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Abstract 

The stability of cyclic peptides and their self-assembling ability is an important aspect 

in the DNA recognition studies. Functionalization of cyclic peptides with nuclear 

bases may serve the purpose of mimicking and interacting with the DNA single 

strand. Stacking of the cyclic peptides after functionalzation may develop steric 

hinderance.  L-Lysine, with side chain amino group, was selected to avoid these steric 

factors. Differently-protected L-lysine was transformed into its respective β-analogue 

using Arndt Eistert synthesis. These β-amino acids were utilized to synthesize cyclic 

β-tripeptide scaffolds through a multistep sequence. The scaffolds after deprotection 

were subjected to functionalization with the selected nuclear bases (adenine, thymine, 

cytosine and guanine) after conversion to their acetic acid derivatives. The 

nucleobase-functionalized cyclic β-tripeptide scaffolds were completely deprotected, 

purified by RP-HPLC and characterized by ESI and HRMS.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Amino acids 

 

1.1.1 α-Amino acids 

 

All the living organisms are made of some central building blocks such as lipids, 

carbohydrates, nucleic acids and α-amino acids [1]. Twenty α-amino acids are 

naturally-occurring (Tables 1.1 and 1.2) and have same basic structure that 

incorporates amino and carboxylic groups and differs only in the nature of the side 

chains. Among these, glycine (aminoacetic acid) is the simplest α-amino acid [2], 

while proline is unique, having not only a cyclic structure but also with a secondary 

amine whose nitrogen and α-carbon atoms are part of five-membered pyrrolidine ring 

[3]. Except glycine, all the naturally-occurring α-amino acids are chiral and belong to 

the stereochemical series. These chiral α-amino acids are found to possess  

S-configuration except cysteine, which is found in R-configuration [4]. The 

stereochemistry of naturally-occurring amino acids having S-configuration is similar 

to that of L-(-)-glyceraldehyde, therefore, they are classified as L-amino acids. 

Moreover, threonine and isoleucine have a second stereogenic center at the β-carbon 

atom. 

 

1.1.1a Classification of α-amino acids 

 

Generally there are two classes of amino acids; essential (Table 1.1) and non-essential 

amino acids (Table 1.2). The non-essential amino acids are those which can be 

synthesized by human being, while the essential amino acids must be provided in the 

diet. 

 

H2N C C OH

OH

R  
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Table 1.1: Essential amino acids. 

Sr. No. Name Abbreviation R 

1 Arginine Arg NH2CNHCH2CH2CH2

NH  

2 Histidine His 

N N H

CH2

 

3 Isoleucine Ile 
CH3CH2(CH)CH3  

4 Leucine Leu 
(CH3)2CHCH2  

5 Lysine Lys 
NH2CH2CH2CH2CH2  

6 Methionine Met 
CH3SCH2CH2  

7 Phenylalanine Phe 
PhCH2  

8 Threonine Thr CH3(OH)CH-
 

9 Tryptophan Trp 
N

H

H2C

 

10 Valine Val 
(CH3)2CH  

 

Table 1.2: Non-essential amino acids. 

Sr. No. Name Abbreviation R 

1 Alanine Ala CH3  

2 Asparginine Asn 
NH2COCH2  

3 Aspartic acid Asp HOOCCH2  

4 Cysteine Cys HSCH2  

5 Glutamic acid Glu HOOCCH2CH2  

6 Glutamine Gln 
NH2COCH2CH2  

7 Glycine Gly H  

8 Proline Pro - 

9 Serine Ser 
HOCH2  

10 Tyrosine Tyr 

HO

H2
C

 



3 

 

1.1.2 β-Amino acids 

 

β-Amino acids are homologs of α-amino acids in which the carboxy and amino group 

are separated by two carbon atoms. Trivial names for β-amino acids are used very 

often. Medicinal chemists are attracted towards an interesting and important class of 

compounds, i.e., β-amino acids. Many β-amino acids are naturally produced either in 

free form or as a part of a peptide or depsipeptide in humans, animals, micro-

organisms, marine organisms and plants. β-Amino acids are reported as components 

of peptidic natural products with antibiotic, antifungal, cytotoxic and other 

pharmacological properties [5]. The well-known antitumor agent taxol contains β-

amino-α-hydroxy acid [6]. β-Lactams find their utility as antibiotic. β-Amino acids 

are proven precursors of β-lactams and β-lactam antibiotic [7-8]. The extension of the 

amino acid skeleton by one carbon atom is designated in nomenclature by the prefix 

homo. Consequently β-homoamino acids are analogs of α-amino acids in which a 

CH2- group has been inserted between the α-carbon and carboxy or amino group of 

the parent α-amino acid. β-amino acids can be classified as β
2
-amino acids, β

3
-amino 

acids or β
2,3

-amino acids depending on the position of the side chain. 

 

R

H2N
O

OH

1
2

 

R

O

OHNH2

3 1
2

 

O

OHNH2

R

3 1

2

 

α-Amino acid β
2
-Amino acid β

3
-Amino acid 

   

Figure 1.1: Classification of β-amino acids 

 

Although β-amino acids are homologs of α-amino acids, yet there are significant 

chemical differences between β-amino acids and their α-analogs. For example, β-

amino acids are weaker acids and stronger bases than their α-analogs. It is also known 

that peptides synthesized from β-amino acids are generally more stable to enzymatic 

hydrolysis because peptidases are unable to cleave the amide bonds of β-peptides. 

There are many pathways reported to synthesize β-amino acids [5, 9]. β
3
-substituted 

derivatives  may be conveniently prepared using Arndt Eistert homologation of α-

amino acids. Arndt Eistert method is very important because it is compatible with a 
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variety of protecting groups including Boc and Fmoc, and also the apprehension of 

racemization is very uncommon. The reactions of Arndt Eistert synthesis are very 

clean and efficient; overall yields for the synthesis of the β
3
-amino acid from the 

corresponding α-amino acid range from 33% to 58% depending on amino acid and 

protecting groups [10-13]. 

 

1.1.2a Synthesis of β-amino acids 

 

Due to great importance of β-amino acids, chemists have diverted their special 

attention to the preparation of β-amino acids [14].  They are components of some 

natural products including peptides which show remarkable biological activity. These 

include antibiotics, β-lactamase inhibitors, human leukocyte elastase inhibitors and 

cholesterol uptake inhibitors [15, 16]. Several methods for their preparation have been 

published [14]. Some useful alternatives are outlined retro-synthetically in Fig. 1.2. 

Thus, β-amino acids can be synthesized by hydrolysis of β-amino nitriles (A) [17-19],  

homologation of α-amino acids (B), oxidation of amino alcohols (C), Michael type 

addition to double bonds (D) [20-21], functionality of a dicarboxylic acid into an 

amine (like the Curtius or Hofmann rearrangements) [22], ring-opening of β-lactams 

(G). 
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Fig. 1.2: Retrosynthetic routes to the preparation of β-amino acids 

 

In particular, the Michael-type addition (D) and β-lactam ring-opening (F) after 

formation of the ring from an alkene and chlorosulfonyl isocyanate have been widely 

employed in the preparation of racemic β-amino acids. β
3
-amino acids were usually 

synthesized by Arndt Eistert homologation via Wolff rearrangement. 

 

1.1.2b Arndt-Eistert synthesis 

 

To synthesize β-amino acids, the most ideal precursors are α-amino acids using the 

methodology introduced almost 70 years ago by Arndt, Eistert and Partale [32]. 
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R
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1. activation

2. CH2N2/ehter
3. cat. Ag/HX



R

NH
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O

O

X

 

 

Figure 1.3: Homologation of α to a β-amino acid derivative by the Arndt-Eistert 

protocol (PG is any suitable protecting group for amino functionality 

used in peptide synthesis, like Fmoc, Boc, Z etc). 

 

This reaction is basically an acylation of diazomethane using an activated acid to 

synthesize N-protected α-amino diazoketones. These α-amino diazoketones are then 

converted into β-amino acids by application of the well known Wolff rearrangement. 

Question of racemization during this homologation method was raised. To answer 

this, the stereo-selectivity in the homologation of phenylalanine was checked by 

HPLC techniques and no detectable racemization was reported [24]. Beauty of Wolff 

rearrangement is that the reaction sequence proceeds with retention of configuration. 

The key step in the reaction is the formation of α-amino diazaoketone (Fig. 1.4). 

 

 CH2N2/ether



R

NH
PG



R

NH
PG O

O

OEt

O O

N2-5 oC
 

 

Fig. 1.4: Synthesis of diazoketones 

 

The above reaction is followed by Wolff rearrangement which decomposes these 

diazoketones by using light, heat or silver salts to give the ketene intermediates which 

can be trapped by various nucleophiles. When water is used as nucleophile, the 

corresponding β
3
-amino acids can be isolated, whereas β

3
-amino acid esters are the 

products where alcohols are employed as nucleophiles [25-29]. Considerably lower 

temperature is recommended for the reaction. The reaction successfully works with a 

variety of N-protecting groups, like N-phthaloyl-, N-tosyl-, N-Boc- and N-Cbz-  

[30-31]. However, the yield of reaction is lower in the case of Fmoc-protected amino 

acids because of the eminent sensitivity of the Fmoc- group towards basic conditions. 

The activation of the acid can be achieved by converting it into either acid chloride or 

mixed anhydride using ethyl chloroformate/triethylamine. The actual strategy 
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employed by the pioneers was to use acid chloride derivatives instead of mixed 

anhydride method. 

 

1.1.2c Generation of diazomethane 

 

Diazomethane is the chemical species having formula CH2N2. At room temperature, 

in its pure form, it is a yellow gas but it is almost universally used as a solution in 

diethyl ether. Diazomethane is a unique and extremely versatile reagent for the 

preparation of carbon-carbon and carbon-heteroatom bonds. Carboxylic acids are 

converted into corresponding esters using different methylating reagents. 

Diazomethane is the most common choice for this conversion [32]. Moreover, 

diazomethane can be successfully applied for alkylation of phenols, enols and 

heteroatoms. Diazomethane has also been used in cycloalkanone ring expansion [33], 

preparation of α-diazo ketones [34], pyrazoline formation [35] and Pd-catalyzed 

cyclopropanation [36] (Figure 1.5). 
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O
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Fig. 1.5: Synthetic utility of diazomethane 
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Although diazomethane is very important from synthetic point of view but it is not so 

amenable to storage or transport due to its instability and toxicity. To overcome this 

drawback, several diazomethane precursors have been developed over the past few 

decades. The majority of these precursors contain an N-methyl-N-nitroso group, 

which generates diazomethane upon treatment with base (Fig. 1.6). 

 

H3C

S

O

O

N
NO

CH3

N-Methyl-N-nitroso-p-toleunesulfonamide

Diazald

N N

NH

H CH3

O2N NO

N-Methyl-N'-nitro-N-nitosoguanidine

MNNG

CH2N2

Base

Base

 

 

Fig. 1.6: Reagents to generate diazomethane 

 

1.2 Peptides 

 

1.2.1 α-Peptides 

 

Peptides (Fig. 1.7), also known as polymers of amino acids are connected by amide 

bonds (peptide bonds) between the carboxy group of one building block and the 

amino group of the following block. 

 

N
H

OH

R

O

H
N

O

R

H2N

O

R

n  

 

Fig. 1.7: Schematic representation of α-peptides 
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Biochemical mode of action of amino acids depends fundamentally on the nature and 

type of the side chain R [36]. Peptides not only represent the unstructured chains of 

their constituent monomers (i.e., amino acids), but also adopt characteristic, highly 

organized three dimensional arrangements in solution that are responsible to their 

biological activity [37]. 

 

1.2.1a Classification of peptides 

 

According to number of amino acids, residue peptides are classified with Greek 

prefixes as di, tri, tetra, pentapeptides etc. In longer peptides, the Greek prefix may be 

replaced by Arabic figures e.g., a decapeptide may be called 10-peptide, while a 

dodecapeptide is called 12-peptide. Formerly, peptides containing fewer than 10 

amino acid residues were classified as oligopeptides (Greek oligos = few). Peptides 

with 10–100 amino acids residues were called polypeptides. From a chemical point of 

view, a differentiation between polypeptides and proteins is ambiguous. According to 

the currently accepted nomenclature rules, “oligopeptides” are composed of fewer 

than 15 amino acids, “polypeptides” contain approximately 15–50 amino acids 

residues and the expression “protein” is used for derivatives containing more than 50 

amino acids. 

 

1.2.1b Nomenclature of peptides 

 

The nomenclature of peptides is formally considered as N-acyl amino acids. Only the 

amino acid residue at the carboxy terminus of the peptide chain keeps the original 

parent name without suffix, all others are used with the original name and the suffix -

yl. Consequently, pentapeptide (Fig. 1.8) is called alanyl-lysyl-glutamyl-tyrosyl-

leucine. 
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H
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O
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O

 

 

Fig. 1.8: Structure of pentapeptide 
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In past, peptide’s nomenclature had very long names. To reduce length of name, a 

further simplification of a peptide formula is achieved by the three-letter code for 

amino acids (Tables 1.1 and 1.2). Linear peptide sequences usually are written 

horizontally, starting with the amino terminus on the left side and the carboxy 

terminus on the right side. When nothing is shown attached to either side of the three-

letter symbol, it should be understood that the amino group and carboxy group are 

unmodified. This can be emphasized, e.g., Ala-Ala = H-A-A-OH. In peptide shown in 

fig. 1.8, alanine is the N-terminal amino acid and leucine the C-terminal amino acid. 

The three-letter code for this pentapeptide can be represented as A-Y-E-Y-L. 

 

1.2.1c Bioactive classes of peptides  

 

Since 1960s, many biologically-active peptides have been isolated and characterized. 

Numerous important functions in the metabolism of living systems occur due to 

peptides. Hence, they may be classified according to their functional properties [38]. 

 

a) Peptide hormones 

 
They are synthesized in glands and other specialized cells. These are delivered to one 

or several places of action (target cells) by transport systems. They invoke a cell-

specific activity by selective binding to a receptor. Moreover, these substances control 

many different regulatory metabolism processes. An example is Angiotensin II (H-E-

R-V-Y-I-H-P-F-H-L-OH), which is responsible for high blood pressure and is 

transformed from Angiotensin I by the Angiotensin-Converting-Enzyme (ACE). 

Angiotensin II antagonists as well as inhibitors of the ACE are important for the 

treatment of hypertension [39]. 

 

b) Neuropeptides 

 
These are endogenous opiates displaying analgesic properties (so called endorphines). 

A prominent example is enkephalin (H-Y-G-G-F-Xaa-OH), which is distributed in the 

body as Leu-enkephalin (Xaa = Leu) and Met-enkephalin (Xaa = Met). These 
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peptides bind to opiate receptors and are known to possess morphine-type properties 

[38]. 

 

c) Peptide toxins 

 

During evolution, for defense against predators and to attack in aggressive 

competition for limited nutrient resources, toxic peptides and proteins have been 

developed by many species. These are mostly low-molecular weight, single chain 

compounds. These were isolated from fungi (e.g. phallotoxins and amatoxins), snakes 

(e.g., α-cobratoxins) and bees (e.g., mellitin). Different species have different mode of 

action of peptide toxins. The amatoxins are very efficient inhibitors of the 

transcription of DNA to mRNA whereas α-cobratoxin blocks the acetylcholine 

receptor and thus shuts down ion channel function in cell membranes [38]. 

 

d) Peptide antibiotics 

 

These are important compounds and found utility in clinical medicine. During their 

biosynthesis, unnatural amino acids as well as D-amino acids are often built into the 

peptide in order to enhance the stability against proteolytic enzymatic degradation. 

Vancomycin and bacitracin are responsible for inhibition of biosynthesis of the cell 

walls of bacteria. Actinomycin inhibits the synthesis and function of nucleic acids; 

however, its use in cancer treatment is limited due to its toxic nature. Ionophores are 

peptides antibiotics which allow the flow of ions through membranes (resulting in 

bacterial cell death). Examples for this class of compounds are the gramicidines, 

valinomycin and alamethicin [38]. 

 

Peptides have massive medicinal interest. However, for peptide-based drug design, 

there are some drawbacks that limit their clinical applications [5], such as: 

(i) Rapid degradation by many specific or nonspecific peptidases under 

physiological conditions. 

(ii) Undesirable side effects, conformational flexibility which allows a peptide to 

bind to more than one receptor or receptor subtype. 
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Peptides have the advantage to be much more specific to the target and not to have as 

many off-target effects as various small molecule inhibitors. On the other hand, the 

peptides are easily denatured and cleaved by enzymatic degradation. Thus, they are 

often not bioavailable (e.g., oral application) and they are mostly used for in vivo and 

in vitro assays in biochemical laboratories. 

  

In an effort to counteract these problems associated with α-peptides as well as to 

enhance metabolic stability and to reduce the conformational flexibility, medicinal 

chemists and peptide chemists tried to develop so-called peptidomimetics, i.e., 

compounds that mimic the biological or conformational features of peptides [36]. One 

of the methods is to prepare their -analogs, i.e., -peptides. As a direct consequence, 

the number of drugs which consist of (modified) peptides or of peptide-related 

compounds is constantly increasing. This trend should continue over the next few 

years due to the increasing understanding of the human metabolism. 

 

1.2.2 β-Peptides 

 

Chemists have paid special attention to investigate the chemistry of -peptides for the 

last two decades [40]. -Peptides are actually analogs of natural peptides owing some 

advantages over normal peptides [41], i.e., 

 they are resistant to cleavage by peptidases and to metabolic transformations;  

 they can mimic -peptides in peptide-protein and protein-protein interactions; 

and, 

 they fold in a predictable way to form secondary structures in solution with 

short chain lengths. 

 

-Peptides are the oligomers of β-amino acids [1]. The derivatives built exclusively 

from one of the 2
- or 3

-amino acids are defined as 2
- or 3

-peptides, respectively 

(Fig. 1.9). 
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2
-peptides 3

-peptides 

 

Fig. 1.9: Types of -peptides 

 

The preparation of these 3
-amino acids is effected by the Arndt-Eistert homologation 

method. The reaction furnishes the amino acids with one extra carbon in the skeleton. 

 

1.3 Synthesis of peptides 

 

Generally peptides are formed by the connection of amino acids forming amide 

bonds. Activation of carboxyl group of one amino acid is necessary so that 

nucleophilic attack by the amino group of the second amino acid can take place 

forming the desired amide bond. This process of amide bond formation is called 

coupling. Using a coupling reagent is the most common coupling method in peptide 

synthesis. The coupling reagent reacts with the free carboxyl group of an amino acid, 

generating a reactive species, which is sufficiently reactive to allow amide bond 

formation to occur at room temperature or below. Carbodiimides are the most 

common coupling reagents of which the most popular ones are 

dicyclohexylcarbodiimide (DCC) [42] and 1-ethyl-3-(3-dimethylaminopropyl) 

carbodiimide hydrochloride (EDC) [43]. 
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Figure 1.10: Peptide bond formation via carbodiimide activation. 

 

Hydroxylamine derivatives (HOBt or HOAt) are most often employed for this 

activation process that suppresses racemization and excludes dehydration of 

carboxamide residues [44]. Amino acids are compounds which contain more than one 

functional group so it becomes obvious that certain functional groups must be 

protected for the synthesis of even the smallest peptide in a controlled manner. In 

order to couple amino acids, the functional groups that are not directly involved in the 

amide bond-forming reaction must also be protected or blocked. For peptide 

synthesis, the N
α
-protecting group is almost always a urethane derivative and there are 

several reasons for this. Urethane groups are easy to introduce and depending upon 

their structure can be easily removed. This leads in the first instance to carbamic 

acids, which spontaneously decarboxylate generating the free amine of the N-terminal 

amino acid. Another advantage of using urethane N
α
-protecting groups is: the 
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activation and coupling of amino acids can be accomplished with minimal 

racemization of the α-stereogenic center. The N
α
-amino group of one of the amino 

acids and C-terminal carboxyl group of the other are both blocked with suitable 

protecting groups. Formation of the desired amide bond can now occur upon 

activation of the free carboxyl group. After coupling, peptide synthesis may continue 

by deprotection of the N
α
-amino group of the dipeptide and coupling with the free C-

terminus of another protected amino acid or of a suitably protected peptide. 

 

Peptide synthesis is mainly of two types: 

a) Solid phase peptide synthesis (SPPS) 

b) Liquid phase peptide synthesis (LPPS) 

 

SPPS was initially discovered by Merrifield in 1963 [45, 46]. In contrast to the 

synthesis in solution, it is the synthesis of peptides with the help of a solid support. 

Small insoluble beads are linked with functional units, called linker where the peptide 

chain can be covalently built. After the synthesis, the peptide can be cleaved from the 

resin and the linker, in order to obtain the complete peptide. The advantage of SPPS is 

that the peptide is linked to the beads and, therefore, retained during a filtration 

process. Liquid reagents or by-products of the synthesis are easily washed away. The 

basic principle of SPPS is an alternation of coupling and deprotection steps (Fig. 

1.11). The free N-terminal amine of a solid-phase attached amino acid is coupled to 

the activated carboxylic group of N-protected amino acid. A variety of different 

activation methods is available (Fig. 1.12). Then, the N-terminal amino acid is 

deprotected and the cycle-steps are repeated until all amino acids are coupled. 

Afterwards, the peptide can be cleaved from the solid support.  
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Fig. 1.11: General scheme of solid-phase peptide synthesis (PG: Protecting group, 

SC: Side chain, AG: Activating group). 
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(a) In situ activation using a carbodiimide and active alcohol. 

 

 

 

(b) DIC/DCC/EDC-free in situ activation. 

 

Fig. 1.12: Methods of carboxylic group activation and frequently used coupling 

reagents. 

 

It is of major importance to generate extremely high yields in each coupling step. 

Therefore, all reagents are used in major excess (5x). Moreover, the activation 

methods for the carboxyl group should be very effective. 
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1.4 Protecting groups in peptide synthesis 

 

The protecting groups are a breakthrough in the science and art of organic synthesis. 

To synthesize multifunctional compound having diverse molecular framework, e.g., 

peptides, nucleotides, carbohydrates is not an easy task [46]. The selection of 

protecting groups depends upon the strategy envisaged for the synthesis of a particular 

peptide.  

 

1.4.1 N
α
-amino protection 

 

An amino group can be blocked reversibly by acylation, alkylation and alkyl-

acylation. Sulfur- and phosphorus-derived protecting groups have also been 

developed. Salt formation at the amino group does not offer a genuine protection 

during the operations of peptide synthesis. Protecting groups can be classified on the 

basis of structure of the protecting group, or on the cleavage conditions: acidolysis, 

base cleavage, reduction/oxidation, nucleophilic substitution, and photolysis. Most of 

the peptides are normally stable in slightly acidic conditions, so amino-protecting 

groups with different labilities towards acidic deblocking agents are preferred. 

Alternately, the base-labile compound, 9-fluorenylmethoxycarbonyl group (Fmoc), 

has found widespread application. Some protecting groups may be cleaved by 

hydrogenolysis [46].  

 

1.4.2 t-Boc solid-phase peptide synthesis 
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Fig. 1.13: Deprotection Boc protecting group 

 

Merrifield’s procedure of solid-phase peptide synthesis involved the t-Boc method. t-

Boc stands for tert-Butoxycarbonyl and is used as the N-terminal amino protection 

group. The t-Boc protection group can be removed under acidic conditions by 
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trifluoroacetic acid (TFA). After the last amino acid coupling step, treatment with 

hydrogen fluoride or another strong acid removes the side chain protection groups and 

cleaves the peptide from the resin. The use of strong acids such as hydrogen fluoride 

can be dangerous, thus, special equipment is needed. Therefore, the t-Boc method is 

generally disfavored.  

 

1.4.3 Fmoc solid-phase peptide synthesis 

 

The Fmoc method was introduced by Carpino et al. [47, 48] and further developed by 

Atherton et al. [49]. Fmoc is an abbreviation for 9H-Fluorenylmethyloxycarbonyl and 

describes the N-terminal amino protection group. The Fmoc protection group can be 

removed under basic conditions. Usually, 20% piperidine in dimethylformamide 

(DMF) or N-methylpyrolidone (NMP) is used. This reaction is thermodynamically 

driven by the formation of carbon dioxide. Removal of the side chain protecting 

groups and the peptide from the resin is achieved by incubating with TFA and 

different scavengers. An advantage of the Fmoc method is that no strong acids such as 

hydrogen fluoride are needed in the final step. Therefore, this method is widely used 

for SPPS. 
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Fig. 1.14: Deprotection of Fmoc group 
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1.5 Cyclic Peptides 

 

Peptides with β-amino acids as their backbone have attracted much attention due to 

the fact that they have specific conformations which are not possible to appear with 

peptides of α-amino acids. Seebach et al. and Gellman et al. have reported that homo-

oligomers of chiral β-amino acids such as trans-2-aminocyclohexylcarboxylic acid 

(trans-ACHC) show stable helical structures in solution [49-56]. β-Peptides have 

found their applications in the fields of synthetic chemistry [57-61], structural 

chemistry [62-68] and biochemistry [69-73] because of specific conformational 

properties. 

 

Cyclic peptides are important class of organic compounds displaying many properties 

in the field of biomedical research for investigating the conformational requirements 

of peptides and proteins [74]. Cyclization of peptides results in conformationally 

constrained analogues (scaffolds) having diverse properties to study the ligand-

receptor interactions, structure-activity relations and model for drug design. Cyclic 

peptides proved to be metabolically more stable than their linear counterparts [75].  

Linear peptides are associated with some drawbacks as drug candidates due to lack of 

important pharmacological properties such as metabolic stability and oral 

bioavailability. Many modifications have been made to overcome these problems of 

linear peptides. One such modification is the cyclization of linear analogs to prepare 

peptide-based drugs. It’s not easy to get natural bioactive peptides cyclized due to 

lack of suitable side chain functionalities for bond formation [76, 77]. The cyclization 

methodology [78] overcomes these limitations by conferring long range 

conformational constraint molecules. Cyclization can thus be accomplished without 

changing the original sequence required for bioactivity [79-82]. Small cyclic peptides 

are responsible to show resistance to peptidases degradation [83] and constrained 

flexibility [84] as compared to linear peptides. Due to these properties, cyclic peptides 

have higher biological selectivity and activity [85, 86]. Cyclic peptides have unique 

structure as compared to their linear analogs. Lot of variation is possible while 

synthesizing cyclic peptides. Four parameters are responsible for such variations, i.e., 

the cyclization mode, ring position, ring size and ring chemistry. Ring chemistry is the 

chemistry of the bond used for cyclization and the position of these chemical entities 
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around this bond [87, 88]. Different methods of cyclization are reported in literature 

regarding synthesis of bioactive cyclic peptides such as metal cyclization [89, 90] and 

metathesis-mediated cyclization [91, 92]. In addition, amide [93] and disulfide bridge 

[94-99] have been used to synthesize new classes of biopharmaceutical cyclic 

peptides.  

