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Synthesis of indole alkaloid related compounds using Schiff base formation, intramolecular cyclization
(or N-alkylation), and Pictet-Spengler reaction as a cascade one pot condensation has been reported.
The cascade chemistry has been applied to the synthesis of (+)-harmicine as a key step.

© 2012 Elsevier Ltd. All rights reserved.

Cascade reactions are important in synthetic organic chemistry
due to their well recognized advantages: atom-economy, economy
of time, labor, resource management, and low waste generation. In
addition, the most important benefit is construction of complex
moieties starting with simple materials. The undeniable benefits
of cascade reactions are so prominent that organic chemists are
inclined to apply the cascade-type chemistry for the synthesis of
natural products and related compounds.’

Utilizing the cascade reaction methodology, we wish to report
herein the synthesis of different nitrogen-containing heterocyclic
moieties, for example, indolizino[8,7-b]indole and indolo[2,3-
alquinolizine. Because of the widespread occurrence in nature
and diverse medicinal properties, these moieties are important to
organic and medicinal chemists and biologists.> The above-men-
tioned moieties are found as a core structure in many indole alka-
loids as for example harmicine,® deplancheine, and arborescidine
A’ (Fig 1). So development of a simple and efficient strategy for the
construction of these motifs is of interest. Recently Saha et al. from
our laboratory reported® the synthesis of indole alkaloid (+)-harm-
icine using cyclopropylimine rearrangement. In this communica-
tion, we describe a cascade reaction strategy to improve the
method for the synthesis of different types of indole alkaloid-re-
lated moieties along with (+)-harmicine.
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The cascade-type chemistry in this work involves three consec-
utive steps depicted in Scheme 1. Condensation of indole amine 4
with halo aldehyde 5 affords the intermediate imine A, which
generates iminium ion B by intramolecular cyclization (or N-alkyl-
ation) reaction in the second step, and finally Pictet-Spengler (P-S)
reaction of the iminium ion produces the desired product 6.

We first evaluated our methodology using tryptamine 4a and
halo aldehyde 5a (Fig. 2) as starting materials. We found that, after
mixing 4a and 5a in acetonitrile at room temperature, intermedi-
ate A (R=R>=H, R'=R?=CHs, n=2) was formed, as well as interme-
diate B (R=R®*=H, R'=R?>=CHj3, n = 2). The expected compound 6a
(Table 1, entry 1) was not detected after stirring the reaction mix-
ture for 12 h at the same temperature, whereas we ascertained for-
mation of iminium ion B, which was characterized by mass
spectroscopy and 'H NMR data (see Supplementary data). So it
was understandable that condensation and intramolecular
N-alkylation reactions were completed at room temperature but
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Figure 1. Indole alkaloids.
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Scheme 1. Steps of cascade reaction.
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Figure 2. Indole amines and halo aldehydes used.

Pictet-Spengler reaction did not occur at that temperature. We
have optimized the reaction conditions’ using various solvents
and changing the temperature. We found that if we mix amine
4a and halo aldehyde 5a in acetonitrile in the presence of trifluoro-
acetic acid and heat at 90 °C for 12 h, we obtain good yields of the
desired product 6a (Scheme 2, Table 1, entry 1). Following the
same experimental protocol, we have synthesized the structural
analogues 6b-6g (Scheme 2, Table 1, entries 2-7) using the
commercially available indole amines 4a-4c and halo aldehydes
5a-5d (Fig. 2). All the results of the reactions are summarized in
Table 1.

We have studied the key reaction using halo aldehydes; no
other leaving group (like OTs, OMs) in place of halide was used
for our chemistry. The various halo aldehydes used were synthe-
sized from commercially available starting materials following
known method.? It was observed that o,o-disubstituted halo alde-
hydes (5a, 5¢, 5d, Fig. 2) gave improved yields compared to the o-
monosubstituted aldehyde (5b). This observation can be explained
on the basis of stability of the iminium ion B (Scheme 1). An enol-
izable proton in the iminium ion enhances its stability by the for-
mation of enamine and hence reduces its reactivity. On the other
hand, disubstitutions at a-position of the aldehyde enhances the
reactivity of the iminium ion by disrupting the enolization process.

As an extension of this cascade-type chemistry, we turned our
attention to the synthesis of harmicine 1 (Fig. 1), a structural ind-
olizino[8,7-b] motif. This indole alkaloid was isolated in 1998 from
the leaf extracts of Kopsia griffithii, and it was found to exhibit anti-
leishmania activity.?

During the last eight years, harmicine has been one of the
attractive targets in synthetic organic chemistry.>® To apply our
approach we required 4-chlorobutyraldehyde 5e (Scheme 3). We
have used freshly prepared compound 5e, which was made by

Table 1
Products 6 synthesized by reacting 4 and 5
Entry Substrates Product Yield® (%)
N
A\
1 4a,5a 58
N
H
6a
MeO N
A\
2 4b,5a N 45
H
6b
MeO N
A\
3 4b,5¢ N 70
O
6¢c
N
4 4c5d N 47
N
6d
N
5 4a,5b > 43¢
6e Ph
N
6 4a,5d b 52
N
of
MeO N
A\
7 4b,5d 50
N
69 H
2 Yield refers to isolated materials.
b dr=25:1.
€ dr=2:1.2.

reducing ethyl 4-chlorobutyrate with diisobutylaluminium
hydride (DIBAL-H).'° In the optimum reaction conditions!!
(#)-harmicine was isolated in 48% yield. There is a report!? of the
reaction between tryptamine (as hydrochloride salt) and
4-chlorobutyraldehyde for the synthesis of 1-(y-chloropropyl)
1,2,3,4-B-carbolines in excellent yield. But to our knowledge, syn-
thesis of harmicine is not reported in the literature applying this
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NH, o~ Condensation N=—
A\ . - A\
N N
H cl H c
4a Se
7
@ .
Intramolepular N Pictet-Spengler N
N-alkylation N\ O Reaction
—_— = —_—
N N
H
8 1

Scheme 3. Synthesis of harmicine. Reagents and conditions: CH3CN, TFA, 90 °C,
12 h, 48%.

cascade-type methodology. Thus, we are pleased to report the one-
step synthesis of (+)-harmicine in good yields using the commer-
cially available tryptamine 4a and 4-chlorobutyraldehyde 5e.

In summary, we have described a cascade reaction methodol-
ogy for the synthesis of indole alkaloid related compounds in an
efficient way. The synthesis of (+)-harmicine has been accom-
plished in a shortest route applying this cascade-type chemistry
as a key step. Syntheses of other indole alkaloids are in progress
in our laboratory recently and will be reported in due course.
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