
Enzyme and Receptor Modulation This invention relates to a general method
of increasing or prolonging the activity of a compound which modulates the
activity of an intracellular enzyme or receptor by the covalent conjugation
of an a,a-disubstituted glycine ester motif to the modulator. The invention
also relates to modulators to which an a,a-disubstituted glycine ester
motif has been covalently conjugated, and to a method for the
identification of such conjugates having superior properties relative to
the parent non-conjugated modulator. The invention further relates to the
use of modulators containing a,a- disubstituted glycine ester motifs that
allow the selective accumulation of amino acid conjugates inside cells of
the monocyte-macrophage lineage. Background to the invention Many
intracellular enzymes and receptors are targets for pharmaceutically useful
drugs which modulate their activities by binding to their active sites.
Examples appear in Table 1 below. To reach the target enzymes and
receptors, modulator compounds must of course cross the cell membrane from
plasma/extracellular fluid. In general, charge neutral modulators cross the
cell membrane more easily than charged species. A dynamic equilibrium is
then set up whereby the modulator equilibrates between plasma and cell
interior. As a result of the equilibrium, the intracellular residence times
and concentrations of many modulators of intracellular enzymes and
receptors are often very low, especially in cases where the modulator is
rapidly cleared from the plasma. The potencies of the modulators are
therefore poor despite their high binding affinities for the target enzyme
or receptor. Our International Patent Application WO 2006/1 17567 discloses
a method for increasing the intracellular concentration of a given
modulator of an intracellular enzyme or receptor by conjugating thereto an
a-amino acid ester motif which is hydrolysed by one or more of the
intracellular carboxylesterases hCE-1, hCE-2 and hCE-3. This results in
increased potency by prolonging the residency of the modulator inside the
cell, and leads to improved pharmacokinetic and pharmacodynamic properties.
More consistent exposure and reduced dosing frequencies can be achieved. A
further benefit is obtained when the a-amino acid ester motif is conjugated
to the modulator such that the drug is targeted to the specific target
cells responsible for its therapeutic action, reducing systemic exposure
and hence side effects.The a-amino acid ester conjugates disclosed in
International Patent Application WO 2006/1 17567 are all mono-substituted
on the a-carbon. That publication does not suggest that a,a-disubstituted
glycine ester conjugates can be hydrolysed by intracellular
carboxylesterases. In fact, it appears that the ability of the
intracellular carboxyl esterases, principally hCE-1, hCE-2 and hCE-3, to
hydrolyse a,a- disubstituted glycine ester has not previously been
investigated. Brief description of the invention This invention is based on
the novel finding that conjugates of a,a-disubstituted glycine esters can
be hydrolysed by intracellular carboxyl esterases, and thus the methods and
benefits described in WO 2006/1 17567 can also be obtained with such 



conjugates. Such benefits include intracellular accumulation of the acid
hydrolysis ... product, and in some cases selective accumulation in cells
of a particular type. As in the case of WO 2006/1 17567, the present
invention takes advantage of the fact that : lipophilic (low polarity or
charge neutral) molecules pass through the cell membrane and enter cells
relatively easily, and hydrophilic (higher polarity, charged) molecules .
do not. Hence, if a lipophilic motif is attached to a given modulator,
allowing the modulator to enter the cell, and if that motif is converted in
the cell to one of higher polarity, it is to be expected that the modulator
with the higher polarity motif attached would accumulate within the cell.
Providing such a motif is attached to the modulator in a way which does not
alter its binding mode with the target enzyme or receptor, the accumulation
of modulator with the higher polarity motif attached is therefore expected
to result in prolonged and/or increased activity. As in the case of WO
2006/1 17567, the present invention makes use of the fact that there are
carboxylesterase enzymes within cells, which may be utilised to hydrolyse
an a,a-disubstituted glycine ester motif attached to a given modulator to
the parent acid. Therefore, a modulator may be administered as a covalent
conjugate with an a,a-disubstituted glycine ester, in which form it readily
enters the cell where it is hydrolysed efficiently by one or more
intracellular carboxylesterases, and the resultant a,a-disubstituted
glycine-modulator conjugate accumulates within the cell, increasing overall
potency and/or active residence time. It has also been found that by
modification of the a,a-disubstituted glycine ester motif or the way in
which it is conjugated, modulators can be targeted to monocytes and
macrophages. Herein, unless "monocyte" or "monocytes" is specified, the
term macrophage ormacrophages will be used to denote macrophages (including
tumour associated macrophages) and/or monocytes. Detailed description of
the invention Hence in one broad aspect the present invention provides a
covalent conjugate of an a,a-disubstituted glycine ester and a modulator of
the activity of a target intracellular enzyme or receptor, wherein: the
ester group of the conjugate is hydrolysable by one or more intracellular
carboxylesterase enzymes to the corresponding acid; and the
a,a-disubstituted glycine ester is covalently attached to the modulator at
a position remote from the binding interface between the modulator and the
target enzyme or receptor, and/or is conjugated to the modulator such that
the binding mode of the conjugated modulator and the said corresponding
acid to the target enzyme or receptor is the same as that of the
unconjugated modulator. Looked at in another way, the invention provides a
method of increasing or prolonging the intracellular potency and/or
residence time of a modulator of the activity of a target intracellular
enzyme or receptor comprising structural modification of the modulator by
covalent attachment thereto of an a,a-disubstituted glycine ester at a
position remote from the binding interface between the modulator and the
target enzyme or receptor, and/or such that the binding mode of the
conjugated modulator and the said corresponding acid to the target enzyme
or receptor is the same as that of the unconjugated modulator, the ester
group of the conjugate being hydrolysable 



by one or more intracellular carboxylesterase enzymes to the corresponding
acid. By covalently attaching the a,a-disubstituted glycine ester part to
the modulator such that the binding mode of the modulator to the target
enzyme or receptor is preserved, both the ester conjugate and the
corresponding acidic a,a-disubstituted glycine conjugate retain the
modulator activity of the parent unconjugated modulator. The absolute
enzyme inhibitory potencies or the receptor agonist or antagonist potencies
of the ester and acid conjugates need not necessarily be as high as the
corresponding potencies of the unconjugated modulator, since intracellular
hydrolysis of the ester conjugate to the acid conjugate results in an
accumulation of the latter within the cell, and the resultant concentration
of the acid conjugate within the cell is higher than that achievable with
the unconjugated modulator, thereby compensating for any intrinsically
lower potency of the former relative to the latter. It will threfore be
apparent that the conjugation strategy of the present invention differs
from thetraditional "pro-drug" approach. In the traditional "prodrug"
approach, the parent modulator would be modified by conversion to a
derivative which is processed in vivo to release the original modulator,
and it is the release of the original modulator which is responsible for
the ultimate activity. In the present strategy, the original modulator is
modified so that the eventual activity is the combined result of
intracellular activity due to the a,a-disubstituted glycine conjugate of
the modulator, and the accumulating a,a-disubstituted glycine conjugate of
the modulator. The active species is a conjugate, not the original
unconjugated modulator. As stated, the invention is concerned with
modification of modulators of intracellular enzymes or receptors. Although
the principle of the invention is of general application, not restricted by
the chemical identity of the modulator or the identity of the target enzyme
or receptor, it is strongly preferred that the modulator be one that exerts
its effect by reversible binding to the target enzyme or receptor, as
opposed to those whose effect is due to covalent binding to the target
enzyme or receptor. Since for practical utility the
carboxylesterase-hydrolysed conjugate is required to retain the
intracellular binding activity of the parent modulator with its target
enzyme :. or receptor, attachment of the ester motif must take account of
that requirement, which will be fulfilled if the
carboxylesterase-hydrolysable a.a-disubstituted glycine ester motif is
attached to the modulator such that the binding mode of the corresponding
carboxylesterase hydrolysis product (ie the corresponding acid) to the
target is essentially the same as the unconjugated modulator. In general
this is achieved by covalent attachment of the carboxylesterase ester motif
to the modulator at a position remote from the binding interface between
the modulator and the target enzyme or receptor. In this way, the motif is
arranged to extend into solvent, rather than potentially interfering with
the binding mode, In addition, the a,a-disubstituted glycine ester motif
obviously must be a substrate for the carboxylesterase if the former is to
be hydrolysed by the latter within the cell. The ability of intracellular
carboxylesterases appears not to depend on very strict structural
requirements of the a,a-disubstituted glycine ester substrate. Hence most
modes of covalent conjugation of the a,a-disubstituted glycine ester motif
to a 



modulator will allow hydrolysis. Attachment by a flexible linker chain will
usually be how this is achieved.It will be appreciated that any chemical
modification of a drug may subtly alter its binding geometry, and the
chemistry strategy for linkage of the a,a-disubstituted glycine ester
carboxylesterase motif may introduce additional binding interactions with
the target, or may substitute for one or more such interactions. Hence the
requirement that the hydrolysed conjugate's binding mode to the target is
the same as the unconjugated modulator is to be interpreted as requiring
that there is no significant perturbation of the binding mode, in other
words that the binding mode is essentially the same as that of the
unconjugated modulator. When the requirement is met, the main binding
characteristics of the parent modulator are retained, and the modified and
unmodified modulators have an overall common set of binding
characteristics. The "same binding mode" and "remote attachment" viewpoints
are similar because, as stated above, the usual way of achieving the "same
binding mode" requirement is to attach the carboxylesterase motif at a
point in the modulator molecule which is remote from the binding interface
between the inhibitor and the target enzyme or receptor. However, it should
be noted that these requirements do not imply that the conjugate and/or its
corresponding acid must have the same in vitro or in vivo modulatory
potency as the parent modulator. In general, however, it is preferred that
the esterase-hydrolysed carboxylic acid has a potency in an in vitro
enzyme- or receptor-binding assay no less than one tenth of the potency of
the parent modulator in that assay, and that the ester has a potency in a
cellular activity assay at least as high as that of the parent modulator in
the same assay. Although traditional medicinal chemistry methods of mapping
structure-activity relationships are perfectly capable of identifying an
attachment strategy to meet the foregoing "same binding mode" and "remote
attachment" requirements, modern techniques such as NMR and X-ray
crystallography have advanced to the point where it is very common for the
binding mode of a known modulator of an enzyme or receptor to be known, or
determinable. Such information is in the vast majority of cases in the
public domain, or can be modelled using computer based modelling methods,
such as ligand docking and homology modelling, based on the known binding
modes of structurally similar modulators, or the known structure of the
active site of the target enzyme or receptor. With knowledge of the binding
mode of the modulator obtained by these techniques, a suitable location for
attachment of the carboxylesterase ester motif may be identified, usually
(as stated above) at a point on the modulator which is remote from the
binding interface between the inhibitor and the target enzyme or
receptor.Intracellular carboxylesterase enzymes capable of hydrolysing the
ester group of the conjugated alpha amino acid to the corresponding acid
include the three known human carboxylesterase ("hCE") enzyme isotypes
hCE-1 (also known as CES-1), hCE-2 (also known as CES-2) and hCE-3 (Drug
Disc. Today 2005, 10, 313-325). Although these are considered to be the
main enzymes other carboxylesterase enzymes such as biphenylhydrolase (BPH)
may also have a role in hydrolysing the conjugates. 



