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DENTAL ADHESIVE 

FIELD OF THE INVENTION 

[ 0001 ] The present invention relates to an aqueous dental 
composition having a pH of at most 7 . Furthermore , the 
present invention relates to the use of a specific composition 
for the preparation of an aqueous dental composition . The 
aqueous dental composition according to the present inven 
tion may be a one - part dental composition . The aqueous 
dental composition according to the present invention has 
improved handling properties due to excellent wetting prop 
erties , among others due to improved penetration properties , 
and shows improved adhesive properties to both enamel and 
dentin . The aqueous dental composition according to the 
present invention also has high storage stability and excel 
lent mechanical properties when cured . 

SUMMARY OF THE INVENTION 
[ 0006 ] It is the problem of the present invention to provide 
an aqueous dental composition having a pH of at most 7 , 
which has good wetting properties to a dental surface and an 
advantageous viscosity , whereby said dental composition 
may be polymerized to provide high adhesion to dentine and 
enamel , while the aqueous dental composition has high 
storage stability of the uncured dental composition and high 
stability after curing in the mouth of a patient . 
[ 0007 ] The present invention provides an aqueous dental 
composition having a pH of at most 7 , comprising : 
[ 0008 ] ( a ) 1 to 70 percent by weight based on the total 
weight of the composition of a polymerizable compound 
of the following formula ( I ) : 

A - L - B 
[ 0009 ] wherein 
[ 0010 ] A is a group of the following formula ( II ) 

BACKGROUND OF THE INVENTION 

X1 

Rim 

[ 0002 ] The restoration of dental structures is typically 
accomplished by the application of a dental adhesive and 
subsequently a restorative material to the dental structures . 
Dental adhesives are also used in the bonding of dental 
materials such as orthodontic appliances to a dental struc 
ture . In order to facilitate an intimate interaction between the 
dental composition and the dental structure , various pre 
treatment processes are often used in order to improve the 
bonding of the dental composition to dentin or enamel . A 
typical pretreatment may include etching and priming of the 
dental surface with the aim of fully wetting the dental 
structure with the dental composition . 
[ 0003 ] However , given that etchants , primers , and adhe 
sives are typically applied in a step - wise fashion , the resto 
ration of dental structures is often a complex multistep 
procedure . 
[ 0004 ] Accordingly , a need exists for simplifying conven 
tional restorative or orthodontic procedures . For example , it 
would be desirable to provide a dental composition that 
accomplishes an intimate interaction between the dental 
structure and the dental composition without requiring sepa 
rate etching and priming steps . A suitable dental composi 
tion could advantageously be formulated as an aqueous 
polymerizable dental compositions for use as a dental adhe 
sive composition , a dental bonding agent , a pit and fissure 
sealant , a dental desensitizing composition , a pulp capping 
composition , a dental composite , dental glass ionomer 
cement , a dental cement or a dental root canal sealer 
composition . Moreover , a generic dental composition may 
be a dental infiltrant . WO 2014 / 040729 Al and its family 
member EP 2 705 827 A1 disclose an aqueous dental 
composition comprising a polymerizable allyl ( meth ) acryl 
amide compound preferably having two allyl ( meth ) acryl 
amide moieties , which may be linked via a straight chain or 
branched chain alkylene group or a cycloalkylene group . 
The allyl ( methacrylamide compound has a favorable 
polymerization enthalpy and high hydrolysis stability . Den 
tal compositions such as those disclosed in WO 2014 / 
040729 A1 and EP 2 705 827 Al have a viscosity which 
tends to be high . 
[ 0005 ] EP 1 911 434 A1 discloses a dental composition 
containing a polymerizable acidic phosphoric acid ester 
monomer . 

plinskjult [ 0011 ] Xl is CO , CS , CH2 , or a group [ X ' Z ] ] , wherein 
X is an oxygen atom , a sulfur atom or NH , Z is a 
straight chain or branched C1 - 4 alkylene group , and 
k is an integer of from 1 to 10 ; 

[ 0012 ] R ' is a hydrogen atom , 
[ 0013 ] - COOM , 
[ 0014 ] a straight chain or branched C1 - 16 alkyl 

group which may be substituted by a C2 - 6 
cycloalkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl 
group , COOM , PO3M , O — PO3M2 or 
— SOM , 

[ 0015 ] a C3 - 6 cycloalkyl group which may be sub 
stituted by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 

O POZM , or — SO3M , 
[ 0016 ] a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by COOM , PO3M , 

O - PO3M , or — SO3M , 
[ 0017 ] R² is a hydrogen atom , 

10018 ] — COOM 
[ 0019 ] a straight chain or branched C1 - 16 alkyl 

group which may be substituted by a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , PO3M , 
- O - PO3M2 and — SO3M , 

[ 0020 ] a C3 - 6 cycloalkyl group which may be sub 
stituted by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 

O - PO3M , or — SO3M , or 
[ 0021 ] a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by COOM , PO3M , 
- O - PO3M , and S03M , 

[ 0022 ] L is a divalent C2 - 12 alkenylene linker group , 
which may contain 1 to 3 carbonyl groups or heteroa 
toms selected from oxygen , nitrogen and sulfur , and 
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which may be substituted by a hydroxyl group , a C6 - 14 
aryl group , COOM , POZM , O PO2M2 or 

SO3M , wherein M is a hydrogen atom or a metal 
atom ; 

[ 0023 ] B is selected from 
[ 0024 ] ( i ) a group according to the definition of A , 
[ 0025 ] ( ii ) a group of the following formula ( III ) 

a C3 - 6 cycloalkyl group which may be substi 
tuted by a C1 - 16 alkyl group , a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , PO3M , 

O - PO3M , or — SO3M , 
a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by COOM , PO3M , 

O - PO2M2 or SOZM , and 
[ 0041 ] m is an integer of from 1 to 10 ; and 

[ 0042 ] wherein M of any one R ' , R² , L , R and E , 
which M are independent from each other , each 
represent a hydrogen atom or a metal atom ; 

[ 0043 ] ( b ) 2 to 20 percent by weight based on the total 
weight of the composition of a polymerizable compound 
of the following formula ( V ) : 

( III ) 

RI R ? R ? A - L - A ( V ) 
[ 0044 ] wherein the 
[ 0045 ] A ' which are independent from each other , each 

represent a group of the following formula ( VI ) 

( VI ) 

* * 

[ 0026 ] X2 independently has the same meaning as 
defined for Xl in formula ( II ) , 

[ 0027 ] Rl ' and R2 ' are independent from each other 
and independently have the same meaning as 
defined for R1 and R2 in formula ( II ) , 

[ 0028 ] R is a hydrogen atom , 
10029 ] a straight chain or branched C1 - 16 alkyl 
group which may be substituted by a C3 - 6 
cycloalkyl group , a C6 - 14 aryl or C3 - 14 het 
eroaryl group , COOM , PO3M , 
- O - PO3M2 or — SO3M , 

[ 0030 ] a C3 - 6 cycloalkyl group which may be 
substituted by a C1 - 16 alkyl group , a C6 - 14 aryl 
or C3 - 14 heteroaryl group , — COOM , PO3M , 
- O - PO2M2 or — SO3M , 

[ 0031 ] a C6 - 14 aryl or C3 - 14 heteroaryl group 
which may be substituted by COOM , 
— PO3M , - 0 PO3M2 or — SO3M , 

[ 0032 ] ( iii ) a group of the following formula ( IV ) 

RI * R2 * 

( IV ) 
RI 

DOM 

[ 0033 ] wherein 
[ 0034 ] X3 is CO , CH , CO , CS , or 

- CH , CS , 
[ 0035 ] R1 " and R2 " which are independent from 

each other and independently have the same 
meaning as defined for R and R² in formula ( II ) , 
or 

[ 0036 ] ( iv ) a group [ Z ' X " ] „ E , 
[ 0037 ] wherein 

[ 0038 ] Z ' is a straight chain or branched C1 - 4 
alkylene group , 

[ 0039 ] X " is an oxygen atom , a sulfur atom or 

[ 0046 ] wherein 
[ 0047 ] X2 * independently has the same meaning as 

defined for Xl in formula ( II ) , 
[ 0048 ] Ri * and R2 * are independent from each other 
and independently have the same meaning as defined 
for R and R2 in formula ( II ) , 

[ 0049 ] R * is a hydrogen atom , 
[ 0050 ] a straight chain or branched C1 - 16 alkyl 

group which may be substituted by a C3 - 6 
cycloalkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl 
group , COOM , POZM , O - PO3M , or 
- SO3M , 

[ 0051 ] a C3 - 6 cycloalkyl group which may be sub 
stituted by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , — COOM , PO3M , 
- O - PO3M2 or — SO3M , 

[ 0052 ] a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by COOM , — PO3M , 
- O - PO3M , or SO3M , 

[ 0053 ] L ' is a divalent C2 - 12 alkylene linker group , 
which may contain 1 to 3 carbonyl groups or heteroa 
toms selected from oxygen , nitrogen and sulfur , and 
which may be substituted by a hydroxyl group , a C6 - 14 
aryl group , — COOM , PO2M , O PO3M , or 
_ SOZM , wherein M is a hydrogen atom or a metal 

atom ; 
[ 0054 ] wherein M of any one RI * , R2 * , L ' and R * , 
which M are independent from each other , each 
represent a hydrogen atom or a metal atom ; 

[ 0055 ] ( c ) 1 to 20 percent by weight based on the total 
weight of the composition of one or more polymerizable 
monomers having one or more acidic groups ; 

[ 0056 ] ( d ) 0 . 001 to 5 percent by weight based on the total 
weight of the composition of an initiator system ; 

NH , 
[ 0040 ] E is a hydrogen atom , 
PO3 M2 , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
- COOM , POZM , O - PO3M2 or 
- SO3M , 
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[ 0075 ] B is selected from 
[ 0076 ] ( i ) a group according to the definition of A , 
[ 0077 ] ( ii ) a group of the following formula ( III ) 

( III ) 

[ 0057 ] ( e ) 0 . 001 to 1 percent by weight based on the total 
weight of the composition of a stabilizer ; and 

[ 0058 ] ( f ) 25 to 50 percent by weight based on the total 
weight of the composition of a solvent mixture compris 
ing water and an organic solvent . 

[ 0059 ] Furthermore , the present invention provides a use 
of a composition comprising 
[ 0060 ] ( a ) a polymerizable compound of the following 

formula ( I ) : 
( 1 ) 

[ 0061 ] wherein 
[ 0062 ] A is a group of the following formula ( II ) 

A - L - B RI 

( II ) 

RI 

[ 0078 ] X2 independently has the same meaning as 
defined for X in formula ( II ) , 

[ 0079 ] Rl ' and R2 are independent from each other 
and independently have the same meaning as 
defined for R1 and R² in formula ( II ) , 

[ 0080 ] R is a hydrogen atom , 
[ 0081 ] a straight chain or branched C1 - 16 alkyl 

group which may be substituted by a C3 - 6 
cycloalkyl group , a C6 - 14 aryl or C3 - 14 het 
eroaryl group , COOM , PO3M , 

O - PO3M , or — SO3M , 
[ 0082 ] a C3 - 6 cycloalkyl group which may be 

substituted by a C1 - 16 alkyl group , a C6 - 14 aryl 
or C3 - 14 heteroaryl group , — COOM , — PO3M , 
- O - PO3M2 or — SO3M , 

[ 0083 ] a C6 - 14 aryl or C3 - 14 heteroaryl group 
which may be substituted by COOM , 
- PO3M , - 0 – PO3M , or — SO M , 

[ 0084 ] ( iii ) a group of the following formula ( IV ) 

R2 

( IV ) 

R2 

[ 0063 ] X is CO , CS , CH2 , or a group [ X ' Z ] , wherein 
X ' is an oxygen atom , a sulfur atom or NH , Z is a 
straight chain or branched C1 - 4 alkylene group , and 
k is an integer of from 1 to 10 ; 

[ 0064 ] R ' is a hydrogen atom , 
[ 0065 ] COOM , 
[ 0066 ] a straight chain or branched C1 - 16 alkyl 

group which may be substituted by a C2 . 6 
cycloalkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl 
group , — COOM , PO3M , - O - PO3M2 or 
SO3M , 

[ 0067 ] a C3 - 6 cycloalkyl group which may be sub 
stituted by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 
0PO3M , or — SO3M , 

[ 0068 ] a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by — COOM , PO3M , 
- O - PO3M , or — SO3M , 

[ 0069 ] R² is a hydrogen atom , 
[ 0070 ] COOM 
[ 0071 ] a straight chain or branched C1 - 16 alkyl 

group which may be substituted by a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , POZM , 
- O - PO3M2 and S03M , 

[ 0072 ] a C3 - 6 cycloalkyl group which may be sub 
stituted by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 

0 - PO3M , or SOZM , or 
[ 0073 ] a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by — COOM , — PO M , 
- O - PO3M , and SO2M , 

[ 0074 ] L is a divalent C2 - 12 alkenylene linker group , 
which may contain 1 to 3 carbonyl groups or heteroa 
toms selected from oxygen , nitrogen and sulfur , and 
which may be substituted by a hydroxyl group , a C6 - 14 
aryl group , — COOM , PO3M , - 0 — PO3M2 or 
- SOZM , wherein M is a hydrogen atom or a metal 

atom ; 

[ 0085 ] wherein 
[ 0086 ] X3 is CO , CH , CO , CS , or 

_ CH , CS , 
[ 0087 ] Rl " and R2 " which are independent from 

each other and independently have the same 
meaning as defined for R . and R2 in formula ( II ) , 

[ 0088 ] ( iv ) a group [ Z ' X " ] mE , 
[ 0089 ] wherein 

[ 0090 ] Z ' is a straight chain or branched C1 - 4 
alkylene group , 

10091 ] X " is an oxygen atom , a sulfur atom or 
NH , 

[ 0092 ] E is a hydrogen atom , 
PO3M2 , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , PO2M , O - PO3M2 or 
SO3M , 

a C3 - 6 cycloalkyl group which may be substi 
tuted by a C1 - 16 alkyl group , a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , PO3M , 
- O - PO3M2 or — SO3M , 
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a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by — COOM , PO3M , 
- O - PO3M , or — SO3M , and 

[ 0093 ] m is an integer of from 1 to 10 ; and 
[ 0094 ] wherein M of any one R ' , R2 , L , R and E , 
which M are independent from each other , each 
represent a hydrogen atom or a metal atom ; and 

[ 0095 ] ( b ) 2 to 20 percent by weight based on the total 
weight of the composition of a polymerizable compound 
of the following formula ( V ) : 

A ' - L ' - A ' ( V ) 

[ 0096 ] wherein the 
[ 0097 ] A ' which are independent from each other , each 
represent a group of the following formula ( VI ) 

compounds of formulae ( I ) and ( V ) in an ageous solvent 
mixture . Accordingly , the application of the aqueous dental 
composition on a dental surface is simplified and the wetting 
of the dental surface is improved . 
[ 0109 ] Moreover , the specific combination of polymeriz 
able compounds of formulae ( I ) and ( V ) is the basis for high 
storage stability of the aqueous dental composition and 
stability after curing in the mouth of a patient . 

( VI ) 
D * 

RI * R2 * R2 

? 

[ 0098 ] wherein 
[ 0099 ] X2 * independently has the same meaning as 

defined for X in formula ( II ) , 
[ 0100 ] R1 * and R2 * are independent from each other 
and independently have the same meaning as defined 
for Rl and R2 in formula ( II ) , 

[ 0101 ] R * is a hydrogen atom , 
[ 0102 ] a straight chain or branched C1 - 16 alkyl 

group which may be substituted by a C3 - 6 
cycloalkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl 
group , COOM , POZM , O - PO3M2 or 
SO3M , 

[ 0103 ] a C3 - 6 cycloalkyl group which may be sub 
stituted by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 
- O - PO3M2 or — SO3M , 

[ 0104 ] a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by — COOM , POZM , 
- O - PO3M , or — SO3M , 

[ 0105 ] L ' is a divalent C2 - 12 alkylene linker group , 
which may contain 1 to 3 carbonyl groups or heteroa 
toms selected from oxygen , nitrogen and sulfur , and 
which may be substituted by a hydroxyl group , a C6 - 14 
aryl group , COOM , POZM , O PO2M2 or 
- SOZM , wherein M is a hydrogen atom or a metal 
atom ; 
[ 0106 ] wherein M of any one Rl * , R2 * , L ' and R * , 
which M are independent from each other , each 
represent a hydrogen atom or a metal atom ; 

[ 0107 ] for the preparation of an aqueous dental compo 
sition . 

