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Abstract

A dental composition comprising a polymerizable compound of the formula (l), wherein:
A is a group of the formula (Il) wherein X', X?, Cy, R' and R? are as defined herein; L is a
single bond or an (n+1 )-valent linker group; B independently is a group according to the
definition of A, a group of the formula (11) wherein X', R' and R? are as defined herein, a
group of the formula (IV) wherein X R, R' and R? are as defined herein, a group of the
formula (V) wherein X3, R' and R? are as defined herein, or a group [Z'X"JmE wherein Z',

X", E and m are as defined herein; and n is an integer of from 1 to 6.
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Dental Composition

Field of the Invention

The present invention relates to a dental composition comprising a specific polymerizable
compound. Furthermore, the present invention relates to the use of the specific
polymerizable compound for the preparation of a dental composition. The polymerizable
compound of the present invention is a water soluble yet hydrolysis-stable polyfunctional
polymerizable monomer, which is copolymerizable with conventional (meth)acrylates and
which provides compositions having a viscosity which may be adjusted to a low range, and
which has biocompatibility. In case the dental composition is a dental cement composition,

the polymerizable compound proivdes enhanced flexural strength.

Background of the Invention

Xu, X. et al. Polymer Preprints, vol. 49, no. 1, 2008, pages 887-888 discloses N,N'-
bis(methacryloyl}-N,N'-bis(3-hydroxy-2-oxo-1,2-dihydropyridin-4-yl)ethane-1,2-diamine as a
as a chelating ligand in a ternary zirconium fluoride complex for use in a fluoride releasing

dental composition.

Dental compositions containing polymerizable compounds are known. Conventionally,
polymerizable dental compositions are provided for a broad range of applications and must,
therefore, meet diverse requirements. For example, a polymerizable dental composition
may be a dental adhesive composition, a 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, resin modified glass ionomers, or a dental root canal

sealer composition.

Conventionally, (meth)acrylates are used as polymerizable components in polymerizable
dental compositions due to their excellent reactivity in radical polymerizations which may be
demonstrated based on the polymerization enthalpy, i.e. AgH = -58 kJ/mol per double bond
in case of methacrylates and AxH = -80 kJ/mol per double bond in case of acrylates. Based
on a typical degree of polymerization in a photo polymerization of about 70 %, a AgH = -41
kJ/mol per double bond in case of methacrylates and a AgH = -58 kJ/mol per double bond in

case of acrylates is frequently observed in case of a dental composition.
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In order to provide crosslinking capability, polyfunctional (meth)acrylates such as bis-GMA,

were used for dental applications as early as 1962.

However, hydrolysis stability of (meth)acrylates is problematic in view of the acidity of many

dental compositions which severely limits the storage stability of the dental composition.

EP1234543 discloses (meth)acrylamides having an increased hydrolysis stability. However,
certain (meth)acrylamides have an increased viscosity as compared to the corresponding
(meth)acrylates which is undesireable in the case of dental compositions wherein the

polymerizable matrix is required to have a low viscosity.

Summary of the Invention

It is the problem of the present invention to provide a dental composition comprising a
hydrolysis stable polyfunctional polymerizable monomer, which is copolymerizable with

conventional (meth)acrylates and which has a low viscosity and biocompatibility.

The present invention provides a composition comprising a polymerizable compound of the

following formula (I):
A-L(B)n )

A is a group of the following formula (Il)

oL
RW{;:

(In

g-—f,y

wherein

X' is CO or CS;

X2 is a single bond, CO, CS, CH, or a group Z[X'Z’]x, wherein X’ is an oxygen atom, a
sulfur atom or NR, (wherein R is a hydrogen atom, a straight chain or branched C.4¢
alkyl group which may be substituted by a C; ¢ cycloalkyl group, a Ce.14 aryl or Cs.14
heteroaryl group, -COOM, -POsM, -O-PO;M; or —SO;M, a C; cycloalkyl group
which may be substituted by a C,.4¢ alkyl group, a Cg 14 aryl or C3.44 heteroaryl group,
-COOM, -POsM, -0-PO3sM; or —=SOsM, a Cg.14 aryl or Cs.44 heteroaryl group which
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Cy

R2

may be substituted by -COOM, -PO;M, -O-PO;M, or -SO;M), Z is a straight chain or
branched C,., alkylene group, Z' is a bond, a straight chain or branched C,., alkylene
group, and k is an integer of from 1 to 50;

is a monocylic, bicyclic or tricyclic cycloalky! group having 3 to 20 carbon atoms or a
monocylic, bicyclic or tricyclic heterocycloalkyl group having 2 to 20 carbon atoms
and 1 to 4 heteroatoms selected from oxygen, sulfur and nitrogen atoms, which
groups may be substituted with 1 to 3 groups selected from a C,.46 alkyl group, -
COOM, -POsM, -O-PO;M; or —SOsM;

is a hydrogen atom,

-COOM,

a straight chain or branched C,.4¢ alkyl group which may be substituted by a Cs4
cycloalkyl group, a Ce.14 aryl or C3.44 heteroaryl group, -COOM, -PO3M, -O-POsM, or
-50;M,

a Cs¢ cycloalkyl group which may be substituted by a C1.46 alkyl group, a Ce.14 aryl or
Ca.14 heteroaryl group, -COOM, -PO;M, -O-PO3;M; or —SO;M,

a Cg.14 aryl or Cs.44 heteroaryl group which may be substituted by -COOM, -POsM, -
O-POsM, or =SO:M,

is a hydrogen atom,

-COOM,

a straight chain or branched C;.i¢ alkyl group which may be substituted by a Ce.14
aryl or Cs_14 heteroaryl group, -COOM, -PO;M, -O-POs;M; and =SO;3M,

a Cs¢ cycloalkyl group which may be substituted by a C1.45 alkyl group, a Ce.14 aryl or
Ca.14 heteroaryl group, -COOM, -PO;M, -O-POsM; or ~50;M, or

a Cq.14 aryl or Cs.44 heteroaryl group which may be substituted by -COOM, -PO;M, -
O-PO:;M, and —SO;M,

is a single bond or an (n+1) -valent linker group;

independently is

a group according to the definition of A,

a group of the following formula (lll)
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CH,
/J
w/i1 e
()
wherein
be independently has the same meaning as defined for X' in formula

(), CH,, or a group [X'Z]x, wherein X is an oxygen atom, a sulfur
atom or NH, Z is a straight chain or branched C,, alkylene group,
and k’ is an integer of from 1 to 50;

R'and R?  are independent from each other and independently have the
same meaning as defined for formula (Il),

a group of the following formula (1V)

R
2N
X \
R1w‘-f/"‘<Rz AN
(V)
wherein
X2 independently has the same meaning as defined for X' in formula

(),

R’ and R? are independent from each other and independently have the
same meaning as defined for formula (1),

R is a hydrogen atom,
a straight chain or branched C,.1¢ alkyl group which may be
substituted by a Cs¢ cycloalkyl group, a Ce.14 aryl or Cz.44 heteroaryl
group, -COOM, -PO;M, -O-PO;M, or —SO;M,
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a C,¢ cycloalkyl group which may be substituted by a C_45 alkyl
group, a Cg.14 aryl or C;3.14 heteroaryl group, -COOM, -PO3M, -O-
PQO3;M; or —=SO;M,

a Ce.14 aryl or Csz.44 heteroaryl group which may be substituted by -
COOM, -PO;M, -O-POsM, or —SO;M,

a group of the following formula (V)

wherein
X3

1
R 3
““\rx

V)

is CH,, 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 formula (il), or

a group [ ZX"]mE,

wherein
Z?
X’!

is a straight chain or branched C,.4 alkylene group,

is an oxygen atom, a sulfur atom or NR, (wherein R is a hydrogen
atom, a straight chain or branched C,_45 alkyl group which may be
substituted by a Cs cycloalkyl group, a Cg.14 aryl or Cs.14 heteroaryl
group, -COOM, -PO;M, -O-POsM, or —SO3M, a Cs.5 cycloalkyl group
which may be substituted by a Cj.15 alkyl group, a Ce.14 aryl or Ca.14
heteroaryl group, -COOM, -POzM, -O-PO;3;M; or -SO;M, a Cq.14 aryl
or Ca.14 heteroaryl group which may be substituted by -COOM, -
PO;M, -O-PO;3;M; or —-SO;M),

is a hydrogen atom,

PO;M,,

a straight chain or branched C.45 alkyl group which may be
substituted by a Cs¢ cycloalkyl group, a Cs.14 aryl or Cs.44 heteroaryl
group, -COOM, -PO;M, -O-POsM, or —SO3M,
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a Ca¢ cycloalkyl group which may be substituted by a Cy.4 alkyl
group, a Cg.14 aryl or Cj.44 heteroaryl group, -COOM, -PO;M, -O-
POsM, or =SO;M,
a Ceg.14 aryl or Cs.14 heteroaryl group which may be substituted by -
COOM, -PO;M, -O-POsM, or —SO;M, and
m is an integer of from 1 to 10; and
n is an integer of from from 1 to 6;
wherein M which are independent from each other each represent a hydrogen atom or a
metal atom;
provided that in case L is a single bond, B cannot be a group according to the definition of A

or a group of the formula (lll) or (1V).

