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Cyclic Carbamate Compounds Useful in Energy-Curable Compositions

FIELD OF THE INVENTION .
The present invention relates to energy-curable compositions, for example
energy-curable inks, coatings and adhesives, and to cyclic carbamate materials useful in

such compositions and to methods of making such cyclic carbamate materials.

BACKGROUND
_ US Patent 2,818,362 (American Cyanamid Co.) describes the synthesis of a new
vinyl monomer, N-vinyl-2-oxazolidinone. Polymerization products made from the new
monomer are also described. The polymers have been used in molding compositions or as
adhesives in the production of optical devices.

US Patent 2,905,690 (The Dow Chemical Company) describes the synthesis of N-
vinyl-X-alkyl oxazolidinone compounds using high temperature and high pressure
process (Autoclave). It also describes the polymerization of these materials to produce
homopolymers and copolymers using various comonomers. The use of the materials is
reported as being in the dyestuffs for textiles mdustry

US Patent 3,268,485 (The Dow Chemical Company) describes the preparation of
homopolymers and copolymers of 3-(2-hydroxyethyl)-5-methyl-2-oxazolidinone -
acrylates/methacrylates using azo or peroxy initiators.

US Patent 4,639,472 (The Dow Chemical Company) describes the use of N-vinyl
oxazolidinones as reactive diluents in radiation curable coatings. The coatings produced
are highly oxygen permeable, have good cure properties and have good physical and
resistance properties.

US Patent 4,933,462 (The Dow Chemical Company) describes the synthesis of 3-
(2-hydroxyethyl)-2-oxazolidinones using a novel anhydrous, catalyst free p}ocess to
produce highly pure products in high yield. '

C.Decker and K.Moussa, Makromol. Chem., 189, 2381-2394 (1988) describes a
method based on IR Spectroscopy which has been developed to follow real-time
photopolymerizations. The method has been used to look at photoinitiator efficiency,
monomer reactivity, light intensity, film thickness and the oxygen inhibition. Various'
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acrylate functional materials have been investigated as reactive acrylate diluents in a
photopolymerisable resin and the dependence of the rate of polymerisation and the
ultimate degree of conversation on the type of diluents monomer studied. A new
monoacrylate oxazolidinone functional material, Acticryl CL 959 (N—(2-écryly10xyethyl
acrylate), developed by SNPE was found to be the most efficient reactive acrylate

diluents of those tested.

C.Decker and Khalil Moussa, Journal of Coatings Technology, 65(819), 49-57
(1993) describes the efficiency of newly developed photoinitiators and acrylic monomers
by using Real Time Spectroscopy techniques to follow the kinetic profiles of various
photopolymerizations. Some of the new monomers are described as being highly reactive
leading to remarkable mechanical properties such as hardness, scratch resistance,
flexibility and impact resistance. The monomer N-(2-acrylyloxyethyl) oxazolidinone
(Acticryl CL-959 (SNPE)) has been reported here as being one of these highly reactive
materials. |

Lewis acid-catalyzed Michael addition reactions of N-Boc-2-silyloxypyrroles to 3-
acryloyl-2-oxazolidinone, Suga, Hiroyuki; Takemoto, Haruka; Kakehi, Akikazu,
Heterocycles (2007), 71(2), 361-371 describes the Lewis acid-catalyzed Michael addition
of siloxypyrroles to acryloyloxazolidinone. A slow addition of the 2-silyloxypyrrole at
-25 °C was needed to obtain good yields (77-80%).

Known compounds comprising an oxazolidinone ring compounds include:

CAS Registry Number: 1030799-93-9
o 0" 0
o
0JL N CH CH o |L4©‘ o@—‘ |C| O0— CH CH NJL [o]
——CH2—CH2—0— —O0— CH2—CH2—
/ ' /
CAS Registry Number: 128276-03-9

o]
CH2—CH2—O0—C— (CH 2) g—Me

N

)
Formula: C15 H27 N 04
CA Index Name: Decanoic acid, 2-(2-oxo-3-oxazolidinyl)ethyl ester
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US Patent 7,105,646 B2 (Sun Chemical Corporation) describes mono- and bis-azo
hydra_zone compounds that comprise a pyrrolinone ring for use as pigments.

Coatings, inks and adhesives based on acrylate functional raw materials can be
cured in a curing process via a free radical polymerization mechanism. Most often this
process is started by irradiation with actinic radiation, such as UV (ultraviolet) light, with
photoinitiators present in the formulation to absorb the radiation and generate the free

radical initiating species. Alternatively, the process can be initiated by irradiation with

electron beam (EB) radiation. The curing process is well known to be inhibited by

atmospheric oxygen such that control measures are required to reduce the effect of the
oxygen inhibition and allow good curing, particularly at the surface. One method is to use
a nitrogen blanket, but this is technically complex and expensive. The more usual
approach is to use a blend of photoinitiator types and amine synergists in the formulation.

To those skilled in the art it is well known that free radical photoinitiators fall into
two categories; cleavage and hydrogen abstraction types. When in an excited state
following irradiation, cleavage photoinitiators undergo homolytic scission to form two
radical fractions. Typical cleavage photoinitiators include aryl ketone and phosphine
oxide photoinitiators. Cleavage photoinitiators are generally speaking more reactive, but
give poorer surface curing because of oxygen inhibition, particularly in the case of
phosphine oxide-type cleavage photoinitiators. Hydrogen abstraction photoinitiators -
typically extract a hydrogen atom from a donor molecule such as an amine synergist to
form an inactive radical and a donor radical that is capable of initiating radical reactions.
Typical hydrogen abstraction photoinitiators include benzophenones and thioxanthones
that form stabilized inactive _radicéls on hydrogen abstraction. Hydrogen abstraction types
only function effectively in the presence of hydrogen donors, such as amine synergists,
but this mechanism makes them particularly good at combating oxygen inhibition at the
surface. o

Phosphine oxide-type cleavage photoinitiators are particularly suited to use in
energy-curable compositions that are cured using UV radiation generated by an LED
(light emitting diode) source as they absorb, and are excited by, light in the frequency
range emitted by LEDs. Phosphine oxide-type cleavage photoinitiators are also
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particularly suited for use in clear coating and white ink compositions as they typically do

not discolour the cured composition and are “non-yellowing”.

SUMMARY OF THE INVENTION

The materials which are the subject of this invention are novel cyclic carbamate
functional compounds made by the reaction of a cyclic carbamate compound containing a
(meth)acrylate functional group, such as N-(2-acryloyloxyethyl) oxazolidinone, with

aliphatic amine materials. This new class of materials combat oxygen inhibition by an

~ oxygen scavenging rather than a hydrogen abstraction mechanism and are significantly

more effective in doing so with the more reactive cleavage-type photoinitiators,
particularly the phosphine oxide type. This allows the formulator to achieve enhanced
cure speed and reducéd oxygen inhibition without requiring the use of hydrogen
abstraction photoinitiators in the formulation.

In a first aspect, the invention provides a cyclic carbamate compound, which
contains a 5- t(; 7-membered cyclic carbamate ring system linked via an alkylehe or
polyether group to a 3-amino propionate group or 3-amiho-2-methyl propionate group.

In a second'aspect, the invention provides a method of preparing a cyclic
carbamate compound for use in an energy-curable composition, comprising the step of
reacting an aliphatic amine with (i) a cyclic carbamate having'a (meth)acrylate functional
group and a 5- to 7-membered cyclic carbamate ring, and, ' optionally (iii) a
multifunctional acrylate. The cyclic carbamate compound of the first aspect of the
invention may, for example, be the reaction product of the second aspect of the invention.