The broken cell assay described below is a simple method of confirming that
a given conjugate of modulator and a,a-disubstituted glycine ester, or a
given a,a- disubstituted glycine ester to be assessed as a possible
carboxylesterase ester motif, is hydrolysed as required. These enzymes can
also be readily expressed using recombinant techniques, and the recombinant
enzymes may be used to determine or confirm that hydrolysis occurs. It is a
feature of the invention that the desired conjugate retains the covalently
linked a,a-disubstituted glycine acid motif when hydrolysed by the
carboxylesterase(s) within the cell, since it is the polar carboxyl group
of that motif which prevents or reduces clearance of the hydrolysed
conjugate from the cell, and thereby contributes to its accumulation within
the cell. Indeed, the cellular potency of the modified modulator is
predominantly due to the accumulation of the acid and its modulation of the
activity of the target (although the unhydrolysed ester also exerts its
activity on the target for so long as it remains unhydrolysed). Since cells
in general contain several types of peptidase enzymes, it is preferable
that the conjugate, or more especially the hydrolysed conjugate (the
corresponding acid), is not a substrate for such peptidases. In particular,
it is strongly preferred that the a,a-disubstituted glycine ester group
should not be the C-terminal element of a dipeptide motif in the conjugate.
However, apart from that limitation on the mode of covalent attachment, the
a,a-disubstituted glycine ester group may be covalently attached to the
modulator via its amino group or via its one of the a-substituents. In some
cases the modulator will have a convenient point of attachment for the
carboxylesterase ester motif, and in other cases a synthetic strategy will
have to be devised for its attachment. It has been found that cells that
only express the carboxylesterases hCE-2, and/or hCE-3 and recombinant
forms of these enzymes will only hydrolyse a,a-disubstitutedglycine esters
to their resultant acids if the amino nitrogen of the a,a-disubstituted
glycine ester is either unsubstituted or is directly linked to a carbonyl
group (ie the amino group forms part of an amide motif), whereas cells
containing hCE-1 (ie macrophages), or recombinant hCE-1, can hydrolyse
a,a-disubstituted glycine esters with a wide range of groups on the
nitrogen. This selectivity requirement of hCE-2 and hCE-3 can be turned to
advantage where it is required that the modulator should target enzymes or
receptors in certain cell types only. The relative amounts of these three
carboxylesterase enzymes vary between cell types (see Figure 1 of WO 2006/1
17567 and database at http:/symatlas.gnf.org/SymAtlas (note that in this
database hCE3/CES3 is referred to by the symbol FLJ21736)). If the
modulator is intended to act only in cell types where hCE-1 is found,
attachment of the a,a- disubstituted glycine ester carboxylesterase ester
motif in such a way that the amino group is not directly attached to a
carbonyl, results in the hydrolysed modulator conjugate accumulating
preferentially in cells with effective concentrations of hCE-1 . Stated in
another way, specific accumulation of the acid derived from the modulator
conjugate in hCE-1 expressing cells can be achieved by linking the amino
acid ester motif to the modulator in such a way that the nitrogen atom of
the amino acid ester is 



not linked directly to a carbonyl, or is left unsubstituted. Macrophages
are known to play a key role in inflammatory disorders through the release
of cytokines in particular TNF a and IL-1 (van Roon et al Arthritis and
Rheumatism, 2003, 1229-1238). In rheumatoid arthritis they are major
contributors to joint inflammation and joint destruction (Conell in N.Eng
J. Med. 2004, 350, 2591- 2602). Macrophages are also involved in tumour
growth and development (Naldini and Carrara in Curr Drug Targets lnflamm
Allergy ,2005, 3-8 ) . Hence agents that selectively target macrophage
cells could be of value in the treatment of cancer, inflammation and
autoimmune disease. Targeting specific cell types would be expected to lead
to reduced side-effects. The present invention enables a method of
targeting modulators to macrophages, which is based on the above
observation that the way in which the a,a-disubstituted glycine ester
carboxylesterase ester motif is linked to the modulator determines whether
it is hydrolysed by specific carboxylesterases, and hence whether or not
the resultant acid accumulates in different cell types. Specifically, as
disclosed in WO 2006/1 17567, it has been found that macrophages contain
the human carboxylesterase hCE-1 whereas other cell types do not. In
theconjugates of the invention, when the nitrogen of the ester motif is
substituted but not directly bonded to a carbonyl group moiety the ester
will only be hydrolysed by hCE-1 and hence the esterase-hydrolysed
modulator conjugates will only accumulate in macrophages. Furthermore, the
a,a-disubstituted glycine conjugates of the invention are in general more
potent in cells containing the carboxylesterase HCE-1 (ie macrophages) than
in cells which only contain the carboxylesterases HCE-2 and HCE-3. Also, it
has been found that conjugates of the invention in which the
a,a-disubstituted glycine ester motif is linked to the modulator via one of
the a substituents of the a,a- disubstituted glycine ester are in general
more potent in cells containing the carboxylesterase HCE-1 (ie macrophages)
than in cells which only contain the carboxylesterases HCE-2 and HCE-3. The
active hydrolysed acid conjugate therefore accumulates non-selectively in
the case of such (generally) C-linked ester conjugates. Terminology As used
herein, the term "a,a-disubstituted glycine" or "a,a-disubstituted glycine
acid" means a compound of formula H2N-C(R2Rs)-COOH, wherein R2 and R3
represent the a-substituents (which of course are not hydrogen), and an
"a,a- disubstituted glycine ester is such a compound wherein the carboxylic
acid group is esterified. The term "ester" or "esterified carboxyl group"
means a group R9O(C=O)- in which Rg is the group characterising the ester,
notionally derived from the alcohol R9OH. As used herein, the term
"(Ca-Cb)alkyl" wherein a and b are integers refers to a straight or
branched chain alkyl radical having from a to b carbon atoms. Thus when a
is 1 and b is 6, for example, the term includes methyl, ethyl, n-propyl,
isopropyl, nbutyl, isobutyl, sec-butyl, t-butyl, n-pentyl and n-hexyl. 



As used herein the term "divalent (Ca-Cb)alkylene radical" wherein a and b
are integers refers to a saturated hydrocarbon chain having from a to b
carbon atoms and two unsatisfied valences.As used herein the term
"(Ca-Cb)alkenyl" wherein a and b are integers refers to a straight or
branched chain alkenyl moiety having from a to b carbon atoms having at
least one double bond of either E or Z stereochemistry where applicable.
The term includes, for example, vinyl, allyl, 1- and 2-butenyl and
2-methyl-2-propenyl. As used herein the term "divalent (Ca-Cb)alkenylene
radical" means a hydrocarbon chain having from a to b carbon atoms, at
least one double bond, and two unsatisfied valences. As used herein the
term "(C a-Cb)alkynyl" wherein a and b are integers refers to straight
chain or branched chain hydrocarbon groups having from two to six carbon
atoms and having in addition one triple bond. This term would include for
example, ethynyl, 1-propynyl, 1- and 2-butynyl, 2-methyl-2-propynyl,
2-pentynyl, 3-pentynyl, 4- . pentynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl and
5-hexynyl. As used herein the term "divalent (Ca-Cb)alkynylene radical"
wherein a and b are , integers refers to a divalent hydrocarbon chain
having from 2 to 6 carbon atoms, and at least one triple bond. As used
herein the term "carbocyclic" refers to a mono-, bridged mono-, bi- or
tricyclic radical having up to 16 ring atoms, all of which are carbon, and
includes aryl and cycloalkyl. As used herein the term "cycloalkyl" refers
to a monocyclic saturated carbocyclic radical having from 3-8 carbon atoms
and includes, for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl and norbornyl. As used herein the
unqualified term "aryl" refers to a mono-, bridged mono-, bi- or tri cyclic
carbocyclic aromatic radical, and includes radicals having two monocyclic
carbocyclic aromatic rings which are directly linked by a covalent bond.
Illustrative of such radicals are phenyl, biphenyl and napthyl. As used
herein the unqualified term "heteroaryl" refers to a mono-, bridged mono-,
bior tri-cyclic aromatic radical containing one or more heteroatoms
selected from S, N and O, and includes radicals having two such monocyclic
rings, or one such monocyclic ring and one monocyclic aryl ring, which are
directly linked by a covalent bond. Illustrative of such radicals are
thienyl, benzthienyl, furyl, benzfuryl, pyrrolyl,imidazolyl,
benzimidazolyl, thiazolyl, benzthiazolyl, isothiazolyl, benzisothiazolyl,
pyrazolyl, oxazolyl, benzoxazolyl, isoxazolyl, benzisoxazolyl,
isothiazolyl, triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl,
pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolyl and
indazolyl. As used herein the unqualified term "heterocyclyl" or
"heterocyclic" includes "heteroaryl" as defined above, and in its
non-aromatic meaning relates to a mono-, bridged mono-, bi- or tri-cyclic
non-aromatic radical containing one or more heteroatoms selected from S, N
and O, and to groups consisting of a monocyclic non-aromatic radical
containing one or more such heteroatoms which is covalently linked to
another such radical or to a monocyclic carbocyclic radical. Illustrative
of such radicals are pyrrolyl, furanyl, thienyl, piperidinyl, imidazolyl,
oxazolyl, isoxazolyl, 



