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Self-polymerization of mono-aziridine (or azetidine) and
multi-aziridine (or azetidine) containing compounds with
vinyl group containing organic acid, such as acrylic acid
(AA), 2-methylenesuccinic acid, 2,3-dimethylenesuccinic
acid and etc, at ambient temperature results in the new type
of cross-linked and linear type copolymers, respectively.

The polymerization of multi-functional aziridine (or azeti-
dine) containing compounds with vinyl group containing
organic acid results in the formation of high cross-linked
polymers. The self-polymerization takes place at ambient
temperature and the resultants, cross-linked polymeric net-
worked materials, are solvent insoluble and potential for
adhesive, composite matrix and other applications. These
insoluble materials are hydrolyzed in an acidic or basic
condition to form the water soluble f$-amino acids.

A linear poly(f-aminoester) is obtained from the self-poly-
merization of vinyl group containing organic acid with
mono-aziridine (or azetidine) containing compound at ambi-
ent temperature. poly(f-aminoester) is applicable for gene
transfer, controlled drug release and other applications. This
self-polymerization process offers a convenient route for
preparing poly(p-aminoesters).
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AMBIENT TEMPERATURE RAPID
SELF-POLYMERIZATION COMPOSITIONS
OF HIGH CROSS-LINKED OR LINEAR
TYPE BETA-AMINO-ESTER ALTERNATIVE
CO-POLYMERS AND THEIR APPLICATIONS

FIELD OF THE INVENTION

[0001] This invention relates to an ambient temperature
self-polymerization compositions of high cross-linked or
linear type -amino-ester alternative co-polymers and their
applications, especially for a new high cross-linked or linear
type poly(p-amino-esters) copolymers obtained by a rapid
self-polymerization of an o, f-unsaturated organic acid (e.g.
acrylic acid) and a multi-aziridine (or azetidine) or mono-
aziridine (or azetidine) containing compound at ambient
temperature.

[0002] The rapid self-polymerization combines three dif-
ferent reactions in a sequential process. These three different
reactions consist of an exothermic acid-base neutralization
reaction, the heat accelerates a ring-opening reaction for an
amino ester bond formation; and its amino group precedes
the inter- and intra-molecular Michael addition reaction with
a,p-unsaturated double bonds of the acrylates. Finally it
results a high cross-linked or linear type poly(f-amino-
esters) copolymers with large amounts of p-amino-ester
linkages that totally depends on the number of aziridine (or
azetidine) functionality of monomers. The obtained high
cross-linked poly(p-amino-esters) co-polymers are water-
insoluble and organic solvent resistant materials. However,
these co-polymers can be hydrolyzed to water soluble poly
(P-amino acids) in a diluted aqueous acidic or basic solution.

[0003] These self-polymerization compositions and the
resulting cross-linked poly(ff-amino-esters) co-polymers are
suitable for industrial applications, such as adhesive, com-
posite matrix materials, and etc.

DESCRIPTION OF THE PRIOR ART

[0004] Most conventional liquid type polymer for broad-
ening final application, a cross-linker is needed to enhance
the molecular weight and polymer network formations of
final polymers. Normally a cross-linker or an additional
energy is required such as heat, ultra-violet, electron-beam
or even a catalyst etc.

[0005] A multi-aziridine containing compound serves as a
latent cross-linking agent for a curable system of self-
emulsified aqueous epoxy resin and its polymeric hybrids
(U.S. Pat. No. 6,291,554). This cross-linking reaction takes
place between aziridine of the latent curing agent and
carboxylic acid of the self-emulsified epoxy oligomer at
ambient temperature without extra energy input or catalyst.
It results in an amino ester bond formation among polymers
at the first stage and furthermore, its amino group reacts
further with epoxy end groups of the oligomer. This aziri-
dine containing compound serves only as a cross-linking
agent for waterborne polymers.