[ 0108 ] The present invention is based on the recognition 
that a combination of a compound of formula ( I ) and a 
compound of formula ( V ) as defined above provides sur 
prisingly improved wetting properties , among others due to 
improved penetration properties . It has been found that 
wetting of a dental surface by the aqueous dental composi 
tion and viscosity of the aqueous dental composition can be 
synergistically improved by a combination of polymerizable 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[ 0110 ] The term “ aqueous dental composition ” relates to a 
composition comprising a solvent mixture comprising an 
organic solvent and water . Preferably , the solvent mixture 
comprises water in an amount of at least 1 percent by weight 
based on the total weight of the composition . Commercially 
available organic solvents may contain a substantial amount 
of water and therefore may serve as a source for the water 
contained in the solvent mixture . However , additional water , 
that is water which does not derive from the organic solvent 
of the solvent mixture , is preferably added to the organic 
solvent . 
[ 0111 ] The “ pH of at most 7 " of the aqueous dental 
composition according to the invention may be adjusted by 
any means known in the art , e . g . by adding predetermined 
amounts of one or more acidic or alkaline compounds to the 
aqueous dental composition . In this context , the term “ acidic 
compounds ” denotes compounds having a pKa value within 
the range of about - 10 to 50 . The term “ alkaline com 
pounds ” denotes compounds having a pK , value within the 
range of about - 34 to 14 . Examples of suitable inorganic 
acids are sulfuric acid , phosphonic acid , phosphoric acid , 
hydrochloric acid , nitric acid and the like , which may be 
used alone or in combination with each other . Examples of 
suitable organic acidic compounds are carboxylic acids 
which are preferably selected from the group consisting of 
formic acid , acetic acid , lactic acid , citric acid , itaconic acid , 
poly ( meth ) acrylic acid , itaconic acid , maleic acid , polyvinyl 
phosphonic acid , polyvinyl phosphoric acid , trifluorometh 
anesulfonic acid , toluenesulfonic acid , methanesulfonic 
acid , succinic acid , malic acid , tannic acid , toluene sulfonic 
acid , adipic acid , tartaric acid and ascorbic acid . 
[ 0112 ] Examples of suitable inorganic alkaline com 
pounds are alkali metal or earth alkaline metal hydroxides , 
for example sodium hydroxid , potassium hydroxide , cal 
cium hydroxide or barium hydroxide , which may be used 
alone or in combination with each other . Examples of 
suitable organic alkalines are e . g . organic primary and 
tertiary amines such as triethanolamine and tris ( hydroxym 
ethyl ) - aminomethan ( TRIS ) . The set pH - value of the aque 
ous dental composition may be stabilized by means of a 
typical chemical buffer system , that is a combination of a 
weak organic or inorganic acid having a pK , value at a 
temperature of 20° C . within the range of about 9 to 50 and 
its corresponding salt . Alternatively , the buffer system may 
be in the form of a Norman Goods buffer ( Good ’ s buffer ) 
representing organic compounds having a pK , value at a 
temperature of 20° C . in a range between about 6 and 8 , 
having biochemical inertness and being suitable for appli 
cation in a biological system such as the human body . 
Examples for typical chemical buffer systems are acidic 
acid / acetate buffer , dihydrogenphosphate / monohydrogen 
phosphate buffer or a citric acid / citrate buffer . Examples for 
Good ’ s buffers are 4 - ( 2 - hydroxyethyl ) - 1 - piperazineethane 
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sulfonic acid ( HEPES ) , 2 - ( N - morpholino Jethanesulfonic 
acid ( MES ) or N - cyclohexyl - 3 - aminopropanesulfonic acid 
( CAPS ) . In connection with the term “ pH - value ” it is noted 
that the pH - value / system typically relates to aqueous sys 
tems wherein water is the main compound , i . e . present in an 
amount of about 90 percent by weight . In the present 
aqueous dental composition , water is typically not the main 
component . However , all pH - values indicated in the present 
application relate to pH - values determined by suitable stan 
dard means for determining the pH - value of aqueous sys 
tems , e . g . by means of a glass electrode . 
[ 0113 ] Besides of the aforementioned organic acidic and 
alkaline compounds , the compounds according to any one of 
items ( a ) , ( b ) , ( c ) , ( d ) , ( e ) and ( f ) may be applied for setting 
the pH of the present aqueous dental composition . For 
example , the polymerizable compound of formulae ( I ) and 
( V ) according to ( a ) and ( b ) may have an acidic functional 
group such as — COOM , POZM , O POZM , or 
- SOZM , wherein M may represent a hydrogen atom and 

thus influences the pH of the present aqueous dental com 
position . Besides , the polymerizable monomer according to 
( c ) mandatory has one or more acidic groups . On the other 
hand , the polymerizable compounds of formulae ( I ) and ( V ) 
according to ( a ) and ( b ) mandatory comprise an alkaline 
functional group in the form of a tertiary amine group . 
[ 0114 ] The term “ polymerizable ” as used herein in con 
nection with “ polymerizable compounds ” of formulae ( I ) 
and ( V ) , “ polymerizable monomer having one or more 
acidic group ” , “ polymerizable group ” and “ polymerizable 
double bond ” respectively mean any compound , monomer , 
functional group or double bond capable of radical polym 
erization . Preferably , capability of radical polymerization is 
provided by a carbon - carbon double bond . Examples of the 
polymerizable carbon - carbon double bonds include vinyl , 
conjugated vinyl , allyl , acryl , methacryl and styryl . More 
preferably , the polymerizable carbon - carbon double bound 
is selected from the group consisting of acryl , methacryl , 
allyl and styryl . 
[ 0115 ] The term “ alkenylene ” as used herein in connection 
with group L of compound of formula ( 1 ) means a divalent 
group derived from a straight - or branched - chain C2 - 12 
hydrocarbon which contains at least one carbon - carbon 
double bond . 
0116 . The term “ alkylene ” as used herein in connection 

with group L ' of compound of formula ( V ) means a divalent 
group derived from a straight - or branched - chain saturated 
C2 - 12 hydrocarbon . 
[ 0117 ] In both of the above defined “ alkenylene ” and 
" alkylene ” defined for L and L ' , apart from the 2 to 12 carbon 
atoms of the hydrocarbon , in addition , the hydrocarbon may 
contain further carbon atoms deriving from optional carbo 
nyl groups incorporated therein , optional substitution with 
C6 - 14 aryl group and / or an optional - COOM group . 
10118 ] The compounds of formulae ( I ) and ( V ) are hydro 
lysis - stable . This means that these compounds are stable to 
hydrolysis in an acidic medium , such as in a dental com 
position . 
[ 0119 ] Specifically , these compounds do not contain 
groups such as ester groups which hydrolyze in aqueous 
media at pH 3 at room temperature within one month . 
[ 0120 ] The pH of the present aqueous dental composition 
is suitably set in view of the application , e . g . etching , but 
also in view of chemical compatibility with the further 
components comprised in the composition and / or in the 

restorative material . Preferably , the aqueous dental compo 
sition according to the present invention has a pH of less 
than 6 . 5 , more preferably pH is from 1 to 6 , even more 
preferably from 2 to 5 . 
[ 0121 ] The present invention provides an aqueous dental 
composition having a pH of at most 7 . The aqueous dental 
composition of the present invention is polymerizable or 
copolymerizable by a radical polymerization . The aqueous 
dental composition may be a dental material to be used in the 
oral cavity . Preferably , the present aqueous dental compo 
sition is selected from a dental adhesive composition , a 
dental bonding agent , a dental primer , a dental infiltrant , a pit 
and fissure sealant , a dental desensitizing composition , a 
pulp capping composition , a dental composite , dental glass 
ionomer cement , a dental cement , a seal and protecting 
composition for naked tooth necks , and a dental root canal 
sealer composition . 
[ 0122 ] According to ( a ) , the present aqueous dental com 
position having a pH of at most 7 comprises a polymerizable 
compound of the following formula ( I ) . The aqueous dental 
composition may comprise one or more compounds of 
formula ( 1 ) . The aqueous dental composition of the present 
invention comprises the polymerizable compound ( s ) of for 
mula ( I ) in an amount of from 1 to 70 percent by weight 
based on the total weight of the composition . Preferably , the 
aqueous dental composition comprises one or more com 
pounds of formula ( I ) in an amount of from 10 to 60 percent 
by weight , most preferably 20 to 60 percent by weight based 
on the total weight of the composition . 
[ 0123 ] The amount of compound of formula ( 1 ) may be 
suitably selected in view of the intended application pur 
pose . For example , a dental adhesive composition may 
comprise 1 to 70 percent by weight , preferably 5 to 20 
percent by weight , based on the total weight of the entire 
composition of one or more compounds of formula ( I ) . A 
dental bonding agent may comprise 1 to 70 percent by 
weight , preferably 5 to 20 percent by weight , based on the 
total weight of the entire composition of one or more 
compounds of formula ( I ) . A dental primer may comprise 1 
to 70 percent by weight , preferably 5 to 20 percent by 
weight , based on the total weight of the entire composition 
of one or more compounds of formula ( I ) . A dental infiltrant 
may comprise 1 to 70 percent by weight , preferably 5 to 20 
percent by weight , based on the total weight of the entire 
composition of one or more compounds of formula ( I ) . A pit 
and fissure sealant may comprise 1 to 70 percent by weight , 
preferably 5 to 20 percent by weight , based on the total 
weight of the entire composition of one or more compounds 
of formula ( I ) . A dental desensitizing composition may 
comprise 1 to 70 percent by weight , preferably 5 to 20 
percent by weight , based on the total weight of the entire 
composition of one or more compounds of formula ( I ) . A 
pulp capping composition may comprise 1 to 50 percent by 
weight , preferably 5 to 20 percent by weight , based on the 
total weight of the entire composition of one or more 
compounds of formula ( I ) . A dental composite may com 
prise 1 to 30 percent by weight , preferably 3 to 10 percent 
by weight , based on the total weight of the entire compo 
sition of one or more compounds of formula ( I ) . A dental 
glass ionomer cement may comprise 1 to 30 percent by 
weight , preferably 2 to 10 percent by weight , based on the 
total weight of the entire composition of one or more 
compounds of formula ( I ) . A dental cement may comprise 1 
to 30 percent by weight , preferably 3 to 10 percent by 
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Scheme 1 

R RI 

R2 

R2 

weight , based on the total weight of the entire composition 
of one or more compounds of formula ( I ) . A seal and 
protecting composition for naked tooth necks may comprise 
1 to 70 percent by weight , preferably 5 to 20 percent by 
weight , based on the total weight of the entire composition 
of one or more compounds of formula ( I ) . A dental root canal 
sealer composition may comprise 1 to 70 percent by weight , 
preferably 5 to 20 percent by weight , based on the total 
weight of the entire composition of one or more compounds 
of formula ( I ) . 
[ 0124 ] An aqueous dental composition comprises a com 
pound according to the following formula ( 1 ) : 

A - L - B ( I ) . 

LB LB 

D R2 

LB 

[ 0125 ] In formula ( 1 ) , A is a specific polymerizable group 
which is linked by a divalent linker group L to a group B . 
The group B may be polymerizable . 
[ 0126 ] According to the present invention , A is a group of 
the following formula ( II ) 

CH 

RI R2 

[ 0127 ] Accordingly , any compound of formula ( I ) is char 
acterized by an allyl group bonded to a nitrogen atom and a 
further specific group having a polymerizable double bond 
which is bonded via Xl to the same nitrogen atom . The 
specific arrangement of the polymerizable double bond of 
the allyl group and a further polymerizable double bond 
which is bonded to the same nitrogen atom activates the allyl 
bond so that the allyl bond takes part in the radical polym 
erization reaction during curing . 
[ 0128 ] In formula ( II ) , the jagged bond indicates that R1 
may be in cis or trans configuration relative to X ' . In 
formulae ( III ) , ( IV ) and ( VI ) , the jagged bond has an 
analogous meaning . In particular , in formula ( III ) , the jagged 
bond indicates that R * may be in cis or trans configuration 
relative to X ! . In formula ( IV ) , the jagged bond indicates 
that Rl " may be in cis or trans configuration relative to X3 . 
In formula ( VI ) , the jagged bond indicates that R1 * may be 
in cis or trans configuration relative to X2 * 
[ 0129 ] In formula ( II ) , X ' is CO , CS , CH2 , or a group 
[ X ' Z ] } , wherein X ' is an oxygen atom , a sulfur atom or NH , 
Z is a straight chain or branched C1 - 4 alkylene group , and k 
is an integer of from 1 to 10 . Preferably , in formula ( II ) , X ' 
is CO . 
[ 0130 ] In case Xl is CO , CS , CH , in formula ( II ) , a 
polymerizable double bond is present which may take part 
with the allyl group directly bonded to the nitrogen atom of 
the group of formula ( II ) in a cyclopolymerization reaction 
according to the following Scheme 1 . 

[ 0131 ] In case Xl is a group [ X ' Z ] ; in formula ( II ) , it is 
preferred that LB provides a polymerizable double bond 
which may take part with the allyl group directly bonded to 
the nitrogen atom of the group of formula ( II ) in a cyclopo 
lymerization reaction . Preferably , X ' is an oxygen atom . 
Preferred examples for a straight chain or branched C1 - 4 
alkylene group for Z are an ethylene group and a propylene 
group . Preferably , k is an integer of from 1 to 4 . 
[ 0132 ] According to a preferred embodiment , in formula 
( II ) , X ! is CO . 
[ 0133 ] In formula ( II ) , R ' is a hydrogen atom , — COOM , 
a straight chain or branched C1 - 16 alkyl group which may be 
substituted by a C3 - 6 cycloalkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , POZM , O - PO2M2 or 

SO3M , a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , - PO2M , O - PO3M2 or — SO3M , a C6 - 14 aryl 

or C3 - 14 heteroaryl group which may be substituted by 
COOM , - PO2M , O - PO3M or — SO3M . 

[ 0134 ] For R of formula ( II ) , the straight chain or 
branched C1 - 16 alkyl group may e . g . be methyl , ethyl , 
n - propyl , i - propyl , n - butyl , isobutyl , tert - butyl , sec - butyl , 
pentyl or hexyl . An aryl group may , for example , be a phenyl 
group or a naphthyl group . A C3 - 14 heteroaryl group may 
contain 1 to 3 heteroatoms selected from nitrogen , oxygen 
and sulfur . 
[ 0135 ] Preferably , R ' is a hydrogen atom , a straight chain 
or branched C1 - 8 alkyl group which may be substituted by a 
C4 - 6 cycloalkyl group , a C6 - 10 aryl or C4 - 10 heteroaryl group , 
a C4 - 6 cycloalkyl group which may be substituted by a C1 - 6 
alkyl group , a C6 - 10 aryl or C4 - 10 heteroaryl group or a C6 - 10 
aryl group . More preferably , R is a hydrogen atom , a 
straight chain or branched C1 - 4 alkyl group which may be 
substituted by a cyclohexyl group or a phenyl group , or a 
cyclohexyl group which may be substituted by a C1 - 4 alkyl 
group . Most preferably , R ' is a hydrogen atom . 
[ 0136 ] In formula ( II ) , R2 is a hydrogen atom , — COOM , 
a straight chain or branched C1 - 16 alkyl group which may be 
substituted by a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , PO M , - O POZM , and — SOM , a C2 . 6 

cycloalkyl group which may be substituted by a C1 - 16 alkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , — COOM , 
- POZM , O PO3M2 or — SO3M , or a C6 - 14 aryl or C3 - 14 
heteroaryl group which may be substituted by — COOM , 
- PO3M , O PO3M , and — SO3M . 
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- continued 
( IId ) 

* OM 

[ 0137 ] For R2 of formula ( II ) , the C1 - 16 alkyl group may 
e . g . be methyl , ethyl , n - propyl , i - propyl , n - butyl , isobutyl , 
tert - butyl sec - butyl , pentyl or hexyl . An aryl group may , for 
example , be a phenyl group or a naphthyl group . A C3 - 14 
heteroaryl group may contain 1 to 3 heteroatoms selected 
from nitrogen , oxygen and sulfur . 
[ 0138 ] Preferably , R2 is a hydrogen atom , a straight chain 
or branched C1 - 8 alkyl group which may be substituted by a 
C4 - 6 cycloalkyl group , a C6 - 10 aryl , C4 - 10 heteroaryl group or 
COOM , a C4 - 6 cycloalkyl group which may be substituted 

by a C1 - 6 alkyl group , a C6 - 10 aryl , C4 - 10 heteroaryl group or 
COOM , or a C6 - 10 aryl group which may be substituted by 

- COOM . More preferably , R² is a hydrogen atom , a 
straight chain or branched C1 - 4 alkyl group which may be 
substituted by a cyclohexyl group , a phenyl group or 
- COOM , or a cyclohexyl group which may be substituted 
by a C - 4 alkyl group . Even more preferably , R ’ a hydrogen 
atom , a straight chain or branched C - 4 alkyl group which 
may be substituted by COOM , more preferably a hydro 
gen atom , a methyl group or CH2COOM . Most pref 
erably , R² is a hydrogen atom . 
[ 0139 ] The following groups are preferred groups of for 
mula ( II ) , wherein M is a hydrogen atom or a metal atom : 

( IIa ) 

[ 0140 ] The group of formula ( Ilb ) is particularly preferred . 
[ 0141 ] In formula ( I ) , L is a divalent C2 - 12 alkenylene 
linker group , which may contain 1 to 3 carbonyl groups or 
heteroatoms selected from oxygen , nitrogen and sulfur , and 
which may be substituted by a hydroxyl group , a C6 - 14 aryl 
group , — COOM , POZM , O PO3M , or SO3M , 
wherein M is a hydrogen atom or a metal atom . 
[ 0142 ] For L of formula ( I ) , specific examples of a divalent 
C2 - 12 alkenylene linker group are straight chain or branched 
C2 - 12 alkenylene groups such as ethenylene , propenylene , 
butenylene , pentenylene or hexenylene , or cyclic C3 - 12 
alkenylene groups such as cyclopropenylene , cyclobute 
nylene , cyclopentenylene , cyclohexenylene . Preferably , 
divalent linker group L is a straight chain or branched C2 - 12 
alkenylene group . 
[ 0143 ] It is preferred that divalent linker group L is a 
straight chain C2 - 8 alkenylene linker group , which may 
optionally include one or more — CO group . More pref 
erably , a divalent linker group L is CH2 - CH = CH 
CH , — or — CO - CH = CH - CO — . The substituents of the 
C — C double bond are preferably in trans configuration . 
Most preferably , L is CH2CH = CH - CH2 — in trans 
configuration . 
[ 0144 ] In formula ( I ) , B is selected from ( i ) a group 
according to the definition of A , ( ii ) a group of the following 
formula ( III ) , ( iii ) a group of the following formula ( IV ) and 
( iv ) a group of the formula [ Z ' X " ] mE . 
[ 0145 ] When B is a group according to formula ( II ) in the 
definition of A , then B may be the same or different from the 
group A present in a polymerizable compound of formula 
( I ) . Specifically , B may be a group of the above formula ( II ) 
wherein an allyl group is bonded to a nitrogen atom , and a 
further group having a polymerizable double bond is bonded 
to the same nitrogen atom . 
[ 0146 ] When B is a group according to formula ( II ) in the 
definition of A , X ! is CO , CS , CH2 , or a group [ X ' Z ] k , 
wherein X ' is an oxygen atom , a sulfur atom or NH , Z is a 
straight chain or branched C1 - 4 alkylene group , and k is an 
integer of from 1 to 10 . 
[ 0147 ] According to a preferred embodiment of B being a 
group according to formula ( II ) in the definition of A , X is 
CO . 
[ 0148 ] When B is a group according to formula ( II ) in the 
definition of A , Rl independently has the same meaning as 
defined above for formula ( II ) . 
[ 0149 ] When B is a group according to formula ( II ) in the 
definition of A , R ' independently has the same meaning as 
defined above for formula ( II ) . 

