
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 alpha amino acid ester motif to the
modulator. The invention also relates to modulators to
which an alpha amino acid 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 amino acid 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. It would therefore be desirable if a method
were available for increasing the intracellular
concentration of a given modulator of an intracellular
enzyme or receptor. This would result in increased
potency, and by prolonging the residency of the
modulator inside the cell would result in improved
pharmacokinetic and pharmacodynamic properties. More
consistent exposure and reduced dosing frequencies
would be achieved. A further benefit could be obtained
if the drug could be targeted to the specific target
cells responsible for its therapeutic action, reducing
systemic exposure and hence side effects. Brief
description of the invention This invention provides
such a method, and describes improved modulators
incorporating the structural principles on which the
method is based. It takes advantage of the fact that
lipophilic (low polarity or charge neutral) molecules
pass through the cell membrane andenter 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. The present
invention makes use of the fact that there are
carboxylesterase enzymes within cells, which may be
utilised to hydrolyse an alpha amino acid ester motif
attached to a given modulator to the parent acid.
Therefore, a modulator may be administered as a
covalent conjugate with an alpha amino acid ester, in
which form it readily enters the cell where it is
hydrolysed efficiently by one or more intracellular
carboxylesterases, and the resultant alpha amino
acid-modulator conjugate accumulates within the cell,
increasing overall potency and/or active residence
time. It has also been found that by modification of 



the alpha amino acid 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 or
macrophages 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 alpha amino acid 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 alpha amino acid 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
alpha amino acid ester at a position remote from the
binding interface between the modulator and the target
enzyme or receptor, and/or suchthat 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. 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 alpha
amino acid carboxylesterase 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 amino acid carboxylesterase
motif obviously must be a substrate for the
carboxylesterase if the former is to be hydrolysed by
the latter within the cell. Intracellular
carboxylesterases are rather promiscuous in general,
in that their ability to hydrolyse does not depend on
very strict structural requirements of the amino acid
ester substrate. Hence most modes of covalent
conjugation of the amino acid carboxylesterase 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
carboxylesterase ester 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 thatthere 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 esterasehydrolysed 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 carboxylester 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 alpha amino acid ester, or a given alpha
amino acid 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 alpha amino 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 alpha amino acid 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 alpha amino acid ester group may be covalently
attached to the modulator via its amino group or via
its alpha carbon. 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
amino acid ester conjugates to their resultant acids
if the nitrogen of the alpha amino acid group is
either unsubstituted or is directly linked to a
carbonyl group, whereas cells containing hCE-1, or
recombinant hCE-1 can hydrolyse amino acid conjugates
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. It has been found that the
relative amounts of these three carboxylesterase
enzymes vary between cell types (see Figure 1 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
a carboxylesterase ester motif wherein the amino group
is directly linked to a group other than carbonyl
resultsin 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 TNFa 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 Carraro 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 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 it has been found that macrophages
contain the human carboxylesterase hCE-1 whereas other
cell types do not. In the conjugates 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. There are of course many
possible ester groups which may in principle be
present in the carboxylesterase ester motif for
attachment to the modulator. Likewise, there are many
alpha amino acids, both natural and non-natural,
differing in the side chain on the alpha carbon, which
may be used as esters in the carboxylesterase ester
motif. Some alpha amino acid 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 amino acid 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 thatway may then be
re-assayed 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.
Suitable types of ester will be discussed below, but
at this point it may be mentioned that it has been
found that t-butyl esters of alpha amino acids are
relatively poor substrates for hCE-1 , -2 and -3,
whereas cyclopentyl esters are effectively hydrolysed.
Suitable alpha amino acids will also be discussed in
more detail below, but at this point it may be
mentioned that phenylalanine, homophenylalanine,
phenylglycine and leucine are generally suitable, and
esters of secondary alcohols are preferred. As stated
above, the alpha amino acid ester may be conjugated to
the modulator via the amino group of the amino acid
ester, or via the alpha carbon (for example through
its side chain) of the amino acid ester. A linker
radical may be present between the carboxylesterase
ester motif and the modulator. For example, the alpha
amino acid ester may be conjugated to the modulator as
a radical of formula (IA), (IB) or (IC): wherein g i -
(Alk 3)s R1 is an ester group which is hydrolysable by
one or more intracellular carboxylesterase enzymes to
a carboxylic acid group; R2 is the side chain of a
natural or non-natural alpha amino acid; R4 is
hydrogen; or optionally substituted C1-C6 alkyl, C3-C7
cycloalkyl, aryl or heteroaryl or (C=O)R3, -(C=O)OR 3,
or -(C=O)NR 3wherein R3 is hydrogen or optionally
substituted (C1- C6)alkyl;B is a monocyclic
heterocyclic ring of 5 or 6 ring atoms wherein R1 is
linked to a ring carbon adjacent the ring nitrogen
shown, and ring B is optionally fused to a second
carbocyclic or heterocyclic ring of 5 or 6 ring atoms
in which case the bond to L may be from a ring atom in
said second ring Y is a bond, -C(=O)-, -S(=O)2- ,
-C(O)O-, -C(=O)NR3- , -C(=S)-NR 3 - , -C(=NH)NR3- or -
S(=O)2NR3- wherein R3 is hydrogen or optionally
substituted C1-C6 alkyl; Y1 is a bond, -(C=O)-,
-S(O2)-, -C(=0)0-, -OC(=O)-, -(C=O)NR 3- , -NR3(C=O)-,
-S(O2)NR3- , -NR3S(O2)-, or -NR3(C=O)NR5- , wherein R3
and R5 are independently hydrogen or optionally
substituted (Ci-C 6)alkyl, L is a divalent radical of
formula -(Alk 1)m(Q)n(Alk2)p- wherein m, n and p are
independently Oor 1, Q is (i) an optionally
substituted divalent mono- or bicyclic carbocyclic or 



heterocyclic radical having 5 - 13 ring members, or
(ii), in the case where both m and p are O, a divalent
radical of formula - X2-Q1- or - Q1-X2- wherein X2 is
-0-, -S- or NRA- wherein RA is hydrogen or optionally
substituted C1-C3 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-C
alkylene, C2-C6 alkenylene, or C2-C6 alkynylene
radicals which may optionally contain or terminate in
an ether (-0-), thioether (-S-) or amino (-NR A-) link
wherein RA is hydrogen or optionally substituted C1-C3
alkyl; X represents a bond, -C(=0)-; -S(=O)2- ; -NR
3C(=O)-, -C(=O)NR 3-,-NR 3C(=O)NR5- , -NR3S(=O)2- , or
-S(=O)2NR3- wherein R3 and R5 are independently
hydrogen or optionally substituted C1-C6 alkyl; z is
Oor 1; s is Oor 1; andAIk 3 represents an optionally
substituted divalent C3-C7 cycloalkyl radical, or
optionally substituted straight or branched, C1-C6
alkylene, C2-C6 alkenylene ,or C2-C6 alkynylene
radical 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; The term "ester" or "esterified carboxyl group"
means a group R9O(C=O)- in which R9 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,
n-butyl, 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 "Ca-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-, 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 and cyclooctyl. 