In a third aspect, the invention provides a cyclic carbamate compound for use
in an energy-curable composition, which is the Michael addition reaction product of an

aliphatic amine, a cyclic carbamate having a (meth)acrylate functional group and a 5- to

- 7-membered cyclic carbamate ring. The cyclic carbamate compound of the third aspect of

the invention may, for example, be the reaction product of the second aspect of the
invention.

In a fourth aspect, the invention provides an energy-curable composition

_comprising a cyclic carbamate compound of the first or third aspects of the invention or a
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cyclic carbamate compound produced in the method of the second aspect of the
invention. ’

In a fifth aspect, the invention provides a method of preparing an energy-
curable composition, said method comprising the steps of: providing a cyclic carbamate

compound, which is the reaction product of (i) a cyclic carbamate having a

~ (meth)acrylate functional group and a 5- to 7-membered cyclic carbamate ring; (ii) an

aliphatic amine, and optionally (1ii) a multifunctional acrylate; and then combining the

' \cyclic carbamate compound with: at least one acrylate monomer and/or oligomers and,

optionally, a photoinitiator. The energy curable composition of the fourth aspect of the
invention may, for example, be the product of the method of the fifth aspect of the
invention. ' |

In a sixth aspect;, the invention provides the use of a cyclic carbamate

compound as described herein, for example the cyclic carbamate compound of the first or

" third aspects of the invention and/or the compound produced in the second aspect of the

invention, as an oxygen scavenger in an energy-curable composition, such as the energy-

curable composition of the fourth aspect of the invention or the energy curable

' composition produced in the method of the fifth aspect of the invention.

In a seventh aspect, the invention provides a method of coating or printing a
substrate comprising the steps of applying an energy-curable composition of the fourth
aspect of the invention to the substrate and curing the composition.

In an eighth aspect, the invention provides a coated or printed article
comprising a combination of a substrate and a cured coating or printed image compﬁsing
the cyclic carbamate compound of the first or third aspects of the invention and/or a
coated or printed article comprising a combination of a substrate and the energy-curable
composition of the fourth aspect of the invention. The coated or printed article of the
eighth aspect of the invention may, for example, be prepared according to the method of
the seventh aspect of the invention.

In a ninth aspect, the invention provide a method of adhering a first article to a
second article comprising the steps of applying a layer of an energy-curable composition
of the fourth aspect of the invention to the first article, contacting the layer with the

second article and curing the compositioﬁ.
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In a tenth aspect, the invention provides an object comprising a first article
adhered to a second article by a layer of adhesive comprising the cyclic carbamate
compound of the first or third aspects of the invention and/or a layer of the energy-
curable composition of the fourth aspect of the invention.

Advan'tageously, | the oxazolidinone derivative compounds and other cyclic
carbamate compounds described herein are useful as cure boost materials, enhancing the
rate and or degree of curing, by acting as oxygen scavenger agents, which lessen the
oxygen inhibition of the cure of energy curable compositions.

-Energy-curablé compositions comprising the compound of the invention and
cleavage-type photoinitiators, including phosphine oxide photoinitiators, have been found
to have acceptable levels of curing, including acceptable levels of cun'ng on the surface.

- The compounds disclosed are novel compounds and represent a new class of
compound for use in energy-curable compositions. Preferably, the energy-curable
compositions are radiation-curable compositions such as compositions that are curable
using actinic, such as UV, or EB radiation. Use of some oxazolidinone derivatives has
been previously described but none that are based on Michael addition products of
aliphatic amine compounds and a cyclic carbamate acrylate, such as an oxazolidinone

acrylate.

DETAILED DESCRIPTION OF THE INVENTION

The term “energy-curable” refers to a composition that is curable on exposure to

“electromagnetic radiation, such as light, especially UV light, or electron beam (EB)

radiation. Exposure to radiation typically, but not exclusively, initiates a polymerization
reaction, such a free radical-mediated polymerization chain reaction. For the avoidance of
doubt, solvent-based compositions in which curing is achieved primarily through the

removal of a solvent, for example by evaporation, including solvent-based compositions

- for which radiation, such as heat, may be used to accelerate removal of the solvent, are

not “energy-curable” compositions of the present invention. Preferably, the energy-

curable composition of the invention is a composition curable by UV- or EB-radiation.
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The term “cyclic carbamate™ refers to a monocyclic ring system including a
carbamate (-O-C(O)-NR-), alternatiVely known asan N-substituted urethane group,
functional group, within the ring. '

The terms “alkylene” and “alkylene group” as used herein refer to a saturated
divalent alkyl radical. Unless otherwise specified, an alkylene group may be branched or
straight-chain. Typically, an alkylene gfoup will include a C;-Cs chain, optionally
substituted with C;-C; alkyl branching groups, for example methyl. An isopropylene
group is an example of a C, chain with a methyl branch.

 The terms “polyether” and “polyether group” refer to a group with at least twd
repeating alkoxy units, for example 3 or more, such as 4 or more two repeating alkoxy
units. Typically, a polyether will include from 2 to 10 repeating C;-Cg alkoxy units, for
example from 2 to 10 repeating C;-C, alkoxy units, optionally substituted with C;-Cs4
alkyl units, for example methyl. A polyether linking group is a divalent polyether radical
that is bonded at either end to another chemical moiety. | '

The term “(meth)acrylate” refers to acrylate groups, methacrylate groups and
maxtures thereof. »

A groﬁp that is “curable in a free radical curing reaction” is a group that is capable
of forming a new chemical bond to a free radical-curable monomer or oligomers in a free
radical polymerisation reaction. Exar'npleé of such groups include ethylenically
unsaturated groups such as vinyl and acrylate groups. _

The nitrogen atom of the 3-amino propionate group or 3-amino-2-methyl
propionate group of the first aspect of the invention is advantageously bonded to at least
one aliphatic group such as an alkyl, cycloalkyl, polyether or polypropylene glycol group.
The 3-amino propionate group may, for example, be derived from the reaction of an
acrylate functional group with an aliphatic amine. The 3-amino-2-methyl propionate
group may, for example, be derived from the reaction of a methacrylate functional group
with an aliphatic amine.

Suitable aliphatic amines for use in preparing the cyclic carbamate compounds of
the invention include at least one secondary or primary amine group. The amine of the
invention may, for example, include both primary and secondary amine groups. In one

embodiment, the aliphatic amine comprises at least two reactive N-H bonds. Reactive N-
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H bonds are advantageously capable of undergoing Michael addition reactions with
acrylates. Examples of aliphatic amines that include two reactive N-H bonds are aliphatic
amines including two secondary amine groups, such as piperazine, or aliphatic amines
that include a primary anﬁne group, such as propylamine. In one aspect of the invention,
the aliphatic amine may include more than two reactive N-H bonds, such as four reactive
N-H bonds. Examples of aliphatic amines that include four reactive N-H bonds include
aliphatic amines having two primary amine groups such as ethylene diamine.

