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ABSTRACT

1 vellosimine

(+)-Vellosimine has been synthesized enantiospecifically in 27% overall yield from commercially available p-(+)-tryptophan methyl ester via
the asymmetric Pictet—Spengler reaction and a stereocontrolled intramolecular palladium-coupling reaction as key steps.

The sarpagine alkaloidH)-vellosiminel was first isolated
from the treeGeissospermurmellosii in 1958 by Rapoport
et al’2 Amorphous extracts of this bark, known pao

pereira, have long enjoyed a reputation as a febrifuige

Chinese medicine for the treatment of neuralgia, mig¥ain,
and hypertensiohl013

The structure of)-vellosiminel was elucidated on the
basis of NMR spectroscopy as well as a comparison with

Brazilian folk medicine and have also been reported to havethe data from other indole alkalofignd confirmed by

curare-like activity? During the following years, )-

analysis of its 2D NMR spectruAt. Common structural

vellosimine has also been isolated from various species offeatures of the sarpagine indole alkaloids include the asym-

Rauwolfiawhich are broadly distributed throughout Asia and
Africa.>~12 These plants are widely employed in traditional
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metric centers at C-3), C-5(R), C-15(R), and C-1®) as
well as the ethylidene double bond at C-19 and C-20 with
the E configuration. No enantiospecific total synthesis of
members of this class has appeared, to date. Saaiier
reported the partial synthesis (from ajmaline) of){
koumidine, which has a similar skeleton to that ef){
vellosimine; however, the double bond is present in the
Z-configuration and the chirality at C-16 Srather tharR.
Establishment of the C(19)—C(20) double bond by Sakai
by an elimination process vyielded th&-configuration
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required for koumidine in a 5:1 ratio. Magriiseported the
total synthesis of the enantiomer of }-koumidine (from Scheme 1
D-tryptophan); however, establishment of the double bond COLCH;

(Z:E = 1:5.7) was still not stereospecific. Several other W

groups have encountered a similar problem during the N NH; ~Ph
enantiospecific synthesis of the C(39}(20) related alkaloid ik
geissoschizine; the ratio & to Z was very good but not 5 6
reported as stereospecific!’ Recently, Martin reported the f/
total synthesis of geissoschizine with stereoselective estab-

lishment of the double bond by an elimination proctss. H o
Furthermore Rawal and Bosch reported the total synthesis ‘ |

of Strychnosalkaloids with stereocontrolled establishment N° 3 ]

of the double bond by a Heck coupling reacti8f? H H Ph

a See reference 23 for details.

illustrated briefly in Scheme 1. Benzylation of thNg-amino
moiety of b-tryptophan methyl esteés providedNs;-H, Np-
benzylp-tryptophan methyl ester, which was easily converted
(without isolation and purification) into theans diastere-
omer6 with 100% diastereoselectivity under the improved
CH,OH conditions of the PictetSpengler reaction (83% vyield for
the complete process on 400 g scale). Titams diester6
2 R;=OH, R,=H, R3=CH,OH,sarpagine was subjected to a Dieckmann cyclization on scales above
3 R=OH, R,=CHs, Ry=CH,OH, . the 100 g level to provide thg-ketoester which (without
Ne-methyl sarpagine 4 macralstonidine isolation) was hydrolyzed to furnish the J-N.-H, Ny-benzyl
tetracyclic ketone7 in >98% ee (80% yield for this
We report an efficient, enantiospecific total synthesis of process¥?
(+)-vellosimine 1 with the stereospecific establishment of  Incorporation of thée-ethylidene function into the sarpagine
the double bond by a key palladium (enolate-mediated) skeleton required th&-1-bromo-2-iodo-2-buten@ employed
carbon—carbon bond forming procédsThis approach  earlier by Bosch? Rawall®?*and Kuehné? The ketone?
should provide a route to other sarpagine indole alkaloids was subjected to the conditions of catalytic hydrogenation
including Ny-methylsarpagine3 (10-hydroxyN;-methyl- to provide theN,-H, Ny-H ketone8 in 80% yield which
vellosimine) required for the total synthesis of the bisindole underwent alkylation wittZ-1-bromo-2-iodo-2-buten@ to
alkaloid macralstoniding synthesized in biomimetic fashion  provide N,-Z-2'-iodo-2"-butenyl ketondl0 in 87% vyield.
by LeQuesne et &P Ketone 10 was then successfully converted intm,(-
The chirality at C-3 and C-5 was established by the unsaturated aldehyd#l in high yield, according to the
asymmetric Pictet—Spengler reaction and Dieckmann reac-procedure earlier reported from our laboratory in a different
tion in a two-pot process as reported previogslgnd systenm??
. Several attempts to convettl into (+)-1 by Michael
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Scheme 2 Scheme 3
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a(a) Pd/C, H, 5% HCl-ethanol, rt, 12 h, 80%. (I-1-Bromo-
2-iodo-2-butene®, THF, K,CG;, rt, 24 h, 87%. (c) PhSOCKEI/
LDA/THF, —78 °C, KOH(aq), 12 h, rt; LiClQ/dioxane, reflux,
24 h, 87%. (d) BgSnH, AIBN, benzene, 80C, syringe pump,
40%.

a(a) Pd(OAc), PPh, BusNBr, K,COs, DMF—H.0 (9:1), 70°C,
When the keton&0was subjected to the same conditions 5 h, 71% (13); 80% (14). (b) $£OCH,PPh, KOt-Bu, PhH, rt, 24
as 11, (Pd, base) 212426 the intramolecular palladium h HCI (2N, aqg),a, 6 h, 73%.
(enolate-mediated) coupling reaction took place stereospe-
cifically in 80% vyield. Ketonel4 was then converted into
vellosiminel via a Wittig reaction, followed by hydrolysis. This approach provides the first stereospecific solution to
The latter process was possible since it was known that thethe problem of the stereochemistry of the C(1€)20)
sarpagine stereochemistry at C(16) was favored thermo-E-ethylidene function in the sarpagine alkaloids. This route
dynamically from other work in our laboratof§d should also provide easy access to other sarpagine alkaloids
In summary, the first stereospecific total synthesis of the including that of Nymethyl sarpagine3 required for the
Na-H substituted indole alkaloid (+)-vellosimiriehas been  synthesis of the bisindole macralstonidie
accomplished from commercially availalo€+)-tryptophan
methyl esteb in seven reaction vessels in 27% overall yield
via the asymmetric Pictet—Spengler reaction and a stereo-
controlled intramolecular palladium (enolate-mediated) cou-
pling reaction. OL000095+
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