[0006] At present, there are limited examples of self-
polymerized materials, which are water-insoluble and
organic solvent resistant high cross-linked co-polymers.
These cross-linked co-polymers are obtained from a mixture
of liquid monomers without extra energy or catalyst. So far
there is not any of this water-insoluble high cross-linked
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polymer can be hydrolyzed into a water soluble polymer in
an aqueous acidic or basic solution.

SUMMARY OF THE INVENTION

[0007] The rapid self-polymerization of multi-aziridine
(or azetidine) and mono-aziridine (or azetidine) containing
compounds with a,f-unsaturated organic acid, such as
acrylic acid (AA), at ambient temperature results in the
novel type of cross-linked or linear type co-polymers,
respectively. The self-polymerization process is controlled
by its monomers composition, pH value and polymerization
medium. This novel self-polymerization process involves
three reactions in a sequential stage, stage I: acid-base
neutralization reaction, stage II: ring-opening reaction and
stage III: an inter- and intra-molecular Michael addition
reaction and results in cross-linked or linear type of poly-
meric materials formation. This self-polymerization process
involves three exothermic reactions in sequential, therefore,
the self-polymerization can be very rapid. Its self-polymer-
ization rate can be controlled either by adjusting its pH value
of monomers or using an organic solvent, or water as
self-polymerization medium.

[0008] This self-polymerization process takes place at
ambient temperature and forming cross-linked polymeric
networked materials. These cross-linked polymers are water
insoluble and organic solvent resistant. However, these
insoluble polymers are easily hydrolyzed in an aqueous
acidic or basic solution and forming water soluble poly(p-
amino acids).

[0009] A linear poly(f-amino-ester) co-polymer is
obtained from the self-polymerization compositions of
mono-aziridine (or azetidine) containing compound and AA
at ambient temperature. This linear poly(f-amino-ester)
co-polymer is non-toxic, which is applicable for gene trans-
fer, controlled drug release and other applications.

[0010] This self-polymerization process offers a conve-
nient route for preparing poly(f-amino-esters) and poly(p-
amino acids).

DETAILED DESCRIPTION OF THE
INVENTION

[0011] A model reaction has been designed to demonstrate
the reaction mechanism of self-polymerization of aziridine
(or azetidine) containing compound with acrylic acid. A
mono-aziridine (or azetidine) containing compound is pre-
pared. This aziridine (or azetidine) moiety plays as a nucleo-
phile to attack methyl acrylate via a Michael addition
reaction and forms methyl 3-(aziridin-1-yl) propanoate
(MAP) or MAzeP (azetidine is used to replace aziridine).
The preparation processes of MAP and MAzeP are illus-
trated as Schemes I and II.

Scheme I
Preparation of MAP
e}
\)k / + HNQ —_—
O
Methyl acrylate Aziridine
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Stage III
[0012] A model reaction of stages I and II is carried out by ethyl acrylate
using a trimethylacetic acid (TMAA) and mixing with MAP. (EA)
The intermediates of acid-base neutralization reaction (stage o o

1) and ring-opening reaction (stage II) are characterized
respectively. An amino ester compound, 2-(3-methoxy-3- W

oxopropyl amino)propyl pivalate (TMAA-MAP), of the o

ring-opening product is obtained by reacting with an o.,f3-

unsaturated carbonyl compound, e.g. ethyl acrylate (EA), %O/\/ NWO\
undergoing an inter-molecular Michael addition reaction

(stage III) and forming 3-((3-ethoxy-3-oxopropyl)(3-meth- o
0xy-3-oxopropyl)amino)propyl pivalate (MAP-TMAA-EA) 3'((3'ethoxy'3'OXOPTOPYU(?ﬁg}%mx_?gopyl)mmo)Propyl pivalate
(Scheme III), which can be isolated and identified.

