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ONE-PART SELF-PRIMING DENTAL ADHESIVE

Technical Field

The invention relates to dental adhesive compositions for bonding
dental restoratives to dentin and enamel. More specifically the invention
provides a one-part self-etching, self-priming dental adhesive composition

comprising hydrolysis stable polymerizable acidic adhesive monomers.

Background of the Invention

Presently, self-etching, self-priming dental adhesives are composed of
two-part systems due io stability issues of the polymerizable acidic
monomers The stability issues are due to the hydrolysis of acidic and
adhesive monomers in water or water/solvent mixtures. Therefore the acidic
and adhesive monomers are stored water-free and mixed with the aqueous
part just before application

Frequently, sulfuric acid ester or phosphorous ester groups are
employed in acidic polymerizable adhesive monomers. These acidic groups
tend to hydrolyze ester moieties within of the monomers. To overcome these
disadvantages polymerizable phosphonic esters were proposed (DE
19918974). However, these monomers still comprise hydrolysable
(meth)acrylic ester moieties . Recently, hydrolysis stable monomers with
phosphonic acid ester groups based on a-(oxo ethyl) acrylate were claimed
(DE 19746708). However, thhe synthesis of these monomers is rather
expensive and cost prohibitive for the envisaged applications.

Two-part self-etching, self-priming dental adhesive systems are either
applied sequentially or in one step after mixing the two parts. Both
procedures have inherent disadvantages due to clinical complications which
might occur inbetween sequential steps (saliva or blood contamination) or
due to dosing problems when mixing is required prior to the application of the

self-etching adhesive.
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In order to overcome these clinical problems it would be
advantageous to provide the self-etching adhesive as a one-part system

eliminating the need of sequential application or premixing.

Description of the preferred embodiments
The present invention provides a hydrolysis stable one-part self-
etching, self-priming dental adhesive based on (meth)acrylamides and use
thereof in polymerizable dental adhesive compositions containing
i) a polymerizable (meth) acrylamide that comprises at least an
organic or inorganic acidic moiety
i) a polymerizable monomer

11) polymerization initiator, inhibitor and stabilizer.

Preferably the hydrolysis stable one-part self-etching, self-priming
dental adhesive comprises at least a carboxylic acid,\a phosphoric acid or a
sulfuric acid group or most preferably at least a phosphonic or a sulfonic acid
moiety. |

The polymerizable :(meth) acrylamide that comprises at least a-

- phosphonic or sulfonic acid moiety is characterized by the following formulas:

O O O O O
R R O
VJ\II\I/R‘l\II\IJ‘\K N/U\I]\l/ 4\II\JJJ\( Y‘Ln\'/ 3\‘?5
R1 R F‘Rs R R F|<3 ks R Ry R, HO OH
O=F, =0 O=8S=0 0=S=0 O
/ \ / \ | | Rs. O
HO OH HO OH OH OH N
L 07 TOH
1 2
Od I e e J K™ o] Re. R i
Ho™ VL NI 4\'7' SOH HO™ T NN NN S oH
]/ R1/—R1 R1
wherein

R and R, independently are Hydrogen or a substituted or unsubstituted C, to
Cis alkylene, substituted or unsubstituted cycloalkylene, substituted or

unsubstituted Cs to C4 arylene or heteroarylene, substituted or
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unsubstituted Cs to Cys alkylarylene or alkylheteroarylene, substituted or
unsubstituted C; to Csp alkylene arylene,

Rs; and R, independently are a difunctional substituted or unsubstituted C; to
C.s alkylene, difunctional substituted or unsubstituted cycloalkylene,
difunctional substituted or unsubstituted Cs to Cyg arylene or
heteroarylene, difunctional substituted or unsubstituted Cs to Cys
alkylarylene or alkylheteroarylene, difunctional substituted or unsubstituted

C; to Csy alkylene arylene,

n is an integers.

