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Oligomeric alkoxyamines 

 

[Field of the invention] 

[001] The present invention concerns a new class of alkoxyamines, 

exhibiting improved stability on storage, especially in the presence 5 

of monomers and/or of solvent. 

[002] The present invention concerns more particularly a new class 

of oligomeric alkoxyamines, which are obtained by addition of one 

or more monomeric entities to an alkoxyamine.  

[003] The present invention also concerns the use of these oligomeric 10 

alkoxyamines for synthesizing polymers and copolymers, and also the 

polymers obtained with this new class of oligomeric alkoxyamines. 

[004] The present invention also concerns the compositions 

comprising this new class of oligomeric alkoxyamines in the presence 

of monomer and/or of solvent. 15 

 

[Technical problem] 

 

[005] Alkoxyamines are molecules which allow the controlled radical 

polymerization of monomers exhibiting double bonds (vinylic, 20 

styrenic, (meth)acrylic, etc.). This provides access to the 

synthesis of block copolymers. 

[006] This technology, though widely described in the literature, 

retains a low profile in the industrial sphere, since there are 

obstacles remaining:  lack of compatibility with certain monomers, 25 

incomplete conversion, inadequate stability under certain 

conditions, more particularly in the presence of the monomers used 

for producing (co)polymers, or else of solvent. 

[007] In the industrial implementation of the synthesis of copolymers 

by controlled radical polymerization in the presence of 30 

alkoxyamines, it is necessary, however, to leave the alkoxyamines 

for several hours, or even several days, in the presence of monomers 

in intermediate storage or premixing reactors, and at unregulated 

temperatures.  

[008] Therefore, in view of the lack of reproducibility in the 35 

syntheses conducted by the applicant, numerous studies were carried 

out, and have shown the lack of stability of an alkoxyamine-monomer 
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system, sometimes even at well below the temperature conditions used 

for the polymerization.   

[009] These studies have shown that the issue is not a commencement 

of polymerization, but a degradation of the alkoxyamine, but have 

not been able to provide a mechanism or an explanation. 5 

[0010]   The applicant has therefore conducted new studies with 

the aim of eliminating or mitigating this problem. 

[0011] The applicant has found that the alkoxyamines, when added 

to a certain reduced number of monomeric units, exhibited the desired 

character of stability.  Stability refers to the low reactivity of 10 

a given alkoxyamine in the presence of monomer, at a certain 

temperature, but also to the consistency of the reactivity of an 

alkoxyamine left in a solvent for a given time.  

[0012] These new entities, which are oligomeric alkoxyamines, 

retain their character of initiating and controlling radical 15 

polymerization reactions.  In the presence of monomer, they are more 

stable over time at a given temperature, limiting the polymerization 

reactions. In the presence of solvent, they retain their kinetic 

character of radical initiation over time.  

 20 

[Summary of the invention] 

 

[0013] The invention relates to the alkoxyamines of the formula: 

 

i: monomer number of the monomer j 25 

j: type of monomer 

i taking the values from 1 to 12 

j taking the values from 1 to 12 

and 1 =< i X j =< 12  

-A is a cyclic or noncyclic hydrocarbon group with or without a 30 

heteroatom, and may contain at least one metallic species. This 
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is the initiator fragment of the initial alkoxyamine used for 

preparing the alkoxyamine of the invention; 

-R1 is a cyclic or noncyclic hydrocarbon group with or without a 

heteroatom, and may contain at least one metallic species.

-R2 is a cyclic or noncyclic hydrocarbon group with or without a 5 

heteroatom, and may contain at least one metallic species.

-R1 and R2 may or may not form part of the same cyclic structure. 

-R3 is hydrogen or a hydrocarbon group with or without a 

heteroatom, and may contain at least one metallic species.  

-R4 is a cyclic or noncyclic hydrocarbon group with or without a 10 

heteroatom, and may contain at least one metallic species.

-Z is an integer of between 1 and 10, limits included. 

 

 

[Detailed description] 15 

 

[0014] The oligomeric alkoxyamines which are a subject of the 

invention are obtained by addition of the alkoxyamines (1) to at 

least one monomer (2) exhibiting a double bond. 