[0013] IfMAzeP is used in a model reaction and a product,

2-((3-ethoxy-3-oxopropyl)(3-methoxy-3-oxopropyl)amino)

ethyl pivalate (MAzeP-TMAA-EA) is obtained (Scheme

IV) Scheme IV
: Model Reaction of MAzeP with TMAA and then EA

e}
Scheme III
Model Reaction of MAP with TMAA and then EA
OH
Q 0
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methyl 3-(aziridin-1 yl)propanoate Stage 1
(MAP) e
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[0014] The reaction products of mono-aziridine (or azeti-
dine) containing compound reacting with trimethyl acetic
acid (TMMA) and ethyl acrylate (EA) are isolated and
characterized, which can demonstrate the reaction mecha-
nism. A polymerization of mono-aziridine containing com-
pound, methyl 3-(aziridin-1-yl)-propanoate (MAP) with an
a,p-unsaturated organic acid, e.g. acrylic acid (AA) can be
resulted in a linear poly(f-amino-ester) formation at ambient
temperature. And the reaction mechanism is similar to the
modeling reaction of MAP with trimethylacetic acid
(TMAA) and ethyl acrylate (EA), which starts from an
exothermic acid-base neutralization of carboxylic acid (of
AA) with AZ (of MAP) and results in a quaternary aziri-
dinium salt adduct. A ring-opening reaction is triggered by
that neutralization heat and forming an amino-ester bond.
And that amino group reacts further with o,f-unsaturated
C=C double bond of acrylate (of AA) via a Michael
addition reaction for a second [-amino-ester bond formation
and results in a linear poly(p-amino-esters) (Scheme VI).
For the case of a mono-azetidine compound (MAzeP) is
replacing mono-aziridine containing compound, methyl
3-(aziridin-1-yl) propanoate (MAP) and a similar linear
poly(B-amino-esters) are obtained (Scheme VII).

[0015] A multi-aziridine containing compound, e.g. trim-
ethylolpropane tris(1-aziridinyl)propionate (TMPTA-AZ) is
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selected and synthesized for replacing a mono-aziridine
containing compound, MAP. A rapid polymerization takes
place immediately on mixing of AA with TMPTA-AZ and it
results in a novel high cross-linked polymeric network
formation at ambient temperature (Scheme VIII). The rapid
polymerization process of these two monomers AA and
TMPTA-AZ is similar to that of the linear poly(f-amino-
esters) formation (Scheme VI). This bulk polymerization
process takes place between these two monomers at ambient
temperature.

[0016] This process is an exothermic reaction that can be
easily controlled by using organic solvent or water as a
polymerization media and the high cross-linked co-poly-
mers, poly(p-amino-esters) are obtained after solvent or
water is removed. These poly(p-amino-esters) are insoluble
in water or any organic solvents.

[0017] There is an alternative method for controlling the
self-polymerization rate by adjusting pH value of a,f-
unsaturated organic acid, (e.g. acrylic acid) to about 8.0 with
tri-ethyl amine (TEA). A homogeneous mixture of acrylic
acid amine salt and TMPTA-AZ remains stable at ambient
temperature, and then the polymerization takes place slowly
when the amine is removed gradually. This polymerization
process is controlled by pH value that is very convenient for
various applications.

[0018] This rapid self-polymerization of AA and TMPTA-
AZ takes place and results in high cross-linked polymers,
poly(p-amino-esters) formation at ambient temperature
without external heating or catalyst. Furthermore, these
poly(B-amino-esters) can be hydrolyzed into water-soluble
p-amino acids.

[0019] This rapid self-polymerization provides a conve-
nient process for making water and organic solvent resistant
polymers, which has the potential for instant adhesive,
sealant, composite material or other applications.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] The following examples serve to illustrate the
preferred embodiment of the present invention but the
present invention is not introduced to be limited to the
details thereof.

Preparation of Methyl 3-(aziridin-1-yl)propanoate
(MAP)

[0021] Methyl acrylate (MA) is treated with an excess
amount of aziridine (AZ) dichloromethane solution in an ice
bath (molar ratio of MA/AZ=1.0/1.1). After the addition of
AZ, the reaction temperature is kept at room temperature for
3 hours until an absorption peak at 1635 cm™" of acrylic
double bond disappears on IR spectrum. At last, the excess
of aziridine and solvent are removed by reduced pressure
distillation. The product, a mono-aziridine containing com-
pound, MAP is isolated in 96% yield and that is character-
ized by '"H-NMR, 'C-NMR (FIGS. 1 and 2) and FT-IR
(FIG. 3).