thiazolyl, thiadiazolyl, pyrazolyl, pyridinyl, pyrrolidinyl, pyrimidinyl,
morpholinyl, piperazinyl, indolyl, morpholinyl, benzfuranyl, pyranyl,
isoxazolyl, benzimidazolyl, methylenedioxyphenyl, ethylenedioxyphenyl,
maleimido and succinimido groups. Unless otherwise specified in the context
in which it occurs, the term "optionally substituted" as applied to any
moiety herein means such moiety may be substituted with up to four
compatible substituents, each of which independently may be, for example,
(Cr C6)alkyl, (C C6)alkoxy, hydroxy, hydroxy(C 1-C6)alkyl, mercapto,
mercapto(CrC 6)alkyl, (Cr C6)alkylthio, phenyl, halo (including fluoro,
bromo and chloro), trifluoromethyl, trifluoromethoxy, nitro, nitrile (-CN),
oxo, -COOH, -COORA, -CORA, -SO2RA -CONH2, -SO2NH2, -CONHRA, -SO2NHRA
-CONRARB, -SO2NRARB, - NH2, -NHRA, -NRARB, -OCONH 2, -OCONHRA , -OCONRARB,
-NHCORA, -NHCOORA, -NRBCOORA, -NHSO2ORA, -NR SO2OH, -NRBSO2ORA,-NHCONH2,
-NRACONH2,-NHCONHR 8 -NRACONHRB, -NHCONRARB or -NRACONRARB wherein RA and
RB are independently a (Cr C6)alkyl, (C3-C6) cycloalkyl , phenyl or
monocyclic heteroaryl having 5 or 6 ring atoms, or RA and RB when attached
to the same nitrogen atom form a cyclic amino group (for example
morpholino, piperidinyl, piperazinyl, or tetrahydropyrrolyl).. An "optional
substituent" may be one of the foregoing substituent groups. The term "side
chain of a natural or non-natural alpha-amino acid" refers to the group R1
in a natural or non-natural amino acid of formula NH2-CH(R 1)-COOH, other
than glycine, in which R1 is hydrogen.Examples of side chains of natural
alpha amino acids include those of alanine, arginine, asparagine, aspartic
acid, cysteine, cystine, glutamic acid, histidine, 5- hydroxylysine,
4-hydroxyproline, isoleucine, leucine, lysine, methionine, phenylalanine,
proline, serine, threonine, tryptophan, tyrosine, valine, a-aminoadipic
acid, a-amino-n-butyric acid, 3,4-dihydroxyphenylalanine, homoserine, a-
methylserine, ornithine, pipecolic acid, and thyroxine. Natural alpha-amino
acids which contain functional substituents, for example amino, carboxyl,
hydroxy, mercapto, guanidyl, imidazolyl, or indolyl groups in their
characteristic side chains include arginine, lysine, glutamic acid,
aspartic acid, tryptophan, histidine, serine, threonine, tyrosine, and
cysteine. When one or both of the a-substituents in the a,a-disubstituted
glycine ester motif in the compounds of the invention is one of those side
chains, the functional substituent may optionally be protected. The term
"protected" when used in relation to a functional substituent in a side
chain of a natural alpha-amino acid means a derivative of such a
substituent which is substantially non-functional. For example, carboxyl
groups may be esterified (for example as a Ci-C6 alkyl ester), amino groups
may be converted to amides (for example as a NHCOC1-C6 alkyl amide) or
carbamates (for example as an NHCt=O)OC 1-C6 alkyl or NHC(=O)OCH2Ph
carbamate), hydroxy! groups may be converted to ethers (for example an
OC1-C6 alkyl or a 0(C 1-C6 alkyl)phenyl ether) or esters (for example a
0C(=0)C 1-C6 alkyl ester) and thiol groups may be converted to thioethers
(for example a tert-butyl or benzyl thioether) or thioesters (for example a



SC(=O)C 1-C6 alkyl thioester). There are many possible ester groups which
may in principle be present in the a,a- disubstituted glycine ester
carboxylesterase ester motif for attachment to the modulator. Likewise,
there are many a,a-disubstituted glycines, differing in the a- substituents
R2 and R3, which may be used as esters in the carboxylesterase ester motif.
Some a,a-disubstituted glycine esters are rapidly hydrolysed by one or more
of the hCE-1, -2 and - 3 isotypes or cells containing these enzymes, while
others are more slowly hydrolysed, or hydrolysed only to a very small
extent. In general, if the carboxylesterase hydrolyses the free
a,a-disubstituted glycine ester to the parent acid it will, subject to the
N-carbonyl dependence of hCE-2 and hCE-3 discussed above, also hydrolyse
the ester motif when covalently conjugated to the modulator.Hence, the
broken cell assay and/or the isolated carboxylesterase assay described
herein provide a straightforward, quick and simple first screen for esters
which have the required hydrolysis profile. Ester motifs selected in that
way may then be reassayed in the same carboxylesterase assay when
conjugated to the modulator via the chosen conjugation chemistry, to
confirm that it is still a carboxylesterase substrate in that background.
The ester group As mentioned, intracellular carboxylesterase enzymes
capable of hydrolysing the ester group of a compound of the invention to
the corresponding acid include the three known human enzyme isotypes hCE-1,
hCE-2 and hCE-3. Although these are considered to be the main enzymes,
other enzymes such as biphenylhydrolase (BPH) may also have a role in
hydrolysing the ester. In general, if the carboxylesterase hydrolyses the
free amino acid ester to the parent acid it will also hydrolyse the ester
motif when covalently conjugated to the inhibitor. Hence, the broken cell,
assay and/or the isolated carboxylesterase assay described herein provide a
straightforward, quick and simple first screen for esters which have the
required hydrolysis profile. Ester motifs selected in that way may then be
re-assayed in the same carboxylesterase assay when conjugated to the
inhibitor via the chosen conjugation chemistry, to confirm that it is still
a carboxylesterase substrate in that background. Subject to the requirement
that they be hydrolysable by intracellular carboxylesterase enzymes,
examples of particular ester groups in the a,a-disubstituted glycine ester
carboxylesterase ester motif include those of formula -(C=O)OR 14 wherein
Ri4 is R8R9R10C- wherein (i) R8 is hydrogen or optionally substituted
(C1-C3)alkyl-(Z1)a-[(C1- C3)alkyl]b- or (C2-C3)alkenyl-(Z1)a-[(C
1-C3)alkyl]b- wherein a and b are independently 0 or 1 and Z1 is -O-, -S-,
or -NRi 1- wherein R1 1 is hydrogen or (CrC 3)alkyl; and R9 and R10 are
independently hydrogen or (C C3)alkyl-; (ii) R8 is hydrogen or optionally
substituted R12Ri 3N-(Cr C3)alkyl- wherein R12 is hydrogen or (Cr C3)alkyl
and R13 is hydrogen or (C1-C3)alkyl; or R-, 2 and Ri3 together with the
nitrogen to which they are attached form an optionally substituted
monocyclic heterocyclic ring of 5- or 6- ring atoms or bicyclicheterocyclic
ring system of 8 to 10 ring atoms, and R9 and R10 are 



independently hydrogen or (C-|-C3)alkyl-; or (iii) R8 and R9 taken together
with the carbon to which they are attached form an optionally substituted
monocyclic or bridged monocyclic carbocyclic ring of from 3 to 7 ring atoms
or bicyclic or bridged monocyclic carbocyclic ring system of 8 to 10 ring
atoms, and R10 is hydrogen. In cases (i), (ii) and (iii) above, "alkyl"
includes fluoroalkyl. Within these classes (i), (ii) and (iii), R10 is
often hydrogen. Specific examples of R14 include methyl, trifluoromethyl,
ethyl, n- or iso-propyl, n-, sec- or tert-butyl, cyclohexyl, norbornyl,
allyl, phenyl, benzyl, 2-, 3- or 4-pyridylmethyl, Nmethy! piperidin-4-yl,
tetrahydrofuran-3-yl or methoxyethyl. Currently preferred is where R14 is
cyclopentyl. a-Substituents Examples of a-substituents R2 and R3 of the
a,a-disubstituted glycine ester conjugated to the modulator may be regarded
as selected from the side chains of a natural or non-natural alpha-amino
acid, and in such side chains any functional groups may be protected. For
example, a-substituents R2 and R3 of the a,a-disubstituted glycine ester
conjugated to the modulator include phenyl and groups of formula -CR RbR in
which: each of Ra, Rb and Rc is independently hydrogen, (C1-C6)alkyl,
(C2-C6)alkenyl, (C2-C6)alkynyl, phenyl(C-i-C6)alkyl, (C3-C8)cycloalkyl; or
Rc is hydrogen and Ra and Rb are independently phenyl or heteroaryl such as
pyridyl; or Rc is hydrogen, (CrC 6)alkyl, (C2-Ce)alkenyl, (C2-C6)alkynyl,
phenyl(Cr C6)alkyl, or (C3-C8)cycloalkyl, and R and Rb together with the
carbon atom to which they are attached form a 3 to 8 membered cycloalkyl or
a 5- to 6- membered heterocyclic ring; orRa, Rb and R0 together with the
carbon atom to which they are attached form a tricyclic ring (for example
adamantyl); or R and Rb are each independently (d-C 6)alkyl,
(C2-C6)alkenyl, (C2-C6)alkynyl, phenyl(d-C 6)alkyl, or a group as defined
for R0 below other than hydrogen, or Ra and Rb together with the carbon
atom to which they are attached form a cycloalkyl or heterocyclic ring, and
R is hydrogen, -OH, -SH, halogen, -CN, - CO2H, (d-dterfluoroalkyl, -CH2OH,
-O(CrC 6)alkyl, -O(C2-C6)alkenyl, - S(Ci-C 6)alkyl, -SO(CrC 6)alkyl,
-SO2(C1-C6) alkyl, -S(C2-C6)alkenyl, -SO(C2- Ce)alkenyl, -SO2(C2-C6)alkenyl
or a group -Q-W wherein Q represents a bond or -O-, -S-, -SO- or -SO2- and
W represents a phenyl, phenylalkyl, (C3- C8)cycloalkyl,
(C3-C8)cycloalkylalkyl, (C4-C8)cycloalkenyl, (C4- C8)cycloalkenylalkyl,
heteroaryl or heteroarylalkyl group, which group W may optionally be
substituted by one or more substituents independently selected from,
hydroxyl, halogen, -CN, -CONH2, -CONH(Cr C6)alkyl, -CONH(C1- C6alkyl)2,
-CHO, -CH2OH, (d-C 4)perfluoroalkyl, -O(Cr C6)alkyl, -S(C1- C6)alkyl,
-SO(Cr C6)alkyl, -SO2(d-C 6)alkyl, -NO2, -NH2, -NH(CrC 6)alkyl, - 



N((Ci-C 6)alkyl)2, -NHCO(d-C 6)alkyl, (d-C 6)alkyl, (C2-C6)alkenyl, (C2-
C6)alkynyl, (C3-C8)cycloalkyl, (C4-C8)cycloalkenyl, phenyl or benzyl.
Alternatively, the a-substituents R2 and R3 of the a,a-disubstituted
glycine ester conjugated to the modulator, taken together with the a-carbon
itself, may form a 3-6 membered saturated cycloalkyl ring, such as a
cyclopropyl, cyclopentyl or cyclohexyl ring or heterocyclyl ring such as a
piperidin-4-yl ring. In some cases, at least one of the a-substitutents R2
and R3 of the a,a-disubstituted glycine ester conjugated to the modulator
is a C1-C6 alkyl substituent, for example methyl, ethyl, or n-or
iso-propyl. In some embodiments, one of the a-substitutents R2 and R3 of
the a,a-disubstituted glycine ester conjugated to the modulator is a C1-C6
alkyl substituent, for example methyl, ethyl, or n-or iso-propyl, and the
other is selected from the group consisting of methyl, ethyl, n- and
iso-propyl, n-, sec- and tert-butyl, phenyl, benzyl, thienyl, cyclohexyl,
and cyclohexylmethyl.Currently preferred are cases where one of R2 and R3
is methyl and the other is methyl, ethyl, or n- or iso-propyl; or where R2
and R3 taken together with the carbon to which they are attached form a
cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl rinng. In a particular
case, the a-substitutents R2 and R3 of the a,a-disubstituted glycine ester
conjugated to the modulator are each methyl. Conjugation As stated above,
the a,a-disubstituted glycine ester may be conjugated to the modulator via
its amino group, or via one of the a-substituents. A linker radical may be
present between the carboxylesterase ester motif and the modulator. The
structure of the radical linking the carboxylesterase ester motif to the
rest of the modulator obviously depends on the particular chemistry
strategy chosen for such linkage. Clearly the chemistry strategy for that
coupling may vary widely, and thus many linkage structures are possible.
The precise combination of variables making up the linking chemistry
between the amino acid ester motif and the rest of the molecule will often
be irrelevant to the primary binding mode of the compound as a whole. On
the other hand, that linkage chemistry may in some cases pick up additional
binding interactions with the enzyme, thereby enhancing binding. It should
also be noted that the benefits of the a,a-disubstituted glycine ester
motif described above (facile entry into the cell, carboxylesterase
hydrolysis within the cell, and accumulation within the cell of active
carboxylic acid hydrolysis product) are best achieved when the linkage
between the amino acid ester motif and the rest of the molecule is not a
substrate for peptidase activity within the cell, which might result in
cleavage of the amino acid from the molecule. Of course, stability to
intracellular peptidases is easily tested by incubating the compound with
disrupted cell contents, and analysing for any such cleavage. For example,
the a,a-disubstituted glycine ester (formula H2N-C(R2Rs)-COOH) may be
conjugated to the modulator as (a) a radical of formula -(CH
2)Z-X1-L1-Y-NH-C(R2)(R3)-Ri or (b) a radical of formula -(CH
2)Z-Y1-L1-R3-C(R2)(NH2)(R1) wherein: 



