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Abstract The synthesis of a homochiral C2-epipenicillin rer+-butyl amide 1 from 6-B-phthalimidopenicillanic acid is described.

Introduction

In the course of work aimed at producing B-lactams with altered biological activity we sought a means of
synthesising the C2-epipenicillin rert-butyl amide 1 in homochiral form. Racemic 1 has previously been
synthesised by Ugi, using the reaction that bears his name, from the imine carboxylic acid 2!, Fig. 1, but the
synthesis of this precursor was lengthy and offered no means of controlling the absolute stereochemistry.
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Fig. 1. Ugi Penicillin Synthesis

The actual Ugi reaction is very powerful however as the relative stereochemistry at C-2 is dictated by the
mechanism of the reaction which is presumed to involve formation of a cis-annelated 7-membered ring, Fig. 2;
accordingly our efforts focussed on preparing homochiral 2.
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Fig. 2. Ugi Penicillin Synthesis Mechanism
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Results and Discussion

The close structural resemblance between 2 and the 6-B-phthalimidopenicillanic acid derived isocyanate 32
suggested that a means might exist for converting the latter to homochiral 2. In the literature3 it is reported that
dilute acid hydrolysis of 3 infact yields the monocyclic aldehyde 4, Fig. 3.
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Fig. 3. Penam Hydrolysis

We reasoned however that the acid hydrolysis modes of 3 would be extremely solvent dependent and that the
desired B-lactam cleavage followed by elimination to form the imine might be favoured under lower water
activity conditions. In the event this expectation was realised after many exploratory reactions and 3 was
quantitatively converted to 2 by reaction with tosic acid monohydrate in warm toluene? Fig. 4.
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Fig. 4. p-Lactam Hydrolysis Routé to 1

The difference between the two modes of acid catalysed hydrolysis of 3 constitutes an extreme solvent effect.

Ugi reaction of 2 prepared in this manner with tert-butyl isocyanate then afforded 1 in good yield as previously
reported.

Cognisant that reversible B-elimination/Michael addition in the synthesis and subsequent reaction of 2 might

cause racemisation, Fig. 5, we next proceeded to investigate the stereochemical integrity of 1 produced by this
route.
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Fig. 5. Potential Racemisation of 2

Epimerisation at C-6 of 1 by treatment with catalytic potassium ter:-butoxide gave the bis-epimeric (relative to
the natural penicillin stereochemistry) derivative 5 in quantitative yield’. Deuteration experiments indicated
that deprotonation/protonation was only occurring at the 6-position. The enantiomer 9 of derivative 5 was then
prepared from 6-B-phthalimidopenicillanic acid using chemistry based on that reported by Kukolja$. Thus
chlorinolysis of the benzhydryl derivative 6 furnished the ring opened sulfenyl chloride 7 which was closed by
treatment with anhydrous stannous chloride to give the C-5 epimeric benzhydryl derivative 8, Fig. 6.
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Deprotection of 8 followed by dicyclohexylcarbodiimide mediated coupling with rert-butylamine then gave 9.
Comparison of optical rotation values and CD spectra of 5 and 97, Fig. 7. confirmed that our synthetic route to
1 had proceeded without significant racemisation of the intermediate 2 and that 1 had becn produced in

homochiral form as desired.
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Fig. 7. CD Spectra of 5§ & 9 Solid line; 5, 0-138 mgmi-!; dashed line 9. 0-119 mgmi-t.

In summary we have synthesised the highly functionalised C2-cpipenicillin ser-butyl amide 1 in homochiral
form in four steps with an overall yield of 65% from readily available 6-B-phthalimidopenicillanic acid.
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