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ABSTRACT

1a, R=Me, R'=CHO, (+)-majvinine
1b, R=Me, R'=CH ,OH, (+)-10-methoxyaffinisine o
1e, R=H, R'=CH,OH, (+)-N, -methylsarpagine 2 macralstonidine

The enantiospecific stereospecific total synthesis of majvinine 1a, 10-methoxyaffinisine 1b, and N,-methylsarpagine 1c are reported; this
method has also resulted in the total synthesis of the Alstonia bisindole macralstonidine 2.

A number of bisindole alkaloids isolated fromstonid-? because they exhibit more potent biological activity than the
species have been shown to exhibit antimalarial acfivity monomeric units which comprise thetr?, which is remi-
against a drug resistant (K-1) strainRiismodia falciparum niscent of the potent antitumor activity of théncaalkaloids
including villalstonine, macrocarpamine, and macralstonine vincristine and vinblastine. The biomimetic coupling of
O-methyl ethef® Bisindoles are of special significance macroline with the obligatory monomeric alkaloid to provide
the Alstoniabisindoles villalstonin®” and macralstonirfeas
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macrospegatrin®, alstomacrophylliné,dispegatriné? and
macralstoniding'2 which have not been evaluated for
antimalarial activity due to the paucity of isolable material.
These alkaloids are formed from the unique attack of a
monomeric unit at C(9) of the sarpagiriea{-1c) ring system
(Figure 1). The latter ring-A oxygenated indoles are not that

1a, R=Me, R'=CHO, (+)-majvinine
1b, R=Me, R'=CH ,0H, (+)-10-methoxyaffinisine
1¢, R=H, R'=CH,0H, (+)-N,-methylsarpagine

2 macralstonidine

Figure 1.
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reaction would require-tryptophans, the required Schéllkopf
chiral auxiliary’® was available on large scale franvalinet’
via a trans transfer of chirality. The BOC-protected indble
was heated in refluxing cyclohexane or ¢@fter which a
mixture of NBS and AIBN(catalytic) were added. This

stable; consequently only trace quantities of the bisindoles provided allylic bromide5 which was directly alkylated

(see2, for example}'? are obtained from plants.

(100% de) with the anion of the Schéllkopf chiral auxiliary

We wish to report here an enantiospecific, stereospecific to provide the protected-tryptophan analogué in 93%

synthesis of (+)-majvinine (1a), (+)-10-methoxyaffinisine
(1b), and @)-N,-methylsarpaginelc) which has culminated
in the total synthesis of the bisindole macralstonidiRge'{
Since villalstonine-derived macrolifiand plant-derived.c
have been coupled by Le Quesne and Gafhickprovide

2, the synthetic strategy rests on the total synthesicof
with complete control of the stereocenters at C(3), C(5),
C(15), and C(16) as well as the C(19}(20) E ethylidene
function.

The synthesis began with the readily available 3-methyl-
5-methoxyindole prepared on a 600 g séleia the Japp
Kingemann/Fischer indole protocol developed by Abramo-
vitch and Shapiro (Scheme ¥P The indole N-H function
of 3was protected with a BOC group to facilitate the allylic
bromination of the 3-methyl functidhand to provide stable
material with which to condense the anion of the Schéllkopf
chiral auxiliary® Since the asymmetric PicteSpengler
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yield. The BOC group was removed in refluxing xylenes
after which the Nmethylation (CHI/NaH/DMF) was carried
out in this one-pot sequence. Hydrolysis under aqueous acidic
conditions provided the desired optically piNgmethyl-5-
methoxyp-tryptophan ethyl esteé8 in 95% yield. This same
ester8 was also available via a three-step procésdthough
the Pd-mediated Larock heteroannulation reaction occurred
in only 65% yield!316.17

A priori, the transformation oB into the desired trans
diester9 should follow the well-documented trans transfer
of chirality in the asymmetric PictetSpengler reactidfiin
a straightforward fashion; however, this was not the case.
The presence of the 5-methoxy group8rfacilitated the
Pictet-Spengler reaction (with benzaldehyde); moreover, this
5-methoxyindole system was not stable in TFAACH for
extended periods of time. Eventually, conditions were
developed to execute the two-pot conversiorBonto 10,
but they deserve mention here. If ami@avere converted
into the requiredNp,-benzyl imine with benzaldehyde/EtOH
at room temperatur®, significant amounts of the 1-phen-
yltetrahydro3-carbolines were formet. However, if the
imine were formed at OC, followed by reduction at-5
°C, only the required\,-benzyl analogue was observed.
Second, sinc8 was not stable in CKCIL/TFA for extended
periods, the Pictet—Spengler reaction was carried out with
the aldehyde (in place of the acé#alin HOAc/CH,Cl,
(Scheme 2). Once the cyclization was completed (by TLC)
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Scheme 2
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to provide a mixture of trans and cis diastereomers, a few
drops of TFA were addéé'®to facilitate epimerization (at
C-1) of the cis isomer into the desired trans diastereomer
(>98% de). The Dieckmann/hydrolysis protocols were
uneventful under basic conditions and can now be carried
out in one reaction vessel.

