Organic &
Biomolecular
Chemistry

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Organic& Royal Society of Chemistry peer review process and has been
Biomolecular accepted for publication.

Chemistry

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still
l(’mm apply. In no event shall the Royal Society of Chemistry be held

L responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

[y RO~YAL SOCIETY
OF CHEMISTRY WWW.rsc.org/obc


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 3

Journal Name

COMMUNICATION

Organic & Biomolecular Chemistry

RSCPublishing

DMSO/T120-Mediated Cross-Coupling of Tryptamine
with Substituted Aniline to Access C3a-N1’'-Linked
Pyrroloindoline Alkaloids

Cite this: DOI: 10.1039/x0xx00000x

Received 00th January 2012,
Accepted 00th January 2012

DOI: 10.1039/x0xx00000x

www.rsc.org/

The cross-coupling of tryptamine with aniline to C3a-
nitrogen-linked pyrroloindoline has been developed via the
consecutive cyclization of tryptamine with DMSO/Tf20 and
substitution of 3a-pyrroloindolylthionium intermediate with
aniline. The use of 2,3-dihydrotryptamine instead of aniline
enabled easy access to 3a-(1-indolyl)pyrroloindoline and the
concise synthesis of C3a-N1'-linked pyrroloindoline alkaloid
(£)-psychotriasine was accomplished.
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Fig. 1 Represented 3a-indolylpyrroloindoline alkaloids.
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Pyrroloindoline alkaloids are a biologically important class of
natural products.” Most of these alkaloids are linked to an indolyl
moiety at the C3a-position through a carbon-carbon connection such
as gliocladin C (1, C3a-C3",? folicanthine (2, C3a-C3a’),>
calycanthidine (3, C3a-C3a’),Y iso-naseseazine B (4, C3a-C5"),”
naseseazine B (5, C3a-C6'),> or idiospermuline (6, C3a-C7')®
(Figure 1). Recently, the 3a-(1-indolyl)pyrroloindoline motif, which
is an unusual C3a-N1’ linkage, has been found in several alkaloids,
including psychotrimine (7),” pestalazine B (8), and psychotriasine
(9).” The construction of this motif is an attractive research area
because of the intriguing structures and biological activities of these
alkaloids.'® Several synthetic methods for the 3a-nitrogen-
substituted pyrroloindoline have been developed;''"'4 however, there
are only a few reactions for constructing the C3a-N1'-linked
framework concisely. For example, the substitution of 3a-
bromopyrroloindoline with indole''® and the oxidative coupling of
tryptamine with o-iodoaniline, followed by the transformation to the
indole moiety.'?® Nevertheless, the effective construction of the
C3a-N1' linkage between the pyrroloindoline and indole cores has
remained a challenge.
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Table 1 Investigation of aniline nucleophiles for synthesizing 3a-
nitrogen-substituted pyrroloindoline.
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with the formation of C3a-C4'-linked 11j (40%) (entry 9). The use of
diphenylamine provided 11k preferentially in 76% yield with 111 in
6% yield (entry 10). The reaction with alkylamines such as
benzylamine and diethylamine provided corresponding amino
products 11m and 11n, respectively, in low yields from a
complicated reaction mixture (entries 11 and 12). These results
indicated that the suitable basicity and smallness of N-nucleophiles
were important for constructing the C3a-N linkage.

We envisioned that, as with aniline, 2,3-dihydrotryptamine would
lead to construct C3a-N1’ linkage for alkaloids 7-9 (Table 2). When
2,3-dihydrotryptamine 12a'® was utilized used in the reaction of
10a, expected 1-indolinyl product 13 was too labile to handle easily.
Subsequent DDQ oxidation converted 13 to stable 1-indolyl product
110 (47%) and an inseparable mixture (entry 1). On using 5-bromo-
2,3-dihydrotryptamine 12b'®® to avoid undesired reactions, 11p was
obtained in 91% (entry 2). Moreover, the reaction with hexahydro-f3-
carboline 12¢'% followed by DDQ oxidation also produced C3a-
N1'-linked product 11q in 60% yield.

Table 2 Concise construction of 3a-(1-indolyl)pyrroloindoline

framework.
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In investigating DMSO/Tf20-mediated reactions, we have recently
developed a concise method for constructing the C3a-C3a’ coupled
bispyrroloindoline framework in 2 and 3 (Scheme 1).'> Because the
DMSO/Tf20-mediated reaction formed a regioselective C3a-C3’
linkage even with N-unsubstituted indoles, we then used aniline and
indoline derivatives as N-nucleophiles to form the C3a-N1' linkage
in 7-9. Herein, we report the DMSO/Tf:0-mediated reaction to
provide a convenient method for constructing the C3a-N1' linkage,
and the short-step synthesis of (&)-psychotriasine (9)” from 2,3-
dihydrotryptamine.

For the synthesis of 3a-nitrogen-substituted pyrroloindoline 11 from
tryptamine 10a, we initially explored the use of aniline as an N-
nucleophile (Table 1). Tryptamine 10a was treated with DMSO,
T£:0, and 2,6-di-tert-butylpyridine (DTBP) at —78 °C for 10 min.
Successively, the generated intermediate was allowed to react with
aniline at 0 °C for 10 min to afford desired 3a-anilinopyrroloindoline
11a in 91% yield (entry 1). In the case of p-nitroaniline, the same
reaction proceeded smoothly to form desired amino product 11b in
90% yield (entry 2). Similarly, p-cyano-, p-methoxycarbonyl-, and
p-bromoanilines that bear an electron-withdrawing group also
provided corresponding products 11c—e in excellent yields (entries
3-5). In contrast, the reaction of p-toluidine and p-anisidine with
electron-donating groups decreased the yield of 11f and 11g (entries
6 and 7). As shown in entry 8, N-methylaniline reacted smoothly to
afford 3a-nitrogen-substituted product 11h in 83% yield. N-
Isopropylaniline furnished desired 3a-nitrogen product 11i (33%)
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2) The yield after DDQ oxidation.

We applied this reaction in a concise synthesis of (+)-psychotriasine
(9)” which has a C3a-N1’ linkage between two tryptamines. The
coupling reaction of MNa-allyltryptamine 10b  with  2,3-
dihydrotryptamine 12b and the following DDQ oxidation gave
desired 3a-(1-indolyl)pyrroloindoline 11r in 74% yield. Next,
deallylation with RhCl3*3H20 followed by LiAlH4 reduction of the
methoxycarbonyl groups and debromination afforded (&)-
psychotriasine (9). The spectral data for synthetic product 9 were
identical to those of the natural product.®

Scheme 2 Short-step total synthesis of (£)-psychotriasine (9).
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Conclusions

We have established a DMSO/Tf20-mediated cross-coupling of
tryptamine with aniline derivatives to synthesize 3a-nitrogen-
substituted pyrroloindolines. The utility of this reaction was
demonstrated through concise access to C3a-N1'-linked
bistryptamines, including (+)-psychotriasine (9), which were
successfully synthesized by the use of 2,3-dihydrotryptamines
12. We are currently developing the enantioselective reaction
and applying it to the asymmetric syntheses of psychotrimine
(7) and pestalazine B (8).
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