
SUBSTITUTED INDOLYL ALKYL AMINO DERIVATIVES AS NOVEL
INHIBITORS OF HISTONE DEACETYLASE This invention
concerns compounds having histone deacetylase (HDAC)
inhibiting enzymatic activity. It further relates to
processes for their preparation, to compositions
comprising them, as well as their use, both in vitro
and in vivo, to inhibit HDAC and as a medicine, for
instance as a medicine to inhibit proliferative
conditions, such as cancer and psoriasis. Nuclear
histones are known as integral and dynamic components
of the machinery responsible for regulating gene
transcription and other DNA-templated processes such
as replication, repair, recombination, and chromosome
segregation. They are the subject of
post-translational modifications including
acetylation, phosphorylation, methylation,
ubiquitination, and ADP-ribosylation. Histone
deacetylase(s), herein referred to as "HDACs", are
enzymes that catalyze the removal of the acetyl
modification on lysine residues of proteins, including
the core nucleosomal histones H2A, H2B, H3 and H4.
Together with histone acetyltransferase(s), herein
referred to as "HATs", HDACs regulate the level of
acetylation of the histones. The balance of
acetylation of nucleosomal histones plays an important
role in transcription of many genes. Hypoacetylation
of histones is associated with condensed chromatin
structure resulting in the repression of gene
transcription, whereas acetylated histones are
associated with a more open chromatin structure and
activation of transcription. Eleven structurally
related HDACs have been described and fall into two
classes. Class I HDACs consist of HDAC 1, 2, 3, 8 and
11 whereas class II HDACs consist of HDAC 4, 5, 6, 7,
9 and 10. Members of a third class of HDACs are
structurally unrelated to the class I and class II
HDACs. Class I/II HDACs operate by zinc-dependent
mechanisms, whereas class III HDACs are NAD-dependent.
In addition to histones, other proteins have also been
the substrate for acetylation, in particular
transcriptionfactors such as p53, GATA-I and E2F;
nuclear receptors such as the glucocorticoid receptor,
the thyroid receptors, the estrogen receptors; and
cell-cycle regulating proteins such as pRb.
Acetylation of proteins has been linked with protein
stabilization, such as p53 stabilization, recruitment
of cofactors and increased DNA binding. p53 is a
tumour suppressor that can induce cell cycle arrest or
apoptosis inresponse to a variety of stress signals,
such as DNA damage. The main target for p53- induced
cell cycle arrest seems to be the p21 gene. Next to
its activation by p53, p21 has been identified by
virtue of its association with cyclin/cyclin-dependent
kinase complexes resulting in cell cycle arrest at
both Gl and G2 phases, its up-regulation during
senescence, and its interaction with the proliferating
cell nuclear antigen. The study of inhibitors of HDACs
indicates that they play an important role in cell
cycle arrest, cellular differentiation, apoptosis and
reversal of transformed phenotypes. The inhibitor
Trichostatin A (TSA), for example, causes cell cycle
arrest at both Gl and G2 phases, reverts the
transformed phenotype of different cell lines, and
induces differentiation of Friend leukemia cells and
others. TSA (and suberoylanilide hydroxamic acid SAHA)
have been reported to inhibit cell growth, induce
terminal differentiation, and prevent the formation of
tumours in mice (Finnin et al, Nature, 401: 188-193,
1999). Trichostatin A has also been reported to be
useful in the treatment of fibrosis, e.g. liver
fibrosis and liver chirrhosis. (Geerts et al.,
European Patent Application EP 0 827 742, published 1
1 March, 1998). The pharmacophore for HDAC inhibitors
consists of a metal-binding domain, which interacts
with the zinc-containing active site of HDACs, a
linker domain, and a surface recognition domain or
capping region, which interacts with residues on the
rim of the active site. Inhibitors of HDACs have also
been reported to induce p21 gene expression. The
transcriptional activation of the p21 gene by these
inhibitors is promoted by chromatin remodelling,
following acetylation of histones H3 and H4 in the p21
promotor region. This activation of p21 occurs in a
p53 -independent fashion and thus HDAC inhibitors are
operative in cells with mutated p53 genes, a hallmark
of numerous tumours. In addition HDAC inhibitors can
have indirect activities such as augmentation of the
host immune respons and inhibition of tumor
angiogenesis and thus can suppress the growth of
primary tumors and impede metastasis (Mai et al.,
Medicinal Research Reviews, 25: 261-309). In view of
the above, HDAC inhibitors can have great potential in
the treatment of cell proliferative diseases or
conditions, including tumours with mutated p53
genes.Patent application EP14722 16 published on
August 14, 2003 discloses bicyclic hydroxamates as
inhibitors of histone deacetylase. Patent applications
EP1485099, EP1485348, EP1485353, EP1485354, EP1485364,
EP1485365, EP1485370, EPl 4853 78published on 18
September, 2003, amongst others, disclose substituted
piperazinylpyrimidinylhydroxamic acids as inhibitors
of histone deacetylase furthermore EP1485365 discloses
R306465. Patent application EP1492534 published on 9
October, 2003, discloses carbamic acid compounds
comprising a piperazine linkage, as HDAC inhibitors.
Patent application EP1495002 published on 23 October,
2003, disclose substituted piperazinyl phenyl
benzamide compounds, as histone deacetylase
inhibitors. Patent application WO04/009536 published
on 29 January, 2004, discloses derivatives containing
an alkyl linker between the aryl group and the
hydroxamate, as histone deacetylase inhibitors. Patent
application EP1525 199 published on 12 February, 2004,
discloses (hetero)arylalkenyl substituted bicyclic
hydroxamates, as histone deacetylase inhibitors.
Patent application WO04/063146 published on 29 July
2004, discloses derivatives of N-hydroxy-benzamide
derivatives with anti-inflammatory and antitumour
activity. Patent application WO04/063169 published on
29 July 2004, discloses substituted aryl hydroxamate
derivatives as histone deacetylase inhibitors. Patent
application WO04/072047 published on 26 August 2004,
discloses indoles, benzimidazoles and naphhimidazoles
as histone deacetylase inhibitors. Patent application
WO04/082638 published on 30 September 2004, discloses
hydroxamates linked to non-aromatic heterocyclic ring
systems as histone deacetylase inhibitors. Patent
application WO04/0921 15 published on 28 October 2004,
discloses hydroxamate derivatives as histone
deacetylase inhibitors. Patent application WO05/028447
published on 3 1 March 2005, discloses 



benzimidazoles as histone deacetylase inhibitors.
Patent applications WO05/030704 and WO05/030705
published on 7 April 2005, discloses benzamides as
histone deacetylase inhibitors. Patent application
WO05/040101 published on 6 May 2005, disloses acylurea
connected and sulfonylurea connected hydroxamates as
histone deacetylase inhibitors. Patent application
WO05/040161 also published on 6 May 2005, discloses
biaryl linked hydroxamates as histone deacetylase
inhibitors. The compounds of the present invention
differ from the prior art in structure, in their
pharmacological activity and/or pharmacological
potency.The problem to be solved is to provide histone
deacetylase inhibitors with high enzymatic and
cellular activity that have increased bioavailability
and/or in vivo potency. The novel compounds of the
present invention solve the above-described problem.
The compounds of the present invention show excellent
histone deacetylase inhibiting enzymatic and cellular
activity. They have a high capacity to activiate the
p21 gene, both at the cellular and the in vivo level.
They have a desirable pharmacokinetic profile and low
affinity for the P450 enzymes, which reduces the risk
of adverse drug-drug interaction allowing also for a
wider safety margin. Advantageous features of the
present compounds are metabolic stability, solubility
and/or p21 induction capacity. More in particular the
compounds of the present invention have increased
half-lives in rat hepatocytes, have an increased
solubility/stability in aqueous solutions and/or have
enhanced in vivo p21 promoter inducing capacities.
This invention concerns compounds of formula (I) the
N-oxide forms, the pharmaceutically acceptable
addition salts and the stereochemically isomeric forms
thereof, wherein each n is an integer with value 0, 1
or 2 and when n is 0 then a direct bond is intended;
each m is an integer with value 1 or 2; each X is
independently N or CH; each Y is independently O, S,
or NR4; wherein each R4 is hydrogen,
Ci.6alkyloxyCi.6alkyl, C3_6cycloalkyl,
C^cycloalkylmethyl, phenylC,. 6alkyl, -C(=O)-CHR5R6 or
-S(=O)2-N(CH3)2; whereineach R5and R6 is independently
hydrogen, amino, Ci^alkyl or aminoCi- alkyl; and when
Y is NR4 and R2 ison the 7-position of the indolyl
then R2 and R4 together can form the bivalent radical
-(CHz)2- (a-1), or -(CHz)3- (a-2); R1 is hydrogen,
hydroxyCi- alkyl, Ci_6alkylsulfonyl or mono- or di(Ci
-6alkyl)aminosulfonyl; R2 is hydrogen, hydroxy, amino,
halo, Ci-6alkyl, cyano, C2-6alkenyl, nitro, phenyl,
hydroxycarbonyl, Ci-6alkylcarbonylamino, C].6alkyloxy,
or mono- or di(Ci-6alkyl)amino; R3 is hydrogen, and
when R2 and R3 are on adjacent carbon atoms, they can
form the bivalent radical 0-CH 2-O-. Lines drawn into
the bicyclic ring systems from substituents indicate
that the bonds may be attached to any of the suitable
ring atoms of the bicyclic ring system. The term
"histone deacetylase inhibitor" or "inhibitor of
histone deacetylase" is used to identify a compound,
which is capable of interacting with a histone
deacetylase and inhibiting its activity, more
particularly its enzymatic activity. Inhibiting
histone deacetylase enzymatic activity means reducing
the ability of a histone deacetylase to remove an
acetyl group from a histone. Preferably, such
inhibition is specific, i.e. the histone deacetylase
inhibitor reduces the ability of a histone deacetylase
to remove an acetyl group from a histone at a
concentration that is lower than the concentration of
the inhibitor that is required to produce some other,
unrelated biological effect. As used in the foregoing
definitions and hereinafter, halo is generic to
fluoro, chloro, bromo and iodo; C,_2alkyl straight
chain saturated hydrocarbon radicals having 1 or 2
carbon atoms such as, e.g. methyl or ethyl; C,_6alkyl
defines C,_2alkyl and straight and branched chain
saturated hydrocarbon radicals having from 3 to 6
carbon atoms such as, e.g. propyl, butyl,
1-methylethyl, 2-methylpropyl, pentyl, 2-methyl-butyl,
hexyl, 2- methylpentyl and the like; and
polyhaloCi_6alkyl defines containing three identical
or different halo substituents for example
trifluoromethyl; C2_6alkenyl definesstraight and
branched chain hydrocarbon radicals containing one
double bond and having from 2 to 6 carbon atoms such
as, for example, ethenyl, 2-propenyl, 3-butenyl,
2-pentenyl, 3-pentenyl, 3-methyl-2-butenyl, and the
like; C3-6cycloalkyl includes cyclic hydrocarbon
groups having from 3 to 6 carbons, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, and the like.
Pharmaceutically acceptable addition salts encompass
pharmaceutically acceptable acid addition salts and
pharmaceutically acceptable base addition salts. The
pharmaceutically acceptable acid addition salts as
mentioned hereinabove are meant to comprise the
therapeutically active non-toxic acid addition salt
forms, which the compounds of formula (I) are able to
form. The compounds of formula (I) which have basic
properties can be converted in their pharmaceutically
acceptable acid addition salts by treating said base
form with an appropriate acid. Appropriate acids
comprise, for example, inorganic acids such as
hydrohalic acids, e.g. hydrochloric or hydrobromic
acid; sulfuric; nitric; phosphoric and the like acids;
or organic acids such as, for example, acetic,
trifluoroacetic, propanoic, hydroxyacetic, lactic,
pyruvic, oxalic, malonic, succinic (i.e. butanedioic
acid), maleic, fumaric, malic, tartaric, citric,
methanesulfonic, ethanesulfonic, benzenesulfonic,
-toluenesulfonic, cyclamic, salicylic,
/?-amino-salicylic, pamoic and the like acids. The
compounds of formula (I) which have acidic properties
may be converted in their pharmaceutically acceptable
base addition salts by treating said acid form with a
suitable organic or inorganic base. Appropriate base
salt forms comprise, for example, the ammonium salts,
the alkali and earth alkaline metal salts, e.g. the
lithium, sodium, potassium, magnesium, calcium salts
and the like, salts with organic bases, e.g. the
benzathine, N-methyl-D-glucamine, hydrabamine salts,
and salts with amino acids such as, for example,
arginine, lysine and the like. The term "acid or base
addition salts" also comprises the hydrates and the
solvent addition forms, which the compounds of formula
(I) are able to form. Examples of such forms are e.g.
hydrates, alcoholates and the like. 



The term "stereochemically isomeric forms of compounds
of formula (I)", as used herein, defines all possible
compounds made up of the same atoms bonded by the same
sequence of bonds but having different
three-dimensional structures, which are not
interchangeable, which the compounds of formula (I)
may possess. Unless otherwise mentioned or indicated,
the chemical designation of a compound encompasses the
mixture of all possible stereochemically isomeric
forms, which said compound may possess. Said mixture
may contain all diastereomers and/or enantiomers of
the basic molecular structure of said compound. All
stereochemically isomeric forms of thecompounds of
formula (I) both in pure form or in admixture with
each other are intended to be embraced within the
scope of the present invention. The -oxide forms of
the compounds of formula (I) are meant to comprise
those compounds of formula (I) wherein one or several
nitrogen atoms are oxidized to the so-called N-oxide,
particularly those N-oxides wherein one or more of the
piperidine-, piperazine or pyridazinyl-nitrogens are
N-oxidized. Some of the compounds of formula (I) may
also exist in their tautomeric forms. Such forms
although not explicitly indicated in the above formula
are intended to be included within the scope of the
present invention. Whenever used hereinafter, the term
"compounds of formula (I)" is meant to include also
the pharmaceutically acceptable addition salts and all
stereoisomeric forms. As used herein, the terms
"histone deacetylase" and "HDAC" are intended to refer
to any one of a family of enzymes that remove acetyl
groups from the e-amino groups of lysine residues at
the N-terminus of a histone. Unless otherwise
indicated by context, the term "histone" is meant to
refer to any histone protein, including H1, H2A, H2B,
H3, H4, and H5, from any species. Human HDAC proteins
or gene products, include, but are not limited to,
HDAC-I, HDAC-2, HDAC-3, HDAC-4, HDAC-5, HDAC-6,
HDAC-7, HDAC-8, HDAC-9 HDAC-10 and HDAC-1 1. The
histone deacetylase can also be derived from a
protozoal or fungal source. A first group of
interesting compounds consists of those compounds of
formula (1) wherein one or more of the following
restrictions apply: a) each R4 is hydrogen, Ci- alkyl,
C3_6cycloalkyl, C3.6cycloalkylmethyl, -C(=O)-CHR 5R6
or -S(=O)2-N(CH3)2; b) R is hydrogen, or mono- or
di(Ci_6alkyl)aminosulfonyl; or c) R3 is hydrogen. A
second group of interesting compounds consists of
those compounds of formula (I) wherein one or more of
the following restrictions apply: a) each n is an
integer with value 0 or 1; b) each X is independently
N; c) each R4 is hydrogen or Ci^alkyl; d) R1 is
hydrogen, Ci^alkyl or hydroxyCi^alkyl; ore) R2 is
hydrogen, halo, A third group of interesting compounds
consists of those compounds of formula (I) wherein one
or more of the following restrictions apply: a) each n
is an integer with value 0 or 1; b) each R4 is
hydrogen, C3-6cycloalkyl or phenylCi -6alkyl; c) R1 is
hydrogen, or d) R2 is hydrogen, halo, d^alkyl, cyano,
nitro or Ci^alkyloxy. A fourth group of interesting
compounds consists of those compounds of formula (I)
wherein one or more of the following restrictions
apply: a) each n is an integer with value 0 or 1; b)
each m is an integer with value 1; c) each R4 is
hydrogen, or c) R1 is hydrogen, hydroxyCi-6alkyl,
Ci-6alkylcarbonyl or d) R2 is hydrogen, halo, cyano,
nitro or Ci^alkyloxy; or e) R3 is Ci-6alkyloxy; or f )
when R2 and R3 are on adjacent carbon atoms, they can
form the bivalent radical -0-CH 2-O-. A fifth group of
interesting compounds consists of those compounds of
formula (I) wherein one or more of the following
restrictions apply: a) each n is an integer with value
1; b) each m is an integer with value 1; c) each X is
independently N; d) each Y is independently NR ; e)
each R4 is Ci-6alkyl; f) R1 is hydrogen; g)R2 is
hydrogen or halo; or h) R3 is hydrogen. A group of
preferred compounds consists of those compounds of
formula (I) wherein each n is an integer with value 0
or 1; each R4 is hydrogen, d - alkyl,
Ci-6alkyloxyCi_6alkyl, C3-6cycloalkyl or R1 is
hydrogen, Ci^alkyl, and R2 is hydrogen,
halo,Ci_6alkyl, cyano, nitro, polyhaloCi^alkyl or
d^alkyloxy. A group of more preferred compounds
consists of those compounds of formula (I) wherein
each n is an integer with value 1; each m is an
integer with value 1; each X is independently N; each
Y is independently NR4; each R4 is C^alkyl; R1 is
hydrogen; R2 is hydrogen or halo; and R is hydrogen.
The most preferred compounds are compound No. Ia ,
compound No.30, compound No.39 and compound No. 50 The
compounds of formula (I) and (II), their
pharmaceutically acceptable salts and Noxides and
stereochemically isomeric forms thereof may be
prepared in conventional manner. The starting
materials and some of the intermediates are known
compounds and are commercially available or may be
prepared according to conventional reaction procedures
as generally known in the art or as described in
patent applications EP1485099, EP1485348, EP1485353,
EP1485354, EP1485364, EP1485365, EP1485370, and
EP1485378.Some preparation methods will be described
hereinafter in more detail. Other methods for
obtaining final compounds of formula (I) are described
in the examples. a) Hydroxamic acids of formula (I)
may be prepared by reacting an intermediate of formula
(II), wherein Q is tetrahydropyranyloxyaminocarbonyl,
herein referred to as 