The present invention also provides a use of a compound of formula (1) for the preparation
of a dental composition selected from a dental adhesive composition, a bonding agent, a pit
and fissure sealant, a dental desensitizing composition, a pulp capping composition, a
dental composite, dental glass ionomer cement, a resin modified dental cement, a dental

cement and a dental root canal sealer composition.

The present invention is based on the recognition that the viscosity of the compounds of
formula (1) is comparably low as compared to the corresponding (meth)acrylamides.

Detailled Description of Preferred Embodiments

In this description, unless otherwise specified, a halogen atom denotes a fluorine atom, a
chlorine atom, a bromine atom or a iodine atom; an alkyl group denotes, for example, a
straight-chain or branched-chain C,.4 alkyl group such as methyl, ethyl, propyl, isopropyl,
butyl, sec-butyl, isobutyl, tert-butyl, pentyl, hexyl and octyl; a cycloalkyl group denotes a Cs.¢
cycloalkyl group such as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; an aryl group
denotes a Cg 44 aryl group such as phenyl, naphthyl; a heteroaryl group denotes a Cs.14
heteroaryl group which may contain 1 to 3 heteroatoms selected from nitrogen, oxygen and
sulfur, such as furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, thiadiazolyl, furazanyl, pyrrolidinyl, imidazolidinyl, pyridyl, pyrimidinyl, pyridzinyl,
pyrazinyl, piperazinyl, piperidyl, morpholinyl, thiomorpholinyl, benzofuranyl, isobenzofuranyl,
benzothienyl, indolinyl, isoindolinyl, indolizinyl, benzimidazolyl, benzoxazolyl,
benzisoxazolyl, benzothiazolyl, benzoisothiazolyl, purinyl, coumarinyl, phthalazinyl,

naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, chromanyl, isochromanyl, chromenyl,
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thiochromenyl, quinuclidinyl, 1,3-benzodioxolyl, benzothiadiazolyl, benzoxadiazolyl,
benzodioxanyl, quinolyl, isoquinolyl; an alkylene group denotes a C;., alkylene group such

as methylene, ethylene, propylene, butylene and hexylene.

The present invention provides a dental composition. The dental composition of the present
invention is polymerizable or copolymerizable by a radical polymerization. The dental
composition may be selected from a dental adhesive composition, a bonding agent, a pit
and fissure sealant, a dental desensitizing composition, a pulp capping composition, a
dental composite, dental glass ionomer cement, a resin modified dental cement, a dental

cement and a dental root canal sealer composition.

A dental composition according to the present invention comprises a polymerizable
compound of the following formula (I). The dental composition may comprise one or more
compounds of formula (). The dental composition of the present invention may comprise
the polymerizable compound in an amount of from 0.2 to 99 percent by weight based on the
total weight of the composition. Preferably, a dental adhesive composition comprises 0.5 to
50 percent by weight of one or more compounds of formula (1). Preferably, a bonding agent
comprises 0.5 to 70 percent by weight of one or more compounds of formula (1). Preferably,
a pit and fissure sealant comprises 0.5 to 80 percent by weight of one or more compounds
of formuia (). Preferably, a dental desensitizing composition comprises 0.5'to 90 percent by
weight of one or more compounds of formula (). Preferably, a pulp capping composition
comprises 0.5 to 50 percent by weight of one or more compounds of formula (1). Preferably,
a dental composite comprises 0.5 to 50 percent by weight of one or more compounds of
formula (1). Preferably, a dental glass ionomer cement comprises 0.5 to 50 percent by
weight of one or more compounds of formula (I). Preferably, a resin modified dental cement
comprises 0.5 to 50 percent by weight of one or more compounds of formula (1). Preferably,
a dental cement comprises 0.5 to 50 percent by weight of one or more compounds of

formula (1).
A compound of formula (1) is according to the following formula (1):
A-L(B)n 0]

In formula (1), A is a specific polymerizable group which is linked by a single bond to a
single group B or by a linking group to up to six groups B, preferably up to four groups B. In
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case more than one group B is present in the polymerizable compound of formula (1), the

groups B may be the same or different.

In order to avoid a nitrogen-nitrogen single bond, B cannot be a group according to the

definition of A or a group of the following formula (lll) in case L is a single bond.

According to the present invention, A is a group of the following formula (I1)

x3-Cy
s
—N
R&w’;( ,
R

(n

Accordingly, any compound of formula (I) is characterized by a cyclic group bonded to a
nitrogen atom and a further specific group having a polymerizable double bond which is

bonded to the same nitrogen atom.
In formula (1), X'is CO, CS. According to a preferred embodiment, X'is CO.

In formula (11), X? is a single bond, CO, CS, CH,, or a group Z[X'Z']}x, wherein X' is an
oxygen atom, a sulfur atom or NR, (wherein R is a hydrogen atom, a straight chain or
branched Cy.4¢ alkyl group which may be substituted by a Cs cycloalkyl group, a Ce.14 aryl
or Cs.14 heteroaryl group, -COOM, -PO3M, -O-POsM; or =SOsM, a Cs cycloalkyl group
which may be substituted by a C;.1¢ alkyl group, a Ce.14 aryl or Cs.14 heteroaryl group, -
COOM, -PO;M, -O-POs;M, or —SO:M, a Ce.14 aryl or Cs.14 heteroaryl group which may be
substituted by -COOM, -PO3M, -O-PO3;M, or —SO;M), Z is a straight chain or branched C1.4
alkylene group, and k is an integer of from 1 to 50, and Z' is a bond, a straight chain or

branched C,4 alkylene group, and k is an integer of from 1 to 50, preferably of from 2 to 10.

In formula (11), R" is a hydrogen atom, -COOM, a straight chain or branched C;.4¢ alkyl group
which may be substituted by a Cs¢ cycloalkyl group, a Cs.14 aryl or C;.14 heteroaryl group, -
COOM, -PO;M, -O-POsM, or -SO3M, a C, 4 cycloalkyl group which may be substituted by a
C1.16 alkyl group, a Cg.14 aryl or Cs.44 heteroaryl group, -COOM, -PO;M, -0-PO;M; or —
SO;M, a Cq.q4 aryl or C3.44 heteroaryl group which may be substituted by -COOM, -PO;M, -
O-PO3;M; or =SO3M.
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In formula (I1), R' may be a straight chain or branched Cy.¢ alkyl group, preferably a straight
chain or branched C. alky! group. Examples of the Cy.¢¢ alkyl group of R' methyl, ethyl, n-
propyl, i-propyl , n-butyl, isobutyl, tert-butyl sec-butyl, pentyl and hexyl. An aryl group may,
for example, be a phenyl group or a naphthyl group. A C;.14 heteroaryl group may contain 1

to 3 heteroatoms selected from nitrogen, oxygen and sulfur.

According to a preferred embodiment, R' is a hydrogen atom. In case R’ is a Cy alkyl

group, the C,¢ alkyl group is preferably substituted by -COOM.

In formula (1), R? is a hydrogen atom, -COOM, a straight chain or branched C.;s alkyl group
which may be substituted by a Cg.44 aryl or C;.44 heteroaryl group, -COOM, -PO;M, -O-
PO3;M, and —-SO3;M, a C;4 cycloalkyl group which may be substituted by a C4.4¢ alkyl group,
a Cs.14 aryl or Cs.44 heteroaryl group, -COOM, -POzM, -O-PO;3;M, or —SO;3M, or a Cg.14 aryl or
Cs.14 heteroaryl group which may be substituted by -COOM, -PO;M, -O-PO;M, and —SO;M.

In formula (11), R may be a straight chain or branched C,.i¢ alkyl group, preferably a straight
chain or branched C. alkyl group. Examples of the Cy.s alkyl group of R? methyl, ethyl, n-
propyl, i-propyl , n-butyl, isobutyl, tert-butyl sec-butyl, pentyl and hexyl. An aryl group may,
for example, be a phenyl group or a naphthyl group. A Cs.44 hetercaryl group may contain 1

to 3 heteroatoms selected from nitrogen, oxygen and sulfur.
According to a preferred embodiment, R? is a hydrogen atom or a methyl group.

