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ABSTRACT: An asymmetric total synthesis of the
Akuammiline alkaloid (—)-vincorine (18 steps from S-
methoxytryptamine, 5% overall yield) is described. The
key steps include Pd-catalyzed direct C—H functionaliza-
tion of indole derivatives, organocatalyzed asymmetric
Michael addition of aldehydes to alkylidene malonates, and
intramolecular oxidative coupling between indole and
malonate moieties.

3,4a-Disubstituted-2,3,4,4a-tetrahydro-1H-carbazole-4-carbox-
ylic acid methyl ester (1) and its heteroatom-captured form 2
are highly congested polycyclic ring systems' that are common
skeletons for Akuammiline-type alkaloids such as strictamine
(3),” scholarisine A (4),® vincorine (5),* and aspidophylline A
(6)° (Figure 1). Because of their interesting biological activity
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Figure 1. Representative Akuammiline alkaloids and their common
carbazole carboxylate skeleton.

and inspiring architecture, these alkaloids have garnered
considerable interest in the synthetic community.®"? In 2009,
the Qin group completed the first total synthesis of
(+)-vincorine,” in which they employed an intramolecular
cyclopropanation and subsequent ring-opening strategy to
elaborate a key tricyclic intermediate. Quite recently, Garg and
co-workers reported a total synthesis of (+)-aspidophylline A
utilizing the interrupted Fischer indolization reaction as a key
step,® and the Smith group disclosed an elegant synthesis of
(+)-scholarisine A featuring a reductive cyclization cascade to
form the cage-shaped tricyclic intermediate.”

In our previous work, we achieved the first asymmetric total
synthesis of (—)-communesin F via the formation of spiroindo-
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line intermediate 8 through an intramolecular oxidative
coupling of 3-substituted indole 7 (Figure 2).'° As an extension
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Figure 2. Two types of intramolecular oxidative coupling pathways.

of this work, we designed another type of intramolecular
oxidative coupling'" that uses compounds 9 as the substrates, in
which the coupling might occur between indole and malonate
moieties. If this reaction were to succeed, we would be able to
obtain tricyclic intermediates 10, which could be used to
synthesize vincorine and related alkaloids.

With this idea in mind, we proposed the retrosynthetic
analysis for (—)-vincorine shown in Figure 3. Disconnection of
the N4—C21 bond of (—)-vincorine would give rise to aminal
intermediate 11, which could be derived from carbazole
carboxylate 12. The latter could be accessed from 13 via the
type-1I oxidative coupling pathway (Figure 2), while olefin 13
could be constructed via an organocatalyzed Michael addition"*
of aldehyde 15 to alkylidene malonate 14 and subsequent
transformations.

Our synthesis started with the preparation of the oxidative
coupling precursor 13 (Scheme 1). After protection of
commercially available S-methoxytryptamine (16) with
(Boc),0, the resultant 1,3,5-trisubstituted indole was subjected
to direct C—H functionalization via a palladium-catalyzed
alkenylationB to afford 1,2,3,5-tetrasubstituted indole 17 in
71% overall yield. Hydrogenation of the C—C double bond of
17 and subsequent reduction of the ester group with

Received: April 21, 2012
Published: May 22, 2012

dx.doi.org/10.1021/ja303602f | J. Am. Chem. Soc. 2012, 134, 9126—9129


pubs.acs.org/JACS

Journal of the American Chemical Society

Communication

OMe

MeQ

NHBOC 4 & (Ar = 2-NO,CeHa)

13 "NHBoc

14

Figure 3. Retrosynthetic analysis for (—)-vincorine (5).
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“Reagents and conditions: (a) (Boc),0, cat. DMAP, CH,CL,; (b)
Pd(OAc),, ethyl acrylate, +-BuO,Bz, 1,4-dioxane/AcOH, 70 °C; (c)
Pd/C, H, (1 atm), THF/MeOH; (d) DIBAL-H, THF, —78 to —40
°C; (e) IBX, ethyl acetate, reflux; (f) dimethyl malonate, cat. proline,
DMSO, r.t; (g) cat. 19, 15, CH,;CN, 0 °C, 3 days; (h) m-CPBA, THF,
—78 °C to r.t, Et;N workup; (i) UV light (360 nm); (j) NaBH,,
MeOH, —78 to 0 °C; (k) TBSC], imidazole, DMF; (1) silica gel, 70 °C,
0.2—0.3 mmHg.

diisobutylaluminum hydride (DIBAL-H) provided alcohol 18.
Oxidation of 18 with 2-iodoxybenzoic acid (IBX) gave an
aldehyde that was condensed with dimethyl malonate'* to
produce alkylidene malonate 14. According to our proposed
retrosynthetic analysis, we planned to introduce a side chain via
organocatalyzed Michael addition of aldehyde 15 to 14."> This
seemed to be challenging because both the aldehyde and the
Michael acceptor are much more complicated than those
reported by Cordova and co-workers.'** After some exper-
imentation, we were pleased to find that the best results were
obtained by treating 14 and 15 under the catalysis of O-
trimethylsilyl (TMS)-protected diphenylprolinol (19)

