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New Phosphonated Methacrylate Monomers with
C2/C3 Spacers
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Syntheses of new phosphonated methacrylates with 2 or 3 hydrocarbon methy-
lene spacers were investigated in order to avoid the conventional methacryla-
tion of hydroxyphosphonate compounds with methacryloyl chloride. The first pos-
sibility concerns the esterification of methacrylic anhydride in the presence of
either 2-hydroxyethylphosphonate or 3-hydroxypropylphosphonate. This reaction
was proved to be quantitative when a basic catalyst, i.e. n-methylimidazole,
was used at 60 ◦C. However, this reaction also generates a side product, i.e.
methacrylic acid, which was difficult to remove due to it having similar sol-
ubility to both dimethyl(2-methacryloyloxyethyl)phosphonate and dimethyl(2-
methacryloyloxypropyl)phosphonate. The second process was based on the alcohol-
ysis of MMA in the presence of the above hydroxy compounds. This reaction also
proceeded quantitatively with Zr(AcAc)4 as acid catalyst. Unlike esterification of
methacrylic anhydride, this second process did not require any solvent. The final
phosphonated methacrylates were obtained with high purity, as the side product of
the reaction (i.e., methanol) could be easily removed due to the azeotropic behavior
of MMA/Methanol.

Keywords Alcoholysis; phosphonated methacrylate; transesterification

INTRODUCTION

Organophosphorus monomers are widely studied as they can be used for
flame resistance improvement1–4 or as adhesion promoters for paints
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and adhesives.5 More specifically, phosphonated monomers were used
in emulsion polymerisation, conferring a very good stability to the cor-
responding lattices.6–8 However the synthesis of such phosphonated
monomers sometimes requires different organic reaction steps,9–11

which can limit their applications. This paper will focus on providing
a one-step synthesis of a new phosphonated methacrylate monomer
CH2 C(CH3)C(O)O(CH2)nP(O)(OR1)(OR2). Methacrylate has been
chosen for its ability to polymerize through almost all controlled and
conventional radical polymerizations, and due to its widespread appli-
cation in paints for metals12 and surfactant formulations.13,14 This par-
ticular methacrylate monomer shows a hydrocarbon methylene spacer
(with n being either 2 or 3) between the carbonyl and the phospho-
nate group, which is important as it brings stability towards hydrolysis.
More recently some new phosphonated methacrylate monomers were
attempted with CH2 spacers, as illustrated in Figure 1, and bearing ei-
ther an ester group (1)15 or an urethane group (2)16 in the spacer, both
these functions could be however easily hydrolyzed. Finally, the above-
mentioned structure shows R1 and R2 groups, which can be equivalent
or not and can be an ester, acid or a salt function, bringing different
functionalities to the further polymeric structure.

As depicted in Figure 2, the literature affords different pathways
for reaching such phosphonate methacrylate structure, perfectly de-
scribed in the paper of Senhaji et al.17 These reaction proceed as follows:
Arbuzov reaction (A)18,19 using a trialkylphosphite, radical addition
onto vinyl methacrylate (B),20 Michael addition onto vinyl phosphonate
(C)21 and methacrylation using a hydroxyphosphonate precursor under
the Schoten-Baumann conditions (D).22 However, due to the experi-
mental conditions (high temperatures) of reactions (A) and (C), radical
thermal polymerization of methyl methacrylates is likely to occur. Reac-
tion (B) may also lead to some extent of methyl methacrylate polymer-
izations by telomerization as hydrogenophosphonate is a well-known
chain transfer agent. Pathway (D) is certainly the most extensively
used because it usually leads to completion of methacryloyl chloride.
Our group23–25 applied this technique to reach a series of phosphonated

FIGURE 1 Phosphonate methacrylate monomers with hydrocarbon methy-
lene spacers.
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2206 T. Jeanmaire et al.