( IIb ) 
H2C 

( IIC ) 
HC 
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[ 0150 ] When B is a group of the formula ( III ) , B is as 
follows : 

( III ) 
dhe 

COOM , - POZM , O - PO3M , or — SO3M , a C6 - 14 aryl 
group which may be substituted by — COOM , POM , 

O - PO3M2 or — SO3M . 
[ 0160 ] Preferably , R is a hydrogen atom , a straight chain 
or branched C1 - 8 alkyl group which may be substituted by a 
C46 cycloalkyl group , a C6 - 10 aryl or C4 - 10 heteroaryl group , 
a C4 - 6 cycloalkyl group which may be substituted by a C1 - 6 
alkyl group , a C6 - 10 aryl or C4 - 10 heteroaryl group or a C6 - 10 
aryl group . More preferably , R is a hydrogen atom , a straight 
chain or branched C - 4 alkyl group which may be substituted 
by a cyclohexyl group or a phenyl group , or a cyclohexyl 
group which may be substituted by a C1 - 4 alkyl group . Most 
preferably , R is a hydrogen atom , methyl , ethyl , cyclohexyl 
or benzyl . 
f0161 ] Preferred groups of B of the formula ( III ) are as 
follows wherein M is a hydrogen atom or a metal atom : 

| Rin R ? ] 

CH27 CH2 
H3C - H3C U 

H3C H3C 
MOOC CH2 

HzC 

[ 0151 ] In formula ( III ) , X2 has the same meaning as 
defined for Xl in formula ( II ) . Specifically , when B is a 
group according to formula ( III ) , X2 is CO , CS , CH2 , or a 
group X ' Z , , wherein X ' is an oxygen atom , a sulfur atom 
or NH , Z is a straight chain or branched C - 4 alkylene group , 
and k is an integer of from 1 to 10 . X ' , Z and k of a group 
of formula ( III ) maybe the same or different of X ' , Z and k 
of group of formula ( II ) present as A in the polymerizable 
compound of formula ( I ) . 
[ 0152 ] Preferably , in formula ( III ) , X ' is an oxygen atom . 
Preferred examples for a straight chain or branched C1 - 4 
alkylene group for Z are an ethylene group and a propylene 
group . 
[ 0153 ] Preferably , k is an integer of from 1 to 4 . 
[ 0154 ] In formula ( III ) , R ' ' and R2 ' are independent from 
each other and independently have the same meaning as 
defined for R1 and R² in formula ( II ) . 
[ 0155 ] Specifically , when B is a group according to for 
mula ( III ) , R ' is a hydrogen atom , — COOM , a straight 
chain or branched C - 6 alkyl group which may be substituted 
by a C3 - 6 cycloalkyl group , a C6 - 14 aryl or C3 - 4 heteroaryl 
group , — COOM , — PO3M , - 0 – PO3M , or — SO3M , a 
C3 - 6 cycloalkyl group which may be substituted by a C1 - 16 
alkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
- COOM , - PO3M , O - PO3M or — SO3M , a C6 - 14 aryl 
or C3 - 14 heteroaryl group which may be substituted by 
- COOM , - PO2M , O - PO3M , or SO3M . 

[ 0156 ] According to a preferred embodiment when B is a 
group according to formula ( III ) , R ' ' is a hydrogen atom . In 
case R ' ' is a C1 - 16 alkyl group , the C1 - 6 alkyl group is 
preferably substituted by — COOM . 
[ 0157 ] When B is a group according to formula ( III ) , R2 " 
is a hydrogen atom , COOM , a straight chain or branched 
C1 - 6 alkyl group which may be substituted by a C6 - 14 aryl or 
C3 - 14 heteroaryl group , — COOM , - PO3M , - 0 PO3M2 
and SO2M , a C3 - 6 cycloalkyl group which may be sub 
stituted by a C1 - 6 alkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl 
group , — COOM , - POZM , O PO3M , or — SOZM , or a 
C6 - 14 aryl or C3 - 14 heteroaryl group which may be substi 
tuted by — COOM , - PO3M , O PO3M , and — SO3M , 
[ 0158 ] According to a preferred embodiment of B being a 
group according to formula ( III ) , R is a hydrogen atom or 
a straight chain or branched C1 - 6 alkyl group , more prefer 
ably a hydrogen atom or a straight chain or branched C1 - 4 
alkyl group , most preferably a hydrogen group or a methyl 
group . 
[ 0159 ] In formula ( III ) , R is a hydrogen atom , a straight 
chain or branched C1 - 16 alkyl group which may be substi 
tuted by a C3 - 6 cycloalkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , POZM , O PO3M2 or 
- SO3M , a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 

CH3 

MOOC CH1 

[ 0162 ] When B is a group of the formula ( IV ) , B is as 
follows : 

( IV ) 

P2 

[ 0163 ] In formula ( IV ) , X3 is CO , CH , CO — , CS or 
CH , CS — , 

[ 0164 ] According to a preferred embodiment , X3 is CO or 
CH , CO — . 
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PO3M , O - PO3M , or SO3M , a C6 - 14 aryl or C3 - 14 
heteroaryl group which may be substituted by — COOM , 
— PO , M , O POM , or — SO M . 
[ 0174 ] In formula group [ Z ' X " ] „ E , m is an integer of from 
1 to 10 . 
[ 0175 ] According to a preferred embodiment , B is ( i ) a 
group according to the definition of A . According to a 
particularly preferred embodiment , compound of formula ( 1 ) 
is N , N - diallyl - 1 , 4 - bisacrylamido - ( 2E ) - but - 2 - en ( BAABE ) 
having the following structural formula : 

[ 0165 ] In formula ( IV ) , R ? " and R ? " are independent from 
each other and independently have the same meaning as 
defined for R1 and R2 in formula ( II ) . 
[ 0166 ] Specifically , when B is a group according to for 
mula ( IV ) , R ? " is a hydrogen atom , — COOM , a straight 
chain or branched C1 - 16 alkyl group which may be substi 
tuted by a C3 - 6 cycloalkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , — PO3M , O - PO3M2 or 
- SO3M , a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , - PO2M , O PO2M2 or — SO2M , a C6 - 14 aryl 

or C3 - 14 heteroaryl group which may be substituted by 
- COOM , - POZM , O PO3M , or SO3M . 

[ 0167 ] According to a preferred embodiment when B is a 
group according to formula ( IV ) , R ! " is a hydrogen atom . In 
case Rt " is a C1 - 16 alkyl group , the C1 - 16 alkyl group is 
preferably substituted by COOM . 
[ 0168 ] When B is a group according to formula ( IV ) , R ? " 
is a hydrogen atom , COOM , a straight chain or branched 
C1 - 16 alkyl group which may be substituted by a C6 - 14 aryl 
or C3 - 14 heteroaryl group , COOM , PO3M , 
- O - PO3M2 and — SO3M , a C3 - 6 cycloalkyl group which 
may be substituted by a C1 - 16 alkyl group , a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , POZM , O - PO3M2 
or — SO3M , or a C6 - 14 aryl group which may be substituted 
by — COOM , — POZM , O - PO3M2 and — SO3M , 
[ 0169 ] According to a preferred embodiment of B being a 
group according to formula ( IV ) , R ? " is a hydrogen atom or 
a methyl group . 
[ 0170 ] Preferred groups of formula ( IV ) are selected from 
the group consisting of : 

[ 0176 ] The polymerizable compound of formula ( I ) may 
be prepared according to the following Scheme 2 , wherein 
A * * and B * * represent polymerizable groups , and C and G 
represent groups which are suitable for providing a linkage 
between A * * and L and L and B * * respectively , as shown in 
the following Scheme 2 : 

Scheme 2 
A * * - C + 6 — 1 — 6 + C — B * * - * A * * — L — B * * 

H3C 

CH 0 

OM 

wherein M is a hydrogen atom or a metal atom . 
[ 0171 ] According to the definition of the present inven 
tion , the M which are independent from each other , each 
represent a hydrogen atom or a metal atom . The metal atom 
is preferably an alkali metal or an alkaline earth metal . 
Specific examples of the alkali metal are lithium , sodium , 
and potassium . Specific examples of the alkaline earth metal 
are calcium , strontium and magnesium . The metal atom may 
also be tin . 
10172 ] When B is a group [ Z ' X " , E , the meaning of Z ' , 
X " , m , and E is as follows . Z ' is a straight chain or branched 
C1 - 4 alkylene group . Specific examples of the C1 - 4 alkylene 
groups are methylene , ethylene , propylene and butylene . X " 
is an oxygen atom , a sulfur atom or NH . 
[ 0173 ] E is a hydrogen atom , POZM , , a straight chain or 
branched C1 - 6 alkyl group which may be substituted by a 
C3 - 6 cycloalkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , POZM , O PO M , or — SOZM , a C2 - 6 

cycloalkyl group which may be substituted by a C1 - 16 alkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , — COOM , 

[ 0177 ] The linkage may be formed by a substitution 
reaction , an addition reaction or a condensation reaction . 
The reaction may involve the formation of an amine bond , 
an amide bond or an urethane bond . Preferably , the reaction 
is a substitution reaction and involves the formation of an 
amine bond . 
10178 ] . The polymerizable compound of formula ( 1 ) may 
be prepared by a reaction wherein a stoichiometric mixture 
of compound A * - C and G - L - G is reacted and then the 
reaction product is reacted with a compound C - B * . Alter 
natively , it is possible to prepare a polymerizable compound 
of formula ( I ) by a reaction wherein a mixture of compound 
B * * - C and G - L - G is reacted first , and then the reaction 
product is reacted with compound A * * - C . Or , according to 
a particularly preferred alternative , A7 * - C and C - B * * are 
identical compounds , wherein about two molar equivalents 
of these compounds are reacted with one molar equivalent of 
G - L - G . Depending on the nature of A * * and B * , further 
reaction steps may be required in order to arrive at the above 
defined groups A and B , or A * * and B * * are identical with 
A and B . 
[ 0179 ] An exemplary pathway for the preparation of N , N 
diallyl - 1 , 4 - bisacrylamido - ( 2E ) - but - 2 - en ( BAABE ) is 
depicted in the following Scheme 3 : 

Scheme 3 

Br + 2 + 2 NH2 Br 
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- continued [ 0184 ] According to the present invention , A ' is a group of 
the following formula ( VI ) 

( VI ) 
1 ) halogen trialkylsilane 
2 ) acrylation 
3 ) acid addition 

+ 2 

2 * 

RI * R2 * 

[ 0185 ] Accordingly , any compound of formula ( V ) is 
characterized by a group of formula ( VI ) having a polym 
erizable double bond which is bonded to the nitrogen atom 
via X2 

[ 0180 ] The reaction may be performed in accordance with , 
for example , the methods described in Jerry March 
“ Advanced Organic Chemistry ” 6th Edition , John Wiley & 
Sons , INC . , 2007 and Richard C . Larock “ Comprehensive 
Organic Transformation ” , VCH Publishers , INC . , 2010 , 2nd 
revised edition , or a method conforming to the methods 
described above . The reaction may be carried out in a 
solvent which is capable of dissolving the reactants . For the 
first step of reacting 1 , 4 - dibromo - 2 - butene with allylamine , 
a suitable solvent is e . g . acetonitrile . For the second step of 
reacting the product of step 1 with acryloyl chloride , a 
suitable solvent is e . g . dichloromethane . For the second step , 
a suitable halogen trialkylsilane is chlorotrimethylsilane , 
wherein a suitable organic base such as triethylamine is 
added and optionally an antioxidant such as 2 , 6 - di - tert 
butyl - methylphenol is added for stabilization . After acry 
lation with acryloyl chloride , a suitable acid such as hydro 
chloric acid is added . 
[ 0181 ] According to ( b ) , the present aqueous dental com 
position having a pH of at most 7 comprises a polymerizable 
compound of the following formula ( V ) . The aqueous dental 
composition may comprise one or more compounds of 
formula ( V ) . The aqueous dental composition of the present 
invention comprises the polymerizable compound ( s ) of for 
mula ( V ) in an amount of from 2 to 20 percent by weight 
based on the total weight of the composition . Preferably , the 
aqueous dental composition comprises one or more com 
pounds of formula ( V ) in an amount of from 3 to 15 percent 
by weight , most preferably 4 to 10 percent by weight based 
on the total weight of the composition . 
[ 0182 ] A compound of formula ( V ) is according to the 
following formula ( V ) : 

[ 0186 ] In formula ( VI ) , R1 * and R2 * are independent from 
each other and independently have the same meaning as 
defined for R1 and R2 in above formula ( II ) . Furthermore , 
X2 * and R * independently have the same meaning as 
defined for X2 and R in above formula ( III ) . 
[ 0187 ] In formula ( VI ) , L ' is a divalent C2 - 12 alkylene 
linker group , which may contain 1 to 3 carbonyl groups or 
heteroatoms selected from oxygen , nitrogen and sulfur , and 
which may be substituted by a hydroxyl group , a C6 . 14 aryl 
group , COOM , PO3M , 0 - PO3M2 or SO3M , 
wherein M is a hydrogen atom or a metal atom . 
10188 ] For L ' of formula ( VI ) , specific examples of a 
divalent C2 - 12 alkylene linker group are straight chain or 
branched C2 - 12 alkylene groups such as ethylene , propylene , 
butylene , pentylene or hexylene , or cyclic C2 . 12 alkylene 
groups such as cyclopropylene , cyclobutylene , cyclopenty 
lene , cyclohexylene . Preferably , divalent linker group L ' is a 
straight chain or branched C2 - 12 alkylene group . 
[ 0189 ] It is preferred that divalent linker group L ' is 
- ( CH2 ) 2 - 8 — or C0 — ( CH2 ) 2 - 8 - C0 — More prefer 

ably , divalent linker group L ' is ( CH2 ) 3 - or CO 
CH _ CO — , most preferably n - propylene . 
[ 0190 ] In contrast to formula ( II ) , for formula ( VI ) , the 
particular preferred selection for R2 * differs from that for R2 
of formula ( II ) in that it is particularly preferred that R2 * is 
a hydrogen atom . 
[ 0191 ] For example , compounds of formula ( V ) may be 
bisacrylamide compounds having the following structural 
formulae : 

A ' - L - A ( V ) . 

[ 0183 ] In formula ( V ) , A ' is a specific polymerizable group 
which is linked by divalent linker group L ' to a group A ' 
which is the same or different polymerizable group as the 
first mentioned polymerizable group A ' . 
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- continued - continued 

ghexyl Pant 
N 

or bismethacrylamide compounds having the following 
structural formulae : 

N 

[ 0192 ] According to a preferred embodiment , in formula 
( VI ) , for X2 * , R * , Rl ' and R2 * , at least one of the following 
features is selected : 

[ 0193 ] X2 * is CO , 
[ 0194 ] R * is an ethyl group , 
101951 R1 * is a hydrogen atom , 
[ 0196 ] R2 * is a hydrogen atom . 

[ 0197 ] According to a particularly preferred embodiment , 
compound of formula ( V ) is N , N - diethyl - 1 , 3 - bisacry 
lamido - propan ( BADEP ) . 
[ 0198 ] The polymerizable compound of formula ( V ) may 
be prepared in an analogous way as explained for compound 
of formula ( I ) above . 
[ 01991 . The specific combination of compounds of formu 
lae ( I ) and ( V ) provides for a synergistically improvement of 
both wetting of a dental surface by the aqueous dental 
composition and viscosity of the aqueous dental composi 
tion . This in turn results in a simplified and facilitated 
application of the aqueous dental composition on a dental 
surface . In addition , the penetration of the dental surface is 
improved . 
[ 0200 ] Furthermore , owing to the specific combination of 
compounds of formulae ( I ) and ( V ) , both the uncured and 
the cured dental composition provides for an improved 
stability . This is because compounds of formulae ( I ) and ( V ) 
do not comprise groups being susceptible to cleavage under 
acidic conditions . 
[ 0201 ] According to ( c ) , the aqueous dental composition 
comprises a polymerizable monomer having one or more 
acidic groups . The aqueous dental composition may com 
prise one or more polymerizable monomer ( s ) having one or 
more acidic groups . The aqueous dental composition of the 
present invention comprises the polymerizable monomer ( s ) 
having one or more acidic groups in an amount of from 1 to 
20 percent by weight based on the total weight of the 
composition . Preferably , the aqueous dental composition 
comprises one or more polymerizable monomer ( s ) having 
one or more acidic groups in an amount of from 4 to 19 
percent by weight , most preferably 8 to 18 percent by weight 
based on the total weight of the composition . 