R1 is the carboxylesterase-hydrolysable ester group; R2 and R3 are the
a-substituents of the a,a-disubstituted glycine;R2 is the side chain of a
natural or non-natural alpha amino acid; Y is a bond, -C(=O)-, -S(=O) 2-,
-C(=O)O-, -C(=O)NR 3-, -C(=S)-NR 4 , -C(=NH)- NR4 or -S(=O) 2NR4- wherein
R4 is hydrogen or optionally substituted CrC 6 alkyl; Y1 is a bond,
-C(=O)-, -S(=O) 2- , -C(=O)O-, -OC(=O)-, -C(=O)NR 5 , -NR5(C=O)-, -S(=O)
2NR5- , -NR5SC=O)2- , or -NR6(C=O)NR 5-, wherein R5 and R6 are
independently hydrogen or optionally substituted (d-C 6)alkyl, L1 is a
divalent radical of formula -(Alk 1)m(Q)n(Alk2)p- wherein m, n and p are
independently 0 or 1, . Q is (i) an optionally substituted divalent mono-
or bicyclic, carbocyc c or heterocyclic radical having 5 - 13 ring members,
or (ii), in the case where p is 0, a divalent radical of formula - Q1-X2-
wherein X2 is -O-, -S- or NRA- wherein RA is hydrogen or optionally
substituted Ci-C 3 alkyl, and Q1 is an optionally substituted divalent
mono- or bicyclic carbocyclic or heterocyclic radical having 5 - 13 ring
members, AIk 1 and AIk 2 independently represent optionally substituted
divalent C3-C7 cycloalkyl radicals, or optionally substituted straight or
branched, C1-C6 alkylene, C2-C6 alkenylene, or C2-C6 alkynylene radicals
which may optionally contain or terminate in an ether (-O-), thioether
(-S-) or amino (-NR A-) link wherein RA is hydrogen or optionally
substituted C1-C3 alkyl; X1 is a bond, -C(=O)-; or -Sf=O) 2-; -NR 7C(=O)-,
-C(=O)NR r , -NR 7C(=O)-NR 8- , -NR7S( O)2- , or -S(=O) 2NR7- wherein R7
and R8 are independently hydrogen or optionally substituted C1-C6 alkyl;
and z is Oor 1. Taking the variables present in the linkage radical in
turn:z may be 0 or 1, so that a methylene radical linked to the modulator
is optional. specific preferred examples of Y include a bond, -(C=O)-,
-(C=O)NH-, and -(C=O)O-. However, for hCE-1 specificity when the alpha
amino acid ester is conjugated to the inhibitor as a radical of formula
(IA), Y should be a bond. In the radical L, examples of AIk1 and AIk2
radicals, when present, include -CH2-, -CH2CH2- -CH 2CH2CH2-,
-CH2CH2CH2CH2-, -CH=CH-, -CH=CHCH 2- , -CH 2CH=CH-, CH2CH=CHCH 2- - CC-,
-C=CCH 2- , CH2C=C-, and CH2CCCH2. Additional examples of AIk1 and AIk2
include -CH 2W-, -CH 2CH2W- -CH 2CH2WCH 2-, -CH2CH2WCH(CH 3)-, -CH 2WCH
2CH2-, -CH 2WCH 2CH2WCH 2-, and -WCH 2CH2- where W is -O-, -S-, -NH-, -N(CH
3)-, or -CH 2CH2N(CH 2CH2OH)CH 2- . Further examples of AIk1 and AIk2
include divalent cyclopropyl, cyclopentyl and cyclohexyl radicals. In L1,
when n is 0, the radical is a hydrocarbon chain (optionally substituted and
perhaps having an ether, thioether or amino linkage). Presently it is
preferred that there be no optional substituents in L1. When both m and p
are 



0, L1 is a divalent mono- or bicyclic carbocyclic or heterocyclic radical
with 5 - 13 ring atoms (optionally substituted). When n is 1 and at least
one of m and p is 1, L1 is a divalent radical including a hydrocarbon chain
or chains and a mono- or bicyclic carbocyclic or heterocyclic radical with,
5 - 13 ring atoms (optionally substituted). When present, Q may be, for
example, a divalent phenyl, naphthyl, cyclopropyl, cyclopentyl, or
cyclohexyl radical, or a mono-, or bi-cycfic heterocyclic radical having 5
to13 ring members, such as piperidinyl, piperazinyl, indolyl, pyridyl,
thienyl, or pyrrolyl radical, but 1,4- phenylene is presently preferred.
Specifically, in some embodiments of the invention, m and p may be 0 with n
being 1. In other embodiments, n and p may be 0 with m being 1. In further
embodiments, m, h and p may be all 0. In still further embodiments m may be
0, n may be 1 with Q being a monocyclic heterocyclic radical, and p may be
0 or 1. AIk1 and AIk2, when present, may be selected from -CH 2-, -CH 2CH2-
, and -CH 2CH2CH2- and Q may be 1,4-phenylene.Modulators of Intracellular
Enzymes and Receptors The principles of this invention can be applied to
modulators of a wide range of intracellular targets which are implicated in
a wide range of diseases. As discussed, the binding modes of known
modulators to their targets are generally known soon after the modulators
themselves become known. In addition, modern techniques such as X-ray
crystallography and NMR are capable of revealing such binding topologies
and geometries, as are traditional medicinal chemistry methods of
characterising structure-activity relationships. With such knowledge, it is
straightforward to identify where in the structure of a given modulator an
carboxylesterase ester motif could be attached without disrupting the
binding of the modulator to the enzyme or receptor by use of structural
data. For example, Table 1 lists some intracellular enzyme or receptor
targets where there is published crystal structural data. Table
1MICROENCAPSULATION The present invention relates to a novel process for
making microcapsules and to microcapsules made by the process. It also
relates to a process for the use of the microcapsules. Microcapsules are
small capsules which comprise a wall which surrounds an encapsulated
material, generally a liquid. They may be used for protecting the
encapsulated material from the external environment, for example from
degradation by air or light (especially u.v. radiation). They may also be
used to isolate hazardous materials within the microcapsule to make them
safer to handle or use. Microcapsules are known to be used for
agrochemicals, particularly insecticides such as lambda cyhalothrin, to
protect them from degradation by UV light and to provide controlled release
following application. Certain known microcapsules are made by interfacial
polymerisation. In such a process a solution is first formed of a first
monomer, such as a polyisocyanate, in a waterinsoluble liquid to be
encapsulated. The solution may also contain a biologically active
ingredient. This solution is then dispersed in water together with
surfactants to form an 



emulsion. A suitable second monomer such as a polyamine is added to the
water and this reacts with the first monomer at the surface of the emulsion
droplets to make a cross-linked polymer, in this example a polyurea, which
forms a microcapsule wall around the droplets. Known first and second
monomers also include polyisocyanate and polyol to make a polyurethane
wall, polyfunctional acid halide and polyamine to make a polyamide wall and
polyfunctional acid halide and polyol to make a polyester wall. There are
disadvantages of these types of microcapsules. Polymeric capsule walls of
this known type provide poor protection for the contents from UV light.
Also, the surfactant which is used to form the emulsion may lead to a
problem when later handling the dispersion of microcapsules because it may
cause foaming. In one known approach, photoprotectants form part or all of
the microcapsule wall materials and thus provide a shield for the capsule,
thereby protecting any photosensitive active ingredient that is present
within the capsules. For example CA2133779 shows that lignosulphonates and
the like can be used in combination with a protein such as a high bloom
gelatin to form a capsule wall that improves the resistance of
agriculturally active substances, such as pesticides, to u.v. light
degradation. The capsule wall formed by the interaction of these components
is durable and has a u.v. protectant as an integral part of its
structure.Moy describes in EP539142A1 the use of colloidal inorganic
particles, particularly those of silica and zirconium dioxide, to make
microcapsules by coacervation or by interfacial polymerisation methods. The
process involves the formation of so called Pickering emulsions and the
thermoset microcapsule wall comprises the inorganic particles. Moy does not
contemplate the use of surface-modified particles, not the use of
cross-linkers to form the capsule wall. Co-pending international
application PCT/GB2007/003374 is concerned with light protecting particles
which are chemically bonded to the microcapsule wall but does not
contemplate microcapsule walls formed from light protecting particles
themselves. The present invention provides an aqueous dispersion of
microcapsules having a cross-linked particulate inorganic wall in an
aqueous medium. In a further aspect, these microcapsules may be further
modified by adding, to the aqueous medium, a material which will further
react with any remaining cross-linker. For example, when the cross-linker
is a polyisocyanate, a polyamine such as diethylentriamine may be added.
This causes further cross-linking and polymer formation at the microcapsule
particulate inorganic wall and may be used to modify the durability of the
capsules or permeability of the capsule walls to give, for example, a
longer release time under given conditions. Brief Description of the
Drawings: The invention will be better understood with reference to the
detailed description when considered in conjunction with non-limiting
examples and the accompanying drawings. Figure 1 is a light microscope
image of the clay dispersion of Example 1. Figure 2 is a light microscope
image of the Pickering emulsion of Example 2. Figure 2a is a light
microscope image showing that the emulsion droplets collapse on drying in
air on a glass slide. Figure 2b is a light microscope image showing the
affect of addition of 5% by weight Synperonic(tm) NP8 to a Pickering
emulsion. 