Preferably, the aliphatic amine from which the 3-amino propionate or the 3-
amino-2-methyl propionate of the first aspect of the invention is derived from, or the
aliphatic amine of the second or third aspects of the invention is, a diamine. Preferably,
the diamine includes two amine functional groups each individually selected from
secondary and primary amine groups. The aliphatic group of the aliphatic amine is, for
example. an alkyl, cycloalkyl, polyether or polypropylene giycol. In one embodiment, the
aliphatic amine is a diamine wherein the two amine functional groups (either primary or
secondary amine functional groups) are linked by an aliphatic chain. In another
embodiment, the aliphatic amine is a cyclic diamine wherein two secondary amine
functional groups are linked by two aliphatic chains. Examples of suitable aliphatic
amines include the Jeffamine™ polyether diamines (available from Huntsman), ethylene
diamine and piperazine. 4

The compound of the first aspect of the invention advantageously comprises a
functional group that is curable in a free radical-curing reaction. In one embodiment, the
functional group that is curable in a freé radical-curing reaction is an ethylenically
unsaturated group. Ethylenically unsaturated groups such as vinyl groups, acrylate groups
and methacrylate groups advantageously form bonds to cross-link with other
ethylenically unsaturated groups in free radical-mediated polymerisation reactions.
Altemativély, the functional group that is cross-linkable in a free radical curing reaction
is the residue of a polyol, epoxy or urethane functional polymer. Preferably, the
functional group that is curable in a free radical curing reaction is an acrylate group.

In one embodiment, the cyclic carbamate compound of the first or third aspects
of the invention comprises at least one acrylate functional group. A cyclic carbamate

compound comprising an acrylate functional groﬁp may, for example, be the reaction
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product of an aliphatic amine and a cyclic carbamate having an acrylate functional group
in the presence of a multifunctional acrylate compound. Examples of suitable
multifunctional acrylates include di-, tri- tetra- or higher-functional acrylates, such as 1,6-
hexanediaol diacrylate (HDDA) and trimethylol propane triacrylate (TMPTA). In one
embodiment, the compound of the invention comprises a unit derived from a
multifunctional acrylate group. "I‘he compound of the third aspect of the invention is
advantageously the reaction product of an aliphatic amine with a cyclic carbamate having
both a (meth)acrylate functional groﬁp and a 5- to 7-membered cyclic carbamate ring
system and also with a multifunctional acrylate. As such the compound of the third aspect
of the vinvention advantageously includes at least one (as yet unreacted) acrylate
functional group. o

In one embodiment of the method of the second aspect of the invention,
comprises the step of reacting an aliphatic amine with (i) a cyclic carbamate ha\"ing a
(meth)acrylate functional group and a 5- to 7-membered cyclic carbamate ring, and with
(ii), a multifunctional acrylate. In one embodiment, the cyclic carbamate compound is
prepared by reacting the cyclic carbamate compound having an acrylate functional group,
with the aliphatic amine, in the presence of a multifunctional acrylate. For example, the
cyclic carbamate compound having an acrylate functional group may be reacted with the
aliphatic amine to provide an intermediate product which is then reacted with a
multifunctional acrylate, for example in a Michael addition reaction between unreacted
N-H groups in the intermediate and the acrylate groups of the multifunctional acrylate. In
an alternative example, the multifunctional acrylate may be reacted with the aliphatic
amine to provide an intermediate prdduct which is then reacted with the oxazolidinone
acrylate, for example in a Michael addition reaction between unreacted N-H groups in the
intermediate and the acrylate groups of the oxazolidinone acrylate. Advantageously, the
cyclic carbamate compound having an acrylate functional group is first reacted with the
aliphatic amine to lessen the likelihood of gelled producﬁ being formed. In one aspect of
the invention, the aliphatic amine has z reactive N-H bonds per molecule, wherein z is 1
or more, and the step of preparing the cyclic carbamate compound of the invention
involves the reaction of less than z equivalents of the cyclic carbamate compound having

an acrylate functional group with the aliphatic amine to form a compound including
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unreacted N-H bonds. In a further aspect of the invention, the compound including
unreacted N-H bonds is reacted with a multifunctional acrylate to provide a cyclic
carbamate derivative comprising z;crylate functional groups. The reaction of the
compound including unreacted N-H bonds with the multifunctional acrylate may be
performed in a subsequent step to the formulation of the compound including unreacted
N-H bonds or may be carried out in a one-pot process at the same time as or concurrently
with the reaction of the cyclic carbamate compound having an acrylate functional group
with the aliphatic amine. In one embodiment, the aliphatic amine has z reactive N-H
bonds per molecule, wherein z is at least 2, and approximately z-1 or fewer equivalents of
cyclic carbamate compound having an acrylate functional group are reacted with the
aliphatic amine. In a further embodiment, the aliphatic amine has z reactive N-H bonds
per molecule, wherein z is at least 3, for example 4 or more, and approximately z-2 or
fewer equivalents of the cyclic carbamate compound having an acrylate functional group
are reacted with the aliphatic amine. Unreacted N-H bonds may then be reacted with the
multifunctional écrylate to provide a cyclic carbamate compound comprising acrylate
functional groups derived from a multifunctional acrylate.

Advantageously, the compounds of the invention include one or more acrylate or
other functional groups that are capable of reacting in a free radical cuﬁng reaction. Such
compounds are advantageously incorporated into the cured film, for example by linking
to reactive monomers and/or oligomers during radical polymerization reactions and are
therefore non-migratable. The inclusion of acrylate functionality in the compound of the
invention enables the compound to form bonds with acrylate monomers and/or oligomefs
in the polymer of the cured film. Thus, cyclic carbamate compounds comprising an
acrylate functidnal group or other group capable reacting in a free radical curing reaction
may advantageously migrate from the cured film to a lesser degree that those lacking
acrylate‘ functionality. Migration of substances from a cured composition is particularly
undesirable when the cured composition is present in articles for use in food packaging.

In one embodiment, the cyclic carbamate having a (meth)acrylate group of the
second or third aspects of the invention contains a 5- to 7-membered cyclic carbamate

ring system linked to a (meth)acrylate functional group via an alkylene or a polyether.

10
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In one embodiment of the first, second or third aspect of the invention, the 5- to
7-membered cyclic carbamate ring system linked to a (meth)acrylate functional group via
an alkylene which is a C,-C4 chain substituted with from 0 to 3 methyl groups.

In one embodiment of the first, seéond or third aspect of the invention, the 5- to 7-
membered cyclic carbamate ring system is a S;membered, oxazolidinone ring system.

In one embodiment, the cyclic carbamate having a (meth)acrylate group of the
second or third aspects of the invention is an oxazolidinone acrylate, such as an N-(2-
acryloyloxyalkyl)oxazolidinone acrylate. In one embodiment the oxazolidinone acrylate
is an N-(2-acrylyloxyalkyl) oxazolidinone, wherein “alkyl” refers to a C,-Cg straight
chain, branched or cyclic alkylene, for example, C;-C4 chain substituted with from 1 to 3
methyl groups or a C,-Cj straight chain alkylene. Suitable oxazolidinone acrylates for use
in preparing the cyclic carbamate compound of the invention include N-(2-
acrylyloxyethyl) oxazolidinone and N-(2-acrylyloxypropyl) oxazolidinone.

Preferably, the nitrogen atom of the cyclic carbamate ring system is bonded to the

alkylene or polyether.
In one aspect the cyclic carbamate compound of the invention is compound of the
formula (I):
RN R

R’

@
wherein:
R! is a moiety of the formula (II):

(I
in which m is 1, 2 or 3; n is from 1 to 8; o is from 1 to 10; and each R is independently
selected from H and Me;
R? is an aliphatic chain, optionally linked to a moiety of the formula (III): .

vl
w/
RS

11
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(11
either R? is selected from:
- an aliphatic group, optionally linked to a further moiety of the formula {1,
- a further moiety of the formula (II), or
- a unit containing an acrylate or other functional group that is curable in a free
radical curing reaction;
or R® and R* together from an aliphatic chain; and
R* and R’ are each independently selected frofn:
- an aliphatic group,
- a further moiety of the formula (II), or
- a unit containing an acrylate or other functional group that is curable in a free

radical curing reaction.