intermediates of formula (II-a), with an appropriate
acid, such as for example, trifluoro acetic acid. Said
reaction is performed in an appropriate solvent, such
as, for example, methanol or dichloromethane.(Il-a) b)
Alternatively, hydroxamic acids of formula (I) may be
prepared by reacting an intermediate of formula (II),
wherein Q is herein referred to as intermediates of
formula (II-c), with hydroxylamine, in the presence of
a base such as for example sodium hydroxyde. Said
reaction is performed in an appropriate solvent, such
as, for example, methanol. The compounds of formula
(I) may also be converted into each other via
art-known reactions or functional group
transformations. A number of such transformations are
already described hereinabove. Other examples are
hydrolysis of carboxylic esters to the corresponding
carboxylic acid or alcohol; hydrolysis of amides to
the corresponding carboxylic acids or amines;
hydrolysis of nitriles to the corresponding amides;
amino groups on imidazole or phenyl may be replaced by
a hydrogen by art-known diazotation reactions and
subsequent replacement of the diazo-group by hydrogen;
alcohols may be converted into esters and ethers;
primary amines may be converted into secondary or
tertiary amines; double bonds may be hydrogenated to
the corresponding single bond; an iodo radical on a
phenyl group may be converted in to an ester group by
carbon monoxide insertion in the presence of a
suitable palladium catalyst.The present invention also
concerns intermediates of formula (II) the N-oxide
forms, the pharmaceutically acceptable addition salts
and the stereochemically isomeric forms thereof,
wherein each n is an integer with value 0, 1 or 2 and
when n is 0 then a direct bond is intended; each m is
an integer with value 1 or 2; each X is independently
N or CH; each Y is independently O, S, or NR4; wherein
each R4 is hydrogen, Ci_6alkyl, C3 6cycloalkyl,
Cs-ecycloalkylmethyl, phenylC^alkyl, -C(=O)-CHR 5R6 or
-S(=O)2-N(CH3)2; wherein each R5and R6 is
independently hydrogen, amino, Ci^alkyl or
aminoCi_6alkyl; and when Y is NR4 and R2 is on the
7-position of the indolyl then R2 and R4 together can
form the bivalent radical -(CH2) - (a-2); R1 is
hydrogen, or mono- or di(Ci -6alkyl)aminosulfonyl; R2
is hydrogen, hydroxy, amino, halo, Ci^alkyl, cyano,
C2-6alkenyl, polyhaloCi^alkyl, nitro, phenyl,
Ci^alkyloxy, or mono- or di(Ci_6alkyl)amino; R3 is
hydrogen, when R2 and R3 are on adjacent carbon atoms,
they can form the bivalent radical -0-CH 2-O-; andQ is
Ci_2alkyloxycarbonyl, hydroxycarbonyl or
tetrahydropyranyloxyaminocarbonyl. Groups of
interesting, preferred, more preferred and most
preferred compounds can be defined for the compounds
of formula (II), in accordance with the groups defined
for the compounds of formula (I). a) Intermediates of
formula (II-a) may be prepared by reacting an
intermediate of formula (III) with an intermediate of
formula (II), wherein Q is hydroxycarbonyl, herein
referred to as intermediates of formula (II-b), in the
presence of appropriate reagents such as
N1-(ethylcarbonimidoyl)-N,N-dimethyl-
1,3-propanediamine, monohydrochloride (EDC) and
1-hydroxy- lH-benzotriazole (HOBT). The reaction may
be performed in the presence of a base such as
triethylamine, in a suitable solvent, such as, a
mixture of dichloromethane and tetrahydrofuran. b)
Intermediates of formula (II-a) may also be prepared
by reacting an intermediate of formula (VI) with the
appropriate carboxaldehyde of formula (V), wherein t
is an integer with value 0 or 1, and when t is 0 then
a direct bond is intended, in the presence of an
appropriate reagent, such as a sodium borohydride, in
a suitable solvent such as dichloroethane or
methanol.c) Intermediates of formula (II-b) may be
prepared by reacting an intermediate of formula (II),
wherein Q is methyl- or ethyloxycarbonyl (Ci -2alkyl),
herein referred to as intermediates of formula (II-c),
with an appropriate acidic solution, e.g. hydrochloric
acid, or basic solution, e.g. hydrogen bromide or
sodiumhydroxide, in a suitable solvent e.g. an
alcohol, such as ethanol or propanol. d) The
intermediates of formula (II-c) may be prepared by
reacting the carboxylic acid ethyl ester of formula
(IV) with the appropriate carboxaldehyde of formula
(V), in the presence of an appropriate reagent, such
as a sodium borohydride e.g. sodium tetrahydroborate,
in a suitable solvent such as an alcohol e.g.
methanol.e) In an identical way, the intermediates of
formula (II-c) may be prepared by reacting an
intermediate of formula (XIV) with the appropriate
intermediate of formula (XV), in the presence of an
appropriate reagent, such as a sodium borohydride e.g.
sodium tetrahydroborate, in a suitable solvent such as
an alcohol e.g. methanol. f) Intermediates of formula
(II-c) may also be prepared by reacting an
intermediate of formula (X) with an intermediate of
formula (XI) wherein W is an appropriate leaving group
such as, for example, halo, e.g. fluoro, chloro, bromo
or iodo, or a sulfonyloxy radical such as
methylsulfonyloxy, 4-methylphenylsulfonyloxy and the
like. The reaction can be performed in a reactioninert
solvent such as, for example, an alcohol, e.g.
methanol, ethanol, 2-methoxy-ethanol, propanol,
butanol and the like; an ether, e.g. 4, 4-dioxane,
l,l'-oxybispropane and the like; a ketone, e.g.
4-methyl-2-pentanone; or N,N-dimethylformamide,
nitrobenzene, acetonitrile and the like. The addition
of an appropriate base such as, for example, an alkali
or earth alkaline metal carbonate or hydrogen
carbonate, e.g. triethylamine or sodium carbonate, may
be utilized to pick up the acid which is liberated
during the course of the reaction. A small amount of
an appropriate metal iodide, e.g., sodium or potassium
iodide may be added to promote the reaction. Stirring
may enhance the rate of the reaction. The reaction may
convenientlybe carried out at a temperature ranging
between room temperature and the reflux temperature of
the reaction mixture and, if desired, the reaction may
be carried out at an increased pressure. g) In an
identical way, intermediates of formula (II-c) may be
prepared by reacting an intermediate of formula (XII)
with an intermediate of formula (XIII), wherein W is
an appropriate leaving group as described above. C,.
2al The intermediates of formula (VI) may be prepared
by reacting the intermediate of 



formula (VII) with piperidine in a suitable solvent
e.g. dichloromethane.The intermediates of formula
(VII) may be prepared by reacting an intermediate of
formula (VIII) with an intermediate of formula (III),
in the presence of appropriate reagents such as
N^ethylcarbonimidoyO- N -dimethyl-l -propanediamine,
monohydrochloride (EDC) and 1-hydroxy-lH-benzotriazole
(HOBT). The reaction may be performed in the presence
of a base such as triethylamine, in a suitable
solvent, such as, a mixture of dichloromethane and
tetrahydrofuran. Intermediates of formula (VIII) may
be prepared by reacting an intermediate of formula
(IX) with an intermediate of formula (IV), wherein R1
is hydrogen, herein referred to as intermediates of
formula (IV-a), in the presence of sodium hydroxide,
in a suitable solvent, such as tetrahydrofuran,
followed by neutralization with hydrochloric acid and
addition of sodium carbonate.The compounds of formula
(I) and some of the intermediates may have at least
one stereogenic centre in their structure. This
stereogenic centre may be present in an R or an S
configuration. The compounds of formula (I) as
prepared in the hereinabove described processes are
generally racemic mixtures of enantiomers, which can
be separated from one another following art-known
resolution procedures. The racemic compounds of
formula (I) may be converted into the corresponding
diastereomeric salt forms by reaction with a suitable
chiral acid. Said diastereomeric salt forms are
subsequently separated, for example, by selective or
fractional crystallization and the enantiomers are
liberated there from by alkali. An alternative manner
of separating the enantiomeric forms of the compounds
of formula (I) involves liquid chromatography using a
chiral stationary phase. Said pure stereochemically
isomeric forms may also be derived from the
corresponding pure stereochemically isomeric forms of
the appropriate starting materials, provided that the
reaction occurs stereospecifically. Preferably if a
specific stereoisomer is desired, said compound would
be synthesized by stereospecific methods of
preparation. These methods will advantageously employ
enantiomerically pure starting materials. The
compounds of formula (I), the pharmaceutically
acceptable acid addition salts and stereoisomeric
forms thereof have valuable pharmacological properties
in that they have a histone deacetylase (HDAC)
inhibitory effect. This invention provides a method
for inhibiting the abnormal growth of cells, including
transformed cells, by administering an effective
amount of a compound of the invention. Abnormal growth
of cells refers to cell growth independent of normal
regulatory mechanisms (e.g. loss of contact
inhibition). This includes the inhibition of tumour
growth both directly by causing growth arrest,
terminal differentiation and/or apoptosis of cancer
cells, and indirectly, by inhibiting
neovascularization of tumours. This invention also
provides a method for inhibiting tumour growth by
administering an effective amount of a compound of the
present invention, to a subject, e.g. a mammal (and
more particularly a human) in need of such treatment.
In particular, this invention provides a method for
inhibiting the growth of tumours by the administration
of an effective amount of the compounds of the present
invention. Examples of tumours which may be inhibited,
but are not limited to, lung cancer (e.g.
adenocarcinoma and including non-small cell lung
cancer), pancreatic cancers (e.g. pancreatic carcinoma
such as, for example exocrine pancreatic carcinoma),
coloncancers (e.g. colorectal carcinomas, such as, for
example, colon adenocarcinoma and colon adenoma),
prostate cancer including the advanced disease,
hematopoietic tumours of lymphoid lineage (e.g. acute
lymphocytic leukemia, B-cell lymphoma, Burkitt's
lymphoma), myeloid leukemias (for example, acute
myelogenous leukemia (AML)), thyroid follicular
cancer, myelodysplasia syndrome (MDS), tumours of
mesenchymal origin (e.g. fibrosarcomas and
rhabdomyosarcomas), melanomas, teratocarcinomas,
neuroblastomas, gliomas, benign tumour of the skin
(e.g. keratoacanthomas), breast carcinoma (e.g.
advanced breast cancer), kidney carcinoma, ovary
carcinoma, bladder carcinoma and epidermal carcinoma.
The compound according to the invention may be used
for other therapeutic purposes, for example: a) the
sensitisation of tumours to radiotherapy by
administering the compound according to the invention
before, during or after irradiation of the tumour for
treating cancer; b) treating arthropathies and
osteopathological conditions such as rheumatoid
arthritis, osteoarthritis, juvenile arthritis, gout,
polyarthritis, psoriatic arthritis, ankylosing
spondylitis and systemic lupus erythematosus; c)
inhibiting smooth muscle cell proliferation including
vascular proliferative disorders, atherosclerosis and
restenosis; d) treating inflammatory conditions and
dermal conditions such as ulcerative colitis, Crohn's
disease, allergic rhinitis, graft vs. host disease,
conjunctivitis, asthma, ARDS, Behcets disease,
transplant rejection, uticaria, allergic dermatitis,
alopecia areata, scleroderma, exanthema, eczema,
dermatomyositis, acne, diabetes, systemic lupus
erythematosis, Kawasaki's disease, multiple sclerosis,
emphysema, cystic fibrosis and chronic bronchitis; e)
treating endometriosis, uterine fibroids,
dysfunctional uterine bleeding and endometrial
hyperplasia; f) treating ocular vascularisation
including vasculopathy affecting retinal and choroidal
vessels; g) treating a cardiac dysfunction; h)
inhibiting immunosuppressive conditions such as the
treatment of HIV infections; i) treating renal
dysfunction; j) suppressing endocrine disorders; k)
inhibiting dysfunction of gluconeogenesis;1) treating
a neuropathology for example Parkinson's disease or a
neuropathology that results in a cognitive disorder,
for example, Alzheimer's disease or polyglutamine
related neuronal diseases; m) treating psychiatric
disorders for example schizophrenia, bipolar disorder,
depression, anxiety and psychosis; n) inhibiting a
neuromuscular pathology, for example, amyotrophic
lateral sclerosis; o) treating spinal muscular
atrophy; p) treating other pathologic conditions
amenable to treatment by potentiating expression of a
gene; q) enhancing gene therapy; 