In formula (ll), Cy is a monocylic, bicyclic or tricyclic cycloalkyl group having 3 to 20 carbon
atoms or a monocylic, bicyclic or tricyclic heterocycloalkyl group having 2 to 20 carbon
atoms and 1 to 4 heteroatoms selected from oxygen, sulfur and nitrogen atoms, which
groups may be substituted with 1 to 3 groups selected from a C,_45 alkyl group, -COOM, -
PO:M, -O-POsM, or —SO3M. According to a preferred embodiment, Cy is a monocylic or
bicyclic cycloalkyl group having 3 to 10 carbon atoms or a monocylic or bicyclic
heterocycloalkyl group having 2 to 10 carbon atoms and 1 to 4 heteroatoms selected from
oxygen, sulfur and nitrogen atoms. A cycloalkyl group is a univalent group derived from
cycloalkanes by removal of a hydrogen atom from a ring carbon atom, whereby a
cycloalkane is a saturated hydrocarbon group. A heterocycloalkyl group derived from a

cycloalkyl group by replacing one or more carbon atoms of the ring by heteroatoms.
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According to a preferred embodiment, Cy may be selected from the following groups:

yueyee
)3/0@

/A/AA
ﬁﬁﬁﬁ
QUQ*

SCENN

wherein the exocyclic single bond in the above groups is a Iinkagé to X%, or in case X%s also
a single bond, the exocyclic single bond is directly bonded to the nitrogen atom of formula

).

The following groups are preferred groups of formula (1), wherein M is a hydrogen atom or

a metal atom:

_<Ok - - g <<::\<o _
ﬁg

Oﬁg o 0%

i Hzé B 3 Hzc{ _. B Hzc{ N
- ?o )

4 |

N
o o o]
CH, CH, CH;|
H,C ] '
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In formula (1), L is a single bond or an (n+1) -valent linker group.

The linker group has a valency of at least two which corresponds to the total number of
substituents A and B. Accordingly, L may be preferably divalent (n=1), trivalent (n=2),
tetravalent (n=3), or pentavalent (n=4). Preferable, when L is a linker group, L is divalent or

trivalent, most preferably divalent.

In general, when L is a linker group, L is a linear or branched monomeric, oligomeric,
polymeric or copolymeric group. A monomeric groups is a low-molecular group having a
molecular weight of up to 500. An oligomeric group is a group having a molecular weight of
more than 500 to up to 10000 and may be prepared by a polymerization reaction. A
polymeric or copolymeric group is a group having a molecular weight of more than 10000

which may be obtained by a polymerization reaction.

The linker group L may be a hydrocarbon group which may be aliphatic and/or aromatic.
The hydrocarbon group may be substituted by 1 to 6 C,4 alkyl groups. Specific examples of
the alkyl groups are methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl or tert.-butyl. In a
preferred embodiment, the hydrocarbon group of the linker group L may contain 1 to 5
oxygen atoms in the hydrocarbon group in the form of aliphatic or aromatic ether bonds,
keto groups, carboxylic acid groups, or hydroxyl groups. Ester groups are not preferred in
moiety L in view of hydrolysis stability of the polymerizable monomer. In case of an aliphatic
group, L may be a straight chain or branched chain alkylene group or a cycloalkylene group.
In case of an aromatic group, A may be an arylene group or a Cs.44 heteroarylene group.
Specifically, L may be a divalent substituted or unsubstituted C4 to Cy alkylene group,
substituted or unsubstituted Cg4 arylene group, substituted or unsubstituted C; to Cy

cycloalkylene group, substituted or unsubstituted C; to Cy arylenealkylenearylene group.

According to a preferred embodiment, L represents a saturated aliphatic C;.50 hydrocarbon
chain which may contain 2 to 4 oxygen atoms or nitrogen atoms, and which may be
substituted by 1 to 6 C,_4 alkyl groups, or L may be a substituted or unsubstituted C; to Cy
arylenealkylenearylene group which may be substituted by 1 to 6 C4 alkyl groups.

In case L is an (n+1) -valent linker group, the linker group may preferably be a Cy.;

hydrocarbon group. The Cy_4, hydrocarbon group may contain 1 to 3 carbonyl groups or
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heteroatoms selected from oxygen, nitrogen and sulfur. Moreover, the C,.4; hydrocarbon
group may be substituted by a hydroxyl group, a Ce.14 aryl group, -COOM, -PO;M, -O-
POsM, or —=SO;M, wherein M is a hydrogen atom or a metal atom. Specific examples of a
divalent C,.12 hydrocarbon group are a straight chain or branched C,.,; alkylene group such
as a methylene, ethylene, propylene, butylene or penylene group which groups may be
substituted by a hydroxyl group, a Ce.14 aryl group, -COOM, -PO;M, -O-PO;M, or —=SO3;M.

In case L is an divalent linker group, the linker group may be polyamide residue of the

following formula (VI)

-Y-L’-Y’- (V1)
wherein
Y and Y’ represent CO and the polyamide moiety of formula (V) is obtainable by a process
comprising the step of a step-growth polymerization of a mixture containing a compound
having at least two amino groUps of the following formula (VII) and a compound of the

following formula (VIil) having at least two carboxylic acid groups,
R3(NHR”)y (vin

wherein

R® represents an y-valent C,,, straight-chain, branched or cyclic hydrocarbon group
which may optionally contain from 1 to 6 hetero atoms selected from nitrogen,
oxygen, or sulphur atoms in the backbone of the hydrocarbon group, and optionally
from 1 to 6 functional groups selected from hydroxyl groups, thiol groups and amino
groups;

R” represents a hydrogen atom, an allyl group,
a straight chain or branched C. alkyl group which may be substituted by a C;.¢
cycloalkyl group, or a Ce.14 aryl group,
a Cs cycloalkyl group which may be substituted by a C1¢ alkyl group or a Ce.14 aryl
group; and

y represents an integer of at least 2;

MOOC-R*-COOM (Vi)

wherein R* represents a C,. straight-chain, branched, cyclic or aromatic hydrocarbon

group which may optionally contain a carbon-carbon double bond, from 1 to 6 heteroatoms
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selected from nitrogen, oxygen, or sulphur atoms in the backbone of the hydrocarbon
group, and optionally from 1 to 6 functional groups selected from carboxylic acid groups,
hydroxyl groups, thiol groups and amino groups, and the M which may be the same or

different, independently represent a hydrogen atom or a metal atom.

Preferred divalent linker groups may be selected from methylene, ethylene, propylene,

butylene and the following divalent groups:

SN

CH,

?
i

2
i

CHy

In formula (1), B independently is a group according to the definition of A, a group of the
following formula (l11), a group of the following formula (1V), a group of the following formula

(V), or a group of the following formula [ Z’X”]E.

When B is a group according to formula (Il) in the definition of A, then B may be the same or
different from the group A present in a polymerizable compound of formula (). Moreover, in
case more than one group B according to the definition of A is present in the polymerizable
compound of formula (1), the groups B may be the same or different. Specifically, B may be
a group of the above formula (Il) 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.
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When B is a group according to formula (11) in the definition of A, X'is CO, CS, CH,, or a
group [X'Z]«, where in X’ is an oxygen atom, a sulfur atom or NH, Z is a straight chain or

branched 14 alkylene group, and k is an integer of from 1 to 10.

When B is a group according to formula (Il) in the definition of A and in case X' is a group
[X'Zlk), it is preferred that L provides a polymerizable double bond which may take part with
the allyl group directly bonded to the nitrogen atom of the group of formula (ll) in a
cyclopolymerization reaction. Preferably, X' is an oxygen atom. Preferred Examples for a
straight chain or branched C,.4 alkylene group for Z are an ethylene group and a propylene

group. Preferably, k is an integer of from 1 to 4.

According to a preferred embodiment of B being a group according to.formula (11) in the
definition of A, X'is CO.

When B is a group according to formula (I} in the definition of A, R' is a hydrogen atom, -
COOM, a straight chain or branched Cy.5 alkyl group which may be substituted by a Cs¢
cycloalkyl group, a Ce.14 aryl or Cs_14 heteroaryl group, -COOM, -PO;M, -O-PO;M; or —
SO:M, a Cs¢ cycloalkyl group which may be substituted by a Cy alkyl group, a Ce.14 aryl or
Cs.14 heteroaryl group, -COOM, -PO;M, -O-PO3M, or —=SO;M, a Cg.44 aryl or C;.44 heteroaryl
group which may be substituted by -COOM, -PO;M, -O-PO;M, or —=SO;3M.

According to a preferred embodimen‘t, R'is a hydrogen atom. In case R' is a C1¢ alkyl

group, the Ci. alkyl group is preferably substituted by -COOM.

