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Abstract 

Dendrimers are the new category of polymeric macromolecules. These molecules are highly 

branched and monodispersed. They have definite mass, shape, and size. The tree-like a shape 

of these macromolecules comprises of core, branches and terminal groups. Dendrimers have 

a unique behavior of encapsulating bioactive agents into their interiors or these agents may 

chemically attach or adsorbed onto dendrimer surface. Owing to the distinctive behavior, this 

division of polymeric macromolecule is suitable for broad applications in the field of 

pharmaceuticals, in gene therapy, as agents helpful in diagnosis, enhancing the solubility and 

many more.  

There have been various classes of dendrimers such as PPI dendrimers (Poly-Propylene 

Imines), PAMAM dendrimers (Poly (amidoamine)), Chiral dendrimers, Tecto dendrimers 

and so on. In the first half of the literature review each type has been discussed in brief. 

Among these dendrimers, recently a novel division of dendrimers known as Janus 

amphiphilic dendrimers (JDs) have captivated much significance, depending on their distinct 

characteristics and structures, unlike conventional dendrimers. They have an exceptional 

behavior of forming self-assembled materials and presenting new properties that are not 

possible for symmetrical dendrimers. These macromolecules have bright future in the field 

of pharmaceuticals and biomedical because of their distinguishing features. 

This literature review has been divided into two parts; the first part gives the general 

information on dendrimers highlighting on their structure, property, types, and method of 

synthesis. Double exponential, hypercore and branched monomer growth are two out of four 

methods for synthesizing dendrimers but they are mainly synthesized either by convergent 

or divergent strategies. Each of these methods is explained in brief in the first part of the 

review. In another part, the focus is on the main topic i.e. amphiphilic dendrimers, various 

methods for producing them along with their different implementation in drug delivery.  

The objective of laboratory work in this research was the production of JDs up to third 

generation via divergent method of synthesis. These produced generations held polyester 

dendrons as a back bone for the purpose of loading of drugs. 2,2-bis(hydroxymethyl) 

propionic acid (bis-MPA) offers a platform to an extensive variety of functionalities in 
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consequence, bis-MPA was the foundation in the construction of these polyester dendrons. 

The major building block was the anhydride of 5-Methyl-2-phenyl-1,3-dioxane-5-carboxylic 

acid. This anhydride was formed in great yield through self-dehydration using DCC as a 

reagent. The divergent production of dendrimers and dendrons becomes feasible because of 

anhydride’s high reactivity towards hydroxyl groups. The benzylidene protection was easily 

removed by hydrogenolysis. Finally, third generation dendrons and dendrimers were 

successfully synthesized.IR and NMR spectras were used for the isolation of the products 

synthesized. 
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Dendrimers 

Introduction 

The word dendrimer evolved from two Greek words, “Dendron and Meros” meaning ‘tree’ 

and ‘part’.1,2,3Arborols and Cascade molecule are other two synonyms for the same.2 After 

the three eminent types (linear, cross-linked and branched polymers); dendritic polymers are 

known as the fourth most important class of polymers.4,5,6Dendritic structural design 

comprises four subdivisions: (a) hyperbranched polymers;(b) dendrigraft polymers;(c) 

dendrons;(d) dendrimersas displayed in Figure 1. At present, the dendrimer is a globally 

recognized term.7,8 

 

Figure 1 Four divisions of macromolecular design. Synthetic polymers: linear (I), cross-linked (II) 

and branched (III). Dendritic polymers: hyperbranched (a), dendrigrafts (b), dendrons (c) and 

dendrimers (d).69 Reprinted by permission of Elsevier. 

 

Dendrimers may possibly be defined as highly ordered, regularly branched, a globular 

macromolecule having unique characteristics such as different functional terminal groups, 

higher density, synthetic elasticity, and lesser viscosity. Due to these special features, this 

division of polymers holds numerous possible applications in the fields of catalysis, drug 

releases, electronics, and cancer therapy.3,9For applications in drug delivery, the success of 

dendritic polymers depends mainly on the potential of scientists for designing those carriers 



17 

 

that have the ability to overcome drug leakage, cytotoxicity, immunogenicity, and hemolytic 

toxicity. One such approach to overcome these limitations was to use polyester dendrimers.7 

Polyester dendrimers being ecological and biocompatible comprises an attractive type of 

compounds. These dendrimers whenever tested possessed low toxicity in contrast to other 

dendrimers. This parameter of low toxicity is very important if these molecules are to be used 

for delivery of drugs and other applications in biological systems.7,8 These polyester 

dendrimers like other dendrimers owns inner empty spaces which may perhaps be utilized in 

the encapsulation of small drug molecules, metals or imaging elements.7Encapsulation not 

only increases the half-life of a drug due to controlled release but also reduces its toxicity 

because of less exposure of drug to healthy tissues while approaching diseased tissues. The 

presence of hydroxyl group on dendrimer’s surface is responsible of their high solvability, 

miscibility and reactivity.11Additionally, ester functionalities in these dendrimers are labile, 

the result of which they are gradually hydrolyzed in the living organism i.e. in-vivo to 

discharge trapped or covalently joined drugs. By facile synthesis of other dendrimers, higher 

generation polyester dendrimers can easily be produced.7 

In this work new hyperbranched dendrimers based on 2,2- bis-(hydroxymethyl) propionic 

acid (bis-MPA) has been presented.  

Hult, et al. was the first one to show dendrimers formed on bis-MPA in mid-nineties.12Since 

then this aliphatic molecular fragment has continued to be the option of dendron. He prepared 

his dendritic aliphatic polyesters via convergent approach. The problem with his approach 

was that the acetate groups used for the protection of terminal alcohols could not be removed 

to give de-protected dendrimers.12,13 

Recently, a divergent method was described by Frechet for synthesizing such dendrimers.14 

These dendrimers were aliphatic and were constructed on benzylidene-protected 2,2-

dimethoxy-2-phenylacetophenone (DMPA). This method offers various advantages such as 

low-temperature ester formation, short reaction time, simplistic work up and high yields. The 

removal of the benzylidene group was quantitative and accomplished by hydrogenolysis (H2, 

Pd(OH)2/C) among each new generation.15,16,17 
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My plan was to synthesize polyester based amphiphilic dendrimers by this approach as 

discussed in the experimental section.  

 

History 

In 1978, F. Vogtle and his co-workers accomplished the first productive attempt in designing 

dendritic structure by organic synthesis. He termed this route of synthesis as ‘cascade 

syntheses’ and named the molecule as ‘cascade molecules.2In the early 1980s, Denkewalter 

reported the synthesis of poly-lysine dendrimers. However, in 1985, the term ‘dendrimer’ 

was first proposed by D. Tomalia. Moreover, he explained the production of poly 

(amidoamine) (PAMAM) dendrimers.10During the same time Newkome and co-workers  

explored the production of similar macromolecules, they named as arborols.22This word has 

been taken from a Latin word ‘arbor’ referring to a tree. Table 1 below summarizes the 

history of dendrimers by giving the information on types of dendrimers along with their 

inventors and inventing years.19 

 

Table 1 Names of dendrimers and their inventors with inventing years.82 

Entry Types of dendrimers Inventor Year  

1. Poly-(propylene imine) PPI-

dendrimer82 

Vogtle 1978 

2. Poly-(amidoamine) PAMAM-

dendrimers82 

Donald Tomalia 1983-1985 

3. Arbosols 82 Newkome 1985 

4. Poly-(aryl ether) dendrimer 82 Frechet and Hawker 1989-1990 

5. Poly-lysine dendrimer82 Denkewalter 1981 

6. Poly-ether dendrimer82 Frechert and Grayson 2001 

 

The most commonly used and commercially available dendrimers are poly-(amidoamine) 

also known as PAMAM-dendrimers and PPI-dendrimers also called as poly-(propylene 

imine). Dendritech™ (U.S.A.) makes PAMAM dendrimers. These are based on both EDA 
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center and ammonia center and have amino groups on the surface. They are mostly sold as a 

solution either in methanol or in water. DSM Company (Netherlands) has developed the 

production of PPI dendrimers. BDA is used as a core molecule. They are at present available 

under the name of Astramol.19 

 

Structure of dendrimers 

The well-defined structure of dendrimers comprises three components: core, the inner shell 

(generations) and outer shell (terminal functionality) as shown in Figure 2.23Each of these 

components has been discussed below in brief. The 3D structure of dendrimers has an inner 

core with elongated branches. One of these branches is referred to as Dendron.6,28The interior 

of dendrimers is shaped by these branches. The outer shell is formed when end group attaches 

to the interior generations and can be functionalized.23,2Lower generation i.e. 0,1st and 2nd, 

dendrimers have a highly irregular shape. They also hold more open structure contrary to 

higher generation dendrimers. Additionally, there is a prominent effect on dendrimer’s 

structure with an increase in branching density and generation i.e. dendrimers take up 

globular structure when chains mounting from core molecule result to be more branched and 

longer (4th and higher generation).There are several other factors that affect the structure of 

dendrimers such as pH of the solution, a concentration of dendrimer in solution and nature 

of the solvent.25Each of these factors is explained in brief in table 3. 

 
Figure 2 Dendrimer and its three elements: initiator core, generations, and terminal groups. One 
branch of the structure is called dendron.81 Reprinted by permission of Springer Nature. 
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Core 

For the production of dendrimers core works as an initiator. This initiator in dendrimers is a 

multifunctional element that helps in the regulation of their size and shape. The multiplicity 

and particular functional group of the core have an effect on the final dendritic architecture. 

Dendrimers might usually hold 3 or 4 branches depending on the structure of the core. 

According to the preferred application, hydrophilic/hydrophobic domains and chelating units 

can be chosen as the core for dendrimers. Thus, the choice of core plays a significant role in 

dendrimer synthesis.18 

 

Generation 

The word ‘generation’ is hyper branching from the core of dendrimer to its periphery ensuing 

to homostructural layers amongst the focal points. But the term ‘generation number’ in 

dendrimers is the branching point from interior to dendrimer’s surface i.e. dendrimer holding 

three focal points from dendrimer’s interior to periphery indicates 3rd generation dendrimers. 

The general abbreviation is a G-3 dendrimer. Often the core part in dendrimers is 

corresponded to generation ‘zero’ symbolized as G-0.18 

 

End Groups 

End groups are referred as the atoms/group of atoms that forms molecular surface. These 

groups are additionally named as the terminal or surface group of dendrimers. Dendrimers 

with an amine as an end group are named as amino terminated dendrimers. These chain ends 

are in charge of miscibility, high solubility, and high reactivity. Reactive end-groups could 

be employed in continuing dendritic growth or else for transforming the reactivity of 

dendrimer composition. These groups also have a key purpose in deciding the solvability of 

dendrimers insolvent i.e. dendrimers holding terminal groups that are hydrophobic, are 

solvable in non-ionic solvents whereas dendrimers having terminal groups that are 

hydrophilic are solvable in ionic solvents.18,24 



21 

 

Physicochemical Properties 

Dendrimers are hyper-branched material holding great adaptability. They are different from 

conventional linear polymers in terms of the structure, shape, synthesis and many other 

factors for instance; dendrimers have a compact and globular structure which is not 

compressible whereas linear polymers have compact, compressible and irregular 

architecture.18,19,23,25 

In this section few important properties of dendrimers have been discussed i.e. 

monodispersity, rheological property, pharmacokinetics, and polyvalency. A comparison 

between dendrimer and the linear polymer has also been summarized in table 2.  

 

Monodispersity 

The production of linear polymers is either by free radical polymerization or 

polycondensation. These reactions are random as a result, it generates products with 

unsystematic structure and high size variation. As per the previous discussions, dendrimers 

are a single compound of the same size. They are produced step by step and products are 

separated and purified in each step. The production of dendrimers is particularly controlled 

which reduces the size variation. In consequence, dendrimers owns monodisperse weight 

distribution while polymers hold polydisperse weight distribution. Owing to the simplicity 

in purification and in isolation of products the dendrimers that are produced convergently 

(this method is discussed later in brief) tend to have low PDI which is quite the reverse to 

divergent method of dendrimer synthesis.18,19,23,25 

 

Rheological Properties 

Within solution, linear polymers form flexible coil whereas tightly packed ball is formed by 

dendrimers. These forms have an extreme influence on this property. Dendrimers have 

considerably, lower viscosity in comparison to linear polymers. There is an irregular relation 

the between dendrimer’s molar mass and their intrinsic viscosity i.e. in dendrimers when the 

molecular mass increases the intrinsic viscosity goes to the extreme point but after fourth 

generation it has a tendency to decrease. Such behavior is dissimilar in linear polymers as 
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there is a constant increase in the intrinsic viscosity with an increase in the molar mass of 

dendrimers.18,19,23,25 

 

Pharmacokinetic properties 

The shape and size of dendrimers is nano-scale unlike linear polymers. The shape of 

dendrimer is also significant as the shape along with peripheral functionality also describes 

the empty spaces within dendritic structural design for applications. Therefore, the nanoscale 

size and shape are the vital aspects that are required to be studied for successful biomedical 

relevance of dendrimers in the delivery of drugs, PDT and NCT.18,19,23,25 

 

Polyvalency 

The arrangement of dendrimer’s surface functional groups signifies polyvalency. These 

groups have a vital purpose throughout the applications of dendrimers. Amplification of 

surface groups is a term that is used when an increase in generation number increases the 

terminal groups as well. These terminal groups become crowded and firm with an increase 

in the amplification of surface groups/terminal groups. Besides, surface groups could be 

transformed according to the application. This results to wide range application of dendrimers 

in a pharmaceutical and biomedical area. Dendrimers have an internal void present because 

of which they show some distinctive properties. The most important is the inclusion of guest 

molecule in the interior of macromolecules.18,19,23,25 

 

Table 2 General properties of dendrimers in comparison to linear polymers80 

Entr

y 

        Property             Dendrimers Linear polymers 

1. Structure Compact and Globular Not compact 

2. Shape Spherical Random coil 

3. Architecture Regular Irregular  

4. Structural Control Very high  low  
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5. Synthesis  Stepwise growth Single step poly-

condensation 

6. Crystallanity Non-crystalline and 

amorphous material 

Semi-crystalline 

7. Reactivity High Low 

8. Aqueous solubility High Low  

9. Non-polar solubility High Low  

10. Ionic conductivity High Low  

11. Compressibility Low High  

12. Degradability Biodegradable Non-biodegradable 

13. Toxicity Inert and Toxic  

14. Immunogenicity Non-Immunogenic  

 

Synthesis of dendrimers 

There are five well-known methods for the dendrimer synthesis: (a) divergent method; (b) 

convergent method; (c) double exponential growth; (d) hypercore and branched monomer 

growth; (e) click chemistry. The selection of the method for production depends deeply on 

target end application.3During synthesis, the size and dendrimer’s molecular mass might be 

particularly controlled unlike, in linear polymers where molecules of disparate sizes are 

produced.38,40 

Although, the divergent and convergent method of dendrimer synthesis has shortcomings of 

multistep and long procedures, these two methods are the methods that are usually used for 

the production of various dendrimers. As a consequence, these methods are time-consuming. 