As used herein the unqualified term "aryl" refers to a
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-, bi-
or 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-, bi- or tri-cyclic
nonaromatic 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 "substituted"
as applied to any moiety herein means substituted with
up to four compatible substituents, each of which
independently may be, for example, (CrC b)alkyl, (CrC
6)alkoxy, hydroxy, hydroxy(Ci-C 6)alkyl, mercapto,
mercapto(CrC 6)alkyl, (d-C 6)alkylthio, phenyl,
halo(including fluoro, bromo and chloro),
trifluoromethyl, trifluoromethoxy, nitro, nitrile
(-CN), oxo, -COOH, -COORA, -CORA, -SO2RA, -CONH2,
-SO2NH2, -CONHRA, -SO2NHRA, -C0NR ARB, -SO2NRARB,
-NH2, -NHRA, -NRARB, -OCONH2, -OCONHRA , -0C0NR ARB,
-NHCORA, -NHCOORA, -NRBCOORA, -NHSO2ORA, -NR SO2OH,
-NRBSO2ORA,-NHCONH2, -NRACONH2, -NHCONHR -NRACONHRB,
-NHCONRARB or -NRAC0NR ARB wherein RA and RB are
independently a (Cr C6)alkyl, (C3-C6) cycloalkyl ,
phenyl or monocyclic heteroaryl having 5 or 6 ring
atoms. 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. 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 R2 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-C 6 alkyl ester),
amino groups may be converted to amides (for example
as a NHCOC1-C6 alkyl amide) or carbamates (for example
as an NHC(=O)OCrC 6 alkyl or NHC(=O)OCH2Ph carbamate),
hydroxyl 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 OC(=O)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).Examples of side chains of non-natural
alpha amino acids include those referred to below in
the discussion of suitable R2 groups for use in
compounds of the present invention. The ester group R1
In addition to the requirement that the ester group
must be hydrolysable by one or more intracellular
enzymes, it may be preferable for some applications
(for example for systemic administration of the
conjugate) that it be resistant to hydrolysis by
carboxylesterhydrolysing enzymes in the plasma, since
this ensures the conjugated modulator will survive
after systemic administration for long enough to
penetrate cells as the ester. It is a simple matter to
test any given conjugate to measure its plasma half
life as the ester, by incubation in plasma. However,
it has been found that esters notionally derived from
secondary alcohols are more stable to plasma
carboxylester-hydrolysing enzymes than those derived
from primary alcohols. Furthermore, it has also been
found that although esters notionally derived from
tertiary alcohols are generally stable to plasma
carboxylester-hydrolysing enzymes, they are often also
relatively stable to intracellular carboxylesterases.
Taking these findings into account, it is presently
preferred that Ri in formulae (IA), (IB) and (IC)
above, is an ester group of formula -(C=O)OR 9 wherein
R9 is (i) R7R8CH- wherein R7 is optionally substituted
(CrC 3)alkyl-(Z 1)a-(C1-C3)alkyl- or (C2-
C3)alkenyI-(Z1)a-(Cr C3)alkyl- wherein a is Oor 1 and
Z1 is -O-, -S-, or -NH-, and R8 is hydrogen or
(C^CsJalkyl- or R7 and R8 taken together with the
carbon to which they are attached form an optionally
substituted C3-C7 cycloalkyl ring or an optionally
substituted heterocyclic ring of 5- or 6-ring atoms;
or (ii) optionally substituted phenyl or monocyclic
heterocyclic ring having 5 or 6 ring atoms. Within
these classes, Rg may be, for example, methyl, ethyl,
n- or iso-propyl, n- or sec-butyl, cyclohexyl, allyl,
phenyl, benzyl, 2-, 3- or 4- pyridylmethyl,
N-methylpiperidin-4-yl, tetrahydrofuran-3-yl or
methoxyethyl. Currently preferred is where R9 is
cyclopentyl. The amino acid side chain R Subject to
the requirement that the ester group R1 be
hydrolysable by intracellular carboxylesterase
enzymes, the selection of the side chain group R2 can
determine the rate of hydrolysis. For example, when
the carbon in R adjacent to the alpha amino acid
carbon does not contain a branch eg when R2 is ethyl,
isobutyl or benzyl the ester is more readily
hydrolysed than when R2 is branched eg isopropyl or
t-butyl. Examples of amino acid side chains
includeC1-C6 alkyl, phenyl, 2,- 3-, or
4-hydroxyphenyl, 2,- 3-, or 4-methoxyphenyl, 2,- 3-,
or 4-pyridylmethyl, benzyl, phenylethyl, 2-, 3-, or
4-hydroxybenzyl, 2,- 3-, or 4-benzyloxybenzyl, 2,- 3-,
or 4- C1-C6 alkoxybenzyl, and benzyloxy(CrC 6 alkyl)-
groups; 



the characterising group of a natural a amino acid, in
which any functional group may be protected; groups
-[AIk] nR6 where AIk is a (CrC eOalkyI or
(C2-C6)alkenyl group optionally interrupted by one or
more -O-, or -S- atoms or -N(R )- groups [where R7 is
a hydrogen atom or a (C1- C6)alkyl group], n is 0 or
1, and R6 is an optionally substituted cycloalkyl or
cycloalkenyl group; a benzyl group substituted in the
phenyl ring by a group of formula -OCH 2COR 8 where R8
is hydroxyl, amino, (C1-C6JaIkOXy, phenyKd-C Jalkoxy,
(CrC Jalkylamino, di((Cr C6)alkyl)amino, phenyl(Ci-C
6)alkylamino, the residue of an amino acid or acid
halide, ester or amide derivative thereof, said
residue being linked via an amide bond, said amino
acid being selected from glycine, a or b alanine,
valine, leucine, isoleucine, phenylalanine, tyrosine,
tryptophan, serine, threonine, cysteine, methionine,
asparagine, glutamine, lysine, histidine, arginine,
glutamic acid, and aspartic acid; a heterocyclic(CrC
6)alkyl group, either being unsubstituted or mono- or
di-substituted in the heterocyclic ring with halo,
nitro, carboxy, (C1-C6JaIkOXy, cyano, (CrCeJalkanoyl,
trifluoromethyl (Ci-C e)alkyl, hydroxy, formyl, amino,
(CrC 6)alkylamino, di-(C C6)alkylamino, mercapto, (CrC
6)alkylthio, hydroxy^-C^alkyl, mercapto(C 1-C6)alkyl
or (C1- C6)alkylphenylmethyl; and a group -CR RbRc in
which: each of R , Rb and Rc is independently
hydrogen, (Cr Ce)alkyl, (C2-C6)alkenyl, (C2-
C6)alkynyl, phenyl(Ci-C 6)alkyl, (C3-C8)cycloalkyl; or
Rc is hydrogen and R3 and Rb are independently phenyl
or heteroaryl such as pyridyl; orR0 is hydrogen, (Ci-C
6)alkyl, (C2-C6)alkenyl, (C2-C6)alkynyl, phenyl(Ci-C
6)alkyl, or (C3-C8)cycloalkyl, and Ra 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; or R , Rb and R together with the
carbon atom to which they are attached form a
tricyclic ring (for example adamantyl); or Ra and Rb
are each independently (Ct C6)alkyl, (C2-C6)alkenyl,
(C2-C6)alkynyl, phenyl(CrC 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
Rc is hydrogen, -OH, -SH, halogen, -CN, -CO2H, (C1-
C4)perfluoroalkyl, -CH2OH, -CO2(Cr C6)alkyl,
-OCCrCbJalkyl, -O(C2-C6)alkenyl, - S(Cr C6)alkyl,
-SO(Cr C6)alkyl, -SO2(C1-C6) alkyl, -S(C2-C6)alkenyl,
-SO(C2- C6)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,
-CO2H, -CO2(C1- C6)alkyl, -CONH2, -C0NH(CrC 6)alkyl,
-CONH^-Cealkyl);,, -CHO, -CH2OH, (C1-
C4)perfluoroalkyl, -O(Cr C6)alkyl, -StCrQOalkyl,
-SO2(C1-C6)alkyl, - NO2, -NH2, -NHtCrCeOalkyl, -N((C r
C6)alkyl)2, -NHCO(C r C6)alkyI, (C1-C6)alkyl, (C2-
C6)alkenyl, (C2-C6)alkynyl, (C3-C8)cycloalkyl,
(C4-C8)cycloalkenyl, phenyl or benzyl. Examples of
particular R2 groups include benzyl, phenyl,
cyclohexylmethyl, pyridin-3- ylmethyl,
tert-butoxymethyl, iso-butyl, sec-butyl, tert-butyl,
1-benzylthio-1-methylethyl, 1- 