Preparation of Methyl 3-(azetidin-1-yl) propanoate
(MAzeP)

[0022] Azetidine (Aze) is substituted for AZ and the rest
of reaction procedures are similar to synthesis of MAP to
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obtain MAzeP, which can be characterized by 'H-NMR,
13C-NMR (FIGS. 4 and 5) and FT-IR (FIG. 6).

Preparation of a,p-Unsaturated Organophosphonic Acid
(HEMA-POH)

[0023] The reactants used are 2-hydroxyethyl methacry-
late (2-HEMA) and P,Os, and the solvent can be toluene,
Dichloromethane (DCM) or tetrahydro furan (THF)
(Scheme V). The reaction was under the ice-bath condition
and the 2-HEMA was added dropwisely into P,O,. The
excess P,O5; was removed by using filtration when the
solution changed to slightly yellowish color but clearness.
Then a suitable amount of mixture of acetone and deionized
water was added. After complete mixing, the solvent includ-
ing acetone and deionized water were removed by using the
thin film distillation. The product was confirmed by the
FT-NMR (FIG. 7, 8) and FTIR (FIG. 9).

Scheme V
Preparation of a,p-unsaturated Organophosphonic Acid
(HEMA-POH)

o
P05 + 1o N

HEMA

leo

0
I 0
HO—Il’—O/\/
OH
HEMA-POH
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Model Reaction of MAP with TMAA and then with EA
(Scheme I1I)

Stage I: Neutralization of MAP with TMAA (MAP/TMAA
Salt)

[0024] A CDCIl; solution of MAP (0.01 mole) added
dropwisely into a CDCl; solution of trimethyl acetic acid
(TMAA, 0.01 mole) for neutralization in an ice bath. The
MAP/TMAA salt is identified by the FI-NMR (FIG. 1056)

Stage II: Ring-Opening Adduct of MAP/TMAA Salt

[0025] MAP/TMAA salt is heated further to produce a
ring-opening reaction and form an amino ester bond of
2-(3-methoxy-3-oxopropyl amino)ethyl pivalate (MAP-
TMAA) that is characterized by FI-NMR (FIG. 10c¢).

Stage III: Michael Addition of Ring Opening Adduct to
Ethyl Acrylate

[0026] Ring opening adduct of MAP/TMAA is mixed
with an excess amount of ethyl acrylate (EA), a Michael
addition reaction takes place between the EA and an amino
group of ring opening adduct. The final product, MAP-
TMAA-EA, is identified by the FT-NMR (FIG. 10d).

Model Reaction of MAzeP and TMAA and then with EA
(Scheme V)

[0027] MAzeP is substituted for MAP and the rest of
reaction procedures are similar to Scheme III.

EXAMPLE 1

Linear Polymer from MAP with Acrylic Acid (Scheme VI)

[0028] MAP, a mono-aziridine containing compound is
prepared previously, which is mixed with acrylic acid (AA)
(MAP/AA=1.0/1.0) in aqueous solution at room tempera-
ture. It results in self-polymerization and forms a water-
soluble linear copolymer of poly(p-amino-esters) with a
weight average molecular weight (Mw) of 11,300. When
dimethyl formamide (DMF) is selected as a solvent, its Mw
of self-polymerization product is 25,800. Mw of all resulting
polymers is measured by an aqueous GPC (gel permeation
chromatography) and polyethylene glycols are served as the
standard.
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Scheme VI
Linear Co-Polymer from MAP with Acrylic Acid
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EXAMPLE 2

Linear Polymer from MAzeP with Acrylic Acid (Scheme
VII)

[0029] MAzeP is substituted for MAP and the rest of
reaction procedures are similar to Example 1. Its Mw of final
linear alternative copolymer is 11,000 and 24,000, which are
prepared in aqueous and DMF solution, respectively.

