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General Approach for the Synthesis of Indole
Alkaloids via the Asymmetric Pictet—Spengler
Reaction: First Enantiospecific Total Synthesis of
(—)-Corynantheidine as Well as the Enantiospecific
Total Synthesis of {)-Corynantheidol,
(—)-Geissoschizol, and)-Geissoschizine

(-)-corynantheidine  (-)-corynantheidol (-)-geissoschizol  (+)-geissoschizine

Figure 1. Structure of ¢)-corynantheidine, -{)-corynantheidol, €)-
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Department of Chemistry, Usrsity of Wisconsin-Milwaukee The synthesis of the common intermediate is outlined in
Milwaukee, Wisconsin 53211  Scheme 1. The benzyl estermtryptophan §) was prepared on

: 300 g scale in 96% vyield according to a modified literature
Receied May 15, 2000 proceduré? Monoalkylation of the lf-amino moiety with allylic

Corynanthe_idinel was first isol_ated in 1944 by Janot et al.  gcheme 1. Preparation of the Common Intermedidt2
from the African plant Pseudocinchona africara and the 5
structure was determined by the same grbAmumber of partial , .COBn =
and total syntheses afhave been reported, all of which resulted @jﬁq:j’zw sz %—t}
in racemate8.The related corynantheid@ was obtained from i Setenzonciener h ase.
Mitragyna pawifolia (Roxb.) Korth. (Rubiaceaé}. Although 300 g scale
several total syntheses ®have been realizedpnly one approach
was enantioselective (up to 86% ee); Meyers and co-workers OB
completed this route in 1991 in excellent overall yield (16.4%). m O s O
GeissoschizoB has been isolated frofdunteria zeylanicavar. |Jﬁ TPACHCL, 070, o 95% -
africana’ and many elegant syntheses have been reptifeat, , I
least one of which was enantioselect#eGeissoschizine4,
historically one of the most important intermediates in the
biosynthesis of monoterpene indole alkalditi$)as been obtained
from a number of plants. Because of the biosynthetic importance _mCPBA_
of 4, its structural complexity, and the scarce availability from
natural sources, there have been many important total syntheses
of this natural product!® Among these, those of Winterfeldt,
Overman, and Martin were enantioselecti¥e’

In this contribution, the first enantiospecific total synthesis of
(—)-corynantheidine 1) as well as an efficient enantiospecific - . ) - )
total Synthesis of{-)-corynantheidol 2), (—)-geissoschizol:{), a_.ChIIEVEd in excellent y|6|d, _employlrfgand6 at hlgh concentra-
and (F)-geissoschizine4) from a common intermediate are N in the presence of a slight excess of the benzyl &stghe
described (Figure 1). The stereochemical integrity of these natural stereolzpemﬂc, enantiospecific construction of the chiral center
products was guaranteed via tihans transfer of asymmetry via  at C-1#in 9 was achieved by employing a modification of the

a new extension of the asymmetfi®ictet-Spengler reaction. ~ asymmetric PictetSpengler reactiof. When a solution of
aldehyde'” and 1 equiv of benzyl est&was stirred in methylene
(1) Janot, M.-M.; Goutarel, RC. R. Acad. Sci1944 218 852. chloride in the presence of TFA, this provided the tetrahygio-
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1974 756. (e) Van Tamelen, E. E.; Dorschel,Bloorg. Chem1976 5, 203. (40%) yield was reported with #@rans- to cis- ratio of ap-
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bromide 6, a building block prepared earlier by Ensl&yand
employed by Bosch® Rawalé*'® as well as Kuehn& was
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The synthesis of key intermediafi? required six steps from
D-(+)-tryptophan with an overall yield of 58%.

With the a,f-unsaturated estdr2 in hand, attention turned to
the construction of the alkis-D-ring. Intramolecular Heck
coupling of intermediatd 2, analogous to the coupling process
in other systen?8 provideda,3-y,d-unsaturated estéi3 in near

guantitative yield. After a number of unsuccessful attempts, this

esterl3 was successfully reduced with NaBlh the presence
of a catalytic amount of NiGI6H,0*® to providel4in 62% vyield,
with the partially reduceqs,y-unsaturated ester as the minor
byproduct. The altis-relationship among the hydrogen atoms at

C-3, C-15, and C-20 was confirmed by nOe studies. In addition,

removal of the carboxybenzyl group via catalytic debenzylation,
followed by Bartorn-Crich decarboxylatiof provided previously