methylthio-1-methylethyl, and
1-mercapto-1-methylethyl, phenylethyl. Presently
preferred R2 groups include phenyl, benzyl,
tert-butoxymethyl, phenylethyl and iso-butyl. The
group R As mentioned above, if the modulator is
intended to act only in cell types where hCE-1 is
present, such as macrophages, the amino group of the
carboxylesterase ester motif should be substituted
such that it is directly linked to a group other than
carbonyl. In such cases R4 may be optionally
substituted C1-C6 alkyl, C3-C7 cycloalkyl, aryl or
heteroaryl, for example methyl, ethyl, n- or
iso-propyl, cyclopropyl, cyclopentyl, cyclohexyl,
phenyl, or pyridyl. In cases where macrophage
specificity is not required, R4 may be H, -(C=O)R3,
-(C=O)OR 3,or -(C=O)NR 3wherein R3 is hydrogen or
optionally substituted (Ci-C 6)alkyl, for example
methyl, ethyl, or n- or iso-propyl, and CH2CH2OH. The
ring or ring system B Ring or ring system B may be one
chosen from, for example, the following: The radical
-Y-L-X-rCHJ,- When the alpha amino acid ester is
conjugated to the inhibitor as a radical of formula
(IA) this radical (or bond) arises from the particular
chemistry strategy chosen to link the amino acid ester
motif RiCH(R 2)NH- to the modulator. Clearly the
chemistry strategy for that coupling may vary widely,
and thus many combinations of the variables Y, L, X
and z are possible. It should also be noted that the
benefits of the amino acid ester carboxylesterase
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 modulator
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. With the
foregoing general observations in mind, taking the
variables making up the radical -Y-L-X-[CH 2]Z- in
turn: 2 may be Oor 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- -CH2CH2CH2-,
-CH2CH2CH2CH2-, -CH=CH-, -CH=CHCH 2- , -CH 2CH=CH-,
CH2CH=CHCH 2-,-C C-, -C=CCH 2- , CH2C=C-, and
CH2C=CCH2. Additional examples of AIk1 and AIk2
include -CH 2W-, -CH 2CH2W- -CH 2CH2WCH 2-,
-CH2CH2WCH(CH 3)-, -CH 2WCH 2CH2-, -CH 2WCH2CH2WCH 2-
, and -WCH 2CH2- where W is -0-, -S-, -NH-, -N(CH 3)-,
or -CH 2CH2N(CH 2C H2OH)CH 2- . Further examples of
AIk1 and AIk2 include divalent cyclopropyl,
cyclopentyl and cyclohexyl radicals. In L, when n is
O, 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 L. When both m and p
are O, L 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, L 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-cyclic 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
Owith n being 1. In other embodiments, n and p may be
Owith m being 1. In further embodiments, m, n and p
may be all O. In still further embodiments m may be O,
n may be 1 with Q being a monocyclic heterocyclic
radical, and p may be Oor 1. AIk1 and AIk2, when
present, may be selected from -CH 2- , -CH 2CH2- , and
-CH 2CH2CH2- and Q may be 1,4-phenylene. Specific
examples of the radical -Y-L-X-[CH 2]Z- include
-C(=0)- and -C(=O)NH- as well as -(CH2)V- , -(CH2)VO-,
-C(=O)-(CH 2)VO-, -C(=O)-NH-(CH 2)W- , -C(=O)-NH-
(CH2)WOwherein v is 1, 2, 3 or 4 and w is 1, 2 or 3,
such as -CH2- , -CH2O-, -C(=O)-CH 2- , - C(=O)- CH2O-,
-C(=O)-NH-CH2- , and -C(=O)-NH-CH 2O-. The radical
-L-Y 1- When the alpha amino acid ester is conjugated
to the inhibitor as a radical of formula (IB) this
radical (or bond) arises from the particular chemistry
strategy chosen to link the alpha carbon of the amino
acid ester motif in formula (IB) or (IC) to the
modulator. (In the latter case, the -L-Y 1- radical is
indirectly linked to the alpha carbon through the
intervening ring atoms of ring system B.) Clearly the
chemistry strategy for that coupling may vary widely,
and thus many combinations of the variables L and Y1
are possible. For example, L may be as discussed above
in the context of the radical -Y-L-X-[CH 2]Z- . For
example, in some embodiments m and n are 1 and p is O;
Q is -0-; and AIk1 is an optionally substituted,
straight or branched, C1-C6 alkylene, C2-C6 alkenylene
or C2-C6 alkynylene radical which may optionally
contain or terminate in an ether (-0-), thioether
(-S-) or amino (-NR A-) link wherein RA is hydrogen or
optionally substituted C1-C4 alkyl. In other
embodiments, m, n and p may each be 1, and in such
cases Q may be, for example a 1,4 phenylene radical,
or a cyclopentyl, cyclohexyl, piperidinyl or
piperazinyl radical. In all embodiments, Y1 may be,
for example, a bond, or -(C=O)-, -(C=O)NH-, and -
(C=O)O-. For compounds of the invention which are to
be administered systemically, esters with a slow rate
of carboxylesterase cleavage are preferred, since they
are less susceptible to pre-systemic metabolism. Their
ability to reach their target tissue intact is
therefore increased, and the ester can be converted
inside the cells of the target tissue into the acid
product. However, for local administration, where the
ester is either directly applied to the target tissue
or directed there by, for example, inhalation, it will
often be desirable that the ester has a rapid rate of
esterase cleavage, to minimise systemic exposure and
consequent unwanted side effects. Where the esterase
motif is linked to the modulator via its amino group,
as in formula (IA) above, if the carbon adjacent to
the alpha carbon of the alpha amino acid ester is
monosubstituted, ie R2 is CH2R (Rz being the
mono-substituent) then the esters tend to be cleaved
more rapidly than if that carbon is di- or
tri-substituted, as in the case where R2 is, for
example, phenyl or cyclohexyl. Similarly, where the
esterasemotif is linked to the modulator via a carbon
atom as in formulae (IB) and (IC) above, if a carbon
atom to which the R4NHCH(R1)- or Rr(ring B)- esterase
motifs are attached is unsubstituted, ie R4NHCH(R1)-
or Rr(ring B)- is attached to a methylene (-CH2)-
radical, then the esters tend to be cleaved more
rapidly than if that carbon is substituted, or is part



of a ring system such as a phenyl or cyclohexyl ring.
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 1BALANCE
SPRING, REGULATED BAIANCE WHEEL ASSEMBLY AND METHODS
OF MANUFACTURE THEREOF FIELD OF THE INVENTION The
present invention relates to refinements concerning
balance wheel mass and timing appendages, and the
shape of and processes for making balance springs
previously introduced by the present inventor in WO
2004/008259 and WO 2005/040943. BACKGROUND OF THE
INVENTION The balance wheel as is found in a
horological mechanism or other precision instrument is
required to oscillate isochronically providing the
required inertia to the balance spring's restoring
couple. For a given restoring couple of the balance
spring the inertia of the balance may be found by
adjusting the centre of its gyratory mass. This is the
case in high quality time keepers which have a fixed
active length of balance spring and therefore a fixed
restoring couple at a given temperature . SUMMARY OF
THE INVENTION Balance spring manufacture In a first
aspect, the present invention relates to refinements
to the balance spring manufacturing process,
particularly the forming and finishing stages of the
balance spring's manufacture. A first refinement
provides a further method of forming spiral balance
springs. This technique is particularly but not
exclusively suitable for ceramic or other material
considered isotropic and in a state whichmay embody
its final density and intrinsic mechanical
characteristics. At its most general, the method
relatesto cutting the spiral (e.g. a flat Archimedes
i.e. regularly developing spiral) made up of a
plurality of 



