30 min Acknowledgment. We appreciate the financial support
oluene, provided by the National Institutes of Health (Grant
u
" Eson 80°C GM28663).
68% 30 min;
N S ot BOC 22, e r Supportipg Informatio.n Available: Spectr.oscopic data
05, MeOH 86% and experimental details for the preparation of all new
cis-trikentrin A 75% (2 steps)

compounds. This material is available free of charge via the
Internet at http://pubs.acs.org.
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