[0015]   20 

 

 

 

 25 

 

[0016] When the alkoxyamines (1) are added to a plurality of 

monomeric units, the units may be of the same monomer or of different 

monomers – hence the more general formula of the alkoxyamines that 
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are a subject of the invention: 

 

In this case, j is the type of monomer and i is the monomer number 

of the monomer j. 

i: monomer number of the monomer j 5 

j: type of monomer 

i taking the values from 1 to 12 

j taking the values from 1 to 12 

and 1 =< i X j =< 12 and preferably 2 =< i X j =< 12 and more 

preferably 2 =< i X j =< 8. 10 

j represents the type of monomer. Preference will be given to using 

a single type of monomer in the context of the invention, although 

two different types of monomer and even three different types of 

monomer may be used.  There is no limit on the different types of 

monomers which can be used; however, to remain within the scope of 15 

the invention, their number will be fixed at 12. 

When a single type of monomer is used, any type of monomer which 

carries a double bond may be used, though preference will be given 

to selecting functional or nonfunctional acrylates, and preferably 

alkyl acrylates, and more preferably butyl acrylate, but also 20 

styrenic monomers, and preferably styrene.  

 

With regard to z, it represents the functionality of the alkoxyamine 

in terms of initiating and nitroxide entities. Accordingly, for a 

value of z=2, the alkoxyamine will be a di-alkoxyamine; for a value 25 

of z=3, it will be a tri-alkoxyamine, etc. Z is an integer of between 

1 and 10, limits included, preferably of between 1 and 4, limits 

included, and more preferably of between 2 and 3, limits included. 

 

[0017] Any type of alkoxyamine may be used in the context of the 30 

invention. Thus the applicant has demonstrated that with two very 

different alkoxyamines, the addition thereof to a certain reduced 
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number of monomeric units presented the desired character of 

stability. 

[0018] The preferred alkoxyamines are preferably those for which 

the nitroxide (also called controller fragment) is selected from 

the following: 5 

- the nitroxides of formula:  

, ,  (where R=H, alkyl 

fragment, SO2-Ph, SO2Me, Na, K), 

  , , 

, ,  (where R= Me or 10 

Et), 

 (where R= Me or Et), , 

 , (where R=H or Me), 

, , , , 

N

O°
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, , , 

, , 

(where R=Me, Et), 

 (where R=Me, Et),  

, , ,5 

(where R=Me, Et),  

(where R=Me, Et),  
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(where R=Me, Et), (where R=H, 

CF3, NMe2) 

 (where R=Me, Et), , 

, , (where R=Me, Et), 

, , ,  5 

, , ,

, (where R=H, CH3, 

nC4H9,CH2-Ph), 
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, (where R=H, CH3, Ph), 

, , , 

(where R=H, alkyl), , 

, , , 

, , , 5 

, , , 
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, , , 

, (where R=OH, OTMS), 

, , , 

, , , 

, , , 5 

, , , 

, , , 
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(where R=H, Me), ,

, ,

, ,

, , , 

, , , 5 

, (where R=Eth, Ipr, 

CHex), 

, ,  
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, , , 

, (where R=H, 

NO2), (where R=H, Et), , 

, , ,

,  5 

 

 

 

[0019]  

-(2,2,6,6-tetramethylpiperidin-1-yl)oxy or (2,2,6,6-10 

tetramethylpiperidin-1-yl)oxyl 

- N-tert-butyl-1-phenyl-2-methylpropyl nitroxide, 

- N-(2-hydroxymethylpropyl)-1-phenyl-2-methylpropyl 

nitroxide, 

- N-tert-butyl-1-dibenzylphosphono-2,2-dimethylpropyl 15 

nitroxide, 

- N-tert-butyl-1-bis(2,2,2-trifluoroethyl)phosphono-2,2-

dimethylpropyl nitroxide, 
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- N-tert-butyl[(1-diethylphosphono)-2-methylpropyl] 

nitroxide, 

- N-(1-methylethyl)-1-cyclohexyl-1-(diethylphosphono) 

nitroxide, 

- N-(1-phenylbenzyl)-[(1-diethylphosphono)-1-methylethyl] 5 

nitroxide, 

- N-phenyl-1-diethylphosphono-2,2-dimethylpropyl 

nitroxide, 

- N-phenyl-1-diethylphosphono-1-methylethyl nitroxide, 

- N-(1-phenyl-2-methylpropyl)-1-10 

diethylphosphonomethylethyl nitroxide, 

 

- N-tert-butyl-1-diethylphosphono-2,2-dimethylpropyl 

nitroxide. 