In a further aspect, the cyclic carbamate compound of the invention is a

compound of the formula (IV):
R

N S -
Yok N X
0 " R R" R®
Iv)

wherein:
misl, 2 or3;
nis from 1 to §;
oisfrom 1 to 10;
each R is independently selected from H and Me;
X is an aliphatic linker group; and
each of groups R™, R' and R'° is independently selected from an aliphatic group, a
moiety of the formula (II), or unit containing an acrylate or other functional group that is
curable in a free radical curing reaction; or ;
R'?and R" t;)gether form a further aiiphatic linker group.

In one embodiment, the compound of the invention is a compound of formula (I)
or (IV) in which o is 1. In a further embodiment, n is 1, 2 or 3 and o is 1. In a yet further

12
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embodiment, m =n=1,2 or 3 and o is 1. In one embodiment, m is 1 or 2. In a further
embodiment, m is 1. _

In one embodiment, the compound of the invention is a compound of formula (I)
or (IV) in which each R is H.

In one aspect, the compound of the invention is a compound of the formula (V): |

o>// n O 4 rsi
™ 0o X
0]
‘O}/N\(\/)f\o/u\/\z{
V)
wherein
eachn is indépendently selected from 1 to 8, for example 1, 2 or 3;
X isan aliphatic linker group; and
either R'® and R"® together form a further aliphatic linker group or R'* and R'® are each
independently. selected from an aliphatic group, a moiety of the formula (II), or a unit
containing an acrylate or other functional group that is curable in a free radical curing
reaction. .
In one embodiment, the compound of the invention is a compound of formula (I),
(IV) or (V) in which X is an alkylene, such as a C,-Cg chain, optionally substitutéd with
C1-C;4 alkyl, for example methyl. In another embodiment, X is a polyether.

In one embodiment, the compound of the invention is a compound of formula (I),

(IV) or (V), wherein the compound comprises at least two moieties of the formula (II).

In one embodiment, the compound of the invention is a compound of formula (I),
(IV) or (V), comprising at least one functional group that is curable in a free radical
curing reaction, for example at least one acrylate functional group.

In one embodiment, the compound of the invention is a compound of formula
(IV) or (V), wherein each of groups R'?, R'® and R!® (where present) is independently
selected from an aliphatic group, an acrylate group or a moiety of the formula (II); or R'?
and R'® together form a further aliphatic linker group. In a further embodiment of the

invention, each of groups R', R'® and vac (where present) is independently selected from
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a straight chain, branched or cyclic C,-Cg alkyl group, an acrylate group or a moiety of
the formula (III); or R'"® and R'® together form a further aliphatic linker group. In a still
yet further aspect of the invention, each of groups R", R'® and R!® (where present) is
independently selected from an acrylate group or a moiety of the formula (II); or R' and
R'® together form a further aliphatic linker group.

In one embodiment, the compound of the invention is a compound of formula (I)
(IV) or (V) in which at least one of R®, R*, R'®, R!® and R, is a moiety derived from a
multifunctional acrylate. In a further aspeét of the invention, the acrylate group is a
moiety of the formula (VI): |

CH
R R P
(VD
wherein Y is an aliphatic linker group; each R is independently selected from H and

methyl; and p is from 1 to 8, for example from 1, 2 or 3. In one embodiment, Y is a
straight chain, branched or cyclic C,-Cs saturated or unsaturated alkylene group, such as
a straight chain, branched or cyclic C,-Cg saturated alkylene group, for example, a C,-Cs
saturated alkylene group. | - |

In one embodiment, the aliphatic group of any of R?, R, R’, R'*, R"® and R', is a
straight chain, branched or cyclic C;-Cg alkyl group or alkenyl group. In another
embodiment, the aliphatic group is a straight chain, branched or cyclic C;-Cs alkylene
group, such as a straight chain, branched or cyclic C;-Cs alkylene group.

In one embodiment, the eﬁergy-curable-composition of the fourth aspect of the
invention is an ink, coating or adhesive. In one embodiment, the energy-curable
composition is a printing ink, varnish, inkjet ink or adhesive. In one embodiment, the
energy-curable composition is an ink or coating such as a printing ink (such as an offset _
ink), varnish or inkjet ink. In one embodiment the composition is a clear coating, for
example a varnish. In another embodiment the composition is an ink, for example a
printing ink, such as an offset ink, or an inkjet ink. Ink compositions of the invention
advantageously further comprise a colorant, such as a pigment or dye. In a further

embodiment, the energy-curable composition is a white ink. Preferably, the energy-
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curable composition includes at least 1 wt% of the cyclic carbamate compound of the
invention, more preferably at least 2 wt% of the cyclic carbamate compound and
especially at least 5 wt% of the cyclic carbamate compound. In some embodimerits, the
composition of the invention comprises at leést 8 wt% of the cyclic carbamate compound.
In one embodiment, the composition of the invention comprises less than 20 wt% of the
cyclic carbamate compound, for example less than 15 wt%. In one embodiment, the
composition of the invention comprises approximately 10 wt% of the cyclic carbamate
compound.

In one embodiment, the énergy—curable composition of the fourth aspect of the
invention is curable by a free radical polymerisation mechanism. Preferably, the
composition comprises at least one free radical-curable monomer or oligomer. More
preferably, the compositions of the invention comprised at least one acrylate monomer or
oligomer that is curable by a free radical polymerisation mechanism. Examples -of '
suitable acrylate oligomers include aliphatic or aromatic urethane acrylates, polyether
acrylates, polyester acrylates and epoxy acrylates (such as bisphenol A epoxy acrylate).
Examples of suitable acrylate monomers include hexanediol diacrylate,
trimethylolpropane triacrylate, di-trimethylolpropane tétraacrylate, di-pentaerythritol
pentaacrylate, polyether acrylates, such as ethoxylated trimethylol propane triacrylate,
glycerol propoxylate triacrylate, ethoxylated pentaerythritol tetraacrylate, and epoxy
acrylates such as dianol diacrylate (the diacrylate of 2,2-bis[4-(2-
hydroxyethoxy)phenyl]propane, Ebecryl 150 from UCB) and glycol diacrylates such as
tripropylene glycol diacrylate. |

The energy-curable coxhpositions of the fourth aspect of the invention optionally
also include one or more minor ingredients, for example, surfactants, levelling additives,
photoinitiator stabilisers, wetting agents and pigment stabilisers. The latter may for
example be of polyester, polyurethane or polyacrylate types, especially in the form of
high molecular weight block co-polymers, and would typically be incorporated at from
2.5% to 100% by weight of the pigment. Suitable examples are Disperbyk 161 or 162 (ex
BYK Chemie) or Solsperse ex Zeneca. Suitable photoinitiator stabilisers include those

disclosed in EP-A-0 465 039. Suitable surfactants are preferably of the non-ionic type,
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for example Fluorad FC430 (ex 3M Corp.). Such surfactants (when present) are
preferably included in an amount of 0.1% to 10% by weight of the total composition.
In one embodiment, the energy-curable composition of the fourth aspect of the

invention is curable on exposure te actinic radiation such as light. In a further

_embodiment, the energy-curable composition is curable on exposure to UV radiation, for

example light having a wavelength between 200 nm and 450 nm. In another embodiment
the energy-curable composition is curable on exposure to near-UV radiation, for example
light having a wavelength between 300 nm and 450 nm. LED UV radiation sources
typically émit radiation at wavelengths within the near-UV range with 390 being a
common peak emission wavelength for commercially available LED devices. In one
embodiment the energy-curable composition is curable on exposure to light having a
wavelength in range of from 350 to 420 nm, preferably in the range of from 360 to 405
nm and more preferably in the range of from 380 to 400 nm. In another embodiment the
energy-curable composition is curable on exposure to UV radiation emitted by a UV
LED light source. .