r) inhibiting adipogenesis; s) treating parasitosis
such as malaria. Hence, the present invention
discloses the compounds of formula (I) for use as a
medicine as well as the use of these compounds of
formula (I) for the manufacture of a medicament for
treating one or more of the above mentioned
conditions. The compounds of formula (I), the
pharmaceutically acceptable acid addition salts and
stereoisomeric forms thereof can have valuable
diagnostic properties in that they can be used for
detecting or identifying a HDAC in a biological sample
comprising detecting or measuring the formation of a
complex between a labelled compound and a HDAC. The
detecting or identifying methods can use compounds
that are labelled with labelling agents such as
radioisotopes, enzymes, fluorescent substances,
luminous substances, etc. Examples of the
radioisotopes include 125I, I, H and C. Enzymes are
usually made detectable by conjugation of an
appropriate substrate which, in turn catalyses a
detectable reaction. Examples thereof include, for
example, betagalactosidase, beta-glucosidase, alkaline
phosphatase, peroxidase and malate dehydrogenase,
preferably horseradish peroxidase. The luminous
substances include, for example, luminol, luminol
derivatives, luciferin, aequorin and luciferase.
Biological samples can be defined as body tissue or
body fluids. Examples of body fluids are cerebrospinal
fluid, blood, plasma, serum, urine, sputum, saliva and
the like. In view of their useful pharmacological
properties, the subject compounds may be formulated
into various pharmaceutical forms for administration
purposes.To prepare the pharmaceutical compositions of
this invention, an effective amount of a particular
compound, in base or acid addition salt form, as the
active ingredient is combined in intimate admixture
with a pharmaceutically acceptable carrier, which
carrier may take a wide variety of forms depending on
the form of preparation desired for administration.
These pharmaceutical compositions are desirably in
unitary dosage form suitable, preferably, for
administration orally, rectally, percutaneously, or by
parenteral injection. For example, in preparing the
compositions in oral dosage form, any of the usual
pharmaceutical media may be employed, such as, for
example, water, glycols, oils, alcohols and the like
in the case of oral liquid preparations such as
suspensions, syrups, elixirs and solutions; or solid
carriers such as starches, sugars, kaolin, lubricants,
binders, disintegrating agents and the like in the
case of powders, pills, capsules and tablets. Because
of their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form,
in which case solid pharmaceutical carriers are
obviously employed. For parenteral compositions, the
carrier will usually comprise sterile water, at least
in large part, though other ingredients, to aid
solubility for example, may be included. Injectable
solutions, for example, may be prepared in which the
carrier comprises saline solution, glucose solution or
a mixture of saline and glucose solution. Injectable
suspensions may also be prepared in which case
appropriate liquid carriers, suspending agents and the
like may be employed. In the compositions suitable for
percutaneous administration, the carrier optionally
comprises a penetration enhancing agent and/or a
suitable wetting agent, optionally combined with
suitable additives of any nature in minor proportions,
which additives do not cause a significant deleterious
effect to the skin. Said additives may facilitate the
administration to the skin and/or may be helpful for
preparing the desired compositions. These compositions
may be administered in various ways, e.g., as a
transdermal patch, as a spot-on or as an ointment. It
is especially advantageous to formulate the
aforementioned pharmaceutical compositions in dosage
unit form for ease of administration and uniformity of
dosage. Dosage unit form as used in the specification
and claims herein refers to physically discrete units
suitable as unitary dosages, each unit containing a
predetermined quantity of active ingredient,
calculated to produce the desired therapeutic effect,
in association with the required pharmaceutical
carrier. Examples of such dosage unit forms are
tablets (including scored or coated tablets),
capsules, pills, powder packets, wafers, injectable
solutions or suspensions, teaspoonfuls, tablespoonfuls
and the like, and segregated multiples thereof.Those
skilled in the art could easily determine the
effective amount from the test results presented
hereinafter. In general it is contemplated that a
therapeutically effective amount would be from 0.005
mg/kg to 100 mg/kg body weight, and in particular from
0.005 mg/kg to 10 mg/kg body weight. It may be
appropriate to administer the required dose as two,
three, four or more sub-doses at appropriate intervals
throughout the day. Said sub-doses may be formulated
as unit dosage forms, for example, containing 0.5 to
500 mg, and in particular 10 mg to 500 mg of active
ingredient per unit dosage form. As another aspect of
the present invention a combination of a
HDAC-inhibitor with another anticancer agent is
envisaged, especially for use as a medicine, more
specifically in the treatment of cancer or related
diseases. For the treatment of the above conditions,
the compounds of the invention may be advantageously
employed in combination with one or more other
medicinal agents, more particularly, with other
anti-cancer agents. Examples of anti-cancer agents
are: - platinum coordination compounds for example
cisplatin, carboplatin or oxalyplatin; - taxane
compounds for example paclitaxel or docetaxel; -
topoisomerase I inhibitors such as camptothecin
compounds for example irinotecan or topotecan; -
topoisomerase II inhibitors such as anti-tumour
podophyllotoxin derivatives for example etoposide or
teniposide; - anti-tumour vinca alkaloids for example
vinblastine, vincristine or vinorelbine; anti-tumour
nucleoside derivatives for example 5-fluorouracil,
gemcitabine or capecitabine; alkylating agents such as
nitrogen mustard or nitrosourea for example
cyclophosphamide, chlorambucil, carmustine or
lomustine; - anti-tumour anthracycline derivatives for
example daunorubicin, doxorubicin, idarubicin or
mitoxantrone; - HER2 antibodies for example
trastuzumab; estrogen receptor antagonists or
selective estrogen receptor modulators for example
tamoxifen, toremifene, droloxifene, faslodex or
raloxifene; - aromatase inhibitors such as exemestane,
anastrozole, letrazole and vorozole; - differentiating
agents such as retinoids, vitamin D and retinoic acid
metabolism 



blocking agents (RAMBA) for example accutane; - DNA
methyl transferase inhibitors for example azacytidine;
kinase inhibitors for example flavoperidol, imatinib
mesylate or gefitinib; - farnesyltransferase
inhibitors; other HDAC inhibitors; inhibitors of the
ubiquitin-proteasome pathway for example Velcade; or -
Yondelis. The term "platinum coordination compound" is
used herein to denote any tumour cell growth
inhibiting platinum coordination compound which
provides platinum in the form of an ion. The term
"taxane compounds" indicates a class of compounds
having the taxane ring system and related to or
derived from extracts from certain species of yew
(Taxus) trees. The term "topisomerase inhibitors" is
used to indicate enzymes that are capable of altering
DNA topology in eukaryotic cells. They are critical
for important cellular functions and cell
proliferation. There are two classes of topoisomerases
in eukaryotic cells, namely type I and type II.
Topoisomerase I is a monomeric enzyme of approximately
100,000 molecular weight. The enzyme binds to DNA and
introduces a transient single-strand break, unwinds
the double helix (or allows it to unwind) and
subsequently reseals the break before dissociating
from the DNA strand. Topisomerase II has a similar
mechanism of action which involves the induction of
DNA strand breaks or the formation of free radicals.
The term "camptothecin compounds" is used to indicate
compounds that are related to or derived from the
parent camptothecin compound which is a
water-insoluble alkaloid derived from the Chinese tree
Camptothecin acuminata and the Indian tree
Nothapodytes foetida. The term "podophyllotoxin
compounds" is used to indicate compounds that are
related to or derived from the parent podophyllotoxin,
which is extracted from the mandrake plant. The term
"anti-tumour vinca alkaloids" is used to indicate
compounds that are related to or derived from extracts
of the periwinkle plant (Vinca rosea). The term
"alkylating agents" encompass a diverse group of
chemicals that have the common feature that they have
the capacity to contribute, under physiological
conditions, alkyl groups to biologically vital
macromolecules such as DNA. With mostof the more
important agents such as the nitrogen mustards and the
nitrosoureas, the active alkylating moieties are
generated in vivo after complex degradative reactions,
some of which are enzymatic. The most important
pharmacological actions of the alkylating agents are
those that disturb the fundamental mechanisms
concerned with cell proliferation in particular DNA
synthesis and cell division. The capacity of
alkylating agents to interfere with DNA function and
integrity in rapidly proliferating tissues provides
the basis for their therapeutic applications and for
many of their toxic properties. The term "anti-tumour
anthracycline derivatives" comprise antibiotics
obtained from the fungus Strep peuticus var. caesius
and their derivatives, characterised by having a
tetracycline ring structure with an unusual sugar,
daunosamine, attached by a glycosidic linkage.
Amplification of the human epidermal growth factor
receptor 2 protein (HER 2) in primary breast
carcinomas has been shown to correlate with a poor
clinical prognosis for certain patients. Trastuzumab
is a highly purified recombinant DNA-derived humanized
monoclonal IgG 1kappa antibody that binds with high
affiniity and specificity to the extracellular domain
of the HER2 receptor. Many breast cancers have
estrogen receptors and growth of these tumours can be
stimulated by estrogen. The terms "estrogen receptor
antagonists" and "selective estrogen receptor
modulators" are used to indicate competitive
inhibitors of estradiol binding to the estrogen
receptor (ER). Selective estrogen receptor modulators,
when bound to the ER, induces a change in the
three-dimensional shape of the receptor, modulating
its binding to the estrogen responsive element (ERE)
on DNA. In postmenopausal women, the principal source
of circulating estrogen is from conversion of adrenal
and ovarian androgens (androstenedione and
testosterone) to estrogens (estrone and estradiol) by
the aromatase enzyme in peripheral tissues. Estrogen
deprivation through aromatase inhibition or
inactivation is an effective and selective treatment
for some postmenopausal patients with
hormone-dependent breast cancer. The term
"antiestrogen agent" is used herein to include not
only estrogen receptor antagonists and selective
estrogen receptor modulators but also aromatase
inhibitors as discussed above.The term
"differentiating agents" encompass compounds that can,
in various ways, inhibit cell proliferation and induce
differentiation. Vitamin D and retinoids are known to
play a major role in regulating growth and
differentiation of a wide variety of normal and
malignant cell types. Retinoic acid metabolism
blocking agents (RAMBA's) increase the levels of
endogenous retinoic acids by inhibiting the cytochrome
P450- mediated catabolism of retinoic acids. DNA
methylation changes are among the most common
abnormalities in human neoplasia. Hypermethylation
within the promotors of selected genes is usually
associated with inactivation of the involved genes.
The term "DNA methyl transferase inhibitors" is used
to indicate compounds that act through pharmacological
inhibition of DNA methyl transferase and reactivation
of tumour suppressor gene expression. The term "kinase
inhibitors" comprises potent inhibitors of kinases
that are involved in cell cycle progression and
programmed cell death (apoptosis). The term
"farnesyltransferase inhibitors" is used to indicate
compounds that were designed to prevent farnesylation
of Ras and other intracellular proteins. They have
been shown to have effect on malignant cell
proliferation and survival. The term "other HDAC
inhibitors" comprises but is not limited to:
carboxylates for example butyrate, cinnamic acid,
4-phenylbutyrate or valproic acid; hydroxamic acids
for example suberoylanilide hydroxamic acid (SAHA),
piperazine containing SAHA analogues, biaryl
hydroxamate A-1 6 1906 and its carbozolylether-,
tetrahydropyridine- and tetralone- analogues, bicyclic
aryl-Nhydroxycarboxamides, pyroxamide, CG-1521,
PXD-101, sulfonamide hydroxamic acid, LAQ-824,
LBH-589, trichostatin A (TSA), oxamflatin, scriptaid,
scriptaid related tricyclic molecules, m-carboxy
cinnamic acid 



bishydroxamic acid (CBHA), CBHA-like hydroxamic acids,
trapoxinhydroxamic acid analogue, R306465 and related
benzoyl- and heteroarylhydroxamic acids,
aminosuberates and malonyldiamides; cyclic
tetrapeptides for example trapoxin, apidicin,
depsipeptide, spiruchostatinrelated compounds,
RedFK-228, sulfhydryl-containing cyclic tetrapeptides
(SCOPs), hydroxamic acid containing cyclic
tetrapeptides (CHAPs), TAN-174s and azumamides; -
benzamides for example MS-275 or CI-994, or
depudecin.The term "inhibitors of the
ubiquitin-proteasome pathway" is used to indentify
compounds that inhibit the targeted destruction of
cellular proteins in the proteasome, including cell
cycle regulatory proteins. For the treatment of cancer
the compounds according to the present invention may
be administered to a patient as described above, in
conjunction with irradiation. Irradiation means
ionising radiation and in particular gamma radiation,
especially that emitted by linear accelerators or by
radionuclides that are in common use today. The
irradiation of the tumour by radionuclides can be
external or internal. The present invention also
relates to a combination according to the invention of
an anti-cancer agent and a HDAC inhibitor according to
the invention. The present invention also relates to a
combination according to the invention for use in
medical therapy for example for inhibiting the growth
of tumour cells. The present invention also relates to
a combinations according to the invention for
inhibiting the growth of tumour cells. The present
invention also relates to a method of inhibiting the
growth of tumour cells in a human subject which
comprises administering to the subject an effective
amount of a combination according to the invention.
This invention further provides a method for
inhibiting the abnormal growth of cells, including
transformed cells, by administering an effective
amount of a combination according to the invention.
The other medicinal agent and HDAC inhibitor may be
administered simultaneously (e.g. in separate or
unitary compositions) or sequentially in either order.
In the latter case, the two compounds will be
administered within a period and in an amount and
manner that is sufficient to ensure that an
advantageous or synergistic effect is achieved. It
will be appreciated that the preferred method and
order of administration and the respective dosage
amounts and regimes for each component of the
combination will depend on the particular other
medicinal agent and HDAC inhibitor being administered,
their route of administration, the particular tumour
being treated and the particular host being treated.
The optimum method and order of administration and
thedosage amounts and regime can be readily determined
by those skilled in the art using conventional methods
and in view of the information set out herein. The
platinum coordination compound is advantageously
administered in a dosage of 1 to 500mg per square
meter (mg/m2) of body surface area, for example 50 to
400 mg/m2, particularly for cisplatin in a dosage of
about 75 mg/m2 and for carboplatin in about 300mg/m2
per course of treatment. The taxane compound is
advantageously administered in a dosage of 50 to 400
mg per square meter (mg/m ) of body surface area, for
example 75 to 250 mg/m , particularly for paclitaxel
in a dosage of about 175 to 250 mg/m2 and for
docetaxel in about 75 to 150 mg/m2 per course of
treatment. The camptothecin compound is advantageously
administered in a dosage of 0.1 to 400 mg per square
meter (mg/m2) of body surface area, for example 1 to
300 mg/m2, particularly for irinotecan in a dosage of
about 100 to 350 mg/m2 and for topotecan in about 1 to
2 mg/m2 per course of treatment. The anti-tumour
podophyllotoxin derivative is advantageously
administered in a dosage of 30 to 300 mg per square
meter (mg/m2) of body surface area, for example 50 to
250mg/m2, particularly for etoposide in a dosage of
about 35 to 100 mg/m2 and for teniposide in about 50
to 250 mg/m2 per course of treatment. The anti-tumour
vinca alkaloid is advantageously administered in a
dosage of 2 to 30 mg per square meter (mg/m2) of body
surface area, particularly for vinblastine in a dosage
of about 3 to 12 mg/m2 , for vincristine in a dosage
of about 1 to 2 mg/m2 , and for vinorelbine in dosage
of about 10 to 30 mg/m2 per course of treatment. The
anti-tumour nucleoside derivative is advantageously
administered in a dosage of 200 to 2500 mg per square
meter (mg/m2) of body surface area, for example 700
to1500 mg/m2, particularly for 5-FU in a dosage of 200
to 500mg/m2, for gemcitabine in a dosage of about 800
to 1200 mg/m2 and for capecitabine in about 1000 to
2500 mg/m2 per course of treatment. The alkylating
agents such as nitrogen mustard or nitrosourea is
advantageously administered in a dosage of 100 to 500
mg per square meter (mg/m2) of body surface area, for
example 120 to 200 mg/m2, particularly for
cyclophosphamide in a dosage of about 100 to 500 mg/m2
, for chlorambucil in a dosage of about 0.1 to 0.2
mg/kg, forcarmustine in a dosage of about 150 to 200
mg/m2 , and for lomustine in a dosage of about 100 to
150 mg/m2 per course of treatment. The anti-tumour
anthracycline derivative is advantageously
administered in a dosage of 10 to 75 mg per square
meter (mg/m2) of body surface area, for example 15 to
60 mg/m2, particularly for doxorubicin in a dosage of
about 40 to 75 mg/m2, for daunorubicin in a dosage of
about 25 to 45mg/m2 , and for idarubicin in a dosage
of about 10 to 15 mg/m2 per course of treatment.
Trastuzumab is advantageously administered in a dosage
of 1 to 5mg per square meter (mg/m2) of body surface
area, particularly 2 to 4mg/m2 per course of
treatment. The antiestrogen agent is advantageously
administered in a dosage of about 1 to 100 mg daily
depending on the particular agent and the condition
being treated. Tamoxifen is advantageously
administered orally in a dosage of 5 to 50 mg,
preferably 10 to 20 mg twice a day, continuing the
therapy for sufficient time to achieve and maintain a
therapeutic effect. Toremifene is advantageously
administered orally in a dosage of about 60mg once a
day, continuing the therapy for sufficient time to
achieve and maintain a therapeutic effect. Anastrozole
is advantageously administered orally in a dosage of
about lmg once a day. Droloxifene is advantageously
administered orally in a dosage of about 20-100mg once
a day. Raloxifene is advantageously administered
orally in a dosage of about 60mg once a day.
Exemestane is advantageously administered orally in a
dosage of about 25mg once a day. These dosages may be
administered for example once, twice or more per
course of treatment, which may be repeated for example
every 7,14, 2 1 or 28 days. 