When B is a group according to formula (lI) in the definition of A, R? is a hydrogen atom, -
COOM, a straight chain or branched C.45 alkyl group which may be substituted by a Cq.14
aryl group, -COOM, -PO:;M, -O-PO;3;M; and —SOsM, a Cs ¢ cycloalkyl group which may be
substituted by a C,_46 alkyl group, a Ce.14 aryl group, -COOM, -PO;M, -O-PO;M, or -SO3;M,
or a Cg.14 aryl or C;.14 heteroaryl group which may be substituted by -COOM, -PO;M, -O-
PO;M, and -SOsM,

According to a preferred embodiment of B being a group according to formula (II) in the

definition of A, R? is a hydrogen atom or a methyl group.

When B is a group of the formula (lil), B is as follows:
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(1

wherein X' independently has the same meaning as defined for X' in formula (Il), CH,, or a
group [X'Z]«, wherein X' is an oxygen atom, a sulfur atom or NH, Z is a straight chain or

branched C,., alkylene group, and k’ is an integer of from 1 to 50, preferably 2 to 10. R' and
R? are independent from each other and independently have the same meaning as defined

for formula (I1).

When B is a group of the formula (IV), B is as follows.

R

/
XZ,N\
Rhﬂf"{Rz \

b i

(V)

In formula (1V), X2 has the same meaning as defined for X' in formula (Il). Moreover, in case
more than one group X2 according to the definition of X' is present in the polymerizable
compound of formula (1), the groups X? may be the same or different. Specifically, When B
is a group according to formula (IV), X2is CO, CS, CH,, or a group [X'Z],, wherein X’ is an
oxygen atom, a sulfur atom or NH, Z is a straight chain or branched C4 alkylene group,

and k is an integer of from 1 to 10. X', Z and m of a group of formula (lll) maybe the same or
different of X', Z and k of any group of formula (ll) present as A or B in the polymerizable

compound of fromula (1).

When B is a group according to formula (IV) and in case X2 is a group [X'Z]), it is preferred
that L provides a polymerizable double bond which may take part with the allyl group
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directly bonded to the nitrogen atom of the group of formula (II} in a cyclopolymerization
reaction. Preferably, X’ is an oxygen atom. Preferred Examples for a straight chain or
branched C,.4 alkylene group for Z are an ethylene group and a propylene group.

Preferably, k is an integer of from 1 to 4.

According to a preferred embodiment of B being a group according to formula (1V), X'is
CO.

In formula (1IV), R" and R? are independent from each other and independently have the
same meaning as defined for formula (llI). Moreover, in case more than one group R' and
R?, respectively, is present when more than one group B of formula (lll) is present in the
polymerizable compound of formula (1), each of the groups R and R? may be the same or

different, respectively.

Specifically, when B is a group according to formula (IV), R" is a hydrogen atom, -COOM, a
straight chain or branched C.5 alkyl group which may be s ubstituted by a C;.¢ cycloalkyl
group, a Cg.44 aryl or C,.44 heteroaryl group, -COOM, -PO;M, -O-PO;M, or —-SO3;M, a Cs¢
cycloalkyl group which may be substituted by a C4.¢ alkyl group, a Ce.14 aryl or Cz.44
heteroaryl group, -COOM, -PO;M, -O-PO;M; or —SQO3;M, a Ce.14 aryl or Cs.14 heteroaryl group
which may be substituted by -COOM, -PO;M, -O-PO;M, or -SO;M.

According to a preferred embodiment when B is a group according to formula (IV), R'isa
hydrogen atom. In case R' is a C1.1¢ alkyl group, the Ci alkyl group is preferably
substituted by -COOM.

When B is a group according to formula (1V), R? is a hydrogen atom, -COOM, a straight
chain or branched C.¢ alkyl group which may be substituted by a Ceg.14 aryl or Cs.44
heteroaryl group, -COOM, -PO;M, -O-POzM, and —-SOsM, a C;5 cycloalkyl group which
may be substituted by a C,.5 alkyl group, a Ce.14 aryl or C;_14 heteroaryl group, -COOM, -
PO;M, -O-PO3;M; or ~SO3M, or a Cq.14 aryl or Cs.14 heteroaryl group which may be
substituted by -COOM, -POz;M, -O-PO;M, and —SO;M,

According to a preferred embodiment of B being a group according to formula (IV), R?is a

hydrogen atom or a methyl group.
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In formula (IV), R is a hydrogen atom, a straight chain or branched C,_s alkyl group which
may be substituted by a C; ¢ cycloalkyl group, a Ce.14 aryl or C;.44 heteroaryl group, -COOM,
-POsM, -O-PO;3M; or —SO3M, a Cs cycloalkyl group which may be substituted by a Ci.6
alkyl group, a Cs.14 aryl or Cs.14 heteroaryl group, -COOM, -POs;M, -O-PO;M, or —-SO;M, a
Cs.14 aryl group which may be substituted by -COOM, -PO;M, -O-PO;M, or —~SOs;M.

Preferred groups of B of the formula (IV) are as follows wherein M is a hydrogen atom or a

metal atom.

[ cH, | 7H2 |
4 CHy MOOG  cm, |
—N N 0 o
> — N i N !
HiC HC : >
L. - Hq
- - L i HaC
[ cny | CH,
4 4 CH, MOOG cH,
— | ——1—N | o
N\ \ —t N
CHs CH;, \ -
CHa “oH
3

When B is a group of the formula (V), B is as follows.

1
R. .3
m"'\\\(x
: R’

(V)

In formula (V), X is CH,, CO, -CH,CO-, CS, or -CH,CS-,
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According to a preferred embodiment, X* is CO, -CH,CO-.

In formula (V), R' and R? are independent from each other and independently have the
same meaning as defined for formula (I1). Moreover, in case more than one group R' and
R?, respectively, is present when more than one group B of formula (IV) is present in the
polymerizable compound of formula (1), each of the groups R' and R? may be the same or

different, respectively.

Specifically, when B is a group according to formula (V), R is a hydrogen atom, -COOM, a
straight chain or branched C,_45 alkyl group which may be s ubstituted by a Cs.s cycloalkyl
group, a Cg 44 aryl or C,.14 heteroaryl group, -COOM, -PO;M, -O-PO3M; or —-SO;M, a Cs¢
cycloalkyl group which may be substituted by a C, ¢ alkyl group, a Ce.14 aryl or C;.14
heteroaryl group, -COOM, -POz;M, -O-PO;M; or —SO3M, a Ce.14 aryl or Cs.14 heteroaryl group
which may be substituted by -COOM, -PO;M, -O-PO;3;M; or —SO;M.

According to a preferred embodiment when B is a group according to formula (V), R' is a
hydrogen atom. In case R’ is a Cy.4¢ alkyl group, the Ci.1¢ alkyl group is preferably
substituted by -COOM.

When B is a group according to formula (V), R? is a hydrogen atom, -COOM, a straight
chain or branched Ci.4¢ alkyl group which may be substituted by a Cs.14 aryl or C5.44
heteroaryl group, -COOM, -PO;M, -O-PO3;M, and —SO3;M, a C, cycloalkyl group which
may be substituted by a C4.4¢ alkyl group, a Cg 14 aryl or Cs.44 heteroaryl group, -COOM, -
PO:M, -O-PO3M; or —SO3M, or a Cg.14 aryl group which may be substituted by -COOM, -
PO;M, -O-PO3;M, and —SO;M,

According to a preferred embodiment of B being a group according to formula (V), R%is a

hydrogen atom or a methyl group.

Preferred groups of formula (V) are as follows, whereby M is a hydrogen atom or a metal

atom.
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CH, o©

oM

When B is a group [ Z’X"]E, the meaning of Z’, X", m, and E is as follows.

2’ is a straight chain or branched C,.4 alkylene group. Specific examples of the C,.4 alkylene

groups are methylene, ethylene, propylene and butylene.

X" is an oxygen atom, a sulfur atom or NR, (wherein R is a hydrogen atom, a straight chain
or branched C;.;5 alkyl group which may be substituted by a Cs¢ cycloalkyl group, a Ce.14
aryl or Cs.14 heteroaryl group, -COOM, -PO;M, -O-PO3;M, or ~SO;M, a Cs¢ cycloalkyl group
which may be substituted by a C4.4¢ alkyl group, a Cg.14 aryl or C,.14 heteroaryl group, -
COOM, -PO;M, -O-POzM, or —SOzM, a Cs.14 aryl or Cs.14 heteroaryl group which may be
substituted by -COOM, -PO;M, -O-PO;M, or —SO;M).