coils from a layer of the spring material using a
laser beam. Beam cutting permits extremely precise
shaping of the spiral, and the first refinement of the
invention exploits this by cutting from a layer of
spring material a balance spring whose inner
attachment part, i.e. the part for attaching to a
balance wheel in an oscillator mechanism, is
non-elastic. In other words, the conventional elastic
split ring collet and other known elastically behaving
inner attachment parts are avoided. The benefits of
this configuration of balance spring is discussed with
reference to the third aspect below. Thus, the present
invention may provide a method of forming a balance
spring for a horological oscillator mechanism or other
precision instrument comprising forming one or more
layers of- balance spring material; generating a laser
beam to penetrate the layer or layers and cut
therethrough; and directing the laser beam at the
layer or layers and causing relative movement
therebetween so that the laser beam cuts out a balance
spring comprising a spiral and a non-elastic inner
attachment part from the layer or layers of spring
material. Preferably, the inner attachment is cut
integrally with the spiral. However, it is also
possible to c u t these pieces separately and attach
(e.g. fuse or weld) them together to form the spring.
Preferably, the laser beam cuts out the central space
of the spiral so that the outer coils remainattached
to the layer 'of. spring material e.g. for further
production processes: These processes may include t h
e coating of the non .crystalline form of carbon for .
example, with a ceramic material such as boron
nitride, silicon carbide, silicon dioxide or other
ceramic, .or polymer or form of carbon to adjust its
elastic performance. Coating with one or other
combinations of materials mentioned in WO 2004/008259
may also take place. The material cut away from the
spiral may itself have a spiral shape and be used in a
balance spring. The spring material may be presented
in either flat single or multiple stacked sheet form
with or without . separating layers. A specific form
of photon or ionic beam may be used, preferably cooled
laser of deep performance depth and fine beam width.
The relative movement is to cause removal of the
regular developing spiral space found within the
spiral spring form when the 



direction of beam is preferably perpendicular to the
planar surface of the sheet or sheets of material. The
beam source may or may not remain stationary.
Preferably the spring material is movable e.g. rotates
and traverses through the beam path. Once the spiral
space has been made the remaining spiral material form
defines the balance spring and when the sheets are
unstacked individual springs may be removed from their
remaining surrounding material or left connected
within their individual sheet surrounds for further
production processes, as explained above. The same
technique may be applied to a cylinder or other
initial shape of the material where the laser performs
perpendicular to the circular end of thecylinder for
example, and cuts into the length dimension of the
material form. The laser may cut through the edge of
the cylinder or not as appropriate. Preferably , a
second. laser or other cutting operation is performed
perpendicular to the axis of rotation of the cylinder
t o cut off layers (e.g:. disc-like sections) which
correspond to spiral springs with or without their
material surround as described in WO 2005/040943. The
beam cutting may use any precision laser or ionic beam
technique, or electro, mechanical, ultra sound,
chemical or vapour means or a combination of these
precision material removal techniques. Preferably,
cooled, .deep .cutting excimer, or other cooled or non
cooled laser techniques e.g. YAG lasers, copper vapour
laser, CO laser are used, more preferably in
conjunction with conventional beam deflection
techniques, so that the balance spring may also be
formed from the same piece of material as the balance
wheel, balance staff, roller and impulse pin. The.
whole ensemble may therefore be shaped from the same
initial piece of material and remaining so unified,
without requiring recourse to assembly of individual
parts as- is necessary in the present state of the
art. A second refinement relates to the method
(disclosed in WO 20.05/040943) for the production of
flat spiral balance springs is described wherein
balance spring material (continuous carbon fibre,
ceramic fibre, ceramic, polymer or carbon family) is
wound in a tight cylindrical roll, with an
interspacing material separating one coil from another
having equal thickness over its length. The inventor
has now found an expedient method for achieving an
extra spacing for the outermostcoil, which later
facilitates its attachment in the 



mechanism, where the continuous carbon fibre, ceramic
fibre, ceramic, polymer or carbon family spring is
made with the -interspacing and a non adhesive agent.
According to this second refinement, the outermost
coil or coils may be spaced apart from the inner ones
at a given radius by locating a . spacer element
between the inner and outer coils of the rolled
preparation as described in WO 2005/040943, e.g. by
inserting the rolled preparation into a cylinder of
suitable material, e.g. metal or polymer or organic
-fibre .material such as wood paper or cardboard, and
has an inner surface shaped such that the inner coils
are wound inside the spacer element, (e.g. cylinder)
and kept in regular development with identical
interspacing. The spacer element is preferably shaped
such that the roll of spring material and its
interspacing material fills it and is compressed in
it. The spacer element includes an opening, e.g. a
slit in the cylinder's wall to permit the spring
material to exit to the outside of the spacer element.
Preferably the slit is parallel to the axis of
rotation of the cylinder. The spacer element
preferably has an outer surface shaped such that the
spring metal can continue to be wound outside the
spacer element (preferably in the same sense as the
inside winding) . The outer winding or windings are
preferably then bound and made secure around the
outside of the spacer element (cylinder) e.g. with a
tape or fastening agent or cover device such as a
further cylinder slipped over the whole ensemble. In
this arrangement the thickness of the spacer element
(distance between inner and outer surfaces .thereof)
may provide a spacing between the inner series of
coils and the outermost coil or coils. The passage
through the opening in the spacer element preferably
forces the spring material to adopt a course which
provides a wider spacing between the coils on the
outside of the cylinder from those on the inside,
whilst still providing for the finished spring to
dilate or contract concentrically . The interspacing
between adjacent coils is preferably removed in
subsequent heat treatment stages leaving a prepared
roll of spring material to be sliced to provide
individual springs, as is previously described in WO
2005/040943. The spatial relationship between inner
and outer coils is obtained during or before these
heat treatment steps according to this refinement of
the 



invention . For the machining steps after heat
treatment, the spring material may need to have its
intercoil volume filled with a support material, e.g.
polymer foam (foams used for buoyancy in boats have
been found suitable) so that a degree of rigidity and
shock absorbency can be imparted to the prepared roll.
Preferably, a soluble polymer or other removable
material is introduced between the coils of the e.g.
by injection, immersion or other suitable method. When
this process is complete and the support material is
fully cured, the cutting (machining) process may take
place. In a third refinement, the present invention
proposes a further preparatory method of forming one
or more balance springs. This aspect is particularly
but not exclusively suitable for ceramic or carbon
fibre in carbon matrix springs .Accordingly, there may
be provided a method of forming a balance spring for a
horological oscillator mechanism or other precision
instrument comprising introducing balance spring
material in its green state . into a channel formed in
a surface of a flexible interspace material; rolling
the interspace material to cause the channel to form a
coiled configuration, adjacent winds of the coil being
separated by a layer of the interspace material;
treating the rolled material to transform the balance
spring material from its green state to its final
form; and removing the interspace material. The
interspace material is preferably a flat lay er e.g..
a preformed sheet which is pre-prepared with precision
made channels which run parallel to one another. The
channels may be made by a mechanical engraving or
rolling process or by a photolitho and chemical
etching process or by a precision material removal
means by chemical, water, electrical, laser or other
beam treatment means of any wavelength of the known
spectrum. The cross section of the channel is
preferably the same as that of the spring and the
channels may be formed on one or both surfaces of the
sheet. Preferably, after the spring material is
introduced into the channels in the sheet the whole
sheet is then wound around a small diameter core e.g.
a cylinder which is preferably laid perpendicular to
the channels at one end of the sheet. This core may
intentionally become bonded to the material in the
channels. The subsequent cylindrical roll of material
may then be treated such that the material laid 