MeCN at 0 °C for 3 days. In this case, the desired Michael
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adduct 20 was isolated in 75% yield as a S5:1 diastereomeric
mixture. After failing to increase the diastereoselectivity by
changing the solvent, reaction temperature, and catalyst, we
decided to use this mixture for further conversion. Accordingly,
oxidation of the aryl selenide moiety in 20 followed by Et;N-
mediated elimination produced olefin 21 as a mixture of E and
Z isomers. The ratio was ~1.7:1, which could be enhanced to
30:1 by exposure to UV light (360 nm) for 16 h. It is
noteworthy that using both bases and acids as catalysts for this
isomerization failed to give any satisfactory results. Unfortu-
nately, the ee value for 21 was only 64% (corresponding to an
enantiomer ratio of ~82:18) as determined by chiral HPLC.
This probably originates from moderate diastereoselectivity at
the C1S5 position during the formation of 20. Next, reduction of
aldehyde 21 and tert-butyldimethylsilyl (TBS) protection of the
resultant alcohol delivered 22 in 84% yield. Finally, selective
removal of the tert butoxycarbonyl (Boc) protecting group in
the indole moiety'® was achieved by treatment with silica gel at
low pressure to furnish 13 in 74% yield.

With diester 13 in hand, we attempted the crucial
intramolecular oxidative coupling (Scheme 2). Deprotonation
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“Reagents and conditions: (a) LIHMDS, I,, THF, —40 °C to r.t; (b)
KCN, H,0, DMF, 100 °C; (c) PhyPCL, CH,Cl; (d) TMSOTE, 2,6-
lutidine, CH,Cl,, r.t; (e) K,CO;, KI, CH,CN, 60 °C; (f) 37% aq.
HCHO, NaBH,CN, CH,CN, AcOH.

of 13 with 2 equiv of lithium hexamethyldisilazide (LIHMDS)
followed by addition of an iodine solution at —78 °C gave the
desired coupling product 23 in only a low yield (<10%).'**
Since most of the starting material was recovered in this case,
we decided to improve the yield by increasing the reaction
temperature in the oxidative coupling step. Fortunately, when
the coupling reaction was carried out at —40 °C, 23 was
isolated in 67% yield as a single isomer. At higher temperatures,
the reaction yield dropped dramatically. Other oxidants such as
N-iodosuccinimide, Cu(II) salts, and Fe(IIl) salts''*® were
found to be less effective for this transformation.

The stereochemical outcome during the formation of 23
could be explained through two chairlike transition states, as
depicted in Figure 4. The strong repulsion between the axial
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Figure 4. Favored and unfavored conformations during the oxidative
coupling.
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ester group and the indole moiety in transition state B prevents
path b. Thus, the coupling reaction proceeds through transition
state A to create the quaternary carbon center and set the
desired stereochemistry.

After elaboration of carbazole carboxylate intermediate 23,
the stage would be set for introduction of the last seven-
membered E ring. Accordingly, removal of one methyl ester at
the C16 position of 23 using Krapcho’s reaction conditions'®
gave 11 in 65% yield as a single isomer, together with some
recovered starting material. Next, the TBS-protected hydroxyl
group in 11 was directly chlorinated with Ph;PCl, in methylene
chloride at room temperature,'” affording allyl chloride 24 in
94% yield. After removal of the Boc protecting group in 24 with
TMSOTT, a subsequent alkylative cyclization was carried out
with the assistance of KI to provide 25, whose structure was
confirmed by X-ray analysis.'® Finally, reductive amination of
25 with HCHO and NaBH,CN furnished (—)-vincorine ($) in
68% yield. The synthetic § had 'H and *C NMR data identical
to those of natural vincorine. However, because of unsat-
isfactory diastereoselectivity in the organocatalyzed Michael
addition, the optical rotation of our synthetic vincorine ([a]%*
= —93.1, ¢ = 0.65, EtOH) was somewhat lower than that
reported for the natural product ([a]y? = —139, ¢ = 1.0,
EtOH).*

In conclusion, we have developed an efficient approach for
the synthesis of (—)-vincorine. This protocol allows the
assembly of the target molecule in 18 steps from commercially
available S-methoxytryptamine in an overall yield of 5%. The
key elements in this synthesis include the use of two newly
developed reactions, namely, a Pd-catalyzed direct C—H
functionalization of indole derivatives and an organocatalyzed
asymmetric Michael addition of aldehydes to alkylidene
malonates, as well as an intramolecular oxidative coupling
between indole and malonate moieties. The completion of the
(—)-vincorine synthesis also demonstrates the versatility of
these new methodologies in natural product synthesis.
Obviously, such a synthetic strategy is also promising for
assembling other Akuammiline-type alkaloids. Investigations to
prove this hypothesis are being actively pursued, and the results
will be reported in due course.
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Experimental procedures, compound characterization, and
crystallographic data (CIF). This material is available free of
charge via the Internet at http://pubs.acs.org.
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