In view of their useful pharmacological properties,
the components of the combinations according to the
invention, i.e. the other medicinal agent and the HDAC
inhibitor may be formulated into various
pharmaceutical forms for administration purposes. The
components may be formulated separately in individual
pharmaceutical compositions or in a unitary
pharmaceutical composition containing both components.
The present invention therefore also relates to a
pharmaceutical composition comprising the other
medicinal agent and the HDAC inhibitor together with
one or more pharmaceutical carriers.The present
invention also relates to a combination according to
the invention in the form of a pharmaceutical
composition comprising an anti-cancer agent and a HDAC
inhibitor according to the invention together with one
or more pharmaceutical carriers. The present invention
further relates to the use of a combination according
to the invention in the manufacture of a
pharmaceutical composition for inhibiting the growth
of tumour cells. The present invention further relates
to a product containing as first active ingredient a
HDAC inhibitor according to the invention and as
second active ingredient an anticancer agent, as a
combined preparation for simultaneous, separate or
sequential use in the treatment of patients suffering
from cancer. Experimental part The following examples
are provided for purposes of illustration.
Hereinafter, "DCM" is defined as dichloromethane,
"DIPE" is defined as diisopropyl ether, "DMA" is
defined as is defined as N,N-dimethylacetamide, "DMSO"
is defined as dimethylsulfoxide ,"EDC" is defined as N
-(ethylcarbonimidoyl)- N,N-dimethyl-l,3-
propanediamine, monohydrochloride, "EtOAc" is defined
as ethyl acetate, "EtOH" is defined as ethanol, "HOBt"
is defined as 1-hydroxy- lH-benzotriazole, "MeOH" is
defined as methanol, "TFA" is defined as
trifluoroacetic acid and "THF" is defined as
tetrahydrofuran. A. Preparation of the intermediate
compounds Example Al ) .Preparation of intermediate 1
A mixture of 2-[4-(aminomethyl)-l-piperidinyl]-
5-pyrimidinecarboxylic acid, ethyl ester (0.01 14
mol), l-methyl-l H-indole-3-carboxaldehyde (0.017 mol)
and MgSO4 (0.5g) in MeOH (80ml) was stirred and
refluxed for 15 hours, then cooled to room
temperature. Sodium tetrahydroborate (0.018 mol) was
added portionwise. The mixture was stirred at room
temperature 5 hours, poured out into water and
extracted with EtOAc. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated. The residue (6.6g) was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCM/MeO H/NH4OH 94/6/0.5). The pure fractions were
collected and the solvent was evaporated, yielding
4.3g (90%) of intermediate 1.bJ.Preparatign
of.intermediate .2 A mixture of intermediate 1 (0.0037
mol) and sodium hydroxide (0.0074 mol) in EtOH (60ml)
was stirred at 5O0C for 15 hours, then cooled to room
temperature and the solvent was evaporated till
dryness, yielding 1.5g (100%) of intermediate 2.
c).Preparation .ofmterm .ediate.3 EDC (0.0075 mol),
then HOBt (0.0075 mol) then
O-(tetrahydro-2H-pyran-2-yl)- hydroxylamine (0.01 5
mol) were added at room temperature to a mixture of
intermediate 2 (0.005 mol) in DCM (100ml) and THF
(100ml) under N2 flow. The mixture was stirred at 400C
for 4 hours, poured out into ice water and extracted
with DCM. The organic layer was separated, dried
(MgSO4), filtered, and the solvent was evaporated. The
residue (4g) was purified by column chromatography
over silica gel ( 15-40mm) (eluent: DCM/MeOH/NH4OH
96/4/0.5). The pure fractions were collected and the
solvent was evaporated, yielding 1g (42%) of
intermediate 3. A fraction (0.05Ig) was crystallized
from DIPE. The precipitate was filtered off and dried,
yielding 0.03g of intermediate 3, melting point 700C.
Example A2 a).Preparation.ofm.term.ediate.4. A mixture
of 2-[4-(aminomethyl)-l-piperidinyl]-
5-pyrimidinecarboxylic acid, ethyl ester (0.0072 mol)
in THF (40ml) and sodium hydroxide IN (40ml) was
stirred at room temperature overnight. Hydrochloric
acid IN (40ml) was added. The mixture was stirred for
10 minutes. Sodium carbonate (0.0216 mol) was added.
The mixture was stirred for 10 minutes. l-[[(9
H-fluoren-9-ylmethoxy)carbonyl]oxy]- 2,5-
pyrrolidinedione (0.0072 mol) was added portionwise.
The mixture was stirred at room temperature for 6
hours, then cooled to 00C and acidified with
hydrochloric acid. The precipitate was filtered,
washed with diethyl ether and dried, yielding 4.1g
(100%) of intermediate 4. b).Prep.aratipn of
intermediate 5Triethylamine (0.02 mol), EDC (0.0082
mol) and HOBt (0.0082 mol) were added at room
temperature to a mixture of intermediate 4 (0.0068
mol) in DCM/THF (200ml) under N2 flow. The mixture was
stirred at room temperature for 15 minutes. O-
(tetrahydro-2H-pyran-2-yl)- hydroxylamine (0.0082 mol)
was added. The mixture was stirred at room temperature
for 48 hours, poured out into water and extracted with
DCM. The organic layer was washed with NaHCO 10%,
dried (MgSO4), filtered, and the solvent was
evaporated. The residue (4g) was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCM/MeOH/NH4OH 98/2/0.1). The pure fractions were
collected and the solvent was evaporated, yielding
3.4g (89%) of intermediate 5. c) Preparation of
intermediate 6 A mixture of intermediate 5 (0.0355
mol) and piperidine (0.089 mol) in DCM (400ml) was
stirred at 35C during 72 hours. The solvent was
evaporated. The residue was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCM/MeOH/NH4OH 80/20/2). The pure fractions were
collected and the solvent was evaporated, yielding
6.7g (56%). Part of the residue (0.79g) was
crystallized from diethyl ether. The precipitate was
filtered off and dried, yielding 0.62g of intermediate
6, melting point 129C. 4) Preparation of intermediate
7 A mixture of intermediate 6 (0.0009 mol) and
5-chloro-l H-indole-3-carboxaldehyde (0.0012 mol) in
1,2-dichloro-ethane (30ml) was stirred at room
temperature overnight. Tris(acetato-a-O)hydro-
borate(l-), sodium (0.0013 mol) was added portionwise.
The mixture was stirred at room temperature for 4
hours, poured out into water/NaOH 3N and extracted
with DCM. The organic layer was separated, dried
(MgSO4), filtered, and the solvent was evaporated. The
residue (0.5g) was purified by column chromatography
over silica gel (15-40mm) (eluent DCM/MeOH/NH4OH
93/7/0.5). Two fractions were 



collected and the solvent was evaporated, yielding
0.07g (16%) of intermediate 7. Example A3 a)
Preparation of intermediate 8 A solution of
2-(methylsulfonyl)- 5-pyrimidinecarboxylic acid, ethyl
ester (0.094 mol) in acetonitrile (40ml) was added at
10 0C to a suspension of 4-piperidinemethanol (0.086
mol) and potassium carbonate (0.172 mol) in
acetonitrile (200ml) under N2flow. The mixture was
brought to room temperature, then stirred for 4 hours,
poured out into water and extracted with EtOAc. The
organic layer was separated, dried (MgSq 4), filtered,
and the solvent was evaporated. The residue (23 g) was
crystallized from acetonitrile/diethyl ether. The
precipitate was filtered off and dried, yielding 7.8g
(34%) of intermediate 8. The mother layer was
evaporated. The residue (17g) was purified by column
chromatography over silica gel (20-45mm) (eluent:
DCM/MeOH/NH4OH 97/3/0.1). The pure fractions were
collected and the solvent was evaporated, yielding
4.6g (20%) b) Preparation of intermediate 9
Triethylamine (0.038 mol) then methanesulfonyl
chloride (0.025 mol) were added at 0C to a solution of
intermediate 8 (0.0 189 mol) in DCM (80ml) under N2
flow. The mixture was stirred at 00C for 2 hours and
poured out into ice water. The organic layer was
separated, dried (MgSO ), filtered, and the solvent
was evaporated, yielding 6.5g (100%) of intermediate
9. c) Preparation.of intermediate .10 A mixture of
intermediate 9 (0.0189 mol), N-methyl-l
H-indole-3-ethanamine (0.0172 mol) and potassium
carbonate (0.0344 mol) in acetonitrile (180ml) was
stirred and refluxed for 24 hours, poured out into
water and extracted with EtOAc. The organic layer was
separated, dried (MgSO4), filtered, and the solvent
was evaporated. The residue (8.5g) was purified by
column chromatography over silica gel (70-200mm)
(eluent: DCM/MeOH/NH4OH 98/2/0 to 97/3/0.1). The pure
fractions were collected and the solvent was
evaporated, yielding 1.25g (20%) of intermediate 10.
d).Prep.aration. o.f intermediate.. 1.1 A mixture of
intermediate 10 (0.003 mol) and sodium hydroxide (0
006 mol) in EtOH (80ml) was stirred and refluxed
overnight, then cooled to room temperature and the
solvent was evaporated till dryness, yielding 1.3g
(100%) of intermediate 11, mp. >260C.e) .Preparation
of .intermediate .1.2 EDC (0.0045 mol) then HOBt
(0.0045 mol) were added at room temperature to a
mixture of intermediate 11 (0.003 mol) in THF (100ml)
and DCM (100ml) under N2 flow. The mixture was stirred
at room temperature for 15 minutes.
O-(tetrahydro-2Hpyran- 2-yl)- hydroxylamine (0.012
mol) was added. The mixture was stirred at room
temperature for 72 hours, poured out into water and
extracted with DCM. The organic layer was separated,
dried (MgSO ), filtered, and the solvent was
evaporated. The residue (3g) was purified by column
chromatography over silica gel (15-40mm)(eluent:
DCM/MeOH/NH4OH 94/6/0.1;). The pure fractions were
collected and the solvent was evaporated. The residue
(0.82g) was taken up in diethyl ether. The precipitate
was filtered off and dried, yielding 0.78g of
intermediate 12, melting point 154C. Example A4 ). P
eparation.of .intermediate .13 A mixture of
2-[4-(aminomethyl)-l-piperidinyl]-
5-pyrimidinecarboxylic acid, ethyl ester (0.0049 mol),
lH-indole-3-ethanol, methanesulfonate (ester) (0.0054
mol) and potassium carbonate (0.01 mol) in
acetonitrile (20ml) was stirred and refluxed
overnight, then cooled, poured out into ice water and
extracted with DCM. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated. The residue (2.2g) was purified by column
chromatography over silica gel (15-40 mm) (eluent:
DCM/MeOH/NH4OH 96/4/0.2). The pure fractions were
collected and the solvent was evaporated, yielding
0.442g (22%) of intermediate 13, melting point 238C. A
mixture of intermediate 13 (0.0025 mol),
(2-bromoethoxy)(l,ldimethylethyl) dimethyl- silane
(0.0034 mol) and N-ethyl-N-(l-methylethyl)- 2-
propanamine (0.0038 mol) in DMSO (20ml) was stirred at
500C for 15 hours, then cooled to room temperature,
poured out into ice water and extracted with DCM.
Theorganic layer was separated, dried (MgSO ),
filtered, and the solvent was evaporated. The residue
( 1.7g) was purified by column chromatography over
silica gel (15-40mm) (eluent: DCM/MeOH/NH4OH
98/2/0.1). The pure fractions were collected and the
solvent was evaporated, yielding 0.76g (54%) of
intermediate 14. c) .Preparation of .intermediate .1.5
A mixture of intermediate 14 (0.0013 mol) and sodium
hydroxide (0.0027 mol) in EtOH (40ml) was stirred at
8O0C overnight, then cooled to room temperature and
the solvent was evaporated, yielding 0.75g (100%) of
intermediate 15. .Prep.aration .of intermediate 16 EDC
(0.002 mol) then HOBt (0.002 mol) were added at room
temperature to a mixture of intermediate 15 (0.0013
mol) in THF (80ml) and DCM (80ml) under N2 flow. The
mixture was stirred at room temperature for 15
minutes. O-(tetrahydro-2H-pyran-2-yl)- hydroxylamine
(0.0068 mol) was added. The mixture was stirred at
room temperature for 72 hours, poured out into water
and extracted with DCM. The organic layer was
separated, dried (MgSO4), filtered, and the solvent
was evaporated. The residue (1.3g) was purified by
column chromatography over silica gel (15-40mm
)(eluent: DCM/MeOH/NH4OH 95/5/0. 1) . The pure
fractions were collected and the solvent was
evaporated, yielding 0.3 8g of intermediate 16.
ej.Preparation of.intermediate .1.7 A mixture of
intermediate 16 (0.0011 mol) and tetrabutylammonium
fluoride (0.0032 mol) in THF (10ml) was stirred at
room temperature for 72 hours, poured out into water
and extracted with EtOAc. The organic layer was washed
with water, dried (MgSO ), filtered and the solvent
was evaporated, yielding 0.5g (88%) of intermediate
17.Example A5 ) Preparation of intermediate 45 A
solution of 2-chloro-5-pyrimidinecarboxylic acid,
methyl ester (0.058 mol) in DMA (80ml) was added
dropwise to a solution of 4-piperidinemethanamine (0.1
16 mol) and N-ethyldiisopropylamine (0.145 mol) in DMA
(150ml) under N2 flow. The mixture was stirred at room
temperature for 1 hour and 30 minutes, poured out into
ice water and extracted with EtOAc, then with DCM. The
organic layer was washed with water, dried (MgSO ),
filtered and the solvent was evaporated. The residue
was crystallized from DIPE. The precipitate was
filtered off and dried, yielding 1Og (65%) of
intermediate 