 15 

The latter nitroxide is the preferred nitroxide. 

 

With regard to the monoalkoxyamines, it is possible to use any 

type of monoalkoxyamine in the context of the invention, though 

preference will be given to the monoalkoxyamines of the formula 20 

below: 

 

 

 

 25 
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,  , R= H or Na 

, , ,  

 

More particularly, the following monoalkoxyamine will be selected: 

R= H  5 

 

With regard to the dialkoxyamines, it is possible to use any type 

of dialkoxyamine in the context of the invention; however, 

preference will be given to the dialkoxyamines of the formula below: 



 14 

 ,  

 

 where R= H or Na 



 15 

 

 

Preference will be given more particularly to the following 

structures: 

 where R= H 5 
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More preferably still, the following dialkoxyamine will be selected: 

 

Regarding the trialkoxyamines, it is possible to use any type of 

trialkoxyamine in the context of the invention, although preference 5 

will be given to the trialkoxyamine of the formula below: 

 

 

[0020] The present invention also relates to the use of these 

oligomeric alkoxyamines for synthesizing polymers and copolymers, 10 

and also to the polymers obtained with the alkoxyamines that are a 

subject of the invention, encompassing homopolymers, random 

copolymers, block (diblock, triblock, multiblock) copolymers. 

[0021] The present invention also relates to the use of these 

oligomeric alkoxyamines for grafting these oligomeric alkoxyamines 15 

on a surface. 

[0022] The present invention also relates to the compositions 

comprising this new class of oligomeric alkoxyamines and monomer(s) 

and/or solvent(s). The solvent in question may be any type of 

solvent, polar or apolar, but preferably apolar. With regard to the 20 

monomers, the species in question may be any type of monomer or 

entity possessing at least one double bond ((co)polymeric oligomer), 

but preferably comprises acrylates or methacrylates such as alkyl 

HO O

O

O

N

P
O
O
O

O

OH

3
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(meth)acrylates, preferably butyl acrylate, styrenic monomers such 

as styrene or mixtures thereof, with a proportion by mass of 

oligomeric alkoxyamine that can range from 0.1 to 60% and preferably 

from 1 to 50%, and more preferably from 1 to 30%, limits included. 

[0023]  5 

Example 1: 

The starting alkoxyamine used is N-(2-methylpropyl)-N-(1-

diethylphosphono-2,2-dimethylpropyl)-O-(2-carboxyprop-2-

yl)hydroxylamine , which has the following structural formula: 

 10 

It is available from Arkema under the name Blocbuilder® 

 

Synthesis of the oligomer where n=1 (Blocbuilder® + 1 unit of butyl 

acrylate): 

 15 

31 g of BlocBuilder® are introduced into 844 g of toluene and 15 g 

of butyl acrylate (ABu). The solution is homogenized for 30 minutes 

and then introduced into a stainless steel reactor by pressure 

reduction. The solution is heated to 110°C for 1 hour and then at 

115°C until a butyl acrylate conversion of 70% is obtained (verified 20 

by means of a thermal balance). The solution is recovered and then 

dried under vacuum for 24 hours at ambient temperature. 

 

The oligomers n=3, 8, 10, 15 and 55 are produced in exactly the same 

way. For n=1 to 15, the solutions are prepared with a concentration 25 

by mass of 3.5% of Blocbuilder®, relative to the total mass of the 

mixture. For n=55, the concentration by mass of Blocbuilder® is 1.6% 

(table 1). 

 

 30 

 

 

Table 1: 
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Number of monomer 

units incorporated 

into the alkoxyamine 

Mass of 

Blocbuilder® (g) 

Mass of 

ABu (g) 

Mass of 

toluene (g) 

1 31 15 844 

3 33 47 862 

8 33 127 783 

10 31 149 688 

15 33 237 673 

55 16 443 541 

 

 

Example 2: Stability of the oligomer in a methyl methacrylate (MMA) 

solution at 47°C: 

 5 

0.6 g of oligomer synthesized in example 1 (n=1) is introduced into 

a 30 mL flask. The methyl methacrylate is introduced until a total 

mass of 20 g is obtained. The solution is stirred for 30 minutes. 8 

g are withdrawn and introduced into a hermetic bottle with a magnetic 

bar, and the bottle is then crimped.  The environment is then placed 10 

under nitrogen in order to remove the dioxygen present. The bottle 

is placed in a water bath at 47°C for 24 hours. After 24 hours, the 

solids content of the mixture is determined by means of a thermal 

balance (set from 20 to 125°C in 30 s). 