on the . sheet in the Lgreen state' then passes to a
subsequent transformation stage which may include one
ormore of the processes of polymerisation,
carbonisation, sintering, vitrification or
.graphitisation . Once the 'individual springs
including supporting material have been sliced from
the prepared cylinder they 5 may preferably be worked
in batches to desired height by preferably precision
mechanical methods as are known in the precision
preparation of watch jewels in the industry by
grinding, lapping and polishing with suitable
abrasives, or alternatively by one or more of the 0
methods of finely controlled precision material
removal consisting of chemical, water, electrical,
laser or other beam treatment means of any wavelength
of the known spectrum. . . . ... . . The springs
including supporting material may be 5 fixed in
batches to supports which may or may not have
precision cut recesses of precise depth which are
presented to the lapping head or material removal tool
or interface such that all components in the batch are
simultaneously or consecutively worked to the same
exact 20 dimensions. When the dimensioning stages and
polishing stages are complete, the intercoil
supporting material can be removed by either heat,
chemical, electrical, mechanical, water, or beam
treatment means of any wavelength from the 25 known
spectrum. Further coatings and treatment may take
place if required at this stage. In a fourth
refinement, a continuous carbon fibre balance spring
in a glassy carbon matrix may be made by coating or
inserting the carbon fibres in a sleeve of 30 .
polymeric or other suitable material which provides
the required density of -carbon in the finished
matrix, i.e.once the non-carbon m aterial has been
evacuated in the processing .treatments . . . . In the
case. of a polymer sleeved, preferably continuous
fibre preparation, the shaping of the spring . is
performed when the polymer (whether thermoplastic or
thermoset) is in its physically plastic state. The
sleeved fibre preparation may itself be externally
coated with a non adhering agent so that adjacent
coils of the spring do not adhere to one another, or
the sleeving itself may be of non adherent
characteristic. This preparation of material
configuration may be wound so that adjacent coils of
any one spring may touch one another. The sleeved
fibre preparation may be wound singly on an arbor or
mandrel or plurally so that many 



are formed on a common mandrel. Alternatively the
prepared sleeved fibres may be placed in a prepared
channelled non-adhering separating sheet with a
suitable small diameter core laid across the sleeved
fibre ends as a mandrel for the cylindrical roll as
described above. The thermal transformation process
preferably by one or more of methods of carbonisation,
pyrolisation, graphitisation, or vitrification of the
polymer reduces the overall volume of the component
providing a greater separation between the adjacent
coils. Thus the coil's spacing can be determined by
two methods, the sleeve thickness and the intercoil
spacing material. The polymer composition of the
sleeve allows for more or less volatile non carbon
material to be evaporated away in this process and
thus the resulting space between coils is
determined..It is also desirable to be able to
perforin a method of flattening the spring should this
be required at the appropriate stage in its
manufacture. This can be accomplished by heating the
spring or springs when placed between two smooth
preferably parallel plates of a suitable non adhering
material which may be drilled to receive any
protruding core attached to the centre of the spring.
In so doing the upper edge surfaces and lower edge
surfaces of the coils are urged to occupy a position
in their relative parallel planes and the spring in
its final form will thus dilate and contract within
the volume represented between these two parallel
planes. It is also expedient to en sure the regular
development of the spring from its centre. This may be
performed by using two parallel plates as above but
with the addition of a Lv ' shaped spiral master
groove in each plate, the plate grooves being
identical mirror images of one another which encourage
the upper surface and lower surface of the spiral
spring to follow the true course of the inscribed r
shaped groove when the two plates are brought together
with the spring between them. The spring may then be
heated, chemically or electrically treated or treated
by beam treatment of any wavelength of the known
spectrum. The realignment and tempering or adjusting
of the spring and or its terminal curves or its
physical characteristics may also preferably be
performed in this way. Balance wheels In the
.published patent application WO 2005/040943, 



the present inventor described mass appendage
assemblies for use with low thermal expansion
non-magneticallysensitive balance wheels how a part of
the appendage assembly should provide for the
adjustment of the centre of gyratory mass of the
balance wheel. This has been accomplished previously
by the use of laterally placed peripheral screws and
or washers, or eccentric screws or- eccentric Lc
shaped weights fixed on pegs or in blind holes
perpendicular to the planar balance wheel surface. A
second aspect of the present invention relates to the
case where the balance spring has a slight near linear
and abnormal ' , or positive, Young's modulus
evolution with a rise in temperature as divulged in
the above mentioned publications . At its most
general, the second aspect of the present invention
proposes mass appendages which are receivable in
corresponding bores formed in a balance wheel and
which are insertable in the bore to be securable
therein e.g. by friction fit, or expansion or
adhesion. Thus, additional attachment elements e.g.
screws or pins are not reguired. The second aspect of
the invention may therefore provide a balance wheel
assembly for use in a horological oscillator
mechanism, the balance wheel assembly having a planar
balance wheel for isochronically oscillating with a
balance spring; and a plurality of mass appendages
mountable on the balance wheel to adjust its centre of
gyratory mass, wherein the balance wheel has a bore
formed therein for each of .the mass appendages, and
each mass appendage is receivable in its corresponding
bore and securable to the inner wall thereof.
Preferably, the mass appendage is expandable from a
mounting state in which it is receivable in its
corresponding bore to a normal state in which it
issecurable e.g. by friction fit in its bore. Each
appendage may therefore expand to b e gripped by its
bore in the normal state. Preferably the plurality of
(two or more) mass appendages are situated to give
equipoise to the balance wheel. Preferably but not
exclusively the bores are formed substantially
perpendicular to the plane of the balance wheel.
Preferably, each mass appendage comprises a tubular
setting in which a regulating mass is received. The
setting is preferably arranged to expand to secure the
mass appendage in its bore. The setting preferably has
a slit through its wall 



in the direction parallel to its tubular axis . The
setting preferably has a slight recess perpendicular
to its tubular axis and this recess is preferably cut
into the outside circumferential surface of the tube.
In the mounting state, the setting is let into its
corresponding bore in the balance wheel. The bore is
preferably a hole made through the balance wheel from
one planar side to the other (preferably co-planar)
side. The recess made e.g. circumf erentially in the
wall of setting is preferably so positioned as to
allow for the setting to elastically expand and secure
itself in the appropriately dimensioned hole. The
recess in the setting, or the hole in the balance
wheel may preferably but not exclusively be lined or
coated or otherwise provided with a layer of material
which as well as providing increased adherence, also
allows for the absorption of the mechanical and- or
thermal expansion of the setting
assembly.Alternatively or additionally the regulating
element may be inserted directly into a hole through
the balance wheel itself without a setting. The
regulating element is preferably (but not exclusively)
insertable into the setting or balance wheel by
screwing. In other words, the regulating element may
be screwed into the setting or balance wheel by means
of a screw thread e.g. cut over its whole cylindrical
length. Screwing the regulating element into the
setting may cause further expansion of the setting
which is therefore held fixed by its incapacity to
contract; the regulating element is likewise firmly
held in place by its screw thread and the
counteraction with the inherent elasticity of the
setting 6 . The regulating element may have a screw
head and/or may be of cylindrical form, the screw or
cylinder being drilled eccentrically to its centre of
rotation in the axis parallel to the axis of its
rotation either throughout all or some of its length.
The passage formed by this drilling preferably breaks
through the edge of the cylindrical form thereby
providing a means (by slight bending out of the cusps
formed) of increasing or decreasing the friction of
the threaded contact of the regulating element with
its setting. The passage may be cut to remove mass
once the appendage assembly is in situ by means of
beam treatment, laser or otherwise of any wavelength
of the spectrum or by plasma or anodic erosion . 