Therefore, lately accelerated approaches i.e. double exponential and hypercore processes, are 

being taken into account for producing dendrimers. Both of these approaches accelerate the 

synthetic procedure by decreasing the number of steps for synthesizing dendrimers.38Each of 

these methods is discussed in brief along with their advantages and disadvantages.  
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Divergent method 

The production of dendrimers by this method of synthesis is a two-step process. The growth 

of dendrimers began from the core to the periphery. The first step starts with the coupling of 

monomer owning two protecting branching sites. The second step results in the formation of 

first generation dendrimer when these protecting groups were removed. This process is 

stopped when the desired size of dendrimer is attained (Figure 3.).29Donald Tomalia was the 

first one to introduce this method.48 

The synthetic process to form the two major dendrimers i.e. PPI and PAMAM depended on 

this strategy step by step. As the dendrimer grow larger, the terminal groups on the surface 

happen to be more and more closely packed. It results in steric hindrance because of which, 

dendrimer attains its upper generation limit. This is termed as “de Gennes dense packing” or 

“starbust effect”. For PAMAM dendrimers this effect is noticed after 10th generation.  The 

reaction rate drops abruptly and further, reactions of the terminal group cannot occur. The 

10th generation PAMAM dendrimers consist of around 6141 monomer units with a diameter 

of 124 ºA.19,20,29 

This method has the main disadvantage of incomplete growth and side reactions. These 

limitations results in dendrimers with structural defects. It was advised to use excess of 

reagents in order to reduce structural defects and side reactions.17,22,24 

 

            
Figure 3 Divergent method of dendrimer synthesis.75 Reprinted by permission of Royal Society of 

Chemistry. 

 

Convergent method 

In this method, dendrimers are constructed stepwise beginning from the terminal groups and 

progressing inwards to the core as shown in Figure 4.3When branched polymeric arms i.e. 
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dendrons are sufficiently large, they are joined to the multifunctional core molecule to give 

a dendrimer.22,24This approach was first produced by Hawker and Frechet. They synthesized 

poly (aryl ether) type of dendrimers by this method.21 

The convergent growth method has many advantages in comparison to a divergent method 

for instance dendrimers synthesized from this route have fewer impurities. Since better 

purification is achieved by this approach, dendrimers are more monodispersed and symmetric 

before dendrons are finally joined to the core. But due to the delaying of chemical reactions 

owing to steric bulk, the higher generation dendrimers could not be produced by this 

methodology.17,22,24,29,77 

 
Figure 4 Convergent method of dendrimer synthesis.75 Reprinted by permission of Royal Society of 

Chemistry.  

 

Double exponential growth 

For the growth of dendrimers, this method is an accelerated technique. The branched 

monomers with protected groups go through two different reactions at the time in this 

technique: focal point deprotection and surface deprotection. In the next step, the coupling 

reaction occurs between the monomer holding deprotected surface group and monomer 

holding deprotected focal point. This coupling results in a dendron that has protected 

functional groups at the focal point and surface groups as shown in Figure 5. This dendron 

has protected functional groups at focal point and surface group. Again the above steps are 

repeated in order to yield the fourth generation dendron.18,24,29 
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Figure 5 Double exponential method of dendrimer synthesis.74 Reprinted by permission of Elsevier. 

 

Hypercore and branched monomer growth 

After the discovery of the convergent approach of dendrimer synthesis, Frechert with his co-

workers continued their efforts in the study of this monomer growth.51This method involves 

the pre-assembling of oligomeric species that may perhaps be coupled together to provide 

dendrimers in few steps or higher yields as shown in Figure 6.18,24,29 

 
Figure 6 Hypercore and monomer growth method of dendrimer synthesis.74 Reprinted by permission 

of Elsevier. 
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Factors influencing dendrimers properties 

As per the discussion made under the section structure of dendrimers about the effect of 

dendrimer generation on the architecture of dendrimer, it should be noted that there are 

several other factors that influence its properties. They are pH of a solution, the concentration 

of dendrimer in solution and nature of the solvent. The table 3 below explains each of these 

factors briefly at different levels. 

 

Table 3 Factors affecting properties of dendrimers.2,18,57,63 

Factor Level Effect 

1.  Effect of pH 

(Figure 7) 

Low -The Structural performance of PAMAM 

dendrimers is pH reliant. 

-At low pH (<4) the interior gets further hollow. 

- With an increase in generation number, there is 

an increase in repulsion amongst amines that are 

positively charged present on dendrimer’s surface 

and tertiary amines present in the interior.  

Neutral -At neutral pH, back-folding takes place. This might be 

a result of H-bonding amongst uncharged tertiary 

amines present in the interior and positively charged 

amines present on the surface. 

High -At higher pH (>10) dendrimers contract with the 

charges on molecule becoming neutral. Due to this 

dendrimers acquire more globular structure where 

repulsive forces amid dendrimer arms and amid the 

terminal groups reach a minimum. 
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2. Effect of salt 

  (Figure 8) 

High -Charged PPI dendrimers are strongly affected by the 

high concentration of salt. With an elevated level of 

back-folding a constricted conformation of dendrimers 

is favored like it was observed when pH was 

increased or salvation was poor.  

Low With the intention of least charge repulsion in the 

structure the repulsive forces among charged 

dendrimers leads to an extensive conformation. 

3. Effect of solvent 

(Figure 9)                    

 - The salvation power of any solvent is a very 

significant factor for solvating the structure of 

dendrimers. The dendrimer’s conformational state 

can be studied through this factor.  

- Usually, a larger amount of back-folding is displayed 

by dendrimers of all generations with a drop in the 

quality of solvent.  

- NMR studies executed on PPI dendrimers determined 

that a non-polar solvent for instance, benzene, solvates 

the dendrimers supporting intra-molecular interaction 

among fragments of dendrimers and back-folding 

poorly.  

 

 

 
Figure 7 Effect of pH on G-5 PPIEDA dendrimer. The red color in this signifies the core, green as 

repeating fragments and blue as surface groups. Blue sphere represents protonated primary amines, 
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green sphere as protonated tertiary amines and red sphere as protonated tertiary amines of the core 

(only at low pH).49 Reprinted by permission of Royal Society of Chemistry. 

 

 
Figure 8 Three-dimensional conformational change of PPI dendrimers on raising the ionic strength.57 

Reprinted by permission of Royal Society of Chemistry. 

 

 
Figure 9 Effect of solvent on dendrimers. The back folding of peripheral groups into center 

transforms molecular density away from the outer shell and results to a more even distribution of 

molecular density or a dense core dendrimer structure.50 Reprinted by permission of Elsevier. 

 

Dendrimer-Drug Interactions 

A number of mechanisms have been discovered for dendrimer-drug interactions. These 

interactions can be distributed into three main types: encapsulations, electrostatic 

interactions, and covalent conjugations.52,61,62The simple encapsulation of drug within 
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dendrimers is represented by Figure 10a. The electrostatic interaction of drugs within 

dendrimers is represented by Figure 10b also; drug molecule could be bonded covalently to 

dendrimer’s surface. This covalent conjugation of drug molecule is represented by Figure 

10c. Therefore, dendrimers are resourceful materials allowing a range of drug delivery 

applications.73 

 

Simple Encapsulations 

Owing to the open architecture of dendrimers and vacant inner cavities, the encasing of guest 

molecules becomes possible in the interior of a macromolecule. These cavities are non-polar 

in nature. This hydrophobicity makes the dendrimers suitable for combining with feebly 

soluble drugs by hydrophobic interactions. Furthermore, in inner cavities atoms such as 

nitrogen or oxygen may possibly interact with drug molecules through H-bond 

formation.24,29,52,62 

 

Electrostatic Interaction 

Through this interaction the functional groups for instance amine and carboxyl on 

dendrimer’s surface have promising applications in improving the dissolvability of non-polar 

drugs because of the high densities of such functionalities. Few anticancer and antibacterial 

drugs have been accounted as well to be included under this category of interaction. These 

drug molecules have a general property that is these molecules are weakly acidic with the 

presence of carboxylic group in the molecule.24,52,62 

 

Covalent Conjugations 

On the surface of dendrimer, the presence of large amount of functional substituent has a 

vital purpose in covalent conjugation of various drugs with appropriate functional groups. 

They make them appropriate for the conjugation. In this analysis, the drug which is 

covalently bonded to dendrimers releases through chemical otherwise enzymatic rupture of 

hydrolytically unstable bonds. Drugs attached covalently to dendrimer’s surface groups by 

the means of chemical bond affords, improved control over drug discharge, controlled 
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delivery of drugs and also smooth the progress of tissue targeting in contrast to the other 

types interactions as mentioned above.24,52,62 

 

                                                                                                                              Drug Agent 

 

 

Figure 10 Dendrimer-drug interactions of different types (a) Drugs entrapped inside the dendrimer; 

(b) drug adsorbed on dendrimer’s surface via intermolecular interaction; (c) conjugation of drug to 

the dendrimer.73 Reprinted by permission of Royal Society of Chemistry. 

 

Types of Dendrimers 

Dendrimers may possibly be grouped into numerous types depending on their shape, 

structure, branching, solubility, chirality, and attachment.52,53,59This section discusses the 

differently known dendrimers along with their uses and examples.  

 

PAMAM dendrimers 

PAMAM or poly (amidoamine) dendrimers (Figure 11.) have the shape of an ellipse 

otherwise a sphere. They are synthesized divergently, with ammonia or EDA core reagents 

as a starting material. This dendrimer type has high solubility along with the reactivity owing 

to the presence of empty cavities and several functional surface groups. These dendrimers 

are available commercially, generally as methanol solutions. In two dimensions, a star like 

the design was noticed while observing the arrangement of dendrimers of the higher 

generation of this type. Due to their star-like a pattern, these dendrimers occasionally are 

known by the trademark “Starburst”. This size and the structure of this dendrimer are close 
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to natural proteins like insulin, hemoglobin, cytochrome c and many more.52,53,59They have 

their use in material science; e.g.: Dendritech™ 

 

Figure 11 Structure of G-2 PAMAM dendrimers with ethylenediamine core (Ali Akbar Zolriasatein, 

2012).79 (https://doi.org/10.1016/j.jscs.2012.01.007) 

 

PAMAMOS dendrimers 

Symmetrically layered poly (amidoamine-organosilicon) dendrimers (Figure 12.) are the first 

commercial dendrimers holding silicon. Dr. Petar Davornic at Michigan Institute with his co-

workers discovered this unique dendrimer.65These types of dendrimers are unimolecular 

micelles. They include polar, nucleophilic PAMAM in interior and non-polar organosilicon 

in the exterior. PAMAMOS dendrimers due to the presence of nanoscopic domains i.e. 

PAMAM and OS, are remarkably advantageous precursors that are used in the production of 

honeycomb like systems. These dendrimers have widespread uses in the various fields for 

instance, electronics, photonics, and nanolithography i.e. division of 

nanotechnology.65,66e.g.: SARSOX 
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Figure 12 General structure of PAMAMOS dendrimer. Red: inner PAMAM branch cells; blue: outer 

OS branch cells. I: core atom; X: reactive surface groups; numbers 1,2,3..represent generations; 

letters: a, b and c denote PAMAM-PAMAM, PAMAM-OS and OS-OS chemical bonds.65 Reprinted 

by permission of John Wiley and Sons.  

 

PPI dendrimers 

PPI or poly (propylene imine) is the oldest recognized dendrimer discovered by Vogtle 

(Figure 13.).2The core structure of this dendrimer is formed by diamino butane having 

primary amine as end groups in addition to many tertiary propylene amines as a center. These 

dendrimers are formed using a divergent method and are available commercially up to G-5. 

