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Phosphorus dendrimers functionalised with nitrogen ligands, for 
catalysis and biology  

Anne-Marie Caminade,*
a,b

 and Jean-Pierre Majoral
 a,b 

Phosphorus dendrimers (dendrimers having one phosphorus atom at each branching point) possess versatile properties, 

depending on the type of their terminal functions. This perspective article focusses on the  synthesis and study of 

properties of phosphorus dendrimers functionalised on their surface by nitrogen ligands and their complexes. It is 

organized depending on the type of N-ligands (P,N ligands, N,N ligands, and N,N,N-ligands). Most properties concern 

catalysis, with palladium, copper, and scandium complexes. Recent advances concern anti-cancer properties, with 

dendrimers functionalised by copper and gold complexes of N,N-ligands.  

Introduction 

Organometallic catalysis occupies a major place in homogeneous 

catalytic processes, and is one of the most significant and important 

areas of synthetic chemistry.
1
 Among all types of ligands, 

phosphines are certainly the most widely used since a long time,
2
 

because changing the nature of the substituents on the phosphine 

allows fine-tuning the steric, electronic, kinetic and thermodynamic 

properties of the complexes, and of their catalytic properties.
3
 

However, due to some inherent disadvantages of phosphines (in 

particular oxidation in air), substitution of P by other donor atoms 

like N-containing ligands is an emerging field of catalysis.
4
 

Furthermore, nitrogen ligands, unlike phosphine ligands, combine 

good σ-donor with π-acceptor properties, and are thus capable of 

stabilizing both higher and lower oxidation states of metals.
5
  

Supported catalysis is generally considered as heterogeneous 

catalysis, as the support is generally not soluble.
6
 However, when 

using dendrimers as supports of catalytic entities, the assembly is 

generally soluble, and thus affords supported homogeneous 

catalytic entities. Dendrimers pertain to the large field of polymers, 

particularly to hyperbranched polymers, but unlike polymers, they 

are synthesized step-by-step, each new layer emanating from a 

central core constituting a new “generation”.
7
 Dendrimers have 

found different uses in materials chemistry, or biology,
8
 but they 

have also been frequently used as catalysts.
9
 Most popular types of 

dendrimers, namely PAMAM (polyamidoamine)
10

 and PPI 

(polypropylene imine)
11

 are based on nitrogen as branching points. 

However, “inorganic” dendrimers,
12

 having in particular 

phosphorus
13

 or silicon
14

 as branching points are also well-known, 

and have been used in particular as catalysts.
15

  

In this Perspective paper, we will focus on the nitrogen ligands 

grafted on the surface of phosphorus dendrimers (in relation to 

other dendrimers), and on their properties, in particular as 

catalysts, but also as anti-cancer agents. It will be organized 

depending on the type of N-ligands (P,N ligands, or N,N, ligands or 

N,N,N-ligands). Several generations of the dendrimers are generally 

considered, as well as the corresponding monomer. In order to 

enable a true comparison of the catalytic efficiency, the number of 

catalytic sites (i.e. of metal atoms) is kept constant within a series of 

experiments. Besides catalysis, some of these dendrimers have also 

anti-cancer properties that will be emphasized at the end of this 

paper.  

Synthesis and properties of phosphorus 
dendrimers functionalised with nitrogen ligands 

Phosphorus dendrimers, in particular phosphorhydrazone 

dendrimers,
16

 have been synthesized from different cores, but the 

most widely used is the cyclotriphosphazene.
17

 The repetition of 

two steps is required to grow the dendrimer. The first step is the 

substitution reaction of Cl by 4-hydroxybenzaldehyde in basic 

conditions, and the second step is the condensation reaction 

between the aldehydes and the phosphorhydrazide H2NNMeP(S)Cl2 

(Scheme 1). The dendrimers can be drawn in two different ways, 

either the full structure, as illustrated in Scheme 1 for the 

generation zero (6 aldehydes) and generation 1 (12 Cl), or a linear 

structure with parentheses after each branching point, as illustrated 

for generation 1 (12 aldehydes), and generation 2 (24 Cl or 24 

aldehydes). The latter representation will be used all along this 

paper. The synthesis has been carried out up the 8
th

 generation 

from the cyclotriphosphazene core,
18

 but it is probably not the 

highest generation attainable, as the 12
th

 generation has been 

obtained from a trifunctional core (P(S)Cl3) using the same synthetic 

process.
19

  

The presence of either P(S)Cl2 or CHO terminal functions, depending 

on the reaction step considered, is particularly interesting for 

further functionalisation on the surface of the dendrimers, as they 

are easily reactive. The P(S)Cl2 functions display a versatile reactivity 

with a large palette of functionalised phenols, but also with 

functionalised amines. The CHO terminal functions have been 

involved in a wide range of condensation reactions, essentially with 

primary amines and hydrazines. Both types of terminal functions 
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have been used for the grafting of ligands, in particular 

phosphines,
20

 but also N-ligands, as will be illustrated in the 

following paragraphs.  