In the case of a screw with a head, the eccentrically
drilled passage may preferably pierce the head of the
screw. Whether the regulating element is of screw head
type or plain cylindrical type, the
regulatingelement's eccentrically dri-lled passage may
serve as an aperture in which may be inserted a
specially shape tool for the rotational adjustment,
insertion and removal of the regulating element into
or from the setting or .the balance wheel . In order
that the required mass may be found to supply the
correct inertia for the oscillator system, a rim may
be- provided on either the top or the bottom or both
ends of the- setting tube and this may be shaped so as
to encourage efficient airflow over the appendage
surface to reduce air resistance. The head of the
regulating element may also be of a dim ension -that
allows for the addition of mass also being so formed
as to encourage efficient airflow over its surface .
Furthermore the head of the regulating element or the
rim of the setting may be of shape that is eccentric
and provide not only for the mass adjustment of the
balance wheel but also for residual temperature
compensation in the case where the balance spring s of
'normal' , or negative, Young's modulus evolution. The
eccentrically oriented regulating element head or
setting rim may b e positioned to shift mass towards
the centre of rotation decreasing the inertia of the
balance wheel with a rise in temperature and vice
versa. Preferably, the assembly is constructed so that
the appendages do not protrude either above or below
the (preferably co-planar) surfaces of the balance
wheel but are retained within the thickness between
the upper and lower co-planar surfaces-. . The
assembly may also be- inserted into the edge of a
balance wheel in the lateral position radial to
thecentre of rotation and lying parallel to the planar
surface of. the balance wheel. In this case the
regulating element regulates the gyratory mass in the
radial axis and does not necessarily need to be
drilled. Alternatively a combination of regulating
elements might be used in both the radial and trans
co-planar directions . The regulating element may be
radially fixed at the rim of the balance wheel with
low thermal expansio.n; the setting may have an
extendible portion that projects e.g. along a radial
bore towards the centre of rotation of the 



balance wheel . The extendible portion preferably
provides residual thermal compensation. The extendible
portion may be so shaped as to carry a concentration
of mass at its inner-most end but is not restricted to
this configuration. The material of the regulating
element is preferably one with a coefficient of
thermal expansion which is greater than that of the
balance wheel. Balance spring shape A third aspect of
the present invention relates to the shape of balance
spring inner and outer terminal portions and to
methods of fixing the balance spring within the
oscillator system of a mechanical time keeper or other
precision instrument. The .problems to be overcome in
the present generation of balance wheel and balance
spring oscillator systems require the use of new
materials which overcome present day magnetic and
thermal fluctuations as well as the intrinsic
inaccuracies in the manufacturing and assembly
process.The balance spring in conventional use is of
ferronickel alloy and is of rectangular cross section
and its operating length and thus the oscillator's
frequency is defined by the position at which the
spring is attached to the watch frame. This is
conventionally accomplished by pinning, gluing or
welding the spring blade into a stud at a given point
producing a given frequency of vibration. The stud is
thereafter inserted into a receiving device on the
watchf rame . In the ordinary mechanical watch curb
pins working radially on the outermost coil of the
spring, are used to control the effective working
length of the spring as the amplitude of the
oscillator changes with positional- - changes of the
watch when the spring comes into contact with the pins
. The operating frequency of the oscillator system can
be defined by another method and that is by altering
the inertia of the balance wheel by changing its
centre of gyratory mass, this method is employed in
watches of high quality and high precision. The
oscillators in these watches or instruments are termed
free sprung and have no curb pins . In order to obtain
optimum isochronic performance . th e spring must be
mounted with the highest degree of accuracy in the
oscillator mechanism. The spring must develop, that is
dilate and contract in a regular concentric manner
about the central axis of rotation of 



the oscillator and all the coils of the spring should
remain within the same plane as one another
perpendicular to the axis of rotation and parallel to
the plane of the balance wheel. The coils therefore
should not undulate out of plane in their
development.The conventional metal balance spring
requires that the long side of its rectangular cross
section is parallel to the balance wheel axis of
rotation and the spring is pinned at its outermost
.fastening point in an. aperture in the stud by a
tapered pin or is glued or welded to the stud. The
point at which the spring is attached to the stud and
thus the length of the spring from its innermost
attaching point at the collet on the balance staff to
the outermost point at the stud, determines its
operating frequency for a given fixed mass balance
wheel . The attachment of the inner and outer ends of
the spring cause intrinsic difficulties and the
residual plasticity of the alloy does not prevent
accidental bending and consequential misalignment
which seriously affects the isochronic behaviour of
the oscillator . The operating frequency is
conventionally finally determined once the spring and
its associated balance wheel are introduced into the
watch. The regulating of the watch is accomplished by
altering the position of the curb pins along the
balance spring allowing for increase or decrease in
the active length of the spring and thus decreasing or
increasing the oscillator frequency according to
balance wheel amplitude. The stud itself is
conventionally mounted on a bracket or arm which
allows the angular adjustment of its relative
position. The stud arm has a common centre with the
axis of rotation of the balance- wheel this brings the
oscillator's dead point into correct relative position
with the escapement. The stud and curb pins may
conventionally turn together and maintain their
relative positions .The applicant has observed in the
course of developing non magnetic oscillator systems
from new materials, that new materials overcome many
of the long standing intrinsic problems in manufacture
and bring improved performance to the oscillator, see
WO 2004/008259 and WO 2004/040943. These new materials
have distinct and advantageous characteristics and
demand new and improved technical considerations . We
learn from the applications EP1302821 and EP1256854 of
the integration of the conventional collet 



with the spring on the one hand and the use of a
micromoulding technique of carbon nano-fibre on the
other. We learn from EP 1584994A and EP1513029 of
further shapes of elastic rotatable configurations of
collet in metal and non-metal material. At its most
general, the third aspect of the present invention
proposes methods of attaching both the innermost part
of the spiral spring without using a collet as is
known in the conventional art and the outermost part
of the spring of a fixed length and end portion shape
by introducing- appropriate attachment and adjustment
devices for the balance spring. The spring has
therefore a set frequency. The invention may
furthermore propose an exact and precise attachment of
the balance spring to the balance staff and to the
watch frame by eliminating the elastic split collet as
in the conventional art. Necessary beat adjustment can
be achieved by positioning the outermost end portion
of the integral spring which is equipped for this
purpose without the need to remove or interfere with
the balance wheel, impulse roller or collet and
without affecting the overall oscillator frequency.The
collet known in the art is defined in Berner, the
standard horological industry reference dictionary as
"4058 Collet: Small split cylinder fitted
friction-tight to the balance staff" . In the case of
this invention the spring is preferably cut e.g. using
the technique described in the first aspect of the
invention e.g. using a high precision laser technique
from a planar piece of material to form a balance
spring having its innermost attachment collar and/or
(preferably and) its outermost attachment end portion
shape formed integrally therewith. Preferably, the
innermost attachment collar is shaped to prevent
relative rotation between the spring and a balance
wheelwhen the spring is mounted on the balance wheel.
Preferably but not exclusively the spring is made from
non-magnetically sensitive materials of low linear
thermal expansion coefficient e.g. less than 6 x 10 6
K 1 and preferably of density lower than 6.1 g/cm 3 .
The material may preferably though not exclusively be
of any form or phase of carbon including synthetically
derived diamond, polymer derived amorphous or vitreous
carbon, graphite or continuous carbon fibre, or a
composite or polymer or ceramic including metal oxide,
dioxide, trioxide including synthetic corundums,
carbide, 