 

Seebach’s and Ghadiri’s research groups synthesized cyclic tetra-β-peptides and 

assembled into tubular structures through face-to-face molecular stacking via 

hydrogen bonding [100,101]. Orientation of amide groups in cyclic skeleton is 

perpendicular to the ring plane which is a unique feature of the molecular assemblies 

of cyclic trimers and tetramers. The driving force to yield these tubular structures is 

the intermolecular hydrogen bonding. All amide groups of cyclic tri-β-peptides 

arrange themselves in one direction within the tubular structure; the molecular 

assembly of cyclic tripeptides should possess a macro dipole moment. These 

molecular dipole moments can influence the electron transfer reactions through a 

molecule [102-108]. 

 

 

 

Fig. 1.15: Cyclo (ACHC)3  

 

As cyclic peptides maintain flat conformations, they show self-assembling into 

tubular nanostructures stabilized by intermolecular hydrogen bonding. It is possible to 

bring variation by functionalizing both the interior and exterior of the cyclic peptide 

nanotubes holding promise for many applications [109-112]. Generally, cyclic 

peptides show assembling when dissolved in solution. Final structure of the stacked 

molecules depends on the medium in which self-assembling of cyclic peptides takes 

place [113]. 
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Hybrid cyclic peptides containing (1R, 3S)-3-aminocyclohexanecarboxylic acid  

(γ-Acc-OH) alternating with a D-α-amino acid, peptide backbones adopt flat 

conformation in which C=O and N–H groups lie roughly perpendicular to the plane of 

cyclic peptide backbone. This flat ring-shaped conformation is known to facilitate 

antiparallel β-sheetlike hydrogen bonding between oppositely-oriented peptide rings 

resulting in the formation of hydrogen-bonded nanotubes comprising alternating 

orientations. In such structures, the β-methylene moiety of each cyclohexane is 

projected into the inner cavity of the cylinder, generating a partial hydrophobic cavity 

[114, 115].  

 

 

 

Fig. 1.16: Design for self-assembling cyclic peptide composed of cyclo-[(1R,3S)-γ-

Acc-α-Aa]3.[116] 

 

Organic nanosize fibrous molecular assemblies have found many applications in the 

fields of material science [117-120] and biomaterials [121-125]. Peptides have been 

reported to be used for the nanofiber preparations because of their ability of self- 

assembling into β-sheet like structures [126-135]. These cyclic peptides are very 

important due to their functional diversity. Size and nature of the side chains of 

peptide residue does play an important role in functional diversity [136]. Many 

examples of molecular stacking of cyclic peptides comprising α-amino acids [137-

141] and β-amino acids [142, 143] via intermolecular hydrogen bonds with the 

formation of a well-defined pore inside are reported. Pore size is responsible to play a 

key role in functional diversity of cyclic peptides. 
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Fig. 1.17: (a) The cyclic tri-β-peptide. (b) Geometry-optimized structure of cyclic tri-

β-peptide. (c) Schematic illustration of stacking molecules. 

(d) Scheme of association of three hydrophobic cyclohexyl side chains 

aligned in a straight form to make the surface hydrophobic. [144] 

 

Cyclic peptides have been known to show great diversity in properties due to presence 

of hydrophobic and hydrophilic characters associated with their structures. A lot of 

variation is possible by changing the size of the cyclic peptide ring and nature of the 

side chain. One of such variation was reported by Haberhauer et al. [145]. They had 

isolated many secondary metabolites of algae and fungi having cytotoxic, 

antibacterial and antiviral activities [146]. All these compounds were cyclopeptides 

incorporated with five-membered heterocyclic rings [147]. 

 

  

Westiellamide Ascidiacyclamide 

 

Fig. 1.18: Natural cyclopeptides incorporated with heterocyclic scaffolds. 

Cyclopeptides containing imidazole moiety have not been isolated, which may be due 

to the reason that the diaminopropanoic acid occurs rarely in natural sources [148]. 

Moreover, non-natural cyclopeptides containing dipeptidyl imidazoles have not been 

described in literature [149]. The basicity of imidazoles is significantly higher than 

that of the oxazoles and thiazoles [150]. Due to this reason, imidazoles have been 
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found to be a key structural element in basic active sites of asymmetric catalysts 

[151]. Haberhauer et al. [145] had synthesized cyclic peptides based on the dipeptidyl 

imidazole moieties. 

 

 

 

Fig. 1.19: Cyclic peptides with dipeptidyl imidazole moieties. [152] 

 

1.6 Peptide nanotubes (PNTs) 

 

Nanotechnology has received great attention of scientists for the last two decades due 

to its potential applications in pharmaceuticals and material sciences. To study the 

properties of compounds at atomic and molecular levels, scientists have paid special 

attention to the field of nanoscience and nanotechnology to develop important 

technologies. New methods have been developed in very short period of 10-15 years 

to prepare uniform nanostructures of compositions and shapes such as nanotubes 

[153-157], nanowires [158-161], block copolymers [162, 163], nanocrystals [164] and 

self assembled nanotubes [165]. Iijimal, with the discovery of carbon nanotubes in 

1991, was considered as the pioneer in the field of nanotubes. The chemistry of 

nanotubes became famous in no time and was extended to organic and inorganic 

materials resulting in the formation of hollow tubular structures. Nanotechnology was 

responsible for the synthesis and characterization of structures on the nanometer scale 

[166]. Potentially, nanotubes are very important, particularly because of their 

interesting applications in different fields such as molecular separation and transport, 

catalysis, optics, electronics, chemotherapy and drug delivery [167]. 
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A lot of research was carried in the field of covalently and non-covalently bonded 

nanotubes for the last few decades due to their high synthetic convergence, high 

efficiency, built-in error correction and the most important and the most interesting of 

all is their ability to show self-organization [168]. Several approaches have been 

reported in literature for the preparation of non-covalently bonded nanotubes in 

different shapes such as linear, helical, cylindrical, hollow tubular stacked rings. The 

driving force for this stacking was hydrogen bonding [169]. 

 

 

 

 

Fig. 1.20: Shapes of self-organized peptide nanotubes. [170] 

 

Arrangement of cyclic peptides, one above the other ring using hydrogen bonding 

between the two rings, results in the formation of self-assembling peptide nanotubes 

(SPNs) [171]. These self-assembled peptide nanotubes stabilized by hydrogen 

bonding are considered to have unique shape and structure. Due to this unusual 

phenomenon of self-assembling, these cyclic peptides show diversity in properties. 
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Fig. 1.21: Schematic representation of nanotube formation from cyclic peptides. 

 [170] 

Self-organizing property of cyclic peptides was responsible to draw the attention of 

scientists for the synthesis of nanotube structures. As these self-assembled nanotubes 

had peptide backbone so the structures were named as self-assembling peptide 

nanotubes (SPN’s). Self-assembling peptide nanotubes are known to have 

applications in chemistry, biology and material science [172]. Ghadiri et al. [173] 

reported the first peptide nanotube derived from cyclic peptides in 1993. This first 

well characterized peptide nanotube was based on D- and L-α-amino acids in 

alternating order [174-175]. After that, a lot of research was done in this field to 

synthesize different types of peptide nanotubes starting from α, β and γ-amino acids 

[176-190]. 

 

 

Fig. 1.22: The first well-characterized peptide nanotube octapeptide cyclo-(L-Gln-D-

Ala-L-Glu-D-Ala)2 [170] 
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The driving force for self-assembling peptide nanotubes was the hydrogen bonding 

between the carbonyl group (C=O) of one cyclic peptide ring and the amino group 

(NH) of the other cyclic peptide ring [191]. The interesting feature of the stacking is 

that the cyclic moieties adopt flat conformation with amino acid side chains emerging 

outward, whereas the carbonyl and amino groups pointed perpendicular to the cyclic 

peptide ring. This structural arrangement forms the basis of functional diversity of the 

peptide nanotubes. By varying the number of amino acid residues, the internal 

diameter of the nanotube can be controlled, whereas changing the side chains results 

in change in the properties. 

 

Fig. 1.23: Stacking of cyclic peptides with a side group for functional diversity. [192] 

 

1.7 Peptide nucleic acid (PNA) 

 

DNA has a very important role in transfer of genetic information from one generation 

to the next. It carries the purine and pyrimidine nuclear bases. DNA is a double 

helical molecule due to appropriate interaction of nuclear bases through hydrogen 

bonding. Adenine interacts with thymine and cytosine interacts with guanine. Peptide 

nucleic acid (PNA) has very close resemblance with DNA as both have quite similar 

structures. The only difference is in the nature of backbone structure (Fig. 1.24). 
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DNA PNA 

 

Fig. 1.24: Comparison of structures of DNA and PNA. 

 

Peptide nucleic acids are very important molecules and found many applications in 

medicinal chemistry and molecular biology [193]. Peptide nucleic acids are potential 

DNA mimic, which might be capable of hybridizing to complementary DNA, RNA, 

[194] or PNA and show sequence discrimination equal to or better than that of DNA. 

Moreover, the resultant duplexes of PNA-PNA and DNA-PNA show higher thermal 

stability than the corresponding DNA-DNA duplexes [195] (Fig. 1.25). 

 

 

 

Fig. 1.25: Thermal stability graph of DNA and PNA duplex. 
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As peptide nucleic acid is considered to be a pseudopeptide which has the potential of 

carrying genetic information (through nucleobase code identical to DNA or RNA) and 

forming helical duplexes between complementary peptide nucleic acids [195], it is 

assumed theoretically that PNA-like molecules could have a role at the time of origin 

of life during the evolution which eventually resulted in the DNA and RNA molecules 

we know today [195]. 

 

Due to close resemblance with DNA and the ability of PNA to be used as DNA 

complementary, Williams et al. [196] had used PNA for DNA recognition studies. 

They functionalized CNT with PNA for such studies. 

 

 

 

Fig. 1.26: Functionalization of carbon nanotube with PNA [192] 

 

β-peptides and cyclic peptides, due to their stability to peptidases, can be used as 

peptide mimics. Cyclic peptide’s ability of self assembling helps them to arrange in β 

sheet like structures. Functionalization of cyclic scaffolds with nuclear bases can 

produce interesting applications regarding DNA recognition.  
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Plan of Work 

As discussed in the introduction, peptides have numerous pharmacological and 

industrial applications. Due to their easy biodegradation, peptide mimics gained 

special attention. Cyclic as well as β-analogs are the most important mimics of α-

peptides. Nuclear bases can have a role in DNA recognition studies. Peptides 

equipped with nuclear bases are known to possess interesting properties. 

In the present work, it was planned to synthesize nucleobase-functionalized cyclic 

scaffolds and explore their ability of self-assembling. The retrosynthetic analysis 

suggested their synthesis from a common starting material, i.e., amino acid. 
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The main focus of the project was the synthesis of cyclic scaffolds functionalized with 

nuclear bases. The synthetic strategy involves the transformation of α-lysine to its  



31 
 

β-analog via Arndt Eistert homologation method. The synthesized β-amino acids will 

be converted to cyclo-β-tripeptide scaffolds using solid-phase peptide synthesis. 

Functionalization of scaffolds with nuclear bases will be achieved by derivatization of 

nuclear bases with acetic acid moiety.  

NH

O

O

HN

O HN

N
H

H2N

HN
NN

O

NH2

O

N

N
O

NH2

O

N

NO

HN

O

OH

N
H

HN

O

OH
N
H

OH

O

HN

Boc

PG

Boc

PG

NH

O

O

HN

O HN

NH2

H2N

NH2

N

N
H

O

NH2

PG

 

The syntheses will be confirmed using spectroanalytical techniques. As discussed in 

the introduction, cyclic peptides have the ability to show self assembling; it might be 

expected that cyclic peptides will also show this phenomenon as shown below. 
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On stacking, our molecules will have side chain functionalized with nuclear bases and 

their interaction may result in the parallel double layer assembly. 
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On parallel double layer assembly, it will be possible to use the target molecules for 

DNA recognition studies. The proposed model may be observed as shown below. 
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CHAPTER 2 

RESULTS AND DISCUSSION 

2.1 Synthesis of β-amino acids 

β-Amino acids are homologs of α-amino acids, though similar to them in many 

respects but also show significant differences.  

 As far as the acidity and basicity is concerned, β-amino acids are weaker acids 

and stronger bases than their α-analogues.  

 Peptides synthesized from β-amino acids are generally more stable to 

peptidases   

For the synthesis of β-amino acids, the most common and best precursors are α-amino 

acids. There are many synthetic routes reported for β-amino acids [29], some of which 

are: 

1) Hydrolysis of β-amino nitriles.    

2) Homologation of α-amino acids. 

3)  Oxidation of β-Amino alcohols. 

4) Michael’s type addition to double bond.  

5) Conversion of a carboxyl group of dicarboxylic acid into an amine (Curtius or 

Hofmann rearrangements).  

6) Ring-opening of β-lactams.  

Michael’s type addition and ring opening of lactams are the methods leading to 

racemic β-amino acids, whereas rest of the methods are employed to synthesize β-

amino acids with some enantiomeric excess. 

In this project, we targeted the synthesis of enantiopure β-amino acids. In order to get 

enantiopure β-amino acids we opted the Arndt-Eistert homologation via Wolf 

rearrangement, as in this rearrangement the chiral center is not affected, therefore, a 

high enantiopurity was expected. 

2.1.1 Arndt-Eistert synthesis 

Arndt Eistert homologation is preferred over other methods for three reasons 
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1) There is no racemization report of α-amino  acids. 

2) Arndt Eistert homologation is followed by Wolf rearrangement, during 

conversion of α-amino acids to their β-analogues there is retention of configuration. 

3) This method is very successful with a variety of protecting  groups like N-

Phthaloyl- , N-Tosyl- , N-Boc-, N-Cbz- and N-Fmoc. 
 

Arndt-Eistert synthesis is a multistep sequence involving the protection of amino 

acids with an appropriate group through diazoketone formation and finally via Wolf 

rearrangement to get the desired β-amino acid. 

 

2.2 Synthesis of diazomethane [197] 

  

H3C S N

CH3

N O

O

O

H2C N N

 

Diazomethane is a poisonous, yellowish and dangerous gas. In spite of all these 

problems, if diazomethane is used with extra care and attention then it is proved to be 

a very important intermediate in many reactions of organic chemistry. It is most 

frequently used in conversion of α-amino acids into their β-analogs. Diazomethane is 

generated when it is required as its shelf life is short or it has to be stored at -20 ºC for 

short period of time. We used Arndt Eistert homologation method followed by Wolf 

rearrangement for the synthesis of β-amino acids from their α-precursors. In the 

above-mentioned method, diazomethane has to be necessarily used so special care 

was adopted and the reaction was carried at -25 ºC.  

 

A solution of diazald was prepared in diethyl ether, into this solution very carefully 

added a solution of potassium hydroxide prepared in a mixture of 2-methoxyethanol 

and H2O. The organic layer was distilled, under gentle stirring at 40 to 60 °C, into an 

ice-cooled tube filled with potassium hydroxide. The title compound was obtained as 

an approximately 0.35M solution in diethyl ether and was stocked in a dark bottle at -

20 °C. The residue of the distillation was inactivated with dilute hydrochloric acid. As 

diazomethane is a very sensitive reagent and cannot be analyzed, so it was directly 

used in reaction without characterization. 
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2.3 Synthesis of β-amino acids (IVa-c) 

There are many methods reported in literature for the conversion of α-amino acids 

into their β-analogs [13]. Enantiomerically pure α-amino acids are the ideal precursors 

for the synthesis of β-amino acids [198]. Enantiomerically pure α-Boc-Lys-OH, α-

Boc-Lys(Z)-OH and α-Boc-Lys(Fmoc)-OH (Merck) were used in Arndt-Eistert 

homologation. Side chain free amino group of α-Boc-Lys-OH was converted to azide 

[9, 199]. The azide was used as orthogonal protecting group. These diazo ketones 

were decomposed to β-amino acids in Wolf rearrangement using silver benzoate and 

water as nucleophile [29, 200-202]. 
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Scheme 1. Synthesis of β-amino acids using Arndt-Eistert method. 

2.3.1  Synthesis of (S)-6-azido-2-(tert-butoxycarbonylamino)hexanoic acid  

(H1a) [203, 204] 

Peptide chemistry is not as simple as ordinary organic synthesis. As amino acids 

contain more than one functional groups that’s why use of protecting groups is very 

necessary in peptide synthesis. Different protecting groups like Boc, Fmoc, Z, Benzyl 

etc. are most commonly used. We modified side chain amino group into azide 
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functionality and tried to use it as protecting group. The reason to use azide group is 

that it can be very conveniently used in click chemistry with terminal alkyne.  
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The conversion of amino group into azide required triflic azide (TfN3). The triflic 

azide (TfN3) was prepared by stirring solution of sodium azide in 

water/dichloromethane (DCM) with trifluoromethanesulfonic anhydride at 0 °C. The 

reaction mixture was stirred for 2 h at 0 °C and after filtration, the crude TfN3 solution 

was directly used for the next step. 

In another flask, Boc-Lys-OH was dissolved in methanol, then potassium carbonate 

(K2CO3) and copper sulphate (CuSO4) were added. Finally, solution of TfN3 was 

slowly poured into the reaction mixture at room temperature (rt) and was stirred for 

12 h. After necessary work up, the title compound was obtained by flash 

chromatography in 90% yield as colorless oil.  

The synthesis of (S)-6-azido-2-(tert-butoxycarbonylamino)hexanoic acid (H1a) was 

confirmed by spectroscopic techniques. 
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 The 
1
H NMR data showed a singlet peak at 1.39 ppm with integration of 9 protons 

which confirmed the presence of Boc group in our compound. A multiplet  of six 
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protons at 1.45-1.91 ppm was assigned to β, γ and δ CH2 protons. A triplet at 3.3 pm 

with coupling constant 6.7 Hz, integrating for two protons, was assigned to ε-CH2, 

which is easily identified due to its downfield shift as a result of azide group attached 

to it.  The signal of α-CH was found as a multiplet, due to diastereotopic effect of CH2 

and coupling with NH at 4.09-4.19 ppm.  A doublet integrating for one proton, at 6.13 

ppm, was assigned to NH. This one proton signal further confirmed the protection of 

NH2 and conversion of NH2 to azide.  

In 
13

C NMR, the signal at 28.5 ppm was attributed to CH3 of Boc. The other 

important signals due to COOH, urethane carbonyl and quaternary carbon 

functionalities were found in their appropriate region. A signal at 50.3 ppm was 

assigned to ε-CH2 which was a characteristic signal for the confirmation of synthesis 

of the title compound. 

2.3.2 Synthesis of side chain protected diazoketones (H3a-H3c) 

(S)-Lysine (GL Biochem (Shanghai) Ltd) having different side chain protections like 

azide, Z and Fmoc was used to prepare the respective diazoketone. The conversion 

was completed by the reaction with isobutyl chloroformate in the presence of 

triethylamine at -15 °C to 0 °C, followed by the addition of diazomethane solution. 

These diazoketones, after purification by flash column chromatography, were 

obtained in good to excellent yields as yellowish oily compounds. 
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The syntheses of above-mentioned diazoketones (H3a-H3c) were confirmed by 
1
H 

NMR, 
13

C NMR, EIMS and HRMS techniques. In 
1
H-NMR spectra, the 
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disappearance of most downfield COOH proton signal and appearance of a singlet at 

5.39-5.43 ppm indicated the formation of the diazoketone. This signal was attributed 

to CH of diazoketone moiety. The signals of all other protons did not exhibit any 

significant change in their chemical shift values in conversion from amino acid to the 

corresponding diazoketone. 
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Boc protected diazoketone 

The synthesis was also confirmed by the 
13

C-NMR. In 
13

C-NMR spectra, the signal in 

the range of 56.4-58.2 ppm was assigned to the CH of diazoketonic moiety. In 

addition to this carbon the signal in the range of 200.8-201.4 ppm, the typical range of 

ketonic carbon, was another confirmation of the desired synthesis. This downfield 

shift of the carbonyl carbon and disappearance of the signal in the range of 170-175 

ppm, for the carboxylic acid carbon, proved this synthesis.  

The syntheses were finally confirmed by mass spectrometry. Electrospray ionization 

(ESI) spectra showed clear peaks of [M+Na]
+ 

, [M+H]
+
 and [M-H]

-
, at the m/z of the 

synthesized diazoketones. High resolution mass spectrometry (HRMS) confirmed the 

molecular formula corresponding to the observed m/z values and hence the proposed 

structure of the compounds. 

2.3.3 Synthesis of side chain protected β-Lysine amino acids (H4a-H4c) 

The second step of the synthesis involves transformation of α-diazoketones to their 

respective β-amino acids using Wolf rearrangement via ketene intermediate. The 

reaction was facilitated by the solution of silver trifluoroacetate in triethylamine, in 

the absence of light, at -15 °C. The title compounds were obtained in good to 

excellent yields after purification by flash chromatography. 
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The synthesis of 7-[((9H-fluoren-9-yl)methoxy)carbonyl]-3-(tert-butoxycarbonyl 

amino)heptanoic acid (H4c) from Boc-Lys(Fmoc)CHN2 was carried out using slightly 

different method. The presence of Fmoc protecting group restricted the use of 

triethylamine (TEA). Silver trifluoroacetate was added to a solution of Boc-

Lys(Fmoc)-CHN2  in THF/H2O under exclusion of light at rt. The reaction solution 

was sonicated using an ultrasound cleaning bath for 4 h. 7-(((9H-fluoren-9-

yl)methoxy)carbonyl)-3-(tert-butoxycarbonyl amino)heptanoic acid (H4c) was 

obtained in moderate yield after flash chromatographic purification. 
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The syntheses of above-mentioned β-amino acids (H4a-c) were confirmed by 
1
H 

NMR, 
13

C NMR, EIMS and HRMS techniques. In 
1
H-NMR, nine protons of Boc 

groups were observed as singlet in their range of 1.37-1.39 ppm. A multiplet with 

integral of 6 protons observed in the range from 1.46-1.61 ppm, was asigned to γ-H2, 

δ-H2 and ε-H2 protons. at the stage of diazoketones, there was no signal in the range of 

2.4-2.7 ppm, but in the spectra of β-amino acids (H4a-H4c), a multiplet was observed 

at 2.38-2.55 ppm with integration of 2 protons. It was a characteristic signal which 
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was assigned to newly-inserted α-CH2 protons in the molecule confirming the 

syntheses of β-amino acids, H4a-H4c. 






 

N
H

Boc

NH

O

OH

GP

 

β-Lysine amino acid 

The synthesis of these β-amino acids was confirmed by the NMR studies. The 
1
H 

NMR spectra indicated the conversion of diazoketone to the respective β-amino acid 

by the appearance of a new signal, a multiplet, at 2.38-2.55 ppm, attributed to α-CH2 

group. There was no such signal in the 
1
HNMR spectra of the diazoketones. The 

signals of γ-H2, δ-H2 and ε-H2 did not exhibit any significant change in their chemical 

shift values in going from diazoketone to β-amino acid. The signals of the protecting 

group protons were observed in the aromatic region of the spectra. Another 

characteristic of the carboxylic acid was the appearance of a downfield singlet below 

11 ppm corresponding to COOH proton.  

The synthesis was also confirmed by the 
13

C-NMR spectra. In 
13

C-NMR spectra, the 

shift of the most downfield signal in the region of 170-180 ppm, from around 200 

ppm, confirmed the presence of carboxylic acid in the synthesized compound.   In 

addition to the signals of ε-CH2, γ-CH2, ζ-CH2, β-CH carbons, another signal 

corresponding to α-CH2, was also observed. This new signal confirmed the insertion 

of a carbon between CH and COOH of the α–amino acid. All other signals did not 

exhibit any significant change in their chemical shift values when compared to the 

diazoketones.  

The syntheses of β-amino acids were further confirmed by the mass spectrometry. 

Existence of [M+Na]
+.

, [M+H]
+
 and [M-H]

−
  ion peaks in the ESI spectrum at their 

respective m/z values confirmed the syntheses. HRMS further confirmed the 

molecular formula corresponding to the observed m/z values.  

On the basis of 
1
H, 

13
C NMR and mass spectrometry the syntheses of β-amino acids 

H4a-c were confirmed. 
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2.4 Synthesis of cyclic β-tripeptide 

For the synthesis of cyclic β-tripeptide scaffold, two approaches were taken in 

consideration; a classical method of solution-phase synthesis and the solid-phase 

peptide synthesis with on-resin cyclization. 

The classical method, involving the protection of the carboxylic acid with an ester and 

building of the peptide sequence involves usual Boc-protocol. Although seems simple 

and cheap, it is associated with a disadvantage of purification at each step. On the 

other hand, the solid-phase peptide synthesis does not require purification at each step 

and the solid support may be used again and again. The purification is easy and the 

yields are better when compared with the classical method. In classical method there 

were disadvantages that, the carboxyl functionality of the starting amino acid was to 

be protected by an ester bond, the short sequence was to be built up with usual Boc-

protocols and purification by chromatography after each step was necessary. Solid-

phase peptide synthesis had many advantages over classical method; such as greater 

yield and time saving.  

H
N

H
N Fmoc

N N

Peptide synthesis

O

Peptide NH2

H
N

H
N

O

Peptide
H
N PG

O

Peptide NH

Cleavage

-N2

1) Deprotection

2) Oxidation

+

 

 

2.4.1 Synthesis of 4-hydrazinobenzoyl AM resin (H5) 

Rosenbaum and coworkers used the oxidation labile aryl hydrazide linker [74, 205] 

where the cleavage was performed at the end. The same method was adapted for the 

synthesis of the cyclic β-tripeptide during this study. 
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H
N

H
N Fmoc

H
N NH2

(H5)

20% piperidine

 

4-Fmoc-hydrazinobenzoyl AM NovaGel resin was pre-swollen with DCM and DMF 

for 30min each. The resin was incubated with a solution of 20% piperidine in DMF 

for 20min. Finally it was washed with DMF. The resin was ready to link with amino 

acid now. 