 

Scheme 1. Synthesis of phosphorhydrazone dendrimers from the 
hexafunctional core N3P3Cl6.  

 

P,N ligand complexes and their catalytic properties. 

Ligands bearing phosphorus and nitrogen as their donor atoms (P,N 

ligands) are widely used. Indeed, this combination can help to 

stabilize intermediate oxidation states formed during a catalytic 

cycle. This property is due to the π-acceptor character of 

phosphorus that can stabilize a metal centre in a low oxidation 

state, while the nitrogen σ-donor ability makes the metal more 

susceptible to oxidative addition reactions.
21

  

The first example of dendrimers functionalised with P,N ligands 

concerned a phosphorhydrazone dendrimer. It was obtained by 

grafting a phenol bearing the P,N ligand on the P(S)Cl2 terminal 

functions of a first generation dendrimer (Scheme 2). The PdCl2 

complex of this dendrimer and of the corresponding monomer was 

tested in different catalytic Stille coupling reactions (cases a) to c) in 

Scheme 2). Contrasted results on the efficiency of the catalysis were 

obtained. Indeed, in case a), the monomer is more efficient than 

the dendrimer (90% conversion instead of 75%); in case b), 

monomer and dendrimer have the same efficiency (99% and 100% 

conversion, respectively); and in case c) the dendrimer is more 

efficient than the monomer (98% instead of 83%). Furthermore in 

the last case, the dendrimer could be recovered and reused two 

times with a good efficiency (92% and 86% conversion for the 

second and third runs, respectively).
22

 The same ligand was grafted 

on the surface of a dendron, and used for complexing PdCl2, but no 

catalytic experiment was attempted.
23

 

 
Scheme 2. Synthesis of a P,N complex of a first generation 

dendrimer, and types of catalysed Stille couplings in which it has 

been used. 

 

A second example of dendrimers decorated with P,N ligands was 

obtained by the condensation of (2S)-2-amino-1-

(diphenylphosphinyl)-3-methylbutane with the aldehyde terminal 

functions of a third generation dendrimer built from the P(S)Cl3 

core. Complexation of this dendrimer by [Pd(η
3
-C3H5)Cl]2 was 

carried out in situ to afford a catalyst, used in asymmetric allylic 

alkylations of rac-(E)-diphenyl-2-propenyl acetate and pivalate 

(Scheme 3). This compound was one of the best P,N-ligand usable 

for palladium-mediated asymmetric allylic substitutions, in terms of 

percentage of conversion (100%), yield in isolated products (92 to 

97%), enantiomeric excess (89 to 95%), and reusability (3 runs with 

almost the same efficiency).
24

  

A third example of P,N, ligand was grafted as terminal functions on 

a dendrimer built from a macrocyclic core. In this case, a P,N ligand 

functionalised by a phenol was first synthesized, then grafted to the 

P(S)Cl2 terminal functions of the dendrimer. In a second step, PdCl2 

was complexed on the P,N, ligands of the surface of the dendrimer 

(Scheme 4). However, no catalytic experiment was carried out with 

this dendritic complex.
25

 Only a few other examples of P,N ligands 

functionalizing dendrimers are known,
26

 based in particular on PPI 
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(polypropyleneimine) dendrimers, and used as catalyst for Heck couplings,
27

 or hydroformylations.
28

 

 
Scheme 3. A 3

rd
 generation dendrimer bearing P,N ligands, and use of its Pd complex in catalysed asymmetric allylic alkylations. 

 
Scheme 4. Synthesis of a P,N ligand complex of a second generation dendrimer built from a macrocyclic core. 

 

N,N ligand complexes and their catalytic properties. 