Figure 3 is a light microscope image of the microcapsules of Example 3.
Figure 3a shows a stable microcapsule dispersion of Fig. 3. Figure 3b shows
the microcapsules of Fig. 3 after the addition of SynperonicTM NP8. Figure
4 is a Scanning Electron Microscope image of the capsules of Example 4.
Figure 5 is a light microscope image of the capsules of Example 5.Figure 5a
is a light microscope image showing a stable microcapsule dispersion
(Example 5) on drying on a glass microscope slide in air. Figure 5b is a
light microscope image showing an unbroken capsule dispersion (Example 5)
after the addition of Synperonic(tm) NP8. Figure 6a is a light microscope
image of Example 6a. Figure 6b is a Scanning Electron Microscope image of
Example 6b. Figure 6c is a Scanning Electron Microscope image of Example
6c. Figure 6d is a light microscope image of Example 6d. Figure 6e shows
release curves for formulations prepared according to Examples 6a to 6d.
Figure 7 is a Scanning Electron Microscope image of Example 1Ia. Figure 8
is a Scanning Electron Microscope image of Example 1Ib. Figure 9 shows the
results of a comparative study of capsules prepared according to Examples
lla and 1Ib. Figure 10 shows the release rate of dimethylphthalate [DMP]
into water of capsules prepared according to Example 12. Figure 11 is a
light microscope image of capsules prepared according to Example 13 in
their original dispersion. Figure 12 is a light microscope image of
capsules prepared according to Example 13 in a dispersion formed from a
redispersion after drydown. The present invention relates to a new process
for making microcapsules which does not require surfactant and which
provides microcapsules having an increased, relatively high level of
protection from u.v. light for the contents; the present invention involves
the use of surface-modified particulate inorganic material to form
microcapsule walls where a crosslinker is used to react with a reactive
functional group on the surface-modified material such that each
microcapsule wall is a cross-linked wall. The present invention does also
allow surfactants to be used in the same formulation as a Pickering
emulsion based system. Pickering emulsions are often destabilized by
surfactants but in the present invention, crosslinking of the interfacial
particles prevents this from occurring and surfactants maybe safely added
to the system once the interfacial cross-linking has occurred. Therefore,
suitably, adjuvants may be built-in to microcapsule compositions of the
present invention.Microcapsules of the present invention are suitable for
controlled release applications (for instance, controlled release of an
active ingredient from within the core of the microcapsules). The
controlled release rate may be tailored through the present invention.
Another aspect of the present invention is that the cross-linked systems
may be easily modified through addition of an extra cross-linking molecule
(for example, a water dispersible isocyanate or polyfunctional
cross-linker, such as diethylenetriamine [DETA]) to the outer (external or
continuous) phase of the dispersion such that the release rate of any
active ingredient from within the core of the capsule maybe varied to give
a desired release rate profile. The opportunity to use extra cross-linking
molecules means that it is possible to 



strengthen an existing layer in a single-layered capsule or to form
multi-layered capsules. The microcapsules of the present invention may be
made by a process comprising: i) forming a solution of a cross-linker in a
liquid; ii) forming a slurry of a surface-modified particulate inorganic
material in an aqueous medium; iii) dispersing the solution of step i) into
the slurry of step ii) to form a Pickering emulsion and causing or allowing
the cross-linker to react with a reactive functional group on the
surface-modified particulate inorganic material so as to form a
cross-linked microcapsule wall. Steps (i) and (ii) may be carried out in
any order. A slurry is a suspension of a solid in a liquid; in this
invention, the slurry formed in step ii) is a suspension of cross-linkable,
surface-modified inorganic particles in an aqueousbased medium. It has been
found that it is possible to disperse the solution of step i) into the
slurry of step ii) without using additional surfactants. This is because
the particles of surfacemodified inorganic material tend to accumulate at
the interface between the solution droplets and the aqueous continuous
phase and reduce the corresponding surface energy. This effect is known as
a 'Pickering Emulsion'. The use of this combination of a Pickering Emulsion
with a cross-linkable particulate inorganic material and a cross-linker
allows for a particularly simplified process. The liquid used in step i)
comprises material to be encapsulated. In one embodiment, the liquid
comprises an active ingredient which is to be encapsulated, optionally
togetherwith a solvent, particularly if at room temperature the active
ingredient is a solid, or of high viscosity. Therefore, when present, the
active ingredient may be the liquid, a part of the liquid, dissolved in the
liquid, dispersed in the liquid or is a solid complex of an agrochemical
with a molecular complexing agent and is dispersed in the liquid. The
liquid is suitably substantially insoluble in water, more suitably it has a
solubility in water at 2O0C of less than lOg/1 and most suitably less than
5g/l. The liquid must dissolve the cross-linker so as to form a solution.
Any active ingredient encapsulated within the core of the microcapsules is
suitably less than 10% by weight soluble in water and more suitably less
than 1% by weight soluble in water; and most suitably less than 0.1% by
weight soluble in water. A wide range of active materials (active
ingredients) may be encapsulated including inks, flavours, cosmetics,
perfumes, sunscreens, fragrances, adhesives, sealants, phase change
materials, biocides, oilfield chemicals (including corrosion and scale
inhibitors), flame retardants, food additives (including vitamins,
ingredients, probiotics and antioxidants), active agents that may be
included in detergent, fabric softeners and other household products (such
as bleaches, enzymes and surfactants), active agents that may be included
in textiles (such as insect repellents, antimicrobial agents, skin
softeners and medically active compounds), active agents that may be
included in coatings (such as fire retardant, flame retardant, antifouling,
antibacterial, biocidal, scratch resistant and abrasion resistant
compounds) and biologically active compounds (such as pharmaceuticals and
agrochemicals). Suitably the active material is an agrochemical such as a
herbicide, fungicide or insecticide. Many such agrochemicals are known and
are described in The 



Pesticide Manual 14th edition published by the British Crop Protection
Council in 2006. The invention is also suitable for encapsulating a solid
complex of an agrochemical with a molecular complexing agent including, for
example, a complex of 1-MCP and acyclodextrin. The invention is most useful
for agrochemicals that are subject to degradation when exposed to sunlight,
in particular pyrethroid insecticides such deltamethrin, tralomethri h,
cyfluthrin, alphamethrin, zeta-cypermethrin, fenvalerate, esfenvalerate,
acrinathrin, allethrin, bifenthrin, bioallethrin, bioresmethrin,
cycloprothrin, beta-cyfluthrin, cyhalothrin, beta-cypermethrin,
cyphenothrin, empenthrin, etofenprox, fenpropathrin, fiucythrinate,
tau-fluvalinate, phenothrin, prallethrin, resmethrin, tefluthrin,
tetramethrin, and lambda-cyhalothrin; suitably lambda-cyhalothrin.Suitably,
microcapsules of the present invention may be used in wall-boards or
plasterboards in buildings, and may be used in improving cement
compositions and processes for making cementitious materials. The active
ingredient is suitably a pharmaceutical compound or an agrochemical; more
suitably it is an agrochemical. Suitably, the agrochemical is a fungicide,
insecticide, herbicide or growth regulator, used for controlling or
combating pests such as fungi, insects and weeds or for controlling the
growth of useful plants. The agrochemical may also be used in
non-agricultural situations [for example public health and professional
product purposes, such as termite barriers, mosquito nets and wall-boards].
Further suitable applications include, without limitation: Sustained
release or controlled release usages, for example: pharma, for example acid
resistant capsules (oral delivery past low pH in the stomach), protection
of labile actives, pseudo-zero order release through capsule wall and
Ostwald-ripening resistant emulsion formulations; cosmetics; perfumes, for
example slowing down evaporation of top-notes or sustained release and
minimising overpowering odours; capsules having affinity for cellulose and
trapped on textile surface during laundering; flavours, for example light
stabilised to prevent oxidation; self-healing coatings, for example capsule
bursts to release a resin that repairs damage; carbonless copy paper;
novel, double taste and texture food, for example capsule which dissolves
in the mouth and releases a new taste; pressure sensitive adhesives;
sealants; nutrition (for example increased bioavailability of complex
molecules and protection of sensitive molecules such as vitamins,
probiotics and other food additives); toner inks with photosensitivity or
thermal sensitivity; textile coatings, for example, for improving
permeability properties; antifouling coatings; surface protective coatings,
for example, for improving scratch or abrasion resistance; and construction
materials, for example wallboards, plasterboards and cements. Example of
capsules that are dried out, include, for example, various mineral blends
to form a ceramic upon calcination; low density fillers for polymers or
paints; insulating materials; low density proppants; light reinforcing
particles, for example for wood-fibre composites; recyclable pigments, for
example low density allowing easy flotation separation; and energy buffers,
for example use in a void in spheres to provide a 'crash barrier' with
adsorption of energy. Capsules of the present invention may be of novel
size or shape, for example: creation of plate or rod shape capsules; and
use ofmetallic particles resulting in conductive capsules, or having a
metallic nature, for example plasmon absorbance. 



A solution suitable for use in step i) may be made by stirring a liquid and
a crosslinker together. Heating and mechanical agitation may be used to aid
or accelerate dissolution of the cross-linker. Similar techniques may be
used to mix or dissolve an active ingredient with any solvent that is
optionally included. Examples of particulate inorganic materials are
oxy-compounds [that is, oxygen based compounds] of at least one of calcium,
magnesium, aluminium and silicon (or derivatives of such materials), such
as silica, silicates, marble, clays and talc. Particulate inorganic
materials may be either naturally occurring or synthesised in reactors. The
particulate inorganic material may be a mineral chosen from, but not
limited to, kaolin, bentonite, alumina, limestone, bauxite, gypsum,
magnesium carbonate, calcium carbonate (either ground or precipitated),
perlite, dolomite, diatomite, huntite, magnesite, boehmite, palygorskite,
mica, vermiculite, hydrotalcite, hectorite, halloysite, gibbsite,
kaolinite, montmorillonite, illite, attapulgite, laponite and sepiolite;
suitably it may be chosen from kaolin, bentonite, alumina, limestone,
bauxite, gypsum, magnesium carbonate, calcium carbonate (either ground or
precipitated), perlite, dolomite, diatomite, huntite, magnesite, boehmite,
sepiolite, palygorskite, mica, vermiculite, illite, hydrotalcite,
hectorite, halloysite and gibbsite. Further suitable clays (for example
aluminosilicates) include those comprising the kaolinite, montmorillonite
or illite groups of clay mineral. Other specific examples are attapulgite,
laponite and sepiolite. In one aspect of the invention, the particulate
inorganic material is kaolin clay. Kaolin clay is also referred to as china
clay or hydrous kaolin, and is predominantly mineral kaolinite
(Al2Si2Os(OH)4), a hydrous aluminium silicate (or aluminosilicate). The
particulate inorganic material suitably has a particle size distribution
wherein the median diameter (ds0) is less than or equal to l O m, as
measured by determining the sedimentation speeds of the dispersed particles
of the particulate material under test through a standard dilute aqueous
suspension using a SEDIGRAPH(tm), for example SEDIGRAPH(tm) 5100, obtained
from Micromeritics Corporation, USA. Suitably, the particulate inorganic
material has a d50 less than or equal to 5 m. More suitably, the
particulate inorganic material has a d50 less than or equal to 2 m. Yet
more suitably, the particulate inorganic material has a d50 less than or
equal to l m. In increasing suitability, the particulate inorganic
materialhas a d50 less than or equal to 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, or
0.3mm. In other aspects, the particulate inorganic material has a d o less
than or equal to 0.2mm, for example less than or equal to 0.15mm or less
than or equal to 0.12mm or less than or equal to O.lmm. In one aspect, at
least about 90% of the particles of the particulate inorganic material by
weight are smaller than about 2mm, for example at least about 95% or 98%
are smaller than about 2mm. Suitably, at least about 90% of the particles
by weight are smaller than about l mm, for example at least about 95% or
98% are smaller than about l mm. More suitably, at least about 75% of the
particles by weight are smaller than about 0.25mm, for example at least
about 80% or 82% are smaller than about 0.25mm. In another aspect, the
particulate inorganic material has a particle size distribution of (i) at
least about 90% of the particles by weight less than about 2mm, for example
at least about 95% or 98%; (ii) at least about 90% of the particles by
weight are less than about lmm, for example at least about 95% or 98%; and
(iii) at least about 75% of the particles by weight are less than about
0.25mm, for 