45. b .Prep.aration__o_fjntermediate .46 A mixture of
intermediate 45 (0.0024 mol), l-methyl-5-nitro-
lH-indole-3- carboxaldehyde (0.0036 mol) and MgSO4
(0.25g) in MeOH (80ml) was stirred at 600C overnight,
then cooled to room temperature. Sodium
tetrahydroborate (0.0041 mol) was added portionwise.
The mixture was stirred at room temperature for 18
hours, poured out into water and extracted with EtOAc.
The organic layer was separated, dried (MgSO ),
filtered and the solvent was evaporated. The residue
(l.lg) was crystallized from acetonitrile. The
precipitate was filtered off and dried, yielding 0.9g
(86%) of intermediate 46, melting point: 1500C. <?)
.Preparation of .intermediate 47 A mixture of
intermediate 46 (0.002 mol) and sodium hydroxide
(0.008 mol) in EtOH (60ml) was stirred at 600C
overnight, then cooled to room temperature and
evaporated. The residue was taken up in diethyl ether.
The precipitate was filtered off and dried, yielding
0.6g (67%) of intermediate 47.EDC (0.0019 mol) and
HOBt (0.0019 mol) were added at room temperature to a
solution of intermediate 47 (0.0013 mol) and
triethylamine (0.0039 mol) in DCM/THF (50/50) (100ml)
under N2 flow. The mixture was stirred at room
temperature for 15 minutes.
O-(tetrahydro-2H-pyran-2-yl)- hydroxylamine (0.0026
mol) was added. The mixture was stirred at room
temperature for 72 hours, poured out into water and
extracted with DCM. The organic layer was separated,
dried (MgSCU), filtered and the solvent was
evaporated. The residue (Ig) was purified by column
chromatography over kromasil (5mm) (eluent:
DCM/MeOH/NH 4OH 98/2/0.2 to 92/8/0.2). The pure
fractions were collected and the solvent was
evaporated, yielding 0.10 Ig (15%) of intermediate 48.
Example A6 A solution of
2-chloro-5-pyrimidinecarboxylic acid, methyl ester
(0.033 mol) in DCM (80ml) was added at room
temperature to a solution of 4-piperidinemethanol
(0.066 mol) and N-ethyldiisopropylamine (0.083 mol) in
DCM ( 100ml) under N2 flow. The mixture was stirred at
room temperature for 3 hours and 30 minutes, poured
out into ice water and extracted with DCM. The organic
layer was separated, dried (MgSCU), filtered and the
solvent was evaporated. The residue was taken up in
pentane. The precipitate was filtered off and dried,
yielding 7.88g (95%) of intermediate 49.
bJ.Prep.aratiQn.pf.intermediate.50 DMSO (0.058 mol)
was added dropwise at -78C to a solution of
ethanedioyl dichloride (0.0278 mol) in DCM (50ml)
under N2 flow. The mixture was stirred for 15 minutes.
A solution of intermediate 49 (0.023 mol) in DCM
(200ml) was added dropwise. The mixture was stirred at
-78C for 1 hour and 30 minutes. Triethylamine (0.1 18
mol) was added dropwise. The mixture was stirred at
-78C for 1 hour, poured out into water and extracted
with DCM. The organic layer was separated, dried (MgSO
), filtered and the solvent was evaporated. The
residue was crystallized fromdiethyl ether. The
precipitate was filtered off and dried, yielding 3.06g
(54%) of intermediate 50. c Preparation of
intermediate 5 1 Intermediate 50 (0.0122 mol) was
added at 5C to a solution of 1-methyl- lH-indole-3-
ethanamine (0.0122 mol) in MeOH (270ml) under N flow.
The mixture was stirred a few minutes.
Sodiumcyanoborohydride (0.0183 mol) and acetic acid
(0.0183 mol) were added. The mixture was stirred at
room temperature for 48 hours, poured out into
potassium carbonate 10% and extracted with DCM. The
organic layer was separated, dried (MgSO ), filtered
and the solvent was evaporated. The residue (4.9g) was
purified by column chromatography over silica gel
(15-40mm) (eluent: DCM/MeOH/Nl-^OH 97/3/0. 1). The
pure fractions were collected and the solvent was
evaporated, yielding 1.2g (24%) of intermediate 51. d)
Preparation of intermediate 52 A mixture of
intermediate 5 1 (0.0009 mol) and sodium hydroxide
(0.0039 mol) in EtOH (60ml) was stirred and refluxed
for 15 hours, then evaporated till dryness, yielding
intermediate 52. This intermediate was used directly
in the next reaction step e) Preparation of
intermediate 53 HOBt (0.0019 mol) then EDC (0.00 19
mol) were added at room temperature to a solution of
intermediate 52 (0.0009 mol) and
O-(tetrahydro-2H-pyran-2-yl)- hydroxylamine (0.0019
mol) in DCM/THF (130ml). The mixture was stirred at
room temperature for 48 hours, poured out into water
and extracted with DCM. The organic layer was
separated, dried (MgSO ), filtered and the solvent was
evaporated. The residue (0.93g) was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCM/MeOH/NH4OH 97/3/0.1). The pure fractions were
collected and the solvent was evaporated, yielding
0.155g (33%) of intermediate 53.Example A7
a][Preparation of .intermediate 54 A mixture of
2-[4-(aminomethyl)-l-piperidinyl]-
5-pyrimidinecarboxylic acid, ethyl ester (0.0038 mol),
1-ethyl- lH-indole-3-carboxaldehyde (0.0049 mol) and
Pd/C 10% (0.5g) in MeOH (20ml) containing 1ml of a 10%
thiopene solution in EtOH, was hydrogenated at room
temperature for 24 hours under a 3 bar pressure, then
filtered over celite. The solvent was evaporated till
dryness. The residue (1.8g) was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCM/MeOH/NH4OH 95/5/0.2 to 93/7/0.5). The pure
fractions were collected and the solvent was
evaporated, yielding 0.7g (44%) of intermediate 54.
b).Preparation of intermediate 55 Sodium hydride 60%
(0 009 mol) was added at 00C to a solution of
intermediate 54 (0.0045 mol) in THF (50ml) under N
flow. The mixture was stirred at room temperature for
1 hour. A solution of iodo-ethane (0.0062 mol) in THF
(10ml) was added dropwise. The mixture was stirred at
room temperature overnight, poured out into water and
extracted with EtOAc. The organic layer was separated,
dried (MgSO ), filtered, and the solvent was
evaporated. The residue (0.6g) was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCM/MeOH/NH4OH 95/5/0.1). The pure fractions were
collected and the solvent was evaporated, yielding 0.1
6g (8%) of intermediate 55. c Preparation of
intermediate 56 A mixture of intermediate 55 (0.0003
mol) and sodium hydroxide (0.03g) in EtOH (15ml) was
stirred at 800C for 6 hours, then evaporated till
dryness, yielding 0.1 6g (100%) of intermediate
56.d).Preparation of.intermediate 57 EDC (0.0005 mol)
and HOBt (0.0005 mol) were added at room temperature
to a 



mixture of intermediate 56 (0.0003 mol) in DCM (20ml)
and THF (20ml) under N2 flow. The mixture was stirred
for 15 minutes. O-(tetrahydro-2H-pyran-2-yl)-
hydroxylamine (0.0007 mol) was added. The mixture was
stirred at room temperature for 72 hours, poured out
into water and extracted with DCM. The organic layer
was separated, dried (MgSO ), filtered, and the
solvent was evaporated. The residue (0.3g) was
purified by column chromatography over kromasil (5mm)
(eluent: DCM/MeOH/NH4OH 93/7/0. 35). The pure
fractions were collected and the solvent was
evaporated, yielding 0.03g (16%) of intermediate 57.
Example A8 a) Preparation of intermediate 58 Sodium
hydride (0.01 1 mol) was added at 50C to a solution of
intermediate 13 (0.0037 mol) in THF (30ml) under N
flow. The mixture was stirred for 30 minutes. A
solution of iodomethane (0.0081 mol) in THF (10ml) was
added dropwise. The mixture was stirred at 100C for 2
hours, then brought to room temperature for 1 hour and
30 minutes, poured out into ice water and extracted
with DCM. The organic layer was separated, dried (MgSO
), filtered, and the solvent was evaporated. The
residue (1.7g) was purified by column chromatography
over kromasil (15-40mm) (eluent: DCM/MeOH/NH3OH
98/2/0.1). Two fractions were collected and the
solvent was evaporated, yielding 0.265g of intermed
10. b) Preparation of intermediate 59 A mixture of
intermediate 58 (0.0006 mol) and sodium hydroxide
(0.0012 mol) in EtOH (30ml) was stirred at 80C
overnight, then cooled to room temperature and the
solvent was evaporated, yielding 0.26g (100%) of
intermediate 59.c) Preparation of intermediate 60 EDC
(0.0009 mol) and HOBt (0.0009 mol) were added at room
temperature to a solution of intermediate 59 (0.0006
mol) in THF (30ml) and DCM (30ml) under N2 flow. The
mixture was stirred at room temperature for 15
minutes. 0-(tetrahydro-2 Hpyran- 2-yl)- hydroxylamine
(0.0012 mol) was added. The mixture was stirred at
room temperature for 24 hours, poured out into water
and extracted with DCM. The organic layer was
separated, dried (MgSO ) filtered, and the solvent was
evaporated. The residue (0.6g) was purified by column
chromatography over kromasil (5mm) (eluent:
DCM/MeOH/NH4OH 99/1/0.05 and 94/6/0.3). The pure
fractions were collected and the solvent was
evaporated, yielding O.lg (33%) of intermediate 60.
Example A9 a) .Preparation of .intermediate j6 1 DMSO
(0.127 mol) was added at-78C to a solution of
ethanedioyl dichloride (0.061 mol) in DCM ( 110ml)
under N2 flow. The mixture was stirred for 15 minutes.
A solution of intermediate 8 (0.051 mol) in DCM
(200ml) was added. The mixture was stirred at -78C for
1 hour and 30 minutes. Triethylamine (0.26 mol) was
added dropwise. The mixture was stirred at -78C for 15
minutes, then brought to room temperature for 2 hours
and 30 minutes. Water was added. The mixture was
extracted with DCM. The organic layer was separated,
dried (MgSO ), filtered, and the solvent was
evaporated. The residue (14g) was purified by column
chromatography over silica gel (20-45mm) (eluent:
cyclohexane/EtOAc 70/30). The pure fractions were
collected and the solvent was evaporated, yielding 61.
t O.Prep.aration o intermediate _62
Sodiumcyanoborohydride (0.049 mol) and acetic acid
(0.034ml) were added at room temperature to a solution
of 5-chloro-l -methyl- lH-Indole-3-ethanamine (0.031
mol) and intermediate 6 1 (0.034 mol) in MeOH (700ml)
under N2 flow. The mixture was stirred at room
temperature for 24 hours, poured out into potassium
carbonate 10% andextracted with DCM. The organic layer
was separated, dried (MgSO ), filtered and the solvent
was evaporated. The residue (14. 8g) was purified by
column chromatography over silica gel (20-45mm)
(eluent: DCM/MeOH/NH 4OH 95/5/0.2). The pure fractions
were collected and the solvent was evaporated,
yielding 4.52g (32%) of intermediate 62. c}
Preparation of intermediate 63 Methanesulfonyl
chloride (0.0049 mol) was added at 5C to a solution of
intermediate 62 (0.004 mol) and triethylamine (0.008
mol) in DCM (150ml) under N2 flow. The mixture was
stirred at room temperature for 24 hours, poured out
into ice water and extracted with DCM. The organic
layer was separated, dried (MgSO4), filtered and the
solvent was evaporated. The residue (2.3 9g) was taken
up in DIPE. The precipitate was filtered off and
dried, yielding 1.78g (84%) of intermediate 63,
melting point 162C. d) Preparation of intermediate 64
A mixture of intermediate 63 (0.0032 mol) and sodium
hydroxide (0.0128 mol) in EtOH (150ml) was stirred and
refluxed for 5 hours, then cooled to room temperature
and taken up in diethyl ether. The precipitate was
filtered off and dried, yielding 1.57g (99%) of
intermediate 64, melting point > 2600C. e) Preparation
of intermediate 65 EDC (0.0064 mol) and HOBt (0.0064
mol) were added at room temperature to a solution of
intermediate 64 (0.0032 mol) in THF (160ml) and DCM
(160ml) under N2 flow. The mixture was stirred at room
temperature for 30 minutes. O-(tetrahydro-2Hpyran-
2-yl)- hydroxylamine (0.0064 mol) was added. The
mixture was stirred at room temperature for 3 days,
poured out into water and extracted with DCM. The
organic layer was separated, dried (MgSO4), filtered
and the solvent was evaporated. The residue (2.1Ig)
was purified by column chromatography over silica gel
(15-40mm) (eluent: DCM/MeOH/NH4OH 97/3/0.1). The pure
fractions were collected and the solvent was
evaporated. The residue (0.385g) was crystallized from
CHsCN/diethylether. The precipitate was filtered off
and dried, yielding 0.084g of intermediate 65, melting
point 1790C. Example AlO ) .Preparation.of
.intermediate. 6.6 A solution of 2-(methylsulfonyl)-
5-pyrimidinecarboxylic acid, ethyl ester (0.094 mol)
in acetonitrile (240ml) was added at room temperature
to a solution of 4-piperidinylcarbamic acid,
1,1-dimethylethyl ester (0.078 mol) and potassium
carbonate (0.156 mol) in acetonitrile (120ml) under N2
flow. The mixture was stirred at room temperature
overnight, poured out into ice water and extracted
with EtOAc. The organic layer was washed with water,
dried (MgSO4), filtered, and the solvent was
evaporated. The residue was crystallized from diethyl
ether. The precipitate was filtered off and dried,
yielding 14.4g (53%) of intermediate 66, melting point
16O0C. b) Preparation of intermediate 67 TFA (20ml)
was added at room temperature to a solution of
intermediate 66 (0.0225 



mol) in DCM ( 110ml). The mixture was stirred at room
temperature for 15 hours, poured out into water and
basified with potassium carbonate. The mixture was
extracted with DCM. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated, yielding 5.5g (98%) of intermediate 67.
Example Al l a}.Preparation.pf.intermediate 6.8 Sodium
hydride 60% in oil (0.0069 mol) was added at O0C to a
solution of 2-methyllH- indole-3-acetic acid, ethyl
ester (0.0046 mol) in THF (10ml) under N2 flow. The
mixture was stirred at room temperature for 1 hour.
Iodo- ethane (0.006 mol) was added. The mixture was
stirred at room temperature for 18 hours and poured
out into EtOAc and saturated NaCl. The organic layer
was separated, dried (MgSO ), filtered and the solvent
was evaporated till dryness. The residue ( 1.Ig) was
purified by column chromatography over silica gel
(15-40mm) (eluent: cyclohexane/EtOAc 80/20). The pure
fractions were collected and the solvent was
evaporated, yielding 0.73g (65%)of intermediate
68.b).Prep.aration of intermediate..69 A solution of
diisobuytlaluminium hydride in toluene (0.0045 mol)
was added dropwise at -78C to a solution of
intermediate 68 (0.003 mol) in DCM (15ml) and
1,2-dimethoxyethane (15ml) (molecular sieves: 3
angstrom) under N flow. The mixture was stirred at
-78C for 3 hours, then quenched with HCl 3N and
extracted with DCM. The organic layer was washed with
water, dried (MgSO ), filtered and the solvent was
evaporated till dryness, yielding 0.7g (>100%) of
intermediate 69. ?)..Pjep.aration of intermediate 70
Titanium (IV) ethoxide (0.0023 mol) was added to a
mixture of intermediate 67 (0.0021 mol) and
intermediate 69 (0.0021 mol) in 1,2-dichloro- ethane
(25ml). The mixture was stirred at room temperature
for 30 minutes. Tris(acetato-a-O)hydroborate( l-),
sodium (0.0023 mol) was added portionwise. The mixture
was stirred at room temperature for 18 hours, then
quenched with NaHCO and extracted with DCM. The
organic layer was separated, dried (MgSO4), filtered
and the solvent was evaporated till dryness. The
residue (1.2g) was purified by column chromatography
over silica gel (5mm) (eluent: DCM/MeOH/NH 4OH
95/5/0.1). The pure fractions were collected and the
solvent was evaporated, yielding 0.2g (2 1%) of
intermediate 70. dJ.Prep.aration. .of.intermediate .7
1 A mixture of intermediate 70 (0.0004 mol) and sodium
hydroxide (0.0009 mol) in EtOH (30ml) was stirred at
6O0C overnight, then cooled to room temperature and
evaporated, yielding 0.2g (100%) of intermediate 71. )
.Preparation of .intermediate 72 EDC (0.0007 mol) and
HOBt (0.1 g) were added at room temperature to a
solution of intermediate 7 1 (0.0004 mol) and
triethylamine (0.0009 mol) in DCM/THF (40ml) under N2
flow. The mixture was stirred at room temperature for
15 minutes. O- (tetrahydro-2H-pyran-2-yl)-
hydroxylamine (0.0009 mol) was added. The mixture
wasstirred at room temperature for 72 hours, poured
out into water and extracted with DCM. The organic
layer was separated, dried (MgSO ), filtered and the
solvent was evaporated. The residue (0.4g) was
purified by column chromatography over kromasil
(5mm)(eluent: DCM/MeOH/NH4OH 98/2/0.1 to 90/10/1). The
pure fractions were collected and the solvent was
evaporated, yielding 0.087g (37%) of intermediate 72.
Example Al 2 a) Preparation of intermediate 73
Intermediate 50 (0.0046 mol) was added at 50C to a
solution of 6-methoxy-l-methyllH-
Indole-3-ethanamine(0.0046 mol) in MeOH ( 100ml) under
N flow. The mixture was stirred for 30 minutes.
Sodiumcyanoborohydride (0.0068 mol) then acetic acid
(0.0046 mol) were added portionwise. The mixture was
stirred at room temperature for 48 hours, poured out
into potassium carbonate 10% and extracted with DCM.
The organic layer was separated, dried (MgSO ),
filtered, and the solvent was evaporated. The residue
(4g) was purified by column chromatography over silica
gel (15-40mm)) (eluent: DCM/MeOH/NH4OH 96/4/0.2). The
pure fractions were collected and the solvent was
evaporated. A part (0.7g) of the residue (2.2g) was
crystallized from acetonitrile. The precipitate was
filtered off and dried, yielding 0.43g (61%) of
intermediate 73, melting point 1220C. b Preparation of
intermediate 74 A mixture of intermediate 73 (0.0015
mol) and sodium hydroxide (0.006 mol) in EtOH (90ml)
was stirred and refluxed for 8 hours, then evaporated
till dryness, yielding intermediate
74.c}.Preparation.of intermediate 7.5 HOBt (0.003 mol)
then EDC (0.003 mol) were added at room temperature to
a solution of intermediate 74 (0.0015 mol) and
O-(tetrahydro-2H-pyran-2-yl)- hydroxylamine (0.003
mol) in THF/DCM (200ml) under N flow. The mixture was
stirred at room temperature for 48 hours, poured out
into water and extracted with DCM. The organic layer
was separated, dried (MgSO ), filtered, and the
solvent was evaporated. The residue ( 1.Ig) was
purified by column chromatography over silica gel
(lOmm) (eluent: DCM/MeO H/NK tOH 95/5/0.5). The pure
fractions were collected and the solvent was
evaporated. The residue (0.24g) was purified by column
chromatography over silica gel (lOmm) (eluent: DCM/MeO
H/NFLOH 95/5/0.5). The pure fractions were collected
and the solvent was evaporated, yielding 0.17g (21%)
of intermediate 75. Example Al 3 ) .Preparation of
jnte pnediate 76 A mixture of 6-methoxy-l
H-indole-3-ethanamine (0.053 mol) and 1,3-
isobenzofurandione (0.058 mol) in toluene (130ml) was
stirred and refluxed for 48 hours, then filtered. The
filtrate was evaporated, yielding 5.4g (32%) of
intermediate 76. bJ.Prep.aratipn.ofjntermed.iate 77 A
solution of intermediate 76 (0.017 mol) in DMF (19ml)
was added dropwise at room temperature to a suspension
of sodium hydride (0.034 mol) in DMF ( 1ImI) under N2
flow. The mixture was stirred at room temperature for
1 hour and 30 minutes. 1-iodopropane (0.034 mol) was
added. The mixture was stirred at room temperature for
1 hour and 15 minutes. Saturated NaCl was added. The
mixture was extracted with EtOAc. The organic layer
was washed with water, dried (MgSO ), filtered, and
the solvent was evaporated, yielding 4.9g of
intermediate 77. This product was used directly in the
next reaction step.c) .Preparation of intermediate 78
A mixture of intermediate 77 (0.068 mol) and
hydrazine, monohydrate (0.068 mol) in EtOH (60ml) was
stirred and refluxed for 1 hour, poured out into water
and extracted 