FIGURE 2 Synthetic pathways for reaching the CH2 C(CH3)C(O)O(CH2)n

P(O)(OR1)(OR2) structure.

metacrylate (and their acid derivatives), recently patented by Riondel
et al.,12 and also synthesized more recently a phosphonated methacry-
late with a C11 spacer using this methacrylation technique.17 However,
as shown in pathway (D) of Figure 2, this synthesis requires the use of
methacryloyl chloride, this product being highly toxic and also expen-
sive, which limits its industrial application. This paper aims at supply-
ing alternatives to the use of methacryloyl chloride for the synthesis of
new phosphonated methacrylate with a C2/C3 spacer.

RESULTS AND DISCUSSION

This paper describes the methacrylation of both 2-hydroxyethyl-
phosphonate and 3-hydroxypropylphosphonate, previously synthesized
by our group,26 by using either methacrylic anhydride through an
esterification reaction or methyl methacrylate, proceeding by an alco-
holysis reaction, as shown in Figure 3.
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FIGURE 3 Syntheses of CH2 C(CH3)C(O)O(CH2)nP(O)(OMe)2 with n = 2
or 3.

Esterification of Methacrylic Anhydride

Figure 3 shows that this reaction can be either basic or acid catalyzed
but usually the basic catalysis proceeds more efficiently. The reactions
were optimized by using different solvents at 40 and 60◦C and by using
two well-known basic catalysts, dimethylaminopyridine (DMAP) and
N-methylimidazole (NMI). The results are gathered in Table I.

The reaction is completed when DMAP acts as a basic cata-
lyst at 40◦C but the reaction time remains high (16 h). With NMI
at 60◦C in ketone, the reaction time decreases to 5 h and the monomer
is quantitatively obtained. Using these well-established reaction con-
ditions, the conversions of both dimethyl 2-hydroxyethyl-phosphonate

TABLE I Methacrylation of Dimethyl 2-Hydroxyethylphosphonate
and Dimethyl 3-Hydroxypropylphosphonate with Methacrylic
Anhydride (1/1:% mol) Using a Basic Catalyst (5% mol.)

Basic aMonomer
Hydroxyphosphonate catalyst Solvent T (◦C) Time (h) conversion (%)

HO (CH2)2P(O)(OMe)2 DMAP CH2Cl2 40 5 68
HO (CH2)2P(O)(OMe)2 DMAP CH2Cl2 40 16 100
HO (CH2)2P(O)(OMe)2 NMI CH2Cl2 40 5 80
HO (CH2)2P(O)(OMe)2 NMI CH2Cl2 40 16 100
HO (CH2)2P(O)(OMe)2 NMI Butanone 60 5 100
HO (CH2)3P(O)(OMe)2 NMI Propanone 60 9 100

aDetermined by gas chromatography.
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2208 T. Jeanmaire et al.

FIGURE 4 Kinetic evolution for the reaction of dimethyl 2-hydroxyethyl-
phosphonate (�) and dimethyl 3-hydroxypropylphosphonate (�) with
methacrylic anhydride (1/1:% mol) at 60◦C using NMI (5%) in butanone.

and dimethyl 3-hydroxypropylphosphonate into dimethyl(2-methacryl-
oyloxyethyl)phosphonate and dimethyl(2-methacryloyloxypropyl)phos-
phonate, respectively, were plotted vs. time and reported in Figure 4.
The esterification reaction of these two alcohols proceeds similarly, i.e.,
the reaction starts quickly, as more than 60% of alcohols reacted with
methacrylic anhydride, then the rate of esterification dramatically de-
creases until complete conversion. This behavior can be explained by
the formation of methacrylic acid, which then acts as efficient inhibitor
for the basic catalyst. If this reaction is quantitative and operates in soft
reaction conditions, it however requires the elimination of a side prod-
uct, i.e., methacrylic acid, which may be hard to remove due to the very
close solubilities than that of the resulting phosphonated methacry-
lates. An alternative to this procedure has to be found, in order to fa-
cilitate the purification.

