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Abstract:  A novel peptide-sugar hybrid with a repeating sequence of glycamino acid and aspartic acid 

residues was synthesized and was found to inhibit tumor cell migration with an IC50 of 10 lxM. 
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~-Peptides are composed of 13-amino acid residues 1 and have been found to adopt or-helical conformations 

similar to those of their counterparts consisting of the naturally occurring ix-amino acids. 2 These ~-peptides are 

expected to be metabolically stable alternatives to the biologically active natural peptides, and therefore a variety of 

such amino acid and peptide analogs have been developed. 3 Glycamino acids are a unique class of carbohydrate- 

derived amino acid analogs that possess a carboxylate group and an amino group replacing one of the OH groups of 

the carbohydrate. Thus, they exhibit some of the structure and properties of amino acids as well as carbohydrates. 4 

Kessler et al. have demonstrated that incorporation of a glycamino acid into a peptide sequence creates a 

conformationally rigid peptide-like structure, indicating that these derivatives can be utilized as peptide mimetics. 5 

Their homo-oligomers have also been constructed, 6-9 and shown to exhibit a potent anti-HIV activity by us. 9 

Herein, we report the synthesis and in vitro assay of a new class of peptide analogs, peptide-sugar hybrids 1 that 

have an alternating sequence of glycamino acid and ~-amino acid residues. Our objective was to create another new 

class of non-natural peptide molecules and screen these molecules in an in vitro assay system for the biological 

activity that is relevant to cancer treatment. In addition, we sought to design relatively simple and small molecules 

that are easy to assemble. 

In our general synthetic strategy (Fig. 1) the m , o ~ r r o , o ~  
I ~ a c l a  .............. ! ......................... amino group of all each amino acid derivative is I BOO'IN--CH--COOH i O i 

protected with a Boc group in order to allow this ], ~' ,. :: ,2N....L.1 i 

strategy to extend to be a solid-phase type of H ~ N ~ - - - ~  2,*tx,0,ot~o, ! O t ' ~ i  
po~nersul~gort ~ l l l l ~ i l : l  iH2N'~. J -J i synthesis. The elongation reaction is carried out by ~-'r'~'° COOH : RO>'./ : 

fleev#l~ ~ 
BOP chemistry, and each building block is chosen to nc~'-A ......................................... ; 

be either an amino acid or a glycamino acid, thereby 
R 1 O R a O RS O 

and the number of potential peptide analogs. ~ . j  ~ v  -~ ~ ~v- I 
(HO). (HO)n (HO)n 

For the first hybrid molecules we chose a 1 (PepUOo-sugarh~eorid) 

glucose-derived glycamino acid, 4-NH2-D-GIc- 1- Fig. 1. General synthetic strategy for the hybrid molecules. 
CO2H 2 as the 6-amino acid and aspartic acid 3 as 
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the [~-amino acid  e ~ - N ^  o, . o. oH 
CO2H H * CO~H -, O HN- O~ c o m p o n e n t .  We c.~.+ . ~ N ' ~  ~ ~ . . , . ,  

conjugated the glycamino .o 2 OH 3 - ~ - - ~ .  O \b X / CO2H ~ ~O 
~-Amlno acld Hd ~OH HO "OH 8-Amlno ac/d OH 4 

acid through the C-4  ~c.~,~..~ c~o.,,~.~ 

N H 2 group to the [~- Fig. 2. The designed hybrid molecule and its amino acid components. 

carboxylic acid moiety of 

aspartic acid (Fig. 2). We also employed both D- and L-aspartic acids in order to examine how the enantiomeric 

stereochemistry would affect the overall conformation and biological activity of the hybrid molecules. 

The two hybrid molecules, 4D with the D-form of aspartic acid and 4L with the L-form, were synthesized as 

shown in Scheme 1. A known galactose derivative 510 was converted to the glycamino acid building block 7 via 

6. n-Octylamine was first coupled with 7 in the presence of BOP reagent and diisopropylethylamine (DIEA) 11 in 

DMF to give 8 in 82% yield. The N-Boc derivative 8 was treated with 2N HC1/EtOAc, and the resulting amino 

derivative was coupled with N-Boc-L-aspartic acid t~-methyl ester 12 in the presence of BOP reagent and DIEA in 

DMF to give a dimeric compound 9(D) in 62% overall yield. By the same synthetic manipulation, 9(D) was 

coupled with 7 to give the trimeric compound Ill(D) in 54% yield. The second aspartic acid residue was 

introduced into 10(D) to afford the tetrameric compound l l (D)  in 64% yield. Another addition of 7 to l l (D)  

gave the pentameric compound 12(i)) (90% yield), which was then deprotected to give 4(D). 13 Employing L- 

aspartic acid ~-benzyl ester, the pentameric compound 4(L)13 was also synthesized in a similar synthetic 

procedure. 