with DCM. The organic layer was separated, dried (MgSO
), filtered, and the solvent was evaporated, yielding
3.53g of intermediate 78. This product was used
directly in the next reaction step. d).Ppreparation of
intermediate .79 Sodiumcyanoborohydride (0.024 mol)
and acetic acid (0 0167 mol) were added at room
temperature to a solution of intermediate 6 1 (0 0167
mol) and intermediate 78 (0.015 mol) in MeOH (380ml)
under N flow. The mixture was stirred for 30 minutes,
poured out into potassium carbonate 10% and extracted
with DCM. The organic layer was separated, dried (MgSO
), filtered, and the solvent was evaporated. The
residue (8.84g) was purified by column chromatography
over silica gel ( 15-40mm) (eluent: DCM/MeOH/NH 4OH
96/4/0.2). The pure fractions were collected and the
solvent was evaporated, yielding 2.85g (40%) of
intermediate 79. }.Preparation .pf.intennediate 80 A
mixture of intermediate 79 (0.0028 mol), iodo-ethane
(0.0056 mol) and triethylamine (0.0085 mol) in DMF
(60ml) was stirred at 500C for 7 hours, poured out
into ice water and extracted with EtOAc. The organic
layer was washed with water, dried (MgSO ), filtered
and the solvent was evaporated. The residue (1.8g) was
purified by column chromatography over kromasil (5mm)
(eluent: DCM/MeOH 100/0 to 95/5). The pure fractions
were collected and the solvent was evaporated,
yielding 1.Ig (78%) of intermediate 80. fj Preparation
of intermediate 8I A mixture of intermediate 80
(0.0022 mol) and sodium hydroxide (0.0088 mol) in EtOH
(100ml) was stirred and refluxed for 6 hours, then
stirred at room temperatureovernight and evaporated
till dryness. The residue was taken up in diethyl
ether. The precipitate was filtered off and dried,
yielding 0.965g (88%) of intermediate 81, melting
point > 2600C. g).Preparatipnp .fjntermediate 82 EDC
(0.0038 mol) and HOBt (0.0038 mol) were added at room
temperature to a solution of intermediate 8 1 (0.0019
mol) in THF (100ml) and DCM (100ml) under N2 flow. The
mixture was stirred at room temperature for 30
minutes. O-(tetrahydro-2 Hpyran- 2-yl)- hydroxylamine
(0.0038 mol) was added. The mixture was stirred at
room temperature for 48 hours, poured out into water
and extracted with DCM. The organic layer was
separated, dried (MgSO ), filtered and the solvent was
evaporated. The residue (1.2g) was purified by column
chromatography over kromasil (5mm) (eluent:
DCM/MeOH/NH4OH 99/1/0.05 to 93/7/0.35). The pure
fractions were collected and the solvent was
evaporated, yielding 0.1 14g of intermediate 82.
Example Al 4 a) Preparation of intermediate 83 A
mixture of intermediate 62 (0.0034 mol) and sodium
hydroxide (0.0134 mol) in EtOH ( 150ml) was stirred at
800C for 3 hours, then cooled to room temperature and
evaporated till dryness. The residue was taken up in
diethyl ether. The precipitate was filtered off and
dried, yielding 1.18g (78%) of intermediate 83,
melting point > 2600C. bXPj. p.aratign.
of.intermediate 84. EDC (0.0052 mol) and HOBt (0.0052
mol) were added at room temperature to a solution of
intermediate 83 (0.0026 mol) in THF (120ml) and DCM
(120ml) under N2 flow. The mixture was stirred at room
temperature for 30 minutes. O-(tetrahydro-2 Hpyran-
2-yl)- hydroxylamine (0.0052 mol) was added. The
mixture was stirred at room temperature for 6 days,
poured out into ice water and extracted with DCM. The
organic layer was separated, dried (MgSO4), filtered
and the solvent was evaporated. The residue (2g) was
purified by column chromatography over silica gel (
15-40mm) (eluent:DCM/MeOH/NH4OH 96/4/0.5). The pure
fractions were collected and the solvent was
evaporated. The residue (0.75g, 55%) was purified by
column chromatography over kromasil (10mm) (eluent:
DCM/MeOH/NH4OH 96/4/0.5). The pure fractions were
collected and the solvent was evaporated, yielding
0.625g of intermediate 84. This product was used
directly in the next reaction step. Example A15
Preparation of intermediate 85 4-Piperidinemethanamine
(0.65 mol) and potassium carbonate (96 g) were stirred
in acetonitrile (1000 ml) and then a solution of
2-(methylsulfonyl)- 5- pyrimidinecarboxylic acid,
ethyl ester (0.37 mol) in acetonitrile (500 ml) was
added dropwise at room temperature over 1 hour. The
reaction mixture was stirred overnight at room
temperature and the solvent was evaporated. The
residue was stirred in water and the mixture was
extracted with DCM (2 x 500 ml). The organic layer was
separated, washed with water, dried (MgSO ), filtered
off and the solvent was evaporated. The residue was
purified by column chromatography over silica gel
(eluent 1: EtOAc/Hexane 1/1; eluent 2: MeOH + small
amount of NH4OH). The product fractions were
collected, stirred with potassium carbonate slurry and
the mixture was extracted with DCM. The organic layer
was separated, dried (MgSO4), filtered off and the
solvent was evaporated, yielding 3 1 g (32 %) of
intermediate 85. Example Al 6 a) .Preparation of
.intermediate 86 Sodium hydride (0.0095 mol) was added
at 5C to a solution of 5-chloro-l H-indole-3-
carboxaldehyde (0.0056 mol) in THF (52ml) under N
flow. The mixture was stirred at 00C for 1 hour.
1-Iodo- propane (0.0067 mol) was added. The mixture
was stirred at room temperature for 2 days, poured out
into water and extracted with EtOAc. The organic layer
was separated, dried (MgSO4), filtered, and the
solvent was evaporated, yielding 1.5g of intermediate
86. This product was used directly in the next
reaction step b).Preparation of intermediate
.87Sodiumcyanoborohydride (0.0068 mol) and acetic acid
(0.0046 mol) were added at room temperature to a
solution of intermediate 85 (0.0042 mol) and
intermediate 86 (0.0051 mol) in MeOH (120ml) under N2
flow. The mixture was stirred and refluxed for 2 days,
then cooled to room temperature, poured out into
potassium carbonate 10% and extracted with DCM. The
organic layer was separated, dried (MgSO ), filtered,
and the solvent was evaporated. The residue (2.42g)
was purified by column chromatography over silica gel
(15-40mm) (eluent: DCM/MeOH/NH4OH 95/5/0.2). The pure
fractions were collected and the solvent was
evaporated, yielding 1.2g (60%) of intermediate 87.
c)_ Preparation of intermediate 88 A mixture of
intermediate 87 (0.0025 mol) and sodium hydroxide
(0.01 mol) in EtOH (120ml) was stirred and refluxed
for 4 hours, then evaporated till dryness. The residue



was taken up in diethyl ether. The precipitate was
filtered off and dried, yielding 0.845g (72%) of
intermediate 88, melting point > 26O0C. .
.Prep.aratjpn ofjntermediate.89 EDC (0.0036 mol) and
HOBt (0.0036 mol) were added at room temperature to a
solution of intermediate 88 (0.00 18 mol) in THF
(90ml) and DCM (90ml) under N2 flow. The mixture was
stirred for 30 minutes. O-(tetrahydro-2H-pyran-2-yl)-
hydroxylamine (0.0036 mol) was added. The mixture was
stirred at room temperature for 3 days, poured out
into ice water and extracted with DCM. The organic
layer was separated, dried (MgSO ), filtered, and the
solvent was evaporated. The residue (1.3g) was
purified by column chromatography over silica gel
(15-40mm) (eluent: DCM/MeOH/NH4OH 92/8/0.5). The pure
fractions were collected and the solvent was
evaporated, yielding 0.54g (56%) of intermediate 89.
Example Al 7 .Preparation .of .intermediate 90
Methanesulfonyl chloride (0.004 mol) was added at 100C
to a solution of 1,2-dimethyllH- indole-3-ethanol
(0.0026 mol) and triethyl amine (0.008 mol) in DCM
(10ml) under N2 flow. The mixture was stirred at 100C
for 4 hours. The solvent was evaporated tilldryness,
yielding intermediate 90. This product was used
directly in the next reaction step. b) Preparation of
intermediate 9 1 A mixture of intermediate 85 (0 0054
mol), intermediate 90 (0.0075 mol) and potassium
carbonate (0 021 mol) in acetonitrile (150ml) was
stirred and refluxed for 2 days, then cooled to room
temperature, poured out into ice water and extracted
with EtOAc The organic layer was separated, dried
(MgSO ), filtered, and the solvent was evaporated The
residue (1.88g) was purified by column chromatography
over silica gel (15-40mm) (eluent: DCM/MeOH/NH4OH
97/3/0 1). The pure fractions were collected and the
solvent was evaporated, yielding 0.1 5g (7%) of
intermediate 91. c) Preparation of intermediate 92 A
mixture of intermediate 9 1 (0 0003 mol) in sodium
hydroxide (0.0014 mol) and EtOH (20ml) was stirred and
refluxed for one day, then cooled to room temperature
and evaporated till dryness. The residue was taken up
in diethyl ether The precipitate was filtered off and
dped, yielding 0.1 2g (82%) of intermediate 92,
melting point > 2600C d Preparation of intermediate 93
EDC (0 0005 mol) and HOBt (0 0005 mol) were added at
room temperature to a solution of intermediate 92 (0
0002 mol) in THF (15ml) and DCM (15ml) The mixture was
stirred for 15 minutes O-(tetrahydro-2H-pyran-2-yl)-
hydroxylamine (0.0005 mol) was added The mixture was
stirred at room temperature for 4 days, poured out
into ice water and extracted with DCM The organic
layer was separated, dried (MgSO4), filtered, and the
solvent was evaporated. The residue (0 14g) was
purified by column chromatography over silica gel
(lOmm) (eluent DCM/MeOH/NH4OH 95/5/0 3) The pure
fractions were collected and the solvent was
evaporated, yielding 0 035g (25%) of intermediate
93Table F-I lists the intermediates that were prepared
according to one of the above Examples. Table F-I
(intermediates)Cosmetic Uses Of Electromagnetic
Radiation The present invention relates to the
cosmetic use of electromagnetic radiation for the
reduction or alleviation or removal or diminishing of
wrinkles or fine lines, especially but not exclusively
facial and neck wrinkles and other signs of aging. The
present invention also provides the use of
electromagnetic radiation for generally rejuvenating
skin, retarding signs of aging and improving skin
elasticity, tone and appearance. The invention also
provides for a method of treating skin so as to reduce
or alleviate or retard or reverse visible signs of
aging and for beautifying skin and an apparatus for
effecting such cosmetic treatments. BACKGROUND In
young skin, the collagen just beneath the surface of
the skin forms an organised lattice with good
elasticity and flexibility. As women go through
menopause and men age, both experience increased skin
wrinkling and decreased skin thickness. During aging,
the collagen changes its structure impacting
negatively on the cosmetic appearance of the skin. The
change in collagen may also be accelerated by
prolonged exposure to the sun's UV rays. Billions of
pounds are spent annually on the cosmetic industry and
it is estimated that the average woman spends around
800 per annum on skin care products and cosmetics. It
is known from the prior art to use chemical peels or
cosmetic preparations, typically in the form of
creams, to prevent or mitigate wrinkles and as
anti-aging agents. Such preparations may contain
synthetic or naturally occurring plant and/or animal
products. The compositions are applied topically and
usually on a regular basis in order to maximise their
effects. However, there is limited evidence that even
persistent use of such compositions alleviate the
visible signs of aging. As an alternative to cosmetic
preparations and surgical facelifts, it is known to
use a source of low-level electromagnetic radiation to
achieve photochemical responses in the skin, commonly
referred to as biostimulation. Biostimulation depends
upon the concept of enhanced replication and
synthesis, which results in increased collagen
production, increased fibroblast stimulation or
increased DNA synthesis. The light energy is absorbed
in cytochromes and porphyrins within cell mitochondria
and cell membranes producing a small amount of singlet
oxygen. Typically, patients require four to
sixsessions for acute conditions and six to eight
treatments for chronic conditions. This type of
treatment is both prolonged and expensive. Since the
1990s, lasers have been used for skin resurfacing and
wrinkle removal. Wrinkle removal is an aggressive
technique where tissue is removed layer-by-layer,
invading the dermis and effectively inducing
second-degree burn. Heat is deposited in the dermis
shrinking the collagen and tightening the skin. The
laser induces denaturing of the collagen in the dermis
and the formation of cross-links, which result in a
tightening effect stretching the skin, thus reducing
or removing the wrinkles. This process is referred to
a thermolysis and thermal heating of tissues is a
prerequisite for the therapy, it is thought that the
thermal threshold for thermolysis is about 700C.
However, the problem with traditional laser treatment
is that the patient may suffer burns and so have a
weeping skin, scabs and redness for many weeks post
treatment. In addition a high incidence of
hyperpigmentation has been reported following CO2
laser wrinkle removal treatment. There is therefore a
need for an alternative, effective and safe method of
reducing or 