Recently, the enantiospecific, stereospecific total synthesis
of (+)-vellosiming® was completed by Wang and Cd8k
in which an intramolecular palladium (enolate mediatetf)
cross coupling reactiéfi?® was employed. This Pgbrocess
could presumably be employed for the synthesis of ring-A
oxygenated systems; however, concern arose since thes
electron rich indoles might interact with the palladium

alkylated with g)-1-bromo-2-iodobuterté2*to provide the
vinyl iodide 14. Indeed, the enolate mediated®Rutoss
coupling reaction took place (81% yield) in a stereospecific
fashion to provide the 10-methoxysarpagine system present
in 15. If water was withheld from the reaction medium, the
cyclization did not occur, nor did it take place with the vinyl
bromide (see ref 19).

With the key E-ethylidene intermediatd5 in hand,
conversion into the desired aldehyde presentiprfajvinine
could be accomplished by a Wittig/hydrolysis/epimerization
sequence. When ketod® was stirred with CHOCH,PPh-
CItBuOK, the enol ether was formed (Scheme 4). Since it

Scheme 4
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catalyst and interfere with the palladium-mediated cross
coupling process. For this reason the vinyl iodibig?—2*
was chosen to promote the oxidative addition reaction before
other processes could take place.

As illustrated in Scheme 3, they,-benzyl ketonell was

Scheme 3
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stirred with Pd/C under an atmosphere of hydrogen to furnish
the N,-H ketonel2 in 92% vyield, which was subsequently
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was known that the C(17) aldehyde in the sarpagine series
occupied the thermodynamically more stable positfahe
enol ether was simply stirred in aqueous HCI until oriy){
majvinine 1a was observed (TLC). This one-pot process
provided 1a in 90% vyield (in greater than 98% ee), the
spectral data of which are identical to those of the natural
product?” The structure ofla was also verified by single-
crystal X-ray analysis (data not showii)The aldehyde
function of majvinine was reduced with sodium borohydride
to provide the natural product 10-methoxyaffinisitte, the
spectral data and optical rotation of which are in complete
agreement with the natural prod@€tThe alkaloid (+)-
majvinine 1a was also employed for the total synthesis of
(+)-Na-methylsarpagind.c. As illustrated in Scheme 4a
was stirred with 6 equiv of dry BBrin CH,Cl, (degassed)

at —78°C for 1 h, after which the solution was allowed to
warm to room temperature and stirring continued for 2 h.
After workup, the crude mixture was admixed with silica
gel and employed in a wash column (silica gel) to provide
the labile aldehydd6. This aldehyde was reduced without
further purification with sodium borohydride to provitig-
methylsarpagine in 90% yield. The spectral data and optical
rotation of 1c are in excellent agreement with those of the
natural product?
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The enantiospecific total synthesis of (+)-macroline had to prepare {)-macroline (from p-tryptophan) or {)-
originally been carried out by Biand has been improved macroline (fromL-tryptophan)® in enantiospecific fashion
in the enantiomeric series (11.2% overall yield) by Bu. (11.2% overall yield) provides the impetus for this sugges-
(+)-Macroline can be coupled witN,-methylsarpaginéd.c tion. More importantly, the trans transfer of chirality with
under the biomimetic conditions of Garnfcto provide?2; the Schollkopf chiral auxiliary when coupled with the trans
consequently this constitutes the first total synthesis of a transfer which takes place in the asymmetric Pic&engler
bisindole alkaloid in theAlstonia series (Scheme 5). More reaction necessarily defines that natural ring-A alkoxylated
indoles can be prepared from chaapaline whilep-valine
is required for the antipodal series.

Outlined above is the first enantiospecific, stereospecific
synthesis of ring-A alkoxylated indole alkaloids in the
sarpagine series. The approach is unique since the natural
series (1alb, 1c) can be prepared from the chaapaline
and the stereochemistry of tlkeethylidene function can be
completely controlled by the enolate mediated® Rtbss
coupling process. The strategy to prepare the bisingdade
doubly convergent since the same key stereochemical
processes (asymmetric Pict&@pengler reaction and enolate
mediated Ptiprocess) have been employeét prepare both
monomeric units which can be coupled via the pioneering
work of Le Quesne and GarniékThe key optically active
Na-methyl-5-methoxyse-tryptophan can be prepared on a
large scale via the route described herein or in shorter fashion
via a Pd Larock heteroannulation sequeriédecause the
synthesis of the Schéllkopf chiral auxiliary is available in
both enantiomeric forms on multihundred gram sééléthe
natural or unnatural (enantiomeric series) alkaloids can be
readily prepared; moreover, the natural, enantiomeric, or
mismatched bisindoles are available at witk){Majvinine
la(from tryptophan ethyl esté8) was synthesized in gram
guantities (eight reaction vessels) in 28% overall yield and
serves as the key, stable intermediate for the preparation of
other natural products in this series.

Scheme 5
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importantly the recent synthesis of the enantiomer){(
macroline (fromL-tryptophan)® | provides the first op-
portunity to prepare the mismatched pairs)ifnacroline+
naturallc] in this series for biological screening. This stategy
may be important in the search for drugs to treat chloroquine
resistant strains (K-1) d?lasmodia falciparunmalaria. The
bisindole villalstonine was active against both the K-1
(chloroquine-resistant) and T9-96 (chloroquine-sensitive)
strains ofP. falciparunt® while the close structural analogue
macrocarpamine was active only against the K-1 sttain.
Small alterations in structure have made a large difference
in activity in these two bisindoles, and this effect may hold Acknowledgment. We wish to acknowledge the office
in the natural/unnatural pairs of dimers. Certainly, the ability of Naval Research, NIDA, and NIMH for support of this
work.
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