Therefore, they at times are also denoted to DAB-dendrimers. DAB in DAB-dendrimers is 

derived from diamino butane which signifies the core structure. These dendrimers holds 

applications in the field of material science and biology; e.g.: Asramol by DSM52,53,59 
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Figure 13 Generalized representation of PPI G-3 dendrimer (Jiangyu Wu, 2013).71 

(https://www.hindawi.com/journals/tswj/2013/630654/)  

 

Tecto dendrimers 

This type of dendrimer encompasses a core dendrimer along with several dendrimers on its 

periphery (Figure 14.). Each of these performs a definite function which is essential for a 

smart therapeutic Nano-device. These dendrimers have their applications in recognition of 

contaminated cell and in the delivery of drugs; e.g.: Stratus® CS, Starburst, Mercapto52,53,59 

 

Figure 14 Tecto dendrimer holding PAMAM core-shell.74 Reprinted by permission of Elsevier. 
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Chiral dendrimers 

In these dendrimers, chirality depends on the assembly of chemically identical but 

constitutionally varied branches to a core which is chiral. Their possible use as a chiral host 

for enantiomeric resolution and as a chiral catalyst for unsymmetrical synthesis has been well 

known. These dendrimers have widespread applications in the field of biomedical; e.g.: 

dendrimers resulting from tetramethylolmethane.52,53,59 

 

Hybrid dendrimers 

These are hybrids of dendrimers and linear polymers which are acquired by full mono-

fictionalization of peripheral amines of G-0. PEI dendrimer offer lattices that are less 

accessible from other tailored dendritic structures. These lattices are structurally varied 

lamellar, columnar and cubic self-organized. These dendrimers have their uses in biomedical, 

molecular electronics and Nanophotonics field; e.g.: Linear dendritic polymer and 

PSQ.52,53,59 

 

Amphiphilic dendrimers 

These dendrimers are asymmetrical globular dendrimers. They have a highly controlled 

division of chain terminal chemistry. This type is consisting of two separated sites of chain 

end; one part is electron donating while the other part is electron withdrawing. They have 

their applications in the structure directing agent and in gene transfection; e.g.: SuperFect, 

Hydraamphiphiles and Bolaphiles.52,53,59 

The other half of the literature review is on these dendrimers. 

 

Micellar dendrimers 

These are unimolecular micelle arranged dendrimers (Figure 15.). They are completely 

aromatic and water-soluble, forming a collection of an aromatic polymeric chain which is 

able to create an environment that is similar to few micelle structures, which in water forms 

a complex with small organic molecules. These dendrimers have widespread applications in 

the field of medical, biomedical and drug delivery; e.g.: Qvar and Magnevist.52,53,59 
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Figure 15 Self-assembly of hydrophobically modified dendrimer to a micellar structure in aqueous 

media.72 Reprinted by permission of Spring Nature. 

 

Frechet-type dendrimers 

This dendrimer is a recently known dendrimer synthesized by Frechet and Hawker.83These 

are based on the hyper branched skeleton of poly (benzyl ether). They generally have 

carboxylic groups as terminal groups which helps further in surface fictionalization. Also, 

due to the polarity of such surface groups, the solvability of these hydrophobic dendrimers 

in an ionic solvent or in aqueous media is increased.52,53 These dendrimers have used in the 

field of the drug carrier, organic synthesis, and delivery of drugs; e.g.: dendronazides and 

PriostarTM 
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Discovery of few dendrimers with application18: 

Table 5 Formulation of dendrimers 

Entry Brand Name Dendrimer 

category  

Company Application 

1. Vivagel18 Multiple 

Antigen 

Starpharma HIV Avoidance 

2. Alert Ticket18 PAMAM  Anthrax Detection 

3. SuperFect18 Amphiphilic  Gene Transfection 

4. Stratus CS18 Tecto Dade Behring Cardiac Marker 

5. PriofectTM, PriostarTM 18 Tecto Starphrama Targeted diagnostic, 

therapeutic delivery 

for cancer cells 25% 

6. Avidimer18  DOW Cancer prevention, 

treatment 

7. Dendritic18 PAMAM   

8. Astramol18 PPI DSM  

9. Starbust18 PAMAM  Targeted diagnostic, 

therapeutic delivery 

for cancer cells. 
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Amphiphilic Janus dendrimers  

Overview 

In recent times, a novel group of dendrimers acknowledged as Janus dendrimers (JDs) has 

enchanted the scientists of material and drug delivery. JDs are formed by combining two 

different dendrons varying in size and functionality to give a single amphiphilic or hetero-

functional macromolecules having distinct features. Amphiphilic structures are represented 

in dendritic structures as Janus type dendrimers. Amongst the various types of molecules, 

amphiphilic molecules draw special attention during the self-assembly process as they form 

different structures and shapes in nano system.58 

In 1992, Nobel Laureate P.G. de Gennes described his “soft matter” Nobel lecture particles 

where half of the surface is ionic while the other is non-ionic. He entitled these particles as 

Janus grain.56,64Oligoethylene oxides, epimers of glucose i.e. Galactose, Mannose, PAMAM 

and Hydroxyl terminated dendron are few commonly used hydrophilic components in JDs. 

The commonly found hydrophobic components are poly (aryl ether) dendrons and alkyl 

chain.26The first example of JDs as asymmetrically functionalized dendritic molecules was 

proposed by Wooley and Frechet.70 

Virgil Percec with his co-workers reported lately, the growth in the area of amphiphilic JDs 

along with their self-assembling behavior in solution.84They also produced an absolutely new 

library of 107 JDs and studied their self-assembly behavior in water. They found that these 

dendrimers could assemble themselves into a variety of shapes, for instance, vesicles, 

cubosomes, disks, helical ribbons, and tubular vesicles, referred to dendrimersomes. This 

assembling occurs through different non-covalent interactions like pi stacking (also called π-

π stacking), hydrogen bonding, hydrophobic effects and Van der Waals forces between 

dendrimer units. Dendrimersomes are bilayered vesicles that monodisperse and stable in 

various media. These vesicles also hold the property of encapsulating ionic or non-ionic 

species. These ideal properties make them a superlative medium for the delivery of drugs and 

diagnostic agents. They also demonstrate mechanical properties analogous to their resultant 

polymersomes and liposomes that become stabilized by cholesterol. Hence, focus over these 

vesicles has been growing recently.27,31,42 
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Amphiphilic JDs offer asymmetry and may possibly impart extensively varied chemical or 

physical properties inside a single molecule. This broken symmetry of JDs results in new, 

efficient and characteristic properties for the development of complex self-assembled 

materials. This formation of self-assembled materials is at present impossible for 

homogenous or symmetrical dendrimers. Therefore, it is apparent that self-assembling 

potential of JDs expands their efficacy as nanocarriers. These properties make them distinct 

in contrast to conventional dendrimers.43The potency of JDs in different areas for instance 

chemistry, thermal actuators, ionic liquid catalysis, and bio-imaging along with 

optoelectronics has been accounted.55,58Thus, JDs have potential to transform the drug 

delivery field because of these distinguishing features.58Apart from the applications 

mentioned above, the three most important applications of JDs may possibly be classified as 

given below.58Each of these are discussed briefly in the later part of this literature review 

under the section pharmaceutical and biomedical applications of JDs.  

● Dendritic conjugation of drug to JD 

 Conjugating multiple functionalities, combination therapy, solubility enhancement, 

lipophilization of antioxidants, targeted delivery and fluorescent falls under this approach.58 

● Formation of drug delivery system through the self-assembling property of JDs. 

The formation of supramolecular gels, vesicles, and dendrimersomes are considered under 

application of JDs using this feature of self-assembly.58 

● JDs behaving as biologically active molecules, for instance, antibacterial and penetration 

enhancers.58 

My curiosity in this type of dendrimer was due to their applications in the biomedical field. 

The foremost application was these dendrimers act as a medium for drug delivery.  

The accessibility of Janus-type dendritic structures that can perform few tasks such as 

targeting a specific site and carrying a medicinally active drug to this site is the strongest 

demand coming from this biomedical field. This demand has boosted powerful study into the 

design of dendritic species carrying no less than two varied functional groups that are present 

at their periphery or at their core as well as in inner layers.30,31There are few literature review 

papers that emphasizes on the synthesis and characteristics of JDs up till now.   
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Architecture 

JDs were named after a primeval Romanian god, Janus. In the ancient Roman religion, Janus 

is an idol of changes, beginnings, time, duality, gates, doorways and endings. He is generally 

represented with two faces that give the impression of being in the opposite directions.36,64 

JDs are asymmetrical in nature, consisting of two hemispheres i.e. hydrophilic and 

hydrophobic, possessing various sizes and numbers of surface groups.58,64As a consequence; 

these dendrimers interrupt the spherical symmetry that characterizes nearly all conventional 

dendrimers. One can obtain equal benefits of ionic and non-ionic properties of dendrimers 

i.e. a definite structure in addition to the possibility of branched out functionalization, the 

surface active and self-assembling nature of amphiphiles in a single molecule by grafting 

dendrons of varied polarities. Some JDs could also be found under various names such as 

surface-block dendrimers, di-block dendrimers, co-dendrimers, di-block co-dendrimers, 

asymmetric or else bow-tie dendrimers. Generally, all these compounds are acquired by 

coupling two dendrons via their core.58 

An analogous structure of JDs is a tree having branches as hydrophobic dendron and roots as 

hydrophilic dendron.58Figure 16 below shows the structure of JDs having hydrophobic and 

hydrophilic segments grafted by core and holding branching points at the periphery.  

 

 
Figure 16 Structure of JD consisting of two hemispheres i.e. hydrophilic and hydrophobic.58 

Reprinted by permission of Elsevier. 
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Synthesis 

In recent times, accelerated approaches have been accounted for the synthesis of dendrimers 

after synthesizing them from the convergent and divergent approaches (explained briefly in 

the first part of the review).  These include double exponential growth, hypermonomer 

strategies, orthogonal and chemo-selective growth strategies.58From these approaches three 

most important approaches i.e. chemo-selective coupling, heterogeneous exponential growth 

and mixed modular have been suggested for the synthesis of JDs starting in all the cases from 

dendrons. The convergent process is generally used for obtaining dendrons in comparison to 

divergent process.37,58In this section each of these approaches is discussed in brief.  

Later under this section, each of these approaches has been summarized in table 6. This table 

represents the three synthetic methods i.e. chemo-selective coupling as method A, double 

exponential growth as method B and mixed modular approach as method C along with few 

examples of each one.  

 

Chemo-selective Coupling (Method A) 

In this method, two dendrons having complementary functionalities are produced through 

the convergent approach and joined together in the last step. This approach comprises the use 

of click chemistry. This method of coupling is an effortless process for synthesizing JDs. 

This advantage made this method the most favored for the synthesis of these dendrimers. The 

Cu-catalyzed azide-alkyne cycloaddition (CuAAC) reaction is the most extensively used 

click chemistry reaction for synthesizing JDs. In this reaction, azides and primary acetylene 

undergo Huisgen cycloaddition i.e. the dipolar 1, 3 cycloadditions for the generation of 1,4 

substituted 1, 2, 3 triazoles. This highly favored process allows the coupling of various 

dendritic blocks with an extensive range of functional groups. It also allows the attachment 

of reactive elements without any protecting group at the periphery.58 

The absolute elimination of Cu from the end product is very challenging yet, this coupling is 

a high yielding method for synthesizing JDs. Because of its inefficient removal, the Cu can 

obstruct various biological processes. Thus, before investigating any biological applications, 
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the presence of remaining Cu in synthesized JDs using Cu catalyzed reactions must always 

be determined.58 

By using click chemistry Elisabetta Fedeli synthesized JDs in sequence in accordance with 

bis-MPA and octadecanoic acid.85This acid is also acknowledged as stearic acid having 

chemical formula C17H35COOH. Both the dendrons i.e. hydrophilic and hydrophobic were 

synthesized starting from bis-MPA. The hydrophilic dendron was functionalized with 

hexamethylazide group whereas the hydrophobic dendron by an aliphatic alkyne. By 

alternating the generation growth by grafting of isopropylidene bis-MPA via Steglich 

esterification, three varied ionic dendrons (G1, G2, and G3) were produced. In the end, 

Dowex acidic resins were used for the deprotection of isopropylidene acetals. Similarly, three 

non-ionic dendrons were constructed when stearic acid in the ending step was combined to 

the hydroxyl group of bis-MPA of varied generations i.e. Generation 1 (G1), Generation 2 

(G2) also Generation 3 (G3) via Steglich esterification. As a final product, different dendrons 

were combined through dipolar 1, 3 cycloadditions between azide of ionic dendron and 

alkyne of non-ionic dendron by means of Cu catalyst to produce a sequence of six JDs.58 

JDs were also synthesized by chemo-selective Passerini reaction. Jonathan G. Rudick with 

his co-workers accounted such reaction for synthesizing JDs.86This reaction is a three 

element reaction amongst carboxylic acid, a carbonyl group and an isocyanide that offers 

straight contact to α-hydroxycarboxamides. These reaction elements were obtained from the 

convergent synthesis of trimethylene glycol dendrons (IVa and IVb) having IUPAC name 

as 1, 3-Propanediol (Figure 17.). By converting resultant alcohol (IVa) to isocyanide by a 

sequence of intermediate steps of sulfonates-azide-amine-formamide, the benzyl protected 

ionic isocyanide element was produced (Figure 18). From linear alkyl protected alcohol 

dendron (IVb), the aldehyde and acid elements were produced by a series of oxidation 

processes with pyridiniumchlorochromate (PCC) and NaClO2 (Figure 18.). As a final 

product, all the three elements i.e. acid, aldehyde, and isocyanide either in the presence or in 

the lack of solvent went through Passerini reaction to generate JDs (V) (Figure 19.).58 
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Figure 17 Synthesis of trimethylene glycol dendron (IVa and IVb).58 

 



44 

 

 

Figure 18 Hydrophilic dendron IVa: Synthesis of benzyl protected isocyanide element; Hydrophobic 

dendron IVb: Synthesis of decane protected aldehyde and acid element.58 
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Figure 19 Synthesis of JDs (V) by chemo-selective Passerini three element reactions i.e. acid, 

aldehyde and isocyanide. These reaction elements were derived from the convergent method of 1, 3- 

propanediol dendrons (IVa and IVb).58 

 

Heterogeneous double exponential growth (Method B) 

In this method of synthesis, dendrons with a protected bifunctional core is produced (Figure 

22.). These synthesized bifunctional cores are activated further through deprotection after 
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which to this activated core the 2nd dendron is coupled. By the addition of bifunctional linker, 

the dendrons in this method could as well be activated (Figure 24.).58 

In one of the studies, amphiphilic dendrimers were generated by a 2 step process.  