2.4.2 Synthesis of 4-Boc-β-Lys(Z)-hydrazinobenzoyl AM resin (H6) 

H
N NH2

HO

O

N
H

Boc

HN
Z

O

N
H

Boc

HN
Z

H
N N

H

(H5) (H4b) (H6)

HBTU, HOBt
DMF, DIPEA

 

Boc-β-lysine(Z)-OH (H4b), HBTU and HOBt were dissolved in DMF and DIPEA 

was added as a base. The reaction mixture was added to the resin (H5) and agitated 

for 8 h. Then, the resin was washed with DMF, DCM and again with DMF. Following 

capping with pivalic anhydride. It was again washed with DMF, DCM and DMF. The 

resin was directly used in the next reaction step. As the resin was directly used in the 

next step, no characterization was carried out at this stage. 

 

2.4.3 Synthesis of 4-NH2-β-Lys(Z)-hydrazinobenzoyl AM resin (H7) 

Next step of the synthesis was the deprotection of Boc group from the amine 

functionality to make NH2 available for coupling with another amino acid. As Boc 

group was sensitive to acidic conditions, so it was deprotected in acidic conditions. 
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O
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Boc

HN
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H
N N

H

(H6)

TFA/m-cresol
O

NH2

HN
Z

H
N N

H

(H7)  

The 4-Boc-β-Lys(Z)-hydrazinobenzoyl AM resin H6 was washed with DCM. For 

deprotection of the Boc protection group, the resin was incubated with a mixture of 

TFA/m-cresol. Resin was washed with DCM and DMF after deprotection. Now the 

resin was ready to be used directly in the next reaction step. 

2.4.4 Synthesis of 4-Boc-β-Lys(N3)-β-Lys(Z)-hydrazinobenzoyl AM 

 resin (H8) 

As the amino group was free so it was available to couple with another amino acid 

which has free carboxyl terminal. We require activating and coupling agents for 

coupling two amino acids. 

HO

O

N
H

Boc

N3

O

NH2

HN
Z

H
N N

H

O

N
H

HN
Z

H
N N

H

O

N
H

Boc

N3

(H7) (H8)(H4a)

HBTU, HOBt
DMF, DIPEA

 

Boc-β-lysine(N3)-OH (H4a), HBTU and HOBt were dissolved in DMF and DIPEA 

was added. The reaction mixture was added to the resin (H7) and agitated for 6 h. 

Then, the washing of resin was done three times with DMF, DCM and again with 

DMF. Capping was done with 2mL pivalic anhydride. Capping step was followed by 

washing with DMF, DCM and DMF. The resin was directly used in the next reaction 

step. 
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2.4.5 Synthesis of 4-NH2-β-Lys(N3)-β-Lys(Z)-hydrazinobenzoyl AM 

resin (H9) 

4-Boc-β-Lys(N3)-β-Lys(Z)-hydrazinobenzoyl AM resin (H8) was in completely-

protected form and could not couple with other amino acid. To make it functional, 

deprotection of amino group was necessary, which was done in acidic conditions. 

O

N
H

HN
Z

H
N N

H

O

N
H

Boc

N3

O

N
H

HN
Z

H
N N

H

O

NH2

N3

(H8) (H9)

TFA/m-Cresol

 

The 4-Boc-β-Lys(N3)-β-Lys(Z)-hydrazinobenzoyl AM resin (H8) was washed with 

DCM and DMF. The resin was then incubated for 2 min with a mixture of 2ml of 

TFA/m-cresol. The resin was successively washed with DCM and DMF and then 

directly used in the next reaction step. 

2.4.6 Synthesis of 4-Boc-β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)-hydrazino 

benzoyl AM resin (H10) 

Again coupling step was repeated by reacting 4-NH2-β-Lys(N3)-β-Lys(Z)-hydrazino 

benzoyl AM resin (H9) with β-Lys(Z)-OH. 

O

N
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HN
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H
N N
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NH2
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O

N
H

HN
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H
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O

N
H
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O

N
H
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HN
Fmoc

HO

O

N
H

Boc

HN
Fmoc

(H9) (H10)(H4c)  

Boc-β-lysine (Fmoc)-OH (H4c), HBTU and HOBt were dissolved in DMF and 

DIPEA was added. The reaction mixture was added to the resin (H9) and agitated for 

8 h. Then, the washing of resin was done three times with DMF, DCM and again with 

DMF. After capping with 2mL pivalic anhydride washing was repeated with DMF, 

DCM and DMF. The resin was directly used in the next reaction step. 
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2.4.7 Synthesis of 4-NH2-β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)-hydrazino 

benzoyl AM resin (H11) 

O

N
H

HN
Z

H
N N

H

O

N
H

N3

O

N
H

Boc

HN
Fmoc

O

N
H

HN
Z

H
N N

H

O

N
H

N3

O

NH2

HN
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(H10) (H11)

TFA/m-Cresol

 

Next step of the synthesis was the deprotection of 4-Boc-β-Lys(Fmoc)-β-Lys(N3)-β-

Lys(Z)-hydrazinobenzoyl AM resin (H10). First of all the resin was washed with 

DCM. To remove the Boc protection group, the resin was incubated with a mixture of 

TFA/m-cresol (95:5). After successful deprotection, the resin was washed with DCM 

and DMF. The resin after this washing was ready to be used in the next step. 

2.4.8 Synthesis of 4-(NH2-β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)-diazenyl) 

benzoyl AM resin (H12) 

O

N
H

HN
Z

H
N N

H

O

N
H

N3

O

NH2

HN
Fmoc

O

N
H

HN
Z

N N

O

N
H

N3

O

NH2

HN
Fmoc

NBS

Pyridine,
7min

(H11) (H12)  

Oxidation of the AM resin was done with N-bromosuccinimide and pyridine 

dissolved in dry DCM and the reaction mixture was agitated for 7min. Then the resin 

was washed with DCM and directly used in the next reaction step. 

2.4.9 Synthesis of cyclo (β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)) (H13) 

The cyclization of tripeptide was achieved by using triethyl amine. As we have Fmoc 

group in the scaffold, it was risk to use TEA because Fmoc was more likely to be 

cleaved. Instead of TEA, we preferred diisopropyl ethyl amine (DIPEA) to which 

Fmoc was less sensitive. 
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DIPEA
48 hrsO

N
H

N3

N N

O

N
H

HN

O

NH2

HN
FmocZ

NH

H
N

HN

O

O

O

HN Fmoc

N3

HN
Z

(H12) (H13)

C44H56N8O7

808.5

 

The cleavage of resin and cyclization of tripeptides was achieved in single step using 

diisopropyl ethylamine (DIPEA). Crude product was purified by crystallization from 

MeOH/TFA mixture. The literature reported maximum yield of cyclic peptides is 8% 

[216], but in this method we were able to get 38% pure cyclic tripeptide.  

The pure cyclic tripeptides were obtained as white solid in good yield (38%). The Rf 

value in DCM/MeOH 9:1 was found to be 0.42. The title compound cyclo (β-

Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)) (H13) was characterized by ESI and HR-MS. As this 

compound was found to be insoluble in all routine solvents, probably due to stacking 

phenomenon which is reported for cyclic peptides, so it was not possible to dissolve 

the compound and take the NMR spectrum for characterization purposes. Due to this 

solubility problem we were able to get only ESI and HR-MS for the confirmation of 

the synthesized product. 

ESI spectrum of the title compound showed peak at m/z 831.5, attributed to [M+Na]
+
, 

which confirmed the synthesis. The HRMS of [M+Na]
+.

 corresponding to the 

expected molecular formula was observed at m/z 831.4163 whereas the calculated 

value for the proposed molecular formula, C44H56N8O7Na was 831.4164.  HR-MS 

was recorded in both positive and negative modes and the observed values were in 

very close agreement with calculated values of [M+H]
+
 and [M-H]

-
 peaks. 
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2.4.10    Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH2) 

(H14)  

NH

H
N

HN

O

O

O

HN Fmoc

N3

NH2

(H14)

C36H50N8O5

674.4

NH

H
N

HN

O

O

O

HN Fmoc

N3

HN
Z

(H13)

C44H56N8O7

808.5

TFA/m-Cresol

 

The title compound was synthesized by deprotection of Cbz group of cyclo (β
3
-Lys 

(Fmoc)-β
3
-Lys(N3)-β

3
- Lys-NH2) (H14) with TFA and stirring the reaction mixture 

for 6 h at room temperature. Crude product was obtained by centrifugation and 

purified by RP-HPLC using MeOH+0.1% TFA and H2O as solvents. The retention 

time was 22.4 min in 30-100% of MeOH+0.1% TFA solvent. The solubility of the 

compound was expected to increase on deprotection (expectation that the presence of 

hydrogen may result in salt formation, which ultimately increase solubility), but 

unfortunately no appreciable change in solubility was observed, probably due to 

stacking phenomenon. Hence, limited options of characterization were left and we 

had to rely on ESI and HRMS for characterization. 

In ESI mass spectrum, a peak at m/z 675.4, attributed to quasi molecular ion [M+H]
 +

, 

was observed. The same quasi molecular ion was also analyzed by HRMS for the 

observed peak at m/z 675.3976. The calculated accurate mass of the proposed 

molecular formula [M+H]
 +

 was 675.3977.  This very close agreement between the 

calculated and observed mass, confirmed the proposed molecular formula and hence 

the expected structure of the cyclic tripeptide.  

On the basis of ESI and high resolution mass spectrometry, we conclude that the 

synthesis of title compound, cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
- Lys-NH2) (H14), 

was successfully achieved. 
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2.5 Synthesis of cyclo (β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)) (H20) 

Another scaffold was also synthesized using the same procedure. The difference 

between the two scaffolds was, the first scaffold had side chain Boc, Fmoc and azide 

groups. While the second scaffold was made with such side chain structure that two 

similar nuclear bases could be incorporated at the same time. For this purpose two 

similar side chain protecting groups were required. We had to choose from Fmoc and 

Cbz groups. The final selection of the protecting group was based on the ease of 

removal, keeping in mind the insolubility of the scaffold in methanol in the absence of 

TFA. Therefore, Fmoc was rejected and the scaffold was prepared with two Cbz and 

one Fmoc group, as it was easier to get rid of both Cbz groups in a single step than 

Fmoc groups. 

 

2.5.1 Synthesis of 4-Boc-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin (H15) 

While synthesizing 2
nd

 tripeptide scaffold which has two Cbz side chains and one 

Fmoc protecting group, the 1
st
 three steps were same as in case of 1

st
 scaffold.  
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Boc-β-lysine(Z)-OH (H4b), HBTU and HOBt were dissolved in DMF and DIPEA 

was added. The reaction mixture was added to the resin (H7) and agitated for 6 h. 

Then, the resin was washed with DMF, DCM and again with DMF. After capping 

with 2mL pivalic anhydride, it was washed with DMF, DCM and DMF. The resin 

was directly used in the next reaction step. 
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2.5.2 Synthesis of 4-NH2-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin (H16) 

For the 4-Boc-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin (H15) to react with 

another amino acid, it should become functional, so deprotection of Boc protecting 

group was necessary. 
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The 4-Boc-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin (H15) was washed with 

DCM. The resin was pre-washed twice with DMF and then incubated with a mixture 

of TFA/m-cresol. Washing steps with DCM and DMF followed and the resin was 

directly used in the next reaction step. 

2.5.3 Synthesis of 4-Boc-β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM 

resin (H17) 

In this step of synthesis, coupling of Boc-β-Lys(Fmoc)-OH with resin (H16) was 

effected using same procedure. 
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DIPEA was added drop-wise into the solution of Boc-β-lysine (Fmoc)-OH (H4c), 

HBTU and HOBt in DMF. The reaction mixture was added to the resin (H16) and 

agitated for 8 h. Then the resin was washed with DMF, DCM and again with DMF. 

After capping with pivalic anhydride, washing was repeated with DMF, DCM and 

DMF. The resin was directly used in the next reaction step. 
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2.5.4 Synthesis of 4-NH2-β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl 

AM resin (H18) 
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Deprotection of 4-Boc-β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin 

(H17) was done with TFA/m-Cresol. To remove the Boc protection group, the resin 

was pre-washed and then incubated with a mixture of TFA/m-Cresol (95:5). After 

successful deprotection, the resin was washed with DCM and DMF. The resin after 

this washing was ready to be used in next step. 

2.5.5 Synthesis of 4-(NH2-β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)-diazenyl) benzoyl 

AM resin (H19) 
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Next step was to make resin as better leaving group. This was done by oxidation of 

hydrazine to diazenyl functionality with the help of N-bromosuccinimide and pyridine 

was used as solvent.  
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2.5.6 Synthesis of cyclo (β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)) (H20) 
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Removal of resin and cyclization of tripeptides was carried out in the same step. 

DIPEA dissolved in DCM was added to the resin (H19). The reaction mixture was 

stirred for 48 h. The resin was filtered and washed with DCM. The washing fractions 

were combined and the organic solvent was removed under reduced pressure. Crude 

product was obtained by crystallization with methanol and title compound was 

collected by centrifugation. Pure product was obtained by washing with methanol. 

The collected white insoluble material was pure product. Again in this case yield was 

excellent as compared to reported [207] for other cyclic peptides. 

Title compound was obtained in 40% yield with Rf value of 0.48 in DCM/MeOH 9:1 

solvent system. Same problem of insolubility was faced so we were unable to take 

NMR of this compound. Alternate solution of the problem was to analyze by mass 

spectrometry. 

ESI spectrum showed peak at m/z 939.5 which was attributed to [M+Na]
+.

. This peak 

confirmed the synthesis of title compound which was further confirmed by HRMS. 

HRMS spectrum showed highly resolved mass of the molecular ion [M]
+
 as 916.4740 

while the calculated mass had a value of 916.4735 which was in close agreement with 

the found value. Similar agreement was noted between observed and calculated values 

of quasi molecular ion peak. This data suggested that the title compound cyclo (β-

Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)) (H20) was successfully synthesized. 
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2.5.7 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH2)-β

3
-Lys-NH2) 

(H21)

(H20)
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Next step was to make the scaffold functional by deprotecting its Cbz protection 

group. Protected cyclic β-tripeptide (H20) was dissolved in TFA, TMSOTf and m-

cresol and stirred for 2h at 0 ºC [208]. After completion of the reaction, the crude 

cyclic peptide cyclo (β
3
-Lys (Fmoc)-β

3
-Lys-NH2)-β

3
-Lys-NH2) (H21) was 

precipitated with ice-cold MTBE (2×15mL). The crude product was centrifuged and 

purified by RP-HPLC to yield white solid. One important thing to mention over here 

was the strange behavior of cyclic β-tripeptide (H20); unlike 1
st
 tripeptide scaffold 

Cbz deprotection was not achieved with TFA in case of (H20), we recovered the 

starting material without deprotection of Z group. That’s the reason we had to use 

TFA, TMSOTf and m-cresol mixture instead of TFA and m-cresol only. 

Title compound showed retention time 18.5 min in 30-100% MeOH+0.1 % TFA 

solvent system in HPLC. The sample was dissolved in methanol, few drops of TFA 

were added and warmed upto 40 ºC and quickly loaded into HPLC. The title 

compound, cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH2)-β

3
-Lys-NH2) (H21), was characterized 

by mass spectrometry. In ESI spectrum, a peak at m/z 671.4 was observed which was 

attributed to [M+Na]
+.

. In HRMS quasi molecular ion was observed at 649.4073 and 

its calculated value was 649.4072 which confirmed the synthesis of the compound. 

Similar behavior was observed between found and calculated values in case of [M-

H]
−
 ion peak. According to ESI and HRMS results, it was confirmed that the 

synthesis of title compound was successful. 
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2.6 Derivatization of nuclear bases 

Many classes of organic compounds are known to show tubular structures due to self-

assembling. Amino acid-derived cyclic peptides are one of such classes which show 

stacking phenomenon due to hydrogen bonding between NH and CO groups. Such 

cyclic peptides can be used as suitable devices for making of higher ordered 

molecular architectures with different types of properties. This can be achieved by 

using side chain of amino acids to incorporate such functionalities into the scaffolds. 

Purine and pyrimidine bases such as thymine, adenine, cytosine and guanine are 

known to arrange themselves automatically in specific order through hydrogen 

bonding. It was very interesting to incorporate such bases into cyclic peptide scaffolds 

so that self-assembling of scaffolds can be studied. We planned their introduction into 

the cyclic peptide scaffolds. With scaffold having free side chain amino functionality, 

it was planned to induce acid functionality into the nuclear bases. In this way, nuclear 

bases can be incorporated into scaffold with amide bond formation. For that reason, 

nuclear bases were derivatized to acetic acid functionality. 

2.6.1 Synthesis of thymin-1-ylacetic acid (H22)[209] 

N
H
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HN

O
1) BrCH2COOCH3

     K2CO3

2) NaOH
NO

HN

O

O

OH

(H22)

[C7H8N2O4]

[184.2]

 

Acetic acid moiety was incorporated into thymine by treating suspension of methyl 

bromoacetate and thymine in K2CO3 and dry DMF, and stirring vigorously under N2 

for 10 h at rt. The mixture was filtered and evaporated to dryness in vacuo.  

Thymin-1-ylacetic acid (H22) was synthesized in 44% yield with Rf value of 0.47 in 

DCM/MeOH 8:2 solvent system. The title compound was characterized by 

spectroscopic techniques. 
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1
H-NMR spectrum showed a singlet peak with integration of 3 protons at 1.75 ppm 

which was attributed to exocyclic CH3 protons. At 4.36 ppm, there was another 

singlet peak having integral of 2 protons. This downfield singlet suggested that these 

methylenic protons are in the neighborhood of electron-withdrawing group, so this 

signal was assigned to CH2CO protons. Singlet peak of 1 proton at 7.48 ppm was 

assigned to aromatic CH proton at position 6. Most important signal was observed at 

11.27 ppm which was assigned to COOH proton. 

13
C-NMR spectrum showed seven different signals which was the first indication of 

the synthesis of the title compound. Exocyclic CH3 carbon was found to resonate at 

11.8 ppm. A downfield signal at 48.4 ppm was assigned to methylenic carbon 

adjacent to COOH. (C-5) carbon was found to resonate at 108.3 ppm. Peak at 141.7 

ppm was assigned to( C-6) carbon. (C-2) carbonyl was observed at 150.9 ppm 

whereas the other carbonyl (C-4) was found to resonate at 164.3 ppm. Carboxylic acid 

carbonyl was resonated at 169.5 ppm. Hence, on the basis of 
1
H and 

13
C NMR it was 

confirmed that the title compound was synthesized successfully. 
 

Thymin-1-ylacetic acid (H22) was also characterized by mass spectrometry. ESI 

spectrum showed a peak at m/z 207.2 which was due to [M+Na]
+.

 ion. 
 

Synthesis of the compound was further confirmed by high resolution mass analysis. 

Observed HRMS of [M+Na]
+.

 was 207.1516 which was extremely close to its 

calculated mass of 207.1515. Similarly, observed highly resolved mass of [M-H]
−.

 

was very close to calculated value. On the basis of 
1
H NMR 

13
C NMR and mass 

spectrum, it was confirmed that the title compound was synthesized successfully. 

2.6.2 Synthesis of (adenin-9-yl)acetic acid 

Adenine was also converted into its acetic acid derivative following the reported 

procedures [209]. 
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2.6.2.1 Synthesis of ethyl 2-adenin-9-ylacetate (H23) 

N

N N
H

N

NH2 1) BrCH2CO2C2H5

2) NaH N

N N

N

NH2

O

OC2H5

[C9H11N5O2]

(H23)

[221.1]

 

Adenine had two different NH protons, one at position 9 and the other as exocyclic 

NH2. We introduced ester functionality at position 9 with the help of ethyl 

bromoacetate and sodium hydride was used as a base to abstract proton from position 

9. Exocyclic amino group was inactive and we found no substitution at that position. 

So we successfully introduced ester functionality at position 9. Addition of ethyl 

bromoacetate was done very slowly (in almost 3 hours) to make sure maximum 

substitution at position 9. Overall reaction took almost 24 h to complete.  

The title compound was synthesized in 50% yield with Rf value of 0.49 in 

DCM/MeOH 9:1 solvent system. 

N

N N

N

NH2

O

O

1

2

3

4

5
6 7

8

9

 

 

 

1
H-NMR spectrum of the title compound showed a triplet of 3 protons with coupling 

constant of 7.1 Hz at 1.21 ppm which was assigned to methyl protons. Two proton’s 

quartet with coupling constant of 7.1 Hz, found to resonate at 4.20 ppm, was 

attributed to CH2 protons of ethoxy group. CH2 protons adjacent to carbonyl are found 

to resonate as singlet at 5.08 ppm. Aromatic proton at position 2 resonated as singlet 

at 7.43 ppm and the proton at position 8 resonated as singlet at 8.15 ppm. 
1
H NMR 

spectral data confirmed the synthesis of target compound. 
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In 
13

C NMR spectrum, the signal at 13.9 ppm was attributed to methyl carbon. Signal 

at 44.2 ppm was assigned to CH2 adjacent to carbonyl. Similarly, the other CH2 which 

was adjacent to oxygen atom, resonated at 61.4 ppm. 118.2 ppm signal was assigned 

to C-5 carbon. C-8 carbon resonated at 141.8ppm. Signal at 149.5 ppm was assigned 

to C-4. C-2 was found to resonate at 151.8 ppm. C-6 was resonated at 155.4 ppm and 

the signal at 167.2 ppm was assigned to carbonyl of ester group. 

The title compound, ethyl 2-adenin-9-ylacetate (H23) was further characterized by 

mass spectrometry. ESI spectrum confirmed the synthesis of title compound by 

showing the peak at 222.1 m/z which was assigned to [M+H]
+.

 ion. HRMS of 

[M+Na]
+
 and [M+H]

+
 showed a very close resemblance between calculated and 

found values. 

On the basis of NMR and mass spectrometry data it was confirmed that synthesis of 

title compound (H23) was successful. 

2.6.2.2 Synthesis of ethyl (N
6
-(benzyloxycarbonyl)adenin-9-yl)acetate (H24) 

[C9H11N5O2]

(H23)

[221.1]

[C17H17N5O4]

(H24)

[355.1]

N

N N

N

NH2

O

OC2H5

N

N N

N

NHZ

O

OC2H5

 

Next step of the synthesis was to protect the exocyclic amino functionality. For 

protection, we used N-(benzyloxycarbonyl)-N-ethylimidazolium tetrafluoroborate 

which was added to the solution of ethyl 2-adenin-9-ylacetate in DMF and stirred the 

reaction mixture for 12 h at room temperature. 

After protecting exocyclic amino group with Cbz, the title compound (H24) was 

analyzed by NMR and mass spectrometry. Compound was obtained in 63% yield 

having mp of 132-135 ºC.  
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N

N N

N

NH

O

O

O

O

1

2

3

4

5
6

9

8
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l
H NMR spectrum of the title compound showed characteristic pattern of a triplet and 

quartet of ethoxy group at 1.37 ppm and 4.31 ppm, respectively. Methylene attached 

to carbonyl was found to resonate at 4.90 as singlet. The most characteristic signals 

which confirmed the protection of exocyclic bond arose from that of Cbz group. 

Signal of 5 proton multiplet at 7.23-7.49 ppm was assigned to the aromatic protons of 

Cbz ring. Another important signal appeared as singlet of 2 protons at 5.27 ppm, 

which was absent in case of (H23), was attributed to benzylic protons of Cbz group. 

All this data strongly confirmed that the title compound was successfully synthesized. 

Like 
1
H NMR spectrum, 

13
C NMR also proved the synthesis of ethyl (N

6
-(benzyloxy 

carbonyl)adenin-9-yl)acetate (H24). Methyl carbon resonated at 13.9 ppm. CH2CO 

and CH2O were found to resonate at 57.9 and 61.3 ppm, respectively. Important peak 

which confirmed the synthesis appeared at 65.7 ppm which was observed due to 

resonance of benzylic carbon of Cbz. It was a strong proof that Cbz group was 

inserted into the molecule. In case of title compound, two carbonyl peaks observed 

instead of one which confirmed that amino functionality was successfully blocked by 

Cbz. 

Title compound (H24) was also analyzed by mass spectrometry. The ESI spectrum 

showed quasi molecular ion at m/z 355.1 which confirmed the synthesis. HRMS 

showed a very close agreement between calculated and found values of [M+Na]
+. 

and 

[M+H]
+.

 ion peaks. 

On the basis of NMR and mass spectral data, it was concluded that the title compound 

ethyl (N
6
-(benzyloxy carbonyl)adenin-9-yl)acetate (H24) was successfully 

synthesized. 
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2.6.2.3 Synthesis of (N
6
-benzyloxycarbonyladenin-9-yl) acetic acid (H25) 

Next step was the hydrolysis of ester into acid functionality which was the desired 

derivative of adenine to be incorporated into the scaffolds through amide bond 

formation. 

N

N N

N

NHZ

O

OC2H5

N

N N

N

NHZ

O

OH

NaOH

[C17H17N5O4]

(H24)
[355.1]

[C15H13N5O4]

(H25)

[327.1]

 

Hydrolysis of ethyl (N
6
-(benzoyloxycarbonyl) adenin-9-yl)acetate was done with 2M 

NaOH solution at 0 ºC. Stirred for 30 min and then increased the temperature to rt for 

next 1 h. The pH was adjusted to 2.5 with 2 M NaHSO4. The product was 

precipitated, filtered and washed with cold water. 

The title compound was characterized by spectroscopic techniques like NMR and 

mass spectrometry. In 
1
H-NMR, the first confirmation of the synthesis of title 

compound was the absence of triplet and quartet peaks, which indicated that ester was 

hydrolyzed to acid. Protons of Cbz ring were observed in their usual range. Another 

most important signal which resonated at 11.2 ppm was the signal of COOH proton 

which confirmed the synthesis of title compound. 

N

N N

N

O

NH

O

O

OH

1

2

3
4

5
6

9

8

7

 

Similarly, in 
13

C-NMR spectrum, some very characteristic signals were observed 

which confirmed the synthesis of (N
6
-benzyloxycarbonyladenin-9-yl) acetic acid 

(H25). Again there were no signs of methyl and methylenic carbons which indicated 
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that they were not present in the molecule. Most interesting observation in 
13

C-NMR 

spectrum was the shifting of carbonyl signal from 166.6 ppm in (H24) to 175.2 ppm 

in the title compound which confirmed that ester group was hydrolyzed to acid 

functionality. 

Similarly mass spectral data agreed well with NMR data confirming the synthesis of 

title compound (N
6
-benzyloxycarbonyladenin-9-yl) acetic acid (H25). 

2.6.3 Synthesis of cytosine-1-yl acetic acid 

Next task was to insert acetic acid functionality into cytosine nuclear base. There were 

two NH groups available in cytosine on which acetic acid functionality could be 

introduced. Exocyclic amino group had less reactivity so we focused on NH at 

position 1. As exocyclic amino group might prove problematic at some later stage so 

we had to block it with suitable protecting group. Schwergold et al. have reported the 

synthesis of cytosine derivative [209]. 