In addition to the polymerizable (meth) acrylamide that comprises at least
a phosphonic or sulfonic acid moiety polymerizable monomers are applied

that also have an improved hydrolysis stability, that are characterized by the

following formulas:

Ra3 ﬁh Rs II?1 f|?1 Rs [ Ra }?1 )
N N N N
}\'( “R; /H/ “Ri W}/& }\'( ~. |Ra4
O O O - O ~n
wherein

R, and Rs independently are H or a substituted or unsubstituied C; o Cqs
alkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted Cs to Cig arylene or heteroarylene, substituted or
unsubstituted Cs to Cqg alkylarylene or alkylheteroarylene, substituted or

unsubstituted C; to Csy alkylene arylene,

R, is a difunctional substituted or unsubstituted C; to Cys alkylene,
difunctional substituted or unsubstituted cycloalkylene, difunctional
substituted or unsubstituted Cs to Cy3 arylene or heteroarylene,
difunctional substituted or unsubstituted Cs to Css alkylarylene or
alkylheteroarylene, difunctional substituted or unsubstituted C; to Cs

alkylene arylene,
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R, is a mono- or polyfunctional substituted or unsubstituted C; to Cys
dlkylene, mono- or polyfunctional substituted or unsubstituted
cycloalkylene, mono- or polyfunctional substituted or unsubstituted Cs to

C,s arylene or heteroarylene, mono- or polyfunctional substituted or
unsubstituted Cs to Cys alkylarylene or alkylheteroarylene, mono- or

polyfunctional substituted or unsubstituted C; to Cgy alkylene arylene,

n is an integers.

The preferably used bis- and mono (meth) acrylamides are characterized

by the following formulas:

GRS
B SRR R R STY
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The claimed compositions comprise at least a bis- or poly (meth)
acrylamide, a polymerizable mono acrylamide , an initiator, a stabilizer, water
and/or an organic solvent.

The polymerization initiator is a thermal initiator, a redox-initiator or a
photo initiator preferably used is champhor quinone.

To stabilize the dental composition as stabilizer are applied radical absorbing
monomers such as hydroquinone monomethylether, 2,6-di-tert.-butyl-p-

cresol, tetramethyl piperidine N-oxyl radical, galvanoxyl radical.

Example 1
N,N'-Bis (diethyl ethyl phosphonate)-1.2-Bis (2-aminoethoxy) ethane:

To 11.287 g (0.076 mol) 1.2-Bis (2-aminoethoxy) ethane were added
25.000 g (0.152 mol) Diethyl vinylphosphonate and stirred for 6 hours at 23
°C.

Yield: 36.287 g (100 % d. Th)

(C1sHu208NP>), 476.49

IR: 3411, 3390 (OH), 2973, 2929, 2885 (CH,/CH3), 1390 (CH,/CHjs), 1078
cm™' (OH).

BC-NMR: 72.1 (6), 70.6 (7), 62.3 (2), 49.9 (5), 34.2 (4), 27.8 (3), 16.4 (1)

o 5

Ou ~A4HNS5 0 P
SR 0T TN N0

a

N,N'-Bis (diethyl ethyl phosphonate)-N,N'-bismethacrylamido-1.2-Bis (2-
aminoethoxy) ethane:

In a 4-necked 1-I-flask equipped with a stirrer, a thermometer and two
50 mi dropping funnels 30.000 g (0.063 mol) of N,N-Bis (diethyl ethyl
phosphonate)-1.2-Bis (2-aminoethoxy) ethane were dissolved in 300 ml of
methylene chloride. After cooling to 0-5 °C 13.164 g (0.126 mol) of
methacryloy! chloride dissolved in 30 ml of methylene chloride and 5.036 ¢
(0.126 mdl) of NaOH dissolved in 15.106 mi of water were added
simultaneously under stirring during 1.5 hours so that the temperature
remains at 0-5 °C. Thereafter the mixture were stirred at room temperature