alleviating or removing or diminishing wrinkles or
fine lines, rejuvenating skin, retarding the signs of
aging and improving skin elasticity, tone and
appearance and for generally beautifying skin. BRIEF
SUMMARY OF THE DISCLOSURE According to a first aspect
of the invention there is provided a method of
cosmetically treating a superficial area of mammalian
skin comprising irradiating the skin with a source of
divergent electromagnetic radiation of between 900nm
to 1500nm. Reference herein to "cosmetically treating"
includes reducing or alleviating or removing or
diminishing wrinkles or fine lines, rejuvenating skin,
retarding or reversing the visible signs of aging,
improving skin elasticity, tone, texture and
appearance and generally beautifying. Reference herein
to "skin" includes the outermost epidermis, basal
layer and dermis of the face, breast, arm, buttock,
thigh, stomach or neck.Throughout the description and
claims of this specification, the words "comprise" and
"contain" and variations of the words, for example
"comprising" and "comprises", means "including but not
limited to", and is not intended to (and does not)
exclude other moieties, additives, components,
integers or steps. Throughout the description and
claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In
particular, where the indefinite article is used, the
specification is to be understood as contemplating
plurality as well as singularity, unless the context
requires otherwise. Features, integers,
characteristics, compounds, chemical moieties or
groups described in conjunction with a particular
aspect, embodiment or example of the invention are to
be understood to be applicable to any other aspect,
embodiment or example described herein unless
incompatible therewith. Preferably the divergent light
is between 10 to 50. By divergent it meant that the
electromagnetic radiation emitted from the
electromagnetic source has a divergent half angle of
at least 5. Preferably divergence of the
electromagnetic radiation is in the range 15 to 25
half angled divergent. Thus it will be appreciated
that the method of the present invention does not
include the use of lasers as the source of
electromagnetic radiation. It has now been
surprisingly established that low intensity
electromagnetic radiation of small bandwidth
(preferably around 10nm to 120nm and more preferably
50nm) is effective in cosmetically treating skin. It
is postulated that the way in which the
electromagnetic radiation effects its action is by way
of energy transmission through cellular
components/organeiles, enzymes such as but not limited
to inducible nitric oxide synthase (iNOS). A water
molecule that has a range of electromagnetic radiation
wavelengths passed through it will produce several
transmission peaks. These transmission peaks are
associated with the preferred therapeutic
electromagnetic radiation wavelength range of the
invention and thus implies a role for the water
molecule in the general mechanism of action.
Preferably, the wavelength of the electromagnetic
radiation is centred around any one or more of the
specified wavelengths selected from the group
comprising 940nm, 950nm,1040nm, 1060nm, 1072nm and
1267nm. Our studies have shown that wavelengths
centred around those wavelengths specified above and
especially around single restricted bandwidth light
centred at 1072 nm or 1267nm are particularly
effective at reducing wrinkle length and area. It is
of note that these two wavelengths correspond to the
peak emission wavelengths of a water molecule light
transmission profile and thus we believe that the
mechanism of action is related to water and possibly
cell membranes. Our studies have also shown that
1072nm and 880nm elicit opposing effects upon
lymphocyte viability ex vivo, the former being
protective and the latter wavelength cytotoxic.
Furthermore, we provide evidence that 1072nm protects
against UV-mediated lymphotoxicity. Preferably, the
electromagnetic radiation is continuous or pulsed.
Preferably, when the electromagnetic radiation is
continuous the intensity is at least 500 mWatts/cm 2
and up to 500mWatts/cm 2. Preferably when the
electromagnetic radiation is pulsed the intensity is
at least 500 mWatts/cm 2 peak power and the average
power is up to 500 mWatts/cm 2 The average power is
the peak power multiplied by the proportion of the
total time that the radiation is applied. For instance
if the peak power is 500 mWatts/cm 2 and is pulsed for
10 mseconds at a frequency of 600 Hz then the average
power is 30m Watts/ cm2 . Prior art methods which rely
on thermal warming specify a lower limit of 0.5
Watts/cm 2 the present invention which seeks to avoid
any thermal effects operates below this level.
Preferably when the electromagnetic radiation is
pulsed the average power of the intensity is in the
region of 50-1 OOm Watts/ cm2. We have found that the
power may suitably range from 500 mWatts/cm 2 peak to
500 milliwatts/cm 2 continuous or peak power when
applied to the skin. Typically 20 mWatts/cm 2 are used
on skin but this value is dependent on how fat or
muscular the subject is and thus how deep the wrinkle
lies.Preferably when the electromagnetic radiation is
pulsed it is applied for periods of at least 10-15
mseconds and more preferably is applied at a
frequency/repetition rate in the range 300-900 Hz more
preferably still the frequency/repetition rate is at,
or about, 600 Hz. Our studies have shown that the
electromagnetic radiation can be either coherent or
non-coherent the clinical outcomes are not affected by
this parameter. Preferably the electromagnetic
radiation is applied to the affected area for at least
30 seconds and up to a few minutes. A typical exposure
time is in the region of 3 minutes, however for deeper
wrinkles this time is increased according to the
individuals fat layer depth and exposure could be up
to 10 minutes. It should be appreciated that the power
source emitting the electromagnetic radiation will
have to produce more than the required intensity for
the clinical effect since we have shown that
approximately 99% of the applied therapeutic amount of
light is lost across the skin surface during
treatment. Thus the intensity of applied radiation
will have to be corrected for when carrying out a
treatment. From the foregoing it is understood that
the electromagnetic radiation may be directed to the
target site either continuously or in a switched
(pulsed) manner. The main benefit of switching enables
power conservation and facilities much higher peak
power output, thereby improving cosmetic response.
Preferably, the electromagnetic radiation therapy
source includes means for reducing the amount of
ambient radiation, which impinges on the treatment
site. 



Preferably, the electromagnetic radiation source is a
light emitting diode. The radiation from such devices
can be electrically operated or the radiation can be
delivered to an applicator via a fibre-optic delivery
system. Preferably, the radiation source emitter
includes a PN junction arranged to emit radiation with
a wavelength centring at or about the previously
mentioned specified wavelengths. A single light diode
assembly may include a plurality of orientated
junctions. Infrared emitting diodes may be arranged
not only to emit radiation at a specific frequency but
also to emit a high intensity divergent beam. The
divergent light may also be derivedfrom light emitting
polymers. The present invention is concerned with a
method of cosmetically treating skin with divergent
electromagnetic radiation having a wavelength in the
range from visible to infra red and centred around
940nm, 950nm, 1040nm, 1060nm, 1072nm or 1267nm. The
electromagnetic radiation is applied at a low
intensity such that no thermal damage or heating is
caused to the skin or any other tissue or organ around
the treatment area. In this way, the method of the
present invention differs from the prior art as the
effects are non-thermal and avoid thermolysis. In
addition the present invention is counter-intuitive to
biostimulation since the concept of enhanced
replication and synthesis is positively avoided.
Indeed we have found that the wavelengths employed in
the present invention specifically inhibit DNA
synthesis, inhibit collagen production and inhibit
fibroblast replication. Our results have shown that
the quality of connective tissue between the cells is
surprisingly improved by the inhibition of collagen
production rather than increasing the collagen density
to achieve the desired effect, as per the prior art.
According to a second aspect of the invention there is
provided a method of improving elastic characteristics
of a superficial area of mammalian skin comprising
irradiating the skin with a source of divergent
electromagnetic radiation of between 900nm to 1500nm.
We have found using the method of the present
invention that elastin fibres become less fragmented
and more uniform hence improve the elastic
characteristics of the skin. For example when treating
breast skin we found that not only did the skin
elasticity improve but also the tissue tone. We have
also found that the method of the present invention
improves cell viability. According to a third aspect
of the invention there is provided a method of
reducing surface area and volume of tissue of a
superficial area of mammalian skin comprising
irradiating the skin with a source of divergent
electromagnetic radiation of between 900nm to 1500nm.
Results obtained by the method of the present
invention demonstrate that by reducing skin volume
above the eyes and under the eyes we can reduce the
sagging appearance of the sides of the face. In this
way we show that reduction of tissue volume and
surface area of the skin along with improved elastic
characteristics provides the desired cosmetic
effects.It will be appreciated that in a fourth aspect
of the method of the present invention it may also be
used to prevent or reduce or reverse skin damage
caused by UV light or photoaging. According to a fifth
aspect of the invention there is provided use of
divergent electromagnetic radiation of between 900nm
to 1500nm for cosmetically treating an area of
superficial skin. Preferably, the second, third,
fourth and fifth aspects of the invention further
include any one or more of the features hereinbefore
described of the first aspect of the invention. Light
therapy, both laser and LED, have been shown to
provide clinical benefit in many therapeutic arenas.
The effects of light centred around wavelengths of
1072nm and 880 nm, using a range of single and
multiple irradiation protocols, have been assessed for
their effect on freshly prepared human lymphocytes
stimulated with phytohemagglutinin (PHA). Viable cell
numbers remained significantly higher after
irradiation with 1072 nm and were significantly lower
after 880nm irradiation compared to untreated
controls, following a daily single irradiation over a
five day period. In addition, cell numbers were
significantly higher after pre-treatment with 1072nm
and exposure to UVA, compared to cells treated with
UVA only. Cells irradiated twice on Day 3 post-harvest
with various wavebands confirm on Day 5, an increase
in % cell viability after exposure to 1072nm , and
1072nm alternating with 1268nm irradiation, and a
decrease in % cell viability after 880nm irradiation
alone. These observations lead us to believe that
light centred around a wavelength of 1072nm may be
useful in an ex vivo method to improve immune cell
viability. According to a sixth aspect of the
invention there is provided an. ex vivo method of
improving immune cell viability comprising exposing
peripheral blood mononuclear cells to divergent
electromagnetic radiation of narrow bandwidth centred
around a wavelength of 1072nm. Preferably, the
peripheral blood mononuclear cells are lymphocytes.
Preferably, the peripheral blood mononuclear cells are
stimulated with phytohemagglutinin (PHA).It will be
appreciated that the cells may then be re-introduced
into the individual from which they were harvested so
as to boost their immune system. According to a
further aspect of the invention there is provided a
portable light emitting device for the cosmetic
treatment of skin, the device comprises a power means
for supplying power to a light emitting means that
produces divergent electromagnetic radiation of
between 900nm to 1500nm, a flexible or shaped panel
through which the light passes and a housing to which
the flexible or shaped panel is attached so that the
device may be contoured around a part of the body
requiring cosmetic treatment. Preferably, the power
means is a battery or is mains electricity.
Preferably, the light emitting device is a LED or more
preferably a plurality of LEDs. It will be appreciated
that the device of the present invention is not a
laser device. Preferably, the device may also comprise
at least one or more PN junctions arranged to emit
radiation with a wavelength centring at or about any
one or more of the specified wavelengths selected from
the group comprising 940nm, 950nm, 1040nm, 1060nm,
1072nm and 1267nm. BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described with reference to
the following Figures wherein: Figure 1 shows plan
(1A), side (1B) and cross-sectional views (1C and 1D)
of one of the devices for putting the method of the
invention into practice; Figure 2 shows a side view of
an alternative of the device for putting the method of
the invention into practice; Figure 3 shows a front,
Figure 4 shows a side and Figure 5 a rear view of a
yet further alternative of the device for putting the
method of the invention into practice; 



Figure 6, columns 1 and 2 show the % cell viability of
PHA blasts following a single 3 min treatment of
IR1072 on Day 3 and Day 5 before testing for apoptosis
on Day 5. Data were compared to respective controls,
and analysed using an ANOVA, where *p<0.05.Columns 3,
4 and 5 show the % cell viability of PHA Blasts
following multiple 5 x 3 min treatments of IR1072 &
IR880 on Day 3 and Day 5, before testing for cell
viability on Day 5. Data were compared to respective
controls on Day 5, and analysed using an ANOVA, where
**p<0.01 Figure 7 shows the % cell viability of PHA
Blasts following daily single 3 minute treatments
irradiated with either IR1072 or IR880. Cell viability
was determined using the Annexin V apoptosis kit.
IR1072 data were analysed compared to respective IR880
data, using an ANOVA, where significant differences
were seen on Days 1, 3, 4 and 5 * p<0.01, and a trend
to significance on Day 2. Figure 8 shows PHA blasts
that were pre-treated 4 x 3 min on Day 3, and 1 x 3min
on Day 4 with IR1072, and then cells were incubated
for 4 hours before UVA exposure for 40 min. Samples
were then assayed for cell viability. Data were
analysed and compared to UV treated alone using an
ANOVA, where **p<0.01 Figure 9 shows the effect of
various wavebands on PHA Blasts treated on Day 3 for 2
x 3 minutes and analysed. Data were analysed and
compared to the untreated control using a multiple
ANOVA, where **p<0.01 Figure 10 shows a Western Blot
showing the effect of IR treatment upon iNOS protein
expression levels PHA blasts were exposed daily to 1 x
3min infra red source, IR1072 or IR880 and assayed on
Days 3 and 5, for iNOS protein expression using
quantitative immunoblotting with a selective anti-iNOS
antibody (Autogen Bioclear, UK) (Immunoblots were
re-probed and standardized with a beta-actin antibody
(Sigma, UK). Lane 1, control cells (Day 5); Lane 2,
IR1072-treated cells (Day 5); Lane 3, IR880- treated
cells (day 5). Data were compared by compared by a
multiple ANOVA with a level of significance set at p
<0.01. Figure 11 shows a schematic representation of
the protocol for the human studies. Figure 12A shows
the effects after 2 months of daily treatment with
1072nm compared to Figure 12B of the same individual
before treatment commenced, Figure 12C shows a
superimposed before picture and a picture after 1
month of treatment of treatment with 1072nm on the
same individual.Figure 13A (before) and 13B shows the
effect of multiple treatments and reduction of bags
under the eyes. Figure 14A, B and C shows a different
individual from Figure 12 having undergone the same
protocol. DETAILED DESCRIPTION There are several
products claiming efficacy in the treatment of lines
and wrinkles utilising non-thermal light in the blue,
yellow or Red wavelengths. In the present invention we
have attempted to identify any physiological response
which was wavelength dependant. The wavelengths used
ranged from 660nm to 1268nm, various restricted
bandwidths were examined both alone and in
combination. We have found that a single restricted
bandwidth of light centred at 1072nm appeared to have
a positive effect on human lymphocytes. This
wavelength of light was shown to protect human
lymphocytes against the damaging effect of UV
radiation, a known photo-ageing agent. The preferred
device to put the method of the invention into
practice is a portable lightemitting device 1, which
can be either battery or mains operated. The device
follows the contours of the area to be treated 2, the
face, eyes, arms, thighs or breast. Fig 1A shows plan
view, side view (1B) and cross-sectional views (1C and
1D) of a portable hand held light emitting device,
which has the convenient shape of an eye. The infrared
light passes through transparent panel 3 to the skin
to be treated. The power supply to the unit is
connected through area 4 and the device is held in
place by the body 5. Panel 3 is slightly concave to
follow the contours of the area to be treated and to
avoid undue pressure on the eye when placed over the
orbit. Space 6 contains the control electronics, which
control the intensity and duration of the treatment
cycle. It also houses LEDs 7. Figure 2 shows an
alternative embodiment of the device for placing over
a larger part of skin. With reference to Figures 3 to
5 of the accompanying drawings, a second embodiment in
accordance with the present invention is in the form
of a multi-panel narrow wavelength radiation source.
In this case, a plurality of panels 7 are mounted in a
side by side relationship on hinges 8 which, in turn,
are connected to a stand 9 by means ofarms 10 and 11.
The arrangement is such that the panels can move
relative to each other and the stand can be adjusted
to alter the direction of illumination. The stand
either extends from the floor or is attached to a
chair or bed. The front wall of each panel 7 is
transparent and, mounted below the front wall, is an
array of radiation emitting devices 12. As with the
earlier above described embodiments of the device,
this embodiment of the invention includes control
electronics to limit the time of the application of
the radiation and to monitor the ambient radiation and
provide an alarm when the threshold value of the
ambient radiation is exceeded. The devices of the
present invention can be used for the cosmetic
improvement of cellulite affecting the buttocks and
legs, and tissue tone of the breasts, they may also be
used to treat the face as a whole. Methods and
Materials Cell Preparation Heparinized human whole
blood was obtained from healthy volunteers and
peripheral blood mononuclear cells (PBMC) were
separated using Lymphoprep (Axis-Shield Poc AS1 Oslo,
Norway) and centrifuged at 400 X g for 25 min. The
PBMCs were isolated from the interfacial layer, washed
twice in RPMI wash without L-glutamine (Gibco(tm)) and
resuspended in RPMIcm (RMPI wash + 10% v/v Fetal Calf
Serum + 1% Penicillin/Streptomycin + 1% L-Glutamine).
Cell density was adjusted accordingly to 1x1 06
cells/ml with RPMIcm. 100ml PHA ('Lectin', Sigma) was
added to the cells to make PHA Blasts. Cells were
incubated at 370C in 5% CO2. Experimental Set-up The
five protocols were set-up as follows: 1. PHA Blasts
were exposed to infrared light source, IR1072, on Days
3, 4 and 5 postharvest. Using 35mm culture dishes, all
cells were exposed to a single 3 min treatment of
infrared light. Following daily treatments, individual
replicate cell samples were analysed for % cell
viability on day 5.2. PHA Blasts were exposed to
IR1072 & IR880 on Day 3 and 5 for 5 x 3 min treatments
and analysed on Day 5. Cell viability and iNOS
expression was determined after each treatment on Day
5. 