To assess the conformational properties of the hybrids we used MacroModel (v. 5.5) for molecular dynamics 

calculations: conformational energy minimization of the hybrid structures was carried out with the AMBER* force 

field, the GB/SA water model, and a Monte Carlo approach. 14 Although these calculations may tend to give heavy 

weight to intramolecular hydrogen bonding to the nearby functional groups, we identified two factors that were 

critical in determining the conformations shown in I (Fig. 3). First, because of the electrostatic repulsion with the 

ring oxygen and intramolecular hydrogen-bonding stabilization with the C-2 OH group, the C-1 amido carbonyl 

groups of the glycamino acid residues were found to be positioned away from the sugar ring oxygen atom, an 

observation consistent with that reported by the Kessler group. 5b Second, the t~-carboxylic acid moieties of the 

S c t w m e  1 a 

R 1 0 B n  OR 1 ~ ~ 1  

HO BocH Boe- N,, N,,, 
b d 

RIO ,,~ v ~CO2M e " BnO ~ -~/ ~COR CONH-Oct 
- i 

OR' OBn LL OR' OJnL .... J P OR 1 

r'- 5 RI=H c ~.. ; R=OH e ~. 9 RI=Bn, R2=Me (for D-Asp) or Bn (For L-Asp); m=l, n--0, p=l 
a L~ 6 RI=Bn R=NH-Oct d ~.. 10 RI=Bn, R2=Me (for D-Asp) or Bn (For L-Asp); m=l, n=l, I0=1 

11 RI=Bn, R2=Me (for D-Asp) or Bn (For L-Asp); m=l, n=l, p=l 
e ~ then m=l, n=O, p: l  
f ~ 12 RI=Bn, R2=Me (for D-Asp) or Bn (For L-Asp); m=l, n=l, p=2 

4 RI=R~-H; m=l, n=l, p=2 

aKey: (a) i) PhCHO/HCO2H, ii) NaH/BnBr, iii) NaBH3CN/HCVTHF; (b) Tf20/pyr/CH2CI 2, ii) NaN3/DMF, iii) H2S/pyr-H20, iv) Boc20/ 
EtaN/MeOH, v) LioHrrHF-MeOH-H20; (c) n-OctyI-NI~/BOP/DIEA/DMF; (d) i) HCI/EtOAc, ii) N-BoC-D-aspartic acid co-methyl ester 
or N-BoC-L-aspartic acid (z-benzyl ester/BOP/DIEA/DMF; (e) i) HCI/EtOAc, ii) 7/BOP/DIEA/DMF; (f) i) H~Pd(OH)~/THF-MeOH-H20 
(for o-Asp derivative: ii) LiOH/THF-MeOHoH20) 
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For O HO~ Serk~: Rlffi H; R2= NH-~R v 
For l ileci~: RI~ NH-R; R2= H 

I n f o r  4 ( 0 )  I I I  f o r  4 (L )  

Fig. 3. Intramolecular hydrogen-bonding obtained through molecular dynamics calculation for a 
dipeptide moiety of aspartic acid and the glycamino acid (I). Proposed stable conformations: II  for 4(D) 

and IH for 4([,) on the basis of the partial conformation of I. Arrows indicate the carboxylic acid 
moieties, and the octyl groups are replaced with the methyl groups. 

aspartic acid residues were found to play a role in determining the conformation of these hybrid molecules by 

forming a hydrogen bond to the C-3 OH group. Therefore, we assumed that 4(D) and 40--,) possess quite different 

stable conformations because of the stereochemistry of D- and L-aspartic 

acid residues incorporated, and we propose the stable conformers I I  for ~ i g i ~  
4(D) and I I I  for 4(L). 

We examined the biological activity of the hybrid molecules in two in i 
vitro systems involving highly metastatic tumor cell lines. These assays 

measured the ability of the hybrid molecules to inhibit cell adhesion 

(chemotaxis) 15 and invasion, 16 two processes that are critical to cancer ~ ~o~ ~o~ ~ ~ '  
metastasis. In a chemotactic assay in which CD44-expressing lung 

Fig. 5. Inhibition of tumor cell 
carcinoma cells (A549) adhere to vitronectin, the deprotected form of the D- invasion through Matrigel ® at 10 laM. 
aspartic acid-containing trimer 10(D) inhibited adhesion by 46% at 10 I.tM, 

whereas the L-isomer 10(L) showed no inhibition at this concentration ~ ~ ~ I  1 J 
(Fig. 4). In the assay measuring tumor cell invasion (Fig. 5), a 10 ~tM ~ 

solution of the pentamer 40L) inhibited by 64% the invasion of A549 cells ~ 

through a polycarbonate membrane coated with basement membrane 

components (Matrigel®), 17 whereas 4(D) inhibited the invasion by 38% at v 

the same concentration. Although we were not able to determine the precise 
mechanism by which the compound prevented lung tumor cell adhesion and Fig. 4. Inhibition of tumor cell 

chemotaxis to vitronectin at 10 tiM. 
invasion, these data suggest that these simple hybrid molecules can inhibit 

critical steps in metastasis. 

In summary, we have designed and synthesized a new class of peptide analogs, peptide-sugar hybrids with an 
alternating sequence of glycamino acid and B-amino acid. The assembly of all the oligomers could be carried out in 

the same sequence: i) N-deprotection with HCI/EtOAc and ii) coupling with BOP reagent and DIEA in DMF. 

Showing a potent inhibition of lung tumor cell invasion in a preliminary biological evaluation, these peptide-sugar 

hybrids may provide a new class of molecules with a significant biological activity. 
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