E is a hydrogen atom, PO3;M,, a straight chain or branched C,.4¢ alky! group which may be
substituted by a Cs¢ cycloalkyl group, a Cg.14 aryl or Cs 44 heteroaryl group, -COOM, -POzM,
-0-PO:M, or —SO;M, a C,. cycloalkyl group which may be substituted by a C..¢ alkyl
group, a Ce_14 aryl or Cs.44 heteroaryl group, -COOM, -PO;M, -O-PO;M; or —-SO;3M, a Ce.14
aryl or Cs.14 heteroaryl group which may be substituted by -COOM, -PO;M, -O-PO;M, or —
SO;M.

m is an integer of from 1 to 10.

In formula (1), n is an integer of from from 1 to 6, preferably an integer of from 1 to 3.
According to a first preferred generic group of compounds of formula (1), n is 1. According to

a second preferred generic group of compounds of formula (1), nis 2.

According to the definition of the present invention, 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, an alkaline earth metal, or zinc. Specific examples of the alkali metal are
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lithium, sodium, and potassium. Specific examples of the alkaline earth metal are calcium,

magnesium and zinc.

The polymerizable compound of formula (I) may be prepared according to the following
scheme, wherein A represent polymerizable moieties, B and C represent moieties which
may form a linkage B-C. The linkage B-C may be formed by a condensation reaction or an
addition reaction. The reaction may involve the formation of an amide bond, a urethane
bond, and an ester bond. Preferably, the reaction involves the formation of an amide bond

or a urethane bond.

A—C + B—B + C—C —_— A—C{B—B—C—C}B—B—C—-A
n
The preparation reaction may be carried out in a mixture of a compound having a single
moiety C, a compound having two moieties B and a compound having two moieties C.
Accordingly, a chain distribution of (B-B-C-C)n is observed whereby the certain positions
such as the terminal positions, may be capped by a moiety A. Alternatively, it is possible to
prepare a polymerizable compound of formula (I) by a reaction wherein a stoichiometric
mixture of compound A-C and B-B is reacted and then the reaction product is reacted with a
compound C-C. Alternatively, it is possible to prepare a polymerizable compound of
formula (1) by a reaction wherein a mixture of compound B-B and C-C is reacted and then

the reaction product is end-capped with A-C.

A specific example is as follows.
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The reaction may be performed in accordance with, for example, the methods described in
Jerry March "Advanced Organic Chemistry" Fourth Edition, John Wiley & Sons, INC., 1992
Richard C. Larock "Comprehensive Organic Transformation”, VCH Publishers, INC., 1989
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. An example of a suitable solvent is
toluene. The reaction tempeature is not particularly limited. A suitable reaction temperature
is from -30 °C to the boiling point of the solvent. The reaction time is not particularly limited

and may be selected from 5 minutes to 48 hours.

Initiator
The dental composition according to the present invention may comprise a polymerization

initiator system. The initiator system may be based on a redox initiator or on a photoinitiator.

In case the dental composition contains a redox initiator, the amount of reducing agent and
oxidizing agent should be sufficient to provide the desired degree of polymerization.
Preferably, the mixed but unset cements of the invention contain a combined weight of
about 0.01 to about 10%, more preferably about 0.2 to about 5%, and most preferably about
0.3 to about 3% of the reducing agent and oxidizing agent, based on the total weight
(including water) of the mixed but unset cement components. The reducing agent or the
oxidizing agent can be microencapsulated as described in U.S. Pat. No. 5,154,762. This will
generally enhance shelf stability of the cement parts and if necessary permit packaging both
the reducing agent and oxidizing agent together. Water-soluble and water-insoluble
encapsulants can be employed. Suitable encapsulating materials include cellulosic
materials as cellulose acetate, cellulose acetate butyrate, ethyl cellulose, hydroxymethyl
cellulose and hydroxyethyl cellulose being preferred. Other encapsulants include
polystyrene, copolymers of polystyrene with other vinylic monomers and
polymethylmethacrylate, copolymers of methylmethacrylate with other ethylenically-
unsaturated monomers. Preferred encapsulants are ethylcellulose and cellulose acetate
butyrate. By varying the choice of encapsulant and the encapsulation conditions, the onset
of curing can be tailored to start at times ranging from seconds to minutes. The ratio of
amount of encapsulant to activator generally ranges from 0.5 to about 10 and preferably

from about 2 to about 6.

Suitable oxidizing agents (initiators) include peroxides such as benzoyl peroxide cumene

hydroperoxide (CHP), and tert-butyl hydroperoxide, ferric chloride, hydroxylamine
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(depending upon the choice of reducing agent), NO releasing agents, perboric acid and its
salts, and salts of a permanganate or persulfate anion. Preferred oxidizing agents are

peroxides, potassium persulfate, ammonium persulfate and hydrogen peroxide.

Suitable reducing agents (activators) include ascorbic acid, benzyl thiourea ferrous chloride,
ferrous sulfate, hydrazine, hydroxylamine (depending upon the choice of oxidizing agent)
oxalic acid, thiourea, and salts of a dithionite or sulfite anion. Preferred reducing agents

include ascorbic acid and ferrous sulfate.

A photoinitiator should be capable of promoting polymerization of the polymerizable groups
on exposure to light of a suitable wavelength and intensity. The photoinitiator preferably is
sufficiently shelf-stable and free of undesirable coloration to permit its storage and use
under typical dental conditions. Visible light photoinitiators are preferred. Suitable visible
light-induced and ultraviolet light-induced initiators include an alpha-diketone (e.g.,
camphorquinone) with or without additional hydrogen donors (such as sodium benzene
sulfinate, amines and amine alcohols). The photoinitiator may be present in an amount
sufficient to provide the desired rate of photopolymerization. This amount will be dependent
in part on the light source, the thickness of the cement layer to be exposed to radiant
energy and the extinction coefficient of the photoinitiator. Preferably, mixed but unset
photocurable cements of the invention will contain about 0.01 to about 5%, more preferably
from about 0.1 to about 2% photoinitiator, based on the total weight (including water) of the

mixed but unset cement components.
The invention will now be further explained based on the following examples:

Example 1

N-allyl-N-tetrahydrofurfurylacrylamide

495 g of tetrahydrofurfuryl bromide (30 mmol) were stirred under cooling. 8.56 g of
allylamine (150 mmol, 5.00 eq) were added under cooling. The resulting mixture was stirred
for 24 hours at room temperature. The excess of allylamine was then distilled off (bp. 53°C).
The residue was resolved in 20 ml of dichloromethane and stirred. 4.53 g of acryloyl
chloride (50 mmol, 1.6 eq) were added dropwise under cooling. Afterwards, 8.10 g of
triethylamine (80 mmol) were added dropwise, also under cooling. The resulting mixture
was stirred for 24 hours at room temperature. Then the solution was extracted three times
with 100 ml of water. The organic layer was dried over sodium sulfate and concentrated

under reduced pressure.



CA 02888070 2015-04-13

23
WO 2014/067666 PCT/EP2013/003311

The obtained oily crude product was then purified by vacuum distillation (bp. 60-63°C, 2.7 x
102 mbar). Yield: 66 %, n = 8.57 mPa*s (23°C),

'"H-NMR (600 MHz, CDCls): 8[ppm] = 1.46-1.59 (m, 1H), 1.87 (ddq, 2H, J = 26.9, 12.3, 7.3,
6.2 Hz, 8,8'-H), 1.95-2.04 (m, 1H), 3.11 (dd, 1H, J = 13.9, 7.7 Hz, 6-H), 3.33-3.47 (m, 1H, 6’-
H), 3.69-3.78 (m, 1H, 7-H ?), 3.84 (td, 2H, J = 10.6, 4.6 Hz, 3,3"-H), 4.07-4.22 (m, 2H,
10,10’-H), 5.08-5.22 (m, 2H, 5,5'-H), 5.65 (dd, 1H, J=10.4, 2.0 Hz, 1’-H), 5.74-5.89 (m, 1H,
4-H), 6.30-6.38 (m, 1H, 1-H), 6.49 (dd, 1H, J = 16.7, 10.4 Hz, 2-H).

Example 2
1,3-Bis[acryloyl (tetrahydrofuran-2-yl) methyl amino]propane-2-ol

A) 1,3-Bis[(tetrahydrofuran-2-yl) methyl amino] propane-2-ol

2 O—\ o P . o y ¢ H\/(O
o NH, ENe Q\/N\/K/N

6 7 8

[28%]

A 250 mL three-necked flask, equipped with septum and condenser, was charged with 26.3
mL 2-tetrahydrofurfurylamine (255 mmol) solved in 40 mL ethanol and was heated to 90 °C
(oil bath temperature). Then, with continuous stirring, 5 mL epichlorohydrin (64 mmol) was
added dropwise over four hours and the mixture was stirred further for 16 hours under
reflux. After that, 50 mL 1N HCI was added and the product was extracted with
dichloromethane three times. The combined organics were dried over MgSO, and

evaporated under vacuum to dryness to give a red-brown liquid.

