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Introduction 

When chemical agents, different compounds are applied for medical treatment, we could 

generally say that we use chemotherapy. However, nowadays the word chemotherapy is 

identified as a procedure to treat cancer patients.  

There is no generally applicable therapy for the healing of cancer. “Cancer” is collective term 

for plenty of diseases, so different possibilities could emerge. Against the varieties of cancer 

we fight by using drugs of various chemical structures and mechanism of action. However, 

incurable cases still occur, where we can only delay the human tragedy. Therefore the 

development of new drugs is still a very important task.  

In most of the cases we modify the drugs to improve them, to modify their properties, to 

increase their activity in a wider range or their specificity. The modified compound could be 

more effective against the disease than the original one or could posses less harmful side-

effects. If another compound with different properties is attached to the molecule, conjugate 

could be synthesized. With this method we could combine the effects of different molecules 

or add new properties to the original drug. We could modify its physical-chemical and/or 

biological features. Before the synthesis of a conjugate we have to consider which part of the 

molecules could be modified, which functional groups we could use for conjugation and the 

presence of which groups is essential to keep the biological activity.  

During my doctoral work I synthesized conjugates of different types of antitumor agents with 

cell-penetrating oligoarginine peptides of different length by using various chemical 

techniques. By their analytical characterization and the investigation of their chemical and 

biological properties, I wanted to answer to the questions proposed in the “Objects” section. 

 

Objects 

A possible solution to modify the physical-chemical and biological properties of new drug 

candidates or known drugs is the attachment of these compounds to carrier molecules. During 

my doctoral work, in the Research Group of Peptide Chemistry HAS, I coupled antitumor 

compounds to carrier peptides, namely I prepared bioconjugates. 

Oligoarginine peptides belong to the family of cell-penetrating peptides. Although the 

mechanism by their entering into the cell is still not clarified, they have already proven the 

effectiveness of their cell-penetrating ability. Therefore I chose the oligoarginine peptide 

family as carriers. During my work I synthesized oligoarginine peptide conjugates of different 

antitumor agents. 
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There are lots of metallocene compounds which are known for their biological activity. 

Nowadays researchers are interested in the investigation of biological, mainly antitumor 

activity of drugs containing ferrocene moiety. Our group had a close collaboration with the 

Research Group for Structural Chemistry and Spectroscopy HAS working at the Department 

of Inorganic Chemistry, where new ferrocene compounds were synthesized and characterized. 

The antitumor activity of these new compounds was investigated in our biological laboratory. 

Within this project I prepared ferrocene – peptide conjugates. I synthesized for the first time 

conjugates of ferrocene carboxylic acid which is one of the basic compound of ferrocene 

derivatives, and ferrocene acrylic acid which has antitumor activity. I wanted to examine how 

the oligoarginine peptides with different length affect the cytostatic activity of the ferrocene 

compounds.  

 

Daunomycin is a well-known, clinically applied, effective antitumor agent, which is used for 

the treatment of different leukaemia, however its side-effects limit its dose. There are several 

examples in the literature that the activity of the compound could be changed by conjugation 

to carrier molecules. Daunomycin was conjugated to different carrier molecules by various 

chemical techniques. During my work, I was interested in learning how the same peptide 

carriers, which are attached by different technique, affect the properties of the drug, whether 

the different coupling mode or site could cause any changing. I coupled daunomycin to 

oligoarginine peptides by using its amino- and oxo group. For this I also synthesized modified 

oligoarginine peptides. In part of my work I collaborated with the members of Research 

Group of Antibiotic Chemistry HAS operated at the Department of Pharmaceutical Chemistry 

in Debrecen.  

 

Pemetrexed is an antitumor agent developed in the last years to treat mostly lung cancers. Its 

effectiveness and side-effects are still under investigation. While planning its peptide-

conjugates my aim was to preserve its carboxylic-groups during the preparation, because they 

are essential for the biological activity of the molecule.  So I planned a new coupling strategy 

before I synthesized the peptide-conjugates. Because the drug is applied for the treatment of 

lung cancer, I synthesized also conjugates of a specific lung-targeting peptide beside the 

oligoarginine conjugates. I twice spent one month in the Proteomics and Protein Chemistry 

Unit, at the University Pompeu Fabra in Barcelona.  
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I investigated the chemical and also the biological properties of the basic compounds 

(ferrocene, daunomycin, pemetrexed) and their peptide conjugates. The identification of the 

compounds was performed by mass spectrometry, while purity control and the investigation 

of their stability were performed by analytical liquid chromatography. Their cytostatic activity 

and cell-penetrating ability was evaluated by colleagues in our biological laboratory. During 

the examination of the data, with full knowledge of the chemical properties we drew the 

conclusions together.  