Alcoholysis of Methyl Methacrylate

Figure 3 shows that the phosphonated methacrylate monomer
can be obtained by transesterification reaction between methyl
methacrylate and the corresponding hydroxyphosphonate, requir-
ing the use of either an acid or basic catalyst. A series of ba-
sic (NMI, DMAP, tBuOK, Mg(OEt)2) and acid (Zr(AcAc)4, Ti(OBu)4,
APTS) catalysts have been employed for the methacrylation of
dimethyl 2-hydroxyethylphosphonate without using any organic
solvent at 90–100◦C. Despite the relative acidity of dimethyl 2-
hydroxyethylphosphonate, the preliminary results show that the basic
catalysts are unexpectedly not efficient, as no conversion was observed,
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Phosphonated Methacrylate Monomers 2209

FIGURE 5 Temperature vs. pressure for MMA, MMA/MeOH and MMA/H2O
azeotropes.

which could be due to the steric effect of the reactive hydroxy group.
Concerning the acid catalysts, only the Lewis acids are efficient, and
more specifically Zr(AcAc)4 catalyst. Wolf et al. demonstrated that these
catalysts act through a ligand exchange which results in an activation of
both ester electrophilicity and alcohol nucleophilicity27 If tetraalcoxyt-
intanates form clusters that decreases their catalytic efficiency, this be-
havior is not observed for Zr(AcAc)4, which can explain their efficiency
for the alcoholysis of MMA. Furthermore, Zr(AcAc)4 catalyst shows a
low toxicity and can be usually destroyed using phosphoric acid.28 These
preliminary tests led us to choose Zr(AcAc)4 as catalyst for the alcohol-
ysis of MMA with the corresponding phosphonated alcohol, using the
following procedure. MMA is first used as a solvent in which phospho-
nated alcohol can be introduced and then both the pressure and tem-
perature are adjusted in order to eliminate the MMA/H2O azeotrope,
boiling at a lower temperature than that of MMA itself (Step 1 of
Figure 5).

As the system becomes anhydrous, which avoids any catalyst hydrol-
ysis, Zr(AcAc)4 can be added, allowing the reaction to start. The temper-
ature then drops until reaching the corresponding temperature of the
MMA/Methanol azeotrope (Step 2 of Figure 5) and the equilibrium can
be displaced by methanol extraction until complete hydrolysis of MMA.
This process, patented by Atofina,12 affords the quantitative synthe-
sis of phosphonated methacrylate monomers with C2 and C3 spacers,
which were characterized by 1H NMR (Figures 6 and 7), showing a
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FIGURE 6 1H NMR (CDCl3) of dimethyl 2-methacryloxyethylphosphonate.

very high purity (>95% purity). Both spectra especially show a dou-
blet, centered at about 3.5 ppm, characterizing the methyl ester of the
phosphonate group.

CONCLUSION

This paper supplied two new routes for the synthesis of phosphonated
methacrylates in order to replace highly toxic methacryloyl chloride
as starting product. These pathways are either the esterification of
methacrylic anhydride or the alcoholysis of methyl methacrylate and
are based on the use of hydroxyphosphonate compounds with 2 or 3
hydrocarbon methylene spacers. Despite the high conversion into phos-
phonated methacrylate, the esterification of methacrylic anhydride is
limited by the purification of the resulting monomer. In the other way,
the alcoholysis of MMA was shown to be highly efficient when Zr(AcAc)4
catalyzed the reaction. No solvent was also required as MMA was
both reactant and solvent of the reaction. High purity phosphonated
methacrylates have been easily reached in a quantitative yield by sim-
ply adjusting both temperature and pressure, using the azeotrope be-
havior of MMA/H2O and MMA/Methanol.
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FIGURE 7 1H NMR (CDCl3) of dimethyl 3-methacryloxypropylphosphonate.