In a further embodiment of the invention, the composition comprises a
photoinitiator, such as a cleavage-type photoinitiator. Cleavage-type photoinitiators, also
referred to as a-cleavage photoinitiators or Norrish type 1 cleavage photoinitiators,
undergo -cleavagé into radicals on irradiation, for example irradiation with UV light.
Preferably, the cleavage-type photoinitiator is activated on irradiation with light in the
near-UV range as discuésed above. In one embodiment, the photoinitiator is a phosphine
oxide.

In an alternative embodiment, the energy-curable composition of the fourth aspect
of the invention is curable on e;{posure to electron beam (EB) radiation.

' In one embodiment, the energy-curable composition applied tb a substrate in
the seventh aspect of the invention is a coating, ink or adhesive composition, for example
a coating or ink composition. In one embodiment, the method of the seventh aspect of the
invention comprises the step of applying an energy-curable composition of the fourth
aspect of the invention to a substrate and curing the composition using actinic, such as
UV, or EB radiation. In a further embodiment, the composition is cured using UV

radiation ‘using a light source emitting UV radiation in the ranges discuss above with
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respect to the fourth aspect of the invention, for example, using a UV LED light source.
In one embodiment of the seventh aspect of the invention, the energy-curable
composition is applied by a printing technique, such as offset printing, ink jet printing or
screen printing. In one embodiment of the method of the seventh aspect of the invention,
an ink composition is applied to the substrate to form a printed image.

In one embodiment, the coated or printed- article of the eighth aspect of the
invention comprises a combination of a substrate and a cured layer of the energy-curable
composition of the fourth aspect of the invenﬁon. The cured layer may, for VeXample, bea
coating, such as a varnish, or a printed image. ' A

In one embodiment, of the tenth aspect of the invention, the first article is

adhered to the second article by a cured layer of the energy-curable composition of the

~ fourth aspect of the invention.

ABBREVIATIONS & MATERIALS

GPTA Glycerol propoxylate triacrylate, OTA480 (Cytec Industries)

HDDA 1,6-hexanediol diacrylate, SR238 (Sartomer Europe)

Irgacure™ 184 . 1-hydroxycyclohexyl phenyl ketone, a free-radical photoinitiator
available from Cibg—Geiéy (BASF)

TMPTA trimethylolpropane triacrylate, SR351 (Sartomer Europe)

TPO Darocur™ TPO is diphenyl (2,4,6-trimethylbenzoyl)-phosphine
oxide, a free-radical photoinitiator available from Ciba-Geigy
(BASF)

Benzophenone ‘Omnirad BP (IGM Resins)

Amine Acrylate CN3715 Acrylated amine synergist (Sartomer Europe)
Epc;xy. Acrylate Resin Photomer 3016 (Cognis)

M molar ‘

FTIR Fourier Transform Infra Red Spectroscopy

'H NMR Profon Nuclear Magnetic Resonance Spectroscopy
BCNMR Carbon Nuclear Magnetic Resonance Spectroscopy
MS | Mass Spectroscopy
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All other chemicals, materials and reagents used in the synthesis of
Oxazolidinones 1 to 6 were obtained from Sigma-Aldrich UK Ltd.

EXAMPLES OF THE INVENTION

The following examples are provided to illustrate the invention should not be

construed as limiting.

Oxazolidinone Derivatives
The preparation of oxazolidinone derivatives materials of the invention using
various well-known synthesis procedures such as Michael addition and esterification

using acid chlorides is described below.

Oxazolidinone 1 (Intermediate): N- (2-hydroxyethy1) oxazolidinone
>\\N

Diethanolamine, 84.0 g (0.8 moles), and dimethylcarbonate, 72.0 g (0.8 moles), were
mixed in a 250 ml round bottomed flask equipped with a stirrer, condenser and
temperature probe. The mixture was heated to reflux for a total of 12 hours. After this
time the mixture was cooled and the side product, methanol, was rémoved by rotary
evaporator to yield the product, 51.4 g as a low viscosity liquid.

IR: 1736cm’’, 3400cm™; '"H NMR: 3.2-3.4ppm, 3.5-3.8ppm, 4.25-4. 32ppm; “C NMR:
45ppm, 46ppm, 59ppm, 62ppm, 159ppm.

Oxazolidinone 2 (Intermediate): N-(2-Acrylyloxyethyl) oxazolidinone

11.5 g (0.0874 moles) of N-(2-hydroxyethyl) oxazolidinone, triethylamine 8.74 g
(0.08625 moles) and 50 ml of dichloromethane were mixed in a three necked round
bottomed flask equipped with a temperature probe and stirrer. The contents of the flask
were cooled to <5 °C using an ice/water bath. Acryloyl chloride, 7.944 g (0.0874 mdles)
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in 50 ml of dichloromethane were then added drépwise ensuring the exotherm was
controlled. The addition took approximately 150 minutes. The mixture was then allowed
to stir for a further 2 hours allowing the temperature to rise to room temperature. The
nﬁx@e was then filtered to remove the side products and then the organic phase was
washed with 2x50 ml 0.1M hydrochloric acid, 2x50 ml 0.1M sodium hydroxide solution
and 2x100 ml water. The organic layer was then dried using anhydrous magnesium
sulphate and the solvent removed on a rotary evaporator to yield the oxazolidinone
acrylate product, 7.02 g (43.3%) as a low viscosity liquid.

FTIR: 1752cm™, 1724cm™, 1638cm™, 1617cm™; 'H NMR: 3.57-3.69ppm, 4.32-4.35ppm,
5.85-6.41ppm; °C NMR: 43.3ppm, 45ppm, 61.6ppm, 62.4ppm, 127.8ppm, 131ppm,
158ppm, 165ppm; MS: mass ion 186.

Oxazolidinone 3 (Example of the invention): di[2-(2-0xo0-1,3-0xazolidin-3-yl)ethyl] 3- }
(piperazin-1,4-diyl) dipropanoate

) i -
ZrN\/\o/lk/\N/\l
K/"\/ﬁ(o\/\NJz

o

o]

Piperazine, 5 g (0.05814 moles), and 20 ml of toluene were mixed in a flask equipped
with a stirrer, condenser and temperature probe. N-(2-Acrylyloxyethyl) oxazolidinone,
21.51 g (0.1163 moles), was added slowly over approximately 20 minutes, thus ensuring
the exotherm was not too large. A cold water/ice bath was used to keep the temperature
below 55°C. An additional 10 ml of toluene was also added with the N-(2-
acrylyloxyethyl) oxazolidinone. The mixture was stirred for an additional 2 hours
allowing the mixture to cool to room temperature. The solvent was then removed using
the rotary evaporator to yield the piperazine dioxazolidinone product, 26 g.

