SYNTHESIS OF NEW ANTIPICORNAVIRAL PEPTIDES CONTAINING IMIDAZOLE MOIETY WITH EXPECTED BIOLOGICAL ACTIVITY
Ivaylo N. Minchev1 and Lyubomir T. Vezenkov1

1. Department of Organic Chemistry, University of Chemical Technology and Metallurgy,1756 Sofia, Bulgaria

Introduction
The picornaviruses are small nonenveloped RNA viruses with a single positive strand RNA. They are known as causative agents of human heart diseases (myocarditis, pericarditis, dilated cardiomyopathy), of acquired diabetes, meningitis and other neurological diseases. After the penetration of the virus into the cytoplasm of the host cell, the viral RNA is translated into a long polyprotein, which than undergoes proteolysis by cell prоteinases and virus-encoded proteinases as 2A and 3C [1-4]. Changes in the active center of these enzymes make them incapable to produce polyprotein in vitro, therefore their inhibition by low molecular weight molecules could stop the viral replication in vivo. However there are several stages of the virus life cycle used for attack. The most useful strategy includes inhibition namely of the above enzymes. Due to its importance in the viral replication cycle, the 3C proteinase is already well known biological target. However, on the basis of structure based design few successive antipicornaviral agents were developed [5-9]. The present study was performed as ligand-based design of molecules which mimic the minimal substrate composition specific for 3CP (Figure 1). In order to increase the biological activity we incorporated different amino acids in position P3 combined with introducing of Imidazole heterocycle in positions P4 and P1’ (Table 1). Previous studies indicate that incorporation of heterocycle in the main structure could lead to significant changes in the antiviral activity [10-13]. 


Results and Discussion

Benzimidazile is well known antipicornaviral inhibitor. However, there aren’t many studies investigating the influence of the Imidazole moiety over the activity. In the course of our researches we incorporated Imidazole heterocycle into the N- and C-terminus of the minimal substrate composition, combined with amino acid changes in position P3 as well. The described changes were made in the minimal substrate composition with structure: H- Thr P4- Leu P3- Phe P2- Gln P1- Gly P1’- Pro P2’-OH
We synthesized the followed compounds:

Table 1. Structures of the synthesized peptides
Compound №                                                              




1. H-Pro-Phe-Gln-OH                                     7. H-His-Phe-Gln- Imid
2. ImidAA -Pro-Phe-Gln-OH                            8. ImidAA -His-Phe-Gln- Imid
3. H-Pro-Phe-Gln-Imid                                      9. H-Trp-Phe-Gln-OH 

4. ImidAA -Pro-Phe-Gln-Imid                         10. ImidAA -Trp-Phe-Gln-OH

5. H-His-Phe-Gln-OH                                    11. H-Trp-Phe-Gln- Imid

6. ImidAA -His-Phe-Gln-OH                          12. ImidAA -Trp-Phe-Gln- Imid

All synthesis were performed as Multiple- peptide synthesis in parallel using SPPS, Fmoc-strategy, on Rink Amide Resin (HCPam 02-1, 1% DVSB, 100~200 mesh). As coupling reagents HBTU / HOBt / DIEA were used with 3 equiv. excess of the Fmoc-amino acid relatively to the resin.

 Used amino acids: Fmoc-Glu(OH)-1-OAll, Fmoc-Phe-OH, Fmoc-Pro-OH, Fmoc-His (Trt)-OH, Fmoc-Trp(Boc)-OH, 4-Imidazole acetic acid hydrochloride (imAc) and Imidazole (im). The removal of 1-allyl protecting groups was performed by Pd (PPh3)4 (3 eq.)/ CHCl3-AcOH- N-methylmorpholine (37: 2: 1) (15 ml per gram resin) under stream of Argon as described by Barany, et al. 

The Imidazole condensation was performed from 3 eq. of Imidazole to 1 eq. resin and TCTU / 1-HOBt / DIEA (1: 1.1: 1.1 eq. excess toward the resin).

The coupling of 4-Imidazole acetic acid was made by standart procedure.

Fully deprotected peptides were obtained by cleavage with 2.5 ml of 95 % TFA (2.4 ml), 2.5 % H2O (0.06 ml) and 2.5 % TIS (0.06 ml) for 2.5 h. 

The syntheses were performed as follows:
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- Rink Amide Resin

Fmoc-Glu-1-OAll-NH- Rink Amide Resin

Fmoc-Glu(OH)-1-OAll

HBTU/ HOBt/ DIEA

H-Glu-1-OAll-NH-Rink Amide Resin

Fmoc- Phe-OH

HBTU/ HOBt/ DIEA

Fmoc-Phe-Glu-1-OAll-NH-Rink Amide Resin

5 min 20 piperidine/ DMF

15 min 20 piperidine/ DMF

Fmoc- Pro-OH

HBTU/ HOBt/ DIEA

Fmoc- His(Trt)-OH

HBTU/ HOBt/ DIEA

Fmoc- Trp(Boc)-OH

HBTU/ HOBt/ DIEA

Fmoc-Pro-Phe-Glu-1-OAll-NH- Resin

Fmoc-His(Trt)-Phe-Glu-1-OAll-NH- Resin

Fmoc-Trp(Boc)-Phe-Glu-1-OAll-NH- Resin

5 min 20 piperidine/ DMF

15 min 20 piperidine/ DMF


Each product was divided by four equal parts and than undergoes the following synthesis: 
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H-AA-Phe-Glu-1-OAll-NH- Resin

H-AA-Phe-Glu-1-OH-NH- Resin

H-AA-Phe-Gln-OH

imAc-AA-Phe-Glu-1-OAll-NH- Resin

imAc-AA-Phe-Glu-1-OH-NH- Resin

imAc-AA-Phe-Glu-1-im-NH- Resin

imAc-AA-Phe-Gln-1-im

Fmoc-AA-Phe-Glu-1-OH-NH- Resin

Fmoc-AA-Phe-Glu-1-im-NH- Resin

H-AA-Phe-Glu-1-im-NH- Resin

H-AA-Phe-Gln-Imid

20% piperidine/DMF

Pd(PPh3)4

Pd(PPh3)4

Pd(PPh3)4

Imidazole

Imidazole

imAc

Cleavage

Cleavage

Cleavage

20% piperidine/DMF

Cleavage

imAc-AA-Phe-Gln-OH
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Amino acid- Pro, His or Trp 

imAc:

 4-Imidazole acetic acid hydrochloride

im:

 Imidazole


The obtained compounds were analyzed by MS-spectroscopy and RP-HPLC.  All synthesized compounds are presently tested for antiviral activity by agar-diffusion plaque-inhibition test vs. Coxsackievirus B1 and Poliovirus 1 replication in FL cells.
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