2.6.3.1 Synthesis of methyl cytosine-1-yl acetate (H26) 

N

N
H

NH2

O

N

N

NH2

O

OCH3

O

NaH
Methyl bromoacetate

Under N2

24 h

C7H9N3O3

[183.1]

(H26)  

To insert acetic acid into cytosine the 1
st
 step was to treat cytosine with methyl 

bromoacetate under inert atmosphere. Stirring for 24 h resulted in the insertion of 

methyl acetate at position 1. Addition of NaH to the suspension of cytosine in DMF 

was done very slowly at 0 ºC. After adding methyl bromoacetate, temperature was 

raised to room temperature and stirred for 24 h. 

Methyl cytosine-1-yl acetate (H26) was synthesized in 69% yield with Rf value of 

0.52 in EtOAc/MeOH 1:1 solvent system. Its melting point was 225-227 ºC. The title 

compound was characterized by different spectroscopic techniques like NMR and 

mass spectrometry. 
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Most important and characteristic signal in 
1
H-NMR spectrum was observed as 

singlet with integration of 3 protons at 3.7 ppm. This downfield singlet was assigned 

to methoxy protons which confirmed that the synthesis of title compound was 

successful. Singlet of 2 protons at 4.63 ppm was also an important evidence of 

insertion of acetate group. This signal was assigned to methylenic protons attached to 

carbonyl group. 

Similarly, 
13

C NMR gave very strong evidences in favor of synthesis of title 

compound. CH2 directly attached with carbonyl carbon was found to resonate at 49.9 

ppm. Signal at 52.3 ppm was also a very important signal which was assigned to 

methoxy carbon confirming the synthesis. C-5 and C-6 resonated at 93.5 and 141.8 

ppm, respectively. Strong evidence in favor of synthesis was appearance of peak at 

166.2 ppm which was assigned to carbonyl carbon of ester group. Methyl cytosine-1-

yl acetate (H26) was further characterized by mass spectrometry. ESI spectrum 

showed a peak at m/z 206.1 which was attributed to [M+Na]
+.

. HR-MS of [M+Na]
+.

 

and [M+H]
+.

 gave a very close agreement between the found and the calculated 

values. 

On the basis of 
1
H NMR, 

13
C NMR and mass spectral data, the synthesis of title 

compound methyl cytosine-1-yl acetate (H26), was successful. 

2.6.3.2 Synthesis of methyl (N
4
-benzyloxycarbonyl) cytosine-1-yl acetate (H27) 

N

N

NH2

O

OCH3

O

N

N

NH-Z

O

OCH3

O

Cbz-Cl
DMAP
6h

C7H9N3O3

[183.1]

(H26)

C15H15N3O5

[317.1]

(H27)  
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Next step of the synthesis was the blocking of exocyclic amino group with Cbz 

protecting group. Cbz and DMAP were the reagents used in this step. The addition of 

reagents was done at low temperature and afterwards the temperature was allowed to 

soar to room temperature for next 5 h.  

The title compound methyl (N
4
-benzyloxycarbonyl) cytosine-1-yl acetate (H27) was 

synthesized in 79% yield with Rf value of 0.61 in EtOAc/MeOH 2:1 solvent system. 

The title compound was analyzed by spectroscopic techniques like NMR and mass 

spectrometry. In 
1
H-NMR spectrum, all the signals were observed which were present 

in case of (H26) but a few extra signals also appeared in the aromatic region as 

multiplet at 7.21-7.32 ppm; this signal was due to aromatic protons of Cbz ring. 

Another characteristic signal was noted as singlet of 2 protons at 5.32 ppm which was 

attributed to CH2O of Cbz part, confirming that exocyclic amino group was 

successfully blocked by Cbz. 

N

N

NH

O

OCH3

O

6

5

4

3

2

1

O

O

 

In 
13

C NMR spectrum, all the carbons of title compound resonated; some of the 

characteristic signals confirmed the synthesis. One of such characteristic signal 

resonated at 65.3 ppm which was due to CH2O carbon of Cbz. Signals in the range of 

127.2-139.3 ppm were the most important concerning the synthesis of title compound 

and blocking of exocyclic amino functionality. Peak observed at 153.2 ppm was also 

a characteristic peak which was assigned to carbonyl of Cbz group confirming the 

protection. Rest of the peaks were observed more or less at the same ppm values as in 

the spectrum of (H26).  

In ESI spectrum, quasi molecular ion peak was observed at m/z 318.1 value 

confirming the synthesis of title compound methyl (N
4
-benzyloxycarbonyl) cytosine-

1-yl acetate (H27). HRMS of this compound showed no prominent difference 

between the calculated and the observed values of [M+Na]
+.

 and [M+H]
+.

 ions. On the 
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basis of NMR and mass spectrometry, it was concluded that blocking of exocyclic 

amino group was achieved by Cbz protecting group. 

2.6.3.3 Synthesis of (N
4
-benzyloxycarbonyl) cytosine-1-yl acetic acid (H28) 

For the incorporation of nuclear base into the scaffold through amide bond it must 

have carboxylic acid functionality. Next step was just the hydrolysis of ester group 

into acid under basic conditions. 

N

N

NH

O

OCH3

O

O

O

N

N

NH

O

OH

O

O

O

C15H15N3O5

[317.1]

(H27)

C14H13N3O5

[303.1]

(H28)

NaOH

 

Methyl (N
4
-benzyloxycarbonyl) cytosine-1-yl acetate (H27) was dissolved in 

dioxane, basifying the reaction mixture with 1M NaOH. Allowed the reaction mixture 

to stir for 5 h at rt.  

The title compound was synthesized in 92% yield showing Rf value of 0.41 in 

EtOAc/MeOH 1:2 solvent system. 

N
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O
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1
H-NMR spectrum of (H28) had two important indications i.e., there was no peak at 

3.72 ppm which confirmed the absence of methoxy protons (it suggested that ester 

was completely hydrolyzed to acid) and one protons resonating as singlet at 10.9 ppm 

confirmed the hydrolysis of ester.  
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13
C-NMR spectrum showed change in absorption of carbonyl from 166.2 ppm in 

(H27) to 173.2 ppm in case of title compound confirming the synthesis of (N
4
-

benzyloxycarbonyl) cytosine-1-yl acetic acid (H28). 

ESI spectrum exhibited peak at m/z 302.1 in negative mode mass spectrometry which 

corresponded to [M-H]
-.
, thus, confirming the synthesis of title compound. HRMS 

also agreed well with the 
1
H NMR and 

13
C-NMR data of (N

4
-benzyloxycarbonyl) 

cytosine-1-yl acetic acid (H28). 

On the basis of the above data, it was confirmed that hydrolysis of ester to acid was 

successfully achieved. 

2.6.4 Synthesis of (2-aminopurin-9-yl) acetic acid [209] 

Guanine was also transformed into a derivative containing acetic acid moiety. To 

achieve the target molecule, we used 2-amino-1H-purin-6-one as starting material. 

2.6.4.1 Synthesis of methyl (2-amino-6-chloropurin-9-yl) acetate (H29) 

N

N N
H

N

Cl

H2N

N

N N

N

Cl

H2N

CO2CH3

C8H8ClN5O2

[241.1]

(H29)

NaH

Methyl bromoacetate

24 h, N2

 

2-Amino-6-chloropurin was dissolved in dry DMF. Sodium hydride NaH was slowly 

added and stirred for 20 min. Then methyl bromoacetate was added and left the 

reaction on stirring for 24 h at rt under inert atmosphere. Solvent was evaporated 

under reduced pressure. Crude residue was washed with water and filtered the white 

precipitates of pure product. 

The title compound was obtained in 85% yield with Rf value of 0.44 in ethyl acetate 

solvent. Methyl (2-amino-6-chloropurin-9-yl)acetate (H29) was analyzed by 

spectroscopic techniques like NMR and mass spectrometry.  
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1
H-NMR spectrum showed a singlet peak having integration of 3 protons resonating 

at 3.79 ppm which was assigned to methoxy protons, thus, confirming the synthesis of 

title compound. Another important signal was also a singlet of 2 protons at 5.10 ppm 

which was attributed to methylenic protons attached to carbonyl carbon. It was a 

proof that acetate group was incorporated into the purine base. 

 In 
13

C-NMR spectrum some very important signals were noticed such as at 52.2 ppm, 

58.1 ppm and 167.8 ppm, which were assigned to CH3O, CH2CO and carbonyl of 

ester, respectively. 

ESI and HRMS data agreed with the NMR data, thus synthesis of title compound 

methyl (2-amino-6-chloropurin-9-yl) acetate (H29) was established. 

2.6.4.2 Synthesis of (2-amino-6-chloropurin-9-yl) acetic acid (H30) 

LiOHN

N N

N

Cl

H2N

CO2CH3

C8H8ClN5O2

[241.1]

(H29)

N

N N

N

Cl

H2N

COOH

C7H6ClN5O2

[228.1]

(H30)  

Once the ester formed, it was then hydrolyzed to acid under basic conditions. We used 

LiOH for this purpose. 1M HCl was used to get product in salt-free form. 

The title compound was synthesized in 71% yield with Rf value of 0.36 in 

EtOAc/MeOH 6:4 solvent system. In 
1
H-NMR spectrum there was no signal observed 

for methoxy protons which confirmed the hydrolysis. Important signal of COOH 

proton was observed as singlet at 11.4 ppm. 

13
C-NMR spectrum confirmed the hydrolysis of ester as the carbonyl signal was 

shifted downfield to 175.8 ppm. In case of ester it was observed arround 160 ppm 

range.  

ESI and HR-MS data agreed with the NMR data, thus, synthesis of title compound (2-

amino-6-chloropurin-9-yl) acetic acid (H30) was confirmed. 
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2.6.4.3 Synthesis of ((2-amino-6-benzyloxy)purin-9-yl) acetic acid (H31) 

N

N N

N

Cl

H2N

CO2H

N

N N

N

OBn

H2N

CO2H

C7H6ClN5O2

[228.1]

(H30)

C14H13N5O3

[299.1]

(H31)

Benzyl alcohol

K2CO3 , DABCO

18h, 85 °C

 

The final step was transformation of chloro group into hydroxyl and blocking of 

hydroxyl with benzyl protecting group. This was achieved by treating (2-amino-6-

chloropurin-9-yl) acetic acid (H30) with benzyl alcohol, potassium carbonate and 

DABCO. In this way, protected guanine acetic acid was obtained. 

The title compound ((2-amino-6-benzyloxy)purin-9-yl) acetic acid (H31) was 

analyzed by spectroscopic techniques. 

In 
1
H-NMR spectrum, the most important signals from characteristic point of view 

were that of Bn group, which appeared as multiplet at 7.41-7.63 ppm, thus, 

confirming the synthesis.  

13
C-NMR spectrum of the title compound showed the most important peak at 71.4 

ppm which was due to CH2O of benzyl group. 

In ESI spectrum, there was a peak at m/z 300.1 which was assigned to [M+H]
+
 ion. 

Convincing evidence in support of synthesis of title compound was the absence of 

isotopic peaks in case of both ESI and HR-MS spectra which confirmed the 

transformation of chloro group. HR-MS showed very close resemblances of observed 

and calculated values of [M+Na]
+
, [M+H]

+
 and [M-H]

− 
ions. On the basis of 

spectroscopic data, the title compound ((2-amino-6-benzyloxy)purin-9-yl) acetic acid 

(H31) was successfully synthesized and characterized. 

2.7 Incorporation of modified nuclear bases into the scaffolds 

After modifying the nuclear bases with acetic acid moiety, they were ready to be 

incorporated into the scaffolds. As there was amino functionality on the side chain of 
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the scaffold and an acid group on the nuclear base so the usual amide bond formation 

conditions were selected for this incorporation. We planned to synthesize two types of 

nuclear base-bearing scaffolds. In one type, two different nuclear bases were 

incorporated in the same scaffold, while in the other type same bases were 

incorporated. 

2.7.1 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl 

acetate) (H32) 

HN NH

H
N

O

O

O

NH

Fmoc

HN

N3

N

NH
O

O

O

HN NH

H
N

O

O

O

NH

Fmoc

NH2

N3 N

NH

O

O

OHO

+

PyBrOP

NMP
DIPEA

72 h

(H14) (H32)(H22)

[C7H8N2O4]

[184.2]

[C36H50N8O5]

[674.4]

[C43H56N10O8]

[840.4]

 

After successful derivatization of nuclear bases, next step was their incorporation into 

the cyclo (β
3
-Lys(Fmoc)- β

3
-Lys(N3)-β

3
-Lys(NH2))(H14). This was carried out under 

basic conditions using activating agent PyBrOP in dry NMP as solvent. We opted for 

DIPEA in place of TEA due to less sensitivity of Fmoc for DIPEA than TEA. Stirred 

the reaction mixture for 72 h. The title compound was obtained by centrifugation of 

the reaction mixture after addition of MTBE. The crude product was purified by RP-

HPLC using 5-45% methanol+0.1% TFA as solvent system. 

The title compound cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) 

(H32) was synthesized in excellent yield 82%. The Rt of the title compound in RP-

HPLC was found to be 13.4 min under the described conditions. The title compound 

due to stacking phenomenon had extremely poor solubility, so it was impossible for 

us to get its NMR spectrum. That’s the reason we had to rely only on mass 

spectrometry for the analysis of title compound (H32).  



 68 

In ESI spectrum, there was a peak observed at m/z 863.4 which was attributed to 

[M+Na]
+
 thus confirming the synthesis of title compound. HRMS showed a very 

close agreement between the calculated and the observed values of [M+Na]
+
 and  

[M-H]
-
 peaks. The observed HRMS of [M+Na]

+.
 was at m/z 863.4175 and the 

calculated value was 863.4174. In case of [M-H]
-.
, the observed HR-MS was 

839.4214 and the calculated value was 839.4210. 

On the basis of mass spectrometric data, it was concluded that the title compound, 

cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) (H32), was 

successfully synthesized and characterized. 

2.7.2 Synthesis of cyclo (β
3
-Lys(NH2)-β

3
-Lys(N3)-β

3
-Lys-NH-Thymin-1-yl 

acetate) (H33) 

After introduction of the thymin-1-yl acetate into scaffold, it was desired to make the 

scaffold functional; for this there must be some free amino group. We had already 

Fmoc protected amine. The next step of synthesis was to deprotect the Fmoc group 

which was performed under basic condition. We used 20% piperidine in DMF. In this 

way, we synthesized the title compound in good yield. 

HN NH

H
N

O

O

O

NH2

HN

N3

N

NH
O

O

O

20% Piperidine

(H32)

[C43H56N10O8]

[840.4]

HN NH

H
N

O

O

O

NH

Fmoc

HN

N3

N

NH
O

O

O

(H33)

[C28H46N10O6]

[618.4]

 

The title compound synthesized was purified by RPHPLC with retention time of 

10.5min in 30-100% Methanol+0.1% TFA. On removal of Fmoc, the solubility of the 
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title compound was not changed much so we had mass spectrometry as the only 

option for analysis.  

ESI spectrum of cyclo (β
3
-Lys(NH2)-β

3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) 

(H33) showed peak at m/z 641.4 which was observed due to [M+Na]
+.

, thus 

confirming the removal of Fmoc from (H32). HRMS of [M+H]
+.

 was found to be at 

m/z 619.3637 which was almost same as its calculated value m/z 619.3635. Similar 

behavior was noted in case of HR-MS of [M+Na]
+.

 ion. On the basis of ESI and 

HRMS, we conclude that the Fmoc group was removed completely with 20% 

piperidine. 

2.7.3 Synthesis of cyclo (β
3
-Lys(NH-(N

6
-benzyloxycarbonyladenin-9-yl) 

acetate)-β
3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) (H34) 

As there was one more amino group free in case of (H33) we can incorporate another 

nuclear base into the scaffold. The previous base attached was pyrimidine (thymine) 

and 2
nd

 base would be its counter, i.e., from purine base (adenine). Conditions used 

for incorporation were same as in case of thymine attachment. Reaction was run for 

72 h after addition of PyBrOP and DIPEA in reagents dissolved in NMP. Crude 

product obtained by centrifugation was purified by crystallization with methanol and 

TFA mixture. 

(H33)

[C28H46N10O6]

[618.4]

[C15H13N5O4]

(H25)

[327.1]

(H34)

[C43H57N15O9]

[927.4]

NH

NH

HN

O

OO

NH2
HN

N3

N

H
NO O

O

+ N

N N

N

CO2H

HN
Z

NH

NH

HN

O

OO

NH
HN

N3

N

H
NO O

O

N

N

N

N

HN Z

OPyBrOP

NMP
DIPEA

72 h
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The title compound was synthesized in 72% yield and characterized by mass 

spectrometry. In ESI spectrum, peak was observed at m/z 950.4 and upon calculation 

of mass it was found that the observed peak was of  [M+Na]
+.

 ion. So ESI confirmed 

the synthesis of title compound as cyclo (β
3
-Lys(NH-(N

6
-benzyloxycarbonyladenin-9-

yl) acetate)-β
3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) (H34). 

Highly-resolved mass of quasi molecular ion [M+H]
+
 was found to be at m/z 

928.4551 and the calculated mass was m/z 928.4536. Similar close relationship was 

noted between the calculated and found values of HRMS of [M-H]
-
 and [M+Na]

+
. ESI 

and HRMS analyses confirmed the incorporation of adenine base into the scaffold 

(H33). 

2.7.4 Synthesis of cyclo (β
3
-Lys(NH-adenin-9-yl) acetate)-β

3
-Lys(N3)-β

3
-Lys-

NH-thymin-1-yl acetate) (H35) 

Adenine portion of cyclo (β
3
-Lys(NH-(N

6
-benzyloxycarbonyladenin-9-yl) acetic 

acid)-β
3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) (H34) had exocyclic amino group 

blocked with Cbz. In next step, it was removed so that adenine can arrange itself due 

to hydrogen bonding. To remove Cbz, the scaffold was stirred for 6 h in TFA and  

m-cresol mixture. The crude product was precipitated with ice-cold MTBE. It was 

centrifuged and purified by crystallization using TFA and methanol as solvent. 

(H34)

[C43H57N15O9]

[927.4]

NH

NH

HN

O

OO

NH
HN

N3

N

H
NO O

O

N

N

N

N

NH2

O
TFA/m-Cresol

6 h

NH

NH

HN

O

OO

NH
HN

N3

N

H
NO O

O

N

N

N

N

HN Z

O

(H35)

[C35H51N15O7]

[793.4]
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The title compound was obtained in 88% yield. At the final step we again faced the 

problem of insolubility lacking facility of solid phase NMR. So we had to concentrate 

only on mass spectrometry for the analysis of cyclo (β
3
-Lys(NH-adenin-9-yl) acetate)-

β
3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) (H35).  

When ESI was run, we observed a peak at m/z 816.4. It was attributed to [M+Na]
+.

 

which confirmed the deblocking of Cbz protecting group from exocyclic amino 

functionality. 

HRMS spectrum showed a well agreed data of calculated and found values of quasi 

molecular ion [M+H]
+.

 and [M+Na]
+
. 

Peak of [M+Na]
+.

 in ESI spectrum and HR-MS of [M+Na]
+.

 and [M+H]
+.

 confirmed 

the synthesis of title compound as cyclo (β
3
-Lys(NH-adenin-9-yl) acetate)-β

3
-

Lys(N3)-β
3
-Lys-NH-thymin-1-yl acetate) (H35). 

2.8.1 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH-(N

4
-benzyloxy 

carbonyl) cytosine-1-yl acetate (H36) 

NH

O

O

N
H

O HN

NH

N3

HN

O

NN

O

NH

Z

N

NO

HN
Z

O

OH

Fmoc

NH

O

O

N
H

O HN

NH

N3

NH2

Fmoc

PyBrOP
DIPEA
NMP

72 h

(H14)

[C36H50N8O5]

[674.4]

(H28)

[C14H13N3O5]

[303.1]

(H36)

[C50H61N11O9]

[959.5]

In next steps of syntheses, we planned to incorporate cytosine and guanine bases into 

the scaffold. First, we incorporated cytosine into the scaffold using the same 

procedure as in case of last example. Into the solution of scaffold in NMP, cytosine, 

acetic acid, PyBrOP and DIPEA were added and stirred for 72 h at room temperature. 

Product was purified by RP-HPLC. 

The title compound was synthesized in 89% yield. On HPLC its retention time was 

10.1 min in 10-40% methanol+0.1% TFA solvent. 
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ESI spectrum showed [M+Na]
+. 

peak at m/z 982.4, which confirmed that the title 

compound was synthesized. Similarly, high resolution mass analysis also confirmed 

the synthesis by comparing the calculated and found values of [M+H]
+.

 and [M+Na]
+. 

ions. 

2.8.2 Synthesis of cyclo (β
3
-Lys(NH2)-β

3
-Lys(N3)-β

3
-Lys-NH-(N

4
-benzyloxy 

carbonyl) cytosine-1-yl acetate (H37) 

Next step was to make scaffold functional by deblocking its Fmoc protecting group so 

that guanine could be incorporated into the scaffold. For deprotection the scaffold was 

stirred with 20% piperidine in DMF for 35 min on ultrasonic bath. Crude title 

compound was obtained by centrifugation after adding ice cold MTBE. The product 

was purified by RP-HPLC. 

NH

O

O

N
H

O HN

NH2

N3

HN

O

NN

O

NH

Z

20% Piperidine
DMF

35 min

(H36)

[C50H61N11O9]

[959.5]

NH

O

O

N
H

O HN

NH

N3

HN

O

NN

O

NH

Z

Fmoc

(H37)

[C35H51N11O7]

[737.4]

 

The title compound cyclo (β
3
-Lys(NH2)-β

3
-Lys(N3)-β

3
-Lys-NH-(N

4
-

benzyloxycarbonyl) cytosine-1-yl acetate (H37) was synthesized after deblocking 

Fmoc group in 90% yield. Crude product was purified by HPLC. It showed retention 

time of 8.8 min in 10-40% methanol+ 0.1% TFA solvent. Due to solubility problem 

we were unable to get its NMR spectrum. We emphasized on mass pectrometry for its 

analysis. ESI spectrum showed peak for [M+Na]
+.

 at m/z 760.4 which confirmed the 

synthesis of title compound. HR-MS data showed a very good agreement between the 

calculated and found values of [M-H]
-.
 and [M+Na]

+.
 ions. By analyzing its mass 

spectral data, it was concluded that title compound cyclo (β
3
-Lys(NH2)-β

3
-Lys(N3)-β

3
-
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Lys-NH-(N
4
-benzyloxycarbonyl) cytosine-1-yl acetate (H37) was synthesized 

successfully. 

2.8.3 Synthesis of cyclo (β
3
-LysNH-(2-amino-6-benzyloxy)purin-9-yl) acetate-

β
3
-Lys(N3)-β

3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosine-1-yl acetate (H38) 

Next step was to attach guanine with the scaffold (H37). Same procedure was 

adopted. Reactants were dissolved in NMP and then PyBrOP and DIPEA were added 

and stirred  for 72 h. Crude product was obtained by centrifugation after addition of 

ice cold MTBE. Product was purified by crystallization with MeOH + 0.1% TFA 

mixture. 

(H37)

[C35H51N11O7]

[737.4]
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O
N
H

O HN
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N3

HN

O
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O

NH
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N
H
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HN
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N

N

NH2

OBn

NN

O

NH
Z

O

N

N

N

N

H2N

OBn

OH

PyBrOP
DIPEA
NMP

72h

(H30)

[C14H13N5O3]

[299.1]

(H38)

[C49H62N16O9]

[1018.4]

 

The title compound, cyclo (β
3
-LysNH-(2-amino-6-benzyloxy)purin-9-yl) acetate-β

3
-

Lys(N3)-β
3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosine-1-yl acetate (H38), was 

analyzed by mass spectrometry. 

In ESI spectrum, peak for [M+Na]
+.

 was observed at m/z 1041.5 which was taken as 

proof for the synthesis of the title compound. In HRMS spectrum, the highly-resolved 

masses of [M+H]
+.

 and [M+Na]
+. 

ions had very close agreement between the observed 

and the calculated values, thus synthesis of title compound, cyclo (β
3
-LysNH-(2-

amino-6-benzyloxy)purin-9-yl)acetate-β
3
-Lys(N3)-β

3
-Lys-NH-(N

4
-benzyloxy 

carbonyl)cytosine-1-yl acetate (H38), was confirmed. 
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2.8.4 Synthesis of cyclo (β
3
-LysNH-purin-9-yl)acetate-β

3
-Lys-(N3)- β

3
-Lys-NH-

cytosine-1-yl acetate (H39) 

Final step, after the synthesis of scaffold having cytosine and guanine nuclear bases, 

was to make nuclear bases portion active for hydrogen bonding with appropriate 

counterparts. That could only be achieved by deblocking the nuclear bases, as 

exocyclic amine of cytosine was blocked by Cbz while guanine had benzyloxy 

protecting group. Both these protecting groups were acid sensitive. Both groups were 

removed just by stirring with TFA/m-cresol mixture for 6 h at room temperature. 

NH
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N
H

O HN
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N

NH2

OBn

NN

O

NH

Z

(H38)

[C49H62N16O9]

[1018.4]

(H39)

[C34H50N16O7]

[794.4]

 

Cyclo (β
3
-LysNH-(2-amino-6-benzyloxy)purin-9-yl) acetate-β

3
-Lys(N3)-β

3
-Lys-NH-

(N
4
-benzyloxycarbonyl)cytosine-1-yl acetate (H38) was dissolved in TFA/m-cresol 

and stirred for 6h at rt. In this way, title compound was obtained in completely 

deprotected form. Crude product was purified by crystallization with methanol and 

TFA. 

Cyclo (β
3
-LysNH-purin-9-yl)acetate-β

3
-Lys-(N3)- β

3
-Lys-NH-cytosine-1-yl acetate 

(H39) was synthesized in excellent yield of 89%. The title compound was analyzed 

by mass spectrometry. ESI spectrum showed peak of [M+Na]
+.

 at m/z 817.4, thus, 

confirmed the deblocking of both Z and benzyloxy groups in a single step. 

HRMS of the title compound showed very close resemblance between the calculated 

and observed values of [M+H]
+.

 and [M+Na]
+.

 ions. Hence mass spectrometric data, 
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gave a strong proof of the synthesis of cyclo (β
3
-LysNH-purin-9-yl)acetate-β

3
-Lys-

(N3)- β
3
-Lys-NH-cytosine-1-yl acetate (H39). 