Each sample is prepared with a constant percentage of active center 15 

(number of chains); an active center is considered to be one 

Blocbuilder® entity. For n=0, 3, 8, 10, 15 and 55, the same procedure 

is repeated. (table 2) 

Table 2: 

The number of monomer 

units incorporated 

into the alkoxyamine 

Mass of the 

oligomer or 

of 

Blocbuilder® 

(n=0) in g 

Mass of 

MMA (g) 

0 0.46 19.54 

1 0.6 19.4 

3 0.9 19.1 

8 1.8 18.2 

10 1.94 18.06 

15 3 17 

55 8.8 11.2 

 20 
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The dry extract measurements show a development of the degree of 

conversion as a function of the number of monomer units incorporated 

into the alkoxyamine (table 4); the conversion is calculated as 

follows: % conversion = ((dried mass/mass withdrawn – initial solids 

content)X 100/(100 – initial solids content)). In view of the 5 

constant number of active center, the initial solids content for 

each operation is different (table 3). 

Table 3: 

number of ABu 
units in the 
oligomeric 
alkoxyamine  

initial 
solids 
content 

% 

1 3 

3 4.5 

8 9.9 

10 9.7 

15 13 

55 44 

 

 10 

 

 

Table 4: 

Number of monomer 

units incorporated 

into the alkoxyamine 

Dry extract (T° ambient, 

under vacuum) 

% 

conversion 

0 
Mass withdrawn: 0.968 g 

Mass dried: 0.968 g 
100 

1 
Mass withdrawn: 2.110 g 

Mass dried: 0.411 g 
17 

3 
Mass withdrawn: 0.932 g 

Mass dried: 0.125 g 
9.3 

8 
Mass withdrawn: 1.762 g 

Mass dried: 0.477 g 
19.8 

10 
Mass withdrawn: 1.416 g 

Mass dried: 0.389 g 
19.7 

15 
Mass withdrawn: 4.22 g 

Mass dried: 1.28 g 
20 

55 
Mass withdrawn: 1.825 g 

Mass dried: 1.003 g 
20 

  

The graph of MMA conversion in 24 h at 47°C as a function of the 15 

number of monomer entities in the alkoxyamine can be seen in figure 
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1. It is observed that, between 1 and 8 monomer units, effective 

stabilization is obtained. Beyond 8 monomer units, this remains 

stable. 

 

Example 3. 5 

In exactly the same way as in examples 1 and 2, the approach is 

repeated, replacing the butyl acrylate with styrene. 

 

Styrene was used in place of butyl acrylate to form oligomers of 

n=3, 8 and 15 monomer units. The oligomers were synthesized in 10 

toluene, with a 3.5% by mass percentage of Blocbuilder®. The oligomer 

is then placed in an MMA solution at a molar concentration of 0.6% 

of active center at 47°C (table 4), corresponding to 0.6 mol of 

alkoxyamine per 100 mol of MMA. 

Table 4: 15 

 

 
Degree of conversion of MMA (%) 

after 24 h 

Blocbuilder® 100% 

Oligomer n=3 < 1% 

Oligomer n=8 < 1% 

Oligomer n=15 < 1% 

 

 

After incorporation of the styrene units into the Blocbuilder® 

alkoxyamine, the oligomeric alkoxyamine remains stable with respect 20 

to MMA at 47°C. 

 

This study shows stability of the alkoxyamines containing n units 

of monomers added, in the presence of reactive monomers at 47°C. 

The incorporation of the monomer units in the alkoxyamines enables 25 

the efficacy of the alkoxyamine to be retained in a reactive monomer 

environment at 47°C. 

 

 

 30 

Example 4: 
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In this example, the Blocbuilder® was replaced with N-tert-butyl-N-

(2-methyl-1-phenylpropyl)-O-(1-phenylethyl)hydroxylamine, which has 

the following structural formula: 

 

This alkoxyamine was introduced at 47°C into a methyl methacrylate 5 

solution at 47°C for 24h, at a concentration of 0.6%. The same 

experiment was carried out at 70°C for 24h (table 5). 