The first step was assembling of focally protected dendrons convergently followed by the 

second step i.e. the two dendrons were coupled after the activation of focal functionality (IX) 

(Figure 22.). It can be noted from Figure 20 (VII) that by myristic acid the hydrophobic 

dendron was produced on the other hand hydrophilic dendron was constructed by coupling 

aspartic acid (Asp) and glutamic acid (Glu) with amine focal group (VIII) (Figure 21). The 

branching point of this hydrophobic dendron was activated to carboxylic acid through 

debenzylation for coupling with an amine of hydrophilic dendron (Figure 21.).58 

 

Figure 20 Production of hydrophobic Dendron (VII) by myristic acid.58 
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Figure 21 Coupling of activated hydrophobic dendron with an amine of hydrophilic dendron. This 

hydrophilic dendron (VIII) was produced by aspartic and glutamic acid.58 
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Figure 22 Dendrons with a protected bifunctional core (IX).58 
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In a different study, the antioxidant JD was generated by heterogeneous exponential growth 

method. By using the convergent method, two varied dendrons were produced. They were 

attached together by adding a bifunctional linker (Figure 24.). The hydrophilic dendron i.e. 

generation 1 (G-1) and generation 2 (G-2) consisted of core Lysine methyl ester along with 

benzyl protected gallic acid (trihydroxybenzoic acid). They were activated by hydrolyzing 

methyl ester group on the focal point (XI) (Figure 23.). On the other hand, the hydrophobic 

dendron was constructed by taking into account benzyl protected dicarboxylic i.e. succinic 

acid, diethanolamine (DEA or DEOA) and mystric acid (XII) (Figure 23.). This hydrophobic 

dendron was activated by a dibenzylation reaction. In the subsequent step, a bifunctional core 

i.e. diaminoethane was condensed to hydrophobic dendron. Finally, the acquired product was 

attached to the hydrophilic dendron for the generation of the ultimate JD (XIV) (Figure 

24.).58 
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Figure 23 Hydrophilic dendron (XI) with core L-lysine methyl ester along with benzyl protected 

gallic acid; hydrophobic dendron (XII) with benzyl protected dicarboxylic and myristic acid.58 
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Figure 24 Addition of diaminoethane, a bifunctional core and subsequent combination step to JDs 

(XIII).58 

 

Mixed modular approach (Method C) 

This approach is a mix of a convergent and divergent method of synthesis. In this method, 

one dendron is synthesized convergently whereas the second dendron is synthesized by the 

divergent process on branching point of 1st dendron. Through this approach bowtie 
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dendrimers were constructed using bis-MPA (XVIII) (Figure 25.). A dendron holding 

isopropylidene acetals and benzyl esters for the protection of the hydroxyls at the periphery 

of bis-MPA and the branching point was synthesized by taking into account the convergent 

method of synthesis. Similarly, by using benzylidene acetals for the protection of hydroxyls 

at the periphery a second dendron was produced divergently. Thus, these two different 

protections could be deprotected independently and selectively for binding polymers and 

drugs.58 
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Continued 
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Figure 25 Preparation of Bow-tie hybrid polyester dendrimers (XVIII) using bis-MPA via mixed 

modular approach.58 
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The table 6 below illustrates the three synthetic methods i.e. method A, method B and method 

C as discussed above. Among these three methods, method A is considered to be the simplest 

method for synthesizing JDs. This method is the convergent coupling of two dendron holding 

complementary functions as the core. Method B involves that 1st dendron in a restrained 

manner holds multifunctional core and the 2nd dendron is coupled with residual functions of 

the core. This method was the first one to be proposed. Method C involves the growth of new 

branches divergently through dendron’s branching point.54,58 

 

Table 6 Different synthetic methods of JDs with hydrophilic and hydrophobic end groups.54,58 

Diagrammatic representation of synthetic 

methods 

Hydrophilic end group Hydrophobic 

end group 

 Chemo-selective coupling            

                    (Method A) 

  

 

 

 

 

 

 

 

G-1-G-3 hydroxyl 

terminated polyester 

dendron holding 

DMPA with 

hexamethylenic azide 

group.  

G-1-G-3 alkyl 

terminated 

polyester 

Dendron with 

an alkyne group 

Hydroxyl group 

terminated G-3 

DMPA based polyester 

Dendron holding 

hexamethyl azide group.  

Acetonide 

protected  

DMPA G-3 

dendron 

owning 

acetylene 

group.  

Mannose caped G-4 

DMPA based Dendron. 

Two coumarins 

terminated G-1 

Dendron. 

Hydroxyl terminated G-

3 polyester  

DMPA based Dendron.  

Alkyl 

terminated G-

1gallate ether 

Dendron.  
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G-2 amine terminated 

PAMAM Dendron 

G-1 alkyl ended 

Dendron.  

Alkyne  functionalized 

PAMAM Dendron 

Alkyne 

functionalized 

Frechet kind 

Dendron 

 

2. Heterogeneous double exponential 

growth 

                             (Method B) 

 

 

Acidic peptide dendron 

produced by L-Asp or L-

Glu with Boc protected 

amine focal point.   

Naproxen 

owning benzyl 

protected 

carboxyl group. 

G-1 and G-2 gallic acid 

ended dendron triggered 

by attachment of ‘en’. 

G-1 and G-2 

myristic acid 

ended dendron 

triggered by 

deprotection of 

benzylic acid. 

Negatively charged 

amino acid dendron with 

amine group as a focal 

point.   

Two myristic 

acids ended 

dendron 

owning acid 

group triggered 

by deprotection 

of benzylic 

group. 

Polyanionic 

phosphorous dendron of 

G-1-G-3 holding 

carboxylic and vinyl 

group as a focal point. 

G-1-G-3 

phosphorous 

Dendron with 

dimethyl amino 

terminal group 

and the vinyl 
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group as a focal 

point.   

  

 

 Mixed modular approach  

        (Method C) 

 

 

 

G-1-G-2 hydroxyl 

terminated bis-MPA 

based Dendron. 

 

G-1 alkyl ended 

gallate ether 

Dendron 

TEG ethers of GA 

 

G-3 acetonide 

protected 

polyester 

nitrobenzyl 

holding 

Dendron. 
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Pharmaceutical and biomedical applications 

The benefits of JDs in the area of medicine and delivery of drugs may possibly be distributed 

in two major strategies i.e. conjugation and vesicular formation. The conjugation strategy of 

JDs takes account of functionalization of JDs by multiple agents, delivery of drug on the 

specific site, combination therapy, improvement in antioxidant activity and lipophilicity. On 

the other hand the vesicular strategy of JDs incorporates micellar delivery, supramolecular 

hydrogels and dendrimersomes. Each of these has been discussed in brief under this section 

of applications. There is another strategy which has been discussed under this section that is 

JDs as biologically active molecules and excipients.58 

Table 7 and 8 in appendix has summarized these strategies of pharmaceutical and biomedical 

applications. Table 7 gives the information on different benefits of JDs via conjugation 

approach whereas Table 8 provides the detail applications of a vesicular delivery system by 

self-assembling JDs.58 

 

Dendritic Conjugates 

Functionalization by multiple agents 

By using some agents, for instance, targeting agents, drug and imaging agents, a specific JD 

could be functionalized. This JD may possibly be PEGylated as well for the development of 

a multidimensional system. This idea of coupling various functional components to a single 

dendrimer refers to a stochastic approach. Different drawbacks in the synthetic and 

therapeutic field are produced with use of this approach in conventional dendrimers. Low 

reaction yield due to multistep synthesis along with steric hindrance falls under synthetic 

limitations whereas therapeutic limits result in the variation of a number of targeting along 

with chemotherapeutic elements, leading to unstable biological activities. By using JDs, these 

limitations in conventional dendrimers could be affected as these JDs offer a flexibility of 

coupling of two different components on two different surfaceschemo-selectively.33,34,60,68 

Poly (ethylene oxide) JDs (PEO-JDs) were synthesized and conjugated consecutively with 

folic acid (FA) on one part and with camptothecin (CPT) on the other part (Figure 26.). By 

means of click chemistry, the conjugation of CPT and FA was accomplished. Using 
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Williamson etherification reaction, the hydroxyl groups present on the periphery of one face 

of PEO-JD were changed to alkyne groups by propargyl bromide which is also known as 3-

bromo-1-propyne.  The peripheral ketal groups on other part of PEO-JD were deprotected by 

0.1N HCl. Subsequently, the bromides were formed by esterification with 2-bromopropionic 

acid.  By amidification reaction, azido encompassing amidified FA derivatives were 

produced using 2-aminoethyl azide. Furthermore, these derivatives were combined to alkyne 

of PEO-JD through click chemistry. The bromides of PEO-JD were altered to azides using 

sodium azide. To give a higher number of CPT over folic acid on JD alkyne tailored CPT 

was prepared by means of esterification with 5-hexanoic acid, and conjugated in the last step 

with azido groups of PEO-JD through Cu-catalyzed click chemistry. PEO-JD was also 

synthesized by other method so as to change the ratio of FA and CPT (Figure 27.). The issue 

of its stability and solvability was resolved by the association of CPT to one end of 

multifunctionalized PEO-JD.33,34,60,68 

Moreover, folate receptor targeting group was delivered by the association of FA to the other 

end of PEO-JD. Thus, this JD that is functionalized is an illustration of a stochastic 

approach.33,34,68,60 
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Figure 26 Synthesis and conjugation of PEO-JD with FA on one side and CPT on another.58 

Reprinted by permission of Elsevier. 
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Figure 27 Preparation of PEO-JD by another route in order to change the ratio of FA and CPT.58 

Reprinted by permission of Elsevier. 

 

Lee Cameron reported the motif and construction of bis-MPA dependent ecological, non-

hazardous asymmetrical bow-tie polyester dendrimers owning high water solvability and 

adjustable molecular weight (Figure 28.).87 High ability of drug loading for doxorubicin 

(Dox), with a low polydispersity index (PDI) was demonstrated by these JDs. They also 

showed better pharmacological effects of Doxin mice that are implanted with tumor. These 

dendrimers were with G-3 dendron on one part and G-4 on the other.  

By using the method of coupling different functional groups to a single dendrimer i.e. the 

stochastic process, eight of PEO chains were combined to G-3 dendron whereas doxorubicin 

molecules sixteen in number were combined to G-4 dendron present on the different side 

through cleavable hydrazone linkage.33,34,60,68 
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Figure 28Synthesis of bis-MPA based bow-tie polyester dendrimers.58 Reprinted by permission of 

Elsevier. 

 

For all the batches produced these bow-tie polyester dendrimers illustrated 8-10% of Dox 

loading. Hence, they accomplished avoiding batch to batch difference that is the main 

drawback of a stochastic approach of conventional dendrimers. The unimolecular micelles 

were formed when PEO arms of bow-tie polyester dendrimers protected the hydrophobic 

core holding the model drug i.e. Dox. This protection of PEO over the attached Dox improved 

its solvability, lessened its toxicity and extended the duration of blood circulation of PEO-

Dox bow-tie polyester dendrimer complex.33,34,68,60 

In-vivo studies revealed that PEO-Dox bow-tie dendrimers demonstrated restrained 

pharmacological properties by increasing its tumor uptake by being nine fold higher than the 

free Dox. This directed to an outstanding activity of PEO-Dox bow-tie dendrimer complex 

against a tumor. A single intravenous injection of dendrimer-Dox resulted in full depletion 

of tumor and 100% survival of mice while the plain Dox did not show any cure. By means 

of chemo-selective coupling of Dox to amphiphilic JDs, variation in the pharmacological 
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properties of model drug was achieved. These variations further led to the novel promising 

strategy in favor of cancer therapy.58 

 

Specific site drug delivery 

The possibility of coupling targeting ligands and drug moieties chemo-selectively to the same 

fragment make JDs a capable medium for the delivery of drug to the specific site. The same 

is not possible for conventional symmetrical dendrimers.33,34,39,60 

According to the study made by Pan with his co-workers under the paper-“Design and 

synthesis of novel amphiphilic JDs for bone-targeted drug delivery” a variety of bis-

functionalized JD holding various polarized amino acids moieties i.e. Glu or Asp (XXI) 

(Figure 29.) along with a non-polar model drug, Naproxen (XXV) (Figure 30.) were 

synthesized. They were finally, assessed as a possible delivery system for bone-targeting. 

