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Abstract

A stereocontrolled total synthesis of the title compound is described, starting from enantiopure intermediates.
Two alternative strategies have been developed to ensure the critical formation of the nine-membered ring of3.
© 2000 Elsevier Science Ltd. All rights reserved.

Our continuing interest in the enantioselective synthesis of indole alkaloids by a chemoenzymatic
approach1 led us to explore the enzymatic desymmetrization of somemeso-piperidine-3,5-dimethanols
and their diacetates. By this method, the enantiopure, advanced derivatives1 and 2 (Fig. 1) were
provided in both enantiomeric forms and they are presently under investigation as potentially useful
intermediates for the asymmetric synthesis ofIboga alkaloids possessing the tacaman or thepseudo-
aspidosperma skeleton. In this communication we report the preliminary results of our study on the
first enantioselective synthesis of (+)-20R-15,20-dihydrocleavamine3,2 a tetracyclic alkaloid structurally
related to 16-�-carbomethoxyvelbanamine, the indole ‘upper half’ of the antitumoral bisindole alkaloids
occurring inCatharantus roseus, such as vinblastine and vincristine. Our plan for the construction of
the dihydrocleavamine framework starting from1 and2, was based upon two convergent strategies, as
outlined in Fig. 1, wherein the construction of the central nine-membered C-ring plays a key role.

In the approacha (Fig. 1), we first planned the formation of the C(2)–C(16) bond of3 (biogenetic
numbering), by coupling tryptophol, in a Pictet–Spengler-like reaction, with a piperidineA, derived from
1, bearing a masked aldehyde function. Then a N(4)!C(5) intramolecular alkylation would complete the
construction of the C-ring. In this strategy, we decided to postpone the elaboration of the C(20) side
chain of3 until the later stages of the synthesis. In this way, the required chirality at C(20) and C(14) of
3 depended upon the stereogenic centres at C(3)-Rand C(5)-R (piperidine numbering) of1, respectively.
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Fig. 1.

In a different approach (b, Fig. 1), the first stage of the synthesis would be the formation of the
C(5)–N(4) bond of3, by coupling indoleacetic acid with a suitable piperidineB, derived from2.
After elongation of the C(3) side-chain to a carboxymethylene group, an intramolecular Friedel–Crafts
acylation with the formation of the C(2)–C(16) bond of3 would afford the nine-membered ring. As a
consequence of this sequence, the chirality at C(14) and C(20) of3 results from that at positions C(3)-S
and C(5)-Sof 2, respectively.

It should be noted that the overall strategy would allow the conversion of both the intermediates1 and
2, of opposite configuration at the stereogenic centres, into the same chiral product, by complementary
modifications of the two different functional groups in the C(3) and C(5) side chains.

In the first synthetic pathway (Scheme 1) the fully protected piperidine4 was initially prepared
smoothly by benzoylation of1. Building on the precedent reported by Wilson et al.,3 we then developed
an efficient procedure for the installation of the indole unit which took advantage of the enol methyl ether
function present in4. In the event, treatment of4 with tryptophol in the presence of a catalytic amount of
TFA and of 4 Å molecular sieves, cleanly generated the tricyclic indole derivative5 in 74% yield, which
was isolated as an inseparable 1:1 mixture of diastereoisomers.

Scheme 1.Reagents and conditions: (a) BzCN, DIPEA, CH2Cl2, rt, 98%; (b) tryptophol, TFA (0.13 mol equiv.), 4 Å mol.
sieves, CH2Cl2, rt, 45 h, 74%; (c) Et3SiH, CF3SO3H, CH2Cl2, �50°C, 6 h, 44%; (d) MsCl, DIPEA, CH2Cl2, rt, 3 h, 98%; (e)
H2, 5% Pd(C), EtOAc, rt, 17 h, then chlorobenzene, DIPEA, reflux, 4 h, 28%; (f) NaOH, MeOH/H2O, rt; (g) TsCl, DIPEA,
CH2Cl2, rt, 6 h; (h) CuI, MeLi, Et2O,�40°C, 62% from8
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The ring opening to give the C(2)-substituted tryptophol derivative6, proved challenging. Most of
the available methods for this reduction, based on the use of boron hydrides in acidic conditions [e.g.
NaBH4/TFA;4 NaBH3CN/ZnI2;5 NaBH4/PdCl26], were also known to reduce indole systems to the
corresponding 2,3-dihydroderivatives, and indeed when we examined a few of these procedures, they did
not provide regioselective control in the reduction of5. Turning our attention to other reducing systems,
the required6 was finally accessed by the action of Et3SiH/CF3SO3H, following the protocol described
by Olah et al.7 The reaction required 6 h at�50°C and provided6 in 44% yield.