3. PHA Blasts were exposed daily from Day 1 onwards to
a single 3 minute dose of IR1072 and IR880. After
daily irradiation, cells were analysed for % cell
viability. 4. PHA Blasts were exposed to IR1072 on Day
3 for 4 x 3 min treatment and on Day 4 for a single 3
min treatment. Cells were then left for 4 hours before
exposure to UVA for 40 min, and cell viability was
then determined. 5. Cells were incubated until Day 3
in tissue culture tubes and exposed to various
wavebands for 2 x 3 minutes on Day 3. Wavebands
included IR660nm, IR880nm, IR950nm, IR1267nm,
IR1072nm, IR1072 alternating with IR1268nm, IR1072 and
IR1267nm, 1ms pulsing of IR1072nm and 7ms pulsing of
IR1072nm. Cell were analysed for % cell viability
immediately after irradiation. Notably for all
protocols used, the temperature of all the dishes was
maintained at room temperature throughout the IR and
control treatments. Annexin VApoptosis Kit Cell
viabilities were analysed using the Annexin V
Apoptosis Detection kit (Autogen Bioclear, UK).
Apoptosis can be detected by the change in position of
phosphatidylserine (PS) in the cell membrane. In
non-apoptotic cells, most PS molecules are localised
at the inner layer of the plasma membrane, but soon
after inducing apoptosis, PD redistributes to the
outer layer of the membrane. Exposed PS can be easily
detected with Annexin V. Cells with bound Annexin V
showed green staining in the plasma membrane. Cells
that had lost membrane integrity showed red staining
(Pl) throughout the cytoplasm and a halo of green
staining on the cell surface (plasma membrane). Cells
at 1x105-1x106 per dish were rinsed and resuspended in
Assay Binding Buffer. 5ml of Annexin V and 10ml of
Propidium Iodide (Pl) were added to the cells before
incubating at room temperature in the dark for 15-30
min. Cells were observed under a dual filter set for
FITC & rhodamine using fluorescence microscopy, and
counted blind by at least two observers. Western
Blotting AnalysisThawed cell pellet suspensions were
homogenised on ice with a Dounce homogeniser. The
protein levels in the cell suspension were determined
using the Lowry Assay using bovine serum albumin as a
standard. Protein levels were adjusted to 10mg protein
was loaded in each lane. Standard electrophoresis was
performed using a 6% polyacrylamide gel. Following
electrophoresis, the protein was transferred to
nitrocellulose (NC) membrane for 2.5 hours at 50V. The
NC membrane was blocked with 5% no-fat dried milk in 1
x Tris buffered saline (TBS) containing 0.2% Tween 20
(Sigma, UK) for 1 hour at room temperature. The NC
membrane was incubated with primary antibody iNOS
(dilution 1:2500) overnight at 4C. The NC membrane was
washed 4x 10 min with wash buffer (2.5% non-fat dried
milk, 0.2% Tween 20 in TBS) and incubated with
anti-rabbit horseradish peroxidase-linked secondary
antibody (dilution 1:2000) for 1 hour. The NC membrane
was washed 4x 10 min with wash buffer. The protein
bands from the NC were visualised using a substrate of
68mlVI luminol, 1.25mM p-couramic acid, 30% hydrogen
peroxide. The immunoblot was exposed to Hyperfilm(tm)
for 3 min in a film cassette and were developed and
fixed at room temperature. The protein bands were
quantified using an ImageQuant(r) densitometer in the
linear range of the film, to determine the relative
iNOS expression. Optical density values (standardized
with beta-actin) were compared using a multiple ANOVA
with a significance level of p < 0.05. Data were
obtained from n = 3 individual replicate experiments.
Statistics Apoptosis was measured using % cell
viability, that is, % cell viability = [(No. of viable
cells)/(No. of total cells)] * 100 Data are given as
the mean  standard deviation. Comparisons between
control and treated cells were made by a multiple
ANOVA and expressed as mean + SD, with a confidence
interval of 95%. Statistical analysis was carried out
using Prism 3.2. Light Sources Both the 880nm and
1072nm light sources emitted multimode light of
bandwidth less than 50nm, continuous mode of optical
power 5mw/sq cm. Human Studies The wavelengths used
ranged from 660nm to 1268nm, various restricted
bandwidths were examined both alone and in
combination.40 Volunteers were recruited from the
general population, aged between 45years and 65 years,
38 females, 2 males. Each individual was photographed
using the fixed lighting and fixed distance. The views
taken were: left of centre of the face; right of
centre of the face; left profile of the face and;
right profile of the face. Constant distance and
lighting facilitated a direct comparison between the
"Before" and "After" photographs. When taking the
"After" photographs it was ensured that the eyes were
open a similar amount as compared to the "Before"
photograph. This then allowed the comparison of skin
folds above and the bags below the eyes. The
participants were specifically asked not to smile or
to have any expression on their face when the
photographs were taken. The participants were each
given an active device and asked to treat the skin
area around the eyes for approximately 30 minutes each
day (15 minutes per eye area). The skin around the
eyes was chosen as it is more mobile and more likely
to demonstrate an improvement in the elasticity of the
skin. EXAMPLE 1 Using a range of protocols, IR1072
treatment consistently elicited a significant
protective effect upon PHA blast survival. In
contrast, IR 880 was consistently cytotoxic compared
to control and IR1072 treated cells. Following
irradiation with IR1072, % cell viability
significantly increased on Day 5 (p<0.05) compared to
the control data following both a single and multiple
5 x 3min treatment protocol on Day 3 and 5 (Figure 6);
In the next protocol, cells irradiated with 5 x 3 min
of IR1072 and 1R880, the % cell viability
significantly decreased after treatment with IR880
both on Day 5 (p<0.01) compared to cells treated with
IR1072 (Figure 6). The daily treatment protocol
elicited a significant decrease in % cell viability
for IR880 treated cells over an 8 day period [Day 1
(p<0.01), Day 3 (p<0.01), Day 4 (p<0.05), Day 5
(p<0.05) and Day 8 (p<0.05)], compared to those
irradiated with IR1072 (Figure 7), in parallel
experiments. After pre-treatment with IR1072, and
subsequent exposure to UVA, % cell viability remained
significantly higher (p<0.01) compared to cells
treated only with UVA (Figure 8). Following
irradiation with various wavebands, again cells
exposed to IR880 showed significant decrease in % cell
viability (p<0.01), whereas the % cell viability was
higher following treatment with IR1072 (p<0.01) and
alternate IR1072 / 



IR1268 waveband light (p<0.01), all compared to
untreated controls (Figure 9). All other wavelengths
and conditions tested had no significant effect upon
cell viability.Although wavelengths in the 855 - 905nm
range may stimulate fibroblast proliferation we have
found that light in this range appears to be
lymphotoxic. The cytotoxic and protective effects upon
the cells are rapid as the analysis was carried out
within 2 hours of exposure to the IR light, and both
effects were long lasting, being observed at least 2
days post-treatments. Our studies clearly demonstrate
that light in the 1050nm - 1100nm range improves cell
viability following both single and multiple treatment
protocols. Maintaining lymphocyte viability in the
presence of adverse factors is of significance as
bacterial endo- and exo-toxins are leucotoxic factors,
the effect of which, may be reduced by the irradiation
of the inflammatory cells by 1072nm + 25nm light. It
has long been postulated that IR light has a
protective effect against UVA, however the exact range
of wavelengths has been unknown. These present results
suggest 1072nm + 25nm light is protective against some
of the damaging effects of UVA. EXAMPLE 2 Nitric oxide
has been shown to be a potent inhibitor of apoptosis
in a variety of cell types. NO diffuses very rapidly
both through water and cell membranes, and iNOS is
produced more rapidly and efficiently than eNOS and
nNOS. iNOS can function without the elevation of
intracellular calcium levels and its activity is
rapidly inducible in immune cells, for example,
primarily activated monocytes and macrophages,
following exposure to cytokines and microbial
products. In order to ellucidate the potential
mechanism underlying the observed long-lasting
cytoprotection elicited by exposure to IR1072,
quantitative immunoblotting was performed probing the
expression of iNOS, in comparison to control and
IR880nm. Following pre-treatment with IR1072, a
significant increase of 4.9  2.1 -fold (p < 0.05) in
iNOS immunoreactivity was detected at Day 5, compared
to control. In contrast, no significant increase in
iNOS was observed with IR880 (2.1  2.2-fold for Day 5)
(p > 0.05), performed in parallel studies (Figure 10).
Biochemically, these present results show that iNOS
has been upregulated in a wave length dependent
fashion, in comparison to untreated controls. NO is
believed to act as an inhibitor of apoptosis by two
distinct mechanisms: firstly through a cGMP-dependent
mechanism where NO acts either at the level of
caspase-3-like protease activation or upstream of this
event to prevent the activation of the protease;
secondly, NO also inhibits the activity of the
caspase-3-like protease by S-nitrosylation of the
enzyme. Suppression of caspase-3-like activity then
rescues the cell from programmed cell death.EXAMPLE 3
Following treatment of the skin of the face and eyes
with the light source we observed a reduction in
wrinkle depth, length and area, we also observed a
reduction in the surface area of the skin above the
eye and a reduction in the prominence of the bags
under the eyes. To ensure a reduction in artifact to
the minimum a constant illumination light box was
used. This facilitated a constant distance of the lens
of the camera from the subject and a constant
exposure. The subjects were required to focus on the
same point and rest their chins on a fixed point with
their nose touching a string to ensure minimal
rotation between photographs. The subjects were then
given a light source to treat themselves at least once
a day but preferably twice a day. After a month the
initial follow up photographs were taken, followed by
another series of photographs at 2 months. When taking
the photograph it was essential that in all cases at
all times the face was devoid of expression, the eyes
were open the same amount, enabling direct comparision
of the skin above the eye, and the gaze directed at
the same spot on the light box in all cases. 4 views
were taken, Left Front, Right Front, Left profile and
Right profile. This facilitated the direct comparision
of bags under the eyes and wrinkle length and depth.
Wrinkles that were not the perpendicular or horizontal
plane was not examined at slight differences in
rotation would create artifactual differences. We have
also observed improvement of tissue and muscle tone on
various other parts of the body where the
electromagnetic cosmetic treatment has been applied.
The results show a qualitative improvement in reducing
the visible signs of aging, reduction in redundant
skin affecting the upper eye lids, maintaining facial
tissue tone and hence maintaining youthful naso labial
folds and contours of the face. The method of the
invention improved skin texture and contours resulting
in smoother skin. These effects can be maintained for
up to one to three months after treatment is
discontinued and are able to reverse the visible signs
of aging by as much as 10 years in some cases. When
applying the light to the thighs and buttocks there
was a significant improvement in the observed
cellulite, a reduction in the degree the buttocks
sagged under the influence of gravity. With reference
to Figure 12A there is shown the effects after 2
months of daily treatment with IR 1072nm compared to
Figure 12B of the same individual before treatment
commenced, Figure 12C shows a superimposed before
picture and a picture after 1month of treatment of
treatment with IR 1072nm on the same individual. We
have observed after 1 month of treatment the skin
folds above the eye lid can be directly compared as
the upper lid cuts the cornea at the same place and
the light reflexes on the cornea are identical in both
control and test cases (Figure 12 C). We have observed
that the upper lid sags less following treatment. The
sagging is further improved following two months of
treatment (Figure 12 A). EXAMPLE 4 With reference to
Figure 13A, there is shown a side profile of an
individual prior to treatment and in Figure 13B, the
same individual post treatment. The individual had an
identifiable landmark of a pigmented lesion inferior
to the corneal limbus. A line was drawn perpendicular
to the black marker line and the following
measurements were made: Figure 13A Figure 13B 1. Tip
of nose: 34.2mm 38.3mm 2. From line to pigmented
lesion: 20.3mm 28.6mm 3. From line to bag (7mm below
lid) 18mm 23.2mm Adjustment due to scale variation
(distance to nose) was made for the line to pigmented
lesion: (38.3/34.2) x 20.3 = 22.7mm and from the line
to bag: (38.3/34.2) x 18 = 20.2mm Corrected Results
Utilising the above technique the bag reduction was
measured in 8 volunteers. 7 demonstrated a reduction
in the size of the bags under the eye. EXAMPLE 5
Ensuring the aperture of the eyes was identical in
both the before and after Figure 14C, 



a part of one eye is cut in the "before" picture
(Figure 14A) and merged with the complimentary side of
the eye from the "after" picture (Figure 14B). The
improvement in skin quality can easily be seen.The
outcome measures, bag size and measurement of loose
skin olds removed the variability inherent in merely
assessing wrinkles around the eyes. 19 out of the 20
participants involved in the study were satisfied that
the 1072nm light therapy was effective, p=0.00004.
Utilising the baseline photographs as the control
aspect of the cosmetic trial the above data
demonstrates the efficacy of the method and device of
the present invention. Daily treatments resulted in
the majority of participants achieving a positive
outcome with a more youthful appearance.Claims 1. A
method of cosmetically treating a superficial area of
mammalian skin comprising irradiating the skin with a
source of divergent electromagnetic radiation of
between 900nm to 1500nm. 2. A method according to
claim 1 where the cosmetic treatment is reducing or
alleviating or removing or diminishing wrinkles or
fine lines, rejuvenating skin, retarding or reversing
visible signs of aging, improving skin elasticity,
tone, texture and appearance and beautifying the skin.
3. A method according to either claim 1 or 2 wherein
the skin includes the outermost epidermis, basal layer
and dermis of face, breast, arm, buttock, thigh,
stomach or neck. 4. A method according to any
preceding claim wherein the divergent light is between
10 to 50. 5. A method according to any preceding claim
wherein the electromagnetic radiation has a bandwidth
of about 10 to 120nm. 6. A method according to any
preceding claim wherein the wavelength of the
electromagnetic radiation is centred around any one or
more of the specified wavelengths selected from the
group comprising 940nm, 950nm, 1040nm, 1060nm, 1072nm
and 1267nm. 7. A method according to any preceding
claim wherein the electromagnetic radiation is
continuous or pulsed. 8. A method according to claim 7
wherein when the electromagnetic radiation is
continuous the intensity is at least 500 mWatts/cm 2
and up to 500 mWatts/cm 2. 9. A method according to
claim 7 wherein when the electromagnetic radiation is
pulsed the intensity is at least 500 mWatts/cm 2 peak
power and the average power is up to 500
mWatts/cm2.10. A method according to claim 9 wherein
when the electromagnetic radiation is pulsed the
average power of the intensity is in the region of
50-1 OOm Watts/ cm2. 11. A method according to any of
claims 7, 9 or 10 wherein when the electromagnetic
radiation is pulsed it is applied for periods of at
least 10-15 mseconds. 12. A method according to any of
claims 7, 9 to 11 wherein when the electromagnetic
radiation is pulsed the frequency/repetition rate is
in the range 300-900 Hz. 13. A method according to
claim 12 wherein the frequency/repetition rate is at,
or about, 600 Hz. 15. A method according to any
preceding claim wherein the electromagnetic radiation
is applied to the skin for at least 30 seconds and up
to a few minutes. 16. A method according to any
preceding claim wherein the electromagnetic radiation
source is a light emitting diode. 17. A method
according to any preceding claim wherein the radiation
source emitter includes at least one or more PN
junction arranged to emit radiation with a wavelength
centring at or about any one or more of the
wavelengths selected from the group comprising 940nm,
950nm, 1040nm, 1060nm, 1072nm and 1267nm. 18. A method
according to any preceding claim wherein the
wavelength centring at or around the specified
wavelength has a narrow waveband of between 10nm to
120nm. 19. A method according to any preceding claim
wherein the wavelength centring at or around the
specified wavelength has a narrow waveband of about
50nm. 20. A method of improving elastic
characteristics of a superficial area of mammalian
skin comprising irradiating the skin with a source of
divergent electromagnetic radiation of between 900nm
to 1500nm. 2 1. A method of reducing surface area and
volume of a superficial area of mammalian skin
comprising irradiating the skin with a source of
divergentelectromagnetic radiation of between 900nm to
1500nm. 22. A method of preventing or reducing or
reversing skin damage caused by UV light or
photo-aging of a superficial area of mammalian skin
comprising irradiating the skin with a source of
divergent electromagnetic radiation of between 900nm
to 1500nm. 23. The method according to any of claims
20, 2 1 or 22 further including any one or more of the
features of claims 3 to 19. 24. Use of divergent
electromagnetic radiation of between 900nm to 1500nm
for cosmetically treating an area of superficial skin.
25. Use according to claim 24 further including any
one or more of the features of claims 3 to 19. 26. An
ex vivo method of improving immune cell viability
comprising exposing peripheral blood mononuclear cells
to divergent electromagnetic radiation of narrow
bandwidth centred around a wavelength of 1072nm. 27. A
method according to claim 26 wherein the peripheral
blood mononuclear cells are lymphocytes. 28. A method
according to either claim 26 or 27 wherein the
peripheral blood mononuclear cells are stimulated with
phyto-hemagglutinin (PHA). 