I - 

Z 
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[ 0202 ] The polymerizable monomer having one or more 
acidic groups preferably has a group imparting acidity to 
said monomer . More preferably , the acidic group is selected 
from the group consisting of a phosphoric acid ester group , 
a phosphonic acid group , a sulfonic acid group and a 
carboxylic acid group . 
[ 0203 ] Furthermore , the polymerizable monomer having 
one or more acidic groups has at least one polymerizable 
double bond . The polymerizable monomer having one or 
more acidic groups may be selected from the group of the 
following compounds ( IX ) , ( X ) and ( XI ) . 
[ 0204 ] Phosphoric acid ester group containing polymeriz 
able compounds having at least one polymerizable double 
bond preferably have the following formula ( IX ) : 

C5 - 18 alkylaryl or alkylheteroaryl group , an optionally sub 
stituted C7 - 30 aralkyl group , whereby the optionally substi 
tuted groups may be substituted by 1 to 5 Ci s alkyl 
group ( s ) ; 
L * represents an ( a + b ) - valent organic residue ( whereby b is 
1 when Y in formula ( IX ) is within the round brackets ) 
containing 2 to 45 carbon atoms and optionally heteroatoms 
such as oxygen , nitrogen and sulfur atoms , the carbon atoms 
including a + b carbon atoms selected from primary and 
secondary aliphatic carbon atoms , secondary alicyclic car 
bon atoms , and aromatic carbon atoms , each of the a + b 
carbon atoms linking a phosphate or a moiety of any one of 
formula ( Y * ) , ( Y * * ) and ( Y * * * ) ; a is an integer of from 1 
to 10 , preferably 1 to 5 ; b is an integer of from 1 to 10 , 
preferably 1 to 5 ; provided that at least one Y is not 
hydrogen . The preparation of such compounds wherein 
Y = Y * is known from EP - A 1 548 021 . 
[ 0205 ] Furthermore , the polymerizable monomer having 
one or more acidic groups may be selected from : 
[ 0206 ] 1 ) phosphonic acid group containing polymerisable 

acidic compounds of the following formula ( X ) : 

( IX ) 
Yto TOK ) ó 0 - Y ) 

wherein 
the moieties Y independent from each other represent a 
hydrogen atom or a moiety of the following formulae ( Y * ) , 
( Y * * ) or ( Y * * * ) : 

Y - ti - OH 
( Y * ) TOH 

( that wherein 
the moiety Y represents a moiety of the following formulae 
( Y * ) , ( Y * * ) or ( Y * * * ) : 

( Y * * ) 

R > 

Z - 1 
( Y1 * ) 

( Y * * * ) What 
( Y1 * * ) 

R10 

( Y1 * * * ) 
wherein 
Z , is COORS , COSRÓ , CON ( R ) , CONRSR , or CONHRS , 
wherein R and R independently represent a hydrogen 
atom , a C1 - 3 alkyl group optionally substituted by a C3 - 8 
cycloalkyl group , an optionally substituted C3 - 8 cycloalkyl 
group , an optionally substituted C4 - 18 aryl or heteroaryl 
group , an optionally substituted C5 - 18 alkylaryl or alkylhet 
eroaryl group , or an optionally substituted C7 - 30 aralkyl 
group , whereby two R residues may form together with the 
adjacent nitrogen atom to which they are bound a 5 . to 
7 - membered heterocyclic ring which may contain further 
nitrogen atoms or an oxygen atoms , and whereby the option 
ally substituted groups may be substituted by 1 to 5 C1 - 5 
alkyl group ( s ) ; 
R7 and R8 independently represent a hydrogen atom , an 
optionally substituted C1 - 18 alkyl group , an optionally sub 
stituted C3 - 18 cycloalkyl group , an optionally substituted 
C5 - 18 aryl or heteroaryl group , an optionally substituted 

Z , independently has the same meaning as defined for Zij 
Rº and R10 independently have the same meaning as defined 
for R7 and R8 ; 
Li represents a ( c + d ) valent organic residue containing 2 to 
45 carbon atoms and optionally heteroatoms such as oxygen , 
nitrogen and sulfur , the carbon atoms including c + d carbon 
atoms selected from primary and secondary aliphatic carbon 
atoms , secondary alicyclic carbon atoms , and aromatic car 
bon atoms , each of the c + d carbon atoms linking a phos 
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phonate or a moiety of any one of formula ( Y * ) , ( Y * * ) and 
( Y * * * ) ; and c and d independently represent integers of 
from 1 to 10 ; and / or 
[ 0207 ] 2 ) sulfonic acid group containing polymerisable 

acidic compounds of the following formula ( XI ) : 

excluding the moiety of formula Y * * * and the moiety of 
formula YZ * wherein Zz is COOR > or COSRÓ . 
[ 0209 ] Carboxylic acid group containing polymerizable 
compounds having at least one polymerizable double bond 
may be selected e . g . from acrylic acid and methacrylic acid . 
[ 0210 ] From the phosphoric acid ester group containing 
polymerizable compound having at least one polymerizable 
double bond , compounds of formula ( IX ' ) characterized by 
one of the following formulae are particularly preferred : 

( XI ) 

Y2 - L2 + 5 - OH 
| ?? 

wherein 
the moiety Y , represents a moiety of the following formulae 
( Y2 * ) , ( Y2 * * ) or ( Y2 * * * ) : 

Wotator ( Y2 ) 

OH 
( Y , * * ) 12 * * ) HO What 

God D11 

12 * * * 

N R ! ! 

OH 
HO 

OH 

- 

OH OH 

Zz independently has the same meaning as defined for Zi ; 
Rll and R12 independently have the same meaning as 
defined for R7 and R8 ; 
L? represents an ( e + f ) valent organic residue containing 2 to 
45 carbon atoms and optionally heteroatoms such as oxygen , 
nitrogen and sulfur atoms , the carbon atoms including e + f 
carbon atoms selected from primary and secondary aliphatic 
carbon atoms , secondary alicyclic carbon atoms , and aro 
matic carbon atoms , each of the e + f carbon atoms linking a 
sulphonate or a moiety of any one of formula ( Y2 * ) , ( Y , * * ) 
and ( Y , * * * ) ; and e and findependently represent an integer 
of from 1 to 10 . 
[ 0208 ] It is preferred to select compounds of formula ( IX ) , 
( X ) and ( XI ) with the proviso that they do not contain ester 
groups , or at least only ester groups which do not hydrolyze 
in aqueous media at pH 3 at room temperature within one 
month , such as the phosphoric acid ester group of com 
pounds of formula ( IX ) . Thereby , an advantageous stability 
of the aqueous dental composition having a pH of at most 7 
in terms of shelf - life stability of the uncured dental compo 
sition as well as stability after curing in the mouth of a 
patient is ensured . Therefore , particularly preferred are 
compounds of formula ( IX ) excluding the moiety of formula 
Y * * * and the moiety of formula Y * wherein Z , is COOR " 
or COSR ' , compounds of formula ( X ) excluding the moiety 
of formula Y * * * and the moiety of formula Y * wherein Z2 
is COOR? or COSR as well as compounds of formula ( XI ) 

HO 

º _ 7 ROH 0 OH , 

wherein Z , is defined as above , and L * is an optionally 
substituted alkylene group . More preferably , Z? is methyl , 
and L * is a C4 to C16 alkylene group . Even more preferably , 
L is a Cg to C12 alkylene group . 
[ 0211 ] From the sulfonic acid group containing polymer 
izable compound having at least one polymerizable double 
bond , compounds of formula ( XI ' ) characterized by one of 
the following formulae are particularly preferred : 
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- OH 
= 

C Mint 
Hirit 

O 

= 

- OH 
= 

O 

o = n = O - OH . 

[ 0212 ] In a preferred embodiment , according to ( c ) , the 
polymerizable monomer having one or more acidic groups 
is a polymerizable phosphoric acid ester according to for 
mula ( IX ) . 
[ 0213 ] According to ( d ) , the aqueous dental composition 
comprises a photoinitiator system . 
[ 0214 ] The term “ polymerization initiator system ” refers 
to a system comprising at least a 1 , 2 - diketone photoinitiator 
compound 
[ 0215 ] Preferably , the polymerization initiator system 
comprises : 
[ 0216 ] ( d - i ) an 1 , 2 - diketone photoinitiator compound hav 

ing a light absorption maximum in the range from 300 to 
500 nm ; 

[ 0217 ] ( d - ii ) optionally a coinitiator compound ; and 
[ 0218 ] ( d - iii ) optionally a polymerization initiator auxil 

iary substance . 
[ 0219 ] The photoinitiator system may comprise one or 
more of any one of components ( d - i ) , ( d - ii ) and ( d - iii ) . 
[ 0220 ] The term “ 1 , 2 - diketone photoinitiator ” denotes any 
chemical compound having 1 , 2 - diketone functional group , 
which compound forms free radicals when activated , e . g . by 
exposure to light or interaction with a coinitiator and option 
ally a polymerization initiator auxiliary substance in a 
photochemical process . 
[ 0221 ] 1 , 2 - diketone photoinitiator according to ( d - i ) 
belongs to the Norrish type II photoinitiators which provide 
free radical intermediates by photochemical abstraction . 
Preferably , the 1 , 2 - diketone photoinitiator compound 
according to ( d - i ) is selected from the group consisting of 
camphorquinone , benzil , 2 , 2 - 3 3 ' - and 4 , 4 - dihydroxylben 
zil , 2 , 3 - butanedione , 2 , 3 - pentanedione , 2 , 3 - hexanedione , 
3 , 4 - hexanedione , 2 , 3 - heptanedione , 3 , 4 - heptanedione , 2 , 3 
octanedione , 4 , 5 - octanedionefuril , biacetyl , 1 , 2 - cyclo 
hexanedione , 1 , 2 - naphthaquinone and acenaphthaquinone . 
[ 0222 ] The term “ coinitiator ” as used herein means an 
electron donor compound , i . e . a compound capable of donat 
ing electrons in a photochemical process . Suitable examples 
include organic compounds having heteroatoms with elec 
tron lone pairs , for example amine compounds . 
[ 0223 ] The optional coinitiator compound according to 
( d - ii ) is preferably an electron donor which may be selected 
from the group consisting of amines , amides , ethers , thio 

ethers , ureas , thioureas , ferrocene , sulfinic acids and their 
salts , salts of ferrocyanide , ascorbic acid and its salts , 
dithiocarbamic acid and its salts , salts of xanthates , salts of 
ethylene diamine tetraacetic acid and salts of tetraphenyl 
boronic acid . Particularly preferred electron donors contain 
an electron donor atom such as a nitrogen , oxygen , phos 
phorus , or sulfur atom , and an abstractable hydrogen atom 
bonded to a carbon or silicon atom alpha to the electron 
donor atom . 
10224 ] More preferably , the coinitiator is an amine com 
pound , even more preferably a tertiary amine selected from 
the group consisting of triethanolamine , 4 - N , N - dimethylam 
inobenzonitrile , methyl N , N - dimethylaminobenzoate , ethyl 
N , N - dimethylaminobenzoate , N , N - dimethylaminoethyl 
methacrylate and isoamyl 4 - N , N - dimethylaminobenzoate , 
N , N - dimethylaniline , N , N - dimethyltoluidine , N , N - dietha 
noltoluidine , dimethylaminoanisole , 1 or 2 - dimethylamin 
onaphthalene . In particular , the tertiary amine is selected 
from the group consisting of triethanolamine , methyl 4 - N , 
N - dimethylaminobenzoate , ethyl 4 - N , N - dimethylamin 
obenzoate , 4 - N , N - dimethylaminoethyl methacrylate and 
isoamyl 4 - N , N - dimethylaminobenzoate . 
102251 Furthermore , the photoinitiator system may addi 
tionally comprise ( d - iii ) a polymerization initiator auxiliary 
substance which is preferably selected from the group 
consisting of iodonium - , sulfonium - , phosphonium - , pyri 
dinium salts and aromatic tertiary phosphine compounds . 
[ 0226 ] The term “ polymerization initiator auxiliary sub 
stance ” refers to a molecule that produces an advantageous 
chemical change in any of the components of the polymer 
ization initiator system in a photochemical process . For 
example , the polymerization initiator auxiliary substance 
may be selected from the group consisting of iodonium - , 
sulfonium - , phosphonium - , pyridinium - salts and aromatic 
tertiary phosphine compounds . 
[ 0227 ) Iodonium - , sulfonium - or phosphonium - salts are 
preferably selected from the following group : 

[ 0228 ] ( 1 ) an iodonium compound of the following 
formula ( XII ) : 
R13 — I - R14A ( XII ) 
[ 0229 ] wherein 
[ 0230 ] R13 and R14 

[ 0231 ] which are independent from each other 
represent an organic moiety , and 

( 0232 ] A - is an anion ; 
[ 0233 ] ( 2 ) a sulfonium compound of the following 

formula ( XIII ) : 
R15R16R17s + A ( XIII ) 
0234 ] wherein 

[ 0235 ] R15 , R16 and R17 
[ 0236 ] which are independent from each other , 

represent an organic moiety or wherein any two of 
R15 , R16 and R17 form a cyclic structure together 
with the sulfur atom to which they are bound , and 

[ 0237 ] A is an anion ; 
0238 ) ( 3 ) a phosphonium compound of the following 

formula ( XIV ) : 
R18R ! ' R20p + A ( XIV ) 

[ 0239 ] wherein 
[ 0240 ] R18 , R19 and R20 

[ 0241 ] which are independent from each other , 
represent an organic moiety , and 

[ 0242 ] A is an anion ; and 
[ 0243 ] ( 4 ) a pyridinium salt . 
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[ 0244 ] In the iodonium compounds of formula ( XII ) , R13 
and R14 preferably represent an aromatic , an aliphatic or an 
alicyclic group . An aromatic group may be a phenyl group . 
The phenyl group may be substituted by one or more straight 
chain or branched alkyl groups having 1 to 6 carbon atoms , 
straight chain or branched alkoxy groups having 1 to 6 
carbon atoms , aromatic groups such as aryl groups or 
aryloxy groups , alicyclic groups having 3 to 6 carbon atoms , 
halogen atoms , hydroxyl groups , or amino groups . The 
aliphatic group may be a straight chain or branched alkyl 
groups having 1 to 6 carbon atoms which may be substituted 
by one or more aromatic groups , alicyclic groups having 3 
to 6 carbon atoms , halogen atoms , hydroxyl groups or amino 
groups . An alicyclic group may be a group having 3 to 6 
carbon atoms which may be substituted by one or more 
aromatic groups , aliphatic groups , halogen atoms , hydroxyl 
groups or amino groups . 
[ 0245 ] According to a preferred embodiment , the iodo 
nium compound of formula ( XII ) is a diaryl iodonium salt . 
Examples of useful diaryl iodonium salt include ( 4 - methyl 
phenyl ) [ 4 - ( 2 - methylpropyl ) phenyl ] iodonium hexafluoro 
antimonate , include ( 4 - methylphenyl ) [ 4 - ( 2 - methylpropyl ) 
phenyl ] iodonium tetrafluoroborate , diphenyliodonium 
( DPI ) tetrafluoroborate , di ( 4 - methylphenyl ) iodonium ( Me2 
DPI ) tetrafluoroborate , phenyl - 4 - methylphenyliodonium 
tetrafluoroborate , di ( 4 - heptylphenyl ) iodonium tetrafluo 
roborate , di ( 3 - nitrophenyl ) iodonium hexafluorophosphate , 
di ( 4 - chlorophenyl ) iodonium hexafluorophosphate , di ( naph 
thyl ) iodonium tetrafluoroborate , di ( 4 - trifluoromethylphe 
nyl ) iodonium tetrafluoroborate , DPI hexafluorophosphate , 
Me2 - DPI hexafluorophosphate ; DPI hexafluoroarsenate , 
di ( 4 - phenoxyphenyl ) iodonium tetrafluoroborate , phenyl - 2 
thienyliodonium hexafluorophosphate , 3 , 5 - dimethylpyra 
zolyl - 4 - phenyliodonium hexafluorophosphate , DPI 
hexafluoroantimonate , 2 , 2 - DPI tetrafluoroborate , di ( 2 , 4 - di 
chlorophenyl ) iodonium hexafluorophosphate , di ( 4 - bro 
mophenyl ) iodonium hexafluorophosphate , di ( 4 - methoxy 
phenyl ) iodonium hexafluorophosphate , di ( 3 
carboxyphenyl ) iodonium hexafluorophosphate , di ( 3 
methoxycarbonylphenyl ) iodonium hexafluorophosphate , 
di ( 3 - methoxysulfonylphenyl ) iodonium hexafluorophos 
phate , di ( 4 - acetamidophenyl ) iodonium hexafluorophos 
phate , di ( 2 - benzothienyl ) iodonium hexafluorophosphate , 
and DPI hexafluorophosphate . 
[ 0246 ] Particularly preferred iodonium compounds of for 
mula ( XII ) include diaryliodonium hexafluorophosphate 
such as diphenyliodonium ( DPI ) hexafluorophosphate , di ( 4 
methylphenyl ) iodonium ( Me2 - DPI ) hexafluorophosphate , 
diaryliodonium hexafluoroantimonate , ( 4 - methylphenyl ) [ 4 
( 2 - methylpropyl ) phenyl ] iodonium hexafluoroantimonate , 
( 4 - methylphenyl ) [ 4 - ( 2 - methylpropyl ) phenyl ] iodonium 
hexafluorophosphate ( Irgacure® 250 , commercial product 
available from BASF SE ) , ( 4 - methylphenyl ) [ 4 - ( 2 - methyl 
propyl ) phenyl ] iodonium tetrafluoroborate , 4 - octyloxyphe 
nyl phenyliodonium hexafluoroantimonate , 4 - ( 2 - hy 
droxytetradecyloxyphenyl ) phenyliodonium 
hexafluoroantimonate , and 4 - ( 1 - methylethyl ) phenyl 
4 - methylphenyliodonium tetrakis ( pentafluorophenyl ) borate . 
[ 0247 ] A preferred sulfonium compound of the formula 
( XIII ) is S - ( phenyl ) thianthrenium hexafluorophosphate of 
the following formula : 