example at least about 80% or 82%; and particulate inorganic material of
such particle size distributions may also have d5 values at the smaller end
of the range, for example at least about 98% of the particulate inorganic
material by weight is smaller than about 2mm, at least about 98% is smaller
than about l m, at least about 82% is smaller than about 0.25mm, and the
d50 value of the particulate inorganic material is less than or equal to
0.12mm . For finer particulate inorganic material (for example having a d5o
less than or equal to 2mm), the material may be derived through
classification, including methods such as gravity sedimentation or
elutriation, use of any type of hydrocyclone apparatus or, for example, a
solid bowl decanter centrifuge or a, disc nozzle centrifuge. The classified
particulate inorganic material may be dewatered in one of the ways known in
the art, for example filtration (including filter press), centrifugation or
evaporation. The classified, dewatered material may then be thermally dried
(for example, by spray drying). Surface-modified means that the inorganic
particle surface has been (chemically) modified so as to have
cross-linkable, reactive functional groups. The surface of the particles
may be modified using modifying agents selected from a wide variety of
chemicals, with the general structure X-Y-Z, in which X is a chemical
moiety with a high affinity for the particle surface; Z is a (reactive)
chemical moiety with a desired functionality; and Y is a chemical moiety
that links X and Z together. The term 'high affinity' relates to
chemicalmoieties that are either chemically bonded or strongly physisorbed
to the particle surface; suitably they are chemically bonded. X may be, for
example, an alkoxy-silane group such as tri-ethoxysilane or
trimethoxysilane, which is particularly useful when the particles have
silanol (SiOH) groups on their surface. X may also be, for example, an acid
group (such as a carboxylic or an acrylic acid group) which is particularly
useful when the particles have basic groups on their surface. Y may be any
chemical group that links X and Z together, for example a polyamide, a
polyester or an alkylene chain; more suitably it is an alkylene chain; and
even more suitably it is a C2-6 alkylene chain, such as ethylene or
propylene. Reactive groups Z may be selected from any groups, preferably
different from Y, which can be used to react with a cross-linker so as to
cross-link the surface modified particulate inorganic material. Examples of
Z are epoxy groups, carboxylic groups, unsaturated groups such as acrylic
or vinyl groups and, suitably, amine groups. Suitable examples of surface
modification rely on reaction of clay with aminosilanes, such as
aminopropyltrimethoxysilane. The silane groups react with the clay so as to
give free amine groups attached to the clay surface. An extensive range of
silanes exists, able to modify surfaces with functionality appropriate for
use in a range of polymer systems. The reactive groups Z are reacted with a
cross-linker so as to form a capsule wall. Cross-linkers are compounds that
have at least two reactive groups that will react with the reactive groups
on the surface-modified particles. Examples of cross-linkers that may be
used to react with amine groups on a clay particle are polyisocyanates.
Polyisocyanates provide a well-known class of cross-linker and include
diisocyanates (such as toluene diisocyanate, hexamethylene diisocyanate and
isophorone diisocyanate); isocyanates with, on average, more than two
isocyanate groups (such as polymethylenepolyphenylene isocyanate); and many
others including prepolymers of diisocyanates such as their reaction
products with 



trimethylol propane and other simple polyols sold as Desmodur(tm) resins
from Bayer. Examples of cross-linkers that may be used to react with epoxy
groups; with carboxylic groups; or with unsaturated groups such as acrylic
or vinyl groups will be familiar to the person skilled in the art.In one
embodiment, clay is reacted with a suitable modifying agent, in the range
of from 0.1 to 30% of the modifying molecule based on the weight of the
clay (suitably in the range of from 0.1 to 20% and most suitably the range
is from 0.1 to 10% by weight). The aqueous medium suitable for use in step
ii) mostly comprises water, for example by weight it is more than 80%
water; and suitably more than 90% water. Optionally, the aqueous medium
also comprises water miscible solvents, antifreeze agents or additional
surfactants, although as mentioned above, these are not necessary. It has
been found that surfactants may interfere with the formation of a Pickering
emulsion and so it is preferred not to include surfactants at this stage. A
slurry suitable for use in step ii) may be made by agitating the
particulate inorganic material in the aqueous medium using a mechanical
stirrer (for example a Rotor/stator, Ystral(tm) or Ultra Turrax(tm)) or by
ultrasonic agitation. Suitably the slurry is agitated until the solution is
added to it and the dispersion step is carried out. In step iii), the
solution may be dispersed in the slurry by conventional means such as
ultrasonic dispersers or, suitably, high speed mechanical dispersers such
as a Rotor/stator mixer, Ystral(tm) or Ultra Turrax(tm). The dispersion
process is carried out for a period between 30 seconds and 20 minutes. The
dispersion step iii) results in a dispersion of the solution in the slurry
which is stabilised as a Pickering emulsion by the surface-modified
particulate inorganic material. This emulsion comprises droplets of the
solution which are surrounded by and stabilised by the particles of the
inorganic material. The cross-linker in the solution reacts with the
reactive functional groups on the particulate inorganic material so as to
form a cross-linked microcapsule wall. This reaction can be carried out
simply by allowing the dispersion to stand at ambient temperature.
Alternatively, the dispersion may be heated. The amount of time and the
optimum temperature may be established by routine experimentation.
Typically, when the particulate inorganic material is surface-modified so
as to have amine groups on its surface and the cross-linker is a
polyisocyanate, stirring the dispersion at between 15 and 250C for an hour
is sufficient to complete the reaction. The weight ratio of inorganic
particle to solution phase will be from 1:0.1 to 1:40; suitably from 1:1 to
1:20.The cross-linker may be used at a rate of from 0.1 to 30% w/w of the
oil phase, more suitably from 0.5 to 20% and most suitably from 1 to 10%.
The reaction may be controlled by pH, temperature, addition of an
electrolyte or by the use of a catalyst. The process results in a
dispersion of microcapsules in an aqueous medium. These microcapsules may
be further modified by the addition to the aqueous medium of a material
which will further react with any remaining cross-linker. For example, when
the cross-linker is a polyisocyanate, a polyamine such as diethylentriamine
may be added. This causes further cross-linking and polymer formation at
the microcapsule wall and may be used to modify the durability of the
capsules or permeability of the capsule walls to give, for 



example, a longer release time under given conditions. The microcapsules
may be isolated by drying, for example spray drying, to form a powder or
may be used as the dispersion in the aqueous medium. When the microcapsules
are isolated, they may be used dry or they may be redispersed in water
before use. The microcapsules made according to this process are new.
According to the present invention there is provided a microcapsule
comprising an encapsulated material surrounded by a wall, characterised in
that the wall comprises a particulate inorganic material that has been
surface-modified and cross-linked. The invention is illustrated by the
following Examples. The particulate inorganic material used in the Examples
is a tabular (so called "blocky", flat or plate-like shape) ultrafine
kaolin, having a d50 of 0.12/xm and a particle size distribution with at
least 98% of the particles by weight smaller than l m and at least 82%
smaller than 0.25 m. In these Examples, D[4,3] is the volume mean diameter
of the relevant particles, capsules or droplets as obtained by laser light
scattering of a diluted sample in a Malvern Mastersizer(tm) 2000. EXAMPLE 1
This Example illustrates the preparation of a surface-modified clay
dispersion. Clay particles (ultrafine tabular Kaolin sourced in the USA,
obtained from hnerys) were surface modified by the addition of 1.6% by
weight aminopropyltriethoxysilane. The surface-modified particles were then
added to water and dispersed with an Ultrasonic Probe(Sonics and Materials,
Vibra Cell(tm), with microtip - hereinafter referred to as an Ultrasonic
Probe) operated under the following conditions: 50% Duty cycle; Output
Control 4; for 6 minutes. The composition is given in Table 1. Table 1
Results: Size of clay dispersion: D[4,3] = 4.4/xm. Figure 1 is a light
microscope image of the clay dispersion of Example 1. EXAMPLE 2 This
Example illustrates the preparation of a simple Pickering emulsion.
Initially, Solvesso(tm) 200ND (aromatic oil from Exxon) was dispersed
dropwise into the continuous phase of a modified Kaolin dispersion prepared
according to Example 1, under high shear mixing with an Ystral(tm) high
shear mixer (type Xl 020) with a two-pronged TlO head (hereinafter referred
to as an Ystral(tm) high shear mixer) operated at about 5000rpm. The
concentrations of the ingredients used are given in Table 2. Subsequent
high shear mixing by the Ystral(tm) high shear mixer operated at about
20000rpm for 2 minutes produced an oil in water [O/W] Pickering emulsion.
Table 2 Results: Size of emulsion droplets: D[4,3] = 13 m. Figure 2 is a
light microscope image of the Pickering emulsion of Example 2. Figure 2a is
a light microscope image showing that the emulsion droplets collapse on
drying in air on a glass slide; the emulsion has broken. Figure 2b shows
that the addition of 5%by weight Synperonic(tm) NP8 to the Pickering
emulsion causes the emulsion to break after 4 days, as shown by light
microscopy.EXAMPLE 3 This Example illustrates the preparation of a
single-layered capsule suspension. 



