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Abstract : Chiral enamine 12, derived from 2,4-diketopiperidine 11 added to methyl acrylate,
leading, after hydrolytic work-up to adduct 15 (94 % stereoselectivity).

The biogenetically related eburnamine-type and tabersonine-type alkaloids both possess a
rearranged secologanin skeleton derived from a common precursor 12 These two families are among the
largest groups of indole alkaloids 120,

1 : EBURNAMINE 2 : TABERSONINE

One of the most simplifying disconnective analyses of the aforementioned molecules generates lactam
3, a precursor of ring D, as a common target subunit 2, Indeed, as indicated below, such an appropriately
substituted lactam might be converted specifically into either preceding alkaloid series, by alternative
ordering of the subsequent annulation steps.
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Piperidone 3 contains a single stereogenic center, namely a quaternary carbon atom bearing two
geminal appendages. Such a species might be elaborated by using the very efficient asymmetric Michael
process which we have disclosed, typified by conversion [4 — 7] 3. Thus chiral imines 5, derived from
o-substituted cyclanones 4 and optically active 1-phenylethylamine, add to electrophilic alkenes 6, leading to
adducts 7 with a high yield and a high degree of regio and stereoselectivity.

In this paper we show that chiral enamine 12, derived from 2-4-diketopiperidine 11, reacted with
methyl acrylate, giving with a high stereoselectivity (94 %) adduct 15, a synthetic equivalent to lactam 3.

Preparation of 2,4-diketopiperidine 11
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Several key intermediates in the synthesis of emetine 4, likewise certain antiepileptic agents >
herbicides 6 contain the 2,4-diketopiperidine nucleus. We have prepared the requisite keto-lactam 11,
essentially according to the methodology developed by Sugasawa and Fujii 4% For this purpose
isopropylamine was first added to methyl acrylate 7 (48 h at 20 °C), giving adduct 8 8 in a 80 % yield.
Acylation of compound 8 by means of monoethyl ethylmalonate 9 ° (1 eq of 8, 1.2 eq of 9, 1.1 eq DCC, 0.1
eq of DMAP, CH,Cl,, 24 h at 20 °C) 10 led to derivative 10 ! (85 % yield). Dieckmann-type ring closure of
diester 10, followed by acid hydrolysis, furnished finally keto-lactam 11 2 (powdered Na in refluxing xylene,
2 h, then 6 N HCI, 2 h at 100 °C, 85 % yield).
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Formation of chiral enamine 12 and Michael addition

Enamine 12 13 was prepared from keto-lactam 11 and (S)-(~)-1-phenylethylamine (93 % ee) (1.1 eq of
amine, refluxing toluene with azeotropic removal of water, 24 h, quantitative). In CDCl; solution, compound
12 was found to be homogeneous by 'H and 3C NMR spectroscopy, revealing thus that the imine = enamine
tautomeric equilibrium is completely displaced towards the conjugate enamine form 12.

Addition of enamine 12 to methyl acrylate proceeded smoothly (2 eq of methyl acrylate, 2 weeks at 20
°C), giving adduct 13 = 14. Surprisingly only the secondary enamine tautomer 14 14 \vas observed in the
crystalline state, as established by X-ray diffraction analysis (see Fig. 1 and 2). In addition rthese crystals
proved to be astonishingly stable, having been exposed to the laboratory atmosphere for several weeks at
room temperature without any significant alteration (by contrast scrupulous precautions must be taken to
exclude all traces of moisture in the crystal structure analyses of most enamines) !5, X-ray analysis of 14
deserves the following comments. (a) The enamine structure was definitively established, in view of the good
agreement between the bond lengths and angles of the enamine part (see 14 for the atom numbering) and the
mean corresponding values published by Dunitz and Eschenmoser 13 (D.E.) for several crystalline enamines :
C4-C5:1.30 A (DE. 1.34 A), C3-C4: 1.50 A (D.E. 1.50 A), N2-C4 : 1.41 A (D.E. 1.40 A), N2-C16: 1.46 A
(D.E. 1.46 A), C3-C4-C5 : 122.3° (D.E. 121.2°), C3-C4-N2 : 113.4° (D.E. 115.6°), C5-C4-N2 : 124.3° (D.E.
123.3°), C4-N2-C16 : 120.7° (D.E. 119.5°). (b) The absolute configuration at the newly created stereogenic
center at C-3 is R. (¢) The heterocycle is nearly planar, as shown in Fig. 2. It is worthy of note that the
tautomeric equilibrium 13 =2 14 was observed in solution, the ratio between the two tautomeric forms,
measured by 'H NMR, being highly solvent-dependent (see below).
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Asymmetric Michael additions

Fig.2

Hydrolysis of crude adduct 13 = 14 (H,0, AcOH, MeOH, 24 h at 60 °C) led to (R)-compound 15 16
(70 % overall yield from 11). The enantiomeric excess (88 % ee) in derivative 15 was established by ¢ |
NMR, by using Eu (hfc); as chiral shift reagent. Based upon the ee of the chiral auxiliary amine being 93 %,
the stereoselectivity of the present Michael process is 94 %.
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Discussion

The stereochemical outcome observed in reaction [12 — 14] may be rationalized, invoking that the
reaction proceeds through the compact transition state 16, in which the enamine nitrogen atom of 12 is
transferred to the a-carbon center of methyl acrylate (arrow) concertedly with the creation of the new C-C
bond (dotted line) . According to such a transition state, the alkylation takes places predominandly on the
Re n-face of the enamine, opposite 1o the pheny! ring of the amine moiety (when this depected in its
energetically preferred conformation, namely the C-H bond roughly eclipsing the six-membered ring) 3.

The following comments can be made concerning adduct 13 & 14 (a). The tautomeric equilibrium in
this adduct is strongly displaced towards secondary enamine form 14, though no apparent factor may
stabilize this enamine structure (thus, by comparison, no tautomeric equilibrium can be detected
spectroscopically in the structurally related imine 17 32, (b) This adduct proved to be much more resistant to
hydrolysis than imine 17. (c) The heterocycle in crystalline enamine 14 shows a considerable flattening (see
Fig. 2). It is manifest that these three related phenomena should be attributed to the presence of the lactam
moiety, imine 17 exhibiting none of these unexpected behaviors. Works are in progress to identify the factor
of stabilization of the enamine structure in compound 14.
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Preparation of appropriately substituted adducts 15 and their conversion into alkaloids of type 1 and 2 are

currently under investigation 17.
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