EXPERIMENTAL

Reagents

Methyl methacrylate was purchased from Atofina and used as received.
The syntheses were performed with commercial chemicals avalaible
from Aldrich. The syntheses of 2-hydroxyethylphosphonate and 3-
hydroxypropylphosphonate were described elsewhere.26

Characterizations

The chemical structure of the products was determined by 1H NMR
(Bruker AC 400 MHz) at room temperature in CDCl3 solution. The
INVGATE procedure with delay D1 of 10s was used to quantify the final
yield. Gas Chromatography were recorded with a Hewlett Packard 5890
series II, using a DB210 capillary column (1µm, 30m) in a temperature
range of 60 to 200◦C at 20◦C/min.

Synthesis of CH2 C(CH3)C(O)O(CH2)nP(O)(OMe)2 with n = 2 or
3 by Esterification of Methacrylic Anhydride

In a 100 ml two-necked flask, equipped with a stirrer, a rubber sep-
tum and a condenser connected to a high purity nitrogen source,
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15.4 g (0.1 mol) of 2-hydroxyethylphosphonate, 0.04 g (0.5% mol) of
N-methylimidazole and 20 ml of butanone were introduced. The tem-
perature was brought to 60◦C and 15.4 g (0.1 mol) of methacrylic
anhydride in 15 ml of butanone were added in a dropwise manner.
The mixture was then stirred for 6 h. Solvent and residual prod-
ucts were evaporated under vacuum to yield a colorless dimethyl(2-
methacryloyloxyethyl)phosphonate liquid (yield 100%).

The same procedure was repeated with 3-hydroxypropylphosphonate
to yield dimethyl(2-methacryloyloxypropyl)phosphonate as a colorless
liquid (yield 100%).

Synthesis of CH2 C(CH3)C(O)O(CH2)nP(O)(OMe)2 with n = 2 or
3 by Alcoholysis of Methyl Methacrylate

In an 1l autoclave, equipped with a stirrer, a rubber septum and a con-
denser, 154.1 g (1 mol) of 2-hydroxyethylphosphonate, 300 g (3 mol)
of MMA, 133.3 mg de MEHQ (600 ppm qsp) and 2.4361 g (0.5%
mol) of Zr(AcAc)4 were introduced. Vacuum is then adjusted to reach
a temperature range of 95–110◦C, which allows the elimination of
MMA/MeOH azeotrope. After 2 h, the same amount of Zr(AcAc)4 is
added to complete the reaction. After 4 h residual MMA is eliminated
and 200 g (yield > 90%) of high purity (>95% by 1H NMR) dimethyl(2-
methacryloyloxyethyl)phosphonate are obtained by filtration.

The same procedure was repeated with 3-hydroxypropylphosphonate
to yield dimethyl(2-methacryloyloxypropyl)phosphonate (yield > 90%).

Dimethyl(2-methacryloyloxyethyl)phosphonate
1H NMR(CDCl3) δ: 1.7 (s, 3H, CH2 C(CH3)); 2.00 (td, 2H, CH2-PO,

2JHP = 16Hz, 3JHH = 7.3Hz); 3.7 (d, 6H, POCH3, 3JHP = 11.2Hz); 4.2
(td, 2H, O CH2,3JHP = 13.2Hz, 3JHH = 7.3Hz); 5.5–6.0 (d, 2H, CH2 =
C(CH3)).

31P NMR (CDCl3) δ: 29.88 (s).

Dimethyl(2-methacryloyloxypropyl)phosphonate
1H NMR (CDCl3) δ: 1.7 (s, 3H, CH2 C(CH3)); 1.7 (m, 2H+2H,

CH2CH2-PO); 3.7 (d, 6H, POCH3); 4.1 (t, 2H, O CH2); 5.4–6 (d, 2H,
CH2 C(CH3)).

31P NMR (CDCl3) δ: 35.18 (s).