for additional two hours. Than the reaction mixture were hydrolyzed with 60
o
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ml of ice-water. The organic phase were separated and the aqueous solution
were extracted twice with methylene chloride. The collected organic liquids
were washed with 50 ml of 1 n HCI, 50 ml of 1 n NaHCO3; and sometimes
with 50 ml of deionised water until the water shows a pH-value of
approximately 7. Than the organic solution was dried over NaSO,. Thereafter
the NaSOQ, was filtered off and to the solution 0.039 g of 2,6-di-tert.-butyl-p-
cresol were added. The methylene chloride was removed at 40 °C in vacuum
and the bismethacrylamide was dried.

Yield: 32 g (83 % of th.)

(Co6H50010N2P>), 612.64

"*C-NMR:167.7 (8), 140.2 (9), 121.7 (11), 70.6 (8), 69.4 (7), 62.3 (2), 48.2 (5),

32.5 (4), 25.1 (3), 19.3 (10), 16.4 (1)
11

e L

O*‘p/:s\tlx N\S/G\ 0/7\/ o N~ NS PQO
7/ \
O O O
J7
1

N,N'-Bis (ethyl phosphonic acid)-N,N'-bismethacrylamido-1.2-bis (2-
aminoethoxy) ethane:

In a 4-necked 1-I-flask equipped with a stirrer, a thermometer, reflux
cooler with CaCl,-drying tube and 50 mi dropping funnels 30.000 g (0.049
mol) of N,N'-Bis (diethyl ethyl phosphonate)-N,N'-bismethacrylamido-1.2-Bis
(2-aminoethoxy) ethane were dissolved in 100 ml of methylene chloride. Then
16.494 g (0.108 mol) Trimethyl bromsilane were added dropwise over an
period of 20 minutes under stirring. Thereafter the reaction mixture was
stirred for additional 2 hours. By adding of 100 methanol the phosphonic acid
silylesters were hydrolyzed. Prior to remove the solvents BHT was added and

the product was dried at 40 °C in vacuum.

Yield: 19.11 g (78.0 % d. Th)
(C15H34040N2P2), 500.42

>C-NMR: 164.7 (8), 140.2 (9), 121.7 (11), 70.6 (7), 69.4 (6), 48.2 (5), 31.9
(4), 29.5 (3), 19.3 (10)
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11
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Example 2
(Bis(3-methacyloylamidopropyl) diethylphosphonic acid ethylester:
58.073 g (0.443 mol) Bis(3-aminopropyl)amine, 184.454 g (0.894 mol)
Dicyclohexyl carbodiimide and 8.651 g (0.071 mol) dimethylamino pyridine
were dissolved in a mixture of 250 m| CH,Cl, and 100 mi Acetone. To the
cooled mixture (< 5°C) were added 76.200 g (0.885 mol) Methacrylic acid
dissolved in 100 ml CH,Cl, so that temperature do not pass 10 °C. Then the
mixture were stirred for 15 minutes at 0 °C and tor 20 hours at room
temperature. Thereafter the reaction mixture was cooled again and 92.227 ¢
(0.447 mol) Dicyclohexyl carbodiimid dissolved in a mixture of 50 ml CH,Cl;
and 50 ml Acetone were added. To this mixture was dropped a solution of
86.804 g (0.443mol) Diethylphosphonic acid ethylester dissolved in 100 ml
Acetone so that temperature do not pass 10 °C. Then the mixiure were
stirred for 15 minutes at 0 °C and for 20 hours at room temperature. After this
time the precipitated solid was filtered off. To the filtrate were added 0.101 g
BHT and the solvent was removed by vacuum distillation. The viscose
residue was dissolved in 300 ml CH,CIl, and cooled to 0 °C. The precipitating
solid was removed and the filtrate was washed twice with 150 ml 1n HCI, 150
m! 1n NaHCOj solution and with 150 ml water. Furthermore, the solution was
dried over NaSQO, and the solvent was removed. Than the solid was dissolved
in Acetone again and dicyclohexyl urea was filtered of. Prior to remove the

solvent, 0.197 g BHT was added, the product was dried in vacuum.