2.9 Synthesis of scaffolds with two same nuclear bases 

Second type of cyclic tripeptide scaffold was prepared which had both of the 

incorporated nuclear bases same. As we wanted to incorporate two similar nuclear 

bases so, to save number of steps, the scaffold having two similar protecting groups 

on side chain was selected for this purpose. 

2.9.1 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-thymin-1-ylacetate)-β

3
-Lys-

NH-thymin-1-ylacetate) (H40) 

For the synthesis of title compound, cyclo (β
3
-Lys(Fmoc)- β

3
-Lys-NH2-β

3
-Lys-NH2) 

(H21) was dissolved in NMP followed by addition of thymin-1-ylacetic acid (H22), 

PyBrOP and DIPEA. Reaction mixture was stirred for 72 h at room temperature. Pure 

product was obtained by crystallization with methanol/TFA mixture. 

(H21)

[C36H52N6O5]

[648.4]
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O

O
O

PyBrOP
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(H22)

[C7H8N2O4]

[184.1]

(H40)

[C50H64N10O11]

[980.4]

72 h

 

The title compound was synthesized in 72% yield and was analyzed by mass 

spectrometry. ESI spectrum showed peak at m/z 1003.4, which corresponded to 

[M+Na]
+.

. So ESI spectrum proved that the synthesis of title compound was 
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successful. HRMS showed [M+H]
+.

 at m/z 981.4760 while its calculated value was 

981.4756 which was extremely close to observed value. Same agreement between 

found and calculated values of [M+Na]
+.

 was observed in HRMS. On the basis of 

mass spectrometric data, it was concluded that attachment of thymine bases into the 

scaffold was successful. 

2.9.1.1 Synthesis of cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-thymin-1-ylacetate)-β

3
-Lys-

NH-thymin-1-ylacetate) (H41) 

After attachment of thymine bases into the scaffold, the solubility problem increased 

tremendously. Keeping in view the previous experience, that problem could be 

reduced to some extent by creating some polar part in the molecule. We had Fmoc 

protected amino group in the scaffold along with two thymine bases. If deprotection 

had been done then there would be some chances of increased solubility. Next step of 

synthesis was to get rid of Fmoc from amino group. This was done using common 

method of Fmoc deprotection, i.e., stirring with 20% piperidine in DMF. Crude 

product was separated by centrifugation after addition of MTBE and purified by RP-

HPLC. 
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The title compound was synthesized in 90% yield. During HPLC purification it was 

collected at 12.5 min in 10-40% methanol+0.1% TFA. The title compound cyclo (β
3
-

Lys(NH2)β
3
-Lys-NH-thymin-1-ylacetate)-β

3
-Lys-NH-thymin-1-ylacetate) (H41) was 

characterized by mass spectrometry. 

ESI spectrum gave [M+Na]
+.

 peak at m/z 781.4 which confirmed the synthesis of the 

title compound. HRMS of [M+Na]
+.

 peak was found to be 781.3962 which was very 

close to the calculated value of 781.3967. Similar closeness between calculated and 

found values was noted for [M+H]
+.

.  

On the basis of mass spectral data, it was concluded that the deprotection of Fmoc 

was achieved cleanly and successfully. 

2.9.2 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-(N

6
-benzyloxycarbonyl 

adenin-9-yl) acetate)-β
3
-Lys-NH-N

6
-benzyloxycarbonyladenin-9-yl) acetate) 

(H42) 
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Structure of the fourth scaffold was designed in such a way that it had two adenine 

nuclear bases attached. For the synthesis of such compound, cyclo (β
3
-Lys(Fmoc)- β

3
-
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Lys-NH2-β
3
-Lys-NH2) (H21) was made to react with 2 equivalent of N

6
-benzyloxy 

carbonyl adenin-9-yl) acetic acid (H25) in the presence of NMP, PyBrOP and DIPEA 

for 72 h at room temperature. Crude product was recovered by adding ice cold MTBE 

and centrifugation. Pure product was obtained by crystallization with methanol/TFA 

mixture. 

The title compound was synthesized in almost 90% yield and was analyzed by mass 

spectrometry. ESI spectrum showed a peak at m/z 1289.5 which was observed due to 

[M+Na]
+.

 ion thus confirmed the synthesis of title compound.  HRMS spectrum 

showed a good agreement between the observed and calculated values of [M+Na]
+. 

and [M-H]
-.
 peaks. On the basis of ESI and HR-MS spectra, it was concluded that title 

compound cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-(N

6
-benzyloxycarbonyladenin-9-yl) 

acetate)-β
3
-Lys-NH-N

6
-benzyloxycarbonyladenin-9-yl) acetate) (H42) was 

successfully synthesized. 

2.9.2.1 Synthesis of cyclo (β
3
-Lys(NH2)-β

3
-Lys-NH-(N

6
-benzyloxycarbonyl 

adenin-9-yl) acetate)-β
3
-Lys-NH-N

6
-benzyloxycarbonyladenin-9-yl) acetate) 

(H43) 

(H42)

[C66H74N16O11]

[1266.5]
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Next step of synthesis was to remove the Fmoc blocking agent from amino 

functionality. This was done with 20% piperidine in DMF. In this way a free amino 
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group was created in the scaffold. Crude product was collected by centrifugation after 

addition of cold MTBE. The compound was confirmed after analyzing by mass 

spectrometry. ESI spectrum exhibited peak at m/z 1067.5 which was attributed to 

[M+Na]
+.

. HRMS of quasi molecular ion was found to be 1045.5118 while its 

calculated value was 1045.5115, which showed very close resemblance thus 

confirmed the complete removal of Fmoc group. Similar behavior of HR-MS was 

observed in case of [M+Na]
+.

 Thus confirmed the synthesis of title compound cyclo 

as (β
3
-Lys(NH2)-β

3
-Lys-NH-(N

6
-benzyloxy carbonyl adenin-9-yl) acetate)-β

3
-Lys-

NH-N
6
-benzyloxycarbonyl adenin-9-yl) acetate) (H43). 

2.9.2.2 Synthesis of cyclo (β
3
-Lys(NH2)-β

3
-Lys-NH-(adenin-9-yl) acetate)-β

3
-Lys-

NH-(adenin-9-yl) acetate) (H44) 

In the compound cyclo (β
3
-Lys(NH2)-β

3
-Lys-NH-(N

6
-benzyloxycarbonyl adenin-9-yl) 

acetate)-β
3
-Lys-NH-N

6
-benzyloxycarbonyl adenin-9-yl) acetate) (H43) the adenine 

had Cbz protecting groups on exocyclic amino functionality. Next step of synthesis 

was to remove these blocking agents so that the adenine nuclear base can interact 

through hydrogen bonds with its counterpart when given suitable medium.  
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[C51H64N16O9]
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Cbz was removed by stirring the scaffold (H43) with TFA, TMSOTf and m-cresol 

mixture at 0 ºC for 3 h. There was a difference in deprotection procedure of Cbz over 

here as compared to the procedure mentioned for first scaffold having azide group in 

the side chain  

In that case, deprotection was effected only with TFA/m-cresol. We tried more than 

two times with TFA, TMSOTf and m-cresol but it did not work for that azide-

containing scaffold, but in case of title compound simple TFA and m-cresol did not 

work. It was not easy to explain the phenomenon. Pure product was obtained by RP-

HPLC. 

The title compound was synthesized in 85% yield. It had 12.5 min Rt in RP-HPLC 

using 10-50% methanol+0.1% TFA solvent. The title compound cyclo (β
3
-Lys(NH2)-

β
3
-Lys-NH-(adenin-9-yl) acetate)-β

3
-Lys-NH-(adenin-9-yl) acetate) (H44) was 

characterized and analyzed by mass spectrometry. In ESI spectrum, peak was 

observed at m/z 799.4 which was recognized as [M+Na]
+.

, thus, confirmed the 

synthesis. 

HRMS spectrum recorded m/z of [M+H]
+.

 at 777.4376 while its calculated value was 

777.4379 which confirmed the synthesis of the title compound. Similar close 

agreement was observed between found and calculated values in case of HR-MS of 

[M+Na]
+.

 and [M-H]
-.
. On the basis of mass spectral data, the synthesis of cyclo (β

3
-

Lys(NH2)-β
3
-Lys-NH-(adenin-9-yl) acetate)-β

3
-Lys-NH-(adenin-9-yl) acetate) (H44), 

was confirmed. 

2.9.3 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-(N

4
-benzyloxycarbonyl) 

cytosin-1-ylacetate)-β
3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosin-1-yl acetate) 

(H45) 

Another scaffold was synthesized from cyclic tripeptide scaffold and two same 

nuclear bases. The base used for this purpose was cytosine derivative. 

Cyclo (β
3
-Lys(Fmoc)- β

3
-Lys(NH2)-β

3
-Lys(NH2))(H21) and (N

4
-benzyloxycarbonyl) 

cytosine-1-yl acetic acid (H28) were dissolved in NMP then PyBrOP and DIPEA 

were added and stirred for 72 h at room temperature. Crude product was purified by 

crystallization with methanol/TFA mixture. 
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(H45)

[C64H74N12O13]

[1218.5]

72 h

 

The title compound cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-(N

4
-benzyloxycarbonyl) 

cytosin-1-ylacetate)-β
3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosin-1-yl acetate) (H45), 

was synthesized in almost 85% yield and was characterized and analyzed by mass 

spectrometry. 

ESI mass spectrum recorded a peak of [M+Na]
+.

 at m/z 1241.4 which was a proof of 

synthesis of the title compound. HRMS spectrum showed that there was a very close 

agreement between the found and calculated values of [M+Na]
+.

, [M+H]
+.

 and [M-H]
-

.
On the basis of ESI and HRMS the synthesis of the title compound cyclo (β

3
-

Lys(Fmoc)-β
3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosin-1-ylacetate)-β

3
-Lys-NH-(N

4
-

benzyloxy carbonyl) cytosin-1-yl acetate) (H45), was confirmed. 
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2.9.3.1 Synthesis of cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-((N

4
-benzyloxycarbonyl) 

cytosin-1-ylacetate)-β
3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosin-1-ylacetate) (H46) 
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Next step was the deprotection of Fmoc group so that the free amino functionality 

could be generated. Piperidine 20% in DMF was used for the removal of Fmoc group. 

Reaction mixture was sonicated on ultrasonic bath for 35 min. Crude product was 

obtained by centrifugation which was further purified by RP-HPLC. 

The title compound was obtained in 89% yield. In HPLC, the title compound had 16.5 

min retention time in 5-50% methanol+ 0.1% TFA. The compound synthesized was 

analyzed and characterized by mass spectrometry. ESI spectrum showed [M+Na]
+.

 

peak at m/z 1019.5 which was a proof of successful synthesis. HR-MS spectrum 

confirmed the synthesis of the title compound, cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-((N

4
-

benzyloxycarbonyl) cytosin-1-ylacetate)-β
3
-Lys-NH-(N

4
-benzyloxy carbonyl)cytosin-

1-yl acetate) (H46), due to good agreement between found and calculated values of 

[M+Na]
+
, [M-H]

-
 and [M+H]

+
. Both ESI and HR-MS spectral analysis suggested that 

the title compound was successfully synthesized. 
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2.9.3.2 Synthesis of cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-(cytosin-1-ylacetate)-β

3
-Lys-

NH-(cytosin-1-yl acetate) (H47) 

NH

O

O

N
H

O HN

N
H

H2N

HN
NN

O

N
H

Z

O

N

N
O

NH
Z

O

NH

O

O

HN

O HN

N
H

H2N

HN
NN

O

NH2

O

N

N
O

NH2

O

TFA
TMSOTf
m-Cresol

(H47)

[C35H52N12O7]

[752.4]

(H46)

[C49H64N12O11]

[996.5]

 

Cytosine in compound (H46) had exocyclic amino group blocked with Cbz. Next step 

of the synthesis was the removal of Cbz protecting group from exocyclic amine. TFA, 

TMSOTf and m-cresol mixture was used for deprotection of Cbz. The title compound 

was collected and purified by RP-HPLC. 

The title compound obtained in 83% yield was purified by HPLC with retention time 

of 13.8 min in 10-50% MeOH+ 0.1% TFA solvent. Cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-

(cytosin-1-ylacetate)-β
3
-Lys-NH-(cytosin-1-yl acetate) (H47), was analyzed and 

characterized by ESI and HRMS. 

ESI spectrum recorded a peak at m/z 751.4 which was identified as [M+Na]
+.

 ion, 

thus confirmed the synthesis of title compound. HR-MS showed a very close 

agreement between found and calculated values of [M+Na]
+.

, [M+H]
+.

 and [M-H]
-.
 

ions. Closeness of calculated and found values of HRMS was a strong proof that the 

title compound cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-(cytosin-1-ylacetate)-β

3
-Lys-NH-

(cytosin-1-yl acetate) (H47), was successfully synthesized. 
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2.9.4 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-((2-amino-6-benzyloxy) 

purin-9-yl)acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy)purin-9-yl)acetate) (H48) 

NH

O

O
N
H

OHN

N
H

N
H

HN
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O

O

N

N

N

N

NH2

OBn

N N

N
N

H2N

OBn

NH

O

O
N
H

O HN

NH2

N
H

NH2
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PyBrOP
DIPEA
NMP

72h

O

N

N

N

N

NH2

OBn

HO

(H21)

[C36H52N6O5]

[648.4]

(H31)

[C14H13N5O3]

[299.1]

(H48)

[C64H74N16O9]

[1210.5]

 

The sixth and final nucleobase-functionalized β-tripeptide scaffold containing two 

guanine base residues was synthesized using benzyloxy-protected guanine acetic acid 

and cyclic tripeptide scaffold having two free amino groups on side arms. To 

synthesize such molecule, into the solution of cyclo (β
3
-Lys(Fmoc)- β

3
-Lys(NH2)-β

3
-

Lys(NH2)) (H21) and ((2-amino-6-benzyloxy) purin-9-yl) acetic acid (H31) in NMP, 

we added PyBrOP and DIPEA. Reaction mixture was left on stirring for 72 h at room 

temperature. Guanine base was protected with benzyloxy group. The product was 

collected by centrifugation after adding ice cold MTBE and purified by crystallization 

using methanol and TFA solvent mixture. 

The title compound was synthesized in 81% yield, analyzed and characterized by 

mass spectrometry. In ESI spectrum, there was a peak observed at m/z 1233.5 which 

was allocated to [M+Na]
+.

 thus confirmed the synthesis of title compound. Further 

proof for the synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-((2-amino-6-

benzyloxy)purin-9-yl) acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy)purin-9-yl)acetate) 

(H48) was provided by HRMS spectrum. Observed value of HR-MS of [M+2H]
+2

 

was 606.8004 and the calculated value was 606.8001, which confirmed the synthesis 

of title compound. Similarly, found HR-MS of [M+Na]
+.

 was 1233.5712 whereas its 

calculated values was 1233.5717 which was extremely close to the found one. On the 
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basis of ESI and HRMS spectral data, the synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-

NH-((2-amino-6-benzyloxy)purin-9-yl)acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy) 

purin-9-yl)acetate) (H48) was confirmed. 

2.9.4.1 Synthesis of cyclo (β
3
-Lys-NH2-β

3
-Lys-NH-((2-amino-6-benzyloxy) purin-

9-yl)acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy)purin-9-yl)acetate)  (H49) 

(H48)

[C64H74N16O9]

[1210.5]

(H49)

[C49H64N16O7]

[988.5]
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Cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-((2-amino-6-benzyloxy) purin-9-yl)acetate)-β

3
-Lys-

NH-((2-amino-6-benzyloxy)purin-9-yl)acetate) (H48) synthesized in the previous step 

had two benzyloxy-protected guanine bases and the third arm had Fmoc protected 

amine. Both protecting groups could not be removed at the same time because Fmoc 

was base-sensitive and benzyloxy was acid-sensitive. We had to deprotect such two 

different blocking agents in two different conditions. 

To deprotect Fmoc protecting group, cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-((2-amino-6-

benzyloxy) purin-9-yl) acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy) purin-9-yl) 

acetate) (H48) was dissolved in 20% peperidine in DMF. The reaction mixture was 

agitated on sonicator for 35 min. Crude product was precipitated after addition of cold 

tert-butylmethylether (MTBE), centrifuged and title compound was purified by RP-

HPLC. 

Cyclo (β
3
-Lys-NH2-β

3
-Lys-NH-((2-amino-6-benzyloxy)purin-9-yl)acetate)-β

3
-Lys-

NH-((2-amino-6-benzyloxy)purin-9-yl)acetate) (H49) was obtained in more than 90% 
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yield. The title compound was purified by RP-HPLC using 10-50% MeOH+ 0.1% 

TFA solvent system in 30 min run with retention time of 14 min. It was analyzed and 

characterized by mass spectrometry. In ESI spectrum the [M+Na]
+.

 peak was 

observed at m/z 1011.4 which confirmed the synthesis and complete removal of Fmoc 

protecting group. Further proof for the synthesis of title compound came from HR-

MS data. In HRMS, [M+H]
+.

 ion peak was observed at m/z 989.5210 which was 

almost same as the calculated value of 989.5217 m/z. Similarly, [M-H]
-.
 and [M+Na]

+.
 

peaks showed very close agreement between found and calculated values. On the 

basis of ESI and HRMS we concluded that the synthesis of the title compound, cyclo 

(β
3
-Lys-NH2-β

3
-Lys-NH-((2-amino-6-benzyloxy)purin-9-yl)acetate)-β

3
-Lys-NH-((2-

amino-6-benzyloxy)purin -9-yl) acetate) (H49), had been accomplished. 

 

2.9.4.2 Synthesis of cyclo (β
3
-Lys-NH2-β

3
-Lys-NH-((2-aminopurin-9-yl)acetate)-

β
3
-Lys-NH-((2-aminopurin-9-yl)acetate)  (H50) 

(H49)

[C49H64N16O7]

[988.5]
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[C35H52N16O7]
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The final step of the synthesis was to change guanine base into such form which could 

be able to self-arrange and it was only possible if we remove its benzyloxy protecting 

group. These benzyloxy groups were removed by treating with TFA, TMSOTf and m-
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cresol mixture for 3 h at 0 ºC. After removing TFA, methyl tertiary butyl ether was 

added to get crude product precipitated. Title compound was purified by RP-HPLC. 

After benzyloxy removal from the guanine base moieties, the title compound, cyclo 

(β
3
-Lys-NH2-β

3
-Lys-NH-((2-aminopurin-9-yl)acetate)-β

3
-Lys-NH-((2-aminopurin-9-

yl) acetate)  (H50), was purified by HPLC using 10-50% Methanol+0.1% TFA as 

solvent system in 30 min run with retention time of 12.6 min. The title compound was 

analyzed by Mass Spectrometry. In ESI spectrum, [M+Na]
+
 peak appeared at m/z 

831.4 which was a strong proof of synthesis of target molecule. In HRMS, the found 

value of [M+Na]
+. 

was 831.4209 and calculated value was 831.4205. The close 

correspondence of calculated and found values of [M+H]
+.

 and [M-H]
-.
 also 

confirmed the synthesis of cyclo (β
3
-Lys-NH2-β

3
-Lys-NH-((2-aminopurin-9-yl) 

acetate) -β
3
-Lys-NH-((2-aminopurin-9-yl) acetate)  (H50). 

Conclusions 

Cyclic peptides functionalized with nuclear bases were synthesized and characterized 

successfully. Unfortunately these nucleobase-functionalized cyclic scaffolds showed 

solubility problems. Due to insoluble behavior, it was very difficult to study their self-

assembling property. Solubility was very slightly increased upon adding some TFA in 

the solvent but still not sufficient. We have only option to report synthesis of 

nucleobase functionalized scaffolds. In present form these cyclic scaffolds cannot be 

used for DNA recognition due to insolubility. 

However, to overcome the insolubility problems, we expect that by introducing long 

chain alkyl groups like polyethylene glycol (PEG), solubility of the final compounds 

may be increased. As far as the incorporation of PEG type molecules is concerned, 

there is still one active site available in β-cyclic tripeptide scaffolds such as free 

amino in one type of scaffold and azide functionality in other type of scaffold. 
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Proposed structure of scaffold to overcome solubility problem. 

Frank Stein, one of my lab-fellows in Germany has used cyclic β-tripeptide scaffold 

for pharmaceutical applications. He synthesized the same scaffold for STAT3 protein 

inhibition. He also faced same insolubility problems but upon incorporation of 

fluorophore and cell-penetrating peptide solubility increased.  

 

Cyclic scaffold equipped with STAT3 protein inhibitor sequence, cell-penetrating 

peptide and fluorophore. Reproduced from Frank Stein work, University of 

Gottingen, Germany. 



CHAPTER 3 

EXPERIMENTAL 

3.1 Materials and methods 

3.1.1 Solvents 

All solvents were distilled prior to use. The solvents of analytical and HPLC grade 

were used as supplied. The solvents used for the synthesis were obtained in quality 

puriss. abs. from Acros Organics, Aldrich, Burdick & Jackson Honeywell, Fisher  

Scientific, Fluka Grüssing, Merck, Roth, Scharlau or VWR. 

NMP for peptide synthesis was obtained from Karl Roth GmbH and used without 

additional purification. MTBE and piperidine were obtained from Acros Organics and 

used as supplied. Acetonitrile and methanol were of HPLC grade. Dry DMF, diethyl 

ether, THF, toluene and DCM were obtained from Acros Organics, Aldrich or Fluka. 

THF was dried over Na and TEA was dried over CaH2. 

All the solvents were used after necessary purification and drying, according to the 

standard procedures. The dried solvents were stored over molecular sieves (4 Aº). A 

brief account of purification procedures employed is as follows: 

 

3.1.1 (a) Methanol 

 

Calcium oxide (250g), freshly activated in a muffle furnace at 300-400 ºC, was 

introduced into a round bottom flask containing one liter of methanol. It was refluxed 

for 6 hours and distilled at 68 ºC. 

 

3.1.1 (b) Ethanol 

 

Calcium oxide (250g), freshly activated in a muffle furnace at 300-400 ºC, was 

introduced into a round bottom flask containing one liter of ethanol. It was refluxed 

for 6 hours and then distilled at 77-78 ºC. 

3.1.2 Reagents 

All chemicals were of highest grade available and used as supplied. Fmoc-protected 

amino acids were purchased from NovaBiochem, Iris Biochem or Bachem and used 

with side chain protection  
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3.1.3 Reactions 

All moisture and oxygen sensitive reactions were carried out under inert atmosphere 

(nitrogen or argon). 

3.1.4 Lyophilization 

A Christ Alpha-2-4-lyophiler equipped with a high vacuum pump was used to dry 

substances. The substances were dissolved in water or a mixture of 1,4-dioxane and 

water and were frozen with liquid nitrogen prior to lyophilization. Alternatively, small 

probes were lyophilized in small Eppendorf Caps while rotating in a Christ vacuum 

centrifuge RVC-2-18. 

3.2 Chromatography 

3.2a Thin layer chromatography (TLC) 

Analytical TLC was performed on Merck TLC aluminium sheets silica gel 60 F254. 

Detection was performed under UV light (254 nm) or dipping into a solution of 

ninhydrin (3% in ethanol) followed by heating with a heat-gun. Eluents and the 

appropriate Rf values were indicated.  

3.2b Flash chromatography (FC) 

The columns were packed with silica gel 60 from MACHEREY-NAGEL with a grit 

size of 0.063 to 0.2 mm and were run under a pressure of 1 to 1.5 bar. The crude 

substance was applied as a concentrated solution or adsorbed on silica gel. Eluents are 

indicated.  

3.2c High performance liquid chromatography (HPLC) 

Reverse phase-HPLC was performed on an Ä kta Basic 900 from Pharmacia Biotech. 

UV detection was performed at 215 nm, 280 nm (triazole) and 495 nm wavelength. 

The following columns were used: 

Analytical HPLC: YMC J’sphere ODS H-80, RP C-18 (250×4.5 mm, 4 μm, 8 nm)  

YMCJ’sphere ODS-A, RP C-18 (250×4.5 mm, 54 μm, 12 nm) 

Preparative HPLC: YMC J’sphere ODS H-80, RP C-18 (250×20 mm, 4 μm, 8 nm) 
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YMC J’sphere ODS A, RP C-18 (250×20 mm, 5 μm, 12 nm) 

The solvents used for HPLC were of HPLC grade and degassed while stirring in 

vacuo. Demineralized water for HPLC use was preprocessed by the water treatment 

plant ’Simplicity’ from Millipore. All HPLC runs were performed using linear 

gradients between A (0.1% aq TFA) and B (0.1% TFA in methanol) or C (0.1% TFA 

and 20% H2O in acetonitrile) or D (0.1% TFA in acetonitrile) within 30 minutes. 

Flow rates were taken as 1ml/min for the analytical columns and 10mL/min for 

preparative columns. All crude samples were dissolved in methanol or acetonitrile and 

filtered prior to use.  

3.3 Characterization 

3.3a Mass spectrometry 

Electrospray ionization (ESI) mass spectra were obtained from a Finnigan LCQ 

instrument. High resolution mass spectra (HRMS) were recorded on the Brucker 

Apex-Q IV FT-ICR-MS instrument. 

3.3b Nuclear magnetic resonance spectrometry 

1
H-NMR and 

13
C-NMR spectra of samples dissolved in DMSO-d6, CDCl3 or 

Acetone-d6 were taken on a Varian Unity 300 (300 MHz) spectrometer. Residual 

solvent proton signals were used as an internal standard. 

3.4 Solid phase peptide chemistry 

3.4a Manual SPPS 

All manual solid phase reactions were carried out in 10mL polypropylene fritted 

syringes. The peptide resin was weighed, and then, suspended in a minimal portion of 

NMP, DMF or DCM for swelling.  

3.4b Manual microwave-assisted SPPS 

A Discover® SPS Manual Peptide Synthesizer from CEM was used for the manual 

peptide synthesis. A washing station was used to suck of excess liquids. A Fiber-

Optic Temperature Probe controlled the temperature in the reaction vessel. The 

reactions were carried out in special open polypropylene fritted syringes.  
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3.4c Automated microwave-assisted SPPS 

A Liberty® 12-Channel automated Peptide Synthesizer from CEM was used for 

automated peptide synthesis.  

3.5 General synthesis 

3.5a Kaiser test 

The Kaiser test was used to detect free amino groups after the coupling step in solid 

phase peptide synthesis.
 
Three solutions (80% phenol in ethanol, 2 mL 1mM aqueous 

KCN in 98 mL pyridine and 6% ninhydrin in ethanol) were required for the test which 

was conducted in the following fashion:  

 1. A few resin beads were sampled and washed several times with ethanol. 

 2. The washed-resin beads were transferred into a small glass tube and one 

drop of each solution was added. 