A solution of 5% w/w Suprasec(tm) 5025 (polymethylene polyphenylene
isocyanate; PMPI) was prepared in Solvesso(tm) 200ND. Meanwhile, extra
water was added to a surfacemodified Kaolin dispersion prepared according
to Example 1 and then to this dispersion, the SolvessoTM 200ND plus
Suprasec,TM 5025 solution was added dropwise with mixing by a Ystral(tm)
high shear mixer operated at about 5000rpm. The concentrations of the
ingredients used are given in Table 3. Subsequently, an oil in water [O/W]
emulsion was prepared,by high shear mixing with the Ystral(tm) high shear
mixer at about 20000rpm for 2 minutes, which then developed into a
microcapsule system as a cross-linking reaction took place. Table 3
Results: Size of microcapsules: D[4,3] = 20 m. Figure 3 is a light
microscope image of the microcapsules of Example 3. After ageing for at
least 1 day, the microcapsules did not collapse upon drying on a glass
microscope slide [see light microscope image, Figure 3a, which shows a
stable microcapsule dispersion] demonstrating that the wall had increased
mechanical strength compared to the simple emulsion of Example 2. Addition
of 5% w/w Synperonic(tm) NP8 did not cause the emulsion to break after a
period of 1 week [see light microscope image, Figure 3b, taken after the
addition of Synperonic(tm) NP8 and showing unbroken capsule dispersion]
demonstrating that cross-linking anchored the surface-modified clay at the
interface such that it was not displaced by the surfactant. Pickering
emulsions are usually incompatible with surfactants (as shown in Figure
2b); cross-linking the particles allows them to be used with
surfactants.EXAMPLE 4 This Example illustrates the preparation of a
two-layered capsule suspension. Bayhydur(tm) 3100 [polyisocyanate based on
hexamethylene diisocyanate modified with a polyether chain for water
dispersibilty (from Bayer )] was dispersed in water by shaking and then the
resultant Bayhydur(tm) 3100 solution was added dropwise to a single-layered
capsule suspension prepared according to Example 3 with mixing from a
Ystral(tm) high shear mixer at about 5000rpm throughout the dropwise
addition. The resultant capsule suspension was then mixed with the
Ystral(tm) high shear mixer at about 20000rpm for 2 minutes. The
composition is given in Table 4. Table 4 Result: The capsules remained
intact during dry down and examination in a Scanning Electron Microscope,
see Figure 4, showing they had good mechanical strength. The Bayhydur(tm)
3100 can be seen as spheres attached to the outside of the capsule walls.
The capsules were sufficiently strong for them to survive high shear mixing
at 20000rpm for 2 minutes with an Ystral(tm) high shear mixer. EXAMPLE 5
This Example illustrates the preparation of a single-layered capsule
suspension with diethylenetriamine; it is similar to Example 3 but it has a
second cross-linker. A 25% w/w solution of diethylenetriamine (DETA) was
prepared in water and then this aqueous DETA solution was added dropwise to
a single-layered capsule suspension prepared according to Example 3 with
mixing from an Ystral(tm) high shear mixer at about 5000rpm. This capsule
suspension was then mixed by the Ystral(tm) high shear mixer at about
20000rpm 



for 2 minutes. The composition is given in Table 5.Table 5 Result: Size of
capsules: D[4,3] =21 mm. Figure 5 is a light microscope image of the
capsules of Example 5. The capsules remained intact during either dry-down
on a glass microscope slide or drydown plus examination in a scanning
electron microscope [SEM], demonstrating that they have good mechanical
strength. The fact that there is no capsule collapse under SEM conditions
demonstrates that the presence of the second cross-linker has enhanced the
mechanical strength of the capsules compared to these of Example 3. The
capsules were sufficiently strong for them to survive high shear mixing at
20000rpm for 2 minutes with the Ystral(tm) high shear mixer. Figure 5a is a
light microscope image showing a stable microcapsule dispersion (Example 5)
on drying on a glass microscope slide in air. Figure 5b is a light
microscope image showing an unbroken capsule dispersion (Example 5) after
the addition of Synperonic(tm) NP8. EXAMPLE 6 This Example compares the
release rate of non-cross-linked and cross-linked Pickering emulsions,
compared to a polymer-stabilized emulsion. Example 6a This Example
illustrates preparation of a simple Pickering emulsion. A 50% by weight
solution of dimethylphthalate in Solvesso(tm)200ND was dispersed dropwise
into a surface-modified Kaolin dispersion prepared according to Example 1,
under high shear mixing with an Ystral(tm) high shear mixer at about
5000rpm throughout the dropwise addition and an O/W emulsion was then
prepared by high shear mixing with the Ystral(tm) high shear mixer at about
20000rpm for 2 minutes. The composition is given in Table 6a.Table a
Result: Size of droplets: D[4,3] = 43/mi. Figure 6a is a light microscope
image of Example 6a. Example 6b This Example illustrates the preparation of
a single-layered capsule suspension with diethylenetriamine containing
dimethylphthalate prepared by an Ultrasonic process. A 10% w/w Suprasec(tm)
5025, 45% w/w dimethyl phthalate and 45% w/w Solvesso(tm)200ND solution was
dispersed dropwise into a surface-modified kaolin dispersion prepared
according to Example 1, under agitation with an Ultrasonic Probe; and then
an O/W emulsion was prepared by high shear mixing with the Ultrasonic Probe
for 2 minutes, under the following conditions: 50% Duty cycle, Output
Control 4. To this emulsion, a 25% w/w diethylenetriamine solution was
added under mixing with the Ultrasonic Probe. The full composition is given
in Table 6b. Table 6bResult: Size of capsules: D[4,3] = 146/xm. (This size
is very large, the reason being that, as seen in Figure 6b, the capsules
are sticking together). Figure 6b is a Scanning Electron Microscope image
of Example 6b. Example 6c This Example illustrates the preparation of a
single-layered capsule suspension with 



diethylenetriamine containing dimethylphthalate, prepared with the high
shear Ystral(tm) (or Ultra Turrax(tm)) process of example 2. A 10% w/w
Suprasec(tm) 5025, 45% w/w dimethylphthalate and 45% w/w Solvesso(tm)200ND
solution was dispersed dropwise into a surface-modified kaolin dispersion
prepared according to Example 1, under high shear mixing with an Ystral(tm)
high shear mixer at about 5000rpm; and an O/W emulsion was then prepared by
high shear mixing with the Ystral high shear mixer at about 20000rpm for 2
minutes. A 25% w/w diethylenetriamine solution was then added to the
emulsion under mixing with the Ystral(tm) high shear mixer at about 5000rpm
and an O/W emulsion was then prepared by high shear mixing with the
Ystral(tm) high shear mixer at about 20000rpm for 2 minutes. The full
composition is identical to that given in Table 6b; the difference between
Example 6b and Example 6c lies in the preparation processes; ultrasonic and
Ystral processes respectively. Result: Size of capsules: D[4,3] = 33mm.
Figure 6c is a Scanning Electron Microscope image of Example 6c. Example 6d
This Example illustrates the preparation of a Mowiol(tm) 4-88 emulsion. A
50% by weight solution of dimethyl phthalate in Solvesso(tm) 200ND was
dispersed dropwise into a 2% w/w solution of Mowiol(tm) 4-88 (88%
hydrolysed polyvinyl acetate), MW ca. 28,000Dalton), under high shear
mixing with an Ystral(tm) high shear mixer. An O/W emulsion was then
prepared by high shear mixing with the Ystral(tm) high shear mixer, the
speed of which was adjusted to yield a droplet size about 20 m. The full
composition is given in Table 6d.Table 6d Result: Size of droplets: D[4,3]
17 tn. Figure 6d is a light microscope image of Example 6d. Example 6e This
Example provides release rate data for formulations prepared according to
Examples 6a to 6d. Approximately 1 tol.5g of each of the four formulations
described in Examples 6a-6d was diluted by a factor of 10 into water. Each
of these solutions was placed in dialysis tubing and sealed in. Each
dialysis tube was placed in ca. 100ml of water and was then left on rollers
in a temperature controlled room [temperature of 20(+/-2)C]. At suitable
intervals, the UV absorbance of the water phase was measured at 276nm with
a Perkin Elmer(tm) UV spectrophotometer. This process allowed the release
of dimethylphthalate [DMP] into water to be followed with time. Release
curves shown below in Figure 6e show that fast release was seen for
dimethyl phthalate from the PVA stabilized emulsion (Example 6d) and from
the unreacted clay stabilized emulsion (Example 6a). The rate of release
was greatly reduced when the clay had been reacted with Suprasec(tm) 5025
(Example 6b) or with diethylenetriamine (Example 6c). EXAMPLE 7 This
Example illustrates the preparation of a pre-dispersed surface-modified
clay slurry. 30g of surface-modified clay particles (as described in
Example 1) were de-agglomerated (with a J&K mill) for 30 seconds prior to
the addition of an equal weight of water. The 



slurry was homogenised using a Flack-Tek dispersing unit for 30 seconds.
The slurry was later diluted with water to the desired concentration of 50%
by weight for use in the following Examples.EXAMPLE 8 Examples 8, 9 and 10
illustrate the preparation of a single-layered capsule suspension
containing a pesticide, lambda-cyhalothrin dissolved in Solvesso 200ND
prepared with the high shear Ystral(tm) process. A Suprasec(tm) 5025,
lambda-cyhalothrin and Solvesso(tm)200ND solution was dispersed dropwise
into a surface-modified kaolin dispersion prepared according to Example 7,
under high shear mixing with an Ystral(tm) high shear mixer at about
2000rpm; and an O/W emulsion was then prepared by high shear mixing with
the Ystral(tm) high shear mixer at about 2000rpm for 1 minute. A 25% w/w
diethylenetriamine solution was then added to the emulsion under mixing
with the Ystral(tm) high shear mixer at about 5000rpm and an O/W emulsion
was then prepared by high shear mixing with the Ystral(tm) high shear mixer
at about 20000rpm for 2 minutes. This emulsion formed a single-layer
capsule dispersion. The full composition is given in Table 7. Table 7
EXAMPLE 9 Example 9 is an example of a capsule product containing both a
cross-linked bound clay particle and an extra polyurea binding layer. It
was prepared by taking the emulsion of Example 8 and treating it with
diethylenetriamine (cross-linker) in the quantities given in Table 8 and
mixing under low shear to homogenise the product Table 8BXAMPLE 10 Example
10 is an example of a capsule product containing both a cross-linked bound
clay particle and an extra polyurethane binding layer. It was prepared by
taking the emulsion of Example 8 and treating it with glycerol
(cross-linker) and DABCO (catalyst) in the quantities given in Table 9 and
mixing under low shear to homogenise the product. Table 9 DABCO is
(H-O-(E)-1-(2,6,6-trimethyl-2-cyclohexen- 1-yl)-2-buten- 1-one. Examples 8,
9 and 10 immediately provided fluid dispersions that did not change on
overnight standing. Further cross-linking was effected by heating the
samples at 5O0C for 2 hours but the physical characteristics of the
products did not change. To test the compatibility of these products with
further added components, an oil-in- water emulsion of a isoparaff nic oil
(Isopar (tm)M) was prepared. Isopar M was dispersed dropwise into a 5% w/w
solution of Gohsenol(tm) GL05 (88% hydrolysed polyvinyl acetate)), under
high shear mixing with an Ystral(tm) high shear mixer. An O/W emulsion was
then prepared by high shear mixing with the Ystral(tm) high shear mixer,
the speed of which was adjusted to yield a droplet size about l Omrn. The
full composition is given in Table 10. Table 10 Equal volumes of samples of
each of Examples 8, 9 and 10 were then each independently mixed with an
equal volume of the Isopar M emulsion. AUthe samples remained fluid both
immediately and after standing for 24hours, demonstrating the compatibility
of products of the invention with an added oil-in-water emulsion.EXAMPLE I
l This Example provides data on enhancement seen in the photostability of
lambda-cyhalothrin 