The final cyclization step required the conversion of the hydroxy group of6 into a leaving group,
followed by N(4)-deprotection and subsequent intramolecular nucleophilic displacement. Treatment of6
with mesyl chloride gave the sensitive mesylate7 in almost quantitative yield, which upon hydrogenation
over 5% Pd(C) followed by heating in refluxing chlorobenzene, afforded the tetracyclic derivative8,
albeit in only 28% yield. Finally,8 was converted into (+)-20R-15,20-dihydrocleavamine38 as a single
enantiomer ([�]D=130,c 0.1, CHCl3; lit.2 [�]D=133,c 0.078, CHCl3), in 62% overall yield by a three-
step sequence involving hydrolysis of benzoate, tosylation and displacement of the tosylate with lithium
dimethylcuprate.

Evidently, the most notable difficulty of achieving our target resided in the formation of the nine-
membered ring. Therefore, in our second synthetic approach (b, Fig. 1), we looked to an intramolecular
acylation strategy, which was well precedented in theAspidospermaalkaloid synthetic area,9 although
variable yields have been reported. It must be noted9a (Scheme 2) that the presence of the amidic
piperidine nitrogen should play a key role for the success of this transformation. The tight coordination
of N(4) with the transient acylium ion at C(16) would provide the ‘activated’ intermediate12A, and the
consequent cyclization of a six-membered ring, so as to reduce the entropy of the system at the transition
state.

Scheme 2.Reagents and conditions: (a) CBr4, TPP, CH2Cl2, rt, 3 h, 88%; (b) Bu4NCN, CH2Cl2, rt, 3 h, 85%; (c) H2, 5% Pd(C),
EtOH, 24 h, 80%; (d) indoleacetic acid, TEA, DPPA, acetonitrile, rt, 6 h, 81%; (e) HCl(g), MeOH, rt, 4 h, then H2O, 93%; (f)
NaOH, MeOH/H2O, 50°C, 3 h, 81%; (g) PPE, CHCl3, 60°C, 4 h, 32%; (h) LAH, dioxane reflux, 8 h, 42%

The cyanopiperidine9 was readily prepared from the (3S,5S)-benzyl-3-(hydroxymethyl)-5-(ethenyl)-
1-piperidinecarboxylate2, via the bromo derivative, according to the procedure described by Starks,10

followed by hydrogenation. Upon treatment with indoleacetic acid in the presence of diphenylphosphoryl
azide and Et3N, 9 underwent smooth amidation to give the indolepiperidine10. In order to effect
the subsequent cyclization, the nitrile10 was first converted into the amido ester11, and then, upon
hydrolysis with NaOH, into the amido acid12, in almost quantitative yield. In spite of the large variety
of methods (e.g., PPA;9a,b Ph3PO-Tf2O;11 PPSE;12 SnCl4/CH2Cl2) attempted to induce the crucial
intramolecular Friedel–Craft acylation, only the protocol reported by Hanaoka et al.9c (PPE, CHCl3,
60°C) succeeded in giving13 in acceptable yields (32%). When treated with LAH9 in refluxing dioxane,
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the ketolactam13 underwent clean reduction of both amide and carbonyl functions, furnishing the
optically active (+)-20R-15,20-dihydrocleavamine3 ([�]D=128, c 0.1, CHCl3),8 in 14% overall yield
from 12, identical in all respects to the natural compound.

The convergent strategies described herein provide possible solutions to the enantioselective construc-
tion of the unusual dihydrocleavamine tetracyclic framework, which is possible to achieve in both of the
enantiomeric forms. Further efforts, aimed at improving the yields in the formation of the nine-membered
ring, are currently underway.
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