These dendrimers were capable to hold several multiple drug molecules and target the bone 

tissue. These dendrimers were synthesized by double exponential growth method of 

dendrimer synthesis (Figure 31.). Firstly, Asp/Glu and Naproxen dendron encompassing 

protected focal point was produced (Figure 29. and Figure 30.). Later, the focal point was 

activated by deprotection followed by coupling of both the dendrons (XXVII) (Figure 31.).33 

All the products produced illustrated binding affinity to hydroxyapatite (HAP) not less than 

80%. HAP is a mineral form of calcium apatite occurring naturally. But, the G-2 dendrimers, 

in particular illustrated, the utmost binding rate of 95% with improved aqueous solvability in 

comparison to naproxen. This improvement in bone-affinity and solvability may possibly 

because of the elevated amount of carboxylic groups on the hydrophilic part of JD, which 

leads to better multivalent interactions among carboxyl groups of bone targeting peptides and 

HAP.33,58 
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Figure 29 Synthesis of hydrophilic Dendron (XXI) holding various polarized amino acid moieties 

i.e. aspartic/glutamic acid.58 
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Figure 30 Synthesis of hydrophobic dendron (XXV) holding nonpolar model drug i.e. naproxen.58 
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Figure 31 Synthesis of bis-functionalized JD (XXVII) by coupling hydrophilic and hydrophobic 

dendron using heterogeneous double exponential method.58 
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Improvement of antioxidant activity and lipophilicity 

JDs could be utilized in improving the biological performance of an active by dendritic 

display because of the ability of these dendrimers to merge several properties in one 

molecule. By producing JDs holding GA as peripheral functionality on one side and 

hydrophobic myristic acid on the other (XXVIII) (Figure 32.) the improvement in the 

antioxidant activity along with lipophilicity of gallic acid (GA) was attained.58 

 

 

 

Figure 32 JDs with GA as a peripheral functionality on one side and hydrophobic alkyl chains of 

myristic acid on another (XXVIII).58 
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Taking the benefit of dendritic scaffold for the coupling of several antioxidants and lipophilic 

moieties all at once, these JDs exhibit enhanced antioxidant property and improved 

lipophilicity over GA. The outcomes obtained imply that GA enclosing JDs could be used as 

an antioxidant in food that is based on oil and cosmetics industries. Amphiphilic JDs 

functionalized with GA could mount up at oil-water or oil-air boundary where oxidation is 

supposed to take place. This interpretation is a vital example which explains that JDs not 

only help in improving the aqueous solvability but could also improve the lipophilicities of 

actives. For designing novel material in favor of biological applications biocompatibility is 

a significant thought. The biocompatibility of produced final derivatives is also an essential 

consideration regardless of the biocompatibility of starting materials. Still, this study did not 

have sufficient biocompatibility and other biological evaluations.58 

  

Combination therapy 

For various disease conditions, multi-drug combination therapy is a significant therapy used 

generally in medical practices. There is a necessity to produce resourceful polymeric nano-

carriers that are able to hold a number of drugs, and have control over the drug ratio and 

release rate, in order to enhance the current treatment approaches with multi drugs. These 

factors have an effect on the efficiency and capability of this multi-drug therapy. The 

distinctive structural features and chemo-selectivity make JDs a perfect vehicle for the 

transportation of various drugs via conjugation.58 

With the use of two drugs i.e. benzyl alcohol (BA) and 3-phenylpropionic acid (PPA), the 

validity of JDs in this therapy has been verified. These drugs have been utilized for 

synthesizing new biocompatible JDs holding poly (ethyl glycol)-600 units (PEG-600) as a 

backbone and tertiary amine as a branching motif. The two drugs were combined to linear 

PEG units of distinct dendrons holding alkyl or azide part. For the production of four JDs 

based on PEG the coupling of these two dendrons was done by (3+2) cycloaddition (Figure 

33.).58 
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Figure 33 Conjugation of two dendrons; BA and PPA via (3+2) cycloaddition.58 Reprinted by 

permission of Elsevier.  

 

With the use of different dendron generations, there is a possibility to modify the extent of 

drug loading by means of changing the number of drug loading sites. By means of high 

generations, high drug loading can be acquired for instance; G-1 holds two binding sites 

while G-2 holds four sites. In this study, linker stability experiments were conducted by the 

authors with four model compounds holding four different linkages i.e. amide, ester, 

carbonate, and carbamate. From the results, it was observed that there was degradation in the 

half-life irrespective of pH of the intermediate i.e. t1/2 of the four linkages in the order as 

amide/carbamate holding the maximum degradation followed by carbonate and then the least 

was by an ester. In all the physiological conditions, the highest stability was showed by amide 

and carbamate whereas the fastest hydrolysis in plasma by ester and carbonate linkages. 

Depending upon these outcomes, ester and carbonate linkers were chosen for the attachment 

of PPA and BA to the dendritic structure so that the desired controlled release or sequential 

release profile was attained. JD presented conflicting results when the release behavior of 

this JD system was studied in plasma. It was predicted that benzyl alcohol will be liberated 

slowly owing to the carbamate linkage and 3-phenylpropionic acid will be liberated at a faster 

rate. Though, the actual results were completely opposite to what was expected.58 
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Besides the sequential and controlled release, it was noted that 100% maximum theoretical 

drug loading was accomplished for the two model drugs with no batch to batch variations 

because drug loading, in particular, is controlled in JDs.58 

 

Self-assembly into the vesicular delivery system 

Micellar delivery 

Due to the less cytotoxicity and drug resistance of micellar and polymeric nano-particles, 

they are gradually receiving attention to a great extent for clinical medicine and drug delivery 

method.  As a result of several positive features of Nano-micelles such as high drug loading 

and smaller size, these nano-particles have accomplished importance particularly, in cancer 

treatment. These advantages are accountable for deep tumor penetration and therapeutic 

efficiency. The nano-micelles are usually produced by amphiphilic lipids and co-polymers 

materials. The limited stability is possessed by amphiphilic lipidic micelles while the 

copolymeric micelles have problems of uneven distribution of particle size i.e. PDI. 

Attributable to limitations there is a great need of new materials that may possibly form 

polymeric micelles stable and evenly distributed. Furthermore, JDs look like they are capable 

materials.58 

Wei Tuo with his co-workers accounted a new nano-micellar delivery method in reference 

to amphiphilic JDs.88The stability and automated potency of dendritic polymers along with 

the micelles forming property of amphiphilic lipids are merged in this method. In this 

investigation the JDs used were synthesized by taking into account the second generation i.e. 

G-2 of ionic PAMAM dendron and two non-ionic C-18 alkyl chains that are linked together 

through click chemistry. These JD micelles could accommodate a large empty space inside 

the core based on high drug loading owning to the unique structure of dendrimers (Figure 

34). Film dispersion approach was employed for synthesizing nano-micelles (AmDm/Dox). 

In this method, the model drug that was used was Dox. These micelles were characterized by 

two techniques i.e. dynamic light scattering (DLS) and transmission electron microscopy 

(TEM). Spherically shaped well-dispersed nano-assemblies showed a diameter of 6.8 nm 

while the micelles loaded with the model drug, Dox illustrated a size of 10 nm. The size of 
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micelles that are loaded with a drug showed an increase which could be due to micellar 

expansion needed to hold Dox inside the non-polar core to obtain high drug loading. Further, 

encapsulation studies explained that utmost 42% of Dox may possibly be loaded in this 

system. It was also suggested that for high drug loading, lipid-dendrimer hybrid structure of 

amphiphilic JDs could be responsible because dendritic polar components produce non-polar 

core in low density that possibly can hold a large number of drug molecules.58 

 

 

Figure 34 Amphiphilic JD micelles.58 Reprinted by permission of Elsevier. 
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In vitro, anti-proliferation efficacy of nano-micelle (AmDm/Dox) was examined against 

breast cancerous cells that are Dox sensitive, breast cancerous cells that are Dox resistant, 

castration-resistant prostrate cancerous cells, Hep G-2 cells along with cervical cancer HeLa 

cells. This nano-micelle was more powerful against the sensitive and resistant cancerous cells 

in comparison to free Dox. To understand the process underlying the improved anti-

proliferative activity of nano-micelle (AmDm/Dox) the laser scanning microscopy i.e. flow 

cytometry and confocal laser scanning microscopy (CLSM) were analysed.58,75 

Through micropinocytosis the nano-micelles encouraged the accumulation of Dox followed 

by penetration into lysosomes. Micropinocytosis refers to the inclusion of macromolecules 

or other substrates into cells by membrane cavity and pinching off of tiny vesicles. Acidity 

at the lysosomes destabilizes the micellar structure therefore discharging Dox.58,75 

After the Dox was escaped effectively from lysosomes, they were penetrated in the cytoplasm 

to reach the nuclei efficiently. By this mechanism, the anti-proliferation efficacy of nano-

micelle was increased significantly, even in those cancerous cells that were drug resistant.58 

 

Supramolecular hydrogels 

Amphiphilic molecules could construct fibrous aggregates by self-assembling with the 

purpose of arranging themselves in a three-dimensional system and thus avoiding 

microscopic flow by soaking up huge amount of water. This type of system results in the 

generation of supramolecular hydrogels. These hydrogels have few advantages such as eco-

friendly materials, speedy formation, and stimuli responsiveness because of non-covalent 

interactions.44,58 

Nummelin et al. accounted that by injecting an ethanolic solution of dendrimers in at low 

mass proportion aqueous solution, a mechanically strong supramolecular hydrogel from JD 

was produced.67JDs employed in the analysis were dependent on AB2 and AB3 kind of 

Percec dendrimers.63,67In such dendrimers, the non-ionic blocks were synthesized from 

gallate ether dendron having branching pattern as (3, 4); (3, 5) and (3, 4, 5) whereas as the 

ionic block comprised of hydroxyl terminated bis-MPA dendrons. Click chemistry was used 
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for attaching these dendrons together by means of coupling agent i.e. CuSO4 to acquire three 

different JDs i.e. (3,4); (3,5) and (3,4,5).58 

In-depth structural examination by few techniques such as small X-ray scattering (SAXS), 

cryogenic-transmission microscopy (cryo-TEM) and scanning electron microscopy (SEM) 

was carried out which confirmed that hydrogel included hierarchy structure wherein 

amphiphilic JDs self-assembled to nano-fibrils. These nanofibrils bundle up to create thicker 

nanofibres having two-dimensional orders. These fiber bundles and fibrils form a cross-

linked 3D system that soaks in water and results in hydrogels (Figure 35.).58,67 

By loading various bioactive cargos, for instance, drug (nadolol), dipeptide (gonadorelin) 

and active enzyme horseradish peroxidase (HRP), the ability of these JDs as a drug 

transporter hydrogel along with release properties was inspected. The structure of 3 JDs 

forming hydrogels were studied (3, 4); (3, 5) and (3, 4, 5) and it was detected that (3, 5) and 

(3, 4, 5) were strong mechanically whereas (3, 4) was weaker.58,67 

Equal to the strain of about 1%, all the hydrogels experienced invariance of modulus, 

although with applied additional strain there was a drop off in the modulus. This was a sign 

of a structural break with an increased strain which resulted in the breakdown of hydrogel 

structure.58,67 

 
Figure 35 Supramolecular Hydrogels: A cross-linked 3D network of submicron mesh size that 

absorbs water and leads to these hydrogels. This network is formed by fiber bundles and single fibril.58 

Reprinted by permission of Elsevier. 
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Dendrimersomes 

The self-assembling of bi-layered vesicles in water from amphiphilic JDs are referred to 

dendrimersomes (Figure 36.). These dendrimersomes are monodisperse vesicles of 

adjustable size, being stable in various media. Besides, they have the potential to enclose 

hydrophilic and/or hydrophobic cargo in their structure. These attributes make them a perfect 

medium for nano-vesicular delivery, having advantages over liposomes and polymersomes. 

Dendrimersomes hold the stability and the potency of polymersomes and the biological 

functionality of liposomes.41,58 

 
Figure 36 Structure of dendrimersome along with liposome and polymersome.58 Reprinted by 

permission of Elsevier. 

