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TheAspidosperm&amily comprises the largest group of indole
alkaloids, with more than 250 compounid§hese alkaloids
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possess a complex pentacyclic skeleton that is conformationally Was expected to give exclusively the endo cycload8ict which

rigid due to the cis relationship of the three contiguous stereo- the enol ether is poised for regioselective introduction of the
centers at C(7), C(21), and C(20) in the cyclohexenyl ring. The required |ndolel unit2 Whgt would be needed was the develop-
structural challenge posed by these alkaloids in conjunction with ment of effective chemistry for the conversion 8fto the
the potent pharmacological properties exhibited by several Aspidospermaentacycle. ) _
members has stimulated considerable effort directed toward their __TheN-allyl-N-carbomethoxy diené was chosen for the pivotal
synthesis. We describe here a conceptually new strategy to the Diels—Alder reaction (Scheme 1). The carbomethoxy group was
Aspidospermdamily of alkaloidst®illustrated through a concise, ~ Selected to temper the reactivity of the amino group, and the allyl
highly stereocontrolled synthesis of tabersonine. group was chosen to provide a means to construct the piperidine
Isolated in 1954 fronAmsonia tabernaemontantabersonine ring. The condensation of commercially available acetylacetal-

(1)? plays a central role in the biosynthesis A$pidosperma
alkaloids, serving as the biogenétic(as well as syntheti¢)
predecessor of other members of Aspidosperm&amily—most
notably of vindoline, a key component of the clinically important
antitumor agents vinblastine and vincristfe.
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Our strategy to théspidospermapentacycle is based on the

recognition that control of the cis relationship between the amino

group and C(15) on ring C is tantamount to solving all the
stereochemical problems for these alkaloids. A particularly

attractive solution for this stereocontrol was possible through a

Diels—Alder reaction using our recently developed amino siloxy
dienes® Thus, the cycloaddition between ethacrolein and dizne
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dehyde dimethylacetadl] with methylN-(2-propenyl)carbamate

in the presence of a catalytic amountpfoluenesulfonic acid

in refluxing chloroform afforded vinylogous imidein 90% yield.

The treatment of a slight excess of the imide with KHMDS
followed by quenching of the resulting enolate with TBSCI gave
the desired dienesf in quantitative yield, even on a multigram
scale® The cycloaddition reaction between dighand ethacrolein
proceeded with complete regiocontrol and excellent endo selectiv-
ity to yield adduct7 in 97% vyield.

Having achieved the cis relative stereochemistry required for
Aspidospermaalkaloids, we then proceeded to construct the
hexahydroquinoline ring system of these alkaloids using a ring-
closing metathesis reactidrnThe aldehyde was first converted
into the desired vinylated compourdvia a Wittig olefination
(PhPCH;Br, n-BuLi, THF, 0 °C; 85% yield). The critical ring-
closing metathesis reaction was examined using both Grubbs’s
ruthenium® catalyst and Schrock’s molybdentimcatalyst.

Whereas both catalysts promoted the desired metathesis, the latter

gave a cleaner, higher-yielding conversion to the pro@uathich

was isolated in 88% yielé’2It is worth noting that, despite its
presence adjacent to the enol silyl ether, the amino group has
remained intact.
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in 75% isolated yield.
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The regiocontrolled installation of the indole unit on bicyBle

proved challenging. Most of the available methods for indole
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Scheme 2

MeO,C_

synthesis involve the reaction of a ketone with a suitable aryl Scheme 3

partner and, consequently, do not always provide predictable
control of the regiochemistry. Having unsuccessfully examined

a few of these procedurés;'” we decided to develop an indole

synthesis that took advantage of the regiospecifically formed enol

silyl ether present i. Building on the precedent provided by
Chen and Koset® we preparedo-nitrophenylphenyliodonium
fluoride (NPIF)1® with the expectation that the more electron

deficient nitrophenyl group would react with the enol silyl ether.

In the event, treatment of a solution of enol etBawrith NPIF
cleanly generated the desirecarylated ketond5in 94% yield,
as the single diastereomer shown (Scheme 2). Redéttibthe
nitro group using TiG gave the desired, regiospecifically
generated indold6 in 89% vyield.

What was required for the end game leading to Aupi-

dospermaskeleton was introduction of the two carbons for the
pyrrolidine ring that is in a spiro arrangement to the indole.

Although this construction is precedented in #hgpidosperma
alkaloids ared! the yields for this transformation have been
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The final cyclization required the conversion of the hydroxy
group in18into a leaving group, followed by a base-mediated
intramolecular nucleophilic displacement by the indole arion.
Interestingly, activation of the alcohol @B using mesyl chloride
gave not the expected mesylate but the corresponding chloride
(19), presumably arising via the aziridinium i8hOn reaction
with t-BuOK in THF, chloride19 was efficiently converted to

variable. The methyl carbamate group was first removed by the gigehydroaspidospermidirg2s a common late-stage intermedi-

reaction of 16 with trimethylsilyl iodide in refluxing CHClI,,

followed by a methanol quench to hydrolyze the labile silyl

carbamaté?23 Alkylation of the resulting secondary amine with

ate to severahspidospermalkaloids! Deprotonation 020 with
LDA in THF followed by acylation with Mander’s reagéhtgave
cleanly the C-acylated product, tabersonirig, (n 70—80%

a 10-fold excess of bromoethanol in the presence of sodium jg|q 2829

carbonate in refluxing ethanol for 18 h afforded the desired tertiary

amine 18 in quantitative yield (Scheme 3j.

In summary, we have described here a novel, highly stereo-
controlled route toAspidospermaalkaloids. The strategy was
illustrated through the total synthesis af)ttabersonine, which

(13) The structure 0® was established by a combination of the DQF COSY : - ’ -
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1-amino-3-siloxy-1,3-butadienes, which have been developed in
our laboratory, (b) the use of an olefin metathesis reaction to
construct thecis-hexahydroquinoline ring system, having the
double bond correctly positioned for these alkaloids, and (c) a
novel indole synthesis based on the regiospedfitio-nitro-
phenylation of an enol silyl ether.
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