 

Experimental methods 

Synthesis: solid-phase Fmoc/tBu strategy, chemo-selective ligation 

Purification: reversed phase high performance liquid chromatography (RP-HPLC) 

  fast protein liquid chromatography (FPLC) 

  gel-filtering, MCI gel chromatography 

Analysis: reversed phase high performance liquid chromatography (RP-HPLC) 

  element analysis 

Structure examination: Electro-spray mass spectrometry (ESI-MS) 

Surface-Enhanced Laser Desorption/Ionization Time-of-Flight 

mass spectrometry (SELDI-MS) 

Biological methods: measurement of inhibition of cell-proliferation on human leukaemia 

(HL-60) cells by MTT assay 

 investigation of cell-penetration on human leukaemia (HL-60) cells by 

flow cytometry 
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Synthesis 

1. Preparation of precursor peptides 

I synthesized oligoarginine, aminooxy, hydrazide or cysteine modified oligoarginine, 

IELLQARGGC, IELLQARGGCGGR8 peptides on solid phase by Fmoc/tBu technique. I 

applied in situ active ester coupling strategy by using DIC/HOBt coupling agents. I purified 

the peptides by RP-HPLC or FPLC methods. Their homogeneity was investigated by 

analitycal RP-HPLC, as for their chemical structure was proved by ESI-MS.  

 

2. Synthesis of ferrocene containing peptide conjugates 

I synthesized tetra-, hexa- and octaarginine derivatives of ferrocene carboxylic acid on solid 

phase by Fmoc/tBu technique. I coupled the ferrocene derivative to the N-terminal of the 

peptides in the presence of DIC/HOBt coupling agents, amide bond was formed. The 

conjugates were purified by RP-HPLC. Their homogeneity was investigated by analytical RP-

HPLC, as for their chemical structure was proved by ESI-MS. 

 

Fig. 1.  Chemical structure of ferrocene containing oligoarginine conjugates  
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Conjugates of ferrocene carboxylic acid (1, n = 4, 6, 8) or ferrocene acrylic acid (2, m = 6, 8) 

I synthesized hexa- and octaarginine derivatives of ferrocene acrylic acid in solution. I 

coupled the ferrocene derivative to the N-terminal of the peptides in the presence of 

BOP/HOBt coupling agents and DIEA, amide bond was formed. The conjugates were 

purified by RP-HPLC. Their homogeneity was investigated by analytical RP-HPLC, as for 

their chemical structure was proved by ESI-MS. 
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3. Synthesis of daunomycin peptide conjugates 

I synthesized tetra-, hexa- and octaarginine conjugates of daunomycin by three synthesis 

strategy. I prepared daunomycin conjugates coupled by squaric acid linker in solution. First I 

prepared the daunomycin – squaric amide methyl ester conjugate in methanol (pH 7), then I 

synthesized the squaric amide conjugate of daunomycin and one arginine by raising the pH 

(pH 9) and adding L-arginine to the solution. The squaric acid linker made a connection 

between the amino group of daunomycin and the amino group of arginine. I prepared the 

oligoarginine conjugates by the reaction of this precursor compound and tri-, penta- or 

heptaarginine peptides in the presence of DCC/HOBt and NMM in DMSO solvent. I coupled 

the carboxylic group of arginine attached to the daunomycin to the terminal amino group of 

the peptides, amide bond was formed. 

 

Fig.2. Chemical structure of daunomycin–oligoarginine conjugates 

O

O

O

13

OH
CH3

N

OCH3

OH

OH

O

NH2OH

CH3

NH

NH

O

NH

NH2

NH2

NH

NH2

OO

n

n

O

O

O

13

OH
CH3

N

OCH3

OH

OH

O

NH2OH

CH3

NH

NH

O

NH

NH2

NH2O

O

O

O

O

OH
CH3

O

OCH3

OH

OH

O 3

NHOH

CH3

NH

O O

NH

O

NH

NH2

NH2

n

1

2

3

 

1 squaric amide; 2 oxime; 3 hydrazone (n = 4, 6, 8) conjugate 

I prepared oxime and hydrazone conjugates of daunomycin in the reaction of aminooxy- or 

hydrazide group modified tetra-, hexa- and octaarginine peptides and daunomycin. I coupled 

the aminooxy or hydrazide group to the oxo group of daunomycin in the mixture of slightly 

acidic buffer (pH 5.2 or 6.0) and organic solvent (DMSO or DMF). The daunomycin 



7 

 

conjugates were purified by gel-filtering on sephadex gel then on MCI gel. Their 

homogeneity was investigated by analytical RP-HPLC, as for their chemical structure was 

proved by SELDI-MS. 

 

4. Synthesis of pemetrexed peptide conjugates 

I prepared pemetrexed peptide conjugates in a four-step reaction. First for the temporary 

protection of its carboxylic groups I prepared the dimethyl ester derivative of pemetrexed by 

thionyl chloride in methanol. Then I built chloroacetyl group to the heteroaromatic amino 

group of pemetrexed by chloroacetyl-anhydride in the presence of DIEA in DMF solvent. 

