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Abstract —-A new asymmetric strategy has been devised to attain
indolizidin-3-ones wich can be used as peptidomimetic scaffolds. The sequence is

a two-step synthesis.

Local constraint of peptide geometry has been widely considered as a useful strategy for attaining peptide
secondary structure or modifying the specificity for a receptor and could be achieved through the
properties of cyclic dipeptide mimetics." Further possibilities to functionalize these mimics is also of
great interest as this would allow the introduction of lipophilic moieties or known drugs (for
vectorisation) or others.?

In this context, we developped the preparation of the indolizidone structure (1) (Figure 1), which could be
further derivatized to 2 countaining all the required structural features: a constrained bicyclic dipeptide
bearing an extra functional group for the attachment of other entities. The indolizidinone skeleton has
been largely used as a scaffold for the design and elaboration of constrained peptidomimetics® but mainly
as indolizidin-5-one and rather scarcely as indolizidine-3-one (2) (or C-terminal pipecolic acid).* We now

present herein a new approach toward a total asymmetric synthesis of this later type of compound.
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The synthesis of racemic 1 was already reported in the literature® but is difficult to adapt in an asymmetric
manner. We preferred a different strategy also based on the acyliminium ion cyclization® and using the
chemistry developed in our laboratory for some years. The key step is the cyclization to an acyliminium
derived from chiral o,B-unsaturated y-lactam.’

Some years ago, we reported the condensation of primary amines with dimethoxydihydrofuran to give
o,pB-unsaturated y-lactam. The later was the precursor of an acyliminium species (through acidic
treatment) and then, if the starting amine bears a nucleophilic function, cyclization can occur quite readily
according to the following scheme (Scheme 1)
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By the use of this strategy, we also already reported that electron-enriched aromatics led in a one-pot

Scheme 1

sequence to bicyclic lactams.® We now want to extend this reaction to olefin cyclization: in this case a
nucleophilic terminator is necessary to stabilize the so-formed carbocation.
We started with the condensation of rac-methyl allylglycinate and dimethoxydihydrofuran which gave

the y-lactam (3) as a mixture of o,B/B,y-unsaturated regioisomers (3a+3b) in a 55% overall yield after

purification.
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The treatment of this regioisomeric mixture with various nucleophiles XH and under acidic conditions
allowed the attempt cyclization to occur. Nevertheless, depending upon the nucleophile and the
experimental conditions, cyclization proceeded with various yields and was, in some cases, accompanied
by transesterification products. The table shows the different attempts. Water was first tried as a
nucleophile in limited amount and in various solvents to avoid ester hydrolysis (Entries 1-3). While no
cyclization was observed in dioxan, 1a was isolated in DME (in low yield) and in CF;CH,OH (Entry 3).
Two experiments were conducted in benzyl alcohol (Entries 4,5) with the hope to directly introduce a
benzyl ether group. Indeed, while there was no cyclization at rt, the two cyclization products (1a and 1b)
obtained in dichloroethane at 90°C bear a free OH group showing a poor nucleophilicity of this alcohol.
When the cyclizations were conducted with H,SO,4 in methanol, free alcohol (1a) was still present but

accompanied (1/1 mixture) with the methoxy derivative (1c) (Entry 7). The use of acetonitrile (Entry 9)
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was of great interest since a Ritter reaction took place to give an interesting amide (compound 1f) but

unfortunately, we were not able to rise the yield to satisfactory values.
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Scheme 3

Table: Synthesis of chiral non racemic indolizidin-3-ones

Entry  Nucleophile Conditions Product (yield)
H,O
1 H,SO,, dioxane, 60 °C, 16h - 4a (20%)
2 Amberlist, DME, rt, 4days la (25%)* -
3 H,SO4, CF3CH,0H, rt, 16h la (45%) *
PhCH,OH
4 CSA, rt, 3h (CH,CIy) - 4b (40%)
5 CSA, 90° 3h (CICH,CH.CI) 1a (16%)+ 1b (45%) -
MeOH
6 H2SOy, reflux, 3h - 4c (93%)
7 H2SQOy, reflux, 20h 1a (27%) + 1c (31%) -
HCOOH
8 reflux, 4h 1d+1e (91%) (1:1.5) -
CH3CN
9 H,SO4, 55 °C, 2h 1f (26%) +1a (7%) -

*low amounts (<10%) of other cyclized products showing the introduction of a molecule of solvent were detected but not fully characterized.