N,N ligands (two nitrogen atoms usable for chelating a metal) are 

dominated by di-imine, pyridine-imine and bipyridine derivatives.
29

 

A large number of dendrimers incorporate bipyridine derivatives at 

the core,
30

 in the branches,
31

 as terminal functions,
32

 or everywhere 

in the structure.
33

 Some have been used as catalysts,
34

 as well as 

pyridine-imine derivatives.
35

 The first example of N,N ligand grafted 

on phosphorhydrazone dendrimers concerned a pyridine-imine 

functionalised by a phenol, and reacted with the P(S)Cl2 terminal 

functions of generations 1 to 3. These dendrimers, and the 

corresponding monomer were then reacted in situ with CuI, and 

these complexes were used as catalysts in different types of 

coupling reactions (Scheme 5, cases a) to d)).
36

 Case a) displays O-

arylation reactions, carried out by coupling PhI with 3,5-

dimethylphenol. The lowest efficiency was observed with the 

monomer (61% yield). A slight increase was observed with the first 

and second generations (65 and 69% yield, respectively), and the 

best result was obtained with the third generation (85% yield). Case 

b) in Scheme 5 concerns the coupling of pyrazole with PhI and PhBr. 

No reaction was observed with the monomeric complex in both 

cases. In the case of PhI, all dendrimers afford phenylpyrazole in 

quantitative yield, in marked contrast with the monomer. In the 

case of the less reactive bromobenzene, the best results were 

obtained with the third generation (80% yield), generation 1 (40% 

yield) and 2 (44% yield) being less efficient. This reaction was the 

first example of a clear dendritic effect
37

 in catalysis, i.e. an increase 

of the catalytic efficiency when the generation of the dendrimer 

increases, of course as already indicated in the introduction, using 

the same quantity of metal. Case c) in Scheme 5 displays the 

coupling of E-β-Bromostyrene with 3,5-dimethylphenol. Only the 

monomer and the third generation dendrimer have been tested, 

affording E-styrylarylether in 35 and 91% yield, respectively. The 

same conditions have been applied to the coupling of E-β-

bromostyrene with pyrazole (case d), Scheme 5). E-styrylpyrazole 

was obtained in 70% yield with the monomer, and in 100% yield 

with the third generation dendrimer.
36

  

Another type of N,N ligands concerned azabis(oxazoline) 

derivatives, grafted to the surface of phosphorhydrazone 

dendrimers, from generations 1 to 3. Two different families were 

synthesized; one obtained by grafting a functionalised phenol on 

the P(S)Cl2 terminal functions (case a) Scheme 6), the other from 

the aldehyde terminal functions, transformed in three step in azide 

groups, and used in “click” reaction with a functionalised alkyne 

(case b) in Scheme 6). Copper complexes of both families of 

dendrimers have been used as catalysts in asymmetric 

benzoylations. In this type of reaction, starting from a racemic 

mixture, the maximum yield is 50%. In the first series and for the 

non-cyclic diol (case c) in Scheme 6), the best results were obtained 

with the second generation (41% yield, 80% enantiomeric excess 

(ee)). In the same conditions, the second series was less efficient 

concerning the yield (31%, with the 1
st

 generation), but more 

efficient concerning the ee (86% with the 2
nd

 generation). The 

reaction of the cyclic diol (case d)) was carried out only with the 

second family of the bisoxazoline dendrimers. The best yield was 

obtained with the third generation dendrimer (39%), but the best 

ees were obtained with the 1
st

 and 2
nd

 generation dendrimers (99% 
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in both cases). All dendrimers have been recovered and re-used two times with analogous efficiencies (yield and ee).
38

 
Scheme 5. Synthesis of a N,N ligand of a third generation dendrimer, and use the corresponding CuI complex as catalyst in various coupling 

reactions. The corresponding monomer, first and second generations of the dendrimer have been also synthesized and used as catalysts. 

 

 
Scheme 6. Two types of azabis(oxazoline) dendrimers, and use of their CuCl2 complexes for catalysing asymmetric benzoylations. 

 

N,N,N ligand complexes and their catalytic properties. 

N,N,N ligands are less frequently used than N,N ligands, but they 

comprise the combination of diversified elements such as pyridine, 

imine, amine, triazoles, pyrazoles, imidazole, etc. Two types of 

N,N,N ligands have been grafted on the surface of 

phosphorhydrazone dendrimers. One is of type “scorpionate”, i.e. a 

tris-2,2,2-(1-pyrazolyl) derivative.
39

 Two methods have been applied 

to incorporate scorpionates as terminal functions of a first 

generation dendrimer. The first method (case a) in Scheme 7) is the 

reaction of a suitably functionalised phenol with the P(S)Cl2 

terminal groups. The second method starts from the aldehyde 

terminal functions, transformed in two steps in iodine, to react with 

the alcohol function of a scorpionate derivative (case b) Scheme 7). 