FTIR: 1763cm”, 1182cm™; 'H NMR: 2.3-2.5ppm, 3.35-3.53ppm, 4.06-4.17ppm; “C
NMR: 32.1ppm, 43.4ppm, 45.1ppm, 52.8ppm, 53.3ppm, 61.5ppm, 61.9ppm, 158.5ppm,
172.3ppm; MS: mass ion 457.

Oxazolidinone 4 (Example of the ihvenﬁon): Reaction product of ethylene diamine,

oxazolidinone acrylate and TMPTA
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o o . °
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S

oA T o
j o \CH, CH,

HyC

Ethylene diamine, 2.5 g (0.04166moles), and 50 ml of toluene were mixed in a two
necked flask fitted with a condenser, temperature probe and stirrer. N-(2-
Acrylyloxyethyl) oxazolidinone, 15.42 g (0.0834 moles) was added slowly over
approximately 5 minutes ensuring the exotherm was not too large. A cold water/ice bath
was used to keep the temperature below 35°C. TMPTA, 49.38 g, in 40 ml of toluene was
then added quickly while stirring vigorously. The mixture was then stirred vigorously for
a further 2 hours and then left overnight. The solvent was then removed by rotary
evaporator to yield the product, 55g as a viscous yellow liquid.

FTIR: 1728cm™, 1185cm™, 1634cm™, 1617cm™; 'H NMR: 1.4-1.5ppm, 2.2-2.7ppm, 3.2-
3.7ppm, 3.9-4.3ppm, 5.7-6.5ppm,; MS:. mass ion 1023.

Oxazolidinone 5 (Example of the invention): Reaction product of ethylene

diamine/oxazolidinone acrylate/HDDA

CH,
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Ethylene diamine, 2.5g (0.04166moles), and 50 ml of toluene were mixed in a two
necked flask fitted with a condenser, temperature probe and stirrer. N-(2-
Acrylyloxyethyl) oxazolidinone, 15.42 g (0.0834 moles) was added slowly over
approximately 5 minutes ensuring the exotherm was not too large. A cold water/ice bath
was used to keep the temperature below 35°C. HDDA, 37.68 g, in 40 ml of toluene was
then added quickly while stirring vigorouély. The mixture was then stirred vigorously for
a further 2 hours and then left overnight. The solvent was then removed by rotary

evaporator to yield the product, 59g as a viscous yellow liquid.

"FTIR: 1752cm’, 1724cm™, 1192cm™, 1634cm™, 1617cm™; MS: mass ion 883.

Oxazolidinone 6 (Example of the invention): Reaction product of ethylene diamine

with oxazolidinone.ac'rylate in a ratio of 1:4

Ethylene diamine, 1.25 g (0.02083 moles) and 50 ml of toluene were mixed in a two
necked flask fitted with a condenSer, temperature probe and stirrer. N-(2-
Acrylyloxyethyl) oxazolidinone, 15.42 g (0.0834 moles) was added slowly over
approximatély 5 minutes ensuring the exotherm was not too large. A cold water/ice bath
was used to keep the temperature below 35°C. The mixture was then stirred vigorously
for a further 2 hours and then left overnight. The solvent was then removed by rotary
evaporator to yield the product, 17.8g as a viscous yellow liquid. ,

FTIR: 1740cm™; '"H NMR: 2.18-2.7ppm, 3.2-3.7ppm, 4.0-4.3ppm; MS: mass ion 801.

Oxazolidinones 3 to 6 are examples of cyclic carbamate compounds of the first

and third aspects of the invention.
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Varnish Formulations 1 to 6

UV-curable varnishes were prepared by using each of oxazolidinone compounds

2 to 6 and the additional components shown in Table 1.

Material %o
Epoxy Acrylate Resin 20.0

Irgacure 184 ' 2.0

TPO 6.0
GPTA 62.0
Oxazolidinone 2-6 or control 10.0
Total 100.0

5 Table 1

Varnish formulations 2 to 5 are examples of energy-curable compositions of the
fourth aspect of the invention.

The curing properties of varnish formulations 1 to 5 were evaluated by printing
onto Leneta opacity charts using a No.l K-bar and draw down pad. The prints were
10  passed at 80 m/min through a UV curing rig using a single 300 W/inch (a}()pI‘OX. 120
W/cm) medium pressure mercury arc lamp operating on its full power setting. The
number of passes to achieve full cure was noted. The cure was measured using the
standard thumb twist test whereby a thumb is firmly applied to the cured film and
twisted. Any deformation of the film or tackiness of the film or transfer of the film to the
15 thumb is classified as a failure. Such a test is well knpwn in the art and is, for example,
described on page 74 of Test Methods for UV and EB Curable Systems, C. Lowe & PK.T
. Oldring, SITA Technology, 1994, ISBN 0 947798 07 2. The print is considered to be
fully cured when the print is dry and no thumb print or surface marking is left after the

test. The cure speed of the varnishes of Examples 1 to 5 is shown in Table 2.

Varnish Compound Evaluated in Number of passes

Formulation Varnish Formulation ' to cure
1 (comparative) Oxazolidinone 2 4
2 (example) Oxazolidinone 3 2
3 (example) Oxazolidinone 4 3
4 (example) Oxazolidinone 5 3
5 (example) Oxazolidinone 6 2
20 6 (comparative) Control formulation* 5

Table 2

*The control formulation (varnish formulation 6) has 10% glycerol propoxylate triacrylate (GPTA) added

to the components listed in Table 1 to make up to a 100 parts formulation.
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The results in Table 2 above show that, despite an addition level of only 10% of
an oxazolidinone functional compound, the inclusion of oxazolidinones 2 to 6,
particularly oxazolidinones 3 to 6 and especially oxazolidinones 3 and 6, in the varnish

boosts the cure speed of the formulation.

Vamlsh Formulation 7.8 & 9

UV-curable varnishes 7, 8 and 9 were prepared using oxazolidinone compounds 2

or 3 and the additional components shown in Table 3.

Compound %o
Epoxy Acrylate Resin 20.0
Benzophenone 7.0
Amino acrylate 8.0
GPTA 55.0
Oxazolidinone 2 or 3, or 10.0
control

Total 100.0

Table 3

Varnish formulation 8, that includes 10 wt% of oxazolidinone 3, is an example of
an energy-curable composition of the fourth aspect of the invention.

The curmg properties of the varnish formulations 7 to 9 were evaluated by
printing the varnishes onto Leneta opacity charts using a No.1 K bar and drawdown pad
The prints were passed at 80 m/min through a UV curing rig using a single 300 W/1nch
medium pressure mercury arc lamp operating on its 2 power setting. The number of
passes to achieve full cure was noted. The cure has been measured using the standard
thumb twist test. The print is considered to be fully cured when the print is dry and no
thumb print or surface marking is left after the test. The cure speed of the varnishes of

examples 6 and 7 is shown in Table 4.

Varnish Compound Evaluated in | Number of passes
formulation Varnish Formulation to cure
7 (comparative) Oxazolidinone 2 2
8 (example) Oxazolidinone 3 2
9 (comparative) Control formulation* 2
Table 4

*The control formulation (varnish formulation 9) has an additional 10% GPTA added to make up to a 100

parts formulation.

™~
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The results in Table 4 show that the inclusion of an oxazolidinone compound in a

varnish composition having an amine synergist/benzophenone hydrogen abstraction type

. initiator system does not affect the cure speed.

Extraction/migration analysis

Varnishes formulations 1, 2, 3 and 5 were printed onto untreated/uncoated foil
using a No.1 K-Bar and drawdown pad. The prints were passed at 80 m/min through a
UV curing rig using a single 300 W/inch medium pressure mercury arc lamp operating on
its full power setting until fully cured. The prints were then analyzed for
extraction/migration using a standard procedure used for this type of analysis as
described below.