Yield: 4.67 g (28 % d.Th.)

IR v [em™]: 3314 (m, br), 2969 (w), 2932 (w), 2867 (s), 1637 (m), 1452 (s), 1359
(w), 1284 (m), 1183 (w), 1058 (s), 918 (m), 876 (m), 810 (m), 732 (m)

'H-NMR [ppm]: (300 MHz, CDCl3): 1.47-1.59 (m, 2H, H 5, 18), 1.80-2.01 (m, 6H, H 1,

5,17, 18), 2.58-2.80 (m, 8H, H 6, 8, 10, 13), 2.98 (s, 2H, H 7, 12),
3.69-3.87 (m, 5H, H 2, 9, 16), 3.94-4.04 (m, 2H, H4, 14)
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B) 1,3-Bis[acryloyl (tetrahydrofuran-2-yl) methyl amino] propane-2-ol

1.) MesCISi
) Acrylation

A 500 mL three-necked flask, equipped with septum and condenser, was charged with 5.78
g 1,3-Bis(((tetrahydrofuran-2-yl)methyl)amino)propan-2-ol (22.4 mmol) solved in 200 mL
dichloromethane and 31.0 mL triethylamine (223.7 mmol) under nitrogene atmosphere. The
mixture was cooled to 0 °C and 10.0 mL chlorotrimethylsilane (78.3 mmol) was added
dropwise. After complete addition the reaction stirred overnight. Then, 9.0 mL acryloyl
chloride (111.9 mmol) solved in 50 mL dichloromethane was added dropwise keeping the
temperature at -78 °C and stirred at room temperature for about 4 hours. After that, 150 mL
1N HCl was added and stirred for 2 hours. The organic layer was washed with 100 mL 1N
HCI three times, dried over MgSQ,, filtered and evaporated under vacuum to dryness. The
residue was purified by flash column chromatography eluting with CH,Cl./EtOH (volume

ratio, 95:5) to give a light yellow liquid.

ChH, g,
iy i
(T8 e
R NN N
Yield: 2.28 g (28 % d.Th.),
IRv [cm™: 3354 (s, br), 2963 (m), 2933 (m), 2875 (m), 1641 (s), 1603 (s), 1587
(s), 1444 (s), 1427 (s), 1370 (m), 1271 (w), 1230 (s), 1133 (m), 1097
(m), 1059 (m), 977 (m), 895 (w), 794 (s), 745 (w), 639 (w)
"H-NMR [ppm]: (300 MHz, CDCl3): 1.40-1.53 (m, 2H, H 5a, 16a), 1.82-2.06 (m, 6 H, H
1, 15, 5b, 16b), 2.87-4.37 (m,15H,H 2,4, 6,7, 8,9, 11, 12, 14), 5.66
(d, 2H, %Jy= 10.3 Hz, H 21a, 26a), 6.32 (d, 2H, *Jy= 16.2 Hz, H 21b,
26b), 6.62 (dd, 2H, *Jy= 16.4 Hz, *Ju= 10.4 Hz, H 20, 25)
MS (ESI): m/z = 367.22 [M+H]

Example 3
1,3-Bis[acryloyl (tetrahydrofuran-2-yl) methyl aminojpropane
A) N,N'-Bis(tetrahydrofuran-2-ylmethyl)propane-1,3-diamine
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DCM

NH °
O v e~ 2 SN
O O

0]
To a cold (0 °C) mixture of 5 mL 1,3-dibromopropane (49 mmol) and 30 mL
dichloromethane was added 20,3 mL tetrahydrofurfurylamine (197 mmol). The mixture was
slowly allowed to warm to room temperature and then heated to reflux overnight. The
resulting solution was diluted with a small portion of H,O and saturated with solid KOH. The
mixture was then extracted with dichloromethane (3 x 60 mL), dried over MgSO, and

evaporated under vacuum to give a yellow-brown liquid.

s> 3/12\NH/10\9/&\NH/5\4/3\
15\ } " 7 \ /2
16’/8 0\1
Yield: 2.28 g (28 % d.Th.)
IRV [em™]: 3370 (m, br), 3297 (m, br), 2940 (m), 2863 (m), 1653 (w), 1598 (),

1459 (m), 1361 (w), 1299 (w), 1185 (w), 1121 (w), 1060 (s), 1011 (w),
918 (m), 793 (W)

'H-NMR [ppm]: (300 MHz, CDCl,): 1.40-1.53 (m, 2H, H 5a, 16a), 1.82-2.06 (m, 6 H, H
1, 15, 5b, 16b), 2.87-4.37 (m, 15 H, H 2, 4,6, 7, 8, 9, 11, 12, 14), 5.66
(d, 2H, 3J,= 10.3 Hz, H 21a, 26a), 6.32 (d, 2H, *Jy= 16.2 Hz, H 21b,
26b), 6.62 (dd, 2H, ®Ju= 16.4 Hz, 3Ji= 10.4 Hz, H 20, 25)

Moo N EMS Y,
MS (GC/MS(El)):  m/z 253 [M-2H+CH] RHENL T NN T T NN

B) 1,3-Bis[acryloyl (tetrahydrofuran-2-yl) methyl amino] propane (BAFP, UL 013-3)

1.) Acrylation
C’/\N/’\/\N/\‘? O 2)1N Hcl kf ‘\f
0 ,<
Br

A 2 L three-necked flask, equipped with septum and condenser, was charged with 39.4 g
N,N'-Bis(tetrahydrofuran-2-ylmethyl)propan-1,3-diamine dihydrobromide (121.9 mmol)
dissolved in 700 ml dichloromethane and 109.8 ml triethyl amine (792 mmol) under nitrogen
atmosphere. Then, 39.4 ml acryloyl chloride (610 mmol) dissolved in 50 ml dichloromethane
were added drop wise keeping the temperature below -50 °C and stirred at room
temperature overnight. After that, 300 ml 1N HCI was added and stirred for 2 hours. The
organic layer was washed with 100 ml 1N HCI two times, dried over MgSQ,, filtered and
evaporated under vacuum to dryness. The residue was purified by column chromatography

eluting with CH,CI,/EtOH (volume ratio, 95:5) to give a light yellow liquid.
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Yield: 12.5 g (29 % d.Th.), AgH = 99.7 kJ/mol DB (37°C)
4, 12 11 10 8
/\?
gemtp s
'H-NMR [ppm]: (300 MHz, CDCI3): 1.40 -1.54 (m, 2H, H 3, 4), 1.76 - 2.03 (m, 8H, H

2, 3,9, 14, 15) 2.95 - 4 .12 (several m, 14H, H 1, 4, 6, 8, 10, 12, 13,
16), 5.57-5.70 (dd, 2H, H 21, 25), 6.21 - 6.36 (m, 2H, H 21, 25), 6.46-
6.64 (m, 2H, H 19, 24)

Example 4
N,N'-dicyclopropylpropane-1,3-diamine

Bra_~_>Br + 2 D—NHZ ———5——> V/ \/\/HW
A 100 mL two-necked flask, equipped with septum and condenser, was charged with 20 mL
cyclopropylamine (143.6 mmol) dissolved in 30 mL ethanol and heated to 50 °C (oil bath
temp.). 3.7 mL 1,3-diobromopropane (35.9 mmol) dissolved in 15 mL ethanol was added
dropwise and the solution was stirred overnight at the same temperature. Volatile
compounds were evaporated under vacuum to give a light yellow solid. The residue was
diluted with aqueous solution of NaOH. The solution was then extracted with
dichloromethane (3 x 50 mL), dried over MgSQ, and evaporated under vacuum to give a
light yellow liquid. The product was distilled under vacuum to give 2.25 g of a colorless

liquid.

