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Abstract: Solid phusc synthesis of peptidoglvean monomers was conducied by coupling the corresponding
lipid-bearing glveacarboxylic acids (o resin-hound peptides. The efficicney of coupling reagents was found to
he in descending order of HATUHBTU - PyBOP - FEEDQ. There way no obvious difference in coupling vield
hetween conducting the solid phase svnthesiss on polystvrene resins or on polvethylene glveol grafted
polvsnyrene resins.  Copyright © 1996 Elsevier Science Ltd

Inhibition of bacterial cell wall biosynthesis is a well established strategy for the identification of clinically viable antibiotics.!
Bacterial cell wall peptidoglyean consists of a network of peptide containing polysaccharide which is cross linked by the peptide chain to
provide cell wall rigidity.! A typical peptidoglycan monomer for bacterial cell wall biosynthesis is a triunit made up of a lipid, a
carbohydrate and a peptide unit. such as the lipid-bearing 1 .4-linked N-acetylglucosamine N-acelylmuramoyl pentapeptide 1.2 A rational
approach to inhibit bacterial cell wall biosynthesis would be to prepare analogs ol the peptidoglycan monomer triunit 1. It is expected that

these analogs would be potential inhibitors of the transglycosylases or transpeptidases involved in bacterial cell wall biosynthesis.

In an effort to identify potential inhibitors of peptidoglycan biosynthesis, we wanted 10 construct a peptidoglycan monomer
combinatorial library in which we could vary the nature of the peptide. carbohydrate and lipid units. In addition, we wanted to construct
the library on the solid phase followed by the refease of the peptidoglycan products into solution for biological assay. Since there are only
a few reports describing the solution synthesis of the fipid-carbohydrate? and the carbohydrate-peptide? fragments of the peptidoglycan
monomer, to accomplish a library construction required that we develop efficient solid phase chemistry for the synthesis of the

peptidoglycan svstems.

The basic solid phase strateey which we chose required that protected tipid-bearing glycocarboxylic acid building blocks be
coupled to resin-bound peptides by solid phase amide bond formation. Subscquently. any base labile carbohydrate protecting groups
would be removed betore a one-step acid cleavage of the lipid-carbohydrate-peptide product from the solid support and removal of acid
sensitive carbohydrate or peptide protecting groups. [n this report, we describe the development ot efficient solid phase chemistry for the

construction of peptidoglycan monomer systems employing both monosaccharide 2 and disaccharide 3 building blocks.
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The synthesis of the monosaccharide 2 and disaccharide 3 building blocks are shown in Scheme 1 and 2 respectively. In both
cases, the allyl glycosides 7 and 12 were oxidized to the corresponding acids 8 and 13 by a RuCl, mediated oxidation> which were
subsequently coupled to 1-dodecylamine in the presence of HOBt and a water-soluble CDI® (WSCDI) to yield 9 and 14 respectively. The

desired building blocks 2 and 3 were obtained by sclective saponification” of the corresponding esters 9 and 14.
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a) allyl alcohol. BF 3-OEt, (at. yd., «:3 = 4:1). b) PhCH(OMe),. TsOH, DMF. column separation (47 %}
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e) 1-dodecylamine, HOBt, WSCD!, CHCly (50 %). f) 0.1 M KOH, dioxane (qt. yd.)
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a) p-TsOH. toluene. reflux (70 %). b) Ac,0, DMAP. py (at. yd) c) RuCl3. NalQ, CCls, MeCN. H,O (86 %).
d) 1-dodecylamine. HOBt, WSCD!, CHCl, (73 %). €} 0.1 M KOH, dioxane. 0°C (31 %)

Although solid phase peptide synthesis is well established, the coupling reaction involving structurally different lipid-bearing
glycocarboxylic acid substrates deserved extensive investigation. ~We found that the pentafluoropheny! (Pfp) esters of
glycocarboxylic acids 2 and 3 were very labile and the Pfp-ester/Dhbt- OH?¥ solid phase amide bond formation did not afford
reproducible coupling yield. These results rendered the direct coupling of ¢lycocarboxylic acids 2 and 3 to resin-bound peptides a
simpler and better alternative. The solid phase synthesis of peptidoglycan monomer analogs 4 and § is illustrated in Scheme 3. The
Fmoc protected resin-bound tripeptide? was treated with 20% piperidine in DMF 1o generate the free amino terminal. The disaccharide
building block 3 was coupled!? to a tripeptide bound to polystyrene resin vie a chlorotrityl linker. AKA-(CIt)-(PS). The monosaccharide
building block 2 was coupled to AKA-(CIt)-(PS) as well as to a tripeptide bound to poly ethylene glycol grafted polystyrene resin, AKA-
(PEG)-(PS). The resin-bound monosaccharide coupling products, 2-AKA-(CIO-(PS) and  2-AKA-(PEG)-(PS), were treated with 90%
aqueous trifluoroacetic acid to complete the cleavage and global deprotection processes. The monosaccharide peptidoglycan monomer
analog 4 was obtained by precipitation with diethyl ether. RP-HPLC analysis'! showed that the deprotection was complete (Figure 1).
On the other hand, the resin-bound disaccharide coupling product, 3-AKA-(CIt)-(PS), was first treated with sodium methoxide to remove
the acetate protecting groups. [t was followed by the 90% TFA cleavage and peptide deprotection. The disaccharide peptidoglycan
monomer analog § was finally isolated by precipitation with diethyl ether. The coupling yield of each combination of solid support and

coupling reagent was determined by RP-HPLC analysis! ! of the isolated products, and the results are summarized in Table 1. To find
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the most efficient coupling conditions, four coupling reagents, EEDQ,!2 HATU,!3 HBTU.¥ and PyBQP!3 (Figure 2), were evaluated.

We found that HATU consistently afforded the highest coupling

peptides.
building block 2.

Scheme 3
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Table 1. Coupling yield (%) of solid phase reactions. !
2 + AKA-(Cit)~(PS) 2 + AKA-(PEG)-(PS) 3 + AKA-(Cit)-(PS)
EEDQ/DCM 74 80 67
HATU/DIPEA/DMF 84 85 89
HBTU/DIPEA/DMF 79 77 89
PyBOP/DIPEA/DMF 75 76 82
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[n summary, we have demonstrated the efficient solid phase construction of peptidoglycan monmer analogs by coupling
lipid-bearing glycocarboxylic acids to resin-bound peptides. The most effective coupling reagent in the study was found to be HATU
followed by HBTU. PyBOP and EEDQ respectively. These findings agree with the role of HATU in coupling hindered amino acids.
We also found that there was no obvious difference in coupling yield when conducting the solid phase synthesis on polyethylene
glycol grafted polystyrene resins or chlorotrityl polystyrene resins.  This result shows that there is no advantage in substituting
polystyrene resins with more expensive PEG-grafted resins when solid phase reactions could be carried out in solvents with good
swelling capability. such as dichloromethane or dimethyvlformamide. Utilization of both monosaccharide and disaccharide building
blocks was compatible with the solid phase chemistry. The difference in size and protecting groups on the monosaccharide and
disaccharide building blocks did not significantly alter yields on the solid phase coupling reaction. It implies that resins with adequate
pore size provide similar access to both monosaccharide and disaccharide substrates. Benzylidene as well as acetate protecting groups
are compatible with the solid phase synthesis conditions on chlorotrityl resins. Since the synthetic scheme allows the use of acid or
base labile protecting groups. the scope of glycocarboxylic acid building blocks is not limited by the protecting group strategy.
Consequently. a larger number of carbohydrate variants could be incorporated in the construction of a peptidoglycan monomer
library.
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