The scorpionate first generation dendrimer, after complexation 

with palladium, was used as catalyst, as well as the corresponding 

monomer, in Heck (case c)) and Sonogashira (case d)) C-C couplings. 

The Heck reaction tested concerned the coupling of styrene with 

iodobenzene. Trans-stilbene was obtained in 24% yield with the 

monomeric catalyst, and in 63% yield with the dendrimer, with 

100% selectivity. The Sonogashira coupling of phenylacetylene with 

iodobenzene afforded diphenylacetylene in 74 and 73% yield with 

the monomer and the dendrimer, respectively. However, the 

complexation of palladium is more stable with the dendrimer, as a 
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mirror of palladium was observed in the case of the monomer, not 

with the dendrimer.
40

   

 
Scheme 7. Two methods of synthesis of a dendrimer decorated 

with scorpionate ligands, and use of its Pd complex as catalyst in 

Heck and Sonogashira C-C couplings. 

 

Another example of N,N,N ligands concerns terpyridine derivatives, 

for which the metal complexes have interesting catalytic 

properties.
41

 Several examples of terpyridine ligands grafted on the 

surface of dendrimers have been published,
42

 but only one 

concerned catalysis.
43

 A terpyridine phenol was grafted as terminal 

groups on dendrimers (generations 1 to 4, and monomer), and 

subsequently complexed with scandium triflate (Scheme 8). These 

complexes were the first example of dendritic terpyridine ligands 

used as catalysts. They were applied to Friedel-Crafts acylations of 

aromatics with various electrophiles. The first experiments were 

carried out in refluxing acetonitrile, but the use of microwave 

heating enabled to greatly accelerate the reactions (from 16 h to 

15–45 min). In the model reaction of anisole with acetic anhydride, 

the yield in 4-methoxyacetophenone increased from 47% with the 

monomer to 80% with the generation 4 dendrimer, which was 

found very efficiently recyclable, using diethylether at the end of 

the reaction to enable the precipitation of the catalyst, and its 

recovery by filtration. Thus, this generation 4 complex was used in 

an original type of catalysis. Indeed, the robustness of the Sc(OTf)3-

G4 catalyst, and the efficiency of its recovery and re-use were 

assessed by changing the substrate at each run. Twelve consecutive 

reaction cycles were carried out, with no or little loss of activity, as 

can be seen when comparing the yields in the recycling experiments 

with the yields obtained for single runs (numbers in parentheses in 

Scheme 8).
44

  

15-membered triazatriolefinic macrocycles are good coordinating 

agents for Pd(0) and Pt(0), forming stable complexes, but also 

nanoparticles of these elements.
45

 These macrocycles have been 

functionalised with an amino-ended chain, and then grafted in two 

different ways on the surface of the dendrimers. The first way was a 

condensation reaction with the aldehydes end groups of the 

dendrimers (generations 0, 1, and 4), followed by reduction of the 

imines by NaBH4 (Scheme 9, case a)). The complexation of these 

compounds was carried out with Pd2(dba)4 (dba= dibenzylidene 

acetone) or Pd(PPh3)4. Discrete complexes were obtained when 

using a stoichiometric amount of Pd (one Pd per macrocycle), but 

the complexation occurs with the double bonds of the macrocycles 

rather than with the nitrogen atoms. Using an excess of Pd affords 

Pd nanoparticles in all cases, probably stabilised also by the N 

atoms of the macrocycles.
46

  

 
Scheme 8. Generation 4 dendrimer functionalised with terpyridine complexes of Scandium, and its use as catalyst in Friedel- Crafts 

acylations, under microwave heating. The dendrimer was able to catalyse 12 consecutive runs, even when changing the reagents at each 
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step (examples of products obtained in runs 1 to 12), and with excellent yields in all cases. For each product, the first number is the yield in 

the recycling experiment, which is compared with the yield obtained without recycling, indicated in parentheses. 

 
Scheme 9. Two methods form grafting triaza triolefinic macrocycles on the surface of dendrimers, and use of the corresponding Pd 

complex (case a)) for Mizoroki-Heck coupling. 

 

Both the discrete complexes and the Pd nanoparticles have been 

used as catalysts in Mizoroki-Heck coupling between iodobenzene 

and n-butyl acrylate (Scheme 9, case a)), and recycling experiments 

have been carried out 4 times (5 runs), using pentane at the end of 

the reaction to precipitate the catalyst, and recover it by filtration. 