NH 5 NH
1_3/4 \5/ \7/5 ~No_

\,/ \./
10
Yield: 2.25g (41 % d.Th.)
IR v [em™]: 3282 (m, br), 3085 (m), 3005 (m), 2927 (s), 2813 (s), 1435 (s), 1414

(m), 1361 (s), 1212 (m), 1168 (m), 1103 (m), 1039 (w), 1012 (s), 912
" (w), 825 (s), 720 (s).
'H-NMR [ppm]: (300 MHz, CDCl3): 0.26-0.43 (m, 4H, H 1, 2, 10, 11), 0.36-0.43 (m,
4H, H 1, 2, 10, 11), 1.64 (p, 2H, J = 7.1 Hz, H 6), 2.08 (it, 2H, J = 3.6
Hz, J=6.5Hz H3,9),2.71(t 4H, J=7.1 Hz, H 5, 7).
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N,N-Di(cyclopropyl acrylamido) propane (DCPBAP, UL 017-2)

EtsN tf |
N N . /[ DCM

v AV cl” Yo VN\/\/NW

A 1 L three-necked flask, equipped with septum and condenser, was charged with 2.25 g
N.,N'-dicyclopropylpropane-1,3-diamine (14.6 mmol) dissolved in 150 mL dichloromethane,
10.1 mL triethylamine (72.9 mmol) and 10 mg 2,6-di-tert-butyl-4-methylphenol (BHT) under
nitrogen atmosphere. Then, 4.7 mL acryloyl chloride (58.3 mmol) dissolved in 20 mL
dichloromethane was added dropwise keeping the temperature below -50 °C and stirred at
room temperature overnight. After that, 100 mL 1N HCI was added and stirred for 2 hours.
The layers were separated and the organic layer was washed with 100 mL 1N HCI two
times, dried over MgSQ,, filtered and evaporated under vacuum to dryness. The residue
was purified by column chromatography eluting with CH,CI,/EtOH (volume ratio, 95:5) to
give a light yellow liquid.

CH, CH,
1% 19
{l 1}
13 0 18 0
s 1717
L
0N NN
\./ \/
2 8
Yield: 1.8 g (47 % d.Th.),

IRv[cm™]:

"H-NMR [ppm]:

MS (ESI):

Example 5

n =0.5636 mPa*s (23°C), AgH = 76.2 + 1.7 kJ/mol DB (37°C)

3463 (w, br), 3091 (w), 3007 (w), 2978 (w), 2938 (m), 2868 (w), 1649
(s), 1612 (s), 1414 (s), 1375 (m), 1314 (m), 1259 (s), 1207 (w), 1169
(w), 1116 (m), 1054 (w), 1030 (m), 983 (m), 956 (m), 890 (w), 876 (w),
830 (m), 797 (s), 713 (w), 628 (w).

(300 MHz, CDCl;): 0.69-0.76 (m, 4H, H 1, 2, 8, 9), 0.86-0.94 (m, 4H,
H1,2,8,9), 1.89(p,2H,J=7.4Hz H5),2.76 (tt, 2H, J=3.9Hz, J =
71Hz, H3,7),3.44(t 4H,J=7.4Hz H 4, 6), 5.64 (dd, 2H, J = 2.1
Hz, J =10.3 Hz, H 14, 19), 6.31 (dd, 2H, J=2.1Hz, J=16.9 Hz, H
14, 19), 6.93 (dd, 2H, J = 10.3 Hz, J = 16.9 Hz, H 13, 18).

m/z 263.2 [M+H]
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(2E)-N,N’-bis(tetrahydrofuran-2-ylmethyl)but-2-ene-1,4-diamine

EtOH O

NH2 50 cC HJQ

o o8
0

A 250 mL two-necked flask, equipped with septum and condenser, was charged with 15 mL

tetrahydrofurfurylamine (145.3 mmol) dissolved in 50 mL ethanol. 3.9 g 1,4-diobromobutene

(18.2 mmol) dissolved in 50 mL ethanol was added dropwise and the solution was stirred

overnight at 50 °C (oil bath temp.). After that, volatile compounds were evaporated under

vacuum to give a light yellow compound. The residue was diluted with aqueous solution of

1.53 g NaOH (38.2 mmol). The solution was then extracted with dichloromethane (3 x 50

mL), dried over CaCl, and evaporated under vacuum to give a light yellow liquid. The

product was used in next steps without further purification.

7 18 17
103 H 100 16
P N/\/S\/N
12 O/\H 4 6 8 15
13 014 2
Yield: 444
GCIMS(EI) m/z 183 [m+H]

N,N-Di(tetrahydrofuran-2-yl acrylamido) but-2-ene-1,4 (BAFBE)

1.) Me,ClISi \
0 2.} Acrylation 0 o)
H 2 3)INHC N
O/\N/\/\/N + 2 - = O/\N/\\/\/
H Cl 0
(0]
0 | O)m

A 1 L three-necked flask, equipped with septum and condenser, was charged with 4.4 g
(2E)-N,N'-bis(tetrahydrofuran-2-ylmethyl)but-2-ene-1,4-diamine (17.3 mmol) dissolved in
250 mL dichloromethane, 15.6 mL triethylamine (112.4 mmol) and 10 mg 2,6-di-tert-butyl-
4-methylphenol (BHT) under nitrogen atmosphere. Then, 7.0 mL acryloyl chioride (86.6
mmol) dissolved in 50 mL dichloromethane was added dropwise keeping the temperature
below -50 °C and stirred at room temperature overnight. After that, 150 mL 1N HCI was
added and stirred for 2 hours. The layers were separated and the aqueous layer was
washed with 100 mL dichloromethane. After that, the combined organics were washed with
100 mL 1N HCI two times, dried over CaCl,, filtered and evaporated under vacuum to
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dryness. The residue was purified by flash column chromatography eluting with

CH,CIL,/EtOH (volume ratio, 95:5) to give a light yellow solid.
26

11 140 |
21
Yield: 2.3g(37 % d.Th.)
Mp.: 75-79°C
IRv[cm™]: 2972 (m), 2927 (m), 2867 (m), 1646 (s), 1606 (s), 1590 (m), 1477 (m),

1446 (s), 1425 (w), 1412 (m), 1381 (w), 1364 (w), 1350 (w), 1283 (m),
1254 (m), 1222 (s), 1175 (w), 1077 (s), 1039 (m), 987 (m), 953 (s),
877 (m), 814 (m), 794 (s), 777 (m), 663 (m), 569 (w).

'H-NMR [ppm]: (600 MHz, CDCls): 1.42-1.53 (m, 2H, H 9, 13), 1.79-2.00 (m, 6H, H 9,
13, 10, 14), 3.02-4.17 (m, 12H, H 1, 2, 5, 6, 11, 15), 5.49-5.57 (m, 2H,
H 21, 26), 5.60-5.67 (m, 2H, H 3, 4), 6.26-6.33 (m, 2H, H 21, 26),
6.39-6.62 (m, 2H, H 20, 25)

*C-NMR [ppm]: (150 MHz, CDCl3): 25.58 (C 10, 14), 29.26 (C 9, 13), 48.02 (C 1, 6),
49.98 (C 2, 5), 67.95 (C 11, 15), 78.26 (C 7, 8), 127.65 (C 21, 26),
128.1 (C 20, 25), 128.4 (C 3, 4), 166.72 (18, 23)

MS (ESI): [M+H]+: 363.228 m/z

Example 6
(2E)-N,N'-dicyclopropylbut-2-ene-1,4-diamine dihydrochloride

o o
EtOH Cl Cl
g~ B 4 2 [>—NH, —20C

VNWNA

A 100 mL two-necked flask, equipped with condenser, was charged with 5 mL
cyclopropylamine (57.1 mmol) dissolved in 30 mL ethanol and heated to 50 °C (oil bath
temp.). 1.9 g trans-1,4-dibromo-2-butene (9 mmol) dissolved in 15 mL ethanol was added
dropwise and the solution was stirred overnight at the same temperature. Volatile
compounds were evaporated under vacuum to give a yellow compound. The white solid
product was obtained by precipitation in acetone and has been washed with acetone. The

compound was evaporated under vacuum to dryness.
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2 12

e AN A

VRS

10 7

Yield: 0,36 g (17 % d.Th.)

IRv [cm™]: 3421 (w, br), 3047 (w), 2880 (m), 2827 (m), 2760 (s), 2703 (s), 2595
(m), 2553 (m), 2435 (m), 1585 (m), 1462 (m), 1442 (s), 1410 (s), 1384
(w), 1334 (w), 1208 (w), 1157 (m), 1091 (w), 1057 (w), 1029 (s), 999
(m), 981 (s), 927 (m), 883 (m), 828 (s), 814 (m), 792 (w), 757 (w), 577
(m), 504 (m), 450 (s).

'"H-NMR [ppm]: (300 MHz, CDCl,): 0.72-0.78 (m, 4H, H 9, 10, 11, 12), 0.84-0.92 (m,
4H,H 9, 10, 11, 12), 2.73 (tt, J=3.9 Hz, J=7.4 Hz, 2H, H 1, 8), 3.70-
3.75(m, 4H, H 3, 6), 3.70-3.75 (m, 2H, H 4, 5), 9.02 (s, br, 3.6H, H 2,
7).