REFERENCES

[1] I. Y. Wan, L. A. Keifer, J. E. McGrath, and T. Kashiwagi, Polymer Preprints (American
Chemical Society, Division of Polymer Chemistry, 36, 491–492 (1995).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphonated Methacrylate Monomers 2213

[2] K.-Y. Hwang, H.-H. Chen, and A.-P. Tu, U. S. Patent, 2003073781 (2003).
[3] Y. Zhang, J. C. Tebby, and J. W. Wheeler, European Polymer Journal, 35, 209–214

(1998).
[4] A. R. Horrocks and S. Zhang, Polymer, 42, 8025–8033 (2001).
[5] Wiley, Ed. Encyclopedia of Polymer Science and Engineering (Wiley, New York,

1990), Vol. 11, p. 96.
[6] M. Gaboyard, T. Jeanmaire, C. Pichot, Y. Hervaud, and B. Boutevin, Journal of

Polymer Science, Part A: Polymer Chemistry, 41, 2469–2480 (2003).
[7] W. D. Emmons, W. C. Finch, and M. A. Morgan, European Patent, 625541 (1994).
[8] S. L. Tsaur, European Patent, 221498 (1987).
[9] C. W. Allen and M. Bahadur, Phosphorus, Sulfur, and Silicon, and the Related Ele-

ments, 76, 463–466 (1993).
[10] J. R. Ebdon, D. Price, B. J. Hunt, P. Joseph, F. Gao, G. J. Milnes, and L. K. Cunliffe,

Polymer Degradation and Stability, 69, 267–277 (2000).
[11] B. Boutevin, Y. Hervaud, A. Boulahna, and E. M. El Hadrami, Polymer International,

51, 450–457 (2002).
[12] A. Riondel, R. Pirri, and T. Jeanmaire, Eurpoean Patent, 1201674 (2002).
[13] T. Mizutari, M. Tsuzuki, and K. Komya, Japanese Patent, 07185290 (1995).
[14] F. Gauthier, B. Weinstein, Y. Duccini, R. Porter, and D. Witiak, Eurpean Patent,

877076 (1998).
[15] G. David, B. Boutevin, and Y. Hervaud, Phosphorus, Sulfur, and Silicon, and the

Related Elements, 180, 2201–2209 (2005).
[16] B. Rixens, G. Boutevin, A. Boulahna, Y. Hervaud, and B. Boutevin, Phosphorus,

Sulfur, and Silicon, and the Related Elements, 179, 2617–2626 (2004).
[17] O. Senhaji, J. J. Robin, M. Achchoubi, and B. Boutevin, Macromolecular Chemistry

and Physics, 205, 1039–1050 (2004).
[18] G. F. D’Alelio, U.S. Patent, 4016224 (1977).
[19] G. F. D’Alelio, U.S. Patent, 3900536 (1975).
[20] T. Misato, K. Ko, Y. Honma, M. Takeda, K. Konno, and N. Fuga, Japanese Patent,

51125750 (1976).
[21] O. E. Nasakin, V. V. Kormachev, A. G. Stepanova, I. A. Abramov, and V. A. Kukhtin,

1976, Chuv. Gos. Univ. im. Ul’yanova, Cheboksary, USSR. 5.
[22] C. N. Smit, W. E. Hennink, B. De Ruiter, A. H. Luiken, M. P. W. Marsman, and J.

Bouwma, RadTech ‘90 North Am., Conf. Proc., 2, 148–153 (1990).
[23] C. Brondino, B. Boutevin, J.-P. Parisi, and J. Schrynemackers, Journal of Applied

Polymer Science, 72, 611–620 (1999).
[24] B. Boutevin, Y. Hervaud, G. Mouledous, and N. Pelaprat, Phosphorus, Sulfur, and

Silicon, and the Related Elements, 140, 125–133 (1998).
[25] N. Pelaprat, G. Rigal, B. Boutevin, A. Manseri, and M. Belbachir, European Polymer

Journal, 32, 1189–1197 (1996).
[26] T. Jeanmaire, Y. Hervaud, and B. Boutevin, Phosphorus, Sulfur and Silicon and the

Related Elements, 177, 1137–1145 (2002).
[27] F. J. Wolf, R. M. Wilson, Jr., and M. Tishler, Journal of the American Chemical

Society, 76, 2266 (1954).
[28] J. Knebel, J. Carl, G. Graff, and A. Wittkowski, European Patent, 1078913 (2001).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


