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ASYMMETRIC SYNTHESIS OF DIFFERENTIALLY PROTECTED meso-2,6-
DIAMINOPIMELIC ACID
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Abstract: The synthesis of differentially protected meso-1,6-diaminopimelic acid, an important
constituent of bacterial cell walls and the immediate biosynthetic precursor of L-lysine, has been
accomplished in a completely stereospecific manner from D-serine.

1,6-Diaminopimelic acid (DAP) is a cross linking unit of the celi wall peptidoglycan of most Gram-negative
and some Gram-positive bacteria.! The most common of the three possible DAP stereoisomers, meso-DAP, is
the direct biosynthetic precursor to lysine through the action of the enzyme meso-DAP decarboxylase.2 Mammals
lack this enzyme system and require a dietary source of lysine, thus inhibitors of this pathway represent possible
antimicrobial agents with selective toxicity. The synthesis of DAP-containing peptides or peptidomimetics
requires a supply of differentially protected meso-DAP in which the D- and L-termini can be selectively
deprotected. When this work was initiated there were no stereospecific chemical syntheses of DAP in the
literature. A published method?, based on some older literature,4 for preparation of differentially protected meso-
DAP that relied on fractional crystallizations and enzymatic resolution was the only available method for
preparation of these compunds. A number of syntheses of racemic DAP and derivatives have been published in
the last few years,> most dealing with use as antibacterial agents. Several recent papers have demonstrated
elegant stereospecific syntheses of substituted DAP derivatives. Bold® has synthesized a B-hydroxy DAP, Gelb
and Vederas” have prepared B-fluoro DAP and Williams8 has reported the a-hydroxymethyl DAP. Despite all of
this activity in the area there still does not exist a practical stereospecific synthesis of a differentially protected
meso-DAP.

The versatile, D-serine derived, Garner oxazolidine? (2, Scheme I) was chosen as a synthon. This material
is produced in high yield and in very high enantiomeric excess. Most importantly, for a serinal equivalent it is
shown to be configurationally stable. These chiral oxazolidines are seeing increasing utility as starting materials
for the synthesis of amino alcohol and ¢-amino acid targets.!0 The sirategy called for a two carbon homologation
of the oxazolidine to an intermediate, such as 5, which could be stereospecifically alkylated with the
Schollkopf,11 L-valine derived, chiral glycine equivalent (6). This would then provide the intact carbon
framework in a stereocontrolled manner for final elaboration to product. The synthesis of the key intermediate
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alcohol 4, was undertaken using several different strategies (Figure I). An attempt to prepare 4 directly in one
step via a Wittig reaction of the aldehyde with (2-hydroxyethyl)triphenylphosphonium bromide, according to the
procedure of Kitahara,!2 was only moderately successful, giving the product alcohol!3 in only 20% isolated
yield. Alternately, Horner-Emmons reaction of the aldehyde with trimethylphosphonoacetate gave an excellent
yield (80%) of the desired o.,3-unsaturated ester.10®) All attempts to effect selective reduction of the unsaturated
ester to the allylic alcohol 4 were accompanied by formation of significant quantities of the saturated alcohol,
regardless of solvent, temperature, or reducing agent. The most successful route to the allylic alcohol involved
Wittig reaction of aldehyde 2 with (triphcny]phosphoranylidene)acetaldehydc to provide the corresponding o,B-
unsaturated aldehyde 3 (Scheme 1) in high yield. A DIBAL reduction of the aldehyde then provided pure alcohol
4 in 48% yield for two steps from the aldehyde 2, with only trace quantities of the corresponding saturated
alcohol. In all above cases only the E olefin geometry was formed as determined from the 1H NMR coupling
constants (EJcy-cy > 15 Hz).

Figure 1
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Alcohol 4 could be readily converted to bromide 5 using CBry/triphenylphosphine.!4 The product bromide
5 underwent extremely facile alkylation with Schollkopf L-val-gly derived dihydropyrazine 6 to provide 7, which
contained the entire carbon framework and prerequisite stereochemistry for the target meso-DAP, in nearly
quantitative yield. NMR spectral analysis!5 showed 7 to be a single chemical entity with no indication of
formation of another diastereomer. Selective hydrolysis of dihydropyrazine 7 using mild acid conditions resulted
in a modest yield of amino ester 8. This yield, though, is comparable with those seen in the literature for related
dihydropyrazine hydrolysis reactions.!1(®»16 Amino ester 8 could be isolated in pure form by careful column
chromatography on silica gel or alternatively by controlled vacuum distillation of methyl valinate, the relatively
volatile hydrolysis byproduct. Catalytic hydrogenation of the double bond was carried out in high yield using
palladium on carbon and the product 9, determined to be pure by 'H and 13C NMR, was used directly in the next
step. Differential protection of the free amino group was accomplished as the CBZ derivative using standard
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conditions to give intermediate oxazolidine 10 in excellent yield. Liberation of the L-terminus of the molecule
was accomplished using the conditions of Wagner and Tilley,'0() refluxing a wet methanolic solution of the
oxazolidine with a catalytic amount of p-toluene sulfonic acid to give 11. Finally, oxidation of the primary
alcohol using pyridinium dichromate in DMF proved to be successful in providing pure 1 in 75% isolated yield.

Scheme 1
R
CHO #
COOH ref. 9 Mg ¢H
*/OH ~ s Boc-N ———» Boc-N —_—
2 3 R=CHO :]b

4 R=CHOH
5 R=CHgBr :lc

11 9 R=H 8
10 R=Cbz<_—|g

(a) PhgP=CHCHO, toluene, A, 80%; (b) DIBAL, CHyClp, 0°, 60%; (c) PhsP, CBra, CH,Cla, 0°, 95%; (d) n-BuLi,
THF, -78°,95%; (e) 0.1N HC, THF, Hz0, 48%; (f) Ho/Pd/C, E1OAC, quant.; (g) Cbz-Cl, Et,0, NaHCOs, 84%;
(h) p-TSOH, Ho0, CHsOH, 91%; (i) PDC, DMF, 75%.

The stereochemical integrity of the process was determined by preparation of Mosher!7 esters of alcohols 4
and 11. Analysis of the 300 MHz NMR specira of these the esters showed the presence of only one diastereomer
in each case, at the limit of detection, indicating enantiomeric purity 295%.

In conclusion this sequence represents a highly stereospecific route for preparation of differentially
protected meso-DAP. In theory, the method will allow for the preparation of D,D- or L,L-DAP by simply
varying either the oxazolidine (starting from L-serine) or the Schollkopf dihydropyrazine (starting from D-valine).
In addition this procedure provides intermediates amenable for structural elaboration, should derivatives of the
parent compound be required.
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