N,N-Di(cyclopropyl acrylamido) but-2-ene-1,4 (BACBE)

© S)
a a 1) Me,Clsi I o
H @ 2.) Acrylation

N\/\/\NA

v O)W

A 250 mL three-necked flask, equipped with dropping funnel and condenser, was charged

2 =
N\/\\/\%/A . /( 3.) IN HCl
Cl (o]

\va N,

with 0.36 g (2E)-N,N'-dicyclopropylbut-2-ene-1,4-diamine dihydrochloride (1.5 mmol)
dissolved in 50 mL dichloromethane, 1.4 mL triethylamine (9.8 mmol) and 2 mg 2,6-di-tert-
butyl-4-methyiphenol (BHT) under nitrogen atmosphere. The mixture was cooled to 15 °C,
0.5 mL chlorotrimethylsilane (3.8 mmol) was added dropwise and stirred for 30 minutes.
Then, 0.6 mL acryloy! chloride (7.5 mmol) dissolved in 20 mL dichloromethane was added
dropwise keeping the temperature below -50 °C and stirred at room temperature for 60
minutes. After that, 50 mL 1N HCI was added and stirred over night. The layers were
separated and the organic layer was washed with 50 mL 1N HCI, dried over MgSQ,, filtered
and evaporated under vacuum to dryness. The residue was purified by flash column
chromatography eluting with CH,CIl./EtOH (volume ratio, 95:5) to give a light yeliow solid.

The product is moderate soluble in water.
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Yield: 256 mg (62 % d.Th.)

Mp.: 76 °C

IRv[ecm™: 3091 (w), 3010 (w), 2939 (m), 2853 (w), 1913 (w), 1720 (w), 1650 (s),
1611 (s), 1596 (m), 1428 (m), 1413 (s), 1372 (s), 1351 (m), 1317 (m),
1281 (m), 1252 (s), 1211 (m), 1173 (m), 1106 (w), 1081 (w), 1060 (w),
1045 (w), 989 (m), 970 (s), 954 (s), 924 (m), 864 (w), 833 (s), 797 (s),
724 (m), 645 (m), 586 (m), 521 (w), 462 (s).

"H-NMR [ppm]: (300 MHz, CDCl3): 0.68-0.77 (m, 4H,H 7, 8, 9, 10), 0.81-0.89 (m, 4H,
H7, 8,9, 10), 266 (tt, J=39Hz, J=7.1Hz, 2H ,H 1, 6), 3.98-4.03
(m, 2H, H 2, 5), 5.57-5.61 (m, 2H, H 3, 4),5.64 (dd, J = 2.1 Hz, J =
10.3 Hz, 2H, H 15, 20), 6.32 (dd, J = 2.1 Hz, J = 16.8 Hz, 2H, H 15,
20), 6.91 (dd, J=10.3 Hz, J = 16.8 Hz, 2H, H 14, 19).

Application Example (Glass ionomer)

The glass ionomers are composed of a liquid and a glass powder.

Liquid
The liquid 1 was prepared by mixing the individual components as shown in Table 1.

Table 1: Composition of the liquid

Liquid 1

Modified Polycarboxylic acid according to WO wt-% 35.000
2012/084206, Example 1

Acrylic Acid wt-% 15.000
N,N-Di(cyclopropyl acrylamido) propane wt-% 15.000
(Example 4)

Water wt-% 33.862
Camphor quinone wt-% 0.603
Dimethylamino benzonitrile wt-% 0.505

tert-butyl hydroquinone wi-% 0.030
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Sum | wt-% |1oo.ooo ]

Glass powder
As glass powder a Strontium aluminum silicate glass with an average particle size of 1.7 ym

was used.

Glass lonomer

The liquid was mixed 20 to 30 sec with the glass powder in a ratio of 1 to 2.8 (Table 2).
Afterwards six rectangular block specimens with the dimensions 2mm x 2mm x 25mm were
prepared by introducing the mixed material into metal molds. These were covered with
Meline)szoiI and pressed between two glass plates. The overall preparation time does not
exceed 60 sec. The specimens were cured with a LicuLitéM0ven for 20 sec from every side.
After light curing, the samples were removed from the mold and the edges deflashed with
sand paper. They were stored for 1h in a 100% humidity environment at 37°C and
afterwards immerged in water at 37°C for 24h. The flexural strength of glass ionomer (Table
2) was measured using a ZwiclIMtesting machine. The arithmetic average and the standard

deviation were calculated from six samples of every composition.

CA 2888070 2019-09-27



CA 02888070 2015-04-13

33
WO 2014/067666 PCT/EP2013/003311

Table 2: Flexural strength of the experimental glass ionomer

Application
Example
Glass ionomer JUMO02-089-01 b
Liquid of Table 1 wt-% 26.316
Glass powder wt-% 73.684
Sum wt-% 100.000
Flexural strength MPa 74.5+ 6.6
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CLAIMS:
1. A dental composition comprising a polymerizable compound of the following
formula (1):
A-L(B)n (1
wherein
A is a group of the following formula (II)
- x*Cy
] /
x—N
RM . \\
R -

(I)

X1 is CO;

X2 is a single bond, CO, CS, CHa, or a group Z[X'Z']x, wherein X’ is an
oxygen atom, a sulfur atom or NR, wherein R is a hydrogen atom, a
straight chain or branched Ci.1¢ alkyl group which may be
substituted by a Cs¢ cycloalkyl group, a Cs.14 aryl or Cs.14 heteroaryl
group, -COOM, -POsM, -O-POsM: or -SOs;M, a Cs.s cycloalkyl group
which may be substituted by a C1.16 alkyl group, a Ce-14 aryl or Cs-14
heteroaryl group, -COOM, -POsM, -O-POsM: or -SOzM, a Ce.14 aryl
or Cs.14 heteroaryl group which may be substituted by -COOM,
-POsM, -O-POsM; or -SOsM, Z is a straight chain or branched Ci.4
alkylene group, Z’ is a bond, a straight chain or branched Ci4
alkylene group, and k is an integer of from 1 to 50;

Cy is selected from the group consisting of:

Date Regue/Date Received 2020-05-29
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R1 is a hydrogen atom,
-COOM,
a straight chain or branched Ci.16 alkyl group which may be
substituted by a Cs¢ cycloalkyl group, a Cs.14 aryl or Cs.14 heteroaryl
group, -COOM, -POsM, -O-POsM. or -SOsM, a Cs.6 cycloalkyl group
which may be substituted by a Ci-16 alkyl group, a Ces-.14 aryl or Cs.14
heteroaryl group, -COOM, -POsM, -O-PO3M; or -SOsM,
a Ce.12 aryl or Cs.14 heteroaryl group which may be substituted by
-COOM, -POsM, -O-POsM- or -SOsM,

R? is a hydrogen atom,
-COOM

Date Regue/Date Received 2020-05-29
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a straight chain or branched Ci.1¢ alkyl group which may be
substituted by a Ces.14 aryl or Cs.14 heteroaryl group, -COOM, -POsM,
-O-POsM; and -SOsM,

a Cs.s cycloalkyl group which may be substituted by a Ci.16 alkyl
group, a Ce.14 aryl or Cs.1s heteroaryl group, -COOM, -POsM, -O-
POsM: or -SOsM, or

a Ce.14 aryl or Cz.14 heteroaryl group which may be substituted by
-COOM, -POsM, -O-POsM. and -SOsM,

L is a (n+1) -valent linker group; wherein the linker group of L is a Ci.16
hydrocarbon group which may contain 1 to 3 carbonyl groups or
heteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur, and which may be substituted by a hydroxyl group, a Cs.14 aryl
group, -COOM, -POsM, -O-POsM. and -SOsM,

B is a group according to the definition of A,

n is an integer of from 1 to 6;

wherein M which are independent from each other each represent a hydrogen

atom or a metal atom.

2. The dental composition according to claim 1, whereinn is 1.

3. The dental composition according to claims 1 or 2, wherein R is a hydrogen atom
and R? is a hydrogen atom or a methyl group.

4. The dental composition according to any one of claims 1 to 3, wherein the
compound of formula (1) has an average molecular weight of from 100 to 10,000,
and/or which is selected from the group consisting of a dental adhesive
composition, a bonding agent, a pit and fissure sealant, a dental desensitizing
composition, a pulp capping composition, a dental composite, dental glass
ionomer cement, resin modified glass ionomer, a dental cement and a dental root

canal sealer composition.

Date Regue/Date Received 2020-05-29
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5. Use of a compound of formula (I) as defined in claim 1, for the preparation of a
dental composition selected from the group consisting of a dental adhesive
composition, a bonding agent, a pit and fissure sealant, a dental desensitizing
composition, a pulp capping composition, a dental composite, dental glass
ionomer cement, resin modified glass ionomer, a dental cement and a dental root

canal sealer composition.

Date Regue/Date Received 2020-05-29
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