silicate including glass, nitride or other in mono or
poly crystalline form or in a hot pressed or reaction
bonded form or combinations of these materials. The
preferred laser technique may also allow both the
reduction in thermal impact on the spring and the
control of ablated debris e.g. by fluid jet, fluid
immersion, ice mounting, cold non-volatile gas jet or
other suitable means .The laser frequency and power
are preferably selected to be able to cut or ablate in
one or several ; passes over the material and may ;be
angled or focused such that the resulting finished cut
edge either is . perpendicular to the planar surface
of the original material sheet whereby the bias of the
draft angle is. compensated or imparts a symmetry to
the spring crosssection about its middle axis and thus
allows for the. finished spring to dilate within the
same plane. The spiral spring may be made integrally
with the balance wheel and or balance staff as is
mentioned above, or may be formed separately
therefrom, in which case the -spring preferably has at
its -centre- an annular collar. - To assemble the
oscillator, the collar is positioned relative to the
axis of rotation of the balance wheel and, when in the
correct place, it is fused, glued, welded or otherwise
fastened to fix the spring' s absolute relative
position to the balance wheel and its impulse pin.
This may include the provision of one or more
conveniently placed slots, holes or freedoms as to
permit the sufficient elasticity to the balance staff
girth to hold by friction the non-rotatable or
rotatable collar in place on the balance staff it se
lf , or on a separate collar which is then placed on
the balance staff by the same means. - . The separate
collar may be so shaped as to have the integral spring
and collar seated upon it and fastened as mentioned
above, or may have an accurately made aperture into
which the spring's innermost coil whether of regular
spiral curve or other shape is fastened. The slo t or
aperture in either- the balance staff or collar for
the purpose of attaching the innermost coilend being
made by whatever appropriate means as seen fit which
may include photon or ionic beam, mechanical,
electrical, chemical, water precision material removal
techniques or a combination of these techniques . The
inner aperture of the collar may be shaped to prohibit
its rotation around the balance staff or balance wheel
hub in order to facilitate its precision 



positioning in the manufacturing and adjustment
processes . The balance spring preferably has an
integral outer end (terminal) portion which is of the
same height as the spiral spring but of greater
overall width (radial extent) .   The outer end
portion (end plate) may be so shaped as to provide a
passageway (channel) within which the spring blade is
received to protect it against accidental shocks. The
outer end portion may also provide a greater surface
area for the spring' s manipulation and introduction
into the fastening device on the watch frame. The
blind end of the passageway is where the spring begins
and is the origin of the spring' s effective working
length. The overall external contour of the end plate
may follow that of a segment of an arc of a given
radius from the balance spring centre. This segment of
arc allows for this endplate to be fastened in the
attachment device at one of any number of different
points along its arc length without changing the
radius of the point of attachment of the spring. The
spring blade itself therefore need not come into
contact and is not influenced by the attachment
device.This allows for the adjustment of the dead
point of- - the oscillator or the beat of the watch,
but does not interfere with its operating frequency
and maintains the ; concentricity of the spring in
relation to the central axis of rotation of the
oscillator. The present invention is intended to be
used preferably but not exclusively in conjunction
with an adjustable and inertia reducing balance wheel
as is suggested in WO 2005/040943. The frequency
adjustment is preferably independent of the pinning
point of the spring, e.g. by altering the radius of
gyration of the mass of the balance wheel. In certain
circumstances an alternative configuration for the
endplate of the spring may include the shaping and
adjusting, lengthening or shortening of the side
cheeks of the endplate to control either or both the
oscillator frequency and the balance amplitude. In
this case the operating length of the spring and hence
the oscillator frequency is determined at the spring
to cheek contact point at the opening of the channel.
This configuration provides a method of fine
adjustment which may be required. 



Furthermore .a section of outer coil may b e composed
of material having a different value of elastic
modulus damping from the rest of the coil. This can
enable any mechanical shock to the watch frame to be
damped and not conveyed to the spring. This outer
section may be adhered, clipped, welded or otherwise
fastened to the spring. The outer coil section may
also preferably be of greater plasticity allowing -for
the small adjustments as may be required in correcting
the spring after a severe shock. The additional outer
coil section may preferablya.ct in the same plane ..as
the spring but is not limited to this. The outermost
part (end plate) of the spring is also preferably
formed integrally with the spring. The geometry of the
outermost end as described below may differ from
conventional spring ends. Conventionally the end of
the spring is of small rectangular section and the
long side of the rectangle cross section is parallel
to the axis of rotation of the oscillator. In the
present invention the geometry of the outermost end of
the spring may be of rectangular cross section but the
long side of the rectangle cross section may b e
perpendicular to the axis of rotation of the
oscillator. Furthermore the--- material area of the
end of the spring may b e greater than that previously
known. The increased area allows for easier
manipulation of the spring end in the processes of
manufacturing, servicing and adjusting. BRIEF
DESCRIPTION Q F THE DRAWINGS Examples of the aspects
of the invention discussed above are now described
with reference to the accompanying drawings in which;
Fig. 1 illustrates a mass appendage assembly that is
receivable in a balance wheel to form an embodiment of
the invention; Fig. 2 is a top view of the mass
appendage assemblyshow in Fig. 1 ; Fig. 3 shows
apparatus for performing a method of manufacturing a
balance spring that is an embodiment of the present
invention; Fig. 4 shows a front view of the apparatus
shown in Fig. 3 ;Fig. 5 shows a balance spring w ith
integrally formed inner and outer attachment portions
that is an embodiment of the present invention; Fig. 6
shows a first non-rotatable inner portion for a
balance spring; Fig. 7 shows a second non-rotatable
inner portion 



for a balance spring; Fig. 8 shows an outer portion
for a balance spring; Figs . 9 to 12 show devices for
securing the outer attachment portion of a balance
spring in an oscillator mechanism. DETAILED
DESCRIPTION OF THE INVENTION Fig. 1 shows a mass
appendage assembly 1 that comprises a regulating
element 2 mounted in a cylindrical setting 6 . The
inner surface of the setting 6 and the outer surface
of the regulating element 2 are in threaded
engagement. The setting 6 has a split 7 down one side
parallel to its axis. The inner diameter of the
setting b is smaller than the outer diameter of the
regulating element 2 so that when the regulating
element is screwed into engagement with the setting 6
, the setting 6 expands and the size of the split 7
increases. The thread 3 on the outer surface of the
regulating member can be seen in Fig. 1 . The split 7
can be seen in Fig. 2 . The side wall of the setting 6
has a recess 4 cut into it. The mass appendage
assembly 1 is designed to b e let into a through hole
formed on a balance wheel in a contracted (e.g. cool)
state. Upon returning to its normal state, the walls
of the setting expand and fit against the inner walls
of the through hole to secure the mass appendage
assembly 1 in the balance wheel. The regulating
element2 is constrained within the setting 6 by the
elastic force of the setting 6 that tries to close the
split 7 . To fine tune the appendage, a hole 5 may be
bored into the regulating element 2 . This can be done
using a laser beam. The hole is bored eccentrically to
the axis of the regulating element. Fig. 3 shows basic
apparatus for forming a balance spring from
non-magnetic material formed from a carbon precursor
or ceramic (with or without fibre content) . Here is
sheet of interspacing material is formed with a
plurality of channels along its length e.g. etched to
its surface. Each channel receives material for
forming the balance spring in its green state. A rod 9
is placed at one end of the interspacing sheet and
attached to the balance spring material. The rod is
then rolled to roll up the interspace sheet 8 so that
each of the channels forms a spiral. The rolled up
configuration is treated to transform the balance
material from its green state to its final form.
Further treatment follows e.g. to remove the
interspace material and to separate the springs from
one another and from the central rod if 