 3. The suspension was thoroughly mixed and heated at 120 °C for 4 to 6min. 

A blue color indicated positive (free amino groups) while a yellow color gave 

negative (no free amino groups) result. It has to be kept in mind that the Kaiser test 

provides no clear results with the amino acids proline, asparagine and serine.  

3.6 General procedure for the manual SPPS steps 

The following procedure was repeated for each coupling cycle with the pre-swollen 

peptide resin.  

3.6.1 Deprotection: 

 3.6.1a Fmoc deprotection: The resin was washed with DMF or NMP 

(3×2mL per 100mg resin) and the resin was incubated twice with a solution of 20% 

piperidine in DMF or NMP (1-2mL per 100mg resin) for 10-20min. Finally the resin 

was washed with DMF or NMP (3×3mL). If the Kaiser test gave a negative result, 

the deprotection was repeated for another 10-20 min.  

 3.6.1b Boc deprotection: The resin was washed with DMF or NMP (3×2mL 

per 100mg resin) and DCM (5×2mL per 100 mg resin). To remove the Boc 
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protection group, the resin was pre-washed and then incubated with a mixture of 

TFA/m-Cresol (95:5-v/v, 2×1mL per 100 mg resin, 2min). The resin was washed 

with DCM (5×2mL per 100mg resin) and DMF or NMP (5×2mL per 100mg resin) 

and used in the next step. 

3.6.2 Coupling: 

The amino acid (5.00 eq), HBTU (4.50 eq) and HOBt (5.00 eq) were dissolved in 

DMF or NMP. Then, DIPEA (10.0 eq) was added and the reaction mixture was added 

to the resin and agitated for 30min to 18 h until negative Kaiser test was observed. 

The resin was washed with DMF or NMP (3×2mL per 100mg resin) and used in the 

next step. 

3.6.3 Capping: 

When necessary, the unreacted amino groups were capped by stirring the resin with a 

mixture of DMF/Pivalic anhydride/DIPEA (9:0.5:0.5-v/v/v - 1mL per 100mg resin) 

for 10min. The resin was washed with DMF or NMP (3×2mL per 100mg resin) and 

used in the next step.  

3.6.4 Final wash: 

Before each synthesis interruption or after completion of the synthesis, the resin was 

washed with DMF or NMP (3×2mL per 100mg resin), DCM (3×2mL per 100mg 

resin) and diethyl ether (2×2mL per 100mg resin) and then dried in vacuum. 

3.7 General procedure for the manual microwave assisted SPPS 

steps. 

The following procedure was repeated for each coupling cycle with the pre-swollen 

peptide resin.  

3.7.1 Fmoc deprotection: 

The resin was washed with DMF (3×5mL), incubated twice with a solution of 20% 

piperidine in DMF (3 mL) and stirred under microwave assistance (1.: 30 s, 75 °C,  
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35 W, 2.: 180 s, 75 °C, 35W). Then, the resin was washed with NMP (3×5mL) and 

used in the next step. 

3.7.2 Coupling: 

The amino acid (5.00 eq), HBTU (4.50 eq) and HOBt (5.00 eq) were dissolved in 

NMP (2 mL) and DIPEA (10.0 eq) was added. The reaction mixture was added to the 

resin and coupling was performed. Then, the resin was washed with NMP (3×5mL) 

and used in the next step.  

3.7.3 Post-cleavage work-up 

The solution formed during the cleavage process was precipitated with 1:10 excess of 

ice cold MTBE and stored in the freezer for 1 h at -18 °C. Then, the mixture was 

placed in Falcon tubes and centrifuged at -5 °C for 20min at 9000 rpm. The MTBE 

was removed by decantation and the procedure was repeated three times. Afterwards, 

the crude peptide was dried in vacuo and purified by RP-HPLC. 

3.8 Synthesis of β-amino acids 

3.8.1 Synthesis of Diazomethane 

 

H3C S N

CH3

N O

O

O

H2C N N

 

A solution of diazald (60.0 g, 280mmol, 1.00 eq) in diethyl ether (644mL) was 

carefully underlayed with a solution of potassium hydroxide (37.7 g, 672 mmol, 2.40 

eq) in a mixture of 2-methoxyethanol and H2O (4:1, 140 mL). The organic layer was 

distilled under gentle stirring at 40 to 60 °C into an ice-cooled tube filled with 

potassium hydroxide. The title compound was obtained as an approximately 0.35M 

solution in diethyl ether and was stocked in a dark bottle at -20 °C. The residue of the 

distillation was inactivated with dilute hydrochloric acid.  



3.8.2 Synthesis of (S)-6-azido-2-(tert-butoxycarbonylamino)hexanoic 

acid (H1a)
 
 

Sodium azide (19.5 g, 300mmol, 10.0 eq) was dissolved in a mixture of H2O 

(59.8mL) and DCM (119 mL) in a 500mL round bottom flask. The solution was 

cooled at 0 °C and trifluoromethanesulfonic anhydride (10.1ml, 60.0mmol, 2.00 eq) 

was added slowly. The mixture was stirred for 2 h at 0 °C. Layers were separated and 

the aqueous layer was extracted with DCM (2×50mL). The combined organic layers 

were washed with a saturated solution of K2CO3 and dried over Na2SO4. After 

filtration, the TfN3 solution was used for the next step without further purification. 

In another flask, Boc-Lys-OH (7.39 g, 30.0mmol, 1.00 eq) was dissolved in methanol 

(149mL) and an aqueous solution of potassium carbonate (8.29 g, 60.0mmol, 2.00 eq) 

in H2O (75mL) was added. Additional H2O (5mL) was added to obtain a clear 

solution. A solution of CuSO4 (0.749 g, 3.00mmol, 0.100 eq) H2O (1mL) was added 

to the mixture. Finally the TfN3 solution was poured slowly in the reaction flask and 

the resulting mixture was stirred at rt for 12 h. Afterwards, the organic solvents were 

removed under reduced pressure and the residue diluted with H2O and phosphate 

buffer pH6, 0.25M (173mL) (1:1) and extracted with EtOAc (5×50 mL). The 

aqueous solution was acidified subsequently with 2M HCl to pH 2 and extracted with 

EtOAc (5×50mL). The combined organic layers were dried over Na2SO4, filtered and 

concentrated under reduced pressure to furnish colorless oil. The title compound (7.37 

g, 27.1mmol, 90% yield) was obtained after purification with flash chromatography 

(silica gel 500 g, EtOAc/MeOH-8.5:1.5+1% AcOH).  

Yield (7. 37g) 90%. Colorless oil. DC (EtOAc/MeOH-8.5:1.5+1% AcOH): Rf =0.77. 

1
H-NMR (300 MHz, CDCl3): δ [ppm] = 1.39 (s, 9 H, Boc-CH3), 1.45-1.91 (m, 6 H, β-

H2, γ-H2, δ-H2), 3.34 (t, 
3
J H,H = 6.7 Hz, 2 H, ε-H2), 4.09-4.19 (m, 1 H, α-H), 6.13 (d, 

3
J H,H = 7.7 Hz, 1 H, NH-Boc).  

13
C-NMR (75 MHz, CDCl3): δ [ppm] = 21.3 (γ-CH2), 28.5 (Boc CH3), 29.8 (δ-CH2), 

31.2 (β-CH2), 50.3 (ε-CH2), 56.9 (α-CH), 80.2 (quaternary carbon), 156.5 (urethane 

carbonyl), 174.7 (COOH). 
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3.8.3 Synthesis of (S)-tert-butyl 7-azido-1-diazo-2-oxoheptan-3-

ylcarbamate (H3a) 

Under argon atmosphere, (S)-6-azido-2-(tert-butoxycarbonylamino)hexanoic acid 

(7.38 g, 27.1mmol, 1.00 eq) was dissolved in dry THF in a round bottom flask. 

Temperature of the solution was dropped to -15 °C. After maintaining temperature, 

dry triethylamine (4.19mL, 29.8mmol, 1.10 eq) and isobutyl chloroformate (3.91mL, 

29.8mmol, 1.10 eq) were slowly added and the whole mixture was stirred for 45min. 

Temperature of the reaction mixture was raised to 0 °C. Then in the absence of light 

an approximately 0.35M solution of diazomethane (181mL, 54.2mmol, 2.00 eq) in 

Et2O was added and stirred at 0 °C. After 15min, the reaction mixture was stirred for 

additional 6 h at rt. Excess diazomethane was decomposed by drop-wise addition of 

AcOH. The solvent was removed under reduced pressure and the residue was 

dissolved in Et2O, washed the organic layer with saturated solutions of NaHCO3 

(3×50mL), NH4Cl (2×50mL) and NaCl (1×50mL). The combined organic layers 

were dried over MgSO4, filtered and concentrated under reduced pressure. The title 

compound (6.023 g, 20.34mmol) was obtained after flash chromatography 

purification (silica gel 400 g, EtOAc/n-pentane 2:3) to furnish a yellow oil.  

Yield: (6.023g) 75%, Yellowish oil. DC (EtOAc/n-pentane 2:3+1% AcOH): Rf =0.73. 

1
H-NMR (300 MHz, CDCl3): δ (ppm) = 1.39 (s, 9 H, Boc-CH3), 1.42-1.66 (m, 6 H, γ-

H2, δ-H2, ε-H2), 3.39 (s, 1H,)  4.11-4.20 (m, 1 H, α-H), 5.23 (d, 
3
J H,H = 7.4Hz, 1H, 

NHBoc), 5.42 (s, 1 H, CHN2). 

13
C-NMR (75 MHz, CDCl3): δ [ppm] = 21.7 (γ-CH2), 28.6 (Boc-CH3), 29.4 (δ-CH2), 

31.9 (β-CH2), 51.2 (ε-CH2), 62.5 (α-CH), 81.4 (quaternary carbon), 56.4 (COCH), 

155.7 (urethane carbonyl), 201.3 (COCH Carbonyl). 

MS (ESI): m/z = 319.2 [M+Na]
+
, HRMS: C12H20N6O3: [M+Na]

+
 calc. 319.1489 

found. 319.1490, [M-H]
− 

calc. 295.1524 found. 295.1526. 

3.8.4 Synthesis of Boc-Lys(Cbz)-CHN2 (H3b) 

Boc-Lys(Cbz)-OH (11.4 g, 30.0 mmol, 1.00 eq) was dissolved in dry THF (120 mL) 

under argon atmosphere. The solution was cooled at -15 °C and dry triethylamine 

(4.64mL, 33.0mmol, 1.10 eq) and isobutyl chloroformate (4.33mL, 33.0mmol, 1.10 
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eq) were slowly added and stirred for 45 min. Then the reaction mixture was warmed 

to 0 °C and an approximately 0.35M solution of diazomethane (200mL, 60.0mmol, 

2.00 eq) in Et2O was added under exclusion of light. The reaction mixture was 

warmed to rt and stirring was continued for 6 h. Excess diazomethane was 

decomposed by drop-wise addition of AcOH. The solvent was removed under 

reduced pressure, the residue was dissolved in Et2O and further washed with saturated 

solutions of NaHCO3 (3×50mL), NH4Cl (2×50mL) and NaCl (1×50mL). The 

combined organic layers were dried over MgSO4, filtered and concentrated under 

reduced pressure to furnish yellow oil (12.8 g, 26.6mmol, 89% yield). The title 

compound was purified by flash chromatography (silica gel 400 g, EtOAc/n-pentane 

2:3).  

Yield: (12.8g) 89%, Yellowish oil. DC ((EtOAc/n-pentane 2:3): Rf =0.41. 
1
H-NMR 

(300 MHz, CDCl3): δ (ppm) = 1.40 (s, 9 H, Boc-CH3), 1.42-1.66 (m, 2 H, δ-H2), 

1.67-1.88 (m, 2 H, β-H2), 3.16 (dt, 
3
J H,H = 6.4Hz, 

3
J H,H = 6.3 Hz, 2 H, ε-H2), 4.02-

4.18 (m, 1 H, α-H), 4.89 (t, 
3
J H,H = 6.4 Hz, 1 H, NHCbz), 5.06 (s, 2 H, CH2), 5.23 (d, 

3
J H,H = 7.4Hz, 1H, NHBoc), 5.42 (s, 1 H, CHN2), 7.22-7.40 (m, 5 H, Ph-H). 

13
C-NMR (75 MHz, CDCl3): δ [ppm] = 21.7 (γ-CH2), 28.6 (Boc-CH3), 29.4 (δ-CH2), 

31.9 (β-CH2), 41.8 (ε-CH2), 58.2 (CHN2), 62.5 (α-CH), 65.9 (benzylic CH2), 81.4 

(quaternary carbon), 127.2, 127.7, 129.0 and 141.3 (aromatic carbons), 155.7 

(urethane carbonyl), 153.3 ( carbonyl Cbz) 200.8 (COCH Carbonyl). 

MS (ESI): m/z = 427.2 [M+Na]
+
, HRMS: C20H28N4O5: [M+Na]

+.
 calc. 427.1952 

found. 427.1956, [M-H]
− 

calc. 403.1987 found. 403.1983. 

3.8.5 Synthesis of Boc-Lys(Fmoc)-CHN2 (H3c) 

Boc-Lys(Fmoc)-OH (14.1 g, 30.0mmol, 1.00 eq) was dissolved in dry THF (120mL) 

under argon atmosphere. The solution was cooled at -15 °C and dry triethylamine 

4.64mL, 33.0mmol, 1.10 eq) and isobutyl chloroformate (4.33mL, 33.0mmol, 1.10 

eq) were slowly added and stirred for 45 min. The reaction mixture was warmed to  

0 °C and an approximately 0.35M solution of diazomethane (200mLl, 60.0mmol, 2.00 

eq) in Et2O was added under exclusion of light. After 15 min, the reaction mixture 

was stirred for additional 6 h at rt. Excess diazomethane was decomposed by  

drop-wise addition of AcOH. The solvent was removed under reduced pressure to 
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furnish a yellow solid crude product. The residue was dissolved in Et2O and washed 

with saturated solutions of NaHCO3 (3×50mL), NH4Cl (2×50mL) and NaCl 

(1×50mL). The combined organic layers were dried over MgSO4, filtered and 

concentrated under reduced pressure. The title compound (10.1 g, 21.2mmol, 70% 

yield) was purified by flash chromatography (silica gel 500 g, EtOAc/n-pentane 2:3). 

Yield: 70% DC (EtOAc/n-pentane 2:3): Rf =0.43 
1
H-NMR (300 MHz, CDCl3): δ 

[ppm] = 1.37 (s, 9 H, Boc-CH3), 1.46-1.61 (m, 4H, γ-H2, δ-H2), 2.38-2.55 (m, 2 H, β-

H2), 3.15 (dt, 
3
J H,H = 6.4Hz, 

3
J H,H = 6.0 Hz, 2 H, ε-H2), 3.83-3.99 (m, 1 H, α-H), 

4.16-4.33 (m, 3 H, CH Fmoc, CH2 Fmoc),  5.93 (d, 
3
J H,H = 8.7Hz, 1H, NH Boc), 6.51 

(t, 
3
J H,H = 6.0 Hz, 1 H, NH Fmoc), 7.26-7.44 (m, 4 H, Ar-H), 7.67 (d, 

3
J H,H = 7.4 Hz, 

2 H, Ar-H), 7.83 (d, 
3
J H,H = 7.4 Hz, 2 H, Ar-H). 

13
C-NMR (75 MHz, CDCl3): δ [ppm] = 21.7 (γ-CH2), 28.6 (Boc-CH3), 29.4 (δ-CH2), 

31.9 (β-CH2), 41.8 (ε-CH2), 47.1(CH Fmoc ring), 56.8 (diazoketonic CH), 62.5 (α-

CH), 81.4 (quaternary carbon), 126.8, 128.2, 128.5, 129.0, 141.3, 143.2(aromatic 

carbons), 156.9 (Fmoc carbonyl), 156.1 (urethane carbonyl), 201.4 (COCHN2 

carbonyl). 

MS (ESI): m/z = 515.3 [M+Na]
+.

, 491.2 [M-H]
−
. HRMS: C27H32N4O5: [M+Na]

+.
 calc. 

515.2309 found. 515.2319, [M-H]
−
 calc. 491.2344 found. 491.2336. 

3.8.6 Synthesis of (S)-7-azido-3-(tert-butoxycarbonylamino) 

heptanoic acid (H4a) 

(S)-tert-butyl-7-azido-1-diazo-2-oxoheptan-3-ylcarbamate (2.67 g, 9.00mmol, 1.00 

eq) was dissolved in THF/H2O 9:1 (45.0mL) in a round bottom flask. A solution of 

silver trifluoroacetate (219mg, 990μmol, 0.110 eq) in triethylamine (3.79mL, 

27.0mmol, 3.00 eq) was slowly added to a solution of (S)-tert-butyl-7-azido-1-diazo-

2-oxoheptan-3-ylcarbamate under exclusion of light at -15 °C. The reaction mixture 

was stirred for 30min at this temperature, then reaction solution was warmed to rt and 

stirred further for almost 12 h until completion of the reaction. After completion of 

the reaction, solvent was removed under reduced pressure. Residue was dissolved in 

Et2O and washed with a 50 mL saturated solution of NaHCO3, This washing was 

repeated for three times. Aqueous layers were combined and acidified to pH 2-3 with 

2M hydrochloric acid and were extracted five times with 50mL EtOAc each. The 
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combined EtOAc extract was dried over MgSO4, filtered and concentrated under 

reduced pressure. The title compound was obtained after flash chromatographic 

purification (silica gel 400 g, DCM/MeOH-9:1+ 3% AcOH) to furnish a yellow oil 

(1.84 g, 6.44mmol, 71% yield). 

Yield: 71% DC (DCM/MeOH 9:1, 3% AcOH): Rf = 0.51 
1
H-NMR (300 MHz, 

CDCl3): δ (ppm) = 1.38 (s, 9 H, Boc-CH3), 1.42-1.70 (m, 6 H, γ-H2, δ-H2, ε-H2), 

1.82-1.87 (t, 
3
J H,H = 6.6 Hz, 2 H, ζ-H2), 2.41-2.56 (m, 2 H, α-H2), 3.87- 3.99 (m, 1 H, 

β-H), 5.89 (d, 
3
J H,H = 7.2 Hz, 1 H, NH Boc) 11.2 (s, 1H, COOH). 

13
C-NMR (75 MHz, CDCl3): δ (ppm) = 21.5 (δ-CH2), 28.4 (Boc-CH3), 29.7 (ε-CH2), 

32.3 (γ-CH2),44.2 (α-CH2), 44.8 (β-CH), 51.9 (ζ-CH2), 80.9 (quaternary carbon), 

157.1 (urethane carbonyl), 173.8 (COOH). 

MS (ESI): m/z = 309.2 [M+Na]
+
, 285.2 [M-H]

−
. HRMS: C12H22N4O4: [M+Na]

+
 calc. 

309.1533 found. 309.1531, [M-H]
−

 calc. 285.1568 found. 285.1570. 

3.8.7 Synthesis of 7-(benzyloxycarbonylamino)-3-(tert-butoxy 

carbonyl)heptanoic acid (H4b) 

 A solution of silver trifluoroacetate (0.729 g, 3.30mmol, 0.110 eq) in triethylamine 

(12.7mL, 90.0mmol, 3.00 eq) was slowly added to a solution of Boc-Lys(Cbz)-CHN2 

(12.1 g, 30.0mmol, 1.00 eq) in THF/H2O 9:1 (151 mL) in the absence of light at  

-15 °C. After 30min, the reaction mixture was warmed to rt and stirred further for 12 

h until completion of the reaction. On completion of reaction, solvent was removed 

under reduced pressure. Residue was dissolved in Et2O and washed with a 50mL 

saturated solution of NaHCO3, This washing was repeated three times. Combined 

aqueous layers were acidified with 2M hydrochloric acid to pH 2-3 and extracted with 

EtOAc (5×50mL). The combined EtOAc extract was dried over MgSO4, filtered and 

concentrated under reduced pressure. The title compound was obtained after flash 

chromatographic purification (silicagel 400 g, EtOAc/n-pentane 2:3+ 3% AcOH) to 

furnish a yellow oil (10.6 g, 26.9mmol, 90% yield). 

Yield: 90% DC (EtOAc/n-pentane 2:3 + 3% AcOH): Rf = 0.46,  
1
H-NMR (300 MHz, 

CDCl3): δ (ppm) = 1.38 (s, 9 H, Boc-CH3), 1.47-1.60 (m, 6 H, γ-H2, δ-H2, ε-H2), 

2.39-2.56 (m, 2 H, α-H2), 3.14 (dt, 
3
J H,H = 6.5Hz, 

3
J H,H = 6.1 Hz,   2 H, ζ-H2), 3.83-
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3.95 (m, 1 H, β-H), 5.04 (s, 2 H, CH2), 5.86 (d, 
3
J H,H = 5.86Hz, 1H, NH Boc), 6.32 (t, 

3
J H,H = 6.1 Hz, 1 H, NH Cbz), 7.23-7.43 (m, 5 H, Ph-H), 11.4 (s, 1H, COOH).  

13
C-NMR (75 MHz, CDCl3): δ (ppm)= 21.7 (δ-CH2), 28.5 (Boc-CH3), 29.3 (ε-CH2), 

31.3 (γ-CH2), 42.4 (α-CH2), 44.5 (β-CH), 50.6 (ζ-CH2), 65.2 (benzylic CH2), 81.7 

(quaternary carbon), 127.1, 127.6, 129.4 and 142.5(aromatic carbons), 152.3( 

carbonyl Cbz), 156.3 (urethane carbonyl), 177.3 (COOH). 

MS (ESI): m/z = 433.2 [M+K]
+.

 HR-MS: C20H30N2O6: [M+Na]
+
 calc. 417.1996 

found. 417.1998, [M-H]
− 

calc. 393.2031 found. 393.2030. 

3.8.8 Synthesis of 7-(((9H-fluoren-9-yl)methoxy)carbonyl)-3-(tert-

butoxy carbonylamino)heptanoic acid(H4c) 

Silver trifluoroacetate (0.550 g, 2.49mmol, 0.100 eq) was slowly added to a solution 

of Boc-Lys(Fmoc)-CHN2 (12.3 g, 24.9mmol, 1.00 eq) in THF/H2O 9:1 (151 mL) 

under exclusion of light at rt. The reaction solution was sonicated using an ultrasound 

cleaning bath for 4 h while the reaction progress was monitored by TLC. When the 

reaction was completed, the solution was acidified to pH 2 with 1M HCl and 

extracted with Et2O (4×100mL). Then washed diethyl ether extract with a 50 mL 

saturated solution of NaHCO3, this washing was repeated for three times. Aqueous 

layers were combined and acidified to pH 2-3 with 2M hydrochloric acid and were 

extracted five times with 50mL EtOAc each. The combined EtOAc extract was dried 

over MgSO4, filtered and concentrated under reduced pressure. The title compound 

was obtained after flash chromatographic purification (silica gel 400 g, EtOAc/n-

pentane 2:3 + 3% AcOH) to furnish a yellow powder (7.65 g, 15.83mmol, 65% yield). 

Yield: 65% DC (EtOAc/n-pentane 2:3): Rf = 0.41. 
1
H-NMR (300 MHz, CDCl3): δ 

(ppm) = 1.37 (s, 9 H, Boc-CH3), 1.46-1.61 (m, 6 H, γ-H2, δ-H2, ε-H2), 2.38-2.55 (m, 

2 H, α-H2), 3.15 (dt, 
3
J H,H = 6.4Hz, 

3
J H,H = 6.0 Hz, 2 H, ζ-H2), 3.83-3.99 (m, 1 H, 

β-H), 4.16-4.33 (m, 3 H, CH Fmoc, CH2 Fmoc), 5.93 (d, 
3
J H,H = 8.7Hz, 1H, NH 

Boc), 6.51 (t, 
3
J H,H = 6.0 Hz, 1 H, NH Fmoc), 7.26-7.44 (m, 4 H, Ar-H), 7.67 (d, 

3
J 

H,H = 7.4 Hz, 2 H, Ar-H), 7.83 (d, 
3
J H,H = 7.4 Hz, 2 H, Ar-H), 11.5 (s, 1H, COOH). 

13
C-NMR (75 MHz, CDCl3): δ (ppm)= 21.5 (δ-CH2), 28.6 (Boc-CH3), 30.2(ε-CH2), 

34.3 (γ-CH2), 41.9 (ζ-CH2), 44.3 (α-CH2), 45.3 (β-CH), 47.3 (CH Fmoc), 67.5 (CH2 
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Fmoc), 79.8 (quaternary carbon), 126.5, 128.1, 128.6, 129.3, 141.6, 143.5(aromatic 

carbons), 155.6(urethane carbonyl), 156.4(Fmoc carbonyl), 176.8 (COOH). 

MS (ESI): m/z = 505.3 [M+Na]
+
, 481.2 [M-H]

−
. HRMS: C27H34N2O6: [M+Na]

+
 calc. 

505.2309 found. 505.2311, [M-H]
−
 calc. 481.2344 found. 481.2340. 

3.8.9 Synthesis of 4-hydrazinobenzoyl AM resin (H5) 

4-Fmoc-hydrazinobenzoyl AM NovaGel resin (1.00 g, 0.700mmol, 1.00 eq) was pre-

swollen with 3mL DCM for 30min, then with 3mL DMF for 30min. The resin was 

then washed three times with 3mL DMF, subsiquently incubated twice with a solution 

of 20% piperidine in DMF (3.5mL) for 20min. Finally, the resin was washed with 

DMF (3×3mL). The resin was ready to link with amino acid now. 

3.8.10  Synthesis of 4-Boc-β-Lys(Z)-hydrazinobenzoyl AM resin (H6) 

Boc-β-lysine(Z)-OH (H4b) (0.69 g, 1.75mmol, 5.00 eq), HBTU (0.60 g, 1.57mmol, 

4.50 eq) and HOBt (0.235 g, 1.75mmol, 5.00 eq) were dissolved in DMF (2mL) and 

(0.60mL, 3.5mmol, 10.0 eq) DIPEA was added. The reaction mixture was added to 

the resin (V) and agitated for 8 h. Then, the resin was washed three times with 

sequence of 3mL DMF, 3mL DCM and again 3mL DMF. Then capping was done 

with pivalic anhydride (2×2mL) and again washing with DMF, DCM and DMF 

(3×3mL). The resin was directly used in the next reaction step. 