The discrete generation 0 Pd complex afforded a constant efficiency 

over the five runs (55-60% conversion after 4h.). Surprisingly, the Pd 

nanoparticles stabilized with the generation 0 dendrimer afforded 

an increasing efficiency, from 35% conversion (run 1) to 98% (run 5) 

after 4h. This phenomenon is less pronounced with the 

nanoparticles entrapped in the generation 4 dendrimer from 12% 

(run 1) to 42% (run 5). Analyses by TEM (high-resolution 

transmission electron microscopy) revealed that the size of the 

nanoparticles decreased with the recycling experiments in the case 

of generation 0, but less with generation 4, in which the 

nanoparticles are more protected.
46

  

The second way to graft the triaza triolefinic macrocycles on the 

surface of dendrimers consisted in using both amines of the chain 

to react with the P(S)Cl2 functions of the dendrimers, affording a 

five membered ring incorporating one phosphorus and two 

nitrogen atoms (Scheme 9, part b).
47

 All generations from 1 to 4 

have been synthesized, and then reacted with Pt2(dba)3, affording 

Pt nanoparticles in all cases. Surprisingly, supramolecular 

assemblies composed of dendrimers and of coalesced Pt 

nanoparticles were obtained, in the form of dendritic assemblies. 

The length of the branches of these assemblies depended linearly 

on the number of macrocycles per dendrimer, from about 50 nm 

with the monomer, to about 350 nm with generation 4 (48 

macrocycles).
48

  

 

N,N ligand complexes and their biological properties 

Phosphorus dendrimers have outstanding biological properties 

in different fields, depending on the type of their terminal 

functions.
49

 One can cite in particular anti-inflammatory 

properties with azabisphosphonate terminal functions.
50

 On 

the other hand, some metal complexes are used as anti-cancer 
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drugs, such as the classical cisplatin, carboplatin, oxaliplatin, 

but also less classical derivatives such as titanocene-based 

complexes, ferroquine, and other platinum derivatives.
51

 More 

recent works are based on other metals, such as iron, cobalt, 

manganese, or copper.
52

 

 

 
Scheme 10. Diverse types of pyridine imine terminal functions of dendrimers. These dendrimers (generations 1 to 3) and their 
complexes of CuCl2 have anti-cancer properties. 

 

The phosphorus dendrimers shown in Scheme 5, bearing 

pyridine-imine ligands as terminal functions have good 

complexing ability towards copper. Thus, other types of 

pyridine imine terminal functions have been linked to 

phosphorus dendrimers (generations 1 to 3) (Scheme 10). 

These dendrimers and their copper complexes (CuCl2) have 

been tested as anti-cancer agents towards both solid tumour 

KB (epidermal carcinoma) and leukaemia HL60 (promyelocytic) 

cells. It was shown that the anti-proliferative activity increased 

i) when the number of terminal functions increased (the third 

generation is the most efficient), ii) when the compound of the 

a) family (Scheme 10) is used instead of the other families (b) 

and c)), and iii) when the copper complexes are used instead 

of the free ligands. Thus, the third generation bearing the a) 

type ligands, either free or complexing CuCl2 have been 

selected for anti-proliferative studies against a panel of 

tumour cell lines. They display IC50 values ranging from 0.3 to 

1.6 μM (concentration of dendrimer necessary to kill 50% of 

the cells). Interestingly, the copper complex was the most toxic 

against cancer cell lines and the least toxic against non-cancer 

cell lines.
53

 

In order to understand the difference in the activity of the 

different pyridine imine complexes, comparative electron 

paramagnetic resonance (EPR) studies have been carried out. 

These studies pointed out the particular behaviour of the 

Cu(II)-conjugated phosphorous-dendrimer of generation 3, 

decorated with N-(di(pyridine-2-yl)methylene) ethanamine 

moiety (case a) in Scheme 10), which is the most stable 

complex.
54

 The mechanism of action of both dendrimers (free 

and complexed) have been deciphered, and found to be 

original for anti-cancer agents. Indeed, the free dendrimer 

moderately activated caspase-3 activity (a protein playing a 

major role in cell apoptosis), whereas the copper complex 

induced a noticeable translocation of Bax (a protein being an 

anti- or pro-apoptotic regulator) to the mitochondria, resulting 

in a severe DNA fragmentation, without alteration of the cell 

cycle. The Cu-conjugated phosphorus dendrimer is more 

efficient than its non-complexed analogue to activate this 

pathway, in close relationship with its higher anti-proliferative 

potency.
55

  