Yield: 155.7 g (79.0 % of th.)

(CooHasN3OgP), 445.50
IR: 3010/2933/2856 (CH./CHs), 1695 (CO), 1653/1627 (C=C), 1452
(CH,/CHs,), 1251 cm

v
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PC-NMR: 169.1 (4), 166.5 (8), 140.2 (10), 121.7 (11), 61.6 (2), 44.6 (5), 43.0
(7), 27.9 (6), 27.7 (3), 19.0 (9), 16.4 (1)

P02 /
9 (3
)\”/ll_l 4 ) ll—l
5 N\7/\5/N\/\/N X

(Bis(3-methacyloylamidopropyl) diethylphosphonic acid:
In a 4-necked 1-I-flask equipped with a stirrer, a thermometer, reflux

cooler with CaCl,-drying tube and 100 ml dropping funnel 155.700 g (0.350
mol) of (Bis(3-methacyloylamidopropyl) diethylphosphonic acid ethylester
were dissolved in 100 ml of methylene chloride. Then 117.77 g (0.769 mol)
Trimethyl bromsilane were added dropwise over an period of 60 minutes
under stirring. Thereafter the reaction mixture was stirred for additional 2
hours. By adding of 250 methanol the phoéphonic acid silylesters were
hydrolyzed. Prior to remove the solvents 0.157 g BHT were added and the
product was dried at 40 °C in vacuum.

Yield: 115.0 g (84.5 % d. Th)

(C16H2806N2zP), 389.39
®C-NMR: 169.1 (4), 166.5 (8), 140.2 (10), 121.7 (11), 44.6 (5), 43.0 (7), 27.9
(6), 32.1 (3), 19.0 (9)

HO\P//O
.
. 5 OH
) 4=0
8 N_.7 ~_5_N N
0 0
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We claim

1. Hydrolysis stable one-part self-etching, self-priming dental adhesive
comprising
() an acidic polymerizable (meth) acrylamide that comprises at
least an organic or inorganic acidic moiety
(i) a polymerizable monomer

(1ii) polymerization initiator, inhibitor and stabilizer.

2. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, wherein said acidic polymerizable (meth) acrylamide comprises
an organic or inorganic acidic moiety, preferably a carboxylic acid,
phosphoric acid, sulfuric acid group and most preferably a phosphonic or

sulfonic acid moiety.

3. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, wherein said acidic polymerizable (meth) acrylamide is selected

from the group consisting of:

O O O O O
R R O
ﬁ/U\II\I/ 4\II\I)J\K VJ\N/ 4\II\IJJ\( VLT‘, 3\||Df
R Rs F‘<3 R Ry Rs s R Ry R, HOOH
O=P —0 0=S=0 0=S=0 Q
/ \ / \ | | R3 /O
HO OH HO OH OH OH N~ 87
| L II? o’ “OH
1 2
o OO O O O

0
\lg\)k Ra LR )J\/l':]’/ o PN Rs. R e
HO™~ NT NN ~OH HO™ S SN S ST 0H

| no ~ /=n
Ro O Ro O O O
R1/—R¢ R1

R, and R, independently are Hydrogen or a substituted or unsubstituted C, to

wherein

Css alkylene, substituted or unsubstifuted cycloalkylene, substituted or
unsubstituted Cs to Cqg arylene or heteroarylene, substituted or unsubstituted
Cs to Cqg alkylarylene or alkylheteroarylene, substituted or unsubstituted C- to

Cag alkylene arylene,
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Rs; and R, independently are a difunctional substituted or unsubstituted C; to
Cse alkylene, difunctional substituted or unsubstituted cycloalkylene,
difunctional substituted or unsubstituted Cs to C4g arylene or heteroarylene,
difunctional substituted or unsubstituted Cs to Cis alkylarylene or
alkylheteroarylene, difunctional substituted or unsubstituted C; to Cz alkylene

arylene,

n is an integers.

4. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claims 1 to 3, wherein said acidic polymerizable (meth) acrylamide is

seletected from the group consisting of:

10
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/7 N\ 7/ \
HO "OH ( ﬁ/ o HO™ OH
O

O N N O
SR e i
HO OH HO OH

5. Hydrolysis stable one-part self-etching, self-priming dental adhesive of

claim 1, wherein polymerizable monomer is selected from the group

consisting of:

Ra Fl’w R3 F|31 7‘31 Ra - Ra E?? ]
Q\H/N\R“l /Ij_‘/N\RZ/N\”/g }\n/N\ R4
O O O N O Jn
wherein

Ry and Rj; independently are H or a substituted or unsubstituted C, to Cqg
alkylene, substituied or unsubstituted cycloalkylene, substituted or
unsubstituted Cs to C4s arylene or heteroarylene, substituted or unsubstituted
Cs to Cq5 alkylarylene or alkylheteroarylene, substituted or unsubstituted C- to

Czo alkylene arylene,

Rz Is a difunctional substituted or unsubstituted C; to C;s alkylene,
difunctional substituted or unsubstituted cycloalkylene, difunctional
substituted or unsubstituted C; to Cs arylene or heteroarylene, difunctional
substituted or unsubstituted Cs to C,s alkylarylene or alkylheteroarylene,

difunctional substituted or unsubstituted C; to Cs, alkylene arylene,

R4 IS a mono- or polyfunctional substituted or unsubstituted C; to Cis

alkylene, mono- or polyfunctional substituted or unsubstituted cycloalkylene,

11
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mono- or polyfunctional substituted or unsubstituted Cs to C4s arylene or
heteroarylene, mono- or polyfunctional substituted or unsubstituted Cs to Cis
alkylarylene or alkylheteroarylene, mono- or polyfunctional substituted or

unsubstituted C; to Csg alkylene arylene,

n is an integers.

6. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, wherein said polymerizable monomer is a mono-, bis- or

poly(meth) acrylamide that is selected from the group consisting of:

SRNCICY
A ey YK“COJ
MU T

'I\]/\/\N/\/\Il\l 0 HN o HN
O
HN O 0

A KT AGE) Ap

7. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, comprised of at least an acidic polymerizable (meth) acrylamide,
a polymerizable monomer, an initiator, a stabilizer, pigments, an organic

and/or inorganic filler.

12



CA 02457347 2004-02-10
WO 03/013444 PCT/US02/25005

8. Hydrolysis stable one-part seli-etching, self-priming dental adhesive of
claim 1, comprising at least an acidic polymerizable (meth) acrylamide, a

polymerizable monomer, an initiator, a stabilizer, water or organic solvent.

9. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, comprising of at least an acidic polymerizable (meth) acrylamide,
a polymerizable monomer, an initiator, a stabilizer, pigments, an organic

and/or inorganic filler, water or/and an organic solvent.

10. Hydrolysis stable one-part self-etching, self-priming dental adhesive of

claim 1, wherein said polymerizable monomers are applied in a content of
0 to 90 wt-%.

11. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, wherein said polymerization initiator is a thermal initiator, a redox-

initiator or a photo initiator.

12. Hydrolysis stable one-part self-etching, self-priming dental adhesive of

claim 1, wherein said photo initiator preferably is champhor quinone.

13. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, wherein said filler is an inorganic filler and/or an organic filler;

preferably the filler is a nanofiller.

14. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, wherein said stabilizer is a radical absorbing monomer such as

hydroquinone monomethylether, 2,6-di-tert.-butyl-p-cresol.

15. Hydrolysis stable one-part self-etching, self-priming dental adhesive of
claim 1, wherein said organic solvent preferably is acetone, ethanol or
tert.-butanaol.

13
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