The compounds were characterized by direct infusion (via a 0.5 ml/min flow of
acetonitrile) APCI-LC-MS. 50 cm’® of each of the prints was extracted into 20 ml of
boiling toluene : acetonitrile (1:1). Gentle boiling was continued for 2 minutes. Any
solvent losses were replaced by acetonitrile to maintain the solvent volume at 20 ml. The
hot solvent mixture was chosen to ensure complete extraction of any uncured species. A '
control varnish/film with no new compound present was treated in the same manner (but
100 cm? extracted into 40 ml hot solvent to provide a relevant control matrix for
subsequent LC-MS ahalysis). The extract from this control was used for: the preparation'
of known concentration standards of the inventive compounds. These" would be used to
obtain quantitative data_for the inventive compound cured film extracts. The cooled
extracts were analyzed using a direct infusion APCI method used to characterize the
starting compounds. In all cases the extracted oligomer was quantified using protonated
molecular ion areas from extracts and from standard solutions. -

The Table 5 shows the amount of material extracted from each print and also the

percentage extracted in relation to the amount of material in the varnish.

. . . 1. Amount Amount Extracted as a
Varnish formulation Oxazolidinone . ° .
Extracted in % of compound in
analyzed present 2 .
_ mg/m varnish
1 (comparative) 2 (comparative) 0 0
2 (example) 3 (example) 600 100
3 (example) 4 (example) 0 0
5 (example) 6 (example) 534 89
Table 5
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The results indicate that the oxazolidinone compounds 3 and 6 in varnish
formulations 2 and 5 were completely or almost completely extracted from the prints,
whereas oxazolidinone compounds 2 and 4 that include acrylate functional groups in
varnish formulations 1 and 3 were not extracted from the prints. k ‘

The results;presented in Table 5 indicate that compounds with no acrylate groups
fully migrate/extract from the prints but oxazolidinone compounds 2 and 4 with acrylate
groups were not found to 'migrate/extract from the prints. The extraction of
oxazolidinones 3 and 6 demonstrates that although those compounds improve cure speeds
(table 2) and appear to function as oxygen scavengers they do not act as a source of
abstractable hydrogens for photoinitiators. 'If the oxazolidinone compounds -were
improving cure speed through functioning as photoinitiator synergists, they would be
consumed in the polymerisatioh reaction and would not be extractable from the printed

varnish composition.
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Claims:

1. A cyclic carbamate compound, which contains a 5- to 7-membered cyclic
carbamate ring system linked via an alkylene or polyether group to a 3-amino

propionate group or 3-amino-2-methyl propionate group.

2. The cyclic carbamate compound of claim 1, further comprising a functional group

that is curable in a free radical curing reaction.

3. The cyclic carbamate compoﬁnd of claim 2, wherein the functional group that is

curable in a free radical curing reaction comprises an ethylenicaily unsaturated

group.

4, A cyclic carbamate compound, which is the Michael addition reaction product of
an aliphatic amine, a cyclic carbamate having a (meth)acrylate functional group

and 5- to 7-membered cyclic carbamate ring system.

5. The cyclic carbamate compound of claim 4, which is the Michael addition
reaction product qf an aliphatic amine, a cyclic carbamate having a (meth)acrylate
functional group and 5- to 7-membered cyclic carbamate ring system and a

multifunctional acrylate.

6. The cyclic carbamate compound of claim 4 or claim 5, wherein the cyclic

carbamate acrylate is an N-(2-acryloyloxyalkyl)oxazolidinohe.

7. The cyclic carbamate compound of any one of claims 4 to 5, wherein the aliphatic

amine is a diamine.

8.  The cyclic carbamate compound of any preceding claim wherein the cyclic

carbamate ring system is a 5-membered oxazolidinone ring.
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9. The cyclic carbamate compound of any preceding claim, comprising a compound
of the formula (I):
RN R
R
@
wherein:

R! is a moiety of the formula (II):

(n
in which m is 1, 2 or 3; n is from 1 to 8; o is from 1 to 10; and each R is

independently selected from H and methyl;

R? is an aliphatic chain, optionally linked to a moiety of the formula (III):
P
N/
R5

(1)
either R? is selected from: o
- an aliphatic group, optionally linked to a further moiety of the formula (I1I),
- a further moiety of the formula (II), or \
, - aunit containing an acrylate or other functional group that is curable in a free
radical curing reaction; '

or R? and R* together from an aliphatic chain; and

R* and R® are each independeritly selected from:

- an aliphatic group, |

- a further moiety of the formula (II), or

- a unit containing an acrylate or other functional group that is curable in a free

radical curing reaction.
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10.

11.

12.

The cyclic carbamate compound of any one of claims 1 to 13, comprising a

compound of the formula (IV):
O)‘(j)m R O
. . 1
%NWOWN/X\N/R
: 0 R Fllm L1
Iv)
wherein:

mis1,2or3;

nis from 1 to §;

ois from 1 to 10;

each R is independently selected from H and Me;

X is an aliphatic linker group; and

each of groups R'?, R'” and R'® is independently selected from an aliphatic group,
a moiety of the formula (II), or unit containing an acrylate or other functional
group that is curable in a free radical curing reaction; or

R!® and R'® together form a further aliphatic linker group.

The cyclic carbamate compound of claim 9 or claim 10, wherein the compound

comprises at least two moieties of the formula (II).

~ The cyclic carbamate compound of any one of claims 1 to 13, comprising a

compound of the formula (V):

Oﬁ " | 1

OyNMnAoJkAN\/R

O/}:L‘(\/)f\oj\/\rﬂ/
™)

wherein
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13.

14.

15.

16.

17.

18.

19.

20.

each n is independently selected from 1 to 8;
X is an aliphatic linker group; and _
either R and R'® together form a further aliphatic linker group or R'* and R™ are
each independently selected from an aliphatic group, a moiety of the formula (II),

- or a unit containing an acrylate or other functional group that is curable in a free

radical curing reaction.

The cyclic carbamate compound of any preceding claim, comprising at least one

acrylate functional group.

The cyclic carbamate compound of any preceding claim, for use as an oxygen

scavenger in an energy-curable composition.

An energy-curable composiﬁon comprising the cyclic carbamate compound of

any preceding claim.

The energy-curable composition of claim 15, wherein the composition is curable

on exposure to actinic or electron beam radiation.

The energy-curable composition of claim 16, wherein the composition is curable
on exposure to UV radiation and wherein the composition comprises a cleavage-

type photoinitiator.

The energy-curable composition of claim 17, wherein the photoinitiator is a

phosphine oxide.

The energy-curable composition of any one of claims 15 to 18, which is an ink,

coating or adhesive.

A method of preparing the energy-curable composition of any one of claims 15 to
19, said method comprising the steps of: (a) providing a cyclic carbamate
compound, which is the reaction product of (i) a cyclic carbamate acrylate having

a 3- to 7-membered cyclic carbamate ring, (ii) an aliphatic amine, and optionally
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21.

22,

23.

24,

25.

26.

27.

(ili) a multifunctional acrylate; and then (b) combining the cyclic carbamate
compound with at least one acrylate monomer and/or oligomers and, optionally, a

photoinitiator.

A method of preparing a cyclic carbamate compound, comprising the step of

reacting (i) a cyclic carbamate acrylate having a 3- to 7-membered cyclic

- carbamate ring, with (ii) an aliphatic amine, and optionally (iii) a multifunctional

acrylate.