Scheme VII
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EXAMPLE 3

High Cross-Linked Polymers from a Rapid Self-Polymer-
ization of a Multi-Aziridine Containing Compound and
Acrylic Acid (Scheme VIII)

[0030] A rapid self-polymerization occurs on the mixture
of'a multi-aziridine containing compound, such as trimethy-
lolpropane tris(1-aziridinyl) propionate (TMPTA-AZ) with

Linerar Co-Polymer from MAzeP with Acrylic Acid

O 0
/\)OJ\ HO)J\/ \)k
i R
N Y neutralization

(MAzeP)

0® \ /\)(L
(& -
N O
[ ]
(MAzeP/AA Salt)

lRing—opening reaction

0 0
\)ko/\/\lr/\)ko/

H

MAzeP-AA)

O 0
\)ko/\/\ll\l/\)ko/ Michael addition reaction

H

O O O
\)ko/\/\N/\)ko/\/\ll\l/\)l\o/

\O 6]

H

O O
Propagation via Michael addition reaction | \)J\O /\/\N/\)J\ O/

e}

~o 0 o

H

\)ko/\/\(N/\)j\O/\/jn\N/\)ko/\/\T/\)ko/

H

o

poly(B-aminoester)

acrylic acid in various equivalent ratio of COOH/aziridine.
A suitable ratio of acrylic acid is added into TMPTA-AZ
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slowly with a high speed agitation in an ice bath. The
reaction mixture is cast on the glass plate and allows
warming up to ambient temperature. It results in a formation
of organic solvents and water insoluble high cross-linked
polymers.

Scheme VIII
High Cross-linked Co-polymers from a Rapid Self-polymerization of TMPTA-AZ and AA

DYav Ut o

TMPTA-AZ AA

H

Ty
\(V# Y

6}
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]
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-continued

Of ? N

R= —CH,CH;

EXAMPLE 4

High Cross-Linked Polymers from a Rapid Self-Polymer-
ization of a Multi-Azetidine Containing Compound and
Acrylic Acid

[0031] A multi-azetidine containing compound, e.g. trim-
ethylolpropane tris(1-azetidenyl)propionate (TMPTA-Aze)
is substituted for TMPTA-AZ in the self-polymerization
process. It results in a formation of high cross-linked with

organic solvents and water insoluble polymers (Scheme IX).

Scheme IX
High Cross-linked Co-polymers prepared from a Rapid Self-polymerization of TMPTA-Aze and AA

?Oﬁijlm ) HOJL/

TMPTA-Aze AA
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EXAMPLE 5

High Cross-Linked Polymers Prepared from a Rapid Self-
Polymerization of a Multi-Aziridine (or Azetidine) Contain-
ing Compound and an o, f-Unsaturated Organophosphonic
Acid

[0032] A rapid self-polymerization occurs on the mixture
of'a multi-aziridine containing compound, such as trimethy-
lolpropane tris(1-aziridinyl) propionate (TMPTA-AZ) with
an o,p-unsaturated phosphonic acid in various equivalent
ratio of phosphonic acid/aziridine. A suitable ratio of phos-
phonic acid is added into TMPTA-AZ slowly with a high
speed agitation in an ice bath. The reaction mixture is cast
on the glass plate and allows warming up to ambient

o u
R 04<_/\N 0
. N/
0
0 )

temperature. It results in a formation of organic solvents and
water insoluble high cross-linked polymers containing both
phosphorus and nitrogen. This self-polymerized material has
a synergetic flame retardation effect. Its limiting oxygen
index (LOI) is 30-32.

BRIEF DESCRIPTION OF DRAWING

[0033] FIG. 1 is a '"H-NMR spectrum of Methyl 3-(aziri-
din-1-yl)propanoate (MAP) used in preparation of linear
type P-amino-ester alternative co-polymers of this inven-
tion.