From the dichloroacetylated product formed in the reaction I removed the second chloroacetyl 

group by acidic treatment. Their homogeneity was investigated by analytical RP-HPLC, as for 

their chemical structure was proved by ESI-MS and element analysis. 

 

Fig. 3. Chemical structure of pemetrexed peptide conjugates 
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For the synthesis of the conjugates I prepared cysteine modified peptides (IELLQARGGC, 

R8GGC, IELLQARGGCGGR8), which were coupled to the pemetrexed derivatives in the 

mixture of Tris buffer (pH 8) and DMF. In the reaction the thiol group of the cysteine was 

attached to the chloroacetyl group built to pemetrexed, thioether bond was formed. During the 

fourth step I removed the temporary protecting methyl ester groups from the carboxylic 

groups in the mixture of sodium hydroxide solution and acetone. The conjugates were 

purified by RP-HPLC. Their homogeneity was investigated by analytical RP-HPLC, as for 

their chemical structure was proved by ESI-MS. 
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Results 

1. Ferrocene containing peptide conjugates 

I coupled ferrocene carboxylic acid and ferrocene acrylic acid to cell-penetrating 

oligoarginine peptides (tetra-, hexa- and octaarginine) which also enhance the water-

solubility. I applied solid phase and also liquid phase synthesis techniques for the preparation 

of the new compounds. 

As the result of the conjugation, the water insoluble ferrocene compounds became water 

soluble. During the investigation of their cytostatic activity on human leukaemia (HL-60) 

cells, we found that the conjugation could enhance the biological effectiveness of a compound 

beside the water solubility. We observed that in some cases (ferrocene carboxylic acid) the 

cytostatic activity of the hexa- and octaarginine conjugate was better than the original 

compound, while in the case of ferrocene acrylic acid we did not observe this effect.  

 

2. Daunomycin peptide conjugates 

I coupled daunomycin to peptide carriers (tetra-, hexa- and octaarginine) by using its two 

moieties which are suitable for conjugation. I applied three different strategy to gain 

conjugates containing squaric amide, oxime and hydrazone bond. For this I synthesized 

modified oligoarginine peptides, and I developed a new method as well which is suitable for 

the synthesis of squaric amides of different peptides.  

For the purification of the conjugates I developed a new method by which I was able to purify 

acid sensitive derivatives. First by gel-filtration I removed the daunomycin from the reaction 

mixture, then I removed the peptide component by MCI gel chromatography. The stability of 

the conjugates in solid form was increased by this new purification method, the squaric amide 

and oxime conjugates can be stored on -5 oC, while the hydrazone conjugates on -20 oC. I 

demonstrated the stability of squaric amide and oxime conjugates in different buffers (pH 2 or 

5) and in distilled water; they are stable at least two weeks long. However in these 

circumstances daunomycin is released from the hydrazone conjugate within a couple of hours.  

The conjugates had cytostatic activity on human leukaemia (HL-60) cells, but in all cases the 

conjugation decreased the effectiveness of daunomycin. We observed similar results during 

the examination of cell-penetrating ability, within the same time the free daunomycin got into 

the cells in a bigger amount. However we observed differences between the conjugates by 

virtue of place of conjugation, chemical bond and length of peptide carrier. The derivatives 

conjugated at the oxo group of daunomycin were proved to be more effective than the ones 
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conjugated at the glucoseamino group. Among the oxime and hydrazone conjugates the 

tetraarginine derivatives were the most effective; their IC50 values are similar to each other – 

the hexaarginine containing oxime conjugate had also good activity. 

 

3. Pemetrexed peptide conjugates 

I developed a method for the synthesis of bioconjugates by using cell-penetrating octaarginine 

and lung targeting IELLQAR peptide. During the synthesis of pemetrexed peptide conjugates 

the carboxyl groups which are essential for the biological activity were preserved. I modified 

the heteroaromatic amino group of pemetrexed by a chloroacetyl group, while I built cysteine 

amino acid to the peptide sequence. By coupling of the two moieties, thioether bond was 

formed. In the last step I synthesized the target conjugates by removing the methyl ester 

groups which protected temporarily the carboxylic groups.  

During the investigation of the cytostatic effect of the new derivatives on human leukaemia 

(HL-60) cells, we found that the free carboxylic groups are really essential for the biological 

activity. The IC50 value of the dimethyl ester derivative is higher than that of the original 

drug. The cytostatic activity of the peptide conjugates containing free carboxylic groups was 

moderated compared to pemetrexed; the conjugates containing IELLQAR sequence were 

proved to be more effective. Due to the presence of the free carboxylic groups, the activity of 

pemetrexed was preserved. The verification of the results and the further examination of the 

effect of IELLQAR peptide is still in progress. 
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