Communications to the Editor

and Takayan®, it was felt a nickel-mediated process related to
the work of Takayanfamight provide a solution. Indeed, when
vinyl iodide 12 was treated with 1.5 equiv of Ni[COBand 3.0
equiv of triethylamine in acetonitrile and this was followed by
the addition of 2 equiv of BSiH,>1%2%an 82% yield of the desired
Corynantheskeletonl7 was isolated. The importants-relation-
ship between the hydrogen atoms at C-3 and C-15 was confirmed
by nOe studies, while the E-configuration of the double bond in
17 was felt to be maintain€d**-16 and later demonstrated (see
below). Removal of the benzyl group mediated by3at in the
presence of Pdgt afforded the corresponding carboxylic acid
which was converted into the known optically active edt@in
71% yield by a Barton-Crich decarboxylati#tThis intermediate
18was converted into the two natural productg-{geissoschizol

known estedl5 whose spectroscopic properties were in agreement 3 and (+)-geissoschizind (see Scheme 3). Treatmentid with

in all respects to those reported earfigtReduction of estet5
with LiAIH 4 at 0°C afforded (-)-corynantheido? ([o]p —102;

lit. —99°,° —93° 6) in 95% yield, the spectroscopic properties of
which were identical in all respects to those reported in the
literature® The synthesis of required 11 steps in 20% overall
yield. Treatment of estet5 with 3 equiv of LDA at—78 °C for

1 h followed by addition of excess methyl formate-af8 °C
after which the mixture was allowed to warm té© over a period

of 5 h furnished a 47% vyield of the desired edd This ester
was isolated as a mixture of the enol and the formyl tautomers,

moreover the recovered starting material (48%) could be recycled
if desired. The 91% vyield depicted in Scheme 2 for this process

Scheme 2. Synthesis of Corynantheidol and Corynantheidine
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is based on recovered startii®. Enol esterl6 was directly
methylated using 1 equiv of sodium methoxide and 1 equiv of
dimethyl sulfate to provide—)-corynantheidinel. The optical
rotation (f]p —166°, lit. —171°,2 —155° 39 and spectroscopic
properties of synthetic<)-1 agree in all respects to those of
natural )-corynantheidiné.The route employed 12 steps with
a overall yield of 18%. To the best of our knowledge, this is the
first enantiospecific total synthesis of)-1.

To construct the molecular framework of geissoschizol/
geissoschizine froni2, a stereoselective Michael reaction was

Scheme 3. Synthesis of Geissoschizine
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LiAIH 4 at 0°C for 30 min afforded {)-3 whose optical rotation
([a]p: —68°; lit.: —70°,112 —54°83) and spectroscopic properties
were in full agreement with the reported val3e® This synthesis
was completed in 10 steps with an overall yield of 29%.
Formylation of 18 under similar conditions to those employed
for 15 gave (+)-geissoschizinel in 48% yield (93% based on
recovered starting matertd). The spectroscopic properties and
optical rotation(ft]p +113; lit. +114°,11a 4114 82 4113, 102
+109 %) of synthetic @)-4 agree in all respects with those
reported for the natural produtt!! This synthesis required 10
steps fromp-tryptophan and was completed in an overall yield
of 29%. To the best of our knowledge, this is most efficient total
synthesis of {)-geissoschizine reported, to date.

In summary, the first enantiospecific total synthesis 6j-(
corynantheidinel was achieved (18% overall yield) as well as
the enantiospecific synthesis of \-corynantheidol, {)-geissos-
chizol, and f-)-geissoschizine. A facile entry into key intermediate
12 (the branching point of corynantheidine and geissoschizine)
from p-tryptophan was developed in six steps with an overall
yield of 58%. This approach extends the scope of the asymmetric
Pictet-Spengler reaction while providing a simple route to the
enantiomer (from.-tryptophan) of these alkaloids for biological
screening. The transition metal mediated formatiorl@fwill
provide an efficient solution to the stereospecific formation of
E-ethylidene moieties for a number of indole alkaloids in this

1) E\gSlH/F’dC\g/CGH5CH3
reflux,

2) decarboxylahon'm’ 1

_N
LwA\H[I‘HF

N \
o C, 30min \

CO,CH3 OH

proposed. Unfortunately, this seemingly simple transformation series.

turned out to be difficult. Because the construction of the D-ring
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