Eventually when the reaction was conducted in formic acid the formation of the two epimeric formates
(1d) and (1e) (1:1.4) was observed in 91% yield.
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Careful examination of the relative configuration of compounds (1la-e) revealed that the cyclization
process was totally diastereoselective (the configuration at C-8a was as depicted on Scheme 3. It was also
noteworthy that alcohols (1a and 1b) possessed an unique cis configuration relative to the ester function
in contrast to methoxy derivative (1c) which exhibited a trans configuration while the formates (1d/1e)
were formed as 1/1.4 mixture.

These observations are in agreement with the following mechanism (Scheme 4) of cyclization first
proposed by Speckamp. It was suggested that the ester present in the structure can intramolecularly trap
the carbenium ion B giving C. To this last structure the nucleophilic species XH= HOH, PhCH,OH,
MeOH ...can add along path a) to furnish trans-1c, 1e or along path b) to give only cis alcohol (1a,b).

The formation of formate (cis-1d) can be explained by a rapid esterification of 1a in HCOOH medium.
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At that stage, very simple processes were established to attain the target compounds, with fixed

Scheme 4

configuration. Reflux in formic acid (Entry 8) gave access to a diastereomeric mixture but in very high
yield. Conditions were found to stereoselectively access the cis alcohol in acceptable combined yields
(Entries 3 and 5).

An important aspect should now be examined and is concerned with the possible application of this
scheme in the chiral non-racemic series. The question is to be addressed since it was early reported that
the iminium ion cyclization may be accompanied by a partial, or total racemization through a possible
aza-Cope rearrangement.’

Indeed, a brief review of the literature revealed that the presence of the ester group was not a favorable
structural feature for such a rearrangement.****

The reaction sequence was then conducted with chiral non-racemic methyl allylglycinate and the

cyclization carefully checked.
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Enantiomerically pure (S)-allylglycine ( [a]o® -36.5 (¢ 4.0, H20); lit.,*?: [o]p® -37.1 (c 4.0, H,0) )was
prepared according to the literature'? and the corresponding methyl ester ([a]o*® 8.4 (¢ 1.0, MeOH), lit.*®
[a]o® 8.3 (c 1.0, MeOH)) subjected to condensation to give 3a,b. The cyclization of 3a,b in formic acid
gave the expected bicyclic lactam (1d + 1e) in 47% overall yield from (S)-allylglycine. These compounds
were the only products of the cyclization process. Diastereomers (1d and 1e) were separated by column
chromatography on silica gel and the integrity of the chiral center of the starting material was checked on
each compound. Cis-isomer ((5S, 7S, 8aR)-1d)'* as well as trans-compound ((5S, 7R, 8aR)-1e)™ were
both found as single isomer by HPLC analysis on chiral column®® (the racemic compound (1d) nicely
exhibited a two peaks pattern of equal intensities with a ARt = 8 min. and the racemic le two peaks of
equal intensities and a ARf= 1min.).

The presented sequence is thus applicable to the preparation of the enantiomerically pure target

compound. It appears as a rapid and efficient synthesis of such intermediates.
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1.64 (1H, ddd, J=14.8, 7.0, 2.2 Hz, H6),1.86 (1H, d, J=12.0 Hz, H8), 2.1 (3H, m, H1 and 2H2), 2.31
(1H, d, J=14.8 Hz, H6), 3.42 (3H, s, Me), 3.70 (1H, ddd, J=11.5, 8.0, 3.5 Hz, H8a), 4.47 (1H, d,
J=6.9, H5), 5.00 (1H, m, H7), 7.58 (1H, s, CHO); *C NMR (100 MHz, CDCls) & (ppm) : 25.6, 29.5,
29.9, 35.8, 47.8, 49.1, 52.2, 66.7, 159.7, 170.5, 174.5.

(5S, 7R, 8aR)-1e : [a]o> -29.7 (c 1. 0, CHCI3), *H NMR (400MHz, CDCls) & (ppm) : 1.23 (1H, ddd,
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Chiral pack AD column, 250mm, n-hexane/EtOH 85/15, ARt = 2 min.