required. Fig. 5 shows a balance spring that is an
embodiment of the present invention. The spring
includes an innermost attachment part 11 in the form
of a collar with a through hole e.g. receivable on a
balance staff. A flattened side is provided on the
through hole so that the inner attachment part is
receivable on the balance staff having only one
orientation to prevent rotation of the balance spring
relative to the balance wheel. The balance spring also
includes an outer attachment part 13 to be attached in
an oscillator housing asexplained below. The outer
attachment part comprises a thickened portion that
lies in the same plane as the balance spring. The
thickened portion includes a recess for receiving the
spring blade. The end of the spring blade is attached
to the outer attachment part at the blind end 12 of
the recess. The outer edge of the attachment part 13
lies on an arc segment whose centre is the centre of
the balance spring. Figs. 6 , 7 and 8 show alternative
configurations for the outer attachment part. In Figs.
6 and 7 , the outer attachment part is a collar
similar to that shown as the inner attachment part in
Fig. 5 . The outer end 13 of the spring occupies the
same plane as the inner end and may be held in one or
other of the devices shown in Figs. 9 , 10, 11 and 12.
These devices allow for exactly the same height as the
inner terminal portion 11 at the oscillator axis to be
found by means of fine threaded adjustment between the
body of the device and its seating in the balance
bridge or device holding -bracket or arm 14 . The
device may alternatively be seated in a setting and
the setting may be an accurate sliding fit in a
receiving aperture of the balance bridge or bracket
and be secured in the appropriate position by a
clamping screw 15. Furthermore the appropriate
position may be found by the use of a micro adjustment
of a radially mounted chamfered screw abutting on an
inclined surface of the device or its setting
permitting the fine height adjustment of the device.
Fig. 11 shows a - device comprising a tube 18 with a -
disc 38 attached at one end. The tube 18 and disc 38
have a bore which receives a rod 20. Another disc 19
is attached to the rod. The discs 19, 38 can be
brought to.close upon one- another by drawing up rod
20. The outer surface of rod 20 is finely threaded and
is received by a nut 21. Rotating the nut 21 relative
to the outer cylindrical surface of rod 20 causes up
or down movement 



of disc 19. Alternatively rod- 20 may be a threaded
screw acting on a threaded inside surface of tube 18;
disc 19 which is captive with but free to remain
non-rotating relative to rod 20 as the rod 20 is
turned may b e drawn up in this way. This action can
clamp the balance spring end part between the two
discs 19, 38. Fine radial adjustment may be made by
the interaction of a pinion by 22 acting on a toothed
or partially toothed surface of the edge of disc 38.
The teeth are not shown in the drawing. The tube 18
and pinion 22 can be held by their threaded outer
surfaces in the balance bridge or bracket arm.
Although discs are shown here, the clamping of the
spring end may be accomplished using alternative
shapes. The securing of the tube 18 in the balance
bridge or bracket may be accomplished by the use of a
screw 23 . Alternatively the screw 23 may have a
chamfered end, as shown in Fig. 12 and may be used to
draw discs 19, 38 together where disc 19 is unthreaded
and is of sliding fit in tube 18, disc 19 having a
suitably positioned and dimensioned hole to receive
the screw 23 using- the principle described for screw
26 below. The device shown in- Fig. 12 may allow for a
conventional spring orientation e.g. upright end part
27, but further allows for the fastening of the new
material as described above. The principle is a
miniature vice whose jaws 28 (which having a lining
17) are brought together by the upward drawing of the
central body 31 bya fine threaded collar or nut 19
acting on a threaded cylindrical upper section 30 of
the central body, here shown in bisected view in
elevation. A chamfered portion of the central body 31
is compressed by the abutment with the chamfered
section 32 of a setting 40, and the sprung jaws 2 8
are consequently brought together. The reverse -
occurs- when unscrewing the threaded collar. An
alternative arrangement may be that the central body
may be lifted by an angled lever 33 which is attached
at the upper most end of the central body the angled
section of which acts as a fulcrum 34 against the
adjacent upper plane of the part in which the central
body is located thus closing the jaws. The outer end
of the balance spring may be as in Fig. 5 , 6 , 7 or 8
, and may be so formed as to permit the fastening into
the appropriate attachment device with the correct
orientation of the spring. The choice of attachment
device for the outermost 



end of the spring is dependent on the spring end-shape
chosen. The internal contour of the attachment device
corresponds with the contour of the end-shape, so once
the correct height has been found, the spring is
located and secured in the device. Once the outermost
spring end is held in the attachment device, the
device itself and its holding bracket may be further
adjusted in the x , y and z axis to provide fine
adjustment of concentricity, height and dead point and
thus optimum performance of the spring. A s shown in
Figs. 9 and 10, the attachment device may be let into
the balance bridge or a bracket for the purpose,
either the whole device or a part such as the inner
cylindrical screw portion 15, which may be
threadedinto an appropriately shaped aperture in the
balance bridge -16 itself. The balance bridge thus
forms the body of the attachment device. In this
configuration the recessed slot to receive the- spring
end plate in the balance bridge -is sympathetically
radiused to receive the spring end plate's identical
radius. This maintains the concentricity of the spring
but also allows for the oscillator's dead point
adjustment. An intermediary sleeve may also be used
between the spring and the receiving recessed slot,
the sleeve mayhave an engaging or abutting element or
portion which may b e used in conjunction with a fine
regulating device to allow for the fine regulating of
the dead point. The outermost end as with the
innermost end may b e collar shaped as shown in Figs .
6 and 7 with or without an irregular inner contour
which allows its correct positioning on a similarly
shaped shallow post in the attachment device 36. The
shape of the outermost end can most expediently b e
fitted to the shape of the attachment device so that
the spring is held correctly on- assembly in the same
plane as the innermost ehd and with predetermined
concentricity which is here further enabled by the
precision of the laser machining process. The
attachment device or part of the device 24 or exposed
contact parts with the spring' s outermost end with
the attachment device may be made of, coated with or
lined with a material 17 which enhances the frictional
contact and shock resistance between the attachment
device and spring end. This material may be a polymer
or a natural or other synthetic material which is
inert tothe chemical, thermal or other changes in its
working and servicing environment.CLAIMS : 



1 . A method of forming a balance spring for a
horological oscillator mechanism comprising: forming
one or more layers of non-magnetic balance spring
material; generating a laser beam to penetrate the
layer or layers and cut therethrough; and directing
the laser beam at the layer or layers and causing
relative movement therebetween so that the laser beam
cuts out from the layer or layers of spring material a
balance spring comprising a flat spiral having a
plurality of coils and a non-elastic inner attachment
part attachable at the centre of the coils . 2 . A
method according to claim 1 , wherein the layer or
layers are cut so that the inner attachment part is
formed integrally with the coils. 3 . A method
according to claim 1 or 2 , wherein the laser beam
cuts out the central space of the spiral so that the
outermost coil remains attached to the layer of spring
material . 4 . A method according to claim 3
including, after the balance spring is cut from the
spring material, coating the coils and/or the inner
attachment part with a ceramic or carbon or polymer
material. 5 . A method according to any preceding
claim, wherein the spring material is a plurality of
stacked layers .6 . A method according to any of
claims 1 to 4 , wherein the spring material is a
substantially isotropic sheet having a plane
substantially perpendicular to the laser beam. 7 . A
method according to claim 6 including, after the
spiral is cut from the spring material, cutting one or
more spiral-shaped layers from the sheet of spring
material using a second laser beam that is
substantially parallel to the plane of the sheet. 8 .
A method according to any preceding claim, wherein the
laser beam is stationary and the spring material is
movable relative to it. 9 . A method according to any
preceding claim, wherein the spring material is
ceramic or any form of carbon. 10 . A non-magnetic
balance spring for mounting on a balance wheel in a
horological oscillator mechanism, wherein the balance
spring includes a flat spiral comprising a plurality
of coils and a non-elastic inner attachment part at
the centre of the coils for attaching 



the balance spring to the balance wheel. 11. A balance
spring according to claim 10, wherein the inner
attachment part includes a collar.12. A balance spring
according to claim 10 or 11, wherein the inner
attachment. part is formed in one piece with the coil.
13. A balance spring according to any of claims 10 to
12 having a flat outer attachment plate which is
attached to the outermost coil of the spiral and lies
substantially in the plane of the spiral, the outer
attachment plate having a curved attachment edge for
attaching the spring in the oscillator mechanism. 14.
A balance spring according to claim 13, wherein the
attachment edge is an arc of constant radius from the
centre of the balance spring. 15. A balance spring
according to claim 13 or 14, wherein the outer
attachment plate includes a blind channel arranged to
receive the outermost coil of the spring, the
outermost coil being attached to the outer attachment
plate at the blind end of the channel. 16. A balance
spring according to claim 15, wherein channel is
shaped to control either one or both of oscillation
frequency and balance amplitude. 