 

Table 5: 

 Temperature of the mixture 

 47°C 70°C 

Conversion of 

methyl 

methacrylate 

15% > 90% 

  10 

At 47°C, the conversion of the MMA is 15% after 24 hours, and more 

than 90% at 70°C. The alkoxyamine N-tert-butyl-N-(2-methyl-1-

phenylpropyl)-O-(1-phenylethyl)hydroxylamine is not stable in an MMA 

solution at 70°C.  

 15 

An oligomer based on this alkoxyamine and composed of 12 butyl 

acrylate units was synthesized at 125°C in a manner similar to the 

protocol of example 1. The addition of butyl acrylate units into 

the alkoxyamine N-tert-butyl-N-(2-methyl-1-phenylpropyl)-O-(1-

phenylethyl)hydroxylamine stabilizes the initiating radical in the 20 

MMA solution at 70°C (table 6) : 

 

Table 6: 

  

degree of MMA 
conversion, %, 
at 24 h 

N-tert-butyl-N-(2-methyl-1-
phenylpropyl)-O-(1-
phenylethyl)hydroxylamine 

95 

oligomer n=12 5 

 

 Here again it is found that the alkoxyamine oligomer is much more 25 

stable than the nonoligomeric alkoxyamine. 
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Example 5. 

 

In this example, the solvent (toluene) stability of an oligomeric 

alkoxyamine (Blocbuilder® (ABu15)) of example 1 is verified in 5 

comparison to its nonoligomeric homolog (Blocbuilder®) from the 

standpoint of polymerization kinetics. 

These two alkoxyamines are left for 4 days in toluene at 20°C with 

0.01 mol% of active center, corresponding to 0.01 mol of 

alkoxyamine per 100 mol of toluene, typically 305 g of toluene + 10 

9.4 g of Blocbuilder®  then 600 g of butyl acrylate; 

274 g of toluene +56 g of Blocbuilder® (ABu15) then 600 g of butyl 

acrylate. 

The solutions are subsequently used for initiating butyl acrylate 

at 115°C and the conversions are measured over time, compared with 15 

the Blocbuilder® solution used at t=0 for identical initiation of 

butyl acrylate. 

 

It is observed in figure 2 that the Blocbuilder® is not stable in a 

solvent solution at 20°C, in contrast to the Blocbuilder® (ABu15)), 20 

with the kinetics of polymerization of the butyl acrylate being 

greatly slowed. 

 

 

 25 
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Claims 

 

 

1 Alkoxyamines of formula: 

 5 

i: monomer number of the monomer j 

j: type of monomer, selected from acrylic and/or styrenic 

monomers. 

i taking the values from 1 to 12 

j taking the values from 2 to 8 10 

and 1 =< i X j =< 12p  

-A is a cyclic or noncyclic hydrocarbon group with or without a 

heteroatom, and may contain at least one metallic species. This 

is the initiator fragment of the initial alkoxyamine used for 

preparing the alkoxyamine of the invention; 15 

-R1 is a cyclic or noncyclic hydrocarbon group with or without a 

heteroatom, and may contain at least one metallic species.

-R2 is a cyclic or noncyclic hydrocarbon group with or without a 

heteroatom, and may contain at least one metallic species.

-R1 and R2 may or may not form part of the same cyclic structure. 20 

-R3 is hydrogen or a hydrocarbon group with or without a 

heteroatom, and may contain at least one metallic species.  

-R4 is a cyclic or noncyclic hydrocarbon group with or without a 

heteroatom, and may contain at least one metallic species.

-Z is an integer of between 1 and 10, limits included. 25 

 

2 The alkoxyamine as claimed in claim 1, wherein the fragment 

  is the fragment  , the fragment A is the fragment 

 and Z= 1. 
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3 The use of an alkoxyamine as claimed in either of claims 1 and 2 

for synthesizing polymers. 

 

4 A polymer obtained in accordance with the use of claim 3. 5 

 

5 The use of an alkoxyamine as claimed in either of claims 1 and 2 

for grafting thereof on a surface. 

 

6 A composition comprising an alkoxyamine as claimed in either of 10 

claims 1 and 2, a solvent and/or at least one monomer. 