[ 0248 ] The phosphonium compound of formula ( XIV ) 
may be a tetrakis - ( hydroxymethyl ) - phosphonium ( THP ) salt 
or a tetrakis - ( hydroxymethyl ) - phosphonium hydroxide 
( THPOH ) salt , wherein the anion A is selected from the 
group consisting of formate , acetate , phosphate , sulphate , 
fluoride , chloride , bromide and iodide . 
[ 0249 ] In a salt of a compound of any one of formula ( XII ) 
to ( XIV ) , the anion may be an anion selected from halo 
genides such as chloride , bromide and iodide , hexafluoro 
phosphate , tetrafluoroborate , tetraphenylborate , hexafluoro 
antimonate and trifluoromethylsulfonate . 
[ 0250 ] Furthermore , the photoinitiator system may addi 
tionally comprise an aromatic tertiary phosphine compound , 
wherein it is preferred that the aromatic tertiary phosphine 
compound has the following formula ( XV ) : 

24 - R21 
[ 0251 ] wherein 
[ 0252 ] Z4 is a group of the following formula ( 6 ) 

R22 ( Ar ) P ( 6 ) 
[ 0253 ] wherein 
[ 0254 ] R22 represents a substituted or unsubstituted 
hydrocarbyl group ; 

[ 0255 ] Ar represents a substituted or unsubstituted 
aryl or heteroaryl group ; 

[ 0256 ] R21 is a substituted or unsubstituted hydrocarbyl 
group or a group L3Z4 ' , wherein 
[ 0257 ] Lz is a substituted or unsubstituted divalent 
hydrocarbyl group which may contain a linkage 
selected from an ether linkage , a thioether linkage , 
an ester linkage , an amide linkage , and a urethane 
linkage and 

[ 0258 ] Zd ' has the same meaning as Z4 , whereby Z4 
and Z4 may be the same or different ; 

wherein the group R22 and Ar may be substituted by one or 
more groups selected from a hydroxyl group , an oxo group , 
a - NR23R24 group ( wherein R23 and R24 , which may be the 
same or different , are selected from a hydrogen atom and 
C1 - 6 alkyl groups ) , a carboxyl group , and a group having a 
polymerizable double bond , and 
R21 and Lz may be substituted by one or more groups 
selected from a hydroxyl group , an oxo group , a - NR2R26 
group ( wherein R25 and R26 , which may be the same or 
different , are selected from a hydrogen atom and C1 - 6 alkyl 
groups ) , a carboxyl group , and a group having a polymer 
izable double bond . 
[ 0259 ] In the aromatic tertiary phosphine compound of the 
formula ( XV ) , moieties Z4 , R21 , Ar , R22 and L3 may be 
defined as follows : 
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an 
[ 0260 ] For R22 , the monovalent hydrocarbyl group may be 
an alkyl group , a cycloalkyl group , a cycloalkylalkyl group , 
an arylalkyl group or an aryl group . 
[ 0261 ] Ar represents a substituted or unsubstituted aryl or 
heteroaryl group . An aryl group may be selected from a 
phenyl group , a naphtyl group , a tolyl group , a xylyl group , 
and a styryl group . A heteroaryl group may be a pyridyl 
group . 
[ 0262 ] Lz is a substituted or unsubstituted divalent hydro 
carbyl group which may contain a linkage selected from an 
ether linkage , a thioether linkage , an ester linkage , an amide 
linkage , and a urethane linkage . For L3 , the divalent hydro 
carbyl group may be an alkyldiyl group , a cycloalkyldiyl 
group , a cycloalkylalkyl - diyl group , an arylalkyl - diyl group 
or an aryldiyl group . In a cycloalkylalkyl - diyl , one valency 
may be bonded to each of the cycloalkyl moiety or the alkyl 
moiety , or both valencies may be bonded to either the 
cycloalkyl moiety or the alkyl moiety . In a arylalkyl - diyl 
group , each of the aryl moiety or the alkyl moiety may be 
monovalent respectively , or either the aryl moiety or the 
alkyl moiety is divalent , while the other moiety is nonvalent . 
In a cycloalkylalkyl - diyl , each of the cycloalkyl moiety or 
the alkyl moiety may be monovalent respectively , or either 
the cycloalkyl moiety or the alkyl moiety is divalent , while 
the other moiety is nonvalent . 
[ 0263 ] The following definitions apply both for the mon 
ovalent and the divalent hydrocarbyl group , therefore , for 
the definition of the divalent hydrocarbyl group , the suffixes 
“ diyl ” and “ - diyl ” are bracketed . 
[ 0264 ] An alkyl ( diyl ) group may be straight - chain or 
branched C1 - 20 alkyl ( diyl ) group , typically a C1 - 8 alkyl ( diyl ) 
group . Examples for a C1 - 6 alkyl ( diyl ) group can include 
linear or branched alkyl ( diyl ) groups having 1 to 6 carbon 
atoms , preferably 1 to 4 carbon atoms , for example , methyl 
( diyl ) , ethyl ( diyl ) , n - propyl ( diyl ) , isopropyl ( diyl ) , n - butyl 
( diyl ) , isobutyl ( diyl ) , sec - butyl ( diyl ) , tert - butyl ( diyl ) , n - pen 
tyl ( diyl ) , isopentyl ( diyl ) and n - hexyl ( diyl ) . 
[ 0265 ] A cycloalkyl ( diyl ) group may be a C3 - 20 cycloalkyl 
( diyl ) group . Examples of the cycloalkyl ( diyl ) group can 
include those having 3 to 14 carbon atoms , for example , 
cyclopropyl ( diyl ) , cyclobutyl ( diyl ) , cyclopentyl ( diyl ) and 
cyclohexyl ( diyl ) . A cycloalkylalkyl ( diyl ) group can include 
those having 4 to 20 carbon atoms . 
[ 0266 ] A cycloalkylalkyl ( - diyl ) group can include a com 
bination of a linear or branched alkyl ( diyl ) group having 1 
to 6 carbon atoms and a cycloalkyl ( diyl ) group having 3 to 
14 carbon atoms . Examples of the cycloalkylalkyl ( - diyl ) 
group can for example , include methylcyclopropyl ( - diyl ) 
methylcyclobutyl ( - diyl ) , methylcyclopentyl ( - diyl ) , methyl 
cyclohexyl ( - diyl ) , ethylcyclopropyl ( - diyl ) , ethylcyclobutyl 
( - diyl ) , ethylcyclopentyl ( - diyl ) , ethylcyclohexyl ( - diyl ) , pro 
pylcyclopropyl ( - diyl ) , propylcyclobutyl ( - diyl ) , 
propylcyclopentyl ( - diyl ) , propylcyclohexyl ( - diyl ) . 
[ 0267 ] An arylalkyl ( - diyl ) group may be a C7 - 20 arylalkyl 
( - diyl ) group , typically a combination of a linear or branched 
alkyl ( diyl ) group having 1 to 6 carbon atoms and an aryl ( 
diyl ) group having 6 to 10 carbon atoms . Specific examples 
of an arylalkyl ( - diyl ) group are a benzyl ( - diyl ) group or a 
phenylethyl ( - diyl ) group . 
[ 0268 ] An aryl ( diyl ) group can include aryl ( diyl ) groups 
having 6 to 10 carbon atoms . Examples of the aryl ( diyl ) 
group are phenyl ( diyl ) and naphtyl ( diyl ) . Aryl ( diyl ) groups 
may contain 1 to 3 substituents . Examples of such substitu 
ents can include halogen atoms , a cyano group , a hydroxy 

group , an amino group , C1 - 6 alkyl groups and C1 - 6 alkoxy 
groups . Here , illustrative of the halogen atoms can be 
fluorine , chlorine , bromine and iodine . The C1 - 4 alkyl ( diyl ) 
groups are , for example , methyl ( diyl ) , ethyl ( diyl ) , n - propyl 
( diyl ) , isopropyl ( diyl ) and n - butyl ( diyl ) . Illustrative of the 
C1 - 4 alkoxy ( diyl ) groups are , for example , methoxy ( diyl ) , 
ethoxy ( diyl ) and propoxy ( diyl ) . The alkyl ( diyl ) moieties in 
these substituents may be linear , branched or cyclic . 
[ 0269 ] Preferably , the hydrocarbyl group is an aryl ( diyl ) 
group selected from a phenyl ( diyl ) group and a naphthyl 
( diyl ) group , which groups may optionally be substituted by 
one to three groups selected from halogen atoms , a cyano 
group , an amino group , a hydroxy group , C1 - 6 alkyl groups 
and C1 - 6 alkoxy groups , or wherein the hydrocarbyl group is 
a non - aromatic hydrocarbyl group selected from a straight 
chain or branched alkyl group , a straight chain or branched 
alkenyl group , or a straight chain or branched alkynyl group . 
[ 0270 ] The C1 - 8 alkyl ( diyl ) group and the C3 - 14 cycloalkyl 
( diyl ) group may optionally be substituted by one or more 
members of the group selected from a C1 - 4 alkyl group , C1 - 4 
alkoxy group , a phenyl group , and a hydroxy group . 
Examples for a C1 - 4 alkyl group can include linear or 
branched alkyl groups having 1 to 4 carbon atoms , for 
example , methyl , ethyl , n - propyl , isopropyl , n - butyl , isobu 
tyl , sec - butyl , tert - butyl . Examples for an C1 - 4 alkoxy group 
can include linear or branched alkoxy groups having 1 to 4 
carbon atoms , for example , methoxy , ethoxy , n - propoxy , 
isopropoxy , n - butoxy , isobutoxy , sec - butoxy , and tert - bu 
toxy . 
[ 0271 ] Moreover , in formula ( XV ) , any of the hydrocarbyl 
group may be substituted by one or more groups selected 
from halogen atoms , a cyano group , an amino group or a 
hydroxy group . 
[ 0272 ] Accordingly , in the hydrocarbyl groups some or all 
hydrogen atoms are replaced by halogen atoms ( e . g . , fluoro , 
bromo , chloro ) , for example , halo - substituted alkyl groups 
such as chloromethyl , chloropropyl , bromoethyl and trifluo 
ropropyl , and cyanoethyl . 
[ 0273 ] In case the hydrocarbyl group contains an alkyl 
( diyl ) chain , one or more carbon atoms in the alkyl ( diyl ) 
chain may be replaced by an oxygen atom , a sulfur atom , an 
amide group , an ester group , or a urethane group . In case the 
hydrocarbyl group is an alkyl group having more than one 
carbon atom , the alkyl group contains an alkylene . Accord 
ingly , in case the hydrocarbyl group is an n - hexyl group , any 
of the carbon atoms of the alkylene chain excluding the 
terminal methyl group may be replaced by an oxygen atom , 
a sulfur atom , an amide group , an ester group , a urethane 
group or an NH group . Therefore , the following groups may 
be given as specific examples in case of one or more oxygen 
atoms : 

H3C 
H30 

v HiCo ?OV 
H3C 
H3C 

H3C 

[ 0274 ] In formula ( XV ) , group R22 and / or Ar as well as 
R21 and / or L? may be substituted with a polymerizable 
double bond , preferably a carbon - carbon double bond . 
Examples of polymerizable carbon - carbon double bonds 
include vinyl , conjugated vinyl , allyl , acryl , methacryl and 
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[ 0282 ] Preferably , the stabilizer is a compound of the 
following formula ( VII ) and / or ( VIII ) : 

( VII ) 
OH El 

X ] 

? or ( VIII ) 

styryl . Preferably , the polymerizable double bond is selected 
from the group consisting of methacryl , acryl and styryl . 
More preferably , the double bond is styryl . 
[ 0275 ] Preferably , R26 and Ar independently are aromatic 
hydrocarbyl groups selected from a phenyl group , a naphtyl 
group , a tolyl group , a xylyl group , and a styryl group . 
[ 0276 ] As regards R21 , this moiety is preferably an aryl 
group , which may be substituted by one or more groups 
selected from a hydroxyl group , an amino group , a 
- NR25R26 group ( wherein R25 and R26 , which may be the 
same or different , are selected from C1 - 6 alkyl groups ) , a 
carboxyl group , and a group having a polymerizable double 
bond . Alternatively , R21 is preferably a group LZZA ' wherein 
Zd ' and Z4 are the same . 
[ 0277 ] More preferably , R21 is a C1 - 6 alkyl group or a C1 - 6 
alkenyl group , which groups may be substituted by one or 
more groups selected from a hydroxyl group , an amino 
group , a - NR25R2 group ( wherein R25 and R20 , which may 
be the same or different , are selected from C1 - 6 alkyl 
groups ) , a carboxyl group , and a group having a polymer 
izable double bond . The group having a polymerizable 
double bond may be vinyl group , an allyl group , a ( meth ) 
acryloyloxy group or a ( meth ) acryloylamido group . 
[ 0278 ] Even more preferably , the aromatic phosphine 
compound is a compound of formula ( XV ) wherein Z4 is a 
group of the following formula : 

Ex , 
P3 

[ 0283 ] wherein 
[ 0284 ] the R * , which may be the same or different , 

independently represent a branched C3 - 8 alkyl group or 
alkenyl or a C3 - 8 cycloalkyl or cycloalkenyl group , 

[ 0285 ] R + represents a hydrogen atom , C1 - 6 alkyl or C2 - 6 
alkenyl group , or a C1 - 6 fluoroalkyl or C2 - 6 fluoroalk 
enyl group , 

[ 0286 ] X represents a group selected from a C1 - alkyl 
group or a C3 - 8 cycloalkyl group , and 

[ 0287 ] n is 0 , 1 or 2 . 
[ 0288 ] It was surprisingly found that the class of stabiliz 
ers of formula ( VII ) and / or ( VIII ) provides for full or at least 
substantial avoidance of discoloration upon storage and / or 
during photocuring . In particular , this class of stabilizers 
provides for a surprising stabilizing effect in an acidic 
aqueous mixture so that an aqueous dental composition 
having a pH of at most 7 may be provided which has no or 
substantially no discoloration upon storage and an excellent 
storage stability due to an improved resistance against 
premature polymerization . 
[ 0289 ] More preferably , the stabilizer is a compound of 
formula ( VII ) and / or ( VIII ) wherein the Rº , which may be 
the same or different , independently represent a branched 
C3 - 8 alkyl group or a C3 - 8 cycloalkyl group , and R4 repre 
sents hydrogen atom , a C1 - 6 alkyl group or a C1 - 6 fluoroalkyl 
group , and n is 0 or 1 . Even more preferably , the stabilizer 
is a compound of formula ( VII ) and / or ( VIII ) wherein the 
Ry , which may be the same or different , independently 
represent a branched C3 - 8 alkyl group and R4 represents 
hydrogen atom or a C1 - 6 alkyl group , and n is 0 . Most 
preferably , the stabilizer is a compound of the following 
formulae ( VIIa ) , ( VIIb ) or ( VIIIa ) : 

[ 0279 ] Specific examples for a compound of formula ( XV ) 
include triphenyl phosphine ( TPP ) , 4 - ( diphenylphosphino ) 
styrene ( DPPS ) , 4 - ( diphenylphosphino ) benzoic acid , 4 - di 
phenylphosphino ) benzoic acid , 3 - ( diphenylphophonino ) 
propionic acid , ( 4 - ( diphenylphosphino ) N , N 
dimethylaniline , 2 , 2 ' - bis ( diphenylphosphino ) benzophenone 
( BDPPEP ) , bis [ 2 - ( diphenylphosphino ) phenyl ] ether ( BD 
PPE ) , ( 4 - Hydroxyphenyl ) diphenylphosphine , allyldiphenyl 
phosphine . Preferably , the compound of formula ( XV ) is 
triphenyl phosphine ( TPP ) or 4 - ( diphenylphosphino ) styrene 
( DPPS ) , more preferably 4 - ( diphenylphosphino ) styrene 
( DPPS ) . 
[ 0280 ] According to ( e ) , the aqueous dental composition 
comprises a stabilizer . The aqueous dental composition may 
comprise one or more stabilizer ( s ) of the formula ( VII ) 
and / or ( VIII ) . 
[ 0281 ] The term “ stabilizer ” as used herein means any 
compound capable of preventing polymerizable compounds 
contained in the aqueous dental composition from sponta 
neous polymerization during storage . However , the stabi 
lizer does not disturb or prevent intended polymerisation 
curing of the aqueous dental composition during application . 