 

Percec with his colleagues (Percec et al., 2010) constructed 11 different libraries adding 107 

positively charged or neutral amphiphilic JDs based on AB2 and AB3 building blocks for 

ionic and non-ionic fragments.84Every JD was synthesized with two kinds of non-polar 

fragments i.e. aliphatic and mixed aromatic parts, whereas the polar fragments were 

synthesized with six kinds of functional groups i.e. oligoethylene oxide, dimethyl propionic 

acid (DMPA), thioglycerin, Boc-amide and quats (quaternary ammonium compounds). In 

the majority of the studies, the core functionality incorporated pentaerythritol, with their self-

assembling being attained by an easy method of injecting ethanol.41,58 

By means of cryo-TEM the architecture of self-assembled structures was studied. Nano-

vesicles of different shapes, for instance, bi-layered dendrimersomes, cubosomes, disks, 

tubular vesicles, and micellar structures were produced by JDs. Micromanipulation 
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experimentations by considering micropipette method showed the potency of 

dendrimersomes with a comparison of unchanged and cholesterol stabilized liposomes. The 

mechanical properties, thickness, and impermeability of these dendrimersomes permitted 

them to be stable for 244 days at r.t. The drug-carrying potential was investigated by using 

hydrophilic, hydrophobic drugs and anticancer drug i.e. Dox explained that hydrophobic 

drugs accrue in walls, while hydrophilic might attain aqueous inner. In JDs the presence of 

aromatic-aliphatic ester groups made these vesicles to illustrate the discharge of encapsulated 

Dox that is dependent on pH and hence may possibly be engineered to get stumuli responsive 

and /or targeted release.58 

 

Dendrimersomes from “Single-Single” amphiphilic Janus dendrimers (JDs) (SS-JDs) 

These SS-JDs encompasses a polar and a nonpolar dendron in their structure. They are 

produced from few synthetic steps still have the benefit of forming dendrimersomes which 

results in the progress in this field. In one of the studies, the formation of vesicular assembly 

by these JDs was ruled by nature and branching motif in the polar part. The polar dendron 

having three methoxytriglycol chains with 3, 4, 5 branching pattern favored self-assembly in 

vesicular structures, while the dendrons with two chains having configurations as 3, 4 or 3, 

5 did not show the vesicle formation.47,58 

The influence on the nature of the vesicles by the branching motif of non-polar dendrons was 

another remark. The same research group executed a study which confirmed a steady increase 

in PDI and the size of particle with a rise in the concentration of SS-JDs.47,58 

 

Onion-like dendrimersomes 

Self-assembling of SS-JDs to produce onion-like dendrimersomes was the additional 

development in this field of dendrimers. In one of the studies, modular synthetic approach 

was used for synthesizing eight SS-JDs holding isomeric amide. This method involved the 

attachment of hydrophobic amine dendron to hydrophilic acidic dendron or inverse. These 

onion-alike vesicles were synthesized by direct or reverse injections of the SS-JD solution in 

organic solvents i.e. tetrahydrofuran (THF), acetone, acetonitrile (ACN) and diethylene 
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dioxide to Milli-Q i.e. ultra-purified water or phosphate and (4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid) buffer (HEPES) (Figure 37.). H-bonding between structures 

holding amide cores was regarded as an important factor for the formation of onion-like 

dendrimersomes because structures having ester cores produced merely single 

dendrimersomes having two layers. The size and the number of bi-layers of these onion-like 

dendrimersomes showed dependence on the final concentration of JDs in the solution. At 

lower concentration, double bi-layered onion-like dendrimersomes were created, whereas, at 

higher concentration, multi-bi-layered onion-like dendrimersomes were formed. It was 

recommended that these produced structures holding an adjustable number of bi-layers could 

encapsulate many water-soluble or insoluble cargos in different layers. This approach of 

encapsulation in different layers may perhaps create a Nano vesicular delivery system 

finally.33,58 

 
Figure 37  Onion-like dendrimersomes in organic solvents.58 Reprinted by permission of Elsevier. 

 

Glycodendrimersomes 

Janus glycodendrimers (JGDs) alike glycodendrimers hold carbohydrate part in their 

structure and the dendrimersomes produced from them are referred to glycodendrimersomes. 

To acquire seven libraries amphiphilic JGDs, different hydrophilic carbohydrate dendrons 

were coupled to hydrophobic dendron functionalized by an aliphatic alkyl group. These JGDs 

self-assemble in water using ethanol or THF injection method. This method results in the 
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vesicles of different shapes like, solid vesicles, clusters of glycodendrimer, tubular and 

polygonal dendrimersomes are formed. It has been recommended that for lectin-mediated 

delivery of drugs, genes and for vaccines glycodendrimersomes may possibly be used (Figure 

38.).45,58 

 

Figure 38 Glycodendrimersome structure used for lectin binding.78 (P. Bojarova, 2016) 

(https://www.ncbi.nlm.nih.gov/pubmed/27075026) 

 

Photodegradable dendrimersomes  

With the use of photodegradable chemical functionalities, such as o-nitrobenzyl units, 

photodegradable properties have been introduced in JDs. Mixed modular method was used 

to synthesize photodegradable JDs by means of triethylene glycol (TEG) functionalized GA 

having hydrophilic dendron and photodegradable hydrophobic acetal protected 3-nitro, 4-

bis-MPA toluic acid (XXXIV) (Figure 39.). These photodegradable JDs also self-assembled 

to produce dendrimersomes and had the potential for the encapsulation of hydrophilic and 

hydrophobic elements that can be discharged under ultraviolet light. The self-assembled 

property of these JDs was examined by the nanoprecipitation method using THF or dimethyl 

sulfoxide (DMSO). The results from dynamic light scattering (DLS) and TEM showed that 

G-1 of JD 3 and G-2 of JD 4 produced micellar aggregates having a diameter more than 100 

nm whereas, G-3 of JD 7 produced dendrimersomes having a diameter of 158 nm. A 
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photodegradation analysis was executed on G-3 of JD 7 using an ultraviolet method and 

DLS.46,58 

By means of ultraviolet method and upon irradiation of UV light for 30 min, the photo-

degradation of JD was verified because the peak intensity of o-nitrobenzyl moieties 

decreased while with the intensity of photolysis byproduct i.e. o-nitroaldehyde, increased. 

DLS technique was further used for assisting these interpretations. It was noted that the 

diameter of dendrimersomes decreased owing to the formation of smaller micellar clusters 

because of degradation. Through encapsulation of hydrophilic fluorescein in cores and 

hydrophobic Nile red in bi-layered membrane using fluorescence spectrometry, the prompt 

release of encapsulated hydrophilic and hydrophobic cargo was inspected. In the time span 

of 8 minutes the UV irradiation of dye encapsulated dendrimersomes illustrated 90% 

discharge of hydrophobic dye. These outcomes recommended that to prompt the release only 

perturbation of bi-layered membrane was needed whereas the absolute degradation of 

micellar aggregates takes longer for the release. In the case of a hydrophilic dye, fluorescein, 

only 20% discharge was observed after irradiation for 10 minutes. These consequences 

pointed out that long time was required for the release of fluorescein as compared to Nile 

red.33,46,58 
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Figure 39 Synthesis of photodegradable dendrimersomes (XXXIV) through mixed modular 

approach using TEG functionalized GA holding hydrophilic dendron and photodegradable 

hydrophobic acetal protected 3-nitro, 4-bis-MPA methyl benzoic acid.58 
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JDs as biologically active molecules and excipients 

Antibacterial materials 

Owing to the amphiphilic nature, JDs could possibly be antimicrobial agents, because it is 

known that amphiphilic compounds behave as antibacterials by penetrating and disturbing 

prokaryotic plasma membrane.58 Meyers with his co-workers produced a sequence of anionic 

surface block co-dendrimers comprising different natural metabolites i.e. succinic acid, 

glycerine and 1-tetradecanoic acid holding a range of acidic and alkyl functionalities.89The 

formed amphiphilic derivatives XXXV and XXXVI (Figure 40.) together with natural 

metabolites and commercial amphiphiles i.e. sodium dodecyl sulphate (SDS) and Triton X-

100 (TX-100) were examined for cyto-toxicological studies carried out against wild-type 

Gram-positive strains (Bacillus subtilis) and primary cell lines of human umbilical vein 

endothelial cell (HUVECs).58 

It was observed that SDS and TX-100 demonstrated antibacterial activity i.e. toxicity against 

both bacillus subtilis (prokaryotic) and HUVEC cells (eukaryotic) whereas natural 

metabolites demonstrated no toxicity against both cells. Alternatively, the synthesized 

amphiphilic JDs XXXV and XXXVI demonstrated toxicity against Gram-positive strains but 

were found to be non-cytotoxic against HUVEC cells, tested at all concentration levels. In 

comparison to cationic dendrimers, the anionic dendrimers demonstrated selective 

antibacterial activity towards prokaryotic cells. Further study by transmission electron 

microscopy discovered that JD XXXVI produced a vesicular structure of size 100 nm. Yet 

additional characterization of these supramolecular assemblies along with their mechanism 

has to be examined.39,43,58 
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Figure 40 Amphiphilic derivatives XXXV and XXXVI with natural metabolites (succinic acid, 

glycerol, myristic acid) and commercial amphiphiles (SDS and Triton X 100).58 
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Taking in account the antibacterial activity and potential of these JDs for the construction of 

nano-vesicles, they appear to be capable non-drug antibacterial material for the growth of 

nano delivery network with better performance by multiple mechanisms.39,43,58 

Other JD showing toxicity are amphiphilic Janus peptide dendrimers consisting of G-1 

dendron of 1-tetradecanoic acid as a hydrophobic part and G-2 dendron of negatively charged 

amino acid (L-Asp and L-Glu) as a hydrophilic part (Figure 41.).  Heterogeneous double 

exponential approach as explained earlier was used to produce these JDs. They have been 

examined against the gram-negative strains i.e. E. coli and E. faecalis and gram-positive 

strains i.e. staphylococcus aureus and methicillin resistance S. aureus (MRSA). The 

outcomes illustrated that second-generation derivatives XXVIIIa and XXXVIIIb were fairly 

active whereas the first generation derivatives XXXVIIa and XXXVIIb were inactive. This 

can be because of increase in hydrophilic groups on second generation dendrimers resulting 

in amphipathicity needed for the disruption of prokaryotic membrane.39,43 
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Figure 41 Amphiphilic Janus peptide dendrimers (XXVII and XXVIII) consisting G-1 and G-2 

dendrons having negatively charged amino acids i.e. L-Asp and L-Glu as hydrophilic segments and 

G-1 of tetradecanoic acid as hydrophobic segments.58 
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Transdermal permeation enhancers 

Oleic acid based G-1 and G-2 poly (propyl ether imine) (PETIM) dendrimers, termed 

oleodendrimers, were produced and characterized. In in-vivo experiments on rabbits all the 

oleodendrimers produced were discovered non-irritant. These dendrimers holding ester 

linkages did not show any antimicrobial activity on HeLa cell using sulforhodamine (SRB) 

assay, whereas JDs holding amide linkages exhibited generation dependent toxicity. By using 

a model drug i.e. diclofenac sodium drug, the ability of these dendrimers as penetration 

enhancers was appraised on rat skin. The outcomes pointed out that all oleodendrimers 

demonstrated an important improvement of penetration flux of model drug in contrast to 

parent oleic acid.33,34,39,43 

The ones with ester linkages demonstrated greater permeation flux than those with the amide 

linkages. These findings hence recommend that lipidic and amphipathic JDs might be utilized 

as novel chemical penetration enhancers.33,34,39,43 
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Experimental part 

The  synthesis  of  JDs  by  using  divergent  method  up  to  the  third generation holding 
polyester dendrons was the main objective of this work.  
 

Plan of synthesis 

JDs holding polyester dendrons were constructed on aliphatic bis-MPA. The main building 

block was the anhydride of 5-Methyl-2-phenyl-1,3-dioxane-5-carboxylic acid. This 

anhydride was produced in great yield through self-dehydration using DCC as a reagent. 

Further reaction of the anhydride with 2-[(4-Methylbenzene sulfonyl) oxy] ethan-1-ol 

resulted the production of second-generation benzylidene-protected dendrimer. The 

benzylidene protection was easily removed by hydrogenolysis. The removal of protection 

directed to the main product i.e. second generation hydroxyl terminated dendrimers. The 

same procedure was repeated and the main product i.e. third generation hydroxyl terminated 

dendrimers were obtained. 
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Figure 42 Synthetic route for 3, 6, 7, 8 and 9. 
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Figure 43 Synthetic route for 10 and 11. 
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Aim of the study 

The purpose of this research has been to generate and characterize Janus type dendrimers 

holding a polar/hydrophilic surface group. The plan has been to synthesize these molecules 

up to the third generation. The reason behind this study is the use of these molecules in drug 

loading. The dendrimer-drug complex obtained after loading of the drug can be used further 

as a vehicle for the controlled release of drugs and drug targeting.  

 

Results and Discussion 

Methanol, Dichloromethane, Pyridine, and Deionized water were used as solvents and 

Pd(OH)2/C 20% was used as a reducing catalyst. All the compounds were from the company 

named Sigma Aldrich. Every chemical was of the analytic grade i.e. most pure. 

 

Experimental 

All products were characterized with 1H and 13C-NMR spectra recorded on Varian INOVA-

300 (2 channel triple axis gradient spectrometer) using CDCl3 and CD3OD as solvents and 

TMS (0.00 ppm) serving as a standard compound for the calibration of chemical shifts. 

Chemical shifts (�) were articulated in ppm. In NMR, there are few abbreviations that have 

been accepted for multiplicities. The most commonly used abbreviations for multiplicities 

are s= singlet, d= doublet, t= triplet, q= quartet, quint= quintet, m= multiplet. The melting 

points were reported on BuchiTM Melting Point M-565 equipment. Also, IR spectra’s (cm-1) 

were recorded for all the products by using Fourier Transform Infrared Spectrometer (FTIR).  
 

Synthesis of 5-Methyl-2-phenyl- [1, 3]-dioxane-5-carboxylic acid (A) 

Bis-MPA (10.0g, 74.5mmol) was added to 100ml water in a flask. This flask was shaken 

gently so that a lucid solution was obtained. To this solution 1 ml of conc. HCl was added 

followed by a drop by drop addition of benzaldehyde for over 2 hrs. at 38°C. The flask was 

heated further at 40°C for another 21 hrs. Afterwards, the flask was cooled firstly at r.t. and 

then in the refrigerator for 20-25 minutes. A white gummy like solid was observed. This 

white solid was filtered. The excess of benzaldehyde was removed by dissolving the obtained 
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product in dichloromethane and precipitating out in hexane. The solid appeared in the flask 

was filtered and dried. The re-crystallization was done with EtOAc to give colorless needle-

shaped crystals.  