Recently, gold (III) has been complexed by the same dendrimer 

(generation 3, case a)) instead of copper (II), but also a mixture 

of gold and copper, resulting in a stochastic functionalisation 

of the surface of the dendrimer. The gold complex is in the 

form of a salt, with AuCl4
-
 being the counter anion, as shown in 

Figure 1 for a monomer, which has been characterized by X-

ray diffraction. Diverse quantities of Au(III), from 0 to 100%, 

have been tested. It was shown that whatever the number of 

Au(III) moieties on the surface of the dendrimers, all of them 

displayed similar potency in the nanomolar range against KB 

and HL60 cell lines.
56

 In addition to the anti-proliferative 

activity, the antimicrobial activity of some of these 

stochastically functionalised dendrimers was tested. 

Antimicrobial and antifungal activities against several 

microorganisms in a concentration range of 3.5−500 mg/L 

have been observed for all the compounds tested, and marked 

synergistic effects occur between gold and copper concerning 

the antifungal activity, which was not observed for the anti-

cancer properties.
56

  

 
Figure 1. Monomeric structure of the gold complex, identical 
to the complex on the surface of dendrimers shown in Scheme 
10 (case a)). 
 
The anti-cancer properties of a few other types of dendrimers 
having pyridine imine complexes as terminal functions have 
been assayed.

57
  

Conclusions 

The grafting of ligands, or of any type of functional groups, to 

dendrimers necessitates first the modification of the ligand 
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with a function that should both be suitable for the grafting to 

the dendrimer, and not have a deleterious effect on the 

targeted properties. In the case of phosphorhydrazone 

dendrimers, two main methods have been used, i.e. the 

addition of phenols to the P(S)Cl2, and the condensation 

reactions of amines (or hydrazines) with the aldehyde terminal 

groups of the dendrimers. However, other methods have been 

applied, such as the reaction of amines with the P(S)Cl2 

functions, and the modification of the aldehyde functions to 

benzyl alcohol, iodide, azide, or amine, to adapt to the 

function of the ligands.  

The use of dendrimers as supports of N-ligands enable 

catalyses in homogeneous conditions, but the difference in 

size of the dendrimers compared to the reagents and products 

allows to recover and reuse them easily. Such behaviour 

cannot be observed with monomeric catalysts, illustrating a 

first advantage when using dendrimers as catalysts. This 

property is illustrated in particular by the reuse up to 12 times 

of a dendrimer with the same efficiency (see Scheme 8).
44

 A 

second advantage when using dendritic catalysts is an 

improved efficiency, compared to the monomers. This 

efficiency can concern the yield, when no activity is observed 

with the monomer, whereas an increased yield is observed 

when the size of the dendrimer increases (see the dendrimers 

in Scheme 5).
36

 The efficiency can also concern the 

enantioselectivity, with an example (of phosphine ligand 

complexes) in which the monomer is a poor catalyst 

concerning the yield, and affords only a racemic mixture, 

whereas the dendrimers are both efficient catalysts 

concerning the yield, and afford the products with ees over 

95%.
58

 The third advantage when using dendrimers as catalysts 

is a decrease in the leaching of metal, as illustrated by a 

leaching of Pd over 1400 ppm with a monomeric phosphine 

complex, and undetectable with the corresponding 

dendrimeric complex.
59

  

Even if phosphines are still the most important class of ligands, 

nitrogen ligands complexes offer a complementarity for the 

catalysis of synthetically useful transformations, under mild 

reaction conditions, as we have illustrated in this perspective 

review with phosphorhydrazone dendrimers bearing nitrogen 

ligands as terminal functions. Furthermore, copper complexes 

of N,N pincer ligand, besides having catalytic properties 

(Scheme 5),
36

 have also anti-cancer properties (Scheme 

10),
53,56

 towards a wide range of cancerous cells. In view of 

these important results in two very different fields of research, 

we do believe that incorporation of nitrogen ligands within the 

cascade structure of phosphorus dendrimers or on their 

surface should lead to applications in other fields of research. 

One can think in particular to nanomedicine, where they can 

act in particular as nanocarriers for drugs, DNA, Si-RNA, 

plasmids,
60

 or as macromolecules active per se, but also to the 

nanosciences in general. 
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