( VIIa ) OH R3 * R3 * * 
R3??? Ra 

Rzx 
R3 ! OH 
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- continued 
( VIID ) 

OH R3 * R3 * * 
R3??? R3 * * * 

R3 R2 ! ! Me 
( VIIIa ) 

O R3 * 
R3 * * 

R3 * ?? R3 

R3 R3 ! O 

wherein Rz , R3 , R3 , R3 * , R3 * * and R * * * , which may be 
the same or different , independently represent a methyl or an 
ethyl group . It is particularly preferred that the stabilizer of 
formulae ( VIIa ) , ( VIIIb ) or ( VIIIa ) is a compound of the 
following formulae : 

( DTBHQ ) 
?? 

analogously as described by C . Gambarotti et al . in Current 
Organic Chemistry 2013 , 17 , pages 1108 to 1113 . Alterna 
tively , monoether compounds of formula ( VII ) such as 
2 , 5 - di - tert - butyl - hydroquinone monoalkylethers of formula 
( VIIb ) may be obtained by reacting a dihydroquinone of 
formula ( VII ) , such as DTBHQ , with an alkyl alcohol in the 
presence of a transition metal salt selected from copper and 
iron salts analogously as described in the U . S . Pat . No . 
4 , 469 , 897 . 
[ 0291 ] The stabilizer DTBHQ is particularly preferred , 
since from the present experimental Example it appears that 
this stabilizer provides the best results in view of the 
discoloration problematic , i . e . there is no or almost no 
discoloration of the aqueous dental composition upon stor 
age at 50° C . for 30 days , or at 60° C . or 70° C . for at least 
3 days . 
[ 0292 ] Discoloration upon storage and / or during photo 
curing may be determined according to ISO 7491 : 2000 ( en ) . 
[ 0293 ] The aqueous dental composition according to the 
invention contains the stabilizer in an amount of 0 . 001 to 1 
percent by weight , preferably 0 . 005 to 0 . 8 percent by weight 
based on the total weight of the composition . When the 
amount of the stabilizer ( iii ) is below the above indicated 
lower limit of 0 . 001 , then storage stability of the aqueous 
dental composition might be insufficient , since the amount 
of stabilizer is too small to provide a stabilizing effect . 
However , when the amount of stabilizer ( iii ) is above the 
maximum threshold of 1 percent by weight , then the appli 
cability of the aqueous dental composition might be nega 
tively affected , since higher amounts of stabilizer may 
disturb or even substantially prevent intended polymerisa 
tion curing of the aqueous dental composition during appli 
cation . 
[ 0294 ] According to ( f ) , the aqueous dental composition 
of the present invention comprises a solvent mixture com 
prising water and an organic solvent . The solvent mixture 
may comprise one or more organic solvent ( s ) . 
[ 0295 ] The term " organic solvent ” as used herein means 
any organic compound which is fluid or liquid at room 
temperature and which is capable of dissolving or at least 
partly dissolving the components according to ( a ) , ( b ) , ( c ) , 
( d ) and ( e ) of the present aqueous dental composition . The 
organic solvent is suitably selected in view of its volatility 
and physiological harmlessness . Preferably , the organic sol 
vent is more volatile than water , that is it has a vapour 
pressure higher than water at 20° C . Besides , it is preferred 
that the organic solvent is non - toxic for the patient to be 
treated , in particular for a human patient . 
[ 0296 ] Preferably , the organic solvent of the solvent mix 
ture is selected from the group consisting of n - propanol , 
iso - propanol , n - butanol , iso - butanol , sec - butanol , tert - buta 
nol , acetone and methyl ethyl ketone . Preferably , the aque 
ous dental composition comprises the solvent mixture in an 
amount of 25 to 50 percent by weight , more preferably 27 
to 47 percent by weight , most preferably 29 to 44 percent by 
weight based on the total weight of the aqueous dental 
composition . 
[ 0297 ] It is preferred that according to ( f ) , the organic 
solvent comprised in the solvent mixture is n - propanol or 
iso - propanol , preferably iso - propanol . 
[ 0298 ] Preferably , the solvent mixture according to ( f ) 
comprises water in an amount of at least 1 percent by weight , 

OH 
( DTBMP ) 

OH 

OMe 
( DTBBQ 

preferably DTBHQ . 
[ 0290 ] 2 , 5 - di - tert - butyl - hydroquinone ( DTBHQ ) , 2 , 5 - di 
tert - butyl - 4 - methoxyphenol and 2 , 5 - di - tert - butyl - benzoqui 
none ( DTBBQ ) are commercially available standard chemi 
cals . In general , monoether compounds of formula ( VII ) 
such as 2 , 5 - di - tert - butyl - hydroquinone monoalkylethers of 
formula ( VIIb ) may be readily obtained from a dihydroqui 
none of formula ( VII ) , such as DTBHQ , as starting material 
by means of selective monoetherification catalyzed in the 
presence of NaNO , in combination with an inorganic acid 
such H2SO , or a solid acidic catalyst such as a styrene based 
sulfonated polymer , e . g . the commercially available ion 
exchange resins Amberlyst® 15 and Aberlite® IR120 , 
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more preferably at least 8 percent by weight , most preferably 
at least 16 percent by weight based on the total weight of the 
composition . 
[ 0299 ] It is preferred that the sum of the masses of the 
above described components ( a ) to ( f ) amounts to 100 % by 
weight based on the total weight of the composition . How 
ever , this sum may also amount to less than 100 % , prefer 
ably 90 % , more preferably 80 % , most preferably 70 % by 
weight based on the total weight of the composition . 
[ 0300 ] The remaining part of the aqueous dental compo 
sition having a pH of at most 7 which sum of components 
( a ) to ( f ) amounts to less than 100 % by weight based on the 
total weight of the composition may be constituted by 
further components . Such further components may be , for 
example , a polymerizable monomer having at least three 
polymerizable double bonds , a polymerizable monomer 
having one or two polymerizable double bonds and a 
particulate filler , which are described in the following . 
[ 0301 ] The aqueous dental composition according to the 
invention may further comprise one or more polymerizable 
monomer ( s ) having at least three polymerizable double 
bonds . 
[ 0302 ] Preferably , the polymerizable monomer having at 
least three polymerizable double bonds is selected from the 
group consisting of trimethylolethane triacrylate , trimeth 
ylolethane trimethacrylate , trimethylolpropane triacrylate , 
trimethylolpropane trimethacrylate , and tri - and tetra - acry 
lates and methacrylates of pentaerythritol and dipentaeryth 
ritol . 
[ 0303 ] Besides , the aqueous dental composition according 
to the present invention may further comprise one or more 
polymerizable monomers preferably having one or two 
polymerizable double bond ( s ) . 
[ 0304 ] Preferably , the one or more polymerizable mono 
mer ( s ) having one or two polymerizable double bond ( s ) 
is / are selected from the group consisting of ( methacrylate 
compound ( s ) , N - substituted or N - unsubstituted alkyl acrylic 
or acrylic acid amide compound ( s ) , mono - , bis - or poly 
( meth ) acrylamides and bis ( meth ) acrylamide compounds . 
More preferably , the one or more polymerizable monomers 
having a polymerizable double bond includes a ( meth ) 
acrylamide , a ( meth ) acrylic acid ester and / or a bis ( meth ) 
acrylamide compound . 
[ 0305 ] The ( methacrylate compound may be selected 
from the group of methyl acrylate , methyl methacrylate , 
ethyl acrylate , ethyl methacrylate , propyl acrylate , propyl 
methacrylate , isopropyl acrylate , isopropyl methacrylate , 
2 - hydroxyethyl acrylate , 2 - hydroxyethyl methacrylate 
( HEMA ) , hydroxypropyl acrylate , hydroxypropyl meth 
acrylate , tetrahydrofurfuryl acrylate , tetrahydrofurfuryl 
methacrylate , glycidyl acrylate , glycidyl methacrylate , the 
diglycidyl methacrylate of bis - phenol A ( “ bis - GMA ” ) , glyc 
erol mono - and diacrylate , glycerol mono - and dimethacry 
late , ethyleneglycol diacrylate , ethyleneglycol dimethacry 
late , polyethyleneglycol diacrylate ( where the number of 
repeating ethylene oxide units vary from 2 to 30 ) , polyeth 
yleneglycol dimethacrylate ( where the number of repeating 
ethylene oxide units vary from 2 to 30 especially triethylene 
glycol dimethacrylate ( TEGDMA ) , neopentyl glycol diacry 
late , neopentylglycol dimethacrylate , 1 , 3 - butanediol diacry 
late , 1 , 3 - butanediol dimethacrylate , 1 , 4 - butanedioldiacry 
late , 1 , 4 - butanediol dimethacrylate , 1 , 6 - hexane diol 
diacrylate , 1 , 6 - hexanediol dimethacrylate , di - 2 - methacry 
loyloxethyl hexamethylene dicarbamate , di - 2 - methacryloy 

loxyethyl trimethylhexanethylene dicarbamate , di - 2 - meth 
acryloyl oxyethyldimethylbenzene dicarbamate , 
methylene - bis - 2 - methacryloxyethyl - 4 - cyclohexyl carbam 
ate , di - 2 - methacryloxyethyl - dimethylcyclohexane dicar 
bamate , methylene - bis - 2 - methacryloxyethyl - 4 - cyclohexyl 
carbamate , di - 1 - methyl - 2 - methacryloxyethyl - trimethyl 
hexamethylene dicarbamate , di - 1 - methyl - 2 - methacryloxy 
ethyl - dimethylbenzene dicarbamate , di - 1 - methyl - 2 - meth 
acryloxyethyl - dimethylcyclohexane d icarbamate , 
methylene - bis - 1 - methyl - 2 - methacryloxyethyl - 4 - cyclohexyl 
carbamate , di - 1 - chloromethyl - 2 - methacryloxyethyl - hexam 
ethylene dicarbamate , di - 1 - chloromethyl - 2 - methacryloxy 
ethyl - trimethylhexamethylene dicarbamate , di - 1 - chlorom 
ethyl - 2 - methacryloxyethyl - dimethylbenzene dicarbamate , 
di - 1 - chloromethyl - 2 - methacryloxyethyl - dimethylcyclo 
hexane dicarbamate , methylene - bis - 2 - methacryloxyethyl - 4 
cyclohexyl carbamate , di - 1 - methyl - 2 - methacryloxyethyl 
hexamethylene d icarbamate , di - 1 - methyl - 2 
methacryloxyethyl - trimethylhexamethylene dicarbamate , 
di - 1 - methyl - 2 - methacryloxyethyl - dimethylbenzene dicar 
bamate , di - 1 - methyl - 2 - metha - cryloxyethyl - dimethylcyclo 
hexane dicarbamate , methylene - bis - 1 - methyl - 2 - methacry 
loxyethyl - 4 - cyclohexyl carbamate , di - 1 - chloromethyl - 2 
methacryloxyethyl - hexamethylene dicarbamate , di - 1 
chloromethyl - 2 - methacryloxyethyl 
trimethylhexamethylene dicarbamate , di - 1 - chloromethyl - 2 
methacryloxyethyl - dimethylbenzene dicarbamate , di - 1 
chloromethyl - 2 - methacryloxyethyl - dimethylcyclohexane 
dicarbamate , methylene - bis - 1 - chloromethyl - 2 - methacry 
loxyethyl4 - cyclohexyl carbamate , 2 , 2 - bis ( 4 - methacryloxy 
phenyl ) propane , 2 , 2 ' bis ( 4 - acryloxyphenyl ) propane , 2 , 2 - bis 
[ 4 ( 2 - hydroxy - 3 - methacryloxy - phenyl ) ] propane , 2 , 2 ' - bis [ 4 
( 2 - hydroxy - 3 - acryloxy - phenyl ) propane , 2 , 2 ' - bis ( 4 
methacryloxyethoxyphenyl ) propane , 2 , 2 ' - bis ( 4 
acryloxyethoxyphenyl ) propane , 2 , 2 ' - bis ( 4 
methacryloxypropoxyphenyl ) propane , 2 , 2 - bis ( 4 
acryloxypropoxyphenyl ) propane , 2 , 2 ' - bis ( 4 
methacryloxydiethoxyphenyl ) propane , 2 , 2 ' - bis ( 4 
acryloxydiethoxyphenyl ) propane , 2 , 2 - bis [ 3 ( 4 - phenoxy ) - 2 
hydroxypropane - 1 - methacrylate ] propane , and 2 , 2 ' - bis [ 3 ( 4 
phenoxy ) - 2 - hydroxypropane - 1 - acrylate ] propane , may be 
mentioned . 
[ 0306 ] The N - substituted alkyl acrylic or acrylic acid 
amide compound ( s ) are preferably characterized by one of 
the following formulas : 

3 
R27 R28 
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group consisting of an ether group , a thioether group , an 
amine group and an amide group . 
[ 0309 ] Mono - , bis - or poly ( meth ) acrylamide preferably 
have the following formulae : 

HN 

NH NH 

HN 

wherein R27 , R * 27 , R * * 27 , R * * * 27 independently represent a 
hydrogen atom , COOM , a straight chain or branched C 
to C18 alkyl group which may be substituted by a C3 - 6 
cycloalkyl group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , - PO2M , O - PO3M , or — SO3M , a Cz to C18 

cycloalkyl group which may be substituted by a C1 - 16 alkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , COOM , 
- PO3M , O PO3M2 or SO3M , or a Cz to C18 aryl or 
Cz to C18 heteroaryl group which may be substituted by 
- - COOM , — PO3M , 0 PO3M2 or — SO3M , 
R28 and R * 28 independently represent a hydrogen atom , a 
straight chain or branched C , to C18 alkyl group or C2 to C18 
alkenyl group which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , — COOM , 
- PO3M , - O - PO3M2 or — SO3M , a Cz to C18 cycloalkyl 
group which may be substituted by a C1 - 16 alkyl group , a 
C6 - 14 aryl or C3 - 14 heteroaryl group , COOM , PO3M , 
- O PO3M2 or — SO2M , or a Cs to C18 aryl or Cz to C18 

heteroaryl group which may be substituted by — COOM , 
- PO M , - 0 – PO M , or — SOM , 
R29 represents a divalent substituted or unsubstituted organic 
residue having from 13 to 45 carbon atoms , whereby said 
organic residue may contain from 1 to 14 carbonyl groups or 
heteroatoms selected from oxygen , nitrogen and sulphur ; 
preferably R29 is a C13 to C28 alkylene group or a C13 to C28 
alkenylene group , which may contain 1 to 6 carbonyl groups 
or heteroatoms selected from oxygen , nitrogen and sulfur , 
and which may be substituted by a hydroxyl group , a C6 - 14 
aryl group , COOM , - POZM , O - PO3M2 or — SO3M , 
wherein in said C13 to C28 alkylene group and said C13 to C28 
alkenylene group , from 1 to 6 CH2 - groups may be 
replaced by a — N — ( C = 0 ) CR31 = CH2 group wherein 
R31 is a hydrogen atom or a Ci to C18 alkyl group , a 
substituted or unsubstituted Cz to C18 cycloalkyl group , a 
substituted or unsubstituted C4 to C18 aryl or heteroaryl 
group , a substituted or unsubstituted C , to Cis alkylaryl or 
alkylheteroaryl group , a substituted or unsubstituted C , to 
C30 aralkyl group , and a substituted or unsubstituted C2 to 
C45 mono - , di - or polyether group having from 1 to 14 
oxygen atoms , 
R30 represents a saturated di - or multivalent substituted or 
unsubstituted C , to C18 hydrocarbon group , a saturated di - or 
multivalent substituted or unsubstituted cyclic Cz to Cis 
hydrocarbon group , a di - or multivalent substituted or 
unsubstituted C4 to C18 aryl or heteroaryl group , a di - or 
multivalent substituted or unsubstituted C5 to C18 alkylaryl 
or alkylheteroaryl group , a di - or multivalent substituted or 
unsubstituted C , to C30 aralkyl group , or a di - or multivalent 
substituted or unsubstituted C , to C45 mono - , di - , or 
polyether residue having from 1 to 14 oxygen atoms , and 
m is an integer , preferably in the range from 1 to 10 , 
wherein M of any one R27 , R * 27 , R * * 27 , R * * * 27 , R28 , R * 28 , 
R29 and R30 , which M are independent from each other , each 
represent a hydrogen atom or a metal atom . 
[ 0307 ] For R28 , R * 28 and R29 , the term “ Cz to C18 
cycloalkyl group ” includes polycycloalkyl groups compris 
ing two or more cycloalkyl groups , wherein at least two 
rings share one C C bond . Preferred are Cz to C14 poly 
cycloalkyl groups , more preferred are Cg to C12 polycy 
cloalkyl groups , and most preferred are tricyclo [ 5 . 2 . 1 . 02 . ] 
decyl or adamantyl . 
[ 0308 ] In compound of formula ( A ) , R2 , and R * 28 may 
cooperatively form a ring in which R28 and R28 * are linked 
by a C — C bond or a functional group selected from the 

HN 

NH 

NH 
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[ 0310 ] Other suitable examples of polymerizable mono 
mers having a polymerizable double bond are isopropenyl 
oxazoline , vinyl azalactone , vinyl pyrrolidone , styrene , divi 
nylbenzene , urethane acrylates or methacrylates , epoxy 
acrylates or methacrylates and polyol acrylates or methacry 
lates . 
[ 0311 ] It is preferred to select the above described polym 
erizable monomers with the proviso that they do not contain 
ester groups , or at least only ester groups which do not 
hydrolyze in aqueous media at pH 3 at room temperature 
within one month . Thereby , an advantageous stability of the 
aqueous dental composition having a pH of at most 7 in 
terms of shelf - life stability of the uncured dental composi 
tion as well as stability after curing in the mouth of a patient 
is ensured . 
[ 0312 ] Preferably , the aqueous dental composition accord 
ing to the present invention further comprises a particulate 
filler . The aqueous dental composition may comprise one or 
more particulate filler ( s ) . The aqueous dental composition of 
the present invention may preferably comprise the particu 
late filler in an amount of 0 . 1 to 80 percent by weight based 
on the total weight of the composition . 
[ 0313 ] The particulate filler may be in inorganic or organic 
form or a mixture of at least two components selected from 
inorganic and organic component . The particulate filler may 
in the form of a reactive or non - reactive filler . 
[ 0314 ] Suitable particulate fillers may be selected from 
fillers currently used in dental compositions . The filler 
should be finely divided and preferably has a maximum 
particle diameter less than about 100 um and an average 
particle diameter less than about 10 um . The filler may have 
a unimodal or polymodal ( e . g . , bimodal ) particle size dis 
tribution . The particle size may be measured , for example , 
by electron microscopy or by using a conventional laser 
diffraction particle sizing method as embodied by a 