Yield: 9.38 g; 57%, mp: 198-199°C (lit. 197-198 °C) 

IR (cm-1):Aromatic; 3060 C-H (w), 1086 in plane C-H bending and 738 C-H out of plane 

bending, Methyl; 2864 C-H stretching and 1451 C-H bending, Carboxylic; 1694 C=O (s) and 

1419 O-H bending (m). 

1H NMR (300MHz, CDCl3)�7.46-7.34 (m, 5H), 5.50 (s, 1H), 4.62-4.58 (d, 2H), 3.74-2.70 

(d, 2H), 1.12 (s, 3H). 

13C NMR (300 MHz, CD3OD)� 177.99, 139.71, 129.85, 129.02, 127.40, 102.88, 74.51, 

43.22, 18.12 

 

 
Scheme 1 Synthesis of 5-Methyl-2-phenyl-[1, 3]-dioxane-5-carboxylic acid  

 

Synthesis of 5-Methyl-2-phenyl-[1, 3]-dioxane-5-carboxylic anhydride (B) 

5-Methyl-2-phenyl-1, 3-dioxane-5-carboxylic acid (9.38 g, 42.20 mmol) and DCC (4.35 g, 

21.10 mmol) were dissolved in 100ml of dichloromethane. DCC gives moderate, prompt and 

high yielding access to the symmetrical anhydride but other reagents such as phosphorus 

pentoxide (P2O5) or acetic anhydride (CH3CO)2CO are more tricky to use for the extant acid 

labile protective group. At r.t. the mixture was stirred overnight so that the by-product urea 

DCC was precipitated out. This by-product was filtered on a glass filter and was rinsed with 

a small amount of dichloromethane. Purification of the product was achieved by precipitating 

filtrate in 300 ml hexane under vigorous stirring. The white needle-shaped crystals were 

obtained when the recrystallization was performed with ethyl acetate (EtOAc). 

Yield: 8.24 g; 92%, mp: 152-153 °C (lit. 151-153 °C) 
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IR (cm-1): Anhydride; 1815 and 1746 C=O (s), Methyl; 1450 C-H bending (m), Aromatic; 

3034 =C-H, 1465 C-C, 1086 and 1035 C-H bending. 

1H NMR (300 MHz, CDCl3)� 7.47-7.32 (m, 10H), 5.47 (s, 2H), 4.68-4.54 (d, 4H), 3.71-

3.66 (d, 4H), 1.12 (s, 6H). 

13C NMR (300 MHz, CDCl3)� 169.26, 137.73, 129.23, 128.36, 126.43, 102.26, 73.33, 

44.34, 17.02 

 

 

Scheme 2 Generation of 5-Methyl-2-phenyl-[1, 3]-dioxane-5-carboxylic anhydride (B) 

 

Synthesis of 2-[(4-Methylbenzene sulfonyl) oxy] ethan-1-ol (C) 

4-Toluenesulfonyl chloride (1.90g, 10.0 mmol) in pyridine (9.53 ml, 118.20 mmol) was drop 

by drop added to ethylene glycol (8.36 ml, 149.93 mmol) over 18 minutes at 0°C under 

constant stirring. At 0ºC this mixture was stirred for another 30 mins. This mixture was 

diluted by adding 100 ml of saturated aq. NH4Cl and extracted three times with 100 ml of 

trichloromethane (chloroform) using a separatory funnel. The collected organic layer was 

dehydrated over anhydrous Na2SO4 for 15-20 minutes and filtered. A light yellow gummy 

liquid was obtained on evaporation of solvent acquired on filtration. This evaporation of 

solvent was performed on rotary evaporator. This pale liquid was purified on the silica gel 

(1:2 v/v, hexane: ethyl acetate). The reaction afforded product as a colorless gummy liquid. 

Yield: 0.839 g; 39%, Rf = 0.535 

IR (cm-1): Alcohol; 3540 O-H (b), 1050 C-O (m), Sulfonyl; 1352 O=S (s), Methyl; 2976 C-

H stretch and 1453 bend, Aromatic; 1495 C=C (m-w), 1027 C-H bending (m). 

1H NMR (300 MHz, CDCl3)� 7.83-7.80 (d, 2H), 7.35-7.33 (d, 2H), 4.17-4.13 (m, 2H), 3.83-

3.80 (m, 2H), 2.46 (s, 3H). 
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13C NMR (300 MHz, CDCl3)� 145.14, 132.63, 130.0, 127.96, 71.74, 60.54, 21.65 

 

 

Scheme 3 Production of 2-[(4-Methylbenzene sulfonyl) oxy] ethan-1-ol (C) 

 

Synthesis of Second Generation Benzylidene-Protected dendrimer [G-2] (D) 

4-Toluenesulfonyl ethanol (2.02g, 9.34 mmol), benzylidene anhydride (4.78g, 11.20 mmol) 

and DMAP (0.269g, 1.96 mmol) were added to R B flask having 50 ml of DCM and 25 ml 

of pyridine. The flask was stirred on the magnetic mixer until a lucid solution was obtained. 

For another 20 hrs. this reaction mixture was stirred at r.t. To this, about 2.5 ml of H2O was 

added and it was again stirred for 24 hrs. The reason behind adding water was the quenching 

of excess anhydride. The product was isolated by diluting the reaction mixture with 100 ml 

of CH2Cl2 and washing two times with 100 ml of NaHCO3 and NaHSO4 each. The collected 

organic layer was dehydrated over anhydrous Na2SO4 for 15-20 minutes and filtered off. The 

solvent was concentrated to 1/3rd of its volume on a rotary evaporator. The final product was 

then precipitated out from 9:1 hexane: ethyl acetate (v/v) mixture. Finally, the filtrate 

obtained from filtering the precipitate was evaporated until dried to yield white foam. The 

technique that was used for the purification of product was column chromatography. Firstly, 

the column was run with DCM to wash the impurities away and afterwards, the polarity was 

increased (50:1 v/v, DCM: MeOH).The purification afforded a white solid as a pure product. 

Yield: 1.63 g; 42%, mp 82-83 °C, Rf = 0.75                                              

IR (cm-1): Ester; 1726 O=C (s), 1008 O-C stretch (v), Sulfonyl; 1379 O=S (s), Methyl; 2976 

C-H stretch (v) and 1454 bend (v), Aromatic; 1400-1600 C=C (w-m, multiple bands), 862 

C-H bend (s). 

1H NMR (300 MHz, CDCl3)� 7.79-7.76 (d, 4H), 7.42-7.30 (m, 5H), 5.43 (s, 1H), 4.62-4.59 

(d, 2H), 4.39-4.36 (m, 2H), 4.27-4.23 (m, 2H), 3.65-3.61 (d, 2H), 2.42 (s, 3H), 1.01 (s, 3H). 
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13C NMR (300 MHz, CDCl3)� 173.75, 145.14, 137.90, 132.98, 130.07, 129.12, 128.35, 

128.04, 126.34, 101.96, 67.62, 62.26, 42.66, 21.77, 17.92 
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Scheme 4 Synthesis of second-generation benzylidene- protected dendrimer [G-2] (D) 

 

Synthesis of Second Generation Hydroxyl-Terminated dendrimer [G-2] (OH) 2 (E) 

Second generation benzylidene protected dendrimer [G-2] (1.89g, 4.494 mmol) was 

dissolved in 30 ml of DCM and 30 ml of MeOH. The catalyst, Pd(OH)2/C (20 wt. %) (0.189 

g) was added to the reaction mixture under the hydrogen atmosphere. At r.t. the flask was 

stirred vigorously until the disappearance of the starting material was confirmed by TLC (1:2 

hexane: EtOAc; v/v). In this case the flask was stirred for around 20 hrs. This mixture was 

filtered using celite on a glass filter. Celite is often used to filter very fine particles that could 

pass through the normal filter paper. The collected filtrate was concentrated on a rotary 

evaporator until it was dried. The technique that was used for the purification was column 

chromatography. The column firstly was run with ether to get the product free from 

impurities and afterward, the polarity was increased (20:1 v/v, DCM: MeOH).The 

purification afforded a colorless viscous liquid as a pure product.  
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Yield: 0.7135 g; 48%, Rf = 0.285 

IR (cm-1): Alcohol; 3378 (b) O-H, Ester; 1727 O=C (s), Sulfonyl; 1173 O=S (s), Methyl; 

2883 C-H stretch and 1450 bend (m), Aromatic; 1597 C=C (v), 1081 C-H bending (v).  

1H NMR (300 MHz, CD3OD)� 7.82-7.80 (d, 4H), 7.47-7.44 (d, 2H), 4.46 (s, 4H), 3.66-3.59 

(m, 4H), 2.46 (s, 3H), 1.10 (s, 3H). 

13C NMR (300 MHz, CD3OD)� 175.97, 146.59, 134.16, 131.10, 128.91, 69.33, 65.60, 

62.95, 51.45, 21.57, 17.18 

 

Scheme 5 Synthesis of second-generation hydroxyl-terminated dendrimer [G-2] (OH) 

2(E) 

 

Synthesis of Third Generation Benzylidene-Protected dendrimer [G-3] (F) 

Second generation hydroxyl-terminated dendrimer [G-2] (OH) 2(1.57 g, 4.17 mmol), 

benzylidene anhydride (4.269 g, 10.01 mmol) along with DMAP(0.24 g, 1.75 mmol)were 

added to R B flask containing 50 ml of dichloromethane and 25 ml of pyridine. The contents 

in the flask were dissolved by stirring the reaction mixture on a magnetic stirrer. This mixture 

was stirred further for 19 hrs. at r.t. By stirring the reaction mixture for the next 24 hrs, the 

excess of benzylidene anhydride was quenched with 5.0 ml of water. The product was 

isolated by diluting the mixture with 100 ml of dichloromethane and washing two times with 

100 ml of NaHCO3 and NaHSO4 each. The non-polar organic phase was collected and 

dehydrated over anhydrous Na2SO4 for 15-20 minutes and filtered. The solvent obtained on 

filtration was concentrated to 1/3rd of its volume on a rotary evaporator. The product was 

then precipitated from 9:1 hexane: ethyl acetate (v/v) mixture and filtered. The obtained 
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filtrate was thus, evaporated to dryness on a rotary evaporator. The reaction afforded product 

as a white solid. Yield: 0.521 g; 17%, Rf = 0.218 

IR (cm-1): Aromatic; 3036 C-H stretch (w) and 865 bend (s), 1598 C=C (m-w), Alkyl; 2855 

C-H stretch and 1392 bend, Sulfonyl; 1217 S=O (s), Carboxylic; 1733 C=O (s), 1293 C-O(s).  

1H NMR (300 MHz, CDCl3)� 7.75-7.72 (d, 4H), 7.39-7.30 (m, 10H), 5.41 (s, 2H), 4.59-

4.58 (m, 4H), 4.32 (d, 4H), 4.04(m, 2H), 3.94(m, 2H), 3.62-3.58 (d, 4H), 2.41(s, 3H), 1.21(s, 

3H), 0.96(s, 6H). 

13C NMR (300 MHz, CDCl3)� 172.91, 172.00, 144.76, 137.55, 129.66, 128.58, 127.84, 

127.63, 125.86, 101.37, 76.32, 73.28, 73.22, 69.91, 65.18, 62.12, 46.58, 42.33, 21.33, 17.46, 

17.28  

 

Scheme 6 Synthesis of third generation benzylidene-protected dendrimer [G-3] (F) 
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Synthesis of Third Generation Hydroxyl-Terminated dendrimer [G-3] (OH) 4 (G) 

Third generation benzylidene-protected dendrimers [G-3] (1.43g, 1.9306 mmol) was 

dissolved in 30 ml of dichloromethane and 30 ml of methanol. The catalyst, Pd(OH)2/C (20 

wt. %) (0.14 g) was added to the reaction mixture under the hydrogen atmosphere. At r.t. the 

flask was stirred vigorously until the fading of the starting material was confirmed by TLC. 

In this case the flask was stirred for around 24 hrs. This reaction mixture was filtered with 

celite on a glass filter. The filtrate obtained on filtration was evaporated on a rotary 

evaporator until it was dried. Purification was achieved by column chromatography. The 

column was run firstly, with ether and afterward, the polarity was increased (10:1 v/v, DCM: 

MeOH). The reaction afforded product as a colorless viscous liquid. Yield: 0.6176 g; 85.5%, 

Rf = 0.375 

IR (cm-1): Alcohol; 3361.86 O-H (b), Aromatic; 3062 C-H stretch (w) 1400 C=C (v), Alkyl; 

2900 C-H stretch (v) and 1451 bend (w), Carboxylic; 1725 C=O (s), 1031 C-O (s), Sulfonyl; 

1175 S=O, 1,2-Disubstituted; 752.85 C-H bend (s). 

1H NMR (300 MHz, CD3OD)� 7.83-7.80 (d, 2H), 7.43-7.45 (d, 2H), 4.30-4.17 (m, 8H), 

3.70-3.50 (m, 8H), 2.47 (s, 3H), 1.23 (s, 3H), 1.13 (s, 6H).  

13C NMR (300 MHz, CD3OD)� 175.84, 173.98, 146.75, 134.17, 131.24, 129.04, 69.12, 

66.26, 65.83, 63.77, 51.73, 47.78, 24.20, 21.60, 18.05, 17.46, 17.27 
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Scheme 7 Synthesis of third generation hydroxyl-terminated dendrimer [G-3] (OH) 4(G) 
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Conclusion and future outlook 

The gradual synthetic approaches and control over the arrangement of chemical groups 

facilitate the generation of JDs. These signify an unsymmetrical group of dendrimers that 

merge two functionalities in a single macromolecule with dominance over conventional 

dendrimers. Owing to the multi-step synthetic strategy and the usage of different protection 

and deprotection steps, JDs needs an immense effort in their synthesis. To some amount the 

use of extremely chemo-selective methods has resolved this problem but to make these 

procedures profitable and less monotonous for their commercial production of JDs, still a 

considerable amount of research needs to be carried out.  

