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Abstract." a-O-Linked N-acetylg,'dactos,'unine clusters with 2, 3, 4, 6, and 8 repeating units were 
synthesized using a reiterative blockwise approach and N-substituted oligoglycine peptoid backbones. 
Orthogonally protected glyeopeptide 5 and 7 were used as key building blocks. 
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Malignant cells express abnormally substituted mucin glycoproteins as a result of incomplete or aberrant 

glycosylation. In adenocarcinomas, these mucins expose tumor-associated carbohydrate antigens that are 

cryptic in healthy tissuesJ Of particular interest are the blood group antigens TN (GalNAca-O-Ser), T (GallS- 

(1,3)-GalNAcot-O-Ser), and sialosyl-Tr~ (Neu5Ac-a(2,6)-GalNAca-O-Ser) of epithelial cancers. 2 These 

antigens appear as clusters of glycopeptide repeating units and a synthetic vaccine (neoglycoprotein) is now in 

clinical trials. 3 Moreover, a dimeric Try-antigen glycopeptidolipid has been shown to be highly immunogenic. 4 

These vaccines were not derived from natural glycopeptide and since there is still no concluding evidence as to 

the antigenic participation of the peptide backbone, it became of interest to generate glycomimetics. To 

evaluate the role of multivalency in antigen presentation and to generate metabolically stable glycopeptide 

analogs, the synthesis of T~-antigen glycopeptidomimetic clusters is presented herein. 

As scaffolding peptide surrogates, N-substituted oligoglycines (peptoids) have been considered. 5 In 

previous work from this group, a number of "glycopeptoid" libraries representing both N-linked 6 and O- 

linked 7 glycans have been successfully generated. Scheme 1 below illustrates structural similarities between 

representative divalent analogs. 
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Scheme 1. Sla'uctural similarities between dimeric a-D-GalNAc-O-Ser 
dipeptide (I) and ot-D-GalNAc-O-(homo)Ser dipeptoid mimetic (II). 
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The strategy described herein was based on the reiterative scaffolding of an orthogonally protected key 

building block 3 that was prepared from readily available s allyl ~-N-acetylgalactopyranoside derived from 

commercial GalNAc (1) by treatment with allyl alcohol and BF3Et20 (67%) (Scheme 2). Ozonolysis and 

reductive amination of the resulting peracetylated aldehyde (Ac20, pyridine, 94%) with benzylamine afforded 

secondary amine 2 (74%). N-Alkylation of 2 with tert-butylbromoacetate provided 3 in 97% yield. After 

standard hydrogenolysis of the benzyl group (quant.), the resulting C-terminal amino ester unit 4 was 

transformed into either an internal N-Cbz-protected acid 6 (CbzC1, DIPEA, CH2C12, 77%; 20% TFA in 

CH2C12, quant.) or into an N-terminal N-Ac-protected acid 8 (AcC1, DIPEA, CH2C12, 98%, 20% TFA in 

CH2C12, quant.). Coupling of amine 4 with either acid 6 or 8 (TBTU coupling) afforded intermediate dimer 9 

or 10, respectively (81%). Divalent N-Cbz-protected ester 9 was further transformed into acid 11 or amine 

13 following the procedure just described above, while dimeric t-butyl ester 10 was converted into acid 12 in 

similar yields (20% TFA). 
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Scheme 2. Reagents: i) CH2=CHCH2OH, BF3Et20, 67%; ii) Ac20, CsHsN, 94%; iii) 03, CH2C12, - 
76°C, 10 min, then Me2S; iv) BnNH2, NaBH3CN, THF, r.t., o.n., 74%; v) BrCH2CO2tBu, CH2C12, 
25°C, o.n., 97%; vi) H2, 10% Pd-C, MeOH, HOAc, o.n., quant.; vii) CbzC1, DIPEA, CH2C12, 0°C, 1.5 
h, 77%; viii) 20% TFA in CH2C12, r.t., 2 h, quant.; ix) CH3COC1, DIPEA, CH2C12, 0°C, 30 min, 98%; 
x) TBTU, DIPEA, CH2C12, MeCN, 2 h., r.t., 81% 9 and 10. 

Then, dimeric amine 13 was coupled (BOP, N-methylmorpholine) to either monomeric 8 or dimeric 

acids 11 or 12 to provide protected trimer 14 and tetramers 15 or 17, in 60, 68, and 69% yields, respectively 

(Scheme 3). By reiteration of the deprotection-coupling process, dimer 13 and tetramer 18 afforded hexamer 

19 (62%). Alternatively, peptide coupling between tetrameric amine 16 with its analogous tetrameric acid 18 

furnished octamer 24 in 59% yield. All of the above well-structured oligomers 20 (dimer), 21 (trimer), 22  

(tetramer), 23 (hexamer), and 25 (octamer) were fully deprotected in essentially quantitative yields by 

treatment with a catalytic amount of NaOMe in MeOH (Zempl6n conditions) followed by tritluoroacetolysis 

as above (20% TFA, CH.,CI,_). 
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Scheme 3. Reagents. i) 8, BOP, NMM, CH2C12, r.t., 2 h, 60%; ii) 11 or 12, TBTU, DIPEA, 
CH2C12, MeCN, r.t., 2 h, 68% (15), 69% (17); iii) H2, 10% Pd-C, MeOH, quant.; iv) 20% TFA 
in CH2C12, r.t., 2 h, quant.; v) 18, TBTU, DIPEA, CH2C12, MeCN, r.t., 2 h, 62%; vi) 16 + 18, 
TBTU, DIPEA, CH2C12, MeCN, r.t., o.n., 59%; vii) 20% TFA in CH2C12, then NaOMe, MeOH. 

All compounds provided spectroscopic data in agreement with their structures. 9 Per-O-acetylated 

intermediates were readily purified by silica gel chromatography, while final deprotected oligopeptoids were 

purified my size exclusion chromatography (LH-20, H20) since they were derived from a blockwise 

approach, each fragment having twice the size of its predecessors. It is worth mentioning that by virtue of 

their secondary amide contents, these oligomers gave mixtures of rotameric isomers which could be detected 

on the NMR time scale. Integration of key signals, together with MS were used to confu'rn purity. These 

slowly interconverting stereoisomers are capable of induced fit, a properties which can be exploited to scan an 

ensemble of receptors. Moreover, these glycopeptidomimetics showed MS-fragmentation patterns similar to 

peptides, thus enabling easy structural determination. The strategy is potentially amenable to solid-phase 

synthesis and can thus he used to generate combinatorial libraries by changing the nature of the sugar, the 

interspacing distances between both the sugar residues and the sugar to backbone distances. Work is now in 

progress towards this goal. Given the importance of hepatic Gal/GalNAc receptors, these oligomers may fred 

application in liver targeting. Preliminary binding studies with model plant lectins are encouraging and will be 

presented in due course. 
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