NH NH 
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MALVERN Mastersizer S or MALVERN Mastersizer 3000 
apparatus . The particulate filler may be a multimodal par 
ticulate non - reactive filler representing a mixture of two or 
more particulate fractions having different average particle 
sizes . The particulate reactive filler may also be a mixture of 
particles of different chemical composition . The particulate 
non - reactive filler may be surface modified by a surface 
modifying agent . 
[ 0315 ] The filler can be an inorganic material . It can also 
be a crosslinked organic material that is insoluble in the 
polymerizable resin , and is optionally filled with inorganic 
filler . The filler can be radiopaque . Examples of suitable 
particulate inorganic fillers are naturally occurring or syn 
thetic materials such as quartz , nitrides such as silicon 
nitride , glasses derived from , for example Ce , Sb , Sn , Zr , Sr , 
Ba and Al , colloidal silica , feldspar , borosilicate glass , 
kaolin , talc , titania , and zinc glass , and submicron silica 
particles such as pyrogenic silicas . Examples of suitable 
non - reactive organic filler particles include filled or unfilled 
pulverized polycarbonates or polyepoxides . Preferably the 
surface of the filler particles is treated with a coupling agent 
in order to enhance the bond between the filler and the 
matrix . The use of suitable coupling agents include gamma 
methacryloxypropyltrimethoxysilane , gamma - mercaptopro 
pyltriethoxysilane , gamma - aminopropyltrimethoxysilane , 
and the like . 
[ 0316 ] The particulate filler may also be a filler obtainable 
by a process for the preparation of composite filler particles , 
comprising : 
1 ) coating a particulate filler having a median particle size 
( D50 ) of from 1 to 1200 nm with a coating composition 
containing a film - forming agent forming a coating layer on 
the surface of the particulate filler , said coating layer dis 
playing reactive groups on the surface of the coating layer , 
said reactive groups being selected from addition polymer 
izable groups and step - growth polymerizable groups , 
thereby forming a coated particulate filler ; subsequently or 
concurrently 
2 ) agglomerating the coated particulate filler , optionally in 
the presence of a further crosslinking agent and optionally in 
the presence of a further particulate filler not displaying 
reactive groups , for providing a granulation of the coated 
particulate filler wherein the granulation contains the coated 
particulate filler particles and the optional further particulate 
filler particles separated from and connected to each other by 
at least one coating layer , whereby the at least one coating 
layer may be crosslinked by crosslinking groups obtained by 
reacting the reactive groups and optionally a further cross 
linking agent ; 
3 ) optionally milling , classifying and / or sieving the granu 
lation of the coated particulate filler ; and 
4 ) optionally further crosslinking the granulation of the 
coated particulate filler ; for providing composite filler par 
ticles having a median particle size ( D50 ) of from 1 to 70 
um , wherein reactive groups are transformed into crosslink 
ing groups obtained by reacting reactive groups and option 
ally a further crosslinking agent , and wherein the particulate 
filler is the main component by volume of the composite 
filler particles as further described in EP - A 2 604 247 . 
[ 0317 ] Preferably , the aqueous dental composition accord 
ing to the present invention comprises a reactive particulate 
glass as particulate filler . 
[ 0318 ] The term “ reactive particulate glass ” means a solid 
mixture of metal oxides , wherein the mixture is in particu 

late form . Specific examples of particulate reactive fillers are 
selected from calcium alumino silicate glass , calcium alu 
mino fluorosilicate glass , calcium aluminumfluoroborosili 
cate glass , strontium aluminosilicate glass , strontium alumi 
nofluorosilicate glass , strontium aluminofluoroborosilicate 
glass . Suitable particulate reactive fillers may be in the form 
of metal oxides such as zinc oxide and / or magnesium oxide , 
and / or in the form of ion - leachable glasses , e . g . , as described 
in U . S . Pat . No . 3 , 655 , 605 , U . S . Pat . No . 3 , 814 , 717 , U . S . 
Pat . No . 4 , 143 , 018 , U . S . Pat . No . 4 , 209 , 434 , U . S . Pat . No . 
4 , 360 , 605 and U . S . Pat . No . 4 , 376 , 835 . 
[ 0319 ] Preferably , the reactive particulate glass is a reac 
tive particulate glass comprising : 

[ 0320 ] 1 ) 20 to 45 % by weight of silica , 
[ 0321 ] 2 ) 20 to 40 % by weight of alumina , 
[ 0322 ] 3 ) 20 to 40 % by weight of strontium oxide , 
[ 0323 ] 4 ) 1 to 10 % by weight of P205 , and 
[ 0324 ] 5 ) 3 to 25 % by weight of fluoride . 

[ 0325 ] Furthermore , it is preferred that the present dental 
composition comprises 0 . 1 to 80 , preferably 0 . 5 to 60 , more 
preferably 1 to 40 percent by weight of the reactive particu 
late glass , based on the weight of the entire weight of the 
aqueous dental composition . 
[ 0326 ] The reactive particulate glass usually has an aver 
age particle size of from 0 . 005 to 100 um , preferably of from 
0 . 01 to 40 um as measured , for example , by electron 
microscopy or by using a conventional laser diffraction 
particle sizing method as embodied by a MALVERN Mas 
tersizer S or MALVERN Mastersizer 3000 apparatus . 
[ 0327 ] The reactive particulate glass may be surface modi 
fied by a surface modifying agent . Preferably , the surface 
modifying agent is a silane . A silane provides a suitable 
hydrophobicity to the reactive particulate glass , which 
allows for an advantageous , homogeneous admixture with 
the organic components of the present aqueous dental com 
position . 
[ 0328 ] Furthermore , it is preferred to include non - reactive 
fillers in the present aqueous dental composition for chang 
ing the appearance of the composition , for controlling vis 
cosity of the composition , for further improving mechanical 
strength of a dental glass ionomer cement obtained from the 
composition , and e . g . for imparting radiopacity . The non 
reactive filler should be non - toxic and suitable for use in the 
mouth . 
0329 ] . The filler may be in the form of an inorganic 

material . It can also be a crosslinked organic material that is 
insoluble in the polymerizable polymer according to ( B ) 
comprised in the present aqueous dental glass ionomer 
composition , and is optionally filled with inorganic filler . 
[ 0330 ] For example , suitable non - reactive inorganic fillers 
may be quartz , nitrides such as silicon nitride , colloidal 
silica , submicron silica such as pyrogenic silicas , colloidal 
zirconia , feldspar , borosilicate glass , kaolin , talc or a metal 
lic powder comprising one or more metals or metal alloys . 
[ 0331 ] Examples of suitable non - reactive organic fillers 
include filled or unfilled particulate polycarbonates or poly 
epoxides . Preferably the surface of the non - reactive organic 
filler particles is treated with a coupling agent in order to 
enhance the bond between the filler and the matrix . Suitable 
coupling agents include silane compounds such as gamma 
methacryloxypropyltrimethoxysilane , gamma - mercaptopro 
pyltriethoxysilane and gamma - aminopropyltrimethoxysi 
lane . 
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[ 0332 ] According to a particularly preferred embodiment , 
the aqueous dental composition having a pH of at most 7 
comprises : 

[ 0333 ] ( a ) 20 to 60 percent by weight based on the total 
weight of the composition of a polymerizable com 
pound of the following formula ( I ) : 
A - L - B 

[ 0334 ] wherein 
[ 0335 ] A is a group of the following formula ( II ) 

( II ) 

Liriama 

[ 0350 ] ( c ) 1 to 20 percent by weight based on the total 
weight of the composition of a polymerizable monomer 
having one or more acidic groups , preferably a polym 
erizable phosphoric acid ester of formula ( IX ) ; 

[ 0351 ] ( d ) 0 . 001 to 5 percent by weight based on the 
total weight of the composition of a photoinitiator 
system ; preferably , the photoinitiator system comprises 
a 1 , 2 - diketone photoinitiator compound having a light 
absorption maximum in the range from 300 to 500 nm 

[ 0352 ] ( e ) 0 . 001 to 1 percent by weight based on the 
total weight of the composition of a stabilizer of 
formula ( VII ) and / or ( VIII ) ; and 

[ 0353 ] ( f ) 25 to 50 percent by weight based on the total 
weight of the composition of a solvent mixture com 
prising water and an organic solvent selected the group 
consisting of ethanol , n - propanol , iso - propanol , n - bu 
tanol , iso - butanol , sec - butanol , tert - butanol , acetone 
and methyl ethyl ketone ; preferably the organic solvent 
is n - propanol or iso - propanol , more preferably iso 
propanol . 

[ 0354 ] A composition comprising at least a ) a polymeriz 
able compound of the formula ( I ) and b ) a polymerizable 
compound of the formula ( V ) may be used for the prepara 
tion of an aqueous dental composition , preferably an aque 
ous dental composition having a pH of at most 7 . 
[ 0355 ] For this use , the compounds of formulae ( I ) and ( V ) 
as defined above for the aqueous dental composition having 
a pH of at most 7 according to claim 1 may be used alone 
or in combination with any components suitable for the 
preparation of a dental composition . 
[ 0356 ] Preferably , compounds of formulae ( I ) and ( V ) are 
used alone or in combination with at least one of compo 
nents c ) , d ) , e ) and f ) defined for the aqueous composition 
having a pH of at most 7 and optionally with further 
components described above for the aqueous composition 
having a pH of at most 7 . 
[ 0357 ) The invention will now be further illustrated with 
reference to the following examples . 

Rico R2 

[ 0336 ] Xl is CO or CH2 ; 
[ 0337 ] Rl is a hydrogen atom , 
[ 0338 ] RP is a hydrogen atom , a methyl group or 

CH , COOM , preferably Xl is CO and R2 is a 
hydrogen atom or a methyl group , more preferably 
Xl is CO and R² is a hydrogen atom , 

[ 0339 ] L is a divalent C2 - 12 alkenylene linker group , 
which may contain 1 to 3 carbonyl groups or nitro 
gen atom ( s ) , and which may be substituted by a 
hydroxyl group , preferably L is an unsubstituted 
divalent C3 - 8 alkenylene linker group , more prefer 
ably L is _ CH , — CH = CH - CH , — ; 

[ 0340 ] B is a group according to the definition of A , 
[ 0341 ] ( b ) 3 to 15 percent by weight based on the total 
weight of the composition of a polymerizable com 
pound of the following formula ( V ) : 
A ' - L ' - A ' ( V ) 

[ 0342 ] wherein the 
[ 0343 ] A ' which are independent from each other , 
each represent a group of the following formula ( VI ) 

Rlin R2 * 

Examples 
[ 0358 ] Introductory Remarks Concerning Wetting Char 
acteristics and Viscosity Wetting is a complex , time depen 
dant process strongly affected by the surface roughness and 
the nature of material surface . In a first approximation , the 
behavior of a liquid ( L ) on a solid surface ( S ) may be 
described by the following parameters : surface free energy 
of the solid os ( SFE ) , surface tension of the liquid o , ( ST ) , 
tension on the liquid / solid interface ous ( IT ) and the contact 
angle 9 ( CA ) at the ternary liquid / solid ( L / S ) towards 
gas / vapour ( V ) interface . SFE , ST and IT are area - related 
energy values [ mN * m - ] . CA can be positive only with 
values between 0° and 180° . 
[ 0359 ] As a simple analysis , the static sessile drop method 
may be used . Accordingly , the ternary L / S / V interface is 
observed after an equilibrium time t at its equilibrium state 
forming the static contact angle Us . The relationship of the 
parameters is given by YOUNG ' s equation : 

cos & s = ( 05 - OL / s ) * 01 - 1 
[ 0360 ] The capability of the present aqueous dental com 
position to efficiently wet a tooth surface may be expressed 
by the static 9 ( SCA ) . For measurement of the sCA , the 
three phases of the ternary system L , S and V are as follows : 
S is a planar or structured tooth surface or any solid surface 

[ 0344 ] wherein 
0345 ] X2 * is CO , 
0346 ) R1 * is a hydrogen atom , 
103471 R2 * is a hydrogen atom , 
[ 0348 ] R * is an ethyl group , 

[ 0349 ] L ' is a divalent C2 - 12 alkylene linker group , 
which may contain 1 to 3 carbonyl groups or nitro 
gen atom ( s ) , and which may be substituted by a 
hydroxyl group , preferably L ' is an unsubstituted 
divalent C2 - 3 alkylene linker group , more preferably 
L ' is n - propylene ; 
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tooth surface , it is important to suitably set the viscosity Us 
of the aqueous dental composition . 
[ 0369 ] The viscosity was determined using a Kinexus 
pro + rotation type rheometer from Malvern Instruments Ltd , 
Worcestershire , UK . 
[ 0370 ] According to the present invention , the viscosity of 
the aqueous dental composition q is preferably set within a 
range of from 1 to 100 mPa * s more preferably 5 to 75 
mPa * s , and in particular 10 to 50 mPa * s . 
Preparation of Aqueous Dental Compositions Eight different 
aqueous dental compositions 1 to 8 representing aqueous 
dental compositions according to the invention have been 
prepared by admixing the components listed in Table 1 . 

TABLE 1 
Aqueous dental compositions 1 to 8 

Aqueous dental composition : 

1 
0 . 0 

44 . 4 

2 
6 . 5 

47 . 4 

3 
6 . 5 
7 . 3 

4 
4 . 4 
41 . 9 

5 
6 . 5 

20 . 0 

6 
0 . 5 

45 . 4 

7 
5 . 0 

46 . 4 

8 
5 . 0 
46 . 4 

3 . 9 5 . 4 20 . 0 3 . 5 7 . 3 7 . 5 4 . 4 4 . 4 

PENTA 
[ wt . - % ] 
BAABE 
[ wt . - % ] 
BADEP 
[ wt . - % ] 
MDP 
[ wt . - % ] 
Propan - 2 - ol 
wt . - % ] 
Water 
[ wt . - % ] 

11 . 0 0 . 0 13 . 0 9 . 5 13 . 0 0 . 5 9 . 5 9 . 5 

16 . 5 16 . 5 20 . 0 16 . 5 20 . 0 19 . 0 5 . 0 
21 . 0 21 . 0 30 . 0 21 . 0 30 . 0 23 . 9 26 . 5 5 . 0 

CQ 1 . 8 

having a SFE similar to that of a tooth surface , L is the 
present aqueous dental composition having a pH of at most 
7 , and V is ambient air . On structured solid surfaces S such 
as enamel and dentin , a suitable scaling factor of the sCA 
may be introduced . 
[ 0361 ] The static sessile drop measurement was carried 
out with a OCA - 15E goniometer from DataPhysics Instru 
ments , Filderstadt , Germany , wherein SCA20 software from 
DataPhysics Instruments was used for measurement analy 
sis . 
[ 0362 ] According to the present invention , for an advan 
tageous surface wettability , the SCA as is preferably less than 
25° , more preferably less than 10° , most preferably less than 
5º . 
[ 0363 ] The ST of the liquid , aqueous dental composition 
0 , allows for a preliminary assessment whether or not the 
liquid aqueous dental composition might provide for a 
suitable wetting of the structured tooth surface . This is 
because the SFE in the form of the tooth surface as remains 
unchanged at a defined humidity level . As can be gathered 
from the YOUNG ' S equation , while lowering as provides for 
a higher value for cos 0s , the degree value for SCA becomes 
lower . Hence , once a suitable wetting providing an at least 
sufficiently low sCA is obtained , measurement of oz pro 
vides for an uncomplicated pretesting whether or not the 
present aqueous dental composition may provide suitable 
surface wetting characteristics . For quantification of the 
wettability , the contact angle as may be measured , prefer 
ably by the static sessile drop method described above . 
[ 0364 ] STO , may be determined by means of any prior art 
determination method . For example , the value of o , may be 
determined by WASHBURN Capillary Rise method , WILHELMY 
Plate or DU NOÜY Ring method , Maximum Bubble Pressure 
method , Pendant or Sessile Drop method , Drop Weight or 
Volume method and Spinning Drop method . The aforemen 
tioned methods are e . g . described in J . G . WEBSTER , 
“ Mechanical Variables Measurement - Solid , Fluid , and 
Thermal ” , CRC Press Inc . , 1999 , p . 12 - 1 to 12 - 13 . 
[ 0365 ] In the present invention , ST o , was determined by 
the Pendant Drop method using an OCA - 15E goniometer 
from DataPhysics Instruments , Filderstadt , Germany , 
wherein SCA20 software from DataPhysics Instruments was 
used for measurement analysis . 
[ 0366 ] According to the present invention , the surface 
tension ST of the liquid , aqueous dental composition o , is 
preferably within a range of from 5 to 75 mN * m ? , more 
preferably 10 to 50 mN * m - ? , and in particular 10 to 40 
mN * m - . 
[ 0367 ] Furthermore , an important parameter interrelating 
with sCA 9 , and ST o , is the penetration coefficient ( kp ) , 
which is defined as follows : 

kp = 0 [ * cos 95 * ( 2n ) - 1 
wherein n is the viscosity of the aqueous dental composi 
tion . 
[ 0368 ] The penetration coefficient kp is a measure of the 
ability of a liquid such as the aqueous dental composition to 
penetrate into a capillary space such as pores or cavities of 
the tooth surface or gingival pockets . From the above 
equation for kp , it is understood that the higher the viscosity 
n , the lower kp becomes . Hence , not only in view of 
workability and handling comfort of the aqueous dental 
composition , but also in view of suitable penetration of the 

[ wt . - % ] 
DMABN 
?wt . - % ] 
BMIHP 
?wt . - % ] 
DTBHQ 
[ wt . - % ] 

0 . 6 
0 . 7 
0 . 1 

1 . 8 
0 . 6 
0 . 7 
0 . 1 

1 . 8 
0 . 6 
0 . 7 
0 . 1 

1 . 8 
0 . 6 
0 . 7 
0 . 1 

1 . 8 
0 . 6 
0 . 7 
0 . 1 

1 . 8 
0 . 6 
0 . 7 
0 . 1 

1 . 8 
0 . 6 
0 . 7 
0 . 1 

0 . 6 
0 . 7 
0 . 1 

100 . 0 100 . 0 100 . 0 100 . 0 100 . 0 100 . 0 100 . 0 100 . 0 Sum 
[ wt . - % ] 

List of abbreviation used in Table 1 : 
PENTA : Dipentaerythritol pentacrylate phosphate 
BAABE : N , N - ( 2E ) - but - 2 - en - 1 , 4 - diallylbis - [ ( N - prop - 2 - en - 1 ) amide 
BADEP : N , N - Diethyl - 1 , 3 - propylene bisacrylamide 
MDP : 10 - Methacryloyl oxydecyl dihydrogen phosphate 
CQ : Camphorquinone 
DMABN : Dimethylamino benzonitril 
BMIHP : Bis ( 4 - methylphenyl ) iodonium hexaflurophosphate 
DTBHQ : di - tert - Butylhydroquinone 

Determination of pH , Viscosity , Surface Tension and 
Wetting Behaviour 
[ 0371 ] For aqueous dental compositions 1 to 8 , the pH 
value , viscosity , surface tension and wetting were deter 
mined . The pH was measured using a solvent - robust special 
electrode for partially aqueous systems . The viscosity was 
measured using a Kinexus prot rotation type rheometer 
from Malvern Instruments Ltd , Worcestershire , UK . The 
surface tension and the wetting behaviour were measured 
using an OCA - 15E goniometer from DataPhysics Instru 
ments , Filderstadt , Germany , wherein SCA20 software from 
DataPhysics Instruments was used for measurement analy 
sis . The surface tension and the wetting behaviour were 
measured against ambient air under exclusion of blue light . 
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TABLE 2 
pH - value , viscosity and surface tension obtained for 

aqueous dental compositions 1 to 8 . 