 

3.8.11 Synthesis of 4-NH2-β-Lys(Z)-hydrazinobenzoyl AM resin (H7) 

The 4-Boc-β-Lys(Z)-hydrazinobenzoyl AM resin H6 was washed with DCM 

(5×3mL). For deprotection of the Boc protection group, the resin was pre-washed 

thrice with 3mL DMF and then incubated twice for 2min each with 2mL of a mixture 

of TFA/m-Cresol (95:5, 2×2mL). After deprotection, the resin was washed with DCM 

(5×3mL) and DMF (5×3mL). Now the resin was ready to be used directly in the next 

reaction step. 
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3.8.12 Synthesis of 4-Boc-β-Lys(N3)-β-Lys(Z)-hydrazinobenzoyl AM 

resin (H8) 

Boc-β-lysine(N3)-OH (H4a) (0.5 g, 1.75mmol, 5.00 eq), HBTU (0.60 g, 1.57mmol, 

4.50 eq) and HOBt (0.235 g, 1.75mmol, 5.00 eq) were dissolved in DMF (2.80mL) 

and DIPEA (0.60mL, 3.5mmol, 10.0 eq) was added. The reaction mixture was added 

to the resin (H7) and agitated for 6 h. Then, the washing of resin was done three times 

with sequence of 3mL DMF, 3mL DCM and again with 3mL DMF. After washing 

step capping was done with 2mL pivalic anhydride. Capping step was followed by 

washing with DMF, DCM and DMF(3×3mL). The resin was directly used in the next 

reaction step. 

 

3.8.13 Synthesis of 4-NH2-β-Lys(N3)-β-Lys(Z)-hydrazinobenzoyl AM 

resin (H9) 

 

The 4-Boc-β-Lys(N3)-β-Lys(Z)-hydrazinobenzoyl AM resin (H8) was washed five 

times with 3mL DCM. The resin was pre-washed twice with 2mL DMF and then 

incubated for 2min with a mixture of 2mL of TFA/m-Cresol (95:5, 2×2mL). Washing 

steps with DCM (5×3mL) and DMF (5×3mL) followed and the resin was directly 

used in the next reaction step. 

3.8.14 Synthesis of 4-Boc-β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)-

hydrazinobenzoyl AM resin (H10) 

Boc-β-lysine (Fmoc)-OH (H4c) (0.85 g, 1.75mmol, 5.00 eq), HBTU (0.60 g, 1.6 

mmol, 4.5 eq) and HOBt (0.236 g, 1.75 mmol, 5.00 eq) were dissolved in DMF 

(2.0mL) and DIPEA (0.60mL, 3.5mmol, 10.0 eq) was added. The reaction mixture 

was added to the resin (H9) and agitated for 8 h. Then, the washing of resin was done 

three times with 3mL DMF, 3mL DCM and again with 3mL DMF. After washing 

step capping was done with 2ml pivalic anhydride. After capping step washing was 

repeated with DMF, DCM and DMF (3×3mL). The resin was directly used in the next 

reaction step. 
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3.8.15 Synthesis of 4-NH2-β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)-

hydrazinobenzoyl AM resin (H11) 

Next step of the synthesis was the deprotection of 4-Boc-β-Lys(Fmoc)-β-Lys(N3)-β-

Lys(Z)-hydrazinobenzoyl AM resin (H10). First of all, the resin was washed with 

3mL DCM five times. To remove the Boc protecting group, the resin was pre-washed 

and then incubated (2×1mL, 2min) with a mixture of TFA/m-Cresol (95:5). After 

successful deprotection the resin was washed with DCM (5×3mLl) and DMF 

(5×3mL). The resin after this washing was ready to be used in next step. 

3.8.15  Synthesis of 4-(NH2-β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)-diazenyl) 

benzoyl AM resin (H12) 

N-Bromosuccinimide (0.124 g, 0.70mmol, 2.00 eq) and pyridine (56μL, 0.70mmol, 

2.00 eq) were dissolved in DCM dry (1.75mL) and the reaction mixture was added to 

the resin (H11) (1.00 eq) and agitated for 7min. Then the resin was washed with DCM 

(5×3mL) and directly used in the next step. 

3.8.16  Synthesis of cyclo (β-Lys(Fmoc)-β-Lys(N3)-β-Lys(Z)) (H13) 

Removal of resin and cyclization of tripeptides was carried out in the same step. To 

achieve this goal DIPEA (122μL, 0.70mmol, 2.00 eq) was dissolved in DCM 

(1.75mL) and added to the resin (H12) (1.00 eq). The reaction mixture was stirred for 

48 h. The resin was filtered and washed five times with 3mL DCM. The washing 

fractions were combined and the organic solvent was removed under reduced 

pressure. Upon adding methanol in the crude product white insoluble material was 

observed which was collected by centrifugation. To get product in pure form the 

insoluble crude product was repeatedly washed with methanol at least five times. The 

collected white insoluble material was pure product. (100 mg 124.7 μmol, 40% yield). 

Yield: 40%. DC (DCM/MeOH 9:1): Rf = 0.42 

MS (ESI): m/z = 831.5 [M+Na]
+.

 

HRMS: C44H56N8O7: [M+Na]
+.

 cal. 831.4164 found. 831.4163 [M+H]
+.

 calc. 

809.4239 found. 809.4238. [M-H]
-.
 calc. 807.4089 found. 807.4090. 



 
 

104 

3.8.17  Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH2) 

(H14) 

Next step was to make the scaffold functional by removing its Boc protecting group. 

Protected cyclic β-tripeptide (40.0mg, 49.5µmol) was completely dissolved in TFA 

0.8mL, 35 µL m-Cresol and stirred for 6h at room temperature. After completion of 

the reaction the crude peptide cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH2) (H14) 

was precipitated with ice-cold MTBE (2×15mL). Centrifuge the crude product and 

purify by RP-HPLC to yield white solid (30mg, 29.6 µmol, 90%). 

Yield: 90% DC (DCM/MeOH 9:1): Rf = 0.40 

RP-HPLC: Rt = 22.4min (30 to 100% B in 30 min) 

MS (ESI): m/z = 675.4 [M+H]
+
  

HR-MS: C26H50N8O5 [M+H]
+ 

calc. 675.3977  found 675.3976 

3.9  Synthesis of cyclo (β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)) (H20) 

3.9.1 Synthesis of 4-Boc-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin (H15) 

Boc-β-lysine(Z)-OH (H4b) (0.69 g, 1.75mmol, 5.00 eq), HBTU (0.60 g, 1.57mmol, 

4.50 eq) and HOBt (0.235 g, 1.75mmol, 5.00 eq) were dissolved in DMF (2.80mL) 

and DIPEA (0.60mL, 3.5mmol, 10.0 eq) was added. The reaction mixture was added 

to the resin (H7) and agitated for 6 h. Then, the washing of resin was done three times 

with sequence of 3mL DMF, 3mL DCM and again with 3mL DMF. After washing 

step capping was done with 2mL pivalic anhydride. Capping step was followed by 

washing with DMF, DCM and DMF (3×3mL). The resin was directly used in the next 

reaction step. 

 

3.9.2 Synthesis of 4-NH2-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin (H16) 

The 4-Boc-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM resin (H15) was washed five 

times with 3ml DCM. The resin was pre-washed twice with 2mL DMF and then 

incubated for 2min with a mixture of 2mL of TFA/m-Cresol (95:5, 2×2mL). Washing 

steps with DCM (5×3mL) and DMF (5×3mL) followed and the resin was directly 

used in the next reaction step. 
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3.9.3 Synthesis of 4-Boc-β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM 

resin (H17) 

Boc-β-lysine (Fmoc)-OH (H4c) (0.85 g, 1.75mmol, 5.00 eq), HBTU (0.60 g, 1.6 

mmol, 4.5 eq) and HOBt (0.236 g, 1.75 mmol, 5.00 eq) were dissolved in DMF 

(2.0mL) and DIPEA (0.60mL, 3.5mmol, 10.0 eq) was added. The reaction mixture 

was added to the resin (H16) and agitated for 8 h. Then, the washing of resin was 

done three times with 3mL DMF, 3mL DCM and again with 3mL DMF. After 

washing step capping was done with 2mL pivalic anhydride. After capping step 

washing was repeated with DMF, DCM and DMF (3×3mL). The resin was directly 

used in the next reaction step. 

3.9.4 Synthesis of 4-NH2-β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)-hydrazinobenzoyl AM 

resin (H18) 

Next step of the synthesis was the deprotection of 4-Boc-β-Lys(Fmoc)-β-Lys(Z)-β-

Lys(Z)-hydrazinobenzoyl AM resin (H17). First of all the resin was washed with 3mL 

DCM five times. To remove the Boc protection group, the resin was pre-washed and 

then incubated (2×1mL, 2min) with a mixture of TFA/m-Cresol (95:5). After 

successful deprotection the resin was washed with DCM (5×3mL) and DMF 

(5×3mL). The resin after this washing was ready to be used in next step. 

3.9.5  Synthesis of 4-(NH2-β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)-diazenyl) benzoyl 

AM resin (H19) 

N-Bromosuccinimide (0.124 g, 0.70mmol, 2.00 eq) and pyridine (56μL, 0.70mmol, 

2.00 eq) were dissolved in dry DCM (1.75mL) and the reaction mixture was added to 

the resin (H18) (0.35mmol, 1.00 eq) and agitated for 7min. Then the resin was washed 

with DCM (5×3mL) and directly used in the next reaction step. 

3.9.6  Synthesis of cyclo (β-Lys(Fmoc)-β-Lys(Z)-β-Lys(Z)) (H20) 

Removal of resin and cyclization of tripeptides was carried out in the same step. To 

achieve this goal, DIPEA (122μl, 0.70mmol, 2.00 eq) was dissolved in DCM 

(1.75mL) and added to the resin (H19). The reaction mixture was stirred for 48 h. The 

resin was filtered and washed five times with 3mL DCM. The washing fractions were 

combined and the organic solvent was removed under reduced pressure. Upon adding 
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methanol in the crude product, white insoluble material was observed which was 

collected by centrifugation. To get product in pure form, the insoluble crude product 

was repeatedly washed with methanol at least five times. The collected white 

insoluble material was pure product. (110 mg, 120.2 μmol, 38% yield). 

38% DC (DCM/MeOH 9:1): Rf = 0.48 

MS (ESI): m/z = 939.5 [M+Na]
+.

  

HRMS: C52H64N6O9: [M]
+
 calc. 916.4735 found. 916.4740, [M+H]

+.
 calc. 917.4810 

found: 917.4810 

3.9.7   Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH2)-β

3
-Lys-NH2) 

(H21) 

The scaffold was functionalized by deprotecting its Cbz protecting group. Protected 

cyclic β-tripeptide (H20) (40.0 mg, 49.5 µmol) was dissolved in TFA 0.8mL, 0.25 mL 

TMSOTf and 35µL m-Cresol and stirred for 2h at 0 ºC. After completion of the 

reaction, the crude cyclic peptide cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH2)-β

3
-Lys-NH2) 

(H21) was precipitated with ice-cold MTBE (2×15mL). The crude product was 

centrifuged and purified by RP-HPLC to yield white solid (31 mg, 28.0µmol, 86%). 

 

Yield: 90 % DC (DCM/MeOH 9:1): Rf = 0.44 

RP-HPLC: Rt = 18.5min (30 to 100% B in 30 min) 

MS (ESI): m/z = 671.4 [M+Na]
+.

 

HRMS: C36H52N6O5: [M+H]
+
 calc. 649.4072 found. 649.4073. [M-H]

−
 calc. 647.3922 

found. 647.3923. 

3.10 Derivatization of nuclear bases 

3.10.1 Synthesis of thymin-1-ylacetic acid (H22) 

A suspension of thymine (1g, 7.94 mmol, 1 eq) and K2CO3 (1.096g, 7.94 mmol, 1 eq) 

was made in dry DMF (24mL). Then added methyl bromoacetate (0.75 mL, 7.94 

mmol, 1 eq), and the mixture was stirred vigorously under N2 for 10 h at rt. The 

mixture was filtered and evaporated to dryness in vacuo. The solid residue was cooled 

to 0 ºC, then added 7.5 mL H2O and 0.32 mL of 4M HCl and stirred for 30 min. The   
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precipitates were filtered and washed with water (3×4mL). Then added water (8mL) 

and 2M NaOH (4mL) and boiled for 10 min. Temperature was dropped to 0 ºC and 

stirred for 30 min with 4M HCl (3mL). The title compound was collected by 

filtration, washed with water and dried over P2O5. (0.64 g, 3.47mmol, 44% yield) 

Yield: 44%, DC (DCM/MeOH 8:2): Rf = 0.47, 
1
H-NMR (300 MHz, DMSO-d6): δ 

(ppm) = 1.75 (s, 3 H, CH3), 4.36 (s, 2 H, CH2), 7.48 (s, 1 H, Ar), 11.27 (s, 1H, 

COOH)  

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 11.8 (CH3), 48.4 (CH2), 108.3 (C-6), 

141.7 (C-5), 150.9 (C-2), 164.3 (C-4), 169.5 (COOH) 

MS (ESI): m/z = 207.2 [M+Na]
+.

 

HRMS: C7H8N2O4: [M+Na]
+.

 calc. 207.1515 found. 207.1516, [M-H]
− 

calc. 183.1515 

found. 183.1513. 

3.10.2 Synthesis of (adenin-9-yl)acetic acid 

3.10.2a Synthesis of ethyl 2-adenin-9-ylacetate (H23) 

A suspension of 2g Adenine (14.8 mmol) was made in 30 mL dry DMF. To this 

suspension sodium hydride (0.64 g, 60 % suspension) was added in portions over 1 h 

at 10 ºC with continuous stirring. Temperature was raised to rt after 1 h stirring and 

the reaction mixture was stirred for further 1 h. Then drop wise addition of ethyl 

bromoacetate (4.92 g, 3.28 ml, 29.6 mmol) was brought about. Addition of ethyl 

bromoacetate was completed in 3h. Allowed the reaction mixture to stir for further 20 

h at rt. The solvent was evaporated in reduced pressure. Solid residue was stirred with 

20 ml water for 2 h. Filtered the crude product. The title compound (0.8g, 50%) in 

pure form was obtained after crystallization with absolute ethanol.  

Yield: 50% DC (DCM/MeOH 9:1): Rf = 0.49, 
1
H-NMR (300 MHz, DMSO-d6): δ 

(ppm) = 1.21 (t, 
3
J H,H = 7.1Hz, 3 H, CH3), 4.20 (q, 

3
J H,H = 7.1 Hz, 2 H, CH2), 5.08 

(s, 2H, CH2),  7.43 (s, 1 H, Ar), 8.15 (s, 1H, Ar).  

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 13.9 (CH3), 44.2 (CH2CO), 61.4 (CH2O), 

118.2 (C-5), 141.8 (C-8), 149.5 (C-4), 151.8 (C-2), 155.4 (C-6), 167.2 (carbonyl 

ester). 
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MS (ESI): m/z = 222.1 [M+H]
+.

 

HRMS: C9H11N5O2: [M+Na]
+
 calc. 244.0805 found. 244.0806, [M+H]

+ 
calc. 

222.0986 found. 222.0992. 

3.10.2b Synthesis of ethyl (N
6
-(benzyloxycarbonyl)adenin-9-yl)acetate (H24) 

Ethyl 2-adenin-9-ylacetate (0.8 g, 3.62 mmol) was dissolved in dry DMF (20 mL) by 

gentle heating. After dissolving temperature was reduced to rt. A mixture of a solution 

of N-(benzyloxycarbonyl)-N-ethylimidazolium tetrafluoroborate (15 mmol) in DCM 

(20 mL) was prepared in a separate flask, then combined the two mixtures slowly 

over a period of 15 min at 0 ºC. The reaction mixture was left for stirring overnight at 

rt. On completion, the reaction mixture was washed with saturated aqueous NaHCO3 

(50 mL). After 10 min of stirring, the organic phase was washed successively with 1 

volume of water, dilute aqueous KHSO4 (2 x 20 mL), and finally with brine (1 x 20 

mL). The solution was evaporated under reduced pressure and dried in vacuo, 

affording an oily residue. The oily material was dissolved in DCM (20 mL), cooled to 

0 ºC, and treated with petroleum ether (20 mL). The precipitates were isolated by 

filtration, dissolved in DCM, and precipitated once more with petroleum ether to give 

0.75 g 

Yield: (63%): mp 132-135 ºC; 
l
H NMR (300 MHz, DMSO-d6): δ (ppm) =  1.37 (t, 

3H, 
3
JH,H = 7.3 Hz) , 4.31 (q, 2H, 

3
JH,H = 7.3 Hz), 4.90 (s, 2H), 5.27 (s, 2H), 7.23-7.49 

(m, 5H), 7.92 (s, 1H), 8.69 (s, 1H). 

13
C NMR (75 MHz, DMSO-d6): δ (ppm) = 13.9 (CH3), 57.9 (CH2CO,), 61.3 (CH2O), 

65.7 (CH2O, benzylic), 118.7 (fused ring C), 127.1-134.8 (6Cs, Cbz), 140.8 (C8), 

150.3 (fused ring C), 152.6 (C3), 153.4 (C5), 156.5 (NHCOO), 166.6 (COOEt). 

MS (ESI): m/z = 355.1 [M+H]
+.

 

HRMS: C17H17N5O4: [M+Na]
+
 calc. 378.1301 found. 378.1303, [M+H]

+ 
calc. 

355.1281 found. 355.1282.  
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3.10.2c Synthesis of (N
6
-benzyloxycarbonyladenin-9-yl) acetic acid (H25) 

Dissolved ethyl (N
6
-(benzoyloxycarbonyl) adenin-9-yl)acetate (0.825g, 1.93mmol) in 

20 mL water. 2M NaOH solution (5.5 mL) was added drop wise at 0 ºC. Stirred for 30 

min and then increase the temperature to rt for next 1 h. The pH was adjusted to 2.5 

with 2 M NaHSO4. The product was precipitated out, filtered and washed with cold 

water. 

Yield: 0.38 g (62%). DC (DCM/MeOH 9:1): Rf = 0.45.  

1
H-NMR (300 MHz, DMSO-d6): δ (ppm) = 5.12 (s, 2H, CH2), 7.48–7.95 (m, 5H, 

Cbz), 8.04 (NH), 8.27 (1H, s, H-8), 8.66 (1H, s, H-2), 11.2 (COOH). 

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 59.9 (CH2CO), 66.7 (CH2O), 119.3 (fused 

ring C), 127.1-137.8 (6Cs, Cbz), 140.8 (C8), 149.2 (fused ring C), 151.2 (C5), 152.6 

(C3), 156.2 (carbonyl, Cbz), 175.2 (C=O, acid).  

MS (ESI): m/z = 350.1 [M+Na]
+.

 

HRMS: C15H13N5O4: [M+Na]
+
 calc. 350.0865 found. 350.0864, [M+H]

+ 
calc. 

328.1046 found. 328.1048. 

3.10.3a Synthesis of methyl cytosine-1-yl acetate (H26) 

Sodium hydride NaH (0.54 g, 22.5 mmol) was slowly added to a suspension of 

cytosine (2.5g, 22.5 mmol) in dry DMF (50 mL) under inert atmosphere of N2 at 0 ºC. 

Reaction mixture was stirred at rt for 24 h, then methyl bromoacetate (2.15 ml, 22.5 

mmol) was added. Reaction mixture was kept on stirring for further 48 h at rt. The 

solvent was removed under reduced pressure. 50 mL water was added to precipitate 

out crude product. Purify the crude product by crystallization with MeOH/H2O 

mixture. (2.7g, 15.5mmol). 

Yield: 69%. White crystals, DC (EtOAc/MeOH 1:1): Rf = 0.52, m.p 225-227 ºC.
1
H-

NMR (300 MHz, DMSO-d6): δ (ppm) = 3.7 (s, 3H, CH3), 4.63(s, 2H), 6.01 (d, 1H, 

3
JH,H= 7.2 Hz), 7.93 (d, 1H, 

3
JH,H= 7.2 Hz). 

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 49.9 (CH2CO), 52.3 (CH3O),  93.5 (CH), 

141.8 (CH), 155.2 (C=O), 166.2 (COOMe).  
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MS (ESI): m/z = 206.1 [M+Na]
+.

 

HRMS: C7H9N3O3: [M+Na]
+
 calc. 206.0542 found. 206.0545, [M+H]

+ 
calc. 184.0722 

found. 184.0725. 

3.10.3b Synthesis of methyl (N
4
-benzyloxycarbonyl) cytosine-1-yl acetate (H27) 

Cbz-Cl (1.6 mL, 10.9 mmol) and DMAP (1.33 g, 10.9 mmol) were dissolved in 10 

mL DCM at 0 ºC. Temperature of the solution was reduced to -15 ºC and stirred for 

15 min. Methyl cytosine-1-yl acetate (H26) (1 g, 5.45 mmol) was slowly added and 

stirred for 15 min at -15 ºC. After that temperature was raised to room temperature 

and the reaction mixture was further stirred for 5h. On completion of reaction solvent 

was evaporated in vacuo. Residue was dissolved in CHCl3 and washed with 1M HCl 

before drying over anhydrous MgSO4. Diethyl ether was added to precipitate the title 

compound (1.38 g, 79%) in pure form as an amorphous powder. 

Yield: 79%. DC (EtOAc/MeOH 2:1): Rf = 0.61. 
1
H-NMR (300 MHz, DMSO-d6): δ 

(ppm) = 3.72 (s, 3H, CH3), 4.7 (s, 2H), 5.32 (s, 2H, CH2O), 6.21 (d, 1H, J= 7.1 Hz), 

7.21-7.32 (m, 5H, Cbz), 7.83 (d, 1H, J= 7.1 Hz). 

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 48.9 (CH2CO), 51.6 (CH3O), 65.3 

(CH2O), 95.2 (CH), 127.2-139.3 (Cbz), 141.6 (CH), 153.2 (C=O), 166.2 (COOMe).  

MS (ESI): m/z = 318.1 [M+H]
+.

 

HRMS: C15H16N3O5: [M+Na]
+
 calc. 340.0909 found. 340.0912, [M+H]

+ 
calc. 

318.1090 found. 318.1092. 

3.10.3c Synthesis of (N
4
-benzyloxycarbonyl) cytosine-1-yl acetic acid (H28) 

Methyl (N
4
-benzyloxycarbonyl) cytosine-1-yl acetate (H27) (1 g, .15 mmol) was 

dissolved in dioxane (25 ml), basified the reaction mixture by adding 1M NaOH 

(4.41ml). The reaction mixture was stirred for 5h at room temperature. After 5 h 

stirring, the reaction mixture was evaporated in vacuo. 1M KHSO4 was added to the 

residue. Resultant white precipitates were separated by filtration, washed the 

precipitates with ice cold water and dried in vacuum desiccator affording the title 

compound (0.9 g, 92%). 
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Yield: 92%. DC (EtOAc/MeOH 1:2): Rf =0.41. 
1
H-NMR (300 MHz, DMSO-d6): δ 

(ppm) = 4.73 (s, 2H), 5.32 (s, 2H, CH2O),  6.21 (d, 1H, 
3
JH,H = 7.1 Hz), 7.21-7.32 (m, 

5H, Cbz), 7.83 (d, 1H, 
3
JH,H = 7.1 Hz), 10.9 (s, 1H, COOH). 

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 50.2 (CH2CO), 66.1 (CH2O), 93.7 (CH), 

127.2-139.3 (Cbz), 141.6 (CH), 153.2 (C=O), 156.3(C=O), 173.2 (COOH).  

MS (ESI): m/z = 302.1 [M-H]
-.
 

HR-MS: C14H13N3O5: [M+Na]
+
 calc. 326.0753 found. 326.0755, [M+H]

+ 
calc. 

304.0933 found. 304.0936. 

3.10.4a Synthesis of methyl (2-amino-6-chloropurin-9-yl) acetate (H29) 

2-Amino-6-chloropurin (2g, 11.8 mmol) was dissolved in ice cold anhydrous DMF 

(35mL). Sodium hydride NaH (284mg, 11.8 mmol) was slowly added to the reaction 

mixture and stirred for 20 min. Then methyl bromoacetate was added and left the 

reaction on stirring for 24 h at rt under inert atmosphere of N2. After completion of 

the reaction, the solvent was evaporated under reduced pressure. Crude residue was 

washed with water and filtered the white precipitates of pure product. Title compound 

(2.3g, 10 mmol) was dried in vacuum desiccator.  

Yield: 85%. DC (EtOAc): Rf =0.44. 
1
H-NMR (300 MHz, DMSO-d6): δ (ppm) = 3.79 

(s, 3H, CH3O), 5.10 (s, 2H, CH2CO), 7.11 (bs, 2H, NH2), 8.21 (s, 1H). 

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 52.2 (CH3O), 58.1 (CH2CO), 122.2-160.3 

(Ar. 5Cs), 167.8 (COOCH3).  

MS (ESI): m/z = 242.1 [M+H, Cl
35

]
+.

, 244.4 [M+H, Cl
37

]
+.

 

HRMS: C8H9ClN5O2: [M+Na]
+
 calc. 264.0264 found. 264.0265, calc. 266.0235 

found. 266.0237, [M+H]
+ 

calc. 242.0445 found. 242.0443, calc. 244.0415 found. 

244.0418.  

3.10.4b Synthesis of (2-amino-6-chloropurin-9-yl) acetic acid (H30) 

Methyl (2-amino-6-chloropurin-9-yl) acetate (H29) (1g, 4.13 mmol) was dissolved in 

a mixture of dioxane (20mL) and 1M aq solution of LiOH (12.5mL). After 4 h stirring 

at rt, 1M aq HCl was added to neutralize the reaction mixture. The reaction mixture 
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was concentrated in vacuo and concentrated portion was poured drop wise into a 

solution of 10% NaHCO3. The aq layer was washed with ethyl acetate, then acidified 

the aq layer to pH 2 by 1M HCl. Resultant white precipitates of the title compound 

(672mg, 71%) were filtered off and dried under vacuum. 

Yield: 71%. DC (EtOAc/MeOH 6:4): Rf = 0.36. 
1
H-NMR (300 MHz, DMSO-d6): δ 

(ppm) = 4.88 (s, 2H, CH2CO),  6.99 (bs, 2H, NH2), 8.21 (s, 1H), 11.4 (s, 1H, COOH). 

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 59.6 (CH2CO), 122.2-160.3 (Ar. 5Cs), 

175.8 (COOH).  

MS (ESI): m/z = 228.1 [M+H, Cl
35

]
+.

, 230.4 [M+H, Cl
37

]
+.