The method of claim 21, wherein the aliphatic amine has z reactive N-H bonds
per molecule and the step of preparing the cyclic carbamate compound involves
the reaction of less ihan z equivalents of the cyclic carbamate va’crylate with the
aliphatic amine and then reacting the product thus obtained with the
multifunctional acrylate. |

The method of any one of claims 21 to 22 for preparing the cyclic carbamate

compound as defined in any one of claims 1 to 14.

Use of a cyclic carbamate compound as defined in any one of claims 1 to 14 as an

oxygen scavenger in an energy-curable composition.

A method of coating or printing a substrate comprising the steps of (a) applying
the energy-curable composition of any one of claims 15 to 19 onto the substrate,

and (b) curing the composition.

A coated or printed article comprising a combination of a substrate and a cured
coating or printed image comprising the cyclic carbamate comf)ound of any one

of claims 1 to 14.

A coated or 'prin‘ted article comprising a combination of a substrate and the

energy-curable composition of any one of claims 15 to 19.

30



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2010/000441

A. CLASSIFICATION OF SUBJECT MATTER

INV. C€07D263/14
ADD.

According to Imémational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co7D - : -

Documentation searched other than minimum documentation to the exient that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, CHEM ABS Data, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X EP 1 854 792 Al (CHUGAI PHARMACEUTICAL CO 1-8
~ LTD [JP]) 14 November 2007 (2007-11-14)
page 37 - page 40; compounds B12,B15,B16
page 173 - page 176; examples

3-12,3-15,3-16

49,50,57,58,68,69

X WO 2005/058886 A1l (DONG A PHARM CO LTD 1-8
[KR]; RHEE JAE KEOL [KRJ; IM WEON BIN
[KR]; CHO CH) 30 June 2005 (2005-06-30)
page 15 - page 16; compounds

X WO 2006/104356 A1 (LG LIFE SCIENCES LTD 1-8
[KR]; LEE CHANG-SEOK [KR]; KOH JONG SUNG
[KR]; KO) 5 October 2006 (2006-10-05)

page 37 - page 40; compounds prep 16,19

-/—

/
Further documenis are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A° document defining the general state of the arnt which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

'0" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underying the
invention :

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

“Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ymmls, rstuch combination being obvious to a person skilled
inthe art.

*&" document member of the same patent family

Date of the actual completion of the international search

10 June 2010

Date of mailing of the intemational search report

25/06/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Megido, Benigno

Form PCT/ISA/210 (second sheet) (Aprit 2005)




INTERNATIONAL SEARCH REPORT

Internationai application No

PCT/GB2010/000441

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

PALOMO ET AL: "A mild method for the
alcoholysis of beta-Tactams”

TETRAHEDRON LETTERS, ELSEVIER, AMSTERDAM,
NL LNKD- DOI:10. 1016/0040 4039(95)01903
vol. 36, no. 49,

4 December 1995 (1995-12-04), pages
9027-9030, XP005250051

ISSN: 0040-4039

page 9029; compounds 11,12

DAVIES, STEPHEN G.; ROBERTS, PAUL M.;
SMITH, ANDREW D.: "Asymmetric three- and
[2 + 1]-component conjugate addition
reactions for the stereoselective
synthesis of polysubstituted
piperidinones" -

ORGANIC & BIOMOLECULAR CHEMISTRY,

vol. 5, no. 9, 2007, pages 1405-1415,
XP002586507

ISSN: 1477-0520

page 1407; compounds 15,17,18,22,23,24,
WO 95/14684 A1 (UPJOHN CO [US]; BRICKNER
STEVEN J [US]; BARBACHYN MICHEL R [US]
HUTCH) 1 June 1995 (1995-06-01)

page 1 - page 8; table 2; compound 11

WO 2004/078753 Al (ASTRAZENECA AB [SE];
ASTRAZENECA UK LTD [GB]; GRAVESTOCK
MICHAEL BARRY)

16 September 2004 (2004-09-16)

page 53 - page 57; examples 8,11

DECKER, C; MOUSSA, K: "Recent advances
in uv-curing chemistry"

JOURNAL OF COATINGS TECHNOLOGY,

vol. 65, no. 819, April 1993 (1993-04),
pages 49-57, XP008123166

cited in the application

the whole document

US 4 639 472 A (GREEN JOHN G [US] ET AL)
27 January 1987 (1987-01-27)

cited in the application

the whole document

4-8

4-8

4-8

1-27

1-27

Form PCT/ISA/210 (continuation of second sheet) (Aprit 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2010/000441
Patent document Publication Patent family Publication

cited in search report date member(s) date
EP 1854792 Al 14-11-2007 AR 053140 Al 25-04-2007
AU 2006216289 Al 31-08-2006
CA 2598330 Al 31-08-2006
WO 2006090743 Al 31-08-2006
KR 20070107139 A 06-11-2007
US 2009030195 Al 29-01-2009
WO 2005058886 Al 30-06-2005 AU 2004299413 Al 30-06-2005
AU 2009200606 Al 05-03-2009
BR PI0417800 A 10-04-2007
CA 2549062 Al 30-06-2005
EP 1699784 Al 13-09-2006
JP 2007514737 T 07-06-2007
Us 2009192197 Al 30-07-2009
US 2007155798 Al 05-07-2007
WO 2006104356 Al 05-10-2006 AR 053195 Al 25-04-2007
AU 2006229520 Al 05-10-2006
BR P10609424 A2 30-03-2010
CA 2602248 Al 05-10-2006
EA 200701854 Al 28-02-2008
EP 1863812 Al 12-12-2007
JP 2008534581 T 28-08-2008
KR 20060105609 A 11-10-2006
KR 20070094714 A 21-09-2007
KR 20070098774 A 05-10-2007
NZ 560789 A 27-11-2009
US 2008188471 Al 07-08-2008
WO 9514684 Al 01-06-1995 AT 182142 T 15-07-1999
AU 698699 B2 05-11-1998
AU 8010394 A 13-06-1995
CA 2174107 Al 01-06-1995
CN 1135752 A 13-11-1996
co 4290433 Al 17-04-1996
DE 69419523 D1 19-08-1999
DE 69419523 T2 25-11-1999
DK 730591 T3 31-01-2000
EP 0730591 Al 11-09-1996
ES 2133588 T3 16-09-1999
GR 3031420 T3 31-01-2000
JP 3698724 B2 21-09-2005
JP 9505582 T 03-06-1997
LV 12538 A 20-10-2000
NZ 274966 A 26-01-1998
TW 427987 B 01-04-2001
WO 9514684 Al us 5652238 A 29-07-1997
ZA 9407885 A 09-04-1996
WO 2004078753 Al 16-09-2004 AT 396991 T . 15-06-2008
AU 2004218206 Al 16-09-2004
- BR P10407835 A 14-02-2006
CA 2517706 Al 16-09-2004
CL 4002004 Al 22-04-2005
EP 1599471 Al 30-11-2005
ES 2305732 T3 01-11-2008
HK 1083097 Al 02-01-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




INTERNATIONAL SEARCH REPORT

information on patent family members

International application No

PCT/GB2010/000441
‘Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2006519247 T - 24-08-2006
KR 20050106064 A 08-11-2005
MX  PA05009205 A 18-10-2005
US 2006270637 Al 30-11-2006
Uy 28211 Al 30-09-2004
US 4639472 A 27-01-1987  NONE

Form PCT/ISA/210 {patent family annex} (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