1 . An aqueous dental composition having a pH of at most 
7 , comprising : 

( a ) 1 to 70 percent by weight based on the total weight of 
the composition of a polymerizable compound of the 
following formula ( 1 ) : 
A - L - B 

Aqueous dental composition : 

1 2 3 4 5 6 7 8 
2 . 7 

29 . 3 
2 . 4 

30 . 7 
2 . 2 

23 . 9 
2 . 5 

32 . 5 
2 . 1 

25 . 7 
3 . 2 

25 . 9 
2 . 3 

42 . 1 
3 . 0 

37 . 5 
pH - Value 
Viscosity 
[ mPa * s ] 
Surface tension 
[ mN * m - 11 

wherein 
A is a group of the following formula ( II ) 

33 . 7 32 . 6 45 . 9 33 . 0 33 . 2 32 . 7 36 . 5 30 . 5 

N 
X - 

Rim R ? 

[ 0372 ] The results listed in Table 2 show that for all 
aqueous dental compositions 1 to 8 , the pH - value is less than 
7 , that is acidic . Furthermore , all aqueous dental composi 
tions 1 to 8 have an advantageous low viscosity within the 
range of 10 to 50 mPa * s . The surface tension within a range 
of 30 to 50 mN * m - ' is relatively low . 
[ 0373 ] Furthermore , the wetting behaviour was deter 
mined on ideal moist human dentin surface prepared accord 
ing to ISO 29022 , and evaluated 5 sec after dosage of a 
droplet of the respective aqueous dental composition on the 
human dentin surface . For all aqueous dental compositions 
1 to 8 , a full wetting was obtained , that is , the contact angle 
after 5 sec was less than 3° . 
[ 0374 ] Hence , owing to the specific combination of com 
pounds of formula ( I ) and ( V ) , such as BAABE and BADEP , 
the aqueous dental compositions 1 to 8 according to the 
invention provide for an advantageous combination of low 
viscosity , low surface tension and full wetting . This provides 
for a simplified application of the aqueous dental composi 
tion on a dental surface , while an advantageous full wetting 
of the dental surface is provided . 

Determination of Characteristics of Cured Aqueous Dental 
Compositions 1 to 8 

[ 0375 ] The aqueous dental compositions were applied on 
an enamel or dentin prepared according to ISO 29022 , and 
cured by irradiation with light . Thereafter , shear bond 
strength to enamel and shear bond strength to dentin was 
measured according to ISO 29022 . 

x is CO , CS , CH2 , or a group [ X ' Z ] z , wherein X ' is 
an oxygen atom , a sulfur atom or NH , Z is a 
straight chain or branched C1 - 4 alkylene group , 
and k is an integer of from 1 to 10 ; 

R ! is a hydrogen atom , 
COOM , 

a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , POZM , OPO3M2 or 
SO3M , 

a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 

O - PO3M2 or — SO3M , 
a C6 - 14 aryl or C3 - 14 heteroaryl group which may 
be substituted by COOM , PO3M , 
- O - PO3M , or — SO3M , 

R² is a hydrogen atom , 
- COOM 

a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , PO3M , 
OPO3M2 and — SO3M , 

a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 
- 0 - PO3M2 or SO3M , or 

a C6 - 14 aryl or C3 - 14 heteroaryl group which may 
be substituted by COOM , PO3M , 

O - PO3M2 and — SO3M , 
L is a divalent C2 - 12 alkenylene linker group , which 
may contain 1 to 3 carbonyl groups or heteroatoms 
selected from oxygen , nitrogen and sulfur , and which 
may be substituted by a hydroxyl group , a C6 - 14 aryl 
group , COOM , PO3M , O - PO3M2 or 
— SOZM , wherein M is a hydrogen atom or a metal 
atom ; 

TABLE 3 
Shear bond strength to enamel and dentin 

Cured Aqueous dental composition : 

1 5 8 2 
23 . 0 

3 
19 . 8 

4 
23 . 4 

6 
15 . 0 

7 
22 . 9 Shear bond 

strength enamel 
[ MPa ] 
Shear bond 
strength dentin 
[ MPa ] 

35 . 3 23 . 7 32 . 4 31 . 0 28 . 9 

[ 0376 ] The results listed in Table 2 show that particularly 
advantageous shear bond strength to enamel within a value 
range of 15 to 25 MPa and shear bond strength to dentin 
within a value range of 10 to 36 MPa were obtained for the 
cured aqueous dental compositions 1 to 8 . 
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B is selected from 
( i ) a group according to the definition of A , 
( ii ) a group of the following formula ( III ) 

( III ) 

wherein M of any one R1 , R² , L , R and E , which M 
are independent from each other , each represent a 
hydrogen atom or a metal atom ; 

( b ) 2 to 20 percent by weight based on the total weight of 
the composition of a polymerizable compound of the 
following formula ( V ) : 
A ' - L ' - A ' ( V ) 
wherein the 
A ' which are independent from each other , each repre 

sent a group of the following formula ( VI ) Rl ' u 

( VI ) 

2 

RI * R2 * 

X² independently has the same meaning as defined 
for X ' in formula ( II ) , 

R ! ' and R2 ' are independent from each other and 
independently have the same meaning as 
defined for R1 and R2 in formula ( II ) , 

R is a hydrogen atom , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , POZM , O - PO2M2 or 

- SO3M , 
a C3 - 6 cycloalkyl group which may be substi 
tuted by a C1 - 16 alkyl group , a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , PO3M , 
- O - PO3M2 or — SO3M , 

a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by COOM , PO3M , 
- O - PO3M , or SO3M , 

( iii ) a group of the following formula ( IV ) 

( IV ) 

R2 

wherein 
X3 is CO , CH , CO , CS , or — CH , CS , 

R and R ? " which are independent from each other 
and independently have the same meaning as 
defined for R1 and R2 in formula ( II ) , or 

( iv ) a group [ Z ' X " ] „ E , wherein 
Z ' is a straight chain or branched C - 4 alkylene 

group , 
X " is an oxygen atom , a sulfur atom or NH , 
E is a hydrogen atom , 
PO3M2 , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
- COOM , PO3M , 0 — PO3M2 or 
- SO3M , 

a C3 - 6 cycloalkyl group which may be substi 
tuted by a C1 - 16 alkyl group , a C6 - 14 aryl or 
C3 - 14 heteroaryl group , — COOM , PO3M , 
- O - PO3M2 or SOZM , 

a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by — COOM , POZM , 
- O - PO3M2 or — SO3M , and 

m is an integer of from 1 to 10 ; and 

wherein 
X2 * independently has the same meaning as defined 

for Xl in formula ( II ) , 
Rl * and R2 * are independent from each other and 

independently have the same meaning as defined 
for R ' and R² in formula ( II ) , 

R * is a hydrogen atom , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
- COOM , PO2M , O - PO3M2 or 
SO3M , 

a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , POZM , 

0 - PO2M2 or - SO2M , 
a C6 - 14 aryl or C3 - 14 heteroaryl group which may 
be substituted by COOM , PO3M , 
- 0 — POZM , or — SO3M , 

L ' is a divalent C2 - 12 alkylene linker group , which may 
contain 1 to 3 carbonyl groups or heteroatoms 
selected from oxygen , nitrogen and sulfur , and which 
may be substituted by a hydroxyl group , a C6 - 14 aryl 
group , COOM , POZM , OPO2M2 or 
- SO3M , wherein M is a hydrogen atom or a metal 

atom ; 
wherein M of any one R ' ' , R2 * , L ' and R * , which M 

are independent from each other , each represent a 
hydrogen atom or a metal atom ; 

( c ) 1 to 20 percent by weight based on the total weight of 
the composition of one or more polymerizable mono 
mers having one or more acidic groups ; 

( d ) 0 . 001 to 5 percent by weight based on the total weight 
of the composition of an initiator system ; 

( e ) 0 . 001 to 1 percent by weight based on the total weight 
of the composition of a stabilizer ; and 

( f ) 25 to 50 percent by weight based on the total weight 
of the composition of a solvent mixture comprising 
water and an organic solvent . 

2 . The aqueous dental composition according to claim 1 , 
wherein B is a group according to the definition of A . 
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3 . The aqueous dental composition according to claim 1 
or 2 , wherein X in formula ( II ) is CO . 

4 . The aqueous dental composition according to any one 
of the preceding claims , wherein X in formula ( VI ) is CO . 

5 . The aqueous dental composition according to any one 
of the preceding claims wherein L is 
- CH2CH = CHCH2 — . 

6 . The aqueous dental composition according to any one 
of the preceding claims , comprising a polymerizable phos 
phoric acid ester as a polymerizable monomer having one or 
more acidic groups . 

7 . The aqueous dental composition according to any one 
of the preceding claims , which further comprises a polym 
erizable monomer having at least three polymerizable 
double bonds . 

8 . The aqueous dental composition according to any one 
of the preceding claims , wherein the stabilizer is a com 
pound of the following formula ( VII ) and / or ( VIII ) : 

primer , a dental infiltrant , a pit and fissure sealant , a dental 
desensitizing composition , a pulp capping composition , a 
dental composite , dental glass ionomer cement , a dental 
cement , a seal and protecting composition for naked tooth 
necks , and a dental root canal sealer composition . 

13 . Use of a composition comprising 
( a ) a polymerizable compound of the following formula 

( 1 ) : 
A - L - B 

wherein 
A is a group of the following formula ( II ) . 

CH , 

( VII ) 
OH 

Rim 

D3 

( VIII ) 
O = 

P3 

wherein 
the R " , which may be the same or different , independently 

represent a branched C3 - 8 alkyl or alkenyl group or a 
C3 - 8 cycloalkyl or cycloalkenyl group , 

R * represents a hydrogen atom , a C1 - 6 alkyl or C2 - 6 
alkenyl group , or a C1 - 6 fluoroalkyl or C2 - 6 fluoroalk 
enyl group , 

X represents a group selected from a C18 alkyl group or 
a C3 - 8 cycloalkyl group , and 

n is 0 , 1 or 2 . 
9 . The aqueous dental composition according to any one 

of the preceding claims , wherein the organic solvent of the 
solvent mixture is selected from the group consisting of 
ethanol , n - propanol , iso - propanol , n - butanol , iso - butanol , 
sec - butanol , tert - butanol , acetone and methyl ethyl ketone , 
preferably the organic solvent of the solvent mixture is 
n - propanol or iso - propanol , more preferably iso - propanol . 

10 . The aqueous dental composition according to any one 
of the preceding claims , wherein the solvent mixture com 
prises at least 1 percent by weight based on the total weight 
of the composition , of water . 

11 . The aqueous dental composition according to any one 
of the preceding claims , which further comprises a particu 
late filler . 

12 . The aqueous dental composition according to any one 
of the preceding claims , which is selected from a dental 
adhesive composition , a dental bonding agent , a dental 

Xl is CO , CS , CH , , or a group [ X ' Z ] k , wherein X ' is 
an oxygen atom , a sulfur atom or NH , Z is a 
straight chain or branched C1 - 4 alkylene group , 
and k is an integer of from 1 to 10 ; 

R ! is a hydrogen atom , 
- COOM , 

a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , PO3M , O - PO3M2 or 
SO3M , 

a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 

O - PO3M , or — SO3M , 
a C6 - 14 aryl or C3 - 14 heteroaryl group which may 
be substituted by COOM , PO3M , 

O - PO3M , or — SO3M , 
R² is a hydrogen atom , 

COOM 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C6 - 14 aryl or 
C3 - 14 heteroaryl group , COOM , PO3M , 
- O - PO3M , and — SO3M , 

a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 

O PO3M , or SO3M , or 
a C6 - 14 aryl or C3 - 14 heteroaryl group which may 

be substituted by COOM , PO3M , 
- 0 - PO2M2 and — SO3M , 

L is a divalent C2 - 12 alkenylene linker group , which 
may contain 1 to 3 carbonyl groups or heteroatoms 
selected from oxygen , nitrogen and sulfur , and which 
may be substituted by a hydroxyl group , a C6 - 14 aryl 
group , COOM , PO3M , O - PO3M2 or 
— SOM , wherein M is a hydrogen atom or a metal 
atom ; 



US 2018 / 0214351 A1 Aug . 2 , 2018 
28 

B is selected from 
( i ) a group according to the definition of A , 
( ii ) a group of the following formula ( III ) 

( III ) 

C3 - 14 heteroaryl group , COOM , — PO3M , 
O - PO3M2 or SO3M , 

a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by — COOM , — PO3M , 
- O - PO3M2 or — SO3M , and 
m is an integer of from 1 to 10 ; and 

wherein M of any one R1 , R² , L , R and E , which M 
are independent from each other , each represent a 
hydrogen atom or a metal atom ; and 

( b ) 2 to 20 percent by weight based on the total weight of 
the composition of a polymerizable compound of the 
following formula ( V ) : 

A - L ' - A ' ( V ) 
wherein the 
A ' which are independent from each other , each repre 
sent a group of the following formula ( VI ) 

Rllow R2 

( VI ) 

X2 independently has the same meaning as defined 
for Xl in formula ( II ) , 

Rl ' and R2 ' are independent from each other and 
independently have the same meaning as 
defined for R and R2 in formula ( II ) , 

R is a hydrogen atom , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
- COOM , POZM , O - PO3M2 or 
- SO3M , 

a C3 - 6 cycloalkyl group which may be substi 
tuted by a C1 - 16 alkyl group , a C6 - 14 aryl or 
C3 - 14 heteroaryl group , — COOM , — PO3M , 
- O - PO3M , or — SO3M , 
a C6 - 14 aryl or C3 - 14 heteroaryl group which 
may be substituted by COOM , POZM , 
- O PO2M2 or — SO3M , 

( iii ) a group of the following formula 

RI * n 

( IV ) Nyt 
R2 " R2 " 

wherein 
X3 is CO , CH , CO , CS , or CH CS - , 
R ! " and R2 " which are independent from each 

other and independently have the same meaning 
as defined for R1 and R2 in formula ( II ) , or 

( iv ) a group [ Z ' X " ] E , 
wherein 

Z ' is a straight chain or branched C1 - 4 alkylene 
group , 
X " is an oxygen atom , a sulfur atom or NH , 
E is a hydrogen atom , 
PO3M2 , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
- COOM , PO3M , O - PO3M2 or 
— SO , M , 
a C3 . 6 cycloalkyl group which may be substi 
tuted by a C1 - 16 alkyl group , a C6 - 14 aryl or 

wherein 
X2 * independently has the same meaning as defined 

for Xl in formula ( II ) , 
R1 * and R2 * are independent from each other and 

independently have the same meaning as defined 
for R1 and R2 in formula ( II ) , 

R * is a hydrogen atom , 
a straight chain or branched C1 - 16 alkyl group 
which may be substituted by a C3 - 6 cycloalkyl 
group , a C6 - 14 aryl or C3 - 14 heteroaryl group , 
COOM , POZM , OPO3M2 or 

- SO3M , 
a C3 - 6 cycloalkyl group which may be substituted 
by a C1 - 16 alkyl group , a C6 - 14 aryl or C3 - 14 
heteroaryl group , COOM , PO3M , 

O - PO3M2 or — SO3M , 
a C6 - 14 aryl or C3 - 14 heteroaryl group which may 
be substituted by COOM , PO3M , 

O - PO3M2 or — SO3M , 
L ' is a divalent C2 - 12 alkylene linker group , which may 

contain 1 to 3 carbonyl groups or heteroatoms 
selected from oxygen , nitrogen and sulfur , and which 
may be substituted by a hydroxyl group , a C6 - 14 aryl 
group , COOM , POZM , O POZM , or 
— SO3M , wherein M is a hydrogen atom or a metal 
atom ; 
wherein M of any one Rl * , R2 * , L ' and R * , which M 

are independent from each other , each represent a 
hydrogen atom or a metal atom ; 

for the preparation of an aqueous dental composition . 
* * * * * 