when trapped within Pickering capsules. Example 11a This Example
illustrates the preparation of a single-layered capsule suspension with
diethylenetriamine containing lambda cyhalothrin prepared with the high
shear Ystral(tm) process. A 10% w/w Suprasec(tm) 5025, 47.5% w/w lambda
cyhalothrin and 47.5% w/w Solvesso(tm)200ND solution was dispersed dropwise
into a surface-modified kaolin dispersion prepared according to Example 7,
under high shear mixing with an Ystral(tm) high shear mixer at about
5000rpm; and an O/W emulsion was then prepared by high shear mixing with
the Ystral(tm) high shear mixer at about 20000rpm for 2 minutes. This
emulsion formed a single layer capsule dispersion. A 25% w/w solution of
diethylenetriamine (DETA) was prepared in water and then this aqueous DETA
solution was added dropwise to the single-layered capsule suspension with
mixing from an Ystral(tm) high shear mixer at about 5000rpm. This capsule
suspension was then mixed by the Ystral(tm) high shear mixer at about
20000rpm for 2 minutes. The full composition is given in Table 11. Table 11
Result: Size: D[4, 3] = 31.7mm. Figure 7 is a Scanning Electron Microscope
image of Example 11a.Example lib This Example illustrates the preparation
of a single-layered capsule suspension with diethylenetriamine containing
lambda cyhalothrin prepared by the Ultrasonic process. A 10% w/w
Suprasec(tm) 5025, 45% w/w lambda cyhalothrin and 45% w/w Solvesso(tm)200ND
solution was dispersed dropwise into a surface-modified kaolin dispersion
prepared according to Example 7, under agitation with an Ultrasonic Probe;
and then an O/W emulsion was prepared by high shear mixing with the
Ultrasonic Probe for 2 minutes, under the following conditions: 50% Duty
cycle, Output Control 4. This emulsion formed a single layer capsule
dispersion. To this capsule suspension, a 25% w/w diethylenetriamine
solution was added under mixing with the Ultrasonic Probe. The full
composition is given below in Table 12. Table 12 Figure 8 is a Scanning
Electron Microscope image of Example 1Ib. Result: Size of capsules: D[4,3]
= 171 m (this is large due to aggregation of the capsules in the
instrument, the electron micrograph shows the capsule size to be smaller).
Example lie Capsules according to Examples 11a and lib were each assessed
against commercially available capsules [Karate Zeon(tm)] in a comparative
study to determine the extent of protection provided by each of the
capsules to lambda-cyhalothrin against u.v. photodegradation. For each
capsule type, samples of microcapsules were spread on glass slides and
exposed to a xenon lamp (simulating sunlight) for up to three days. Using
standard techniques, themicrocapsules were analysed to determine the amount
of lambda-cyhalothrin present in the formulations at the initiation of
exposure to ultraviolet light and the amount remaining at various time
periods during the three days' exposure. The results are shown in Figure 9.
The capsules of the present invention clearly provide better u.v.
protection to lambda-cyhalothrin than does the current commercial product. 



EXAMPLE 12 This Example illustrates the preparation of a single-layered
capsule suspension with diethylenetriamine containing dimethyl phthalate
(which is an example of a volatile organic molecule) prepared with the high
shear Ystral(tm) process. A 10% w/w Suprasec(tm) 5025, 47.5% w/w dimethyl
phthalate and 47.5% w/w Solvesso(tm)200ND solution was dispersed dropwise
into a surface-modified kaolin dispersion prepared according to Example 7,
under high shear mixing with an Ystral(tm) high shear mixer at about
5000rpm; and an O/W emulsion was then prepared by high shear mixing with
the Ystral(tm) high shear mixer at about 20000rpm for 2 minutes. This
emulsion formed a single layer capsule dispersion. The composition is given
in Table 13. Table 13 A 25% w/w solution of diethylenetriamine (DETA) was
prepared in water and then varying amounts of this solution were added
dropwise to the single-layered capsule suspension with mixing from an
Ystral(tm) high shear mixer at about 5000rpm) to give a range of DETA
concentrations (0-1.3% by weight) in the final dispersions. Each capsule
suspension was then mixed by the Ystral(tm) high shear mixer at about
20000rpm for 2 minutes. The full composition is given in Table 14.Table 14
Approximately 1 tol.5g of each of these capsule formulations was diluted by
a factor of 10 into water. Each of these dilutions was placed in dialysis
tubing and sealed in. Each dialysis tube was placed in about 100ml of water
and was then left on rollers in a temperature controlled room [temperature
of 20(+/-2)C]. At suitable intervals, the UV absorbance of the water phase
was measured at 276nm with a Perkin Elmer(tm) UV spectrophotometer. This
process allowed the release of dimethylphthalate [DMP] into water to be
followed with time; see Figure 10, which shows that increasing the DETA
loading decreases the rate of release of DMP from the capsules, showing
that the rate of release is readily controlled by the loading of DETA used
in the formulation. EXAMPLE 13 This Example illustrates the preparation of
a single-layered capsule suspension with diethylenetriamine containing
mefenoxam prepared with the high shear Ystral(tm) process. The capsule
dispersion was found to show good redispersion properties after drying down
to a dry deposit. A 5% w/w Suprasec(tm) 5025, 47.5% w/w mefenoxam and 47.5%
w/w Solvesso(tm)200ND solution was dispersed dropwise into a
surface-modified kaolin dispersion prepared according to Example 7, under
high shear mixing with an Ystral(tm) high shear mixer at about 5000rpm; and
an O/W emulsion was then prepared by high shear mixing with the Ystral(tm)
high shear mixer at about 20000rpm for 2 minutes. This emulsion formed a
single layer capsule dispersion. A 25% w/w solution of diethylenetriamine
(DETA) was prepared in water and then this aqueous DETA solution was added
dropwise to the single-layered capsule suspension with mixing from an
Ystral(tm) high shear mixer at about 5000rpm. Thiscapsule suspension was
then mixed by the Ystral(tm) high shear mixer at about 20000rpm for 2
minutes. The M l composition is given in Table 15. Table 15 Result: Size of
capsules: D[4,3] = 13.7/im. This formulation gave capsules that were stable
on dry down, and the capsules in the aqueous 



dispersion were stable over a period of 9 months at ambient temperature. A
sample of this dispersion was allowed to dry down in a plastic tray in a
fume hood for 3 days, after which it was found to redisperse readily in
water with gentle agitation. Figure 11 shows the capsules in their original
dispersion and Figure 12 shows them in the dispersion formed from the
redispersion after dry down. The capsules appeared to have lost some of the
more volatile Solvesso(tm) 200ND through evaporation, but the capsules
remained essentially intact and showed facile redispersion.CLAIMS 1. A
process for making microcapsules comprising; i) forming a solution of a
cross-linker in a liquid; ii) forming a slurry of a surface-modified
particulate inorganic material in an aqueous medium; and iii) dispersing
the solution of step i) in the slurry of step ii) and causing or allowing
the cross-linker to react with the surface-modified particulate inorganic
material so as to form a cross-linked microcapsule wall. 2. A process as
claimed in claim 1 in which the liquid is substantially insoluble in water.
3. A process as claimed in claim 2 in which the liquid has a solubility in
water at 2O0C of less than lOg/1. 4. A process as claimed in claim 1, 2 or
3 in which the liquid comprises an active material which is an
agrochemical. 5. A process as claimed in claim 4 in which the active
material is an insecticide. 6. A process as claimed in claim 5 in which the
insecticide is a pyrethroid. 7. A process as claimed in claim 6 in which
the pyrethroid is lambda-cyhalothrin. 8. A process as claimed in any one of
the preceding claims in which the particulate inorganic material comprises
an oxy-compound of at least one of calcium, magnesium, aluminium and
silicon; or a derivative of such a compound. 9. A process as claimed in
claim 8 in which the particulate inorganic material is or is derived from
silica, a silicate, marble, a clay or talc.10. A process as claimed in
claim 9 in which the particulate inorganic material is a clay. 11. A
process as claimed in any one of claims 1to 7 in which the particulate
inorganic material is a mineral selected from kaolin, bentonite, alumina,
limestone, bauxite, gypsum, magnesium carbonate, calcium carbonate,
perlite, dolomite, diatomite, huntite, magnesite, boehmite, palygorskite,
mica, vermiculite, hydrotalcite, hectorite, halloysite, gibbsite,
kaolinite, montmorillonite, illite, attapulgite, laponite and sepiolite.
12. A process as claimed in any of the preceding claims in which the
particulate inorganic material has a median diameter (d5 ) less than or
equal to 10/ m. 13. A process as claimed in any one of claims 1 to 11 in
which the particulate inorganic material has a particle size distribution
where at least about 90% of the particles by weight are smaller than about
2/mi. 14. A process as claimed in any one of claims 1 to 11 in which the
particulate inorganic material has a particle size distribution where at
least about 90% of the particles by weight are less than about 2mm, at
least about 90% of the particles by weight are less than about l m, and at
least about 75% of the particles by weight are less than about 



0.25 m. 15. A process as claimed in any one of the preceding claims in
which the particulate inorganic material particle surface has been modified
so as to have reactive groups by reaction with a chemical of the general
structure X-Y-Z, in which X is a chemical moiety with a high affinity for
the particle surface; Z is a reactive chemical moiety; and Y is a chemical
moiety that links X and Z together. 16. A process as claimed in claim 15 in
which X is an alkoxy-silane group.17. A process as claimed in claim 15 or
16 in which Y is a C2-6 alkylene chain. 18. Aprocess as claimed in claim
15, 16 or 17 in which Z is an amine group. 19. A process as claimed in any
one of the preceding claims in which the surfacemodified particulate
inorganic material is clay which has been surface-modified with an
amino-silane. 20. A process as claimed in any one of the preceding claims
in which the cross-linker is a polyisocyanate. 21. A process as claimed in
any one of the preceding claims where the cross-linked microcapsule wall is
modified through addition of an extra cross-linking molecule. 22. A process
as claimed in any one of claims 1 to 2 1 in which the particulate inorganic
material is natural. 23. A process as claimed in any one of claims 1 to 2 1
in which the particulate inorganic material is synthetic. 24. A
microcapsule comprising an encapsulated material surrounded by a wall,
characterised in that the wall comprises a particulate inorganic material
that has been surface-modified and cross-linked. 25. A microcapsule as
claimed in claim 24 which contains an active ingredient encapsulated within
the core of the microcapsule. 26. A microcapsule as claimed in claim 25
where the active ingredient is an agrochemical.27. Use of a microcapsule as
defined in claim 24, 25 or 26 in a controlled release application. 28. Use
of a microcapsule as defined in claim 24, 25 or 26 for protecting
encapsulated material from the external environment. 29. Use of a
microcapsule as defined in claim 26 for controlling or combating pests. 