Various dendritic structures have been effectively produced through divergent approach by 

using bis-MPA anhydride that is benzylidene protected as a new building block. The 

anhydride allowed the production of dendrons up to third generation containing focal groups 

sensitive to hydrogenolysis. There is a possibility to go further to higher generation but these 

syntheses will be time-consuming. There was some difficulty in the purification of third 

generation benzylidene-protected dendrimers G-3. Due to simple workup procedures, all the 

materials were acquired in quantitative yields. All the compounds produced, were evaluated 

by 1H-NMR and 13C-NMR spectroscopy followed by IR.  

This new reagent, bis-MPA is a resourceful building block that needs mild reaction 

conditions for dendritic compounds that are orthogonally protected because it let the 

concurrence of protecting groups reactive toward hydrogenolysis.  Research on JDs has 

focused generally on the design, synthesis, and examination of diverse physicochemical 

properties. Lately, scientists have started determining the possible uses of JDs in the field 

delivery of drugs, biomedical and biotechnology.  

A new period for multidimensional delivery systems encompassing target ligand, drug and 

imaging agents has been opened by stochastic strategy using JDs. The purpose of JDs in 

targeted release, chronological drug delivery and for combination drug therapy has 

furthermore been confirmed. In self-assembled vesicular systems, the difficulty of random 

functionalization and low drug loading has been resolved by chemo-selective conjugation to 

JDs.  
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Regardless of these advantages similar to conventional dendrimer drugs, JD conjugates could 

experience the limits of low plasma flow time and a limited number of drugs for conjugation, 

which must be tackled in the future. There has been a possibility to make different 

nanostructures i.e. dendrimersomes and onion-like dendrimersomes by the means of 

improvements in the production of JDs. If detailed studies of physical or chemical properties 

are undertaken these JDs constructing dendrimersomes may possibly result in a Nano-

delivery system very soon. Furthermore, in-depth research on the constancy, size, and shape 

through molecular modeling tools can help in synthesizing new JDs forming 

dendrimersomes. To wrap up, JDs demonstrate a great potential in transforming 

Nanomedicine field for different therapeutic and theranostic usage. Theranostics is a novel 

field of medicine. It joins specific targeted therapy depended on specific targeted diagnostic 

tests.  
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Appendix 

 

Table 4 Characterization of dendrimers3, 9, 13, 51, 52 

Name of method Subtype Characteristic  Application 

1.  
Spectrometric 
Techniques 

Ultraviolet-Visible 
spectroscopy 

-Range 200-800 nm 
-Identification of 
conjugation  

-Synthesis of dendrimers 
-Conjugation due to change 
in lambda max. 
-Detection of functional 
moieties attached to 
dendrimers 

Infrared 
spectroscopy 
 

-Range 0.8-1000µm 
-Identify the functional 
group 

-Provides information for 
analysis of chemical 
transformation at 
dendrimer’s surface 

 
Nuclear Magnetic 
Resonance (NMR) 
 

-Number and type of 
proton 

-Determination of structure 
and dynamic of a molecule in 
solution.  

Raman 
spectroscopy 
 

-Study vibrational, 
rotational and other 
low frequency. 

-Structure of dendrimers 
-Librations of end groups in 
dendrimers. 

Fluorescence 
spectroscopy 
 

-Emission 
methodology 

-Determination of size and 
shape of a molecule. 
- This spectroscopy also 
provides the information 
about the drug-dendrimer 
interaction.   

Atomic force 
spectroscopy 

-Provides a 3D surface 
profile 
-High resolution 

-A useful technique for 
characterization of structure 
and behavior of dendrimer 
agent. 

Mass spectrometry 
 
 
 
MALDI-TOF-MS 
ESI-MS 
 
 

- It helps in 
measuring the 
charged particle’s 
mass to charge ratio.   
 

- Help in finding out the 
molar masses.  
 
- Determine dendrimer’s 
purity.  
- It is a suitable method 
for determining 
dendrimer’s structural 
defects. 

 X-Ray absorption 
spectroscopy 
(XAS) 
 

 - This technique provides 
the information on 
compound’s structure 
along with the electronic 
structure of matter. 
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X-Ray 
photoelectron 
spectroscopy (XPS) 
 

-Gives the entire 
information related 
to the chemical 
composition of 
dendrimers. 
 

-Measures the composition 
of elements, empirical 
formula, chemical state and 
depth of one or more thin-
layered dendrimers. 

2. Microscopic 
Techniques 

Scanning electron 
microscopy  
(SEM) 

 
-Surface topography of 
dendrimers 

-Dadapeer et,al applied this 
microscopy in the study of 
phenyl-OH terminated 
dendrimers to understand its 
surface properties in depth. 

Transmission 
electron 
microscopy (TEM) 

 -Jackson et, al applied this 
microscopy in investigating 
PAMAM dendrimer 
molecules so as to determine 
average size, shape and size 
distribution for G-10-G-5. 

3. Scattering 
Techniques 

Small angle X-ray 
scattering (SAXS) 

 - This technique provides 
information about the 
average gyration (K) 
radius in solution.  
-Information on the 
arrangement of polymers 
fragment is moreover 
provided by scattering 
intensity as a function of 
angle 

Small angle neutron 
scattering (SANS) 
 

 - Alike SAXS, this 
technique provides 
information about ‘K’ but 
in a more precise manner.  

Laser light 
scattering (LLS) 
 

 - The dendrimer’s 
thermodynamic radius is 
determined by this 
technique.  
- The detection of 
aggregate formation is 
mostly detected by this 
method.  

4. Electro-
analytical 
Techniques 

Electron 
paramagnetic 
resonance (EPR) 

 -This technique is useful in 
studying chemical species 
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having one or more unpaired 
electrons. 

 Electrophoresis   -This technique gives useful 
information regarding the 
purity and homogeneity of 
various types of water-
soluble dendrimers.  

 Electrochemistry  - The information on 
chances of interaction of 
electroactive terminal 
groups is provided by this 
technique.  

5. Rheology and 
Physical 
Properties  

Intrinsic viscosity  -It is used as an analytical 
probe morphological 
structure of dendrimers.  

Differential 
scanning 
calorimetry (DSC) 

-Melting point 
-Interaction between 
drug and excipient 

- It helps in determining 
glass transition 
temperature (Tg). 

Dielectric 
spectroscopy (DS) 

 - A complete information 
on molecular dynamic 
processes (α-, β) are given 
by this method. 

6. Miscellaneous Sedimentation 
 
 

 - For lactosylated 
PAMAM dendrimers, this 
method is taken into 
account.  
-Also, measures the dipole 
moment for PMMH 
dendrimers. 

Titrimetry 
 
 

 - For analyzing the 
number of terminal groups 
in dendrimers, this 
technique is generally 
used.  
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Table 7 Application of JDs by conjugation58 

Purpose Explanation of the JD 

system 

Significant results Main 

benefits 

of the 

conjuga

tion 

system 

 Stochastic approach  Polyethylene oxide 
dendrimers i.e.G1, G2, and 
G3 on one part have surface 
hydroxyl group &other part 
has acetal protection group. 
Conjugated with CPT on 
one side & FA on the other 
side. 
 

 Stochastic approach with 
multi functionalization 
property. 
Stability and solubility 
improvements. 

 Targeted delivery 

Grafting 
of two 
varied 
function
al 
moieties 
on single 
JD 
selective
ly and 
sequenti
ally. 
 
 
 
 
 
 

 Unsymmetrical DMPA on 
the basis of polyester 
dendrimers conjugated with 
Dox merged with pH-
responsive hydrazone 
linkages on one part and 
PEO on another. 
 
 
 
 
 

 Decreased toxicity 

 Increased solubility 

 Increased Intake 

 Increased antitumor 
activity 

Improve
ment of 
antitumo
r activity 
along 
with 
alteratio
n of 
pharmac
okinetic 
propertie
s by 
offering 
many 
function
al holds 
to graft 
Dox and 
hydrophi
lic PEO. 
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 Combination therapy 

 
 
 

PEG-based JDs conjugated 
with two varied model 
drugs BA and PPA through 
carbonate and ester linker. 
 
 

 Conjugation of two 
dissimilar classes of 
drugs specifically on 
single JD. 

 Sequential drug release. 
 
 
 

The 
mixture 
of two 
drugs 
owning 
dissimila
r 
pharmac
ological 
actions 
with 
sequenti
al release 
pattern 
& 
capabilit
y to self-
assemble 
in Nano 
vesicular 
forms. 
 

 Solubility Improvement Poly amido-ester JDs based 
on aspartic acid 
oligopeptides and 
naproxen, model drug. 

Improvement in water 
solubility of attached 
naproxen 

Producti
on of 
dendritic 
drugs 
with 
many 
solubiliz
ing 
groups 
and 
bone-
targeting 
oligopep
tides. 
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 Lipophilization of 
antioxidants 

JDs having several gallic 
acids moieties as 
antioxidants and several 
myristic acid moieties as 
lipophilic.  

 Enhanced lipophilicity 

 Fair improvement of 
antioxidant activity. 

Boost in 
antioxid
ant 
activity 
and 
lipophili
city of 
GA by 
same 
dendritic 
scaffolds
. 

 

Table 8 Application of JDs by self-assembling to vesicular delivery systems58 

Purpose Explanation of the 

JD system 

Significant results Main 

benefi

ts of 

the 

vesicul

ar 

system 

Micellar system 

1. pH-responsive delivery  Amphiphilic JDs 
containing G2 of 
hydrophilic 
PAMAM dendron 
and two 
hydrophobic C18 
alkyl chains are 
connected together 
through click 
chemistry. 

 

● Very small Nano 
micelles 

● High Dox loading 
with narrow PDI. 

 

 

 

Micell
es 
assem
bled 
from 
these 
JDs 
can 
lead to 
high 
drug 
loadin
g due 
to 
large 
void 
space 
in 
inner 
cores. 

Supramolecular gel 
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Hydrogel AB2 and AB3 type 
JDs holding gallate 
ether dendron and 
hydroxyl 
terminated DMPA 
dendron. 

● Supramolecular 
hydrogel formation 
from JDs. 

 

Encaps
ulation 
of 
differe
nt 
bioacti
ve 
cargos 
i.e. 
active 
enzym
e, 
peptid
e or 
drug. 

Dendrimersomes 

1. Dendrimersomes from SS 
JDs 

 

 

 

Formation of 
dendrimersomes by self-
assembly of JDs through 
easy ethanol injection 
approach with predictable 
size. 

 

 

 

 

 

 

 

They 
require 
less 
synthet
ic 
efforts 
still 
enjoy 
the 
propert
y of 
self-
assem
bling 
to 
dendri
merso
mes  

resulti
ng in 
expans
ion of 
vesicul
ar drug 
deliver
y.  
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2. Glycodendrimersomes 
(GDs) 

JGDs are 
synthesized from 
aliphatic alkyl 
group 
functionalized 
dendron along with 
carbohydrate i.e. D-
mannose, D-lactose 
and D-galactose 
containing dendron.  

 

JGDs self-assemble to 
glycodendrimersomes 
having a size range 114-126 
nm with narrow size 
distribution. 

 

 

 

 

Potenti
al 
usage 
in 
Lectin-
mediat
ed 
deliver
y of 
drugs 
and 
genes 

 

 

 

 

3. Onion-like 
dendrimersomes 

SS-JDs comprising 
isomeric amide 
having dodecyl 
gallate ethers and 
triethylene glycol 
monomethyl ether 
dendrons. 

 

 

 

 

They have a size in the 
range of 99-169 nm with 
narrow PDI.  

 

 

 

 

 

These 
dendri
merso
mes 
with an 
adjusta
ble 
numbe
r of 
bilayer
s have 
potenti
al in 
formin
g a 
vesicul
ar 
deliver
y 
system 
with 
many 
cargos. 
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. 

4. Photodegradable 
dendrimersomes 

JDs having 
photodegradable o-
nitrobenzyl units. 

 

The average size of 100nm 
of dendrimersomes.  

Discha
rge of 
hydrop
hilic 
and 
hydrop
hobic 
drugs 
from 
dendri
merso
mes.  
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IRSpectra 

 

Figure 44 IR spectra of 3 
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Figure 45 IR spectra of 5  
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Figure 46 IR spectra of 7 
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Figure 47IR spectra of8 
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Figure 48 IR spectra of 9  
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Figure 49 IR spectra of 10 
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Figure 50 IR spectra of 11 
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1H NMR Spectra 

 

Figure 511H NMR of 3 
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Figure 521H NMR of 5 
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Figure 531H NMR of 7 
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Figure 541H NMR of 8 
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Figure 551H NMR of 9 
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Figure 561H NMR of 10 
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Figure 571H NMR of 11 
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13C NMR Spectra 

 

 

Figure 5813C NMR of 3 
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Figure 5913C NMR of 5 
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Figure 6013C NMR of 7 
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Figure 6113C NMR of 8 
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Figure 6213C NMR of 9 
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Figure 6313C NMR of 10 
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Figure 6413C NMR of 11 