 

HR-MS: C7H7ClN5O2: [M+Na]
+
 calc. 250.0108 found. 250.0111, calc. 252.0078 

found. 252.0075, [M+H]
+ 

calc. 228.0288 found. 228.0290, calc. 230.0259 found. 

230.0255. 

3.10.4c  Synthesis of ((2-amino-6-benzyloxy)purin-9-yl) acetic acid (H31) 

2-Amino-6-chloropurin-9-yl acetic acid (H30) (570mg, 1.67 mmol) was dissolved in 

benzyl alcohol (10mL). Then, K2CO3 (348mg, 2.15 mmol) and (37.5mg, 0.35 mmol) 

DABCO was added to the reaction mixture. The reaction mixture was kept on stirring 

for 18 h at 85 ºC. After that, 50mL of water were added and then reaction mixture was 

washed with ethyl acetate. 1M KHSO4 was added at 0 ºC to adjust pH 3. Finally 

extraction was done with ethyl acetate three times. Combined layers of ethyl acetate 

were washed with brine and dried over anhydrous MgSO4. Solvent was evaporated 

under reduced pressure. Crude product was purified by flash chromatography. Title 

compound (600mg, 1.59mmol) was obtained. 

Yield: 81%. DC (EtOAc/MeOH 1:1): Rf = 0.42. 
1
H-NMR (300 MHz, DMSO-d6): δ 

(ppm) = 4.85 (s, 2H, CH2CO), 6.69 (bs, 2H, NH2), 7.41-7.63 (m, 5H, Bn), 7.95 (s, 

1H). 

13
C-NMR (75 MHz, DMSO-d6): δ (ppm) = 59.6 (CH2CO), 71.4(CH2O, Bn), 116.2-

160.8 (Ar. 11Cs), 175.1 (COOH).  

MS (ESI): m/z = 300.1 [M+H]
+.

 



 
 

113 

HRMS: C14H14N5O3: [M+Na]
+
 calc. 322.0916 found. 322.0919, [M+H]

+ 
calc. 

300.1097 found. 300.1096, [M-H]
− 

calc. 298.0943 found. 298.0946. 

3.10.5 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH-

thymin-1-yl acetate) (H32) 

Cyclo (β
3
-Lys(Fmoc)- β

3
-Lys(N3)-β

3
-Lys(NH2)) (H14) (6.0 mg, 9.25 µmol, 1 eq) was 

dissolved in 0.7 mL of dry NMP. Then, thymin-1-ylacetic acid (H22) (8.51 mg, 46.25 

µmol, 5eq) was added to the reaction mixture. After that bromo-tris-pyrrolidino 

phosphonium hexafluorophosphate (PyBroP) (21.55 mg, 46.25 µmol, 5 eq) and 

DIPEA (14.8 µL, 92.5 µmol, 10 eq) were added to the reaction mixture. The reaction 

mixture was left on stirring for 72 h at rt. After 72 h when reaction was completed, the 

solvent was removed under reduced pressure to dryness. Title compound (8mg, 9.05 

µmol) (H32) was purified by RP-HPLC. 

Yield: 82%, RP-HPLC: Rt = 13.4min (5 to 45% B in 30 min) 

MS (ESI): m/z = 863.4 [M+Na]
+.

 

HR-MS: C43H56N10O8: [M+Na]
+
 calc. 863.4175 found. 863.4174, [M-H]

- 
calc. 

839.4210 found. 839.4214. 

 

3.10.6 Synthesis of cyclo (β
3
-Lys(NH2)-β

3
-Lys(N3)-β

3
-Lys-NH- thymin-

1-yl acetate) (H33) 

8 mg scaffold bearing thymine nuclear base (H32) was dissolved in 20% piperidine in 

DMF (1mL). The reaction mixture was sonicated for 35 min on the ultrasonic bath. 

After 35 min, cold tert-butylmethylether (MTBE) was added. Title compound (6 mg, 

9.71 µmol) was precipitated, centrifuged and purified by HPLC. 

Yield: 90%, RP-HPLC: Rt = 10.5min (30 to 100% B in 30 min) 

MS (ESI): m/z = 641.4 [M+Na]
+.

 

HRMS: C28H46N10O6: [M+H]
+
 calc. 619.3635 found. 619.3637, [M+Na]

+
 calc. 

641.1658 found. 641.1665. 
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3.10.7 Synthesis of cyclo (β
3
-Lys(NH-(N

6
-benzyloxycarbonyladenin-9-

yl) acetate)-β
3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) (H34) 

Cyclo (β
3
-Lys(NH2)-β

3
-Lys(N3)-β

3
-Lys-NH-thymin-1-yl acetate) (H33) (6.0 mg, 9.7 

µmol, 1 eq) was dissolved in 0.7 mL of dry NMP. After 10 min stirring at rt ethyl 

adenin-9-yl acetic acid (H25) (16 mg, 46 µmol, 5eq), bromo-tris-pyrrolidino 

phosphonium hexafluorophosphate (PyBrOP) (21.5 mg, 46 µmol, 5 eq) and DIPEA 

(18 µL, 97 µmol, 10 eq) were added in the reaction mixture. The reaction mixture was 

stirred for 72 h at room temperature. Title compound (H34) was obtained on 

evaporating solvent under reduced pressure on liquid N2 evaporator. Crude product 

was purified by crystallization using TFA and methanol as solvent. 

Yield: 72%, MS (ESI): m/z = 950.4 [M+Na]
+.

 

HRMS: C43H57N15O9: [M+H]
+
 calc. 928.4536 found. 928.4551, [M-H]

- 
calc. 926.4391 

found. 926.4385, [M+Na]
+
 calc. 950.4536 found. 950.4337. 

 

3.10.8 Synthesis of cyclo (β
3
-Lys(NH-adenin-9-yl) acetate)-β

3
-Lys(N3)-

β
3
-Lys-NH-thymin-1-yl acetate) (H35) 

 

Cyclo (β
3
-Lys(NH-(N

6
-benzyloxycarbonyladenin-9-yl) acetic acid)-β

3
-Lys(N3)-β

3
-

Lys-NH-thymin-1-yl acetate) (H34) (4 mg, 14.3 µmol) was dissolved in TFA (0.5mL) 

and 15 µL m-Cresol. Reaction mixture was left on stirring for 6h at room temperature. 

The crude product was precipitated with ice-cold MTBE (2×15mL). The crude 

product was centrifuged and purified (2 mg, 2.52 µmol) by crystallization using TFA 

and methanol as solvent. 

Yield: 88%, MS (ESI): m/z = 816.4 [M+Na]
+.

 

HRMS: C35H51N15O7: [M+H]
+
 calc. 794.4129 found. 794.4140, [M+Na]

+
 calc. 

816.3993 found. 816.3992. 
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3.10.9 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH-(N

4
-

benzyloxycarbonyl) cytosine-1-yl acetate (H36) 

Cyclo (β
3
-Lys(Fmoc)- β

3
-Lys(N3)-β

3
-Lys) (H14) (12.0 mg, 18.5 µmol, 1 eq) was 

dissolved in 1ml of dry NMP. Then, (N
4
-benzyloxycarbonyl) cytosine-1-yl acetic acid 

(H28) (17 mg, 92.5 µmol, 5 eq) was added to the reaction mixture. After that, bromo-

tris-pyrrolidino phosphonium hexafluorophosphate (PyBroP) (43 mg, 92.5 µmol, 5 

eq) and DIPEA (29 µL, 185 µmol, 10 eq) were added in the reaction mixture. The 

reaction mixture was kept on stirring for 72 h at rt. After 72 h, when reaction was 

completed, the solvent was removed under reduced pressure to dryness. Title 

compound (17 mg, 17.7 µmol) (H36) was purified by RP-HPLC. 

Yield: 89%, RP-HPLC: Rt = 10.1min (10 to 40% B in 30 min) 

MS (ESI): m/z = 982.4 [M+Na]
+.

 

HRMS: C50H61N11O9: [M+H]
+
 calc. 960.4726 found. 960.4708, [M+Na]

+
 calc. 

982.4546 found. 982.4527. 

3.10.10 Synthesis of cyclo (β
3
-LysNH2-β

3
-Lys(N3)-β

3
-Lys-NH-(N

4
-

benzyloxycarbonyl) cytosine-1-yl acetate (H37) 

Cyclo (β
3
-Lys(Fmoc)-β

3
-Lys(N3)-β

3
-Lys-NH-(N

4
-benzyloxycarbonyl) cytosine-1-yl 

acetic acid (H36) (15 mg, 15.63 µmol) was dissolved in 20% peperidine in DMF 

(1mL). The reaction mixture was sonicated for 35 min on the ultrasonic bath. On 

completion of the reaction after 35 min, cold tert-butylmethylether (MTBE) was 

added. Title compound (11mg, 14.9 µmol) was precipitated, centrifuged and purified 

by RP-HPLC. 

Yield: 90%, RP-HPLC: Rt = 8.8min (10 to 40% B in 30 min). 

MS (ESI): m/z = 760.4 [M+Na]
+.

 

HRMS: C35H51N11O7: [M-H]
-
 calc. 736.3900 found. 736.3888, [M+Na]

+
 calc. 

760.3865 found. 760.3866. 
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3.10.11 Synthesis of cyclo (β
3
-LysNH-(2-amino-6-benzyloxy)purin-9-

yl) acetate-β
3
-Lys(N3)-β

3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosine- 1-

yl acetate (H38) 

Cyclo (β
3
-LysNH2-β

3
-Lys(N3)-β

3
-Lys-NH-(N

4
-benzyloxycarbonyl) cytosine-1-yl 

acetic acid (H37) (10 mg, 10.84 µmol, 1 eq) was dissolved in 1mL of dry NMP. The 

reaction mixture was stirred at rt for 10 min. Then, (2-amino-6-benzyloxy)purin-9-yl) 

acetic acid (H30) (12 mg, 57.5 µmol, 5eq) was added to the reaction mixture. After 

that, bromo-tris-pyrrolidino phosphonium hexafluorophosphate (PyBrOP) (30 mg, 

57.5 µmol, 5 eq) and DIPEA (22 µL, 115 µmol, 10 eq) were added to the reaction 

mixture. The reaction mixture was left on stirring for 72 h at rt. After 72 h stirring, 

when reaction was completed, the solvent was removed under reduced pressure to 

dryness. Title compound (9 mg, 8.84 µmol) (H38) was purified by crystallization with 

methanol and TFA. 

MS (ESI): m/z = 1041.5 [M+Na]
+.

 

HRMS: C49H62N16O9: [M+H]
+
 calc. 1019.4958 found. 1019.4940, [M+Na]

+
 calc. 

1041.4783 found. 1041.4785. 

3.10.12 Synthesis of cyclo (β
3
-LysNH-purin-9-yl)acetate-β

3
-Lys-(N3)- 

β
3
-Lys-NH-cytosine-1-yl acetate (H39) 

Cyclo (β
3
-LysNH-(2-amino-6-benzyloxy)purin-9-yl) acetate-β

3
-Lys(N3)-β

3
-Lys-NH-

(N
4
-benzyloxycarbonyl)cytosine-1-yl acetate (H38) (9 mg, 12µmol) contained Cbz 

and OBn protecting groups which were removed under acidic conditions by stirring 

with trifluoroacetic acid/m-cresol (2 mL/20 µL) for 6h at rt. In this way, title 

compound (4 mg, 5.03 µmol) was obtained in completely deprotected form. Crude 

product was purified by crystallization with methanol and TFA. 

Yield: 89%, MS (ESI): m/z = 817.4 [M+Na]
+.

 

HRMS: C34H50N16O7: [M+H]
+.

 calc. 795.4048 found. 795.4040, [M+Na]
+.

 calc. 

817.4781 found. 817.4784. 
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3.11 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-thymin-1-yl 

acetate)-β
3
-Lys-NH-thymin-1-ylacetate) (H40) 

Thymin-1-ylacetic acid (H22) (17 mg, 92.5 µmol, 10eq) was added to a solution of 

cyclo (β
3
-Lys(Fmoc)- β

3
-Lys-NH2-β

3
-Lys-NH2) (H21) (7.0 mg, 9.26 µmol, 1 eq) in 

0.7 mL of dry NMP at rt. Reaction mixture was stirred at rt for 10 min. Bromo-tris-

pyrrolidino phosphoniumhexa fluorophosphate (PyBrOP) (42.5 mg, 92.5 µmol, 20 eq) 

and DIPEA (29.6 µL, 92.5 µmol, 20 eq) were added in the reaction mixture. For 

further 72 h, the reaction mixture was kept on stirring at room temperature. On 

completion of the reaction, solvent was removed under reduced pressure to dryness to 

get the crude residue. Title compound (8 mg, 8.16 µmol) was obtained in pure form 

by crystallization with methanol, TFA mixture.   

Yield: 72% 

MS (ESI): m/z = 1003.4 [M+Na]
+.

 

HRMS: C50H64N10O11: [M+H]
+
 calc. 981.4756 found. 981.4760, [M+Na]

+
 calc. 

1003.3967 found. 1003.3958. 

 

3.11.1  Synthesis of cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-thymin-1-ylacetate)-

β
3
-Lys-NH-thymin-1-ylacetate) (H41) 

To deprotect Fmoc protecting group, cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-thymin-1-

ylacetate)-β
3
-Lys-NH- thymin-1-ylacetate) (H40) (8 mg, 8 µmol) was dissolved in 

20% piperidine in DMF (1mL). The reaction mixture was sonicated for 35 min. After 

35 min, cold tert-butylmethylether (MTBE) was added into the reaction mixture. 

Crude product was precipitated, centrifuged and purified (5.57 mg, 7.34 µmol) by RP-

HPLC. 

Yield: 90%, RP-HPLC: Rt = 12.5min (10 to 40% B in 30 min). 

MS (ESI): m/z = 781.4 [M+Na]
+.

 

HRMS: C35H54N10O9: [M+H]
+
 calc. 759.4148 found. 759.4163. [M+Na]

+
 calc.  

781.3967 found. 781.3962. 
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3.12 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-(N

6
-benzyloxy 

carbonyladenin-9-yl)acetate)-β
3
-Lys-NH-N

6
-benzyloxycarbonyl 

adenin-9-yl)acetate) (H42) 

Cyclo (β
3
-Lys(Fmoc)- β

3
-Lys-NH2-β

3
-Lys-NH2) (H21) (7.0 mg, 9.26 µmol, 1 eq) was 

dissolved in 0.7 mL of NMP at rt. Then, ethyl adenin-9-ylacetic acid (30.25 mg, 92.5 

µmol, 10 eq) was added to the reaction mixture and stirred for 10 min. Bromo-tris-

pyrrolidino phosphoniumhexa fluorophosphate (PyBrOP) (42.5 mg, 92.5 µmol, 10 eq) 

and DIPEA (29.6 µL, 97 µmol, 15 eq) were added drop-wise to the reaction mixture 

at rt. Reaction mixture was stirred further for 72 h at room temperature. After 

completion of the reaction, solvent was removed under reduced pressure to dryness. 

Pure title compound (10 mg, 7.9 µmol) was obtained by crystallization of the residue 

with methanol TFA mixture. 

MS (ESI): m/z = 1289.5 [M+Na]
+.

 

HRMS: C66H74N16O11: [M+Na]
+.

 calc. 1289.5615 found. 1289.5587. [M-H]
-.
 calc. 

1265.5650 found. 1265.5620. 

3.12.1 Synthesis of cyclo (β
3
-Lys(NH2)-β

3
-Lys-NH-(N

6
-benzyloxy 

carbonyl adenin-9-yl) acetate)-β
3
-Lys-NH-N

6
-benzyloxycarbonyl 

adenin-9-yl) acetate) (H43) 

To remove Fmoc protecting group, cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-(N

6
-benzyloxy 

carbonyl adenin-9-yl) acetate)-β
3
-Lys-NH-(N

6
-benzyloxycarbonyladenin-9-yl) 

acetate) (H42) (8 mg, 6.3 µmol) was dissolved in 20% piperidine in DMF (1mL). The 

reaction mixture was sonicated for 35 min. After 35 min, cold tert-butylmethylether 

(MTBE) was added into the reaction mixture. Crude product was precipitated, 

centrifuged and purified by RP-HPLC. 

Yield: 91%, RP-HPLC: Rt = 15.5min (10 to 50% B in 30 min). 

MS (ESI): m/z = 1067.5 [M+Na]
+.

 

HRMS: C51H64N16O9: [M+H]
+
 calc. 1045.5115 found. 1045.5118, [M+Na]

+
 calc. 

1067.4964 found. 1067.4929. 
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3.12.2 Synthesis of cyclo (β
3
-Lys(NH2)-β

3
-Lys-NH-(adenin-9-yl) 

acetate)-β
3
-Lys-NH-(adenin-9-yl) acetate) (H44) 

Cyclic tripeptide containing two adenine nuclear bases having exocyclic amino 

functionality protected with Cbz, (cyclo (β
3
-Lys(NH2)-β

3
-Lys-NH-(N

6
-benzyloxy 

carbonyl adenin-9-yl) acetate)-β
3
-Lys-NH-N

6
-benzyloxycarbonyladenin-9-yl) acetate) 

(H43) (6mg, 5.74 µmol) was dissolved in TFA (0.50 mL) at 0 ºC. Trimethylsilyl 

trifluoromethansulfonate (TMSOTf) (0.15 mL) and m-Cresol (0.1 mL) was added 

slowly at 0 ºC. Reaction mixture was stirred for 3 h at 0 ºC. TFA was evaporated by 

throwing air, added cold tert-butylmethyl ether to the residue left. Crude product was 

precipitated. The precipitates of crude title compound (3 mg, 3.86 µmol) were 

separated by centrifugation and purified the product by RP-HPLC. 

Yield: 68%, RP-HPLC: Rt = 12.5min (10 to 50% B in 30 min). 

MS (ESI): m/z = 799.4 [M+Na]
+.

 

HRMS: C35H52N16O5: [M+H]
+
 calc. 777.4379. found. 777.4376. [M+Na]

+
 calc. 

799.4199 found. 799.4190. [M-H]
-
 calc. 775.4234. found. 775.4209. 

 

3.13 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-(N

4
-benzyloxy 

carbonyl)cytosin-1-ylacetate)-β
3
-Lys-NH-(N

4
-benzyloxycarbonyl) 

cytosin-1-yl acetate) (H45) 

Cyclo (β
3
-Lys(Fmoc)- β

3
-Lys(NH2)-β

3
-Lys(NH2)) (H21) (6.0 mg, 7.94 µmol, 1 eq) 

was dissolved in 0.6 mL of NMP. Then (N
4
-benzyloxycarbonyl)cytosine-1-yl acetic 

acid (H28) (24 mg, 79.4 µmol, 10 eq) was added to the reaction mixture at 0 ºC. 

Reaction mixture was stirred for 10 min and then bromo-tris-pyrrolidino 

phosphonium hexafluorophosphate (PyBrOP) (40 mg, 79.4 µmol, 10 eq) and DIPEA 

(25 µL, 97 µmol, 15 eq) were added. The reaction mixture was stirred further for 72 h 

at room temperature. After completion of the reaction, solvent was removed under 

reduced pressure using liquid N2 rotary evaporator. Crude product was purified by 

crystallization with methanol and TFA mixture. The title compound (8 mg, 6.56 

µmol) was white solid. 
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Yield: 85%  

MS (ESI): m/z = 1241.4 [M+Na]
+.

 

HRMS: C64H74N12O13: [M+H]
+
 calc. 1219.5571 found. 1219.5567, [M+Na]

+
 calc. 

1241.5391 found. 1219.5399, [M-H]
-
 calc. 1217.5426 found. 1217.5436 

 

3.13.1 Synthesis of cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-((N

4
-benzyloxy carbonyl) 

cytosin-1-ylacetate)-β
3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosin-1-ylacetate) 

(H46) 

To cleave Fmoc protecting group, cyclic tripeptide containing two cytosine bases 

whose exocyclic amino functionality being protected with Cbz (cyclo (β
3
-Lys(Fmoc)-

β
3
-Lys-NH-(N

4
-benzyloxycarbonyl)cytosin-1-ylacetate)-β

3
-Lys-NH-(N

4
-benzyloxy 

carbonyl) cytosin-1-ylacetate) (H45) (8mg, 6.56 µmol) was dissolved in 20% solution 

of piperidine in DMF (1mL). The reaction mixture was sonicated for 35 min. After 35 

min, cold tert-butylmethyl ether (MTBE) was added into the reaction mixture. Crude 

product was precipitated, centrifuged and purified by RP-HPLC. 

 

Yield: 91%, RP-HPLC: Rt = 16.5min (5 to 50% B in 30 min). 

MS (ESI): m/z = 1019.5 [M+Na]
+.

 

HRMS: C49H64N12O11; [M+Na]
+.

 calc. 1019.4710 found. 1019.4716, [M-H]
-
 calc. 

995.4745, found. 995.4745, [M+H]
+
 calc. 997.4896 found. 997.4898. 

3.13.2 Synthesis of cyclo (β
3
-Lys(NH2)β

3
-Lys-NH-(cytosin-1-yl acetate)-β

3
-

Lys-NH-( cytosin-1-yl acetate) (H47) 

Cyclic tripeptide containing two cytosine bases having exocyclic amino functionality 

protected with Cbz (cyclo (β
3
-Lys(NH2)-β

3
-Lys-NH-(N

6
-benzyloxy carbonyl cytosin-

1-yl) acetate)-β
3
-Lys-NH-(N

6
-benzyloxycarbonylcytosin-1-yl) acetate) (H46) (6mg, 

6.02 µmol) was dissolved in TFA (0.50 mL) at 0 ºC. Trimethylsilyl trifluoro 

methansulfonate (TMSOTf) (0.15 mL) and m-cresol (0.1 mL) were added slowly at  

0 ºC. Reaction mixture was stirred for 3 h at 0 ºC. TFA was evaporated by flushing 

air, cold tert-butylmethyl ether was added to the residue left. Crude product was 
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precipitated. The precipitates of crude title compound (3 mg, 4.1 µmol) were 

separated by centrifugation and purified the product by RP-HPLC. 

Yield: 83%, RP-HPLC: Rt = 13.8min (10 to 50% B in 30 min). 

 MS (ESI): m/z = 751.4 [M+Na]
+.

 

HRMS: C33H52N12O7: [M+Na]
+
 calc. 751.4082 found. 751.4093, [M+H]

+
 calc. 

729.4115, found. 729.4121, [M-H]
-
 calc. 727.3965. found. 727.3969. 

 

3.14 Synthesis of cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-((2-amino-6-

benzyloxy)purin-9-yl)acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy) 

purin-9-yl)acetate)  (H48) 

Cyclo (β
3
-Lys(Fmoc)- β

3
-Lys(NH2)-β

3
-Lys(NH2)) (H20) (9.0 mg, 11.80 µmol, 1 eq) 

was dissolved in 0.9 mL of NMP. After 10-min stirring ((2-amino-6-benzyloxy)purin-

9-yl) acetic acid (H31) (36 mg, 118 µmol, 10 eq) was added to the reaction mixture at 

0 ºC. Reaction mixture was stirred for 10 min and then bromo-tris-pyrrolidino 

phosphonium hexafluoro phosphate (PyBrOP) (60 mg, 118 µmol, 10 eq) and DIPEA 

(37 µL, 162 µmol, 15 eq) were added. The reaction mixture was stirred further for 72 

h at room temperature. After completion of the reaction, solvent was removed under 

reduced pressure using liquid N2 rotary evaporator. Crude product was purified by 

crystallization with methanol and TFA mixture. The title compound (10 mg, 8.26 

µmol) was white solid. 

Yield: 81% MS (ESI): m/z = 1233.5 [M+Na]
+.

 

HRMS: C64H74N16O9: [M+2H]
+2

 calc. 606.2985, 606.8001. found. 606.2978, 

606.8004, [M+Na]
+.

 calc. 1233.5717 found. 1233.5712. 
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3.14.1  Synthesis of cyclo (β
3
-Lys-NH2-β

3
-Lys-NH-((2-amino-6-

benzyloxy)purin-9-yl)acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy) purin-9-

yl)acetate)  (H49) 

To deprotect Fmoc protecting group, cyclo (β
3
-Lys(Fmoc)-β

3
-Lys-NH-((2-amino-6-

benzyloxy) purin-9-yl)acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy)purin-9-yl)acetate) 

(H48) (10 mg, 8.26 µmol) was dissolved in 20% piperidine in DMF (1.5mL). The 

reaction mixture was agitated on sonicator for 35 min. Afterwards, cold tert-

butylmethyl ether (MTBE) was added into the reaction mixture. Crude product was 

precipitated, centrifuged and title compound (7mg, 7.1 µmol) was purified by RP-

HPLC. 

Yield: 91%, RP-HPLC: Rt = 14min (10 to 50% B in 30 min). 

MS (ESI): m/z = 1011.4 [M+Na]
+.

,
 
HRMS: C49H64N16O7: [M+H]

+
 calc. 989.5217 

found. 989.5210, [M+Na]
+
 calc. 1011.5036 found. 1011.5027, [M-H]

-
 calc. 987.5067, 

found. 987.5069. 

3.14.2  Synthesis of cyclo (β
3
-Lys-NH2-β

3
-Lys-NH-((2-aminopurin-9-yl) 

acetate)-β
3
-Lys-NH-((2-aminopurin-9-yl)acetate)  (H50) 

Cyclic tripeptides scaffold (H49) containing two purine bases whose ketone 

functionality being protected with benzyloxy group cyclo (β
3
-Lys-NH2-β

3
-Lys-NH-

((2-amino-6-benzyloxy)purin-9-yl)acetate)-β
3
-Lys-NH-((2-amino-6-benzyloxy)purin-

9-yl)acetate) (7mg, 7.1 µmol) was dissolved in TFA (0.50 mL) at 0 ºC. Trimethylsilyl 

trifluoromethansulfonate (TMSOTf) (0.15 mL) and m-cresol (0.1 mL) were added 

slowly at 0 ºC. Reaction mixture was stirred for 3 h at 0 ºC. TFA was evaporated by 

throwing air; cold tert-butylmethyl ether (MTBE) was added to the residue left. Crude 

product was precipitated. The precipitates of crude title compound (4.5 mg, 5.6 µmol) 

were separated by centrifugation and product was purified by RP-HPLC. 

Yield: 79%, RP-HPLC: Rt = 12.6min (10 to 50% B in 30 min). 

MS (ESI): m/z = 831.4 [M+Na]
+.

 

HRMS: C35H52N16O7: [M+Na]
+
, calc. 831.4205 found. 831.4209, [M+H]

+
 calc. 

809.4315. found. 809.4319, [M-H]
-
 calc. 807.4172 found. 807.4173. 
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