[0034] FIG. 2 is a ">*C-NMR spectrum of Methyl 3-(aziri-
din-1-yl)propanoate (MAP) used in preparation of linear
type P-amino-ester alternative co-polymers of this inven-
tion.
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[0035] FIG. 3 is a FT-IR spectrum of Methyl 3-(aziridin-
1-yD)propanoate (MAP) used in preparation of linear type
[-amino-ester alternative co-polymers of this invention.
[0036] FIG. 4 is a '"H-NMR spectrum of Methyl 3-(aze-
tidin-1-yl) propanoate (MAzeP) used in preparation of linear
type P-amino-ester alternative co-polymers of this inven-
tion.

[0037] FIG. 5is a >C-NMR spectrum of Methyl 3-(aze-
tidin-1-yl) propanoate (MAzeP) used in preparation of linear
type P-amino-ester alternative co-polymers of this inven-
tion.

[0038] FIG. 6 is a FT-IR spectrum of Methyl 3-(azetidin-
1-y1) propanoate (M AzeP) used in preparation of linear type
[-amino-ester alternative co-polymers of this invention.
[0039] FIG. 7 is a "H-NMR spectrum of o, -unsaturated
Organophosphonic Acid (HEMA-POH) used in preparation
of high cross-linked type f-amino-ester alternative co-poly-
mers of this invention.

[0040] FIG. 8 is a ">*C-NMR spectrum of o, p-unsaturated
Organophosphonic Acid (HEMA-POH) used in preparation
of high cross-linked type f-amino-ester alternative co-poly-
mers of this invention.

[0041] FIG. 9 is a FT-IR spectrum of «,f-unsaturated
Organophosphonic Acid (HEMA-POH) used in preparation
of high cross-linked type f-amino-ester alternative co-poly-
mers of this invention.

[0042] FIG. 10 is 'H-NMR spectra of product from each
stage model reaction in preparation of f-amino-ester alter-
native co-polymers of this invention.

What is claimed is:

1. A rapid self-polymerization composition of high cross-
linked co-polymer of poly(p-amino-esters), which is char-
acterized in by reacting multi-aziridine (or azetidine) con-
taining compound with an a,-unsaturated acid without any
catalyst or extra cross-linker to obtain a rapid self-polymer-
ization composition of high cross-linked co-polymer of
poly(p-amino-esters).
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2. The rapid self-polymerization composition according
to claim 1, wherein said o,-unsaturated organic acid is one
selected from the group of acrylic acid, methacrylic acid,
itaconic acid and o,f-unsaturated phosphonic acid.

3. The rapid self-polymerization system according to
claim 1, wherein said self-polymerization can take place in
bulk, aqueous phase or organic solvent system.

4. The rapid self-polymerization system according to
claim 1, wherein said self-polymerization rate can be con-
trolled by its pH value below 7.0, preferred at 6.0.

5. A rapid self-polymerization composition of linear co-
polymer of poly (p-amino-esters), which is characterized in
by reacting mono-aziridine (or azetidine) containing com-
pound with an o,f-unsaturated organic acid without any
catalyst or energy to obtain a rapid self-polymerization
composition of linear type co-polymer of poly (f-amino-
esters).

6. The rapid self-polymerization composition according
to claim 1, which is suitable in application for adhesives,
composites materials, and etc.

7. The rapid self-polymerization composition according
to claim 1, wherein said a,p-unsaturated organic acid is
a,p-unsaturated phosphonic acid able to provide phosphorus
content of cross-linked polymer for P/N synergetic flame
retardant polymer materials.

8. The rapid self-polymerization composition according
to claim 1, wherein the obtained water or solvent resistant
poly(p-amino-esters) can be hydrolyzed to form a water
soluble poly(f-amino acids) in the acidic or basic condi-
tions.

9. The rapid self-polymerization composition according
to claim 1, wherein said a,p-unsaturated organic acid is
replaced by a,f-unsaturated phosphonic acid to get flame
retarded high cross-linked co-polymer having [.OI over 30.
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